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Preface

The aim of Martindale is to provide healthcare professionals with unbiased
evaluated information on drugs and medicines used throughout the world. It
therefore has to develop as the body of knowledge on existing drugs grows, new
drugs emerge, new preparations are launched, and old preparations are
abandoned, reformulated, or redefined. It also has to reflect the changing needs
of those practising pharmacy and medicine. We try to ensure that each new
edition continues to meet all these needs.

In order to provide more up-to-date information the interval between the
publication of the printed versions of Martindale has been reduced over
successive editions and the book is now produced about every 2 years. For those
who require even more up-to-date information from Martindale there are various
electronic versions, sections of which are updated more frequently.

The year 2008 saw the publication of the third Spanish edition of Martindale,
the translation having again been undertaken by our colleagues at Grupo Ars
XXI, and also saw the appearance of the first edition of a Chinese language
version of Martindale.

Martindale has been continuously expanded since it was first published in
1883, and to present all the extra information this edition of Martindale
maintains the recent return to a two-volume publication. The first volume
contains this preface and the drug monographs, and the second holds the
proprietary preparations and the index, as well as manufacturers’ contact
information.

As always the contents have been extensively revised, with all the text scanned
and revalidated where necessary by a team of experienced pharmacists. Over
260 monographs have been added, and 89 removed from the book (abbreviated
information on the latter remains available in the electronic versions). In our
continuing attempts to improve the clinical relevance of the book, the chapters
on Prostaglandins and Hypothalamic and Pituitary Hormones have been split up
and most of their contents added to new chapters on Obstetric Drugs and Growth
Hormone and its Modulators. The chapter on Sex Hormones has been
reorganised and renamed Sex Hormones and their Modulators. 

The disease treatment reviews, 668 in all and generally located in the chapter
introductions, have also been revised in order to reflect current trends and
provide key references. Cross-references to these reviews appear in the
monographs of the drugs cited; the reviews can also be accessed via the general
index. It is hoped that these reviews will be of use to readers who want an
overview of a particular disease and its drug treatment and will provide a useful
starting point for those who want to pursue particular aspects further.

Martindale contains much nomenclature information intended to assist the
reader in identifying a particular drug or compound, and for this edition we have
again greatly expanded our coverage of synonyms, with the addition of names
from Poland and Turkey, and increased coverage of Russian synonyms and
‘street names’ for substances of abuse. Coverage of ATC codes has been
expanded to include codes assigned to veterinary medicines

This edition of Martindale also sees the number of graphical representations
of the chemical structures increased.

The information on proprietary preparations, an important feature of
Martindale, has been updated and more countries have been covered for this
edition.

Martindale is based on published information and more than 47 700 selected
references are included. The amount of drug information now published
electronically has increased significantly since the last printed edition of
Martindale and this edition now includes nearly 2700 citations to material
available on the Internet as web pages. Because of the nature of the Internet,
there is no way to guarantee that the material referred to by a URL will remain
at that location, as many sites are subject to periodic reorganisation; additionally,
the content of Internet documents may change without warning. All URLs in
Martindale are rechecked shortly before publication to ensure that a document is
present. The accession date given in the citation represents the last date on which
the content of the document referred to was revalidated.

Our objective is to evaluate the literature, covering important studies,
guidelines, and useful reviews and placing them in context. Multicentre studies,
meta-analyses, and systematic reviews play an important role in the study of
drug treatment, and their findings and conclusions are considered in many of our
chapters. However, there is also a place for the anecdotal report and the small
study, and information from such sources is included where appropriate. In

compiling the text of a Martindale monograph extensive use is made of the
drug's licensed product information as published in various countries and
approved by the relevant regulatory health bodies. Acknowledgement is also
given to information referenced from a number of authoritative sources
including the British National Formulary, the British National Formulary for
Children, the British Pharmacopoeia, the European Pharmacopoeia, the United
States National Formulary, and the United States Pharmacopeia. 

Martindale is not a book of standards. Inclusion of a substance or a preparation
is not to be considered as a recommendation for use, nor does it confer any status
on the substance or preparation. While considerable efforts have been made to
check the material in Martindale, the publisher cannot accept any responsibility
for errors and omissions. Also the reader is assumed to possess the necessary
knowledge to interpret the information that Martindale provides.

Philosophy and methodology
Martindale’s uses are as varied as its users. However, our primary aims are:

• to summarise clinically useful information on all drugs and medicines
around the world

• to provide accurate, unbiased, reasonably comprehensive, and regularly re-
evaluated information in a concise format

• to provide a lead-in to the published evidence base from which we derive our
information

In order to achieve the aims specified above, our working practices have to
optimise internal knowledge management. 
MARTINDALE STAFF. Martindale is currently produced by a team of 21 people,
18 of whom are pharmacists or pharmacy technicians with relevant expertise.
The team is divided into 5 revising groups each of 2 staff editors, as well as 5
assistant editors, 1 editor-in-chief, a co-ordinator for the processing of
information on proprietary medicines, and 4 clerical and support staff. A number
of pharmacists work as external evaluators to maintain coverage of non-UK
preparations.

Staff editors receive formal training in literature evaluation and searching
techniques, as well as specific, ‘on-the-job’ training in internal procedures. Each
revision team has responsibility for the re-evaluation and update of a particular
group of chapters. Senior editorial staff edit and approve the output of the teams.
Staff are responsible for ongoing data collection as well as the revision process.
DATA COLLECTION. In order to reduce the amount of formal data collection
required at revision, a prospective data-collection roster is in operation. This
involves all staff members in hand-searching selected major medical journals, as
well as regular searches of the internet sites of regulatory authorities (EMEA,
FDA, and MHRA), and sources of high-quality systematic reviews and
guidelines (such as Bandolier, Clinical Evidence, Cochrane, and NICE), for
drug information. In addition, pharmacopoeial, governmental and WHO
publications are hand-searched for information relating to drugs and drug
therapy. 

The list of sources used has been iteratively developed over many years by
analysis of previous citations, and is reviewed and updated regularly. 
PROPRIETARY PREPARATIONS. The Martindale proprietary preparations team
evaluate licensed product information for 40 countries and regions, in order
to maintain the widest possible coverage of drugs in use internationally.
Preparation names, manufacturers, ingredients, and licensed uses are included in
the internal Martindale database for review during the revision process, and any
significant additional information is forwarded to the relevant revision team.
REVISION. In order to maintain the quality and currency of our content, it is
constantly revised and updated. Our revision processes cover both scheduled, in-
depth revision of the content of every chapter in the book on a chapter-by-
chapter basis, and updates in reaction to new information as it arrives. The
revision procedure involves the formalised re-evaluation of all standing
information, the assessment of new collected references for quality and
relevance, and the selective use of search techniques on bibliographic databases
and the Internet to identify further candidate information.
CHECKING. Once the material for a given chapter has been re-evaluated and
updated it undergoes a rigorous check, designed to ensure not only that all
changes are valid and appropriate, but also that important points have not been
missed. 
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EDITING. The chapter is then passed to a member of the senior editorial staff,
who performs a second check and preliminary editing of the data. This process
is designed to ensure consistency of approach and style, as well as offering an
opportunity to pick up any errors missed at the first check. Changes and
questions are fed back to the revision team in an iterative process that may
involve more than one cycle. Once past its preliminary edit the chapter is sent to
the Editor for a final check and approval, which again may require changes to be
made and checked, before passing it to the next stage. 
KEYING, PROOF-READING, AND DOSE-CHECKING. Once approved by the Editor,
amendments can be incorporated into the database, which remains untouched
until this stage as a security measure. These changes are then proofread for
errors, corrected if necessary, and any corrections checked. Extensive electronic
testing for spelling, style, and format is also carried out at all stages. The
amended chapter then undergoes an independent check of the dose information
against its recorded sources. This check is performed by a member of staff
outside the original revising and editing team, and is an additional safeguard
against the inadvertent introduction of potentially dangerous dose errors. Once
past these stages the data are cleared for release, and can be published in the next
update of the Martindale electronic products, and, at appropriate points in the
publishing cycle, in the book.
ADDITIONAL CHECKS FOR PUBLICATION. Some additional checks are made
before publishing a print edition of Martindale. An second independent dose
check of all chapters is made by an external expert, all cross-references are
revalidated, and tests of the typesetting and page structure are made. In addition
our extensive index is generated and carefully checked for accuracy, order, and
consistency.
FEEDBACK. We are always grateful to get feedback from our users and,
whenever possible, we try to incorporate information or suggestions that
help us to improve Martindale. Anyone wishing to comment on the editorial
content of Martindale can contact us at the following e-mail address:
martindale@rpsgb.org 

Arrangement
VOLUME 1: • MONOGRAPHS ON DUGS AND ANCILLARY SUBSTANCES (pages 1–
2418). This section contains 5827 monographs arranged in 54 chapters. These
chapters generally bring together monographs on drugs and groups of drugs that
have similar uses or actions. The introductions of those chapters that describe
drugs used in the management of disease may contain disease treatment
reviews—descriptions of those diseases together with reviews of the choice of
treatments.The last chapter in this section consists of a series of monographs
arranged in the alphabetical order of their main titles. It includes monographs on
drugs not easily classified, on herbals, and on drugs no longer used clinically but
still of interest. There are also monographs on toxic substances, the effects of
which may require drug therapy.
VOLUME 2: • PREPARATIONS (pages 2191–2880). This section contains over
146 000 proprietary preparations from a range of countries and regions. For this
edition we have covered Argentina, Australia, Austria, Belgium, Brazil, Canada,
Chile, Czech Republic, Denmark, Finland, France, Germany, Greece, Hong
Kong, Hungary, India, Indonesia, Ireland, Israel, Italy, Malaysia, Mexico, the
Netherlands, New Zealand, Norway, Philippines, Poland, Portugal, Russia,
Singapore, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, the
United Arab Emirates, UK, USA, and Venezuela. We have also included some
proprietary preparations from Japan. The information provided includes the
proprietary name, the manufacturer or distributor, the active ingredients with
cross-references to the drug monographs, and a summary of the indications as
given by the manufacturer.
• DIRECTORY OF MANUFACTURERS (pages 3205–3274). In Martindale the
names of manufacturers and distributors are abbreviated. Their full names are
given in this directory together with the full address and website if it is available.
This directory contains nearly 13 000 entries.
• GENERAL INDEX (pages 3275–3694). To make fullest use of the contents of
Martindale the general index should always be consulted. The exhaustive index,
prepared from 153 000 entries, includes entries for drugs (approved names,
synonyms, and chemical names), preparations, pharmacological and therapeutic
groups, and clinical uses (disease treatment reviews). As in previous editions, the
index is arranged alphabetically ‘word-by-word’ rather than ‘letter-by-letter’.
The index indicates the column in which the relevant entry appears as well as the
page. To improve clarity and the ease of location of index entries long chemical
names have been omitted from the index.

This edition includes both nonproprietary and proprietary names in Russian,
and these names may be found in Russian alphabetical order in the Cyrillic
section of the index immediately following the entries in the Latin alphabet.

Nomenclature
TITLES AND SYNONYMS. The title of each monograph is in English, with
preference usually being given to International Nonproprietary Names (INN),
British Approved Names (BAN), and United States Adopted Names (USAN).
These 3 authorities are shown where appropriate. A European Directive
(92/27/EEC) requires the use of Recommended International Nonproprietary
Names (rINNs) in the labelling of medicinal products throughout member states
of the European Community and where the BAN and INN differed in the past
the BAN has been changed to accord with the rINN. The major exception to this
convention is the retention of the names adrenaline and noradrenaline, these
being the terms used as the titles of the monographs in the European
Pharmacopoeia and therefore the official names in the member states. In some
approved names it is now general policy to use ‘f’ for ‘ph’ in sulpha, ‘t’ for ‘th’,
and ‘i’ for ‘y’; for this reason entries in alphabetical lists and indexes should be
sought in alternative spellings if the expected spellings are not found. Inevitably
there may be some inconsistencies of style with older approved names but
wherever possible the names used for drugs or radicals in Martindale have been
altered in accordance with the guidelines on the use of INNs for pharmaceutical
substances. A table of contracted names for ions and groups used in approved
names and titles is given on page xi. INNs in the four other main official
languages (French, Latin, Russian, and Spanish) have also been included in the
list of synonyms where these differ from the English INN. BAN names for
substance combinations and United States Pharmacy Equivalent Names (PEN)
for dosage forms containing two or more active ingredients are given in the text
of the relevant monographs; these names start with the prefix ‘Co-’.

This section also includes names given as synonyms such as commonly used
abbreviated names; Latin versions of the titles in the European Pharmacopoeia;
English, American, and Latin synonyms; names used in other languages when
these may not be readily identifiable; manufacturers’ code numbers; and chem-
ical names. Official titles and synonyms used in the British, European, and US
Pharmacopoeias are given in the section on pharmacopoeias where the relevant
pharmacopoeial substance is described.
STREET NAMES. This edition of Martindale once again includes greatly
expanded coverage of 'street names' for substances of abuse. Street terms and
other slang names for drugs of abuse are included for guidance only and should
be used with caution. Because of the very nature of their origin they cannot be
relied upon for definitive identification of a substance. The use of such terms
changes rapidly, and can vary between different geographical locations, and any
given name may potentially be applied to more than one substance or even to a
mixture of substances. Furthermore, established or well recognised generic drug
names or herbal names have sometimes been misused as street terms for
completely unrelated substances. In order to enable the reader to distinguish
them from better validated synonyms, in the index, such names are included in
italics and in quotation marks.
CAS REGISTRY NUMBERS. Chemical Abstracts Service (CAS) registry numbers
are provided, where available, for each monograph substance to help readers
refer to other information systems. Numbers for various forms of the monograph
substance are listed with the variation in form given in parentheses.
ATC CODES. Codes from the Anatomical Therapeutic Chemical (ATC)
classification system (see http://www.whocc.no) have been provided, where
available, for each monograph substance to help readers refer to other
information systems. The codes assigned in the equivalent classification system
for veterinary medicines (ATC Vet—see http://www.whocc.no/atcvet) have
been included where possible.

Atomic and Molecular Weights
Atomic weights are based on the table of Atomic Weights as revised in 2007 by
the Commission on Atomic Weights and Isotopic Abundance, International
Union of Pure and Applied Chemistry (IUPAC) and based on the 12C scale (see
page xiii). Molecular weights are given corrected to one place of decimals or to
four significant figures for relative weights of less than 100.

Pharmacopoeias
The selected pharmacopoeias in which each substance appears are listed. A
description of the substance and a summary of the pharmaceutical information
(see below) that appears in the British, European, or US Pharmacopoeias is also
included. Current copies of the pharmacopoeias and their addenda should be
consulted for confirmation and for details of standards.

The pharmacopoeias covered include: British, British Veterinary, Chinese,
European, French, German, International, Italian, Japanese, Polish, Spanish,
Swiss, United States (including the National Formulary), and Vietnamese. The
abbreviations for these pharmacopoeias are included in the list of abbreviations
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used in Martindale, see page viii, which also includes details of the edition and/or
supplement(s) consulted.

Several countries are parties to the Convention on the Elaboration of a
European Pharmacopoeia. This means that they must adopt the standards of the
European Pharmacopoeia. These countries are currently Austria, Belgium,
Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Montenegro, the
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the
Former Yugoslav Republic of Macedonia. Hence the European Pharmacopoeia
is cited in the drug monograph lists of pharmacopoeias rather than these
individual national pharmacopoeias.

Official preparations, mainly from the current British, European, and US
Pharmacopoeias, are listed at the end of drug monographs.

Pharmaceutical Information
Information on the chemical and physical properties of each substance is given
when it is likely to be of use or interest, but only when it is certain that it applies
to the form of substance being described in the monograph. 
PERCENTAGE STRENGTHS. Unless otherwise stated, solutions of solids in liquids
are expressed as percentage w/v, of liquids in liquids as percentage v/v, and of
gases in liquids as percentage w/w.
SOLUBILITY. The figures given for solubility in each monograph have generally
been obtained from the major pharmacopoeias in which the substance is
described, but should not be considered absolute. Unless otherwise indicated in
the text, the figures are for solubility at temperatures between 15° and 25°. The
information usually relates to w/v solubilities but in some cases is v/v if the
monograph substance itself is a liquid. Where solubilities are given in words, the
following terms describe the indicated solubility ranges:

solubility

very soluble 1 in less than 1

freely soluble 1 in 1 to 1 in 10 

soluble 1 in 10 to 1 in 30 

sparingly soluble 1 in 30 to 1 in 100 

slightly soluble 1 in 100 to 1 in 1000 

very slightly soluble 1 in 1000 to 1 in 10 000 

practically insoluble 1 in more than 10 000

STORAGE. Substances and preparations should be stored under conditions which
prevent contamination and diminish deterioration, and the conditions of storage
given in the text indicate the precautions recommended in specific cases. The
term ‘a cool place’ is generally used to describe a place in which the temperature
is between 8° and 15°. In general, the storage conditions apply to the monograph
substance and not its solutions or preparations. 
TEMPERATURE. Temperatures are expressed in degrees Celsius (centigrade)
unless otherwise indicated.

Drugs in Sport
Wherever possible we have attempted to indicate those drugs and substances
that may be subject to restriction in some or all sports, either in their own right,
or because they are a derivative of a restricted substance or a member of a
prohibited group. Proprietary preparations containing such compounds are also
marked in the preparation section in Volume 2. The definitive guide used for
identifying restricted drugs for this edition is the 2008 Prohibited List issued by
the World Anti-Doping Agency (WADA—see www.wada-ama.org). However,
these regulations, which are issued annually, are subject to interpretation and
therapeutic exemption, and may vary from sport to sport; particular sporting
authorities may also issue additional restrictions, and competitors should always
check with the appropriate body. The rules are constantly evolving and the
absence of any indication of restriction in Martindale should not be taken as
absolute confirmation that the substance may legitimately be taken by a
competitor.

Pharmacological and Therapeutic Information

Information on adverse effects, treatment of adverse effects, precautions
(including contra-indications), interactions, pharmacokinetics, and uses and
administration of each substance is provided by concise statements and these
may be elaborated and expanded by referenced reviews and abstracts from
papers and other publications. This edition contains about 15 000 such abstracts
or reviews based on information in an ever widening range of publications. 

Much information has been found in sources such as World Health
Organization publications, government reports and legislation, and other official
and standard publications. Licensed product information and manufacturers'
literature has been considered in the light of other available information.

The risks of giving drugs in pregnancy are well known and the general
principle is to give a drug only when the benefit to the individual mother
outweighs the risk to the fetus. Where there is a clear risk it is noted under the
Precautions or Adverse Effects heading but safety should not be inferred from
the absence of a statement for any drug.

Some drugs given to the mother are distributed into breast milk and therefore
may pose a risk to a breast-fed infant. Whenever possible, information has been
included to help determine the safety of continuing to breast feed while the
mother is receiving a particular drug. Safety during breast feeding should not be
inferred from the absence of a statement for any drug.

Doses

Doses are described under the Uses and Administration heading with as much
detail as is necessary and available. Unless otherwise stated the doses represent
the average range of quantities which are generally regarded as suitable for
adults when given by mouth. More information on doses and drug
administration may be given in the abstracts or reviews. Unless otherwise
specified, glucose injection is 5% w/v and sodium chloride injection is 0.9% w/v.

When doses for children are expressed as a range of quantities within specified
age limits, the lower dose applies at the lower age and the higher dose at the
higher age.
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Abbreviations

For abbreviations of the names of manufacturers or their distributors, see
Directory of Manufacturers, page 3205.

ACE—angiotensin-converting enzyme.
ADHD—attention deficit hyperactivity disorder.
agg.—aggregate (in botanical names), including 2 or more species which
resemble each other closely.
AIDS—acquired immunodeficiency syndrome.
a.m.—ante meridiem, ‘before noon’.
ARC—AIDS-related complex.
Arg.—Argentina.
ATC—Anatomical Therapeutic Chemical classification.
AUC—area under the concentration-time curve.
Austral.—Australia.
AV—atrioventricular.
BAN—British Approved Name.
BANM—British Approved Name Modified.
Belg.—Belgium.
BMA—British Medical Association.
BMI—body mass index.
BNF—British National Formulary.
BNFC—British National Formulary for Children.
b.p.—boiling point.
BP—British Pharmacopoeia. Unless otherwise specified, BP references are
to the 2008 edition.
BP(Vet)—British Pharmacopoeia (Veterinary) 2008.
BPC—British Pharmaceutical Codex.
Br.—British.
Braz.—Brazil.
Bulg.—Bulgaria.
BUN—Blood-urea-nitrogen.
°C—degrees Celsius (centigrade). Unless otherwise indicated in the text,
temperatures are expressed in this thermometric scale.
Canad.—Canada.
CAPD—continuous ambulatory peritoneal dialysis.
CAS—Chemical Abstracts Service.
CCPD—continuous cycle peritoneal dialysis.
CDC—Centers for Disease Control and Prevention (USA) (formerly
Centers for Disease Control).
Chin. P.—Chinese Pharmacopoeia 2005.
CHM—Commission on Human Medicines (UK).
CI—Colour Index.
CMV—cytomegalovirus.
CNS—central nervous system.
cP—centipoise(s).
CPMP—Committee on Proprietary Medicinal Products of the European
Union.
CSF—cerebrospinal fluid.
CSM—Committee on Safety of Medicines (UK) (now subsumed within the
Commission on Human Medicines).
cSt—centistokes.
Cz.—Czech Republic.
D & C—designation applied in USA to dyes permitted for use in drugs and
cosmetics.
d.c.—direct current.

DEFRA—Department for Environment, Food, and Rural Affairs (UK).
Denm.—Denmark.
DHSS—the former Department of Health and Social Security (UK).
dL—decilitre(s).
DNA—deoxyribonucleic acid.
DoH—Department of Health (UK).
DTF—Drug Tariff Formulary.
ECG—electrocardiogram.
ECT—electroconvulsive therapy.
Ecuad.—Ecuador.
ed.—editor(s) or edited by or edition.
EEC—European Economic Community, now the European Union.
EEG—electro-encephalogram.
e.g.—exempli gratia ‘for example’.
EMEA—European Medicines Agency.
ENL—erythema nodosum leprosum.
ESRD—end-stage renal disease.
et al.—et alii, ‘and others’: for three or more co-authors or co-workers.
et seq.—and what follows.
EU—European Union.
Eur. P.—see Ph. Eur.
Ext. D & C—designation applied in USA to dyes permitted for use in
external drug and cosmetic preparations.
°F—degrees Fahrenheit.
FAC—Food Additives and Contaminants Committee of the former
Ministry of Agriculture, Fisheries and Food (UK).
FAO—Food and Agriculture Organization of the United Nations.
FAO/WHO—Food and Agriculture Organization of the United Nations
 and the World Health Organization.
FDA—Food and Drug Administration of USA.
FdAC—Food Advisory Committee of the former Ministry of Agriculture,
Fisheries and Food (UK).
FD & C—designation applied in USA to dyes permitted for use in foods,
drugs, and cosmetics.
FEV1—forced expiratory volume in 1 second.
Fin.—Finland.
FIP—Fédération Internationale Pharmaceutique.
f.p.—freezing point.
FPA—Family Planning Association (UK).
Fr.—France.
Fr. P.—French Pharmacopoeia 1982 (Pharmacopée Francaise, Xe Edition)
and updates up to 2003.
g—gram(s).
Ger.—Germany.
Ger. P.— German Pharmacopoeia (Deutsches Arzneibuch, 2007).
GFR—glomerular filtration rate.
G6PD—glucose-6-phosphate dehydrogenase.
Gr.—Greece.
HAART—highly active antiretroviral therapy.
Hb— haemoglobin.
Hib—Haemophilus influenzae type b.
HIV—human immunodeficiency virus.
HLA—human lymphocyte antigens.
HLB—hydrophilic-lipophilic balance.
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HRT—hormone replacement therapy.
HSE—Health and Safety Executive (UK).
Hung.—Hungary.
IARC—International Agency for Research on Cancer.
ibid.—ibidem, ‘in the same place (journal or book)’.
idem—‘the same’: used for the same authors and titles.
i.e.—id est, ‘that is’.
Ig—immunoglobulin.
Indon.—Indonesia.
INN—International Nonproprietary Name.
INNM—International Nonproprietary Name Modified.
Int. P.—International Pharmacopoeia 4th ed., 2006.
IPCS—International Programme on Chemical Safety.
IQ—intelligence quotient.
Irl.—Ireland.
ISH—International Society of Hypertension.
It. P.—Italian Pharmacopoeia 11th ed., 2002 (Farmacopea Ufficiale della
Repubblica Italiana, XI Edizione, 2002).
Ital.—Italy.
IUD—intra-uterine device.
IUPAC—International Union of Pure and Applied Chemistry.
IVF—in-vitro fertilisation.
J—joule(s).
Jpn—Japan.
Jpn P.—The Pharmacopoeia of Japan, 15th ed., 2006.
K—kelvin.
kcal—kilocalorie(s).
kg—kilogram(s).
kJ—kilojoule(s).
lb—pound(s) avoirdupois.
LD50—a dose lethal to 50% of the specified animals or micro-organisms.
m—metre(s).
m2—square metre(s).
m3—cubic metre(s).
M—molar.
MAFF—the former Ministry of Agriculture, Fisheries and Food (UK), now
Department of Environment, Food, and Rural Affairs (DEFRA).
MAOI—monoamine oxidase inhibitor.
max.—maximum.
MBC—minimum bactericidal concentration.
MCA—Medicines Control Agency, now MHRA (UK).
mEq—milliequivalent(s).
Mex.—Mexico.
mg—milligram(s).
MHRA—Medicines and Healthcare products Regulatory Agency (UK).
MIC—minimum inhibitory concentration.
min—minute.
min.—minimum.
MJ—megajoule(s).
mL—millilitre(s).
mm—millimetre(s).
mm2—square millimetre(s).
mm3—cubic millimetre(s).
mmHg—millimetre(s) of mercury.
mmol—millimole.
mol—mole.
mol. wt—molecular weight.
Mon.—Monaco.

mosmol—milliosmole.
m.p.—melting point.
MRC—Medical Research Council (UK).
MRSA—meticillin-resistant Staphylococcus aureus.
μg—microgram(s).
μm—micrometre(s).
Neth.—The Netherlands.
NICE—National Institute for Health and Clinical Excellence (formerly the
National Institute for Clinical Excellence) (UK). 
NIH—National Institutes of Health (USA).
nm—nanometre(s).
NMDA—N-methyl-D-aspartate.
NNRTI—non-nucleoside reverse transcriptase inhibitor.
Norw.—Norway.
NRTI—nucleoside reverse transcriptase inhibitor.
NSAID—nonsteroidal anti-inflammatory drug.
NYHA—New York Heart Association.
NZ—New Zealand.
OP—over proof.
o/w—oil-in-water.
P—probability.
Pa—pascal(s).
pCO2—plasma partial pressure (concentration) of carbon dioxide.
paCO2—arterial plasma partial pressure (concentration) of carbon dioxide.
PEN—Pharmacy Equivalent Name, see page vi.
pg—picogram(s).
pH—the negative logarithm of the hydrogen ion concentration.
Ph. Eur.—European Pharmacopoeia, 6th ed., 2008 and Supplements 6.1
and 6.2.
Pharm. Soc. Lab. Rep.—Royal Pharmaceutical Society’s Laboratory
Report.
Philipp.—Philippines.
PHLS—Public Health Laboratory Service (UK).
pINN—Proposed International Nonproprietary Name.
pINNM—Proposed International Nonproprietary Name Modified.
pKa—the negative logarithm of the dissociation constant.
p.m.—post meridiem, ‘afternoon’.
pO2—plasma partial pressure (concentration) of oxygen.
paO2—arterial plasma partial pressure (concentration) of oxygen.
Pol.—Poland.
Pol. P.—Polish Pharmacopoeia 6th ed., 2002 (Farmakopea Polska VI, 2002)
and Supplement 2005. 
Port.—Portugal.
ppm—parts per million.
PSGB—The Pharmaceutical Society of Great Britain. Now the Royal
Pharmaceutical Society of Great Britain.
PUVA—psoralen with UVA light irradiation.
PVC—polyvinyl chloride.
RCGP—Royal College of General Practitioners (UK).
RIMA—reversible inhibitor of monoamine oxidase type A.
rINN—Recommended International Nonproprietary Name.
rINNM—Recommended International Nonproprietary Name Modified.
RNA—ribonucleic acid.
RPSGB—The Royal Pharmaceutical Society of Great Britain.
RSV—respiratory syncytial virus.
S. Afr.—South Africa.
SGOT—serum glutamic oxaloacetic transaminase (serum aspartate amino-
transferase now preferred).



x   Preface

SGPT—serum glutamic pyruvic transaminase (serum alanine amino-
transferase now preferred).
SI—Statutory Instrument or Système International d’Unités (International
System of Units).
sic—written exactly as it appears in the original.
SLE—systemic lupus erythematosus.
sp.—species (plural spp.).
sp. gr.—specific gravity.
Span.—Spanish.
Span. P.—Spanish Pharmacopoeia 2nd ed., 2002 (Real Farmacopoea
Española, Segunda Edición, 2002) and Supplement 2.1.
SSRI—selective serotonin reuptake inhibitor.
St—stokes.
subsp.—subspecies.
suppl—supplement(s).
Swed.—Sweden.
Swiss P.—Swiss Pharmacopoeia 2006 (Pharmacopoea Helvetica, 10
Ausgabe, Deutsche Ausgabe).
Switz.—Switzerland.
Thai.—Thailand.
TNF—tumour necrosis factor.
TPN—total parenteral nutrition.
Turk.—Turkey.
UAE—United Arab Emirates.

UK—United Kingdom.
UNICEF—United Nations Children’s Fund.
UP—under proof.
Urug.—Uruguay.
US and USA—United States of America.
USAN—United States Adopted Name.
USNF—The United States ‘National Formulary 26’, 2008, and
Supplements 1 and 2.
USP—The United States Pharmacopeia 31, 2008, and Supplements 1 and 2.
UV—ultraviolet.
var.—variety.
Venez.—Venezuela.
Viet.—Vietnamese.
Viet. P.—Vietnamese Pharmacopoeia 2002 (Pharmacopoeia Vietnamica,
Editio III).
vol.—volume(s).
v/v—volume in volume.
v/w—volume in weight.
WHO—World Health Organization.
w/o—water-in-oil.
wt—weight.
wt per mL—weight per millilitre.
w/v—weight in volume.
w/w—weight in weight.
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Contracted Names for Ions and Groups
Contracted Name Chemical Name Contracted Name Chemical Name

acefurate acetate (ester) and furan-2-carboxylate (ester)

aceglumate rac-hydrogen N-acetylglutmate

aceponate acetate (ester) and propionate (ester)

acetonide isopropylidenedioxy or propane-2,2-diylbis(oxy)

aceturate N-acetylglycinate

acibutate acetate (ester) and 2-methylpropanoate (ester)

acistrate acetate (ester) and stearate (salt)

acoxil acetoxymethyl or (acetyloxy)methyl

alfoscerate (2R)-2,3-dihydroxypropyl hydrogen phosphate

alideximer poly([oxy(2-hydroxyethane-1,1-diyl)]{oxy[1-
(hydroxymethyl)ethane-1,2-diyl]}) partly O-
etherified with carboxymethyl groups with
some carboxy groups amide linked to the
tetrapeptide residue (glyglyglycyl-L-phenyla-
lanylglycyl)

amsonate 4,4′-diaminostilbene-2,2′-disulfonate or 2,2′-
ethene-1,2-diylbis(5-aminobenzene-1-sul-
fonate)

anisatil 2-(4-methoxyphenyl)-2-oxoethyl or p-methoxy-
phenacyl

arbamel 2-(dimethylamino)-2-oxoethyl or ester with
N,N-dimethylglycolamide

argine 30Bα−L-argine-30Bβ-L-argine

aritox ricin A chain-MAB immunotoxine

aspart 28B-L-aspartic acid-

axetil (RS)-1-acetoxyethyl or rac-1-(acetyloxy)ethyl

beloxil benzyloxy

benetonide N-benzoyl-2-methyl-β-alanine (ester) and ace-
tonide

besilate (besylate) benzenesulfonate

betadex β-cyclodextrin

bezomil (benzoyloxy)methyl

buciclate trans-4-butylcyclohexanecarboxylate

bunapsilate 3,7-di-tert-butylnaphthalene-1,5-disulfonate

buteprate butyrate (ester) and propionate (ester)

camsilate (camsylate) camphor-10-sulfonate or (7,7-dimethyl-2-oxo-
bicyclo[2.2.1]heptan-1-yl)methanesulfonate

caproate hexanoate

carbesilate 4-sulfobenzoate

ciclotate (cyclotate) 4-methylbicyclo[2.2.2]oct-2-ene-1-carboxylate

cilexetil (RS)-1-{[(cyclohexyloxy)carbonyl]oxy}ethyl or
rac-1-{[(cyclohexyloxy)carbonyl]oxy}ethyl

cipionate (cypionate) cyclopentanepropionate or 3-cyclopentylpro-
panoate

cituxetan rac-N-(4-{2-[bis(carboxymethyl)amino]-3-({2-
[bis(carboxymethyl)amino]ethyl}(car-
boxymethyl)amino)propyl}phenyl)thiocar-
bamoyl

clofibrol 2-(4-chlorophenoxy)-2-methylpropyl

closilate (closylate) 4-chlorobenzene-1-sulfonate

crobefate rac-{3-[(3E)-4-methoxybenzylidene]-2-(4-meth-
oxyphenyl)chroman-6-yl phosphate(2-)}

cromacate 2-[(6-hydroxy-4-methyl-2-oxo-2H-chromen-7-
yl)oxy]acetate

cromesilate 6,7-dihydroxycoumarin-4-methanesulfonate or
(6 ,7-dihydroxy-2-oxo-2H -chromen-4-
yl)methanesulfonate

crosfumaril (2E)-but-2-enedioyl

cyclamate cyclohexylsulfamate

daloxate L-alaninate (ester) and (5-methyl-2-oxo-1,3-di-
oxol-4-yl)methyl

daropate (dapropate) N,N-dimethyl-β-alaninate or 3-(dimethylamino)pro-
panoate

deanil 2-(dimethylamino)ethyl

decil decyl

defalan des-1B-L-phenylalanine-insulin

detemir tetradecanoyl

dibudinate 2,6-di-tert-butylnaphthalene-1,5-disulfonate

dibunate 2,6-di-tert-butylnaphthalene-1-sulfonate

dicibate dicyclohexylmethyl carbonate

diftitox N-L-methionyl-387-L-histidine-388-L-alanine-1-
388-toxin (Corynebacterium diphtheriae
strain C7) (388→2′)-protein

digolil 2-(2-hydroxyethoxy)ethyl

diolamine 2,2′-azanediyldiethanol or diethanolamine

docosil docosyl

dofosfate octadecyl hydrogen phosphate

ecamate N-ethylcarbamate

edamine ethane-1,2-diamine or ethylenediamine

edetate ethylenediamine-NNN′N′-tetra-acetate

edisilate (edisylate) ethane-1,2-disulfonate

embonate 4,4′-methylenebis(3-hydroxynaphthalene-2-car-
boxylate) or 4,4′-methylenebis(3-hydroxy-2-
naphthoate) (=pamoate)

enantate (enanthate) heptanoate

enbutate acetate (ester) and butanoate (ester)

epolamine 1-pyrrolidineethanol or 2-(pyrrolidin-1-yl)etha-
nol

erbumine tert-butylamine or 2-methylpropan-2-amine

esilate (esylate) ethanesulfonate

estolate propanoate (ester) and dodecyl sulfate (salt) or
propionate dodecyl sulfate

etabonate (ethoxycarbonyl)oxy (=ethyl carbonate)

etilsulfate ethyl sulfate

farnesil (2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-
yl

fendizoate 2-(6-hydroxybiphenyl-3-carbonyl)benzoate

fostedate tetradecyl hydrogen phosphate

furetonide 1-benzofurane-2-carboxylate (ester) and pro-
pane-2,2-diylbis(oxy)

gamolenate (6Z,9Z,12Z)-octadeca-6,9,12-trienoate

glargine 21A-glycine-30Bα-L-arginine-30Bβ-L-arginine

gluceptate D-glycero-D-gulo-heptanoate or D-glycero-D-
gulo-heptonate

glulisine [3B-L-lysine,29B-L-glutamic acid]

glutamer glutaraldehyde polymer

guacil 2-methoxyphenyl

hemisuccinate hydrogen butanedioate
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Contracted Name Chemical Name Contracted Name Chemical Name

hexacetonide 3,3-dimethylbutanoate (ester) and propan-2,2-
diylbis(oxy) or 3,3-dimethylbutyrate (ester)
and acetonide

hibenzate (hybenzate) 2-(4-hydroxybenzoyl)benzoate

hyclate monohydrochloride hemi-ethanolate hemihy-
drate

hydroxynaphtoate 3-hydroxynapthalene-2-carboxylate

isetionate (isethionate) 2-hydroxyethane-1-sulfonate

laurate dodecanoate

lauril dodecyl

laurilsulfate (lauryl sulphate) dodecyl sulfate

lisetil L-lysinate (ester) and diethyl (ester)

lisicol {N-[(5S)-5-carboxy-5-(3α,7α,12α-trihydroxy-
5β-cholan-24-amido)pentyl]carbamothio-
yl}amino

lispro 28B-L-lysine-29B-L-proline

mafenatox enterotoxin A (227-alanine) (Staphylococcus
aureus)

medoxomil (5-methyl-2-oxo-1,3-dioxol-4-yl)methyl

megallate 3,4,5-trimethoxybenzoate

meglumine N-methylglucamine

merpentan 4,5-bis(2-mercaptoacetamido) valeric acid or
{N,N′-[1-(3-oxopropyl)ethane-1,2-diyl]bis(2-
sulfanylacetamidato)}(4-)

mertansine tetrakis{(4RS)-4[(3-{[(1S)-2-
{[(1S,2R,3S,5S,6S,16E,18E,20R,21S)-11-
ch loro-21-hydroxy-12 ,20-d imethoxy-
2,5,9,16-tetramethyl-8,23-dioxo-4,24-dioxa-
9,22-diazatetracyclo[19.3.1.110,14.03,5]hexaco-
sa-10,12,14(26),16,18-pentaen-6-yl]oxy}-1-
methyl-oxoethyl]methylamino}-3-oxopro-
pyl)disulfanyl]pentanoyl}

mesilate (mesylate) methanesulfonate

metembonate 4,4′-methylenebis(3-methoxynaphthalene-2-car-
boxylate)

methonitrate N-methyl, nitrate (salt)

metilsulfate methyl sulfate

metiodide N-methyl, iodide (salt)

methylbromide N-methyl, bromide (salt)

mofetil 2-(morpholino)ethyl or 2-(morpholin-4-yl)ethyl

napadisilate naphthalene-1,5-disulfonate

napsilate (napsylate) naphthalene-2-sulfonate

nicotinate pyridine-3-carboxylate

octil octyl

olamine 2-aminoethanol or ethanolamine

oleate (9Z)-octadec-9-enoate

oxoglurate hydrogen 2-oxopentanedioate

palmitate hexadecanoate

pamoate 4,4′-methylenebis(3-hydroxy-2-naphthoate)
(=embonate)

pegol α-(2-carboxyethyl)-ω-methoxypoly(oxyethane-
1,2-diyl)

pendetide N6-{N-[2-({2-[bis(carboxymethyl)amino]-
ethyl}(carboxymethyl)amino)ethyl]-N-(car-
boxymethyl)glycyl}-N2-(N-glycyl-L-tyrosyl)-
L-lysine

pentexil (RS)-1-[(2,2-dimethylpropanoyl)oxy]ethyl

phenpropionate 3-phenylpropionate

pivalate 2,2-dimethylpropanoate (ester) or trimethylace-
tate

pivoxetil rac-1-[(2-methoxy-2-methylpropanoyl)oxy]ethyl
or 1-(2-methoxy-2-methylpropionyloxy)ethyl

pivoxil  (2,2-dimethyl-1-oxopropoxy)methyl or [(2,2-
dimethylpropanoyl)oxy]methyl or (pivaloyl-
oxy)methyl

poliglumex [poly(L-glutamic acid)z—(L-glutamate-γ-ester)
—poly(L-glutamic acid)y]n

probutate 17-(1-oxobutoxy) (ester) and 21-(1-oxopro-
poxy) (ester) or propionate (ester) and bu-
tyrate (ester)

proxetil 1-[(isopropoxycarbonyl)oxy]ethyl or rac-1-
{[(propan-2-yloxy)carbonyl]oxy}ethyl

raffimer (2S,4R,6R,8S,11S,13S)-2,4,8,13-tetrakis(hy-
droxymethyl) -4 ,6 ,11- t r i s (y lomethyl ) -
3,5,7,10,12-pentaoxatetradecane-1,14-diyl

salicylate 2-hydroxybenzoate

sesquioleate (9Z)-octadec-9-enoate(1.5)

soproxil {[(propan-2-yloxy)carbonyl]oxy}methyl

steaglate 2-(octadecanoyloxy)acetate (ester)

stearate octadecanoate

stinoprate N-acetylcysteinate (salt) and propanoate (ester)

succinil 3-carboxypropanoyl

sudotox 248-L-histidine-249-L-methionine-250-L-
alanine-251-L-glutamic acid-248-613-endo-
toxin A (Pseudomonas aeruginosa reduced)

suleptanate monosodium 8-[methyl(2-sulfoethyl)amino]-8-
oxooctanoate or monosodium 7-[methyl(2-
sulfonatomethyl)carbamoyl]heptanoyl

sulfoxylate sulfinomethyl, monosodium salt

tafenatox enterotoxin A (Staphylococcus aureus)

tartrate (2R,3R)-2,3-dihydroxybutanedioate

tebutate tert-butylacetate or 3,3-dimethylbutyrate

tenoate thiophene-2-carboxylate

teoclate 8-chloro-1,3-dimethyl-2,6-dioxo-3,6-dihydro-
1H-purin-7-(2H)-ide or 8-chlorotheophyllin-
ate

teprosilate 3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-
7H-purin-7-yl)propane-1-sulfonate

tidoxil rac-2-(decyloxy)-3-(dodecylsulfanyl)propyl

tiuxetan N-(4-{(2S)-2-[bis(carboxymethyl)amino]-3-
[(2RS)-{2-[bis(carboxymethyl)amino]pro-
pyl}(carboxymethyl)amino]propyl}phenyl)
thiocarbamoyl

tocoferil rac-(2R)-2,5,7,8-tetramethyl-2-[(4R,8R)-4,8,12-
trimethyltridecyl]chroman-6-yl

tofesilate 3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-
7H-purin-7-yl)ethane-1-sulfonate

tosilate (tosylate) 4-methylbenzene-1-sulfonate or toluene-4-sul-
fonate

triclofenate 2,4,5-trichlorophenolate

triflutate trifluoroacetate

trioleate (9Z)-octadec-9-enoate(3) or tris[(9Z)-octadec-9-
enoate]

tristearate octadecanoate(3) or tris(octadecanoate)

trolamine 2,2′,2″-nitrilotriethanol or triethanolamine

troxundate [2-(2-ethoxyethoxy)ethoxy]acetate or 3,6,9-tri-
oxaundecanoate

undecylate undecanoate

undecylenate undec-10-enoate

valerate pentanoate

xinafoate 1-hydroxynaphthalene-2-carboxylate or 1-hy-
droxy-2-naphthoate



xiii

Atomic Weights of the Elements— 12C=12
Atomic Name Symbol Atomic Weight
Number

Atomic Name Symbol Atomic Weight
Number

89    Actinium      Ac     *
13    Aluminium     Al     26.9815386
95    Americium     Am    *
51   Antimony      Sb     121.760
18    Argon         Ar     39.948
33    Arsenic      As    74.92160
85    Astatine      At    *
56    Barium       Ba    137.327
97    Berkelium     Bk     *
4    Beryllium     Be     9.012182

83    Bismuth      Bi     208.98040
107    Bohrium     Bh     *

5    Boron         B      10.811
35    Bromine       Br    79.904
48    Cadmium       Cd     112.411
55    Caesium      Cs     132.9054519
20    Calcium      Ca     40.078
98    Californium   Cf     *
6    Carbon        C      12.0107

58    Cerium        Ce     140.116
17    Chlorine      Cl     35.453
24    Chromium      Cr     51.9961
27    Cobalt        Co    58.933195
29    Copper        Cu     63.546
96    Curium        Cm   *

110    Darmstadtium     Ds     *
105    Dubnium     Db     *
66    Dysprosium    Dy     162.500
99    Einsteinium   Es  *
68    Erbium        Er     167.259
63    Europium      Eu     151.964

100    Fermium       Fm   *
9    Fluorine      F      18.9984032

87    Francium      Fr   *
64    Gadolinium    Gd     157.25
31    Gallium       Ga     69.723
32    Germanium     Ge     72.64
79    Gold          Au    196.966569
72    Hafnium       Hf     178.49

108    Hassium     Hs     *
2    Helium        He     4.002602

67    Holmium       Ho     164.93032
  1    Hydrogen     H      1.00794

49    Indium        In    114.818
 53    Iodine       I      126.90447
 77    Iridium       Ir     192.217
 26    Iron          Fe     55.845
 36    Krypton       Kr     83.798

 57    Lanthanum    La     138.90547
103   Lawrencium    Lr     *
82 Lead Pb 207.2
3 ‡Lithium Li 6.941

71 Lutetium Lu 174.9668
12 Magnesium Mg 24.3050
25 Manganese Mn 54.938045

109    Meitnerium     Mt     *
101 Mendelevium Md *
80 Mercury Hg 200.59
42    Molybdenum    Mo     95.96
60    Neodymium     Nd     144.242
10   Neon          Ne     20.1797
93   Neptunium Np   *
28  Nickel        Ni     58.6934
41    Niobium       Nb     92.90638
7    Nitrogen     N      14.0067

102    Nobelium      No     *
76    Osmium        Os     190.23
 8    Oxygen        O      15.9994
46    Palladium     Pd     106.42
15    Phosphorus   P      30.973762
78    Platinum      Pt     195.084
94    Plutonium     Pu    *
84    Polonium      Po     *
19    Potassium     K     39.0983
59    Praseodymium  Pr     140.90765
61    Promethium    Pm   *
91    †Protactinium Pa 231.03588
88    Radium  Ra    *
86    Radon         Rn   *
75   Rhenium       Re     186.207
45    Rhodium       Rh     102.90550

111    Roentgenium     Rg     *
37    Rubidium      Rb     85.4678
44    Ruthenium     Ru     101.07

104    Rutherfordium     Rf     *
62    Samarium      Sm     150.36
21    Scandium      Sc     44.955912

106    Seaborgium     Sg     *
34    Selenium      Se     78.96
14    Silicon       Si     28.0855
47   Silver        Ag     107.8682
11    Sodium        Na     22.98976928
38    Strontium     Sr     87.62
16    Sulfur      S      32.065
73    Tantalum      Ta 180.94788
43    Technetium    Tc *
52    Tellurium     Te     127.60
65    Terbium     Tb     158.92535
81   Thallium     Tl     204.3833
90   †Thorium      Th     232.03806
69  Thulium       Tm     168.93421
50    Tin          Sn     118.710
22    Titanium     Ti    47.867
74    Tungsten      W      183.84

112 Ununbium Uub *
116 Ununhexium Uuh *
118    Ununoctium     Uuo     *
115    Ununpentium     Uup     *
114 Ununquadium Uuq *
113  Ununtrium     Uut     *
92    †Uranium      U     238.02891
23    Vanadium      V      50.9415
54    Xenon         Xe    131.293
70    Ytterbium     Yb     173.054
39    Yttrium       Y     88.90585
30    Zinc          Zn     65.38
40    Zirconium     Zr     91.224

Elements marked (*) have no stable nuclides and IUPAC  states “there is no general
agreement on which of the isotopes of the radioactive elements is, or is likely to be
judged ‘important’ and various criteria such as ‘longest half-life’, ‘production in quan-
tity’, ‘used commercially’, etc., have been applied in the Commission’s choice.” How-
ever, atomic weights are given for radioactive elements marked (†) as they  do have a
characteristic terrestrial isotopic composition. Commercially available lithium (‡) mate-
rials have atomic weights ranging from 6.939 to 6.996; if a more accurate value is re-
quired, it must be determined for the specific material.
IUPAC Commission on Atomic Weights and Isotopic Abundances. Atomic Weights of
the Elements 2007. Available at http://www.chem.qmul.ac.uk/iupac/AtWt/





Analgesics Anti-inflammatory Drugs and Antipyretics
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The drugs described in this chapter are used mainly in
the relief of pain, inflammation and, in some cases, fe-
ver. They can be grouped broadly into one of the cate-
gories briefly described below.

Aspirin and other salicylates
Aspirin and other salicylates have analgesic, anti-inflam-
matory, and antipyretic properties. Like other NSAIDs
(see below) they are inhibitors of the enzyme cyclo-oxyge-
nase; however, aspirin (though not the non-acetylated sal-
icylates) irreversibly acetylates the enzyme whereas other
NSAIDs compete with arachidonic acid for the active site.
Salicylates are used for the relief of mild to moderate pain,
minor febrile conditions, and for acute and chronic inflam-
matory disorders such as osteoarthritis, rheumatoid arthri-
tis, juvenile idiopathic arthritis, and ankylosing spondyli-
tis. Some salicylates are applied topically in rubefacient
preparations for the relief of muscular and rheumatic pain.
Aspirin also inhibits platelet aggregation and is used in
cardiovascular disorders. Non-acetylated salicylates do
not have antiplatelet activity. 

For further discussion of the actions and uses of sali-
cylates, see Aspirin, p.20.

Described in this chapter are
Aloxiprin, p.18 Lithium Salicylate, p.77 
Aluminium Aspirin, p.19 Lysine Aspirin, p.79 
Ammonium Salicylate, Magnesium Salicylate, 

p.19 p.79 
Amyl Salicylate, p.19 Methyl Butetisalicylate, 
Aspirin, p.20 p.85 
Bornyl Salicylate, p.28 Methyl Salicylate, p.85 
Carbasalate Calcium, Morpholine Salicylate, 

p.33 p.91 
Choline Magnesium Salamidacetic Acid, p.121 

Trisalicylate, p.36 Salicylamide, p.121 
Choline Salicylate, p.36 Salix, p.121 
Diethylamine Salicylate, Salol, p.122 

p.47 Salsalate, p.122 
Diflunisal, p.47 Sodium Salicylate, p.124 
Ethenzamide, p.51 Sodium Thiosalicylate, 
Ethyl Salicylate, p.52 p.124 
Fosfosal, p.62 Thurfyl Salicylate, p.129 
Glycol Salicylate, p.62 Trolamine Salicylate, 
Imidazole Salicylate, p.132 

p.66

Disease-modifying antirheumatic drugs
Disease-modifying antirheumatic drugs (DMARDs) have
anti-inflammatory properties thought to be mediated, in
some cases, by the inhibition of the release or activity of
cytokines. They are used in the treatment of rheumatoid
arthritis and juvenile idiopathic arthritis; some are also of
benefit in ankylosing spondylitis and psoriatic arthritis.
Many DMARDs also possess other therapeutic properties
and are used in non-rheumatic conditions. The DMARD
gold is referred to below; other DMARDs include sul-
fasalazine (p.1773), penicillamine (p.1456), the antimalar-

ials chloroquine (p.599) and hydroxychloroquine (p.604),
rituximab (p.767), and the immunosuppressants azathio-
prine (p.1818), ciclosporin (p.1822), cyclophosphamide
(p.702), and methotrexate (p.745).

Described in this chapter are
Abatacept, p.14 Etanercept, p.50 
Actarit, p.15 Golimumab, p.62 
Adalimumab, p.15 Infliximab, p.69 
Anakinra, p.19 Leflunomide, p.75

Gold compounds
Gold compounds are used mainly for their anti-inflamma-
tory effect in active progressive rheumatoid arthritis and
progressive juvenile idiopathic arthritis; they may also be
beneficial in psoriatic arthritis. The mechanism of action
of gold compounds in rheumatic disorders is as yet
unknown. 

For further discussion of the actions and uses of gold com-
pounds, see Sodium Aurothiomalate, p.122.

Described in this chapter are
Auranofin, p.25 Sodium Aurothiomalate, 
Aurothioglucose, p.26 p.122 
Aurotioprol, p.26 Sodium Aurotiosulfate, 
Gold Keratinate, p.62 p.124

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are a
group of structurally unrelated organic acids that have
analgesic, anti-inflammatory, and antipyretic properties
(see p.96). NSAIDs are inhibitors of the enzyme cyclo-ox-
ygenase, and so directly inhibit the biosynthesis of pros-
taglandins and thromboxanes from arachidonic acid (see
p.2374). There are 2 forms of cyclo-oxygenase (COX),
COX-1, which is the constitutive form of the enzyme, and
COX-2, which is the form induced in the presence of in-
flammation. Inhibition of COX-2 is therefore thought to be
responsible for at least some of the analgesic, anti-inflam-
matory, and antipyretic properties of NSAIDs whereas in-
hibition of COX-1 is thought to produce some of their tox-
ic effects, particularly those on the gastrointestinal tract.
Most of the NSAIDs currently available for clinical use
inhibit both COX-1 and COX-2, although selective COX-
2 inhibitors such as celecoxib are now available. 

NSAIDs are used for the relief of mild to moderate pain,
minor febrile conditions, and for acute and chronic inflam-
matory disorders such as osteoarthritis, rheumatoid arthri-
tis, juvenile idiopathic arthritis, and ankylosing spondyli-
tis. Indometacin and some other NSAIDs are used to close
patent ductus arteriosus in premature neonates. Some
NSAIDs are applied topically for the relief of muscular
and rheumatic pain, and some are used in ophthalmic prep-
arations for ocular inflammatory disorders. Aspirin (see
above) is considered to be an NSAID, although it also has
other properties.

Described in this chapter are
Aceclofenac, p.14 Indometacin, p.66 
Acemetacin, p.15 Isonixin, p.72 
Alminoprofen, p.18 Kebuzone, p.72 
Aminophenazone, p.19 Ketoprofen, p.73 
Aminopropylone, p.19 Ketorolac, p.74 
Ampiroxicam, p.19 Lonazolac, p.77 
Amtolmetin Guacil, p.19 Lornoxicam, p.77 
Azapropazone, p.26 Loxoprofen, p.78 
Bendazac, p.27 Lumiracoxib, p.78 
Benoxaprofen, p.27 Meclofenamic acid, p.79 
Benzydamine, p.27 Mefenamic Acid, p.80 
Beta-aminopropionitrile, Meloxicam, p.80 

p.28 Mofebutazone, p.86 
Bromfenac, p.28 Mofezolac, p.86 
Bufexamac, p.28 Morniflumate, p.86 
Bumadizone, p.28 Nabumetone, p.91 
Butibufen Sodium, p.31 Naproxen, p.92 
Carprofen, p.34 Nepafenac, p.95 
Celecoxib, p.34 Niflumic Acid, p.95 
Clofexamide, p.37 Nimesulide, p.95 
Clofezone, p.37 Oxaprozin, p.105 
Clonixin, p.37 Oxyphenbutazone, p.107 
Dexibuprofen, p.39 Parecoxib, p.111 
Diclofenac, p.44 Phenazone, p.116 
Dipyrone, p.49 Phenylbutazone, p.117 
Eltenac, p.50 Piketoprofen, p.117 
Epirizole, p.50 Piroxicam, p.117 
Etodolac, p.52 Pranoprofen, p.119 
Etofenamate, p.53 Proglumetacin, p.119 
Etoricoxib, p.53 Propyphenazone, p.119 
Felbinac, p.54 Proquazone, p.119 
Fenbufen, p.54 Ramifenazone, p.120 
Fenoprofen, p.55 Rofecoxib, p.121 
Fentiazac, p.60 Sulindac, p.126 
Fepradinol, p.60 Suprofen, p.128 
Feprazone, p.60 Suxibuzone, p.128 
Firocoxib, p.60 Tenoxicam, p.128 
Floctafenine, p.60 Tepoxalin, p.129 
Flufenamic Acid, p.60 Tetridamine, p.129 
Flunixin, p.61 Tiaprofenic Acid, p.129 
Flurbiprofen, p.61 Tiaramide, p.129 
Furprofen, p.62 Tolfenamic Acid, p.130 
Glafenine, p.62 Tolmetin, p.130 
Glucametacin, p.62 Valdecoxib, p.132 
Ibuprofen, p.64 Vedaprofen, p.133 
Ibuproxam, p.66 Zaltoprofen, p.133

Opioid analgesics
Opioid analgesics include the opium alkaloids morphine
and codeine and their derivatives as well as synthetic sub-
stances with agonist, partial agonist, or mixed agonist and
antagonist activity at opioid receptors (see p.101). The
term opiate analgesics refers only to those opioids derived
from opium, or their semisynthetic congeners. The term
narcotic analgesics has legal connotations and is no longer
used pharmacologically or clinically. 
Most opioids are used as analgesics, and morphine is the
standard against which all other opioid analgesics are com-
pared. Opioids such as codeine or dextropropoxyphene are
used in the treatment of less severe pain, and are often
combined with non-opioid analgesics such as aspirin, oth-
er NSAIDs, or paracetamol. More potent opioids such as
morphine are used in severe acute and chronic pain, in-

Aspirin and other salicylates, p.1 
Disease-modifying antirheumatic drugs, p.1 
Gold compounds, p.1 
Nonsteroidal anti-inflammatory drugs, p.1 
Opioid analgesics, p.1 
Paracetamol and other para-aminophenols, p.2 
Analgesia and Pain, p.2 

Choice of analgesic, p.2 
Choice of analgesics in children, p.3 
Nerve blocks, p.4 
Patient-controlled analgesia, p.4 
Postoperative analgesia, p.4 
Rubefacients and topical analgesia, p.5 

Specific pain states, p.5 
Biliary and renal colic, p.5 
Cancer pain, p.5 
Central post-stroke pain, p.6 
Complex regional pain syndrome, p.6 
Diabetic neuropathy, p.6 
Dysmenorrhoea, p.6 
Headache, p.7 
Labour pain, p.7 
Low back pain, p.7 
Myocardial infarction pain, p.8 
Neuropathic pain syndromes, p.8 
Orofacial pain, p.8 

Pancreatic pain, p.9 
Phantom limb pain, p.9 
Postherpetic neuralgia, p.9 
Sickle-cell crisis, p.9 
Trigeminal neuralgia, p.9 

Increased Body Temperature, p.10 
Fever and hyperthermia, p.10 

Musculoskeletal and Joint Disorders, p.10 
Juvenile idiopathic arthritis, p.10 
Osteoarthritis, p.11 
Rheumatoid arthritis, p.11 
Soft-tissue rheumatism, p.13 
Spondyloarthropathies, p.13 
Still’s disease, p.13
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cluding cancer pain. Some opioids such as codeine, mor-
phine, and diamorphine are also used as antitussives, al-
though the latter two are usually reserved for use in
terminal lung disease. Some opioid analgesics such as fen-
tanyl and its congeners are used mainly as adjuncts to
anaesthesia; some of these may also be used in higher dos-
es as the sole anaesthetic drug. 
Some opioids are rarely if ever used as analgesics and are
described elsewhere; they include the antitussives dex-
tromethorphan (p.1555) and pholcodine (p.1570), and the
antidiarrhoeals diphenoxylate (p.1724) and loperamide
(p.1741). 
Opioids can produce physical dependence and withdrawal
symptoms if suddenly stopped. They are also subject to
abuse.
Described in this chapter are

Alfentanil, p.16 Levacetylmethadol, p.77 
Anileridine, p.20 Levomethadone, p.77 
Buprenorphine, p.29 Levorphanol, p.77 
Butorphanol, p.32 Meptazinol, p.81 
Carfentanil, p.34 Methadone, p.82 
Codeine, p.37 Morphine, p.86 
Dextromoramide, p.39 Nalbuphine, p.91 
Dextropropoxyphene, p.40 Nicomorphine, p.95 
Diamorphine, p.42 Opium, p.105 
Dihydrocodeine, p.48 Oxycodone, p.106 
Dipipanone, p.49 Oxymorphone, p.107 
Embutramide, p.50 Papaveretum, p.105 
Ethoheptazine, p.52 Pentazocine, p.112 
Ethylmorphine, p.52 Pethidine, p.113 
Etorphine, p.54 Piritramide, p.117 
Fentanyl, p.55 Remifentanil, p.120 
Hydrochlorides of Mixed Sufentanil, p.124 

Opium Alkaloids, p.105 Tilidine, p.129 
Hydrocodone, p.63 Tramadol, p.130 
Hydromorphone, p.63 Trimeperidine, p.132 
Ketobemidone, p.73

Paracetamol and other para-aminophenols
Paracetamol is the principal para-aminophenol derivative
in use. Acetanilide and phenacetin have generally been re-
placed by safer analgesics. Propacetamol is hydrolysed to
paracetamol in the plasma. 
Paracetamol has analgesic and antipyretic properties and
weak anti-inflammatory activity. The mechanism of
analgesic action remains to be fully elucidated, but may be
due to inhibition of prostaglandin synthesis both centrally
and peripherally. Paracetamol is used for the relief of mild
to moderate pain and minor febrile conditions.
Described in this chapter are

Acetanilide, p.15 Phenacetin, p.115 
Paracetamol, p.108 Propacetamol, p.119

Analgesia and Pain
Pain is defined by the International Association for the
Study of Pain as ‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage.’ 
Under normal circumstances pain is the result of stimulation of
peripheral receptors that transmit impulses through pain path-
ways to the brain. Pain receptors or nociceptors are of two ba-
sic types: 
• mechanoheat receptors have a high stimulation threshold

and respond to intense or potentially damaging noxious
stimuli. These receptors are associated with rapidly con-
ducting, thinly myelinated Aδ fibres, and their stimulation
produces rapid sharp localised pain that serves to activate
withdrawal reflexes 

• polymodal nociceptors respond to mechanical, thermal, or
chemical insults. These receptors are also activated by cell-
ular components that are released after tissue damage. Their
impulses are transmitted slowly along unmyelinated C type
fibres and produce dull, aching, and poorly localised pain
with a slower onset 

Nerve fibres from nociceptors terminate in the dorsal root of
the spinal cord before transmission by ascending pathways to
the brain. There have been many theories on the processing of
pain signals at the spinal level but the ‘gate theory’ proposed
by Melzack and Wall is one of the best known. This theory
postulates that the transmission of impulses to the brain is
modulated by a gate mechanism in the substantia gelatinosa.
Stimulation of small fibres opens the gate and facilitates trans-
mission whereas stimulation of large fibres, which normally
carry non-painful sensory input, can close the gate and inhibit
transmission. Transmission also appears to be modulated by
several other mechanisms which can influence the sensitivity
of the gate. 

Inflammatory mediators such as bradykinin, histamine, serot-
onin, and prostaglandins produced in response to tissue dam-
age can produce peripheral sensitisation so that receptors re-
spond to low intensity or innocuous stimuli; central
sensitisation also occurs. Pain associated with tissue damage
hence results in increased sensitivity of the sensory system so
that the pain can occur in the absence of a clear stimulus. There
may be a reduction in the pain threshold (allodynia) resulting
in an exaggerated response (hyperalgesia) or a prolonged ef-
fect (hyperpathia). 

Pain is often classified as being acute or chronic in
nature. 

• Acute pain is associated with trauma or disease and
usually has a well-defined location, character, and
timing. It is accompanied by symptoms of autonom-
ic hyperactivity such as tachycardia, hypertension,
sweating, and mydriasis. 

• Chronic pain is usually regarded as pain lasting
more than a few months. It may not be clearly asso-
ciated with trauma or disease or may persist after the
initial injury has healed; its localisation, character,
and timing are more vague than with acute pain. Fur-
thermore, as the autonomic nervous system adapts,
the signs of autonomic hyperactivity associated with
acute pain disappear. Some forms of pain regarded
as being chronic may consist of intermittent attacks
of pain followed by relatively long pain-free periods.
Patients with chronic pain experience physical, psy-
chological, social, and functional deterioration
which contributes towards exacerbation of the pain. 

Physiologically, pain may be divided into nociceptive
pain and neuropathic pain. 

• Nociceptive pain follows activation of nociceptors
by noxious stimuli as described above but is not as-
sociated with injury to peripheral nerves or the CNS.
It may be somatic or visceral, depending on which
receptors or nerves are involved. Somatic pain is
usually well localised and may be described as deep-
ly located, sharp or dull, nagging, stabbing, throb-
bing, or pressure-like. Visceral pain is generally less
localised and more diffuse than somatic pain and
may be referred to remote areas of the body. De-
pending on the structure involved it is variously de-
scribed as deeply located, aching, nagging, cramp-
ing, or pressing and may be accompanied by nausea
and vomiting. Nociceptive pain usually responds to
treatment with conventional analgesics. 

• Pain resulting from damage or dysfunction of pe-
ripheral nerves/receptors or of the CNS is known as
neuropathic pain (or neurogenic pain). The term
covers sympathetically maintained pain including
causalgia and reflex sympathetic dystrophy, and
painful conditions such as postherpetic and trigemi-
nal neuralgia, and diabetic neuropathy. Neuropathic
pain associated with central nervous tissue, such as
in central post-stroke pain (the thalamic syndrome)
is referred to as central pain. The clinical signs of
neuropathic pain can vary greatly. Some of the more
common features include heightened pain sensitivity
and sensations of superficial burning or stabbing
(lancinating) pain. The pain may be associated with
areas of sensory deficit or some form of autonomic
instability. Neuropathic pain responds poorly to con-
ventional analgesics and can be difficult to treat. 

Early treatment of pain is important as unrelieved
pain can have profound psychological effects on the
patient, and acute pain that is poorly managed initially
can degenerate into chronic pain, which may prove to
be much more difficult to treat. It is important to assess
and treat the mental and emotional aspects of the pain
as well as its physical aspects. Although drug therapy
is a mainstay of pain treatment (see below), physical
methods such as physiotherapy (including massage
and the application of heat and cold), surgery, and nerv-
ous system stimulation techniques such as acupuncture

and transcutaneous electrical nerve stimulation
(TENS) are also used.
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Choice of analgesic
Paracetamol and NSAIDs are the first choice analgesics
for treating mild to moderate pain and are also used in
moderate to severe pain to potentiate the effects of opioids.
They are suitable for use in acute or chronic pain. Effective
relief of acute pain can be achieved with oral NSAIDs and
with paracetamol (particularly in combination with an opi-
oid—see below). Dependence and tolerance are not a
problem with non-opioid analgesics but they have a rather
flat dose-response curve: as the dose is increased, the in-
crease in pain relief may be quite small. Aspirin and other
non-selective NSAIDs inhibit blood platelet function, ad-
versely affect the gastrointestinal tract, and can precipitate
hypersensitivity reactions including asthma. The risk of
severe upper gastrointestinal adverse effects may be less
with selective inhibitors of cyclo-oxygenase-2 (COX-2)
such as the coxibs, but their use has been greatly restricted
by concerns about serious cardiovascular effects. Para-
cetamol does not have the haematological or gastrointesti-
nal adverse effects of aspirin but large doses can produce
severe or sometimes fatal hepatotoxicity. Giving paraceta-
mol with an NSAID improves analgesia. 
For the treatment of moderate or moderate to severe opio-
id-sensitive pain codeine is the traditional choice; alterna-
tives include dihydrocodeine and tramadol. They are of-
ten given with non-opioid analgesics. Combinations of
codeine with paracetamol at full doses produce a small but
significant increase in analgesia compared with paraceta-
mol alone and are one of the most effective options for
acute pain, but the incidence of adverse effects increases
with repeated use. Combinations of dextropropoxyphene
with paracetamol or aspirin are no more effective in acute
pain than the non-opioid alone; efficacy in chronic pain is
unclear and adverse effects may become troublesome. The
combination preparation co-proxamol (dextropropoxy-
phene with paracetamol) has been gradually withdrawn
from the UK market because of poorly established effica-
cy and the risk of toxicity in overdose. 
More potent opioids such as morphine are mainly used in
the treatment of severe acute non-malignant pain and
cancer pain (see below). Their use in chronic non-malig-
nant pain is somewhat controversial because of fears of
psychological dependence and respiratory depression.
However, in practice such problems rarely occur and those
fears should not prevent patients being given effective an-
algesic therapy. Opioids may also be of value in neuro-
pathic pain in some patients. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Morphine is the opioid of choice in severe pain. It is ab-
sorbed when given orally and has a short half-life so that
the use of immediate-release oral preparations offers a
flexible means of dosage titration in, for example, pallia-
tive care. Once initial pain relief has been achieved, ad-
ministration of a modified-release preparation every 12 or
24 hours is more convenient for maintenance of analgesia
in severe chronic pain. It may also be given parenterally
(e.g. for control of acute severe pain in emergency depart-
ments or in patient-controlled analgesia—see also below),
or rectally or transdermally, where there would be prob-
lems with the oral route. 
Occasionally other opioids may be useful. Switching to
an alternative opioid may be effective in patients who have
inadequate pain control or intolerable adverse effects with
morphine. Methadone (which also acts as an NMDA
antagonist) or oxycodone have a longer duration of action
than morphine, but it should be noted that methadone,
which has a long half-life, should not be given more than
twice daily when used long term because of the risk of pro-
gressive CNS depression and overdosage. A rapid onset of
action is provided by alfentanil and fentanyl but use of
pethidine is no longer recommended. Diamorphine or hy-
dromorphone may be preferred to morphine when the
parenteral route has to be used because they are more sol-
uble and can be given in a smaller volume. Tramadol,
which may impair respiratory and gastrointestinal function
less than other opioids at equianalgesic doses, is also of
benefit in neuropathic pain. 
Adverse effects of opioids include sedation, nausea, vom-
iting, constipation, and, most seriously, respiratory depres-
sion. Tolerance generally develops to all of these effects
except constipation, which may be prevented by regular
use of laxatives. 
A number of other groups of drugs have significant roles
in pain management either alone or as analgesic adju-
vants. 
Subantidepressant doses of tricyclic antidepressants
(usually amitriptyline) are considered to be useful in re-
fractory chronic pain, including neuropathic pain of the
burning, dysaesthetic type such as postherpetic neuralgia
and diabetic neuropathy; shooting pain has also been re-
ported to respond. They may be used in addition to con-
ventional analgesics, notably in the treatment of cancer
pain of mixed aetiology. There is little evidence for benefit
in acute pain although musculoskeletal pain has some-
times responded. Amitriptyline has also been found to be
useful for tension-type headache and for the prophylaxis of
migraine. The role of other antidepressants in the treat-
ment of neuropathic pain is less clear although venlafaxine
may be useful. 
Antiepileptics (often carbamazepine and, more recently,
gabapentin and pregabalin) have been found useful in the
relief of neuropathic pain, especially when there is a stab-
bing (lancinating) element, as in trigeminal neuralgia;
there have also been reports of efficacy in the treatment of
diabetic neuropathy and for migraine prophylaxis. 
Benzodiazepines and other muscle relaxants such as ba-
clofen or dantrolene are useful for relieving painful muscle
spasm in acute or chronic conditions. 
Bone modulating drugs such as calcitonin and bisphos-
phonates may be useful in cancer pain arising from bone
metastases (see below) but have a slow onset of action and
are second choice to NSAIDs. Bisphosphonates may
cause an initial transient increase in bone pain. 
Caffeine has been used with the aim of enhancing the ef-
fects of non-opioid and opioid analgesics but is of debata-
ble benefit. There are similar doubts about whether caf-
feine enhances the effect of ergotamine in the treatment of
migraine (see Pharmacokinetics, p.621); it may also add to
gastrointestinal adverse effects and in large doses can itself
cause headache. 
Corticosteroids have produced improvement, often sub-
stantial, in neuropathic pain. They can also relieve head-
ache caused by raised intracranial pressure and refractory
pain caused by bone metastases, and have the added bene-
fits of increasing well-being and appetite. 
Some inhalational anaesthetics are used in subanaesthet-
ic doses as inhalation analgesics for acute pain. In particu-
lar, nitrous oxide is given with oxygen for pain relief in
obstetrics and during dental and other procedures, and in
emergency management. Isoflurane, enflurane, and in
some countries methoxyflurane or trichloroethylene have
been used similarly. 

Miscellaneous drugs. Following the discovery that epi-
dural or intrathecal injection of opioids can produce effec-
tive analgesia many other drugs have been tried by these
routes, either alone or with opioids or local anaesthetics,
but their role, if any, in the management of pain remains to
be determined. Some of these drugs, such as clonidine and
ketamine, also appear to have analgesic properties when
given by other routes, and ketamine may be useful in re-
ducing opioid requirements. Some antiarrhythmics (in-
cluding systemic lidocaine) may be effective in chronic
neuropathic pain, but must be used with extreme caution.
The use of antipsychotics, such as the phenothiazines, as
adjuvant analgesics is controversial; levomepromazine is
sometimes used as an adjunct in palliative care. 
See below for discussions of the use of patient-controlled
analgesia, and rubefacients and topical analgesics. Nerve
blocks are discussed under Pain, on p.1852. 
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Choice of analgesics in children
Pain has often been undertreated in infants and children
because of fears of respiratory depression, cardiovascular
collapse, depressed levels of consciousness, and addiction
with potent opioid analgesics. Assessment of pain is also a
problem in children of all ages1-3 and it is not that long
since it was widely believed that neonates were incapable
of feeling pain. 
Non-opioid analgesics are used in infants and children,
either alone for minor pain or as an adjunct to opioid
analgesics in severe pain,4,5 (they can reduce opioid re-
quirements,1,6 perhaps by up to 40%5). Paracetamol is fre-
quently used but it lacks any anti-inflammatory effect.
NSAIDs such as ibuprofen are useful for minor pain,4,5,7

especially when associated with inflammation or trauma.
The use of aspirin is greatly restricted by its association
with Reye’s syndrome. 

The opioids are still the mainstay of analgesia for moder-
ate to severe pain in paediatric patients, and morphine is
the standard against which the others are compared. It is
given intravenously for rapid relief of severe pain (for ex-
ample after burns, fractures or other injuries), and is titrat-
ed to achieve a suitable analgesic dose.4,5,7,8 Where intra-
venous access is not readily achievable, oral morphine
may be given but its onset is slower and less predictable;
some favour intranasal diamorphine as an alternative to in-
travenous morphine.4 Continuous intravenous morphine
infusion with or without initial loading doses has become
popular for postoperative pain relief,6,8 but titration of the
infusion rate is necessary to achieve a balance between
analgesia and respiratory depression (particular care is
needed in neonates, see below). Subcutaneous infusions of
morphine have also been used,5 mostly for the relief of ter-
minal cancer pain in children. Intramuscular injections are
painful7-10 and therefore probably only suitable for short-
term use. Fentanyl has also been widely used for short-
term analgesia in surgical procedures,6-8,10,11 and other
opioids such as buprenorphine, hydromorphone, oxyco-
done, and tramadol have been given.5 Patient-controlled
analgesia using morphine has been tried in children (see
below). 
Morphine has also been given to children by the epidural
route;8 experience with the intrathecal route is more limit-
ed. Other methods of opioid drug delivery of possible val-
ue in paediatric analgesia include transmucosal,6,11 na-
sal,4,7 and transdermal6,9 dosage. 
Cancer pain in children may be treated using the analgesic
ladder scheme described under Cancer Pain (see below). 
Inhaled nitrous oxide and oxygen mixtures may be useful
for preliminary pain relief and short, painful proce-
dures.4,7,8,10 
Local anaesthetics are especially suitable for the manage-
ment of acute pain in day-care situations. Single injections
given by the epidural route are often used to provide
analgesia during and after surgery. Continuous epidural in-
fusions of local anaesthetics have also been used. Howev-
er, simpler techniques such as wound infiltration or periph-
eral nerve blocks can also provide effective analgesia for
some procedures and are free of the problems of lower
limb weakness or urinary retention associated with caudal
blocks.5,7,8,10 Application of eutectic creams (see Surface
Anaesthesia, p.1866) containing lidocaine with prilocaine
to intact skin, to produce surface anaesthesia, may be suf-
ficient for some minor painful procedures in children.6-9,11 
Ketamine is used in outpatients for brief, painful proce-
dures such as fracture reduction and to provide immobility
for repair of facial lacerations in young children.11,12 The
emergence reactions that limit its use in adults are less
common in children,11 and can be ameliorated by benzodi-
azepines.7,10 
Most neonates requiring analgesia and receiving respira-
tory support can be managed with an infusion of morphine
but in neonates who are breathing spontaneously there is a
substantial risk of respiratory depression. Morphine has
been used in such neonates8 but should be limited to those
under intensive care, as for example after major surgery
(see also Intensive Care, p.957). Fentanyl citrate1 and co-
deine phosphate have also been used in neonates. Sucrose
and other sweet tasting solutions have been shown to re-
duce physiologic and behavioural indicators of stress and
pain in neonates undergoing painful procedures9 although
there had been some doubt expressed over whether this in-
dicates effective analgesia.13 The American Academy of
Pediatrics has suggested that oral sucrose together with
other non-pharmacological methods such as swaddling
should be used for minor routine procedures; topical local
anaesthetics may be used for more painful procedures such
as venepuncture if time permits. Opioids should be the ba-
sis of postoperative analgesia after major surgery in the ab-
sence of regional anaesthesia; a rapidly acting opioid such
as fentanyl is advocated, together with infiltration of the
site with a local anaesthetic where time permits, for inser-
tion of a chest drain.14 Similar recommendations for pain-
ful procedures in neonates have been made by an interna-
tional consensus group.15 
The use of analgesic adjuncts (see Choice of Analgesic,
above) has also been advocated in some children.16
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Nerve blocks
For a discussion of the use of nerve blocks in the manage-
ment of pain, see under Pain, p.1852.

Patient-controlled analgesia
Patient-controlled analgesia (PCA) involves the use of au-
tomated delivery systems that enable patients to receive
doses of an analgesic on demand. The technique is now
widely favoured in the management of acute pain,1-3 and
appears to produce slightly better analgesia, and greater
patient acceptance, than conventional analgesic meth-
ods.4,5 It has been used successfully in children as young
as 4 years, and in elderly patients.6 Most experience relates
to systems using intravenous opioids. 
Initial analgesia must be established by giving the patient
bolus doses of the analgesic, to achieve effective blood
concentrations.2,3 In the simplest type of PCA the patient
is then able to self-administer a small fixed dose on de-
mand; further doses are not permitted until a pre-pro-
grammed lockout interval has expired. The demand dose
should be large enough to produce an appreciable analge-
sic effect, but not large enough to lead readily to toxic con-
centrations; the lockout period should also be long enough
for the maximum analgesic effect to be felt before another
dose is permitted, and should therefore relate to the speed
of onset of action of the drug.2 Some devices allow the
dose to be given as a short infusion2 to reduce adverse ef-
fects associated with high peak concentrations of opioids.
In another commonly used method, sometimes described
as patient-augmented analgesia, the patient is given a con-
tinuous background infusion which is supplemented by
self-administered bolus doses.2,3,6 However, with this
method patients may receive more opioids without any
improvement in analgesia;6,7 There is also a greater risk of
adverse effects, including respiratory depression.2,3,7 It re-
mains to be seen if there is any advantage with the more
sophisticated devices that can be programmed to adjust the
background infusion according to the frequency of the bo-
lus demands.6,7 
Most of the common opioids have been used successfully
for PCA.2 Morphine remains the gold standard, and fenta-
nyl, hydromorphone, or tramadol are widely used alterna-
tives.2,3 Use of pethidine is no longer advised because of
the risk of accumulation of its toxic metabolite, norpethi-

dine.2 Drugs with very short (remifentanil) or very long
(methadone) half-lives may be less suitable for use. 
Although generally perceived as safer than conventional
opioid analgesia, occasional serious adverse effects and
fatalities have resulted from errors in programming, or
incorrect or inappropriate use (including operation by per-
sons other than the patient). These risks can be minimised
by safety features built into the PCA device itself, and by
the development of standard protocols for the use of the
technique.2,3 
Most experience relates to the use of the intravenous route.
However, epidural PCA is also used. It appears to be as
effective, or more effective, than intravenous PCA,2,3 al-
though it may not be suitable in all cases, and carries addi-
tional risks to do with the placement of the epidural cathe-
ter.3 Epidural PCA generally produces analgesia with a
combination of a lipid-soluble opioid such as fentanyl or
sufentanil plus a long-acting local anaesthetic such as
bupivacaine or ropivacaine; the optimum combination has
yet to be defined.2,3 In addition, unlike intravenous PCA,
the use of a background infusion is recommended. 
Other routes have been investigated, including intranasal7
and, in particular, transdermal2,8 PCA. An iontophoretic
patient-controlled delivery system for transdermal fenta-
nyl has been developed,8,9 and allows PCA to be given in
a non-invasive manner. 
Although it is not always considered in terms of PCA, in-
haled nitrous oxide in oxygen also has a long history of
effective use as a patient-controlled analgesic during child-
birth; opioid PCA may not be suitable for such pain al-
though local anaesthetics have been used with satisfactory
results.10
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Postoperative analgesia
Pain relief after surgery has often been inadequate and it is
now recognised that pain control should be adjusted for
each patient and each situation.1-3 Multimodal regimens,
using several classes of analgesic, and ideally more than
one route, are now generally favoured.3-5 Pre-operative
evaluation of the patient,2,4 and frequent assessment of
pain intensity after surgery (both to allow appropriate
analgesia, and to detect possible complications)3 are fun-
damental. Evidence-based procedure-specific guidelines
are under development.6 Giving pain control on a prevent-
ative basis (pre-emptive analgesia) has been recommend-
ed, and may be more effective than conventional manage-
ment, at least for some regimens, although results have
varied.7,8 
Patients undergoing minor surgery can be adequately man-
aged with oral analgesics, such as paracetamol, NSAIDs,
tramadol, and oxycodone. Those undergoing more exten-
sive surgery usually require parenteral opioids or local
analgesic techniques such as regional block, sometimes in
combination.3 
• Opioid analgesics, in particular morphine, are the

mainstay of treatment for moderate to severe postoper-
ative pain.3 Opioid dose should be individually titrated;
they may be given by numerous routes, but intravenous
doses give more predictable results than intramuscular
or subcutaneous doses and are widely favoured.2,3,9 In-
travenous patient-controlled analgesia (see above) is
now a standard method of management for postopera-
tive pain.3,4 Where it is unavailable, intramuscular or
subcutaneous dosage every 2 hours as needed for 24 to
72 hours, followed by conversion to an oral analgesic

regimen, may be an alternative.3 Careful monitoring for
potential adverse effects, in particular respiratory de-
pression, is needed.3 
Opioids injected centrally via the epidural and intrathe-
cal routes provide effective regional analgesia2,4,9 (and
may be more effective than intravenous opioids,10 al-
though whether this improves the ultimate outcome is
unclear3). Morphine is the opioid most commonly given
centrally, but others such as fentanyl, which is more lip-
id soluble, may be preferable in the case of epidural in-
jection. The epidural and intrathecal routes have also
been used for patient-controlled analgesia. 
Oral opioids may not be suitable in the immediate post-
operative period, but oral regimens are generally pre-
ferred if the patient can swallow and gastrointestinal
function has recovered.1,3 Tramadol is useful in patients
undergoing minor or intermediate surgery.3 
Management of postoperative pain in patients who have
been receiving long-term opioids before surgery may be
particularly difficult.3,11 Baseline requirements should
be calculated for each patient, but may go up or down
after surgery; typically, at least 50% of the baseline dose
will be needed postoperatively, with additional opioids
titrated according to pain requirements. Such patients
may thus require larger than normal doses of opioids to
be given, and a balanced multimodal approach to anal-
gesia is particularly important.11 

• NSAIDs and paracetamol are useful analgesic ad-
juncts that can improve pain relief,3 but are not suitable
alone after major surgery.2 After minor or intermediate
surgery an oral regimen of paracetamol plus an NSAID
such as naproxen may be adequate, with oxycodone or
tramadol being given for breakthrough pain.3 NSAIDs
can be used effectively with other drugs, and use of an
NSAID with an opioid after major surgery enables the
dose of the opioid to be reduced without loss of analge-
sic effect.1-5,9 However, the risk of gastric ulceration,
impaired coagulation, and reduced renal function may
limit the use of NSAIDs in some patients,3,9 and the po-
tential cardiovascular effects of the selective inhibitors
of cyclo-oxygenase-2 (COX-2) have also been a cause
of great concern.3 
Diclofenac, flurbiprofen, ketoprofen, ketorolac, lornox-
icam, and naproxen are among the NSAIDs used for
postoperative pain; the COX-2 inhibitors including
parecoxib have also been used. Diclofenac, ketoprofen,
ketorolac, and parecoxib may be given by injection, and
a parenteral formulation of paracetamol is available in
some countries. 

• Infiltration of local anaesthetics at the site of operation
is a simple method of preventing postoperative wound
pain.1,4 Central nerve blocks obtained with epidural or
intrathecal local anaesthetics produce excellent analge-
sia,1,2,4 although again, whether this improves outcome
is unclear.2,3 Insertion of a catheter during the operation
allows subsequent infusion or bolus injection.9 Howev-
er, there may be complications related to both the proce-
dure and the drugs used (see also Adverse Effects of
Central Block, p.1850). Local anaesthetics are rarely
used alone, as a mixture of an opioid and a local anaes-
thetic produces effective analgesia using relatively
smaller doses of each drug.9 Such combinations are also
used in patient-controlled epidural analgesia (see
above). 

• There is growing interest in the use of analgesic adju-
vants, including antiepileptics such as gabapentin or
pregabalin,12 or the NMDA antagonist ketamine,13,14 to
modulate opioid dosage and efficacy for postoperative
pain. (For further discussion of analgesic adjuvants see
Choice of Analgesic, above.)
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Rubefacients and topical analgesia
Substances applied topically can relieve local pain through
a number of different mechanisms.1 Rubefacients or coun-
ter-irritants can relieve superficial or deep-seated local
pain probably by producing counter stimulation, which ac-
cording to the ‘gate theory’ of pain (see Analgesia and
Pain, above) helps to inhibit the transmission of pain sig-
nals. Their topical application produces hyperaemia or
irritation of the skin and they are used alone or as an ad-
junct to massage in the management of a variety of painful
musculoskeletal conditions.2 Some are also traditionally
used in preparations for the symptomatic relief of minor
peripheral vascular disorders such as chilblains. Substanc-
es commonly used in rubefacient preparations include
nicotinate and salicylate compounds, essential oils,
capsicum, solutions of ammonia, camphor, and noni-
vamide. They may be of benefit in acute pain, but seem to
be less effective in chronic arthritic and rheumatic pain.3
Capsaicin, which is one of the active ingredients of capsi-
cum, is used alone as a topical analgesic in a range of pain-
ful conditions, including neuropathic pain and rheumatic
disorders; its benefits are modest though it may be useful
in some patients.4 It does not rely on vasodilatation in the
skin and it is therefore not considered to be a traditional
counter-irritant. 
Some NSAIDs have been used topically in the treatment
of soft-tissue injuries and inflammatory musculoskeletal
conditions, although this route does not necessarily avoid
the adverse effects of systemic treatment. There is some
evidence5 to suggest that topical NSAIDs might be more
effective than placebo. 
Other agents used as topical analgesics include com-
pounds such as ethyl chloride and the halogenated hydro-
carbon propellants; their evaporation produces an intense
cold that numbs the tissues. Transdermal clonidine has been
used in the treatment of chronic pain. Ketamine also appears
to have some local analgesic effect when applied topically.1 
Local anaesthetics are sometimes included in topical
preparations used for the relief of painful skin and muscu-
loskeletal disorders. 
Application of heat to the skin can also help to relieve pain
and melted hard paraffin has been used in wax baths as an
adjunct to physiotherapy for painful joints and sprains.
Warm kaolin poultices have also been used as a means of
applying heat for pain relief.
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Specific pain states

Biliary and renal colic. Gallstones (see Ursodeoxy-
cholic Acid, p.2409) or other biliary disorders that result in
obstruction of the bile ducts may produce biliary colic.
Morphine may relieve the accompanying pain, but as it
can also produce spasm of the sphincter of Oddi it can raise
intrabiliary pressure and exacerbate the pain. It is therefore
usually recommended that morphine and its derivatives

should either be avoided in patients with biliary disorders
or that they should be given with an antispasmodic. Histor-
ically, pethidine has been regarded as a more suitable
choice because it was thought to have less smooth muscle
activity than morphine; however, this has been questioned.
Prostaglandins have also been implicated in the aetiology
of biliary colic and NSAIDs such as diclofenac or ketoro-
lac have been successfully used to relieve the pain.1-3

Antimuscarinic antispasmodics have been tried for their
action on biliary smooth muscle and the sphincter of Oddi. 
Ureteral obstruction, such as in the formation and passage
of renal calculi (see p.2181), produces painful renal or
ureteral colic.4-6 The acute pain of renal or ureteral colic
has been traditionally relieved using opioid analgesics
such as pethidine that have a minimal effect on smooth
muscle, although morphine has also been used.4,6 Howev-
er, opioids, and especially pethidine, are particularly asso-
ciated with nausea and vomiting,5,7 and NSAIDs are in-
creasingly used in their place; they appear to be at least
comparable with the opioids in terms of efficacy.4-7 They
can be given intramuscularly, intravenously, orally, and
rectally, although the best route is unclear.5,8 Diclofenac
sodium given intramuscularly is recommended as first-
line treatment by some authors.6 Parenteral ketorolac also
seems to be effective.5 The use of intranasal desmopressin
is also being studied.4,5
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Cancer pain. The pain cancer patients experience may
be acute, chronic, or intermittent. It may result from tu-
mour involvement of the viscera and extension into soft
tissues, tumour-induced nerve compression and injury,
raised intracranial pressure, or bone metastases. Pain may
also arise as a result of adverse effects of treatment, or from
a concurrent disease, and may be exacerbated by emotion-
al or mental changes. Many patients will have more than
one type of pain. There may also be exacerbations due to
movement (incident pain) or worsening of cancer: pain oc-
curs in about a quarter of patients with newly diagnosed
malignancies, but in up to three-quarters of those with ad-
vanced disease. 
Pain relief involves the treatment of the cause of the pain
as well as treatment of the pain itself, together with expla-
nation, reassurance, and supportive care to improve any
mental and social complicating factors. The mainstay of
cancer pain management is drug treatment with non-opio-
id or opioid analgesics, or both together, plus adjuvant
analgesics if necessary. A small proportion of patients
(about 10 to 20%) may experience pain that responds
poorly or not at all to opioid analgesics given at tolerable
doses, e.g. neuropathic pain resulting from nerve destruc-
tion or compression, incident bone pain, pancreatic pain,
and muscle spasm. 
In the management of cancer pain the aim is to achieve
adequate continuous pain relief with the minimum of ad-
verse effects and this calls for appropriate assessment of
the intensity and quality of pain, and regular monitoring of
the treatment. Guidelines for the relief of cancer pain, pub-
lished by WHO in 19861 and revised in 1996,2 are widely
endorsed by specialists in pain relief and the care of the
terminally ill3-7 despite some questions about the robust-
ness of supporting studies.7 Subsequent guidelines8 issued
by the Scottish Intercollegiate Guidelines Network in 2000
and the annually updated guidelines of the US National
Comprehensive Cancer Network (NCCN)9 are also wide-
ly referred to. Specific guidelines for the relief of cancer
pain in children have also been published.10,11 
Treatment should be given regularly, by mouth if possible,
and should follow the accepted three-step ‘analgesic lad-
der’.1,2 This approach is often described as treatment ‘by
mouth, by the clock, and by the ladder’. Regular dosage

rather than treatment as required aims to prevent pain re-
emerging and to minimise the expectation of pain. The
analgesic ladder consists of 3 stages, treatment beginning
at step 1 and progressing to step 3 if pain is uncontrolled or
increases. The stages are as follows: 

1. a non-opioid analgesic such as aspirin, other
NSAIDs, or paracetamol; an adjuvant (see below) may
also be given if necessary to tackle specific pain or asso-
ciated symptoms 
2. an opioid analgesic such as codeine, dihydrocodeine,
or tramadol plus a non-opioid analgesic; an adjuvant
may also be given 
3. a potent opioid analgesic such as oral morphine; a
non-opioid analgesic may also be given, as may an ad-
juvant. 

Combining analgesics with different pharmacological
actions can produce additive or synergistic increases in
analgesia but only one analgesic from each of the 3 groups
(non-opioid, less potent opioid, potent opioid) should be
used at the same time. 
Evidence to support the choice of analgesic is often
scanty. A systematic review12 found some evidence of
benefit from the use of NSAIDs to treat cancer pain, and
supported their use in mild pain (WHO step 1), but there
was little to support the choice of one NSAID over anoth-
er, and little evidence for the addition of an opioid to an
NSAID in moderate pain (WHO step 2). 
In moderate to severe pain (WHO step 3), morphine is
generally held to be the opioid of choice;5 alternatives in-
clude fentanyl, hydrocodone, and oxycodone.5,9 Partial
agonists or opioids with long half-lives (such as methadone
or levorphanol) are less suitable for treatment than pure
opioid agonists with less prolonged actions.9 In patients
who do not achieve effective analgesia at an acceptable
level of adverse effects with one opioid, opioid rotation,
switching to an alternative opioid at an equivalent dose,
may enable pain control.9,13 
The optimal route for use is by mouth. For best effect,
both conventional (for dose titration) and modified-release
(for maintenance) dosage forms are required. The Europe-
an Association for Palliative Care (EAPC) suggests5 that
the simplest method of dose titration is with conventional
morphine dosage every 4 hours, and the same dose for
breakthrough pain. This ‘rescue’ dose may be given as of-
ten as required, up to hourly. The total daily dose of mor-
phine should be reviewed each day and the regular dose
adjusted to take account of the amount needed for break-
through pain. If pain returns consistently before the next
dose is due the regular dose should be increased. Conven-
tional formulations do not generally need to be given more
often than every 4 hours, and modified-release products
should be given according to the intended duration of the
preparation (usually every 12 or 24 hours). Patients stabi-
lised on regular oral morphine require continued access to
a rescue dose for breakthrough pain. For patients taking
conventional morphine preparations every 4 hours, a dou-
ble dose at bedtime is effective to prevent pain disturbing
sleep. 
Similar recommendations are given by the NCCN.9 They
advise that the oral rescue dose for breakthrough pain
should be calculated as 10 to 20% of the total 24-hour re-
quirement; this may then be increased by 50 to 100% in
patients who still have increased pain, with hourly reas-
sessment of efficacy and adverse effects. If inadequate re-
sponse is still seen after 2 or 3 cycles, a change of route
(e.g. intravenous titration) may be considered. 
If patients are unable to take morphine orally the EAPC
considers the preferred alternative route to be subcutane-
ous,5 and the NCCN suggests either continuous parenteral
infusion, intravenous, or subcutaneous dosage.9 There is
no indication for intramuscular morphine for cancer pain
since subcutaneous dosage is simpler and less painful.5 In
the UK diamorphine hydrochloride is often preferred to
morphine sulfate for parenteral use because it is more sol-
uble and allows a smaller dose volume; hydromorphone
hydrochloride is an alternative to diamorphine. 
Epidural or intrathecal opioids, either by injection or infu-
sion, have been used when conventional routes have
failed.9,14 Some advocate the use of these routes because
smaller doses may produce analgesia equivalent to that of
larger doses given orally or parenterally, although there
has been little conclusive evidence for a lower incidence of
adverse effects or a better quality of analgesia. 
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The buccal, sublingual, and nebulised routes have been in-
vestigated, but these are not recommended for morphine
because there is no current evidence of clinical advantage
over conventional routes.5 However, buprenorphine is giv-
en sublingually and may be a useful alternative in patients
with dysphagia, although experience of long-term use in
cancer pain is limited. Buprenorphine or fentanyl can be
given via a transdermal system that provides continuous
and controlled delivery for up to 72 hours. Calculating an
appropriate conversion regimen for transfer of patients
from oral or parenteral therapy to transdermal can be diffi-
cult,15 but the NCCN suggests that the total daily require-
ment of oral morphine is equivalent to about 2000 times
the hourly dose of transdermal fentanyl.9 An oral transmu-
cosal dosage form of fentanyl is also available for the man-
agement of breakthrough cancer pain.9 
Automated delivery systems for self-administration of
parenteral analgesics (patient-controlled analgesia) have
been used to administer opioid analgesics (see above). 
Adjuvant drugs that may be necessary at any stage in-
clude antidepressants, antiepileptics, and class I
antiarrhythmics for neuropathic pain, corticosteroids for
nerve compression and headache resulting from raised in-
tracranial pressure, and muscle relaxants for muscle
spasm. Radiotherapy and radioisotopes such as strontium-
89 may be of use when the bone pain of metastases is
unresponsive to NSAIDs alone. Bone modulating drugs
such as calcitonin and bisphosphonates may be of addi-
tional benefit but have a slow onset of action and bisphos-
phonates may cause an initial transient increase in pain.
Corticosteroids have been used as an alternative to
NSAIDs in refractory bone pain but long-term use should
be avoided. Nerve blocks with local anaesthetics or neuro-
lytic solutions may benefit a few patients, in particular
those with sympathetically maintained pain or specific lo-
calised pain (see under Pain, p.1852). Topical local anaes-
thetics or capsaicin may also be of use in some patients.9
Physiotherapy and relaxation techniques may be useful for
painful muscle spasm. The addition of an NMDA antago-
nist such as dextromethorphan or ketamine to convention-
al analgesic regimens has been tried with some success in
patients with refractory pain.13 Adjuvant therapy should be
fully explored before moving on to the next ‘rung’ of the
treatment ladder or increasing the dosage of an opioid
analgesic.16 For further details of analgesic adjuvants, see
Choice of Analgesic, above. 
Management of cancer pain also requires monitoring to
prevent and reduce adverse effects of therapy, particularly
of opioids. Appropriate bowel regimes to manage consti-
pation should be started at the same time as opioid therapy,
as should antiemetic therapy; sedation and nausea usually
become less marked as treatment progresses,5 and warrant
reassessment if they persist for longer than a week.9 Con-
cerns about respiratory depression and dependence should
not be allowed to interfere with appropriate treatment: pa-
tients whose pain ameliorates can generally reduce and
stop opioid treatment without difficulty.5
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Central post-stroke pain. Central pain is a neuropath-
ic pain arising from lesions of the CNS.1-4 Pain following
a cerebrovascular accident has been referred to as thalamic
syndrome but is now commonly known as central post-
stroke pain and may arise not only from classical stroke
but also from surgery or trauma to the head. The pain,
which has been described as burning, stabbing, and ach-
ing, may be mild to intolerable and occurs spontaneously
or in response to a mild stimulus. 
As in other types of neuropathic pain, whether opioid
analgesics can be of benefit is controversial: it has been
suggested that the value of conventional opioids such as
high-dose morphine is modest, but that NMDA receptor
antagonists such as methadone may be of more benefit.2
Ketamine, another NMDA antagonist, may also be of val-
ue. Conventional management of central post-stroke pain
involves the use of antidepressants such as amitriptyline
and antiepileptics including lamotrigine or gabapentin.
Early peripheral sympathetic blockade may produce tem-
porary relief in some cases. Mexiletine may be of use in
patients with refractory pain; it has often been given with
amitriptyline. Oral or intrathecal baclofen may be tried.
Transcutaneous electrical nerve stimulation (TENS) may
occasionally be of help but some advocate brain or spinal
cord stimulation. Surgical treatment generally gives disap-
pointing results.
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Complex regional pain syndrome. Complex re-
gional pain syndrome (CRPS) is a regional, post-traumatic
neuropathic pain that generally affects the limbs. CRPS
has also been referred to as reflex sympathetic dystrophy,
post-traumatic dystrophy, causalgia, Sudeck’s atrophy,
and shoulder-hand syndrome. Causalgia has also been
used to describe the burning pain that follows a penetrating
injury. Historically, it was considered that the pain was
maintained by the sympathetic nervous system and the
term ‘reflex sympathetic dystrophy’ was commonly used
to describe the syndrome (although recent studies have
shown that the sympathetic nervous system is not always
involved). However, the terms given above are now con-
sidered to be inappropriate and CRPS is now broadly clas-
sified as: 
• Type I: (previously reflex sympathetic dystrophy)

which develops after tissue trauma, such as that accom-
panying myocardial infarction, stroke, burns, frostbite,
fractures, and shoulder or limb injury, but where there is
no identifiable nerve lesion 

• Type II: (previously causalgia) which develops after
trauma to a major peripheral nerve 

Clinically the two subsets are identical and typical symp-
toms include pain, allodynia, and hyperalgesia; as the syn-
drome becomes chronic, trophic changes to the bone, mus-
cles, and skin may occur. Sympathetic dysfunction may
also be present. If the pain is relieved by a sympathetic
block (see below), this pain is regarded as ‘sympathetical-
ly-maintained’, if not it is known as ‘sympathetically-inde-
pendent’ pain. 
The treatment of CRPS is difficult especially in chronic
disorders and is usually aimed at pain control and restoring
limb function. The cornerstone of treatment is physiother-
apy, with pain relief provided in order to allow physical
exercise. Patients with mild disease may not require pain
management; those with moderate pain should be tried
with a tricyclic antidepressant, an antiepileptic such as
gabapentin, or a less potent opioid. Oral or intravenous bis-
phosphonates have also produced some promising results.
A sympathetic nerve block with bretylium or perhaps a lo-
cal anaesthetic may be useful in carefully selected patients
with sympathetically-maintained pain; those who do not

respond to a sympathetic nerve block may be given an epi-
dural block. Other methods that have been tried in refrac-
tory pain include spinal cord stimulation and intrathecal
baclofen or opioids. There are small studies or anecdotal
reports of the use of a variety of other drugs and interven-
tions. 
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Diabetic neuropathy. Sensory polyneuropathy, a com-
plication of diabetes mellitus, is the commonest of the neu-
ropathies producing neuropathic pain. The pain is mainly
experienced as a burning sensation, sometimes accompa-
nied by shooting, or aching pain. Painful neuropathy may
benefit from optimal diabetic control (see under Diabetic
Complications, p.433). Non-opioid analgesics such as as-
pirin or other NSAIDs, or paracetamol may be tried, al-
though neuropathic pain is often resistant to conventional
analgesics, and the treatment of painful diabetic neuropa-
thy is generally as for postherpetic neuralgia (see below).
Relief may be obtained using tricyclic antidepressants and
the BNF considers them to be the drugs of choice. SSRIs
have been tried but studies suggest that they are ineffective
or less effective than tricyclic antidepressants. Duloxetine,
a serotonin and noradrenaline reuptake inhibitor, is li-
censed for use in diabetic neuropathy. Antiepileptics such
as carbamazepine, gabapentin, phenytoin, and pregabalin
can be used to control any shooting or stabbing compo-
nents of the pain; lamotrigine and topiramate are also un-
der investigation. Antiarrhythmics such as lidocaine given
intravenously or mexiletine given orally have been shown
to be effective against some components of the pain. Top-
ical application of capsaicin or lidocaine may have some
effect. Neuropathic pain may respond partially to some
opioid analgesics and they may be of use when other treat-
ments are ineffective. 
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Dysmenorrhoea. Dysmenorrhoea is painful menstrua-
tion. The primary form arises from uterine contractions
produced by release of prostaglandins from the endometri-
um in the luteal phase of the menstrual cycle. For this rea-
son, drugs that inhibit ovulation or prostaglandin produc-
tion are often effective treatments.1 NSAIDs inhibit cyclo-
oxygenase (prostaglandin synthetase) and are usually the
drugs of first choice.1-3 They are taken at the onset of dis-
comfort and continued for a few days while symptoms
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persist. Those most commonly used have included aspirin,
diflunisal, flurbiprofen, ibuprofen, indometacin, ketopro-
fen, mefenamic acid, naproxen, and piroxicam. Theoreti-
cally, mefenamic acid has the advantage of inhibiting both
the synthesis and the peripheral action of prostaglandins,
but clinical studies have not consistently shown fenamates
to be more effective than other cyclo-oxygenase inhibitors.
Paracetamol has also been given for pain relief. A syste-
matic review2 comparing several of these drugs concluded
that ibuprofen appeared to have the best risk-benefit ratio
in dysmenorrhoea and was the preferred analgesic;
naproxen, mefenamic acid, and aspirin were also effective,
but the limited data on paracetamol did not show such
clear benefits. Another such review considered that there
was insufficient evidence to determine which NSAID
should be preferred.3 
Patients who fail to respond to analgesics may benefit
from the use of progestogens either alone for part of the
cycle or more usually together with oestrogens in the form
of oral contraceptive preparations. 
Antispasmodic drugs such as hyoscine butylbromide are
included in some preparations promoted for the relief of
spasm associated with dysmenorrhoea but the BNF con-
siders that they do not generally provide significant relief.
There is limited evidence4 that vitamin B1 may be effective
and some consider1 that it may be worth trying; evidence
of benefit from other therapies such as magnesium or vita-
min E is considered to be weaker.1,4,5 
Secondary dysmenorrhoea is associated with various other
disorders such as endometriosis, and treatment is primarily
aimed at the underlying cause.
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Headache. Aspirin and other NSAIDs, or paracetamol
are often tried first for the symptomatic treatment of vari-
ous types of headache including migraine (p.616) and
tension-type headache (p.617). NSAIDs may also be
effective for the prophylaxis of migraine, although they are
not considered first-line options. 
Opioid analgesics such as codeine are sometimes included
in oral compound analgesic preparations used in the initial
treatment of migraine or tension-type headache, but are
best avoided, especially in patients who have frequent at-
tacks.

Labour pain. It is important to assess the adverse effects,
on both the mother and the fetus, when selecting any meth-
od for the management of labour pain. Non-pharmacolog-
ical methods of pain relief may include relaxation tech-
niques, transcutaneous electrical nerve stimulation (which
is popular with patients, although there is no robust evi-
dence of benefit1), and various other complementary ther-
apies: of the latter, there is some evidence of benefit with
the use of acupuncture and hypnosis.2 Water immersion
(use of a birthing pool) during the first stage of labour has
been shown to reduce reported maternal pain.3 Subcutane-
ous or intradermal injection of sterile water into the back
has also been used for the relief of low back pain during
labour.4,5 
However, at some point during labour many women will
request some sort of pharmacological analgesia. 
The inhalational anaesthetic nitrous oxide, given with oxy-
gen, is suitable for self-administration and is commonly
used to relieve labour pain. It is relatively safe and can pro-
duce substantial analgesia in most patients.6 Other inhala-
tional analgesics such as isoflurane or sevoflurane are also
sometimes used7 (see Choice of Analgesic, above). 
Opioid analgesics have been given systemically in the
management of labour pain for many years, although they
do not appear to provide adequate analgesia in most pa-
tients at a tolerable dosage.8,9 There is no clear evidence to
favour one opioid over another.10 Morphine is considered
unsuitable,7 and the widest experience has been with pethi-

dine.7,10 However, its effectiveness has been queried,7,10

and its use has declined in many countries.7 Fentanyl and
its derivatives sufentanil and alfentanil have been used,
particularly when given as intravenous patient-controlled
analgesia,7 but it is not clear that they have any great ad-
vantages, and as with other opioids they may cross the pla-
centa and produce respiratory depression and other ad-
verse effects in the newborn. The use of the very short-
acting opioid remifentanil for patient-controlled analgesia
during labour has been investigated, with some benefit,11

but although it is less likely to produce effects on neonatal
respiration it is not clear that the degree of supervision re-
quired to guard against unacceptable respiratory depres-
sion in the mother can be widely achieved on busy labour
wards.7 Nalbuphine has been used in some countries be-
cause of its mixed agonist/antagonist action,7 although
there does not seem to be clear evidence that it conveys
any substantial benefit. 
Epidural analgesia with a local anaesthetic is now con-
sidered the gold standard for treatment and provides the
most effective pain relief during labour.9,12-14 Medical in-
dications may include a history of malignant hyperther-
mia, certain cardiovascular or respiratory disorders, or pre-
eclampsia, but the primary indication is the patient’s desire
for pain relief.9,13 Bupivacaine is one of the local anaes-
thetics most often used in epidural analgesia; others in-
clude ropivacaine and lidocaine.14 
Epidural block has few contra-indications and serious ad-
verse events are rare. Nonetheless, it has been associated
with an increased risk of prolonged second-stage labour,
forceps delivery, and caesarean section9,13,14 (although
meta-analysis8 and a systematic review14 refute the latter),
and it may not improve maternal experience of childbirth.
Many centres stop epidural analgesia for the second stage
of labour to reduce the incidence of forceps delivery but
substantive evidence for this is lacking.15 Central blocks
may also produce adverse effects including shivering,
post-puncture headache, and hypotension (for further de-
tails of the adverse effects of and precautions for epidural
block see p.1850 and p.1851, respectively). Occasionally
epidural local anaesthetic does not produce adequate
analgesia due to patchy or incomplete block. 
Some of the adverse effects associated with epidural
analgesia are associated with the motor block and pro-
found analgesia resulting from traditional techniques us-
ing relatively high concentrations of local anaesthetic.
There has therefore been an increasing trend to the use of
lower-dose techniques. Although opioid analgesics are not
particularly effective for labour analgesia when given sys-
temically (see above), addition of a small amount of an
opioid to epidural solutions enables effective analgesia to
be achieved with lower concentrations of local anaesthetic,
and with less motor block;9,12,16,17 however, the incidence
of pruritus (a known effect of opioids) is greater than with
a local anaesthetic alone.18 There is no standard combina-
tion of local anaesthetic and opioid, although one large
s tudy used bupivacaine  0 .1% with  fentanyl
2 micrograms/mL.16 Sufentanil is also widely used with
either bupivacaine18 or ropivacaine. The epidural use of
other adjuvants such as clonidine and neostigmine is also
being studied.19 Low-dose techniques are the basis of so-
called ‘ambulatory’ or ‘walking’ epidural management,
although it is unclear to what extent this mobility improves
outcomes or patient satisfaction.20 
Once an initial block is established, additional analgesia
can be provided through a catheter by intermittent ‘top-up’
doses or by a continuous epidural infusion; a combination
of the two methods forms the basis of some types of pa-
tient-controlled epidural analgesia. 
Another method of reducing the adverse effects of tradi-
tional epidural techniques is to combine a spinal block,
which is quick acting but not long lasting enough to be
used alone for analgesia in labour, with epidural delivery.
Although studies have reported superior pain relief17 with
such combined spinal-epidural analgesia, a systematic
review18 considered that there was no overall benefit with
the technique when compared with low-dose epidural
techniques, although onset of analgesia was faster. 
The use of spinal blocks in obstetrics has been more com-
monly associated with anaesthesia and management of
postoperative pain in caesarean section.12 Spinal blocks
with local anaesthetics have a greater tendency to produce
hypotension and headache than epidural blocks (for fur-
ther details of the adverse effects of and precautions for
spinal block see p.1850 and p.1851, respectively). 

Pudendal nerve blocks with lidocaine followed by a local
anaesthetic given into the perineum provide pain relief
during labour.12 However, the technique of paracervical
local anaesthetic block is now largely of historic interest in
labour analgesia21 because of reports of fetal arrhythmias,
acidosis, and asphyxia and isolated reports of fetal death. 
Local anaesthetics have been applied topically for
perineal pain caused by tearing or episiotomy in women
who have given birth. However, a systematic review22

considered that the evidence of effectiveness was not com-
pelling.
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Low back pain. Low back pain (sometimes referred to
as lumbago), is a common complaint but only a small per-
centage of patients suffer from a recognised organic dis-
ease, most frequently disc disease. In patients with a lum-
bar disc prolapse or herniation, the rupture of one of the
fibrocartilagenous intervertebral discs can exert pressure
on spinal nerve roots and produce a condition character-
ised by severe and often acute pain radiating from the back
along the distribution of the nerves affected (radiculopa-
thy). The sciatic nerve may be involved and patients expe-
rience pain (sciatica), usually in one leg along the typical
distribution of the nerve. Non-specific back pain (back
pain of unknown origin) is usually self-limiting with a
good prognosis, although recurrence is common.1-3 Back
pain is considered to be acute if it lasts for less than 6
weeks, sub-acute if it lasts for 6 to 12 weeks, or chronic if
it persists for more than 12 weeks.4 
Treatment for acute back pain should be given early to
prevent the condition becoming chronic. For simple back
pain (in the absence of nerve root symptoms or signs of
serious spinal pathology) paracetamol should be tried first.
NSAIDs are probably more effective,1,5 but are associated
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with a higher frequency of adverse effects and should be
reserved for those in whom paracetamol is ineffective.1,4-7

If these treatments fail, muscle relaxants, including ba-
clofen or tizanidine, may be added to therapy, although ad-
verse effects may limit their usefulness;1-6,8,9 benzodi-
azepines such as diazepam (which should only be given
for a short period because of the risk of dependence)1 are
among the most effective muscle relaxants, but there is lit-
tle comparative evidence, and some suggest that they act
primarily as sedatives.6 Opioids have moderate benefits in
severe or disabling pain not relieved by paracetamol or
NSAIDs,1,5,6 but again should only be used in the short
term.3 There is strong evidence that remaining active
speeds recovery and reduces the risk of chronicity, even if
pain or discomfort is caused; bed rest delays recovery and
is not recommended.2-4,8,10,11 Other non-pharmacological
approaches that have evidence of a benefit include topical
heat wraps and spinal manipulation.1,2,4,12,13 There is little
or no clinical evidence that acupuncture, transcutaneous
electrical nerve stimulation (TENS), massage, traction,
specific back exercises, or lumbar support are benefi-
cial.1,2,4,10,12 However, patient expectations of benefit from
different therapies may influence outcomes, and this
should be taken into consideration.1 
Sciatica usually resolves with conservative management
including analgesics and continued activity; however, if
sciatic pain persists for longer than 6 to 8 weeks, surgery
may be indicated.14 Dissolution of the disc by injection of
enzymes (chemonucleolysis) such as chymopapain or col-
lagenase has been used as an effective alternative to sur-
gery, but concerns about its safety have led to a decline in
use, and discectomy is often preferred.15 
Epidural injections of corticosteroids, using either the cau-
dal or lumbar route, have been given to patients with sciat-
ica; any relief is temporary only, the evidence of a benefit
is conflicting, and their use is no longer recommended.14,16

There is no evidence of benefit in patients with non-specif-
ic acute or chronic back pain.2,4,17 
About 2 to 7% of patients with acute lower back pain go
on to develop chronic pain,4 and in the majority of cases,
the source of the pain cannot be identified. Chronic pain is
not necessarily the same as prolonged acute back pain and
treatment is difficult. Conservative treatment is as for
acute pain (see above);1,2,5,17,18 tricyclic antidepressants
may also be tried1-3,5,17,18 although a systematic review
found the evidence of benefit to be lacking.19 Topical ap-
plication of capsaicin may be considered for short-term re-
lief.17 Surgery may be indicated for disc disease (see
above) or spondylosis,20 although it is not recommended
for non-specific chronic back pain until conservative treat-
ments have been tried for at least 2 years.17 Epidural corti-
costeroids, intra-articular corticosteroid injections, local
facet nerve blocks, trigger point injections, and spinal cord
stimulation also lack evidence of efficacy.17 Other meth-
ods that may be tried for intractable chronic back pain in-
clude multidisciplinary physical and psychological ap-
proaches;1-3,12 ,17 evidence for TENS, massage,
acupuncture, laser therapy, and traction is scant, howev-
er.2,17,18,21

1. Chou R, et al. Diagnosis and treatment of low back pain: a joint
clinical practice guideline from the American College of Physi-
cians and the American Pain Society. Ann Intern Med 2007;
147: 478–91. Correction. ibid. 2008; 148: 247–8. Available at:
http://www.annals.org/cgi/reprint/147/7/478.pdf (accessed
23/06/08) 

2. Koes BW, et al. Diagnosis and treatment of low back pain. BMJ
2006; 332: 1430–4. 

3. Wilson JF. American College of Physicians. In the clinic: low
back pain. Ann Intern Med 2008; 148: ITC5–1–ITC5–16. Also
available at: http://www.annals.org/cgi/reprint/148/9/ITC5-1.pdf
(accessed 15/08/08) 

4. van Tulder M, et al. COST B13 Working Group on Guidelines
for the Management of Acute Low Back Pain in Primary Care.
Chapter 3. European guidelines for the management of acute
nonspecific low back pain in primary care. Eur Spine J 2006; 15
( s u p p l  2 ) :  S 1 6 9 – S 1 9 1 .  A l s o  a v a i l a b l e  a t :  h t t p : / /
www.backpaineurope.org/web/files/WG1_Guidelines.pdf (ac-
cessed 23/06/08) 

5. Chou R, Huffman LH. Medications for acute and chronic low
back pain: a review of the evidence for an American Pain Soci-
ety/American College of Physicians clinical practice guideline.
Ann Intern Med 2007; 147: 505–14. 

6. Mens JMA. The use of medication in low back pain. Best Pract
Res Clin Rheumatol 2005; 19: 609–21. 

7. Roelofs PDDM, et al. Non-steroidal anti-inflammatory drugs
for low back pain. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 1. Chichester: John Wiley; 2008 (ac-
cessed 21/07/08). 

8. Deyo RA, Weinstein JN. Low back pain. N Engl J Med 2001;
344: 363–70. 

9. van Tulder MW, et al. Muscle relaxants for non-specific low-
back pain. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2003 (accessed
23/06/08). 

10. Ehrlich GE. Low back pain. Bull WHO 2003; 81: 671–6. 
11. Hagen KB, et al. Bed rest for acute low-back pain and sciatica.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 2004 (accessed 23/06/08). 

12. Chou R, Huffman LH. Nonpharmacologic therapies for acute
and chronic low back pain: a review of the evidence for an
American Pain Society/American College of Physicians clinical
practice guideline. Ann Intern Med 2007; 147: 492–504. Also
available at: http://www.annals.org/cgi/reprint/147/7/492.pdf
(accessed 24/06/08) 

13. French SD, et al. Superficial heat or cold for low back pain.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2006 (accessed 23/06/08). 

14. Koes BW, et al. Diagnosis and treatment of sciatica. BMJ 2007;
334: 1313–17. 

15. Gibson JN, Waddell G. Surgical interventions for lumbar disc
prolapse. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2007 (accessed
23/06/08). 

16. Armon C, et al. Assessment: use of epidural steroid injections
to treat radicular lumbosacral pain: report of the Therapeutics
and Technology Assessment Subcommittee of the American
Academy of Neurology. Neurology 2007; 68: 723–9. Also
available at: http://www.neurology.org/cgi/reprint/68/10/
723.pdf (accessed 24/06/08) 

17. Airaksinen O, et al. COST B13 Working Group on Guidelines
for Chronic Low Back Pain. Chapter 4. European guidelines for
the management of chronic nonspecific low back pain. Eur
Spine J 2006; 15 (suppl 2): S192–S300. Also available at: http://
www.backpaineurope.org/web/files/WG2_Guidelines.pdf (ac-
cessed 23/06/08) 

18. Priest TD, Hoggart B. Chronic pain: mechanisms and treatment.
Curr Opin Pharmacol 2002; 2: 310–15. 

19. Urquhart D, et al. Antidepressants for non-specific low back
pain. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2008 (accessed
23/06/08). 

20. Gibson JN, Waddell G. Surgery for degenerative lumbar spond-
ylosis. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2005 (accessed
23/06/08). 

21. Khadilkar A, et al. Transcutaneous electrical nerve stimulation
(TENS) for chronic low-back pain. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2005 (accessed 23/06/08).

Myocardial infarction pain. The severe pain of acute
myocardial infarction is located in the retrosternal area
with radiation to the arms, neck, jaw, and epigastrium. Pain
relief is of benefit not only in its own right but also because
pain may cause adverse haemodynamic effects such as in-
creases in blood pressure, heart rate, and stroke volume.
Although early treatment of the myocardial infarction
(p.1175) may relieve pain dramatically, opioid analgesics
are the first-line treatment for pain and should be given in-
travenously as soon as possible, that is before hospital ad-
mission, to patients with suspected infarction.1-4 Opioids
can also help to reduce anxiety. An inhaled mixture of ni-
trous oxide and oxygen has sometimes been used to pro-
vide pain relief before arrival in hospital; sublingual glyc-
eryl trinitrate or an alternative fast-acting nitrate may also
be given. 
Diamorphine or morphine given by slow intravenous in-
jection have generally been the opioids of choice, partly
because of a better haemodynamic profile, but pethidine
has also been used. An intravenous antiemetic such as
metoclopramide or, if left ventricular function is not com-
promised, cyclizine, should also be given. The intramus-
cular route should only be used if venous access is unob-
tainable since it is relatively ineffective in shocked
patients, complicates the enzymatic assessment of the inf-
arction, and may result in large haematomas when patients
are given thrombolytics. Alternative analgesics include
nalbuphine or buprenorphine, although the latter may not
produce pain relief as quickly as diamorphine. The cardio-
vascular effects of pentazocine make it unsuitable for use
during or after myocardial infarction. Selective cyclo-oxy-
genase-2 (COX-2) inhibitors and non-selective NSAIDs
(other than aspirin) should not be used in patients with
acute myocardial infarction because of their known cardi-
ovascular risks5 (see Thrombotic Events under Adverse
Effects of NSAIDs, p.97).
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Neuropathic pain syndromes. The definition and
characteristics of neuropathic pain are described under
Analgesia and Pain, above. Treatment can be difficult and
is best undertaken in specialist pain clinics, since neuro-
pathic pain often responds poorly to conventional analge-
sics.1-5 The painful disorders characterised by neuropathic
pain (either as the predominant form of pain or as one
component of the overall pain) discussed in this section
are: 
• Central Post-stroke Pain 
• Complex Regional Pain Syndromes 
• Diabetic Neuropathy 
• Phantom Limb Pain 
• Postherpetic Neuralgia 
• Trigeminal Neuralgia
1. Vadalouca A, et al. Therapeutic management of chronic neuro-
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Y Acad Sci 2006; 1088: 164–86. 

2. Jackson KC. Pharmacotherapy for neuropathic pain. Pain Pract
2006; 6: 27–33. 
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2007; 20: 531–5. 

4. Dworkin RH, et al. Pharmacologic management of neuropathic
pain: evidence-based recommendations. Pain 2007; 132:
237–51. 

5. Moulin DE, et al. Pharmacological management of chronic neu-
ropathic pain–consensus statement and guidelines from the Ca-
nadian Pain Society. Pain Res Manag 2007; 12: 13–21.

Orofacial pain. Orofacial pain may arise from a wide
range of disorders so its effective management depends
very much on the correct identification and treatment of
any underlying cause, which may include: 
• dental disease 
• cluster headache (p.616) 
• migraine (p.616) 
• trigeminal neuralgia (see below) 
• sinusitis (p.193) 
• ear disease such as otitis media (p.182) 
• giant cell arteritis (p.1503) 
• aneurysms 
• neoplasms 
In the treatment of dental pain, analgesics are used judi-
ciously as a temporary measure until the underlying cause
has been effectively managed. Paracetamol or aspirin or
other NSAIDs are adequate for most purposes. Opioid
analgesics are relatively ineffective and are rarely needed. 
Burning mouth syndrome (stomatodynia; glossodynia) is
characterised by a burning sensation or other dysaesthesias
of the oral mucosa in the absence of specific oral lesions.
It is often accompanied by xerostomia and altered taste.
Those treatments for which there is the best evidence of
efficacy include topical therapy with clonazepam, system-
ic treatment with thioctic acid, SSRIs, or amisulpride, and
cognitive therapy. Other treatments that may produce
some benefit include capsaicin used topically or systemi-
cally, topical lidocaine, or systemic therapy with other
antidepressants. 
In addition, a large number of patients have a type of facial
pain of unknown cause which is typically exacerbated by
stress and can develop into a chronic debilitating disorder.
Many patients with such idiopathic facial pain respond to
non-opioid analgesics, explanation, and reassurance. Anti-
depressants such as the tricyclics are often of value. Anti-
epileptics, including carbamazepine and sodium val-
proate, and the oral lidocaine analogue mexiletine have
been used as adjuncts to the tricyclics. Topical treatment
with capsaicin has also been tried. Treatment needs to be
continued for several months to avoid pain recurrence on
withdrawal. Psychological treatments can also be helpful.
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Botulinum A toxin has been tried for the relief of facial
pain associated with some disorders of the orofacial mus-
cles. 
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Pancreatic pain. Pain in pancreatitis (p.2361) can be se-
vere and may require opioid analgesics. Concerns over the
long-term use of opioids in non-malignant pain should not
prevent the patient being given effective analgesia which
may be achieved by following the general principles rec-
ommended by the WHO for treatment of cancer pain (see
above); this involves giving non-opioid analgesics such as
NSAIDs for mild attacks, with or without antispasmodics
such as antimuscarinics, and progressing to ‘weak’ opioids
such as codeine, and ‘strong’ opioids including morphine
according to the severity of pain. 
There has been some controversy about the appropriate
choice of opioid: traditionally, morphine and its deriva-
tives have been avoided in favour of pethidine, in the belief
that they are more likely to cause spasm of the sphincter of
Oddi. However, the evidence supporting this has been
questioned. Some suggest that κ-receptor agonists such as
oxycodone may be of value. In addition, there is some ev-
idence that pancreatic pain may have a neuropathic ele-
ment, and the use of an antiepileptic such as gabapentin, or
an SSRI such as paroxetine, may be considered for pain
syndromes associated with chronic pancreatitis. 
Analgesics are given before meals to help to alleviate the
postprandial exacerbation of pain. They should be given
on a regular basis and doses titrated for each patient. Pan-
creatic extracts may ease the pain but are otherwise re-
served for those with symptomatic malabsorption. Coeliac
plexus block has been used for the relief of severe intrac-
table pain in some patients with chronic pancreatitis; it has
also been used similarly in patients with cancer of the pan-
creas. However, the benefits of such a block are unclear. 
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Phantom limb pain. Phantom limb pain is associated
with an amputated limb and is more common when there
has been severe pre-amputation pain. It is frequently a
mixture of neuropathic and other types of pain. Manage-
ment may be difficult1-7 but in a survey of war veteran
amputees, for those who took any form of treatment for
phantom limb pain, conventional analgesics such as
NSAIDs or paracetamol with or without opioid analgesics
were reported as being satisfactory.1 The use of the WHO
analgesic ladder, as in cancer pain (see p.5) may guide the
choice of analgesic;7 although the use of opioids has been
questioned in what is essentially a neuropathic pain syn-
drome, many consider them of potential value in phantom
limb pain.6,7 Transcutaneous electrical nerve stimulation
(TENS) was another method used by some and considered
to be at least as effective as other therapies.1 Tricyclic anti-
depressants and antiepileptics may be of help for the neu-
ropathic components of the pain2,3,5 and some relief may
be obtained with sympathetic blocks. Intravenous keta-
mine may also be of use.2,4,5 From a review8 of studies in-
vestigating the effect of regional anaesthesia in preventing
phantom limb pain in patients undergoing lower-limb
amputation it appeared that epidural blockade started be-

fore and continuing for the duration of surgery or for sev-
eral days after amputation conferred more protection from
long-term pain than blockade begun late intra-operatively
or postoperatively. However, a randomised, double-blind,
controlled study9 failed to show any benefit of pre-emptive
analgesia using epidural blockade in such patients. A sub-
sequent review4 that included this study concluded that the
pre-emptive use of epidural block was of limited success.
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Postherpetic neuralgia. About 10% of patients who
have had acute herpes zoster still experience neuropathic
pain resulting from peripheral nerve injury one month or
more after the rash has healed. The elderly are the most
susceptible. The affected area (commonly head, neck, and
limbs) is extremely sensitive to any stimuli; even the pres-
sure of clothing can produce unbearable pain. Spontane-
ous remission occurs in many patients within a few
months. However, in a small percentage of patients the
pain can last for several years. 
Attempts have been made to prevent the development of
postherpetic neuralgia. A meta-analysis1 concluded that, if
started within 72 hours of the onset of rash, aciclovir might
reduce the incidence of residual pain at 6 months in some
patients. A subsequent analysis2 considered that there was
only marginal evidence of a decreased incidence of post-
herpetic neuralgia with aciclovir treatment and that there
was no reduction in incidence with either famciclovir or
valaciclovir treatments. It is, however, generally agreed
that antiviral treatment does reduce the duration of post-
herpetic neuralgia.2-4 Epidural injection of methylpred-
nisolone with bupivacaine has been shown to reduce short-
term pain from herpes zoster, but was ineffective in pre-
venting postherpetic neuralgia in the longer term,5 and
evidence of the preventive value of corticosteroids is gen-
erally lacking.6 
Various treatments have been tried once neuralgia devel-
ops.2-4,7-12 The value of conventional analgesics is limited
because of the neuropathic character of the pain although
opioid analgesics have been used in refractory cases (see
below). Low-dose tricyclics such as amitriptyline, or in
particular nortriptyline, have been widely used for treat-
ment, and appear to be of benefit in about half of all cases;4
however, the antiepileptics gabapentin and pregabalin may
now be preferred, and gabapentin is licensed for this indi-
cation in a number of countries. A comparative study has
suggested that gabapentin is as effective as nortriptyline
and better tolerated.13 Topical lidocaine has also been li-
censed for treatment of postherpetic neuralgia, but the ev-
idence for such use has been questioned.14 However, it is
likely to be better tolerated than the other main topical al-
ternative, capsaicin.4 Opioids, including methadone, mor-
phine, and oxycodone, are usually reserved for patients
who fail to respond to tricyclics or gabapentin.9 Nerve
blocks and surgical techniques may provide temporary
pain relief, but results have generally been disappointing.
Transcutaneous electrical nerve stimulation (TENS) has
also been tried. Topical preparations of aspirin or indomet-
acin, have shown some promise.
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Sickle-cell crisis. The management of pain of sickle-cell
crisis (p.1044) is similar to that of other forms of acute
pain. The pain of mild crises may be controlled using oral
analgesics such as paracetamol, an NSAID, codeine, or di-
hydrocodeine. Partial agonist and antagonist opioids such
as buprenorphine are not recommended to treat acute pain
before transfer to hospital.1 Crises severe enough to need
hospital admission usually require the use of more potent
parenteral opioid analgesics but NSAIDs may be useful as
an adjunct for bone pain. In most centres, morphine is the
opioid of choice for moderate to severe pain. Some pa-
tients appear to prefer pethidine but many clinicians2-7

avoid its use if possible as control of pain may be inade-
quate and doses of pethidine needed to manage crises can
lead to accumulation of its neuroexcitatory metabolite nor-
pethidine and precipitate seizures (see also Effects on the
Nervous System, p.114). UK guidelines8 recommend that
pethidine should only be used in exceptional circumstanc-
es such as in patients hypersensitive to other opioids.
Diamorphine, fentanyl, hydromorphone, and methadone
have been used as alternatives to morphine. Nalbuphine
may also be suitable.9 As the dose of opioid required to
control the pain can vary considerably, not only during
each episode but also from one episode to another and be-
tween individual patients, patient-controlled analgesia (see
above) may be of help to manage the pain once initial pain
relief has been obtained with loading doses of parenteral
opioids;4,10,11 opioids used have included morphine and
fentanyl. The use of continuous epidural analgesia with
local anaesthetics alone or with opioids has been tried.
However, a randomised study12 of morphine for the man-
agement of severe painful sickle-cell crises in children
showed that oral modified-release morphine was a safe
and effective alternative to continuous intravenous mor-
phine. Inhalation of a mixture of nitrous oxide and oxygen
may be a useful analgesic during transfer to hospital.1,8
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Trigeminal neuralgia. Trigeminal neuralgia (tic dou-
loureux) is a neuropathic pain characterised by sudden,
brief, sharp, agonising, episodic pain in the distribution of
one or more branches of the fifth cranial nerve. There may
be several episodes (lasting several seconds or minutes) a
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day over a number of weeks, followed by a pain-free inter-
val which may last for weeks or years. Trigeminal neural-
gia generally has a ‘trigger zone’ in which even a very light
stimulus such as a draught of air produces pain. In some
cases firm pressure applied around but not to the zone it-
self may help to relieve pain. Trigeminal neuralgia may be
idiopathic or may be secondary to nerve compression
(such as that caused by a tumour), facial injury, or multiple
sclerosis. 
Carbamazepine is the drug of choice for the management
of trigeminal neuralgia and initially may produce satisfac-
tory pain relief in 70% or more of patients, although in-
creasingly large doses may be required.1-7 If pain relief is
inadequate phenytoin or baclofen may be added to car-
bamazepine therapy; these drugs may also be used alone in
patients intolerant of carbamazepine.4 Other antiepileptics
such as gabapentin, lamotrigine, oxcarbazepine, valproate,
and clonazepam have also been used in patients intolerant
of, or resistant to, carbamazepine.1-6 Evidence for the val-
ue of non-antiepileptic drugs in trigeminal neuralgia is
mostly poor.8 
In some patients drug therapy eventually fails to control
the pain or produces unacceptable adverse effects and in-
vasive procedures become necessary. These may include
the selective destruction of pain bearing nerve fibres with
radiofrequency thermocoagulation, instillation of glycerol
(although the efficacy and safety of the procedure is debat-
able), gamma knife radiation, and microvascular decom-
pression of the trigeminal nerve root.2,3,6,7
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Increased Body Temperature
The hypothalamus is the centre of the thermoregulato-
ry system and is responsible for maintaining the body
temperature at a set point (known as the set-point
temperature) which is normally 37°. Mechanisms that
produce or conserve body heat include passive heat
absorption from the environment, peripheral vasocon-
striction, and thermogenic processes such as metabolic
reactions and shivering. Heat loss is achieved mainly
through sweating and peripheral vasodilatation. Vari-
ous states may lead to an abnormal increase in body
temperature.

Fever and hyperthermia
As mentioned above, body temperature is normally regu-
lated by the hypothalamus. Fever (pyrexia) is a controlled
increase in body temperature due to an elevated hypotha-
lamic set-point temperature. Common reasons for this
include infections, inflammatory disorders, neoplastic
disease, and some drug treatment. Hyperthermia (hyper-
pyrexia) implies a disturbance of thermoregulatory con-
trol. It is caused by external factors such as injury to the
hypothalamus, heat stroke following defective heat loss
(as occurs in dehydration or excessive heat production fol-
lowing strenuous activities), excessive dosage of some
drugs, or a reaction to certain drugs such as anaesthetics
(malignant hyperthermia, p.1896) or antipsychotics (neu-
roleptic malignant syndrome, p.972). Underlying ther-
moregulatory defects may be a particular problem in sed-
entary elderly subjects. 
Whenever possible the underlying cause of fever should
be identified and treated.1 Body temperatures up to 41° are
relatively harmless2 and it is not clear if there is any value
in treating fever at lower temperatures,1 but some groups
may be more vulnerable, such as young children, pregnant
women, or patients who are already dehydrated or mal-
nourished or those with cardiac, respiratory, or neurologi-
cal diseases. 

Both physical means and antipyretics may be used to re-
duce body temperature in fever. Maintaining an adequate
fluid intake is important. Fanning, removal of clothing,
and tepid sponging are often used,1-3 but they do not re-
duce the set-point of the hypothalamus, and lead to shiver-
ing (rigor) or other adverse effects as the body tries to meet
the raised set-point, and their value is therefore questiona-
ble;1 similarly, cold baths should not be used as they may
actually increase body temperature by inducing vasocon-
striction, and the risks of a cold-induced pressor response
should be borne in mind. Antipyretics appear mostly to
help return the set-point temperature to normal by inhibit-
ing central synthesis and release of prostaglandin E2,
which mediates the effect of endogenous pyrogens in the
hypothalamus.4 This mechanism cannot lower the body
temperature below normal, and antipyretics are ineffective
against raised body temperature not associated with fever. 

Choice of antipyretic in children has been widely debated.
The drugs most commonly used are paracetamol and ibu-
profen; salicylates (including aspirin) are generally contra-
indicated because of the possible link between their use
and the development of Reye’s syndrome. A systematic
review5 found inconsistent evidence to support the use of
paracetamol to reduce fever in children, since the number
of reliable studies was too low to be sure that it was effec-
tive. Although studies have found that ibuprofen was supe-
rior to paracetamol in terms of both efficacy and duration
of action, some of the doses of paracetamol were below
those recommended in the UK and NICE did not consider
that either drug had a significant advantage over the other.1
Alternation of the two may be more effective than either
alone6 but again this is controversial.1,7,8 

Antipyretics should not be given to all children with fever,
but only to those in obvious discomfort or distress.1,9 It has
been suggested that the use of antipyretics might prolong
infection,2 and that in severe infection the use of antipyret-
ics might increase mortality:10 WHO has10 recommended
that in developing countries antipyretics should not be giv-
en routinely to children with fever but should be reserved
for those with severe discomfort or high fever. In the UK,
the Joint Committee on Vaccination and Immunisation
recommends antipyretic therapy to treat post-immunisa-
tion fever developing after some vaccines. However, if the
fever persists after the second dose of antipyretic medical
advice should be sought. 

Antipyretics have also been given as prophylaxis against
febrile convulsions, especially in those with a history of
such seizures or in those with epilepsy. However, antipy-
retic therapy does not appear to prevent recurrence of
febrile convulsions (p.470).1,11,12 There is also little to sup-
port the use of antipyretics for prophylaxis of post-immu-
nisation fever although some suggest offering it to infants
at higher risk of seizures receiving diphtheria-tetanus-per-
tussis or polio immunisation.13 

Recommendations for management of fever in adults are
similar to those for children,2,4 although aspirin may also
be used. 

Hyperthermia may produce body temperatures greater
than 41°. These high temperatures are life-threatening and
need to be lowered immediately. Antipyretics are ineffec-
tive since the high temperatures are a result of thermoreg-
ulatory failure. One of the most rapid and effective means
of cooling is to immerse the patient in very cold water but
core temperature should be monitored to avoid inducing
hypothermia.14 Evaporative cooling methods may be
more efficient.15 Intravenous or intraperitoneal adminis-
tration of cool fluids, gastric lavage or enemas with ice wa-
ter have also been used.14,16 

When hyperthermia is associated with muscle rigidity and
fulminant hypermetabolism of skeletal muscle, as in the
neuroleptic malignant syndrome and malignant hyperther-
mia, temperature reductions may be obtained using the
muscle relaxant dantrolene. There is also anecdotal evi-
dence that dantrolene may produce beneficial effects for
the treatment of similar symptoms resulting from poison-
ing with various agents. However, dantrolene is not an ef-
fective treatment for all types of hyperthermia and rigidity
accompanying poisoning. Although dantrolene has been
tried in patients with heat stroke, there is no evidence that
it affects outcome.17 In severe cases of hyperthermia when
neuromuscular hyperactivity may also impair ventilation,
a neuromuscular blocker has been used, although suxame-

thonium is best avoided as it can itself precipitate malig-
nant hyperthermia.
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Musculoskeletal and Joint Disorders
The rheumatic disorders are painful disorders affect-
ing primarily the joints and related structures of the
musculoskeletal system, but there may also be wide-
spread involvement of other systems. The term arthritis
is used when the disease is largely confined to the
joints. Some of the most common forms of arthritis are
discussed in this section and these include rheumatoid
arthritis, osteoarthritis, juvenile idiopathic arthritis, and
the spondyloarthropathies such as ankylosing spond-
ylitis. Other conditions that are associated with arthritis
and which are discussed elsewhere include gout
(p.552) and SLE (p.1513). 
The names soft-tissue rheumatism (see below) and
non-articular rheumatism have been used to de-
scribe a number of painful conditions associated with
disease of the structures that surround a joint. For a dis-
cussion of the management of low back pain, see
above.

Juvenile idiopathic arthritis
Juvenile idiopathic arthritis (juvenile chronic arthritis) is a
term used to describe a clinically heterogeneous group of
idiopathic arthritides occurring in children under 16 years
of age; subtypes include systemic arthritis, oligoarthritis
(particularly of leg joints), and polyarthritis, either positive
or negative for rheumatoid factor.1,2 
Treatment involves many of the same drugs used for rheu-
matoid arthritis in adults (see below), although there may
be limited evidence for their use in children.1-8 Appropri-
ate management will depend on the subtype of disease, but
there is no definitive consensus on the drugs of choice. 
• The NSAIDs have been a mainstay of treatment for

many years, and continue to be important.1,2 Most chil-
dren begin therapy with an NSAID,1 and they may be
particularly useful in oligoarthritis.2 Naproxen, ibupro-
fen, or indometacin are among the most often used.1 As-
pirin is now rarely prescribed,8 although in many coun-
tries juvenile idiopathic arthritis remains one of its few
licensed indications in children. 

• Intra-articular injections of a corticosteroid (often tri-
amcinolone hexacetonide) are rapidly effective, and
well tolerated, and are often used in oligoarthritis with,
or instead of, NSAIDs;1,2,5 they may reduce the devel-
opment of deformity secondary to contracture.1 They
also have a role in the management of disease flare in
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patients already taking second-line drugs, although it is
unclear whether multiple intra-articular injections
would be preferable to systemic corticosteroids in pa-
tients with polyarthritis.5 
Moderate or high-dose systemic corticosteroids are
more generally reserved for patients with systemic ar-
thritis whose disease is not controlled by NSAIDs. In
other subtypes, the adverse effects of systemic therapy
are likely to outweigh the benefits. A course of low-dose
prednisone might be considered for reduction of pain
and stiffness in patients with severe polyarthritis who
are unresponsive to other drugs, or awaiting response to
slow-acting second-line treatments.1 

• The second-line treatment of choice in children with
persistent active arthritis is methotrexate.1,2,6,8 Like
several other second-line drugs it is of less benefit in
systemic arthritis than in polyarthritis or refractory oli-
goarthritis.8 Improvement may take up to 12 weeks to
be seen.1 

• The so-called biological therapies have become in-
creasingly important in managing more severe or refrac-
tory forms of juvenile idiopathic arthritis.1,2,4,8 The tu-
mour necrosis factor inhibitor etanercept, which is
licensed for paediatric use in many countries, produces
excellent responses in many patients with polyarthritis,
particularly those who are rheumatoid-factor positive.8
Like methotrexate, it may be less effective in those with
systemic juvenile idiopathic arthritis.2 Infliximab, al-
though unlicensed, also seems to be of benefit,1,2,8 and
may be more effective than etanercept in the treatment
of associated uveitis.2 Other drugs that have been tried
with some evidence of benefit include abatacept, adali-
mumab, tocilizumab, and anakinra;1,2,8 there is some evi-
dence that the latter, an interleukin-1 receptor antago-
nist, may be more effective than the tumour necrosis
factor inhibitors in treating patients with systemic arthri-
tis.2 

• Many other drugs have been tried in juvenile idiopath-
ic arthritis, often on the basis of effectiveness in adults.
Sulfasalazine may be of benefit in late-onset
oligoarthritis1 but adverse effects are often trouble-
some.8 Concern about adverse effects may also have
limited the use of cytotoxic and immunosuppressant
drugs other than methotrexate, and there are few con-
trolled studies,8 although benefit has been reported with
leflunomide in polyarticular disease.1,8 Thalidomide has
been suggested for treatment-resistant systemic arthri-
tis.1 In very severe unremitting disease, autologous bone
marrow transplantation has been tried.1,7,8 

Drug treatment aimed at the complications of disease,
rather than the disease process itself, may be needed. There
is some evidence that bisphosphonates may be useful in
controlling low bone mineral density and fragility frac-
tures associated with juvenile idiopathic arthritis.1,9

Growth hormone has also been widely used to moderate
the severe growth retardation that is often seen.1 Topical
treatment with glucocorticoids and mydriatics may be
needed for eye disease.1 
Physiotherapy and occupational therapy are also important
components of disease management, and surgery may be
needed in selected cases.1
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Osteoarthritis
Osteoarthritis is the clinical and pathological outcome of a
range of disorders that cause structural and functional fail-
ure of synovial joints. It is characterised by involvement of
the entire joint, with loss and erosion of articular cartilage,
subchondral bone changes, meniscal degeneration, mild to
moderate synovial inflammation, and outgrowth of bone

and cartilage at the joint margins (osteophytes).1-4 These
changes result in pain, stiffness (especially after inactivity)
and reduced mobility,1-6 although patients with changes
characteristic of osteoarthritis are often asymptomatic.4,6

Increased loading of the joint, and mechanical factors such
as misalignment and muscle weakness, contribute to joint
damage and loss of function.1,2,4 The joints most often af-
fected are hands, hips, and knees.4,6 
Current treatment for osteoarthritis is not curative, and
management is largely concerned with relief of pain and
maintenance of joint function.1-6 
Physical methods of treatment may be preferred initially,
and include physiotherapy, heat and cold therapy, exercis-
es, splinting, correction of misalignment, and weight re-
duction in the obese.1-8 Acupuncture may also be tried, and
appears to be of benefit in improving pain and functional-
ity in knee osteoarthritis.9 Transcutaneous electrical nerve
stimulation (TENS) may also be of benefit.8,10 
For the management of pain, paracetamol is recommended
as the drug of first choice.1-6,8 Despite its benefits it has
been shown to be less effective than an NSAID in patients
with osteoarthritis,11 and the latter may therefore be con-
sidered as an alternative first-line treatment.2,4 However,
because of the risk of potentially serious toxicity in a pre-
dominantly elderly group of patients, it is generally con-
sidered that a low-dose NSAID should only be added or
substituted in patients with an inadequate response to pa-
racetamol alone,2,4,5 and the long-term use needed for os-
teoarthritis management may be problematic.12 Like other
treatments NSAIDs do not slow the disease process, and
there has even been a concern that some NSAIDs such as
indometacin might accelerate it.6 
In order to reduce the risk of gastrointestinal toxicity with
NSAIDs, use of a gastroprotective drug such as a proton
pump inhibitor or misoprostol has been recommended.1-5,8

The use of topical NSAIDs has also been advocated,4,6,8

although a meta-analysis13 in 2004 found little evidence of
long-term benefit. In the light of concerns about cardiovas-
cular safety, treatment with NSAIDs such as celecoxib that
are selective inhibitors of cyclo-oxygenase-2 (COX-2) is
limited14 to those patients considered to be at high risk of
developing serious gastrointestinal problems if given a
non-selective NSAID and who do not have pre-existing
cardiovascular risk factors (see p.97). 
In patients in whom paracetamol and/or NSAIDs are inef-
fective or not tolerated, addition of an opioid analgesic
may be appropriate;2,3,5,8,15 codeine or dihydrocodeine are
often used as combinations with paracetamol, and there is
evidence of benefit with tramadol, but more potent opioids
such as hydrocodone, oxycodone, transdermal fentanyl, or
morphine, may have a role in a selected subgroup of pa-
tients.15 
The anthraquinone derivative diacerein has been widely
used in some countries, and appears to produce a small but
consistent benefit in the treatment of osteoarthritis.16 Top-
ical capsaicin also produces some relief of pain.1,4,5,8 There
are some interesting data17 to suggest that doxycycline
may have a favourable effect on the progression of oste-
oarthritis, which might open the way for the development
of disease-modifying drugs. Experimental therapies in-
clude anakinra18 and the combined cyclo-oxygen-
ase/lipoxygenase inhibitor licofelone.19 
Systemic corticosteroids have no place in the management
of osteoarthritis. Intra-articular injection of a corticosteroid
produces short-term relief of pain and inflamma-
tion,2-4,8,20,21 and may be useful for acute exacerbations.
Triamcinolone hexacetonide appears to be more effective
than betamethasone.21 There may also be some benefit
from intra-articular injection of hyaluronic acid, to im-
prove the viscosity and elasticity of the synovial fluid;22,23

improvement may be longer lasting than with intra-articu-
lar corticosteroids.21 
Alternative and complementary therapies have been wide-
ly used in osteoarthritis.2 Powdered rose hip has been re-
ported to be of benefit,24 as has a mixture of unsaponifiable
fractions from avocado and soya oils (avocado-soybean
unsaponifiables; ASU).25 Particular attention has focused
on the use of oral glucosamine and chondroitin. Results,
however, have been ambiguous:26-29 overall it is not clear
to what extent these therapies have a benefit over placebo,
but there is some evidence that combined treatment may
be useful in the subset of patients with moderate to severe
knee pain.26 Evidence for chondroitin seems particularly
weak.29 

Surgery, including joint replacement, is of great benefit to
patients with severe osteoarthritis that cannot be effective-
ly managed by physical or medical therapy.2-6,8
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Rheumatoid arthritis
Rheumatoid arthritis is a common chronic systemic in-
flammatory disease that results in progressive disability
and increased mortality. Early disease is characterised pri-
marily by inflammation of the synovium (the inner mem-
brane of the capsule of synovial joints); as the disease
progresses the patient suffers destruction of cartilage and
bone. Extra-articular features commonly include general
malaise, fatigue, weight loss, fever, and anaemia. More se-
vere disease may be associated with vasculitis, pericardi-
tis, pleurisy, pleural effusion, pulmonary interstitial fibro-
sis, peripheral neuropathies, subcutaneous and pulmonary
nodules, scleritis, and Sjögren’s syndrome. Palindromic
rheumatism is characterised by repeated episodes of arthri-
tis and periarthritis without fever; the joints appear normal
between attacks. 
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The severity and course of rheumatoid arthritis varies
greatly between patients. Some have brief attacks with lit-
tle or no disease progression, but the majority will have
slowly progressive joint destruction and deformity despite
intermittent relapses and remissions; a few patients may
have very severe and rapidly progressive disease. Because
irreversible joint damage occurs early in the course of dis-
ease, rapid diagnosis and institution of treatment aimed at
preventing progression is crucial.1-3 Although there is no
cure, remission or substantial slowing of the disease proc-
ess is increasingly seen as an achievable goal in the major-
ity of patients.4,5 
The choice of drugs for relief of pain depends upon the
severity of symptoms. In mild cases an analgesic such as
paracetamol (with codeine if needed) may be all that is re-
quired but most patients prefer an NSAID; although these
are thought to have an advantage because of their anti-in-
flammatory effects, the clinical evidence for this has been
questioned.6 There is little apparent difference between the
various NSAIDs in terms of anti-inflammatory activity,
but patient responses vary widely. When starting an
NSAID the dose is gradually increased to the recommend-
ed maximum over 1 to 2 weeks; if the response is inade-
quate after a total of about 4 weeks, or if adverse effects are
intolerable, other NSAIDs are tried. In the light of con-
cerns about cardiovascular safety, treatment with NSAIDs
such as celecoxib that are selective inhibitors of cyclo-oxy-
genase-2 (COX-2) is limited to those patients considered
to be at high risk of developing serious gastrointestinal
problems if given a non-selective NSAID and who do not
have pre-existing cardiovascular risk factors7 (see p.97).
Topical analgesics such as NSAIDs or capsaicin, or rube-
facients may provide slight relief of pain but their role, if
any, is unclear. 
Once the diagnosis is confirmed and severity and progres-
sion of the disease have been assessed, introduction of a
disease-modifying antirheumatic drug (DMARD)
should take place as early as possible.1-4,8 Although opin-
ions vary, there is an increasing trend to aggressive man-
agement in early disease, with tight control of the disease
process.4,5,9 
Available DMARDs include antimalarials (hydroxychlo-
roquine), sulfasalazine, gold compounds (auranofin, sodi-
um aurothiomalate), penicillamine, conventional immu-
nosuppressants (methotrexate, azathioprine, ciclosporin,
cyclophosphamide, and leflunomide), and so-called bio-
logical therapies, including the tumour necrosis factor-α
(TNF-α) inhibitors (adalimumab, etanercept, and inflixi-
mab), co-stimulation blockers (abatacept), interleukin-1
receptor antagonists (anakinra), and B-cell-targeted anti-
bodies (rituximab). It is thought that most DMARDs in-
hibit the release or activity of cytokines involved in main-
taining the inflammatory process, although other actions
may also contribute. Since any therapeutic effect may not
be apparent for 4 to 6 months, treatment should continue
for at least 6 months before considered ineffective. 
There is evidence of disease modifying effect for meth-
otrexate, sulfasalazine, leflunomide, and intramuscular
gold, with less compelling data for hydroxychloroquine,
penicillamine, oral gold, ciclosporin, and azathioprine.9-15

Concerns about toxicity or effectiveness mean that gold
compounds and penicillamine seem now to be less widely
used. There is good evidence of the effectiveness of the
TNF-α inhibitors,4,5,9,15-17 and some in favour of anakin-
ra,16 but good evidence of an effect of other biological
therapies on disease progression is currently scanty, al-
though clinical benefit has been found with, for example,
abatacept and rituximab.5,16,18 
The choice of DMARD to begin treatment is based on the
risk/benefit ratio, with the antimalarial hydroxychloro-
quine an option in mild disease, and sulfasalazine or meth-
otrexate preferred in those with moderate to severe dis-
ease, or judged likely to progress.9 Methotrexate has
become the DMARD of first choice in the majority of pa-
tients.1,2,8,9 Subcutaneous or intramuscular methotrexate
may be an option in patients who cannot be satisfactorily
managed with weekly oral dosage.1,9 Addition of sul-
fasalazine, hydroxychloroquine, or both may be a suitable
option in patients refractory to optimal methotrexate ther-
apy,1,9 and addition of corticosteroids or leflunomide are
also options, although evidence for combining methotrex-
ate with ciclosporin is not entirely convincing.9 At what
stage biological therapies are to be recommended remains
a matter of debate. In the UK, official recommendations
are still that TNF-α inhibitors should be reserved for pa-

tients who have failed treatment with two conventional
DMARDs,17,19 but others permit earlier introduction, for
example after failure of the first conventional
DMARD.8,16,20 Other classes of biological therapy are
likely to be reserved for patients in whom TNF-α inhibi-
tors are ineffective or contra-indicated, as is currently the
case with rituximab.18,21 
There is also some evidence in favour of beginning thera-
py with a combination of DMARDs, and subsequently
‘stepping down’ once control is achieved.1,4,5,8,9,22,23 The
large, multicentre BeSt study found that although initial
combination therapy (methotrexate and infliximab, or
methotrexate, sulfasalazine, and tapered high-dose pred-
nisone) produced earlier clinical improvement and less
progression of joint damage, the ultimate clinical improve-
ment was similar in patients assigned to sequential mono-
therapy or ‘step-up’ therapy.24 There is a concern that
combination therapy may expose patients to an increased
risk of toxicity,22 although the BeSt study did not find this
to be the case.24 Combinations of TNF-α inhibitors with
other biological response modifiers such as anakinra or
abatacept are not advisable, because of an increased risk of
serious infection.5,16 
Since rheumatoid arthritis is a chronic disease, treatment
may need to be very prolonged, but evidence of the long-
term tolerability and efficacy of DMARDs is patchy. Stud-
ies have suggested that many DMARDs are stopped after
a few years, usually because of a decline in efficacy rather
than adverse events.25 
Addition of corticosteroids to DMARD therapy may be
useful in early disease to control synovitis, or as bridging
therapy when starting or increasing DMARDs, since they
produce rapid symptomatic control.9 Although they pro-
duce bone loss, this may be outweighed (at least short-
term) by their beneficial effects on the disease process:
there is good evidence that adding a corticosteroid to treat-
ment reduces the progression of joint erosion.26 Short-term
and moderate-term intermittent use of relatively low doses
has therefore been suggested (not exceeding the equivalent
of 15 mg of prednisolone daily).27,28 However, prolonged
therapy is associated with significant adverse effects, and
long-term use is not considered justified.9 Intra-articular
injection is recommended for acute flares, and may be par-
ticularly effective when combined with aggressive
DMARD therapy.9 
There is little good evidence to support most other drugs
tried in rheumatoid arthritis.8 Meta-analysis29 has con-
firmed that tetracyclines, and in particular minocycline,
can produce some reduction in disease activity; effects on
serological markers appear to be more marked than clini-
cal improvements in tender and swollen joints. The effects
may be greater in patients with early disease. Much re-
search has been conducted into immunomodulators and
immunotherapy. Although alternative immunosuppres-
sants such as mycophenolate mofetil and tacrolimus have
been tried, most interest in recent years has surrounded
new biological therapies. Matrix metalloproteinase inhibi-
tors have proved disappointing, but new TNF-α inhibitors
such as certolizumab pegol and golimumab, the inter-
leukin-6 receptor antagonist tocilizumab, and modulators
of B-cell function such as atacicept, belimumab, and
epratuzumab are under investigation. In addition, deno-
sumab is of interest for its potential to control joint destruc-
tion.5 Other methods of treatment that are being or have
been investigated include gene therapy and autologous
bone marrow transplantation. A rheumatoid arthritis vac-
cine is also in clinical trials. Induction of tolerance with
collagen and other antigens given orally has also been
tried, but results are reported to be variable.30 
Some studies suggest that addition of fish oils31 and/or
evening primrose oil to standard antirheumatic therapy
might help to reduce pain and joint swelling. Many alter-
native and herbal therapies have been tried, although good
evidence of benefit is scanty. 
There has been considerable interest in the possibility that
statins such as atorvastatin may produce clinical improve-
ments, albeit modest, in symptoms of rheumatoid arthri-
tis,32 as well as in any accompanying cardiovascular risk
factors. 
The importance of managing co-morbidity in patients with
rheumatoid arthritis has been emphasised;1 in particular
infection (especially pulmonary infection), cardiovascular
disease, and osteoporosis require appropriate management
and action to reduce risk factors. 

The treatment of rheumatoid arthritis during pregnancy
presents its own problems; some of the most effective
DMARDs such as methotrexate and leflunomide have ter-
atogenic properties, and for others, including the biologi-
cal therapies, there is little evidence.33,34 Hydroxychloro-
quine, and perhaps azathioprine and sulfasalazine, may be
relatively safe to use, but it is important to weigh benefit
against risk for each individual case.33
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Soft-tissue rheumatism
Soft-tissue rheumatism includes conditions such as: 
• bursitis (e.g. housemaid’s knee) 
• fasciitis 
• fibromyalgia (fibrositis, muscular rheumatism, myofas-

cial pain) 
• frozen shoulder 
• humeral epicondylitis (e.g. tennis or golfer’s elbow) 
• sprains and strains 
• tendinitis 
• tenosynovitis 
• Tietze’s syndrome 
Inflamed or displaced tissue may also impinge on nearby
nerves and produce compression neuropathies such as car-
pal tunnel syndrome. 
Some forms of soft-tissue rheumatism respond to selective
rest of the affected region, massage, splinting, or applica-
tion of heat, cold, or rubefacients.1-3 Exercise is of value in
neck pain,3,4 fibromyalgia,5,6 and frozen shoulder,7 but its
benefit in epicondylitis is unclear.4 
For patients with epicondylitis oral or topical NSAIDs
may offer short-term pain relief, but it is unclear if they are
effective in producing longer term benefit.4 They are of
unknown benefit in frozen shoulder,7 and are not thought
to be helpful in fibromyalgia,5 although some benefit has
been reported with paracetamol and tramadol.8 
Corticosteroid injections produce dose-dependent benefit
for up to 9 months in shoulder pain such as that associated
with rotator cuff tendinitis or frozen shoulder,9 and oral
corticosteroids may be of benefit for up to 6 weeks al-
though it is not clear that benefit is subsequently
maintained10 (a study11 in patients with epicondylitis sug-
gested that benefits of corticosteroid injection in this group
were paradoxically reversed after 6 weeks). Corticosteroid
injections are often combined with a local anaesthetic; in-
jection of a local anaesthetic alone has been shown to be of
benefit in chronic neck pain.4 
Botulinum toxin has been tried in epicondylitis12 and myo-
fascial pain.13 There is evidence that nitric oxide plays a
role in healing in patients with tendinitis, and topical appli-
cation of a patch containing glyceryl trinitrate has proved
of benefit in patients with epicondylitis or tendinitis.14 
Fibromyalgia appears to be associated with abnormal pain
responses, and some consider it a central pain syndrome
rather than a rheumatic syndrome. There is strong evi-
dence that low-dose tricyclic antidepressants are of benefit
in many patients, as is the tricyclic compound cyclobenz-
aprine. Combination of amitriptyline with the SSRI fluox-
etine also appears beneficial, although SSRIs alone have
produced equivocal results; serotonin and noradrenaline
reuptake inhibitors (SNRIs) such as duloxetine, milnacip-
ran, or venlafaxine have also been reported to be of value.
Pregabalin and gabapentin have been shown to be of ben-
efit in controlled studies.5,6,8 
Surgery may be of benefit in some conditions such as epi-
condylitis and possibly shoulder pain.4 Surgical decom-
pression is also the definitive treatment for carpal tunnel
syndrome,15 although there is also evidence of benefit
from splinting16 and local corticosteroid injection17 (al-
though benefit may not be long term, and the procedure
carries some risks18). Oral corticosteroids and ultrasound
have also demonstrated benefit in patients with carpal tun-
nel syndrome.16

1. Reveille JD. Soft-tissue rheumatism: diagnosis and treatment.
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2. Shipley MA. Pain in the wrist and hand. In: Snaith ML, ed. ABC
of rheumatology. 3rd ed. London: BMJ Publishing Group, 2004:
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3. Speed C. Pain in the neck, shoulder, and upper arm. In: Snaith
ML, ed. ABC of rheumatology. 3rd ed. London: BMJ Publishing
Group, 2004: 10–14. 

4. van Tulder M, et al. Repetitive strain injury. Lancet 2007; 369:
1815–22. 

5. Forseth KØ, Gran JT. Management of fibromyalgia: what are
the best treatment choices? Drugs 2002; 62: 577–92. 
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JAMA 2004; 292: 2388–95. 

7. Dias R, et al. Frozen shoulder. BMJ 2005; 331: 1453–6. 
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able in The Cochrane Database of Systematic Reviews; Issue 4.
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injection) for carpal tunnel syndrome. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2003 (accessed 23/06/08). 
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syndrome. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2007 (accessed
23/06/08). 

18. Gooch CL, Mitten DJ. Treatment of carpal tunnel syndrome: is
there a role for local corticosteroid injection? Neurology 2005;
64: 2006–7.

Spondyloarthropathies
The spondyloarthropathies are a group of seronegative ar-
thritides which include ankylosing spondylitis, psoriatic
arthritis, arthritis associated with inflammatory bowel dis-
orders (enteropathic arthritis), and arthritis associated with
infection as in reactive arthritis (aseptic arthritis). 
Ankylosing spondylitis is characterised by arthritis of the
spine and sacroiliac joints and sometimes there is also
asymmetrical peripheral involvement. Males under 40
years of age are mainly affected. The aim of management
of the disease is to reduce pain and stiffness and to prevent
spine and joint deformity, which is accomplished using a
combination of active physical therapy and drug therapy.
Exercises are used to strengthen muscles and to maintain a
good posture and range of movement in joints. NSAIDs
are used to relieve pain and inflammation, thus allowing
the exercises to be performed; they do not influence the
progression of the disease. Some patients may need to add
other non-opioid analgesics such as paracetamol for addi-
tional pain control. Systemic corticosteroids are rarely in-
dicated but intra-articular injections of corticosteroids may
be beneficial when one or two peripheral joints are severe-
ly affected. The disease-modifying antirheumatic drug
(DMARD) sulfasalazine is of benefit for peripheral arthri-
tis, but not for spinal symptoms. The efficacy of most other
DMARDs used in rheumatoid arthritis (see above) re-
mains to be demonstrated. However, the tumour necrosis
factor-α (TNF-α) inhibitors adalimumab, etanercept, and
infliximab improve spinal pain, function, and peripheral
joint disease. They produce rapid benefit (usually within
12 weeks) although most patients relapse once they are
withdrawn. Treatment with a TNF-α inhibitor should be
considered in patients with active disease despite conven-
tional treatments. There is some evidence that early inter-
vention may produce better remission rates, but it is yet
unknown if this results in longer-lasting remission on
withdrawal. Evidence is mostly lacking for other biologi-
cal therapies, but no marked benefit has been seen in con-
flicting studies with the interleukin-1 receptor antagonist
anakinra. 
Psoriatic arthritis (or psoriatic arthropathy) is an inflam-
matory seronegative arthritis occurring in patients with
psoriasis. In some patients the spine may be involved
when the condition may be indistinguishable from anky-
losing spondylitis. Less frequently some patients have a
form of symmetrical arthritis resembling rheumatoid ar-
thritis. The psoriasis (p.1583) and the arthritis usually re-
quire separate treatment. Treatment of the arthritis is ini-
tially as for ankylosing spondylitis with NSAIDs and
physical therapy. If these methods fail treatment with a
DMARD may be instituted, although chloroquine and hy-
droxychloroquine should be avoided since they may pre-
cipitate skin reactions (see Psoriatic Arthritis, p.601).
There is most evidence to support the use of sulfasalazine
or methotrexate. Leflunomide may be effective but is like-
ly to be restricted by its toxicity and prolonged half-life.
Ciclosporin is also restricted by its toxicity. As in ankylos-
ing spondylitis, however, significant benefit has now been
found with the TNF-α inhibitors, and treatment with these
is recommended in patients with active disease despite
treatment with NSAIDs and/or DMARDs. In the UK,

etanercept or adalimumab are preferred to infliximab, but
treatment should be individualised; a monoclonal antibody
such as adalimumab or infliximab is advocated by others
in patients who also have inflammatory bowel disease.
There is some suggestion that alefacept may also be of
benefit in psoriatic arthritis. Systemic corticosteroids have
little or no place in the management of psoriatic arthritis. 
Reactive arthritis is characterised by sterile synovitis fol-
lowing 1 to 4 weeks after an infection, most commonly of
the gastrointestinal or genito-urinary tract. Extra-articular
features involving the skin, eyes, or genito-urinary tract
may or may not be present. Reactive arthritis is also a fea-
ture of Reiter’s syndrome. Reactive arthritis is treated with
physical therapy and NSAIDs and, if indicated, intra-artic-
ular injections of corticosteroids; the role of antibacterials
is less certain (see Bone and Joint Infections, p.164). 
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Still’s disease
Adult-onset Still’s disease is a syndrome characterised by
high fever, with body temperature classically spiking daily
or twice daily, an evanescent pink maculopapular rash, and
arthritis (usually oligoarthritis initially). It is most common
in patients aged 16 to 35 years. 
Treatment has traditionally relied on NSAIDs, corticoster-
oids, and immunosuppressants or other DMARDs similar
to those used in rheumatoid arthritis (above).1-3 A trial of
NSAIDs is worthwhile in patients with mild disease, but
most patients cannot be managed with NSAIDs alone.2,3

Corticosteroids may be needed for initial therapy if mani-
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festations are severe, but will eventually be needed in
about 80% of cases.2 DMARDs (generally methotrexate)
are introduced when corticosteroid therapy fails to control
the disease or when their adverse effects become problem-
atic. Most patients will respond to methotrexate although
liver function must be closely monitored. The value of oth-
er DMARDs is uncertain. Intravenous immunoglobulin is
also frequently tried, although supporting evidence is lack-
ing.2,3 
The TNF-α inhibitors have also been tried,2,3 but results
have been variable.2 There is, however, some evidence
that interleukin-1 and interleukin-6 play a role in patho-
genesis of the condition, and there have been a few reports
of dramatic improvement with anakinra (an interleukin-1
receptor antagonist) in resistant disease, while tocilizumab
(an interleukin-6 receptor antagonist) has also been sug-
gested as an investigational therapy.2,3 
The name Still’s disease has also been used rather incon-
sistently to describe some types of juvenile idiopathic ar-
thritis (above).
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Abatacept (BAN, USAN, rINN)

Abataceptum; BMS-188667; CTLA4-Ig. 1-25-oncostatin M (hu-
man precursor) fusion protein with CTLA-4 (antigen) (human)
fusion protein with immunoglobulin G1 (human heavy chain frag-
ment), bimolecular (146→146′)-disulfide.
Абатацепт
CAS — 332348-12-6.
ATC — L04AA24.
ATC Vet — QL04AA24.

Adverse Effects and Precautions
Acute infusion reactions occurring within 1 hour of
starting an infusion are common with abatacept use.
The most frequently reported infusion events are dizzi-
ness, headache, and hypertension; hypotension and
dyspnoea occur less commonly. Other acute events in-
clude nausea, flushing, pruritus, rash, and wheezing.
Most events are usually mild to moderate although
stopping treatment may be necessary in a few patients. 
Other common adverse effects include headache, na-
sopharyngitis, nausea, dyspepsia, diarrhoea, dizziness,
back pain, fatigue, cough, and abnormal liver function
values. Antibodies to abatacept may develop and ana-
phylaxis or anaphylactic reactions have been reported
rarely. Uncommon adverse reactions include paraes-
thesia, thrombocytopenia, and leucopenia. 
Infections are frequent in patients treated with abata-
cept and most often affect the respiratory and urinary
tracts. More serious infections such as pneumonia, sep-
sis, cellulitis, bronchitis, diverticulitis, and acute
pyelonephritis have also been rarely associated with
abatacept treatment. Treatment should be stopped in
patients who develop a serious infection. Abatacept
should not be given to patients with severe and uncon-
trolled infections such as sepsis and opportunistic in-
fections. It should be used with caution in patients with
a history of recurrent infections, with underlying con-
ditions that may predispose to infections, or with
chronic, latent, or localised infections. Patients should
be screened for latent tuberculosis before starting treat-
ment; those testing positive should be treated with
standard chemoprophylaxis before beginning abata-
cept. 
Some disease-modifying antirheumatic drugs have
been associated with hepatitis B reactivation; licensed
product information for abatacept recommends screen-
ing for viral hepatitis before starting treatment. 
Adverse effects of abatacept are more frequent in pa-
tients with chronic obstructive pulmonary disease and
may include a worsening of their respiratory symp-
toms.
Carcinogenicity. The role of abatacept in the onset of malig-
nancies such as lymphoma in humans is not known. 

In placebo-controlled studies the overall frequency of malignan-
cies in patients treated with abatacept compared to those that re-
ceived placebo was similar (1.4% and 1.1%, respectively). How-
ever, there were more cases of lung cancer and lymphomas in
those given abatacept. In animal studies in mice, increases in
lymphomas and mammary tumours have been noted, although
these increases have not been seen in some studies with other
mammals.

Interactions
Live vaccines should not be given with abatacept, or
within 3 months of stopping it, as its effect on vaccine
efficacy or the risk of infection transmission is
unknown. The use of TNF inhibitors with abatacept
may increase the risk of serious infections (see p.71);
such combinations are not recommended. Use with
anakinra or rituximab is also not recommended be-
cause of insufficient evidence to assess safety.

Pharmacokinetics
Abatacept is reported to have linear pharmacokinetics
at usual dosages. After repeated intravenous doses, its
mean terminal half-life is about 13 days. 
Studies in animals suggest that abatacept is distributed
into breast milk.

Uses and Administration
Abatacept, a fusion protein, is a co-stimulation blocker.
It prevents the activation of T-cells; activated T-cells
have been found in the synovium of patients with rheu-
matoid arthritis. It is used in the treatment of moderate
to severe active rheumatoid arthritis to delay structural
damage and improve physical function. In the UK, it is
licensed for use in patients who have had an inadequate
response to standard disease-modifying antirheumatic
drugs (DMARDs), including at least one TNF inhibi-
tor; in the USA, it may be used to reduce the signs and
symptoms of early disease. 
Abatacept is given by intravenous infusion over a peri-
od of 30 minutes in the following doses, based on
body-weight: 
• 500 mg for patients weighing less than 60 kg 
• 750 mg for those weighing 60 to 100 kg 
• 1 g for those over 100 kg. 
The dose is repeated at 2 and 4 weeks, then every 4
weeks thereafter. If a response to treatment is not seen
within 6 months, the benefits of continuing abatacept
may need to be considered. In the UK, abatacept is li-
censed for use with methotrexate; however, in the USA
it may be given alone or with other DMARDs (but see
Interactions, above). 
For the use of abatacept in children, and recommended
doses, see below. 
Abatacept is also being studied for other auto-immune
diseases such as inflammatory bowel disease, psoriatic
arthritis, and SLE.
Administration in children. In the USA, abatacept is li-
censed in the treatment of moderate to severe, active juvenile id-
iopathic arthritis in children aged 6 years and above; it may be
used alone or with methotrexate. The dose is calculated accord-
ing to body-weight and is given as an intravenous infusion over
30 minutes; those weighing less than 75 kg should be given
10 mg/kg initially, while heavier children may receive the appro-
priate adult dose (see above). Doses should be repeated at 2 and
4 weeks, and then every 4 weeks thereafter.
Rheumatoid arthritis. References to the use of abatacept in
rheumatoid arthritis (p.11).
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6. Pollard LC. Inhibiting costimulatory activation of T cells: a via-
ble treatment option for rheumatoid arthritis? Drugs 2007; 67:
1–9. 

7. Lundquist L. Abatacept: a novel therapy approved for the treat-
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24: 333–45. 
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Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Orencia; Cz.: Orencia; Fr.: Orencia; Port.: Orencia; UK: Orencia;
USA: Orencia.

Aceclofenac (BAN, rINN)

Acéclofénac; Aceclofenaco; Aceclofenacum; Aceklofenák; Acek-
lofenak; Aceklofenakas; Aseklofenaakki; Aseklofenak. [o-(2,6-
Dichloroanilino)phenyl]acetate glycolic acid ester; 2-(2,6-Dichlo-
roanalino)phenylacetoxyacetic acid.
Ацеклофенак
C16H13Cl2NO4 = 354.2.
CAS — 89796-99-6.
ATC — M01AB16; M02AA25.
ATC Vet — QM01AB16; QM02AA25.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Aceclofenac). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol; freely
soluble in acetone. Store in airtight containers. Protect from light.
Adverse Effects and Treatment
As for NSAIDs in general, p.96.
Hypersensitivity. Leukocytoclastic vasculitis, a type III hyper-
sensitivity reaction, has been reported after therapy with aceclo-
fenac.1,2 Anaphylaxis has also occurred.3
1. Epelde F, Boada L. Leukocytoclastic vasculitis and hemoptysis

after treatment with aceclofenac. Ann Pharmacother 1995; 29:
1168. 

2. Morros R, et al. Hypersensitivity vasculitis related to ace-
clofenac. Br J Rheumatol 1997; 36: 503–4. 

3. Rojas-Hijazo B, et al. Anaphylactic reaction after aceclofenac
intake. Allergy 2006; 61: 511.

Precautions
As for NSAIDs in general, p.98. 
Aceclofenac should be avoided in patients with moderate to se-
vere renal impairment.
Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Aceclofenac is well absorbed from the gastrointestinal tract;
peak plasma concentrations are reached 1 to 3 hours after an oral
dose. Aceclofenac is more than 99% bound to plasma proteins.
The plasma-elimination half-life is about 4 hours. About two-
thirds of a dose is excreted in the urine, mainly as hydroxymetab-
olites. A small amount is converted to diclofenac.
◊ It has been suggested1 that low concentrations of diclofenac, a
minor metabolite, may account for some of the actions of ace-
clofenac.
1. Hinz B, et al. Aceclofenac spares cyclooxygenase 1 as a result of

limited but sustained biotransformation to diclofenac. Clin Phar-
macol Ther 2003; 74: 222–35.

Uses and Administration
Aceclofenac, a phenylacetic acid derivative, is an NSAID (see
p.99) related to diclofenac (p.44). It is used in the management of
osteoarthritis, rheumatoid arthritis, and ankylosing spondylitis,
in usual oral doses of 100 mg twice daily. Reduced doses should
be used in patients with hepatic impairment, see below.
◊ Reviews.
1. Dooley M, et al. Aceclofenac: a reappraisal of its use in the man-

agement of pain and rheumatic disease. Drugs 2001; 61:
1351–78. 

2. Reginster JY, et al. Comment positionner l’acéclofénac au sein
de l’arsenal thérapeutique des pathologies ostéo-articulaires
chroniques? Rev Med Liege 2001; 56: 484–8. 

3. Legrand E. Aceclofenac in the management of inflammatory
pain. Expert Opin Pharmacother 2004; 5: 1347–57. 

4. Lee J, et al. Formulation of microemulsion systems for transder-
mal delivery of aceclofenac. Arch Pharm Res 2005; 28:
1097–1102.

Administration in hepatic impairment. The initial oral
dose of aceclofenac should be reduced to 100 mg daily in pa-
tients with hepatic impairment.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Berlofen; Bristaflam†; Austria: Beofenac†; Belg.: Air-Tal; Biofenac;
Braz.: Aceflan†; Cecoflan†; Proflam; Chile: Airtal†; Bristaflam†; Denm.:
Barcan; Fin.: Barcan; Fr.: Cartrex; Ger.: Beofenac; Gr.: Aceclonac; Arlina;
Biofenac; Sovipan; Hung.: Aflamin; India: Aceclo; Arrestin; Movon; Zero-
dol; Ital.: Airtal; Gladio; Kafenac; Mex.: Bristaflam; Neth.: Biofenac; Norw.:
Barcan; Philipp.: Clanza; Port.: Airtal; Biofenac; Rus.: Airtal (Аэртал);
Spain: Airtal; Airtal Difucrem; Falcol; Gerbin; Sanein; Swed.: Barcan;
Switz.: Locomin†; UAE: Aceclofar; UK: Preservex; Venez.: Airtal†; Brista-
flam.

Multi-ingredient: India: Kinectine; Kinectine P; Kinectine-MR; Movon-
MR; Movon-P†; Zerodol-MR; Zerodol-P.

Acemetacin (BAN, rINN)

Acemetacina; Acémétacine; Acemetacinum; Asemetasin; Bay-f-
4975; Indometasinin Glikolik Asit Esteri; TVX-1322. O-[(1-p-
Chlorobenzoyl-5-methoxy-2-methylindol-3-yl)acetyl]glycolic ac-
id.

Ацеметацин

C21H18ClNO6 = 415.8.

CAS — 53164-05-9.

ATC — M01AB11.

ATC Vet — QM01AB11.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Acemetacin). A yellow or greenish-yellow, crys-
talline powder. It exhibits polymorphism. Practically insoluble in
water; slightly soluble in anhydrous alcohol; soluble in acetone.
Protect from light.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics
Acemetacin is well absorbed after oral dosage. Its major metab-
olite is indometacin (p.66) which, after repeated doses, is present
at higher concentrations than those of acemetacin. Acemetacin is
bound to plasma proteins to a slightly lesser extent than indomet-
acin. It is eliminated via both the liver and the kidneys.

Uses and Administration
Acemetacin, a glycolic acid ester of indometacin, is an NSAID
(p.99). Its pharmacological activity is due to both acemetacin and
its major metabolite, indometacin (p.66). Acemetacin is used in
rheumatoid arthritis, osteoarthritis, and low back pain, and for
postoperative pain and inflammation. Usual oral doses are 120 to
180 mg daily in divided doses. Acemetacin is eliminated by both
hepatic and renal routes, although pharmacokinetics are not af-
fected by moderate renal or hepatic impairment and appear to be
unchanged in the elderly.
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1. Jones RW, et al. Comparative pharmacokinetics of acemetacin in

young subjects and elderly patients. Br J Clin Pharmacol 1991;
31: 543–5. 

2. Hazleman B, Bernstein RM. Acemetacin in the long-term thera-
py of rheumatoid arthritis. Curr Med Res Opin 1993; 13:
119–26. 

3. Chou CT, Tsai YY. A double-blind, randomized, controlled par-
allel group study evaluating the efficacy and safety of acemet-
acin for the management of osteoarthritis. Int J Clin Pharmacol
Res 2002; 22: 1–6. 

4. Leeb BF, et al. Behandlung der Gonarthrose: Wirksamkeit und
Verträglichkeit von retardiertem Acemetacin im Vergleich zu
Celecoxib. Orthopade 2004; 33: 1032–41.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Rheutrop; Cz.: Rantudil; Ger.: Acemetadoc; Acephlogont†; Ran-
tudil; Gr.: Gamespir†; Rantutal; Hung.: Rantudil; Ital.: Acemix; Solart†;
Jpn: Rantudil; Mex.: Rantudil; Philipp.: Rantudil; Pol.: Rantudil; Port.:
Rantudil; Spain: Espledol; Oldan; Switz.: Tilur; Turk.: Rantudil; UK: Em-
flex; Venez.: Mostanol†; Pranex.

Multi-ingredient: Arg.: Rucaten Forte; Rucaten Prednisolona.

Acetanilide
Acetanilida; Antifebrin. N-Phenylacetamide.
Антифебрин; Ацетанилид
C8H9NO = 135.2.
CAS — 103-84-4.

Pharmacopoeias. In Fr.
Profile
Acetanilide, a para-aminophenol derivative related to paraceta-
mol (p.108), has analgesic and antipyretic properties. It was re-
placed by safer analgesics.

Actarit (rINN)

Actaritum; MS-932. (p-Acetamidophenyl)acetic acid.
Актарит
C10H11NO3 = 193.2.
CAS — 18699-02-0.

Profile
Actarit is reported to be a disease-modifying antirheumatic drug.
It has been given in the treatment of rheumatoid arthritis in a usu-
al oral dose of 100 mg three times daily.
Adverse effects. A photosensitivity reaction developed in a
52-year-old woman one month after starting actarit and doxycy-
cline.1 Photopatch tests for both drugs were only positive for the
patches containing actarit.
1. Kawada A, et al. Photosensitivity due to actarit. Contact Derma-

titis 1997; 36: 175–6.

Use. References.
1. Nakamura H, et al. Clinical effects of actarit in rheumatoid ar-

thritis: improvement of early disease activity mediated by reduc-
tion of serum concentrations of nitric oxide. Clin Exp Rheumatol
2000; 18: 445–50.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Mover†; Orcl.

Adalimumab (BAN, USAN, rINN)

Adalimumabum; D2E7; LU-200134. Immunoglobulin G1 (hu-
man monoclonal D2E7 heavy chain anti-human tumor necrosis
factor), disulfide with human monoclonal D2E7κ-chain, dimer.
Адалимумаб
CAS — 331731-18-1.
ATC — L04AB04.
ATC Vet — QL04AB04.

Adverse Effects and Precautions
As for Infliximab, p.69. 
Injection site reactions including erythema, itching,
pain, and swelling are the most common adverse reac-
tions with adalimumab; however, most reactions are
mild and do not result in drug withdrawal. Other com-
mon reactions include headache, rashes, back pain, hy-
pertension, paraesthesias, increased alkaline phosphate
levels, and cough. 
Autoantibodies to adalimumab have been detected.

Interactions
As for Infliximab, p.71. 
Methotrexate is reported to reduce the clearance of
adalimumab by up to 44% but licensed product infor-
mation for the latter states that dosage adjustment for
either drug does not appear to be necessary.

Pharmacokinetics
Adalimumab is reported to have linear pharmacokinet-
ics at usual dosages. After subcutaneous injection peak

concentrations are reached in about 3 to 8 days and bio-
availability is estimated to be 64%. The mean terminal
half-life is about 2 weeks.
◊ References.
1. Nestorov I. Clinical pharmacokinetics of tumor necrosis factor

antagonists. J Rheumatol 2005; 74 (suppl): 13–18.

Uses and Administration
Adalimumab is a recombinant human monoclonal
tumour necrosis factor (TNF) antibody that binds
specifically to TNF-α and blocks its interaction with
endogenous cell-surface TNF receptors. It also modu-
lates biological responses that are induced or regulated
by TNF. Elevated levels of TNF have been found in the
affected tissues and fluids of patients with rheumatoid
arthritis, ankylosing spondylitis, psoriatic arthritis,
plaque psoriasis, and Crohn’s disease. 
Adalimumab is used in the treatment of moderate to
severe, active rheumatoid arthritis and active and
progressive psoriatic arthritis to delay structural
damage and improve physical function. In the UK, it is
licensed for use in patients who have had an inadequate
response to standard disease-modifying antirheumatic
drugs (DMARDs), although in severe progressive
rheumatoid arthritis it may be used in patients not pre-
viously treated with methotrexate; in the USA, it may
be used to reduce the signs and symptoms of early dis-
ease. Adalimumab is also used in the treatment of
active ankylosing spondylitis: UK licensed product
information recommends that it should only be used in
patients with severe disease who have had an inade-
quate response to conventional treatment; however, in
the USA it may be used to reduce signs and symptoms
in early disease. For all the above indications, it is giv-
en by subcutaneous injection in a dose of 40 mg every
other week. In the treatment of rheumatoid arthritis,
UK licensed product information recommends that
adalimumab should be given with methotrexate, al-
though monotherapy may be used where treatment
with methotrexate would be inappropriate. When used
as monotherapy in rheumatoid arthritis, some patients
may benefit from increasing the dose to 40 mg every
week. Clinical response is usually achieved within 12
weeks of treatment. 
Adalimumab is also used in the treatment of moderate
to severe, active Crohn’s disease unresponsive to con-
ventional treatment; it may also be used in patients who
have relapsed while taking infliximab. Patients may be
given an initial dose of 160 mg on day 1 (given as four
40-mg injections in one day or two 40-mg injections
daily for 2 consecutive days), followed by 80 mg two
weeks later (day 15). After a further two weeks (day
29), a maintenance dose of 40 mg every other week
may be started. Alternatively, UK licensed product in-
formation advises that patients at risk of adverse effects
may be given 80 mg initially, followed by 40 mg 2
weeks later; thereafter, usual maintenance doses may
be given. A clinical response is usually seen within 12
weeks of starting treatment; those patients who relapse
while on adalimumab may benefit from increasing the
maintenance dose to 40 mg every week. 
In the treatment of moderate to severe chronic plaque
psoriasis in patients unresponsive to, or intolerant of,
conventional systemic therapy including phototherapy,
the recommended initial dose of adalimumab is 80 mg
subcutaneously; this may be followed by a mainte-
nance dose of 40 mg subcutaneously on alternate
weeks, starting 1 week after the initial dose. A clinical
response is usually seen within 16 weeks of starting
treatment. 
For the uses of adalimumab in children, and recom-
mended doses, see below.
Administration in children. In the USA, adalimumab is li-
censed in the treatment of moderate to severe, active juvenile id-
iopathic arthritis in children aged 4 years and above: it may be
used alone or with methotrexate. The dose is calculated accord-
ing to weight and is given subcutaneously: those weighing 15 kg
to less than 30 kg should be given 20 mg every other week, while
heavier children may receive 40 mg every other week.
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Inflammatory bowel disease. Adalimumab is used in the
management of Crohn’s disease1-4 (p.1697), including in patients
who are intolerant of, or relapse on, infliximab treatment.5-8 It
has also been tried in the treatment of ulcerative colitis (p.1697).9
1. Hanauer SB, et al. Human anti-tumor necrosis factor monoclonal

antibody (adalimumab) in Crohn’s disease: the CLASSIC-I trial.
Gastroenterology 2006; 130: 323–33. 

2. Sandborn WJ, et al. Adalimumab for maintenance treatment of
Crohn’s disease: results of the CLASSIC II trial. Gut 2007; 56:
1232–9. 

3. Colombel JF, et al. Adalimumab for maintenance of clinical re-
sponse and remission in patients with Crohn’s disease: the
CHARM trial. Gastroenterology 2007; 132: 52–65. 

4. Plosker GL, Lyseng-Williamson KA. Adalimumab: in Crohn’s
disease. BioDrugs 2007; 21: 125–32. 

5. Sandborn WJ, et al. An open-label study of the human anti-TNF
monoclonal antibody adalimumab in subjects with prior loss of
response or intolerance to infliximab for Crohn’s disease. Am J
Gastroenterol 2004; 99: 1984–9. 

6. Papadakis KA, et al. Safety and efficacy of adalimumab (D2E7)
in Crohn’s disease patients with an attenuated response to inflix-
imab. Am J Gastroenterol 2005; 100: 75–9. 

7. Peyrin-Biroulet L, et al. Adalimumab maintenance therapy for
Crohn’s disease with intolerance or lost response to infliximab:
an open-label study. Aliment Pharmacol Ther 2007; 25: 675–80. 

8. Sandborn WJ, et al. Adalimumab induction therapy for Crohn
disease previously treated with infliximab: a randomized trial.
Ann Intern Med 2007; 146: 829–38. 

9. Peyrin-Biroulet L, et al. Adalimumab induction therapy for ul-
cerative colitis with intolerance or lost response to infliximab: an
open-label study. World J Gastroenterol 2007; 13: 2328–32.

Psoriasis. Adalimumab is used in the treatment of plaque pso-
riasis (p.1583). 
References.
1. Gordon KB, et al. Clinical response to adalimumab treatment in

patients with moderate to severe psoriasis: double-blind, rand-
omized controlled trial and open-label extension study. J Am
Acad Dermatol 2006; 55: 598–606. 

2. Papoutsaki M, et al. Adalimumab for severe psoriasis and psori-
atic arthritis: an open-label study in 30 patients previously treat-
ed with other biologics. J Am Acad Dermatol 2007; 57: 269–75. 

3. Menter A, et al. Adalimumab therapy for moderate to severe
psoriasis: a randomized, controlled phase III trial. J Am Acad
Dermatol 2008; 58: 106–15. 

4. Revicki D, et al. Impact of adalimumab treatment on health-re-
lated quality of life and other patient-reported outcomes: results
from a 16-week randomized controlled trial in patients with
moderate to severe plaque psoriasis. Br J Dermatol 2008; 158:
549–57. 

5. Saurat J-H, et al. CHAMPION Study Investigators. Efficacy and
safety results from the randomized controlled comparative study
of adalimumab vs. methotrexate vs. placebo in patients with pso-
riasis. Br J Dermatol 2008; 158: 558–66. 

6. NICE. Adalimumab for the treatment of adults with psoriasis:
Technology Appraisal Guidance 146 (issued June 2008). Avail-
a b l e  a t :  h t t p : / / w w w. n i c e . o rg . u k / n i c e m e d i a / p d f /
TA146Guidance.pdf (accessed 25/07/08)

Rheumatoid arthritis. References to the use of adalimumab
in rheumatoid arthritis (p.11).
1. den Broeder AA, et al. Long-term anti-tumour necrosis factor

alpha monotherapy in rheumatoid arthritis: effect on radiologi-
cal course and prognostic value of markers of cartilage turnover
and endothelial activation. Ann Rheum Dis 2002; 61: 311–18. 

2. Rau R. Adalimumab (a fully human anti-tumour necrosis factor
alpha monoclonal antibody) in the treatment of active rheuma-
toid arthritis: the initial results of five trials. Ann Rheum Dis
2002; 61 (suppl 2): 70–3. 

3. Weinblatt ME, et al. Adalimumab, a fully human anti-tumor
necrosis factor alpha monoclonal antibody, for the treatment of
rheumatoid arthritis in patients taking concomitant methotrex-
ate: the ARMADA trial. Arthritis Rheum 2003; 48: 35–45. 

4. Furst DE, et al. Adalimumab, a fully human anti tumor necrosis
factor-alpha monoclonal antibody, and concomitant standard
antirheumatic therapy for the treatment of rheumatoid arthritis:
results of STAR (Safety Trial of Adalimumab in Rheumatoid
Arthritis). J Rheumatol 2003; 30: 2563–71. 

5. van de Putte LB, et al. Efficacy and safety of adalimumab as
monotherapy in patients with rheumatoid arthritis for whom
previous disease modifying antirheumatic drug treatment has
failed. Ann Rheum Dis 2004; 63: 508–16. 

6. Keystone EC, et al. Radiographic, clinical, and functional out-
comes of treatment with adalimumab (a human anti-tumor
necrosis factor monoclonal antibody) in patients with active
rheumatoid arthritis receiving concomitant methotrexate thera-
py: a randomized, placebo-controlled, 52-week trial. Arthritis
Rheum 2004; 50: 1400–11. 

7. Wick MC, et al. Adalimumab (Humira) restores clinical re-
sponse in patients with secondary loss of efficacy from inflixi-
mab (Remicade) or etanercept (Enbrel): results from the
STURE registry at Karolinska University Hospital. Scand J
Rheumatol 2005; 34: 353–8. 

8. Navarro-Sarabia F, et al. Adalimumab for treating rheumatoid
arthritis. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
13/06/08). 

9. Weinblatt ME, et al. Long term efficacy and safety of adalimu-
mab plus methotrexate in patients with rheumatoid arthritis:
ARMADA 4 year extended study. Ann Rheum Dis 2006; 65:
753–9. 

10. Breedveld FC, et al. The PREMIER study: a multicenter, rand-
omized, double-blind clinical trial of combination therapy with
adalimumab plus methotrexate versus methotrexate alone or
adalimumab alone in patients with early, aggressive rheumatoid
arthritis who had not had previous methotrexate treatment. Ar-
thritis Rheum 2006; 54: 26–37. 

11. Heiberg MS, et al. Adalimumab and methotrexate is more effec-
tive than adalimumab alone in patients with established rheuma-
toid arthritis: results from a 6-month longitudinal, observation-
al, multicentre study. Ann Rheum Dis 2006; 65: 1379–83. 

12. Cvetković RS, Scott LJ. Adalimumab: a review of its use in
adult patients with rheumatoid arthritis. BioDrugs 2006; 20:
293–311. 

13. Burmester GR, et al. Adalimumab alone and in combination
with disease-modifying antirheumatic drugs for the treatment of
rheumatoid arthritis in clinical practice: the Research in Active
Rheumatoid Arthritis (ReAct) trial. Ann Rheum Dis 2007; 66:
732–9. 

14. Bombardieri S, et al. Research in Active Rheumatoid Arthritis
(ReAct) Study Group. Effectiveness of adalimumab for rheuma-
toid arthritis in patients with a history of TNF-antagonist thera-
py in clinical practice. Rheumatology (Oxford) 2007; 46:
1191–9. 

15. NICE. Adalimumab, etanercept and infliximab for the treatment
of rheumatoid arthritis: Technology Appraisal Guidance 130
(issued October 2007). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA130guidance.pdf (accessed 13/06/08)

Spondyloarthropathies. References to the use of adalimum-
ab in ankylosing spondylitis and psoriatic arthritis (see Spondy-
loarthropathies, p.13).
1. Chew A-L, et al. Successful treatment of severe psoriasis and

psoriatic arthritis with adalimumab. Br J Dermatol 2004; 151:
492–6. 

2. Mease PJ, et al. Adalimumab for the treatment of patients with
moderately to severely active psoriatic arthritis: results of a dou-
ble-blind, randomized, placebo-controlled trial. Arthritis
Rheum 2005; 52: 3279–89. 

3. van der Heijde D, et al. Efficacy and safety of adalimumab in
patients with ankylosing spondylitis: results of a multicenter,
randomized, double-blind, placebo-controlled trial. Arthritis
Rheum 2006; 54: 2136–46. 

4. van der Heijde D, et al. ATLAS Study Group. Efficacy and safe-
ty of adalimumab in patients with ankylosing spondylitis: re-
sults of a multicenter, randomized, double-blind, placebo-con-
trolled trial. Arthritis Rheum 2006; 54: 2136–46. 

5. Simpson D, Scott LJ. Adalimumab: in psoriatic arthritis. Drugs
2006; 66: 1487–96. 

6. Gladman DD, et al. Adalimumab improves joint-related and
skin-related functional impairment in patients with psoriatic ar-
thritis: patient-reported outcomes of the Adalimumab Effective-
ness in Psoriatic Arthritis Trial. Ann Rheum Dis 2007; 66:
163–8. 

7. Gladman DD, et al. Adalimumab for long-term treatment of
psoriatic arthritis: forty-eight week data from the adalimumab
effectiveness in psoriatic arthritis trial. Arthritis Rheum 2007;
56: 476–88. 

8. Genovese MC, et al. M02-570 Study Group. Safety and efficacy
of adalimumab in treatment of patients with psoriatic arthritis
who had failed disease modifying antirheumatic drug therapy. J
Rheumatol 2007; 34: 1040–50. Correction. ibid.; 1439. 

9. Davis JC, et al. Health-related quality of life outcomes in pa-
tients with active ankylosing spondylitis treated with adalimu-
mab: results from a randomized controlled study. Arthritis
Rheum 2007; 57: 1050–7. 

10. NICE. Adalimumab for the treatment of psoriatic arthritis:
Technology Appraisal Guidance 125 (issued August 2007).
Available  at :  http:/ /www.nice.org.uk/nicemedia/pdf/
TA125guidance.pdf (accessed 13/06/08)

Uveitis. Adalimumab has been tried with some success in the
treatment of idiopathic uveitis (p.1515). Uveitis can also develop
as a complication of other inflammatory disorders such as rheu-
matoid arthritis; treatment with adalimumab may improve ocular
symptoms in addition to its effect on the primary disorder. 
References.
1. Vazquez-Cobian LB, et al. Adalimumab therapy for childhood

uveitis. J Pediatr 2006; 149: 572–5. 
2. Biester S, et al. Adalimumab in the therapy of uveitis in child-

hood. Br J Ophthalmol 2007; 91: 319–24.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Humira; Austral.: Humira; Belg.: Humira; Braz.: Humira; Canad.:
Humira; Chile: Humira; Cz.: Humira; Denm.: Humira; Fin.: Humira; Fr.:
Humira; Ger.: Humira; Gr.: Humira; Hong Kong: Humira; Hung.: Humira;
Irl.: Humira; Israel: Humira; Ital.: Humira; Malaysia: Humira; Mex.: Hu-
mira; Neth.: Humira; Trudexa; Norw.: Humira; NZ: Humira; Pol.: Humira;
Port.: Humira; Singapore: Humira; Spain: Humira; Swed.: Humira;
Switz.: Humira; UK: Humira; USA: Humira; Venez.: Humira.

Alfentanil Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Alfentaniilihydrokloridi; Alfentanil, chlorhydrate d’; Alfentanil Hid-
roklorür; Alfentanil-hidroklorid; Alfentanil-hydrochlorid; Alfen-
tanilhydroklorid; Alfentanili hydrochloridum; Alfentanilio hidro-
chloridas; Hidrocloruro de alfentanilo; R-39209. N-{1-[2-(4-
Ethyl-5-oxo-2-tetrazolin-1-yl)ethyl]-4-(methoxymethyl)-4-piper-
idyl}propionanilide hydrochloride.

Альфентанила Гидрохлорид

C21H32N6O3,HCl = 453.0.

CAS — 71195-58-9 (alfentanil); 69049-06-5 (anhydrous
alfentanil hydrochloride); 70879-28-6 (alfentanil hydro-
chlor ide monohydrate).

ATC — N01AH02.

ATC Vet — QN01AH02.

(alfentanil)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Alfentanil Hydrochloride). A white or almost white
powder. Freely soluble in water, in alcohol, and in methyl alco-
hol. Protect from light. 
USP 31 (Alfentanil Hydrochloride). A white to almost white
powder. Soluble in water; freely soluble in alcohol, in chloro-
form, and in methyl alcohol; sparingly soluble in acetone. Store
in airtight containers.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102, and for
Fentanyl, p.56.
Effects on the cardiovascular system. Sinus arrest had
occurred1 during intubation in 2 patients given alfentanil
30 micrograms/kg.
1. Maryniak JK, Bishop VA. Sinus arrest after alfentanil. Br J

Anaesth 1987; 59: 390–1.

Effects on mental function. Like fentanyl, alfentanil 7.5 or
15 micrograms/kg intravenously had no effect on memory in
healthy subjects.1 In another study impairment of memory for
new facts did occur 2 hours after operation in patients anaesthe-
tised with alfentanil 7.5 micrograms/kg, but not in those given
fentanyl;2 methohexital might have contributed to the impair-
ment.
1. Scamman FL, et al. Ventilatory and mental effects of alfentanil

and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63–7. 
2. Kennedy DJ, Ogg TW. Alfentanil and memory function: a com-

parison with fentanyl for day case termination of pregnancy. An-
aesthesia 1985; 40: 537–40.

Effects on the respiratory system. Alfentanil, like other
opioid agonists, causes dose-related respiratory depression; it is
significant with doses of more than 1 mg. Recovery has been re-
ported to be faster after alfentanil than after fentanyl (see p.56),1,2

possibly reflecting the shorter elimination half-life of alfentanil.
Even so, accumulation of alfentanil is possible with large doses
over a prolonged period. Profound analgesia is accompanied by
marked respiratory depression which may persist or recur post-
operatively. 
Sudden respiratory arrest usually within an hour after the end of
alfentanil infusion has been reported in patients who initially ap-
peared to have made a rapid recovery from anaesthesia;3-5 all re-
sponded to treatment with naloxone. Close monitoring of respi-
ration in the initial postoperative period was recommended and
this was reinforced by the manufacturers;6 factors such as hyper-
ventilation and the use of opioid premedication might enhance or
prolong the respiratory depressant effects of alfentanil.
1. Andrews CJH, et al. Ventilatory effects during and after contin-

uous infusion of fentanyl or alfentanil. Br J Anaesth 1983; 55:
211S–16S. 

2. Scamman FL, et al. Ventilatory and mental effects of alfentanil
and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63–7. 

3. Sebel PS, et al. Respiratory depression after alfentanil infusion.
BMJ 1984; 289: 1581–2. 

4. Krane BD, et al. Alfentanil and delayed respiratory depression:
cases studies and review. Anesth Analg 1990; 70: 557–61. 

5. Sternlo JEG, Sandin RH. Recurrent respiratory depression after
total intravenous anaesthesia with propofol and alfentanil. An-
aesthesia 1998; 53: 378–81. 

6. Waldron HA, Cookson RF. Respiratory depression after alfen-
tanil infusion. BMJ 1985; 290: 319.

Precautions
As for Opioid Analgesics in general, p.103.
Children. Alfentanil given to preterm infants undergoing paral-
ysis and mechanical ventilation for respiratory distress syndrome
resulted in a rapid and significant fall in heart rate and blood pres-
sure, emphasising that proper evaluation of the pharmacological
and clinical effects was necessary.1 
The BNFC states that the half-life of alfentanil is prolonged in
neonates and accumulation is likely with prolonged use; muscle
rigidity may occur and the use of muscle relaxants may be re-
quired.
1. Marlow N, et al. Hazards of analgesia for newborn infants. Arch

Dis Child 1988; 63: 1293.

The elderly. EEG changes suggested that elderly patients had
increased brain sensitivity to alfentanil,1 and that lower doses
might be indicated in older patients for pharmacodynamic rather
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than pharmacokinetic reasons. See also under Pharmacokinetics,
below.
1. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-

quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159–66.

Handling. Avoid contact with the skin and the inhalation of par-
ticles of alfentanil hydrochloride.
Inflammatory bowel disease. Patients with Crohn’s disease
required higher doses of alfentanil than control patients1 al-
though there were no differences in alfentanil pharmacokinetics
between the 2 groups of patients.
1. Gesink-van der Veer BJ, et al. Influence of Crohn’s disease on

the pharmacokinetics and pharmacodynamics of alfentanil. Br J
Anaesth 1993; 71: 827–34.

Pregnancy. UK licensed product information contra-indicates
the use of alfentanil in labour, or before clamping of the cord
during caesarean section, because placental transfer means there
is a risk of neonatal respiratory depression.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Drugs that depress the heart or increase vagal tone,
such as beta blockers and anaesthetic drugs, may pre-
dispose patients given alfentanil to develop bradycar-
dia and hypotension. Use of alfentanil with non-vago-
lytic neuromuscular blockers may produce
bradycardia and possibly asystole. 
The metabolism of alfentanil via the cytochrome P450
isoenzyme CYP3A4 may be reduced by potent inhibi-
tors of this isoenzyme, resulting in a risk of prolonged
or delayed respiratory depression. Reduced doses of al-
fentanil may be required if given with a CYP3A4 in-
hibitor such as cimetidine, diltiazem, erythromycin,
fluconazole, itraconazole, ketoconazole, or ritonavir.
Antibacterials. The elimination half-life of alfentanil was in-
creased and clearance decreased when given after a 7-day course
of oral erythromycin in healthy subjects.1 Prolonged respiratory
depression has also occurred in a 32-year-old man given alfen-
tanil during anaesthesia after three 1-g doses of erythromycin in
the 24 hours before surgery.2 In another study of healthy subjects,
the clearance (three-compartment model) of alfentanil was re-
duced by 70% in those given oral troleandomycin.3 
Other hepatic enzyme inhibitors and drugs interfering with he-
patic blood flow might also affect the clearance of alfentanil.
1. Bartkowski RR, et al. Inhibition of alfentanil metabolism by

erythromycin. Clin Pharmacol Ther 1989; 46: 99–102. 
2. Bartkowski RR, McDonnell TE. Prolonged alfentanil effect fol-

lowing erythromycin administration. Anesthesiology 1990; 73:
566–8. 

3. Kharasch ED, et al. The role of cytochrome P450 3A4 in alfen-
tanil clearance: implications for interindividual variability in dis-
position and perioperative drug interactions. Anesthesiology
1997; 87: 36–50.

Antifungals. Azole antifungals such as fluconazole, ketocona-
zole, or voriconazole can inhibit the metabolism of alfentanil. In
a study,1 giving alfentanil 1 hour after intravenous or oral fluco-
nazole decreased the clearance of alfentanil by 60 and 55%, re-
spectively and increased the mean half-life of alfentanil from 1.5
hours to 2.7 and 2.5 hours, respectively. Similarly, another study2

found that giving alfentanil 1 hour after oral voriconazole de-
creased the clearance of alfentanil by 85% and increased the
mean half-life of alfentanil to 6.6 hours.
1. Palkama VJ, et al. The effect of intravenous and oral fluconazole

on the pharmacokinetics and pharmacodynamics of intravenous
alfentanil. Anesth Analg 1998; 87: 190–4. 

2. Saari TI, et al. Voriconazole, but not terbinafine, markedly re-
duces alfentanil clearance and prolongs its half-life. Clin Phar-
macol Ther 2006; 80: 502–8.

Pharmacokinetics
After parenteral doses alfentanil hydrochloride has a
rapid onset and short duration of action. Alfentanil is
about 90% protein bound and has a small volume of
distribution. Its terminal elimination half-life is about 1
to 2 hours. It is metabolised in the liver; oxidative N-
and O-dealkylation by the cytochrome P450 isoen-
zyme CYP3A4 leads to inactive metabolites, which are
excreted in the urine. Alfentanil crosses the blood-
brain barrier and the placenta and has been detected in
colostrum.
◊ Alfentanil is less lipid-soluble than fentanyl, but more so than
morphine. It is highly bound to plasma proteins, mainly to α1-
acid glycoprotein. Decreased lipid solubility can be expected to
limit penetration of the blood-brain barrier when compared with
fentanyl, but the majority of unbound alfentanil is unionised and
can rapidly gain access to the CNS. Alfentanil has a smaller vol-
ume of distribution than fentanyl and its elimination half-life is

shorter. The manufacturers have given values for a three-com-
partment pharmacokinetic model with a distribution half-life of
0.4 to 3.1 minutes, a redistribution half-life of 4.6 to 21.6 min-
utes, and a terminal elimination half-life of 64.1 to 129.3 minutes
after single bolus injections of 50 or 125 micrograms/kg. Accu-
mulation is less likely than with fentanyl, but can occur after re-
peated or continuous dosage especially in patients with reduced
clearance. The mean elimination half-life reported is usually
about 90 minutes, but this is reduced in children and increased in
the elderly and neonates, in hepatic impairment, in the obese, and
during cardiopulmonary bypass (see below).
◊ Reviews.
1. Hull CJ. The pharmacokinetics of alfentanil in man. Br J Anaesth

1983; 55 (suppl 2): 157S–164S. 
2. Mather LE. Clinical pharmacokinetics of fentanyl and its newer

derivatives. Clin Pharmacokinet 1983; 8: 422–46. 
3. Davis PJ, Cook DR. Clinical pharmacokinetics of the newer in-

travenous anaesthetic agents. Clin Pharmacokinet 1986; 11:
18–35. 

4. Bodenham A, Park GR. Alfentanil infusions in patients requiring
intensive care. Clin Pharmacokinet 1988; 15: 216–26. 

5. Scholz J, et al. Clinical pharmacokinetics of alfentanil, fentanyl
and sufentanil. Clin Pharmacokinet 1996; 31: 275–92.

Administration. CONTINUOUS INTRAVENOUS INFUSION.

Small studies of alfentanil by continuous intravenous
infusion1-3 have found pharmacokinetic parameters to be sim-
ilar to those after a single bolus injection, but with some con-
flicting results. In 29 patients undergoing orthopaedic surgery
an initial bolus intravenous injection of alfentanil
50 micrograms/kg was followed by intravenous infusion of
1 microgram/kg per minute, continued for 44 to 445 minutes;
a second bolus injection of 50 micrograms/kg was given im-
mediately before incision and an additional bolus injection of
1 mg given if necessary.4 The time course of the plasma-al-
fentanil concentration fitted a two-compartmental model in
26 patients. Terminal half-lives varied widely from 56 to 226
minutes (mean 106 minutes), the highest values being mainly
in patients over 60 years. There was no significant correlation
between pharmacokinetic parameters and the duration of the
infusion or the total dose. Plasma clearance and volumes of
distribution did not correlate significantly with body-weight
although steady-state volume of distribution was enlarged
with increasing age. The mean estimated steady-state con-
centrat ion was 293 nanograms/mL (range 147 to
636 nanograms/mL).
1. Fragen RJ, et al. Pharmacokinetics of the infusion of alfentanil

in man. Br J Anaesth 1983; 55: 1077–81. 
2. Shafer A, et al. Pharmacokinetics and pharmacodynamics of al-

fentanil infusions during general anesthesia. Anesth Analg 1986;
65: 1021–8. 

3. Reitz JA, et al. The pharmacokinetics of alfentanil in gynecolog-
ic surgical patients. J Clin Pharmacol 1986; 26: 60–4. 

4. van Beem H, et al. Pharmacokinetics of alfentanil during and
after a fixed rate infusion. Br J Anaesth 1989; 62: 610–15.

INTRAMUSCULAR. See The Elderly, below.
Burns. The volume of distribution and total clearance of alfen-
tanil were reduced and its elimination half-life prolonged in pa-
tients with burns.1 This was due, in part, to raised concentrations
of α1-acid glycoprotein leading to increased protein binding.
1. Macfie AG, et al. Disposition of alfentanil in burns patients. Br

J Anaesth 1992; 69: 447–50.

Cardiopulmonary bypass. The elimination half-life of alfen-
tanil increased from 72 minutes before cardiopulmonary bypass
to 195 minutes afterwards in 5 patients.1 This was attributed to an
increase in volume of distribution, based in part on a dilution-
induced decrease in plasma protein binding. Others2,3 found that
on starting cardiopulmonary bypass total serum concentrations
of alfentanil were halved, mainly because of dilution of α1-acid
glycoprotein and an increase in unbound alfentanil.
1. Hug CC, et al. Alfentanil pharmacokinetics in patients before

and after cardiopulmonary bypass. Anesth Analg 1983; 62: 266. 
2. Kumar K, et al. The effect of cardiopulmonary bypass on plasma

protein binding of alfentanil. Eur J Clin Pharmacol 1988; 35:
47–52. 

3. Hynynen M, et al. Plasma concentration and protein binding of
alfentanil during high-dose infusion for cardiac surgery. Br J
Anaesth 1994; 72: 571–6.

Children. Alfentanil has been shown to have a shorter elimina-
tion half-life (about 40 minutes) and a smaller volume of distri-
bution in children than in adults.1 However, the half-life of alfen-
tanil is prolonged in neonates. See also Hepatic Impairment,
below.
1. Meistelman C, et al. A comparison of alfentanil pharmacokinet-

ics in children and adults. Anesthesiology 1987; 66: 13–16.

The elderly. Plasma clearance of alfentanil after a single intra-
venous dose of 50 micrograms/kg was reduced in patients more
than 65 years old when compared with that in healthy young
adults.1 Mean elimination half-life was 137 minutes in the elder-
ly and 83 minutes in the young adults. Volumes of distribution
were similar and it was considered that reduced clearance might
be due to decreased hepatic metabolism in the elderly. In a study
in male patients the terminal elimination half-life of alfentanil
increased with age, although clearance was not significantly af-
fected.2 In patients given alfentanil 1 microgram/kg per minute
by continuous intravenous infusion during orthopaedic surgery,3
terminal half-life increased linearly with age in those older than

40 years and steady-state volume of distribution was enlarged
with increasing age; clearance did not correlate significantly with
age and was thought to be more variable during a continuous in-
fusion in long-term surgery than after a single bolus injection.
Others have reported4 that the effects of age on alfentanil phar-
macokinetics are dependent on gender. In this study total plasma
clearance decreased and terminal half-life increased with in-
creasing age in women, but not in men. It has been suggested that
this effect in women may be more dependent on menopausal sta-
tus than on age.5 
In a study6 in elderly patients plasma concentrations of alfentanil
were greater and the maximum concentration occurred earlier
when alfentanil was injected into the deltoid muscle compared
with injection into the gluteal muscle.
1. Helmers H, et al. Alfentanil kinetics in the elderly. Clin Pharma-

col Ther 1984; 36: 239–43. 
2. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-

quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159–66. 

3. van Beem H, et al. Pharmacokinetics of alfentanil during and
after a fixed rate infusion. Br J Anaesth 1989; 62: 610–15. 

4. Lemmens HJM, et al. Influence of age on the pharmacokinetics
of alfentanil: gender dependence. Clin Pharmacokinet 1990; 19:
416–22. 

5. Rubio A, Cox C. Sex, age and alfentanil pharmacokinetics. Clin
Pharmacokinet 1991; 21: 81. 

6. Virkkilä M, et al. Pharmacokinetics and effects of i.m. alfentanil
as premedication for day-case ophthalmic surgery in elderly pa-
tients. Br J Anaesth 1993; 71: 507–11.

Hepatic impairment. Total plasma clearance and protein
binding of alfentanil were decreased in patients with alcoholic
cirrhosis when compared with control subjects. Elimination half-
life was prolonged from 90 to 219 minutes in the cirrhotic pa-
tients following a single intravenous dose of 50 micrograms/kg
and was attributed in part to alterations in binding sites of α1-acid
glycoprotein.1 There might be different effects on alfentanil dis-
position in patients with non-alcoholic cirrhosis or other liver
disorders.2 The pharmacokinetics of alfentanil were apparently
not affected in children with cholestatic hepatic disease whereas
clearance was reduced postoperatively in 3 patients who had un-
dergone liver transplantation.3
1. Ferrier C, et al. Alfentanil pharmacokinetics in patients with cir-

rhosis. Anesthesiology 1985; 62: 480–4. 
2. Bower S, et al. Effects of different hepatic pathologies on dispo-

sition of alfentanil in anaesthetized patients. Br J Anaesth 1992;
68: 462–5. 

3. Davis PJ, et al. Effects of cholestatic hepatic disease and chronic
renal failure on alfentanil pharmacokinetics in children. Anesth
Analg 1989; 68: 579–83.

Obesity. The pharmacokinetics of alfentanil are reportedly al-
tered in obesity.1 Elimination half-life was 172 minutes in 6
obese patients compared with 92 minutes in 7 who were not
obese. Plasma clearance of alfentanil was also decreased, al-
though others2 found that obesity had no effect on clearance, but
it did have a direct relationship with the volume of the central
compartment.
1. Bentley JB, et al. Obesity and alfentanil pharmacokinetics. An-

esth Analg 1983; 62: 251. 
2. Maitre PO, et al. Population pharmacokinetics of alfentanil: the

average dose-plasma concentration relationship and interindi-
vidual variability in patients. Anesthesiology 1987; 66: 3–12.

Renal impairment. The pharmacokinetics of alfentanil were
not affected significantly in adults1 or children2 with chronic re-
nal failure. In another study3 increased volume of distribution of
alfentanil at steady state was associated with decreased plasma
protein binding in patients with chronic renal failure.
1. Van Peer A, et al. Alfentanil kinetics in renal insufficiency. Eur

J Clin Pharmacol 1986; 30: 245–7. 
2. Davis PJ, et al. Effects of cholestatic hepatic disease and chronic

renal failure on alfentanil pharmacokinetics in children. Anesth
Analg 1989; 68: 579–83. 

3. Chauvin M, et al. Pharmacokinetics of alfentanil in chronic renal
failure. Anesth Analg 1987; 66: 53–6.

Uses and Administration
Alfentanil is a short-acting opioid analgesic (p.104) re-
lated to fentanyl (p.58). 
Alfentanil is used in surgical procedures as an analge-
sic and adjunct to general anaesthetics or as a primary
anaesthetic. It is also used as an analgesic and respira-
tory depressant in the management of mechanically
ventilated patients under intensive care. 
Alfentanil is given intravenously as the hydrochloride
although doses are expressed in terms of the base. Al-
fentanil hydrochloride 108.8 micrograms is equivalent
to about 100 micrograms of alfentanil. A peak effect
may be seen within 1.5 to 2 minutes of an injection and
analgesia can be expected to last for up to 10 minutes;
dose supplements are therefore required if it is to be
used for more prolonged surgical procedures. It may be
given by continuous intravenous infusion in ventilated
patients. 
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The dosage of alfentanil used depends on whether the
patient has spontaneous respiration or assisted ventila-
tion and on the expected duration of anaesthesia. Doses
are adjusted according to the needs of the patient. Chil-
dren may require higher or more frequent doses than
adults, whereas the elderly or debilitated patients may
require lower or less frequent doses. Obese patients
may require doses based on their ideal (lean) body-
weight. 
When used as an adjunct in the maintenance of gen-
eral anaesthesia the initial licensed dose in the UK is
as follows: 
• in patients with spontaneous respiration, up to

500 micrograms may be given slowly over about
30 seconds with supplementary doses of
250 micrograms 

• ventilated patients may be given 30 to
50 micrograms/kg wi th  supplements  of
15 micrograms/kg. When given by infusion to venti-
lated patients there is an initial loading dose of 50 to
100 micrograms/kg given as a bolus or by infusion
over 10 minutes, followed by infusion at a rate of 0.5
to 1 microgram/kg per minute 

Typical doses that have been used in the USA are as
follows: 
• for short surgical procedures of less than 1 hour in

patients with spontaneous respiration or assisted
ventilation, the dose is 8 to 20 micrograms/kg; this
may be followed by supplementary doses of 3 to
5 micrograms/kg every 5 to 20 minutes or an infu-
sion of 0.5 to 1 microgram/kg per minute. Alterna-
tively patients with assisted or controlled vent-
ilation may be given an initial dose of 20 to
50 micrograms/kg, followed by supplementary dos-
es of 5 to 15 micrograms/kg every 5 to 20 minutes 

• in general surgical procedures in patients with as-
sisted or controlled ventilation, an initial dose of 50
to 75 micrograms/kg may be followed by an infu-
sion of 0.5 to 3 micrograms/kg per minute. If alfen-
tanil has been given in anaesthetic doses (see below)
for the induction of anaesthesia, infusion rates may
need to be reduced by 30 to 50% during the first hour
of maintenance 

Maintenance infusions of alfentanil should be stopped
10 to 30 minutes before the anticipated end of surgery. 
For details of doses in children, see below. 
The dose for the induction of anaesthesia in patients
with assisted ventilation undergoing procedures of at
least 45 minutes is 130 to 245 micrograms/kg, fol-
lowed by an inhalation anaesthetic or maintenance
doses of alfentanil of 0.5 to 1.5 micrograms/kg per
minute. 
In the UK, ventilated patients in intensive care may be
given alfentanil initially at an infusion rate of
2 mg/hour or a loading dose of 5 mg may be given in
divided doses over 10 minutes or more slowly if hypo-
tension or bradycardia occur. Thereafter a suitable rate
of infusion should be determined for each patient (rates
of 0.5 to 10 mg/hour have been used); patients should
be carefully monitored and the duration of treatment
should not generally exceed 4 days. During continuous
infusion additional bolus injections of 0.5 to 1 mg may
be given if required to provide analgesia for short pain-
ful procedures that may be carried out in intensive care. 
Alfentanil is also used as an analgesic in patients with
spontaneous respiration receiving monitored anaes-
thesia care; in the USA, an initial dose of 3 to
8 micrograms/kg may be followed by supplementary
doses of 3 to 5 micrograms/kg every 5 to 20 minutes or
an infusion of 0.25 to 1 microgram/kg per minute.
Administration. Alfentanil is usually given by intravenous in-
jection or infusion, but has also been given intramuscularly,1,2

intrathecally,3 or epidurally (see Pain, below).
1. Arendt-Nielsen L, et al. Analgesic efficacy of im alfentanil. Br J

Anaesth 1990; 65: 164–8. 

2. Virkkilä M, et al. Pharmacokinetics and effects of i.m. alfentanil
as premedication for day-case ophthalmic surgery in elderly pa-
tients. Br J Anaesth 1993; 71: 507–11. 

3. Hughes DA, Hill DA. Intrathecal alfentanil with and without
bupivacaine for analgesia in labour. Anaesthesia 2000; 55:
1116–21.

Administration in children. Alfentanil is licensed in the UK
for use in ventilated children during surgical procedures as an
analgesic and adjunct to general anaesthetics or as a primary an-
aesthetic. When used as an adjunct in the maintenance of gen-
eral anaesthesia licensed product information states that venti-
lated children may be given the usual intravenous injection doses
as for ventilated adults (see above). However, the BNFC sug-
gests that neonates may be given 5 to 20 micrograms/kg initially
and children aged from 1 month to 18 years, 10 to
20 micrograms/kg initially; supplementary doses of up to
10 micrograms/kg may be given. When given by infusion the
BNF states that ventilated children may be given the usual doses
as for ventilated adults (see above); the BNFC suggests that usual
adult doses may be given to those aged as young as 1 month. The
BNFC also suggests that neonates may be given an initial loading
dose of 10 to 50 micrograms/kg over 10 minutes followed by in-
fusion at a rate of 0.5 to 1 microgram/kg per minute.
Anaesthesia. Alfentanil, like fentanyl (p.59), appears to pro-
duce fewer circulatory changes than morphine and may be pre-
ferred for anaesthetic use, especially in cardiovascular surgery. It
is generally considered to have a shorter duration of action than
fentanyl. It has been used with propofol to facilitate intubation,
and for total intravenous anaesthesia. 
For a discussion of the drugs used to facilitate intubation and of
opioids such as alfentanil used to control the pressor response
and the rise of intra-ocular pressure associated with intubation,
see Anaesthesia, p.1900. For reference to a study indicating that
pretreatment with alfentanil can reduce the pain associated with
injection of propofol, see p.1791.
CAESAREAN SECTION. UK licensed product information contra-
indicates the use of alfentanil before clamping the cord during
caesarean section because of the risk of respiratory depression
in the neonate. A study of alfentanil 30 micrograms/kg in
women undergoing caesarean section was abandoned after
massive respiratory depression had occurred in 4 of 5 neo-
nates.1 Another study2 in patients undergoing elective caesar-
ean section found that although maternal haemodynamic re-
sponses to intubation were minimised when alfentanil
10 micrograms/kg was given intravenously immediately be-
fore induction, neonates in the alfentanil group had lower Ap-
gar scores compared with those in the placebo group. 
However, alfentanil has been used successfully to minimise
haemodynamic responses to intubation and surgery in patients
with severe cardiovascular disorders undergoing caesarean sec-
tion.3,4 A baby delivered after the successful use of alfentanil
35 micrograms/kg in a mother with severe aortic stenosis3 was
apnoeic and unresponsive with poor muscle tone; the baby re-
sponded rapidly to naloxone. Alfentanil 10 micrograms/kg im-
mediately before induction attenuated the cardiovascular re-
sponse to intubation in patients with severe pregnancy-induced
hypertension4 and was considered a suitable alternative to fenta-
nyl 2.5 micrograms/kg; no effect on neonatal mortality could be
attributed to anaesthetic technique. However, it has been sug-
gested that the use of smaller doses of alfentanil of
7.5 micrograms/kg with magnesium sulfate 30 mg/kg may pro-
vide better cardiovascular control.5
1. Leuwer M, et al. Pharmacokinetics and pharmacodynamics of an

equipotent fentanyl and alfentanil dose in mother and infant dur-
ing caesarean section. Br J Anaesth 1990; 64: 398P–9P. 

2. Gin T, et al. Alfentanil given immediately before the induction
of anesthesia for elective cesarean delivery. Anesth Analg 2000;
90: 1167–72. 

3. Redfern N, et al. Alfentanil for caesarean section complicated by
severe aortic stenosis: a case report. Br J Anaesth 1987; 59:
1309–12. 

4. Rout CC, Rocke DA. Effects of alfentanil and fentanyl on induc-
tion of anaesthesia in patients with severe pregnancy-induced
hypertension. Br J Anaesth 1990; 65: 468–74. 

5. Ashton WB, et al. Attenuation of the pressor response to tracheal
intubation by magnesium sulphate with and without alfentanil in
hypertensive proteinuric patients undergoing caesarean section.
Br J Anaesth 1991; 67: 741–7.

PHAEOCHROMOCYTOMA. Alfentanil does not release histamine
and was of value in the anaesthetic management of patients
with phaeochromocytoma.1 It has a very rapid onset of action,
good vasodilating properties, and a relatively short elimina-
tion half-life. These patients are often very somnolent for the
first 48 hours after surgery and postoperative opioid dosage
requirements may be less than expected. Alfentanil infusion
continued into the postoperative period allows careful titra-
tion of dosage.
1. Hull CJ. Phaeochromocytoma: diagnosis, preoperative prepara-

tion and anaesthetic management. Br J Anaesth 1986; 58:
1453–68.

Pain. POSTOPERATIVE ANALGESIA. Continuous on-demand epi-
dural infusions of alfentanil 200 micrograms/hour or fentanyl
20 micrograms/hour provided comparable analgesia to mor-
phine 200 micrograms/hour in the early postoperative peri-
od;1 alfentanil (16 minutes) and fentanyl (13 minutes) had the
advantage of more rapid onset of analgesia than morphine (44

minutes). However, some considered that there was no over-
all advantage of epidural over intravenous alfentanil either as
patient-controlled analgesia2 or by continuous infusion.3
1. Chrubasik J, et al. Relative analgesic potency of epidural fenta-

nyl, alfentanil, and morphine in treatment of postoperative pain.
Anesthesiology 1988; 68: 929–33. 

2. Chauvin M, et al. Equivalence of postoperative analgesia with
patient-controlled intravenous or epidural alfentanil. Anesth An-
alg 1993; 76: 1251–8. 

3. van den Nieuwenhuyzen MCO, et al. Epidural vs intravenous
infusion of alfentanil in the management of postoperative pain
following laparotomies. Acta Anaesthesiol Scand 1996; 40:
1112–18.

Preparations
USP 31: Alfentanil Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Brevafen; Austral.: Rapifen; Austria: Rapifen; Belg.: Rapifen; Braz.:
Alfast; Rapifen; Canad.: Alfenta; Chile: Rapifen; Cz.: Rapifen; Denm.:
Rapifen; Fin.: Rapifen; Fr.: Rapifen; Ger.: Rapifen; Gr.: Rapifen; Hong Kong:
Rapifen; Hung.: Rapifen; Irl.: Rapifen; Israel: Rapifen; Ital.: Fentalim; Ma-
laysia: Rapifen†; Mex.: Rapifen; Neth.: Rapifen; Norw.: Rapifen; NZ:
Rapifen; S.Afr.: Rapifen; Spain: Fanaxal; Limifen; Swed.: Rapifen; Switz.:
Rapifen; Turk.: Rapifen; UK: Rapifen; USA: Alfenta; Venez.: Rapifen.

Alminoprofen (rINN)

Alminoprofène; Alminoprofeno; Alminoprofenum. 4-[(2-Methy-
lallyl)amino]hydratropic acid.
Альминопрофен
C13H17NO2 = 219.3.
CAS — 39718-89-3.
ATC — M01AE16.
ATC Vet — QM01AE16.

Profile
Alminoprofen, a propionic acid derivative related to ibuprofen
(p.64), is an NSAID (p.96). It has been used in inflammatory and
rheumatic disorders in oral doses of up to 900 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Minalfene.

Aloxiprin (BAN, rINN)

Acetilsalicilato de polioxoaluminio; Aloksipriini; Aloxiprina;
Aloxiprine; Aloxiprinum.
Алоксиприн
CAS — 9014-67-9.
ATC — B01AC15; N02BA02.
ATC Vet — QB01AC15; QN02BA02.

Pharmacopoeias. In Br. 
BP 2008 (Aloxiprin). A polymeric condensation product of alu-
minium oxide and aspirin. A fine, white or slightly pink powder,
odourless or almost odourless. It contains not less than 7.5% and
not more than 8.5% of aluminium and not less than 79.0% and
not more than 87.4% of total salicylates, calculated as aspirin,
C9H8O4, both calculated with reference to the dried substance.
Practically insoluble in water, in alcohol, and in ether; slightly
soluble in chloroform.
Profile
Aloxiprin, a polymeric condensation product of aluminium ox-
ide and aspirin, has actions similar to those of aspirin (p.20);
aloxiprin 600 mg is equivalent to about 500 mg of aspirin.
Aloxiprin has been used as an analgesic and anti-inflammatory
in musculoskeletal and joint disorders. It has also been used in
the treatment and prevention of thromboembolic disorders.
Preparations
BP 2008: Aloxiprin Tablets.

Proprietary Preparations (details are given in Part 3)
Cz.: Superpyrin.
Multi-ingredient: UK: Askit.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aluminium Aspirin
Acetilsalicilato de aluminio; Aluminum Acetylsalicylate; Alumi-
num Aspirin; Aluminum Bis(acetylsalicylate); Aspirin Aluminium.
Bis(2-acetoxybenzoato-O′)hydroxyaluminium.

Алюминий Аспирина; Аспирин Алюминий
C18H15AlO9 = 402.3.
CAS — 23413-80-1.

Pharmacopoeias. In Jpn.

Profile
Aluminium aspirin is a salicylic acid derivative (see Aspirin,
p.20) that has been given orally in the management of fever, pain,
and musculoskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Indon.: Remasal; S.Afr.: Analgen-SA†.

Aminophenazone (rINN)

Amidazofen; Amidopyrine; Amidopyrine-Pyramidon; Amino-
fenatsoni; Aminofenazon; Aminofenazona; Aminophénazone;
Aminophenazonum; Aminopyrine; Dimethylaminoantipyrine;
Dimethylaminophenazone. 4-Dimethylamino-1,5-dimethyl-2-
phenyl-4-pyrazolin-3-one.

Аминофеназон
C13H17N3O = 231.3.
CAS — 58-15-1.
ATC — N02BB03.
ATC Vet — QN02BB03.

Pharmacopoeias. In It.

Profile
Aminophenazone, a pyrazolone derivative, is an NSAID (p.96),
but the risk of agranulocytosis is sufficiently great to render it
unsuitable for systemic use. Onset of agranulocytosis may be
sudden and unpredictable. Aminophenazone has been used as
salts or complexes, including topically as the salicylate.

Precautions. CARCINOGENICITY. Some1 consider that amino-
phenazone should be regarded as a potential carcinogen be-
cause it reacted readily with nitrous acid to form dimethylni-
trosamine. The reaction was catalysed by thiocyanate present
in the saliva particularly in smokers.
1. Boyland E, Walker SA. Catalysis of the reaction of aminopyrine

and nitrite by thiocyanate. Arzneimittelforschung 1974; 24:
1181–4.

PORPHYRIA. Aminophenazone has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Gineburno†; Cz.: Dinyl†; Eunalgit†; Hung.: An-
tineuralgica; Demalgon; Demalgonil; Dolor; Germicid-C; Germicid†; Kefal-
gin; Meristin; Ital.: Virdex; Mex.: Flumil; Switz.: Thermocutan†; Venez.:
Flexidone†.

Aminopropylone
Aminopropilona; Aminopropylon. N-(2,3-Dihydro-1,5-dimethyl-
3-oxo-2-phenyl-1H-pyrazol-4-yl)-2-(dimethylamino)propana-
mide.

Аминопропилон
C16H22N4O2 = 302.4.
CAS — 3690-04-8.

Profile
Aminopropylone is an NSAID (p.96) that has been used in topi-
cal preparations, for the local treatment of pain and inflammatory
conditions. The hydrochloride has been used similarly.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ital.: Vessiflex†.

Ammonium Salicylate
Salicilato de amonio.
Аммоний Салицилат
C7H9NO3 = 155.2.
CAS — 528-94-9.

Profile
Ammonium salicylate is a salicylic acid derivative used topically
in rubefacient preparations similarly to methyl salicylate (p.85)
for the relief of pain in musculoskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Radian-B†; Irl.: Radian-B†; UK: Radian-B.

Ampiroxicam (BAN, rINN)

Ampiroxicamum; CP-65703. 4-[1-(Ethoxycarbonyloxy)ethoxy]-
2-methyl-N2-pyridyl-2H-1,2-benzothiazine-3-carboxamide 1,1-
dioxide.
Ампироксикам
C20H21N3O7S = 447.5.
CAS — 99464-64-9.

Profile
Ampiroxicam is an NSAID (p.96) that is reported to be metabo-
lised to piroxicam (p.117). It has been given orally for the relief
of pain and inflammation particularly in musculoskeletal disor-
ders such as rheumatoid arthritis and osteoarthritis.
Adverse effects. Photosensitivity reactions have occurred dur-
ing ampiroxicam treatment.1-3

1. Kurumaji Y. Ampiroxicam-induced photosensitivity. Contact
Dermatitis 1996; 34: 298–9. 

2. Toyohara A, et al. Ampiroxicam-induced photosensitivity. Con-
tact Dermatitis 1996; 35: 101–2. 

3. Chishiki M, et al. Photosensitivity due to ampiroxicam. Derma-
tology 1997; 195: 409–10.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Flucam†.

Amtolmetin Guacil (rINN)

Amtolmetina guacilo; Amtolmétine Guacil; Amtolmetinum
Guacilum; MED-15; ST-679. N-[(1-Methyl-5-p-toluoylpyrrol-2-
yl)acetyl]glycine o-methoxyphenyl ester.
Амтолметин Гуацил
C24H24N2O5 = 420.5.
CAS — 87344-06-7.

Profile
Amtolmetin guacil is an NSAID (p.96) that is an ester prodrug of
tolmetin (p.130). It is used in painful and inflammatory disorders
in oral doses of 600 to 1200 mg daily.
◊ References.
1. Biasi G, Marcolongo R. Efficacia e tollerabilità dell’amtolmetina

guacil nel trattamento dell’artrosi in fase di riacutizzazione. Min-
erva Med 2001; 92: 315–24. 

2. Jajic Z, et al. Gastrointestinal safety of amtolmetin guacyl in
comparison with celecoxib in patients with rheumatoid arthritis.
Clin Exp Rheumatol 2005; 23: 809–18.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Artricol; Artromed; Eufans.

Amyl Salicylate
Isoamyl Salicylate; Isopentyl Salicylate; Salicilato de isoamilo; Sali-
cilato de isopentilo. 3-Methylbutyl 2-hydroxybenzoate.
Амилсалицилат
C12H16O3 = 208.3.
CAS — 87-20-7.

Pharmacopoeias. In Fr.
Profile
Amyl salicylate is a salicylic acid derivative used topically in ru-
befacient preparations similarly to methyl salicylate (p.85) for its
analgesic and anti-inflammatory actions. It has also been used in
perfumery.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Atomo Desinflamante; Atomo Desinflamante C;
Atomo Desinflamante Familiar; Rati Salil Crema; Fr.: Sedartryl†; Spain: Lin-
imento Klari†.

Anakinra (BAN, USAN, rINN)

Anakinrum; rhIL-1ra; r-metHuIL-1ra. N2-L-methionylinterleukin 1
receptor antagonist (human isoform x reduced).
Анакинра
CAS — 143090-92-0.
ATC — L04AC03.
ATC Vet — QL04AC03.

Adverse Effects and Precautions
Mild to moderate injection site reactions with symptoms of ery-
thema, bruising, swelling, and pain are common with anakinra
particularly in the first month of treatment. Other common reac-
tions include headache, nausea, diarrhoea, and abdominal pain.
Antibodies to anakinra may develop. Allergic reactions such as
rashes have been reported rarely; if a severe allergic reaction oc-
curs, anakinra should be stopped and appropriate treatment giv-
en. 
Serious infections have been reported with anakinra, particularly
in patients with asthma. These infections are mainly bacterial,
such as cellulitis, pneumonia, and bone and joint infections.
More rarely, opportunistic infections involving fungal, mycobac-
terial, and viral pathogens have also been seen. Anakinra should
be stopped in those who develop a serious infection. In addition,
therapy should not be started in patients with active infections,
including chronic or localised infections; caution is recommend-
ed in those with a history of recurrent infections or with underly-
ing conditions that may predispose to infections. 
A small decrease in absolute neutrophil count (ANC) is com-
monly seen with anakinra treatment; however, true neutropenia
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(ANC <1500 cells/mm3) is rare. Licensed product information
recommends that neutrophil counts should be taken before start-
ing anakinra and periodically throughout treatment. UK licensed
information recommends monthly monitoring during the first 6
months and then quarterly thereafter; US licensed information
requires monthly monitoring for the first 3 months and then quar-
terly monitoring for a period of up to 1 year. Anakinra should not
be started in patients with neutropenia. Small reductions in the
total white blood cell and platelets counts and a small increase in
eosinophils have also been noted. Anakinra is also associated
with an increased incidence of lymphoma in patients with rheu-
matoid arthritis. 
For caution in patients with renal impairment see under Uses and
Administration, below.
Effects on the cardiovascular system. A 29-year-old wom-
an with refractory adult-onset Still’s disease developed shortness
of breath, which progressed to cardiorespiratory failure, 3
months after being started on anakinra;1 although resuscitation
was tried, the patient died. The authors considered that the role of
anakinra in this event was unclear, particularly as the patient had
shown some evidence of myocardial or pulmonary dysfunction
before starting the drug.
1. Ruiz PJ, et al. Cardiac death in a patient with adult-onset Still’s

disease treated with the interleukin 1 receptor inhibitor anakinra.
Ann Rheum Dis 2007; 66: 422–3.

Effects on the skin. Inflammatory lesions at injection sites
were reported in 5 patients after anakinra use.1 The lesions were
erythematous, oedematous, painful, and itchy plaques, and were
seen within 16 days of starting treatment. Treatment with anak-
inra was completely stopped in 1 patient and interrupted in 2 oth-
er patients; when reintroduced, one patient developed abdominal
pain, dyspnoea, and facial and abdominal erythema with pruri-
tus.
1. Vila AT, et al. Adverse cutaneous reactions to anakinra in pa-

tients with rheumatoid arthritis: clinicopathological study of five
patients. Br J Dermatol 2005; 153: 417–23.

Interactions
Live vaccines should not be given with anakinra as its effect on
vaccine efficacy or the risk of infection transmission is unknown. 
The risk of serious infection and neutropenia is increased when
anakinra and etanercept are used together (see under Infliximab,
p.71); a similar effect may occur with other TNF antagonists.
The use of anakinra with etanercept or other TNF inhibitors is
not recommended.
Pharmacokinetics
After subcutaneous doses, peak plasma concentrations of anak-
inra are reached in 3 to 7 hours. Its terminal half-life is about 4 to
6 hours. Anakinra is excreted mainly in the urine.
Uses and Administration
Anakinra is a recombinant receptor antagonist of interleukin-1
(p.2325), an inflammatory mediator found in the plasma and
synovial fluid of patients with rheumatoid arthritis. 
Anakinra is used for the treatment of the signs and symptoms of
moderate to severely active rheumatoid arthritis in patients who
have had an inadequate response to methotrexate or another dis-
ease-modifying antirheumatic drug (DMARD) alone (but see
below). In the UK, it is only licensed for use with methotrexate;
however, in the USA, it may be given either alone or with anoth-
er DMARD, although not one that inhibits TNF (see Interac-
tions, above). The usual dose in adults is 100 mg once daily by
subcutaneous injection. The dose should be given at about the
same time each day. 
Anakinra has been tried in septic shock and graft-versus-host dis-
ease in transplant recipients, but results were disappointing.
Administration in renal impairment. Caution may be ad-
visable if anakinra is used in patients with renal impairment. A
study1 in patients with varying degrees of renal function indicat-
ed that no dosage adjustment was needed for anakinra in patients
with mild or moderate renal impairment but dosage on alternate
days appeared advisable in those with severe renal impairment.
US licensed product information also recommends alternate-day
dosing in patients with severe impairment or end-stage disease
(creatinine clearance less than 30 mL/minute). However, in the
UK, licensed product information contra-indicates use in those
with this degree of impairment. 
Dialysis does not affect anakinra concentrations to any signifi-
cant degree.
1. Yang B-B, et al. Pharmacokinetics of anakinra in subjects with

different levels of renal function. Clin Pharmacol Ther 2003; 74:
85–94.

Familial Mediterranean fever. For mention of anakinra hav-
ing been tried in familial Mediterranean fever, see p.557.
Rheumatoid arthritis. In the UK, anakinra is licensed for the
treatment of rheumatoid arthritis (p.11) in patients with an inad-
equate response to methotrexate alone; however, NICE does not
recommend its use except in the context of a controlled, long-
term clinical study. 
References.
1. Bresnihan B, et al. Treatment of rheumatoid arthritis with re-

combinant human interleukin-1 receptor antagonist. Arthritis
Rheum 1998; 41: 2196–2204. 

2. Cohen S, et al. Treatment of rheumatoid arthritis with anakinra,
a recombinant human interleukin-1 receptor antagonist, in com-
bination with methotrexate: results of a twenty-four-week, mul-
ticenter, randomized, double-blind, placebo-controlled trial. Ar-
thritis Rheum 2002; 46: 614–24. 

3. Nuki G, et al. Long-term safety and maintenance of clinical im-
provement following treatment with anakinra (recombinant hu-
man interleukin-1 receptor antagonist) in patients with rheuma-
toid arthritis: extension phase of a randomized, double-blind,
placebo-controlled trial. Arthritis Rheum 2002; 46: 2838–46. 

4. Fleischmann RM, et al. Anakinra, a recombinant human inter-
leukin-1 receptor antagonist (r-metHuIL-1ra), in patients with
rheumatoid arthritis: a large, international, multicenter, placebo-
controlled trial. Arthritis Rheum 2003; 48: 927–34. 

5. NICE. Anakinra for rheumatoid arthritis: Technology Appraisal
Guidance 72 ( issued November 2003).  Available at :
http://www.nice.org.uk/nicemedia/pdf/TA072guidance.pdf (ac-
cessed 22/06/07) 

6. Schiff MH. Durability and rapidity of response to anakinra in
patients with rheumatoid arthritis. Drugs 2004; 64: 2493–2501. 

7. Waugh J, Perry CM. Anakinra: a review of its use in the man-
agement of rheumatoid arthritis. BioDrugs 2005; 19: 189–202. 

8. Reiff A. The use of anakinra in juvenile arthritis. Curr Rheuma-
tol Rep 2005; 7: 434–40. 

9. den Broeder AA, et al. Observational study on efficacy, safety,
and drug survival of anakinra in rheumatoid arthritis patients in
clinical practice. Ann Rheum Dis 2006; 65: 760–2. 

10. Burger D, et al. Is IL-1 a good therapeutic target in the treatment
of arthritis? Best Pract Res Clin Rheumatol 2006; 20: 879–96.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Kineret; Canad.: Kineret; Cz.: Kineret; Denm.: Kineret; Fin.: Ki-
neret; Fr.: Kineret; Ger.: Kineret; Gr.: Kineret; Irl.: Kineret; Ital.: Kineret;
Neth.: Kineret; Norw.: Kineret; Pol.: Kineret; Port.: Kineret; Spain: Kiner-
et; Swed.: Kineret; UK: Kineret; USA: Kineret.

Anileridine (BAN, rINN)

Anileridiini; Anileridin; Anileridina; Aniléridine; Anileridinum. Ethyl
1-(4-aminophenethyl)-4-phenylpiperidine-4-carboxylate.
Анилеридин
C22H28N2O2 = 352.5.
CAS — 144-14-9.
ATC — N01AH05.
ATC Vet — QN01AH05.

Pharmacopoeias. In US. 
USP 31 (Anileridine). A white to yellowish-white, odourless or
practically odourless, crystalline powder. When exposed to light
and air it oxidises and darkens in colour. It exhibits polymor-
phism, and of two crystalline forms observed, one melts at about
80° and the other at about 89°. Very slightly soluble in water; sol-
uble 1 in 2 of alcohol and 1 in 1 of chloroform; soluble in ether
but solutions may be turbid. Store in airtight containers. Protect
from light.

Anileridine Hydrochloride (BANM, rINNM)

Aniléridine, Chlorhydrate d’; Anileridini Hydrochloridum; Hidro-
cloruro de anileridina.
Анилеридина Гидрохлорид
C22H28N2O2,2HCl = 425.4.
CAS — 126-12-5.
Pharmacopoeias. In US. 
USP 31 (Anileridine Hydrochloride). A white or nearly white
odourless crystalline powder. Soluble 1 in 5 of water and 1 in 80
of alcohol; practically insoluble in chloroform and in ether. pH of
a 5% solution in water is 2.5 to 3.0. Store in airtight containers.
Protect from light.

Anileridine Phosphate (BANM, rINNM)

Aniléridine, Phosphate d’; Anileridini Phosphas; Fosfato de anile-
ridina.
Анилеридина Фосфат
C22H28N2O2,H3PO4 = 450.5.
CAS — 4268-37-5.

Profile
Anileridine, a phenylpiperidine derivative, is an opioid analgesic
(p.101) chemically related to pethidine (p.113) and with similar
actions. It has been used as the hydrochloride in the management
of moderate to severe pain. Anileridine has also been given by
injection as the phosphate.
Preparations
USP 31: Anileridine Hydrochloride Tablets; Anileridine Injection.

Aspirin (BAN)

Acetilsalicílico, ácido; Acetilsalicilo ru
_
gštis; Acetilszalicilsav; Ace-

tylsal. Acid; Acetylsalicylic Acid; Acetylsalicylsyra; Acide acétylsal-
icylique; Acidum acetylsalicylicum; Asetilsalisilik Asit; Asetyylisal-
isyylihappo; Kwas acetylosalicylowy; Kyselina acetylsalicylová; Pol-
opiryna; Salicylic Acid Acetate. O-Acetylsalicylic acid; 2-Acetoxy-
benzoic acid.
Аспирин
C9H8O4 = 180.2.
CAS — 50-78-2.
ATC — A01AD05; B01AC06; N02BA01.
ATC Vet — QA01AD05; QB01AC06; QN02BA01.

NOTE. The use of the name Aspirin is limited; in some countries
it is a trade-mark. 
Compounded preparations of aspirin may be represented by the
following names: 
• Co-codaprin (BAN)—aspirin 50 parts and codeine phosphate

1 part (w/w) 
• Co-codaprin (PEN)—aspirin and codeine phosphate.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Acetylsalicylic Acid; Aspirin BP 2008). White or al-
most white, crystalline powder or colourless crystals. Slightly
soluble in water; freely soluble in alcohol. Store in airtight con-
tainers. 
USP 31 (Aspirin). White crystals, commonly tubular or needle-
like, or white crystalline powder; odourless or has a faint odour.
Is stable in dry air; in moist air it gradually hydrolyses to salicylic
and acetic acids. Soluble 1 in 300 of water, 1 in 5 of alcohol, 1 in
17 of chloroform, and 1 in 10 to 15 of ether; sparingly soluble in
absolute ether. Store in airtight containers.

Adverse Effects and Treatment
Aspirin has many properties in common with the non-
aspirin NSAIDs, the adverse effects of which are de-
scribed on p.96. 
The most common adverse effects of therapeutic doses
of aspirin are gastrointestinal disturbances such as nau-
sea, dyspepsia, and vomiting. Gastrointestinal symp-
toms may be minimised by giving aspirin with food.
Irritation of the gastric mucosa with erosion, ulcera-
tion, haematemesis, and melaena may occur. Hista-
mine H2-antagonists, proton pump inhibitors, and
prostaglandin analogues such as misoprostol may be
used in the management of NSAID-induced ulceration
(see Peptic Ulcer Disease, p.1702), including that
caused by aspirin. Slight blood loss, which is often
asymptomatic, may occur in about 70% of patients; it
is not usually of clinical significance but may, in a few
patients, cause iron-deficiency anaemia during long-
term therapy. Such occult blood loss is not affected by
giving aspirin with food but may be reduced by use of
enteric-coated or other modified-release tablets, H2-
antagonists, or high doses of antacids. Major upper
gastrointestinal bleeding occurs rarely. 
Some persons, especially those with asthma, chronic
urticaria, or chronic rhinitis, exhibit notable hypersen-
sitivity to aspirin (see also below), which may provoke
reactions including urticaria and other skin eruptions,
angioedema, rhinitis, and severe, even fatal, paroxys-
mal bronchospasm and dyspnoea. Persons sensitive to
aspirin often exhibit cross-sensitivity to other NSAIDs. 
Aspirin increases bleeding time, decreases platelet ad-
hesiveness, and, in large doses, can cause hypopro-
thrombinaemia. It may cause other blood disorders, in-
cluding thrombocytopenia. 
Aspirin and other salicylates may cause hepatotoxicity,
particularly in patients with juvenile idiopathic arthritis
or other connective tissue disorders. In children the use
of aspirin has been implicated in some cases of Reye’s
syndrome, leading to severe restrictions on the indica-
tions for aspirin therapy in children. For further details
see under Reye’s Syndrome, below. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aspirin given rectally may cause local irritation;
anorectal stenosis has been reported. 
Mild chronic salicylate intoxication, or salicylism, usu-
ally occurs only after repeated use of large doses. Sali-
cylism can also occur following excessive topical ap-
plication of salicylates. Symptoms include dizziness,
tinnitus, deafness, sweating, nausea and vomiting,
headache, and confusion, and may be controlled by re-
ducing the dosage. Tinnitus can occur at the plasma
concentrations of 150 to 300 micrograms/mL required
for optimal anti-inflammatory activity; more serious
adverse effects occur at concentrations above
300 micrograms/mL. Symptoms of more severe intox-
ication or of acute poisoning following overdosage in-
clude hyperventilation, fever, restlessness, ketosis, and
respiratory alkalosis and metabolic acidosis. Depres-
sion of the CNS may lead to coma; cardiovascular col-
lapse and respiratory failure may also occur. In chil-
dren drowsiness and metabolic acidosis commonly
occur; hypoglycaemia may be severe. 
In acute oral salicylate overdosage the UK National
Poisons Information Service recommends that repeat-
ed oral doses of activated charcoal be given if the pa-
tient is suspected of ingesting more than 125 mg/kg of
salicylate within 1 hour of presentation. Activated
charcoal not only prevents the absorption of any sali-
cylate remaining in the stomach but also aids the elim-
ination of any that has been absorbed. 
Measurement of plasma-salicylate concentration
should be carried out in patients who have ingested
more than 125 mg/kg of salicylate, although the sever-
ity of poisoning cannot be estimated from plasma con-
centrations alone. Absorption of aspirin can be delayed
by reduced gastric emptying, formation of concretions
in the stomach, or as a result of ingestion of enteric-
coated preparations. In consequence, plasma concen-
trations should be measured at least 2 hours (sympto-
matic patients) or 4 hours (asymptomatic patients) after
ingestion and repeated 2 hours later. Patients who over-
dose with enteric preparations require continual moni-
toring of plasma concentrations. 
Fluid and electrolyte management is essential to cor-
rect acidosis, hyperpyrexia, hypokalaemia, and dehy-
dration. Intravenous sodium bicarbonate is given to
enhance urinary salicylate excretion if plasma salicy-
late concentrations exceed 500 micrograms/mL
(350 micrograms/mL in children under 5 years).
Haemodialysis or haemoperfusion are also effective
methods of removing salicylate from the plasma. The
BNF considers haemodialysis the method of choice in
severe poisoning; it should be seriously considered
when the plasma salicylate concentration is more than
700 micrograms/mL or if there is severe metabolic
acidosis. Vulnerable patients such as children or the
elderly may require dialysis at an earlier stage.
◊ References to salicylate toxicity and its management.
1. Notarianni L. A reassessment of the treatment of salicylate poi-

soning. Drug Safety 1992; 7: 292–303. 
2. Woods D, et al. Acute toxicity of drugs: salicylates. Pharm J

1993; 250: 576–8. 
3. Collee GG, Hanson GC. The management of acute poisoning. Br

J Anaesth 1993; 70: 562–73. 
4. Watson JE, Tagupa ET. Suicide attempt by means of aspirin en-

ema. Ann Pharmacother 1994; 28: 467–9. 
5. Dargan PI, et al. An evidence based flowchart to guide the man-

agement of acute salicylate (aspirin) overdose. Emerg Med J
2002; 19: 206–9. 

6. Rivera W, et al. Delayed salicylate toxicity at 35 hours without
early manifestations following a single salicylate ingestion. Ann
Pharmacother 2004; 38: 1186–8. Correction. ibid. 2006; 40:
999.

Effects on the blood. Although it has beneficial effects on
platelets, aspirin can cause adverse blood effects. An indication
of this toxicity is given by an early reference1 to reports submit-
ted to the UK CSM. There were 787 reports of adverse reactions
to aspirin reported to the CSM between June 1964 and January
1973. These included 95 reports of blood disorders (17 fatal) in-
cluding thrombocytopenia (26; 2 fatal), aplastic anaemia (13; 7
fatal), and agranulocytosis or pancytopenia (10; 2 fatal). Aspirin
has also been associated with haemolytic anaemia in patients
with G6PD deficiency.2
1. Cuthbert MF. Adverse reactions to non-steroidal antirheumatic

drugs. Curr Med Res Opin 1974; 2: 600–9. 
2. Magee P, Beeley L. Drug-induced blood dyscrasias. Pharm J

1991; 246: 396–7.

Effects on the cardiovascular system. Salicylate poisoning
may result in cardiovascular collapse but details of such cases
have not been widely reported. In 2 patients with salicylate intox-
ication asystole developed after intravenous diazepam.1 It was
suggested that diazepam-induced respiratory depression affected
the acid–base balance so that the concentration of non-ionised
membrane-penetrating fraction of salicylate was increased. Fatal
aspirin intoxication in a 5-year-old child was marked by hypo-
tension and rapidly progressive cardiac symptoms including
ventricular tachycardia and AV block.2 Extensive myocardial
necrosis was found at autopsy. 
For reference to the effects of aspirin on blood pressure com-
pared with other NSAIDs, see p.96.
1. Berk WA, Andersen JC. Salicylate-associated asystole: report of

two cases. Am J Med 1989; 86: 505–6. 
2. Peña-Alonso YR, et al. Aspirin intoxication in a child associated

with myocardial necrosis: is this a drug-related lesion? Pediatr
Dev Pathol 2003; 6: 342–7.

Effects on the gastrointestinal tract. Clinical and epidemi-
ological evidence suggests that aspirin produces dose-related
gastrointestinal toxicity1,2 that is sometimes, but rarely, fatal.2
Meta-analysis3 suggests that the risk of gastrointestinal bleeding
is not significantly lowered with the use of oral low-dose aspirin
(less than 300 mg daily). A systematic review4 of observational
epidemiologic studies also concurred with this finding. More re-
cently, a systematic review5 of randomised, controlled studies
found that although low-dose aspirin (up to 325 mg daily) in-
creased the risk of major bleeding including gastrointestinal
bleeding by twofold when compared to placebo, the actual risk
of bleeding was modest; for every 833 patients taking low-dose
aspirin for cardiovascular prophylaxis only 1 additional major
bleeding episode will occur annually. In another, population-
based study,6 the annual excess risk of upper gastrointestinal
complications was about an extra 5 cases per 1000 patients; how-
ever, the excess risk varied with underlying gastrointestinal risk
factors such as old age and might exceed an extra 10 cases per
1000 patients in a higher risk group comprising over 10% of as-
pirin users. It has been suggested that very small doses of aspirin
can produce prophylactic benefits in cardiovascular disease
without the risk of gastrointestinal toxicity,7 although others have
reported gastric injury even with doses of 10 mg daily.8 
There appears to be no convincing evidence that the risk of major
gastrointestinal bleeding associated with a 75-mg dose is re-
duced by using enteric-coated or modified-release formulations
rather than soluble aspirin,3,4,9 although individual studies have
reported a reduction in acute mucosal injury with enteric coat-
ing.10 All known NSAIDs have the potential for causing acute
damage to the gastric mucosa (see p.97), and comparative stud-
ies of acute gastric mucosal damage caused by such drugs con-
sistently associate aspirin with the most severe lesions.1 Gastric
mucosal injury can occur even with cutaneous application.11

1. Graham DY, Smith JL. Aspirin and the stomach. Ann Intern
Med 1986; 104: 390–8. 

2. Roderick PJ, et al. The gastrointestinal toxicity of aspirin: an
overview of randomised controlled trials. Br J Clin Pharmacol
1993; 35: 219–26. 

3. Derry S, Loke YK. Risk of gastrointestinal haemorrhage with
long term use of aspirin: meta-analysis. BMJ 2000; 321:
1183–7. 

4. Garcia Rodríguez LA, et al. Association between aspirin and
upper gastrointestinal complications: systematic review of epi-
demiologic studies. Br J Clin Pharmacol 2001; 52: 563–71. 

5. McQuaid KR, Laine L. Systematic review and meta-analysis of
adverse events of low-dose aspirin and clopidogrel in rand-
omized controlled trials. Am J Med 2006; 119: 624–38. 

6. Hernández-Díaz S, García Rodríguez LA. Cardioprotective as-
pirin users and their excess risk of upper gastrointestinal com-
plications. BMC Med 2006; 4: 22. Available at: 
http://www.biomedcentral.com/content/pdf/1741-7015-4-22.pdf
(accessed 11/12/06) 

7. Lee M, et al. Dose effects of aspirin on gastric prostaglandins
and stomach mucosal injury. Ann Intern Med 1994; 120: 184–9. 

8. Cryer B, Feldman M. Effects of very low dose daily, long-term
aspirin therapy on gastric, duodenal, and rectal prostaglandin
levels and on mucosal injury in healthy humans. Gastroenterol-
ogy 1999; 117: 17–25. 

9. Anonymous. Which prophylactic aspirin? Drug Ther Bull 1997;
35: 7–8. 

10. Cole AT, et al. Protection of human gastric mucosa against as-
pirin—enteric coating or dose reduction? Aliment Pharmacol
Ther 1999; 13: 187–93. 

11. Cryer B, et al. Effects of cutaneous aspirin on the human stom-
ach and duodenum. Proc Assoc Am Physicians 1999; 111:
448–56.

Effects on hearing. Studies have shown that tinnitus develops
at serum-salicylate concentrations above 200 micrograms/mL.1
However, there appears to be considerable intersubject variation
in the response of the ear to salicylate;2 tinnitus may occur at
lower concentrations, whereas patients with pre-existing hearing
loss may not experience tinnitus despite serum-salicylate con-
centrations of 311 to 677 micrograms/mL.1 A graded increase in
intensity of ototoxicity with increasing salicylate dose and
plasma concentration has been demonstrated.2 For example, at
an average total plasma-salicylate concentration of
110 micrograms/mL, the hearing loss at any given frequency
was about 12 decibels; such a deficit might be relevant to patients
with pre-existing hearing impairment.2
1. Mongan E, et al. Tinnitus as an indication of therapeutic serum

salicylate levels. JAMA 1973; 226: 142–5. 
2. Day RO, et al. Concentration-response relationships for sali-

cylate-induced ototoxicity in normal volunteers. Br J Clin Phar-
macol 1989; 28: 695–702.

Effects on the kidneys. Although abuse of combined analge-
sic preparations containing aspirin has been implicated in the de-
velopment of analgesic nephropathy, kidney damage associated
with the therapeutic use of aspirin alone appears to be compara-
tively rare. Many studies have failed to find an increased risk of
renal damage in patients taking aspirin.1-9

1. New Zealand Rheumatism Association Study. Aspirin and the
kidney. BMJ 1974; 1: 593–6. 

2. Walker BR, et al. Aspirin and renal function. N Engl J Med 1977;
297: 1405. 

3. Akyol SM, et al. Renal function after prolonged consumption of
aspirin. BMJ 1982; 284: 631–2. 

4. Bonney SL, et al. Renal safety of two analgesics used over the
counter: ibuprofen and aspirin. Clin Pharmacol Ther 1986; 40:
373–7. 

5. Sandler DP, et al. Analgesic use and chronic renal disease. N
Engl J Med 1989; 320: 1238–43. 

6. Pommer W, et al. Regular analgesic intake and the risk of end-
stage renal failure. Am J Nephrol 1989; 9: 403–12. 

7. Dubach UC, et al. An epidemiologic study of abuse of analgesic
drugs: effects of phenacetin and salicylate on mortality and car-
diovascular morbidity (1968 to 1987). N Engl J Med 1991; 324:
155–60. 

8. Perneger TV, et al. Risk of kidney failure associated with the use
of acetaminophen, aspirin, and nonsteroidal antiinflammatory
drugs. N Engl J Med 1994; 331: 1675–9. 
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Effects on the liver. Aspirin-induced hepatic injury is general-
ly mild and manifests as a mild to moderate elevation in ami-
notransferase values; however, there is a risk of severe liver inju-
ry.1 One review2 reported an increase in aminotransferase values
in 59 of 439 patients given aspirin; the increase was considered
to be probably related to aspirin in 23. Hepatotoxicity appears to
be correlated with serum-salicylate concentrations greater than
150 micrograms/mL and with active rheumatoid disease. Aspi-
rin-induced liver injury is usually reversible on stopping the
drug.2 
See also under Reye’s Syndrome, below.
1. Lewis JH. Hepatic toxicity of nonsteroidal anti-inflammatory

drugs. Clin Pharm 1984; 3: 128–38. 
2. Freeland GR, et al. Hepatic safety of two analgesics used over

the counter: ibuprofen and aspirin. Clin Pharmacol Ther 1988;
43: 473–9.

Effects on the mouth. Aspirin burn (ulceration of the mucosal
layer of the lips) developed in a 26-year-old woman after taking
an aspirin-containing powder for a migraine.1 The woman had
swallowed the powder undissolved rather than adding to water.
1. Dellinger TM, Livingston HM. Aspirin burn of the oral cavity.

Ann Pharmacother 1998; 32: 1107.

Hypersensitivity. The main clinical features of patients who
have aspirin hypersensitivity include middle-age, female sex, di-
agnoses of asthma or rhinitis, a personal or family history of ato-
py, and a history of nasal polyps.1,2 Aspirin sensitivity occurring
with asthma and nasal polyps has been referred to in some re-
ports as the ‘aspirin triad’. Other sensitivities often found con-
comitantly include allergy to food dyes such as tartrazine and to
drugs such as other NSAIDs. 
The prevalence of aspirin-induced asthma can vary according to
the method used to measure it. A systematic review3 calculated
the prevalence of aspirin-induced asthma to be 21% in the gen-
eral adult asthma population and 5% in children when deter-
mined by oral provocation testing. However, when based on
medical history alone it was only 2.7% in adults and 2% in chil-
dren. In another study4 using data from patient questionnaires the
prevalence of aspirin-induced asthma was 10 to 11% in patients
with asthma and 2.5% in non-asthmatics. 
There is considerable cross-reactivity between aspirin and other
NSAIDs and it is generally recommended that patients who have
had a hypersensitivity reaction to aspirin or any other NSAID
should avoid all NSAIDs. In a systematic review3 cross-sensitiv-
ity to other NSAIDs (ibuprofen, diclofenac, and naproxen) oc-
curred in over 90% of those patients with aspirin-induced asth-
ma. Paracetamol is usually safe in patients sensitive to aspirin
and cross-sensitivity to paracetamol has been calculated as about
7%.3 Based on these figures, it is considered that less than 2% of
asthmatic patients would be likely to react to both paracetamol
and aspirin. 
The response to individual NSAIDs is believed to be closely
linked to the extent to which they inhibit prostaglandin synthe-
sis.5,6 There may be a dose threshold below which no detectable
symptoms occur and patients who may be tolerant of regular
low-dose aspirin can develop symptoms when they take larger
doses.6 Some6 use a formal challenge with a 300-mg oral dose of
aspirin to confirm a diagnosis of NSAID sensitivity but others7

consider this to be a dangerous technique and use inhalation of
lysine aspirin which they consider to be a safer and more predict-
able alternative. Intranasal challenge with lysine aspirin has also
been used.8,9
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DESENSIT ISATION.  Successful desensitisation has been
achieved using oral aspirin challenge protocols.1-5 Incremen-
tal doses of aspirin (traditionally starting at 30 mg) are given
until an allergic response occurs; aspirin is readministered at
the dose that caused the response and again incremental doses
are given until finally a 650-mg dose is tolerated.1,2 After
desensitisation, an interruption of continuous aspirin dosage
results in the reappearance of sensitivity.
1. Asad SI, et al. Effect of aspirin in "aspirin sensitive" patients.
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2. Stevenson DD. Desensitization of aspirin-sensitive asthmatics: a
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protocol for the diagnosis of aspirin hypersensitivity. Clin Exp
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5. Pfaar O, Klimek L. Aspirin desensitization in aspirin intoler-
ance: update on current standards and recent improvements.
Curr Opin Allergy Clin Immunol 2006; 6: 161–6.

Hypoglycaemia. A review of the literature1 on drug-induced
hypoglycaemia highlighted the fact that overdosage with sali-
cylates could produce hypoglycaemia in children. Although
therapeutic doses of salicylates in adults can lower blood-glucose
concentrations in diabetic and non-diabetic subjects alike, opin-
ion on the clinical significance of this effect varies. Salicylates
have been implicated in a few cases of hypoglycaemia in adults1

and some2 suggest that patients with renal impairment or those
receiving large doses, such as in the treatment of rheumatoid ar-
thritis, may be at risk. Hypoglycaemia has been reported in a pa-
tient with renal failure after excessive application of a topical
preparation containing salicylic acid.3

1. Seltzer HS. Drug-induced hypoglycemia: a review of 1418 cas-
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Reye’s syndrome. Reye’s syndrome is a disorder characterised
by acute encephalopathy and fatty degeneration of the liver. It
occurs almost exclusively in young children although cases have
been seen1 in patients over the age of 12. Many factors may be
involved in its aetiology but it typically occurs after a viral infec-
tion such as chickenpox or influenza and may be precipitated by
a chemical trigger. Several large studies, as well as individual
case reports, have found a link between Reye’s syndrome and the
prior ingestion of aspirin.2-6 The evidence for other salicylates
could not be adequately evaluated.4 Although the role of aspirin
and possibly other salicylates in the pathogenesis of Reye’s syn-
drome remains to be determined, the use of aspirin and other
acetylated salicylates as analgesics or antipyretics is generally
considered contra-indicated in children under the age of 12 years
and, in some countries, in teenagers. For example, the UK CSM
has recommended that all children under 16 should not take as-
pirin.7 (This advice superseded their earlier recommendations to
avoid aspirin during fever or viral infection in children under 16
years; the Committee felt that this advice was too complex for
products on general sale and, given the wide availability of other
analgesic preparations, there was no need to expose this age
group to any risk.) Some countries also extend these recommen-
dations to non-acetylated salicylates. One group of workers8 who
re-examined some of the original studies suggested that there
might also be a link between Reye’s syndrome and the use of
antiemetics, phenothiazines, and some other antihistamines, but
their conclusions have been criticised.9 More recently, others10

have suggested that Reye’s syndrome was caused by a viral mu-
tation or the result of misdiagnoses of metabolic disorders but
again these conclusions have been questioned.6,11
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Precautions
Aspirin has many properties in common with the non-
aspirin NSAIDs, the precautions of which are de-
scribed on p.98. 
Aspirin should be used cautiously, if at all, in patients
prone to dyspepsia or known to have a lesion of the
gastric mucosa. It should not be given to patients with
haemophilia or other haemorrhagic disorders, nor to
treat patients with gout (since low doses increase urate
concentrations). 
Aspirin should be used with caution in patients with
asthma or allergic disorders. It should not be given to
patients with a history of sensitivity reactions to aspirin
or other NSAIDs, including those in whom attacks of
asthma, angioedema, urticaria, or rhinitis have been
precipitated by such drugs (for further details of risk
factors see Hypersensitivity under Adverse Effects,
above). 
Caution is necessary when renal or hepatic function is
impaired; aspirin should be avoided in severe renal or
hepatic impairment. Aspirin should be used cautiously
in dehydrated patients and in the presence of uncon-
trolled hypertension. 
High doses may precipitate acute haemolytic anaemia
in patients with G6PD deficiency. Aspirin may inter-
fere with insulin and glucagon control in diabetics (see
Hypoglycaemia under Adverse Effects, above). 
The use of aspirin in children is extremely limited be-
cause of the risk of Reye’s syndrome (see under Ad-
verse Effects, above, and under Uses and Administra-
tion, below). 
Although low-dose aspirin might be used in some
pregnant patients, analgesic doses of aspirin should not
be used at term as they may be associated with delayed
onset and prolongation of labour and with maternal and
neonatal bleeding. High doses may cause closure of fe-
tal ductus arteriosus in utero and possibly persistent
pulmonary hypertension in the newborn (but see Preg-
nancy, below); kernicterus may occur in jaundiced neo-
nates. 
Continuous prolonged use of aspirin should be avoided
in the elderly because of the risk of gastrointestinal
bleeding. 
Aspirin should be stopped several days before sched-
uled surgical procedures (see below). 
Aspirin and other salicylates can interfere with thyroid
function tests.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that salicylates should be given with caution to breast-feeding
mothers, since aspirin has been associated with metabolic acido-
sis in the infant.2 The BNF also recommends that aspirin should
be avoided in breast-feeding mothers because of the possible risk
of Reye’s syndrome in nursing infants; they also advise that in-
fants with neonatal vitamin K deficiency may be at risk of hypo-
prothrombinaemia after the regular use of high doses of aspirin
in breast-feeding mothers. However, a prospective study3 found
no adverse effects in 15 breast-fed infants whose mothers were
receiving aspirin.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
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20: 53–4. 

3. Ito S, et al. Prospective follow-up of adverse reactions in breast-
fed infants exposed to maternal medication. Am J Obstet Gyne-
col 1993; 168: 1393–9.

Pregnancy. The potential adverse effects of aspirin when used
during pregnancy have been reviewed.1 Salicylates readily cross
the placenta and have been shown to be teratogenic in animals.
Although some studies and anecdotal reports have implicated as-
pirin in the formation of congenital abnormalities, most large
studies2-4 have failed to find any significant risk or evidence of
teratogenicity. Analysis of data collected by the Slone Epidemi-
ology Unit Birth Defects Study suggests that use of aspirin dur-
ing the early months of pregnancy, when the fetal heart is devel-

oping, is not associated with an increased risk of cardiac defects.5
The ability of aspirin, however, to alter platelet function may be
a potential risk. There have been a few reports of haemorrhagic
disorders in infants whose mothers had consumed aspirin during
pregnancy6 and of salicylate-associated haemorrhagic complica-
tions in mothers.7 However, no clinically significant adverse ef-
fects on maternal or neonatal bleeding or on fetal ductus flow
were reported in a meta-analysis8 of 6 controlled studies which
evaluated low-dose aspirin (less than 325 mg daily) in pregnan-
cy-induced hypertension. Two more recent placebo-controlled
studies9,10 have also observed no clinically significant adverse
effects on neonatal bleeding with low-dose aspirin. It appeared
that the degree of cyclo-oxygenase inhibition produced by aspi-
rin was unlikely to be great enough to cause premature closure of
the ductus arteriosus or to affect the pulmonary blood vessels.1
See also under Surgical Procedures, below. However, in some
studies in patients considered to have high-risk pregnancies the
risk of abruptio placentae11 or consequent perinatal death12 was
increased by maternal dosage with aspirin. For reference to a
possible association between aspirin and other NSAIDs and per-
sistent pulmonary hypertension of the newborn, see under
NSAIDs, p.99. 
Although aspirin has the potential to inhibit uterine contractions
of labour it was considered that intermittent or low-dose aspirin
was unlikely to inhibit cyclo-oxygenase for long enough to pro-
long pregnancy or labour.1
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Resistance. Some patients given aspirin for the management of
cardiovascular disease do not respond to treatment, a phenome-
non that has been described as aspirin resistance. At present, as-
pirin resistance is poorly understood and further studies are need-
ed to define it. 
References
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Surgical procedures. Aspirin prolongs bleeding time, mainly
by inhibiting platelet aggregation. This effect is irreversible and
new platelets must be released into the circulation before bleed-
ing time can return to normal. Therefore aspirin therapy should
be stopped several days before surgical procedures. In some clin-
ical situations, aspirin may have been given shortly before a sur-
gical procedure. When emergency coronary bypass surgery is re-
quired for myocardial infarction, most patients would have
received aspirin as part of the initial treatment for infarction.
Perioperative bleeding, transfusion requirements, and surgical
re-exploration rates may be increased when aspirin is given.1
However, some studies2,3 have shown that the increase in bleed-
ing is not significant; in addition, there have been reports that
pre-operative aspirin may reduce the rate of perioperative myo-
cardial infarction (with aprotinin),4 improve oxygenation,5 and
even decrease mortality.3,6 Desmopressin may reduce the risk of
perioperative bleeding (see under Haemorrhagic Disorders,
p.2187). 
Aspirin is sometimes given during the second and third trimester
for the prevention of pregnancy-induced hypertensive disease
(see under Hypertension, p.1171). Studies indicate that when
given in a dose of 325 mg daily or less, clinically significant ef-
fects on maternal or neonatal bleeding do not occur.7 Some have
suggested that aspirin therapy may increase the risk of formation
of extradural haematoma thus making epidural anaesthesia
inadvisable8 but a subsequent study9 found that low-dose aspirin
during pregnancy did not increase the risk of bleeding complica-
tions during epidural anaesthesia. 
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Patients on low-dose aspirin, in whom tourniquets are used for
nerve blocks or other procedures, may be at increased risk of de-
veloping purpuric rash.10 
It has been suggested that in patients undergoing dermatologi-
cal,11 or minor dental12 surgery, aspirin need only be stopped be-
fore surgery in those patients with a prolonged bleeding time,
whereas patients with a normal bleeding time could continue
therapy.
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Interactions
Aspirin has many properties in common with the non-
aspirin NSAIDs, the interactions of which are de-
scribed on p.99. 
Some of the effects of aspirin on the gastrointestinal
tract are enhanced by alcohol. Use of gold compounds
with aspirin may exacerbate aspirin-induced liver dam-
age. 
Use of aspirin with dipyridamole may result in an in-
crease in plasma-salicylate concentrations. Drugs such
as metoclopramide in patients with migraine headache
result in earlier absorption of aspirin and higher peak
plasma-salicylate concentrations. Metoprolol may also
increase peak plasma-salicylate concentrations. Sali-
cylate intoxication has occurred in patients on high-
dose salicylate regimens and carbonic anhydrase inhib-
itors. 
Plasma-salicylate concentrations may be reduced by
corticosteroids. This interaction is likely to be impor-
tant in patients receiving high-dose long-term sali-
cylate treatment. Conversely, salicylate toxicity may
occur if corticosteroids are withdrawn. Also the risk of
gastrointestinal bleeding and ulceration associated
with aspirin is increased when used with corticoster-
oids. Antacids may increase the excretion of aspirin in
alkaline urine. 
Aspirin may increase the activity of coumarin antico-
agulants, sulfonylurea hypoglycaemic drugs, zafirlu-
kast, methotrexate, phenytoin, and valproate. Aspirin
diminishes the effects of uricosurics such as probene-
cid and sulfinpyrazone. The manufacturer of mifepris-
tone advises of a theoretical risk that prostaglandin
synthetase inhibition by aspirin or NSAIDs may alter
the efficacy of mifepristone. 
Use of aspirin with other NSAIDs should be avoided
because of the increased risk of adverse effects; the car-
dioprotective effects of aspirin may be abolished by
ibuprofen and possibly other NSAIDS. Aspirin may
decrease the plasma concentration of some other
NSAIDs, for example, fenbufen, indometacin, and
piroxicam.
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ACE inhibitors. For a discussion of aspirin and other NSAIDs
reducing the activity of ACE inhibitors, see p.1197.
Antiepileptics. Aspirin may inhibit the metabolism of val-
proate; for further details, see Analgesics, p.510.
Antifungals. Plasma-salicylate concentrations in an 8-year-old
child receiving long-term aspirin therapy for rheumatic heart dis-
ease were markedly reduced when treatment with griseofulvin
was started.1 It was suggested that griseofulvin might interfere
with absorption of aspirin.
1. Phillips KR, et al. Griseofulvin significantly decreases serum

salicylate concentrations. Pediatr Infect Dis J 1993; 12: 350–2.

Calcium-channel blockers. The antiplatelet effects of aspirin
and calcium-channel blockers may be increased when they are
used together; there have been isolated reports1,2 of disturbed
haemostasis including abnormal bruising, prolonged bleeding
times and ecchymosis in patients taking aspirin and verapamil
concurrently.
1. Ring ME, et al. Clinically significant antiplatelet effects of cal-

cium-channel blockers. J Clin Pharmacol 1986; 26: 719–20. 
2. Verzino E, et al. Verapamil-aspirin interaction. Ann Pharmaco-
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General anaesthetics. For the effect of aspirin on thiopental
anaesthesia, see p.1796.
NSAIDs. It has been suggested that ibuprofen and possibly oth-
er NSAIDs may reduce the cardioprotective effect of aspirin. A
study1 involving 7107 patients found that cardiovascular mortal-
ity was increased in patients taking low-dose aspirin for cardio-
vascular disease when also taking ibuprofen (adjusted hazard ra-
tio 1.73 times that of patients not taking ibuprofen). Another
study2 found that although taking low-dose aspirin or NSAIDs
alone decreased the incidence of myocardial infarction, there
was a non-significant increase in the risk of myocardial infarc-
tion when both were taken. Another large study also found the
risk to be increased in those taking regular rather than intermit-
tent NSAID treatment with aspirin.3 However, a study4 involving
14 098 patients concluded that the risk of myocardial infarction
was reduced in patients taking ibuprofen with aspirin when com-
pared to those taking aspirin alone. Furthermore, a study5 in
70 316 patients found that the risk of death in patients prescribed
aspirin and ibuprofen was comparable to that of patients pre-
scribed aspirin alone or with another NSAID. 
The timing of doses may be important; a study6 has shown that
irreversible platelet aggregation occurred when a single daily
dose of ibuprofen was given 2 hours after aspirin; however, when
ibuprofen was given before aspirin as a single daily dose or given
three times daily, platelet aggregation was reversible which may
limit the cardioprotective effects of aspirin. 
There are limitations to all these studies and further studies are
needed before any recommendations can be made.7-11

1. MacDonald TM, Wei L. Effect of ibuprofen on cardioprotective
effect of aspirin. Lancet 2003; 361: 573–4. 

2. Kimmel SE, et al. The effects of nonselective non-aspirin non-
steroidal anti-inflammatory medications on the risk of nonfatal
myocardial infarction and their interaction with aspirin. J Am
Coll Cardiol 2004; 43: 985–90. 

3. Kurth T, et al. Inhibition of clinical benefits of aspirin on first
myocardial infarction by nonsteroidal antiinflammatory drugs.
Circulation 2003; 108: 1191–5. 

4. Patel TN, Goldberg KC. Use of aspirin and ibuprofen compared
with aspirin alone and the risk of myocardial infarction. Arch
Intern Med 2004; 164: 852–6. 

5. Curtis JP, et al. Aspirin, ibuprofen, and mortality after myocar-
dial infarction: retrospective cohort study. BMJ 2003; 327:
1322–3. 

6. Catella-Lawson F, et al. Cyclooxygenase inhibitors and the an-
tiplatelet effects of aspirin. N Engl J Med 2001; 345: 1809–17. 

7. Etminan M, Samii A. Effect of ibuprofen on cardioprotective
effect of aspirin. Lancet 2003; 361: 1558–9. 

8. Kimmel SE, Strom BL. Giving aspirin and ibuprofen after my-
ocardial infarction. BMJ 2003; 327: 1298–9. 

9. Curtis JP, Krumholz HM. The case for an adverse interaction
between aspirin and non-steroidal anti-inflammatory drugs: is it
time to believe the hype? J Am Coll Cardiol 2004; 43: 991–3. 

10. Cheema AA. Should people on aspirin avoid ibuprofen? A re-
view of the literature. Cardiol Rev 2004; 12: 174–6. 

11. Corman SL, et al. Impact of nonsteroidal antiinflammatory
drugs on the cardioprotective effects of aspirin. Ann Pharmaco-
ther 2005; 39: 1073–9.

Spironolactone. For the effect of aspirin in patients taking
spironolactone, see p.1401.

Pharmacokinetics
Aspirin and other salicylates are absorbed rapidly from
the gastrointestinal tract when taken orally but absorp-
tion after rectal doses is less reliable. Aspirin and other
salicylates can also be absorbed through the skin. 
After oral doses, absorption of non-ionised aspirin oc-
curs in the stomach and intestine. Some aspirin is hy-
drolysed to salicylate in the gut wall. Once absorbed,
aspirin is rapidly converted to salicylate, but during the
first 20 minutes after an oral dose aspirin is the main
form of the drug in the plasma. Aspirin is 80 to 90%

bound to plasma proteins and is widely distributed; its
volume of distribution is reported to be 170 mL/kg in
adults. As plasma-drug concentrations increase, the
binding sites on the proteins become saturated and the
volume of distribution increases. Both aspirin and sal-
icylate have pharmacological activity although only
aspirin has an anti-platelet effect. Salicylate is exten-
sively bound to plasma proteins and is rapidly distrib-
uted to all body parts. Salicylate appears in breast milk
and crosses the placenta. 
Salicylate is mainly eliminated by hepatic metabolism;
the metabolites include salicyluric acid, salicyl phenol-
ic glucuronide, salicylic acyl glucuronide, gentisic
acid, and gentisuric acid. The formation of the major
metabolites, salicyluric acid and salicyl phenolic glu-
curonide, is easily saturated and follows Michaelis-
Menten kinetics; the other metabolic routes are first-
order processes. As a result, steady-state plasma-sali-
cylate concentrations increase disproportionately with
dose. After a 325-mg aspirin dose, elimination is a
first-order process and the plasma-salicylate half-life is
about 2 to 3 hours; at high aspirin doses, the half-life
increases to 15 to 30 hours. Salicylate is also excreted
unchanged in the urine; the amount excreted by this
route increases with increasing dose and also depends
on urinary pH, about 30% of a dose being excreted in
alkaline urine compared with 2% of a dose in acidic
urine. Renal excretion involves glomerular filtration,
active renal tubular secretion, and passive tubular rea-
bsorption. 
Salicylate is removed by haemodialysis.
◊ References.
1. Needs CJ, Brooks PM. Clinical pharmacokinetics of the sali-

cylates. Clin Pharmacokinet 1985; 10: 164–77.

Uses and Administration
Aspirin is a salicylate NSAID and has many properties
in common with non-aspirin NSAIDs (p.99). Aspirin
and other salicylates have analgesic, anti-inflammato-
ry, and antipyretic properties; they act as inhibitors of
the enzyme cyclo-oxygenase, which results in the di-
rect inhibition of the biosynthesis of prostaglandins
and thromboxanes from arachidonic acid (see p.2374).
Aspirin also inhibits platelet aggregation; non-acetylat-
ed salicylates do not. 
Aspirin is used for the relief of mild to moderate pain
such as headache, dysmenorrhoea, myalgias, and den-
tal pain. It has also been used in the management of
pain and inflammation in acute and chronic rheumatic
disorders such as rheumatoid arthritis, juvenile idio-
pathic arthritis, osteoarthritis, and ankylosing spond-
ylitis. In the treatment of minor febrile conditions, such
as colds or influenza, aspirin can reduce temperature
and relieve headache and joint and muscle pains. 
Aspirin is also used for its antiplatelet activity in the
initial treatment of cardiovascular disorders such as
angina pectoris and myocardial infarction and for the
prevention of cardiovascular events in patients at risk.
Other such uses include the treatment and prevention
of cerebrovascular disorders such as stroke. For further
details see under Antiplatelet Therapy, below. 
Aspirin is usually taken by mouth. Gastric irritation
may be reduced by taking doses after food. Various
dosage forms are available including plain uncoated
tablets, buffered tablets, dispersible tablets, enteric-
coated tablets, and modified-release tablets. In some
instances aspirin may be given rectally by suppository. 
The usual oral dose of aspirin as an analgesic and anti-
pyretic is 300 to 900 mg, repeated every 4 to 6 hours
according to clinical needs, to a maximum of 4 g daily.
The dose as suppositories is 450 to 900 mg every 4
hours to a maximum of 3.6 g daily. 
Plasma-salicylate concentrations of 150 to
300 micrograms/mL are required for optimal anti-in-
flammatory activity (but see also Adverse Effects,
above). Doses need to be adjusted individually to
achieve optimum concentrations. Generally doses of
about 4 to 8 g daily in divided doses are used for acute
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rheumatic disorders such as rheumatoid arthritis or os-
teoarthritis. Doses of up to 5.4 g daily in divided doses
may be sufficient in chronic conditions. 
Indications for aspirin therapy in children are extreme-
ly limited because of the risk of Reye’s syndrome (see
under Adverse Effects, above), but include Kawasaki
disease (see below), and juvenile idiopathic arthritis
and Still’s disease (see Rheumatic Disorders, below). 
Sodium aspirin has also been used for the treatment of
pain and fever.
Administration in children. Indications for aspirin therapy in
children are extremely limited because of the risk of Reye’s syn-
drome (see under Adverse Effects, above). For further informa-
tion, including some doses, see Antiplatelet Therapy, Kawasaki
Disease, and Rheumatic Disorders, below.
Antiplatelet therapy. Aspirin is an inhibitor of the enzyme cy-
clo-oxygenase, the action being considered to be due to an irre-
versible acetylation process. 
• In blood platelets such enzyme inhibition prevents the synthe-

sis of thromboxane A2, a compound which is a vasoconstric-
tor, causes platelet aggregation, and is thus potentially throm-
botic. 

• In blood vessel walls the enzyme inhibition prevents the syn-
thesis of prostacyclin, which is a vasodilator, has anti-aggre-
gating properties, and is thus potentially anti-thrombotic. 

Aspirin therefore appears to have paradoxical biological effects.
The duration of these effects, however, may differ, with the ef-
fects on the vascular tissue generally being shorter than the ef-
fects on the platelets (although the animal species studied, the
type of blood vessel used, and the prevailing experimental con-
ditions may alter the results). The difference may be explained
by the fact that vascular cells regain the ability to regenerate pros-
tacyclin in a few hours but platelets are unable to re-synthesise
cyclo-oxygenase, which results in no new thromboxane A2 being
produced for about 24 hours until more platelets are released by
the bone marrow; as platelet activity in bone marrow may also be
affected by aspirin it is generally considered that aspirin only
needs to be given once daily for inhibition of platelet aggregation
to occur. The inhibitory effect on thromboxane is rapid and unre-
lated to serum concentrations of aspirin, probably because of the
inactivation of cyclo-oxygenase in platelets in the presystemic
circulation. Since the effect is unrelated to systemic bioavailabil-
ity, modified-release and dermal delivery preparations which do
not achieve high systemic concentrations of aspirin are being de-
veloped to limit extraplatelet effects of aspirin. Inhibition is cu-
mulative on repeated dosage, and it has been estimated that a
daily dose of 20 to 50 mg will result in virtually complete sup-
pression of platelet thromboxane synthesis within a few days.
Large doses of 150 to 300 mg can produce maximum suppres-
sion almost instantaneously. 
Uses. Aspirin’s antiplatelet activity has led to its use for the treat-
ment or prevention of a variety of disorders.1-6 
• It is used as part of the initial treatment of unstable angina

(p.1157) and is given in the early treatment of myocardial inf-
arction (p.1175); it is also of benefit in the initial treatment of
acute ischaemic stroke (p.1185). 

• Aspirin is used for its combination of anti-inflammatory, anti-
pyretic, and antiplatelet activity in the treatment of Kawasaki
disease (see below). It is also used to treat thrombotic symp-
toms associated with antiphospholipid syndrome, such as
occurs in patients with SLE (p.1513), and has been recom-
mended for prophylactic use in pregnant patients with anti-
phospholipid antibodies who are at risk of fetal loss. The
thrombolytic action of aspirin has also led to its use in throm-
botic thrombocytopenic purpura (see Thrombotic Microangi-
opathies, p.1076). Aspirin has been tried in pregnancy-in-
duced hypertension (see under Hypertension, p.1171) for the
prevention of pre-eclampsia and intra-uterine growth retarda-
tion and may provide a small to moderate benefit in some
women. 

• It is of value for the prevention of cardiovascular events in
patients at high risk, including those with stable or unstable
angina, current or previous myocardial infarction, ischaemic
stroke, or transient ischaemic attack (see Cardiovascular Risk
Reduction, p.1164). It has also been used in the long-term
management of atrial fibrillation (see under Cardiac Arrhyth-
mias, p.1160) for the prevention of stroke in patients with con-
tra-indications to warfarin or if there are no other risk factors
for stroke. 

• The value of aspirin for primary prevention of cardiovascu-
lar events, particularly myocardial infarction and stroke de-
pends upon the accurate estimation of overall cardiovascular
risk but is probably not justified in healthy individuals.7-9 
Although aspirin may prevent venous thromboembolism
(p.1189) after surgery, other treatments have been preferred.
However, it is recommended for use in preventing thrombotic
complications associated with procedures such as angioplasty
and coronary bypass grafting (see under Reperfusion and
Revascularisation Procedures, p.1181). Aspirin is often given
as an adjunct to patients with peripheral arterial thromboem-
bolism (p.1178) to prevent propagation of the clot and also to

prevent postoperative complications. It may have some effect
in delaying disease progression and reducing vascular events
in patients with peripheral arterial disease (p.1178) but an
analysis10 concluded that there was insufficient evidence to
support its prophylactic use in patients with intermittent clau-
dication but no additional cardiovascular risk factors. 
The benefit of aspirin for the primary prevention of cardiovas-
cular events in patients with diabetes mellitus (see under Dia-
betic Complications, p.433) and who have no other cardiovas-
cular risk factors remains to be determined.8 Use is
recommended in all those at increased risk, which includes (in
the USA) all diabetics over 40 years of age,11 or those aged 50
and over or with existing atherosclerosis or hypertension or a
history of diabetes for over 10 years (in the UK).12 
The value of adding aspirin to anticoagulants for the prophy-
laxis of thromboembolism in patients with prosthetic heart
valves (see p.1187) is also still to be firmly established. It is
usually recommended as an adjunct in patients with other risk
factors. Aspirin alone may be considered in patients with bio-
prosthetic valves who do not require anticoagulation. 

Several pharmacological studies have attempted to find a dose of
aspirin that would inhibit synthesis of platelet thromboxane A2
while sparing the effect on prostacyclin production13-15 but it has
been pointed out3 that in patients with vascular disease accompa-
nying or caused by endothelial dysfunction, such as in athero-
sclerosis, a selective sparing of vascular prostacyclin production
may not be obtained at any effective antiplatelet dose. However,
the clinical relevance of inhibiting the synthesis of prostacyclin
may have been exaggerated.16 Experimental evidence indicates
that aspirin is thrombogenic only at extremely high doses
(200 mg/kg), far exceeding the minimum dose required to inhibit
prostacyclin production. Also aspirin is clinically effective as an
antithrombotic drug at doses that inhibit the synthesis of prosta-
cyclin. Further support for the lack of importance of inhibition of
prostacyclin synthesis comes from epidemiological studies in
patients with arthritis given large doses of aspirin and patients
with congenital cyclo-oxygenase deficiency; neither of these
groups of patients have experienced an excess of thrombotic ep-
isodes. 
In a meta-analysis conducted by the Antithrombotic Trialists’
Collaboration8 daily doses of 75 to 325 mg appeared to be equal-
ly effective for their antiplatelet effect; doses greater than 500 mg
did not appear to be superior and caused more gastrointestinal
adverse effects. Whether doses less than 75 mg offer the same
efficacy with reduced gastrointestinal toxicity remains to be de-
termined (see Effects on the Gastrointestinal Tract, above). The
meta-analysis concluded that for the long-term prevention of se-
rious vascular events in high-risk patients, a daily dose of aspirin
in the range of 75 to 150 mg should be effective; if an immediate
effect is required as in the initial treatment of acute myocardial
infarction, acute ischaemic stroke, or unstable angina, a loading
dose of 150 to 300 mg may be given. Other analyses10,17 have
made similar dose recommendations. However, another
review18 has suggested that doses as low as 75 or 80 mg daily
may be inadequate for the primary prevention of stroke and myo-
cardial infarction; it was considered that the most appropriate
dose of aspirin for primary prevention was 160 mg daily. Aspirin
should be chewed or dispersed in water; chewing a tablet of as-
pirin ensures that some buccal absorption occurs. 
The use of aspirin in children is limited because of the risk of
Reye’s syndrome (see under Adverse Effects, above); however,
it may be specifically indicated in those at risk of clot formation
after cardiac surgery or for the prophylaxis of stroke in high-risk
children. The BNFC has suggested oral doses of 1 to 5 mg/kg (up
to a usual maximum of 75 mg) once daily in neonates and chil-
dren up to 12 years of age; older children may be given 75 mg
daily.
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330: 1287–94. 
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7. Sanmuganathan PS, et al. Aspirin for primary prevention of cor-
onary heart disease: safety and absolute benefit related to coro-
nary risk derived from meta-analysis of randomised trials.
Heart 2001; 85: 265–71. 

8. Antithrombotic Trialists’ Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk pa-
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16. Hirsh J, et al. Aspirin and other platelet active drugs: relation-
ship among dose, effectiveness, and side effects. Chest 1989; 95
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2018–24. 

18. Dalen JE. Aspirin to prevent heart attack and stroke: what’s the
right dose? Am J Med 2006; 119: 198–202.

Behçet’s syndrome. For reference to the use of aspirin in the
management of vasculitic symptoms of Behçet’s syndrome, see
p.1499.
Cataract. Evidence to support or disprove the hypothesis that
aspirin has a protective effect against cataract formation is con-
sidered inconclusive. A study in the US in over 22 000 males
concluded that low-dose aspirin (325 mg on alternate days) for 5
years was unlikely to have a major effect on cataract formation
but that a slightly decreased risk for cataract extraction could not
be excluded.1 In a later study2 in the UK ophthalmic examination
of over 1800 patients who were receiving 300 mg to 1.2 g of as-
pirin daily for transient ischaemic attacks failed to confirm any
protective effect. Re-analysis3 of the results of the original US
study identified additional cases of cataract formation or extrac-
tion although these cases did not affect the overall conclusions of
the original study. However, when the study patients were fol-
lowed up over 15 years, observational data4 suggested that the
use of low-dose aspirin may, in fact, increase the risk of cataract
development. It was considered that further trials were needed to
establish the role of long-term aspirin in cataract prevention.
1. Seddon JM, et al. Low dose aspirin and risks of cataract in a

randomised trial of US physicians. Arch Ophthalmol 1991; 109:
252–5. 

2. UK-TIA Study Group. Does aspirin affect the rate of cataract
formation? Cross-sectional results during a randomised double-
blind placebo controlled trial to prevent serious vascular events.
Br J Ophthalmol 1992; 76: 259–61. 

3. Christen WG, et al. Low-dose aspirin and risk of cataract and
subtypes in a randomized trial of U.S. physicians. Ophthalmic
Epidemiol 1998; 5: 133–42. 

4. Christen WG, et al. Aspirin use and risk of cataract in posttrial
follow-up of Physicians’ Health Study I. Arch Ophthalmol 2001;
119: 405–12.

Dysmenorrhoea. Drugs such as aspirin and other NSAIDs
that inhibit prostaglandin production through inhibition of cyclo-
oxygenase are effective drugs in the treatment of dysmenorrhoea
(p.6).
Fever. Methods for controlling fever (see p.10) include the use
of antipyretics and/or physical cooling methods (although the
value of the latter is questionable). Paracetamol, salicylates such
as aspirin, and some other NSAIDs are the main antipyretics
used. However, salicylates are generally contra-indicated for the
management of fever in children because of the possible link be-
tween their use and the development of Reye’s syndrome (see
under Adverse Effects, above).
Headache. Aspirin is often used for the symptomatic treatment
of various types of headache including migraine (see p.616) and
tension-type headache (see p.617). Aspirin given at the onset of
symptoms can successfully treat an acute attack of migraine.
However, absorption may be poor due to gastric stasis which is
commonly present in migraine. For this reason dispersible and
effervescent preparations and compound preparations containing
drugs such as metoclopramide which relieve gastric stasis have
been advocated. 
References.
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Kawasaki disease. Aspirin has been given in regimens with
normal immunoglobulins to children with Kawasaki disease
(p.2228) because of its anti-inflammatory, antipyretic, and an-
tiplatelet activity.1-4 
The usual practice is to use an anti-inflammatory regimen until
the fever has settled and then convert to an antithrombotic regi-
men. The BNFC recommends an oral dose of 30 to 50 mg/kg
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daily in 4 divided doses in children aged 1 month and over (neo-
nates may be given 32 mg/kg daily in 4 divided doses); this
should be continued until the patient is afebrile or for the first 14
days after the onset of symptoms. Once fever and signs of in-
flammatory disease resolve, the aspirin dose is reduced to 2 to
5 mg/kg daily (neonates may be given 5 mg/kg daily) as a single
dose for its antiplatelet effect. Aspirin may be stopped 6 to 8
weeks after the onset of illness but is usually continued for at
least one year if coronary abnormalities are present and is contin-
ued indefinitely if coronary aneurysms persist. Similar
regimens3,4 are used in the USA although the initial dose of aspi-
rin is more usually 80 to 100 mg/kg daily. 
Despite this widespread use the optimum dose and duration of
treatment have not been clearly established, and the value of as-
pirin in the initial management of Kawasaki disease has been
questioned. In a meta-analysis5 fever duration was significantly
shorter in those on high-dose aspirin; however, other studies6

have not shown such a benefit. Meta-analyses5,7 have also shown
that the incidence of coronary artery abnormalities is not signifi-
cantly different for regimens using high (over 80 mg/kg daily) or
low doses of aspirin. Furthermore, a retrospective study8 sug-
gested that aspirin use (irrespective of dose) in the acute phase of
the disease may be unnecessary as its addition to immunoglobu-
lin treatment had no effect on the rate of coronary artery abnor-
malities. A more recent review9 found that evidence from com-
parative studies failed to show that aspirin reduced the rate of
coronary artery abnormalities; a lack of good quality randomised
controlled trials prevented any recommendations on the use of
aspirin in the treatment of Kawasaki disease.
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Leg ulcers. A 4-month placebo-controlled study1 in 20 patients
suggested that aspirin 300 mg daily aided healing of chronic ve-
nous leg ulcers; the mechanism of action was unclear.2 However,
the validity of the findings has been challenged.3 The manage-
ment of leg ulcers is discussed on p.1585.
1. Layton AM, et al. Randomised trial of oral aspirin for chronic

venous leg ulcers. Lancet 1994; 344: 164–5. 
2. Ibbotson SH, et al. The effect of aspirin on haemostatic activity

in the treatment of chronic venous leg ulceration. Br J Dermatol
1995; 132: 422–6. 

3. Ruckley CV, Prescott RJ. Treatment of chronic leg ulcers. Lancet
1994; 344: 1512–13.

Malignant neoplasms. For references to studies suggesting
that regular use of aspirin and other NSAIDs may reduce the risk
of developing malignant neoplasms of the gastrointestinal tract,
see under NSAIDs, p.100.
Myeloproliferative disorders. Aspirin in low doses may be
used to provide symptomatic relief for erythromelalgia (burning
pain and erythema of the hands and feet) in patients with poly-
cythaemia vera (p.654) and primary thrombocythaemia (p.654).
Pain. Aspirin, along with other NSAIDs and paracetamol, may
be used for treating mild or moderate pain (see Choice of
Analgesic, p.2) and is also used in moderate or severe pain to
potentiate the effects of opioids. It is suitable for use in acute or
chronic pain. Aspirin should not be used for pain relief in chil-
dren because of its association with Reye’s syndrome (see under
Adverse Effects, above). 
Dependence and tolerance are not a problem with non-opioid
analgesics such as aspirin, but there is a ceiling of efficacy, above
which increasing the dose has no further therapeutic effect. 
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Rheumatic disorders. Aspirin was once widely used in the
treatment of rheumatoid arthritis (p.11) but has been superseded
by better tolerated NSAIDs; however, juvenile idiopathic arthri-
tis including Still’s disease (p.10) are among the limited number
of indications for aspirin use in children. The American Hospital
Service Formulary suggests that children weighing 25 kg or less
may be given an initial oral dose of 60 to 130 mg/kg daily in
divided doses; heavier children should be started on 2.4 to 3.6 g
daily. The usual maintenance dose is 80 to 100 mg/kg daily al-
though up to 130 mg/kg daily may be required in some children;
however, because of the risk of toxicity, it is recommended that
children weighing over 25 kg should not receive doses of
100 mg/kg daily or above.

Preparations

BP 2008: Aspirin and Caffeine Tablets; Aspirin Tablets; Co-codaprin Tab-
lets; Dispersible Aspirin Tablets; Dispersible Co-codaprin Tablets; Efferves-
cent Soluble Aspirin Tablets; Gastro-resistant Aspirin Tablets; 
USP 31: Acetaminophen and Aspirin Tablets; Acetaminophen, Aspirin, and
Caffeine Tablets; Aspirin and Codeine Phosphate Tablets; Aspirin Capsules;
Aspirin Delayed-release Capsules; Aspirin Delayed-release Tablets; Aspirin
Effervescent Tablets for Oral Solution; Aspirin Extended-release Tablets; As-
pirin Suppositories; Aspirin Tablets; Aspirin, Alumina, and Magnesia Tablets;
Aspirin, Alumina, and Magnesium Oxide Tablets; Buffered Aspirin Tablets;
Butalbital and Aspirin Tablets; Butalbital, Aspirin, and Caffeine Capsules;
Butalbital, Aspirin, and Caffeine Tablets; Butalbital, Aspirin, Caffeine, and Co-
deine Phosphate Capsules; Carisoprodol and Aspirin Tablets; Carisoprodol,
Aspirin, and Codeine Phosphate Tablets; Oxycodone and Aspirin Tablets;
Pentazocine and Aspirin Tablets; Propoxyphene Hydrochloride, Aspirin,
and Caffeine Capsules; Propoxyphene Napsylate and Aspirin Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Adiro†; Aspimed†; Aspirina; Aspirinetas; Ball†; Bayaspirina; Bufferin†;
Cardioaspirina; Desenfriolito; Ecotrin; Geniol AP†; Geniol Prevencion; Ge-
niol SC sin Cafeina; Geniolito†; Lacefal†; Lafeaspirina; Nuevapina; Austral.:
Aspro; Astrix; Bex†; Cardiprin; Cartia; Disprin; Disprin Direct; Ecotrin†; Sol-
prin; Spren†; Vincent’s Powders†; Austria: Acekapton; Aspiricor; Aspro;
ASS; Herz ASS; Herzschutz ASS; Salimont; Thrombo ASS; Thrombostad;
Togal Mono; Belg.: Acenterine; Asaflow; Asarid†; Aspirine; Aspro; Cardio-
aspirine; Cardiphar; Dispril; Sedergine; Therasa†; Braz.: AAS; Aasedatil†;
Aceticil; Analgesin; Antifebrin†; Ascedor†; Asetisin†; Aspirina; Bufferin;
Caas†; Cardio AAS; Cimaas; Ecasil†; Hipotermal; Salicil; Salicin; Salitil; Soma-
lgin; Canad.: Asaphen; Aspergum; Aspirin with Stomach Guard; Bufferin;
Entrophen; Equate; Novasen; Rivasa; Tri-Buffered ASA; Chile: Aspirina;
Cardioaspirina; Disgren; Ecotrin; Fluicor ; Hassapirin Puro; Thrombo AS;
Cz.: Acylpyrin; Anopyrin; Apo-Asa†; Aspro†; Godasal; Upsarin†; Denm.:
Hjerdyl; Hjertemagnyl; Idotyl; Magnyl; Fin.: Aspirin Cardio; Aspirin Zipp;
Disperin; Primaspan; Fr.: Aspirine; Aspirine pH8†; Aspirisucre; Aspro; Cat-
algine†; Claragine; Ger.: Acesal; Acetylin†; Aspro; ASS; Godamed; Her-
zASS; Miniasal; Santasal N; Thomapyrin akut†; Togal ASS; Gr.: Salospir; Up-
salgin-N; Hong Kong: Aspilets; Astrix; Bokey; Cardiprin; Cartia; Disprin;
Ecotrin; Glyprin; LAsprin; Propirin; Hung.: Aspirin Protect; Astrix; Colfarit;
Istopirin†; Kalmopyrin; India: ASA; Aspicot; Colsprin; CV-Sprin; Delisprin;
Disprin; Ecosprin; Indon.: Aptor; Ascardia; Aspilets; Astika; Bodrexin; Car-
dio Aspirin; Contrexyn; Farmasal; Inzana; Minigrip; Naspro; Procardin; Res-
tor; Rheumapill; Thrombo Aspilets; Irl.: Aspro; Caprin; Disprin; Lowasa;
Nu-Seals; Resprin; Israel: Acetosal; Alka-Seltzer; Ascriptin†; Buffered Pirin;
Cartia; Ecoprin; Godamed; Micropirin; Tevapirin; Ital.: Acesal†; ASA-ratio;
Ascriptin; Aspiglicina; Aspirina; Aspirina 03; Aspirinetta; Aspro; Bufferin†;
Cardioaspirin; Cemirit; Kilios†; Malaysia: Aceprin; Bufferin Low Dose†;
Cardiprin; Casprin; Disprin; Dusil†; Glyprin; Mex.: Acetil-A; Acetin; Acitab;
Adiro†; Antacsal; ASA; Ascriptin; Aspirina Protect; Axal†; Disprina; Dolo-
quim; Ecotrin; Midolen; Vastecel; Neth.: Asacard; Aspirine Protect; Aspro;
Bisolgripin†; Darosal; Togal; Norw.: Albyl-E; Dispril; Globoid; NZ: Aspec;
Aspro; Cardiprin†; Cartia; Disprin; Ecotrin; Solprin; Philipp.: Anthrom; As-
aprim; Aspec; Aspilets; Cor-30, Cor-80; Cortal; Enteroprin; Tromcor; Pol.:
Acard; Acesan; Alka-Prim; Alka-Seltzer; ASA; Aspimag; Aspirin Protect; As-
procard; Asprocol; Bestpirin; Calcipiryna; Cardiofil; Encopirin; Galocard; Ni-
pas; Polocard; Polopiryna; Polopiryna S; Proficar; Upsarin; Port.: AAS; Asac-
ard; ASP; Aspirina; Aspro†; Car tia; Melhoral Infantil†; Migraspirina;
Salycilina†; Toldex; Tromalyt; Rus.: Aspinat Cardio (Аспинат Кардио); As-
pirin Cardio (Аспирин Кардио); CardiASK (КардиАСК); Thrombo ASS
(Тромбо АСС); S.Afr.: Disprin; Ecotrin; Myoprin; Singapore: Aspro; As-
trix†; Bokey; Bufferin†; Cardiprin; Disprin; Dusil; Glyprin; Spain: AAS; Adi-
ro; Aspinfantil†; Aspirina; Bioplak; Helver Sal†; Mejoral†; Okal; Orravina†;
Rhonal; Saspryl†; Sedergine; Tromalyt; Swed.: Albyl minor; Bamycor†;
Bamyl; Bamyl S; Emotpin†; Magnecyl; Trombyl; Switz.: ASA; Asperivo†; As-
pirine Cardio; Aspro; ASS; Juridin; Thrombace Neo; Tiatral 100 SR; Togal
ASS; Thai.: Actorin; Anassa; Asatab; Ascot†; Aspent; Aspilets; Asrina; Ca-
parin; Cardiprin; Comoprin†; Entrarin; Seferin; V-AS; Turk.: Algo; Algo
Bebe; Asabrin; Asinpirine; Aspapirine; Aspinal; Ataspin; Babyprin; Coraspin;
Dispril; Ecopirin; Notras; Opon; UAE: Jusprin; UK: Alka; Angettes; Aspro;
Caprin; Disprin; Disprin Direct; Enprin; Micropirin; Nu-Seals; PostMI†; Pure
Health; USA: Adprin-B; Arthritis Pain Formula; Ascriptin; Aspergum; Aspri-
mox†; Bayer Low Adult Strength; Bufferin; Buffex; Cama Arthritis Pain Re-
liever; Easprin; Ecotrin; Empirin; Extra Strength Bayer Plus; Genprin; Half-
prin; Magnaprin†; Norwich Extra Strength; Norwich Regular Strength;
Regular Strength Bayer; St. Joseph Adult Chewable; ZORprin; Venez.: As-
aprol; Ascriptin; Aspiretina†; Azacard; Cardipirina; Coraspirina.

Multi-ingredient: numerous preparations are listed in Part 3. 

Auranofin (BAN, USAN, rINN)

Auranofiini; Auranofina; Auranofine; Auranofinum; Oranofin;
SKF-39162; SKF-D-39162. (1-Thio-β-D-glucopyranosato)(tri-
ethylphosphine)gold 2,3,4,6-tetra-acetate.
Ауранофин
C20H34AuO9PS = 678.5.
CAS — 34031-32-8.
ATC — M01CB03.
ATC Vet — QM01CB03.

Adverse Effects and Treatment
The most common adverse effects of auranofin involve
the gastrointestinal tract and include nausea, abdomi-
nal pain, and sometimes vomiting, but most often diar-
rhoea, which can affect up to 50% of patients and may
be severe enough to cause patients to withdraw from
treatment. Other adverse effects are similar to those ex-
perienced with sodium aurothiomalate (p.122), al-
though they appear to be less troublesome since fewer
patients stop treatment with auranofin than with inject-
able gold. As with other gold salts, treatment of ad-
verse effects is generally symptomatic (see p.123).
Modifying the diet to increase bulk, use of a bulking
agent such as bran, or a temporary reduction in au-
ranofin dosage, may help the diarrhoea (but see Effects
on the Gastrointestinal Tract, below).
◊ Reviews.
1. Tozman ECS, Gottlieb NL. Adverse reactions with oral and

parenteral gold preparations. Med Toxicol 1987; 2: 177–89.

Effects on the gastrointestinal tract. Diarrhoea and abdom-
inal pain are common with auranofin. The mechanism of gas-
trointestinal toxicity has not been established but may be associ-
ated with a reversible defect in intestinal permeability.1 Although
some have suggested that diarrhoea may occur in up to 50% of
patients taking auranofin, a study in 269 patients given the drug
for rheumatoid arthritis found that only about 15% experienced
loose and watery stools over a six-month period.2 Although bulk-
ing agents have been recommended in the management of au-
ranofin-induced diarrhoea, no overall difference in incidence
was seen between patients given prophylactic psyllium and those
given placebo; however, patients given psyllium had slightly
fewer days with loose and watery stools. 
Gold-induced colitis has also been reported in patients taking au-
ranofin.3,4

1. Behrens R, et al. Investigation of auranofin-induced diarrhoea.
Gut 1986; 27: 59–65. 

2. van Beusekom HJ, et al. The moderate intestinal side effects of
auranofin do not require prophylactic therapy with a bulkform-
ing agent. Dutch Ridaura Study Group. Clin Rheumatol 1997;
16: 471–6. 

3. Michet CJ, et al. Auranofin-associated colitis and eosinophilia.
Mayo Clin Proc 1987; 62: 142–4. 

4. Langer HE, et al. Gold colitis induced by auranofin treatment of
rheumatoid arthritis: case report and review of the literature. Ann
Rheum Dis 1987; 46: 787–92.

Effects on the kidneys. In a retrospective review1 of 1283 pa-
tients who had received auranofin for treatment of rheumatoid
arthritis 41 (3.2%) were found to have developed proteinuria. In
most cases proteinuria was treated by stopping auranofin thera-
py. Long-term follow-up of 36 patients indicated that proteinuria
had resolved in 31 within 2 years and in 29 within 1 year. Seven
of 8 patients later rechallenged with auranofin had no relapses. In
a further review of 2 comparative double-blind studies using
gold compounds in the treatment of rheumatoid arthritis, pro-
teinuria was found to have developed in 27% (23 of 85) of pa-
tients treated with sodium aurothiomalate, in 17% (42 of 247) of
those treated with auranofin, and in 17% (36 of 210) of those
receiving placebo. All patients were receiving NSAIDs.
1. Katz WA, et al. Proteinuria in gold-treated rheumatoid arthritis.

Ann Intern Med 1984; 101: 176–9.

Precautions
As for Sodium Aurothiomalate, p.123. Urine and
blood tests should be carried out before starting au-
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ranofin and monthly thereafter; licensed product infor-
mation advises that auranofin should be withdrawn if
the platelet count falls below 100 000 cells/mm3 or if
signs and symptoms suggestive of thrombocytopenia,
leucopenia or aplastic anaemia occur. US licensed
product information states that baseline renal and liver
function levels should also be established before start-
ing auranofin therapy. Auranofin should be used with
caution in patients with inflammatory bowel disease.
Porphyria. Auranofin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for Sodium Aurothiomalate, p.123.

Pharmacokinetics
Auranofin is incompletely absorbed from the gastroin-
testinal tract, only about 25% of the gold being ab-
sorbed. Gold from auranofin is bound to plasma pro-
teins as well as to red blood cells. After 2 to 3 months
of treatment the steady-state concentration of gold in
the blood is reported to be about 0.7 micrograms/mL.
The average terminal plasma half-life of gold at steady
state is about 26 days while the biological half-life is 80
days. Tissue retention and total gold accumulation in
the body are less than with intramuscular gold. Gold
from auranofin penetrates into synovial fluid. 
Most of a dose of auranofin appears in the faeces due
to its poor absorption. About 60% of the absorbed gold
from auranofin is excreted in the urine and the remain-
der in the faeces.
◊ Reviews.
1. Blocka KLN, et al. Clinical pharmacokinetics of oral and inject-

able gold compounds. Clin Pharmacokinet 1986; 11: 133–43. 
2. Benn HP, et al. Pharmacokinetics of auranofin: a single dose

study in man. J Rheumatol 1990; 17: 466–8.

Uses and Administration
Auranofin is a gold compound with a gold content of
about 29%; it has similar actions and uses to those of
sodium aurothiomalate (p.123). It is given orally in ac-
tive progressive rheumatoid arthritis (below); such oral
treatment is less toxic than intramuscular gold but is
also much less effective. The usual initial dose of au-
ranofin is 6 mg daily given in two divided doses at first,
then, if tolerated, as a single dose. Treatment should be
continued for at least 6 months to assess the response;
the dose may be increased after 6 months, if the re-
sponse is inadequate, to 3 mg three times daily. If the
response is still inadequate after 3 months at this dos-
age, then treatment should be stopped.
Asthma. A systematic review1 found that oral or parenteral
gold compounds reduced corticosteroid requirements in the
management of asthma (p.1108); however, it was considered that
the effect was probably of limited clinical significance and, given
the adverse effects and monitoring requirements of gold com-
pounds, their use in asthma could not be recommended.
1. Evans DJ, et al. Gold as an oral corticosteroid sparing agent in

stable asthma. Available in The Cochrane Database of Systemat-
ic Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
25/10/06).

Lupus. Since the introduction of less toxic drugs gold com-
pounds are now rarely used in the treatment of SLE, however,
there have been anecdotal reports suggesting that auranofin may
still be of use in patients with discoid lupus erythematosus1 or
cutaneous lupus erythematosus2 refractory to conventional treat-
ment.
1. Dalziel K, et al. Treatment of chronic discoid lupus erythemato-

sus with an oral gold compound (auranofin). Br J Dermatol
1986; 115: 211–16. 

2. Farrell AM, Bunker CB. Oral gold therapy in cutaneous lupus
erythematosus (revisited). Br J Dermatol 1996; 135 (suppl 47):
41.

Pemphigus. A patient with long-standing pemphigus foliaceus
being treated with prednisolone and hydroxychloroquine had
healing of his lesions within 6 months of auranofin being substi-
tuted for the hydroxychloroquine.1

1. Bagheri MM, et al. Pemphigus foliaceus presenting as eruptive
seborrheic keratosis and responding to oral gold treatment. J
Drugs Dermatol 2002; 1:333–4.

Psoriasis. Although topical auranofin has been shown in a pla-
cebo-controlled study1 to be effective in the treatment of plaque-
type psoriasis (p.1583) the high incidence of adverse skin reac-

tions, such as contact dermatitis, was thought to outweigh any
benefit.
1. Helm KF, et al. Topical auranofin ointment for the treatment of

plaque psoriasis. J Am Acad Dermatol 1995; 33: 517–19.

Rheumatic disorders. Gold compounds are among the dis-
ease-modifying antirheumatic drugs (DMARDs) that may be
used in the treatment of rheumatoid arthritis (p.11). Oral gold is
less toxic than intramuscular gold but is also much less effective.
Gold compounds may also be of benefit in psoriatic arthritis (see
under Spondyloarthropathies, p.13) and have been used in juve-
nile idiopathic arthritis (p.10). 
References.
1. Suarez-Almazor ME, et al. Auranofin versus placebo in rheuma-

toid arthritis. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
09/05/05).

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Ridaura; Austria: Ridaura; Belg.: Ridaura; Braz.: Ridaura†; Ca-
nad.: Ridaura†; Denm.: Ridaura†; Fin.: Ridaura; Fr.: Ridauran; Ger.: Ridau-
ra; Gr.: Ridaura; Hong Kong: Ridaura; India: Goldar; Irl.: Ridaura; Israel:
Ridaura; Ital.: Ridaura; Neth.: Ridaura; Norw.: Ridaura; NZ: Ridaura;
Port.: Ridaura; Rus.: Auropan (Ауропан); S.Afr.: Ridaura; Spain: Ridaura;
Swed.: Ridaura†; Switz.: Ridaura; UK: Ridaura; USA: Ridaura.

Aurothioglucose
1-Aurothio-D-glucopyranose; Aurotioglucosa; (D-Glucosylthio)-
gold; Gold Thioglucose. (1-Thio-D-glucopyranosato)gold.

Ауротиоглюкоза

C6H11AuO5S = 392.2.
CAS — 12192-57-3.
ATC — M01CB04.
ATC Vet — QM01CB04.

Pharmacopoeias. In US. 
USP 31 (Aurothioglucose). A yellow odourless or practically
odourless powder. An aqueous solution is unstable on long
standing. It is stabilised by the addition of a small amount of so-
dium acetate. pH of a 1% solution in water is about 6.3. Freely
soluble in water; practically insoluble in alcohol, in acetone, in
chloroform, and in ether. Store in airtight containers. Protect
from light.

Adverse Effects, Treatment, and Precautions
As for Sodium Aurothiomalate, p.122.

Effects on the blood. Thrombocytopenia developed in 2 pa-
tients treated with intramuscular aurothioglucose.1

1. Levin M-D, et al. Two patients with acute thrombocytopenia fol-
lowing gold administration and five-year follow-up. Neth J Med
2003; 61: 223–5.

Interactions
As for Sodium Aurothiomalate, p.123.

Pharmacokinetics
As for Sodium Aurothiomalate, p.123; absorption is slower and
more irregular.

Uses and Administration
Aurothioglucose is a gold compound with a gold content of
about 50%; it has similar actions and uses to those of sodium
aurothiomalate (p.123). It is used in the treatment of active rheu-
matoid arthritis (p.11) and juvenile idiopathic arthritis (p.10).
Aurothioglucose is given intramuscularly as a suspension in oil
in an initial weekly dose of 10 mg increasing gradually to up to
50 mg weekly. Therapy is continued at weekly intervals until a
total dose of 0.8 to 1 g has been given; if improvement has oc-
curred with no signs of toxicity 50 mg may then be given at in-
tervals of 3 to 4 weeks. Children aged 6 to 12 years have been
given one-quarter the adult dose, to a maximum of 25 mg per
dose.

◊ For comment on the relative efficacy and tolerability of au-
rothioglucose and aurothiomalate see Rheumatic Disorders, un-
der Sodium Aurothiomalate, p.124.

Preparations
USP 31: Aurothioglucose Injectable Suspension.

Proprietary Preparations (details are given in Part 3)
Canad.: Solganal†; Israel: Solganal; Neth.: Auromyose†; USA: Solganal.

Aurotioprol
Sodium 3-aurothio-2-hydroxypropane-1-sulphonate.
Ауротиопрол
C3H6AuNaO4S2 = 390.2.
CAS — 27279-43-2.
ATC — M01CB05.
ATC Vet — QM01CB05.

Profile
Aurotioprol is a gold compound with a gold content of about
50%; it has similar actions and uses to those of sodium aurothi-
omalate (p.122). It is given by intramuscular injection for the
treatment of rheumatoid arthritis (p.11). The initial dose is 25 mg
weekly, increased to 50 to 100 mg weekly, until a total dose of
1.2 to 1.5 g has been given. If improvement has occurred with no
signs of toxicity, this may be followed by a dose of 50 to 100 mg
intramuscularly every month.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Allochrysine†; Fr.: Allochrysine.

Azapropazone (BAN, rINN)

AHR-3018; Apazone (USAN); Atsapropatsoni; Azapropazon; Az-
apropazona; Azapropazonum; Mi85; NSC-102824. 5-Dimethyl-
amino-9-methyl-2-propylpyrazolo[1,2-a][1,2,4]benzotriazine-
1,3(2H)-dione.
Азапропазон
C16H20N4O2 = 300.4.
CAS — 13539-59-8.
ATC — M01AX04.
ATC Vet — QM01AX04.

Pharmacopoeias. Br. includes the dihydrate. 
BP 2008 (Azapropazone). The dihydrate is a white to pale yel-
low crystalline powder. Very slightly soluble in water and in
chloroform; soluble in alcohol; dissolves in solutions of alkali
hydroxides.
Profile
Azapropazone is an NSAID (see p.96), structurally related to
phenylbutazone (p.117). It also has uricosuric properties. Be-
cause azapropazone appears to be associated with a higher inci-
dence of adverse effects than with some other NSAIDs, its use
has been restricted to the treatment of rheumatoid arthritis, anky-
losing spondylitis, and acute gout in patients for whom other
NSAIDs have been ineffective. 
Azapropazone is used as the dihydrate and doses are expressed
in terms of this hydrated form. For the treatment of rheumatoid
arthritis or ankylosing spondylitis the usual oral dose was up to
1.2 g daily in 2 divided doses. Patients over 60 years of age have
been given 300 mg twice daily. Reduced doses were also recom-
mended in patients with renal impairment, see below.
Administration in renal impairment. In the treatment of
rheumatoid arthritis or ankylosing spondylitis in patients with re-
duced renal function the usual dose was reduced according to
creatinine clearance (CC) as follows: 
• CC 50 to 75 mL/minute: reduce usual dose (see above) by

one-third to one-half 
• CC less than 50 mL/minute: reduce usual dose by one-half to

two-thirds
Breast feeding. Small quantities of azapropazone are excreted
into breast milk.1 However, the American Academy of
Pediatrics2 states that there have been no reports of any clinical
effect on the infant associated with the use of azapropazone by
breast-feeding mothers, and that therefore it may be considered
to be usually compatible with breast feeding.
1. Bald R, et al. Excretion of azapropazone in human breast milk.

Eur J Clin Pharmacol 1990; 39: 271–3. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/11/07)

Effects on the blood. Auto-immune haemolytic anaemia, oc-
casionally fatal, often with pulmonary infiltration, allergic alve-
olitis, pulmonary fibrosis, or fibrosing alveolitis, has been report-
ed in patients receiving azapropazone.1-3

1. Chan-Lam D, et al. Red cell antibodies and autoimmune haemo-
lysis after treatment with azapropazone. BMJ 1986; 293: 1474. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Albazzaz MK, et al. Alveolitis and haemolytic anaemia induced
by azapropazone. BMJ 1986; 293: 1537–8. 

3. Montgomery RD, Babb RG. Alveolitis and haemolytic anaemia
induced by azapropazone. BMJ 1987; 294: 375.

Effects on the gastrointestinal tract. In a review1 of the rel-
ative safety of 7 oral NSAIDs, the UK CSM commented that
azapropazone was associated with the highest risk of gastrointes-
tinal reactions in both epidemiological studies and an analysis of
spontaneous reporting of adverse reactions. Although it appeared
that some patients over 60 years of age had received doses ex-
ceeding those recommended for this age group, it was considered
that even when this was taken into account a marked difference
remained between gastrointestinal reactions for azapropazone
compared with other NSAIDs. 
The CSM recommended that azapropazone should be restricted
to use in rheumatoid arthritis, ankylosing spondylitis, and acute
gout and only when other NSAIDs have been ineffective. Its use
in patients with a history of peptic ulceration was contra-indicat-
ed. It was also recommended that when used in patients over 60
years of age for rheumatoid arthritis or ankylosing spondylitis
the dose should be restricted to a maximum of 600 mg daily. 
Azapropazone has been withdrawn in many countries including
the UK.
1. CSM/MCA. Relative safety of oral non-aspirin NSAIDs. Cur-

rent Problems 1994; 20: 9–11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2015615&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

Effects on the skin. Of 917 reports of adverse reactions asso-
ciated with azapropazone forwarded to the WHO Collaborating
Centre for International Drug Monitoring1 before September
1984, 190 (21%) were of photosensitivity. Of 154 reports of pho-
tosensitivity evaluated a causal relationship to use of azapropa-
zone was considered certain in 6, probable in 138, and possible
in 10. In May 1994 the UK CSM stated2 that since 1976 they had
received 464 reports of photosensitivity reactions associated
with azapropazone and commented that, when corrected for pre-
scription volume, reporting of this reaction was 50 times greater
than with other commonly prescribed NSAIDs. They recom-
mended that patients should be advised to avoid direct exposure
to sunlight or to use sunblock preparations.
1. Olsson S, et al. Photosensitivity during treatment with azapropa-

zone. BMJ 1985; 291: 939. 
2. CSM/MCA. Photosensitivity associated with azapropazone

(Rheumox). Current Problems 1994; 20: 6. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2015616&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

Porphyria. Azapropazone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Preparations
BP 2008: Azapropazone Capsules; Azapropazone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Debelex†; Austria: Prolixan†; Gr.: Prolixan†; Hung.: Prolixan†; Irl.:
Rheumox†; Port.: Prolixan†; S.Afr.: Rheumox; Turk.: Prodisan; UK: Rheu-
mox†.

Bendazac (BAN, USAN, rINN)

AF-983; Bendazaco; Bendazacum; Bindazac. (1-Benzyl-1H-inda-
zol-3-yloxy)acetic acid.
Бендазак
C16H14N2O3 = 282.3.
CAS — 20187-55-7.
ATC — M02AA11; S01BC07.
ATC Vet — QM02AA11; QS01BC07.

Bendazac Lysine (BANM, rINNM)

AF-1934; Bendazac lisina; Bendazacum Lysinum. L-Lysine-(1-ben-
zyl-1H-indazol-3-yloxy)acetic acid.
Бендазак Лизин
C22H28N4O5 = 428.5.
CAS — 81919-14-4.
ATC — S01BC07.
ATC Vet — QS01BC07.
Pharmacopoeias. In Chin.

Profile
Bendazac is an NSAID (p.96) structurally related to indometacin
(p.66). It has been used topically in preparations containing 1 or
3% for the treatment of various inflammatory skin disorders. 
Bendazac lysine has been used in the management of cataract,
eye drops containing 0.5% being instilled three times daily. 
Hepatotoxicity has been reported.
◊ References.
1. Balfour JA, Clissold SP. Bendazac lysine: a review of its phar-

macological properties and therapeutic potential in the manage-
ment of cataracts. Drugs 1990; 39: 575–96. 

2. Prieto de Paula JM, et al. Hepatotoxicidad por bendazaco: análi-
sis de 16 casos. Rev Clin Esp 1995; 195: 387–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Versus; Gr.: Versalba; Ital.: Bendalina; Versus; Philipp.: Bendalina;
Port.: Bendalina; Venez.: Bendalina.

Benorilate (BAN, rINN)

Benorilaatti; Benorilat; Bénorilate; Benorilato; Benorilatum;
Benorylate; FAW-76; Fenasprate; Win-11450. 4-Acetamidophe-
nyl O-acetylsalicylate.
Бенорилат
C17H15NO5 = 313.3.
CAS — 5003-48-5.
ATC — N02BA10.
ATC Vet — QN02BA10.

Pharmacopoeias. In Br. and Chin. 
BP 2008 (Benorilate). A white or almost white, odourless or al-
most odourless, crystalline powder. Practically insoluble in wa-
ter; sparingly soluble in alcohol and in methyl alcohol; soluble in
acetone and in chloroform.
Profile
Benorilate is an aspirin-paracetamol ester with analgesic, anti-
inflammatory, and antipyretic properties. After absorption, it is
rapidly metabolised to salicylate and paracetamol. It has been
used orally in the treatment of mild to moderate pain (see Choice
of Analgesic, p.2) and fever (p.10). It has also been used in oste-
oarthritis, rheumatoid arthritis, and soft-tissue rheumatism. 
When an overdose of benorilate is suspected, it has been suggest-
ed that plasma concentrations of both salicylate and paracetamol
should be measured since a normal plasma-paracetamol concen-
tration cannot necessarily be assumed from a normal plasma-sal-
icylate measurement.
◊ References.
1. Aylward M. Toxicity of benorylate. BMJ 1973; 2: 118. 
2. Symon DNK, et al. Fatal paracetamol poisoning from benorylate

therapy in child with cystic fibrosis. Lancet 1982; ii: 1153–4.
Preparations
BP 2008: Benorilate Oral Suspension; Benorilate Tablets.

Proprietary Preparations (details are given in Part 3)
Belg.: Duvium†; Fr.: Salipran†; Irl.: Benoral†; Switz.: Duvium†; UK: Beno-
ral†.

Benoxaprofen (BAN, USAN, rINN)

Benoksaprofeeni; Bénoxaprofène; Benoxaprofeno; Benoxapro-
fenum; Compound 90459; LRCL-3794. 2-[2-(4-Chlorophe-
nyl)benzoxazol-5-yl]propionic acid.
Беноксапрофен
C16H12ClNO3 = 301.7.
CAS — 51234-28-7.
ATC — M01AE06.
ATC Vet — QM01AE06.

Profile
Benoxaprofen is an NSAID (p.96) structurally related to ibupro-
fen (p.64). It was formerly given orally in rheumatoid arthritis
and osteoarthritis but because of reports of adverse reactions and
fatalities the manufacturers halted worldwide marketing of the
preparation known as Opren in the early 1980s. Adverse effects

that have occurred with benoxaprofen include skin disorders,
notably photosensitivity reactions but also erythema multiforme
and the Stevens-Johnson syndrome, onycholysis and other nail
disorders, gastrointestinal disturbances including peptic ulcera-
tion and bleeding, blood disorders such as thrombocytopenia,
cholestatic jaundice and other liver or biliary disorders, and renal
failure.

Benzydamine Hydrochloride (BANM, USAN, rINNM)

AF-864; Benzidamin Hidroklorür; Benzindamine Hydrochloride;
Benzydamine, Chlorhydrate de; Benzydamini Hydrochloridum;
Benzydaminy chlorowodorek; Hidrocloruro de bencidamina. 3-
(1-Benzyl-1H-indazol-3-yloxy)-NN-dimethylpropylamine hydro-
chloride.
Бензидамина Гидрохлорид
C19H23N3O,HCl = 345.9.
CAS — 642-72-8 (benzydamine); 132-69-4 (benzydam-
ine hydrochloride).
ATC — A01AD02; G02CC03; M01AX07; M02AA05.
ATC Vet — QA01AD02; QG02CC03; QM01AX07;
QM02AA05.

(benzydamine)

Pharmacopoeias. In Br. and Pol. 
BP 2008 (Benzydamine Hydrochloride). A white crystalline
powder. Very soluble in water; freely soluble in alcohol and in
chloroform; practically insoluble in ether. A 10% solution in wa-
ter has a pH of 4.0 to 5.5.
Adverse Effects
After topical application to the skin local reactions such as ery-
thema or rash may occur and photosensitivity has been reported.
After use as mouth and throat preparations, numbness or stinging
sensations of the oral mucosa have been reported; hypersensitiv-
ity reactions including urticaria, photosensitivity, and bronchos-
pasm may also occur rarely.
Effects on the kidneys. A 57-year-old woman who had used
400 g of a topical cream containing benzydamine hydrochloride
3% over a period of 4 months was found to have raised plasma
concentrations of creatinine and urea consistent with a substan-
tial reduction in glomerular filtration rate.1
1. O’Callaghan CA, et al. Renal disease and use of topical non-

steroidal anti-inflammatory drugs. BMJ 1994; 308: 110–11.

Effects on the skin. Photoallergic contact dermatitis devel-
oped on the hands of a 65-year-old woman after the use of a gen-
ital wash containing benzydamine 0.1% for several years.1 The
lesions disappeared once the patient stopped using the solution.
1. Lasa Elgezua O, et al. Photoallergic hand eczema due to benzy-

damine. Eur J Dermatol 2004; 14: 69–70.

Overdose. A 6-year old girl had hallucinations1 after receiving
500 mg of benzydamine orally; it had been intended as a vaginal
douche for pruritus vulvae; recovery was spontaneous.
1. Gómez-López L, et al. Acute overdose due to benzydamine.

Hum Exp Toxicol 1999; 18: 471–3.

Uses and Administration
Benzydamine hydrochloride is an NSAID (p.99). It is used topi-
cally on the skin in concentrations of 3 to 5% in painful muscu-
loskeletal and soft-tissue disorders. Benzydamine hydrochloride
is also used as a mouthwash or spray in concentrations of 0.15%
for the relief of inflammatory conditions of the mouth and throat.
It has been given orally or rectally for the relief of painful and
inflammatory conditions, and as a topical solution for vaginal ir-
rigation. 
Benzydamine salicylate (benzasal) has been used topically on
the skin as a 6% cream or spray.
Mouth disorders. Results of a randomised placebo-controlled
study in patients undergoing radiotherapy for oropharyngeal can-
cer indicated that benzydamine as an oral rinse was effective in
reducing the area and severity of mucositis.1 Benzydamine is
also used locally for the management of mouth ulcers (p.1700)
although an early study2 found it no more useful than placebo.
1. Epstein JB, et al. Benzydamine HCl for prophylaxis of radiation-

induced oral mucositis: results from a multicenter, randomized,
double-blind, placebo-controlled clinical trial. Cancer 2001; 92:
875–85. 

2. Matthews RW, et al. Clinical evaluation of benzydamine, chlo-
rhexidine, and placebo mouthwashes in the management of re-
current aphthous stomatitis. Oral Surg Oral Med Oral Pathol
1987; 63: 189–91.
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Preparations
BP 2008: Benzydamine Cream; Benzydamine Mouthwash; Benzydamine
Oromucosal Spray.
Proprietary Preparations (details are given in Part 3)
Arg.: Actifedrin; Bencifem; Ernex; Sandival Desleible; Austral.: Difflam; Dif-
flam Anti-inflammatory Throat Spray; Difflam Solution; Austria: Tantum;
Tantumar; Braz.: Benflogin; Benzitrat; Ciflogex; Eridamin†; Flogin-Ped†; Fl-
ogo Rosa; Flogolab; Flogoral; Fonergoral; Neoflogin; Canad.: Sun-Benz†;
Tantum; Cz.: Rosalgin; Tantum; Denm.: Andolex; Fr.: Opalgyne; Ger.: Tan-
tum Rosa; Tantum Verde; Gr.: Tantum; Hong Kong: Dantum; Difflam; Ve-
rax; Hung.: Tantum Verde; Indon.: Tanflex; Tantum; Irl.: Difflam; Israel:
Easy gel; Ital.: Afloben; Benzirin; Ginesal; Lagin†; Multum†; Saniflor Colluto-
rio; Tantum; Verax; Xentafid; Malaysia: Difflam Anti-inflammatory Lozeng-
es; Difflam Solution; Mex.: Artroben; Lonol; Vantal; Neth.: Tantum; NZ:
Difflam; Philipp.: Difflam; Pol.: Hascosept; Tantum; Port.: Flogoral;
Momen; Rosalgin; Tantum; Tantum Rosa; Tantum Verde; Rus.: Tantum Rose
(Тантум Роза); Tantum Verde (Тантум Верде); S.Afr.: Andolex; Singa-
pore: Difflam; Spain: Agilona; Fulgium; Rosalgin; Tantum; Tantum Verde;
Swed.: Andolex; Switz.: Bucco-Tantum; Thai.: Difflam; Turk.: Benzidan;
Tanflex; Tantum; Ternex; UK: Difflam; Venez.: Azutan; Bevi Dam; Biozendi;
Flodont; Ginacol; Tantum; Tantum Verde; Zydan.
Multi-ingredient: Arg.: Buchex; Dresan Biotic†; Dresan†; Ernex Duo;
Espectocural; Pentadent†; Austral.: Difflam Anti-inflammatory Lozenges
with Cough Suppressant; Difflam Lozenges; Difflam Mouth Gel; Difflam-C;
Logicin Rapid Relief; Braz.: Angino-Rub; Hong Kong: Difflam Anti-inflam-
matory Lozenges; Difflam Mouth Gel; Difflam-C; Logicin Rapid Relief;
Hung.: Tantum Rosa; Ital.: Algolisina†; Gola Action; Linea F; Mediplus;
Malaysia: Difflam Anti-inflammatory Lozenges (with Antibacterial); Dif-
flam Anti-Inflammatory Lozenges (with cough suppressant); Difflam Mouth
Gel; Difflam-C; Mex.: Lonol Sport; NZ: Difflam Cough; Difflam Mouth Gel;
Difflam-C; Port.: Benoral; Gartun; Tantum Verde; S.Afr.: Andolex-C; Sin-
gapore: Difflam Anti-inflammatory Anti-Bacterial Lozenges; Difflam Mouth
Gel; Difflam-C; Spain: Bristaciclina Dental; Dolosarto†; Etermol Antitusivo;
Mentamida; Prosturol; Tantum; Vinciseptil Otico; Turk.: Kloroben; Venez.:
Amicets; Gencivol Compuesto; Solunovar Compuesto.

Benzyl Nicotinate
Bensylnikotinat; Bentsyylinikotinaatti; Benzil Nikotinat; Benzyli
Nicotinas; Nicotinato de bencilo. Benzyl pyridine-3-carboxylate.
C13H11NO2 = 213.2.
CAS — 94-44-0.

Pharmacopoeias. In Ger.
Profile
Benzyl nicotinate is used in topical preparations as a rubefacient.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Leukona-Aktiv-Rheumabad†; Pernionin Thermo Teilbad; Pernionin
Thermo Vollbad; Pykaryl T; Rubriment; Rubriment-BN.
Multi-ingredient: Arg.: Butidiona†; Oxa Sport; Pergalen; Austria: Am-
benat; Derivon; Expectal-Balsam; Igitur-antirheumatische; Igitur-Rheumaflu-
id; Menthoneurin; Mobilisin plus; Rheumex; Rubizon-Rheumagel; Rubri-
ment; Thermo-Rheumon; Thrombophob; Braz.: Etrat†; Trombofob;
Chile: Bayro-Therm†; Cz.: Dolo-Rubriment†; Rheuma-Salbe†; Rubriment-
N†; Thermo-Rheumon†; Fin.: Trombosol; Fr.: Lumbalgine; Ger.: ABC
Warme-Salbe†; Ambene N; Arthrodestal N†; Auroanalin Thermo; Cam-
phopin; Capsamol N†; Caye Rheuma-Balsam; Cor-Select†; DoloVisano
Salbe†; Emasex-N†; Forapin E†; Hot Thermo; Lomazell for te N†;
Lumbinon Thermo†; mikanil†; Ostochont†; Pelvichthol N; Phardol Rheu-
ma†; Phardol Warme-Balsam†; Phlogont-Thermal; Praecordin S†; Rheu-
balmin Thermo†; Rheuma-Salbe N; Rheuma-Salbe†; Rheumasalbe†; Rheu-
masan N†; Rheumasit†; Rubriment; Rubriment-N†; Tachynerg Campher
Herzsalbe; Thermo-Menthoneurin†; Thermo-Rheumon N†; Thermo-
Rheumon†; Thermosenex; Togal Mobil-Gel†; Warme-Gel†; zuk thermo†;
Gr.: Bayolin; Ehrlich; Striafissan†; Thermo-Roiplon; Hong Kong: Salome-
thyl; Hung.: Bayolin†; Thermo-Rheumon†; India: Beparine; K5 Hair Tinc-
ture†; Thrombophob; Indon.: Stop X; Thrombophob; Zeropain; Ital.: Sa-
lonpas; Sloan; Mex.: Bayro Termo; Pol.: Lumbolin; Thermo-Rheumon;
Port.: Adrinex†; Balsamo Analgesico; Medalginan; Rus.: Capsicam
(Капсикам); Heparin Ointment (Гепариновая Мазь); Switz.: Assan ther-
mo; Demotherm Pommade contre le rhumatisme†; Dolo Demotherm;
Forapin†; Histalgane; Marament-N; Thermocutan†; Turk.: Thermo-Doline;
Thermo-Rheumon; Thermoflex; UK: Salonair ; Venez.: Ehrlich Balsamo.

Beta-aminopropionitrile
Aminopropionitrile; β-Aminopropionitrile; β-Aminopropionitri-
lo; BAPN. 3-Aminopropionitrile.
Бета-аминопропионитрил
C3H6N2 = 70.09.
CAS — 151-18-8 (beta-aminopropionitr ile); 1119-28-4
(beta-aminopropionitr ile fumarate).
ATC Vet — QM01AX91.

Profile
Beta-aminopropionitrile, a lysyl oxidase inhibitor, is an anti-in-
flammatory used as the fumarate in veterinary medicine for the
treatment of tendinitis.

Bicifadine Hydrochloride (USAN, rINNM)

Bicifadina, hidrocloruro de; Bicifadine, Hydrochloride de; Bicifadi-
ni Hydrochloridum; CL-220075. (±)-1-p-Tolyl-3-azabicyclo-
[3.1.0]hexane hydrochloride.
Бицифадина Гидрохлорид
C12H15N,HCl = 209.7.
CAS — 71195-57-8 (bicifadine); 66504-75-4 (bicifadine
hydrochloride).

(bicifadine)

Profile
Bicifadine hydrochloride is a novel analgesic under investigation
for the treatment of painful conditions including postoperative
dental pain.

Bornyl Salicylate
Borneol Salicylate; Salicilato de bornilo. 2-Hydroxybenzoic acid
1,7,7-trimethylbicyclo[2.2.1]hept-2-yl ester.
Борнилсалицилат
C17H22O3 = 274.4.
CAS — 560-88-3.

Profile
Bornyl salicylate is a salicylic acid derivative that has been used
topically in rubefacient preparations similarly to methyl sali-
cylate (p.85) for the relief of pain in musculoskeletal and joint
disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Forapin E†; Switz.: Forapin†; Hygiodermil.

Bromfenac Sodium (USAN, rINNM)

AHR-10282; AHR-10282B; Bromfénac Sodique; Bromfenaco
sódico; Natrii Bromfenacum. Sodium [2-amino-3-(p-bromoben-
zoyl)phenyl]acetate sesquihydrate.
Натрий Бромфенак
C15H11BrNNaO3,1 ⁄ H2O = 383.2.
CAS — 91714-94-2 (bromfenac); 91714-93-1 (brom-
fenac sodium); 120638-55-3 (bromfenac sodium).

(bromfenac)

Profile
Bromfenac sodium, a phenylacetic acid derivative related to di-
clofenac (p.44), is an NSAID (p.96). It is instilled twice daily as
0.1% eye drops for ocular pain and inflammation including post-
operative inflammation in patients who have undergone cataract
extraction. When used postoperatively, it may be started 24 hours
after surgery and continued for the next 14 days. 
It was formerly given orally in the management of acute pain but
was withdrawn from the market after reports of severe and some-
times fatal hepatic failure.
Effects on the eyes. Severe corneal melting (ulceration) was
seen in 3 patients after topical use of bromfenac sodium.1 All
patients recovered after bromfenac was withdrawn. Similar ef-

fects have been reported with other ophthalmic NSAID prepara-
tions; for further details see under Adverse Effects of Diclofenac,
p.45.
1. Asai T, et al. Three cases of corneal melting after instillation of

a new nonsteroidal anti-inflammatory drug. Cornea 2006; 25:
224–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Bronuck; USA: Xibrom.

Bufexamac (BAN, rINN)

Bufeksamaakki; Bufeksamakas; Bufexamaco; Bufexamacum;
Bufexamák; Bufexamak. 2-(4-Butoxyphenyl)acetohydroxamic ac-
id.

Буфексамак
C12H17NO3 = 223.3.
CAS — 2438-72-4.
ATC — M01AB17; M02AA09.
ATC Vet — QM01AB17; QM02AA09.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Bufexamac). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in dimethylfor-
mamide; slightly soluble in ethyl acetate and in methyl alcohol.
Protect from light.

Profile
Bufexamac is an NSAID (p.96) that is applied topically in con-
centrations of 5% in various skin disorders. Stinging and burning
may occur after application; hypersensitivity reactions have been
reported.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Parfenac†; Austral.: Paraderm†; Austria: Bufex; Bufexan; Droxaryl;
Parfenac; Belg.: Bufexine†; Droxaryl†; Cz.: Droxaryl†; Fr.: Parfenac; Ger.:
Bufederm†; duradermal; Haemo-Exhirud Bufexamac; Jomax; Malipuran;
Parfenac; Windol; Ital.: Fansamac; Viafen; Neth.: Droxaryl; Parfenac; Port.:
Parfenac; Switz.: Parfenac.

Multi-ingredient: Austral.: Paraderm Plus; Resolve; Austria: Droxaryl;
Cz.: Mastu S; Ger.: Faktu akut; Hamo-ratiopharm N; Hamoagil plus; Mastu
S; Hong Kong: Fungo Soothing Balm; Mastu S; Hung.: Mastu S; NZ: Para-
derm Plus; Rus.: Proctosan (Проктозан); Thai.: Mastu S.

Bumadizone Calcium (rINNM)

Bumadizona cálcica; Bumadizone Calcique; Calcii Bumadizonum.
Calcium 2-(1,2-diphenylhydrazinocarbonyl)hexanoate hemihy-
drate.

Кальций Бумадизон
(C19H21N2O3)2Ca, ⁄ H2O = 699.8.
CAS — 3583-64-0 (bumadizone); 34461-73-9 (bumadi-
zone calcium).
ATC — M01AB07.
ATC Vet — QM01AB07.

(bumadizone)

Profile
Bumadizone calcium is an NSAID (p.96) that is metabolised to
phenylbutazone (p.117) and oxyphenbutazone (p.107). Use has
been limited by the risk of agranulocytosis and other haemato-
logical adverse effects.
Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Desflam.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Buprenorphine (BAN, rINN) ⊗ 
Buprenorfiini; Buprenorfin; Buprenorfina; Buprenorfinas; Bu-
prénorphine; Buprenorphinum; RX-6029-M. (6R,7R,14S)-17-Cy-
clopropylmethyl-7,8-dihydro-7-[(1S)-1-hydroxy-1,2,2-trimethyl-
propyl]-6-O-methyl-6,14-ethano-17-normorphine; (2S)-2-[(−)-
(5R,6R,7R,14S)-9a-Cyclopropylmethyl-4,5-epoxy-3-hydroxy-6-
methoxy-6,14-ethanomorphinan-7-yl]-3,3-dimethylbutan-2-ol.
Бупренорфин
C29H41NO4 = 467.6.
CAS — 52485-79-7.
ATC — N02AE01; N07BC01.
ATC Vet — QN02AE01; QN07BC01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of buprenorphine: 
TEM; Tems.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Buprenorphine). A white or almost white crystal-
line powder. Very slightly soluble in water; freely soluble in
acetone; slightly soluble in cyclohexane; soluble in methyl alco-
hol. It dissolves in dilute solutions of acids. Protect from light.

Buprenorphine Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Buprenorfiinihydrokloridi; Buprenorfin-hidroklorid; Buprenorfin-
hydrochlorid; Buprenorfinhydroklorid; Buprenorfino hidrochlori-
das; Buprénorphine, chlorhydrate de; Buprenorphini hydrochlo-
ridum; CL-112302; Hidrocloruro de buprenorfina; NIH-8805;
UM-952.
Бупренорфина Гидрохлорид
C29H41NO4,HCl = 504.1.
CAS — 53152-21-9.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Buprenorphine Hydrochloride). A white or almost
white crystalline powder. Sparingly soluble in water; soluble in
alcohol; practically insoluble in cyclohexane; freely soluble in
methyl alcohol. Protect from light. 
USP 31 (Buprenorphine Hydrochloride). pH of a 1% solution in
water is between 4.0 and 6.0. Store in airtight containers. Protect
from light.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Buprenorphine may have a lower potential for produc-
ing dependence than pure agonists such as morphine.
However, it has been subject to abuse (see under Pre-
cautions, below). Abrupt withdrawal of buprenorphine
is said to produce only a mild abstinence syndrome,
which may be delayed in onset. 
Buprenorphine is used for substitution therapy in the
management of opioid dependence (see under Uses
and Administration, below).

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
Acute hepatotoxicity, including elevated liver enzyme
values, hepatitis with jaundice, hepatic failure, necro-
sis, and encephalopathy, and hepatorenal syndrome,
has been reported in opioid-dependent addicts; these
reactions have also occurred after the misuse of bu-
prenorphine, particularly after high doses or intrave-
nous use. 
Local reactions such as rash, erythema, and itching
have been reported with the transdermal patches. In
isolated cases delayed local allergic reactions with
marked signs of inflammation have occurred; the
patches should be withdrawn in such cases. 
Treatment of adverse effects is similar to that for other
opioid analgesics (p.102). The effects of buprenor-

phine are only partially reversed by naloxone (see Ef-
fects on the Respiratory System, below) but use of the
latter is still recommended.
Incidence of adverse effects. Adverse effects reported1 after
parenteral buprenorphine in 8187 patients were nausea (8.8%),
vomiting (7.4%), drowsiness (4.3%), sleeping (1.9%), dizziness
(1.2%), sweating (0.98%), headache (0.55%), confusion
(0.53%), lightheadedness (0.38%), blurred vision (0.28%), eu-
phoria (0.27%), dry mouth (0.11%), depression (0.09%), and
hallucinations (0.09%). Some studies2,3 have reported nausea,
vomiting, and dizziness to be more troublesome with buprenor-
phine than with morphine. 
In a study4 of sublingual buprenorphine, 50 of 141 cancer pa-
tients withdrew because of adverse effects, especially dizziness,
nausea, vomiting, and drowsiness; constipation was not reported.
A woman developed5 a painless ulcer on the upper surface of her
tongue after she had put sublingual buprenorphine tablets on
rather than under her tongue. 
Shock occurred6 in 2 patients 2 hours after receiving epidural
buprenorphine 300 micrograms; treatment with naloxone was
unsuccessful but symptoms disappeared spontaneously after 2 to
3 hours. 
In a multicentre study7 of transdermal buprenorphine, 252 of
1223 patients with moderate to severe cancer pain or non-cancer
pain withdrew due to adverse effects. The most commonly re-
ported were nausea (11%), vomiting (9.2%), constipation
(7.8%), dizziness (7.5%), drowsiness (4.0%), retching (3.7%),
generalised pruritus (2.0%), and headache (1.6%); local adverse
effects included pruritus (1.4%), dermatitis (1.3%), and ery-
thema (1.3%). Another study8 reported oedema, headache, nau-
sea, palpitation, and difficulty concentrating as causes for thera-
py withdrawal in 4 out of 90 patients.
1. Harcus AW, et al. Methodology of monitored release of a new

preparation: buprenorphine. BMJ 1979; 2: 163–5. 
2. Sear JW, et al. Buprenorphine for postoperative analgesia. Br J

Anaesth 1979; 51: 71. 
3. Kjaer M, et al. A comparative study of intramuscular buprenor-

phine and morphine in the treatment of chronic pain of malignant
origin. Br J Clin Pharmacol 1982; 13: 487–92. 

4. Robbie DS. A trial of sublingual buprenorphine in cancer pain.
Br J Clin Pharmacol 1979; 7 (suppl 3): 315S–317S. 

5. Lockhart SP, Baron JH. Tongue ulceration after lingual bu-
prenorphine. BMJ 1984; 288: 1346. 

6. Christensen FR, Andersen LW. Adverse reaction to extradural
buprenorphine. Br J Anaesth 1982; 54: 476. 

7. Muriel C, et al. Effectiveness and tolerability of the buprenor-
phine transdermal system in patients with moderate to severe
chronic pain: a multicenter, open-label, uncontrolled, prospec-
tive, observational clinical study. Clin Ther 2005; 27: 451–62. 

8. Sorge J, Sittl R. Transdermal buprenorphine in the treatment of
chronic pain: results of a phase III, multicenter, randomized,
double-blind, placebo-controlled study. Clin Ther 2004; 26:
1808–20.

Effects on the heart. For a report of myocardial infarction as-
sociated with abuse of buprenorphine, see Abuse under Precau-
tions, below.
Effects on mental function. Psychotomimetic effects have
been relatively uncommon with buprenorphine. Hallucinations
were reported1 in only 7 of 8147 patients (0.09%) given bu-
prenorphine by injection. There have been reports of hallucina-
tions after sublingual2 or epidural3 use.
1. Harcus AW, et al. Methodology of monitored release of a new

preparation: buprenorphine. BMJ 1979; 2: 163–5. 
2. Paraskevaides EC. Near fatal auditory hallucinations after bu-

prenorphine. BMJ 1988; 296: 214. 
3. MacEvilly M, O’Carroll C. Hallucinations after epidural bu-

prenorphine. BMJ 1989; 298: 928–9.

Effects on the respiratory system. There have been varying
reports on the occurrence of respiratory depression with bu-
prenorphine. It may be subject to a ‘ceiling effect’ in which res-
piratory depression does not increase further above doses of
about 3 micrograms/kg.1 However, high doses of 30 or
40 micrograms/kg given as sole intravenous analgesic in bal-
anced anaesthesia have been associated with severe respiratory
depression.2 
Respiratory depression may be delayed in onset and more pro-
longed than with morphine and is only partially reversed by
naloxone, possibly because buprenorphine is very firmly bound
to opioid receptors. A study of sublingual buprenorphine for
postoperative pain relief was abandoned when 3 of the first 16
patients showed signs of late-onset respiratory depression after
the second dose of buprenorphine; the respiratory depression did
not respond to naloxone.3 Successful reversal has been shown in
healthy subjects with buprenorphine-induced respiratory depres-
sion given large doses of naloxone 5 or 10 mg, but not with 1 mg;
reversal was gradual in onset and decreased the duration of the
normally prolonged respiratory depression.4 Other studies found
that lower doses of naloxone 2 to 4 mg given over 30 minutes,5,6

or bolus doses of 2 to 3 mg followed by a continuous infusion of
4 mg/hour,6 were effective in reversing buprenorphine-induced
respiratory depression. The authors of both these studies suggest-
ed that a longer duration of naloxone infusion may be needed for
reversal of respiratory depression caused by high doses of bu-
prenorphine. The respiratory depressant and analgesic effects of
buprenorphine were decreased by the concomitant use of
naloxone.7 It should be noted that a combined sublingual prepa-
ration of buprenorphine hydrochloride and naloxone hydrochlo-

ride is available in some countries for the treatment of opioid de-
pendence.
1. Dahan A, et al. Comparison of the respiratory effects of intrave-

nous buprenorphine and fentanyl in humans and rats. Br J
Anaesth 2005; 94: 825–34. 

2. Schmidt JF, et al. Postoperative pain relief with naloxone: severe
respiratory depression and pain after high dose buprenorphine.
Anaesthesia 1985; 40: 583–6. 

3. Thörn S-E, et al. Prolonged respiratory depression caused by
sublingual buprenorphine. Lancet 1988; i: 179–80. 

4. Gal TJ. Naloxone reversal of buprenorphine-induced respiratory
depression. Clin Pharmacol Ther 1989; 45: 66–71. 

5. Dahan A. Opioid-induced respiratory effects: new data on bu-
prenorphine. Palliat Med 2006; 20 (Suppl 1): s3–s8. 

6. van Dorp E, et al. Naloxone reversal of buprenorphine-induced
respiratory depression. Anesthesiology 2006; 105: 51–7. 

7. Lehmann KA, et al. Influence of naloxone on the postoperative
analgesic and respiratory effects of buprenorphine. Eur J Clin
Pharmacol 1988; 34: 343–52.

Overdosage. A small case series reported1 acute buprenor-
phine intoxication in 5 children, aged from 15 to 22 months, after
accidental ingestion of sublingual tablets; of these, 4 had ingest-
ed a combined preparation containing naloxone (Suboxone;
Reckitt Benckiser, USA). Symptoms included drowsiness and
miosis; decreased respiratory rates were reported in 4. All 5 chil-
dren required hospital admission; 4 were treated with naloxone
and 1 needed mechanical ventilation. Accidental poisoning has
also been reported2 in a 9-month-old infant who ingested Subox-
one; his symptoms were reversed by naloxone. A retrospective
review3 of buprenorphine overdoses in children under 6 years of
age reported by US poison centres to a national surveillance sys-
tem from November 2002 to December 2005 concluded that
overdosage is generally well tolerated. Out of 86 reports, 54 chil-
dren developed symptoms of toxicity. Such symptoms included:
drowsiness or lethargy (55%), vomiting (21%), miosis (21%),
respiratory depression (7%), agitation or irritability (5%), pallor
(3%), and coma (2%). There were no fatalities, and significant
CNS and respiratory depression occurred in 7%. Suboxone prep-
arations were the most commonly ingested products. The authors
considered that any child who has ingested more than 2 mg and
any aged under 2 years who has had more than a lick or taste
should be referred to the emergency department. 
During the years 1980 to 2002, buprenorphine was mentioned in
43 cases of adult fatalities in the UK.4 Of these, 27 deaths were
confirmed to have involved buprenorphine including 7 cases
where it was taken alone. In those deaths where multiple drugs
were involved sedatives or benzodiazepines were detected in 23
cases and other opioids were found in 17 cases; alcohol had also
been taken in 10 cases. The authors also found an increase in
buprenorphine-related fatalities since 1999 when the high-dose
formulation became available.
1. Geib A-J, et al. Adverse effects in children after unintentional

buprenorphine exposure. Pediatrics 2006; 118: 1746–51. 
2. Cho CS, et al. Exploratory buprenorphine ingestion in an infant.

Ann Emerg Med 2006; 48: 109. 
3. Hayes BD, et al. Toxicity of buprenorphine overdoses in chil-

dren. Pediatrics 2008; 121: 807–8. Full version: 
http://pediatrics.aappublications.org/cgi/reprint/121/4/e782 (ac-
cessed 22/07/08) 

4. Schifano F, et al. Buprenorphine mortality, seizures and pre-
scription data in the UK, 1980–2002. Hum Psychopharmacol
2005; 20: 343–8.

Precautions
As for Opioid Analgesics in general, p.103. 
Buprenorphine has opioid antagonist actions and may
precipitate withdrawal symptoms if given to patients
physically dependent on opioids. 
Respiratory depression, if it occurs, is relatively slow
in onset and of prolonged duration; it may be only par-
tially reversed by naloxone. 
Licensed product information states that baseline liver
function levels should be established before starting
buprenorphine therapy, and periodic monitoring of liv-
er function should be performed throughout therapy in
patients being treated for opioid dependence. It should
be used with caution in all patients with pre-existing
hepatic impairment. 
Absorption of buprenorphine from transdermal patch-
es may be increased as the temperature rises and pa-
tients should therefore avoid exposing the patch to ex-
ternal heat; similarly, patients with fever may require
monitoring because of increased absorption. It may
take up to 30 hours for plasma concentrations of bu-
prenorphine to decrease by 50% after removal of a
patch; patients who have had adverse effects should be
monitored during this period.
Abuse. A 22-year-old man had chest pains on each of two occa-
sions after he had inhaled crushed buprenorphine tablets.1 An
ECG taken after the second episode suggested that the patient
had suffered a myocardial infarction. Intravenous injection of
crushed sublingual tablets was associated with rhabdomyolysis
and sciatic neuropathy in 2 patients.2 A case series3 of 4 patients
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reported severe limb and digit complications, such as ischaemia
and gangrene, from parenteral abuse of sublingual buprenor-
phine tablets; intra-arterial injection in 2 cases resulted in ampu-
tation of the affected digits or limb. The use of adulterants in il-
licit preparations may also cause adverse effects: 4 patients on
substitution treatment developed candida endophthalmitis after
intravenously injecting sublingual buprenorphine diluted with
lemon juice.4 
Hepatotoxicity has been seen in opioid-dependent addicts after
buprenorphine abuse (see Adverse Effects and Treatment,
above).
1. Cracowski J-L, et al. Myocardial infarction associated with bu-

prenorphine. Ann Intern Med 1999; 130: 537. 
2. Seet RCS, Lim ECH. Intravenous use of buprenorphine tablets

associated with rhabdomyolysis and compressive sciatic neurop-
athy. Ann Emerg Med 2006; 47: 396–7. 

3. Loo HW, et al. Severe upper limb complications from parenteral
abuse of Subutex.  Ann Acad Med Singapore 2005; 34: 575–8. 

4. Cassoux N, et al. Presumed ocular candidiasis in drug misusers
after intravenous use of oral high dose buprenorphine (Subutex).
Br J Ophthalmol 2002; 86: 940–1.

Breast feeding. From a study1 of a breast-feeding mother who
was receiving buprenorphine 4 mg daily, it was estimated that at
the age of 4 weeks the total amount ingested by the infant during
a 24-hour period was 3.28 micrograms for buprenorphine and
0.33 micrograms for norbuprenorphine. Another study2 found
that buprenorphine was present in the breast milk of a breast-
feeding mother with a maternal milk-to-plasma ratio of about
one. The authors of both studies considered the amount absorbed
through breast feeding to be low. 
The BNF and some licensed product information states that bu-
prenorphine should not be given to mothers who are breast feed-
ing. 
Studies in rats have shown that it may inhibit lactation.
1. Marquet P, et al. Buprenorphine withdrawal syndrome in a new-

born. Clin Pharmacol Ther 1997; 62: 569–71. 
2. Johnson RE, et al. Buprenorphine treatment of pregnant opioid-

dependent women: maternal and neonatal outcomes. Drug Alco-
hol Depend 2001; 63: 97–103.

Pregnancy. An infant born to a mother who was being treated
with buprenorphine 4 mg daily for diamorphine addiction suf-
fered a minor withdrawal syndrome 2 days after birth.1 The in-
fant rapidly recovered without any treatment. No further signs of
withdrawal occurred when breast feeding was abruptly stopped
at the age of 8 weeks. In another report2 of 15 opioid-dependent
mothers who had received buprenorphine maintenance during
their pregnancies, withdrawal symptoms were either absent or
mild in 12 of the neonates. The remaining 3 neonates required
treatment with morphine. There appeared to be no correlation be-
tween the buprenorphine dose and the degree of withdrawal
symptoms. A literature review3 found that of about 309 infants
born to opioid-dependent mothers maintained on buprenorphine
(sublingual dose range: 0.4 to 24 mg daily), 193 developed neo-
natal abstinence syndrome; of these, 149 required treatment.
More than 40% of treated cases were confounded by misuse of
other drugs. Onset of symptoms occurred within the first 12 to 48
hours and peaked within about 72 to 96 hours; duration of symp-
toms was about 120 to 168 hours although in some infants, it was
reported to last for 6 to 10 weeks. 
The 67 pregnancies of 66 women using buprenorphine have
been followed in a prospective study.4 The incidences of prema-
ture birth, caesarean section, and low Apgar scores in buprenor-
phine-exposed neonates were no greater than those seen in the
general population although the mean birth-weight of the ex-
posed neonates was significantly lower. In the exposed group,
91% of neonates needed intensive care treatment: 76% had neo-
natal abstinence syndrome and 57% needed opioid replacement
therapy. There were also 2 cases of sudden infant deaths in the
exposed group, which was considered to be higher than that gen-
erally expected.
1. Marquet P, et al. Buprenorphine withdrawal syndrome in a new-

born. Clin Pharmacol Ther 1997; 62: 569–71. 
2. Fischer G, et al. Treatment of opioid-dependent pregnant women

with buprenorphine. Addiction 2000; 95: 239–44. 
3. Johnson RE, et al. Use of buprenorphine in pregnancy: patient

management and effects on the neonate. Drug Alcohol Depend
2003; 70 (suppl 2): S87–S101. 

4. Kahila H, et al. A prospective study on buprenorphine use during
pregnancy: effects on maternal and neonatal outcome. Acta Ob-
stet Gynecol Scand 2007; 86: 185–90.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Buprenorphine is metabolised by the cytochrome P450
isoenzyme CYP3A4; consequently, use with other
drugs that induce or inhibit this isoenzyme may result
in changes in plasma concentrations of buprenorphine
and, possibly adverse effects. Some manufacturers
state that dosage adjustment of buprenorphine may be
necessary when used with such drugs. The UK li-
censed product information for one sublingual formu-
lation (Subutex; Schering-Plough) recommends that

the dose of buprenorphine should be halved when start-
ing treatment with the potent CYP3A4 inhibitor, keto-
conazole. 
There have been reports of respiratory and cardiovas-
cular collapse in patients given therapeutic doses of in-
travenous buprenorphine and diazepam. 
Use with other potentially hepatotoxic drugs may in-
crease the risk of liver damage.
Analgesics. There is a risk that, with opioid agonist-antagonists
such as buprenorphine, their antagonistic effects might impair
more effective analgesic therapy. This appeared to happen in 2
cancer patients both of whom were given sublingual buprenor-
phine that was later substituted by morphine.1 Conventional dos-
es of morphine were inadequate and in one patient raising the
dose of morphine proved fatal.
1. Overweg-van Kints J, Stricker BHC. Falende pijnbestrijding ti-

jdens sublinguaal gebruik van buprenorfine. Ned Tijdschr Ge-
neeskd 1987; 131: 1973–4.

Antivirals. Various HIV-protease inhibitors and NNRTIs can
inhibit or induce cytochrome P450 isoenzymes, and most are
also substrates for CYP3A4; thus, they have the potential to in-
teract with buprenorphine. A pharmacokinetic study1 found that
usual doses of nelfinavir, ritonavir, and lopinavir-ritonavir given
to HIV-negative patients taking buprenorphine with naloxone for
opiate dependence did not produce any clinically significant in-
teractions: ritonavir increased the area under the concentration-
time curve (AUC) of buprenorphine by about 57%, although no
adverse effects were seen. Another pharmacokinetic study2 in a
similar group of patients also found no clinically significant in-
teractions between buprenorphine with naloxone and delavirdine
or efavirenz: delavirdine increased the AUC of buprenorphine
fourfold, and efavirenz decreased it by about 50%, but no ad-
verse effects were seen. However, a small case series3 of 3 opio-
id-dependent patients reported symptoms of buprenorphine tox-
icity, such as dizziness, daytime somnolence, and decreased
mental functioning, with concomitant atazanavir and ritonavir
therapy. 
Buprenorphine does not appear to significantly affect the phar-
macokinetics of antiretrovirals.1,2

1. McCance-Katz EF, et al. Interactions between buprenorphine
and antiretrovirals: I—The nonnucleoside reverse-transcriptase
inhibitors efavirenz and delavirdine. Clin Infect Dis 2006; 43
(suppl 4): S224–S234. 

2. McCance-Katz EF, et al. Interactions between buprenorphine
and antiretrovirals: II—The protease inhibitors nelfinavir, lopi-
navir/ritonavir, and ritonavir. Clin Infect Dis 2006; 43 (suppl 4):
S235–S246. 

3. Bruce RD, Altice FL. Three case reports of a clinical pharmacok-
inetic interaction with buprenorphine and atazanavir plus ritona-
vir. AIDS 2006; 20: 783–4.

Pharmacokinetics
After intramuscular injection, buprenorphine rapidly
reaches peak plasma concentrations. Absorption also
takes place through the buccal mucosa after sublingual
doses and peak plasma concentrations are achieved af-
ter 90 minutes. Transdermal application results in ab-
sorption through the skin; the minimum effective con-
centration is reached in 12 to 24 hours and peak plasma
concentrations are achieved after about 60 hours. How-
ever, there is a lack of correlation between plasma con-
centrations and analgesic activity. Buprenorphine is
about 96% bound to plasma proteins. 
Elimination of buprenorphine is bi- or triphasic;
metabolism takes place in the liver by oxidation via the
cytochrome P450 isoenzyme CYP3A4 to the pharma-
cologically active metabolite N-dealkylbuprenorphine
(norbuprenorphine), and by conjugation to glucuro-
nide metabolites. Buprenorphine is subject to consider-
able first-pass metabolism after oral doses. However,
when given by the usual routes buprenorphine is ex-
creted mainly unchanged in the faeces; there is some
evidence for enterohepatic recirculation. Plasma elim-
ination half-lives have ranged from 1.2 to 7.2 hours af-
ter intravenous injection; elimination half-lives after
sublingual or transdermal use are longer and may range
from 20 to 36 hours or more. Metabolites are excreted
in the urine, but very little unchanged drug is excreted
in this way. Buprenorphine crosses the placenta and
small amounts are distributed into breast milk.
◊ References.
1. Elkader A, Sproule B. Buprenorphine: clinical pharmacokinetics

in the treatment of opioid dependence. Clin Pharmacokinet
2005; 44: 661–80.

Administration. BUCCAL ROUTE. Absorption of sublingual
buprenorphine is relatively slow. In a 10-hour study1 plasma

concentrations after 400 or 800 micrograms given sublingual-
ly peaked at about 200 minutes (range 90 to 360 minutes) and
buprenorphine was still detected in plasma at the end of the
study. Systemic availability was about 55% (range 16 to 94%)
and absorption was more or less complete 5 hours after a
dose. However, the authors of a subsequent study2 considered
that this was an overestimation, possibly due to methodolog-
ical flaws. The later study results indicated that the bioavail-
ability of sublingual buprenorphine is about 30% and that
sublingual holding times between 3 and 5 minutes are
bioequivalent. Another single-dose study3 found that the bio-
availability of sublingual buprenorphine was 50% less from a
tablet than from a liquid formulation. Later studies4,5 noted
that the bioavailability of buprenorphine from a sublingual
tablet relative to a sublingual liquid formulation was about
70% after daily dosing for 7 days. One of these studies4 also
found that the bioavailability of sublingual buprenorphine
from a tablet formulation containing naloxone was higher
than from a single-ingredient tablet formulation and similar to
that seen with liquid formulations.
1. Bullingham RES, et al. Sublingual buprenorphine used postop-

eratively: ten hour plasma drug concentration analysis. Br J Clin
Pharmacol 1982; 13: 665–73. 

2. Mendelson J, et al. Bioavailability of sublingual buprenorphine.
J Clin Pharmacol 1997; 37: 31–7. 

3. Nath RP, et al. Buprenorphine pharmacokinetics: relative bioa-
vailability of sublingual tablet and liquid formulations. J Clin
Pharmacol 1999; 39: 619–23. 

4. Strain EC, et al. Relative bioavailability of different buprenor-
phine formulations under chronic dosing conditions. Drug Alco-
hol Depend 2004; 74: 37–43. 

5. Compton P, et al. Pharmacokinetics, bioavailability and opioid
effects of liquid versus tablet buprenorphine. Drug Alcohol De-
pend 2006; 82: 25–31.

Children. The terminal elimination half-life of buprenorphine
was only about 1 hour in small children aged 4 to 7 years given
3 micrograms/kg intravenously as premedication, but could not
be estimated reliably because of the rapid decline in plasma-
buprenorphine concentrations.1 Clearance values did, however,
appear higher than in adults; steady-state volume of distribution
was similar. Premature neonates (gestational age 27 to 32
weeks) given a similar dose followed by an infusion of
0.72 micrograms/kg per hour had a considerably lower clearance
rate and had a mean elimination half-life of 20 hours.2 Although
this dosing regimen appeared to be safe, sedation was judged to
be inadequate in 4 of the 12 neonates studied. It was suggested
that as buprenorphine given by infusion might not produce con-
sistent sedation and analgesia in premature neonates, it could not
be recommended for use in neonatal care.
1. Olkkola KT, et al. Pharmacokinetics of intravenous buprenor-

phine in children. Br J Clin Pharmacol 1989; 28: 202–4. 
2. Barrett DA, et al. The pharmacokinetics and physiological effect

of buprenorphine infusion in premature neonates. Br J Clin
Pharmacol 1993; 36: 215–19.

Renal impairment. Buprenorphine clearance appears to occur
mainly by hepatic extraction and metabolism and would not be
expected to be related to renal function, whereas metabolites are
excreted in urine. In a study, buprenorphine kinetics were similar
in anaesthetised healthy patients to those in patients with renal
impairment, with a mean elimination half-life of 398 and 239
minutes, respectively.1 Plasma concentrations of the metabolites
norbuprenorphine and buprenorphine-3-glucuronide were in-
creased about 4 times and 15 times, respectively in patients with
renal impairment,1 but significant pharmacological activity was
unlikely since norbuprenorphine has little analgesic activity
compared with the parent compound and buprenorphine-3-glu-
curonide has none.
1. Hand CW, et al. Buprenorphine disposition in patients with renal

impairment: single and continuous dosing, with special refer-
ence to metabolites. Br J Anaesth 1990; 64: 276–82.

Uses and Administration
Buprenorphine is an opioid analgesic (p.104) classified
as an opioid agonist and antagonist. It is used for the
relief of moderate to severe pain and as an adjunct to
anaesthesia. Buprenorphine is also used in the treat-
ment of opioid dependence. 
Buprenorphine has a relatively slow onset but pro-
longed duration of action. On intramuscular injection
analgesia is apparent within 15 minutes and lasts up to
6 hours. A slower, more prolonged response is
achieved after sublingual doses. The analgesic effects
of buprenorphine after transdermal application may
not be seen for at least 12 to 24 hours or up to 72 hours
in the case of the once-weekly patch. 
Buprenorphine is usually given by intramuscular or in-
travenous injection or sublingually as the hydrochlo-
ride or as transdermal patches as the base. For all routes
doses are expressed in terms of the base. Buprenor-
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phine hydrochloride 107.8 micrograms is equivalent to
about 100 micrograms of buprenorphine. 

Buprenorphine is given by all the above routes for opi-
oid analgesia in moderate to severe pain. 

• The dose by intramuscular or slow intravenous in-
jection is 300 to 600 micrograms repeated every 6 to
8 hours as required 

• By the sublingual route, doses of 200 to
400 micrograms may be repeated every 6 to 8 hours
as required 

• For opioid treatment of chronic pain in patients aged
18 years and over transdermal patches delivering
varying amounts of buprenorphine are available.
Doses should be individually titrated for each patient
according to previous opioid usage. During transfer
to treatment with buprenorphine patches previous
opioid analgesic therapy should be phased out grad-
ually in order to allow for the gradual increase in
plasma-buprenorphine concentrations. Depending
on dose required up to 2 patches may be applied,
however, this should be done at the same time to
avoid confusion. Buprenorphine patches are not ap-
propriate for acute pain. In the UK, transdermal bu-
prenorphine patches are available as follows: 

Transtec (Napp, UK) delivering buprenorphine in a
range of 35 to 70 micrograms/hour. Initial dosages
should not exceed 35 micrograms/hour in opioid-
naive patients. For patients who have been receiving
a strong opioid analgesic the initial dose should be
based on the previous 24-hour opioid requirement.
Use of a patch providing 35 micrograms/hour of bu-
prenorphine is roughly equivalent to 30 to 60 mg
daily of oral morphine sulfate. Patches should be re-
placed every 96 hours at the latest with the new patch
being applied to a different site; use of the same area
of the skin should be avoided for at least the next 2
applications. 

BuTrans (Napp, UK) delivering buprenorphine in a
range of 5 to 20 micrograms/hour. Initial dosages
should not exceed 5 micrograms/hour in all patients.
Patches should be replaced every 7 days with the
new patch being applied to a different site; use of the
same area of the skin should be avoided for the next
3 to 4 weeks. 

When used in balanced anaesthesia 300 micrograms
may be given intramuscularly or 400 micrograms sub-
lingually for premedication; 300 to 450 micrograms
may be given intravenously as a perioperative analge-
sic supplement. 

For the treatment of opioid dependence in patients
aged 16 years and over, the initial dose is 0.8 to 4 mg
sublingually once daily. The dose may be increased as
necessary but maintenance doses should not exceed
32 mg daily. Once the patient has been stabilised, the
dosage should be reduced gradually to a lower mainte-
nance dose; treatment may eventually be stopped if ap-
propriate. For addicts who have not undergone opioid
withdrawal before starting buprenorphine, the first
dose of buprenorphine should not be given until the
first signs of craving appear or until at least 4 (USA) or
6 (UK) hours after the last opioid use. In those already
receiving methadone replacement, the dose of metha-
done should be reduced to a maximum of 30 mg daily
before starting buprenorphine therapy. As a deterrent
to abuse, a combined sublingual preparation of bu-
prenorphine hydrochloride and naloxone hydrochlo-
ride is available in some countries for the treatment of
opioid dependence. 

For details of doses in children, see below.

Action. Buprenorphine is generally described as a mixed agon-
ist-antagonist acting mainly as a partial agonist at μ opioid recep-
tors, with some antagonist activity at κ receptors. It has also been
shown to bind at μ, δ, and κ opioid binding sites and to have high

affinity for the μ and δ receptors and lesser affinity for the κ re-
ceptor.1 Buprenorphine, like fentanyl, has high lipid solubility,
but has a lower intrinsic activity than fentanyl. Differences be-
tween buprenorphine and pure μ opioid agonists such as fenta-
nyl, including relatively slow onset of action, prolonged duration
of action, resistance to antagonism by naloxone, and lack of cor-
relation between plasma concentrations and analgesic effects,
have been explained by differences in the way buprenorphine
binds to opioid receptors. In a study in vitro buprenorphine had
slow rates of association and dissociation from the opioid recep-
tor when compared with fentanyl.2

1. Bovill JG. Which potent opioid? Important criteria for selection.
Drugs 1987; 33: 520–30. 

2. Boas RA, Villiger JW. Clinical actions of fentanyl and buprenor-
phine: the significance of receptor binding. Br J Anaesth 1985;
57: 192–6.

Administration in children. Buprenorphine is used for the
relief of moderate to severe pain in children. In the UK, those
aged from 6 months to 12 years may be given 3 to
6 micrograms/kg by intramuscular or slow intravenous injection
every 6 to 8 hours; up to 9 micrograms/kg may be given if re-
quired in refractory cases. In the USA, parenteral buprenorphine
is licensed in children aged 2 years and over; usual doses of 2 to
6 micrograms/kg may be given intramuscularly or intravenously
every 4 to 6 hours to those up to 12 years old. The sublingual
route is licensed in the UK in children aged from 6 to 12 years
and the following doses are given every 6 to 8 hours according to
body-weight: 16 to 25 kg, 100 micrograms; 25 to 37.5 kg, 100 to
200 micrograms; 37.5 to 50 kg, 200 to 300 micrograms. Older
children requiring pain relief may be given the usual adult dose
(see above) for all the above routes. 
Buprenorphine is also used in the treatment of opioid depend-
ence; adolescents aged 16 years and over may be given the usual
adult dose (see above).

Opioid dependence. Buprenorphine is used in the treatment
of opioid dependence (p.101). Its agonist-antagonist properties
may mean that it has a lower potential for dependence and a low-
er risk of respiratory depression in overdose than pure agonists
such as methadone. Buprenorphine can be used as substitution
therapy in patients with moderate opioid dependence for acute
management of withdrawal and in maintenance treatment as an
alternative to or together with methadone. However, in patients
dependent on high doses of opioids buprenorphine may precipi-
tate withdrawal due to its partial antagonist properties; the daily
opioid dose should be reduced gradually in such patients before
beginning buprenorphine. Abuse of the preparation, as with oth-
er substitution therapies, may be a problem. A combined sublin-
gual preparation of buprenorphine hydrochloride and naloxone
hydrochloride is available in some countries as a deterrent to
abuse. 
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Pain. ACUTE PAIN. The BNF considers that buprenorphine may
antagonise the analgesic effect of other opioids and is gener-
ally not recommended for the management of postoperative
pain. Nonetheless, it can be given intramuscularly, intrave-
nously, or sublingually for this purpose, although the intrave-
nous route may be preferred for acute pain relief. The epidural
route1 and continuous subcutaneous infusion2 have also been
used; an intranasal formulation of buprenorphine is under

investigation for the management of postoperative pain.1
Patient-controlled analgesia with intravenous3 and
intramuscular4 buprenorphine has been effective although its
long half-life may limit such use. 
Buprenorphine had no adverse cardiovascular effects when giv-
en intravenously after open-heart surgery,5 suggesting that it was
a suitable analgesic for patients with unstable circulation. Epi-
dural analgesia with buprenorphine has also been used after car-
diac surgery.6 Buprenorphine was also considered suitable for
the relief of pain in myocardial infarction.7

1. Miwa Y, et al. Epidural administered buprenorphine in the peri-
operative period. Can J Anaesth 1996; 43: 907–13. 

2. Kawamata T, et al. Pain management after lumbar spinal fusion
surgery using continuous subcutaneous infusion of buprenor-
phine. J Anesth 2005; 19: 199–203. 

3. Dingus DJ, et al. Buprenorphine versus morphine for patient-
controlled analgesia after cholecystectomy. Surg Gynecol Obstet
1993; 177: 1–6. 

4. Harmer M, et al. Intramuscular on demand analgesia: double
blind controlled trial of pethidine, buprenorphine, morphine, and
meptazinol. BMJ 1983; 286: 680–2. 

5. Rosenfeldt FL, et al. Haemodynamic effects of buprenorphine
after heart surgery. BMJ 1978; 2: 1602–3. 

6. Mehta Y, et al. Lumbar versus thoracic epidural buprenorphine
for postoperative analgesia following coronary artery bypass
graft surgery. Acta Anaesthesiol Scand 1999; 43: 388–93. 

7. Hayes MJ, et al. Randomised trial comparing buprenorphine and
diamorphine for chest pain in suspected myocardial infarction.
BMJ 1979; 2: 300–2.

CHRONIC PAIN. Transdermal buprenorphine is used for chronic
intractable cancer pain.1-4 It has also been used successfully
in chronic non-cancer pain including neuropathic pain;1,2,4-6

however, licensed product information states that this route is
not suitable for the treatment of acute pain.
1. Böhme K. Buprenorphine in a transdermal therapeutic system—

a new option. Clin Rheumatol 2002; 21 (suppl 1): S13–S16. 
2. Evans HC, Easthope SE. Transdermal buprenorphine. Drugs

2003; 63: 1999–2010. 
3. Sittl R. Transdermal buprenorphine in cancer pain and palliative

care. Palliat Med 2006; 20 (suppl 1): S25–S30. 
4. Sittl R. Transdermal buprenorphine in the treatment of chronic

pain. Expert Rev Neurother 2005; 5: 315–23. 
5. Bálint G. Buprenorphine treatment of patients with non-malig-

nant musculoskeletal diseases. Clin Rheumatol 2002; 21 (suppl
1): S17–S18. 

6. Hans G. Buprenorphine—a review of its role in neuropathic pain.
J Opioid Manag 2007; 3: 195–206.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Magnogen†; Temgesic†; Austral.: Norspan; Subutex; Temgesic; Aus-
tria: Subutex; Temgesic; Transtec; Tridol; Belg.: Subutex; Temgesic; Tran-
stec; Braz.: Temgesic; Chile: Transtec; Cz.: Norspan; Suboxone; Subutex;
Temgesic; Transtec; Denm.: Anorfin; Norspan; Subutex; Temgesic; Tran-
stec; Fin.: Subutex; Temgesic; Fr.: Suboxone; Subutex; Temgesic; Ger.: Sub-
utex; Temgesic; Transtec; Gr.: Subutex; Hong Kong: Subutex; Temgesic;
Hung.: Bupren; Transtec; India: Norphin; Pentorel; Tidigesic†; Indon.:
Subutex; Irl.: BuTrans; Temgesic; Transtec; Israel: Nopan; Subutex; Ital.:
Subutex; Temgesic; Transtec; Malaysia: Suboxone; Subutex†; Temgesic†;
Mex.: Brospina; Temgesic; Transtec; Neth.: Temgesic; Norw.: Subutex;
Temgesic; NZ: Suboxone; Temgesic; Pol.: Bunondol; Transtec; Port.: Bu-
prex; Norspan; Suboxone; Subutex; Transtec; Rus.: Nopan (Нопан)†;
Transtec (Транстек); S.Afr.: Subutex; Temgesic; Singapore: Subutex†;
Temgesic†; Spain: Buprex; Prefin†; Subutex; Transtec; Swed.: Norspan;
Subutex; Temgesic; Switz.: Subutex; Temgesic; Transtec; Thai.: Buprine;
Temgesic†; UK: BuTrans; Suboxone; Subutex; Temgesic; Transtec; USA: Bu-
prenex; Suboxone; Subutex.

Butibufen Sodium (rINNM)

Butibufén sódico; Butibufène Sodique; FF-106 (butibufen); Natrii
Butibufenum. Sodium 2-(4-isobutylphenyl)butyrate.

Натрий Бутибуфен
C14H19NaO2 = 242.3.
CAS — 55837-18-8 (butibufen); 60682-24-8 (butibufen
sodium).

(butibufen)

Profile
Butibufen sodium is an NSAID (p.96) that has been used orally
in inflammatory and rheumatic disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Mijal†.
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Butorphanol Tartrate (BANM, USAN, rINNM)

levo-BC-2627 (butorphanol); Butorfanolitartraatti; Butorfanoltar-
trat; Butorphanol, Tartrate de; Butorphanoli Tartras; Tartrato de
butorfanol. (−)-17-(Cyclobutylmethyl)morphinan-3,14-diol hy-
drogen tartrate.

Буторфанола Тартрат
C21H29NO2,C4H6O6 = 477.5.
CAS — 42408-82-2 (butorphanol); 58786-99-5 (butorph-
anol tartrate).
ATC — N02AF01.
ATC Vet — QN02AF01.

(butorphanol)

Pharmacopoeias. In US. 
USP 31 (Butorphanol Tartrate). A white powder. Its solutions
are slightly acidic. Sparingly soluble in water; insoluble in alco-
hol, in chloroform, in ether, in ethyl acetate, and in hexane;
slightly soluble in methyl alcohol; soluble in dilute acids. Store
in airtight containers at a temperature of 25°, excursions permit-
ted between 15° and 30°.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Butorphanol may have a lower potential for producing depend-
ence than pure agonists such as morphine. However, it has been
subject to abuse (see under Precautions, below). Abruptly stop-
ping chronic butorphanol has produced a less severe withdrawal
syndrome than with morphine.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102, and for Pentazocine,
p.112. 
Headache, and feelings of floating may also occur. Hallucina-
tions and other psychotomimetic effects are rare and have been
reported less frequently than with pentazocine. In addition in-
somnia and nasal congestion may occur frequently when butor-
phanol is given intranasally. 
Because butorphanol has opioid agonist and antagonist activity,
naloxone is the recommended antagonist for the treatment of
overdosage.

Effects on the respiratory system. Butorphanol 2 mg pro-
duces a similar degree of respiratory depression to morphine
10 mg, but a ceiling effect is apparent with higher doses of butor-
phanol.1 It has been reported to be a less potent respiratory de-
pressant than fentanyl,2 but more potent than nalbuphine.3
1. Nagashima H, et al. Respiratory and circulatory effects of intra-

venous butorphanol and morphine. Clin Pharmacol Ther 1976;
19: 738–45. 

2. Dryden GE. Voluntary respiratory effects of butorphanol and
fentanyl following barbiturate induction: a double-blind study. J
Clin Pharmacol 1986; 26: 203–7. 

3. Zucker JR, et al. Respiratory effects of nalbuphine and butorph-
anol in anesthetized patients. Anesth Analg 1987; 66: 879–81.

Precautions
As for Opioid Analgesics in general, p.103. 
Although cardiovascular effects may be less than with pentazoc-
ine, butorphanol should generally be avoided after myocardial
infarction. 
Butorphanol may precipitate withdrawal symptoms if given to
patients physically dependent on opioids. The dosage regimen of
butorphanol may need to be adjusted in the elderly and in pa-
tients with hepatic or renal impairment.

Abuse. A WHO expert committee considered in 2006 that the
likelihood of butorphanol abuse was low and was not great
enough to warrant international control.1 Abuse had been report-
ed infrequently and only in a few countries. The committee also
commented that, pharmacologically, intranasal preparations of
butorphanol do not appear to differ in their abuse potential from
parenteral preparations; however, other factors such as availabil-
ity and usage patterns may affect the likelihood of abuse. Indeed,
US licensed product information states that there have been more
reports of abuse with intranasal preparations than with injectable
ones. 
Cases of butorphanol abuse have been published2,3 including a
report of fibrous myopathy associated with chronic intramuscu-
lar abuse.
1. WHO. WHO expert committee on drug dependence: thirty-

fourth report. WHO Tech Rep Ser 942 2006. Also available at:
http://libdoc.who.int/trs/WHO_TRS_942_eng.pdf (accessed
26/06/08) 

2. Wagner JM, Cohen S. Fibrous myopathy from butorphanol in-
jections. J Rheumatol 1991; 18: 1934–5. 

3. Loder E. Post-marketing experience with an opioid nasal spray
for migraine: lessons for the future. Cephalalgia 2006; 26:
89–97.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given butorphanol, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. 
In a study2 of 12 women, butorphanol was detected in breast milk
after both intramuscular and oral doses. However, the milk-to-
plasma ratio after a 2-mg intramuscular dose (0.7) was signifi-
cantly less than that after an 8-mg oral dose (1.9). Although the
mothers were not breast feeding at the time of the study, the au-
thors concluded that the potential for any adverse effects on nurs-
ing infants after maternal butorphanol use would be minimal.
1. American Academy of Pediatrics The transfer of drugs and other

chemicals into human milk. Pediatrics 2001; 108: 776–89. Cor-
rection. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08) 

2. Pittman KA, et al. Human perinatal distribution of butorphanol.
Am J Obstet Gynecol 1980; 138: 797–800.

Pregnancy. Two instances of sinusoidal fetal heart rate pattern
were noted out of 188 consecutive cases of butorphanol use in
active-phase labour.1 Visual hallucinations and paranoid delu-
sions developed in a woman on receiving a 1-mg intravenous
injection of butorphanol early in labour; the psychosis had re-
solved 40 hours after the injection and was not noted on follow-
up 2 weeks later.2
1. Welt SI. Sinusoidal fetal heart rate and butorphanol administra-

tion. Am J Obstet Gynecol 1985; 152: 362–3. 
2. Davis A, et al. Acute psychosis associated with butorphanol. J

Neuropsychiatr Clin Neurosci 1998; 10: 236–7.

Interactions
For interactions associated with opioid analgesics, see p.103.

Antimigraine drugs. No pharmacokinetic interactions were
reported when butorphanol nasal spray and subcutaneous su-
matriptan were used together within a minute of each other in
healthy subjects.1 However, another study2 in healthy subjects
found that the AUC and maximum plasma concentration of in-
tranasal butorphanol were reduced by about 29% and 38%, re-
spectively when given 1 minute after intranasal sumatriptan. No
such effect was noted when administration was separated by 30
minutes. It was suggested that sumatriptan may reduce butorph-
anol absorption by inducing transient nasal vasoconstriction.
1. Srinivas NR, et al. Lack of pharmacokinetic interaction between

butorphanol tartrate nasal spray and sumatriptan succinate. J
Clin Pharmacol 1995; 35: 432–7. 

2. Vachharajani NN, et al. A pharmacokinetic interaction study be-
tween butorphanol and sumatriptan nasal sprays in healthy sub-
jects: importance of the timing of butorphanol administration.
Cephalalgia 2002; 22: 282–7.

Pharmacokinetics
Butorphanol is absorbed from the gastrointestinal tract but it un-
dergoes extensive first-pass metabolism. Peak plasma concentra-
tions occur 0.5 to 1 hour after intramuscular and intranasal doses
and 1 to 1.5 hours after oral doses. Butorphanol has a plasma
elimination half-life of about 4.5 hours. About 80% is bound to
plasma proteins. 
Butorphanol is extensively metabolised in the liver through hy-
droxylation, N-dealkylation, and conjugation, only 5% being ex-
creted unchanged. Excretion is mainly in the urine; about 15% of
a parenteral dose is excreted in the bile. It crosses the placenta
and is distributed into breast milk.

Administration. INTRANASAL ROUTE. References.
1. Davis GA, et al. Pharmacokinetics of butorphanol tartrate ad-

ministered from single-dose intranasal sprayer. Am J Health-Syst
Pharm 2004; 61: 261–6. 

2. Davis GA, et al. Bioavailability of intranasal butorphanol ad-
ministered from a single-dose sprayer. Am J Health-Syst Pharm
2005; 62: 48–53. 

3. Wermeling DP, et al. Pharmacokinetics, bioequivalence, and
spray weight reproducibility of intranasal butorphanol after ad-
ministration with 2 different nasal spray pumps. J Clin Pharma-
col 2005; 45: 969–73.

Uses and Administration
Butorphanol tartrate, a phenanthrene derivative, is an opioid
analgesic (p.104) with opioid agonist and antagonist properties;
it is pharmacologically similar to pentazocine (p.113). Butorph-
anol is used for the relief of moderate to severe pain, including
the pain of labour, and as an adjunct to anaesthesia. Onset of an-
algesia occurs within 15 minutes of intramuscular injection or an
intranasal dose and may last for 3 to 4 hours after parenteral dos-
es or for 4 to 5 hours after intranasal doses. 
For the relief of moderate to severe pain, butorphanol tartrate is
given in doses of 1 to 4 mg (usually 2 mg) by intramuscular in-
jection or in doses of 0.5 to 2 mg (usually 1 mg) by intravenous
injection every 3 to 4 hours. It may also be given as a nasal spray,
in usual doses of 1 mg (1 spray in 1 nostril), repeated after 60 to
90 minutes, if necessary. This sequence may be repeated after 3
to 4 hours as needed. An initial dose of 2 mg (1 spray in each
nostril) may be given for severe pain, but should not be repeated
until 3 to 4 hours later. 

In obstetric analgesia 1 to 2 mg may be given by intramuscular
or intravenous injection during early labour in women at term.
This dose may be repeated after 4 hours if necessary but an alter-
native analgesic should be used if delivery is expected within 4
hours. 
In anaesthesia, 2 mg may be given intramuscularly for premed-
ication 60 to 90 minutes before surgery. For use in balanced
anaesthesia, a usual dose is 2 mg given intravenously shortly be-
fore induction and/or 0.5 to 1 mg given intravenously in incre-
ments during anaesthesia. The total dose needed varies but most
patients require 4 to 12.5 mg. 
Dosage adjustment may be needed in the elderly. When given
by injection the initial dose of butorphanol for pain should be half
the usual initial adult dose. Subsequent doses should be deter-
mined by the patient’s response; a dosage interval of at least 6
hours has been recommended. For nasal use the initial dose
should be limited to 1 mg followed by 1 mg after 90 to 120 min-
utes if necessary; subsequent doses if required should generally
be given at intervals of not less than 6 hours. Similar recommen-
dations have also been made for patients with hepatic or renal
impairment, see below.
◊ References.
1. Atkinson BD, et al. Double-blind comparison of intravenous bu-

torphanol (Stadol) and fentanyl (Sublimaze) for analgesia during
labor. Am J Obstet Gynecol 1994; 171: 993–8. 

2. Gillis JC, et al. Transnasal butorphanol: a review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic po-
tential in acute pain management. Drugs 1995; 50: 157–75. 

3. Commiskey S, et al. Butorphanol: effects of a prototypical ago-
nist-antagonist analgesic on κ-opioid receptors. J Pharmacol Sci
2005; 98: 109–16.

Administration in hepatic or renal impairment. The dos-
age of butorphanol may need to be adjusted in patients with he-
patic or renal impairment. When given by injection the initial
dose for pain should be half the usual initial adult dose (see
above). Subsequent doses should be determined by the patient’s
response; a dosage interval of at least 6 hours has been recom-
mended. For nasal use the initial dose should be limited to 1 mg
followed by 1 mg after 90 to 120 minutes if necessary; subse-
quent doses if required should generally be given at intervals of
not less than 6 hours.
Headache. Butorphanol has been advocated for use as a nasal
spray in the treatment of migraine, but there have been problems
with abuse and dependence (see above) and its place in therapy,
if any, still remains to be established. See also Antimigraine
Drugs, under Interactions, above. 
References.
1. Freitag FG. The acute treatment of migraine with transnasal bu-

torphanol (TNB). Headache Q 1993; 4 (suppl 3): 22–8. 
2. Hoffert MJ, et al. Transnasal butorphanol in the treatment of

acute migraine. Headache 1995; 35: 65–9. 
3. Melanson SW, et al. Transnasal butorphanol in the emergency

department management of migraine headache. Am J Emerg Med
1997; 15: 57–61.

Pruritus. Results from a small study1 of 6 patients with severe
opioid-induced pruritus unresponsive to diphenhydramine, and
from a case series of 5 patients with intractable pruritus from oth-
er causes,2 suggest that intranasal butorphanol may be an effec-
tive treatment. Doses have ranged from 1 mg every other day to
2 mg every 4 to 6 hours.
1. Dunteman E, et al. Transnasal butorphanol for the treatment of

opioid-induced pruritus unresponsive to antihistamines. J Pain
Symptom Manage 1996; 12: 255–60. 

2. Dawn AG, Yosipovitch G. Butorphanol for treatment of intracta-
ble pruritus. J Am Acad Dermatol 2006; 54: 527–31.

Preparations
USP 31: Butorphanol Tartrate Injection; Butorphanol Tartrate Nasal Solu-
tion.
Proprietary Preparations (details are given in Part 3)
Canad.: Stadol†; Chile: Stadol†; Cz.: Beforal†; Moradol†; India: Butrum;
Mex.: Stadol; Philipp.: Stadol; Rus.: Stadol (Стадол); USA: Stadol.

Capsaicin
Capsaicina; Capsaicinum; Kapsaicin; Kapsaicyna; Kapsaisiini. (E)-8-
Methyl-N-vanillylnon-6-enamide.
C18H27NO3 = 305.4.
CAS — 404-86-4.
ATC — N01BX04.
ATC Vet — QN01BX04.

NOTE. Do not confuse capsaicin with capsicin, which is capsicum
oleoresin (see Capsicum, p.2276).
Pharmacopoeias. In US. 
USP 31 (Capsaicin). An off-white powder. M.p. 57° to 66°.
Practically insoluble in cold water; soluble in alcohol, in chloro-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

form, and in benzene; slightly soluble in carbon disulfide. Store
in a cool place in airtight containers. Protect from light.
Adverse Effects
A warm, stinging, or burning sensation may occur at the site of
application; this usually disappears after a few days of use but
may persist longer if applications are less frequent than recom-
mended (see Uses and Administration, below). Coughing, sneez-
ing, or other signs of respiratory irritation may occur if dried res-
idue from topical preparations is inhaled.
Precautions
Capsaicin should be handled with care. Particles should not be
inhaled nor come into contact with any part of the body. 
For topical application, contact with eyes and broken or irritated
skin should be avoided. The hands should be washed after appli-
cation of the cream, unless the hands are the treated areas, in
which case, they should be washed 30 minutes after application.
If bandages are used to cover treated areas they should not be
wound too tightly. Heating pads should not be used with capsai-
cin, and patients should avoid taking a hot bath or shower imme-
diately before or after application, as the burning sensation may
be exacerbated. Thick applications of the cream should be avoid-
ed.
Uses and Administration
Capsaicin is the active principle of the dried ripe fruits of Capsi-
cum spp. It is used as a topical analgesic (p.5) in painful condi-
tions such as postherpetic neuralgia after the lesions have healed,
diabetic neuropathy, osteoarthritis, and rheumatoid arthritis.
Capsaicin is usually applied sparingly 3 or 4 times daily (and not
more often than every 4 hours) as a 0.025% or 0.075% cream; in
the UK these creams are not licensed for use in children, but in
the USA they may be used in children over 2 years of age. A
more concentrated cream containing 0.25% capsaicin is availa-
ble in some countries. 
Capsaicin cream should be rubbed well into the skin until little or
no residue is left on the surface. Therapeutic response may not be
evident for 1 to 2 weeks for arthritic disorders, or 2 to 4 weeks for
neuralgias (or even longer if the head or neck are involved). For
the management of painful diabetic neuropathy, licensed UK
product information recommends that capsaicin should only be
used under specialist supervision and that treatment should be
reviewed after the first 8 weeks and regularly re-evaluated there-
after. 
Although not a counter-irritant itself, capsaicin has been included
in rubefacient preparations for the relief of muscular and rheu-
matic pain.
Action. The action of capsaicin and related compounds (vanil-
loids) are complex and still being investigated. Capsaicin has
been found to produce burning pain1,2 by activating specific va-
nilloid receptors such as TRPV1 (transient receptor potential
channel, vanilloid subfamily member 1) which are also stimulat-
ed by heat and acids. TRPV1 is expressed by nerves and other
tissues such as the keratinocytes of the epidermis, bladder
urothelium and smooth muscle, and liver. 
The analgesic effect of capsaicin has been suggested to be due to
both depletion of substance P from local sensory C-type nerve
fibres3-7 and to the desensitisation of vanilloid receptors.1,2,8

Since the effect of capsaicin does not rely on vasodilatation in the
skin it is therefore not considered to be a traditional counter-irri-
tant.
1. Szallasi A, Blumberg PM. Vanilloid (capsaicin) receptors and

mechanisms. Pharmacol Rev 1999; 51: 159–211. 
2. Cortright DN, Szallasi A. Biochemical pharmacology of the va-

nilloid receptor TRPV1: an update. Eur J Biochem 2004; 271:
1814–19. 

3. Rumsfield JA, West DP. Topical capsaicin in dermatologic and
peripheral pain disorders. DICP Ann Pharmacother 1991; 25:
381–7. 

4. Cordell GA, Araujo OE. Capsaicin: identification, nomencla-
ture, and pharmacotherapy. Ann Pharmacother 1993; 27: 330–6. 

5. Winter J, et al. Capsaicin and pain mechanisms. Br J Anaesth
1995; 75: 157–68. 

6. Del Bianco E, et al. The effects of repeated dermal application of
capsaicin to the human skin on pain and vasodilatation induced
by intradermal injection of acid and hypertonic solutions. Br J
Clin Pharmacol 1996; 41: 1–6. 

7. Fusco BM, Giacovazzo M. Peppers and pain: the promise of cap-
saicin. Drugs 1997; 53: 909–14. 

8. Tominaga M, Julius D. Capsaicin receptor in the pain pathway.
Jpn J Pharmacol 2000; 83: 20–4.

Headache. Prevention of attacks of cluster headache (p.616)
by repeated application of capsaicin to the nasal mucosa has been
reported.1 The Z-isomer (zucapsaicin; civamide) has also been
found to be modestly effective.2 
Repeated nasal application of capsaicin has also been found to be
effective in chronic migraine.3
1. Fusco BM, et al. Preventative effect of repeated nasal applica-

tions of capsaicin in cluster headache. Pain 1994; 59: 321–5. 
2. Saper JR, et al. Intranasal civamide for the treatment of episodic

cluster headaches. Arch Neurol 2002; 59: 990–4. 
3. Fusco BM, et al. Repeated intranasal capsaicin applications to

treat chronic migraine. Br J Anaesth 2003; 90: 812.

Micturition disorders. Intravesical capsaicin has been tried
for painful bladder disorders and to treat bladder detrusor hyper-
reflexia.1-9 Results have been variable, and the characteristic sen-
sory effects of capsaicin make blinding of studies difficult, but
some patients have reported benefit particularly those with neu-

rological bladder disorders. Instillation into the ureter has also
been tried in the management of the loin pain/haematuria syn-
drome.10

1. Lazzeri M, et al. Intravesical capsaicin for treatment of severe
bladder pain: a randomized placebo controlled study. J Urol
(Baltimore) 1996; 156: 947–52. 

2. de Sèze M, et al. Capsaicin and neurogenic detrusor hyper-
reflexia: a double-blind placebo-controlled study in 20 patients
with spinal cord lesions. Neurourol Urodyn 1998; 17: 513–23. 

3. Petersen T, et al. Intravesical capsaicin in patients with detrusor
hyper-reflexia: a placebo-controlled cross-over study. Scand J
Urol Nephrol 1999; 33: 104–10. 

4. de Sèze M, et al. Intravesical instillation of capsaicin in urology:
a review of the literature. Eur Urol 1999; 36: 267–77. 

5. de Sèze M, et al. Capsaïcine intravésicale et hyperréflexie du
détrusor: expérience de 100 instillations sur une période de cinq
ans. Ann Readapt Med Phys 2001; 44: 514–24. 

6. Szallasi A, Fowler CJ. After a decade of intravesical vanilloid
therapy: still more questions than answers. Lancet Neurol 2002;
1: 167–72. 

7. de Sèze M, et al. Intravesical capsaicin versus resiniferatoxin
for the treatment of detrusor hyperreflexia in spinal cord injured
patients: a double-blind, randomized, controlled study. J Urol
(Baltimore) 2004; 171: 251–5. 

8. Lazzeri M, et al. Intravesical vanilloids and neurogenic inconti-
nence: ten years experience. Urol Int 2004; 72: 145–9. 

9. El-Mahrouky AS, et al. The effect of intravesical capsaicin and
resiniferatoxin in neurogenic bladder dysfunction. Adv Exp Med
Biol 2003; 539: 359–79. 

10. Bultitude MI. Capsaicin in treatment of loin pain/haematuria
syndrome. Lancet 1995; 345: 921–2.

Neuropathic pain. Capsaicin has been tried topically in vari-
ous types of pain including neuropathic pain, which does not
generally respond to conventional systemic analgesics. Topical
capsaicin is used in the management of diabetic neuropathy (p.6)
and postherpetic neuralgia (p.9), but while a meta-analysis1 of
randomised, double-blind, placebo-controlled studies and later
studies2 suggested that it is effective in painful diabetic neuropa-
thy the evidence for efficacy in postherpetic neuralgia was
considered1 to be less convincing. Another meta-analysis3 and a
systematic review4 have suggested that capsaicin was of benefit
in neuropathic pain, although this effect may be modest.4 The
difficulty of blinding in placebo-controlled trials of capsaicin has
also been noted, because of the burning sensation it produces.
Other types of pain syndrome for which capsaicin has been tried
include reflex sympathetic dystrophy (see Complex Regional
Pain Syndrome, p.6), postmastectomy neuroma, amputation
stump pain, chronic neck pain, and the pain of oral mucositis.5 
See also Rheumatic Disorders, below for use in musculoskeletal
pain.
1. Zhang WY, Li Wan Po A. The effectiveness of topically applied

capsaicin. Eur J Clin Pharmacol 1994; 46: 517–22. 
2. Biesbroeck R, et al. A double-blind comparison of topical cap-

saicin and oral amitriptyline in painful diabetic neuropathy. Adv
Therapy 1995; 12: 111–20. 

3. Kingery WS. A critical review of controlled clinical trials for
peripheral neuropathic pain and complex regional pain syn-
dromes. Pain 1997; 73: 123–39. 

4. Mason L, et al. Systematic review of topical capsaicin for the
treatment of chronic pain. BMJ 2004; 328: 991–4. 

5. Hautkappe M, et al. Review of the effectiveness of capsaicin for
painful cutaneous disorders and neural dysfunction. Clin J Pain
1998; 14: 97–106.

Pruritus. Substance P is a possible mediator of itch sensations
and since capsaicin acts as a depletor of substance P it has been
tried in the relief of pruritus (p.1582) associated with various dis-
eases and haemodialysis.1-7 It has also been used to provide relief
from pruritus induced by hetastarch8 and for the itch and pain
associated with PUVA therapy.9,10

1. Breneman DL, et al. Topical capsaicin for treatment of hemodi-
alysis-related pruritus. J Am Acad Dermatol 1992; 26: 91–4. 

2. Leibsohn E. Treatment of notalgia paresthetica with capsaicin.
Cutis 1992; 49: 335–6. 

3. Fölster-Holst R, Brasch J. Effect of topically applied capsaicin
on pruritus in patients with atopic dermatitis. J Dermatol Treat
1996; 7: 13–15. 

4. Hautmann G, et al. Aquagenic pruritus, PUVA and capsaicin
treatments. Br J Dermatol 1994; 131: 920–1. 

5. Ständer S, et al. Treatment of prurigo nodularis with topical cap-
saicin. J Am Acad Dermatol 2001; 44: 471–8. 

6. Lysy J, et al. Topical capsaicin— a novel and effective treatment
for idiopathic intractable pruritus ani: a randomised, placebo
controlled, crossover study. Gut 2003; 52: 1323–6. 

7. Hautkappe M, et al. Review of the effectiveness of capsaicin for
painful cutaneous disorders and neural dysfunction. Clin J Pain
1998; 14: 97–106. 

8. Szeimies R-M, et al. Successful treatment of hydroxyethyl
starch-induced pruritus with topical capsaicin. Br J Dermatol
1994; 131: 380–2. 

9. Burrows NP, Norris PG. Treatment of PUVA-induced skin pain
with capsaicin. Br J Dermatol 1994; 131: 584–5. 

10. Kirby B, Rogers S. Treatment of PUVA itch with capsaicin. Br
J Dermatol 1997; 137: 152.

Psoriasis. Since substance P has been implicated in the patho-
physiology of several inflammatory dermatological processes,
capsaicin, a substance P depletor, has been tried with some ben-
efit in a number of skin disorders including psoriasis.1-3 
The usual management of psoriasis is discussed on p.1583.
1. Bernstein JE, et al. Effects of topically applied capsaicin on

moderate and severe psoriasis vulgaris. J Am Acad Dermatol
1986; 15: 504–7. 

2. Ellis CN, et al. A double-blind evaluation of topical capsaicin in
pruritic psoriasis. J Am Acad Dermatol 1993; 29: 438–42. 

3. Hautkappe M, et al. Review of the effectiveness of capsaicin for
painful cutaneous disorders and neural dysfunction. Clin J Pain
1998; 14: 97–106.

Rheumatic disorders. Topical capsaicin is used for the tem-
porary relief of the pain of arthritis. From the results of a meta-
analysis1 of randomised, double-blind, placebo-controlled stud-
ies and later studies2,3 it appears that capsaicin is effective in eas-
ing the pain of osteoarthritis (p.11) but its role, if any, is unclear;
published evidence4 for efficacy in rheumatoid arthritis (p.11)
appears to be limited. A review of use in both neuropathic and
musculoskeletal chronic pain concluded that its benefits were at
best moderate, but noted that in a minority of patients unrespon-
sive to, or intolerant of, other treatments it might be useful.5 Cap-
saicin may be a useful therapy for pain associated with primary
fibromyalgia6 (see under Soft Tissue Rheumatism, p.13), which
responds poorly to conventional treatment.
1. Zhang WY, Li Wan Po A. The effectiveness of topically applied

capsaicin. Eur J Clin Pharmacol 1994; 46: 517–22. 
2. Altman RD, et al. Capsaicin cream 0.025% as monotherapy for

osteoarthritis: a double-blind study. Semin Arthritis Rheum
1994; 23 (suppl 3): 25–33. 

3. McCleane G. The analgesic efficacy of topical capsaicin is en-
hanced by glyceryl trinitrate in painful osteoarthritis: a rand-
omized, double blind, placebo controlled study. Eur J Pain 2000;
4: 355–60. 

4. Deal CL, et al. Treatment of arthritis with topical capsaicin: a
double-blind trial. Clin Ther 1991; 13: 383–95. 

5. Mason L, et al. Systematic review of topical capsaicin for the
treatment of chronic pain. BMJ 2004; 328: 991–4. 

6. McCarty DJ, et al. Treatment of pain due to fibromyalgia with
topical capsaicin: a pilot study. Semin Arthritis Rheum 1994; 23
(suppl 3): 41–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Zostrix; Belg.: Hansamedic Warmtepleister; Braz.: Moment;
Canad.: Antiphlogistine Rub A-535 Capsaicin; Arthricare for Women Ex-
tra Moisturizing†; Zostrix; Chile: Presyc; Gr.: Gelcen; Zacin; Indon.: Cap-
zacin; Irl.: Axsain; Zacin; Israel: Zostrix; Mex.: Capsidol; Norw.: Capsina;
NZ: Zostrix; Port.: Hansaplast Emplastro Termico; Hansaterm; Spain:
Capsicin; Capsicum Farmaya; Capsidol; Gelcen; Hansaterm; Katrum; Swed.:
Capsina; Switz.: Emplatre antirhumatismal Isola Capsicum N; Emplatre
Etoile†; UK: Axsain; Zacin; USA: Axsain; Capsin; Capzasin-HP; Capzasin-P;
Dolorac; Doublecap; No Pain-HP; R-Gel; Rid-a-Pain HP; Theragen; Zostrix.
Multi-ingredient: Arg.: Atomo Desinflamante C; Rati Salil Crema; Rati
Salil Flex; Austria: Rubizon-Rheumagel; Canad.: Arthricare for Women
Multi-Action†; Heet; Menthacin; Midalgan†; Cz.: Capsicolle; Dr Theiss
Rheuma Creme†; Fr.: Capsic; Cliptol Sport†; Ger.: Capsamol N†; Gr.: Pon-
ostop; Hong Kong: Salomethyl; Hung.: Nicoflex; India: Nimulid Nugel;
Irl.: Algipan; Radian-B†; Ital.: Disalgil†; Pol.: Capsigel N; Neo-Capsiderm;
Switz.: Emplatre antirhumatismal Isola Capsicum N a l’huile essentielle de
Gaultherie; Emplatre Etoile salicyle†; UK: NatraFlex; USA: Arthricare Odor
Free; Heet; Menthacin; Pain Doctor; Ziks.

Carbasalate Calcium (BAN, rINN)

Calcium Acetylsalicylate Carbamide; Calcium Carbaspirin; Car-
basalate calcique; Carbasalato cálcico; Carbasalatum calcicum;
Carbasalatum Calcium; Carbaspirin Calcium (USAN); Karbasalaat-
tikalsium; Karbasalát vápenatá sůl; Karbasalatkalcium; Karbasalato
kalcio druska; Karbaszalát-kálcium. Calcium bis[2-(acetoxy)ben-
zoate]—urea.
Карбасалат Кальций
C19H18CaN2O9 = 458.4.
CAS — 5749-67-7.
ATC — B01AC08; N02BA15.
ATC Vet — QB01AC08; QN02BA15.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Carbasalate Calcium). A white or almost white,
crystalline powder. It contains not less than 99.0% and not more
than the equivalent of 101.0% of an equimolecular compound of
calcium di[2-(acetyloxy)benzoate] and urea, calculated with ref-
erence to the anhydrous substance. Freely soluble in water and in
dimethylformamide; practically insoluble in acetone and in
anhydrous methyl alcohol. Store in airtight containers.
Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. 
Carbasalate calcium, like aspirin, should not generally be given
to children because of the risk of Reye’s syndrome.
Effects on hearing. As of June 2006 the Netherlands Pharma-
covigilance Centre1 database contained 8 reports of tinnitus and
1 of ototoxicity associated with use of low oral doses of carba-
salate calcium (38 or 100 mg usually once daily). The associa-
tion between low-dose carbasalate calcium and tinnitus was con-
sidered to be disproportional.
1. Nederlands Bijwerkingen Centrum. Low dosage carbasalate cal-

cium and tinnitus. Available at: http://www.lareb.nl/documents/
kwb_2006_3_carbas.pdf (accessed 12/04/07)

Interactions
For interactions associated with aspirin, see p.23.
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Uses and Administration
Carbasalate calcium is a 1:1 complex of calcium acetylsalicylate
and urea. It is metabolised to aspirin after absorption and thus has
the actions of aspirin (p.23). Carbasalate calcium is given in oral
doses equivalent to about 400 to 800 mg of aspirin every 4 to 8
hours up to a maximum of about 3 g daily for pain or fever. Car-
basalate calcium has also been used in the management of throm-
boembolic disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Iromin; Vascal; Neth.: Ascal; Port.: Ascal; Spain: Ascal; Switz.:
Alcacyl.

Multi-ingredient: Austria: Irocopar c C; Irocophan; Iromin-Chinin-C;
Cz.: Cephalgan†; Fr.: Cephalgan†; Switz.: Alca-C.

Carfentanil Citrate (USAN, rINNM) ⊗ 
Carfentanil, Citrate de; Carfentanili Citras; Citrato de carfentani-
lo; R-33799. Methyl 1-phenethyl-4-(N-phenylpropionamido)iso-
nipecotate citrate.

Карфентанила Цитрат
C24H30N2O3,C6H8O7 = 586.6.
CAS — 59708-52-0 (carfentanil); 61380-27-6 (carfen-
tanil citrate).

(carfentanil)

Profile
Carfentanil citrate is an opioid analgesic related to fentanyl
(p.55). It is used in veterinary medicine.

Carprofen (BAN, USAN, rINN)

C-5720; Carprofène; Carprofeno; Carprofenum; Karprofeeni;
Karprofen; Ro-20-5720/000. (±)-2-(6-Chlorocarbazol-2-yl)pro-
pionic acid.

Карпрофен
C15H12ClNO2 = 273.7.
CAS — 53716-49-7.
ATC Vet — QM01AE91.

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Carprofen for Veterinary Use). A white or almost
white, crystalline powder. Practically insoluble in water; freely
soluble in acetone; soluble in methyl alcohol; slightly soluble in
isopropyl alcohol. It exhibits polymorphism. Protect from light. 
USP 31 (Carprofen). A white crystalline powder. Practically
insoluble in water; freely soluble in acetone, in ether, in ethyl
acetate, and in solutions of sodium carbonate and of sodium
hydroxide. Store in airtight containers at a temperature of 25°,
excursions permitted between 15° and 30°. Protect from light.

Profile
Carprofen, a propionic acid derivative, is an NSAID (p.96) used
in veterinary medicine.

Adverse effects. A pruritic, erythematous, eczematous erup-
tion developed in a 27-year-old woman after occupational expo-
sure to carprofen.1 Patch testing showed a strong positive photo-
allergic reaction to carprofen.
1. Walker SL, et al. Occupational photoallergic contact dermatitis

in a pharmaceutical worker manufacturing carprofen, a canine
nonsteroidal anti-inflammatory drug. Br J Dermatol 2006; 154:
569–70.

Preparations
USP 31: Carprofen Tablets.

Celecoxib (BAN, USAN, rINN)

Célécoxib; Celecoxibum; Celekoxib; SC-58635; Selekoksib; Sele-
koksibi; YM-177. p-[5-p-Tolyl-3-(trifluoromethyl)pyrazol-1-
yl]benzenesulfonamide.

Целекоксиб
C17H14F3N3O2S = 381.4.
CAS — 169590-42-5.
ATC — L01XX33; M01AH01.
ATC Vet — QL01XX33; QM01AH01.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
Serious skin reactions such as exfoliative dermatitis,
Stevens-Johnson syndrome, and toxic epidermal
necrolysis have been reported with celecoxib. Other
hypersensitivity reactions, including anaphylaxis and
angioedema, have also occurred. Celecoxib should be
stopped at the first signs of hypersensitivity. Some of
these reactions have been seen in patients with a histo-
ry of allergic reactions to sulfonamides and the use of
celecoxib is contra-indicated in such patients. 
Celecoxib should not be used after coronary artery by-
pass surgery as there may be an increased risk of ad-
verse effects such as myocardial infarction and stroke.
It should be used with caution, if at all, in patients with
a history of ischaemic heart disease, peripheral arterial
disease, or cerebrovascular disease; it should also be
used with caution in patients with significant risk fac-
tors for cardiovascular disease such as hypertension,
hyperlipidaemia, and diabetes mellitus. For further de-
tails see Effects on the Cardiovascular System, below. 
Therapy is contra-indicated in patients with moderate
to severe heart failure (NYHA class II to IV), inflam-
matory bowel disease, and renal impairment associated
with a creatinine clearance of less than 30 mL/minute.
Celecoxib should also not be used in patients with se-
vere hepatic impairment (Child-Pugh category C).
Caution is recommended when using celecoxib in
dehydrated patients; rehydration may be advisable be-
fore giving celecoxib. 
Celecoxib treatment may need to be stopped if signs or
symptoms of organ toxicity develop.
Incidence of adverse effects. A prescription-event monitor-
ing study1 conducted after the introduction of celecoxib in Eng-
land in May 2000 found that the most common adverse events
reported were gastrointestinal effects including dyspepsia (4.7%
of all events), abdominal pain (1.8%), nausea or vomiting
(1.6%), and diarrhoea (1.4%). Rash (1.2%) was also common.
Uncommon events included anaemia, cough, anxiety, hyperten-
sion, visual disturbances, and insomnia. Blood dyscrasias, gas-
trointestinal bleeds, myocardial infarction, heart failure, abnor-
mal liver function tests, nephritis, confusion, hallucinations,
serious skin disorders, anaphylaxis, and bronchospasm were
rare.
1. Layton D, et al. Safety profile of celecoxib as used in general

practice in England: results of a prescription-event monitoring
study. Eur J Clin Pharmacol 2004; 60: 489–501.

Breast feeding. Licensed product information recommends
that celecoxib should not be used in breast-feeding women be-
cause of the potential for serious adverse effects in nursing in-
fants. 
No adverse effects were noted in 2 older infants (aged 17 and 22
months) whose mothers took celecoxib while breast feeding.1
The authors of this report also measured celecoxib plasma con-
centrations in 2 other women; from these values, the average
milk-to-plasma ratio was calculated to be 0.23 and infant expo-
sure was estimated at about 0.3% of the weight-adjusted mater-

nal dose. Similar values have also been estimated from a study of
blood and milk concentrations of celecoxib in 6 women.2
1. Hale TW, et al. Transfer of celecoxib into human milk. J Hum

Lact 2004; 20: 397–403. 
2. Gardiner SJ, et al. Quantification of infant exposure to celecoxib

through breast milk. Br J Clin Pharmacol 2006; 61: 101–4.

Effects on the blood. Severe methaemoglobinaemia has been
reported in an elderly patient after taking celecoxib for 1 month.1
1. Kaushik P, et al. Celecoxib-induced methemoglobinemia. Ann

Pharmacother 2004; 38: 1635–8.

Effects on the cardiovascular system. Prelicensing studies
did not report any increased risk of serious cardiovascular effects
in patients given celecoxib.1,2 Nonetheless, by February 2001 the
UK CSM had received a small number of reports3 of myocardial
infarction or ischaemia associated with the selective cyclo-oxy-
genase-2 (COX-2) inhibitors. There have also been 3 cases of
torsade de pointes associated with celecoxib use.4 Subsequently,
in September 2004, the COX-2 inhibitor rofecoxib was generally
withdrawn worldwide by the manufacturer after further reports
of cardiovascular adverse effects (see p.121) and this has
prompted re-evaluation of the safety of other selective COX-2
inhibitors. 
In December 2004 a large study of celecoxib for prevention of
colon polyps (the APC study) was halted because of an increased
risk of cardiovascular events (including death from cardiovascu-
lar causes, myocardial infarction, stroke, and heart failure) in pa-
tients receiving the drug compared with those receiving place-
bo.5 The results of this long-term study suggested that there was
a 2.8-fold increase in the risk of such events in patients taking
either celecoxib 400 or 800 mg daily and that the increase was
dose-related. The possibility of a dose-adverse effect relationship
was supported by some at-the-time unpublished studies, the Pre-
SAP and ADAPT studies, that showed no increase in the risk of
cardiovascular effects with celecoxib 400 mg daily when com-
pared with placebo.6 These studies7,8 have since been published
and their finished reports were less reassuring than initially
thought. The risk of serious cardiovascular events was found to
be increased in the celecoxib group when compared with the pla-
cebo group although the difference was not significant. In addi-
tion, an update9 of the original APC study confirmed that the risk
of adverse cardiovascular events was significantly increased for
both high-dose (800 mg daily) and low-dose (400 mg daily)
celecoxib when compared with placebo treatment; however,
high-dose treatment was associated with the greatest risk. In-
creases in blood pressure were also more likely with both
celecoxib groups than with placebo. An analysis10 using pooled
data from the APC and PreSAP studies provides further evidence
of an increased cardiovascular risk with celecoxib. 
Based on the findings of the above studies, EU regulatory
authorities11-13 recommend that: 
• selective COX-2 inhibitors should not be used in patients with

established ischaemic heart disease or cerebrovascular dis-
ease; they are also contra-indicated in those with peripheral
arterial disease 

• patients with risk factors for heart disease such as hyperten-
sion, hyperlipidaemia, diabetes, and smoking should be care-
fully monitored if given selective COX-2 inhibitors 

• all patients should be assessed individually on the risks and
benefits of selective COX-2 inhibitor treatment, particularly
cardiovascular and gastrointestinal risk factors, and alterna-
tive treatments considered 

Similar advice has also been issued by the FDA;14 however, the
only absolute contra-indication is in the immediate postoperative
period after coronary artery bypass surgery. (In the USA celecox-
ib is currently the only available selective COX-2 inhibitor.) 
COX-2 inhibitors such as celecoxib do not possess the intrinsic
antiplatelet activity associated with aspirin and possibly other
non-selective NSAIDs and consequently do not provide protec-
tion against ischaemic cardiac events.3,15

1. Silverstein FE, et al. Gastrointestinal toxicity with celecoxib vs
nonsteroidal anti-inflammatory drugs for osteoarthritis and
rheumatoid arthritis. The CLASS study: a randomized control-
led trial. JAMA 2000; 284: 1247–55. 

2. White WB, et al. Comparison of thromboembolic events in pa-
tients treated with celecoxib, a cyclooxygenase-2 specific inhib-
itor, versus ibuprofen or diclofenac. Am J Cardiol 2002; 89:
425–30. 

3. CSM/MCA. COX-2 selective NSAIDs lack antiplatelet activity.
Current Problems 2001; 27: 7. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c Se r v i c e = G E T _
FILE&dDocName=CON007458&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07) 

4. Pathak A, et al. Celecoxib-associated torsade de pointes. Ann
Pharmacother 2002; 36: 1290–1. 

5. Solomon SD, et al. Adenoma Prevention with Celecoxib (APC)
Study Investigators. Cardiovascular risk associated with
celecoxib in a clinical trial for colorectal adenoma prevention.
N Engl J Med 2005; 352: 1071–80. 

6. FDA. Celecoxib (marketed as Celebrex) (issued 7th April
2005). Available at: http://www.fda.gov/cder/drug/infopage/
celebrex/celebrex-hcp.pdf (accessed 01/11/07) 

7. Arber N, et al. Celecoxib for the prevention of colorectal adeno-
matous polyps. N Engl J Med 2006; 355: 885–95. 

8. ADAPT Research Group. Cardiovascular and cerebrovascular
events in the randomized, controlled Alzheimer’s disease anti-
inflammatory prevention trial (ADAPT). Available at: http://
clinicaltrials.plosjournals.org/archive/1555-5887/1/7/pdf/
10.1371_journal.pctr.0010033-L.pdf (accessed 01/11/07) 

9. Bertagnolli MM, et al. Celecoxib for the prevention of sporadic
colorectal adenomas. N Engl J Med 2006; 355: 873–84. 
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10. Solomon SD, et al. Effect of celecoxib on cardiovascular events
and blood pressure in two trials for the prevention of colorectal
adenomas. Circulation 2006; 114: 1028–35. 

11. MHRA. Updated advice on the safety of selective COX-2 inhib-
itors. Message from Professor G Duff, Chairman of CSM (is-
sued 17th February, 2005). Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON019458&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07) 

12. EMEA. European Medicines Agency announces regulatory ac-
tion on COX-2 inhibitors (issued 17th February, 2005). Availa-
ble at: http://www.emea.europa.eu/pdfs/human/press/pr/
6275705en.pdf (accessed 29/08/08) 

13. EMEA. European Medicines Agency concludes action on
COX-2 inhibitors (issued 27th June, 2005). Available at: http://
www.emea.europa.eu/pdfs/human/press/pr/20776605en.pdf
(accessed 01/11/07) 

14. FDA. FDA issues public health advisory recommending limited
use of cox-2 inhibitors: agency requires evaluation of preven-
tion studies involving cox-2 selective agents. (issued 23rd De-
cember, 2004). Available at: http://www.fda.gov/bbs/topics/
ANSWERS/2004/ANS01336.html (accessed 01/11/07) 

15. Bing RJ, Lomnicka M. Why do cyclo-oxygenase-2 inhibitors
cause cardiovascular events? J Am Coll Cardiol 2002; 39:
521–2.

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as celecoxib may cause less gastrotoxicity than the non-se-
lective inhibition of the traditional NSAIDs. 
Results from controlled studies suggested that NSAIDs selective
for COX-2 were associated with a lower incidence of serious
gastrointestinal effects. In a placebo-controlled study1 the inci-
dence of endoscopically determined gastroduodenal ulcers in pa-
tients taking celecoxib for rheumatoid arthritis (dose range 200
to 800 mg daily) was not significantly different to that seen with
the placebo group. Another study2 in patients taking celecoxib at
supratherapeutic doses (800 mg daily) concluded that there was
a lower combined incidence of symptomatic gastrointestinal ul-
cers and ulcer complications (bleeding, perforation, and obstruc-
tion) after 6 months of treatment when compared with non-selec-
tive NSAIDS (ibuprofen 2.4 g daily or diclofenac 150 mg daily).
However, the incidence of ulcer complications alone was not sig-
nificantly different to that seen with other NSAIDs. A re-analysis
of the study by the FDA, including both the 6-month and full-
term data, also found that there was no significant reduction in
the rate of ulcer complications with celecoxib compared with the
non-selective NSAIDs although, in subjects not taking aspirin,
there was a strong trend in favour of celecoxib compared to ibu-
profen.3 The risk of ulcer complications was also significantly
increased in celecoxib users taking concomitant low-dose aspi-
rin.2 A later systematic review4 of studies of patients receiving
celecoxib or NSAIDs for at least 12 weeks claimed to show im-
proved gastrointestinal safety and tolerability in those receiving
celecoxib (including in patients also taking low-dose aspirin) but
this has been criticised on grounds of data selection.5,6 
It has been noted that the use of aspirin appears to nullify any
potential protective effect of COX-2 selectivity by celecoxib.7,8 
There have been individual case reports of gastrotoxicity with
celecoxib.9-11

1. Simon LS, et al. Anti-inflammatory and upper gastrointestinal
effects of celecoxib in rheumatoid arthritis: a randomized con-
trolled trial. JAMA 1999; 282: 1921–8. 

2. Silverstein FE, et al. Gastrointestinal toxicity with celecoxib vs
nonsteroidal anti-inflammatory drugs for osteoarthritis and
rheumatoid arthritis. The CLASS study: a randomized control-
led trial. JAMA 2000; 284: 1247–55. 

3. FDA. Celebrex capsules (celecoxib) NDA 20-998/S009—Med-
ical Officer Review. 2000. Available at: http://www.fda.gov/
ohrms/dockets/ac/01/briefing/3677b1_03_med.pdf (accessed
01/11/07) 

4. Deeks JJ, et al. Efficacy, tolerability, and upper gastrointestinal
safety of celecoxib for treatment of osteoarthritis and rheuma-
toid arthritis: systematic review of randomised controlled trials.
BMJ 2002; 325: 619–23. 

5. Jüni P, et al. Systematic review of celecoxib for osteoarthritis
and rheumatoid arthritis: problems compromise review’s valid-
ity. BMJ 2003; 326: 334. 

6. Metcalfe S, et al. Systematic review of celecoxib for osteoar-
thritis and rheumatoid arthritis: celecoxib’s relative gastrointes-
tinal safety is overstated. BMJ 2003; 326: 334–5. 

7. Lichtenstein DR, Wolfe MM. COX-2-selective NSAIDs: new
and improved? JAMA 2000; 284: 1297–9. 

8. Bates DE, Lemaire JB. Possible celecoxib-induced gastroduo-
denal ulceration. Ann Pharmacother 2001; 35: 782–3. 

9. Mohammed S, Croom DW. Gastropathy due to celecoxib, a cy-
clooxygenase-2 inhibitor. N Engl J Med 1999; 340: 2005–6. 

10. Adverse Drug Reactions Advisory Committee (ADRAC).
Celecoxib: early Australian reporting experience. Aust Adverse
Drug React Bull 2000; 19: 6–7. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0006.pdf (accessed 29/08/08) 

11. Adverse Drug Reactions Advisory Committee (ADRAC). Seri-
ous gastrointestinal effects with celecoxib and rofecoxib. Aust
Adverse Drug React Bull 2003; 22: 15. Also available at: http://
www.tga.health.gov.au/adr/aadrb/aadr0308.htm (accessed
01/11/07)

Effects on the kidneys. Increasing evidence suggests that se-
lective cyclo-oxygenase-2 (COX-2) inhibitors such as celecoxib
appear to have adverse effects on renal function similar to those
of the non-selective NSAIDs (see p.98). 
Some references to the adverse renal effects of celecoxib.
1. Boyd IW, et al. COX-2 inhibitors and renal failure: the triple

whammy revisited. Med J Aust 2000; 173: 274. 

2. Perazella MA, Tray K. Selective cyclooxygenase-2 inhibitors: a
pattern of nephrotoxicity similar to traditional nonsteroidal anti-
inflammatory drugs. Am J Med 2001; 111: 64–7. 

3. Graham MG. Acute renal failure related to high-dose celecoxib.
Ann Intern Med 2001; 135: 69–70. 

4. Alkhuja S, et al. Celecoxib-induced nonoliguric acute renal fail-
ure. Ann Pharmacother 2002; 36: 52–4. 

5. Ahmad SR, et al. Renal failure associated with the use of
celecoxib and rofecoxib. Drug Safety 2002; 25: 537–44. 

6. Alper AB, et al. Nephrotic syndrome and interstitial nephritis
associated with celecoxib. Am J Kidney Dis 2002; 40: 1086–90. 

7. Akhund L, et al. Celecoxib-related renal papillary necrosis.
Arch Intern Med 2003; 163: 114–15. 

8. Markowitz GS, et al. Membranous glomerulopathy and acute
interstitial nephritis following treatment with celecoxib. Clin
Nephrol 2003; 59: 137–42. 

9. Brewster UC, Perazella MA. Acute tubulointerstitial nephritis
associated with celecoxib. Nephrol Dial Transplant 2004; 19:
1017–18. 

10. Clifford TM, et al. Celecoxib-induced nephrotoxicity in a renal
transplant recipient. Pharmacotherapy 2005; 25: 773–7.

Effects on the liver. Cholestatic hepatitis developed in a 54-
year-old woman taking celecoxib;1 her liver function tests im-
proved and her symptoms resolved after drug withdrawal. De-
spite the temporal relationship between celecoxib use and the on-
set of hepatotoxicity, the manufacturers have stated that current
evidence does not support such a relationship.2 Other cases3,4

have since been reported. 
For a case of acute hepatitis with pancreatitis, see Pancreatitis,
below.
1. O’Beirne JP, Cairns SR. Cholestatic hepatitis in association with

celecoxib. BMJ 2001; 323: 23. 
2. Arellano FM, et al. Case of cholestatic hepatitis with celecoxib

did not fulfil international criteria. BMJ 2002; 324: 789–90. 
3. Grieco A, et al. Acute cholestatic hepatitis associated with

celecoxib. Ann Pharmacother 2002; 36: 1887–9. 
4. Chamouard P, et al. Prolonged cholestasis associated with short-

term use of celecoxib. Gastroenterol Clin Biol 2005; 29: 1286–8.

Effects on the lungs. Report of a case of pulmonary oedema
and possible pneumonitis in a patient taking celecoxib.1
1. Olin JL, et al. Pulmonary edema and possible pneumonitis asso-

ciated with celecoxib. Ann Pharmacother 2004; 38: 1086.

Effects on the nervous system. Acute neuropsychiatric re-
actions such as confusion, somnolence, and insomnia, have oc-
curred after celecoxib use.1 There has also been a case report of
aseptic meningitis.2
1. Adverse Drug Reations Advisory Committee (ADRAC). Acute

neuropsychiatric events with celecoxib and rofecoxib. Aust Ad-
verse Drug React Bull 2003; 22: 3. Also available at: http://
www.tga.health.gov.au/adr/aadrb/aadr0302.pdf (accessed
01/11/07) 

2. Papaioannides DH, et al. Aseptic meningitis possibly associated
with celecoxib. Ann Pharmacother 2004; 38: 172.

Hypersensitivity. A 52-year-old man suffered an allergic vas-
culitis after 8 days of treatment with celecoxib.1 Despite inten-
sive treatment the patient died from multiple organ failure and
diffuse cutaneous necrolysis. The authors noted that potentially
fatal skin reactions have occurred with other sulfa-containing
drugs, although there is some evidence suggesting that the poten-
tial for cross-reactivity in patients sensitive to sulfonamides is
relatively low;2 nonetheless, licensed product information con-
tra-indicates the use of celecoxib in such patients.
1. Schneider F, et al. Fatal allergic vasculitis associated with

celecoxib. Lancet 2002; 359: 852–3. 
2. Shapiro LE, et al. Safety of celecoxib in individuals allergic to

sulfonamide: a pilot study. Drug Safety 2003; 26: 187–95.

Pancreatitis. Acute hepatitis and pancreatitis developed in an
elderly patient with a reported history of hypersensitivity to sul-
fonamides who was given celecoxib.1 Symptoms resolved on
stopping the drug. Pancreatitis has also been reported in a patient
known to be tolerant of sulfonamides.2 
Celecoxib was one of the more commonly implicated drugs cited
in case reports of drug-induced pancreatitis received by the Ad-
verse Drug Reactions Advisory Committee in Australia.3
1. Carrillo-Jimenez R, Nurnberger M. Celecoxib-induced acute

pancreatitis and hepatitis: a case report. Arch Intern Med 2000;
160: 553–4. 

2. Baciewicz AM, et al. Acute pancreatitis associated with celecox-
ib. Ann Intern Med 2000; 132: 680. 

3. Australian Adverse Drug Reactions Advisory Committee
(ADRAC). Drug induced pancreatitis. Aust Adverse Drug React
Bull 2006; 25: 22. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr0612.pdf (accessed 01/11/07)

Interactions
The metabolism of celecoxib is mediated mainly by
the cytochrome P450 isoenzyme CYP2C9. Use with
other drugs that inhibit or induce or are metabolised by
this isoenzyme may result in changes in plasma con-
centration of celecoxib; fluconazole has increased
plasma concentrations of celecoxib and licensed prod-
uct information recommends that the dose of celecoxib
should be halved when given with fluconazole. 
Celecoxib is an inhibitor of the isoenzyme CYP2D6
and the potential therefore exists for an effect on drugs
metabolised by this enzyme. 
For interactions associated with NSAIDs in general,
see p.99.

Pharmacokinetics
Celecoxib is absorbed from the gastrointestinal tract,
peak plasma concentrations being achieved after about
3 hours. Protein binding is about 97%. Celecoxib is
metabolised in the liver mainly by the cytochrome
P450 isoenzyme CYP2C9; the three identified metab-
olites are inactive as inhibitors of COX-1 or COX-2
enzymes. It is eliminated mainly as metabolites in the
faeces and urine; less than 3% is recovered as
unchanged drug. The effective terminal half-life is
about 11 hours. Celecoxib is distributed into breast
milk. The pharmacokinetics of celecoxib may vary in
different ethnic groups; it has been stated that the area
under the curve is elevated in patients of Afro-Carib-
bean origin, although any clinical significance is
unclear.
◊ References.
1. Davies NM, et al. Clinical pharmacokinetics and pharmacody-

namics of celecoxib: a selective cyclo-oxygenase-2 inhibitor.
Clin Pharmacokinet 2000; 38: 225–42. 

2. Stempak D, et al. Single-dose and steady-state pharmacokinetics
of celecoxib in children. Clin Pharmacol Ther 2002; 72: 490–7.
Correction. ibid. 2006; 80: 667. 

3. Kirchheiner J, et al. Influence of CYP2C9 genetic polymor-
phisms on pharmacokinetics of celecoxib and its metabolites.
Pharmacogenetics 2003; 13: 473–80. 

4. Lundblad MS, et al. Accumulation of celecoxib with a 7-fold
higher  drug exposure in individuals homozygous for
CYP2C9*3. Clin Pharmacol Ther 2006; 79: 287–8.

Uses and Administration
Celecoxib is an NSAID (p.99) reported to be a selec-
tive inhibitor of cyclo-oxygenase-2 (COX-2). It is used
in the treatment of rheumatoid arthritis including juve-
nile idiopathic arthritis, osteoarthritis, and ankylosing
spondylitis, and in the adjunctive treatment of adenom-
atous colorectal polyps. Celecoxib is also used in the
management of acute pain and dysmenorrhoea. 
For osteoarthritis the recommended oral dose is
200 mg daily given as a single dose or in 2 divided dos-
es. If necessary a dose of 200 mg twice daily may be
used. For rheumatoid arthritis the dose is 100 to
200 mg given twice daily. Celecoxib is also used for
ankylosing spondylitis in an initial dose of 200 mg
daily, as a single dose or in 2 divided doses. In the
USA, the dose may be increased to 400 mg daily after
6 weeks, although if no response is seen at this dose
after a further 6 weeks, alternative treatments should be
considered. A similar increase is also permitted in UK
licensed product information; however, it is recom-
mended that if ineffective, the higher dose should only
be continued for 2 weeks before considering alterna-
tive treatments. In elderly patients treatment should be
begun at the lowest recommended dose. 
For doses in children with juvenile idiopathic arthri-
tis, see below. 
In the treatment of pain and dysmenorrhoea, an initial
dose of 400 mg followed by an additional dose of
200 mg, if necessary, is recommended on the first day;
thereafter the dose is 200 mg twice daily. 
Celecoxib is also used as an adjunct to standard therapy
to reduce the number of adenomatous colorectal pol-
yps in patients with familial adenomatous polyposis.
For this purpose it may be given in doses of 400 mg
twice daily with food. 
Reduced doses are recommended in patients with he-
patic impairment (see below).
◊ Reviews.
1. Clemett D, Goa KL. Celecoxib: a review of its use in osteoarthri-

tis, rheumatoid arthritis and acute pain. Drugs 2000; 59: 957–80. 
2. Frampton JE, Keating GM. Celecoxib: a review of its use in the

management of arthritis and acute pain. Drugs 2007; 67:
2433–72.

Administration in children. In the USA, celecoxib is li-
censed for the treatment of juvenile idiopathic arthritis in chil-
dren aged 2 years and over. The recommended oral doses, based
on body-weight, are: 
• 10 kg to 25 kg: 50 mg twice daily 
• over 25 kg: 100 mg twice daily 
Licensed product information recommends that the contents of a
celecoxib capsule may be sprinkled onto apple sauce if a patient
has difficulty swallowing the capsules. The sprinkled capsule
should be taken immediately; however, it remains stable at a
temperature between 2° to 8° for up to 6 hours.
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Administration in hepatic impairment. Licensed product
information recommends that doses of celecoxib should be re-
duced by 50% in patients with moderate hepatic impairment
(Child-Pugh category B); its use is contra-indicated in those with
severe impairment (Child-Pugh category C or a score of 10 or
more).

Familial adenomatous polyposis. Celecoxib is used in the
treatment of familial adenomatous polyposis, an inherited syn-
drome known to predispose sufferers to the development of co-
lonic cancer (see p.666). A randomised study1,2 found that treat-
ment with celecoxib reduced the number of colonic polyps; the
authors considered celecoxib to be a useful adjunct to the stand-
ard therapy of colectomy.
1. Steinbach G, et al. The effect of celecoxib, a cyclooxygenase-2

inhibitor, in familial adenomatous polyposis. N Engl J Med
2000; 342: 1946–52. 

2. Phillips RKS, et al. A randomised, double blind, placebo con-
trolled study of celecoxib, a selective cyclooxygenase 2 inhibi-
tor, on duodenal polyposis in familial adenomatous polyposis.
Gut 2002; 50: 857–60.

Malignant neoplasms. Celecoxib is under investigation as ad-
juvant therapy in the treatment of cancer;1-9 preliminary results
have been variable. It has also been investigated for chemopre-
vention of malignancy10-13 (see also Familial Adenomatous
Polyposis, above), but a large study for the prevention of colon
cancer was terminated early because of increased cardiovascular
risk.11,12

1. Dang CT, et al. Phase II study of celecoxib and trastuzumab in
metastatic breast cancer patients who have progressed after pri-
or trastuzumab-based treatments. Clin Cancer Res 2004; 10:
4062–7. 

2. Reardon DA, et al. Phase II trial of irinotecan plus celecoxib in
adults with recurrent malignant glioma. Cancer 2005; 103:
329–38. 

3. Nugent FW, et al. Docetaxel and cyclooxygenase-2 inhibition
with celecoxib for advanced non-small cell lung cancer pro-
gressing after platinum-based chemotherapy: a multicenter
phase II trial. Lung Cancer 2005; 48: 267–73. 

4. Gasparini G, et al. The combination of the selective cyclooxy-
genase-2 inhibitor celecoxib with weekly paclitaxel is a safe and
active second-line therapy for non-small cell lung cancer: a
phase II study with biological correlates. Cancer J 2005; 11:
209–16. 

5. Prince HM, et al. A multicenter phase II trial of thalidomide and
celecoxib for patients with relapsed and refractory multiple my-
eloma. Clin Cancer Res 2005; 11: 5504–14. 

6. Pan CX, et al. A phase II trial of irinotecan, 5-fluorouracil and
leucovorin combined with celecoxib and glutamine as first-line
therapy for advanced colorectal cancer. Oncology 2005; 69:
63–70. 

7. Ferrari V, et al. Gemcitabine plus celecoxib (GECO) in ad-
vanced pancreatic cancer: a phase II trial. Cancer Chemother
Pharmacol 2006; 57: 185–90. 

8. Csiki I, et al. Targeting cyclooxygenase-2 in recurrent non-
small cell lung cancer: a phase II trial of celecoxib and docetax-
el. Clin Cancer Res 2005; 11: 6634–40. 

9. Chow LWC, et al. Serum lipid profiles in patients receiving en-
docrine treatment for breast cancer—the results from the
Celecoxib Anti-Aromatase Neoadjuvant (CAAN) Trial. Biomed
Pharmacother 2005; 59 (suppl 2): S302–S305. 

10. Limburg PJ, et al. Randomized, placebo-controlled, esophageal
squamous cell cancer chemoprevention trial of selenomethio-
nine and celecoxib. Gastroenterology 2005; 129: 863–73. 

11. Solomon SD, et al. Adenoma Prevention with Celecoxib (APC)
Study Investigators. Cardiovascular risk associated with
celecoxib in a clinical trial for colorectal adenoma prevention.
N Engl J Med 2005; 352: 1071–80. 

12. Bertagnolli MM, et al. Celecoxib for the prevention of sporadic
colorectal adenomas. N Engl J Med 2006; 355: 873–84. 

13. Arber N, et al. Celecoxib for the prevention of colorectal adeno-
matous polyps. N Engl J Med 2006; 355: 885–95.

Musculoskeletal and joint disorders. Celecoxib is used in
the treatment of osteoarthritis (p.11) and rheumatoid arthritis
(p.11) including juvenile idiopathic arthritis (p.10). However, in
the UK it is recommended that the use of celecoxib and other
selective cyclo-oxygenase-2 (COX-2) inhibitors be limited to
those patients considered to be at high risk of developing serious
gastrointestinal problems if given a non-selective NSAID and
who do not have pre-existing cardiovascular risk factors (see Ad-
verse Effects, above). 
Celecoxib is also used in the treatment of ankylosing spondylitis
(see Spondyloarthropathies, p.13). 
References.
1. Bensen WG, et al. Treatment of osteoarthritis with celecoxib, a

cyclooxygenase-2 inhibitor: a randomized controlled trial. Mayo
Clin Proc 1999; 74: 1095–1105. 

2. Simon LS, et al. Anti-inflammatory and upper gastrointestinal
effects of celecoxib in rheumatoid arthritis: a randomized con-
trolled trial. JAMA 1999; 282: 1921–28. 

3. Emery P, et al. Celecoxib versus diclofenac in long-term man-
agement of rheumatoid arthritis: randomised double-blind com-
parison. Lancet 1999; 354: 2106–11. 

4. Dougados M, et al. Efficacy of celecoxib, a cyclooxygenase 2-
specific inhibitor, in the treatment of ankylosing spondylitis: a
six-week controlled study with comparison against placebo and
against a conventional nonsteroidal antiinflammatory drug. Ar-
thritis Rheum 2001; 44: 180–5. 

5. Stengaard-Pedersen K, et al. Celecoxib 200 mg qd is efficacious
in the management of osteoarthritis of the knee or hip regardless
of the time of dosing. Rheumatology (Oxford) 2004; 43: 592–5. 

6. Schnitzer TJ, et al. VACT-1 and VACT-2 (Protocols 106 and
150) Study Groups. Efficacy of rofecoxib, celecoxib, and aceta-
minophen in patients with osteoarthritis of the knee: a combined
analysis of the VACT studies. J Rheumatol  2005; 32:
1093–1105. 

7. Singh G, et al. Celecoxib versus naproxen and diclofenac in os-
teoarthritis patients: SUCCESS-I Study. Am J Med 2006; 119:
255–66. 

8. Barkhuizen A, et al. Celecoxib is efficacious and well tolerated
in treating signs and symptoms of ankylosing spondylitis. J
Rheumatol 2006; 33: 1805–12. 

9. Luyten FP, et al. A prospective randomised multicentre study
comparing continuous and intermittent treatment with celecoxib
in patients with osteoarthritis of the knee or hip. Ann Rheum Dis
2007; 66: 99–106.

Palmar-plantar erythrodysesthesia syndrome. Celecoxib
has been investigated in the treatment of capecitabine-induced
hand-foot (palmar-plantar erythrodysesthesia) syndrome; for ref-
erences, see under Adverse Effects and Precautions of Capecit-
abine, p.692.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Algybrex; Celebrex; Celemax†; Cloxib†; Coxel†; Coxtenk; Niflam†;
Radicacine; Tisorek†; Austral.: Celebrex; Austria: Celebrex; Solexa; Belg.:
Celebrex; Braz.: Celebra; Canad.: Celebrex; Chile: Celebra; Cz.: Cele-
brex; Onsenal; Denm.: Celebra; Fin.: Celebra; Fr.: Celebrex; Onsenal;
Ger.: Celebrex; Gr.: Aclarex; Celebrex; Hong Kong: Celebrex; Hung.:
Celebrex; India: Celedol; Celib; Cobix; Orthocel; Ultracele†; Zycel; In-
don.: Celebrex; Irl.: Celebrex; Israel: Celcox; Celebra; Ital.: Artilog†;
Celebrex; Solexa†; Malaysia: Celebrex; Mex.: Celebrex; Neth.: Cele-
brex; Onsenal; Solexa; Norw.: Celebra; Onsenal; NZ: Celebrex; Philipp.:
Celebrex; Flamar; Pol.: Celebrex; Port.: Celebrex; Onsenal; Solexa; Rus.:
Celebrex (Целебрекс); S.Afr.: Celebrex; Singapore: Celebrex; Spain:
Celebrex; Onsenal; Swed.: Celebra; Onsenal; Switz.: Celebrex; Thai.:
Celebrex; UK: Celebrex; USA: Celebrex; Venez.: Celebrex†; Cexb.

Choline Magnesium Trisalicylate
Trisalicilato de colina y magnesio.

Холин Магнезиум Трисалицилаты

C26H29O10NMg = 539.8.
CAS — 64425-90-7.

Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. 
The use of aspirin and other acetylated salicylates is generally
not recommended for children unless specifically indicated, be-
cause of the risk of Reye’s syndrome. US licensing information
extends this precaution to choline magnesium trisalicylate.

Effects on the liver. References.
1. Cersosimo RJ, Matthews SJ. Hepatotoxicity associated with

choline magnesium trisalicylate: case report and review of sali-
cylate-induced hepatotoxicity. Drug Intell Clin Pharm 1987; 21:
621–5. 

2. Nadkarni MM, et al. Eosinophilic hepatitis after ingestion of
choline magnesium trisalicylate. Am J Gastroenterol 1992; 87:
151–3.

Interactions
For interactions associated with salicylates, see Aspirin, p.23.

Uses and Administration
Choline magnesium trisalicylate is a combination of the salicylic
acid derivatives choline salicylate (p.36) and magnesium sali-
cylate (p.79). It has analgesic, anti-inflammatory, and antipyretic
actions similar to those of aspirin (p.23). After oral administra-
tion, choline magnesium trisalicylate dissociates and the sali-
cylate moiety is rapidly absorbed. Each unit dose of 500 mg of
salicylate is provided by about 293 mg of choline salicylate with
362 mg of magnesium salicylate (anhydrous). Choline magnesi-
um trisalicylate has been used in osteoarthritis, rheumatoid ar-
thritis, and other arthritides in oral doses equivalent to 1 or 1.5 g
of salicylate twice daily; doses may also be given as a single dai-
ly dose if required. A dose of 750 mg given three times daily may
be more suitable for elderly patients. Choline magnesium trisali-
cylate is also used in similar doses in the general management of
other forms of pain and for fever.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Trilisate†; USA: Trilisate†.

Choline Salicylate (BAN, USAN, rINN)

Choline, Salicylate de; Cholini Salicylas; Koliinisalisylaatti; Kolinsal-
icylat; Salicilato de colina. (2-Hydroxyethyl)trimethylammonium
salicylate.

Холина Салицилат

C12H19NO4 = 241.3.

CAS — 2016-36-6.

ATC — N02BA03.

ATC Vet — QN02BA03.

Pharmacopoeias. Br. includes a solution. 
BP 2008 (Choline Salicylate Solution). An aqueous solution con-
taining 47.5 to 52.5% of choline salicylate. It is a clear colourless
liquid. It may contain a suitable antimicrobial preservative.

Profile
Choline salicylate is a salicylic acid derivative (see Aspirin, p.20)
used in the treatment of pain and fever, and in the management
of rheumatic disorders. In terms of salicylate content, choline sal-
icylate 435 mg is equivalent to about 325 mg of aspirin. Choline
salicylate is given orally in doses of 435 to 870 mg every four
hours as necessary for pain and fever, and in doses of 4.8 to 7.2 g
daily in divided doses for rheumatic disorders. 

Choline salicylate is also used as a local analgesic. Solutions con-
taining up to about 20% choline salicylate are used in ear disor-
ders such as the relief of pain in otitis media and externa but are
considered to be of doubtful value; they are also used to soften
ear wax as an aid to removal (see p.1725). An 8.7% gel is used
for lesions of the mouth (p.1700). Choline salicylate has also
been applied topically in a rubefacient preparation for the relief
of muscular and rheumatic pain. 

Choline salicylate is also given in the form of choline magnesi-
um trisalicylate (see above).

Adverse effects. A 21-month-old boy developed salicylate
poisoning after his mother had rubbed the contents of 3 tubes of
Bonjela teething ointment (containing a total of 2.61 g of choline
salicylate) on his gums over 48 hours.1 

In another case, an 8-year-old boy with G6PD deficiency devel-
oped an oral mucosal burn a few hours after application of about
half a tube of Teejel oral gel.2 He developed mouth ulcers and
displayed signs of apathy, lethargy, and nasal congestion 3 days
after exposure. His condition improved after a week. The authors
felt that G6PD deficiency may have been a contributing factor in
the occurrence of adverse effects.
1. Paynter AS, Alexander FW. Salicylate intoxication caused by

teething ointment. Lancet 1979; ii: 1132. 
2. Sapir S, Bimstein E. Cholinsalicylate gel induced oral lesion: re-

port of case. J Clin Pediatr Dent 2000; 24: 103–6.

REYE’S SYNDROME. The link between aspirin use in children
and the development of Reye’s syndrome is established al-
though the evidence for other salicylates could not be ade-
quately evaluated (see p.22). However, a 20-month-old boy
who had received a teething gel containing choline salicylate
(applied in doses of 1.31 g daily, equivalent to acetylsali-
cylate 100 mg/kg daily, which exceeds the recommended
dose) developed Reye’s syndrome following a viral illness.1
The authors noted that the MHRA in the UK were aware of
two earlier reports suggesting an association between choline
salicylate and Reye’s syndrome.
1. Oman TK, et al. Topical choline salicylates implicated in Reye’s

syndrome. BMJ 2008; 336: 1376.

Preparations

BP 2008: Choline Salicylate Ear Drops; Choline Salicylate Oromucosal Gel.

Proprietary Preparations (details are given in Part 3)
Arg.: Dercolina; Austral.: Applicaine; Herron Baby Teething Gel; Ora-Sed
Jel; Belg.: Teejel; Ger.: Audax†; Hong Kong: Ora-Sed; India: Gelora;
Zytee; Irl.: Audax; Teejel; Israel: Teejel; NZ: Ora-Sed; Pol.: Cholinex; Oti-
num; Port.: Bucagel; Rus.: Otinum (Отинум); Singapore: Ora-Sed; UK:
Audax†; Dinnefords Teejel†; USA: Arthropan†.

Multi-ingredient: Arg.: Pansoral; Austral.: Bonjela; Seda-Gel; Austria:
Mundisal; Belg.: Givalex; Cz.: Mundisal; Fr.: Givalex; Pansoral; Ger.:
Givalex†; Mundisal†; Gr.: Mundisal; Hong Kong: Bonjela; Dermojela;
Hung.: Mundisal; Irl.: Bonjela; Israel: Baby Gum; Bonjela; Malaysia: Bon-
jela; Orregel; NZ: Bonjela; Pol.: Sachol zel Stomatologiczny; Rus.: Cholisal
(Холисал); Pansoral (Пансорал); S.Afr.: Bonjela; Singapore: Bonjela; Sor-
agel; Spain: Aldo Otico†; Switz.: Mundisal; Pansoral; Tenderdol; Thai.:
Bonjela; UK: Bonjela; Earex Plus.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Clofexamide (rINN)

ANP-246; Clofexamida; Clofexamidum. 2-(4-Chlorophenoxy)-
N-(2-diethylaminoethyl)acetamide.

Клофексамид

C14H21ClN2O2 = 284.8.
CAS — 1223-36-5.

Profile
Clofexamide has been used topically as the hydrochloride in
preparations for musculoskeletal, joint, and soft-tissue disorders.

Clofezone (rINN)

ANP-3260; Clofezona; Clofézone; Clofezonum. An equimolar
combination of clofexamide and phenylbutazone.

Клофезон

C14H21ClN2O2,C19H20N2O2,2H2O = 629.2.
CAS — 60104-29-2.
ATC — M01AA05; M02AA03.
ATC Vet — QM01AA05; QM02AA03.

Profile
Clofezone, a combination molecule containing clofexamide
(above) and phenylbutazone (p.117), has been given orally and
by rectal suppository and applied topically in preparations for
musculoskeletal, joint, and soft-tissue disorders.

Clonixin (USAN, rINN)

CBA-93626; Clonixine; Clonixino; Clonixinum; Sch-10304. 2-(3-
Chloro-o-toluidino)nicotinic acid.

Клониксин

C13H11ClN2O2 = 262.7.
CAS — 17737-65-4.

Clonixin Lysine (rINNM)

Clonixin Lysinate; Clonixine Lysine; Clonixino lisina; Clonixinum
Lysinum; L-104; Lysine Clonixinate; R-173.

Клониксина Лизин

C13H11ClN2O2, C6H14N2O2 = 408.9.
CAS — 55837-30-4.

Profile
Clonixin is an NSAID (p.96). It has been used as the lysine salt
in oral doses of up to 250 mg four times daily for the relief of
pain. Clonixin lysine has also been given by intramuscular or in-
travenous injection and as a rectal suppository.

◊ References.
1. Eberhardt R, et al. Analgesic efficacy and tolerability of lysine-

clonixinate versus ibuprofen in patients with gonarthrosis. Curr
Ther Res 1995; 56: 573–80.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Clonixil; Diclen; Dolex; Dolnot†; Dorixina; Braz.: Dolamin; Chile:
Blonax; Celex; Clonalgin; Colmax; Dentagesic; Diminon; Dolalgial†; Lafige-
sic; Medigesic; Nefersil; Traumicid; Mex.: Disinal; Donodol; Dorixina; Firac;
Lonixer; Prestodol; Sedepron; Port.: Algimate; Clonix; Spain: Dolalgial;
Venez.: Dorixina.

Multi-ingredient: Arg.: Amplibenzatin Bronquial; Aseptobron Ampicili-
na†; Dorixina B1 B6 B12; Dorixina Forte; Dorixina Relax; Espasmo Dolex;
Migra Dorixina; Mikesan; Nova Paratropina Compositum; Propalgin; Sertal
Compuesto; Braz.: Dolamin Flex; Chile: Clonalgin Compuesto; Ergonef;
Migra-Nefersil; Nefersil B; Neurocam; Mex.: Donodol Compuesto; Espacil
Compuesto; Firac Plus; Klonaza; Optium; Plidan Compuesto; Prestodol
Compuesto; Yuredol; Venez.: Dologinex; Dorixina Flex; Migradorixina; Pli-
dan Compuesto.

Codeine (BAN)

Codeína; Codéine; Codeinum; Codeinum Monohydricum; Ko-
deiini; Kodein; Kodein monohydrát; Kodeina; Kodeinas; Methyl-
morphine; Metilmorfina; Morphine Methyl Ether. 7,8-Didehydro-
4,5-epoxy-3-methoxy-17-methylmorphinan-6-ol monohydrate.
Кодеин
C18H21NO3,H2O = 317.4.
CAS — 76-57-3 (anhydrous codeine); 6059-47-8 (codeine
monohydrate).
ATC — R05DA04.
ATC Vet — QR05DA04.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of codeine: 
AC/DC; Barr; Captain Cody; Cody; Coties; Cough Syrup;
Down; Karo; Lean; Nods; School boy; Schoolboy; T3.
Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Codeine). White or almost white, crystalline pow-
der or colourless crystals. Soluble in boiling water; freely soluble
in alcohol. Protect from light. 
USP 31 (Codeine). Colourless or white crystals or white crys-
talline powder. It effloresces slowly in dry air. Soluble 1 in 120
of water, 1 in 2 of alcohol, 1 in 0.5 of chloroform, and 1 in 50 of
ether. Its saturated solution in water is alkaline to litmus. Store in
airtight containers. Protect from light.

Codeine Hydrochloride (BANM)

Codeína, hidrocloruro de; Codéine (chlorhydrate de) dihydraté;
Codeini hydrochloridum dihydricum; Kodeiinihydroklorididihy-
draatti; Kodein-hidroklorid-dihidrát; Kodein-hydrochlorid dihy-
drát; Kodeinhydrokloriddihydrat; Kodeino hidrochloridas dihidratas.
Кодеина Гидрохлорид
C18H21NO3,HCl,2H2O = 371.9.
CAS — 1422-07-7 (anhydrous codeine hydrochloride).
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Codeine Hydrochloride Dihydrate; Codeine Hydro-
chloride BP 2008). Small colourless crystals or a white or almost
white, crystalline powder. Soluble in water; slightly soluble in al-
cohol; practically insoluble in cyclohexane. Protect from light.

Codeine Phosphate (BANM)

Codeína, fosfato de; Codéine, phosphate de; Codeine Phos-
phate Hemihydrate; Codeini phosphas; Codeini Phosphas Hemi-
hydricus; Codeinii Phosphas; Kodeiinifosfaatti; Kodein-fosfát
hemihydrát; Kodeinfosfathemi; Kodein-foszfát-hemihidrát; Kodei-
no fosfatas hemihidratas; Kodeiny fosforan; Kodeiny fosforan
półwodny; Methylmorphine Phosphate.
Кодеина Фосфат
C18H21NO3,H3PO4, ⁄ H2O = 406.4.
CAS — 52-28-8 (anhydrous codeine phosphate); 41444-
62-6 (codeine phosphate hemihydrate); 5913-76-8 (co-
deine phosphate sesquihydrate).

NOTE. Compounded preparations of codeine phosphate may be
represented by the following names: 
• Co-codamol x/y (BAN)—where x and y are the strengths in

milligrams of codeine phosphate and paracetamol respective-
ly 

• Co-codAPAP (PEN)—codeine phosphate and paracetamol 
• Co-codaprin (BAN)—codeine phosphate 1 part and aspirin 50

parts (w/w) 
• Co-codaprin (PEN)—codeine phosphate and aspirin.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Pharmacopoeias may specify the hemihydrate, sesquihydrate, or
both, either under one monograph or as separate monographs. 
Ph. Eur. 6.2 (Codeine Phosphate Hemihydrate; Codeine Phos-
phate BP 2008). A white or almost white, crystalline powder or
small, colourless crystals. Freely soluble in water; slightly solu-
ble or very slightly soluble in alcohol. A 4% solution in water has
a pH of 4.0 to 5.0. Protect from light. 
Ph. Eur. 6.2 (Codeine Phosphate Sesquihydrate; Codeini Phos-
phas Sesquihydricus). A white or almost white, crystalline pow-
der or small, colourless crystals. Freely soluble in water; slightly
soluble in alcohol. A 4% solution in water has a pH of 4.0 to 5.0.
Protect from light. 

USP 31 (Codeine Phosphate). The hemihydrate occurs as fine,
white, needle-shaped crystals or white crystalline powder;
odourless. Soluble 1 in 2.5 of water, 1 in 0.5 of water at 80°, 1 in
325 of alcohol, and 1 in 125 of boiling alcohol. Its solutions are
acid to litmus. Store in airtight containers at a temperature up to
40° as permitted by the manufacturer. Protect from light.

Incompatibility. Acetylation of codeine phosphate by aspirin
has occurred in solid dosage forms containing the two drugs,
even at a low moisture level.1 Animal work suggested that the
analgesic activity of codeine was not affected by acetylation.2
1. Galante RN, et al. Solid-state acetylation of codeine phosphate

by aspirin. J Pharm Sci 1979; 68: 1494–8. 
2. Buckett WR, et al. The analgesic properties of some 14-substi-

tuted derivatives of codeine and codeinone. J Pharm Pharmacol
1964; 16: 174–82.

Codeine Sulfate
Codeína, sulfato de; Codeine Sulphate (BANM).

Кодеина Сульфат
(C18H21NO3)2,H2SO4,3H2O = 750.9.
CAS — 1420-53-7 (anhydrous codeine sulfate); 6854-40-
6 (codeine sulfate tr ihydrate).

Pharmacopoeias. In US. 
USP 31 (Codeine Sulfate). White crystals, usually needle-like,
or white crystalline powder. Soluble 1 in 30 of water, 1 in 6.5 of
water at 80°, and 1 in 1300 of alcohol; insoluble in chloroform
and in ether. Store in airtight containers. Protect from light.

Stability. Codeine sulfate solutions appear to be intrinsically
more stable than codeine phosphate solutions.1
1. Powell MF. Enhanced stability of codeine sulfate: effect of pH,

buffer, and temperature on the degradation of codeine in aqueous
solution. J Pharm Sci 1986; 75: 901–3.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Codeine is subject to abuse (see under Precautions, be-
low), but produces less euphoria and sedation than
morphine.
Neonatal abstinence syndrome. Some of the symptoms
characteristic of the neonatal abstinence syndrome were seen in
a neonate whose mother had taken about 90 mg of codeine daily
during the last 2 months of pregnancy.1
1. Khan K, Chang J. Neonatal abstinence syndrome due to codeine.

Arch Dis Child 1997; 76: F59–F60.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
In therapeutic doses codeine is much less liable than
morphine to produce adverse effects, although consti-
pation may be troublesome with long-term use. After
large doses of codeine, excitement and convulsions
may occur. 
Codeine, like morphine, has a dose-related histamine-
releasing effect. Anaphylactic reactions after intrave-
nous use have been reported rarely.
Effects on mental function. Central effects of codeine phos-
phate appeared to be limited, but dose-related, in subjects given
30, 60, or 90 mg; visuo-motor coordination was altered with dos-
es of 60 and 90 mg and dynamic visual acuity with 90 mg.1
Drowsiness reported by subjects given 90 mg of codeine phos-
phate could not be linked with impaired performance whereas
nausea could.
1. Bradley CM, Nicholson AN. Effects of a μ-opioid receptor ago-

nist (codeine phosphate) on visuo-motor coordination and dy-
namic visual acuity in man. Br J Clin Pharmacol 1986; 22:
507–12.

Effects on the pancreas. A 26-year-old woman developed
acute pancreatitis on 2 separate occasions a few hours after tak-
ing a single, 40-mg dose of codeine.1 There was no history of
alcohol consumption and her recovery was uneventful. Other
cases have been reported.2-5

1. Hastier P, et al. Pancreatitis induced by codeine: a case report
with positive rechallenge. Gut 1997; 41: 705–6. 

2. Locher C, et al. Pancréatite aiguë après la prise d’une association
paracétamol-codéine. Gastroenterol Clin Biol 2003; 27: 124–5. 

3. Kohlen K, et al. Codein-induzierte Pankreatitis. Dtsch Med Wo-
chenschr 2005; 130: 878–9. 

4. Moreno Escobosa MC, et al. Pancreatitis due to codeine. Aller-
gol Immunopathol (Madr) 2005; 33: 175–7. 

5. Belhassen García M, et al. Pancreatitis secundaria a paraceta-
mol-codeína. An Med Interna 2006; 23: 400–401.

Effects on the skin. Pruritus and burning erythemato-vesicular
plaques that developed in a patient in response to oral codeine
were attributed to a fixed drug eruption.1 A similar reaction oc-
curred in another patient after taking various analgesics includ-
ing a combined preparation of paracetamol and codeine;2 patch
testing showed a positive response for codeine only. Maculopa-
pular rash has been seen as part of a hypersensitivity syndrome
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associated with oral codeine phosphate;3 fever, splenomegaly,
and lymphadenopathy also occurred.
1. Gonzalo-Garijo MA, Revenga-Arranz F. Fixed drug eruption

due to codeine. Br J Dermatol 1996; 135: 498–9. 
2. Gastaminza G, et al. Erythrodermia caused by allergy to codeine.

Contact Dermatitis 2005; 52: 227–8. 
3. Enomoto M, et al. Codeine phosphate-induced hypersensitivity

syndrome. Ann Pharmacother 2004; 38: 799–802.

Hypersensitivity. See Effects on the Skin, above.
Overdosage. Acute codeine intoxication in 430 children, due
to accidental ingestion of antitussive preparations, was re-
viewed.1 The children were nearly all between 1 and 6 years old.
Symptoms in decreasing order of frequency included somno-
lence, rash, miosis, vomiting, itching, ataxia, and swelling of the
skin. Respiratory failure occurred in 8 children and 2 died; all 8
had taken 5 mg/kg or more. Infants are at special risk and there
have been fatalities2,3 and severe adverse effects4,5 after inappro-
priate treatment in infants given mixtures containing codeine. 
Opioid toxicity, in addition to severe salicylate toxicity, has oc-
curred in adults after overdoses of aspirin and codeine tablets.6
1. von Mühlendahl KE, et al. Codeine intoxication in childhood.

Lancet 1976; ii: 303–5. 
2. Ivey HH, Kattwinkel J. Danger of Actifed-C. Pediatrics 1976;

57: 164–5. 
3. Magnani B, Evans R. Codeine intoxication in the neonate. Ab-

stract: Pediatrics 1999; 104: 1379. Full version: 
http://pediatrics.aappublications.org/cgi/content/full/104/6/e75
(accessed 26/06/08) 

4. Wilkes TCR, et al. Apnoea in a 3-month-old baby prescribed
compound linctus containing codeine. Lancet 1981; i: 1166–7. 

5. Lee AC, et al. A case of probable codeine poisoning in a young
infant after the use of a proprietary cough and cold medicine.
Hong Kong Med J 2004; 10: 285–7. 

6. Leslie PJ, et al. Opiate toxicity after self poisoning with aspirin
and codeine. BMJ 1986; 292: 96.

Precautions
As for Opioid Analgesics in general, p.103.
Abuse. Although the risk of dependence on codeine is low with
normal use,1 it is the subject of deliberate abuse. In France2 and
in the UK linctuses containing codeine have been particularly li-
able to abuse. Reports in the literature include the use in New
Zealand of codeine-containing preparations to produce demeth-
ylated products known as "Homebake" containing variable
amounts of morphine3 and abuse of co-codaprin tablets for their
codeine content.4-6

1. Rowden AM, Lopez JR. Codeine addiction. DICP Ann Pharma-
cother 1989; 23: 475–7. 

2. Armand C, et al 10 ans de détournement d’usage du Néocodion
entre 1992 et 2002: Neocodion  misuse: evolution between 1992
and 2002. Therapie 2004; 59: 547–53. 

3. Shaw JP. Drug misuse in New Zealand. Pharm J 1987; 238: 607. 
4. Sakol MS, Stark CR. Codeine abuse. Lancet 1989; ii: 1282. 
5. Paterson JR, et al. Codeine abuse from co-codaprin. Lancet

1990; 335: 224. 
6. Sakol MS, Stark CR. Codeine abuse from co-codaprin. Lancet

1990; 335: 224.

Breast feeding. Breast-fed infants of mothers taking codeine
may be at an increased risk of toxicity from its metabolite,
morphine, if the mother is an ultrarapid metaboliser of codeine.
In a recent report,1 a 13-day-old infant died from opioid toxicity
after being exposed to morphine in his mother’s breast milk; the
mother had been taking oral codeine 30 mg twice daily as part
of a combination preparation with paracetamol for about 2
weeks. Assayed morphine concentrations in the breast milk
were found to be 87 nanograms/mL; the usual range is 1.9 to
20.5 nanograms/mL after repeated doses of codeine 60 mg four
times daily. Subsequent investigations found that the mother’s
genotype for the cytochrome P450 isoenzyme CYP2D6 (the en-
zyme involved in the conversion of codeine to morphine) classi-
fied her as an ultrarapid metaboliser of codeine. 
Based on this case, the FDA has advised2 that nursing mothers
taking codeine should be informed of the potential risk of mor-
phine overdose and the need to monitor breast-fed infants for
signs of toxicity such as increased sleepiness, difficulty feeding
or breathing, or limpness. Nursing mothers, themselves, may
also experience overdose symptoms including extreme sleepi-
ness, confusion, shallow breathing, and severe constipation.
Similar advice has also been issued by the MHRA in the UK.3
Nonetheless, codeine appears to have been used safely for many
years in breast-feeding mothers and several authorities including
the American Academy of Pediatrics4 and the BNF consider that
it is usually compatible with breast feeding.
1. Koren G, et al. Pharmacogenetics of morphine poisoning in a

breastfed neonate of a codeine-prescribed mother. Lancet 2006;
368: 704. 

2. FDA. Information for healthcare professional: use of codeine
products in nursing mothers (issued 17th August, 2007). Availa-
ble at : http:/ /www.fda.gov/cder/drug/InfoSheets/HCP/
codeineHCP.htm (accessed 26/06/08) 

3. MHRA/CHM. Codeine: very rare risk of side-effects in breastfed
babies. Drug Safety Update 2007; 1 (4): 3. Available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2032917&RevisionSelectionMethod=
LatestReleased (accessed 26/06/08) 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08)

Children. See Overdosage, above, and under Uses and Admin-
istration, below.
Driving. Codeine phosphate 50 mg alone and with alcohol had
a deleterious effect on driving skills in a simulated driving test.1
1. Linnoila M, Häkkinen S. Effects of diazepam and codeine, alone

and in combination with alcohol, on simulated driving. Clin
Pharmacol Ther 1974; 15: 368–73.

Genetic polymorphism. Life-threatening toxicity in a patient
given moderate doses of codeine was thought to be due to a gen-
otype predisposing him to ultrarapid metabolism of the drug into
morphine by the cytochrome P450 isoenzyme CYP2D6, cou-
pled with drug-induced inhibition of the usual major metabolic
pathway mediated by CYP3A4, and transient reduction in renal
function.1 For a report of the effect of this genotype in a breast-
feeding mother, see Breast Feeding, above.
1. Gasche Y, et al. Codeine intoxication associated with ultrarapid

CYP2D6 metabolism. N Engl J Med 2004; 351: 2827–31. Cor-
rection. ibid. 2005; 352: 638.

Pregnancy. See Neonatal Abstinence Syndrome under De-
pendence and Withdrawal, above.
Renal impairment. The renal clearance of codeine and its
metabolites is significantly reduced in patients with end-stage re-
nal disease on regular haemodialysis therapy. One such elderly
patient developed tonic-clonic seizures 7 days after starting oral
codeine phosphate 30 mg 4 times daily; no further seizures oc-
curred after codeine was stopped and naloxone started.1 The dos-
age of codeine should be reduced according to renal function in
patients with renal impairment but no specific recommendations
appear to be given in the literature.
1. Kuo S-C, et al. Probable codeine phosphate-induced seizures.

Ann Pharmacother 2004; 38: 1848–51.

Interactions
For interactions associated with opioid analgesics, see
p.103.
Quinidine. For reference to a suggestion that quinidine can in-
hibit the analgesic effect of codeine, see Metabolism under Phar-
macokinetics, below.

Pharmacokinetics
Codeine and its salts are absorbed from the gastrointes-
tinal tract. Rectal absorption of codeine phosphate has
been reported. Ingestion of codeine phosphate produc-
es peak plasma-codeine concentrations in about one
hour. Codeine is metabolised by O- and N-demethyla-
tion in the liver to morphine, norcodeine, and other
metabolites including normorphine and hydrocodone.
Metabolism to morphine is mediated by the cyto-
chrome P450 isoenzyme CYP2D6, which shows ge-
netic polymorphism. Codeine and its metabolites are
excreted almost entirely by the kidney, mainly as con-
jugates with glucuronic acid. 
The plasma half-life has been reported to be between 3
and 4 hours after an oral or intramuscular dose. 
Codeine crosses the placenta and is distributed into
breast milk.
◊ References.
1. Guay DR, et al. Pharmacokinetics of codeine after single- and

multiple-oral-dose administration to normal volunteers. J Clin
Pharmacol 1987; 27: 983–7. 

2. Persson K, et al. The postoperative pharmacokinetics of codeine.
Eur J Clin Pharmacol 1992; 42: 663–6. 

3. Lafolie P, et al. Urine and plasma pharmacokinetics of codeine
in healthy volunteers: implications for drugs-of-abuse testing. J
Anal Toxicol 1996; 20: 541–6. 

4. Kim I, et al. Plasma and oral fluid pharmacokinetics and phar-
macodynamics after oral codeine administration. Clin Chem
2002; 48: 1486–96.

Administration. In a comparative study1 codeine had an
oral/intramuscular analgesic relative potency ratio of 6:10. This
was high compared with that of morphine and was attributed to
protection from rapid first-pass metabolism rather than more ef-
ficient absorption after oral doses. In a comparative study in
children2 the absorption rate of codeine from a suppository was
found to be similar to that from an intramuscular injection; how-
ever, peak plasma concentrations were not as high when given
rectally.
1. Beaver WT, et al. Analgesic studies of codeine and oxycodone

in patients with cancer I: comparisons of oral with intramuscular
codeine and of oral with intramuscular oxycodone. J Pharmacol
Exp Ther 1978; 207: 92–100. 

2. McEwan A, et al. A comparison of rectal and intramuscular co-
deine phosphate in children following neurosurgery. Paediatr
Anaesth 2000; 10: 189–93.

Metabolism. The analgesic effect of codeine may be partly due
to its metabolite morphine and it has been suggested that its effi-
cacy may be impaired in patients who are poor metabolisers of
codeine1-4 or in those who are also receiving drugs, such as qui-
nidine, that impair its metabolism.1 However, patients unable to
demethylate codeine to produce detectable plasma concentra-
tions of morphine obtained a similar analgesic effect to patients

with detectable plasma morphine concentrations.5 A study6 in-
volving infants aged 6 to 10 months has indicated that children
were capable of demethylating codeine to morphine at the age of
6 months although glucuronidation of the morphine appeared to
be impaired when compared with older children. 
For a report of severe toxicity thought to be due to altered metab-
olism of codeine see Genetic Polymorphism, above.
1. Desmeules J, et al. Impact of environmental and genetic factors

on codeine analgesia. Eur J Clin Pharmacol 1991; 41: 23–6. 
2. Chen ZR, et al. Disposition and metabolism of codeine after sin-

gle and chronic doses in one poor and seven extensive metabo-
lisers. Br J Clin Pharmacol 1991; 31: 381–90. 

3. Sindrup SH, et al. Codeine increases pain thresholds to copper
vapor laser stimuli in extensive but not poor metabolizers of
sparteine. Clin Pharmacol Ther 1991; 49: 686–93. 

4. Williams DG, et al. Pharmacogenetics of codeine metabolism in
an urban population of children and its implications for analgesic
reliability. Br J Anaesth 2002; 89: 839–45. 

5. Quiding H, et al. Analgesic effect and plasma concentrations of
codeine and morphine after two dose levels of codeine following
oral surgery. Eur J Clin Pharmacol 1993; 44: 319–23. 

6. Quiding H, et al. Infants and young children metabolise codeine
to morphine: a study after single and repeated rectal administra-
tion. Br J Clin Pharmacol 1992; 33: 45–9.

Uses and Administration
Codeine, a phenanthrene derivative, is an opioid
analgesic (p.104) obtained from opium or made by
methylating morphine. It is much less potent as an
analgesic than morphine and has relatively mild seda-
tive effects. 
Codeine or its salts, especially the phosphate, are given
orally in the form of linctuses for the relief of cough,
and as tablets for the relief of mild to moderate pain,
often with a non-opioid analgesic such as aspirin, ibu-
profen, or paracetamol. The phosphate is also given by
intramuscular or subcutaneous injection, in doses sim-
ilar to those used orally, for the relief of pain; the intra-
venous and rectal routes have also been used. 
For the relief of pain codeine phosphate may be given
in doses of 30 to 60 mg every 4 hours to a usual maxi-
mum of 240 mg daily. 
To allay non-productive cough codeine phosphate may
be given in doses of 15 to 30 mg three or four times
daily. 
Codeine phosphate is also used as tablets or in mixtures
for the symptomatic relief of acute diarrhoea in doses
of 15 to 60 mg given 3 or 4 times daily. 
For details of doses in children, see below. 
Other codeine salts used include the hydrochloride,
sulfate, camsilate, and hydrobromide. Codeine
polistirex (a codeine and sulfonated diethenylbenzene-
ethenylbenzene copolymer complex) is used in modi-
fied-release preparations.
Administration in children. Licensed product information
for codeine in the treatment of pain often restricts its use to those
over 1 year of age, but some authorities consider codeine to be an
effective analgesic in neonates and children.1 In the UK, the
BNFC suggests that neonates and children aged up to 12 years
may be given codeine phosphate 0.5 to 1 mg/kg every 4 to 6
hours for mild to moderate pain up to the usual adult maximum
dose of 240 mg daily; these doses can be given orally, rectally, or
by the subcutaneous or intramuscular routes. Guidelines2 for
analgesia in children in Accident and Emergency departments in
the UK recommend the use of oral codeine as an alternative, or
in addition, to diclofenac, for moderate pain such as that associ-
ated with small burns or scalds, finger tip injuries, or appendici-
tis. With a single dose of codeine phosphate 1 mg/kg given orally
or by intramuscular injection there was a relatively small risk of
respiratory depression in neonates, but significant respiratory de-
pression has occurred with multiple doses and patients should be
observed closely.1 Case reports of adverse reactions such as va-
sodilatation, severe hypotension, and apnoea in infants and chil-
dren after intravenous doses of codeine have precluded its use by
this route in children of all ages.3 
Antimotility drugs such as codeine should not be used in infants
and young children with acute diarrhoea.4,5 
The BNFC advises that cough suppressants containing pholcod-
ine or similar opioids (such as codeine) are generally not recom-
mended for children and should be avoided in those under 2
years of age. However, codeine phosphate is licensed to allay
non-productive cough and children aged 1 to 5 years may be giv-
en 3 mg three or four times daily; and those aged 5 to 12 years,
7.5 to 15 mg three or four times daily. 
Children and adolescents aged 12 years and over may be given
the usual adult doses of codeine phosphate for all these indica-
tions (see above).
1. Lloyd-Thomas AR. Pain management in paediatric patients. Br

J Anaesth 1990; 64: 85–104. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. British Association for Emergency Medicine. Clinical Effective-
ness Committee guideline for the management of pain in chil-
dren (2004). Available at: http://www.emergencymed.org.uk/
BAEM/CEC/assets/cec_pain_in_children.pdf (accessed
26/06/08) 

3. Marsh DF, et al. Opioid systems and the newborn. Br J Anaesth
1997; 79: 787–95. 

4. Anonymous. Drugs in the management of acute diarrhoea in in-
fants and young children. Bull WHO 1989; 67: 94–6. 

5. Cimolai N, Carter JE. Antimotility agents for paediatric use.
Lancet 1990; 336: 874.

Administration in renal impairment. See under Precau-
tions, above.

Cough. A systematic review1 of over-the-counter preparations
for acute cough concluded that codeine appeared no more effec-
tive than placebo in reducing cough symptoms in adults or chil-
dren, although the number of patients in the studies considered
was small. 
See also Administration in Children, above.
1. Smith SM, et al. Over-the-counter medications for acute cough

in children and adults in ambulatory settings. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2008 (accessed 26/06/08).

Pain. Systematic reviews1,2 comparing paracetamol-codeine
combinations versus paracetamol alone concluded that in single-
dose studies addition of codeine to paracetamol produced a com-
paratively small but statistically significant increase in analgesic
effect; however, there was an increased incidence of adverse ef-
fects with the combination.
1. de Craen AJM, et al. Analgesic efficacy and safety of paraceta-

mol-codeine combinations versus paracetamol alone: a system-
atic review. BMJ 1996; 313: 321–5. 

2. Moore A, et al. Single dose paracetamol (acetaminophen), with
and without codeine, for postoperative pain. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 1998 (accessed 26/06/08).

Preparations
BP 2008: Co-codamol Capsules; Co-codamol Tablets; Co-codaprin Tab-
lets; Codeine Linctus; Codeine Phosphate Injection; Codeine Phosphate
Oral Solution; Codeine Phosphate Tablets; Dispersible Co-codaprin Tab-
lets; Effervescent Co-codamol Tablets; Paediatric Codeine Linctus; 
USP 31: Acetaminophen and Codeine Phosphate Capsules; Acetami-
nophen and Codeine Phosphate Oral Solution; Acetaminophen and Co-
deine Phosphate Oral Suspension; Acetaminophen and Codeine Phos-
phate  Tab le t s ;  Asp i r i n  and Code ine  Phospha te  Tab le t s ;
Bromodiphenhydramine Hydrochloride and Codeine Phosphate Oral So-
lution; Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules; Cari-
soprodol, Aspirin, and Codeine Phosphate Tablets; Codeine Phosphate In-
jection; Codeine Phosphate Tablets; Codeine Sulfate Tablets; Guaifenesin
and Codeine Phosphate Syrup; Terpin Hydrate and Codeine Elixir.

Proprietary Preparations (details are given in Part 3)
Austral.: Actacode; Austria: Codipertussin; Codipront Mono; Coditard;
Makatussin-Hustentropfen; Tricodein; Belg.: Bromophar; Bronchodine;
Bronchosedal; Eulyptan†; Gloceda†; Glottyl; Toularynx; Canad.: Codeine
Contin; Fr.: Codedrill; Codenfan; Neo-Codion; Paderyl; Ger.: Antitussivum
Burger; Bronchicum Mono Codein; codi OPT; Codicaps mono; Codicaps
N†; Codicaps Neo; Codicompren; Codipertussin; Codipront Mono†;
Makatussin Codein; Melrosum Codein Hustensirup†; Neo-Codion NN†;
Optipect Kodein; Tryasol; Tussoret; Gr.: Codipront N†; Hong Kong:
Codipront N†; India: Codifos; Irl.: Codant; Codinex; Israel: Codical; Re-
kod; Malaysia: Setlinctus†; Neth.: Bronchicum Extra Sterk; Port.: Toseina;
Rus.: Neo-Codion (Нео-Кодион); Spain: Bisoltus; Codeisan; Codulin;
Fludan Codeina; Histaverin; Notusin; Perduretas Codeina; Toseina; Switz.:
Makatussin nouvelle formule; Tricodein†; UK: Bepro; Galcodine; Venez.:
Codipront Mono.

Multi-ingredient: numerous preparations are listed in Part 3.

Croton Oil
Aceite de crotón; Oleum Crotonis; Oleum Tiglii.
CAS — 8001-28-3.

Pharmacopoeias. Chin. includes fruits of Croton tiglium.

Profile
Croton oil is an oil expressed from the seeds of Croton tiglium
(Euphorbiaceae). Externally, it is a powerful counter-irritant and
vesicant. Croton oil is also used with phenol in cosmetic chemi-
cal peeling of the skin. 
Croton oil has such a violent purgative action that it should not
be used as a laxative. Croton oil contains phorbol esters, which
are carcinogenic. 
Homoeopathy. Croton has been used in homoeopathic medi-
cines under the following names: Croton tiglium; Crot. tig.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Canad.: Rheumalan†.

Devil’s Claw Root
Djävulsklorot; Harpagofytový kořen; Harpagonjuuri; Harpago-
phyti radix; Harpagophyton; Harpagophyton, racine d’; Harpago-
phytum; Inkaruočių šaknys; Ördögcsáklya gyökér; Raíz de harp-
agofito; Teufelskrallenwurzel.
CAS — 19210-12-9 (harpagoside).

(harpagoside)

Pharmacopoeias. In Eur. (see p.vii), which also includes the
dry extract. 
Ph. Eur. 6.2 (Devil’s Claw Root; Devil’s Claw BP 2008). The cut
and dried tuberous, secondary roots of Harpagophytum pro-
cumbens and/or H. zeyheri. Greyish-brown to dark brown with
a bitter taste. Contains not less than 1.2% harpagoside
(C24H30O11 = 494.5), calculated with reference to the dried drug.
Protect from light.
Profile
Devil’s claw root is used in herbal remedies for musculoskeletal
and joint disorders. Its activity is attributed in part to the plant’s
content of iridoid glycosides, notably harpagoside.
Pain. Preparations containing devil’s claw root have been tried
with some success in the treatment of musculoskeletal disorders
such as low back pain and osteoarthritis. There is some evidence
of efficacy for daily doses standardised to 50 to 100 mg harpago-
side but the quality of reporting in trials is generally poor and
further studies are needed to establish its place in therapy.1,2

1. Gagnier JJ, et al. Harpgophytum [sic] procumbens for osteoar-
thritis and low back pain: a systematic review. BMC Complement
Altern Med 2004; 4: 13. 

2. Gagnier JJ, et al. Herbal medicine for low back pain. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2006 (accessed 05/10/06).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Herbaccion Flex†; Braz.: Tenitrat; Fr.: Elusanes Harpagesic; Harpadol;
Harpagocid; Ger.: Ajuta; Allya; Arthrosetten H; Arthrotabs; Bomarthros;
Cefatec; Dolo-Arthrodynat†; Dolo-Arthrosetten H; Doloteffin; flexi-loges;
Harpagoforte; HarpagoMega†; Harpagosan†; Herbadon†; Jucurba; Matai†;
Pargo†; Rheuferm Phyto; Rheuma-Sern; Rivoltan; Sogoon; Teltonal; Teufel-
skralle; Pol.: Reumaphyt; Spain: Fitokey Harpagophytum; Harpagofito Or-
to; UK: Atrosan; Flexiherb.
Multi-ingredient: Austral.: Arthriforte; Arthritic Pain Herbal Formula 1;
Bioglan Arthri Plus; Boswellia Compound; Devils Claw Plus; Extralife Arthri-
Care; Guaiacum Complex†; Herbal Arthritis Formula†; Lifesystem Herbal
Formula 1 Arthritic Aid†; Prost-1†; Belg.: Algi-Cool; Cz.: Antirevmaticky
Caj; Fr.: Arkophytum†; Ger.: Dr Wiemanns Rheumatonikum; Ital.: Body-
guard; Cartago; Flodolor; Nevril; Pik Gel; Reumafort; Malaysia: Celery
Plus†; Mex.: Rodan; Pol.: Reumaherb; Spain: Dolosul†; Natusor Harpa-
gosinol†.

Dexibuprofen (BAN, USAN, rINN)

Deksibuprofeeni; Dexibuprofène; Dexibuprofeno; Dexibuprofe-
num; S-(+)-Ibuprofen.
Дексибупрофен
CAS — 51146-56-6.
ATC — M01AE14.
ATC Vet — QM01AE14.

Profile
Dexibuprofen is the S(+)-enantiomer of ibuprofen (p.64) and is
used similarly in the management of mild to moderate pain and
inflammation in conditions such as dysmenorrhoea, headache,
postoperative pain, dental pain, sprains, and soft-tissue rheuma-
tism. It is also used in musculoskeletal and joint disorders such
as ankylosing spondylitis, osteoarthritis, and rheumatoid arthri-
tis. It may be used as an antipyretic to reduce fever. 
The usual adult dose is 600 to 900 mg daily by mouth in up to 3
divided doses, adjusted according to response, to a usual maxi-
mum of 1.2 g daily. Elderly patients should be started at the low-
er end of the dose range; dosage may then be increased according
to tolerance. Dose reductions are also recommended in patients
with hepatic or renal impairment, see below. 
For doses in children, see below.
◊ References.
1. Phleps W. Overview on clinical data of dexibuprofen. Clin Rheu-

matol 2001; 20 (suppl 1): S15–S21. 

2. Mayrhofer F. Efficacy and long-term safety of dexibuprofen
[S(+)-ibuprofen]: a short-term efficacy study in patients with os-
teoarthritis of the hip and a 1-year tolerability study in patients
with rheumatic disorders. Clin Rheumatol 2001; 20 (suppl 1):
S22–S29. 

3. Hawel R, et al. Comparison of the efficacy and tolerability of
dexibuprofen and celecoxib in the treatment of osteoarthritis of
the hip. Int J Clin Pharmacol Ther 2003; 41: 153–64.

Administration in children. Although dexibuprofen is not li-
censed for use in children under 18 years of age in the UK, some
countries permit such use. For example, in Switzerland, dexibu-
profen has been given to children aged 6 years and over; usual
oral doses are 10 to 15 mg/kg daily in 2 to 4 divided doses. Li-
censed product information for one preparation recommends a
maximum dose of 300 mg daily for those weighing less than
30 kg.
Administration in hepatic and renal impairment. UK li-
censed product information specifies that the initial dose of dex-
ibuprofen should be reduced in patients with mild to moderate
hepatic or renal impairment; it should not be used in those with
severe impairment.
Pharmacokinetics. For mention of the metabolism of dexibu-
profen, see p.65. 
Further references.
1. Eller N, et al. Pharmacokinetics of dexibuprofen administered as

200 mg and 400 mg film-coated tablets in healthy volunteers. Int
J Clin Pharmacol Ther 1998; 36: 414–17.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dextropirac†; Dolomin†; Austria: Actifen; Eu-Med Neu; Monactil;
Movone; Seractil; Chile: Dexelle; Cz.: Seractil; Denm.: Seractiv; Fin.: Dex-
it; Ger.: Deltaran; Gr.: Seractil; Hung.: Seractil; India: Sibet; Ital.: Seractil;
Neth.: Seractil; Norw.: Seractiv; Pol.: Dexprofen; Seractil; Port.: Seractil;
Spain: Atriscal; Seractil; Swed.: Tradil; Switz.: DexOptifen; Seractil; UK:
Seractil.

Dextromoramide (BAN, pINN) ⊗ 
Dekstromoramidi; Dextrodiphenopyrine; Dextromoramid;
Dextromoramida; Dextromoramidum; d-Moramid; Pyrrolami-
dol. (+)-1-(3-Methyl-4-morpholino-2,2-diphenylbutyryl)pyrroli-
dine.
Декстроморамид
C25H32N2O2 = 392.5.
CAS — 357-56-2.
ATC — N02AC01.
ATC Vet — QN02AC01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dextromoramide: 
Palf.

Dextromoramide Tartrate (BANM, pINNM) ⊗ 
Bitartrate de Dextromoramide; Dekstromoramiditartraatti;
Dekstromoramido tartratas; Dextromoramide Acid Tartrate;
Dextromoramide Hydrogen Tartrate; Dextromoramide, tar-
trate de; Dextromoramidi tartras; Dextromoramid-tartarát;
Dextromoramidtartrat; Tartrato de dextromoramida.
Декстроморамида Тартрат
C25H32N2O2,C4H6O6 = 542.6.
CAS — 2922-44-3.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dextromoramide Tartrate). A white or almost
white, crystalline or amorphous powder. Soluble in water; spar-
ingly soluble in alcohol. A 1% solution in water has a pH of 3.0
to 4.0.
Profile
Dextromoramide is an opioid analgesic (p.104) structurally relat-
ed to methadone (p.82). It has been used in the treatment of se-
vere pain although it was not recommended for use in obstetric
analgesia because of an increased risk of neonatal depression.
Dextromoramide is subject to abuse. 
Dextromoramide has been given orally as the tartrate. It has also
been given rectally as suppositories and by subcutaneous or in-
tramuscular injection.
Preparations
BP 2008: Dextromoramide Tablets.

Proprietary Preparations (details are given in Part 3)
Irl.: Palfium; Neth.: Palface; Palfium.

O

O

O

O
HO

HO

HO

HO
H H

OH OH

CH3

O

H3C

CH3

CH3

O

OH

N

CH3 O

N
O



40   Analgesics Anti-inflammatory Drugs and Antipyretics

Dextropropoxyphene (BAN, pINN)

Dekstropropoksifeeni; Dextropropoxifen; Dextropropoxifeno;
Dextropropoxyphène; Dextropropoxyphenum; Propoxyphene.
(+)-(1S,2R)-1-Benzyl-3-dimethylamino-2-methyl-1-phenylpropyl
propionate.

Декстропропоксифен
C22H29NO2 = 339.5.
CAS — 469-62-5.
ATC — N02AC04.
ATC Vet — QN02AC04.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dextropropoxyphene: 
Dummies.

Dextropropoxyphene Hydrochloride 

(BANM, pINNM)

Dekstropropoksifeenihydrokloridi; Dekstropropoksifeno hidro-
chloridas; Dextropropoxifén-hidroklorid; Dextropropoxifenhy-
droklorid; Dextropropoxyfen-hydrochlorid; Dextropropoxy-
phène, chlorhydrate de; Dextropropoxypheni hydrochloridum;
Hidrocloruro de dextropropoxifeno; Propoxyphene Hydrochlo-
ride (USAN).

Декстропропоксифена Гидрохлорид
C22H29NO2,HCl = 375.9.
CAS — 1639-60-7.

NOTE. Compounded preparations of dextropropoxyphene hydro-
chloride may be represented by the following names: 
• Co-proxamol (BAN)—dextropropoxyphene hydrochloride 1

part and paracetamol 10 parts (w/w).
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Dextropropoxyphene Hydrochloride). A white or
almost white crystalline powder. Very soluble in water; freely
soluble in alcohol. Protect from light. 
USP 31 (Propoxyphene Hydrochloride). A white odourless
crystalline powder. Freely soluble in water; soluble in alcohol, in
acetone, and in chloroform; practically insoluble in ether and in
benzene. Store in airtight containers.

Dextropropoxyphene Napsilate (BANM, pINNM)

Dextropropoxyphène, Napsilate de; Dextropropoxyphene Na-
psylate; Dextropropoxypheni Napsilas; Napsilato de dextropro-
poxifeno; Propoxyphene Napsylate (USAN). Dextropropoxy-
phene naphthalene-2-sulphonate monohydrate.

Декстропропоксифена Напсилат
C22H29NO2,C10H8O3S,H2O = 565.7.
CAS — 17140-78-2 (anhydrous dextropropoxyphene nap-
silate); 26570-10-5 (dextropropoxyphene napsilate mono-
hydrate).

NOTE. Compounded preparations of dextropropoxyphene napsi-
late may be represented by the following names: 
• Co-proxAPAP (PEN)—dextropropoxyphene napsilate and

paracetamol.
Pharmacopoeias. In Br. and US. 
BP 2008 (Dextropropoxyphene Napsilate). An odourless or al-
most odourless white powder. It exhibits polymorphism. Practi-
cally insoluble in water; soluble in alcohol; freely soluble in chlo-
roform. 
USP 31 (Propoxyphene Napsylate). A white powder having es-
sentially no odour. Very slightly soluble in water; soluble 1 in 15
of alcohol and 1 in 10 of chloroform; soluble in acetone and in
methyl alcohol. Store in airtight containers.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Dextropropoxyphene has been subject to abuse (see
under Precautions, below).
◊ Reports of dextropropoxyphene dependence and its treatment.
1. Wall R, et al. Addiction to Distalgesic (dextropropoxyphene).

BMJ 1980; 280: 1213–14. 
2. D’Abadie NB, Lenton JD. Propoxyphene dependence: problems

in management. South Med J 1984; 77: 299–301.

Adverse Effects
As for Opioid Analgesics in general, p.102. 
In the recommended dosage the adverse effects of dex-
tropropoxyphene are less marked than those of mor-
phine. Gastrointestinal effects, dizziness, and drowsi-
ness are the most common. Liver impairment, manifest
as abnormal liver function tests and, more rarely, as re-
versible jaundice, has been reported. 
There have been a large number of fatalities from ei-
ther accidental or intentional overdosage with dextro-
propoxyphene. Many reports emphasise the rapidity
with which death ensues; death within an hour of over-
dosage is not uncommon, and it can occur within 15
minutes. Overdosage is often complicated by patients
also taking other CNS depressants such as alcohol and
using mixed preparations such as dextropropoxyphene
with paracetamol or aspirin. 
Symptoms of overdosage are similar to those of opioid
poisoning in general, but in addition patients may ex-
perience psychotic reactions. There may be cardiac
conduction abnormalities and arrhythmias. 
Dextropropoxyphene injections are painful and have a
very destructive effect on soft tissues and veins when
abused in this way. 
Anorectal reactions have followed the prolonged use
of suppositories containing dextropropoxyphene; the
reactions appear to be dose dependent.
Effects on the blood. A 12-year history of haemolysis and
subsequent significant haemolytic anaemia in an elderly woman1

was associated with chronic, periodic, and occasionally exces-
sive intake of co-proxamol.
1. Fulton JD, McGonigal G. Steroid responsive haemolytic anaemia

due to dextropropoxyphene paracetamol combination. J R Soc
Med 1989; 82: 228.

Effects on the ears. A report of complete nerve deafness asso-
ciated with chronic abuse of co-proxamol was made to the UK
CSM.1 The CSM had received 2 other reports of permanent hear-
ing loss attributed to co-proxamol abuse; transient hearing loss
had also been reported in 2 patients taking usual doses; 7 further
reports described tinnitus.
1. Ramsay BC. Complete nerve deafness after abuse of co-proxam-

ol. Lancet 1991; 338: 446–7.

Effects on the liver. There have been occasional reports of
jaundice in patients taking dextropropoxyphene alone but many
of the 49 suspected hepatic reactions with dextropropoxyphene
reported to the UK CSM by 19851 had involved use with para-
cetamol; clinical features including malaise, jaundice, raised se-
rum transaminases, and sometimes fever, were however general-
ly characteristic of dextropropoxyphene alone. Relapsing
jaundice mimicking biliary disease was attributable to the dex-
tropropoxyphene component of co-proxamol in 3 patients,2
whereas there was no abnormality of liver function in 11 patients
on long-term co-proxamol analgesia.3 Another report of 9 cases
found that the hepatotoxicity of dextropropoxyphene mimicked
symptoms of large bile duct obstruction, and suggested that such
toxicity might be misdiagnosed.4 A more recent review5 also
concluded that hepatotoxicity with dextropropoxyphene might
mimic a biliary tract disease, sometimes with few or no symp-
toms.
1. CSM. Hepatotoxicity with dextropropoxyphene. Current Prob-

lems 17 1986. Available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024424&
RevisionSelectionMethod=LatestReleased (accessed 26/06/08) 

2. Bassendine MF, et al. Dextropropoxyphene induced hepatotox-
icity mimicking biliary tract disease. Gut 1986; 27: 444–9. 

3. Hutchinson DR, et al. Liver function in patients on long-term
paracetamol (co-proxamol) analgesia. J Pharm Pharmacol
1986; 38: 242–3. 

4. Rosenberg WMC, et al. Dextropropoxyphene induced hepato-
toxicity: a report of nine cases. J Hepatol 1993; 19: 470–4. 

5. Bergeron L, et al. Dextropropoxyphène et atteintes hépatiques: à
propos de 4 cas et revue de littèrature. Therapie 2002; 57:
464–72.

Effects on the lungs. Hypersensitivity pneumonitis and skin
rash has been reported in a patient taking co-proxamol.1 No such
reaction occurred when the patient was subsequently given para-
cetamol alone.
1. Matusiewicz SP, et al. Hypersensitivity pneumonitis associated

with co-proxamol (paracetamol + dextropropoxyphene) therapy.
Postgrad Med J 1999; 75: 475–6.

Hypoglycaemia. Hypoglycaemia has occasionally been re-
ported with the use of dextropropoxyphene.1-6

1. Wiederholt IC, et al. Recurrent episodes of hypoglycemia in-
duced by propoxyphene. Neurology 1967; 17: 703–4. 

2. Almirall J, et al. Propoxyphene-induced hypoglycemia in a pa-
tient with chronic renal failure. Nephron 1989; 53: 273–5. 

3. Laurent M, et al. Hypoglycémie sous dextropropoxyphène chez
des grands vieillards: 7 cas. Presse Med 1991; 20: 1628. 

4. Lowenstein W, et al. Hypoglycémie au dextropropoxyphène:
une urgence chez le toxicomane. Presse Med 1993; 22: 133. 

5. Santos Gil I, et al. Hipoglucemia secundaria a ingestión de dex-
tropropoxifeno en un paciente adicto a drogas. Med Clin (Barc)
1998; 110: 475–6. 

6. Shah P, et al. Propoxyphene-induced hypoglycemia in renal fail-
ure. Endocr Pract 2006; 12: 170–3.

Overdosage. There have been several reviews or retrospective
studies of acute self-poisoning with dextropropoxyphene.1-4 At a
symposium on the safety and efficacy of dextropropoxyphene5

many of the participants dealt with the problems of dextropro-
poxyphene overdosage, often in conjunction with paracetamol
and sometimes with alcohol. Profound and even fatal CNS de-
pression can develop rapidly as a result of the dextropropoxy-
phene content and in many cases death has occurred within an
hour;6 it was suggested that as few as 15 to 20 tablets of co-prox-
amol may be fatal.7,8 Analysis of suicides involving drugs in
England and Wales between 1997 and 1999 revealed that the
odds of dying after overdose with co-proxamol were 2.3 times
that for tricyclic antidepressant overdose, and 28.1 times greater
than for paracetamol.9 Another analysis of suicides due to poi-
soning in 3 areas of the UK between 2000 and 2001 identified
123 cases of fatal overdose with co-proxamol;10 those who also
consumed alcohol had generally taken fewer co-proxamol tab-
lets than those who had not, emphasising the increased toxicity
of the combination. 
An analysis of overdosage involving combination analgesic
preparations prescribed in Scotland between 2000 and 2002 also
found that overdoses with co-proxamol were 10 times more like-
ly to be fatal when compared with co-dydramol or co-codamol.11

In the USA12 the incidence of dextropropoxyphene-associated
deaths reached a peak in 1977 and then fell at a rate that was not
matched by a decline in prescribing. 
It is not clear whether the metabolite, nordextropropoxyphene,
plays an important role in fatalities.12 However, nordextropro-
poxyphene, like dextropropoxyphene, is considered to have local
anaesthetic activity and the membrane stabilising activity of dex-
tropropoxyphene has been implicated as a major factor responsi-
ble for its severe cardiac depressant effect.13 
In January 2005, the UK CSM found the risk of toxicity of co-
proxamol in overdose to be unacceptable;14 consequently, co-
proxamol has been gradually withdrawn from the UK market.
Fixed-dose combinations of dextropropoxyphene and paraceta-
mol have also been withdrawn in several other countries includ-
ing Sweden and Switzerland.
1. Young RJ. Dextropropoxyphene overdosage: pharmacological

considerations and clinical management. Drugs 1983; 26: 70–9. 
2. Madsen PS, et al. Acute propoxyphene self-poisoning in 222

consecutive patients. Acta Anaesthesiol Scand 1984; 28: 661–5. 
3. Segest E. Poisoning with dextropropoxyphene in Denmark.

Hum Toxicol 1987; 6: 203–7. 
4. Jonasson U, et al. Correlation between prescription of various

dextropropoxyphene preparations and their involvement in fatal
poisonings. Forensic Sci Int 1999; 103: 125–32. 

5. Bowen D, et al. (ed). Distalgesic; safety and efficacy. Hum Tox-
icol 1984; 3 (suppl): 1S–238S. 

6. Proudfoot AT. Clinical features and management of Distalgesic
overdose. Hum Toxicol 1984; 3 (suppl): 85S–94S. 

7. Whittington RM. Dextropropoxyphene deaths: coroner’s report.
Hum Toxicol 1984; 3 (suppl): 175S–185S. 

8. Young RJ, Lawson AAH. Distalgesic poisoning—cause for
concern. BMJ 1980; 280: 1045–7. 

9. Hawton K, et al. Co-proxamol and suicide: a study of national
mortality statistics and local non-fatal self-poisonings. BMJ
2003; 326: 1006–8. 

10. Hawton K, et al. A multicentre study of coproxamol poisoning
suicides based on coroners’ records in England. Br J Clin Phar-
macol 2005; 59: 207–12. 

11. Afshari R, et al. Co-proxamol overdose is associated with a 10-
fold excess mortality compared with other paracetamol combi-
nation analgesics. Br J Clin Pharmacol 2005; 60: 444–7. 

12. Finkle BS. Self-poisoning with dextropropoxyphene and dex-
tropropoxyphene compounds: the USA experience. Hum Toxi-
col 1984; 3 (suppl): 115S–34S. 

13. Henry JA, Cassidy SL. Membrane stabilising activity: a major
cause of fatal poisoning. Lancet 1986; i: 1414–17. 

14. MHRA. Withdrawal of co-proxamol products and interim up-
dated prescribing information. Message from Professor G Duff,
Chairman of CSM (issued 31st January, 2005). Available at:
http://www.mhra.gov.uk/home/groups/pl-a/documents/
websiteresources/con019461.pdf (accessed 28/08/08)

Treatment of Adverse Effects
As for Opioid Analgesics in general, p.102. 
Rapid treatment of overdosage with naloxone and as-
sisted respiration is essential. Cardiac effects may not
be reversed by naloxone. Gastric lavage and activated
charcoal may be of value within 1 hour of ingestion,
but dialysis is of little use. 
Convulsions may require control with an anticonvul-
sant, bearing in mind that the CNS depressant effects of
dextropropoxyphene can be exacerbated (see also In-
teractions, below). Stimulants should not be used be-
cause of the risk of inducing convulsions. 
Patients taking overdoses of dextropropoxyphene with
paracetamol will also require treatment for paraceta-
mol poisoning (p.108). Mixtures of dextropropoxy-
phene and aspirin may be involved; the treatment of
aspirin poisoning is described on p.20.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Precautions
As for Opioid Analgesics in general, p.103.
Abuse. There have been reports1 of the abuse of dextropropox-
yphene, and some2 considered that the ready availability of dex-
tropropoxyphene made it liable to abuse although it was a rela-
tively weak opioid analgesic. However, others3 thought there
was no evidence that dextropropoxyphene was frequently asso-
ciated with abuse, or concluded that, although there was abuse
potential, it was of relatively low importance in terms of the com-
munity as a whole.4 
A severe withdrawal syndrome has been reported5 in an elderly
patient who covertly consumed a daily dose of dextropropoxy-
phene of 1 to 3 g for at least 12 months. The patient was treated
by a gradually decreasing dosage schedule of dextropropoxy-
phene over 9 weeks.
1. Tennant FS. Complications of propoxyphene abuse. Arch Intern

Med 1973; 132: 191–4. 
2. Lader M. Abuse of weak opioid analgesics. Hum Toxicol 1984;

3 (suppl): 229S–36S. 
3. Finkle BS. Self-poisoning with dextropropoxyphene and dextro-

propoxyphene compounds: the USA experience. Hum Toxicol
1984; 3 (suppl): 115S–34S. 

4. Turner P. Final remarks. Hum Toxicol 1984; 3 (suppl): 237S–8S. 
5. Hedenmalm K. A case of severe withdrawal syndrome due to

dextropropoxyphene. Ann Intern Med 1995; 123: 473.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving dextropropoxyphene,
and the American Academy of Pediatrics considers1 that it is
therefore usually compatible with breast feeding. The BNF also
considers that the amount of dextropropoxyphene in breast milk
is too small to be harmful.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08)

Porphyria. Dextropropoxyphene has been associated with
acute attacks of porphyria and is considered unsafe in porphyric
patients.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Plasma concentrations of dextropropoxyphene are in-
creased by ritonavir, with a resultant risk of toxicity;
they should not be given together. 
CNS depressants, including alcohol, may contribute to
the hazards of dextropropoxyphene, see also Overdos-
age, above. The convulsant action of high doses of
dextropropoxyphene may be enhanced by CNS stimu-
lants. 
Dextropropoxyphene interacts with several other drugs
through inhibition of liver metabolism. Drugs reported
to be affected include antidepressants (see p.379), ben-
zodiazepines (see p.989), beta blockers (see p.1229),
carbamazepine (see p.474), phenobarbital (see p.493),
phenytoin (see p.497), and warfarin (see p.1427).
Antimuscarinics. A suggested interaction between orphen-
adrine and dextropropoxyphene has been questioned (see
p.812).

Pharmacokinetics
Dextropropoxyphene is readily absorbed from the gas-
trointestinal tract, the napsilate tending to be more
slowly absorbed than the hydrochloride, but both are
subject to considerable first-pass metabolism. Peak
plasma concentrations occur about 2 to 2.5 hours after
ingestion. It is rapidly distributed and concentrated in
the liver, lungs, and brain. About 80% of dextropro-
poxyphene and its metabolites are reported to be bound
to plasma proteins. Dextropropoxyphene crosses the
placenta. It has been detected in breast milk. 
Dextropropoxyphene is N-demethylated to nordextro-
propoxyphene (norpropoxyphene) in the liver. It is
excreted in the urine mainly as metabolites. It is
now recognised that dextropropoxyphene and nor-
dextropropoxyphene have prolonged elimination half-
lives; values of 6 to 12 hours and 30 to 36 hours, re-
spectively, have been reported. Accumulation of dex-
tropropoxyphene and its metabolites may occur with
repeated doses and nordextropropoxyphene may con-
tribute to the toxicity seen with overdosage.
◊ Reviews.
1. Pearson RM. Pharmacokinetics of propoxyphene. Hum Toxicol

1984; 3 (suppl): 37S–40S.

The elderly. The elimination half-lives of dextropropoxyphene
and its metabolite nordextropropoxyphene were prolonged in
healthy elderly subjects when compared with young controls.1
After multiple dosing median half-lives of dextropropoxyphene
and nordextropropoxyphene were 36.8 and 41.8 hours, respec-
tively in the elderly compared with 22.0 and 22.1 hours in the
young subjects. In this study1 there was a strong correlation be-
tween half-life of nordextropropoxyphene and estimated creati-
nine clearance.
1. Flanagan RJ, et al. Pharmacokinetics of dextropropoxyphene

and nordextropropoxyphene in young and elderly volunteers af-
ter single and multiple dextropropoxyphene dosage. Br J Clin
Pharmacol 1989; 28: 463–9.

Hepatic impairment. Plasma concentrations of dextropro-
poxyphene were higher in patients with cirrhosis given the drug
than in healthy subjects whereas concentrations of nordextropro-
poxyphene were lower.1
1. Giacomini KM, et al. Propoxyphene and norpropoxyphene plas-

ma concentrations after oral propoxyphene in cirrhotic patients
with and without surgically constructed portacaval shunt. Clin
Pharmacol Ther 1980; 28: 417–24.

Renal impairment. Higher and more persistent plasma con-
centrations of dextropropoxyphene and nordextropropoxyphene
in anephric patients when compared with healthy subjects1 were
attributed to decreased first-pass metabolism of dextropropoxy-
phene and decreased renal excretion of nordextropropoxyphene
in the anephric patients.
1. Gibson TP, et al. Propoxyphene and norpropoxyphene plasma

concentrations in the anephric patient. Clin Pharmacol Ther
1980; 27: 665–70.

Uses and Administration
Dextropropoxyphene is an opioid analgesic (p.104)
structurally related to methadone (p.82). It has mild
analgesic activity and is given orally as the hydrochlo-
ride or napsilate to alleviate mild to moderate pain.
Unlike the laevo-isomer (levopropoxyphene), dextro-
propoxyphene has little antitussive activity. 
Dextropropoxyphene is mainly used with other analge-
sics that have anti-inflammatory and antipyretic ef-
fects, such as aspirin or paracetamol. In the USA the
usual dose is 65 mg of the hydrochloride or 100 mg of
the napsilate given every 4 hours up to a maximum
total daily dose of 390 mg or 600 mg, respectively. In
the UK similar doses have been given three or four
times daily. 
The combination preparation co-proxamol (dextropro-
poxyphene with paracetamol) has been gradually with-
drawn from the UK market (see also Pain, below) al-
though such combinations may remain available in a
number of countries.
Pain. A detailed review1 of the analgesic effectiveness of dextro-
propoxyphene suggested that with respect to single oral doses,
recommended doses of dextropropoxyphene were no more (and
probably less) effective than usual doses of paracetamol, aspirin,
or other NSAIDs. However, the comparative effectiveness may
vary substantially depending on the cause of the pain. 
When it comes to comparative studies involving combinations of
dextropropoxyphene with other analgesics, findings are even
less clear-cut.2 The effectiveness of co-proxamol has long been a
matter of controversy yet despite this a survey3 conducted in 30
UK teaching hospitals found that co-proxamol was the most
widely used paracetamol-containing analgesic. It was suggested
that the popularity of co-proxamol was purely down to prescrib-
ing habits passed on to new medical staff, rather than hard evi-
dence regarding efficacy. This view has been refuted by others4

who say that a large number of studies have shown clear analge-
sic effects for dextropropoxyphene. However, any assumption
that the combination was widely used because it was more effec-
tive than paracetamol alone was not supported by a systematic
overview of single-dose studies.5 This concluded that while co-
proxamol was indeed an effective analgesic it was no better than
paracetamol alone. Although the evidence from this and other
systematic reviews indicate that co-proxamol should be replaced
by paracetamol alone for acute pain, the position for chronic use
is considered to be not so clear (but see below).6 
In January 2005, the UK CSM found the efficacy of co-proxamol
to be poorly established and its risk of toxicity in overdose to be
unacceptable;7 they considered that there was no robust evidence
of the superior efficacy of co-proxamol to full-strength paraceta-
mol alone in either acute or chronic pain. Consequently, co-prox-
amol has been gradually withdrawn from the UK market. Fixed-
dose combinations of dextropropoxyphene and paracetamol
have also been withdrawn in several other countries including
Sweden and Switzerland.
1. Beaver WT. Analgesic efficacy of dextropropoxyphene and dex-

tropropoxyphene-containing combinations: a review. Hum Toxi-
col 1984; 3 (suppl): 191S–220S. 

2. Collins SL, et al. Single dose dextropropoxyphene, alone and
with paracetamol (acetaminophen), for postoperative pain.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 1999 (accessed 26/06/08). 

3. Haigh S. 12 Years on: co-proxamol revisited. Lancet 1996; 347:
1840–1. Correction. ibid.; 348: 346. 

4. Sykes JV, et al. Coproxamol revisited. Lancet 1996; 348: 408. 
5. Li Wan Po A, Zhang WY. Systematic overview of co-proxamol

to assess analgesic effects of addition of dextropropoxyphene to
paracetamol. BMJ 1997; 315: 1565–71. Correction ibid. 1998;
316: 116 and 656. 

6. Anonymous. Co-proxamol or paracetamol for acute pain? Drug
Ther Bull 1998; 36: 80. 

7. MHRA. Withdrawal of co-proxamol products and interim updat-
ed prescribing information. Message from Professor G Duff,
Chairman of CSM (issued 31st January, 2005). Available at: 
http://www.mhra.gov.uk/home/groups/pl-a/documents/
websiteresources/con019461.pdf (accessed 28/08/08)

Preparations
BP 2008: Co-proxamol Tablets; Dextropropoxyphene Capsules; 
USP 31: Propoxyphene Hydrochloride and Acetaminophen Tablets; Pro-
poxyphene Hydrochloride Capsules; Propoxyphene Hydrochloride, Aspi-
rin, and Caffeine Capsules; Propoxyphene Napsylate and Acetaminophen
Tablets; Propoxyphene Napsylate and Aspirin Tablets; Propoxyphene Nap-
sylate Oral Suspension; Propoxyphene Napsylate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Gobbigesic; Austral.: Doloxene; Belg.: Depronal; Canad.: 642†;
Darvon-N; Denm.: Abalgin; Doloxene; Fin.: Abalgin; Gr.: Romidon; Zi-
deron; India: Parvodex; Irl.: Doloxene†; Ital.: Liberen†; Mex.: Darvon
Simple; Neth.: Depronal; NZ: Doloxene†; S.Afr.: Doloxene; Spain: Dar-
von†; Deprancol; Swed.: Dexofen; Doloxene; USA: Darvon; Darvon-N.
Multi-ingredient: Arg.: Artifene; Calmopirin; Canovex†; D-P†; Dexpro-
feno; Dextro + Dipirona; Dextrodip; Dorixina Forte; Gobbicalm; Klosidol;
Klosidol B1 B6 B12; Supragesic; Vicefeno; Austral.: Capadex; Di-Gesic; Pa-
radex; Austria: APA; Contraforte†; Sigmalin B  forte; Belg.: Algophene;
Distalgic†; Braz.: Doloxene-A; Fin.: Paraflex comp†; Fr.: Dextroref; Di
Dolko; Di-Antalvic; Diadupsan†; Dialgirex; Dioalgo; Propofan; Hong Kong:
Cosalgesic; Distalgesic†; Dolocin; Dolpocetmol; Medonol; Hung.: Novopy-
rin; India: Buta-Proxyvon; Ibu-Proxyvon; Parvon; Parvon Forte; Parvon-N;
Parvon-Spas; Proxytab; Proxyvon; Spasmo-Proxyvon; Spasmocip; Spasmo-
cip Plus; Sudhinol; Walagesic†; Wygesic; Irl.: Distalgesic†; Israel: Algolysin;
Proxol; Rogaan; Mex.: Darvon-N Compuesto†; Neo-Percodan; Qual;
Norw.: Aporex; NZ: Apo-Paradex†; Capadex; Paradex; Port.: Algifene;
S.Afr.: Distalgesic; Doloxene Co; Doxyfene; Lentogesic; Synap; Swed.: Dis-
talgesic†; Doleron†; Paraflex comp†; Switz.: Distalgesic†; UK: Cosalgesic†;
Distalgesic†; USA: Balacet; Darvocet; Darvocet-N; Darvon Compound†;
PC-Cap; Propacet; Trycet; Wygesic†.

Diacerein (rINN)

Diacereína; Diacéréine; Diacereinum; Diacerhein; Diacetylrhein;
2,4-dichlorobenzylique, alcool; Rhein Diacetate; SF-277; SF-277.
9,10-Dihydro-4,5-dihydroxy-9,10-dioxo-2-anthroic acid diace-
tate.
Диацереин
C19H12O8 = 368.3.
CAS — 13739-02-1.
ATC — M01AX21.
ATC Vet — QM01AX21.

Profile
Diacerein is an anthraquinone derivative that is used in osteoar-
thritis (p.11) in oral doses of 50 mg twice daily. Doses should be
halved in patients with creatinine clearance less than
30 mL/minute. Diarrhoea is a common adverse effect with diac-
erein. Its active metabolite, rhein, a constituent of rhubarb
(p.1768), is reported to act as an interleukin-1 inhibitor.
Administration in renal impairment. See above and Phar-
macokinetics, below.
Musculoskeletal and joint disorders. Diacerein is thought
to act via inhibition of interleukin-1β,1 which plays a role in in-
flammatory processes. Systematic reviews2,3 on the use of diac-
erein in the treatment of osteoarthritis have indicated that diac-
erein produces a small, but consistent, improvement in pain.
Further research is necessary to confirm its short- and long-term
effectiveness and safety but there is some evidence of residual
benefit on stopping treatment,3 which has been postulated to rep-
resent an improvement in the disease process.
1. Van den Berg WB. Les mécanismes d’action de la diacerhéine,

premier inhibiteur de l’interleukine 1 dans l’arthrose. Presse
Med 2004; 33: 10–12. 

2. Fidelix TSA, et al. Diacerein for osteoarthritis. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2006 (accessed 06/10/06). 

3. Rintelen B, et al. A meta-analysis of controlled clinical studies
with diacerein in the treatment of osteoarthritis. Arch Intern Med
2006; 166: 1899–1906.
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Pharmacokinetics. References.
1. Debord P, et al. Influence of renal function on the pharmacoki-

netics of diacerein after a single oral dose. Eur J Drug Metab
Pharmacokinet 1994; 19: 13–19. 

2. Nicolas P, et al. Clinical pharmacokinetics of diacerein. Clin
Pharmacokinet 1998; 35: 347–59.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Artrodar; Artroglobina†; Austria: Artrolyt; Verboril; Braz.: Artro-
dar; Chile: Artrizona; Cz.: Artrodar; Fr.: Art; Zondar; Gr.: Arthrofar; Ar-
throrein; Deserein; Diacer; Diaceril; Idealite; Inflabion; Myobloc; Ostirein;
Pentacrin; Reumanisal; Verboril; Indon.: Artrodar ; Israel: Art; Diatrim;
Ital.: Fisiodar; Malaysia: Artrodar; Port.: Artrolyt; Cartivix; Spain: Gal-
axdar; Glizolan; Thai.: Artrodar; Venez.: Artrodar.

Multi-ingredient: Mex.: Dolocartigen.

Diamorphine Hydrochloride 

(BANM) ⊗ 
Diacetilmorfina, hidrocloruro de; Diacetylmorphine Hydrochlo-
ride; Heroin Hydrochloride; Hidrocloruro de diamorfina; Hidro-
cloruro de heroína. 4,5-Epoxy-17-methylmorphinan-3,6-diyl dia-
cetate hydrochloride monohydrate.

Героина Гидрохлорид; Диаморфина Гидрохлорид
C21H23NO5,HCl,H2O = 423.9.
CAS — 561-27-3 (diamorphine); 1502-95-0 (diamorphine
hydrochloride).
ATC — N02AA09.
ATC Vet — QN02AA09.

(diamorphine)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of diamorphine: 
57 Chevy; A Sidani; AIP; Al Capone; Amelia; Antifreeze; Aries;
Aunt Hazel; Auntie Hazel; Aunty Hazel; Bacalhau; Bad bundle;
Bad seed; Ball; Ballot; Bart Simpson; Batman; Beast; Big Bad
Boy; Big bag; Big doodig; Big H; Big Harry; Bin laden; Bindle;
Birdie powder; Black; Black Dragon; Black eagle; Black Girl;
Black pearl; Black stuff; Black tar; Black tootsie roll; Blanche;
Blanco; Blast; Bleue; Block busters; Blow; Blows; Blue bag;
Blue hero; Blue star; Bobby Brown; Bomb; Bomba; Bombe;
Bombido; Bombita; Bombitas; Bombs away; Bone; Bonita;
Boy; Bozo; Brad; Brain damage; Brea; Brick gum; Broja; Broth-
er; Brown; Brown crystal; Brown rhine; Brown sugar; Brown
tape; Bugger; Bull dog; Bundle; Burra; Butu; Caballo; Caca;
Calbo; Capital H; Caps; Captain Jack; Carga; Carne; Cavalo;
Chang; Chapopote; Charley; Chatarra; Cheese; Cheva; Cheval;
Chi; Chiba; Chick; Chicken; Chicle; Chieva; China cat; China
white; Chinche; Chinese H; Chinese red; Chinese Rocks; Chi-
noise; Chip; Chiva; Chocofan; Choco-fan; Chueva; Chunks; Cli-
max; Cocofan; Coffee; Cotics; Cotton Candy; Courage pills;
Crank; Crap; Crop; Crown crap; Cura; Dead on arrival; Dead
president; Deuce; Diesel; Diggidy; Dirt; DOA; Dog food; Dog-
ee; Dogie; Doogie; Doojee; Dookey Rocks; Dooley; Doosey;
Dope; Downtown; Dr. Feelgood; Dragon; Dreck; DT; Dugee;
Dugie; Duji; Dujra; Dujre; Dust; Dyno; Dyno-pure; Eggs; Eight;
Eighth; Elephant; Estuffa; Fachiva; Ferry dust; Fix; Flea powder;
Foil; Foo foo stuff; Foolish powder; Furra; Galloping horse; Gal-
lup; Gamot; Garbage; Gato; Gear; George; George smack;
Ghost; Girl; Glacines; Glass; Goat; Gold; Golden Brown; Gold-
en girl; Golpe; Goma; Good; Good H; Good Horse; Good and
plenty; Goods; Goop; Grape Jolly Rancher; Gravy; Grey shields;
H; H22; H-bomb; H Caps; Hache; Hair; Hairpiece; Hairy; Ham-
mer; Hard candy; Hard stuff; Harriet Tubman; Harry; Harry
Jones; Hayron; Hazel; Heaven; Heaven dust; Heavy stuff;
Helen; Hell dust; Henry; Hera; Hero; Hero of the underworld;
Heroa; Heroina; Heron; Herone; Hessle; Him; Holy terror; Hom-
bre; Homebake; Homicide; Hong-yen; Hood; Hop; Horning;
Horse; Horsebite; Hot dope; Hot heroin; HRN; Isda; Jack; Jee
gee; Jerry Springer; Jesus; Jive; Jive doo jee; Joharito; Jojee;
Jones; Joy; Joy dust; Joy flakes; Joy powder; Judas; Junco; Junk;
Kabayo; Kaka Water; Karachi; Kermit the Frog; La Buena; La
Chiva; Lady H; Layne; LBJ; Lemonade; Life saver; Little bomb;
Man; Manteca; Matsakow; Mayo; Mexican Black Tar; Mexican
brown; Mexican Dirt; Mexican horse; Mexican mud; Mister
Brownstone; Mojo; Money talks; Monkey; Montego; Morse
Code Features; Morotgara; Mortal combat; Mother pearl; Mr.
Brownstone; Mud; Murotugora; Muzzle; Nanoo; Nice and easy;
Nickel bag; Nickel deck; Nixon; Noddy Brown; Noise; Nose;
Nose drops; Number 3; Number 4; Number 8; Nurse; Oddy
Noddy; Of course my horse; Ogoy; Oil; Old garbage; Old navy;

Old Steve; One way; Orange line; Outfit; Pack; Pakistanaise; Pa-
ko; Pangonadalot; Parachute; P-dope; Peg; Pepper; Perfect high;
P-funk; Pluto; Po; Poeira; Poison; Polvo; Poppy; Poudre; Pow-
der; Predator; Primo; Produto; Pulborn; Pure; Quill; Race horse
Charlie; Racehorse Charlie; Ragweed; Rain; Rambo; Rane;
Raw; Raw fusion; Raw hide; Raw Opportunities; Ready rock;
Red chicken; Red devil; Red eagle; Red rock; Red rum; Reindeer
dust; Rhine; Ring of Turd; Rob Flaherty; Rock; Rocks; Rush
hour; Sack; Salt; Scag; Scat; Scate; Schmack; Schmeck;
Schmeek; Scott; Scramble; Second to none; Shit; Shmeck;
Shmeek; Shmek; Shoot; Silk; Skag; Skid; Skunk; Slack-dad-eat-
your-heart-out; Slam; Sleeper; Sleepers; Slime; Slow; Sludge;
Smack; Snotty; Snow; Spider; Spider blue; Stuff; Stunna; Sugar;
Suicide; Sweet dreams; Sweet Jesus; Sweet stuff; Synthe; Tang;
Tar; Taste; Tecata; Tecate; Thailandaise; Thanie; The beast; The
fake throwdown; The Jack Bauer; The Loud-House Permadillo;
The Nax; The witch; Thing; Thunder; Tiger; Tigre; Tigre Blan-
co; Tigre del Norte; Tits; TNT; T.N.T.; Tongs; Tootsie roll; Top
drool; Train; Trash; Twin towers; Twists; Vidrio; Whack;
Whicked; White; White Bitch; White boy; White dragon; White
dynamite; White girl; White horse; White junk; White lady;
White nurse; "White Pony"; White stuff; White Tiger; Wicked;
Wings; Witch; Witch hazel; WTC; Zoquete.
Pharmacopoeias. In Br. and Swiss. Swiss also includes the
anhydrous form. 
BP 2008 (Diamorphine Hydrochloride). A white or almost
white crystalline powder, odourless when freshly prepared but
develops an odour characteristic of acetic acid on storage. Freely
soluble in water and in chloroform; soluble in alcohol; practical-
ly insoluble in ether. Protect from light.

Incompatibility. Diamorphine hydrochloride is incompatible
with mineral acids and alkalis and with chlorocresol.1 
The BNF notes that cyclizine may precipitate from mixtures with
diamorphine hydrochloride at concentrations of cyclizine greater
than 10 mg/mL, or in the presence of sodium chloride 0.9%, or
as the concentration of diamorphine relative to cyclizine increas-
es; mixtures of diamorphine and cyclizine are also liable to pre-
cipitate after 24 hours. 
It also considers that mixtures of diamorphine and haloperidol
are liable to precipitate after 24 hours if the haloperidol concen-
tration is above 2 mg/mL. Under some conditions mixtures of
metoclopramide and diamorphine may become discoloured and
should be discarded.
1. McEwan JS, Macmorran GH. The compatibility of some bacte-

ricides. Pharm J 1947; 158: 260–2.

Stability. Diamorphine is relatively unstable in aqueous solu-
tion and is hydrolysed to 6-O-monoacetylmorphine and then
morphine to a significant extent at room temperature; 3-O-
monoacetylmorphine is only occasionally detected. The rate of
decomposition is at a minimum at about pH 4.1,2 
In a study of the stability of aqueous solutions of diamorphine in
chloroform water it was concluded that such solutions should be
used within 3 weeks of preparation when stored at room temper-
ature.3 Another study4 noted that the degradation products of
diamorphine were not devoid of analgesic activity. Using a more
sensitive analytical method it was reported that although the pH
range of maximum stability of diamorphine in aqueous solution
was 3.8 to 4.4, the addition of buffers reduced stability.5 Simple
unbuffered chloroform water gave maximum stability, the shelf-
life of such a solution being 4 weeks at room temperature. 
The BP 2008 recommends that solutions for injection be pre-
pared immediately before use by dissolving Diamorphine Hy-
drochloride for Injection in Water for Injections. This may pose
a problem with solutions for subcutaneous infusion when con-
centrated solutions may remain in infusion pump reservoirs for
some time.6 Investigation of 9 concentrations of diamorphine
stored at 4 different temperatures for 8 weeks7 revealed instabil-
ity under conditions of concentration, time, and temperature
prevalent during subcutaneous infusion. Degradation of diamor-
phine occurred at all concentrations (0.98 to 250 mg/mL) at tem-
peratures of 4° and above; the effect of temperature was signifi-
cant at 21° and 37°. The percentage fall in diamorphine
concentration was directly related to initial concentration and
was accompanied by a corresponding increase in 6-O-
monoacetylmorphine and, to a lesser extent, morphine; other
possible breakdown products such as 3-O-monoacetylmorphine
were not present in detectable quantities. Diamorphine degrada-
tion was associated with a fall in pH and the development of a
strong acetic acid-like odour. Precipitation and a white turbidity
was seen in solutions of 15.6 mg/mL and above after incubation
for 2 weeks at 21° and 37°. It has been noted that solutions for
infusion are generally freshly prepared and used within 24 hours,
but that signs of precipitation should be watched for, especially
when using longer-term infusions and high concentrations of
diamorphine.7 
In another stability study8 diamorphine hydrochloride in concen-
trations of both 1 and 20 mg/mL in sodium chloride 0.9% was
stable for a minimum of 15 days at room temperature (23° to 25°)
and 4° when stored in a PVC container. In one type of disposable
infusion device (Infusor) similar solutions were stable for 15
days even at 31°. In another infusion device (Intermate 200)
diamorphine was stable for a minimum of 15 days at both con-
centrations and all temperatures except for the 1 mg/mL solution

kept at 31° when stability was only maintained for a minimum of
2 days. When stored in glass syringes both strengths of diamor-
phine hydrochloride were stable for 15 days at 4° and at room
temperature the 1 mg/mL solution was stable for a minimum of
7 days and the 20 mg/mL solution was stable for a minimum of
12 days. There were no substantial changes in physical appear-
ance or pH.
1. Davey EA, Murray JB. Hydrolysis of diamorphine in aqueous

solutions. Pharm J 1969; 203: 737. 
2. Davey EA, Murray JB. Determination of diamorphine in the

presence of its degradation products using gas liquid chromatog-
raphy. Pharm J 1971; 207: 167. 

3. Cooper H, et al. Stability of diamorphine in chloroform water
mixture. Pharm J 1981; 226: 682–3. 

4. Twycross RG. Stability of diamorphine in chloroform water.
Pharm J 1981; 227: 218. 

5. Beaumont IM. Stability of diamorphine in chloroform water.
Pharm J 1981; 227: 41. 

6. Jones VA, et al. Diamorphine stability in aqueous solution for
subcutaneous infusion. Br J Clin Pharmacol 1987; 23: 651P. 

7. Omar OA, et al. Diamorphine stability in aqueous solution for
subcutaneous infusion. J Pharm Pharmacol 1989; 41: 275–7. 

8. Kleinberg ML, et al. Stability of heroin hydrochloride in infu-
sion devices and containers for intravenous administration. Am J
Hosp Pharm 1990; 47: 377–81.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Diamorphine is subject to abuse (see under Adverse
Effects, Treatment, and Precautions, below). 
Diamorphine is used for substitution therapy in the
management of opioid dependence (see under Uses
and Administration, below).

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102. 
Pulmonary oedema after overdosage is a common
cause of fatalities among diamorphine addicts. Nausea
and hypotension are claimed to be less common than
with morphine. 
There are many reports of adverse effects associated
with the abuse of diamorphine, usually obtained illicit-
ly in an adulterated form.
Abuse. Most of the reports of adverse effects with diamorphine
involve its abuse. In addition to the central effects, there are ef-
fects caused by the administration methods and by the adulter-
ants.1,2 Thus in many instances it is difficult to identify the factor
causing the toxicity. Most body systems are involved including
the immune system,3 kidneys,4,5 liver,6 respiratory system,7-10

and the nervous system.11-16 
Other aspects of the illicit use of diamorphine include fatal
overdose17 and smuggling by swallowing packages of drug18,19

or other methods of internal bodily concealment.
1. Hendrickse RG, et al. Aflatoxins and heroin. BMJ 1989; 299:

492–3. 
2. CDC. Atypical reactions associated with heroin use: five states,

January–April 2005. MMWR 2005; 54: 793–6. Correction.
ibid.; 852. 

3. Husby G, et al. Smooth muscle antibody in heroin addicts. Ann
Intern Med 1975; 83: 801–5. 

4. Cunningham EE, et al. Heroin-associated nephropathy. JAMA
1983; 250: 2935–6. 

5. do Sameiro Faria M, et al. Nephropathy associated with heroin
abuse in Caucasian patients. Nephrol Dial Transplant 2003; 18:
2308–13. 

6. Weller IVD, et al. Clinical, biochemical, serological, histologi-
cal and ultrastructural features of liver disease in drug abusers.
Gut 1984; 25: 417–23. 

7. Anderson K. Bronchospasm and intravenous street heroin. Lan-
cet 1986; i: 1208. 

8. Cygan J, et al. Inhaled heroin-induced status asthmaticus: five
cases and a review of the literature. Chest 2000; 117: 272–5. 

9. Boto de los Bueis A, et al. Bronchial hyperreactivity in patients
who inhale heroin mixed with cocaine vaporized on aluminium
foil. Chest 2002; 121: 1223–30. 

10. Sporer KA, Dorn E. Heroin-related noncardiogenic pulmonary
edema: a case series. Chest 2001; 120: 1628–32. 

11. Sempere AP, et al. Spongiform leucoencephalopathy after in-
haling heroin. Lancet 1991; 338: 320. 

12. Roulet Perez E, et al. Toxic leucoencephalopathy after heroin
ingestion in a 2 ⁄ -year-old child. Lancet 1992; 340: 729. 

13. Zuckerman GB. Neurologic complications following intranasal
administration of heroin in an adolescent. Ann Pharmacother
1996; 30: 778–81. 

14. Kriegstein AR, et al. Heroin inhalation and progressive spongi-
form leukoencephalopathy. N Engl J Med 1997; 336: 589–90. 

15. Long H, et al. A fatal case of spongiform leukoencephalopathy
linked to "chasing the dragon". J Toxicol Clin Toxicol 2003; 41:
887–91. 

16. Dabby R, et al. Acute heroin-related neuropathy. J Peripher
Nerv Syst 2006; 11: 304–9. 

17. Kintz P, et al. Toxicological data after heroin overdose. Hum
Toxicol 1989; 8: 487–9. 

18. Stewart A, et al. Body packing—a case report and review of the
literature. Postgrad Med J 1990; 66: 659–61. 

19. Traub SJ, et al. Pediatric "body packing". Arch Pediatr Adolesc
Med 2003; 157: 174–7.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Administration. Although generally free from complications,
sterile abscess formation was reported in 2 patients with ad-
vanced cancer receiving diamorphine by continuous subcutane-
ous infusions.1 Acute dysphoric reactions have been reported af-
ter the use of epidural diamorphine.2
1. Hoskin PJ, et al. Sterile abscess formation by continuous subcu-

taneous infusion of diamorphine. BMJ 1988; 296: 1605. 
2. Holder KJ, Morgan BM. Dysphoria after extradural diamor-

phine. Br J Anaesth 1994; 72: 728.

Breast feeding. The American Academy of Pediatrics has
stated1 that, when used as a drug of abuse by breast-feeding
mothers, diamorphine has caused adverse effects in the infant,
notably tremors, restlessness, vomiting, and poor feeding. How-
ever, the BNF considers that diamorphine when given in thera-
peutic doses to a breast-feeding mother is unlikely to affect the
breast-fed infant. 
See also Opioid Dependence under Uses and Administration, be-
low.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08)

Hypersensitivity. Anaphylaxis occurred in a patient given in-
trathecal diamorphine and bupivacaine for surgical anaesthesia;1
the authors noted that the patient received patient-controlled
analgesia with morphine shortly after the reaction without prob-
lem. Subsequent skin prick tests identified diamorphine as the
likely causative agent.
1. Gooch I, Gwinnutt C. Anaphylaxis to intrathecal diamorphine.

Resuscitation 2006; 70: 470–3.

Phaeochromocytoma. Diamorphine can liberate endog-
enous histamine which may in turn stimulate release of catecho-
lamines. Its use provoked hypertension and tachycardia in a pa-
tient with phaeochromocytoma.1
1. Chaturvedi NC, et al. Diamorphine-induced attack of paroxys-

mal hypertension in phaeochromocytoma. BMJ 1974; 2: 538.

Pregnancy and the neonate. Some references to diamor-
phine dependence in pregnant women and the effects on the fetus
and neonate.
1. Fricker HS, Segal S. Narcotic addiction, pregnancy, and the new-

born. Am J Dis Child 1978; 132: 360–6. 
2. Ostrea EM, Chavez CJ. Perinatal problems (excluding neonatal

withdrawal) in maternal drug addiction: a study of 830 cases. J
Pediatr 1979; 94: 292–5. 

3. Lifschitz MH, et al. Fetal and postnatal growth of children born
to narcotic-dependent women. J Pediatr 1983; 102: 686–91. 

4. Klenka HM. Babies born in a district general hospital to mothers
taking heroin. BMJ 1986; 293: 745–6. 

5. Gregg JEM, et al. Inhaling heroin during pregnancy: effects on
the baby. BMJ 1988; 296: 754. 

6. Little BB, et al. Maternal and fetal effects of heroin addiction
during pregnancy. J Reprod Med 1990; 35: 159–62. 

7. Mur Sierra A, et al. Asociación entre el consumo de heroína du-
rante la gestación y anomalías estructurales de los cilios respira-
torios en el período neonatal. An Esp Pediatr 2001; 55: 335–8.

Interactions
For interactions associated with opioid analgesics, see
p.103.

Pharmacokinetics
Diamorphine hydrochloride is well absorbed from the
gastrointestinal tract, although this may be erratic, and
after subcutaneous or intramuscular injection. On in-
jection it is rapidly hydrolysed to the active metabolite
6-O-monoacetylmorphine (6-acetylmorphine) in the
blood and then to morphine (p.88). Oral doses are sub-
ject to extensive first-pass metabolism to morphine;
neither diamorphine nor 6-acetylmorphine have been
detected in the blood after giving diamorphine by this
route. Both diamorphine and 6-acetylmorphine readily
cross the blood-brain barrier. Morphine glucuronides
are the main excretion products in the urine. A small
amount is excreted in the faeces.
◊ References.
1. Boerner U, et al. The metabolism of morphine and heroin in

man. Drug Metab Rev 1975; 4: 39–73. 
2. Inturrisi CE, et al. The pharmacokinetics of heroin in patients

with chronic pain. N Engl J Med 1984; 310: 1213–17. 
3. Moore RA, et al. Opiate metabolism and excretion. Baillieres

Clin Anaesthesiol 1987; 1: 829–58. 
4. Barrett DA, et al. Morphine kinetics after diamorphine infusion

in premature neonates. Br J Clin Pharmacol 1991; 32: 31–7. 
5. Girardin F, et al. Pharmacokinetics of high doses of intramuscu-

lar and oral heroin in narcotic addicts. Clin Pharmacol Ther
2003; 74: 341–52.

Administration. INHALATIONAL ROUTE. A literature review1

found that intranasal diamorphine had a similar pharmacoki-
netic profile to that of intramuscular diamorphine. It is rapidly
absorbed, as a dry powder, via the nasal mucosa although this
is not as complete as by intramuscular injection; intranasal
absorption appeared to be dose dependent. 

The pharmacokinetics of inhaled diamorphine fumes ("chasing
the dragon") has been studied2 in diamorphine addicts receiving
substitution therapy with diamorphine and methadone. Absorp-
tion through the lungs occurred very rapidly and was virtually
complete immediately after inhalation; bioavailability was esti-
mated to be about 53%.
1. Kendall JM, Latter VS. Intranasal diamorphine as an alternative

to intramuscular morphine: pharmacokinetic and pharmacody-
namic aspects. Clin Pharmacokinet 2003; 42: 501–13. 

2. Rook EJ, et al. Population pharmacokinetics of heroin and its
major metabolites. Clin Pharmacokinet 2006; 45: 401–17.

INTRASPINAL ROUTE. Diamorphine is much more lipid-soluble
and has a more rapid onset and shorter duration of action than
morphine. Although deacetylation to morphine occurs rapidly
in the blood it occurs only slowly in the CSF after intraspinal
injection of diamorphine.1 After intrathecal injection diamor-
phine was removed from the CSF much more rapidly than
morphine.2 Peak plasma concentrations of morphine after
epidural diamorphine injection were significantly higher and
were achieved significantly faster than after epidural injection
of morphine.3
1. Morgan M. The rational use of intrathecal and extradural opio-

ids. Br J Anaesth 1989; 63: 165–88. 
2. Moore A, et al. Spinal fluid kinetics of morphine and heroin.

Clin Pharmacol Ther 1984; 35: 40–5. 
3. Watson J, et al. Plasma morphine concentrations and analgesic

effects of lumbar extradural morphine and heroin. Anesth Analg
1984; 63: 629–34.

Children. Loading doses of either 50 micrograms/kg or
200 micrograms/kg of diamorphine were given as an infusion
over 30 minutes to 19 ventilated neonates followed by a contin-
uous infusion of 15 micrograms/kg per hour, and the pharmacok-
inetics of the products of diamorphine metabolism (morphine,
morphine-6-glucuronide, and morphine-3-glucuronide) stud-
ied.1 Although the overall elimination of morphine was reduced
compared with adults, the relative contributions of the various
metabolic routes of morphine remained similar between neo-
nates and adults. Data from this study did not indicate any advan-
tage for the higher loading dose (see also under Uses and Admin-
istration, below).
1. Barrett DA, et al. Morphine, morphine-6-glucuronide and mor-

phine-3-glucuronide pharmacokinetics in newborn infants re-
ceiving diamorphine infusions. Br J Clin Pharmacol 1996; 41:
531–7.

Uses and Administration
Diamorphine hydrochloride is an acetylated morphine
derivative and is a more potent opioid analgesic
(p.104) than morphine (p.89). Diamorphine is used for
the relief of severe pain especially in palliative care. It
is also used similarly to morphine for the relief of dys-
pnoea due to pulmonary oedema resulting from left
ventricular failure. Diamorphine has a powerful cough
suppressant effect and has been given as Diamorphine
Linctus (BPC 1973) to control cough associated with
terminal lung cancer although morphine is now pre-
ferred. 
In the treatment of acute pain usual doses of diamor-
phine hydrochloride by subcutaneous or intramuscular
injection are 5 to 10 mg every 4 hours. Doses equiva-
lent to one-quarter to one-half of the corresponding
intramuscular dose may be given by slow intravenous
injection. 
For the pain of myocardial infarction doses of 5 mg are
given by slow intravenous injection at a rate of
1 mg/minute with a further dose of 2.5 to 5 mg if re-
quired; doses may be reduced by one-half for elderly or
frail patients. Doses of 2.5 to 5 mg may be given intra-
venously at the same rate for acute pulmonary oede-
ma. 
For chronic pain 5 to 10 mg may be given by subcu-
taneous or intramuscular injection every 4 hours; the
dose may be increased according to needs. Similar dos-
es may be given orally, although it is converted to mor-
phine by first-pass metabolism (see Pharmacokinetics,
above). Diamorphine hydrochloride may also be given
by continuous subcutaneous or intravenous infusion or
intraspinally. 
For details of doses in children, see below.
Action. Because of its abuse potential, supply of diamorphine is
carefully controlled and in many countries it is not available for
clinical use; morphine can provide equivalent analgesia by dose
adjustment. There has been much debate regarding the relative
merits of analgesia with diamorphine or morphine. Many now
regard oral morphine to be the opioid analgesic of choice al-
though diamorphine hydrochloride may be preferred for injec-
tion because it is more soluble in water thus allowing the use of
smaller dose volumes. Diamorphine hydrochloride may also be

preferred to morphine salts for intraspinal use because it is more
lipid-soluble. 
As a guide to relative potency diamorphine hydrochloride 5 mg
given intramuscularly is equivalent to about 10 mg given orally,
which in turn is equivalent to about 15 mg of oral morphine sul-
fate. When given by subcutaneous infusion, diamorphine hydro-
chloride 10 mg every 24 hours is equivalent to about 15 mg
every 24 hours of morphine sulfate.
Administration in children. In the treatment of acute or
chronic pain in children, the BNFC suggests the following doses
according to age: 

by continuous intravenous infusion 
• neonates with spontaneous respiration may be given 2.5 to

7 micrograms/kg per hour 
• ventilated neonates may be given 50 micrograms/kg initially

by intravenous injection over 30 minutes followed by
15 micrograms/kg per hour by continuous intravenous infu-
sion 

• 1 month to 12 years, 12.5 to 25 micrograms/kg per hour 
by intravenous injection 

• 1 to 3 months, 20 micrograms/kg every 6 hours if necessary 
• 3 to 6 months, 25 to 50 micrograms/kg every 6 hours if neces-

sary 
• 6 to 12 months, 75 micrograms/kg every 4 hours if necessary 
• 1 to 12 years, 75 to 100 micrograms/kg every 4 hours if nec-

essary 
by mouth 

• 1 month to 12 years, 100 to 200 micrograms/kg (maximum of
10 mg) every 4 hours if necessary 

In a study1 of the effects of diamorphine in 34 premature infants
(gestational age 26 to 40 weeks), a loading dose of
50 micrograms/kg given as an intravenous infusion over 30 min-
utes followed by a continuous infusion at a rate of
15 micrograms/kg per hour was considered to be safe and result-
ed in plasma concentrations of morphine comparable with those
that usually produce adequate analgesia in children and adults;
the duration of the infusion ranged from 14 to 149 hours. Small
but significant reductions in heart rate and mean blood pressure
were noted but these were not associated with any clinical dete-
rioration. The fall in respiration rate reflected the desired inten-
tion to encourage synchronisation of the infants’ breathing with
the ventilator. The authors concluded that intravenous diamor-
phine could be given safely to neonates and would provide ade-
quate analgesia. A later study2 indicated that the use of a
200 micrograms/kg loading dose conferred no benefit over a
50 micrograms/kg dose and might produce undesirable physio-
logical effects. In a comparative study3 with morphine
(200 micrograms/kg loading dose over 2 hours, followed by
maintenance infusion of 25 micrograms/kg per hour) in ventilat-
ed preterm neonates requiring sedation, diamorphine
(120 micrograms/kg over 2 hours and then 15 micrograms/kg
per hour) was as effective as morphine in producing sedation and
also had a faster onset of action. The small but significant drop in
blood pressure noted during morphine infusions was not seen
with diamorphine infusions. 
The subcutaneous route appeared to be as effective and safe as
the intravenous route for infusions in children for postoperative
pain relief after elective abdominal surgery.4 The dose of diamor-
phine used in both groups of children was 1 mg/kg given at a rate
of 20 micrograms/kg per hour. 
Intranasal diamorphine has been investigated in adults and chil-
dren, and appears to be effective and well tolerated; because it
does not require a needle it may offer particular advantages in
children.5 Guidelines6 for analgesia in children in Accident and
Emergency departments in the UK recommend the use of intra-
nasal diamorphine for severe pain such as that associated with
large burns, long bone dislocation, appendicitis, or sickle-cell
crisis. A suggested dose to be instilled into one nostril is
100 micrograms/kg given in 0.2 mL of sterile water.
1. Elias-Jones AC, et al. Diamorphine infusion in the preterm ne-

onate. Arch Dis Child 1991; 66: 1155–7. 
2. Barker DP, et al. Randomised, double blind trial of two loading

dose regimens of diamorphine in ventilated newborn infants.
Arch Dis Child 1995; 73: F22–F26. 

3. Wood CM, et al. Randomised double blind trial of morphine ver-
sus diamorphine for sedation of preterm neonates. Arch Dis
Child Fetal Neonatal Ed 1998; 79: F34–F39. 

4. Semple D, et al. Comparison of iv and sc diamorphine infusions
for the treatment of acute pain in children. Br J Anaesth 1996;
76: 310–12. 

5. Kendall JM, Latter VS. Intranasal diamorphine as an alternative
to intramuscular morphine: pharmacokinetic and pharmacody-
namic aspects. Clin Pharmacokinet 2003; 42: 501–13. 

6. British Association for Emergency Medicine. Clinical Effective-
ness Committee guideline for the management of pain in chil-
dren (2004). Available at: http://www.emergencymed.org.uk/
BAEM/CEC/assets/cec_pain_in_children.pdf (accessed
26/06/08)

Opioid dependence. The treatment of opioid dependence is
discussed on p.101. Many opiate misusers have expressed a pref-
erence for withdrawal using diamorphine rather than methadone.
In a comparative study stabilisation was achieved using either
diamorphine or methadone 1 mg/mL oral solutions;1 patients
could not identify which they had been given. Whenever signs of
physical withdrawal were seen 10 mL of either solution was giv-
en and the total amount over the first 24 hours taken as the pa-
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tient’s daily requirement. The mean dose of diamorphine re-
quired for stabilisation was 55 mg compared with 36 mg for
methadone. Some centres have given diamorphine in the form of
reefers. Diamorphine has also been prescribed with methadone
in the management of addicts.2 A systematic review3 that includ-
ed this study failed to produce conclusive results about the effec-
tiveness of diamorphine (alone or with methadone) in mainte-
nance treatment; however, since the studies were not directly
comparable, continued evaluation in clinical studies is required.
Oral tablets4 and intravenous injection5 of diamorphine have also
been tried in severely dependent, treatment-resistant patients. 
Breast feeding has been used to treat diamorphine dependence in
the offspring of dependent mothers but this is no longer consid-
ered to be the best method and some authorities recommend that
breast feeding should be stopped.
1. Ghodse AH, et al. Comparison of oral preparations of heroin and

methadone to stabilise opiate misusers as inpatients. BMJ 1990;
300: 719–20. 

2. van den Brink W, et al. Medical prescription of heroin to treat-
ment resistant heroin addicts: two randomised controlled trials.
Abridged version: BMJ 2003; 327: 310–12. Correction. ibid.;
724. Full version: http://www.bmj.com/cgi/reprint/327/7410/
310 (accessed 26/06/08) 

3. Ferri M, et al. Heroin maintenance for chronic heroin depend-
ents. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2005 (accessed
26/06/08). 

4. Frick U, et al. A prospective cohort study on orally administered
heroin substitution for severely addicted opioid users. Addiction
2006; 101: 1631–9. 

5. March JC, et al. Controlled trial of prescribed heroin in the treat-
ment of opioid addiction. J Subst Abuse Treat 2006; 31: 203–11.

Pain. ACUTE PAIN. Rapid pain relief may be obtained with the
intravenous injection of diamorphine. Other routes include
the intraspinal route for which diamorphine is well suited be-
cause of its lipid solubility and pharmacokinetics. Epidural
doses of diamorphine have ranged from 0.5 to 10 mg.1

Analgesia was significantly more prolonged and more intense
after epidural rather than intramuscular injection of diamor-
phine 5 mg in women who had had caesarean section;2 itch-
ing was reported by 50% of patients undergoing epidural
analgesia. Epidural diamorphine alone3 or with bupivacaine4

has been used for analgesia during labour; addition of adren-
aline appeared to improve the quality and duration of analge-
sia with diamorphine.3 In another study addition of diamor-
phine to bupivacaine produced a high incidence of pruritus
and drowsiness.5 A study6 of patient-controlled analgesia for
postoperative pain found that although epidural diamorphine,
used alone or with bupivacaine, reduced the analgesic dose
requirement, there was little clinical advantage over the sub-
cutaneous route. 
Cont inuous ep idura l  infus ion of  d iamorphine
500 micrograms/hour in 0.125% bupivacaine provided postop-
erative analgesia superior to that with either drug alone in pa-
tients undergoing major abdominal gynaecological surgery.7 A
similar infusion produced analgesia superior to that with either
epidural bolus injection or patient-controlled intravenous
diamorphine in patients undergoing total abdominal hysterecto-
my.8 However, more patients receiving the continuous epidural
infusion were hypoxaemic than in the other 2 groups. 
Diamorphine has also been given intrathecally for postoperative
analgesia and should be effective at lower doses than with the
epidural route because of greater CSF concentrations. Diamor-
phine 250 or 500 micrograms given intrathecally with bupi-
vacaine spinal anaesthesia both provided greater postoperative
analgesia than bupivacaine alone,9 but the incidence of adverse
effects, especially nausea, vomiting, and urinary retention, was
still high with either dose and routine use of this technique was
not recommended. Intrathecal diamorphine with bupivacaine
has also been used for analgesia during labour10,11 and caesarean
section.12-16 In a study12 in patients undergoing caesarean sec-
tion, intrathecal diamorphine 250 micrograms showed compara-
ble postoperative analgesia with a 5-mg epidural dose and was
associated with less postoperative nausea and vomiting. Other
studies13,14 found that intrathecal diamorphine reduced supple-
mental analgesic requirements during and after caesarean section
when compared with intrathecal fentanyl. Intrathecal diamor-
phine 400 micrograms was considered by some15 to be the low-
est dose required to reduce intraoperative analgesic supplemen-
tation to below 5%; however, lower doses of 300 micrograms
have been used in practice.16 
Diamorphine has been extensively used by cardiologists in the
UK for the management of pain in acute left ventricular failure,
unstable angina, and myocardial infarction. It has been theorised
that diamorphine may offer benefits over morphine because its
stimulatory effects at opioid δ receptors on the myocardium may
reduce the extent of myocardial damage.17 Evidence to support
this theory is, however, lacking.
1. Morgan M. The rational use of intrathecal and extradural opio-

ids. Br J Anaesth 1989; 63: 165–88. 
2. Macrae DJ, et al. Double-blind comparison of the efficacy of

extradural diamorphine, extradural phenoperidine and im
diamorphine following caesarean section. Br J Anaesth 1987;
59: 354–9. 

3. Keenan GMA, et al. Extradural diamorphine with adrenaline in
labour: comparison with diamorphine and bupivacaine. Br J
Anaesth 1991; 66: 242–6. 

4. McGrady EM, et al. Epidural diamorphine and bupivacaine in
labour. Anaesthesia 1989; 44: 400–3. 

5. Bailey CR, et al. Diamorphine-bupivacaine mixture compared
with plain bupivacaine for analgesia. Br J Anaesth 1994; 72:
58–61. 

6. Gopinathan C, et al. A comparative study of patient-controlled
epidural diamorphine, subcutaneous diamorphine and an epi-
dural diamorphine/bupivacaine combination for postoperative
pain. Eur J Anaesthesiol 2000; 17: 189–96. 

7. Lee A, et al. Postoperative analgesia by continuous extradural
infusion of bupivacaine and diamorphine. Br J Anaesth 1988;
60: 845–50. 

8. Madej TH, et al. Hypoxaemia and pain relief after lower abdom-
inal surgery: comparison of extradural and patient-controlled
analgesia. Br J Anaesth 1992; 69: 554–7. 

9. Reay BA, et al. Low-dose intrathecal diamorphine analgesia
following major orthopaedic surgery. Br J Anaesth 1989; 62:
248–52. 

10. Kestin IG, et al. Analgesia for labour and delivery using incre-
mental diamorphine and bupivacaine via a 32-gauge intrathecal
catheter. Br J Anaesth 1992; 68: 244–7. 

11. Vaughan DJA, et al. Choice of opioid for initiation of combined
spinal epidural analgesia in labour—fentanyl or diamorphine.
Br J Anaesth 2001; 86: 567–9. 

12. Hallworth SP, et al. Comparison of intrathecal and epidural
diamorphine for elective Caesarean section using a combined
spinal-epidural technique. Br J Anaesth 1999; 82: 228–32. 

13. Cowan CM, et al. Comparison of intrathecal fentanyl and
diamorphine in addition to bupivacaine for Caesarean section
under spinal anaesthesia. Br J Anaesth 2002; 89: 452–8. 

14. Lane S, et al. A comparison of intrathecal fentanyl and diamor-
phine as adjuncts in spinal anaesthesia for Caesarean section.
Anaesthesia 2005; 60: 453–7. 

15. Saravanan S, et al. Minimum dose of intrathecal diamorphine
required to prevent intraoperative supplementation of spinal an-
aesthesia for Caesarean section. Br J Anaesth 2003; 91: 368–72. 

16. Wrench IJ, et al. Dose response to intrathecal diamorphine for
elective caesarean section and compliance with a national audit
standard. Int J Obstet Anesth 2007; 16: 17–21. 

17. Poullis M. Diamorphine and British cardiology: so we are right!
Heart 1999; 82: 645–6.

CHRONIC PAIN. Patients with chronic opioid-sensitive pain are
often treated with diamorphine given by continuous subcuta-
neous infusion using a small battery-operated syringe driver.
The following technique has been described.1 Diamorphine
hydrochloride 1 g could be dissolved in 1.6 mL of water to
give a solution with a volume of 2.4 mL (415 mg/mL), but the
maximum suggested concentration was 250 mg/mL. If the
analgesic requirement was not known the following protocol
was recommended: 
• Start injections every 4 hours of 2.5 or 5 mg diamorphine, or,

if the patient has already been taking opioids, a dose that is
equivalent to the last dose 

• If this is unsatisfactory increase this dose in 50% increments
until the patient reports even a little pain relief 

• Calculate the 24-hour requirement by multiplying by six, and
start the infusion at this level 

• Increase the 24-hour dosage in the pump by 50% increments
until the pain is controlled. Note that requirements may vary
from less than 20 mg to more than 5 g per 24 hours 

When starting an infusion it is important not to allow any break-
through pain. This may be achieved either by starting the infu-
sion more than 2 hours before the previous oral dose wears off or
by giving a loading dose injection of the 4-hourly requirement. 
Although generally free from complications, sterile abscess for-
mation was reported in 2 patients with advanced cancer receiv-
ing diamorphine by continuous subcutaneous infusions.2 
The intraspinal3 and intraventricular4 routes have also been used
successfully in patients with intractable pain. Topical application
of diamorphine has also been tried5,6 for the control of pressure
ulcer pain in a small number of palliative care patients.
1. Dover SB. Syringe driver in terminal care. BMJ 1987; 294:

553–5. 
2. Hoskin PJ, et al. Sterile abscess formation by continuous subcu-

taneous infusion of diamorphine. BMJ 1988; 296: 1605. 
3. Baker L, et al. Evolving spinal analgesia practice in palliative

care. Palliat Med 2004; 18: 507–15. 
4. Reeve WG, Todd JG. Intraventricular diamorphine via an Om-

maya shunt for intractable cancer pain. Br J Anaesth 1990; 65:
544–7. 

5. Flock P. Pilot study to determine the effectiveness of diamor-
phine gel to control pressure ulcer pain. J Pain Symptom Manage
2003; 25: 547–54. 

6. Abbas SQ. Diamorphine-Intrasite dressings for painful pressure
ulcers. J Pain Symptom Manage 2004; 28: 532–4.

Preparations
BP 2008: Diamorphine Injection; 
BPC 1973: Diamorphine Linctus.

Proprietary Preparations (details are given in Part 3)
Switz.: Diaphin.

Diclofenac (BAN, rINN)

Diclofénac; Diclofenaco; Diclofenacum; Diklofenaakki; Dik-
lofenak. [2-(2,6-Dichloroanilino)phenyl]acetic acid.
Диклофенак
C14H11Cl2NO2 = 296.1.
CAS — 15307-86-5.
ATC — D11AX18; M01AB05; M02AA15; S01BC03.
ATC Vet — QD11AX18; QM01AB05; QM02AA15;
QS01BC03.

Diclofenac Diethylamine (BANM)

Diclofenac Diethylammonium; Diclofenaco dietilamina; Dik-
lofenak Dietilamonyum.
Диклофенак Диэтиламин
C18H22Cl2N2O2 = 369.3.
CAS — 78213-16-8.
ATC — D11AX18.
ATC Vet — QD11AX18.
Pharmacopoeias. In Br. 
BP 2008 (Diclofenac Diethylamine). A white to light beige, crys-
talline powder. Sparingly soluble in water and in acetone; freely
soluble in alcohol and in methyl alcohol; practically insoluble in
1M sodium hydroxide. The pH of a 1% solution in alcohol (10%)
is between 6.4 and 8.4. Store in airtight containers. Protect from
light.

Diclofenac Epolamine
DHEP; Diclofenac Hydroxyethylpyrrolidine.
Диклофенак Эполамин
C14H11Cl2NO2, C6H13NO = 411.3.
CAS — 119623-66-4.
ATC — D11AX18.
ATC Vet — QD11AX18.

Diclofenac Potassium (BANM, USAN, rINNM)

CGP-45840B; Diclofénac potassique; Diclofenaco potásico; Di-
clofenacum kalicum; Diklofenaakkikalium; Diklofenak draselná sůl;
Diklofenak Potasyum; Diklofenakkalium; Diklofenák-kálium; Dik-
lofenako kalio druska; Kalii Diclofenacum. Potassium [o-(2,6-
dichloroanilino)phenyl]acetate.
Калия  Диклофенак
C14H10Cl2KNO2 = 334.2.
CAS — 15307-81-0.
ATC — D11AX18.
ATC Vet — QD11AX18.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Diclofenac Potassium). A white or slightly yellow-
ish, slightly hygroscopic, crystalline powder. Sparingly soluble
in water; soluble in alcohol; slightly soluble in acetone; freely
soluble in methyl alcohol. Store in airtight containers. Protect
from light. 
USP 31 (Diclofenac Potassium). pH of a 1% solution in water is
between 7.0 and 8.5. Store at a temperature of 20° to 25°. Protect
from light.

Diclofenac Sodium (BANM, USAN, rINNM)

Diclofénac sodique; Diclofenaco sódico; Diclofenacum natricum;
Diclophenac Sodium; Diklofenaakkinatrium; Diklofenak sodná
sůl; Diklofenak Sodyum; Diklofenaknatrium; Diklofenák-nátrium;
Diklofenako natrio druska; GP-45840; Natrii Diclofenacum. So-
dium [2-(2,6-dichloroanilino)phenyl]acetate.
Натрий Диклофенак
C14H10Cl2NNaO2 = 318.1.
CAS — 15307-79-6.
ATC — D11AX18.
ATC Vet — QD11AX18.

NOTE. DICL is a code approved by the BP 2008 for use on single
unit doses of eye drops containing diclofenac sodium where the
individual container may be too small to bear all the appropriate
labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet. 
Ph. Eur. 6.2 (Diclofenac Sodium). A white to slightly yellowish,
slightly hygroscopic, crystalline powder. Sparingly soluble in
water; soluble in alcohol; slightly soluble in acetone; freely solu-
ble in methyl alcohol. Store in airtight containers. Protect from
light. 
USP 31 (Diclofenac Sodium). A white to off-white, hygroscopic,
crystalline powder. Sparingly soluble in water; soluble in alco-
hol; practically insoluble in chloroform and in ether; freely solu-
ble in methyl alcohol. pH of a 1% solution in water is between
7.0 and 8.5. Store in airtight containers. Protect from light.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. 
There may be pain and, occasionally, tissue damage at
the site of injection when diclofenac is given intramus-
cularly. Diclofenac suppositories can cause local irrita-
tion. Transient burning and stinging may occur with di-
clofenac ophthalmic solution; more serious corneal
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

adverse effects have also occurred (see Effects on the
Eyes, below). Topical preparations of diclofenac, such
as plasters and gel, may cause application site reac-
tions.
Incidence of adverse effects. A review of worldwide clinical
studies with diclofenac1 has reported the incidence of drug-asso-
ciated adverse effects to be about 12%; about 16% of patients
who had adverse effects stopped treatment (a figure correspond-
ing to about 2% of the entire patient sample). The most frequent-
ly reported adverse effects were gastrointestinal and were report-
ed in 7.6% of patients. CNS-related adverse effects were
reported in 0.7% of patients and allergy or local reactions in
0.4%. This and other reviews2 have shown that adverse effects
associated with diclofenac are usually mild and transient and ap-
pear to be unrelated to the dose given.
1. Willkens RF. Worldwide clinical safety experience with di-

clofenac. Semin Arthritis Rheum 1985; 15 (suppl 1): 105–10. 
2. Small RE. Diclofenac sodium. Clin Pharm 1989; 8: 545–8.

Effects on the blood. Results of a large survey undertaken to
assess the relation between agranulocytosis, aplastic anaemia,
and drug exposure indicated that diclofenac was significantly as-
sociated with aplastic anaemia, providing an estimated tenfold
increase in risk.1 There are reports of other haematological ab-
normalities including haemolytic anaemia,2,3 thrombocytope-
nia,4,5 neutropenia,5 and agranulocytosis6 occurring in patients
given diclofenac. 
Localised spontaneous bleeding,7 bruising,8 inhibition of platelet
aggregation,7 and prolonged bleeding time8 have been reported.
1. The International Agranulocytosis and Aplastic Anemia Study.

Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749–57. 

2. López A, et al. Autoimmune hemolytic anemia induced by di-
clofenac. Ann Pharmacother 1995; 29: 787. 

3. Ahrens N, et al. Misdiagnosis in patients with diclofenac-in-
duced hemolysis: new cases and a concise review. Am J Hematol
2006; 81: 128–31. 

4. George S, Rahi AHS. Thrombocytopenia associated with di-
clofenac therapy. Am J Health-Syst Pharm 1995; 52: 420–1. 

5. Kim HL, Kovacs MJ. Diclofenac-associated thrombocytopenia
and neutropenia. Ann Pharmacother 1995; 29: 713–15. 

6. Colomina P, Garcia S. Agranulocytosis caused by diclofenac.
DICP Ann Pharmacother 1989; 23: 507. 

7. Price AJ, Obeid D. Spontaneous non-gastrointestinal bleeding
associated with diclofenac. Lancet 1989; ii: 1520. 

8. Khazan U, et al. Diclofenac sodium and bruising. Ann Intern
Med 1990; 112: 472–3.

Effects on the cardiovascular system. For a discussion of
the cardiovascular effects of NSAIDs, including diclofenac, see
p.96.
Effects on electrolytes. A syndrome resembling the syn-
drome of inappropriate antidiuretic hormone secretion has been
reported in elderly women given diclofenac.1,2 Also the UK
CSM had received a report of fatal hyponatraemia in another eld-
erly woman.2
1. Petersson I, et al. Water intoxication associated with non-steroi-

dal anti-inflammatory drug therapy. Acta Med Scand 1987; 221:
221–3. 

2. Cheung NT, et al. Syndrome of inappropriate secretion of anti-
diuretic hormone induced by diclofenac. BMJ 1993; 306: 186.

Effects on the eyes. A patient who had been taking oral di-
clofenac for several years and had increasingly complained of
dry, gritty eyes noticed that eye irritation disappeared within 3
days when diclofenac had to be stopped because of gastrointesti-
nal effects.1 
Ocular diclofenac and related drugs have been implicated in re-
ports of corneal toxicity. Ulceration of the conjunctiva or cornea,
corneal or scleral melts, and perforations have been reported in
patients using diclofenac eye drops, particularly after cataract
surgery.2-5 Keratitis and perforations were also reported with
ketorolac eye drops,4 although less frequently. For mention of
corneal melting with bromfenac, see p.28.
1. Reid ALA, Henderson R. Diclofenac and dry, irritable eyes. Med

J Aust 1994; 160: 308. 
2. Lin JC, et al. Corneal melting associated with use of topical non-

steroidal anti-inflammatory drugs after ocular surgery. Arch
Ophthalmol 2000; 118: 1129–32. 

3. Congdon NG, et al. Corneal complications associated with topi-
cal ophthalmic use of nonsteroidal antiinflammatory drugs. J
Cataract Refract Surg 2001; 27: 622–31. 

4. Guidera AC, et al. Keratitis, ulceration, and perforation associ-
ated with topical nonsteroidal anti-inflammatory drugs. Oph-
thalmology 2001; 108: 936–44. 

5. Flach AJ. Corneal melts associated with topically applied nons-
teroidal anti-inflammatory drugs. Trans Am Ophthalmol Soc
2001; 99: 205–10.

Effects on the gastrointestinal tract. The most frequent ad-
verse effects reported in patients given diclofenac systemically
are gastrointestinal in nature. Typical reactions include epigastric
pain, nausea, vomiting, and diarrhoea. Rarely peptic ulcer and
gastrointestinal bleeding have occurred. Diclofenac has also
been implicated as the causative agent in colonic ulceration,1
small bowel perforation,2 and pseudomembranous colitis.3 Di-
clofenac suppositories may cause local reactions such as itching,
burning, or exacerbation of haemorrhoids.
1. Carson J, et al. Colonic ulceration and bleeding during di-

clofenac therapy. N Engl J Med 1990; 323: 135. 

2. Deakin M, et al. Small bowel perforation associated with an ex-
cessive dose of slow release diclofenac sodium. BMJ 1988; 297:
488–9. 

3. Gentric A, Pennec YL. Diclofenac-induced pseudomembranous
colitis. Lancet 1992; 340: 126–7.

Effects on the kidneys. Renal papillary necrosis1 and nephrot-
ic syndrome2-4 have been reported in patients taking diclofenac.
See also Effects on Electrolytes, above.
1. Scott SJ, et al. Renal papillary necrosis associated with di-

clofenac sodium. BMJ 1986; 292: 1050. 
2. Beun GDM, et al. Isolated minimal change nephropathy associ-

ated with diclofenac. BMJ 1987; 295: 182–3. 
3. Yinnon AM, et al. Nephrotic syndrome associated with di-

clofenac sodium. BMJ 1987; 295: 556. 
4. Tattersall J, et al. Membranous nephropathy associated with di-

clofenac. Postgrad Med J 1992; 68: 392–3.

Effects on the liver. Elevations of serum aminotransferase ac-
tivity and clinical hepatitis,1-8 including fatal fulminant
hepatitis2,5 have occurred in patients taking diclofenac. There has
also been a case report of hepato-renal damage attributed to di-
clofenac.9 Analysis10 of 180 of the cases of diclofenac-associated
hepatic injury received by the FDA between November 1988
and June 1991 suggested an increased risk of hepatotoxicity in
female patients and those taking diclofenac for osteoarthritis.
Hepatotoxicity had been detected within 6 months of starting di-
clofenac in 85% of the patients. The biochemical pattern of inju-
ry was hepatocellular or mixed hepatocellular in 66% of patients
and cholestatic injury was found in 8% of patients. Signs of hy-
persensitivity were uncommon and it was considered that the
mechanism of hepatic injury was likely to be a metabolic idio-
syncratic reaction rather than due to intrinsic toxicity of di-
clofenac.
1. Dunk AA, et al. Diclofenac hepatitis. BMJ 1982; 284: 1605–6. 
2. Breen EG, et al. Fatal hepatitis associated with diclofenac. Gut

1986; 27: 1390–3. 
3. Schapira D, et al. Diclofenac-induced hepatotoxicity. Postgrad

Med J 1986; 62: 63–5. 
4. Ryley NG, et al. Diclofenac associated hepatitis. Gut 1989; 30:

A708. 
5. Helfgott SM, et al. Diclofenac-associated hepatotoxicity. JAMA

1990; 264: 2660–2. 
6. Purcell P, et al. Diclofenac hepatitis. Gut 1991; 32: 1381–5. 
7. Bhogaraju A, et al. Diclofenac-associated hepatitis. South Med

J 1999; 92: 711–13. 
8. Greaves RRSH, et al. Inadvertent diclofenac rechallenge from

generic and non-generic prescribing, leading to liver transplan-
tation for fulminant liver failure. Eur J Gastroenterol Hepatol
2001; 13: 71–3. 

9. Diggory P, et al. Renal and hepatic impairment in association
with diclofenac administration. Postgrad Med J 1989; 64:
507–8. 

10. Banks AT, et al. Diclofenac-associated hepatotoxicity: analysis
of 180 cases reported to the Food and Drug Administration as
adverse reactions. Hepatology 1995; 22: 820–7.

Effects on the skin. Self-limiting skin reactions such as rash or
pruritus may occur in patients given diclofenac. More serious
skin reactions attributed to diclofenac include bullous dermatitis1

and erythema multiforme.2,3 Local irritation and necrosis has oc-
curred on intramuscular injection of diclofenac.4-7

1. Gabrielsen TØ, et al. Drug-induced bullous dermatosis with lin-
ear IgA deposits along the basement membrane. Acta Derm Ve-
nereol (Stockh) 1981; 61: 439–41. 

2. Morris BAP, Remtulla SS. Erythema multiforme major follow-
ing use of diclofenac. Can Med Assoc J 1985; 133: 665. 

3. Young J. Erythema multiforme-like eruption as a result of ‘So-
laraze’ treatment. J Dermatol Treat 2003; 14: 189. 

4. Stricker BHC, van Kasteren BJ. Diclofenac-induced isolated
myonecrosis and the Nicolau syndrome. Ann Intern Med 1992;
117: 1058. 

5. Pillans PI, O’Connor N. Tissue necrosis and necrotising fasciitis
after intramuscular administration of diclofenac. Ann Pharmaco-
ther 1995; 29: 264–6. 

6. Ezzedine K, et al. Nicolau syndrome following diclofenac ad-
ministration. Br J Dermatol 2004; 150: 385–7. 

7. Mutalik S, Belgaumkar V. Nicolau syndrome: a report of 2 cases.
J Drugs Dermatol 2006; 5: 377–8.

Hypersensitivity. Aspirin-sensitive asthmatic patients have
developed reactions (rhinorrhoea, tightness of chest, wheezing,
dyspnoea) when challenged with diclofenac in doses of 10 to
25 mg1 and the UK CSM has received a report of an aspirin-sen-
sitive patient who died from acute asthma 4 hours after a single
25-mg dose of diclofenac.2 
Anaphylactic shock has been reported.3
1. Szczeklik A, et al. Asthmatic attacks induced in aspirin-sensitive

patients by diclofenac and naproxen. BMJ 1977; 2: 231–2. 
2. CSM/MCA. Avoid all NSAIDs in aspirin-sensitive patients.

Current Problems 1993; 19: 8. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024455&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07) 

3. Dux S, et al. Anaphylactic shock induced by diclofenac. BMJ
1983; 286: 1861.

Precautions
As for NSAIDs in general, p.98. Systemic diclofenac
is contra-indicated in patients with severe hepatic or re-
nal impairment. 
In addition, use of intravenous diclofenac is contra-in-
dicated in patients with moderate or severe renal im-
pairment, hypovolaemia, or dehydration; it should also
not be given intravenously in patients with a history of

haemorrhagic diathesis, cerebrovascular bleeding (in-
cluding suspected), or asthma nor in patients undergo-
ing surgery with a high risk of haemorrhage. 
Ophthalmic preparations containing diclofenac should
not be used by patients who wear soft contact lenses.
Breast feeding. Diclofenac is distributed into breast milk al-
though the BNF and some licensed product information consider
the amount to be too small to be harmful to breast-fed infants.
Porphyria. Diclofenac sodium has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Veterinary use. Veterinary use of diclofenac in cattle in South
Asia has been associated with severe decline in the numbers of
vultures, to whom the residues are highly toxic if they consume
the carcasses.1,2 Meloxicam (p.80) has been suggested as an al-
ternative.
1. Shultz S, et al. Diclofenac poisoning is widespread in declining

vulture populations across the Indian subcontinent. Proc Biol Sci
2004; 271 (suppl 6): S458–S460. 

2. Sharp D. Meloxicam to prevent rabies? Lancet 2006; 367:
887–8.

Interactions
For interactions associated with NSAIDs, see p.99. 
Diclofenac should not be given intravenously to pa-
tients already receiving other NSAIDs or anticoagu-
lants including low-dose heparin.
Ciclosporin. Deterioration in renal function has been attributed
to the use of diclofenac with ciclosporin.1 Increased concentra-
tions of diclofenac were also noted with ciclosporin;2 licensed
product information for ciclosporin recommends that the dosage
of diclofenac should be reduced by about one-half when the two
are given together.
1. Branthwaite JP, Nicholls A. Cyclosporin and diclofenac interac-

tion in rheumatoid arthritis. Lancet 1991; 337: 252. 
2. Kovarik JM, et al. Cyclosporine and nonsteroidal antiinflamma-

tory drugs: exploring potential drug interactions and their impli-
cations for the treatment of rheumatoid arthritis. J Clin Pharma-
col 1997; 37: 336–43.

Diuretics. Deterioration in renal function has been attributed to
the use of diclofenac with triamterene.1
1. Härkönen M, Ekblom-Kullberg S. Reversible deterioration of re-

nal function after diclofenac in patient receiving triamterene.
BMJ 1986; 293: 698–9.

Gastrointestinal drugs. A decrease in the plasma concentra-
tion of diclofenac has been reported1 when given after sucralfate.
1. Pedrazzoli J, et al. Short-term sucralfate administration alters

potassium diclofenac absorption in healthy male volunteers. Br
J Clin Pharmacol 1997; 43: 104–108.

Lipid regulating drugs. Colestyramine appears substantially
to reduce the bioavailability of diclofenac when the two drugs are
given together;1 colestipol produces a similar but smaller effect.
1. al-Balla SR, et al. The effects of cholestyramine and colestipol

on the absorption of diclofenac in man. Int J Clin Pharmacol
Ther 1994; 32: 441–5.

Misoprostol. The plasma concentration of diclofenac was re-
duced when it was given as a 100-mg dose daily in the form of a
modified-release preparation to subjects receiving misoprostol
800 micrograms daily.1 Use together was also associated with an
increase in the incidence and severity of gastrointestinal effects.
Studies by the manufacturer2 had failed to find any significant
pharmacokinetic interactions between diclofenac and misopros-
tol when given in a formulation containing diclofenac 50 mg and
misoprostol 200 micrograms.
1. Dammann HG, et al. Differential effects of misoprostol and ran-

itidine on the pharmacokinetics of diclofenac and gastrointesti-
nal symptoms. Br J Clin Pharmacol 1993; 36: 345–9. 

2. Karim A. Pharmacokinetics of diclofenac and misoprostol when
administered alone or as a combination product. Drugs 1993; 45
(suppl 1): 7–14.

Parasympathomimetics. Licensed product information for
acetylcholine chloride ophthalmic preparations has stated that
there have been reports that acetylcholine and carbachol have
been ineffective when used in patients treated with topical (oph-
thalmic) NSAIDs.

Pharmacokinetics
Diclofenac is rapidly absorbed when given as an oral
solution, sugar-coated tablets, rectal suppository, or by
intramuscular injection. It is absorbed more slowly
when given as enteric-coated tablets, especially when
this dosage form is given with food. Although di-
clofenac given orally is almost completely absorbed, it
is subject to first-pass metabolism so that about 50% of
the drug reaches the systemic circulation in the
unchanged form. Diclofenac is also absorbed percuta-
neously. At therapeutic concentrations it is more than
99% bound to plasma proteins. Diclofenac penetrates
synovial fluid where concentrations may persist even
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when plasma concentrations fall; small amounts are
distributed into breast milk. The terminal plasma half-
life is about 1 to 2 hours. Diclofenac is metabolised to
4′-hydroxydiclofenac, 5-hydroxydiclofenac, 3′-hy-
droxydiclofenac and 4′,5-dihydroxydiclofenac. It is
then excreted in the form of glucuronide and sulfate
conjugates, mainly in the urine (about 60%) but also in
the bile (about 35%); less than 1% is excreted as
unchanged diclofenac.
◊ References.
1. Fowler PD, et al. Plasma and synovial fluid concentrations of

diclofenac sodium and its major hydroxylated metabolites dur-
ing long-term treatment of rheumatoid arthritis. Eur J Clin Phar-
macol 1983; 25: 389–94. 

2. Maggi CA, et al. Comparative bioavailability of diclofenac hy-
droxyethylpyrrolidine vs diclofenac sodium in man. Eur J Clin
Pharmacol 1990; 38: 207–8. 

3. Davies NM, Anderson KE. Clinical pharmacokinetics of di-
clofenac: therapeutic insights and pitfalls. Clin Pharmacokinet
1997; 33: 184–213. 

4. Brenner SS, et al. Influence of age and cytochrome P450 2C9
genotype on the steady-state disposition of diclofenac and
celecoxib. Clin Pharmacokinet 2003; 42: 283–92. 

5. Hinz B, et al. Bioavailability of diclofenac potassium at low dos-
es. Br J Clin Pharmacol 2005; 59: 80–4.

Uses and Administration
Diclofenac, a phenylacetic acid derivative, is an
NSAID (p.99). It is used mainly as the sodium salt for
the relief of pain and inflammation in various condi-
tions: musculoskeletal and joint disorders such as rheu-
matoid arthritis, osteoarthritis, and ankylosing spond-
ylitis; peri-articular disorders such as bursitis and
tendinitis; soft-tissue disorders such as sprains and
strains; and other painful conditions such as renal colic,
acute gout, dysmenorrhoea, migraine, and after some
surgical procedures. It has also been used in some
countries for the management of actinic keratoses and
fever. Eye drops of diclofenac sodium are used for the
prevention of intra-operative miosis during cataract ex-
traction, for the treatment of inflammation after sur-
gery or laser treatment of the eye, for pain in corneal
epithelial defects after surgery or accidental trauma,
and for the relief of ocular signs and symptoms of
seasonal allergic conjunctivitis. 
The usual oral or rectal dose of diclofenac sodium is
75 to 150 mg daily in divided doses. In the UK the
maximum dose regardless of route or indication is
150 mg daily; however, in the USA a maximum oral
dose of 200 mg daily is allowed in the treatment of
rheumatoid arthritis. Modified-release preparations of
diclofenac sodium are available for oral use. Di-
clofenac has also been given in equivalent oral doses as
the free acid in dispersible preparations for short-term
treatment up to 3 months long. Diclofenac is also given
orally as the potassium salt. Doses of the potassium salt
are similar to those for diclofenac sodium. Diclofenac
potassium is also used in the treatment of migraine in
an initial dose of 50 mg taken at the first signs of an
attack; an additional dose of 50 mg may be taken after
2 hours if symptoms persist. If necessary further doses
of 50 mg may be taken every 4 to 6 hours to a maxi-
mum daily dose of 200 mg. 
Diclofenac sodium may also be given by deep intra-
muscular injection into the gluteal muscle in a dose of
75 mg once daily or, if required in severe conditions,
75 mg twice daily. Diclofenac sodium may also be giv-
en as a continuous or intermittent intravenous infusion
in glucose 5% or sodium chloride 0.9% (both previous-
ly buffered with sodium bicarbonate) or as a bolus in-
travenous injection.. For the treatment of postoperative
pain a dose of 75 mg may be given over 30 to 120 min-
utes or as a bolus injection. The dose may be repeated
once after 4 to 6 hours if necessary. To prevent postop-
erative pain, an initial dose of 25 to 50 mg diclofenac
sodium may be given after surgery over 15 to 60 min-
utes followed by 5 mg/hour to a maximum of 150 mg
daily. Alternatively, the initial dose may be given as a
bolus injection over 5 to 60 seconds followed by addi-
tional injections up to the maximum daily dosage; this
may be repeated after 4 to 6 hours if necessary al-
though the total dose should not exceed the maximum
daily dose of 150 mg. The maximum period recom-

mended for parenteral use is 2 days. Diclofenac sodi-
um is also used intramuscularly in renal colic in a dose
of 75 mg repeated once after 30 minutes if necessary. 
For dosage details in children see below. 
Diclofenac sodium is used as a 0.1% ophthalmic solu-
tion in a number of situations: 
• for the prevention of intra-operative miosis during

cataract surgery, it is instilled in the appropriate eye
4 times during the 2 hours before surgery 

• for the treatment of postoperative inflammation after
cataract surgery, it is instilled 4 times daily for up to
28 days starting 24 hours after surgery 

• for the control of post-photorefractive keratectomy
pain, it is instilled twice in the hour before surgery,
then one drop twice at 5-minute intervals immediate-
ly after the procedure, and then every 2 to 5 hours
while awake for up to 24 hours 

• for pain control after accidental trauma one drop is
instilled 4 times daily for up to 2 days 

• in the treatment of inflammation and discomfort af-
ter strabismus surgery one drop is instilled 4 times
daily for the first week; this is reduced to 3 times dai-
ly in the second week, twice daily in the third week,
and as required for the fourth week 

• for the control of inflammation after argon laser
trabeculoplasty one drop is instilled 4 times during
the 2 hours before the procedure followed by one
drop 4 times daily for up to 7 days after the proce-
dure 

• for the treatment of pain and discomfort after radial
keratotomy one drop is instilled before surgery fol-
lowed by one drop immediately after surgery and
then one drop 4 times daily for up to 2 days 

• to relieve symptoms of seasonal allergic conjunctivi-
tis one drop is instilled 4 times daily as necessary 

Diclofenac diethylamine is used topically as a gel con-
taining the equivalent of 1% of diclofenac sodium for
the local symptomatic relief of pain and inflammation;
it is applied to the affected site 3 or 4 times daily; treat-
ment should be reviewed after 14 days or after 28 days
if used for osteoarthritis. A topical solution of di-
clofenac sodium 1.6% is also available for the treat-
ment of osteoarthritis in superficial joints such as the
wrist or knee; it is applied in small aliquots to achieve
a total of 20 or 40 drops, depending on the size of the
joint, and repeated four times daily. Diclofenac is also
used in the management of actinic keratoses; it is ap-
plied twice daily as diclofenac sodium gel 3% for 60 to
90 days but the optimum therapeutic effect may not be
seen until 30 days after the end of treatment. Di-
clofenac epolamine is also used topically as a plaster
containing the equivalent of 1% of diclofenac sodium
for local symptomatic pain relief in ankle sprain and
epicondylitis. In the treatment of ankle sprain, 1 plaster
is applied once daily for a maximum of 3 days and for
epicondylitis, 1 plaster is applied twice daily for a max-
imum of 14 days. 
Diclofenac is available in combination with misopros-
tol (see p.2013) for patients at risk of NSAID-induced
peptic ulceration.
Administration. IN CHILDREN. In children 1 to 12 years old
the licensed UK oral or rectal dose of diclofenac sodium for
juvenile idiopathic arthritis is 1 to 3 mg/kg daily in divided
doses. In children 6 to 12 years old diclofenac sodium may
also be given rectally for the treatment of acute postoperative
pain, either alone or as an adjunct to opiate therapy; a usual
dose is 1 to 2 mg/kg daily in divided doses for a maximum of
4 days. The parenteral route is not licensed for use in children
although it has been used (see below). 
The BNFC suggests slightly different doses of diclofenac sodi-
um: in the management of rheumatic disease, including juvenile
idiopathic arthritis, in children from 6 months of age, it recom-
mends an oral dose of 3 to 5 mg/kg daily, in 2 or 3 divided doses,
up to a maximum of 150 mg daily. For relief of pain and inflam-
mation in, for example, soft-tissue disorders, the recommended
oral or rectal dose in children from 6 months of age is 0.3 to
1 mg/kg given three times daily; children 2 years of age and older
may be given a similar dose once or twice daily by intravenous
infusion or deep intramuscular (gluteal) injection instead, for up

to 2 days. Again, a maximum daily dose of 150 mg should not be
exceeded. 
Diclofenac potassium has also been used in children aged over
14 years for the treatment of rheumatic disease, musculoskeletal
disorders, and postoperative pain; it is given in an oral dose of 75
to 100 mg daily in 2 to 3 divided doses.
TOPICAL. References to the use of plasters providing sustained
topical release of diclofenac epolamine,1-6 and a systematic
review of the use of a topical solution of diclofenac with
dimethyl sulfoxide to treat osteoarthritis.7 The latter was
found to be effective and better tolerated than oral use.
1. Galeazzi M, Marcolongo R. A placebo-controlled study of the

efficacy and tolerability of a nonsteroidal anti-inflammatory
drug, DHEP plaster, in inflammatory peri- and extra-articular
rheumatological diseases. Drugs Exp Clin Res 1993; 19: 107–15. 

2. Dreiser RL, Tisne-Camus M. DHEP plasters as a topical treat-
ment of knee osteoarthritis—a double-blind placebo-controlled
study. Drugs Exp Clin Res 1993; 19: 117–23. 

3. Affaitati G, et al. Effects of topical diclofenac (DHEP plaster) on
skin, subcutis and muscle pain thresholds in subjects without
spontaneous pain. Drugs Exp Clin Res 2001; 27: 69–76. 

4. Jenoure P-J. Évaluation d’un anti-inflammatoire non stéroïdien
topique dans le traitement de la douleur et de l’inflammation:
exemple de Flector Tissugel  1% dispositif local bioadhésif de
diclofénac épolamine. Presse Med 2004; 33: 10–13. 

5. Brühlmann P, et al. Short-term treatment with topical diclofenac
epolamine plaster in patients with symptomatic knee osteoarthri-
tis: pooled analysis of two randomised clinical studies. Curr Med
Res Opin 2006; 22: 2429–38. 

6. Alessandri F, et al. Topical diclofenac patch for postoperative
wound pain in laparoscopic gynecologic surgery: a randomized
study. J Minim Invasive Gynecol 2006; 13: 195–200. 

7. Towheed TE. Pennsaid therapy for osteoarthritis of the knee: a
systematic review and metaanalysis of randomized controlled
trials. J Rheumatol 2006; 33: 567–73.

Actinic keratoses. Diclofenac sodium 3% in hyaluronic acid
gel is used1-3 in the treatment of actinic keratoses (see Basal Cell
and Squamous Cell Carcinoma, p.673), and a meta-analysis4

found it to be of benefit, despite previous concerns that the prep-
aration may not be significantly more effective than hyaluronic
acid gel alone.5 An open-label comparison involving 30 patients
with multiple actinic keratoses suggested that 90 days of treat-
ment with diclofenac sodium 3% gel (to lesions on one side of
the face and scalp) was better tolerated, but slightly less effective,
than 28 days of treatment with fluorouracil 5% cream (to lesions
on the other side).6
1. Rivers JK, McLean DI. An open study to assess the efficacy and

safety of topical 3% diclofenac in a 2.5% hyaluronic acid gel for
the treatment of actinic keratoses. Arch Dermatol 1997; 133:
1239–42. 

2. Rivers JK, et al. Topical treatment of actinic keratoses with 3.0%
diclofenac in 2.5% hyaluronan gel. Br J Dermatol 2002; 146:
94–100. 

3. Ulrich C, et al. Treatment of multiple actinic keratoses with top-
ical diclofenac 3% gel in organ transplant recipients: a series of
six cases. Br J Dermatol 2007; 156 (suppl 3): 40–2. 

4. Pirard D. et al. Three percent diclofenac in 2.5% hyaluronan gel
in the treatment of actinic keratoses: a meta-analysis of the re-
cent studies. Arch Dermatol Res 2005; 297: 185–9. 

5. McEwan LE, Smith JG. Topical diclofenac/hyaluronic acid gel in
the treatment of solar keratoses. Australas J Dermatol 1997; 38:
187–9. 

6. Smith SR, et al. Bilateral comparison of the efficacy and tolera-
bility of 3% diclofenac sodium gel and 5% 5-fluorouracil cream
in the treatment of actinic keratoses of the face and scalp. J
Drugs Dermatol 2006; 5: 156–9.

Pain. Reviews.
1. Barden J, et al. Single dose oral diclofenac for postoperative

pain. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2004 (accessed
07/11/06).

Preparations
BP 2008: Diclofenac Gel; Gastro-resistant Diclofenac Tablets; Prolonged-
release Diclofenac Capsules; Prolonged-release Diclofenac Tablets; 
USP 31: Diclofenac Potassium Tablets; Diclofenac Sodium Delayed-release
Tablets; Diclofenac Sodium Extended-Release Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Ainedif; Aktiosan†; Aldoron NF; Algicler; Algioxib; Anaflex; Atomo
Desinflamante Geldic; Banoclus; Befol; Blokium; Calmoflex; Cataflam†; Cur-
inflam; Damixa†; Desinflam†; DFN; Diastone; Diclac; Diclogesic; Diclogrand;
Diclomar; Diclonex; Difenac; Difenac Forte; Dilam; Dioxaflex; Disipan;
Dolo Tomanil; Dolofenac; Doloneitor; Dolvan; Doxtran; Faboflem; Flexin;
Flexiplen; Flogenac†; Flogolisin; Flotac†; Fluxpiren; Gel Antiinflamatorio†;
Gentisalyl; Iglodine; Imanol; Indofeno†; Ingeclof; Klonafenac; Lenitil†; Leve-
dad; Lorbifenac; Metaflex NF; Miocalm; Nalgiflex; Natura Fenac; Norviken;
Oxa; Oxaprost; Pronix; Quer-Out; Rati Salil D; Rodinac; Salicrem Forte;
Silfox; Tomanil; Vesalion; Viartril NF; Vimultisa; Virobron Gel; Virobron NF;
Volforte; Voltaren; Voltaren Colirio; Voltaren Migra; Xedenol; Xina†; Aus-
tral.: Arthrotec; Clonac; Dencorub Anti-Inflammatory†; Diclac; Diclohexal;
Dinac; Fenac; Imflac; Solaraze; Voltaren; Voltaren Ophtha; Austria: Ag-
ilomed; Algefit; Arthrotec; Dedolor; Deflamat; Deflamm; Diclac; Diclaxol;
Diclo-B; Diclobene; Diclomelan; Diclostad; Diclosyl; Difene; Dolo-Voltaren;
Dolpasse; Fenaren; Flector; Magluphen†; Rheumabene†; Tratul; Voltaren;
Zymamed; Belg.: Arthrotec; Cataflam; Diclofemed; Diclotop; Docdiclofe;
Flector; Motifene; Polyflam; Voltapatch; Voltaren; Braz.: Ana-Flex; Artren;
Augelit†; Bel-Gel†; Benevran; Biofenac; Cataflam; Cataflex; Cataflexym; Cat-
algem†; Cinaflan†; Clofaren†; Clofen†; Clofenak; Clofenid; Deltaflogin; Del-
taren; Desinflex†; Diclac†; Diclo P; Diclof†; Diclofen†; Diclofenax†; Diclog-
enom; Diclokalium†; Diclonaco; Diclonatrium†; Diclonax; Diclonil;
Diclosod†; Diclosodico; Difenan†; Dioxaflex; Dnaren; Dorflan; Dorgen;
Doriflan†; Fenaflan; Fenaren; Fenburil; Fisioren; Fladon; Flamalgen†; Flanakin;
Flanaren; Flexamina†; Flodin Duo; Flogan; Flogesic†; Flogiren; Flogonac†;
Flotac; Infladoren†; Inflamax; Kindaren; Lifaren†; Luparen†; Maxilerg; Neo-
coflan; Neotaflan; Neotaren; Olfen; Optamax†; Ortoflan; Poltax; Probenxil;
Prodofenaco; Profenac†; Sintofenac†; Sodix; Still; Tonaflan†; Tricin†; Ven-
drex; Voltaflan; Voltaflex; Voltaren; Voltaren Colirio; Voltrix; Canad.: Apo-
Diclo; Arthrotec; Diclotec†; Novo-Difenac; Nu-Diclo; Pennsaid; Voltaren;
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Voltaren Ophtha; Chile: 3A Ofteno; Amofen; Artren; Autdol; Cataflam;
Deflamat; Diclotaren; Dicogel; Dignofenac†; Elitiran; Exflam; Flector; Flotac;
Lertus; Merpal; Noxiflex†; Oftic; Pirexyl; Piroflam; Pro Lertus; Sipirac; Tur-
bogesic; Voltaren; Cz.: Almiral; Apo-Diclo; Arthrotec†; Diclofen; Di-
cloreum; DIKY; Dolmina; Dorosan; Feloran†; Flector; Inflamac†; Monoflam;
Myogit; Naclof†; Naklofen; Olfen; Rewodina; Uniclophen; Uno; Veral;
Voltaren; Denm.: Arthrotec; Diclodan; Diclogea†; Diclon; Difenet; Flector;
Modifenac; Solaraze; Voltaren; Vostar; Fin.: Arthrotec; Diclometin; Diclom-
ex; Eeze; Flector; Motifene; Solaraze; Trabona†; Voltaren; Fr.: Artotec; Flec-
tor; Solaraze; Voldal; Voltarendolo; Voltarene; Xenid; Ger.: Allvoran; Artho-
tec; Benfofen†; Delphinac†; Diclac; Diclo; Diclo-Divido; Diclo-Gel; Diclo-
Puren; Diclo-saar; Diclodoc; Diclofenbeta; Diclophlogont†; Difen; Dolgit-
Diclo; duravolten†; Effekton; Jenafenac; Jutafenac; Lexobene†; Monoflam;
Myogit; Rewodina; Sigafenac†; Solaraze; Voltaren; Voltaren Ophtha; Gr.:
Anthraxiton; Arthrotec; Cataflam†; Clonac†; Declofon; Delimon; Denaclof;
Diclofast; Diclophlogont†; Dicloplast; Difend†; Dinaclon†; Evinopon; Eye-
clof; Fenoclof; Figrel†; Flefarmin; Optobet; Pengon†; Pennsaid; Relipain;
Rheumavek; Ruvominox; Sfinac; Topalgon; Urigon; Vilacril†; Vilonit; Voltaren;
Vurdon; Hong Kong: Almiral; Analpan; Apo-Diclo; Arthrotec; Cataflam;
Clofec; Clofenac; Curinflam; Diclo-Denk; Diclofen; Diclogesic; Diclowal†;
Difenac; Difenol; Erdon; Eurofenac; Flector; Flogofenac; Grofenac; Inflanac;
Novo-Difenac†; Olfen; Remafen; Remethan; Ren; Rhemofenax; Uniren;
Vartelon; Voltaren; Voltaren Ophtha; Votalen; Zolterol; Hung.: Cataflam;
Diclac; Diclomel; Flameril; Flector; Fortedol; Huma-Difenac†; Olfen†; Ver-
al†; Voltaren; Voltaren Ophta; India: Cofenac; Diclomol; Diclonac; Di-
cloran†; Doflex; Dolocide K; Dolocide Plus; Esgipyrin DS; Fenlodac†; Fen-
saide†; I-Gesic; Jonac; K-Fenac; Nac; Nac Gel; Oxalgin; Oxalgin-D; Oxalgin-
SR; Profenac; Reactine; Relaxyl; Solunac; Tromagesic; Tromax; Voveran; In-
don.: Abdiflam; Alflam; Atranac; Berifen; Cataflam; Catanac; Deflamat; Di-
cloflam; Diclomec; Diflam; Divoltar ; Eflagen; Exaflam; Fenaren; Fenavel;
Flamar; Flamenac; Kadiflam; Kaflam; Kamaflam; Klotaren; Laflanac; Linac;
Matsunaflam; Merflam; Nadifen; Neurofenac; Nichoflam; Nilaren; Potazen;
Prostanac; Provoltar ; Reclofen; Renadinac; Renvol; Scanaflam; Scantaren;
Tirmaclo; Valto; Volmatik; Voltadex; Voltaren; Voltaren Ophtha; Voren; X-
Flam; Xepathritis; Yariflam; Zegren; Irl.: Arthrotec; Cataflam; Diclac; Diclo;
Diclomax; Diclomel; Difene; Solaraze; Vologen†; Voltarol; Voltarol Ophtha;
Israel: Abitren; Arthrotec; Betaren; Cataflam; Dicloplast; Diclorengel;
Olfen; Voltaren; Voltaren Ophtha; Ital.: Algosenac; Artrofenac†; Artrotec;
Dealgic; Deflamat; Diclocular; Diclofan; Dicloftil; Dicloral; Dicloreum; Di-
clotears; Dolaut; Doroxan; Dropflam; Fenadol; Fender; Flector; Flogofenac;
Forgenac; Itami; Leviogel; Lisiflen†; Misofenac; Molfenac; Novapirina;
Pennsaid; Ribex Flu†; Solaraze; Topfans; Voltadol; Voltaren; Voltfast; Zero-
flog; Jpn: Anavan; Malaysia: Almiral; Apo-Diclo†; Cataflam; Clofec;
Clofenac; Difnal; Fenac; Fenadium†; Inflanac; Lesflam; Neo-Pyrazon; Olfen;
Remafen†; Remethan; Rhewlin†; Taks†; Uniren; Voltaren; Voren; Wari-Di-
clowal†; Zolterol; Mex.: 3A Ofteno; Alsidexten; Ariflam; Artrenac; Ar-
trenac Pro; Artrene; Artrotec; Atalak; Cataflam; Clo-Far; Clonodifen; Coral;
Deflox; Dicfafena; Diclac; Dicloran; Diclosol; Dioxaflex; Dirret; Docril;
Dofen; Dolaren; Dolflam; Dolofenac; Doltarac; Evadol; Fenagel; Fenalgin;
Fervex; Flamydol; Flamygel; Flankol; Flogoken; Flotac; Fortical; Fustaren; Gal-
edol; Hipo Sport; Lertus; Lifenac; Liroken; Lodyfen; Logesic†; Lonatec; Lu-
fac-Z; Mafena; Manacon; Merxil; Metracin; Musol; Nediclon; Neo-Dolaren;
Pharmaflam; Practiser; Precifenac; Selectofen; Solof; Still; Uni-Fenil†; Vicma-
fen; Volfenac; Voltaren; Neth.: Arthrotec; Artrotec; Cataflam; Itami; Mis-
ofenac; Naclof; Normulen; Otriflu; Voltaren; Norw.: Arthrotec; Cataflam;
Modifenac; Otriflu; Solaraze; Voltaren; Voltaren Ophtha; NZ: Apo-Diclo;
Cataflam; Diclax; Diclohexal; Flameril; Voltaren; Voltaren Ophtha; Voltfast;
Philipp.: Acuflam; Cataflam; Clofenix; Clofil; Clonaren; Difenax; Diflapane;
Doloflam; Dycon; Eslofen; Fenaspec; Lobafen; Lofenax; Neo-Pyrazon;
Nepenthe; Parafortan; Rheuflam; Uniclonax; Volfenn; Voltaren; Voren; Zo-
bid; Pol.: Apo-Diclo; Arthrotec; Cataflam; Diclac; Dicloberl; DicloDuo; Di-
cloratio; Dicloreum; Difadol; Diklonat P; Dikloziaja; Felogel; Majamil; Naclof;
Naklofen; Olfen; Ratiogel; Rewodina; Veral; Voltaren; Voltenac; Port.: Ar-
throtec; Cataflam; Clofen; Dicloabak; Diclodent; Dicloftal; Diclospray; Di-
clotec; Difnan; Dofene; Dolacen; Dorcalor; Fenac; Fenil-V; Flameril; Flector;
Olfen; Otriflu; Painex; Pennsaid; Solaraze; Voltaren; Rus.: Almiral
(Алмирал); Apo-Diclo (Апо-дикло); Arthrotec (Артротек)†; Diclac
(Диклак); Diclo-F (Дикло-ф); Diclobene (Диклобене); Dicloberl
(Диклоберл); Diclonat (Диклонат); Dicloran (Диклоран); Diclovit
(Дикловит); Feloran (Фелоран)†; Naclof (Наклоф); Naklofen (Наклофен);
Naklofen Duo (Наклофен Дуо); Rapten Rapid (Раптен Рапид); Voltaren
(Вольтарен); S.Afr.: Adco-Clofelam; Arcanafenac; Arthrotec; Arthru-
Derm; Cataflam; Dicloflam; Diclohexal; Dynak; Flexagen; Fortfen; Infla-Ban;
K-Fenak; Panamor; Pharmaflam†; Veltex; Voltaren; Voltaren Ophtha; Singa-
pore: Almiral; Cataflam; Clofec; Clofenac; Diclo; Diclo-Denk†; Dicloran; Di-
clowal†; Difenac; Difnal; Inac; Inflanac; Lesflam; Neo-Pyrazon†; Olfen; Pri-
taren; Remafen; Remethan†; Rhewlin; Ultrafen; Uniren; Voltaren; Voltaren
Ophtha; Voren; Zolterol; Spain: Artrotec; Di Retard; Dolo Nervobion;
Dolo-Voltaren; Dolotren; Luase; Normulen; Sulexon; Voltaren; Swed.: Ar-
throtec; Flector; Modifenac†; Solaraze; Voltaren; Voltaren Ophtha; Voltaren
T; Switz.: Agofenac†; Arthrotec; Athrofen; Deflamat†; Diclac; diclo-basan;
Diclo†; Diclosifar; Ecofenac; Effigel; Flector; Fortenac; Grofenac; Inflamac;
Olfen; Primofenac; Relova; Tonopan; Vifenac; Voltaren Dolo; Voltaren
Emulgel; Voltaren Ophta; Voltarene; Thai.: Almiral†; Ammi-Votara; Ammi-
nac; Arclonac; Arthrotec†; Cataflam; Catanac; Cencenag; Chinclonac;
Clofec; Clofon; Demac; Diclofen†; Diclogel; Diclolan; Diclomol; Diclosian;
Difelene†; Difen; Difenac; Difengesic; Difeno; Dinac; Dinefec†; Dosanac;
Fenac; Fenagel; Flexy; Inflanac; Lesflam; Lofenac; Masaren; Medaren†; My-
fenax; Myonac; N-Zen; Naclof; Olfen†; Ostaren; Posnac; Putaren†; Remeth-
an; Rhumanol; Rumatab†; Sefnac; Silflam†; Subsyde; Taks; Tarjen†; Tarjena;
Uniren; Vasalen; Veenac; Ventarone; Volfenac; Volnac; Volta; Voltanac;
Voltaren; Volverac; Votamed; Turk.: Actinoma; Cataflam; Deflamat; Diclo-
flam; Diclomec; Difenak; Dikloron; Dolorex; Inflased; Kalidren; Miyadren;
Voltaren; Voltaren Ophta; UAE: Clofen; UK: Acoflam†; Arthrotec;
Defanac; Defenac; Dexomon; Dicloflex; Diclomax; Diclovol; Diclozip; Dy-
loject; Econac; Fenactol; Flamatak; Flamrase; Lofensaid†; Motifene; Pennsaid;
Rheumatac; Rhumalgan; Slofenac; Solaraze; Volraman; Volsaid; Voltarol;
Voltarol Ophtha; USA: Arthrotec; Cataflam; Flector; Solaraze; Voltaren;
Venez.: 3A Ofteno; Ar throtec; Ar tren; Campal; Cataflam; Clofen;
Clofenac; Diagesic; Diclofen P; Diclosal; Diclostan†; Difenac; Diklason; Di-
ralon; Dival; Doltren†; Flogaren; Flotac; Klafenac; Viavox; Voltaren; Volten;
Votaxil.

Multi-ingredient: Arg.: Albesine Biotic; Algicler; Algio Nervomax; Algio
Nervomax Fuerte; Amixen Plus; Befol Plus; Belmalen; Blokium B12; Blokium
Flex; Blokium Gesic; Corteroid Gesic; Curinflam Plus; Delta Tomanil B12;
Desinflam Biotic†; Diclogesic Forte; Diclogesic Plus B12; Diclogesic Relax;
Diclomar Flex; Diclonex Relax; Dioxaflex B12; Dioxaflex Forte; Dioxaflex
Gesic; Dioxaflex Plus; Dolo Nervobion; Dolo Nervobion 10000; Dolvan
Flex; Doxtran B12; Doxtran Flex; Doxtran Gesic; Flaval; Glifapen; Hyanac†;
Iglodine Flex; Ingebrax; Lertus Biotic†; Metaflex Gesic; Metaflex Plus NF;
Meticil; Mio Aldoron NF; Mio-Virobron NF; Nalgiflex Relax; Oxa B12; Oxa
Forte; Oxa Sport; Oxadisten; Oxafem; Oxagesic; Pancloflex; Panclogesic;
Rodinac B12; Rodinac Biotic; Rodinac Flex; Rodinac Gesic; Silfox Flex; Tafirol
Artro; Tobradiclo; Tobratlas; Tomanil Flex; Vesalion B12; Vesalion Flex; Ve-
salion Gesic; Viartril Flex; Virobron B12 NF; Voltaren Flex; Voltaren Forte;
Xedenol B12; Xedenol Flex; Xedenol Gesic; Austria: Diclovit; Dolo-Neu-

robion; Neodolpasse; Neurofenac; Voltamicin; Belg.: Ocubrax; Braz.: Algi-
Butazolon†; Algi-Tanderil†; Beserol; Cedrilax†; Codaten; Diclofetamol; Flex-
algin; Mioflex A; Sedilax; Tandene; Tanderalgin; Tandriflan; Tandrilax; Torsilax;
Trilax†; Cz.: Neodolpasse; Voltamicin†; Ger.: Combaren; Voltaren Plus;
Gr.: Tobrafen; Hong Kong: Neurofenac†; Vartelon-B; Vidaclofen-Plus;
Hung.: Neodolpasse; Ocubrax†; Voltamicin†; India: Actimol; Buta-Proxy-
von; Cip-Zox; Cipzen D; Cofenac; Diclogenta; Diclomol; Dicloran MS; Di-
cloran-A†; Diclospa; Diser; Doflex Plus; Dolocide KP; Dolocide MR; DP
Gesic; Duoflam Gel; Esgipyrin; Fenaplus; Fenaplus-MR; Fensaide-P†; Flamar-
MX; Flanzen-D; Inflazone; Myospaz Forte; New Panazox; Nicip D; Omnigel;
Osteoflam-MR; Oxalgin-DP; Pacizox; Paracip Plus; Parvon Forte; Reactine
Forte; Reactine Plus; Relaxyl Plus; Spasmo-Proxyvon Forte; Systaflam; In-
don.: Dolofenac; Ital.: Voltamicin†; Malaysia: Voren Plus; Mex.: Ariflam
Forte; Diclovith-B; Dolaren; Dolo-Neurobion; Dolo-Pangavit; Duciclon;
Duoflex; Empatil; Lertus CD; Ortocol; Tafirol AC; Trazinac; Tribedoce
Compuesto; Uni-Dox; Voltaren Forte; Pol.: Venozel; Rus.: Diclofenacol
(Диклофенакол); Dicloran Plus (Диклоран Плюс); Singapore: Vol-
tamicin†; Spain: Ocubrax; Switz.: Tobrafen; Voltamicin; Turk.: Ocubrax;
Venez.: Combaren; Painfort; Todenac; Trazinac.

Diethylamine Salicylate
Diaethylamini Salicylas; Dietylaminsalicylat; Dietyyliamiinisalisy-
laatti; Salicilato de dietilamina; Salisilat Dietilamin.
Диэтиламин Салицилат; Салицилат Диэтиламина
C11H17NO3 = 211.3.
CAS — 4419-92-5.

Pharmacopoeias. In Br. and Chin. 
BP 2008 (Diethylamine Salicylate). White or almost white,
odourless or almost odourless crystals. Very soluble in water;
freely soluble in alcohol and in chloroform. Protect from light.
Avoid contact with iron or iron salts.
Profile
Diethylamine salicylate is a salicylic acid derivative used topi-
cally in rubefacient preparations similarly to methyl salicylate
(p.85) for rheumatic and muscular pain.
Preparations
BP 2008: Diethylamine Salicylate Cream.

Proprietary Preparations (details are given in Part 3)
Belg.: Algesal; Canad.: Physiogesic; Fin.: Algesal; Hung.: Aciphen; India:
Multigesic†; Ital.: Algesal†; Neth.: Algesal; Norw.: Algesal; Pol.: Saldiam;
Port.: Algicum; Algiderma; Massagim; Swed.: Algesal; Turk.: Algesal;
Reparil N; UK: Algesal; Lloyd’s Cream; Venez.: Alesal.

Multi-ingredient: Arg.: Algesal; Cartiflex; Crema Antiinflamatoria; Fepar-
il†; Rati Salil Flex; Salicrem; Austral.: Rubesal; Austria: Algesal; Derivon;
Dolo-Menthoneurin; Dolorex†; Igitur-antirheumatische; Igitur-Rheumafluid;
Latesyl; Pasta rubra salicylata; Reparil; Rheugesal; Thermal; Belg.: Reparil;
Braz.: Reparil; Chile: Repariven; Cz.: Algesal; Reparil-Gel N; Fr.: Algesal
Suractive; Reparil; Traumalgyl; Ger.: Algesal; Algesalona†; Dolo-Menthone-
urin†; Doloneuro†; Reparil-Gel N; Gr.: Algesal Suractive; Ponostop; Hong
Kong: Reparil; Rubesal; Hung.: Algesal; Reparil N; Indon.: Algesal Super-
active; Ital.: Edeven; Reparil; Sedalpan; Via Mal Traumagel; Mex.: Algesal†;
Neth.: Algesal Forte; Norw.: Thermal†; Pol.: Reparil N; Port.: Algesal;
Latesil; Medalginan; Venoparil; S.Afr.: Reparil; Spain: Algesal; Contusin;
Doctomitil†; Dolmitin; Feparil; Radio Salil; Switz.: Algesal†; Algesalona†;
Mavena Proctal-Gen; Reparil; Thai.: Reparil; Veno Gel; Turk.: Algesal Su-
ractive; Prepagel; UAE: Rubicalm; UK: Fiery Jack; Transvasin Heat Spray;
Venez.: Lemazol.

Diflunisal (BAN, USAN, rINN)

Diflunisaali; Diflunisalis; Diflunisalum; Difluniszal; MK-647. 5-(2,4-
Difluorophenyl)salicylic acid.
Дифлунисал
C13H8F2O3 = 250.2.
CAS — 22494-42-4.
ATC — N02BA11.
ATC Vet — QN02BA11.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Diflunisal). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol; dis-
solves in dilute solutions of alkali hydroxides. Protect from light. 
USP 31 (Diflunisal). A white to off-white, practically odourless,
powder. Insoluble in water and in hexane; freely soluble in alco-
hol and in methyl alcohol; soluble in acetone and in ethyl acetate;
slightly soluble in carbon tetrachloride, in chloroform, and in
dichloromethane.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. The commonest adverse effects
occurring with diflunisal are gastrointestinal disturbances, head-
ache, and rash. Peptic ulceration and gastrointestinal bleeding
have been reported. Dizziness, drowsiness, insomnia, and tinni-
tus may also occur.
Effects on the blood. Haematological adverse effects associ-
ated with diflunisal appear to be infrequent. Thrombocytopenia
associated with diflunisal-induced peripheral platelet destruction
has been reported in a patient with rheumatoid arthritis.1 Heinz-
body haemolytic anaemia has also been reported, see Hypersen-
sitivity, below.
1. Bobrove AM. Diflunisal-associated thrombocytopenia in a pa-

tient with rheumatoid arthritis. Arthritis Rheum 1988; 31: 148–9.

Effects on the kidneys. Acute interstitial nephritis, presenting
as acute oliguric renal failure, erythroderma, and eosinophilia
has followed the use of diflunisal.1
1. Chan LK, et al. Acute interstitial nephritis and erythroderma as-

sociated with diflunisal. BMJ 1980; 280: 84–5.

Effects on the lungs. For reference to pneumonitis associated
with diflunisal therapy, see Hypersensitivity, below.
Effects on the skin. Reports of Stevens-Johnson syndrome as-
sociated with diflunisal.1,2 See also Hypersensitivity, below.
1. Hunter JA, et al. Diflunisal and Stevens-Johnson syndrome. BMJ

1978; 2: 1088. 
2. Grom JA, et al. Diflunisal-induced erythema multiforme major.

Hosp Formul 1986; 21: 353–4.

Hypersensitivity. Three cases of hypersensitivity to diflunisal
in which the main clinical features were fever, elevated liver en-
zyme values, erythroderma, and eosinophilia, have been report-
ed.1 Heinz-body haemolytic anaemia occurred in one of the pa-
tients. Other hypersensitivity reactions associated with diflunisal
therapy have included pneumonitis2 and fulminant necrotising
fasciitis.3
1. Cook DJ, et al. Three cases of diflunisal hypersensitivity. Can

Med Assoc J 1988; 138: 1029–30. 
2. Rich MW, Thomas RA. A case of eosinophilic pneumonia and

vasculitis induced by diflunisal. Chest 1997; 111: 1767–9. 
3. Krige JEJ, et al. Necrotising fasciitis after diflunisal for minor

injury. Lancet 1985; ii: 1432–3.

Overdosage. Diflunisal poisoning has sometimes been fatal.1,2

A dose of 15 g has been reported to have caused death when no
other drugs were involved but a dose of 7.5 g has also been fatal
when taken with other drugs.
1. Court H, Volans GN. Poisoning after overdose with non-steroi-

dal anti-inflammatory drugs. Adverse Drug React Acute Poison-
ing Rev 1984; 3: 1–21. 

2. Levine B, et al. Diflunisal related fatality: a case report. Forensic
Sci Int 1987; 35: 45–50.

Precautions
As for NSAIDs in general, p.98. Diflunisal may need to be given
in reduced dosage in patients with significant renal impairment
and should not be given when renal impairment is severe. Aspi-
rin and other acetylated salicylates are not recommended for use
in children unless specifically indicated, because of the risk of
Reye’s syndrome. Although this precaution has not been specif-
ically extended to diflunisal it is not generally licensed for use in
children.
Interactions
For interactions associated with NSAIDs, see p.99. 
Aspirin may produce a small decrease in the plasma concentra-
tion of diflunisal. Diflunisal has been reported to increase the
plasma concentrations of indometacin and paracetamol; diflunis-
al with indometacin has been associated with fatal gastrointesti-
nal haemorrhage and therefore the combination should not be
used. Regular use of antacids may reduce the absorption of dif-
lunisal.
Benzodiazepines. For the effect of diflunisal on plasma con-
centrations of oxazepam, see p.989.
Probenecid. Average steady-state plasma concentrations of di-
flunisal were increased by 65% when it was given with probene-
cid.1 This was due mainly to reduced formation of the phenolic
and acyl glucuronides. However, plasma concentrations of these
glucuronides and the sulfate conjugate were also increased even
more because probenecid also reduced their renal clearance.
1. Macdonald JI, et al. Effect of probenecid on the formation and

elimination kinetics of the sulphate and glucuronide conjugates
of diflunisal. Eur J Clin Pharmacol 1995; 47: 519–23.

Pharmacokinetics
Diflunisal is well absorbed from the gastrointestinal tract and
peak plasma concentrations occur about 2 to 3 hours after inges-
tion of a single dose. It is more than 99% bound to plasma protein
and has a plasma half-life of about 8 to 12 hours. Diflunisal ex-
hibits non-linear pharmacokinetics so that doubling the dose
more than doubles drug accumulation. Due to the long half-life
and non-linear kinetics, several days are required to reach steady-
state plasma concentrations after multiple dosing. The time to
steady-state concentrations can be reduced by giving an initial
loading dose. Concentrations of diflunisal in synovial fluid reach
about 70% of those in plasma. Diflunisal is excreted in the urine
mainly as glucuronide conjugates. Some biliary recycling may
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also occur. Diflunisal is distributed into breast milk with concen-
trations reported to be about 2 to 7% of those in plasma.
◊ References.
1. Loewen GR, et al. Effect of dose on the glucuronidation and sul-

phation kinetics of diflunisal in man: single dose studies. Br J
Clin Pharmacol 1988; 26: 31–9. 

2. Eriksson L-O, et al. Influence of renal failure, rheumatoid arthri-
tis and old age on the pharmacokinetics of diflunisal. Eur J Clin
Pharmacol 1989; 36: 165–74. 

3. Verbeeck RK, et al. The effect of multiple dosage on the kinetics
of glucuronidation and sulphation of diflunisal in man. Br J Clin
Pharmacol 1990; 29: 381–9. 

4. Macdonald JI, et al. Sex-difference and the effects of smoking
and oral contraceptive steroids on the kinetics of diflunisal. Eur
J Clin Pharmacol 1990; 38: 175–9. 

5. Nuernberg B, et al. Pharmacokinetics of diflunisal in patients.
Clin Pharmacokinet 1991; 20: 81–9.

Uses and Administration
Diflunisal is a salicylic acid derivative (see Aspirin, p.23) but it
is not hydrolysed to salicylate and its clinical effects resemble
more closely those of propionic acid derivative NSAIDs such as
ibuprofen (p.65). Diflunisal is given in the acute or long-term
management of mild to moderate pain, and pain and inflamma-
tion associated with osteoarthritis and rheumatoid arthritis. The
usual initial oral dose for pain relief is 1 g followed by a mainte-
nance dose of 500 mg every 12 hours. In some patients 250 mg
every 8 to 12 hours may be sufficient but others may require
500 mg every 8 hours. Maintenance doses greater than 1.5 g dai-
ly are not recommended. The usual oral dose for arthritis is
500 mg to 1 g daily in 2 divided doses. Doses may need to be
reduced in patients with renal impairment, see below. 
Diflunisal arginine has been used similarly given by mouth or by
intramuscular or intravenous injection.
Administration in renal impairment. Diflunisal may need
to be given in reduced dosage in patients with significant renal
impairment and should not be given when renal impairment is
severe.
Preparations
BP 2008: Diflunisal Tablets; 
USP 31: Diflunisal Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Dolobid†; Austria: Fluniget; Belg.: Biartac†; Diflusal; Denm.:
Donobid†; Fin.: Donobid†; Fr.: Dolobis†; Gr.: Analeric; Irl.: Dolobid†; Is-
rael: Dolobid†; Ital.: Artrodol; Dolobid†; Mex.: Dolobid†; Neth.: Dolo-
bid; Dolocid; Norw.: Donobid; Port.: Dolobid†; Flunidor†; Spain: Dolo-
bid; Swed.: Donobid; Switz.: Unisal†; Thai.: Dolobid; Turk.: Dolphin; UK:
Dolobid†; USA: Dolobid†; Venez.: Dolobid†.

Dihydrocodeine Phosphate 

(BANM, rINNM)

Dihydrocodéine, Phosphate de; Dihydrocodeini Phosphas; Fos-
fato de dihidrocodeína; Hydrocodeine Phosphate.
Дигидрокодеина Фосфат
C18H23NO3,H3PO4 = 399.4.
CAS — 24204-13-5.
ATC — N02AA08.
ATC Vet — QN02AA08.

(dihydrocodeine)

Pharmacopoeias. In Jpn.

Dihydrocodeine Tartrate (BANM, rINNM)

Dihidrokodein-hidrogén-tartrát; Dihidrokodeino-vandenilio tar-
tratas; Dihydrocodeine Acid Tartrate; Dihydrocodeine
Bitartrate; Dihydrocodeine Hydrogen Tartrate; Dihydrocodéine,
hydrogénotartrate de; Dihydrocodéine, Tartrate de; Dihydroco-
deini Bitartras; Dihydrocodeini hydrogenotartras; Dihydrocodei-
ni Tartras; Dihydrokodeiinivetytartratti; Dihydrokodein-tartarát;
Dihydrokodeinvätetartrat; Dihydrokodeiny wodorowinian;
Drocode Bitartrate; Hydrocodeine Bitartrate; Tartrato de dihid-
rocodeína. 4,5-Epoxy-3-methoxy-17-methylmorphinan-6-ol hy-
drogen tartrate.
Дигидрокодеина Тартрат
C18H23NO3,C4H6O6 = 451.5.
CAS — 125-28-0 (dihydrocodeine); 5965-13-9 (dihydroc-
odeine tartrate).

NOTE. Compounded preparations of dihydrocodeine tartrate may
be represented by the following names: 
• Co-dydramol (BAN)—dihydrocodeine tartrate 1 part and pa-

racetamol 50 parts (w/w). 
The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dihydrocodeine tar-
trate: 
DFs; Diffs; Duncan Flockharts.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Dihydrocodeine Hydrogen Tartrate; Dihydroco-
deine Tartrate BP 2008). A white or almost white crystalline
powder. Freely soluble in water; sparingly soluble in alcohol;
practically insoluble in cyclohexane. A 10% solution in water
has a pH of 3.2 to 4.2. Protect from light. 
USP 31 (Dihydrocodeine Bitartrate). pH of a 10% solution in
water is between 3.2 and 4.2. Store in airtight containers.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Dihydrocodeine has been subject to abuse (see under
Precautions, below).

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102; adverse ef-
fects of dihydrocodeine are less pronounced than those
of morphine.
Overdosage. A 29-year-old man who had taken 2.1 g of dihy-
drocodeine had biochemical evidence of acute renal and hepatic
impairment when admitted 13 hours after the overdose.1 Severe
life-threatening respiratory depression subsequently developed
36 hours after the overdose and only responded to treatment with
naloxone after large doses (a total of 46.6 mg of naloxone) over
a long period (106 hours). Commenting on this report some
questioned the evidence for hepatic impairment and considered
that the raised liver enzyme values were of muscular origin as a
result of rhabdomyolysis.2-4 Rhabdomyolysis may also have
contributed to renal failure. 
An anaphylactoid reaction after an overdose with an unspecified
number of dihydrocodeine tablets5 appeared to respond to intra-
venous naloxone.
1. Redfern N. Dihydrocodeine overdose treated with naloxone in-

fusion. BMJ 1983; 287: 751–2. 
2. Buckley BM, Vale JA. Dihydrocodeine overdose treated with

naloxone infusion. BMJ 1983; 287: 1547. 
3. Blain PG, Lane RJM. Dihydrocodeine overdose treated with

naloxone infusion. BMJ 1983; 287: 1547. 
4. Wen P. Dihydrocodeine overdose treated with naloxone infusion.

BMJ 1983; 287: 1548. 
5. Panos MZ, et al. Use of naloxone in opioid-induced anaphylac-

toid reaction. Br J Anaesth 1988; 61: 371.

Pain. For reference to increased postoperative pain associated
with the use of dihydrocodeine, see under Uses and Administra-
tion, below.

Precautions
As for Opioid Analgesics in general, p.103.
Abuse. Dihydrocodeine has been reported to be widely abused
by opiate addicts.1-4

1. Swadi H, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 300: 1313. 

2. Robertson JR, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 301: 119. 

3. Strang J, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 301: 119. 

4. Seymour A, et al. The role of dihydrocodeine in causing death
among drug users in the west of Scotland. Scott Med J 2001; 46:
143–6.

The elderly. Despite some renal impairment an elderly group
of patients1 appeared to handle dihydrocodeine similarly to
healthy young subjects. There was marked variability in all
measurements and on the basis of this study no clear conclusions
on guidelines for dosage in elderly patients could be drawn.
However, the recommendation that small doses be given initially
with subsequent doses according to response was endorsed.
1. Davies KN, et al. The effect of ageing on the pharmacokinetics

of dihydrocodeine. Eur J Clin Pharmacol 1989; 37: 375–9.

Renal impairment. Caution is necessary when giving dihy-
drocodeine to patients with severe renal impairment. Severe nar-
cosis occurred in a patient with anuria and on maintenance
haemodialysis after she had received dihydrocodeine orally for 4
days.1 She responded to treatment with naloxone. 
See also under Pharmacokinetics, below.
1. Barnes JN, Goodwin FJ. Dihydrocodeine narcosis in renal fail-

ure. BMJ 1983; 286: 438–9.

Interactions
For interactions associated with opioid analgesics, see
p.103.
Quinidine. Dihydrocodeine is metabolised via the cytochrome
P450 isoenzyme CYP2D6 to active metabolites, which may per-
haps play a role in its analgesic activity in extensive metabolis-
ers; quinidine impairs this metabolism, but a study in 11 healthy

subjects did not find any reduced analgesic activity when dihy-
drocodeine was given with quinidine, despite a three- to fourfold
reduction in plasma concentrations of the metabolite dihydro-
morphine.1
1. Wilder-Smith CH, et al. The visceral and somatic antinocicep-

tive effects of dihydrocodeine and its metabolite, dihydromor-
phine: a cross-over study with extensive and quinidine-induced
poor metabolizers. Br J Clin Pharmacol 1998; 45: 575–81.

Pharmacokinetics
After oral doses peak concentrations of dihydroco-
deine occur after about 1.2 to 1.8 hours; oral bioavaila-
bility is only about 20%, probably because of substan-
tial first-pass metabolism in the gut wall or liver.
Dihydrocodeine is metabolised in the liver via the cy-
tochrome P450 isoenzyme CYP2D6, to dihydromor-
phine, which has potent analgesic activity, although the
analgesic effect of dihydrocodeine appears to be pri-
marily due to the parent compound; some is also con-
verted via CYP3A4 to nordihydrocodeine. Dihydroco-
deine is excreted in urine as unchanged drug and
metabolites, including glucuronide conjugates. Elimi-
nation half-life is reported to range from about 3.5 to 5
hours.
◊ References.
1. Rowell FJ, et al. Pharmacokinetics of intravenous and oral dihy-

drocodeine and its acid metabolites. Eur J Clin Pharmacol 1983;
25: 419–24. 

2. Fromm MF, et al. Dihydrocodeine: a new opioid substrate for the
polymorphic CYP2D6 in humans. Clin Pharmacol Ther 1995;
58: 374–82. 

3. Ammon S, et al. Pharmacokinetics of dihydrocodeine and its ac-
tive metabolite after single and multiple dosing. Br J Clin Phar-
macol 1999; 48: 317–22. 

4. Webb JA, et al. Contribution of dihydrocodeine and dihydromor-
phine to analgesia following dihydrocodeine administration in
man: a PK-PD modelling analysis. Br J Clin Pharmacol 2001;
52: 35–43.

Renal impairment. The pharmacokinetics of dihydrocodeine
tartrate, given as a single oral 60-mg dose, were affected in 9
patients with chronic renal failure treated with haemodialysis
when compared with 9 healthy subjects.1 Time to peak plasma
concentration in those with renal failure was 3 hours compared
with 1 hour in healthy subjects; the area under the plasma con-
centration-time curve was greater in those with renal failure; and
after 24 hours dihydrocodeine was still detectable in the plasma
of all renal failure patients, but in only 3 of the healthy subjects.
1. Barnes JN, et al. Dihydrocodeine in renal failure: further evi-

dence for an important role of the kidney in the handling of opi-
oid drugs. BMJ 1985; 290: 740–2.

Uses and Administration
Dihydrocodeine is an opioid analgesic (p.104). It is re-
lated to codeine (p.38) and has similar analgesic activ-
ity. Dihydrocodeine is used for the relief of moderate to
severe pain, often in combination preparations with pa-
racetamol. It has also been used as a cough suppres-
sant. 
For analgesia the usual oral dose of dihydrocodeine
tartrate is 30 mg after food every 4 to 6 hours; up to
240 mg daily may be given for severe pain. Modified-
release preparations are available for twice daily dos-
age in patients with chronic severe pain. 
Dihydrocodeine tartrate may also be given by deep
subcutaneous or intramuscular injection in doses of up
to 50 mg every 4 to 6 hours. 
For details of doses in children, see below. 
As a cough suppressant dihydrocodeine tartrate may
be given in oral doses of 10 to 30 mg up to three times
daily. 
Dihydrocodeine phosphate has also been used. Other
salts of dihydrocodeine used, mainly for their antitus-
sive effects, include the hydrochloride, the polistirex,
and the thiocyanate. Dihydrocodeine polistirex has
also been used in modified-release preparations.
Administration in children. In the UK, dihydrocodeine
tartrate may be given orally, or by deep subcutaneous or intra-
muscular injection, for analgesia in children aged from 4 to 12
years in usual doses of 0.5 to 1 mg/kg (to a maximum of 30 mg)
every 4 to 6 hours; older children may be given the usual adult
dose (see above). Although unlicensed in children under 4 years,
the BNFC  suggests giving those aged 1 to 4 years
500 micrograms/kg every 4 to 6 hours.
Dyspnoea. Dihydrocodeine has been reported1 to have pro-
duced benefit in normocapnic patients severely disabled by
breathlessness due to chronic airflow obstruction. A dose of

O

HO

NCH3

H3CO

H



Dihydrocodeine Phosphate/Dipyrone    49

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

15 mg was taken 30 minutes before exercise up to three times a
day.
1. Johnson MA, et al. Dihydrocodeine for breathlessness in ‘pink

puffers’. BMJ 1983; 286: 675–7.

Pain. Dihydrocodeine is used in the management of moderate to
severe pain. However, dose-related increase in postoperative
pain has been seen1 in patients given 25 or 50 mg dihydroco-
deine tartrate intravenously after dental surgery, and it has been
proposed that dihydrocodeine might act as an antagonist in situ-
ations where acute pain was accompanied by high opioid activi-
ty.2 Systematic review of the use of single oral doses of dihydroc-
odeine has indicated that these are insufficient to provide
adequate relief of postoperative pain, and that dihydrocodeine is
less effective than ibuprofen.3

1. Seymour RA, et al. Dihydrocodeine-induced hyperalgesia in
postoperative dental pain. Lancet 1982; i: 1425–6. 

2. Henry JA. Dihydrocodeine increases dental pain. Lancet 1982;
ii: 223. 

3. Edwards JE, et al. Single dose dihydrocodeine for acute postop-
erative pain. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
26/06/08).

Preparations
BP 2008: Co-dydramol Tablets; Dihydrocodeine Injection; Dihydrocodeine
Oral Solution; Dihydrocodeine Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Paracodin; Rikodeine; Austria: Codidol; Dehace; Paracodin;
Belg.: Codicontin; Paracodine; Cz.: DHC Continus; Fr.: Dicodin; Ger.:
DHC; Paracodin; Paracodin N; Remedacen†; Tiamon Mono; Gr.: Condug-
esic†; Hong Kong: DF 118; Hung.: DHC; Hydrocodin; Irl.: DF 118; DHC
Continus; Paracodin; Ital.: Paracodina; Malaysia: Codesic†; DF 118; NZ:
DHC Continus; Pol.: DHC Continus; Port.: Didor†; S.Afr.: DF 118; Para-
codin; Spain: Contugesic†; Paracodina; Tosidrin; Switz.: Codicontin; Para-
codin; UK: DF 118; DHC Continus.

Multi-ingredient: Arg.: Lentusin; Austral.: Codox; Austria: Paracodin;
Ger.: Antitussivum Burger N†; Makatussin Tropfen forte†; Paracodin re-
tard†; Hong Kong: Codaewon; Irl.: Paramol; Ital.: Cardiazol-Paracodina;
Paracodina; Jpn: Colgen Kowa IB Toumei; Malaysia: Dihydrocodeine P;
Switz.: Escotussin; Makatussin Comp; Paracodin retard†; UK: Paramol;
Remedeine; USA: DHC Plus; DiHydro-CP; DiHydro-GP; DiHydro-PE; Du-
ohist DH; Novahistine DH; Pancof; Pancof PD; Pancof-EXP; Panlor; Synal-
gos-DC.

Dipipanone Hydrochloride (BANM, rINNM)

Dipipanone, Chlorhydrate de; Dipipanoni Hydrochloridum; Hid-
rocloruro de dipipanona; Phenylpiperone Hydrochloride; Piperi-
dyl Methadone Hydrochloride; Piperidylamidone Hydrochlo-
ride. (±)-4,4-Diphenyl-6-piperidinoheptan-3-one hydrochloride
monohydrate.

Дипипанона Гидрохлорид

C24H31NO,HCl,H2O = 404.0.
CAS — 467-83-4 (dipipanone); 856-87-1 (dipipanone hy-
drochloride).

(dipipanone)

Pharmacopoeias. In Br. 
BP 2008 (Dipipanone Hydrochloride). An odourless or almost
odourless, white, crystalline powder. Sparingly soluble in water;
freely soluble in alcohol and in acetone; practically insoluble in
ether. A 2.5% solution in water has a pH of 4.0 to 6.0.

Profile
Dipipanone hydrochloride is an opioid analgesic (p.101) struc-
turally related to methadone (p.82). Used alone it is reported to
be less sedating than morphine. It is used in the treatment of mod-
erate to severe pain. 
Dipipanone hydrochloride is usually given in combination prep-
arations with the antiemetic cyclizine hydrochloride to reduce
the incidence of nausea and vomiting, but the use of such prepa-
rations is not recommended for the management of chronic pain,
as the antiemetic is usually only required for the first few days of
treatment. The usual oral dose of dipipanone hydrochloride is
10 mg, repeated every 6 hours. The dose may be increased if nec-
essary in increments of 5 mg; it is seldom necessary to exceed a
dose of 30 mg. After an oral dose the analgesic effect begins
within an hour and lasts about 4 to 6 hours. 
Preparations of dipipanone hydrochloride with cyclizine hydro-
chloride are subject to abuse.

Preparations
BP 2008: Dipipanone and Cyclizine Tablets.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hong Kong: Wellconal†; Irl.: Diconal†; S.Afr.: Well-
conal; UK: Diconal.

Dipyrone (BAN, USAN)

Metamizole Sodium (pINN); Aminopyrine-sulphonate Sodium;
Analginum; Dipiron; Dipyron; Dipyroni; Dipyronum; Metamitsoli-
natrium; Metamizol; Metamizol sódico; Metamizol sodná sůl
monohydrát; Metamizol sodowy; Metamizol Sodyum; Métami-
zole sodique; Metamizolnatrium; Metamizol-nátrium; Metamizo-
lo natrio druska; Metamizolum natricum; Metamizolum Natri-
cum Monohydricum; Methampyrone; Methylmelubrin; Natrium
Novaminsulfonicum; Noramidazophenum; Novamidazofen; No-
vaminsulfone Sodium; NSC-73205; Sodium Noramidopyrine
Methanesulphonate; Sulpyrine. Sodium N-(2,3-dimethyl-5-oxo-
1-phenyl-3-pyrazolin-4-yl)-N-methylaminomethanesulphonate
monohydrate.
Метамизол Натрий
C13H16N3NaO4S,H2O = 351.4.
CAS — 68-89-3 (anhydrous dipyrone); 5907-38-0 (dipy-
rone monohydrate).
ATC — N02BB02.
ATC Vet — QN02BB02.

NOTE. Confusingly the term dipyrone sodium also appears to be
used synonymously for dipyrone itself. Dipyrone is referred to in
some countries by the colloquial name ‘Mexican aspirin’. The
names noraminophenazonum and novaminsulfon have appar-
ently been applied to dipyrone, but it is not clear whether these
are the sodium salt.
Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Metamizole Sodium; Dipyrone BP 2008). A white
or almost white crystalline powder. Very soluble in water; solu-
ble in alcohol. Protect from light.
Adverse Effects and Precautions
Use of dipyrone is associated with an increased risk of agranulo-
cytosis and with shock.
◊ References.
1. Levy M. Hypersensitivity to pyrazolones. Thorax 2000; 55 (sup-

pl 2): S72–S74.

Effects on the blood. Data collected from 8 population groups
in Europe and Israel by the International Agranulocytosis and
Aplastic Anemia Study1 revealed that there was a significant re-
gional variability in the rate-ratio estimate for agranulocytosis
and dipyrone (0.9 in Budapest to 33.3 in Barcelona). Although a
large relative increase in risk between agranulocytosis and use of
dipyrone was found, the incidence was less than some previous
reports had suggested. 
Blood dyscrasias such as agranulocytosis and granulocytopenia
have continued to be reported where dipyrone remains availa-
ble.2-7

1. The International Agranulocytosis and Aplastic Anemia Study.
Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749–57. 

2. Hedenmalm K, Spigset O. Agranulocytosis and other blood dy-
scrasias associated with dipyrone (metamizole). Eur J Clin
Pharmacol 2002; 58: 265–74. 

3. Maj S, Lis Y. The incidence of metamizole sodium-induced
agranulocytosis in Poland. J Int Med Res 2002; 30: 488–95. 

4. Maj S, Centkowski P. A prospective study of the incidence of
agranulocytosis and aplastic anemia associated with the oral use
of metamizole sodium in Poland. Med Sci Monit 2004; 10:
PI93–PI95. 

5. Ibanez L, et al. Agranulocytosis associated with dipyrone (met-
amizol). Eur J Clin Pharmacol 2005; 60: 821–9. 

6. Hamerschlak N, Cavalcanti AB. Neutropenia, agranulocytosis
and dipyrone. Sao Paulo Med J 2005; 123: 247–9. 

7. Garcia S, et al. Dipyrone-induced granulocytopenia: a case for
awareness. Pharmacotherapy 2006; 26: 440–2.

Effects on the skin. Dipyrone has been considered responsible
for a case of drug-induced toxic epidermal necrolysis.1
1. Roujeau J-C, et al. Sjögren-like syndrome after drug-induced

toxic epidermal necrolysis. Lancet 1985; i: 609–11.

Hypersensitivity. Cross-sensitivity between aspirin and dipy-
rone occurred in a patient.1 Dipyrone produced an exacerbation
of dyspnoea, cyanosis, and respiratory arrest.
1. Bartoli E, et al. Drug-induced asthma. Lancet 1976; i: 1357.

Porphyria. Dipyrone has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Pharmacokinetics
After oral doses dipyrone is rapidly hydrolysed in the gastroin-
testinal tract to the active metabolite 4-methyl-amino-antipyrine,
which after absorption undergoes metabolism to 4-formyl-ami-
no-antipyrine and other metabolites. Dipyrone is also rapidly
undetectable in plasma after intravenous doses. None of the
metabolites of dipyrone are extensively bound to plasma pro-
teins. Most of a dose is excreted in the urine as metabolites.
Dipyrone metabolites are also distributed into breast milk.
◊ References.
1. Heinemeyer G, et al. The kinetics of metamizol and its metabo-

lites in critical-care patients with acute renal dysfunction. Eur J
Clin Pharmacol 1993; 45: 445–50. 

2. Levy M, et al. Clinical pharmacokinetics of dipyrone and its me-
tabolites. Clin Pharmacokinet 1995; 28: 216–34. 

3. Zylber-Katz E, et al. Dipyrone metabolism in liver disease. Clin
Pharmacol Ther 1995; 58: 198–209.

Uses and Administration
Dipyrone is the sodium sulfonate of aminophenazone (p.19) and
has similar properties. Because of the risk of serious adverse ef-
fects, in many countries its use is considered justified only in se-
vere pain or fever where no alternative is available or suitable.
Dipyrone has been given orally in doses of 0.5 to 4 g daily in
divided doses. It has also been given by intramuscular or intrave-
nous injection and rectally as a suppository. 
A magnesium congener of dipyrone, metamizole magnesium
has been used similarly to dipyrone as has the calcium congener
metamizole calcium.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Algiopiret†; Analgina; Dioxadol; Dipigrand; Ditral; Integrobe; Lisalgil;
Novacler; Novalgina; Novemina; Unibios Simple; Austria: Inalgon Neu;
Novalgin; Spasmo Inalgon Neu; Belg.: Analgine; Novalgine; Braz.: Algirona;
Anador; Analgesil; Analgex†; Apiron; Baralgin; Conmel; Difebril; Dipimax;
Dipirex†; Dipiron; Dipironax†; Dipix; Diprin; Doralex†; Dorfebril†; Dori-
lan†; Dornal†; Dorona; Dorpinon; DS500†; Findor†; Magnodor†; Magnopy-
rol; Maxiliv; Multiralgim†; Nofebrin; Novagreen; Novalgex†; Novalgina; Piro-
febran†; Pirogina; Prodopirona; Sifpirona†; Termonal; Termopirona;
Termoprin; Toloxin†; Zitalgin†; Chile: Baralgina M; Conmel; Novalgina†;
Cz.: Novalgin; Fr.: Novalgine†; Ger.: Analgin; Berlosin; Metalgin†; Nopain;
Novalgin; Novaminsulfon; Hong Kong: Metilon†; Hung.: Algopyrin; Algo-
zone; Novalgin; Panalgorin; India: Novalgin; Indon.: Antalgin; Antrain; Cor-
nalgin; Foragin; Licogin; Norages; Novalgin; Panstop; Pragesol; Pyronal; Ro-
nalgin; Scanalgin; Unagen; Israel: Novalgin; Optalgin; Phanalgin; V-Talgin;
Ital.: Novalgina; Mex.: Alnex; Anaprol; Anapyrol; Apixol†; Avafontan; Av-
aldrian†; Ayoral Simple†; Carofril†; Conmel; Dalmasin; Dalsin; Defin; Dime-
tirol; Dipydol; Dofisan; Dolgan; Dolizol; Dolofur; Domenal; Exalgin†; Exo-
dalina; Fandall; Fardolpin; Farlin; Indigon; Lozima; Mach-2; Macodin; Magnil;
Magnol; Magnolonas; Magnopyrol; Magsons; Mayoprina; Mecoten†;
Medipirol; Mermid; Messelfenil; Metapirona; Midelin; Minoral; Mizoltec;
Modimet; Neo-Melubrina; Neomelin; Neosedal; Paleodina; Pifrol; Piramag-
no†; Pirandall; Pirasod; Pirinovag; Piromebrina; Poloren†; Precidona; Pro-
dolina; Prolubrin; Pyranol; Pyron; Suprin; Termonil; Utidol; Vegal; Neth.:
Novalgin; Pol.: Pyrahexal; Pyralgin; Pyralginum; Port.: Conmel†; Dolocal-
ma; Nolotil; Novalgina†; Rus.: Analgin (Анальгин); Baralgin M (Баралгин
М); Spain: Algi; Citdolal†; Dolemicin; Lasain; Neo Melubrina; Nolotil;
Switz.: Minalgine; Novalgine; Thai.: Acodon†; Centagin; Deparon; Gen-
ergin; Invoigin; Kno-Paine; Medalgin†; Mezabox; Nivagin; Novalgin; Olan-
Gin; Turk.: Adepiron; Andolor; Baralgin M; Devaljin; Feninox; Geralgine;
Kafalgin; Nogesic; Novakom-S; Novalgin; Novo-Plan; Novopyrine; Sebon;
Veraljin; Urug.: Dolanet; Venez.: Bral; Buscadol†; Combanal†; Combaron†;
Conmel; Delsal; Dipamona; Dipidol; Klinomel†; Nimel†; Noval†; Novalcina;
Piradro†; Piradrops Simple†; Promel; Rosadol†.
Multi-ingredient: Arg.: Antispasmina; Apasmo; Apasmo Compuesto;
Artifene; Bellatotal; Buscapina Compositum; Calmopirin; Canovex†; Cifes-
pasmo Compuesto; Colobolina D; Craun†; Cronopen Balsamico; D-P†;
Dentolina Plus; Dextro + Dipirona; Dextrodip; Dioxadol; Dresan Biotic†;
Dresan†; Espasmo Biotenk; Espasmo Dioxadol; Fadagrip; Febrimicina†;
Flexicamin A; Gastrolina Compuesta; Gobbicalm; Integrobe Plus; Keptan
Compuesto†; Klosidol; Klosidol B1 B6 B12; Lisalgil Compuesto; Luar-G
Compositum; Migra Dioxadol; Migral; Migral Compositum; Multin; Novo-
pasmil Compuesto; Paratropina Compuesta; Pasmodina Compuesta; Pas-
mosedan Compuesto†; Rupe-N Compuesto; Saldeva†; Solacil; Sumal; Te-
tralgin; Tetralgin Novo; Vicefeno; Austria: Buscopan Compositum;
Spasmium comp; Belg.: Buscopan Compositum; Braz.: Algexin; Algice;
Aminocid†; Analgin C-R; Analgosedan†; Analverin Composto†; Analverin†;
Anapirol†; Baldin-CE†; Banidor†; Bicavine; Binospan; Bioscina Composta†;
Bromalgina†; Broncopinol†; Buscopan Composto; Buscoveran Composto;
Butilamin; Cafalena†; Cefaldina; Cefaliv; Codeverin†; Dalgex; Dexalgen;
Dimex†; Dipirol†; Disbuspan; Doralgex; Doralgina; Dorciflex; Dorflex; Dor-
icin; Doridina; Dorilen; Doriless; Dorscopena†; Dorsedin; Dorspan; Dor-
zone; Ductopan†; Enxak; Espasmocron; Espasmodid Composto; Eucal-
iptan†; Flexalgex; Flexdor; Gripanil†; Gripion†; Gripomatine†; Griponia†;
Gripsay; Hioariston; Hiospan Composto; Inib-Dor†; Itaiflex†; Killgrip†; Kind-
pasm; Lisador; Melpaz†; Migraliv; Migranette; Mionevrix; Miorrelax; Neoco-
pan; Neomigran†; Neosaldina; Neuralgina; Nevralgex; Par ; Pasmalgin†;
Plenocedan†; Pulmorien†; Relaflex; Rielex; Sedabel†; Sedalene; Sedalex;
Sedalgina; Sedalin; Sedol; Spasmotropin; Tensaldin; Tetrapulmo; Theopiri-
na†; Tropinal; Uzara†; Veratropan Composto; Chile: Bramedil Compuesto;
Buscapina Compositum; Cefalmin; Cinabel; Dioran†; Dolcopin; Dolnix;
Dolo-Neurobionta†; Dolonase; Fredol; Migragesic; Migranol; Migratam;
Neo Butartrol; Nospasmin Compuesto; Piretanyl; Scopanil; Silartrin†; Silre-
lax†; Sistalgina†; Ultrimin; Viadil Compuesto; Viplan Compuesto; Viproxil
Compuesto; Cz.: Algifen; Algifen Neo; Analgin; Quarelin†; Fin.: Litalgin; Fr.:
Avafortan†; Cefaline-Pyrazole†; Salgydal a la noramidopyrine†; Visceralgine
Forte†; Hung.: Algopyrin Complex; Quarelin; Ridol†; Indon.: Analsik; Ars-
inal; Biomega; Cetalgin; Cetalgin-T; Corsanural; Dactron; Danalgin; Depar-
on; Dolo Scanneuron; Dolo-Licobion; Foraneural; Goralgin; Hedix; Ikaneu-
ron Plus; Neuralgin RX; Neuro Panstop; Neurobat A; Neurodial;
Neurogen; Neurosanbe Plus; Neurotropic Plus; Neuroval; Opineuron;
Penagon; Pritagesic; Procolic; Proneuron; Spaslic; Spasmal; Spasminal; Stiler-
an; Supranal; Tropineuron; Unthecol; Ital.: Soma Complex†; Mex.: Algos-
far; Anadil; Ayoral†; Benfol; Biomesina Compuesta; Bipasmin Compuesto;
Bipasmin Compuesto N; Buscapina Compositum; Busconet; Busepan; Bus-
prina; Colepren; Dolnefort; Dolo-Tiaminal; Espasmogress; Hiosinotil Com-
puesto†; Hiosultrina-F; Korifen; Neo-Brontyl; Neo-Pasmonal; Ortran†; Pas-
modil; Pirobutil; Respicil; Retodol Compositum; Selpiran; Serralpina
Compuesta; Singril; Pol.: Gardan P; Scopolan Compositum; Spasmalgon;
Tolargin; Rus.: Analgin-Chinin (Анальгин-Хинин); Antigrippin-ANVI
(Антигриппин-АНВИ); Baralgetas (Баралгетас)†; Benalgin (Бенальгин);
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Maxigan (Максиган); Nebalgan (Небалган); Pentalgin-N (Пенталгин-Н);
Revalgin (Ревалгин); Sedal-M (Седал-М); Sedalgin-Neo (Седальгин-Нео);
Spasgan (Спазган); Spasmalgon (Спазмалгон); Spasmalin (Спазмалин);
Tempalgin (Темпалгин); Tempanginol (Темпангинол); S.Afr.: Baralgan†;
Buscopan Compositum; Norifortan†; Scopex Co; Spain: Buscapina Com-
positum; Nolotil Compositum†; Thai.: Butarion; Novapam; Turk.: Busco-
pan Compositum; Peraljin; Skopolin; Venez.: Bort†; Buscapina Composi-
tum; Butilamina Compuesta; Cotar†; Diezol Compuesto†; Flemibar ;
Hioscinol Compuesto†; Praxona; Sarifan Compuesto†; Sistalcin Composi-
tum.

Eltenac (rINN)

Elténac; Eltenaco; Eltenacum. 4-(2,6-Dichloroanilino)-3-thiophe-
neacetic acid.
Эльтенак
C12H9Cl2NO2S = 302.2.
CAS — 72895-88-6.

Profile
Eltenac is an NSAID (p.96) used in veterinary medicine.

Embutramide (BAN, USAN, rINN)

Embutramida; Embutramidum; Hoe-18-680. N-(β,β-Diethyl-m-
methoxyphenethyl)-4-hydroxybutyramide.
Эмбутрамид
C17H27NO3 = 293.4.
CAS — 15687-14-6.

Profile
Embutramide is an opioid analgesic used in veterinary medicine
for euthanasia.

Enoxolone (BAN, rINN)

Enoksolonas; Enoksoloni; Enoxolon; Enoxolona; Énoxolone;
Enoxolonum; Glycyrrhetic Acid; Glycyrrhetinic Acid; Kwas gli-
cyryzynowy. 3β-Hydroxy-11-oxo-olean-12-en-30-oic acid.
Эноксолон
C30H46O4 = 470.7.
CAS — 471-53-4.
ATC — D03AX10.
ATC Vet — QD03AX10.

NOTE. Do not confuse with glycyrrhizic acid (p.2316).
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Enoxolone). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
soluble in dehydrated alcohol; sparingly soluble in dichlo-
romethane. Protect from light.
Profile
Enoxolone is a complex triterpene prepared from glycyrrhizic
acid (p.2316), a constituent of liquorice (p.1740). Enoxolone is
used locally in preparations for the treatment of non-infective in-

flammatory disorders of the skin, mouth, throat, and rectum.
Enoxolone potassium (potassium glycyrrhetinate) has been used
similarly. 
Derivatives of enoxolone, including its aluminium salt (p.1729)
and carbenoxolone (p.1714) have been used in the treatment of
benign peptic ulcer disease and other gastrointestinal disorders.
◊ Enoxolone is a potent inhibitor of the enzyme 11β-hydroxys-
teroid dehydrogenase, which inactivates cortisol, and use with
hydrocortisone has been shown in animal studies to potentiate
the activity of hydrocortisone in skin.1 Whether this also in-
creased the systemic absorption and toxicity of hydrocortisone
was unclear.2 However, for reference to adverse effects attributed
to systemic inhibition of cortisol when enoxolone (glycyrrhetinic
acid) is produced during metabolism of ingested liquorice, see
Effects on Fluid and Electrolyte Homoeostasis, p.1740. 
A cream containing enoxolone with hyaluronic acid, telm-
esteine, and a grape extract, has been investigated with apparent
benefit in the management of mild to moderate eczema.3,4 How-
ever, topical application of enoxolone has been associated with
contact dermatitis.5
1. Teelucksingh S, et al. Potentiation of hydrocortisone activity in

skin by glycyrrhetinic acid. Lancet 1990; 335: 1060–3. 
2. Greaves MW. Potentiation of hydrocortisone activity in skin by

glycerrhetinic acid. Lancet 1990; 336: 876. 
3. Belloni G, et al. A randomised, double-blind, vehicle-controlled

study to evaluate the efficacy and safety of MAS063D (Atopi-
clair) in the treatment of mild to moderate atopic dermatitis. Eur
J Dermatol 2005; 15: 31–6. 

4. Abramovits W, Boguniewicz M. Adult Atopiclair Study Group.
A multicenter, randomized, vehicle-controlled clinical study to
examine the efficacy and safety of MAS063DP (Atopiclair) in
the management of mild to moderate atopic dermatitis in adults.
J Drugs Dermatol 2006; 5: 236–44. 

5. Tanaka S, et al. Allergic contact dermatitis from enoxolone.
Contact Dermatitis 2001; 44: 192.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Dermanox; Fr.: Arthrodont; Moustidose; PO 12; S.Afr.: Arthro-
dont.
Multi-ingredient: Arg.: Anastim con RTH; Empecid Pie; Chile: Gingilac-
er†; Ruboril; Sebium AKN; Suavigel; Fr.: Apaisance; Erygine; Fluocaril dents
sensibles; Hexalyse; Hyseke; Hyseke Solaire; Mousticologne; Moustidose
Bebe-Nourrisson; Night Peel; Novophane; Novophane S; Photoderm
Flush†; Photoderm Laser†; Pyreflor; Sebium AKN; Sedorrhoide; Tiq’Aouta;
Vocadys; Hong Kong: Hexalyse; Indon.: Polik; Israel: Aphtagone; Aptha-
X; Gelclair†; Ital.: Acnesan†; Bactilene; Benodent Gel Gengivale†; Biothy-
mus DS; Eudent con Glysan†; Fluocaril; Lenipasta†; Lenirose†; Lisomucil
Gola; Neo-Stomygen; Pastiglie Valda†; Prurex; Skab 2; Viderm†; Mex.: An-
genovag; Periodentyl; Port.: Despigmentante; Rus.: Hexalyse (Гексализ);
Spain: Angileptol; Anginovag; Roberfarin; UK: Atopiclair; Gelclair ; Xclair;
USA: Atopiclair ; Gelclair; Venez.: Sebium AKN; Sensibio DS.

Epirizole (USAN, pINN)

DA-398; Epirizol; Épirizole; Epirizolum; Mepirizole. 4-Methoxy-2-
(5-methoxy-3-methylpyrazol-1-yl)-6-methylpyrimidine.
Эпиризол
C11H14N4O2 = 234.3.
CAS — 18694-40-1.

Pharmacopoeias. In Jpn.
Profile
Epirizole is an NSAID (p.96) that has been given in a usual oral
dose of 150 to 450 mg daily in divided doses; larger doses of up
to 600 mg daily have been used in patients with rheumatoid ar-
thritis.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Mebron†; Jpn: Mebron; Venez.: Dalex.

Etanercept (BAN, USAN, rINN)

Étanercept; Etanerceptum; Etanersept; Etanersepti; rhu-
TNFR:Fc; TNR-001. A dimer of 1-235 tumour necrosis factor re-
ceptor (human) fusion protein with 236-467-immunoglobulin
G1 (human γ1-chain Fc fragment).
Этанерцепт
CAS — 185243-69-0.
ATC — L04AB01.
ATC Vet — QL04AB01.

Adverse Effects and Precautions
As for Infliximab, p.69. 
Mild to moderate injection site reactions with symp-
toms of erythema, itching, pain, or swelling are com-
mon with etanercept. Other common reactions include
headache, dizziness, asthenia, nausea and vomiting,
abdominal pain, dyspepsia, and allergic reactions. Anti-
bodies to etanercept may develop. 
Etanercept should be used with caution in patients with
heart failure.
◊ References.
1. Sánchez Carazo JL, et al. Safety of etanercept in psoriasis: a crit-

ical review. Drug Safety 2006; 29: 675–85.

Wegener’s granulomatosis. The addition of etanercept to
standard therapy (including cyclophosphamide or methotrexate
and corticosteroids) was not shown to be effective in patients
with Wegener’s granulomatosis and was associated with an in-
creased incidence of various non-cutaneous malignancies.1 Li-
censed product information recommends that etanercept should
not be added to therapy in patients with Wegener’s granulomato-
sis.
1. Wegener’s Granulomatosis Etanercept Trial (WGET) Research

Group. Etanercept plus standard therapy for Wegener’s granulo-
matosis. N Engl J Med 2005; 352: 351–61.

Interactions
As for Infliximab, p.71. The use of etanercept with sul-
fasalazine has resulted in decreased white blood cell
counts; however, the clinical significance of this is
unknown. For an increased incidence of malignancy
when etanercept was added to standard immunosup-
pressive therapy in patients with Wegener’s granulo-
matosis, see above.

Pharmacokinetics
After a single subcutaneous dose of etanercept, UK li-
censed product information states that the mean half-
life is about 70 hours, and the time to peak serum con-
centration 48 hours. In contrast, US information gives
the half-life as 102 hours and the time to peak concen-
tration as about 70 hours, although with a considerable
range. Repeated dosing was noted to result in a two- to
sevenfold increase in serum levels of etanercept in
some patients.
◊ References.
1. Korth-Bradley JM, et al. The pharmacokinetics of etanercept in

healthy volunteers. Ann Pharmacother 2000; 34: 161–4. 
2. Zhou H. Clinical pharmacokinetics of etanercept: a fully human-

ized soluble recombinant tumor necrosis factor receptor fusion
protein. J Clin Pharmacol 2005; 45: 490–7. 

3. Yim D-S, et al. Population pharmacokinetic analysis and simu-
lation of the time-concentration profile of etanercept in pediatric
patients with juvenile rheumatoid arthritis. J Clin Pharmacol
2005; 45: 246–56. 

4. Don BR, et al. The pharmacokinetics of etanercept in patients
with end-stage renal disease on haemodialysis. J Pharm Phar-
macol 2005; 57: 1407–13. 

5. Sullivan JT, et al. Bioequivalence of liquid and reconstituted
lyophilized etanercept subcutaneous injections. J Clin Pharma-
col 2006; 46: 654–61. 

6. Nestorov I, et al. Pharmacokinetics of subcutaneously adminis-
tered etanercept in subjects with psoriasis. Br J Clin Pharmacol
2006; 62: 435–45. 

7. Elewski B, et al. Comparison of clinical and pharmacokinetic
profiles of etanercept 25 mg twice weekly and 50 mg once week-
ly in patients with psoriasis. Br J Dermatol 2007; 156: 138–42.

Uses and Administration
Etanercept is a recombinant version of soluble human
tumour necrosis factor (TNF) receptor that binds spe-
cifically to tumour necrosis factor (p.783) and blocks
its interaction with endogenous cell-surface TNF re-
ceptors. This interaction prevents the important effect
of TNF in the inflammatory processes of rheumatoid
arthritis; elevated TNF levels are also found in psoriat-
ic plaques, in the synovium of patients with psoriatic
arthritis, and in the serum and synovium of patients
with ankylosing spondylitis. 
Etanercept is used in the treatment of moderately to se-
verely active rheumatoid arthritis and active and pro-
gressive psoriatic arthritis. In the UK, it is licensed
for use in patients who have had an inadequate re-
sponse to standard disease-modifying antirheumatic
drugs although, in severe rheumatoid arthritis, it may
be used in patients not previously treated with meth-
otrexate. In the USA, it is licensed to treat early rheu-
matoid arthritis or psoriatic arthritis, to reduce the signs
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and symptoms, delay structural damage, and improve
physical function. In both indications, it is given as a
subcutaneous injection in a dose of 25 mg twice week-
ly at intervals of 3 or 4 days. The equivalent weekly
dose of 50 mg may also be given either as a single
50-mg injection or as two separate 25-mg injections
(given at about the same time). In the UK, NICE rec-
ommends, based on guidelines from the British Socie-
ty of Rheumatology, that treatment be stopped if there
is no adequate response after 6 months. Etanercept is
also indicated in the treatment of severely active
ankylosing spondylitis; in the UK, its use is again lim-
ited to those who have had an inadequate response to
conventional therapy. Doses are similar to those used
for rheumatoid arthritis. 
Etanercept is also used in the treatment of chronic,
moderate to severe plaque psoriasis. In the UK, its use
is usually limited to patients in whom other systemic
treatments are not suitable. The recommended initial
dose is 25 mg twice weekly. Alternatively, an initial
dose of 50 mg twice weekly at intervals of 3 or 4 days
may be given for 12 weeks; the dose should then be
reduced to 25 mg twice weekly or 50 mg weekly. Ini-
tial doses of 25 or 50 mg once weekly have also been
shown to be effective. Treatment should continue until
remission is achieved, for up to 24 weeks. Etanercept
should be stopped after 12 weeks in patients who show
no response. 
For details of uses and dosage in children, see below.
Administration in children. Etanercept is used in the treat-
ment of moderately to severely active polyarticular juvenile idi-
opathic arthritis; UK licensed product information limits its use
to those who have had an inadequate response to, or who are
intolerant of, the disease-modifying antirheumatic drug meth-
otrexate. 
In the UK, it is given subcutaneously to children aged 4 years and
over in a dose of 400 micrograms/kg (up to a maximum dose of
25 mg) twice weekly at intervals of 3 or 4 days. In the USA,
etanercept is licensed for use in children as young as 2 years old.
Similar doses are used although they are expressed as
800 micrograms/kg (up to a maximum dose of 50 mg) weekly:
doses to be given as 2 separate injections may either be given on
the same day or 3 to 4 days apart. 
In the UK, NICE recommends, based on guidelines from the
British Paediatric Rheumatology Group, that treatment be
stopped in children if there is no response after 6 months, or an
initial response is not maintained. 
For references on the use of etanercept in juvenile idiopathic ar-
thritis, see Rheumatoid Arthritis, below.
Asthma. TNF inhibitors such as etanercept have been investi-
gated in the treatment of refractory asthma (p.1108).1,2 There is
some evidence that only a minority of patients will respond to
such therapy, and that the benefits and risks must therefore be
carefully assessed.3
1. Howarth PH, et al. Tumour necrosis factor (TNFα) as a novel

therapeutic target in symptomatic corticosteroid dependent asth-
ma. Thorax 2005; 60: 1012–18. 

2. Berry MA, et al. Evidence of a role of tumor necrosis factor α in
refractory asthma. N Engl J Med 2006; 354: 697–708. 

3. Brightling C, et al. Targeting TNF-α: a novel therapeutic ap-
proach for asthma. J Allergy Clin Immunol 2008; 121: 5–10.

Dementia. A small pilot study1 and individual case reports2

have suggested that perispinal injection of etanercept, in doses of
25 to 50 mg weekly, may improve signs of dementia in patients
with Alzheimer’s disease. However, randomised controlled stud-
ies are required to confirm any benefit.
1. Tobinick E, et al. TNF-alpha modulation for treatment of Alzhe-

imer’s disease: a 6-month pilot study. MedGenMed 2006; 8: 25.
Available at: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=
pubmed&pubmedid=16926764 (accessed 13/06/08) 

2. Tobinick EL, Gross H. Rapid cognitive improvement in Alzhe-
imer’s disease following perispinal etanercept administration. J
Neuroinflammation 2008; 5: 2. 
Available at: http://www.jneuroinflammation.com/content/pdf/
1742-2094-5-2.pdf (accessed 13/06/08)

Psoriasis. Etanercept is effective in patients with moderate to
severe plaque psoriasis (p.1583).1-9 It has also been successfully
tried in the treatment of erythrodermic psoriasis,10 and of plaque
psoriasis in children and adolescents.11 
Efficacy may be dose-related; in one study,1 25% of patients in
the low-dose (25 mg once weekly) group showed at least a 75%
improvement compared with 44% in the medium-dose group
(25 mg twice weekly) and 59% in the high-dose group (50 mg
twice weekly) after 24 weeks of etanercept treatment. However,
a later multicentre study2 in patients with chronic plaque psoria-
sis found that the therapeutic effect of etanercept was maintained
when the dose was reduced after 12 weeks from 50 mg twice
weekly to 25 mg twice weekly. An open-label extension8 of

these 2 studies found that efficacy was also sustained when pa-
tients who had received etanercept 25 mg twice weekly for at
least 24 weeks had their dose altered to 50 mg once weekly.
1. Leonardi CL, et al. Etanercept as monotherapy in patients with

psoriasis. N Engl J Med 2003; 349: 2014–22. 
2. Papp KA, et al. A global phase III randomized controlled trial

of etanercept in psoriasis: safety, efficacy, and effect of dose re-
duction. Br J Dermatol 2005; 152: 1304–12. 

3. NICE. Etanercept and efalizumab for the treatment of adults
with psoriasis: Technology Appraisal Guidance 103 (issued July
2006). Available at: http://www.nice.org.uk/nicemedia/pdf/
TA103guidance.pdf (accessed 13/06/08) 

4. Boehncke W-H, et al. European Dermatology Expert Group.
Recommendations for the use of etanercept in psoriasis: a Euro-
pean dermatology expert group consensus. J Eur Acad Derma-
tol Venereol 2006; 20: 988–98. 

5. Woolacott N, et al. NHS Health Technology Assessment Pro-
gramme. Etanercept and efalizumab for the treatment of psoria-
sis: a systematic review (issued November 2006). Available at:
http://www.hta.ac.uk/fullmono/mon1046.pdf (accessed
13/06/08) 

6. Tyring S, et al. Long-term safety and efficacy of 50 mg of
etanercept twice weekly in patients with psoriasis. Arch Derma-
tol 2007; 143: 719–26. 

7. Romero-Maté A, et al. Efficacy and safety of etanercept in pso-
riasis/psoriatic arthritis: an updated review. Am J Clin Dermatol
2007; 8: 143–55. 

8. Elewski B, et al. Comparison of clinical and pharmacokinetic
profiles of etanercept 25 mg twice weekly and 50 mg once
weekly in patients with psoriasis. Br J Dermatol 2007; 156:
138–42. 

9. Ahmad K, Rogers S. Two years of experience with etanercept in
recalcitrant psoriasis. Br J Dermatol 2007; 156: 1010–14. 

10. Esposito M, et al. Treatment of erythrodermic psoriasis with
etanercept. Br J Dermatol 2006; 155: 156–9. 

11. Paller AS, et al. Etanercept Pediatric Psoriasis Study Group.
Etanercept treatment for children and adolescents with plaque
psoriasis. N Engl J Med 2008; 358: 241–51.

Rheumatoid arthritis. Some references to the use of etaner-
cept in rheumatoid arthritis (p.11) and juvenile idiopathic arthri-
tis (p.10).
1. Weinblatt ME, et al. A trial of etanercept, a recombinant tumor

necrosis factor receptor: Fc fusion protein, in patients with rheu-
matoid arthritis receiving methotrexate. N Engl J Med 1999;
340: 253–9. 

2. Moreland LW, et al. Etanercept therapy in rheumatoid arthritis:
a randomized, controlled trial. Ann Intern Med 1999; 130:
478–86. 

3. Lovell DJ, et al. Etanercept in children with polyarticular juve-
nile rheumatoid arthritis. N Engl J Med 2000; 342: 763–9. 

4. Bathon JM, et al. A comparison of etanercept and methotrexate
in patients with early rheumatoid arthritis. N Engl J Med 2000;
343: 1586–93. Correction. ibid. 2001; 344: 76. 

5. Johnson CJ, et al. Etanercept in juvenile rheumatoid arthritis.
Ann Pharmacother 2001; 35: 464–71. 

6. Genovese MC, et al. Etanercept versus methotrexate in patients
with early rheumatoid arthritis: two-year radiographic and clin-
ical outcomes. Arthritis Rheum 2002; 46: 1443–50. 

7. NICE. Guidance on the use of etanercept for the treatment of
juvenile idiopathic arthritis: Technology Appraisal Guidance 35
(issued March 2002). Available at: http://www.nice.org.uk/
nicemedia/pdf/JIA-PDF.pdf (accessed 13/06/08) 

8. Klareskog L, et al. Therapeutic effect of the combination of
etanercept and methotrexate compared with each treatment
alone in patients with rheumatoid arthritis: double-blind ran-
domised controlled trial. Lancet 2004; 363: 675–81. 

9. Genovese MC, et al. Longterm safety, efficacy, and radiograph-
ic outcome with etanercept treatment in patients with early
rheumatoid arthritis. J Rheumatol 2005; 32: 1232–42. 

10. Bathon JM, et al. Safety and efficacy of etanercept treatment in
elderly subjects with rheumatoid arthritis. J Rheumatol 2006;
33: 234–43. 

11. van Riel PLCM, et al. ADORE (Add Enbrel or Replace Meth-
otrexate) Study Investigators. Efficacy and safety of combina-
tion etanercept and methotrexate versus etanercept alone in pa-
tients with rheumatoid arthritis with an inadequate response to
methotrexate: the ADORE study. Ann Rheum Dis 2006; 65:
1478–83. 

12. Moreland LW, et al. Etanercept treatment in adults with estab-
lished rheumatoid arthritis: 7 years of clinical experience. J
Rheumatol 2006; 33: 854–61. 

13. van der Heijde D, et al. Comparison of etanercept and meth-
otrexate, alone and combined, in the treatment of rheumatoid
arthritis: two-year clinical and radiographic results from the
TEMPO study, a double-blind, randomized trial. Arthritis
Rheum 2006; 54: 1063–74. 

14. Chen Y-F, et al. NHS Health Technology Assessment Pro-
gramme. A systematic review of the effectiveness of adalimum-
ab, etanercept and infliximab for the treatment of rheumatoid
arthritis in adults and an economic evaluation of their cost-ef-
fectiveness (issued November 2006). Available at: http://
www.hta.ac.uk/fullmono/mon1042.pdf (accessed 13/06/08) 

15. Weisman MH, et al. A placebo-controlled, randomized, double-
blinded study evaluating the safety of etanercept in patients with
rheumatoid arthritis and concomitant comorbid diseases. Rheu-
matology (Oxford) 2007; 46: 1122–5. 

16. Dhillon S, et al. Etanercept: a review of its use in the manage-
ment of rheumatoid arthritis. Drugs 2007; 67: 1211–41. Correc-
tion. ibid.; 1849. 

17. van der Heijde D, et al. Etanercept Study 400 Investigators. The
safety and efficacy of adding etanercept to methotrexate or
methotrexate to etanercept in moderately active rheumatoid ar-
thritis patients previously treated with monotherapy. Ann
Rheum Dis 2008; 67: 182–8. 

18. van der Heijde D, et al. Disease remission and sustained halting
of radiographic progression with combination etanercept and
methotrexate in patients with rheumatoid arthritis. Arthritis
Rheum 2007; 56: 3928–39. 

19. NICE. Adalimumab, etanercept and infliximab for the treatment
of rheumatoid arthritis: Technology Appraisal Guidance 130
(issued October 2007). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA130guidance.pdf (accessed 13/06/08) 

20. Gartlehner G, et al. Biologics for the treatment of juvenile idio-
pathic arthritis: a systematic review and critical analysis of the
evidence. Clin Rheumatol 2008; 27: 67–76.

Spondyloarthropathies. References to the use of etanercept
in the treatment of ankylosing spondylitis and psoriatic arthritis
(p.13).
1. Mease PJ, et al. Etanercept in the treatment of psoriatic arthritis

and psoriasis: a randomised trial. Lancet 2000; 356: 385–90. 
2. Brandt J, et al. Six-month results of a double-blind, placebo-

controlled trial of etanercept treatment in patients with active
ankylosing spondylitis. Arthritis Rheum 2003; 48: 1667–75. 

3. Davis JC, et al. Enbrel Ankylosing Spondylitis Study Group.
Recombinant human tumor necrosis factor receptor (etanercept)
for treating ankylosing spondylitis: a randomized, controlled
trial. Arthritis Rheum 2003; 48: 3230–6. 

4. Mease PJ, et al. Etanercept treatment of psoriatic arthritis: safe-
ty, efficacy, and effect on disease progression. Arthritis Rheum
2004; 50: 2264–72. 

5. Baraliakos X, et al. Outcome of patients with active ankylosing
spondylitis after two years of therapy with etanercept: clinical
and magnetic resonance imaging data. Arthritis Rheum 2005;
53: 856–63. 

6. Mease PJ, et al. Continued inhibition of radiographic progres-
sion in patients with psoriatic arthritis following 2 years of treat-
ment with etanercept. J Rheumatol 2006; 33: 712–21. 

7. NICE. Etanercept and infliximab for the treatment of adults
with psoriatic arthritis: Technology Appraisal Guidance 104 (is-
sued July 2006). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA104guidance.pdf (accessed 13/06/08) 

8. Woolacott N, et al. NHS Health Technology Assessment Pro-
gramme. Etanercept and infliximab for the treatment of psoriat-
ic arthritis: a systematic review and economic evaluation (is-
sued September 2006). Available at: http://www.hta.ac.uk/
fullmono/mon1031.pdf (accessed 13/06/08) 

9. van der Heijde D, et al. Etanercept Study 314 Investigators.
Etanercept 50 mg once weekly is as effective as 25 mg twice
weekly in patients with ankylosing spondylitis. Ann Rheum Dis
2006; 65: 1572–7. 

10. Cantini F, et al. Switching from infliximab to once-weekly ad-
ministration of 50 mg etanercept in resistant or intolerant pa-
tients with ankylosing spondylitis: results of a fifty-four-week
study. Arthritis Rheum 2006; 55: 812–6. 

11. Woolacott NF, et al. Etanercept and infliximab for the treatment
of psoriatic arthritis: a systematic review. Clin Exp Rheumatol
2006; 24: 587–93. 

12. Braun J, et al. Improvement in patient-reported outcomes for
patients with ankylosing spondylitis treated with etanercept
50 mg once-weekly and 25 mg twice-weekly. Rheumatology
(Oxford) 2007; 46: 999–1004. 

13. Romero-Maté A, et al. Efficacy and safety of etanercept in pso-
riasis/psoriatic arthritis: an updated review. Am J Clin Dermatol
2007; 8: 143–55. 

14. Frankel EH, et al. Etanercept improves psoriatic arthritis pa-
tient-reported outcomes: results from EDUCATE. Cutis 2007;
79: 322–6. 

15. McLeod C, et al. NHS Health Technology Assessment Pro-
gramme. Adalimumab, etanercept and infliximab for the treat-
ment of ankylosing spondylitis: a systematic review and eco-
nomic evaluation. Available at: http://www.hta.ac.uk/
fullmono/mon1128.pdf (accessed 13/06/08) 

16. Gottlieb AB, et al. Use of etanercept for psoriatic arthritis in the
dermatology clinic: the Experience Diagnosing, Understanding
Care, and Treatment with Etanercept (EDUCATE) study. J Der-
matolog Treat 2006; 17: 343–52. 

17. Hoy SM, Scott LJ. Etanercept: a review of its use in the man-
agement of ankylosing spondylitis and psoriatic arthritis. Drugs
2007; 67: 2609–33.

Vasculitic syndromes. For a preliminary report on the use of
etanercept in Takayasu’s arteritis, see p.1514.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Enbrel; Austral.: Enbrel; Belg.: Enbrel; Braz.: Enbrel; Canad.: Enbrel;
Chile: Enbrel; Cz.: Enbrel; Denm.: Enbrel; Fin.: Enbrel; Fr.: Enbrel; Ger.:
Enbrel; Gr.: Enbrel; Hong Kong: Enbrel; India: Enbrel; Indon.: Enbrel; Irl.:
Enbrel; Israel: Enbrel; Ital.: Enbrel; Malaysia: Enbrel; Mex.: Enbrel;
Neth.: Enbrel; Norw.: Enbrel; NZ: Enbrel; Philipp.: Enbrel; Pol.: Enbrel;
Port.: Enbrel; S.Afr.: Enbrel; Singapore: Enbrel; Spain: Enbrel; Swed.:
Enbrel; Switz.: Enbrel; Thai.: Enbrel; Turk.: Enbrel; UK: Enbrel; USA: En-
brel; Venez.: Enbrel.

Multi-ingredient: Hung.: Enbrel.

Ethenzamide (BAN, rINN)

Aethoxybenzamidum; Etentsamidi; Etenzamid; Etenzamida;
Etenzamide; Éthenzamide; Ethenzamidum; Ethoxybenzamide;
Ethylsalicylamide; HP-209. 2-Ethoxybenzamide.
Этензамид
C9H11NO2 = 165.2.
CAS — 938-73-8.
ATC — N02BA07.
ATC Vet — QN02BA07.

Pharmacopoeias. In Jpn.

Profile
Ethenzamide is a salicylic acid derivative (see Aspirin, p.20) giv-
en by mouth in painful and inflammatory conditions and to re-
duce fever.
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Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Coldadolin; Dolmix; Helopyrin; Nisicur ;
Seltoc; Cz.: Cephyl†; Ger.: Glutisal†; Kolton grippale N†; Indon.: Farapon;
Neo Novapon Plus; Jpn: Sin Colgen Kowa Kaze; Pol.: Erka; Etomar; Etopi-
ryna; Port.: Cephyl; Rus.: Nextrim Aktiv (Некстрим Актив); Switz.:
Nicaphlogyl†; Seranex sans codeine†.

Ethoheptazine Citrate (BANM, rINNM)

Citrato de etoheptacina; Éthoheptazine, Citrate d’; Ethoheptazini
Citras; Wy-401. Ethyl 1-methyl-4-phenylperhydroazepine-4-car-
boxylate dihydrogen citrate.

Этогептазина Цитрат
C16H23NO2,C6H8O7 = 453.5.
CAS — 77-15-6 (ethoheptazine); 6700-56-7 (ethohep-
tazine citrate); 2085-42-9 ((±)-ethoheptazine citrate).

(ethoheptazine)

Profile
Ethoheptazine citrate is an opioid analgesic (p.101) structurally
related to pethidine (p.113). It has been used as an analgesic in
the short-term treatment of mild to moderate pain, usually with
other drugs such as aspirin and meprobamate.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Equagesic; S.Afr.: Equagesic.

Ethyl Nicotinate
Nicotinato de etilo.
C8H9NO2 = 151.2.
CAS — 614-18-6.

Profile
Ethyl nicotinate is used in concentrations of up to 2% in topical
rubefacient preparations for the relief of pain in musculoskeletal,
joint, and soft-tissue disorders. It has also been used as supposi-
tories in anorectal disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Mucotherm.

Multi-ingredient: Austria: Percucor†; Thermal; Belg.: Transvane;
Hung.: Nicoflex; Irl.: Transvasin; Norw.: Thermal†; Switz.: Baume Esco
Forte; Frixo-Dragon Vert†; Knobel Huile N; Thermocutan†; Ziegella; UK:
PR Heat Spray; Transvasin Heat Rub.

Ethyl Salicylate
Salicilato de etilo. Ethyl 2-hydroxybenzoate.

Этилсалицилат
C9H10O3 = 166.2.
CAS — 118-61-6.

Profile
Ethyl salicylate is a salicylic acid derivative that is used similarly
to methyl salicylate (p.85) in concentrations of up to 5% in topi-
cal rubefacient preparations for the relief of pain in musculoskel-
etal, joint, and soft-tissue disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Deep Heat; Radian-B†; Belg.: Rado-Salil; Is-
rael: Deep Heat Spray; Ital.: Remy; Pol.: Deep Heat; S.Afr.: Deep Heat
Spray; Singapore: Deep Heating Spray†; Switz.: Alginex†; UK: Deep
Heat Spray; Dubam; Numark Muscle Spray; Ralgex.

Ethylmorphine Hydrochloride (BANM)

Aethylmorphinae Hydrochloridum; Aethylmorphini Hydrochlo-
ridum; Chlorhydrate de Codéthyline; Ethylmorfin-hydrochlorid
dihydrát; Éthylmorphine, chlorhydrate d’; Ethylmorphini hydro-
chloridum; Ethylmorphini Hydrochloridum Dihydricum; Ethyl-
morphinium Chloride; Etilmorfina, hidrocloruro de; Etilmorfin-
hidroklorid; Etilmorfino hidrochloridas; Etylmorfinhydroklorid;
Etylomorfiny chlorowodorek; Etyylimorfiinihydrokloridi. 3-O-
Ethylmorphine hydrochloride dihydrate; 7,8-Didehydro-4,5-
epoxy-3-ethoxy-17-methylmorphinan-6-ol hydrochloride dihy-
drate.
C19H23NO3,HCl,2H2O = 385.9.
CAS — 76-58-4 (ethylmorphine); 125-30-4 (ethylmor-
phine hydrochloride).
ATC — R05DA01; S01XA06.
ATC Vet — QR05DA01; QS01XA06.

(ethylmorphine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Ethylmorphine Hydrochloride). A white or almost
white crystalline powder. Soluble in water and in alcohol. A 2%
solution in water has a pH of 4.3 to 5.7. Protect from light.

Profile
Ethylmorphine hydrochloride is an opioid analgesic (p.101) and
has properties similar to those of codeine (p.37). It is used mainly
as a cough suppressant. It has also been used for its analgesic and
antidiarrhoeal properties. It was formerly given in eye drops as a
lymphagogue. 
Ethylmorphine free base and the camphorate and camsilate have
also been used.

◊ References.
1. Aasmundstad TA, et al. Biotransformation and pharmacokinet-

ics of ethylmorphine after a single oral dose. Br J Clin Pharma-
col 1995; 39: 611–20. 

2. Jonasson B, et al. Fatal poisonings where ethylmorphine from
antitussive medications contributed to death. Int J Legal Med
1999; 112: 299–302.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dionina; Belg.: Codethyline; Cz.: Diolan; Fin.: Cocillana; Fr.: Dithiol†;
UK: Collins Elixir.

Multi-ingredient: Austria: Modiscop; Belg.: Longbalsem; Saintbois;
Tux†; Chile: Codelasa; Fin.: Indalgin; Fr.: Ephydion; Humex†; Tussipax;
Vegetoserum; Hung.: Dolor; India: Bell Diono Resolvent; Bell Resolvent;
Ital.: Mindol-Merck†; Norw.: Cosylan; Solvipect comp; Port.: Bronquias-
mol†; Calmarum†; Xarope Antigripal†; Spain: Demusin; Sedalmerck†;
Swed.: Cocillana-Etyfin; Lepheton; Switz.: Ipeca†; Phol-Tux; Saintbois; Sano
Tuss; Turk.: Fenokodin; Venez.: Novacodin.

Etodolac (BAN, USAN, rINN)

AY-24236; Etodolaakki; Étodolac; Etodolaco; Etodolacum;
Etodolák; Etodolak; Etodolakas; Etodolic Acid. 1,8-Diethyl-
1,3,4,9-tetrahydropyrano[3,4-b]indol-1-ylacetic acid.

Этодолак
C17H21NO3 = 287.4.
CAS — 41340-25-4.
ATC — M01AB08.
ATC Vet — QM01AB08.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Etodolac). A white or almost white crystalline
powder. Practically insoluble in water; freely soluble in dehy-
drated alcohol and in acetone. 
USP 31 (Etodolac). Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
The presence of phenolic metabolites of etodolac in the
urine may give rise to a false-positive reaction for bi-
lirubin.
Effects on the blood. Agranulocytosis has been reported in a
patient receiving etodolac.1 Coombs-positive haemolytic anae-
mia due to sensitivity to etodolac metabolites has also been re-
ported.2
1. Cramer RL, et al. Agranulocytosis associated with etodolac. Ann

Pharmacother 1994; 28: 458–60. 
2. Cunha PD, et al. Immune hemolytic anemia caused by sensitivi-

ty to a metabolite of etodolac, a nonsteroidal anti-inflammatory
drug. Transfusion 2000; 40: 663–8.

Effects on the gastrointestinal tract. Etodolac is reported to
be a preferential inhibitor of cyclo-oxygenase 2 (COX-2) and
consequently it may produce less gastric toxicity than the non-
selective NSAIDs such as naproxen.1-3

1. Taha AS, et al. Effect of repeated therapeutic doses of naproxen
and etodolac on gastric and duodenal mucosal prostaglandins
(PGs) in rheumatoid arthritis (RA). Gut 1989; 30: A751. 

2. Bianchi Porro G, et al. A double-blind gastroscopic evaluation of
the effects of etodolac and naproxen on the gastrointestinal mu-
cosa of rheumatic patients. J Intern Med 1991; 229: 5–8. 

3. Weideman RA, et al. Risks of clinically significant upper gas-
trointestinal events with etodolac and naproxen: a historical co-
hort analysis. Gastroenterology 2004; 127: 1322–8.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics
Etodolac is a chiral compound given as the racemate.
Peak plasma concentrations of the active (S)-enanti-
omer and of the inactive (R)-enantiomer are usually
obtained within about 2 hours of a dose by mouth but
plasma concentrations of the (R)-enantiomer have
been reported to greatly exceed those of the (S)-enanti-
omer. Both enantiomers are highly bound to plasma
proteins. Both are also distributed to the synovial fluid,
although the difference in their concentrations may not
be as marked as the difference in plasma concentra-
tions. The plasma half-life of total etodolac has been
reported to be about 7 hours; excretion is mainly in the
urine as hydroxylated metabolites and glucuronide
conjugates; some may be excreted in the bile.
◊ References.
1. Brocks DR, et al. Stereoselective disposition of etodolac enanti-

omers in synovial fluid. J Clin Pharmacol 1991; 31: 741–6. 
2. Brocks DR, et al. The stereoselective pharmacokinetics of

etodolac in young and elderly subjects, and after cholecystecto-
my. J Clin Pharmacol 1992; 32: 982–9. 

3. Brocks DR, Jamali F. Etodolac clinical pharmacokinetics. Clin
Pharmacokinet 1994; 26: 259–74. 

4. Boni J, et al. Pharmacokinetic and pharmacodynamic action of
etodolac in patients after oral surgery. J Clin Pharmacol 1999;
39: 729–37. 

5. Boni JP, et al. Pharmacokinetics of etodolac in patients with sta-
ble juvenile rheumatoid arthritis. Clin Ther 1999; 21: 1715–24.

Uses and Administration
Etodolac, a pyrano-indoleacetic acid derivative, is an
NSAID (p.99) reported to be a preferential inhibitor of
cyclo-oxygenase 2 (COX-2). It is used for rheumatoid
arthritis, including juvenile idiopathic arthritis, and os-
teoarthritis and for the treatment of acute pain. 
For the treatment of rheumatoid arthritis and osteoar-
thritis, the recommended oral dose is initially 600 to
1000 mg daily in divided doses adjusted according to
response; single daily doses of up to 600 mg may also
be given. Modified-release preparations are available
for once-daily use in these conditions. For doses in
children, see below. 
For the treatment of acute pain, the recommended dose
is 200 to 400 mg every 6 to 8 hours to a maximum of
1 g daily.
Administration in children. In the USA modified-release
preparations of etodolac may be given for the oral treatment of
juvenile idiopathic arthritis in children aged 6 to 16 years. Doses
are given once daily according to body-weight as follows: 
• 20 to 30 kg: 400 mg 
• 31 to 45 kg: 600 mg 
• 46 to 60 kg: 800 mg 
• over 60 kg: 1 g
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Etodolac Capsules; Etodolac Tablets; 
USP 31: Etodolac Capsules; Etodolac Extended-Release Tablets; Etodolac
Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Lodine†; Braz.: Flancox; Canad.: Ultradol†; Denm.: Todolac;
Fin.: Lodine; Fr.: Lodine; Gr.: Ecridoxan†; Lonine; Hong Kong: Lodine;
Indon.: Lonene; Israel: Etopan; Ital.: Lodine†; Jpn: Hypen; Mex.: Lod-
ine†; Port.: Acudor; Articulan; Dualgan; Lodine†; Lodot†; Metazin†; Sodol-
ac; Switz.: Lodine; Thai.: Etonox; Turk.: Edolar ; Etodin; Etol; Lodine;
Tadolak; UK: Eccoxolac; Etopan; Lodine; USA: Lodine†; Venez.: Lodine†.

Etofenamate (BAN, USAN, rINN)

B-577; Bay-d-1107; Etofenamaatti; Etofenamát; Etofenamat;
Etofenamatas; Étofénamate; Etofenamato; Etofenamatum; TV-
485; TVX-485; WHR-5020. 2-(2-Hydroxyethoxy)ethyl N-(ααα-
trifluoro-m-tolyl)anthranilate.
Этофенамат
C18H18F3NO4 = 369.3.
CAS — 30544-47-9.
ATC — M02AA06.
ATC Vet — QM02AA06.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Etofenamate). A yellowish viscous liquid. Practi-
cally insoluble in water; miscible with alcohol and with ethyl
acetate.
Profile
Etofenamate is an NSAID (p.96) that has been applied topically
in a concentration of 5 or 10% for the relief of pain and inflam-
mation associated with musculoskeletal, joint, and soft-tissue
disorders. It has also been given by deep intramuscular injection
in single doses of 1 g.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bayrogel†; Contour†; Flogol; Austria: Rheumon; Traumon; Belg.:
Flexium; Braz.: Bayro; Chile: Bayagel; Bayro†; Flogojet; Master-Gel†; Val-
orel; Cz.: Etogel†; Rheuma Denk†; Rheumon; Traumon; Ger.: Algesalona
E†; Rheuma-Gel; Rheumon; Traumon; Gr.: Cimal†; Etofenol; Fenam†;
Melferut; Pazergicel†; Radermin; Reumina; Roiplon; Hong Kong: Flogopro-
fen; Hung.: Activon Extra; Rheumon; Traumon†; Ital.: Bayro; Mex.: Bayro;
Pol.: Rheumon; Traumon; Port.: Fenogel; Reumon; Spain: Aspitopic; Fl-
ogoprofen; Zenavan; Switz.: Activon†; Etofen†; Rheumon; Traumalix;
Turk.: Doline; Flexo; Painex; Rheumon; Venez.: Traflan.
Multi-ingredient: Arg.: Bayagel; Austria: Thermo-Rheumon; Chile:
Bayro-Therm†; Cz.: Thermo-Rheumon†; Ger.: Thermo-Rheumon†; Gr.:
Thermo-Roiplon; Hung.: Thermo-Rheumon†; Mex.: Bayro Termo; Pol.:
Thermo-Rheumon; Turk.: Thermo-Doline; Thermo-Rheumon; Ther-
moflex; Venez.: Reugel.

Etoricoxib (BAN, USAN, rINN)

Étoricoxib; Etoricoxibum; Etorikoksib; Etorikoksibi; Etorikoxib; L-
791456; MK-0663; MK-663. 5-Chloro-6′-methyl-3-[p-(methyl-
sulfonyl)phenyl]-2,3′-bipyridine.
Эторикоксиб
C18H15ClN2O2S = 358.8.
CAS — 202409-33-4.
ATC — M01AH05.
ATC Vet — QM01AH05.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
Hypersensitivity reactions including anaphylaxis and
angioedema have occurred in patients receiving etori-
coxib; it should be stopped at the first signs of hyper-
sensitivity. Etoricoxib should be avoided in patients

with severe hepatic impairment (Child-Pugh score of
10 or more). Therapy should be stopped if persistently
abnormal liver enzyme values are seen. 
Etoricoxib should not be used in patients with ischae-
mic heart disease, peripheral arterial disease, or cere-
brovascular disease. It should be used with caution in
patients with significant risk factors for cardiovascular
disease such as hypertension, hyperlipidaemia, and di-
abetes mellitus. Etoricoxib, particularly at high doses,
may be associated with more frequent and severe hy-
pertension compared with other NSAIDs and selective
COX-2 inhibitors; blood pressure monitoring during
etoricoxib treatment is recommended. Etoricoxib
should not be used in patients with hypertension whose
blood pressure is not controlled (see also Effects on the
Cardiovascular System, below). 
Etoricoxib is also contra-indicated in patients with in-
flammatory bowel disease, moderate to severe heart
failure (NYHA class II to IV), and renal impairment
associated with a creatinine clearance of less than
30 mL/minute. Caution is recommended when using
etoricoxib in dehydrated patients; it may be advisable
to rehydrate patients before giving etoricoxib.
Effects on the cardiovascular system. There have been
concerns about the adverse cardiovascular effects of selective cy-
clo-oxygenase-2 (COX-2) inhibitors after the worldwide with-
drawal of rofecoxib (see p.121). The cardiovascular safety of
etoricoxib has been assessed in the MEDAL programme1 which
pooled data from 3 studies involving over 30 000 patients with
either osteoarthritis or rheumatoid arthritis. Patients with osteoar-
thritis were given etoricoxib 60 or 90 mg daily; those with rheu-
matoid arthritis received 90 mg daily. In all studies, diclofenac
150 mg daily was given as the comparator; low-dose aspirin
(100 mg daily or less) was also allowed where indicated. After
an average treatment duration of 18 months, the rates of throm-
botic events such as myocardial infarction, stroke, and sudden or
unexplained death with etoricoxib were similar to those for di-
clofenac. (It has been suggested that diclofenac itself may in-
crease the risk of some thrombotic events; for further details, see
p.97.) The programme also found that the rate of some other non-
thrombotic cardiovascular events was increased with etoricoxib:
one of the 3 studies showed that there was a non-significant in-
crease in the rate of heart failure with etoricoxib 90 mg daily
compared to diclofenac; withdrawals due to oedema were also
more frequent with high-dose etoricoxib than with diclofenac or
etoricoxib 60 mg daily. In addition, the number of patients stop-
ping treatment because of hypertension was higher with both
doses of etoricoxib than with diclofenac. Similar results were
seen in the other 2 studies. 
In another study2 that pooled pre-licensing data, the risk of
thrombotic events with etoricoxib, given at a dose of at least
60 mg daily, was also found to be similar to that for placebo treat-
ment, ibuprofen (2.4 g daily), diclofenac (150 mg daily), and
naproxen (1 g daily), although there was a trend towards more
events with etoricoxib than with naproxen. For details on the rel-
ative risk of thrombotic events associated with non-selective
NSAIDs, see p.97. 
The EMEA’s Committee for Medicinal Products for Human Use
(CHMP)3 has recommended the inclusion of a warning in the
labelling of etoricoxib that it must not be given to patients whose
blood pressure is persistently above 140/90 mmHg and inade-
quately controlled; in addition, high blood pressure should be
controlled before starting treatment and monitored for 2 weeks
afterwards then regularly thereafter. 
For discussion and advice on the use of selective COX-2 inhibi-
tors in patients with cardiovascular or cerebrovascular disease,
see under Celecoxib, p.34.
1. Cannon CP, et al. Cardiovascular outcomes with etoricoxib and

diclofenac in patients with osteoarthritis and rheumatoid arthritis
in the Multinational Etoricoxib and Diclofenac Arthritis Long-
term (MEDAL) programme: a randomised comparison. Lancet
2006; 368: 1771–81. 

2. Curtis SP, et al. Pooled analysis of thrombotic cardiovascular
events in clinical trials of the COX-2 selective inhibitor etoricox-
ib. Curr Med Res Opin 2006; 22: 2365–74. 

3. EMEA. EMEA recommends strengthening warnings and con-
traindications for etoricoxib-containing medicines used in the
treatment of rheumatoid arthritis and ankylosing spondylitis (is-
sued 26th June, 2008). Available at: http://www.emea.europa.eu/
pdfs/human/press/pr/33363608en.pdf (accessed 16/07/08)

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as etoricoxib may cause less gastrotoxicity than that seen
with the non-selective inhibition of the traditional NSAIDs.
However, licensed product information states that upper gas-
trointestinal perforation, ulceration, and bleeds, in some cases
fatal, have occurred with etoricoxib treatment; consequently, it
should be used with caution in patients with a history of, or at risk

of developing, such events. In addition, etoricoxib should not be
used in patients with active gastrointestinal ulceration or bleed-
ing. 
Results from controlled studies have suggested that NSAIDs se-
lective for COX-2 were associated with a lower incidence of se-
rious gastrointestinal effects. In a study1 of the pooled data from
3 randomised clinical studies, etoricoxib (in doses of 60 or 90 mg
daily) was associated with significantly less frequent upper gas-
trointestinal clinical events than diclofenac (150 mg daily). The
result was attributed to the lower rate of uncomplicated ulcers
with etoricoxib compared with diclofenac; there was no differ-
ence in the rate of complicated gastrointestinal events between
the 2 drugs. The lower rate of uncomplicated events with etori-
coxib compared with diclofenac was not affected by treatment
with low-dose aspirin or proton pump inhibitors. An analysis2 by
the manufacturer, of pooled data from 10 randomised clinical
studies, found that etoricoxib (in daily doses of 60, 90, or
120 mg) was associated with a lower combined risk of upper
gastrointestinal perforations and bleeding, and symptomatic gas-
troduodenal ulcers when compared with non-selective NSAIDs
(diclofenac 150 mg daily, ibuprofen 2.4 g daily, or naproxen 1 g
daily) as a group. This reduced risk was seen even in patients
with known risk factors for such complications such as the elder-
ly and those with a history of gastrointestinal reactions.
1. Laine L, et al. Assessment of upper gastrointestinal safety of

etoricoxib and diclofenac in patients with osteoarthritis and
rheumatoid arthritis in the Multinational Etoricoxib and Di-
clofenac Arthritis Long-term (MEDAL) programme: a ran-
domised comparison. Lancet 2007; 369: 465–73. 

2. Ramey DR, et al. The incidence of upper gastrointestinal adverse
events in clinical trials of etoricoxib vs. non-selective NSAIDs:
an updated combined analysis. Curr Med Res Opin 2005; 21:
715–22.

Effects on the kidneys. Limited evidence of the renal toxicity
of the selective cyclo-oxygenase-2 (COX-2) inhibitors such as
etoricoxib suggests that such NSAIDs appear to have effects on
renal function similar to those of the non-selective NSAIDs (see
p.98).

Interactions
The metabolism of etoricoxib is mediated by the cyto-
chrome P450 isoenzyme CYP3A4. Use with other
drugs that inhibit or induce this isoenzyme may result
in changes in plasma concentration of etoricoxib. In
addition, in vitro studies suggest that several other
isoenzymes may also mediate the main metabolic
pathway of etoricoxib. Rifampicin, a potent inducer of
CYP isoenzymes, has produced decreased plasma con-
centrations of etoricoxib. 
Etoricoxib is an inhibitor of human sulfotransferase ac-
tivity and has been shown to increase the plasma con-
centration of ethinylestradiol. Interactions with other
drugs, such as oral salbutamol and minoxidil, also
metabolised by this enzyme may be a possibility and
licensed product information advises care with such
combinations. 
For interactions associated with NSAIDs in general,
see p.99.

Pharmacokinetics
Etoricoxib is well absorbed from the gastrointestinal
tract after oral doses. Peak plasma concentrations are
reached in about 1 hour in fasted adults; food delays
absorption by about 2 hours, although it has no effect
on the extent of absorption. Plasma protein binding is
about 92%. At steady state the half-life of etoricoxib is
about 22 hours. Etoricoxib is extensively metabolised
with less than 2% of a dose recovered in the urine as the
parent drug. The major route of metabolism is via cy-
tochrome P450 isoenzymes including CYP3A4 to
form the 6′-hydroxymethyl derivative of etoricoxib,
which is then oxidised to the 6′-carboxylic acid deriv-
ative, the major metabolite. Both are inactive or only
weak cyclo-oxygenase-2 (COX-2) inhibitors. Excre-
tion is mainly via the urine (70%) with only 20% of a
dose appearing in the faeces. Studies in animals sug-
gest that etoricoxib may cross the placenta and that
some is distributed into breast milk.
◊ References.
1. Agrawal NGB, et al. Single- and multiple-dose pharmacokinet-

ics of etoricoxib, a selective inhibitor of cyclooxygenase-2, in
man. J Clin Pharmacol 2003; 43: 268–76. 

2. Agrawal NGB, et al. Pharmacokinetics of etoricoxib in patients
with hepatic impairment. J Clin Pharmacol 2003; 43: 1136–48. 

3. Agrawal NGB, et al. Pharmacokinetics of etoricoxib in patients
with renal impairment. J Clin Pharmacol 2004; 44: 48–58.
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Uses and Administration
Etoricoxib is an NSAID (p.96) reported to be a selec-
tive inhibitor of cyclo-oxygenase-2 (COX-2). It is used
in the symptomatic relief of rheumatoid arthritis, oste-
oarthritis, and acute gouty arthritis. 
In osteoarthritis, etoricoxib is given orally in a usual
dose of 30 mg once daily, increased to 60 mg once dai-
ly if necessary. The recommended dose in rheumatoid
arthritis is 90 mg once daily; higher doses of 120 mg
once daily are used in gouty arthritis although such
doses should only be used for the acute symptomatic
period and for a maximum of 8 days. For dosage rec-
ommendations in patients with hepatic impairment, see
below.

◊ References.
1. Patrignani P, et al. Clinical pharmacology of etoricoxib: a novel

selective COX2 inhibitor. Expert Opin Pharmacother 2003; 4:
265–84. 

2. Dallob A, et al. Characterization of etoricoxib, a novel, selective
COX-2 inhibitor. J Clin Pharmacol 2003 43: 573–85. 

3. Martina SD, et al. Etoricoxib: a highly selective COX-2 inhibi-
tor. Ann Pharmacother 2005; 39: 854–62.

Administration in hepatic impairment. The maximum
oral dose of etoricoxib in patients with mild hepatic impairment
(Child-Pugh score of 5 to 6), regardless of indication, is 60 mg
once daily; those with moderate impairment (Child-Pugh 7 to 9)
should be given a maximum of 60 mg every other day or 30 mg
once daily. Etoricoxib should not be given to patients with severe
hepatic impairment (Child-Pugh 10 or more).

Musculoskeletal and joint disorders. The selective cyclo-
oxygenase-2 (COX-2) inhibitor etoricoxib is used in the treat-
ment of the musculoskeletal disorders osteoarthritis and rheuma-
toid arthritis (see p.11 and p.11, respectively). However, in the
UK, it is recommended that the use of selective COX-2 inhibi-
tors is limited to those patients considered to be at high risk of
developing serious gastrointestinal problems if given a non-se-
lective NSAID (see p.97). 
Etoricoxib is also used in gouty arthritis (p.552) and has been
tried in the treatment of ankylosing spondylitis (see Spondyloar-
thropathies, p.13). 
References.
1. Cochrane DJ, et al. Etoricoxib. Drugs 2002; 62: 2637–51. 
2. Schumacher HR, et al. Randomised double blind trial of etori-

coxib and indometacin in treatment of acute gouty arthritis. BMJ
2002; 324: 1488–92. 

3. Gottesdiener K, et al. Results of a randomized, dose-ranging trial
of etoricoxib in patients with osteoarthritis. Rheumatology (Ox-
ford) 2002; 41: 1052–61. 

4. Wiesenhutter CW, et al. Evaluation of the comparative efficacy
of etoricoxib and ibuprofen for treatment of patients with oste-
oarthritis: a randomized, double-blind, placebo-controlled trial.
Mayo Clin Proc 2005; 80: 470–9. 

5. van der Heijde D, et al. Evaluation of the efficacy of etoricoxib
in ankylosing spondylitis: results of a fifty-two-week, rand-
omized, controlled study. Arthritis Rheum 2005; 52: 1205–15. 

6. Curtis SP, et al. Etoricoxib in the treatment of osteoarthritis over
52-weeks: a double-blind, active-comparator controlled trial
[NCT00242489]. BMC Musculoskelet Disord 2005; 6: 58. Avail-
able  a t :  h t tp : / /www.biomedcent ra l .com/content /pdf/
1471-2474-6-58.pdf (accessed 01/11/07) 

7. Bingham CO, et al. Efficacy and safety of etoricoxib 30 mg and
celecoxib 200 mg in the treatment of osteoarthritis in two identi-
cally designed, randomized, placebo-controlled, non-inferiority
studies. Rheumatology (Oxford) 2007; 46: 496–507.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Arcoxia; Austria: Arcoxia; Auxib; Belg.: Arcoxia; Braz.: Arcoxia;
Cz.: Arcoxia; Denm.: Arcoxia; Fin.: Arcoxia; Fr.: Arcoxia; Ger.: Arcoxia;
Gr.: Arcoxia; Hong Kong: Arcoxia; India: Ebov; Ecoxib†; Etoxib; Etozox;
Kretos†; Nucoxia; Indon.: Arcoxia; Irl.: Arcoxia; Israel: Arcoxia; Ital.: Al-
gix; Arcoxia; Tauxib; Malaysia: Arcoxia; Mex.: Arcoxia; Neth.: Arcoxia;
Auxib; Norw.: Arcoxia; NZ: Arcoxia; Philipp.: Arcoxia; Port.: Arcoxia;
Exxiv; Turox; Singapore: Arcoxia; Spain: Arcoxia; Swed.: Arcoxia; Thai.:
Arcoxia; UK: Arcoxia; Venez.: Arcoxia.

Etorphine Hydrochloride (BANM, rINNM)

Étorphine, Chlorhydrate d’; Etorphini Hydrochloridum; Hidro-
cloruro de etorfina; M-99; 19-Propylorvinol Hydrochloride.
(6R,7R,14R)-7,8-Dihydro-7-[(1R)-1-hydroxy-1-methylbutyl]-6-O-
methyl-6,14α-ethenomorphine hydrochloride; (2R)-2-[(−)-(5R,-
6R,7R,14R)-4,5-Epoxy-3-hydroxy-6-methoxy-9a-methyl-6,14-
ethenomorphinan-7-yl]pentan-2-ol hydrochloride.

Эторфина Гидрохлорид

C25H33NO4,HCl = 448.0.
CAS — 14521-96-1 (etorphine); 13764-49-3 (etorphine
hydrochloride).

(etorphine)

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Etorphine Hydrochloride). A white or almost
white microcrystalline powder. Sparingly soluble in water and in
alcohol; very slightly soluble in chloroform; practically insoluble
in ether. A 2% solution in water has a pH of 4.0 to 5.5. Protect
from light.
Dependence and Withdrawal
As for Opioid Analgesics, p.101.
Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. Etorphine is not used
therapeutically in humans. 
Etorphine hydrochloride is highly potent and rapid acting;
minute amounts can exert serious effects leading to coma. It may
be absorbed through skin and mucous membranes. It is thus ad-
visable to inject an antagonist immediately after contamination of
skin or mucous membranes with preparations containing etor-
phine hydrochloride and to wash the affected areas copiously.
Accidental injection or needle scratch injuries should also be
treated immediately by injecting an antagonist. Naloxone is pre-
ferred as the antagonist in medical treatment. However, veteri-
nary preparations of etorphine are supplied with a preparation
(Revivon) containing diprenorphine hydrochloride (p.1445) and
this should be used for immediate first-aid antagonism if
naloxone is not available.
Uses and Administration
Etorphine hydrochloride is a highly potent opioid analgesic
(p.104) used for reversible neuroleptanalgesia (see Anaesthetic
Techniques, p.1780) in veterinary medicine. It is given with
acepromazine maleate or levomepromazine (Immobilon) to
restrain animals and before minor veterinary surgery. The dura-
tion of action of etorphine is up to about 45 to 90 minutes de-
pending on the species but it may be longer in man, especially if
the large animal preparation is involved.

Famprofazone (BAN, rINN) ⊗ 
Famprofazona; Famprofazonum. 4-Isopropyl-2-methyl-3-[me-
thyl(α-methylphenethyl)aminomethyl]-1-phenyl-3-pyrazolin-5-
one.
Фампрофазон
C24H31N3O = 377.5.
CAS — 22881-35-2.

Profile
Famprofazone has analgesic and antipyretic properties and has
been given orally, usually with other analgesics.
Pharmacokinetics. On ingestion, metabolic products of fam-
profazone include amfetamine and metamfetamine enantiom-
ers,1,2 which has led to false positive results on drug testing.3 For
sporting competition famprofazone was classified by the World
Anti-Doping Agency as a stimulant.4
1. Greenhill B, et al. Metabolic profile of amphetamine and meth-

amphetamine following administration of the drug fampro-
fazone. J Anal Toxicol 2003; 27: 479–84. 

2. Rodriguez AT, et al. Metabolic profile of famprofazone follow-
ing multidose administration. J Anal Toxicol 2004; 28: 432–8. 

3. Musshoff F, Kraemer T. Identification of famprofazone inges-
tion. Int J Legal Med 1998; 111: 305–8. 

4. World Anti-Doping Agency. The world anti-doping code: the
2008 prohibited list international standard. Available at: http://
www.wada-ama.org/rtecontent/document/2008_List_En.pdf
(accessed 24/07/08)

Felbinac (BAN, USAN, rINN)

CL-83544; Felbinaakki; Felbinaco; Felbinacum; Felbinak; LJC-
10141. Biphenyl-4-ylacetic acid.
Фелбинак
C14H12O2 = 212.2.
CAS — 5728-52-9.
ATC — M02AA08.
ATC Vet — QM02AA08.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 ( Felbinac). A white or almost white, crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol; soluble in methyl alcohol.
Adverse Effects and Precautions
Mild local reactions such as erythema, dermatitis, and pruritus
have occurred in patients using felbinac topically. More serious
adverse effects including bullous dermatoses such as epidermal
necrolysis and erythema multiforme, photosensitivity, anaphy-
laxis, and bronchospasm or wheeziness have also been reported.
Gastrointestinal disturbances may occur. 
Felbinac preparations should be avoided in patients with a histo-
ry of hypersensitivity reactions to aspirin or other NSAIDs.
Incidence of adverse effects. The UK CSM had received 49
reports of adverse reactions associated with felbinac by October
1989, about 11 months after it was released on the UK market.1
Bronchospasm or wheeziness was reported in 8 patients using
felbinac gel. Four of these patients had a history of asthma of
whom 3 were reported to have had a similar reaction to aspirin or
other NSAIDs. Other reported reactions included skin rashes (17
cases), local application site reactions (7), and dyspepsia (6).
1. CSM. Felbinac (Traxam) and bronchospasm. Current Problems

27 1989. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024444&
RevisionSelectionMethod=LatestReleased (accessed 01/11/07)

Uses and Administration
Felbinac, an active metabolite of fenbufen (below), is an NSAID
(p.99). It is used topically in the symptomatic treatment of mus-
culoskeletal pain including that due to soft-tissue injuries. It is
applied as a 3% gel or a 3.17% foam to unbroken skin over af-
fected areas 2 to 4 times daily. The total daily dose of gel or foam
should not exceed 25 g regardless of the size or number of affect-
ed areas. Therapy should be reviewed after 14 days. 
Diisopropanolamine felbinac has been used similarly.
◊ References.
1. Hosie GAC. The topical NSAID, felbinac, versus oral ibuprofen:

a comparison of efficacy in the treatment of acute lower back
injury. Br J Clin Res 1993; 4: 5–17.

Preparations
BP 2008: Felbinac Cutaneous Foam; Felbinac Gel.

Proprietary Preparations (details are given in Part 3)
Austria: Target†; Belg.: Flexfree; Ger.: Spalt Schmerz-Gel†; Irl.: Traxam;
Ital.: Dolinac; Traxam; Jpn: Seltouch; Switz.: Dolo Target†; UK: Traxam.

Fenbufen (BAN, USAN, rINN)

CL-82204; Fenbufeeni; Fenbufén; Fenbufenas; Fenbufène; Fen-
bufenum. 4-(Biphenyl-4-yl)-4-oxobutyric acid.
Фенбуфен
C16H14O3 = 254.3.
CAS — 36330-85-5.
ATC — M01AE05.
ATC Vet — QM01AE05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Fenbufen). A white or almost white, fine crystal-
line powder. Very slightly soluble in water; slightly soluble in al-
cohol, in acetone, and in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96, although the com-
monest adverse effects of fenbufen are skin rashes,
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

usually occurring within the first 2 weeks of therapy,
and particularly in women and in patients with sero-
negative rheumatoid arthritis or psoriatic arthritis. Dis-
orders such as epidermal necrolysis, erythema multi-
forme, and Stevens-Johnson syndrome have also been
reported. A small number of patients who develop rash
may go on to develop a severe illness characterised by
pulmonary eosinophilia or allergic alveolitis. Treat-
ment with fenbufen should be stopped immediately if
a rash appears.
Breast feeding. UK licensed product information advises that
fenbufen should be avoided in breast-feeding mothers, because
of the presence of its metabolites in breast milk.

Effects on the blood. Haemolytic anaemia1 and aplastic
anaemia2 have been reported in patients receiving fenbufen.
1. Martland T, Stone WD. Haemolytic anaemia associated with fen-

bufen. BMJ 1988; 297: 921. 
2. Andrews R, Russell N. Aplastic anaemia associated with a non-

steroidal anti-inflammatory drug: relapse after exposure to an-
other such drug. BMJ 1990; 301: 38.

Effects on the lungs. In January 1989 the UK CSM reported
that it had received 7 reports of a suspected association between
rash and an allergic interstitial lung disorder in patients receiving
fenbufen.1 In 5 patients, the lung disorder was diagnosed as pul-
monary eosinophilia; in the 2 other patients the pulmonary com-
ponent of the reaction was described as allergic alveolitis. Sever-
al of these reactions have been reported in the literature.2,3

1. CSM. Fenbufen, rash and pulmonary eosinophilia. Current
Problems 24 1989. Also available at: http://www.mhra.gov.uk/
h o m e / i d c p l g ? I d c S e r v i c e = G E T _ F I L E & d D o c N a m e =
CON2024431&RevisionSelectionMethod=LatestReleased (ac-
cessed 01/11/07) 

2. Swinburn CR. Alveolitis and haemolytic anaemia induced by az-
apropazone. BMJ 1987; 294: 375. 

3. Burton GH. Rash and pulmonary eosinophilia associated with
fenbufen. BMJ 1990; 300: 82–3.

Effects on the skin. In September 1988 the UK CSM reported1

that it was still receiving large numbers of reports of adverse re-
actions to fenbufen when such reports were expected to have de-
clined. Fenbufen was the most commonly reported suspect drug
in 1986 and 1987. At the time of the report more than 6000 such
reports had been received, 80% concerning mucocutaneous reac-
tions and most involving a generalised florid erythematous rash,
often with pruritus. There were 178 reports of erythema multi-
forme, 30 of Stevens-Johnson syndrome, and 2 fatalities.
1. CSM. Fenbufen and mucocutaneous reactions. Current Prob-

lems 23 1988. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024430&
RevisionSelectionMethod=LatestReleased (accessed 01/11/07)

Hypersensitivity. See under Effects on the Lungs (above).

Interactions
For interactions associated with NSAIDs, see p.99. 
Use of fenbufen with aspirin may result in decreased
serum concentrations of fenbufen and its metabolites.

Pharmacokinetics
Fenbufen is absorbed from the gastrointestinal tract af-
ter oral use and peak plasma concentrations are
reached in about 70 minutes. Fenbufen is over 99%
bound to plasma proteins. It is metabolised in the liver
to the active metabolites, biphenylacetic acid and 4-hy-
droxy-biphenylbutyric acid. Fenbufen and its metabo-
lites are reported to have plasma half-lives of about 10
to 17 hours and are mainly eliminated as conjugates in
the urine. Metabolites of fenbufen have been detected
in breast milk in small amounts.

Uses and Administration
Fenbufen, a propionic acid derivative, is an NSAID
(p.99). It is given for the relief of pain and inflamma-
tion associated with musculoskeletal and joint disor-
ders such as rheumatoid arthritis, osteoarthritis, and
ankylosing spondylitis in oral doses of 900 mg daily;
the dose may be either 450 mg in the morning and
evening or 300 mg in the morning with 600 mg in the
evening.

Preparations
BP 2008: Fenbufen Capsules; Fenbufen Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Lederfen†; Indon.: Cybufen; Irl.: Lederfen; Port.: Basifen; Reu-
gast†; Thai.: Cepal; Cinopal†; Turk.: Cinopal; UK: Lederfen.

Fenoprofen Calcium (BANM, USAN, rINNM)

Calcii Fenoprofenum; Fénoprofène Calcique; Fenoprofeno cálci-
co; Lilly-69323; Lilly-53858 (fenoprofen); Lilly-61169 (fenoprofen
sodium). Calcium (±)-2-(3-phenoxyphenyl)propionate dihy-
drate.
Кальций Фенопрофен
(C15H13O3)2Ca,2H2O = 558.6.
CAS — 31879-05-7 (fenoprofen); 34597-40-5 (anhydrous
fenoprofen calcium); 53746-45-5 (fenoprofen calcium di-
hydrate).
ATC — M01AE04.
ATC Vet — QM01AE04.

(fenoprofen)

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Fenoprofen Calcium). A white or almost white odour-
less or almost odourless crystalline powder. Slightly soluble in
water and in chloroform; soluble in alcohol. 
USP 31 (Fenoprofen Calcium). A white crystalline powder.
Slightly soluble in water, in methyl alcohol, and in n-hexanol;
practically insoluble in chloroform. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
Dysuria, cystitis, haematuria, interstitial nephritis, and
acute renal insufficiency have been reported with feno-
profen. Nephrotic syndrome, which may be preceded
by fever, rash, arthralgia, oliguria, azotaemia, and anu-
ria, has also occurred. Upper respiratory-tract infection
and nasopharyngitis have been reported. There have
been reports of severe hepatic reactions, including
jaundice and fatal hepatitis.
Breast feeding. Fenoprofen is distributed into breast milk al-
though the amount is considered by the BNF to be too small to
be harmful to a breast-fed infant. In contrast, licensed product
information does not recommend its use since safety has not
been established.
Effects on the blood. Haematological adverse effects includ-
ing agranulocytosis,1 aplastic anaemia,2 and throm-
bocytopenia3,4 have been reported in patients taking fenoprofen;
licensed product information also reports haemolytic anaemia.
1. Simon SD, Kosmin M. Fenoprofen and agranulocytosis. N Engl

J Med 1978; 299: 490. 
2. Ashraf M, et al. Aplastic anaemia associated with fenoprofen.

BMJ 1982; 284: 1301–2. 
3. Simpson RE, et al. Acute thrombocytopenia associated with

fenoprofen. N Engl J Med 1978; 298: 629–30. 
4. Katz ME, Wang P. Fenoprofen-associated thrombocytopenia.

Ann Intern Med 1980; 92: 262.

Effects on the liver. Cholestatic jaundice and hepatitis devel-
oped in a 68-year-old woman after receiving fenoprofen 600 mg
four times daily for 7 weeks. Subsequent use of naproxen and
indometacin did not result in hepatotoxicity.1 However, there has
been a report of cross-hepatotoxicity between fenoprofen and
naproxen.2
1. Stennett DJ, et al. Fenoprofen-induced hepatotoxicity. Am J

Hosp Pharm 1978; 35: 901. 
2. Andrejak M, et al. Cross hepatotoxicity between non-steroidal

anti-inflammatory drugs. BMJ 1987; 295: 180–1.

Effects on the skin. Toxic epidermal necrolysis was associated
with fenoprofen in 2 patients.1
1. Stotts JS, et al. Fenoprofen-induced toxic epidermal necrolysis.

J Am Acad Dermatol 1988; 18: 755–7.

Overdosage. A report of coma, respiratory depression, hypo-
tension, and metabolic acidosis in a patient who had ingested be-
tween 24 and 36 g of fenoprofen.1 The patient responded to gas-
tric lavage and activated charcoal and intensive supportive care.
1. Kolodzik JM, et al. Nonsteroidal anti-inflammatory drugs and

coma: a case report of fenoprofen overdose. Ann Emerg Med
1990; 19: 378–81.

Interactions
For interactions associated with NSAIDs, see p.99. 
Aspirin is reported to reduce plasma concentrations of
fenoprofen.
Antiepileptics. Phenobarbital might increase the rate of
metabolism of fenoprofen.1 US licensed product information

suggests that dosage adjustment of fenoprofen may be required
when given with phenobarbital.
1. Helleberg L, et al. A pharmacokinetic interaction in man be-

tween phenobarbitone and fenoprofen, a new anti-inflammatory
agent. Br J Clin Pharmacol 1974; 1: 371–4.

Pharmacokinetics
Fenoprofen is readily absorbed from the gastrointesti-
nal tract; bioavailability is about 85% but food and
milk may reduce the rate and extent of absorption.
Peak plasma concentrations occur 1 to 2 hours after a
dose. The plasma half-life is about 3 hours. Fenoprofen
is 99% bound to plasma proteins. About 90% of a dose
is excreted in the urine in 24 hours, chiefly as the glu-
curonide and the glucuronide of hydroxylated fenopro-
fen. Fenoprofen is distributed into breast milk.

Uses and Administration
Fenoprofen, a propionic acid derivative, is an NSAID
(p.99) used in the management of mild to moderate
pain and for the relief of pain and inflammation associ-
ated with disorders such as osteoarthritis, rheumatoid
arthritis, and ankylosing spondylitis. It is given as the
calcium salt although doses are expressed in terms of
the base; fenoprofen calcium (dihydrate) 1.2 g is
equivalent to about 1 g of fenoprofen. A usual oral
dose is the equivalent of 300 to 600 mg of fenoprofen
three or four times daily, adjusted thereafter according
to response. In the USA, lower doses of 200 mg every
4 to 6 hours are recommended for mild to moderate
pain. It has been recommended that the total daily dose
should not exceed 3 g (UK) or 3.2 g (USA).

Preparations
BP 2008: Fenoprofen Tablets; 
USP 31: Fenoprofen Calcium Capsules; Fenoprofen Calcium Tablets.

Proprietary Preparations (details are given in Part 3)
Braz.: Trandor†; Canad.: Nalfon†; Denm.: Nalfon†; Fr.: Nalgesic; Gr.:
Expron†; Mex.: Nalfon†; S.Afr.: Fenopron†; UK: Fenopron; USA: Nalfon;
Venez.: Fenopron†.

Fentanyl (BAN, rINN) ⊗ 
Fentanil; Fentanilis; Fentanilo; Fentanylum; Fentanyyli. N-(1-
Phenethyl-4-piperidyl) propionanilide.

Фентанил
C22H28N2O = 336.5.

CAS — 437-38-7.
ATC — N01AH01; N02AB03.
ATC Vet — QN01AH01; QN02AB03.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of fentanyl: 
Apache; China girl; China town; China white; Dance fever; Fen-
tanest; Friend; Goodfellas; Great bear; He-man; Jackpot; King
ivory; Murder 8; Poison; Tango & Cash; TNT; T.N.T.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Fentanyl). A white or almost white polymorphic
powder. Practically insoluble in water; freely soluble in alcohol
and in methyl alcohol. Protect from light.

Fentanyl Citrate (BANM, USAN, rINNM) ⊗ 
Citrato de fentanilo; Fentanil-citrát; Fentanilio citratas; Fentanyl,
citrate de; Fentanylcitrat; Fentanyl-citrát; Fentanyli citras; Fentan-
ylu cytrynian; Fentanyylisitraatti; McN-JR-4263-49; Phentanyl Cit-
rate; R-4263. N-(1-Phenethyl-4-piperidyl)propionanilide dihy-
drogen citrate.

Фентанила Цитрат
C22H28N2O,C6H8O7 = 528.6.
CAS — 990-73-8.
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Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Fentanyl Citrate). White or almost white powder.
Soluble in water; sparingly soluble in alcohol; freely soluble in
methyl alcohol. Protect from light. 
USP 31 (Fentanyl Citrate). A white crystalline powder or white
glistening crystals. Sparingly soluble in water; slightly soluble in
chloroform; soluble in methyl alcohol. Store at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
light.

Fentanyl Hydrochloride (BANM, rINNM) ⊗ 
Fentanyl, Chlorhydrate de; Fentanyli Hydrochloridum; Hidro-
cloruro de fentanilo.

Фентанила Гидрохлорид

C22H28N2O,HCl = 372.9.
CAS — 1443-54-5.

Incompatibility. Fentanyl citrate is incompatible with thiopen-
tal sodium and methohexital sodium. 
A thick white precipitate formed in the intravenous tubing when
fentanyl citrate with droperidol was given shortly after nafcillin
sodium. There was no precipitate when fentanyl citrate alone
was mixed with nafcillin sodium.1 
Fentanyl citrate underwent rapid and extensive loss when ad-
mixed with fluorouracil in PVC containers.2 The loss was due to
sorption of fentanyl to the PVC as a result of the alkaline pH of
the admixture, and presumably could occur from admixture of
fentanyl citrate with any sufficiently alkaline drug. 
See also Stability, below.
1. Jeglum EL, et al. Nafcillin sodium incompatibility with acidic

solutions. Am J Hosp Pharm 1981; 38: 462, 464. 
2. Xu QA, et al. Rapid loss of fentanyl citrate admixed with fluor-

ouracil in polyvinyl chloride containers. Ann Pharmacother
1997; 31: 297–302.

Stability. In a 48-hour study fentanyl citrate in glucose 5% or
sodium chloride 0.9% was stable when stored at room tempera-
ture under usual light conditions in glass or PVC containers;1 the
concentration of fentanyl delivered by a patient-controlled sys-
tem was relatively constant throughout a 30-hour study period.
Fentanyl citrate injection diluted to 20 micrograms/mL with so-
dium chloride 0.9% was stable for 30 days at 3° or 23° in PVC
reservoirs for portable infusion pumps.2 In another study3 fenta-
nyl citrate diluted to 50 micrograms/mL with sodium chloride
0.9% remained stable for at least 14 days when stored at room
temperature in PVC reservoirs for portable patient-controlled
systems. 
An admixture of fentanyl citrate and bupivacaine in sodium
chloride 0.9% appeared4 compatible and stable when stored for
up to 30 days at 3° or 23° in a portable infusion pump. In another
study5 the stability of solutions containing fentanyl, bupivacaine,
and adrenaline, alone and in combination was studied over a pe-
riod of 56 days when stored at various temperatures in the light
or in the dark in PVC bags. Both fentanyl and bupivacaine were
adsorbed from solution onto the PVC for the first 3 days but
thereafter concentrations of these drugs remained relatively sta-
ble; freezing appeared to slow the concentration change for bupi-
vacaine but not for fentanyl. Solutions containing adrenaline be-
came more acidic during the study as the adrenaline
progressively deteriorated but this was greatly reduced by freez-
ing. Autoclaving produced a further reduction in the concentra-
tion of all drugs. There was no sign of precipitation from any of
the solutions studied. 
An admixture of fentanyl citrate, ketamine hydrochloride, and
droperidol in sodium chloride 0.9% was stable6 for at least 30
days when stored in glass bottles at 25°; the minor decrease in the
concentrations of all 3 drugs was attributed to either hydrolytic
degradation or adsorption. This admixture also appeared com-
patible when stored in PVC bags at 4° and 25°; the small increase
in drug concentrations over 30 days may be a result of water per-
meation and evaporation through the bags. 
Fentanyl is potentially unstable in PVC containers when ad-
mixed with alkaline drugs (see Incompatibility, above).
1. Kowalski SR, Gourlay GK. Stability of fentanyl citrate in glass

and plastic containers and in a patient-controlled delivery sys-
tem. Am J Hosp Pharm 1990; 47: 1584–7. 

2. Allen LV, et al. Stability of fentanyl citrate in 0.9% sodium chlo-
ride solution in portable infusion pumps. Am J Hosp Pharm
1990; 47: 1572–4. 

3. Chapalain-Pargade S, et al. Microbiological and physicochemi-
cal stability of fentanyl and sufentanil solutions for patient-con-
trolled delivery systems. J Pain Symptom Manage 2006; 32:
90–7. 

4. Tu Y-H, et al. Stability of fentanyl citrate and bupivacaine hydro-
chloride in portable pump reservoirs. Am J Hosp Pharm 1990;
47: 2037–40. 

5. Dawson PJ, et al. Stability of fentanyl, bupivacaine and adrena-
line solutions for extradural infusion. Br J Anaesth 1992; 68:
414–17. 

6. Lee DKT, et al. Compatibility of fentanyl citrate, ketamine hy-
drochloride, and droperidol in 0.9% sodium chloride injection
stored in polyvinyl chloride bags. Am J Health-Syst Pharm 2005;
62: 1190–2.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Fentanyl and illicitly manufactured analogues are sub-
ject to abuse (see under Precautions, below).
◊ Plasma concentrations required to produce satisfactory seda-
tion have been reported to increase steadily in neonates receiving
continuous infusions, suggesting the development of tolerance
to the sedating effects of fentanyl.1 
Movement disorders, extreme irritability, and symptoms charac-
teristic of opioid abstinence syndrome have been reported in chil-
dren after withdrawal of prolonged fentanyl infusions.2,3 Similar-
ly, withdrawal symptoms and, in one case, myoclonus have
occurred in adults when fentanyl transdermal patches have been
stopped.4,5 Acute opioid withdrawal syndrome has also been
seen in cancer patients switched from modified-release oral mor-
phine to transdermal fentanyl despite adequate analgesia being
maintained.6
1. Arnold JH, et al. Changes in the pharmacodynamic response to

fentanyl in neonates during continuous infusion. J Pediatr 1991;
119: 639–43. 

2. Lane JC, et al. Movement disorder after withdrawal of fentanyl
infusion. J Pediatr 1991; 119: 649–51. 

3. Dominguez KD, et al. Opioid withdrawal in critically ill ne-
onates. Ann Pharmacother 2003 37: 473–7. 

4. Han PKJ, et al. Myoclonus secondary to withdrawal from
transdermal fentanyl: case report and literature review. J Pain
Symptom Manage 2002; 23: 66–72. 

5. Ishihara C, et al. Withdrawal symptom after discontinuation of
transdermal fentanyl at a daily dose of 0.6 mg. Pharm World Sci
2005; 27: 13–15. 

6. Anonymous. Opiate withdrawal with transdermal fentanyl.
Pharm J 1995; 255: 680.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
Respiratory depression, which occurs especially with
high doses of fentanyl, responds to naloxone (see also
Effects on the Respiratory System, below). Atropine
may be used to block the vagal effects of fentanyl such
as bradycardia. Unlike morphine, fentanyl is reported
not to cause significant histamine release. Transient
hypotension may follow intravenous dosage. Muscle
rigidity can occur and may require neuromuscular
blockers. 
Local reactions such as rash, erythema, and itching
have been reported with transdermal use. Gum bleed-
ing and irritation, and taste perversion have been re-
ported with transmucosal use.
Effects on the cardiovascular system. For a reference to the
effects of fentanyl on histamine release compared with some oth-
er opioids, see under Pethidine, p.114.
Effects on mental function. Fentanyl had some dose-related
effects on mental function and motor activity in healthy sub-
jects,1 but immediate and delayed recall were not affected. See
also under Alfentanil (p.16). 
Acute toxic delirium has been reported after treatment with
transdermal fentanyl.2
1. Scamman FL, et al. Ventilatory and mental effects of alfentanil

and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63–7. 
2. Kuzma PJ, et al. Acute toxic delirium: a uncommon reaction to

transdermal fentanyl. Anesthesiology 1995; 83: 869–71.

Effects on the nervous system. There have been reports of
seizures with low and high doses of fentanyl or sufentanil.1 There
was, however, no EEG evidence of cortical seizure activity in a
patient who had seizure-like muscle movements during a fenta-
nyl infusion;2 the muscle movements might have been due to
myoclonus produced by depression of higher CNS inhibitory
centres or to a pronounced form of opioid-induced muscle rigid-
ity. 
For a report of encephalopathy associated with prolonged use of
fentanyl and midazolam in infants in intensive care, see Enceph-
alopathy under Adverse Effects of Diazepam, p.988.
1. Zaccara G, et al. Clinical features, pathogenesis and management

of drug-induced seizures. Drug Safety 1990; 5: 109–51. 
2. Scott JC, Sarnquist FH. Seizure-like movements during a fenta-

nyl infusion with absence of seizure activity in a simultaneous
EEG recording. Anesthesiology 1985; 62: 812–14.

Effects on the respiratory system. Fentanyl, like other opi-
oid agonists, causes dose-related respiratory depression; it is sig-
nificant with intravenous fentanyl doses of more than
200 micrograms and may be more prolonged than analgesia. An-
aesthesia with fentanyl may result in either prolonged or delayed
respiratory depression postoperatively.1 Consequently, patients
should continue to be monitored postoperatively until spontane-
ous breathing has been re-established. Severe respiratory depres-
sion in a 14-month-old child after intravenous sedation with fen-
tanyl and midazolam has also highlighted the necessity for
careful monitoring when giving with other respiratory depres-
sants.2 If present at the end of operation respiratory depression
may be reversed by an opioid antagonist such as naloxone; alter-
natively, a respiratory stimulant such as doxapram that does not
reverse analgesia has been given. 

Rigidity of the respiratory muscles (chest wall rigidity) may oc-
cur during fentanyl anaesthesia. The effects can be minimised by
using a slow intravenous injection but a neuromuscular blocker
may be required to allow artificial ventilation; rigidity has been
reversed postoperatively by naloxone. Similar muscle rigidity in-
duced by alfentanil could be attenuated by pretreatment with a
benzodiazepine whereas small doses of neuromuscular blockers
appeared to be ineffective.3 
Coughing has been associated4 with intravenous fentanyl; inci-
dence was decreased with a longer injection time,5 in light ciga-
rette smokers,5,6 and in older patients.6 For the use of beclometa-
sone and lidocaine to prevent cough associated with intravenous
fentanyl in anaesthesia, see p.1518 and p.1852, respectively. 
The risk of respiratory depression associated with epidural doses
of fentanyl, a highly lipid-soluble opioid, has been considered
relatively small and only slight ventilatory depression was noted7

after a dose of 50 micrograms. However, profound delayed res-
piratory depression has been reported in 2 women 100 minutes8

and 80 minutes,9 respectively after fentanyl 100 micrograms had
been given epidurally for caesarean section. No adverse effects
on neonatal respiration or neurobehaviour were detected in a
study10 of neonates of mothers given epidural infusions of bupi-
vacaine and fentanyl during labour. However, a later report11 de-
scribed 2 neonates who developed respiratory depression after
their mothers were given epidural fentanyl during labour; the ef-
fect was reversed by intramuscular naloxone 400 micrograms.
The authors noted that the doses of fentanyl used were higher
than those in the previous study. 
Respiratory depression is also a risk with topically applied fenta-
nyl preparations. Severe hypoventilation with some fatalities has
occurred in patients given fentanyl as a transdermal patch for mi-
nor painful conditions.12 More recently, Health Canada had re-
ceived 2 reports of fatal respiratory depression associated with
the use of transdermal fentanyl patches in adolescents for rela-
tively minor conditions (chronic headache and throat pain);13 in
both cases the respiratory depression developed within 24 hours
of applying the first and only patch. See also Administration,
Transdermal Route, under Precautions below.
1. Bennett MRD, Adams AP. Postoperative respiratory complica-

tions of opiates. Clin Anaesthesiol 1983; 1: 41–56. 
2. Yaster M, et al. Midazolam-fentanyl intravenous sedation in

children: case report of respiratory arrest. Pediatrics 1990; 86:
463–7. 

3. Sanford TJ, et al. Pretreatment with sedative-hypnotics, but not
with nondepolarizing muscle relaxants, attenuates alfentanil-in-
duced muscle rigidity. J Clin Anesth 1994; 6: 473–80. 

4. Tweed WA, Dakin D. Explosive coughing after bolus fentanyl
injection. Anesth Analg 2001; 92: 1442–3. 

5. Lin J-A, et al. Prolonged injection time and light smoking de-
crease the incidence of fentanyl-induced cough. Anesth Analg
2005; 101: 670–4. 

6. Oshima T, et al. Identification of independent risk factors for
fentanyl-induced cough. Can J Anesth 2006; 53: 753–8. 

7. Morisot P, et al. Ventilatory response to carbon dioxide during
extradural anaesthesia with lignocaine and fentanyl. Br J
Anaesth 1989; 63: 97–102. 

8. Brockway MS, et al. Profound respiratory depression after ex-
tradural fentanyl. Br J Anaesth 1990; 64: 243–5. 

9. Wang CY. Respiratory depression after extradural fentanyl. Br J
Anaesth 1992; 69: 544. 

10. Porter J, et al. Effect of epidural fentanyl on neonatal respira-
tion. Anesthesiology 1998; 89: 79–85. 

11. Kumar M, Paes B. Epidural opioid analgesia and neonatal res-
piratory depression. J Perinatol 2003; 23: 425–7. 

12. FDC Reports Pink Sheet 1994; January 24: 12. 
13. Health Canada. Transdermal fentanyl (Duragesic): respiratory

arrest in adolescents. Can Adverse React News 2004; 14 (4):
1–2. Also available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v14n4-eng.pdf
(accessed 26/06/08)

Effects on the skin. A patient developed a macular rash cover-
ing the whole body, except for the face and scalp, while using
transdermal fentanyl patches.1
1. Stoukides CA, Stegman M. Diffuse rash associated with

transdermal fentanyl. Clin Pharm 1992; 11: 222.

Effects on the urinary tract. Urinary retention developed in
2 premature infants after sedation with fentanyl infusion at a dose
of 3 micrograms/kg per hour.1 In both cases catheterisation re-
lieved symptoms.
1. Das UG, Sasidharan P. Bladder retention of urine as a result of

continuous intravenous infusion of fentanyl: 2 case reports.
Pediatrics 2001; 108: 1012–1015.

Precautions
As for Opioid Analgesics in general, p.103. 
Caution is advised in patients with myasthenia gravis;
the effects of muscular rigidity on respiration may be
particularly pronounced in these patients. 
US licensed product information contra-indicates the
use of standard transdermal fentanyl patches in opioid-
naive patients because of the risk of fatal respiratory
depression (see Effects on the Respiratory System,
above and Administration, Transdermal Route, be-
low). Similar contra-indications apply to fentanyl buc-
cal tablets (see Administration, Transmucosal Route,
below). 
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Absorption of fentanyl from standard transdermal
patches may be increased as the temperature rises and
patients should therefore avoid exposing the patch to
external heat; similarly, patients with fever may require
monitoring because of increased absorption. It may
take 17 hours or longer for plasma concentrations of
fentanyl to decrease by 50% after removal of a
transdermal patch; patients who have had adverse ef-
fects should be monitored for up to 24 hours and those
requiring replacement opioid therapy should initially
receive low doses increased gradually thereafter. Sim-
ilar advice is also given for patients receiving fentanyl
via an iontophoretic drug delivery system; the mean
half-life of fentanyl in this system is 11 hours. 
The bioavailability of different transmucosal fentanyl
preparations is not equivalent and consequently they
should not be substituted on a dose-per-dose basis.

Abuse. Several synthetic analogues of fentanyl, so-called ‘de-
signer drugs’, have been manufactured illicitly for recreational
use, particularly in the USA. They are highly potent, and respira-
tory depression and death may occur very rapidly.1 The ‘fentan-
yls’ have been smoked or snorted as well as injected intravenous-
ly. 

Fentanyl analogues identified by WHO2,3 as being subject to
street abuse or likely to be abused include: alpha-methylfentanyl
(also known as ‘China white’ or ‘synthetic heroin’), 3-methyl-
fentanyl, acetyl-alpha-methylfentanyl, alpha-methylthiofenta-
nyl, para-fluorofentanyl, beta-hydroxyfentanyl, beta-hydroxy-3-
methylfentanyl, thiofentanyl, and 3-methylthiofentanyl. 

Fentanyl itself is also subject to illicit use. It is chemically unre-
lated to morphine and does not react in screening tests for mor-
phine-related opioids. It has therefore been recommended4 that
fentanyl should be tested for specifically in cases with suspected
opioid misuse. 

Used fentanyl transdermal systems may contain significant
amounts of fentanyl and have been subject to abuse. In some cas-
es the contents of the patches have been injected intravenously;
such abuse has resulted in death.5,6 Licensed product information
advises that used patches and iontophoretic transdermal systems
should be folded firmly in half, adhesive side inwards to conceal
the release membrane, and disposed of safely.
1. Buchanan JF, Brown CR. ‘Designer drugs’: a problem in clinical

toxicology. Med Toxicol 1988; 3: 1–17. 
2. WHO. WHO expert committee on drug dependence: twenty-

fourth report. WHO Tech Rep Ser 761 1988. 
3. WHO. WHO expert committee on drug dependence: twenty-

sixth report. WHO Tech Rep Ser 787 1989. 
4. Berens AIL, et al. Illicit fentanyl in Europe. Lancet 1996; 347:

1334–5. 
5. Reeves MD, Ginifer CJ. Fatal intravenous misuse of transdermal

fentanyl. Med J Aust 2002; 177: 552–3. 
6. Tharp AM, et al. Fatal intravenous fentanyl abuse: four cases

involving extraction of fentanyl from transdermal patches. Am J
Forensic Med Pathol 2004; 25: 178–81.

Administration. INTRAVENOUS ROUTE. Fentanyl is much
more lipid-soluble than morphine and after standard single in-
travenous doses has a rapid onset and short duration of action.
However, fentanyl is rapidly redistributed in the body and has
a longer elimination half-life than morphine (see under Phar-
macokinetics, below). Hence, with high or repeated doses,
fentanyl becomes a relatively long-acting drug; to avoid accu-
mulation patients should be monitored and doses adjusted ac-
cordingly. 

Repeated intra-operative doses of fentanyl should be given with
care, since not only may the respiratory depression persist into
the postoperative period but it may become apparent for the first
time postoperatively when the patient is away from immediate
nursing attention.

TRANSDERMAL ROUTE. Fatalities have been associated with the
use of standard fentanyl transdermal patches (see Effects on
the Respiratory System, above). Incorrect or inappropriate
use resulting in serious adverse effects and fatalities had
prompted regulatory authorities to issue warnings and recom-
mendations for changes to product labelling; in particular
transdermal fentanyl patches are not appropriate for the treat-
ment of acute or postoperative pain. Nonetheless, reports of
fatalities and life-threatening adverse reactions have contin-
ued to be received1,2 and, in December 2007, the FDA1 reiter-
ated that: 

• fentanyl patches are indicated for the management of persist-
ent, moderate to severe chronic pain in opioid-tolerant patients 

• licensed product information must be consulted when deter-
mining the initial dose as overestimating when converting pa-
tients from another opioid analgesic can result in fatal over-
dose with the first dose 

• use with any inhibitors of the cytochrome P450 isoenzyme
CYP3A4 may result in an increase in plasma-fentanyl con-
centrations, which may cause potentially fatal respiratory de-
pression; patients who are taking CYP3A4 inhibitors and
using fentanyl patches for an extended period of time should
be monitored and the dose of fentanyl adjusted if necessary

1. FDA. Information for healthcare professionals: fentanyl
transdermal system (marketed as Duragesic and generics) (is-
sued 21st December, 2007). Available at: http://www.fda.gov/
cder/drug/InfoSheets/HCP/fentanyl_2007HCP.htm (accessed
23/07/08) 

2. Health Canada. Fentanyl transdermal patch and fatal adverse re-
actions. Can Adverse React News 2008; 18 (3): 1–2. Also availa-
ble at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/carn-bcei_v18n3-eng.pdf (accessed 23/07/08)

TRANSMUCOSAL ROUTE. The FDA1 has received reports of se-
rious adverse effects, including fatalities, in patients who
have taken the fentanyl buccal tablets, Fentora (Cephalon,
USA), resulting from inappropriate use in patients who were
not opioid tolerant, misunderstanding of dosing instructions,
or inappropriate substitution for other fentanyl-containing
formulations. The FDA reiterated that Fentora: 
• should only be used for breakthrough pain in opioid-tolerant

cancer patients 
• should not be used in those who only need an opioid on an

intermittent, or as required, basis and who are not on around-
the-clock opioids 

• should not be used for the management of acute or postopera-
tive pain including headaches, migraines, and pain due to in-
jury 

• should not be directly substituted for other fentanyl-contain-
ing formulations

1. FDA. Information for healthcare professionals: fentanyl buccal
tablets (marketed as Fentora) (issued 26th September, 2007).
Available at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
fentanyl_buccal.htm (accessed 24/07/08)

Breast feeding. The American Academy of Pediatrics1 states
that there have been no reports of any clinical effect in infants of
breast-feeding mothers given fentanyl, and that therefore it may
be considered to be usually compatible with breast feeding. The
BNF also considers that the amount of fentanyl distributed into
breast milk is too small to be harmful to a breast-fed infant. How-
ever, licensed product information states that, since fentanyl is
distributed into breast milk, it should be avoided in nursing
mothers because of the possibility of sedation or respiratory de-
pression in breast-fed infants. 
A study2 using fentanyl 100 micrograms intravenously for in-
duction of anaesthesia in 5 mothers concluded that the amount of
fentanyl excreted into breast milk within 24 hours of induction
was less than 0.1% of the maternal dose, and hence unlikely to
affect a healthy full-term breast-feeding infant.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08) 

2. Nitsun M, et al. Pharmacokinetics of midazolam, propofol, and
fentanyl transfer to human breast milk. Clin Pharmacol Ther
2006; 79: 549–57.

Children. The BNFC states that the half-life of fentanyl is pro-
longed in neonates and accumulation is likely with prolonged
use; muscle rigidity may occur and the use of muscle relaxants
may be required. See also under Pharmacokinetics, below.

Exercise. Opioid toxicity requiring naloxone treatment oc-
curred in a patient who wore a fentanyl patch while engaging in
vigorous outdoor exercise.1 Physicians should be aware that
along with fever and external heat sources, physical activity may
cause increased absorption of transdermal fentanyl.
1. Carter KA. Heat-associated increase in transdermal fentanyl ab-

sorption. Am J Health-Syst Pharm 2003; 60: 191–2.

Handling. Avoid contact with skin and the inhalation of fenta-
nyl citrate particles.

Interactions
For interactions associated with opioid analgesics, see
p.103. Use of fentanyl with non-vagolytic neuromus-
cular blockers may produce bradycardia and possibly
asystole. 
Fentanyl is metabolised via the cytochrome P450
isoenzyme CYP3A4; use with potent inhibitors of this
isoenzyme, such as ritonavir and other HIV-protease
inhibitors, may increase fentanyl plasma concentra-
tions.
Antidepressants. For reference to a possible case of serotonin
syndrome associated with use of fentanyl and SSRIs, see Opioid
Analgesics under Interactions of Fluoxetine, p.397.

Antivirals. Ritonavir, an inhibitor of the cytochrome P450
isoenzyme CYP3A4, might prolong fentanyl-induced respirato-
ry depression. The plasma clearance of fentanyl was decreased,
and the elimination half-life and area under the plasma concen-

tration-time curve increased, when given with ritonavir in a study
in healthy subjects.1
1. Olkkola KT, et al. Ritonavir’s role in reducing fentanyl clearance

and prolonging its half-life. Anesthesiology 1999; 91: 681–5.

Benzodiazepines. For the effects of opioids such as fentanyl
with benzodiazepines, see Analgesics under Interactions of Di-
azepam, p.989.
Propofol. For reference to the effect that fentanyl has on blood
concentrations of propofol, see p.1792.

Pharmacokinetics
After parenteral doses fentanyl citrate has a rapid onset
and short duration of action. After transmucosal deliv-
ery, up to 50% of the dose is rapidly absorbed from the
buccal mucosa; the remainder is swallowed and slowly
absorbed from the gastrointestinal tract. Some first-
pass metabolism occurs via this route. The absolute bio-
availability of transmucosal delivery is about half that
for intravenous fentanyl but varies between formula-
tions. Absorption is slow after transdermal application.
Fentanyl is metabolised in the liver by N-dealkylation
and hydroxylation via the cytochrome P450 isoen-
zyme CYP3A4. Metabolites and some unchanged
drug are excreted mainly in the urine. The short dura-
tion of action is probably due to rapid redistribution
into the tissues rather than metabolism and excretion.
The relatively longer elimination half-life reflects
slower release from tissue depots. About 80% has been
reported to be bound to plasma proteins. Fentanyl ap-
pears in the CSF. It crosses the placenta and has been
detected in breast milk.
◊ Marked differences in results of pharmacokinetic studies of
fentanyl have been attributed1 to differences in assay methods.
The need for sensitive assay methods has been emphasised be-
cause the potency of fentanyl means that small doses are used.
However, there are differences in pharmacokinetics between bo-
lus doses and prolonged infusion with highly lipophilic drugs
such as fentanyl.2 Terminal half-lives ranging from 2 to 7 hours
have been reported in healthy subjects and surgical patients.
However, the duration of action of fentanyl after a single intrave-
nous dose of up to 100 micrograms may be only 30 to 60 minutes
as a result of rapid redistribution into the tissues. US licensed
product information has given values for a three-compartment
pharmacokinetic model with a distribution time of 1.7 minutes, a
redistribution time of 13 minutes, and a terminal elimination
half-life of 219 minutes. Giving repeated or large doses, or con-
tinuous infusions, may result in accumulation and a more pro-
longed action. 
The clinical significance of secondary peak plasma-fentanyl
concentrations and the possible role of entero-systemic
recirculation3 has been controversial, but some4 considered that
irregular decay curves were not unlikely for lipophilic com-
pounds such as fentanyl, especially in patients undergoing oper-
ations and subject to large changes in blood flow. Unexpectedly
high plasma-fentanyl concentrations in a patient following epi-
dural use were thought to be a result of aortic clamping and might
reflect the effect of changes in blood flow.5 
The main metabolites of fentanyl, which are excreted in the
urine, have been identified as 4-N-(N-propionylanilino) piperid-
ine and 4-N-(N-hydroxypropionylanilino) piperidine; 1-(2-
phenethyl)-4-N-(N-hydroxypropionylanilino) piperidine is a
minor metabolite.6 Fentanyl has no active or toxic metabolites.4
1. Mather LE. Clinical pharmacokinetics of fentanyl and its newer

derivatives. Clin Pharmacokinet 1983; 8: 422–46. 
2. Scholz J, et al. Clinical pharmacokinetics of alfentanil, fentanyl

and sufentanil: an update. Clin Pharmacokinet 1996; 31:
275–92. 

3. Bennett MRD, Adams AP. Postoperative respiratory complica-
tions of opiates. Clin Anaesthesiol 1983; 1: 41–56. 

4. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829–58. 

5. Bullingham RES, et al. Unexpectedly high plasma fentanyl lev-
els after epidural use. Lancet 1980; i: 1361–2. 

6. Goromaru T, et al. Identification and quantitative determination
of fentanyl metabolites in patients by gas chromatography-mass
spectrometry. Anesthesiology 1984; 61: 73–7.

Administration. Some references to the pharmacokinetics of
fentanyl after constant rate intravenous infusion,1 transdermal
application,2-5 use of the oral sublingual6 and transmucosal7-11

routes, intranasal dosage,12 subcutaneous infusion,13 and epidur-
al use.14-16

1. Duthie DJR, et al. Pharmacokinetics of fentanyl during constant
rate iv infusion for the relief of pain after surgery. Br J Anaesth
1986; 58: 950–6. 

2. Grond S, et al. Clinical pharmacokinetics of transdermal opio-
ids: focus on transdermal fentanyl. Clin Pharmacokinet 2000;
38: 59–89. 

3. Solassol I, et al. Inter- and intraindividual variabilities in phar-
macokinetics of fentanyl after repeated 72-hour transdermal ap-
plications in cancer pain patients. Ther Drug Monit 2005; 27:
491–8. 
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4. Marier J-F, et al. Pharmacokinetics, tolerability, and perform-

ance of a novel matrix transdermal delivery system of fentanyl
relative to the commercially available reservoir formulation in
healthy subjects. J Clin Pharmacol 2006; 46: 642–53. 

5. Marier J-F, et al. Comparative bioequivalence study between a
novel matrix transdermal delivery system of fentanyl and a
commercially available reservoir formulation. Br J Clin Phar-
macol 2007; 63: 121–4. 

6. Lennernäs B, et al. Pharmacokinetics and tolerability of differ-
ent doses of fentanyl following sublingual administration of a
rapidly dissolving tablet to cancer patients: a new approach to
treatment of incident pain. Br J Clin Pharmacol 2005; 59:
249–53. 

7. Streisand JB, et al. Absorption and bioavailability of oral trans-
mucosal fentanyl citrate. Anesthesiology 1991; 75: 223–9. 

8. Darwish M, et al. Pharmacokinetics and dose proportionality of
fentanyl effervescent buccal tablets in healthy volunteers. Clin
Pharmacokinet 2005; 44: 1279–86. 

9. Darwish M, et al. Comparison of equivalent doses of fentanyl
buccal tablets and arteriovenous differences in fentanyl pharma-
cokinetics. Clin Pharmacokinet 2006; 45: 843–50. 

10. Darwish M, et al. Single-dose and steady-state pharmacokinet-
ics of fentanyl buccal tablet in healthy volunteers. J Clin Phar-
macol 2007; 47: 56–63. 

11. Darwish M, et al. Absolute and relative bioavailability of fenta-
nyl buccal tablet and oral transmucosal fentanyl citrate. J Clin
Pharmacol 2007; 47: 343–50. 

12. Walter SH, et al. Pharmacokinetics of intranasal fentanyl. Br J
Anaesth 1993; 70 (suppl 1): 108. 

13. Miller RS, et al. Plasma concentrations of fentanyl with subcu-
taneous infusion in palliative care patients. Br J Clin Pharmacol
1995; 40: 553–6. 

14. Gourlay GK, et al. Pharmacokinetics of fentanyl in lumbar and
cervical CSF following lumbar epidural and intravenous admin-
istration. Pain 1989; 38: 253–9. 

15. Bader AM, et al. Maternal and neonatal fentanyl and bupi-
vacaine concentrations after epidural infusion during labor. An-
esth Analg 1995; 81: 829–32. 

16. Moises EC, et al. Pharmacokinetics and transplacental distribu-
tion of fentanyl in epidural anesthesia for normal pregnant
women. Eur J Clin Pharmacol 2005; 61: 517–22.

Cardiopulmonary bypass. In general, studies1,2 indicate that
serum concentrations of fentanyl during cardiopulmonary by-
pass decrease initially and then remain stable. The fall in concen-
trations has been attributed to haemodilution although adsorption
to the bypass apparatus has also been found.
1. Buylaert WA, et al. Cardiopulmonary bypass and the pharma-

cokinetics of drugs: an update. Clin Pharmacokinet 1989; 17:
10–26. 

2. Gedney JA, Ghosh S. Pharmacokinetics of analgesics, sedatives
and anaesthetic agents during cardiopulmonary bypass. Br J
Anaesth 1995; 75: 344–51.

Children. The disposition of intravenous fentanyl 10 to
50 micrograms/kg in 14 neonates undergoing various major sur-
gical procedures was highly variable.1 The mean elimination
half-life of 317 minutes and other pharmacokinetic parameters
including volume of distribution and total body clearance were
greater than reported in adults, but both pharmacodynamic and
pharmacokinetic mechanisms appeared responsible for the very
prolonged respiratory depression that can occur in neonates after
fentanyl anaesthesia. In 9 premature neonates given fentanyl
30 micrograms/kg intravenously for induction of anaesthesia2

the elimination half-life ranged from 6 to 32 hours, but cautious
interpretation was advised because of the method of calculation.
1. Koehntop DE, et al. Pharmacokinetics of fentanyl in neonates.

Anesth Analg 1986; 65: 227–32. 
2. Collins C, et al. Fentanyl pharmacokinetics and hemodynamic

effects in preterm infants during ligation of patent ductus arteri-
osus. Anesth Analg 1985; 64: 1078–80.

The elderly. In one study the elimination half-life of intrave-
nous fentanyl increased from 265 minutes in patients with a
mean age of 36 years to 945 minutes in those with a mean age of
67 years.1 The authors of another study were critical of the rela-
tively short sampling time used and in contrast found that major
fentanyl pharmacokinetic parameters did not correlate with age.2
However, elderly patients had increased brain sensitivity to intra-
venous fentanyl, as shown by EEG changes2 and lower doses
might be indicated in older patients for pharmacodynamic rather
than pharmacokinetic reasons.
1. Bentley JB, et al. Age and fentanyl pharmacokinetics. Anesth

Analg 1982; 61: 968–71. 
2. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-

quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159–66.

Hepatic impairment. The pharmacokinetics of fentanyl were
not affected significantly in surgical patients with cirrhosis of the
liver.1 A 1987 review2 considered that fentanyl had not been as-
sociated with clinical problems when given to patients with liver
dysfunction.
1. Haberer JP, et al. Fentanyl pharmacokinetics in anaesthetized pa-

tients with cirrhosis. Br J Anaesth 1982; 54: 1267–70. 
2. Moore RA, et al. Opiate metabolism and excretion. Baillieres

Clin Anaesthesiol 1987; 1: 829–58.

Renal impairment. Clearance of fentanyl from plasma was re-
ported to be enhanced in surgical patients with end-stage renal
disease,1 although clearance was reduced and elimination half-
life increased in patients with renal failure undergoing transplan-
tation,2 possibly because of the influence of uraemia on metabo-
lism in the liver. Nevertheless, a 1987 review2 noted that fentanyl

had no active or toxic metabolites and had not been associated
with clinical problems when given to patients with renal dys-
function.
1. Corall IM, et al. Plasma concentrations of fentanyl in normal

surgical patients and those with severe renal and hepatic disease.
Br J Anaesth 1980; 52: 101P. 

2. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829–58.

Uses and Administration
Fentanyl, a phenylpiperidine derivative, is a potent opi-
oid analgesic (p.104) chemically related to pethidine
(p.113) and is primarily a μ-opioid agonist. 
Fentanyl is used as an analgesic, as an adjunct to gen-
eral anaesthetics, and as an anaesthetic for induction
and maintenance. It is also used as a respiratory depres-
sant in the management of mechanically ventilated pa-
tients under intensive care. When used with an antipsy-
chotic such as droperidol it can induce a state of
neuroleptanalgesia in which the patient is calm and in-
different to his surroundings and is able to cooperate
with the surgeon. 
Fentanyl is usually given parenterally or by the trans-
mucosal route as the citrate, in transdermal patches as
the base, or by iontophoretic transdermal delivery as
the hydrochloride. Fentanyl citrate 157 micrograms
and fentanyl hydrochloride 111 micrograms are each
equivalent to about 100 micrograms of fentanyl. Doses
are expressed in terms of the base. 
It is more lipid soluble than morphine and after an in-
travenous injection of 100 micrograms the effects of
fentanyl begin almost immediately, although maxi-
mum analgesia and respiratory depression may not oc-
cur for several minutes; the duration of action of fenta-
nyl depends on the dose and the intensity of the pain
involved, and may vary from 10 minutes to several
hours. 
For premedication  the equivalent of 50 to
100 micrograms of fentanyl may be given intramuscu-
larly 30 to 60 minutes before the induction of anaesthe-
sia. 
As an adjunct to general anaesthesia, fentanyl is usu-
ally given by intravenous injection. Dosage recom-
mendations show a wide range depending on the tech-
nique. 
• Patients with spontaneous respiration may be given

50 to 200 micrograms as an initial dose with supple-
ments of 50 micrograms. In the USA it is recom-
mended that doses above 2 micrograms/kg be ac-
companied by assisted ventilation. Significant
respiratory depression follows doses of more than
200 micrograms 

• Patients whose ventilation is assisted may be given
300 micrograms to  3 .5 mg (up to
50 micrograms/kg) as an initial dose, with supple-
ments of 100 to 200 micrograms depending on the
patient’s response. High doses have been reported to
moderate or attenuate the response to surgical stress
(see Anaesthesia, below) 

Fentanyl may also be given by intravenous infusion. In
ventilated patients a loading dose of about
1 microgram/kg per minute is given for the first 10
minutes followed by an infusion of about
100 nanograms/kg per minute; alternatively, the load-
ing dose may be given as a bolus. The infusion rate
should be titrated according to response and rates of up
to 3 micrograms/kg per minute have been used in car-
diac surgery. Infusions should be stopped about 40
minutes before the end of surgery unless artificial ven-
tilation is to be continued postoperatively. In patients
with spontaneous respiration, lower infusion rates of
50 to 80 nanograms/kg per minute are used. 
Reduced doses are used in the elderly or debilitated pa-
tients 
Similar doses to those used for premedication may also
be given by intramuscular injection postoperatively,
and by intramuscular or slow intravenous injection as
an adjunct to regional anaesthesia. 

For the treatment of intractable chronic pain in adults
when opioid analgesia is indicated transdermal patch-
es delivering amounts of fentanyl ranging from 12 to
100 micrograms/hour are available. In the UK, fenta-
nyl patches may be used in strong opioid-naive pa-
tients; however, in the USA, use is restricted to patients
who are already tolerant to opioid therapy of compara-
ble potency. 
• Doses should be individually titrated for each patient

according to previous opioid usage. Initial dosages
should not exceed 25 micrograms/hour in opioid-
naive patients; in addition, it is recommended that
these patients are initially titrated with low doses of
short-acting opioids before transferring to fentanyl
patches 

• For patients who have been receiving a strong opioid
analgesic the initial dose of the fentanyl patch
should be based on the previous 24-hour opioid re-
quirement. Use of a patch providing 25 micrograms
of fentanyl per hour is equivalent to about 60 to
90 mg daily of oral morphine sulfate. During trans-
fer to treatment with fentanyl patches previous opio-
id analgesic therapy should be phased out gradually
in order to allow for the gradual increase in plasma-
fentanyl concentrations 

• More than one patch may be applied if doses greater
than 100 micrograms/hour are required (applied at
the same time to avoid confusion); additional or al-
ternative analgesic therapy should be considered if
doses greater than 300 micrograms/hour are re-
quired. Patches should be replaced every 72 hours
with the new patch being applied to a different site;
use of the same area of the skin should be avoided
for several days 

• Elderly or debilitated patients should be observed
carefully for signs of toxicity and the dose reduced if
necessary 

Fentanyl patches are not appropriate for acute or post-
operative pain. 
A patient-activated iontophoretic transdermal fentanyl
delivery system, IONSYS (Janssen-Cilag, UK; Ortho-
McNeil, USA), is available for the management of
acute moderate to severe postoperative pain in hospi-
talised patients. Patients should be titrated to an accept-
able level of analgesia before starting therapy. IONSYS
contains fentanyl hydrochloride and each system de-
livers an equivalent of 40 micrograms of fentanyl per
dose over 10 minutes, to a maximum of 6 doses per
hour, for 24 hours after the first dose or for 80 doses
(maximum of 3.2 mg), whichever is reached first. The
maximum duration of treatment is 72 hours, or 3 con-
secutive systems applied sequentially, with the new
system being applied to a different site; only one sys-
tem should be worn at a time. It should be applied to
intact, non-irritated, and non-irradiated skin on the
chest or upper outer arm. 
A lozenge-on-a-stick dosage form of fentanyl citrate
for transmucosal delivery is used as an analgesic in the
management of breakthrough cancer pain in those
already receiving and tolerant to opioid treatment. Loz-
enges containing the equivalent of 200 micrograms to
up to 1.6 mg of fentanyl are available. An initial unit
dose of 200 micrograms may be taken over 15 minutes
for an episode of breakthrough pain and repeated once
if necessary after a further 15 minutes. Doses are sub-
sequently titrated according to response, up to a unit
dose of 1.6 mg if necessary. Once the patient has been
stabilised on an effective dose, no more than 4 unit dos-
es should be taken daily. 
In the USA, a buccal tablet containing fentanyl citrate
for transmucosal delivery is also available and licensed
for the same indication as the lozenge. Tablets contain-
ing the equivalent of 100 micrograms to up to
800 micrograms of fentanyl are available. An initial
dose of 100 micrograms may be taken for an episode
of breakthrough pain and repeated once if necessary af-
ter 30 minutes; thereafter, patients must wait at least 4
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hours before treating another episode. Doses are subse-
quently titrated according to response. The dose of the
maintenance opioid used for persistent pain should be
re-evaluated if the patient has more than 4 episodes of
breakthrough pain a day. 
Caution must be exercised when switching between
the lozenge and buccal tablet as the extent of absorp-
tion may be substantially different. 
For details of doses in children, see below.
Administration. INHALATION ROUTE. In a study1 inhaled fen-
tanyl provided plasma concentrations similar to those after in-
travenous doses; use as patient-controlled analgesia was sug-
gested. Inhaled formulations of fentanyl are under
investigation for the treatment of breakthrough cancer pain
and acute pain.
1. Mather LE, et al. Pulmonary administration of aerosolised fenta-

nyl: pharmacokinetic analysis of systemic delivery. Br J Clin
Pharmacol 1998; 46: 37–43.

INTRANASAL ROUTE. Studies1-3 have shown that intranasal fen-
tanyl is as effective as the intravenous route for postoperative
pain management and that it can be used in a patient-control-
led analgesia system. Intranasal fentanyl has also been
studied4-6 for the management of acute pain in children. Intra-
nasal spray formulations of fentanyl are under investigation
for the treatment of breakthrough cancer pain.
1. Striebel HW, et al. Intranasal fentanyl titration for postoperative

pain management in an unselected population. Anaesthesia
1993; 48: 753–7. 

2. Striebel HW, et al. Patient-controlled intranasal analgesia: a
method for noninvasive postoperative pain management. Anesth
Analg 1996; 83: 548–51. 

3. Toussaint S, et al. Patient-controlled intranasal analgesia: effec-
tive alternative to intravenous PCA for postoperative pain relief.
Can J Anesth 2000; 47: 299–302. 

4. Manjushree R, et al. Intranasal fentanyl provides adequate post-
operative analgesia in pediatric patients. Can J Anesth 2002; 49:
190–3. 

5. Borland ML, et al. Intranasal fentanyl is an equivalent analgesic
to oral morphine in paediatric burns patients for dressing chang-
es: a randomised double blind crossover study. Burns 2005; 31:
831–7. 

6. Borland M, et al. A randomized controlled trial comparing intra-
nasal fentanyl to intravenous morphine for managing acute pain
in children in the emergency department. Ann Emerg Med 2007;
49: 335–40.

INTRASPINAL ROUTE. For a discussion on the intraspinal use of
fentanyl, see Postoperative Pain, below.
TRANSDERMAL ROUTE. Transdermal fentanyl is used for chron-
ic intractable cancer pain in adults and children.1-5 
Transdermal fentanyl is also used in the treatment of chronic
non-cancer pain;4-6 however transdermal use is contra-indicated
in the management of acute or postoperative pain because the
problems of dose titration in the short term increase the possibil-
ity of development of significant respiratory depression4 (see
also under Adverse Effects and under Precautions, above). 
Although the licensed dosage interval for transdermal patches of
fentanyl is 72 hours studies have suggested that up to about 25%
of cancer patients may require more frequent application with
some patients requiring fresh patches every 48 hours.7,8 Equally,
in an attempt to supply lower doses than are allowed for by ex-
isting transdermal dosage forms, patches have sometimes been
cut, folded, or partially masked with non-porous dressings; the
manufacturers do not recommend such practices as they consider
the dose supplied will be unreliable, and there is potential for
overdosage. 
An iontophoretic drug delivery system containing fentanyl hy-
drochloride is also available for the management of acute mod-
erate to severe postoperative pain in a hospital setting (see Post-
operative Pain, below for some references).
1. Jeal W, Benfield P. Transdermal fentanyl: a review of its pharma-

cological properties and therapeutic efficacy in pain control.
Drugs 1997; 53: 109–38. 

2. Muijsers RBR, Wagstaff AJ. Transdermal fentanyl: an updated
review of its pharmacological properties and therapeutic efficacy
in chronic cancer pain control. Drugs 2001; 61: 2289–2307. 

3. Gourlay GK. Treatment of cancer pain with transdermal fenta-
nyl. Lancet Oncol 2001; 2: 165–72. 

4. Kornick CA, et al. Benefit-risk assessment of transdermal fenta-
nyl for the treatment of chronic pain. Drug Safety 2003; 26:
951–73. 

5. Zernikow B, et al. Transdermal fentanyl in childhood and ado-
lescence: a comprehensive literature review. J Pain 2007; 8:
187–207. 

6. Allan L, et al. Randomised crossover trial of transdermal fenta-
nyl and sustained release oral morphine for treating chronic non-
cancer pain. BMJ 2001; 322: 1154–8. 

7. Radbruch L, et al. Transdermal fentanyl for the management of
cancer pain: a survey of 1005 patients. Palliat Med 2001; 15:
309–21. 

8. Donner B, et al. Long-term treatment of cancer pain with
transdermal fentanyl. J Pain Symptom Manage 1998; 15:
168–75.

TRANSMUCOSAL ROUTE. Transmucosal fentanyl has been tried
for sedation and analgesia before anaesthesia or painful pro-
cedures in adults1 and children2,3 and is used for breakthrough
cancer pain in opioid-tolerant patients.4,5 It has been noted6

that this dosage method can cause all the adverse effects of
parenteral opioids; nausea and vomiting are common and

potentially lethal respiratory depression can occur (see also
under Precautions, above). Dosage guidelines have been sug-
gested.7

1. Macaluso AD, et al. Oral transmucosal fentanyl citrate for pre-
medication in adults. Anesth Analg 1996; 82: 158–61. 

2. Nelson PS, et al. Comparison of oral transmucosal fentanyl cit-
rate and an oral solution of meperidine, diazepam, and atropine
for premedication in children. Anesthesiology 1989; 70: 616–21. 

3. Schechter NL, et al. The use of oral transmucosal fentanyl citrate
for painful procedures in children. Pediatrics 1995; 95: 335–9. 

4. Blick SKA, Wagstaff AJ. Fentanyl buccal tablet: in breakthrough
pain in opioid-tolerant patients with cancer. Drugs 2006; 66:
2387–93. 

5. Zeppetella G, Ribeiro MDC. Opioids for the management of
breakthrough (episodic) pain in cancer patients. Available in the
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2006 (accessed 26/06/08). 

6. Anonymous. Oral transmucosal fentanyl citrate. Med Lett Drugs
Ther 1994; 36: 24–5. 

7. Aronoff GM, et al. Evidence-based oral transmucosal fentanyl
citrate (OTFC) dosing guidelines. Pain Med 2005; 6: 305–14.

Administration in children. Indications for fentanyl therapy
in children are similar to those in adults (see above). 
Fentanyl is usually given by intravenous injection as an adjunct
to general anaesthesia. In the UK recommended initial doses
range from 2 to 3 micrograms/kg in children aged 2 to 12 years
with spontaneous respiration; supplements of 1 microgram/kg
may be given. (The BNFC suggests initial doses of 1 to
5 micrograms/kg for neonates and children up to 12 years
of age.) When ventilation is assisted, the initial recommended
dose is also 2 to 3 micrograms/kg, with supplements of
1 microgram/kg. (The BNFC suggests an initial dose of 5 to
10 micrograms/kg for neonates and children up to 12 years of
age, with supplements of 1 to 3 micrograms/kg.) In the USA dos-
es are similar to those licensed in the UK. 
Children may also be given fentanyl by intravenous infusion: li-
censed product information implies that doses are similar to
those used in adults (see above) although the BNFC recommends
that the infusion rate in ventilated patients is 1.5 micrograms/kg
per hour in neonates and is 1 to 6 micrograms/kg per hour in old-
er children. 
Transdermal patches delivering amounts of fentanyl ranging
from 12 to 100 micrograms/hour may be used for the treatment
of intractable chronic pain in children aged 2 years and older
who are already tolerant to opioid therapy of comparable poten-
cy. The initial dose should be based on the previous 24-hour opi-
oid requirement. Use of a patch providing 12 micrograms of fen-
tanyl per hour is equivalent to about 30 to 44 mg daily of oral
morphine sulfate. See Uses and Administration, above for fur-
ther details. Patches should be applied to the upper backs of
young children to minimise the potential for removal. 
Although the transmucosal lozenge-on-a-stick formulation is
not licensed for use in children, the BNFC suggests a single dose
of 15 to 20 micrograms/kg (maximum of 400 micrograms) for
the management of breakthrough pain and as premedication
in those aged 2 years and older, and who weigh more than 10 kg.

Anaesthesia. Fentanyl and its congeners alfentanil and sufen-
tanil are shorter-acting than morphine and appear to produce
fewer circulatory changes; they are preferred for use as supple-
ments during anaesthesia with inhalational or intravenous drugs.
Fentanyl is widely used as the analgesic component of balanced
anaesthesia. It has been used to attenuate cardiovascular stress
responses to intubation (see Anaesthesia, p.1900), and may be
used in higher doses in an attempt to reduce the cardiovascular,
endocrine, and metabolic changes that may accompany surgery.
When attenuation of surgical stress is especially important, for
example in cardiac surgery, intravenous fentanyl 50 to
100 micrograms/kg in conjunction with oxygen and a neuromus-
cular blocker, and sometimes up to 150 micrograms/kg, may be
used for general anaesthesia. Total intravenous anaesthesia with
fentanyl and propofol has been successful.1 
Satisfactory anaesthesia has been reported2 with high-dose fen-
tanyl citrate (30 to 50 micrograms/kg) in premature infants when
used as sole anaesthetic, in conjunction with pancuronium, for
ligation of patent ductus arteriosus; cardiovascular stability was
maintained throughout the procedure. However, others3 found
significant hypotension in preterm infants given either fentanyl
20 micrograms/kg, isoflurane, halothane, or ketamine; systolic
arterial pressure was best maintained with the ketamine tech-
nique. The surgical stress response in preterm babies was abol-
ished by the addition of fentanyl 10 micrograms/kg intravenous-
ly to an anaesthetic regimen of nitrous oxide and tubocurarine.4
Dose responses of fentanyl in neonatal anaesthesia have been
discussed.5 
For details of doses in neonates and children, see above. 
Neuroleptanalgesia. An injection of short-acting fentanyl
50 micrograms/mL with the longer-acting antipsychotic droperi-
dol 2.5 mg/mL has been used for neuroleptanalgesia, premedica-
tion, and as an adjunct to anaesthesia. However, the use of such
a fixed-ratio combination cannot be recommended.
1. Jenstrup M, et al. Total iv anaesthesia with propofol-alfentanil or

propofol-fentanyl. Br J Anaesth 1990; 64: 717–22. 

2. Robinson S, Gregory GA. Fentanyl-air-oxygen anesthesia for li-
gation of patent ductus arteriosus in preterm infants. Anesth An-
alg 1981; 60: 331–4. 

3. Friesen RH, Henry DB. Cardiovascular changes in preterm ne-
onates receiving isoflurane, halothane, fentanyl, and ketamine.
Anesthesiology 1986; 64: 238–42. 

4. Anand KJS, et al. Randomised trial of fentanyl anaesthesia in
preterm babies undergoing surgery: effects on the stress re-
sponse. Lancet 1987; i: 243–8. 

5. Yaster M. The dose response of fentanyl in neonatal anesthesia.
Anesthesiology 1987; 66: 433–5.

PHAEOCHROMOCYTOMA. Unlike morphine and some other
opioids, fentanyl and alfentanil do not release histamine and
may be used safely in the anaesthetic management of patients
with phaeochromocytoma.1
1. Hull CJ. Phaeochromocytoma: diagnosis, preoperative prepara-

tion and anaesthetic management. Br J Anaesth 1986; 58:
1453–68.

POSTOPERATIVE SHIVERING. As pethidine appears to be effec-
tive in the treatment of postoperative shivering a number of
other opioids including fentanyl have also been tried. Not all
opioids are necessarily effective but fentanyl has been report-
ed to be so,1 although information is scanty.2
1. Alfonsi P, et al. Fentanyl, as pethidine, inhibits post anaesthesia

shivering. Br J Anaesth 1993; 70 (suppl 1): 38. 
2. Kranke P, et al. Pharmacological treatment of postoperative

shivering: a quantitative systematic review of randomized con-
trolled trials. Anesth Analg 2002; 94: 453–60.

Intensive care. Despite the short duration of action of fentanyl
after single doses, rapid redistribution in the body results in an
elimination half-life longer than that of morphine. Consequently
fentanyl is not a short-acting drug when used for analgesia in in-
tensive care, and may offer little advantage over morphine.1
1. Aitkenhead AR. Analgesia and sedation in intensive care. Br J

Anaesth 1989; 63: 196–206.

Pain. CANCER PAIN. Transdermal fentanyl is used in the man-
agement of chronic intractable cancer pain; for references see
Administration, Transdermal Route, above. For references to
the use of transmucosal fentanyl in the management of break-
through cancer pain, see Administration, Transmucosal
Route, above.
LABOUR PAIN. Fentanyl has been reported to be an effective
intravenous analgesic during active labour. Epidural fentanyl
is unreliable when used alone,1,2 although it does enhance the
epidural analgesia achieved with the local anaesthetic bupi-
vacaine. The reduction in the minimum local analgesic con-
centration of epidural bupivacaine for labour pain increased
with increasing dose of fentanyl added to bupivacaine.3 How-
ever, the incidence of pruritus increased significantly with
fentanyl in a dose of 4 micrograms/mL and therefore the op-
timum dose of fentanyl may be 3 micrograms/mL for bupi-
vacaine-sparing epidural analgesia during labour. Respiratory
depression has also been reported with the combination.4
1. Reynolds F. Extradural opioids in labour. Br J Anaesth 1989; 63:

251–3. 
2. Lindow SW, et al. A randomised double-blind comparison of

epidural fentanyl versus fentanyl and bupivicaine [sic] for pain
relief in the second stage of labour. Br J Obstet Gynaecol 2004;
111: 1075–80. 

3. Lyons G, et al. Extradural pain relief in labour: bupivacaine spar-
ing by extradural fentanyl is dose dependent. Br J Anaesth 1997;
78: 493–7. 

4. McClure JH, Jones G. Comparison of bupivacaine and bupi-
vacaine with fentanyl in continuous extradural analgesia during
labour. Br J Anaesth 1989; 63: 637–40.

POSTOPERATIVE PAIN. Small intravenous bolus doses of an opi-
oid analgesic may be injected immediately after surgery for
postoperative analgesia and faster acting opioids such as fen-
tanyl may be preferable to morphine.1 Fentanyl has also been
given by epidural injection in doses of 100 or 200 micrograms
or by continuous epidural infusion in doses of 20 to
80 micrograms/hour; patient-controlled systems have been
used.2 
Epidural fentanyl or sufentanil provided effective postoperative
analgesia after caesarean section with comparable adverse effect
profiles.3 The suggested optimal dose of fentanyl was
100 micrograms. For references comparing epidural fentanyl
with alfentanil, see Postoperative Analgesia under Uses and Ad-
ministration of Alfentanil, p.18. In a review4 of perioperative
pain management epidural opioids were considered to provide
effective analgesia at lower doses than systemic opioids. Fenta-
nyl may be given through a lumbar epidural catheter that is often
inserted immediately postoperatively. After an initial loading
dose of 1 to 1.5 micrograms/kg of fentanyl, infusion at the rate of
0.7 to 2 micrograms/kg per hour is begun and continued for
about 48 hours on average. Some prefer to use intermittent injec-
tion. A small study5 comparing 2 patient-controlled routes of ad-
ministration found that cervical epidural fentanyl provided better
postoperative pain relief at rest than intravenous fentanyl; how-
ever, there was no decrease in the total dose required and the
authors considered that the benefits of epidural fentanyl did not
outweigh its potential complications. 
Combined opioid and local anaesthetic epidural infusions have
also proved effective, for example fentanyl 1 microgram/mL
with bupivacaine 0.1%; both could be infused at lower rates than
either drug alone. Although a study6 comparing bupivacaine-
fentanyl combinations with each drug alone for epidural analge-
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sia after caesarean section confirmed an additive analgesic effect
for the combination, there was no demonstrable clinical benefit
compared with fentanyl alone in this patient group who expect
early mobilisation. However, the combination may be of greater
benefit in patients for whom early ambulation is not routine. 
Fentanyl has also been given by epidural injection to children for
postoperative analgesia.7 
Fentanyl has been tried by intrathecal injection for postoperative
pain.8 
As mentioned in Administration, Transdermal Route, above, an
iontophoretic transdermal system for postoperative pain is also
available.9-11

1. Mitchell RWD, Smith G. The control of acute postoperative
pain. Br J Anaesth 1989; 63: 147–58. 

2. Morgan M. The rational use of intrathecal and extradural opio-
ids. Br J Anaesth 1989; 63: 165–88. 

3. Grass JA, et al. A randomized, double-blind, dose-response
comparison of epidural fentanyl versus sufentanil analgesia af-
ter cesarean section. Anesth Analg 1997; 85: 365–71. 

4. Swarm RA, et al. Pain treatment in the perioperative period.
Curr Probl Surg 2001; 38: 835–920. 

5. Roussier M, et al. Patient-controlled cervical epidural fentanyl
compared with patient-controlled i.v. fentanyl for pain after
pharyngolaryngeal surgery. Br J Anaesth 2006; 96: 492–6. 

6. Cooper DW, et al. Patient-controlled extradural analgesia with
bupivacaine, fentanyl, or a mixture of both, after caesarean sec-
tion. Br J Anaesth 1996; 76: 611–15. 

7. Lejus C, et al. Postoperative extradural analgesia in children:
comparison of morphine with fentanyl. Br J Anaesth 1994; 72:
156–9. 

8. Sudarshan G, et al. Intrathecal fentanyl for post-thoracotomy
pain. Br J Anaesth 1995; 75: 19–22. 

9. Chelly JE. An iontophoretic, fentanyl HCl patient-controlled
transdermal system for acute postoperative pain management.
Expert Opin Pharmacother 2005; 6: 1205–14. 

10. Koo PJ. Postoperative pain management with a patient-control-
led transdermal delivery system for fentanyl. Am J Health-Syst
Pharm 2005; 62: 1171–6. 

11. Mayes S, Ferrone M. Fentanyl HCl patient-controlled ionto-
phoretic transdermal system for the management of acute post-
operative pain. Ann Pharmacother 2006; 40: 2178–86.

Preparations
BP 2008: Fentanyl Injection; 
USP 31: Fentanyl Citrate Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Durogesic; Fentax; Gray-F; Nafluvent; Sublimaze; Talnur; Austral.: Ac-
tiq; Durogesic; Sublimaze; Austria: Durogesic; Belg.: Durogesic; Braz.:
Durogesic; Fentabbott; Fentanest; Fentatil; Canad.: Duragesic; Chile: Du-
rogesic; Cz.: Durogesic; Fentagesic; Fentahexal; Fentalis; Ionsys; Matrifen;
Wintanyl; Denm.: Actiq; Durogesic; Haldid; Fin.: Actiq; Durogesic; Fr.: Ac-
tiq; Durogesic; Ionsys; Ger.: Actiq; Durogesic; Fenta-Hameln†; Gr.: Actiq;
Durogesic; Fentadur; Matrifen; Hong Kong: Durogesic; Hung.: Durogesic;
Matrifen; Sedaton; India: Durogesic; Trofentyl; Indon.: Durogesic; Irl.: Ac-
tiq; Durogesic; Fental; Sublimaze; Israel: Durogesic; Tanyl; Ital.: Actiq; Du-
rogesic; Fentanest; Jpn: Durotep; Malaysia: Durogesic; Talgesil; Mex.: Du-
rogesic; Fenodid; Fentanest; Neth.: Actiq; Durogesic; Norw.: Actiq;
Durogesic; Leptanal; NZ: Durogesic; Sublimaze; Philipp.: Durogesic; Sub-
limaze; Pol.: Durogesic; Fentahexal; Port.: Durogesic; Fentanest; Ionsys;
Nilfene; Rus.: Durogesic (Дюрогезик); S.Afr.: Durogesic; Sublimaze; Tanyl;
Singapore: Durogesic; Spain: Actiq; Durogesic; Fentanest; Swed.: Actiq;
Durogesic; Leptanal; Matrifen; Switz.: Actiq; Durogesic; Sintenyl; Thai.:
Durogesic; Turk.: Durogesic; UK: Actiq; Durogesic; Fentalis; Ionsys;
Matrifen; Osmach; Sublimaze; Tilofyl; USA: Actiq; Duragesic; Fentora; Ion-
sys; Sublimaze; Venez.: Durogesic.
Multi-ingredient: Arg.: Disifelit; Austral.: Marcain with Fentanyl; Naro-
pin with Fentanyl; Braz.: Nilperidol; Ital.: Leptofen; NZ: Bupafen; Marcain
with Fentanyl; Naropin with Fentanyl.

Fentiazac (BAN, USAN, rINN)

BR-700; Fentiazaco; Fentiazacum; Wy-21894. [4-(4-Chlorophe-
nyl)-2-phenylthiazol-5-yl]acetic acid.
Фентиазак
C17H12ClNO2S = 329.8.
CAS — 18046-21-4.
ATC — M01AB10; M02AA14.
ATC Vet — QM01AB10; QM02AA14.

Profile
Fentiazac is an NSAID (p.96) that has been used for the relief of
pain and inflammation associated with musculoskeletal, joint,
peri-articular, and soft-tissue disorders. It has also been used in
the treatment of fever. Fentiazac has been given in usual oral dos-
es of 200 mg once or twice daily. Fentiazac has also been applied
topically and has been given rectally as the calcium salt.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: O-Flam; Port.: Donorest†; IDR†; Norvedan†.

Fepradinol (rINN)

Fépradinol; Fepradinolum. (±)-α-{[(2-Hydroxy-1,1-dimethyle-
thyl)amino]methyl}benzyl alcohol.

Фепрадинол
C12H19NO2 = 209.3.
CAS — 63075-47-8.

Profile
Fepradinol is an NSAID (p.96) that has been used topically in a
concentration of 6% for the relief of pain and inflammation. The
hydrochloride has been used similarly.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Sinalgia†; Mex.: Sinalgia; Spain: Dalgen; Flexidol†.

Feprazone (BAN, rINN)

DA-2370; Feprazona; Féprazone; Feprazonum; Phenylprena-
zone; Prenazone. 4-(3-Methylbut-2-enyl)-1,2-diphenylpyrazolid-
ine-3,5-dione.

Фепразон
C20H20N2O2 = 320.4.
CAS — 30748-29-9 (feprazone); 57148-60-4 (feprazone
piperazine salt 1:1).
ATC — M01AX18; M02AA16.
ATC Vet — QM01AX18; QM02AA16.

Profile
Feprazone, a phenylbutazone (p.117) derivative, is an NSAID
(p.96). It has been given orally in the treatment of mild to mod-
erate pain, fever, and inflammation associated with musculoskel-
etal and joint disorders. Feprazone has also been given rectally
and used topically as a 5% cream. 
Pinazone, the piperazine salt of feprazone, has been used similar-
ly.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Zepelin; Spain: Brotazona; Venez.: Vapesin.

Firocoxib (USAN, rINN)

Firocoxibum; ML-1785713. 3-(Cyclopropylmethoxy)-5,5-dime-
thyl-4-[4-(methylsulfonyl)phenyl]furan-2(5H)-one.
Фирококсиб
C17H20O5S = 336.4.
CAS — 189954-96-9.
ATC Vet — QM01AH90.

Profile
Firocoxib, a selective cyclo-oxygenase-2 (COX-2) inhibitor, is
an NSAID used in veterinary medicine for the treatment of in-
flammation and pain associated with osteoarthritis in dogs.

Floctafenine (BAN, USAN, rINN)

Floctafenina; Floctafénine; Floctafeninum; R-4318; RU-15750.
2,3-Dihydroxypropyl N-(8-trifluoromethyl-4-quinolyl)anthrani-
late.
Флоктафенин
C20H17F3N2O4 = 406.4.
CAS — 23779-99-9.
ATC — N02BG04.
ATC Vet — QN02BG04.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Anaphylactic shock has been reported, and may be preceded by
minor allergic manifestations; floctafenine should be stopped in
any patient who develops signs suggestive of allergy (such as
pruritus or urticaria). Reactions may also involve the liver.
Floctafenine may cross-react with glafenine (p.62) and should
not be given to patients who have had glafenine-associated reac-
tions.
Porphyria. Floctafenine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Floctafenine is absorbed from the gastrointestinal tract; peak
plasma concentrations are obtained 1 to 2 hours after ingestion.
Its plasma half-life is about 8 hours. It is metabolised in the liver
to floctafenic acid. It is excreted mainly as glucuronide conju-
gates in the urine and bile.
Uses and Administration
Floctafenine, an anthranilic acid derivative related to glafenine
(p.62), is an NSAID (p.99) used in oral doses of up to 1.2 g daily,
in divided doses, for the short-term relief of pain.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Idarac†; Fr.: Idarac; Irl.: Idarac†; Thai.: Idarac.

Flufenamic Acid (BAN, USAN, rINN)

Acide Flufénamique; Ácido flufenámico; Acidum Flufenamicum;
CI-440; CN-27554; Flufenaamihappo; Flufenamsyra; INF-1837;
Kwas flufenamowy; NSC-82699. N-(ααα-Trifluoro-m-tolyl)an-
thranilic acid.
Флуфенамовая Кислота
C14H10F3NO2 = 281.2.
CAS — 530-78-9 (flufenamic acid); 61891-34-7 (flufena-
mate aluminium); 16449-54-0 (flufenamate aluminium).
ATC — M01AG03.
ATC Vet — QM01AG03.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving flufenamic acid, and
the American Academy of Pediatrics considers1 that it is there-
fore usually compatible with breast feeding. 
An early study2 found that only very small amounts of flufenam-
ic acid were excreted into breast milk after oral doses.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/11/07) 

2. Buchanan RA, et al. The breast milk excretion of flufenamic ac-
id. Curr Ther Res 1969; 11: 533–8.

Effects on the gastrointestinal tract. Acute proctocolitis as-
sociated with oral flufenamic acid in a patient.1
1. Ravi S, et al. Colitis caused by non-steroidal anti-inflammatory

drugs. Postgrad Med J 1986; 62: 773–6.

Porphyria. Flufenamic acid has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Uses and Administration
Flufenamic acid, an anthranilic acid derivative related to
mefenamic acid (p.80), is an NSAID (p.99). Flufenamic acid is
mainly used topically in a concentration of 3 or 3.5% for the re-
lief of pain and inflammation associated with musculoskeletal,
joint, and soft-tissue disorders. Flufenamic acid and its alumini-
um salt have also been given orally.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Dignodolin†; Jpn: Opyrin.

Multi-ingredient: Austria: Mobilisin; Mobilisin plus; Rheugesal; Belg.:
Mobilisin; Braz.: Mobilisin Composto; Ger.: Algesalona†; Hung.: Mobili-
sin†; Ital.: Mobilisin; Port.: Latesil; Mobilisin; Spain: Movilisin; Switz.: Alge-
salona†; Assan; Assan thermo; Mobilisin.

Flunixin Meglumine (BANM, USAN, rINNM)

Fluniksiinimeglumiini; Flunixin megluminová sůl; Flunixine méglu-
mine; Flunixini megluminum; Flunixinmeglumin; Flunixino meglu-
mina; Flunixinum Megluminicum; Meglumini Flunixinum; Sch-
14714 (flunixin). 2-{[2-Methyl-3-(trifluoromethyl)phenyl]amino}-
3-pyridinecarboxylic acid compounded with 1-deoxy-1-(methyl-
amino)-D-glucitol (1:1); 2-(α3,α3,α3-Trifluoro-2,3,-xylidino)nico-
tinic acid compounded with 1-deoxy-1-(methylamino)-D-glucitol
(1:1).
Меглумина Флуниксин
C14H11F3N2O2,C7H17NO5 = 491.5.
CAS — 38677-85-9 (flunixin); 42461-84-7 (flunixin meg-
lumine).

(flunixin)

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Flunixin Meglumine for Veterinary Use; Flunixin
Meglumine BP(Vet) 2008). A white to almost white crystalline
powder. Freely soluble in water and in methyl alcohol; practical-
ly insoluble in acetone. A 5% solution in water has a pH of 7.0 to
9.0. 
USP 31 (Flunixin Meglumine). A white to off-white crystalline
powder. Soluble in water, in alcohol, and in methyl alcohol; prac-
tically insoluble in ethyl acetate. pH of a 5% solution in water is
between 7.0 and 9.0. Store at a temperature of 25°, excursions
permitted between 15° and 30°.

Profile
Flunixin meglumine is an NSAID (p.96) used in veterinary med-
icine for the relief of pain and inflammation in acute and chronic
disorders and as adjunctive therapy in the treatment of endotoxic
or septic shock and mastitis.

Flupirtine Maleate (BANM, USAN, rINNM)

D-9998; Flupirtine, Maléate de; Flupirtini Maleas; Maleato de flu-
pirtina; W-2964M. Ethyl 2-amino-6-(4-fluorobenzylamino)-3-py-
ridylcarbamate maleate.
Флупиртина Малеат
C15H17FN4O2,C4H4O4 = 420.4.
CAS — 56995-20-1 (flupirtine); 75507-68-5 (flupirtine
maleate).
ATC — N02BG07.
ATC Vet — QN02BG07.

(flupirtine)

Profile
Flupirtine maleate is an analgesic that has been given for the re-
lief of pain (see Choice of Analgesic, p.2) in usual doses of
100 mg three or four times daily by mouth, or 150 mg three or
four times daily as a rectal suppository; daily doses of up to
600 mg by mouth or 900 mg rectally have been used where nec-
essary. Flupirtine has also been given by intramuscular injection
as the gluconate in the management of acute pain. 

There has been some interest in the potential of flupirtine to treat
prion diseases such as Creutzfeldt-Jakob disease (see below).
◊ References.
1. Friedel HA, Fitton A. Flupirtine: a review of its pharmacological

properties, and therapeutic efficacy in pain states. Drugs 1993;
45: 548–69.

Creutzfeldt-Jakob disease. A double-blind placebo-control-
led study1 in 28 patients with Creutzfeldt-Jakob disease (CJD)
found flupirtine to have beneficial effects on cognitive function.
However, further studies are needed to establish any place in
therapy.
1. Otto M, et al. Efficacy of flupirtine on cognitive function in pa-

tients with CJD: a double-blind study. Neurology 2004; 62:
714–18.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Katadolon; Ger.: Katadolon; Trancopal Dolo; Port.: Metanor; No-
vocebrin; Rus.: Katadolon (Катадолон).

Flurbiprofen (BAN, USAN, rINN)

BTS-18322; Flurbiprofeeni; Flurbiprofén; Flurbiprofenas; Flurbi-
profène; Flurbiprofeno; Flurbiprofenum; U-27182. 2-(2-Fluorobi-
phenyl-4-yl)propionic acid.
Флурбипрофен
C15H13FO2 = 244.3.
CAS — 5104-49-4.
ATC — M01AE09; M02AA19; S01BC04.
ATC Vet — QM01AE09; QM02AA19; QS01BC04.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Flurbiprofen). A white or almost white crystalline
powder. Practically insoluble in water; freely soluble in alcohol
and in dichloromethane; dissolves in aqueous solutions of alkali
hydroxides and carbonates. 
USP 31 (Flurbiprofen). A white crystalline powder. Practically
insoluble in water; freely soluble in dehydrated alcohol, in ace-
tone, in ether, and in methyl alcohol; soluble in acetonitrile. Store
in airtight containers.

Flurbiprofen Sodium (BANM, rINNM)

Flurbiprofène Sodique; Flurbiprofeno sódico; Natrii Flurbiprofe-
num. Sodium (±)-2-(2-fluoro-4-biphenylyl)propionate dihydrate.
Натрий Флурбипрофен
C15H12FNaO2,2H2O = 302.3.
CAS — 56767-76-1.
Pharmacopoeias. In Br. and US. 
BP 2008 (Flurbiprofen Sodium). A white to creamy-white, crys-
talline powder. Sparingly soluble in water; soluble in alcohol;
practically insoluble in dichloromethane.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. 
Minor symptoms of ocular irritation including tran-
sient burning and stinging have been reported on instil-
lation of flurbiprofen sodium eye drops; there may be
increased bleeding from ocular surgery and wound
healing may be delayed. Local irritation has also fol-
lowed rectal use, and local effects including a sensation
of warming or burning in the mouth may be seen after
using flurbiprofen lozenges.
Incidence of adverse effects. Reports from the manufactur-
ers on the range and incidence of the adverse effects of flurbipro-
fen.1,2

1. Sheldrake FE, et al. A long-term assessment of flurbiprofen.
Curr Med Res Opin 1977;  5: 106–16. 

2. Brooks CD, et al. Clinical safety of flurbiprofen. J Clin Pharma-
col 1990; 30: 342–51.

Effects on the CNS. A severe symmetrical parkinsonian syn-
drome developed in a 52-year-old man who had taken flurbipro-
fen for 7 days.1
1. Enevoldson TP, et al. Acute parkinsonism associated with flur-

biprofen. BMJ 1990; 300: 540–1.

Effects on the kidneys. Renal papillary necrosis has been de-
scribed in a patient who had used flurbiprofen for many years.1
Acute flank pain and reversible renal dysfunction has been
reported in 2 patients treated with flurbiprofen.2,3 Membranous
nephropathy also developed in a patient who took flurbiprofen
daily for 12 to 18 months.4
1. Nafría EC, et al. Renal papillary necrosis induced by flurbipro-

fen. DICP Ann Pharmacother 1991; 25: 870–1. 

2. Kaufhold J, et al. Flurbiprofen-associated tubulointerstitial ne-
phritis. Am J Nephrol 1991; 11: 144–6. 

3. McIntire SC, et al. Acute flank pain and reversible renal dys-
function associated with nonsteroidal anti-inflammatory drug
use. Pediatrics 1993; 92: 459–60. 

4. MacKay K. Membranous nephropathy associated with the use of
flurbiprofen. Clin Nephrol 1997; 47: 279–80.

Effects on the liver. A case of cholestatic jaundice probably
due to flurbiprofen has been reported.1
1. Kotowski KE, Grayson MF. Side effects of non-steroidal anti-

inflammatory drugs. BMJ 1982; 285: 377.

Effects on the skin. Cutaneous vasculitis apparently due to
flurbiprofen occurred in a 59-year-old woman with long-stand-
ing rheumatoid arthritis.1 Contact dermatitis has also been seen
in a 22-year-old woman who applied a poultice containing flur-
biprofen to her wrist.2
1. Wei N. Flurbiprofen and cutaneous vasculitis. Ann Intern Med

1990; 112: 550–1. 
2. Kawada A, et al. Contact dermatitis due to flurbiprofen. Contact

Dermatitis 2000; 42: 167–8.

Hypersensitivity. A diffuse, pruritic, maculopapular rash de-
veloped in a patient 48 hours after taking a second dose of flur-
biprofen.1 Two days later, the rash had become urticarial, and
angioedema and hypotension were also noted. Patch testing with
flurbiprofen powder was positive. 
See also Effects on the Skin, above.
1. Romano A, Pietrantonio F. Delayed hypersensitivity to flurbi-

profen. J Intern Med 1997; 241: 81–3.

Precautions
As for NSAIDs in general, p.98.
Breast feeding. Flurbiprofen is distributed into breast milk;
however, the BNF and licensed product information consider the
amount to be too small to be harmful to a breast-fed infant.
Herpes simplex keratitis. Whether flurbiprofen can exacer-
bate infection when used to treat ocular herpes simplex is unclear
from animal studies,1,2 but licensed product information for flur-
biprofen sodium eye drops recommends that they should not be
used in patients with active epithelial herpes simplex keratitis.
Patients with a history of herpes simplex keratitis should also be
monitored closely when undergoing treatment with these eye
drops.
1. Trousdale MD, et al. Effect of flurbiprofen on herpes simplex

keratitis in rabbits. Invest Ophthalmol Vis Sci 1980; 19: 267–70. 
2. Hendricks RL, et al. The effect of flurbiprofen on herpes simplex

virus type 1 stromal keratitis in mice. Invest Ophthalmol Vis Sci
1990; 31: 1503–11.

Interactions
For interactions associated with NSAIDs, see p.99.
Parasympathomimetics. Licensed product information for
acetylcholine chloride ophthalmic preparations and for flurbi-
profen sodium eye drops states that there have been reports that
acetylcholine and carbachol have been ineffective when used in
patients treated with topical (ophthalmic) NSAIDs.

Pharmacokinetics
Flurbiprofen is readily absorbed from the gastrointesti-
nal tract after oral doses with peak plasma concentra-
tions occurring about 1 to 2 hours after ingestion. Ab-
sorption after rectal doses may be more rapid. It is
about 99% bound to plasma proteins and has a plasma
half-life of about 3 to 6 hours. It is metabolised mainly
by hydroxylation (via the cytochrome P450 isoenzyme
CYP2C9) and conjugation in the liver and excreted in
urine. Flurbiprofen is distributed into breast milk. 
Flurbiprofen is a chiral compound given as the rac-
emate and the above pharmacokinetic characteristics
refer to the racemic mixture. Allowance may have to
be made for the different activities of the enantiomers.
◊ References.
1. Aarons L, et al. Plasma and synovial fluid kinetics of flurbipro-

fen in rheumatoid arthritis. Br J Clin Pharmacol 1986; 21:
155–63. 

2. Smith IJ, et al. Flurbiprofen in post-partum women: plasma and
breast milk disposition. J Clin Pharmacol 1989; 29: 174–84. 

3. Kean WF, et al. The pharmacokinetics of flurbiprofen in younger
and elderly patients with rheumatoid arthritis. J Clin Pharmacol
1992; 32: 41–8. 

4. Davies NM. Clinical pharmacokinetics of flurbiprofen and its
enantiomers. Clin Pharmacokinet 1995; 28: 100–14.

Uses and Administration
Flurbiprofen, a propionic acid derivative, is an NSAID
(p.99). It is used in musculoskeletal and joint disorders
such as ankylosing spondylitis, osteoarthritis, and
rheumatoid arthritis, in soft-tissue disorders such as
sprains and strains, for postoperative pain, and in mild
to moderate pain including dysmenorrhoea and mi-
graine. Flurbiprofen is also used as lozenges in the
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symptomatic relief of sore throat. Flurbiprofen sodium
is used in eye drops to inhibit intra-operative miosis
and to control postoperative inflammation of the ante-
rior segment of the eye. 
For pain and inflammation, flurbiprofen is given in
usual oral doses of 150 to 200 mg daily in divided dos-
es, increased to 300 mg daily in acute or severe condi-
tions if necessary. A modified-release preparation for
once-daily use is also available. Patients with dysmen-
orrhoea may be given an initial dose of 100 mg fol-
lowed by 50 to 100 mg every four to six hours to a
maximum total daily dose of 300 mg. Doses given rec-
tally as suppositories are similar to those given by oral-
ly. 
For the relief of sore throat, a lozenge containing
8.75 mg of flurbiprofen may be sucked or allowed to
dissolve slowly in the mouth every 3 to 6 hours to a
maximum daily dose of 5 lozenges. It is recommended
that treatment should be limited to a maximum of 3
days. 
To inhibit intra-operative miosis during ocular sur-
gery one drop of flurbiprofen sodium 0.03% is in-
stilled into the eye every 30 minutes beginning 2 hours
before surgery and ending not less than 30 minutes be-
fore surgery. To control postoperative inflammation
the same dosage regimen is used before ocular surgery
followed 24 hours after surgery by the instillation of
one drop 4 times daily for 1 to 3 weeks. Flurbiprofen
sodium eye drops have also been used in the topical
treatment of cystoid macular oedema. 
Flurbiprofen axetil has been given in some countries
by intravenous injection for severe pain. 
The R-enantiomer, tarenflurbil, is under investigation
in the management of Alzheimer’s disease.
Preparations
BP 2008: Flurbiprofen Eye Drops; Flurbiprofen Suppositories; Flurbiprofen
Tablets; 
USP 31: Flurbiprofen Sodium Ophthalmic Solution; Flurbiprofen Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Clinadol; Flurbic; Flurbid†; Luarprofeno; Tolerane; Austral.: Ocufen;
Strepfen; Austria: Froben; Ocuflur†; Belg.: Froben; Ocuflur ; Braz.:
Ocufen; Targus; Canad.: Ansaid; Froben; Novo-Flurprofen; Ocufen; Chile:
Ansaid; Distex; Ocufen; Cz.: Ansaid†; Flugalin†; Ocuflur†; Strepfen; Trans-
ActLAT†; Denm.: Flurofen; Fr.: Cebutid; Ocufen; Strefen; Ger.: Dobendan
Direkt; Dobrofen†; Ocuflur; Gr.: Bedice†; Bonatol-R; Fladolef-B†; Flurofen;
Fluroptic; Inflaflur; Ocuflur; Hong Kong: Ocufen†; Hung.: Flugalin; Ocu-
flur†; Strepfen; India: Arflur†; Cadiflur ; Froben; Ocuflur ; Irl.: Froben;
Ocufen†; Strepsils Intensive; Ital.: Benactiv; Froben; Ocufen; Tantum Activ
Gola; Transact Lat; Jpn: Ropion; Malaysia: Acustop Cataplasma; Mex.:
Ansaid; Ocufen; Neth.: Froben; NZ: Froben†; Ocufen†; Strepfen; Pol.: Flu-
galin; Strepsils Intensive; Port.: Edolfene; Froben; Ocuflur†; Reupax†; Strep-
fen; Transact Lat; Rus.: Strepfen (Стрепфен); S.Afr.: Froben; Ocufen;
TransAct; Singapore: Acustop Cataplasma†; Ocufen†; Spain: Froben;
Neo Artrol†; Ocuflur; Switz.: Froben; Ocuflur; Thai.: Flurozin; Turk.: Ma-
jezik; UK: Froben; Ocufen; Strefen; USA: Ansaid; Ocufen; Venez.: Flurben†;
Ocufen†.

Fosfosal (rINN)

Fosfosalum; UR-1521. 2-Phosphono-oxybenzoic acid.

Фосфосал
C7H7O6P = 218.1.
CAS — 6064-83-1.

Profile
Fosfosal is a salicylic acid derivative (see Aspirin, p.20). It has
been given in usual oral doses of up to 3.6 g daily for the treat-
ment of pain.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Aydolid; Disdolen; Protalgia.

Multi-ingredient: Spain: Aydolid Codeina; Disdolen Codeina.

Furprofen
Furprofeno. 4-(2-Furanylcarbonyl)-α-methylbenzeneacetic acid.
Фурпрофен
C14H12O4 = 244.2.
CAS — 66318-17-0.

Profile
Furprofen, a propionic acid derivative, is an NSAID (p.96) that
has been given by mouth for the relief of pain.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Dolex†.

Glafenine (rINN)

Glafenina; Glafénine; Glafeninum; Glaphenine. 2,3-Dihydroxy-
propyl N-(7-chloro-4-quinolyl)anthranilate.
Глафенин
C19H17ClN2O4 = 372.8.
CAS — 3820-67-5.
ATC — N02BG03.
ATC Vet — QN02BG03.

Profile
Glafenine, an anthranilic acid derivative, is an NSAID (p.96) that
was used for the relief of all types of pain. However, its high in-
cidence of anaphylactic reactions has led to its withdrawal from
the market in most countries. Glafenine hydrochloride was also
used.
Adverse effects and precautions. Glafenine is a common
cause of anaphylaxis. There may be hepatotoxicity (sometimes
fatal), nephrotoxicity, and gastrointestinal disturbances. It should
be stopped at the first sign of any allergic reaction. Crystallisation
of glafenine in the urinary tract has also occurred. Cross-reactiv-
ity with floctafenine has been reported.

Glucametacin (rINN)

Glucametacina; Glucamétacine; Glucametacinum. 2-{2-[1-(4-
Chlorobenzoyl)-5-methoxy-2-methylindol-3-yl]acetamido}-2-
deoxy-D-glucose.
Глюкаметацин
C25H27ClN2O8 = 518.9.
CAS — 52443-21-7.

Profile
Glucametacin, a derivative of indometacin (p.66), is an NSAID
(p.96) that has been given orally in musculoskeletal, joint, peri-
articular, and soft-tissue disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Teoremin; Mex.: Teoremac.

Multi-ingredient: Chile: Fibrorelax.

Glycol Salicylate
Ethylene Glycol Monosalicylate; Glycoli Salicylas; Glykolisalisylaat-
ti; Glykolsalicylat; Hidroksietilo salicilatas; Hidroxietil-szalicilát; Hy-
droksietyylisalisylaatti; Hydroxietylsalicylat; Hydroxyaethyli Salicy-
las; Hydroxyéthyle, salicylate d’; Hydroxyethylis salicylas; Hydroxy-
ethyl-salicylát; Salicilato de glicol. 2-Hydroxyethyl salicylate.

Гликоль Салицилат
C9H10O4 = 182.2.
CAS — 87-28-5.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Hydroxyethyl Salicylate). An oily, colourless or al-
most colourless liquid or colourless crystals. M.p. about 21°.
Sparingly soluble in water; freely soluble in alcohol; very soluble
in acetone and in dichloromethane. Protect from light.

Profile
Glycol salicylate is a salicylic acid derivative used similarly to
methyl salicylate (p.85) in topical rubefacient preparations in
usual concentrations of 5 to 15% for the relief of muscular and
rheumatic pain. Dipropylene glycol salicylate has been used in
similar preparations.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Lumbinon†; Ger.: Auroanalin N†; Dolo-Arthrosenex N; Dolo-Ar-
throsenex NH; Dolo-Rubriment H†; Etrat Spor tgel HES; Kytta†;
Lumbinon†; Mobilat Akut HES; Phardol mono; Phlogont Rheuma†;
Phlogont†; Rheubalmin N†; Salhumin Gel; Traumasenex; zuk Schmerzgel,
zuk Schmerzsalbe†.

Multi-ingredient: Arg.: Infrarub†; Venostasin; Austral.: Deep Heat;
Goanna Analgesic Ice†; Austria: Ambenat; Etrat; Igitur-Rheumafluid; Men-
thoneurin; Mobilisin; Moviflex; Rheumex; Rubizon-Rheumagel; Rubriment;
Sportino Akut†; Venostasin compositum; Belg.: Algipan; Emerxil; Mobilisin;
Percutalgine; Rado-Salil; Rado-Spray†; Stilene; Braz.: Etrat†; Mobilisin Com-
posto; Venostasin†; Canad.: Midalgan†; Cz.: Arnidol; Dolo-Rubriment†;
Rheuma-Salbe†; Rubriment-N†; Fin.: Moviflex†; Fr.: Algipan; Cortisal; Le
Thermogene†; Lumbalgine; Percutalgine; Ger.: ABC Warme-Salbe†; Am-
bene N; Arthrodestal N†; Auroanalin Thermo; Caye Rheuma-Balsam; Dolo
Mobilat†; Doloneuro†; DoloVisano Salbe†; Essaven Sport†; Etrat Sport-
gel†; Heparin Plus†; Hot Thermo; Infrotto Ultra†; Lumbinon Thermo†;
Menthoneurin-Salbe; mikanil†; Ostochont†; Phardol Rheuma†; Phardol
Warme-Balsam†; Phlogont-Thermal; Rheubalmin Thermo†; Rheuma Bad;
Rheuma-Salbe N; Rheuma-Salbe†; Rubriment-N†; Sportino Akut; Tetesept
Badekonzentrat Rheuma Bad†; Thermo-Menthoneurin†; Thermo-Rheu-
mon N†; Thermosenex; Togal Mobil-Gel†; Trauma-Puren†; Venoplant
AHS†; Vertebralon N†; Warme-Gel†; zuk thermo†; Gr.: Bayolin; Hong
Kong: New Patecs A; Prelloran†; Salomethyl; Hung.: Bayolin†; Mobilisin†;
Nicoflex; India: Algipan; Irl.: Algipan; Israel: Deep Heat Spray; Ital.: Bal-
samo Sifcamina; Disalgil†; Mobilisin; Salonpas; Sloan; Malaysia: Salonpas;
Neth.: Cremor capsici comp; Cremor Capsici compositus; Kruidvat Spier-
balsem; Pol.: Deep Heat; Lumbolin; Port.: DM Creme; DM Gel; Midal-
gan†; S.Afr.: Deep Heat Spray; Infrarub; Singapore: Deep Heating Spray†;
Saak†; Spain: Movilisin; Switz.: Assan; Assan thermo; Demotherm Pom-
made contre le rhumatisme†; Dolo Demotherm; Dolo-Arthrosenex;
Dolo-Arthrosenex sine Heparino†; Dolo-Veniten†; Histalgane; Histalgane
mite; Midalgan; Mobilisin; Phlebostasin compositum†; Prelloran†; Radalgin;
Remexal; Sportusal; Sportusal Spray sine heparino; Venoplant comp; Ve-
nucreme; Venugel; Thai.: Percutalgine†; UK: Cremalgin; Deep Heat Spray;
Dubam; Fiery Jack; Ralgex; Ralgex Freeze Spray; Ralgex Heat Spray (low-
odour); Salonair ; Salonpas; Transvasin Heat Spray.

Gold Keratinate
Aurothiopolypeptide; Queratinato de oro.
CAS — 9078-78-8.

Profile
Gold keratinate is a gold compound with a gold content of about
13%; It has similar actions and uses to those of sodium aurothi-
omalate (p.122). It has been given by intramuscular injection as
the calcium salt for the treatment of rheumatoid arthritis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aurochobet.

Golimumab (USAN, rINN)

CNTO-148; Golimumabum. Immunoglobulin G1, anti-(human
tumor necrosis factor α) (human monoclonal CNTO 148 γ1-
chain), disulfide with human monoclonal CNTO 148 κ-chain,
dimer.

Голимумаб
CAS — 476181-74-5.

Profile
Golimumab is a human monoclonal antibody to tumour necrosis
factor α, a pro-inflammatory mediator (see Infliximab, p.71), that
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

is being investigated in the management of rheumatoid arthritis,
psoriatic arthritis, and ankylosing spondylitis.
◊ References.
1. Zhou H, et al. Pharmacokinetics and safety of golimumab, a ful-

ly human anti-TNF-α monoclonal antibody, in subjects with
rheumatoid arthritis. J Clin Pharmacol 2007; 47: 383–96. 

2. Kay J, et al. Golimumab in patients with active rheumatoid ar-
thritis despite treatment with methotrexate: a randomized, dou-
ble-blind, placebo-controlled, dose-ranging study. Arthritis
Rheum 2008; 58: 964–75.

Hexyl Nicotinate
Heksyylinikotinaatti; Hexylnicotinatum; Hexylnikotinat; Nicoti-
nato de hexilo. n-Hexyl nicotinate.
C12H17NO2 = 207.3.
CAS — 23597-82-2.

Profile
Hexyl nicotinate is used in topical preparations as a rubefacient.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Transvane; Irl.: Transvasin; Port.: Hipodor†;
UK: Transvasin Heat Rub.

Hydrocodone Hydrochloride (BANM, rINNM)

Hidrocloruro de hidrocodona; Hydrocodone, Chlorhydrate d’;
Hydrocodoni Hydrochloridum.
Гидрокодона Гидрохлорид
C18H21NO3,HCl,2 ⁄ H2O = 380.9.
CAS — 25968-91-6 (anhydrous hydrocodone hydrochlo-
r ide).
ATC — R05DA03.
ATC Vet — QR05DA03.

(hydrocodone)

Hydrocodone Tartrate (BANM, rINNM)

Dihydrocodeinone Acid Tartrate; Hydrocodone Acid Tartrate;
Hydrocodone Bitartrate (USAN); Hydrocodone, Tartrate d’; Hy-
drocodoni Bitartras; Hydrocodoni Tartras; Hydrocone
Bitartrate; Tartrato de dihidrocodeinona; Tartrato de hidrocodo-
na. 6-Deoxy-3-O-methyl-6-oxomorphine hydrogen tartrate
hemipentahydrate; (−)-(5R)-4,5-Epoxy-3-methoxy-9a-methyl-
morphinan-6-one hydrogen tartrate hemipentahydrate.
Гидрокодона Тартрат
C18H21NO3,C4H6O6,2 ⁄ H2O = 494.5.
CAS — 125-29-1 (hydrocodone); 143-71-5 (anhydrous hy-
drocodone tartrate); 34195-34-1 (hydrocodone tartrate
hemipentahydrate).
ATC — R05DA03.
ATC Vet — QR05DA03.

NOTE. Compounded preparations of hydrocodone tartrate may be
represented by the following names: 
• Co-hycodAPAP (PEN)—hydrocodone tartrate and paraceta-

mol. 
The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of hydrocodone tar-
trate: 
Cough Syrup; Vikes.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Hydrocodone Hydrogen Tartrate 2.5-Hydrate).
White or almost white, hygroscopic, crystalline powder. Freely
soluble or soluble in water; sparingly soluble in alcohol; practi-
cally insoluble in cyclohexane. A 2% solution in water has a pH
of 3.2 to 3.8. Store in airtight containers. Protect from light. 
USP 31 (Hydrocodone Bitartrate). Fine, white crystals or crys-
talline powder. Soluble in water; slightly soluble in alcohol; in-
soluble in chloroform and in ether. pH of a 2% solution in water
is between 3.2 and 3.8. Store in airtight containers. Protect from
light.

Profile
Hydrocodone, a phenanthrene derivative, is an opioid analgesic
(p.101) related to codeine (p.37) and has similar actions, but is
more potent on a weight-for-weight basis. Hydromorphone (be-
low) is one of the metabolites of hydrocodone. 
Hydrocodone is used mainly as the tartrate in combination prep-
arations for the relief of irritant cough, though it has no particular
advantage over codeine. Hydrocodone tannate has been used
similarly. Hydrocodone tartrate is also used for the relief of mod-
erate to moderately severe pain, usually with paracetamol. The
usual oral dose of hydrocodone tartrate in such combination
preparations is 5 to 10 mg every 4 to 6 hours. 
For details of doses in children, see below. 
Hydrocodone hydrochloride is given orally and also by injection.
The  polistirex derivative (a hydrocodone and sulfonated diethe-
nylbenzene-ethenylbenzene copolymer complex) is used in
modified-release preparations. 
Hydrocodone has also been used in the treatment of dyspnoea.

Abuse. The abuse or overuse of preparations containing hy-
drocodone and paracetamol has been associated with sen-
sorineural hearing loss.1,2 Cochlear implants improved the hear-
ing loss in some of the patients. 
A case of palatal perforation associated with intranasal abuse of
a crushed preparation of hydrocodone and paracetamol has also
been reported.3
1. Friedman RA, et al. Profound hearing loss associated with hy-

drocodone/acetaminophen abuse. Am J Otol 2000; 21: 188–91. 
2. Ho T, et al. Hydrocodone use and sensorineural hearing loss.

Pain Physician 2007; 10: 467–72. 
3. Jewers WM, et al. Palatal perforation associated with intranasal

prescription narcotic abuse. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2005; 99: 594–7.

Administration in children. Hydrocodone tartrate may be
given as part of a combination preparation for the relief of irritant
cough in children aged from 6 to 12 years in usual oral doses of
2.5 mg every 4 to 6 hours. Older children may be given the usual
adult dose (see above).

Pharmacokinetics. References.
1. Hutchinson MR, et al. CYP2D6 and CYP3A4 involvement in the

primary oxidative metabolism of hydrocodone by human liver
microsomes. Br J Clin Pharmacol 2004; 57: 287–97.

Preparations
USP 31: Hydrocodone Bitartrate and Acetaminophen Tablets; Hydroco-
done Bitartrate and Homatropine Methylbromide Tablets; Hydrocodone
Bitartrate Tablets.

Proprietary Preparations (details are given in Part 3)
Belg.: Biocodone; Canad.: Hycodan; Ger.: Dicodid; Switz.: Dicodid†; Hy-
drocodeinon.

Multi-ingredient: Arg.: Hidronovag Complex; Canad.: Coristine-DH†;
Dalmacol; Dimetane Expectorant DC; Hycomine; Novahistex DH; Nova-
histine DH; ratio-Calmydone; ratio-Coristex-DH; Tussionex; Vasofrinic DH;
India: Cardiazol-Dicodid†; USA: Alor; Anaplex HD; Anexsia; Atuss EX†;
Atuss G; Atuss HC; Atuss HD; Atuss HS; Atuss HX; Bancap HC; Ceta Plus;
Co-Gesic; Co-Tuss V; Codal-DH; Codiclear DH; Codimal DH; Cophene
XP; Cordron-HC; Cyndal HD†; Cytuss HC; Cytuss-HC NR; Damason-P;
De-Chlor G; De-Chlor HC; De-Chlor HD†; De-Chlor MR; De-Chlor NX;
Deconamine CX; Dolacet; Donatussin DC; Drocon-CS; Duocet; Duratuss
HD; Dytan-HC; ED Tuss HC; ED-TLC; Endagen-HD; Endal-HD; Endal-HD
Plus; Entex HC; Entuss Expectorant; Entuss-D; Entuss-D Jr; H-Tuss-D†; His-
tex HC; Histinex D; Histinex HC; Histinex PV; Histussin D†; Histussin HC;
Hy-KXP; Hy-Phen; Hycet; HycoClear Tuss; Hycodan; Hycomine Com-
pound; Hycotuss; Hydex PD; Hydro DP; Hydro PC†; Hydro-GP; Hydro-
Tussin HD; Hydro-Tussin HG; Hydrocet; Hydrocodone CP; Hydrocodone
GF; Hydrocodone HD; Hydrogesic; Hydromet; Hydron CP; Hydron EX;
Hydron KGS; Hydron PSC; Hydropane; Hyphed; HyTan; Ibudone; Iodal;
Iotussin HC; Kwelcof; Levall 5.0; Liquicet; Lorcet 10/650; Lorcet Plus;
Lorcet-HD; Lortab; Lortab ASA; Lortuss HC; Marcof; Margesic H; Maxi-
Tuss HCG; Maxi-Tuss HCX; Maxidone; Nalex DH; Nalex Expectorant;
Narcof; Nariz HC; Neo HC; Norco; Notuss PD; Notuss-Forte; Oncet; P-
V-Tussin; Pancof XP; Pancof-HC; Pancof-XL; Para-Hist HD; Pneumotussin;
Poly-Tussin; Pro-Red; Protuss-D†; Protuss†; Relacon-HC; Relasin-HCX;
Reprexain; S-T Forte 2; SRC Expectorant; Stagesic; Su-Tuss HD; T-Gesic;
Tusana-D; Tusdec-HC; Tusnel-HC; Tussafed HC†; Tussafed-HCG; Tussafin
Expectorant; Tussanil DH; Tussend; Tussigon; Tussionex Pennkinetic; Tusso-
DF; Tusso-HC; Tussplex; Tyrodone; Unituss HC; Vanex Expectorant; Vanex-
HD; Vazotuss HC; Vicodin; Vicodin Tuss; Vicoprofen; Vitussin; Xodol; Z-Cof
HC; Zamicet; Zydone; Zymine HC.

Hydromorphone Hydrochloride 

(BANM, rINNM) ⊗ 
Dihydromorphinone Hydrochloride; Hidrocloruro de dihidro-
morfinona; Hidrocloruro de hidromorfona; Hidromorfono hid-
rochloridas; Hydromorfon-hydrochlorid; Hydromorfonhydro-
klorid; Hydromorfonihydrokloridi; Hydromorphone, chlorhy-
drate d’; Hydromorphoni hydrochloridum. 6-Deoxy-7,8-dihy-
dro-6-oxomorphine hydrochloride; (−)-(5R)-4,5-Epoxy-3-hy-
droxy-9a-methylmorphinan-6-one hydrochloride.

Гидроморфона Гидрохлорид
C17H19NO3,HCl = 321.8.
CAS — 466-99-9 (hydromorphone); 71-68-1 (hydromor-
phone hydrochloride).
ATC — N02AA03.
ATC Vet — QN02AA03.

(hydromorphone)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of hydromorphone: 
Dillies; HillBilly Heroin; Hospital heroin.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Hydromorphone Hydrochloride). A white or al-
most white, crystalline powder. Freely soluble in water; very
slightly soluble in alcohol; practically insoluble in dichlorometh-
ane. Protect from light. 
USP 31 (Hydromorphone Hydrochloride). A fine white, or
practically white, odourless, crystalline powder. Soluble 1 in 3 of
water; sparingly soluble in alcohol; practically insoluble in ether.
Store in airtight containers at a temperature of 25°, excursions
permitted between 15° and 30°. Protect from light.
Incompatibility. Colour change from pale yellow to light green
occurred when solutions of minocycline hydrochloride or tetra-
cycline hydrochloride were mixed with hydromorphone hydro-
chloride in 5% glucose injection.1 Mixtures of hydromorphone
hydrochloride and dexamethasone sodium phosphate exhibited
concentration-dependent incompatibility.2 White cloudiness,
haziness, or precipitation developed 4 hours after mixing thio-
pental sodium and hydromorphone hydrochloride.3 
Stability of mixtures of fluorouracil and hydromorphone hydro-
chloride in 0.9% sodium chloride or 5% glucose depended on the
concentration of fluorouracil present.4 Hydromorphone hydro-
chloride 0.5 mg/mL with fluorouracil 1 mg/mL was stable for at
least 7 days at 32° and for at least 35 days at 23°, 4°, or −20°.
When the concentration of fluorouracil was increased to
16 mg/mL, hydromorphone was noted to decompose incurring
unacceptable losses after 3 days at 32° or after 7 days at 23°, but
was stable for at least 35 days at 4° or −20°.
1. Nieves-Cordero AL, et al. Compatibility of narcotic analgesic

solutions with various antibiotics during simulated Y-site injec-
tion. Am J Hosp Pharm 1985; 42: 1108–9. 

2. Walker SE, et al. Compatibility of dexamethasone sodium phos-
phate with hydromorphone hydrochloride or diphenhydramine
hydrochloride. Am J Hosp Pharm 1991; 48: 2161–6. 

3. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs
used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

4. Xu QA, et al. Stability and compatibility of fluorouracil with
morphine sulfate and hydromorphone hydrochloride. Ann Phar-
macother 1996; 30: 756–61.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102. 
UK licensed product information contra-indicates the
use of hydromorphone hydrochloride in patients with
hepatic impairment; however, product information in
the USA permits its cautious use although doses may
need to be reduced. It should also be used with caution
and given in reduced doses to those with renal impair-
ment.
Effects on the nervous system. Myoclonus has been
reported1 in a 55-year-old man given relatively low doses of in-
travenous hydromorphone with a total daily dose of 4 mg on day
1 and 6 mg on day 2; symptoms resolved when the drug was
stopped on day 3. A chart review2 for neuroexcitatory symptoms
in 48 patients with terminal illnesses on hydromorphone found
13 cases of agitation, 9 of myoclonus, and 4 of seizures; maximal
dose and treatment duration were noted to increase the risk of
neurotoxicity.
1. Patel S, et al. A myoclonic reaction with low-dose hydromor-

phone. Ann Pharmacother 2006; 40: 2068–70. 
2. Thwaites D, et al. Hydromorphone neuroexcitation. J Palliat

Med 2004; 7: 545–50.

Interactions
For interactions associated with opioid analgesics, see
p.103.
Alcohol. The FDA received data from pharmacokinetic studies
in healthy subjects which showed that significantly higher peak
plasma concentrations of hydromorphone were achieved, as a re-
sult of dose-dumping, when alcohol was ingested with once-
daily hydromorphone modified-release capsules (Palladone;
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Purdue Frederick, USA); these increases were considered poten-
tially lethal, even in opioid-tolerant patients.1 Subsequently, this
formulation was voluntarily withdrawn by the US manufacturer
in July 2005.

1. Food and Drug Administration. FDA alert for healthcare profes-
sionals: alcohol-Palladone  interaction (issued 13th July, 2005).
Available at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
hydromorphoneHCP.pdf (accessed 26/06/08)

Pharmacokinetics
Hydromorphone hydrochloride is rapidly but incom-
pletely absorbed from the gastrointestinal tract after
oral doses; peak plasma concentrations occur within
0.5 to 1 hour. Oral bioavailability is about 50% as it
undergoes extensive first-pass metabolism. Hydromor-
phone is about 8 to 19% bound to plasma proteins. A
plasma elimination half-life of about 2.5 hours has
been reported after oral or intravenous doses. Hydro-
morphone appears to be widely distributed in the tis-
sues; it crosses the placenta and is distributed into
breast milk. It is extensively metabolised by glucuroni-
dation in the liver and excreted in the urine mainly as
conjugated hydromorphone, dihydroisomorphine, and
dihydromorphine.

◊ References.

1. Vallner JJ, et al. Pharmacokinetics and bioavailability of hydro-
morphone following intravenous and oral administration to hu-
man subjects. J Clin Pharmacol 1981; 21: 152–6. 

2. Parab PV, et al. Pharmacokinetics of hydromorphone after intra-
venous, peroral and rectal administration to human subjects. Bi-
opharm Drug Dispos 1988; 9: 187–99. 

3. Vashi V, et al. Clinical pharmacology and pharmacokinetics of
once-daily hydromorphone hydrochloride extended-release cap-
sules. J Clin Pharmacol 2005; 45: 547–54.

Uses and Administration
Hydromorphone hydrochloride, a phenanthrene deriv-
ative, is an opioid analgesic (p.104). It is related to
morphine (p.89) but with a greater analgesic potency.
Hydromorphone hydrochloride is used for the relief of
moderate to severe pain and for the relief of non-pro-
ductive cough. 

In the treatment of pain, hydromorphone hydrochlo-
ride is a useful alternative to morphine for subcutane-
ous use since its greater solubility in water allows a
smaller dose volume. After injection onset of action
usually occurs within 15 minutes and analgesia is re-
ported to last for more than 5 hours; after oral doses
onset of analgesia is usually within 30 minutes. It is
given by subcutaneous or intramuscular injection in
initial doses of 1 to 2 mg every 4 to 6 hours as neces-
sary. It may also be given by slow intravenous injection
or by intravenous or subcutaneous infusion, with doses
adjusted according to individual requirements. Higher
parenteral doses may be given to opioid-tolerant pa-
tients using a highly concentrated solution containing
10 mg/mL that allows smaller dose volumes. In the
UK, the initial oral dose is 1.3 mg every 4 hours; there-
after the dose may be increased as necessary. In the
USA, initial oral doses of 2 mg may be given every 4
to 6 hours; doses may be increased to 4 mg or more for
severe pain. Modified-release preparations are availa-
ble for less frequent administration, but see Alcohol,
under Interactions, above. By rectum, the usual dose is
3 mg every 6 to 8 hours. 

For the relief of non-productive cough hydromor-
phone hydrochloride is given, as a syrup, in doses of
1 mg repeated every 3 to 4 hours.

◊ References.

1. Bruera E, et al. A randomized, double-blind, double-dummy,
crossover trial comparing the safety and efficacy of oral sus-
tained-release hydromorphone with immediate-release hydro-
morphone in patients with cancer pain. J Clin Oncol 1996; 14:
1713–17. 

2. Miller MG, et al. Continuous subcutaneous infusion of morphine
vs. hydromorphone: a controlled trial. J Pain Symptom Manage
1999; 18: 9–16. 

3. Quigley C. Hydromorphone for acute and chronic pain. Availa-
ble in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2002 (accessed 26/06/08). 

4. Murray A, Hagen NA. Hydromorphone. J Pain Symptom Man-
age 2005; 29 (suppl): S57–S66. 

5. Grosset AB, et al. Comparative efficacy of oral extended-release
hydromorphone and immediate-release hydromorphone in pa-
tients with persistent moderate to severe pain: two randomized
controlled trials. J Pain Symptom Manage 2005; 29: 584–94. 

6. Du Pen S, et al. Intrathecal hydromorphone for intractable non-
malignant pain: a retrospective study. Pain Med 2006; 7: 10–15. 

7. Chang AK, et al. Safety and efficacy of hydromorphone as an
analgesic alternative to morphine in acute pain: a randomized
clinical trial. Ann Emerg Med 2006; 48: 164–72.

Preparations
USP 31: Hydromorphone Hydrochloride Injection; Hydromorphone Hy-
drochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Dolonovag; Austral.: Dilaudid; Austria: Dilaudid; Hydal; Belg.: Palla-
done; Canad.: Dilaudid; Hydromorph; Cz.: Jurnista; Palladone; Denm.:
Opidol†; Palladon; Fin.: Palladon; Fr.: Sophidone; Ger.: Dilaudid; Palladon;
Hung.: Palladone; Irl.: Palladone; Israel: Palladone; Mex.: Liberaxim;
Neth.: Palladon; Norw.: Palladon; NZ: Dilaudid†; Port.: Jurnista; Palladone;
Swed.: Opidol†; Palladon; Switz.: Palladon; UK: Palladone; USA: Dilaudid;
Palladone†.
Multi-ingredient: Swed.: Dilaudid-Atropin; Switz.: Dilaudid-Atropin†;
USA: Dilaudid Cough.

Ibuprofen (BAN, USAN, rINN)

Ibuprofeeni; Ibuprofén; Ibuprofenas; Ibuprofène; Ibuprofeno; Ibu-
profenum; RD-13621; U-18573. 2-(4-Isobutylphenyl)propionic
acid.
Ибупрофен
C13H18O2 = 206.3.
CAS — 15687-27-1.
ATC — C01EB16; G02CC01; M01AE01; M02AA13.
ATC Vet — QC01EB16; QG02CC01; QM01AE01;
QM02AA13.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Ibuprofen). A white or almost white, crystalline
powder or colourless crystals. M.p. 75° to 78°. Practically insol-
uble in water; freely soluble in acetone, in dichloromethane, and
in methyl alcohol; it dissolves in dilute solutions of alkali hy-
droxides and carbonates. 
USP 31 (Ibuprofen). A white to off-white crystalline powder
having a slight characteristic odour. Practically insoluble in wa-
ter; very soluble in alcohol, in acetone, in chloroform, and in
methyl alcohol; slightly soluble in ethyl acetate. Store in airtight
containers.

Ibuprofen Lysine (USAN)

Ibuprofen Lysinate; Soluphene. Lysine 2-(4-isobutylphenyl)propi-
onate.
Ибупрофен Лизин
C19H32N2O4 = 352.5.
CAS — 57469-77-9.
ATC — C01EB16; G02CC01; M01AE01; M02AA13.
ATC Vet — QC01EB16; QG02CC01; QM01AE01;
QM02AA13.

Stability. Solutions of ibuprofen lysine in Water for Injections
stored at room temperature were found to be most stable when
protected from light.1
1. Volonté MG, et al. Stability of ibuprofen in injection solutions.

Am J Health-Syst Pharm 2005; 62: 630–3.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. Ibuprofen may be bet-
ter tolerated than other NSAIDs. 
Adverse effects that may be associated with the use of
ibuprofen injection in premature neonates include in-
traventricular haemorrhage, periventricular leucoma-
lacia, bronchopulmonary dysplasia, pulmonary haem-
orrhage, necrotising enterocolitis, intestinal
perforation, oliguria, fluid retention, and haematuria;
hypoxaemia and gastrointestinal haemorrhage have
also been reported. In addition ibuprofen injection
should not be given to neonates with life-threatening
infection, with significant renal impairment, or with
known or suspected necrotising enterocolitis. Infants
who are bleeding (especially gastrointestinal bleeding
or intracranial haemorrhage) or who have thrombocy-

topenia or coagulation defects should also not be given
parenteral ibuprofen, and those given it should be mon-
itored during treatment for signs of bleeding. Renal
function should be monitored and if anuria or marked
oliguria is evident at the time of a scheduled second or
third dose, it should be delayed until renal function has
returned to normal. 
Symptoms of nausea, vomiting, and tinnitus have been
reported after ibuprofen overdosage. More serious tox-
icity is uncommon, but gastric emptying followed by
supportive measures is recommended if the quantity
ingested within the previous hour exceeds 400 mg/kg.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving ibuprofen, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. The BNF also considers
the amount of ibuprofen distributed into breast milk to be too
small to be harmful to a breast-fed infant. A study2 estimated that
a breast-fed infant would ingest about 0.0008% of the maternal
dose. However, licensed product information for some prepara-
tions, including some topical preparations, recommends that
breast feeding should be avoided during ibuprofen treatment.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 07/11/07) 

2. Walter K, Dilger C. Ibuprofen in human milk. Br J Clin Pharma-
col 1997; 44: 211–12.

Children. An analysis1 of the outcome of treatment of 83 915
children found that the risk of hospitalisation for gastrointestinal
bleeding, renal failure, or anaphylaxis was no greater in children
given ibuprofen than in those given paracetamol.
1. Lesko SM, Mitchell AA. An assessment of the safety of pediatric

ibuprofen. JAMA 1995; 273: 929–33.

Effects on the blood. Blood disorders including agranulocy-
tosis, aplastic anaemia,1 pure white-cell aplasia,2 and
thrombocytopenia3 have been reported in patients taking ibupro-
fen. Fatal haemolytic anaemia occurred in a man taking ibupro-
fen and oxazepam.4
1. Gryfe CI, Rubenzahl S. Agranulocytosis and aplastic anemia

possibly due to ibuprofen. Can Med Assoc J 1976; 114: 877. 
2. Mamus SW, et al. Ibuprofen-associated pure white-cell aplasia.

N Engl J Med 1986; 314: 624–5. 
3. Jain S. Ibuprofen-induced thrombocytopenia. Br J Clin Pract

1994; 48: 51. 
4. Guidry JB, et al. Fatal autoimmune hemolytic anemia associated

with ibuprofen. JAMA 1979; 242: 68–9.

Effects on the cardiovascular system. For a discussion of
the cardiovascular effects of NSAIDs, including ibuprofen, see
p.96.
Effects on the CNS. Aseptic meningitis has occurred in pa-
tients taking NSAIDs. A review1 of NSAID-related CNS ad-
verse effects summarised 23 literature reports of NSAID-associ-
ated aseptic meningitis; 17 reports involved ibuprofen, 4
sulindac, 1 naproxen, and 1 tolmetin. Of the 23 reports, 11 were
in patients with a diagnosis of SLE. Typically the reaction is seen
in patients who have just restarted NSAID therapy after a gap in
their treatment. Within a few hours of restarting the NSAID the
patient experiences fever, headache, and a stiff neck; abdominal
pain may be present. The patient may become lethargic and
eventually comatose. Symptoms resolve if the NSAID is
stopped. It is believed to be a hypersensitivity reaction but there
does not appear to be cross-reactivity between NSAIDs. 
Similar conclusions have also been reported more recently.2 Af-
ter experience of 2 cases, a review of the literature identified 71
episodes of ibuprofen-induced aseptic meningitis in 36 patients;
22 patients had recurrent episodes after repeated ibuprofen use.
An underlying auto-immune connective tissue disorder was
noted in 22 patients of whom 14 had SLE, 6 had an undifferenti-
ated or mixed disorder, 1 had rheumatoid arthritis , and 1 had
Sjögren’s syndrome. In most cases, symptoms developed within
24 hours of starting ibuprofen although 1 patient had been taking
ibuprofen for 2 years before the onset of symptoms. Cross-reac-
tivity was reported in only 1 patient who had also developed
aseptic meningitis with both naproxen and rofecoxib.
1. Hoppmann RA, et al. Central nervous system side effects of non-

steroidal anti-inflammatory drugs: aseptic meningitis, psychosis,
and cognitive dysfunction. Arch Intern Med 1991; 151:
1309–13. 

2. Rodríguez SC, et al. Characteristics of meningitis caused by ibu-
profen: report of 2 cases with recurrent episodes and review of
the literature. Medicine 2006; 85: 214–20.

Effects on electrolytes. Hyponatraemia has been described in
patients receiving ibuprofen;1-3 other risk factors such as pre-ex-
isting renal impairment or use with desmopressin were generally
present.
1. Blum M, Aviram A. Ibuprofen induced hyponatraemia. Rheuma-

tol Rehabil 1980; 19: 258–9. 
2. Rault RM. Case report: hyponatremia associated with nonsteroi-

dal antiinflammatory drugs. Am J Med Sci 1993; 305: 318–20. 
3. García EBG, et al. Hyponatraemic coma induced by desmo-

pressin and ibuprofen in a woman with von Willebrand’s disease.
Haemophilia 2003; 9: 232–4.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the eyes. Reversible amblyopia has been reported
in patients receiving ibuprofen.1,2 For reference to effects on the
optic nerve associated with ibuprofen, see p.97.
1. Collum LMT, Bowen DI. Ocular side-effects of ibuprofen. Br J

Ophthalmol 1971; 55: 472–7. 
2. Palmer CAL. Toxic amblyopia from ibuprofen. BMJ 1972; 3:

765.

Effects on the gastrointestinal tract. Ibuprofen may be as-
sociated with a lower risk of upper gastrointestinal effects than
some other NSAIDs, but nonetheless it can cause dyspepsia,
nausea and vomiting, gastrointestinal bleeding, and peptic ulcers
and perforation. Colitis and its exacerbation have occurred.1,2

1. Ravi S, et al. Colitis caused by non-steroidal anti-inflammatory
drugs. Postgrad Med J 1986; 62: 773–6. 

2. Clements D, et al. Colitis associated with ibuprofen. BMJ 1990;
301: 987.

Effects on the kidneys. Reports of adverse renal effects with
ibuprofen include an increase in serum creatinine concentration,1
acute renal failure,2-6 and nephrotic syndrome.7 Cystitis, haema-
turia, and interstitial nephritis may occur. Acute flank pain and
reversible renal dysfunction has been reported in some patients
treated with ibuprofen.8,9 See also Effects on Electrolytes, above.
1. Whelton A, et al. Renal effects of ibuprofen, piroxicam, and

sulindac in patients with asymptomatic renal failure: a prospec-
tive, randomized, crossover comparison. Ann Intern Med 1990;
112: 568–76. 

2. Brandstetter RD, Mar DD. Reversible oliguric renal failure asso-
ciated with ibuprofen treatment. BMJ 1978; 2: 1194–5. 

3. Kimberly RP, et al. Apparent acute renal failure associated with
therapeutic aspirin and ibuprofen administration. Arthritis
Rheum 1979; 22: 281–5. 

4. Spierto RJ, et al. Acute renal failure associated with the use of
over-the-counter ibuprofen. Ann Pharmacother 1992; 26: 714. 

5. Fernando AHN, et al. Renal failure after topical use of NSAIDs.
BMJ 1994; 308: 533. 

6. Moghal NE, et al. Ibuprofen and acute renal failure in a toddler.
Arch Dis Child 2004; 89: 276–7. 

7. Justiniani FR. Over-the-counter ibuprofen and nephrotic syn-
drome. Ann Intern Med 1986; 105: 303. 

8. McIntire SC, et al. Acute flank pain and reversible renal dys-
function associated with nonsteroidal anti-inflammatory drug
use. Pediatrics 1993; 92: 459–60. 

9. Wattad A, et al. A unique complication of nonsteroidal anti-in-
flammatory drug use. Pediatrics 1994; 93: 693.

Effects on the liver. Raised liver transaminase values were
noted in 3 patients with chronic hepatitis C infection after taking
ibuprofen.1 Values returned to normal on stopping the drug; the
effect recurred in one patient who was re-exposed. Other hepatic
adverse effects reported with ibuprofen include hepatitis2 and
liver failure.3. 
See also Effects on the Skin, below.
1. Riley TR, Smith JP. Ibuprofen-induced hepatotoxicity in patients

with chronic hepatitis C: a case series. Am J Gastroenterol 1998;
93: 1563–5. 

2. Borel I, et al. Hépatite aiguë sévère après prise d’ibuprofène.
Gastroenterol Clin Biol 2001; 25: 430–2. 

3. Rodríguez-González FJ, et al. Orthotopic liver transplantation
after subacute liver failure induced by therapeutic doses of ibu-
profen. Am J Gastroenterol 2002; 97: 2476–7.

Effects on the skin. Skin rashes may occur during hypersensi-
tivity reactions although serious dermatological effects attributed
to ibuprofen are rare. Reports of more serious effects have in-
cluded Stevens-Johnson syndrome (often associated with hepa-
totoxicity),1-4 photosensitivity,5 and bullous leukocytoclastic
vasculitis.6
1. Sternlieb P, Robinson RM. Stevens-Johnson syndrome plus toxic

hepatitis due to ibuprofen. N Y State J Med 1978; 78: 1239–43. 
2. Srivastava M, et al. Drug-associated acute-onset vanishing bile

duct and Stevens-Johnson syndromes in a child. Gastroenterolo-
gy 1998; 115: 743–6. 

3. Health Canada. Ibuprofen: Stevens-Johnson syndrome. Can Ad-
verse React News 2005; 15 (3): 3. Also available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/medeff/
carn-bcei_v15n3-eng.pdf (accessed 29/08/08) 

4. Taghian M, et al. Acute vanishing bile duct syndrome after ibu-
profen therapy in a child. J Pediatr 2004; 145: 273–6. 

5. Bergner T, Przybilla B. Photosensitization caused by ibuprofen.
J Am Acad Dermatol 1992; 26: 114–16. 

6. Davidson KA, et al. Ibuprofen-induced bullous leukocytoclastic
vasculitis. Cutis 2001; 67: 303–7.

Hypersensitivity. A fatal asthma attack occurred in a 65-year-
old woman, with adult-onset asthma, 30 minutes after ingestion
of ibuprofen 800 mg.1 
For other hypersensitivity reactions or possible reactions see also
Effects on the CNS and Effects on the Skin, above.
1. Ayres JG, et al. Asthma death due to ibuprofen. Lancet 1987; i:

1082.

Meningitis. For reports of aseptic meningitis after use of ibu-
profen, see Effects on the CNS, above.
Overdosage. There was a substantial increase in the number of
cases of ibuprofen overdose reported to the National Poisons In-
formation Service of the UK in the 2 years after its introduction
as an ‘over-the-counter’ medication.1 However, no concurrent
increase in severity of poisoning was found and in only 1 of 203
cases was ibuprofen thought to have caused serious problems. It
was concluded that ibuprofen appeared to be much less toxic in
acute overdose than either aspirin or paracetamol. Current advice
is that doses below 100 mg/kg are unlikely to cause toxicity in
children, whereas clinical features will occur in children who
have ingested more than 400 mg/kg. In adults the dose-response

effect is less clear cut, but those who have ingested less than
100 mg/kg are unlikely to require treatment. 
Nonetheless, reports illustrate the complexity of major overdos-
age with ibuprofen. A syndrome of coma, hyperkalaemia with
cardiac arrhythmias, metabolic acidosis, pyrexia, and respiratory
and renal failure was reported2 in a 17-year-old man after major
overdosage with ibuprofen and minor overdosage with doxepin.
Hyperkalaemia was not evident until 14 hours after hospital ad-
mission and was thought to be due to a combination of potassium
replacement for initial hypokalaemia, acidosis, muscle damage,
and ibuprofen-induced renal failure. A 6-year-old child
developed3 shock, coma, and metabolic acidosis after ingestion
of a dose of ibuprofen equivalent to 300 mg/kg. Treatment con-
sisting of intubation, mechanical ventilation, fluid resuscitation,
gastric lavage, and activated charcoal proved successful. In an-
other report,4 in which a 21-month-old child had ingested the
equivalent of 500 mg/kg of ibuprofen, the presenting symptoms
were acute renal failure with severe metabolic acidosis. The child
developed tonic-clonic seizures 46 hours after ingestion, with
significant hypocalcaemia and hypomagnesaemia, which may
have been exacerbated by use of sodium polystyrene sulfonate
and furosemide. The seizures, which could not be controlled
with diazepam, phenytoin, and phenobarbital, ceased on correc-
tion of electrolyte balance.
1. Perry SJ, et al. Ibuprofen overdose: the first two years of

over–the–counter sales. Hum Toxicol 1987; 6: 173–8. 
2. Menzies DG, et al. Fulminant hyperkalaemia and multiple com-

plications following ibuprofen overdose. Med Toxicol Adverse
Drug Exp 1989; 4: 468–71. 

3. Zuckerman GB, Uy CC. Shock, metabolic acidosis, and coma
following ibuprofen overdose in a child. Ann Pharmacother
1995; 29: 869–71. 

4. Al-Harbi NN, et al. Hypocalcemia and hypomagnesemia after
ibuprofen overdose. Ann Pharmacother 1997; 31: 432–4.

Interactions
For interactions associated with NSAIDs, see p.99.
Antineoplastics. For the effect of ibuprofen on the metabolism
of pemetrexed, see p.762.
Aspirin. It has been suggested that ibuprofen may reduce the
cardioprotective effect of aspirin but see NSAIDS under Interac-
tions of Aspirin, p.23.
Lipid regulating drugs. For a report of rhabdomyolysis and
renal failure attributed to an interaction between ibuprofen and
ciprofibrate, see p.1233.
Muscle relaxants. Baclofen toxicity may develop after starting
ibuprofen; for further details, see p.1888.

Pharmacokinetics
Ibuprofen is absorbed from the gastrointestinal tract
and peak plasma concentrations occur about 1 to 2
hours after ingestion. Ibuprofen is also absorbed on
rectal use. It is partially absorbed after topical applica-
tion to the skin; some licensed product information
states that percutaneous absorption from topical gel is
about 5% of that from an oral dose form. Ibuprofen is
90 to 99% bound to plasma proteins and has a plasma
half-life of about 2 hours. It is rapidly excreted in the
urine mainly as metabolites and their conjugates.
About 1% is excreted in urine as unchanged ibuprofen
and about 14% as conjugated ibuprofen. There appears
to be little if any distribution into breast milk. 
The above figures refer to racemic ibuprofen. Howev-
er, ibuprofen’s disposition is stereoselective and there
is some metabolic conversion of the inactive R-(−)-
enantiomer to the active S-(+)-enantiomer, dexibupro-
fen (p.39).
◊ References.
1. Davies NM. Clinical pharmacokinetics of ibuprofen: the first 30

years. Clin Pharmacokinet 1998; 34: 101–54. 
2. Sharma PK, et al. Pharmacokinetics of oral ibuprofen in prema-

ture infants. J Clin Pharmacol 2003; 43: 968–73. 
3. Gregoire N, et al. Population pharmacokinetics of ibuprofen

enantiomers in very premature neonates. J Clin Pharmacol
2004; 44: 1114–24. 

4. Han EE, et al. Pharmacokinetics of ibuprofen in children with
cystic fibrosis. Clin Pharmacokinet 2004; 43: 145–56. 

5. Hao H, et al. Enantioselective pharmacokinetics of ibuprofen
and involved mechanisms. Drug Metab Rev 2005; 37: 215–-34. 

6. Kyllonen M, et al. Perioperative pharmacokinetics of ibuprofen
enantiomers after rectal administration. Paediatr Anaesth 2005;
15: 566–73.

Uses and Administration
Ibuprofen, a propionic acid derivative, is an NSAID
(p.99). Its anti-inflammatory properties may be weaker
than those of some other NSAIDs. 
Ibuprofen is used in the management of mild to mod-
erate pain and inflammation in conditions such as dys-
menorrhoea, headache including migraine, postopera-

tive pain, dental pain, musculoskeletal and joint
disorders such as ankylosing spondylitis, osteoarthritis,
and rheumatoid arthritis including juvenile idiopathic
arthritis, peri-articular disorders such as bursitis and
tenosynovitis, and soft-tissue disorders such as sprains
and strains. It is also used to reduce fever. 
Ibuprofen is also used as an alternative to indometacin
in the treatment of patent ductus arteriosus. 
The usual oral dose for painful conditions is 1.2 to
1.8 g daily in divided doses although maintenance dos-
es of 600 mg to 1.2 g daily may be effective in some
patients. If necessary the dose may be increased; in the
UK the maximum recommended dose is 2.4 g daily
whereas in the USA it is 3.2 g daily. Modified-release
preparations of ibuprofen are available for once- or
twice-daily dosing, although actual dosages vary with
different preparations. Patients with rheumatoid arthri-
tis generally require higher doses of ibuprofen than
those with osteoarthritis. The recommended dose for
fever reduction is 200 to 400 mg every 4 to 6 hours to
a maximum of 1.2 g daily. For oral doses in children,
see Administration in Children, below. 
Ibuprofen may be given parenterally in the treatment
of patent ductus arteriosus in preterm infants; for de-
tails of doses, see below. 
Ibuprofen is applied topically as a 5% cream, foam,
gel, or spray solution; a 10% gel is also available. It is
also used topically as a dressing containing
500 micrograms/cm2 of ibuprofen for the management
of ulcers and superficial wounds. 
Ibuprofen is usually given as the base but derivatives,
including various salts, esters, and other complexes,
have also been used. These include lysine (see Patent
Ductus Arteriosus, below) and sodium salts, guaiacol
and pyridoxine esters, and mabuprofen (ibuprofen
aminoethanol), isobutanolammonium, and meglumine
derivatives. 
Ibuprofen is usually given as a racemic mixture but
preparations containing only the S-(+)-isomer dexibu-
profen (p.39) are available in some countries.
Administration in children. In the UK, the following oral
doses of ibuprofen, given according to age, are recommended by
the BNFC for the treatment of pain, inflammation, or fever in
children: 
• 1 to 3 months: 5 mg/kg 3 or 4 times daily 
• 3 to 6 months: 50 mg 3 times daily 
• 6 to 12 months: 50 mg 3 or 4 times daily 
• 1 to 4 years: 100 mg 3 times daily 
• 4 to 7 years: 150 mg 3 times daily 
• 7 to 10 years: 200 mg 3 times daily 
• 10 to 12 years: 300 mg 3 times daily 
• 12 to 18 years: 200 to 400 mg 3 or 4 times daily increased, if

necessary, to a maximum of 2.4 g daily 
• in severe conditions in children aged between 3 months and 12

years, a dose of 30 mg/kg daily in 3 or 4 divided doses may be
given 

In the USA, suggested doses for children aged 6 months and over
are: for fever, 5 to 10 mg/kg (depending on the severity of the
fever) and for pain, 10 mg/kg; doses may be given every 6 to 8
hours up to a maximum daily dose of 40 mg/kg. 
In the treatment of rheumatic disease including juvenile idio-
pathic arthritis, the BNFC recommends a dose of 10 mg/kg 3 or
4 times daily (maximum 2.4 g daily) in children aged 3 months
and over; if necessary up to 60 mg/kg daily in 4 to 6 divided dos-
es (maximum 2.4 g daily) may be given in systemic juvenile id-
iopathic arthritis. 
Similar dosage regimens are also suggested by UK licensed
product information; however, ibuprofen use is not generally
recommended in children weighing less than 5 kg and some sug-
gest a maximum daily dose of 500 mg in those weighing less
than 30 kg. A usual daily dose in the USA for juvenile idiopathic
arthritis is 30 to 40 mg/kg in divided doses. 
For post-immunisation pyrexia, a dose of 50 mg has been rec-
ommended; a second dose may be given after 6 hours. If the py-
rexia persists after the second dose, medical advice should be
sought. Infants aged 2 to 3 months may also be given a 50-mg
dose of ibuprofen for post-immunisation pyrexia on the advice of
a doctor. 
Ibuprofen or its lysine salt are also used in the treatment of pat-
ent ductus arteriosus in preterm infants; dosage details for this
indication are given below.
Cachexia. For reference to the use of ibuprofen with megestrol
to treat cancer cachexia, see p.2115.
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Cystic fibrosis. In patients with cystic fibrosis (see p.166), the
inflammatory response to chronic pulmonary infection with
Pseudomonas organisms contributes to lung destruction.
NSAIDs have been studied in patients with cystic fibrosis as an
alternative to corticosteroids to reduce pulmonary inflammation.
A systematic review1 found evidence in support of using high-
dose NSAIDs, most notably ibuprofen, to slow the progression
of lung damage in patients with cystic fibrosis. However, there
are limited data about the long-term safety of high doses1 and
some consider that this may have limited such use of NSAIDs;2
others remain to be convinced that a benefit has been demon-
strated.3 The reviewers did consider that there were sufficient
data to recommend that NSAIDs be temporarily stopped when
intravenous aminoglycosides or other nephrotoxic drugs are
used.1
1. Lands LC, Stanojevic S. Oral non-steroidal anti-inflammatory

drug therapy for cystic fibrosis. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 4. Chichester: John Wiley;
2007 (accessed 07/11/07). 

2. Fennel PB, et al. Use of high-dose ibuprofen in a pediatric cystic
fibrosis center. J Cyst Fibros 2007; 6: 153–8. 

3. Bush A, Davies J. Non! to non-steroidal anti-inflammatory ther-
apy for inflammatory lung disease in cystic fibrosis (at least at
the moment). J Pediatr 2007; 151: 228–30.

Pain. Findings from a long-term study1 in 585 patients (mean
age of 64 years) with knee pain suggested that oral and topical
ibuprofen had an equivalent analgesic effect although the former
was associated with more minor adverse effects; there was no
difference in the rate of major adverse effects.
1. Underwood M, et al. Topical or oral ibuprofen for chronic knee

pain in older people: the TOIB study. Health Technol Assess
2008; 12: 1–176.

Patent ductus arteriosus. Ibuprofen or its lysine salt may be
given parenterally for the treatment of patent ductus arteriosus
(p.68) in preterm infants of less than 34 weeks’ gestation; doses
are expressed in terms of ibuprofen. Three intravenous doses (in-
fused over 15 minutes) are given at 24-hour intervals; the initial
dose is equivalent to 10 mg/kg of ibuprofen followed by two fur-
ther doses of 5 mg/kg. If, 48 hours after this course of therapy the
ductus remains open, a second course may be given, but if this
produces no response surgery may be necessary. Ibuprofen injec-
tion, when given as the base, should be used undiluted, but if
necessary it may be reconstituted with sodium chloride 0.9% or
glucose 5% for injection. When given as the lysine salt, it should
be diluted with sodium chloride 0.9% or glucose 5%. 
For a suggestion that ibuprofen might be a better choice than in-
dometacin for the treatment of patent ductus arteriosus, see p.68.
Preparations
BP 2008: Ibuprofen Cream; Ibuprofen Gel; Ibuprofen Oral Suspension; Ibu-
profen Tablets; 
USP 31: Ibuprofen and Pseudoephedrine Hydrochloride Tablets; Ibuprofen
Oral Suspension; Ibuprofen Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Actron; Acuilfem; Afebril; Algioprofen†; Atomo Desinflamante Ibu;
Bistryl†; Brunal†; Butidiona; Causalon Ibu; Copiron; Dolocox†; Dolorsyn;
Druisel; Fabogesic; Febratic; Fontol; Ibu; Ibu Evanol; Ibu-Lady†; Ibu-Novalgi-
na; Ibubenitol; Ibucalmin; Ibucler; Ibufabra; Ibufix; Ibulam; Ibumar; Ibumultin;
Ibup; Ibupirac; Ibupiretas; Ibuprofenix; Ibuprofex; Ibusi; Ibusol; Ibusumal; Ib-
utenk; Ibuxim; Ibuzidine; Kesan†; Matrix; Motrax†; Novo Geniol; Oxibut;
Pakurat; Paraflex Crema†; Ponstil Mujer; Ponstin; Ponstinetas; Salivia; Sindol;
Teprix; Tonal; Vefren; Austral.: ACT-3; Actiprofen; Advil; Brufen; Bugesic†;
Dimetapp Pain & Fever Relief; Hexal Compufen†; Nurofen; Proven; Rafen;
Tri-Profen; Austria: Advil; Aktren; Avallone; Brufen; Dismenol Neu; Dolgit;
Dolibu; Dolofort; Duafen; Ibu; Ibudol; Ibufem; Ibugel; Ibumetin; Ibupron; Ibu-
rem†; Ibutop; Imbun; Kratalgin; Momento; Nurofen; ratioDolor; Tabcin;
Urem†; Belg.: Adulfen Lysine; Advil Mono; Brufen; Buprophar; Dolofin; Ep-
silon; Extrapan; Ibu-Slow†; Ibumed; Ibutop; Junifen; Malafene; Nurofebryl;
Nurofen; Optalidon Nieuwe Formule; Perdofemina; Perdophen; Perviam;
Provenol; Siprofen†; Spidifen; Braz.: Actiprofen; Advil; Algiflex; Algy-Flan-
deril†; Alivium; Artril; Dalsy; Doraplax†; Doretrim†; Dorigren; Frenador†;
Ib-Profeno†; Ibufran; Ibupril; Ibuprofan; Lombalgina; Motrin; Parartrin;
Spidufen; Uniprofen; Canad.: Advil; Motrin; Novo-Profen; Chile: Actron;
Advil†; Bediatil; Bladex†; Deucodol; Dolorub; Fenpic†; Fortapal; Ibu; Ibu-4†;
Ibu-6†; Ibupirac; Ipson; Kin; Motrin; Niofen; Pediaprofen; Pironal; Pyriped;
Tifen†; Cz.: Advil; Baroc; Brufen; Dolgit; Ibalgin; Ibumax; Irfen†; Nurofen;
Nurofen Advance; Nurofen Stopgrip; Pabiprofen; Panafen; Pedea; Solpaflex;
Tomaflex; Urgo; Denm.: Apain; Brufen; Ibumetin; Ibureumin; Ibutop; Ipren;
Pedea; Solpaflex†; Fin.: Brufen; Burana; Ibumax; Ibumetin; Ibusal; Ibuxin; Fr.:
Advil; Anadvil; Antarene; Brufen; Dolgit; Doltaque; Ergix; Expanfen; Ge-
lufene; Hemagene Tailleur; Ibualgic†; Ibutop; Intralgis; Nureflex; Nurofen;
Nurofentabs; Nuroflash; Pedea; Solufen; Spedifen; Spifen; Upfen; Ger.: Ad-
vel; Aktren; Contraneural; Dismenol N; Dolgit; Dolo Sanol; Dolo-Puren;
Dolodoc; Dolormin; Esprenit; Eudorlin Extra; Eudorlin Migrane; Gyno-Neu-
ralgin; Gynofug†; Ibu; Ibu Benuron; ibu-Attritin; Ibu-ratiopharm; Ibubeta; Ibu-
dolor; Ibuflam; Ibuhexal; Ibumerck; Ibuphlogont†; Ibuprof†; Ibutad; Ibutop;
Ilvico grippal†; Imbun; Jenaprofen; Kontagripp; Mensoton; Migranin Ibupro-
fen; Novogent†; Nurofen; Optalidon; Opturem; Parsal; Pedea; Pfeil†;
Phamoprofen†; ratioDolor†; Schmerz-Dolgit; Spalt; Tabalon; Tempil†; Tis-
pol Ibu-DD; Togal Akut Ibuprofen; Trauma-Dolgit; Urem; Gr.: Advil; Algof-
ren; Brufen; Buscofem; Nurofen; Rozovin†; Hong Kong: Advil; Bifen;
Brufen†; Bupogesic; Dolo-Spedifen†; Ibufac; Ibupen; Neutropain; Nurofen;
Perofen; Profen; Rupan†; Schufen; Spedifen; Hung.: Advil; Algoflex; Dolgit;
Huma-Profen; Ibulos†; Ibumax; Ibutop; Melfen; Nurofen; Solpaflex; Sped-
ifen; India: Brufen; Butafen†; Cipgesic; Emflam; Ibugesic; Ibupal; Indon.:
Anafen; Arthrifen; Bufect; Dofen; Dolofen-F; Febryn; Fenris; Iprox; Lexapro-
fen; Nofena; Ostarin; Prifen; Profen; Proris; Rhelafen; Ribunal; Shelrofen;
Spedifen; Yariven; Irl.: Advil; Brufen; Bufigen; Fenopine; Ibugel; Melfen;
Nurofen; Phorpain; Proflex; Solfen†; Israel: Adex; Advil; Artofen; Ibufen;
Ibuleve; Nurofen; Ital.: Algofen; Antalfebal; Antalfort; Antalgil; Antalisin; Ar-
fen; Benflogin; Brufen; Buscofen; Calmine; Cibalgina Due Fast; Dolocyl;
Dolofast; Edenil; Faspic; Ganaprofene†; Gineflor ; Ginenorm; Moment;
Nureflex; Nurofast; Nurofen; Nurosolv; Pedea; Subitene; Zafen†; Malay-
sia: Bifen; Brugesic†; Ibufac; Ibufen†; Nurofen; Perofen; Rupan†; Spedifen;
Mex.: ABKI; Actron; Adivon; Advil; Aflusil; Ainex; Aldofen; Algidol; Bestafen;
Carone; Citalgan; Dadicil; Days; Dibufen; Dipofen; Diprodol; Dolprin; Dol-
profen; Dolval; Dolver; Eufenil; Febratic; Fidoin-Q; Flexafen; Gelidol; Gob-

rosan; Ibuflam; Ibuflex; Ifentil; Inpained; Maxifen; Medifen; Mejorultra†; Mo-
trin; Natiken†; Novartril†; Offeno†; Pro-XB; Proartinal; Probuxil; Quadrax;
Realdrax; Ribufen; Tabalon; Neth.: Advil; Brufen; Femapirin; Ibosure; Ibul-
gan†; Nurofen; Pedea; Roco; Sarixell; Spidifen; Zafen; Norw.: Brufen;
Ibumetin; Ibuprox; Ibux; NZ: ACT-3; Brufen; Fenapaed; Ibucare; Nurofen;
Panafen; Philipp.: Advil; Brufen; Dolan; Idyl; Medicol; Midol; Skelan; Pol.:
Bolinet; Deep Relief†; Dolgit; Ibufen; Ibum; Ibupar; Ibuprom; Nurofen; Pe-
dea; Port.: Anadvil; Arfen; Baroc; Brufen; Calbrun; Dolocyl; Dolomate; Do-
lormin; Faspic; Frenidor; Ibupax†; Junifen; Moment; Motrin†; Norvectan;
Nuprilan†; Nurofen; Ozonol; Pedea; Plusofen; Seclodin; Solufen; Solvium;
Spidifen; Sporfen; Trifene; Zafen; Zip-A-Dol; Rus.: Aldospray
(Альдоспрей); Burana (Бурана); Dolgit (Долгит); Ibufen (Ибуфен); Nuro-
fen (Нурофен); Solpaflex (Солпафлекс); S.Afr.: Advil; Antiflam†; Betagesic;
Betaprofen; Brufen; Brugesic†; Iboflam; Ibugesic; Ibuleve; Ibumax; Ibumed;
Inza; Lenafen†; Norflam T; Nurofen; Painil†; Ranfen; Singapore: Ampifen†;
Bifen; Ibufen; Ibuloid†; Nurofen; Spain: Advil; Aldospray Analgesico; Algias-
din; Algidrin; Alogesia; Altior; Babypiril; Bexistar; Calmafher†; Dadosel; Dal-
sy; Diltix; Doctril; Dolbufen; Dolorac; Dorival; Espidifen; Factopan; Femina-
lin; Fiedosin; Frenatermin; Gelofeno; Ibubex; Ibufen; Ibumac; Ibuprox;
Inadol†; Isdibudol†; Isdol†; Junifen; Narfen; Neobrufen; Nodolfen; Nor-
vectan; Nurofen; Oberdol; Oltyl†; Optajun; Paidofebril; Pedea; Pirexin;
Pocyl†; Ratiodol; Remidol†; Saetil; Solvium; Takigrip†; Tedifebrin; Swed.:
Alindrin; Brufen; Ibumetin; Ipren; Switz.: Algifor; Artofen; Brufen; Dismenol;
Dolo-Dismenol; Dolo-Spedifen; Dolocyl; Ecoprofen; Grefen; Ibufen-L; Ibus-
ifar; Iproben; Iprogel†; Irfen; Melabon; Nurofen; Optifen; Perskindol Ibupro-
fen acute; Saridon N; Sinedol Ibuprofen; Spedifen; Treupel Dolo Ibuprofen;
Thai.: Ambufen; Anbifen; Aprofen; Babefen Sus†; Borafen; Borakid; Brufen;
Brumed†; Bruprin; Brusil; Bumed; Cefen; Cenbufen; Duran†; Faspic; G-Fen;
Gesica; Greatofen; Heidi; Ibrofen; Ibu; Ibufac; Ibugan; Ibulan; Iburen†; Ju-
nifen†; Mano-Bruzone; Nurofen; Ostofen†; P-Fen; Perofen†; Pippen;
Probue; Probufen; Profena†; Profeno; Rheumanox; Rumasian; Rumatifen;
Rupan†; Schufen; Skelan IB; Tofen; Trofen; Umafen; Turk.: Advil; Artril; Be-
bol; Biophen; Brufen; Dolgit; Dolven; Gerofen; Ibu-600; Ibufen; Nurofen;
Pedifen; Profen; Repozal; Rofen; Siyafen; Suprafen; Temsofen; Ultrafen; Up-
ren; UAE: Profinal; UK: Advil; Anadin Ibuprofen; Anadin Joint Pain; Anadin
Ultra; Arthrofen; Biatain-Ibu; Brufen; Calprofen; Cuprofen; Ebufac; Fenbid;
Fenpaed; Feverfen; Galprofen; Hedex Ibuprofen; Ibrufhalal; Ibufem; Ibugel;
Ibuleve; Ibumousse; Ibuspray; Ibutop Cuprofen; Ibutop Ralgex; Librofem;
Mandafen; Manorfen; Mentholatum Ibuprofen; Migrafen; Motrin†; No-
vaprin; Nurofen; Nurofen Migraine; Obifen; Orbifen; Pacifene; Pedea; Phor
Pain; Proflex; Radian-B Ibuprofen; Relcofen; Rimafen; USA: Advil; Anadar;
Genpril†; Haltran†; Ibu; Ibu-Tab; Ibu-4, -6, -8; Ibutab; Menadol; Midol Cramp
& Body Aches; Motrin; NeoProfen; Nuprin†; Saleto-200; Venez.: Advil;
Brugesic; Buprifen†; Buprodol; Butilene†; Dologesic; Femicaps; Femmex
Plus; Ibucaps; Ibufen; Ibufenac†; Ibuprin; Ibuprox†; Ibutan; Lumbax; Max;
Maydol; Mestral; Motrin; Pedibu.

Multi-ingredient: Arg.: Aliviagrip; Bioneural B12†; Buscapina Fem; Butid-
iona†; Causalon Gesic†; Deep Relief†; Dexprofeno; Espasmo Ibupirac†; Es-
pasmo Motrax†; Espasmofin; Ibu Evanol Plus; Ibu-Buscapina†; Ibu-Tetralgin;
Ibudolofrix; Ibudristan; Ibumar Migra†; Ibunastizol; Ibupirac Fem; Ibupirac
Flex; Ibupirac Migra; Mensalgin; Migral II; Novo Wilpan†; Roveril; Supragesic;
Austral.: Dimetapp Headcold & Flu; Nurofen Cold & Flu; Nurofen Plus;
Panafen Plus; Sudafed Sinus & Anti-inflammatory Pain Relief; Tri-Profen
Cold & Flu†; Austria: Advil Cold; Ardinex; Belg.: Adulfen Codeine; Braz.:
Algi-Itamanil†; Algi-Reumatril; Algifen†; Fymnal†; Reuplex; Canad.: Advil
Cold & Sinus; Advil Cold & Sinus Plus; Childrens Advil Cold; Dristan Sinus†;
Robax Platinum; Sudafed Sinus Advance; Vicks DayQuil Sinus & Pain Relief;
Chile: Adona; Artritapsin; Butartrol; Deucodol Plus; Dioran†; Dolnix; Dolo
Winasorb; Dolo-Niofen; Dolo-Octirona; Dolonase; Gedol†; Ibupirac Com-
puesto; Ibupirac Flu; Ipson-D; Midol†; Neo Butartrol; Niofen Flu; Predual
DI†; Silartrin†; Termo-Niofen; Cz.: Advil Cold; Ardinex†; Ibu-Hepa; Ibu-
fein†; Modafen; Fin.: Ardinex; Burana-C; Fr.: Anadvil Rhume; Cliptol; Nuro-
fen Rhume; Rhinadvil; Rhinathiol Rhume†; Rhinureflex; Vicks Rhume†; Gr.:
Nurofen CF; Vicks; Hung.: Advil Cold; Algoflex-M; Deep Relief; Nurofen
Cold & Flu; Rhinathiol Cold; India: Acks; Anaflam; Answell; Bruace; Cipgesic
Plus; Combiflam; Duoflam; Duoflam Plus; Emflam Plus; Flexon; Flexon-MR;
Ibu-Proxyvon; Ibuflamar-P; Ibugesic Plus; Ibugesic-M; Reactine Forte; Re-
ducin-A†; Robiflam; Somaflam; Indon.: Aknil; Axalan; Iremax; Limasip; Neo
Rheumacyl; Neuralgin; Shelrod-Plus; Irl.: Advil Cold & Flu; Codafen Conti-
nus†; Nurofen Cold & Flu; Nurofen Plus; Israel: Nurofen Cold & Flu; Ital.:
Solviflu; Vicks Flu-Action; Jpn: Colgen Kowa IB Toumei; Mex.: Algitrin; Bi-
pasmin Compuesto NF†; Carbager-Plus; Dualgos; Sinutab Advance; NZ:
Nurofen Cold & Flu; Nurofen Plus; Philipp.: Alaxan; Anoflam; Brustan;
Flexigesic; Muskelax; Restolax; Selxan; Pol.: Ardinex; Dip Rilif; Ibalgin Sport;
Ibuprom Zatoki; Metafen; Modafen; Nurofen Antigrip; Nurofen Plus; Rus.:
Brustan (Брустан); Ibuclin (Ибуклин); Novigan (Новиган); Nurofen Plus
(Нурофен Плюс); S.Afr.: Advil CS; Dentopain; Gen-Payne; Ibucod; Ibumol;
Ibupain; Ibupain Forte; Lotem; Mybucod; Mybulen; Mypaid; Myprodol;
Nurofen Cold & Flu; Sinumax IB; Spain: Nurofen Complex; Salvarina;
Swed.: Ardinex; Switz.: Ibufen-L; Thai.: Alaxan PI; Brustan; Cetan; Dolo-
gen; Kintal†; Rumatifen-Plus; Skelan; Turk.: Nurofen Cold & Flu; UAE: Profi-
nal Cold & Sinus; Profinal FM; Profinal XP; UK: Codafen Continus†; Cupro-
fen Plus; Deep Relief; Lemsip Flu 12Hr; Lemsip Pharmacy Powercaps; Non-
Drowsy Sudafed Dual Relief Max; Nurofen Cold & Flu; Nurofen Plus; Nuro-
fen Sinus; Orbifen Cold & Flu; Solpadeine Migraine; Solpaflex; USA: Advil
Allergy Sinus; Advil Cold & Sinus; Advil PM; Anadar Cold & Flu; Childrens
Advil Cold; Childrens Ibuprofen Cold; Childrens Motrin Cold; Combunox;
Dimetapp Childrens Cold & Fever; Dimetapp Sinus; Dristan Sinus; Ibudone;
Motrin IB Sinus; Reprexain; Sine-Aid IB; Vicoprofen; Venez.: Brudol; Bruge-
sina; Colfene; Femmexultra; Ibucoden.

Ibuproxam (rINN)

Ibuproxamum. 4-Isobutylhydratropohydroxamic acid.

Ибупроксам

C13H19NO2 = 221.3.
CAS — 53648-05-8.
ATC — M01AE13.
ATC Vet — QM01AE13.

Profile
Ibuproxam is an NSAID (p.96) that has been used topically as a
5% ointment in musculoskeletal, joint, and soft-tissue disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Ibudros†; Spain: Nialen.

Imidazole Salicylate (rINN)

Imidazole, Salicylate d’; Imidazoli Salicylas; Salicilato de imidazol.
Imidazole compounded with salicylic acid.
Имидазола Салицилат
C10H10N2O3 = 206.2.
CAS — 36364-49-5.
ATC — N02BA16.
ATC Vet — QN02BA16.

Profile
Imidazole salicylate is a salicylic acid derivative (see Aspirin,
p.20) that has been used in the treatment of fever and inflamma-
tory respiratory-tract and otorhinolaryngeal disorders. Imidazole
salicylate has been given in oral doses of up to 2.25 g daily in
divided doses. It has also been given as a rectal suppository and
has been applied topically as a 5% gel for the relief of muscular
and rheumatic pain.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Selezen.

Indometacin (BAN, rINN)

Indometacina; Indometacinas; Indométacine; Indometacinum; In-
dometacyna; Indometasiini; Indometasin; Indomethacin (USAN).
[1-(4-Chlorobenzoyl)-5-methoxy-2-methylindol-3-yl]acetic acid.
Индометацин
C19H16ClNO4 = 357.8.
CAS — 53-86-1.
ATC — C01EB03; M01AB01; M02AA23; S01BC01.
ATC Vet — QC01EB03; QM01AB01; QM02AA23;
QS01BC01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Indometacin). A white or yellow, crystalline pow-
der. Practically insoluble in water; sparingly soluble in alcohol.
Protect from light. 
USP 31 (Indomethacin). A pale yellow to yellow-tan, crystalline
powder having not more than a slight odour. It exhibits polymor-
phism. Practically insoluble in water; soluble 1 in 50 of alcohol,
1 in 30 of chloroform, and 1 in 40 of ether. Protect from light.
Stability. Indometacin is unstable in alkaline solution.

Indometacin Sodium (BANM, rINNM)

Indometacina sódica; Indométacine Sodique; Indomethacin Sodi-
um (USAN); Indomethacin Sodium Trihydrate; Natrii Indometaci-
num. Sodium 1-(4-chlorobenzoyl)-5-methoxy-2-methylindole-3-
acetate, trihydrate.
Натрий Индометацин
C19H15ClNNaO4,3H2O = 433.8.
CAS — 74252-25-8.
Pharmacopoeias. In US. 
USP 31 (Indomethacin Sodium). Protect from light.
Incompatibility. Indometacin sodium injection is reconstituted
with preservative-free sodium chloride for injection 0.9% or pre-
servative-free water for injection. Preparations containing glu-
cose should not be used; reconstitution at a pH below 6 may

CH3

O

HN

OH

CH3

CH3

HO

O

HO

N
NH

N
CH3

COOH

O Cl

H3CO



Ibuproxam/Indometacin    67

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

cause precipitation of indometacin. Visual incompatibility has
been reported between indometacin sodium injection and tolazo-
line hydrochloride,1 7.5 and 10% glucose injection, calcium glu-
conate, dobutamine, dopamine, cimetidine,2 gentamicin sulfate,
levofloxacin,3 and tobramycin sulfate.4 A pH below 6 may ac-
count for the visual incompatibility of indometacin sodium and
several of these drugs.
1. Marquardt ED. Visual compatibility of tolazoline hydrochloride

with various medications during simulated Y-site injection. Am J
Hosp Pharm 1990; 47: 1802–3. 

2. Ishisaka DY, et al. Visual compatibility of indomethacin sodium
trihydrate with drugs given to neonates by continuous infusion.
Am J Hosp Pharm 1991; 48: 2442–3. 

3. Saltsman CL, et al. Compatibility of levofloxacin with 34 medi-
cations during simulated Y-site administration. Am J Health-Syst
Pharm 1999; 56: 1458–90. 

4. Thompson DF, Heflin NR. Incompatibility of injectable in-
domethacin with gentamicin sulfate or tobramycin sulfate. Am J
Hosp Pharm 1992; 49: 836–8.

Stability. A reconstituted solution of indometacin sodium
500 micrograms/mL was stable for 14 days when stored at 2° to
6° in either the manufacturer’s original glass vial or in a polypro-
pylene syringe.1
1. Walker SE, et al. Stability of reconstituted indomethacin sodium

trihydrate in original vials and polypropylene syringes. Am J
Health-Syst Pharm 1998; 55: 154–8.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. 
Adverse effects are more frequent with indometacin
than with many other NSAIDs, the most common be-
ing gastrointestinal disturbances, headache, vertigo,
dizziness, and lightheadedness. Gastrointestinal perfo-
ration, ulceration, and bleeding may also occur; rarely,
intestinal strictures have been reported. Other adverse
effects include depression, drowsiness, tinnitus, confu-
sion, insomnia, psychiatric disturbances, syncope, con-
vulsions, coma, peripheral neuropathy, blurred vision,
corneal deposits and other ocular effects, oedema and
weight gain, hypertension, haematuria, skin rashes,
pruritus, urticaria, stomatitis, alopecia, and hypersensi-
tivity reactions. Leucopenia, purpura, thrombocytope-
nia, aplastic anaemia, haemolytic anaemia, agranulo-
cytosis, epistaxis, hyperglycaemia, hypoaldosteronism
and hyperkalaemia, and vaginal bleeding have been re-
ported. There have also been reports of hepatitis, jaun-
dice, and renal failure. Hypersensitivity reactions may
also occur in aspirin-sensitive patients. Rectal irritation
and bleeding has been reported occasionally in patients
who have received indometacin suppositories. 
Adverse effects associated with the use of indometacin
injection in premature neonates may also include
haemorrhagic, renal, gastrointestinal, metabolic, and
coagulation disorders; pulmonary hypertension, intrac-
ranial bleeding, fluid retention, and exacerbation of in-
fection may also occur.
Effects on the blood. There were 1261 reports of adverse re-
actions to indometacin reported to the UK CSM between June
1964 and January 1973. These included 157 reports of blood dis-
orders (25 fatal) including thrombocytopenia (35; 5 fatal), aplas-
tic anaemia (17; no fatalities), and agranulocytosis or leucopenia
(21; 3 fatal).1 Subsequently, the First Report from the Interna-
tional Agranulocytosis and Aplastic Anemia Study confirmed a
significant relationship between the use of indometacin and
agranulocytosis and aplastic anaemia.2 Neutropenia has also
been noted in a premature infant with patent ductus arteriosus
after use of indometacin.3 
Although use of indometacin in 20 women being treated for pre-
mature labour did not affect maternal prothrombin or activated
partial thromboplastin time, maternal bleeding time during ther-
apy was increased.4 However, no cases of neonatal intraventricu-
lar haemorrhage or maternal postpartum haemorrhage were
seen.
1. Cuthbert MF. Adverse reactions to non-steroidal antirheumatic

drugs. Curr Med Res Opin 1974; 2: 600–10. 
2. The International Agranulocytosis and Aplastic Anemia Study.

Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749–57. 

3. Bengtsson B-OS, et al. Indomethacin-associated neutropenia
with subsequent Gram-negative sepsis in a preterm infant: cause
or coincidence? J Perinatol 2006; 26: 381–3. 

4. Lunt CC, et al. The effect of indomethacin tocolysis on maternal
coagulation status. Obstet Gynecol 1994; 84: 820–2.

Effects on cerebral blood flow. See Patent Ductus Arteriosus
under Uses and Administration, below.
Effects on the eyes. Severe and irreversible retinopathy, pre-
sumably due to long-term ingestion of high doses of indometacin
occurred in a 33-year-old man.1 A summary of previous litera-
ture reports of indometacin-induced ocular effects indicated that

indometacin was retinotoxic, although to what degree was uncer-
tain. For reference to effects on the optic nerve associated with
indometacin, see p.97.
1. Graham CM, Blach RK. Indomethacin retinopathy: case report

and review. Br J Ophthalmol 1988; 72: 434–8.

Effects on the gastrointestinal tract. Nausea, vomiting,
dyspepsia, gastrointestinal lesions, and serious reactions includ-
ing gastrointestinal bleeding, ulceration, and perforation have
occurred in patients receiving indometacin. Although it is well
established that NSAIDs can produce adverse effects on the up-
per gastrointestinal tract, indometacin and other NSAIDs can
also affect the large intestines.1 Giving indometacin to preterm
neonates increases the risk of small bowel perforation and necr-
otising enterocolitis.2-4 Risk seems to be increased in very-low-
birth-weight or extremely premature infants.
1. Oren R, Ligumsky M. Indomethacin-induced colonic ulceration

and bleeding. Ann Pharmacother 1994; 28: 883–5. 
2. Grosfeld JL, et al. Increased risk of necrotizing enterocolitis in

premature infants with patent ductus arteriosus treated with in-
domethacin. Ann Surg 1996; 224: 350–7. 

3. Shorter NA, et al. Indomethacin-associated bowel perforations:
a study of possible risk factors. J Pediatr Surg 1999; 34: 442–4. 

4. Fujii AM. Neonatal necrotizing enterocolitis with intestinal per-
foration in extremely premature infants receiving early in-
domethacin treatment for patent ductus arteriosus. J Perinatol
2002; 22: 535–40.

Effects on the joints. For references to concern that NSAIDs
such as indometacin may accelerate the rate of cartilage destruc-
tion in patients with osteoarthritis, see Effects on Bone, under
NSAIDs, p.96.
Effects on the kidneys. Acute renal failure,1 nephrotic syn-
drome,2 and renal papillary necrosis3 have been reported in pa-
tients given indometacin. There have been suggestions that miso-
prostol might reduce the risk of indometacin-induced renal tox-
icity.4,5 
Renal impairment has also occurred in neonates given indomet-
acin intravenously for patent ductus arteriosus. Although rare,
and usually reversible, the effect may be serious in neonates with
pre-existing renal disorders.6 Serious or fatal renal toxicity has
been reported in neonates exposed to indometacin due to mater-
nal ingestion.7 The renal effects of prenatal indometacin may be
prolonged.8
1. Chan X. Fatal renal failure due to indomethacin. Lancet 1987; ii:

340. 
2. Boiskin I, et al. Indomethacin and the nephrotic syndrome. Ann

Intern Med 1987; 106: 776–7. 
3. Mitchell H, et al. Indomethacin-induced renal papillary necrosis

in juvenile chronic arthritis. Lancet 1982; ii: 558–9. 
4. Weir MR, et al. Minimization of indomethacin-induced reduc-

tion in renal function by misoprostol. J Clin Pharmacol 1991;
31: 729–35. 

5. Wong F, et al. The effect of misoprostol on indomethacin-in-
duced renal dysfunction in well-compensated cirrhosis. J Hepa-
tol 1995; 23: 1–7. 

6. Cuzzolin L, et al. NSAID-induced nephrotoxicity from the fetus
to the child. Drug Safety 2001; 24: 9–18. 

7. van der Heijden BJ, et al. Persistent anuria, neonatal death, and
renal microcystic lesions after prenatal exposure to indometh-
acin. Am J Obstet Gynecol 1994; 171: 617–23. 

8. Butler-O’Hara M, D’Angio CT. Risk of persistent renal insuffi-
ciency in premature infants following the prenatal use of in-
domethacin for suppression of preterm labor. J Perinatol 2002;
22: 541–6.

Effects on the liver. Cholestasis occurred in a 52-year-old
woman several days after starting indometacin;1 liver function
values returned to normal once indometacin was stopped.
1. Cappell MS, et al. Indomethacin-associated cholestasis. J Clin

Gastroenterol 1988; 10: 445–7.

Hypersensitivity. Hypersensitivity reactions including acute
asthma have been reported after use of indometacin supposito-
ries,1 eye drops,2 or capsules3 by patients who were aspirin-sen-
sitive or had a history of asthma.
1. Timperman J. A fatal asthmatic attack following administration

of an indomethacin suppository. J Forensic Med 1971; 18: 30–2. 
2. Sheehan GJ, et al. Acute asthma attack due to ophthalmic in-

domethacin. Ann Intern Med 1989; 111: 337–8. 
3. Johnson NM, et al. Indomethacin-induced asthma in aspirin-sen-

sitive patients. BMJ 1977; 2: 1291.

Precautions
As for NSAIDs in general, p.98. 
Indometacin should be used with caution in patients
with epilepsy, parkinsonism, or psychiatric disorders.
Dizziness may affect the performance of skilled tasks
such as driving. Patients on long-term indometacin
therapy should be examined regularly for adverse ef-
fects, and the BNF particularly recommends periodic
blood and ophthalmic examinations. Rectal use should
be avoided in patients with proctitis and haemorrhoids. 
In addition indometacin should not be given to
neonates with untreated infection, with significant re-
nal impairment, or with necrotising enterocolitis. In-
fants who are bleeding (especially gastrointestinal
bleeding or intracranial haemorrhage) or who have
thrombocytopenia or coagulation defects should not be

given indometacin and those receiving indometacin
should be monitored during treatment for signs of
bleeding. Electrolytes and renal function should also
be monitored and if anuria or marked oliguria is evi-
dent at the time of a scheduled second or third dose, it
should be delayed until renal function has returned to
normal. 
False-negative results in the dexamethasone suppres-
sion test have been reported in patients taking indomet-
acin.
Breast feeding. Convulsions in a one-week old breast-fed in-
fant appeared to be associated with maternal ingestion of in-
dometacin;1 the child had normal motor and mental development
at the age of 1 year and seizures had not recurred. 
Indometacin has been detected in breast milk, but some
workers2,3 and the BNF consider that the amount is so small that
it should not constitute a contra-indication to breast feeding. The
American Academy of Pediatrics4 also states that indometacin is
usually compatible with breast feeding despite acknowledging
the above case report of convulsions. However, licensed product
information recommends that indometacin should not be used in
nursing mothers.
1. Eeg-Olofsson O, et al. Convulsions in a breast-fed infant after

maternal indomethacin. Lancet 1978; ii: 215. 
2. Beaulac-Baillargeon L, Allard G. Distribution of indomethacin

in human milk and estimation of its milk to plasma ratio in vitro.
Br J Clin Pharmacol 1993; 36: 413–16. 

3. Lebedevs TH, et al. Excretion of indomethacin in breast milk. Br
J Clin Pharmacol 1991; 32: 751–4. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 07/11/07)

The elderly. After a study1 of the pharmacokinetics of indomet-
acin in the elderly it was suggested that the maintenance dose of
indometacin in elderly patients should be reduced by 25%. The
total clearance of indometacin in elderly subjects had been re-
duced when compared with that in young subjects; this was
thought to be due to reduced hepatic metabolism in the elderly.
1. Oberbauer R, et al. Pharmacokinetics of indomethacin in the eld-

erly. Clin Pharmacokinet 1993; 24: 428–34.

Pregnancy. See Premature Labour under Uses and Administra-
tion, below.

Interactions
For interactions associated with NSAIDs, see p.99. 
Anti-inflammatory doses of aspirin decrease indomet-
acin blood concentrations by about 20%. Diflunisal de-
creases the renal clearance and increases plasma con-
centrations of indometacin. Use of diflunisal with
indometacin has also resulted in fatal gastrointestinal
haemorrhage, and the two should not be used together.
Plasma concentrations of indometacin are likely to be
increased in patients receiving probenecid.
Antibacterials. Indometacin has been reported to increase
plasma concentrations of aminoglycosides.
Antipsychotics. Severe drowsiness and confusion have been
reported in patients given haloperidol with indometacin.1
1. Bird HA, et al. Drowsiness due to haloperidol/indomethacin in

combination. Lancet 1983; i: 830–1.

Bone modulating drugs. Indometacin has been reported to
increase the bioavailability of tiludronate, see p.1106.
Desmopressin. The effect of desmopressin may be enhanced
by indometacin.
Digoxin. In addition to increasing digoxin serum concentrations
(see p.1263), combination of digoxin with indometacin has been
reported to reduce the half-life of the latter in premature neonates
(see Half-life under Pharmacokinetics, below).
Parasympathomimetics. The manufacturer of acetylcholine
chloride ophthalmic preparations has stated that there have been
reports that acetylcholine and carbachol have been ineffective
when used in patients treated with topical (ophthalmic) NSAIDs.

Pharmacokinetics
Indometacin is readily absorbed from the gastrointesti-
nal tract in adults; peak plasma concentrations are
reached about 2 hours after a dose. Absorption may be
slowed by food or by aluminium- or magnesium-con-
taining antacids. In premature neonates, absorption of
oral indometacin is poor and incomplete. The bioavail-
ability of rectal suppositories in adults has been report-
ed to be comparable with or slightly less than the bioa-
vailability with oral dosage forms. 
Indometacin is about 99% bound to plasma proteins. It
is distributed into synovial fluid, the CNS, and placen-
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ta. Low concentrations have been distributed into
breast milk. The terminal plasma half-life has been re-
ported to range from 2.6 to 11.2 hours in adults. The
terminal half-life in neonates has been reported to be
between 12 and 28 hours (see also below). Indomet-
acin is metabolised in the liver to its glucuronide con-
jugate and to desmethylindomethacin, desbenzoylin-
domethacin, desmethyl-desbenzoylindomethacin, and
to their glucuronides. Some indometacin undergoes N-
deacylation. Indometacin and its conjugates undergo
enterohepatic circulation. Excretion of indometacin
and its metabolites is mainly in the urine with lesser
amounts appearing in the faeces.
◊ References.
1. Moise KJ, et al. Placental transfer of indomethacin in the human

pregnancy. Am J Obstet Gynecol 1990; 162: 549–54. 
2. Mannila A, et al. Plasma and cerebrospinal fluid concentrations

of indomethacin in children after intravenous administration. J
Clin Pharmacol 2007; 47: 94–100.

Half-life. The plasma half-life of indometacin in premature in-
fants can be variable but appears to be inversely proportional to
post-natal age and weight.1,2 One population model suggests that
for an infant of 1.17 kg, half-life would be 22.3 hours at a post-
natal age of 8 days, but 16.1 hours at 25 days (and only
11.2 hours if also receiving digoxin).2

1. Wiest DB, et al. Population pharmacokinetics of intravenous in-
domethacin in neonates with symptomatic patent ductus arterio-
sus. Clin Pharmacol Ther 1991; 49: 550–7. 

2. Smyth JM, et al. Intravenous indometacin in preterm infants
with symptomatic patent ductus arteriosus: a population pharma-
cokinetic study. Br J Clin Pharmacol 2004; 58: 249–58.

Uses and Administration
Indometacin, an indole acetic acid derivative, is an
NSAID (p.99). It is used in musculoskeletal and joint
disorders including ankylosing spondylitis, osteoar-
thritis, rheumatoid arthritis, and acute gout, and in peri-
articular disorders such as bursitis and tendinitis. It
may also be used in inflammation, pain, and oedema
following orthopaedic procedures, in mild to moderate
pain in conditions such as dysmenorrhoea, and it has
been used in the management of postoperative pain as
an adjunct to opioids, and in the treatment of fever. In-
dometacin is also used as the sodium salt to close pat-
ent ductus arteriosus in premature infants (see below). 
The usual initial oral dose in chronic musculoskeletal
and joint disorders is 25 mg two or three times daily
increased, if required, by 25 to 50 mg at weekly inter-
vals to 150 to 200 mg daily. To alleviate night pain and
morning stiffness, up to 100 mg of the total daily dose
may be given orally, or rectally as a suppository, on re-
tiring. Alternatively, the total daily dose may be given
rectally as 100 mg in the morning and at night. The
total daily combined oral and rectal dose should not ex-
ceed 200 mg. In acute gout the daily dose is 150 to
200 mg in divided doses until all symptoms and signs
subside; in dysmenorrhoea up to 75 mg daily has been
suggested. Modified-release preparations of indomet-
acin are available for use once or twice daily. For doses
in children, see below. 
Indometacin has been used as eye drops, usually of 0.1
or 0.5%, to prevent miosis during cataract surgery;
the usual dose is 2 drops, repeated after 2 hours, on the
day before surgery, then 2 drops 3 hours before and 2
drops 1 hour before surgery. The eye drops may then be
instilled up to 6 times daily postoperatively to prevent
cystoid macular oedema; treatment should be contin-
ued until inflammatory signs have disappeared. In-
dometacin eye drops have also been used in other in-
flammatory eye disorders in doses similar to those used
to prevent oedema. 
Meglumine indometacin and indometacin farnesil,
a  l i p i d  s o l u b l e  e s t e r  o f  i n d o m e t a c i n
(C34H40ClNO4 = 562.1), have also been given for
painful and inflammatory conditions. A complex of in-
dometacin and L-arginine, known as indoarginine, has
also been used.
Administration in children. Although indometacin is not li-
censed in the UK for the treatment of rheumatic diseases such
as juvenile idiopathic arthritis in children, the BNFC suggests an

oral dose of 0.5 to 1 mg/kg twice daily in those aged 1 month to
18 years; higher doses may sometimes be required. 
Indometacin is also used in the treatment of patent ductus arte-
riosus in premature infants; see below for further details includ-
ing doses.
Bartter’s syndrome. The treatment of Bartter’s syndrome can
often be difficult (see p.1670). Blocking the kinin-prostaglandin
axis with a cyclo-oxygenase inhibitor such as indometacin im-
proves hypokalaemia and other clinical features (including
growth retardation) in children with the syndrome.1-5

1. Littlewood JM, et al. Treatment of childhood Bartter’s syndrome
with indomethacin. Lancet 1976; ii: 795. 

2. Seidel C, et al. Pre-pubertal growth in the hyperprostaglandin E
syndrome. Pediatr Nephrol 1995; 9: 723–8. 

3. Craig JC, Falk MC. Indomethacin for renal impairment in neo-
natal Bartter’s syndrome. Lancet 1996; 347: 550. 

4. Mourani CC, et al. Bartter syndrome in a neonate: early treat-
ment with indomethacin. Pediatr Nephrol 2000; 14: 143–5. 

5. Vaisbich MH, et al. Bartter syndrome: benefits and side effects
of long-term treatment. Pediatr Nephrol 2004; 19: 858–63.

Diabetes insipidus. Indometacin and other prostaglandin syn-
thetase inhibitors have been reported to decrease urine volume in
all types of nephrogenic diabetes insipidus (p.2179). 
References.
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Ren Fail 1997; 19: 183–8.

Malignant neoplasms. In common with some other NSAIDs
(see p.100) it has been suggested that indometacin might possess
some antineoplastic activity.1 Some NSAIDs such as indomet-
acin may also be of value for the differential diagnosis and the
management of neoplastic fever, as they appear to be more effec-
tive in reducing this type of fever than against fever associated
with infections.2 Indometacin has also been tried for the treat-
ment of fever and flu-like symptoms associated with interleukin-
2 therapy although there has been concern over exacerbation of
renal toxicity (see NSAIDs, under Interactions, p.736).
1. Mertens WC, et al. Effect of indomethacin plus ranitidine in ad-

vanced melanoma patients on high-dose interleukin-2. Lancet
1992; 340: 397–8. 

2. Engervall P, et al. Antipyretic effect of indomethacin in malig-
nant lymphoma. Acta Med Scand 1986; 219: 501–5.

Neonatal intraventricular haemorrhage. Indometacin has
been tried prophylactically to prevent the development of intra-
ventricular haemorrhage in neonates at risk (see p.1050). Several
mechanisms have been proposed for its possible action including
reduction of cerebral flow as a result of vasoconstriction, reduc-
tion of oxygen free-radical damage, and accelerated maturation
of blood vessels around the ventricles. Early studies1-3 of the use
of indometacin for prevention of intraventricular haemorrhage
produced conflicting results. A subsequent large multicentre
study4 (the Indomethacin Intraventricular Haemorrhage Preven-
tion Trial, IIHP) suggested that indometacin could reduce the
incidence and severity of intraventricular haemorrhage, especial-
ly for the more severe forms. Neonates with a birth-weight of
600 to 1250 g were given indometacin in a dose of
100 micrograms/kg intravenously at 6 to 12 hours after delivery
and then every 24 hours for 2 additional doses. There was, how-
ever, concern5 that an unusually large number of neonates with
severe intraventricular haemorrhage in the control group might
have biased the findings. 
A concern with the use of indometacin is the possibility that it
may produce cerebral ischaemia due to its vasoconstrictor action
and therefore increase the risk of developmental handicaps. Fol-
low-up at 3 years,6 at 4 ⁄  years,7 and at 8 years of age8 in the
infants included in the IIHP study reported no adverse effects on
cognitive or motor development. However, another large multi-
centre study9 (the Trial of Indomethacin Prophylaxis in Preterms,
TIPP) in extremely-low-birth-weight infants (less than 1000 g)
found that although indometacin reduced the incidence of severe
haemorrhage, it did not improve survival without neurosensory
impairment at 18 months. A subsequent systematic review10 also
concluded that indometacin prophylaxis did not improve surviv-
al free of neurosensory disability although, again, the incidence
of severe intraventricular haemorrhage was reduced. 
Further analysis of the data from the IIHP study has suggested
that indometacin might reduce intraventricular haemorrhage in
boys but have little effect in girls;11 verbal scores at ages 3 to 8
years were also higher in those boys treated with indometacin
when compared to a control group of boys treated with saline; no
differences in scores were noted in indometacin-treated girls and
their control group. Re-analysis of data from the TIPP study12 in
extremely-low-birth-weight neonates suggested a weak gender
difference in the effect of indometacin treatment when all prima-
ry outcomes such as death, cerebral palsy, cognitive delay, and

severe intraventricular haemorrhage were considered; however,
when outcomes were considered individually, there was a signif-
icant reduction in intraventricular haemorrhage in boys when
compared with girls. The authors considered the results to be a
consequence of an unfavourable effect of indometacin in girls
rather than any positive effects in boys. Any true difference in
effect between the sexes remains to be confirmed. 
Indometacin does not appear to prevent the progression of exist-
ing haemorrhage.13
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Patent ductus arteriosus. In the fetal circulation the ductus
arteriosus connects the pulmonary artery and the descending aor-
ta. After birth, various mechanisms, including a fall in prosta-
glandin concentration, trigger its closure but in some infants the
ductus arteriosus fails to close, a condition known as persistent
patent ductus arteriosus. This condition may be found in infants
with congenital heart defects but is more commonly seen in pre-
mature neonates, especially those with respiratory distress syn-
drome. 
• Some infants may be asymptomatic or have only slight clini-

cal symptoms and no immediate intervention is required. In
many cases spontaneous closure will occur after several
months, or else surgical ligation may be performed if clinical
symptoms persist. 

• In some infants a patent ductus arteriosus is necessary for
maintaining some oxygenation of the blood, for example in
pulmonary artery atresia or transposition of the great arteries.
These infants require treatment with a prostaglandin such as
alprostadil or dinoprostone to maintain patency of the ductus
arteriosus until surgery can be performed to correct the mal-
formation. 

• Infants with haemodynamically significant ductus arteriosus,
signs of heart failure, and who require ventilation should un-
dergo treatment to close the patent ductus arteriosus. 

Initial management involves fluid restriction, diuretics, correc-
tion of anaemia, and support of respiration. Chlorothiazide and
furosemide are diuretics commonly used. There has been con-
cern that furosemide might delay closure in infants with respira-
tory distress syndrome.1,2 A systematic review3 concluded that
this did not seem to be the case, and that the diuretic might reduce
adverse renal effects of indometacin; however, the evidence for
this was limited and it was felt that there was not enough evi-
dence to support the use of furosemide in infants treated with
indometacin. 
If initial treatment fails to control symptoms after 24 to 48 hours
then indometacin is generally given to promote closure of the
ductus.1,4-6 The benefits of treatment with indometacin as soon as
symptoms become apparent, rather than delaying treatment until
signs of congestive failure develop, have been debated.7,8 Early
treatment may significantly reduce the morbidities arising from
a persistent patent ductus arteriosus.7 However, delaying treat-
ment until the end of the first week of life can allow for sponta-
neous closure and avoid the need of exposing infants to the toxic
effects of indometacin.8 
Indometacin probably leads to closure of the ductus through in-
hibition of prostaglandin synthesis. It is given as the sodium salt
in three intravenous doses at 12- to 24-hour intervals; each dose
should be infused over 20 to 30 minutes. Indometacin sodium
injection is reconstituted with preservative-free sodium chloride
0.9% for injection or water for injection; glucose solutions
should not be used (see Incompatibility, above). The dose of in-
dometacin sodium (expressed as indometacin) depends upon the
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age of the neonate and the following doses have been suggested
based upon the age at the first dose: 
• less than 48 hours old: 200 micrograms/kg initially followed

by two further doses of 100 micrograms/kg each 
• 2 to 7 days old: three doses of 200 micrograms/kg each 
• over 7 days old: 200 micrograms/kg initially followed by two

further doses of 250 micrograms/kg each 
If, 48 hours after this course of therapy the ductus remains open
or re-opens, a second course may be used, but if this produces no
response (which may be the case in 25% of infants treated4,9)
surgery may be necessary. 
Indometacin has been given orally where the injection is unavail-
able, but absorption of oral indometacin is poor and incomplete
in premature neonates. 
A decreased need for surgical closure and reduced recurrences
were seen in neonates in whom standard intravenous indomet-
acin therapy was then followed by maintenance therapy (intrave-
nous indometacin 200 micrograms/kg daily for an additional 5
days).10 Prolonged therapy using high doses of up to 1 mg/kg as
a single dose every 12 hours has also been used with some
success in a few infants who have not responded to standard
regimens.11 Similar beneficial findings were reported12 in
infants given prolonged low-dose indometacin therapy
(100 micrograms/kg daily for 6 days). An additional benefit was
a lower incidence of adverse effects; fewer infants had a rise in
serum creatinine or urea concentrations. However, a systematic
review13 has suggested that such regimens are no more effective
than the shorter standard regimens, and found an increased rather
than decreased incidence of adverse effects (including a trend to-
wards increased risk of necrotising enterocolitis1,6). Prolonged
treatment with indometacin could not be recommended.13 Pro-
phylactic treatment or treatment of asymptomatic ductus with in-
dometacin has been tried in premature infants, and there is good
evidence to suggest that this is effective in reducing the risk of
symptomatic patent ductus arteriosus and intraventricular haem-
orrhage (see above) in such patients;7,14,15 however, prophylactic
treatment has not been shown to significantly reduce the risk of
short-term pulmonary complications such as bronchopulmonary
dysplasia. Systematic reviews14,15 have also found no evidence
of either benefit or harm in neurological development or other
longer term outcomes. 
Some other NSAIDs have also been tried in the treatment of pat-
ent ductus arteriosus. Ibuprofen appears to be effective in closing
a patent ductus arteriosus,16 and it has been suggested that ibu-
profen might be a better choice than indometacin as, unlike in-
dometacin, it does not have adverse effects on renal, mesenteric,
and cerebral haemodynamics. However, a recent systematic
review16 found no significant difference in the effectiveness of
ibuprofen compared to indometacin and, although the risk of ol-
iguria was reduced with ibuprofen, the risk for chronic lung dis-
ease may be increased. Ibuprofen is also effective when used
prophylactically; however, there have been reports of pulmonary
hypertension with such use and ibuprofen is not recommended.17 
Oral therapy with ibuprofen has also been tried.18
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Polyhydramnios. Reports1-3 of the beneficial effects of in-
dometacin in the management of polyhydramnios (an excessive
accumulation of amniotic fluid). Polyhydramnios is a feature of
the neonatal variant of Bartter’s syndrome (see also above).
1. Cabrol D, et al. Treatment of symptomatic polyhydramnios with

indomethacin. Eur J Obstet Gynecol Reprod Biol 1996; 66:
11–15. 

2. Abhyankar S, Salvi VS. Indomethacin therapy in hydramnios. J
Postgrad Med 2000; 46: 176–8. 

3. Kriplani A, et al. Indomethacin therapy in the treatment of poly-
hydramnios due to placental chorioangioma. J Obstet Gynaecol
Res 2001; 27: 245–8.

Premature labour. The most common approach to postpon-
ing premature labour (p.2003) with drugs has historically been
with a selective beta2 agonist. However, as prostaglandins have a
role in uterine contraction and cervical ripening and dilatation,
prostaglandin synthetase inhibitors such as indometacin have
also been used. Comparative studies1,2 have shown that indomet-
acin and ritodrine are equally effective in inhibiting uterine con-
tractions and delaying delivery in patients in preterm labour who
have intact membranes and in whom the gestational age is less
than or equal to 34 weeks. In one study2 an initial oral loading
dose of indometacin 50 mg was given, followed by 25 to 50 mg
orally every 4 hours until contractions stopped and then by a
maintenance dose of 25 mg every 4 to 6 hours. In the other com-
parative study1 indometacin was given as a 100-mg rectal sup-
pository followed by 25 mg orally every 4 hours for 48 hours; if
regular uterine contractions persisted 1 to 2 hours after the initial
suppository, an additional 100-mg suppository was given before
beginning oral therapy. Terbutaline was given for maintenance
therapy. 
Unfortunately indometacin can constrict the ductus arteriosus,3-5

which may lead to pulmonary hypertension,2 and has also been
associated with bronchopulmonary dysplasia,6 reduced volume
of amniotic fluid (oligohydramnios)2,4 and possible renal dam-
age (see Effects on the Kidneys, above) in the fetus. Another
complication is that prenatal indometacin exposure may increase
both the incidence and severity of patent ductus arteriosus in pre-
mature infants,7,8 as shown by the increased need for post-natal
indometacin therapy and surgical ligation in such infants. How-
ever, there is evidence to suggest that there is no significant in-
crease in the risk of neonatal complications in infants exposed to
indometacin tocolysis when compared with control groups of in-
fants who received either no treatment or tocolysis with drugs
other than indometacin.9,10 
The evidence for any overall benefit of indometacin in delaying
labour is equivocal,11-13 and it is generally reserved as a second-
line tocolytic or for use with an intravenous tocolytic when an
additive effect is required.
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7. Norton ME, et al. Neonatal complications after the administra-
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tal patent ductus arteriosus severity. Abstract: Pediatrics 1998;
102: 1202–3. Full version: 
http://pediatrics.aappublications.org/cgi/content/full/102/5/e56
(accessed 07/11/07) 

9. Vermillion ST, Newman RB. Recent indomethacin tocolysis is
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Am J Obstet Gynecol 1999; 181: 1083–6. 
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col 2005; 106: 173–9. 
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Preparations
BP 2008: Indometacin Capsules; Indometacin Suppositories; 
USP 31: Indomethacin Capsules; Indomethacin Extended-release Cap-
sules; Indomethacin for Injection; Indomethacin Oral Suspension; In-
domethacin Suppositories; Indomethacin Topical Gel.

Proprietary Preparations (details are given in Part 3)
Arg.: Agilex; IM 75; Indotex; Klonametacina; Austral.: Arthrexin; Indocid;
Indocid PDA; Austria: Flexidin; Indo; Indobene; Indocid; Indocollyre; Indo-
hexal; Indomelan; Indoptol; Liometacen; Luiflex; Ralicid; Belg.: Dolcidium;
Indocid; Indocollyre; Luiflex; Braz.: Agilisin; Indocid; Indocid Colirio†; Meta-
cidil†; Canad.: Indocid PDA; Indocid†; Indotec†; Novo-Methacin; Nu-Indo;
Rhodacine; Chile: Flexono; Moviflex; Cz.: Bonidon†; Elmetacin; Indobene;
Indocollyre; Vonum Cutan; Denm.: Confortid; Indocid†; Fin.: Confortid;
Indocid; Indometin; Fr.: Chrono-Indocid; Indocid; Indocollyre; Ger.: Confor-
tid; Elmetacin; Indo; Indo Top; Indo-paed; Indo-Phlogont†; Indocolir ; Indo-
contin†; Indomet-ratiopharm; Indomet-ratiopharm m†; Indomet†; Indomis-
al†; Inflam; Mobilat Akut Indo; Rheubalmin Indo; Sigadoc†; Gr.: Begincalm†;
Dolcispray; Fortathrine; Hastel; Indocid; Indomethol; Itapredin; Reumacid;
Reumadolor; Hong Kong: Indocid; Indocin PDA; Indocollyre; Indogesic†;
Indomet†; Hung.: Elmetacin; Indobene; Indocollyre; India: Idicin†; Indocap;
Indocid; Indon.: Dialon; Irl.: Cidomel†; Flexin Continus; Indocid PDA; In-
docid†; Israel: Indocollyre; Indomed; Indoptic†; Indotard; Indovis; Ital.: Im-
et†; Indocid; Indocollirio; Indom; Indoxen; Liometacen; Metacen; Jpn: Ca-
tlep; Idomethine; Infree; Malaysia: Arthrexin†; Domicap†; Indo; Indocid†;
Indomen; Mex.: Antalgin; Artaxol; Biometacin; Draxil; Grindocin†; Indaflex;
Indocarsil; Indocid; Indoman; Indotrin; Italon; Labymetacyn†; Malival; Mefazil;
Soltacina; Stratasin; Neth.: Dometin†; Indocid; Indocid PDA; Indocollyre;
Indoptol†; Norw.: Confortid; Indocid; NZ: Arthrexin; Elmetacin†; Indocid
PDA; Rheumacin; Philipp.: Infree; Vi-Gel; Pol.: Elmetacin; Indocollyre;
Metindol; Port.: Autritis; Dolovin; Elmetacin; Indocid; Indocollyre; Indogel;
Indospray; Reumacide; Rus.: Indomin (Индомин); Indotard (Индотард)†;
Indovis (Индовис)†; Metindol (Метиндол); S.Afr.: Acuflex; Adco-Indogel;
Aflamin; Arthrexin; Betacin; Elmetacin; Flamaret; Flamecid; Indocid; Medi-
flex†; Methocaps; Nisaid; Restameth-SR†; Singapore: Indo; Indocollyre; In-
domen; Spain: Aliviosin; Artrinovo; Flogoter; Inacid; Indocaf; Indolgina; In-
donilo; Mederreumol†; Neo Decabutin; Reumo†; Reusin; Swed.:
Confortid; Indomee; Switz.: Bonidon; Elmetacin; Indo-Mepha†; Indocid; In-
dophtal; Thai.: Ammi-Indocin; Bucin†; Docin; Elmego; Elmetacin; Idc; Indo-
cid; Indocin; Indocollyre; Indomed; Indono; Inflamate; Inthacine; Liometacen;
Metindo; Satogesic; Turk.: Endol; Endosetin; Indocolir ; Inomet; UAE: Roth-
acin; UK: Flexin Continus†; Indocid PDA; Indocid†; Indolar SR; Indomax†;
Indomod†; Pardelprin; Rimacid; Slo-Indo; USA: Indocin; Venez.: Cevimin;
Elmetacin; Indocid; Melior†; Romazulan†.
Multi-ingredient: Austria: Vonum; Fin.: Indalgin; Fr.: Indobiotic; Ger.:
Inflam†; Ital.: Difmetre; Jpn: Vantelin; Mex.: Artridol; Malival Compuesto;
Morlan; Reupat; Port.: Indobiotic; Rus.: Indovasin (Индовазин); Spain:
Artri; Fiacin; Switz.: Indobiotic†; Ralur†; Turk.: Indobiotic.

Infliximab (BAN, rINN)

cA2; CenTNF; Infliksimab; Infliksimabi; Infliximabum. Immu-
noglobulin G (human-mouse monoclonal cA2 heavy chain anti-
human tumor necrosis factor), disulfide with human-mouse
monoclonal cA2 light chain, dimer.
Инфликсимаб
CAS — 170277-31-3.
ATC — L04AB02.
ATC Vet — QL04AB02.

Adverse Effects, Treatment, and Precau-
tions
Acute infusion reactions during or within 1 to 2 hours
of infusion are common with infliximab, and other
TNF inhibitors, particularly with the first or second
dose. Symptoms include fever, chills, pruritus, urticar-
ia, dyspnoea, chest pain, and hypertension or hypoten-
sion. Mild reactions may respond to a reduced rate of
infusion or a temporary interruption. If reactions are
more severe, therapy should be stopped. Pretreatment
with paracetamol, corticosteroids, and antihistamines
may be considered. TNF inhibitors should only be giv-
en where facilities for resuscitation are available. De-
layed reactions have occurred 3 to 12 days after inflix-
imab treatment; symptoms include myalgia, arthralgia,
fever, and rash. Similar delayed reactions may also be
seen when infliximab has been restarted after an ex-
tended period without treatment (see below). 
Other, common, adverse effects include nausea and
vomiting, abdominal pain, diarrhoea, fatigue, dizzi-
ness, headache, and back pain. Antibodies to inflixi-
mab (human antichimeric antibodies) may develop,
and are associated with an increased incidence of hy-
persensitivity reactions. Antinuclear antibodies and
anti-double-stranded-DNA antibodies have also devel-
oped with TNF inhibitor therapy. A lupus-like syn-
drome has occurred rarely; treatment should be
stopped if it develops. 
Infections are common in patients treated with inflixi-
mab or other drugs that inhibit TNF, and most often
affect the upper respiratory tract and the urinary tract.
TNF inhibitors have also been associated rarely with
the development of serious opportunistic infections,
sepsis, pneumonia, and onset or reactivation of tuber-
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culosis (see below), particularly in patients with under-
lying conditions predisposing them to infections; in
some cases death has resulted. TNF inhibitors should
not be given to patients with severe infection, including
active tuberculosis, abscesses, and opportunistic infec-
tions, and should be stopped if these develop. Patients
should be evaluated for latent and active tuberculosis
before beginning therapy; if evidence of latent tubercu-
losis is found, the risks and benefits of treatment should
be considered carefully and chemoprophylaxis should
be started before giving a TNF inhibitor. They should
also be used with care in those with chronic infections,
a history of recurrent infections, or with underlying
conditions that may predispose to infections. Patients
with fistulising Crohn’s disease with suppurative fistu-
las should not be given infliximab until possible infec-
tion sources such as abscesses have been ruled out. Pa-
tients should be instructed to seek medical advice if
symptoms suggestive of tuberculosis (such as persist-
ent cough, weight loss, or low grade fever) occur. Pa-
tients should be monitored for signs of infection after
stopping treatment: for adalimumab and infliximab,
which both have long half-lives, monitoring should
continue for 5 or 6 months, respectively; because of its
relatively shorter half-life, the elimination of etaner-
cept may be quicker. 
There have been rare reports of severe hepatic reac-
tions such as acute liver failure, jaundice, hepatitis, and
cholestasis with infliximab; some cases have been fatal
or required transplantation. Patients with signs or
symptoms of hepatotoxicity should be evaluated and
infliximab should be stopped in those patients with
jaundice or marked elevations in liver enzyme values.
Infliximab and other TNF inhibitors have also been as-
sociated with the reactivation of hepatitis B in chronic
carriers, which has resulted in fatalities in some cases.
Patients at risk of hepatitis B infection should be
screened before starting treatment; it is recommended
that carriers treated with a TNF inhibitor are closely
monitored during, and for several months after stop-
ping, treatment. 
Blood dyscrasias, including leucopenia, thrombocyto-
penia, pancytopenia, and aplastic anaemia, have been
reported rarely with TNF inhibitors; in some cases the
outcome was fatal. They should be used with caution
in patients with a history of blood dyscrasias. 
Rare, and sometimes fatal, cases of interstitial lung dis-
ease including pulmonary fibrosis and pneumonitis
have been reported with TNF inhibitors. 
Infliximab and other TNF inhibitors are also associated
with an increased incidence of malignancies including
lymphoma (see also Carcinogenicity, below), although
occurrences are rare. Some groups of patients treated
with TNF inhibitors may already have an increased
background risk of developing malignancies, regard-
less of drug treatment. Care has been advocated in pa-
tients with a history of malignancy. 
Anaphylactic reactions have been reported rarely with
TNF inhibitors. Infliximab should be avoided in pa-
tients with a history of hypersensitivity to the drug or
other murine proteins. 
TNF inhibitors have been associated in rare cases with
seizures and clinical or radiological worsening of de-
myelinating disorders such as multiple sclerosis or op-
tic neuritis; care is required in prescribing it to patients
with such disorders or symptoms suggestive of their
onset. 
Worsening and, in some cases, new-onset heart failure
has been reported with TNF inhibitors (see Effects on
the Heart, below). (NYHA class III or IV). In the UK,
infliximab is contra-indicated in patients with moder-
ate to severe heart failure; however, US licensed prod-
uct information advises that doses up to 5 mg/kg may
be used in such patients. It should be used with caution
in patients with mild heart failure (NYHA class I or II).
All patients with heart failure should be closely moni-
tored and infliximab stopped in those who develop
new or worsening symptoms of heart failure. Similar

recommendations are given for the TNF inhibitors
adalimumab and etanercept, although UK licensed in-
formation for etanercept only advises caution in pa-
tients with heart failure.
◊ General references.
1. Hansen RA, et al. Serious adverse events with infliximab: anal-

ysis of spontaneously reported adverse events. Clin Gastroenter-
ol Hepatol 2007; 5: 729–35.

Carcinogenicity. Malignancies, especially lymphomas, have
been seen in patients treated with TNF inhibitors for rheumatoid
arthritis and Crohn’s disease;1 however, the suggestion of a caus-
al relationship is controversial. A meta-analysis2 in 2006 identi-
fied 24 published reports of malignancies in 3493 study patients
with rheumatoid arthritis who had received at least one dose of a
TNF inhibitor (adalimumab or infliximab) along with 2 cases in
1512 control patients; further, unpublished, cases were also
found using FDA data to give 29 malignancies in the treatment
groups and 3 in the control groups. Based on these figures, there
was a 3.3-fold increase in the risk of malignancy in patients re-
ceiving TNF inhibitors when compared with controls. These re-
sults have, however, been criticised3 on a number of points in-
cluding the difficulty in applying them to current practice
because etanercept was not included in the analysis, and, in par-
ticular, the unexpectedly low rate of malignancies in the control
groups. Other studies in patients with rheumatoid arthritis4,5 and
Crohn’s disease6 have generally concluded that the overall risk of
malignancies is not significantly increased in patients taking
TNF inhibitors when compared with patients who have not taken
these drugs. Some studies4,7 in patients with rheumatoid arthritis
have, however, shown a possible increased risk of lymphoma
with TNF inhibitor treatment, but caution in interpreting these
results was recommended as they were based on a small number
of cases; in addition, the background risk of lymphoma is in-
creased in rheumatoid arthritis regardless of treatment. The risk
of malignancies with TNF inhibitors requires further study. 
Rare cases of hepatosplenic T-cell lymphoma have been seen in
adolescents and young adults given infliximab for the treatment
of Crohn’s disease. In July 2006, the manufacturer was aware of
6 cases of this type of lymphoma in 5 adolescents aged 12 to 19
years and one 31-year-old adult;8 4 of the 6 cases occurred in
males. The treatment duration ranged from 1 or 2 infusions to
over 4 years of therapy; in all cases, patients were also taking or
had taken azathioprine or 6-mercaptopurine. This type of lym-
phoma is aggressive and 5 of the above patients died. A causal
relationship was not clearly established although it could neither
be excluded. Further cases have since been reported.9
1. Brown SL, et al. Tumor necrosis factor antagonist therapy and

lymphoma development: twenty-six cases reported to the Food
and Drug Administration. Arthritis Rheum 2002; 46: 3151–8. 

2. Bongartz T, et al. Anti-TNF antibody therapy in rheumatoid ar-
thritis and the risk of serious infections and malignancies: sys-
tematic review and meta-analysis of rare harmful effects in ran-
domized controlled trials. JAMA 2006; 295:  2275–85.
Correction. ibid.; 2482. 

3. Dixon W, Silman A. Is there an association between anti-TNF
monoclonal antibody therapy in rheumatoid arthritis and risk of
malignancy and serious infection? Commentary on the meta-
analysis by Bongartz et al. Arthritis Res Ther 2006; 8: 111. 

4. Geborek P, et al. Tumour necrosis factor blockers do not increase
overall tumour risk in patients with rheumatoid arthritis, but may
be associated with an increased risk of lymphomas. Ann Rheum
Dis 2005; 64: 699–703. 

5. Setoguchi S, et al. Tumor necrosis factor α antagonist use and
cancer in patients with rheumatoid arthritis. Arthritis Rheum
2006; 54: 2757–64. Correction. ibid.; 3134. 

6. Biancone L, et al. Infliximab and newly diagnosed neoplasia in
Crohn’s disease: a multicentre matched pair study. Gut 2006; 55:
228–33. 

7. Wolfe F, Michaud K. Lymphoma in rheumatoid arthritis: the ef-
fect of methotrexate and anti-tumor necrosis factor therapy in
18,572 patients. Arthritis Rheum 2004; 50: 1740–51. 

8. Schering, Canada. Health Canada endorsed important safety in-
formation on Remicade (infliximab) (issued 24th July, 2006).
Available at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/medeff/remicade_3_hpc-cps-eng.pdf (accessed
29/08/08) 

9. Mackey AC, et al. Hepatosplenic T cell lymphoma associated
with infliximab use in young patients treated for inflammatory
bowel disease. J Pediatr Gastroenterol Nutr 2007; 44: 265–7.

Delayed reactions. Ten of 37 patients with Crohn’s disease re-
treated with infliximab after a 2 to 4 year period without treat-
ment had delayed hypersensitivity reactions, of which 6 were
considered serious. None of the patients had had infusion-related
adverse effects with their original infliximab therapy. Adverse
reactions developed in 9 of the 23 patients originally treated with
a discontinued liquid formulation, and in 1 of the 14 patients who
previously received the marketed formulation, leading to specu-
lation that the formulation may have been a contributing factor.
Effects on blood lipids. A 35-year-old man with psoriatic ar-
thritis and psoriasis developed markedly elevated triglyceride
levels and a mildly increased total cholesterol level after a single
infusion of infliximab;1 tests prior to therapy had shown a mild
hypertriglyceridaemia for which he had received no treatment.
No further doses of infliximab were given and his triglyceride
levels subsequently improved.
1. Antoniou C, et al. Elevated triglyceride and cholesterol levels

after intravenous antitumour necrosis factor-α therapy in a pa-
tient with psoriatic arthritis and psoriasis vulgaris. Br J Dermatol
2007; 156: 1090–1.

Effects on the CNS. Aseptic meningitis developed in a patient
after his fifth injection of infliximab for rheumatoid arthritis.1
Similar symptoms also occurred after a sixth injection. 
Two patients with inflammatory bowel disease developed acute
motor neuropathy with multiple conduction blocks following in-
fliximab treatment; both patients improved after infliximab was
stopped.2 Similar adverse effects were reported in 2 further pa-
tients:3 one was taking etanercept for rheumatoid arthritis and the
other infliximab for ankylosing spondylitis. Three cases of bilat-
eral optic neuropathy associated with infliximab therapy have
also been reported.4 Other neuropathies have been associated
with TNF inhibitor treatment, including Guillain-Barré syn-
drome.5
1. Marotte H, et al. Infliximab-induced aseptic meningitis. Lancet

2001; 358: 1784. 
2. Singer OC, et al. Acute neuropathy with multiple conduction

blocks after TNFα monoclonal antibody therapy. Neurology
2004; 63: 1754. 

3. Richez C, et al. Neuropathy resembling CIDP in patients receiv-
ing tumor necrosis factor-α blockers. Neurology 2005; 64:
1468–70. 

4. ten Tusscher MPM, et al. Bilateral anterior toxic optic neuropa-
thy and the use of infliximab. BMJ 2003; 326: 579. 

5. Stübgen J-P. Tumor necrosis factor-α antagonists and neuropa-
thy. Muscle Nerve 2008; 37: 281–92.

Effects on the heart. The FDA has reported1 on 47 patients
who developed heart failure during long-term therapy with TNF
antibodies (etanercept and infliximab) for arthritic conditions or
Crohn’s disease. Of these, 38 developed new-onset heart failure,
19 having documented risk factors for heart failure, and 9 had
exacerbation of existing heart failure. The median time to new-
onset heart failure was 3.5 months. However, studies2-4 investi-
gating a possible association between TNF inhibitors and the de-
velopment of heart failure have been equivocal and further inves-
tigation is warranted. 
Preliminary investigations on the use of infliximab in the treat-
ment of moderate to severe heart failure failed to show any clin-
ical improvement in patients given infliximab 5 mg/kg or
10 mg/kg when compared with placebo;5 in addition, those given
the higher dose had an increased risk of death or hospitalisation
due to worsening heart failure.
1. Kwon HJ, et al. Case reports of heart failure after therapy with a

tumor necrosis factor antagonist. Ann Intern Med 2003; 138:
807–11. 

2. Jacobsson LTH, et al. Treatment with tumor necrosis factor
blockers is associated with a lower incidence of first cardiovas-
cular events in patients with rheumatoid arthritis. J Rheumatol
2005; 32: 1213–18. 

3. Curtis JR, et al. Heart failure among younger rheumatoid arthri-
tis and Crohn’s patients exposed to TNF-α antagonists. Rheuma-
tology (Oxford) 2007; 46: 1688–93. 

4. Listing J, et al. Does tumor necrosis factor α inhibition promote
or prevent heart failure in patients with rheumatoid arthritis? Ar-
thritis Rheum 2008; 58: 667–77. 

5. Chung ES, et al. Randomized, double-blind, placebo-controlled,
pilot trial of infliximab, a chimeric monoclonal antibody to tu-
mor necrosis factor-α, in patients with moderate-to-severe heart
failure: results of the Anti-TNF Therapy Against Congestive
Heart failure (ATTACH) trial. Circulation 2003; 107: 3133–40.

Effects on the lungs. Infliximab treatment has been associated
with a fatal exacerbation of previously asymptomatic fibrosing
alveolitis in 3 patients with chronic rheumatoid arthritis;1 all 3
patients were also taking azathioprine and prednisolone. There
was no evidence of infection or other underlying causes for the
decline in respiratory function.
1. Ostor AJK, et al. Fatal exacerbation of rheumatoid arthritis asso-

ciated fibrosing alveolitis in patients given infliximab. BMJ
2004; 329: 1266.

Effects on the skin. Patients with rheumatoid arthritis receiv-
ing TNF inhibitor therapy are more likely to develop adverse
skin reactions than those who are not.1 Of 289 patients taking
TNF inhibitors (infliximab, etanercept, adalimumab, and lener-
cept), 72 (25%) reported 128 dermatological events including
skin infections, eczema, drug-related eruptions, and malignan-
cies such as actinic keratosis; of the 289 patients not taking TNF
inhibitors, 37 (13%) reported dermatological events. 
In another review,2 cutaneous adverse effects were seen in 35 out
of 150 patients receiving TNF inhibitors (adalimumab, etaner-
cept, or infliximab) for rheumatic disorders; cases included der-
matitis herpetiformis and leucocytoclastic vasculitis although ec-
zematous and skin infections were more common or infectious.
Perhaps unexpectedly, psoriasis-like lesions were seen in 8 pa-
tients, 6 of whom had no history of psoriasis; similar effects have
also been noted in other patients with rheumatoid arthritis3 or
Crohn’s disease.4 
Rare cases of serious skin reactions have been associated with
TNF inhibitor treatment.5 Since approval in 1998, the FDA has
received 15 cases of erythema multiforme, 5 cases of Stevens-
Johnson syndrome, and 1 case of toxic epidermal necrolysis as-
sociated with infliximab; cases for etanercept, approved in the
same year, included 13 reports of erythema multiforme, and 4
reports each of Stevens-Johnson syndrome and toxic epidermal
necrolysis. For adalimumab, which was marketed late in 2002,
there have been 4 cases of erythema multiforme and 2 of Ste-
vens-Johnson syndrome.
1. Flendrie M, et al. Dermatological conditions during TNF-α-

blocking therapy in patients with rheumatoid arthritis: a prospec-
tive study. Arthritis Res Ther 2005; 7: R666–R676. 
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2. Lee H-H, et al. Cutaneous side-effects in patients with rheumatic
diseases during application of tumour necrosis factor-α antago-
nists. Br J Dermatol 2007; 156: 486–91. 

3. Dereure O, et al. Psoriatic lesions induced by antitumour necro-
sis factor-α treatment: two cases. Br J Dermatol 2004; 151:
506–7. 

4. Verea MM, et al. Psoriasiform eruption induced by infliximab.
Ann Pharmacother 2004; 38: 54–7. 

5. FDA. Tumor necrosis factor alpha (TNF-α) antagonists: serious
skin reactions. FDA Drug Safety Newsletter 2007; 1: 18–20.
Available at: http://www.fda.gov/cder/dsn/2008_winter/
2008_winter.pdf (accessed 17/06/08)

Infection. There have been spontaneous reports of onset or re-
activation of tuberculosis in patients treated with infliximab, in-
cluding cases of miliary tuberculosis and unusual extrapulmo-
nary disease.1 The UK CSM noted in February 2001 that there
had been 28 such reports worldwide. The US manufacturers sub-
sequently reported2 (in October 2001) that other serious oppor-
tunistic infections, including histoplasmosis, listeriosis, and
pneumocystosis had occurred, and had led to some deaths; the
number of reported cases of tuberculosis had risen to 84. Further
opportunistic infections also continued to be reported; FDA data
up to August 2002 included reports of candidiasis, coccidioid-
omycosis, nocardiosis, aspergillosis, and infections due to non-
tuberculous mycobacteria.3 Health Canada reported4 in October
2004 that it had received 188 and 109 reports of infections asso-
ciated with infliximab and etanercept, respectively, from January
2000 to May 2004. Of these, 10 and 2 reports were of tuberculo-
sis associated with infliximab and etanercept, respectively. The
FDA also received 25 reports of tuberculosis associated with
etanercept between November 1998 and March 2002.5 Although
the majority of patients also had a history of treatment with im-
munosuppressants including corticosteroids, the inhibition of
TNF may affect normal immune responses and predispose pa-
tients to opportunistic infections. 
Guidelines6 have been issued by the British Thoracic Society to
quantify the risks of reactivation of tuberculosis with TNF inhib-
itors and to advise on the treatment of such infection in patients
being assessed for TNF inhibitor therapy.
1. CSM/MCA. Infliximab (Remicade) and tuberculosis. Current

Problems 2001; 27: 7. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON007458&RevisionSelectionMethod=
LatestReleased (accessed 13/06/08) 

2. Schaible TF [Centocor, Inc.]. Important drug warning (issued 5th
October, 2001). Available at: http://www.fda.gov/medwatch/
safety/2001/remicadeTB_deardoc.pdf (accessed 13/06/08) 

3. Wallis RS, et al. Granulomatous infectious diseases associated
with tumor necrosis factor antagonists. Clin Infect Dis 2004; 38:
1261–5. Correction. ibid.; 39: 1254–5. 

4. Health Canada. Infliximab (Remicade) and etanercept (Enbrel):
serious infections and tuberculosis. Can Adverse React News
2004; 14 (4): 2–3. Also available at: 
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/carn-bcei_v14n4-eng.pdf (accessed 29/08/08) 

5. Mohan AK, et al. Tuberculosis following the use of etanercept,
a tumor necrosis factor inhibitor. Clin Infect Dis 2004; 39:
295–9. 

6. British Thoracic Society Standards of Care Committee. BTS rec-
ommendations for assessing risk and for managing Mycobacte-
rium tuberculosis infection and disease in patients due to start
anti-TNF-α treatment. Thorax 2005; 60: 800–5. 
Also available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Anti%20TNF%20Treatment /
Guidelines/antitnf_treatment.pdf (accessed 13/06/08)

Interactions
Live vaccines should not be given with infliximab or
other drugs that inhibit TNF as the effect of such drugs
on vaccine efficacy or the risk of infection transmission
is unknown. The use of TNF inhibitors with the inter-
leukin-1 receptor antagonist anakinra may increase the
risk of serious infections and neutropenia; such combi-
nations are not recommended. A similar interaction has
been seen with TNF inhibitors and the co-stimulation
blocker abatacept.
Abatacept. Use of the TNF inhibitor etanercept with abatacept
has resulted in an increase in the incidence of serious adverse
effects including serious infections; in addition, there was no in-
crease in clinical benefit.1 Combinations of abatacept with TNF
inhibitors are not recommended by UK licensed product infor-
mation.
1. Weinblatt M, et al. Selective costimulation modulation using

abatacept in patients with active rheumatoid arthritis while re-
ceiving etanercept: a randomised clinical trial. Ann Rheum Dis
2007; 66: 228–34.

Anakinra. The incidence of serious infections, injection site re-
actions, and neutropenia is increased when anakinra is given
with the TNF inhibitor etanercept.1 In addition, the combination
did not provide any further clinical benefit when compared to
etanercept alone. Similar findings may be expected if anakinra is
given with other TNF inhibitors.
1. Genovese MC, et al. Combination therapy with etanercept and

anakinra in the treatment of patients with rheumatoid arthritis
who have been treated unsuccessfully with methotrexate. Arthri-
tis Rheum 2004; 50: 1412–19.

Pharmacokinetics
Infliximab shows linear pharmacokinetics. It is distrib-
uted primarily in the vascular compartment and, after
single doses, has a terminal elimination half-life of 8 to
9.5 days. After repeated doses, infliximab has been de-
tected in serum for at least 8 weeks.
◊ References.
1. Klotz U, et al. Clinical pharmacokinetics and use of infliximab.

Clin Pharmacokinet 2007; 46: 645–60.

Uses and Administration
Infliximab is a chimeric monoclonal antibody to tu-
mour necrosis factor α (TNF), a pro-inflammatory
mediator. Elevated levels of TNF have been found in
the affected tissues and fluids of patients with rheuma-
toid arthritis, ankylosing spondylitis, and psoriatic ar-
thritis, and Crohn’s disease and ulcerative colitis. Ele-
vated TNF levels are also found in psoriatic plaques. 
Infliximab is given by intravenous infusion over a usu-
al period of not less than 2 hours; shorter infusion times
have been used in some patients with rheumatoid ar-
thritis (see below for further details). 
Infliximab is used with methotrexate in the manage-
ment of moderate to severe, active rheumatoid
arthritis to reduce the signs and symptoms of the dis-
ease, delay structural damage, and improve physical
function; in the UK it is licensed for use in patients who
have had an inadequate response to standard disease-
modifying antirheumatic drugs (DMARDs) although,
in severe progressive cases, it may be used in patients
not previously treated with methotrexate or other
DMARDs; in the USA it may be used for treating early
rheumatoid arthritis. Infliximab is given in a dose of
3 mg/kg, repeated at 2 and 6 weeks, then every 8 weeks
thereafter. For the first 3 doses infliximab should be in-
fused for at least 2 hours; however, UK licensed prod-
uct information suggests that subsequent infusion
times may be reduced to a minimum period of 1 hour
in those who tolerate the initial infusions. A clinical re-
sponse is usually achieved within 12 weeks of starting
treatment. Patients with an inadequate response during
this period or who later relapse may benefit by increas-
ing the dose: in the UK, a maximum dose of 7.5 mg/kg
every 8 weeks (with increases made in steps of
1.5 mg/kg) is recommended whereas, in the USA, a
maximum dose of 10 mg/kg is allowed. Alternatively,
a dose of 3 mg/kg may be given as often as every 4
weeks in such patients. Continuing therapy in those
who show no response within the first 12 weeks of
treatment or after dose adjustment should be carefully
reconsidered: in the UK NICE recommends that inflix-
imab be withdrawn if there is no adequate response
within 6 months of starting treatment. 
Patients with moderate to severe, active Crohn’s dis-
ease unresponsive to conventional treatment may be
given a single infliximab dose of 5 mg/kg. This may be
followed by a maintenance regimen of additional infu-
sions of 5 mg/kg at 2 and 6 weeks after the initial infu-
sion and then every 8 weeks, or the drug may be read-
ministered when signs and symptoms of the disease
recur (but see below). UK licensed product informa-
tion does not recommend further doses in patients who
are unresponsive after the first 2 doses; in the USA, a
patient is not considered to be unresponsive until 3 dos-
es have been given. A similar regimen is used in pa-
tients with fistulising Crohn’s disease although therapy
should not be considered ineffective until after the third
dose of infliximab. US product information suggests
that doses of up to 10 mg/kg may be used in patients
who relapse after an initial response. Infliximab is also
used in the treatment of moderate to severe, active ul-
cerative colitis in patients unresponsive to convention-
al therapy; the recommended dose is 5 mg/kg given as
a regimen similar to that used for Crohn’s disease (see
above). Therapy should not be considered ineffective
until after the third dose of infliximab. 
In the treatment of ankylosing spondylitis, UK li-
censed product information recommends that inflixi-

mab should only be used in patients with severe dis-
ease who have had an inadequate response to
conventional treatment; however, in the USA it may be
used in early treatment, to reduce the signs and symp-
toms. The initial dose is 5 mg/kg, repeated at 2 and 6
weeks and then every 6 to 8 weeks; if there is no re-
sponse after 2 doses no further treatment should be giv-
en. 
Infliximab is also used in the treatment of active and
progressive psoriatic arthritis; in the UK, its use is
limited to patients who have had an inadequate re-
sponse to standard DMARD but, as before, US li-
censed product information allows earlier use. In the
USA, it may be given with or without methotrexate;
however, UK product information only recommends
use without methotrexate in those patients who are
intolerant of or have contra-indications to such treat-
ment. It is given in a single dose of 5 mg/kg, repeated
at 2 and 6 weeks and then every 8 weeks thereafter.
Guidance issued by NICE in the UK recommends that
treatment with infliximab is stopped after 12 weeks in
those who show an inadequate response. 
Infliximab is used in the treatment of moderate to se-
vere plaque psoriasis. Its use is usually limited to pa-
tients in whom other treatments are not suitable. Inflix-
imab is given in a dose of 5 mg/kg, repeated at 2 and 6
weeks, then every 8 weeks thereafter. Treatment
should be stopped after 14 weeks (4 doses) in patients
who show no response. 
If the signs and symptoms of rheumatoid arthritis or
Crohn’s disease recur infliximab may be readminis-
tered if within 16 weeks of the last infusion. Readmin-
istration after a drug-free interval of more than 16
weeks may be associated with an increased risk of de-
layed hypersensitivity (see Delayed Reactions, above)
and consequently is not recommended. Recommenda-
tions regarding the readministration of infliximab for
other indications (other than those detailed above) have
not been established. Limited data from readministra-
tion with a single dose of infliximab in psoriasis after
an interval of 20 weeks suggest reduced efficacy and a
higher incidence of mild to moderate infusion reac-
tions when compared with the initial regimen. 
For details of infliximab use in children, see below.
Administration in children. Infliximab is licensed for use in
moderate to severe, active Crohn’s disease in children aged 6
years and over who have not responded to conventional therapy,
or who have contraindication for or are intolerant of such treat-
ments; doses are the same as those used in adults (see above). UK
licensed product information suggests that the dosage interval
may be adjusted to maintain any benefits; however, further treat-
ment is unlikely to be of use in patients not responding within the
first 10 weeks. 
Although unlicensed for such use in the UK, infliximab has also
been used in children with fistulising Crohn’s disease; the BNFC
recommends that those aged 6 to 18 years may be treated with
the same dosage regimen that is used for this indication in adults
(see above).
Asthma. TNF inhibitors such as infliximab have been investi-
gated in the treatment of refractory asthma (p.1108).1,2 There is
some evidence that only a minority of patients will respond to
such therapy, and that the benefits and risks must therefore be
carefully assessed.2
1. Erin EM, et al. The effects of a monoclonal antibody directed

against tumor necrosis factor-α in asthma. Am J Respir Crit Care
Med 2006; 174: 753–62. 

2. Brightling C, et al. Targeting TNF-alpha: a novel therapeutic ap-
proach for asthma. J Allergy Clin Immunol 2008; 121: 5–10.

Inflammatory bowel disease. Infliximab is used in adults for
the treatment of Crohn’s disease1-11 and ulcerative colitis8,12-16

(see Inflammatory Bowel Disease, p.1697); it has also been used
in children in the treatment of inflammatory bowel disease,17-20

particularly Crohn’s disease. 
In the treatment of Crohn’s disease, guidance issued in the UK by
NICE recommends that infliximab is used in patients with severe
disease when treatment with immunomodulators and corticoster-
oids has failed or is not tolerated, and when surgery is inappro-
priate.21 
In the treatment of ulcerative colitis, guidance issued by NICE
recommends against the use of infliximab in subacute manifes-
tations of moderately to severely active disease (defined as that
which would normally be managed in an outpatient setting, and
does not require hospitalisation or the consideration of urgent
surgical intervention).22 The use of infliximab in acute manifes-
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tations of moderately to severely active ulcerative colitis is under
review by NICE.
1. Present DH, et al. Infliximab for the treatment of fistulas in pa-

tients with Crohn’s disease. N Engl J Med 1999; 340: 1398–405. 
2. Rutgeerts P, et al. Efficacy and safety of retreatment with anti-

tumor necrosis factor antibody (infliximab) to maintain remis-
sion in Crohn’s disease. Gastroenterology 1999; 117: 761–9. 

3. Hanauer SB, et al. ACCENT I Study Group. Maintenance inf-
liximab for Crohn’s disease: the ACCENT I randomised trial.
Lancet 2002; 359: 1541–9. 

4. Rutgeerts P, et al. Comparison of scheduled and episodic treat-
ment strategies of infliximab in Crohn’s disease. Gastroenterol-
ogy 2004; 126: 402–13. 

5. Sands BE, et al. Infliximab maintenance therapy for fistulizing
Crohn’s disease. N Engl J Med 2004; 350: 876–85. 

6. Panaccione R, et al. Canadian Association of Gastroenterology
Clinical Practice Guidelines: the use of infliximab in Crohn’s
disease. Can J Gastroenterol 2004; 18: 503–8. Also available
a t :  h t t p : / / w w w. c a g - a c g . o rg / u p l o a d s / g u i d e l i n e s /
Infliximab%20guidelines%202004.pdf (accessed 13/06/08) 

7. Siddiqui MAA, Scott LJ. Infliximab: a review of its use in
Crohn’s disease and rheumatoid arthritis. Drugs 2005; 65:
2179–2208. Correction. ibid. 2006; 66: 1359. 

8. Rutgeerts P, et al. Review article: infliximab therapy for inflam-
matory bowel disease — seven years on. Aliment Pharmacol
Ther 2006; 23: 451–63. 

9. Rutgeerts P, et al. Scheduled maintenance treatment with inflix-
imab is superior to episodic treatment for the healing of mucosal
ulceration associated with Crohn’s disease. Gastrointest Endosc
2006; 63: 433–42. 

10. Lémann M, et al. Groupe d’Etude Therapeutique des Affections
Inflammatoires du Tube Digestif (GETAID). Infliximab plus
azathioprine for steroid-dependent Crohn’s disease patients: a
randomized placebo-controlled trial. Gastroenterology 2006;
130: 1054–61. 

11. Osterman MT, Lichtenstein GR. Infliximab in fistulizing
Crohn’s disease. Gastroenterol Clin North Am 2006; 35:
795–820. 

12. Probert CS, et al. Infliximab in moderately severe glucocorti-
coid resistant ulcerative colitis: a randomised controlled trial.
Gut 2003; 52: 998–1002. 

13. Rutgeerts P, et al. Infliximab for induction and maintenance
therapy for ulcerative colitis. N Engl J Med 2005; 353:
2462–76. Correction. ibid. 2006; 354: 2200. 

14. Lawson MM, et al. Tumour necrosis factor alpha blocking
agents for induction of remission in ulcerative colitis. Available
in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2006 (accessed 13/06/08). 

15. Aberra FN, Lichtenstein GR. Infliximab in ulcerative colitis.
Gastroenterol Clin North Am 2006; 35: 821–36. 

16. Gisbert JP, et al. Systematic review: Infliximab therapy in ulcer-
ative colitis. Aliment Pharmacol Ther 2007; 25: 19–37. 

17. Baldassano R, et al. Infliximab (REMICADE) therapy in the
treatment of pediatric Crohn’s disease. Am J Gastroenterol
2003; 98: 833–8. 

18. Hyams J, et al. REACH Study Group. Induction and mainte-
nance infliximab therapy for the treatment of moderate-to-se-
vere Crohn’s disease in children. Gastroenterology 2007; 132:
863–73. 

19. de Ridder L, et al. Infliximab use in children and adolescents
with inflammatory bowel disease. J Pediatr Gastroenterol Nutr
2007; 45: 3–14. 

20. Veres G, et al. Infliximab therapy in children and adolescents
with inflammatory bowel disease. Drugs 2007; 67: 1703–23. 

21. NICE. Guidance on the use of infliximab for Crohn’s disease:
Technology Appraisal Guidance 40 (issued April 2002). Avail-
a b l e  a t :  h t t p : / / w w w. n i c e . o rg . u k / n i c e m e d i a / p d f /
NiceCROHNS40GUIDANCE.pdf (accessed 13/06/08) 

22. NICE. Infliximab for subacute manifestations of ulcerative col-
itis: Technology Appraisal Guidance 140 (issued April 2008).
Available  at :  ht tp: / /www.nice.org.uk/nicemedia/pdf/
TA140Guidance.pdf (accessed 28/07/08)

Leprosy. Infliximab has been used1 in the treatment of recurrent
type 2 (erythema nodosum leprosum) lepra reactions (see Lepro-
sy, p.176). However, 2 cases of rapidly progressive leprosy de-
veloping in patients given infliximab for rheumatoid arthritis
have also been described;2 reversal (type 1) reactions occurred in
both when infliximab was stopped.
1. Faber WR, et al. Treatment of recurrent erythema nodosum lep-

rosum with infliximab. N Engl J Med 2006; 355: 739. 
2. Scollard DM, et al. Development of leprosy and type 1 leprosy

reactions after treatment with infliximab: a report of 2 cases.
Clin Infect Dis 2006; 43: e19–e22.

Psoriasis. Infliximab is used in the treatment of moderate to se-
vere plaque psoriasis (p.1583).1-8 In the UK, NICE recommends8

that it be reserved for severe cases, unresponsive to standard ther-
apies (including ciclosporin, methotrexate, and PUVA) or where
such therapies cannot be used.
1. Benoit S, et al. Treatment of recalcitrant pustular psoriasis with

infliximab: effective reduction of chemokine expression. Br J
Dermatol 2004; 150: 1009–12. 

2. Gottlieb AB, et al. Infliximab induction therapy for patients with
severe plaque-type psoriasis: a randomized, double-blind, place-
bo-controlled trial. J Am Acad Dermatol 2004; 51: 534–42. 

3. Reich K, et al. EXPRESS study investigators. Infliximab induc-
tion and maintenance therapy for moderate-to-severe psoriasis: a
phase III, multicentre, double-blind trial. Lancet 2005; 366:
1367–74. 

4. Reich K, et al. Improvement in quality of life with infliximab
induction and maintenance therapy in patients with moderate-to-
severe psoriasis: a randomized controlled trial. Br J Dermatol
2006; 154: 1161–8. 

5. Smith CH, et al. Infliximab for severe, treatment-resistant pso-
riasis: a prospective, open-label study. Br J Dermatol 2006; 155:
160–9. 

6. Menter A, et al. A randomized comparison of continuous vs. in-
termittent infliximab maintenance regimens over 1 year in the
treatment of moderate-to-severe plaque psoriasis. J Am Acad
Dermatol 2006; 56: 31.e1–15. 

7. Poulalhon N, et al. A follow-up study in 28 patients treated with
infliximab for severe recalcitrant psoriasis: evidence for efficacy
and high incidence of biological autoimmunity. Br J Dermatol
2007; 156: 329–36. 

8. NICE. Infliximab for the treatment of adults with psoriasis:
Technology Appraisal Guidance 134 (issued January 2008).
Avai lable  a t :  h t tp: / /www.nice .org .uk/n icemedia /pdf /
TA134Guidance.pdf (accessed 22/08/08)

Rheumatoid arthritis. TNF inhibitors play an increasingly
important role in the management of rheumatoid arthritis; they
tend to be reserved for patients who are unresponsive to more
conventional disease-modifying drugs, although some favour
use earlier in management. 
Some references to the use of infliximab in rheumatoid arthritis
(p.11) and juvenile idiopathic arthritis (p.10).
1. Maini R, et al. ATTRACT Study Group. Infliximab (chimeric

anti-tumour necrosis factor alpha monoclonal antibody) versus
placebo in rheumatoid arthritis patients receiving concomitant
methotrexate: a randomised phase III trial. Lancet 1999; 354:
1932–9. 

2. Lipsky PE, et al. Anti-Tumor Necrosis Factor Trial in Rheuma-
toid Arthritis with Concomitant Therapy Study Group. Inflixi-
mab and methotrexate in the treatment of rheumatoid arthritis. N
Engl J Med 2000; 343: 1594–1602. 

3. Maini RN, et al. Anti-Tumor Necrosis Factor Trial in Rheuma-
toid Arthritis with Concomitant Therapy Study Group. Sustained
improvement over two years in physical function, structural
damage, and signs and symptoms among patients with rheuma-
toid arthritis treated with infliximab and methotrexate. Arthritis
Rheum 2004; 50: 1051–65. 

4. Quinn MA, et al. Very early treatment with infliximab in addi-
tion to methotrexate in early, poor-prognosis rheumatoid arthritis
reduces magnetic resonance imaging evidence of synovitis and
damage, with sustained benefit after infliximab withdrawal: re-
sults from a twelve-month randomized, double-blind, placebo-
controlled trial. Arthritis Rheum 2005; 52: 27–35. 

5. Voulgari PV, et al. Infliximab therapy in established rheumatoid
arthritis: an observational study. Am J Med 2005; 118: 515–20. 

6. Ruperto N, et al. Paediatric Rheumatology International Trials
Organisation. Pediatric Rheumatology Collaborative Study
Group. A randomized, placebo-controlled trial of infliximab plus
methotrexate for the treatment of polyarticular-course juvenile
rheumatoid arthritis. Arthritis Rheum 2007; 56: 3096–3106. 

7. NICE. Adalimumab, etanercept and infliximab for the treatment
of rheumatoid arthritis: Technology Appraisal Guidance 130 (is-
sued October 2007). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA130guidance.pdf (accessed 13/06/08)

Sarcoidosis. For a mention of possible benefit from infliximab
in sarcoidosis, see p.1512.
Spondyloarthropathies. References to the use of infliximab
in the treatment of ankylosing spondylitis and psoriatic arthritis
(p.13). In the UK, NICE considers that TNF inhibitors should be
reserved for severe active psoriatic arthritis unresponsive to at
least 2 standard disease-modifying drugs; etanercept or adalimu-
mab are preferred to infliximab.
1. Brandt J, et al. Infliximab in the treatment of active and severe

ankylosing spondylitis. Clin Exp Rheumatol 2002; 20 (Suppl
28): S106–S110. 

2. Brandt J, et al. Successful short term treatment of severe undif-
ferentiated spondyloarthropathy with the anti-tumor necrosis
factor-alpha monoclonal antibody infliximab. J Rheumatol
2002; 29: 118–22. 

3. Collantes-Estévez E, et al. Infliximab in refractory spondyloar-
thropathies: a multicentre 38 week open study. Ann Rheum Dis
2003; 62: 1239–40. 

4. Robinson DM, Keating GM. Infliximab: in ankylosing spondyli-
tis. Drugs 2005; 65: 1283–91. 

5. NICE. Etanercept and infliximab for the treatment of adults with
psoriatic arthritis: Technology Appraisal Guidance 104 (issued
July 2006). Available at: http://www.nice.org.uk/nicemedia/pdf/
TA104guidance.pdf (accessed 13/06/08) 

6. Rott S, et al. Successful treatment of severe psoriatic arthritis
with infliximab in an 11-year-old child suffering from linear pso-
riasis along lines of Blaschko. Br J Dermatol 2007; 157: 191–2.

Uveitis. Infliximab has been tried with some success in the
treatment of uveitis (p.1515) including that associated with
Behçet’s syndrome (p.1499). Uveitis can also develop as a com-
plication of other inflammatory disorders such as rheumatoid
arthritis; treatment with infliximab may improve ocular symp-
toms in addition to its effect on the primary disorder. 
References.
1. Murphy CC, et al. Tumor necrosis factor alpha blockade with

infliximab for refractory uveitis and scleritis. Ophthalmology
2004; 111: 352–6. 

2. Bodaghi B, et al. Therapeutic use of infliximab in sight threat-
ening uveitis: retrospective analysis of efficacy, safety, and lim-
iting factors. Ann Rheum Dis 2005; 64: 962–4. 

3. Braun J, et al. Decreased incidence of anterior uveitis in patients
with ankylosing spondylitis treated with the anti-tumor necrosis
factor agents infliximab and etanercept. Arthritis Rheum 2005;
52: 2447–51. 

4. Richards JC, et al. Infliximab for juvenile idiopathic arthritis-
associated uveitis. Clin Experiment Ophthalmol 2005; 33:
461–8. 

5. Lindstedt EW, et al. Anti-TNF-α therapy for sight threatening
uveitis. Br J Ophthalmol 2005; 89: 533–6. 

6. Saurenmann RK, et al. Tumour necrosis factor alpha inhibitors
in the treatment of childhood uveitis. Rheumatology (Oxford)
2006; 45: 982–9. 

7. Kahn P, et al. Favorable response to high-dose infliximab for
refractory childhood uveitis. Ophthalmology 2006; 113:
860–4.e2. 

8. Guignard S, et al. Efficacy of tumour necrosis factor blockers in
reducing uveitis flares in patients with spondylarthropathy: a
retrospective study. Ann Rheum Dis 2006; 65: 1631–4. 

9. Tynjälä P, et al. Infliximab and etanercept in the treatment of
chronic uveitis associated with refractory juvenile idiopathic ar-
thritis. Ann Rheum Dis 2007; 66: 548–50. 

10. Ardoin SP, et al. Infliximab to treat chronic noninfectious uvei-
tis in children: retrospective case series with long-term follow-
up. Am J Ophthalmol 2007; 144: 844–849. 

11. Pipitone N, et al. Infliximab for the treatment of Neuro-Behçet’s
disease: a case series and review of the literature. Arthritis
Rheum 2008; 59: 285–90.

Vasculitic syndromes. For a preliminary report on the use of
infliximab in Takayasu’s arteritis, see p.1514. Infliximab has also
been investigated in the management of Kawasaki disease
(p.2228) in patients who are unresponsive to standard treat-
ment.1-3

1. Burns JC, et al. Infliximab treatment for refractory Kawasaki
syndrome. J Pediatr 2005; 146: 662–7. 

2. Saji T, Kemmotsu Y. Infliximab for Kawasaki syndrome. J Pedi-
atr 2006; 149: 426. 

3. O’Connor MJ, Saulsbury FT. Incomplete and atypical Kawasaki
disease in a young infant: severe, recalcitrant disease responsive
to infliximab. Clin Pediatr (Phila) 2007; 46: 345–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Remicade†; Revellex†; Austral.: Remicade; Belg.: Remicade; Braz.:
Remicade; Canad.: Remicade; Chile: Remicade; Cz.: Remicade; Denm.:
Remicade; Fin.: Remicade; Fr.: Remicade; Ger.: Remicade; Gr.: Remicade;
Hong Kong: Remicade; Hung.: Remicade; Indon.: Remicade; Irl.: Remi-
cade; Israel: Remicade; Ital.: Remicade; Jpn: Remicade; Malaysia: Remi-
cade; Mex.: Remicade; Neth.: Remicade; Norw.: Remicade; NZ: Remi-
cade; Philipp.: Remicade; Pol.: Remicade; Port.: Remicade; Rus.:
Remicade (Ремикейд); S.Afr.: Revellex; Singapore: Remicade; Spain:
Remicade; Swed.: Remicade; Switz.: Remicade; Thai.: Remicade; Turk.:
Remicade; UK: Remicade; USA: Remicade; Venez.: Remicade.

Isonixin (rINN)

Isonixine; Isonixino; Isonixinum. 2-Hydroxy-N-(2,6-dimethylphe-
nyl)nicotinamide.
Изониксин
C14H14N2O2 = 242.3.
CAS — 57021-61-1.

Profile
Isonixin is an NSAID (p.96) that has been used in the manage-
ment of pain and inflammation associated with musculoskeletal
and joint disorders. It has been used in doses of 400 mg two to
four times daily by mouth or by rectal suppository. It has also
been applied topically as a 2.5% cream.
Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Nixyn.

Multi-ingredient: Spain: Nixyn.

Kebuzone (rINN)

Kebuzona; Kébuzone; Kebuzonum; Ketophenylbutazone. 4-(3-
Oxobutyl)-1,2-diphenylpyrazolidine-3,5-dione.
Кебузон
C19H18N2O3 = 322.4.
CAS — 853-34-9.
ATC — M01AA06.
ATC Vet — QM01AA06.

Profile
Kebuzone, a phenylbutazone derivative, is an NSAID (p.96). It
has been given for musculoskeletal, joint, and soft-tissue disor-
ders in oral doses of up to 1.5 g daily in divided doses. Kebuzone
has also been given as the sodium salt by intramuscular injection
in doses equivalent to 1 g of base once or twice daily.
Porphyria. Kebuzone is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals or in-vitro systems.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ketazon†; Cz.: Ketazon†.
Multi-ingredient: Austria: Rheumesser; Cz.: Ketazon Compositum†.

Ketobemidone Hydrochloride (BANM, rINNM)

Cétobémidone, chlorhydrate de; Cetobemidone Hydrochloride;
Cetobemidoni hydrochloridum; Hidrocloruro de cetobemidona;
Ketobemidon-hydrochlorid; Ketobemidonhydroklorid; Keto-
bemidoni Hydrochloridum; Ketobemidonihydrokloridi; Ketobem-
idono hidrochloridas. 1-(4-m-Hydroxyphenyl-1-methyl-4-
piperidyl)propan-1-one hydrochloride.
Кетобемидона Гидрохлорид
C15H21NO2,HCl = 283.8.
CAS — 469-79-4 (ketobemidone); 5965-49-1 (ketobemi-
done hydrochloride).
ATC — N02AB01.
ATC Vet — QN02AB01.

(ketobemidone)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Ketobemidone Hydrochloride). White or almost
white, crystalline powder. Freely soluble in water; soluble in al-
cohol; very slightly soluble in dichloromethane. A 1% solution
in water has a pH of 4.5 to 5.5.
Profile
Ketobemidone is an opioid analgesic (p.101). It has been given
as the hydrochloride orally, by injection, or rectally, sometimes
with an antispasmodic.
◊ References.
1. Al-Shurbaji A, Tokics L. The pharmacokinetics of ketobemi-

done in critically ill patients. Br J Clin Pharmacol 2002 54:
583–6. 

2. Jylli L, et al. Comparison of the analgesic efficacy of ketobemi-
done and morphine for management of postoperative pain in
children: a randomized, controlled study. Acta Anaesthesiol
Scand 2004; 48: 1256–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Ketodur†; Norw.: Ketodur†; Ketorax; Swed.: Ketodur†; Ketogan
Novum.
Multi-ingredient: Denm.: Ketogan; Norw.: Ketogan; Swed.: Ketogan.

Ketoprofen (BAN, USAN, rINN)

Ketoprofeeni; Ketoprofén; Ketoprofenas; Kétoprofène; Ketopro-
feno; Ketoprofenum; RP-19583. (RS)-2-(3-Benzoylphenyl)propi-
onic acid.
Кетопрофен
C16H14O3 = 254.3.
CAS — 22071-15-4 (ketoprofen); 57469-78-0 (ketopro-
fen lysine); 57495-14-4 (ketoprofen sodium).
ATC — M01AE03; M02AA10.
ATC Vet — QM01AE03; QM02AA10.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Ketoprofen). A white or almost white, crystalline
powder. M.p. 94° to 97°. Practically insoluble in water; freely
soluble in alcohol, in acetone, and in dichloromethane. 
USP 31 (Ketoprofen). Store in airtight containers.

Dexketoprofen Trometamol (BANM, rINNM)

(S)-(+)-Dexketoprofen Trometamol; Dexkétoprofène Trométa-
mol; Dexketoprofeno trometamol; Dexketoprofenum Trometa-
molum.
Декскетопрофен Трометамол
CAS — 22161-81-5 (dexketoprofen).
ATC — M01AE17.
ATC Vet — QM01AE17.

(dexketoprofen)

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
When ketoprofen is given intramuscularly there may
be pain at the injection site and occasionally tissue
damage. Topical preparations containing ketoprofen
may cause application site reactions. Ketoprofen sup-
positories may cause local irritation; rectal use should
be avoided in patients with a history of proctitis or
haemorrhoids. Ketoprofen should be used with caution
in patients with renal or hepatic impairment; it should
not be used in those with severe renal impairment. 
Dexketoprofen should be avoided in patients with
moderate to severe renal or severe hepatic impairment,
and in those with severe heart failure.
Effects on the skin. Contact and photoallergic dermatitis has
been seen after topical use of ketoprofen.1,2 A retrospective
study3 found that of the 139 cases of contact reactions to topical
NSAIDs reported to the Spanish Pharmacovigilance System be-
tween 1996 and 2001, 84 involved ketoprofen (16 allergy; 68
photoallergy). Totals for other NSAIDs included piroxicam (21),
etofenamate (10), piketoprofen (5), salicylates (4), fepradinol
(3), diclofenac (3), indometacin (2). phenylbutazone (2), benzy-
damine (2), aceclofenac (1), naproxen (1), and mabuprofen (1).
Analysis indicated that the number of reports for topical ketopro-
fen was disproportionately high in relation to its usage.
1. Matthieu L, et al. Contact and photocontact allergy to ketopro-

fen: the Belgian experience. Contact Dermatitis 2004; 50:
238–41. 

2. Hindsén M, et al. Photoallergic contact dermatitis from ketopro-
fen in southern Sweden. Contact Dermatitis 2006; 54: 150–7. 

3. Diaz RL, et al. Greater allergenicity of topical ketoprofen in con-
tact dermatitis confirmed by use. Contact Dermatitis 2006; 54:
239–43.

Hypersensitivity. Life-threatening asthma, urticaria, and an-
gioedema developed in 2 aspirin-sensitive patients after taking
ketoprofen 50 mg by mouth.1 Cardiac and respiratory arrest oc-
curred in an asthmatic patient shortly after taking ketoprofen.2
Life-threatening asthma has also occurred after topical applica-
tion of ketoprofen.3 
There has been a report4 of delayed skin hypersensitivity in a pa-
tient who used a topical gel containing ketoprofen. The reaction
recurred on rechallenge to ketoprofen gel but not to a similar gel
containing diclofenac. The authors of the report noted that the
UK CSM had received 15 reports of skin reactions to ketoprofen
gel, including two each of dermatitis and urticaria. 
See also Effects on the Skin, above.
1. Frith P, et al. Life-threatening asthma, urticaria, and angioœde-

ma after ketoprofen. Lancet 1978; ii: 847–8. 
2. Schreuder G. Ketoprofen: possible idiosyncratic acute bronchos-

pasm. Med J Aust 1990; 152: 332–3. 
3. Kashiwabara K, Nakamura H. Analgesic-induced asthma caused

by 2.0% ketoprofen adhesive agents, but not by 0.3% agents. In-
tern Med 2001; 40: 124–6. 

4. Oh VMS. Ketoprofen gel and delayed hypersensitivity dermati-
tis. BMJ 1994; 309: 512.

Myasthenia gravis. There has been a brief report1 of a cholin-
ergic crisis precipitated by a single oral dose of ketoprofen 50 mg
in a patient with well-controlled myasthenia gravis. The patient
had previously noted a similar but milder reaction with aspirin,
but not with paracetamol.
1. McDowell IFW, McConnell JB. Cholinergic crisis in myasthenia

gravis precipitated by ketoprofen. BMJ 1985; 291: 1094.

Pancreatitis. Pancreatitis has been associated with ketoprofen
use.1,2

1. Cobb TK, Pierce JR. Acute pancreatitis associated with ketopro-
fen. South Med J 1992; 85: 430–1. 

2. Mété D, et al. Pancréatite aiguë et kétoprofène. Gastroenterol
Clin Biol 2001; 25: 721–2.

Photosensitivity. Ketoprofen causes photosensitivity
reactions1,2 and cross-sensitivity to other drugs, notably the fi-
brates bezafibrate, ciprofibrate, and fenofibrate, has also been re-
ported. The cross reactions were attributed to the benzoyl ketone
structure that the drugs have in common. 
See also Effects on the Skin (above).
1. Bagheri H, et al. Photosensitivity to ketoprofen: mechanisms

and pharmacoepidemiological data. Drug Safety 2000; 22:
339–49. 

2. Veyrac G, et al. Bilan de l’enquête nationale sur les effets indé-
sirables cutanés du kétoprofène gel enregistrés entre le
01/09/1996 et le 31/08/2000. Therapie 2002; 57: 55–64.

Renal impairment. The elimination half-life and unbound
plasma concentrations of dexketoprofen are increased in patients
with renal impairment given racemic ketoprofen;1,2 this appears
to be principally attributable to impaired renal clearance of the
acyl-glucuronide conjugates in a stereoselective fashion, with
subsequent hydrolysis of the unstable conjugate back to the agly-
cone producing increased plasma-ketoprofen concentrations.2,3

The authors of one study suggested3 that dosage adjustments of
racemic ketoprofen were indicated only for patients with moder-
ately severe renal failure (creatinine clearance of less than
20 mL/minute). 
For advice on the dose of dexketoprofen in patients with renal
impairment see under Uses and Administration, below. See also
Adverse Effects and Precautions, above.
1. Hayball PJ, et al. The influence of renal function on the enanti-

oselective pharmacokinetics and pharmacodynamics of ketopro-
fen in patients with rheumatoid arthritis. Br J Clin Pharmacol
1993; 36: 185–93. 

2. Grubb NG, et al. Stereoselective pharmacokinetics of ketoprofen
and ketoprofen glucuronide in end-stage renal disease: evidence
for a ‘futile cycle’ of elimination. Br J Clin Pharmacol 1999; 48:
494–500. 

3. Skeith KJ, et al. The influence of renal function on the pharma-
cokinetics of unchanged and acyl-glucuroconjugated ketoprofen
enantiomers after 50 and 100 mg racemic ketoprofen. Br J Clin
Pharmacol 1996; 42: 163–9.

Interactions
For interactions associated with NSAIDs, see p.99. 
Probenecid delays the excretion of ketoprofen and de-
creases its extent of protein binding resulting in
increased plasma-ketoprofen concentrations. Not un-
expectedly, a similar interaction may be seen with
dexketoprofen and probenecid.

Pharmacokinetics
Ketoprofen is readily absorbed from the gastrointesti-
nal tract; peak plasma concentrations occur about 0.5
to 2 hours after an oral dose. When ketoprofen is given
with food, the bioavailability is not altered but the rate
of absorption is slowed. Ketoprofen is well absorbed
from the intramuscular and rectal routes; only a small
amount of percutaneous absorption occurs after topical
application. Ketoprofen is 99% bound to plasma pro-
teins and substantial concentrations of drug are found
in the synovial fluid. The elimination half-life in plas-
ma is about 1.5 to 4 hours. Ketoprofen is metabolised
mainly by conjugation with glucuronic acid, and is ex-
creted mainly in the urine. 
Ketoprofen possesses a chiral centre. It is usually given
as the racemate but its pharmacological actions appear
to be due largely to the (S)-enantiomer, dexketoprofen.
The pharmacokinetics of ketoprofen appear to exhibit
little stereoselectivity (but see under Renal Impair-
ment, above).
◊ References.
1. Debruyne D, et al. Clinical pharmacokinetics of ketoprofen af-

ter single intravenous administration as a bolus or infusion. Clin
Pharmacokinet 1987; 12: 214–21. 

2. Flouvat B, et al. Pharmacokinetics of ketoprofen in man after
repeated percutaneous administration. Arzneimittelforschung
1989; 39: 812–15. 

3. Jamali F, Brocks DR. Clinical pharmacokinetics of ketoprofen
and its enantiomers. Clin Pharmacokinet 1990; 19: 197–217. 

4. Geisslinger G, et al. Pharmacokinetics of ketoprofen enantiom-
ers after different doses of the racemate. Br J Clin Pharmacol
1995; 40: 73–5. 

5. Barbanoj MJ, et al. Pharmacokinetics of dexketoprofen tromet-
amol in healthy volunteers after single and repeated oral doses.
J Clin Pharmacol 1998; 38: 33S–40S. 

6. Kokki H, et al. Pharmacokinetics of ketoprofen syrup in small
children. J Clin Pharmacol 2000; 40: 354–9. 

7. Barbanoj M-J, et al. Clinical pharmacokinetics of dexketopro-
fen. Clin Pharmacokinet 2001; 40: 245–62. 

8. Kokki H, et al. Pharmacokinetics of intravenous and rectal ke-
toprofen in young children. Clin Pharmacokinet 2003; 42:
373–9. 

9. Valles J, et al. Clinical pharmacokinetics of parenteral dexketo-
profen trometamol in healthy subjects. Methods Find Exp Clin
Pharmacol 2006; 28 (suppl A): 7–12. 

10. Valles J, et al. Single and repeated dose pharmacokinetics of
dexketoprofen trometamol in young and elderly subjects. Meth-
ods Find Exp Clin Pharmacol 2006; 28 (suppl A): 13–19.

Uses and Administration
Ketoprofen, a propionic acid derivative, is an NSAID
(p.99). Its anti-inflammatory properties may be weaker
than those of some other NSAIDs. Ketoprofen is a ra-
cemic mixture; in animal studies the S-(+) enantiomer,
dexketoprofen, has about twice the analgesic activity
of ketoprofen by weight. 
Ketoprofen is used in musculoskeletal and joint disor-
ders such as ankylosing spondylitis, osteoarthritis, and
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rheumatoid arthritis, and in peri-articular disorders
such as bursitis and tendinitis. It is also used in dys-
menorrhoea, postoperative pain, in painful and inflam-
matory conditions such as acute gout or soft-tissue dis-
orders, and to reduce fever. Dexketoprofen is used in
the treatment of mild to moderate pain such as muscu-
loskeletal pain, dysmenorrhoea, or dental pain. 
In the treatment of rheumatic disorders a usual oral dai-
ly dose of ketoprofen is 100 to 200 mg in 2 to 4 divided
doses; modified-release formulations taken once daily
may also be used. Some licensed product information
suggests initial oral doses of 75 mg three times daily or
50 mg four times daily increased as needed to a maxi-
mum of 300 mg daily in divided doses. Ketoprofen
may also be given rectally as suppositories in a dose of
100 mg at night or 100 mg twice daily. It is recom-
mended that the total daily combined oral and rectal
dose should not exceed 200 mg. The usual oral dose
for the treatment of other painful conditions including
dysmenorrhoea is 25 to 50 mg every 6 to 8 hours. For
details on the use of ketoprofen in patients with hepatic
or renal impairment, see below. 
Ketoprofen may be given by deep intramuscular injec-
tion into the gluteal muscle for acute exacerbations of
musculoskeletal, joint, peri-articular and soft-tissue
disorders and in the management of pain after ortho-
paedic surgery. Doses of 50 to 100 mg may be given
every 4 hours, up to a maximum dose of 200 mg in 24
hours for up to 3 days. In some countries, ketoprofen
has also been given intravenously in similar doses. 
Ketoprofen may be applied as a 2.5% gel for local pain
relief. Doses vary slightly between preparations: typi-
cally, they are applied 2 to 4 times daily for up to 10
days. 
Dexketoprofen is given orally as the trometamol salt.
Doses are expressed in terms of the base; dexketopro-
fen trometamol 36.9 mg is equivalent to about 25 mg
of dexketoprofen. Usual doses are 12.5 mg every 4 to
6 hours or 25 mg every 8 hours; the total daily dose
should not exceed 75 mg. Elderly patients should be
started on a total daily dose not exceeding 50 mg. Dose
reductions are also necessary in patients with hepatic or
renal impairment, see below. It is usually recommend-
ed that NSAIDs are taken with or after food to reduce
any adverse gastrointestinal effects; however, licensed
product information for dexketoprofen states that ab-
sorption is delayed if the drug is taken with food and
therefore recommends that in acute pain dexketopro-
fen should be given at least 30 minutes before food. 
Ketoprofen has also been used as the lysine and as the
sodium salt.
◊ Reviews.
1. Mauleón D, et al. Preclinical and clinical development of dexke-

toprofen. Drugs 1996; 52: 24–46.

Administration in hepatic or renal impairment. No spe-
cific dosage recommendations for racemic ketoprofen in patients
with hepatic or renal impairment are given by UK licensed prod-
uct information, although the drug is contra-indicated in severe
renal impairment and it is advised that the dose be kept as low as
possible and renal function be monitored in more moderate renal
impairment (but see also Renal Impairment, above). In the USA,
however, it has been recommended that patients with hepatic im-
pairment and a serum albumin concentration of less than
3.5 g/dL should be given a maximum initial daily dose of
100 mg orally. Patients with mild renal impairment should be
given a maximum daily dose of 150 mg and those with more se-
vere impairment (GFR less than 25 mL/minute per 1.73 m2 or
end-stage renal impairment) should not exceed a maximum daily
dose of 100 mg. 
UK licensed product information for dexketoprofen recommends
a reduced initial daily dose of 50 mg orally in patients with mild
to moderate hepatic or mild renal impairment. Dexketoprofen
should not be used in patients with severe hepatic or moderate to
severe renal impairment.
Preparations
BP 2008: Ketoprofen Capsules; Ketoprofen Gel.
Proprietary Preparations (details are given in Part 3)
Arg.: Enantyum; Helenil; Orudis†; Profenid†; Salicrem K; Austral.: Orudis;
Oruvail; Austria: Keprodol†; Profenid; Prontoket; Belg.: Bi-Rofenid; Fas-
tum; Rofenid; Braz.: Artrifenil; Artrinid; Artrosil; Bi-Profenid; Ceprofen; Fla-
mador ; Ketop†; Profenid; Canad.: Apo-Keto; Novo-Keto; Orafen†;
Orudis†; Rhodis; Rhovail†; Chile: Bonil; Cirus; Desketo; Dolo-Ketazon;
Dolofar ; Fastum; Flogofin; Profenid; Relatene; Talflex; Cz.: Bi-Profenid†;
Dexoket; Fastum; Keplat; Ketesse; Ketobene†; Ketonal; Profenid; Pron-

toflex; Prontoket; Toprec†; Denm.: Orofen; Orudis; Fin.: Keto; Ketomex;
Ketorin; Orudis; Zon; Fr.: Bi-Profenid; Ketum; Profenid; Topfena; Toprec;
Ger.: Alrheumun; Effekton mit Ketoprofen; Gabrilen; Ketolist†; Orudis†;
Phardol Schmerz; Spondylon; Sympal; Togal Mobil-Gel mit ketoprofen; Gr.:
Drastirel; Farbovil; Ketodur†; Menaril; Nosatel; Oruvail; Profinject†; Totifen;
Viaxal; Hong Kong: Fastum; Mohrus; Orudis; Oruvail; Hung.: Algoflex;
Fastum; Ketodex; Ketospray; Profenid; Prontoket; India: Rofenid†; Indon.:
Altofen; Fetik; Kaltrofen; Ketesse; Ketros; Lantiflam; Molaflam; Nasaflam; Na-
zovell; Ovurila; Profecom; Profenid; Profika; Pronalges; Protofen; Remapro;
Rematof; Rhetoflam; Suprafenid; Irl.: Fastum; Keral; Orudis†; Orugesic;
Oruvail; Israel: Ketonal†; Oruvail; Profenid; Ital.: Alket; Artrosilene; Deske-
to; Dolgosin; Enantyum; Euketos; Fastum; Flexen; Ibifen; Isofenal; Keplat; Ket-
artrium; Ketesse; Ketodol; Ketofarm; Ketoplus; Ketoselect; Lasonil CM; Me-
profen; Oki; Orudis; Reuprofen; Toprek; Zepelindue†; Jpn: Mohrus;
Malaysia: Apo-Keto; Fastum; Kenhancer; Ketotop†; Orudis; Oruvail†;
Provail†; Mex.: Arket; Arthril; Bibix; Efiken; K-Profen; Keduril†; Ketoflex;
Orudis; Painsik; Profenid; Stadium; Neth.: Enantyum; Orudis; Oruvail; Os-
corel; Rilies; Stadium; Norw.: Orudis; Zon; NZ: Orudis; Oruvail; Philipp.:
Ketotop; Orudis; Udzapen; Pol.: Bi-Profenid; Dexak; Fastum; Febrofen; Ke-
tonal; Ketoprom; Ketopronil; Ketores; Ketospray; Profenid; Ultrafastin;
Port.: Artrofene†; Deflogix†; Enantyum; Fastum; Keplat; Ketesse;
Ketofene†; Profenid; Quetral; Rus.: Artrosilen (Артрозилен); Bystrumgel
(Быструмгель); Dexalgin 25 (Дексалгин 25); Fastum (Фастум); Febrofid
(Феброфид); Flexen (Флексен); Ketonal (Кетонал); Oki (Оки); S.Afr.:
Fastum; Ketoflam; Myproflam; Orucote†; Oruject†; Oruvail; Singapore:
Apo-Keto; Fastum; Kefentech; Kenhancer ; Ketotop†; Oruvail; Provail†;
Spain: Adolquir ; Arcental; Badyket†; Enangel; Enantyum; Extraplus; Fastum;
Ketesgel; Ketesse; Ketosolan; Orudis; Pyrsal; Quiralam; Quirgel; Swed.:
Orudis; Prodon; Siduro; Zon; Switz.: Fastum; Ketesse; Thai.: Fastum; Ka-
profen; Lolita; Oruvail; Profenid; Rofepain; Vestam; Turk.: Fastjel; Keto;
Ketofen; Profenid; UK: Keral; Ketocid; Ketovail; Ketozip†; Larafen; Orudis;
Oruvail; Powergel; Tiloket; USA: Orudis†; Oruvail†; Venez.: Dolomax; Kel-
fen; Keto; Keydol; Lindilan; Orofeno; Peindol; Profenid; Profenol†.
Multi-ingredient: Gr.: Profenil†; Mex.: Bifebral; Reumophan.

Ketorolac Trometamol (BANM, rINNM)

Ketorolaakkitrometamoli; Kétorolac trométamol; Ketorolac
Tromethamine (USAN); Ketorolaco trometamol; Ketorolacum
Trometamoli; Ketorolacum trometamolum; Ketorolak Trometa-
mol; Ketorolak z trometamolem; Ketorolaktrometamol; Ketoro-
lak-trometamol; RS-37619-00-31-3. (±)-5-Benzoyl-2,3-dihydro-
1H-pyrrolizine-1-carboxylic acid compound with 2-amino-2-(hy-
droxymethyl)-1,3-propanediol (1 : 1).
Кеторолак Трометамол
C19H24N2O6 = 376.4.
CAS — 74103-06-3 (ketorolac); 74103-07-4 (ketorolac
trometamol).
ATC — M01AB15; S01BC05.
ATC Vet — QM01AB15; QS01BC05.

(ketorolac)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ketorolac Trometamol). A white or almost white,
crystalline powder. Freely soluble in water and in methyl alco-
hol; slightly soluble in alcohol; practically insoluble in dichlo-
romethane. A 1% solution in water has a pH of 5.7 to 6.7. Protect
from light. 
USP 31 (Ketorolac Tromethamine). A white to off-white, crys-
talline powder. Freely soluble in water and in methyl alcohol;
slightly soluble in alcohol, in dehydrated alcohol, and in tetrahy-
drofuran; practically insoluble in acetone, in acetonitrile, in butyl
alcohol, in dichloromethane, in dioxan, in ethyl acetate, in hex-
ane, and in toluene. pH of a 1% solution in water is between 5.7
and 6.7. Store in airtight containers at a temperature of 25°, ex-
cursions permitted between 15° and 30°. Protect from light.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. 
Concern over the high incidence of reported adverse
effects with ketorolac trometamol has led to its with-
drawal in some countries while in others its permitted
dosage and maximum duration of treatment have been
reduced. 
Adverse effects reported include gastrointestinal dis-
turbances including gastrointestinal bleeding (espe-
cially in the elderly), perforation, and peptic ulceration.
Hypersensitivity reactions such as anaphylaxis, rash,
bronchospasm, laryngeal oedema, and hypotension
have also occurred. Other adverse effects reported in-
clude drowsiness, dizziness, headache, mental and sen-
sory changes, psychotic reactions, sweating, dry
mouth, thirst, fever, convulsions, myalgia, aseptic
meningitis, hypertension, dyspnoea, pulmonary oede-
ma, bradycardia, chest pain, palpitations, fluid reten-

tion, increases in blood urea and creatinine, acute renal
failure, oedema, hyponatraemia, hyperkalaemia, uri-
nary frequency or retention, nephrotic syndrome, flank
pain with or without haematuria, purpura, thrombocy-
topenia, epistaxis, inhibition of platelet aggregation, in-
creased bleeding time, postoperative wound haemor-
rhage, haematoma, flushing or pallor, and pancreatitis.
Severe skin reactions including Stevens-Johnson syn-
drome and Lyell’s syndrome have been reported. Liver
function changes may occur; hepatitis and liver failure
have been reported. There may be pain at the site of
injection. 
Ketorolac eye drops may produce transient stinging
and other minor symptoms of ocular irritation. As with
some other NSAIDs used in the eye, ketorolac has
been implicated in reports of corneal toxicity (see
p.45).
Incidence of adverse effects. Adverse effects reported with
ketorolac are mainly those common to all NSAIDs with gastroin-
testinal reactions being the most frequent followed by haemato-
logical, renal, hypersensitivity, and then neurological reactions.
From 1990 to 1993, 97 reactions with a fatal outcome were re-
ported worldwide.1 The causes of death were: gastrointestinal
bleeding or perforation (47 cases); renal impairment or insuffi-
ciency (20); anaphylaxis or asthma (7); haemorrhagic reactions
(4); and unexplained or miscellaneous causes (19). Concern over
the safety of ketorolac has led to adverse reactions being moni-
tored closely and to the implementation of restrictions on dose
and duration of treatment (see Uses and Administration, below).
A postmarketing surveillance study2 examined the risks of
parenteral ketorolac in 9 900 patients given 10 272 courses of
ketorolac. The results indicated a dose-response relationship
with average daily ketorolac dose for both gastrointestinal bleed-
ing and operative site bleeding, the expected major risks, and an
association between gastrointestinal bleeding and therapy for
over 5 days. The risk of serious gastrointestinal bleeding and op-
erative site bleeding was higher for elderly patients [licensed
product information recommends that the elderly should not re-
ceive daily parenteral doses greater than 60 mg]. Although the
overall associations between ketorolac use and both gastrointes-
tinal bleeding and operative site bleeding are small, the risk be-
comes clinically important as doses increase, in elderly patients,
and, for gastrointestinal bleeding only, when used for longer than
5 days. 
US product information has consequently emphasised that
ketorolac is a potent NSAID and is indicated only for the short-
term management of moderate to severe pain and not for minor
or chronic painful conditions; its use carries many risks and re-
lated adverse effects can be serious especially when used inap-
propriately. After examining data from the above study the EU
Committee for Proprietary Medicinal Products adopted the opin-
ion that ketorolac had a narrow therapeutic margin but that it was
indicated for the short-term management of moderate to severe
acute postoperative pain. 
Further references to ketorolac’s adverse effects are given be-
low.3-12

1. CSM/MCA. Ketorolac: new restrictions on dose and duration of
treatment. Current Problems 1993; 19: 5–6. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024455&RevisionSelectionMethod=
LatestReleased (accessed 07/11/07) 

2. Strom BL, et al. Parenteral ketorolac and risk of gastrointestinal
and operative site bleeding: a postmarketing surveillance study.
JAMA 1996; 275: 376–82. 

3. Rotenberg FA, Giannini VS. Hyperkalemia associated with
ketorolac. Ann Pharmacother 1992; 26: 778–9. 

4. Boras-Uber LA, Brackett NC. Ketorolac-induced acute renal
failure. Am J Med 1992; 92: 450–2. Correction ibid.; 93: 117. 

5. Schoch PH, et al. Acute renal failure in an elderly woman fol-
lowing intramuscular ketorolac administration. Ann Pharmaco-
ther 1992; 26: 1233–6. 

6. Goetz CM, et al. Anaphylactoid reaction following ketorolac
tromethamine administration. Ann Pharmacother 1992; 26:
1237–8. 

7. Randi ML, et al. Haemolytic uraemic syndrome during treat-
ment with ketorolac trometamol. BMJ 1993; 306: 186. 

8. Fong J, Gora ML. Reversible renal insufficiency following
ketorolac therapy. Ann Pharmacother 1993; 27: 510–12. 

9. Corelli RL, Gericke KR. Renal insufficiency associated with in-
tramuscular administration of ketorolac tromethamine. Ann
Pharmacother 1993; 27: 1055–7. 

10. Buck ML, Norwood VF. Ketorolac-induced acute renal failure
in a previously healthy adolescent. Pediatrics 1996; 98: 294–6. 

11. Feldman HI, et al. Parenteral ketorolac: the risk for acute renal
failure. Ann Intern Med 1997; 126: 193–9. 

12. Reinhart DJ, et al. Minimising the adverse effects of ketorolac.
Drug Safety 2000; 22: 487–97.

Precautions
As for NSAIDs in general, p.98. 
In light of the concern over the toxicity of ketorolac it
has been recommended that it should not be used dur-
ing pregnancy or labour and some recommend that it
should not be given to mothers who are breast feeding
(but see below). 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Ketorolac is contra-indicated in patients with a history
of hypersensitivity to aspirin or other NSAIDs, a histo-
ry of asthma, nasal polyps, bronchospasm, or angio-
edema, a history of peptic ulceration or gastrointestinal
bleeding, in patients with moderate or severe renal im-
pairment, and in those with hypovolaemia or dehydra-
tion. Ketorolac should not be given to patients with co-
agulation or haemorrhagic disorders or those with
confirmed or suspected cerebrovascular bleeding. It is
contra-indicated as a prophylactic analgesic before sur-
gery and for intraoperative use because of its inhibitory
effects on platelets; it should also not be given postop-
eratively to those who have undergone procedures with
a high risk of haemorrhage. 

The total daily dose of ketorolac should be reduced in
the elderly and in patients weighing less than 50 kg. It
is recommended that patients with mild renal impair-
ment should receive a reduced dose of ketorolac and
undergo close monitoring of renal function. Ketorolac
should be used with caution in heart failure, hepatic im-
pairment and conditions leading to reduction in blood
volume or in renal blood flow. Ketorolac should be
withdrawn if clinical symptoms of hepatotoxicity de-
velop. 

Drowsiness and dizziness may affect the performance
of skilled tasks such as driving.

Breast feeding. The concentration of ketorolac distributed into
breast milk is very low and a study1 considered that the amount
ingested by the infant would probably be too small to be harmful.
The American Academy of Pediatrics2 also states that there have
been no reports of any clinical effect on the infant associated with
the use of ketorolac by breast-feeding mothers, and that therefore
it may be considered to be usually compatible with breast feed-
ing. However, the BNF and both UK and US licensed product
information recommend that ketorolac should be avoided in
mothers who are breast feeding.

1. Wischnik A, et al. The excretion of ketorolac tromethamine into
breast milk after multiple oral dosing. Eur J Clin Pharmacol
1989; 36: 521–4. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 07/11/07)

Interactions
For interactions associated with NSAIDs, see p.99. 

Ketorolac should not be given to patients already re-
ceiving anticoagulants or to those who will require pro-
phylactic anticoagulant therapy, including low-dose
heparin. The risk of ketorolac-associated bleeding is
also increased by other NSAIDs or aspirin and by pen-
toxifylline and use together should be avoided.
Probenecid increases the half-life and plasma concen-
trations of ketorolac and the two drugs should not be
given together.

Parasympathomimetics. Licensed product information for
acetylcholine chloride ophthalmic preparations states that there
have been reports that acetylcholine and carbachol have been in-
effective when used in patients treated with topical (ophthalmic)
NSAIDs.

Pharmacokinetics
Ketorolac trometamol is absorbed after intramuscular
or oral doses. At physiological pH ketorolac trometa-
mol dissociates to form an anionic ketorolac molecule
which is less hydrophilic than the trometamol salt. The
peak plasma concentration of ketorolac is reached
within about 30 to 60 minutes; absorption after intra-
muscular injection may be slower than that after oral
doses in some individuals. Ketorolac is over 99%
bound to plasma proteins. It does not readily penetrate
the blood-brain barrier. Ketorolac crosses the placenta
and small amounts of drug are distributed into breast
milk. The terminal plasma half-life is about 4 to 6
hours, but is about 6 to 7 hours in the elderly and 9 to
10 hours in patients with renal dysfunction. The major
metabolic pathway is glucuronic acid conjugation;
there is some para-hydroxylation. About 90% of a

dose is excreted in urine as unchanged drug and conju-
gated and hydroxylated metabolites, the remainder is
excreted in the faeces.
◊ References.
1. Kauffman RE, et al. Enantiomer-selective pharmacokinetics and

metabolism of ketorolac in children. Clin Pharmacol Ther 1999;
65: 382–8. 

2. Hamunen K, et al. Stereoselective pharmacokinetics of ketorolac
in children, adolescents and adults. Acta Anaesthesiol Scand
1999; 43: 1041–6. 

3. Dsida RM, et al. Age-stratified pharmacokinetics of ketorolac
tromethamine in pediatric surgical patients. Anesth Analg 2002;
94: 266–70. 

4. McAleer SD, et al. Pharmacokinetics and safety of ketorolac fol-
lowing single intranasal and intramuscular administration in
healthy volunteers. J Clin Pharmacol 2007; 47: 13–18.

Uses and Administration
Ketorolac, a pyrrolizine carboxylic acid derivative
structurally related to indometacin (p.66), is an NSAID
(p.99). It is used principally as an analgesic. 
Ketorolac is used intramuscularly, intravenously, or
orally as the trometamol salt in the short-term manage-
ment of moderate to severe postoperative pain. How-
ever, it should be noted that because of concerns over
the high incidence of reported adverse effects with
ketorolac its dosage and maximum duration of use are
restricted. The recommended maximum duration for
parenteral therapy is 2 days in the UK, and patients
should be transferred to oral therapy as soon as possi-
ble; oral use is limited to 7 days. In the USA it is rec-
ommended that the maximum combined duration of
use of parenteral and oral ketorolac should not exceed
5 days. 
• In the UK the recommended initial dose by the

parenteral route is 10 mg of ketorolac trometamol
followed by 10 to 30 mg every 4 to 6 hours as re-
quired, although ketorolac may be given as often as
every 2 hours in the initial postoperative period if re-
quired. The total maximum daily dose is 90 mg
(60 mg in the elderly, patients with mild renal im-
pairment, and in those weighing less than 50 kg). In-
travenous injections should be given over at least 15
seconds. During transfer from parenteral to oral ther-
apy the combined daily dose for all forms of ketoro-
lac trometamol should not exceed 90 mg (60 mg in
the elderly, patients with mild renal impairment, and
in those weighing less than 50 kg) of which no more
than 40 mg should be given orally. 

• Regimens in use in the USA include a single intra-
muscular dose of 60 mg or a single intravenous dose
of 30 mg, or a multiple-dose regimen comprising
30 mg every 6 hours intramuscularly or intravenous-
ly, up to a maximum of 120 mg daily. These doses
should be halved in the elderly, those with renal im-
pairment, and those weighing less than 50 kg. 

• The recommended oral dose in the UK is 10 mg
every 4 to 6 hours (every 6 to 8 hours in the elderly)
to a maximum of 40 mg daily for a maximum dura-
tion of 7 days. 

• In the USA the recommended oral dose is 20 mg
(10 mg in the elderly, the renally impaired, and those
weighing under 50 kg), followed by 10 mg every 4
to 6 hours to a maximum of 40 mg daily. 

For doses in children see Administration in Children,
below. 
Ketorolac trometamol is used as 0.5% eye drops to re-
lieve ocular itching associated with seasonal allergic
conjunctivitis. Ketorolac trometamol eye drops 0.5%
have also been used for the topical treatment of cystoid
macular oedema and for the prevention and reduction
of inflammation associated with ocular surgery. In the
USA, a 0.4% eye drop is also available for postopera-
tive ocular inflammation.
◊ Reviews.
1. Gillis JC, Brogden RN. Ketorolac: a reappraisal of its pharmaco-

dynamic and pharmacokinetic properties and therapeutic use in
pain management. Drugs 1997; 53: 139–88.

Administration in children. In the USA, children aged be-
tween 2 to 16 years may be given a single intramuscular dose of
1 mg/kg of ketorolac trometamol up to a maximum of 30 mg or
a single intravenous dose of 0.5 mg/kg up to a maximum of

15 mg. In the UK, parenteral ketorolac is only recommended for
those aged 16 and over; doses are as for adults (see above). 
Oral ketorolac is not licensed for use in children.
Administration in renal impairment. Ketorolac is contra-
indicated in patients with moderate to severe renal impairment;
for suggested doses in less advanced renal impairment, see Uses
and Administration, above.

Preparations
USP 31: Ketorolac Tromethamine Injection; Ketorolac Tromethamine Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Arg.: Acular ; Dolten; Kelac; Kemanat; Kerarer ; Ketopharm; Klenac;
Nolarac†; Poenkerat; Sinalgico; Teledol; Tenkdol; Unicalm; Austral.: Acular;
Toradol; Austria: Acular; Belg.: Aculare; Taradyl; Braz.: Acular; Cetrolac;
Deocil†; Toradol; Toragesic; Canad.: Acular; Toradol; Chile: Acular; Brod-
ifac; Burten; Dilox; Dolgenal; Findedol†; Netaf; Poenkerat; Syndol; Denm.:
Acular; Toradol; Fin.: Acular; Toradol; Fr.: Acular; Ger.: Acular; Gr.: Acu-
lar; Hong Kong: Acular; Keto; Toradol; India: Cadolac; Ketanov; Ketlur;
Ketodrops; Ketonic†; Torolac; Indon.: Dolac; Ketopain; Lantipain; Remo-
pain; Rolac; Scelto; Toradol; Toramine; Torasic; Torpain; Trolac; Xevolac; Irl.:
Acular; Israel: Topadol; Ital.: Acular; Lixidol; Tora-Dol; Malaysia: Acular;
Ketanov†; Keto; Toradol; Mex.: Acularen; Ainelac; Aitornet; Alidol; Apo-
toke; Brunacol; Celfax; Doket; Dolac; Dolcoplaz; Dolikan; Dolotor†;
Drometak; Efimerol; Estopein; Exorol; Findol†; Finlac; Geldako; Glicima;
Godek; Italker; Kendolit; Koprak; Lacdol; Lacomin; Lenaken; Lorotec; Mavi-
dol; Onemer; Plusindol; Rapix; Rolesen; Rolodiquim; Rometran-K; Sebapain;
Supradol; Toloran; Toral; Torkol; Trodorol; Tromedal; Ultilap; Zafidol; Neth.:
Acular; Norw.: Toradol; NZ: Acular; Philipp.: Acular; Ketanov; Ketomed;
Kortezor; Toradol; Port.: Acular; Elipa; Toradol; Rus.: Adolor (Адолор);
Dolac (Долак); Ketalgin (Кеталгин); Ketanov (Кетанов); Ketorol
(Кеторол); S.Afr.: Acular; Tora-Dol; Singapore: Acular; Keto†; Toradol†;
Spain: Acular; Algikey; Droal; Tonum; Toradol; Swed.: Toradol; Switz.: Ac-
ular; Tora-Dol; Thai.: Acular; Turk.: Acular; UK: Acular; Toradol; USA:
Acular; Toradol†; Venez.: Acular†; Dolak; Kelac; Ketorel†; Ketorol†; Noto-
lac; Ocudol; Poenkerat.
Multi-ingredient: Mex.: Gammadol; Sinergix.

Leflunomide (BAN, USAN, rINN)

HWA-486; Leflunomid; Leflunomida; Léflunomide; Leflunomidi;
Leflunomidum; RS-34821; SU-101. α,α,α-Trifluoro-5-methyl-4-
isoxazolecarboxy-p-toluidide.
Лефлуномид
C12H9F3N2O2 = 270.2.
CAS — 75706-12-6.
ATC — L04AA13.
ATC Vet — QL04AA13.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Leflunomide). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; freely sol-
uble in methyl alcohol; sparingly soluble in dichloromethane.
Protect from light. 
USP 31 (Leflunomide). White to almost white powder. Practi-
cally insoluble in water; freely soluble in acetone, in acetonitrile,
in alcohol, in chloroform, in ethyl acetate, in isopropyl alcohol,
and in methyl alcohol. Store at a temperature not exceeding 30°.

Adverse Effects, Treatment and Precautions
Common adverse effects seen with leflunomide are hy-
pertension, gastrointestinal disturbances (particularly
diarrhoea), weight loss, headache, dizziness, leucope-
nia, asthenia, paraesthesia, joint disorders and synovi-
tis, upper respiratory-tract infections, alopecia, ecze-
ma, and dry skin. Hypersensitivity reactions may occur
and a few cases of Stevens-Johnson syndrome, ery-
thema multiforme, toxic epidermal necrolysis, or vas-
culitis have been reported. Hepatotoxicity has oc-
curred. It is usually mild and reversible but rare cases
of severe, sometimes fatal, liver disease, including
acute hepatic necrosis, have been seen particularly in
the first 6 months of therapy. Other adverse effects that
have been reported include anxiety, peripheral neurop-
athy, hypokalaemia, and mild hyperlipidaemia. There
have been rare reports of pancytopenia, agranulocyto-
sis, and thrombocytopenia; these effects are more com-
mon when leflunomide is given with other myelosup-
pressive drugs (see Interactions, below). There have
been occasional reports of pancreatitis, interstitial lung
disease, and severe infections, including fatal sepsis.
Renal failure has also been reported. 
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The active metabolite of leflunomide, A-771726, has a
half-life of about 2 weeks. Consequently, the adverse
effects of leflunomide may continue even after therapy
has been stopped. When severe reactions occur, a drug
washout procedure (see below) may be required. 
Leflunomide should not be given to immunocompro-
mised patients or to patients with severe infections, he-
patic or moderate to severe renal impairment, severe
hypoproteinaemia, or bone-marrow dysplasia. Patients
with a history of tuberculosis should be carefully mon-
itored because of the possibility of reactivation of the
infection. Intra-uterine devices should be used with
caution during immunosuppressive treatment as there
is an increased risk of infection. Live vaccines should
be avoided for the same reason. Blood pressure should
be monitored regularly during therapy. 
In the UK, liver enzyme values should be checked be-
fore beginning therapy and at fortnightly intervals dur-
ing the first 6 months of treatment; US licensed product
information recommends monthly monitoring for the
first 6 months. Subsequent monitoring should be car-
ried out at 6- to 8-week intervals. Dosage should be re-
duced if moderate elevations of liver enzyme values
occur (see Administration in Hepatic Impairment, be-
low); for persistent or more severe elevations lefluno-
mide should be stopped and washout procedures be-
gun. Monitoring of liver enzymes should be continued
after stopping therapy until they return to within the
normal range. Blood counts should also be checked at
the same time as liver enzyme values.

Effects on the lungs. Up to December 2006, the Australian
Adverse Drug Reactions Advisory Committee had received 142
reports of respiratory symptoms with leflunomide use since its
introduction in 2000.1 Of these, 22 reports mentioned at least one
of the following serious reactions: pneumonitis (8), interstitial
lung disease (9), lung infiltration (4), or pulmonary fibrosis (3);
it was considered that all these were likely to represent interstitial
lung disease. Four patients died, but relative causality was diffi-
cult to assign as methotrexate was also given in many cases,
however, several patients had been on methotrexate long-term
without any problems. It was recommended that the pulmonary
status of patients should be considered before starting lefluno-
mide and monitored during treatment; if symptoms such as
cough or dyspnoea develop or worsen, leflunomide may need to
be stopped. 
The risk of interstitial lung disease with leflunomide has also
been assessed using data from a large cohort study.2 This study
found that, overall, there was a twofold increase in the risk of
interstitial lung disease in patients treated with leflunomide com-
pared with those who did not receive leflunomide. However,
subgroup analysis showed that this increase was limited to those
patients with a history of methotrexate use or interstitial lung dis-
ease; in those with no previous methotrexate use or no history of
interstitial lung disease, there was no increased risk with lefluno-
mide. See also under Interactions, below.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Leflu-

nomide and interstitial lung disease. Aust Adverse Drug React
Bull 2006; 25: 22–3. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0612.pdf (accessed 13/06/08) 

2. Suissa S, et al. Leflunomide use and the risk of interstitial lung
disease in rheumatoid arthritis. Arthritis Rheum 2006; 54:
1435–9.

Effects on the nervous system. Peripheral neuropathy has
been associated with leflunomide use.1-3 Up to October 2006, the
Australian Adverse Drug Reactions Advisory Committee had re-
ceived 659 reports of adverse reactions associated with lefluno-
mide, 30 of which mentioned neuropathy or peripheral neuropa-
thy;4 leflunomide was the sole suspected drug in 24 of these
cases. Recovery was noted after drug withdrawal in 6 patients, of
whom 3 underwent washout procedures; however, 15 patients
had not recovered at the time of the reports and there was no in-
formation on the remaining cases.
1. Bonnel RA, Graham DJ. Peripheral neuropathy in patients treat-

ed with leflunomide. Clin Pharmacol Ther 2004; 75: 580–5. 
2. Martin K, et al. Neuropathy associated with leflunomide: a case

series. Ann Rheum Dis 2005; 64: 649–50. 
3. Metzler C, et al. Peripheral neuropathy in patients with systemic

rheumatic diseases treated with leflunomide. Ann Rheum Dis
2005; 64: 1798–1800. 

4. Adverse Drug Reactions Advisory Committee (ADRAC). Leflu-
nomide and peripheral neuropathy. Aust Adverse Drug React
Bull 2006; 25: 18–19. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0610.pdf (accessed 13/06/08)

Effects on the skin. A 58-year-old woman developed lupus
erythematosus 1 month after starting leflunomide 20 mg daily
for treatment of Sjögren’s syndrome.1 The rash resolved within 4

weeks of stopping leflunomide but recurred on 2 separate occa-
sions when she took the drug again.
1. Gensburger D, et al. Lupus erythematosus with leflunomide: in-

duction or reactivation? Ann Rheum Dis 2005; 64: 153–5.

Overdose. Unintentional overdoses with leflunomide have
been reported in 2 patients. In one case, no adverse effects were
seen in a 40-year-old woman who had mistakenly taken both a
100-mg and a 20-mg tablet daily for 28 days;1 in another case, a
70-year-old man who took 100 mg weekly, in addition to 20 mg
daily, for over 2 years was found to have interstitial nephritis
which improved after leflunomide was stopped.2 In both cases,
the 100-mg dose was meant to be taken for 2 or 3 days only as a
loading dose.
1. Kamali S, et al. An unusual overdose of leflunomide in a patient

with rheumatoid arthritis. Ann Pharmacother 2004; 38: 1320–1. 
2. Haydar AA, et al. Chronic overdose of leflunomide inducing in-

terstitial nephritis. Nephrol Dial Transplant 2004; 19: 1334–5.

Pregnancy. Leflunomide is contra-indicated during pregnancy
as its active metabolite has been shown to be teratogenic in ani-
mals. Pregnancy should therefore be excluded before beginning
therapy, and licensed product information states that reliable con-
traception should be used in women of child-bearing potential
(UK product information also recommends reliable contracep-
tion in men treated with leflunomide). Women wishing to be-
come pregnant should wait for 2 years after stopping therapy, or
if this is infeasible, a washout procedure (see below) should be
performed and a waiting period of 6 weeks be observed from the
time plasma concentrations of the metabolite fall below
20 nanograms/mL before attempting conception. A washout
procedure with a waiting period of at least 3 months is recom-
mended in men who wish to father children. Women who be-
come pregnant during therapy should also undergo a washout
procedure.

Washout procedure. If serious adverse effects occur during
leflunomide therapy, licensed product information recommends
that a drug washout procedure is performed. This may also be
considered if a patient becomes pregnant while taking lefluno-
mide, or if it is necessary to swap to another disease-modifying
antirheumatic drug such as methotrexate. 
For the washout procedure, either 8 g of colestyramine is given
orally 3 times daily or 50 g of activated charcoal is given orally
or via a nasogastric tube 4 times daily. Therapy is normally con-
tinued for 11 days, but should be repeated until plasma concen-
trations of the primary metabolite A-771726 are below
20 nanograms/mL, verified by two separate tests at least 14 days
apart.

Interactions
Increased adverse effects may occur if leflunomide is
given with other hepatotoxic or myelosuppressive
drugs; these effects may also be seen when lefluno-
mide treatment is followed by such drugs without a
drug washout procedure (above). The risks of com-
bined use with other disease-modifying antirheumatic
drugs, particularly in the long term, have not been stud-
ied and such use is not advised in the UK; however, US
licensed product information recommends that if long-
term combined use is necessary, liver enzyme values
and blood counts should be monitored monthly rather
than every 6 to 8 weeks (see Adverse Effects, Treat-
ment, and Precautions, above). 
See above for precautions about use with live vaccines.
Anticoagulants. For reference to the effect of leflunomide on
the activity of warfarin, see under Immunosuppressants, p.1431.

Methotrexate. Leflunomide therapy has been rarely associat-
ed with pancytopenia. Of the 18 cases (median age 65.5 years)
reported in one series, 14 patients were also receiving methotrex-
ate therapy.1 The pancytopenia was typically severe and required
hospitalisation; 5 patients had died, 4 of whom were also taking
methotrexate. Time to onset of pancytopenia ranged from 11
days to 4 years. The authors concluded that the risk of pancyto-
penia during leflunomide treatment appeared to increase when
used with methotrexate, and emphasised the importance of ongo-
ing monitoring of blood counts. 
Leflunomide therapy has also been rarely associated with inter-
stitial lung disease including interstitial pneumonitis (see above).
Up to March 2006, the Centre for Adverse Reactions Monitoring
(CARM) in New Zealand2 had received 7 reports of pneumonitis
associated with leflunomide in patients who were also taking
methotrexate. Of these, 4 had taken methotrexate (which is also
associated with pneumonitis) for more than 1 year. Respiratory
symptoms developed 12 to 36 weeks after starting leflunomide
therapy; 5 patients recovered, 1 died, and another improved but
had some persisting respiratory impairment. 
For advice on a drug washout procedure, see above.
1. Chan J, et al. Leflunomide-associated pancytopenia with or

without methotrexate. Ann Pharmacother 2004; 38: 1206–11. 
2. Savage R. Leflunomide and pneumonitis. Prescriber Update

2006; 27: 7–9.

Pharmacokinetics
After oral doses leflunomide undergoes first-pass
metabolism in the liver and gut wall to A-771726 (ter-
iflunomide), which is responsible for the majority of
the in vivo activity. The bioavailability of leflunomide
after oral doses ranges from 82 to 95%. Peak plasma
concentrations of the active metabolite may occur from
1 to 24 hours after a dose. 
A-771726 is more than 99% bound to plasma proteins,
mainly albumin. It is some further metabolism. About
43% of a dose is eliminated in the urine, mainly as glu-
curonides, and 48% is eliminated in the faeces via the
bile. 
A-771726 has an elimination half-life of about 2
weeks, which is thought to be mainly due to enterohe-
patic recycling. Colestyramine or activated charcoal
are able to interrupt recycling and can therefore accel-
erate drug elimination. 
Studies in animals suggest that leflunomide or its
metabolites are distributed into breast milk.
◊ References.
1. Rozman B. Clinical pharmacokinetics of leflunomide. Clin

Pharmacokinet 2002; 41: 421–30. 
2. Shi J, et al. Population pharmacokinetics of the active metabolite

of leflunomide in pediatric subjects with polyarticular course ju-
venile rheumatoid arthritis. J Pharmacokinet Pharmacodyn
2005; 32: 419–39. 

3. Chan V, et al. Population pharmacokinetics and association be-
tween A77 1726 plasma concentrations and disease activity
measures following administration of leflunomide to people with
rheumatoid arthritis. Br J Clin Pharmacol 2005; 60: 257–64.

Uses and Administration
Leflunomide has immunosuppressant and antiprolifer-
ative properties. It is used as a disease-modifying
antirheumatic drug in the treatment of active rheuma-
toid arthritis. It is also used in the treatment of active
psoriatic arthritis and has been investigated in the man-
agement of various solid neoplasms. 
Because of the long half-life of the principal metabo-
lite, a loading dose of leflunomide is required to reach
steady-state concentrations relatively rapidly. Therapy
should start with an oral loading dose of 100 mg once
daily for 3 days. However, in practice, the loading dose
may be omitted in those patients at an increased risk of
adverse effects, particularly haematological or hepatic
effects. The maintenance dose is 10 to 20 mg once dai-
ly for rheumatoid arthritis and 20 mg once daily for
psoriatic arthritis. Dose adjustments may be necessary
in patients who develop abnormal liver enzyme values,
see below. The therapeutic effect usually starts after 4
to 6 weeks of therapy and further improvements may
occur for up to 6 months.
Administration in hepatic impairment. Leflunomide is
contra-indicated in patients with hepatic impairment. Patients
who develop moderate elevations of liver enzyme values (de-
fined as transaminase levels 2 to 3 times the normal upper limit)
while receiving leflunomide treatment should have their dose re-
duced to 10 mg daily; if necessary, monitoring of liver enzyme
values should also be performed at weekly intervals. If moderate
elevations persist or if severe elevations occur, leflunomide
should be stopped and washout procedures started (see above).

Inflammatory bowel disease. Leflunomide has been tried,
with some success, in the management of Crohn’s disease
(p.1697). 
References.
1. Prajapati DN, et al. Leflunomide treatment of Crohn’s disease

patients intolerant to standard immunomodulator therapy. J Clin
Gastroenterol 2003; 37: 125–8.

Rheumatoid arthritis. References to the use of leflunomide in
rheumatoid arthritis (p.11).
1. Strand V, et al. Treatment of active rheumatoid arthritis with

leflunomide compared with placebo and methotrexate. Arch In-
tern Med 1999; 159: 2542–50. 

2. Prakash A, Jarvis B. Leflunomide: a review of its use in active
rheumatoid arthritis. Drugs 1999; 58: 1137–64. 

3. Emery P, et al. A comparison of the efficacy and safety of leflu-
nomide and methotrexate for the treatment of rheumatoid arthri-
tis. Rheumatology (Oxford) 2000; 39: 655–65. 

4. McCarey DW, et al. Leflunomide in treatment of rheumatoid ar-
thritis. Lancet 2002; 359: 1158. 

5. Miceli-Richard C, Dougados M. Leflunomide for the treatment
of rheumatoid arthritis. Expert Opin Pharmacother 2003; 4:
987–97. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

6. Maddison P, et al. Leflunomide in rheumatoid arthritis: recom-
mendations through a process of consensus. Rheumatology (Ox-
ford) 2005; 44: 280–6. Correction. ibid.; 569. 

7. Silverman E, et al. Long-term open-label preliminary study of
the safety and efficacy of leflunomide in patients with polyartic-
ular-course juvenile rheumatoid arthritis. Arthritis Rheum 2005;
52: 554–62. 

8. Silverman E, et al. Leflunomide in Juvenile Rheumatoid Arthri-
tis (JRA) Investigator Group. Leflunomide or methotrexate for
juvenile rheumatoid arthritis. N Engl J Med 2005; 352: 1655–66.

Spondyloarthropathies. References to the use of leflunomide
in ankylosing spondylitis and psoriatic arthritis (see Spondyloar-
thropathies, p.13).
1. Cuchacovich M, Soto L. Leflunomide decreases joint erosions

and induces reparative changes in a patient with psoriatic arthri-
tis. Ann Rheum Dis 2002; 61: 942–3. 

2. Kaltwasser JP, et al. Treatment of Psoriatic Arthritis Study
Group. Efficacy and safety of leflunomide in the treatment of
psoriatic arthritis and psoriasis: a multinational, double-blind,
randomized, placebo-controlled clinical trial. Arthritis Rheum
2004; 50: 1939–50. 

3. Haibel H, et al. Six months open label trial of leflunomide in
active ankylosing spondylitis. Ann Rheum Dis 2005; 64: 124–6. 

4. van Denderen JC, et al. Double blind, randomised, placebo con-
trolled study of leflunomide in the treatment of active ankylosing
spondylitis. Ann Rheum Dis 2005; 64: 1761–4. 

5. Schmitt J, Wozel G. Psoriasis-arthritis—Langzeit-therapie zwei-
er Patienten mit Leflunomid. J Dtsch Dermatol Ges 2005; 2:
763–6. 

6. Nash P, et al. Leflunomide improves psoriasis in patients with
psoriatic arthritis: an in-depth analysis of data from the TOPAS
study. Dermatology 2006; 212: 238–49.

Preparations
USP 31: Leflunomide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Afiancen; Arava; Filartros; Inmunoartro; Lefluar; Molagar†; Austral.:
Arabloc; Arava; Austria: Arava; Belg.: Arava; Braz.: Arava; Canad.: Arava;
Chile: Arava; Artrimod; Cz.: Arava; Denm.: Arava; Fin.: Arava; Fr.: Arava;
Ger.: Arava; Gr.: Arava; Hong Kong: Arava; Hung.: Arava; India: Arava;
Lara†; Lefumide; Rumalef; Indon.: Arava; Irl.: Arava; Israel: Arava; Ital.:
Arava; Malaysia: Arava; Mex.: Arava; Neth.: Arava; Norw.: Arava; NZ:
Arava; Philipp.: Arava; Pol.: Arava; Port.: Arava; Rus.: Arava (Арава);
S.Afr.: Arava; Singapore: Arava; Spain: Arava; Swed.: Arava; Switz.: Ar-
ava; Thai.: Arava; Turk.: Arava; UK: Arava; USA: Arava; Venez.: Arava.

Levacetylmethadol (rINN)

l-α-Acetylmethadol; LAAM (levacetylmethadol or levacetyl-
methadol hydrochloride); LAM; Levacetilmetadol; Levacetyl-
metadol; Lévacétylméthadol; Levacetylmethadolum; Levase-
tyylimetadoli; Levomethadyl Acetate (USAN); l-Methadyl Acetate.
(−)-4-Dimethylamino-1-ethyl-2,2-diphenylpentyl acetate.

Левацетилметадол
C23H31NO2 = 353.5.
CAS — 1477-40-3 (levomethadyl); 34433-66-4 (le-
vacetylmethadol).
ATC — N07BC03.
ATC Vet — QN07BC03.

Levacetylmethadol Hydrochloride (rINNM)

Hidrocloruro de levacetilmetadol; LAAM (levacetylmethadol or
levacetylmethadol hydrochloride); Lévacétylméthadol, Chlorhy-
drate de; Levacetylmethadoli Hydrochloridum; Levomethadyl
Acetate Hydrochloride (USAN); MK-790. (−)-(3S,6S)-6-(Dimeth-
ylamino)-4,4-diphenyl-3-heptanol acetate hydrochloride.

Левацетилметадола Гидрохлорид
C23H31NO2,HCl = 390.0.
CAS — 43033-72-3.
ATC — N07BC03.
ATC Vet — QN07BC03.

Profile
Levacetylmethadol, a diphenylheptane derivative, is a long-act-
ing opioid analgesic (p.104); it is a derivative of methadone
(p.84). It was used as the hydrochloride in the management of
opioid dependence. However, the proarrhythmic effects led to its
withdrawal in the EU and the USA.
Preparations
Proprietary Preparations (details are given in Part 3)
Irl.: OrLAAM†; Spain: OrLAAM†; USA: OrLAAM†.

Levomethadone Hydrochloride (rINNM) ⊗ 
Hidrocloruro de levometadona; Levometadonhidroklorid; Lev-
ometadonhydroklorid; Levometadonihydrokloridi; Levometado-
no hidrochloridas; Lévométhadone, chlorhydrate de; Levometh-
adon-hydrochlorid; Levomethadoni hydrochloridum; (−)-Metha-
done Hydrochloride. (−)-6-Dimethylamino-4,4-diphenylheptan-
3-one hydrochloride.
Левометадона Гидрохлорид
C21H27NO,HCl = 345.9.
CAS — 125-58-6 (levomethadone); 5967-73-7 (levometh-
adone hydrochlor ide).

(levomethadone)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Levomethadone Hydrochloride). A white or al-
most white, crystalline powder. Soluble in water; freely soluble
in alcohol. Protect from light.
Profile
Levomethadone is an opioid analgesic (p.101). It is the active
isomer of racemic methadone (p.82) and is used similarly, as the
hydrochloride, in the treatment of severe pain and in the manage-
ment of opioid dependence.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: L-Polamidon.

Levorphanol Tartrate (BANM, rINNM)

Levorphan Tartrate; Levorphanol Bitartrate; Lévorphanol, Tar-
trate de; Levorphanoli Tartras; Methorphinan Tartrate; Tartrato
de levorfanol. (−)-9a-Methylmorphinan-3-ol hydrogen tartrate
dihydrate.
Леворфанола Тартрат
C17H23NO,C4H6O6,2H2O = 443.5.
CAS — 77-07-6 (levorphanol); 125-72-4 (anhydrous lev-
orphanol tartrate); 5985-38-6 (levorphanol tartrate dihy-
drate).

(levorphanol)

Pharmacopoeias. In US. 
USP 31 (Levorphanol Tartrate). A practically white, odourless,
crystalline powder. Soluble 1 in 50 of water and 1 in 120 of alco-
hol; insoluble in chloroform and in ether. Store at a temperature
of 25°, excursions permitted between 15° and 30°.
Profile
Levorphanol tartrate, a phenanthrene derivative, is a potent opi-
oid analgesic (p.101) used in the management of moderate to se-
vere pain. The analgesic effect usually begins about 10 to 60
minutes after oral doses and lasts up to about 8 hours. A usual
initial oral dose of levorphanol tartrate is 2 mg repeated in 6 to 8
hours if necessary; the dose may be increased to 3 mg every 6 to
8 hours, adjusted according to response. The maximum initial
daily dose in non-opioid tolerant patients should not exceed
12 mg. Elderly or debilitated patients may require lower doses;
initial doses should be reduced by 50% or more. 
Levorphanol tartrate has also been given by intramuscular, sub-
cutaneous, or slow intravenous injection for pain relief and for
premedication.
Preparations
USP 31: Levorphanol Tartrate Injection; Levorphanol Tartrate Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Levo-Dromoran†.

Lithium Salicylate
Lithium Salicylicum; Salicilato de litio.

Лития Салицилат
C7H5LiO3 = 144.1.
CAS — 552-38-5.

Profile
Lithium salicylate is a salicylic acid derivative (see Aspirin,
p.20) that has been used in rheumatic disorders, but its use cannot
be recommended because of the pharmacological effect of the
lithium ion. 
Lithium salicylate is used in homoeopathic medicine.

Lonazolac Calcium (rINNM)

Calcii Lonazolacum; Lonatsolaakkikalsium; Lonazolac Calcique;
Lonazolaco cálcico; Lonazolacum Calcicum; Lonazolakkalcium.
Calcium 3-(4-chlorophenyl)-1-phenylpyrazol-4-ylacetate.

Кальций Лоназолак
C34H24CaCl2N4O4 = 663.6.
CAS — 53808-88-1 (lonazolac); 75821-71-5 (lonazolac
calcium).
ATC — M01AB09.
ATC Vet — QM01AB09.

(lonazolac)

Profile
Lonazolac calcium is an NSAID (p.96). It has been given orally
and rectally in the treatment of pain, inflammation, and muscu-
loskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Irritren†; Ger.: Argun†; arthro akut†; Port.: Atrilon†.

Lornoxicam (BAN, USAN, rINN)

Chlorotenoxicam; Chlortenoxicam; CTX; Lornoksikaami; Lor-
noksikam; Lornoxicamum; Lornoxicanum; Lornoxikam; Ro-13-
9297; TS-110. 6-Chloro-4-hydroxy-2-methyl-N-2-pyridyl-2H-
thieno[2,3-e][1,2]-thiazine-3-carboxamide 1,1-dioxide.

Лорноксикам
C13H10ClN3O4S2 = 371.8.
CAS — 70374-39-9.
ATC — M01AC05.
ATC Vet — QM01AC05.

Profile
Lornoxicam, an oxicam derivative, is an NSAID (p.96). It is used
in musculoskeletal and joint disorders such as osteoarthritis and
rheumatoid arthritis; it is also used in the treatment of other pain-
ful conditions including postoperative pain. 
In the treatment of osteoarthritis and rheumatoid arthritis lornox-
icam is given in an initial oral daily dose of 12 mg in two or three
divided doses; if necessary the daily dose may be increased to a
maximum of 16 mg. 
Lornoxicam is given in oral doses of 8 to 16 mg daily for the
treatment of pain. Similar doses may be given by intravenous or
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intramuscular injection, although in rare cases the maximum in-
itial daily dose may be increased to 24 mg.
◊ References.
1. Balfour JA, et al. Lornoxicam: a review of its pharmacology and

therapeutic potential in the management of painful and inflam-
matory conditions. Drugs 1996; 51: 639–57. 

2. Skjodt NM, Davies NM. Clinical pharmacokinetics of lornoxi-
cam: a short half-life oxicam. Clin Pharmacokinet 1998; 34:
421–8. 

3. Frizziero L, et al. Studio a lungo termine su efficacia e sicurezza
terapeutica di lornoxicam nell’artrite reumatoide. Minerva Med
2002; 93: 315–20. 

4. Thienthong S, et al. Treatment of pain after spinal surgery in the
recovery room by single dose lornoxicam: a randomized, double
blind, placebo-controlled trial. J Med Assoc Thai 2004; 87:
650–5. 

5. Zhao H, et al. Application of lornoxicam to patient-controlled
analgesia in patients undergoing abdominal surgeries. Chin Med
Sci J 2005; 20: 59–62.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Acabel†; Hypodol; Austria: Artok; Lornox; Xefo; Chile: Acabel†;
Cz.: Xefo; Denm.: Xefo; Ger.: Telos; Gr.: Xefo; Hung.: Xefo; Israel: Xefo;
Ital.: Noxon; Taigalor; Jpn: Lorcam; Port.: Acabel; Bosporon; Rus.: Xefo-
cam (Ксефокам); S.Afr.: Xefo; Spain: Acabel; Bosporon; Swed.: Xefo;
Switz.: Xefo; Thai.: Xefo†; Turk.: Xefo; Venez.: Acabel.

Loxoprofen Sodium (rINNM)

CS-600 (loxoprofen); Loxoprofène Sodique; Loxoprofeno sódi-
co; Natrii Loxoprofenum. Sodium (±)-p-[(2-oxocyclopentyl)me-
thyl]hydratropate dihydrate.
Натрий Локсопрофен
C15H17O3Na,2H2O = 304.3.
CAS — 68767-14-6 (loxoprofen); 80382-23-6 (loxopro-
fen sodium dihydrate).

(loxoprofen)

Pharmacopoeias. In Jpn.
Profile
Loxoprofen sodium is an NSAID (p.96) given orally for the
management of pain and inflammation associated with muscu-
loskeletal and joint disorders or operative procedures. Loxopro-
fen sodium is given as the dihydrate although doses are ex-
pressed in terms of the anhydrous salt. Anhydrous loxoprofen
sodium 10 mg is equivalent to about 11.3 mg of loxoprofen so-
dium dihydrate. A usual oral dose equivalent to 60 mg of the
anhydrous form has been given three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Oxeno; Braz.: Loxonin; Jpn: Lobu; Loxonin; Mex.: Loxonin;
Philipp.: Loxonin; Thai.: Loxonin; Venez.: Loxonin.

Lumiracoxib (BAN, USAN, rINN)

Cox-189; Lumiracoxibum. 2-{[(2-Chloro-6-fluorophenyl)ami-
no]-5-methylphenyl}acetic acid.
Лумиракоксиб
C15H13ClFNO2 = 293.7.
CAS — 220991-20-8.
ATC — M01AH06.
ATC Vet — QM01AH06.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Hypersensitivity reactions including anaphylaxis and angioede-
ma have occurred in patients receiving lumiracoxib; it should be
stopped at the first signs of hypersensitivity. 
Lumiracoxib use, particularly at high doses, may cause severe
liver toxicity (see Effects on the Liver, below) and its use is con-
tra-indicated in patients with hepatic disease. It should also not
be used in those with a history of drug-induced increases in
transaminase values greater than 3 times the upper limit of nor-

mal (ULN) or in those taking other drugs known to cause clini-
cally significant hepatic toxicity. All patients should have base-
line liver function tests before starting lumiracoxib treatment;
those in whom transaminases are more than 1.5 times the ULN
should not start treatment. Liver function tests should be repeated
monthly and lumiracoxib should be stopped in those patients
with an increase in transaminases greater than 3 times the ULN;
in those with an increase greater than 2 times the ULN, liver
function tests should be repeated in 7 days. Patients should be
advised to report any symptoms suggestive of liver toxicity such
as anorexia, nausea, vomiting, abdominal pain, fatigue, dark
urine, and jaundice. 
Lumiracoxib should not be used in patients with ischaemic heart
disease, cerebrovascular disease, or peripheral arterial disease. It
should be used with caution in patients with significant risk fac-
tors for cardiovascular disease such as hypertension, hyperlipi-
daemia, and diabetes mellitus. 
Lumiracoxib is also contra-indicated in patients with inflamma-
tory bowel disease, moderate to severe heart failure (NYHA
class II to IV), and moderate to severe renal impairment associ-
ated with a creatinine clearance of less than 50 mL/minute. Cau-
tion is recommended when using lumiracoxib in dehydrated pa-
tients; it may be advisable to rehydrate patients before giving
lumiracoxib.
Effects on the cardiovascular system. There have been
concerns about the adverse cardiovascular effects of selective
cyclo-oxygenase-2 (COX-2) inhibitors after the worldwide with-
drawal of rofecoxib (see p.121). The cardiovascular safety of
lumiracoxib has been assessed in the Therapeutic Arthritis Re-
search and Gastrointestinal Event Trial (TARGET)1 which in-
volved over 18 000 patients with osteoarthritis. Lumiracoxib
400 mg daily (2 to 4 times the recommended dose) was com-
pared against either naproxen 1 g daily, or ibuprofen 2.4 g daily;
low-dose aspirin (100 mg daily or less) was also allowed where
indicated. After a planned treatment duration of 1 year, the inci-
dence of myocardial infarction, stroke, or cardiovascular death
with lumiracoxib was found to be similar to that for ibuprofen or
naproxen. More events were noted in the lumiracoxib versus
naproxen subgroup than in the lumiracoxib versus ibuprofen
group; however, this difference was not statistically significant
and the authors considered that the higher number of patients
with a history of vascular risk in the lumiracoxib versus naproxen
subgroup could explain this finding. In addition, it was noted that
the incidence of heart failure was less frequent with lumiracoxib
although, again, this was not significant; however, blood pres-
sure changes from baseline were significantly less likely with lu-
miracoxib than with ibuprofen or naproxen. 
More recently, a meta-analysis2 by the manufacturer (which in-
cluded the above study along with other published and unpub-
lished clinical studies of lumiracoxib in the treatment of osteoar-
thritis and rheumatoid arthritis) has also found no evidence that
the risk of thrombotic events with lumiracoxib is significantly
increased when compared to placebo, to naproxen (1 g daily), or
to the NSAIDs diclofenac (150 mg daily), ibuprofen (2.4 g dai-
ly), celecoxib (up to 400 mg daily), and rofecoxib (25 mg daily)
as a group. 
For further details on the relative risk of cardiovascular throm-
botic events with NSAIDs, see p.97. 
For discussion and advice on the use of selective COX-2 inhibi-
tors in patients with cardiovascular or cerebrovascular disease,
see under Celecoxib, p.34.
1. Farkouh ME, et al. Comparison of lumiracoxib with naproxen

and ibuprofen in the Therapeutic Arthritis Research and Gas-
trointestinal Event Trial (TARGET), cardiovascular outcomes:
randomised controlled trial. Lancet 2004; 364: 675–84. 

2. Matchaba P, et al. Cardiovascular safety of lumiracoxib: a meta-
analysis of all randomized controlled trials ≥1 week and up to 1
year in duration of patients with osteoarthritis and rheumatoid
arthritis. Clin Ther 2005; 27: 1196–1214.

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as lumiracoxib may cause less gastrotoxicity than that seen
with the non-selective inhibition of the traditional NSAIDs.
However, licensed product information has stated that upper gas-
trointestinal ulceration and bleeds, in some cases fatal, have oc-
curred with lumiracoxib treatment; consequently it should be
used with caution in patients at risk of such events. 
Results from controlled studies confirm that NSAIDs selective
for COX-2 are associated with a lower incidence of serious gas-
trointestinal effects. A study1 in patients with osteoarthritis tak-
ing lumiracoxib at supratherapeutic doses (400 mg daily) con-
cluded that there was a lower incidence of definite or probable
upper gastrointestinal ulcer complications (bleeding, perforation,
or obstruction) after 12 months of treatment when compared
with non-selective NSAIDS (ibuprofen 2.4 g daily or naproxen
1 g daily). The incidence of endoscopically-detected ulcers was
also less with lumiracoxib than with non-selective NSAIDs.
However, the use of low-dose aspirin appeared to nullify any
protective gastrointestinal effect of lumiracoxib. 
An analysis2 of pooled data from 15 pre-licensing studies in pa-
tients with rheumatoid arthritis or osteoarthritis has also conclud-
ed that the risk of upper gastrointestinal ulcers and ulcer compli-

cations is less with lumiracoxib than with non-selective NSAIDs
(diclofenac, naproxen, and ibuprofen).
1. Schnitzer TJ, et al. Comparison of lumiracoxib with naproxen

and ibuprofen in the Therapeutic Arthritis Research and Gas-
trointestinal Event Trial (TARGET), reduction in ulcer compli-
cations: randomised controlled trial. Lancet 2004; 364: 665–74. 

2. Hawkey CJ, et al. Gastrointestinal tolerability of lumiracoxib in
patients with osteoarthritis and rheumatoid arthritis. Clin Gas-
troenterol Hepatol 2006; 4: 57–66.

Effects on the kidneys. Limited evidence of the renal toxicity
of the selective cyclo-oxygenase-2 (COX-2) inhibitors such as
lumiracoxib suggests that these NSAIDs appear to have effects
on renal function similar to those of the non-selective NSAIDs
(see p.98).
Effects on the liver. In August 2007, the regulatory authority
in Australia withdrew lumiracoxib from the market after reports
of hepatotoxicity.1,2 In the 6 months since marketing, there had
been 8 reports of serious adverse liver reactions resulting in 2
deaths and 2 transplantations. There was some concern that pre-
licensing clinical study data seemed to suggest that those patients
who developed elevated liver function tests while on lumiracox-
ib would recover once the drug was stopped; however, in the 8
Australian cases, some patients did not improve because of the
severity of the hepatic damage. 
In response to the Australian data, the MHRA in the UK reported
that it had received 16 reports of suspected adverse reactions to
lumiracoxib;3 of these, one was a case of hepatotoxicity in which
the patient recovered after the drug was withdrawn. Worldwide,
the MHRA was aware of 11 reports of serious hepatotoxicity in-
cluding 9 cases of liver failure, 2 deaths, and 3 liver transplants
suspected to be at least possibly related to lumiracoxib use. The
dose used in most of the cases was higher than the maximum
dose of 100 mg daily that is recommended in the UK and other
European countries. (Higher maximum daily doses have been li-
censed in other countries; in Australia, the licensed maximum
dose was 400 mg daily for some conditions.) At that time in the
UK, new prescribing restrictions on the use of lumiracoxib in os-
teoarthritis were issued (see Adverse Effects and Precautions,
above) while its safety was reviewed by European regulatory
authorities. However, lumiracoxib was withdrawn from the Ca-
nadian market after Health Canada noted 4 cases of severe hepa-
totoxicity, including 2 in Canada, associated with the 100-mg
dose of lumiracoxib.4 Following the review of the risks and ben-
efits of lumiracoxib in October 2007, the MHRA reiterated its
earlier prescribing restrictions and stated the issue of hepatotox-
icity would continue to be monitored. They also advised that,
worldwide up until then, there had been 19 cases of severe liver
reactions, including 13 of liver failure, 2 deaths, and 3 liver trans-
plants suspected to be possibly related to use of lumiracoxib.5
However, in November 2007, after a further review of world-
wide safety data showed an increased number of serious liver
reactions with the 100-mg dose which, in some cases, occurred
with short-term use, the MHRA suspended the product licence
for lumiracoxib.6 Subsequently, the EMEA7 has recommended
its withdrawal in the EU.
1. Australian Therapeutic Goods Administration. Urgent advice re-

garding management of patients taking lumiracoxib (Prexige)
(issued 13th August, 2007). Available at: http://www.tga.gov.au/
alerts/prexige.htm (accessed 08/11/07) 

2. Adverse Drug Reactions Advisory Committee (ADRAC). With-
drawal of lumiracoxib in Australia. Aust Adverse Drug React
Bull 2008; 27: 6–7. Also available at: 
http://www.tga.health.gov.au/adr/aadrb/aadr0804.pdf (accessed
17/07/08) 

3. MHRA. New (interim) restrictions on prescription of lumiracox-
ib, following concerns over liver safety (issued 24th August,
2007). Available at: http://www.mhra.gov.uk/Safetyinformation/
Safetywarningsalertsandrecalls/Safetywarningsandmessag
esformedicines/CON2032098 (accessed 29/08/08) 

4. Health Canada. Withdrawal of market authorisation for Prexige.
(issued 4th October, 2007). Available at: http://www.hc-sc.gc.ca/
ahc-asc/media/advisories-avis/2007/2007_141_e.html (accessed
30/10/07) 

5. MHRA. Lumiracoxib and liver adverse reactions (issued 16th
October, 2007). 
Available at: http://www.mhra.gov.uk/Safetyinformation/
Safetywarningsalertsandrecalls/Safetywarningsandmessag
esformedicines/CON2032831 (accessed 29/08/08) 

6. MHRA. Lumiracoxib (Prexige): suspension of marketing au-
thorisations (issued 19th November, 2007). 
Available at: http://www.mhra.gov.uk/Safetyinformation/
Safetywarningsalertsandrecalls/Safetywarningsandmessag
esformedicines/CON2033073 (accessed 29/08/08) 

7. EMEA. European Medicines Agency recommends withdrawal
of the marketing authorisations for lumiracoxib-containing med-
icines (issued 13th December, 2007). Available at: http://
www.emea.europa.eu/pdfs/human/press/pr/PR_Lumiracoxib_
57930107en.pdf (accessed 17/07/08)

Interactions
For interactions associated with NSAIDs in general, see p.99.
Lumiracoxib may cause liver toxicity and consequently it should
not be used with other drugs known to cause clinically significant
hepatotoxicity. 
There is the possibility that lumiracoxib may decrease the clear-
ance of drugs that are cytochrome P450 CYP2C9 substrates and
caution is advised when it is given with CYP2C9 substrates that
have a narrow therapeutic index such as phenytoin and warfarin.
Pharmacokinetics
Lumiracoxib is absorbed from the gastrointestinal tract after oral
use with peak plasma concentrations reached in about 2 hours.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Protein binding is at least 98%. Lumiracoxib undergoes exten-
sive hepatic metabolism; several enzymes appear to be involved
including glucuronosyltransferase and cytochrome P450 isoen-
zymes. The main oxidative pathway is mediated by the CYP2C9
isoenzyme; however, this does not appear to be the major path-
way. Three major metabolites have been identified: 4′-hydroxy-
lumiracoxib, 5-carboxy-lumiracoxib, and 4′-hydroxy-5-car-
boxy-lumiracoxib. The 4′-hydroxy metabolite is active as a
cyclo-oxygenase-2 (COX-2) inhibitor although it is less potent
than lumiracoxib. The plasma half-life of lumiracoxib is about 4
hours. Slightly more of a dose is excreted in the urine (54%) than
in the faeces (about 43%); only about 5% of a dose is excreted
unchanged.
◊ References.
1. Scott G, et al. Pharmacokinetics of lumiracoxib in plasma and

synovial fluid. Clin Pharmacokinet 2004; 43: 467–78.

Uses and Administration
Lumiracoxib is an NSAID (p.99) reported to be a selective inhib-
itor of cyclo-oxygenase-2 (COX-2). It has been withdrawn in
many countries after reports of hepatotoxicity. In the UK, lumi-
racoxib was used in the treatment of osteoarthritis of the knee and
hip in an oral dose of 100 mg once daily. Higher doses of up to
400 mg daily have been used in some countries but may be asso-
ciated with an increased risk of hepatotoxicity (see Effects on the
Liver, above).
◊ References.
1. Lyseng-Williamson KA, Curran MP. Lumiracoxib. Drugs 2004;

64: 2237–46. 
2. Bannwarth B, Berenbaum F. Clinical pharmacology of lumira-

coxib, a second-generation cyclooxygenase 2 selective inhibitor.
Expert Opin Invest Drugs 2005; 14: 521–33. 

3. Rordorf CM, et al. Clinical pharmacology of lumiracoxib: a se-
lective cyclo-oxygenase-2 inhibitor. Clin Pharmacokinet 2005;
44: 1247–66. 

4. Schnitzer TJ, et al. Lumiracoxib in the treatment of osteoarthri-
tis, rheumatoid arthritis and acute postoperative dental pain: re-
sults of three dose-response studies. Curr Med Res Opin 2005;
21: 151–61. 

5. Berenbaum F, et al. Efficacy of lumiracoxib in osteoarthritis: a
review of nine studies. J Int Med Res 2005; 33: 21–41. 

6. Sheldon E, et al. Efficacy and tolerability of lumiracoxib in the
treatment of osteoarthritis of the knee: a 13-week, randomized,
double-blind comparison with celecoxib and placebo. Clin Ther
2005; 27: 64–77. 

7. Fleischmann R, et al. Lumiracoxib is effective in the treatment
of osteoarthritis of the knee: a prospective randomized 13-week
study versus placebo and celecoxib. Clin Rheumatol 2006; 25:
42–53.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Prexige; Austral.: Prexige†; Braz.: Prexige; Chile: Prexige; Hung.:
Prexige; Indon.: Prexige; NZ: Prexige; Port.: Frexocel†; Hirzia†; UK: Prex-
ige†.

Lysine Aspirin
Acetilsalicilato de lisina; Aspirin DL-Lysine; Lysiiniasetyylisalisylaatti;
Lysinacetylsalicylat; Lysine Acetylsalicylate; DL-Lysine Acetylsali-
cylate; Lysinum Acetylsalicylicum.
Лизин-Аспирин
C15H22N2O6 = 326.3.
CAS — 62952-06-1.

Pharmacopoeias. In Fr.
Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. Anaphylactic shock has been reported in
patients given lysine aspirin by injection. 
Lysine aspirin, like aspirin, should not generally be given to chil-
dren because of the risk of Reye’s syndrome.
Hypersensitivity. For a suggestion that lysine aspirin might be
more suitable than aspirin for the diagnosis of sensitivity to
NSAIDs, see under Hypersensitivity on p.21.
Interactions
For interactions associated with aspirin, see p.23.
Uses and Administration
Lysine aspirin has analgesic, anti-inflammatory, and antipyretic
actions similar to those of aspirin (see p.23). When given, lysine
aspirin dissociates into lysine and aspirin; aspirin is then hydro-
lysed to salicylic acid. Lysine aspirin 900 mg is equivalent to
about 500 mg of aspirin. 
Lysine aspirin is used in the treatment of pain, fever, and rheu-
matic disorders. It is given in oral doses equivalent to 0.5 to 1 g
of aspirin, repeated every 4 hours as needed up to a maximum of
3 g of aspirin daily (2 g daily in the elderly) for pain and fever.
The dose for rheumatic disorders is equivalent to 3 to 6 g of as-
pirin daily in 3 or 4 divided doses. Lysine aspirin is also given
intramuscularly or intravenously in similar doses; the maximum

daily parenteral dose is equivalent to 4 g of aspirin for very se-
vere pain and to 6 g of aspirin for rheumatic disorders. 
Lysine aspirin is also used with metoclopramide in the treatment
of migraine. 
Lysine aspirin has also been used in the management of throm-
boembolic disorders.
Headache. Some references to the use of lysine aspirin, often
with metoclopramide, in the treatment of migraine.
1. Tfelt-Hansen P, et al. The effectiveness of combined oral lysine

acetylsalicylate and metoclopramide compared with oral su-
matriptan for migraine. Lancet 1995; 346: 923–6. 

2. Diener HC. Efficacy and safety of intravenous acetylsalicylic
acid lysinate compared to subcutaneous sumatriptan and
parenteral placebo in the acute treatment of migraine. A double-
blind, double-dummy, randomized, multicenter, parallel group
study. Cephalalgia 1999; 19: 581–8. 

3. Tfelt-Hansen P. The effectiveness of combined oral lysine ace-
tylsalicylate and metoclopramide (Migpriv ) in the treatment of
migraine attacks: comparison with placebo and oral sumatriptan.
Funct Neurol 2000; 15 (suppl 3): 196–201.

Nasal polyps. Two long-term controlled studies1 suggested that
topical (endonasal) lysine aspirin may be effective in preventing
the recurrence of nasal polyps after surgical removal (see p.1508)
in both aspirin-tolerant and aspirin-sensitive patients. This effect
may be attributed to the non-specific anti-inflammatory proper-
ties of lysine aspirin. Although no adverse effects were reported
in this study, hypersensitivity reactions have been seen after use
of salicylates in the presence of nasal polyps (see Hypersensitiv-
ity under Adverse Effects of Aspirin, p.21). 
In another study2 intranasal lysine aspirin did not show signifi-
cant clinical benefit in preventing the recurrence of nasal polyps
when compared with placebo. However, significant improve-
ment at a microscopic level was noted.
1. Nucera E, et al. Effects of lysine-acetylsalicylate (LAS) treat-

ment in nasal polyposis: two controlled long term prospective
follow up studies. Thorax 2000; 55 (suppl 2): S75–78. 

2. Parikh AA, Scadding GK. Intranasal lysine-aspirin in aspirin-
sensitive nasal polyposis: a controlled trial. Laryngoscope 2005;
115: 1385–90.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aspirina; Corplus†; Decitriol; Yectaspirin; Belg.: Aspegic; Cardegic;
Cz.: Aspegic†; Dolorosan†; Kardegic; Fr.: Aspegic; Cardiosolupsan; Kar-
degic; Ger.: Aspisol†; Gr.: Aspicalm; Egicalm; Egicalm Cardio; Hung.: As-
pegic; Kardegic; Kardiren†; Israel: Lysoprin†; Ital.: Aspegic; Aspidol†; Car-
direne; Flectadol; Malaysia: Aspegic†; Mex.: Coraspir ; Kardegic; Neth.:
Aspegic; Cardegic; Pol.: Laspal; Port.: Aspegic; Inesprin; Intraspir ; Kardegic;
Lisaspin; Tiplac†; Spain: ASL; Inyesprin; Lysinotol†; Solusprin†; Switz.: Al-
cacyl instantanee; Aspegic; Kardegic; Venez.: Asalis†.

Multi-ingredient: Belg.: Migpriv; Chile: Dolotol 12; Cz.: Migpriv†;
Denm.: Migpriv†; Fin.: Migpriv; Fr.: Aspegic Codeine†; Migpriv; Gr.:
Premig; Hung.: Migpriv; Ital.: Migpriv; Migraprim; Mex.: Antigram; Neth.:
Migrafin; Norw.: Migpriv†; Pol.: Migpriv; Spain: Fluxal†; Swed.: Migpriv;
Switz.: Migpriv; UK: Migramax.

Magnesium Salicylate
Salicilato magnésico.
Магния Салицилат
C14H10MgO6,4H2O = 370.6.
CAS — 18917-89-0 (anhydrous magnesium salicylate);
18917-95-8 (magnesium salicylate tetrahydrate).

Pharmacopoeias. In Chin. and US. 
USP 31 (Magnesium Salicylate). A white, odourless, efflorescent,
crystalline powder. Soluble in water and in alcohol; slightly sol-
uble in ether; freely soluble in methyl alcohol. Store in airtight
containers.
Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. Magnesium salicylate should also be used
with caution in renal impairment because of the risk of hyper-
magnesaemia. 
The use of aspirin and other acetylated salicylates is generally
not recommended for children because of the risk of Reye’s syn-
drome, unless specifically indicated. Some licensed drug infor-
mation extends this precaution to magnesium salicylate.
Interactions
For interactions associated with salicylates, see Aspirin, p.23.
Uses and Administration
Magnesium salicylate has analgesic, anti-inflammatory, and
antipyretic actions similar to those of aspirin (see p.23). Anhy-
drous magnesium salicylate 1 g is equivalent to about 1.2 g of
aspirin. It is used in the treatment of pain and fever and has been
used in the management of inflammatory conditions such as os-
teoarthritis, rheumatoid arthritis, and other arthritides. Usual oral

doses of magnesium salicylate, expressed in terms of anhydrous
magnesium salicylate, are about 300 to 600 mg every 4 hours for
pain or fever.
Preparations
USP 31: Magnesium Salicylate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Rati Salil E†; Canad.: Herbogesic; USA: Backache Maximum Strength
Relief; Bayer Select Maximum Strength Backache; Doans; Magan; Mobidin;
Momentum Muscular Backache Formula; MST; Novasal; Nuprin Backache†.
Multi-ingredient: Cz.: Cholagol; Hung.: Cholagol; Rus.: Cholagol
(Холагол); USA: Cafgesic Forte; Combiflex ES; Durabac Forte; Extra
Strength Doans PM; Mobigesic; Painaid BRF Back Relief Formula; Tetra-Mag.

Meclofenamic Acid (BAN, USAN, rINN)

Acide Méclofénamique; Ácido meclofenámico; Acidum
Meclofenamicum; CI-583; INF-4668. N-(2,6-Dichloro-m-
tolyl)anthranilic acid.
Меклофенамовая Кислота
C14H11Cl2NO2 = 296.1.
CAS — 644-62-2.
ATC — M01AG04; M02AA18.
ATC Vet — QM01AG04; QM02AA18.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Meclofenamic Acid). A white or almost white,
crystalline powder. Practically insoluble in water; slightly solu-
ble in alcohol and in chloroform; sparingly soluble in ether; sol-
uble in dimethylformamide and in 1M sodium hydroxide.

Meclofenamate Sodium (BANM, USAN, rINNM)

Méclofénamate de Sodium; Meclofenamato sódico; Natrii
Meclofenamas.
Натрий Меклофенамат
C14H10Cl2NNaO2,H2O = 336.1.
CAS — 6385-02-0.
Pharmacopoeias. In US. 
USP 31 (Meclofenamate Sodium). A white to creamy white,
odourless to almost odourless, crystalline powder. Freely soluble
in water, the solution sometimes being somewhat turbid due to
partial hydrolysis and absorption of carbon dioxide; the solution
is clear above pH 15. Slightly soluble in chloroform; practically
insoluble in ether; soluble in methyl alcohol. Store in airtight
containers. Protect from light.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.
Incidence of adverse effects. The commonest adverse effect
in 2500 patients given meclofenamate sodium was gastrointesti-
nal disturbance.1 Diarrhoea occurred in 11.2% of patients in dou-
ble-blind studies and 32.8% of patients in long-term studies (up
to 3 years). Ulcers were detected in 22 patients during therapy
and skin rashes occurred in 4% of patients. Transient increases in
serum aminotransferases and BUN occurred in some patients.
1. Preston SN. Safety of sodium meclofenamate (Meclomen™).

Curr Ther Res 1978; 23 (suppl 4S): S107–12.

Effects on the blood. Case reports of agranulocytosis1 and
thrombocytopenia2 associated with meclofenamate therapy.
1. Wishner AJ, Milburn PB. Meclofenamate sodium-induced

agranulocytosis and suppression of erythropoiesis. J Am Acad
Dermatol 1985; 13: 1052–3. 

2. Rodriguez J. Thrombocytopenia associated with meclofenamate.
Drug Intell Clin Pharm 1981; 15: 999.

Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Meclofenamate sodium is readily absorbed when given orally.
Peak plasma concentrations occur about 0.5 to 2 hours after in-
gestion. Meclofenamate is over 99% bound to plasma proteins.
The plasma elimination half-life of meclofenamate sodium is
about 2 to 4 hours. It is metabolised by oxidation, hydroxylation,
dehalogenation, and conjugation with glucuronic acid and ex-
creted in urine mainly as glucuronide conjugates of the metabo-
lites. About 20 to 30% is recovered in the faeces. One of the
metabolites, a 3-hydroxymethyl compound, is reported to be ac-
tive although to a lesser extent than the parent drug.
◊ References.
1. Koup JR, et al. A single and multiple dose pharmacokinetic and

metabolism study of meclofenamate sodium. Biopharm Drug
Dispos 1990; 11: 1–15.

Uses and Administration
Meclofenamic acid, an anthranilic acid derivative similar to
mefenamic acid (below), is an NSAID (p.99). It is given orally
as the sodium salt in musculoskeletal and joint disorders such as
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osteoarthritis and rheumatoid arthritis, in mild to moderate pain,
and in dysmenorrhoea and menorrhagia. 
Doses of meclofenamate sodium are expressed in terms of the
equivalent amount of meclofenamic acid. Meclofenamic acid
100 mg is equivalent to about 113.5 mg of meclofenamate sodi-
um. In arthritic conditions it is given in doses equivalent to 200
to 400 mg daily; daily doses are usually given in 3 or 4 divided
doses. For relief of mild to moderate pain doses are 50 to 100 mg
every 4 to 6 hours; the daily dose should not exceed 400 mg. The
dose in the treatment of dysmenorrhoea and menorrhagia is
100 mg three times daily for up to 6 days during menstruation. 
Meclofenamic acid has been given as a rectal suppository and is
also used in veterinary medicine.
Preparations
USP 31: Meclofenamate Sodium Capsules.

Proprietary Preparations (details are given in Part 3)
Chile: Meclomen; Ital.: Lenidolor; Meclodol†; Movens; Spain: Meclom-
en†.

Mefenamic Acid (BAN, USAN, rINN)

Acide méfénamique; Ácido mefenámico; Acidum mefenamicum;
CI-473; CN-35355; INF-3355; Kwas mefenamowy; Kyselina
mefenamová; Mefenaamihappo; Mefenamik Asit; Mefenaminsav;
Mefenamo ru

_
gštis; Mefenamsyra. N-(2,3-Xylyl)anthranilic acid.

Мефенамовая Кислота
C15H15NO2 = 241.3.
CAS — 61-68-7.
ATC — M01AG01.
ATC Vet — QM01AG01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Mefenamic Acid). A white to almost white, micro-
crystalline powder. Practically insoluble in water; slightly solu-
ble in alcohol and in dichloromethane; dissolves in dilute solu-
tions of alkali hydroxides. 
USP 31 (Mefenamic Acid). A white to off-white, crystalline
powder. Practically insoluble in water; slightly soluble in alcohol
and in methyl alcohol; sparingly soluble in chloroform; soluble
in solutions of alkali hydroxides. Store in airtight containers. Pro-
tect from light.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
Treatment should be stopped if diarrhoea and rashes
occur. Other effects reported include drowsiness, and
effects on the blood such as thrombocytopenia, occa-
sionally haemolytic anaemia, and rarely aplastic anae-
mia. Convulsions may occur on overdosage. 
Mefenamic acid is contra-indicated in patients with in-
flammatory bowel disease. Licensed product informa-
tion recommends that blood counts and liver and renal
function should be monitored during long-term thera-
py. Drowsiness may affect the performance of skilled
tasks. 
Mefenamic acid may give a false positive in some tests
for the presence of bile in the urine.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given mefenamic acid, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. The BNF also considers
that the amount of mefenamic acid distributed into breast milk is
too small to be harmful to a breast-fed infant. An early study2

confirms that the distribution of mefenamic acid into breast milk
is minimal. However, licensed product information contra-indi-
cates the use of mefenamic acid in nursing mothers.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 08/11/07) 

2. Buchanan RA, et al. The breast milk excretion of mefenamic ac-
id. Curr Ther Res 1968; 10: 592–6.

Effects on the blood. References to haematological reactions
in patients taking mefenamic acid including haemolytic anae-
mia,1 leucopenia,2 neutropenia,3 and agranulocytosis.4
1. Scott GL, et al. Autoimmune haemolytic anaemia and mefenam-

ic acid therapy. BMJ 1968; 3: 534–5. 

2. Burns A, Young RE. Mefenamic acid induced leucopenia in the
elderly. Lancet 1984; ii: 46. 

3. Handa SI, Freestone S. Mefenamic acid-induced neutropenia
and renal failure in elderly females with hypothyroidism. Post-
grad Med J 1990; 66: 557–9. 

4. Muroi K, et al. Treatment of drug-induced agranulocytosis with
granulocyte-colony stimulating factor. Lancet 1989; ii: 55.

Effects on the gastrointestinal tract. Reversible steator-
rhoea has occurred1 with mefenamic acid; it may also provoke
colitis in patients without a history of this condition.2
1. Marks JS, Gleeson MH. Steatorrhoea complicating therapy with

mefenamic acid. BMJ 1975; 4: 442. 
2. Ravi S, et al. Colitis caused by non-steroidal anti-inflammatory

drugs. Postgrad Med J 1986; 62: 773–6.

Effects on the kidneys. Nonoliguric renal failure has occurred
in elderly patients who had had diarrhoea and vomiting while
taking mefenamic acid and had continued to take the drug. It is
normally recommended that mefenamic acid be stopped in the
event of diarrhoea and it was suggested that in these patients the
gastrointestinal toxicity had led to fluid and electrolyte depletion,
thus predisposing these patients to mefenamic acid’s nephrotox-
icity.1 There has been a subsequent report2 of nonoliguric renal
failure in elderly patients given mefenamic acid for musculoskel-
etal pain.
1. Taha A, et al. Non-oliguric renal failure during treatment with

mefenamic acid in elderly patients: a continuing problem. BMJ
1985; 291: 661–2. 

2. Grant DJ, MacConnachie AM. Mefenamic acid is more danger-
ous than most. BMJ 1995; 311: 392.

Effects on the skin. Bullous pemphigoid, together with
haemolytic anaemia and diarrhoea,1 and fixed drug eruptions2-4

have been associated with the use of mefenamic acid. Addition-
ally, Stevens-Johnson syndrome, together with cholestatic hepa-
titis and haemolytic anaemia, in one patient has been attributed
to mefenamic acid.5 It is generally recommended that mefenam-
ic acid should be withdrawn if skin reactions develop.
1. Shepherd AN, et al. Mefenamic acid-induced bullous pemphig-

oid. Postgrad Med J 1986; 62: 67–8. 
2. Wilson CL, Otter A. Fixed drug eruption associated with

mefenamic acid. BMJ 1986; 293: 1243. 
3. Long CC, et al. Fixed drug eruption to mefenamic acid: a report

of three cases. Br J Dermatol 1992; 126: 409–11. 
4. Rallis E. ‘Dalmatian dog’-like skin eruption (two cases of multi-

focal fixed drug eruption induced by mefenamic acid). J Eur
Acad Dermatol Venereol 2005; 19: 753–5. 

5. Chan JCN, et al. A case of Stevens-Johnson syndrome, choles-
tatic hepatitis and haemolytic anaemia associated with use of
mefenamic acid. Drug Safety 1991; 6: 230–4.

Overdosage. Mefenamic acid overdose has been associated
with CNS toxicity, especially with convulsions.1 Coma2,3 has
also been reported.
1. Court H, Volans GN. Poisoning after overdose with non-steroi-

dal anti-inflammatory drugs. Adverse Drug React Acute Poison-
ing Rev 1984; 3: 1–21. 

2. Gössinger H, et al. Coma in mefenamic acid poisoning. Lancet
1982; ii: 384. 

3. Hendrickse MT. Mefenamic acid overdose mimicking brainstem
stroke. Lancet 1988; ii: 1019.

Pancreatitis. A report of pancreatitis associated with
mefenamic acid.1
1. van Walraven AA, et al. Pancreatitis caused by mefenamic acid.

Can Med Assoc J 1982; 126: 894.

Porphyria. Mefenamic acid is considered to be unsafe in pa-
tients with porphyria although there is conflicting experimental
evidence of porphyrinogenicity.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics
Mefenamic acid is absorbed from the gastrointestinal
tract. Peak plasma concentrations occur about 2 to 4
hours after ingestion. The plasma elimination half-life
is reported to be about 2 to 4 hours. Mefenamic acid is
more than 90% bound to plasma proteins. It is distrib-
uted into breast milk. Mefenamic acid is metabolised
by the cytochrome P450 isoenzyme CYP2C9 to 3-hy-
droxymethyl mefenamic acid, which may then be oxi-
dised to 3-carboxymefenamic acid. Over 50% of a
dose may be recovered in the urine, as unchanged drug
or, mainly, as conjugates of mefenamic acid and its
metabolites.

Uses and Administration
Mefenamic acid, an anthranilic acid derivative, is an
NSAID (p.99), although its anti-inflammatory proper-
ties are considered to be minor. 
It is used in mild to moderate pain including headache,
dental pain, postoperative and postpartum pain, and
dysmenorrhoea, in musculoskeletal and joint disorders
such as osteoarthritis and rheumatoid arthritis, and in
menorrhagia. 

In the UK, the usual oral dose is 500 mg three times
daily. US licensed product information recommends
an initial dose of 500 mg followed by 250 mg every 6
hours as needed. In addition, in the USA, when
mefenamic acid is used in the treatment of mild to
moderate pain in adults and adolescents aged 14 years
and over, it is also recommended that it should not be
given for longer than 7 days at a time. 
For doses of mefenamic acid in children, see below.
Administration in children. In the UK, licensed product in-
formation states that mefenamic acid may be used in children for
the treatment of Still’s disease (see Juvenile Idiopathic Arthritis,
p.10) and fever; however, the BNFC does not recommend
mefenamic acid for juvenile idiopathic arthritis, nor for postop-
erative or mild to moderate pain. A suggested oral dose of
mefenamic acid for children over 6 months of age is 25 mg/kg
daily in divided doses. Treatment in children should be given for
no longer than 7 days unless they are receiving mefenamic acid
for juvenile idiopathic arthritis.

Preparations
BP 2008: Mefenamic Acid Capsules; Mefenamic Acid Tablets; 
USP 31: Mefenamic Acid Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Ponstil; Austral.: Mefic; Ponstan; Austria: Parkemed; Braz.: Ponstan;
Pontin†; Canad.: Ponstan†; Chile: Algex; Algifemin; Dolcin†; Flipal; Sicadol;
Tanston; Templadol; Fin.: Ponstan; Fr.: Ponstyl; Ger.: Parkemed†; Ponalar†;
Gr.: Acinic; Aidol; Ponstan; Vidan; Hong Kong: Dyspen†; Hamitan; Hostan;
Medicap; Mefa; Mefamic; Mefic; Namic; Napan; Pekaso; Ponstan; Pontacid;
Sefmic; Hung.: Ponmel; India: Dysmen-500†; Ponstan; Indon.: Analspec;
Asam; Asimat; Benostan; Cetalmic; Corstanal; Datan; Dolfenal; Dolos; Dys-
tan; Femisic; Fensik; Gitaramin; Lapistan; Licostan; Mectan; Mefast; Mefinal;
Mefinter; Mefix; Menin; Molasic; Nichostan; Opistan; Ponalar; Poncofen;
Pondex; Ponsamic; Ponstan; Ponstelax; Stanalin; Stanza; Stelpon; Topgesic;
Tropistan; Irl.: Mefac; Ponalgic; Ponmel; Ponstan; Ital.: Lysalgo; Malaysia:
Beafemic; Mefen†; Mefic; Namic; Napan; Pongesic†; Ponstan; Pontalon;
Mex.: Artriden; Namifen; Ponstan; NZ: Ponstan; Philipp.: Acidan; Afligec;
Analcid; Aprostal; Atmose; Calibral; Dolfenal; Dolmetine; Dolsten; Escan-
dar; Eurostan; Finox; Gardan; Gisfen; Hispen; Inflasic; Istan; Kramon; Laffed;
Mecid A; Mefenax; Metaflam; Neostan; Penomor; Ponser; Ponstan; Pontas-
er; Ralgec; Revalan; Selmac; Senflam; Spegic; Suprazen; Tynostan; Vamgesic;
Vandifen; Zanovic; ZapAn; Zestan; Pol.: Mefacit; Port.: Ponstan; S.Afr.:
Fenamin; Ponac; Ponstan; Ponstel; Singapore: Beafemic; Mefacap†; Mefe-
nix; Ponstan†; Pontalon; Pontyl†; Spain: Coslan; Switz.: mefe-basan†;
Mefenacide; Melur ; Mephadolor ; Ponstan; Spiralgine; Thai.: Conamic;
Dolfen; Dolfenal†; Dyspen†; Femen; Fenamic; Gandin; Manic; Manomic;
Masafen; Mednil; Mefa; Mefen; Mefenan; Namic; Painnox; Panamic; Pefam-
ic†; Pondnadysmen; Ponnesia; Ponstan; Prostan; Pynamic; Sefmic; Vestan;
Turk.: Ponstan; Rolan; UK: Dysman†; Ponstan; USA: Ponstel; Venez.: Pon-
stan.
Multi-ingredient: India: Cyclo-Meff; Dysmen; Dysmen Forte; Meftal
Forte; Spasmonil Forte; Spasmonil Plus; Tranfib MF; Ze-Spas; Thai.:
Difemic; Mainnox; Med-Anspasmic†.

Meloxicam (BAN, USAN, rINN)

Meloksikaami; Meloksikam; Méloxicam; Meloxicamum; Mel-
oxikam; UH-AC-62; UH-AC-62XX. 4-Hydroxy-2-methyl-N-(5-
methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-carboxamide 1,1-di-
oxide.
Мелоксикам
C14H13N3O4S2 = 351.4.
CAS — 71125-38-7.
ATC — M01AC06.
ATC Vet — QM01AC06.

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Meloxicam). A pale yellow powder. Practically insol-
uble in water; very slightly soluble in alcohol and in methyl alco-
hol; slightly soluble in acetone; soluble in dimethylformamide. 
USP 31 (Meloxicam). A pale yellow powder. Practically insolu-
ble in water; very slightly soluble in alcohol and in methyl alco-
hol; slightly soluble in acetone; soluble in dimethylformamide.
Adverse Effects and Treatment
As for NSAIDs in general, p.96.
Incidence of adverse effects. Between September 1996,
when meloxicam was first marketed in the UK, and mid-June
1998 the UK CSM had received a total of 773 reports of 1339
suspected adverse reactions for meloxicam.1 Of all the reactions
41% were gastrointestinal and of these 18% involved gastroin-
testinal perforation, ulceration and/or bleeding; the mean age of
the patients involved was 64 years. Although most patients re-
covered after withdrawal of meloxicam and/or treatment, 5 died.
A total of 193 reactions involved the skin, the most common be-
ing pruritus, rash, and urticaria. There were also reports of an-
gioedema (25), photosensitivity (12), and bullous dermatoses,
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

including erythema multiforme and Stevens-Johnson syndrome
(5). No patients died from skin reactions and most recovered af-
ter meloxicam was withdrawn. Other frequently reported reac-
tions were neurological (mostly headache), cardiovascular
(oedema and palpitations), dizziness, flushing, and fatigue. A
prescription event monitoring study has also analysed events re-
ported with meloxicam use.2 In a cohort of 19 087 patients who
had received meloxicam some time between December 1996
and March 1997, 203 patients had had 252 events considered to
be suspected adverse reactions. The majority of reactions were
not serious or were labelled adverse effects of meloxicam. Rare,
serious suspected adverse reactions included 2 reports of throm-
bocytopenia and 1 each of interstitial nephritis and idiosyncratic
liver abnormality. The most frequent gastrointestinal event was
dyspepsia; other more serious gastrointestinal events occurring
during meloxicam exposure included upper gastrointestinal
bleeding (33 reports) and peptic ulcer (19 reports). However it
was considered that the incidence of gastrointestinal disturbance
was low in the absence of gastrointestinal risk factors. Adverse
drug reactions reported during the first year of marketing of mel-
oxicam to the Swedish Medical Products Agency suggested a
similar safety profile to other NSAIDs.3 Of the 15 reports, 6 were
for gastrointestinal disturbances and 5 involved skin reactions.
1. CSM/MCA. Meloxicam (Mobic): gastrointestinal and skin reac-

tions. Current Problems 1998; 24: 13. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023231&RevisionSelectionMethod=
LatestReleased (accessed 08/11/07) 

2. Martin RM, et al. The incidence of adverse events and risk fac-
tors for upper gastrointestinal disorders associated with meloxi-
cam use amongst 19 087 patients in general practice in England:
cohort study. Br J Clin Pharmacol 2000; 50: 35–42. 

3. Anonymous. Meloxicam safety similar to other NSAIDs. WHO
Drug Information 1998; 12: 147.

Effects on the gastrointestinal tract. It is generally accept-
ed that inhibition of cyclo-oxygenase-1 (COX-1) plays a role in
the adverse gastrointestinal effects of NSAIDs, and that selective
inhibition of the other isoform, COX-2, by NSAIDs such as mel-
oxicam may cause less gastrotoxicity than that seen with the non-
selective inhibition of traditional NSAIDs. However, there has
been little convincing evidence that the risk of severe gastrointes-
tinal events is lower with meloxicam than with other NSAIDs at
equi-effective doses.1 Two large multicentre studies2,3 have re-
ported a lower incidence of gastrointestinal adverse effects with
meloxicam than with non-selective cyclo-oxygenase inhibitors
(diclofenac2 or piroxicam3) but in one of these2 the dose of mel-
oxicam given also appeared to be less effective than the reference
drug. A more recent systematic review4 also found a lower risk
of serious gastrointestinal toxicity with meloxicam 7.5 mg daily
when compared with diclofenac (100 or 150 mg daily), naproxen
(500 mg twice daily), or piroxicam (20 mg daily); however,
when given at a dose of 15 mg daily, the risk of toxicity with
meloxicam was significantly lower only when compared with
piroxicam. 
Individual case reports of gastrointestinal toxicity with meloxi-
cam included one of ischaemic colitis associated with high-dose
(15 mg daily) meloxicam treatment.5
1. Anonymous. Meloxicam—a safer NSAID? Drug Ther Bull

1998; 36: 62–4. 
2. Hawkey C, et al. Gastrointestinal tolerability of meloxicam com-

pared to diclofenac in osteoarthritis patients. Br J Rheumatol
1998; 37: 937–45. 

3. Dequeker J, et al. Improvement in gastrointestinal tolerability of
the selective cyclooxygenase (COX)-2 inhibitor, meloxicam,
compared with piroxicam: results of the safety and efficacy
large-scale evaluation of COX-inhibiting therapies (SELECT)
trial in osteoarthritis. Br J Rheumatol 1998; 37: 946–51. 

4. Singh G, et al. Risk of serious upper gastrointestinal and cardio-
vascular thromboembolic complications with meloxicam. Am J
Med 2004; 117: 100–106. 

5. Garcia B, et al. Ischaemic colitis in a patient taking meloxicam.
Lancet 2001; 357: 690.

Precautions
As for NSAIDs in general, p.98. 
Meloxicam should be avoided in severe hepatic impairment, in
bleeding disorders, and in patients with renal failure unless re-
ceiving dialysis. Rectal use should be avoided in patients with a
history of proctitis, haemorrhoids, or rectal bleeding.
Renal impairment. The pharmacokinetics of meloxicam were
not substantially altered in patients with a creatinine clearance
(CC) of 41 to 60 mL/minute compared with those with normal
renal function.1 In those with a CC of 20 to 40 mL/minute, total
plasma-meloxicam concentrations were lower but meloxicam
free fractions were higher. Such free meloxicam concentrations
were similar to the other groups. On the basis of these results, it
was suggested that it was not necessary to reduce meloxicam
doses in patients with a CC greater than 20 mL/minute.
1. Boulton-Jones JM, et al. Meloxicam pharmacokinetics in renal

impairment. Br J Clin Pharmacol 1997; 43: 35–40.

Interactions
For interactions associated with NSAIDs, see p.99. 
Colestyramine increases the clearance and decreases the half-life
of meloxicam.
Pharmacokinetics
Meloxicam is well absorbed after oral or rectal doses with peak
plasma concentrations reached in up to 6 hours. It is 99% bound
to plasma proteins. Meloxicam has a plasma-elimination half-

life of about 20 hours. It is extensively metabolised, mainly by
oxidation to its major metabolite, 5′-carboxymeloxicam. In vitro
studies suggest that the cytochrome P450 isoenzyme CYP2C9
plays an important role in the metabolism of meloxicam with
CYP3A4 involved to a lesser degree. Meloxicam, in the form of
metabolites, is excreted in similar amounts in the urine and in the
faeces; less than 5% of a dose is excreted unchanged. The vol-
ume of distribution is increased in renal failure.

◊ References.
1. Narjes H, et al. Pharmacokinetics and tolerability of meloxicam

after i.m. administration. Br J Clin Pharmacol 1996; 41: 135–9. 
2. Türck D, et al. Clinical pharmacokinetics of meloxicam. Arzne-

imittelforschung 1997; 47: 253–8. 
3. Davies NM, Skjodt NM. Clinical pharmacokinetics of meloxi-

cam: a cyclooxygenase-2 preferential nonsteroidal anti-inflam-
matory drug. Clin Pharmacokinet 1999; 36: 115–26. 

4. Meineke I, Türck D. Population pharmacokinetic analysis of
meloxicam in rheumatoid arthritis patients. Br J Clin Pharmacol
2003; 55: 32–8. 

5. Burgos-Vargas R, et al. Pharmacokinetics of meloxicam in pa-
tients with juvenile rheumatoid arthritis. J Clin Pharmacol 2004;
44: 866–72.

Renal impairment. For reference to the pharmacokinetics of
meloxicam in renal impairment, see under Precautions, above.

Uses and Administration
Meloxicam, an oxicam derivative, is an NSAID (p.99). It is re-
ported to be a selective inhibitor of cyclo-oxygenase-2 (COX-2).
Meloxicam is used in the management of rheumatoid arthritis,
for the short-term symptomatic treatment of acute exacerbations
of osteoarthritis, and for the symptomatic treatment of ankylos-
ing spondylitis. It may also be used in the treatment of juvenile
idiopathic arthritis. 
In the treatment of rheumatoid arthritis and ankylosing spondyli-
tis, meloxicam is given in a usual oral dose of 15 mg daily as a
single dose. Those with an increased risk of adverse reactions
should be started on 7.5 mg daily. A dose of 7.5 mg daily is rec-
ommended for long-term treatment in the elderly. In the treat-
ment of acute exacerbations of osteoarthritis the usual oral daily
dose of meloxicam is 7.5 mg, increased if necessary to a maxi-
mum of 15 mg daily given as a single dose. 
For dosage details in children see below. 
Meloxicam may be given by rectal suppository in doses similar
to those used orally but use should be limited to the shortest time
possible. 
For the dose of meloxicam in patients with renal impairment, see
below.

Administration in children. In the USA, meloxicam is used
in the treatment of juvenile idiopathic arthritis in children aged 2
years  and over.  The  recommended ora l  dose  is
125 micrograms/kg once daily, up to a maximum of 7.5 mg dai-
ly. In the UK, licensed product information states that meloxicam
should not be used in children aged under 15 years; however, the
BNFC has suggested the following oral doses, according to
body-weight, in those aged 12 to 18 years who are intolerant of
other NSAIDs: 
• less than 50 kg: 7.5 mg once daily 
• over 50 kg: 15 mg once daily

Administration in renal impairment. Meloxicam is nor-
mally contra-indicated in patients with severe renal impairment.
However, in dialysed patients, meloxicam may be given in a
dose of 7.5 mg daily by mouth or by rectal suppository. No dose
reduction is required in those with mild to moderate renal impair-
ment (creatinine clearance of greater than 25 mL/min).

Musculoskeletal and joint disorders. Meloxicam is used in
the treatment of osteoarthritis (see p.11), rheumatoid arthritis
(see p.11) including juvenile idiopathic arthritis (p.10), and anky-
losing spondylitis (see Spondyloarthropathies, p.13). However,
in the UK, the use of meloxicam and other selective cyclo-oxy-
genase-2 (COX-2) inhibitors is limited to those patients with
good cardiovascular health and at high risk of developing serious
gastrointestinal problems if given a non-selective NSAID (see
p.97). 
References.
1. Lemmel EM, et al. Efficacy and safety of meloxicam in patients

with rheumatoid arthritis. J Rheumatol 1997; 24: 282–90. 
2. Yocum D, et al. Safety and efficacy of meloxicam in the treat-

ment of osteoarthritis: a 12-week, double-blind, multiple-dose,
placebo-controlled trial. The Meloxicam Osteoarthritis Investi-
gators. Arch Intern Med 2000; 160: 2947–54. 

3. Combe B, et al. Comparison of intramuscular and oral meloxi-
cam in rheumatoid arthritis patients. Inflamm Res 2001; 50 (sup-
pl 1): S10–16. 

4. Fleischmann R, et al. Meloxicam. Expert Opin Pharmacother
2002; 3: 1501–12.

Veterinary use. For the suggestion that meloxicam should be
used as an alternative to diclofenac in cattle in South Asia (to
reduce toxicity to vultures who may consume their carcasses),
see under Precautions of Diclofenac, p.45

Preparations
BP 2008: Meloxicam Tablets; 
USP 31: Meloxicam Oral Suspension; Meloxicam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Bronax; Dominadol; Flexidol; Flexium; Loxitenk; Meloxid†; Mera-
piran†; Mextran; Miogesil†; Miolox; Mobic; Skudal†; Telaroid; Tenaron; Aus-
tral.: Mobic; Movalis; Moxicam; Austria: Melodyn; Meloxistad; Metosan;
Movalis; Belg.: Docmeloxi; Mobic; Braz.: Alivian; Artritec†; Bioflac; Dia-
tec†; Dormelox; Flamatec; Inicox; Leutrol; Lonaflam†; Loxam; Loxiflan; Me-
locox; Melonan†; Melonax†; Melotec; Meloxigran; Meloxil; Mevamox; Mo-
vacox†; Movatec; Movoxicam; Canad.: Mobicox; Chile: Anposel; Ecax;
Hyflex; Isox; Melic; Melodol; Mexan; Mexilal; Mibloc FT; Mobex; Sition;
Tenaron; Zix†; Cz.: Artrilom; Duplicam; Galoxiway; Melobax; Melocox;
Melovis; Meloxistad; Movalis; Recoxa; Denm.: Mobic; Fin.: Latonid; Mobic;
Fr.: Mobic; Ger.: Mobec; Gr.: Arsitec; Arthrox; Auroxicam; Brosiral; Doc-
tinon; Examel; Farmelox; Flumidon; Iamaxicam; Iaten; Iconal; Infomel; Loxi-
tan; Mecalox; Medoxicam; Melice; Melocalm; Melock; Melocox; Melodin;
Meloprol; Melorilif; Melotec; Melotop; Meloxil; Meloxitor; Meomel; Mo-
vatec; Movaxin; Moxalid; Notpel; Partial; Philipon-S; Rentilox; Reumotec;
Reumotherm; Sanetron; Saniflam; Starmelox; Supercad; Transantor; Tro-
pofin; Valoxin; Vexicam; Zametrixal; Zerelin; Hong Kong: Melflam; Melox;
Mobic; Hung.: Camelox; Melodyn; Melogen; Meloxan; Meloxep; Movalis;
Moxicam; Noflamen; India: Mel-OD; Melflam; Melstar†; Indon.: Artrilox;
Flamoxi; Loxinic; Mecox; Meloxin; Mevilox; Mexpharm; Mobiflex; Movi-
Cox; Movix; Moxam; Moxic; Nulox; Ostelox; Velcox; X-Cam; Irl.: Areloger;
Melcam; Mobic; Mobiglan; Movox; Ital.: Leutrol; Mobic; Jpn: Mobic; Ma-
laysia: Mel-OD; Melocam; Melox; Mobic; Rafree; Mex.: Aflamid; Anfla-
tox†; Anpre; Auricam; Dolocam; Exel; Flexiver; Flexol; Lexpram; Loxam;
Loxibach; Loxibest; Masflex†; Mavicam; Maxoflam; Meflen; Melarthryl; Mel-
ican; Melosteral; Menflixil; Mobicox; Promotion; Reosan; Retoflam; Neth.:
Movalis; Movicox; Norw.: Mobic; NZ: Mobic; Philipp.: Melora; Mobic;
Pol.: Aglan; Aspicam; Lormed; Meloksam; Melokssia; Meloxic; MeloxiLek;
Meloxistad; Movalis; Port.: Marlex; Melpor; Movalis; Ziloxican†; Rus.: Lem
(Лем); Melokan (Мелокан); Melox (Мелокс); Mirlox (Мирлокс); Movalis
(Мовалис); Movasin (Мовасин); S.Afr.: Coxflam; Flexocam; Loxiflam; Mel-
flam; Mobic; Singapore: Melox; Mobic; Spain: Aliviodol; Movalis; Parocin;
Uticox; Swed.: Latonid†; Mobic; Switz.: Mobicox; Zilutrol†; Thai.: Mel-
cam; Melobic; Melox; Mobic; Turk.: Exen; Melox; Mobic; Zeloxim; UK: Mo-
bic; USA: Mobic; Venez.: Biomelox; Calmox†; Mecox†; Melonax; Melovax;
Mobic; Mowin†; Taucaron.
Multi-ingredient: Arg.: Flexidol Relax; Mextran Flex; India: Melodol;
Mex.: Dolocam Plus; Dolocartigen; Dorsal; Flexamol; Nuro-B; Retoflam F.

Meptazinol Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de meptazinol; IL-22811 (meptazinol); Meptazinol,
Chlorhydrate de; Meptazinoli Hydrochloridum; Wy-22811
(meptazinol). 3-(3-Ethyl-1-methylperhydroazepin-3-yl)phenol
hydrochloride.
Мептазинола Гидрохлорид
C15H23NO,HCl = 269.8.
CAS — 54340-58-8 (meptazinol); 59263-76-2 (meptazi-
nol hydrochlor ide); 34154-59-1 (±-meptazinol hydrochlo-
r ide).

(meptazinol)

Pharmacopoeias. In Br. 
BP 2008 (Meptazinol Hydrochloride). A white or almost white
powder. Very soluble in water and in methyl alcohol; freely sol-
uble in alcohol; very slightly soluble in acetone; dissolves in di-
lute solutions of alkali hydroxides. Store at a temperature not ex-
ceeding 25°.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.
◊ In assessing the dependence potential of meptazinol, a WHO
expert committee1 noted in 1989 that abrupt discontinuation of
chronic meptazinol use precipitated only slight withdrawal signs
in animals and that meptazinol did not suppress opioid with-
drawal signs and symptoms in humans dependent on morphine.
Abuse had not been reported. They considered that the likelihood
of abuse was moderate and that international control was not
warranted at that time.
1. WHO. WHO expert committee on drug dependence: twenty-

fifth report. WHO Tech Rep Ser 775 1989. Also available at:
http://libdoc.who.int/trs/WHO_TRS_775.pdf (accessed 26/06/08)

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102. 
Gastrointestinal adverse effects are commonly report-
ed with meptazinol and include abdominal pain, con-
stipation, dyspepsia, diarrhoea, and nausea and vomit-
ing. Meptazinol is claimed to have a low incidence of
respiratory depression; nonetheless, UK licensed prod-
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uct information states that it should not be used in pa-
tients with acute respiratory depression. There have
been occasional reports of psychiatric disorders such as
hallucinations, confusion, and depression. As meptazi-
nol has both antagonist and agonist properties its ef-
fects may be only partially reversed by naloxone, but
use of the latter is still recommended in overdosage. 
Meptazinol has the potential to precipitate withdrawal
symptoms if given to patients who are physically de-
pendent on opioids.
Abuse. See under Dependence and Withdrawal, above.

Effects on the respiratory system. Meptazinol is said to
have a relatively low potential for respiratory depression and in
healthy subjects was reported to produce substantially less respi-
ratory depression than morphine or pentazocine at usual analge-
sic doses.1 However, respiratory depression does occur in anaes-
thetised patients given meptazinol2 and the effects on respiration
may be similar to those of morphine3,4 or pethidine.5,6 Compen-
satory mechanisms may come into play after repeated doses of
meptazinol but the intravenous use of meptazinol during anaes-
thesia should be viewed with as much caution as with any other
opioid.6 
Respiratory arrest occurred after an overdose of 50 meptazinol
200-mg tablets and a quarter of a bottle of whisky.7 Full recovery
eventually followed supportive measures although spontaneous
respiration was not re-established by naloxone intravenously to a
cumulative total dose of 10 mg.
1. Jordan C, et al. A comparison of the respiratory effects of

meptazinol, pentazocine and morphine. Br J Anaesth 1979; 51:
497–502. 

2. Hardy PAJ. Meptazinol and respiratory depression. Lancet 1983;
ii: 576. 

3. Frater RAS, et al. Analgesia-induced respiratory depression:
comparison of meptazinol and morphine in the postoperative pe-
riod. Br J Anaesth 1989; 63: 260–5. 

4. Verborgh C, Camu F. Post-surgical pain relief with zero-order
intravenous infusions of meptazinol and morphine: a double-
blind placebo-controlled evaluation of their effects on ventila-
tion. Eur J Clin Pharmacol 1990; 38: 437–42. 

5. Wilkinson DJ, et al. Meptazinol—a cause of respiratory depres-
sion in general anaesthesia. Br J Anaesth 1985; 57: 1077–84. 

6. Lee A, Drummond GB. Ventilatory effects of meptazinol and
pethidine in anaesthetised patients. Br J Anaesth 1987; 59:
1127–33. 

7. Davison AG, et al. Meptazinol overdose producing near fatal res-
piratory depression. Hum Toxicol 1987; 6: 331.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Plasma concentrations of meptazinol may be increased
by ritonavir and use together should be avoided (see
also p.103).

Pharmacokinetics
After oral doses of meptazinol peak plasma concentra-
tions have been achieved within 0.5 to 2 hours, but bio-
availability is low since it undergoes extensive first-
pass metabolism. Systemic availability is improved af-
ter rectal doses. Peak plasma concentrations have been
achieved 30 minutes after rectal or intramuscular use.
Plasma protein binding has averaged only about 27%.
Elimination half-lives of about 2 hours have been re-
ported. Meptazinol is extensively metabolised in the
liver and is excreted mainly in the urine as the glucuro-
nide conjugate. Less than 10% of a dose has been re-
covered from the faeces. Meptazinol crosses the pla-
centa.
◊ References.
1. Franklin RA, et al. Studies on the metabolism of meptazinol, a

new analgesic drug. Br J Clin Pharmacol 1976; 3: 497–502. 
2. Franklin RA, et al. Studies on the absorption and disposition of

meptazinol following rectal administration. Br J Clin Pharmacol
1977; 4: 163–7. 

3. Davies G, et al. Pharmacokinetics of meptazinol in man follow-
ing repeated intramuscular administration. Eur J Clin Pharma-
col 1982; 23: 535–8. 

4. Norbury HM, et al. Pharmacokinetics of the new analgesic,
meptazinol, after oral and intravenous administration to volun-
teers. Eur J Clin Pharmacol 1983; 25: 77–80. 

5. Murray GR, et al. The systemic availability of meptazinol in man
after oral and rectal doses. Eur J Clin Pharmacol 1989; 36:
279–82.

The elderly. A lower clearance and longer elimination half-life
has been reported for meptazinol in elderly patients, but dosage
reduction was not considered warranted on pharmacokinetic
grounds. Mean half-lives in elderly and young subjects were

3.39 and 1.94 hours, respectively after single oral doses1 and 2.93
and 2.06 hours, respectively after intravenous doses.2

1. Norbury HM, et al. Pharmacokinetics of meptazinol after single
and multiple oral administration to elderly patients. Eur J Clin
Pharmacol 1984; 27: 223–6. 

2. Murray GR, et al. Pharmacokinetics of meptazinol after
parenteral administration in the elderly. Eur J Clin Pharmacol
1987; 31: 733–6.

Hepatic impairment. Oral bioavailability of meptazinol
appeared to be enhanced in patients with liver disease. After
a single oral dose of meptazinol mean peak plasma
concentrations were 184 nanograms/mL, 131 nanograms/mL,
and 53 nanograms/mL in cirrhotic patients, patients with non-
cirrhotic liver disease, and patients with normal liver function,
respectively, although there was no evidence of accumulation af-
ter chronic dosing.1 There were no significant differences in plas-
ma clearance after an intravenous dose. Reduced oral doses of
meptazinol might be advisable in cirrhotic patients.
1. Birnie GG, et al. Enhanced oral bioavailability of meptazinol in

cirrhosis. Gut 1987; 28: 248–54.

Pregnancy. In women given an intramuscular injection of 100
to 150 mg during labour, meptazinol was found to cross the pla-
centa readily but was rapidly eliminated from the neonate.1 This
contrasted with pethidine which was known to be excreted very
slowly from neonates. As in the adult, elimination of meptazinol
by the neonate appeared to take place mainly by conjugation
with glucuronic acid.2 A half-life of 3.4 hours, similar to that in
adults, has been reported in the neonate,3 in contrast to 22.7 hours
for pethidine in neonates. 
Disposition of meptazinol appears not to be significantly affected
by pregnancy. Mean half-lives of 1.36 and 1.68 hours were re-
ported in pregnant and non-pregnant women, respectively,4 com-
pared with 2.06 hours in men.
1. Franklin RA, et al. Preliminary studies on the disposition of

meptazinol in the neonate. Br J Clin Pharmacol 1981; 12:
88–90. 

2. Dowell PS, et al. Routes of meptazinol conjugation in the ne-
onate. Br J Clin Pharmacol 1982; 14: 748–9. 

3. Jackson MBA, Robson PJ. Preliminary clinical and pharmacok-
inetic experiences in the newborn when meptazinol is compared
with pethidine as an obstetric analgesic. Postgrad Med J 1983;
59 (suppl 1): 47–51. 

4. Murray GR, et al. The disposition of meptazinol after single and
multiple intravenous administration to pregnant and non-preg-
nant women. Eur J Clin Pharmacol 1989; 36: 273–7.

Uses and Administration
Meptazinol is a mixed opioid agonist and antagonist
with partial opioid agonist activity at the μ1 opioid re-
ceptor (see p.104); it also has cholinergic activity.
Meptazinol is used in the treatment of moderate to se-
vere pain. It has a shorter duration of action than mor-
phine. 
Meptazinol hydrochloride is given orally or by intra-
muscular or intravenous injection; doses are expressed
in terms of the base. Meptazinol hydrochloride
115.6 mg is equivalent to about 100 mg of meptazinol.
For the short-term treatment of moderate pain meptazi-
nol is given in an oral dose of 200 mg every 3 to 6
hours, as required. The intramuscular dose is 75 to
100 mg given every 2 to 4 hours, as required; for ob-
stetric pain a dose of 2 mg/kg (100 to 150 mg) may be
used. Meptazinol is also given by slow intravenous in-
jection in doses of 50 to 100 mg every 2 to 4 hours, as
required.
Administration. EPIDURAL ROUTE.  Epidural meptazinol
90 mg for postoperative pain was reported to be superior to an
intramuscular dose of 90 mg.1 However, in another study2 a
30-mg dose was ineffective and associated with an unaccept-
able incidence of adverse effects. A 60-mg dose was also
found to be ineffective because of its short duration of action.3 
UK licensed product information states that the injectable formu-
lation is not suitable for epidural or intrathecal use.
1. Verborgh C, et al. Meptazinol for postoperative pain relief in

man: comparison of extradural and im administration. Br J
Anaesth 1987; 59: 1134–9. 

2. Francis RI, Lockhart AS. Epidural meptazinol. Anaesthesia
1986; 41: 88–9. 

3. Birks RJS, Marsh DRG. Epidural meptazinol. Anaesthesia 1986;
41: 883.

Administration in hepatic impairment. See under Phar-
macokinetics, above for a suggestion that doses may need to be
reduced in patients with cirrhosis.

Preparations
BP 2008: Meptazinol Injection; Meptazinol Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Meptidol†; Ger.: Meptid; Irl.: Meptid; UK: Meptid.

Methadone Hydrochloride 

(BANM, pINNM) ⊗ 
Amidine Hydrochloride; Amidone Hydrochloride; Hidrocloruro
de amidina; Hidrocloruro de metadona; Metadon Hidroklorür;
Metadon-hidroklorid; Metadonhydroklorid; Metadonihydroklori-
di; Metadono hidrochloridas; Metadonu chlorowodorek; Metha-
don hydrochlorid; Méthadone, chlorhydrate de; (±)-Methadone
Hydrochloride; Methadoni hydrochloridum; Phenadone. (±)-6-
Dimethylamino-4,4-diphenylheptan-3-one hydrochloride.
Метадона Гидрохлорид
C21H27NO,HCl = 345.9.
CAS — 76-99-3 (methadone); 297-88-1 (±methadone);
1095-90-5 (methadone hydrochloride); 125-56-4 (±meth-
adone hydrochlor ide).
ATC — N07BC02.
ATC Vet — QN07BC02.

(methadone)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of methadone: 
Amidone; Balloons; Breeze; Burdock; Buzz bomb; Dollies;
Dolls; Done; Doses; Fizzies; Juice; Jungle juice; Junk; Meta;
Mud; Phy; Phyamps; Tootsie roll.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Methadone Hydrochloride). A white or almost
white, crystalline powder. Soluble in water; freely soluble in al-
cohol. Protect from light. 
USP 31 (Methadone Hydrochloride). Odourless colourless
crystals or white crystalline powder. Soluble in water; freely sol-
uble in alcohol and in chloroform; practically insoluble in ether
and in glycerol. pH of a 1% solution in water is between 4.5 and
6.5. Store in airtight containers at a temperature of 25°, excur-
sions permitted between 15° and 30°. Protect from light.
Incompatibility. There appears to be adequate evidence that
stable solutions containing methadone hydrochloride and hy-
droxybenzoate esters can be formulated but the risk of precipita-
tion exists if syrup preserved with hydroxybenzoates is used to
extemporaneously prepare a methadone mixture 1 mg/mL to the
DTF formula.1 An oral formulation of methadone hydrochloride
5 mg/mL containing methyl hydroxybenzoate 0.1% as preserva-
tive rather than chloroform has been reported stable for at least 4
months at room temperature.2
1. PSGB Lab Report P/80/1 1980. 
2. Ching MS, et al. Stability of methadone mixture with methyl hy-

droxybenzoate as a preservative. Aust J Hosp Pharm 1989; 19:
159–61.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Methadone withdrawal symptoms are similar to, but
more prolonged than, those produced by morphine or
diamorphine. They develop more slowly and do not
usually appear until 3 to 4 days after the last dose. 
Methadone is used for substitution therapy in the man-
agement of opioid dependence (see Uses and Admin-
istration, below) including neonatal abstinence syn-
drome (see Administration in Children, below).

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
Methadone has a more prolonged effect than morphine
and readily accumulates with repeated doses. It may
have a relatively greater respiratory depressant effect
than morphine and, although reported to be less sedat-
ing, repeated doses of methadone may result in marked
sedation. QT prolongation and torsade de pointes have
been reported rarely with methadone use, particularly
at doses above 100 mg daily. After gross overdosage
symptoms are similar to those of morphine poisoning.
Pulmonary oedema after overdosage is a common
cause of fatalities among addicts. 
Methadone causes pain at injection sites; subcutaneous
injection causes local tissue irritation and induration.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the cardiovascular system. Methadone prolongs
the QT interval and has rarely been associated with torsade de
pointes. In a retrospective case series,1 17 patients on high-dose
methadone (mean daily dose of 397 mg) developed torsade de
pointes; of these, 14 had potential risk factors for arrhythmia and
6 had had their dose increased within the last month. In another
study2 torsade de pointes developed in 5 patients taking metha-
done (mean daily dose 268 mg); however, they all had other con-
tributing risk factors. Other studies3,4 did not find instances of
torsade de pointes and the increase in QT interval was considered
clinically insignificant; in one study,4 the mean daily dose of
methadone was 110 mg and some patients also had risk factors
for arrhythmia. 
For a report of QT interval prolongation in an infant born to a
mother on maintenance methadone therapy for opioid addiction,
see Pregnancy, below. 
In a small case-controlled study of sudden cardiac deaths,5 the
prevalence of underlying cardiac disease or structural abnormal-
ities was lower in the 22 cases with evidence of therapeutic meth-
adone levels when compared with the 106 cases without evi-
dence of methadone use. The authors considered that the low
prevalence of cardiac risk factors in the methadone group sug-
gested a role for methadone itself in the pathogenesis of sudden
death in this group.
1. Krantz MJ, et al. Torsade de pointes associated with very-high-

dose methadone. Ann Intern Med 2002; 137: 501–4. 
2. Sticherling C, et al. Methadone-induced torsade de pointes tach-

ycardias. Swiss Med Wkly 2005; 135: 282–5. 
3. Martell BA, et al. The impact of methadone induction on cardiac

conduction in opiate users. Ann Intern Med 2003; 139: 154–5. 
4. Cruciani RA, et al. Measurement of QTc in patients receiving

chronic methadone therapy. J Pain Symptom Manage 2005; 29:
385–91. 

5. Chugh SS, et al. A community-based evaluation of sudden death
associated with therapeutic levels of methadone. Am J Med
2008; 121: 66–71.

Effects on the endocrine system. Hypoadrenalism has been
found in chronic methadone addicts. Findings consistent with
deficient ACTH production and subsequent secondary hypoad-
renalism have been reported1 although there is also evidence2 of
methadone-induced primary adrenal cortical hypofunction. 
Hyperprolactinaemia and galactorrhoea have also been report-
ed.3 See also Effects on Sexual Function, below.
1. Dackis CA, et al. Methadone induced hypoadrenalism. Lancet

1982; ii: 1167. 
2. Pullan PT, et al. Methadone-induced hypoadrenalism. Lancet

1983; i: 714. 
3. Bennett J, Whale R. Galactorrhoea may be associated with meth-

adone use. BMJ 2006; 332: 1071.

Effects on the nervous system. Choreic movements oc-
curred in a 25-year-old man on long-term methadone mainte-
nance treatment of 45 to 60 mg daily for diamorphine addiction.1
Similar adverse effects were seen in a 41-year-old woman taking
5 mg methadone four times daily for complex regional pain syn-
drome.2 In both cases, symptoms resolved when methadone was
stopped.
1. Wasserman S, Yahr MD. Choreic movements induced by the use

of methadone. Arch Neurol 1980; 37: 727–8. 
2. Clark JD, Elliott J. A case of a methadone-induced movement

disorder. Clin J Pain 2001; 17: 375–7.

Effects on the respiratory system. Sleep apnoea has been
reported1,2 in patients on stable methadone maintenance treat-
ment.
1. Teichtahl H, et al. Sleep-disordered breathing in stable metha-

done programme patients: a pilot study. Addiction 2001; 96:
395–403. 

2. Wang D, et al. Central sleep apnea in stable methadone mainte-
nance treatment patients. Chest 2005; 128: 1348–56.

Effects on sexual function. Sexual performance was im-
paired in 29 male diamorphine addicts receiving methadone
maintenance therapy.1 The function of secondary sex organs was
markedly suppressed when compared with untreated diamor-
phine addicts or controls and serum-testosterone concentrations
were 43% lower in those on methadone. However, in a more re-
cent study2 in 92 opioid addicts also receiving methadone main-
tenance, rates of sexual dysfunction (erectile, libido, and orgasm
dysfunction) were found to be similar to that of the general pop-
ulation. Rates of dysfunction between patients just started on
methadone and those on methadone for at least 60 days were not
significantly different although new patients generally had lower
rates. Mean plasma levels of testosterone and prolactin were
within normal ranges and although 8 individuals had low testo-
sterone levels, only 1 case of dysfunction was reported in this
group.
1. Cicero TJ, et al. Function of the male sex organs in heroin and

methadone users. N Engl J Med 1975; 292: 882–7. 
2. Brown R, et al. Methadone maintenance and male sexual dys-

function. J Addict Dis 2005; 24: 91–106.

Overdosage. Most cases of methadone poisoning occur in per-
sons not on maintenance,1-4 particularly children or family mem-
bers of maintenance patients.1 Methadone is highly toxic to any-
one who is not tolerant to opioids; 50 to 100 mg can be life-
threatening in non-tolerant adults and 10 mg can be fatal in a
young child.1 Furthermore, life-threatening toxicity from oral
doses as low as 5 mg has been reported in children.2,4 
Various groups5,6 have found that the risk of death from metha-
done toxicity is greatest during the first 2 weeks of maintenance

therapy. This has been attributed to the difficulty in determining
a safe and effective starting dose of methadone and unreliable
accounts of a patient’s recent drug use.
1. Harding-Pink D. Opioid toxicity: methadone: one person’s

maintenance dose is another’s poison. Lancet 1993; 341: 665–6. 
2. Aronow R, et al. Childhood poisoning: an unfortunate conse-

quence of methadone availability. JAMA 1972; 219: 321–4. 
3. Zador DA, Sunjic SD. Methadone-related deaths and mortality

rate during induction into methadone maintenance, New South
Wales, 1996. Drug Alcohol Rev 2002; 21: 131–6. 

4. Sachdeva DK, Stadnyk JM. Are one or two dangerous? Opioid
exposure in toddlers. J Emerg Med 2005; 29: 77–84. 

5. Caplehorn JRM, Drummer OH. Mortality associated with New
South Wales methadone programs in 1994: lives lost and saved.
Med J Aust 1999; 170: 104–9. 

6. Buster MCA, et al. An increase in overdose mortality during the
first 2 weeks after entering or re-entering methadone treatment
in Amsterdam. Addiction 2002; 97: 993–1001.

Precautions
As for Opioid Analgesics in general, p.103. 
Methadone should be given with caution to patients at
risk of developing prolongation of the QT interval in-
cluding those with cardiac or hepatic disease, with hy-
pokalaemia or other electrolyte imbalance, or with a
family history of sudden death. It should also be used
with caution in patients who are taking other potential-
ly arrhythmogenic drugs, drugs likely to cause electro-
lyte imbalance, or drugs that inhibit the cytochrome
P450 isoenzyme CYP3A4 (see under Interactions, be-
low). ECG monitoring is recommended before starting
methadone treatment in these patients, with a further
test at dose stabilisation. ECG monitoring is also rec-
ommended before and at 7 days after dose titration
above 100 mg daily in patients without recognised risk
factors.
Administration. Methadone has a long half-life and accumu-
lation may occur with repeated doses, especially in elderly or de-
bilitated patients. An 81-year-old woman given methadone 5 mg
three times daily orally for 2 days became deeply unconscious
but awoke immediately when given naloxone 400 micrograms
intravenously.1 
Sudden death in 10 diamorphine addicts occurred between 2 and
6 days after starting a methadone maintenance programme.2 The
mean prescribed dose of methadone at the time of death had been
about 60 mg. There was evidence of chronic persistent hepatitis
in all cases and liver disease could have reduced methadone
clearance resulting in higher than expected blood concentrations.
Liver function tests and urine testing for the presence of drugs
before entry into methadone maintenance programmes, and low-
er starting doses, might decrease the likelihood of such deaths.
Like dextropropoxyphene, methadone has membrane stabilising
activity and can block nerve conduction, and it was suggested3

that the sudden deaths were mainly due to accumulation of meth-
adone over several days resulting in complications such as cardi-
ac arrhythmias or cardiovascular collapse (above). See also
Overdosage, above. 
For the effects of hepatic and renal impairment on the disposition
of methadone, see under Pharmacokinetics, below.
1. Symonds P. Methadone and the elderly. BMJ 1977; i: 512. 
2. Drummer OH, et al. Deaths of heroin addicts starting on a meth-

adone maintenance programme. Lancet 1990; 335: 108. 
3. Wu C, Henry JA. Deaths of heroin addicts starting on methadone

maintenance. Lancet 1990; 335: 424.

Breast feeding. The American Academy of Pediatrics consid-
ers that the use of methadone in breast-feeding mothers is usually
compatible with breast feeding.1 The BNF also permits breast
feeding by mothers on methadone maintenance although the
dose should be as low as possible and the infant monitored to
avoid sedation. Others have suggested that the amount of meth-
adone in breast milk is unlikely to have any pharmacological ef-
fect on the infant.2-8 However, in the past, there has been a report
of the death of a 5-week-old breast-fed infant whose mother was
on methadone maintenance.9
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08) 

2. Blinick G, et al. Methadone assays in pregnant women and prog-
eny. Am J Obstet Gynecol 1975; 121: 617–21. 

3. Wojnar-Horton RE, et al. Methadone distribution and excretion
into breast milk of clients in a methadone maintenance pro-
gramme. Br J Clin Pharmacol 1997; 44: 543–7. 

4. Geraghty B, et al. Methadone levels in breast milk. J Hum Lact
1997; 13: 227–30. 

5. McCarthy JJ, Posey BL. Methadone levels in human milk. J
Hum Lact 2000; 16: 115–20. 

6. Begg EJ, et al. Distribution of R- and S-methadone into human
milk during multiple, medium to high oral dosing. Br J Clin
Pharmacol 2001; 52: 681–5. 

7. Jansson LM, et al. Methadone maintenance and breastfeeding in
the neonatal period. Pediatrics 2008; 121: 106–14. 

8. Jansson LM, et al. Methadone maintenance and long-term lacta-
tion. Breastfeed Med 2008; 3: 34–7. 

9. Smialek JE, et al. Methadone deaths in children. JAMA 1977;
238: 2516–17.

Pregnancy. Methadone is not recommended for use in labour
because its prolonged duration of action increases the risk of ne-
onatal respiratory depression. 
Neonatal abstinence syndrome and low birth-weight are imme-
diate problems in infants born to women receiving methadone
for the management of opioid addiction; increased still-birth
rates have also been noted.1-3 In the neonatal period moderate to
severe opioid abstinence syndrome occurred in 75% of infants in
a study,2 as well as reduced head circumference and raised systo-
lic blood pressure. At follow-up over 18 months these children
had a higher incidence of otitis media, of reduced head circum-
ference, and of abnormal eye findings when compared with
drug-free controls. Neurobehavioural abnormalities and lower
scores on mental and motor developmental indices were thought
to be possible predictors of later learning and behavioural prob-
lems. In a later study,4 the use of methadone alone during preg-
nancy as part of a maintenance program was claimed to increase
the risk of prematurity twofold, of intra-uterine growth retarda-
tion fourfold, and of microcephaly threefold when compared
with a normal population. In addition, in those mothers who con-
tinued to abuse other drugs, as well as receive methadone, the
risks of these events were further increased. However, an earlier
study5 has reported that methadone or diamorphine had no spe-
cific effect on intra-uterine and postnatal growth. 
The relationship between maternal methadone dose and the inci-
dence and severity of neonatal abstinence syndrome is unclear.
Although a retrospective study6 found a correlation in some
pregnancies, others7,8 did not and there was no evidence of an
increased incidence of neonatal withdrawal symptoms even with
high maternal doses of 100 mg or more daily.8 
A small retrospective study9 comparing the use of methadone
during pregnancy for the treatment of chronic pain with use in
maintenance therapy for opioid addiction found a lower inci-
dence of neonatal abstinence syndrome and better growth pa-
rameters in infants born to the former group of mothers; howev-
er, a higher rate of slight prematurity was also found in this group
of infants. The authors suggested that lower maternal doses and
shorter durations of treatment may account for the favourable
findings, in addition to better maternal health, nutrition, and so-
cio-economic status. 
Clinically significant prolongation of the QT interval has been
reported10 in an infant born to a mother taking methadone 50 mg
daily for maintenance therapy; the infant had mild withdrawal
symptoms and follow-up at 2 months of age was normal.
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Interactions
For interactions associated with opioid analgesics, see
p.103. 
Methadone is metabolised in the liver mainly via the
cytochrome P450 isoenzyme CYP3A4; the isoen-
zymes CYP2B6, CYP2D6, CYP2C9, CYP2C19, and
CYP1A2 are also thought to be involved. Consequent-
ly, use with other drugs that induce or inhibit these
isoenzymes may result in changes in plasma concen-
trations of methadone and, possibly adverse effects.
There is a risk of cardiac events in patients receiving
methadone who are also taking drugs that affect cardi-
ac conduction or electrolyte balance.
◊ Drugs that acidify or alkalinise the urine may have an effect on
methadone pharmacokinetics since body clearance is increased
at acidic pH and decreased at alkaline pH.1
1. Nilsson M-I, et al. Effect of urinary pH on the disposition of

methadone in man. Eur J Clin Pharmacol 1982; 22: 337–42.

Antibacterials. Withdrawal symptoms have been reported in
patients maintained on methadone when they were given the en-
zyme inducer rifampicin.1-3 Conversely, the use of ciprofloxacin,
which inhibits CYP1A2 and CYP3A4, has resulted in signs of
methadone toxicity.4
1. Kreek MJ, et al. Rifampin-induced methadone withdrawal. N

Engl J Med 1976; 294: 1104–6. 
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Antidepressants.  SSRIs  such as fluoxetine1 and
fluvoxamine1,2 may enhance the effects of some opioid analge-
sics; such interactions may lead to methadone toxicity. St John’s
wort reduced the plasma-methadone concentration to dose ratios
by 47% in 4 patients on methadone maintenance therapy for opi-
oid addiction; 2 patients reported symptoms suggestive of a with-
drawal syndrome.3
1. Eap CB, et al. Fluvoxamine and fluoxetine do not interact in the

same way with the metabolism of the enantiomers of methadone.
J Clin Psychopharmacol 1997; 17: 113–17. 

2. Bertschy G, et al. Probable metabolic interaction between meth-
adone and fluvoxamine in addict patients. Ther Drug Monit
1994; 16: 42–5. 

3. Eich-Höchli D, et al. Methadone maintenance treatment and St.
John’s Wort: a case report. Pharmacopsychiatry 2003; 36: 35–7.

Antiepileptics. Opioid withdrawal symptoms have been re-
ported in patients maintained on methadone when they were giv-
en carbamazepine,1,2 phenobarbital,3 or phenytoin.4,5 Converse-
ly, methadone-induced respiratory depression developed in a
patient on carbamazepine, gabapentin, and methadone for neuro-
pathic pain, after carbamazepine was stopped.6
1. Bell J, et al. The use of serum methadone levels in patients re-

ceiving methadone maintenance. Clin Pharmacol Ther 1988; 43:
623–9. 

2. Saxon AJ, et al. Valproic acid, unlike other anticonvulsants, has
no effects on methadone metabolism: two cases. J Clin Psychia-
try 1989; 50: 228–9. 

3. Liu S-J, Wang RIH. Case report of barbiturate-induced enhance-
ment of methadone metabolism and withdrawal syndrome. Am J
Psychiatry 1984; 141: 1287–8. 

4. Finelli PF. Phenytoin and methadone tolerance. N Engl J Med
1976; 294: 227. 

5. Tong TG, et al. Phenytoin-induced methadone withdrawal. Ann
Intern Med 1981; 94: 349–51. 

6. Benítez-Rosario MA, et al. Methadone-induced respiratory de-
pression after discontinuing carbamazepine administration. J
Pain Symptom Manage 2006; 32: 99–100.

Antifungals. Use of methadone with fluconazole has been
reported1 to increase serum concentrations of methadone al-
though the authors considered that for patients being treated for
opioid dependence the interaction was unlikely to require adjust-
ment of the methadone dose. However, respiratory depression
has been reported2 after intravenous doses of fluconazole were
given to a 60-year-old man also taking oral methadone for pain
relief in advanced gastric cancer. Although a randomised place-
bo-controlled study3 found that giving voriconazole to patients
on methadone maintenance therapy for opioid addiction was
generally safe and well tolerated, the authors recommended
monitoring and possible dose reduction of methadone when the
2 drugs are used together. Similar recommendations are also giv-
en in the licensed product information for voriconazole.
1. Cobb MN, et al. The effect of fluconazole on the clinical phar-

macokinetics of methadone. Clin Pharmacol Ther 1998; 63:
655–62. 

2. Tarumi Y, et al. Methadone and fluconazole: respiratory depres-
sion by drug interaction. J Pain Symptom Manage 2002; 23:
148–53. 

3. Liu P, et al. Pharmacokinetic interaction between voriconazole
and methadone at steady state in patients on methadone therapy.
Antimicrob Agents Chemother 2007; 51: 110–18.

Antivirals. The potential for interaction between antiretrovirals
and methadone has been reviewed.1 Available evidence for HIV-
protease inhibitors suggests that atazanavir, indinavir, and, pos-
sibly, saquinavir alone have no effect on plasma concentrations
of methadone; amprenavir, nelfinavir, ritonavir, and ritonavir-
boosted saquinavir may reduce plasma-methadone concentra-
tions but the effect is unlikely to be clinically significant. Lopina-
vir-ritonavir may also reduce methadone concentrations and, al-
though most studies found the interaction to be insignificant, one
study reported opioid withdrawal symptoms in some patients.
Unpublished data [also referred to in the licensed product infor-
mation] on tipranavir (boosted with ritonavir) in healthy, opioid-
naive subjects suggest that it may decrease plasma-methadone;
licensed product information for tipranavir recommends that pa-
tients are monitored for symptoms of opioid withdrawal. 
The NNRTIs nevirapine and efavirenz have both been reported
to reduce plasma-methadone levels and withdrawal symptoms
have occurred when they were given to patients receiving meth-
adone. Conversely, delavirdine may increase methadone concen-
trations although the effect is unlikely to be clinically significant.
Methadone possibly increases plasma concentrations of the
NRTI zidovudine (see p.915).
1. Bruce RD, et al. Pharmacokinetic drug interactions between opi-

oid agonist therapy and antiretroviral medications: implications
and management for clinical practice. J Acquir Immune Defic
Syndr 2006; 41: 563–72.

Gastrointestinal drugs. Histamine H2-antagonists such as ci-
metidine (see p.103) may enhance the effects of some opioid an-
algesics; such interactions may lead to methadone toxicity.
Grapefruit juice. Grapefruit juice, an inhibitor of the cyto-
chrome P450 isoenzyme CYP3A4, has been shown to modestly
increase the bioavailability of methadone;1 although no symp-
toms of methadone toxicity were seen in the studied patients, the

authors commented that such effects may occur in patients with
reduced opioid tolerance, particularly when starting methadone
treatment.
1. Benmebarek M, et al. Effects of grapefruit juice on the pharma-

cokinetics of the enantiomers of methadone. Clin Pharmacol
Ther 2004; 76: 55–63.

Pharmacokinetics
Methadone hydrochloride is readily absorbed from the
gastrointestinal tract and from subcutaneous or intra-
muscular injections. It is widely distributed in the tis-
sues, diffuses across the placenta, and is distributed
into breast milk. It is extensively protein bound. Meth-
adone is metabolised in the liver, mainly by N-demeth-
ylation and cyclisation, and the metabolites are excret-
ed in the bile and urine. Metabolism is primarily
catalysed by CYP3A4, although other cytochrome
P450 isoenzymes also play a role (see Interactions,
above). It has a prolonged half-life and is subject to ac-
cumulation.
◊ In reviews of the pharmacokinetics of methadone1-5 particular
reference has been made to its long elimination half-life, accu-
mulation after repeated doses, and wide interindividual varia-
tions. 
Methadone is rapidly absorbed after oral doses and has high oral
bioavailability. Peak plasma concentrations have been reported 1
to 5 hours after a single tablet by mouth. It undergoes considera-
ble tissue distribution and protein binding is reported to be 60 to
90% with α1-acid glycoprotein being the main binding protein in
plasma. Metabolism to the major metabolite 2-ethylidine-1,5-
dimethyl-3,3-diphenylpyrrolidine and the minor metabolite 2-
ethyl-3,3-diphenyl-5-methylpyrrolidine, both of them inactive,
occurs in the liver. These metabolites are excreted in the faeces
and urine with unchanged methadone. Other metabolites, includ-
ing methadol and normethadol, have also been described. The
liver may also serve as a major storage site of unchanged metha-
done which is taken up, bound non-specifically by the liver, and
released again mainly unchanged. Urinary excretion of metha-
done is pH-dependent, the lower the pH the greater the clearance. 
In addition to marked interindividual variations there are differ-
ences in the pharmacokinetics of methadone after single or mul-
tiple doses. Elimination half-lives vary considerably (a range of
15 to 60 hours has been quoted) and may be much longer than
the 18 hours reported following a single dose. Careful adjust-
ment of dosage is necessary with repeated doses. 
Most studies have been in addicts. Plasma concentrations have
been found to vary widely during methadone maintenance ther-
apy with large differences between patients and wide fluctua-
tions in individual patients. These variations in kinetics have also
been seen in cancer patients.
1. Säwe J. High-dose morphine and methadone in cancer patients:

clinical pharmacokinetic considerations of oral treatment. Clin
Pharmacokinet 1986; 11: 87–106. 

2. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829–58. 

3. Eap CB, et al. Interindividual variability of the clinical pharma-
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dependence. Clin Pharmacokinet 2002; 41: 1153–93. 

4. Ferrari A, et al. Methadone—metabolism, pharmacokinetics and
interactions. Pharmacol Res 2004; 50: 551–9. 

5. Lugo RA, et al. Pharmacokinetics of methadone. J Pain Palliat
Care Pharmacother 2005; 19: 13–24.

Administration. Methadone is considerably more lipid-solu-
ble than morphine. A study of plasma concentrations and analge-
sia after intramuscular injection indicated that more rapid and
greater relief of pain might be achieved if lipid-soluble opioid
analgesics were injected into the deltoid rather than the gluteal
muscle; there was no significant difference in absorption of mor-
phine from the two sites.1 
Other routes investigated in pharmacokinetic studies include
continuous intravenous infusion2 and continuous epidural infu-
sion.3 Rectal administration4 has also been studied.
1. Grabinski PY, et al. Plasma levels and analgesia following del-

toid and gluteal injections of methadone and morphine. J Clin
Pharmacol 1983; 23: 48–55. 

2. Denson DD, et al. Pharmacokinetics of continuous intravenous
infusion of methadone in the early post-burn period. J Clin Phar-
macol 1990; 30: 70–5. 

3. Shir Y, et al. Plasma concentrations of methadone during postop-
erative patient-controlled extradural analgesia. Br J Anaesth
1990; 65: 204–9. 

4. Dale O, et al. Bioavailabilities of rectal and oral methadone in
healthy subjects. Br J Clin Pharmacol 2004; 58: 156–62.

Hepatic impairment. Overall hepatic dysfunction does not
seem unduly to disrupt methadone metabolism1 and it has been
suggested2 that maintenance dosage of methadone need not be
changed in stable chronic liver disease, although abrupt changes
in hepatic status might result in substantial alterations in metha-
done disposition requiring dosage adjustments. 
In a study of patients on methadone maintenance therapy2 appar-
ent terminal half-life of methadone was prolonged from a mean
of 18.8 hours in those with healthy livers to 35.5 hours in patients

with severe chronic liver disease. However, plasma concentra-
tions were not increased in such patients.
1. Moore RA, et al. Opiate metabolism and excretion. Baillieres

Clin Anaesthesiol 1987; 1: 829–58. 
2. Novick DM, et al. Methadone disposition in patients with chron-

ic liver disease. Clin Pharmacol Ther 1981; 30: 353–62.

Pregnancy. Plasma concentrations of methadone were reduced
in methadone-maintained pregnant women, probably due to en-
hanced metabolism.1,2 It was suggested that the dose of metha-
done might need to be increased in such patients.
1. Pond SM, et al. Altered methadone pharmacokinetics in metha-

done-maintained pregnant women. J Pharmacol Exp Ther 1985;
233: 1–6. 

2. Wolff K, et al. Changes to methadone clearance during pregnan-
cy. Eur J Clin Pharmacol 2005; 61: 763–8.

Renal impairment. The urinary excretion of methadone was
reduced in renal failure,1 but plasma concentrations were within
the usual range and faecal excretion accounted for the majority
of the dose. Very little methadone was removed by peritoneal
dialysis or haemodialysis.
1. Kreek MJ, et al. Methadone use in patients with chronic renal

disease. Drug Alcohol Depend 1980; 5: 197–205.

Uses and Administration
Methadone hydrochloride, a diphenylheptane deriva-
tive, is an opioid analgesic (p.104) that is primarily a μ
opioid agonist. Single doses of methadone have a less
marked sedative action than single doses of morphine.
Methadone is a racemic mixture and levomethadone
(p.77) is the active isomer. 
Methadone hydrochloride is used in the treatment of
moderate to severe pain; it may be of use for those pa-
tients who experience excitation or exacerbation of
pain with morphine. Methadone is also used in the
management of opioid dependence. It has a depressant
action on the cough centre and has been used as a
cough suppressant in terminal illness, although the
BNF discourages this use because of the risks of accu-
mulation. 
For pain relief starting oral doses of methadone hydro-
chloride may range from 2.5 to 10 mg given every 6 to
8 hours or longer and thereafter adjusted as necessary.
Methadone may also be given parenterally. In the UK,
the subcutaneous and intramuscular routes are licensed
with the intramuscular route being recommended for
prolonged use; US licensed product information states
that the intravenous, intramuscular, and subcutaneous
routes may be used although it gives doses for the in-
travenous route only. Initial dose ranges for parenteral
routes are similar to those used orally; however, if
transferring between oral and parenteral methadone,
US product information states that the initial conver-
sion dose should be based on the guide that 10 mg of
oral methadone is equivalent to about 5 mg of
parenteral methadone. The analgesic effect of metha-
done begins about 10 to 20 minutes after parenteral in-
jection and about 30 to 60 minutes after oral doses, the
effect of a single dose usually lasting about 4 hours. As
accumulation occurs with repeated doses, the effects
become more prolonged. Consequently, to avoid the
risk of opioid overdose, it is recommended that in pro-
longed use methadone should not be given more than
twice daily. 
Methadone is used as part of the treatment of opioid
dependence, although prolonged use of methadone it-
self may result in dependence. Initially, methadone hy-
drochloride is given in doses sufficient to suppress
signs of opioid withdrawal but avoid toxicity; the BNF
and US licensed product information recommended a
starting dose of 10 to 40 mg daily. Subsequent dose ad-
justments should be made cautiously because of the
risks of accumulation; the BNF suggests adjusting the
dose in steps of 10 mg to a maximum weekly increase
of 30 mg. Once the dose has been stabilised, patients
may choose to receive prolonged therapy with a care-
fully selected methadone dose for each individual;
most patients in such maintenance programmes are sta-
bilised on once-daily doses of 60 to 120 mg. Alterna-
tively, detoxification may be appropriate with the dose
of methadone being gradually decreased until total
withdrawal is achieved. Methadone is usually given
orally for the treatment of dependence although
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parenteral routes may be used, particularly when oral
therapy is not possible; the doses stated above may be
given orally or parenterally. In the UK, oral treatment
is commonly given as a mixture containing 1 mg/mL
of methadone hydrochloride. 
For details of doses in children, see below. 
For the control of intractable cough associated with
terminal lung cancer, methadone hydrochloride is usu-
ally given in the form of a linctus in a dose of 1 to 2 mg
every 4 to 6 hours, but reduced to twice daily on pro-
longed use.
Administration. Although duration of action after single doses
of methadone is similar to that of morphine, it increases consid-
erably with multiple dosing of methadone because of the long
elimination half-life (see under Pharmacokinetics, above). The
minimum effective dose of methadone can be difficult to titrate
for the individual patient. A fixed 10-mg oral dose with a flexible
patient-controlled dosage interval has been used in patients with
chronic cancer pain.1 Dosage not more frequently than every 4
hours during the first 3 to 5 days, followed by a fixed dose every
8 to 12 hours depending on the patient’s requirements, was ad-
vised. 
A suggested initial dose for patients who need to switch from
oral morphine to methadone because of poor pain control is one
tenth of the total daily dose of morphine, but not greater than
100 mg, given at intervals determined by the patient, typically
every 8 hours.2 
When switching from oral to parenteral use it was suggested3

that the dose of methadone should be halved and adjusted there-
after as necessary. 
Evidence of the prolonged effect of methadone was
demonstrated when a single intravenous bolus dose of 20 mg
resulted in postoperative analgesia lasting about 25 hours.4 An
initial 2-hour loading intravenous infusion of methadone 100
to 200 micrograms/kg per hour to provide rapid analgesia
followed by infusion at a lower maintenance rate of 10 to
20 micrograms/kg per hour for continuous pain relief has been
used in burn patients.5 Methadone has also been given by contin-
uous subcutaneous infusion for severe cancer pain6,7 although
this route has been associated with local tissue irritation and
induration. Epidural methadone has been used successfully in
doses of up to 5 mg for analgesia in association with bupi-
vacaine.8,9 Intermittent and continuous epidural infusion of
methadone has also been tried10 in postoperative analgesia. 
A small case series11 found topical methadone powder to be ef-
fective for pain relief of open, exudative wounds.
1. Säwe J, et al. Patient-controlled dose regimen of methadone for
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4. Gourlay GK, et al. Methadone produces prolonged postopera-
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Pharmacol 1990; 30: 70–5. 
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tracorporeal shock-wave lithotripsy. Br J Anaesth 1989; 62:
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bour. Br J Anaesth 1990; 65: 330–2. 

10. Prieto-Alvarez P, et al. Continuous epidural infusion of racemic
methadone results in effective postoperative analgesia and low
plasma concentrations. Can J Anaesth 2002; 49: 25–31. 

11. Gallagher RE, et al. Analgesic effects of topical methadone: a
report of four cases. Clin J Pain 2005; 21: 190–2.

Administration in children. Methadone is not licensed for
use in children. However, it has been tried1 intravenously in chil-
dren aged 3 to 7 years to prevent postoperative pain; a dose of
200 micrograms/kg was given perioperatively followed postop-
eratively by 50 micrograms/kg every 10 minutes until the patient
was both comfortable and adequately alert. Methadone has also
been tried2 orally for the treatment of severe pain in hospitalised
children; daily doses ranged from 200 to 600 micrograms/kg for
up to 6 weeks. 
Methadone is used for the management of neonatal abstinence
syndrome (p.102). The BNFC suggests an initial oral dose of
100 micrograms/kg increased by 50 micrograms/kg every 6
hours until symptoms are controlled; once stabilised, the total
daily dose is given in 2 divided doses for maintenance. When
withdrawing methadone, the dose should be reduced over 7 to 10
days.
1. Berde CB, et al. Comparison of morphine and methadone for

prevention of postoperative pain in 3- to 7-year-old children. J
Pediatr 1991; 119: 136–41. 

2. Shir Y, et al. Oral methadone for the treatment of severe pain in
hospitalized children: a report of five cases. Clin J Pain 1998;
14: 350–3.

Cancer pain. Methadone is used as an alternative to morphine
in the treatment of severe cancer pain (p.5). A better understand-

ing of its pharmacokinetics and of equianalgesic doses may ad-
dress early concerns about the risk of cumulative toxicity associ-
ated with prolonged use. However, its long terminal half-life
makes it less suitable for the treatment of breakthrough pain. 
Methadone has been given by the oral, rectal, and parenteral
routes. 
References.
1. Ayonrinde OT, Bridge DT. The rediscovery of methadone for

cancer pain management. Med J Aust 2000; 173: 536–40. 
2. Bruera E, Sweeney C. Methadone use in cancer patients with

pain: a review. J Palliat Med 2002; 5: 127–38. 
3. Bruera E, et al. Methadone versus morphine as a first-line strong
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4. Moryl N, et al. Methadone in the treatment of pain and terminal
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pain: a review of the literature. J Opioid Manag 2006; 2: 269–76. 

6. Nicholson AB. Methadone for cancer pain. Available in The Co-
chrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2007 (accessed 26/06/08).

Opioid dependence. The treatment of opioid dependence is
discussed on p.101. In the UK, oral liquid preparations of meth-
adone hydrochloride 1 mg/mL are widely used for this purpose.
It is important to note that these preparations are 2.5 times
stronger than Methadone Linctus (BP 2008), and although some
are licensed for analgesia in severe pain, many are licensed for
the treatment of opioid dependence only. Methadone Oral Solu-
tion (1 mg/mL) (BP 2008) is available as a ready-to-use solution
or may be prepared from Methadone Hydrochloride Oral Con-
centrate. However, most commercially available preparations in
the UK still follow an earlier formula formerly listed in the Drug
Tariff Formulary (DTF): 

Methadone Mixture 1 mg/mL 
methadone hydrochloride 10 mg 
Green S and Tartrazine Solution (BP 1980) 0.02 mL 
Compound Tartrazine Solution (BP 1980) 0.08 mL 
syrup, unpreserved 5 mL 
chloroform water, double-strength to 10 mL. 

Some commercially available forms of DTF Methadone Mixture
1 mg/mL use a preservative system based on hydroxybenzoate
esters rather than chloroform; however, syrup preserved with hy-
droxybenzoate esters may be unsuitable for extemporaneous dis-
pensing (see under Incompatibility, above). 
References.
1. Ghodse AH, et al. Comparison of oral preparations of heroin and
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7. Mattick RP, et al. Methadone maintenance therapy versus no
opioid replacement therapy for opioid dependence. Available in
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ester: John Wiley; 2003 (accessed 26/06/08). 

8. Amato L, et al. Methadone at tapered doses for the management
of opioid withdrawal. Available in The Cochrane Database of
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Preparations
BP 2008: Methadone Injection; Methadone Linctus; Methadone Oral So-
lution (1 mg per mL); Methadone Tablets; 
USP 31: Methadone Hydrochloride Injection; Methadone Hydrochloride
Oral Concentrate; Methadone Hydrochloride Oral Solution; Methadone
Hydrochloride Tablets; Methadone Hydrochloride Tablets for Oral Suspen-
sion.
Proprietary Preparations (details are given in Part 3)
Arg.: Gobbidona; Austral.: Biodone†; Physeptone; Austria: Heptadon;
Belg.: Mephenon; Braz.: Metadon; Mytedom; Canad.: Metadol; Chile:
Amidona†; Fin.: Dolmed; Hong Kong: Physeptone†; Hung.: Depridol;
Metadon; Irl.: Phymet DTF; Physeptone†; Pinadone DTF; Israel: Adolan;
Ital.: Eptadone; Malaysia: Aseptone; Neth.: Symoron; NZ: Biodone;
Methatabs; Pallidone; S.Afr.: Physeptone; Singapore: Physeptone†; Spain:
Metasedin; Switz.: Ketalgine; UK: Eptadone; Martindale Methadone Mix-
ture DTF; Methadose; Physeptone; Synastone; USA: Diskets; Dolophine;
Methadose.

Methyl Butetisalicylate
Butetisalicilato de metilo; Methyl Diethylacetylsalicylate. Methyl
O-(2-ethylbutyryl)salicylate.
C14H18O4 = 250.3.

Profile
Methyl butetisalicylate is a salicylic acid derivative that has been
used similarly to methyl salicylate (p.85) as a rubefacient for the
relief of musculoskeletal, joint, and soft-tissue pain.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Doloderm.

Methyl Gentisate
Gentisato de metilo. 2,5-Dihydroxybenzoic acid methyl ester.
C8H8O4 = 168.1.
CAS — 2150-46-1.

Profile
Methyl gentisate has been used topically for the relief of muscu-
loskeletal and joint pain.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ital.: Reumacort.

Methyl Nicotinate (USAN)

Méthyle, nicotinate de; Methyli Nicotinas; Methylis nicotinas; Me-
thyl-nikotinát; Metilo nikotinatas; Metylnikotinat; Metyylinikoti-
naatti; Nicotinato de metilo. Methyl pyridine-3-carboxylate.
C7H7NO2 = 137.1.
CAS — 93-60-7.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Methyl Nicotinate). A white or almost white pow-
der. M.p. 40° to 42°. Very soluble in water, in alcohol, and in
dichloromethane. Protect from light.
Profile
Methyl nicotinate is used in topical preparations as a rubefacient.
Preparations
Proprietary Preparations (details are given in Part 3)
UK: Pickles Chilblain Cream.
Multi-ingredient: Arg.: Infrarub†; Medex Rub; Austral.: Deep Heat;
Austria: Berggeist; Belg.: Algipan; Emerxil; Percutalgine; Rado-Spray†; Ca-
nad.: Arthricare for Women Multi-Action†; Arthricare Triple Medicated†;
Midalgan†; Chile: Frixio; Konirub; Mentobalsam; Fr.: Algipan; Capsic; Cliptol
Sport†; Decontractyl; Gel Rubefiant; Percutalgine; Sedartryl†; Ger.: Dolo-
neuro†; Forapin E†; Kytta-Balsam f; Rheuma Bad; Spondylon; Tetesept
Badekonzentrat Rheuma Bad†; Gr.: Faragel-Forte; India: Algipan; Flamar;
Medicreme; Relaxyl; Indon.: Remakrim; Irl.: Algipan; Israel: Deep Heat
Spray; Ital.: Altadrine; Balsamo Sifcamina; Relaxar; Sedalpan; Neth.: Cre-
mor capsici comp; Cremor Capsici compositus; Kruidvat Spierbalsem; Pol.:
Deep Heat; Port.: Midalgan†; S.Afr.: Deep Heat Spray; Infrarub; Sloan’s
Heat Rub; Singapore: Deep Heating Spray†; Spain: Doctofril Antiinfla-
mat; Doctomitil†; Radio Salil; Switz.: Kytta Baume; Midalgan; Radalgin;
Thai.: Percutalgine†; UK: Cremalgin; Deep Heat Spray; Dubam; Fiery Jack;
Radian-B Red Oils; Ralgex; Ralgex Heat Spray (low-odour); Red Oil; Trans-
vasin Heat Spray; USA: Arthricare Odor Free; Arthricare Triple Medicated;
Musterole.

Methyl Salicylate
Methyl Sal.; Méthyle, salicylate de; Methyli Salicylas; Methylis sali-
cylas; Methyl-salicylát; Metilsalicilatas; Metilsalisilat; Metil-szalicilát;
Metylsalicylat; Metylu salicylan; Metyylisalisylaatti; Salicilato de
metilo. Methyl 2-hydroxybenzoate.
Метилсалицилат
C8H8O3 = 152.1.
CAS — 119-36-8.

NOTE. Methyl salicylate and methyl salicylate liniment have been
known previously as oil of wintergreen, wintergreen, and winter-
green oil. Wintergreen oil has also been known as sweet birch oil.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and Viet. Also in US-
NF. 
Ph. Eur. 6.2 (Methyl Salicylate). A colourless or slightly yellow
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liquid. Very slightly soluble in water; miscible with alcohol, and
with fatty and essential oils. Protect from light. 
USNF 26 (Methyl Salicylate). It is produced synthetically or is
obtained from the leaves of Gaultheria procumbens (Ericaceae)
[wintergreen] or from the bark of Betula lenta (Betulaceae)
[sweet or black birch]. The source of the methyl salicylate must
be indicated on the label. 
A colourless, yellowish, or reddish liquid having the characteris-
tic odour of wintergreen. Slightly soluble in water; soluble in al-
cohol and in glacial acetic acid. Store in airtight containers.
Storage. Certain plastic containers, such as those made from
polystyrene, are unsuitable for liniments or ointments containing
methyl salicylate.
Adverse Effects, Treatment, and Precautions
Salicylate intoxication can occur after ingestion or topical appli-
cation of methyl salicylate (see Overdosage, below).
Overdosage. Ingestion of methyl salicylate poses the threat of
severe, rapid-onset salicylate poisoning because of its liquid con-
centrated form and lipid solubility.1 It is readily absorbed from
the gastrointestinal tract and most is rapidly hydrolysed to free
salicylate. The symptoms, which may appear within 2 hours of
ingestion, are similar to those of salicylate poisoning in general
(see Adverse Effects of Aspirin, p.20), although methyl sali-
cylate is expected to be more toxic because of its lipid solubility.
There have been reports of fatalities after ingestion of as little as
4 mL in a child and 6 mL in an adult, although the adult lethal
dose is estimated to be 30 mL.1 Topical Chinese herbal medici-
nal preparations may contain methyl salicylate in variable
amounts, and salicylate poisoning has been reported in a 40-year-
old man after a total body application of such a preparation.2 Sal-
icylate poisoning has also been reported in a woman who had
attempted suicide by ingesting Red Flower Oil, a topical Chinese
herbal oil.3 The authors also noted that some patients took small
amounts of this preparation orally in an attempt to enhance its
analgesic effects.
1. Chan TYK. Potential dangers from topical preparations contain-

ing methyl salicylate. Hum Exp Toxicol 1996; 15: 747–50. 
2. Bell AJ, Duggin G. Acute methyl salicylate toxicity complicat-

ing herbal skin treatment for psoriasis. Emerg Med (Fremantle)
2002; 14: 188–90. 

3. Chan TH, et al. Severe salicylate poisoning associated with the
intake of Chinese medicinal oil (‘Red Flower Oil’). Aust N Z J
Med 1995; 25: 57.

Percutaneous absorption. Like other salicylates, methyl sal-
icylate may be absorbed through intact skin.1 Percutaneous ab-
sorption is enhanced by exercise, heat, occlusion, or disruption of
the integrity of the skin. The amount absorbed will also be in-
creased by application to large areas of skin. 
Results from a study in healthy subjects showed that a consider-
able amount of salicylic acid may be absorbed through the skin
after topical application of products containing methyl sali-
cylate.2 Both the rate and extent of absorption increased after re-
peated application; the bioavailability of the ointment prepara-
tion used in the study increased from 15% after the second dose
to 22% after the third to eighth dose. The authors recommend
that topical analgesic preparations containing methyl salicylate
or other salicylates should be used with caution in patients at in-
creased risk of developing salicylate adverse effects (see Precau-
tions of Aspirin, p.22). 
Results from another study3 showing high tissue to plasma ratios
after topical application of a methyl salicylate formulation sug-
gest that direct penetration and not recirculation in the blood is
responsible for the salicylate concentrations found. The results
also showed that methyl salicylate is extensively metabolised to
salicylic acid in the dermal and subcutaneous tissues after topical
application. 
However, for a study suggesting limited absorption from a patch
preparation containing camphor, menthol, and methyl salicylate,
see Menthol, p.2340.
1. Chan TYK. Potential dangers from topical preparations contain-

ing methyl salicylate. Hum Exp Toxicol 1996; 15: 747–50. 
2. Morra P, et al. Serum concentrations of salicylic acid following

topical applied salicylate derivatives. Ann Pharmacother 1996;
30: 935–40. 

3. Cross SE, et al. Is there tissue penetration after application of
topical salicylate formulations? Lancet 1997; 350: 636.

Interactions
Absorption of methyl salicylate through the skin can occur after
excessive topical application (see above), and interactions would
be expected to be as for other salicylates (see Interactions of As-
pirin, p.23).
Anticoagulants. Potentiation of warfarin anticoagulation has
been reported1-3 after topical application of methyl salicylate
preparations.
1. Littleton F. Warfarin and topical salicylates. JAMA 1990; 263:

2888. 
2. Tam LS, et al. Warfarin interactions with Chinese traditional

medicines: danshen and methyl salicylate medicated oil. Aust N
Z J Med 1995; 25: 258. 

3. Joss JD, LeBlond RF. Potentiation of warfarin anticoagulation
associated with topical methyl salicylate. Ann Pharmacother
2000; 34: 729–33.

Uses and Administration
Methyl salicylate is a salicylic acid derivative that is irritant to the
skin and is used topically in rubefacient preparations for the relief

of pain in musculoskeletal, joint, and soft-tissue disorders. It is
also used for minor peripheral vascular disorders such as chil-
blains and as an ingredient in inhalations for the symptomatic
relief of upper respiratory-tract disorders. 
Wintergreen oil is also used in aromatherapy.
Preparations
BP 2008: Kaolin Poultice; Methyl Salicylate Liniment; Methyl Salicylate Oint-
ment; Surgical Spirit.

Proprietary Preparations (details are given in Part 3)
Arg.: Aspi-Rub†; Rati Salil Gel; Austral.: Linsal†; Canad.: Deep Heating;
Chile: Parche Calorub; Ger.: Hewedolor N; India: Dolocide Plus; Mex.:
Balsamo Nordin; Friccion Don Juan; Tolan; S.Afr.: Thermo-Rub; Thai.: My-
gesal; UK: Numark Muscle Rub; USA: Argesic†; Exocaine†; Gordogesic;
Venez.: Novofric†; Ultrafil†.

Multi-ingredient: numerous preparations are listed in Part 3.

Mofebutazone (rINN)

Mofebutatsoni; Mofebutazon; Mofebutazona; Mofébutazone;
Mofebutazonum; Monobutazone; Monophenylbutazone. 4-
Butyl-1-phenylpyrazolidine-3,5-dione.

Мофебутазон
C13H16N2O2 = 232.3.
CAS — 2210-63-1.
ATC — M01AA02; M02AA02.
ATC Vet — QM01AA02; QM02AA02.

Profile
Mofebutazone, a derivative of phenylbutazone (p.117), is an
NSAID (p.96). It has been used in the management of muscu-
loskeletal and joint disorders. The sodium salt has been given by
intramuscular injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Mofesal N†.

Mofezolac (rINN)

Mofézolac; Mofezolaco; Mofezolacum; N-22. 3,4-Bis(p-methoxy-
phenyl)-5-isoxazoleacetic acid.

Мофезолак
C19H17NO5 = 339.3.
CAS — 78967-07-4.

Profile
Mofezolac is an NSAID (p.96) given orally in the management
of pain and musculoskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Disopain.

Morniflumate (USAN, rINN)

Morniflumato; Morniflumatum; UP-164. 2-Morpholinoethyl 2-
(α,α,α-trifluoro-m-toluidino)nicotinate.

Морнифлумат
C19H20F3N3O3 = 395.4.
CAS — 65847-85-0.
ATC — M01AX22.
ATC Vet — QM01AX22.

Profile
Morniflumate, the morpholinoethyl ester of niflumic acid (p.95),
is an NSAID (p.96). It has been used in inflammatory conditions
in doses of 700 mg given twice daily by mouth or rectally as sup-
positories.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Nifluril; Ital.: Flomax; Flumarin; Morniflu; Niflam; Spain: Niflactol.

Morphine (BAN) ⊗ 
Morfiini; Morfin; Morfina; Morphinum. 7,8-Didehydro-4,5-epoxy-
17-methylmorphinan-3,6-diol.
Морфин
C17H19NO3 = 285.3.
CAS — 57-27-2 (anhydrous morphine); 6009-81-0 (mor-
phine monohydrate).
ATC — N02AA01.
ATC Vet — QN02AA01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of morphine: 
Adolf; Block; China White; Cube; Dreamer; Drug store dope;
Drugstore dope; Emsel; First line; German boy; God’s drug; Go-
ma; Hard stuff; Hospital Heroin; Hows; Hydrogen Bomb; M;
Miss Emma; Mister blue; Mojo; Monf; Monkey; Morf; Morfs;
Morfa; Morphia; Morphina; Morpho; Morphy; Mr. Blue; M.S.;
MS; Mud; Murphy; Nasty; Nazi; Sweet Jesus; Sweet Morpheus;
Tar; Unkie; White Stuff.

Morphine Hydrochloride (BANM) ⊗ 
Morfiinihydrokloridi; Morfin Hidroklorür; Morfina, hidrocloruro
de; Morfin-hidroklorid; Morfin-hydrochlorid trihydrát; Morfinhy-
droklorid; Morfino hidrochloridas; Morfiny chlorowodorek; Mor-
phine, chlorhydrate de; Morphini hydrochloridum; Morphini Hy-
drochloridum Trihydricum; Morphinii Chloridum; Morphinum
Chloratum.
Морфина Гидрохлорид
C17H19NO3,HCl,3H2O = 375.8.
CAS — 52-26-6 (anhydrous morphine hydrochloride);
6055-06-7 (morphine hydrochloride tr ihydrate).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and Viet. 
Ph. Eur. 6.2 (Morphine Hydrochloride). Colourless, silky nee-
dles, cubical masses or a white or almost white, crystalline pow-
der. It is efflorescent in a dry atmosphere. Soluble in water;
slightly soluble in alcohol; practically insoluble in toluene. Pro-
tect from light.
Incompatibility. See under Morphine Sulfate, below.

Morphine Sulfate ⊗ 
Morfiinisulfaatti; Morfin Sülfat; Morfina, sulfato de; Morfino sulfa-
tas; Morfinsulfat; Morfin-sulfát pentahydrát; Morfin-szulfát; Mor-
finy siarczan; Morphine, sulfate de; Morphine Sulphate (BANM);
Morphini sulfas; Morphini Sulfas Pentahydricus.
Морфина Сульфат
(C17H19NO3)2,H2SO4,5H2O = 758.8.
CAS — 64-31-3 (anhydrous morphine sulfate); 6211-15-
0 (morphine sulfate pentahydrate).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Morphine Sulphate). A white or almost white,
crystalline powder. Soluble in water; very slightly soluble in al-
cohol; practically insoluble in toluene. Protect from light. 
USP 31 (Morphine Sulfate). White, feathery, silky crystals,
cubical masses of crystals, or a white crystalline powder. Is
odourless and when exposed to air it gradually loses water of hy-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

dration. It darkens on prolonged exposure to light. Soluble 1 in
16 of water and 1 in 1 of water at 80°; soluble 1 in 570 of alcohol
and 1 in 240 of alcohol at 60°; insoluble in chloroform and in
ether. Store in airtight containers at a temperature up to 40° as
permitted by the manufacturer. Protect from light.
Incompatibility. Incompatibility data for morphine has been
extensively studied1,2 and may depend on many factors such as
the formulation used, and order and ratio of mixing; however,
most studies are usually only short term and contain few details
on mixing the same drugs in a variety of different situations. 
Morphine salts are sensitive to changes in pH and morphine is
liable to be precipitated out of solution in an alkaline environ-
ment. Compounds incompatible with morphine salts include
aminophylline and sodium salts of barbiturates and phenytoin.
Other incompatibilities, sometimes attributed to particular for-
mulations, have included: 
• Aciclovir sodium—precipitate noted 2 hours after admixture

with morphine sulfate solution3 
• Chlorpromazine hydrochloride injection—precipitation was

considered to be due to chlorocresol present in the morphine
sulfate injection4 

• Doxorubicin—addition of morphine sulfate 1 mg/mL to
doxorubicin  hydrochlor ide  l iposomal  in ject ion
400 micrograms/mL in dextrose 5% resulted in turbidity
changes5 

• Fluorouracil—immediate precipitate formed after admixture
of fluorouracil 1 or 16 mg/mL with morphine sulfate
1 mg/mL in dextrose 5% or sodium chloride 0.9%6 

• Furosemide—precipitate noted 1 hour after admixture with
morphine sulfate solution3 

• Haloperidol—immediate precipitation seen after admixture of
haloperidol and morphine sulfate solution7 

• Heparin sodium—incompatibility has been reported from
straightforward additive studies.1 Another study8 indicated
that morphine sulfate and heparin sodium were only incom-
patible at morphine sulfate concentrations greater than
5 mg/mL and that this incompatibility could be prevented by
using 0.9% sodium chloride solution as the admixture diluent
rather than water 

• Pethidine hydrochloride—incompatibility has been noted af-
ter admixture with morphine sulfate1,9 

• Prochlorperazine edisilate—immediate precipitation was at-
tributed to phenol in the morphine sulfate injection
formulation10,11 

• Promethazine hydrochloride—cloudiness was reported to de-
velop when 12.5 mg of promethazine hydrochloride was
drawn into a syringe containing morphine sulfate 8 mg.12

Others9 have noted no incompatibility 
• Ranitidine hydrochloride—crystal needles and/or sticky spots

observed in admixtures of morphine hydrochloride and raniti-
dine hydrochloride in various ratios stored at different
temperatures13 

• Tetracyclines—colour change from pale yellow to light green
occurred when solutions of minocycline hydrochloride or tet-
racycline hydrochloride were mixed with morphine sulfate in
5% glucose injection14

1. Patel JA, Phillips GL. A guide to physical compatibility of in-
travenous drug admixtures. Am J Hosp Pharm 1966; 23:
409–11. 

2. Vermeire A, Remon JP. Stability and compatibility of morphine.
Int J Pharm 1999; 187: 17–51. 

3. Pugh CB, et al. Visual compatibility of morphine sulphate and
meperidine hydrochloride with other injectable drugs during
simulated Y-site injection. Am J Hosp Pharm 1991; 48: 123–5. 

4. Crapper JB. Mixing chlorpromazine and morphine. BMJ 1975;
i: 33. 

5. Trissel LA, et al. Compatibility of doxorubicin hydrochloride
liposome injection with selected other drugs during simulated
Y-site administration. Am J Health-Syst Pharm 1997; 54:
2708–13. 

6. Xu QA, et al. Stability and compatibility of fluorouracil with
morphine sulfate and hydromorphone hydrochloride. Ann Phar-
macother 1996; 30: 756–61. 

7. LeBelle MJ, et al. Compatibility of morphine and midazolam or
haloperidol in parenteral admixtures. Can J Hosp Pharm 1995;
48: 155–60. 

8. Baker DE, et al. Compatibility of heparin sodium and morphine
sulfate. Am J Hosp Pharm 1985; 42: 1352–5. 

9. Parker WA. Physical compatibilities of preanesthetic medica-
tions. Can J Hosp Pharm 1976; 29: 91–2. 

10. Stevenson JG, Patriarca C. Incompatibility of morphine sulfate
and prochlorperazine edisylate in syringes. Am J Hosp Pharm
1985; 42: 2651. 

11. Zuber DEL. Compatibility of morphine sulfate injection and
prochlorperazine edisylate injection. Am J Hosp Pharm 1987;
44: 67. 

12. Fleischer NM. Promethazine hydrochloride—morphine sulfate
incompatibility. Am J Hosp Pharm 1973; 30: 665. 

13. Vermeire A, et al. A new method to obtain and present complete
information on the compatibility: study of its validity for eight
binary mixtures of morphine with drugs frequently used in pal-
liative care. Palliat Med 2002; 16: 417–24. 

14. Nieves-Cordero AL, et al. Compatibility of narcotic analgesic
solutions with various antibiotics during simulated Y-site injec-
tion. Am J Hosp Pharm 1985; 42: 1108–9.

Stability. INTRAVENOUS PREPARATIONS. Solutions of morphine
sulfate for intravenous infusion appear to be relatively stable.
In a study1 solutions containing 40 micrograms/mL and
400 micrograms/mL retained more than 90% of their initial

concentration of morphine sulfate when stored at 4° or 23° for
7 days, whether or not they were protected from light. Solu-
tions prepared from commercially available injection or from
powder, in 0.9% sodium chloride or 5% glucose, and stored
in PVC bags or glass bottles did not differ in stability from
one another. In a further study2 10 mg/mL or 5 mg/mL solu-
tions of morphine sulfate in glucose or sodium chloride and
stored in portable infusion pump cassettes retained more than
95% of their initial concentration when kept at 23° for 30
days. A 0.9% solution of sodium chloride containing mor-
phine sulfate 2 mg/mL was stable for 6 weeks when stored in
polypropylene syringes at ambient temperatures in the light
or dark but a similar solution which also contained 0.1% so-
dium metabisulfite lost 15% of its potency during the same
period.3 Stability of such a solution with or without sodium
metabisulfite was considered to be unacceptable when stored
in glass syringes in the dark.4 
A more recent review5 (which included some of the above stud-
ies) has concluded that the degradation of morphine solutions is
not affected by oxygen, light, diluent type, salt form, or morphine
concentration when stored under normal conditions; it was con-
sidered that morphine solutions could be stored for at least 3
months without stability problems.
1. Vecchio M, et al. The stability of morphine intravenous infusion

solutions. Can J Hosp Pharm 1988; 41: 5–9, 43. 
2. Walker SE, et al. Hydromorphone and morphine stability in port-

able infusion pump cassettes and minibags. Can J Hosp Pharm
1988; 41: 177–82. 

3. Grassby PF. The stability of morphine sulphate in 0.9 per cent
sodium chloride stored in plastic syringes. Pharm J 1991; 248:
HS24–HS25. 

4. Grassby PF, Hutchings L. Factors affecting the physical and
chemical stability of morphine sulphate solutions stored in sy-
ringes. Int J Pharm Pract 1993; 2: 39–43. 

5. Vermeire A, Remon JP. Stability and compatibility of morphine.
Int J Pharm 1999; 187: 17–51.

ORAL PREPARATIONS. Studies1,2 have shown that for optimum
stability of morphine content, Kaolin and Morphine Mixture
(BP) needed to be stored in well-filled glass containers.
1. Helliwell K, Game P. Stability of morphine in kaolin and mor-

phine mixture BP. Pharm J 1981; 227: 128–9. 
2. Helliwell K, Jennings P. Kaolin and morphine mixture BP: ef-

fects of containers on the stability of morphine. Pharm J 1984;
232: 682.

TOPICAL PREPARATIONS. When mixed with about 8 g of Intra-
site gel (Smith & Nephew Healthcare, UK) morphine sulfate,
in a concentration of 1.25 mg/mL, remained chemically sta-
ble over a 28-day period stored at 4° or at room temperature,
irrespective of light exposure.1 However, unless prepared un-
der sterile conditions, the mixture should be used within 7
days because of the risk of microbial contamination once the
gel has been opened.
1. Zeppetella G, et al. Stability of morphine sulphate and diamor-

phine hydrochloride in Intrasite gel . Palliat Med 2005; 19:
131–6.

Morphine Tartrate (BANM) ⊗ 
Morfina, tartrato de.
Морфина Тартрат
(C17H19NO3)2,C4H6O6,3H2O = 774.8.
CAS — 302-31-8 (anhydrous morphine tartrate); 6032-
59-3 (morphine tartrate tr ihydrate).

Incompatibility. See under Morphine Sulfate, above.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Dependence associated with morphine and closely re-
lated μ-agonists appears to result in more severe with-
drawal symptoms than that associated with κ-receptor
agonists. With morphine, withdrawal symptoms usual-
ly begin within a few hours, reach a peak within 36 to
72 hours, and then gradually subside. 
Morphine is used for substitution therapy in the man-
agement of neonatal abstinence syndrome (see Admin-
istration in Children, below).

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102.
◊ References.
1. Cherny N, et al. Strategies to manage the adverse effects of oral

morphine: an evidence-based report. J Clin Oncol 2001; 19:
2542–54.

Effects on the cardiovascular system. For a reference to the
effects of morphine on histamine release compared with some
other opioids, see under Pethidine, p.114.
Effects on the muscles. Severe rectovaginal spasms that oc-
curred in a patient given intrathecal morphine1 were successfully
controlled with midazolam.
1. Littrell RA, et al. Muscle spasms associated with intrathecal

morphine therapy: treatment with midazolam. Clin Pharm 1992;
11: 57–9.

Effects on the nervous system. Myoclonus, often associated
with hyperalgesia, has been reported in patients with advanced
malignant disease treated with morphine.1-5 It appears to be
uncommon with typical oral doses of morphine and is more often
associated with high intravenous and spinal doses. Neuroexcita-
tory metabolites of morphine are often implicated in the develop-
ment of myoclonus;2,4,5 however, other possible mechanisms
such as drug interactions cannot be ruled out.4-6 
It has been reported that myoclonus induced by morphine can be
successfully controlled using a benzodiazepine such as mida-
zolam.7 Indeed, some researchers8 consider benzodiazepines to
be the drugs of choice: clonazepam, diazepam, and lorazepam
were most frequently used. Dantrolene5,8 and gabapentin9 have
also been tried.
1. Potter JM, et al. Myoclonus associated with treatment with high

doses of morphine: the role of supplemental drugs. BMJ 1989;
299: 150–3. 

2. Glare PA, et al. Normorphine, a neurotoxic metabolite? Lancet
1990; 335: 725–6. 

3. De Conno F, et al. Hyperalgesia and myoclonus with intrathecal
infusion of high-dose morphine. Pain 1992; 47: 337–9. 

4. Sjøgren P, et al. Hyperalgesia and myoclonus in terminal cancer
patients treated with continuous intravenous morphine. Pain
1993; 55: 93–7. 

5. Mercadante S. Pathophysiology and treatment of opioid-related
myoclonus in cancer patients. Pain 1998; 74: 5–9. 

6. Quinn N. Myoclonus associated with high doses of morphine.
BMJ 1989; 299: 683–4. 

7. Holdsworth MT, et al. Continuous midazolam infusion for the
management of morphine-induced myoclonus. Ann Pharmaco-
ther 1995; 29: 25–9. 

8. Ferris DJ. Controlling myoclonus after high-dosage morphine
infusions. Am J Health-Syst Pharm 1999; 56: 1009–10. 

9. Mercadante S, et al. Gabapentin for opioid-related myoclonus in
cancer patients. Support Care Cancer 2001; 9: 205–6.

Precautions
As for Opioid Analgesics in general, p.103.
Biliary-tract disorders. See under Precautions of Opioid An-
algesics, p.103.
Breast feeding. Measurable blood concentrations of morphine
have been detected in 2 breast-fed infants whose mothers re-
ceived oral or intrathecal morphine during and after their preg-
nancies; however, no adverse effects were reported in either of
these infants.1,2 In a group of 7 women given patient-controlled
analgesia with intravenous morphine after caesarean delivery,
the concentrations of morphine and its metabolite morphine-6
glucuronide in the colostrum were found to be very small.3 Al-
though no infants were breast fed during the study, it was consid-
ered that the effects of maternal morphine on breast-fed infants
would be negligible.3 The American Academy of Pediatrics4

also states that the use of morphine is usually compatible with
breast feeding.
1. Robieux I, et al. Morphine excretion in breast milk and resultant

exposure of a nursing infant. J Toxicol Clin Toxicol 1990; 28:
365–70. 

2. Oberlander TF, et al. Prenatal and breast milk morphine expo-
sure following maternal intrathecal morphine treatment. J Hum
Lact 2000; 16: 137–42. 

3. Baka N-E, et al. Colostrum morphine concentrations during
postcesarean intravenous patient-controlled analgesia. Anesth
Analg 2002; 94: 184–7. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 26/06/08)

Hepatic impairment. In view of its hepatic metabolism, cau-
tion is generally advised when giving morphine to patients with
hepatic impairment (but see under Pharmacokinetics, below).
The BNF advises that use should be avoided or the dose reduced
because of the risk of precipitating a coma, although it is also
noted that many patients with hepatic impairment tolerate mor-
phine well. Others have considered that severe hepatic impair-
ment may affect morphine metabolism but less severe impair-
ment does not.1 
The mean elimination half-life of morphine in 12 patients with
cirrhosis was almost twice that in 10 healthy subjects after ad-
ministration of a modified-release oral morphine preparation
(MST-Continus; Napp, UK) and peak serum concentrations were
almost three times as high.2 Patients with cirrhosis had a greater
degree of sedation but none developed encephalopathy. It was
recommended that the dose for modified-release preparations
should be reduced and that it be given less often when patients
have cirrhosis. 
In a later study3 15 patients with liver cancer were given the same
oral morphine preparation and compared with 10 healthy sub-
jects from the previous study; the area under the serum concen-
tration-time curve of morphine was increased three- to fourfold
in those with cancer. The elimination half-life of morphine was
also prolonged in patients with primary cancer when compared
with healthy subjects and those with secondary metastatic dis-
ease. Adverse effects were more frequent in the primary cancer
group and included 2 cases of respiratory depression; the authors
commented that altered blood-brain transportation may have
been partly responsible for such effects.
1. Twycross R, Wilcock A. Palliative Care Formulary. 3rd ed. Not-

tingham, Palliativedrugs.com Ltd, 2007: 274. 
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2. Kotb HIM, et al. Pharmacokinetics of controlled release mor-

phine (MST) in patients with liver cirrhosis. Br J Anaesth 1997;
79: 804–6. 

3. Kotb HIM, et al. Pharmacokinetics of controlled release mor-
phine (MST) in patients with liver carcinoma. Br J Anaesth
2005; 94: 95–9.

Phaeochromocytoma. Morphine and some other opioids can
induce the release of endogenous histamine and thereby stimu-
late catecholamine release making them unsuitable for use in pa-
tients with phaeochromocytoma. For further details, see p.103.
Renal impairment. Severe and prolonged respiratory depres-
sion has occurred in patients with renal impairment given mor-
phine. Toxicity in 3 such patients was attributed to the accumu-
lation of the active metabolite morphine-6-glucuronide.1 Plasma
concentrations of this metabolite were found2 to be ten times
higher than normal in a 7-year-old girl with haemolytic uraemic
syndrome given morphine intravenously although the half-life of
morphine was also prolonged. Plasma concentrations of mor-
phine-6-glucuronide were also reported3 to be persistently in-
creased 19 days after stopping morphine by intravenous infusion
in a 17-year-old girl with normal renal function. The authors of
the report suggested that alterations in bowel flora after antibac-
terial therapy or inhibition of morphine-3-glucuronide glucuro-
nidation by lorazepam might be responsible. It has also been
reported4 that accumulation of morphine can occur in renal fail-
ure, although to a lesser extent than accumulation of metabolites
(see also under Pharmacokinetics, below).
1. Osborne RJ, et al. Morphine intoxication in renal failure: the role

of morphine-6-glucuronide. BMJ 1986; 292: 1548–9. 
2. Hasselström J, et al. Long lasting respiratory depression induced

by morphine-6-glucuronide? Br J Clin Pharmacol 1989; 27:
515–18. 

3. Calleja MA, et al. Persistently increased morphine-6-glucuro-
nide concentrations. Br J Anaesth 1990; 64: 649. 

4. Osborne R, et al. The pharmacokinetics of morphine and mor-
phine glucuronides in kidney failure. Clin Pharmacol Ther 1993;
54: 158–67.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
US licensed product information for some once-daily
modified-release preparations of morphine sulfate
states that patients must not ingest alcohol, including
alcohol-containing medicines, at the same time due to
the risk of rapid release and absorption of a potentially
fatal dose of morphine; in-vitro studies showed that al-
cohol accelerated the release of morphine.
◊ For references to myoclonus associated with morphine and the
concurrent use of other drugs, see Effects on the Nervous System
under Adverse Effects, above.
Antibacterials. There is some evidence1 that the potent en-
zyme inducer rifampicin can reduce the serum concentration of
morphine and decrease its analgesic effect; induction of the en-
zymes responsible for conversion of morphine to the active glu-
curonide metabolite did not seem to occur.
1. Fromm MF, et al. Loss of analgesic effect of morphine due to

coadministration of rifampin. Pain 1997; 72: 261–7.

Benzodiazepines. An additive sedative effect is to be expected
between opioid analgesics and benzodiazepines and has been re-
ported with morphine and midazolam.1 
For reference to a suggestion that lorazepam may inhibit mor-
phine-3-glucuronide glucuronidation, see Renal Impairment un-
der Precautions, above.
1. Tverskoy M, et al. Midazolam-morphine sedative interaction in

patients. Anesth Analg 1989; 68: 282–5.

Cisapride. Plasma concentrations of morphine have been in-
creased by oral cisapride.1
1. Rowbotham DJ, et al. Effect of cisapride on morphine absorption

after oral administration of sustained-release morphine. Br J
Anaesth 1991; 67: 421–5.

Histamine H2-antagonists. See under Opioid Analgesics,
p.103.
Local anaesthetics. Prior use of epidural chloroprocaine,
when compared with lidocaine, has been reported to reduce the
duration1 and efficacy2 of epidural morphine analgesia. Howev-
er, a later study3 found no such effects; the authors suggested that
findings from the previous 2 studies were due to breakthrough
pain caused by the early resolution of chloroprocaine anaesthesia
occurring before the maximum onset of morphine analgesia.
1. Eisenach JC, et al. Effect of prior anesthetic solution on epidural

morphine analgesia. Anesth Analg 1991; 73: 119–23. 
2. Karambelkar DJ, Ramanathan S. 2-Chloroprocaine antagonism

of epidural morphine analgesia. Acta Anaesthesiol Scand 1997;
41: 774–8. 

3. Hess PE, et al. Chloroprocaine may not affect epidural morphine
for postcesarean delivery analgesia. J Clin Anesth 2006; 18:
29–33.

Metoclopramide. Reports on the effects of metoclopramide
on morphine have included an increased rate of onset and degree
of sedation when oral metoclopramide was given with modified-

release morphine1 and antagonism of the effects of morphine on
gastric emptying by intravenous metoclopramide.2
1. Manara AR, et al. The effect of metoclopramide on the absorp-

tion of oral controlled release morphine. Br J Clin Pharmacol
1988; 25: 518–21. 

2. McNeill MJ, et al. Effect of iv metoclopramide on gastric emp-
tying after opioid premedication. Br J Anaesth 1990; 64: 450–2.

Tricyclic antidepressants. Both clomipramine and am-
itriptyline significantly increased the plasma availability of mor-
phine when given to cancer patients taking oral morphine solu-
tion.1 It was noted however that the potentiation of the analgesic
effects of morphine by these drugs might not be confined to in-
creased bioavailability of morphine; the dose of tricyclic to use
with morphine in the treatment of cancer pain should be decided
by clinical evaluation rather than by pharmacokinetic data.
1. Ventafridda V, et al. Antidepressants increase bioavailability of

morphine in cancer patients. Lancet 1987; i: 1204.

Pharmacokinetics
Morphine salts are well absorbed from the gastrointes-
tinal tract but have poor oral bioavailability since they
undergo extensive first-pass metabolism in the liver
and gut. After subcutaneous or intramuscular injection
morphine is readily absorbed into the blood. The
majority of a dose of morphine is conjugated with glu-
curonic acid in the liver and gut to produce morphine-
3-glucuronide and morphine-6-glucuronide. The latter
is considered to contribute to the analgesic effect of
morphine, especially with repeated oral doses. Mor-
phine-3-glucuronide on the other hand can antagonise
the analgesic action and might be responsible for the
paradoxical pain seen in some patients given mor-
phine. Other active metabolites include normorphine,
codeine, and morphine ethereal sulfate. Enterohepatic
circulation probably occurs. Morphine is distributed
throughout the body but mainly in the kidneys, liver,
lungs, and spleen, with lower concentrations in the
brain and muscles. Morphine crosses the blood-brain
barrier less readily than more lipid-soluble opioids
such as diamorphine, but it has been detected in the
CSF as have its highly polar metabolites morphine-3-
glucuronide and morphine-6-glucuronide. Morphine
diffuses across the placenta and traces also appear in
breast milk and sweat. About 35% is protein bound.
Mean plasma elimination half-lives of about 2 hours
for morphine and 2.4 to 6.7 hours for morphine-3-glu-
curonide have been reported. 
Up to 10% of a dose of morphine may eventually be
excreted, as conjugates, through the bile into the
faeces. The remainder is excreted in the urine, mainly
as conjugates. About 90% of total morphine is excreted
in 24 hours with traces in urine for 48 hours or more.
◊ Much has been published on the metabolism and disposition of
morphine and its relevance to the clinical use of morphine, in
particular the analgesic effect of repeated oral doses and the rel-
ative potency of oral to parenteral doses. There has been uncer-
tainty as to the contributions in man of first-pass metabolism in
the liver and gut,1-4 the possible role of renal metabolism,2,3,5,6

the analgesic activity and clinical importance of the metabolite
morphine-6-glucuronide,2,7-21 and enterohepatic circulation.2,9

There has also been interest in the effects of the metabolite mor-
phine-3-glucuronide.21-24

1. Hanks GW, Aherne GW. Morphine metabolism: does the renal
hypothesis hold water? Lancet 1985; i: 221–2. 

2. Hanks GW, et al. Explanation for potency of repeated oral doses
of morphine? Lancet 1987; ii: 723–5. 

3. Bodenham A, et al. Extrahepatic morphine metabolism in man
during the anhepatic phase of orthotopic liver transplantation.
Br J Anaesth 1989; 63: 380–4. 

4. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829–58. 

5. McQuay H, Moore A. Metabolism of narcotics. BMJ 1984; 288:
237. 

6. Moore A, et al. Morphine kinetics during and after renal trans-
plantation. Clin Pharmacol Ther 1984; 35: 641–5. 

7. McQuay HJ, et al. Potency of oral morphine. Lancet 1987; ii:
1458–9. 

8. Hanks GW, et al. Enterohepatic circulation of morphine. Lancet
1988; i: 469. 

9. Osborne R, et al. Analgesic activity of morphine-6-glucuronide.
Lancet 1988; i: 828. 

10. Hanks GW, Wand PJ. Enterohepatic circulation of opioid drugs:
is it clinically relevant in the treatment of cancer patients? Clin
Pharmacokinet 1989; 17: 65–8. 

11. Paul D, et al. Pharmacological characterization of morphine-6β-
glucuronide, a very potent morphine metabolite. J Pharmacol
Exp Ther 1989; 251: 477–83. 

12. Hanna MH, et al. Analgesic efficacy and CSF pharmacokinetics
of intrathecal morphine-6-glucuronide: comparison with mor-
phine. Br J Anaesth 1990; 64: 547–50. 

13. Osborne R, et al. Morphine and metabolite behavior after differ-
ent routes of morphine administration: demonstration of the im-
portance of the active metabolite morphine-6-glucuronide. Clin
Pharmacol Ther 1990; 47: 12–19. 

14. McQuay HJ, et al. Oral morphine in cancer pain: influences on
morphine and metabolite concentration. Clin Pharmacol Ther
1990; 48: 236–44. 

15. Hanna MH, et al. Disposition of morphine-6-glucuronide and
morphine in healthy volunteers. Br J Anaesth 1991; 66: 103–7. 

16. Portenoy RK, et al. The metabolite morphine-6-glucuronide
contributes to the analgesia produced by morphine infusion in
patients with pain and normal renal function. Clin Pharmacol
Ther 1992; 51: 422–31. 

17. Thompson PI, et al. Respiratory depression following morphine
and morphine-6-glucuronide in normal subjects. Br J Clin Phar-
macol 1995; 40: 145–52. 

18. Lötsch J, Geisslinger G. Morphine-6-glucuronide: an analgesic
of the future? Clin Pharmacokinet 2001; 40: 485–99. 

19. Wittwer E, Kern SE. Role of morphine’s metabolites in analge-
sia: concepts and controversies. AAPS J 2006; 8: E348–E352. 

20. van Dorp ELA, et al. Morphine-6-glucuronide: morphine’s suc-
cessor for postoperative pain relief? Anesth Analg 2006; 102:
1789–97. 

21. Lugo RA, Kern SE. Clinical pharmacokinetics of morphine. J
Pain Palliat Care Pharmacother 2003; 16 (4): 5–18. 

22. Smith MT, et al. Morphine-3-glucuronide—a potent antagonist
of morphine analgesia. Life Sci 1990; 47: 579–85. 

23. Morley JS, et al. Paradoxical pain. Lancet 1992; 340: 1045. 
24. Morley JS, et al. Methadone in pain uncontrolled by morphine.
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Administration. There have been many studies on the phar-
macokinetics of morphine given by various routes and methods.
These include the buccal route (see below), modified-release oral
preparations,1,2 the rectal route,3,4 the topical route,5 the pulmo-
nary route,6,7 continuous subcutaneous compared with intrave-
nous infusion,8 and the intraspinal route.9-13 
Slow dural transfer of morphine and its prolonged presence in
the CSF appear to correlate with its slow onset and long duration
of action by epidural and intrathecal injection.14 More lipid-sol-
uble opioids, such as diamorphine and pethidine, enter and leave
the CSF more rapidly than morphine. 
The pharmacokinetics of morphine given by 5 different routes—
intravenous bolus injection and oral, sublingual, buccal, and
modified-release buccal tablets—were studied15 with particular
reference to morphine-6-glucuronide, the active metabolite. This
metabolite occurred in large quantities after intravenous doses
and plasma concentrations rapidly exceeded those of morphine.
After oral doses morphine-6-glucuronide and morphine-3-glu-
curonide were present in quantities similar to those seen after in-
travenous morphine; morphine concentrations in plasma were
very low and the mean morphine-6-glucuronide to morphine
area under the curve ratio was 9.7 to 1. There was delayed ab-
sorption with attenuation and delay of peak morphine and metab-
olite plasma concentrations after sublingual or buccal dosage. 
Compared with oral doses, concentrations of morphine were
higher and those of its glucuronides lower when morphine was
given rectally,16 suggesting avoidance of first-pass metabolism. 
Morphine was not absorbed systemically when applied topically
to ulcers although some absorption may occur when a large sur-
face area is involved.5
1. Pinnock CA, et al. Absorption of controlled release morphine

sulphate in the immediate postoperative period. Br J Anaesth
1986; 58: 868–71. 

2. Savarese JJ, et al. Steady-state pharmacokinetics of controlled
release oral morphine sulphate in healthy subjects. Clin Phar-
macokinet 1986; 11: 505–10. 

3. Moolenaar F, et al. Drastic improvement in the rectal absorption
profile of morphine in man. Eur J Clin Pharmacol 1985; 29:
119–21. 

4. Cole L, et al. Further development of a morphine hydrogel sup-
pository. Br J Clin Pharmacol 1990; 30: 781–6. 

5. Ribeiro MDC, et al. The bioavailability of morphine applied
topically to cutaneous ulcers. J Pain Symptom Manage 2004;
27: 434–9. 

6. Ward ME, et al. Morphine pharmacokinetics after pulmonary
administration from a novel aerosol delivery system. Clin Phar-
macol Ther 1997; 62: 596–609. 

7. Masood AR, Thomas SHL. Systemic absorption of nebulized
morphine compared with oral morphine in healthy subjects. Br
J Clin Pharmacol 1996; 41: 250–2. 

8. Waldmann CS, et al. Serum morphine levels: a comparison be-
tween continuous subcutaneous infusion and continuous intra-
venous infusion in postoperative patients. Anaesthesia 1984;
39: 768–71. 

9. Gustafsson LL, et al. Disposition of morphine in cerebrospinal
fluid after epidural administration. Lancet 1982; i: 796. 

10. Moore A, et al. Spinal fluid kinetics of morphine and heroin.
Clin Pharmacol Ther 1984; 35: 40–5. 

11. Max MB, et al. Epidural and intrathecal opiates: cerebrospinal
fluid and plasma profiles in patients with chronic cancer pain.
Clin Pharmacol Ther 1985; 38: 631–41. 

12. Nordberg G, et al. Extradural morphine: influence of adrenaline
admixture. Br J Anaesth 1986; 58: 598–604. 

13. Ionescu TI, et al. The pharmacokinetics of intradural morphine
in major abdominal surgery. Clin Pharmacokinet 1988; 14:
178–86. 

14. Morgan M. The rational use of intrathecal and extradural opio-
ids. Br J Anaesth 1989; 63: 165–88. 

15. Osborne R, et al. Morphine and metabolite behavior after differ-
ent routes of morphine administration: demonstration of the im-
portance of the active metabolite morphine-6-glucuronide. Clin
Pharmacol Ther 1990; 47: 12–19. 

16. Babul N, Darke AC. Disposition of morphine and its glucuro-
nide metabolites after oral and rectal administration: evidence
of route specificity. Clin Pharmacol Ther 1993; 54: 286–92.

BUCCAL ROUTE. Conflicting results from studies on buccal
morphine may reflect differences in formulation1 and hence
absorption. Some2 reported equivalent analgesia with buccal
and intramuscular morphine although others3 found marked
interindividual variability with mean peak serum concentra-
tions of morphine some eight times lower after a buccal tablet
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than after an intramuscular injection and occurring a mean of
4 hours later. Morphine sulfate in aqueous solution has been
reported to be moderately well absorbed from the buccal mu-
cosa.4 Absolute bioavailability for morphine was estimated to
be 23.8% after an oral solution, 22.4% after a modified-re-
lease oral tablet (MST Continus; Napp, UK), and 20.2% after
a modified-release buccal tablet, with maximum plasma-mor-
phine concentrations at 45 minutes, 2.5 hours, and 6 hours
respectively; mean ratios of area under the plasma concentra-
tion-time curve for morphine-6-glucuronide to morphine in
plasma were 11:1 after buccal and oral morphine compared
with 2:1 for intravenous morphine.5 There was considerable
inter-subject variation in plasma concentrations of the mor-
phine metabolites, morphine-3-glucuronide and morphine-6-
glucuronide after buccal doses of morphine as a modified-re-
lease formulation,6 and lack of pain relief was subsequently
reported with this buccal formulation.7 Poor absorption of
morphine from modified-release buccal tablets when com-
pared with intramuscular injection was also reported;8 bitter-
ness of the tablets, leading to their premature removal, and
poor dissolution may have contributed.
1. Calvey TN, Williams NE. Pharmacokinetics of buccal morphine.

Br J Anaesth 1990; 64: 256. 
2. Bell MDD, et al. Buccal morphine—a new route for analgesia?

Lancet 1985; i: 71–3. 
3. Fisher AP, et al. Serum morphine concentrations after buccal and

intramuscular morphine administration. Br J Clin Pharmacol
1987; 24: 685–7. 

4. Al-Sayed-Omar O, et al. Influence of pH on the buccal absorp-
tion of morphine sulphate and its major metabolite, morphine-3-
glucuronide. J Pharm Pharmacol 1987; 39: 934–5. 

5. Hoskin PJ, et al. The bioavailability and pharmacokinetics of
morphine after intravenous, oral and buccal administration in
healthy volunteers. Br J Clin Pharmacol 1989; 27: 499–505. 

6. Manara AR, et al. Pharmacokinetics of morphine following ad-
ministration by the buccal route. Br J Anaesth 1989; 62:
498–502. 

7. Manara AR, et al. Analgesic efficacy of perioperative buccal
morphine. Br J Anaesth 1990; 64: 551–5. 

8. Simpson KH, et al. An investigation of premedication with mor-
phine given by the buccal or intramuscular route. Br J Clin Phar-
macol 1989; 27: 377–80.

Children. The pharmacokinetics of morphine in children are
generally considered similar to those in adults;1-3 in both an elim-
ination half-life of about 2 hours has been reported after intrave-
nous administration of morphine. In neonates, however, clear-
ance is generally reduced4-7 and pharmacokinetics are more
variable.8-10 Studies7,11 have found significantly higher plasma
concentrations of morphine and a significantly lower morphine-
6-glucuronide to morphine ratio in neonates when compared
with older infants and children; however, the morphine-6-glu-
curonide to morphine-3-glucuronide ratio remains constant irre-
spective of age.7 Elimination half-lives of 6.7 and 10 hours have
been reported in term and preterm infants, respectively after a
single intravenous dose of morphine, with nearly 80% of the
dose remaining unbound.10 The reduced clearance, which is de-
pendent on gestational age and birth weight,12,13 and higher mor-
phine concentrations are probably due to reduced metabolism in
neonates as well as immature renal function: the capacity to con-
jugate morphine by glucuronidation is reduced in preterm in-
fants,6,8,9 and some premature neonates may lack the capacity
entirely.9
1. Dahlström B, et al. Morphine kinetics in children. Clin Pharma-

col Ther 1979; 26: 354–65. 
2. Stanski DR, et al. Kinetics of high-dose intravenous morphine

in cardiac surgery patients. Clin Pharmacol Ther 1976; 19:
752–6. 

3. Olkkola KT, et al. Clinical pharmacokinetics and pharmacody-
namics of opioid analgesics in infants and children. Clin Phar-
macokinet 1995; 5: 385–404. 

4. Koren G, et al. Postoperative morphine infusion in newborn in-
fants: assessment of disposition characteristics and safety. J
Pediatr 1985; 107: 963–7. 

5. Lynn AM, Slattery JT. Morphine pharmacokinetics in early in-
fancy. Anesthesiology 1987; 66: 136–9. 

6. Choonara IA, et al. Morphine metabolism in children. Br J Clin
Pharmacol 1989; 28: 599–604. 

7. Bouwmeester NJ, et al. Age- and therapy-related effects on
morphine requirements and plasma concentrations of morphine
and its metabolites in postoperative infants. Br J Anaesth 2003;
90: 642–52. 

8. Hartley R, et al. Pharmacokinetics of morphine infusion in pre-
mature neonates. Arch Dis Child 1993; 69: 55–8. 

9. Bhat R, et al. Morphine metabolism in acutely ill preterm new-
born infants. J Pediatr 1992; 120: 795–9. 

10. Bhat R, et al. Pharmacokinetics of a single dose of morphine in
preterm infants during the first week of life. J Pediatr 1990;
117: 477–81. 

11. Bouwmeester NJ, et al. Postoperative pain in the neonate: age-
related differences in morphine requirements and metabolism.
Intensive Care Med 2003; 29: 2009–15. 

12. Scott CS, et al. Morphine pharmacokinetics and pain assess-
ment in premature newborns. J Pediatr 1999; 135: 423–9. 

13. Saarenmaa E, et al. Morphine clearance and effects in newborn
infants in relation to gestational age. Clin Pharmacol Ther
2000; 68: 160–6.

The elderly. The pharmacokinetics of morphine were
compared1 in 7 healthy elderly (60 to 69 years) and 13 healthy
young (24 to 28 years) subjects, after a single intravenous injec-
tion of morphine sulfate 10 mg per 70 kg. Although the terminal
rate of drug disappearance from plasma was faster in the elderly

group, apparent volume of distribution at steady state was about
half that of the young group and plasma clearance was reduced.
1. Owen JA, et al. Age-related morphine kinetics. Clin Pharmacol

Ther 1983; 34: 364–8.

Hepatic impairment. The liver is a major site of morphine
metabolism and therefore hepatic impairment could be expected
to affect elimination (see under Precautions, above). There is
some evidence that in cirrhosis glucuronidation might be rela-
tively spared compared with other metabolic processes and that
some extrahepatic metabolism may occur. Several studies have
served to illustrate these points: 
• Hepatic extraction of morphine was impaired in cirrhotic pa-

tients, but less than expected1 
• Morphine metabolism was minimal during the anhepatic

phase of liver transplantation, but increased markedly when
the new liver was reperfused2 

• Morphine metabolism was virtually complete after liver trans-
plantation with only 4.5% unchanged morphine being excret-
ed in the urine 24 hours after administration3 

• Morphine elimination was reduced when hepatic blood flow
was impaired4

1. Crotty B, et al. Hepatic extraction of morphine is impaired in
cirrhosis. Eur J Clin Pharmacol 1989; 36: 501–6. 

2. Bodenham A, et al. Extrahepatic morphine metabolism in man
during the anhepatic phase of orthotopic liver transplantation. Br
J Anaesth 1989; 63: 380–4. 

3. Shelly MP, et al. Pharmacokinetics of morphine in patients fol-
lowing orthotopic liver transplantation. Br J Anaesth 1989; 63:
375–9. 

4. Manara AR, et al. Morphine elimination and liver blood flow: a
study in patients undergoing distal splenorenal shunt. Br J Hosp
Med 1989; 42: 148 (abstract).

Renal impairment. Only a small amount of morphine is ex-
creted unchanged in the urine. There are conflicting reports of
morphine accumulation in patients with renal impairment; some
for,1,2 others against.3-5 It does seem clear though that morphine
metabolites accumulate in such patients5-9 including those on
peritoneal dialysis;10 the half-life of the active metabolite mor-
phine-6-glucuronide was reported to be prolonged and its clear-
ance reduced when morphine-6-glucuronide was given to pa-
tients with renal impairment.11 Opioid intoxication12 and a
prolonged opioid effect13 in patients with renal failure has been
associated with morphine-6-glucuronide (see also under Precau-
tions, above).
1. Ball M, et al. Renal failure and the use of morphine in intensive
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5. Chauvin M, et al. Morphine pharmacokinetics in renal failure.
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morphine and morphine glucuronides. Eur J Clin Pharmacol
1988; 34: 353–7. 

8. Sear JW, et al. Studies on morphine disposition: influence of
renal failure on the kinetics of morphine and its metabolites. Br
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9. Peterson GM, et al. Plasma levels of morphine and morphine
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nal function and route of administration. Eur J Clin Pharmacol
1990; 38: 121–4. 

10. Pauli-Magnus C, et al. Pharmacokinetics of morphine and its
glucuronides following intravenous administration of morphine
in patients undergoing continuous ambulatory peritoneal dialy-
sis. Nephrol Dial Transplant 1999; 14: 903–9. 

11. Hanna MH, et al. Morphine-6-glucuronide disposition in renal
impairment. Br J Anaesth 1993; 70: 511–14. 

12. Osborne RJ, et al. Morphine intoxication in renal failure: the
role of morphine-6-glucuronide. BMJ 1986; 292: 1548–9. 

13. Bodd E, et al. Morphine-6-glucuronide might mediate the pro-
longed opioid effect of morphine in acute renal failure. Hum
Exp Toxicol 1990; 9: 317–21.

Uses and Administration
Morphine, a phenanthrene derivative, is the main alka-
loid of opium (p.105). It is now commonly obtained
from whole opium poppies (Papaver somniferum)
which are harvested as poppy straw; a concentrate of
poppy straw is known as CPS. 
Morphine is an opioid analgesic (p.104) with agonist
activity mainly at μ opioid receptors and perhaps at κ
and δ receptors. It acts mainly on the CNS and smooth
muscle. Although morphine is mainly a CNS depres-
sant it has some central stimulant actions which result
in nausea and vomiting and miosis. Morphine general-
ly increases smooth muscle tone, especially the sphinc-
ters of the gastrointestinal and biliary tracts. 
Morphine may produce both physical and psychologi-
cal dependence (see p.101) and should therefore be
used with discrimination. Tolerance may also develop. 
Morphine is used for the relief of moderate to severe
pain, especially that associated with cancer, myocar-

dial infarction, and surgery. In addition to relieving
pain, morphine also alleviates the anxiety associated
with severe pain and it is useful as a hypnotic where
sleeplessness is due to pain. It is also used in the man-
agement of neonatal abstinence syndrome (see Admin-
istration in Children, below). 
Morphine reduces intestinal motility but its role, if any,
in the symptomatic treatment of diarrhoea is very lim-
ited. It also relieves dyspnoea associated with various
conditions, including that due to pulmonary oedema
resulting from left ventricular failure. It is an effective
cough suppressant, but codeine is usually preferred as
there is less risk of dependence; morphine may howev-
er be necessary to control intractable cough associated
with terminal lung cancer. Morphine has been used
pre-operatively as an adjunct to anaesthesia for pain re-
lief and to allay anxiety. It has also been used in high
doses as a general anaesthetic in specialised procedures
such as open-heart surgery. 
Morphine is usually administered as the sulfate, al-
though the hydrochloride and the tartrate are used in
similar doses. Doses are expressed as the salts. Dosage
routes include the oral, subcutaneous, intramuscular,
intravenous, intraspinal, and rectal routes. Subcutane-
ous injections are considered unsuitable for oedema-
tous patients. Parenteral doses may be intermittent
injections or continuous or intermittent infusions ad-
justed according to individual analgesic requirements. 
Doses should generally be reduced in the elderly or de-
bilitated or in patients with hepatic or renal impairment
(see also under Precautions, above). 
For pain: 
• Oral doses are usually in the range of 5 to 20 mg

every 4 hours and may be given as an aqueous solu-
tion of the hydrochloride or sulfate, as modified-
release granules or tablets, or as tablets. With modi-
fied-release preparations the 24-hour dose is usually
given as a single dose or in 2 divided doses; in the
USA, a modified-release preparation (MS Contin,
Purdue) that allows dosing every 8 or 12 hours is
also available. With all modified-release prepara-
tions, additional doses of a conventional formulation
may be needed if breakthrough pain occurs. As with
the other routes, high oral doses may be required for
effective analgesia in palliative care. 

• Morphine is sometimes given rectally generally as
suppositories in doses of 10 to 30 mg every 4 hours.
Oral modified-release preparations have also been
used rectally although such use is unlicensed in the
UK and is generally not recommended except, pos-
sibly, in some emergency situations. 

• The usual dose by subcutaneous or intramuscular
injection is 10 mg every 4 hours but may range from
5 to 20 mg. 

• Doses of up to 15 mg have been given by slow intra-
venous injection, sometimes as a loading dose for
continuous or patient-controlled infusion. For con-
tinuous intravenous administration maintenance
doses have generally ranged from 0.8 to 80 mg/hour,
although some patients have required and been giv-
en much higher doses. Similar doses have been giv-
en by continuous subcutaneous infusion. 

• For myocardial infarction, the BNF recommends
that 10 mg may be given by intravenous injection at
a rate of 2 mg/minute followed by a further 5 to
10 mg if necessary; half this dose should be used in
elderly or debilitated patients. 

• Intraspinal doses are in the region of 5 mg for an
initial epidural injection; if pain relief is unsatisfac-
tory after one hour, further doses of 1 to 2 mg may be
given up to a total dose of 10 mg per 24 hours. The
recommended initial dose for continuous epidural
infusion is 2 to 4 mg per 24 hours increased if neces-
sary by further doses of 1 to 2 mg. A modified-re-
lease formulation of liposomal morphine sulfate for
lumbar epidural use is also available for the treat-
ment of pain after major surgery; doses range from



90   Analgesics Anti-inflammatory Drugs and Antipyretics

10 to 20 mg, depending on the type of surgery, and
should be given before the operation, or after clamp-
ing of the umbilical cord if used during caesarean
section. It is intended for single-use only and no oth-
er drugs should be administered into the epidural
space for at least the next 48 hours. 

• Intrathecal use of morphine and its salts has tended
to be less common than epidural. Doses of
200 micrograms to 1 mg have been injected intrath-
ecally on a single occasion. 

For details of doses in children see below. 
In acute pulmonary oedema 5 to 10 mg may be given
by intravenous injection at a rate of 2 mg/minute. 
For the control of intractable cough associated with
terminal lung cancer, morphine oral solution is given in
an initial dose of 5 mg every 4 hours.
Administration. CONTINUOUS INFUSION. Both acute and
chronic pain have been controlled satisfactorily by continu-
ous intravenous or subcutaneous infusions of morphine
sulfate1-3 but diamorphine hydrochloride or hydromorphone
hydrochloride may be preferred for subcutaneous infusion be-
cause their greater solubility in water allows a smaller dose
volume. Continuous subcutaneous infusions may be preferred
to continuous intravenous infusions.4 Continuous subcutane-
ous infusion may be less effective than epidural morphine for
relief of postoperative pain;5 however, it was still considered
to provide simple and relatively effective analgesia with a low
rate of adverse effects. 
See also Patient-controlled Analgesia, below.
1. Waldmann CS, et al. Serum morphine levels: a comparison be-

tween continuous subcutaneous infusion and continuous intrave-
nous infusion in postoperative patients. Anaesthesia 1984; 39:
768–71. 

2. Goudie TA, et al. Continuous subcutaneous infusion of mor-
phine for postoperative pain relief. Anaesthesia 1985; 40:
1086–92. 

3. Stuart GJ, et al. Continuous intravenous morphine infusions for
terminal pain control: a retrospective review. Drug Intell Clin
Pharm 1986; 20: 968–72. 

4. Drexel H. Long-term continuous subcutaneous and intravenous
opioid infusions. Lancet 1991; 337: 979. 

5. Hindsholm KB, et al. Continuous subcutaneous infusion of mor-
phine—an alternative to extradural morphine for postoperative
pain relief. Br J Anaesth 1993; 71: 580–2.

INTRA-ARTICULAR ROUTE. Intra-articular injection of morphine
into the knee at the end of arthroscopy has been reported to
provide some degree of postoperative pain relief;1,2 such pain
relief may be more pronounced than that produced by the
same dose given intravenously1 or intramuscularly.2 The ef-
fect appears to be due to the action of morphine on peripheral
opioid receptors2 although a systemic effect has not been
completely excluded.1 
There have been conflicting results on whether addition of mor-
phine to intra-articular bupivacaine improves analgesia3,4 and a
systematic review5 concluded that from the few well-controlled
studies there was no evidence of an added analgesic effect of
morphine compared with saline alone. 
Doses of morphine reported to have been injected intra-articular-
ly have ranged from 1 to 10 mg.
1. Gupta A, et al. A systematic review of the peripheral analgesic

effects of intraarticular morphine. Anesth Analg 2001; 93:
761–70. 

2. Raj N, et al. Comparison of the analgesic efficacy and plasma
concentrations of high-dose intra-articular and intramuscular
morphine for knee arthroscopy. Eur J Anaesthesiol 2004; 21:
932–7. 

3. Laurent SC, et al. Addition of morphine to intra-articular bupi-
vacaine does not improve analgesia after day-case arthroscopy.
Br J Anaesth 1994; 72: 170–3. 

4. Heine MF, et al. Intra-articular morphine after arthroscopic knee
operation. Br J Anaesth 1994; 73: 413–15. 

5. Rosseland LA. No evidence for analgesic effect of intra-articular
morphine after knee arthroscopy: a qualitative systematic re-
view. Reg Anesth Pain Med 2005; 30: 83–98.

INTRANASAL ROUTE. An intranasal formulation of morphine is
under investigation for the relief of acute pain.

INTRASPINAL ROUTE. Morphine is given epidurally and intrath-
ecally to relieve both acute and chronic pain. However, re-
views on the role of spinal opioids have generally concluded
that they should be reserved for pain not controlled by more
conventional routes.1-3 When converting from conventional
routes it has been suggested that 1% of the total daily dose
could be tried as the daily intrathecal dose and 10% as the
epidural dose.3 Conversion from intrathecal to oral dosage
has also been investigated.4 
Intrathecal morphine may be delivered continuously via an im-
planted programmable infusion pump for the long-term manage-
ment of chronic non-malignant and cancer pain. 
See also Patient-controlled Analgesia, below.
1. Anonymous. Spinal opiates revisited. Lancet 1986; i: 655–6. 

2. Gustafsson LL, Wiesenfeld-Hallin Z. Spinal opioid analgesia: a
critical update. Drugs 1988; 35: 597–603. 

3. McQuay HJ. Opioids in chronic pain. Br J Anaesth 1989; 63:
213–26. 

4. Sylvester RK, et al. The conversion challenge: from intrathecal
to oral morphine. Am J Hosp Palliat Care 2004; 21: 143–7.

PATIENT-CONTROLLED ANALGESIA. Morphine is one of the most
frequently used opioid analgesics for patient-controlled
analgesia (see p.4). Most experience has been with the intra-
venous route, but the intramuscular, subcutaneous, oral, pul-
monary, and epidural1 routes have also been used. Reasonable
initial settings recommended for intravenous use have been a
demand dose of 1 to 2 mg of morphine sulfate (or its equiva-
lent) and a lockout interval of 5 to 10 minutes.2
1. Sjöström S, et al. Patient-controlled analgesia with extradural

morphine or pethidine. Br J Anaesth 1988; 60: 358–66. 
2. Grass JA. Patient-controlled analgesia. Anesth Analg 2005; 101

(suppl): S44–S61.

PULMONARY ROUTE. For reference to the use of nebulised mor-
phine see Dyspnoea, below.
TOPICAL ROUTE. Morphine has been applied topically for local
analgesia in oral mucositis1,2 and cutaneous ulceration3-6 in-
cluding epidermolysis bullosa.7
1. Cerchietti LC, et al. Effect of topical morphine for mucositis-

associated pain following concomitant chemoradiotherapy for
head and neck carcinoma. Cancer 2000; 95: 2230–6. Correction.
ibid. 2003; 97: 1137. 

2. Cerchietti L. Morphine mouthwashes for painful mucositis. Sup-
port Care Cancer 2007; 15: 115–16. 

3. Twillman RK, et al. Treatment of painful skin ulcers with topical
opioids. J Pain Symptom Manage 1999; 17: 288–92. 

4. Krajnik M, et al. Potential uses of topical opioids in palliative
care–report of 6 cases. Pain 1999; 80: 121–5. 

5. Zeppetella G, et al. Analgesic efficacy of morphine applied top-
ically to painful ulcers. J Pain Symptom Manage 2003; 25:
555–8. 

6. Zeppetella G, Ribeiro MDC. Morphine in Intrasite gel applied
topically to painful ulcers. J Pain Symptom Manage 2005; 29:
118–19. 

7. Watterson G, et al. Peripheral opioids in inflammatory pain. Arch
Dis Child 2004; 89: 679–81.

Administration in children. Opioid analgesics are used in
children in the management of moderate to severe pain (see p.3);
morphine is the most widely used opioid for severe pain in chil-
dren and is the standard against which other opioids are com-
pared. Morphine may be given to children requiring acute
analgesia as a result of surgery or invasive procedures. It may
also be given for chronic non-malignant pain and is the opioid of
choice for the oral treatment of severe pain in palliative care. Its
analgesic and sedative properties are useful in the management
of children in intensive care (see p.957); morphine is considered
to be a more rational choice than fentanyl in settings where long-
term infusions are required. Respiratory depression with mor-
phine treatment is a risk in all children; however, neonates (and
particularly those who are breathing spontaneously) may have an
enhanced susceptibility because of the pharmacokinetic differ-
ences of morphine in this age group (see above). 
The following initial doses are recommended by the BNFC; dos-
es should thereafter be adjusted according to response: 
• By subcutaneous or intramuscular injection, neonates may be

given 100 micrograms/kg every 6 hours; those aged 1 to 6
months, 100 to 200 micrograms/kg every 6 hours; 6 months to
2 years, 100 to 200 micrograms/kg every 4 hours; 2 to 12
years, 200 micrograms/kg every 4 hours; 12 to 18 years, 2.5 to
10 mg every 4 hours 

• By intravenous injection over at least 5 minutes, neonates may
be given 50 micrograms/kg every 6 hours; those aged 1 to 6
months, 100 micrograms/kg every 6 hours; 6 months to 12
years, 100 micrograms/kg every 4 hours; 12 to 18 years,
2.5 mg every 4 hours 
The following doses given by slow intravenous injection are
suggested as loading doses for continuous intravenous infu-
sion: neonates may be given 25 to 100 micrograms/kg; those
aged 1 to 6 months, 100 to 200 micrograms/kg; 6 months to
12 years, 100 to 200 micrograms/kg; 12 to 18 years, 2.5 to
10 mg. The loading dose may be followed by an infusion giv-
en in a dose dependent on the patient’s age: neonates, 5 to
40 micrograms/kg per hour; 1 to 6 months, 10 to
30 micrograms/kg per hour; 6 months to 18 years, 20 to
30 micrograms/kg per hour 

• By mouth or rectum, infants aged 1 to 12 months may be giv-
en 80 to 200 micrograms/kg every 4 hours; those aged 1 to 2
years, 200 to 400 micrograms/kg every 4 hours; 2 to 12 years,
200 to 500 micrograms/kg, to a maximum of 20 mg, every 4
hours; 12 to 18 years, 5 to 20 mg every 4 hours. In palliative
care, modified-release oral preparations may be used; they are
given as a single daily dose or in 2 divided doses 

• By continuous subcutaneous infusion, children aged 1 to 3
months may be given 10 micrograms/kg per hour; those aged
3 months to 18 years, 20 micrograms/kg per hour 

Intraspinal doses of morphine that have been tried1 in children
are as follows: 
• Caudal epidural block, 100 micrograms/kg 
• Thoracic or lumbar epidural block, 50 micrograms/kg 
• Intrathecal doses of 20 or 30 micrograms/kg have provided

satisfactory postoperative pain relief, but respiratory depres-
sion occurred in 10 and 25%, respectively 

Guidelines2 for analgesia in children in Accident and Emergency
departments in the UK recommend the use of intravenous mor-
phine as an alternative to, or after initial treatment with,
intranasal diamorphine for severe pain such as that associated
with large burns, long bone dislocation, appendicitis, or sickle-
cell crisis, but it should be used with caution if there is risk of
depression of airway, breathing, or circulation. 
In the UK, morphine is also used in the management of neonatal
abstinence syndrome (p.102) under specialist supervision. The
BNFC recommends an initial oral dose of 40 micrograms/kg (in-
crease dose if necessary) every 4 hours until symptoms are con-
trolled; the dosage frequency should be reduced gradually over 6
to 10 days until a dose of 40 micrograms/kg once daily is
achieved after which the drug should be stopped.
1. Lloyd-Thomas AR. Pain management in paediatric patients. Br

J Anaesth 1990; 64: 85–104. 
2. British Association for Emergency Medicine. Clinical Effective-

ness Committee guideline for the management of pain in chil-
dren (2004). Available at: http://www.emergencymed.org.uk/
BAEM/CEC/assets/cec_pain_in_children.pdf (accessed
26/06/08)

Cancer pain. Morphine is the opioid of choice for moderate to
severe cancer pain (p.5); guidelines for its use issued by the Eu-
ropean Association for Palliative Care1 include: 
• the optimal route for use is by mouth. For best effect, both

conventional (for dose titration) and modified-release (for
maintenance) dosage forms are required 

• the simplest method of dose titration is with conventional
morphine dosage every 4 hours, and the same dose for break-
through pain. This ‘rescue dose’ may be given as often as re-
quired, up to hourly. The total daily dose of morphine should
be reviewed each day and the regular dose adjusted to take
into account the amount needed for breakthrough pain 

• if pain returns consistently before the next dose is due the reg-
ular dose should be increased. Conventional formulations do
not generally need to be given more often than every 4 hours,
and modified-release products should be given according to
the intended duration of the preparation (usually every 12 or
24 hours). Patients stabilised on regular oral morphine require
continued access to a rescue dose for breakthrough pain 

• if a conventional formulation of morphine is not available and
treatment is started with modified-release morphine, changes
to the regular dose should not be made more often than every
48 hours, which means that dose titration will be prolonged 

• for patients taking conventional morphine preparations every
4 hours, a double dose at bedtime is effective to prevent pain
disturbing sleep 

• if patients are unable to take morphine orally the preferred al-
ternative route is subcutaneous. There is no indication for in-
tramuscular morphine for cancer pain since subcutaneous
dosage is simpler and less painful 

• when converting dosage, the relative potency of oral to subcu-
taneous morphine is between about 1:2 and 1:3, so 20 to
30 mg of oral morphine is equianalgesic to 10 mg by subcuta-
neous injection 

• in patients who need continuous parenteral morphine the pre-
ferred route is by subcutaneous infusion. However, intrave-
nous infusion may be preferred: 
in patients who already have an indwelling intravenous line 
in those with generalised oedema 
if erythema, soreness, or sterile abscess develop during subcu-
taneous dosage 
in patients with coagulation disorders 
where peripheral circulation is poor 

• when converting dosage, the relative potency of oral to intra-
venous morphine is also between about 1:2 and 1:3 

• the buccal, sublingual, and nebulised routes of administration
are not recommended in the absence of evidence for clinical
advantage over more usual routes 

• a small proportion of patients develop intolerable adverse ef-
fects with oral morphine (in conjunction with adjuvant non-
opioid analgesics as appropriate) before achieving adequate
pain relief. In such patients a change to an alternative opioid,
or a change in the route should be considered. Although
switching between opioids complicates pain management, ad-
equate pain relief for some may depend on the use of alterna-
tive drugs, the use of intraspinal routes, or non-drug methods
of pain control 

Similar recommendations are given in guidelines issued by the
US National Comprehensive Cancer Network.2
1. Hanks GW, et al. Expert Working Group of the Research Net-

work of the European Association for Palliative Care. Morphine
and alternative opioids in cancer pain: the EAPC recommenda-
tions. Br J Cancer 2001; 84: 587–93. 

2. National Comprehensive Cancer Network. Clinical practice
guidelines in oncology: adult cancer pain (version 1.2008).
Available at: http://www.nccn.org/professionals/physician_gls/
PDF/pain.pdf (accessed 26/06/08)

Dyspnoea. In the treatment of dyspnoea (p.104), doses of mor-
phine tend to be smaller than those used for pain relief. Morphine
hydrochloride or sulfate may be given as an oral solution in care-
fully titrated doses, starting at a dose of 5 mg every 4 hours; as
little as 2.5 mg every 4 hours may be sufficient for opioid-naive
patients.1 In acute pulmonary oedema, 5 to 10 mg may be given
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by slow intravenous injection. In patients already receiving mor-
phine for pain relief the following doses have been suggested:2 
• mild dyspnoea: 25 to 50% of usual analgesic dose 
• moderate dyspnoea: 50 to 100% of usual analgesic dose 
• severe dyspnoea: 100% or more of usual analgesic dose 
Patients have also obtained relief from subcutaneous injection.3 
Although it has been reported that a low dose of nebulised mor-
phine (mean dose 1.7 mg) improved exercise endurance in pa-
tients with dyspnoea due to advanced chronic lung disease,4 sev-
eral subsequent studies5-7 have failed to obtain significant
improvements with doses up to 40 mg. It is considered that cur-
rent evidence does not support the use of nebulised morphine for
breathlessness.1,8-10 Furthermore, bronchospasm can be a prob-
lem, particularly at high doses, and there is no consensus on the
optimal dose, schedule, or method of dose titration.
1. Davis CL. ABC of palliative care: breathlessness, cough, and

other respiratory problems. BMJ 1997; 315: 931–4. 
2. Twycross R, Wilcock A. Palliative Care Formulary. 3rd ed.

Nottingham, Palliativedrugs.com Ltd, 2007: 280. 
3. Bruera E, et al. Subcutaneous morphine for dyspnea in cancer

patients. Ann Intern Med 1993; 119: 906–7. 
4. Young IH, et al. Effect of low dose nebulised morphine on ex-

ercise endurance in patients with chronic lung disease. Thorax
1989; 44: 387–90. 

5. Beauford W, et al. Effects of nebulized morphine sulfate on the
exercise tolerance of the ventilatory limited COPD patients.
Chest 1993; 104: 175–8. 

6. Noseda A, et al. Disabling dyspnoea in patients with advanced
disease: lack of effect of nebulized morphine. Eur Respir J
1997; 10: 1079–83. 

7. Jankelson D, et al. Lack of effect of high doses of inhaled mor-
phine on exercise endurance in chronic obstructive pulmonary
disease. Eur Respir J 1997; 10: 2270–4. 

8. Polosa R, et al. Nebulised morphine for severe interstitial lung
disease. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2002 (accessed
26/06/08). 

9. Foral PA, et al. Nebulized opioids use in COPD. Chest 2004;
125: 691–4. 

10. Brown SJ, et al. Nebulized morphine for relief of dyspnea due
to chronic lung disease. Ann Pharmacother 2005; 39: 1088–92.

Preparations
BP 2008: Chloroform and Morphine Tincture; Morphine and Atropine
Injection; Morphine Sulphate Injection; Morphine Suppositories; Morphine
Tablets; Prolonged-release Morphine Tablets; 
USP 31: Morphine Sulfate Extended-Release Capsules; Morphine Sulfate
Injection; Morphine Sulfate Suppositories.
Proprietary Preparations (details are given in Part 3)
Arg.: Algedol; Amidiaz; Analmorph; Duramorph; GNO; MST Continus;
Neocalmans; Austral.: Anamorph; Kapanol; MS Contin; MS Mono; Ordine;
Sevredol; Austria: Compensan; Kapabloc; Kapanol; M-Dolor ; Morapid;
Mundidol; Substitol; Vendal; Belg.: Docmorfine; Kapanol; MS Contin; MS
Direct; Oramorph; Stellorphinad; Stellorphine; Braz.: Dimorf; Dolo Moff;
MS-Long†; MST Continus†; Canad.: Kadian; M-Eslon; Morphitec†; MOS;
MS Contin; MSIR; Oramorph†; Statex†; Chile: M-Eslon; Cz.: Doltard†; M-
Eslon; MST Continus; MST Uno†; Oramorph†; Sevredol; Skenan†; Sloval-
gin; Vendal; Denm.: Contalgin; Depolan; Doltard; Fin.: Depolan; Dolcontin;
Fr.: Actiskenan; Kapanol; Moscontin; Oramorph; Sevredol; Skenan; Ger.:
Capros; Kapanol; M-beta; M-Dolor†; M-long; M-Stada; Mogetic†; Morph;
Morphanton; MSI; MSR; MST; Onkomorphin†; Oramorph; Painbreak;
Sevredol; Hong Kong: M-Eslon; MST Continus; Hung.: M-Eslon; Moretal;
MST Continus; Sevredol; India: Morcontin; Indon.: MST; Irl.: Morstel†;
MST Continus; MXL; Oramorph; Sevredol; Slo-Morph†; Israel: Kapanol†;
MCR; MIR; Morphex; MSP; Ital.: MS Contin; Oramorph; Skenan†; Ticinan;
Twice; Jpn: MS Contin; Malaysia: MST Continus; Mex.: Analfin; Dural-
mor†; Graten; Neth.: Kapanol; MS Contin; Noceptin†; Oramorph; Sevred-
ol; Skenan; Norw.: Dolcontin; NZ: Kapanol; LA Morph; M-Eslon; MST Con-
tinus†; MST Mono†; RA Morph; Sevredol; Philipp.: M-Dolor ; MST
Continus; Relimal; Pol.: MST Continus; Sevredol; Vendal; Port.: Ethirfin;
MST; MXL†; Oramorph; Sevredol; Skenan; S.Afr.: MST Continus; SRM-
Rhotard; Singapore: MST Continus; SRM-Rhotard†; Statex; Spain: MST
Continus; MST Unicontinus; Oglos†; Oramorph; Sevredol; Skenan; Swed.:
Depolan; Dolcontin; Switz.: Kapanol; M-retard; MST Continus; Sevre-Long;
Sevredol; Turk.: M-Eslon; Vendal; UK: Filnarine; Morcap†; Morphgesic;
MST Continus; MXL; Oramorph; Rhotard; Sevredol; Zomorph; USA: As-
tramorph; Avinza; DepoDur; Duramorph; Infumorph; Kadian; MS Contin;
MSIR; Oramorph; RMS; Roxanol; Venez.: MS Contin.
Multi-ingredient: Austral.: Morphalgin†; Austria: Modiscop; Belg.:
Spasma†; Irl.: Cyclimorph; Ital.: Cardiostenol; Pol.: Doltard; S.Afr.: Chlo-
ropect; Cyclimorph; Enterodyne; Pectrolyte; Swed.: Spasmofen; Switz.:
Spasmosol; UK: Collis Browne’s; Cyclimorph; Diocalm Dual Action; Opaz-
imes.

Morpholine Salicylate
Morfoliinisalisylaatti; Morfolinsalicylat; Morpholini Salicylas; Sali-
cilato de morfolinio. 2-Hydroxybenzoic acid compounded with
morpholine (1 : 1).
Морфолин Салицилат
C11H15NO4 = 225.2.
CAS — 147-90-0.
ATC — N02BA08.
ATC Vet — QN02BA08.

Profile
Morpholine salicylate is a salicylic acid derivative (see Aspirin,
p.20) that has been used for musculoskeletal disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Israel: Dolical.

Nabumetone (BAN, USAN, rINN)

BRL-14777; Nabumeton; Nabumetona; Nabumetonas; Nabu-
métone; Nabumetoni; Nabumetonum. 4-(6-Methoxy-2-naph-
thyl)butan-2-one.

Набуметон

C15H16O2 = 228.3.
CAS — 42924-53-8.
ATC — M01AX01.
ATC Vet — QM01AX01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Nabumetone). A white or almost white crystalline
powder. Practically insoluble in water; freely soluble in acetone;
slightly soluble in methyl alcohol. Protect from light. 
USP 31 (Nabumetone). A white or almost white crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol and in methyl alcohol; freely soluble in acetone. Store in air-
tight containers. Protect from light.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. Nabumetone is contra-indicated
in patients with severe hepatic impairment.

Effects on the gastrointestinal tract. Like other NSAIDs
nabumetone can produce adverse effects on the gastrointestinal
tract, although some studies have produced favourable compari-
sons with ibuprofen1 or naproxen.2 A recent review3 noted that
limited comparative data suggest that nabumetone has a similar
gastrointestinal adverse effect profile to that of selective COX-2
inhibitors. It has been suggested4 that nabumetone may be a pref-
erential inhibitor of cyclo-oxygenase-2 (COX-2) but the signifi-
cance of this in determining its adverse effects is uncertain.
1. Roth SH, et al. A controlled study comparing the effects of

nabumetone, ibuprofen, and ibuprofen plus misoprostol on the
upper gastrointestinal tract mucosa. Arch Intern Med 1993; 153:
2565–71. 

2. Roth SH, et al. A longterm endoscopic evaluation of patients
with arthritis treated with nabumetone vs naproxen. J Rheumatol
1994; 21: 1118–23. 

3. Bannwarth B. Safety of the nonselective NSAID nabumetone:
focus on gastrointestinal tolerability. Drug Safety 2008; 31:
485–503. 

4. Davies NM. Clinical pharmacokinetics of nabumetone: the dawn
of selective cyclo-oxygenase-2 inhibition? Clin Pharmacokinet
1997; 33: 403–16.

Effects on the lungs. Pulmonary fibrosis developed in a 68-
year-old woman taking nabumetone 1.5 g; symptoms appeared
after 2 weeks of therapy and worsened during the next 6 weeks.1
There was rapid resolution on stopping nabumetone and treat-
ment with oral corticosteroids.
1. Morice A, et al. Pulmonary fibrosis associated with nabumetone.

Postgrad Med J 1991; 67: 1021–2.

Effects on the skin. Pseudoporphyria characterised by blister-
ing on the neck and hands developed in a 36-year-old woman
taking nabumetone and auranofin for rheumatoid arthritis.1 Stop-
ping auranofin had no effect on the blistering which only re-
solved once nabumetone was withdrawn. The authors of the re-
port stated that the UK CSM had received 3 additional reports of
pseudoporphyria suspected to be caused by nabumetone.
1. Varma S, Lanigan SW. Pseudoporphyria caused by nabumetone.

Br J Dermatol 1998; 138: 549–50. Correction. ibid. 139: 759.
[dose]

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics
Nabumetone is well absorbed from the gastrointestinal tract.
Plasma concentrations after oral doses are too small to be meas-
ured, as it undergoes rapid and extensive first-pass metabolism in
the liver to the principal active compound 6-methoxy-2-naphthyl-
acetic acid (6-MNA) and other inactive metabolites. 6-MNA is
more than 99% bound to plasma proteins. It diffuses into synovi-
al fluid, crosses the placenta, and is distributed into breast milk.
There is considerable interindividual variation in the plasma
elimination half-life of 6-MNA, especially in the elderly; some
reported mean values at steady state include 22 to about 27 hours
for young adults and about 25 and 34 hours in elderly patients. 6-
MNA eventually undergoes further metabolism by O-methyla-

tion and conjugation. About 80% of a dose is excreted in the
urine as inactive or conjugated metabolites and less than 1% as
unchanged 6-MNA.

◊ References.
1. Brier ME, et al. Population pharmacokinetics of the active me-

tabolite of nabumetone in renal dysfunction. Clin Pharmacol
Ther 1995; 57: 622–7. 

2. Davies NM. Clinical pharmacokinetics of nabumetone: the dawn
of selective cyclo-oxygenase-2 inhibition? Clin Pharmacokinet
1997; 33: 403–16.

Uses and Administration
Nabumetone is a non-active prodrug whose major metabolite is
an NSAID (p.99) structurally similar to naproxen (p.92). It is
used for the relief of pain and inflammation associated with os-
teoarthritis and rheumatoid arthritis in a usual oral dose of 1 g
taken as a single dose in the evening; if necessary 0.5 to 1 g may
be given additionally in the morning. It has been recommended
that a dose of 1 g daily should not be exceeded in elderly patients
and that 500 mg daily may be satisfactory in some cases.

◊ References.
1. Friedel HA, et al. Nabumetone: a reappraisal of its pharmacolo-

gy and therapeutic use in rheumatic diseases. Drugs 1993; 45:
131–56. 

2. Proceedings of a symposium: continuing developments with
nabumetone: an investigators’ update. Am J Med 1993; 95 (suppl
2A): 1S–45S. 

3. Dahl SL. Nabumetone: a "nonacidic" nonsteroidal antiinflam-
matory drug. Ann Pharmacother 1993; 27: 456–63. 

4. Hedner T, et al. Nabumetone: therapeutic use and safety profile
in the management of osteoarthritis and rheumatoid arthritis.
Drugs 2004; 64: 2315–43.

Preparations
BP 2008: Nabumetone Oral Suspension; Nabumetone Tablets; 
USP 31: Nabumetone Tablets.

Proprietary Preparations (details are given in Part 3)
Braz.: Relifex†; Canad.: Relafen; Cz.: Relifex; Rodanol S†; Denm.: Relifex;
Fin.: Relifex; Fr.: Nabucox; Gr.: Akratol; Anfer ; Ethyfen†; Flogmed;
Mevedal; Nabuton; Naditone; Relifex; Hong Kong: Relifex†; Hung.: Re-
lifex; Rodanol S†; India: Nabuflam; Indon.: Goflex; Irl.: Relifex; Religer;
Israel: Nabuco; Relifex; Ital.: Artaxan; Nabuser; Jpn: Relifen; Mex.: Na-
flam; Relifex; Neth.: Mebutan; Norw.: Relifex; Philipp.: Relifex; Pol.:
Coxalgan; Coxeton; Nabuton; Relifex; Rodanol S; Port.: Balmox; Elitar;
Rus.: Rodanol (Роданол); S.Afr.: Relifen; Relisan; Relitone; Spain: Listran;
Relif; Swed.: Relifex; Switz.: Balmox; Thai.: Aflex; Anfer†; Bumetone;
Nabone; Nabonet; Naflex; Nametone; No-Ton†; Relifex; Turk.: Relifex;
UK: Relifex; USA: Relafen†.

Nalbuphine Hydrochloride 

(BANM, USAN, rINNM)

EN-2234A; Hidrocloruro de nalbufina; Nalbufine Hydrochloride;
Nalbuphine, Chlorhydrate de; Nalbuphini Hydrochloridum. 17-
Cyclobutylmethyl-7,8-dihydro-14-hydroxy-17-normorphine hy-
drochloride; (−)-(5R,6S,14S)-9a-Cyclobutylmethyl-4,5-epoxy-
morphinan-3,6,14-triol hydrochloride.

Налбуфина Гидрохлорид
C21H27NO4,HCl = 393.9.

CAS — 20594-83-6 (nalbuphine); 23277-43-2 (nalbu-
phine hydrochloride).
ATC — N02AF02.
ATC Vet — QN02AF02.

(nalbuphine)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of nalbuphine hydrochlo-
ride: 
Nubian.

Incompatibility. Incompatibility has been reported between in-
jections of nalbuphine hydrochloride and nafcillin sodium,1 di-
azepam,2 pentobarbital sodium,2 or thiethylperazine maleate.2
US licensed product information states that nalbuphine is also
physically incompatible with ketorolac.
1. Jeglum EL, et al. Nafcillin sodium incompatibility with acidic

solutions. Am J Hosp Pharm 1981; 38: 462–4. 
2. Jump WG, et al. Compatibility of nalbuphine hydrochloride with

other preoperative medications. Am J Hosp Pharm 1982; 39:
841–3.
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Dependence and Withdrawal
As for Opioid Analgesics, p.101.
◊ A WHO expert committee considered in 1989 that the likeli-
hood of nalbuphine abuse was low to moderate and was not great
enough to warrant international control.1 Abuse had been report-
ed infrequently and the withdrawal syndrome produced when
naloxone was given after continuous nalbuphine dosage was less
severe than that in morphine dependence. Subsequently, there
have been occasional reports of abuse2,3 including misuse among
athletes.4,5

1. WHO. WHO expert committee on drug dependence: twenty-
fifth report. WHO Tech Rep Ser 775 1989. Also available at:
http://libdoc.who.int/trs/WHO_TRS_775.pdf (accessed 26/06/08) 

2. Spadari M, et al. Pharmacodépendance à la nalbuphine (Nu-
bain): à propos de 2 cas. Therapie 2002; 57: 504–5. 

3. Klinzig F, et al. Hair analysis by LC-MS as evidence of nalbu-
phine abuse by a nurse. J Anal Toxicol 2007; 31: 62–5. 

4. McBride AJ, et al. Three cases of nalbuphine hydrochloride de-
pendence associated with anabolic steroid use. Br J Sports Med
1996; 30: 69–70. 

5. Wines JD, et al.. Nalbuphine hydrochloride dependence in ana-
bolic steroid users. Am J Addict 1999; 8: 161–4.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
Headache may occur. Nausea and vomiting occur less
than with other opioids. Hallucinations and other psy-
chotomimetic effects are rare and have been reported
less frequently than with pentazocine. As nalbuphine
has both antagonist and agonist activity its effects may
be only partially reversed by naloxone, but use of the
latter is still recommended in nalbuphine overdose.
Effects on the respiratory system. Nalbuphine produces
similar respiratory depression to morphine at equianalgesic dos-
es, but there is a ceiling effect with nalbuphine and, unlike mor-
phine, respiratory depression does not increase appreciably with
higher doses.1 In a cumulative-dose study2 a plateau effect was
seen with nalbuphine above a total dose of 30 mg per 70 kg in-
travenously. Similar ventilatory depression has been noted3 with
single intravenous doses of nalbuphine of 15, 30, or 60 mg per
70 kg; naloxone failed to reverse the depression at the highest
dose.
1. Klepper ID, et al. Respiratory function following nalbuphine and

morphine in anaesthetized man. Br J Anaesth 1986; 58: 625–9. 
2. Romagnoli A, Keats AS. Ceiling effect for respiratory depres-

sion by nalbuphine. Clin Pharmacol Ther 1980; 27: 478–85. 
3. Pugh GC, et al. Effect of nalbuphine hydrochloride on the venti-

latory and occlusion pressure responses to carbon dioxide in vol-
unteers. Br J Anaesth 1989; 62: 601–9.

Precautions
As for Opioid Analgesics in general, p.103. 
Nalbuphine may precipitate withdrawal symptoms if
given to patients physically dependent on opioids. 
The dose of nalbuphine should be reduced in patients
with hepatic or renal impairment.
Abuse. See under Dependence and Withdrawal, above.

Pregnancy. When nalbuphine is used for analgesia during la-
bour there is more placental transfer and sedation in mothers and
their infants than with pethidine.1 There have also been reports of
bradycardia and respiratory depression in neonates whose moth-
ers received nalbuphine during labour.2,3 It was considered that
nalbuphine should be given with caution during labour, especial-
ly by the intravenous route. Some2 have recommended subcuta-
neous dosage and advised that nalbuphine should not be given
around the expected time of delivery. 
Further references on the transplacental transfer of nalbuphine
are given under Pharmacokinetics, below.
1. Wilson CM, et al. Transplacental gradient of pethidine and nal-

buphine in labour. Br J Clin Pharmacol 1986; 21: 571P–572P. 
2. Guillonneau M, et al. Perinatal adverse effects of nalbuphine

given during parturition. Lancet 1990; 335: 1588. 
3. Sgro C, et al. Perinatal adverse effects of nalbuphine given dur-

ing labour. Lancet 1990; 336: 1070.

Interactions
For interactions associated with opioid analgesics, see
p.103.

Pharmacokinetics
There appears to be considerable first-pass metabolism
of nalbuphine after oral doses. On intramuscular injec-
tion nalbuphine has been reported to produce peak
plasma concentrations after 30 minutes. It is metabo-
lised in the liver and is excreted in the urine and faeces
as unchanged drug and conjugates. Nalbuphine crosses

the placenta and small amounts are distributed into
breast milk.
◊ References.
1. Sear JW, et al. Disposition of nalbuphine in patients undergoing

general anaesthesia. Br J Anaesth 1987; 59: 572–5. 
2. Kay B, et al. Pharmacokinetics of oral nalbuphine in postopera-

tive patients. Br J Anaesth 1987; 59: 1327P. 
3. Aitkenhead AR, et al. The pharmacokinetics of oral and intrave-

nous nalbuphine in healthy volunteers. Br J Clin Pharmacol
1988; 25: 264–8. 

4. Jaillon P, et al. Pharmacokinetics of nalbuphine in infants, young
healthy volunteers, and elderly patients. Clin Pharmacol Ther
1989; 46: 226–33.

Pregnancy. References.
1. Wilson CM, et al. Transplacental gradient of pethidine and nal-

buphine in labour. Br J Clin Pharmacol 1986; 21: 571P–572P. 
2. Dadabhoy ZP, et al. Transplacental transfer of nalbuphine in pa-

tients undergoing cesarean section: a pilot study. Acta Anaesthe-
siol Ital 1988; 39: 227–32. 

3. Nicolle E, et al. Therapeutic monitoring of nalbuphine: transpla-
cental transfer and estimated pharmacokinetics in the neonate.
Eur J Clin Pharmacol 1996; 49: 485–9.

Uses and Administration
Nalbuphine hydrochloride, a phenanthrene derivative,
is an opioid analgesic (p.104). It has mixed opioid
agonist and antagonist activity. It is used for the relief
of moderate to severe pain and as an adjunct to anaes-
thesia. Nalbuphine hydrochloride is reported to act
within 15 minutes of subcutaneous or intramuscular in-
jection or within 2 to 3 minutes of intravenous injection
and generally to produce analgesia for 3 to 6 hours. It
is given subcutaneously, intramuscularly, or intrave-
nously. Intravenous infusion as part of a patient-con-
trolled analgesia system has also been used. 
The usual adult dose of nalbuphine hydrochloride for
pain relief is 10 to 20 mg every 3 to 6 hours as re-
quired. 
As an adjunct in balanced anaesthesia a usual dose is
0.3 to 3 mg/kg given intravenously over 10 to 15 min-
utes at induction. Maintenance doses of 250 to
500 micrograms/kg may be given as intravenous bo-
luses if required.
Action. Nalbuphine is generally described as a mixed agonist
and antagonist acting mainly as an agonist at κ opioid receptors
and as an antagonist or partial agonist at μ receptors. It has shown
antagonist activity similar to that seen with naloxone in opioid-
dependent subjects.1 Nalbuphine is structurally related to
naloxone and oxymorphone. Pharmacologically nalbuphine is
qualitatively similar to pentazocine, but nalbuphine is a more po-
tent antagonist at μ opioid receptors, is less likely to produce psy-
chotomimetic effects such as hallucinations, and is reported to
produce no significant cardiovascular effects in patients with is-
chaemic heart disease. It differs from pure μ agonists such as
morphine in that its analgesic, sedative, and respiratory depres-
sant actions are subject to a ‘ceiling’ effect and may not increase
proportionately with dose.
1. Preston KL, et al. Antagonist effects of nalbuphine in opioid-

dependent human volunteers. J Pharmacol Exp Ther 1989; 248:
929–37.

Administration. References to alternative routes or dosage
schedules.
1. Krenn H, et al. Nalbuphine by PCA-pump for analgesia follow-

ing hysterectomy: bolus application versus continuous infusion
with bolus application. Eur J Pain 2001; 5: 219–26. 

2. Woollard M, et al. Hitting them where it hurts? Low dose nalbu-
phine therapy. Emerg Med J 2002; 19: 565–70. 

3. Sung KC, et al. Transdermal delivery of nalbuphine and its pro-
drugs by electroporation. Eur J Pharm Sci 2003; 18: 63–70. 

4. Gear RW, et al. Dose ratio is important in maximizing naloxone
enhancement of nalbuphine analgesia in humans. Neurosci Lett
2003; 351: 5–8. 

5. Liu KS, et al. Antinociceptive effect of a novel long-acting nal-
buphine preparation. Br J Anaesth 2004; 92: 712–15. 

6. Woollard M, et al. Less IS less: a randomised controlled trial
comparing cautious and rapid nalbuphine dosing regimens.
Emerg Med J 2004; 21: 362–4. 

7. Gordon AT, et al. Open-label exploration of an intravenous nal-
buphine and naloxone mixture as an analgesic agent following
gynecologic surgery. Pain Med 2007; 8: 525–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gobbinal; Naltrox; Nubaina; Nubak†; Onfor; Austria: Nubain; Braz.:
Nubain; Canad.: Nubain†; Cz.: Nubain; Fr.: Nubain†; Ger.: Nubain†; Gr.:
Nubain; Hong Kong: Intapan; Nubain†; Hung.: Nubain; Israel: Nubain†;
Malaysia: Nubain†; Mex.: Bufigen; Bufilem; Nalcryn; Nubain†; NZ: Nu-
bain†; Philipp.: Nubain; S.Afr.: Nubain†; Singapore: Nubain†; Switz.:
Nubain; Thai.: Nubain; UK: Nubain†; USA: Nubain; Venez.: Bufidol; Nu-
bain†.

Naproxen (BAN, USAN, rINN)

Naprokseeni; Naproksen; Naproksenas; Naproxén; Naproxène;
Naproxeno; Naproxenum; RS-3540. (+)-2-(6-Methoxy-2-naph-
thyl)propionic acid.
Напроксен
C14H14O3 = 230.3.
CAS — 22204-53-1.
ATC — G02CC02; M01AE02; M02AA12.
ATC Vet — QG02CC02; QM01AE02; QM02AA12.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Naproxen). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol and in
methyl alcohol. Protect from light. 
USP 31 (Naproxen). A white to off-white, practically odour-
less, crystalline powder. Practically insoluble in water; soluble in
alcohol, in dehydrated alcohol, and in chloroform; sparingly sol-
uble in ether. Store in airtight containers.

Naproxen Sodium (BANM, USAN, rINNM)

Naproksen Sodyum; Naproxène sodique; Naproxeno sódico;
Naproxenum natricum; Natrii Naproxenum; RS-3650.
Натрий Напроксен
C14H13NaO3 = 252.2.
CAS — 26159-34-2.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Naproxen Sodium). A white or almost white, hy-
groscopic, crystalline powder. Freely soluble in water; sparingly
soluble in alcohol; freely soluble or soluble in methyl alcohol. A
2% solution in water has a pH of 7.0 to 9.8. Store in airtight con-
tainers. Protect from light. 
USP 31 (Naproxen Sodium). A white to creamy crystalline
powder. Soluble in water and in methyl alcohol; sparingly solu-
ble in alcohol; very slightly soluble in acetone; practically insol-
uble in chloroform and in toluene. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. 
Suppositories containing naproxen may cause rectal ir-
ritation and occasional bleeding. 
Naproxen should be used with caution in renal impair-
ment, and use is not recommended in patients whose
creatinine clearance is less than 20 mL/min.
◊ Reviews.
1. Bansal V, et al. A look at the safety profile of over-the-counter

naproxen sodium: a meta-analysis. J Clin Pharmacol 2001; 41:
127–38.

Breast feeding. The American Academy of Pediatrics1 states
that there have been no reports of any clinical effect on the infant
associated with the use of naproxen by breast-feeding mothers,
and that therefore it may be considered to be usually compatible
with breast feeding. The BNF also considers that the amount of
naproxen distributed into breast milk is too small to be harmful
to a breast-fed infant; however, some licensed product informa-
tion recommends that breast feeding should be avoided during
naproxen therapy. 
In a study2 of a breast-fed infant only 0.26% of the mother’s dose
was recovered from the infant.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/11/07) 

2. Jamali F, Stevens DRS. Naproxen excretion in milk and its up-
take by the infant. Drug Intell Clin Pharm 1983; 17: 910–11.

Effects on the blood. Haematological adverse effects reported
in patients given naproxen include haemolytic anaemia,1,2 aplas-
tic anaemia,3 agranulocytosis,4 and immune thrombocytopenia.5
1. Hughes JA, Sudell W. Hemolytic anemia associated with

naproxen. Arthritis Rheum 1983; 26: 1054. 
2. Lo TCN, Martin MA. Autoimmune haemolytic anaemia associ-

ated with naproxen suppositories. BMJ 1986; 292: 1430. 
3. McNeil P, et al. Naproxen-associated aplastic anaemia. Med J

Aust 1986; 145: 53–4. 
4. Nygard N, Starkebaum G. Naproxen and agranulocytosis. JAMA

1987; 257: 1732. 
5. Bougie D, Aster R. Immune thrombocytopenia resulting from

sensitivity to metabolites of naproxen and acetaminophen. Blood
2001; 97: 3846–50.

Effects on the cardiovascular system. For a discussion of
the possible cardiovascular effects of naproxen, see p.96.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the CNS. Aseptic meningitis has been associated
with naproxen therapy;1,2 attacks may be recurrent and cross-
sensitivity with other NSAIDs has occurred.2 
There has been a report3 of a patient with Parkinson’s disease
whose symptoms had previously been well controlled but who
deteriorated when she was given naproxen. She improved on
withdrawal of naproxen and the effect was confirmed by rechal-
lenge. It was noted that the UK CSM had recorded a case of par-
kinsonism associated with a combined preparation of naproxen
and misoprostol and 12 other reports of tremor or ataxia precipi-
tated by naproxen.
1. Weksler BB, Lehany AM. Naproxen-induced recurrent aseptic

meningitis. DICP Ann Pharmacother 1991; 25: 1183–4. 
2. Seaton RA, France AJ. Recurrent aseptic meningitis following

non-steroidal anti-inflammatory drugs – a reminder. Postgrad
Med J 1999; 75: 771–2. 

3. Shaunak S, et al. Exacerbation of idiopathic Parkinson’s disease
by naproxen. BMJ 1995; 311: 422.

Effects on the eyes. Keratopathy, characterised by whorl-like
corneal opacities, occurred in a woman taking naproxen; com-
plete regression occurred after stopping the drug.1 There has also
been a report of exacerbation of glaucoma in a 65-year-old wom-
an given naproxen.2 
For reference to effects on the optic nerve associated with
naproxen, see p.97.
1. Szmyd L, Perry HD. Keratopathy associated with the use of

naproxen. Am J Ophthalmol 1985; 99: 598. 
2. Fincham JE. Exacerbation of glaucoma in an elderly female tak-

ing naproxen sodium: a case report. J Geriatr Drug Ther 1989;
3: 139–43.

Effects on the gastrointestinal tract. Gastrointestinal ad-
verse effects are among the most frequently reported during
short- and long-term treatment with naproxen. Acute proctocoli-
tis associated with the use of naproxen has been reported.1
Oesophageal ulceration reported in 7 patients2 may have arisen
due to incorrect consumption (such as taking the dosage without
fluids or lying down after a dose) but other causes could not be
dismissed.
1. Ravi S, et al. Colitis caused by non-steroidal anti-inflammatory

drugs. Postgrad Med J 1986; 62: 773–6. 
2. Kahn LH, et al. Over-the-counter naproxen sodium and esopha-

geal injury. Ann Intern Med 1997; 126: 1006.

Effects on the kidneys. Acute renal failure,1 renal papillary
necrosis,2,3 interstitial nephritis,4 and hyperkalaemia1 have been
reported in patients receiving naproxen. As with other NSAIDs,
renal adverse effects occur more frequently in patients with cer-
tain risk factors such as volume depletion, diuretic therapy, heart
failure, and pre-existing renal dysfunction.1
1. Todd PA, Clissold SP. Naproxen: a reappraisal of its pharmacol-

ogy, and therapeutic use in rheumatic diseases and pain states.
Drugs 1990; 40: 91–137. 

2. Caruana RJ, Semble EL. Renal papillary necrosis due to naprox-
en. J Rheumatol 1984; 11: 90–1. 

3. Kovacevic L, et al. Renal papillary necrosis induced by naprox-
en. Pediatr Nephrol 2003; 18: 826–9. 

4. Quigley MR, et al. Concurrent naproxen- and penicillamine-in-
duced renal disease in rheumatoid arthritis. Arthritis Rheum
1982; 25: 1016–19.

Effects on the liver. There have been a few reports1,2 of mod-
erate to severe jaundice attributed to naproxen including one in
which the patient also had a similar reaction with fenoprofen.2
1. Victorino RMM, et al. Jaundice associated with naproxen. Post-

grad Med J 1980; 56: 368–70. 
2. Andrejak M, et al. Cross hepatotoxicity between non-steroidal

anti-inflammatory drugs. BMJ 1987; 295: 180–1.

Effects on the lungs. See Hypersensitivity, below.
Effects on the salivary glands. For reference to salivary
gland swelling associated with naproxen therapy, see Hypersen-
sitivity, below.
Effects on the skin. Cutaneous reactions reported in patients
receiving naproxen include erythema nodosum,1 lichen planus,2
toxic pustular skin eruption,3 bullous dermatosis,4 and fixed drug
eruption.5 Photodermatitis, characterised by vesicle formation or
increased skin fragility on sun-exposed skin, has been reported in
adults6-8 and children.9,10 
A relapse of subacute cutaneous lupus erythematosus was re-
ported to be possibly associated with naproxen.11 
For reference to facial scars of unknown origin developing in
children receiving NSAIDs, and in particular naproxen, see un-
der NSAIDs, p.98.
1. Grattan CEH, Kennedy CTC. Naproxen induced erythema no-

dosum. BMJ 1984; 288: 114. 
2. Heymann WR, et al. Naproxen-induced lichen planus. J Am

Acad Dermatol 1984; 10: 299–301. 
3. Page SR, Grattan CEH. Pustular reaction to naproxen with

cholestatic jaundice. BMJ 1986; 293: 510. 
4. Bouldin MB, et al. Naproxen-associated linear IgA bullous der-

matosis: case report and review. Mayo Clin Proc 2000; 75:
967–70. 

5. Leivo T, Heikkilä H. Naproxen-induced generalized bullous
fixed drug eruption. Br J Dermatol 2004; 151: 232. 

6. Howard AM, et al. Pseudoporphyria due to naproxen. Lancet
1985; i: 819–20. 

7. Rivers JK, Barnetson RS. Naproxen-induced bullous photoder-
matitis. Med J Aust 1989; 151: 167–8. 

8. Levy ML, et al. Naproxen-induced pseudoporphyria: a distinc-
tive photodermatitis. J Pediatr 1990; 117: 660–4. 

9. Parodi A, et al. Possible naproxen-induced relapse of subacute
cutaneous lupus erythematosus. JAMA 1992; 268: 51–2. 

10. Lang BA, Finlayson LA. Naproxen-induced pseudoporphyria in
patients with juvenile rheumatoid arthritis. J Pediatr 1994; 124:
639–42. 

11. Cox NH, Wilkinson DS. Dermatitis artefacta as the presenting
feature of auto-erythrocyte sensitization syndrome and naprox-
en-induced pseudoporphyria in a single patient. Br J Dermatol
1992; 126: 86–9.

Hypersensitivity. In an early case-report in 11 aspirin-sensitive
asthmatic patients, all developed reactions (rhinorrhoea, tight-
ness of chest, wheezing, dyspnoea) after taking naproxen in dos-
es of 40 to 80 mg.1 More recently, angioedema occurred after a
single dose of naproxen in a patient known to be aspirin-sensi-
tive.2 Hypersensitivity to individual NSAIDs is believed to be
closely linked to the extent to which these drugs inhibit prosta-
glandin (see under Aspirin, p.21). There may therefore be a dose
threshold below which no detectable symptoms occur. Such an
effect has been reported3 in a patient previously stabilised on
naproxen for about one year who had a hypersensitivity reaction
after a dosage increase. 
A hypersensitivity reaction characterised by pulmonary infil-
trates with eosinophilia4,5 has been reported in patients taking
naproxen. There has also been a report of a generalised hypersen-
sitivity reaction with acute eosinophilic colitis in a 57-year-old
woman treated with naproxen for osteoarthritis.6 Bilateral swell-
ing of the major salivary glands, a generalised rash, and eosi-
nophilia suggestive of a hypersensitivity response was reported
in another patient after use of naproxen.7 Leukocytoclastic vas-
culitis with peripheral neuropathy and nephritis has also been
noted in a 62-year-old woman after naproxen treatment.8
1. Szczeklik A, et al. Asthmatic attacks induced in aspirin-sensitive

patients by diclofenac and naproxen. BMJ 1977; 2: 231–2. 
2. Ghislain P-D, Ghislain E. Oedème de Quincke de la nuque induit

par l’acide acétylsalicylique, avec réaction croisée pour le
naproxène sodique. Ann Med Interne (Paris) 2000; 151: 227–9. 

3. Briscoe-Dwyer L, Etzel JV. Dyspnea and periorbital edema fol-
lowing an increase in naproxen dose. Ann Pharmacother 1994;
28: 1110. 

4. Nader DA, Schillaci RF. Pulmonary infiltrates with eosinophilia
due to naproxen. Chest 1983; 83: 280–2. 

5. Buscaglia AJ, et al. Pulmonary infiltrates associated with
naproxen. JAMA 1984; 251: 65–6. 

6. Bridges AJ, et al. Acute eosinophilic colitis and hypersensitivity
reaction associated with naproxen therapy. Am J Med 1990; 89:
526–7. 

7. Knulst AC, et al. Salivary gland swelling following naproxen
therapy. Br J Dermatol 1995; 133: 647–9. 

8. Schapira D, et al. Naproxen-induced leukocytoclastic vasculitis.
Clin Rheumatol 2000; 19: 242–4.

Parkinsonism. For a report of a patient whose symptoms of
Parkinson’s disease were exacerbated by naproxen, see Effects
on the CNS, above.

Interactions
For interactions associated with NSAIDs, see p.99. 
The excretion of naproxen is delayed by probenecid re-
sulting in raised plasma concentrations of naproxen.
Antiepileptics. For the effect of naproxen on the protein bind-
ing of valproic acid, see p.510.

Pharmacokinetics
Naproxen and naproxen sodium are readily absorbed
from the gastrointestinal tract. Peak plasma concentra-
tions are attained about 1 to 2 hours after ingestion of
naproxen sodium and in about 2 to 4 hours after inges-
tion of naproxen. Food reduces the rate but not the ex-
tent of absorption. Naproxen and naproxen sodium are
also well absorbed rectally. At therapeutic concentra-
tions naproxen is more than 99% bound to plasma pro-
teins. Plasma concentrations of naproxen increase pro-
portionally with dose up to about 500 mg daily; at
higher doses there is an increase in clearance caused by
saturation of plasma proteins. Naproxen diffuses into
synovial fluid; it crosses the placenta and is distributed
into breast milk in small amounts. Naproxen has a plas-
ma elimination half-life of about 12 to 17 hours. About
95% of a dose is excreted in urine as naproxen and 6-
O-desmethylnaproxen and their conjugates. Less than
5% of a dose appears in the faeces.
◊ References.
1. Bruno R, et al. Naproxen kinetics in synovial fluid of patients

with osteoarthritis. Br J Clin Pharmacol 1988; 26: 41–4. 
2. Bertin P, et al. Sodium naproxen: concentration and effect on

inflammatory response mediators in human rheumatoid synovial
fluid. Eur J Clin Pharmacol 1994; 46: 3–7. 

3. Davies NM, Anderson KE. Clinical pharmacokinetics of naprox-
en. Clin Pharmacokinet 1997; 32: 268–93. 

4. Bowalgaha K, et al. S-Naproxen and desmethylnaproxen glu-
curonidation by human liver microsomes and recombinant hu-
man UDP-glucuronosyltransferases (UGT): role of UGT2B7 in
the elimination of naproxen. Br J Clin Pharmacol 2005; 60:
423–33.

Uses and Administration
Naproxen, a propionic acid derivative, is an NSAID
(p.99). 
Naproxen is used in musculoskeletal and joint disor-
ders such as ankylosing spondylitis, osteoarthritis, and
rheumatoid arthritis including juvenile idiopathic
arthritis. It is also used in dysmenorrhoea, headache in-
cluding migraine, postoperative pain, soft-tissue disor-
ders, acute gout, and to reduce fever. Naproxen is usu-
ally given orally as the free acid or as the sodium salt.
The doses in the licensed product information are ex-
pressed in terms of the free acid or the sodium salt as
appropriate for an individual preparation; however, the
doses given below are expressed in terms of the equiv-
alent amount of free acid only. Each 550 mg of naprox-
en sodium is equivalent to about 500 mg of naproxen. 
In the treatment of rheumatic disorders, the usual
dose of naproxen or naproxen sodium is the equivalent
of 500 mg to 1 g of naproxen daily either as a single
dose or in 2 divided doses. US licensed product infor-
mation states that patients who tolerate lower doses
may have their dosage increased to 1.5 g daily for a pe-
riod of up to 6 months, if required. For dosage in chil-
dren, see below. 
In other painful conditions such as dysmenorrhoea
and acute musculoskeletal disorders the usual regimen
is the equivalent of 500 mg of naproxen initially, fol-
lowed by 250 mg every 6 to 8 hours, up to a maximum
daily dose of 1.25 g on the first day and 1 g thereafter. 
In acute gout an initial dose equivalent to 750 mg of
naproxen followed by 250 mg every 8 hours is used. 
For the treatment of migraine, the equivalent of
750 mg of naproxen can be given at the first symptom
of an impending attack and, if necessary, this may be
followed after at least half an hour by further doses of
250 to 500 mg throughout the day to a total maximum
daily dose of 1250 mg. See below for a suggested dose
for the prophylaxis of migraine. 
Naproxen has been given rectally in similar doses to
those used orally. 
Naproxen has also been used as the piperazine, ami-
nobutanol, and lysine salts, and as naproxen cetrimo-
nium. Naproxen is available in a combination pack
with misoprostol (p.2013) for patients at risk of
NSAID-induced peptic ulceration. Alternatively,
packs containing naproxen with lansoprazole capsules
are available in some countries for such patients.
◊ Reviews.
1. Todd PA, Clissold SP. Naproxen: a reappraisal of its pharmacol-

ogy, and therapeutic use in rheumatic diseases and pain states.
Drugs 1990; 40: 91–137. 

2. Mason L, et al. Single dose oral naproxen and naproxen sodium
for acute postoperative pain. Available in The Cochrane Data-
base of Systematic Reviews; Issue 4. Chichester: John Wiley;
2004 (accessed 08/11/07). 

3. Curran MP, Wellington K. Delayed-release lansoprazole plus
naproxen. Drugs 2004; 64: 1915–19.

Administration in children. In the treatment of juvenile idio-
pathic arthritis (p.10), US licensed product information recom-
mends an oral dose of about 10 mg/kg daily of naproxen in 2
divided doses for children aged 2 years and over. In addition,
higher doses may also be used: the BNFC suggests a dose of 5 to
10 mg/kg twice daily in children aged 1 month to 18 years which
may be increased to 10 to 15 mg/kg twice daily (maximum of 1 g
daily) for short-term use in severe disease.

Headache. An NSAID such as naproxen is among the drugs
tried first for the symptomatic treatment of various types of head-
ache including migraine (p.616) and tension-type headache
(p.617). An NSAID given at the onset of symptoms can success-
fully treat an acute attack of migraine.1 Co-treatment with a
triptan may provide additional benefit and a preparation contain-
ing both sumatriptan succinate and naproxen sodium has recent-
ly been developed.2,3 
NSAIDs also appear to be effective for the prophylaxis of mi-
graine, although propranolol is generally preferred. Studies have
indicated that naproxen sodium 550 mg [equivalent to 500 mg of
naproxen] given twice daily may be useful for reducing the
number of attacks suffered.4-6

1. Treves TA, et al. Naproxen sodium versus ergotamine tartrate in
the treatment of acute migraine attacks. Headache 1992; 32:
280–2. 
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2. Winner P, et al. Twelve-month tolerability and safety of su-

matriptan-naproxen sodium for the treatment of acute migraine.
Mayo Clin Proc 2007; 82: 61–8. 

3. Brandes JL, et al. Sumatriptan-naproxen for acute treatment of
migraine: a randomized trial. JAMA 2007; 297: 1443–54. 

4. Sargent J, et al. A comparison of naproxen sodium to pro-
pranolol hydrochloride and a placebo control for the prophylaxis
of migraine headache. Headache 1985; 25: 320–4. 

5. Welch KMA, et al. Successful migraine prophylaxis with
naproxen sodium. Neurology 1985; 35: 1304–10. 

6. Sances G, et al. Naproxen sodium in menstrual migraine proph-
ylaxis: a double-blind placebo controlled study. Headache 1990;
30: 705–9.

Malignant neoplasms. Some NSAIDs such as naproxen may
be of value both for the differential diagnosis and the manage-
ment of neoplastic fever1-4 as they appear to be more effective in
reducing this type of fever than against fever associated with in-
fections. However, the reliability of naproxen in the diagnosis of
neoplastic fever has been questioned.5 In a group of 72 patients,
naproxen decreased body temperature in 55% of patients with
neoplastic disorders and 38% of patients with other conditions.
Thus, the sensitivity of the test was calculated as 55% and its
specificity as 62%, which the authors considered to be too low to
be reliable.
1. Chang JC, Gross HM. Neoplastic fever responds to the treatment

of an adequate dose of naproxen. J Clin Oncol 1985; 3: 552–8. 
2. Azeemuddin SK, et al. The effect of naproxen on fever in chil-

dren with malignancies. Cancer 1987; 59: 1966–8. 
3. Economos K, et al. The effect of naproxen on fever in patients

with advanced gynecologic malignancies. Gynecol Oncol 1995;
56: 250–4. 

4. Cunha BA, et al. Fever of unknown origin (FUO) caused by mul-
tiple myeloma: the diagnostic value of the Naprosyn test. Heart
Lung 2006; 35: 358–62. 

5. Vanderschueren S, et al. Lack of value of the naproxen test in the
differential diagnosis of prolonged febrile illnesses. Am J Med
2003; 115: 572–5.

Preparations

BP 2008: Gastro-resistant Naproxen Tablets; Naproxen Oral Suspension;
Naproxen Suppositories; Naproxen Tablets; 
USP 31: Naproxen Delayed-Release Tablets; Naproxen Oral Suspension;
Naproxen Sodium Tablets; Naproxen Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aleve; Algioprux†; Alidase; Bumaflex N; Causalon Pro†; Congex; De-
bril; Fabralgina; Fadalivio; Flaxvan; Flogocefal†; Melgar; Monarit; Naprofidex;
Naprogen; Naprontag; Naprux; Neuralprona; Sicadentol Plus†; Tundra; Ve-
radol†; Xicane†; Austral.: Aleve†; Anaprox; Chemists Own Period Pain
Tablets; Crysanal; Femme Free; Inza; Naprogesic; Naprosyn; Nurolasts†;
Proxen; Austria: Aleve; Miranax; Naprobene; Nycopren; Proxen; Belg.:
Aleve; Apranax; Naproflam; Naprosyne; Braz.: Flanax; Napronax;
Naprosyn; Naprox; Canad.: Anaprox; Apo-Napro-Na; Naprosyn; Nax-
en†; Novo-Naprox; Nu-Naprox; Synflex†; Chile: Atac; Deucoval; Euroge-
sic; Inveoxel†; Naprogesic; Reprost†; Triox NF; Cz.: Aleve; Emoxen; Nalge-
sin; Naprobene†; Naprosyn†; Napsyn†; Denm.: Bonyl; Miranax†;
Naprosyn; Fin.: Alpoxen; Miranax; Naprometin; Napromex; Naprosyn†;
Naxopren; Pronaxen; Fr.: Aleve; Apranax; Naprosyne; Ger.: Alacetan
NNA; Aleve; Dolormin mit Naproxen; Dysmenalgit; prodolor†; Proxen;
Gr.: Anaprox; Naprosyn; Nycopren-E; Hong Kong: Apo-Napro-Na; Inza;
Naprorex; Naprosyn; Napxen; Noflam-N; Proxen†; Soden; Soren†; Syn-
flex†; Hung.: Aleve; Apranax; Napmel; Naprosyn; India: Artagen; Easy
Dayz; Naprosyn; Xenobid; Indon.: Naxen; Synflex; Irl.: Gerinap; Napmel†;
Naprex†; Naprosyn; Synflex; Israel: Naproxi; Narocin; Naxyn; Point; Ital.:
Aleve; Algonapril; Aperdan; Axer†; Floginax; Flogogin†; Floxalin; Gibixen;
Gynestrel; Laser; Momendol; Napreben†; Naprius; Naprocet; Naprorex†;
Naprosyn; Neo Eblimon; Nitens; Prexan; Proxagol; Synalgo; Synflex;
Ticoflex†; Uninapro; Xenar†; Malaysia: Apo-Napro-Na; Inza†; Roxyn†;
Seladin; Sunprox; Synflex; Mex.: Actiquim; Analgen; Anapsyl; Arsenal; Ar-
tron†; Arxen; Atiflan; Bioxan; Bixen; Dafloxen; Deflamox; Diferbest; Dolxen;
Donaprox; Edem; Faraxen; Flanax; Flavoxen; Flaxendol; Flexen†; Flogen;
Fuxen; Genalgen†; Inflanox; Iqfasol; Kenaprox†; Lixogan†; Lorexen†; Mes-
selxen; Naflapen; Napoxol; Naprodil; Nasocan†; Navixen; Naxen; Nax-
opaar; Neonaxil; Nixal†; Novaxen; Pactens; Praxedol; Pronat; Pronax-P†;
Pronaxil; Pronoxen; Propional†; Proxalin; Proxem†; Salupran†; Sertrixen;
Sodixen; Tandax; Tanizona; Unirelaxed; Vantin; Velsay; Neth.: Aleve; Fe-
mex†; Momendol; Naprelan; Naprocoat; Naprovite; Nycopren†; Norw.:
Alpoxen†; Ledox; Napren; Naprosyn; NZ: Naprogesic; Naprosyn; Naxen;
Noflam; Synflex; Philipp.: Alpron; Flanax; Naprelan; Naprosyn; Sanomed;
Pol.: Aleve; Anapran; Boloxen; Emochol†; Natrax; Port.: Momendol;
Naprocet; Naprosyn; Reuxen; Rus.: Nalgesin (Налгезин); S.Afr.: Acus-
prain; Aleve; Fibroxyn†; Nafasol; Napflam; Naprel†; Naproscript†;
Naprosyn†; Synflex; Traumox; Singapore: Aleve; Apo-Napro-Na; Bipro-
nyl†; Gesiprox†; Inza; Noflam-N†; Nuprafen†; Seladin; Soden; Soproxen;
Zynal†; Spain: Aleve; Aliviomas; Antalgin; Denaxpren; Lundiran; Momen;
Naprosyn; Naproval; Tacron; Swed.: Alpoxen; Naprosyn; Pronaxen;
Switz.: Aleve; Apranax; Naprosyn†; Nycopren; Proxen; Thai.: Annoxen;
Naproflex; Naprosian; Naprosyn; Napsen†; Napxen†; Narzen†; Polyxen;
Proxen; Roxen†; Serviproxan; Sonap; Soproxen; Synflex; U-Proxyn; Vinsen;
Turk.: A-Nox; Aleve; Anaprotab; Apraljin; Apranax; Aprol; Apromed;
Aprowell; Bonmin; Kapnax; Karoksen; Naponal; Napradol; Napren;
Naprodeva; Naprosyn; Naprotab; Opraks; Relokap; Romaksen; Romatim;
Rumazolidin; Synax; Syndol; UK: Arthrosin†; Arthroxen; Feminax Ultra;
Napratec; Naprosyn; Nycopren†; Synflex; Timpron†; USA: Aleve; Ana-
prox; Naprelan; Naprosyn; Prevacid NapraPAC; Venez.: Apranax†; Syn-
aprosyn†.

Multi-ingredient: Arg.: Naprontag Flex; Papasine; Ital.: Momendol;
Mex.: Acxen†; Analgen Forte; Arsenal Compuesto; Arxen Compositum;
Bifardol; Blocacid; Brax; Contraxen; Dafloxen-F; Decosil; Deflamox Plus;
Dolotandax; Drunen; Farxen; Febrax; Fiverdol; Flucol; Grifed; Kensedal;
Movex; Naprodil Plus; Naxodol; Nedoxal; Neorpan Plus; Onexmol; Pen-
sodil; Polet; Profenlax; Proxalin Plus; Raxenol; Reucortil; Somalgesic; Tax-
enan; Ulpafie-N; Velsay-S Compuesto; Viplus; Rus.: Cefecon N (Цефекон
Н); Pentalgin-N (Пенталгин-Н).

Nefopam Hydrochloride 

(BANM, USAN, rINNM)

Benzoxazocine; Fenazoxine; Hidrocloruro de nefopam; Né-
fopam, Chlorhydrate de; Nefopami Hydrochloridum; R-738.
3,4,5,6-Tetrahydro-5-methyl-1-phenyl-1H-2,5-benzoxazocine
hydrochloride.

Нефопама Гидрохлорид

C17H19NO,HCl = 289.8.

CAS — 13669-70-0 (nefopam); 23327-57-3 (nefopam
hydrochloride).

ATC — N02BG06.

ATC Vet — QN02BG06.

(nefopam)

Pharmacopoeias. In Chin.

Adverse Effects and Treatment
Adverse effects occurring with nefopam include gas-
trointestinal disturbances, such as nausea and vomit-
ing, sweating, drowsiness, insomnia, urinary retention,
dizziness, hypotension, tremor, paraesthesia, palpita-
tions, lightheadedness, nervousness, confusion,
blurred vision, headache, dry mouth, syncope, angio-
edema, allergic reactions, and tachycardia. Euphoria,
hallucinations, and convulsions have occasionally
been reported, as has temporary pink discoloration of
the urine. Symptoms of overdosage have included
CNS and cardiovascular toxicity.

Effects on the urinary tract. In January 1989, the UK CSM1

reported that it had received 53 reports in which nefopam was
associated with the development of urinary retention or symp-
toms of hesitancy, poor stream, or dribbling. In one case there
was a history of prostatism.
1. CSM. Nefopam hydrochloride (Acupan). Current Problems 24

1989. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024431&
RevisionSelectionMethod=LatestReleased (accessed 14/07/08)

Overdosage. There have been reports of fatal overdoses with
nefopam.1-3 One report1 also provided details of 9 other patients
who recovered with routine supportive treatment.
1. Piercy DM, et al. Death due to overdose of nefopam. BMJ 1981;

283: 1508–9. 
2. Urwin SC, Smith HS. Fatal nefopam overdose. Br J Anaesth

1999; 83: 501–2. 
3. Tracqui A, et al. Fatal overdosage with nefopam (Acupan ). J

Anal Toxicol 2002; 26: 239–43.

Precautions
Nefopam is contra-indicated in patients with a history
of convulsive disorders. It should be used with caution
in the elderly and in patients with glaucoma, urinary
retention, or impaired hepatic or renal function.

Abuse. Abuse of parenteral nefopam has been reported in 3 pa-
tients with a history of chronic pain.1 Psychostimulant-like
symptoms such as agitation, impatience, and violence, were
noted in 2 of the patients; antimuscarinic effects were also seen.
All 3 patients were found to be psychologically dependent; in 2
who attempted to stop nefopam, withdrawal symptoms were
noted.
1. Villier C, Mallaret MP. Nefopam abuse. Ann Pharmacother

2002; 36: 1564–6.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving nefopam, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. 
Studies in 5 healthy nursing mothers given nefopam for post-epi-
siotomy pain indicated that nefopam was present in human milk

in an equivalent concentration to that in plasma.2 It was calculat-
ed that on a body-weight basis a breast-fed infant would receive
less than 3% of the maternal dose.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.: 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/10/06) 

2. Liu DTY, et al. Nefopam excretion in human milk. Br J Clin
Pharmacol 1987; 23: 99–101.

Interactions
It has been recommended that nefopam should not be
given to patients receiving MAOIs and should be used
cautiously in those receiving tricyclic antidepressants.
The adverse effects of nefopam may be additive to
those of other drugs with antimuscarinic or sympatho-
mimetic activity.

Pharmacokinetics
Nefopam is absorbed from the gastrointestinal tract.
Peak plasma concentrations occur 1 to 3 hours after a
dose by mouth and up to 1 hour after intramuscular in-
jection. About 73% is bound to plasma proteins. Ne-
fopam is distributed into breast milk. It has an elimina-
tion half-life of about 4 hours. It is extensively
metabolised and excreted mainly in urine, in which
less than 5% of a dose is excreted unchanged. About
8% of a dose is excreted via the faeces.

Uses and Administration
Nefopam hydrochloride is a non-opioid analgesic con-
sidered to act centrally, although its mechanism of ac-
tion is unclear. It also has some antimuscarinic and
sympathomimetic actions. Nefopam hydrochloride is
used for the relief of moderate acute and chronic pain.
The usual oral dose range is 30 to 90 mg three times
daily; the recommended initial dose is 60 mg (or 30 mg
in elderly patients) three times daily. Nefopam hydro-
chloride may also be given in doses of 20 mg by intra-
muscular injection, repeated every 6 hours if neces-
sary; it has been recommended that the patient should
always be lying down when receiving the injection and
should remain so for 15 to 20 minutes afterwards. It has
also been given by slow intravenous injection in doses
of 20 mg every 4 hours up to a maximum of 120 mg
daily.

Hiccup. In two case series1,2 involving 10 patients in total, hic-
cups refractory to standard therapy stopped after treatment with
intravenous nefopam. For the management of intractable hiccups
see under Chlorpromazine, p.976.

1. Bilotta F, Rosa G. Nefopam for severe hiccups. N Engl J Med
2000; 343: 1973–4. 

2. Bilotta F, et al. Nefopam for refractory postoperative hiccups.
Anesth Analg 2001; 93: 1358–60.

Shivering. Nefopam is one of several drugs tried in the preven-
tion of postoperative shivering (p.1779). 
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2. Piper SN, et al. A comparison of nefopam and clonidine for the
prevention of postanaesthetic shivering: a comparative, double-
blind and placebo-controlled dose-ranging study. Anaesthesia
2004; 59: 559–64. 

3. Bilotta F, et al. Nefopam or clonidine in the pharmacologic pre-
vention of shivering in patients undergoing conscious sedation
for interventional neuroradiology. Anaesthesia 2005; 60: 124–8.

Preparations

Proprietary Preparations (details are given in Part 3)

Belg.: Acupan; Fr.: Acupan; Ger.: Ajan†; Silentan†; Irl.: Acupan; Ital.: Ne-
fam†; Oxadol†; NZ: Acupan; Rus.: Oxadol (Оксадол); Switz.: Acupan†;
UK: Acupan.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Nepafenac (USAN, rINN)

AHR-9434; AL-6515; Népafénac; Nepafenaco; Nepafenacum.
2-(2-Amino-3-benzoylphenyl)acetamide.

Непафенак

C15H14N2O2 = 254.3.

CAS — 78281-72-8.

ATC — S01BC10.

ATC Vet — QS01BC10.

Profile
Nepafenac, an NSAID (p.96), is a prodrug of amfenac. It is used
in the treatment of pain and inflammation following cataract sur-
gery. An ophthalmic suspension containing nepafenac 0.1% is
instilled 3 times daily starting on the day before surgery and con-
tinuing for 2 weeks after surgery.

◊ References.
1. Colin J, Paquette B. Comparison of the analgesic efficacy and

safety of nepafenac ophthalmic suspension compared with di-
clofenac ophthalmic solution for ocular pain and photophobia af-
ter excimer laser surgery: a phase II, randomized, double-
masked trial. Clin Ther 2006; 28: 527–36. 

2. Lane SS. Nepafenac: a unique nonsteroidal prodrug. Int Oph-
thalmol Clin 2006; 46: 13–20. 

3. Lane SS, et al. Nepafenac ophthalmic suspension 0.1% for the
prevention and treatment of ocular inflammation associated with
cataract surgery. J Cataract Refract Surg 2007; 33: 53–8. Cor-
rection. ibid.; 564.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Nevanac; Chile: Nevanac; Cz.: Nevanac; Port.: Nevanac; USA:
Nevanac.

Nicoboxil (rINN)

Butoxyethyl Nicotinate; Nicoboxilo; Nicoboxilum. 2-Butoxyethyl
nicotinate.

Никобоксил

C12H17NO3 = 223.3.

CAS — 13912-80-6.

Profile
Nicoboxil is a nicotinate used in topical preparations as a rubefa-
cient. It is also included in some topical preparations used for the
treatment of acne vulgaris.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Austral.: Finalgon; Austria: Finalgon; Canad.: Final-
gon†; Ger.: Finalgon; Ital.: Anti-Acne; NZ: Finalgon†; Port.: Finalgon; Rus.:
Betalgon (Беталгон); Betanicomylon (Бетаникомилон); Finalgon
(Финалгон); Spain: Finalgon; UK: Actinac.

Nicomorphine Hydrochloride (BANM, rINNM)

Hidrocloruro de nicomorfina; Nicomorphine, Chlorhydrate de;
Nicomorphini Hydrochloridum. 3,6-Di-O-nicotinoylmorphine
hydrochloride; (−)-(5R,6S)-4,5-Epoxy-9a-methylmorphin-7-en-
3,6-diyl dinicotinate hydrochloride.

Никоморфина Гидрохлорид

C29H25N3O5,HCl = 532.0.

CAS — 639-48-5 (nicomorphine); 12040-41-4 (nicomor-
phine hydrochloride); 35055-78-8 (nicomorphine xHCl).

ATC — N02AA04.

ATC Vet — QN02AA04.

(nicomorphine)

Profile
Nicomorphine hydrochloride is an opioid analgesic (p.101) used
in the treatment of moderate to severe pain. It is given in oral
doses of 5 to 10 mg daily or by intramuscular, slow intravenous,
or subcutaneous injection in doses of 10 to 20 mg; higher doses
have also been used. It may also be given rectally in usual doses
of 10 to 20 mg daily.
◊ References.
1. Koopman-Kimenai PM, et al. Pharmacokinetics of intravenous-

ly administered nicomorphine and its metabolites in man. Eur J
Anaesthesiol 1993; 10: 125–32. 

2. Koopman-Kimenai PM, et al. Rectal administration of nicomor-
phine in patients improves biological availability of morphine
and its glucuronide conjugates. Pharm World Sci 1994; 16:
248–53. 

3. Koopman-Kimenai PM, et al. The bioavailability of intramuscu-
larly administered nicomorphine (Vilan) with its metabolites and
their glucuronide conjugates in surgical patients. Int J Clin Phar-
macol Ther 1995; 33: 442–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Vilan; Denm.: Vilan; Neth.: MorZet; Vilan†; Switz.: Vilan.

Niflumic Acid (rINN)

Acide niflumique; Ácido niflúmico; Acidum niflumicum; UP-83. 2-
(ααα-Trifluoro-m-toluidino)nicotinic acid.
Нифлумовая Кислота
C13H9F3N2O2 = 282.2.
CAS — 4394-00-7.
ATC — M01AX02; M02AA17.
ATC Vet — QM01AX02; QM02AA17.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Niflumic Acid). A pale yellow, crystalline powder.
Practically insoluble in water; soluble in alcohol and in methyl
alcohol; freely soluble in acetone.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Fluoride-associated osteosis has been reported with prolonged
use. Niflumic acid should be stopped if hypersensitivity skin re-
actions appear.
Effects on the skin. From a case-control study1 of children ad-
mitted to a hospital emergency department in Italy it was calcu-
lated that the odds-ratio of users of niflumic acid, or its derivative
morniflumate, developing serious cutaneous reactions was 4.9.
Given this figure and the fact that safer drugs were available the
authors considered that there was no indication for which niflu-
mic acid was required in children. However, a large cohort study2

involving 193 727 children aged between 0 and 14 years found
that niflumic acid was not associated with a higher risk of muco-
cutaneous reactions when compared with other NSAIDs or para-
cetamol. The authors of the later study suggested that the conclu-
sions of the original study may have been confounded because
there was no adjustment for age or indication.
1. Menniti-Ippolito F, et al. Niflumic acid and cutaneous reactions

in children. Arch Dis Child 2001; 84: 430–1. 
2. Sturkenboom M, et al. Incidence of mucocutaneous reactions in

children treated with niflumic acid, other nonsteroidal antiinflam-
matory drugs, or nonopioid analgesics. Abstract: Pediatrics 2005;
116: 212. Full version: http://pediatrics.aappublications.org/
cgi/content/full/116/1/e26 (accessed 08/11/07)

Uses and Administration
Niflumic acid, a nicotinic acid derivative, is an NSAID (p.99). It
has been used in inflammatory and musculoskeletal and joint
disorders in usual oral doses of about 250 mg three or four times
daily; up to 1500 mg daily has been used in severe disorders. It

has also been used topically as a 3% cream or ointment or 2.5%
gel. The morpholinoethyl ester, morniflumate (p.86), has similar
uses. 
Niflumic acid glycinamide has been used topically in inflamma-
tory mouth disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Flogovital; Belg.: Niflugel; Nifluril; Cz.: Niflugel; Nifluril; Fr.: Flunir†;
Niflugel; Nifluril; Gr.: Niflamol; Novopone†; Hung.: Donalgin; Ital.: Niflam;
Port.: Nifluril; Rus.: Donalgin (Доналгин); Spain: Niflactol.
Multi-ingredient: Arg.: Flogodisten.

Nimesulide (BAN, rINN)

Nimesulid; Nimesulida; Nimesulidas; Nimésulide; Nimesulidi;
Nimesulidinum; Nimesulidum; Nimeszulid; R-805. 4′-Nitro-2′-
phenoxymethanesulphonanilide.
Нимесулид
C13H12N2O5S = 308.3.
CAS — 51803-78-2.
ATC — M01AX17.
ATC Vet — QM01AX17.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Nimesulide). A yellowish crystalline powder. It
exhibits polymorphism. Practically insoluble in water; slightly
soluble in dehydrated alcohol; freely soluble in acetone.
Profile
Nimesulide is an NSAID (p.96) reported to be a selective inhib-
itor of cyclo-oxygenase-2 (COX-2). It may be given in oral doses
of up to 100 mg twice daily for inflammatory conditions, fever,
pain, and dysmenorrhoea; use in the EU is limited to a maximum
of 15 days due to reports of hepatotoxicity (see Adverse Effects,
below). It has also been given rectally in a dose of 200 mg twice
daily or applied topically as a 3% gel. Nimesulide betadex
(nimesulide betacyclodextrin complex) has been used similarly.
◊ References.
1. Bennett A, et al. Nimesulide: a multifactorial therapeutic ap-

proach to the inflammatory process? a 7-year clinical experi-
ence. Drugs 1993; 46: (suppl 1): 1–283. 

2. Senna GE, et al. Nimesulide in the treatment of patients intoler-
ant of aspirin and other NSAIDs. Drug Safety 1996; 14: 94–103. 

3. Vizzardi M, et al. Nimesulide beta cyclodextrin (nimesulide-
betadex) versus nimesulide in the treatment of pain after arthro-
scopic surgery. Curr Ther Res 1998; 59: 162–71. 

4. Bernareggi A. Clinical pharmacokinetics of nimesulide. Clin
Pharmacokinet 1998; 35: 247–74. 

5. Shah AA, et al. Selective inhibition of COX-2 in humans is as-
sociated with less gastrointestinal injury: a comparison of
nimesulide and naproxen. Gut 2001; 48: 339–46. 

6. Nüing RM, et al. Pathogenetic role of cyclooxygenase-2 in hy-
perprostaglandin E syndrome/antenatal Bartter syndrome: thera-
peutic use of the cyclooxygenase-2 inhibitor nimesulide. Clin
Pharmacol Ther 2001; 70: 384–90.

Adverse effects. Although thrombocytopenia is a common
feature in patients infected with HIV, a group of workers consid-
ered that thrombocytopenia in one of their patients was related to
the use of nimesulide.1 
There have been reports2-4 of hepatotoxicity after treatment with
nimesulide. Data from spontaneous reports has also suggested
that nimesulide may be associated with a higher risk of hepato-
toxicity than other NSAIDs.4 A cohort study5 involving about
400 000 users of NSAIDs in one region of Italy between 1997
and 2001 found that those taking nimesulide were 1.3 times more
likely to develop hepatotoxicity than users of other NSAIDs and
1.9 times more likely to suffer severe liver injury. In May 2007
the Irish regulatory authority withdrew nimesulide from the Irish
market after concerns about hepatotoxicity.6 Since being li-
censed in 1995, nimesulide had generated 53 adverse reaction
reports involving liver toxicity, including 9 cases of liver failure,
3 of which resulted in death and 6 in liver transplantation; there
had also been 1 other liver-related fatality. The EMEA7 subse-
quently recommended that treatment with nimesulide should be
limited to 15 days. 
There have been reports8,9 of toxic pustuloderma (acute general-
ised exanthematous pustulosis) after receiving oral nimesulide.
Fixed drug eruptions have also been seen.10 
An infant developed hypotension and hypothermia after inad-
vertently taking an overdose of 8 times the recommended daily
dose of nimesulide.11 The patient recovered after gastric lavage
with activated charcoal and supportive therapy.
1. Pasticci MB, et al. Nimesulide, thrombocytopenic purpura, and

human immunodeficiency virus (HIV) infection. Ann Intern
Med 1990; 112: 233–4. 
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2. McCormick PA, et al. COX 2 inhibitor and fulminant hepatic

failure. Lancet 1999; 353: 40–1. 
3. Sbeit W, et al. Nimesulide-induced acute hepatitis. Ann Phar-

macother 2001; 35: 1049–52. 
4. Maciá MA, et al. Hepatotoxicity associated with nimesulide:

data from the Spanish pharmacovigilance system. Clin Pharma-
col Ther 2002; 72: 596–7. 

5. Traversa G, et al. Cohort study of hepatotoxicity associated with
nimesulide and other non-steroidal anti-inflammatory drugs.
BMJ 2003; 327: 18–22. 

6. Irish Medicines Board. Immediate suspension of the marketing
of medicines containing nimesulide (issued 15th May, 2007).
Available at :  ht tp:/ /www.imb.ie/EN/Safety--Quali ty/
Advisory-Warning--Recall-Notices/Human-Medicines/
Nimesulide-Suspension.aspx?page=1&noticetypeid=-1&year=
2007 (accessed 08/11/07) 

7. EMEA. Questions and answers on the CHMP recommendation
on nimesulide-containing medicines (issued 21st September,
2007). Available at: http://www.emea.europa.eu/pdfs/human/
opinion/43098807en.pdf (accessed 08/11/07) 

8. Lateo S, Boffa MJ. Localized toxic pustuloderma associated
with nimesulide therapy confirmed by patch testing. Br J Der-
matol 2002; 147: 624–5. 

9. Teixeira M, et al. Acute generalized exanthematous pustulosis
induced by nimesulide. Dermatol Online J 2006; 12: 20. Avail-
able at: http://dermatology.cdlib.org/126/case_presentations/
agep/teixeira.html (accessed 08/11/07) 

10. Malheiro D, et al. Nimesulide-induced fixed drug eruption. Al-
lergol Immunopathol (Madr) 2005; 33: 285–7. 

11. Yapakci E, et al. Hypoglycaemia and hypothermia due to
nimesulide overdose. Arch Dis Child 2001; 85: 510.

Pregnancy. Irreversible end-stage renal failure has been report-
ed in a neonate born to a mother who received nimesulide as a
tocolytic from the 26th to the 32nd week of pregnancy.1 Others
have reported neonatal renal failure associated with nimesulide.2
Premature closure of the ductus arteriosus leading, in some cas-
es, to persistent pulmonary hypertension has also been seen in 10
neonates whose mothers self-medicated with nimesulide during
the third trimester of pregnancy.3

1. Peruzzi L, et al. Neonatal end-stage renal failure associated with
maternal ingestion of cyclo-oxygenase-type-2 selective inhibitor
nimesulide as tocolytic. Lancet 1999; 354: 1615. Correction.
ibid. 2000; 355: 238. 

2. Balasubramaniam J. Nimesulide and neonatal renal failure. Lan-
cet 1999; 355: 575. 

3. Paladini D, et al. Severe ductal constriction in the third-trimester
fetus following maternal self-medication with nimesulide. Ul-
trasound Obstet Gynecol 2005; 25: 357–61.

Premature labour. Nimesulide has been tried as an alternative
to indometacin to delay labour in patients with a history of pre-
term delivery (p.2003). Nimesulide was given from 16 to 34
weeks of gestation and a successful delivery started 6 days after
withdrawal.1 There appeared to be no adverse effect on fetal re-
nal function or the ductus arteriosus. The authors suggested that
fetal prostaglandin synthesis might be mainly mediated through
cyclo-oxygenase-1 (COX-1) and that a relatively selective COX-
2 inhibitor such as nimesulide might produce fewer adverse ef-
fects on the fetus than other non-selective NSAIDs. However, in
a small study short-term effects on the fetus were similar for
nimesulide, indometacin, and sulindac.2 
Adverse effects have been reported in some neonates whose
mothers received nimesulide during their pregnancies, see
above.
1. Sawdy R, et al. Use of a cyclo-oxygenase type-2-selective non-

steroidal anti-inflammatory agent to prevent preterm delivery.
Lancet 1997; 350: 265–6. 

2. Sawdy RJ, et al. A double-blind randomized study of fetal side
effects during and after the short-term maternal administration of
indomethacin, sulindac, and nimesulide for the treatment of pre-
term labor. Am J Obstet Gynecol 2003; 188: 1046–51.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aldoron; Aulin†; Doloctaprin†; Flogovital NF; Metaflex†; Virobron;
Austria: Aulin; Mesulid; Belg.: Mesulid; Braz.: Antiflogil†; Cimelide; Deflo-
gen; Deltaflan; Fasulide; Flogilid†; Inflalid; Maxsulid; Neosulida; Nimalgex†;
Nimedalin†; Nimeflan†; Nimesilam; Nimesubal; Nimesulin; Nimesulix;
Nimesulon; Nisalgen†; Nisoflan; Nisuflex; Nisulid; Optaflan†; Scaflam; Scalid;
Sintalgin; Chile: Ainex; Aulin†; Doloc; Nimepast; Nimesyl; Nimex†; Nisulid;
Nisural; Cz.: Aulin; Coxtral; Mesulid; Nimed; Nimesil; Fin.: Nimed†; Fr.:
Nexen; Gr.: Aflogen; Alencast; Algosulid; Algover; Amocetin; Aulin; Au-
romelid; Chemisulide†; Cliovyl; Discorid; Dolostop; Edrigyl; Elinap; Erlecit;
Fladalgin; Flogostop; G-Revm; Kartal; Lalide; Lasazin; Lemesil; Lizepat; Lon-
dopon†; Lovirem; Melicate; Melimont; Mesulid; Mesupon; Min-A-Pon; Mo-
suolit; Multiformil; Myxina; Naofid; Niberan; Nimegel; Nimelide; Nimesul;
Omnibus; Rhemid; Ristolzit; Ritamine; Rolaket; Scaflam†; Specilid; Sudinet;
Tranzicalm; Ventor; Volonten; Hong Kong: Mesulid; Nidol; Nimm; Hung.:
Mesulid; Nidol; Nimelid; Xilox; India: Beta Nicip; Mesulid; Nicip; Nilide;
Nimcet; Nimfast; Nimica; Nimodol; Nimulid; Nimusyp; Nimutab; Nimvista;
Nise; Willgo†; Indon.: Arnid; Aulin; Nicox; Nimed; Nimost; Sohoflam; Xi-
mede; Irl.: Aulin†; Mesine†; Mesulid†; Israel: Mesulid; Ital.: Algimesil; Al-
golider ; Antalgo; Areuma; Aulin; Biosal†; Delfos; Dimesul; Doleside†;
Doloxtren†; Domes; Edemax†; Efridol; Erreflog; Eudolene; Fansidol†; Fan-
sulide; Flolid; Idealid; Isodol; Laidor†; Ledolid†; Ledoren; Lidenix†; Mesulid;
Migraless; Nerelid; Nide†; Nimedex; Nimenol; Nimesil; Nimesulene;
Nimexan†; Nims; Noalgos; Noxalide; Pantames; Remov; Resulin; Solving;
Sulidamor; Sulide; Malaysia: Nidol†; Mex.: Apolide; Cargespril; Defam;
Degorflan; Dexlin; Eskaflam; Fenoxil; Flamide; Flamozin; Inim; Lesiden; Luse-
min; Meliden; Mesulid; Minus†; Nimepis; Nizurin; Quidofril; Redaflam; Sev-
erin; Sidel; Sindel; Sulidek; Sundir ; Ul-Flam; Philipp.: Aulin; Flamesul;
Mesulid; Nidolid; Sorini; Pol.: Aulin; Minesulin; Nimesil; Port.: Aulin;
Donulide; Gerilide; Jabasulide; Nimalge; Nimartin; Nimed; Nimesulene; Re-
umolide; Sulidor; Sulimed; Vitolide; Rus.: Actasulid (Актасулид); Aponil
(Апонил); Coxtral (Кокстрал); Nimesil (Нимесил); Nimica (Нимика); Nise
(Найз); Singapore: Nidol†; Nise†; Switz.: Aulin; Nisulid; Thai.: Neptide;
Nidol; Nilide; Nimes†; Nimind; Nimulid; Turk.: Mesulid; Motival; Nimes;

Sulidin; Venez.: Ainex; Aulin; Drexel; Nimecox; Nimelid; Nimepirex†; Ni-
prolide†; Nise†; Normosilen†; Reduben; Scaflan.
Multi-ingredient: Arg.: Doloctaprin Plus†; Metaflex Plus†; Mio Aldoron;
Mio-Virobron; India: Cipzen N; Niciflex-T; Nicip Cold; Nicip D; Nicip MR;
Nicip Plus; Nicip Super; Nicip T; Nicispas; Nimica Plus; Nimulid MR; Nimulid
Nugel; Nimulid SP; Nimvista Plus; Nizer; Mex.: Amoxiclide; Zithroflam.

Nonivamide (rINN)

Nonivamida; Nonivamidum; Noniwamid; Nonylvanillamide; PA-
VA; Pelargonyl Vanillylamide; Pseudocapsaicin. N-Vanillylnona-
mide; N-[(4-Hydroxy-3-methoxyphenyl)methyl]nonanamide.
Нонивамид
C17H27NO3 = 293.4.
CAS — 2444-46-4.

NOTE. Use of the term ‘synthetic capsaicin’ to describe noniva-
mide has arisen from the use of nonivamide as an adulterant for
capsaicin and capsicum oleoresin.
Profile
Nonivamide is a synthetic analogue of capsaicin (p.32) that is
used in topical preparations for the relief of muscular and rheu-
matic pain. 
Nonivamide has also been used as a food flavour and in ‘pepper
sprays’ for law enforcement and self defence.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: ABC Hydrogel-Warmepflaster; Ger.: ABC Warme-Pflaster Sen-
sitive†; Gothaplast Capsicum-Warmepflaster ; Hansaplast ABC Warme-
Pflaster Sensitive†.
Multi-ingredient: Austral.: Finalgon; Austria: Finalgon; Rubriment; Ca-
nad.: Finalgon†; Cz.: Pain Expeller†; Ger.: Finalgon; Infrotto Ultra†; Loma-
zell forte N†; Ostochont†; Rheumasalbe†; Rubriment; Vertebralon N†;
NZ: Finalgon†; Port.: Finalgon; Rus.: Betalgon (Беталгон); Betanicomylon
(Бетаникомилон); Capsicam (Капсикам); Finalgon (Финалгон); Spain: Fi-
nalgon; Switz.: Forapin†; Histalgane; Radalgin; Thermocutan†; Thai.: Am-
meltz.

Nonsteroidal Anti-inflammatory 
Drugs
AINE; AINS; Fármacos antiinflamatorios no esteroideos; 
NSAIDs; NSAİ İ’ler.
НПВП; НПВС; НСПВП; Нестероидные 
Противовоспалительные Препараты

Adverse Effects and Treatment
The commonest adverse effects of NSAIDs are gener-
ally gastrointestinal disturbances, such as gastrointesti-
nal discomfort, nausea, and diarrhoea; these are usually
mild and reversible but in some patients peptic ulcera-
tion and severe gastrointestinal bleeding may occur. It
is generally agreed that inhibition of cyclo-oxygenase-
1 (COX-1) plays an important role in the gastrointesti-
nal effects of NSAIDs; the selective inhibition of
COX-2 improves gastrointestinal tolerance. 
CNS-related adverse effects include headache, vertigo,
dizziness, nervousness, tinnitus, depression, drowsi-
ness, and insomnia. Hypersensitivity reactions may oc-
cur occasionally and include fever, angioedema, bron-
chospasm, and rashes. Hepatotoxicity and aseptic
meningitis, which occur rarely, may also be hypersen-
sitivity reactions. Some patients may experience visual
disturbances. 
Haematological adverse effects of NSAIDs include
anaemias, thrombocytopenia, neutropenia, eosi-
nophilia, and agranulocytosis. Unlike aspirin, inhibi-
tion of platelet aggregation is reversible with other
NSAIDs. 
Some NSAIDs have been associated with nephrotoxic-
ity such as interstitial nephritis and nephrotic syn-
drome; renal failure may be provoked by NSAIDs es-
pecially in patients with pre-existing renal impairment.
Haematuria has also occurred. Long-term use or abuse
of analgesics, including NSAIDs, has been associated
with nephropathy. 

Fluid retention may occur, rarely precipitating heart
failure in susceptible patients. Other cardiovascular ad-
verse effects of NSAIDs, including those selective for
COX-2 inhibition, are discussed in detail below. 
Other adverse effects include photosensitivity. Alveo-
litis, pulmonary eosinophilia, pancreatitis, Stevens-
Johnson syndrome, and toxic epidermal necrolysis are
other rare adverse effects. Induction or exacerbation of
colitis has also been reported. 
Further details concerning the adverse effects of the in-
dividual NSAIDs may be found under their respective
monographs.
Incidence of adverse effects. The relative toxicity of
NSAIDs is a subject of debate.1 Attempts have been made to
rank these drugs according to their toxicity on various body sys-
tems.2 The toxicity of selective cyclo-oxygenase-2 (COX-2) in-
hibitors has also been reviewed.3 For further details see below
under individual headings.
1. Skeith KJ, et al. Differences in NSAID tolerability profiles: fact

or fiction? Drug Safety 1994; 10: 183–95. 
2. CSM/MCA. Relative safety of oral non-aspirin NSAIDs. Cur-

rent Problems 1994; 20: 9–11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2015615&RevisionSelectionMethod=
LatestReleased (accessed 08/11/07) 

3. Chaiamnuay S, et al. Risks versus benefits of cyclooxygenase-2-
selective nonsteroidal antiinflammatory drugs. Am J Health-Syst
Pharm 2006; 63: 1837–51.

Effects on the blood. The UK CSM has provided data on the
reports it had received between July 1963 and January 1993 on
agranulocytosis and neutropenia.1 Several groups of drugs were
commonly implicated, among them NSAIDs for which there
were 133 reports of agranulocytosis (45 fatal) and 187 of neutro-
penia (15 fatal). The most frequently implicated NSAID was
phenylbutazone with 74 reports of agranulocytosis (39 fatal) and
40 of neutropenia (4 fatal).
1. CSM/MCA. Drug-induced neutropenia and agranulocytosis.

Current Problems 1993; 19: 10–11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 08/11/07)

Effects on bone. Prostaglandins have been shown to play an
important role in the bone-healing process and, consequently, the
decrease in prostaglandin levels produced by NSAID use may
impair the healing process.1 Under experimental conditions,
many NSAIDs including the cyclo-oxygenase-2 (COX-2) inhib-
itors have been shown to reduce healing.1 However, clinical evi-
dence of such an effect is rare.2 There is also concern that some
NSAIDs such as indometacin may accelerate the rate of cartilage
destruction in patients with osteoarthritis.3,4

1. Harder AT, An YH. The mechanisms of the inhibitory effects of
nonsteroidal anti-inflammatory drugs on bone healing: a concise
review. J Clin Pharmacol 2003; 43: 807–15. 

2. Glassman SD. et al. The effect of postoperative nonsteroidal
anti-inflammatory drug administration on spinal fusion. Spine
1998; 23: 834–8. 

3. Rashad S, et al. Effect of non-steroidal anti-inflammatory drugs
on the course of osteoarthritis. Lancet 1989; ii: 519–22. 

4. Huskisson EC, et al. Effects of antiinflammatory drugs on the
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Effects on the cardiovascular system. BLOOD PRESSURE. A
meta-analysis1 of 50 randomised studies of the effects of
NSAIDs on blood pressure in a total of 771 patients found
that NSAIDs had elevated mean supine blood pressure by
5 mmHg. Piroxicam, indometacin, and ibuprofen had pro-
duced the greatest increase but the effect was only found to be
statistically significant for piroxicam. Aspirin, sulindac, and
flurbiprofen produced the smallest elevation in blood pres-
sure while the effect of tiaprofenic acid, diclofenac, and
naproxen was intermediate. The increase was more marked in
studies in which patients had received antihypertensive ther-
apy than in those where such treatment had not been used.
NSAIDs had antagonised all antihypertensive therapy but the
effect had been greater against beta blockers and vasodilators
than against diuretics. An earlier meta-analysis of interven-
tion studies had produced similar results.2 Of the 1324 pa-
tients who had received NSAIDs, increases in mean arterial
pressure were greatest in hypertensive patients who had taken
either indometacin, naproxen, or piroxicam, although results
were only significant for indometacin and naproxen. Sulindac
and aspirin had minimal effects on mean arterial pressure. 
It has been suggested that the use of NSAIDs in the elderly may
increase the risk of the need for antihypertensive therapy.3 A
study3 of 9411 patients aged 65 years or older who had just start-
ed treatment with antihypertensives found that 41% had used
NSAIDs in the previous year compared with 26% of 9629 con-
trol patients not being treated with antihypertensives.
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HEART FAILURE. The recent use of NSAIDs has been associated
with an increased risk of developing heart failure in elderly
patients.1 A case-control study2 found that the use of an
NSAID in the previous week doubled the odds of being ad-
mitted to hospital with heart failure; this risk was increased
tenfold in those with a history of heart disease. The study also
suggested an association between both high-dose and long
drug plasma half-life and an increased risk of heart failure.
1. Bleumink GS, et al. Nonsteroidal anti-inflammatory drugs and

heart failure. Drugs 2003; 63: 525–34. 
2. Page J, Henry D. Consumption of NSAIDs and the development

of congestive heart failure in elderly patients: an underrecog-
nised public health problem. Arch Intern Med 2000; 160:
777–84.

THROMBOTIC EVENTS. After the introduction of the selective
cyclo-oxygenase-2 (COX-2) inhibitors, concerns arose that
the risk of thrombotic events such as myocardial infarction
and stroke might be increased in patients treated with these
selective NSAIDs, and their safety was continuously re-
viewed by some regulatory bodies. Subsequently, clinical
study data confirmed that there was a small increased risk of
these events with the COX-2 inhibitors which prompted the
general world-wide withdrawal of rofecoxib (see p.121) and
valdecoxib (see p.132). For those selective NSAIDs that re-
mained, prescribing restrictions were imposed (for further de-
tails, see under Celecoxib, p.34). 
Concerns have also been raised that the increased risk of throm-
botic events seen with the selective COX-2 inhibitors may also
apply to the non-selective NSAIDs. After a review of data avail-
able at the time, the FDA1 reported in April 2005 that the use of
non-selective NSAIDs may potentially increase cardiovascular
risk. In August 2005, the UK CSM advised that any cardiovas-
cular risk with the non-selective NSAIDs was likely to be small
and associated with continuous long-term treatment and higher
doses;2 no changes to current prescribing practices were recom-
mended. This advice was endorsed a few months later by the
EMEA in Europe.3 However, new information has since become
available and, in October 2006, the EMEA updated its advice.4
Based on data which included the MEDAL programme5 and re-
views of several important epidemiological studies6-8 the follow-
ing points were made: 
• the results from the MEDAL programme suggest that di-

clofenac (150 mg daily) has a risk of thrombotic events simi-
lar to that of etoricoxib (60 mg or 90 mg daily); however, fur-
ther issues need to be considered before this can be considered
conclusive 

• based on study and epidemiological evidence, diclofenac, par-
ticularly at a high dose (150 mg daily), may be associated with
an increased risk of thrombotic events 

• clinical study data suggest that high-dose ibuprofen (2.4 g dai-
ly) is associated with an increased risk of thrombotic events;
however, overall, epidemiological studies do not support an
increased risk with low-dose ibuprofen (1.2 g daily or less) 

• naproxen (1 g daily) may be associated with a lower risk for
thrombotic events than the COX-2 inhibitors, but a small risk
cannot be excluded; overall, there is no evidence of a cardio-
protective effect 

• for all other non-selective NSAIDs there are insufficient data
to assess the thrombotic risk and consequently an increased
risk cannot be excluded; a small increase in absolute risk
seems most likely when used in high doses and for long-term
treatment 

It has been suggested that NSAIDs may reduce the cardioprotec-
tive effect of aspirin, but see under Interactions of Aspirin, p.23.
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Effects on the CNS. A literature review1 revealed that head-
ache, hearing loss, and tinnitus are the most frequent CNS ad-
verse effects in patients taking NSAIDs. Aseptic meningitis had
occurred rarely in patients using NSAIDs such as naproxen,
sulindac, or tolmetin, but the most common reports were in pa-
tients with SLE who were receiving ibuprofen (see also p.64). 
Reports of psychosis appear to be rare1,2 and have involved in-
dometacin or sulindac, but in some reviewers’ experience it was
probably under-reported and was typically seen in elderly pa-
tients given indometacin.1 
Adverse CNS effects have also been reported with the selective
cyclo-oxygenase-2 (COX-2) inhibitors.2 
The role of NSAIDs in the development of cognitive decline in
the elderly is unclear. They have been associated with memory
impairment and attention deficits in elderly patients,1,3 especially
when given in high doses;4 however, some authors have also re-
ported that long-term NSAID use may reduce the rate of cogni-
tive decline4,5 or the risk of developing Alzheimer’s disease6-8

(see also Dementia, under Uses and Administration, below).
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is at risk? Drugs 2004; 64: 2619–27. 
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Effects on electrolytes. See Effects on the Kidneys, below.
Effects on the eyes. Ocular effects such as blurred vision oc-
cur rarely in patients taking NSAIDs. Other more serious effects
on the eyes associated with NSAIDs also appear to be rare. In the
USA the National Registry of Drug-Induced Ocular Side Effects
analysed 144 reports they received of possible adverse optic
nerve reactions associated with the use of NSAIDs.1 Of the 24
cases of papilloedema with or without pseudotumor cerebri more
than half were associated with propionic acid derivatives, but it
was considered that the data indicated that, on rare occasions,
most NSAIDs could cause this effect; the number of reports for
individual drugs was: 7 for ibuprofen, 5 each for indometacin
and naproxen, 3 for meclofenamate, and 1 each for diflunisal,
ketoprofen, sulindac, and tolmetin. Almost two-thirds of the 120
cases of optic or retrobulbar neuritis were also associated with
propionic acid derivatives; the number of reports for individual
drugs was: ibuprofen 43, naproxen 17, indometacin 9, benoxa-
profen 8, phenylbutazone 8, piroxicam 8, zomepirac 7, sulindac
6, fenoprofen 5, oxyphenbutazone 3, meclofenamate 2, tolmetin
2, diflunisal 1, and ketoprofen 1. 
Ocular adverse effects have also been reported with the selective
Cyclo-oxygenase-2 (COX-2) inhibitors.2 
There have been reports of severe corneal toxicity associated
with the use of some topical NSAIDs, such as diclofenac and
ketorolac, in the eye (see p.45).
1. Fraunfelder FT, et al. Possible optic nerve side effects associated

with nonsteroidal anti-inflammatory drugs. J Toxicol Cutan Ocul
Toxicol 1994; 13: 311–16. 

2. Coulter DM, et al. Celecoxib, rofecoxib, and acute temporary
visual impairment. BMJ 2003; 327: 1214–15.

Effects on fertility. Reversible infertility has been reported in
women on long-term NSAIDs.1-3 Prostaglandins are considered
to be involved in the processes of ovulation and it is thought that
NSAIDs may compromise ovulation via inhibition of cyclo-oxy-
genase-2 (COX-2). Women trying to become pregnant may need
to avoid treatment with NSAIDs.
1. Mendonça LLF, et al. Non-steroidal anti-inflammatory drugs as

a possible cause for reversible infertility. Rheumatology (Oxford)
2000; 39: 880–2. 

2. Norman RJ. Reproductive consequences of COX-2 inhibition.
Lancet 2001; 358: 1287–8. 

3. Stone S, et al. Nonsteroidal anti-inflammatory drugs and revers-
ible female infertility: is there a link? Drug Safety 2002; 25:
545–51.

Effects on the gastrointestinal tract. NSAIDs can cause
clinically important damage of the gastrointestinal tract, increas-
ing the incidence of bleeding in the upper gastrointestinal tract
and of perforation, although serious complications and death are
relatively infrequent. They have also been associated with dam-
age to the distal small intestine and colon.1-3 
The complex mechanisms involved are not fully understood, al-
though it is generally accepted that the inhibition of cyclo-oxy-
genase-1 (COX-1) plays a role in gastrointestinal toxicity and
that the selective COX-2 inhibitors are less gastrotoxic than the
traditional NSAIDs (see below).4-8 The gastric mucosa is dam-
aged both by local and systemic effects of NSAIDs.5 The local
effect is pH-dependent and varies between individual drugs. The
systemic effect is pH-independent, can occur with any route of

administration, and is less drug specific; it is this effect that is
thought to involve COX-1 inhibition. 
Risk factors continue to be studied and so far the most important
patient-related factors for upper gastrointestinal toxicity are old
age, a history of peptic ulcers or bleeding of the gastrointestinal
tract, and concomitant use of corticosteroids.9 It has also been
suggested that risk is increased in children.10 Helicobacter pylori
infection exacerbates the risk of ulceration, but patients remain at
increased risk even if infection is eradicated.11 Duration of ther-
apy is not thought to influence the risk for serious events; a co-
hort study12 found that the risk of gastrointestinal bleeding or
perforation with NSAIDs was constant throughout treatment,
and risk quickly declines after NSAID withdrawal.13 
Several studies14-17 have been conducted on the relative toxicity
of oral NSAIDs on the upper gastrointestinal tract and various
rankings of these drugs have been discussed.18-22 The UK CSM20

examined 10 epidemiological studies for 7 oral non-aspirin
NSAIDs and also examined the spontaneous reports they had re-
ceived of gastrointestinal effects associated with NSAIDs. The
CSM concluded that: 
• azapropazone was associated with the highest risk of gastroin-

testinal reactions 
• ibuprofen carried the lowest risk (but this may be related to

dose, see below) 
• piroxicam, ketoprofen, indometacin, naproxen, and di-

clofenac had an intermediate risk; it was considered that the
risk for piroxicam might be higher than for the other NSAIDs
with intermediate toxicity 

A later update23 by the CSM confirmed these findings. 
The relative gastrointestinal toxicity of NSAIDs has also been
reviewed by the EMEA21 using data from epidemiological stud-
ies and spontaneous adverse drug reaction reports. Available ev-
idence suggested that piroxicam and ketoprofen, particularly in
high doses, were associated with the greatest risk of gastrointes-
tinal toxicity when compared to diclofenac, etodolac, ibuprofen,
indometacin, meloxicam, nabumetone, naproxen, and
nimesulide. No firm conclusions were made for the other
NSAIDs although there was weak evidence to suggest that the
risk of toxicity was slightly higher for indometacin and naproxen
than for diclofenac and ibuprofen. As a result of this review the
EMEA carried out a full benefit-risk assessment for piroxicam
and subsequently placed restrictions on its systemic usage (see
p.118). 
In a systematic review24 of controlled epidemiological studies
that found a relation between NSAID use and hospital admission
for gastric haemorrhage or perforation, the low risk of serious
gastric toxicity with ibuprofen appeared to be attributable mainly
to the low doses used clinically; higher doses of ibuprofen were
associated with a similar risk to indometacin and naproxen. For
reference to an association between aspirin and the most severe
gastric lesions compared with other NSAIDs, see p.21. 
Results from controlled studies have confirmed that the selective
COX-2 inhibitors are associated with a lower incidence of seri-
ous gastrointestinal effects, such as bleeding, perforation, and
obstruction, than the traditional NSAIDs25 (see also Celecoxib,
p.35 for further details). However, since the risk of such effects
is inherently low in those with no history of peptic ulcer disease,
the general prescribing of selective COX-2 inhibitors to all pa-
tients requiring an NSAID is questioned, particularly in the light
of concerns about their cardiovascular effects (see Thrombotic
Events, above). In the UK, the use of selective COX-2 inhibitors
is limited to patients with good cardiovascular health and at high
risk of developing serious gastrointestinal problems if given a
non-selective NSAID. High-risk patients include the elderly,
those already receiving gastrotoxic drugs, and those with exist-
ing gastrointestinal disorders. 
There has been concern that topical use of NSAIDs may also be
associated with gastrointestinal toxicity but a case-controlled
study26 concluded that this route was not associated with signif-
icant upper gastrointestinal bleeding or perforation. 
Apart from the selection of an NSAID with a lower risk for gas-
trointestinal toxicity, other methods used for the prevention or
treatment of NSAID-associated ulceration are discussed under
the treatment of peptic ulcer disease on p.1702.
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Effects on the kidneys. NSAIDs can produce renal disorders
on systemic or topical use,1 some of which are due to their inhi-
bition of prostaglandin synthesis.2,3 In the presence of renal va-
soconstriction the vasodilator action of prostaglandins increases
renal blood flow and thereby helps to maintain renal function.4,5

Patients whose renal function is being maintained by prostaglan-
dins are therefore at risk from NSAIDs. Such patients include
those with impaired circulation, the elderly, those on diuretics,
and those with heart failure or renal vascular disease.2,4 Other
risk factors for renal impairment with NSAIDs include dehydra-
tion, cirrhosis, surgery, sepsis,6 and a history of gout or hyperuri-
caemia.6,7 The half-life of an NSAID may be a more important
determinant of the risk of developing functional renal impair-
ment than the ingested dose.7 Evidence of renal toxicity due to
cyclo-oxygenase-2 (COX-2) selective inhibitors is less exten-
sive; however, such NSAIDS appear to have effects on renal
function similar to those of the non-selective NSAIDs.8,9 
ACE inhibitors and angiotensin receptor antagonists can also
produce renal impairment and combined use with NSAIDs
should be undertaken with great care.10,11 The Australian Ad-
verse Drug Reactions Advisory Committee10 stated in August
2003 that over 50% of cases of renal failure reported to the com-
mittee were associated with use of NSAIDs, ACE inhibitors, or
diuretics (alone or together); where all these were taken together
the fatality rate for reported cases of renal failure was 10%. 
Prostaglandin inhibition may also lead to salt and water retention
particularly when there is pre-existing hypertension or sodium
depletion.4 NSAIDs, therefore, tend to counteract the action of
diuretics and antihypertensives.2,4 There have been isolated re-
ports of severe hyponatraemia and other symptoms resembling
the syndrome of inappropriate antidiuretic hormone secretion in
patients taking NSAIDs.12,13 
Potassium homoeostasis is less dependent on prostaglandins and
hyperkalaemia occurs infrequently with NSAIDs.3 It is more
likely to occur in patients with specific risk factors such as those
receiving potassium supplements or potassium-sparing diuret-
ics.3 Indometacin appears to be the main NSAID implicated. 
NSAIDs may cause acute interstitial nephritis, perhaps involving
an allergic response,2,3,14 and it may progress to interstitial fibro-
sis or papillary necrosis.3,15 
Analgesic abuse or prolonged excessive use can produce neph-
ropathy, a condition characterised by renal papillary necrosis and
chronic interstitial nephritis, and, eventually, renal failure.16

Phenacetin, a para-aminophenol derivative, has long been recog-
nised as being one of the main drugs responsible for analgesic
nephropathy,17,18 but nephropathy has also been associated with

the long-term use of NSAIDs and paracetamol without phenace-
tin.19
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Effects on the liver. A retrospective study involving over
220 000 adults who were either using, or had used, NSAIDs
identified a small excess risk of serious, acute non-infectious liv-
er injury; in current users there was a twofold increase in risk and
there was a predominance of the cholestatic type of liver injury
among such patients. Nonetheless, admissions to hospital for liv-
er injury had been rare.1 In a review2 of cohort and case-control
studies describing an association between NSAIDs and liver dis-
ease, the strongest evidence emerged for sulindac. There were
also a significant number of reports of hepatotoxicity on rechal-
lenge with diclofenac. Evidence of hepatotoxicity for other
NSAIDs was weak, although the risk appeared to be high when
they were used with other hepatotoxic drugs. However, the over-
all incidence of liver disease with NSAIDs was very low. 
A later review has also concluded that NSAID-induced hepato-
toxicity is an uncommon event.3 Nevertheless, an increased risk
of hepatotoxicity has been associated with the selective cyclo-
oxygenase-2 (COX-2) inhibitor lumiracoxib which led to its sub-
sequent withdrawal in many countries (see p.78). For similar rea-
sons, nimesulide has been withdrawn in some countries and its
use is limited in others (see p.95).
1. García Rodríguez LA, et al. The role of non-steroidal anti-in-

flammatory drugs in acute liver injury. BMJ 1992; 305: 865–8.
Correction. ibid.: 920. 

2. Manoukian AV, Carson JL. Nonsteroidal anti-inflammatory
drug-induced hepatic disorders. Drug Safety 1996; 15: 64–71. 

3. O’Connor N, et al. Hepatocellular damage from non-steroidal
anti-inflammatory drugs. Q J Med 2003; 96: 787–91.

Effects on the lungs. Adverse pulmonary effects such as pneu-
monitis, alveolitis, pulmonary infiltrates, and pulmonary fibro-
sis, often suggestive of an allergic or immune reaction, have been
reported with a number of NSAIDs. For references, see under
individual monographs.
Effects on the pancreas. A review1 of drug-induced pancrea-
titis considered that sulindac was amongst the drugs for which a
definite association with pancreatitis had been established. There
had been isolated reports of pancreatitis with ketoprofen,
mefenamic acid, and piroxicam but any association was consid-
ered to be questionable. A more recent population-based, case-
controlled study found a substantial variation in the risk of pan-
creatitis between individual NSAIDs.2 The increase in risk was
highest for diclofenac and ketoprofen (adjusted odds ratios of 5.0
and 4.8, respectively), with indometacin and ibuprofen showing
smaller but nonetheless significant increases (odds ratios of 3.6
and 1.5, respectively). Of the other NSAIDs studied (celecoxib,
etodolac, naproxen, and rofecoxib), all showed a small but non-
significant increase in risk of pancreatitis in current NSAID
users. 

For further references see under individual monographs.
1. Underwood TW, Frye CB. Drug-induced pancreatitis. Clin

Pharm 1993; 12: 440–8. 
2. Sørensen HT, et al. Newer cyclo-oxygenase-2 selective inhibi-

tors, other non-steroidal anti-inflammatory drugs and the risk of
acute pancreatitis. Aliment Pharmacol Ther 2006; 24: 111–16.

Effects on the skin. The diverse cutaneous reactions to
NSAIDs including those selective for cyclo-oxygenase-2 (COX-
2) inhibition have been reviewed.1-3 
Of 250 children attending a rheumatology clinic 34 (13.6%)
were found to have 4 or more facial scars of unknown origin.4
This number of scars was found in 22.2% of the 116 children
who had received naproxen and in 9.2% of the 87 who had re-
ceived other NSAIDs. Children affected were more likely to
have light skin and blue or green eyes. It was not known whether
this was a form of phototoxic reaction but pseudoporphyria-like
eruptions associated with NSAIDs, and naproxen in particular
(see p.93), have been reported.5,6 
Concern by the EMEA over the serious nature of skin reactions
associated with piroxicam has led to restrictions on the systemic
use of piroxicam in the EU (see p.118). 
See also Hypersensitivity, below.
1. Bigby M, Stern R. Cutaneous reactions to nonsteroidal anti-in-

flammatory drugs. J Am Acad Dermatol 1985; 12: 866–76. 
2. La Grenade L, et al. Comparison of reporting of Stevens-John-

son syndrome and toxic epidermal necrolysis in association with
selective COX-2 inhibitors. Drug Safety 2005; 28: 917–24. 

3. Layton D, et al. Serious skin reactions and selective COX-2 in-
hibitors: a case series from prescription-event monitoring in
England. Drug Safety 2006; 29: 687–96. 

4. Wallace CA, et al. Increased risk of facial scars in children tak-
ing nonsteroidal antiinflammatory drugs. J Pediatr 1994; 125:
819–22. 

5. Checketts SR, et al. Nonsteroidal anti-inflammatory-induced
pseudoporphyria: is there an alternative drug? Cutis 1999; 63:
223–5. 

6. Al-Khenaizan S, et al. Pseudoporphyria induced by propionic
acid derivatives J Cutan Med Surg 1999; 3: 162–6.

Hypersensitivity. NSAIDs have produced a wide range of hy-
persensitivity reactions in susceptible individuals; the most com-
mon include skin rashes, urticaria, rhinitis, angioedema, bron-
choconstriction, and anaphylactic shock. Hypersensitivity to
NSAIDs appears to occur more frequently in patients with asth-
ma or allergic disorders but other risk factors have been identi-
fied (for further details see under Aspirin, p.21). The occurrence
of aspirin sensitivity in patients with asthma and nasal polyps has
been referred to as the ‘aspirin triad’. There is considerable cross-
reactivity between aspirin and other NSAIDs and it is generally
recommended that patients who have had a hypersensitivity re-
action to aspirin or any other NSAID should avoid all NSAIDs.
For references to hypersensitivity reactions associated with
NSAIDs, see under individual monographs. See also Effects on
the Skin (p.73) for a report suggesting that ketoprofen is more
allergenic than other topical NSAIDs.
Overdosage. In general, symptoms of NSAID poisoning are
mild, and usually include nausea and vomiting, headache, drow-
siness, blurred vision, and dizziness. There have been isolated
case reports of more serious toxicity, including seizures, hypo-
tension, apnoea, coma, and renal failure, although usually after
ingestion of substantial quantities. Seizures are a particular prob-
lem with mefenamic acid overdosage. 
Treatment of NSAID overdosage is entirely supportive. Gastric
lavage and activated charcoal may be of benefit within 1 hour of
ingestion of a potentially toxic amount. Multiple doses of activat-
ed charcoal may be useful in enhancing elimination of NSAIDs
with long half-lives such as piroxicam and sulindac. Forced diu-
resis, haemodialysis, or haemoperfusion are unlikely to be of
benefit for NSAID overdosage, although haemodialysis may be
required if oliguric renal failure develops.

Precautions
All NSAIDs are contra-indicated in patients with ac-
tive peptic ulceration; in addition, the non-selective
NSAIDs should be used with caution, if at all, in pa-
tients with a history of such disorders. To reduce the
risk of gastrointestinal effects, NSAIDs may be taken
with or after food or milk. Histamine H2-antagonists,
proton pump inhibitors such as omeprazole, or misopr-
ostol may be used for a similar purpose in high-risk pa-
tients taking non-selective NSAIDs (see Peptic Ulcer
Disease, p.1702). However, food, milk, and such
measures may reduce the rate and extent of drug ab-
sorption. The UK CSM recommends that NSAIDs as-
sociated with the lowest risk of gastrointestinal toxicity
(see Effects on the Gastrointestinal Tract, under Ad-
verse Effects, above) should be tried first in the lowest
recommended dose, and not more than one oral
NSAID should be used at a time; selective inhibitors of
cyclo-oxygenase-2 (COX-2) should be reserved for
patients at highest risk of ulcer, perforation, or bleed-
ing, and after assessment of cardiovascular risk. There
is no evidence to justify the use of gastroprotective
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drugs with selective inhibitors of COX-2 to further re-
duce the risk of gastrointestinal effects. 
All NSAIDs are contra-indicated in severe heart fail-
ure; furthermore selective COX-2 inhibitors should not
be used in patients with moderate heart failure, ischae-
mic heart disease, peripheral arterial disease, or cere-
brovascular disease. NSAIDs should be used with cau-
tion in patients with hypertension; the selective COX-
2 inhibitors should also be used with caution in patients
with left ventricular failure, oedema, or a history of car-
diac failure, and in patients with risk factors for devel-
oping heart disease. 
NSAIDs should be used with caution in patients with
infections, since symptoms such as fever and inflam-
mation may be masked (for the suggestion that they
should not be used in children with varicella see be-
low). They should also be used with caution in patients
with asthma or allergic disorders. NSAIDs (including
topical NSAIDs) are contra-indicated in patients with a
history of hypersensitivity reactions to such drugs, in-
cluding those in whom attacks of asthma, angioedema,
urticaria, or rhinitis have been precipitated by aspirin or
any other NSAID. 
Other general precautions to be observed include use in
patients with haemorrhagic disorders or impaired renal
or hepatic function. Patients undergoing therapy with
some NSAIDs may need to be monitored for the devel-
opment of blood, kidney, liver, or eye disorders.
NSAIDs should be used with caution in the elderly and
may need to be given in reduced doses. 
Some NSAIDs can interfere with thyroid function tests
by lowering serum-thyroid hormone concentrations. 
Further details concerning the precautions of the indi-
vidual NSAIDs may be found under their respective
monographs.
Pregnancy. Most licensed product information recommends
avoidance of NSAIDs during pregnancy, unless the proposed
benefit outweighs the risks, but in many cases published data on
use of the drugs in pregnancy is scanty or absent, making an in-
formed decision difficult. Use of NSAIDs during pregnancy may
delay the onset of labour and increase its duration. 
Use of NSAIDs during the third trimester of pregnancy may re-
sult in the premature closure of fetal ductus arteriosus. A recent
meta-analysis1 suggested that the short-term use of NSAIDs was
associated with a fifteen fold increase in the risk of premature
closure when compared to either placebo or other non-NSAIDs.
There was insufficient data to predict the outcome of long-term
NSAID treatment in late pregnancy; however, it seemed likely
that the risk of premature closure would be even greater with
such treatment. 
Results from a case-control interview study2 suggested that pre-
natal ingestion of aspirin or other NSAIDs might be implicated
in persistent pulmonary hypertension of the newborn. The au-
thors suggested that these drugs may be responsible for gesta-
tional structural or functional alterations of the pulmonary vascu-
lature. However, the primary cause might also have been the
underlying disorder for which the NSAIDs or aspirin were in-
gested. They were unable to pinpoint in which trimester the
drugs might have their proposed action. A more recent study3 has
found that persistent pulmonary hypertension of the newborn is
significantly associated with in-utero NSAID exposure, particu-
larly to aspirin, ibuprofen, and naproxen. Fetal exposure to an
NSAID was confirmed by meconium analysis. 
The risk of miscarriage may be increased with NSAID use;4,5

however, this observation remains to be confirmed. One study4

also found no association between NSAID use and congenital
abnormalities, low birth weight, or preterm birth.
1. Koren G, et al. Nonsteroidal antiinflammatory drugs during third

trimester and the risk of premature closure of the ductus arterio-
sus: a meta-analysis. Ann Pharmacother 2006; 40: 824–9. 

2. Van Marter LJ, et al. Persistent pulmonary hypertension of the
newborn and smoking and aspirin and nonsteroidal antiinflam-
matory drug consumption during pregnancy. Pediatrics 1996;
97: 658–63. 

3. Alano MA, et al. Analysis of nonsteroidal antiinflammatory
drugs in meconium and its relation to persistent pulmonary hy-
pertension of the newborn. Pediatrics 2001; 107: 519–23. 

4. Nielsen GL, et al. Risk of adverse birth outcome and miscarriage
in pregnant users of non-steroidal anti-inflammatory drugs: pop-
ulation based observational study and case-control study. BMJ
2001; 322: 266–70. 

5. Li D-K, et al. Exposure to non-steroidal anti-inflammatory drugs
during pregnancy and risk of miscarriage: population based co-
hort study. BMJ 2003; 327: 368–71.

Renal impairment. The BNF recommends that NSAIDs in
general should be given at the lowest effective dose in patients
with mild renal impairment and that renal function should be

carefully monitored; they should be avoided if possible in pa-
tients with moderate to severe renal impairment. 
See also under individual monographs.
Thyroid function tests. References1,2 to the interference with
thyroid function tests by some NSAIDs.
1. Bishnoi A, et al. Effect of commonly prescribed nonsteroidal

anti-inflammatory drugs on thyroid hormone measurements. Am
J Med 1994; 96: 235–8. 

2. Samuels MH, et al. Variable effects of nonsteroidal antiinflam-
matory agents on thyroid test results. J Clin Endocrinol Metab
2003; 88: 5710–16.

Varicella. The French regulatory authorities noted in July 2004
that after the report of 3 cases of septic shock, 1 fatal, in children
treated with NSAIDs for fever and pain, pharmacovigilance
studies had discovered a number of other cases of severe compli-
cations relating to infection of the skin lesions of chickenpox in
NSAID-treated children.1 Although these, and a few reports in
the literature2,3 could not establish a causal relation, it was con-
sidered prudent to avoid the use of NSAIDs in children with
chickenpox, and licensed product information for the relevant
drugs was to be modified appropriately.1 More recently, a nested
case-control study4 of nearly 250 000 patients with chickenpox
or shingles in the UK General Practice Research Database found
an increased risk of severe skin and soft tissue complications as-
sociated with the use of NSAIDs, mostly in children with chick-
enpox.
1. Agence Française de Sécurité Sanitaire des Produits de Santé.

L’utilisation d’anti-inflammatoires nonstéroïdiens (AINS), dans
le traitement de la fièvre et/ou de la douleur, n’est pas recom-
mandée chez l’enfant atteint de varicelle (issued 15th July,
2004). Available at: http://www.agmed.sante.gouv.fr/htm/10/
filltrpsc/lp040701.htm (accessed 08/11/07) 

2. Zerr DM, et al. A case-control study of necrotizing fasciitis dur-
ing primary varicella. Pediatrics 1999; 103: 783–90. 

3. Lesko SM, et al. Invasive group A streptococcal infection and
nonsteroidal antiinflammatory drug use among children with pri-
mary varicella. Pediatrics 2001; 107: 1108–15. 

4. Mikaeloff Y, et al. Nonsteroidal anti-inflammatory drug use and
the risk of severe skin and soft tissue complications in patients
with varicella or zoster disease. Br J Clin Pharmacol 2008; 65:
203–9.

Interactions
Interactions involving NSAIDs include enhancement
of the effects of oral anticoagulants (especially by aza-
propazone and phenylbutazone) and increased plasma
concentrations of lithium, methotrexate, and cardiac
glycosides. The risk of nephrotoxicity may be in-
creased if given with ACE inhibitors, ciclosporin, tac-
rolimus, or diuretics. Effects on renal function may
lead to reduced excretion of some drugs. There may
also be an increased risk of hyperkalaemia with ACE
inhibitors and some diuretics, including potassium-
sparing diuretics. The antihypertensive effects of some
antihypertensives including ACE inhibitors, beta
blockers, and diuretics may be reduced. Convulsions
may occur due to an interaction with quinolones.
NSAIDs may increase the effects of phenytoin and sul-
fonylurea antidiabetics. 
Use of more than one NSAID together (including aspi-
rin) should be avoided because of the increased risk of
adverse effects. The risk of gastrointestinal bleeding
and ulceration associated with NSAIDs is increased
when used with corticosteroids, the SSRIs, the SNRI
venlafaxine, the antiplatelets clopidogrel and ticlopi-
dine, iloprost, erlotinib, sibutramine, or, possibly, alco-
hol, bisphosphonates, or pentoxifylline. There may be
an increased risk of haematotoxicity if zidovudine is
used with NSAIDs. Ritonavir may increase the plasma
concentrations of NSAIDs. Licensed product informa-
tion for mifepristone advises of a theoretical risk that
prostaglandin synthetase inhibition by NSAIDs or as-
pirin may alter the efficacy of mifepristone. There have
been occasional reports of increased adverse effects
when NSAIDs were given with misoprostol although
such combinations have sometimes been used to de-
crease the gastrointestinal toxicity of NSAIDs. 
Further details concerning the interactions of the indi-
vidual NSAIDs may be found under their respective
monographs.
◊ References.
1. Brouwers JRBJ, de Smet PAGM. Pharmacokinetic-pharmacody-

namic drug interactions with nonsteroidal anti-inflammatory
drugs. Clin Pharmacokinet 1994; 27: 462–85.

Antihypertensives. For reference to the relative effects of
NSAIDs in antagonising different types of antihypertensive
drugs, see Effects on the Cardiovascular System and Effects on
the Kidneys under Adverse Effects, above.

Aspirin. It has been suggested that NSAIDS such as ibuprofen
may reduce the cardioprotective effect of aspirin but see under
Interactions of Aspirin, p.23.

Pharmacokinetics
Details of the pharmacokinetics of individual NSAIDs
may be found under their respective monographs.
◊ General reviews.
1. Woodhouse KW, Wynne H. The pharmacokinetics of non-steroi-

dal anti-inflammatory drugs in the elderly. Clin Pharmacokinet
1987; 12: 111–22. 

2. Walson PD, Mortensen ME. Pharmacokinetics of common anal-
gesics, anti-inflammatories and antipyretics in children. Clin
Pharmacokinet 1989; 17 (suppl 1): 116–37. 

3. Simkin PA, et al. Articular pharmacokinetics of protein-bound
antirheumatic agents. Clin Pharmacokinet 1993; 25: 342–50. 

4. Lapicque F, et al. Protein binding and stereoselectivity of nons-
teroidal anti-inflammatory drugs. Clin Pharmacokinet 1993; 25:
115–25. 

5. Day RO, et al. Pharmacokinetics of nonsteroidal anti-inflamma-
tory drugs in synovial fluid. Clin Pharmacokinet 1999; 36:
191–210.

Uses and Administration
Given as single doses or in short-term intermittent ther-
apy NSAIDs can relieve mild to moderate pain. How-
ever, it may take up to 3 weeks of use before their anti-
inflammatory effects become evident. The combined
analgesic and anti-inflammatory effects make them
particularly useful for the symptomatic relief of painful
and/or inflammatory conditions including rheumatic
disorders such as rheumatoid arthritis, osteoarthritis,
and the spondyloarthropathies, and also in peri-articu-
lar disorders, and soft-tissue rheumatism. Some
NSAIDs are used in the management of dental or post-
operative pain. Some NSAIDs, but not aspirin or other
salicylates, are also used to treat acute gouty arthritis. 
Generally, it is felt that there are only small differences
in anti-inflammatory activity between the various
NSAIDs and choice is largely empirical. Responses of
individual patients vary widely. Thus, if a patient fails
to respond to one NSAID, another drug may be suc-
cessful. However, it has been recommended that
NSAIDs associated with a low risk of gastrointestinal
toxicity should generally be preferred and the lowest
effective dose used. Treatment with NSAIDs that are
selective inhibitors of cyclo-oxygenase-2 (COX-2),
such as celecoxib, is limited in the UK to those patients
with a history of serious gastrointestinal problems or
considered to be at high risk of developing such prob-
lems if given a non-selective NSAID (see Effects on
the Gastrointestinal Tract, above). 
NSAIDs are usually given orally, with or after food,
although some such as diclofenac, ketoprofen, ketoro-
lac, parecoxib, piroxicam, and tenoxicam can be given
intramuscularly; diclofenac, ketorolac, parecoxib, and
tenoxicam can also be given intravenously. Some
NSAIDs are applied topically or given rectally as sup-
positories. 
Several NSAIDs are used in ophthalmic preparations
for the inhibition of intra-operative miosis, control of
postoperative ocular inflammation, and prevention of
cystoid macular oedema.
Action. Cyclo-oxygenases play an important role in the biosyn-
thesis of prostaglandins (p.2374). Non-selective NSAIDs inhibit
both cyclo-oxygenase-1 (COX-1) and cyclo-oxygenase-2
(COX-2); the idea that inhibition of COX-1 is associated with
adverse gastrointestinal effects while inhibition of COX-2 is as-
sociated with anti-inflammatory activity,1-6 led to the
development7 of preferential or selective inhibitors of COX-2.
Meloxicam and nimesulide are preferential inhibitors of COX-2,
(i.e. they have a higher selectivity for COX-2 than COX-1 but are
not exclusive COX-2 inhibitors); etodolac and nabumetone are
also claimed to have preference for COX-2 although there is less
evidence for this. Drugs with a very high selectivity for COX-2
are also available; celecoxib and parecoxib are two examples.
Although the selective inhibition of COX-2 may be associated
with reduced gastrointestinal toxicity, adverse effects associated
with such inhibition have been noted in other body systems, see
Thrombotic Events under Effects on the Cardiovascular System,
and Effects on the Kidneys, above. 
There is evidence that NSAIDs may also have a central mecha-
nism of action that augments the peripheral mechanism.6 
Many NSAIDs possess centres of chirality within their molecu-
lar structure, with different chiral forms (enantiomers) having
different degrees of pharmacological activity.8,9 For example, in-



100   Analgesics Anti-inflammatory Drugs and Antipyretics
dometacin, its analogues, and some arylpropionic acids are chiral
drugs with the S(+)-enantiomer in most cases showing the dom-
inant pharmacological activity. However, the ratio of S/R activity
varies between drugs and between animal species. NSAIDs are
generally used clinically as the racemate with only a few current-
ly being given as the (S)-enantiomer (for example, dexibuprofen
and dexketoprofen). The chirality of a drug may have subtle ef-
fects on its toxicity and interactions, and it may be more desirable
to use a drug as its active enantiomer.9
1. Hayllar J, Bjarnason I. NSAIDs, Cox-2 inhibitors, and the gut.

Lancet 1995; 346: 521–2. 
2. Bennett A, Tavares IA. NSAIDs, Cox-2 inhibitors, and the gut.

Lancet 1995; 346: 1105. 
3. Vane JR. NSAIDs, Cox-2 inhibitors, and the gut. Lancet 1995;

346: 1105–6. 
4. Jouzeau J-Y, et al. Cyclo-oxygenase isoenzymes: how recent

findings affect thinking about nonsteroidal anti-inflammatory
drugs. Drugs 1997; 53: 563–82. 

5. Richardson C, Emery P. The clinical implications of inhibition of
the inducible form of cyclo-oxygenase. Drug Safety 1996; 15:
249–60. 

6. Cashman JN. The mechanisms of action of NSAIDs in analgesia.
Drugs 1996; 52 (suppl 5): 13–23. 

7. Hawkey CJ. COX-2 inhibitors. Lancet 1999; 353: 307–14. Cor-
rection. ibid. 1440. [dose] 

8. Kean WF, et al. Chirality in antirheumatic drugs. Lancet 1991;
338: 1565–8. 

9. Hayball PJ. Chirality and nonsteroidal anti-inflammatory drugs.
Drugs 1996; 52 (suppl 5): 47–58.

Colic pain. Prostaglandins have been implicated in the aetiolo-
gy of biliary colic (p.5), and some NSAIDs such as diclofenac,
indometacin, and ketoprofen have been used to relieve such pain.
Dementia. A systematic review1 of observational studies sug-
gested that the risk of developing dementia (p.362) is lower in
patients who are taking NSAIDs. However, a randomised trial2
found no benefit from treatment with naproxen or rofecoxib in
patients with existing mild to moderate Alzheimer’s disease. An-
other systematic review3 has suggested that the beneficial effects
of NSAIDs seen in some studies are likely to be due to biases
such as recall introduced by the study’s design; the benefit of
NSAIDs in preventing dementia or cognitive impairment was
50% in studies with prevalent (pre-existing) dementia cases,
which decreased to 20% in studies of incident dementia cases
(those developing during the study period), and was absent in
those which used cognitive decline as an end-point. Further stud-
ies are needed to determine the role of NSAIDs in dementia.4,5

1. Etminan M, et al. Effect of non-steroidal anti-inflammatory
drugs on risk of Alzheimer’s disease: systematic review and
meta-analysis of observational studies. BMJ 2003; 327: 128–31. 

2. Aisen PS, et al. Effects of rofecoxib or naproxen vs placebo on
Alzheimer disease progression: a randomized controlled trial.
JAMA 2003; 289: 2819–26. 

3. de Craen AJM, et al. Meta-analysis of nonsteroidal antiinflam-
matory drug use and risk of dementia. Am J Epidemiol 2005;
161: 114–20. 

4. Launer LJ. Nonsteroidal anti-inflammatory drug use and the risk
for Alzheimer’s disease: dissecting the epidemiological evi-
dence. Drugs 2003; 63: 731–9. 

5. Townsend KP, Praticò D. Novel therapeutic opportunities for
Alzheimer’s disease: focus on nonsteroidal anti-inflammatory
drugs. FASEB J 2005; 19: 1592–1601.

Diabetes insipidus. NSAIDs such as indometacin have been
used in the treatment of diabetes insipidus; for some references,
see p.68.
Ectopic ossification. Ectopic ossification (heterotopic ossifi-
cation) is a condition in which mature bone develops in non-skel-
etal tissues, commonly the connective tissue of muscles. It oc-
curs after local trauma, for example after joint dislocation or
surgery such as total hip replacement, and also after neurological
damage such as severe head or spinal cord injuries.1,2 Ectopic
bone formation usually starts about 2 weeks after the injury,
though symptoms, which include localised pain, fever, swelling,
erythema, and restriction of movement, may not appear for 8 to
12 weeks.1,3 Neurogenic ectopic ossification may develop even
several years after spinal cord injury.3 A congenital form of ec-
topic ossification, myositis ossificans progressiva (fibrodyspla-
sia ossificans progressiva), also occurs but is rare. The principal
complications of ectopic ossification are loss of joint mobility
and function.1,2 
Ectopic ossification should be distinguished from the calcifica-
tion of soft tissue which may occur in connective tissue disorders
or in parathyroid disorders as a result of high circulating concen-
trations of calcium and or phosphate; in these conditions calcifi-
cation occurs without bone formation. 
Surgical resection can improve joint motion1,3 in patients with
ectopic ossification, but may be associated with severe compli-
cations and poor outcome, and ossification may recur postopera-
tively.3 Delaying surgery as long as possible until bone formation
has decreased may lessen the likelihood of these complications,1
although earlier surgery may prevent fibrous ankylosis and mus-
cle contracture.3 Although there is no consensus on treatment,
early, regular and cautious physiotherapy is recommended to
mobilise joints;1-3 aggressive manipulation may cause further os-
sification. 
Prophylactic measures include radiotherapy or drug therapy.
While prophylaxis does not always prevent the development of
ectopic ossification, it can decrease its occurrence and severity.
Prophylactic measures should be begun as early as possible and
with regard to orthopaedic surgery may be started before the op-

eration. Prophylaxis is also required if mature ectopic bone is to
be surgically excised in order to minimise the rate of recurrence.
Low-dose radiotherapy is as effective as high-dose, and pre-op-
erative irradiation is as effective as postoperative.4 Studies sug-
gest that NSAID prophylaxis is of similar efficacy to radiothera-
py.4 NSAIDs appear to significantly reduce the incidence of
ectopic bone formation,2-5 possibly by inhibiting inflammation
and suppressing mesenchymal cell proliferation.3 While contro-
versy exists as to duration and doses, indometacin is considered
the NSAID of choice by some; naproxen, tenoxicam, and di-
clofenac may also be of benefit.4 Ibuprofen has been tried; how-
ever, a recent study6 has found that, although it significantly re-
duced the rate of ectopic bone formation, there were no clinical
benefits 6 to 12 months after surgery. Bisphosphonates that in-
hibit the mineralisation of the deposited bone, such as etidronate,
have also been used but they do not prevent the formation of the
osteoid matrix. Also when etidronate is stopped, some minerali-
sation can occur, resulting in delayed ectopic or rebound ossifi-
cation, though it is usually less severe. Prolonged treatment may
be needed.2,3 A systematic review,7 however, found insufficient
evidence to recommend the use of etidronate for the treatment of
acute ectopic ossification.
1. Shehab D, et al. Heterotopic ossification. J Nucl Med 2002; 43:
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2. Vanden Bossche L, Vanderstraeten G. Heterotopic ossification: a

review. J Rehabil Med 2005; 37: 129–36. 
3. van Kuijk AA, et al. Neurogenic heterotopic ossification in spi-

nal cord injury. Spinal Cord 2002; 40: 313–26. 
4. Fijn R, et al. Prevention of heterotopic ossification after total hip

replacement with NSAIDs. Pharm World Sci 2003; 25: 138–45. 
5. Fransen M, Neal B. Non-steroidal anti-inflammatory drugs for

preventing heterotopic bone formation after hip arthroplasty.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2004 (accessed 08/11/07). 

6. Fransen M, et al. Safety and efficacy of routine postoperative
ibuprofen for pain and disability related to ectopic bone forma-
tion after hip replacement surgery (HIPAID): randomised con-
trolled trial. BMJ 2006; 333: 519–21. 

7. Haran M, et al. Pharmacological interventions for treating acute
heterotopic ossification. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2004 (ac-
cessed 08/11/07).

Eye disorders. Miosis resistant to conventional mydriatics of-
ten develops during ocular surgery, possibly due to release of
prostaglandins and other substances associated with trauma.
NSAIDs, which are prostaglandin synthetase inhibitors, are
therefore used prophylactically as eye drops before ocular sur-
gery to ameliorate intra-operative miosis but there has been some
doubt that the effect they produce is of clinical significance.
Those commonly used include diclofenac, indometacin, and
flurbiprofen. These drugs do not possess intrinsic mydriatic
properties. 
Some NSAIDs are used topically or systemically in inflammato-
ry ocular disorders, including inflammation and cystoid macular
oedema following ocular surgery (see below). Topical NSAIDs
are also effective analgesics when used in the management of
corneal abrasions. However, their role in the treatment of macu-
lar oedema associated with uveitis (p.1515) is less clear. NSAIDs
are also used in the treatment of scleritis (see p.1512). Diclofenac
and ketorolac have also both been used in the management of
seasonal allergic conjunctivitis (see p.564). 
References.
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POSTOPERATIVE INFLAMMATORY OCULAR DISORDERS. Corticos-
teroids are used topically for the control of postoperative oc-
ular inflammation but caution is required as they can delay
wound healing and mask postoperative infection. They
should only be used for short periods as they can cause glau-
coma in susceptible individuals. Topical NSAIDs have also
been tried and appear to be as effective as corticosteroids in
controlling signs of inflammation after ocular surgery,1 but
there has been some concern about reports of corneal toxicity
(see p.45). 
Cystoid macular oedema may follow cataract or retinal detach-
ment surgery due to a disturbance of the blood-retinal barrier. A
number of NSAIDs,1-7 including diclofenac, flurbiprofen, in-
dometacin, and ketorolac are used topically with or without cor-
ticosteroids to prevent or relieve cystoid macular oedema.
NSAIDs such as indometacin are also used systemically in its
management. However, a recent systematic review6,7 has found
insufficient evidence for the efficacy of NSAIDs (topical and
oral) in acute or chronic cystoid macular oedema after cataract
surgery although topical ketorolac may have a positive effect in
chronic disease.
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Fever. Paracetamol, salicylates, and some other NSAIDs are the
main antipyretics used to control fever (p.10). Paracetamol is
usually the antipyretic of choice in infants and children but ibu-
profen is an effective alternative; alternation of the two may be
better than either alone, although this is controversial. Salicylates
are generally contra-indicated in these patients because of the
possible link between their use and the development of Reye’s
syndrome (see under Adverse Effects of Aspirin, p.22).
Gout. NSAIDs are the drugs usually used first for the treatment
of acute attacks of gout (p.552). Since the drug treatment of
chronic gout can lead to the mobilisation of urate crystals from
established tophi to produce acute attacks, NSAIDs may also be
used for the prophylaxis of acute gout during the first few months
of urate-lowering therapy.
Headache. An NSAID is often tried first for the symptomatic
treatment of various types of headache including migraine
(p.616) and tension-type headache (p.617). NSAIDs may also be
effective prophylactic drugs for migraine, although propranolol
is generally preferred. Paroxysmal hemicrania, a rare variant of
cluster headache (p.616), responds to indometacin.
Kidney disorders. Although NSAIDs can produce adverse ef-
fects on the kidney (see above) they may have a role in the man-
agement of some types of glomerular kidney disease (p.1504).
They may be of use for the control of proteinuria due to nephrotic
syndrome except when there is overt renal failure.
Malignant neoplasms. An early study by the American Can-
cer Society1 suggested that regular use of aspirin might reduce
the risk of developing fatal cancer of the oesophagus, stomach,
colon, or rectum. Death rates due to other gastrointestinal can-
cers did not appear to be affected. Some studies2-11 appear to sup-
port this reduced risk of colorectal cancer (see Prophylaxis, un-
der Malignant Neoplasms of the Gastrointestinal Tract, p.666) in
regular users of aspirin or other NSAIDs, particularly in high-
risk patients, conclusions that were cautiously endorsed by a sys-
tematic review.12 However, other studies13,14 have found no evi-
dence of an association between the use of aspirin or NSAIDs
and the incidence of colorectal cancer, although the authors sug-
gest that these results may be explained by the short treatment
period and the low dose of aspirin used. Although a subsequent
review15 prepared for the US Preventive Services Task Force
(USPSTF) indicated that cyclo-oxygenase-2 (COX-2) inhibitors
and NSAIDs reduce the incidence of colonic adenomas and that
NSAIDs also reduce the incidence of colorectal cancer, the USP-
STF issued a statement16 that, because of the adverse cardiovas-
cular and gastrointestinal effects associated with these agents,
their use to prevent colorectal cancer could not be recommended
in those at average risk of colorectal cancer. 
The potential role that inhibition of COX-2 may play in the man-
agement of cancer has been discussed17,18 and a recent study19

has found that regular use of aspirin appears to reduce the risk of
colorectal cancers that overexpress COX-2 but not those with
weak or absent expression of COX-2. 
A large case-control study,20 using data held on the UK general
practice research database, has examined information on NSAID
use and the development of common cancers. This study also
found that the use of NSAIDs (including aspirin) may protect
against cancer of the oesophagus, stomach, colon, and rectum.
However, the study failed to show any decrease in risk of non-
gastrointestinal cancers. More recently, 2 meta-analyses21,22

have also suggested that aspirin and NSAID use reduce the risk
of other gastrointestinal cancers such as oesophageal or stomach
cancer. In addition, one analysis21 considered the effect of
NSAID and aspirin use on non-gastrointestinal cancers: aspirin
use showed a chemoprotective effect in pancreatic cancer al-
though this was not significant statistically; there was also a
slight, but nonetheless significant, reduction in the risk of breast
cancer associated with both aspirin and NSAID use. The results
for other sites, namely ovary, lung, bladder, and prostate, sug-
gested no effect or possibly a slight reduced risk. The authors
considered that it was unclear if any potential benefit in non-gas-
trointestinal cancers may be offset by the known adverse effects
associated with the long-term use of these drugs particularly in
those cancers with a low incidence. 
Treatment with sulindac (see Gastrointestinal Disorders, p.127)
has been found to reduce the number of polyps in patients with
familial adenomatous polyposis, a condition which predisposes
to development of colorectal cancer. Celecoxib has similar ef-
fects (see p.36) and it is now licensed for use in such patients.
1. Thun MJ, et al. Aspirin use and the risk of fatal cancer. Cancer

Res 1993; 53: 1322–7. 
2. Rosenberg L, et al. A hypothesis: nonsteroidal anti-inflammato-

ry drugs reduce the incidence of large-bowel cancer. J Natl Can-
cer Inst 1991; 83: 355–8. 



Nonsteroidal Anti-inflammatory Drugs/Opioid Analgesics    101

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

3. Logan RFA, et al. Effect of aspirin and non-steroidal anti-in-
flammatory drugs on colorectal adenomas: case-control study of
subjects participating in the Nottingham faecal occult blood
screening programme. BMJ 1993; 307: 285–9. 

4. Giovannucci E, et al. Aspirin use and the risk for colorectal can-
cer and adenoma in male health professionals. Ann Intern Med
1994; 121: 241–6. 

5. Giovannucci E, et al. Aspirin and the risk of colorectal cancer
in women. N Engl J Med 1995; 333: 609–14. 

6. Sandler RS, et al. Aspirin and nonsteroidal anti-inflammatory
agents and risk for colorectal adenomas. Gastroenterology
1998; 114: 441–7. 

7. Smalley W, et al. Use of nonsteroidal anti-inflammatory drugs
and incidence of colorectal cancer: a population-based study.
Arch Intern Med 1999; 159: 161–6. 

8. Jolly K, et al. NSAIDs and gastrointestinal cancer prevention.
Drugs 2002; 62: 945–56. 

9. Sandler RS, et al. A randomized trial of aspirin to prevent color-
ectal adenomas in patients with previous colorectal cancer. N
Engl J Med 2003; 348: 883–90. 

10. Baron JA, et al. A randomized trial of aspirin to prevent color-
ectal adenomas. N Engl J Med 2003; 348: 891–9. 

11. Chan AT, et al. Long-term use of aspirin and nonsteroidal anti-
inflammatory drugs and risk of colorectal cancer. JAMA 2005;
294: 914–23. 

12. Asano TK, McLeod RS. Non steroidal anti-inflammatory drugs
(NSAID) and aspirin for preventing colorectal adenomas and
carcinomas. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2004 (accessed
08/11/07). 

13. Stürmer T, et al. Aspirin use and colorectal cancer: post-trial
follow-up data from the Physicians’ Health Study. Ann Intern
Med 1998; 128: 713–20. 

14. Stürmer T, et al. Colorectal cancer after start of nonsteroidal
anti-inflammatory drug use. Am J Med 2006; 119: 494–502. 

15. Rostom A, et al. Preventive Services Task Force. Nonsteroidal
anti-inflammatory drugs and cyclooxygenase-2 inhibitors for
primary prevention of colorectal cancer: a systematic review
prepared for the U.S. Preventive Services Task Force. Ann In-
tern Med 2007; 146: 376–89. 

16. U.S. Preventive Services Task Force. Routine aspirin or nons-
teroidal anti-inflammatory drugs for the primary prevention of
colorectal cancer: U.S. Preventive Services Task Force recom-
mendation statement. Ann Intern Med 2007; 146: 361–4. 

17. Liao Z, et al. Cyclo-oxygenase-2 and its inhibition in cancer: is
there a role? Drugs 2007; 67: 821–45. 

18. Markowitz SD. Aspirin and colon cancer—targeting preven-
tion? N Engl J Med 2007; 356: 2195–8. 

19. Chan AT, et al. Aspirin and the risk of colorectal cancer in rela-
tion to the expression of COX-2. N Engl J Med 2007; 356:
2131–42. 

20. Langman MJS, et al. Effect of anti-inflammatory drugs on over-
all risk of common cancer: case-control study in general prac-
tice research database. BMJ 2000; 320: 1642–6. 

21. González-Pérez A, et al. Effects of non-steroidal anti-inflamma-
tory drugs on cancer sites other than the colon and rectum: a
meta-analysis. BMC Cancer 2003; 3: 28. Available at: http://
www.biomedcentral.com/1471-2407/3/28 (accessed 08/11/07) 

22. Wang WH, et al. Non-steroidal anti-inflammatory drug use and
the risk of gastric cancer: a systematic review and meta-analy-
sis. J Natl Cancer Inst 2003; 95: 1784–91.

Menstrual disorders. Menorrhagia (p.2126) is thought to be
associated with abnormalities of prostaglandin production.
Treatment with NSAIDs such as ibuprofen, mefenamic acid, or
naproxen during menstruation, can reduce uterine blood loss by
an average of 30% in women with menorrhagia. There does not
appear to be any evidence that one NSAID is more effective than
another. 
NSAIDs are usually the first choice for the pain of dysmenor-
rhoea (p.6). Mefenamic acid may have a theoretical advantage
over other NSAIDs in being able to inhibit both the synthesis and
the peripheral action of prostaglandins, but clinical studies have
not shown fenamates to be more effective, and systematic review
has suggested that ibuprofen may have the best risk/benefit ratio.
Migraine. See Headache, above.
Orthostatic hypotension. Fludrocortisone is usually the first
drug tried in the treatment of orthostatic hypotension (p.1530)
when nonpharmacological treatment has failed. NSAIDs such as
flurbiprofen, ibuprofen, or indometacin may be used alone or
added to treatment if the response is inadequate.
Pain. NSAIDs have a similar analgesic effect to aspirin and pa-
racetamol in single doses but, in regular full dosage, they have
both a lasting analgesic and an anti-inflammatory effect. They
are used in the management of mild to moderate pain (see Choice
of Analgesic, p.2) and are of particular value in pain due to in-
flammation. NSAIDs may be of benefit for inflammatory pain in
infants and children (p.3), although paracetamol is generally the
preferred non-opioid analgesic in this age group. NSAIDs may
be used in the treatment of acute low back pain (p.7) if paraceta-
mol fails to provide adequate pain relief. NSAIDs may also be
used as an adjunct to opioids in the management of severe pain
such as cancer pain (p.5) and are particularly effective in bone
pain of malignant origin. NSAIDs may be used for postoperative
analgesia (p.4), and are of particular value after day-case surgery
because of their lack of sedative effects. They are not usually
considered to be strong enough as the sole analgesic after major
surgery, but may be used with stronger analgesics and may allow
dosage reduction of opioids. The pain of mild sickle-cell crises
(p.9) may be controlled by analgesics such as NSAIDs or less
potent opioids, for example codeine or dihydrocodeine; NSAIDs
may be used with more potent opioids such as morphine for se-
vere crises. 
Dependence and tolerance are not a problem with non-opioid
analgesics such as NSAIDs, but there is a ceiling of efficacy,

above which, increasing the dose has no further therapeutic ef-
fect.
Rheumatic disorders. NSAIDs provide symptomatic relief
for rheumatic disorders such as rheumatoid arthritis (p.11) and
spondyloarthropathies (p.13), but they do not alter the course of
the disease and additional antirheumatic drugs may need to be
given to prevent irreversible joint damage. NSAIDs may also be
used as an alternative to paracetamol for osteoarthritis (p.11).
Short-term use of oral NSAIDs may help to relieve pain and re-
duce inflammation of soft-tissue rheumatism (p.13); topical for-
mulations of some NSAIDs are also used.
Scleroderma. NSAIDs should be used with caution in sclero-
derma (p.1817) because of the risk of exacerbating renal and oth-
er problems.

Opioid Analgesics
Analgésicos opioides u opiáceos; Analgésiques Opioïdes; Opio-
id-analgetika.
Опиоидные Аналгетики

Dependence and Withdrawal
Repeated use of opioids is associated with the develop-
ment of psychological and physical dependence. Al-
though this is less of a problem with legitimate thera-
peutic use, dependence may develop rapidly when
opioids are regularly abused for their euphoriant ef-
fects. Drug dependence of the opioid type is character-
ised by an overwhelming need to keep taking the drug
(or one with similar properties), by a physical require-
ment for the drug in order to avoid withdrawal symp-
toms, and by a tendency to increase the dose owing to
the development of tolerance. 
Abrupt withdrawal of opioids from persons physically
dependent on them precipitates a withdrawal syn-
drome, the severity of which depends on the individu-
al, the drug used, the size and frequency of the dose,
and the duration of drug use. Withdrawal symptoms
may also follow the use of an opioid antagonist such as
naloxone or a mixed agonist and antagonist such as
pentazocine in opioid-dependent persons. Neonatal ab-
stinence syndrome may occur in the offspring of opio-
id-dependent mothers and these infants can suffer
withdrawal symptoms at birth. 
Opioid analgesics can be classified according to the re-
ceptors at which they act (see Uses and Administra-
tion, below) and withdrawal syndromes are character-
istic for a receptor type. Cross-tolerance and cross-
dependence can be expected between opioids acting at
the same receptors. Dependence associated with mor-
phine and closely related μ-agonists appears to result in
more severe withdrawal symptoms than those associat-
ed with κ-receptor agonists. Onset and duration of
withdrawal symptoms also vary according to the dura-
tion of action of the specific drug. With morphine and
diamorphine withdrawal symptoms usually begin
within a few hours, reach a peak within 36 to 72 hours,
and then gradually subside; they develop more slowly
with methadone. Withdrawal symptoms include yawn-
ing, mydriasis, lachrymation, rhinorrhoea, sneezing,
muscle tremor, weakness, sweating, anxiety, irritabili-
ty, disturbed sleep or insomnia, restlessness, anorexia,
nausea, vomiting, loss of weight, diarrhoea, dehydra-
tion, leucocytosis, bone pain, abdominal and muscle
cramps, gooseflesh, vasomotor disturbances, and in-
creases in heart rate, respiratory rate, blood pressure,
and temperature. Some physiological values may not
return to normal for several months after the acute
withdrawal syndrome. 
Withdrawal symptoms may be terminated by a suitable
dose of the original or a related opioid. Tolerance di-
minishes rapidly after withdrawal so that a previously
tolerated dose may prove fatal. 
For a discussion of the treatment of opioid dependence
and neonatal abstinence syndrome, see below.
◊ Review.
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341–96.

Diagnosis. Naloxone (p.1455) and other opioid antagonists
have been used to diagnose opioid dependence.
Treatment of opioid dependence. The treatment of opioid
dependence has been the subject of a number of reviews and dis-
cussions.1-10 
Planned withdrawal (detoxification) may be effected slowly or
rapidly. The usual method in many countries is to replace the
drug of dependence with methadone (an opioid agonist) given as
a liquid oral preparation, and then gradually withdraw the meth-
adone if possible. Methadone is suitable for withdrawal therapy
because it can be given orally and its long half-life allows once
daily use. Oral diamorphine has been used similarly to metha-
done; reefers containing diamorphine have also been used in
some centres. Dihydrocodeine tablets have been used successful-
ly. The partial opioid agonist buprenorphine, given sublingually,
is another alternative to methadone in the treatment of opioid de-
pendence, and withdrawal symptoms may possibly resolve more
quickly than with methadone.11 However, it should only be given
to patients with moderate dependence; those dependent on high
doses of opioids may experience withdrawal symptoms when
given buprenorphine. The methadone derivative levacetylmeth-
adol was a more recent introduction but its proarrhythmic effects
have led to its use being suspended. 
Iatrogenic opioid dependence may occur in patients receiving μ-
agonists such as morphine, fentanyl, or pethidine for the manage-
ment of acute pain or in an intensive care setting for more than 5
to 10 days. Methadone has been used successfully to manage
opioid withdrawal in adult intensive care patients.12 However,
some13 avoid using methadone to manage withdrawal in children
because of the stigma of its associations with managing with-
drawal in drug addicts. In physically dependent but non-addicted
patients, gradual weaning using the same opioid that was used
therapeutically is preferred where possible, although in some
cases, it may be necessary to change to a different opioid because
of ease of use, duration of action, and ability to taper the dose;
virtually any opioid can be used.13 
Other drugs used in the management of opioid withdrawal in-
clude alpha2-adrenoceptor agonists such as clonidine and opioid
antagonists such as naltrexone and naloxone. Clonidine may
help to suppress symptoms of opioid withdrawal, such as anxie-
ty, insomnia, and muscle aches. It appears to be more effective
when used in the control of symptoms after abrupt withdrawal
than when used during gradual withdrawal of methadone. Hypo-
tension may limit its usefulness in some patients. The clonidine
analogue lofexidine may produce similar results to those ob-
tained with clonidine and appears to be less sedating and hypo-
tensive.14 
Naltrexone and naloxone block the euphoriant effects of opioids
although their use as monotherapy in detoxification is limited by
unacceptable opioid withdrawal effects. Naltrexone may be used
with alpha2-adrenoceptor agonists such as clonidine or lofexi-
dine to ameliorate symptoms but there are insufficient data to de-
termine whether such combinations reduce the duration of with-
drawal treatment or increase the rate of transfer to maintenance
therapy with an opioid antagonist.15 Naloxone and naltrexone are
also being used in the relatively new technique of rapid or ultra
rapid opioid detoxification,16-18 which is achieved while the pa-
tient is heavily sedated or under general anaesthesia and hence
unaware of any unpleasant withdrawal symptoms. However, al-
though detoxification may be achieved within 24 hours and has
a high initial success rate, the technique itself is not without risks
and it does not obviate the need for maintenance treatment (see
below). 
Concomitant counselling and other psychosocial services have
been shown to be important in the outcome of withdrawal thera-
py.19,20 Detoxification alone does not ensure long-term absti-
nence. 
A number of other drugs may be of use as adjuncts in the man-
agement of withdrawal symptoms. Diphenoxylate with atropine
or loperamide may be used for the control of diarrhoea. Promet-
hazine has been used for its antiemetic and sedative actions. Beta
blockers such as propranolol may be of use for patients with pro-
nounced somatic anxiety symptoms. Benzodiazepines or clome-
thiazole can be given to relieve anxiety and associated insomnia
but only short courses should be used in order to minimise the
risk of dependence and abuse. 
Long-term maintenance treatment (stabilisation treatment) with
an opioid is sometimes used, in conjunction with psychosocial
support, to enable the patient to acquire some form of social sta-
bility. Methadone is most commonly used; the use of diamor-
phine although feasible21,22 is controversial23 and is advocated by
only a few individual centres. Buprenorphine is another possibil-
ity.24 The use of methadone for maintenance has been re-
viewed.25-27 Naltrexone can be effective in maintaining absti-
nence in opioid addicts after detoxification, especially after rapid
or ultra rapid detoxification. It is considered that naltrexone
would probably be of most use in highly motivated addicts with
good sociological and psychological support to discourage im-
pulsive use of opioids.1,28,29 
The problems associated with the management of the pregnant
patient with opioid dependence have been discussed.30 The aim
should be to stabilise the patient first using methadone since
acute withdrawal can result in fetal death. Drug withdrawal is
best done slowly during the second trimester. It has been suggest-



102   Analgesics Anti-inflammatory Drugs and Antipyretics
ed that if patients present during the final trimester and cannot be
detoxified, maintenance with diamorphine might be preferable
to the use of methadone as it might produce less severe with-
drawal symptoms in the neonate.31 The management of neonatal
abstinence syndrome is discussed below.
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NEONATAL ABSTINENCE SYNDROME. Infants born to opioid-de-
pendent mothers may suffer withdrawal, with signs including
CNS hyperirritability, gastrointestinal dysfunction, respirato-
ry distress, yawning, sneezing, mottling, and fever. Onset of
symptoms is partly dependent on the drug and varies from
shortly after birth to 2 weeks of age, although most symptoms
appear within 72 hours. Some symptoms may persist for 3
months or more. 
The American Academy of Pediatrics (AAP)1 recommended
that treatment of the neonate with abstinence syndrome should
be primarily supportive and considered that many infants with
signs of drug withdrawal could be managed in this way. They
advised adoption of abstinence scoring methods to judge the
need for drug therapy, although such systems do not appear to
have been validated. Drugs that have been used for opioid with-
drawal include paregoric (a USP 31 preparation containing opi-
um), diluted tincture of opium, morphine, methadone, diazepam,
chlorpromazine, phenobarbital, and clonidine. Naloxone should
not routinely be given to infants of opioid-dependent mothers be-
cause of the risk of seizures with abrupt opioid withdrawal. The

AAP1 made no definite recommendations but considered that,
when appropriate, specific drug therapy should be used for treat-
ment of withdrawal symptoms. Thus for opioid withdrawal, tinc-
ture of opium was the preferred drug. Others favour treatment
with oral morphine solution.2 The BNFC notes that although
morphine is widely used and the dose can be easily adjusted,
methadone may provide smoother control of symptoms. 
Practice varies widely and evidence for the efficacy of particular
drugs in the management of neonatal abstinence syndrome is
scanty and difficult to compare.3,4 It has been suggested that di-
azepam may be less useful than phenobarbital or paregoric but
the use of paregoric (which contains both camphor and alcohol)
has been questioned. In the UK, chlorpromazine has also been
widely used5 although a systematic review6 found insufficient
evidence to support such use. The authors6 also found that phe-
nobarbital may reduce the severity of withdrawal symptoms in
those receiving an opioid; there was insufficient evidence to sup-
port the use of clonidine.
1. American Academy of Pediatrics, Committee on Drugs. Neona-

tal drug withdrawal. Pediatrics 1998; 101: 1079–88. Correction.
ibid.; 102: 660 [dosage error]. 

2. Gregg JEM, et al. Maternal narcotic abuse and the newborn.
Arch Dis Child 1988; 63: 684. 

3. Theis JGW, et al. Current management of the neonatal absti-
nence syndrome: a critical analysis of the evidence. Biol Neonate
1997; 71: 345–56. 

4. Johnson K, et al. Treatment of neonatal abstinence syndrome.
Arch Dis Child Fetal Neonatal Ed 2003; 88: F2–F5. 

5. Morrison CL, Siney C. A survey of the management of neonatal
opiate withdrawal in England and Wales. Eur J Pediatr 1996;
155: 323–6. 

6. Osborn DA, et al. Sedatives for opiate withdrawal in newborn
infants. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
26/06/08).

Adverse Effects
In usual doses the commonest adverse effects of opioid
analgesics are nausea, vomiting, constipation, drowsi-
ness, and confusion; tolerance to these (except consti-
pation) generally develops with long-term use. Mictu-
rition may be difficult and there may be ureteric or
biliary spasm; the latter may be associated with altera-
tions in liver enzyme values. There is also an antidiu-
retic effect. Dry mouth, dizziness, sweating, facial
flushing, headache, vertigo, bradycardia, tachycardia,
palpitations, orthostatic hypotension, hypothermia,
restlessness, changes of mood, decreased libido or
potency, hallucinations, and miosis also occur. These
effects tend to occur more commonly in ambulant pa-
tients than in those at rest in bed and in those without
severe pain. Raised intracranial pressure occurs in
some patients. Muscle rigidity has been reported after
high doses. The euphoric activity of opioids has led to
their abuse. For a discussion of opioid dependence, see
above. 
Larger doses of opioids produce respiratory depression
and hypotension, with circulatory failure and deepen-
ing coma. Convulsions may occur, especially in infants
and children. Rhabdomyolysis progressing to renal
failure has been reported in overdosage. Death may oc-
cur from respiratory failure. Toxic doses of specific
opioids vary considerably with the individual and reg-
ular users may tolerate large doses. The triad of coma,
pinpoint pupils, and respiratory depression is consid-
ered indicative of opioid overdosage; dilatation of the
pupils occurs as hypoxia develops. Pulmonary oedema
after overdosage is a common cause of fatalities among
opioid addicts. 
Morphine and some other opioids have a dose-related
histamine-releasing effect which may be responsible in
part for reactions such as urticaria and pruritus as well
as hypotension and flushing. Contact dermatitis has
been reported and pain and irritation may occur on in-
jection. Anaphylactic reactions after intravenous injec-
tion have been reported rarely.
◊ The adverse effects associated with individual opioid analge-
sics may reflect to some extent their activity at specific opioid
receptors (see Uses and Administration, below) or may result
from a direct toxic effect.1,2 Some adverse effects of pure opioid
agonists, such as the respiratory depressant effect of morphine,
are dose related, whereas agonist-antagonists such as buprenor-
phine, butorphanol, and nalbuphine exhibit a ‘ceiling effect’ as
the dose increases. 
The type and extent of adverse effects experienced in practice
may depend on whether or not opioid-sensitive pain is present,
whether the opioid analgesic is being given for the control of
chronic severe pain or acute pain, and the route used. In a review3

of the use of opioids in chronic pain it was noted that, despite
worries to the contrary, respiratory depression and dependence
liability are not generally a problem when appropriate doses are
used to treat opioid-sensitive pain. In fact the presence of opioid-
sensitive pain appears to protect against the respiratory depres-
sant effect, although it may occur if the source of opioid-sensitive
pain is removed (e.g. by surgery) without adequate reduction in
opioid dosage. The adverse effects of opioid analgesics when
used in advanced cancer have also been discussed.4 Constipation
was considered to be the most troublesome adverse effect; signif-
icant respiratory depression was rarely seen with recommended
regimens, since pain antagonises the central depressant effects of
morphine. 
In the context of acute postoperative pain opioid-induced respi-
ratory depression is of concern but short-term postoperative use
is unlikely to cause dependence (although see Treatment of Opi-
oid Dependence, above for references to iatrogenic physical de-
pendence).5 It was hoped that giving opioids by the spinal route
would result in fewer adverse effects, especially respiratory de-
pression. In postoperative pain relief with spinal opioids, the in-
cidence of adverse effects is said to be low when patients are
properly monitored.6 However, some7 have reported pruritus,
nausea and vomiting, and urinary retention to be common and
respiratory depression to occur; more seriously the appearance of
respiratory depression could be considerably delayed. These ef-
fects were more common with morphine, but all opioid analge-
sics had the propensity to produce respiratory depression when
given spinally.7 Delayed respiratory depression has been attribut-
ed to the poor lipid solubility of morphine, but does occur after
other opioids. Some have considered that despite earlier worries,
potentially fatal late respiratory depression was as rare with the
spinal route as postoperative respiratory depression with the con-
ventional route.8,9 Disputes regarding the frequency of respirato-
ry depression associated with even conventional use of opioid
analgesics might be due to the methods used for measuring res-
piratory effects.10 The incidence of ventilatory depression has
been reported to be higher after intrathecal than epidural use of
morphine.11

1. Duthie DJR, Nimmo WS. Adverse effects of opioid analgesic
drugs. Br J Anaesth 1987; 59: 61–77. 

2. Schug SA, et al. Adverse effects of systemic opioid analgesics.
Drug Safety 1992; 7: 200–13. 

3. McQuay HJ. Opioids in chronic pain. Br J Anaesth 1989; 63:
213–26. 

4. Twycross RG, Lack SA. Oral morphine in advanced cancer. 2nd
ed. Beaconsfield: Beaconsfield Publishers, 1989. 

5. Mitchell RWD, Smith G. The control of acute postoperative
pain. Br J Anaesth 1989; 63: 147–58. 

6. Lutz LJ, Lamer TJ. Management of postoperative pain: review
of current techniques and methods. Mayo Clin Proc 1990; 65:
584–96. 

7. Morgan M. The rational use of intrathecal and extradural opio-
ids. Br J Anaesth 1989; 63: 165–88. 

8. Anonymous. Spinal opiates revisited. Lancet 1986; i: 655–6. 
9. McQuay HJ. Spinal opiates. Br J Hosp Med 1987; 37: 354–5. 

10. Wheatley RG, et al. Postoperative hypoxaemia: comparison of
extradural, i.m. and patient-controlled opioid analgesia. Br J
Anaesth 1990; 64: 267–75. 

11. Gustafsson LL, et al. Adverse effects of extradural and intrath-
ecal opiates: report of a nationwide survey in Sweden. Br J
Anaesth 1982; 54: 479–85.

Effects on the cardiovascular system. For reference to hist-
amine release and cardiovascular effects following the intrave-
nous administration of some opioids see under Pethidine, p.114.
Effects on the endocrine system. Endogenous opioid pep-
tides may have a role in the regulation of endocrine function.
Like endorphin and enkephalins, morphine has been found to
stimulate prolactin release1 and synthetic analogues of morphine
are reported to have similar properties; long-term intrathecal opi-
oids (morphine or hydromorphone) have been reported to pro-
duce hypogonadotrophic hypogonadism, adrenal insufficiency,
and growth hormone deficiency, although tolerance to the effects
on prolactin develops with long-term use.2 Opioids such as mor-
phine are also part of a large group of drugs implicated in causing
hyperglycaemia.3
1. Hell K, Wernze H. Drug-induced changes in prolactin secretion:

clinical implications. Med Toxicol 1988; 3: 463–98. 
2. Abs R, et al. Endocrine consequences of long-term intrathecal

administration of opioids. J Clin Endocrinol Metab 2000; 85:
2215–22. 

3. O’Byrne S, Feely J. Effects of drugs on glucose tolerance in non-
insulin-dependent diabetics (part II). Drugs 1990; 40: 203–19.

Treatment of Adverse Effects
Activated charcoal may be given orally in conscious
patients if a substantial overdose has been ingested
within 1 hour provided that the airway can be protected
(see below); it should be considered in all patients if a
substantial amount of a modified-release preparation
has been ingested. 
Intensive supportive therapy may be required to cor-
rect respiratory failure and shock. In addition, the spe-
cific antagonist naloxone is used for rapid reversal of
the severe respiratory depression and coma produced
by excessive doses of opioid analgesics (see p.1454).
Since naloxone has a shorter duration of action than
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many opioids patients who have already responded
should be kept under close observation for signs of re-
lapse and repeated injections given according to the
respiratory rate and depth of coma. Alternatively, in sit-
uations where repeated administration is required, such
as where a longer acting opioid is known or suspected
to be the cause of symptoms, a continuous intravenous
infusion of naloxone, adjusted according to response,
may be used. All patients should be observed for at
least 6 hours after the last dose of naloxone. 
The use of opioid antagonists such as naloxone in per-
sons physically dependent on opioids may induce
withdrawal symptoms.
Activated charcoal. The National Poisons Information Serv-
ice in the UK considers the benefit of gastric decontamination in
the management of overdosage with opioid analgesics to be un-
certain. However, it is suggested that oral activated charcoal may
be considered if given within 1 hour of ingestion and the quantity
of opioid analgesic is substantial or, for these specific drugs, ex-
ceeds the following amount: 
• buprenorphine: 100 micrograms/kg (adult);

100 micrograms/kg (child) 
• codeine: 350 mg (adult); 5 mg/kg (child) 
• dihydrocodeine: 420 mg (adult); 3 mg/kg (child) 
• methadone: any amount in an opioid-naive patient or more

than the prescribed daily dose if on methadone therapeutically 
• tramadol: 500 mg (adult); 10 mg/kg (child) 
See also under individual monographs.
Constipation. For reference to the use of opioid antagonists,
particularly naloxone, to relieve opioid-induced constipation
without compromising analgesic control in patients receiving
long-term therapy with opioids, see Reversal of Opioid Effects
under Uses and Administration of Naloxone, p.1454. 
References.
1. Kurz A, Sessler DI. Opioid-induced bowel dysfunction: patho-

physiology and potential new therapies. Drugs 2003; 63:
649–71.

Precautions
Opioid analgesics are generally contra-indicated in
acute respiratory depression and obstructive airways
disease, although opioids such as morphine are used in
some forms of dyspnoea (see below). They are also
contra-indicated or should be used with great caution
in acute alcoholism, convulsive disorders, head inju-
ries, and conditions in which intracranial pressure is
raised. They should not be given to comatose patients. 
Opioid analgesics should be given with caution or in
reduced doses to patients with hypothyroidism, adren-
ocortical insufficiency, asthma or decreased respiratory
reserve, renal or hepatic impairment, prostatic hyper-
plasia, hypotension, shock, inflammatory or obstruc-
tive bowel disorders, or myasthenia gravis. Dosage
should be reduced in elderly or debilitated patients. 
Opioid analgesics should be given with great care to
infants, especially neonates. Their use during labour
may cause respiratory depression in the neonate. Ba-
bies born to opioid-dependent mothers may suffer
withdrawal symptoms (see Neonatal Abstinence Syn-
drome, above). 
Therapy with opioid analgesics should be stopped
gradually in patients who may have developed physi-
cal dependence, to avoid precipitating withdrawal
symptoms (see Dependence, above). Opioid analge-
sics with some antagonist activity, such as buprenor-
phine, butorphanol, nalbuphine, or pentazocine, may
precipitate withdrawal symptoms in physically de-
pendent patients who have recently used pure agonists
such as morphine. 
Drowsiness may affect the ability to perform skilled
tasks; those so affected should not drive or operate ma-
chinery.
Asthma. Opioids appear to be safe and may be used with cau-
tion in controlled asthma; however, they should be avoided dur-
ing acute exacerbations.1
1. Barnes PJ, Chung KF. Difficult asthma. BMJ 1989; 299: 1031–2.

Biliary-tract disorders. It is usually recommended that opio-
ids such as morphine should either be avoided in patients with
biliary disorders or that they should be given with an antispas-
modic. Morphine can cause an increase in intrabiliary pressure as
a result of effects on the sphincter of Oddi1 and may therefore be
expected to exacerbate rather than relieve pain in patients with

biliary colic (p.5) or other biliary-tract disorders. Biliary-type
pain after cholecystectomy has also been associated with
codeine2 and morphine.3 
Morphine caused a more marked delay in gallbladder emptying
than pethidine, pentazocine, or butorphanol in a study4 in healthy
subjects; this was considered confirmation that morphine should
be avoided in biliary disorders. In another study5 fentanyl and
sufentanil did not constrict the common bile duct like morphine;
they may be suitable for perioperative pain control in patients in
whom spasm of the common bile duct is undesirable. The sug-
gestion that pethidine should be preferred to morphine in patients
with acute pancreatitis (p.9), because of its lesser effect on the
bile duct, has been questioned.6
1. Helm JF, et al. Effects of morphine on the human sphincter of

Oddi. Gut 1988; 29: 1402–7. 
2. Druart-Blazy A, et al. The underestimated role of opiates in pa-

tients with suspected sphincter of Oddi dysfunction after chole-
cystectomy. Gastroenterol Clin Biol 2005; 29: 1220–3. 

3. Roberts-Thomson IC, et al. Sympathetic activation: a mecha-
nism for morphine induced pain and rises in liver enzymes after
cholecystectomy? Gut 1990; 31: 217–21. 

4. Hahn M, et al. The effect of four narcotics on cholecystokinin
octapeptide stimulated gall bladder contraction. Aliment Phar-
macol Ther 1988; 2: 129–34. 

5. Vieira ZEG, et al. Evaluation of fentanyl and sufentanil on the
diameter of the common bile duct by ultrasonography in man: a
double blind, placebo controlled study. Int J Clin Pharmacol
Ther 1994; 32: 274–7. 

6. Thompson DR. Narcotic analgesic effects on the sphincter of
Oddi: a review of the data and therapeutic implications in treat-
ing pancreatitis. Am J Gastroenterol 2001; 96: 1266–72.

Children. Children under 6 months of age may be more sensi-
tive to opioids; neonates in particular may be more sensitive to
respiratory depression with morphine than adults. Pharmacoki-
netic differences may contribute to this increased sensitivity.
Nonetheless, neonates can be treated with opioids such as mor-
phine (see p.90) if receiving respiratory support. 
Older infants and children can be treated effectively with mor-
phine or other opioid analgesics and from the age of 5 or 6
months morphine metabolism follows the course seen in adults. 
For a discussion of the choice of analgesic in children see p.3.
The use of opioids for sedation and analgesia in neonates in in-
tensive care is mentioned on p.957. 
References.
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The elderly. Ageing can affect the pharmacokinetics and phar-
macodynamics of opioids although the net effects of these
changes on opioid analgesia in the elderly remain unclear.1 Prac-
tical recommendations include careful review of indication for
opioid use both initially and at regular intervals thereafter, start-
ing opioids cautiously at lower doses and with longer dosing in-
tervals, and regular consideration given to dose reduction and
drug substitution or discontinuation. If possible, further drugs
should not be prescribed to manage the adverse effects of opio-
ids.
1. Wilder-Smith OHG. Opioid use in the elderly. Eur J Pain 2005;

9: 137–40.

Hepatic impairment. The pharmacokinetics of opioids may
be altered in patients with hepatic dysfunction. A review1 of opi-
oid use in this patient group considered that opioids such as mor-
phine and hydromorphone that are metabolised by glucuronida-
tion were relatively safe when compared with those metabolised
by cytochrome P450 isoenzymes; the half-lives of glucuronidat-
ed opioids were found to be maintained until late disease where-
as the prolonged half-lives seen with opioids metabolised by
P450 isoenzymes were not accurately predicted by disease sever-
ity. It was also recommended that oral immediate-release or
parenteral, short-acting opioids were preferable to long-acting
preparations such as transdermal or modified-release formula-
tions.
1. Davis M. Cholestasis and endogenous opioids: liver disease and

exogenous opioid pharmacokinetics. Clin Pharmacokinet 2007;
46: 825–50.

Phaeochromocytoma. Morphine and some other opioids can
induce the release of endogenous histamine and thereby stimu-
late catecholamine release. Both diamorphine1 and pethidine2

have been reported to cause hypertension when given to patients
with phaeochromocytoma and histamine-releasing opioids
should be avoided in such patients. Alfentanil, like fentanyl, does
not release histamine and may be the opioid of choice in the
anaesthetic management of patients with phaeochromocytoma.3
1. Chaturvedi NC, et al. Diamorphine-induced attack of paroxys-

mal hypertension in phaeochromocytoma. BMJ 1974; 2: 538. 
2. Lawrence CA. Pethidine-induced hypertension in phaeochromo-

cytoma. BMJ 1978; 1: 149–50. 
3. Hull CJ. Phaeochromocytoma: diagnosis, preoperative prepara-

tion and anaesthetic management. Br J Anaesth 1986; 58:
1453–68.

Renal impairment. A literature review1 concluded that co-
deine and morphine are best avoided in patients with renal failure
and/or on dialysis; hydromorphone may be used with caution
and monitoring, and use of fentanyl and methadone appeared to

be safe. Similar recommendations have been made for patients
with end-stage renal disease who are not undergoing dialysis.2
See also under the individual monographs.
1. Dean M. Opioids in renal failure and dialysis patients. J Pain

Symptom Manage 2004; 28: 497–504. 
2. Murtagh FE, et al. The use of opioid analgesia in end-stage renal

disease patients managed without dialysis: recommendations for
practice. J Pain Palliat Care Pharmacother 2007; 21: 5–16.

Interactions
As serious and sometimes fatal reactions have fol-
lowed use of pethidine in patients receiving MAOIs
(including moclobemide), pethidine and related drugs
are contra-indicated in patients taking MAOIs or with-
in 14 days of stopping such treatment; other opioid
analgesics should be avoided or given with extreme
caution (for further details, see p.418). Life-threatening
reactions have also been reported when selegiline, a se-
lective inhibitor of monoamine oxidase type B, has
been given with pethidine. The depressant effects of
opioid analgesics are enhanced by other CNS depres-
sants such as alcohol, anaesthetics, anxiolytics, hypno-
tics, tricyclic antidepressants, and antipsychotics. Cy-
clizine may counteract the haemodynamic benefits of
opioids. Cimetidine inhibits the metabolism of some
opioids, especially pethidine. 
The actions of opioids may in turn affect the activities
of other drugs. For instance, their gastrointestinal ef-
fects may delay absorption as with mexiletine or may
be counteractive as with cisapride, metoclopramide, or
domperidone. Opioid premedicants such as papavere-
tum have been reported to reduce serum concentrations
of ciprofloxacin.
Alcohol. Rapid release or dose-dumping of hydromorphone
from a modified-release preparation (Palladone; Purdue Freder-
ick, USA) has been associated with the ingestion of alcohol (for
further details, see under Interactions of Hydromorphone, p.63).
Health Canada1 has warned that this interaction may occur with
all modified-release formulations of opioid analgesics. Licensed
product information for some modified-release preparations of
morphine sulfate also warns against such use (see Interactions of
Morphine, p.88).
1. Health Canada. Potentially fatal interaction between slow-re-

lease opioid painkillers and alcohol (issued 3rd August, 2005).
Avai lab le a t :  h t tp : / /www.hc-sc.gc .ca/ahc-asc/media/
advisories-avis/_2005/2005_84-eng.php (accessed 26/06/08)

Antivirals. Interactions between opioid analgesics and HIV-
protease inhibitors or reverse transcriptase inhibitors are com-
plex, and the results of the limited number of studies and reports
in vivo have not always borne out predictions about the nature of
potential interactions. 
• Substantial decreases in the area under the plasma concentra-

tion-time curve (AUC) and in the plasma concentration have
been reported for pethidine when given with ritonavir; how-
ever, plasma concentrations of the toxic metabolite norpethi-
dine are greatly increased, and licensed product information
for ritonavir counsels against such combined use. Ritonavir is
predicted to reduce plasma concentrations of morphine. Plas-
ma concentrations of methadone may be reduced if given with
HIV-protease inhibitors although the effect may not be clini-
cally significant. The NNRTIs nevirapine and efavirenz have
also been reported to reduce plasma-methadone levels and
withdrawal symptoms have occurred when given to patients
receiving methadone. (For further details on the interactions
of methadone with antivirals, see p.84.) In addition, efavirenz
has been reported to decrease the AUC of buprenorphine (see
p.30). 

• In contrast, an increase in AUC and in elimination half-life of
fentanyl has been reported in subjects also receiving ritonavir
(see p.57). Licensed product information for ritonavir also
considers that increased plasma concentrations of buprenor-
phine (p.30), dextropropoxyphene, and tramadol, with an in-
creased likelihood of opioid toxicity, may occur if these drugs
are given during ritonavir treatment. Licensed information for
meptazinol also states that increased plasma concentrations of
meptazinol have been noted when given with ritonavir. The
NNRTI delavirdine has been reported to increase the plasma
concentrations of buprenorphine (see p.30) and methadone
(p.84).

Histamine H2-antagonists. Histamine H2-antagonists may
enhance the effects of some opioid analgesics. Cimetidine was
reported to alter the clearance and volume of distribution of
pethidine1 whereas ranitidine did not.2 Morphine has been con-
sidered less likely to interact with cimetidine than pethidine be-
cause of differences in metabolism. In a study3 cimetidine did not
affect the disposition of morphine in healthy subjects. A later
study4 in patients undergoing major surgery suggested that pre-
or postoperative intravenous cimetidine did not significantly af-
fect outcomes such as morphine consumption and incidence of
adverse effects when compared with placebo. Nevertheless,
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there have been isolated reports of possible interactions between
morphine and H2-antagonists; apnoea, confusion, and muscle
twitching have been associated with cimetidine plus morphine,5
and confusion associated with ranitidine plus morphine.6 There
has also been a report7 of a patient receiving regular analgesia
with oral methadone and subcutaneous morphine who became
unresponsive 6 days after starting cimetidine for prophylaxis of
peptic ulcer; treatment with naloxone was required.
1. Guay DRP, et al. Cimetidine alters pethidine disposition in man.

Br J Clin Pharmacol 1984; 18: 907–14. 
2. Guay DRP, et al. Ranitidine does not alter pethidine disposition

in man. Br J Clin Pharmacol 1985; 20: 55–9. 
3. Mojaverian P, et al. Cimetidine does not alter morphine disposi-

tion in man. Br J Clin Pharmacol 1982; 14: 809–13. 
4. Chia Y-Y, et al. Randomized, double-blind study comparing

postoperative effects of treatment timing with histamine H -re-
ceptor antagonist cimetidine. Acta Anaesthesiol Scand 2005; 49:
865–9. 

5. Fine A, Churchill DN. Potentially lethal interaction of cimeti-
dine and morphine. Can Med Assoc J 1981; 124: 1434, 1436. 

6. Martinez-Abad M, et al. Ranitidine-induced confusion with con-
comitant morphine. Drug Intell Clin Pharm 1988; 22: 914–15. 

7. Sorkin EM, Ogawa GS. Cimetidine potentiation of narcotic ac-
tion. Drug Intell Clin Pharm 1983; 17: 60–1.

Uses and Administration
Opioid analgesics possess some of the properties of
naturally occurring or endogenous opioid peptides.
Endogenous opioid peptides are widely distributed in
the CNS and are also found in other parts of the body.
They appear to function as neurotransmitters, modula-
tors of neurotransmission, or neurohormones. Their
presence in the hypothalamus suggests a role in the
regulation of endocrine function. Opioids have been
shown to stimulate the release of some pituitary hor-
mones, including prolactin and growth hormone, and
to inhibit the release of others, including corticotropin. 
Endogenous peptides include the enkephalins, endor-
phins, and dynorphins; their polypeptide precursors
may also be precursors for non-opioid peptides. Pro-
enkephalin is the precursor of met- and leu-enkephalin;
pro-opiomelanocortin is the precursor of beta-endor-
phin, beta-lipotrophin, melanocyte-stimulating hor-
mone, and corticotropin; and prodynorphin is the pre-
cursor of dynorphins and neoendorphins. 
Pharmacologically the opioid analgesics are broadly
similar; qualitative and quantitative differences may be
dependent on their interaction with opioid receptors.
There are several types of opioid receptor and they are
distributed in distinct patterns through the central and
peripheral nervous systems. The three main types in
the CNS were originally designated μ (mu), κ (kappa),
and δ (delta) although they have been reclassified as
OP3, OP2, and OP1, respectively. Activities attributed
to the stimulation of these receptors have been as fol-
lows: 
• μ—analgesia (mainly at supraspinal sites), respirato-

ry depression, miosis, reduced gastrointestinal mo-
tility, and euphoria; μ1 (supraspinal analgesia) and μ2
(respiratory depression and gastrointestinal activity)
subtypes have been postulated 

• κ—analgesia (mainly in the spinal cord); less intense
miosis and respiratory depression, dysphoria and
psychotomimetic effects 

• δ—less certain in man, but probably analgesia; se-
lective for enkephalins 

• Other receptors include σ (sigma) and ε (epsilon) re-
ceptors. The psychotomimetic effects of agonist-an-
tagonists such as pentazocine that are poorly antago-
nised by naloxone have been thought by some to be
mediated by σ receptors 

Opioids act at one or more of these receptors as full or
partial agonists, or as antagonists. Morphine and simi-
lar opioid agonists (sometimes called μ agonists) are
considered to act primarily at μ and perhaps at κ and δ
receptors. Opioid agonist-antagonists such as pentazo-
cine appear to act as κ agonists and μ antagonists
whereas buprenorphine is a partial agonist at μ recep-
tors with some antagonist activity at κ receptors. The
opioid antagonist naloxone acts at μ, κ, and δ receptors. 
In addition to differing affinities for particular recep-
tors the degree of activation once bound also differs.

The full agonist morphine produces maximum activa-
tion at the μ receptor and its effects increase with dose,
whereas partial agonists and agonist-antagonists may
demonstrate a ‘ceiling effect’ in that above a certain
level their effects do not increase proportionately with
dose. 
Other differences between opioid analgesics may re-
late to their lipid solubility and pharmacokinetics;
speed of onset and duration of action may influence the
choice of analgesic. 
Opioid analgesics were traditionally classified as weak
or strong opioids; however this classification has large-
ly been replaced by the one used in the WHO three-
step analgesic ladder (see Cancer Pain, p.5). In this sys-
tem opioids are divided into those that are used for
mild to moderate pain and those that are used for
moderate to severe pain. Examples of opioids in the
first group include codeine, dextropropoxyphene, and
dihydrocodeine; such opioids are distinguished by the
existence of a ceiling effect and are often used with
non-opioid analgesics. The principal opioid for the
treatment of moderate to severe pain is morphine. Oth-
ers include diamorphine, fentanyl, methadone, and
pethidine. 
In addition to the relief of pain, opioids are used in
anaesthesia for premedication, induction, or mainte-
nance; however, pre-operative use is generally limited
to patients who require control of existing pain. In bal-
anced anaesthesia they are used with an anaesthetic
and a neuromuscular blocker. When used with an
antipsychotic they can produce a state of mild sedation
with analgesia called neuroleptanalgesia. 
Some opioids are used for analgesia, sedation, and sup-
pression of respiration in the management of mechani-
cally ventilated patients under intensive care (p.957). 
Opioids such as codeine, hydrocodone, and hydromor-
phone are used for the suppression of cough; for intrac-
table cough in terminal illness morphine may be used. 
Opioids may relieve some forms of dyspnoea; mor-
phine and diamorphine are probably the most com-
monly used in the UK, but dihydrocodeine, hydroco-
done, and oxymorphone have also been tried. 
Methadone and buprenorphine are used in the treat-
ment of opioid dependence (see above).
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1. Pleuvry BJ. Opioid receptors and their ligands: natural and un-

natural. Br J Anaesth 1991; 66: 370–80. 
2. Pleuvry BJ. Opioid receptors and awareness of the Greek alpha-

bet. Br J Hosp Med 1992; 48: 678–81. 
3. Atcheson R, Lambert DG. Update on opioid receptors. Br J

Anaesth 1994; 73: 132–4. 
4. Dhawan BN, et al. International Union of Pharmacology. XII.

Classification of opioid receptors. Pharmacol Rev 1996; 48:
567–86. 

5. Inturrisi CE. Clinical pharmacology of opioids for pain. Clin J
Pain 2002; 18 (4 suppl): S3–S13. 

6. Gourlay GK. Advances in opioid pharmacology. Support Care
Cancer 2005; 13: 153–9.

Administration in children. See under Precautions, above.
Administration in the elderly. See under Precautions, above.
Anaesthesia. Opioid analgesics have been given intravenously
as supplements during general anaesthesia with inhalational or
intravenous drugs. They have also been widely used as premed-
ication before surgery to reduce anxiety, for smooth induction of
anaesthesia, to reduce overall anaesthetic requirements, and to
provide postoperative pain relief. Such use of opioids is now rare
and is restricted to patients already in pain or to those who will
experience pain before induction of anaesthesia. Very high doses
of morphine have been infused intravenously to produce anaes-
thesia for cardiac surgery, but shorter acting drugs such as fenta-
nyl and related opioids are generally used now; some may prefer
agonist-antagonist opioids. Sedation and respiratory depression
may be prolonged necessitating assisted ventilation; reversal of
these effects can be achieved by opioid antagonists such as

naloxone. For a discussion of the various drugs used to achieve
and maintain conditions suitable for surgery, including the use of
opioids in the induction and maintenance of anaesthesia, see
p.1780. Opioid analgesics, most commonly fentanyl, have been
used with an antipsychotic to induce a state known as neurolep-
tanalgesia in which the patient is calm and indifferent to the sur-
roundings yet is responsive to commands. For a brief discussion
of neuroleptanalgesia and similar anaesthetic techniques, see
p.1780.

POSTOPERATIVE SHIVERING. Pethidine appears to be effective in
the treatment of postoperative shivering (see p.1779) but not
all opioids are necessarily effective.

Cough. Opioids are used to suppress cough (p.1547). Pholcod-
ine (p.1570) and dextromethorphan (p.1555), which lack classi-
cal analgesic activity and have fewer adverse effects, are the
most commonly used opioids. Of the analgesic opioids, codeine
is the most widely used as a cough suppressant. However, these
opioids are seldom sufficiently potent to be effective in severe
cough. Morphine and diamorphine are used for the relief of in-
tractable cough in terminal illness, although morphine is now
preferred. Methadone has also been used but should be avoided
as it has a long duration of action and tends to accumulate. 
Cough suppressants containing codeine or similar opioids are
generally not recommended for use in children, and should be
avoided in those under 2 years of age.

Diarrhoea. Oral rehydration therapy, which is the treatment of
choice for acute diarrhoea (p.1694), prevents dehydration, but it
does not necessarily shorten the duration of the diarrhoea. Prep-
arations containing codeine, morphine, or other opioids have
therefore been used for their antimotility action as adjuncts in the
management of acute diarrhoea. However, the WHO considers
that such antidiarrhoeal drug therapy is of limited value, and
should never be given to children. Furthermore opioids should
not be used in conditions where inhibition of peristalsis should be
avoided, where abdominal distension develops, or in diarrhoeal
conditions such as severe ulcerative colitis or antibiotic-associat-
ed colitis.

Dyspnoea. Dyspnoea (a subjective feeling of abnormally
uncomfortable, difficult, or laboured breathing) is associated
with diseases that interfere with oxygenation of the blood. It is
best relieved by treatment of the underlying disorder (the treat-
ment of dyspnoea associated with asthma and chronic obstruc-
tive pulmonary disease is discussed on p.1108 and p.1112, re-
spectively). Where this is impossible or ineffective, symptomatic
management is required. 
Oxygen may reduce dyspnoea in some patients even if dyspnoea
is not related to hypoxia. A flow of air directed across the face by
a fan can also be effective. Despite the hazards of using benzodi-
azepines in patients with any form of respiratory depression or
pulmonary insufficiency (see under Precautions of Diazepam,
p.989), drugs such as diazepam, lorazepam, or midazolam may
be helpful in patients with advanced cancer who have rapid shal-
low respiration, especially when this is associated with anxie-
ty.1-3 Levomepromazine is occasionally used as an alternative. 
Opioids may relieve some forms of dyspnoea,2,4,5 such as those
due to acute left ventricular failure, pulmonary oedema, and ma-
lignant chest disease. Guidelines6 (based on the findings of sys-
tematic reviews7) issued for the management of dyspnoea in pal-
liative care recommend that opioids should be considered in
patients with severe and unrelieved dyspnoea. The cause of dys-
pnoea should be established since the use of opioids is generally
not advised, or only with extreme caution, in patients with ob-
structive airways disease whose dyspnoea may be relieved by
other means. In the UK, morphine and diamorphine are probably
the most commonly used opioids for dyspnoea, but dihydroco-
deine, hydrocodone, and oxymorphone have also been tried. It is
unclear if all opioids are equally effective.5 
Nebulised morphine, hydromorphone, or fentanyl have been
tried for the management of dyspnoea, and there are anecdotal
reports of benefit, especially in palliative care, but evidence from
controlled studies to date does not support such use.2-4,8-11 See
also under Morphine, p.90. 
In patients with advanced cancer and intractable dyspnoea unre-
sponsive to the above measures, chlorpromazine may be useful
to relieve air hunger and sedate dying patients who have unre-
lieved distress;1 midazolam may be used as an alternative. Pro-
methazine has also been used. High doses of a corticosteroid
such as dexamethasone may help to relieve dyspnoea in patients
with airways obstruction due to a tumour by reducing oedema
around the tumour.
1. Walsh D. Dyspnoea in advanced cancer. Lancet 1993; 342:

450–1. 
2. Davis CL. ABC of palliative care: breathlessness, cough, and

other respiratory problems. BMJ 1997; 315: 931–4. 
3. American Thoracic Society. Dyspnea. Mechanisms, assess-

ment, and management: a consensus statement. Am J Respir
Crit Care Med 1999; 159: 321–40. Also available at: http://
www.thoracic.org/sections/publications/statements/pages/
respiratory-disease-adults/dyspnea1-20.html (accessed 26/06/08) 

4. Jennings AL, et al. Opioids for the palliation of breathlessness
in terminal illness. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 2001 (ac-
cessed 26/06/08). 
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5. Kvale PA, et al. American College of Chest Physicians. Lung
cancer: palliative care. Chest 2003; 123 (suppl): 284S–311S.
Also available at: http://www.chestjournal.org/cgi/reprint/123/
1_suppl/284S.pdf (accessed 26/06/08) 

6. Qaseem A, et al. Clinical Efficacy Assessment Subcommittee of
the American College of Physicians. Evidence-based interven-
tions to improve the palliative care of pain, dyspnea, and depres-
sion at the end of life: a clinical practice guideline from the
American College of Physicians. Ann Intern Med 2008; 148:
141–6. Also available at: http://www.annals.org/cgi/reprint/
148/2/141.pdf (accessed 28/08/08) 

7. Lorenz KA, et al. Evidence for improving palliative care at the
end of life: a systematic review. Ann Intern Med 2008; 148:
147–59. 

8. Chandler S. Nebulized opioids to treat dyspnea. Am J Hosp Pal-
liat Care 1999; 16: 418–22. 

9. Foral PA, et al. Nebulized opioids use in COPD. Chest 2004;
125: 691–4. 

10. Brown SJ, et al. Nebulized morphine for relief of dyspnea due
to chronic lung disease. Ann Pharmacother 2005; 39: 1088–92. 

11. Kallet RH. The role of inhaled opioids and furosemide for the
treatment of dyspnea. Respir Care 2007; 52: 900–10.

Pain. Opioid analgesics are used for the relief of acute and
chronic pain (see Choice of Analgesic, p.2). Not every type of
pain responds; neuropathic pain, for example, may not be allevi-
ated by opioid therapy. For further discussion of specific pain
states and the role of opioid analgesics in their treatment see p.5
onwards. 
There has also been interest in the local analgesic effects of opi-
oids themselves.1,2 
The use of opioid analgesics in opioid-dependent patients receiv-
ing maintenance treatment with an opioid is the subject of much
debate; however, some consider such use to be appropriate in the
management of acute pain in these patients and recommenda-
tions have been issued.3
1. Thompson DF, Pierce DR. Local analgesia with opioid drugs.

Ann Pharmacother 1995; 29: 189–90. 
2. Stein C. The control of pain in peripheral tissue by opioids. N

Engl J Med 1995; 332: 1685–90. 
3. Alford DP, et al. Acute pain management for patients receiving

maintenance methadone or buprenorphine therapy. Ann Intern
Med 2006; 144: 127–34.

HEADACHE. Opioid analgesics such as codeine are sometimes
included in oral compound analgesic preparations used in the
initial treatment of migraine (see p.616) or tension-type head-
ache (see p.617), but are best avoided, especially in patients
who experience frequent attacks.
Restless legs syndrome. Some opioids may be beneficial in
the treatment of restless legs syndrome (see Sleep-associated
Movement Disorders, p.958), although evidence is scanty.
Sedation. In addition to their analgesic action opioids have
been used for their sedative properties. Mention of this use of
opioids can be found in the discussions of anaesthesia (p.1780),
endoscopy (p.956), and intensive care (p.957).
Tetanus. Opioid analgesics can be used to provide analgesia
and additional sedation in patients undergoing treatment for tet-
anus (p.196 and p.1901). Opioids such as fentanyl, morphine,
and sufentanil have also been given to control the sympathetic
overactivity in such patients.1-3

1. Rocke DA, et al. Morphine in tetanus—the management of sym-
pathetic nervous system overactivity. S Afr Med J 1986; 70:
666–8. 

2. Moughabghab AV, et al. Management of autonomic dysfunction
in severe tetanus: the use of fentanyl. Can J Anaesth 1995; 42:
955. 

3. Bhagwanjee S, et al. Management of sympathetic overactivity in
tetanus with epidural bupivacaine and sufentanil: experience
with 11 patients. Crit Care Med 1999; 27: 1721–5.

Opium
Gum Opium; Nyers ópium; Opijus, žaliavinis; Opio; Opium brut;
Opium crudum; Opium surové; Raakaoopiumi; Råopium; Raw
Opium.
Опиум
ATC — A07DA02; N02AA02.
ATC Vet — QA07DA02; QN02AA02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of opium: 
Ah-pen-yen; Aunti; Aunti Emma; Big O; Black; Black pill;
Black shit; Black stuff; Black tar opium; Block; Boulette; Chan-
doo; Chandu; China; Chinese molasses; Chinese tobacco; Choc-
olate; Cruz; Dopium; Dover’s deck; Dover’s powder; Dream
gum; Dream gun; Dream stick; Dreams; Dutch courage; Easing
powder; Fi-do-nie; Gee; God’s medicine; Goma; Gondola;
Gong; Goric; Great tobacco; Gum; Guma; Hard stuff; Hocus;
Hop; Hops; Incense; Indonesian bud; Joy plant; Midnight oil;
Mira; Mud; O; O.P.; Ope; O-Rock DC; Pen yan; Pin gon; Pin
yen; Pox; Skee; Tar; Toxy; Toys; When-shee; Ze; Zero.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Chin., Eur., and US include a monograph for prepared or pow-
dered opium. Eur. also contains monographs for standardised
opium dry extract or standardised opium tincture. Jpn includes
prepared opium and a diluted opium powder containing 1% of
anhydrous morphine. 
Ph. Eur. 6.2 (Opium, Raw; Opium BP 2008). The air-dried latex
obtained by incision from the unripe capsules of Papaver somni-
ferum L. It has a characteristic odour and a blackish-brown col-

our. It should contain not less than 10% of anhydrous morphine,
not less than 2% of anhydrous codeine, and not more than 3% of
anhydrous thebaine. Protect from light. 
Ph. Eur. 6.2 (Opium, Prepared; Opii Pulvis Normatus). Raw opi-
um powdered and dried at a temperature not exceeding 70°. It is
a yellowish-brown or dark brown powder and contains 9.8 to
10.2% of morphine and not less than 1.0% of codeine, calculated
with reference to the dried drug. The content may be adjusted by
adding a suitable excipient or raw opium powder. 
USP 31 (Opium). The air-dried milky exudate obtained by in-
cising the unripe capsules of Papaver somniferum (Papaverace-
ae). Externally it is pale olive-brown or olive-grey; internally it is
reddish-brown. It has a very characteristic odour and a very bitter
taste. It yields not less than 9.5% of anhydrous morphine. 
USP 31 (Powdered Opium). Opium dried at a temperature not
exceeding 70°, and reduced to a very fine light brown or moder-
ately yellowish-brown powder that yields not less than 10% and
not more than 10.5% of anhydrous morphine. It may contain any
of the permitted diluents with the exception of starch.
Profile
Opium is the air-dried latex obtained by incision from the unripe
capsules of Papaver somniferum (Papaveraceae). It contains
morphine, codeine, and thebaine and a variable mixture of other
alkaloids including noscapine and papaverine. The exuded latex
is dried and manipulated to form cakes of uniform composition,
variously shaped according to the country of origin, and known
in commerce as Turkish, Indian, or European opium. 
Opium has the properties of opioid analgesics (p.101). Its anal-
gesic and sedative actions are due mainly to its content of mor-
phine (p.89). It acts less rapidly than morphine since opium ap-
pears to be more slowly absorbed; the relaxing action of the
papaverine and noscapine on intestinal muscle makes it more
constipating than morphine. 
Opium is intended only as the starting material for the manufac-
ture of galenical preparations and is not dispensed as such. It is
used as Prepared Opium (Ph. Eur. 6.2), as Powdered Opium
(USP 31), as Opium Tincture (BP 2008 or USP 31), or as Cam-
phorated Opium Tincture (BP 2008) or Paregoric (USP 31) in
various oral preparations. These have included Opiate Squill
Linctus (BP 2008) (Gee’s linctus) for cough. 
Paregoric (USP 31) has been advocated in the USA for the treat-
ment of neonatal abstinence syndrome.
Abuse. Reports of squill-associated cardiac toxicity resulting
from the abuse of opiate squill linctus (Gee’s linctus).1,2

1. Thurston D, Taylor K. Gee’s linctus. Pharm J 1984; 233: 63. 
2. Smith W, et al. Wenckebach’s phenomenon induced by cough

linctus. BMJ 1986; 292: 868.
Preparations
BP 2008: Camphorated Opium Tincture; Concentrated Camphorated
Opium Tincture; Opium Tincture; 
Ph. Eur.: Opium Dry Extract, Standardised; Opium Tincture, Standardised; 
USP 31: Opium Tincture; Paregoric.
Proprietary Preparations (details are given in Part 3)
Braz.: Elixir Paregorico.
Multi-ingredient: Braz.: Camomila; Elixir de Marinheiro†; Denm.: Pec-
tyl; Fin.: Tannopon; Fr.: Colchimax; Lamaline; Paregorique; Hong Kong:
Brown Mixture; Israel: Davilla; Doveri; Mex.: Reglosedyl†; S.Afr.: Parago-
riese-Elikser; Tandpyndruppels; Spain: Digestovital†; Tanagel; Switz.: Bro-
mocod N; Pectocalmine; USA: B & O Supprettes No. 15A; B & O Sup-
prettes No. 16A; Venez.: Atrobel.

Hydrochlorides of Mixed Opium Alkaloids
Alkaloidosum Opii Hydrochloridum; Extractum Concentratum
Opii; Mezclas de hidrocloruros de alcaloides del opio; Omnop-
onum; Opialum; Opium Concentratum.
Гидрохлориды Смешанных Алкалоидов Опия

Pharmacopoeias. Preparations of the hydrochlorides of
mixed opium alkaloids are included in Jpn.

Papaveretum (BAN)

A mixture of 253 parts of morphine hydrochloride, 23 parts of
papaverine hydrochloride, and 20 parts of codeine hydrochlo-
ride.
Папаверетум
CAS — 8002-76-4.
ATC — N02AA10.
ATC Vet — QN02AA10.

NOTE. Do not confuse papaveretum with papaverine (p.2191).
Pharmacopoeias. In Br. 
BP 2008 (Papaveretum). It contains 80.0 to 88.4% of anhydrous
morphine hydrochloride, 8.3 to 9.2% of papaverine hydrochlor-
ide, and 6.6 to 7.4% of anhydrous codeine hydrochloride. A
white or almost white crystalline powder. Soluble in water, spar-
ingly soluble in alcohol. A 1.5% solution in water has a pH of 3.7
to 4.7. Protect from light.
Profile
The opium alkaloids are the prototypical opioid analgesics
(p.101). Mixtures of opium alkaloids such as papaveretum have
the analgesic and sedative properties of morphine (p.89) and are
used in the treatment of moderate to severe pain including post-
operative and severe chronic pain. They may also be used for

pre-operative sedation and as an adjunct to anaesthesia. Papaver-
etum (BP 2008) 15.4 mg contains the equivalent of about 10 mg
of the major component, anhydrous morphine. 
• In the UK, papaveretum formerly contained the hydrochlo-

rides of morphine, codeine, noscapine, and papaverine. How-
ever, because of concern over the potential genotoxicity of
noscapine (p.1566) UK preparations containing papaveretum
were reformulated to exclude the noscapine component and
the name papaveretum was redefined in the BP 1993 to reflect
this change of formulation. It is possible that in other countries
the term papaveretum is still being used to describe a mixture
containing noscapine. 

Doses. Papaveretum is generally given by subcutaneous or intra-
muscular injection in doses of 7.7 to 15.4 mg every 4 hours if
necessary. The initial dose in the elderly or debilitated patients
should not exceed 7.7 mg. 
In the treatment of pain and as an adjunct in anaesthesia, papa-
veretum may also be given intravenously in doses of one-quarter
to one-half the corresponding subcutaneous or intramuscular
dose. For pre-operative medication papaveretum is given intra-
muscularly or subcutaneously sometimes with hyoscine hydro-
bromide. 
For details of doses in children, see below. 
Oral preparations containing papaveretum with aspirin have
been given for the management of moderate to severe pain.
◊ Papaveretum has been confused with papaverine (p.2191) and
in one such case1 a patient became unconscious after self-injec-
tion of papaveretum in mistake for papaverine.
1. Robinson LQ, Stephenson TP. Self injection treatment for impo-

tence. BMJ 1989; 299: 1568.

Administration in children. Papaveretum may be given to
children in the treatment of moderate to severe pain including
postoperative and severe chronic pain. It is also used for pre-op-
erative sedation and as an adjunct to anaesthesia. Papaveretum is
generally given by subcutaneous or intramuscular injection eve-
ry 4 hours if necessary, according to age as follows: 
• neonates: 115 micrograms/kg 
• 1 to 12 months: 154 micrograms/kg 
• 1 to 6 years: 1.93 to 3.85 mg 
• 6 to 12 years: 3.85 to 7.7 mg 
Older children may be given the usual adult dose (see above). 
In the treatment of pain and as an adjunct to anaesthesia papaver-
etum may also be given intravenously in doses of one-quarter to
one-half the corresponding subcutaneous or intramuscular dose.
Preparations
BP 2008: Papaveretum Injection.
Proprietary Preparations (details are given in Part 3)
S.Afr.: Omnopon.
Multi-ingredient: UK: Aspav.

Oxaprozin (BAN, USAN, rINN)

Oksaprotsiini; Oxaprozina; Oxaprozine; Oxaprozinum; Wy-
21743. 3-(4,5-Diphenyloxazol-2-yl)propionic acid.
Оксапрозин
C18H15NO3 = 293.3.
CAS — 21256-18-8.
ATC — M01AE12.
ATC Vet — QM01AE12.

Pharmacopoeias. In Chin., Jpn., and US. 
USP 31 (Oxaprozin). A white to yellowish-white, crystalline
powder. Store in airtight containers at a temperature of 20° to
25°. Protect from light.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.
Diagnosis and testing. False-positive results for testing of
benzodiazepines in urine have been reported in patients taking
oxaprozin.1 The manufacturer2 has commented that the interac-
tion occurs with some immunoassay tests and that thin-layer
chromatography can successfully discriminate between benzodi-
azepines and oxaprozin. False-positive results for a fluorescence
polarisation immunoassay for phenytoin have also been reported
in patients receiving oxaprozin.3
1. Pulini M. False-positive benzodiazepine urine test due to oxa-

prozin. JAMA 1995; 273: 1905. 
2. Raphan H, Adams MH. False-positive benzodiazepine urine test

due to oxaprozin. JAMA 1995; 273: 1905–6. 
3. Patel T, et al. Assay interaction between oxaprozin and pheny-

toin. Ann Pharmacother 1997; 31: 254.

N

O
O

OH



106   Analgesics Anti-inflammatory Drugs and Antipyretics
Effects on the liver. Fatal fulminant hepatitis occurred1 in a 56-
year-old woman who had received 600 to 1200 mg of oxaprozin
daily for about 6 weeks. In another patient symptomatic hepatitis
developing during oxaprozin use resolved on stopping the drug.2
1. Purdum PP, et al. Oxaprozin-induced fulminant hepatitis. Ann

Pharmacother 1994; 28: 1159–61. 
2. Kethu SR, et al. Oxaprozin-induced symptomatic hepatotoxicity.

Ann Pharmacother 1999; 33: 942–4.

Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Oxaprozin is slowly but extensively absorbed from the gastroin-
testinal tract; it is 99% bound to plasma proteins, mainly albu-
min. Peak plasma concentrations are reached after about 2 to 3
hours. At steady state, the biological half-life is about 44 hours.
Oxaprozin is metabolised mainly in the liver by microsomal ox-
idation and conjugation with glucuronic acid to form inactive
metabolites which are excreted in the urine (65%) and faeces
(35%).
◊ References.
1. Karim A. Inverse nonlinear pharmacokinetics of total and pro-

tein unbound drug (oxaprozin): clinical and pharmacokinetic im-
plications. J Clin Pharmacol 1996; 36: 985–97. 

2. Karim A, et al. Oxaprozin and piroxicam, nonsteroidal antiin-
flammatory drugs with long half-lives: effect of protein-binding
differences on steady-state pharmacokinetics. J Clin Pharmacol
1997; 37: 267–78. 

3. Davies NM. Clinical pharmacokinetics of oxaprozin. Clin Phar-
macokinet 1998; 35: 425–36.

Uses and Administration
Oxaprozin, a propionic acid derivative, is an NSAID (p.99). It is
used in the treatment of osteoarthritis and rheumatoid arthritis in
a usual oral dose of 1.2 g given once daily, although in osteoar-
thritis, patients with low body-weight or mild disease should be
given an initial dose of 600 mg once daily. The recommended
maximum daily dose is 1.8 g or 26 mg/kg, whichever is the low-
er. 
For doses in patients with renal impairment and in children see
below.
◊ References.
1. Miller LG. Oxaprozin: a once-daily nonsteroidal anti-inflamma-

tory drug. Clin Pharm 1992; 11: 591–603. 
2. Anonymous. Oxaprozin for arthritis. Med Lett Drugs Ther 1993;

35: 15–16. 
3. Dallegri F, et al. A review of the emerging profile of the anti-

inflammatory drug oxaprozin. Expert Opin Pharmacother 2005;
6: 777–85.

Administration in children. Oxaprozin is given orally in the
treatment of juvenile idiopathic arthritis (p.10) in children aged 6
years and over. Doses are expressed in terms of body-weight and
may be given once daily: 
• 22 to 31 kg: 600 mg 
• 32 to 54 kg: 900 mg 
• 55 kg and over: 1200 mg
Administration in renal impairment. US licensed product
information for oxaprozin recommends that the initial oral dose
in patients with severe renal impairment or on dialysis is 600 mg
once daily. The dose may be increased to 1.2 g once daily, if nec-
essary.
Preparations
USP 31: Oxaprozin Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Zakoprosin; Belg.: Duraprox; Canad.: Daypro; Chile: Duraprox;
Walix; Cz.: Dayrun; Ger.: Danoprox†; Dayrun†; Gr.: Duraprox; Misaf; Ni-
said; Oxapron; Trimelot; Ital.: Walix; Jpn: Alvo; S.Afr.: Deflam; USA: Day-
pro.

Oxycodone (BAN, USAN, rINN) ⊗ 
Dihydrone; 14-Hydroxydihydrocodeinone; NSC-19043; Ok-
sikodoni; Oxicodona; Oxikodon; Oxycodonum. 6-Deoxy-7,8-di-
hydro-14-hydroxy-3-O-methyl-6-oxomorphine; (−)-(5R,6S,14S)-
4,5-Epoxy-14-hydroxy-3-methoxy-9a-methylmorphinan-6-one.
Оксикодон
C18H21NO4 = 315.4.
CAS — 76-42-6.
ATC — N02AA05.
ATC Vet — QN02AA05.

NOTE. Compounded preparations of oxycodone may be repre-
sented by the following names: 
• Co-oxycodAPAP (PEN)—oxycodone and paracetamol. 
The following terms have been used as ‘street names’ (see p.vi)
or slang names for various forms of oxycodone: 
40; 40-bar; 80; Blue; Cotton; Hillbilly heroin; Kicker; OC; Os;
Ox; Oxy; Oxy Cotton; Oxycotton; Percs; Perks; Pills; Pink
spoons; Rushbo.

Oxycodone Hydrochloride (BANM, USAN, rINNM) ⊗ 
7,8-Dihydro-14-hydroxycodeinone hydrochloride; Dihydrone
Hydrochloride; Hidrocloruro de oxicodona; Oksikodonihy-
drokloridi; Oksikodono hidrochloridas; Oxikodonhydroklorid;
Oxycodone, chlorhydrate d’; Oxycodoni hydrochloridum; Oxy-
cone Hydrochloride; Oxykodon-hydrochlorid; Thecodine.
Оксикодона Гидрохлорид
C18H21NO4,HCl = 351.8.
CAS — 124-90-3.
ATC — N02AA05.
ATC Vet — QN02AA05.
Pharmacopoeias. In Eur. (see p.vii) and US. Jpn includes the
trihydrate. 
Ph. Eur. 6.2 (Oxycodone Hydrochloride). A white or almost
white, hygroscopic, powder. Freely soluble in water; sparingly
soluble in dehydrated alcohol; practically insoluble in toluene.
Store in airtight containers. Protect from light. 
USP 31 (Oxycodone Hydrochloride). A white to off-white,
odourless, hygroscopic crystals or powder. Soluble in water;
slightly soluble in alcohol. Store in airtight containers.

Oxycodone Terephthalate ⊗ 
Oxicodona, tereftalato de. 4,5α-Epoxy-14-hydroxy-3-methoxy-
17-methylmorphinan-6-one 1,4-benzenedicarboxylate (2:1) salt.
Оксикодона Терефталат
(C18H21NO4)2,C8H6O4 = 796.9.
CAS — 64336-55-6.
Pharmacopoeias. In US. 
USP 31 (Oxycodone Terephthalate). Store in airtight contain-
ers.

Dependence and Withdrawal
As for Opioid Analgesics in general, p.101. 
Oxycodone has been subject to abuse (see under Ad-
verse Effects, Treatment, and Precautions, below).
◊ Takotsubo-like cardiomyopathy developed in a 61-year-old
woman when her dose of oxycodone was inadvertently and
greatly reduced 7 days after surgery for degenerative osteoarthri-
tis.1 The patient had a chronic history of opioid dependence and
had been treated with oxycodone (80 mg daily) and hydromor-
phone (4 mg every 3 hours as needed) for several months before
surgery; postoperatively, her dose of oxycodone had been in-
creased to 120 mg daily with additional doses for breakthrough
pain.
1. Rivera JM, et al. "Broken heart syndrome" after separation (from

OxyContin). Mayo Clin Proc 2006; 81: 825–8.

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102. 
UK licensed product information contra-indicates the
use of oxycodone in patients with moderate to severe
hepatic impairment or severe renal impairment; how-
ever, product information in the USA permits its cau-
tious use in patients with severe hepatic or severe renal
impairment although doses may need to be reduced.
Abuse. Oxycodone hydrochloride modified-release tablets
have been subject to abuse.1-3 The crushed tablets have been in-
haled or injected by addicts and in some cases this has resulted in
fatalities.
1. Wolf BC, et al. One hundred seventy two deaths involving the

use of oxycodone in Palm Beach County. J Forensic Sci 2005;
50: 192–5. 

2. Cicero TJ, et al. Trends in abuse of OxyContin  and other opioid
analgesics in the United States: 2002-2004. J Pain 2005; 6:
662–72. 

3. Adlaf EM, et al. Use of OxyContin by adolescent students. Can
Med Assoc J 2006; 174: 1303.

Effects on the respiratory system. References1,2 to respira-
tory depression occurring in children given oxycodone.
1. Olkkola KT, et al. Pharmacokinetics and ventilatory effects of

intravenous oxycodone in postoperative children. Br J Clin
Pharmacol 1994; 38: 71–6. 

2. Kalso E. Pharmacokinetics and ventilatory effects of intravenous
oxycodone in postoperative children. Br J Clin Pharmacol 1995;
39: 214.

Hepatic impairment. The clearance and elimination of oxy-
codone were prolonged in 6 women with end-stage liver cirrho-
sis awaiting liver transplantations.1 Significant ventilatory de-
pression also occurred. Pharmacokinetic values after successful
transplantation were similar to those previously reported for

healthy adults. It was recommended that, when giving oxyco-
done to patients with end-stage liver disease, the dosing frequen-
cy should be reduced and the dose lowered.
1. Tallgren M, et al. Pharmacokinetics and ventilatory effects of

oxycodone before and after liver transplantation. Clin Pharma-
col Ther 1997; 61: 655–61.

Porphyria. Oxycodone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

Interactions
For interactions associated with opioid analgesics, see
p.103.
Antidepressants. For reference to possible cases of serotonin
syndrome associated with use of oxycodone and SSRIs, see Opi-
oid Analgesics under Interactions of Fluoxetine, p.397.

Pharmacokinetics
Oxycodone is absorbed from the gastrointestinal tract;
oral bioavailability is about 60 to 87% due to lower
pre-systemic and/or first-pass metabolism compared
with other opioids. About 45% is bound to plasma pro-
teins. It is metabolised to noroxycodone, via cyto-
chrome P450 isoenzymes of the CYP3A family, and,
to a lesser extent, to oxymorphone (p.107) via
CYP2D6. Both metabolites undergo glucuronidation
and are excreted with unchanged drug in urine. The
elimination half-life of oxycodone is reported to be 2 to
4 hours. Oxycodone crosses the placenta and is distrib-
uted into breast milk.
◊ References.
1. Pöyhiä R, et al. The pharmacokinetics of oxycodone after intra-

venous injection in adults. Br J Clin Pharmacol 1991; 32:
516–18. 

2. Leow KP, et al. Single-dose and steady-state pharmacokinetics
and pharmacodynamics of oxycodone in patients with cancer.
Clin Pharmacol Ther 1992; 52: 487–95. 

3. Mandema JW, et al. Characterization and validation of a pharma-
cokinetic model for controlled-release oxycodone. Br J Clin
Pharmacol 1996; 42: 747–56. 

4. Kaiko RF, et al. Pharmacokinetic-pharmacodynamic relation-
ships of controlled-release oxycodone. Clin Pharmacol Ther
1996; 59: 52–61. 

5. Gammaitoni AR, Davis MW. Comparison of the pharmacokinet-
ics of oxycodone administered in three Percocet  formulations.
J Clin Pharmacol 2002; 42: 192–7. 

6. Lalovic B, et al. Pharmacokinetics and pharmacodynamics of
oral oxycodone in healthy human subjects: role of circulating ac-
tive metabolites. Clin Pharmacol Ther 2006; 79: 461–79.

Children. The pharmacokinetics of oxycodone in children have
been studied1-4 and are generally considered similar to those in
adults.2,4 However, pharmacokinetics may be more variable in
infants aged from 0 to 6 months, particularly those aged 2
months and under.5
1. Olkkola KT, et al. Pharmacokinetics and ventilatory effects of

intravenous oxycodone in postoperative children. Br J Clin
Pharmacol 1994; 38: 71–6. 

2. Kokki H, et al. Pharmacokinetics of oxycodone after intrave-
nous, buccal, intramuscular and gastric administration in chil-
dren. Clin Pharmacokinet 2004; 43: 613–22. 

3. El-Tahtawy A, et al. Population pharmacokinetics of oxycodone
in children 6 months to 7 years old. J Clin Pharmacol 2006; 46:
433–42. 

4. Kokki H, et al. Comparison of oxycodone pharmacokinetics af-
ter buccal and sublingual administration in children. Clin Phar-
macokinet 2006; 45: 745–54. 

5. Pokela ML, et al. Marked variation in oxycodone pharmacoki-
netics in infants. Paediatr Anaesth 2005; 15: 560–565.

Uses and Administration
Oxycodone, a phenanthrene derivative, is an opioid
analgesic (p.104). Oxycodone hydrochloride is given
orally or by subcutaneous or intravenous injection for
the relief of moderate to severe pain. 
A usual oral starting dose for opioid-naive patients in
severe pain is 5 mg every 4 to 6 hours increased there-
after as necessary according to response. For patients
who have been receiving a strong opioid analgesic the
initial dose of oxycodone should be based on the daily
opioid requirement; UK licensed product information
suggests that 10 mg of oral oxycodone is equivalent to
about 20 mg of oral morphine. Most patients do not re-
quire more than 400 mg daily. Preparations containing
oxycodone hydrochloride and aspirin, ibuprofen, or
paracetamol are also used. Oxycodone hydrochloride
may also be given orally as a modified-release prepa-
ration every 12 hours. 
For details of doses in children, see below. 
Intravenous doses of oxycodone hydrochloride range
from 1 to 10 mg, given over 1 to 2 minutes, and repeat-

O OH
NCH3

O

H3CO



Oxycodone/Oxyphenbutazone    107

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ed not more often than every 4 hours; a dose of
2 mg/hour is the recommended starting dose as an in-
travenous infusion. The intravenous route may also be
used for patient-controlled analgesia. When given sub-
cutaneously, the starting dose is 5 mg every 4 hours;
subcutaneous infusions should be started at 7.5 mg dai-
ly in opioid-naive patients. When transferring between
oral and parenteral oxycodone, UK licensed product
information advises that, as a guide, 2 mg of oral oxy-
codone is equivalent to about 1 mg of parenteral oxy-
codone. 
Oxycodone has been given rectally as suppositories
containing 30 mg of oxycodone (as the pectinate) or 10
or 20 mg of oxycodone hydrochloride; the dose may
be repeated every 6 to 8 hours. 
For doses in patients with hepatic or renal impairment,
see below. 
Oxycodone terephthalate is also used orally.

Administration in children. Although oxycodone hydro-
chloride is not licensed in the UK for use in children under 18
years old, the BNFC suggests that it may be given for the treat-
ment of moderate to severe pain in palliative care. Those aged
from 1 month to 12 years may be given initial oral doses of
200 micrograms/kg (up to 5 mg) every 4 to 6 hours increased
thereafter as necessary according to response; older children may
be given the usual adult dose (see above). Oxycodone hydrochlor-
ide may also be given orally as a modified-release preparation
every 12 hours to those aged 8 years and older.

Administration in hepatic or renal impairment. The
plasma concentrations of oxycodone may be increased in pa-
tients with hepatic or renal impairment and consequently dosage
adjustment may be necessary in such patients. In the UK, li-
censed product information recommends that the oral starting
dose for adult patients with mild hepatic impairment or mild to
moderate renal impairment should be 2.5 mg given every 6
hours; it contra-indicates the use of oxycodone in those with
moderate to severe hepatic impairment or severe renal impair-
ment. US product information permits the cautious use of oxyco-
done in adult patients with severe hepatic or severe renal impair-
ment.

Pain. References.
1. Sunshine A, et al. Analgesic efficacy of controlled-release oxy-

codone in postoperative pain. J Clin Pharmacol 1996; 36:
595–603. 

2. Curtis GB, et al. Relative potency of controlled-release oxyco-
done and controlled-release morphine in a postoperative pain
model. Eur J Clin Pharmacol 1999; 55: 425–9. 

3. Gimbel JS, et al. Controlled-release oxycodone for pain in dia-
betic neuropathy: a randomized controlled trial. Neurology
2003; 60: 927–34. 

4. Gammaitoni AR, et al. Randomized, double-blind, placebo-
controlled comparison of the analgesic efficacy of oxycodone
10 mg/acetaminophen 325 mg versus controlled-release oxyco-
done 20 mg in postsurgical pain.J Clin Pharmacol 2003; 43:
296–304. 

5. Oldfield V, Perry CM. Oxycodone/ibuprofen combination tab-
let: a review of its use in the management of acute pain. Drugs
2005; 65: 2337–54. 

6. Kalso E. Oxycodone. J Pain Symptom Manage 2005; 29 (sup-
pl): S47–S56. 

7. Bercovitch M, Adunsky A. High dose controlled-release oxyco-
done in hospice care. J Pain Palliat Care Pharmacother 2006;
20: 33–9. 

8. Reid CM, et al. Oxycodone for cancer-related pain: meta-anal-
ysis of randomized controlled trials. Arch Intern Med 2006;
166: 837–43. Correction. ibid.; 2387. 

9. Portenoy RK, et al. Long-term use of controlled-release oxyco-
done for noncancer pain: results of a 3-year registry study. Clin
J Pain 2007; 23: 287–99. 

10. Pan H, et al. Efficacy and tolerability of oxycodone hydrochlo-
ride controlled-release tablets in moderate to severe cancer pain.
Clin Drug Invest 2007; 27: 259–67.

Preparations
USP 31: Oxycodone and Acetaminophen Capsules; Oxycodone and
Acetaminophen Tablets; Oxycodone and Aspirin Tablets; Oxycodone Hy-
drochloride Extended-Release Tablets; Oxycodone Hydrochloride Oral
Solution; Oxycodone Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Oxicalmans; Oxinovag; Oxycontin; Austral.: Endone; Oxycontin;
Oxynorm; Proladone; Austria: Oxycontin; Oxynorm; Belg.: Oxycontin;
Braz.: Oxycontin; Canad.: Oxy IR; Oxycontin; Supeudol; Chile: Oxycon-
tin; Cz.: Oxycontin; Denm.: Oxycontin; Oxynorm; Fin.: Oxanest; Oxy-
contin; Oxynorm; Fr.: Eubine†; Oxycontin; Oxynorm; Ger.: Oxygesic;
Hung.: Oxycontin; Irl.: Oxycontin; Oxynorm; Israel: Oxycod; Oxycontin;
Ital.: Oxycontin; Jpn: Oxycontin; Malaysia: Oxycontin; Mex.: Oxycon-
tin†; Neth.: Oxycontin; Oxynorm; Norw.: Oxycontin; Oxynorm; NZ: Ox-
ycontin; Oxynorm; Philipp.: Oxycontin; Port.: Oxycontin; Singapore:
Oxycontin; Oxynorm; Spain: Oxycontin; Oxynorm; Swed.: Oxycontin;
Oxynorm; Switz.: Oxycontin; Oxynorm; UK: Oxycontin; Oxynorm; USA:

Endocodone†; ETH-Oxydose; Oxycontin; Oxyfast; OxyIR; Percolone†;
Roxicodone; Venez.: Oxycontin.

Multi-ingredient: Arg.: Oxinovag Complex; Canad.: Endocet; Endo-
dan; Percocet; Percodan; ratio-Oxycocet; ratio-Oxycodan; Israel: Percocet;
Percodan; Ital.: Depalgos; USA: Combunox; Endocet; Magnacet; Narvox;
Percocet; Percodan; Perloxx; Roxicet; Roxilox; Roxiprin†; Tylox.

Oxymorphone Hydrochloride (BANM, rINNM) ⊗ 
7,8-Dihydro-14-hydroxymorphinone hydrochloride; Hidro-
cloruro de oximorfona; Oximorphone Hydrochloride; Oxymor-
phone, Chlorhydrate d’; Oxymorphoni Hydrochloridum. 6-De-
oxy-7,8-dihydro-14-hydroxy-6-oxomorphine hydrochloride; (−
)-(5R,6S,14S)-4,5-Epoxy-3,14-dihydroxy-9a-methylmorphinan-6-
one hydrochloride.

Оксиморфона Гидрохлорид
C17H19NO4,HCl = 337.8.
CAS — 76-41-5 (oxymorphone); 357-07-3 (oxymorphone
hydrochloride).

(oxymorphone)

Pharmacopoeias. In US. 
USP 31 (Oxymorphone Hydrochloride). A white or slightly off-
white odourless powder, darkening on exposure to light. Its
aqueous solutions are slightly acidic. Soluble 1 in 4 of water, 1 in
100 of alcohol, and 1 in 25 of methyl alcohol; very slightly solu-
ble in chloroform and in ether. Store in airtight containers at a
temperature of 25°, excursions permitted between 15° and 30°.
Protect from light.

Dependence and Withdrawal
As for Opioid Analgesics in general, p.101.

Adverse Effects, Treatment, and Precautions
As for Opioid Analgesics in general, p.102. 
For details on the use of oxymorphone in patients with hepatic or
renal impairment see below.

Interactions
For interactions associated with opioid analgesics, see p.103. 
Licensed product information for a modified-release preparation
of oxymorphone hydrochloride (Opana ER; Endo, USA) states
that patients must not ingest alcohol, including alcohol-contain-
ing medicines, at the same time due to the risk of increased plas-
ma concentrations and a potentially fatal overdose of oxymor-
phone.

Pharmacokinetics
Oxymorphone hydrochloride is absorbed from the gastrointesti-
nal tract after oral doses, but bioavailability is only about 10%
because of first-pass metabolism. Absorption is increased after a
high-fat meal. About 10% is bound to plasma proteins. Oxymor-
phone is extensively metabolised in the liver by glucuronidation
and less than 1% of a dose appears in the urine and faeces as
unchanged drug. With regard to its major metabolites between
33 and 38% of a dose is excreted in the urine as oxymorphone-
3-glucuronide and less than 1% as 6-OH-oxymorphone. Oxy-
morphone crosses the placenta.

◊ References.
1. Adams MP, Ahdieh H. Pharmacokinetics and dose-proportional-

ity of oxymorphone extended release and its metabolites: results
of a randomized crossover study. Pharmacotherapy 2004; 24:
468–76. 

2. Adams MP, Ahdieh H. Single- and multiple-dose pharmacoki-
netic and dose-proportionality study of oxymorphone immedi-
ate-release tablets. Drugs R D 2005; 6: 91–9.

Uses and Administration
Oxymorphone hydrochloride, a phenanthrene derivative, is an
opioid analgesic (p.101) with actions and uses similar to those of
morphine (p.86), apart from a lack of cough suppressant activity.
Oxymorphone is given orally, parenterally, or rectally for the re-
lief of moderate to severe pain, including pain in obstetrics, and
is reported to provide analgesia for 3 to 6 hours. It may also be
used parenterally for premedication, as an adjunct to anaesthesia,
and to relieve dyspnoea due to pulmonary oedema resulting from
left ventricular failure. 
A usual oral starting dose for opioid-naive patients is 10 to
20 mg of oxymorphone hydrochloride every 4 to 6 hours adjust-
ed thereafter as necessary; some patients may be started on lower
doses of 5 mg. For patients who have been receiving a strong
opioid analgesic the initial dose of oxymorphone should be

based on the daily opioid requirement; licensed product informa-
tion suggests that 10 mg of oral oxymorphone is equivalent to
about 30 mg of oral morphine and recommends giving half the
calculated equivalent dose of oxymorphone initially. Oxymor-
phone hydrochloride may also be given orally as a modified-
release preparation every 12 hours. Oral preparations of oxymor-
phone should be taken on an empty stomach. 
Oxymorphone hydrochloride is given by intramuscular or sub-
cutaneous injection in initial doses of 1 to 1.5 mg, repeated every
4 to 6 hours as necessary; 500 micrograms may be given by in-
travenous injection. The usual dose for analgesia during labour is
0.5 to 1 mg intramuscularly. When transferring between oral and
parenteral oxymorphone, licensed product information advises
that, as a guide, 10 mg of oral oxymorphone is equivalent to
about 1 mg of parenteral oxymorphone. 
Oxymorphone hydrochloride is also given rectally as a supposi-
tory in a dose of 5 mg every 4 to 6 hours.

◊ References.
1. Prommer E. Oxymorphone: a review. Support Care Cancer

2006; 14: 109–15. 
2. Chamberlin KW, et al. Oral oxymorphone for pain management.

Ann Pharmacother 2007; 41: 1144–52.

Administration in hepatic impairment. Advice on the use
of oxymorphone in patients with hepatic impairment is conflict-
ing. Licensed product information for one range of preparations
(Opana and Opana ER tablets; Endo, USA) recommends cau-
tion in patients with mild hepatic impairment; these patients
should be started on the lowest oral dose and titrated slowly
thereafter. In addition, it is stated that oxymorphone is contra-
indicated in those with moderate or severe impairment. Howev-
er, licensed information for another oxymorphone preparation
(Numorphan injection and suppositories; Endo, USA) only rec-
ommends caution in hepatic disease although lower doses (un-
specified) are advised in those patients with severe impairment.

Administration in renal impairment. In patients with mod-
erate to severe renal impairment, the bioavailability of oxymor-
phone was found to increase by over 50%; consequently, it is
recommended that oxymorphone is given with caution and in re-
duced doses (unspecified) to those with a creatinine clearance of
less than 50 mL/minute.
Preparations
USP 31: Oxymorphone Hydrochloride Injection; Oxymorphone Hydro-
chloride Suppositories.

Proprietary Preparations (details are given in Part 3)
Canad.: Numorphan†; USA: Numorphan; Opana.

Oxyphenbutazone (BAN, rINN)

G-27202; Hydroxyphenylbutazone; Oksifenbutatsoni; Oxifenb-
utazon; Oxifenbutazona; Oxyphenbutazonum. 4-Butyl-1-(4-hy-
droxyphenyl)-2-phenylpyrazolidine-3,5-dione monohydrate.

Оксифенбутазон
C19H20N2O3,H2O = 342.4.
CAS — 129-20-4 (anhydrous oxyphenbutazone); 7081-
38-1 (oxyphenbutazone monohydrate).
ATC — M01AA03; M02AA04; S01BC02.
ATC Vet — QM01AA03; QM02AA04; QS01BC02.

Profile
Oxyphenbutazone, a metabolite of phenylbutazone (p.117), is an
NSAID (p.96). It has been applied topically to the eye as an anti-
inflammatory ointment in conditions such as episcleritis. Oxy-
phenbutazone was used systemically in disorders such as anky-
losing spondylitis, osteoarthritis, and rheumatoid arthritis but
such use is no longer considered justified because of the risk of
severe haematological adverse effects (see also Effects on the
Blood, under Phenylbutazone, p.117). 
The piperazine salt has also been used.

Porphyria. Oxyphenbutazone has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Sioril†; Mex.: Edefen†; Redolet†.

Multi-ingredient: Braz.: Algi Peralgin†; Algiflamanil; Analtrix†; Febupen;
Flamanan; Reumazine†; Mex.: Dartrizon.

O OH
NCH3

O

HO

N
NO

H3C
O

OH



108   Analgesics Anti-inflammatory Drugs and Antipyretics

Paracetamol (BAN, rINN)

Acetaminofeno; Acetaminophen; N-Acetyl-p-aminophenol;
Asetaminofen; Paracétamol; Paracetamolis; Paracetamolum; Par-
asetamol; Parasetamoli. 4′-Hydroxyacetanilide; N-(4-Hydroxy-
phenyl)acetamide.
Парацетамол
C8H9NO2 = 151.2.
CAS — 103-90-2.
ATC — N02BE01.
ATC Vet — QN02BE01.

NOTE. Compounded preparations of paracetamol may be repre-
sented by the following names: 
• Co-bucafAPAP (PEN)—butalbital, paracetamol, and caffeine 
• Co-codamol x/y (BAN)—where x and y are the strengths in

milligrams of codeine phosphate and paracetamol respective-
ly 

• Co-codAPAP (PEN)—paracetamol and codeine phosphate 
• Co-dydramol (BAN)—dihydrocodeine tartrate 1 part and pa-

racetamol 50 parts (w/w) 
• Co-hycodAPAP (PEN)—hydrocodone tartrate and paraceta-

mol 
• Co-methiamol x/y (BAN)—where x and y are the strengths in

milligrams of DL-methionine and paracetamol, respectively 
• Co-oxycodAPAP (PEN)—oxycodone and paracetamol 
• Co-proxamol (BAN)—dextropropoxyphene hydrochloride 1

part and paracetamol 10 parts (w/w) 
• Co-proxAPAP (PEN)—dextropropoxyphene napsilate and

paracetamol.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Paracetamol). A white or almost white, crystalline
powder. Sparingly soluble in water; freely soluble in alcohol;
very slightly soluble in dichloromethane. Protect from light. 
USP 31 (Acetaminophen). A white odourless crystalline pow-
der. Soluble 1 in 20 of boiling water, 1 in 10 of alcohol, and 1 in
15 of 1N sodium hydroxide. Store in airtight containers. Protect
from light. Protect from moisture and heat.

Adverse Effects and Treatment
Adverse effects of paracetamol are rare and usually
mild, although haematological reactions including
thrombocytopenia, leucopenia, pancytopenia, neutro-
penia, and agranulocytosis have been reported. Skin
rashes and other hypersensitivity reactions occur occa-
sionally. Hypotension has been reported rarely with
parenteral use. 
Overdosage with paracetamol can result in severe liver
damage and sometimes acute renal tubular necrosis.
Prompt treatment with acetylcysteine or methionine is
essential and is discussed under Overdosage, below.
◊ References.
1. Graham GG, et al. Tolerability of paracetamol. Drug Safety

2005; 28: 227–40.

Effects on the kidneys. For reference to evidence that abuse
or prolonged excessive use of analgesics, including paracetamol,
can produce nephropathy, see under NSAIDs, p.98. 
See also under Overdosage, below.
Effects on the respiratory tract. The results of a case-con-
trol study1 have suggested that the frequent (daily or weekly) use
of paracetamol may be associated with asthma. However, the
UK CSM has commented that the results of this study do not
alter any advice regarding the use of paracetamol and that it re-
mains a safe and effective pain killer for many patients including
asthmatics. 
Subsequently, a further study and a review have found an in-
crease in the prevalence of asthma2,3 and COPD2 with frequent
(daily or weekly) use of paracetamol. A link between paraceta-
mol use in pregnancy and asthma in children has also been sug-
gested (see Pregnancy under Precautions, below). However,
another review4 stated that there have been very few actual re-
ports of paracetamol causing asthma; furthermore, bronchos-
pasm is not a recognised feature of paracetamol overdosage. The
review concluded that a strong link between paracetamol use and
asthma was unlikely.
1. Shaheen SO, et al. Frequent paracetamol use and asthma in

adults. Thorax 2000; 55: 266–70. 

2. McKeever TM, et al. The association of acetaminophen, aspirin,
and ibuprofen with respiratory disease and lung function. Am J
Respir Crit Care Med 2005; 171: 966–71. 

3. Eneli I, et al. Acetaminophen and the risk of asthma: the epide-
miologic and pathophysiologic evidence. Chest 2005; 127:
604–12. 

4. Nuttall SL, et al. Does paracetamol cause asthma? J Clin Pharm
Ther 2003; 28: 251–7.

Hypersensitivity. Reactions characterised by urticaria, dysp-
noea, and hypotension have occurred after use of paracetamol in
adults1-4 and children.5,6 Angioedema has also been reported.7
Fixed drug eruptions, confirmed by rechallenge, have been de-
scribed,8-11 and toxic epidermal necrolysis has occurred.12

1. Stricker BHC, et al. Acute hypersensitivity reactions to para-
cetamol. BMJ 1985; 291: 938–9. 

2. Van Diem L, Grilliat JP. Anaphylactic shock induced by para-
cetamol. Eur J Clin Pharmacol 1990; 38: 389–90. 

3. Kumar RK, Byard I. Paracetamol as a cause of anaphylaxis.
Hosp Med 1999; 60: 66–7. 

4. Bachmeyer C, et al. Acetaminophen (paracetamol)-induced an-
aphylactic shock. South Med J 2002; 95: 759–60. 

5. Ellis M, et al. Immediate adverse reactions to acetaminophen in
children: evaluation of histamine release and spirometry. J
Pediatr 1989; 114: 654–6. 

6. Bousetta K, et al. Hypersensitivity reactions to paracetamol in
children: a study of 25 cases. Allergy 2005; 60: 1174–7. 

7. Idoko JA, et al. Angioneurotic oedema following ingestion of
paracetamol. Trans R Soc Trop Med Hyg 1986; 80: 175. 

8. Thomas RHM, Munro DD. Fixed drug eruption due to paraceta-
mol. Br J Dermatol 1986; 115: 357–9. 

9. Cohen HA, et al. Fixed drug eruption caused by acetaminophen.
Ann Pharmacother 1992; 26: 1596–7. 

10. Harris A, Burge SM. Vasculitis in a fixed drug eruption due to
paracetamol. Br J Dermatol 1995; 133: 790–1. 

11. Hern S, et al. Bullous fixed drug eruption due to paracetamol
with an unusual immunofluorescence pattern. Br J Dermatol
1998; 139: 1129–31. 

12. Halevi A, et al. Toxic epidermal necrolysis associated with
acetaminophen ingestion. Ann Pharmacother 2000; 34: 32–4.

Overdosage. Acute oral overdosage with paracetamol, wheth-
er accidental or deliberate, is relatively common and can be
extremely serious because of the narrow margin between thera-
peutic and toxic doses. Ingestion of as little as 10 to 15 g of
paracetamol by adults may cause severe hepatocellular necrosis
and, less often, renal tubular necrosis. Patients should be consid-
ered at risk of severe liver damage if they have ingested more
than 150 mg/kg of paracetamol or 12 g or more in total, which-
ever is the smaller. The risk of severe toxicity after acute para-
cetamol overdose appears to be less in children than in adults at
comparable doses; however, chronic use of supratherapeutic
doses in children has resulted in unintentional overdoses and se-
vere hepatotoxicity.1,2 
Patients receiving enzyme-inducing drugs or those with a history
of alcohol abuse are at special risk of hepatic damage, as may be
patients suffering from malnutrition such as those with anorexia
or AIDS. It has also been suggested that fasting may predispose
to hepatotoxicity.3 
Early signs of overdosage (very commonly nausea and vomiting
although they may also include lethargy and sweating) usually
settle within 24 hours. Abdominal pain may be the first indica-
tion of liver damage, which is not usually apparent for 24 to 48
hours and sometimes may be delayed for up to 4 to 6 days after
ingestion. Liver damage is generally at a maximum 72 to 96
hours after ingestion. Hepatic failure, encephalopathy, coma, and
death may result. Complications of hepatic failure include acido-
sis, cerebral oedema, haemorrhage, hypoglycaemia, hypoten-
sion, infection, and renal failure. Prothrombin time increases
with deteriorating liver function and some recommend that it be
measured regularly. However, as both paracetamol4 and
acetylcysteine5 can independently affect prothrombin time in the
absence of hepatic injury, the use of prothrombin time as a mark-
er for hepatotoxicity has been questioned and it has been recom-
mended that treatment decisions are based on the entire liver bi-
ochemistry.6 
Acute renal failure with acute tubular necrosis may develop,
even in the absence of severe liver damage. Other non-hepatic
symptoms that have been reported following paracetamol over-
dosage include myocardial abnormalities and pancreatitis. 
The mechanism of toxicity in overdosage with paracetamol is
thought to be the production of a minor but highly reactive
metabolite, N-acetyl-p-benzoquinoneimine (NABQI) by cyto-
chrome P450 isoenzymes (mainly CYP2E1 and CYP3A4)2 in
the liver and kidney. The amount of NABQI produced after nor-
mal doses of paracetamol is usually completely detoxified by
conjugation with glutathione and excreted as mercaptopurine
and cysteine conjugates. In paracetamol overdosage, tissue
stores of glutathione become depleted, allowing NABQI to accu-
mulate and bind to sulfhydryl groups within hepatocytes causing
cell damage. Substances capable of replenishing depleted stores
of glutathione, such as acetylcysteine or methionine, are there-
fore used as antidotes in paracetamol overdosage. Acetylcysteine
may also be involved in the repair of damaged tissue. 
Treatment of oral paracetamol overdosage. The management
of paracetamol overdosage as practised in the UK and US has
been the subject of numerous reviews.3,6-13 Guidelines have also
been issued in the UK by the Paracetamol Information Centre.14

Separate consensus guidelines have also been issued by clinical
toxicologists in Australia and New Zealand.15 

Prompt treatment is essential, even when there are no obvious
symptoms, and all patients should be admitted to hospital; full
supportive measures should also be instituted. 
• Activated charcoal may be used to reduce gastrointestinal ab-

sorption, if it can be given within 1 hour of the overdose, and
if more than 150 mg/kg of paracetamol has been ingested.
However, if acetylcysteine or methionine is to be given by
mouth the charcoal is best cleared from the stomach to prevent
it reducing the absorption of the antidote. 

• There is little evidence that gastric lavage is of benefit in those
who have overdosed solely with paracetamol. 

• The plasma-paracetamol concentration should be determined
as soon as possible, but not within 4 hours of ingestion, to en-
sure that peak concentrations are recorded. The risk of liver
damage is determined by comparison with a nomogram refer-
ence line on a plot of plasma-paracetamol concentration
against hours after ingestion. A semi-logarithmic plot or a lin-
ear plot may be used, see Figure 1 (p.109) and Figure 2
(p.109). Generally, antidote treatment is required if the pa-
tient’s plasma-paracetamol concentration is higher than the
appropriate line (but see below). 

• Patients receiving enzyme-inducing drugs such as car-
bamazepine, phenytoin, phenobarbital, rifampicin, and St
John’s wort, or those with malnutrition or a history of alcohol
abuse, are considered at high risk, and should receive an anti-
dote even if their plasma-paracetamol concentrations are up to
50% below the standard reference line. 

• Plasma-paracetamol concentrations measured more than 15
hours after ingestion are not reliable indicators of hepatic tox-
icity. Furthermore, the nomogram may not be suitable for use
when patients have taken modified-release preparations of pa-
racetamol.16-18 Some suggestions for modified strategies for
the use of the Rumack-Matthew nomogram in the face of
overdosage with modified-release preparations have been
made.19-21 

• Plasma-paracetamol concentrations and the Rumack-
Matthew nomogram are also of little value in patients who
have taken repeated supratherapeutic doses or multiple over-
doses of paracetamol over a short period of time: such patients
should be considered at serious risk and given antidote treat-
ment. 

• Deaths from liver failure have occurred in patients presenting
with plasma-paracetamol concentrations below the treatment
line: suggested explanations include inadequate patient histo-
ries and a need for a lower treatment threshold.22 

• If there is any doubt about timing or the need to treat, then a
patient should be treated with an antidote. In some centres,
patients who have ingested 150 mg/kg or more of paracetamol
are treated regardless of plasma-paracetamol concentra-
tions.23 

• Antidote treatment should be started as soon as possible after
suspected paracetamol ingestion and should not be delayed
while awaiting the results of plasma assays. Once the results
become available, treatment may be stopped if the initial con-
centration was below the nomogram reference line. However,
if the initial concentration is above the reference line, the full
course of antidote must be given and should not be stopped
when subsequent plasma concentrations fall below the refer-
ence line. 

Choice of antidote. Acetylcysteine (p.1548) is usually the anti-
dote of choice but the route of administration varies, and the best
protocol has yet to be determined.6,24 Intravenous use has been
associated with anaphylactic reactions but is the preferred route
in the UK because of fears that oral absorption might be reduced
by vomiting or activated charcoal. However, in the USA the oral
route is also used, and is clearly effective. The use of methionine
(p.1450) by mouth is licensed in the UK, despite the same risks
of impaired absorption due to vomiting or activated charcoal. It
is cheaper and easier to give than intravenous acetylcysteine and
may be used in situations where a patient cannot be transferred
to hospital, provided it is given within 10 to 12 hours of the over-
dose and the patient is not vomiting. 
Acetylcysteine is most effective when given during the first 8
hours after taking the overdose and the effect diminishes pro-
gressively thereafter. It used to be believed that starting treatment
more than 15 hours after overdosage was of no benefit and might
aggravate the risk of hepatic encephalopathy. However, late
treatment was subsequently shown to be safe,25 and studies of
patients treated up to 36 hours after ingestion suggest that benefit
may be obtained up to and possibly beyond 24 hours.26,27 Fur-
thermore, giving intravenous acetylcysteine to patients who had
already developed fulminant hepatic failure has been shown to
reduce morbidity and mortality.28 
• An initial dose of 150 mg/kg of acetylcysteine in 200 mL of

glucose 5% is given intravenously over 15 minutes in the UK,
or over 60 minutes in the USA. This is followed by an intra-
venous infusion of 50 mg/kg in 500 mL of glucose 5% over
the next 4 hours and then 100 mg/kg in one litre over the next
16 hours. Sodium chloride 0.9% may be used where glucose
5% is unsuitable. The volume of intravenous fluids should be
modified for children. If an anaphylactoid reaction develops,
the infusion should be stopped and an antihistamine given; it
may be possible to continue the acetylcysteine infusion at a
slower rate. 

N
H

O

CH3

HO



Paracetamol    109

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

• In the USA, acetylcysteine may also be given orally as an al-
ternative to parenteral treatment. It is given as an initial dose
of 140 mg/kg as a 5% solution followed by 70 mg/kg every 4
hours for an additional 17 doses. Some29 have suggested in-
creasing the loading dose of oral acetylcysteine when it is giv-
en after activated charcoal, whereas others30 have found that
the efficacy of acetylcysteine is not reduced by use of activat-
ed charcoal beforehand and consider a larger acetylcysteine
dose unnecessary. 

Methionine, like acetylcysteine, is most effective when given as
early as possible after paracetamol overdosage. However, it is
not as effective if treatment is delayed31-33 and hepatic damage is
more frequent and severe if treatment with methionine is started
more than 10 hours after ingestion; it may also precipitate hepatic
encephalopathy. 
• The usual oral dose of methionine in adults and children over

6 years is 2.5 g every 4 hours for 4 doses starting less than 10
to 12 hours after ingestion of the paracetamol and provided the
patient is not vomiting. Children under 6 years should be giv-
en 1 g every 4 hours for 4 doses. It has also been given intra-
venously. 

The literature relating to the use of methionine in paracetamol
poisoning is, in general, imprecise as to the form of methionine
used. In the UK, the doses quoted above refer to DL-methionine.
Preparations containing both methionine and paracetamol (co-
methiamol) have been formulated for use in situations where

overdosage may occur. However, the issue of whether methio-
nine should be routinely added to paracetamol preparations is
contentious for medical and ethical reasons. 
Histamine H2-antagonists. It has been suggested that since cime-
tidine blocks the hepatic cytochrome P450 mixed function oxi-
dase system, it might be of use as an adjunct to acetylcysteine for
patients whose production of the toxic metabolite of paracetamol
is increased due to enzyme induction. Although there have been
several anecdotal reports claiming benefit for cimetidine in pa-
tients with paracetamol poisoning, there is no current evidence to
support these claims.6,10,11,34 
Liver transplantation may be considered as a last recourse in
some patients. 
After maternal overdosage during pregnancy fetal metabolism
of paracetamol that crosses the placenta can produce sufficient
hepatotoxic metabolites to cause fetal hepatotoxicity. Limited
data from case reports and a case series suggest that early treat-
ment with oral or intravenous acetylcysteine can be safe and ef-
fective in such cases.35 
There is little information available on overdosage when para-
cetamol is given as an intravenous infusion. The standard nom-
ogram may not be appropriate in determining treatment from
plasma-paracetamol concentrations after intravenous overdose,
as it is based on data from acute paracetamol ingestion rather
than intravenous administration. The National Poisons Informa-
tion Service in the UK recommends that the need for antidote

treatment should be based on the total administered dose of para-
cetamol and/or any resultant hepatic impairment.
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Notes for the use of this chart:
1. The time coordinates refer to time after ingestion.
2. Plasma-paracetamol concentrations drawn before 4 hours may not represent peak 

concentrations.
3. The graph should be used only in relation to a single acute ingestion.
4. The solid line 25% below the standard nomogram is included to allow for possible 

errors in plasma assays and estimated time from ingestion of an overdose.
5. The solid line 50% below the standard nomogram is to assess the possible hepatic 

toxicity in patients receiving enzyme-inducing drugs or with malnutrition or a history 
of alcohol abuse.

6. The value of such charts is uncertain if the patient is first seen 15 hours or more after 
ingestion, or has taken modified release preparations of paracetamol.
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Notes for the use of this chart:
1. The time coordinates refer to time after ingestion.
2. Plasma-paracetamol concentrations drawn before 4 hours may not represent peak 

concentrations.
3. The graph should be used only in relation to a single acute ingestion.
4. Patients whose plasma-paracetamol concentrations are above the normal treatment line 

should be treated.
5. Patients on enzyme-inducing drugs or with malnutrition or a history of alcohol abuse 

should be treated if their plasma-paracetamol concentrations are above the high-risk 
treatment line.

6. The value of such charts is uncertain if the patient is first seen 15 hours or more after 
ingestion, or has taken modified release preparations of paracetamol.

Figure 1. A semi-logarithmic plot of plasma-paracetamol concentration against 
hours after ingestion.

Figure 2. A linear plot of plasma-paracetamol concentration against hours 
after ingestion.
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Pancreatitis. Drug-induced pancreatitis associated with para-
cetamol was reported1 to be a rare reaction only occurring in pa-
tients taking more than recommended doses. In a retrospective
study of data from 814 patients who had taken paracetamol over-
doses, hyperamylasaemia was detected in 246, and was more
common and more severe in patients transferred to a specialist
unit because of more severe poisoning.2 However, acute pancre-
atitis was diagnosed only in 33 cases.
1. Underwood TW, Frye CB. Drug-induced pancreatitis. Clin

Pharm 1993; 12: 440–8. 
2. Schmidt LE, Dalhoff K. Hyperamylasaemia and acute pancreati-

tis in paracetamol poisoning. Aliment Pharmacol Ther 2004; 20:
173–9.

Precautions
Paracetamol should be given with care to patients with
impaired kidney or liver function. It should also be giv-
en with care to patients with alcohol dependence.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving paracetamol, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. The BNF also considers
that the amount of paracetamol distributed into breast milk is too
small to be harmful to a breast-fed infant. 
Pharmacokinetic studies in 12 nursing mothers given a single
dose of paracetamol showed that peak paracetamol concentra-
tions in breast milk of 10 to 15 micrograms/mL were achieved in
1 to 2 hours. Plasma concentrations were determined in 2
mothers; a breast milk/plasma ratio of about 1 was reported.2
Similar findings have been reported from other studies.3,4

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 19/10/06) 

2. Berlin CM, et al. Disposition of acetaminophen in milk, saliva,
and plasma of lactating women. Pediatr Pharmacol 1980; 1:
135–41. 

3. Hurden EL, et al. Excretion of paracetamol in human breast
milk. Arch Dis Child 1980; 55: 969–72. 

4. Bitzén P-O, et al. Excretion of paracetamol in human breast
milk. Eur J Clin Pharmacol 1981; 20: 123–5.

Hepatic impairment. A short review1 concluded that there
was evidence that paracetamol could be and had been used safely
in patients with liver disease. Studies had also shown that al-
though the half-life of paracetamol was prolonged in such pa-
tients, glutathione concentrations in those taking recommended
doses were not depleted to the critical levels that would enable
accumulation of paracetamol’s hepatotoxic metabolite. The BNF
warns that large doses should be avoided.
1. Benson GD, et al. The therapeutic use of acetaminophen in pa-

tients with liver disease. Am J Ther 2005; 12: 133–41.

Pregnancy. Paracetamol is generally considered to be the anal-
gesic of choice in pregnant patients. However, the frequent use
of paracetamol (defined as most days or daily use) in late preg-
nancy may be associated with an increased risk of persistent
wheezing in the infant1 which may persist into childhood2 (but
see also Effects on the Respiratory Tract, above). The authors
emphasised that the number of pregnant women taking frequent
doses was very small and they recommended that infrequent pa-
racetamol should remain the analgesic of choice in pregnancy.
1. Shaheen SO, et al. Paracetamol use in pregnancy and wheezing

in early childhood. Thorax 2002; 57: 958–63. 
2. Shaheen SO, et al. Prenatal paracetamol exposure and risk of

asthma and elevated immunoglobulin E in childhood. Clin Exp
Allergy 2005; 35: 18–25.

Renal impairment. Caution is recommended when giving pa-
racetamol to patients with renal impairment. Plasma concentra-
tions of paracetamol and its glucuronide and sulfate conjugates
are increased in patients with moderate renal failure and in pa-
tients on dialysis.1-3 It has been suggested that paracetamol itself
may be regenerated from these metabolites.1,2 There are conflict-
ing data on whether the conjugates of paracetamol accumulate in
patients with renal impairment receiving multiple doses.2,3

1. Prescott LF, et al. Paracetamol disposition and metabolite kinet-
ics in patients with chronic renal failure. Eur J Clin Pharmacol
1989; 36: 291–7. 

2. Martin U, et al. The disposition of paracetamol and the accumu-
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dosing in patients with chronic renal failure. Eur J Clin Pharma-
col 1991; 41: 43–6. 

3. Martin U, et al. The disposition of paracetamol and its conju-
gates during multiple dosing in patients with end-stage renal fail-
ure maintained on haemodialysis. Eur J Clin Pharmacol 1993;
45: 141–5.

Interactions
The risk of paracetamol toxicity may be increased in
patients receiving other potentially hepatotoxic drugs
or drugs that induce liver microsomal enzymes. The
absorption of paracetamol may be accelerated by drugs
such as metoclopramide. Excretion may be affected
and plasma concentrations altered when given with
probenecid. Colestyramine reduces the absorption of
paracetamol if given within 1 hour of paracetamol.
◊ Reviews.
1. Toes MJ, et al. Drug interactions with paracetamol. Am J Ther

2005; 12: 56–66.

Antibacterials. The plasma-paracetamol concentrations con-
sidered an indication for antidote treatment (see under Overdos-
age, above) should be halved in patients receiving enzyme-in-
ducing drugs such as rifampicin. Severe hepatotoxicity at
therapeutic doses or moderate overdoses of paracetamol has
been reported in patients receiving isoniazid, alone1-3 or with
other drugs for tuberculosis.4 
For the effects of paracetamol on chloramphenicol, see p.241.
1. Murphy R, et al. Severe acetaminophen toxicity in a patient re-

ceiving isoniazid. Ann Intern Med 1990; 113: 799–800. 
2. Moulding TS, et al. Acetaminophen, isoniazid, and hepatic tox-

icity. Ann Intern Med 1991; 114: 431. 
3. Crippin JS. Acetaminophen hepatotoxicity: potentiation by iso-

niazid. Am J Gastroenterol 1993; 88: 590–2. 
4. Nolan CM, et al. Hepatotoxicity associated with acetaminophen

usage in patients receiving multiple drug therapy for tuberculo-
sis. Chest 1994; 105: 408–11.

Anticoagulants. For the effects of paracetamol on oral antico-
agulants, see under Warfarin, p.1427.

Antiepileptics. The plasma-paracetamol concentrations con-
sidered an indication for antidote treatment (see under Overdos-
age, above) should be halved in patients receiving enzyme-in-
ducing drugs such as carbamazepine, phenobarbital, phenytoin,
or primidone. 
For the effects of paracetamol on lamotrigine, see p.486.

Antivirals. For reports of adverse effects on the liver associated
with use of paracetamol with antiviral drugs, see under Interferon
Alfa, p.888 and Zidovudine, p.915.

Probenecid. Pretreatment with probenecid can decrease para-
cetamol clearance and increase its plasma half-life.1 Although
urinary excretion of the sulfate and glucuronide conjugates of pa-
racetamol are reduced, that of paracetamol is unchanged.
1. Kamali F. The effect of probenecid on paracetamol metabolism

and pharmacokinetics. Eur J Clin Pharmacol 1993; 45: 551–3.

Pharmacokinetics
Paracetamol is readily absorbed from the gastrointesti-
nal tract with peak plasma concentrations occurring
about 10 to 60 minutes after oral doses. Paracetamol is
distributed into most body tissues. It crosses the pla-
centa and is present in breast milk. Plasma-protein
binding is negligible at usual therapeutic concentra-
tions but increases with increasing concentrations. The
elimination half-life of paracetamol varies from about
1 to 3 hours. 
Paracetamol is metabolised mainly in the liver and ex-
creted in the urine mainly as the glucuronide and sul-
fate conjugates. Less than 5% is excreted as unchanged
paracetamol. A minor hydroxylated metabolite (N-
acetyl-p-benzoquinoneimine), is usually produced in
very small amounts by cytochrome P450 isoenzymes
(mainly CYP2E1 and CYP3A4) in the liver and kid-
ney. It is usually detoxified by conjugation with glu-
tathione but may accumulate after paracetamol over-
dosage and cause tissue damage.
◊ References.
1. van der Marel CD, et al. Paracetamol and metabolite pharmacok-

inetics in infants. Eur J Clin Pharmacol 2003; 59: 243–51.

Absorption. The absorption of paracetamol was slow and in-
complete in vegetarian subjects compared with non-vegetarian
subjects.1

1. Prescott LF, et al. Impaired absorption of paracetamol in vege-
tarians. Br J Clin Pharmacol 1993; 36: 237–40.

Uses and Administration
Paracetamol, a para-aminophenol derivative, has
analgesic and antipyretic properties and weak anti-
inflammatory activity. Paracetamol is given orally or as
a rectal suppository for mild to moderate pain and for
fever (p.10). It may also be given by intravenous infu-
sion for the short-term treatment of moderate pain, par-
ticularly after surgery, and of fever. Paracetamol is of-
ten the analgesic or antipyretic of choice, especially in
the elderly and in patients in whom salicylates or other
NSAIDs are contra-indicated. Such patients include
asthmatics, those with a history of peptic ulcer, and
children. 
The usual oral dose is 0.5 to 1 g every 4 to 6 hours up
to a maximum of 4 g daily. Paracetamol may also be
given as suppositories in a rectal dose of 0.5 to 1 g
every 4 to 6 hours, up to 4 times daily. 
Paracetamol is also given by intravenous infusion
over 15 minutes; dosage may be calculated by weight
as follows: 
• patients weighing over 50 kg, single doses of 1 g

every 4 or more hours, to a maximum of 4 g daily 
• from 33 to 50 kg, single doses of 15 mg/kg every 4

or more hours, to a maximum of 60 mg/kg or 3 g
daily (whichever is less) 

For doses in children or in renal impairment, see below.
◊ References.
1. Prescott LF. Paracetamol (acetaminophen): a critical biblio-

graphic review. London: Taylor & Francis, 1996. 
2. Bannwarth B, Péhourcq F. Bases pharmacologiques de l’emploi

du paracétamol: aspects pharmacocinétiques et pharmacody-
namiques. Drugs 2003; 63 (suppl 2): 5–13. 

3. Prescott LF. Nouvelles perspectives avec le paracétamol. Drugs
2003; 63 (suppl 2): 51–6.

Administration in children. In the UK, the licensed oral dos-
es in children are: 
• 3 months to 1 year: 60 to 120 mg 
• 1 to 5 years: 120 to 250 mg 
• 6 to 12 years: 250 to 500 mg 
These doses may be given every 4 to 6 hours when necessary up
to a maximum of 4 doses in 24 hours. 
In younger children the BNFC suggests the following doses: 
• neonates 28 to 32 weeks postmenstrual age (gestational age at

birth plus chronological age): 20 mg/kg as a single dose then
10 to 15 mg/kg every 8 to 12 hours if necessary up to a maxi-
mum of 30 mg/kg daily 

• neonates over 32 weeks postmenstrual age: 20 mg/kg as a
single dose then 10 to 15 mg/kg every 6 to 8 hours if necessary
up to a maximum of 60 mg/kg daily 

• 1 to 3 months of age: 30 to 60 mg every 8 hours if necessary 
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The BNFC also suggests higher doses for use in children with
more severe symptoms: 
• 1 to 3 months: 20 mg/kg as a single dose followed by 15 to

20 mg/kg every 6 to 8 hours if necessary up to a maximum of
60 mg/kg daily 

• older children: 20 mg/kg every 6 hours to a maximum of
90 mg/kg daily for 48 hours or longer if necessary followed by
15 mg/kg every 6 hours. Usual adult maximum doses (see
above) should not be exceeded 

For post-immunisation pyrexia, a dose of 60 mg has been rec-
ommended for children 2 to 3 months of age. If necessary a sec-
ond dose may be given after six hours; if the pyrexia persists after
that dose, medical advice should be sought. 
UK licensed rectal doses, which may be given to children every
4 to 6 hours, up to 4 times daily are: 
• 1 to 5 years: 125 to 250 mg 
• 6 to 12 years: 250 to 500 mg 
The BNFC suggests the following rectal doses in younger chil-
dren: 
• neonates 28 to 32 weeks postmenstrual age: 20 mg/kg as a

single dose then 15 mg/kg every 12 hours if necessary to a
maximum of 30 mg/kg daily 

• neonates over 32 weeks postmenstrual age: 30 mg/kg as a
single dose then 20 mg/kg every 8 hours if necessary to a max-
imum of 60 mg/kg daily 

• 1 to 3 months of age: 30 to 60 mg every 8 hours 
• 3 to 12 months of age: 60 to 125 mg every 4 to 6 hours if nec-

essary to a maximum of 4 doses in 24 hours 
The BNFC also suggests higher rectal doses for use in children
with more severe symptoms: 
• 1 to 3 months: 30 mg/kg as a single dose followed by

20 mg/kg every 8 hours to a maximum of 60 mg/kg daily 
• older children: 40 mg/kg as a single dose followed by

20 mg/kg every 4 to 6 hours to a maximum of 90 mg/kg daily
for 48 hours or longer, if necessary, before reducing to
15 mg/kg every 6 hours. Usual adult maximum doses (see
above) should not be exceeded 

Doses by intravenous infusion in children, given over 15 min-
utes, are: 
• full-term neonates and other children below 10 kg: single dos-

es of 7.5 mg/kg every 4 or more hours, to a maximum of
30 mg/kg daily; intravenous paracetamol has not been studied
in premature neonates 

• between 10 and 33 kg: single doses of 15 mg/kg every 4 or
more hours, to a maximum of 60 mg/kg or 2 g daily (which-
ever is less) 

• from 33 to 50 kg: single doses of 15 mg/kg every 4 or more
hours, to a maximum of 60 mg/kg or 3 g daily (whichever is
less) 

• over 50 kg: usual adult doses (see above) 
The intravenous solution may be diluted to a minimum strength
of one-tenth of its original concentration in sodium chloride
0.9% or glucose 5%; the diluted solution should be used within
1 hour of preparation. 
It has been suggested1 that the recommended doses of paraceta-
mol for children may result in subtherapeutic blood concentra-
tions, and that an initial loading dose should be given, followed
by regular doses up to the recommended maximum daily dose.
However, the appropriate maximum daily dose remains contro-
versial, and there is obvious concern given the risks of overdos-
age.
1. Zacharias M, Watts D. Pain relief in children. BMJ 1998; 316:

1552.

Administration in renal impairment. In patients with a cre-
atinine clearance of 30 mL/minute or less it is recommended that
the interval between each intravenous paracetamol dose is in-
creased to 6 hours.
Headache. Non-opioid analgesics such as paracetamol, aspi-
rin, and other NSAIDs are often tried first for the symptomatic
treatment of various types of headache including migraine (see
p.616) and tension-type headache (see p.617). These drugs given
at the onset of symptoms can successfully treat an acute attack of
migraine. However, absorption may be poor due to gastric stasis
which is commonly present in migraine. For this reason dispers-
ible and effervescent preparations and compound preparations
containing drugs such as metoclopramide which relieve gastric
stasis have been advocated.
Pain. Paracetamol is used in the management of mild to moder-
ate pain (see Choice of Analgesic, p.2). It is of similar potency to
aspirin, but with weak anti-inflammatory activity. Paracetamol
may also be used as an adjunct to opioids in the management of
severe pain such as cancer pain (p.5). Paracetamol is the pre-
ferred choice for pain in children (p.3) because of the association
of aspirin with Reye’s syndrome in this age group (see p.22). In
the treatment of rheumatic disorders, a weak anti-inflammatory
effect limits the role of paracetamol. However, it may be of ben-
efit for simple pain control in rheumatoid arthritis (p.11) and an-
kylosing spondylitis (see under Spondyloarthropathies, p.13), al-
though these patients usually require the additional anti-
inflammatory effects provided by NSAIDs. Synovial inflamma-
tion is usually only a minor component of osteoarthritis (p.11),
and paracetamol is generally recommended as first choice of

treatment before NSAIDs are tried. Paracetamol is useful for the
relief of acute low back pain (p.7). 
Dependence and tolerance are not a problem with non-opioid an-
algesics such as paracetamol, but there is a ceiling of efficacy,
above which increasing the dose has no further therapeutic ef-
fect.

Preparations
BP 2008: Co-codamol Capsules; Co-codamol Tablets; Co-dydramol Tab-
lets; Co-proxamol Tablets; Dispersible Paracetamol Tablets; Effervescent
Co-codamol Tablets; Paediatric Paracetamol Oral Solution; Paracetamol
Capsules; Paracetamol Oral Suspension; Paracetamol Suppositories; Para-
cetamol Tablets; Soluble Paracetamol Tablets; 
USP 31: Acetaminophen and Aspirin Tablets; Acetaminophen and Caffeine
Tablets; Acetaminophen and Codeine Phosphate Capsules; Acetami-
nophen and Codeine Phosphate Oral Solution; Acetaminophen and Co-
deine Phosphate Oral Suspension; Acetaminophen and Codeine Phos-
phate Tablets; Acetaminophen and Diphenhydramine Citrate Tablets;
Acetaminophen and Pseudoephedrine Hydrochloride Tablets; Acetami-
nophen Capsules; Acetaminophen Extended-Release Tablets; Acetami-
nophen for Effervescent Oral Solution; Acetaminophen Oral Solution;
Acetaminophen Oral Suspension; Acetaminophen Suppositories; Acetami-
nophen Tablets; Acetaminophen, Aspirin, and Caffeine Tablets; Acetami-
nophen, Chlorpheniramine Maleate, and Dextromethorphan Hydrobro-
mide Tablets; Acetaminophen, Dextromethorphan Hydrobromide,
Doxylamine Succinate, and Pseudoephedrine Hydrochloride Oral Solution;
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine
Hydrochloride Tablets; Butalbital, Acetaminophen, and Caffeine Capsules;
Butalbital, Acetaminophen, and Caffeine Tablets; Hydrocodone Bitartrate
and Acetaminophen Tablets; Isometheptene Mucate, Dichloralphenazone,
and Acetaminophen Capsules; Oxycodone and Acetaminophen Capsules;
Oxycodone and Acetaminophen Tablets; Propoxyphene Hydrochloride
and Acetaminophen Tablets; Propoxyphene Napsylate and Acetami-
nophen Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Acetolit; Alikal Dolor; Apracur Antifebril; Bio Grip-T; Causalon; Cus-
todial†; Dirox; Doxidol; Dristancito†; Fiebrol†; Fiebrolito; Flash; Guemusin†;
Inmunogrip T Caliente; Invernosan†; Itedal; Mejoral; Multifebrin†; Nodipir;
Nodolex†; Novo Asat; Para Z Mol†; Parageniol; Paratral; Parclen; PH 4
Plus†; Plovacal; Predualito†; Qura Plus; Tafirol; Termofren; Tetradox; Tyle-
nol†; Vick Vitapyrena; Viclor; Austral.: Chemists Own Pain & Fever; Child-
rens Panadol; Dymadon; Febridol; Lemsip; Ordov Febrigesic†; Panadol; Pan-
amax; Parahexal; Paralgin; Perfalgan; Setamol†; Tylenol†; Austria:
Becetamol; Ben-u-ron; Duaneo; Enelfa; Gewamol; Grippostad; Kratofin sim-
plex; Mexalen; Momentum; OSA; Parakapton; Paraspeed; Peinfort; Perfal-
gan; Belg.: Algostase Mono; Curpol; Dafalgan; Dolol-Instant; Dolprone;
Lemsip; Panadol; Pe-Tam; Perdolan; Perfusalgan; Sanicopyrine; Braz.: Aceta-
mil; Acetofen; Anatyl; Cefabrina; Cetafrin†; Cetynol†; Contradol†; Cyfenol;
Dorfen; Dorib†; Dorico; Dorsanol; Dorvan†; Emsgrip; Febralgin†; Fervex;
Gripeonil†; Gripotermon; Pacemol†; Paracemil†; Paracen; Paralgen; Pa-
ratermol†; Piramin; Pyrimel; Sonridor; Termo-Ped†; Termol; Tilekin; Trifen;
Tyflen†; Tylalgin†; Tyleflan†; Tylenol; Tylephen; Tylidol; Unigrip; Canad.:
Abenol; Acet; Alsiphene†; Artritol; Atasol; Cephanol; Childrens Feverhalt;
Multi-gesic; Novo-Gesic; Pain Aid Free; Panadol; Pediatrix; Robigesic†; Tan-
taphen; Tempra; Tylenol; Chile: Acamol; Asafen Nueva Formula†; Cotibin
Compuesto; Cryogenine Plus†; Daimeton†; Fibrimol†; Geniol-P; Kitadol;
Panadol; Panagesic; Parox Meltab; Rapidol; Supracalm; Tapsin Infantil; Tapsin
SC; Winasorb; Xumadol; Zolben; Cz.: Ben-u-ron; Calpol; Daleron; Effect
Comfort; Efferalgan; Gelocatil†; Medipyrin; Mexalen; Panadol; Paralen; Par-
amax Rapid; Perfalgan; Denm.: Pamol; Panam; Panodil; Paratabs; Perfalgan;
Pinex; Fin.: Pamol; Panadol; Para-Suppo; Para-Tabs; Paraceon; Paramax
Rap; Perfalgan; Fr.: Claradol; Dafalgan; Doliactic; Doliprane; Dolitabs; Dolko;
Dolotec; Efferalgan; Efferalganodis; Expandox; Febrectol†; Geluprane; Pana-
dol; Paralyoc; Perfalgan; Ger.: Ben-u-ron; Captin; Contac Erkaltungs-Trunk;
Doloreduct†; Dorocoff-Paracetamol†; Enelfa; Fensum; Grippostad Heissge-
trank†; Mono Praecimed; Paedialgon; Parapaed; PCM; Perfalgan; Pyromed†;
RubieMol†; Sinpro N; Togal; Gr.: Apotel; Calmodor; Cetinject†; Dalmi-
nette†; Depon; Depon Maximum; Depon Odis; Dolal; Genspir†; Lonarid
Aplo; Panadol; Par; Perfalgan; protAlgon; Tunelzin†; Hong Kong: Afebrin†;
Angenol; Arfen; Ben-u-ron; Biogesic; Calpol†; Children’s Tylenol†; Christa-
mol; Cortal for Children; Dhamol; Europain; Fortolin†; Infant’s Tylenol†; Jun-
ior Strength Tylenol†; Panadol; Parcemol; Parmol; Progesic; Serimol; Seta-
mol; Tiffy; Tylenol†; Uni-Febrin; Hung.: Ben-u-ron; Efferalgan; Febrilin;
Grippostad; Mexalen; Panadol; Paramax Rapid; Perfalgan; Rubophen; India:
Calpol; Crocin; Disprin Paracetamol; Doliprane†; Febridol; Febrinil; Jagcin;
Malidens; Pacimol; Paracin; Paracip; Parafizz†; Pyrexon; Pyrigesic; Ultragin;
Indon.: Afebrin; Alphamol; Biogesic; Bodrex Forte; Calapol; Contratemp;
Cupanol; Dapyrin; Dumin; Erphamol; Farmadol; Fevrin; Grafadon; Gunace-
ta; Itamol; Lanamol; Maganol; Naprex; Nasamol; Nufadol; Ottopan; Pamol;
Panadol; Paracetol; Praxion; Progesic; Propyretic; Pyrex; Pyrexin; Pyridol;
Sanmol; Sumagesic; Tempra; Termorex; Turpan; Xepamol; Irl.: Anadin Pa-
racetamol; Calpol; Disprol; Hedex; Lemsip Children’s Cold Relief; Panadol;
Paralief; Paralink; Parapaed; Paratabs; Perfalgan; Tylenol†; Israel: Abrol; Ab-
rolet; Acamol; Acamoli; Aldolor; Dexamol; Dexamol Kid; Efferalgan†; Pana-
dol; Paramol; Paramolan; Rokamol; Sensamol; Supramol†; Vimoli; Ital.:
Acetamol; Efferalgan; Levadol; Minofen; Normaflu†; Panadol; Perfalgan;
Piros; Puernol†; Sanipirina; Tachipirina; Malaysia: Acet†; Arfen; Biogesic;
Dhamol; Dumin†; Hoemal; Naprex†; Panadol; Parafizz; Partamol; Poro;
Rapidol; Serimol†; Setromol†; Uphamol; Mex.: Abatem; Ac-Fast; Acetafen;
Acetif; Alpirex; Amolgen; Analphen; Andopan†; Andox; Antidol; Biofer;
Bremotel†; Calinofen; Coriver; Datril; Dismifen; Dolgan Flash; Dolotemp†;
Doluvital; Dolviran; Farpik; Febran†; Ferridal; Filanc; Frilen; Ginol†; Icetazol;
Ifutemp†; Infalgina; Magnidol; Magnidol-Plus; Mejoral Acti-Rapido; Mejoral-
ito; Minofen; Neodol; Neodolito†; Nordinet Infantil; Notem; Panofen; Phar-
macen; Piralgina; Piralgina 650; Piralyn; Piremol; Precifen; Prosedal; Quitadol;
Resfin; Sedalito; Sinedol; Soltadol; Sons Piral; Sudis; Tafirol; Temperal; Tem-
pire; Tempofin; Tempra; Tempre†; Temprin; Temzzard; Termotrin†; Tylenol;
Tylex; Ulpafie; Winasorb; Neth.: Daro; Democyl; Finimal Junior†; Hedex;
Kinder Finimal†; Lagalgin†; Momentum; Panadol; Perfalgan; Sinaspril-Para-
cetamol; Tylenol; Vicks Paracetamol; Norw.: Pamol; Panodil; Paracet; Perfal-
gan; Pinex; NZ: Disprol†; Lemsip Cold & Flu Original, Cold & Flu Max;
Pacimol; Pamol; Panadol; Paracare; Parapaed; Perfalgan; Philipp.: Acet;
Acetadol; Aeknil; Alvedon; Baropyrine; Biogesic; Calpol; Cloxina; Corgic;
Crocin; Detramol; Dolexpel; Febrinil; Gendol; Gifaril P; Lexalgin; Medgenol;
Naprex; Nektol; Neo-Kiddielets; Opigesic; Para-4-Kids; Parvid; Rexidol; Rib-
er; Saridon; Tempain; Tempra; Tylenol; Ultragesic; Zestagesic; Zydinol; Pol.:
Acenol; Apap; Calpol; Codipar; Efferalgan; Grippostad; Novo-Gesic; Pana-
dol; Perfalgan; Tazamol; Port.: Anti-Gripe Asclepius; Atralidon; Beluron;
Ben-u-ron; Calpol†; Cofedron; Dafalgan; Efferalgan; Fludeten†; Gelocatil;
Katagrip; Neogrip; Panadol; Panasorbe; Pantadolor; Paracetol; Paramolan;
Parsel; Perdolan Mono†; Perfalgan; Singrips; Supofen; Takiprina; Tylenol; Zar-
amol†; Rus.: Calpol (Калпол); Cefecon D (Цефекон Д); Daleron
(Далерон); Dolomol (Доломол); Flutabs (Флютабс); Panadol (Панадол);
Perfalgan (Перфалган); S.Afr.: Anadin-3; Antalgic; Brunomol†; Calpol; Do-
lorol; Empaped; Fevamol; Go-Pain P; Junior Disprin†; Medpramol; Merck-
Gesic†; Micro-Gesic; Napamol; Pacimol; Painamol; Panado; Paradco; Par-
amed; Perfalgan; Prolief; Pyradol; Tylenol; Varipan; Winpain†; Singapore:

Acet; Biogesic; Calpol; Childrens Panadol Drops for Infants; Dhamol; Fibrex-
in; Milidon†; Napa; Naprex; Pacemol†; Panadol; Panamol; Paximol; Poro;
Rapidol; Remedol; Tylenol; Spain: Acertol; Actron†; Antidol; Apiretal; Ban-
dol†; Bolidol; Calmanticold†; Cupanol; Dafalgan; Dolgesic; Dolostop; Duor-
ol; Efetamol; Efferalgan; Febrectal; Gelocatil; Melabon Infantil; Panadol;
Parafludeten; Pediapirin†; Perfalgan; Resakal†; Resolvebohm; Sinmol; Talgo;
Temperal†; Termalgin; Termocatil; Tylenol; Xumadol; Swed.: Alvedon;
Curadon; Panodil; Perfalgan; Reliv; Switz.: Acetalgine; Becetamol; Ben-u-
ron; Contre-Douleurs P; Dafalgan; Democyl†; Demogripal†; DoloStop
nouvelle formule†; Dolprone; Influbene N; Kafa; Malex; Nina†; Osa Sup-
positoires contre douleurs et fievre; Panadol; Perfalgan; Pharmacard Family
Douleurs & Fievre†; Rivodol†; Seranex N; Siniphen Nouvelle formule; Tre-
upel Dolo Paracetamol; Treuphadol; Tylenol; Zolben; Thai.: A-Mol; Aceta-
P†; Acetasil; Algogen; Biogesic; Calpol; Cemol; Daga; Denamol; Depyret;
Detamol†; Fenn; Icolid Plus; Kit; Lotemp; Mypara; Nasa; Nutamol†; Panadol;
Para GDEK; Para-G; Paracap; Paracet; Paragin; Paramol; Paramol TP;
Paranal-L; Paranal†; Parat; Paratol; Partamol; Pemol; Pyracon; Pyretal†; Ram-
ol; Sara†; Tempra; Tumdi; Tylenol; Tymol; Umeda Para-J; Unicap; Unimol;
Uracet; Vemol†; Xebramol; Turk.: A-Per; Asomal; Babinoks; Berko-Seta-
mol; Calpol; Efferalgan; Efpa; Ekosetol; Geralgine; Gripin; Minafen; Minoset;
Noral; Panadol; Para-Nox; Paracet; Parasedol; Parol; Paroma; Pirofen; Pol-
mofen; Sedalon; Setamol; Tamol; Tempo; Termacet; Termalgine; Tylol; Ver-
midon; Volpan; UAE: Adol; UK: Abdine Cold Relief; Alvedon; Anadin Pa-
racetamol; Boots Pain Relief Suspension 6 Years Plus; Calpol; Disprol;
Fennings Childrens Cooling Powders; Galpamol; Hedex; Infadrops; Manda-
nol; Medinol; Miradol; Obimol; Paldesic; Panadol; Panaleve; Paracets; Para-
clear; Parapaed; Perfalgan; Salzone; USA: Acephen; Aceta; Apacet; Apap;
Apra; Arthritis Pain Formula Aspirin Free; Aspirin Free Anacin; Aspirin Free
Pain Relief; Bromo Seltzer; Childrens Dynafed Jr†; Childrens Mapap; Com-
trex Maximum Strength Sore Throat; Dolono; Dynafed EX†; Feverall; Ge-
napap; Genebs; Halenol; Infantaire; Liquiprin; Mapap; Maranox; Meda†;
Oraphen-PD; Panadol; Panitone; Redutemp; Ridenol; Silapap; Tapanol†;
Tempra; Tylenol; Tylenol Sore Throat Daytime; UN-Aspirin; Uni-Ace; Ven-
ez.: Acetafen; Acetalis; Aceval; Agurin; Alivax; Amifen; Ananty; Apiret; Apy-
rene; Atamel; Brexin; Cadafen†; Colprin†; Menpirin†; Paracor; Parstelin†;
Tachipirin; Tempra; Tylenol; Tylex; Vestax; Winadol†.
Multi-ingredient: numerous preparations are listed in Part 3.

Parecoxib Sodium (BANM, USAN, rINNM)

Natrii Parecoxibum; Parecoxib sódico; Parécoxib Sodique; SC-
69124A. N-{[p-(5-Methyl-3-phenyl-4-isoxazolyl)phenyl]sulfonyl}-
propionamide sodium.
Натрий Парекоксиб
C19H17N2NaO4S = 392.4.
CAS — 198470-84-7 (parecoxib); 197502-82-2
(parecoxib sodium).
ATC — M01AH04.
ATC Vet — QM01AH04.

(parecoxib)

Incompatibility. Parecoxib sodium should not be mixed with
products other than those recommended in licensed product in-
formation (see Uses and Administration, below). In particular,
the use of lactated Ringer’s solution with or without glucose will
cause parecoxib to precipitate. Parecoxib should also not be giv-
en in the same syringe as opioids. The use of sterile water for
injection is not recommended as the resulting solution is not iso-
tonic.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Hypersensitivity reactions, including anaphylaxis and angioede-
ma and serious skin reactions, have been reported with valdecox-
ib and may therefore occur with parecoxib, a prodrug of val-
decoxib (see also p.132). Parecoxib should be stopped at the first
signs of hypersensitivity. Some of these reactions occurred in pa-
tients with a history of allergic reactions to sulfonamides and the
use of parecoxib is contra-indicated in such patients. 
Parecoxib should be avoided in patients with severe hepatic im-
pairment (Child-Pugh score of 10 or more), inflammatory bowel
disease, and moderate to severe heart failure (NYHA class II to
IV). It should not be used in patients with ischaemic heart dis-
ease, peripheral arterial disease, or cerebrovascular disease. It
should also not be used after coronary artery bypass graft surgery
as there may be an increased risk of adverse effects such as myo-
cardial infarction, deep-vein thrombosis, pulmonary embolism,
stroke, renal impairment, deep surgical infections, and sternal
wound complications. This may apply especially in obese pa-
tients or those with a history of cerebrovascular disease. Parecox-
ib should be used with caution in patients with significant risk
factors for cardiovascular disease such as hypertension, hyperli-
pidaemia, and diabetes mellitus. Caution is also recommended
when using parecoxib in dehydrated patients; rehydration may
be advisable before giving parecoxib.
Effects on the cardiovascular system. There have been
concerns about the adverse cardiovascular effects of selective
cyclo-oxygenase-2 (COX-2) inhibitors after the general world-
wide withdrawal of rofecoxib (see p.121). The short-term use of
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parecoxib after coronary artery bypass graft surgery has been as-
sociated with an increased risk of adverse effects such as myo-
cardial infarction, deep-vein thrombosis, pulmonary embolism,
and stroke.1 When compared with patients in the placebo group,
the risk of such effects was almost 4 times greater in those given
intravenous parecoxib for 3 days followed by oral valdecoxib for
the next 7 days. 
For discussion and advice on the use of selective COX-2 inhibi-
tors in patients with cardiovascular or cerebrovascular disease,
see under Celecoxib, p.34.
1. Nussmeier NA, et al. Complications of the COX-2 inhibitors

parecoxib and valdecoxib after cardiac surgery. N Engl J Med
2005; 352: 1081–91.

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as parecoxib may cause less gastrotoxicity than that seen
with the non-selective inhibition of the traditional NSAIDs.
However, licensed product information reports that upper gas-
trointestinal perforation, ulceration, and bleeds have occurred
with parecoxib treatment and therefore it should be used with
caution in patients with a history of such events.
Effects on the kidneys. Increasing evidence of the renal tox-
icity of the selective cyclo-oxygenase-2 (COX-2) inhibitors such
as parecoxib suggests that such NSAIDs appear to have effects
on renal function similar to those of the non-selective NSAIDs
(see p.98). 
Up to June 2004, the Australian Adverse Drug Reactions Advi-
sory Committee had received 20 reports of adverse reactions as-
sociated with parecoxib.1 Of these, 13 mentioned renal impair-
ment with raised creatinine levels and/or oliguria; acute renal
failure was reported in 4 of the 13 cases and multiple doses of
parecoxib had been given in 6 cases. (In Australia, parecoxib was
approved for single-dose use only because of safety concerns
about multiple doses.)
1. Adverse Drug Reactions Advisory Committee (ADRAC).

Parecoxib—one shot only. Aust Adverse Drug React Bull 2004;
23: 10–11. Also available at: http://www.tga.gov.au/adr/aadrb/
aadr0406.pdf (accessed 08/11/07)

Interactions
For interactions associated with NSAIDs, see p.99. 
Parecoxib is rapidly hydrolysed to its active metabolite, val-
decoxib; the metabolism of valdecoxib is mainly mediated by the
cytochrome P450 isoenzymes CYP3A4 and CYP2C9. Conse-
quently, caution is recommended when using parecoxib with in-
hibitors of such isoenzymes. Licensed product information ad-
vises that the dose of parecoxib should be reduced if given with
fluconazole, a CYP2C9 inhibitor; however, dose adjustment of
parecoxib is not generally necessary when giving with ketocona-
zole, a CYP3A4 inhibitor, despite increased plasma concentra-
tions of valdecoxib. The effects of enzyme inducers such as car-
bamazepine, dexamethasone, phenytoin, and rifampicin have
not been studied; theoretically, the metabolism of valdecoxib
may be increased by these drugs. 
Valdecoxib has been noted to increase the plasma levels of dex-
tromethorphan, a CYP2D6 substrate, and therefore caution is
recommended when giving parecoxib with drugs that are metab-
olised via CYP2D6 and that have a narrow therapeutic index.
Such drugs include flecainide, metoprolol, and propafenone.
Valdecoxib may also affect the plasma levels of drugs that are
metabolised via CYP2C19: an increase in the plasma levels of
omeprazole was seen in patients using valdecoxib.
Pharmacokinetics
On intravenous or intramuscular injection, parecoxib is rapidly
hydrolysed in the liver to its active metabolite, valdecoxib, and
propionic acid; the plasma half-life of parecoxib is about 22 min-
utes. Plasma protein binding is about 98%. Valdecoxib is also
extensively metabolised in the liver; pathways involved include
those via the cytochrome P450 isoenzymes CYP3A4 and
CYP2C9, and glucuronidation. Another active metabolite has
been identified but it is not considered to contribute a significant
clinical effect. Excretion is mainly via the urine with about 70%
of a dose appearing as inactive metabolites. Less than 5% of a
dose appears as unchanged valdecoxib in the urine. No
unchanged parecoxib is found in the urine with only trace
amounts in the faeces. The elimination half-life of valdecoxib is
about 8 hours.
◊ References.
1. Karim A, et al. A pharmacokinetic study of intramuscular (IM)

parecoxib sodium in normal subjects. J Clin Pharmacol 2001;
41: 1111–19.

Uses and Administration
Parecoxib is an NSAID (p.99) reported to be a selective inhibitor
of cyclo-oxygenase-2 (COX-2). It is a prodrug of valdecoxib
(p.132) and is used for the short-term treatment of postoperative
pain in patients aged 18 years and over. Parecoxib is given as the
sodium salt although doses are expressed as the base; 42.4 mg of
parecoxib sodium is equivalent to about 40 mg of parecoxib. The
recommended dose is 40 mg given by intravenous or slow intra-
muscular injection; this may be followed by 20 or 40 mg every 6
to 12 hours as required. The maximum daily dose is 80 mg. Eld-
erly patients weighing less than 50 kg should begin treatment

with half the usual dose, repeated to a maximum of 40 mg daily.
Doses may need to be reduced in hepatic impairment, see below. 
Parecoxib should be reconstituted with either sodium chloride
0.9%, glucose 5%, or sodium chloride 0.45% with glucose 5%;
no other solvents are recommended in licensed product informa-
tion. In addition the reconstituted solution may only be injected
into intravenous lines delivering sodium chloride 0.9%, glucose
5%, sodium chloride 0.45% with glucose 5%, or lactated Ring-
er’s solution. (See above for details on incompatibilities.)
◊ References.
1. Cheer SM, Goa KL. Parecoxib (parecoxib sodium). Drugs 2001;

61: 1133–41. 
2. Amabile CM, Spencer AP. Parecoxib for parenteral analgesia in

postsurgical patients. Ann Pharmacother 2004; 38: 882–6. 
3. Mehlisch DR, et al. The analgesic efficacy of intramuscular

parecoxib sodium in postoperative dental pain. J Am Dent Assoc
2004; 135: 1578–90. 

4. Malan TP, et al. The cyclooxygenase-2-specific inhibitor
parecoxib sodium is as effective as 12 mg of morphine adminis-
tered intramuscularly for treating pain after gynecologic laparot-
omy surgery. Anesth Analg 2005; 100: 454–60. 

5. Beaussier M, et al. A randomized, double-blind comparison be-
tween parecoxib sodium and propacetamol for parenteral post-
operative analgesia after inguinal hernia repair in adult patients.
Anesth Analg 2005; 100: 1309–15. 

6. Sindhvananda W, et al. Parecoxib versus tramadol for post-ap-
pendectomy pain. J Med Assoc Thai 2005; 88: 1557–62. 

7. Gajraj NM. COX-2 inhibitors celecoxib and parecoxib: valuable
options for postoperative pain management. Curr Top Med Chem
2007; 7: 235–49.

Administration in hepatic impairment. Licensed product
information in the UK states that no dosage adjustment is gener-
ally necessary for parecoxib in patients with mild hepatic impair-
ment (Child-Pugh score 5 or 6). For those with moderate impair-
ment (Child-Pugh score 7 to 9) parecoxib should be given at half
the usual dose (see above), repeated to a maximum dose of
40 mg daily. Use in patients with severe impairment (Child-Pugh
score 10 and over) is not recommended as there is no clinical
experience in such patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Dynastat; Austria: Dynastat; Belg.: Dynastat; Chile: Pro-Bextra;
Cz.: Dynastat; Denm.: Dynastat; Fin.: Dynastat; Fr.: Dynastat; Ger.: Dyn-
astat; Gr.: Dynastat; Hong Kong: Dynastat; Hung.: Dynastat; India: Bio-
val-P†; Valcox; Valdixx; Valdone-P; Valus-P†; Vorth-P; Indon.: Dynastat; Irl.:
Dynastat; Ital.: Dynastat; Mex.: Dynastat; Neth.: Dynastat; Norw.: Dyna-
stat; NZ: Dynastat; Port.: Dynastat; Rus.: Dynastat (Династат); S.Afr.:
Rayzon; Spain: Dynastat; Swed.: Dynastat; Switz.: Bextra†; Thai.: Dyna-
stat; UK: Dynastat; Venez.: Dynastat†.

Pentazocine (BAN, USAN, rINN) ⊗ 
NIH-7958; NSC-107430; Pentatsosiini; Pentazocin; Pentazocina;
Pentazocinas; Pentazocinum; Win-20228. (2R*,6R*,11R*)-1,2,-
3,4,5,6-Hexahydro-6,11-dimethyl-3-(3-methylbut-2-enyl)-2,6-
methano-3-benzazocin-8-ol.
Пентазоцин
C19H27NO = 285.4.
CAS — 359-83-1.
ATC — N02AD01.
ATC Vet — QN02AD01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Pentazocine). A white or almost white powder. It
shows polymorphism. Practically insoluble in water; soluble in
alcohol; freely soluble in dichloromethane. Protect from light. 
USP 31 (Pentazocine). A white or very pale, tan-coloured pow-
der. Practically insoluble in water; soluble 1 in 11 of alcohol, 1 in
2 of chloroform, and 1 in 42 of ether; soluble in acetone; sparing-
ly soluble in ethyl acetate and in benzene. Store in airtight con-
tainers. Protect from light.

Pentazocine Hydrochloride (BANM, USAN, rINNM) ⊗ 
Hidrocloruro de pentazocina; Pentatsosiinihydrokloridi; Pentazo-
cine, chlorhydrate de; Pentazocin-hidroklorid; Pentazocin-hydro-
chlorid; Pentazocinhydroklorid; Pentazocini hydrochloridum;
Pentazocino hidrochloridas.
Пентазоцина Гидрохлорид
C19H27NO,HCl = 321.9.
CAS — 2276-52-0; 64024-15-3.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pentazocine Hydrochloride). A white or almost
white powder. It shows polymorphism. Sparingly soluble in wa-
ter and in dichloromethane; soluble in alcohol. A 1% solution in
water has a pH of 4.0 to 6.0. Protect from light. 

USP 31 (Pentazocine Hydrochloride). A white crystalline pow-
der. It exhibits polymorphism, one form melting at about 254°
and the other at about 218°. Soluble 1 in 30 of water, 1 in 20 of
alcohol, and 1 in 4 of chloroform; very slightly soluble in acetone
and in ether; practically insoluble in benzene. Store in airtight
containers. Protect from light.

Pentazocine Lactate (BANM, USAN, rINNM) ⊗ 
Lactato de pentazocina; Pentatsosiinilaktaatti; Pentazocine, lac-
tate de; Pentazocini lactas; Pentazocinlaktat; Pentazocin-laktát;
Pentazocino laktatas.
Пентазоцина Лактат
C19H27NO,C3H6O3 = 375.5.
CAS — 17146-95-1.
Pharmacopoeias. In Eur. (see p.vii). US includes only Penta-
zocine Lactate Injection. 
Ph. Eur. 6.2 (Pentazocine Lactate). A white or almost white
powder. Sparingly soluble in water; slightly soluble in dichlo-
romethane; freely soluble in methyl alcohol. A 1% solution in
water has a pH of 5.5 to 6.5. Protect from light. 
BP 2008 (Pentazocine Lactate). A white to pale cream powder.
Sparingly soluble in water, in alcohol, and in chloroform; freely
soluble in methyl alcohol. A 1% solution in water has a pH of 5.5
to 6.5.
Incompatibility. Commercial injections of pentazocine lactate
are reported to be incompatible with soluble barbiturates and oth-
er alkaline substances including sodium bicarbonate. Diazepam
and chlordiazepoxide have also been reported to be incompati-
ble, as have glycopyrronium bromide1 and nafcillin sodium.2
1. Ingallinera TS, et al. Compatibility of glycopyrrolate injection

with commonly used infusion solutions and additives. Am J
Hosp Pharm 1979; 36: 508–10. 

2. Jeglum EL, et al. Nafcillin sodium incompatibility with acidic
solutions. Am J Hosp Pharm 1981; 38: 462, 464.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Pentazocine is subject to abuse.
◊ Pentazocine does produce physical dependence, but withdraw-
al symptoms are substantially less severe than with morphine. It
does not typically produce drug-seeking behaviour of the same
degree or intensity as morphine or other prototypic μ agonists,
nor does it substitute for morphine in dependent subjects.1 Pen-
tazocine injection has been abused,2 but street abuse, especially
in the USA, has more often involved the intravenous use of
crushed tablets of pentazocine and tripelennamine (‘T’s and
Blues’).3-5 A decreased incidence of pentazocine abuse in the
USA appeared to coincide with the introduction of oral tablets
incorporating naloxone,1 the rationale being that naloxone antag-
onises the effect of pentazocine if illicitly injected, but has no
effect when taken orally. Some continued to abuse the new pen-
tazocine/naloxone formulation;6 intravenous abuse in one wom-
an, who was unaware of the reformulation, resulted in opioid
withdrawal symptoms and severe hypertension.7 A 1989 report
from the WHO committee1 rated the likelihood of abuse of pen-
tazocine as moderate, based on its pharmacological profile, de-
pendence potential, and actual abuse. The committee considered
that it should continue to be scheduled as a psychotropic sub-
stance rather than a narcotic drug.
1. WHO. WHO expert committee on drug dependence: twenty-

fifth report. WHO Tech Rep Ser 775 1989. Also available at:
http://libdoc.who.int/trs/WHO_TRS_775.pdf (accessed 27/06/08) 

2. Hunter R, Ingram IM. Intravenous pentazocine abuse by a nurse.
Lancet 1983; ii: 227. 

3. Poklis A, Whyatt PL. Current trends in the abuse of pentazocine
and tripelennamine: the metropolitan St. Louis experience. J Fo-
rensic Sci 1980; 25: 72–8. 

4. Senay EC. Clinical experience with T’s and B’s. Drug Alcohol
Depend 1985; 14: 305–11. 

5. Jackson C, et al. Fatal intracranial hemorrhage associated with
phenylpropanolamine, pentazocine, and tripelennamine over-
dose. J Emerg Med 1985; 3: 127–32. 

6. Reed DA, Schnoll SH. Abuse of pentazocine-naloxone combina-
tion. JAMA 1986; 256: 2562–4. 

7. Reinhart S, Barrett SM. An acute hypertensive response after in-
travenous use of a new pentazocine formulation. Ann Emerg Med
1985; 14: 591–3.

Adverse Effects
As for Opioid Analgesics in general, p.102. 
Pentazocine may cause hallucinations and other psychotomimet-
ic effects such as nightmares and thought disturbances. High dos-
es may result in hypertension and tachycardia; increased aortic
and pulmonary artery pressure with an increase in cardiac work
has followed intravenous use in patients with myocardial infarc-
tion. Like morphine it causes respiratory depression, but penta-
zocine is said to have a ‘ceiling’ effect and the depth of respira-
tory depression does not increase proportionately with higher
doses. 
Rare adverse effects with pentazocine have included agranulocy-
tosis and serious skin reactions such as erythema multiforme and
toxic epidermal necrolysis. 
Pentazocine injections may be painful. Local tissue damage may
occur at injection sites particularly after subcutaneous injection
or multiple doses; there have been reports of muscle fibrosis as-
sociated with intramuscular injections.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the blood. There have been reports of agranulocy-
tosis associated with pentazocine.1-3

1. Marks A, Abramson N. Pentazocine and agranulocytosis. Ann
Intern Med 1980; 92: 433. 

2. Haibach H, et al. Pentazocine-induced agranulocytosis. Can
Med Assoc J 1984; 130: 1165–6. 

3. Sheehan M, et al. Pentazocine-induced agranulocytosis. Can
Med Assoc J 1985; 132: 1401.

Effects on the CNS. Oculogyric crisis has been associated
with the use of pentazocine.1
1. Burstein AH, Fullerton T. Oculogyric crisis possibly related to

pentazocine. Ann Pharmacother 1993; 27: 874–6.

Effects on the skin. Toxic epidermal necrolysis in a 62-year-
old man was attributed to pentazocine;1 he had taken 50 to 75 mg
every 4 hours for 8 days. His severe uraemia was attributed to
fluid loss through the skin.
1. Hunter JAA, Davison AM. Toxic epidermal necrolysis associat-

ed with pentazocine therapy and severe reversible renal failure.
Br J Dermatol 1973; 88: 287–90.

Treatment of Adverse Effects
As for Opioid Analgesics in general, p.102. 
As pentazocine has both opioid agonist and antagonist activity its
effects may not be completely reversed by naloxone, but use of
the latter is still recommended in pentazocine overdosage.
Precautions
As for Opioid Analgesics in general, p.103. 
Pentazocine has weak opioid antagonist actions and may precip-
itate withdrawal symptoms if given to patients who are physical-
ly dependent on opioids. It should generally be avoided after
myocardial infarction and in patients with heart failure or arterial
or pulmonary hypertension. 
When frequent injections are needed, pentazocine should be giv-
en intramuscularly rather than subcutaneously and the injection
sites should be varied.
Abuse. See under Dependence and Withdrawal, above.
Porphyria. Pentazocine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Interactions
For interactions associated with opioid analgesics, see p.103.
Tobacco smoking. Smokers metabolised about 40% more
pentazocine than non-smokers, although there was large inter-
subject variation;1 tobacco smoking might induce liver enzymes
responsible for drug oxidation.
1. Vaughan DP, et al. The influence of smoking on the inter-subject

variation in pentazocine elimination. Br J Clin Pharmacol 1976;
3: 279–83.

Pharmacokinetics
Pentazocine is well absorbed from the gastrointestinal tract; after
an oral dose, peak plasma concentrations occur in 1 to 3 hours
and the half-life is reported to be about 2 to 3 hours. After intra-
muscular injection, peak plasma concentrations are reached in 15
minutes to 1 hour and the half-life is about 2 to 5 hours. About 50
to 75% has been reported to be bound to plasma proteins. Penta-
zocine undergoes extensive first-pass metabolism in the liver;
oral bioavailability is low with only about half of a dose reaching
the systemic circulation. Metabolites and a small amount of
unchanged drug are excreted in the urine. It crosses the placenta
and is distributed into breast milk.
Hepatic impairment. Clearance of pentazocine was signifi-
cantly reduced and terminal half-life and oral bioavailability in-
creased in cirrhotic patients when compared with healthy sub-
jects.1
1. Neal EA, et al. Enhanced bioavailability and decreased clear-

ance of analgesics in patients with cirrhosis. Gastroenterology
1979; 77: 96–102.

Uses and Administration
Pentazocine, a benzomorphan derivative, is an opioid analgesic
(p.104) that has mixed opioid agonist and antagonist actions.
Agonist activity is thought to be mainly at κ opioid receptors
(with possibly some σ receptor activity); it acts as a weak antag-
onist or partial agonist at μ receptors. Pentazocine is used for the
relief of moderate to severe pain including the pain of labour.
Combined preparations with paracetamol or aspirin may also be
used in the treatment of moderate pain. It may also be used for
pre-operative sedation and as an adjunct to anaesthesia. Its anal-
gesic effect declines more rapidly than that of morphine. 
Pentazocine is given orally as the hydrochloride; doses may be
expressed as either the base or the salt. Pentazocine is also given
parenterally and rectally as the lactate; doses are expressed in
terms of the base. Pentazocine 100 mg is equivalent to about
112.8 mg of pentazocine hydrochloride or 131.6 mg of pentazo-
cine lactate. 
A usual oral dose is the equivalent of 50 to 100 mg of pentazoc-
ine or pentazocine hydrochloride every 3 to 4 hours after food, to
a maximum of 600 mg daily. 
The usual initial dose by subcutaneous, intramuscular, or intrave-
nous injection is the equivalent of pentazocine 30 mg as a single
dose. Thereafter, the dose may be adjusted according to re-
sponse; in some patients 45 to 60 mg by subcutaneous or intra-
muscular injection may be required. In the USA single intrave-
nous doses of not more than 30 mg are advised. Doses may be

repeated every 3 to 4 hours; it should not be necessary to exceed
360 mg daily. Also if frequent injections are needed, the intra-
muscular route should be used rather than the subcutaneous
route, and the injection sites should be varied. In obstetric
analgesia 30 mg may be given as a single dose by intramuscular
injection during labour; alternatively, 20 mg may be given by in-
travenous injection as soon as contractions occur at regular inter-
vals and repeated 2 or 3 times at intervals of 2 to 3 hours if nec-
essary. 
For details of doses in children, see below. 
Pentazocine is given rectally in suppositories usually in a dose
equivalent to pentazocine 50 mg up to 4 times daily. 
As a deterrent to abuse a combined oral preparation of pentazo-
cine hydrochloride and naloxone hydrochloride is available in
some countries.
Administration in children. In the UK, pentazocine is li-
censed for the relief of moderate to severe pain in children and
doses may be repeated every 3 to 4 hours if necessary. Those
aged 6 to 12 years may be given a usual oral dose of 25 mg. Chil-
dren aged 1 to 12 years may be given doses of up to 1 mg/kg
by subcutaneous or intramuscular injection or up to
500 micrograms/kg by intravenous injection.
Preparations
BP 2008: Pentazocine Capsules; Pentazocine Injection; Pentazocine Sup-
positories; Pentazocine Tablets; 
USP 31: Pentazocine and Aspirin Tablets; Pentazocine and Naloxone Tab-
lets; Pentazocine Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Fortral†; Austria: Fortral; Belg.: Fortal; Canad.: Talwin; Cz.:
Fortral; Denm.: Fortral†; Fr.: Fortal†; Ger.: Fortral; Gr.: Fortal; India:
Fortwin; Pentawin; Israel: Rafazocine†; Talwin NX†; Talwin†; Ital.: Talwin;
Jpn: Peltazon†; Pentagin†; Sosegon†; Neth.: Fortral; Norw.: Fortralin†;
NZ: Fortral†; Port.: Sosegon†; S.Afr.: Ospronim; Sosenol; Spain: Soseg-
on; Switz.: Fortalgesic†; Thai.: Fortwin†; Pangon; Sosegon†; UK: Fortral;
USA: Talwin; Talwin NX.

Multi-ingredient: India: Expergesic; Foracet; Irl.: Fortagesic†; USA:
Emergent-Ez; Talacen; Talwin Compound†.

Pethidine Hydrochloride 

(BANM, rINNM) ⊗ 
Hidrocloruro de petidina; Meperidine Hydrochloride; Péthidine,
chlorhydrate de; Pethidin-hydrochlorid; Pethidini hydrochlori-
dum; Petidiinihydrokloridi; Petidin Hidroklorür; Petidin-hidroklor-
id; Petidinhydroklorid; Petidino hidrochloridas; Petydyny chlo-
rowodorek. Ethyl 1-methyl-4-phenylpiperidine-4-carboxylate hy-
drochloride.
Петидина Гидрохлорид
C15H21NO2,HCl = 283.8.
CAS — 57-42-1 (pethidine); 50-13-5 (pethidine hydro-
chlor ide).
ATC — N02AB02.
ATC Vet — QN02AB02.

(pethidine)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of pethidine: 
Bam; Peth.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Pethidine Hydrochloride). A white or almost white,
crystalline powder. Very soluble in water; freely soluble in alco-
hol. Store in airtight containers. Protect from light. 
USP 31 (Meperidine Hydrochloride). A fine white odourless
crystalline powder. Very soluble in water; soluble in alcohol;
sparingly soluble in ether. pH of a 5% solution in water is about
5. Protect from light.
Incompatibility. Solutions of pethidine hydrochloride are acid-
ic. They are incompatible with barbiturate salts and loss of clarity
was also seen in an early additive study1 with other drugs includ-
ing aminophylline, heparin sodium, meticillin sodium, morphine
sulfate, nitrofurantoin sodium, phenytoin sodium, sodium io-
dide, sulfadiazine sodium, and sulfafurazole diolamine. Colour
change from pale yellow to light green occurred when solutions
of minocycline hydrochloride or tetracycline hydrochloride were
mixed with pethidine hydrochloride in 5% glucose injection.2 In
the same study an immediate precipitate occurred on admixture

with cefoperazone sodium or mezlocillin sodium; with nafcillin
sodium an immediate cloudy appearance cleared on agitation.
Incompatibility has also been seen between pethidine hydrochlo-
ride and aciclovir sodium, imipenem, furosemide,3 liposomal
doxorubicin hydrochloride,4 and idarubicin.5 Solutions of ce-
fazolin sodium6 and pethidine hydrochloride mixed in 5% glu-
cose injection turned light yellow after storage for 5 days at 25°;
the admixture was stable for at least 20 days at 4°.
1. Patel JA, Phillips GL. A guide to physical compatibility of intra-

venous drug admixtures. Am J Hosp Pharm 1966; 23: 409–11. 
2. Nieves-Cordero AL, et al. Compatibility of narcotic analgesic

solutions with various antibiotics during simulated Y-site injec-
tion. Am J Hosp Pharm 1985; 42: 1108–9. 

3. Pugh CB, et al. Visual compatibility of morphine sulfate and
meperidine hydrochloride with other injectable drugs during
simulated Y-site injection. Am J Hosp Pharm 1991; 48: 123–5. 

4. Trissel LA, et al. Compatibility of doxorubicin hydrochloride li-
posome injection with selected other drugs during simulated Y-
site administration. Am J Health-Syst Pharm 1997; 54: 2708–13. 

5. Turowski RC, Durthaler JM. Visual compatibility of idarubicin
hydrochloride with selected drugs during simulated Y-site injec-
tion. Am J Hosp Pharm 1991; 48: 2181–4. 

6. Lee DKT, et al. Stability of cefazolin sodium and meperidine
hydrochloride. Am J Health-Syst Pharm 1996; 53: 1608–10.

Stability. Pethidine hydrochloride injection 100 mg/mL was
stable1 for at least 24 hours at room temperature when diluted to
a concentration of 300 mg/litre in glucose 5% and 4% and in so-
dium chloride injection (0.9%) and sodium chloride injection
(0.9%) diluted 1 in 5. 
Accelerated stability studies using elevated temperatures and hu-
midities to simulate tropical conditions classified pethidine hy-
drochloride as a ‘less stable drug substance’.2 It was suggested
that during quality assurance of preparations containing pethi-
dine hydrochloride particular attention should be paid to their
stability.
1. Rudd L, Simpson P. Pethidine stability in intravenous solutions.

Med J Aust 1978; 2: 34. 
2. WHO. WHO expert committee on specifications for pharmaceu-

tical preparations: thirty-first report. WHO Tech Rep Ser 790
1990. Also available at: http://libdoc.who.int/trs/WHO_TRS_
790.pdf (accessed 26/06/08)

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Doses of pethidine as large as 3 or 4 g daily have been
taken by addicts. As tolerance to the CNS stimulant
and antimuscarinic effects is not complete with these
very large doses, muscle twitching, tremor, mental
confusion, dilated pupils, and sometimes convulsions
may be present. 
Withdrawal symptoms appear more rapidly than with
morphine and are of shorter duration. 
For the abuse of pethidine analogues, see under Pre-
cautions, below.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
The effects on smooth muscle may be relatively less
intense than with morphine and constipation occurs
less frequently. Local reactions often follow injection
of pethidine; general hypersensitivity reactions occur
rarely. Pethidine given intravenously may increase the
heart rate. After overdosage, symptoms are generally
similar to those of morphine poisoning. However,
stimulation of the CNS and convulsions may also oc-
cur, especially in tolerant individuals or after toxic oral
doses; these have been attributed mainly to the metab-
olite norpethidine.
Incidence of adverse effects. The incidence of adverse ef-
fects in hospitalised patients receiving pethidine was monitored
by the Boston Collaborative Drug Surveillance Program.1 Ad-
verse reactions to oral pethidine were reported in 16 of 366 pa-
tients and mainly involved the gastrointestinal tract. After pethi-
dine by injection 102 of 3268 patients had adverse effects, the
CNS being involved in 38. 
More recently, 20 adverse reactions were identified in a chart re-
view of 141 patients given pethidine and considered to be at high
risk of developing toxicity;2 high-risk patients were defined as
those with renal impairment (creatinine clearance 50 mL/minute
or less), those receiving patient-controlled analgesia (PCA) with
pethidine, and those given intravenous pethidine in doses of over
200 mg daily for several days. The most common adverse reac-
tions were confusion and anxiety; other reported adverse effects
included nervousness, seizures, and hallucinations. Patients who
developed adverse reactions were significantly older, more likely
to be taking a benzodiazepine, and had longer hospital stays than
those without adverse effects. Out of the 20 reports, 16 adverse
effects were noted in the 123 patients who received pethidine via
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a PCA pump; cumulative doses for patients using PCA were
found to be a significant risk factor in the development of adverse
effects.
1. Miller RR, Jick H. Clinical effects of meperidine in hospitalized

medical patients. J Clin Pharmacol 1978; 18: 180–9. 
2. Seifert CF, Kennedy S. Meperidine is alive and well in the new

millennium: evaluation of meperidine usage patterns and fre-
quency of adverse drug reactions. Pharmacotherapy 2004; 24:
776–83.

Effects on the cardiovascular system. Histamine release
was more frequent after pethidine than after morphine, fentanyl,
or sufentanil given intravenously for the induction of anaesthe-
sia.1 Increased plasma-histamine concentrations occurred in 5 of
16 patients given pethidine in a mean dose of 4.3 mg/kg and
were generally accompanied by hypotension, tachycardia, ery-
thema, and increased plasma-adrenaline concentrations. Only 1
of 10 given morphine and none of those receiving fentanyl or
sufentanil showed evidence of histamine release. All of the his-
tamine releasers were young women.
1. Flacke JW, et al. Histamine release by four narcotics: a double-

blind study in humans. Anesth Analg 1987; 66: 723–30.

Effects on the nervous system. CNS excitatory effects of
pethidine such as tremors, muscle twitches, and convulsions
have been associated with toxic doses and have been attributed
to the metabolite norpethidine. Accumulation of norpethidine
may occur if large doses of pethidine are repeated at short inter-
vals (including for patient-controlled analgesia) and is especially
likely when renal function is impaired.1-13

1. Kaiko RF, et al. Central nervous system excitatory effects of
meperidine in cancer patients. Ann Neurol 1983; 13: 180–5. 

2. Lieberman AN, Goldstein M. Reversible parkinsonism related
to meperidine. N Engl J Med 1985; 312: 509. 

3. Mauro VF, et al. Meperidine-induced seizure in a patient with-
out renal dysfunction or sickle cell anemia. Clin Pharm 1986; 5:
837–9. 

4. Morisy L, Platt D. Hazards of high-dose meperidine. JAMA
1986; 255: 467–8. 

5. Armstrong PJ, Bersten A. Normeperidine toxicity. Anesth Analg
1986; 65: 536–8. 

6. Eisendrath SJ, et al. Meperidine-induced delirium. Am J Psychi-
atry 1987; 144: 1062–5. 

7. Kyff JV, Rice TL. Meperidine-associated seizures in a child.
Clin Pharm 1990; 9: 337–8. 

8. Pryle BJ, et al. Toxicity of norpethidine in sickle cell crisis. BMJ
1992; 304: 1478–9. 

9. Hagmeyer KO, et al. Meperidine-related seizures associated
with patient-controlled analgesia pumps. Ann Pharmacother
1993; 27: 29–32. 

10. Stone PA, et al. Norpethidine toxicity and patient controlled an-
algesia. Br J Anaesth 1993; 71: 738–40. 

11. Marinella MA. Meperidine-induced generalized seizures with
normal renal function. South Med J 1997; 90: 556–8. 

12. McHugh GJ. Norpethidine accumulation and generalized sei-
zure during pethidine patient-controlled analgesia. Anaesth In-
tensive Care 1999; 27: 289–91. 

13. Hubbard GP, Wolfe KR. Meperidine misuse in a patient with
sphincter of Oddi dysfunction. Ann Pharmacother 2003; 37:
534–7.

Precautions
As for Opioid Analgesics in general, p.103. 
Pethidine should also be given cautiously to patients
with a history of convulsive disorders or supraventricu-
lar tachycardias.
Abuse. A synthetic analogue of pethidine, MPPP (1-methyl-4-
phenyl-4-propionoxypiperidine), manufactured illicitly for rec-
reational use, achieved notoriety when it was accidentally con-
taminated with MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropy-
ridine) leading to an epidemic of parkinsonism among
intravenous drug abusers.1 WHO has also identified another
analogue, PEPAP (1-phenylethyl-4-phenyl-4-acetoxypiperidine)
as being liable to abuse.2
1. Buchanan JF, Brown CR. ‘Designer drugs’: a problem in clinical

toxicology. Med Toxicol 1988; 3: 1–17. 
2. WHO. WHO expert committee on drug dependence: twenty-

fourth report. WHO Tech Rep Ser 761 1988. Also available at:
http://libdoc.who.int/trs/WHO_TRS_761.pdf (accessed
26/06/08)

Breast feeding. No adverse effects have been seen in breast-
feeding infants whose mothers were given pethidine, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 26/06/08)

The elderly. Pethidine had a slower elimination rate in elderly
compared with young patients and a reduction in total daily dose
might be necessary in elderly patients receiving repeated doses
of pethidine.1 Another study concluded that age-related changes
in disposition were not sufficient to warrant modification of
pethidine dosage regimens.2
1. Holmberg L, et al. Comparative disposition of pethidine and nor-

pethidine in old and young patients. Eur J Clin Pharmacol 1982;
22: 175–9. 

2. Herman RJ, et al. Effects of age on meperidine disposition. Clin
Pharmacol Ther 1985; 37: 19–24.

Phaeochromocytoma. Pethidine provoked episodes of hy-
pertension in a patient with phaeochromocytoma; the effect was

suppressed by labetalol.1 Like other histamine-releasing opioids,
pethidine should be used with caution in such patients.
1. Lawrence CA. Pethidine-induced hypertension in phaeochromo-

cytoma. BMJ 1978; 1: 149–50.

Pregnancy and the neonate. Pethidine has been widely used
for analgesia during labour. It rapidly crosses the placenta and
like other opioid analgesics may cause respiratory depression in
the neonate, although perhaps less so than morphine. Respiratory
depression varies according to the timing and size of the maternal
dose. 
Fetal depression was not apparent when delivery occurred within
1 hour of giving pethidine, but was present in 6 of 24 infants
delivered 1 to 3 hours after injection and in all of 5 infants deliv-
ered 3 to 6 hours after injection.1 However, higher blood concen-
trations of pethidine were seen in infants delivered within 1 hour
of an intramuscular dose of pethidine compared with those deliv-
ered 1 to 4 hours after injection. The role of pethidine metabolites
was uncertain. It has also been reported2 that depressed neonatal
responses persisted for the first 2 days of life; depression was
dose-related being greatest with the highest dose of pethidine (75
to 150 mg within 4 hours of delivery). Neonates appear able to
metabolise pethidine, although probably more slowly than
adults.3 The amounts of pethidine and norpethidine excreted by
the neonate increased significantly with the maternal dose-deliv-
ery interval for intervals of up to 5 hours and most of the placen-
tally transferred pethidine should be excreted by the third day.
Elimination of pethidine took up to 6 days in the neonates in
another study.4 
Further references on the transplacental transfer of pethidine can
be found in Pregnancy under Pharmacokinetics, below. 
Neither psychological nor physical effects were found in 5-year-
olds born to mothers who had received pethidine during labour.5
Neonatal behaviour does not appear to have been affected signif-
icantly by pethidine, although it has been acknowledged that the
relationship between maternal analgesia in labour and subse-
quent infant behaviour is by no means simple.6 The results of
early studies that suggested an excess of cases of cancer in chil-
dren whose mothers received pethidine during labour have been
refuted by a later and larger study.7
1. Morrison JC, et al. Metabolites of meperidine related to fetal de-

pression. Am J Obstet Gynecol 1973; 115: 1132–7. 
2. Hodgkinson R, et al. Double-blind comparison of the neurobe-

haviour of neonates following the administration of different
doses of meperidine to the mother. Can Anaesth Soc J 1978; 25:
405–11. 

3. Hogg MIJ, et al. Urinary excretion and metabolism of pethidine
and norpethidine in the newborn. Br J Anaesth 1977; 49: 891–9. 

4. Cooper LV, et al. Elimination of pethidine and bupivacaine in the
newborn. Arch Dis Child 1977; 52: 638–41. 

5. Buck C. Drugs in pregnancy. Can Med Assoc J 1975; 112: 1285. 
6. Anonymous. To measure life. Lancet 1981; ii: 291–2. 
7. Golding J, et al. Childhood cancer, intramuscular vitamin K, and

pethidine given during labour. BMJ 1992; 305: 341–6.

Renal impairment. Caution is necessary when pethidine is
given to patients with renal impairment; UK licensed product in-
formation recommends that it should be avoided in those with
severe impairment, whereas US product information suggests to
use reduced doses. Evidence of CNS excitation, including sei-
zures and twitches, in 2 patients with renal insufficiency given
multiple doses of pethidine was attributed to accumulation of the
metabol i te  norpe thidine;  bo th  pa t ients  had h igh
norpethidine : pethidine plasma concentration ratios.1 
See also under Pharmacokinetics, below.
1. Szeto HH, et al. Accumulation of normeperidine, an active me-

tabolite of meperidine, in patients with renal failure or cancer.
Ann Intern Med 1977; 86: 738–41.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Very severe reactions, including coma, severe respira-
tory depression, cyanosis, and hypotension have oc-
curred in patients receiving MAOIs (including mo-
clobemide and selegiline) and given pethidine. There
are also reports of hyperexcitability, convulsions, tachy-
cardia, hyperpyrexia, and hypertension. Pethidine
should not be given to patients receiving MAOIs or
within 14 days of their discontinuation. Use of pethi-
dine with phenothiazines has produced severe hypo-
tensive episodes and may prolong the respiratory de-
pression due to pethidine. 
Plasma concentrations of norpethidine are increased by
ritonavir, with a resultant risk of toxicity; use together
should be avoided (see also p.103).
Antibacterials. See MAOIs below for interactions between
pethidine and isoniazid and linezolid.
Antidepressants. For reference to possible cases of serotonin
syndrome associated with use of pethidine and SSRIs, see Opioid
Analgesics under Interactions of Fluoxetine, p.397. See also
MAOIs, below.

Barbiturates. Opioid analgesics and barbiturates can be ex-
pected to have additive CNS depressant effects. Prolonged seda-
tion with pethidine in the presence of phenobarbital has also
been attributed to induction of N-demethylation of pethidine, re-
sulting in the enhanced formation of the potentially neurotoxic
metabolite norpethidine.1,2

1. Stambaugh JE, et al. A potentially toxic drug interaction be-
tween pethidine (meperidine) and phenobarbitone. Lancet 1977;
i: 398–9. 

2. Stambaugh JE, et al. The effect of phenobarbital on the metabo-
lism of meperidine in normal volunteers. J Clin Pharmacol
1978; 18: 482–90.

Histamine H2-antagonists. See under Opioid Analgesics,
p.103.

MAOIs. Some of the most serious interactions involving pethi-
dine have been with non-selective MAOIs and have been mani-
fest as enhanced depressant effects or hyperexcitability (see In-
teractions, above). However, a life-threatening interaction has
also been reported between pethidine and selegiline, a selective
monoamine oxidase type B inhibitor.1 Also, symptoms sugges-
tive of a mild serotonin syndrome developed in a 73-year-old
woman taking moclobemide (a reversible inhibitor of monoam-
ine oxidase type A), nortriptyline, and lithium after she was giv-
en pethidine intravenously.2 
Use of the antibacterial isoniazid with pethidine led to a drop in
blood pressure and lethargy in a 54-year-old man.3 Serotonin
syndrome developed in a 27-year-old man after the use of pethi-
dine with linezolid;4 symptoms resolved when pethidine was
stopped. The authors of both studies attributed the interaction to
the inhibitory action of isoniazid and linezolid on monoamine
oxidase.
1. Zornberg GL, et al. Severe adverse interaction between pethi-

dine and selegiline. Lancet 1991; 337: 246. Correction. ibid.;
440. 

2. Gillman PK. Possible serotonin syndrome with moclobemide
and pethidine. Med J Aust 1995; 162: 554. 

3. Gannon R, et al. Isoniazid, meperidine, and hypotension. Ann
Intern Med 1983; 99: 415. Correction. ibid.; 740. 

4. Das PK, et al. Serotonin syndrome after concomitant treatment
with linezolid and meperidine. Clin Infect Dis 2008; 46: 264–5.

Phenothiazines. Prochlorperazine prolonged the respiratory
depressant effect of pethidine in healthy subjects.1 Enhanced
CNS depression and hypotension were reported when healthy
subjects were given chlorpromazine in addition to pethidine;
there was evidence of increased N-demethylation of pethidine.2
1. Steen SN, Yates M. Effects of benzquinamide and prochlorpera-

zine, separately and combined with meperidine, on the human
respiratory center. Clin Pharmacol Ther 1972; 13: 153. 

2. Stambaugh JE, Wainer IW. Drug interaction: meperidine and
chlorpromazine, a toxic combination. J Clin Pharmacol 1981;
21: 140–6.

Phenytoin. The hepatic metabolism of pethidine appears to be
enhanced by phenytoin; use together resulted in reduced half-life
and bioavailability in healthy subjects; blood concentrations of
norpethidine were increased.1
1. Pond SM, Kretschzmar KM. Effect of phenytoin on meperidine

clearance and normeperidine formation. Clin Pharmacol Ther
1981; 30: 680–6.

Pharmacokinetics
Pethidine hydrochloride is absorbed from the gastroin-
testinal tract, but only about 50% of the drug reaches
the systemic circulation because of first-pass metabo-
lism. Absorption after intramuscular injection is varia-
ble. Peak plasma concentrations have been reported 1
to 2 hours after oral doses. It is about 60 to 80% bound
to plasma proteins. 
Pethidine is metabolised in the liver by hydrolysis to
pethidinic acid (meperidinic acid) or demethylation to
norpethidine (normeperidine) and hydrolysis to nor-
pethidinic acid (normeperidinic acid), followed by par-
tial conjugation with glucuronic acid. Norpethidine is
pharmacologically active and its accumulation may re-
sult in toxicity. Pethidine is reported to have a plasma
elimination half-life of about 3 to 6 hours in healthy
subjects; the metabolite norpethidine is eliminated
more slowly, with a half-life reported to be up to about
20 hours. Both pethidine and norpethidine appear in
the CSF. At the usual values of urinary pH or if the
urine is alkaline, only a small amount of pethidine is
excreted unchanged; urinary excretion of pethidine and
norpethidine is enhanced by acidification of the urine.
Pethidine crosses the placenta and is distributed into
breast milk.
◊ Reviews.
1. Edwards DJ, et al. Clinical pharmacokinetics of pethidine: 1982.

Clin Pharmacokinet 1982; 7: 421–33. 
2. Moore RA, et al. Opiate metabolism and excretion. Baillieres

Clin Anaesthesiol 1987; 1: 829–58.
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Administration. The elimination half-life of pethidine was
prolonged and plasma clearance decreased when given perioper-
atively compared with postoperatively.1 
During labour the pharmacokinetics of pethidine may depend on
how it is given. In a comparison of intramuscular injection at dif-
ferent sites, absorption of pethidine from the gluteus muscle was
impaired and the deltoid muscle was preferred.2 
No statistically significant differences were found in pharmacok-
inetic parameters for deltoid and gluteal intramuscular injections
in elderly postoperative patients.3 However, substantial interpa-
tient variability was noted for both sites, and the authors suggest-
ed that more rapid and predictable routes such as intravenous in-
jection may be more appropriate for postoperative use in the
elderly.
1. Tamsen A, et al. Patient-controlled analgesic therapy, part 1:

pharmacokinetics of pethidine in the per- and postoperative pe-
riods. Clin Pharmacokinet 1982; 7: 149–63. 

2. Lazebnik N, et al. Intravenous, deltoid, or gluteus administration
of meperidine during labor? Am J Obstet Gynecol 1989; 160:
1184–9. 

3. Erstad BL, et al. Site-specific pharmacokinetics and pharmaco-
dynamics of intramuscular meperidine in elderly postoperative
patients. Ann Pharmacother 1997; 31: 23–8.

Hepatic impairment. The terminal half-life of pethidine was
prolonged to about 7 hours in cirrhotic patients compared with 3
hours in healthy subjects, which was attributed to impairment of
the drug-metabolising activity of the liver.1 Another study con-
cluded that although impaired hepatic metabolism might confer
relative protection from norpethidine toxicity in patients with cir-
rhosis, there might be an increased risk of cumulative toxicity
because of slow elimination of the metabolite.2
1. Klotz U, et al. The effect of cirrhosis on the disposition and elim-

ination of meperidine in man. Clin Pharmacol Ther 1974; 16:
667–75. 

2. Pond SM, et al. Presystemic metabolism of meperidine to
normeperidine in normal and cirrhotic subjects. Clin Pharmacol
Ther 1981; 30: 183–8.

Pregnancy. Some references to the pharmacokinetics of pethi-
dine during labour are given below.
1. Tomson G, et al. Maternal kinetics and transplacental passage of

pethidine during labour. Br J Clin Pharmacol 1982; 13: 653–9. 
2. Kuhnert BR, et al. Disposition of meperidine and normeperidine

following multiple doses during labor: I mother. Am J Obstet
Gynecol 1985; 151: 406–9. 

3. Kuhnert BR, et al. Disposition of meperidine and normeperidine
following multiple doses during labor: II fetus and neonate. Am
J Obstet Gynecol 1985; 151: 410–15.

Renal impairment. Plasma protein binding of pethidine was
reported to be decreased in renal disease and ranged from 58.2%
in healthy subjects to 31.8% in anuric patients.1 The same work-
ers also reported prolonged elimination of pethidine in patients
with renal dysfunction.2 
See also under Precautions, above.
1. Chan K, et al. Plasma protein binding of pethidine in patients

with renal disease. J Pharm Pharmacol 1983; 35: 94P. 
2. Chan K, et al. Pharmacokinetics of low-dose intravenous pethi-

dine in patients with renal dysfunction. J Clin Pharmacol 1987;
27: 516–22.

Uses and Administration
Pethidine, a phenylpiperidine derivative, is a synthetic
opioid analgesic (p.104) that acts mainly as a μ opioid
agonist. Pethidine is used for the relief of most types of
moderate to severe acute pain including the pain of la-
bour. It is more lipid soluble than morphine and has a
less potent and shorter lasting analgesic effect; analge-
sia usually lasts for 2 to 4 hours. Its short duration of
action and accumulation of its potentially neurotoxic
metabolite norpethidine on repeated dosage make it
unsuitable for the management of chronic pain. Pethi-
dine has a weaker action on smooth muscle than mor-
phine and its lower potential to increase biliary pres-
sure may make it a more suitable opioid analgesic for
pain associated with biliary colic and pancreatitis (but
see Biliary-tract Disorders, p.103). It is also used for
premedication and as an adjunct to anaesthesia. It has
been given with phenothiazines such as promethazine
to achieve basal narcosis. Pethidine has little effect on
cough or on diarrhoea. 
For the relief of pain, pethidine hydrochloride is given
in oral doses of 50 to 150 mg every 4 hours if neces-
sary. It may also be given by intramuscular or subcuta-
neous injection in doses of 25 to 100 mg and by slow
intravenous injection in doses of 25 to 50 mg repeated
after 4 hours. For postoperative pain, the BNF suggests
that the subcutaneous or intramuscular doses may be
given every 2 to 3 hours if necessary. 
In obstetric analgesia 50 to 100 mg may be given by
intramuscular or subcutaneous injection as soon as
contractions occur at regular intervals. This dose may

be repeated after 1 to 3 hours if necessary up to a max-
imum of 400 mg in 24 hours. 
For premedication 25 to 100 mg may be given intra-
muscularly about 1 hour before surgery. It may also be
given subcutaneously in similar doses. As an adjunct
to anaesthesia 10 to 25 mg may be given by slow in-
travenous injection. 
For details of doses in children, see below.
Administration. In addition to the conventional routes pethi-
dine has been given epidurally,1-4 intraperitoneally,5,6 and intrath-
ecally.7-9 It has also been given by various routes as a patient-
controlled system.10-13 However, some consider that the use of
pethidine should be avoided for patient-controlled analgesia be-
cause of the increased risk of norpethidine-induced seizures14

(see also Incidence of Adverse Effects and Effects on the Nerv-
ous System, above).
1. Perriss BW. Epidural pethidine in labour: a study of dose re-

quirements. Anaesthesia 1980; 35: 380–2. 
2. Husemeyer RP, et al. A study of pethidine kinetics and analgesia

in women in labour following intravenous, intramuscular and
epidural administration. Br J Clin Pharmacol 1982; 13: 171–6. 

3. Perriss BW, et al. Analgesia following extradural and im pethi-
dine in post-caesarean section patients. Br J Anaesth 1990; 64:
355–7. 

4. Blythe JG, et al. Continuous postoperative epidural analgesia
for gynecologic oncology patients. Gynecol Oncol 1990; 37:
307–10. 

5. Colbert ST, et al. An assessment of the value of intraperitoneal
meperidine for analgesia postlaparoscopic tubal ligation. Anesth
Analg 2000; 91: 667–70. 

6. O’Hanlon DM, et al. Intraperitoneal pethidine versus intramus-
cular pethidine for the relief of pain after laparoscopic cholecys-
tectomy: randomized trial. World J Surg 2002; 26: 1432–6. 

7. Acalovschi I, et al. Saddle block with pethidine for perineal op-
erations. Br J Anaesth 1986; 58: 1012–16. 

8. Yu SC, et al. Addition of meperidine to bupivacaine for spinal
anaesthesia for caesarean section. Br J Anaesth 2002; 88:
379–83. 

9. Vranken JH, et al. Plasma concentrations of meperidine and
normeperidine following continuous intrathecal meperidine in
patients with neuropathic cancer pain. Acta Anaesthesiol Scand
2005; 49: 665–70. 

10. Striebel HW, et al. Patient-controlled intranasal analgesia (PCI-
NA) for the management of postoperative pain: a pilot study. J
Clin Anesth 1996; 8: 4–8. 

11. Kee N, et al. Comparison of patient-controlled epidural analge-
sia with patient-controlled intravenous analgesia using pethi-
dine or fentanyl. Anaesth Intensive Care 1997; 25: 126–32. 

12. Sharma SK, et al. Cesarean delivery: a randomized trial of epi-
dural versus patient-controlled meperidine analgesia during la-
bor. Anesthesiology 1997; 87: 487–94. 

13. Chen PP, et al. Patient-controlled pethidine after major upper
abdominal surgery: comparison of the epidural and intravenous
routes. Anaesthesia 2001; 56: 1106–12. 

14. Hagmeyer KO, et al. Meperidine-related seizures associated
with patient-controlled analgesia pumps. Ann Pharmacother
1993; 27: 29–32.

Administration in children. Pethidine is used for the relief of
moderate to severe acute pain and for premedication in children. 
For the relief of pain, the BNFC suggests that children aged 2
months to 12 years may be given pethidine hydrochloride 0.5 to
2 mg/kg orally or by subcutaneous or intramuscular injection
every 4 to 6 hours if necessary; older children up to 18 years of
age may be given 50 to 100 mg orally, or 25 to 100 mg intramus-
cularly or subcutaneously, every 4 to 6 hours if necessary. Injec-
tion solutions may be given orally if needed, to achieve a suitable
dose. Pethidine may also be given by intravenous injection in
doses of 0.5 to 1 mg/kg to neonates and children up to 12 years
of age, repeated every 10 to 12 hours if necessary in those up to
2 months of age and every 4 to 6 hours if necessary in older chil-
dren; those aged 12 to 18 years may be given the usual adult
intravenous dose (see above) repeated every 4 to 6 hours if
necessary. An intravenous injection of 1 mg/kg as a loading
dose followed by continuous intravenous infusion of 100 to
400 micrograms/kg per hour adjusted according to response may
also be given to those aged 1 month and over. 
For premedication, UK licensed product information recom-
mends that 1 to 2 mg/kg is given intramuscularly about 1 hour
before surgery. 
See also Lytic Cocktails, below.
Eclampsia and pre-eclampsia. See Lytic Cocktails under Se-
dation, below.
Pain. Pethidine produces prompt but short-lasting analgesia, and
may be preferred to morphine when rapid control of acute pain is
required. It has been widely used in obstetrics to control the pain
of labour (although the BNF notes that morphine or other opioids
are often preferred for obstetric pain), and for postoperative pain
relief after caesarean section or other surgical procedures. 
In a study of patients with intractable pain the minimum effect-
ive analgesic blood concentration ranged from 100 to
820 nanograms/mL (median 250 nanograms/mL) in 15 of 16;
the remaining patient failed to obtain analgesia with pethidine.
Additional measures were considered necessary1 if the minimum
effective concentration exceeded 400 nanograms/mL. 
Pethidine has traditionally been given by intermittent intramus-
cular injection in the treatment of acute pain, but inconsistent
pain relief can be expected because of fluctuating blood-pethi-
dine concentrations;2 continuous intravenous infusion might be

more effective for acute pain. For reference to use by other routes
see Administration, above.
1. Mather LE, Glynn CJ. The minimum effective analgesic blood

concentration of pethidine in patients with intractable pain. Br J
Clin Pharmacol 1982; 14: 385–90. 

2. Edwards DJ, et al. Clinical pharmacokinetics of pethidine: 1982.
Clin Pharmacokinet 1982; 7: 421–33.

SICKLE-CELL CRISIS. Concern has been expressed over the con-
tinued use of pethidine for analgesia in painful crises in sick-
le-cell disease. Control of pain may be inadequate and doses
commonly used to manage crises may lead to accumulation of
the neuroexcitatory metabolite of pethidine and precipitate
seizures.1,2 See also Effects on the Nervous System, above.
1. Pryle BJ, et al. Toxicity of norpethidine in sickle cell crisis. BMJ

1992; 304: 1478–9. 
2. Harrison JFM, et al. Pethidine in sickle cell crisis. BMJ 1992;

305: 182.

Sedation. Some references to the use of pethidine for endosco-
py are given below.
1. Bahal-O’Mara N, et al. Sedation with meperidine and mida-

zolam in pediatric patients undergoing endoscopy. Eur J Clin
Pharmacol 1994; 47: 319–23. 

2. Diab FH, et al. Efficacy and safety of combined meperidine and
midazolam for EGD sedation compared with midazolam alone.
Am J Gastroenterol 1996; 91: 1120–5. 

3. Laluna L, et al. The comparison of midazolam and topical lido-
caine spray versus the combination of midazolam, meperidine,
and topical lidocaine spray to sedate patients for upper endosco-
py. Gastrointest Endosc 2001; 53: 289–93.

LYTIC COCKTAILS. Lytic cocktails consisting of chlorprom-
azine, pethidine, and/or promethazine have been given intra-
venously in some countries for the management of pre-ec-
lampsia and imminent eclampsia. However, the use of pheno-
thiazines is generally not recommended late in pregnancy,
and other treatments are preferred for hypertension (see Hy-
pertension in Pregnancy, under Hypertension, p.1171); the
management of eclampsia, which is the convulsive phase, is
discussed on p.470. 
Lytic cocktails have also been used for sedation and analgesia in
children, by intramuscular or occasionally intravenous injection.
However, there is a high rate of therapeutic failure as well as se-
rious adverse effects with such combinations, and the American
Academy of Pediatrics1 had recommended that alternative seda-
tives and analgesics should be considered. Lytic cocktails are not
the most appropriate means of sedation for short procedures
since patients must be monitored for about 1 hour before the pro-
cedure while the drugs take effect, and for even longer during the
recovery period.2
1. American Academy of Pediatrics Committee on Drugs. Reap-

praisal of Lytic cocktail/Demerol, Phenergan, and Thorazine
(DPT) for the sedation of children. Pediatrics 1995; 95:
598–602. 

2. Barst SM, et al. A comparison of propofol and Demerol-Phener-
gan-Thorazine for brief, minor, painful procedures in a pediatric
hematology-oncology clinic. Int J Pediatr Hematol/Oncol 1995;
1: 587–91.

Shivering. For reference to the use of pethidine in the manage-
ment of shivering associated with anaesthesia, see under Ad-
verse Effects of General Anaesthetics, p.1779. Pethidine has also
been used to treat amphotericin B-induced shaking chills.1
1. Burks LC, et al. Meperidine for the treatment of shaking chills

and fever. Arch Intern Med 1980; 140: 483–4.

Preparations
BP 2008: Pethidine Injection; Pethidine Tablets; 
USP 31: Meperidine Hydrochloride Injection; Meperidine Hydrochloride
Syrup; Meperidine Hydrochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Cluyer; Meperol; Austria: Alodan; Belg.: Dolantine; Braz.: Dolanti-
na; Dolosal; Dornot; Canad.: Demerol; Chile: Demerol†; Cz.: Dolsin;
Ger.: Dolantin; Hung.: Dolargan; Israel: Dolestine; Philipp.: Demerol;
Pol.: Dolargan; Dolcontral; Spain: Dolantina; Turk.: Aldolan; USA: De-
merol; Venez.: Demerol†; Dispadol†.
Multi-ingredient: Austral.: Marcain with Pethidine†; UK: Pamergan
P100.

Phenacetin (rINN)

Aceto-p-phenetidide; Acetophenetidin; Acetylphenetidin; Fen-
acetin; Fenacetina; Fenasetiini; Paracetophenetidin; Phénacétine;
Phenacetinum. p-Acetophenetidide; 4′-Ethoxyacetanilide; N-(4-
Ethoxyphenyl)acetamide.
Фенацетин
C10H13NO2 = 179.2.
CAS — 62-44-2.
ATC — N02BE03.
ATC Vet — QN02BE03.

Adverse Effects and Precautions
Phenacetin may cause methaemoglobinaemia, sulfhaemoglobi-
naemia, and haemolytic anaemia. 
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Prolonged use of large doses of analgesic mixtures containing
phenacetin has been associated with the development of renal
papillary necrosis (see Effects on the Kidneys, p.98) and transi-
tional-cell carcinoma of the renal pelvis.
Porphyria. Phenacetin is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Uses and Administration
Phenacetin, a para-aminophenol derivative, has analgesic and
antipyretic properties. It was usually given with aspirin, caffeine,
or codeine but is now little used because of adverse haematolog-
ical effects and nephrotoxicity.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Cz.: Dinyl†; Mironal†; Hung.: Antineuralgica; Dolor.

Phenazone (BAN, rINN)

Analgésine; Antipyrin; Antipyrine; Azophenum; Fenatsoni; Fena-
zon; Fenazona; Fenazonas; Phénazone; Phenazonum; Phenyld-
imethylpyrazolone. 1,5-Dimethyl-2-phenyl-4-pyrazolin-3-one.
Феназон
C11H12N2O = 188.2.
CAS — 60-80-0.
ATC — N02BB01.
ATC Vet — QN02BB01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Phenazone). White or almost white crystalline
powder or colourless crystals. Very soluble in water, in alcohol,
and in dichloromethane. Protect from light. 
USP 31 (Antipyrine). Colourless crystals or white crystalline
powder. Is odourless. Very soluble in water; freely soluble in al-
cohol and in chloroform; sparingly soluble in ether. Solutions are
neutral to litmus. Store in airtight containers.

Phenazone and Caffeine Citrate
Antipyrino-Coffeinum Citricum; Fenazona y citrato de cafeína;
Migrenin; Phenzone and Caffeine Citrate.
Феназон и Кофеина Цитрат

Description. Phenazone and caffeine citrate is a powder usual-
ly containing phenazone 90%, caffeine 9%, and citric acid
monohydrate 1%.
Pharmacopoeias. In Jpn.

Phenazone Salicylate
Antipyrin Salicylate; Fenatsonisalisylaatti; Fenazona salicilato;
Fenazonsalicylat; Phenazoni Salicylas; Salipyrin.
Феназона Салицилат
C11H12N2O,C7H6O3 = 326.3.
CAS — 520-07-0.
Pharmacopoeias. In Fr.
Adverse Effects and Precautions
Phenazone is liable to give rise to skin eruptions and in suscepti-
ble individuals even small doses may have this effect. Hypersen-
sitivity reactions and nephrotoxicity have been reported. Large
oral doses may cause nausea, drowsiness, coma, and convul-
sions.
Effects on the blood. Phenazone can cause haemolytic anae-
mia in certain individuals with a deficiency of G6PD.1 Episodes
of agranulocytosis were reported2 in 6 women using a cream
containing phenazone; all recovered on withdrawal.
1. Prankerd TAJ. Hemolytic effects of drugs and chemical agents.

Clin Pharmacol Ther 1963; 4: 334–50. 
2. Delannoy A, Schmit J-C. Agranulocytosis after cutaneous con-

tact with phenazone. Eur J Haematol 1993; 50: 124.

Effects on the kidneys. Phenazone is considered nephrotoxic
but only limited clinical information on phenazone is available
because it has been mainly used with phenacetin.1
1. Prescott LF. Analgesic nephropathy: a reassessment of the role

of phenacetin and other analgesics. Drugs 1982; 23: 75–149.

Effects on the skin. In a summary1 of 77 cases of fixed drug
eruption phenazone derivatives were considered to be the causa-
tive agent in 9 of the 14 cases that were severe generalised reac-
tions.
1. Stubb S, et al. Fixed drug eruptions: 77 cases from 1981 to 1985.

Br J Dermatol 1989; 120: 583.

Hypersensitivity. Immediate allergic reactions to phenazone
have been reported.1,2 In one patient leucopenia was detected 8
weeks later.1
1. Kadar D, Kalow W. Acute and latent leukopenic reaction to anti-

pyrine. Clin Pharmacol Ther 1980; 28: 820–22. 
2. McCrea JB, et al. Allergic reaction to antipyrine, a marker of

hepatic enzyme activity. DICP Ann Pharmacother 1989; 23:
38–40.

Porphyria. Phenazone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Interactions
Phenazone affects the metabolism of some other drugs and its
own metabolism is affected by other drugs that increase or re-
duce the activity of liver enzymes.
Pharmacokinetics
Phenazone is absorbed from the gastrointestinal tract and peak
plasma concentrations are obtained within 1 to 2 hours of inges-
tion. It is distributed throughout the body fluids with concentra-
tions in the saliva and breast milk reaching about the same levels
as those in plasma. Less than 10% is bound to plasma proteins
and it has an elimination half-life of about 12 hours. Phenazone
is metabolised in the liver to 3 major metabolites 3-hy-
droxymethylphenazone, 4-hydroxyphenazone, and norphena-
zone. Phenazone, 3-hydroxymethylphenazone, and glucuroni-
dated metabolites are all excreted in the urine. A small portion
may be eliminated via the bile.
Uses and Administration
Phenazone is an NSAID (p.99) and has been given orally; phen-
azone and caffeine citrate and phenazone salicylate have similar-
ly been given orally as analgesics. 
Solutions containing about 5% of phenazone have been used top-
ically as ear drops in disorders such as acute otitis media (but see
below). 
Phenazone is used as a test for the activity of drug-metabolising
enzymes in the liver.
Diagnosis and testing. A review1 of normal plasma-phena-
zone pharmacokinetics, urinary metabolite disposition, and total
body clearances of phenazone in the presence of cirrhosis, fatty
liver, hepatitis, and cholestatis.
1. St Peter JV, Awni WM. Quantifying hepatic function in the pres-

ence of liver disease with phenazone (antipyrine) and its metab-
olites. Clin Pharmacokinet 1991; 20: 50–65.

Otitis media. There appears to be no justification1 for the in-
clusion of phenazone in topical preparations used in treating
acute otitis media (p.182). It is presumably included in such
preparations because it is believed to have a local anti-inflamma-
tory and, therefore, analgesic action. It would, however, seem
unlikely that phenazone would have any action on the skin of the
intact tympanic membrane and, therefore, on the pain which is
due primarily to the stretching and distention of the membrane.
1. Carlin WV. Is there any justification for using phenazone in a

local application prescribed for the treatment of acute otitis me-
dia? BMJ 1987; 294: 1333.

Preparations
USP 31: Antipyrine and Benzocaine Otic Solution; Antipyrine, Benzocaine,
and Phenylephrine Hydrochloride Otic Solution.

Proprietary Preparations (details are given in Part 3)
Austral.: Erasol; Ger.: Aequiton-P†; Migrane-Kranit; Mono Migranin; Hong
Kong: Tropex; Irl.: Tropex; Pol.: Antotalgin; S.Afr.: Aurone; Oto-Phen;
Venez.: Otamina.
Multi-ingredient: Arg.: Aqua Lent Colirio; Bajumol†; Bideon; Ceros-
porin GS†; Clarisoft; Coliria; Cristalomicina; Irix; Kalopsis; Leroid†; Otalex
G; Otocalmia Biotic; Otocerol; Otocuril; Otonorthia; Sincerum; Usualix;
Vislus; Austral.: Auralgan; Austria: Asthma Efeum; Coffo Selt; Otalgan;
Spalt†; Belg.: Hemorhinol; Otocalmine; Ouate Hemostatique; Tympal-
gine†; Braz.: Anestesiol†; Espasmalgon†; Osmotil†; Otovix†; Canad.: Au-
ralgan; Cz.: Otipax; Denm.: Koffisal; Fr.: Brulex; HEC; Otipax; Ger.: Cof-
feemed N†; Migranin†; Otalgan; Hung.: Otipax; India: Tytin; Israel:
Anaesthetic Ear Drops; Otidin; Ital.: Otalgan; Otomidone; Otopax; Neth.:
Spalt N; Norw.: Antineuralgica; Fanalgin; NZ: Auralgan; Degest 2†;
Philipp.: Auralgan; Port.: Otocalma†; Profrin-A†; Rus.: Otipax
(Отипакс); S.Afr.: Auralyt; Aurasept; Aurone Forte; Covancaine; Ilvico;
Otised; Oto-Phen Forte; Universal Earache Drops; Singapore: HEC†;
Tropex; Spain: AB FE†; Epistaxol; Otalgan†; Otosedol; Pomada Heridas†;
Quimpedor; Tabletas Quimpe; Swed.: Doleron†; Koffazon; Switz.: Otal-
gan; Otipax; Otosan; Otothricinol; Seranex sans codeine†; Spedralgin sans
codeine†; Thai.: Auralgan†; USA: Allergen; Auralgan; Auroguard Otic; Au-
roto†; Cy-Gesic; Otocalm†; Tympagesic†; Venez.: Audocaina†; Otan; Ota-
nol†; Otirilin; Otodon†; Otofrin†.

Phenazopyridine Hydrochloride 

(BANM, USAN, rINNM)

Chloridrato de Fenazopiridina; Fenazopiridin Hidroklorür; Fena-
zopirydyny chlorowodorek; Hidrocloruro de fenazopiridina;
NC-150; NSC-1879; Phénazopyridine, Chlorhydrate de; Phena-
zopyridini Hydrochloridum; W-1655. 3-Phenylazopyridine-2,6-
diyldiamine hydrochloride.
Феназопиридина Гидрохлорид
C11H11N5,HCl = 249.7.
CAS — 94-78-0 (phenazopyridine); 136-40-3 (phenazo-
pyridine hydrochloride).
ATC — G04BX06.
ATC Vet — QG04BX06.

(phenazopyr idine)

Pharmacopoeias. In Pol. and US. 
USP 31 (Phenazopyridine Hydrochloride). A light or dark red to
dark violet crystalline powder. Is odourless or with a slight odour.
Soluble 1 in 300 of cold water, 1 in 20 of boiling water, 1 in 59
of alcohol, 1 in 331 of chloroform, and 1 in 100 of glycerol; very
slightly soluble in ether. Store in airtight containers.

Removal of stains. Phenazopyridine stains may be removed
from fabric by soaking in a 0.25% solution of sodium dithionite.

Adverse Effects
Phenazopyridine hydrochloride has caused gastrointestinal ad-
verse effects, headache, and rashes. Hepatotoxicity, haemolytic
anaemia, methaemoglobinaemia, and acute renal failure have
also been reported, generally associated with overdosage or with
therapeutic doses in patients with renal impairment. Crystal de-
posits of phenazopyridine have formed in the urinary tract. 
Abnormal coloration of body tissues or fluids may occur. Urine
is tinged either orange or red and underclothes are apt to be
stained.

Effects on the CNS. A case of aseptic meningitis, with distinct
episodes of fever and confusion, was associated with the use of
phenazopyridine.1
1. Herlihy TE. Phenazopyridine and aseptic meningitis. Ann Intern

Med 1987; 106: 172–3.

Overdosage. Report of a 2-year-old child who developed cya-
nosis and methaemoglobinaemia after ingesting at most three
200-mg tablets of phenazopyridine hydrochloride.1
1. Gold NA, Bithoney WG. Methemoglobinemia due to ingestion

of at most three pills of pyridium in a 2-year-old: case report and
review. J Emerg Med 2003; 25: 143–8.

Precautions
Phenazopyridine hydrochloride is contra-indicated in patients
with renal impairment or severe hepatitis and should be used
with caution in those with G6PD deficiency. Treatment should
be stopped if the skin or sclerae become discoloured; this may
indicate accumulation as a result of impaired renal excretion.
Phenazopyridine may interfere with urinalysis based on colour
reactions or spectrometry. 
Staining of contact lenses may occur.

Pharmacokinetics
Phenazopyridine hydrochloride is absorbed from the gastrointes-
tinal tract. It is excreted mainly in the urine; up to 65% may be
excreted as unchanged phenazopyridine and 18% as paraceta-
mol.

Uses and Administration
Phenazopyridine is an azo dye that exerts an analgesic effect on
the mucosa of the urinary tract and is used to provide symptomat-
ic relief of pain and irritability in conditions such as cystitis and
prostatitis (see p.2178 and p.2181, respectively), and urethritis
(p.199). Phenazopyridine hydrochloride has been given in usual
oral doses of about 200 mg three times daily after food. If given
with an antibacterial for the treatment of urinary-tract infections
(p.199), treatment should usually not exceed 2 days, although
lower doses have been given as part of a combined preparation
for at least a week.

Urinary-tract infections. There is currently no well-substan-
tiated role for phenazopyridine in the treatment of urinary-tract
infections and its adverse effects are potentially serious.1
1. Zelenitsky SA, Zhanel GG. Phenazopyridine in urinary tract in-

fections. Ann Pharmacother 1996; 30: 866–8.

Preparations
USP 31: Phenazopyridine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cistalgina; Belg.: Uropyrine; Braz.: Pyridium; Pyrisept; Urologin; Uro-
tril†; Canad.: Phenazo; Pyridium†; Chile: Nazamit; Nordox; Pyridium†;
Hong Kong: CP-Pyridine; Phenadine; Pyridium; India: Pyridium; Indon.:
Pyridium; Urogetix; Israel: Sedural; Mex.: Alvena; Azofur; Bioferina; Pirim-
ir ; Urezol; Philipp.: Azomir; Pol.: Nefrecil; S.Afr.: Pyridium; Singapore:
Urogesic; Thai.: Ammilazo; Anazo; Phendiridine; Sumedium; USA: Azo-
Standard; Baridium; Prodium; Pyridiate†; Pyridium; Re-Azo; Urogesic; Ven-
ez.: Pyridium†.

Multi-ingredient: Arg.: Bacti-Uril; Nor 2; Priper Plus; Uro-Bactrim†; Uro-
tem Dol; Braz.: Minazol; Uro-Baxapril†; Urobiotic†; Uroctrin; Urofen†;
Uropac; Uropielon; Chile: Uro-Micinovo; Ger.: Urospasmon†; India: Ne-
phrogesic; Mex.: Azo-Uronalin; Azo-Wintomylon; Azogen; Mictasol; Nalix-
one; Naxilan-Plus; Pirifur; Urovec; Vodelan; Spain: Micturol Sedante; Turk.:
Azo Gantrisin; Azosilin; Uriseptin; USA: Phenazopyridine Plus; Pyridium
Plus; Trellium Plus; Urelief Plus; Urobiotic-250; Venez.: Azo-Mandelamine;
Bacteval.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Phenylbutazone (BAN, rINN)

Butadione; Fenilbutazon; Fenilbutazona; Fenilbutazonas; Fenylb-
utazon; Fenylobutazon; Fenyylibutatsoni; Phénylbutazone; Phe-
nylbutazonum. 4-Butyl-1,2-diphenylpyrazolidine-3,5-dione.
Фенилбутазон
C19H20N2O2 = 308.4.
CAS — 50-33-9 (phenylbutazone); 129-18-0 (phenylbuta-
zone sodium); 4985-25-5 (phenylbutazone piperazine).
ATC — M01AA01; M02AA01.
ATC Vet — QM01AA01; QM02AA01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Phenylbutazone). A white or almost white, crystal-
line powder. Practically insoluble in water; sparingly soluble in
alcohol; it dissolves in alkaline solutions. Protect from light. 
USP 31 (Phenylbutazone). A white to off-white, odourless, crys-
talline powder. Very slightly soluble in water; soluble in alcohol;
freely soluble in acetone and in ether. Store in airtight containers.
Profile
Phenylbutazone, a pyrazolone derivative, is an NSAID (p.96).
However, because of its toxicity and in particular its adverse hae-
matological reactions (see Effects on the Blood, below), it is not
used as a general analgesic or antipyretic. Although phenylbuta-
zone is effective in almost all musculoskeletal and joint disorders
including ankylosing spondylitis, acute gout, osteoarthritis, and
rheumatoid arthritis, it should only be used in acute conditions
where less toxic drugs have failed. Initial oral doses of up to
600 mg daily in divided doses have been used in the treatment of
rheumatic disorders although up to 800 mg daily may be re-
quired in acute gout. After 1 to 3 days, the dose should be re-
duced to the minimum effective amount, which may be as little
as 200 mg daily; treatment should be given for the shortest peri-
od possible, up to a usual maximum of 1 week. Reduced doses
are recommended in elderly patients. 
In some countries phenylbutazone has also been given as a rectal
suppository and applied topically for musculoskeletal pain and in
soft-tissue injury. It has also been given intramuscularly as the
sodium salt. Other salts of phenylbutazone that have been used
in musculoskeletal, joint, and soft-tissue disorders include the
calcium, megallate, and piperazine salts.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given phenylbutazone, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. However, when phe-
nylbutazone had been available in the UK the BNF had advised
that phenylbutazone should be avoided during breast feeding as
small amounts are distributed into breast milk.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/11/07)

Effects on the blood. Both phenylbutazone1-3 and
oxyphenbutazone1,3 are well known for their adverse effects on
the blood and especially for fatal agranulocytosis and aplastic
anaemia. Leucopenia, pancytopenia, haemolytic anaemia, and
thrombocytopenia may also occur. The UK CSM4 noted that be-
tween July 1963 and January 1993 it had received 74 reports of
agranulocytosis (39 fatal) associated with phenylbutazone and
40 reports of neutropenia (4 fatal). Up-to-date figures were not
provided on oxyphenbutazone, but it is considered to be more
toxic to the bone marrow than phenylbutazone.1
1. Anonymous. Phenylbutazone and oxyphenbutazone: time to call

a halt. Drug Ther Bull 1984; 22: 5–6. 
2. Böttiger LE, Westerholm B. Drug-induced blood dyscrasias in

Sweden. BMJ 1973; 3: 339–43. 
3. The International Agranulocytosis and Aplastic Anemia Study.

Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749–57. 

4. CSM/MCA. Drug-induced neutropenia and agranulocytosis.
Current Problems 1993; 19: 10–11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 27/04/07)

Porphyria. Phenylbutazone has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Butazolidin; Braz.: Butazolidina; Butazolon†; Butazona; Butazonil†;
Neo Butazol; Peralgin†; Fr.: Butazolidine†; Ger.: Ambene; exrheudon OPT;
Indon.: Akrofen; Berlizon; Irgapan; Ital.: Kadol; Mex.: Astrofen; Bloken;
Bresal; Butalen; Butazolidina; Delbulasa†; Fezona†; Lorfenil†; Meprosona-F;

Rudesol†; Neth.: Butazolidin; Pol.: Butapirazol; Port.: Basireuma†; Rus.:
Butadion (Бутадион); S.Afr.: Inflazone; Spain: Butazolidina; Switz.: Buta-
dion; Thai.: Buta†; Neo-Pyrazol; Venez.: Promifen†; Ticinil.

Multi-ingredient: Austria: Ambene; Ambene N; Braz.: Butazil†;
Dorend†; Mioflex; Reumat†; Reumix†; Chile: Balsamo Analgesico con Fe-
nilbutazona; Fr.: Dextrarine Phenylbutazone; Ger.: Ambene Comp†;
Hung.: Rheosolon; Indon.: Butamidon; Cetapyrin; Enkapyrin; New Skelan;
Mex.: Butayonacol; Butisel; Dexadutil; Dibutasona; Vengesic†; Zolidime†;
Rus.: Ambene (Амбене); Spain: Artrodesmol Extra; Doctofril Antiinfla-
mat; Switz.: Butaparin; Hepabuzone; Thai.: Alaxan; Asialax; Buta Pee
Dee†; Butarion; Myophen; Trabit†.

Piketoprofen (rINN)

Pikétoprofène; Piketoprofeno; Piketoprofenum. m-Benzoyl-N-
(4-methyl-2-pyridyl)hydratropamide.

Пикетопрофен

C22H20N2O2 = 344.4.

CAS — 60576-13-8.

Profile
Piketoprofen is an NSAID (p.96) that has been used topically as
the hydrochloride in concentrations of about 2% in musculoskel-
etal, joint, peri-articular, and soft-tissue disorders.

Preparations

Proprietary Preparations (details are given in Part 3)
Port.: Picalm; Zemalex; Spain: Calmatel; Triparsean.

Piritramide (BAN, rINN)

Pirinitramide; Piritramid; Piritramida; Piritramidi; Piritramidum; R-
3365. 1-(3-Cyano-3,3-diphenylpropyl)-4-piperidinopiperidine-4-
carboxamide.

Пиритрамид

C27H34N4O = 430.6.

CAS — 302-41-0.

ATC — N02AC03.

ATC Vet — QN02AC03.

Profile
Piritramide is an opioid analgesic (p.101). 

It is used for the management of severe pain including postoper-
ative pain, for premedication, and to provide analgesia during
anaesthesia. It is given by intramuscular, subcutaneous, or slow
intravenous injection as the tartrate in doses equivalent of up to
about 30 mg of the base.

◊ Reviews.

1. Kumar N, Rowbotham DJ. Piritramide. Br J Anaesth 1999; 82:
3–5.

Porphyria. Piritramide is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Dipidolor ; Belg.: Dipidolor ; Cz.: Dipidolor ; Ger.: Dipidolor ;
Neth.: Dipidolor.

Piroxicam (BAN, USAN, rINN)

CP-16171; Piroksikaami; Piroksikam; Piroksikamas; Piroxicamum;
Piroxikám; Piroxikam. 4-Hydroxy-2-methyl-N-(2-pyridyl)-2H-
1,2-benzothiazine-3-carboxamide 1,1-dioxide.
Пироксикам
C15H13N3O4S = 331.3.
CAS — 36322-90-4.
ATC — M01AC01; M02AA07; S01BC06.
ATC Vet — QM01AC01; QM02AA07; QS01BC06.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet. 
Ph. Eur. 6.2 (Piroxicam). A white or slightly yellow, crystalline
powder. It shows polymorphism. Practically insoluble in water;
slightly soluble in dehydrated alcohol; soluble in dichlorometh-
ane. Store in airtight containers. Protect from light. 
USP 31 (Piroxicam). An off-white to light tan or light yellow,
odourless powder. It forms a monohydrate that is yellow. Very
slightly soluble in water, in dilute acids, and in most organic sol-
vents; slightly soluble in alcohol and in aqueous alkaline solu-
tions. Store in airtight containers. Protect from light.

Piroxicam Betadex (USAN, rINNM)

CHF-1194; Piroxicam Beta Cyclodextrin; Piroxicam Beta Cyclo-
dextrin Complex; Piroxicam Bétadex; Piroxicamum Betadexum.
Пироксикам Бетадекс
(C15H13N3O4S)2,(C42H70O35)5 = 6337.6.
CAS — 96684-40-1.

Adverse Effects and Treatment
As for NSAIDs in general, p.96. 
Local irritation and occasionally bleeding may occur
with piroxicam suppositories and there may be pain
and occasionally tissue damage at the injection site on
intramuscular use. Application site reactions have also
occurred with topical preparations of piroxicam. 
Piroxicam is considered to be associated with an inter-
mediate risk of gastrointestinal effects although there is
some suggestion that the risk may be higher than for
other intermediate-risk NSAIDs (p.97).
◊ A report1 of the adverse reactions associated with piroxicam in
South Africa during 1981-86 included two reactions, paraesthe-
sia and hair loss, not previously recorded in the literature.
1. Gerber D. Adverse reactions of piroxicam. Drug Intell Clin

Pharm 1987; 21: 707–10.

Effects on the blood. Decreases in haemoglobin and haemat-
ocrit not associated with obvious gastrointestinal bleeding, have
occurred in patients taking piroxicam. Thrombocytopenia,
thrombocytopenic purpura,1 and aplastic anaemia2 have been de-
scribed in patients on piroxicam.
1. Bjørnstad H, Vik Ø. Thrombocytopenic purpura associated with

piroxicam. Br J Clin Pract 1986; 40: 42. 
2. Lee SH, et al. Aplastic anaemia associated with piroxicam. Lan-

cet 1982; i: 1186.

Effects on electrolytes. Reversible hyperkalaemic hyperchlo-
raemic acidosis has been reported1,2 in patients receiving piroxi-
cam. Severe hyponatraemia and symptoms resembling the syn-
drome of inappropriate antidiuretic hormone secretion have also
been associated with piroxicam.3 
See also Effects on the Kidneys, below.
1. Grossman LA, Moss S. Piroxicam and hyperkalemic acidosis.

Ann Intern Med 1983; 99: 282. 
2. Miller KP, et al. Severe hyperkalemia during piroxicam therapy.

Arch Intern Med 1984; 144: 2414–15. 
3. Petersson I, et al. Water intoxication associated with non-steroi-

dal anti-inflammatory drug therapy. Acta Med Scand 1987; 221:
221–3.

Effects on the kidneys. Acute nephropathy with characteristic
features of Henoch-Schönlein purpura,1 acute renal failure,2
uraemia with hyperkalaemia, and acute interstitial nephritis3

have been associated with systemic use of piroxicam. Nephrotic
syndrome and interstitial nephritis have followed topical use of
piroxicam gel.4
1. Goebel KM, Mueller-Brodmann W. Reversible overt nephropa-

thy with Henoch-Schönlein purpura due to piroxicam. BMJ
1982; 284: 311–12. 

2. Frais MA, et al. Piroxicam-induced renal failure and hyperkale-
mia. Ann Intern Med 1983; 99: 129–30. 

3. Mitnick PD, Klein WJ. Piroxicam-induced renal disease. Arch
Intern Med 1984; 144: 63–4. 

4. O’Callaghan CA, et al. Renal disease and use of topical non-
steroidal anti-inflammatory drugs. BMJ 1994; 308: 110–11.
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Effects on the liver. Necrosis of the liver, sometimes fatal, has
been associated with piroxicam.1,2

1. Lee SM, et al. Subacute hepatic necrosis induced by piroxicam.
BMJ 1986; 293: 540–1. 

2. Paterson D, et al. Piroxicam induced submassive necrosis of the
liver. Gut 1992; 33; 1436–8.

Effects on the skin. As with other NSAIDs, rash has occurred
in patients taking piroxicam. Phototoxic reactions have been de-
scribed.1 Serious skin reactions attributed to piroxicam therapy
include toxic epidermal necrolysis,2 pemphigus vulgaris,3 ery-
thema multiforme,4 and Stevens-Johnson syndrome.5 Fixed drug
eruptions have also been reported.6 
Concern by the EMEA over the serious nature of skin reactions
associated with piroxicam has led to restrictions on the systemic
use of piroxicam in the EU (see below).
1. Stern RS. Phototoxic reactions to piroxicam and other nonsteroi-

dal antiinflammatory agents. N Engl J Med 1983; 309: 186–7. 
2. Chosidow O, et al. Intestinal involvement in drug-induced toxic

epidermal necrolysis. Lancet 1991; 337: 928. 
3. Martin RL, et al. Fatal pemphigus vulgaris in a patient taking

piroxicam. N Engl J Med 1983; 309: 795–6. 
4. Prieto A, et al. Piroxicam-induced erythema multiforme. Con-

tact Dermatitis 2004; 50: 263. 
5. Katoh N, et al. Piroxicam induced Stevens-Johnson syndrome. J

Dermatol 1995; 22: 677–80. 
6. Cuerda Galindo E, et al. Fixed drug eruption from piroxicam. J

Eur Acad Dermatol Venereol 2004; 18: 586–7.

Overdosage. Details of 16 patients who were considered to
have taken an overdosage of piroxicam alone were reported1 to
the National Poisons Information Service of the UK. Thirteen
patients (including 5 children) had no symptoms after doses esti-
mated to be up to 300 to 400 mg; 2 patients complained of dizzi-
ness and blurred vision after 200 to 300 mg; the last patient, who
claimed to have taken 600 mg presented in coma, regained con-
sciousness within one hour, and had recovered fully within 24
hours. Severe multisystem toxicity has been reported in a 2-year-
old child after ingestion of 100 mg of piroxicam.2
1. Court H, Volans GN. Poisoning after overdose with non-steroi-

dal anti-inflammatory drugs. Adverse Drug React Acute Poison-
ing Rev 1984; 3: 1–21. 

2. MacDougall LG, et al. Piroxicam poisoning in a 2-year-old child:
a case report. S Afr Med J 1984; 66: 31–3.

Pancreatitis. Pancreatitis has been associated with piroxicam
use.1,2

1. Haye OL. Piroxicam and pancreatitis. Ann Intern Med 1986;
104: 895. 

2. Heluwaert F, et al. Pancréatite aiguë au piroxicam. Gastroenterol
Clin Biol 2006; 30: 635–6.

Precautions
As for NSAIDs in general, p.98.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given piroxicam, and the Amer-
ican Academy of Pediatrics considers1 that it is therefore usually
compatible with breast feeding. The BNF also considers the
amount excreted into breast milk to be too small to be harmful to
a breast-fed infant. 
Piroxicam appears in breast milk in concentrations of about 1%
of those in the maternal plasma.2 Similar data are also included
in the licensed product information although it does not recom-
mend piroxicam use during breast feeding as clinical safety has
not been established.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 08/11/07) 

2. Østensen M. Piroxicam in human breast milk. Eur J Clin Phar-
macol 1983; 25: 829–30.

Porphyria. Piroxicam has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
For interactions associated with NSAIDs, see p.99. 
Use of aspirin with piroxicam results in decreased plas-
ma concentrations of piroxicam to about 80% of nor-
mal. The UK licensed product information for ritonavir
suggests that use of piroxicam with ritonavir may re-
sult in increased plasma concentrations of piroxicam
and an increased risk of toxicity; it recommends that
use together should be avoided.

Pharmacokinetics
Piroxicam is well absorbed from the gastrointestinal
tract; peak plasma concentrations are reached 3 to 5
hours after an oral dose. Piroxicam is more rapidly ab-
sorbed after intramuscular use; it is also absorbed to
some degree after topical application. Piroxicam is
99% bound to plasma proteins. It has been detected in
breast milk. Piroxicam has a long plasma elimination
half-life of about 50 hours. Because of this, steady-

state concentrations are not reached for 7 to 12 days. It
is metabolised in the liver by hydroxylation and conju-
gation with glucuronic acid and excreted mainly in the
urine with smaller amounts in the faeces. Enterohepat-
ic recycling occurs. Less than 5% of the dose is excret-
ed unchanged in the urine and faeces. 
Piroxicam betadex dissociates in the gastrointestinal
tract to its components piroxicam and betadex
(p.2291). Piroxicam absorption from piroxicam beta-
dex is more rapid than that of unmodified piroxicam;
peak plasma concentrations of piroxicam are reached
30 to 60 minutes after an oral dose. Betadex is not ab-
sorbed but is metabolised in the colon to various sug-
ars.
◊ References.
1. Richardson CJ, et al. Piroxicam and 5′-hydroxypiroxicam kinet-

ics following multiple dose administration of piroxicam. Eur J
Clin Pharmacol 1987; 32: 89–91. 

2. Mäkelä A-L, et al. Steady state pharmacokinetics of piroxicam
in children with rheumatic diseases. Eur J Clin Pharmacol 1991;
41: 79–81 (higher clearance and shorter half-life in children). 

3. Rudy AC, et al. The pharmacokinetics of piroxicam in elderly
persons with and without renal impairment. Br J Clin Pharmacol
1994; 37: 1–5. 

4. Deroubaix X, et al. Oral bioavailability of CHF1194, an inclu-
sion complex of piroxicam and β-cyclodextrin, in healthy sub-
jects under single dose and steady-state conditions. Eur J Clin
Pharmacol 1995; 47: 531–6. 

5. Karim A, et al. Oxaprozin and piroxicam, nonsteroidal antiin-
flammatory drugs with long half-lives: effect of protein-binding
differences on steady-state pharmacokinetics. J Clin Pharmacol
1997; 37: 267–78. 

6. Wang D, et al. Comparative population pharmacokinetic-phar-
macodynamic analysis for piroxicam-β-cyclodextrin and piroxi-
cam. J Clin Pharmacol 2000; 40: 1257–66.

Uses and Administration
Piroxicam, an oxicam derivative, and piroxicam beta-
dex are NSAIDs (p.99). Piroxicam betadex may have
a more rapid onset of therapeutic effect due to its en-
hanced solubility (see Pharmacokinetics above). Both
have been used in musculoskeletal and joint disorders
such as ankylosing spondylitis, osteoarthritis, rheuma-
toid arthritis including juvenile idiopathic arthritis, in
soft-tissue disorders, in acute gout, and in postopera-
tive pain but systemic usage in the EU is now restricted
(see below) to chronic painful and inflammatory con-
ditions. 
In rheumatic disorders a usual initial oral dose of pirox-
icam is 20 mg daily as a single dose. Daily mainte-
nance doses may vary between 10 and 30 mg given in
single or divided doses; use of doses in excess of 20 mg
daily for more than a few days is associated with an
increased risk of gastrointestinal adverse effects. Pirox-
icam has been given in similar doses as a rectal suppos-
itory or on a short-term basis by intramuscular injec-
tion. 
For dosage in children, see below. 
Piroxicam is also used in the local treatment of a vari-
ety of painful or inflammatory conditions as a topical
gel in a concentration of 0.5% applied three or four
times daily; treatment should be reviewed after 4
weeks. A 1% gel is also available. Piroxicam has been
used in some countries as a 0.5 or 1% cream and as eye
drops in a concentration of 0.5%. 
Doses of piroxicam betadex are expressed in terms of
the equivalent amount of piroxicam. Piroxicam beta-
dex 191.3 mg is equivalent to about 20 mg of piroxi-
cam. In rheumatic and acute musculoskeletal disorders
piroxicam betadex is given in an oral dose equivalent
to 20 mg of piroxicam daily as a single dose. This dose
may be reduced to 10 mg daily in elderly patients. 
Other salts or compounds that have also been used in-
clude piroxicam cinnamate (cinnoxicam), piroxicam
choline, and piroxicam pivalate.
◊ Reviews.
1. Lee CR, Balfour JA. Piroxicam-β-cyclodextrin: a review of its

pharmacodynamic and pharmacokinetic properties, and thera-
peutic potential in rheumatic diseases and pain states. Drugs
1994; 48: 907–29. 

2. Moore A, et al. Single dose piroxicam for acute postoperative
pain. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2000 (accessed
29/08/08).

◊ Following a review1 of the benefit-risk balance for piroxicam
the EMEA placed restrictions on its systemic use and stated that: 

• its use in acute painful and inflammatory conditions should be
abandoned 

• its use should be limited only to the symptomatic relief of osteo-
arthritis, rheumatoid arthritis, and ankylosing spondylitis 

• it should not be used as a first-line treatment 

• the dose should be limited to 20 mg daily 

• treatment should be reviewed within 14 days of starting 

• it should only be started by doctors experienced in treating
chronic painful and inflammatory conditions 

• use with a gastroprotective drug should be considered 

• it should not be given to patients at risk of gastrointestinal dis-
orders associated with bleeding or to those who have had skin
reactions to other drugs 

• it should not be used with another NSAID or an anticoagulant
1. EMEA. Questions and answers on the review of piroxicam (is-

sued 21st June, 2007). Available at: http://www.emea.europa.eu/
pdfs/human/press/pr/piroxicam_26457807en.pdf (accessed
08/11/07)

Administration in children. In the UK, piroxicam may be
used in children aged 6 years or over with juvenile idiopathic
arthritis (p.10). The usual oral dose is: 

• less than 15 kg: 5 mg once daily 

• 16 to 25 kg: 10 mg once daily 

• 26 to 45 kg: 15 mg once daily 

• 46 kg or over: 20 mg once daily 

UK licensed product information states that only the dispersible
tablets are recommended for use in children.

Preparations

BP 2008: Piroxicam Capsules; Piroxicam Gel; 
USP 31: Piroxicam Capsules; Piroxicam Cream.

Proprietary Preparations (details are given in Part 3)
Arg.: Axis†; Benisan; Brionot; Calmapir†; Fabopxicam; Feldene†; Flogosine;
Homocalmefyba; Ketazon†; Maxtol; Micar; Nac; Nalgesic; Osteocalmine;
Piroalgin; Pirofix†; Roxicam†; Sindrolen†; Solocalm; Tirovel; Tricifa†; Trixi-
cam; Truxa R†; Truxa†; Vefren†; Velaned†; Austral.: Candyl†; Feldene; Mo-
bilis; Pirohexal-D; Rosig†; Austria: Brexidol; Brexin; Felden; Pirocal; Piro-
cam; Pirorheum; Pirox; Piroxistad; Tonimed; Belg.: Brexine; Docpiroxi;
Feldene; Piromed; Piroxitop; Piroxymed; Polydene; Solicam; Braz.: Anar-
trit†; Anflene; Brexin; Cicladol; Farmoxicam†; Feldanax; Feldene; Feldox†;
Feldran†; Flamostat; Flogene; Flogoxen†; Floxicam; Inflamene; Inflanan; In-
flanox†; Inflax; Lisedema†; Pirogreen; Piroxam†; Piroxene; Piroxifar ;
Piroxifen†; Piroxiflam†; Piroxil; Piroxin; Piroxinid; Piroxiplus†; Prodoxidil;
Canad.: Brexidol†; Feldene†; Fexicam†; Novo-Pirocam; Nu-Pirox; Chile:
Fabudol; Feldene; Foldox; Notagol†; Pemar; Pricam; Sinartrol†; Cz.: Ar-
thremin†; Feldene†; Flamexin; Hotemin; Piroflam†; Pirox†; Pro-Roxikam†;
Reumador†; Denm.: Brexidol†; Felden; Pirom; Piroxigea†; Fin.: Brexidol†;
Felden; Piroxal; Piroxin; Fr.: Brexin; Cycladol; Feldene; Geldene; Inflaced;
Proxalyoc; Zofora†; Ger.: Brexidol; clinit; durapirox†; Felden; Flexase; Jena-
pirox; Mobilat Akut Piroxicam; Piro; Piro KD; Piro-Phlogont†; Pirobeta; Piro-
flam; Piroflex†; Pirorheum†; PirorheumA; Pirox; Pra-Brexidol†; ratioMobil†;
Rheumitin†; Gr.: Bleduran; Brexin; Conzila; Feldene; Flodeneu; Neo Axedil;
Painrelipt-D; Pedifan; Proponol; Rheumaplus†; Ruvamed; Sinartrol; Valo-
pon†; Zerospasm; Zitumex; Hong Kong: CP-Pirox; Feldene; Felxicam†;
Flamatrol†; Hotemin†; Piroxica; Piroxy†; Sefdene; Sotilen†; Synoxicam; Vi-
dapirocam; Hung.: Brexin; Erazon†; Feldene; Flamexin; Hotemin; Huma-
Pirocam; Pirorheum; India: Brexic-DT; Dolokam; Dolonex; Mobicam DT;
Movon; Pirox; Suganril; Indon.: Faxiden; Felcam; Feldene; Infeld; Kifadene;
Lanareuma; Licofel; Maxicam; Pirocam; Pirodene; Pirofel; Rexicam; Rexil;
Rosic; Roxidene; Scandene; Sofden; Tropidene; Irl.: Feldene; Pericam; Isra-
el: Exipan; Feldene; Ital.: Algoxam; Antiflog; Artroxicam; Brexin; Brexivel;
Bruxicam; Cicladol; Ciclafast†; Clevian; Dexicam; Errekam; Euroxi; Feldene;
Flodol; Ipsoflog; Lampoflex; Oxicam†; Piroftal; Polipirox; Reucam†; Re-
udene†; Reumagil; Riacen†; Roxene; Roxenil; Roxiden; Sinartrol; Spirox; Ze-
lis; Jpn: Baxo; Malaysia: Brexin; Feldene; Felxicam†; Focam†; Rhumagel;
Roxitan†; Uphaxicam; Mex.: Ainek†; Androxicam; Apopiran†; Arlexicam;
Artinor†; Artyflam; Asabon; Axtrim; Bapixied; Bioximil; Brexicam; Brexodin;
Brucam; Campirex; Citoken T†; Dixonal; Dolzycam; Edecam; Facicam; Far-
micam†; Feldene; Flogosan†; Glandicin; Osteral; Oxi-Reul; Oxicanol; Piro-
dax; Pirox; Piroxan; R-Tyflam; Reucam; Reutricam; Ripox; Serpicam; Tripirol;
Vatrem; Neth.: Brexine; Norw.: Brexidol; Felden; Pirox; NZ: Candyl; Pi-
ram-D; Pirohexal-D; Philipp.: Feldene; Flaxine; Macroxam; Neperlan; Par-
ixam; Pirostad; Proximax; Raxicam; Pol.: Feldene; Flamexin; Hotemin;
Port.: Brexin; Feldene; Flexar ; Flogocan; Remisil; Reumoxican; Roxazin;
Rus.: Erazon (Эразон); Finalgel (Финалгель); S.Afr.: Brexecam; Feldene†;
Pixicam; Pyrocaps; Rheugesic; Xycam; Singapore: Brexin†; Capxidin†;
Feldene; Rosiden; Sefdene; Vitaxicam; Spain: Artragil†; Brexinil; Cycladol;
Doblexan; Feldegel; Feldene; Improntal; Salvacam; Sasulen; Vitaxicam;
Swed.: Brexidol; Felden†; Switz.: Brexidol†; Felden; Pirocam; Pirosol;
pirox-basan†; Thai.: Ammidene; Bicam†; Brexin; Felcam; Feldene; Felrox;
Flamic; Ifemed; Manoxicam; Maswin; Moxicam; Neogel; Neotica†; PC-20;
Piram; Pirax; Pirox; Piroxam†; Piroxcin; Piroxen; Piroxsil; Polyxicam; Posed-
ene; Pyroxy†; Roccaxin†; Roxifen; Roxium; Roxycam; Rumadene; Rumaxi-
cam; Sotilen; Xicam; Turk.: Cycladol; Felden; Inflamex; Oksikam; UK: Brex-
idol; Feldene; USA: Feldene; Venez.: Biopirox†; Ciclofast†; Feldene;
Feldenedi; Flamalit; Lepexal†; Maxipiro; Pirocam†; Piromax†; Piroval†; Pix-
orid.

Multi-ingredient: Arg.: Algio-Truxa†; Buta Rut B12; Calmapir-P†; Flexi-
camin; Flexicamin A; Flexicamin B12; Flexicamin Crema†; Flogiatrin;
Flogiatrin B12; Ketazon Flex†; Peganix; Rumisedan; Rumisedan Fuerte†; Sin-
drolen Vitaminado†; Sindrolen†; Solocalm Plus; Solocalm-B; Solocalm-Flex;
Indon.: Counterpain-PXM; Thai.: Counterpain Plus.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pranoprofen (rINN)

Pranoprofène; Pranoprofeno; Pranoprofenum. α-Methyl-5H-[1]-
benzopyrano[2,3-b]pyridine-7-acetic acid.
Пранопрофен
C15H13NO3 = 255.3.
CAS — 52549-17-4.
ATC — S01BC09.
ATC Vet — QS01BC09.

Pharmacopoeias. In Jpn.
Profile
Pranoprofen, a propionic acid derivative, is an NSAID (p.96). It
is used as eye drops in a concentration of 0.1% for ocular inflam-
mation. Pranoprofen has also been given orally for the treatment
of pain, inflammation, and fever.
◊ References.
1. Notivol R, et al. Treatment of chronic nonbacterial conjunctivitis

with a cyclo-oxygenase inhibitor or a corticosteroid. Am J Oph-
thalmol 1994; 117: 651–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Pranox; Braz.: Difen; Gr.: Pranofen; Ital.: Oftalar; Pranoflog; Jpn:
Niflan; Port.: Oftalar; Spain: Oftalar; Turk.: Oftalar.

Proglumetacin Maleate (BANM, rINNM)

CR-604; Maleato de proglumetacina; Proglumétacine, Maléate
de; Proglumetacinum Maleas; Protacine Maleate. 3-{4-[2-(1-p-
Chlorobenzoyl-5-methoxy-2-methylindol-3-ylacetoxy)ethyl]pip-
erazin-1-yl}propyl 4-benzamido-N,N-dipropylglutaramate di-
maleate.
Проглуметацина Малеат
C46H58ClN5O8,2C4H4O4 = 1076.6.
CAS — 57132-53-3 (proglumetacin); 59209-40-4 (pro-
glumetacin maleate).
ATC — M01AB14.
ATC Vet — QM01AB14.

(proglumetacin)

Profile
Proglumetacin maleate, an indoleacetic acid derivative related to
indometacin (p.66), is an NSAID (p.96). It has been used in mus-
culoskeletal and joint disorders in oral doses of up to 600 mg dai-
ly, in divided doses. Proglumetacin maleate has also been given
as rectal suppositories and topically as a 5% cream.
◊ References.
1. Appelboom T, Franchimont P. Proglumetacin versus indomet-

acin in rheumatoid arthritis: a double-blind multicenter study.
Adv Therapy 1994; 11: 228–34. 

2. Martens M. Double-blind randomized comparison of proglumet-
acin and naproxen sodium in the treatment of patients with ankle
sprains. Curr Ther Res 1995; 56: 639–48.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alaidol†; Bruxel; Belg.: Tolindol; Chile: Afloxan†; Ger.: Protaxon;
Hong Kong: Afloxan; Ital.: Afloxan; Proxil; Jpn: Miridacin; Philipp.:
Afloxan; Port.: Protaxil; Spain: Prodamox; Thai.: Afloxan.

Propacetamol Hydrochloride (BANM, rINNM)

Hidrocloruro de propacetamol; Propacétamol, chlorhydrate de;
Propacetamol-hidroklorid; Propacetamol-hydrochlorid; Propa-
cetamolhydroklorid; Propacetamoli hydrochloridum; Propaceta-
molio hidrochloridas; Propasetamolihydrokloridi. The hydrochlo-
ride of N,N-diethylglycine ester with paracetamol; 4-Acetamido-
phenyl diethylaminoacetate hydrochloride.
Пропацетамола Гидрохлорид
C14H20N2O3,HCl = 300.8.
CAS — 66532-85-2 (propacetamol).
ATC — N02BE05.
ATC Vet — QN02BE05.

(propacetamol)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Propacetamol Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water; slightly solu-
ble in dehydrated alcohol; practically insoluble in acetone. Pro-
tect from moisture.
Profile
Propacetamol hydrochloride, a para-aminophenol derivative, is
hydrolysed to paracetamol (p.108) in the plasma. It has been giv-
en intramuscularly or intravenously in usual doses of 1 to 2 g
every 4 hours up to 4 times daily if necessary, to a maximum
dose of 8 g daily, for the treatment of pain (see Choice of Anal-
gesic, p.2) and fever (p.10). For doses in children, see below.
Administration in children. In some countries propacetamol
is used intravenously in the treatment of pain and fever in neo-
nates and children.1,2 Doses range from 20 to 30 mg/kg given
over 15 minutes up to 4 times daily, not exceeding a maximum
daily dose of 120 mg/kg propacetamol (equivalent to a daily
dose of 60 mg/kg of paracetamol).
1. Allegaert K, et al. Pharmacokinetics of single dose intravenous

propacetamol in neonates: effect of gestational age. Arch Dis
Child Fetal Neonatal Ed 2004; 89: F25–F28. 

2. Walson PD, et al. Antipyretic efficacy and tolerability of a single
intravenous dose of the acetaminophen prodrug propacetamol in
children: a randomized, double-blind, placebo-controlled trial.
Clin Ther 2006; 28: 762–9.

Adverse effects. Occupational contact dermatitis has been re-
ported in healthcare professionals after preparing injections of
propacetamol.1-3 
Propacetamol is the hydrochloride of N,N-diethylglycine ester
with paracetamol and the results of a study4 have suggested that
allergic reactions to propacetamol are related to sensitisation to
the activated ester rather than to paracetamol itself.
1. Barbaud A, et al. Occupational allergy to propacetamol. Lancet

1995; 346: 902. 
2. Szczurko C, et al. Occupational contact dermatitis from propa-

cetamol. Contact Dermatitis 1996; 35: 299–301. 
3. Gielen K, et al. Occupational allergic contact dermatitis from

drugs in healthcare workers Contact Dermatitis 2001; 45:
273–9. 

4. Berl V, et al. Mechanism of allergic contact dermatitis from
propacetamol: sensitization to activated N,N-diethylglycine.
Contact Dermatitis 1998; 38: 185–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Pro-Dafalgan†; Denm.: Pro-Dafalgan†; Fin.: Pro-Dafalgan†; Gr.:
Pro-Dafalgan; Pro-depon†; Israel: Pro-Dafalgan†; Ital.: Pro-Efferalgan†;
Mex.: Tempra†; Norw.: Pro-Dafalgan; Port.: Pro-Dafalgan†; Spain: Pro-
Efferalgan†; Swed.: Pro-Dafalgan†; Switz.: Pro-Dafalgan†.

Propyl Nicotinate
Nicotinato de propilo.
C9H11NO2 = 165.2.
CAS — 7681-15-4.

Profile
Propyl nicotinate is used in topical preparations as a rubefacient.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Elacur; Nicodan†.

Propyphenazone (BAN, rINN)

Isopropylantipyrine; Isopropylantipyrinum; Isopropylphenazone;
Propifenazon; Propifenazona; Propifenazonas; Propyfenatsoni;
Propyfenazon; Propyphénazone; Propyphenazonum. 4-Isopro-
pyl-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one.
Пропифеназон
C14H18N2O = 230.3.
CAS — 479-92-5.
ATC — N02BB04.
ATC Vet — QN02BB04.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Propyphenazone). A white or slightly yellowish
crystalline powder. Slightly soluble in water; freely soluble in al-
cohol and in dichloromethane. Protect from light.
Profile
Propyphenazone, a pyrazolone derivative related to phenazone
(p.116), has analgesic and antipyretic properties. It has been giv-
en orally and as a rectal suppository in the treatment of pain and
fever. The usual oral adult dose is 0.5 to 1 g up to four times daily.
There have been some reports of severe hypersensitivity reac-
tions in patients receiving propyphenazone.
Porphyria. Propyphenazone has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Dim-Antos; Ger.: Demex; Eufibron†; Hewedolor propy†; Iso-
prochin P†.
Multi-ingredient: Arg.: Algio-Bladuril; Espasmo Cibalena; Saridon; Aus-
tria: Adolorin; APA; Avamigran; Coldagrippin; Contraforte†; Eu-Med; Ge-
wadal; Melabon; Migradon; Montamed; Nervan; Rapidol; Saridon; Spasmo-
plus; Tonopan; Toximer ; Vivimed; Waldheim Influvidon; Waldheim
Schmerztabletten; Belg.: Kranit Nova†; Optalidon†; Saridon†; Spasmo-
plus†; Braz.: Saridon; Tonopan; Chile: Abalgin; Droxel; Espasmo Cibalgina;
Espasmo Cibalgina Compuesta; Feminosan†; Gripasan Compuesto; Imme-
diat†; SAE; Cz.: Saridon; Spasmoveralgin Neo†; Valetol; Denm.: Kodamid;
Ger.: Avamigran N†; Cibalgin Compositum N†; Copyrkal N†; Ergo-Kran-
it†; Eudorlin†; Fomagrippin N†; Ichtho-Bellol compositum S†; Migrane-
Kranit Duo†; Migrane-Kranit N†; Migratan S†; Norgesic N†; Optalidon N;
Optalidon special NOC†; RubieNex spezial†; Saridon; Schworalgan; Spas-
mo-Cibalgin S†; Titretta S; Hong Kong: Epizon†; Saridon; Tonterin†;
Hung.: Saridon; Trinell Pro; Indon.: Butamidon; Cetapyrin; Enkapyrin; Mi-
gran; Paramex; Saridon; Ital.: Cistalgan; Influrem†; Influvit; Micranet†; Min-
dol-Merck†; Neo-Optalidon; Odontalgico Dr. Knapp con Vit. B1; Optal-
idon; Saridon; Sedol; Spasmo-Cibalgina†; Spasmoplus; Uniplus; Veramon;
Mex.: Espasmo Cibalgina; Tonopan; Neth.: Daro Hoofdpijnpoeders; Kru-
idvat; Para-don; Sanalgin; Saridon; Pol.: Analget; Cefalgin; Gardan P; Krople
Zoladkowe; Pabialgin P; Saridon; Port.: Avamigran†; Optalidon; Saridon N;
Rus.: Caffetin (Каффетин); Coffedon (Коффедон); Gewadal (Гевадал);
Kofan (Кофан); Saridon (Саридон); S.Afr.: Ilvico; Spain: Abdominol; Cal-
moplex; Dolodens; Flexagil†; Hubergrip†; Melabon; Meloka; Optalidon;
Quimpedor; Saridon; Sedalmerck†; Sulmetin Papaver; Sulmetin Papaveri-
na†; Tabletas Quimpe; Tonopan; Switz.: Barbamin†; Caposan†; Cerebrol†;
Comprimes analgesiques "S"†; Dialgine forte†; Dolopyrine†; Dolostop†; Es-
calgin sans codeine†; Escogripp sans codeine; Gewodine†; Nicaphlogyl†;
Saridon†; Seranex sans codeine†; Sinedal†; Spasmo-Barbamin†; Spasmo-
Barbamine compositum†; Spasmo-Cibalgin comp†; Spasmo-Cibalgin†; Spe-
dralgin sans codeine†; Tonopan†; Turk.: Aljil; Bioptan; Minoset Plus; Panal-
gine.

Proquazone (BAN, USAN, rINN)

43-715; Procuazona; Prokuazon; Prokvatsoni; Prokvazon; Pro-
quazonum; RU-43-715-n. 1-Isopropyl-7-methyl-4-phenylquina-
zolin-2(1H)-one.
Проквазон
C18H18N2O = 278.3.
CAS — 22760-18-5.
ATC — M01AX13.
ATC Vet — QM01AX13.
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Profile
Proquazone is an NSAID (p.96) that has been used orally and
rectally in musculoskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Biarison†; Turk.: Biarison.

Ramifenazone (rINN)

Isopropylaminophenazone; Isopyrin; Ramifenazona; Ramiféna-
zone; Ramifenazonum. 4-Isopropylamino-2,3-dimethyl-1-phenyl-
3-pyrazolin-5-one.

Рамифеназон
C14H19N3O = 245.3.
CAS — 3615-24-5.

NOTE. The name Isopyrin has also been applied to isoniazid.

Profile
Ramifenazone is an NSAID (p.96) that has been used in prepa-
rations for painful and inflammatory conditions; it has also been
used in veterinary medicine. Ramifenazone has been given as the
hydrochloride and the salicylate.

Remifentanil Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
GI-87084B; Hidrocloruro de remifentanilo; Rémifentanil, Chlo-
rhydrate de; Remifentanili Hydrochloridum. 4-Carboxyl-4-(N-
phenylpropionamido)-1-piperidine propionic acid dimethyl ester
monohydrate.

Ремифентанила Гидрохлорид
C20H28N2O5,HCl = 412.9.
CAS — 132539-07-2.
ATC — N01AH06.
ATC Vet — QN01AH06.

(remifentanil)

Incompatibility. Remifentanil hydrochloride should not be
mixed in the same intravenous solution as blood products. UK
licensed product information states that it should not be mixed
with lactated Ringer’s injection with or without 5% glucose;
however, in the USA the product literature states that remifen-
tanil hydrochloride is stable for 4 hours at room temperature after
reconstitution and dilution to 20 to 250 micrograms/mL with lac-
tated Ringer’s injection and for 24 hours if lactated Ringer’s with
5% glucose is used. Incompatibilities have been reported be-
tween chlorpromazine hydrochloride 2 mg/mL and remifentanil
25 micrograms/mL (as the hydrochloride) in 5% glucose and ce-
foperazone sodium 40 mg/mL or amphotericin B 0.6 mg/mL
and remifentanil 250 micrograms/mL (as the hydrochloride) in
5% glucose.1

1. Trissel LA, et al. Compatibility of remifentanil hydrochloride
with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 2192–6.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102 and for
Fentanyl, p.56.

Precautions
As for Opioid Analgesics in general, p.103.
Administration. Remifentanil hydrochloride injections con-
taining glycine should not be given by the epidural or intrathecal
routes.

Hepatic impairment. Although the pharmacokinetics of
remifentanil are not changed in patients with severe hepatic im-
pairment, such patients may be more sensitive to the respiratory
depressant effects and should be monitored with doses titrated to
individual requirements.

Renal impairment. The pharmacokinetics of remifentanil are
not changed in patients with severe renal impairment (a creati-
nine clearance of less than 10 mL/minute) and licensed product
information states that the carboxylic acid metabolite is unlikely
to accumulate to clinically active concentrations in such patients
after remifentanil infusions given for up to 3 days. Dosage ad-
justment is considered to be unnecessary. This is supported by
pharmacokinetic studies1,2 in intensive care patients with renal
impairment given remifentanil infusions at a rate of 100 to
150 nanograms/kg per minute for up to 3 days.
1. Breen D, et al. Offset of pharmacodynamic effects and safety of

remifentanil in intensive care unit patients with various degrees
of renal impairment. Crit Care 2004; 8: R21–R30. 

2. Pitsiu M, et al. Pharmacokinetics of remifentanil and its major
metabolite, remifentanil acid, in ICU patients with renal impair-
ment. Br J Anaesth 2004; 92: 493–503.

Interactions
For interactions associated with opioid analgesics, see
p.103.

Pharmacokinetics
After parenteral doses remifentanil hydrochloride has a
rapid onset and short duration of action. Its effective
biological half-life is about 3 to 10 minutes and is inde-
pendent of dose. Remifentanil is about 70% bound to
plasma proteins, mainly to α1-acid glycoprotein. It is
hydrolysed by non-specific esterases in blood and tis-
sues to an essentially inactive carboxylic acid metabo-
lite. About 95% of a dose of remifentanil is excreted in
the urine as the metabolite. Studies in animals suggest
that remifentanil may cross the placenta and is distrib-
uted into breast milk.
◊ Licensed product information for remifentanil gives values for
a three-compartment pharmacokinetic model with a rapid distri-
bution half-life of 1 minute, a slower distribution half-life of 6
minutes, and a terminal elimination half-life of 10 to 20 minutes. 
References.
1. Egan TD. Remifentanil pharmacokinetics and pharmacodynam-

ics: a preliminary appraisal. Clin Pharmacokinet 1995; 29:
80–94. 

2. Egan TD. Pharmacokinetics and pharmacodynamics of remifen-
tanil: an update in the year 2000. Curr Opin Anaesthesiol 2000;
13: 449–55. 

3. Ross AK, et al. Pharmacokinetics of remifentanil in anesthetized
pediatric patients undergoing elective surgery or diagnostic pro-
cedures. Anesth Analg 2001; 93: 1393–1401.

Uses and Administration
Remifentanil, an anilidopiperidine derivative, is an
opioid analgesic (p.104) related to fentanyl (p.58). It is
a short-acting μ-receptor opioid agonist used for anal-
gesia during induction and/or maintenance of general
anaesthesia. It is also used to provide analgesia into the
immediate postoperative period, and may be used as
the analgesic component of local or regional anaesthe-
sia with or without benzodiazepine sedation. Remifen-
tanil is also used to provide analgesia and sedation in
mechanically ventilated patients under intensive care. 
Remifentanil is given intravenously as the hydrochlo-
ride, usually by infusion. Its onset of action is within 1
minute and the duration of action is 5 to 10 minutes.
Doses are expressed in terms of the base; remifentanil
hydrochloride 1.1 mg is equivalent to about 1 mg of
remifentanil. Initial doses for anaesthesia in elderly pa-
tients should be half the recommended adult doses and
then titrated to individual requirements. Obese patients
may require doses based on their ideal (lean) body-
weight. For details of doses in children, see below. 
When used to provide analgesia during induction of
anaesthesia an intravenous infusion is given in doses of
0.5 to 1 micrograms/kg per minute. An additional ini-
tial intravenous bolus of 1 microgram/kg may be given

over 30 to 60 seconds particularly if the patient is to be
intubated less than 8 minutes after the start of the infu-
sion. 
For provision of analgesia during maintenance of
anaesthesia in ventilated patients, usual infusion doses
range from 0.05 to 2 micrograms/kg per minute de-
pending on the anaesthetic drug employed and adjust-
ed according to response. Supplemental intravenous
boluses of 0.5 to 1 micrograms/kg may be given every
2 to 5 minutes in response to light anaesthesia or
intense surgical stress. The infusion dosage in sponta-
neous respiration is initially 0.04 micrograms/kg per
minute adjusted according to response within a usual
range of 0.025 to 0.1 micrograms/kg per minute. Bolus
doses are not recommended during spontaneous venti-
lation. 
For continuation of analgesia into the immediate post-
operative period typical doses by intravenous infusion
have ranged from 100 to 200 nanograms/kg per
minute; supplemental intravenous bolus doses are not
recommended during the postoperative period. 
To provide analgesia and sedation in ventilated pa-
tients under intensive care, remifentanil is given as an
intravenous infusion at an initial rate of 100 to
150 nanograms/kg per minute. Doses should then be
titrated to provide adequate analgesia and sedation; a
period of 5 minutes should be allowed between dose
adjustments. Additional sedative drugs should be giv-
en to those patients inadequately sedated with remifen-
tanil infusions of 200 nanograms/kg per minute. An in-
crease in the rate of remifentanil infusion may be
necessary if additional analgesia is required to cover
stimulating or painful procedures such as wound dress-
ing. Doses of up to 750 nanograms/kg per minute have
been given to some patients. Bolus doses of remifen-
tanil are not recommended in intensive care. 
Remifentanil is also used as an analgesic in patients
receiving monitored anaesthesia care. In the USA, it
may be given intravenously in a single dose of
1 microgram/kg 90 seconds before the local anaesthet-
ic; alternatively, a dose of 100 nanograms/kg per
minute may be given as an intravenous infusion, start-
ing 5 minutes before the local anaesthetic, which
should be reduced to 50 nanograms/kg per minute after
the local anaesthetic. Subsequent adjustments of
25 nanograms/kg per minute at 5-minute intervals may
be made to maintain a balanced analgesia. 
Remifentanil has a very rapid offset of action and no
residual opioid action remains 5 to 10 minutes after
stopping an infusion. When appropriate, alternative
analgesics should be given before stopping remifen-
tanil, in sufficient time to provide continuous and more
prolonged pain relief.
◊ References and reviews.
1. Patel SS, Spencer CM. Remifentanil. Drugs 1996; 52: 417–27. 
2. Duthie DJR. Remifentanil and tramadol. Br J Anaesth 1998; 81:

51–7. 
3. Davis PJ, Cladis FP. The use of ultra-short-acting opioids in pae-

diatric anaesthesia: the role of remifentanil. Clin Pharmacokinet
2005; 44: 787–96. 

4. Scott LJ, Perry CM. Remifentanil: a review of its use during the
induction and maintenance of general anaesthesia. Drugs 2005;
65: 1793–1823. Correction. ibid.; 2286. 

5. Battershill AJ, Keating GM. Remifentanil: a review of its anal-
gesic and sedative use in the intensive care unit. Drugs 2006; 66:
365–85. 

6. Welzing L, Roth B. Experience with remifentanil in neonates and
infants. Drugs 2006; 66: 1339–50.

Administration in children. Remifentanil hydrochloride,
given by continuous intravenous infusion, is used for analgesia
during maintenance of general anaesthesia in children. Usual in-
fusion doses (expressed as the base) for those aged from 1 to 12
years range from 0.05 to 1.3 micrograms/kg per minute depend-
ing on the anaesthetic drug employed and adjusted according to
response; supplemental intravenous boluses of 1 microgram/kg
may be given over at least 30 seconds. US licensed product in-
formation also states that neonates and children aged up to 2
months may be given infusion doses of 0.4 to 1 micrograms/kg
per minute with supplemental boluses of 1 microgram/kg. Simi-
lar doses are suggested in the BNFC for use in neonates although
in the UK remifentanil is not licensed for use in children under 1
year of age.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Remicit; Ultiva; Austral.: Ultiva; Austria: Ultiva; Belg.: Ultiva; Braz.:
Ultiva; Canad.: Ultiva; Chile: Ultiva; Cz.: Ultiva; Denm.: Ultiva; Fin.: Ultiva;
Fr.: Ultiva; Ger.: Ultiva; Gr.: Ultiva; Hong Kong: Ultiva; Hung.: Ultiva†; Irl.:
Ultiva†; Israel: Ultiva; Ital.: Ultiva; Mex.: Ultiva; Neth.: Ultiva; Norw.: Ul-
tiva; NZ: Ultiva; Pol.: Ultiva; Port.: Ultiva; S.Afr.: Ultiva; Singapore: Ultiva;
Spain: Ultiva; Swed.: Ultiva; Switz.: Ultiva; Turk.: Ultiva; UK: Ultiva; USA:
Ultiva; Venez.: Ultiva.

Rofecoxib (BAN, USAN, rINN)

MK-966; MK-0966; Rofécoxib; Rofecoxibum; Rofekoksibi; Rofe-
koxib. 4-[p-(Methylsulfonyl)phenyl]-3-phenyl-2(5H)-furanone.
Рофекоксиб
C17H14O4S = 314.4.
CAS — 162011-90-7.
ATC — M01AH02.
ATC Vet — QM01AH02.

Profile
Rofecoxib is an NSAID (p.96) reported to be a selective inhibitor
of cyclo-oxygenase-2 (COX-2). It was given orally for sympto-
matic relief in the treatment of osteoarthritis and rheumatoid ar-
thritis, and in the management of acute pain, dysmenorrhoea, and
migraine but was generally withdrawn worldwide after reports
of cardiovascular adverse effects (see below). 
Rofecoxib has been applied topically in some countries.
Effects on the cardiovascular system. As of February 2001,
the UK CSM had received a small number of reports of myocar-
dial infarction or ischaemia associated with the selective cyclo-
oxygenase-2 (COX-2) inhibitors.1 At that time it noted that
COX-2 inhibitors such as rofecoxib did not possess the intrinsic
antiplatelet activity associated with aspirin, and consequently did
not provide protection against ischaemic cardiac events. Data
from a large, randomised study also showed the incidence of my-
ocardial infarction to be greater in patients taking rofecoxib than
in those taking naproxen.2 Postmarketing surveillance of ro-
fecoxib continued to provide further case reports of adverse car-
diovascular effects. In addition, results of the then unpublished
APPROVe study of rofecoxib for prevention of adenomatous
polyposis indicated that the risk of myocardial infarction and
stroke was markedly increased in patients receiving the drug
compared to those on placebo; however, this difference was only
apparent after 18 months of treatment. As a result, the study was
stopped early and, in September 2004, the manufacturer general-
ly withdrew rofecoxib worldwide. The cardiovascular findings
from the APPROVe study were published in 2005;3 the results
showed a twofold increase in the risk of adverse cardiovascular
events in patients receiving rofecoxib 25 mg daily when com-
pared with those on placebo. More recently, 1-year follow-up
data for patients in the APPROVe study has been released. In a
statement from the manufacturer,4 it is noted that in the year after
rofecoxib was stopped there was no statistically significant dif-
ference in the risk of confirmed thrombotic cardiovascular
events in those patients who had previously taken rofecoxib
compared with those who had been given placebo; however,
when data from both the on- and off-treatment periods were con-
sidered together, the difference in the risk of cardiovascular
events between the rofecoxib and the placebo groups remained
significant. Combined data from the on- and off-treatment peri-
ods also showed that there was an increased risk of confirmed
heart attacks and ischaemic strokes in the rofecoxib group when
compared to the placebo group. (The data for ischaemic stroke
were later published.5) Similar data, suggesting a 1.5-fold in-
crease in risk of thrombotic events with rofecoxib, were reported
from a study of adjuvant use for colorectal cancer.6 A cumulative
meta-analysis also indicated an increased risk of myocardial inf-
arction in patients receiving rofecoxib.7 
Subsequent investigation by US and European regulatory au-
thorities has confirmed that other COX-2 inhibitors are also as-
sociated with some increased cardiovascular risk (see under
Celecoxib, p.34), as are some non-selective NSAIDs (see
Thrombotic Events, p.97). 
A review8 of prospective studies evaluating the effect of selective
COX-2 inhibitors on blood pressure was unable to determine if
there was any association between the use of these drugs and
blood pressure elevations. Of the studies considered, a ran-
domised study in elderly, hypertensive patients with osteoarthri-
tis has suggested that the risk of developing increased systolic

blood pressure is greater in those patients receiving rofecoxib
than in those receiving celecoxib.9 However, the manufacturers
of rofecoxib have pointed out that the trial used doses of rofecox-
ib greater than those recommended for elderly or hypertensive
patients.
1. CSM/MCA. COX-2 selective NSAIDs lack antiplatelet activity.

Current Problems 2001; 27: 7. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON007458&RevisionSelectionMethod=
LatestReleased (accessed 08/11/07) 

2. Bombardier C, et al. Comparison of upper gastrointestinal toxic-
ity of rofecoxib and naproxen in patients with rheumatoid arthri-
tis. N Engl J Med 2000; 343: 1520–8. 

3. Bresalier RS, et al. Cardiovascular events associated with ro-
fecoxib in a colorectal adenoma chemoprevention trial. N Engl J
Med 2005; 352: 1092–1102. Correction. ibid. 2006; 355: 221. 

4. Merck, USA. Merck announces preliminary analyses of off-drug
extension of APPROVe study (issued 11th May, 2006). Available
at: http://www.merck.com/newsroom/press_releases/corporate/
2006_0511.html (accessed 08/11/07) 

5. Afilalo J, et al. Long-term risk of ischemic stroke associated
with rofecoxib. Cardiovasc Drugs Ther 2007; 21: 117–20. 

6. Kerr DJ, et al. Rofecoxib and cardiovascular adverse events in
adjuvant treatment of colorectal cancer. N Engl J Med 2007; 357:
360–9. 

7. Jüni P, et al. Risk of cardiovascular events and rofecoxib: cumu-
lative meta-analysis. Lancet 2004; 364: 2021–9. 

8. Johnson DL, et al. Effect of cyclooxygenase-2 inhibitors on
blood pressure. Ann Pharmacother 2003; 37: 442–6. 

9. Whelton A, et al. Cyclooxygenase-2-specific inhibitors and car-
diorenal function: a randomized, controlled trial of celecoxib and
rofecoxib in older hypertensive osteoarthritis patients. Am J Ther
2001; 8: 85–95.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Antidol†; Blokium Cox†; Coxiro†; Foldoxx†; Toloxane†; Vioxx†; Aus-
tral.: Vioxx†; Austria: Ceoxx†; Coxxil†; Vioxx†; Belg.: Vioxx†; Braz.: Vi-
oxx†; Canad.: Vioxx†; Chile: Ceoxx†; Cz.: Vioxx†; Denm.: Vioxx†; Vi-
oxxalt†; Fin.: Vioxx†; Fr.: Vioxx†; Ger.: Vioxx†; Gr.: Peroxx†; Vioxx†;
Hong Kong: Vioxx†; Hung.: Vioxx†; India: Alrof†; Dolib†; Rofetab†;
Rofib; Rofixx†; Rofiz; Versatil†; Irl.: Ceoxx†; Vioxx†; Israel: Vioxx†; Ital.:
Arofexx†; Coxxil†; Dolcoxx†; Dolostop†; Miraxx†; Vioxx†; Malaysia: Vi-
oxx†; Mex.: Vioxx†; Neth.: Vioxx†; Norw.: Vioxx†; NZ: Vioxx†; Port.:
Ceoxx†; Coxxil†; Vioxx†; S.Afr.: Vioxx†; Singapore: Vioxx†; Spain:
Ceoxx†; Vioxx†; Swed.: Vioxx†; Vioxxakut†; Switz.: Vioxx†; Thai.: Vi-
oxx†; UK: Vioxx†; USA: Vioxx†; Venez.: Vioxx†.
Multi-ingredient: India: Rofecip Plus†.

Salamidacetic Acid
Carbamoylphenoxyacetic acid; Salamidacético, ácido; Salicyla-
mide O-acetic acid. (2-Carbamoylphenoxy)acetic acid.
Натрия Салициламидацетат (sodium salamidacetate)
C9H9NO4 = 195.2.
CAS — 25395-22-6 (salamidacetic acid); 3785-32-8 (so-
dium salamidacetate).

Profile
Salamidacetic acid is a salicylic acid derivative (see Aspirin,
p.20) that has also been used as the sodium and diethylamine
salts for the treatment of musculoskeletal and joint disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Akistin; Ger.: Clinit N†.
Multi-ingredient: Austria: Ambene; Rheumesser; Ger.: Caye Rheuma-
Balsam; Rus.: Ambene (Амбене); Thai.: Trabit†.

Salicylamide (BAN, rINN)

Salicilamida; Salicylamid; Salicylamidum; Salisyyliamidi. 2-Hydroxy-
benzamide.
Салициламид
C7H7NO2 = 137.1.
CAS — 65-45-2.
ATC — N02BA05.
ATC Vet — QN02BA05.

Pharmacopoeias. In Pol. and US. 
USP 31 (Salicylamide). A white practically odourless crystalline
powder. Slightly soluble in water and in chloroform; soluble in
alcohol and in propylene glycol; freely soluble in ether and in so-
lutions of alkalis.

Profile
Salicylamide is a salicylic acid derivative (see Aspirin, p.20) but
is not hydrolysed to salicylate; it is almost completely metabo-
lised to inactive metabolites during absorption and on first pass
through the liver. It is given in usual oral doses of 325 to 650 mg
or more, usually with other analgesics, three or four times daily
for pain and fever. Salicylamide has also been applied topically
in rubefacient preparations in concentrations of up to about 5%
for the relief of muscular and rheumatic pain.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Waldheim Rheuma-Creme.

Multi-ingredient: Arg.: Finagrip†; Funciogrip; Venter; Austria: Rilfit; Ru-
briment; Sigmalin B ; Sigmalin B  forte; Sigmalin B  ohne Coffein; Spalt†;
Waldheim Influvidon; Waldheim Sport- und Rheuma-Fluid; Belg.: Percutal-
gine; Braz.: Coristina R; Nogripe; Resprax; Termogripe C†; Vita Grip;
Denm.: Kodamid; Koffisal; Fr.: Percutalgine; Ger.: Glutisal†; Salistoperm†;
Gr.: Myalgesic†; Hong Kong: Antiflu Forte; Antiflu-N-Forte; DF Multi-
Symptom; Flu-Zep; Neozep; Qualizep; Indon.: Cold Cap; Corexin; Ne-
ozep; Refagan; Ital.: Anticorizza†; Mex.: Artrilan; Butayonacol; NZ: Calm-
U; Pol.: Reumosol; Scorbolamid; Rus.: Cefecon N (Цефекон Н); Percutal-
gine (Перкуталжин)†; S.Afr.: Colcaps; Flutex Cold and Flu; Histamed
Compound; Ilvico; Specific Nerve Pain Remedy; Spain: Coricidin†; Huber-
grip†; Pridio; Rinomicine; Rinomicine Activada; Yendol; Switz.: Escalgin sans
codeine†; Escogripp sans codeine; Grippalgine N†; Osa Gel de dentition;
Thai.: Apracur; Fecol; Percutalgine†; UAE: Adol Compound; Flukit; UK:
Intralgin†; USA: Anabar; BC; Be-Flex Plus; By-Ache; Combiflex; Duraxin;
Levacet; Lobac; Painaid; Saleto; Stanback Headache; Trim-Elim†; Venez.:
Cotar†; Praxona.

Salix

Corteza de sauce; Écorce de Saule; Fűzfakéreg; Gluosnių žievė;
Kora wierzby; Pajunkuori; Sälgbark; Salicis cortex; Saule, écorce
de; Vrbová kůra; Weidenbaumrinde; White Willow Bark; Willow
Bark.

(salicin)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Willow Bark). The whole or fragmented dried bark
of young branches or whole dried pieces of current year twigs of
various species of the genus Salix, including Salix purpurea, S.
daphnoides, and S. fragilis. It contains not less than 1.5% of total
salicylic derivatives, expressed as salicin (C13H18O7 = 286.3),
calculated with reference to the dried drug. Protect from light.

Profile
Salix contains variable amounts of tannin and also of salicin,
which has antipyretic and analgesic actions similar to those of
aspirin. Salix has been used in a variety of herbal remedies for
painful and inflammatory conditions and for fever. It was once
used as a bitter.

Adverse effects. An anaphylactic reaction developed in a 25-
year-old woman with asthma and a known allergy to aspirin,
within 75 minutes of ingesting a dietary supplement containing
willow bark extract.1 The link between salicylate and willow
bark allergy was also reported in a carpenter who experienced a
widespread rash, similar to that he developed with aspirin, when
working with willow wood.2

1. Boullata JI, et al. Anaphylactic reaction to a dietary supplement
containing willow bark. Ann Pharmacother 2003; 37: 832–5. 

2. Jennings A. Link between salicylate and willow bark. Pharm J
2006; 276: 417.

Pain. Preparations containing willow bark extract have been
tried with some success in the treatment of musculoskeletal dis-
orders such as low back pain1-3 and osteoarthritis.4 However, the
quality of reporting in trials is generally poor and further studies
are needed to establish their place in therapy.
1. Chrubasik S, et al. Treatment of low back pain exacerbations

with willow bark extract: a randomized double-blind study. Am
J Med 2000; 109: 9–14. 
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2. Chrubasik S, et al. Treatment of low back pain with a herbal or

synthetic anti-rheumatic: a randomized controlled study. Willow
bark extract for low back pain. Rheumatology (Oxford) 2001; 40:
1388–93. 

3. Gagnier JJ, et al. Herbal medicine for low back pain. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2006 (accessed 05/10/06). 

4. Biegert C, et al. Efficacy and safety of willow bark extract in the
treatment of osteoarthritis and rheumatoid arthritis: results of 2
randomized double-blind controlled trials. J Rheumatol 2004;
31: 2121–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Zortrix; Ger.: Assalix; Assplant; Lintia†; Rheumakaps; Rheumatab
Salicis†; Pol.: Salicortex; Switz.: Assalix.
Multi-ingredient: Austral.: Arthritic Pain Herbal Formula 1; Bioglan Ar-
thri Plus; Extralife Migrai-Care; Extralife PMS-Care; Guaiacum Complex†;
Lifesystem Herbal Formula 1 Arthritic Aid†; Prost-1†; Austria: Digestodor-
on; Braz.: Calman; Calmiplan; Floriny; Pasalix; Pasic; Passi Catha†; Passiflor-
ine; Cz.: Antirevmaticky Caj; Erkaltungstee†; Valofyt Neo; Fr.: Arkophy-
tum†; Mediflor Tisane Circulation du Sang No 12; Phytheol; Ger.:
Digestodoron; Dr Wiemanns Rheumatonikum; Ital.: Biothymus DS; Body-
guard; Donalg; Influ-Zinc; Nepiros; Nevril; Passiflorine; Reumafort; Malay-
sia: Celery Plus†; Mex.: Ifupasil; Pol.: Enterosol; Pyrosal; Reumacor; Reu-
mosol; Termasil; Port.: Neurocardol†; S.Afr.: Digestodoron; Spain:
Dolosul†; Jaquesor†; Mesatil†; Natusor Harpagosinol†; Natusor Jaquesan†;
Switz.: Dragees antirhumatismales; Strath Gouttes Rhumatisme; Tisane
antirhumatismale; UK: Bio-Strath Willow Formula; Gerard House Reu-
malex; Herbal Pain Relief; St Johnswort Compound; Venez.: Passiflorum.

Salol
Benzofenolsalicylaat; Benzophénol Salicylate; Fenylsalicylat; Feny-
lu salicylan; Fenyylisalisylaatti; Phenyli Salicylas; Phenylis Salicylas;
Salicilato de fenilo. Phenyl salicylate.
C13H10O3 = 214.2.
CAS — 118-55-8.
ATC — G04BX12.
ATC Vet — QG04BX12.

Pharmacopoeias. In Pol.
Profile
Salol is a salicylic acid derivative (see Aspirin, p.20). It was for-
merly used as an intestinal antiseptic, but effective doses were
toxic owing to the liberation of phenol. It is used in oral prepara-
tions containing methenamine for the treatment of lower urinary-
tract infections. 
Salol has been used topically as a sunscreen.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Aussie Tan Sunstick.
Multi-ingredient: Arg.: Dermithan; Austria: Carl Baders Divinal; Belg.:
Borostyrol; Braz.: Talco Alivio†; Canad.: Franzbranns†; Chile: Galutec†;
Polisep†; Cz.: Parodontal F5†; Fr.: Borostyrol; Dermophil Indien†; Nisa-
calm; Pol.: Salotannal; Urosal; Switz.: Borostyrol N†; Dermophil Indien;
GU Eau†; Penta; Turk.: Sandolin; USA: Atrosept; Dolsed†; MHP-A; MSP-
Blu; Prosed/DS; Trac Tabs 2X†; UAA; Urelle; Uretron; Uridon Modified†;
Urimar-T; Urimax; Urised; Uriseptic; UriSym†; Uritact; Uro Blue; Urogesic
Blue; Utira.

Salsalate (BAN, USAN, rINN)

NSC-49171; Salicyl Salicylate; Salicylosalicylic Acid; Salicylsalicylic
Acid; Salsalato; Salsalatum; Salysal; Sasapyrine. O-(2-Hydroxyben-
zoyl)salicylic acid.
Сальсалат
C14H10O5 = 258.2.
CAS — 552-94-3.
ATC — N02BA06.
ATC Vet — QN02BA06.

Pharmacopoeias. In Chin. and US. 
USP 31 (Salsalate). Store in airtight containers.
Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. 
The use of aspirin and other acetylated salicylates is generally
not recommended for children because of the risk of Reye’s syn-
drome, unless specifically indicated. Some licensed product in-
formation extends this precaution to salsalate.
Effects on the gastrointestinal tract. Salsalate is associated
with less faecal blood loss than aspirin and has been reported to

cause fewer gastric lesions than piroxicam.1 However, small-
bowel ulcerations were reported in a patient when salsalate was
added to a regimen of ranitidine and metoclopramide which had
been prescribed for duodenal ulcer.2
1. Porro GB, et al. Salsalate in the treatment of rheumatoid arthri-

tis: a double-blind clinical and gastroscopic trial versus piroxi-
cam: II—endoscopic evaluation. J Int Med Res 1989; 17: 320–3. 

2. Souza Lima MA. Ulcers of the small bowel associated with
stomach-bypassing salicylates. Arch Intern Med 1985; 145:
1139.

Effects on the kidneys. A case of minimal-change nephrotic
syndrome associated with salsalate use.1
1. Vallès M, Tovar JL. Salsalate and minimal-change nephrotic

syndrome. Ann Intern Med 1987; 107: 116.

Effects on the mouth. Ulcerated lesions on the tongue of a
77-year-old man were caused by taking salsalate tablets incor-
rectly.1 The patient had placed the tablets under his tongue rather
than swallowing them whole, resulting in prolonged, direct con-
tact with the tongue.
1. Ruscin JM, Astroth JD. Lingual lesions secondary to prolonged

contact with salsalate tablets. Ann Pharmacother 1998; 32:
1248.

Interactions
For interactions associated with salicylates, see Aspirin, p.23.
Pharmacokinetics
Salsalate is insoluble in acidic gastric fluids but is soluble in the
small intestine. One molecule of salsalate is hydrolysed to 2 mol-
ecules of salicylic acid; hydrolysis occurs both in the small intes-
tine and after absorption of the parent compound. Additional de-
tails on the pharmacokinetics of salicylic acid are provided in
aspirin (see p.23). Not all of the absorbed salsalate is hydrolysed
and about 13% of salsalate is excreted as glucuronide conjugates
in the urine; thus, the amount of salicylic acid available from sal-
salate is less than that from aspirin when the two drugs are given
in equimolar equivalents of salicylic acid.
Uses and Administration
Salsalate is a salicylic acid derivative that has analgesic, anti-in-
flammatory, and antipyretic actions similar to those of aspirin
(see p.23). It is used for pain and fever and also in inflammatory
disorders such as osteoarthritis and rheumatoid arthritis. A usual
oral dose is up to 3 g daily given in divided doses with food.
Preparations
USP 31: Salsalate Capsules; Salsalate Tablets.
Proprietary Preparations (details are given in Part 3)
USA: Amigesic; Argesic-SA; Artha-G; Disalcid; Marthritic; Mono-Gesic†;
Salflex; Salsitab.

Sarracenia Purpurea
Pitcher Plant.

Profile
The roots and leaves of Sarracenia purpurea (Sarraceniaceae)
have been used in the form of an aqueous distillate, given by lo-
cal injection, for neuromuscular or neuralgic pain.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Sarapin.

Sodium Aurothiomalate (rINN)

Aurothiomalate de Sodium; Aurotiomalato de sodio; Gold Sodi-
um Thiomalate; Natrii aurothiomalas; Natrium-aurothiomalát;
Natriumaurotiomalaatti; Natriumaurotiomalat; Sodium, aurothi-
omalate de; Sodium Aurothiosuccinate; Sodu aurotiojabłczan;
Sodyum Orotiyomalat.
Натрия Ауротиомалат
CAS — 12244-57-4 (anhydrous xNa); 39377-38-3 (diso-
dium monohydrate).
ATC — M01CB01.
ATC Vet — QM01CB01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sodium Aurothiomalate). A mixture of monoso-
dium and disodium salts of (2RS)-2-(aurosulphanyl)butanedioic
acid. It contains 44.5 to 46.0% of gold and 10.8 to 11.8% of so-
dium, calculated with reference to the dried substance. A fine,
pale yellow, hygroscopic powder. Very soluble in water; practi-

cally insoluble in alcohol and in dichloromethane. A 10% solu-
tion in water has a pH of 6.0 to 7.0. Store in airtight containers. 
USP 31 (Gold Sodium Thiomalate). A mixture of the mono-
sodium and disodium salts of gold thiomalic acid [(auro-
thio)succinic acid] (C4H4AuNaO4S = 368.1 and
C4H3AuNa2O4S = 390.1) that has a gold content of 44.8 to
49.6%, and 49.0 to 52.5% calculated on the dried alcohol-free
and glycerol-free material. pH of a 10% solution in water is be-
tween 5.8 and 6.5. Store in airtight containers at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
light.

Adverse Effects
Reports show a wide range for the incidence of adverse
effects of sodium aurothiomalate. However, some con-
sider that with careful treatment about one-third of pa-
tients will experience adverse effects. It is also consid-
ered that about 5% of patients will experience severe
adverse effects and that some of the effects will be
fatal. The most common effects involve the skin and
mucous membranes with pruritus (an early sign of
intolerance) and stomatitis (often with a metallic taste)
being the most prominent. Rashes with pruritus often
occur after 2 to 6 months of intramuscular treatment
and may require stopping therapy. Other reactions af-
fecting the skin and mucous membranes include ery-
thema, maculopapular eruptions, erythema multi-
forme, urticaria, eczema, seborrhoeic dermatitis,
lichenoid eruptions, alopecia, exfoliative dermatitis,
glossitis, pharyngitis, vaginitis, photosensitivity reac-
tions, and irreversible pigmentation (chrysiasis). 
Toxic effects on the blood include eosinophilia, throm-
bocytopenia, leucopenia, agranulocytosis, and aplastic
anaemia. 
Effects on the kidneys include mild transient proteinu-
ria which may lead to heavy proteinuria, haematuria,
and nephrosis. 
Other effects reported include pulmonary fibrosis, dys-
pnoea, toxic hepatitis, cholestatic jaundice, peripheral
neuritis, encephalitis, psychoses, fever, and gastroin-
testinal disorders including enterocolitis. Gold deposits
may occur in the eyes. Vasomotor or nitritoid reactions,
with weakness, flushing, palpitations, and syncope,
may occur after injection of sodium aurothiomalate.
Local irritation may also follow injection. 
Sometimes there is an initial exacerbation of the ar-
thritic condition. 
Some adverse effects of gold have an immunogenic
component.
◊ Reviews.
1. Tozman ECS, Gottlieb NL. Adverse reactions with oral and

parenteral gold preparations. Med Toxicol 1987; 2: 177–89. 
2. van Roon EN, et al. Parenteral gold preparations. Efficacy and

safety of therapy after switching from aurothioglucose to au-
rothiomalate. J Rheumatol 2005; 32: 1026–30.

Effects on the blood. Blood disorders such as eosinophilia,
leucopenia, granulocytopenia, and thrombocytopenia have oc-
curred in patients receiving gold therapy. Eosinophilia has been
reported to be the most frequent haematological abnormality.1 It
has been estimated that thrombocytopenia develops in 1 to 3% of
patients receiving gold salts.2 
Fatal consumption coagulopathy occurred in 4 children after the
second injection of sodium aurothioglucose or sodium aurothi-
omalate.3
1. Foster RT. Eosinophilia—a marker of gold toxicity. Can J Hosp

Pharm 1985; 85: 150–1. 
2. Coblyn JS, et al. Gold-induced thrombocytopenia: a clinical and

immunogenetic study of twenty-three patients. Ann Intern Med
1981; 95: 178–81. 

3. Jacobs JC, et al. Consumption coagulopathy after gold therapy
for JRA. J Pediatr 1984; 105: 674–5.

Effects on the cardiovascular system. Vasomotor or nitri-
toid reactions associated with gold compounds are usually tran-
sient and self-limiting and although they may be mild there have
been isolated reports of associated complications such as myo-
cardial infarction, stroke, transient ischaemic attack, and tran-
sient monocular visual loss.1 Most reactions have been associat-
ed with sodium aurothiomalate (a reported incidence of 4.7%)
but they have also occurred with auranofin and sodium aurothi-
oglucose. Tachyphylaxis usually occurs to the reactions and most
patients are able to continue treatment but paradoxically in some
the severity increases with repeated doses; 2.8% of patients re-
ceiving sodium aurothiomalate may require a change of treat-
ment due to recurrent reactions. It is important to distinguish
such reactions from true anaphylactic reactions to gold.1 Patients
taking ACE inhibitors may be at increased risk of nitritoid reac-
tions.2,3 Transfer of the patient to sodium aurothioglucose or re-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

duction of the dose by 50%, injection in the recumbent position,
and observation for 20 minutes have been recommended for the
next few injections after a reaction.2
1. Ho M, Pullar T. Vasomotor reactions with gold. Br J Rheumatol

1997; 36: 154–6. 
2. Arthur AB, et al. Nitritoid reactions: case reports, review, and

recommendations for management. J Rheumatol 2001; 28:
2209–12. 

3. Nixon J, Pande I. Gold, nitritoid reactions and angiotensin-con-
verting enzyme inhibitors. Rheumatology (Oxford) 2006; 45:
118–19.

Effects on the gastrointestinal tract. A case report of ente-
rocolitis due to sodium aurothiomalate has been published1 and
27 other cases associated with gold therapy reviewed. For colitis
associated with oral gold see also under Auranofin, p.25.
1. Jackson CW, et al. Gold induced enterocolitis. Gut 1986; 27:

452–56.

Effects on the immune system. Details of a patient who de-
veloped an immune deficiency syndrome that was attributed to
gold therapy with sodium aurothiomalate.1
1. Haskard DO, Macfarlane D. Adult acquired combined immune

deficiency in a patient with rheumatoid arthritis on gold. J R Soc
Med 1988; 81: 548–9.

Effects on the kidneys. Proteinuria developed in 21 patients
while receiving a standard regimen of sodium aurothiomalate.1
The severity of the proteinuria varied greatly and in 11 it in-
creased for 4 months after treatment was stopped. Eight patients
were considered to have developed the nephrotic syndrome. The
median duration of proteinuria was 11 months, resolving in all 21
patients when treatment was withdrawn; at 24 months 3 patients
were still experiencing proteinuria and it was not until 39 months
that all were free of the condition. Renal biopsy indicated several
types of kidney damage. 
See under Auranofin (p.25) for a comparative incidence of pro-
teinuria in patients receiving sodium aurothiomalate or au-
ranofin.
1. Hall CL, et al. The natural course of gold nephropathy: long term

study of 21 patients. BMJ 1987; 295: 745–8.

Effects on the lungs. ‘Gold lung’ is the term used to describe
symptoms of dyspnoea on exertion, weakness, dry cough, and
malaise that are seen rarely in patients on gold treatment.1 Such
symptoms usually develop some weeks or months after starting
gold treatment and are associated with cumulative doses of sev-
eral hundred milligrams although, very rarely, they have been
seen with cumulative doses of less than 100 mg.2 Pulmonary
insufficiency may eventually develop and there have been occa-
sional fatalities.3 The pulmonary lesions usually subside on with-
drawal of gold therapy, although persistent symptoms have been
reported. 
Nonbacterial thrombotic endocarditis associated with gold-in-
duced pulmonary disease has also been reported.4 This was con-
sidered to be a manifestation of gold-induced immune complex
deposition.
1. Sinha A, et al. Gold-induced pneumonitis: computed tomogra-

phy findings in a patient with rheumatoid arthritis. Rheumatolo-
gy (Oxford) 2001; 40: 712–14. 

2. Hafejee A, Burke MJ. Acute pneumonitis starting 2 hours after
intramuscular gold administration in a patient with rheumatoid
arthritis. Ann Rheum Dis 2004; 63: 1525–6. 

3. Soler MJ, et al. Fatal, gold-induced pneumonitis. Rheumatol Int
2003; 23: 207–10. 

4. Kollef MH, et al. Nonbacterial thrombotic endocarditis associat-
ed with gold induced pulmonary disease. Ann Intern Med 1988;
108: 903–4.

Effects on the nails. A 34-year-old woman with severe rheu-
matoid arthritis receiving intramuscular gold developed yellow
thickened toenails and fingernails after 2 years of treatment.1 Al-
though there was some improvement in nail growth on stopping
treatment, some light yellow discoloration in all 20 nails persist-
ed.
1. Roest MAB, Ratnavel R. Yellow nails associated with gold ther-

apy for rheumatoid arthritis. Br J Dermatol 2001; 145: 855–6.

Effects on the nervous system. Neurological complications
with gold salts are infrequent but may include peripheral neurop-
athy, Guillain-Barré syndrome, myokymia (repeated involuntary
contractions of muscle fibre), and encephalopathy. Some
reports1-6 are given below.
1. Dick DJ, Raman D. The Guillain-Barre syndrome following gold

therapy. Scand J Rheumatol 1982; 11: 119–20. 
2. Schlumpf U, et al. Neurologic complications induced by gold

treatment. Arthritis Rheum 1983; 26: 825–31. 
3. Cerinic MM, et al. Gold polyneuropathy in juvenile rheumatoid

arthritis. BMJ 1985; 290: 1042. 
4. Cohen M, et al. Acute disseminated encephalomyelitis as a com-

plication of treatment with gold. BMJ 1985; 290: 1179–80. 
5. Dubowitz MN, et al. Gold-induced neuroencephalopathy re-

sponding to dimercaprol. Lancet 1991; 337: 850–1. 
6. Garrido JA, et al. Mioquimias inducidas por sales de oro. Neur-

ologia 1995; 10: 235–7.

Effects on the skin. Chrysiasis is a distinctive pigmentation
that develops in light-exposed skin of patients receiving
parenteral gold salts. In a study1 of 31 patients with chrysiasis
who were receiving intramuscular sodium aurothiomalate for
rheumatoid arthritis, it was noted that visible changes developed
above a threshold equivalent to 20 mg/kg gold content. The se-
verity of the pigmentation depended upon cumulative dose.
Focal aggregates of gold are deposited in the reticular and papil-
lary dermis with no obvious increase in melanin. The pigmenta-

tion is permanent but benign, although the cosmetic effects may
cause some patients distress. Prevention of chrysiasis is difficult
but avoidance of exposure to sunlight may be helpful.
1. Smith RW, et al. Chrysiasis revisited: a clinical and pathological

study. Br J Dermatol 1995; 133: 671–8.

Hypersensitivity. Many adverse effects associated with gold
treatment have an immunological basis. Patients with contact al-
lergy to gold may exhibit a flare-up, associated with cytokine re-
lease, when given sodium aurothiomalate intramuscularly.1
Small amounts of nickel have been detected in sodium aurothi-
omalate injection2 and in sodium aurothioglucose injection3 and
it has been suggested that gold therapy may also exacerbate or
induce hypersensitivity to nickel.2-4 
Anaphylaxis may occur occasionally5 but vasomotor or ‘nitri-
toid’ reactions (see Effects on the Cardiovascular System, above)
may produce similar symptoms.
1. Möller H, et al. The flare-up reactions after systemic provocation

in contact allergy to nickel and gold. Contact Dermatitis 1999;
40: 200–4. 

2. Choy EHS, et al. Nickel contamination of gold salts: link with
gold-induced skin rash. Br J Rheumatol 1997; 36: 1054–8. 

3. Wijnands MJH, et al. Chrysotherapy provoking exacerbation of
contact hypersensitivity to nickel. Lancet 1990; 335: 867–8. 

4. Fulton RA, et al. Another hazard of gold therapy? Ann Rheum
Dis 1982; 41: 100–1. 

5. Neustadt DH. Another anaphylactic reaction after gold (aurothi-
omalate) injection. J Rheumatol 1995; 22: 190.

Pancreatitis. It was suggested that pancreatitis reported in a
woman receiving gold injections and in a woman on oral gold
therapy may have been due to a hypersensitivity reaction.1
1. Eisemann AD, et al. Pancreatitis and gold treatment of rheuma-

toid arthritis. Ann Intern Med 1989; 111: 860–1.

Treatment of Adverse Effects
The treatment of the adverse effects of gold is usually
symptomatic and most effects resolve when gold ther-
apy is withdrawn. In severe cases a chelator such as
dimercaprol (p.1444) may be used.

Precautions
Gold therapy is contra-indicated in exfoliative derma-
titis, SLE, necrotising enterocolitis, and pulmonary fi-
brosis. It should be used with caution in the elderly and
in renal or hepatic impairment; use is contra-indicated
if renal or hepatic disorders are severe. Patients with a
history of haematological disorders or who have previ-
ously shown toxicity to heavy metals should not be
given gold salts, nor should any severely debilitated
patient. 
It is recommended that diabetes mellitus and heart fail-
ure should be adequately controlled in any patient be-
fore gold is given. Patients with a history of urticaria,
eczema, or colitis should be treated with caution. Pa-
tients with a poor sulfoxidation status may be more
susceptible to adverse effects of sodium aurothioma-
late. 
Use of gold compounds with other therapy capable of
inducing blood disorders should be undertaken with
caution, if at all. 
Because of the risk of vasomotor reactions, patients
should remain recumbent for about 10 minutes after
each injection. 
Urine should be tested for albumin before each injec-
tion and a full blood count carried out. Patients receiv-
ing gold compounds either orally or parenterally
should be warned to report the appearance of sore
throat or tongue, metallic taste, pruritus, rash, buccal
ulceration, easy bruising, purpura, epistaxis, bleeding
gums, unexplained bleeding, menorrhagia, pyrexia,
indigestion, diarrhoea, or unexplained malaise. The de-
velopment of breathlessness or cough should also be
reported. Effects such as eosinophilia, proteinuria, pru-
ritus, and rash arising during gold treatment should be
allowed to resolve before therapy is continued. 
Licensed product information recommends that annual
chest X-rays should be carried out.
Breast feeding. The American Academy of Pediatrics consid-
ers that gold compounds are usually compatible with breast feed-
ing.1 
Gold has been detected in breast milk2-4 and found bound to the
red blood cells of breast-fed babies.3,4 In a report2 of a breast-fed
infant it was calculated that the weight-adjusted dose of gold re-
ceived by the infant exceeded that received by the mother al-
though the infant exhibited no ill-effects during 100 days of
breast feeding and developed normally thereafter. Nonetheless,

because of the relatively high exposure it was recommended that
breast-fed infants should be closely monitored.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 13/11/06) 

2. Bennett PN, et al. Use of sodium aurothiomalate during lacta-
tion. Br J Clin Pharmacol 1990; 29: 777–9. 

3. Needs CJ, Brooks PM. Antirheumatic medication during lacta-
tion. Br J Rheumatol 1985; 24: 291–7. 

4. Blau SP. Metabolism of gold during lactation. Arthritis Rheum
1973; 16: 777–8.

Porphyria. Sodium aurothiomalate has been associated with
acute attacks of porphyria and is considered unsafe in porphyric
patients.
Pregnancy. Although healthy neonates have been born after in-
utero exposure to gold compounds,1,2 animal studies and a
report1 of malformation in a child born to a woman treated with
sodium aurothiomalate led to a suggestion that gold might possi-
bly have teratogenic effects. Licensed product information ad-
vises that sodium aurothiomalate should be avoided during preg-
nancy.
1. Rogers JG, et al. Possible teratogenic effects of gold. Aust Pae-

diatr J 1980; 16: 194–5. 
2. Bennett PN, et al. Use of sodium aurothiomalate during lacta-

tion. Br J Clin Pharmacol 1990; 29: 777–9.

Interactions
There is an increased risk of toxicity when gold com-
pounds are given with other nephrotoxic, hepatotoxic,
or myelosuppressive drugs. Use of gold compounds
with penicillamine may increase the risk of haemato-
logic or renal adverse reactions.
ACE inhibitors. For a possible increased risk of nitritoid reac-
tions when gold compounds are given to patients taking ACE
inhibitors, see Effects on the Cardiovascular System, above.
Penicillamine. For a discussion on the effects of previous ther-
apy with gold salts affecting penicillamine toxicity, see p.1458.

Pharmacokinetics
Sodium aurothiomalate is absorbed readily after intra-
muscular injection and 85 to 95% becomes bound to
plasma proteins. With doses of 50 mg weekly a steady-
state serum concentration of gold of about 3 to
5 micrograms/mL is reached in 5 to 8 weeks. It is wide-
ly distributed to body tissues and fluids, including syn-
ovial fluid, and accumulates in the body. 
The serum half-life of gold is about 5 to 6 days but this
increases after successive doses and after a course of
treatment, gold may be found in the urine for up to 1
year or more owing to its presence in deep body com-
partments. Sodium aurothiomalate is mainly excreted
in the urine, with smaller amounts in the faeces. 
Gold has been detected in the fetus when sodium au-
rothiomalate was given to the mother. Gold is distrib-
uted into breast milk.
◊ Reviews.
1. Blocka KLN, et al. Clinical pharmacokinetics of oral and inject-

able gold compounds. Clin Pharmacokinet 1986; 11: 133–43. 
2. Tett SE. Clinical pharmacokinetics of slow-acting antirheumatic

drugs. Clin Pharmacokinet 1993; 25: 392–407.

Uses and Administration
Sodium aurothiomalate and other gold compounds are
used mainly for their anti-inflammatory effect in active
progressive rheumatoid arthritis and progressive juve-
nile idiopathic arthritis; they may also be beneficial in
psoriatic arthritis. They are generally used as disease-
modifying antirheumatic drugs in patients whose
symptoms are unresponsive to or inadequately control-
led by NSAIDs alone. 
Sodium aurothiomalate therapy should only be under-
taken where facilities are available to carry out the tests
specified under Precautions, above. 
Sodium aurothiomalate is given by deep intramuscular
injection; the area should be gently massaged and, due
to the possibility of vasomotor reactions, the patient
should remain recumbent for 10 minutes and kept un-
der close observation for 30 minutes after each injec-
tion. In the UK, 10 mg is given in the first week to test
the patient’s tolerance. If satisfactory, this may be fol-
lowed by doses of 50 mg at weekly intervals until signs
of remission occur; the dosage interval is then in-
creased to 2 weeks until full remission occurs and then
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increased gradually to every 4 to 6 weeks. Treatment
may be continued for up to 5 years after remission. 
Improvement may not be seen until a total dose of 300
to 500 mg has been given. If no major improvement
has occurred after a total of 1 g has been given (exclud-
ing the test dose) therapy should be stopped; alterna-
tively in the absence of toxicity, 100 mg may be given
weekly for a further 6 weeks; should there be no re-
sponse at this dose other forms of therapy should be
tried. In patients who relapse while receiving mainte-
nance therapy, the interval between doses should be re-
duced to one week and should not be increased again
until control has been obtained; however, if no re-
sponse is obtained within 2 months, alternative treat-
ment should be used. It is important to avoid complete
relapse since a second course of gold therapy is not
usually effective. 
For doses in juvenile idiopathic arthritis, see Adminis-
tration in Children, below. 
NSAIDs may be continued when sodium aurothioma-
late therapy is begun. 
Other gold compounds that have been used include au-
ranofin (p.25), aurothioglucose (p.26), aurotioprol
(p.26), gold keratinate (p.62), and sodium aurotiosul-
fate (below).

Administration in children. For children with progressive ju-
venile idiopathic arthritis the suggested initial weekly dose of so-
dium aurothiomalate is 1 mg/kg by deep intramuscular injection
to a maximum of 50 mg weekly (one-tenth to one-fifth of the
calculated initial weekly dose may be given for 2 to 3 weeks to
test the patient’s tolerance). Weekly doses should continue until
signs of remission occur, at which point the dosage interval may
be increased to fortnightly. With full remission, the dosage inter-
val may again be increased gradually to every 4 weeks. If no im-
provement has occurred after 20 weeks, the dose could be raised
slightly or another antirheumatic drug tried. For the view that use
of gold compounds is no longer appropriate to treat juvenile idi-
opathic arthritis see Rheumatic Disorders, below.

Asthma. For comment on the use of parenteral gold com-
pounds in the treatment of asthma, see under Auranofin, p.26.

Pemphigus and pemphigoid. Corticosteroids are the main
treatment for blistering in pemphigus and pemphigoid (p.1582).
Intramuscular gold therapy has been used concomitantly to per-
mit a reduction in corticosteroid dosage although evidence for
the steroid-sparing effect is lacking;1,2 it has been suggested that
gold therapy should be reserved for patients who cannot tolerate
corticosteroids or in whom they are contra-indicated.1

1. Bystryn J-C, Steinman NM. The adjuvant therapy of pemphigus:
an update. Arch Dermatol 1996; 132: 203–12. 

2. Pandya AG, Dyke C. Treatment of pemphigus with gold. Arch
Dermatol 1998; 134: 1104–7.

Rheumatic disorders. Gold compounds are among the dis-
ease-modifying antirheumatic drugs (DMARDs) that may be
used in the treatment of rheumatoid arthritis (p.11). Although
toxicity has now reduced its popularity, intramuscular gold has
long been used for the treatment of rheumatoid arthritis1-4 and is
often the standard against which the efficacy of other treatments
is measured. Oral gold is less toxic but is also much less effec-
tive. It is unclear if there are differences between available intra-
muscular forms, but a study5 in 120 patients converted from
aurothioglucose to aurothiomalate found that 29 withdrew from
the latter drug within 12 months, mostly because of lack of effi-
cacy or the development of adverse effects not seen with the pre-
vious drug. 

Gold compounds have also been used in the treatment of juvenile
idiopathic arthritis (p.10); however, the BNFC states that gold is
no longer used for this indication. 

Gold compounds may also be of benefit in psoriatic arthritis (see
under Spondyloarthropathies, p.13).
1. Epstein WV, et al. Effect of parenterally administered gold ther-

apy on the course of adult rheumatoid arthritis. Ann Intern Med
1991; 114: 437–44. 

2. Anonymous. Gold therapy in rheumatoid arthritis. Lancet 1991;
338: 19–20. 

3. Klinkhoff AV, Teufel A. How low can you go? Use of very low
dosage of gold in patients with mucocutaneous reactions. J
Rheumatol 1995; 22: 1657–9. 

4. Clark P, et al. Injectable gold for rheumatoid arthritis. Available
in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 1997 (accessed 13/11/06). 

5. van Roon, EN, et al. Parenteral gold preparations: efficacy and
safety of therapy after switching from aurothioglucose to au-
rothiomalate. J Rheumatol 2005; 32: 1026–30.

Preparations
BP 2008: Sodium Aurothiomalate Injection; 
USP 31: Gold Sodium Thiomalate Injection.
Proprietary Preparations (details are given in Part 3)
Austral.: Myocrisin; Austria: Tauredon; Canad.: Myochrysine; Cz.: Taure-
don; Denm.: Myocrisin; Fin.: Myocrisin; Ger.: Tauredon; Gr.: Miocrin; My-
ocrysine†; Tauredon; Tuaredon†; Hung.: Tauredon†; Irl.: Myocrisin; Neth.:
Tauredon; Norw.: Myocrisin; NZ: Myocrisin; Port.: Tauredon; S.Afr.: My-
ocrisin†; Singapore: Miocrin; Spain: Miocrin; Swed.: Myocrisin; Switz.:
Tauredon; Thai.: Myocrisin; UK: Myocrisin; USA: Aurolate; Myochrysine.

Sodium Aurotiosulfate (rINN)

Aurotiosulfate de Sodium; Aurotiosulfato de sodio; Gold Sodium
Thiosulphate; Natrii Aurotiosulfas; Natrii Aurotiosulphas; Natriu-
maurotiosulfaatti; Natriumaurotiosulfat; Sodium Aurothiosul-
phate; Sodium Dithiosulfatoaurate.
Натрия Ауротиосульфат
Na3Au(S2O3)2,2H2O = 526.2.
CAS — 10233-88-2 (anhydrous sodium aurotiosulfate);
10210-36-3 (sodium aurotiosulfate dihydrate).
ATC — M01CB02.
ATC Vet — QM01CB02.

Profile
Sodium aurotiosulfate has a gold content of about 37%. It has
similar actions and uses to those of sodium aurothiomalate
(p.122). It is given by intramuscular injection in a usual dose of
56.1 mg every 5 to 7 days.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Crytion; Chile: Crytioro; Ital.: Fosfocrisolo.

Sodium Gentisate (rINN)

Gentisate de Sodium; Gentisato de sodio; Gentisato Sodico;
Natrii Gentisas. Sodium 2,5-dihydroxybenzoate dihydrate.
Натрия Гентизат
C7H5NaO4,2H2O = 212.1.
CAS — 490-79-9 (gentisic acid); 4955-90-2 (anhydrous
sodium gentisate).

(gentisic acid)

Pharmacopoeias. In Fr.
Profile
Sodium gentisate has been used as an analgesic in the treatment
of musculoskeletal and joint disorders. It is also used as a pre-
servative.

Sodium Salicylate
Natrii salicylas; Natrio salicilatas; Natriumsalicylat; Natriumsalisy-
laatti; Nátrium-szalicilát; Salicilato sódico; Salicylan sodný; Sodium,
salicylate de; Sodu salicylan; Sodyum Salisilat. Sodium 2-hydroxy-
benzoate.
Салицилат Натрия
C7H5NaO3 = 160.1.
CAS — 54-21-7.
ATC — N02BA04.
ATC Vet — QN02BA04.

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet. 
Ph. Eur. 6.2 (Sodium Salicylate). Colourless small crystals or
shiny flakes, or white or almost white, crystalline powder. Freely
soluble in water; sparingly soluble in alcohol. Store in airtight
containers. Protect from light. 
USP 31 (Sodium Salicylate). Amorphous or microcrystalline
powder or scales. It is colourless or has not more than a faint pink
tinge. It is odourless or has a faint characteristic odour. A freshly
made 10% solution in water is neutral or acid to litmus. Freely
(and slowly) soluble in water and in glycerol; very soluble in
boiling water and in boiling alcohol; slowly soluble in alcohol.
Protect from light.
Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20. 

Although sodium salicylate has been used in the treatment of
rheumatic fever, its high sodium content may cause problems in
patients with cardiac complications. 
The use of aspirin and other acetylated salicylates is generally
not recommended for children because of the risk of Reye’s syn-
drome, unless specifically indicated. Some licensed drug infor-
mation extends this precaution to sodium salicylate.
Effects on the eyes. Retinal haemorrhages were reported in a
60-year-old woman taking sodium salicylate 6 g daily by mouth
for 2 months and in a 10-year-old girl taking sodium salicylate,
4 g daily by mouth, for 40 days.1 In both cases the haemorrhages
gradually resolved after the treatment was stopped.
1. Mortada A, Abboud I. Retinal haemorrhages after prolonged use

of salicylates. Br J Ophthalmol 1973; 57: 199–200.

Interactions
For interactions associated with salicylates, see Aspirin, p.23.
Uses and Administration
Sodium salicylate is a salicylic acid derivative that has analgesic,
anti-inflammatory, and antipyretic actions similar to those of
aspirin (p.23). Sodium salicylate 1 g is equivalent to about 1.1 g
of aspirin. It is used in the treatment of pain, fever, and in rheu-
matic disorders such as osteoarthritis and rheumatoid arthritis.
The usual oral dose of sodium salicylate for pain or fever is 325
to 650 mg every four hours as required. The oral dose for rheu-
matic disorders is 3.6 to 5.4 g daily in divided doses. Sodium sal-
icylate has also been used in the symptomatic treatment of rheu-
matic fever but its high sodium content may cause problems in
patients with cardiac complications. 
Sodium salicylate has also been given by intravenous infusion
and topically.
Preparations
USP 31: Sodium Salicylate Tablets.
Proprietary Preparations (details are given in Part 3)
Canad.: Dodds†; Saliject; NZ: Hairscience Shampoo†; Turk.: Enter-Sal;
UK: Jackson’s Pain & Fever.
Multi-ingredient: Braz.: A Saude da Mulher; Abacateirol†; Pilulas De
Witt’s†; Canad.: Plax; Thunas Tab for Menstrual Pain†; Chile: Eucerin
Shampoo Anticaspa; Fr.: Brulex; Ger.: Gelonida NA†; Hong Kong: Gly
Thymol; S.Afr.: Colphen; Doans Backache Pills; Ilvico; TCP; UK: Antiseptic
Mouthwash; Doans Backache Pills; TCP; USA: Cystex; Scot-Tussin Original
5-Action; Tussirex; Venez.: Boncilin†; Inquilim†.

Sodium Thiosalicylate
Tiosalicilato sódico. Sodium 2-sulfanylbenzoate.
Тиосалицилат Натрия
C7H5O2NaS = 176.2.
CAS — 134-23-6.

Profile
Sodium thiosalicylate is a salicylic acid derivative (see Aspirin,
p.20) that has been used parenterally in the treatment of muscu-
loskeletal disorders, osteoarthritis, rheumatic fever, and acute
gout.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Rexolate†.

Sufentanil (BAN, rINN) ⊗ 
R-30730; Sufentaniili; Sufentanilis; Sufentanilo; Sufentanilum;
Szufentanil. N-{4-(Methoxymethyl)-1-[2-(2-thienyl)ethyl]-4-pip-
eridyl}propionanilide.
Суфентанил
C22H30N2O2S = 386.6.
CAS — 56030-54-7.
ATC — N01AH03.
ATC Vet — QN01AH03.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Sufentanil). A white or almost white powder. Prac-
tically insoluble in water; freely soluble in alcohol and in methyl
alcohol. Protect from light.

Sufentanil Citrate (BANM, USAN, rINNM) ⊗ 
Citrato de sufentanilo; R-33800; Sufentaniilisitraatti; Sufentanil cit-
rát; Sufentanil, citrate de; Sufentanil Sitrat; Sufentanilcitrat; Sufen-
tanili citras; Sufentanilio citratas; Szufentanil-citrát. N-{4-(Meth-
oxymethyl)-1-[2-(2-thienyl)ethyl]-4-piperidyl}propionanilide cit-
rate.

Суфентанила Цитрат
C22H30N2O2S,C6H8O7 = 578.7.
CAS — 60561-17-3.
ATC — N01AH03.
ATC Vet — QN01AH03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Sufentanil Citrate). A white or almost white pow-
der. Soluble in water and in alcohol; freely soluble in methyl al-
cohol. Protect from light. 
USP 31 (Sufentanil Citrate). A white powder. Soluble in water;
sparingly soluble in alcohol, in acetone, and in chloroform; free-
ly soluble in methyl alcohol. Store at a temperature of 25°, excur-
sions permitted between 15° and 30°.

Stabi l i ty.  Sufentani l  (as  the  c i t ra te)  d i lu ted  to
50 micrograms/mL with sodium chloride 0.9% remained stable
for at least 14 days when stored at room temperature in PVC res-
ervoirs for portable patient-controlled systems.1
1. Chapalain-Pargarde S, et al. Microbiological and physicochem-

ical stability of fentanyl and sufentanil solutions for patient-con-
trolled delivery systems. J Pain Symptom Manage 2006; 32:
90–7.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102 and Fenta-
nyl, p.56.
Breast feeding. Concentrations of sufentanil were similar in
colostrum and serum in 7 women given sufentanil by continuous
epidural infusion during the first postoperative day after caesar-
ean section. In the light of its poor oral availability such an
amount was not considered to be a hazard to the breast-fed infant,
and a maternal dose of 5 micrograms/hour epidurally was con-
sidered to be safe for such infants.1
1. Ausseur A, et al. Continuous epidural infusion of sufentanil after

caesarean section: concentration in breast milk. Br J Anaesth
1994; 72 (suppl 1): 106.

Effects on the cardiovascular system. For a reference to the
effects of sufentanil on histamine release compared with some
other opioids, see under Pethidine, p.114.

Effects on the nervous system. There have been reports of
tonic-clonic movements or seizures in a few patients receiving
sufentanil.1 There was no evidence of cortical seizure activity in
a patient whose EEG was recorded,2 suggesting that the ob-
served myoclonus was not a convulsion or seizure.
1. Zaccara G, et al. Clinical features, pathogenesis and management

of drug-induced seizures. Drug Safety 1990; 5: 109–51. 
2. Bowdle TA. Myoclonus following sufentanil without EEG sei-

zure activity. Anesthesiology 1987; 67: 593–5.

Effects on the respiratory system. Sufentanil, like other
opioid agonists, causes dose-related respiratory depression.
There have been reports of significant respiratory depression as-
sociated with chest wall rigidity in the early postoperative period
after anaesthesia with intravenous sufentanil.1,2 Respiratory de-
pression has also been reported after intrathecal sufentanil for
postoperative analgesia3 and labour pain.4. A retrospective chart
review3 of a 6-year period, during which 4870 patients received
intrathecal sufentanil for the management of labour pain, found
that the case above was the only one of respiratory arrest reported
in the group.
1. Goldberg M, et al. Postoperative rigidity following sufentanil

administration. Anesthesiology 1985; 63: 199–201. 
2. Chang J, Fish KJ. Acute respiratory arrest and rigidity after an-

esthesia with sufentanil: a case report. Anesthesiology 1985; 63:
710–11. 

3. Fournier R, et al. Respiratory depression after 5 μgrams of in-
trathecal sufentanil. Anesth Analg 1998; 87: 1377–8. 

4. Ferouz F, et al. Risk of respiratory arrest after intrathecal sufen-
tanil. Anesth Analg 1997; 85: 1088–90.

The elderly. The pharmacokinetics of sufentanil in elderly pa-
tients have been variable in different studies, but a review1 con-
sidered that there had been no evidence overall for differences
between the elderly and younger adults. Nevertheless, as with
fentanyl, reduced initial doses have been advised in the elderly.
1. Monk JP, et al. Sufentanil: a review of its pharmacological prop-

erties and therapeutic use. Drugs 1988; 36: 286–313.

Handling. Avoid contact with skin and the inhalation of parti-
cles of sufentanil citrate.

Obesity. The elimination half-life and volume of distribution of
sufentanil were increased in obese subjects.1,2 Licensed product
information recommends that for obese patients more than 20%
above ideal body-weight the dosage of sufentanil should be de-
termined on the basis of the patients’ lean body-weight.
1. Schwartz AE, et al. Pharmacokinetics of sufentanil in the obese.

Anesthesiology 1986; 65 (suppl 3A): A562. 
2. Schwartz AE, et al. Pharmacokinetics of sufentanil in obese pa-

tients. Anesth Analg 1991; 73: 790–3.

Interactions
For interactions associated with opioid analgesics, see
p.103.

Benzodiazepines. For the effects of using opioids such as suf-
entanil with benzodiazepines, see Analgesics under Interactions
of Diazepam, p.989.

Pharmacokinetics
After parenteral doses sufentanil citrate has a rapid on-
set and short duration of action. The terminal elimina-
tion half-life of sufentanil is about 2.5 hours. It is exten-
sively bound to plasma proteins (about 90%). It is
metabolised in the liver and small intestine by N-
dealkylation and O-demethylation and the inactive
metabolites are excreted in the urine and faeces. About
80% of a dose is excreted within 24 hours and 2% is
eliminated as unchanged drug. Sufentanil crosses the
placenta and is distributed into breast milk.

◊ The pharmacokinetics of sufentanil have been reviewed.1,2

Sufentanil is very lipid-soluble. Like alfentanil it is highly bound
to plasma proteins, mainly to α1-acid glycoprotein. The elimina-
tion half-life lies between that of alfentanil and fentanyl. The
manufacturers of sufentanil have given values for a three-com-
partment pharmacokinetic model with a distribution half-life of
1.4 minutes, a redistribution half-life of 17.1 minutes, and an
elimination half-life of 164 minutes. Accumulation may be rela-
tively limited when compared with fentanyl. In practice the phar-
macokinetics of sufentanil may vary according to the age and
condition of the patient and the procedures undertaken. For ex-
ample, the elimination half-life of sufentanil has been reported to
be longer in patients undergoing cardiac surgery (595 minutes),3
in hyperventilated patients (232 minutes),4 in those undergoing
abdominal aortic surgery (more than 12 hours),5 and in ventilated
intensive care patients under sedation (25.5 hours).6

1. Monk JP, et al. Sufentanil: a review of its pharmacological prop-
erties and therapeutic use. Drugs 1988; 36: 286–313. 

2. Scholz J, et al. Clinical pharmacokinetics of alfentanil, fentanyl
and sufentanil: an update. Clin Pharmacokinet 1996; 31:
275–92. 

3. Howie MB, et al. Serum concentrations of sufentanil and fenta-
nyl in the post-operative course in cardiac surgery patients. An-
esthesiology 1984; 61: A131. 

4. Schwartz AE, et al. Pharmacokinetics of sufentanil in neurosur-
gical patients undergoing hyperventilation. Br J Anaesth 1989;
63: 385–8. 

5. Hudson RJ, et al. Pharmacokinetics of sufentanil in patients un-
dergoing abdominal aortic surgery. Anesthesiology 1989; 70:
426–31. 

6. Ethuin F, et al. Pharmacokinetics of long-term sufentanil infu-
sion for sedation in ICU patients. Intensive Care Med 2003; 29:
1916–20.

Administration. References to the pharmacokinetics of sufen-
tanil given epidurally,1,2 intrathecally,1 or transdermally.3

1. Ionescu TI, et al. Pharmacokinetic study of extradural and in-
trathecal sufentanil anaesthesia for major surgery. Br J Anaesth
1991; 66: 458–64. 

2. Hansdottir V, et al. The cerebrospinal fluid and plasma pharma-
cokinetics of sufentanil after thoracic or lumbar epidural admin-
istration. Anesth Analg 1995; 80: 724–9. 

3. Sebel PS, et al. Transdermal absorption of fentanyl and sufen-
tanil in man. Eur J Clin Pharmacol 1987; 32: 529–31.

Children. Neonates (up to 1 month old) had a significantly low-
er plasma clearance rate and greater elimination half-life than in-
fants (1 month to 2 years), children, and adolescents.1 Others2

have found that infants and small children (1 month to 3 years)
with cardiac disease had higher clearance rates and shorter elim-
ination half-lives than reported for adults. Older children (aged 2
to 8 years) with no history of cardiac, renal, or hepatic disease
have also been noted to have shorter elimination half-lives and
higher clearance rates than adults.3

1. Greeley WJ, et al. Sufentanil pharmacokinetics in pediatric car-
diovascular patients. Anesth Analg 1987; 66: 1067–72. 

2. Davis PJ, et al. Pharmacodynamics and pharmacokinetics of
high-dose sufentanil in infants and children undergoing cardiac
surgery. Anesth Analg 1987; 66: 203–8. 

3. Guay J, et al. Pharmacokinetics of sufentanil in normal children.
Can J Anaesth 1992; 39: 14–20.

Hepatic impairment. Because of the efficient hepatic extrac-
tion and clearance of sufentanil1 liver dysfunction might be ex-
pected to affect its pharmacokinetics. However, elimination ki-
netics and plasma protein binding were found to be similar in
cirrhotic and non-cirrhotic patients after a single dose of sufen-
tanil.2

1. Schedewie H, et al. Sufentanil and fentanyl hepatic extraction
rate and clearance in obese patients undergoing gastroplasty.
Clin Pharmacol Ther 1988; 43: 132. 

2. Chauvin M, et al. Sufentanil pharmacokinetics in patients with
cirrhosis. Anesth Analg 1989; 68: 1–4.

Renal impairment. The pharmacokinetics of sufentanil were
reported1 to be unaffected in patients with chronic renal failure,
although elevated plasma concentrations of sufentanil have been
noted2 in one such patient.
1. Sear JW. Sufentanil disposition in patients undergoing renal

transplantation: influence of choice of kinetic model. Br J
Anaesth 1989; 63: 60–7. 

2. Wiggum DC, et al. Postoperative respiratory depression and el-
evated sufentanil levels in a patient with chronic renal failure.
Anesthesiology 1985; 63: 708–10.

Uses and Administration
Sufentanil, a phenylpiperidine derivative, is an opioid
analgesic (p.104) related to fentanyl (p.58). It is highly
lipid-soluble and more potent than fentanyl. Sufentanil
is used as an analgesic adjunct in anaesthesia and as a
primary anaesthetic in procedures requiring assisted
ventilation. It has a rapid onset and recovery is consid-
ered to be more rapid than with fentanyl. It is also used
as an analgesic in the management of postoperative
pain and labour pain. 
Sufentanil is given as the citrate either intravenously
by slow injection or as an infusion, or epidurally.
Doses are expressed as the base; sufentanil citrate
15 micrograms is equivalent to about 10 micrograms
of sufentanil. Lower initial doses are advised in the eld-
erly and debilitated patients. For obese patients more
than 20% above ideal body-weight the dosage of suf-
entanil should be determined on the basis of the pa-
tient’s lean body-weight. For details of doses in chil-
dren, see below. In all patients supplementary
maintenance doses should be based on individual re-
sponse and length of procedure. Doses of up to the
equivalent of 8 micrograms/kg of sufentanil produce
profound analgesia. Higher doses produce a deep level
of anaesthesia but are associated with prolonged respi-
ratory depression and assisted ventilation may be re-
quired in the postoperative period. 
When used as an analgesic adjunct to anaesthesia
with nitrous oxide and oxygen for surgical procedures
lasting up to 8 hours, the total intravenous dosage
should not exceed 1 microgram/kg per hour. It is cus-
tomary to give up to 75% of the dose before intubation
followed as necessary during surgery by additional in-
jections of 10 to 50 micrograms or by a suitable contin-
uous or intermittent infusion given so that the total
hourly dose is not exceeded. Thus, for an operation
lasting 1 to 2 hours the total dose would be 1 to
2 micrograms/kg with 0.75 to 1.5 micrograms/kg be-
ing given before intubation. 
When used as a primary anaesthetic in major surgery
intravenous doses of 8 to 30 micrograms/kg are given
with 100% oxygen; doses of 25 to 30 micrograms/kg
block sympathetic response including catecholamine
release and are indicated in procedures such as cardio-
vascular surgery or neurosurgery. Anaesthesia may be
maintained by additional injections of 0.5 to
10 micrograms/kg or by a suitable continuous or inter-
mittent infusion given so that the total dosage for the
procedure does not exceed 30 micrograms/kg. 
In postoperative pain, sufentanil is given epidurally in
an initial dose of 30 to 60 micrograms, which should
provide analgesia for 4 to 6 hours. Additional boluses
of up to 25 micrograms may be given at intervals of not
less than 1 hour if necessary. 
Sufentanil is also given epidurally for the relief of pain
during labour and delivery. Recommended doses are
10 to 15 micrograms given with 10 mL of bupivacaine
0.125% (or its equivalent) with or without adrenaline;
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the dose may be repeated twice at not less than one-
hour intervals until delivery. The total dose of sufen-
tanil should not exceed 30 micrograms.
◊ General reviews of sufentanil.
1. Monk JP, et al. Sufentanil: a review of its pharmacological prop-

erties and therapeutic use. Drugs 1988; 36: 286–313. 
2. Clotz MA, Nahata MC. Clinical uses of fentanyl, sufentanil, and

alfentanil. Clin Pharm 1991; 10: 581–93.

Administration. Sufentanil is usually given intravenously, but
the epidural route is also used (see below). Intranasal (see Anaes-
thesia, Pain, and Sedation, below), intrathecal (see below), and
sublingual use (see Pain, below) have also been tried.
EPIDURAL. In a laboratory assessment of epidural sufentanil in
healthy subjects,1 a dose of 50 micrograms produced analge-
sia for 2 to 3 hours; analgesia was intensified and prolonged,
and respiratory and other adverse effects, especially drowsi-
ness, were reduced by the addition of adrenaline. Epidural
sufentanil or fentanyl provided effective postoperative
analgesia following caesarean section with comparable ad-
verse effect profiles.2 Sufentanil  doses of 20 and
30 micrograms showed equivalent efficacy and provided
greater analgesia for a longer duration than a dose of
10 micrograms. Addition of sufentanil to local anaesthetics
such as bupivacaine during labour has considerably reduced
the local anaesthetic requirements3 and improved the quality
of epidural analgesia.4 Combination of sufentanil with a local
anaesthetic (ropivacaine or bupivacaine) has been used for
patient-controlled epidural analgesia (PCEA),5-9 although an
early study suggested that PCEA with sufentanil alone had
little advantage over patient-controlled analgesia with intra-
venous morphine.10 
Effective analgesia has been achieved in children with epidural
sufentanil.11

1. Klepper ID, et al. Analgesic and respiratory effects of extradural
sufentanil in volunteers and the influence of adrenaline as an
adjuvant. Br J Anaesth 1987; 59: 1147–56. 

2. Grass JA, et al. A randomized, double-blind, dose-response
comparison of epidural fentanyl versus sufentanil analgesia af-
ter cesarean section. Anesth Analg 1997; 85: 365–71. 

3. Buyse I, et al. Effect of sufentanil on minimum local analgesic
concentrations of epidural bupivacaine, ropivacaine and lev-
obupivacaine in nullipara in early labour. Int J Obstet Anesth
2007; 16: 22–8. 

4. Reynolds F. Extradural opioids in labour. Br J Anaesth 1989;
63: 251–3. 

5. Gogarten W, et al. A multicentre trial comparing different con-
centrations of ropivacaine plus sufentanil with bupivacaine plus
sufentanil for patient-controlled epidural analgesia in labour.
Eur J Anaesthesiol 2004; 21: 38–45. 

6. Boselli E, et al. Background infusion is not beneficial during
labor patient-controlled analgesia with 0.1% ropivacaine plus
0.5 microg/ml sufentanil. Anesthesiology 2004; 100: 968–72. 

7. Bremerich DH, et al. Comparison of continuous background in-
fusion plus demand dose and demand-only parturient-controlled
epidural analgesia (PCEA) using ropivacaine combined with
sufentanil for labor and delivery. Int J Obstet Anesth 2005; 14:
114–20. 

8. Missant C, et al. Patient-controlled epidural analgesia following
combined spinal-epidural analgesia in labour: the effects of add-
ing a continuous epidural infusion. Anaesth Intensive Care
2005; 33: 452–6. 

9. Schenk MR, et al. Postoperative analgesia after major spine sur-
gery: patient-controlled epidural analgesia versus patient-con-
trolled intravenous analgesia. Anesth Analg 2006; 103:
1311–17. 

10. Grass JA, et al. Patient-controlled analgesia after cesarean de-
livery: epidural sufentanil versus intravenous morphine. Reg
Anesth 1994; 19: 90–7. 

11. Benlabed M, et al. Analgesia and ventilatory response to CO
following epidural sufentanil in children. Anesthesiology 1987;
67: 948–51.

INTRATHECAL. Sufentanil, alone or in combination, has been
given intrathecally for labour pain: a combination of sufen-
tanil, bupivacaine, and adrenaline given intrathecally provid-
ed excellent analgesia during labour and had a more rapid on-
set, a longer duration of action, and reduced local anaesthetic
requirements compared with epidural administration.1 In-
trathecal sufentanil and bupivacaine provided shorter dura-
tion of analgesia when given during the advanced stages of
labour compared with early labour.2 There has been some
concern about the effect of intrathecal use on fetal heart rate.
An early study3 found no significant difference in the heart
rate when intrathecal sufentanil was compared with epidural
bupivacaine; however, a more recent study4 reported that
high-dose intrathecal sufentanil (7.5 micrograms) when given
on its own increased the risk of fetal heart rate abnormalities
when compared with low-dose intrathecal sufentanil
(2.5 micrograms) given with bupivacaine and adrenaline.
Nonetheless, there was no evidence of a difference in adverse
neonatal outcomes between the groups. 
A small study in patients undergoing hip replacement found that
intrathecal sufentanil 7.5 micrograms produced better and longer
lasting analgesia than the same dose given intravenously.5 
Intrathecal sufentanil has also been tried in the treatment of
chronic pain.6
1. Kartawiadi SL, et al. Spinal analgesia during labor with low-

dose bupivacaine, sufentanil, and epinephrine: a comparison
with epidural analgesia. Reg Anesth 1996; 21: 191–6. 

2. Viscomi CM, et al. Duration of intrathecal labor analgesia: early
versus advanced labor. Anesth Analg 1997; 84: 1108–12. 

3. Nielsen PE, et al. Fetal heart rate changes after intrathecal sufen-
tanil or epidural bupivacaine for labor analgesia: incidence and
clinical significance. Anesth Analg 1996; 83: 742–6. 

4. Van de Velde M, et al. Intrathecal sufentanil and fetal heart rate
abnormalities: a double-blind, double placebo-controlled trial
comparing two forms of combined spinal epidural analgesia with
epidural analgesia in labor. Anesth Analg 2004; 98: 1153–9. 

5. Fournier R, et al. Intrathecal sufentanil is more potent than intra-
venous for postoperative analgesia after total-hip replacement.
Reg Anesth Pain Med 2005; 30: 249–54. 

6. Waara-Wolleat KL, et al. A review of intrathecal fentanyl and
sufentanil for the treatment of chronic pain. Pain Med 2006; 7:
251–9.

Administration in children. Although experience of paediat-
ric use is limited, sufentanil citrate is licensed for the induction
and maintenance of anaesthesia in children under 12 years of age
undergoing cardiovascular surgery. Intravenous doses of 10 to
25 micrograms/kg are given with 100% oxygen with mainte-
nance doses of up to 25 to 50 micrograms.
Anaesthesia. Sufentanil, like fentanyl (p.59), appears to pro-
duce fewer circulatory changes than morphine, which may offer
some advantages in cardiovascular surgery. 
Premedication with sufentanil given intranasally has been tried
in children1-3 and in adults.4 
Sufentanil is one of the opioids that have been used with a neu-
roleptic to produce neuroleptanalgesia.
1. Henderson JM, et al. Pre-induction of sufentanil. Anesthesiology

1988; 68: 671–5. 
2. Zedie N, et al. Comparison of intranasal midazolam and sufen-

tanil premedication in pediatric outpatients. Clin Pharmacol
Ther 1996; 59: 341–8. 

3. Bayrak F, et al. A comparison of oral midazolam, oral tramadol,
and intranasal sufentanil premedication in pediatric patients. J
Opioid Manag 2007; 3: 74–8. 

4. Helmers JHJH, et al. Comparison of intravenous and intranasal
sufentanil absorption and sedation. Can J Anaesth 1989; 36:
494–7.

Pain. For the epidural or intrathecal use of sufentanil in the man-
agement of pain, see above. Intranasal sufentanil has been tried
for breakthrough cancer pain1 and postoperative analgesia.2 It
has also been tried sublingually in the management of break-
through cancer pain.3
1. Jackson K, et al. Pilot dose finding study of intranasal sufentanil

for breakthrough and incident cancer-associated pain. J Pain
Symptom Manage 2002; 23: 450–2. 

2. Mathieu N, et al. Intranasal sufentanil is effective for postopera-
tive analgesia in adults. Can J Anesth 2006; 53: 60–6. 

3. Gardner-Nix J. Oral transmucosal fentanyl and sufentanil for in-
cident pain. J Pain Symptom Manage 2001; 22: 627–30.

Sedation. Some references to the use of sufentanil for sedation
are given below. See also Anaesthesia, above.
1. Bates BA, et al. A comparison of intranasal sufentanil and mida-

zolam to intramuscular meperidine, promethazine, and chlorpro-
mazine for conscious sedation in children. Ann Emerg Med 1994;
24: 646–51. 

2. Lefrant JY, et al. Sufentanil short duration infusion for postoper-
ative sedation in critically ill patients. Br J Anaesth 1995; 74
(suppl 1): 114. 

3. Kinirons BP, et al. Sedation with sufentanil and midazolam de-
creases pain in patients undergoing upper limb surgery under
multiple nerve block. Anesth Analg 2000; 90: 1118–21.

Preparations
USP 31: Sufentanil Citrate Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Sufenta; Austria: Sufenta; Belg.: Sufenta; Braz.: Fastfen; Sufenta; Ca-
nad.: Sufenta; Chile: Sufenta; Cz.: Sufenta; Denm.: Sufenta; Fin.: Sufenta;
Fr.: Sufenta; Ger.: Sufenta; Indon.: Sufenta; Ital.: Disufen; Fentatienil; Ma-
laysia: Sufenta†; Neth.: Sufenta; Norw.: Sufenta; Port.: Sufenta; S.Afr.:
Sufenta; Swed.: Sufenta; Switz.: Sufenta; Turk.: Sufenta; USA: Sufenta†.

Sulindac (BAN, USAN, rINN)

MK-231; Sulindaakki; Sulindaco; Sulindacum; Sulindak; Szulindak.
(Z)-[5-Fluoro-2-methyl-1-(4-methylsulphinylbenzylidene)inden-
3-yl]acetic acid.
Сулиндак
C20H17FO3S = 356.4.
CAS — 38194-50-2.
ATC — M01AB02.
ATC Vet — QM01AB02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Sulindac). A yellow, polymorphic, crystalline pow-
der. Very slightly soluble in water and in ether; sparingly soluble
in alcohol; soluble in dichloromethane; dissolves in dilute solu-
tions of alkali hydroxides. Protect from light. 
USP 31 (Sulindac). A yellow, odourless or practically odourless,
crystalline powder. Practically insoluble in water and in hexane;
slightly soluble in alcohol, in acetone, in chloroform, and in
methyl alcohol; very slightly soluble in ethyl acetate and in iso-
propyl alcohol.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. Urine discoloration
has occasionally been reported with sulindac. 
Sulindac metabolites have been reported as major or
minor components in renal stones. It should therefore
be used with caution in patients with a history of renal
stones and such patients should be kept well hydrated
while receiving sulindac. 
UK licensed product information recommends that pa-
tients with hepatic impairment should not be given
sulindac; in the USA, however, licensed information
states that patients with poor hepatic function may be
given a reduced dose of sulindac with close monitor-
ing. The dose of sulindac may also need to be reduced
in those with renal impairment. Licensed information
recommends that sulindac is not used in patients with
advanced renal disease, but this appears to be based on
a lack of data in such patients.
Effects on the blood. Agranulocytosis,1 thrombocytopenia,2
haemolytic anaemia,3 and aplastic anaemia4 have been reported
in patients taking sulindac.
1. Romeril KR, et al. Sulindac induced agranulocytosis and bone

marrow culture. Lancet 1981; ii: 523. 
2. Karachalios GN, Parigorakis JG. Thrombocytopenia and sulin-

dac. Ann Intern Med 1986; 104: 128. 
3. Johnson FP, et al. Immune hemolytic anemia associated with

sulindac. Arch Intern Med 1985; 145: 1515–16. 
4. Andrews R, Russell N. Aplastic anaemia associated with a non-

steroidal anti-inflammatory drug: relapse after exposure to an-
other such drug. BMJ 1990; 301: 38.

Effects on the CNS. Acute deterioration of parkinsonism oc-
curred in a patient after starting sulindac.1 
See also Hypersensitivity, below.
1. Sandyk R, Gillman MA. Acute exacerbation of Parkinson’s dis-

ease with sulindac. Ann Neurol 1985; 17: 104–5.

Effects on the endocrine system. A case of reversible gy-
naecomastia associated with sulindac therapy has been reported.1
There has also been a report2 of reversible hypothyroidism in an
elderly patient taking sulindac.
1. Kapoor A. Reversible gynecomastia associated with sulindac

therapy. JAMA 1983; 250: 2284–5. 
2. Iyer RP, Duckett GK. Reversible secondary hypothyroidism in-

duced by sulindac. BMJ 1985; 290: 1788.

Effects on the gallbladder. A "sludge" composed of crystal-
line metabolites of sulindac has been found in the common bile
duct during surgery for biliary obstruction in patients who had
been taking sulindac.1
1. Anonymous. Rare complication with sulindac. FDA Drug Bull

1989; 19: 4.

Effects on the kidneys. Sulindac-induced renal impairment,
interstitial nephritis, and nephrotic syndrome have been report-
ed.1 It has been suggested that sulindac, as a prodrug, may not
inhibit renal prostaglandin synthesis in therapeutic doses. How-
ever, this potentially important therapeutic advantage has not
been uniformly seen in short-term studies in patients with renal
dysfunction.2-4 
There have been reports of renal stones consisting of between 10
and 90% of sulindac metabolites developing in patients given
sulindac.5
1. Whelton A, et al. Sulindac and renal impairment. JAMA 1983;

249: 2892. 
2. Klassen DK, et al. Sulindac kinetics and effects on renal function

and prostaglandin excretion in renal insufficiency. J Clin Phar-
macol 1989; 29: 1037–42. 

3. Eriksson L-O, et al. Effects of sulindac and naproxen on prostag-
landin excretion in patients with impaired renal function and
rheumatoid arthritis. Am J Med 1990; 89: 313–21. 

4. Whelton A, et al. Renal effects of ibuprofen, piroxicam, and
sulindac in patients with asymptomatic renal failure. Ann Intern
Med 1990; 112: 568–76. 

5. Anonymous. Rare complication with sulindac. FDA Drug Bull
1989; 19: 4.

Effects on the liver. Hepatotoxicity reported in patients receiv-
ing sulindac includes hepatocellular injury and cholestatic jaun-
dice.1,2 Symptoms of hypersensitivity including rash, fever, or
eosinophilia have been reported in 35 to 55% of patients with
sulindac-induced liver damage;2 in these patients the liver dam-
age occurred usually within 4 to 8 weeks of beginning sulindac
therapy. For reference to a report citing the strongest evidence for
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

an association of sulindac with liver disease compared with other
NSAIDs, see under NSAIDs, p.98. 
See also Effects on the Skin, below.
1. Gallanosa AG, Spyker DA. Sulindac hepatotoxicity: a case re-

port and review. Clin Toxicol 1985; 23: 205–38. 
2. Tarazi EM, et al. Sulindac-associated hepatic injury: analysis of

91 cases reported to the Food and Drug Administration. Gastro-
enterology 1993; 104: 569–74.

Effects on the lungs. For reference to pneumonitis associated
with sulindac therapy, see Hypersensitivity, below.

Effects on the skin. Toxic epidermal necrolysis has occurred
in patients taking sulindac.1 In a patient toxic hepatitis and the
Stevens-Johnson/toxic epidermal necrolysis syndrome resulted
in death.2 
An unusual pernio-like reaction affecting the toes, which was
also confirmed by rechallenge, has been reported.3 
Sulindac has also been reported to cause photosensitivity reac-
tions.4
1. Small RE, Garnett WR. Sulindac-induced toxic epidermal

necrolysis. Clin Pharm 1988; 7: 766–71. 
2. Klein SM, Khan MA. Hepatitis, toxic epidermal necrolysis and

pancreatitis in association with sulindac therapy. J Rheumatol
1983; 10: 512–13. 

3. Reinertsen JL. Unusual pernio-like reaction to sulindac. Arthritis
Rheum 1981; 24: 1215. 

4. Anonymous. Drugs that cause photosensitivity. Med Lett Drugs
Ther 1986; 28: 51–2.

Hypersensitivity. Hypersensitivity reactions to sulindac in-
clude pneumonitis,1,2 generalised lymphadenopathy,3 aseptic
meningitis,4 and anaphylactoid reaction.5 
See also Effects on the Liver and Effects on the Skin, above.
1. Smith FE, Lindberg PJ. Life-threatening hypersensitivity to

sulindac. JAMA 1980; 244: 269–70. 
2. Fein M. Sulindac and pneumonitis. Ann Intern Med 1981; 95:

245. 
3. Sprung DJ. Sulindac causing a hypersensitivity reaction with pe-

ripheral and mediastinal lymphadenopathy. Ann Intern Med
1982; 97: 564. 

4. Fordham von Reyn C. Recurrent aseptic meningitis due to sulin-
dac. Ann Intern Med 1983; 99: 343–4. 

5. Hyson CP, Kazakoff MA. A severe multisystem reaction to
sulindac. Arch Intern Med 1991; 151: 387–8.

Pancreatitis. Reports1-4 of pancreatitis associated with sulindac
therapy.
1. Goldstein J, et al. Sulindac associated with pancreatitis. Ann In-

tern Med 1980; 93: 151. 
2. Siefkin AD. Sulindac and pancreatitis. Ann Intern Med 1980; 93:

932–3. 
3. Lilly EL. Pancreatitis after administration of sulindac. JAMA

1981; 246: 2680. 
4. Memon AN. Pancreatitis and sulindac. Ann Intern Med 1982; 97:

139.

Interactions
For interactions associated with NSAIDs, see p.99. 
Dimethyl sulfoxide reduces plasma concentrations of
the active metabolite of sulindac and use of the two
drugs together has also resulted in peripheral neuropa-
thy. Diflunisal and aspirin are reported to reduce the
plasma concentration of the active metabolite of sulin-
dac. Unlike other NSAIDs, sulindac is reported not to
reduce the antihypertensive effects of drugs such as thi-
azide diuretics, but nevertheless licensed product infor-
mation recommends that blood pressure be closely
monitored in patients taking antihypertensives with
sulindac.

Pharmacokinetics
Sulindac is absorbed from the gastrointestinal tract. It
is metabolised by reversible reduction to the sulfide
metabolite, which appears to be the active form, and by
irreversible oxidation to the sulfone metabolite. Peak
plasma concentrations of the sulfide metabolite are
achieved in about 2 hours. The mean elimination half-
life of sulindac is about 7.8 hours and of the sulfide
metabolite about 16.4 hours. Sulindac and its metabo-
lites are over 90% bound to plasma proteins. About
50% is excreted in the urine mainly as the sulfone
metabolite and its glucuronide conjugate, with smaller
amounts of sulindac and its glucuronide conjugate;
about 25% appears in the faeces, primarily as sulfone
and sulfide metabolites. Sulindac and its metabolites
are also excreted in bile and undergo extensive entero-
hepatic circulation.
◊ References.
1. Davies NM, Watson MS. Clinical pharmacokinetics of sulindac:

a dynamic old drug. Clin Pharmacokinet 1997; 32: 437–59.

Uses and Administration
Sulindac is an NSAID (p.99) structurally related to in-
dometacin (p.68); its activity appears to be due to its
sulfide metabolite. Sulindac is used in musculoskeletal
and joint disorders such as ankylosing spondylitis, os-
teoarthritis, and rheumatoid arthritis, and also in the
short-term management of acute gout and peri-articu-
lar conditions such as bursitis and tendinitis. It has also
been used to reduce fever. 
A usual initial oral dose of sulindac is 150 or 200 mg
twice daily, reduced according to response; the maxi-
mum recommended daily dose is 400 mg. Licensed
product information recommends that the treatment of
peri-articular disorders should be limited to 7 to 14
days; for acute gout, 7 days of therapy is usually ade-
quate. 
Sulindac sodium has been given by rectal suppository.
Administration in hepatic or renal impairment. The dose
of sulindac may need to be reduced in patients with hepatic or
renal impairment but see Adverse Effects and Precautions,
above..
Gastrointestinal disorders. In placebo-controlled studies1,2

sulindac 150 to 200 mg twice daily for 6 to 9 months has reduced
the number and size of polyps in patients with familial adenom-
atous polyposis but the effect may be incomplete and in a study2

only polyps less than 2 mm in size regressed. In addition, the size
and number of polyps has been reported1 to increase on stopping
treatment. The benefit of long-term therapy has therefore been
studied. Reduced effectiveness has been seen3 with long-term
use but others4 have reported management of recurrences by ad-
justment of maintenance dosage; there seemed to be individual
variations in sensitivity to sulindac with respect to prevention of
polyp recurrence although an average maintenance dose of
200 mg daily appeared to be needed.4 
There is evidence5 that sulindac alters the ratio of apoptosis of
surface cells relative to those lying deeper in the crypt of rectal
mucosa, thus altering epithelial homoeostasis. Whether sulindac
prevents malignant degeneration is unknown but there have been
reports6-8 of patients who developed rectal cancer during or after
long-term therapy for adenomatous polyposis. A more recent,
placebo-controlled trial9 has also reported that sulindac did not
reduce the development of adenomas in patients with familial
adenomatous polyposis. Some1,9 consider that sulindac is unlike-
ly to replace surgery as primary therapy for familial adenoma-
tous polyposis. 
A sulfone metabolite of sulindac, exisulind (p.720) has also been
investigated for the treatment of familial adenomatous polyposis. 
Sulindac has also been reported to have produced beneficial ef-
fects in a patient with duodenal polyps associated with Gardner’s
syndrome10 but a placebo-controlled study has suggested that it
may not be effective against sporadic type colonic polyps.11 
For a discussion of evidence suggesting that regular use of
NSAIDs may protect against various types of malignant neo-
plasms of the gastrointestinal tract, see Malignant Neoplasms in
NSAIDs, p.100.
1. Giardiello FM, et al. Treatment of colonic and rectal adenomas

with sulindac in familial adenomatous polyposis. N Engl J Med
1993; 328: 1313–16. 

2. Debinski HS, et al. Effect of sulindac on small polyps in familial
adenomatous polyposis. Lancet 1995; 345: 855–6. 

3. Tonelli F, Valanzano R. Sulindac in familial adenomatous poly-
posis. Lancet 1993; 342: 1120. 

4. Labayle D, et al. Sulindac in familial adenomatous polyposis.
Lancet 1994; 343: 417–18. 

5. Keller JJ, et al. Rectal epithelial apoptosis in familial adenoma-
tous polyposis patients treated with sulindac. Gut 1999; 45:
822–8. 

6. Thorson AG, et al. Rectal cancer in FAP patient after sulindac.
Lancet 1994; 343: 180. 

7. Matsuhashi N, et al. Rectal cancer after sulindac therapy for a
sporadic adenomatous colonic polyp. Am J Gastroenterol 1998;
93: 2261–6. 

8. Cruz-Correa M, et al. Long-term treatment with sulindac in fa-
milial adenomatous polyposis: a prospective cohort study. Gas-
troenterology 2002; 122: 641–5. 

9. Giardiello FM, et al. Primary chemoprevention of familial ade-
nomatous polyposis with sulindac. N Engl J Med 2002; 346:
1054–9. 

10. Parker AL, et al. Disappearance of duodenal polyps in Gardn-
er’s syndrome with sulindac therapy. Am J Gastroenterol 1993;
88: 93–4. 

11. Ladenheim J, et al. Effect of sulindac on sporadic colonic pol-
yps. Gastroenterology 1995; 108: 1083–7.

Premature labour. The most common approach to postpon-
ing premature labour (p.2003) with drugs has historically been
with a selective beta2 agonist. However, as prostaglandins have a
role in uterine contraction and cervical ripening and dilatation,
prostaglandin synthetase inhibitors such as indometacin have
also been used. Sulindac has also been tried1,2 as an alternative to
indometacin as it appears to have little placental transfer and may
therefore have fewer fetal adverse effects.1 However, the authors
of a subsequent study suggested that sulindac had many of the
same adverse fetal effects as indometacin and its use could only
be described as investigational.3 A study4 using relatively low
doses of sulindac (100 mg twice daily) did not note any signifi-

cant fetal or maternal adverse effects but also found the drug to
be ineffective in extending gestation or improving outcome.
1. Carlan SJ, et al. Randomized comparative trial of indomethacin

and sulindac for the treatment of refractory preterm labor. Obstet
Gynecol 1992; 79: 223–8. 

2. Carlan SJ, et al. Outpatient oral sulindac to prevent recurrence of
preterm labor. Obstet Gynecol 1995; 85: 769–74. 

3. Kramer WB, et al. A randomized double-blind study comparing
the fetal effects of sulindac to terbutaline during the management
of preterm labor. Am J Obstet Gynecol 1999; 180: 396–401. 

4. Humphrey RG, et al. Sulindac to prevent recurrent preterm labor:
a randomized controlled trial. Obstet Gynecol 2001; 98: 555–62.

Preparations
BP 2008: Sulindac Tablets; 
USP 31: Sulindac Tablets.
Proprietary Preparations (details are given in Part 3)
Austral.: Aclin; Clinoril†; Austria: Clinoril; Belg.: Clinoril; Canad.: Apo-
Sulin; Novo-Sundac; Cz.: Clinoril†; Denm.: Clinoril†; Fr.: Arthrocine;
Hong Kong: Aclin; Clinoril; Irl.: Clinoril; Ital.: Algocetil; Clinoril; Sulen†;
Malaysia: Aclin†; Apo-Sulin†; Clinoril†; Mex.: Atriser; Bio-Dac; Clinoril;
Clison; Copal; Kenalin; Renidac; Sulifur ; Vindacin; Norw.: Clinoril; NZ:
Clinoril; Daclin; Port.: Artribid; Singapore: Apo-Sulin; Spain: Sulindal;
Swed.: Clinoril; Switz.: Clinoril†; Thai.: Cenlidac; Clinoril; UK: Clinoril;
USA: Clinoril; Venez.: Clinoril†.

Superoxide Dismutase
SOD; Superóxido dismutasa.

Description. Superoxide dismutase represents a group of wa-
ter-soluble protein congeners widely distributed in nature which
catalyse the conversion of superoxide radicals to peroxide. Sev-
eral different forms exist, which vary in their metal content;
forms containing copper or copper and zinc are common.

Orgotein (BAN, USAN, rINN)

Bovine Superoxide Dismutase; Orgoteiini; Orgoteína; Orgot-
éine; Orgoteinum; Ormetein.
Орготеин
CAS — 9016-01-7.
ATC — M01AX14.
ATC Vet — QM01AX14.

Description. Orgotein is a superoxide dismutase produced
from beef liver as Cu-Zn mixed chelate. Mol. wt about 33 000
with a compact conformation maintained by about 4 gram-atoms
of chelated divalent metal.

Pegorgotein (USAN, rINN)

Pegorgoteína; Pégorgotéine; Pegorgoteinum; PEG-SOD; Win-
22118.
Пэгорготеин
CAS — 155773-57-2.

Description. Pegorgotein is a superoxide dismutase conjugated
with polyethylene glycol to prolong its duration of action.

Sudismase (rINN)

Sudismasa; Sudismasum.
Судизмаза
CAS — 110294-55-8.

Description. Sudismase is a human N-acetylsuperoxide dis-
mutase produced by recombinant DNA technology and contain-
ing a copper and zinc prosthetic group.
Adverse Effects
Anaphylaxis and other hypersensitivity reactions, sometimes
fatal, have been reported with orgotein. Local reactions and pain
may occur at the site of injection of orgotein.
Pharmacokinetics
◊ References.
1. Tsao C, et al. Pharmacokinetics of recombinant human superox-

ide dismutase in healthy volunteers. Clin Pharmacol Ther 1991;
50: 713–20. 

2. Uematsu T, et al. Pharmacokinetics and safety of intravenous re-
combinant human superoxide dismutase (NK341) in healthy
subjects. Int J Clin Pharmacol Ther 1994; 32: 638–41. 

3. Jadot G, et al. Clinical pharmacokinetics and delivery of bovine
superoxide dismutase. Clin Pharmacokinet 1995; 28: 17–25. 

4. Rosenfeld WN, et al. Safety and pharmacokinetics of recom-
binant human superoxide dismutase administered intrathecally
to premature neonates with respiratory distress syndrome. Pedi-
atrics 1996; 97: 811–17. 

5. Davis JM, et al. Safety and pharmacokinetics of multiple doses
of recombinant human CuZn superoxide dismutase administered
intrathecally to premature neonates with respiratory distress syn-
drome. Pediatrics 1997; 100: 24–30. 

6. Schwedhelm E, et al. Clinical pharmacokinetics of antioxidants
and their impact on systemic oxidative stress. Clin Pharmacoki-
net 2003; 42: 437–59.

Uses and Administration
Superoxide dismutases have anti-inflammatory properties.
Orgotein, a bovine derived superoxide dismutase, has been given
by local injection, into the joints for degenerative joint disorders,
but hypersensitivity reactions have limited its use. It has also
been tried for the amelioration of adverse effects from radiother-
apy. Forms of human superoxide dismutase derived by recom-
binant DNA technology have been developed. 
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Superoxide dismutases are also under investigation for their free-
radical scavenging properties in a variety of conditions including
the prevention of bronchopulmonary dysplasia in neonates.

Bronchopulmonary dysplasia. Use of sudismase in prema-
ture infants treated for respiratory distress syndrome did not pre-
vent development of bronchopulmonary dysplasia (p.1500) in
the first month.1 However, treated infants subsequently showed
a lower incidence of severe respiratory disease and hospitalisa-
tions in the first year, suggesting a reduction in chronic lung in-
jury. The antoxidant was given intratracheally in a dose of
5 mg/kg every 48 hours as long as intubation and ventilation
were necessary. A systematic review2 was unable to reach a firm
conclusion about the efficacy of superoxide dismutases in pre-
venting chronic lung disease.
1. Davis JM, et al. Pulmonary outcome at 1 year corrected age in

premature infants treated at birth with recombinant human CuZn
superoxide dismutase. Pediatrics 2003; 111: 469–76. 

2. Suresh GK, et al. Superoxide dismutase for preventing chronic
lung disease in mechanically ventilated preterm infants. Availa-
ble in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2001 (accessed 09/05/05).

Head injury. Pegorgotein was found1 to be little more effective
than placebo in improving neurological outcome or reducing
mortality in patients with severe head injury.
1. Young B, et al. Effects of pegorgotein on neurologic outcome of

patients with severe head injury: a multicenter, randomized con-
trolled trial. JAMA 1996; 276: 538–43.

Motor neurone disease. A small percentage of patients with
familial amyotrophic lateral sclerosis (see Motor Neurone Dis-
ease, p.2380) have been shown to have a mutation in the gene
encoding for the enzyme copper-zinc superoxide dismutase but
there has been no consensus as to whether patients with this mu-
tation should be given superoxide dismutase supplements.1

1. Orrell RW, deBelleroche JS. Superoxide dismutase and ALS.
Lancet 1994; 344: 1651–2.

Radiotherapy. Although some studies1,2 indicate that orgotein
can ameliorate the adverse effects of radiotherapy for bladder tu-
mours, another study3 was terminated prematurely because of
unacceptable hypersensitivity reactions and apparent inefficacy.
1. Sanchiz F, et al. Prevention of radioinduced cystitis by orgotein:

a randomized study. Anticancer Res 1996; 16: 2025–8. 
2. Valencia J, et al. The efficacy of orgotein in the treatment of

acute toxicity due to radiotherapy on head and neck tumors. Tu-
mori 2002; 88: 385–9. 

3. Nielsen OS, et al. Orgotein in radiation treatment of bladder can-
cer: a report on allergic reactions and lack of radioprotective ef-
fect. Acta Oncol 1987; 26: 101–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Ontosein†.

Multi-ingredient: Arg.: Vitix; Indon.: Glisodin.

Suprofen (BAN, USAN, rINN)

R-25061; Suprofeeni; Suprofène; Suprofeno; Suprofenum; Suto-
profen. 2-[4-(2-Thenoyl)phenyl]propionic acid.

Супрофен
C14H12O3S = 260.3.
CAS — 40828-46-4.
ATC — M01AE07.
ATC Vet — QM01AE07.

Pharmacopoeias. In US. 
USP 31 (Suprofen). A white to off-white powder, odourless or
having a slight odour. Sparingly soluble in water.

Profile
Suprofen is an NSAID (p.96). Suprofen has been used as 1% eye
drops to inhibit the miosis that may occur during ocular surgery. 
It was formerly given orally in mild to moderate pain and in os-
teoarthritis and rheumatoid arthritis but, after reports of adverse
renal reactions, marketing of the oral dose form was suspended
worldwide.

Preparations
USP 31: Suprofen Ophthalmic Solution.

Proprietary Preparations (details are given in Part 3)
USA: Profenal†.

Suxibuzone (BAN, rINN)

Suksibutsoni; Suksibuzonas; Suxibuzon; Suxibuzona; Suxibuzon-
um; Szuxibuzon. 4-Butyl-4-hydroxymethyl-1,2-diphenylpyrazolid-
ine-3,5-dione hydrogen succinate (ester).

Суксибузон
C24H26N2O6 = 438.5.
CAS — 27470-51-5.
ATC — M02AA22.
ATC Vet — QM01AA90; QM02AA22.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Suxibuzone). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol; freely
soluble in acetone; practically insoluble in cyclohexane.

Profile
Suxibuzone, a derivative of phenylbutazone (p.117), is an
NSAID (p.96) that has been applied topically at a concentration
of about 7% in musculoskeletal and joint disorders. Concern
over safety and toxicity after oral use has led to its withdrawal
from the market in many countries.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Danilon.

Tenoxicam (BAN, USAN, rINN)

Ro-12-0068; Ro-12-0068/000; Tenoksikaami; Tenoksikam; Ten-
oksikamas; Ténoxicam; Tenoxicamum; Tenoxikám; Tenoxikam. 4-
Hydroxy-2-methyl-N-(2-pyridyl)-2H-thieno[2,3-e][1,2]thiazine-
3-carboxamide 1,1-dioxide.

Теноксикам
C13H11N3O4S2 = 337.4.
CAS — 59804-37-4.
ATC — M01AC02.
ATC Vet — QM01AC02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tenoxicam). A yellow, polymorphic, crystalline
powder. Practically insoluble in water; very slightly soluble in
dehydrated alcohol; sparingly soluble in dichloromethane; it dis-
solves in solutions of acids and alkalis. Protect from light.

Stability. An admixture of tenoxicam 0.02% and ceftazidime
0.5% (as the sodium salt) in glucose injection 5% appeared stable
when stored for up to 120 hours at 25° in glass bottles;1 when
stored in PVC bags, the admixture was stable for up to 72 hours
at 25° and for up to 144 hours at 4°.
1. Wang D-P, et al. Compatibility and stability of ceftazidime sodi-

um and tenoxicam in 5% dextrose injection. Am J Health-Syst
Pharm 2004; 61: 1924–7.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.

Incidence of adverse effects. Adverse effects associated with
tenoxicam have been reviewed.1 The majority of adverse effects
relate to the gastrointestinal tract (11.4%), nervous system
(2.8%), or skin (2.5%). 
Gastrointestinal disturbances including nausea and vomiting
(14.7%) and dyspepsia (2.3%), surgical site bleeding (4.3%),
wound infection (2.7%), dizziness (5.7%), and headache
(10.7%) were the most common adverse effects reported in a pla-
cebo-controlled study involving 1001 patients following the
perioperative use of oral and intravenous tenoxicam.2 It was
noted, however, that the incidence of dizziness, nausea and vom-
iting, and headache was greater in the placebo group and that the

difference in the incidence of dyspepsia between the 2 groups
was not significant.
1. Todd PA, Clissold SP. Tenoxicam: an update of its pharmacology

and therapeutic efficacy in rheumatic diseases. Drugs 1991; 41:
625–46. 

2. Merry AF, et al. Clinical tolerability of perioperative tenoxicam
in 1001 patients – a prospective, controlled, double-blind, multi-
centre study. Pain 2004; 111: 313–22.

Effects on the kidneys. A review1 of the effects of tenoxicam
on renal function concluded that tenoxicam could be given at
normal recommended doses to elderly patients or those with
mild to moderate renal impairment who were not at high risk of
renal failure or receiving potentially nephrotoxic therapy. Data
from the manufacturer’s database1 on 67 063 patients, including
17 005 over 65 years of age, who had received tenoxicam indi-
cated that there had been 45 adverse events relating to urinary
system function, described as severe in 7. The prevalence of ad-
verse events was similar in elderly and non-elderly patients, the
most common effects being dysuria and renal pain.
1. Heintz RCA. Tenoxicam and renal function. Drug Safety 1995;

12: 110–19.

Effects on the liver. A report1 of acute hepatitis associated with
the use of tenoxicam.
1. Sungur C, et al. Acute hepatitis caused by tenoxicam. Ann Phar-

macother 1994; 28: 1309.

Effects on the skin. A report of 3 cases of toxic epidermal
necrolysis (Lyell’s syndrome) associated with tenoxicam.1 
For the general incidence of dermatological effects see above.
1. Chosidow O, et al. Toxidermies sévères au ténoxicam (Til-

cotil ). Ann Dermatol Venereol 1991; 118: 903–4.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics
Tenoxicam is well absorbed after oral doses; peak plasma con-
centrations occur within about 2 hours in fasting subjects; this
may be delayed to about 6 hours when tenoxicam is given with
food but the extent of absorption is not affected. It is also rapidly
absorbed when given by intramuscular injection. Tenoxicam is
about 99% protein bound and penetrates synovial fluid. The plas-
ma elimination half-life ranges from 42 to 81 hours; with daily
dosage, steady-state concentrations are reached within 10 to 15
days. Tenoxicam is completely metabolised to inactive metabo-
lites which are excreted mainly in the urine; there is some biliary
excretion of glucuronide conjugates of the metabolites.

◊ References.
1. Nilsen OG. Clinical pharmacokinetics of tenoxicam. Clin Phar-

macokinet 1994; 26: 16–43. 
2. Guentert TW, et al. Relative bioavailability of oral dosage forms

of tenoxicam. Arzneimittelforschung 1994; 44: 1051–4. 
3. Nilsen OG, et al. Single- and multiple-dose pharmacokinetics,

kidney tolerability and plasma protein binding of tenoxicam in
renally impaired patients and healthy volunteers. Pharmacol
Toxicol 2001; 89: 265–72.

Uses and Administration
Tenoxicam, a piroxicam (p.117) analogue, is an NSAID (p.99).
It is used in the symptomatic management of musculoskeletal
and joint disorders such as osteoarthritis and rheumatoid arthritis,
and also in the short-term management of soft-tissue injury. Ten-
oxicam is given as a single oral daily dose usually of 20 mg. In
acute musculoskeletal disorders treatment for up to 7 days is usu-
ally sufficient but in severe cases it may be given for up to a max-
imum of 14 days. Doses similar to those given orally have been
given by intramuscular or intravenous injection for initial treat-
ment for 1 or 2 days. Tenoxicam has also been given by rectal
suppository.

◊ References.
1. Todd PA, Clissold SP. Tenoxicam: an update of its pharmacology

and therapeutic efficacy in rheumatic diseases. Drugs 1991; 41:
625–46.

Preparations
BP 2008: Tenoxicam Injection; Tenoxicam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Mefenix†; Austria: Tilcotil; Belg.: Tilcotil; Braz.: Inflagel; Prodoxican;
Teflan; Tenobio†; Tenocam†; Tenotec; Tenoxen†; Tilatil; Tilonax; Tiloxican†;
Titenil†; Chile: Avancel†; Bioflam; Mitrotil; Recaflex; Texicam†; Tilcotil;
Denm.: Tilcotil; Fin.: Tilcotil; Fr.: Tilcotil; Gr.: Admiral; Algin-Vek; Amcinafal;
Ampirovix; Artroxicam; Artruic†; Aspagin; Biodruff; Docticam†; Dranat;
Hobaticam; Indo-bros; Istotosal; Liaderyl; Neo-adlibamin; Neo-antiperstam;
Neo-endusix; Octiveran; Oxytel; Ponsolit; Redac; Soral; Tenox†; Tentepanil;
Tilcitin; Toscacalm; Velasor; Voir ; Zibelant; Hong Kong: Nadamen†; Seftil†;
Tilcotil; Hung.: Tilcotil; India: Tobitil; Indon.: Artricom; Meditil; Notritis;
Oxaflam; Pilopil; Thenil; Tilcotil; Tilflam; Xotilon; Irl.: Mobiflex†; Ital.: Dol-
men; Rexalgan; Tilcotil; Jpn: Tilcotil; Malaysia: Nadamen†; Seftil; Sinoral†;
Tilcotil; Mex.: Tilcotil; Neth.: Tilcotil; NZ: Tilcotil; Philipp.: Tilcotil; Port.:
Bioreucam†; Calibral†; Doxican; Tenalgin; Tilcotil; S.Afr.: Tilcotil; Tobitil†;
Singapore: Nadamen†; Spain: Artriunic; Reutenox; Tilcotil†; Swed.: Al-
ganex; Switz.: Tilcotil; Thai.: Memzotil; Nadamen†; Seftil; Sinoral; Teco-
nam; Tenax; Tenocam; Tenox; Tenoxil; Tenxil; Tilcotil; Tonox; Turk.: No-
bateks; Oksamen; Tenoksan; Tenoktil; Tenox; Tilcotil; Tilko; VienOks; Zikaral;
UK: Mobiflex; Venez.: Rodix; Tecam†; Tenoxin; Tilcotil†.

Multi-ingredient: Arg.: Mefenix Relax†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tepoxalin (USAN, rINN)

ORF-20485; RWJ-20485; Tepoksaliini; Tepoxalina; Tépoxaline;
Tepoxalinum. 5-(p-Chlorophenyl)-1-(p-methoxyphenyl)-N-
methylpyrazole-3-propionohydroxamic acid.
Тепоксалин
C20H20ClN3O3 = 385.8.
CAS — 103475-41-8.
ATC Vet — QM01AE92.

Profile
Tepoxalin, a propionic acid derivative, is an NSAID used in vet-
erinary medicine for the treatment of inflammation and pain in
dogs.

Tetridamine (rINN)

POLI-67; Tetridamina; Tétridamine; Tetridaminum; Tetrydamine
(USAN). 4,5,6,7-Tetrahydro-2-methyl-3-(methylamino)-2H-inda-
zole.
Тетридамин
C9H15N3 = 165.2.
CAS — 17289-49-5.

Profile
Tetridamine is an NSAID (p.96) that has been used as the
maleate as a douche in the treatment of vaginitis.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Deb; Spain: Fomene.

Thurfyl Salicylate
Salicilato de turfilo. Tetrahydrofurfuryl salicylate.
C12H14O4 = 222.2.
CAS — 2217-35-8.

Profile
Thurfyl salicylate is a salicylic acid derivative that has been used
similarly to methyl salicylate (p.85) in topical rubefacient prepa-
rations at concentrations of up to 14% for musculoskeletal, joint,
peri-articular, and soft-tissue disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Biosal Arthritis; Belg.: Transvane; Irl.: Trans-
vasin; UK: Transvasin Heat Rub.

Tiaprofenic Acid (BAN, rINN)

Acide tiaprofénique; Ácido tiaprofénico; Acidum tiaprofenicum;
FC-3001; Kyselina tiaprofenová; RU-15060; Tiaprofeenihappo;
Tiaprofenik Asit; Tiaprofeno ru

_
gštis; Tiaprofensyra. 2-(5-Ben-

zoyl-2-thienyl)propionic acid.
Тиапрофеновая Кислота
C14H12O3S = 260.3.
CAS — 33005-95-7.
ATC — M01AE11.
ATC Vet — QM01AE11.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tiaprofenic Acid). A white or almost white, crys-
talline powder. Practically insoluble in water; freely soluble in al-
cohol, in acetone, and in dichloromethane. Protect from light.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Tiaprofenic acid may cause cystitis, bladder irritation, and other
urinary-tract symptoms (see below). It should not be given to pa-
tients with active urinary-tract disorders or prostatic disease or a
history of recurrent urinary-tract disorders. It should be stopped
immediately if urinary-tract symptoms occur and urinalysis and
urine culture performed. 
Tiaprofenic acid is contra-indicated in patients with severe hepat-
ic or renal impairment.
Breast feeding. Although tiaprofenic acid is distributed into
breast milk, the amount is considered by the BNF to be too small
to be harmful to a breast-fed infant. Licensed product informa-
tion also states that exposure to tiaprofenic acid via breast milk is
unlikely to be of pharmacological significance; however, it is
recommended that either treatment or breast feeding is stopped
as necessary.
Effects on the urinary tract. Cystitis and bladder irritation
have been associated with the use of tiaprofenic acid.1-6 In Au-
gust 1994 the UK CSM stated4 that since the introduction of ti-
aprofenic acid in the UK in 1982 they had received 69 reports of
cystitis and 32 other reports of urinary-tract symptoms associated
with tiaprofenic acid including frequency, dysuria, and haematu-
ria whereas only 8 cases of cystitis had been reported for all other
NSAIDs combined. Analysis of spontaneous reports received by
WHO7 confirmed that cystitis was more commonly associated
with tiaprofenic acid than with other NSAIDs. The Australian
Adverse Drug Reactions Advisory Committee had received sim-
ilar reports.3 Since the 1994 warning, the CSM8 had received re-
ports of a further 74 cases of cystitis, but the majority of these had
occurred before the warning was issued. The duration of treat-
ment in patients affected had varied considerably. Most patients
recovered when tiaprofenic acid was withdrawn. 
The CSM recommended that tiaprofenic acid should not be giv-
en to patients with urinary-tract disorders and that it should be
stopped in patients who develop urinary-tract symptoms. Pa-
tients should be advised that if they develop symptoms such as
urinary frequency, nocturia, urgency, or pain on urination, or
have blood in their urine they should stop taking tiaprofenic acid
and consult their doctor. Older patients may be at increased risk.9
1. Ahmed M, Davison OW. Severe cystitis associated with tiapro-

fenic acid. BMJ 1991; 303: 1376. 
2. O’Neill GFA. Tiaprofenic acid as a cause of non-bacterial cysti-

tis. Med J Aust 1994; 160: 123–5. 
3. Australian Adverse Drug Reactions Advisory Committee

(ADRAC). Update on tiaprofenic acid and urinary symptoms.
Aust Adverse Drug React Bull 1994; 13: 6. 

4. CSM/MCA. Severe cystitis with tiaprofenic acid (Surgam). Cur-
rent Problems 1994; 20: 11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2015615&RevisionSelectionMethod=
LatestReleased (accessed 08/11/07) 

5. Harrison WJ, et al. Adverse reactions to tiaprofenic acid mim-
icking interstitial cystitis. BMJ 1994; 309: 574. 

6. Mayall FG, et al. Cystitis and ureteric obstruction in patients tak-
ing tiaprofenic acid. BMJ 1994: 309: 599. 

7. The ADR Signals Analysis Project (ASAP) Team. How does
cystitis affect a comparative risk profile of tiaprofenic acid with
other non-steroidal antiinflammatory drugs? An international
study based on spontaneous reports and drug usage data. Phar-
macol Toxicol 1997; 80: 211–17. 

8. Crawford MLA, et al. Severe cystitis associated with tiaprofenic
acid. Br J Urol 1997; 79: 578–84. 

9. Buchbinder R, et al. Clinical features of tiaprofenic acid (sur-
gam) associated cystitis and a study of risk factors for its devel-
opment. J Clin Epidemiol 2000; 53: 1013–19.

Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Tiaprofenic acid is absorbed from the gastrointestinal tract with
peak plasma concentrations being reached within about 1.5
hours after oral doses. It has a short elimination half-life of about
2 hours and is highly bound to plasma proteins (about 98%). Ex-
cretion of tiaprofenic acid and its metabolites is mainly in the
urine in the form of acyl glucuronides; some is excreted in the
bile. Tiaprofenic acid crosses the placenta and is distributed into
breast milk.
◊ References.
1. Davies NM. Clinical pharmacokinetics of tiaprofenic acid and its

enantiomers. Clin Pharmacokinet 1996; 31: 331–47.

Uses and Administration
Tiaprofenic acid, a propionic acid derivative, is an NSAID
(p.99). It is used for the relief of pain and inflammation in musc-
uloskeletal and joint disorders such as ankylosing spondylitis,

osteoarthritis, and rheumatoid arthritis, in peri-articular disorders
such as fibrositis and capsulitis, and in soft-tissue disorders such
as sprains and strains. The usual oral dose is 600 mg daily given
in 2 or 3 divided doses; in patients with cardiac, hepatic, or renal
impairment, licensed product information suggests that the dose
is reduced to 200 mg twice daily. A modified-release preparation
may be available for once-daily use. Tiaprofenic acid has also
been given rectally. It has been given intramuscularly as the
trometamol salt in acute conditions.
◊ References.
1. Plosker GL, Wagstaff AJ. Tiaprofenic acid: a reappraisal of its

pharmacological properties and use in the management of rheu-
matic diseases. Drugs 1995; 50: 1050–75.

Administration in hepatic or renal impairment. Tiapro-
fenic acid is contra-indicated in patients with severe hepatic or
renal impairment; for dosage details in those with more moderate
impairment, see Uses and Administration, above.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Surgam; Canad.: Albert Tiafen†; Surgam; Cz.: Surgam; Thialgin;
Denm.: Surgamyl; Fin.: Surgamyl; Fr.: Flanid; Surgam; Ger.: Surgam;
Hung.: Surgam; Irl.: Surgam; Ital.: Suralgan†; Surgamyl; Tiaprofen†; Mex.:
Surgam; Neth.: Surgam; NZ: Surgam; Pol.: Surgam; Port.: Surgam; S.Afr.:
Surgam; Thai.: Fengam; Surgam†; Turk.: Surgam; UK: Surgam; Venez.:
Torpas.

Tiaramide Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de tiaramida; NTA-194; Tiaperamide Hydrochlo-
ride; Tiaramide, Chlorhydrate de; Tiaramidi Hydrochloridum. 5-
Chloro-3-{2-[4-(2-hydroxyethyl)piperazin-1-yl]-2-oxoethyl}ben-
zothiazolin-2-one hydrochloride.
Тиарамида Гидрохлорид
C15H18ClN3O3S,HCl = 392.3.
CAS — 32527-55-2 (tiaramide); 35941-71-0 (tiaramide
hydrochloride).

(tiaramide)

Pharmacopoeias. In Jpn.
Profile
Tiaramide hydrochloride is an NSAID (p.96) that has been given
orally for the relief of pain and inflammation.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Solantal†.

Tilidine Hydrochloride (USAN, pINNM)

Gö 1261-C; Hidrocloruro de tilidina; Tilidate Hydrochloride
(BANM); Tilidiinihydrokloridihemihydraatti; Tilidine, Chlorhydrate
de; Tilidine (chlorhydrate de) hémihydraté; Tilidin-hydrochlorid
hemihydrát; Tilidinhydroklorid hemihydrat; Tilidini Hydrochlori-
dum; Tilidini hydrochloridum hemihydricum; Tilidino hidrochlori-
das hemihidratas; W-5759A. (±)-Ethyl trans-2-dimethylamino-1-
phenylcyclohex-3-ene-1-carboxylate hydrochloride hemihy-
drate.
Тилидина Гидрохлорид
C17H23NO2,HCl, ⁄ H2O = 318.8.
CAS — 20380-58-9 (tilidine); 27107-79-5 (anhydrous ti-
lidine hydrochloride); 24357-97-9 (anhydrous +-trans-tili-
dine hydrochlor ide).
ATC — N02AX01.
ATC Vet — QN02AX01.

(tilidine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tilidine Hydrochloride Hemihydrate). A white or
almost white, crystalline powder. A suitable antoxidant may be
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added. Freely soluble in water and in alcohol; very soluble in
dichloromethane. Protect from light.
Dependence and Withdrawal
As for Opioid Analgesics in general, p.101.
Adverse Effects, Treatment, and Precautions
As for Opioid Analgesics in general, p.102.
Overdosage. Cyanosis, respiratory depression, and seizures
developed in a 28-year-old woman after an overdose of a combi-
nation preparation of tilidine and naloxone.1 The authors com-
mented that the amount of naloxone included in the preparation,
in order to prevent abuse, was insufficient to prevent respiratory
depression after severe overdose.
1. Regenthal R, et al. Poisoning with tilidine and naloxone: toxi-

cokinetic and clinical observations. Hum Exp Toxicol 1998; 17:
593–7.

Porphyria. Tilidine has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Interactions
For interactions associated with opioid analgesics, see p.103.
Pharmacokinetics
Tilidine is absorbed from the gastrointestinal tract. It is metabo-
lised and excreted in the urine mainly as metabolites nortilidine
(nortilidate) and bisnortilidine (bisnortilidate). Nortilidine is re-
sponsible for the analgesic activity of tilidine.
◊ References.
1. Vollmer K-O, et al. Pharmacokinetics of tilidine and metabolites

in man. Arzneimittelforschung 1989; 39: 1283–8. 
2. Seiler K-U, et al. Pharmacokinetics of tilidine in terminal renal

failure. J Clin Pharmacol 2001; 41: 79–84. 
3. Hajda JP, et al. Sequential first-pass metabolism of nortilidine:

the active metabolite of the synthetic opioid drug tilidine. J Clin
Pharmacol 2002; 42: 1257–61. 

4. Brennscheidt U, et al. Pharmacokinetics of tilidine and naloxone
in patients with severe hepatic impairment. Arzneimittelforsc-
hung 2007; 57: 106–11.

Uses and Administration
Tilidine hydrochloride is an opioid analgesic (p.104). It is used in
the control of moderate to severe pain. 
Tilidine hydrochloride may be given in usual oral doses of up to
50 mg four times daily. It has been given as a suppository, or by
intravenous, intramuscular, or subcutaneous injection. Tilidine
has also been given as the phosphate in modified release tablets.
As a deterrent to abuse combined oral preparations of tilidine hy-
drochloride with naloxone hydrochloride are available in some
countries.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Tinalox; Valoron†; Valtran; Cz.: Valoron†; Ger.: Andolor; Celldolor;
Findol N†; Gruntin Tropfen†; Nalidin; Tili Comp; Tili-Puren; Tili†; Tilicomp;
Tilidalor†; Tilidin comp; Tilidin N; Tilidin plus; Tilidin-saar; Tilidura; Tiligetic†;
Tilimerck†; Tilnalox; Valoron N; S.Afr.: Valoron; Switz.: Valoron.

Tolfenamic Acid (BAN, rINN)

Acide Tolfénamique; Ácido tolfenámico; Acidum tolfenamicum;
Kyselina tolfenamová; Tolfenaamihappo; Tolfenaminsav; Tolfena-
mo ru

_
gštis; Tolfenamsyra. N-(3-Chloro-o-tolyl)anthranilic acid.

Толфенамовая Кислота
C14H12ClNO2 = 261.7.
CAS — 13710-19-5.
ATC — M01AG02.
ATC Vet — QM01AG02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tolfenamic Acid). A white or slightly yellow crys-
talline powder. Practically insoluble in water; sparingly soluble
in dehydrated alcohol and in dichloromethane; soluble in
dimethylformamide. It dissolves in dilute solutions of alkali hy-
droxides. Protect from light.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96. 
Dysuria, most commonly in males and probably due to local ir-
ritation of the urethra by a metabolite, has been reported. Tremor,
euphoria, and fatigue have also occurred. Tolfenamic acid is con-
tra-indicated in patients with significant hepatic or renal impair-
ment.
Breast feeding. Although tolfenamic acid is distributed into
breast milk, the amount is considered by the BNF and licensed
product information to be too small to be harmful to a breast-fed
infant.
Effects on the lungs. Pulmonary infiltration has been associat-
ed with tolfenamic acid treatment in 6 patients.1
1. Strömberg C, et al. Pulmonary infiltrations induced by tolfenam-

ic acid. Lancet 1987; ii: 685.

Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Tolfenamic acid is readily absorbed from the gastrointestinal
tract. Peak plasma concentrations are reached about 60 to 90
minutes after an oral dose. Tolfenamic acid is about 99% bound
to plasma proteins. The plasma half-life is about 2 hours.
Tolfenamic acid is metabolised in the liver; the metabolites and
unchanged drug are conjugated with glucuronic acid. About
90% of an ingested dose is excreted in the urine and the remain-
der in the faeces. Tolfenamic acid is distributed into breast milk.
Uses and Administration
Tolfenamic acid, an anthranilic acid derivative related to
mefenamic acid (p.80), is an NSAID (p.99). In the treatment of
acute attacks of migraine tolfenamic acid is given in a usual oral
dose of 200 mg when the first symptoms appear; if a satisfactory
response is not obtained this dose may be repeated once after 1
to 2 hours. Tolfenamic acid has also been given for the relief of
mild to moderate pain in disorders such as dysmenorrhoea, rheu-
matoid arthritis, or osteoarthritis in doses of 100 to 200 mg three
times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Flocur ; Austria: Migea; Braz.: Fenamic†; Cz.: Migea; Denm.:
Clotam†; Migea; Fin.: Clotam; Migea†; Gr.: Clotam; Gantil; Polmonin; Pri-
mactam; Purfalox; Tolfamic; Turbaund; Mex.: Bifenac†; Flocur†; Neth.:
Clotam; Rociclyn†; Norw.: Migea†; Pol.: Migea; Swed.: Migea†; Switz.:
Clotam†; UK: Clotam; Venez.: Clotan†.

Tolmetin Sodium (BANM, USAN, rINNM)

McN-2559-21-98; McN-2559 (tolmetin); Natrii Tolmetinum;
Tolmetina sódica; Tolmétine Sodique. Sodium (1-methyl-5-p-
toluoylpyrrol-2-yl)acetate dihydrate.
Натрий Тольметин
C15H14NNaO3,2H2O = 315.3.
CAS — 26171-23-3 (tolmetin); 35711-34-3 (anhydrous
tolmetin sodium); 64490-92-2 (tolmetin sodium dihy-
drate).
ATC — M01AB03; M02AA21.
ATC Vet — QM01AB03; QM02AA21.

(tolmetin)

Pharmacopoeias. In US. 
USP 31 (Tolmetin Sodium). A light yellow to light orange crys-
talline powder. Freely soluble in water and in methyl alcohol;
slightly soluble in alcohol; very slightly soluble in chloroform.
Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given tolmetin, and the Ameri-
can Academy of Pediatrics considers1 that it is therefore usually
compatible with breast feeding. However, licensed product in-
formation recommends that tolmetin should be avoided in nurs-
ing mothers.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/11/07)

Effects on the blood. Case reports of agranulocytosis1 and
thrombocytopenia2 associated with tolmetin.
1. Sakai J, Joseph MW. Tolmetin and agranulocytosis. N Engl J

Med 1978; 298: 1203. 
2. Lockhart JM. Tolmetin-induced thrombocytopenia. Arthritis

Rheum 1982; 25: 1144–5.

Effects on the CNS. See Hypersensitivity, below.
Effects on the gastrointestinal tract. Erosive oesophagitis
has been reported1 in an 11-year-old child after ingestion of a
dose of tolmetin while lying down and without drinking any wa-
ter.
1. Palop V, et al. Tolmetin-induced esophageal ulceration. Ann

Pharmacother 1997; 31: 929.

Effects on the kidneys. Interstitial nephritis1 and nephrotic
syndrome2,3 have been reported in patients given tolmetin.
1. Katz SM, et al. Tolmetin: association with reversible renal fail-

ure and acute interstitial nephritis. JAMA 1981; 246: 243–5. 
2. Chatterjee GP. Nephrotic syndrome induced by tolmetin. JAMA

1981; 246: 1589. 
3. Tietjen DP. Recurrence and specificity of nephrotic syndrome

due to tolmetin. Am J Med 1989; 87: 354–5.

Hypersensitivity. Anaphylactic shock,1 urticaria and an-
gioedema,2 and aseptic meningitis3 are among the hypersensitiv-
ity reactions reported in patients taking tolmetin.
1. Rossi AC, Knapp DE. Tolmetin-induced anaphylactoid reac-

tions. N Engl J Med 1982; 307: 499–500. 
2. Ponte CD, Wisman R. Tolmetin-induced urticaria/angioedema.

Drug Intell Clin Pharm 1985; 19: 479–80. 
3. Ruppert GB, Barth WF. Tolmetin-induced aseptic meningitis.

JAMA 1981; 245: 67–8.

Interactions
For interactions associated with NSAIDs, see p.99.
Pharmacokinetics
Tolmetin is almost completely absorbed from the gastrointestinal
tract and peak plasma concentrations are attained about 30 to 60
minutes after ingestion. It is extensively bound to plasma pro-
teins (over 99%) and has a biphasic plasma half-life of about 1 to
2 hours and 5 hours, respectively. Tolmetin penetrates synovial
fluid and very small amounts are distributed into breast milk. It
is excreted in the urine as an inactive dicarboxylic acid metabo-
lite and its glucuronide and as tolmetin glucuronide with small
amounts of unchanged drug.
Uses and Administration
Tolmetin sodium is an NSAID (p.99). It is used in musculoskel-
etal and joint disorders such as osteoarthritis and rheumatoid ar-
thritis, including juvenile idiopathic arthritis. It is given orally as
the sodium salt although doses are expressed in terms of the base;
tolmetin sodium dihydrate 122.5 mg is equivalent to about
100 mg of tolmetin. 
For the treatment of rheumatoid arthritis and osteoarthritis, the
usual initial oral dose is the equivalent of 400 mg of tolmetin
three times daily. Doses should be adjusted after 1 to 2 weeks
according to response; maintenance doses of 600 mg to a maxi-
mum of 1800 mg daily in divided doses have been used. 
For dosage details in children, see below. 
Tolmetin as the free acid has been applied as a topical gel.
Administration in children. For the treatment of juvenile
idiopathic arthritis in children aged 2 years and over, tolmetin
sodium is given in initial oral doses equivalent to 20 mg/kg of
tolmetin daily in three or four divided doses; maintenance doses
of 15 mg/kg to a maximum of 30 mg/kg daily have been used.
Preparations
USP 31: Tolmetin Sodium Capsules; Tolmetin Sodium Tablets.
Proprietary Preparations (details are given in Part 3)
Austria: Tolectin†; Canad.: Tolectin†; Mex.: Tolectin; S.Afr.: Tolectin;
Spain: Artrocaptin; Switz.: Tolectin†; Turk.: Tolectin; USA: Tolectin.

Tramadol Hydrochloride 

(BANM, USAN, rINNM)

CG-315; CG-315E; Hidrocloruro de tramadol; Tramadol, chlo-
rhydrate de; Tramadol Hidroklorür; Tramadol-hidroklorid; Tra-
madol-hydrochlorid; Tramadolhydroklorid; Tramadoli hydro-
chloridum; Tramadolihydrokloridi; Tramadolio hidrochloridas;
U-26225A. (±)-trans-2-Dimethylaminomethyl-1-(3-methoxy-
phenyl)cyclohexanol hydrochloride.
Трамадола Гидрохлорид
C16H25NO2,HCl = 299.8.
CAS — 27203-92-5 (tramadol); 22204-88-2 (tramadol
hydrochloride); 36282-47-0 (tramadol hydrochloride).
ATC — N02AX02.
ATC Vet — QN02AX02.

(tramadol)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Tramadol Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water and in methyl
alcohol; very slightly soluble in acetone. Protect from light.
Incompatibility. Some manufacturers state that tramadol hy-
drochloride injection 50 mg/mL is incompatible with injections
of diazepam, diclofenac sodium, flunitrazepam, glyceryl trini-
trate, indometacin, midazolam, piroxicam, and phenylbutazone
if mixed in the same syringe. A study1 also found tramadol hy-
drochloride injection (diluted to 400 micrograms/mL) to be
incompatible with aciclovir and clindamycin when mixed to-
gether.
1. Abanmy NO, et al. Compatibility of tramadol hydrochloride in-

jection with selected drugs and solutions. Am J Health-Syst
Pharm 2005; 62: 1299–1302.
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Stability. Oral suspensions of tramadol hydrochloride
5 mg/mL, prepared by mixing crushed tablets with a strawberry
syrup and Ora-Plus (1:1) or with Ora-Sweet and Ora-Plus (1:1)
were found to be stable for at least 90 days when stored either in
the refrigerator or at room temperature.1 Oral suspensions con-
taining tramadol hydrochloride 7.5 mg/mL and paracetamol
65 mg/mL, prepared by mixing the crushed tablets of a combina-
tion preparation with the above vehicles, were also found to be
stable for at least 90 days when stored under similar conditions.2
1. Wagner DS, et al. Stability of oral liquid preparations of trama-

dol in strawberry syrup and a sugar-free vehicle. Am J Health-
Syst Pharm 2003; 60: 1268–70. 

2. Johnson CE, et al. Stability of tramadol hydrochloride–acetami-
nophen (Ultracet) in strawberry syrup and in a sugar-free vehi-
cle. Am J Health-Syst Pharm 2004; 61: 54–7.

Dependence and Withdrawal
As for Opioid Analgesics, p.101. 
Tramadol may have lower potential for producing de-
pendence than morphine.
◊ A WHO expert committee1 considered in 2003 that the availa-
ble information on tramadol was not sufficient to warrant inter-
national control. Studies in animals indicated that tramadol pro-
duced little tolerance, had mild withdrawal symptoms, and a
lower abuse potential than codeine and pentazocine. Subse-
quently, when reviewed in 2006, the committee2 considered that,
despite an increase in its use, tramadol continued to show a low
level of abuse and concluded that there was not sufficient evi-
dence to justify a further review. 
Nevertheless, there have been reports3-8 of dependence and
abuse, particularly in opioid-dependent persons, and of with-
drawal symptoms. In October 1996, the UK CSM9 commented
that since June 1994 they had received reports of drug depend-
ence in 5 patients and withdrawal symptoms associated with tra-
madol in 28 patients, which corresponded to a reporting rate of
about 1 in 6000. Doses in excess of the recommended maximum
of 400 mg daily had been taken by 5 of the patients. The duration
of treatment before onset of these effects ranged from 10 to 409
days (average 3 months). Withdrawal symptoms reported were
typically those of opioid withdrawal in general. A more recent
report from the Swedish Medical Products Agency10 stated that
between 1996 to 2005 they had received 71 reports of withdraw-
al symptoms associated with tramadol; treatment duration
ranged from 1 week to over 3 years at daily doses of between
50 mg to 2 g.
1. WHO. WHO expert committee on drug dependence: thirty-third

report. WHO Tech Rep Ser 915 2003. Also available at: http://
libdoc.who.int/trs/WHO_TRS_915.pdf (accessed 26/06/08) 

2. WHO. WHO expert committee on drug dependence: thirty-forth
report. WHO Tech Rep Ser 942 2006. Also available at:
http://libdoc.who.int/trs/WHO_TRS_942_eng.pdf (accessed
26/06/08) 

3. Rodriguez Villamañan JC, et al. Withdrawal syndrome after
long-term treatment with tramadol. Br J Gen Pract 2000; 50:
406. 

4. Yates WR, et al. Tramadol dependence with no history of sub-
stance abuse. Am J Psychiatry 2001; 158: 964. 

5. Brinker A, et al. Abuse, dependence, or withdrawal associated
with tramadol. Am J Psychiatry 2002; 159: 881. 

6. Skipper GE, et al. Tramadol abuse and dependence among phy-
sicians. JAMA 2004; 292: 1818–19. 

7. Soyka M, et al. Tramadol use and dependence in chronic non-
cancer pain patients. Pharmacopsychiatry 2004; 37: 191–2. 

8. Ripamonti C, et al. Withdrawal syndrome after delayed trama-
dol intake. Am J Psychiatry 2004; 161: 2326–7. 

9. CSM/MCA. Tramadol—(Zydol, Tramake and Zamadol). Cur-
rent Problems  1996; 22: 11. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023218&RevisionSelectionMethod=
LatestReleased (accessed 26/06/08) 

10. Läkemedelsverket (Medical Products Agency—Sweden). Ut-
sättningsreaktioner av tramadol—ett större problem än förvän-
tat? (issued 14 November, 2006). Available at: http://
www.lakemedelsverket.se/Tpl/NewsPage____5449.aspx (ac-
cessed 26/06/08)

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102. 
Tramadol may produce fewer typical opioid adverse
effects such as respiratory depression and constipation.
In addition to hypotension, hypertension has occasion-
ally occurred.
Effects on the CNS. The UK CSM1 commented in February
1995 that since June 1994 they had received reports of 15 pa-
tients who had experienced confusion and/or hallucinations
while taking tramadol. The majority of the reactions developed 1
to 7 days after starting treatment and in most patients resolved
rapidly on withdrawal. It was noted that psychiatric reactions
comprised about 10% of all reactions reported with tramadol. 
In a later comment2 in October 1996, the CSM noted that 27 re-
ports of convulsions and one of worsening epilepsy had been re-
ceived, which corresponded to a reporting rate of about 1 in
7000. Of the 5 patients receiving intravenous tramadol, 2 had
been given doses equivalent to 1.45 and 4 g daily, well in excess
of those recommended (see also Overdosage, below). Of the pa-
tients receiving oral tramadol, the majority were taking other
drugs known to cause convulsions, including tricyclic antide-

pressants and SSRIs. A similar pattern has been reported in the
USA3 and Australia.4-6 
A debilitating CNS-mediated reaction to an initial dose of trama-
dol has been described in a patient.7 Symptoms, which lasted
about 4 hours, included ataxia, dilatation of the pupils, numbness
in all limbs, tremulousness, and dysphoria. Although the exact
mechanism of the reaction was not known, it was suggested that
since the patient was an extensive metaboliser with very high ac-
tivity of the cytochrome P450 isoenzyme CYP2D6, high con-
centrations of the active O-desmethyl metabolite were the cause.
The patient recovered with no sequelae. It is possible that this
represents a case of the serotonin syndrome, since tramadol is
known to be associated with this condition, particularly at high
doses or when given with other drugs that raise serotonin con-
centrations.4
1. CSM/MCA. Tramadol (Zydol)—psychiatric reactions. Current

Problems 1995; 21: 2. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2015618&RevisionSelectionMethod=
LatestReleased (accessed 26/06/08) 

2. CSM/MCA. Tramadol—(Zydol, Tramake and Zamadol). Cur-
rent Problems 1996; 22: 11. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023218&RevisionSelectionMethod=
LatestReleased (accessed 26/06/08) 

3. Kahn LH, et al. Seizures reported with tramadol. JAMA 1997;
278: 1661. 

4. Adverse Drug Reactions Advisory Committee (ADRAC). Tra-
madol—four years experience. Aust Adverse Drug React Bull
2003; 22: 1–2. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr0302.pdf (accessed 26/06/08) 

5. Labate A, et al. Tramadol and new-onset seizures. Med J Aust
2005; 182: 42–3. 

6. Boyd IW. Tramadol and seizures. Med J Aust 2005; 182: 595–6. 
7. Gleason PP, et al. Debilitating reaction following the initial dose

of tramadol. Ann Pharmacother 1997; 31: 1150–2.

Effects on the respiratory system. Respiratory depression
has been reported after tramadol infusion anaesthesia,1 although
in a postoperative study2 tramadol had no significant respiratory
depressant effect when equianalgesic doses of morphine, penta-
zocine, pethidine, piritramide, and tramadol were compared.
1. Paravicini D, et al. Tramadol-infusionsanaesthesie mit Substitu-

tion von Enfluran und differenten Lachgaskonzentrationen. An-
aesthesist 1985; 34: 20–7. 

2. Fechner R, et al. Clinical investigations on the effect of mor-
phine, pentazocine, pethidine, piritramide and tramadol on respi-
ration. Anasth Intensivmed 1985; 26: 126–32.

Overdosage. In a multicentre case series,1 126 cases of trama-
dol toxicity were reported between October 1995 and August
1996; of these, 87 involved exposure to tramadol alone. Com-
mon symptoms included lethargy, nausea, tachycardia, and agi-
tation; seizures were also noted. Respiratory depression was seen
in only 2 patients. The inhibitory effects of tramadol on
monoamine reuptake, rather than its opioid effects, was consid-
ered to result in much of its toxicity. A similar pattern of toxicity
has also been seen in a more recent report.2 In 190 tramadol-only
exposures reported between January 1999 and July 2001, the
main symptoms of overdosage were CNS depression, nausea
and vomiting, tachycardia, and seizures. Again, the incidence of
respiratory depression was rare, with only 1 case reported.
1. Spiller HA, et al. Prospective multicenter evaluation of tramadol

exposure. J Toxicol Clin Toxicol 1997; 35: 361–4. 
2. Marquardt KA, et al. Tramadol exposures reported to statewide

poison control system. Ann Pharmacother 2005; 39: 1039–44.

Precautions
As for Opioid Analgesics in general, p.103. 
Tramadol should be used with caution in patients with
renal or hepatic impairment and should be avoided if
renal impairment is severe. Removal by haemodialysis
is reported to be minimal at 7%. 
Tramadol should be used with care in patients with a
history of epilepsy or those susceptible to seizures. See
also Effects on the CNS under Adverse Effects, above.
Abuse. See under Dependence and Withdrawal, above.
Anaesthesia. Licensed product information warns against
using tramadol during very light planes of general anaesthesia
because of possible intra-operative awareness, although it may
be used intra-operatively provided anaesthesia is maintained
with a potent volatile or intravenous anaesthetic. Intra-operative
awareness was reported in 65% of a group of 20 patients when
used to provide analgesia during light general anaesthesia with
nitrous oxide and intermittent enflurane.1 However, in a study2 of
51 patients given tramadol during stable light continuous isoflu-
rane-nitrous oxide anaesthesia there was no clinically significant
lightening of anaesthesia and others have commented that during
extensive use of tramadol intra-operatively over several years,
there had not been any incidence of recall in any patient treated
at their clinic.3
1. Lehmann KA, et al. Zur Bedeutung von Tramadol als intraoper-

ativem Analgetikum: eine randomisierte Doppelblindstudie im
Vergleich zu Placebo. Der Anaesthetist 1985; 34: 11–19. 

2. Coetzee JF, et al. Effect of tramadol on depth of anaesthesia. Br
J Anaesth 1996; 76: 415–18. 

3. Budd K. Tramadol. Br J Anaesth 1995; 75: 500.

Interactions
For interactions associated with opioid analgesics, see
p.103. 
Carbamazepine is reported to diminish the analgesic
activity of tramadol by reducing serum concentrations. 
The risk of seizures is increased if tramadol is used
with other drugs that have the potential to lower the sei-
zure threshold. See also Effects on the CNS under Ad-
verse Effects, above. 
Tramadol inhibits reuptake of noradrenaline and serot-
onin and enhances serotonin release and there is the
possibility that it may interact with other drugs that en-
hance monoaminergic neurotransmission including
lithium, tricyclic antidepressants, and SSRIs; it should
not be given to patients receiving MAOIs or within 14
days of their discontinuation.
◊ Metabolism of tramadol is mediated by the cytochrome P450
isoenzyme CYP2D6. Use with specific inhibitors of this en-
zyme, such as quinidine, may increase concentrations of trama-
dol and lower concentrations of its active metabolite but the clin-
ical consequences of this effect are unclear.
Anticoagulants. For reports of the effect of tramadol on oral
anticoagulants, see Analgesics under Interactions of Warfarin,
p.1427.
Antidepressants. For reference to possible cases of serotonin
syndrome associated with use of tramadol and SSRIs, see Opioid
Analgesics under Interactions of Fluoxetine, p.397.
5-HT3-receptor antagonists. The pre-operative use of
ondansetron has been noted to reduce the postoperative analge-
sic efficacy of tramadol.1,2 In one study,1 the cumulative dose of
tramadol was up to 35% greater in those patients who also
received ondansetron compared to those who received no
antiemetic. In addition there was no difference in the incidence
of postoperative nausea and vomiting between the two groups.
1. De Witte JL, et al. The analgesic efficacy of tramadol is impaired

by concurrent administration of ondansetron. Anesth Analg
2001; 92: 1319–21. 

2. Arcioni R, et al. Ondansetron inhibits the analgesic effects of
tramadol: a possible 5-HT  spinal receptor involvement in acute
pain in humans. Anesth Analg 2002; 94: 1553–7.

Pharmacokinetics
Tramadol is readily absorbed after oral doses but is
subject to some first-pass metabolism. Mean absolute
bioavailability is about 70 to 75% after oral use and
100% after intramuscular injection. Plasma protein
binding is about 20%. Tramadol is metabolised by N-
and O-demethylation via the cytochrome P450 isoen-
zymes CYP3A4 and CYP2D6 and glucuronidation or
sulfation in the liver. The metabolite O-desmethyltra-
madol is pharmacologically active. Tramadol is excret-
ed mainly in the urine, predominantly as metabolites.
Tramadol is widely distributed, crosses the placenta,
and appears in small amounts in breast milk. The elim-
ination half-life is about 6 hours.
Children. References.
1. Murthy BVS, et al. Pharmacokinetics of tramadol in children af-

ter i.v. or caudal epidural administration. Br J Anaesth 2000; 84:
346–9. 

2. Payne KA, et al. Pharmacokinetics of oral tramadol drops for
postoperative pain relief in children aged 4 to 7 years—a pilot
study. Anesth Prog 2003; 49: 109–12. 

3. Zwaveling J, et al. Pharmacokinetics of rectal tramadol in post-
operative paediatric patients. Br J Anaesth 2004; 93: 224–7. 

4. Garrido MJ, et al. Population pharmacokinetic/pharmacodynam-
ic modelling of the analgesic effects of tramadol in pediatrics.
Pharm Res 2006; 23: 2014–23. 

5. Saudan S, Habre W. Particularités pharmacologiques du trama-
dol chez l’enfant. Ann Fr Anesth Reanim 2007; 26: 560–3.

The elderly. Pharmacokinetic parameters in elderly patients
were found to be similar to those in younger patients.1
1. Likar R, et al. Pharmacokinetic and pharmacodynamic proper-

ties of tramadol IR and SR in elderly patients: a prospective, age-
group—controlled study. Clin Ther 2006; 28: 2022–39.

Metabolism. Production of the active metabolite O-desmethyl-
tramadol is dependent on the cytochrome P450 isoenzyme
CYP2D6, which exhibits genetic polymorphism.1,2 For a refer-
ence to a debilitating CNS-mediated reaction in a patient who
was an extensive metaboliser with high CYP2D6 activity, see Ef-
fects on the CNS under Adverse Effects, above.
1. Poulsen L, et al. The hypoalgesic effect of tramadol in relation

to CYP2D6. Clin Pharmacol Ther 1996; 60: 636–44. 
2. Pedersen RS, et al. Enantioselective pharmacokinetics of trama-

dol in CYP2D6 extensive and poor metabolizers. Eur J Clin
Pharmacol 2006; 62: 513–21.

Uses and Administration
Tramadol hydrochloride is an opioid analgesic (p.104).
It also has noradrenergic and serotonergic properties
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that may contribute to its analgesic activity. Tramadol
is used for moderate to severe pain. 
Tramadol hydrochloride is given by mouth, intrave-
nously, or rectally as a suppository. The intramuscular
route has also been used. It may also be given by infu-
sion or as part of a patient-controlled analgesia system. 
Usual oral doses are 50 to 100 mg every 4 to 6 hours.
Tramadol hydrochloride may also be given orally as a
modified-release preparation once or twice daily. The
total oral daily dosage should not exceed 400 mg.
Preparations containing tramadol hydrochloride with
other analgesics such as paracetamol are also used. 
A dose of 50 to 100 mg may be given every 4 to 6
hours by intramuscular or intravenous injection over 2
to 3 minutes, or by intravenous infusion. For the treat-
ment of postoperative pain, the initial dose is 100 mg
followed by 50 mg every 10 to 20 minutes if necessary
to a total maximum (including the initial dose) of
250 mg in the first hour. Thereafter, doses are 50 to
100 mg every 4 to 6 hours up to a total daily dose of
600 mg. 
Usual rectal doses by suppository are 100 mg up to 4
times daily. 
For details of doses in children and in patients with he-
patic or renal impairment, see below.
◊ References.
1. Scott LJ, Perry CM. Tramadol: a review of its use in periopera-

tive pain. Drugs 2000; 60: 139–76. 
2. McClellan K, Scott LJ. Tramadol/paracetamol. Drugs 2003; 63:

1079–86. Correction. ibid.; 1636. 
3. Bennett RM, et al. Tramadol and acetaminophen combination

tablets in the treatment of fibromyalgia pain: a double-blind,
randomized, placebo-controlled study. Am J Med 2003; 114:
537–45. 

4. Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin
Pharmacokinet 2004; 43: 879–923. 

5. Leppert W, Luczak J. The role of tramadol in cancer pain treat-
ment—a review. Support Care Cancer 2005; 13: 5–17. 

6. Close BR. Tramadol: does it have a role in emergency medi-
cine? Emerg Med Australas 2005; 17: 73–83. 

7. Cepeda MS, et al. Tramadol for osteoarthritis. Available in The
Cochrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2006 (accessed 26/06/08). 

8. Hollingshead J, et al. Tramadol for neuropathic pain. Available
in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2006 (accessed 26/06/08). 

9. Keating GM. Tramadol sustained-release capsules. Drugs 2006;
66: 223–30. 

10. Hair PI, et al. Tramadol extended-release tablets. Drugs 2006;
66: 2017–27. 

11. Lee EY, et al. Tramadol 37.5-mg/acetaminophen 325-mg com-
bination tablets added to regular therapy for rheumatoid arthritis
pain: a 1-week, randomized, double-blind, placebo-controlled
trial. Clin Ther 2006; 28: 2052–60. 

12. Freeman R, et al. Randomized study of tramadol/acetami-
nophen versus placebo in painful diabetic peripheral neuropa-
thy. Curr Med Res Opin 2007; 23: 147–61.

Administration in children. In the UK, tramadol hydrochlo-
ride is licensed for the management of moderate to severe pain in
children 12 years of age and older; usual adult doses may be giv-
en (see above). However, in some other European countries it is
licensed in younger children although the age range permitted
can vary: for example, in France, a usual dose in those aged 3
years and over is 1 to 2 mg/kg orally, which may be repeated 3 or
4 times daily, whereas in Germany, similar doses are permitted in
children as young as 1 year old. Tramadol has also been given
parenterally to children in doses similar to those used orally. 
Some references on the use of tramadol in children.
1. Finkel JC, et al. An evaluation of the efficacy and tolerability of

oral tramadol hydrochloride tablets for the treatment of postsur-
gical pain in children. Anesth Analg 2002; 94: 1469–73. 

2. Demiraran Y, et al. A comparison of the postoperative analgesic
efficacy of single-dose epidural tramadol versus morphine in
children. Br J Anaesth 2005; 95: 510–13. 

3. Bozkurt P. Use of tramadol in children. Paediatr Anaesth 2005;
15: 1041–7. 

4. Chu Y-C, et al. Intraoperative administration of tramadol for
postoperative nurse-controlled analgesia resulted in earlier
awakening and less sedation than morphine in children after car-
diac surgery. Anesth Analg 2006; 102: 1668–73.

Administration in hepatic or renal impairment. A dos-
age interval of 12 hours is recommended for tramadol usage in
severe hepatic impairment. The dosage interval should also be
increased to 12 hours in patients with a creatinine clearance (CC)
less than 30 mL/minute; in the USA licensed product informa-
tion suggests that the maximum oral dose should not exceed
200 mg daily in these patients. Tramadol should not be given to
patients with more severe renal impairment (CC less than
10 mL/minute).

Preparations
BP 2008: Tramadol Capsules.
Proprietary Preparations (details are given in Part 3)
Arg.: Adamon†; Calmador; Nobligan; Trama-Klosidol; Tramal; Tramalan†;
Austral.: Tramahexal; Tramal; Tramedo; Zydol; Austria: Adamon; Con-
tramal; Cromatodol; Dolol; Lanalget; Nycodol; Tradolan; Tramabene; Tra-

madolor ; Tramal; Tramamed; Tramastad; Tramundal; Tramundin; Belg.:
Contramal; Doctramado; Dolzam; Tradonal; Tramium; Braz.: Anangor;
Dorless; Sensitram; Sylador; Timasen†; Trabilin; Tramadon; Tramal; Tramal-
iv; Zamadol; Chile: Manol; Minidol; Timarol; Tramal; Zodol; Cz.: Mabron;
Noax Uno; Protradon; Trabar†; Tradef; Tradonal†; Tralgit; Tramabene;
Tramagit; Tramal; Tramundin; Denm.: Dolol; Mandolgin; Nobligan; Tadol;
Tradolan; Fin.: Tradolan; Tramadin; Tramagetic; Tramal; Trambo; Fr.: Biodal-
gic; Contramal; Monocrixo; Orozamudol; Takadol; Topalgic; Trasedal†; Za-
mudol; Zumalgic; Ger.: Amadol; Jutadol; T-long; Tial; Tradol†; Trama; Tra-
ma-Dorsch†; Tramabeta; Tramadoc; Tramadolor; Tramadura; Tramagetic†;
Tramagit; Tramal; Tramundin; Travex One; Gr.: Tramal; Hong Kong: Acug-
esic; Mabron; Sefmal; Tradonal†; Tramal; Tramo; Hung.: Adamon; Con-
tramal; Ralgen; Tramadolor ; Tramalgic; India: Contramal; Tramacip;
Tramazac; TRD-Contin; Urgendol; Indon.: Andalpha; Bellatram; Camigesik;
Contram; Dolana; Dolgesik; Dolocap; Forgesic; Kamadol; Katrasic; Nonal-
ges; Nufapotram; Orasic; Pinorec; Radol; Simatral; Tradosik; Tradyl; Tragesik;
Tramal; Trasik; Traumasik; Trunal; Tugesal; Zumatram; Irl.: Biodol; By-Madol;
Tradol; Tramake; Tramapine; Tramex; Xymel; Zamadol; Zydol; Israel: Tra-
bar ; Tramadex; Tramal; Ital.: Adamon; Contramal; Fortradol; Fraxidol;
Prontalgin; Tradonal; Traflash; Tralodie; Tramalin; Malaysia: Acugesic; Anal-
ab; Mabron; Pengesic; Sefmal; Tracidol; Tramada; Tramal†; Tramundin;
Mex.: Durodor; Nobligan; Prontofort; Tradol; Tralic; Tramed; Trexol; Vel-
drol; Neth.: Doltard; Theradol; Tradonal; Tramagetic; Tramal; Tramelene;
Norw.: Nobligan; Tradolan; Tramagetic; NZ: Tramal; Tramedo; Zytram;
Philipp.: Dolmal; Dolotral; Dolpaz; Milador; Pengesic; Peptrad; Siverol;
TDL; Tolma; Tradonal; Tramal; Tramkor; Tramundin; Unitral; Pol.: Poltram;
Tramahexal; Tramal; Tramcod; Tramundin; Port.: Dolpar; Gelotralib; Nobli-
gan; Paxilfar ; Tramal; Tramy; Travex; Zydol; Zytram; Rus.: Mabron
(Маброн); Sintradon (Синтрадон); Tramal (Трамал); S.Afr.: Dolotram;
Tramahexal; Tramal; Tramazac; Singapore: Mabron; Pengesic; Sefmal; Tra-
dol†; Tramal; Tramium; Spain: Adolonta; Ceparidin; Dolodol; Sofrodol;
Tioner; Tradonal; Tralgiol; Zytram; Swed.: Nobligan; Tiparol; Tradolan;
Switz.: Dolotramine; Ecodolor; Tramal; Tramundin; Thai.: Amanda; Am-
mitram; Anadol; Analab; Mabron†; Madol; Madola; Millidol; Paindol†; Phar-
madol; Rofy; Sefmal; Tamolan; Tracine; Tradolgesic; Tradonal; Tramadil;
Tramal; Tramamed; Tramax; Tramoda; Trosic; Volcidol-S; Turk.: Contramal;
Tramadolor; UK: Dromadol; Larapam; Mabron; Nobligan; Tradorec; Tra-
make; Tramulief; Zamadol; Zeridame; Zydol; USA: Ultram; Venez.: Tramal.
Multi-ingredient: Arg.: Calmador Plus; Tramacet; Austria: Zaldiar ;
Belg.: Zaldiar; Braz.: Ultracet; Canad.: Tramacet; Chile: Cronus; Minidol
Plus; Zafin; Zaldiar; Cz.: Zaldiar; Fr.: Ixprim; Zaldiar; Ger.: Zaldiar; Hong
Kong: Ultracet; India: Tolydol; Tramacip Plus; Ultrazac; Malaysia: Ultrac-
et; Mex.: Gammadol; Sinergix; Tramacet; Zaldiar; Neth.: Tilalgin; Zaldiar;
Philipp.: Dolcet; Pol.: Zaldiar ; Port.: Tilalgin; Zaldiar ; Rus.: Zaldiar
(Залдиар); S.Afr.: Tramacet; Singapore: Ultracet; Spain: Pazital; Pontalsic;
Zaldiar; Switz.: Zaldiar; Thai.: Ultracet; UK: Tramacet; USA: Ultracet;
Venez.: Ultracet; Zaldiar.

Trimeperidine Hydrochloride (BANM, rINNM)

Hidrocloruro de trimeperidina; Promedol (trimeperidine);
Promedolum (trimeperidine); Trimépéridine, Chlorhydrate de;
Trimeperidini Hydrochloridum. 1,2,5-Trimethyl-4-phenyl-4-pip-
eridyl propionate hydrochloride.
Тримеперидина Гидрохлорид
C17H25NO2,HCl = 311.8.
CAS — 64-39-1 (tr imeperidine); 125-80-4 (tr imeperidine
hydrochloride).

(tr imeper idine)

Profile
Trimeperidine hydrochloride is an opioid analgesic (p.101) with
actions and uses similar to those of pethidine (p.113).

Trolamine Salicylate (pINNM)

Salicilato de trietanolamina; Triethanolamine Salicylate;
Trolamine, Salicylate de; Trolamini Salicylas.
Троламина Салисилат
C13H21NO6 = 287.3.
CAS — 2174-16-5.

Pharmacopoeias. In US. 
USP 31 (Trolamine Salicylate). A compounded mixture of
trolamine and salicylic acid in propylene glycol. pH of a 5% so-
lution in water is between 6.5 and 7.5. Store in airtight containers
in a cool place.
Profile
Trolamine salicylate is a salicylic acid derivative used similarly
to methyl salicylate (p.85) in topical rubefacient preparations in

a concentration of 10 to 20% for the relief of muscular and rheu-
matic pain. It has also been used as a sunscreen.
Percutaneous absorption. In contrast to methyl salicylate,
which undergoes considerable absorption and produces high
subcutaneous and dermal concentrations of salicylic acid after
application to intact skin, concentrations of salicylic acid after
topical application of trolamine salicylate were substantially
lower in tissue1 and undetectable in serum.2
1. Cross SE, et al. Is there tissue penetration after application of

topical salicylate formulations? Lancet 1997; 350: 636. 
2. Morra P, et al. Serum concentrations of salicylic acid following

topically applied salicylate derivatives. Ann Pharmacother
1996; 30: 935–40.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Geniol Flex†; Austral.: Dencorub Arthritis; Goanna Arthritis Cream;
Metsal AR Analgesic; Canad.: Antiphlogistine Rub A-535 No Odour; As-
percreme; Bengay No Odor; Myoflex; Mex.: Myoflex; Singapore: Metsal
AR Analgesic; Spain: Bexidermil; USA: Analgesia Creme; Aspercreme;
Coppertone Tan Magnifier; Flex-Power Performance Sports; Mobisyl; My-
oflex; Sportscreme; Tropical Blend Tan Magnifier.
Multi-ingredient: Arg.: Duo Minoxi†; Canad.: Myoflex Extra Strength
Ice.

Valdecoxib (BAN, USAN, rINN)

SC-65872; Valdécoxib; Valdecoxibum; Valdekoksib. p-(5-Methyl-
3-phenyl-4-isoxazolyl)benzenesulfonamide.
Вальдекоксиб
C16H14N2O3S = 314.4.
CAS — 181695-72-7.
ATC — M01AH03.
ATC Vet — QM01AH03.

Profile
Valdecoxib is an NSAID (p.96) reported to be a selective inhibi-
tor of cyclo-oxygenase-2 (COX-2). It was given orally in the
treatment of osteoarthritis and rheumatoid arthritis, and for the
pain of dysmenorrhoea. The risk of serious skin reactions with
valdecoxib, in addition to its cardiovascular adverse effects (see
below), prompted its general withdrawal worldwide in April
2005.
Effects on the cardiovascular system. The short-term use
of parecoxib and valdecoxib after coronary artery bypass graft
surgery has been associated with an increased risk of adverse ef-
fects such as myocardial infarction, deep-vein thrombosis, pul-
monary embolism, and stroke.1 When compared with patients in
the placebo group, the risk of such effects was almost 4 times
greater in those who had received intravenous parecoxib for 3
days followed by oral valdecoxib for the next 7 days. Those pa-
tients who received oral valdecoxib only for 7 days postopera-
tively had a non-significant increase in risk for adverse cardio-
vascular effects. 
The adverse cardiovascular effects associated with valdecoxib
treatment were one of the reasons the drug was generally with-
drawn in April 2005.
1. Nussmeier NA, et al. Complications of the COX-2 inhibitors

parecoxib and valdecoxib after cardiac surgery. N Engl J Med
2005; 352: 1081–91.

Effects on the skin. Toxic epidermal necrolysis developed in a
patient who took valdecoxib for 8 days, despite stopping the drug
at the first signs of a rash and starting treatment with oral pred-
nisolone;1 the patient had a history of hypersensitivity to sulfon-
amides. Health Canada2 noted in January 2004 that it had re-
ceived 5 reports of serious cutaneous adverse reactions
associated with valdecoxib over less than 1 year from marketing
of the drug in December 2002. However, none of these were ery-
thema multiforme, Stevens-Johnson syndrome, or toxic epider-
mal necrolysis although such reactions had been reported to
other regulatory authorities. In December 2004, the EMEA3 stat-
ed that it had received reports of all 3 reactions, as well as exfo-
liative dermatitis; most of them had occurred within the first 2
weeks of starting treatment and the incidence rate appeared
greater for valdecoxib than other selective COX-2 inhibitors.
The EMEA also noted that use of parecoxib (a prodrug of val-
decoxib, see p.111) had been associated with erythema multi-
forme. 
The increased risk of serious skin reactions with valdecoxib
treatment was one of the reasons the drug was generally with-
drawn in April 2005.
1. Glasser DL, Burroughs SH. Valdecoxib-induced toxic epidermal

necrolysis in a patient allergic to sulfa drugs. Pharmacotherapy
2003; 23: 551–3. 
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2. Health Canada. Valdecoxib (Bextra ): severe cutaneous reac-
tions. Can Adverse React News 2004; 14 (1): 1–2. Also available
at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/carn-bcei_v14n1-eng.pdf (accessed 29/08/08) 

3. EMEA. EMEA public statement on valdecoxib (Bextra/Valdyn)
and parecoxib sodium (Dynastat/Rayzon): cardiovascular risks
in coronary artery bypass graft (CABG) surgery and serious ad-
verse skin reactions (issued 15th December, 2004). Available at:
h t t p : / / w w w. e m e a . e u r o p a . e u / p d f s / h u ma n / p r e s s /p u s /
20480204en.pdf (accessed 29/08/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Bextra†; Braz.: Bextra†; Canad.: Bextra†; Chile: Bextra†; Cz.:
Bextra†; Fin.: Bextra†; Fr.: Bextra†; Ger.: Bextra†; Gr.: Bextra†; Hong
Kong: Bextra†; India: Bioval†; Valdiff†; Valdixx†; Valdone†; Valus†; Vorth†;
Indon.: Bextra†; Irl.: Bextra†; Malaysia: Bextra†; Neth.: Kudeq†; Norw.:
Bextra†; NZ: Bextra†; Port.: Bextra†; S.Afr.: Bextra†; Singapore: Bex-
tra†; Swed.: Bextra†; Switz.: Bextra†; Thai.: Bextra†; UK: Bextra†; USA:
Bextra†; Venez.: Bextra†.
Multi-ingredient: India: Valus Insta†; Valus-XT†; Vectra-P†; Vorth Insta†;
Vorth-XT†.

Vedaprofen (BAN, USAN, rINN)

CERM-10202; PM-150; Vedaprofeeni; Védaprofène; Vedapro-
feno; Vedaprofenum. (±)-4-Cyclohexyl-α-methyl-1-naphthalene-
acetic acid.
Ведапрофен
C19H22O2 = 282.4.
CAS — 71109-09-6.
ATC Vet — QM01AE90.

Profile
Vedaprofen, a propionic acid derivative, is an NSAID used in
veterinary medicine for the treatment of inflammation and pain.

Viminol Hydroxybenzoate (rINNM)

Diviminol Hydroxybenzoate; Hidroxibenzoato de viminol; Vimi-
nol, Hydroxybenzoate de; Viminoli Hydroxybenzoas; Z-424
(viminol). 1-[1-(2-Chlorobenzyl)pyrrol-2-yl]-2-(di-sec-butyl)ami-
noethanol 4-hydroxybenzoate.
Виминола Гидроксибензоат
C21H31ClN2O,C7H6O3 = 501.1.
CAS — 21363-18-8 (viminol); 21466-60-4 (viminol hy-
droxybenzoate); 23784-10-3 (viminol hydroxybenzoate).
ATC — N02BG05.
ATC Vet — QN02BG05.

(viminol)

Profile
Viminol hydroxybenzoate has analgesic and antipyretic proper-
ties. The equivalent of 400 mg of viminol has been given daily in
divided doses by mouth.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Dividol; Ital.: Dividol.

Zaltoprofen (rINN)

CN-100; Zaltoprofène; Zaltoprofeno; Zaltoprofenum; ZC-102.
(±)-10,11-Dihydro-α-methyl-10-oxodibenzo[b,f]thiepin-2-acetic
acid.
Зальтопрофен
C17H14O3S = 298.4.
CAS — 89482-00-8.

Pharmacopoeias. In Jpn.
Profile
Zaltoprofen is an NSAID (p.96) that has been given in an oral
dose of 80 mg three times daily for pain and musculoskeletal and
joint disorders.
◊ References.
1. Ishizaki T, et al. Pharmacokinetic profile of a new nonsteroidal

anti-inflammatory agent, CN-100, in humans. Drug Invest 1991;
3: 1–7. 

2. Hatori M, Kokubun S. The long-term efficacy and tolerability of
the new anti-inflammatory agent zaltoprofen in rheumatoid ar-
thritis. Curr Med Res Opin 1998; 14: 79–87. 

3. Hase K, et al. The effect of zaltoprofen on physiotherapy for lim-
ited shoulder movement in breast cancer patients: a single-blind-
ed before-after trial. Arch Phys Med Rehabil 2006; 87: 1618–22.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Soleton.

Ziconotide (USAN, rINN)

CI-1009; ω-Conotoxin M VIIA; SNX-111; Ziconotida; Ziconoti-
dum. L-Cysteinyl-L-lysylglycyl-L-lysylglycl-L-alanyl-L-lysyl-L-cystei-
nyl-L-seryl-L-arginyl-L-leucyl-L-methionyl-L-tyrosyl-L-α-aspartyl-L-
cysteinyl-L-cysteinyl-L-threonylglycyl-L-seryl-L-cysteinyl-L-arginyl-L-
serylglycyl-L-lysyl-L-cysteinamide cyclic(1→16),(8→20),(15→25)-
tris(disulfide).
Зиконотид
C102H172N36O32S7 = 2639.1.
CAS — 107452-89-1.
ATC — N02BG08.
ATC Vet — QN02BG08.

Ziconotide Acetate (rINNM)

Acetato de ziconotida; Ziconotide, Acétate de; Ziconotidi Ace-
tas.
Зиконотида Ацетат
C102H172N36O32S7, C2H4O2 = 2699.2.
ATC — N02BG08.
ATC Vet — QN02BG08.

Adverse Effects and Precautions
The most common adverse effects reported with ziconotide have
included dizziness, nausea and vomiting, nystagmus, abnormal
gait, blurred vision, headache, elevated creatine kinase levels,
and asthenia. Cognitive impairment, particularly confusion and
impaired memory, is also very common, and typically develops
after several weeks of treatment. Severe CNS symptoms such as
hallucinations, paranoid reactions, speech disorders, aphasia,
and decreased alertness may occur but convulsions, stroke, delir-
ium, encephalopathy, and coma have been reported less com-
monly. Creatine kinase may be elevated, and monitoring of
blood concentrations is recommended, but clinical myopathy or
rhabdomyolysis is uncommon. Ziconotide may cause or exacer-
bate depression. Patients with a history of psychosis should not
be treated with ziconotide.
◊ References.
1. Penn RD, Paice JA. Adverse effects associated with the intrath-

ecal administration of ziconotide. Pain 2000; 85: 291–6.

Uses and Administration
Ziconotide is a synthetic form of a peptide derived from the ven-
om of the cone shell Conus magus (a sea snail). It is reported to
be a neurone-specific calcium-channel blocker. Ziconotide is
given as a continuous intrathecal infusion in the management of
severe chronic pain in patients who are intolerant of or refractory
to more conventional treatments (see Choice of Analgesic, p.2). 
Ziconotide is given intrathecally as the  acetate; doses may be
expressed in terms of the base or the acetate. In the EU, the initial
dose (expressed in terms of the base) is 2.4 micrograms daily ad-
justed according to response, in increments of up to
2.4 micrograms, to a maximum daily dose of 21.6 micrograms.
Licensed product information recommends that the interval be-
tween dose increases is at least 2 days. In the USA, the initial
dose (expressed in terms of the acetate) should be no more than
2.4 micrograms daily, adjusted according to response. Dose in-
creases of up to 2.4 micrograms two or three times a week are
permitted, over a period of at least 3 weeks, up to a maximum
daily dose of 19.2 micrograms. 
Ziconotide has been tried in other conditions such as head trau-
ma.
◊ References.
1. Verweij BH, et al. Mitochondrial dysfunction after experimental

and human brain injury and its possible reversal with a selective
N-type calcium channel antagonist (SNX-111). Neurol Res 1997;
19: 334–9. 

2. Jain KK. An evaluation of intrathecal ziconotide for the treat-
ment of chronic pain. Expert Opin Invest Drugs 2000; 9:
2403–10. 

3. Wermeling D, et al. Pharmacokinetics and pharmacodynamics of
intrathecal ziconotide in chronic pain patients. J Clin Pharmacol
2003; 43: 624–36. 

4. Staats PS, et al. Intrathecal ziconotide in the treatment of refrac-
tory pain in patients with cancer or AIDS: a randomized control-
led trial. JAMA 2004; 291: 63–70. 

5. Wermeling DP. Ziconotide, an intrathecally administered N-type
calcium channel antagonist for the treatment of chronic pain.
Pharmacotherapy 2005; 25: 1084–94. 

6. Rauck RL, et al. A randomized, double-blind, placebo-control-
led study of intrathecal ziconotide in adults with severe chronic
pain. J Pain Symptom Manage 2006; 31: 393–406. 

7. Lynch SS, et al. Intrathecal ziconotide for refractory chronic
pain. Ann Pharmacother 2006; 40: 1293–1300. 

8. Wermeling DP, Berger JR. Ziconotide infusion for severe chron-
ic pain: case series of patients with neuropathic pain. Pharmaco-
therapy 2006; 26: 395–402. 

9. Lyseng-Williamson KA, Perry C. Ziconotide. CNS Drugs 2006;
20: 331–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Prialt; Fr.: Prialt; Neth.: Prialt; Port.: Prialt; UK: Prialt; USA: Prialt.
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Ancylostomiasis, p.134 
Angiostrongyliasis, p.134 
Ascariasis, p.134 
Capillariasis, p.135 
Clonorchiasis, p.135 
Cutaneous larva migrans, p.135 
Cysticercosis, p.135 
Diphyllobothriasis, p.136 
Dracunculiasis, p.136 
Echinococcosis, p.136 
Enterobiasis, p.136 
Fascioliasis, p.136 
Fasciolopsiasis, p.136 
Gnathostomiasis, p.136 
Heterophyiasis, p.136 
Hookworm infections, p.136 
Hymenolepiasis, p.136 
Intestinal fluke infections, p.136 
Liver fluke infections, p.137 
Loiasis, p.137 
Lung fluke infections, p.137 
Lymphatic filariasis, p.137 
Mansonella infections, p.137 
Metagonimiasis, p.137 
Nanophyetiasis, p.137 
Necatoriasis, p.137 
Onchocerciasis, p.137 
Opisthorchiasis, p.138 
Paragonimiasis, p.138 
Schistosomiasis, p.138 
Strongyloidiasis, p.138 
Syngamosis, p.138 
Taeniasis, p.139 
Toxocariasis, p.139 
Trichinosis, p.139 
Trichostrongyliasis, p.139 
Trichuriasis, p.139

This chapter describes the important helminth or worm
infections that occur in man (see Table 1, p.135) and
the anthelmintics used to treat them.

Choice of Anthelmintic
Helminth infections are among the most common in-
fections in man, affecting a large proportion of the
world’s population, mainly in tropical regions. In de-
veloping countries they pose a large threat to public
health, and contribute to the prevalence of malnutri-
tion, anaemia, eosinophilia, and pneumonia. Helminth
infections causing severe morbidity include lymphatic
filariasis (a cause of elephantiasis), onchocerciasis (riv-
er blindness), and schistosomiasis. These infections
can affect the majority of populations in endemic areas
with major economic and social consequences. WHO
is making strenuous efforts to control a number of
these infections in endemic areas. Control of these in-
fections in both individuals and populations depends
not only on the use of chemotherapeutic agents but also
on preventing transmission by advice on food prepara-
tion and hygiene, the provision of adequate sanitation
and sewage treatment (especially where sewage is used
as fertiliser), the provision of safe potable water sup-
plies, and effective vector control. 
The worms that cause infection in man generally fall
either into the phylum Nematoda, which includes the
nematodes or roundworms, or into the phylum Platy-
helminthes, which includes the cestodes or tapeworms
and the trematodes or flukes. 
The nematodes (or roundworms) are a large group of
worms, some of which are capable of producing infec-
tions in man. In many cases man is the primary (defin-
itive) host but human infections caused by parasites for
which animals are the primary hosts also occur. Nem-
atodes do not generally multiply in man; strongyloidia-
sis is an exception as re-infection can occur without en-
vironmental re-exposure. Nematode infections are
most common in warm, moist climates, but some spe-
cies of nematode can tolerate cool or arid conditions
and infective forms can persist in the environment for
long periods. An understanding of the life cycle of the
infective species is necessary for diagnostic tests to be
made at appropriate times, usually to coincide with the
infective stage of the cycle, and for the choice of appro-
priate control measures. 

The nematode infections can be divided into filarial in-
fections, intestinal infections, and tissue infections. 
Filarial nematodes are endemic in large areas of the
tropics and produce considerable morbidity. The adult
worms may live for several years, releasing large num-
bers of motile embryos known as microfilariae into the
blood or skin, depending on the species. Transmission
is usually by biting insects, which form the intermedi-
ate host. In some endemic areas multiple infections
with filarial nematodes are common. 
Filarial nematode infections include: 
• loiasis 
• lymphatic filariasis 
• mansonella infections 
• onchocerciasis. 
Intestinal nematode infections (roundworms) are very
common especially in developing countries in the trop-
ics and subtropics. Children are particularly at risk and
these infections contribute to morbidity through mal-
nutrition, vitamin deficiencies, diarrhoea, anaemia, and
pneumonia. Poor sanitation and sewage disposal per-
petuate infections with soil-borne nematodes. Often
several different worm infections are endemic in the
same region, resulting in mixed infections. When this
occurs, broad-spectrum anthelmintics may be used to
reduce the overall infection burden in the population
(see under Ascariasis, below). 
Intestinal nematode infections include: 
• angiostrongyliasis 
• ascariasis 
• capillariasis 
• enterobiasis 
• hookworm infections 
• strongyloidiasis 
• trichostrongyliasis 
• trichuriasis. 
The tissue nematodes represent a miscellaneous group
causing a variety of pathological conditions in man. In
cutaneous larva migrans and toxocariasis, the nema-
todes have a primary animal host and the human dis-
ease is caused by infection with infective larvae which
do not subsequently mature in man. Trichinosis and
gnathostomiasis affect a number of carnivorous ani-
mals and man is an incidental host. Syngamosis is pri-
marily an infection of domestic fowl and wild birds al-
though infection in man has been reported rarely. In
dracunculiasis, man is the primary (definitive) host.
Although these diseases are not generally fatal they
cause a considerable degree of morbidity and treatment
is complicated by the lack of effective, non-toxic sys-
temic anthelmintics. 
Tissue nematode infections include: 
• angiostrongyliasis 
• cutaneous larva migrans 
• dracunculiasis 
• gnathostomiasis 
• syngamosis 
• toxocariasis 
• trichinosis. 
The cestodes (flatworms, segmented worms, or tape-
worms) cause infection in man in most parts of the
world. Man may be the primary host, harbouring the
adult worm in the intestine, or an intermediate host
carrying the larval form. With the exception of Hyme-
nolepis nana the adult worms do not usually multiply
within the same host. However, larval forms may be
produced and, as with infection or ingestion of these
forms, systemic infection may develop. 
Cestode infections include: 
• cysticercosis 
• diphyllobothriasis 
• echinococcosis 
• hymenolepiasis 
• taeniasis. 

Trematode (or fluke) infections are caused by parasit-
ic worms of the class Trematoda. There are 4 catego-
ries of fluke which are pathogenic in man; the blood
flukes Schistosoma spp., the intestinal flukes Fasciol-
opsis, Heterophyes, Metagonimus, and Nanophyetus
spp., the liver flukes Clonorchis, Fasciola, and
Opisthorchis spp., and the lung flukes Paragonimus
spp. Symptoms are usually only seen in heavy infec-
tions and commonly include fever, pain, and eosin-
ophilia. 
Trematode infections include: 
• intestinal fluke infections 
• liver fluke infections 
• lung fluke infections 
• schistosomiasis.

Ancylostomiasis
See under Hookworm Infections, below. Larvae of Ancy-
lostoma spp. are also a cause of cutaneous larva migrans
(see below).

Angiostrongyliasis
Two forms of angiostrongyliasis are recognised and both
are due to accidental infection with species of the animal
nematode Angiostrongylus. 
Infection with the larvae of the rat lungworm A. cantonen-
sis causes an eosinophilic meningoencephalitis. Transmis-
sion follows ingestion of raw or undercooked snails or
crustaceans, or of contaminated vegetables. The disease is
generally self-limiting. 
Intestinal infection with A. costaricensis can cause eosin-
ophilic gastro-enteritis. It most commonly occurs in chil-
dren after ingestion of vegetables contaminated by infect-
ed slugs. Surgical resection of the affected bowel may be
necessary. Mebendazole and albendazole have been tried
in the management of both these infections. However, an-
thelmintic drugs have not been shown to be effective and
in A. cantonensis infection, severe host reaction to the
dying larvae may result. Most patients will in fact have a
self-limited course and recover completely. Symptomatic
treatment with analgesics, corticosteroids, and removal of
CSF may relieve pressure in A. cantonensis meningitis.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Ascariasis
Ascariasis is an infection caused by Ascaris lumbricoides,
the common or giant roundworm. The term roundworm is
also applied to nematodes in general. It is usually an infec-
tion of the small intestine but on rare occasions there may
be severe ectopic infections. It is commonly found in the
tropics and especially in rural areas. Eggs are excreted in
the faeces and can remain viable in moist soil for several
years. On ingestion of mature eggs the larvae hatch and
penetrate the intestinal wall. They migrate in the blood-
stream via the liver to the lungs where they enter the alve-
oli. The larvae then move up the bronchial tree and are
swallowed. The mature adult develops in the intestines,
and it has been estimated that a gravid female is produced
about 2 months after infection. The life span of the adult
worm is 1 to 2 years. Ascariasis may be asymptomatic.
When symptoms of intestinal infection do occur they in-
clude anorexia, abdominal pain, and diarrhoea; nutritional
deficiency may result. The pulmonary stage may cause
pneumonitis and bronchospasm often accompanied by
eosinophilia. Heavy infections can cause intestinal or bil-
iary obstruction. Migration of the worm from the small in-
testine can produce ectopic infection of the genito-urinary
tract, lungs, liver, or heart. Such infections are rare but
serious. 
Treatment is with a benzimidazole carbamate derivative
such as albendazole or mebendazole1-3 with both drugs be-
ing equally highly effective. Pyrantel embonate3 and le-
vamisole are alternatives, while the potential of nitazoxa-
nide for the treatment of ascariasis is being investigated.1
Ivermectin has also been used.2 Such broad-spectrum ther-
apy can be useful if the patient is suffering from a mixed
intestinal nematode infection. Drugs such as tiabendazole
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with little or no activity against Ascaris should be avoided
for the initial treatment of mixed infections since they may
stimulate the worm to migrate to a different body site.
Mass treatment programmes may be necessary in endemic
areas to reduce the overall burden of disease.1

1. Bethony J, et al. Soil-transmitted helminth infections: ascariasis,
trichuriasis, and hookworm. Lancet 2006; 367: 1521–32. 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007. 

3. Keiser J, Utzinger J. Efficacy of current drugs against soil-trans-
mitted helminth infections: systematic review and meta-analysis.
JAMA 2008; 299: 1937–48.

Capillariasis
Capillariasis is caused by infection with Capillaria philip-
pinensis, a nematode endemic in the Philippines and
southern Thailand. Infection in man is through eating raw
or undercooked freshwater fish containing infective lar-
vae. The larvae mature in the intestines and the adults pro-
duce both eggs and infective larvae so that auto-infection
occurs and heavy infections can result. Symptoms are
mostly gastrointestinal, with abdominal pain, vomiting,
and severe prolonged diarrhoea leading to cachexia and
muscle wasting. The infection has a mortality rate of be-
tween 20 and 30% if untreated. Prolonged treatment with
mebendazole or, alternatively, albendazole, is necessary.1

1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Clonorchiasis
See under Liver Fluke Infections, below.

Cutaneous larva migrans
Cutaneous larva migrans (creeping eruption) occurs when
man becomes infected with the larvae of animal hook-
worms, usually Ancylostoma braziliense or A. caninum,
hookworms of cats and dogs. Other hookworms may also
be involved or may cause other infections (see Hookworm
Infections, below). The larvae penetrate the skin and then
migrate causing characteristic trails in the skin. This mi-
gration can persist for several months and can be a source
of intense pruritus. Occasionally larvae migrate to the
lungs causing eosinophilia and pulmonary symptoms. Al-
bendazole or ivermectin may be given by mouth and may
be better tolerated than oral tiabendazole; tiabendazole can
also be applied topically but is of limited value for multiple
lesions. 
Infection with Gnathostoma spinigerum or Strongyloides
stercoralis can also cause cutaneous larva migrans (see
Gnathostomiasis and Strongyloidiasis, below). Ocular and
visceral larva migrans are features of toxocariasis (see be-
low). 
References.
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Cysticercosis
Infection with the pork tapeworm, Taenia solium may re-
sult in taeniasis (intestinal infection with adult tape-
worms—see below) or cysticercosis (tissue infection with
larval forms). Cysticercosis may develop after ingestion of
T. solium eggs in food or water contaminated with infected
human faecal material, or as a result of auto-infection in
intestinal carriers of adult tapeworms. Ingested eggs re-
lease larvae that may penetrate the intestinal wall to be car-
ried via the bloodstream to skeletal muscles, heart, eyes,
brain, and spinal cord where they form encapsulated cysts
(cysticerci). Human cysticercosis is associated with pover-
ty and endemic in areas where hygiene is poor and sanita-
tion inadequate. 
Infection is typically subclinical, but symptoms may de-
velop when the encysted larvae die and elicit an inflamma-
tory reaction. Clinical features depend on the number, size,
location, and stage of development of the cysticerci, as
well as on the host’s immune response. Cysts in the CNS
(neurocysticercosis) may result in seizures and head-
aches, and are a common cause of epilepsy in endemic ar-
eas. Other symptoms include confusion, attention deficit,
and ataxia. Hydrocephalus and intracranial hypertension
may result from obstruction of CSF flow. Cysts in the spi-
nal cord, eyes, or heart may also cause serious morbidity. 
Treatment of neurocysticercosis consists of managing
seizures with antiepileptics. Antiepileptics can usually be
discontinued if patients have been seizure-free for more
than 2 years.1 
The use of anthelmintics in the treatment of neurocysticer-
cosis remains controversial.1-3 Live cysticerci usually do
not provoke seizures whereas dead or dying parasites can
elicit an inflammatory response, seizures, and transient
neurological effects, hence treatment does not necessarily
reduce seizure frequency. Patients with viable or degener-
ating parenchymal cysts and those with extraparenchymal
cysts (such as subarachnoid cysts, including giant cysts
and racemose forms) may benefit from anthelmintics.1,3,4

Anthelmintics are of little or no benefit in patients with in-
active, calcified lesions, and are contra-indicated in pa-
tients with cysticercotic encephalitis as they may exacer-
bate intracranial hypertension.1,2 A double-blind, placebo-
controlled study in patients with seizures due to viable pa-
renchymal cysts confirmed that albendazole therapy (with
dexamethasone) was safe and decreased the burden of par-
asites and the number of generalised seizures.5 Albenda-
zole is now considered to be the drug of choice, but prazi-
quantel may also be used.1,4,6 Adjunctive corticosteroids
are recommended for parenchymal infections if there are
numerous cysts, or if neurological symptoms or intracrani-
al hypertension develops after starting treatment. Patients
with subarachnoid cysticercosis should also be given ad-
junctive corticosteroids. However, use of corticosteroids
with praziquantel may be complicated by a pharmacoki-
netic interaction— see Corticosteroids, under Interactions
of Praziquantel p.154 for further details. If hydrocephalus
is present, surgical removal of cysts or ventricular shunting
may be indicated.1 Detailed consensus guidelines for the
treatment of neurocysticercosis have been developed.2 
Prevention of infection with T. solium is possible by
avoiding ingestion of undercooked pork and food and wa-
ter contaminated with human faeces. Ideally, prevention
measures should include adequate sanitation, sewage
treatment, and abattoir inspection. Those already infected
with T.solium and their close contacts should be treated
with anthelmintics in order to interrupt or reduce the cycle
of direct person-to-person transmission. Universal or se-
lected treatment of human taeniasis with praziquantel has
significantly reduced the prevalence in areas where T. so-
lium infection is endemic.3,7
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Table 1. Helminths: classification and diseases.

Group Helminth Common Name Clinical infection

Nematodes
(filarial)

Brugia malayi
Brugia timori
Loa loa
Mansonella spp.
Onchocerca volvulus
Wuchereria bancrofti

eye-worm

lymphatic filariasis (Malayan, brugian)
lymphatic filariasis (Timorian, brugian)
loiasis 
Mansonella infections
onchocerciasis (river blindness)
lymphatic filariasis (bancroftian)

Nematodes
(intestinal)

Ancylostoma duodenale
Angiostrongylus costaricensis
Ascaris lumbricoides*

Capillaria philippinensis
Enterobius vermicularis*
Necator americanus
Strongyloides stercoralis

Trichostrongylus spp.
Trichuris trichiura*

Old World hookworm

common roundworm, 
giant roundworm

threadworm, pinworm
New World hookworm
sometimes called 

threadworm in USA

whipworm

ancylostomiasis
angiostrongyliasis
ascariasis

capillariasis
enterobiasis
necatoriasis
strongyloidiasis

trichostrongyliasis
trichuriasis

Nematodes
(tissue)

Ancylostoma spp.
Angiostrongylus cantonensis
Dracunculus medinensis
Gnathostoma spinigerum
Syngamus spp. 
Toxocara spp.*

Trichinella spiralis*

dog/cat hookworm

guinea-worm

gapeworm

cutaneous larva migrans (creeping eruption)
angiostrongyliasis
dracunculiasis (dracontiasis)
gnathostomiasis
syngamosis
toxocariasis (visceral larva migrans, ocular 

larva migrans)
trichinosis (trichinellosis)

Cestodes
(tapeworms)

Diphyllobothrium latum
Echinococcus spp.
Hymenolepis nana
Taenia saginata*
Taenia solium*

broad fish tapeworm

dwarf tapeworm
beef tapeworm
pork tapeworm

diphyllobothriasis
echinococcosis (hydatid disease)
hymenolepiasis
taeniasis 
cysticercosis (larval form), taeniasis (adult 

worm)

Trematodes
(flukes)

Clonorchis sinensis
Fasciola hepatica
Fasciolopsis buski
Heterophyes heterophyes
Metagonimus yokogawi
Nanophyetus salmincola
Opisthorchis spp.
Paragonimus spp.
Schistosoma spp.

Chinese liver fluke
liver fluke
intestinal fluke
intestinal fluke
intestinal fluke
intestinal fluke
liver fluke
oriental lung fluke
blood fluke

clonorchiasis
fascioliasis
fasciolopsiasis
heterophyiasis 
metagonimiasis
nanophyetiasis
opisthorchiasis
paragonimiasis
schistosomiasis

NOTE: Infections due to worms marked with an asterisk may occur in temperate climates. Infections due to other worms are 
generally limited to tropical or localised areas, but may occur in travellers who have visited those areas.
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Diphyllobothriasis
Diphyllobothriasis is an intestinal infection with the fish
tapeworm Diphyllobothrium latum and other Diphyllo-
bothrium spp. and is acquired in man through ingestion of
raw, infected, freshwater fish. The infection is rarely
symptomatic. However, because the adult worm competes
for vitamin B12, some patients may develop megaloblastic
anaemia with its associated neurological symptoms. Con-
centrations of other vitamins may also be reduced. Treat-
ment is with a single dose of praziquantel; niclosamide is
an alternative.1 Vitamin supplements should also be given
to correct any deficiencies.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Dracunculiasis
Dracunculiasis (dracontiasis, guinea-worm infection) is
caused by infection with the nematode Dracunculus med-
inensis. It has been endemic in parts of Africa and Asia but
is increasingly coming under control and the hope is that it
will soon be eradicated.1 The disease is transmitted
through drinking water containing larvae that develop in
freshwater crustaceans. The larvae penetrate the intestinal
mucosa and mature in connective tissue. The adult female
migrates to the subcutaneous tissues, normally of the legs,
after about 1 year. Ulceration of the overlying skin releases
larvae which are ingested by the crustacean host to com-
plete the life cycle. The first symptom is the lesion caused
by the emerging worm, although a generalised hypersensi-
tivity reaction may also occur. Secondary infection is a
common complication. 
The most effective method of controlling dracunculiasis is
by provision of safe drinking water. The WHO eradication
campaign is based on health education, and the provision
of safe water by measures including water treatment with
pesticides such as temefos and encouraging the use of
domestic filters. 
There is no effective direct drug therapy against any stage
in man. The traditional treatment is removal of the adult
worm by gentle traction sometimes over several weeks.
Metronidazole or tiabendazole may provide symptomatic
benefit in the management of dracunculiasis although they
have no direct anthelmintic effect. They are thought to act
by weakening the anchorage of the worms within the sub-
cutaneous tissues, thus allowing them to be removed more
quickly.
1. WHO. Dracunculiasis eradication. Available at: http://

www.who.int/dracunculiasis/en/ (accessed 16/07/08)

Echinococcosis
Echinococcosis, or hydatid disease, in man is infection
with the larval stage of the cestode Echinococcus granulo-
sus or E. multilocularis. These two species cause distinct
forms of the disease known as cystic echinococcosis and
alveolar echinococcosis respectively. Various animals are
involved in the transmission of the disease, man becoming
infected through ingestion of eggs from contaminated fae-
ces. The eggs hatch in the intestine and the embryos pene-
trate the intestinal wall and invade body organs, usually the
liver. The embryo develops into a cyst which slowly in-
creases in size and may remain intact for many years.
Symptomatic infection usually only occurs when the cyst
is large enough to cause obstruction or to compress adja-
cent structures, or if rupture occurs. Where possible, surgi-
cal removal of the intact cyst is the first line of treatment. 
In cystic echinococcosis, drugs may be given locally or
systemically before surgery to kill infective larvae within
the cyst and reduce the risk of further infection. They are
also given postoperatively if a cyst ruptures during sur-
gery. Local injection of a larvicidal agent such as alcohol,
cetrimide, or hypertonic saline has been used. Chemother-
apy is also used as an adjunct or when surgery is not pos-
sible. The preferred drug for associated systemic treatment
is albendazole. Mebendazole may be used, although some
have suggested it is not as effective as albendazole. Prazi-
quantel has also been reported to be effective. Albendazole
may be a suitable alternative to surgery as initial treatment
in uncomplicated cases; use with cimetidine (to inhibit its
metabolism) may increase its effectiveness. 
A further option when surgery is not possible is the PAIR
(puncture/aspiration/injection/re-aspiration) procedure
which consists of ultrasound-guided cyst puncture fol-
lowed by aspiration of the cyst fluid, local injection of al-
cohol or hypertonic saline into the cyst, and re-aspiration

of the cyst contents. Concomitant chemotherapy is recom-
mended. 
E. multilocularis infection (alveolar echinococcosis) is
more invasive and is characterised by a tumour-like infil-
trative growth; it usually requires both surgery and long-
term treatment with a benzimidazole, such as albendazole,
although some patients have improved on albendazole
alone. 
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Enterobiasis
Enterobiasis is an infection with Enterobius vermicularis
(pinworm, threadworm). It is one of the few intestinal
nematodes which is common in temperate climates and is
particularly common in young children. Like trichuriasis it
is an infection of the large intestine and transmission fol-
lows ingestion or inhalation of mature eggs. The larvae
mature in the gut in about 2 months. The eggs are not re-
leased into the gut contents but the mature female migrates
to the anus at night and lays its eggs on the perianal and
perineal skin. The eggs become infective within 6 hours.
Diagnosis is based on detecting eggs around the anus. The
most common symptom is perianal itching but many in-
fections are asymptomatic. Rarely ectopic disease such as
appendicitis or salpingitis may occur. The adult worm has
a life span of about 6 weeks and, if re-infection can be pre-
vented, the infection is self-limiting. While additional hy-
giene measures can prevent re-infection, treatment of the
whole family with an anthelmintic should remain the main
therapeutic response; more than one course may be re-
quired. 
Treatment is with a benzimidazole carbamate derivative,
such as albendazole or mebendazole, or with pyrantel em-
bonate.1 Such broad-spectrum therapy can be useful if the
patient is suffering from a mixed intestinal nematode in-
fection. Other anthelmintics used in enterobiasis include
piperazine or pyrvinium embonate.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Fascioliasis
See under Liver Fluke Infections, below.

Fasciolopsiasis
See under Intestinal Fluke Infections, below.

Gnathostomiasis
Gnathostomiasis is an infection with, in most cases, the
larval form of the nematode Gnathostoma spinigerum, al-
though other Gnathostoma spp. have been identified. G.
spinigerum inhabits the stomach of cats and dogs. Eggs
shed in their faeces are ingested by freshwater crustaceans
and hatch into larvae which are ingested by fish or other
animals; man acquires the infection by consumption of the
raw or undercooked flesh of these secondary hosts. Once
ingested the larva penetrates the gut wall and migrates via
the liver to other tissues including skin, eyes, and CNS.
Rarely, dermal infiltration may result in cutaneous larva
migrans (above). 
The preferred treatment of gnathostomiasis is surgical re-
moval of the gnathostome but this is rarely possible. Al-
bendazole or, alternatively, ivermectin, may be used.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Heterophyiasis
See under Intestinal Fluke Infections, below.

Hookworm infections
Infections with the hookworms Ancylostoma duodenale
(ancylostomiasis) and Necator americanus (necatoriasis)
are a major cause of iron-deficiency anaemia in large areas
of the tropics and sub-tropics, especially in rural commu-
nities. Eggs deposited in warm moist soil hatch into larvae
which develop further into the infective form. Infection is
normally by penetration through the skin although it may
be by ingestion. The larvae migrate to the lungs and are
subsequently swallowed and mature to the adult form in
the small intestine. Eggs appear in the faeces about 6 to 8
weeks after infection and the adult worm may live for sev-
eral years. A. duodenale larvae are capable of remaining
dormant in the tissues, only maturing to the adult when cli-
matic conditions are favourable. Symptoms correspond to
the stage of infection. Visitors to endemic areas may devel-
op intense pruritus, erythema, and papulovesicular erup-
tion at the site of infection, known as ground itch. Migra-
tion through the lungs during the first infection may cause
pneumonitis and bronchospasm with accompanying eosin-
ophilia. The main symptoms of intestinal infection are
iron-deficiency anaemia and severe hypoalbuminaemia.
In addition, abdominal pain, diarrhoea, and weight loss
may occur. 
Treatment is usually with a benzimidazole carbamate de-
rivative such as mebendazole or albendazole,1-3 and such
broad-spectrum therapy can also be useful if the patient
has a mixed intestinal nematode infection. Albendazole
may be more effective than mebendazole.4 Other an-
thelmintics used in hookworm infections include levami-
sole or pyrantel embonate,2-4 but these may be less effec-
tive against N. americanus than against A. duodenale.
Iron-deficiency anaemia caused by hookworm infections
responds rapidly to oral iron therapy; folic acid supple-
ments may be necessary in some patients. Mass treatment
programmes may be necessary in endemic areas to reduce
the overall burden of infection.2,5
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Hymenolepiasis
Hymenolepiasis is an infection of the intestine with Hyme-
nolepis nana, or dwarf tapeworm. Infection is acquired
through ingestion of eggs in contaminated food or water or
on hands and can be passed directly from person to person.
It is more common in children. Clinical symptoms occur
in heavy infections and include diarrhoea and abdominal
pain. Treatment is with a single dose of praziquantel. Nita-
zoxanide may be used as an alternative.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Intestinal fluke infections
The intestinal fluke infections fasciolopsiasis, hetero-
phyiasis, metagonimiasis, and nanophyetiasis are
caused by Fasciolopsis buski, Heterophyes heterophyes
and some other Heterophyes spp., Metagonimus yokoga-
wai, and Nanophyetus salmincola respectively. Fasciolop-
siasis, heterophyiasis, and metagonimiasis are endemic in
the Far East and Southeast Asia, and heterophyiasis is also
common in the Middle East. Nanophyetiasis has occurred
increasingly in the Pacific Northwest of the USA. Fasciol-
opsiasis is caused by the ingestion of infected aquatic
plants, while undercooked or raw infected fish are the
sources of H. heterophyes, M. yokogawai, and N. salmin-
cola infections. 
Fasciolopsiasis is usually asymptomatic, but heavy infec-
tions can cause diarrhoea, abdominal pain, and, rarely, in-
testinal obstruction and an allergic oedematous reaction.
Metagonimiasis is also generally asymptomatic but may
cause mild diarrhoea, while pain and mucous diarrhoea are
common in heterophyiasis. Similar gastrointestinal symp-
toms plus eosinophilia occur in nanophyetiasis. Eggs of M.
yokogawai and H. heterophyes may rarely penetrate the
bowel wall and enter the bloodstream to be deposited in
various organs, leading to serious complications such as
heart failure or fatal embolism in the heart or brain. 
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Treatment of intestinal fluke infections is with praziquan-
tel.1,2

1. WHO. Control of foodborne trematode infections. WHO Tech
Rep Ser 849 1995. Available at: http://libdoc.who.int/trs/
WHO_TRS_849_(part1).pdf and http://libdoc.who.int/trs/
WHO_TRS_849_(part2).pdf (accessed 16/07/08) 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Liver fluke infections
Fasciola hepatica, Opisthorchis viverrini, O. felineus, and
Clonorchis sinensis are liver flukes transmitted by the in-
gestion of infected aquatic plants, grasses or water (F.
hepatica), or raw or undercooked fish (Opisthorchis spp.,
C. sinensis). Fascioliasis is primarily a disease of sheep
and cattle and human infections may occur wherever these
animals are raised, whereas clonorchiasis and opisthorch-
iasis are seen mainly in Southeast Asia and eastern Europe. 
Fascioliasis in the acute phase is usually characterised by
fever, gastrointestinal symptoms, pain due to liver enlarge-
ment, and marked eosinophilia, but these symptoms de-
cline as the worms enter their final habitat in the bile ducts.
Acute symptoms occur rarely with clonorchiasis and
opisthorchiasis and infections tend to be asymptomatic for
many years. Adult flukes live in the bile ducts and symp-
toms of biliary-tract obstruction appear after repeated or
heavy infections with liver flukes. Cholangiocarcinoma
(bile-duct cancer) is now generally accepted to be associ-
ated with liver fluke infection although its exact pathogen-
esis is unclear. 
Praziquantel is used for the treatment of most liver fluke
infections.1,2 Bithionol is more effective than praziquantel
in fascioliasis and has been the preferred treatment, al-
though in the USA the CDC considers triclabendazole to
be the treatment of choice; dehydroemetine has also been
used, and nitazoxanide2 may be effective. 
Praziquantel remains the treatment of choice for clonorch-
iasis and opisthorchiasis.1,2 Albendazole is a suggested al-
ternative for clonorchiasis.2

1. WHO. Control of foodborne trematode infections. WHO Tech
Rep Ser 849 1995. Available at: http://libdoc.who.int/trs/
WHO_TRS_849_(part1).pdf and http://libdoc.who.int/trs/
WHO_TRS_849_(part2).pdf (accessed 16/07/08) 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
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Loiasis
Loiasis is an infection with the filarial nematode Loa loa
which occurs in areas of Central and West Africa. It is
transmitted by the biting tabanid fly Chrysops. The infec-
tive larvae mature to adult worms which migrate through
subcutaneous tissues and occasionally the subconjunctiva.
Symptoms include pruritus, swelling, and pain, with occa-
sional subcutaneous swellings, often on the arms or legs,
that are characteristic of the disease. Passage of a worm
through the subconjunctiva produces intense conjunctivi-
tis. Eosinophilia may be severe, especially in visitors from
non-endemic areas. Other complications include renal dis-
ease, endomyocardial fibrosis, encephalopathy, and peri-
pheral neuropathy. 
Diethylcarbamazine is used for treatment;1 it is effective
against the microfilariae, larval forms, and a proportion of
adult worms. In some cases, treatment has been associated
with acute encephalitis, particularly in patients with heavy
microfilaraemia. It has been assumed that this is related to
blockage of capillaries in the brain and meninges and for
this reason small doses of diethylcarbamazine are given in-
itially, with a corticosteroid and antihistamine, gradually
increasing to full therapeutic doses over several days.
However this does not eliminate the risk of encephalitis
entirely and the role of the microfilariae in this syndrome
has been questioned. Albendazole may be useful where di-
ethylcarbamazine cannot be used, but repeated courses
may be needed.1 Some consider that ivermectin could be
used1 but, as with diethylcarbamazine, there is concern
over its potential neurotoxic effects in patients with heavy
microfilaraemia. 
Diethylcarbamazine is also used for prophylaxis1 but it has
been suggested that it should be reserved for subjects at
high risk of exposure. Vector control is regarded as im-
practical and methods aimed at reducing contact with the
vector such as window screens and protective clothing are
recommended.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Lung fluke infections
The lung fluke infection  paragonimiasis is caused by
Paragonimus spp., commonly P. westermani, and occurs
in Asia, Africa, and Central or South America. The disease
is transmitted by the ingestion of raw infected freshwater
crabs or crayfish, or from drinking infected water. 
The flukes mature in the lungs where they cause local
necrosis, haemorrhage, inflammation, and fibrosis. Symp-
toms of paragonimiasis include fever, pain, and chest com-
plaints, but most light to moderate infections are asympto-
matic. The worms may also develop at other sites,
particularly the brain where they can cause epilepsy,
symptoms of cerebral tumours, or cerebral embolism,
which may be fatal. 
Treatment is with praziquantel or bithionol.1 Triclabenda-
zole has been studied.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Lymphatic filariasis
Lymphatic filariasis is a parasitic disease caused by filarial
nematodes. The three species of filariae that cause lym-
phatic filariasis are Wuchereria bancrofti (bancroftian
filariasis), Brugia malayi, and B. timori (brugian filariasis,
also known as Malayan and Timorian filariasis respective-
ly). Adult worms produce larvae (microfilariae) which en-
ter the peripheral bloodstream and through mosquito vec-
tors infective larvae may be transmitted from person to
person. The larvae migrate from the skin to the lymphatic
system where they mature into adult worms that may live
for several years. Development of lymphatic filariasis re-
quires multiple bites from infected mosquitoes over a pro-
longed period of time (months to years); consequently,
people living in endemic areas are at greatest risk of devel-
oping the disease. 
Filarial infection is usually contracted in childhood and
most infections are initially asymptomatic, although near-
ly all those infected will have some degree of subclinical
lymphatic and kidney damage. Infection may remain oc-
cult or species- and body-site-dependent symptoms may
follow. Acute inflammatory reactions to immature and
dead or dying adult worms in the lymphatic system are re-
ferred to as adenolymphangitis, and are characterised by
episodic attacks of fever, malaise, and inflammation of the
inguinal lymph nodes, testis, and spermatic cord, and focal
lymphoedema. These acute episodes usually resolve spon-
taneously after about a week, but can recur several times a
year. Chronic filariasis may develop 10 to 15 years after
initial symptoms and results from recurrent inflammation
with subsequent damage to the lymphatic system, leading
to impaired lymph drainage and lymphoedema. Manifes-
tations include mild to massive enlargement of the legs,
arms, breasts, or genitals (testicular hydrocele or swelling
of the vulva), chyluria, and elephantiasis (grossly swollen
limbs with thickened, hard, rough, and fissured skin).
Lymphangitis may result from secondary bacterial infec-
tions. 
Occult filariasis refers to filarial infection in which micro-
filariae are not detected in the peripheral blood but may be
found in other body fluids and tissues. It is rare and is
thought to result from a hypersensitivity reaction to filarial
antigens. Clinical manifestations include tropical pulmo-
nary eosinophilia, glomerulopathies, endomyocardial
fibrosis, filarial arthritis, and filarial granulomas in the
breast. 
There is no entirely satisfactory treatment for individuals
with lymphatic filariasis. Current treatments are effective
against microfilariae, and thus prevent disease transmis-
sion, but have little or no effect on the adult worms and do
not halt the progression of symptoms once the disease has
developed. Diethylcarbamazine removes circulating mi-
crofilariae and is partially effective against the adult worm
and is considered the treatment of choice.1 Treatment may
trigger acute lymphangitis, and diethylcarbamazine should
not be given during an acute episode as it may cause fur-
ther worm death and thus exacerbate the inflammatory re-
sponse. Ivermectin is only active against microfilariae and
is mainly used in areas also endemic for onchocerciasis or
loiasis. Albendazole plus either of these two drugs is con-
sidered to increase their effectiveness and such combina-
tions are recommended for mass treatment programmes.2
However, systematic reviews of randomised studies3,4

found insufficient evidence to either confirm or reject the
observation that albendazole with diethylcarbamazine or
ivermectin is more effective than either drug given alone.
Secondary infections with bacteria and fungi occur in

poorly vascularised tissues and therefore rigorous hygiene,
skin care, physiotherapy, and other measures to promote
lymph flow in the affected areas are recommended; in
some cases antibiotics are needed. Large hydroceles and
scrotal elephantiasis are generally not reversible with drug
therapy and usually require surgical intervention after a
treatment course with diethylcarbamazine. 
Filaria have been shown to contain Wolbachia endobacte-
ria which are essential for larval development and adult
worm fertility and viability. This symbiotic dependency
has provided a new approach in the treatment of filariasis,
and oral doxycycline for 8 weeks has resulted in a reduc-
tion in adult worms and prolonged reduction in microfila-
raemia.5 
Tropical pulmonary eosinophilia responds to a 3-week
course of diethylcarbamazine but patients may relapse and
require re-treatment. Filarial arthritis responds rapidly to
treatment with diethylcarbamazine. 
In communities where lymphatic filariasis is endemic
mass treatment of the entire community is the basis of the
Global Programme to Eliminate Lymphatic Filariasis.2
The primary goal is to eliminate microfilariae from the
blood of infected individuals thereby interrupting trans-
mission. The programme recommends a single dose of 2
drugs (albendazole plus either diethylcarbamazine or iver-
mectin) given once-yearly for 4 to 6 years.2,3 Albendazole
plus ivermectin is used in areas where onchocerciasis or
loiasis are also endemic. An alternative approach is the use
of diethylcarbamazine-medicated salt for 6 to 12 months
throughout the community at risk. 
Ongoing vector control should be carried out before or
during peak transmission season, in order to consolidate
the effects of mass chemotherapy. People living in or vis-
iting endemic areas are advised to sleep under a mosquito
net and use mosquito repellent on exposed skin between
dusk and dawn.
1. Cox FEG, et al. (eds). Topley and Wilson’s microbiology and mi-

crobial infections: parasitology. 10th ed. London: Hodder Ar-
nold, 2005. 

2. WHO. Eliminate filariasis: attack poverty—a green light from the
Global Alliance. Geneva: WHO, 2000. Also available at: http://
whqlibdoc.who.int/hq/2000/WHO_CDS_CPE_CEE_2000.5.pdf
(accessed 03/08/07) 

3. Tisch DJ, et al. Mass chemotherapy options to control lymphatic
filariasis: a systematic review. Lancet Infect Dis 2005; 5:
514–23. 

4. Critchley J, et al. International Filariasis Review Group. Alben-
dazole for lymphatic filariasis. Available in The Cochrane Data-
base of Systematic Reviews; Issue 4. Chichester: John Wiley;
2005 (accessed 02/10/06). 

5. Taylor MJ, et al. Macrofilaricidal activity after doxycycline
treatment of Wuchereria bancrofti: a double-blind, randomised
placebo-controlled trial. Lancet 2005; 365: 2116–21.

Mansonella infections
Infections with the filarial nematodes Mansonella per-
stans, M. ozzardi, and M. streptocerca are generally
asymptomatic but symptoms including malaise, fever,
joint pain, and meningeal symptoms have been described.
Infection is transmitted by biting midges and flies. Treat-
ment with diethylcarbamazine may be effective depending
on the infecting species (although it has no effect in M. oz-
zardi infections1). Mebendazole may be effective alone1 or
with levamisole or diethylcarbamazine2 in M. perstans; al-
bendazole is considered the drug of choice in this infec-
tion.1 Ivermectin has been suggested for M. ozzardi
infections1 and may be the drug of choice for M. strep-
tocerca.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. Bregani ER, et al. Comparison of different anthelmintic drug

regimens against Mansonella perstans filariasis. Trans R Soc
Trop Med Hyg 2006; 100: 458–63.

Metagonimiasis
See under Intestinal Fluke Infections, above.

Nanophyetiasis
See under Intestinal Fluke Infections, above.

Necatoriasis
See under Hookworm Infections, above.

Onchocerciasis
Onchocerciasis (river blindness) is a parasitic disease
caused by infection with the filarial nematode Onchocerca
volvulus. It is endemic in large areas of West and Central
Africa, areas of Latin America, and Yemen. It is particular-
ly prevalent near fast flowing rivers, the breeding ground
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of the blackfly which is the vector of the parasite. After
infection, the larvae mature into adult worms in fibrous
nodules, usually in the subcutaneous tissue. The adult fe-
male worms release large numbers of microfilariae which
migrate from the nodules into other tissues, most notably
the skin and the eyes. Death of microfilariae in the eyes
causes severe inflammation and scarring that may lead to
lesions in the eyes and impaired vision. There is some ev-
idence that antigens released from symbiotic Wolbachia
bacteria within the microfilariae also play a role.1-3 Re-
peated infection over several years may result in irreversi-
ble blindness. In the skin the dying microfilariae trigger a
subcutaneous inflammatory response that causes intense
itching. Over time the skin becomes swollen and thick-
ened (lizard skin) and may lose some of its elasticity and
pigment (leopard skin). 
Onchocerciasis is controlled either by treating the infected
patient, thereby reducing the transmission of the infection
from the human host to the vector, or by interrupting the
transmission from vector to human. The drug of choice for
the treatment of onchocerciasis is ivermectin.2-5 A single
oral dose of ivermectin rapidly eliminates microfilariae
from the skin and more gradually eliminates them from the
cornea and anterior chamber of the eye.4 It has little effect
on the adult worms although it suppresses release of mi-
crofilariae for several cycles. Ivermectin therefore only
controls the disease; it does not cure or eradicate it. Control
of the disease in endemic areas relies upon the use of iver-
mectin every 12 months in Africa (and every 6 months in
Central and South America) and this may be combined
with vector control (below). Because the adult worms live
for about 15 years, treatment will need to be continued for
many years. Ivermectin is donated by Merck through the
Mectizan Expert Committee (MEC) for human use in
community-wide mass treatment programmes in all coun-
tries in which onchocerciasis is endemic, where it is given
to all but pregnant women, breast-feeding mothers of re-
cently born babies, children weighing less than 15 kg, and
those unable to walk or otherwise seriously ill.6 For further
details, see under Ivermectin, p.146. Increasing the fre-
quency of the standard doses of ivermectin to every 3
months appears to increase efficacy compared with annual
treatments.7 Evidence from Ghana suggests that ivermec-
tin-resistant populations of parasites are emerging and that
its ability to suppress skin microfilariae repopulation is re-
duced over time in some communities.8 
In areas where onchocerciasis and loiasis are co-endemic,
care should be taken because ivermectin may cause seri-
ous adverse effects, including encephalopathy, in some pa-
tients with high Loa loa microfilaraemias (see Incidence of
Adverse Effects, under Ivermectin, p.145). The Mectizan
Expert Committee and the Technical Consultative
Committee9 have implemented recommendations for iver-
mectin mass treatment programmes of onchocerciasis in
areas co-endemic for loiasis. 
Before the introduction of ivermectin in 1988, diethylcar-
bamazine was the usual treatment for onchocerciasis, but
it is no longer recommended by WHO.4 The major limita-
tions to its use are the severe allergic reaction (the Mazzotti
reaction) associated with its microfilaricidal action, aggra-
vation of existing ocular lesions or precipitation of new
ones, and the need to give repeated courses of treatment for
continued suppression of the disease.4 Suramin has also
been used in the treatment of onchocerciasis and is effec-
tive against adult worms.4 However, its use is restricted be-
cause of its toxicity. Moxidectin is an anthelmintic used in
veterinary medicine and is currently being evaluated for
human use.10 Amocarzine has also been evaluated in on-
chocerciasis.4 
Recently it has been shown that adult worms contain Wol-
bachia endobacteria, which are essential for adult worm
fertility and viability. This symbiotic dependency on Wol-
bachia has provided a new approach in the treatment of
onchocerciasis. Treatment with oral doxycycline daily for
6 weeks has been shown to sterilise adult worms for the 4-
month study period.11 When given with a single dose of
ivermectin, embryogenesis is interrupted for at least 18
months.12 The long doxycycline treatment regimen is not
suitable for mass treatment programmes, but it may be
used with ivermectin for treatment of patients who perma-
nently leave an endemic area. 
In non-endemic areas ivermectin may be given every 3 to
6 months depending on the recurrence of symptoms or
presence of microfilariae. 
Vector control with larvicides, continued for the life span
of an adult worm, is used to interrupt the transmission of

infection and was the main strategy for onchocerciasis
control before the introduction of ivermectin. However,
despite initial success fly re-invasion became a problem,
as the flight range of the vector was longer than expect-
ed.13
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Opisthorchiasis
See under Liver Fluke Infections, above.

Paragonimiasis
See under Lung Fluke Infections, above.

Schistosomiasis
Schistosomiasis (bilharziasis) is a parasitic infection
caused by Schistosoma spp., largely S. mansoni, S. japon-
icum, and S. haematobium, and to a lesser extent S. inter-
calatum and S. mekongi. The disease is seen mainly in Af-
rica, Asia, South America, and the Caribbean, where it is a
hazard to individuals exposed to fresh water containing the
intermediate host, infected freshwater snails. 
Free-swimming cercariae are released from the snail and
penetrate human skin causing a pruritic papular rash in
sensitised individuals (swimmer’s itch). Parasites mature
in the lungs and liver within about 6 weeks, then migrate
to the blood vessels, the bladder, or intestines. Mature
female worms produce eggs which are excreted in urine or
stools, or become lodged in tissues, and immunological re-
action to these eggs results in disease. The acute reaction
to egg deposition has been termed Katayama fever, a self-
limiting but sometimes fatal illness resembling serum
sickness and most frequently seen in S. japonicum infec-
tion. The chronic phase of infection is often asymptomatic
for many years, but usually results in granuloma formation
and fibrosis in tissues where eggs are deposited, such as
the liver, lungs, intestines, or urinary tract, the site depend-
ing on the infecting species. 
Praziquantel is used for the treatment of chronic
schistosomiasis1-6 and is effective against all species of
schistosomes. Metrifonate and oxamniquine have been
used as alternatives against S. haematobium1,2 and S.
mansoni1,3-5 respectively. Artemisinin derivatives used
alone or in combination with praziquantel are also under
investigation for S. mansoni infection6-8 and S. haemato-
bium.9 
Niclosamide is used as a molluscicide for the treatment of
water in schistosomiasis control programmes. Copper sul-
fate or sodium pentachlorophenate have also been used but
to a lesser extent. 
Schistosomiasis vaccines are in development.
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Strongyloidiasis
Strongyloidiasis1 is an infection of the small intestine
caused by Strongyloides stercoralis, known as thread-
worm in the USA. It generally occurs in the tropics and
subtropics and can also occur in some areas of South and
East Europe, Japan, and the USA. In contrast with other
intestinal nematodes, the eggs of S. stercoralis hatch be-
fore leaving the gastrointestinal tract, and can cause au-
toinfection, particularly in immunocompromised patients.
Larvae reaching the soil can either mature into free-living
adults or remain in an infective larval stage. Infective lar-
vae cause infection by penetrating the skin. The larvae mi-
grate to the lungs, move up the bronchial tree to be swal-
lowed, and finally penetrate the mucosa of the small
intestine where they mature. Eggs are deposited about 28
days after initial infection. 
Infection may be asymptomatic, but commonly patients
have symptoms relating to the stages of infection. Penetra-
tion of larvae through the skin causes intense pruritus and
an erythematous rash. The rash may follow the course of
migration and is one of the causes of cutaneous larva mi-
grans (above). An inflammatory response to migration
through the lungs may be seen and may include pneumo-
nitis and bronchospasm. In heavy infections, which are
most common in immunocompromised patients as a result
of autoinfection, massive pulmonary invasion can occur
resulting in fatal alveolar haemorrhage. Abdominal symp-
toms include colicky pain, diarrhoea, and vomiting, lead-
ing to nutritional deficiencies and weight loss. Eosin-
ophilia may also be present. Disseminated disease may
occur in immunocompromised patients and produce se-
vere pulmonary and abdominal symptoms, shock, enceph-
alopathy, meningitis, and Gram-negative septicaemia.
Since strongyloidiasis is commonly fatal in these patients,
vulnerable patients from endemic areas should be
screened regularly and treated promptly at the first sign of
infection. 
Ivermectin is considered to be the treatment of choice.1,2

Tiabendazole was widely used, and still is in some coun-
tries, but albendazole is more effective and better tolerated.
Mebendazole has also been suggested but it must be given
for longer periods than albendazole since it has only a lim-
ited effect on migrating larvae. A combination of ivermec-
tin and albendazole has been suggested in disseminated
disease.2 These broad-spectrum anthelmintics (except tia-
bendazole) are also useful if the patient is suffering from a
mixed intestinal nematode infection.
1. Segarra-Newnham M. Manifestations, diagnosis, and treatment

of Strongyloides stercoralis infection. Ann Pharmacother 2007;
41: 1992–2001. 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Syngamosis
Syngamosis, or gapeworm infection, is caused by Synga-
mus and Mammomonogamus spp. and is mainly an infec-
tion of domestic fowl and wild birds and mammals, al-
though infection in man has been reported very rarely.1-6

Man may become infected by eating foods contaminated
with infective larvae which penetrate the intestinal wall
and migrate to the lungs, where they mature into adult
worms. The major symptom is cough, due to irritation of
the bronchi and increased mucus production. The infection
may be confused with asthma. Tiabendazole and meben-
dazole have been used successfully to treat the infection in
man.
1. Timmons RF, et al. Infection of the respiratory tract with Mam-

momanogamus (Syngamus) laryngeus: a new case in Largo,
Florida, and a summary of previously reported cases. Am Rev
Respir Dis 1983; 128: 566–9. 
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Taeniasis
Taeniasis is an infection of the intestine with beef tape-
worm, Taenia saginata, or pork tapeworm, T. solium, ac-
quired through ingestion of contaminated raw or under-
cooked meat. The larval form of T. solium can cause the
systemic infection cysticercosis (see above). 
Infection with the adult worm usually produces symptoms
only when the worm reaches a size that can cause obstruc-
tion or related problems. Segments of the worm containing
eggs may be excreted in the faeces so maintaining the
cycle of reproduction. Treatment is with a single dose of
praziquantel,1 which has the advantage of also being ac-
tive, in higher doses, against the larval form of T. solium.
Niclosamide is also effective but is only active against
adult worms.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Toxocariasis
Toxocariasis1 is infection with the larval form of Toxocara
canis or, less commonly, T. cati. The adult worms live in
the intestines of dogs and cats respectively, and man be-
comes infected when eggs excreted in animal faeces are
ingested. Once ingested the eggs hatch and the larvae mi-
grate from the intestine to other organs, most commonly
the liver, lung, and eye. Most infections are asymptomatic
but two clinical syndromes, ocular larva migrans and vis-
ceral larva migrans, can occur, usually in children. 
Ocular larva migrans occurs when larvae invade the eye
causing a granuloma which may impair vision and can
cause blindness. There is no specific treatment.2 An-
thelmintics such as albendazole or tiabendazole, corticos-
teroids, ocular surgery, and laser photocoagulation have
been used but assessment of their efficacy is difficult be-
cause of the variable natural course of the disease. 
The clinical symptoms of visceral larva migrans depend
upon the organs involved but commonly include cough,
wheezing, fever, and hepatomegaly. Encephalitis and sei-
zures may occur and there is usually eosinophilia. Acute
infection normally resolves without treatment.3 However,
severe or prolonged infections may be treated with alben-
dazole;4 mebendazole or tiabendazole have also been
used.1,4
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Trichinosis
Trichinosis (trichinellosis) is an infection caused by
Trichinella spiralis. Man becomes infected through inges-
tion of raw or undercooked meat, usually pork, containing
infective larvae. The larvae mature into adult worms in the
small intestine and the mature females deposit larvae
which migrate in the blood to skeletal muscle and some-
times to the myocardium. Symptoms usually occur only in
heavy infections. Invasion of the intestines by the matur-
ing adult worms can cause diarrhoea, abdominal pain, and
vomiting followed about a week later by hypersensitivity
reactions to the migrating larvae. These may include eosin-
ophilia, fever, muscle pain, periorbital oedema and, more
rarely, encephalitis, myocarditis, or pneumonia which may
be fatal. 
All patients with confirmed or suspected infection should
be treated to prevent the continued production of larvae.
Albendazole or mebendazole are considered to be the an-
thelmintics of choice. A corticosteroid should be given for
severe hypersensitivity reactions.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Trichostrongyliasis
Trichostrongyliasis is an infection of the small intestine
caused by Trichostrongylus spp. including T. colubri-
formis. Trichostrongylus spp. are normally parasites of
herbivores, but infections in man have been found. They
have a similar life cycle to Ancylostoma duodenale (see
Hookworm Infections, above). Pyrantel embonate, alben-
dazole, or mebendazole are recommended for the treat-
ment of trichostrongyliasis.1 Successful treatment with
ivermectin has occurred in areas where widespread use of
benzimidazole carbamate derivatives in grazing animals
has led to resistance to these drugs.2

1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007. 
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Trichuriasis
Trichuriasis is an infection of the large intestine with Tri-
churis trichiura, sometimes known as whipworm. Distri-
bution is worldwide, but most infections occur in the trop-
ics and subtropics. Eggs are excreted in the faeces and can
remain viable in the soil for extended periods. Under opti-
mum conditions the eggs become infective in about 2 to 4
weeks. After ingestion, larvae are released from the eggs
and develop within the wall of the small intestine for about
3 to 10 days, before migrating to the lumen of the large
intestine where they remain attached to the mucosal lining.
Eggs are detectable in the faeces about 1 to 3 months after
infection. Trichuriasis is often asymptomatic, but heavy
infection can result in anaemia, diarrhoea, and rectal pro-
lapse. 
Treatment is with a benzimidazole carbamate derivative
such as albendazole or mebendazole1-3 and such broad-
spectrum therapy can be useful if the patient is suffering
from a mixed intestinal nematode infection. Ivermectin2

and nitazoxanide4 are alternatives. However, a systematic
review3 considered the treatment of trichuriasis to be un-
satisfactory with current drugs.
1. Bethony J, et al. Soil-transmitted helminth infections: ascariasis,
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Abamectin (USAN, rINN)

Abamectina; Abamectine; Abamectinum; MK-0936. A mixture
of abamectin component B1a and abamectin component B1b.

Абамектин

CAS — 65195-55-3 (component B1a); 65195-56-4 (com-
ponent B1b).
ATC Vet — QP54AA02.

Profile
Abamectin is an avermectin anthelmintic used in veterinary
medicine for nematode infections. It is also used as a systemic
veterinary ectoparasiticide.

Albendazole (BAN, USAN, rINN)

Albendatsoli; Albendazol; Albendazolas; Albendazolum; SKF-
62979. Methyl 5-propylthio-1H-benzimidazol-2-ylcarbamate.

Альбендазол

C12H15N3O2S = 265.3.

CAS — 54965-21-8.

ATC — P02CA03.

ATC Vet — QP52AC11.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Albendazole). A white to faintly yellowish pow-
der. Practically insoluble in water and in alcohol; very slightly
soluble in dichloromethane; freely soluble in anhydrous formic
acid. Protect from light. 
USP 31 (Albendazole). A white to faintly yellowish powder.
Practically insoluble in water and in alcohol; very slightly solu-
ble in ether and in dichloromethane; freely soluble in anhydrous
formic acid. Store in airtight containers.

Adverse Effects and Precautions
As for Mebendazole, p.148.
Incidence of adverse effects. Although generally well-toler-
ated, the following adverse reactions were reported in the first
phase of WHO-coordinated studies1 involving 30 patients given
high-dose therapy with albendazole for the treatment of cystic
echinococcosis (hydatid disease): raised serum-transaminase
levels (2 patients), reduced leucocyte counts (1), gastrointestinal
symptoms (1), allergic conditions (1), and loss of hair (1). Treat-
ment was stopped in a further patient with alveolar echinococco-
sis because of depressed bone-marrow activity. In the second
phase of these studies,2 of 109 patients given albendazole for
cystic echinococcosis, 20 had adverse effects; similar findings
were reported with mebendazole. The range of effects with al-
bendazole was: elevation of transaminases (5 patients), abdomi-
nal pain and other gastrointestinal symptoms (7), severe head-
ache (4), loss of hair (2), leucopenia (2), fever and fatigue (1),
thrombocytopenia (1), and urticaria and itching (1). Albendazole
had to be withdrawn in 5 patients because of adverse effects, al-
though in 3 the withdrawal was only temporary.
1. Davis A, et al. Multicentre clinical trials of benzimidazolecar-

bamates in human echinococcosis. Bull WHO 1986; 64: 383–8. 
2. Davis A, et al. Multicentre clinical trials of benzimidazolecar-

bamates in human cystic echinococcosis (phase 2). Bull WHO
1989; 67: 503–8.

Effects on growth. A multiple-dose regimen of albendazole in
children with asymptomatic trichuriasis has been reported to be
associated with impaired growth in those with low levels of in-
fection.1 However it was considered that this should not prevent
the use of single doses in mass treatment programmes.2
1. Forrester JE, et al. Randomised trial of albendazole and pyrantel

in symptomless trichuriasis in children. Lancet 1998; 352:
1103–8. 

2. Winstanley P. Albendazole for mass treatment of asymptomatic
trichuris infections. Lancet 1998; 352: 1080–1.

Effects on the liver. In a series of 40 patients given albenda-
zole for echinococcosis, 7 developed abnormalities in liver func-
tion tests during therapy.1 Six had a hepatocellular type of abnor-
mality attributable to albendazole; the seventh had cholestatic
jaundice which was probably not due to albendazole. See also
Incidence of Adverse Effects, above for reports of raised serum-
transaminase levels. 
Albendazole should only be used in the treatment of echinococ-
cosis if there is constant medical supervision with regular moni-
toring of serum-transaminase concentrations and of leucocyte
and platelet counts. Patients with liver damage should be treated
with reduced doses of benzimidazole carbamates, if at all.2
1. Morris DL, Smith PG. Albendazole in hydatid disease—hepato-

cellular toxicity. Trans R Soc Trop Med Hyg 1987; 81: 343–4. 
2. Davis A, et al. Multicentre clinical trials of benzimidazolecar-

bamates in human cystic echinococcosis (phase 2). Bull WHO
1989; 67: 503–8.

Pregnancy. Albendazole is teratogenic in some animals and
there are no adequate and well controlled studies in human preg-
nancy. Albendazole is therefore usually contra-indicated during
pregnancy and licensed product information cautions against be-
coming pregnant while taking albendazole or within one month
of completing treatment.

Interactions
Anthelmintics. The plasma concentration of albendazole sul-
foxide has been increased by praziquantel,1 although the practi-
cal consequences of this were considered uncertain.
1. Homeida M, et al. Pharmacokinetic interaction between praziqu-

antel and albendazole in Sudanese men. Ann Trop Med Parasitol
1994; 88: 551–9.

Antiepileptics. Phenytoin, carbamazepine, and phenobarbital
appear to induce the oxidative metabolism of albendazole via the
cytochrome P450 isoenzyme CYP3A by roughly the same ex-
tent, resulting in significantly reduced concentrations of albenda-
zole sulfoxide. This interaction is likely to be clinically signifi-
cant when albendazole is used to treat systemic worm infections,
and increased doses of albendazole would be needed.1 The inter-
action is probably not clinically significant when albendazole is
used for intestinal worm infections.
1. Lanchote VL, et al. Pharmacokinetic interaction between alben-

dazole sulfoxide enantiomers and antiepileptic drugs in patients
with neurocysticercosis. Ther Drug Monit 2002; 24: 338–45.

Corticosteroids. Plasma concentrations of the active metabo-
lite of albendazole (albendazole sulfoxide) were reported to be
raised by about 50% in a study in 8 patients receiving dexameth-
asone.1
1. Jung H, et al. Dexamethasone increases plasma levels of alben-

dazole. J Neurol 1990; 237: 279–80.
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Histamine H2-antagonists. Concentrations of albendazole
sulfoxide have been found to be raised in bile and hydatid cyst
fluid when albendazole was given with cimetidine, which may
increase effectiveness in the treatment of echinococcosis.1
1. Wen H, et al. Initial observation on albendazole in combination

with cimetidine for the treatment of human cystic echinococco-
sis. Ann Trop Med Parasitol 1994; 88: 49–52.

Pharmacokinetics
Absorption of albendazole from the gastrointestinal
tract is poor but may be enhanced by a fatty meal.
Albendazole rapidly undergoes extensive first-pass
metabolism. Its principal metabolite albendazole sulfox-
ide has anthelmintic activity and a plasma half-life of
about 8.5 hours. Albendazole sulfoxide is widely dis-
tributed throughout the body including into the bile and
the CSF. It is about 70% bound to plasma protein. Al-
bendazole sulfoxide is eliminated in the bile; only a
small amount appears to be excreted in the urine.
◊ References.
1. Marriner SE, et al. Pharmacokinetics of albendazole in man. Eur

J Clin Pharmacol 1986;  30: 705–8. 
2. Morris DL, et al. Penetration of albendazole sulphoxide into hy-

datid cysts. Gut 1987; 28: 75–80. 
3. Steiger U, et al. Albendazole treatment of echinococcosis in hu-

mans: effects on microsomal metabolism and drug tolerance.
Clin Pharmacol Ther 1990; 47: 347–53. 

4. Jung H, et al. Clinical pharmacokinetics of albendazole in pa-
tients with brain cysticercosis. J Clin Pharmacol 1992; 32:
28–31. 

5. Jung H, et al. Clinical pharmacokinetics of albendazole in chil-
dren with neurocysticercosis. Am J Ther 1997; 4: 23–6.

Uses and Administration
Albendazole is a benzimidazole carbamate an-
thelmintic structurally related to mebendazole (p.148)
and with similar activity. It is used in relatively high
doses in the treatment of the cestode infections cyst-
icercosis and echinococcosis (hydatid disease). In
some countries albendazole is used in the treatment of
single and mixed intestinal nematode infections in-
cluding ascariasis, enterobiasis, hookworm, strongy-
loidiasis, and trichuriasis. It may also be used in the
treatment of angiostrongyliasis, capillariasis, gnathos-
tomiasis, and trichostrongyliasis. Albendazole may be
effective in the treatment of the tissue nematode infec-
tions cutaneous larva migrans, toxocariasis, and trichi-
nosis and has been tried in loiasis, and, with other an-
thelmintics, in mass treatment programmes in areas
where lymphatic filariasis is endemic. For discussions
of these infections and their treatment, see under
Choice of Anthelmintic (p.134), and under the individ-
ual headings below. 
In the treatment of echinococcosis, albendazole is giv-
en orally with meals in a dose of 400 mg twice daily for
28 days for patients weighing over 60 kg. A dose of
15 mg/kg daily in two divided doses (to a maximum
total daily dose of 800 mg) is used for patients weigh-
ing less than 60 kg. For cystic echinococcosis, the 28-
day course may be repeated after 14 days without treat-
ment to a total of 3 treatment cycles. For alveolar echi-
nococcosis, cycles of 28 days of treatment followed by
14 days without treatment may need to continue for
months or years. 
In the treatment of neurocysticercosis, US licensed
product information recommends doses of albendazole
for parenchymal cysts similar to the doses used in echi-
nococcosis (see above); the recommended duration of
treatment is 8 to 30 days. Current expert opinion also
favours similar doses of 15 mg/kg daily but with a du-
ration of treatment of only 8 days for parenchymal dis-
ease and about 1 month for subarachnoid disease. For
further information on dosage regimens, see Cysticer-
cosis, below. 
Albendazole is given orally, usually as a single dose, in
the treatment of single or mixed intestinal nematode
infections. The usual dose for adults and children aged
2 years or over with ascariasis, enterobiasis, hook-
worm infections, or trichuriasis is 400 mg as a single
dose. In enterobiasis, the dose may be repeated in 1 to
4 weeks. Some consider that children of 1 to 2 years of
age may be given 200 mg for enterobiasis. In strongy-
loidiasis, 400 mg is given once or twice daily for 3 con-

secutive days; this may be repeated after 3 weeks if
necessary. 
Albendazole has also been used to treat giardiasis
(p.824); suggested doses are 400 mg daily by mouth
for 5 days.
Ascariasis. Albendazole is used as an alternative to mebenda-
zole in the treatment of ascariasis (p.134). Both drugs are equally
highly effective with a cure rate greater than 98% reported for
albendazole in one study.1
1. Albonico M, et al. A randomized controlled trial comparing me-

bendazole and albendazole against Ascaris, Trichuris and hook-
worm infections. Trans R Soc Trop Med Hyg 1994; 88: 585–9.

Capillariasis. Albendazole in a dose of 400 mg daily for 10
days has been suggested1 as an alternative to mebendazole for
the treatment of capillariasis (p.135).
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Cutaneous larva migrans. Albendazole has been reported1-4

to be effective in the treatment of cutaneous larva migrans
(p.135) and is an alternative to tiabendazole or ivermectin. Al-
bendazole, generally in a dose of 400 mg daily for three1 or five2

days, has alleviated the discomfort of cutaneous larva migrans;
treatment for seven days may be more effective and has not been
associated with an increased incidence of adverse effects.4 A
single dose of 400 mg has also been effective.3 An ointment con-
taining albendazole 10%, applied 3 times a day for 10 days, was
reported to be effective in treating cutaneous larva migrans in 2
young children.5
1. Jones SK, et al. Oral albendazole for the treatment of cutaneous

larva migrans. Br J Dermatol 1990; 122: 99–101. 
2. Sanguigni S, et al. Albendazole in the therapy of cutaneous larva

migrans. Trans R Soc Trop Med Hyg 1990; 84: 831. 
3. Oriheula AR, Torres JR. Single dose of albendazole in the treat-

ment of cutaneous larva migrans. Arch Dermatol 1990; 126:
398–9. 

4. Veraldi S, Rizzitelli G. Effectiveness of a new therapeutic regi-
men with albendazole in cutaneous larva migrans. Eur J Derma-
tol 1999; 9: 352–3. 

5. Caumes E. Efficacy of albendazole ointment on cutaneous larva
migrans in 2 young children. Clin Infect Dis 2004; 38: 1647–8.

Cysticercosis. The use of anthelmintics in the treatment of neu-
rocysticercosis (see Cysticercosis, p.135) remains controversial,
but if indicated albendazole is considered to be the drug of
choice.1-3 The dose of albendazole originally used was the same
as that used in echinococcosis, typically about 15 mg/kg daily
orally for 1 month. There is now some evidence that shorter
courses of treatment may be appropriate in some forms of neuro-
cysticercosis. A study4 confirmed that a 10-day course of alben-
dazole 400 mg twice daily, together with dexamethasone, was
safe and decreased the burden of parasites and the number of
generalised seizures in patients with viable parenchymal cysts.
Albendazole has also been reported to be effective for extrapa-
renchymal infection, such as subarachnoid, ventricular,2,5,6 and
spinal cord cysticercosis,2 but the longer treatment period of 1
month with a dose of 15 mg/kg daily is usually used. Alternative-
ly, a higher dose of albendazole for a shorter time may be consid-
ered. A study5 of 36 patients with subarachnoid and intraven-
tricular cysticercosis found that 30 mg/kg daily for 8 days was
safe and more effective than 15 mg/kg daily for 8 days, both reg-
imens being given with corticosteroids.
1. Sotelo J, Jung H. Pharmacokinetic optimisation of the treatment

of neurocysticercosis. Clin Pharmacokinet 1998; 34: 503–15. 
2. Takayanagui OM. Therapy for neurocysticercosis. Expert Rev

Neurother 2004; 4: 129–39. 
3. Del Brutto OH, et al. Meta-analysis: cysticidal drugs for neuro-

cysticercosis: albendazole and praziquantel.Ann Intern Med
2006; 145: 43–51. 

4. Garcia HH, et al. A trial of antiparasitic treatment to reduce the
rate of seizures due to cerebral cysticercosis. N Engl J Med 2004;
350: 249–58. 

5. Góngora-Rivera F, et al. Albendazole trial at 15 or 30 mg/kg/day
for subarachnoid and intraventricular cysticercosis. Neurology
2006; 66: 436–8. 

6. Proaño JV, et al. Medical treatment for neurocysticercosis char-
acterized by giant subarachnoid cysts. N Engl J Med 2001; 345:
879–85.

Echinococcosis. Albendazole is used in the treatment of echi-
nococcosis (p.136) as an adjunct to, or instead of, surgery. It is
generally preferred to mebendazole. 
References.
1. Teggi A, et al. Therapy of human hydatid disease with mebenda-

zole and albendazole. Antimicrob Agents Chemother 1993; 37:
1679–84. 

2. Gil-Grande LA, et al. Randomised controlled trial of efficacy of
albendazole in intra-abdominal hydatid disease. Lancet 1993;
342: 1269–72. 

3. Wen H, et al. Initial observation on albendazole in combination
with cimetidine for the treatment of human cystic echinococco-
sis. Ann Trop Med Parasitol 1994; 88: 49–52. 

4. Wen H, et al. Albendazole chemotherapy for human cystic and
alveolar echinococcosis in north-western China. Trans R Soc
Trop Med Hyg 1994; 88: 340–3. 

5. Liu Y, et al. Continuous long-term albendazole therapy in in-
traabdominal cystic echinococcosis. Chin Med J (Engl) 2000;
113: 827–32. 

6. Keshmiri M, et al. Albendazole versus placebo in treatment of
echinococcosis. Trans R Soc Trop Med Hyg 2001; 95: 190–4. 

7. Falagas ME, Bliziotis IA. Albendazole for the treatment of hu-
man echinococcosis: a review of comparative clinical trials. Am
J Med Sci 2007; 334: 171–9.

Gnathostomiasis. Albendazole has been reported to be effec-
tive in the treatment of gnathostomiasis (p.136). Doses of
400 mg once or twice daily have been given for 2 or 3 weeks.1-4

1. Kraivichian P, et al. Albendazole for the treatment of human gna-
thostomiasis. Trans R Soc Trop Med Hyg 1992; 86: 418–21. 

2. Suntharasamai P, et al. Albendazole stimulates outward migra-
tion of Gnathostoma spinigerum to the dermis in man. Southeast
Asian J Trop Med Public Health 1992; 23: 716–22. 

3. Nontasut P, et al. Comparison of ivermectin and albendazole
treatment for gnathostomiasis. Southeast Asian J Trop Med Pub-
lic Health 2000; 31: 374–7. 

4. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Hookworm infections. Hookworm infections (p.136) are
commonly treated with benzimidazole carbamates such as al-
bendazole. In 77 patients with light necatoriasis (Necator ameri-
canus infection) albendazole, in a single 400-mg dose, produced
an 84% cure rate and an 82% reduction in egg count in those
patients not cured.1 In another study,2 although the cure rate was
only 56.8% after a single 400-mg dose of albendazole this was
superior to treatment with mebendazole which had a cure rate of
22.4%. A further study3 comparing albendazole with mebenda-
zole and pyrantel in the treatment of necatoriasis also found al-
bendazole to be the most effective. 
Albendazole is given in mass treatment programmes to reduce
the overall burden of infection.1,4

1. Nahmias J, et al. Evaluation of albendazole, pyrantel, bephe-
nium, pyrantel-praziquantel and pyrantel-bephenium for single-
dose mass treatment of necatoriasis. Ann Trop Med Parasitol
1989; 83: 625–9. 

2. Albonico M, et al. A randomized controlled trial comparing me-
bendazole and albendazole against Ascaris, Trichuris and hook-
worm infections. Trans R Soc Trop Med Hyg 1994; 88: 585–9. 

3. Sacko M, et al. Comparison of the efficacy of mebendazole, al-
bendazole and pyrantel in treatment of human hookworm infec-
tions in the southern region of Mali, West Africa. Trans R Soc
Trop Med Hyg 1999; 93: 195–203. 

4. Idris MA, et al. Effective control of hookworm infection in
school children from Dhofar, Sultanate of Oman: a four-year ex-
perience with albendazole mass chemotherapy. Acta Trop 2001;
80: 139–43.

Loiasis. Albendazole has been investigated1,2 to reduce micro-
filariasis in patients infected with Loa loa (see Loiasis, p.137)
with modest success.
1. Klion AD, et al. Albendazole in human loiasis: results of a dou-

ble-blind, placebo-controlled trial. J Infect Dis 1993; 168:
202–6. 

2. Tabi TE, et al. Human loiasis in a Cameroonian village: a dou-
ble-blind, placebo-controlled, crossover clinical trial of a three-
day albendazole regimen. Am J Trop Med Hyg 2004; 71: 211–15.

Lymphatic filariasis. Albendazole is used in the management
of lymphatic filariasis (p.137). In endemic areas mass treatment
of the entire population (excluding neonates, pregnant women,
and debilitated individuals) can reduce the intensity of transmis-
sion and the incidence of disease. The Global Programme to
eliminate Lymphatic Filariasis launched by WHO, with other in-
ternational agencies, advocates a single dose of albendazole
400 mg with either a single dose of ivermectin 150 to
200 micrograms/kg (if there is co-endemic loiasis or onchocer-
ciasis) or with a single dose of diethylcarbamazine 6 mg/kg (if
there is no co-endemic loiasis or onchocerciasis); these doses are
given once each year for at least 5 years.
Microsporidiosis. Albendazole has been tried1-6 in the treat-
ment of the protozoal infection microsporidiosis (p.826) in pa-
tients with AIDS. Albendazole has also been used empirically in
the treatment of HIV-associated infections and complications
(p.857).
1. Blanshard C, et al. Treatment of intestinal microsporidiosis with

albendazole in patients with AIDS. AIDS 1992; 6: 311–13. 
2. Dieterich DT, et al. Treatment with albendazole for intestinal

disease due to Enterocytozoon bieneusi in patients with AIDS. J
Infect Dis 1994; 169: 178–82. 

3. Franzen C, et al. Intestinal microsporidiosis with Septata intesti-
nalis in a patient with AIDS—response to albendazole. J Infect
1995; 31: 237–9. 

4. Dore GJ, et al. Disseminated microsporidiosis due to Septata in-
testinalis in nine patients infected with the human immunodefi-
ciency virus: response to therapy with albendazole. Clin Infect
Dis 1995; 21: 70–6. 

5. Molina J-M, et al. Albendazole for treatment and prophylaxis of
microsporidiosis due Encephalitozoon intestinalis in patients
with AIDS: a randomized double-blind controlled trial. J Infect
Dis 1998; 177: 1373–7. 

6. Tremoulet AH, et al. Albendazole therapy for Microsporidium
diarrhea in immunocompetent Costa Rican children. Pediatr In-
fect Dis J 2004; 23: 915–18.

Strongyloidiasis. Albendazole is generally preferred to tiaben-
dazole or mebendazole in the treatment of strongyloidiasis
(p.138) although ivermectin is now generally considered to be
the drug of choice. Both drugs have been used together in dis-
seminated disease. 
References.
1. Rossignol JF, Maisonneuve H. Albendazole: placebo-controlled

study in 870 patients with intestinal helminthiasis. Trans R Soc
Trop Med Hyg 1983; 77: 707–11. 

2. Chanthavanich P, et al. Repeated doses of albendazole against
strongyloidiasis in Thai children. Southeast Asian J Trop Med
Public Health 1989; 20: 221–6. 

3. Mojon M, Nielsen PB. Treatment of Strongyloides stercoralis
with albendazole: a cure rate of 86 per cent. Zentralbl Bakteriol
Mikrobiol Hyg [A] 1987; 263: 619–24. 
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4. Archibald LK, et al. Albendazole is effective treatment for
chronic strongyloidiasis. Q J Med 1993; 86: 191–5. 

5. Pornsuriyasak P, et al. Disseminated strongyloidiasis successful-
ly treated with extended duration ivermectin combined with al-
bendazole: a case report of intractable strongyloidiasis. South-
east Asian J Trop Med Public Health 2004; 35: 531–4. 

6. Singthong S, et al. Randomized comparative trial of two high-
dose albendazole regimens for uncomplicated human strongyloi-
diasis. Southeast Asian J Trop Med Public Health 2006; 37 (sup-
pl 3): 32–4.

Toxocariasis. Albendazole is one of the drugs that might be
used for the treatment of toxocariasis (p.139) and in a small
study1 it produced improvement similar to that achieved with tia-
bendazole but with fewer problems.
1. Stürchler D, et al. Thiabendazole vs albendazole in treatment of

toxocariasis: a clinical trial. Ann Trop Med Parasitol 1989; 83:
473–8.

Trichinosis. Albendazole may be effective in the treatment of
trichinosis (p.139). A retrospective study in 44 patients with
trichinosis comparing albendazole treatment with tiabendazole
found that, while the two drugs were of comparable efficacy, al-
bendazole was the better tolerated.1 Albendazole has been used
to treat a patient infected with Trichinella pseudospiralis, an
organism related to T. spiralis, the usual cause of trichinosis.2

1. Cabié A, et al. Albendazole versus thiabendazole as therapy for
trichinosis: a retrospective study. Clin Infect Dis 1996; 22:
1033–5. 

2. Andrews JRH, et al. Trichinella pseudospiralis in humans: de-
scription of a case and its treatment. Trans R Soc Trop Med Hyg
1994; 88: 200–3.

Trichostrongyliasis. Albendazole in a single dose of 400 mg
has been suggested1 as an alternative to pyrantel embonate or
mebendazole in the treatment of trichostrongyliasis (p.139).
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Trichuriasis. Albendazole is used in the treatment of trichuria-
sis (p.139). It is normally given in a single dose and is often used
in mixed intestinal nematode infections.1 However, it has been
reported1-3 that in children with mixed intestinal worm infections
single doses of albendazole are ineffective in eliminating Tri-
churis trichiura and multiple doses are required to produce
worthwhile reductions in egg production. Treatment for 3 days
has been used4 (but for a suggestion that such regimens may be
associated with impaired growth in less heavily infected chil-
dren, see Effects on Growth under Adverse Effects, above).
Combined use of albendazole with ivermectin may prove use-
ful.5

1. Hall A, Anwar KS. Albendazole and infections with Trichuris
trichiura and Giardia intestinalis. Southeast Asian J Trop Med
Public Health 1991; 22: 84–7. 

2. Hall A, Nahar Q. Albendazole and infections with Ascaris lum-
bricoides and Trichuris trichiura in children in Bangladesh.
Trans R Soc Trop Med Hyg 1994; 88: 110–12. 

3. Albonico M, et al. A randomized controlled trial comparing me-
bendazole and albendazole against Ascaris, Trichuris and hook-
worm infections. Trans R Soc Trop Med Hyg 1994; 88: 585–9. 

4. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007. 

5. Ismail MM, Jayakody RL. Efficacy of albendazole and its com-
binations with ivermectin or diethylcarbamazine (DEC) in the
treatment of Trichuris trichiura infections in Sri Lanka. Ann Trop
Med Parasitol 1999; 93: 501–4.

Preparations
USP 31: Albendazole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Vastus; Austral.: Eskazole; Zentel; Austria: Eskazole; Braz.: Alba-3;
Albel; Alben†; Albendrox†; Albendy†; Albenix†; Albentel; Albenzonil; Al-
bezin†; Alib†; Alin; Alzoben†; Bentiamin†; Benzol; Imavermil; Mebenix;
Monozol; Neo Bendazol; Parasin; Parazol; Totelmin†; Verdazol†; Vermiclase;
Vermital; Zentel; Zolben; Zoldan†; Chile: Ceprazol; Vermoil; Zentel; Cz.:
Zentel; Fr.: Zentel; Ger.: Eskazole; Gr.: Eskazole; Zentel; India: Albezole;
Bendex; Combantrin-A; Emanthal; Nemozole; Olworm; Zentel; Israel: Es-
kazole; Ital.: Zentel; Malaysia: Albendol; Champs D-Worms; Thelban†;
Vemizol; Zentel; Zoben; Mex.: Albensil; Aldamin; Alfazol; Bendapar ;
Bradelmin; Dazocan; Dazolin; Dezabil; Digezanol; Entoplus; Eskazole; Eural-
ben; Flatezol†; Gascop; Helmisons; Kolexan; Loveral; Lurdex; Olbendital; Ri-
vazol; Serbendazol; Synparyn; Tenibex; Veranzol; Vermilan†; Vermin Plus;
Vermisen; Zelfin; Zenaxin; Zentel; Neth.: Eskazole; Philipp.: Zentel; Pol.:
Zentel; Port.: Zentel; Rus.: Nemozole (Немозол); S.Afr.: Bendex; Zentel;
Singapore: Alzental; Zentel; Spain: Eskazole; Switz.: Zentel; Thai.: Aben-
tel; Albatel; Alben; Albenda; Alda†; Alfuca; Alzol; Anthel†; Gendazel; Laben-
da; Leo-400; Manoverm; Masaworm†; Mesin; Mycotel; Vermixide; Zeben;
Zela; Zentel; Zenzera; Turk.: Andazol; UAE: Albenda; USA: Albenza; Ven-
ez.: Albezol; Albicar; Bevindazol; Helal; Sostril; Taron; Vendazol; Zentel.

Multi-ingredient: Mex.: Oxal.

Amocarzine (rINN)

Amocarzina; Amocarzinum; CGP-6140. 4-Methyl-4′-(p-ni-
troanilino)thio-1-piperazinecarboxanilide.

Амокарзин

C18H21N5O2S = 371.5.
CAS — 36590-19-9.

NOTE. Amocarzine has sometimes been referred to as thiocar-
bamazine.

Profile
Amocarzine is an antifilarial anthelmintic that is active against
the adult worms of Onchocerca volvulus. It has been studied for
the oral treatment of onchocerciasis (p.137).

◊ References.
1. Poltera AA, et al. Onchocercacidal effects of amocarzine (CGP

6140) in Latin America. Lancet 1991; 337: 583–4. 
2. Cooper PJ, et al. Onchocerciasis in Ecuador: evolution of chori-

oretinopathy after amocarzine treatment. Br J Ophthalmol 1996;
80: 337–42. 

3. Awadzi K, et al. The safety and efficacy of amocarzine in Afri-
can onchocerciasis and the influence of ivermectin on the clini-
cal and parasitological response to treatment. Ann Trop Med Par-
asitol 1997; 91: 281–96.

Trivalent Antimony Compounds
Compuestos de antimonio trivalente.

Antimony Potassium Tartrate
Antim. Pot. Tart.; Antimónico potásico, tartrato; Antymonu
potasu winian; Brechweinstein; Kalii Stibyli Tartras; Potassium An-
timonyltartrate; Stibii et Kalii Tartras; Tartar Emetic; Tartarus Stib-
iatus. Dipotassium bis{μ-[2,3-dihydroxybutanedioato(4-)-
O1,O2:O3,O4]}-diantimonate(2-) trihydrate; Dipotassium bis[μ-
tartrato(4-)]diantimonate(2-) trihydrate.

Антимонил-тартрат Калия

C8H4K2O12Sb2,3H2O = 667.9.
CAS — 11071-15-1 (anhydrous antimony potassium tar-
trate); 28300-74-5 (antimony potassium tartrate tr ihy-
drate).

Pharmacopoeias. In US. 
USP 31 (Antimony Potassium Tartrate). Odourless, colourless,
transparent crystals or white powder. The crystals effloresce on
exposure to air and do not readily rehydrate even on exposure to
high humidity. Soluble 1 in 12 of water, 1 in 3 of boiling water,
and 1 in 15 of glycerol; insoluble in alcohol. Its solutions are acid
to litmus.

Antimony Sodium Tartrate
Antim. Sod. Tart.; Antimónico sódico, tartrato; Sodium Antimo-
nyltartrate; Stibium Natrium Tartaricum. Disodium bis{μ-[2,3-di-
hydroxybutanedioato(4-)-O1,O2:O3,O4]}diantimonate(2-); Diso-
dium bis{μ-[L-(+)-tartrato(4-)]}diantimonate(2-).

Антимонил-тартрат Натрия

C8H4Na2O12Sb2 = 581.6.
CAS — 34521-09-0.

Pharmacopoeias. In Int. (as C4H4NaO7Sb = 308.8) and US. 
USP 31 (Antimony Sodium Tartrate). Odourless, colourless,
transparent crystals or white powder. The crystals effloresce on
exposure to air. Freely soluble in water; insoluble in alcohol.

Sodium Stibocaptate (BAN, rINN)

Antimony Sodium Dimercaptosuccinate; Estibocaptato de sodio;
Natrii Stibocaptas; Ro-4-1544/6; Sb-58; Stibocaptate; Stibocap-
tate de Sodium; TWSb/6. Antimony sodium meso-2,3-dimercap-
tosuccinate. The formula varies from
C12H11NaO12S6Sb2 = 806.1 to C12H6Na6O12S6Sb2 = 916.0.

Натрия Стибокаптат

CAS — 3064-61-7 (C12H6Na6O12S6Sb2).

Stibophen
Estibofeno; Fouadin; Stibophenum. Bis[4,5-dihydroxybenzene-
1,3-disulphonato(4−)-O4,O5]antimonate(5−) pentasodium hep-
tahydrate.
Стибофен
C12H4Na5O16S4Sb,7H2O = 895.2.
CAS — 15489-16-4 (stibophen heptahydrate).
ATC — P02BX03.

Adverse Effects and Treatment
Trivalent antimony compounds are more toxic than pentavalent
antimonials such as sodium stibogluconate, possibly because
they are excreted much more slowly. The most serious adverse
effects are on the heart and liver. There are invariably ECG
changes during treatment, but hypotension, bradycardia, and car-
diac arrhythmias are more serious. Sudden death or cardiovascu-
lar collapse may occur at any time. Elevated liver enzyme values
are common; liver damage with hepatic failure and death is more
likely in patients with pre-existing hepatic disease. 
Adverse effects immediately after intravenous use of trivalent
antimonials, in particular the tartrates, have included coughing,
chest pain, pain in the arms, vomiting, abdominal pain, fainting,
and collapse, especially after rapid injection. Extravasation dur-
ing injection is extremely painful because of tissue damage. An
anaphylactoid reaction characterised by an urticarial rash, husky
voice, and collapse has been reported after the sixth or seventh
intravenous injection of a course of treatment. 
Numerous less immediate adverse effects have occurred includ-
ing gastrointestinal disturbances, muscular and joint pains,
arthritis, pneumonia, dyspnoea, headache, dizziness, weakness,
pruritus, skin rashes, facial oedema, fever, haemolytic anaemia,
and kidney damage. 
Large oral doses of antimony compounds have an emetic action.
Continuous treatment with small doses of antimony may give
rise to symptoms of subacute poisoning similar to those of chron-
ic arsenical poisoning. 
Treatment of severe poisoning with antimony compounds is sim-
ilar to that for arsenic poisoning (p.2261); dimercaprol may be of
benefit.
◊ References.
1. Stemmer KL. Pharmacology and toxicology of heavy metals: an-

timony. Pharmacol Ther 1976; 1: 157–60.

Precautions
Trivalent antimony therapy has generally been superseded by
less toxic treatment. It is contra-indicated in the presence of lung,
heart, liver, or kidney disease. Intravenous injections should be
given very slowly and stopped if coughing, vomiting, or subster-
nal pain occurs; extravasation should be avoided. 
Some antimony compounds such as the tartrates cause severe
pain and tissue necrosis and should not be given by intramuscu-
lar or subcutaneous injection.
Breast feeding. The American Academy of Pediatrics1 states
that there have been no reports of any clinical effect on the infant
associated with the use of antimony by breast-feeding mothers,
and that therefore it may be considered to be usually compatible
with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 02/06/04)

Glucose-6-phosphate dehydrogenase deficiency. In the
event of trivalent antimony compounds being used, patients with
G6PD deficiency should be excluded. WHO lists stibophen1

among the anthelmintics to be avoided in patients with this defi-
ciency.
1. WHO. Glucose-6-phosphate dehydrogenase deficiency. Bull

WHO 1989; 67: 601–11.

Pharmacokinetics
Antimony compounds are poorly absorbed from the gastrointes-
tinal tract. They are slowly excreted, mainly in the urine, after
parenteral doses. Antimony accumulates in the body during
treatment and persists for several months afterwards. Trivalent
antimony has a greater affinity for cell proteins than for plasma
proteins.
Uses and Administration
Trivalent antimony compounds were used in the treatment of the
protozoal infection leishmaniasis until the advent of the less toxic
pentavalent compounds. They continued to be used in the treat-
ment of schistosomiasis, but have now been superseded by less
toxic and more easily given drugs such as praziquantel. 
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Antimony sodium tartrate was formerly used as an emetic. The
sodium tartrate and potassium tartrate have also been used as ex-
pectorants.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Thai.: Brown Mixture.

Ascaridole
Ascaridol. 1-Isopropyl-4-methyl-2,3-dioxabicyclo[2.2.2]oct-5-
ene.

Аскаридол

C10H16O2 = 168.2.
CAS — 512-85-6.

Profile
Ascaridole is the active principle of chenopodium oil (p.142) and
has the same actions.

Handling. Ascaridole is an unstable liquid which is liable to ex-
plode when heated or when treated with organic acids.

Bephenium Hydroxynaphthoate (BAN, rINN)

Bephenii Hydroxynaphthoas; Béphénium, Hydroxynaphtoate de;
Hidroxinaftoato de befenio; Naphthammonum. Benzyldime-
thyl(2-phenoxyethyl)ammonium 3-hydroxy-2-naphthoate.

Бефения Гидроксинафтоат

C28H29NO4 = 443.5.
CAS — 7181-73-9 (bephenium); 3818-50-6 (bephenium
hydroxynaphthoate).
ATC — P02CX02.

Pharmacopoeias. In Int.

Profile
Bephenium hydroxynaphthoate is an anthelmintic formerly used
in the treatment of hookworm infections, ascariasis, and tricho-
strongyliasis.

Betanaphthol
β-Naftol; 2-Naftol; Naphthol. Naphth-2-ol.

Бета-нафтол

C10H8O = 144.2.
CAS — 135-19-3.

Pharmacopoeias. In Pol. and Swiss.

Profile
Betanaphthol was formerly used as an anthelmintic in hook-
worm and tapeworm infections, but it has been superseded by
less toxic and more efficient drugs. 
Betanaphthol has a potent parasiticidal effect and has been used
topically in the treatment of scabies, ringworm, and other skin
diseases. 
Betanaphthyl benzoate has been used in preparations for the
treatment of gastrointestinal disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Hekabetol; Austria: Salvyl.

Bithionol (BAN, rINN)

Bithionololum; Bithionolum; Bitionol; Bitionolol; Bitionololi. 2,2′-
Thiobis(4,6-dichlorophenol).
Битионол
C12H6Cl4O2S = 356.1.
CAS — 97-18-7.
ATC — D10AB01; P02BX01.
ATC Vet — QD10AB01; QP52AG07.

Pharmacopoeias. Fr. includes bithionol oxide for veterinary
use.
Adverse Effects
Adverse effects in patients taking bithionol by mouth include an-
orexia, nausea, vomiting, abdominal discomfort, diarrhoea, sali-
vation, dizziness, headache, and skin rashes. 
Photosensitivity reactions have occurred in persons using soap
containing bithionol. Cross-sensitisation with other halogenated
disinfectants has also occurred.
Uses and Administration
Bithionol is a chlorinated bis-phenol with bactericidal and an-
thelmintic properties. It is active against most trematodes
(flukes). Bithionol is used in preference to praziquantel in fasci-
oliasis (see Liver Fluke Infections, p.137) and is also used in
paragonimiasis (see Lung Fluke Infections, p.137) as an alterna-
tive to praziquantel. It may be given in an oral dose of 30 to
50 mg/kg on alternate days for 10 to 15 doses. Alternatively, for
fascioliasis, WHO recommends a regimen of 30 mg/kg daily for
5 days. 
Bithionol was formerly used topically as a bactericide but this
use has declined because of photosensitivity reactions.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Fonergine.

Bromofenofos (rINN)

Bromfenofos; Bromofénofos; Bromofenofós; Bromofenofosum;
Bromophenophos; Bromphenphos. 3,3′,5,5′-Tetrabromo-2,2′-
biphenyldiolmono(dihydrogen phosphate).
Бромофенофос
C12H7Br4O5P = 581.8.
CAS — 21466-07-9.
ATC Vet — QP52AB02.

Profile
Bromofenofos is an organophosphorus compound (see Organo-
phosphorus Insecticides, p.2047) used as an anthelmintic in vet-
erinary medicine for the treatment of fluke infections.

Cambendazole (BAN, USAN, rINN)

Cambendazol; Cambendazolum; MK-905. Isopropyl 2-(thiazol-4-
yl)-1H-benzimidazol-5-ylcarbamate.
Камбендазол
C14H14N4O2S = 302.4.
CAS — 26097-80-3.
ATC Vet — QP52AC08.

Profile
Cambendazole is a benzimidazole carbamate anthelmintic struc-
turally related to tiabendazole (p.156). It is used in the treatment
of strongyloidiasis.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Cambem†.

Multi-ingredient: Braz.: Exelmin†.

Chenopodium Oil
Aceite de quenopodio; Aetheroleum Chenopodii; Esencia de
Quenopodio Vermifuga; Oil of American Wormseed; Wurmsa-
menöl.
Амброзиевое Масло; Маревое Масло
CAS — 8006-99-3.

Profile
Chenopodium oil is distilled with steam from the fresh flowering
and fruiting plants, excluding roots, of Chenopodium ambrosio-
ides var. anthelminticum. It contains ascaridole. It was formerly
used as an anthelmintic for the expulsion of roundworms (As-
caris) and hookworms. It is toxic and has caused numerous fatal-
ities.
Handling. Chenopodium oil may explode when heated.

Clorsulon (BAN, USAN, rINN)

Clorsulón; Clorsulone; Clorsulonum; MK-401. 4-Amino-6-
(trichlorovinyl)benzene-1,3-disulphonamide.
Клорсулон
C8H8Cl3N3O4S2 = 380.7.
CAS — 60200-06-8.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Clorsulon). A white to off-white powder. Slightly sol-
uble in water; freely soluble in acetonitrile and in methyl alcohol;
very slightly soluble in dichloromethane.
Profile
Clorsulon is an anthelmintic used in veterinary medicine for the
treatment of liver fluke infections.

Closantel (BAN, USAN, rINN)

Closantelum; R-31520. 5′-Chloro-4′-(4-chloro-α-cyanobenzyl)-
3,5-di-iodosalicyl-o-toluidide.
Клозантел
C22H14Cl2I2N2O2 = 663.1.
CAS — 57808-65-8.
ATC Vet — QP52AG09.

Closantel Sodium (BANM, rINNM)

Closantel sódico; Closantel sodique; Closantelum natricum;
Klosanteelinatrium; Klosantel sodná sůl; Klosantelnatrium; Natrii
Closantelum; R-34828.
Натрий Клозантел
C22H14Cl2I2N2O2Na = 686.1.
Pharmacopoeias. In Eur. (see p.vii) as the dihydrate for veter-
inary use. 
Ph. Eur. 6.2 (Closantel Sodium Dihydrate for Veterinary Use;
Closantel Sodium Dihydrate BP(Vet) 2008). A yellow, slightly
hygroscopic, powder. It exhibits polymorphism. Very slightly
soluble in water; freely soluble in alcohol; soluble in methyl al-
cohol. Store in airtight containers. Protect from light.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Closantel is an anthelmintic used in veterinary medicine for the
treatment of fluke and nematode infections.
Effects on the eyes. Loss of eyesight was reported in 11 wom-
en who received closantel (Flukiver) in mistake for a gynaeco-
logical product.1 Sight was restored after closantel was stopped
but incapacitating eye pain remained.
1. ’t Hoen E, et al. Harmful human use of donated veterinary drug.

Lancet 1993; 342: 308–9.

Diamfenetide (BAN, rINN)

Diamfenetida; Diamfénétide; Diamfenetidum; Diamphenethide.
β,β′-Oxybis(aceto-p-phenetidide).
Диамфенетид
C20H24N2O5 = 372.4.
CAS — 36141-82-9.

Profile
Diamfenetide is an anthelmintic that has been used in veterinary
medicine for the control of fascioliasis in sheep.

Dichlorophen (BAN, rINN)

Dichlorophène; Dichlorophenum; Diclorofeno; Di-phenthane-
70; G-4. 2,2′-Methylenebis(4-chlorophenol).
Дихлорофен
C13H10Cl2O2 = 269.1.
CAS — 97-23-4.
ATC — P02DX02.
ATC Vet — QP52AG01.

Pharmacopoeias. In Br. and Fr. 
BP 2008 (Dichlorophen). A white or slightly cream-coloured
powder with a not more than slightly phenolic odour. Practically
insoluble in water; freely soluble in alcohol; very soluble in ether.
Profile
Dichlorophen is an anthelmintic that was used in the treatment of
infection by tapeworms but has been superseded by praziquantel
or niclosamide. 
Dichlorophen also has antifungal and antibacterial activity and
has been used topically in the treatment of fungal infections and
as a germicide in soaps and cosmetics.
Preparations
BP 2008: Dichlorophen Tablets.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: S.Afr.: Mycota†; UK: Mycota.

Diethylcarbamazine Citrate 

(BANM, rINNM)

Citrato de dietilcarbamazina; Diethylcarbam. Cit.; Diethylcar-
bamazine Acid Citrate; Diéthylcarbamazine, citrate de; Diethyl-
carbamazini citras; Diethylkarbamazin-citrát; Dietilkarbamazin-
citrát; Dietilkarbamazino citratas; Dietylkarbamazincitrat; Dietyy-
likarbamatsiinisitraatti; Ditrazini Citras; RP-3799. NN-Diethyl-4-
methylpiperazine-1-carboxamide dihydrogen citrate.
Диэтилкарбамазина Цитрат
C10H21N3O,C6H8O7 = 391.4.
CAS — 90-89-1 (diethylcarbamazine); 1642-54-2 (di-
ethylcarbamazine citrate).
ATC — P02CB02.

(diethylcarbamazine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Diethylcarbamazine Citrate). A white or almost
white, crystalline, slightly hygroscopic powder. Very soluble in
water; soluble in alcohol; practically insoluble in acetone. Store
in airtight containers. 
USP 31 (Diethylcarbamazine Citrate). A white, crystalline,
slightly hygroscopic powder, odourless or has a slight odour.
Very soluble in water; sparingly soluble in alcohol; practically in-
soluble in acetone, in chloroform, and in ether. Store in airtight
containers.

Adverse Effects
Adverse effects directly attributable to diethylcar-
bamazine include nausea and vomiting. Headache, diz-
ziness, and drowsiness may occur. 
Hypersensitivity reactions arise from the death of the
microfilariae. These can be serious, especially in on-
chocerciasis where there may also be sight-threatening
ocular toxicity; fatalities have been reported. Encepha-
litis may be exacerbated in patients with loiasis and fa-
talities have occurred.
◊ Reactions occurring during diethylcarbamazine treatment of
lymphatic filariasis are basically of 2 types: pharmacological
dose-dependent responses and a response of the infected host to
the destruction and death of parasites.1 
• Reactions of the first type include weakness, dizziness, lethar-

gy, anorexia, and nausea. They begin within 1 to 2 hours of
taking diethylcarbamazine, and persist for a few hours. 

• Reactions of the second type are less likely to occur and are
less severe in bancroftian than in brugian filariasis. They may
be systemic or local, both with or without fever. 
Systemic reactions may occur a few hours after the first oral
dose of diethylcarbamazine and generally do not last for more
than 3 days. They include headache, aches in other parts of the
body, joint pain, dizziness, anorexia, malaise, transient haem-
aturia, allergic reactions, vomiting, and sometimes attacks of
bronchial asthma in asthmatic patients. Fever and systemic re-
actions are positively associated with microfilaraemia. Sys-
temic reactions are reduced if diethylcarbamazine is given in
spaced doses or in repeated small doses. They eventually
cease spontaneously and interruption of treatment is rarely
necessary; symptomatic treatment with antipyretics or analge-
sics may be helpful. 
Local reactions tend to occur later in the course of treatment
and last longer; they also disappear spontaneously and inter-
ruption of treatment is not necessary. Local reactions include
lymphadenitis, abscess, ulceration, and transient lymphoede-
ma; funiculitis and epididymitis may also occur in bancroftian
filariasis. 

It has been suggested that the release of interleukin-6 may be im-
plicated in diethylcarbamazine’s adverse effects in patients with
lymphatic filariasis.2 
In most patients with onchocerciasis, the microfilaricidal activi-
ty of diethylcarbamazine leads to a series of events with dermal,
ocular, and systemic components, known as the Mazzotti reac-
tion, within minutes to hours after its use.3 
• Clinical manifestations can be severe, dangerous, and debili-

tating. Systemic reactions include increased itching, rash,
headache, aching muscles, joint pain, painful swollen and
tender lymph nodes, fever, tachycardia and hypotension, and
vertigo. Most patients have eye discomfort in the first few
hours after diethylcarbamazine treatment. Punctate keratitis
can develop as can optic neuritis and visual field loss. 

WHO no longer recommends the use of diethylcarbamazine in
onchocerciasis as safer alternatives exist.
1. WHO. Lymphatic filariasis: the disease and its control: fifth re-

port of the WHO expert committee on filariasis. WHO Tech Rep
Ser 821 1992. 

2. Yazdanbakhsh M, et al. Serum interleukin-6 levels and adverse
reactions to diethylcarbamazine in lymphatic filariasis. J Infect
Dis 1992; 166: 453–4. 

3. WHO. WHO expert committee on onchocerciasis: third report.
WHO Tech Rep Ser 752 1987.

Precautions
Treatment with diethylcarbamazine should be closely
supervised since hypersensitivity reactions are com-
mon and may be severe, especially in patients with on-
chocerciasis or loiasis. Patients with onchocerciasis
should be monitored for eye changes. (The use of di-
ethylcarbamazine to treat onchocerciasis is no longer
recommended.) In patients with heavy Loa loa infec-
tion there is a small risk of encephalopathy and diethyl-
carbamazine should be stopped at the first sign of cer-
ebral involvement. 
Infants, pregnant women, the elderly, and the debilitat-
ed, especially those with cardiac or renal disease, are

normally excluded when diethylcarbamazine is used in
mass treatment schedules.
Pregnancy. Pregnant women are normally excluded when di-
ethylcarbamazine is used in mass treatment schedules. 
Animal studies1 suggest that the uterine hypermotility induced by
diethylcarbamazine is mediated via prostaglandin synthesis; this
might explain the mechanism of the abortifacient action previ-
ously reported.2

1. Joseph CA, Dixon PAF. Possible prostaglandin-mediated effect
of diethylcarbamazine on rat uterine contractility. J Pharm Phar-
macol 1984; 36: 281–2. 

2. Subbu VSV, Biswas AR. Ecbolic effect of diethyl carbamazine.
Indian J Med Res 1971; 59: 646–7.

Renal impairment. For a study on the effects of renal impair-
ment on the pharmacokinetics of diethylcarbamazine, see under
Pharmacokinetics, below.

Pharmacokinetics
Diethylcarbamazine is readily absorbed from the gas-
trointestinal tract and also through the skin and con-
junctiva. It is widely distributed in tissues and is mainly
excreted in the urine unchanged and as the N-oxide
metabolite. Urinary excretion and hence plasma half-
life is dependent on urinary pH. About 5% of a dose is
eliminated in the faeces.
Disposition. A pharmacokinetic study in 6 patients with
onchocerciasis1 indicated that diethylcarbamazine is absorbed
quickly and almost completely from the gastrointestinal tract,
and is eliminated largely as unchanged drug in urine, with rela-
tively small amounts being excreted as the N-oxide metabolite.
After a single radioactively labelled oral dose of diethylcar-
bamazine citrate 0.5 mg/kg given as an aqueous solution, peak
plasma concentrations of 100 to 150 nanograms/mL were
achieved in 1 to 2 hours, followed by a sharp decline, then a
marked secondary rise 3 to 6 hours after dosing, followed by a
steady decline. The half-life ranged from 9 to 13 hours. Urinary
excretion of diethylcarbamazine and diethylcarbamazine N-ox-
ide was complete within 96 hours; between 4 and 5% of the dose
was recovered in the faeces. Disposition was similar in 5 healthy
subjects given a single 50-mg tablet of diethylcarbamazine cit-
rate. Peak plasma concentrations were initially 80 to
200 nanograms/mL, with a secondary rise 3 to 9 hours after dos-
ing, the terminal half-life ranged from 5 to 13 hours, and urinary
excretion of unchanged diethylcarbamazine and the N-oxide was
complete within 48 hours. 
When an alkaline urinary pH was maintained, the elimination
half-life of diethylcarbamazine and the area under the plasma
concentration versus time curve were significantly increased
compared with when an acidic urinary pH was maintained.2

1. Edwards G, et al. Diethylcarbamazine disposition in patients
with onchocerciasis. Clin Pharmacol Ther 1981; 30: 551–7. 

2. Edwards G, et al. The effect of variations in urinary pH on the
pharmacokinetics of diethylcarbamazine. Br J Clin Pharmacol
1981; 12: 807–12.

Renal impairment. Results in patients with chronic renal im-
pairment and in healthy subjects, given a single 50-mg oral dose
of diethylcarbamazine citrate, indicated that the plasma half-life
of diethylcarbamazine is prolonged and its 24-hour urinary ex-
cretion considerably reduced in those with moderate and severe
degrees of renal impairment.1 Mean plasma half-lives in 7 pa-
tients with severe renal impairment (creatinine clearance less
than 25 mL/minute), in 5 patients with moderate renal impair-
ment (creatinine clearance between 25 and 60 mL/minute), and
in 4 healthy subjects, were 15.1, 7.7, and 2.7 hours, respectively.
The patient with the longest plasma half-life of 32 hours did not
have the poorest renal function, but it was considered likely that
the abnormally slow elimination of diethylcarbamazine was due
to the high urinary pH (7) resulting from sodium bicarbonate
therapy. A further patient with a half-life longer than expected
also had a less acidic urine.
1. Adjepon-Yamoah KK, et al. The effect of renal disease on the

pharmacokinetics of diethylcarbamazine in man. Br J Clin Phar-
macol 1982; 13: 829–34.

Uses and Administration
Diethylcarbamazine is an anthelmintic used in the
treatment of lymphatic filariasis due to Wuchereria
bancrofti (bancroftian filariasis), Brugia malayi, or B.
timori (both known as brugian filariasis and as Malay-
an and Timorian filariasis respectively). It is also used
in loiasis due to Loa loa. It was used in onchocerciasis
due to Onchocerca volvulus before ivermectin became
available. Diethylcarbamazine is active against both
the microfilariae and adult worms of W. bancrofti, B.
malayi, and Loa loa, but only against the microfilariae
of O. volvulus. It has been tried in Mansonella infec-
tions and may be most effective against M. streptocer-
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ca. Diethylcarbamazine is also used in the treatment of
toxocariasis (visceral larva migrans). For discussions
of these infections and their treatment, see under
Choice of Anthelmintic, p.134, and under the individ-
ual headings below. 
Diethylcarbamazine is usually given orally as the cit-
rate. 
In the treatment of lymphatic filariasis the recom-
mended dose of diethylcarbamazine citrate is 6 mg/kg
daily in 3 divided doses for 3 weeks, given in an initial
dosage of 1 mg/kg daily and then gradually increased
to 6 mg/kg daily over 3 days to reduce the incidence
and severity of hypersensitivity reactions due to the de-
struction of microfilariae. However, adverse effects of
diethylcarbamazine may be reduced, without loss of
efficacy, by giving a single dose of 6 mg/kg at weekly
or monthly intervals. In areas where lymphatic filaria-
sis is endemic, mass treatment campaigns can reduce
the intensity of transmission and incidence of disease.
Diethylcarbamazine may also be used in the form of
medicated salt to control lymphatic filariasis. For fur-
ther details, see below. 
In the treatment of loiasis diethylcarbamazine citrate
6 mg/kg daily in 3 divided doses for 2 to 4 weeks has
been given. In heavy infections rapid killing of micro-
filariae can cause severe adverse effects including en-
cephalitis and treatment should start with very small
doses, increasing gradually over 4 days. A corticoster-
oid has been given concurrently. In the prophylaxis of
loiasis, a dose of 300 mg weekly is recommended by
WHO. 
In the treatment of toxocariasis diethylcarbamazine
citrate 9 mg/kg daily in 3 divided doses for 21 days has
been given. Diethylcarbamazine is considered by some
to be the treatment of choice while others do not rec-
ommend its use due to higher rates of severe adverse
effects.
Administration. Diethylcarbamazine was first used as the
chloride, but was subsequently produced as the dihydrogen cit-
rate which contains only half its weight as base. In reporting dos-
es it was therefore important to indicate whether they referred to
a specific salt or to the base; unless otherwise stated, it could gen-
erally be assumed that the dose referred to the citrate.1

1. WHO. Lymphatic filariasis: fourth report of the WHO expert
committee on filariasis. WHO Tech Rep Ser 702 1984. Available
at: http://libdoc.who.int/trs/WHO_TRS_702.pdf (accessed
16/07/08)

Loiasis. Diethylcarbamazine is the main drug used in the man-
agement of loiasis (p.137). 
References.
1. Nutman TB, et al. Loa loa infection in temporary residents of

endemic regions: recognition of a hyperresponsive syndrome
with characteristic clinical manifestations. J Infect Dis 1986;
154: 10–18. 

2. Nutman TB, et al. Diethylcarbamazine prophylaxis for human
loiasis: results of a double-blind study. N Engl J Med 1988; 319:
752–6. 

3. Nutman TB, Ottesen EA. Diethylcarbamazine and human loia-
sis. N Engl J Med 1989; 320: 320. 

4. Klion AD, et al. Effectiveness of diethylcarbamazine in treating
loiasis acquired by expatriate visitors to endemic regions: long-
term follow-up. J Infect Dis 1994; 169: 604–10.

Lymphatic filariasis. Diethylcarbamazine is used in the man-
agement of lymphatic filariasis (p.137). In endemic areas mass
treatment of the entire population (excluding neonates, pregnant
women, and debilitated individuals) can reduce the intensity of
transmission and the incidence of disease. In countries where
there is no co-endemic loiasis or onchocerciasis, the Global Pro-
gramme to Eliminate Lymphatic Filariasis launched by WHO to-
gether with other international agencies, advocates a single dose
of diethylcarbamazine citrate 6 mg/kg with a single dose of al-
bendazole 400 mg, given once each year for at least 5 years. If
diethylcarbamazine-medicated salt is to be employed then intake
of salt needs to be on a daily basis for 6 to 12 months.

Preparations
BP 2008: Diethylcarbamazine Tablets; 
USP 31: Diethylcarbamazine Citrate Tablets.

Proprietary Preparations (details are given in Part 3)
Fr.: Notezine; Gr.: Hetrazan†; Notezine; India: Banocide; Hetrazan; Thai.:
Diethizine.

Multi-ingredient: India: Helmazan†; Unicarbazan.

Disophenol
Disofenol. 2,6-Diiodo-4-nitrophenol.
C6H3I2NO3 = 390.9.
CAS — 305-85-1.

Profile
Disophenol is an anthelmintic used in veterinary medicine.

Doramectin (BAN, USAN, rINN)

Doramectina; Doramectine; Doramectinum; Doramektiini; Do-
ramektin; UK-67994.

Дорамектин
CAS — 117704-25-3.
ATC Vet — QP54AA03.

Profile
Doramectin is an avermectin anthelmintic used in veterinary
medicine for nematode infections. It is also used as a systemic
veterinary ectoparasiticide.

Embelia
Vidang.

Виданга
CAS — 550-24-3 (embelic acid).

(embelic acid)

Profile
Embelia consists of the dried fruits of Embelia ribes and E. ro-
busta  ( = E. tsjeriamcottam) (Myrsinaceae), containing about
2.5% of embelic acid (embelin). It has been used in India and
other Asian countries for the expulsion of tapeworms.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Happy’tizer.

Eprinomectin (USAN, rINN)

Eprinomectina; Éprinomectine; Eprinomectinum; Eprinomektiini;
Eprinomektin; MK-397. A mixture of eprinomectin component
B1a and eprinomectin component B1b.

Эприномектин
CAS — 159628-36-1 (eprinomectin); 123997-26-2 (epri-
nomectin); 133305-88-1 (component B1a); 133305-89-2
(component B1b).
ATC Vet — QP54AA04.

Pharmacopoeias. In US. 
USP 31 (Eprinomectin). Eprinomectin is a mixture of compo-
nent B1a (C50H75NO14 = 914.1) and component B1b
(C49H73NO14 = 900.1). It contains not less than 90% of compo-
nent B1a and not less than 95% of components B1a and B1b, cal-
culated on the anhydrous, solvent-free, and antoxidant-free basis.
Antoxidants may be added. A white to off-white powder. Insol-
uble in cold water. Store in airtight containers at 2° to 8°.
Profile
Eprinomectin is an avermectin anthelmintic used in veterinary
medicine for nematode infections. It is also used as a systemic
veterinary ectoparasiticide.

Epsiprantel (BAN, rINN)

BRL-38705; Epsipranteeli; Epsiprantelum. 2-Cyclohexylcarbonyl-
1,2,3,4,6,7,8,12b-octahydropyrazino[2,1-a][2]benzazepin-4-one.
Эпсипрантел
C20H26N2O2 = 326.4.
CAS — 98123-83-2.
ATC Vet — QP52AA04.

Profile
Epsiprantel is an anthelmintic closely related to praziquantel. It
is used in veterinary medicine.

Febantel (BAN, USAN, rINN)

Bay-h-5757; Bay-Vh-5757; Febanteeli; Fébantel; Febantelum. 2′-
[2,3-Bis(methoxycarbonyl)guanidino]-5′-phenylthio-2-methoxy-
acetanilide; Dimethyl {2-[2-(2-methoxyacetamido)-4-(phenylth-
io)phenyl]imidocarbonyl}dicarbamate.
Фебантел
C20H22N4O6S = 446.5.
CAS — 58306-30-2.
ATC Vet — QP52AC05.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Febantel for Veterinary Use; Febantel BP(Vet)
2008). A white or almost white, crystalline powder. It exhibits
polymorphism. Practically insoluble in water; slightly soluble in
dehydrated alcohol; soluble in acetone.
Profile
Febantel is an anthelmintic used in veterinary medicine for the
treatment of nematode infections of the gastrointestinal tract and
lungs and in tapeworm infections.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Fenbendazole (BAN, USAN, rINN)

Fenbendatsoli; Fenbendazol; Fenbendazolum; Hoe-881V. Methyl
5-phenylthio-1H-benzimidazol-2-ylcarbamate.
Фенбендазол
C15H13N3O2S = 299.3.
CAS — 43210-67-9.
ATC — P02CA06.
ATC Vet — QP52AC13.

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Fenbendazole for Veterinary Use; Fenbendazole
BP(Vet) 2008). A white or almost white powder. Practically in-
soluble in water; sparingly soluble in dimethylformamide; very
slightly soluble in methyl alcohol. Protect from light. 
USP 31 (Fenbendazole). A white to off-white powder. Practical-
ly insoluble in water; sparingly soluble in dimethylformamide;
very slightly soluble in methyl alcohol. Store at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
light.
Profile
Fenbendazole is a benzimidazole carbamate anthelmintic struc-
turally related to mebendazole (p.148). It is used in veterinary
medicine.

Flubendazole (BAN, USAN, rINN)

Flubendatsoli; Flubendazol; Flubendazolas; Flubendazolum; Fluor-
omebendazole; R-17889. Methyl 5-(4-fluorobenzoyl)-1H-benz-
imidazol-2-ylcarbamate.
Флубендазол
C16H12FN3O3 = 313.3.
CAS — 31430-15-6.
ATC — P02CA05.
ATC Vet — QP52AC12.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flubendazole). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water, in alco-
hol, and in dichloromethane. Protect from light.
Profile
Flubendazole, a benzimidazole carbamate anthelmintic, is an an-
alogue of mebendazole (p.148) and has similar actions and uses. 
For the treatment of enterobiasis in adults and children, fluben-
dazole 100 mg is given as a single oral dose, repeated after 2 to 3
weeks. For ascariasis, hookworm infections, and trichuriasis
100 mg is given twice daily for 3 days. For discussions of these
infections and their treatment, see under Choice of Anthelmintic,
p.134.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Flumoxal; Fr.: Fluvermal; Port.: Fluvermal; Teniverme; Spain: Flicum;
Venez.: Fluvermox.

Haloxon (BAN, rINN)

Haloxón; Haloxone; Haloxonum. Bis(2-chloroethyl) 3-chloro-4-
methylcoumarin-7-yl phosphate.
Галоксон
C14H14Cl3O6P = 415.6.
CAS — 321-55-1.
ATC Vet — QP52AB04.

Profile
Haloxon is an organophosphorus compound (see Organophos-
phorus Insecticides, p.2047) used as an anthelmintic in veteri-
nary medicine.

Hycanthone (USAN, rINN)

Hicantona; Hycanthonum; NSC-134434; Win-24933. 1-(2-Di-
ethylaminoethylamino)-4-hydroxymethylthioxanthen-9-one.

Гикантон

C20H24N2O2S = 356.5.
CAS — 3105-97-3.

Hycanthone Mesilate (rINNM)

Hycanthone, Mésilate d’; Hycanthone Mesylate; Hycanthoni
Mesilas; Hydroxylucanthone Methanesulphonate; Mesilato de hi-
cantona.

Гикантона Мезилат

C20H24N2O2S,CH3SO3H = 452.6.
CAS — 23255-93-8.

Profile
Hycanthone has been used as a schistosomicide in the individual
or mass treatment of infection with Schistosoma haematobium
and S. mansoni. 
Owing to its toxicity and concern about possible carcinogenicity,
mutagenicity, and teratogenicity, hycanthone has been replaced
by other drugs such as praziquantel.

Hygromycin B
Higromicina B. O-6-Amino-6-deoxy-L-glycero-D-galacto-hepto-
pyranosylidene-(1→2-3)-O-β-D-talopyranosyl-(1→5)-2-deoxy-
N3-methyl-D-streptamine.

Гигромицин Б

C20H37N3O13 = 527.5.

Profile
Hygromycin B is an anthelmintic used in veterinary medicine for
nematode infections.

Ivermectin (BAN, USAN, rINN)

Ivermectina; Ivermectine; Ivermectinum; Ivermektiini; Ivermektin;
Ivermektinas.

Ивермектин

CAS — 70288-86-7 (ivermectin); 70161-11-4 (compo-
nent B1a); 70209-81-3 (component B1b).

ATC — P02CF01.

ATC Vet — QP54AA01; QS02QA03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ivermectin). A mixture of ivermectin comp-
onent H2B1a (5-O-demethyl-22,23-dihydroavermectin A1a;
C48H74O14 = 875.1) and ivermectin component H2B1b (5-O-
demethyl-25-de(1-methylpropyl)-25-(1-methylethyl)-22,23-di-
hydroavermectin A1a; C47H72O14 = 861.1). 
A white or yellowish-white, slightly hygroscopic, crystalline
powder. Practically insoluble in water; soluble in alcohol; freely
soluble in dichloromethane. Store in airtight containers. 
USP 31 (Ivermectin). A mixture of component H2B1a (5-O-
demethyl-22,23-dihydro-avermectin A1a; C48H74O14 = 875.1)
and component H2B1b (5-O-demethyl-25-de(1-methyl-
propyl)-22,23-dihydro-25-(1-methylethyl)-avermectin A1a;
C47H72O14 = 861.1). It may contain small amounts of suitable
antoxidant and chelating agents. 
A white to yellowish-white, slightly hygroscopic, crystalline
powder. Practically insoluble in water and in petroleum spirit;
soluble in acetone and in acetonitrile; freely soluble in dichlo-
romethane and in methyl alcohol. Store in airtight containers at a
temperature of 2° to 8°. Where the use of an antoxidant is al-
lowed, store at 25°, excursions permitted between 15° and 30°.

Adverse Effects and Precautions
The adverse effects reported with ivermectin in pa-
tients with filariasis are generally consistent with a
mild Mazzotti reaction arising from its effect on micro-
filariae. They include fever, pruritus, skin rashes, ar-
thralgia, myalgia, asthenia, orthostatic hypotension,
tachycardia, oedema, lymphadenopathy, gastrointesti-
nal symptoms, sore throat, cough, and headache. The
effects tend to be transient and if treatment is required
they respond to analgesics and antihistamines. 

Ivermectin may cause mild ocular irritation. Somno-
lence, transient eosinophilia, and raised liver enzyme
values have also been reported. 

Ivermectin is not recommended during pregnancy.
Mass treatment is generally withheld from pregnant
women (see Pregnancy, below), children under 15 kg,
and the seriously ill.

Incidence of adverse effects. Some studies have shown quite
a high incidence of adverse effects with ivermectin and have as-
sociated the effects with the severity of infection.1-3 However, in
none of these studies were the reactions considered to be life-
threatening and only symptomatic treatment was required. The
severity, incidence, and duration of adverse reactions was report-
ed to be reduced after repeated annual administration.4 When
larger groups of patients were considered in the Onchocerciasis
Control Programme (OCP) in West Africa, a much lower inci-
dence of adverse reactions was seen in patients given ivermectin
for the first time5 and when treatment was repeated a year later
that incidence was reduced even further. The results from several
studies in this programme6 showed 93 severe reactions in 50 929
patients (1.83%), most of the reactions being orthostatic hypo-
tension or dizziness (53). In a 3-year randomised, double-blind,
controlled study of ivermectin for onchocerciasis control in 572
patients,7 3-monthly treatment with the standard dose of
150 micrograms/kg was associated with a reduced risk of ad-
verse reactions, especially oedema, pruritus, and back pain,
when compared with the same dose given annually. Higher doses
of 400 then 800 micrograms/kg, given either 3-monthly or annu-
ally, were associated with subjective ocular problems. Another
study8 found 22 severe reactions in 17 877 patients treated for
onchocerciasis in an area also endemic for Loa loa infection, and
demonstrated a relationship to heavy L. loa microfilaraemia. The
Mectizan® Expert Committee and the Technical Consultative
Committee have reported the incidence of encephalopathy after
ivermectin treatment of onchocerciasis in Loa loa endemic areas
to be less than 1 case in 10 000 treatments9 and have implement-
ed recommendations for ivermectin mass treatment programmes
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of onchocerciasis in areas co-endemic for loiasis to reduce the
risk of serious adverse events, especially in areas where the pop-
ulation is ivermectin naive. 
Some supervision is considered necessary after doses of iver-
mectin;2,6 the OCP recommendation6 is for resident nurses to
monitor patients for a period of 36 hours after treatment, whatev-
er the level of endemicity. However, the incidence of adverse re-
actions reported after repeated doses appears to be lower than
after the first dose and the need for supervision on re-treatment
has been questioned.10 
Neurotoxicity seen in some breeds of dogs has not been seen in
cattle or horses11 and nor was it reported in man in the above
studies. Another potential concern was the prolongation of pro-
thrombin times observed in 28 patients given ivermectin,12 but
others have not confirmed this effect13 or observed any bleeding
disorders.14 
There has been some concern over the use of ivermectin to treat
scabies in elderly patients after a report suggesting a possible link
to an increased incidence of death among a cohort of 47 pa-
tients.15 It has, however, been argued that no such association has
been seen in other populations of elderly patients and that the
statistical methods used by the original authors were defi-
cient.16-18 There was no evidence of an increase in death rate as-
sociated with ivermectin in a community-based trial in Papua
New Guinea of diethylcarbamazine with or without ivermectin
for lymphatic filariasis.19

1. Kumaraswami V, et al. Ivermectin for the treatment of
Wuchereria bancrofti filariasis: efficacy and adverse reactions.
JAMA 1988; 259: 3150–3. 

2. Rothova A, et al. Side-effects of ivermectin in treatment of on-
chocerciasis. Lancet 1989; i: 1439–41. 

3. Zea-Flores R, et al. Adverse reactions after community treat-
ment of onchocerciasis with ivermectin in Guatemala. Trans R
Soc Trop Med Hyg 1992; 86: 663–6. 

4. Burnham GM. Adverse reactions to ivermectin treatment for
onchocerciasis: results of a placebo-controlled, double-blind tri-
al in Malawi. Trans R Soc Trop Med Hyg 1993; 87: 313–17. 

5. De Sole G, et al. Lack of adverse reactions in ivermectin treat-
ment of onchocerciasis. Lancet 1990; 335: 1106–7. 

6. De Sole G, et al. Adverse reactions after large-scale treatment of
onchocerciasis with ivermectin: combined results from eight
community trials. Bull WHO 1989; 67: 707–19. 

7. Kamgno J,et al. Adverse systemic reactions to treatment of on-
chocerciasis with ivermectin at normal and high doses given an-
nually or three-monthly. Trans R Soc Trop Med Hyg 2004; 98:
496–504. 

8. Gardon J, et al. Serious reactions after mass treatment of on-
chocerciasis with ivermectin in an area endemic for Loa loa in-
fection. Lancet 1997; 350: 18–22. 

9. The Mectizan  Expert Committee and The Technical Consulta-
tive Committee. Recommendations for the treatment of on-
chocerciasis with Mectizan  in areas co-endemic for onchocer-
ciasis and loiasis. 2004. Available at: http://www.mectizan.org/
library/EnglishMECTCCLoaRecs-June04.pdf (accessed
20/09/05) 

10. Whitworth JAG, et al. A community trial of ivermectin for on-
chocerciasis in Sierra Leone: adverse reactions after the first
five treatment rounds. Trans R Soc Trop Med Hyg 1991; 85:
501–5. 

11. WHO. WHO expert committee on onchocerciasis: third report.
WHO Tech Rep Ser 752 1987. Available at: http://libdoc.who.int/
trs/WHO_TRS_752_(part1).pdf and http://libdoc.who.int/trs/
WHO_TRS_752_(part2).pdf (accessed 16/07/08) 

12. Homeida MMA, et al. Prolongation of prothrombin time with
ivermectin. Lancet 1988; i: 1346–7. 

13. Richards FO, et al. Ivermectin and prothrombin time. Lancet
1989; i; 1139–40. 

14. Pacque MC, et al. Ivermectin and prothrombin time. Lancet
1989; i: 1140. 

15. Barkwell R, Shields S. Deaths associated with ivermectin treat-
ment of scabies. Lancet 1997; 349: 1144–5. 

16. Diazgranados JA, Costa JL. Deaths after ivermectin treatment.
Lancet 1997; 349: 1698. 

17. Reintjes R, Hoek C. Deaths associated with ivermectin for sca-
bies. Lancet 1997; 350: 215. 

18. Coyne PE, Addiss DG. Deaths associated with ivermectin for
scabies. Lancet 1997; 350: 215–16. 

19. Alexander NDE, et al. Absence of ivermectin-associated excess
deaths. Trans R Soc Trop Med Hyg 1998; 92: 342.

Breast feeding. Mean ivermectin concentrations in the breast
milk of 4 healthy women who had been given a standard dose of
ivermectin were 14.13 nanograms/mL.1 It was felt that in view
of this low concentration the precaution of excluding lactating
mothers from ivermectin mass treatment programmes should be
reconsidered. Some authorities have recommended that iver-
mectin should not be given to mothers who are breast feeding
until the infant is at least one week old. The American Academy
of Pediatrics states that, since no adverse effects have been seen
in breast-fed infants whose mothers were receiving ivermectin, it
may be considered to be usually compatible with breast feeding.2
1. Ogbuokiri JE, et al. Ivermectin levels in human breast milk. Eur

J Clin Pharmacol 1994; 46: 89–90. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 02/06/04)

Encephalopathy. For information on encephalopathy follow-
ing Ivermectin treatment of onchocerciasis in Loa loa endemic
areas, see Incidence of Adverse Effects, above.
Pregnancy. Ivermectin is teratogenic in animals and there are
no adequate and well controlled studies in human pregnancy.
Ivermectin treatment is therefore usually contra-indicated during
pregnancy and pregnant women should be excluded from mass

treatment schedules with ivermectin. However, women not yet
diagnosed as pregnant or unwilling to admit their pregnancy
have been treated. An assessment1 of 203 pregnancy outcomes
to women who had taken ivermectin during pregnancy, mostly
during the first 12 weeks, found that the rates of major congenital
malformation, miscarriage, and still-birth associated with iver-
mectin were similar to those in untreated mothers. In another
study, 110 women also inadvertently given ivermectin during
pregnancy experienced a similar lack of adverse effect on preg-
nancy outcome;2 it was considered that the precaution of avoid-
ing the use of ivermectin in women notifying a pregnancy should
be adequate.
1. Pacqué M, et al. Pregnancy outcome after inadvertent ivermectin

treatment during community-based distribution. Lancet 1990;
336: 1486–9. 

2. Chippaux J-P, et al. Absence of any adverse effect of inadvertent
ivermectin treatment during pregnancy. Trans R Soc Trop Med
Hyg 1993; 87: 318.

Pharmacokinetics
Ivermectin is absorbed after oral doses, with peak plas-
ma concentrations being obtained after about 4 hours.
Ivermectin is reported to be about 93% bound to plas-
ma proteins and has a plasma elimination half-life of
about 12 hours. It undergoes metabolism and is excret-
ed largely as metabolites over a period of about 2
weeks, chiefly in the faeces, with less than 1% appear-
ing in the urine and less than 2% in breast milk (see
also Breast Feeding, above).

Uses and Administration
Ivermectin is a semisynthetic derivative of one of the
avermectins, a group of macrocyclic lactones produced
by Streptomyces avermitilis. 
It has a microfilaricidal action in onchocerciasis and re-
duces the microfilarial load without the toxicity seen
with diethylcarbamazine. Ivermectin also has a micro-
filaricidal action in lymphatic filariasis and is used in
its management. Ivermectin is active in some other
worm infections. It is used in the treatment of strongy-
loidiasis and has been tried in some Mansonella infec-
tions. For details of these infections and their treat-
ment, see under Choice of Anthelmintic, p.134, and
under the individual headings below. 
In the treatment of onchocerciasis, a single oral dose of
3 to 12 mg of ivermectin, based roughly on
150 micrograms/kg for patients weighing more than
15 kg and over 5 years of age, is given annually or eve-
ry 6 months. This schedule has been adopted for mass
treatment in infected areas. No food should be taken
for 2 hours before or after the dose. 
Ivermectin 200 micrograms/kg as a single dose, or
daily on two consecutive days, is used for the treatment
of strongyloidiasis.
◊ Reviews.
1. Ottesen EA, Campbell WC. Ivermectin in human medicine. J

Antimicrob Chemother 1994; 34: 195–203. 
2. Õmura S. Ivermectin: 25 years and still going strong. Int J Anti-

microb Agents 2008; 31: 91–8.

Cutaneous larva migrans. There are some reports1,2 of iver-
mectin being effective in the treatment of cutaneous larva mi-
grans (p.135). An oral dose of 200 micrograms/kg daily for 1 to
2 days has been recommended.3

1. Caumes E, et al. Efficacy of ivermectin in the therapy of cutane-
ous larva migrans. Arch Dermatol 1992; 128: 994–5. 

2. Caumes E, et al. A randomized trial of ivermectin versus alben-
dazole for the treatment of cutaneous larva migrans. Am J Trop
Med Hyg 1993; 49: 641–4. 

3. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Intestinal nematode infections. Ivermectin activity has
been seen in man against Ascaris lumbricoides, Strongyloides
stercoralis, and Trichuris trichiura;1 although some have failed
to detect activity against Trichuris,2 ivermectin given with alben-
dazole has been studied for the treatment of trichuriasis (p.139)
and may prove useful. Roundworm expulsion has been reported
as a ‘side-effect’ of ivermectin when used in community-based
treatment of onchocerciasis.3 In a controlled study,4 single doses
of ivermectin 150 or 200 micrograms/kg produced cure rates of
94% in strongyloidiasis (see below) and above 67% in ascariasis,
trichuriasis, and enterobiasis. Although some activity has been
observed against Necator americanus,1 cure rates for hookworm
were considered unsatisfactory.4

1. Freedman DO, et al. The efficacy of ivermectin in the chemo-
therapy of gastrointestinal helminthiasis in humans. J Infect Dis
1989; 159: 1151–3. 

2. Whitworth JAG, et al. A field study of the effect of ivermectin on
intestinal helminths in man. Trans R Soc Trop Med Hyg 1991;
85: 232–4. 

3. Whitworth JAG, et al. Community-based treatment with iver-
mectin. Lancet 1988; ii: 97–8. 

4. Naquira C, et al. Ivermectin for human strongyloidiasis and oth-
er intestinal helminths. Am J Trop Med Hyg 1989; 40: 304–9.

Loiasis. There is evidence of reduced microfilaraemia after iver-
mectin treatment1-5 in patients with loiasis (p.137), but concern
exists over its potential for neurotoxicity in patients with a high
microfilarial burden.6 ,7 Low-dose regimens (about
25 micrograms/kg) have been investigated8 but did not seem to
offer much advantage in reducing neurotoxicity.
1. Martin-Prevel Y, et al. Reduction of microfilaraemia with single

high-dose of ivermectin in loiasis. Lancet 1993; 342: 442. 
2. Ranque S, et al. Decreased prevalence and intensity of Loa loa

infection in a community treated with ivermectin every three
months for two years. Trans R Soc Trop Med Hyg 1996; 90:
429–30. 

3. Duong TH, et al. Reduced Loa loa microfilaria count ten to
twelve months after a single dose of ivermectin. Trans R Soc
Trop Med Hyg 1997; 91: 592–3. 

4. Gardon J, et al. Marked decrease in Loa loa microfilaraemia six
and twelve months after a single dose of ivermectin. Trans R Soc
Trop Med Hyg 1997; 91: 593–4. 

5. Chippaux J-P, et al. Impact of repeated large scale ivermectin
treatments on the transmission of Loa loa. Trans R Soc Trop Med
Hyg 1998; 92: 454–8. 

6. Anonymous. Encephalitis following treatment of loiasis. WHO
Drug Inf 1991; 5: 113–14. 

7. Gardon J, et al. Serious reactions after mass treatment of on-
chocerciasis with ivermectin in an area endemic for Loa loa in-
fection. Lancet 1997; 350: 18–22. 

8. Kamgno J, et al. Randomized, controlled, double-blind trial with
ivermectin on Loa loa microfilaraemia: efficacy of a low dose
(~25 μg/kg) versus current standard dose (150 μg/kg). Trans R
Soc Trop Med Hyg 2007; 101: 777–85.

Lymphatic filariasis. Ivermectin is used in the management of
lymphatic filariasis (p.137). In endemic areas mass treatment of
the entire population (excluding neonates, pregnant women, and
debilitated individuals) can reduce the intensity of transmission
and the incidence of disease. In countries where there is co-en-
demic loiasis or onchocerciasis, the Global Programme to Elim-
inate Lymphatic Filariasis launched by WHO, with other interna-
tional agencies, advocates a single oral dose of ivermectin 150 to
200 micrograms/kg with a single oral dose of albendazole
400 mg given once each year for at least 5 years.
Mansonella infections. The response of Mansonella infec-
tions (p.137) to ivermectin depends on the species. It may be ef-
fective against Mansonella ozzardi, but studies in M. perstans
infection have not shown ivermectin to produce a substantial re-
duction in microfilaraemia.1,2 A good response to ivermectin has
been reported in infections with M. streptocerca.3,4

1. Van den Enden E, et al. Treatment failure of a single high dose
of ivermectin for Mansonella perstans filariasis. Trans R Soc
Trop Med Hyg 1993; 87: 90. 

2. Schulz-Key H, et al. Efficacy of ivermectin in the treatment of
concomitant Mansonella perstans infections in onchocerciasis
patients. Trans R Soc Trop Med Hyg 1993; 87: 227–9. 

3. Fischer P, et al. Treatment of human Mansonella streptocerca in-
fection with ivermectin. Trop Med Int Health 1997; 2: 191–9. 

4. Fischer P, et al. Long-term suppression of Mansonella strep-
tocerca microfilariae after treatment with ivermectin. J Infect
Dis 1999; 180: 1403–5.

Onchocerciasis. Ivermectin has a microfilaricidal action
against Onchocerca volvulus and is the main drug used in the
control of onchocerciasis (p.137). A single oral dose rapidly
eliminates microfilariae from the skin, with maximum effect af-
ter 1 to 2 months,1 and gradually eliminates them from the cornea
and anterior chamber of the eye.2 Ivermectin has little effect on
the adult worms but does suppress the release of microfilariae
from the adult worm for several cycles which accounts for its
prolonged activity. Ivermectin therefore only controls the dis-
ease; it does not cure or eradicate it. Its action against O. volvulus
has been attributed to a GABA-agonist effect. Studies have also
indicated that ivermectin inhibits the transmission of microfilar-
iae by reducing their uptake from man by the insect vector.3-6 
Ivermectin is donated by Merck through the Mectizan Expert
Committee (MEC) for human use in community-wide mass
treatment programmes in all countries in which onchocerciasis is
endemic,  where i t  is  given at  a  s tandard dose of
150 micrograms/kg once or twice a year to all but pregnant
women, breast-feeding mothers of recently born babies, children
weighing less than 15 kg, and those unable to walk or otherwise
seriously ill.7 The adult worms live for about 15 years, therefore
treatment will need to be continued for many years. Several stud-
ies have confirmed the long-term safety and efficacy of such pro-
grammes.8-12 Studies have reported that increasing the frequency
of the standard doses of ivermectin to every 3 or 6 months ap-
pears to increase efficacy compared with annual treatments13,14

and that 3-monthly regimens may also reduce risk of adverse ef-
fects.14,15 No additional benefit was noted by increasing the dose
of ivermectin to 400 or 800 micrograms/kg given either 3-
monthly or annually. 
In non-endemic areas, repeated doses may be necessary to re-
duce recurrence; a study in the UK found that patients given
three doses at monthly intervals had fewer relapses at 6 months
than patients who received a single dose, but relapses were nev-
ertheless seen in 50% of patients at 12 months.16 
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The ocular microfilarial load can be safely reduced by
ivermectin2,17 and early lesions of the anterior segment of the eye
have improved.17 A reduction in the incidence18 and
progression19 of optic nerve damage has also been reported, but
the effect on posterior segment disease is less certain.20 A sys-
tematic review of 5 placebo-controlled studies, with data from
3810 individuals, found no statistically significant difference be-
tween ivermectin and placebo groups for preventing visual acui-
ty loss.21 Improvements in skin lesions have been reported.22
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chocerca volvulus: a systematic review and meta-analysis. Lan-
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2. Newland HS, et al. Effect of single-dose ivermectin therapy on
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involvement. Br J Ophthalmol 1988; 72: 561–9. 
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4. Trpis M, et al. Effect of mass treatment of a human population
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6. Boussinesq M, et al. Onchocerca volvulus: striking decrease in
transmission in the Vina valley (Cameroon) after eight annual
large scale ivermectin treatments. Trans R Soc Trop Med Hyg
1997; 91: 82–6. 
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11. Steel C, et al. Immunologic responses to repeated ivermectin
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18. Abiose A, et al. Reduction in incidence of optic nerve disease
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Scabies and pediculosis. Scabies (p.2035) is usually treated
with a topically applied acaricide. However, a single oral dose of
ivermectin has been reported to be effective.1,2 In a study of 11
patients with uncomplicated scabies, a single oral dose of iver-
mectin 200 micrograms/kg was effective in curing infection after
4 weeks. In a group of 11 patients, also infected with HIV, scabies
was cured in 8 after 2 weeks.1 Two of the remaining 3 patients
received a second dose of ivermectin which cured the scabies
infection by the fourth week. A single oral dose of ivermectin
150 micrograms/kg was partially effective in an outbreak of sca-
bies in 1153 Tanzanian patients.3 Crusted (Norwegian) scabies
has also been reported to be effectively treated by a single oral
dose of 12 mg of ivermectin in addition to topical application of
3% salicylic acid ointment in 2 patients; the treatment was effec-
tive in under one week.2 A single oral dose of ivermectin
200 micrograms/kg was effective for crusted scabies in a 2-year-
old infant who had contracted the disease following long-term
corticosteroid use.4 
Ivermectin has also been investigated5 as a possible treatment for
pediculosis (p.2034) although, again, topically applied insecti-
cides are the usual method of control. A study in vitro and in
animals showed that ivermectin killed nymphs and females of
the human body louse (Pediculus humanus humanus). Ivermec-
tin was known to be effective against other louse species that in-
fect a range of animals.6
1. Meinking TL, et al. The treatment of scabies with ivermectin. N

Engl J Med 1995; 333: 26–30. 
2. Aubin F, Humbert P. Ivermectin for crusted (Norwegian) sca-

bies. N Engl J Med 1995; 332: 612. 

3. Leppard B, Naburi AE. The use of ivermectin in controlling an
outbreak of scabies in a prison. Br J Dermatol 2000; 143: 520–3. 

4. Marlière V, et al. Crusted (Norwegian) scabies induced by use of
topical corticosteroids and treated successfully with ivermectin.
J Pediatr 1999; 135: 122–4. 

5. Foucault C, et al. Oral ivermectin in the treatment of body lice.
J Infect Dis 2006; 193: 474–6. 

6. Mumcuoglu KY, et al. Systemic activity of ivermectin on the hu-
man body louse (Anoplura: Pediculidae). J Med Entomol 1990;
27: 72–5.

Strongyloidiasis. Ivermectin is effective in the treatment of
strongyloidiasis (p.138) and is considered by some authorities to
be the drug of choice. 
References.
1. Naquira C, et al. Ivermectin for human strongyloidiasis and oth-
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ivermectin. Trans R Soc Trop Med Hyg 1992; 86: 541. 

4. Datry A, et al. Treatment of Strongyloides stercoralis infection
with ivermectin compared with albendazole: results of an open
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Infect Dis 1994; 169: 1076–9. 
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stercoralis and other soil-transmitted helminth infections in chil-
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Trichostrongyliasis. For mention of the use of ivermectin in
Trichostrongylus infections, see p.139.

Preparations
USP 31: Ivermectin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dermopero; Securo; Austral.: Stromectol; Braz.: Ivermec†; Leverc-
tin; Revectina; Vermectil; Fr.: Mectizan; Stromectol; Jpn: Stromectol; Mex.:
Ivexterm; Neth.: Stromectol; NZ: Stromectol; USA: Mectizan; Stromectol.

Levamisole (BAN, rINN)

Levamisol; Lévamisole; Levamisoli; Levamisolum; Levamizol. (S)-
2,3,5,6-Tetrahydro-6-phenylimidazo[2,1-b][1,3]thiazole.
Левамизол
C11H12N2S = 204.3.
CAS — 14769-73-4.
ATC — P02CE01.
ATC Vet — QP52AE01.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Levamisole for Veterinary Use; Levamisole BP(Vet)
2008). A white or almost white powder. It exhibits polymor-
phism. Slightly soluble in water; freely soluble in alcohol and in
methyl alcohol. Store in airtight containers. Protect from light.

Levamisole Hydrochloride (BANM, USAN, rINNM)

Cloridrato de Levamizol; Hidrocloruro de levamisol; ICI-59623;
Lévamisole, chlorhydrate de; Levamisol-hydrochlorid; Levamisol-
hydroklorid; Levamisoli hydrochloridum; Levamisolihydrokloridi;
Levamizol-hidroklorid; Levamizolio hidrochloridas; Lewamizolu
chlorowodorek; NSC-177023; R-12564; RP-20605; l-Tetrami-
sole Hydrochloride; l-Tetramisole Hydrochloride.
Левамизола Гидрохлорид
C11H12N2S,HCl = 240.8.
CAS — 16595-80-5.
ATC — P02CE01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Levamisole Hydrochloride). A white to almost
white crystalline powder. Freely soluble in water; soluble in al-
cohol; slightly soluble in dichloromethane. A 5% solution in wa-
ter has a pH of 3.0 to 4.5. Protect from light. 
USP 31 (Levamisole Hydrochloride). A white or almost white
crystalline powder. Freely soluble in water; soluble in alcohol;
slightly soluble in dichloromethane; practically insoluble in
ether. pH of a 5% solution in water is between 3.0 and 4.5. Pro-
tect from light.

Adverse Effects
When given in single doses for the treatment of as-
cariasis or other worm infections, levamisole is gener-
ally well tolerated and adverse effects are usually lim-
ited to nausea, vomiting, diarrhoea, abdominal pain,
dizziness, and headache. 

When levamisole is used as an immunostimulant and
given for longer periods, adverse effects are more fre-
quent and diverse and, in common with other immu-
nomodulators, may sometimes result from exacerba-
tion of the primary underlying disease. Adverse effects
associated especially with the more prolonged use of
levamisole have included: hypersensitivity reactions
such as fever, a flu-like syndrome, arthralgia, muscle
pain, skin rashes, and cutaneous vasculitis; CNS ef-
fects including headache, insomnia, dizziness, and
convulsions; haematological abnormalities such as
agranulocytosis, leucopenia, and thrombocytopenia;
and gastrointestinal disturbances, including an abnor-
mal taste in the mouth.
Incidence of adverse effects. In a review1 (by the manufac-
turers) of 46 controlled studies in which 2635 cancer patients re-
ceived adjuvant levamisole treatment, most patients received le-
vamisole on 3 consecutive days every 2 weeks (1102 patients) or
on 2 consecutive days every week (1156 patients), usually in a
daily dose of 150 mg. Levamisole caused several adverse effects,
such as skin rash, nausea, vomiting, and a metallic or bitter taste
in the mouth, which although troublesome were relatively trivial
and often regressed during therapy or disappeared on cessation
of therapy. A total of 38 patients developed agranulocytosis and
of these 36 had received weekly treatment. Several contracted
possible life-threatening infections and 2 died of septic shock.
1. Amery WK, Butterworth BS. Review/commentary: the dosage

regimen of levamisole in cancer: is it related to efficacy and safe-
ty? Int J Immunopharmacol 1983;  5: 1–9.

Effects on the endocrine system. Rechallenge confirmed
that levamisole was responsible for inappropriate antidiuretic
hormone syndrome in a patient receiving levamisole with fluor-
ouracil.1
1. Tweedy CR, et al. Levamisole-induced syndrome of inappropri-

ate antidiuretic hormone. N Engl J Med 1992; 326: 1164.

Effects on the liver. Elevated aspartate aminotransferase con-
centrations in 2 of 11 patients given levamisole for recurrent py-
oderma suggested liver toxicity, a very rarely occurring adverse
effect.1 In a later report, liver enzyme concentrations were raised
in a 14-year-old boy treated with levamisole for minimal change
nephrotic syndrome.2
1. Papageorgiou P, et al. Levamisole in chronic pyoderma. J Clin

Lab Immunol 1982; 8: 121–7. 
2. Bulugahapitiya DTD. Liver toxicity in a nephrotic patient treated

with levamisole. Arch Dis Child 1997; 76: 289.

Effects on the nervous system. Reports1,2 of inflammatory
leukoencephalopathy were associated with the use of fluorour-
acil and levamisole in 4 patients being treated for adenocarcino-
ma of the colon. Active demyelination was demonstrated in 2
patients.1 Clinical improvement occurred when chemotherapy
was stopped; 3 patients were treated with corticosteroids.1 A
similar syndrome has been reported in a patient with a history of
hepatitis C given levamisole alone.3
1. Hook CC, et al. Multifocal inflammatory leukoencephalopathy

with 5-fluorouracil and levamisole. Ann Neurol 1992; 31: 262–7. 
2. Kimmel DW, Schutt AJ. Multifocal leukoencephalopathy: oc-

currence during 5-fluorouracil and levamisole therapy and reso-
lution after discontinuation of chemotherapy. Mayo Clin Proc
1993; 68: 363–5. 

3. Lucia P, et al. Multifocal leucoencephalopathy induced by le-
vamisole. Lancet 1996; 348: 1450.

Precautions
The use of levamisole should be avoided in patients
with pre-existing blood disorders. Patients given lev-
amisole with fluorouracil should undergo appropriate
monitoring of haematological and hepatic function.
Rheumatoid arthritis. The presence of HLA B27 in seropos-
itive rheumatoid arthritis is an important predisposing factor to
the development of agranulocytosis with levamisole; it is recom-
mended that the use of levamisole in this group should be avoid-
ed.1
1. Mielants H, Veys EM. A study of the hematological side effects

of levamisole in rheumatoid arthritis with recommendations. J
Rheumatol 1978; 5 (suppl 4): 77–83.

Sjögren’s syndrome. The appearance of adverse effects in 9 of
10 patients with rheumatoid arthritis and Sjögren’s syndrome
while being treated with levamisole led to abandonment of the
study.1 Levamisole should be given with caution, if at all, to pa-
tients with Sjögren’s syndrome.
1. Balint G, et al. Sjögren’s syndrome: a contraindication to levam-

isole treatment? BMJ 1977; 2: 1386–7.

Interactions
Alcohol. US licensed product information states that levamisole
can produce a disulfiram-like reaction with alcohol.
Anticoagulants. For an increase in the activity of warfarin
when given with levamisole and fluorouracil, see Interactions,
Levamisole, under Warfarin, p.1431.
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Antiepileptics. For increased phenytoin concentrations when
given with levamisole and fluorouracil, see Interactions, Antine-
oplastics, under Phenytoin, p.499.

Pharmacokinetics
Levamisole is rapidly absorbed from the gastrointesti-
nal tract. Maximum plasma concentrations are attained
within 1.5 to 2 hours. It is extensively metabolised in
the liver. The plasma half-life for levamisole is 3 to 4
hours and for the metabolites is 16 hours. It is excreted
mainly in the urine as metabolites and a small propor-
tion in the faeces. About 70% of a dose is excreted in
the urine over 3 days, with about 5% as unchanged le-
vamisole.
◊ References.
1. Luyckx M, et al. Pharmacokinetics of levamisole in healthy sub-

jects and cancer patients. Eur J Drug Metab Pharmacokinet
1982; 7: 247–54. 

2. Kouassi E, et al. Novel assay and pharmacokinetics of levami-
sole and p-hydroxylevamisole in human plasma and urine. Biop-
harm Drug Dispos 1986; 7: 71–89.

Uses and Administration
Levamisole hydrochloride is the active laevo-isomer
of tetramisole hydrochloride. It is used as an an-
thelmintic and as an adjuvant in malignant disease. It
has also been tried in several conditions where its stim-
ulant effect on the depressed immune response might
be useful. 
Levamisole is active against intestinal nematode
worms and appears to act by paralysing susceptible
worms which are subsequently eliminated from the in-
testines. In particular, levamisole is effective in the
treatment of ascariasis (p.134). It is also used in hook-
worm infections (p.136). 
Doses of levamisole hydrochloride are expressed in
terms of the equivalent amount of levamisole. Levam-
isole hydrochloride 1.18 g is equivalent to about 1 g of
levamisole. The usual adult dose in ascariasis is
150 mg of levamisole orally as a single dose; children
have been given 3 mg/kg as a single dose. For the
hookworm infection ancylostomiasis or for mixed as-
cariasis-hookworm infections, both adults and children
may be given 2.5 mg/kg as a single dose, repeated after
7 days in cases of severe hookworm infection. 
Levamisole influences host defences by modulating
cell-mediated immune responses; it restores depressed
T-cell functions and has been described as an immu-
nostimulant, although stimulation above normal levels
does not seem to occur. It has been tried in many disor-
ders, including bacterial and viral infections and rheu-
matic disorders, although in these conditions results
have not been encouraging. 
Levamisole has also been used as an adjunct in patients
with malignant disease, although it is not clear that any
response is due to its action on the immune system.
Adjuvant treatment with levamisole and fluorouracil
has been given to reduce recurrence after resection of
adenocarcinoma of the colon with regional lymph
node involvement (but see Malignant Neoplasms, be-
low).
◊ Reviews.
1. Amery WKP, Bruynseels JPJM. Levamisole, the story and the

lessons. Int J Immunopharmacol 1992; 14: 481–6. 
2. Scheinfeld N, et al. Levamisole in dermatology : a review. Am J

Clin Dermatol 2004; 5: 97–104.

Malignant neoplasms. Levamisole has been tried in the adju-
vant treatment of various malignant neoplasms1,2 with conflict-
ing results. Based on the results of early adjuvant trials,3-5 levam-
isole was used as standard therapy to modulate fluorouracil in
patients with colorectal cancer (p.665), particularly in the USA.
However, whether levamisole actually added to the beneficial ef-
fect of adjuvant fluorouracil was unclear. Adjuvant levamisole
alone was no more effective than placebo in 1 study,6 and more
recent trials have indicated that levamisole is no more effective
than placebo when added to fluorouracil,7 or to fluorouracil plus
folinic acid.8

1. Spreafico F. Use of levamisole in cancer patients. Drugs 1980;
20: 105–16. 

2. Amery WK, Butterworth BS. Review/commentary: the dosage
regimen of levamisole in cancer: is it related to efficacy and safe-
ty? Int J Immunopharmacol 1983; 5: 1–9. 

3. Laurie JA, et al. Surgical adjuvant therapy of large-bowel carci-
noma: an evaluation of levamisole and the combination of le-
vamisole and fluorouracil: the North Central Cancer Treatment
Group and the Mayo Clinic. J Clin Oncol 1989; 7: 1447–56. 

4. Moertel CG, et al. Levamisole and fluorouracil for adjuvant ther-
apy of resected colon carcinoma. N Engl J Med 1990; 322:
352–8. 

5. Moertel CG, et al. Fluorouracil plus levamisole as effective ad-
juvant therapy after resection of stage III colon carcinoma: a fi-
nal report. Ann Intern Med 1995; 122: 321–6. 

6. Chlebowski RT, et al. Long-term survival following levamisole
or placebo adjuvant treatment of colorectal cancer: a Western
Cancer Study Group trial. Oncology 1988; 45: 141–3. 

7. QUASAR Collaborative Group. Comparison of fluorouracil
with additional levamisole, higher-dose folinic acid, or both, as
adjuvant chemotherapy for colorectal cancer: a randomised trial.
Lancet 2000; 355: 1588–96. 

8. Wolmark N, et al. Clinical trial to assess the relative efficacy of
fluorouracil and leucovorin, fluorouracil and levamisole, and
fluorouracil, leucovorin, and levamisole in patients with Dukes’
B and C carcinoma of the colon: results from National Surgical
Adjuvant Breast and Bowel Project C-04. J Clin Oncol 1999; 17:
3553–9.

Mansonella infections. Levamisole is one of the drugs that has
been suggested for the treatment of Mansonella infections
(p.137). There have been reports1,2 of response when given with
mebendazole.
1. Maertens K, Wery M. Effect of mebendazole and levamisole on

Onchocerca volvulus and Dipetalonema perstans. Trans R Soc
Trop Med Hyg 1975; 69: 359–60. 

2. Bernberg HC, et al. The combined treatment with levamisole and
mebendazole for a perstans-like filarial infection in Rhodesia.
Trans R Soc Trop Med Hyg 1979; 73: 233–4.

Mouth ulceration. Levamisole might be beneficial in severe
mouth ulceration (p.1700) but is limited by its adverse effects. A
review1 of its use in recurrent aphthous stomatitis indicated that
beneficial results have been reported with levamisole in open
studies, but results of double-blind studies have been conflicting.
Nevertheless, there have been patients with severe recurrent aph-
thous stomatitis refractory to all other modes of treatment who
have responded to levamisole. Dosage has been with 150 mg
daily in divided doses given for 3 days at the first sign of ulcera-
tion, followed by 11 days without treatment, repeated as neces-
sary.
1. Miller MF. Use of levamisole in recurrent aphthous stomatitis.

Drugs 1980; 20: 131–6.

Renal disorders. In a randomised double-blind study, children
with frequently relapsing corticosteroid-sensitive and corticos-
teroid-dependent nephrotic syndrome were given placebo or le-
vamisole 2.5 mg/kg on alternate days and steroid therapy was
gradually withdrawn.1 Of 31 children being treated with levami-
sole, 14 were still in remission 112 days after the start of the study
compared with 4 of 30 receiving placebo. There have been sub-
sequent reports of adjunctive use in children with nephrotic syn-
drome,2-6 but its place in therapy remains to be established. For a
discussion of the treatment of glomerular kidney disorders, in-
cluding the nephrotic syndrome, see p.1504.
1. British Association for Paediatric Nephrology. Levamisole for

corticosteroid-dependent nephrotic syndrome in childhood. Lan-
cet 1991; 337: 1555–7. 

2. Donia AF, et al. Levamisole: adjunctive therapy in steroid de-
pendent minimal change nephrotic children. Pediatr Nephrol
2002; 17: 355–8. 

3. Fu LS, et al. Levamisole in steroid-sensitive nephrotic syndrome
children with frequent relapses and/or steroid dependency: com-
parison of daily and every-other-day usage. Nephron Clin Pract
2004; 97: c137–c141. 

4. Sümegi V, et al. Long-term effects of levamisole treatment in
childhood nephrotic syndrome. Pediatr Nephrol 2004; 19:
1354–60. 

5. Al-Saran K, et al. Experience with levamisole in frequently re-
lapsing, steroid-dependent nephrotic syndrome. Pediatr Nephrol
2006; 21: 201–5. 

6. Boyer O, et al. Short- and long-term efficacy of levamisole as
adjunctive therapy in childhood nephrotic syndrome. Pediatr
Nephrol 2008; 23: 575–80.

Vitiligo. In a study1 involving 36 patients with limited slow-
spreading vitiligo, response to levamisole treatment occurred in
34 within 2 to 4 months. Patients received 150 mg of oral levam-
isole daily on 2 consecutive days each week. Patients who were
additionally treated with topical fluocinolone or clobetasol had
higher rates of repigmentation. A later controlled study2 involv-
ing 43 patients reported less benefit. 
The usual treatment of vitiligo is discussed under Pigmentation
Disorders, p.1582.
1. Pasricha JS, Khera V. Effect of prolonged treatment with levam-

isole on vitiligo with limited and slow-spreading disease. Int J
Dermatol 1994; 33: 584–7. 

2. Agarwal S, et al. A randomized placebo-controlled double-blind
study of levamisole in the treatment of limited and slowly
spreading vitiligo. Br J Dermatol 2005; 153: 163–6.

Preparations
USP 31: Levamisole Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Levam; Meglum; Austral.: Ergamisol†; Belg.: Ergamisol†; Braz.: As-
caridil; Canad.: Ergamisol†; Cz.: Decaris†; Ger.: Ergamisol†; Gr.: Ergami-
sol; Hong Kong: Decaris; Hung.: Decaris; India: Levomol; Vermisol; Vi-
zole; Indon.: Askamex; Irl.: Ketrax†; Israel: Ergamisol; Mex.: Decaris;
Neth.: Ergamisol†; Rus.: Decaris (Декарис); S.Afr.: Ergamisol; Turk.: Par-
aks; Sitraks; UK: Ketrax†; USA: Ergamisol†; Venez.: Decaris†.

Male Fern
Aspidium; Farnwurzel; Felce Maschio; Feto Macho; Filix Mas;
Fougère Mâle; Helecho macho; Rhizoma Filicis Maris.
Щитовник Мужской

Pharmacopoeias. In Chin.
Profile
Male fern consists of the rhizome, frond-bases, and apical bud of
Dryopteris filix-mas agg. (Polypodiaceae), collected late in the
autumn, divested of the roots and dead portions and carefully
dried, retaining the internal green colour. It contains not less than
1.5% of filicin. During storage the green colour of the interior
gradually disappears, often after a lapse of 6 months, and such
material is unfit for medicinal use. 
Filicin is the mixture of ether-soluble substances obtained from
male fern. Its activity is chiefly due to flavaspidic acid, a phloro-
glucinol derivative. 
Male fern has anthelmintic properties and was formerly used as
male fern extract (aspidium oleoresin) for the expulsion of tape-
worms. However, male fern is highly toxic and has been super-
seded by other drugs. 
Adverse effects include headache, nausea and vomiting, severe
abdominal cramp, diarrhoea, dyspnoea, albuminuria, hyperbi-
lirubinaemia, dizziness, tremors, convulsions, visual disturbanc-
es including blindness (possibly permanent), stimulation of uter-
ine muscle, coma, respiratory failure, bradycardia, and cardiac
failure. Fatalities have occurred.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Digestodoron; Ger.: Digestodoron; S.Afr.:
Digestodoron.

Mebendazole (BAN, USAN, rINN)

Mebendatsoli; Mebendazol; Mebendazolas; Mébendazole; Me-
bendazolum; R-17635. Methyl 5-benzoyl-1H-benzimidazol-2-yl-
carbamate.
Мебендазол
C16H13N3O3 = 295.3.
CAS — 31431-39-7.
ATC — P02CA01.
ATC Vet — QP52AC09.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Mebendazole). A white or almost white powder. It
shows polymorphism. Practically insoluble in water, in alcohol,
and in dichloromethane. Protect from light. 
USP 31 (Mebendazole). A white to slightly yellow, almost
odourless, powder. Practically insoluble in water, in alcohol, in
chloroform, in ether, and in dilute mineral acids; freely soluble in
formic acid.

Adverse Effects
Since mebendazole is poorly absorbed from the gas-
trointestinal tract at the usual therapeutic doses, ad-
verse effects have generally been restricted to gastroin-
testinal disturbances, such as transient abdominal pain
and diarrhoea, and have tended to occur in patients be-
ing treated for heavy intestinal infection. Headache and
dizziness have been reported. Adverse effects have
been reported more frequently with the high doses tried
in echinococcosis and have included allergic reactions,
raised liver enzyme values, alopecia, and bone marrow
depression.
Incidence of adverse effects. In the first phase1 of WHO-co-
ordinated multicentre studies on the treatment of echinococcosis
(hydatid disease) involving Echinococcus granulosus or E. mul-
tilocularis, the most frequent adverse effects in the 139 patients
given high-dose mebendazole, generally for 3 months, were re-
duced leucocyte count (25 patients), gastrointestinal symptoms
(22), and raised serum-transaminase values (22). Other adverse
effects were allergic conditions such as fever and skin reactions
(4), CNS symptoms including headache (6), and loss of hair (7).
Seven patients stopped treatment because of adverse effects. 
The second phase of studies2 compared albendazole with me-
bendazole in more prolonged high-dosage schedules for cystic E.
granulosus infection. Adverse effects were similar to those re-
ported with the first phase. However, in the first phase the aller-
gic consequences of the 14 ruptured lung cysts and the 4 ruptured
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

liver cysts that occurred with mebendazole were not reported. In
the second phase, 2 patients suffered anaphylactic shock as a re-
sult of rupture of a lung cyst and a cyst in the abdominal cavity.
These 2 patients were withdrawn from mebendazole treatment,
as were another 4 patients as a consequence of their adverse re-
actions, although in 3 the withdrawal was only temporary. 
Although albendazole is preferred to mebendazole in the treat-
ment of echinococcosis, if either drug is used there should be
constant medical supervision with regular monitoring of serum-
transaminase concentrations and of leucocyte and platelet
counts. Patients with liver damage should be treated with re-
duced doses of benzimidazole carbamates, if at all.2

1. Davis A, et al. Multicentre clinical trials of benzimidazolecar-
bamates in human echinococcosis. Bull WHO 1986; 64: 383–8. 

2. Davis A, et al. Multicentre clinical trials of benzimidazolecar-
bamates in human cystic echinococcosis (phase 2). Bull WHO
1989; 67: 503–8.

Overdosage. Respiratory arrest and tachyarrhythmia associat-
ed with continuous convulsions were reported1 in an 8-week-old
infant after accidental poisoning with mebendazole. Treatment
by exchange transfusion and anticonvulsants was successful.
1. el Kalla S, Menon NS. Mebendazole poisoning in infancy. Ann

Trop Paediatr 1990; 10: 313–14.

Precautions
Patients given high doses of mebendazole, such as
those with echinococcosis, should be supervised close-
ly with blood counts and liver function being moni-
tored; such high-dose therapy may be inappropriate in
those with hepatic impairment (see under Incidence of
Adverse Effects, above).

Monitoring drug concentrations. In a retrospective analysis
of patients given high doses of mebendazole for echinococcosis,1
no relationship was found between dose and plasma concentra-
tion of mebendazole and considerable intra- and interindividual
variation in plasma concentrations was observed, emphasising
the need for repeated monitoring. Several patients appeared to
have what were considered to be subtherapeutic plasma concen-
trations.
1. Luder PJ, et al. Treatment of hydatid disease with high oral doses

of mebendazole: long-term follow-up of plasma mebendazole
levels and drug interactions. Eur J Clin Pharmacol 1986; 31:
443–8.

Pregnancy. Mebendazole is teratogenic in rats and there are no
adequate and well controlled studies in human pregnancy. Me-
bendazole is therefore usually contra-indicated during pregnan-
cy. However, it was noted that in a survey of a limited number of
pregnant women who had inadvertently taken mebendazole dur-
ing the first trimester, the incidence of malformation and sponta-
neous abortion was no greater than that observed in the general
population.

Interactions

Antiepileptics. Phenytoin or carbamazepine have been report-
ed to lower plasma-mebendazole concentrations in patients re-
ceiving high doses for echinococcosis, presumably as a result of
enzyme induction; valproate had no such effect.1

1. Luder PJ, et al. Treatment of hydatid disease with high oral doses
of mebendazole: long-term follow-up of plasma mebendazole
levels and drug interactions. Eur J Clin Pharmacol 1986; 31:
443–8.

Histamine H2-antagonists. Plasma concentrations of meben-
dazole have been raised when the enzyme inhibitor cimetidine
was also given, and this has resulted in the resolution of previ-
ously unresponsive hepatic hydatid cysts.1

1. Bekhti A, Pirotte J. Cimetidine increases serum mebendazole
concentrations: implications for treatment of hepatic hydatid
cysts. Br J Clin Pharmacol 1987; 24: 390–2.

Pharmacokinetics
Mebendazole is poorly absorbed from the gastrointes-
tinal tract and undergoes extensive first-pass elimina-
tion, being metabolised in the liver, eliminated in the
bile as unchanged drug and metabolites, and excreted
in the faeces. Only about 2% of a dose is excreted un-
changed or as metabolites in the urine. 
Mebendazole is highly protein bound.

Uses and Administration
Mebendazole, a benzimidazole carbamate derivative,
is an anthelmintic with activity against most nema-
todes and some other worms; activity against some lar-
val stages and ova has also been demonstrated. It inhib-
its or destroys cytoplasmic microtubules in the worm’s

intestinal or absorptive cells. Inhibition of glucose up-
take and depletion of glycogen stores follow as do oth-
er inhibitory effects leading to death of the worm with-
in several days. 
Mebendazole, being poorly absorbed from the gas-
trointestinal tract, is used principally in the treatment of
the intestinal nematode infections ascariasis (round-
worm infection), enterobiasis (pinworm or thread-
worm infections), hookworm (ancylostomiasis and ne-
catoriasis), and trichuriasis (whipworm infection); it is
useful in mixed infections. During treatment with me-
bendazole, migration of worms with expulsion through
the mouth and nose has occurred in some patients
heavily infected with Ascaris. Mebendazole is also
used in the treatment of capillariasis and trichostrong-
yliasis and has been used in strongyloidiasis. Other
nematode infections which may respond to mebenda-
zole are infection with the filarial nematode Mansonel-
la perstans, and the tissue infections toxocariasis and
trichinosis. Mebendazole has also been tried in high
doses in the treatment of echinococcosis (hydatid dis-
ease). For discussions of these infections and their
treatment, see under Choice of Anthelmintic, p.134,
and under the individual headings below. 
Mebendazole is given orally. The usual dose for adults
and children aged over 2 years with enterobiasis is
100 mg as a single dose, repeated if necessary after 2 to
3 weeks; for ascariasis, hookworm infections, and tri-
churiasis the usual dose in adults and children over 1
year is 100 mg twice daily for 3 days, although a single
dose of 500 mg may be effective.
Angiostrongyliasis. Mebendazole was formerly used for the
treatment of angiostrongyliasis (p.134) but current opinion is that
there is no convincing evidence to support its use.

Capillariasis. Mebendazole in a dose of 200 mg twice daily for
20 days has been used1 for the treatment of capillariasis (p.135).
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Echinococcosis. Mebendazole has been used1-9 in echinococ-
cosis (p.136), but albendazole is generally preferred. The usual
dose of mebendazole in cystic echinococcosis is 40 to 50 mg/kg
daily for at least 3 to 6 months.8 A similar dose is used as an
adjuvant to surgery. For alveolar echinococcosis, the dose is ad-
justed after 4 weeks to produce a plasma concentration of at least
250 nanomoles/litre (74 nanograms/mL), although adults should
not be given more than 6 g daily. Treatment is continued for at
least 2 years after radical surgery, or indefinitely in inoperable
cases.
1. Ammann RW, et al. Recurrence rate after discontinuation of

long-term mebendazole therapy in alveolar echinococcosis (pre-
liminary results). Am J Trop Med Hyg 1990; 43: 506–15. 

2. Messaritakis J, et al. High mebendazole doses in pulmonary and
hepatic hydatid disease. Arch Dis Child 1991; 66: 532–3. 

3. Teggi A, et al. Therapy of human hydatid disease with mebenda-
zole and albendazole. Antimicrob Agents Chemother 1993; 37:
1679–84. 

4. Göçmen A, et al. Treatment of hydatid disease in childhood with
mebendazole. Eur Respir J 1993; 6: 253–7. 

5. Ammann RW, et al. Effect of chemotherapy on the larval mass
and the long-term course of alveolar echinococcosis. Hepatology
1994; 19: 735–42. 

6. Erdinçler P, et al. The role of mebendazole in the surgical treat-
ment of central nervous system hydatid disease. Br J Neurosurg
1997; 11: 116–20. 

7. Vutova K, et al. Effect of mebendazole on human cystic echino-
coccosis: the role of dosage and treatment duration. Ann Trop
Med Parasitol 1999; 93: 357–65. 

8. WHO Informal Working Group on Echinococcosis. Guidelines
for treatment of cystic and alveolar echinococcosis in humans.
Bull WHO 1996; 74: 231–42. 

9. Smego RA, et al. Percutaneous aspiration-injection-reaspiration
drainage plus albendazole or mebendazole for hepatic cystic
echinococcosis: a meta-analysis. Clin Infect Dis 2003; 37:
1073–83.

Giardiasis. For mention of the use of mebendazole for the treat-
ment of giardiasis, see p.824.

Mansonella infections. Mebendazole is one of the drugs that
has been suggested for the treatment of infections with Man-
sonella perstans (p.137). Some patients have responded to me-
bendazole with levamisole,1,2 diethylcarbamazine,3 or to meben-
dazole alone.3,4

1. Maertens K, Wery M. Effect of mebendazole and levamisole on
Onchocerca volvulus and Dipetalonema perstans. Trans R Soc
Trop Med Hyg 1975; 69: 359–60. 

2. Bernberg HC, et al. The combined treatment with levamisole and
mebendazole for a perstans-like filarial infection in Rhodesia.
Trans R Soc Trop Med Hyg 1979; 73: 233–4. 

3. Bregani ER, et al. Comparison of different anthelmintic drug
regimens against Mansonella perstans filariasis. Trans R Soc
Trop Med Hyg 2006; 100: 458–63. 

4. Wahlgren M, Frolov I. Treatment of Dipetalonema perstans in-
fections with mebendazole. Trans R Soc Trop Med Hyg 1983; 77:
422–3.

Strongyloidiasis. Mebendazole has been used for the treatment
of strongyloidiasis (p.138), but needs to be given for longer peri-
ods than albendazole to control auto-infection, so that, of the two,
albendazole is preferred.1-3

1. Wilson KH, Kauffman CA. Persistent Strongyloides stercoralis
in a blind loop of the bowel: successful treatment with mebenda-
zole. Arch Intern Med 1983; 143: 357–8. 

2. Mravak S, et al. Treatment of strongyloidiasis with mebenda-
zole. Acta Trop (Basel) 1983; 40: 93–4. 

3. Pelletier LL, Baker CB. Treatment failures following mebenda-
zole therapy for chronic strongyloidiasis. J Infect Dis 1987; 156:
532–3.

Syngamosis. Mebendazole has been used successfully1 to treat
syngamosis (p.138).
1. Timmons RF, et al. Infection of the respiratory tract with Mam-

momanogamus (Syngamus) laryngeus: a new case in Largo,
Florida, and a summary of previously reported cases. Am Rev
Respir Dis 1983; 128: 566–9.

Toxocariasis. Mebendazole has been used in the treatment of
toxocariasis (p.139). In comparative studies, mebendazole has
been reported to produce similar improvements to those obtained
with tiabendazole1 and with diethylcarbamazine,2 in each case
with a lower incidence of adverse effects.
1. Magnaval JF, Charlet JP. Efficacité comparée du thiabendazole

et du mébendazole dans le traitement de la toxocarose. Therapie
1987; 42: 541–4. 

2. Magnaval J-F. Comparative efficacy of diethylcarbamazine and
mebendazole for the treatment of human toxocariasis. Parasitol-
ogy 1995; 110: 529–33.

Trichinosis. Mebendazole is used for the treatment of trichino-
sis (p.139) in some countries. 
References.
1. Levin ML. Treatment of trichinosis with mebendazole. Am J

Trop Med Hyg 1983; 32: 980–3.

Preparations
USP 31: Mebendazole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dazomet; Helmint; Mebutar; Nemasole; Tesical; Austral.: Chemists
Own De Worm; Combantrin-1 with Mebendazole; Vermox; Austria: Pan-
telmin; Belg.: Docmebenda; Vermox; Braz.: Ascariobel†; Averpan†; Ben-
drax†; Crisdazol†; Divermil†; Ductelmin; Eraverm†; Feller†; Geophagol;
Gran-Verm†; Ibdazol†; Kindelmin; Mebental†; Mebiozol†; Medazol; Menbel;
Moben; Multielmin†; Multizol; Necamin; Neo Mebend; Novelmin; Panfugan;
Pantelmin; Panverm†; Paraverm†; Pentazole†; Pluriverm; Plurivermil†; Poli-
dazol†; Probendazol; Quintelmin†; Sifbem†; Sirben; Tetrahelmin†; Trotil†;
Vermiben; Verminon†; Vermirax†; Vermoplex; Vermoral; Verzol; Zolda-
ben†; Canad.: Vermox; Chile: Diacor; Cz.: Vermox; Denm.: Vermox;
Ger.: Surfont; Vermox; Gr.: Vermox; Hong Kong: Elmetin†; Vermox;
Hung.: Vermox; India: Mebex; Wormin; Indon.: Gavox; Vermox; Irl.:
Vermox; Israel: Vermox; Ital.: Vermox; Malaysia: Quemox; Thelmox;
Vermox; Mex.: Amatol; Bensolmin; Bestelar; Carbatil†; Daben; Diazolen;
Exaverm†; Exbenzol; Exteny; Fanciadazol; Hedazol; Helminzole†; L-Ombrix;
Lumbicid; M-Bentabs†; Meb-Overoid; Mebelmin; Mebendicin; Mebensole;
Mebentiasis; Mebentral; Nemapres; Panvermin; Paranzol†; Prodazol†; Pro-
fenzol; Revapol; Soltric†; Vermicol; Vermidil; Vermin-Dazol; Vermox; Ver-
tex†; Vertizole; Neth.: Anti-Worm; Kruidvat Anti-worm; Madicure; Trek-
pleister Anti-Worm†; Vermox; Norw.: Vermox; NZ: Combantrin-1;
Mindol†; Vermox; Philipp.: Antiox; Pol.: Vermox; Port.: Pantelmin;
Toloxim; Rus.: Vermox (Вермокс); Wormin (Вормин); S.Afr.: Adco-
Wormex; Cipex; D-Worm; Rioworm; Rolab-Anthex; Vermox; Wormgo;
Wormstop; Spain: Bantenol†; Lomper ; Mebendan; Oxitover†; Sufil;
Swed.: Vermox; Switz.: Vermox; Thai.: Benda†; Big-Ben; Drivermide; Fu-
gacar; Masaworm-1; Meba†; Meben; Mebenda-P†; Medazole; Noxworm†;
Vagaka†; Warca; Turk.: Vermazol; Versid; UAE: Mebzol; UK: Boots
Threadworm Tablets 2 Years Plus; Ovex; Pripsen; Vermox; USA: Vermox;
Venez.: Bendacor; Bendamen; Eprofil; Flemdazole†; Pantelmin†; Pival†;
Tamixan†; Vermalon.

Multi-ingredient: Arg.: Aduar; Helmint Compuesto; Mebutar Com-
puesto; Tru Compuesto; Braz.: Eraverm-T†; Exelmin†; Forverm; Helmi-
Ped†; Helmib†; Helmiben; Helmidrax†; Josverm†; Metiaben†; Neovermin;
Octelmin†; Poliben†; Profium; Prohelmin†; Vermol†; Zoles†; India: Mebex
Plus; Mex.: Amibriz†; Amoebriz; Mebeciclol; Vermox-Plus.

Melarsomine (rINN)

Melarsomina; Mélarsomine; Melarsominum. Bis(2-aminoethyl) p-
[(4,6-diamino-s-triazin-2-yl)amino]dithiobenzenearsonite.

Меларсомин
C13H21AsN8S2 = 428.4.
CAS — 128470-15-5.
ATC Vet — QP51AD06.
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Melarsomine is a trivalent arsenical derivative used in veterinary
practice for the control of canine heartworm (dirofilariasis).

Metrifonate (BAN, rINN)

Bayer-L-1359; DETF; Metrifonaatti; Metrifonát; Metrifonat; Met-
rifonatas; Métrifonate; Metrifonato; Metrifonatum; Metriphonate;
Trichlorfon (USAN); Trichlorphon. Dimethyl 2,2,2-trichloro-1-hy-
droxyethylphosphonate.

Метрифонат
C4H8Cl3O4P = 257.4.
CAS — 52-68-6.
ATC — P02BB01.
ATC Vet — QP52AB01; QP53AF02.

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Metrifonate). A white or almost white, crystalline
powder. M.p. is between 76° and 81°. Freely soluble in water, in
alcohol, and in acetone; very soluble in dichloromethane. Protect
from light. 
USP 31 (Metrifonate). A white crystalline powder. M.p. about
78° with decomposition. Freely soluble in water, in alcohol, in
acetone, in chloroform, in ether, and in benzene; very soluble in
dichloromethane; very slightly soluble in hexane and in pentane.
Decomposed by alkali. Store at a temperature not exceeding 25°.

Adverse Effects, Treatment, and Precau-
tions
Metrifonate is generally well tolerated, but may cause
nausea, vomiting, abdominal pain, diarrhoea, head-
ache, dizziness, and weakness. 
It is an organophosphorus compound and because of its
anticholinesterase properties depresses plasma-
cholinesterase concentrations. For a description of the
toxic effects of organophosphorus compounds and the
treatment of acute poisoning, see Organophosphorus
Insecticides, p.2047. Atropine has been used to relieve
cholinergic adverse effects without affecting metri-
fonate’s activity against Schistosoma haematobium.
Anticholinesterase effects. Metrifonate depresses
cholinesterase activity and there has been the occasional report
of severe cholinergic adverse effects.1 However, it does not usu-
ally give rise to troublesome effects at doses normally used, even
though there may temporarily be almost complete inhibition of
plasma cholinesterase and considerable inhibition of erythrocyte
cholinesterase2 (but see also under Alzheimer’s Disease, below). 
The environmental aspects of metrifonate usage have been con-
sidered by WHO.3
1. Jamnadas VP, Thomas JEP. Metriphonate and organophosphate

poisoning. Cent Afr J Med 1979; 25: 130. 
2. Pleština R, et al. Effect of metrifonate on blood cholinesterases

in children during the treatment of schistosomiasis. Bull WHO
1972; 46: 747–59. 

3. WHO. Trichlorfon. Environmental Health Criteria 132. Geneva:
WHO, 1992. Available at: http://www.inchem.org/documents/
ehc/ehc/ehc132.htm (accessed 16/07/08)

Handling. Bulk metrifonate is very toxic when inhaled, swal-
lowed, or spilled on the skin. It can be removed from the skin by
washing with soap and water. Contaminated material should be
immersed in a 2% aqueous solution of sodium hydroxide for sev-
eral hours.

Pregnancy. WHO reported1 that metrifonate had not shown
embryotoxicity or teratogenicity, but did not recommend the use
of metrifonate in pregnant patients unless immediate interven-
tion was essential. There has been a report of an infant born with
massive hydrocephalus and a large meningomyelocele whose
mother had been treated twice with metrifonate during the sec-
ond month of pregnancy.2 A possible link between congenital
abnormalities and the use of metrifonate to eradicate fish para-
sites has also been postulated.3
1. WHO. The control of schistosomiasis: second report of the

WHO expert committee. WHO Tech Rep Ser 830 1993. Available
at: http://libdoc.who.int/trs/WHO_TRS_830.pdf (accessed
16/07/08) 

2. Monson MH, Alexander K. Metrifonate in pregnancy. Trans R
Soc Trop Med Hyg 1984; 78: 565. 

3. Czeizel AE, et al. Environmental trichlorfon and cluster of con-
genital abnormalities. Lancet 1993; 341: 539–42.

Interactions
Patients treated with metrifonate should not be given
depolarising neuromuscular blockers such as suxame-
thonium for at least 48 hours.The use of metrifonate
should be avoided in those recently exposed to insecti-
cides or other agricultural chemicals with anti-
cholinesterase activity.

Pharmacokinetics
Metrifonate is absorbed after oral doses and some is
converted to dichlorvos which is considered to be the
active moiety. Plasma concentrations of dichlorvos are
about 1% of those of metrifonate with peak concentra-
tions of both substances occurring within 2 hours. Ex-
cretion is via the kidney, mainly as glucuronides.

◊ References.
1. Nordgren I, et al. Plasma levels of metrifonate and dichlorvos

during treatment of schistosomiasis with Bilarcil. Am J Trop Med
Hyg 1980; 29: 426–30. 

2. Nordgren I, et al. Levels of metrifonate and dichlorvos in plasma
and erythrocytes during treatment of schistosomiasis with Bilar-
cil. Acta Pharmacol Toxicol (Copenh) 1981; 49 (suppl V):
79–86. 

3. Pettigrew LC, et al. Pharmacokinetics, pharmacodynamics, and
safety of metrifonate in patients with Alzheimer’s disease. J Clin
Pharmacol 1998; 38: 236–45.

Uses and Administration
Metrifonate is an organophosphorus compound and is
converted in the body to the active metabolite dichlor-
vos (p.2040), an anticholinesterase. 
Metrifonate has anthelmintic activity against Schisto-
soma haematobium and has been given orally as an al-
ternative to praziquantel in the treatment of schisto-
somiasis due to S. haematobium. It has usually been
given in three doses of 7.5  to 10 mg/kg at intervals of
2 weeks. 
Metrifonate has also been used as an insecticide and as
a parasiticide in fish and domestic animals.

Alzheimer’s disease. Metrifonate, like a number of other
cholinesterase inhibitors, has been tried in the treatment of
Alzheimer’s disease (see Dementia, p.362). Clinical studies1,2

produced modest benefits but research was stopped after reports
of muscle weakness, sometimes requiring respiratory support.
1. Becker RE, et al. Effects of metrifonate on cognitive decline in

Alzheimer disease: a double-blind, placebo-controlled, 6-month
study. Alzheimer Dis Assoc Disord 1998; 12: 54–7. 

2. Morris JC, et al. Metrifonate benefits cognitive, behavioral, and
global function in patients with Alzheimer’s disease. Neurology
1998; 50: 1222–30.

Schistosomiasis. While praziquantel is now the main treat-
ment for schistosomiasis (p.138), metrifonate is an alternative for
infection due to Schistosoma haematobium. Cure rates with
standard doses in schistosomiasis control programmes range
from 40 to more than 80%, with a reduction of more than 80% in
egg counts among those not cured, but a comparison with prazi-
quantel has shown praziquantel to be the more effective drug.1 In
addition, metrifonate’s dosage schedule of 3 doses at intervals of
2 weeks has caused problems of patient compliance;2 giving
5 mg/kg three times in one day has produced similar results to a
standard dosage schedule.3

1. Squires N. Interventions for treating schistosomiasis haemato-
bium. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 1997 (accessed
16/05/05). 

2. Aden Abdi Y, Gustafsson LL. Poor patient compliance reduces
the efficacy of metrifonate treatment of Schistosoma haemato-
bium in Somalia. Eur J Clin Pharmacol 1989; 36: 161–4. 

3. Aden Abdi Y, Gustafsson LL. Field trial of the efficacy of a sim-
plified and standard metrifonate treatments of Schistosoma hae-
matobium. Eur J Clin Pharmacol 1989; 37: 371–4.

Milbemycin Oxime
CGA-179246; Milbemicina oxima. A mixture of milbemycin A4
5-oxime and milbemycin A3 5-oxime.

Мильбемицин Оксим

CAS — 129496-10-2.
ATC Vet — QP54AB01.

Profile
Milbemycin oxime is an anthelmintic used in veterinary medi-
cine.

Morantel Citrate (BANM, pINNM)

Citrato de morantel; Morantel, Citrate de; Moranteli Citras. (E)-
1,4,5,6-Tetrahydro-1-methyl-2-[2-(3-methyl-2-thienyl)vinyl]pyri-
midine citrate monohydrate.
Морантела Цитрат
C12H16N2S,C6H8O7,H2O = 430.5.
CAS — 20574-50-9 (morantel); 69525-81-1 (morantel ci-
trate).

(morantel)

Morantel Tartrate (BANM, USAN, pINNM)

CP-12009-18; Moranteelivetytartraatti; Morantel, hydrogéno-
tartrate de; Morantel, Tartrate de; Morantel-hidrogén-tartarát;
Morantel-hydrogen-tartarát; Moranteli hydrogenotartras; Mor-
anteli Tartras; Morantelvätetartrat; Tartrato de morantel; UK-
2964-18.
Морантела Тартрат
C12H16N2S,C4H6O6 = 370.4.
CAS — 20574-50-9 (morantel); 26155-31-7 (morantel
tartrate).
Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Morantel Hydrogen Tartrate for Veterinary Use;
Morantel Tartrate BP(Vet) 2008). A white or pale yellow, crystal-
line powder. Very soluble in water and in alcohol; practically in-
soluble in ethyl acetate. A 1% solution in water has a pH of 3.3
to 3.9. Protect from light. 
USP 31 (Morantel Tartrate). A white or pale yellow, crystalline
powder. Very soluble in water and in alcohol; practically insolu-
ble in ethyl acetate. pH of a 1% solution in water is between 2.8
and 3.9. Store at a temperature of 25°, excursions permitted be-
tween 15° and 30°. Protect from light.
Profile
Morantel is an analogue of pyrantel. The citrate and the tartrate
are used as anthelmintics in veterinary medicine for the treatment
of gastrointestinal roundworms.

Moxidectin (BAN, USAN, rINN)

CL-301423; Moksidektiini; Moxidectina; Moxidectine; Moxidecti-
num; Moxidektin. (6R,15S)-5-O-Demethyl-28-deoxy-25-[(E)-
1,3-dimethylbut-1-enyl]-6,28-epoxy-23-oxomilbemycin B (E)-
23-O-methyloxime.
Моксидектин
C37H53NO8 = 639.8.
CAS — 113507-06-5.
ATC Vet — QP54AB02.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use. 
Ph. Eur. 6.2 (Moxidectin for Veterinary Use). A white or pale
yellow, amorphous powder. Practically insoluble in water; very
soluble in alcohol; slightly soluble in hexane.
Profile
Moxidectin is an anthelmintic used in veterinary medicine. It is
also used as a systemic veterinary ectoparasiticide and is under
investigation for the treatment of human onchocerciasis.
◊ References.
1. Cotreau MM, et al. The antiparasitic moxidectin: safety, tolera-

bility, and pharmacokinetics in humans. J Clin Pharmacol 2003;
43: 1108–15.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Naftalofos (BAN, USAN, rINN)

Bay-9002; E-9002; ENT-25567; Naftalofós; Naftalofosum; Naph-
thalophos; Phthalophos; S-940. Diethyl naphthalimido-oxyphos-
phonate.

Нафталофос

C16H16NO6P = 349.3.
CAS — 1491-41-4.

ATC Vet — QP52AB06.

Profile
Naftalofos is an organophosphorus compound (see Organophos-
phorus Insecticides, p.2047) used as an anthelmintic in veteri-
nary medicine.

Netobimin (BAN, USAN, rINN)

Netobimina; Nétobimine; Netobiminum; Sch-32481. 2-{3-Meth-
oxycarbonyl-2-[2-nitro-5-(propylthio)phenyl]guanidi-
no}ethanesulphonic acid.

Нетобимин

C14H20N4O7S2 = 420.5.
CAS — 88255-01-0.

ATC Vet — QP52AC06.

Profile
Netobimin is an anthelmintic used in veterinary medicine.

Niclosamide (BAN, USAN, rINN)

Anhydrous Niclosamide; Bay-2353; Niclosamida; Niclosamida
Anidra; Niclosamide anhydre; Niclosamidum; Niclosamidum an-
hydricum; Niklosamid; Niklosamid, vattenfri; Niklosamidi; Niklos-
amidi, vedetön; Niklozamid; Niklozamid bezwodny; Niklozami-
das, bevandenis; Phenasale; Vízmentes niklozamid. 2′,5-Dichloro-
4′-nitrosalicylanilide; 5-Chloro-N-(2-chloro-4-nitrophenyl)-2-hy-
droxybenzamide.

Никлозамид

C13H8Cl2N2O4 = 327.1.

CAS — 50-65-7.

ATC — P02DA01.

ATC Vet — QP52AG03.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Int. permits the anhydrous substance or the monohydrate under
the title Niclosamide. 
Ph. Eur. 6.2 (Niclosamide, Anhydrous). Yellowish-white to yel-
lowish, fine crystals. Practically insoluble in water; slightly solu-
ble in dehydrated alcohol; sparingly soluble in acetone. Store in
airtight containers. Protect from light.

Niclosamide Monohydrate (BANM)

Niclosamida Mono-hidratada; Niclosamida monohidrato;
Niclosamide monohydraté; Niclosamidum monohydricum; Nik-
losamid monohydrát; Niklosamidimonohydraatti; Niklosamid-
monohydrat; Niklozamidas monohidratas; Niklozamid-mono-
hidrát.
Никлозамид Моногидрат
C13H8Cl2N2O4,H2O = 345.1.
ATC — P02DA01.
Pharmacopoeias. In Eur. (see p.vii). 
Int. permits the monohydrate or the anhydrous substance under
the title Niclosamide. 
Ph. Eur. 6.2 (Niclosamide Monohydrate). Yellowish, fine crys-
tals. Practically insoluble in water; slightly soluble in dehydrated
alcohol; sparingly soluble in acetone. Protect from light.

Adverse Effects
Gastrointestinal disturbances may occur occasionally
with niclosamide. Lightheadedness and pruritus have
been reported less frequently.

Pharmacokinetics
Niclosamide is not significantly absorbed from the
gastrointestinal tract.

Uses and Administration
Niclosamide is an anthelmintic which is active against
most tapeworms, including the beef tapeworm (Taenia
saginata), the pork tapeworm (T. solium), the fish tape-
worm (Diphyllobothrium latum) and the dog tape-
worm (Dipylidium caninum); it has also been given for
infections with the dwarf tapeworm, Hymenolepis
nana. For discussions of the treatment of tapeworm in-
fections, see Diphyllobothriasis, p.136, Hymenolepia-
sis, p.136, and Taeniasis, p.139. The activity of niclosa-
mide against these worms appears to be due to
inhibition of mitochondrial oxidative phosphorylation;
anaerobic ATP production is also affected. 
Niclosamide is given as tablets, which must be chewed
thoroughly before swallowing and washed down with
water. 
For infections with pork tapeworm a single 2-g dose is
given after a light breakfast. Niclosamide is not active
against the larval form (cysticerci) and, although the
risk of inducing cysticercosis appears to be theoretical,
a laxative is given about 2 hours after the dose to expel
the killed worms and minimise the possibility of the
migration of ova of T. solium into the stomach; an an-
tiemetic may also be given before treatment. 
For infections with beef or fish tapeworms the 2-g dose
of niclosamide may be divided, with 1 g taken after
breakfast and 1 g an hour later. 
In dwarf-tapeworm infections an initial dose of 2 g has
been given on the first day followed by 1 g daily for 6
days. 
Children aged 2 to 6 years are given half the above dos-
es and those under 2 years of age are given one-quarter
the above doses. 
Unless expulsion of the worm is aided by a laxative,
portions are voided in a partially digested form after
treatment with niclosamide; the scolex is rarely identi-
fiable. 
In schistosomiasis (p.138), niclosamide is used as a
molluscicide in water-treatment control programmes.
Preparations
BP 2008: Niclosamide Tablets.
Proprietary Preparations (details are given in Part 3)
Belg.: Yomesan; Braz.: Atenase†; Cz.: Yomesan†; Denm.: Yomesan†;
Fin.: Kontal; Fr.: Tredemine; Ger.: Yomesan; Gr.: Tredemine; Yomesan; In-
dia: Niclosan; Israel: Yomesan; Ital.: Yomesan; Mex.: Overoid; Neth.:
Yomesan; S.Afr.: Yomesan; Swed.: Yomesan; Thai.: Manozide; Niclosan†;
Telmitin; Unicide; Yomesan; Turk.: Yomesan; UK: Yomesan.
Multi-ingredient: Thai.: Zenda†.

Nitroscanate (BAN, USAN, rINN)

CGA-23654; Nitroscanato; Nitroscanatum; Nitroskanaatti; Ni-
troskanat. 4-(4-Nitrophenoxy)phenyl isothiocyanate.
Нитросканат
C13H8N2O3S = 272.3.
CAS — 19881-18-6.
ATC Vet — QP52AX01.

Profile
Nitroscanate is an isothiocyanate anthelmintic used in veterinary
medicine.

Nitroxinil (BAN, rINN)

Nitroxinilo; Nitroxinilum; Nitroxynil. 4-Hydroxy-3-iodo-5-ni-
trobenzonitrile.
Нитроксинил
C7H3IN2O3 = 290.0.
CAS — 1689-89-0 (nitroxinil); 27917-82-4 (nitroxinil eg-
lumine).
ATC Vet — QP52AG08.

Pharmacopoeias. In BP(Vet). Also in Fr. for veterinary use
only. 
BP(Vet) 2008 (Nitroxinil). A yellow to yellowish brown pow-
der. Practically insoluble in water; slightly soluble in alcohol;
sparingly soluble in ether; it dissolves in solutions of alkali hy-
droxides. Protect from light.
Profile
Nitroxinil is an anthelmintic used in veterinary medicine for the
treatment of fascioliasis and some gastrointestinal roundworms
in cattle and sheep.

Oxamniquine (BAN, USAN, rINN)

Oxamniquina; Oxamniquinum; UK-4271. 1,2,3,4-Tetrahydro-2-
isopropylaminomethyl-7-nitro-6-quinolylmethanol.
Оксамнихин
C14H21N3O3 = 279.3.
CAS — 21738-42-1.
ATC — P02BA02.
ATC Vet — QP52AA02.

Pharmacopoeias. In Fr. and Int.

Adverse Effects
Oxamniquine causes severe pain at the injection site
when given intramuscularly and is no longer given by
this route. 
It is generally well tolerated after oral doses, although
dizziness with or without drowsiness occurs in at least
a third of patients, beginning up to 3 hours after a dose
and usually lasting for up to 6 hours. Headache and
gastrointestinal effects such as nausea, vomiting, and
diarrhoea are also common. 
Allergic-type reactions including urticaria, pruritic
skin rashes, and fever may occur. Liver enzyme values
have been raised transiently in some patients. Epilepti-
form convulsions have been reported, especially in pa-
tients with a history of convulsive disorders. Hallucina-
tions and excitement have occurred rarely. 
A reddish discoloration of urine, probably due to a me-
tabolite of oxamniquine, has been reported.
Effects on body temperature. A review1 in 1987 noted that
although a modest post-treatment rise in temperature had been
reported occasionally, fever was not a common adverse effect of
oxamniquine, except in Egypt where it appeared to be character-
istic. The cause was not known. Increased immune complexes
and excretion of antigens occurred in only half the cases, there
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was no evidence that Egyptian patients metabolised the drug dif-
ferently to produce a pyrogenic metabolite, and the effect had not
been seen in other areas where a similar high-dose regimen was
used.1
1. Foster R. A review of clinical experience with oxamniquine.

Trans R Soc Trop Med Hyg 1987; 81: 55–9.

Effects on the nervous system. In 37 patients with Schisto-
soma mansoni infection treated successfully with oxamniquine,1
dizziness and drowsiness were most common, but the most sig-
nificant adverse effect was the development of EEG abnormali-
ties in 6 of 34 patients whose pre-treatment EEG was normal. Of
the 3 patients with pre-existing EEG abnormalities, 1 suffered a
tonic-clonic seizure during therapy as previously reported,2 1 did
not suffer seizures, and the third received phenytoin prophylaxis
during oxamniquine therapy. It was considered prudent to give
antiepileptics before starting oxamniquine in patients with a his-
tory of seizure disorder. After completion of this study, a patient
with no history of seizures suffered a tonic-clonic seizure 2 hours
after each of the second and third doses of oxamniquine. 
The main neuropsychiatric adverse effects seen in 180 Brazilian
patients with Schistosoma mansoni infection treated with single
oral doses of oxamniquine were: drowsiness (50.6%), dizziness
(41.1%), headache (16.1%), temporary amnesia (2.2%), behav-
ioural disturbances (1.7%), chills (1.1%), and seizures (1.1%).3
An EEG was performed before and after treatment in 20 patients;
there were alterations in 3 but they were not associated with neu-
ropsychiatric changes.
1. Krajden S, et al. Safety and toxicity of oxamniquine in the treat-

ment of Schistosoma mansoni infections, with particular refer-
ence to electroencephalographic abnormalities. Am J Trop Med
Hyg 1983; 32: 1344–6. 

2. Keystone JS. Seizures and electroencephalograph changes asso-
ciated with oxamniquine therapy. Am J Trop Med Hyg 1978; 27:
360–2. 

3. de Carvalho SA, et al. Neurotoxicidade do oxamniquine no trata-
mento da infeçáo humana pelo Schistosoma mansoni. Rev Inst
Med Trop Sao Paulo 1985; 27: 132–42.

Precautions
Oxamniquine should be used with caution in patients
with epilepsy or a history of convulsive disorders. Pa-
tients should be warned that oxamniquine can cause
dizziness or drowsiness and if affected they should not
drive or operate machinery.

Pharmacokinetics
Oxamniquine is readily absorbed after oral doses. Peak
plasma concentrations are achieved 1 to 3 hours after a
dose and the plasma half-life is 1 to 2.5 hours. 
It is extensively metabolised to inactive metabolites,
principally the 6-carboxy derivative, which are excret-
ed in the urine. About 70% of a dose of oxamniquine is
excreted as the 6-carboxy metabolite within 12 hours
of a dose; traces of the 2-carboxy metabolite have also
been detected in the urine.

Uses and Administration
Oxamniquine is an anthelmintic used in the treatment
of schistosomiasis caused by Schistosoma mansoni,
but not by other Schistosoma spp. It causes worms to
shift from the mesenteric veins to the liver where the
male worms are retained; the female worms return to
the mesentery, but can no longer release eggs. Resist-
ance may occur. 
Oxamniquine is given orally, preferably after food.
Dosage depends on the geographical origin of the in-
fection and total doses range from 15 mg/kg as a single
dose to 60 mg/kg given over 2 to 3 days. A single dose
should not exceed 20 mg/kg.
Schistosomiasis. Oxamniquine is an alternative to praziquan-
tel for the treatment of schistosomiasis (p.138) due to Schisto-
soma mansoni, although resistance has occurred, particularly in
South America,1 and it is somewhat less effective than praziqu-
antel.2 
The dose ranges between a single dose of 15 mg/kg and
60 mg/kg given over 2 or 3 days.1,3 Doses in the low range have
been used effectively in South America, the Caribbean, and West
Africa while patients in Egypt, South Africa, and Zimbabwe re-
quire doses at the top end of the range; intermediate doses may
be effective in other parts of Africa.3 
After the appropriate therapeutic dose of oxamniquine, cure rates
of at least 60%, and often more than 90%, can be expected. Egg
excretion in those not cured will be reduced by over 80%, and
usually by over 90%, one year after treatment.3
1. WHO. The control of schistosomiasis: second report of the

WHO expert committee. WHO Tech Rep Ser 830 1993. Available
at: http://libdoc.who.int/trs/WHO_TRS_830.pdf (accessed
16/07/08) 

2. Ferrari ML, et al. Efficacy of oxamniquine and praziquantel in
the treatment of Schistosoma mansoni infection: a controlled tri-
al. Bull WHO 2003; 81: 190–6. 

3. WHO. The control of schistosomiasis: report of a WHO expert
committee. WHO Tech Rep Ser 728 1985. Available at: http://
libdoc.who.int/trs/WHO_TRS_728.pdf (accessed 16/07/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Mansil; Gr.: Vansil†.

Oxantel Embonate (BANM, rINNM)

CP-14445-16; Embonato de oxantel; Oxantel, Embonate d’; Ox-
antel Pamoate (USAN); Oxanteli Embonas. (E)-3-[2-(1,4,5,6-Tet-
rahydro-1-methylpyrimidin-2-yl)vinyl]phenol 4,4′-methyleneb-
is(3-hydroxy-2-naphthoate).
Оксантела Эмбонат
C13H16N2O,C23H16O6 = 604.6.
CAS — 36531-26-7 (oxantel); 68813-55-8 (oxantel em-
bonate); 42408-84-4 (oxantel embonate).
ATC — P02CC02.

(oxantel)

Profile
Oxantel is an analogue of pyrantel that has been used as the em-
bonate in the treatment of trichuriasis. It is used with pyrantel for
various intestinal nematode infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Indon.: Quantrel; Philipp.: Quantrel; Venez.: Dualid;
Quantrel.

Oxfendazole (BAN, USAN, rINN)

Oksfendatsoli; Oxfendazol; Oxfendazolum; RS-8858. Methyl 5-
phenylsulphinyl-1H-benzimidazol-2-ylcarbamate.
Оксфендазол
C15H13N3O3S = 315.3.
CAS — 53716-50-0.
ATC Vet — QP52AC02.

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Oxfendazole for Veterinary Use; Oxfendazole
BP(Vet) 2008). A white or almost white powder. It shows poly-
morphism. Practically insoluble in water; slightly soluble in al-
cohol and in dichloromethane. Protect from light. 
USP 31 (Oxfendazole). A white or almost white powder. Prac-
tically insoluble in water; slightly soluble in alcohol and in
dichloromethane. Protect from light.
Profile
Oxfendazole is a benzimidazole carbamate anthelmintic struc-
turally related to mebendazole (p.148). It is used in veterinary
medicine.

Oxibendazole (BAN, USAN, rINN)

Oxibendazol; Oxibendazolum; SKF-30310. Methyl 5-propoxy-
1H-benzimidazol-2-ylcarbamate.
Оксибендазол
C12H15N3O3 = 249.3.
CAS — 20559-55-1.
ATC Vet — QP52AC07.

Profile
Oxibendazole is a benzimidazole carbamate anthelmintic struc-
turally related to mebendazole (p.148). It is used in veterinary
medicine.

Oxyclozanide (BAN, rINN)

ICI-46683; Oxiclozanida; Oxyclozanidum. 3,3′,5,5′,6-Pentachlo-
ro-2′-hydroxysalicylanilide.
Оксиклозанид
C13H6Cl5NO3 = 401.5.
CAS — 2277-92-1.
ATC Vet — QP52AG06.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Oxyclozanide). A pale cream or cream-coloured
powder. Very slightly soluble in water; soluble in alcohol; freely
soluble in acetone; slightly soluble in chloroform.
Profile
Oxyclozanide is an anthelmintic used in veterinary medicine for
the control of fascioliasis in cattle and sheep.

Piperazine
Piperatsiini; Piperazin; Piperazina; Piperazinum.
Пиперазин
C4H10N2 = 86.14.
CAS — 110-85-0.
ATC — P02CB01.
ATC Vet — QP52AH01.

Pharmacopoeias. In US. 
USP 31 (Piperazine). White to off-white lumps or flakes having
an ammoniacal odour. Soluble in water and in alcohol; insoluble
in ether. Store in airtight containers. Protect from light.

Piperazine Adipate
Piperatsiiniadipaatti; Piperaz. Adip.; Piperazina, adipato de; Piper-
azinadipat; Piperazin-adipát; Pipérazine, adipate de; Piperazini ad-
ipas; Piperazino adipatas; Piperazinum Adipicum.
Пиперазина Адипат
C4H10N2,C6H10O4 = 232.3.
CAS — 142-88-1.
ATC — P02CB01.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and Viet. 
Ph. Eur. 6.2 (Piperazine Adipate). A white or almost white, crys-
talline powder. Soluble in water; practically insoluble in alcohol.

Piperazine Citrate
Hydrous Tripiperazine Dicitrate; Piperatsiinisitraatti; Piperazina,
citrato de; Piperazincitrat; Piperazin-citrát; Piperazin-citrát hydrát;
Pipérazine, citrate de; Piperazini citras; Piperazini Citras Hydricus;
Piperazino citratas.
Пиперазина Цитрат
(C4H10N2)3,2C6H8O7,xH2O = 642.7 (anhydrous sub-
stance).
CAS — 144-29-6 (anhydrous piperazine citrate); 41372-
10-5 (piperazine citrate hydrate).
ATC — P02CB01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Piperazine Citrate). A white or almost white gran-
ular powder. It contains a variable amount of water. Freely solu-
ble in water; practically insoluble in alcohol. 
USP 31 (Piperazine Citrate). A white, crystalline powder having
not more than a slight odour. Soluble in water; insoluble in alco-
hol and in ether. pH of a 10% solution in water is about 5.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Stability. A decrease in the content of piperazine [as citrate] in
syrups on storage was attributed to interaction with fructose and
glucose formed by hydrolysis of sucrose.1 A syrup prepared with
sorbitol lost no potency when stored at 25° for 14 months.
1. Nielsen A, Reimer P. The stability of piperazine in syrup. Arch

Pharm Chemi (Sci) 1975; 3: 73–8.

Piperazine Hydrate
Piperatsiinihydraatti; Piperazin Heksahidrat; Piperazin hexahy-
drát; Piperazina hexahidrato; Piperazinas hidratas; Pipérazine, hy-
drate de; Piperazin-hidrát; Piperazinhydrat; Piperazini Hydras;
Piperazinium Hexahydricum; Piperazinum hydricum; Piperazyna
uwodniona. Piperazine hexahydrate.

Пиперазина Гидрат
C4H10N2,6H2O = 194.2.
CAS — 142-63-2.
ATC — P02CB01.

Pharmacopoeias. In Eur. (see p.vii) and Viet. 
Ph. Eur. 6.2 (Piperazine Hydrate). Colourless deliquescent crys-
tals. M.p. about 43°. Freely soluble in water and in alcohol. A 5%
solution in water has a pH of 10.5 to 12.0. Store in airtight con-
tainers. Protect from light.

Piperazine Phosphate
Piperazina, fosfato de; Piperazini Phosphas.

Пиперазина Фосфат
C4H10N2,H3PO4,H2O = 202.1.
CAS — 14538-56-8 (anhydrous piperazine phosphate);
18534-18-4 (piperazine phosphate monohydrate).
ATC — P02CB01.

Pharmacopoeias. In Br., Chin., Jpn, and Viet. 
BP 2008 (Piperazine Phosphate). A white odourless or almost
odourless crystalline powder. Sparingly soluble in water; practi-
cally insoluble in alcohol. A 1% solution in water has a pH of 6.0
to 6.5.

Adverse Effects
Serious adverse effects are rare with piperazine and
generally indicate overdosage or impaired excretion.
Nausea, vomiting, diarrhoea, abdominal pain, head-
ache, skin rashes, and urticaria occasionally occur. Se-
vere neurotoxicity and EEG abnormalities have been
reported with symptoms including somnolence, dizzi-
ness, nystagmus, muscular incoordination and weak-
ness, ataxia, paraesthesia, myoclonic contractions,
choreiform movements, tremor, convulsions, and loss
of reflexes. 
Transient visual disturbances such as blurred vision
have occurred occasionally and there were reports of
cataract formation after treatment with piperazine al-
though they do not appear to have been substantiated. 
Hypersensitivity reactions such as bronchospasm, Ste-
vens-Johnson syndrome, and angioedema have oc-
curred in some individuals.
◊ Piperazine has been taken off the market in some European
countries because of general concern about its safety.1 A study
carried out in Sweden on 2 healthy subjects had indicated that
mononitrosation of piperazine can occur in the stomach to pro-
duce the potential carcinogen N-mononitrosopiperazine; the
more potent N,N-dinitrosopiperazine was not found.2 However,
the disease risk to man from such N-nitroso compounds has been
questioned3 and certainly reports of tumours associated with the
use of piperazine have not been traced. Also, in the UK the CSM
concluded that the incidence of serious adverse effects associated
with piperazine was low and that, with appropriate pack warn-
ings, piperazine products could remain as medicines available to
the public through pharmacies.1
1. Anonymous. Data sheet changes for piperazine in pregnancy.

Pharm J 1988; 240: 367. 
2. Bellander BTD, et al. Nitrosation of piperazine in the stomach.

Lancet 1981; ii: 372. 
3. Tannenbaum SR. N-nitroso compounds: a perspective on human

exposure. Lancet 1983; i: 629–32.

Abuse. Derivatives of piperazine have been developed and
abused as ‘designer drugs’—see Benzylpiperazine (p.2152).

Effects on the blood. A 4-year-old African boy with G6PD
deficiency developed haemolytic anaemia; no cause for the
haemolysis was found except that 2 days previously he had taken
Pripsen (piperazine and senna).1 Severe thrombocytopenia with
epistaxis and haemoptysis, which developed in a 61-year-old
man after piperazine self-medication, was probably the result of
sensitisation to piperazine 15 years earlier.2
1. Buchanan N, et al. G-6-PD deficiency and piperazine. BMJ

1971; 2: 110. 
2. Cork MJ, et al. Pruritus ani, piperazine, and thrombocytopenia.

BMJ 1990; 301: 1398.

Effects on the liver. A reaction resembling viral hepatitis oc-
curred on 2 occasions in a 25-year-old woman after use of piper-
azine; it appeared to be a hypersensitivity reaction.1
1. Hamlyn AN, et al. Piperazine hepatitis. Gastroenterology 1976;

70: 1144–7.

Hypersensitivity. A patient experienced a serum-sickness-like
illness associated with piperazine,1 which was followed by a de-
layed hypersensitivity vasculitis. 
See also Effects on the Blood and Effects on the Liver, above.
1. Balzan M, Cacciottolo JM. Hypersensitivity vasculitis associat-

ed with piperazine therapy. Br J Dermatol 1994; 131: 133–4.

Precautions
Piperazine is contra-indicated in patients with epilepsy
or severe renal impairment and should be given with
care to patients with neurological disturbances or mild
to moderate renal impairment. It should also be avoid-
ed or given with extreme caution in patients with he-
patic impairment.
Breast feeding. The UK licensed product information for
Pripsen (piperazine and senna) states that piperazine is distribut-
ed into breast milk. Mothers should be advised to take a dose
after breast feeding then not to breast feed for 8 hours during
which period milk should be expressed and discarded at the reg-
ular feeding times.
Pregnancy. It has been reported that piperazine is teratogenic in
rabbits and that there have been isolated reports of fetal malfor-
mations after clinical use, though no causal relationship has been
established. Two infants with malformations have been de-
scribed briefly:1 one had bilateral hare lip, cleft palate, and ano-
phthalmia; the other had an abnormality of one foot. Both moth-
ers had taken Pripsen (piperazine and senna). UK licensed
product information for Pripsen advises against use in pregnan-
cy, especially during the first trimester, unless immediate treat-
ment with piperazine is essential.
1. Leach FN. Management of threadworm infestation during preg-

nancy. Arch Dis Child 1990; 65: 399–400.

Interactions
The anthelmintic effects of piperazine and pyrantel
may be antagonised when the two compounds are used
together. The possibility that piperazine may enhance
the adverse effects of phenothiazines such as chlorpro-
mazine is discussed on p.975.

Pharmacokinetics
Piperazine is readily absorbed from the gastrointestinal
tract and is excreted in the urine within 24 hours, partly
as metabolites. The rate at which different individuals
excrete piperazine has been reported to vary widely. It
is distributed into breast milk.

Uses and Administration
Piperazine is an anthelmintic effective against the in-
testinal nematodes Ascaris lumbricoides (roundworm)
and Enterobius vermicularis (pinworm, threadworm),
although other anthelmintics are usually preferred (see
the discussions on the treatment of ascariasis and enter-
obiasis on p.134 and p.136). In roundworms piperazine
produces a neuromuscular block leading to a flaccid
muscle paralysis in susceptible worms, which are then
easily dislodged by the movement of the gut and ex-
pelled in the faeces. 
Piperazine is usually given as the citrate or phosphate,
but the adipate may also be used. The dosage of the
salts of piperazine is usually expressed in terms of pip-
erazine hydrate; 100 mg of piperazine hydrate is equiv-
alent to about 44.4 mg of piperazine, 120 mg of piper-
azine adipate, 125 mg of piperazine citrate (110 mg of
anhydrous piperazine citrate), and to 104 mg of piper-
azine phosphate. 
For the treatment of ascariasis, a single dose, repeated
once after 14 days, has been used. In adults and chil-
dren over 12 years of age, a dose equivalent to 4.5 g of
piperazine hydrate is given orally. Children aged 9 to
12 years may be given the equivalent of 3.75 g, those
aged 6 to 8 years the equivalent of 3 g, those aged 4 to
5 years the equivalent of 2.25 g, and those aged 1 to 3
years the equivalent of 1.5 g. Children under 1 year
should receive piperazine on medical advice only; a
dose equivalent to 120 mg/kg has been suggested. 
For enterobiasis, piperazine has been given for 7 days.
A second course after a 7-day interval may be required.

Adults and children over 12 years of age are given the
equivalent of 2.25 g of the hydrate once daily, children
aged 7 to 12 years the equivalent of 1.5 g daily, those
aged 4 to 6 years the equivalent of 1.125 g daily, and
those aged 1 to 3 years the equivalent of 750 mg daily.
Children under 1 year should receive piperazine on
medical advice only; a dose equivalent to 45 to
75 mg/kg has been suggested. 
Piperazine is also used as a preparation with senna in a
single dose of 4 g of the phosphate for adults and chil-
dren over 6 years of age, repeated after 14 days for en-
terobiasis, or repeated monthly if necessary for up to 3
months to treat and prevent ascariasis.
Preparations
BP 2008: Piperazine Citrate Elixir ; Piperazine Phosphate Tablets; 
USP 31: Piperazine Citrate Syrup; Piperazine Citrate Tablets.
Proprietary Preparations (details are given in Part 3)
Braz.: Ascarinase†; Ortovermim†; Vermifran†; Vermilen†; Canad.: Enta-
cyl†; Fr.: Vermifuge†; Indon.: Combicitrine; Piperacyl; Upixon; Ital.: Citro-
piperazina; Mex.: Desparasil†; Helmifar†; Lu-Peracina; Overpon; Piperawitt
DS†; Piperazil; Pipergress; Pipermed†; Pirzinol; Verfid; Vermin; Port.: Lom-
brimade†; Pipermel; Pipertox; S.Afr.: Padax; Pipralen; Piprine; SB Tox
Worm; Spain: Mimedran; Vermi; Thai.: Vermex; Turk.: Asepar; Askari-
par; Helmicide; Helmipar; Oksiaskaril; Siropar; UK: Pripsen†; Venez.: Cipe-
rina; Inquiper†; Jetsan†; Oxine†; Piperato; Piperazil; Piperdin; Piperzan; Ver-
pirol.
Multi-ingredient: Braz.: Vermilen Composto†; India: Helmazan†; Irl.:
Pripsen†; Port.: Biureol; UK: Pripsen.

Pomegranate Bark
Granado; Granati Cortex; Granatrinde; Granatum; Grenadier;
Melograno; Pomegranate; Pomegranate Root Bark; Romeira.
Кора Гранатового Дерева

Profile
Pomegranate bark, the dried bark of the stem and root of Punica
granatum (Punicaceae) containing about 0.4 to 0.9% of alka-
loids,, has been used for the expulsion of tapeworms.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Hexaporine.

Praziquantel (BAN, USAN, rINN)

EMBAY-8440; Pratsikvanteli; Prazicuantel; Prazikvantel; Prazikvan-
telis; Praziquantelum. 2-Cyclohexylcarbonyl-1,2,3,6,7,11b-hex-
ahydropyrazino[2,1-a]isoquinolin-4-one.
Празиквантел
C19H24N2O2 = 312.4.
CAS — 55268-74-1.
ATC — P02BA01.
ATC Vet — QP52AA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Praziquantel). White or almost white crystalline
powder. It exhibits polymorphism. Very slightly soluble in water;
freely soluble in alcohol and in dichloromethane. Protect from
light. 
USP 31 (Praziquantel). A white or practically white crystalline
powder; odourless or with a faint characteristic odour. Very
slightly soluble in water; freely soluble in alcohol and in chloro-
form. Protect from light.

Adverse Effects
Adverse effects with praziquantel may be common but
are usually mild and transient. Headache, diarrhoea,
dizziness, drowsiness, malaise, abdominal discomfort,
nausea, and vomiting have been reported most fre-
quently. Hypersensitivity reactions such as fever, urti-
caria, pruritic skin rashes, and eosinophilia can occur;
they may be due to death of the infecting parasites.
Raised liver enzyme values have been reported rarely. 
Most patients with neurocysticercosis who are given
praziquantel suffer CNS effects, including headache,
hyperthermia, seizures, and intracranial hypertension,
which are thought to result from an inflammatory re-
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sponse to dead and dying parasites in the CNS. Use
with corticosteroids is advised in such patients.
Effects on the gastrointestinal tract. Colicky abdominal
pain and bloody diarrhoea occurred in a small community in Za-
ire shortly after treatment for Schistosoma mansoni infection
with single oral doses of praziquantel 40 mg/kg.1 A similar syn-
drome has been reported in some patients with Schistosoma
japonicum infection given praziquantel.2 The abdominal pain
occurring in these patients was very different from the mild ab-
dominal discomfort much more commonly reported with prazi-
quantel therapy.
1. Polderman AM, et al. Side effects of praziquantel in the treat-

ment of Schistosoma mansoni in Maniema, Zaire. Trans R Soc
Trop Med Hyg 1984; 78: 752–4. 

2. Watt G, et al. Bloody diarrhoea after praziquantel therapy. Trans
R Soc Trop Med Hyg 1986; 80: 345–6.

Effects on the nervous system. Adverse nervous system ef-
fects are common in patients with neurocysticercosis given
praziquantel. Neurological symptoms have also been reported1

with the much lower doses of praziquantel used in the treatment
of taeniasis in a patient with undiagnosed neurocysticercosis.
1. Flisser A, et al. Neurological symptoms in occult neurocysticer-

cosis after single taenicidal dose of praziquantel. Lancet 1993;
342: 748.

Precautions
Praziquantel should not be used in patients with ocular
cysticercosis because of the risk of severe eye damage
resulting from destruction of the parasite. 
Patients should be warned that praziquantel may cause
dizziness or drowsiness and if affected they should not
drive or operate machinery during or for 24 hours after
treatment.
Breast feeding. Praziquantel is distributed into breast milk and
mothers should not breast feed during treatment or for 72 hours
thereafter.
Pregnancy. In a review of 637 women given praziquantel in a
mass distribution programme, 88 had had a single oral dose dur-
ing pregnancy, including 37 in their first trimester. All pregnan-
cies ended in full-term babies and there was no evidence of clin-
ical abnormality. No difference was found in the rates of preterm
delivery or abortion compared with a control group.1
1. Adam I,et al. Is praziquantel therapy safe during pregnancy?

Trans R Soc Trop Med Hyg 2004; 98: 540–3.

Interactions
Anthelmintics. For reference to plasma concentrations of the
active metabolite of albendazole being increased by praziquan-
tel, see p.139.
Antibacterials. A study1 in healthy subjects found that oral
rifampicin decreased plasma concentrations after single and mul-
tiple doses of oral praziquantel to subtherapeutic levels.
1. Ridtitid W, et al. Rifampin markedly decreases plasma concen-

trations of praziquantel in healthy volunteers. Clin Pharmacol
Ther 2002; 72: 505–13.

Antiepileptics. Carbamazepine and phenytoin have been re-
ported to reduce the bioavailability of praziquantel.1
1. Quinn DI, Day RO. Drug interactions of clinical importance: an

updated guide. Drug Safety 1995; 12: 393–452.

Antimalarials. Chloroquine has been reported to reduce the bi-
oavailability of praziquantel.1
1. Masimirembwa CM, et al. The effect of chloroquine on the phar-

macokinetics and metabolism of praziquantel in rats and in hu-
mans. Biopharm Drug Dispos 1994; 15: 33–43.

Corticosteroids. Corticosteroids may be used to reduce the in-
flammatory reactions that often occur within 2 to 3 days of start-
ing cysticidal therapy. However, use is complicated by the fact
that dexamethasone roughly halves the plasma concentration of
praziquantel. It has therefore been suggested that when praziqu-
antel is given in the 2-week treatment regimen, corticosteroids
should not be given prophylactically but only if an inflammatory
reaction develops. Dexamethasone is then given daily for 2 or 3
days and most of the treatment period will be free of pharmaco-
kinetic interaction. When the short course praziquantel regimen
is used (3 doses given 2 hours apart), the corticosteroid may be
given prophylactically. The first dose of dexamethasone is given
4 hours after the last dose of praziquantel (when the concentra-
tion of praziquantel is starting to decrease and the pharmacolog-
ical action is assumed to have been accomplished) and then daily
for 2 to 3 days. No pharmacokinetic interaction would be expect-
ed at this point.1
1. Sotelo J, Jung H. Pharmacokinetic optimisation of the treatment

of neurocysticercosis. Clin Pharmacokinet 1998; 34: 503–15.

Histamine H2-antagonists. Cimetidine has been reported to
increase praziquantel bioavailability.1,2

1. Metwally A, et al. Effect of cimetidine, bicarbonate and glucose
on the bioavailability of different formulations of praziquantel.
Arzneimittelforschung 1995; 45: 516–18. 

2. Jung H, et al. Pharmacokinetic study of praziquantel adminis-
tered alone and in combination with cimetidine in a single-day
therapeutic regimen. Antimicrob Agents Chemother 1997; 41:
1256–9.

Pharmacokinetics
Praziquantel is rapidly absorbed after oral doses; more
than 80% of a dose is reported to be absorbed. Peak
plasma concentrations occur 1 to 3 hours after a dose,
but there is a pronounced first-pass effect and praziqu-
antel undergoes rapid and extensive metabolism in the
liver, being hydroxylated to metabolites that are
thought to be inactive. It is distributed into the CSF.
The plasma elimination half-life of praziquantel is
about 1 to 1.5 hours and that of the metabolites about 4
hours. 
It is excreted in the urine, mainly as metabolites, about
80% of the dose being eliminated within 4 days and
more than 90% of this in the first 24 hours. 
Praziquantel is distributed into breast milk.
◊ References.
1. Leopold G, et al. Clinical pharmacology in normal volunteers of

praziquantel, a new drug against schistosomes and cestodes: an
example of a complex study covering both tolerance and phar-
macokinetics. Eur J Clin Pharmacol 1978; 14: 281–91. 

2. Bühring KU, et al. Metabolism of praziquantel in man. Eur J
Drug Metab Pharmacokinet 1978; 3: 179–90. 

3. Patzschke K, et al. Serum concentrations and renal excretion in
humans after oral administration of praziquantel—results of
three determination methods. Eur J Drug Metab Pharmacokinet
1979; 3: 149–56. 

4. Mandour M El M, et al. Pharmacokinetics of praziquantel in
healthy volunteers and patients with schistosomiasis. Trans R
Soc Trop Med Hyg 1990; 84: 389–93.

Uses and Administration
Praziquantel is an anthelmintic with a broad spectrum
of activity against trematodes (flukes) including all
species of Schistosoma pathogenic to man, and against
cestodes (tapeworms). It is used in the treatment of
cysticercosis, diphyllobothriasis, hymenolepiasis,
schistosomiasis, taeniasis, and intestinal, liver, and
lung fluke infections. For discussions of these infec-
tions and their treatment, see under Choice of An-
thelmintic, p.134, and under the individual headings
below. 
Praziquantel is given orally with food. 
In the treatment of schistosomiasis in adults and chil-
dren over 4 years it is given on one day as three doses
of 20 mg/kg at intervals of 4 to 6 hours or it is given as
a single dose of 40 to 60 mg/kg (but see below). 
Doses in adults and children over 4 years in the liver
fluke infections clonorchiasis and opisthorchiasis are
25 mg/kg three times daily for one or two days or a
single dose of 40 mg/kg. Similar doses may be used in
intestinal fluke and lung fluke infections (see below). 
Single doses of 5 to 25 mg/kg are used in adults and
children over 4 years in tapeworm infections. 
Praziquantel is used in adults and children over 4 years
in the treatment of neurocysticercosis in a dose of
50 mg/kg daily in 3 divided doses for 14 days. An al-
ternative regimen of 3 doses of 25 mg/kg every 2 hours
has been proposed.
◊ Reviews.
1. Pearson RD, Guerrant RL. Praziquantel: a major advance in an-

thelmintic therapy. Ann Intern Med 1983; 99: 195–8. Correction.
ibid.; 574. 

2. King CH, Mahmoud AAF. Drugs five years later: praziquantel.
Ann Intern Med 1989; 110: 290–6. 

3. Cioli D, Pica-Mattocia L. Praziquantel. Parasitol Res 2003; 90
(suppl 1): S3–S9.

Cysticercosis. Praziquantel is used in the treatment of neuro-
cysticercosis (p.135) although albendazole is also considered to
be the drug of choice. 
References.
1. Sotelo J, Jung H. Pharmacokinetic optimisation of the treatment

of neurocysticercosis. Clin Pharmacokinet 1998; 34: 503–15. 
2. Del Brutto OH, et al. Single-day praziquantel versus 1-week al-

bendazole for neurocysticercosis. Neurology 1999; 52: 1079–81. 
3. OH Del Brutto, et al. Meta-analysis: cysticidal drugs for neuro-

cysticercosis: albendazole and praziquantel. Ann Intern Med
2006; 145: 43–51.

Echinococcosis. Praziquantel may be used as an adjunct to sur-
gery in echinococcosis (p.136). Praziquantel has been reported to
possess a scolicidal effect in vitro against Echinococcus
granulosus1 and there has been a report of the successful treat-
ment of disseminated peritoneal hydatid disease with praziquan-
tel and surgery.2 In this case praziquantel was effective against

the small cysts; 2 large cysts were removed surgically, one before
praziquantel was started. However, activity in 9 other patients
given praziquantel was disappointing.3 A combination of prazi-
quantel with albendazole may be effective.4
1. Morris DL, et al. Protoscolicidal effect of praziquantel— in vitro

and electron microscopical studies on Echinococcus granulosus.
J Antimicrob Chemother 1986; 18: 687–91. 

2. Henriksen T-H, et al. Treatment of disseminated peritoneal hy-
datid disease with praziquantel. Lancet 1989; i: 272. 

3. Piens MA, et al. Praziquantel dans l’hydatidose humaine: évalu-
ation par traitement médical pré-opératoire. Bull Soc Pathol Exot
Filiales 1989; 82: 503–12. 

4. Ayles HM, et al. A combined medical and surgical approach to
hydatid disease: 12 years’ experience at the Hospital for Tropical
Diseases, London. Ann R Coll Surg Engl 2002; 84: 100–105.

Intestinal fluke infections. Praziquantel is used in the treat-
ment of intestinal fluke infections (p.136). In the treatment of fas-
ciolopsiasis, heterophyiasis, and metagonimiasis, the usual rec-
ommended dose is 25 mg/kg three times daily for one day.1
However, a single dose of 25 mg/kg has also been recommend-
ed.2 Single doses of 15 mg/kg, 25 mg/kg, or 40 mg/kg all yielded
a cure rate of 100% in a study in 72 primary-school children in
Thailand who were harbouring Fasciolopsis buski, suggesting
that a single dose of 15 mg/kg at bedtime might be tried.3 In an-
other study, 9 patients infected with the trematode Nanophyetus
salmincola were treated with praziquantel 20 mg/kg three times
daily for one day and were negative for eggs in their stools 2 to
12 weeks later,4 and this has become the usual recommended
dose.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. WHO. WHO model formulary. Geneva: WHO, 2004. 
3. Harinasuta T, et al. Efficacy of praziquantel on fasciolopsiasis.

Arzneimittelforschung 1984; 34: 1214–15. 
4. Fritsche TR, et al. Praziquantel for treatment of human Nano-

phyetus salmincola (Troglotrema salmincola) infection. J Infect
Dis 1989; 160: 896–9.

Liver fluke infections. Praziquantel is used in the treatment of
clonorchiasis and opisthorchiasis, and has also been used in the
treatment of fascioliasis (p.137) although in this latter infection
bithionol or triclabendazole are preferred. 
Various studies have shown praziquantel to be effective in
clonorchiasis1-4 and opisthorchiasis,5,6 although one study in
opisthorchiasis7 showed that re-infection was common despite
praziquantel therapy, particularly in those with heavy initial in-
fection. A study in Thailand8 confirmed that mass treatment for
opisthorchiasis with a single dose of praziquantel was beneficial,
although it was suggested that ideally treatment should be given
twice a year. 
While praziquantel is not the drug of choice for fascioliasis, there
has been a report9 of successful treatment of a patient with severe
infection. Subsequent studies10-12 have, however, shown prazi-
quantel to be of little benefit.
1. Soh C-J. Clonorchis sinensis: experimental and clinical studies

with praziquantel in Korea. Arzneimittelforschung 1984; 34:
1156–9. 

2. Chen C-Y, Hsieh W-C. Clonorchis sinensis: epidemiology in
Taiwan and clinical experience with praziquantel. Arzneimittel-
forschung 1984; 34: 1160–2. 

3. Kuang Q-H, et al. Clonorchiasis: treatment with praziquantel in
50 cases. Arzneimittelforschung 1984; 34: 1162–3. 

4. Lee S-H. Large scale treatment of clonorchis sinensis infections
with praziquantel under field conditions. Arzneimittelforschung
1984; 34: 1227–8. 

5. Bunnag D, et al. Opisthorchis viverrini: clinical experience with
praziquantel in hospital for tropical diseases. Arzneimittelforsc-
hung 1984; 34: 1173–4. 

6. Ambroise-Thomas P, et al. Therapeutic results in opisthorchia-
sis with praziquantel in a reinfection-free environment in
France. Arzneimittelforschung 1984; 34: 1177–9. 

7. Upatham ES, et al. Rate of re-infection by Opisthorchis viver-
rini in an endemic northeast Thai community after chemothera-
py. Int J Parasitol 1988; 18: 643–9. 

8. Pungpak S, et al. Opisthorchis viverrini infection in Thailand:
studies on the morbidity of the infection and resolution follow-
ing praziquantel treatment. Am J Trop Med Hyg 1997; 56:
311–14. 

9. Schiappacasse RH, et al. Successful treatment of severe infec-
tion with Fasciola hepatica with praziquantel. J Infect Dis 1985;
152: 1339–40. 

10. Farag HF, et al. A short note on praziquantel in human fascio-
liasis. J Trop Med Hyg 1986; 89: 79–80. 

11. Farid Z, et al. Unsuccessful use of praziquantel to treat acute
fascioliasis in children. J Infect Dis 1986; 154: 920–1. 

12. Farid Z, et al. Treatment of acute toxaemic fascioliasis. Trans R
Soc Trop Med Hyg 1988; 82: 299.

Lung fluke infections. Praziquantel is used in the treatment of
the lung fluke infection paragonimiasis (p.137). 
References.
1. Vanijanonta S, et al. Paragonimus heterotremus and other Para-

gonimus spp. in Thailand: pathogenesis clinic and treatment.
Arzneimittelforschung 1984; 34: 1186–8. 

2. Pachucki CT, et al. American paragonimiasis treated with prazi-
quantel. N Engl J Med 1984; 311: 582–3. 

3. De NV, et al. Epidemiology, symptoms and treatment of parag-
onimiasis in Sin Ho district, Lai Chau province, Vietnam. South-
east Asian J Trop Med Public Health 2000; 31 (suppl 1): 26–30.

Schistosomiasis. Praziquantel is the main drug1,2 used in the
treatment of schistosomiasis (p.138). It is effective against all
species of schistosomes.1 Doses are either 20 mg/kg given three
times in one day or a single dose of 40 mg/kg. WHO considers1

that in the field such a single-dose treatment will produce a cure
rate of 60 to 90% with a reduction in egg count in those not cured
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of 90 to 95%. Good as such results are, a single dose or one day’s
sole treatment should not be considered to be all that is required
to achieve a permanent cure or prevent re-infection, and any
treatment plan should be reassessed after 6 or 12 months.3,4 Such
an approach with annual screening and targeted chemotherapy
can provide, at least in some endemic areas, successful protec-
tion for children against intense infection and consequent hepatic
disease.4 
Several studies indicate that doses lower than those recommend-
ed above might be effective and in some control programmes
20 mg/kg might be enough for S. haematobium5-7 or 30 mg/kg
for S. mansoni.5 The extent to which low doses contribute to re-
sistance, as has been suggested with oxamniquine,8 is unclear,
but refractory infections have been reported. A 4-day treatment
course was needed to produce a complete cure in a patient who
relapsed twice following standard one-day treatment regimens.9
Hepatic impairment, specifically hepatic fibrosis, is a feature of
some schistosomal infections and patients with such liver in-
volvement have benefited from treatment with praziquantel.4,10

1. WHO. The control of schistosomiasis: second report of the
WHO expert committee. WHO Tech Rep Ser 830 1993. 

2. Doenhoff MJ, Pica-Mattocia L. Praziquantel for the treatment
of schistosomiasis: its use for control in areas with endemic dis-
ease and prospects for drug resistance. Expert Rev Anti Infect
Ther 2006; 4: 199–210. 

3. Anonymous. The chemotherapy of schistosomiasis control. Bull
WHO 1986; 64: 23–5. 

4. Anonymous. Mass treatment of schistosomiasis with praziquan-
tel. WHO Drug Inf 1988; 2: 184–5. 

5. Taylor P, et al. Efficacy of low doses of praziquantel for Schis-
tosoma mansoni and S. haematobium. J Trop Med Hyg 1988;
91: 13–17. 

6. King CH, et al. Dose-finding study for praziquantel therapy of
Schistosoma haematobium in Coast Province, Kenya. Am J
Trop Med Hyg 1989; 40: 507–13. 

7. Hatz C, et al. Ultrasound scanning for detecting morbidity due
to Schistosoma haematobium and its resolution following treat-
ment with different doses of praziquantel. Trans R Soc Trop Med
Hyg 1990; 84: 84–8. 

8. Coles GC, et al. Tolerance of Kenyan Schistosoma mansoni to
oxamniquine. Trans R Soc Trop Med Hyg 1987; 81: 782–5. 

9. Murray-Smith SQ, et al. A case of refractory schistosomiasis.
Med J Aust 1996; 165: 458. 

10. Zwingenberger K, et al. Praziquantel in the treatment of hepat-
osplenic schistosomiasis: biochemical disease markers indicate
deceleration of fibrogenesis and diminution of portal flow ob-
struction. Trans R Soc Trop Med Hyg 1990; 84: 252–6.

Taeniasis. Praziquantel is used in the treatment of taeniasis
(p.139). It has been studied in the mass control of taeniasis when
a single dose of 5 mg/kg was used.1 
Praziquantel is also effective against the larval form of Taenia
solium and is used to treat neurocysticercosis (see above).
1. Cruz M, et al. Operational studies on the control of Taenia so-

lium taeniasis/cysticercosis in Ecuador. Bull WHO 1989; 67:
401–7.

Preparations
USP 31: Praziquantel Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Prazitral; Austral.: Biltricide; Braz.: Cestox; Cisticid; Canad.: Biltri-
cide; Chile: Cesol; Cisticid; Fr.: Biltricide; Ger.: Biltricide; Cesol; Cysticide;
Gr.: Biltricide; Hong Kong: Biltricide; Israel: Biltricide; Mex.: Bio-Cest†;
Cesol; Cisticid; Extiser-Q†; Prozitel†; Tecprazin; Teniken; Zifartel; Neth.: Bil-
tricide; Rus.: Biltricid (Бильтрицид); S.Afr.: Biltricide; Cysticide; Thai.: My-
cotricide; Opticide; Praquantel; Prasikon; Prazite; Wormicide; USA: Biltri-
cide; Venez.: Cestox; Cisticid†.

Pyrantel Embonate (BANM, rINNM)

CP-10423-16; Embonato de pirantel; Pirantel Pamoat; Pirantel
Pamoate; Pirantelio embonatas; Pyranteeliembonaatti; Pyrantel,
embonate de; Pyrantel Pamoate (USAN); Pyrantelembonat; Pyr-
antel-embonát; Pyranteli embonas; Pyrantelu embonian. 1,4,5,6-
Tetrahydro-1-methyl-2-[(E)-2-(2-thienyl)vinyl]pyrimidine 4,4′-
methylenebis(3-hydroxy-2-naphthoate).

Пирантела Эмбонат

C11H14N2S,C23H16O6 = 594.7.

CAS — 15686-83-6 (pyrantel); 22204-24-6 (pyrantel em-
bonate); 33401-94-4 (pyrantel tartrate).

ATC — P02CC01.

(pyrantel)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Pyrantel Embonate). A pale yellow or yellow pow-
der. Practically insoluble in water and in methyl alcohol; soluble
in dimethyl sulfoxide. Protect from light. 
USP 31 (Pyrantel Pamoate). A yellow to tan solid. Practically
insoluble in water and in methyl alcohol; soluble in dimethyl sul-
foxide; slightly soluble in dimethylformamide. Protect from
light.

Adverse Effects and Precautions
The adverse effects of pyrantel embonate are generally
mild and transient. The most frequent are gastrointesti-
nal effects such as nausea and vomiting, anorexia, ab-
dominal pain, and diarrhoea. Other adverse effects re-
ported include headache, dizziness, drowsiness,
insomnia, skin rashes, and raised liver enzyme values. 

Pyrantel embonate should be used with caution in pa-
tients with hepatic impairment.

Interactions
The anthelmintic effects of both pyrantel and pipera-
zine may be antagonised when the two drugs are used
together.

Pharmacokinetics
Only a small proportion of a dose of pyrantel embonate
is absorbed from the gastrointestinal tract. Up to about
7% is excreted as unchanged drug and metabolites in
the urine but over half of the dose is excreted un-
changed in the faeces.

Uses and Administration
Pyrantel embonate is an anthelmintic effective against
intestinal nematodes including roundworms (Ascaris
lumbricoides), threadworms (Enterobius vermicula-
ris), and Trichostrongylus spp., the tissue nematode
Trichinella spiralis, and hookworms, although it is
possibly less effective against Necator americanus
hookworms than against Ancylostoma duodenale. Pyr-
antel embonate is one of the anthelmintics that may be
used in the treatment of infections with these worms, as
discussed under Choice of Anthelmintic, p.134. It ap-
pears to act by paralysing susceptible worms which are
then dislodged by peristaltic activity. 

Pyrantel is given orally as the embonate, but doses are
described in terms of the base. Pyrantel embonate 2.9 g
is equivalent to about 1 g of pyrantel. 

Single or mixed infections due to susceptible worms in
adults and children may be treated with the equivalent
of pyrantel 10 mg/kg as a single oral dose. Ascariasis
occurring alone may only require 5 mg/kg; a single
dose of 2.5 mg/kg given three or four times a year has
been used in mass treatment programmes. In necatoria-
sis, 10 mg/kg daily for 3 or 4 days or 20 mg/kg daily
for 2 days may be necessary. The response in enterobi-
asis may be improved by repeating the 10 mg/kg dose
after 2 to 4 weeks. In trichinosis, a dose of 10 mg/kg
daily for 5 days has been used. 

Pyrantel tartrate has been used as a veterinary an-
thelmintic.

Preparations

USP 31: Pyrantel Pamoate Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Aut†; Austral.: Anthel; Combantrin; Early Bird; Austria: Combantrin;
Braz.: Ascarical; Canad.: Combantrin; Jaa Pyral; Chile: Combantrin; Fr.:
Combantrin; Helmintox; Ger.: Helmex; Gr.: Combantrin†; Hong Kong:
Combantrin; Pyrantin; Pyrantrin†; India: Nemocid; Indon.: Combantrin;
Konvermex; Medicomtrin; Piraska; Proworm; Israel: Combantrin†; Ital.:
Combantrin; Mex.: Combantrin; Pirantrim; NZ: Combantrin; Philipp.:
Combantrin; Gelminthic; Port.: Combantrin; Vertel†; Rus.: Helmintox
(Гельминтокс); Nemocid (Немоцид); S.Afr.: Combantrin; Singapore:
Bearantel; Spain: Lombriareu; Trilombrin; Switz.: Cobantril; Thai.: Ban-
tel†; Pyrapam; Turk.: Kontil; USA: Antiminth†; Pin-Rid; Pin-X; Reese’s Pin-
worm; Venez.: Combantrin; Etimex†; Pamoval†; Pleosan†; Tamoa; Ten-
echa†.

Multi-ingredient: India: Mebex Plus; Indon.: Quantrel; Philipp.:
Quantrel; Venez.: Dualid; Quantrel.

Pyrvinium Embonate (rINNM)

Embonato de pirvinio; Pirvinyum Pamoat; Pyrvinii Embonas; Pyr-
vinium, Embonate de; Pyrvinium Pamoate (BAN); Viprynium Em-
bonate; Viprynium Pamoate. Bis{6-dimethylamino-2-[2-(2,5-
dimethyl-1-phenylpyrrol-3-yl)vinyl]-1-methylquinolinium} 4,4′-
methylenebis(3-hydroxy-2-naphthoate).

Пирвиния Эмбонат
C52H56N6,C23H14O6 = 1151.4.
CAS — 3546-41-6.
ATC — P02CX01.

Pharmacopoeias. In US. 
USP 31 (Pyrvinium Pamoate). A bright orange or orange-red to
practically black crystalline powder. Practically insoluble in wa-
ter and in ether; slightly soluble in chloroform and in methox-
yethanol; freely soluble in glacial acetic acid; very slightly solu-
ble in methyl alcohol. Store in airtight containers. Protect from
light.

Adverse Effects
Pyrvinium occasionally causes nausea, vomiting, abdominal
pain, and diarrhoea. Hypersensitivity reactions and photosensi-
tivity have been reported. Headache may occur. 
Pyrvinium stains the stools bright red and may stain clothing if
vomiting occurs.

Pharmacokinetics
Pyrvinium embonate is not significantly absorbed from the gas-
trointestinal tract.

Uses and Administration
Pyrvinium embonate is an effective anthelmintic in the treatment
of enterobiasis (p.136), but has generally been superseded by
other drugs. 
Pyrvinium is given as the embonate but doses are described in
terms of the base. Pyrvinium embonate 7.5 mg is equivalent to
about 5 mg of pyrvinium. 
It has been given orally in a single dose equivalent to pyrvinium
5 mg/kg, repeated after 2 to 3 weeks.
Preparations
USP 31: Pyrvinium Pamoate Oral Suspension; Pyrvinium Pamoate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Tru; Austria: Molevac; Braz.: Enterocid†; Pyr-Pam†; Pyverm; Ca-
nad.: Vanquin†; Denm.: Vanquin; Fin.: Pyrvin; Fr.: Povanyl; Ger.: Molevac;
Pyrcon; Norw.: Vanquin; Spain: Pamoxan; Swed.: Vanquin; Turk.: Pirok.

Rafoxanide (BAN, USAN, rINN)

MK-990; Rafoxanida; Rafoxanidum. 3′-Chloro-4′-(4-chlorophe-
noxy)-3,5-di-iodosalicylanilide.

Рафоксанид
C19H11Cl2I2NO3 = 626.0.
CAS — 22662-39-1.
ATC Vet — QP52AG05.

Profile
Rafoxanide is an anthelmintic used in veterinary medicine for the
treatment of fascioliasis in cattle and sheep.
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Santonin
Santoniini; Santonina; Santoninum. (3S,3aS,5aS,9bS)-3a,5,5a,9b-
Tetrahydro-3,5a,9-trimethylnaphtho[1,2-b]furan-2,8(3H,4H)-di-
one.
Сантонин
C15H18O3 = 246.3.
CAS — 481-06-1.

Pharmacopoeias. In Jpn.

Profile
Santonin is a crystalline lactone obtained from the dried unex-
panded flowerheads of Artemisia cina (santonica, wormwood)
and other species of Artemisia (Compositae). It was formerly
used as an anthelmintic in the treatment of roundworm (Ascaris)
infection, but has been superseded by other less toxic an-
thelmintics. 
It is used as a flavour in food.

Selamectin (USAN, rINN)

Selamectina; Sélamectine; Selamectinum; Selamektiini; Selamek-
tin; UK-124114. (2aE,4E,5′S,6S,6′S,7S,8E,11R,13R,15S,17aR,20aR,
20bS)-6′-Cyclohexyl-7-[(2,6-dideoxy-3-O-methyl-α-L-arabino-
hexopyranosyl)oxy]-3′,4′,5′,6,6′,7,10,11,14,15,20a,20b-dodec-
ahydro-20b-hydroxy-5′,6,8,19-tetramethylspiro(11,15-methano-
2H,13H,17H-furo[4,3,2-p,q][2,6]benzodioxacyclooctadecin-
13,2′-[2H]pyran)-17,20(17aH)-dione 20-oxime.
Селамектин
C43H63NO11 = 770.0.
CAS — 165108-07-6.
ATC Vet — QP54AA05.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Selamectin for Veterinary Use). A semi-synthetic
product derived from a fermentation product. A white or almost
white, hygroscopic powder. Practically insoluble in water; solu-
ble in acetone and in dichloromethane; freely soluble in isopro-
pyl alcohol; sparingly soluble in methyl alcohol. Store in airtight
containers.

Profile
Selamectin is an avermectin anthelmintic and ectoparasiticide
used in veterinary medicine.

Tetramisole Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de tetramisol; ICI-50627; McN-JR-8299-11; R-
8299; Tétramisole, Chlorhydrate de; Tetramisoli Hydrochlori-
dum. (±)-2,3,5,6-Tetrahydro-6-phenylimidazo[2,1-b]thiazole hy-
drochloride.
Тетрамизола Гидрохлорид
C11H12N2S,HCl = 240.8.
CAS — 5036-02-2 (tetramisole); 5086-74-8 (tetramisole
hydrochloride).

(tetramisole)

Pharmacopoeias. In Fr. for veterinary use only.

Profile
Tetramisole hydrochloride is an anthelmintic used in veterinary
medicine for the control of nematode infections. It is a racemic
mixture and the laevo-isomer, levamisole hydrochloride (p.147),
accounts for most of its activity.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Ascarizole†; Tetramizotil†.
Multi-ingredient: India: Jetomisol-P.

Thiacetarsamide (rINNM)

Thiacétarsamide; Thiacetarsamidum; Tiacetarsamida. p-[Bis(car-
boxymethylmercapto)arsino]benzamide; 4-Carbamylphenyl
bis[carboxymethylthio]arsenite.
Тиацетарсамид
C11H12AsNO5S2 = 377.3.
CAS — 531-72-6.
ATC Vet — QP52AX08.

Profile
Thiacetarsamide is an anthelmintic used in veterinary medicine.

Thiophanate (BAN)

Tiofanato. 4,4′-o-Phenylenebis(ethyl 3-thioallophanate).
C14H18N4O4S2 = 370.4.
CAS — 23564-06-9.
ATC Vet — QP52AC04.

Profile
Thiophanate is an anthelmintic used in veterinary medicine for
the control of nematode infections.

Tiabendazole (BAN, rINN)

E233; MK-360; Thiabendazole (USAN); Tiabendatsoli; Tiabenda-
zol; Tiabendazolas; Tiabendazolum. 2-(Thiazol-4-yl)-1H-benzim-
idazole.
Тиабендазол
C10H7N3S = 201.2.
CAS — 148-79-8.
ATC — D01AC06; P02CA02.
ATC Vet — QD01AC06; QP52AC10.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Tiabendazole). A white or almost white crystalline
powder. Practically insoluble in water; slightly soluble in alcohol
and in dichloromethane; it dissolves in dilute mineral acids. Pro-
tect from light. 
USP 31 (Thiabendazole ). A white to practically white, odour-
less or practically odourless, powder. Practically insoluble in wa-
ter; slightly soluble in alcohol and in acetone; very slightly solu-
ble in chloroform and in ether.

Adverse Effects
Dizziness and gastrointestinal disturbances, especially
anorexia, nausea and vomiting, diarrhoea, and abdom-

inal pain are common during treatment with tiabenda-
zole. Other adverse effects occurring occasionally in-
clude pruritus, skin rashes, headache, fatigue,
drowsiness, drying of mucous membranes, hypergly-
caemia, disturbance of vision including colour vision,
leucopenia, tinnitus, effects on the liver including
cholestasis and parenchymal damage (in some cases
severe and irreversible), enuresis, crystalluria, and
bradycardia and hypotension. There have also been re-
ports of erythema multiforme, fatal Stevens-Johnson
syndrome, toxic epidermal necrolysis, convulsions,
and effects on mental state. 
Fever, chills, angioedema, and lymphadenopathy have
been reported, but may represent allergic response to
dead parasites rather than to tiabendazole. 
The urine of some patients taking tiabendazole may
have a characteristic odour similar to that after eating
asparagus; it is attributed to the presence of a tiabenda-
zole metabolite.
Effects on the salivary glands. Dry mouth with swollen pa-
rotid and salivary glands suggestive of the sicca complex preced-
ed the development of cholestatic jaundice in a 17-year-old boy
given tiabendazole.1
1. Davidson RN, et al. Intrahepatic cholestasis after thiabendazole.

Trans R Soc Trop Med Hyg 1988; 82: 620.

Hypersensitivity. Severe erythema multiforme developed in a
patient 16 days after a course of tiabendazole.1 Many of the le-
sions encircled pre-existing melanocytic naevi.
1. Humphreys F, Cox NH. Thiabendazole-induced erythema multi-

forme with lesions around melanocytic naevi. Br J Dermatol
1988; 118: 855–6.

Precautions
Tiabendazole should be used with caution in patients
with hepatic or renal impairment. Tiabendazole causes
drowsiness in some patients and those affected should
not drive or operate machinery. 
Tiabendazole should not be used in mixed worm infec-
tions involving Ascaris lumbricoides as it can cause
these roundworms to migrate; live roundworms have
emerged through the mouth or nose.
Pregnancy. Tiabendazole is teratogenic in mice although there
are no adequate and well controlled studies in human pregnancy.
Renal impairment. Tiabendazole and its 5-hydroxy metabo-
lite did not accumulate in an anephric patient on haemodialysis
and haemoperfusion who was treated for severe strongyloidia-
sis.1 However, the potentially toxic conjugated glucuronide and
sulfate metabolites did accumulate. The clearance of all 3 metab-
olites was poor by haemodialysis; haemoperfusion was much
more efficient, although for rapid removal the haemoperfusion
columns should be changed every hour.
1. Bauer L, et al. The pharmacokinetics of thiabendazole and its

metabolites in an anephric patient undergoing hemodialysis and
hemoperfusion. J Clin Pharmacol 1982; 22: 276–80.

Interactions
Xanthines. For the effect of tiabendazole on serum concentra-
tions of theophylline, see p.1145.

Pharmacokinetics
Tiabendazole is readily absorbed from the gastrointes-
tinal tract and reaches peak concentrations in the plas-
ma after 1 to 2 hours. It is metabolised to 5-hydroxythi-
abendazole and excreted principally in the urine as
glucuronide or sulfate conjugates; about 90% is recov-
ered in the urine within 48 hours of ingestion, but only
5% in the faeces. Absorption may occur from prepara-
tions applied to the skin or eyes.
◊ References.
1. Tocco DJ, et al. Absorption, metabolism, and excretion of thia-

bendazole in man and laboratory animals. Toxicol Appl Pharma-
col 1966; 9: 31–9.

Uses and Administration
Tiabendazole, a benzimidazole derivative, is an an-
thelmintic with activity against most nematode worms;
activity against some larval stages and ova has also
been demonstrated. The mode of action is not certain,
but tiabendazole may inhibit the fumarate-reductase
system of worms thereby interfering with their source
of energy. 
Tiabendazole is used in the treatment of cutaneous lar-
va migrans, dracunculiasis (guinea worm infection),
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

and toxocariasis. It may also be used in the treatment of
strongyloidiasis, and can provide symptomatic relief
during the larval invasion stage of trichinosis. Tiaben-
dazole is also active against some intestinal nematodes,
but should not be used as primary therapy; the treat-
ment of mixed infections including ascariasis is not
recommended since tiabendazole may cause the
worms to migrate to other body organs causing serious
complications. For discussions of the treatment of the
above infections see under Choice of Anthelmintic,
p.134, and under the individual headings below. 
Tiabendazole is given orally, with meals, usually in a
dose of 25 mg/kg twice daily for 2 or more days, the
duration depending on the type of infection; the daily
dose should not exceed 3 g. For those unable to tolerate
2 doses daily, 25 mg/kg may be given after the largest
meal on day 1 and repeated 24 hours later after a simi-
lar meal on day 2. For mass treatment, a single dose of
50 mg/kg after the evening meal is suggested although
the incidence of adverse effects may be higher than
with 2 doses of 25 mg/kg. 
In cutaneous larva migrans, 25 mg/kg may be given
twice daily for 2 days, repeated after 2 days if neces-
sary; topical treatment with a 10 to 15% suspension in-
tended for oral use has also been advocated as an alter-
native or adjunct to oral treatment. 
In dracunculiasis, 25 to 50 mg/kg may be given twice
daily for one day; in massive infection a further
50 mg/kg may be given after 5 to 8 days. 
In strongyloidiasis, 25 mg/kg may be given twice daily
for 2 or 3 days or 50 mg/kg as a single dose; when the
infection is disseminated treatment for at least 5 days
may be necessary. 
In trichinosis, 25 mg/kg may be given twice daily for 2
to 4 successive days. 
In toxocariasis, 25 mg/kg may be given twice daily for
5 to 7 days. 
Tiabendazole also has some antifungal activity. It is
used as a fungicidal preservative for certain foods.

Dracunculiasis. Tiabendazole1,2 may be used for symptomatic
treatment of dracunculiasis (p.136), although it has no direct an-
thelmintic effect. It is used to facilitate removal of the worm from
subcutaneous tissues.
1. Muller R. Guinea worm disease: epidemiology, control, and

treatment. Bull WHO 1979; 57: 683–9. 
2. Kale OO, et al. Controlled comparative trial of thiabendazole

and metronidazole in the treatment of dracontiasis. Ann Trop
Med Parasitol 1983; 77: 151–7.

Strongyloidiasis. Tiabendazole may be used in the treatment of
strongyloidiasis (p.138), but albendazole or ivermectin are gen-
erally preferred. 
References.
1. Grove DI. Treatment of strongyloidiasis with thiabendazole: an

analysis of toxicity and effectiveness. Trans R Soc Trop Med Hyg
1982; 76: 114–18. 

2. Barnish G, Barker J. An intervention study using thiabendazole
suspension against strongyloides fuelleborni-like infections in
Papua New Guinea. Trans R Soc Trop Med Hyg 1987; 81: 60–3. 

3. Boken DJ, et al. Treatment of Strongyloides stercoralis hyperin-
fection syndrome with thiabendazole administered per rectum.
Clin Infect Dis 1993; 16: 123–6. 

4. Gann PH, et al. A randomized trial of single- and two-dose iver-
mectin versus thiabendazole for treatment of strongyloidiasis. J
Infect Dis 1994; 169: 1076–9. 

5. Pitisuttithum P, et al. A randomized comparative study of alben-
dazole and thiabendazole in chronic strongyloidiasis. Southeast
Asian J Trop Med Public Health 1995; 26: 735–8. 

6. Schaffel R, et al. Thiabendazole for the treatment of strongyloi-
diasis in patients with hematologic malignancies. Clin Infect Dis
2000; 31: 821–2.

Syngamosis. Tiabendazole has been used successfully1,2 to
treat syngamosis (p.138) when it has occurred in man.
1. Grell GAC, et al. Syngamus in a West Indian. BMJ 1978; 2:

1464. 
2. Leers W-D, et al. Syngamosis, an unusual case of asthma: the

first reported case in Canada. Can Med Assoc J 1985; 132:
269–70.

Preparations
BP 2008: Tiabendazole Tablets; 
USP 31: Thiabendazole Oral Suspension; Thiabendazole Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Foldan; Austral.: Mintezol; Braz.: Benzol†; Foldan; Thiaben†; Thi-
anax; Tiabenzol†; Tiadol; Tiaplex; Chile: Soldrin; Gr.: Mintezol; Mex.:
Eprofil; Spain: Triasox†; USA: Mintezol; Venez.: Drofen†.
Multi-ingredient: Braz.: Derms; Eraverm-T†; Folderm Pomada; For-
verm; Helmi-Ped†; Helmib†; Helmiben; Helmidrax†; Josverm†; Metiaben†;
Micoplex; Neovermin; Octelmin†; Poliben†; Profium; Prohelmin†; Thiabe-
na†; Vermilen Composto†; Vermol†; Zoles†.

Triclabendazole (BAN, rINN)

Triclabendazol; Triclabendazolum. 5-Chloro-6-(2,3-dichlorophe-
noxy)-2-(methylthio)benzimidazole.
Триклабендазол
C14H9Cl3N2OS = 359.7.
CAS — 68786-66-3.
ATC — P02BX04.
ATC Vet — QP52AC01.

Profile
Triclabendazole is a benzimidazole anthelmintic used in veteri-
nary medicine for the treatment of fascioliasis. It is also increas-

ingly being used in the treatment of human fascioliasis, and is
under investigation for the treatment of human paragonimiasis.

Liver fluke infections. Although bithionol or praziquantel are
used to treat fascioliasis (p.137), some consider triclabendazole
to be the drug of choice.1 A suggested oral dose is 10 mg/kg,
given as a single dose after food; the dose may be repeated once.1
Several studies2-7 have demonstrated the efficacy of triclabenda-
zole in fascioliasis.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. Apt W, et al. Treatment of human chronic fascioliasis with tricla-

bendazole: drug efficacy and serologic response. Am J Trop Med
Hyg 1995; 52: 532–5. 

3. El-Karaksy H, et al. Human fascioliasis in Egyptian children:
successful treatment with triclabendazole. J Trop Pediatr 1999;
45: 135–8. 

4. Millán JC, et al. The efficacy and tolerability of triclabendazole
in Cuban patients with latent and chronic Fasciola hepatica in-
fection. Am J Trop Med Hyg 2000; 63: 264–9. 

5. Graham CS, et al. Imported Fasciola hepatica infection in the
United States and treatment with triclabendazole. Clin Infect Dis
2001; 33: 1–5. 

6. Talaie H, et al. Randomized trial of a single, double and triple
dose of 10 mg/kg of a human formulation of triclabendazole in
patients with fascioliasis. Clin Exp Pharmacol Physiol 2004; 31:
777–82. 

7. Marcos LA, et al. Natural history, clinicoradiologic correlates,
and response to triclabendazole in acute massive fascioliasis. Am
J Trop Med Hyg 2008; 78: 222–7.

Lung fluke infections. Encouraging results were reported
from a pilot study of triclabendazole1 in the treatment of para-
gonimiasis (p.137). In an open comparative study2 in 62 patients,
a more rapid parasitological response was obtained with tricla-
bendazole in oral doses of 5 mg/kg once daily for 3 days,
10 mg/kg twice on one day, or 10 mg/kg as a single dose, than
with praziquantel. Clinical symptoms resolved at a comparable
rate in all groups. A later study compared the two one-day regi-
mens in 154 patients.3 After 3 months, the cure rates (assessed by
clearance of eggs from sputum) were 84.4% in those given a
single dose of 10 mg/kg, and 90.9% in those given two such dos-
es on the same day. In those who were still infected at 3 months,
a second two-dose course resulted in complete parasitological
clearance at 1 year.
1. Ripert C, et al. Therapeutic effect of triclabendazole in patients

with paragonimiasis in Cameroon: a pilot study. Trans R Soc
Trop Med Hyg 1992; 86: 417. 

2. Calvopiña M, et al. Treatment of human pulmonary paragonim-
iasis with triclabendazole: clinical tolerance and drug efficacy.
Trans R Soc Trop Med Hyg 1998; 92: 566–9. 

3. Calvopiña M, et al. Comparison of two single-day regimens of
triclabendazole for the treatment of human pulmonary parag-
onimiasis. Trans R Soc Trop Med Hyg 2003; 97: 451–4.
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This chapter includes antimicrobial drugs whose main
use is the treatment and prophylaxis of bacterial infec-
tions. In practice the term ‘antibiotics’ is often, and in
some instances erroneously, used to encompass all of
these drugs. In Martindale the term antibacterial is pre-
ferred for the drugs in this chapter. The groups into
which these drugs may be categorised are described
below. Antibacterials described elsewhere in Martin-
dale include metronidazole (p.837), nitazoxanide
(p.842), and tinidazole (p.848), which, as well as being
antiprotozoals, are used in the treatment of anaerobic
bacterial infections. 

Immunological approaches to the treatment and proph-
ylaxis of bacterial infections are discussed under Vac-
cines Immunoglobulins and Antisera, p.2201. 

In addition, disinfectants and preservatives (p.1622) are
used to kill or inhibit the growth of micro-organisms.

Drug Groups
Although antibacterials are very diverse compounds
they are often classified and discussed in groups. They
may be classified according to their mode of action or
spectrum of antimicrobial activity, but generally those
with similar chemical structures are grouped together.

Aminoglycosides
The aminoglycosides are a closely related group of bacte-
ricidal antibacterials derived from bacteria of the order Ac-
tinomycetales or, more specifically, the genus Strepto-
myces (framycetin, kanamycin, neomycin, paromomycin,
streptomycin, and tobramycin) and the genus Micromono-
spora (gentamicin and sisomicin). They are polycationic
compounds that contain an aminocyclitol, usually 2-de-
oxystreptamine, or streptidine in streptomycin and related
compounds, with cyclic amino-sugars attached by glyco-
sidic linkages. Therefore, they have also been termed
aminoglycosidic aminocyclitols. The sulfate salts are gen-
erally used. 
The aminoglycosides have broadly similar toxicological
features. Ototoxicity is a major limitation to their use;
streptomycin and gentamicin are generally considered to
be more toxic to the vestibular branch of the eighth cranial

nerve and neomycin and kanamycin to be more toxic to the
auditory branch. Other adverse effects common to the
group include nephrotoxicity, neuromuscular blockade,
and allergy, including cross-reactivity. 

The pharmacokinetics of the aminoglycosides are very
similar. Little is absorbed from the gastrointestinal tract
but they are generally well distributed in the body after
parenteral dosage although penetration into the CSF is
poor. They are excreted unchanged in the urine by glomer-
ular filtration. 

The aminoglycosides have a similar antimicrobial spec-
trum and appear to act by interfering with bacterial protein
synthesis, possibly by binding irreversibly to the 30S and
to some extent the 50S portions of the bacterial ribosome.
The manner in which they bring about cell death is not ful-
ly understood. They are most active against Gram-nega-
tive rods. Staphylococcus aureus is susceptible to the
aminoglycosides but otherwise most Gram-positive bacte-
ria, and also anaerobic bacteria, are naturally resistant.
Aminoglycosides show enhanced activity with penicillins
against some enterococci and streptococci. Bacterial re-
sistance to streptomycin may occur by mutation, whereas
with the other aminoglycosides it is usually associated
with the plasmid-mediated production of inactivating en-
zymes which are capable of phosphorylation, acetylation,
or adenylation. The aminoglycosides have a postantibiotic
effect, that is antibacterial activity persisting after concen-
trations have dropped below minimum inhibitory concen-
trations. 

Streptomycin was the first aminoglycoside to become
available commercially and was isolated from a strain of
Streptomyces griseus in 1944. Its use is now restricted
mainly to the treatment of tuberculosis when it is always
given with other antituberculous drugs because of the rap-
id development of resistance. Dihydrostreptomycin, a re-
duction product of streptomycin, is only rarely used be-
cause of its toxicity. The neomycin complex of
antibacterials were the next to be isolated; neomycin itself
is mainly a mixture of the B and C isomers and neomycin
B is considered to be identical with framycetin. Because of
their toxicity they are not given systemically. The related
compound paromomycin (p.843) also has antiprotozoal
and anthelmintic properties and may be used in the treat-
ment of intestinal amoebiasis, cestode infections, crypto-
sporidiosis, and leishmaniasis. Kanamycin is less toxic

than neomycin and can be used systemically. Although it
has been used in penicillin-resistant gonorrhoea, it is not
active against Pseudomonas aeruginosa and has generally
been replaced by gentamicin and other newer aminoglyco-
sides. 

Gentamicin was isolated from Micromonospora purpurea
in 1963 and, being active against Ps. aeruginosa and Ser-
ratia marcescens, is widely used in the treatment of life-
threatening infections. Tobramycin is one of several com-
ponents of the nebramycin complex of aminoglycosides
produced by Streptomyces tenebrarius. It has an antimi-
crobial spectrum very similar to that of gentamicin and is
reported to be more active against Ps. aeruginosa. Ami-
kacin, a semisynthetic derivative of kanamycin, has a side-
chain rendering it less susceptible to inactivating enzymes.
It has a spectrum of activity like that of gentamicin but
Gram-negative bacteria resistant to gentamicin, tobramy-
cin, and kanamycin are often sensitive. Sisomicin is close-
ly related structurally to gentamicin. Netilmicin, the N-
ethyl derivative of sisomicin, may be active against some
gentamicin-resistant strains of bacteria although not to the
same extent as amikacin. Other aminoglycosides include
apramycin, arbekacin, astromicin, bekanamycin,
dibekacin, etimicin, isepamicin, and micronomicin. 

Aminoglycosides should in general only be used for the
treatment of serious infections because of their potential
toxicity and antimicrobial spectrum. Doses must be care-
fully regulated to maintain plasma concentrations within
the therapeutic range but avoid accumulation, especially in
patients with renal impairment. Neomycin and framycetin,
which are considered too toxic to be given parenterally,
have been given orally to suppress the intestinal flora. The
topical use of neomycin and gentamicin has been associat-
ed with allergic reactions and the emergence of resistant
bacteria. Gentamicin or tobramycin are the drugs of choice
in the treatment of life-threatening infections due to
aminoglycoside-sensitive organisms and are often used
with other antibacterials. With the continuing emergence
of resistant strains, amikacin and netilmicin should be re-
served for severe infections resistant to gentamicin and the
other aminoglycosides.

Drug Groups, p.158 
Aminoglycosides, p.158 
Antimycobacterials, p.159 
Cephalosporins and related beta lactams, p.159 
Chloramphenicols, p.159 
Glycopeptides, p.160 
Lincosamides, p.160 
Macrolides, p.160 
Penicillins, p.160 
Quinolones, p.161 
Sulfonamides and diaminopyrimidines, p.161 
Tetracyclines, p.162 
Miscellaneous Antibacterials, p.162 

Choice of Antibacterial, p.162 
Abscess, abdominal, p.162 
Abscess, brain, p.162 
Abscess, liver, p.162 
Abscess, lung, p.163 
Actinomycosis, p.163 
Anaerobic bacterial infections, p.163 
Anthrax, p.163 
Antibiotic-associated colitis, p.164 
Arthritis, bacterial, p.164 
Bacillary angiomatosis, p.164 
Bacterial vaginosis, p.164 
Biliary-tract infections, p.164 
Bites and stings, p.164 
Bone and joint infections, p.164 
Botulism, p.165 
Bronchitis, p.165 
Brucellosis, p.165 
Campylobacter enteritis, p.166 
Cat scratch disease, p.166 
Cellulitis, p.166 
Cervicitis, p.166 
Chancroid, p.166 
Chlamydial infections, p.166 
Cholera and other vibrio infections, p.166 
Cystic fibrosis, p.166 
Diarrhoea, infective, p.168 
Diphtheria, p.168 
Ear infections, p.168 
Ehrlichiosis, p.168 
Endocarditis, p.168 
Endometritis, p.170 
Enterococcal infections, p.170 
Epididymitis, p.170 
Epiglottitis, p.170 

Escherichia coli enteritis, p.170 
Eye infections, p.171 
Gas gangrene, p.171 
Gastro-enteritis, p.171 

Antibiotic-associated colitis, p.171 
Campylobacter enteritis, p.172 
Cholera and other vibrio infections, p.172 
Escherichia coli enteritis, p.173 
Necrotising enterocolitis, p.173 
Salmonella enteritis, p.173 
Shigellosis, p.173 
Yersinia enteritis, p.174 

Gonorrhoea, p.174 
Granuloma inguinale, p.174 
Haemophilus influenzae infections, p.174 
Helicobacter pylori infections, p.174 
Infections in immunocompromised patients, p.174 
Intensive care, p.175 
Legionnaires’ disease, p.176 
Leprosy, p.176 
Leptospirosis, p.177 
Listeriosis, p.177 
Lyme disease, p.177 
Lymphogranuloma venereum, p.178 
Melioidosis, p.178 
Meningitis, p.178 
Meningococcal infections, p.179 
Mouth infections, p.180 
Mycetoma, p.180 
Necrotising enterocolitis, p.180 
Necrotising fasciitis, p.180 
Neonatal conjunctivitis, p.180 
Nocardiosis, p.181 
Nontuberculous mycobacterial infections, p.181 
Obstetric disorders, p.182 
Osteomyelitis, p.182 
Otitis externa, p.182 
Otitis media, p.182 
Pancreatitis, p.183 
Pelvic inflammatory disease, p.184 
Peptic ulcer disease, p.184 
Perinatal streptococcal infections, p.184 
Peritonitis, p.184 
Pertussis, p.185 
Pharyngitis, p.185 
Pinta, p.186 
Plague, p.186 
Pneumonia, p.186 

Pregnancy and the neonate, p.188 
Premature labour, p.188 
Proctitis, p.188 
Prostatitis, p.188 
Psittacosis, p.188 
Q fever, p.188 
Relapsing fever, p.189 
Respiratory-tract infections, p.189 
Rheumatic fever, p.189 
Rickettsial infections, p.190 
Salmonella enteritis, p.190 
Salpingitis, p.190 
Septicaemia, p.190 
Sexually transmitted diseases, p.191 

Chancroid, p.191 
Gonorrhoea, p.191 
Granuloma inguinale, p.192 
Lymphogranuloma venereum, p.192 
Syphilis, p.192 

Shigellosis, p.193 
Sickle-cell disease, p.193 
Sinusitis, p.193 
Skin infections, p.194 
Spleen disorders, p.194 
Spotted fevers, p.194 
Staphylococcal infections, p.195 
Surgical infection, p.195 
Syphilis, p.196 
Tetanus, p.196 
Tonsillitis, p.196 
Toxic shock syndrome, p.196 
Trachoma, p.196 
Trench fever, p.196 
Tuberculosis, p.196 
Tularaemia, p.198 
Typhoid and paratyphoid fever, p.198 
Typhus, p.198 
Urethritis, p.199 
Urinary-tract infections, p.199 

Catheter-related, p.199 
The elderly, p.199 
Infants and children, p.199 
Men, p.199 
Pregnancy, p.199 
Women, p.200 

Whipple’s disease, p.200 
Yaws, p.200 
Yersinia enteritis, p.200
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Described in this chapter are
Amikacin, p.200 Gentamicin, p.282 
Apramycin, p.205 Isepamicin, p.288 
Arbekacin, p.206 Kanamycin, p.291 
Astromicin, p.206 Micronomicin, p.300 
Bekanamycin, p.211 Neomycin, p.305 
Dibekacin, p.265 Netilmicin, p.306 
Dihydrostreptomycin, Sisomicin, p.332 

p.266 Streptomycin, p.333 
Etimicin, p.276 Tobramycin, p.354 
Framycetin, p.279

Antimycobacterials
The antimycobacterials are a miscellaneous group of anti-
bacterials whose spectrum of activity includes Mycobacte-
rium spp. and which are used in the treatment of tubercu-
losis, leprosy, and other mycobacterial infections. They
include the rifamycins, also known as ansamycins or rifo-
mycins, a group of antibacterials isolated from a strain of
Amycolatopsis mediterranei (Nocardia mediterranei;
Streptomyces mediterranei). The main antibacterial in this
group, rifampicin, is a mainstay of regimens for the treat-
ment of tuberculosis and leprosy, and is increasingly being
used for other infections. The related drug rifabutin is also
used in mycobacterial disease, especially nontuberculous
mycobacterial infections due to Mycobacterium avium
complex (MAC). Other rifamycins described in this chap-
ter include rifapentine, rifaximin which is poorly absorbed
and is mainly used for a local effect on the gastrointestinal
tract, and rifamycin sodium, a rifamycin rarely used as it
has been superseded by more effective drugs. 

Another antimycobacterial widely used for tuberculosis is
isoniazid, a derivative of isonicotinic acid; it is invariably
used with other drugs to avoid or delay emergence of re-
sistance. Pyrazinamide, a nicotinamide derivative, is also
an important component of regimens for tuberculosis,
while ethambutol and the aminoglycoside streptomycin
are added when resistance to first-line drugs is likely. The
thiosemicarbazone derivative thioacetazone is now less
widely used in tuberculosis because of its toxicity and be-
cause more effective drugs are available, but is sometimes
used in developing countries. Other drugs that have been
used to treat tuberculosis including aminosalicylic acid
and its salts, capreomycin, cycloserine, ethionamide, pro-
tionamide, and kanamycin are regarded as secondary
drugs and are reserved for patients in whom resistance or
toxicity to first-line drugs is a problem. 

The sulfones have been used since the 1940s in the treat-
ment of leprosy, but the only one widely used now is dap-
sone, an important component of multidrug regimens. Its
action is thought to involve inhibition of folate metabo-
lism, similarly to the sulfonamides, and dapsone is also
used for the prophylaxis of malaria and for prophylaxis
and treatment of pneumocystis pneumonia. Also impor-
tant in the treatment of leprosy is the phenazine dye clofaz-
imine. Additionally, it has a role in the treatment of type 2
lepra reactions and has been used in other mycobacterial
infections. The thioamides ethionamide and protionamide
have been used in the treatment of leprosy and tuberculo-
sis, but have generally been replaced by less toxic drugs,
for example clarithromycin, ofloxacin, minocycline, or pe-
floxacin, in alternative antileprotic regimens.

Described in this chapter are
Aminosalicylic Acid, Methaniazide, p.298 

p.201 Morinamide, p.302 
Capreomycin, p.215 Protionamide, p.320 
Clofazimine, p.254 Pyrazinamide, p.320 
Cycloserine, p.260 Rifabutin, p.323 
Dapsone, p.261 Rifampicin, p.325 
Ethambutol, p.274 Rifamycin, p.329 
Ethionamide, p.275 Rifapentine, p.329 
Ftivazide, p.279 Rifaximin, p.330 
Isoniazid, p.288 Thioacetazone, p.351

Cephalosporins and related beta lactams
The cephalosporins or cephem antibacterials are semisyn-
thetic antibacterials derived from cephalosporin C, a natu-
ral antibacterial produced by the mould Cephalosporium
acremonium. The active nucleus, 7-aminocephalosporanic
acid, is very closely related to the penicillin nucleus, 6-
aminopenicillanic acid, and consists of a beta-lactam ring
fused with a 6-membered dihydrothiazine ring and having
an acetoxymethyl group at position 3. Cephalosporin C
has a side-chain at position 7 derived from D-α-aminoadi-
pic acid. Chemical modification of positions 3 and 7 has
resulted in a series of drugs with different characteristics.

Substitution at the 7-amino group tends to affect antibacte-
rial action whereas at position 3 it may have more of an
effect on pharmacokinetic properties. 

The cephalosporins are bactericidal and, like the penicil-
lins, they act by inhibiting synthesis of the bacterial cell
wall. The most widely used system of classification of ce-
phalosporins is by generations and is based on the general
features of their antibacterial activity, but may depend to
some extent on when they were introduced. Succeeding
generations generally have increasing activity against
Gram-negative bacteria. Cefalotin was one of the first ce-
phalosporins to become available and is representative of
the first-generation cephalosporins. It has good activity
against a wide spectrum of Gram-positive bacteria includ-
ing penicillinase-producing, but not meticillin-resistant,
staphylococci; enterococci are, however, resistant. Its ac-
tivity against Gram-negative bacteria is modest. Cefalotin
is not absorbed from the gastrointestinal tract and must be
given parenterally although intramuscular dosage is pain-
ful. Cefalotin has generally been replaced by cefazolin or
cefradine. Cefaloridine is now rarely used because of its
nephrotoxicity. Cefradine is absorbed from the gastroin-
testinal tract and can be given both orally and by injection.
Cefadroxil, cefatrizine, and cefalexin are all given orally.
All of these drugs have a very similar spectrum of antimi-
crobial activity to cefalotin. Cefaclor is also given orally. It
has similar activity to cefalotin against Gram-positive coc-
ci, but because of its greater activity against Gram-nega-
tive bacteria, particularly Haemophilus influenzae, it is of-
ten classified as a second-generation drug. Cefprozil is an
oral cephalosporin with a longer half-life than cefaclor. 

Cefamandole was the first available second-generation
cephalosporin. It has similar or slightly less activity than
cefalotin against Gram-positive bacteria, but greater stabil-
ity to hydrolysis by beta lactamases produced by Gram-
negative bacteria and enhanced activity against many of
the Enterobacteriaceae and Haemophilus influenzae. It is
given parenterally. Cefuroxime has a similar spectrum of
activity to cefamandole although it is even more resistant
to hydrolysis by beta lactamases. It is given parenterally
but, cefuroxime axetil, the acetoxyethyl ester of cefuroxi-
me, is given orally. Other drugs classified as second-gen-
eration cephalosporins and given parenterally include ce-
fonicid, ceforanide, and cefotiam; these all have spectra of
activity similar to cefamandole. Cephamycins (see below)
are also classified with second-generation cephalosporins. 

The third-generation cephalosporins, sometimes referred
to as extended-spectrum cephalosporins, are even more
stable to hydrolysis by beta lactamases than cefamandole
and cefuroxime. Compared with the earlier generations of
cephalosporins they have a wider spectrum and greater po-
tency of activity against Gram-negative organisms, includ-
ing most clinically important Enterobacteriaceae. Their
activity against Gram-positive organisms is said to be less
than that of the first-generation drugs, but they are very
active against streptococci. Cefotaxime was the first of this
group to become available and it has relatively modest ac-
tivity against Pseudomonas aeruginosa. Cefmenoxime, ce-
fodizime, ceftizoxime, and ceftriaxone are all very similar
to cefotaxime in their antimicrobial activity. These drugs
are all given parenterally and differ mainly in their phar-
macokinetic characteristics. Cefixime is a third-generation
cephalosporin given by mouth; others include cefdinir,
cefetamet pivoxil, cefpodoxime proxetil, and ceftibuten.
Ceftazidime is typical of a group of parenteral third-gener-
ation cephalosporins with enhanced activity against Ps.
aeruginosa. Cefoperazone is similar in its activity to
ceftazidime. Cefpiramide is structurally related to cefoper-
azone and has comparable activity. Although cefsulodin is
classified as a third-generation cephalosporin its activity
against Gram-negative bacteria is confined to Ps. aerugi-
nosa. Latamoxef is an oxacephalosporin which differs
from the true cephalosporins in that the sulfur atom of the
7-aminocephalosporanic acid nucleus is replaced by an
oxygen atom. It differs from cefotaxime mainly in its en-
hanced activity against Bacteroides fragilis. 

The newer cephalosporins cefepime and cefpirome are
generally considered to be fourth-generation because of
their broad spectrum of activity. Ceftobiprole is active
against meticillin-resistant staphylococci. 

The semisynthetic cephamycins are chemical modifica-
tions of cephamycin C, a beta-lactam antibacterial pro-
duced naturally by Streptomyces spp. They differ from the
cephalosporins by the addition of a 7-α-methoxy group to

the 7-aminocephalosporanic acid nucleus. Steric hin-
drance by this methoxy group is considered to be respon-
sible for their greater stability to beta lactamases. For prac-
tical purposes they are generally classified with the
second-generation cephalosporins, but are more active
against anaerobic bacteria, especially Bacteroides fragilis.
Cefoxitin was one of the first cephamycins available; ce-
fmetazole and cefotetan have been introduced more re-
cently. Another is cefminox. All these cephamycins must
be given parenterally. 

Imipenem was the first of the carbapenem group of anti-
bacterials to become available; it is the N-formimidoyl de-
rivative of thienamycin which is produced by Streptomy-
ces cattleya. It is bactericidal, and, similarly to the
cephalosporins, acts by inhibiting synthesis of the bacterial
cell wall. It has a very broad spectrum of antimicrobial ac-
tivity including Gram-positive and Gram-negative aerobic
and anaerobic organisms; it has good activity against both
Ps. aeruginosa and B. fragilis. Imipenem is given
parenterally with cilastatin, a dehydropeptidase I inhibitor
that inhibits the renal metabolism of imipenem. Similarly,
the carbapenem panipenem is given with the renal protect-
ant betamipron. Two other carbapenems, ertapenem and
meropenem, are relatively stable to renal dehydropepti-
dase and can be used without such an inhibitor. Ertapenem
has a narrower spectrum of activity than other carbapen-
ems, including no activity against Ps. aeruginosa. Dori-
penem is a carbapenem claimed to have particular activity
against Ps. aeruginosa. 

The monobactams were first identified as monocyclic
beta lactams isolated from bacteria; they are now produced
synthetically. Aztreonam was the first commercially avail-
able monobactam. It is bactericidal with a similar action on
bacterial cell-wall synthesis to the cephalosporins. Its anti-
microbial activity, however, differs from imipenem and
the newer cephalosporins in that it is restricted to Gram-
negative aerobic organisms. It has good activity against
Ps. aeruginosa. Aztreonam is given parenterally. Other
monobactams include carumonam. 

Carbacephems are structurally related to the cepha-
losporins, but the sulfur atom of the 7-aminocephalospo-
ranic acid nucleus is replaced by a methylene group. Lora-
carbef is an oral carbacephem.

Described in this chapter are
Aztreonam, p.209 Cefotiam, p.230 
Betamipron, p.215 Cefovecin, p.230 
Biapenem, p.215 Cefoxitin, p.230 
Carumonam, p.217 Cefozopran, p.231 
Cefaclor, p.217 Cefpiramide, p.231 
Cefadroxil, p.218 Cefpirome, p.231 
Cefalexin, p.218 Cefpodoxime, p.232 
Cefalonium, p.219 Cefprozil, p.232 
Cefaloridine, p.219 Cefquinome, p.233 
Cefalotin, p.219 Cefradine, p.233 
Cefamandole, p.220 Cefsulodin, p.233 
Cefapirin, p.221 Ceftazidime, p.234 
Cefatrizine, p.221 Cefteram, p.235 
Cefazolin, p.222 Ceftezole, p.235 
Cefbuperazone, p.222 Ceftibuten, p.235 
Cefcapene, p.223 Ceftiofur, p.236 
Cefdinir, p.223 Ceftizoxime, p.236 
Cefditoren, p.223 Ceftobiprole, p.236 
Cefepime, p.223 Ceftriaxone, p.237 
Cefetamet, p.224 Cefuroxime, p.238 
Cefixime, p.224 Cilastatin, p.243 
Cefmenoxime, p.225 Doripenem, p.266 
Cefmetazole, p.225 Ertapenem, p.269 
Cefminox, p.226 Faropenem, p.276 
Cefodizime, p.226 Flomoxef, p.276 
Cefonicid, p.226 Imipenem, p.286 
Cefoperazone, p.227 Latamoxef, p.292 
Ceforanide, p.227 Loracarbef, p.295 
Cefoselis, p.228 Meropenem, p.297 
Cefotaxime, p.228 Panipenem, p.313 
Cefotetan, p.229

Chloramphenicols
Chloramphenicol is an antibacterial which was first isolat-
ed from cultures of Streptomyces venezuelae in 1947 but is
now produced synthetically. It has a relatively simple
structure and is a derivative of dichloroacetic acid with a
nitrobenzene moiety. Chloramphenicol was the first
broad-spectrum antibacterial to be discovered; it acts by
interfering with bacterial protein synthesis and is mainly
bacteriostatic. Its range of activity is similar to that of tet-
racycline and includes Gram-positive and Gram-negative
bacteria, Rickettsia spp., and Chlamydiaceae. The sensi-
tivities of Salmonella typhi, Haemophilus influenzae, and
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Bacteroides fragilis to chloramphenicol have dictated the
principal indications for its use. 
Shortly after its introduction chloramphenicol was found
to have a serious and sometimes fatal depressant effect on
the bone marrow. The ‘grey syndrome’, another potential-
ly fatal adverse effect, was reported later in neonates. As a
result of this toxicity the systemic use of chloramphenicol
has been restricted in many countries; it should only be
given when there is no suitable alternative and never for
minor infections. 
Chloramphenicol is active when given orally and, unlike
most other antibacterials, it diffuses into the CSF even
when the meninges are not inflamed. The majority of a
dose is inactivated in the liver, only a small proportion ap-
pearing unchanged in the urine. 
Chloramphenicol is widely used for typhoid fever, al-
though resistance is a problem in some countries. For Haem-
ophilus influenzae infections, especially meningitis, the
emergence of ampicillin-resistant strains led to a reap-
praisal of the use of chloramphenicol, and suggestions that
ampicillin and chloramphenicol should both be given em-
pirically to patients with meningitis until the sensitivity of
the infecting organisms was known, but the newer third-
generation cephalosporins are increasingly preferred be-
cause of resistance. For proven H. influenzae meningitis,
chloramphenicol is used as an alternative to the third-gen-
eration cephalosporins, which are now regarded as treat-
ment of choice. Chloramphenicol is also effective against
many anaerobic bacteria and may be valuable in such con-
ditions as cerebral abscess where anaerobes such as
Bacteroides fragilis are often involved, although metroni-
dazole may be preferred. 
Chloramphenicol sodium succinate is used parenterally
and the palmitate is given orally. Ophthalmic and other
topical preparations of chloramphenicol are used widely in
some countries. 
Thiamphenicol is a semisynthetic derivative of chloram-
phenicol in which the nitro group on the benzene ring has
been replaced by a methylsulfonyl group, resulting, in gen-
eral, in a loss of activity in vitro. It has been claimed that
thiamphenicol is less toxic than chloramphenicol and there
have been fewer reports of aplastic anaemia but reversible
bone-marrow depression may occur more frequently. It is
also less likely to cause the ‘grey syndrome’. Unlike chlo-
ramphenicol, thiamphenicol is not metabolised in the liver
to any extent and is excreted largely unchanged in the
urine. It has been used similarly to chloramphenicol in
some countries. 
Azidamfenicol is another analogue of chloramphenicol
that has been used topically in the treatment of eye infec-
tions.
Described in this chapter are

Azidamfenicol, p.206 Florfenicol, p.277 
Chloramphenicol, p.239 Thiamphenicol, p.351

Glycopeptides
Vancomycin has a glycopeptide structure; it acts by inter-
fering with bacterial cell wall synthesis and is very active
against Gram-positive cocci. Intravenous vancomycin is
reserved for the treatment of severe staphylococcal infec-
tions and for the treatment and prophylaxis of endocarditis
when other antibacterials cannot be used, either because of
patient sensitivity or bacterial resistance. It is the treatment
of choice for infections caused by meticillin-resistant sta-
phylococci. Vancomycin hydrochloride is poorly absorbed
when taken orally; it is used in the treatment of pseu-
domembranous colitis. Teicoplanin is a glycopeptide with
similar properties to vancomycin, but a longer duration of
action. It can be given intramuscularly as well as intrave-
nously. Ramoplanin is under investigation, especially for
the treatment of Clostridium difficile-associated diarrhoea.
It has also been investigated for the prevention of infection
due to vancomycin-resistant enterococci. Also under in-
vestigation are dalbavancin and oritavancin.
Described in this chapter are

Avoparcin, p.206 Ramoplanin, p.323 
Dalbavancin, p.261 Teicoplanin, p.344 
Norvancomycin, p.310 Vancomycin, p.358 
Oritavancin, p.311

Lincosamides
Lincomycin is an antibacterial produced by a strain of
Streptomyces lincolnensis and was first described in 1962;
clindamycin is the 7-chloro-7-deoxy derivative of linco-
mycin. 

Although not related structurally to erythromycin and the
other macrolide antibacterials, the lincosamides have sim-
ilar antimicrobial activity and act at the same site on the
bacterial ribosome to suppress protein synthesis. 
The lincosamides are bacteriostatic or bactericidal, de-
pending on the concentration, and are active mainly
against Gram-positive bacteria, and against Bacteroides
spp. They also appear to have some antiprotozoal activity.
Clindamycin and lincomycin have qualitatively similar ac-
tivity but clindamycin is more active than lincomycin in
vitro. Cross-resistance occurs between the lincosamides,
macrolides, and streptogramins. 
The lincosamides have been used, like erythromycin, as an
alternative to penicillin, but reports of severe and some-
times fatal pseudomembranous colitis in association with
lincomycin and clindamycin have led to the recommenda-
tion that they should only be used when there is no suitable
alternative. 
Both lincomycin and clindamycin can be given orally and
parenterally, but clindamycin is much better absorbed
from the gastrointestinal tract and less affected by the pres-
ence of food in the stomach. They both penetrate well into
bone and have been used successfully in osteomyelitis.
They have also been used topically in the treatment of acne
vulgaris. 
The main indication for the use of lincosamides is now in
the treatment of severe anaerobic infections, although met-
ronidazole (p.839) or some beta lactams may be a more
suitable choice in such infections. Clindamycin also has a
role in the prophylaxis of endocarditis in penicillin-allergic
patients and has been used, usually with other antiprotozo-
als, in babesiosis, chloroquine-resistant malaria, toxoplas-
mosis, and pneumocystis pneumonia.
Described in this chapter are

Clindamycin, p.251 Pirlimycin, p.316 
Lincomycin, p.293

Macrolides
The macrolides are a large group of antibacterials mainly
derived from Streptomyces spp. and having a common
macrocyclic lactone ring to which one or more sugars are
attached. They are all weak bases and only slightly soluble
in water. Their properties are very similar and in general
they have low toxicity and a similar spectrum of antimi-
crobial activity with cross-resistance between individual
members of the group. The macrolides are bacteriostatic or
bactericidal, depending on the concentration and the type
of micro-organism, and are thought to interfere with bac-
terial protein synthesis. Their antimicrobial spectrum is
similar to that of benzylpenicillin but they are also active
against such organisms as Legionella pneumophila, Myco-
plasma pneumoniae, and some rickettsias, chlamydias,
and chlamydophilas. Macrolides and related drugs have a
postantibiotic effect: that is, antibacterial activity persists
after concentrations have dropped below the minimum in-
hibitory concentration. 
Erythromycin was discovered in 1952 and is the macrolide
used most widely. It is destroyed by gastric acid and must
therefore be given as enteric-coated formulations or as one
of its more stable salts or esters such as the stearate or ethyl
succinate. Hepatotoxicity has been reported after the use
of erythromycin, most commonly as the estolate. Erythro-
mycin lactobionate or gluceptate may be given intrave-
nously. Cardiac arrhythmias have been reported occasion-
ally after intravenous use. Erythromycin is used as an
alternative to penicillin in many infections, especially in
patients who are allergic to penicillin. It has similar uses to
tetracycline in the treatment of infections due to Mycoplas-
ma pneumoniae and Chlamydia trachomatis, and in acne
vulgaris. It is also used in the treatment of infections
caused by Legionella pneumophila. 
More recently developed macrolides include azithromy-
cin, clarithromycin, dirithromycin, and roxithromycin.
These drugs all appear to have similar properties to eryth-
romycin although they may differ in their pharmacokinet-
ics. Clarithromycin and, to a lesser extent, azithromycin
are more active than erythromycin against opportunistic
mycobacteria such as Mycobacterium avium complex.
Clarithromycin is also used in the treatment of leprosy and
in regimens for the eradication of Helicobacter pylori in
peptic ulcer disease. Both azithromycin and clarithromy-
cin have activity against protozoa including Toxoplasma
gondii. 
Flurithromycin is another newer macrolide in use. 

Other macrolides include spiramycin, which has been
used extensively in Europe and has also been used in the
treatment and prophylaxis of toxoplasmosis. It may be
useful in the treatment of cryptosporidiosis. 
Oleandomycin has been used orally and parenterally as the
phosphate. Its ester, troleandomycin, is better absorbed
from the gastrointestinal tract but, like erythromycin es-
tolate, has proved hepatotoxic and more effective antibac-
terials are generally preferred. Josamycin, kitasamycin,
midecamycin, and rokitamycin have been used in Europe
and/or Japan. Meleumycin has been used in China. 
Tilmicosin, tulathromycin, and tylosin are used in veteri-
nary practice. 
The streptogramin group of antibacterials are also de-
rived from Streptomyces spp. and include pristinamycin
and virginiamycin. They consist of two components that
act synergistically and are therefore also known as syner-
gistins. One of the components is structurally related to the
macrolides, and they have a similar spectrum of antimicro-
bial activity to erythromycin. Semisynthetic derivatives
such as quinupristin/dalfopristin may be useful in the
treatment of infections with multidrug-resistant organisms
including meticillin-resistant Staphylococcus aureus and
vancomycin-resistant enterococci. 
Cross-resistance is often observed between the mac-
rolides, lincosamides, and streptogramins. The ketolide
antibacterials telithromycin and cethromycin are semisyn-
thetic derivatives of erythromycin A that have been devel-
oped to overcome macrolide resistance in respiratory-tract
pathogens.
Described in this chapter are

Azithromycin, p.207 Quinupristin/Dalfopristin,- 
Cethromycin, p.239  p.322 
Clarithromycin, p.248 Rokitamycin, p.330 
Dirithromycin, p.266 Roxithromycin, p.331 
Erythromycin, p.269 Spiramycin, p.333 
Flurithromycin, p.278 Telithromycin, p.345 
Josamycin, p.291 Tilmicosin, p.354 
Kitasamycin, p.292 Troleandomycin, p.357 
Meleumycin, p.297 Tulathromycin, p.357 
Midecamycin, p.300 Tylosin, p.357 
Oleandomycin, p.311 Virginiamycin, p.361 
Pristinamycin, p.319

Penicillins
Penicillin was the first antibacterial to be used therapeuti-
cally and was originally obtained, as a mixture of penicil-
lins known as F, G, X, and K, from the mould Penicillium
notatum. Better yields were achieved using P. chrysoge-
num and benzylpenicillin (penicillin G) was selectively
produced by adding the precursor phenylacetic acid to the
fermentation medium. The term ‘penicillin’ is now used
generically for the entire group of natural and semisynthet-
ic penicillins. Penicillins are still widely used; they are
generally well tolerated, apart from hypersensitivity reac-
tions, and are usually bactericidal by virtue of their inhibi-
tory action on the synthesis of the bacterial cell wall. 
Penicillins all have the same ring structure and are mono-
basic acids that readily form salts and esters; 6-aminopen-
icillanic acid, the penicillin nucleus, consists of a fused thi-
azolidine ring and a beta-lactam ring with an amino group
at the 6-position. 
The earlier or so-called ‘natural’ penicillins were produced
by adding different side-chain precursors to fermentations
of the Penicillium mould; benzylpenicillin, with a phenyl-
acetamido side-chain at the 6-position, and phenoxymeth-
ylpenicillin (penicillin V), with a phenoxyacetamido side-
chain, were 2 of the first and are still widely used. Ben-
zylpenicillin can be considered the parent compound of
the penicillins and is active mainly against Gram-positive
bacteria and Neisseria spp. It is inactivated by penicilli-
nase-producing bacteria and because of its instability in
gastric acid it is usually injected. Long-acting preparations
include procaine benzylpenicillin and benzathine ben-
zylpenicillin, which slowly release benzylpenicillin after
injection. Phenoxymethylpenicillin is acid-stable and is
therefore given orally but it is also inactivated by penicilli-
nase. It is generally used for relatively mild infections. 
When no side-chain precursor is added to the fermentation
medium, 6-aminopenicillanic acid itself is obtained. A
range of penicillins has been synthesised from 6-ami-
nopenicillanic acid by substitution at the 6-amino position
in an effort to improve on the instability of benzylpenicil-
lin to gastric acid and penicillinases, to widen its antimi-
crobial spectrum, and to reduce its rapid rate of renal ex-
cretion. Phenoxypenicillins with an α-phenoxy-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

propionamido (pheneticillin) or α-phenoxybutyramido
(propicillin) side-chain are more stable to acid than ben-
zylpenicillin but offer no advantage over phenoxymethyl-
penicillin. 
Meticillin has a 2,6-dimethoxybenzamido group at the 6-
position and was the first penicillin found to be resistant to
destruction by staphylococcal penicillinase. However, it is
not acid-resistant and has to be injected. The isoxazolyl
penicillins, cloxacillin, dicloxacillin, flucloxacillin, and
oxacillin, are resistant to penicillinase and gastric acid.
They have very similar chemical structures and differ
mainly in their absorption characteristics. Nafcillin is a
similar penicillinase-resistant antibacterial but is irregular-
ly absorbed when taken orally. 
Ampicillin has a D(−)-α-aminophenylacetamido side-
chain and a broader spectrum of activity than benzylpeni-
cillin; although generally less active against Gram-positive
bacteria, some Gram-negative organisms including Es-
cherichia coli, Haemophilus influenzae, and Salmonella
spp. are sensitive although resistance is being reported in-
creasingly. Pseudomonas spp. are not sensitive. Ampicil-
lin is acid-stable and can be given orally but is destroyed
by penicillinase. A number of prodrugs including bacamp-
icillin, metampicillin, and pivampicillin are also said to be
better absorbed and are hydrolysed to ampicillin in vivo.
Amoxicillin, with a D(−)-α-aminohydroxyphenylacetami-
do side-chain, only differs from ampicillin by the addition
of a hydroxyl group, but is better absorbed from the gas-
trointestinal tract. 
Carbenicillin, with an α-carboxyphenylacetamido side-
chain, has marked activity against Pseudomonas aerugi-
nosa and some Proteus spp. but otherwise is generally less
active than ampicillin. It has to be given by injection and
large doses are required. Carfecillin and carindacillin are
the phenyl and indanyl esters of carbenicillin respectively
and are hydrolysed to carbenicillin in vivo when taken
orally. Sulbenicillin has an α-phenylsulfoacetamido side-
chain and ticarcillin an α-carboxythienylacetamido side-
chain and both have similar activity to carbenicillin; ticar-
cillin is more active against Ps. aeruginosa. The ureido-
penicillins azlocillin and mezlocillin, and the closely relat-
ed drug piperacillin are more active than carbenicillin
against Ps. aeruginosa and have a wider range of activity
against Gram-negative bacteria. 
Temocillin, a 6-α-methoxy derivative of ticarcillin, is re-
sistant to many beta lactamases and is active against most
Gram-negative aerobic bacteria, but not Ps. aeruginosa. 
Mecillinam is a penicillanic acid derivative with a substi-
tuted amidino group in the 6-position. Unlike the 6-ami-
nopenicillanic acid derivatives it is active mainly against
Gram-negative bacteria, although Ps. aeruginosa, and
Bacteroides spp. are considered resistant. Mecillinam it-
self is not active orally; it is given as pivmecillinam, which
is hydrolysed to mecillinam on absorption. 
The beta-lactamase inhibitors clavulanic acid, sulbactam,
and tazobactam are used to extend the antimicrobial range
of certain beta-lactam antibacterials.
Described in this chapter are

Amoxicillin, p.202 Flucloxacillin, p.277 
Ampicillin, p.204 Mecillinam, p.297 
Aspoxicillin, p.206 Metampicillin, p.298 
Azidocillin, p.206 Meticillin, p.299 
Azlocillin, p.208 Mezlocillin, p.299 
Bacampicillin, p.210 Nafcillin, p.303 
Benethamine Penicillin, Oxacillin, p.311 

p.212 Penethamate, p.314 
Benzathine Benzylpenicillin, Pheneticillin, p.314 

p.212 Phenoxymethylpenicillin, 
Benzathine Phenoxymethyl- p.314 

penicillin, p.212 Piperacillin, p.315 
Benzylpenicillin, p.213 Pivampicillin, p.316 
Carbenicillin, p.216 Pivmecillinam, p.317 
Carfecillin, p.217 Procaine Benzylpenicillin, 
Carindacillin, p.217  p.319 
Ciclacillin, p.243 Propicillin, p.319 
Clavulanic Acid, p.250 Sulbactam, p.335 
Clemizole Penicillin, Sulbenicillin, p.335 

p.251 Sultamicillin, p.344 
Clometocillin, p.255 Tazobactam, p.344 
Cloxacillin, p.256 Temocillin, p.346 
Dicloxacillin, p.265 Ticarcillin, p.352

Quinolones
The quinolonecarboxylic acids, carboxyquinolones, or 4-
quinolones are a group of synthetic antibacterials structur-
ally related to nalidixic acid. The term 4-quinolone has
been used as a generic name for the common 4-oxo-1,4-
dihydroquinoline skeleton. Under this system nalidixic ac-
id, a naphthyridene derivative, is an 8-aza-4-quinolone,

cinoxacin, a cinnoline derivative, is a 2-aza-4-quinolone,
and pipemidic and piromidic acids, pyrido-pyrimidine de-
rivatives, are 6,8-diaza-4-quinolones. 
Nalidixic acid is active against Gram-negative bacteria but
has little activity against Pseudomonas and Gram-positive
organisms. Because bactericidal concentrations can only
be achieved in urine its use has generally been limited to
the treatment of urinary-tract infections. 
Modification of the structure of nalidixic acid has pro-
duced related antibacterials such as oxolinic acid,
cinoxacin, and rosoxacin. Although some of these have a
greater activity in vitro against Gram-negative organisms
and activity against some Gram-positive organisms, none
has been considered to represent a significant clinical ad-
vance over nalidixic acid; rosoxacin is only used in the
treatment of gonorrhoea. Addition of a piperazinyl radical
at position 7, as in pipemidic acid, appears to confer some
activity against Pseudomonas. Flumequine was the first
fluorinated 4-quinolone to be synthesised, but has no pip-
erazinyl group. Addition of the 7-piperazinyl group and a
fluorine atom at position 6 has produced a group of fluori-
nated piperazinyl quinolones or fluoroquinolones with a
broader spectrum of activity than nalidixic acid and phar-
macokinetic properties more suitable for the treatment of
systemic infections. They include ciprofloxacin, enoxacin,
fleroxacin, gatifloxacin, gemifloxacin, levofloxacin, lome-
floxacin, moxifloxacin, nadifloxacin, norfloxacin,
ofloxacin, pazufloxacin, pefloxacin, rufloxacin, spar-
floxacin, and trovafloxacin. Trovafloxacin and its prodrug,
alatrofloxacin, have been withdrawn worldwide after re-
ports of unpredictable hepatotoxicity, including some fa-
talities. Other fluoroquinolones withdrawn because of tox-
icity include: clinafloxacin, grepafloxacin, and
temafloxacin. Danofloxacin, enrofloxacin, ibafloxacin,
marbofloxacin, orbifloxacin, and sarafloxacin are used in
veterinary practice. Development of difloxacin for human
use was suspended because of the high incidence of ad-
verse effects, but it is used in veterinary practice. 
The fluoroquinolones are very active against aerobic
Gram-negative bacilli and cocci including the Enterobac-
teriaceae, Haemophilus influenzae, Moraxella catarrhalis
(Branhamella catarrhalis), and Neisseria gonorrhoeae
and are also active against Pseudomonas aeruginosa.
They are generally less active against Gram-positive or-
ganisms such as staphylococci and much less active
against streptococci such as Streptococcus pneumoniae,
although some fluoroquinolones now developed have in-
creased activity against these organisms. They also have
activity against mycobacteria, mycoplasmas, and rickett-
sias. Some, for example ofloxacin, have useful activity
against Chlamydia trachomatis. Activity against anaero-
bic bacteria is generally poor. There is concern that the
emergence of resistant strains of organisms may limit the
usefulness of fluoroquinolones. 
One disadvantage of the quinolone antibacterials is that
they are generally not recommended for use in children,
adolescents, and pregnant or breast-feeding women be-
cause of their propensity to cause joint erosions in imma-
ture animals.
Described in this chapter are

Alatrofloxacin, p.200 Nadifloxacin, p.303 
Balofloxacin, p.211 Nalidixic Acid, p.303 
Cinoxacin, p.243 Norfloxacin, p.309 
Ciprofloxacin, p.243 Ofloxacin, p.310 
Danofloxacin, p.261 Orbifloxacin, p.311 
Difloxacin, p.265 Oxolinic Acid, p.312 
Enoxacin, p.268 Pazufloxacin, p.313 
Enrofloxacin, p.269 Pefloxacin, p.313 
Fleroxacin, p.276 Pipemidic Acid, p.315 
Flumequine, p.278 Piromidic Acid, p.316 
Garenoxacin, p.281 Prulifloxacin, p.320 
Gatifloxacin, p.281 Rosoxacin, p.330 
Gemifloxacin, p.281 Rufloxacin, p.331 
Ibafloxacin, p.286 Sarafloxacin, p.331 
Levofloxacin, p.292 Sparfloxacin, p.332 
Lomefloxacin, p.295 Tosufloxacin, p.355 
Marbofloxacin, p.296 Trovafloxacin, p.357 
Moxifloxacin, p.302

Sulfonamides and diaminopyrimidines
The sulfonamides are analogues of p-aminobenzoic acid.
The first sulfonamide of clinical importance was Pron-
tosil, an azo dye that is metabolised in vivo to sulfanila-
mide. It was synthesised in Germany in 1932. Many sul-
fonamides have since been synthesised; they differ only
slightly in their antimicrobial activity, but vary in their
pharmacokinetic properties. The sulfonamides have been
classified according to their rate of excretion as short-,

medium- or intermediate-, long-, and ultra-long-acting.
The short-acting sulfonamides are excreted in the urine in
high concentrations and have therefore been of particular
use in the treatment of urinary-tract infections. The solu-
bility in urine of earlier short-acting sulfonamides, such as
sulfapyridine, and their acetyl metabolites is low and
hence crystalluria has been reported frequently. Of the
short-acting sulfonamides most commonly used, sulfadi-
azine also has low solubility in urine whereas sulfadimi-
dine and sulfafurazole and their acetyl conjugates are very
soluble. Three short-acting sulfonamides (triple sulfona-
mides) have been given together to reduce the risk of crys-
talluria, as the constituent sulfonamides can co-exist in so-
lution in urine without affecting each other’s solubility.
Preparations of mixed sulfonamides have, however, gen-
erally been replaced by the more soluble sulfonamides.
The medium-acting sulfonamides such as sulfamethoxa-
zole, the long-acting sulfonamides such as sulfadimethox-
ine, sulfamethoxypyridazine, and sulfametoxydiazine, and
the ultra-long-acting sulfonamides such as sulfadoxine
and sulfametopyrazine do not attain such high concentra-
tions in the urine and rarely cause crystalluria. Sulfona-
mides that are slowly excreted from the body do appear,
however, to have been more commonly implicated in the
development of reactions such as the Stevens-Johnson
syndrome. 
The sulfonamides are usually bacteriostatic, and interfere
with folic acid synthesis of susceptible organisms; their
broad spectrum of antimicrobial activity has, however,
been limited by the development of resistance. The clinical
use of sulfonamides has therefore been greatly reduced; in
general they are indicated only in the treatment of urinary-
tract infections and a few other disorders such as nocardi-
osis. Sulfonamides such as sulfaguanidine, succinylsul-
fathiazole, phthalysulfacetamide, and phthalylsulfathia-
zole are poorly absorbed from the gastrointestinal tract and
have been used for the treatment of gastrointestinal infec-
tions although they are now rarely indicated. Sulfadiazine
silver, sulfathiazole silver, and mafenide are applied topi-
cally for their antibacterial action in patients with burns.
Sulfasalazine (p.1773), a conjugate of 5-aminosalicylic
acid (mesalazine) and sulfapyridine, is used in the treat-
ment of inflammatory bowel diseases and in rheumatoid
arthritis. 
Trimethoprim is a diaminopyrimidine that also inhibits fol-
ic acid synthesis but at a different stage in the metabolic
pathway to that inhibited by the sulfonamides. It has a sim-
ilar spectrum of antimicrobial activity to sulfonamides and
often shows synergy in vitro with these drugs. Trimetho-
prim was initially available only in combination with sul-
fonamides, most commonly with sulfamethoxazole as co-
trimoxazole. It is now used alone particularly in the treat-
ment of infections of the urinary and respiratory tracts. An-
alogues of trimethoprim include baquiloprim, brodimo-
prim, ormetoprim, and tetroxoprim. 
Co-trimoxazole generally replaced use of sulfonamides
alone in the treatment of systemic infections, although its
use has also been restricted in some countries and trimeth-
oprim may be preferred. Co-trimoxazole is however indi-
cated for pneumocystis pneumonia and nocardiosis and
may be useful in protozoal infections such as toxoplasmo-
sis. Other sulfonamides which have been combined with
trimethoprim include sulfadiazine (see co-trimazine), sul-
famethoxypyridazine, sulfametopyrazine, sulfametrole,
and sulfamoxole (see co-trifamole). Sulfadiazine has been
used with tetroxoprim (see co-tetroxazine). 
Sulfonamides have also been used with pyrimethamine
(p.610) in the treatment or prophylaxis of some protozoal
infections. Common combinations are sulfadoxine and py-
rimethamine for malaria, and sulfadiazine and pyrimeth-
amine for the treatment of toxoplasmosis.
Described in this chapter are

Baquiloprim, p.211 Sulfadimidine, p.338 
Brodimoprim, p.215 Sulfadoxine, p.338 
Co-tetroxazine, p.257 Sulfafurazole, p.338 
Co-trifamole p.257 Sulfaguanidine, p.339 
Co-trimazine, p.258 Sulfamerazine, p.339 
Co-trimoxazole, p.258 Sulfamethizole, p.339 
Formosulfathiazole, p.278 Sulfamethoxazole, p.340 
Mafenide, p.296 Sulfamethoxypyridazine, 
Ormetoprim, p.311 p.342 
Phthalylsulfacetamide, Sulfamethylthiazole, 

p.315 p.342 
Phthalylsulfathiazole, Sulfametopyrazine, p.342 

p.315 Sulfametrole, p.342 
Succinylsulfathiazole, Sulfamonomethoxine, p.342 

p.334 Sulfamoxole, p.342 
Sulfabenzamide, p.335 Sulfanilamide, p.343 
Sulfacarbamide, p.335 Sulfapyridine, p.343 
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Sulfacetamide, p.335 Sulfaquinoxaline, p.343 
Sulfachlorpyridazine, Sulfasuccinamide, p.343 

p.336 Sulfathiazole, p.343 
Sulfachrysoidine, p.336 Sulfathiazole Silver, 
Sulfaclozine, p.336 p.343 
Sulfadiazine, p.336 Sulfatroxazole, p.343 
Sulfadiazine Silver, Sulfisomidine, p.344 

p.337 Tetroxoprim, p.350 
Sulfadicramide, p.337 Trimethoprim, p.355 
Sulfadimethoxine, p.337

Tetracyclines
The tetracyclines are a group of antibacterials, originally
derived from certain Streptomyces spp., having the same
tetracyclic nucleus, naphthacene, and similar properties.
Unlike the penicillins and aminoglycosides they are usual-
ly bacteriostatic at the concentrations achieved in the body
but act similarly to the aminoglycosides by interfering
with protein synthesis in susceptible organisms. 
Tetracyclines all have a broad spectrum of activity which
includes Gram-positive and Gram-negative bacteria,
chlamydias and chlamydophilas, rickettsias, mycoplas-
mas, spirochaetes, some mycobacteria, and some proto-
zoa, but the emergence of resistant strains and the develop-
ment of other antimicrobials has often reduced their value.
Adverse effects have also restricted their usefulness. Gas-
trointestinal disturbances are common and other important
toxic effects include deposition in bones and teeth, pre-
cluding their use in pregnancy and young children; anti-
anabolic effects, especially in patients with renal impair-
ment; fatty changes in the liver; and photosensitivity, espe-
cially with demeclocycline. Allergic reactions are relative-
ly uncommon. Because of these adverse effects
tetracyclines should be avoided in pregnant women, chil-
dren, and, apart from doxycycline and minocycline, pa-
tients with renal impairment. 
The first tetracycline to be introduced was chlortetracy-
cline in 1948 and, like chloramphenicol which was discov-
ered at about the same time, it was found to have a broad
spectrum of activity and to be active orally unlike ben-
zylpenicillin or streptomycin, the only other antibacterials
then in use. The discovery of chlortetracycline was fol-
lowed closely by that of oxytetracycline and then tetracy-
cline, a reduction product of chlortetracycline which may
be produced semisynthetically. All three have very similar
properties, although chlortetracycline is less well absorbed
and oxytetracycline may cause less staining of teeth. De-
meclocycline, demethylated chlortetracycline, has a longer
half-life than tetracycline but is more often associated with
phototoxic reactions. It has been used with some success
in patients with the syndrome of inappropriate secretion of
antidiuretic hormone. 
These four tetracyclines are all natural products that have
been isolated from Streptomyces spp. The more recent tet-
racyclines, namely methacycline, doxycycline, and mino-
cycline, are semisynthetic derivatives. Methacycline, like
demeclocycline, has a longer half-life than tetracycline
and has been given twice daily. Doxycycline and minocy-
cline are both more active in vitro than tetracycline against
many species. More importantly, minocycline is active
against some tetracycline-resistant bacteria, including
strains of staphylococci. Both are well absorbed and, un-
like the other tetracyclines, absorption is not significantly
affected by the presence of food. They can be given in low-
er doses than the older members of the group and, having
long half-lives, doxycycline is usually given once daily
and minocycline twice daily. Also, they do not accumulate
significantly in patients with renal impairment and can,
with care, be given to such patients; however, usual doses
of minocycline can lead to higher serum concentrations re-
sulting in possible liver toxicity. Both doxycycline and mi-
nocycline are more lipid-soluble than the other tetracy-
clines and they penetrate well into tissues. The use of
minocycline may, however, be limited by its vestibular ad-
verse effects. 
Tetracyclines are not generally the antibacterials of choice
in Gram-positive or Gram-negative infections because of
the emergence of resistant organisms and the discovery of
drugs with narrower antimicrobial spectra. However, they
have a place in the treatment of chlamydial infections,
rickettsial infections such as typhus and the spotted fevers,
mycoplasmal infections such as atypical pneumonia, pel-
vic inflammatory disease, Lyme disease, brucellosis, tu-
laraemia, plague, cholera, periodontal disease, and acne.
The tetracyclines have also been useful in the treatment of
penicillin-allergic patients suffering from venereal diseas-
es, actinomycosis, bronchitis, and leptospirosis. Minocy-

cline may sometimes be used in multidrug regimens for
leprosy. Doxycycline may be used for the treatment and
prophylaxis of malaria; it is also used in the management
of anthrax.
Described in this chapter are

Chlortetracycline, p.242 Methacycline, p.298 
Demeclocycline, p.264 Minocycline, p.300 
Doxycycline, p.267 Oxytetracycline, p.312 
Lymecycline, p.296 Rolitetracycline, p.330 
Meclocycline, p.297 Tetracycline, p.347

Miscellaneous Antibacterials
Spectinomycin is an aminocyclitol antibacterial with some
similarities to streptomycin although it is not an aminogly-
coside. Spectinomycin is active against a wide range of
bacteria but its clinical use is restricted to the treatment of
chancroid and gonorrhoea. Trospectomycin, a water-solu-
ble derivative, has been investigated. 
Mupirocin is an antibacterial produced by Pseudomonas
fluorescens with activity against most strains of staphylo-
cocci and streptococci and also some Gram-negative bac-
teria. It is applied topically. 
Fosfomycin is a derivative of phosphonic acid; it is active
against a range of Gram-positive and Gram-negative bac-
teria and is given by mouth or parenterally. 
The fusidane antibacterial fusidic acid is derived from Fu-
sidium coccineum and has a narrow spectrum of antibacte-
rial activity, but it is very active against Staphylococcus au-
reus and has been used both topically and systemically in
the treatment of staphylococcal infections. Resistance de-
velops readily and it is often used with other antibacterials. 
The polymyxins are basic antibacterials produced by the
growth of different strains of Bacillus polymyxa (B. aero-
sporus). Polymyxin B and colistin have been used clinical-
ly, but their systemic use has been more or less abandoned
because of their toxicity, notably to the kidneys and nerv-
ous system. They are not absorbed when taken orally and
have therefore been given in gastrointestinal infections for
their bactericidal activity against Gram-negative bacteria.
They continue to be widely used as components of topical
preparations. 
Bacitracin, gramicidin, gramicidin S, and tyrothricin are
polypeptide antibacterials also produced by certain strains
of Bacillus spp. but they are active against Gram-positive
bacteria. Like the polymyxins, they are toxic when used
systemically and are therefore mainly used topically. 
The halogenated hydroxyquinoline clioquinol has antibac-
terial, antifungal, and antiprotozoal activity. It was former-
ly used in gastrointestinal infections including amoebiasis
but is of little value and can produce severe neurotoxicity.
It is now mainly used locally for superficial infections of
the skin and external ear. Chlorquinaldol and halquinol are
used similarly. 
Urinary antimicrobials such as nitrofurantoin, and also
methenamine which has generally been given as the hippu-
rate or mandelate, may be used in the treatment and proph-
ylaxis of infections of the lower urinary tract. They are
concentrated in the urine, but do not usually achieve anti-
microbial concentrations in the blood. 
The oxazolidinone linezolid has activity against Gram-
positive organisms including vancomycin-resistant ente-
rococci and meticillin-resistant Staphylococcus aureus. It
is used in infections of the skin and respiratory tract due to
these organisms. 
The glycylcycline tigecycline has activity against Gram-
positive bacteria, including meticillin-resistant Staph. au-
reus, and also against some Gram-negative and some
anaerobic bacteria. It is used in the treatment of complicat-
ed skin and skin structure infections and complicated intra-
abdominal infections. 
The pleuromutilin antibacterial retapamulin is derived
from the fungus Clitopilus passeckerianus; it has activity
against Staphylococcus aureus and Streptococcus pyo-
genes. It is applied topically.
Described in this chapter are

Acediasulfone, p.200 Mupirocin, p.302 
Arsanilic Acid, p.206 Nifuroxazide, p.307 
Avilamycin, p.206 Nifurpirinol, p.307 
Bacitracin, p.210 Nifurtoinol, p.307 
Bambermycin, p.211 Nifurzide, p.307 
Broxyquinoline, p.215 Nisin, p.307 
Carbadox, p.216 Nitrofurantoin, p.308 
Chlorquinaldol, p.242 Nitrofurazone, p.309 
Clioquinol, p.254 Nitroxoline, p.309 
Clofoctol, p.255 Novobiocin, p.310 
Colistin, p.256 Polymyxin B, p.317 
Daptomycin, p.264 Retapamulin, p.323 

Fosfomycin, p.278 Spectinomycin, p.332 
Furaltadone, p.279 Sulfamazone, p.339 
Furazidin, p.279 Taurolidine, p.344 
Fusafungine, p.279 Terizidone, p.347 
Fusidic Acid, p.279 Thenoic Acid, p.351 
Gramicidin S, p.286 Thiostrepton, p.352 
Gramicidin, p.286 Tiamulin, p.352 
Halquinol, p.286 Tigecycline, p.353 
Linezolid, p.293 Trospectomycin, p.357 
Magainins, p.296 Tyrothricin, p.358 
Mandelic Acid, p.296 Valnemulin, p.358 
Methenamine, p.298 Xibornol, p.361

Choice of Antibacterial
Ideally, antibacterial treatment of infections should be
chosen after the infecting organisms have been identi-
fied and the results of sensitivity tests are known. In
practice, empirical treatment is often necessary initial-
ly, bearing in mind local patterns of infection and re-
sistance. Other factors such as site of infection and tis-
sue penetration are also important in deciding which
antibacterial to give. 
The prophylactic use of antibacterials is restricted
mainly to patients undergoing some types of surgery.
Other groups requiring infection prophylaxis include
patients at special risk of developing endocarditis and
those who have had rheumatic fever, who are splenec-
tomised, or who are immunocompromised.

Abscess, abdominal
See under Abscess, Liver, below, and under Peritonitis,
p.184.

Abscess, brain
Brain abscesses can result from otitis media, sinusitis, trau-
ma, or dental sepsis, or they may be metastatic secondary
to, for example, lung abscesses. Opportunistic infections
in immunocompromised patients may present as brain ab-
scesses. 
Treatment of brain abscesses entails removal of pus or ex-
cision and use of high doses of antibacterials. Ideally the
choice of antibacterial depends on the infecting organisms
and penetration by the antibacterial into brain tissue and
abscess pus. Until organisms can be cultured empirical
treatment should be given. 
There is very little good quality published information on
the treatment of brain abscess. For many years, combined
treatment with benzylpenicillin and chloramphenicol was
the mainstay of empirical therapy, but a report by the Brit-
ish Society for Antimicrobial Chemotherapy,1 based on
published information and the authors’ expertise, recom-
mended the following regimens for first-line empirical
treatment, according to the site of the abscess and origin of
the infection: 
• for frontal lobe abscesses originating from infection of

the paranasal sinuses or teeth, a combination of metron-
idazole with one of cefuroxime, cefotaxime, or ceftriax-
one 

• for temporal lobe or cerebellar abscesses originating
from infection of the middle ear or sphenoidal sinuses,
ampicillin and metronidazole with either ceftazidime or
gentamicin 

• for abscesses associated with penetrating trauma, flu-
cloxacillin, cefuroxime, cefotaxime, or ceftriaxone 

• for metastatic abscesses, usually in the area supplied by
the middle cerebral artery, one of cefuroxime, cefotaxi-
me, or ceftriaxone, with or without metronidazole, or, if
associated with endocarditis or cyanotic congenital
heart disease, benzylpenicillin 

Similar suggestions have been made by a more recent re-
view,2 which also suggested the use of oxacillin with met-
ronidazole and a third-generation cephalosporin for empir-
ical management of abscesses associated with penetrating
trauma, and vancomycin plus a third-generation cepha-
losporin for abscess occurring postoperatively.
1. Infection in Neurosurgery Working Party of the British Society

for Antimicrobial Chemotherapy. The rational use of antibiotics
in the treatment of brain abscess. Br J Neurosurg 2000; 14:
525–30. 

2. Lu C-H, et al. Strategies for the management of bacterial brain
abscess. J Clin Neurosci 2006; 13: 979–85.

Abscess, liver
Bacteria commonly responsible for pyogenic liver ab-
scesses include Enterobacteriaceae, especially Es-
cherichia coli and in some countries1 Klebsiella pneumo-



Antibacterials    163

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

niae; anaerobes, especially Bacteroides fragilis; and
Streptococcus milleri (these can be microaerophilic). As
elsewhere in the abdomen (see under Peritonitis, p.184),
infections are often mixed. Treatment involves percutane-
ous aspiration and drainage of pus and the use of high dos-
es of antibacterials.2,3 Broad-spectrum empirical therapy
should be started immediately; more specific therapy may
be possible when the results of cultures following diagnos-
tic percutaneous aspiration of the abscess are known. Gen-
tamicin with clindamycin has been commonly used4,5 but
other antibacterial combinations, involving cefoxitin,
chloramphenicol, carboxypenicillins, third-generation ce-
phalosporins, and metronidazole, might be appropriate.5 A
regimen of ampicillin, gentamicin, and metronidazole has
become standard in some centres, but may be hazardous in
patients with Klebsiella-related liver abscess, in whom a
combination of an aminoglycoside with either an extend-
ed-spectrum beta-lactam such as piperacillin or a second-
or third-generation cephalosporin, may be preferred.1 An-
tibacterial therapy has been successful without surgical in-
tervention, but may not be consistently so,6 although this
might be due to inadequate treatment against enteric anaer-
obes, especially B. fragilis.5 
For the treatment of amoebic liver abscess, see under
Amoebiasis in Antiprotozoals, p.822.
1. Lederman ER, Crum NF. Pyogenic liver abscess with a focus on

Klebsiella pneumoniae as a primary pathogen: an emerging dis-
ease with unique clinical characteristics. Am J Gastroenterol
2005; 100: 322–31. 

2. Barakate MS, et al. Pyogenic liver abscess: a review of 10 years’
experience in management. Aust N Z J Surg 1999; 69: 205–9. 

3. Alvarez Pérez JA, et al. Clinical course, treatment, and multivar-
iate analysis of risk factors for pyogenic liver abscess. Am J Surg
2001; 181: 177–86. 

4. Herbert DA, et al. Pyogenic liver abscesses: successful non-sur-
gical therapy. Lancet 1982; i: 134–6. 

5. Herbert DA, et al. Medical management of pyogenic liver ab-
scesses. Lancet 1985; i: 1384. 

6. McCorkell SJ, Niles NL. Pyogenic liver abscesses: another look
at medical management. Lancet 1985; i: 803–6.

Abscess, lung
Lung abscesses are often secondary to aspiration pneumo-
nia and are discussed under Pneumonia, p.186. The organ-
isms involved are commonly anaerobic bacteria.

Actinomycosis
Actinomycosis is mainly caused by the oral commensal
Actinomyces israelii, a Gram-positive anaerobic or micro-
aerophilic bacterium. Other species sometimes responsi-
ble include A. meyeri, A. naeslundii, and A. viscosus. One
of the commonest forms has been cervicofacial actinomy-
cosis, generally associated with poor oral hygiene and den-
tal procedures.1 Other forms include abdominal, thoracic,2
and disseminated actinomycosis; pelvic actinomycosis is
associated with the use of intra-uterine contraceptive de-
vices. 
The antibacterial of choice is benzylpenicillin given intra-
venously in high doses for 2 to 6 weeks, followed by an
oral penicillin (e.g. phenoxymethylpenicillin or amoxicil-
lin) for 6 to 12 months.2 There is evidence that actinomy-
cosis can be successfully treated with less prolonged regi-
mens of penicillin; however, short-course treatment
regimens are generally not advised for patients with large
lesions and/or abdominal disease unless surgical debride-
ment is performed.2 Tetracycline is an alternative in pa-
tients allergic to penicillin; other alternatives include
erythromycin or clindamycin. In one patient, actinomyco-
sis resistant to conventional treatment responded to a pro-
longed course of ciprofloxacin.3 Other antibacterials used
successfully to treat actinomycosis include intravenous
imipenem for 6 to 10 weeks and parenteral ceftriaxone for
3 weeks followed by oral ampicillin for 3 months.2
1. Anonymous. Essential drugs: systemic mycoses. WHO Drug Inf

1991; 5: 129–36. 
2. Sudhakar SS, Ross JJ. Short-term treatment of actinomycosis:

two cases and a review. Clin Infect Dis 2004; 38: 444–7. 
3. Macfarlane DJ, et al. Treatment of recalcitrant actinomycosis

with ciprofloxacin. J Infect 1993; 27: 177–80.

Anaerobic bacterial infections
Anaerobic bacteria predominate in the normal microbial
flora of man and are a common cause of infections, espe-
cially those arising from the gastrointestinal tract, upper
respiratory tract, skin, or vagina. Common anaerobic path-
ogens are Bacteroides, Prevotella (formerly non-fragilis
Bacteroides), Fusobacterium, Clostridium, Peptostrepto-
coccus, and Actinomyces spp. Apart from single species
infections such as tetanus, gas gangrene, pseudomembra-
nous colitis, and actinomycosis, most anaerobic infections

are of mixed aetiology. Abscesses are often a feature. In-
fections include: brain abscess; acute necrotising gingivitis
and other periodontal infections; chronic otitis media and
chronic sinusitis; aspiration pneumonia and lung abscess;
peritonitis and intra-abdominal abscess; bacterial vagino-
sis and pelvic inflammatory disease; cellulitis, ulcers,
bites, and other wound infections.1 
Sensitivity testing in vitro is often impractical and treat-
ment is usually empirical.1-4 Benzylpenicillin was tradi-
tionally considered the antibacterial of choice when B. fra-
gilis was unlikely (infections above the diaphragm)
although resistance is increasingly a problem. Antibacteri-
als with activity against the B. fragilis group and other
anaerobic pathogens include metronidazole and other 5-
nitroimidazole derivatives, chloramphenicol, clindamy-
cin, cefoxitin, antipseudomonal penicillins, imipenem-cil-
astatin, and combinations of a beta lactam and a beta-lacta-
mase inhibitor.2 
Surveys of susceptibility patterns in clinical isolates of
anaerobic bacteria have shown increasing resistance of the
B. fragilis group (including B. distasonis, B. fragilis, B.
ovatus, B. thetaiotaomicron, and B. vulgatus) to clindamy-
cin, continuing penicillin resistance in non-fragilis Bacter-
oides spp. (now reclassified as Prevotella spp. and includ-
ing the type species P. melaninogenica), and rare beta-
lactamase-mediated resistance of Fusobacterium to peni-
cillin. Resistance of some Clostridium spp. to penicillin
and clindamycin had declined, but no changes were noted
for Cl. perfringens. The emergence of multi-drug resistant
anaerobes has been noted.5 
The B. fragilis group are the most frequently isolated
anaerobic bacteria in clinical infections and all members of
the group may be pathogenic.6 Most strains produce beta
lactamase and thus are resistant to penicillins and cepha-
losporins although there is varied susceptibility within the
group.7 In a survey of susceptibility patterns8 the most ac-
tive drugs in vitro against B. fragilis group strains were im-
ipenem, metronidazole, and chloramphenicol; resistance
to cefoxitin, clindamycin, and piperacillin was not wide-
spread and combinations of beta-lactamase inhibitors with
penicillins or cephalosporins (e.g. ampicillin or cefopera-
zone with sulbactam; ticarcillin with clavulanate) were
also very active. Others have reported similar results.7 On
the basis of activity in vitro in another study9 metronida-
zole, imipenem, ticarcillin with clavulanate, cefoxitin, and
amoxicillin with clavulanate were considered suitable for
the treatment of B. fragilis group infections. However, a
more recent commentary5 suggested that cefoxitin and
clindamycin were no longer drugs of choice due to in-
creasing resistance. A clinical isolate of B. fragilis, simul-
taneously resistant to metronidazole, amoxicillin with cla-
vulanate, and imipenem, was reported in the UK;10

treatment with clindamycin was successful on this occa-
sion. Tigecycline is considered promising for the manage-
ment of anaerobic infections; other drugs with potential for
oral therapy may include nitazoxanide, ramoplanin, and ri-
faximin.5
1. Styrt B, Gorbach SL. Recent developments in the understanding

of the pathogenesis and treatment of anaerobic infections (first
of two parts). N Engl J Med 1989; 321: 240–6. 

2. Styrt B, Gorbach SL. Recent developments in the understanding
of the pathogenesis and treatment of anaerobic infections (sec-
ond of two parts). N Engl J Med 1989; 321: 298–302. 

3. Finegold SM, Wexler HM. Present status of therapy for anaero-
bic infections. Clin Infect Dis 1996; 23 (suppl 1): S9–S14. 

4. Brook I. Anaerobic infections. Rev Med Microbiol 1999; 10:
137–53. 

5. Boyanova L, et al. Antimicrobial resistance and the manage-
ment of anaerobic infections. Expert Rev Anti Infect Ther 2007;
5: 685–701. 

6. Brook I. The clinical importance of all members of the Bacter-
oides fragilis group. J Antimicrob Chemother 1990; 25: 473–4. 

7. Cuchural GJ, et al. Comparative activities of newer β-lactam
agents against members of the Bacteroides fragilis group. Anti-
microb Agents Chemother 1990; 34: 479–80. 

8. Cornick NA, et al. The antimicrobial susceptibility patterns of
the Bacteroides fragilis group in the United States, 1987. J An-
timicrob Chemother 1990; 25: 1011–19. 

9. Jacobs MR, et al. β-Lactamase production, β-lactam sensitivity
and resistance to synergy with clavulanate of 737 Bacteroides
fragilis group organisms from thirty-three US centres. J Antimi-
crob Chemother 1990; 26: 361–70. 

10. Turner P, et al. Simultaneous resistance to metronidazole, co-
amoxiclav, and imipenem in clinical isolate of Bacteroides fra-
gilis. Lancet 1995; 345: 1275–7.

Anthrax
Anthrax is caused by Bacillus anthracis, a spore-forming
Gram-positive aerobe found in the soil. It most commonly
infects herbivorous mammals. Humans can become in-
fected by contact with infected animals or infected or con-
taminated animal products, or by inhalation of anthrax
spores. Person-to-person transmission has not been report-

ed. Although rare in western countries it remains a prob-
lem in many areas, including Africa, Asia, some southern
European countries, the Americas, and parts of Australia.
Anthrax has also been used as a weapon for biological
warfare. 
In humans anthrax presents most often in the cutaneous
form. Gastrointestinal or inhalation anthrax can also occur
and in these types the prognosis is poor without prompt
treatment. In cutaneous anthrax symptoms may develop
within hours, or up to 12 days, after contact and initially
involves a painless, pruritic papule, which enlarges to an
ulcer. Later (2 to 6 days) a vesicle with a black eschar de-
velops. The incubation period for inhalation anthrax is
usually about 10 days. Initial symptoms are non-specific
and resemble a flu-like illness with fever, non-productive
cough, dyspnoea, fatigue, headache, malaise, sweats,
weakness, abdominal pain, and vomiting. This initial stage
may last from a few hours to days and is followed in some
patients by a short period of recovery while others progress
directly to respiratory failure. Gastrointestinal anthrax has
an incubation period of up to 1 week (usually 2 to 5 days)
and initial symptoms are fever, abdominal pain, nausea,
vomiting, gastric ulcers, haematemesis, and diarrhoea
(usually bloody). Systemic disease progresses rapidly and
hypotension, shock, and death may occur 2 to 5 days after
initial symptoms. 
The treatment of naturally occurring anthrax has tradi-
tionally been with benzylpenicillin with ciprofloxacin or
doxycycline (or other tetracycline) as alternatives. Other
drugs with in vitro activity are aminoglycosides, amoxicil-
lin, chloramphenicol, clindamycin, imipenem, linezolid,
the macrolides, meropenem, rifampicin, and vancomy-
cin.1-3 There are currently no clinical trial data on the opti-
mal treatment for anthrax and treatment recommendations
and guidelines1-3 are based largely on the experience
gained during the 1979 incident in Sverdlovsk (accidental
release of biological warfare agents), the 2001 attack in the
USA (deliberate release), isolated case reports of naturally
occurring disease, and in vitro data. Because of the risks of
engineered drug-resistant strains of B. anthracis, inducible
beta-lactamases, and in vitro resistance to ofloxacin,
guidelines1-3 for the treatment of anthrax (occurring after
deliberate release) recommend the use of 2 or more anti-
bacterials which should be started as soon as possible. Cor-
ticosteroids may be given as adjunctive therapy. For the
treatment of inhalation and gastrointestinal anthrax intra-
venous ciprofloxacin or oral doxycycline plus one or two
additional antibacterials with in vitro activity are recom-
mended until antimicrobial susceptibility is known. Treat-
ment should be given for 60 days. For cutaneous anthrax,
oral ciprofloxacin or oral doxycycline is generally recom-
mended. A change to amoxicillin, particularly in pregnant
women and children, may be considered if the organism is
found to be susceptible or first-line drugs cannot be taken.
Treatment for 7 to 10 days is usually recommended for cu-
taneous anthrax, but in the event of a deliberate release or
if concurrent inhalation is suspected then treatment should
be continued for 60 days. If there are signs of systemic in-
volvement, extensive oedema, or lesions on the head or
neck, intravenous, and a multi-drug approach is recom-
mended. 
Anthrax can be prevented by controlling and eliminating
infected animals and vaccinating livestock. In humans,
chemoprophylaxis may be given when exposure to an-
thrax is suspected. US4 and UK3 guidelines recommend
antibacterial prophylaxis with oral ciprofloxacin or oral
doxycycline for 60 days. UK guidelines suggest that
amoxicillin may be considered if the organism is found to
be susceptible. Anthrax vaccines may be used for active
immunisation and are recommended for persons working
with potentially infected animals or animal products (in-
cluding laboratory workers). The vaccine may also be giv-
en with antibacterials as part of a postexposure prophylax-
is regimen.2,3,5 In such situations, antibacterial prophylaxis
may be reduced to 4 to 6 weeks.3,5 In the USA, specific
guidelines5,6 for the use of anthrax vaccine, including its
use in response to terrorism, have been developed.
1. CDC. Update: investigation of bioterrorism-related anthrax and

interim guidelines for exposure management and antimicrobial
therapy, October 2001. MMWR 2001; 50: 909–19. Correction.
ibid.; 962. Also available at: http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5042a1.htm (accessed 22/05/07) 

2. Inglesby TV, et al. Anthrax as a biological weapon, 2002: updat-
ed recommendations for management. JAMA 2002; 287:
2236–52. 

3. Health Protection Agency. Anthrax: guidelines for action in the
event of a deliberate release. Version 5.9; issued 16/04/07.
Available at: http://www.hpa.org.uk/webc/HPAwebFile/
HPAweb_C/1194947401128 (accessed 15/08/08) 
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al exposure and interim public health guidelines, October
2001.MMWR 2001; 50: 889–93. Also available at: http://
www.cdc.gov/mmwr/preview/mmwrhtml/mm5041a1.htm (ac-
cessed 11/05/07) 

5. CDC. Use of anthrax vaccine in response to terrorism: supple-
mental recommendations of the Advisory Committee on Immu-
nization Practices. MMWR 2002; 51: 1024–6. Also available at:
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5145a4.htm
(accessed 11/05/07) 

6. CDC. Use of anthrax vaccine in the United States: recommenda-
tions of the Advisory Committee on Immunization Practices
(ACIP). MMWR 2000; 49 (RR-15): 1–20. Also available at:
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr4915a1.htm
(accessed 11/05/07)

Antibiotic-associated colitis
See p.171.

Arthritis, bacterial
See under Bone and Joint Infections, p.164.

Bacillary angiomatosis
See under Cat Scratch Disease, p.166.

Bacterial vaginosis
Bacterial vaginosis (anaerobic vaginosis; non-specific
vaginitis) results from a reduction of the normal vaginal
bacteria (Lactobacillus spp.) and an overgrowth of anaer-
obic bacteria (including Gardnerella vaginalis, Mycoplas-
ma hominis, or Mobiluncus or Prevotella spp.). It is a com-
mon and often distressing condition that is not thought to
be sexually transmitted but is generally associated with
sexual activity. Infections may be asymptomatic or result
in a fishy-smelling vaginal discharge. 
Various antibacterial regimens for the treatment of bacte-
rial vaginosis are recommended in guidelines issued in the
UK,1 and in the USA2 and also by WHO3 but relapse is
common after any regimen. 
• WHO: 

• oral metronidazole 400 or 500 mg twice daily for 7 days 
alternatives are: 
• a single oral dose of metronidazole 2 g 
• intravaginal metronidazole 5 g of a 0.75% gel twice daily for

5 days 
• oral clindamycin 300 mg twice daily for 7 days 
• intravaginal clindamycin 5 g of a 2% cream at bedtime for 7

days 
• UK: 

• oral metronidazole 400 or 500 mg twice daily for 5 to 7 days
or a single oral 2-g dose 

alternatives are: 
• intravaginal metronidazole 0.75% gel once daily for 5 days 
• oral clindamycin 300 mg twice daily for 7 days 
• intravaginal clindamycin as a 2% cream once daily for 7 days 
• a single oral dose of tinidazole 2 g 

• USA: 
• oral metronidazole 500 mg twice daily for 7 days, or 
• intravaginal metronidazole 5 g of a 0.75% gel once daily for

5 days, or 
• intravaginal clindamycin 5 g of a 2% cream at bedtime for 7

days 
alternatives are: 
• oral clindamycin 300 mg twice daily for 7 days 
• intravaginal clindamycin 100 mg at bedtime for 3 days 

An association has been reported between bacterial vagi-
nosis and adverse pregnancy outcomes, including miscar-
riage and premature births of low-weight infants, and
some have advised treatment early in the second trimester
of pregnancy.4,5 A systematic review6 of clinical studies
has concluded that there is little evidence that screening
and treatment of all pregnant women for bacterial vagino-
sis would prevent premature birth and its consequences,
but there is some suggestion that treatment before 20
weeks of gestation may reduce the risk of preterm birth. In
women with a history of a previous premature birth, treat-
ment of bacterial vaginosis may reduce the risk of preterm
birth.2 Symptomatic pregnant women should be treated
and the following regimens have been recommended: 
• WHO: 

• oral metronidazole 200 or 250 mg three times daily for 7
days, after the first trimester, or 

• a single oral dose of metronidazole 2 g, if treatment is needed
in the first trimester 

alternatives are: 
• oral clindamycin 300 mg twice daily for 7 days or 
• intravaginal metronidazole 5 g of a 0.75% gel twice daily for

7 days 

• USA: 
• oral metronidazole 500 mg twice daily or 250 mg three times

daily for 7 days or 
• oral clindamycin 300 mg twice daily for 7 days 

Treatment of male sex partners does not prevent the recur-
rence of bacterial vaginosis.1-3 
Patients co-infected with HIV should receive the same
treatment as those who are HIV-negative.2
1. Clinical Effectiveness Group (British Association for Sexual

Health and HIV). National guideline for the management of bac-
terial vaginosis (2006). Available at: http://www.bashh.org/
documents/62/62.pdf (accessed 15/08/08) 

2. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 22/03/07) 

3. WHO. Guidelines for the management of sexually transmitted
infect ions .  Geneva:  WHO, 2003.  Also  avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 22/03/07) 

4. Hay PE. Therapy of bacterial vaginosis. J Antimicrob Chemother
1998; 41: 6–9. 

5. Anonymous. Management of bacterial vaginosis. Drug Ther
Bull 1998; 36: 33–5. 

6. McDonald HM, et al. Antibiotics for treating bacterial vaginosis
in pregnancy. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2007 (accessed
17/03/07).

Biliary-tract infections
Infections of the biliary tract are usually associated with
obstructive and inflammatory conditions such as cholecys-
titis and cholangitis. Complications can include gangrene,
hepatic or intraperitoneal abscesses, peritonitis, and septi-
caemia. The organisms involved are typically gut flora, in-
cluding Gram-negative aerobes such as Escherichia coli
and Klebsiella spp., and anaerobes including Bacteroides
fragilis. 
Treatment of uncomplicated acute cholecystitis is usually
conservative. Antibacterials including cephalosporins, tet-
racyclines, or broad-spectrum penicillins are commonly
given, although some have questioned their use.1 For more
severe infections including suppurative cholangitis,
prompt treatment with appropriate antibacterial drugs is
necessary. Since biliary obstruction prevents adequate
concentrations of many antibacterials being achieved in
the bile, the main aim of treatment is to control bacterae-
mia. Antibacterials used, often in combination, include ce-
phalosporins, aminoglycosides, ampicillin (or amoxicil-
lin), piperacillin, fluoroquinolones, metronidazole,
clindamycin, and imipenem or its analogues.2-5 In most
cases of obstruction, definitive treatment depends on re-
storing drainage of bile by surgical or medical treatment of
gallstones (p.2409). 
Antibacterial prophylaxis is common in biliary surgery
(see Surgical Infection, p.195) to prevent acute cholangitis
and wound infections. Cephalosporins are often used for
this purpose.2 
Antibacterials may also have a role as maintenance thera-
py in recurrent cholangitis.
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Bites and stings
Wound infections after cat or dog bites may be due to a
mixture of organisms,1 often including the Gram-negative
aerobe Pasteurella multocida. The treatment of choice for
P. multocida is benzylpenicillin2 and it should be given for
infections evident within 24 hours of a bite;3 alternatives
are amoxicillin-clavulanic acid, ampicillin-sulbactam, or a
second- or third-generation cephalosporin.2 A tetracycline
such as doxycycline is a further alternative in patients al-
lergic to penicillin.2 The fluoroquinolone ciprofloxacin
has been used successfully to treat P. multocida cellulitis
associated with a cat bite.4 
In addition to P. multocida, other bacteria involved in cat
or dog bite wound infections include Staphylococcus,
Streptococcus, Bacteroides, and Fusobacterium spp. and
their presence will influence the choice of treatment. For
example, a penicillinase-resistant penicillin may be neces-
sary if Staph. aureus is present. Also, combinations of an-
tibacterials may be necessary in patients allergic to penicil-
lin since tetracycline, the alternative suggested against P.
multocida infection, has only limited activity against aero-
bic Gram-positive cocci. 

More unusual organisms include Capnocytophaga cani-
morsus (formerly called dysgonic fermenter type 2 or DF-
2) which has been associated in particular with dog
bites,5,6 but also with cat bites. It is an opportunistic path-
ogen especially hazardous to immunocompromised pa-
tients including splenectomised patients; the best treat-
ment is benzylpenicillin,7 amoxicillin-clavulanic acid, or
erythromycin.8 Infection with C. canimorsus following
dog bites may be severe and has led to fatal septicaemia,
disseminated intravascular coagulation, meningitis, or en-
docarditis,5 highlighting the importance of early antibacte-
rial treatment and debridement. 
See also under Cat Scratch Disease (p.166). 
A systematic review9 has concluded that there is no evi-
dence that the use of prophylactic antibacterials is effective
for cat or dog bites, though, if necessary, prophylaxis or
treatment for rabies (p.2234) should be instituted. A com-
bined tetanus and diphtheria vaccine (see Tetanus Vaccine,
p.2240) should be given to patients whose primary tetanus
immunisation is incomplete or unknown, or boosters are
not up-to-date. 
Among the more unusual infections acquired from ani-
mals is seal finger, caused by an as yet unidentified organ-
ism and treated with tetracycline.10 The Gram-negative
bacilli Spirillum minus (or minor) and Streptobacillus
moniliformis are both causes of rat-bite fever. In each case
the treatment of choice is benzylpenicillin;2 a tetracycline
or streptomycin are alternatives. 
Envenomation after bites and stings by snakes, scorpions,
spiders, and some marine animals is usually treated symp-
tomatically and with specific antivenoms and antisera (see
Jellyfish Stings, p.2220, Scorpion Stings, p.2237, Snake
Bites, p.2239, Spider Bites, p.2239, and Stone Fish Venom
Antisera, p.2239).
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Bone and joint infections
In bacterial arthritis (septic arthritis) joints may be infect-
ed via the blood with a variety of organisms, including sta-
phylococci, streptococci, enterococci, Enterobacteriaceae,
Pseudomonas aeruginosa, and anaerobes, although the
commonest is probably Staphylococcus aureus. Haemo-
philus influenzae is a common cause in young children, as
is Neisseria gonorrhoeae in sexually active young adults.
In addition to gonococcal arthritis, other specific types of
bacterial arthritis include Lyme disease and meningococ-
cal, salmonellal, and tuberculous arthritis (see under the
appropriate disease for further details). 
With the exception of N. gonorrhoeae, infecting organ-
isms in osteomyelitis (infection of bone) are similar to
those in bacterial arthritis.1-3 
In reactive arthritis (aseptic arthritis) joint inflammation
follows infection elsewhere in the body. It is generally sec-
ondary to sexually transmitted, especially chlamydial, in-
fections, or to enteric infections. Reactive arthritis in asso-
ciation with urethritis or cervicitis, or both, is termed
Reiter’s syndrome. 
Empirical treatment regimens for bacterial arthritis or os-
teomyelitis usually include antistaphylococcal antibacteri-
als such as flucloxacillin, nafcillin, oxacillin, a first-gener-
ation cephalosporin,4 clindamycin, or fusidic acid;
vancomycin is used to combat possible meticillin-resistant
Staph aureus. Linezolid may be used as an alternative in
patients unable to take vancomycin.4 Children under 5
years may be given amoxicillin or cefuroxime because of
the likelihood of H. influenzae infection. Ceftriaxone may
be used for empirical treatment where infection is thought
to be caused by Streptococcus spp. and N. gonorrhoeae.
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Empirical antibacterial treatment for infections caused by
Gram-negative bacteria includes ceftriaxone, ceftazidime,
or ciprofloxacin.4 Treatment of bone and joint infection is
usually started intravenously; if high bone concentrations
can be achieved with an appropriate oral antibacterial, pa-
tients may be switched to oral therapy. Successful treat-
ment of septic arthritis is generally achieved after 2 to 3
weeks of therapy, while osteomyelitis and prosthetic joint
infections may need to be treated for weeks to months.5 
A systematic review and meta-analysis6 of antibacterial
treatment of bone and joint infections concluded that most
studies were methodologically flawed and that there was
little high-quality evidence regarding treatment. Ri-
fampicin has also been used, sometimes with other drugs;
in one study7 use of rifampicin with ciprofloxacin im-
proved control of staphylococcal bone infections related to
orthopaedic devices in comparison with ciprofloxacin
alone. 
For reference to infection prophylaxis in orthopaedic pa-
tients, see under Surgical Infection, below. 
Reactive arthritis is treated with anti-inflammatories; the
role of antibacterials is less certain.8 Results in arthritis as-
sociated with chlamydial infections have been more prom-
ising than in that triggered by enteric infections.9 Long-
term treatment with a tetracycline in addition to an NSAID
has been reported to shorten the duration of reactive arthri-
tis resulting from Chlamydia trachomatis infection.10 
For mention of the use of tetracyclines, usually minocy-
cline, in the treatment of rheumatoid arthritis, see under
Musculoskeletal and Joint Disorders, p.350.
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Botulism
For a discussion of botulism and its management, see
p.2207.

Bronchitis
Bronchitis may be defined as inflammation of the bronchi
and is associated with excessive sputum production and
cough. The bronchi of healthy people are said to be nearly
always sterile whereas the upper respiratory tract is often
colonised with commensal bacteria including Streptococ-
cus pneumoniae and Haemophilus influenzae. 
Acute bronchitis1 in previously healthy subjects is com-
monly associated with viral respiratory infections such as
colds and influenza. There may sometimes be secondary
bacterial infection that responds to antibacterial therapy as
for acute exacerbations of chronic bronchitis (see below).
Acute bronchiolitis occurs in infants as a result mainly of
viral infection and antibacterials are not given routinely
(see Respiratory Syncytial Virus Infection, p.860). 
Chronic bronchitis and emphysema often occur together
and have been termed chronic obstructive pulmonary dis-
ease (p.1112). Acute exacerbations of chronic bronchitis
may be viral in origin, but bacteria are often present in pu-
rulent sputum, the commonest being Str. pneumoniae and
H. influenzae; Moraxella catarrhalis (Branhamella ca-
tarrhalis) is increasingly reported. 
The value of antibacterial treatment in both acute bronchi-
tis and acute exacerbation of chronic disease has been con-
troversial and difficult to assess.1-6 After a comparison of a
broad-spectrum antibacterial (amoxicillin, co-trimoxa-
zole, or doxycycline) with placebo,7 it was considered that
antibacterials were justified in exacerbations of chronic
obstructive pulmonary disease characterised by increased
dyspnoea, sputum production, and sputum purulence. Al-
so, a meta-analysis of randomised studies indicated a small
improvement due to therapy in patients with exacerbations
of disease.8 However, a further meta-analysis9 assessing
the use of antibacterials for acute bronchitis concluded

that, although there was some benefit to be obtained this
did not outweigh the risks of adverse effects and increased
resistance and that the use of antibacterials could therefore
not be advocated in otherwise healthy patients with no ev-
idence of chronic disease. A systematic review10 also con-
cluded that the modest benefit associated with antibacteri-
al use in acute disease needed to be considered in the
broader context of potential adverse effects, the necessity
to treat a self-limiting condition, development of resist-
ance, and cost of treatment. If antibacterials are given it is
common practice to give a 7- to 10-day oral course of a
broad-spectrum drug such as amoxicillin (alone or with
clavulanic acid), ampicillin, an oral cephalosporin such as
cefaclor or cefuroxime axetil, co-trimoxazole, erythromy-
cin or a newer macrolide such as azithromycin or clarithro-
mycin, tetracycline, or trimethoprim (preferred to co-tri-
moxazole in the UK), the choice depending on local
patterns of resistance. 
Long-term prophylaxis in patients with frequent exacerba-
tions of bronchitis is controversial. A systematic review11

of the value of antibacterial prophylaxis in chronic bron-
chitis concluded that it did have a small but significant ef-
fect in reducing the number of days of illness, but that it
had no place in routine therapy because of concerns over
adverse effects and the development of resistance. 
Bronchitis associated with Chlamydophila pneumoniae
(Chlamydia pneumoniae) and responding to tetracycline
or erythromycin has also been reported.12
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Brucellosis
Brucellosis (also known as undulant or Mediterranean fe-
ver) is caused by Brucella spp., aerobic Gram-negative
bacteria found primarily in livestock and domestic ani-
mals. Humans can become infected by direct contact with
infected animals or animal material (such as the placenta),
indirectly by consuming infected and unpasteurised milk
products, or by inhalation of contaminated dust or drop-
lets. Rarely, human infection has been reported from expo-
sure to some live veterinary vaccines.1,2 The principal Bru-
cella spp. affecting humans are B. melitensis, from sheep,
goats, camels, and sometimes cattle; B. abortus, from
cattle, buffalo, camels, and yaks; B. suis, from pigs; and
rarely B. canis, from dogs. Although rare or controlled in
countries such as the UK brucellosis remains a problem in
many areas, including eastern Europe, the Mediterranean
region, South and Central America, Mexico, the Carib-
bean, the Indian subcontinent, parts of Africa and Asia,
and the Middle East. 
Symptoms usually develop 2 to 8 weeks after infection
and resemble a flu-like illness with anorexia, fever, head-
ache, lethargy, malaise, depression, myalgia and back
pain, sweating, and weakness. Laboratory findings include
anaemia, leucopenia, lymphocytosis, pancytopenia, and
thrombocytopenia. Brucellosis may be acute, relapsing, or
chronic (disease duration of more than 1 year) and can af-
fect any part of the body, including joints (peripheral ar-
thritis, sacroiliitis, and spondylitis), heart (endocarditis),
liver (hepatitis), the CNS (meningitis, encephalitis, menin-
goencephalitis, meningovascular disease, brain abscesses,
and demyelinating syndrome), and the reproductive sys-
tem (epididymo-orchitis). Relapses occur in about 10% of
patients, usually in the first year after infection, and typi-
cally cause milder symptoms.3 

Treatment of brucellosis shortens the duration of illness,
and reduces complications and the risk of relapse. Tetracy-
clines, although highly active against Brucella spp., are as-
sociated with high relapse rates when given as monothera-
py and therefore combination therapy is now used.
Common regimens are: doxycycline and rifampicin both
orally for at least 6 weeks;4,5 doxycycline orally for 6
weeks with a parenteral aminoglycoside (streptomycin,6,7

gentamicin,5,8,9 or netilmicin10) for the first 1 to 2 weeks.
Fewer relapses have been reported with doxycycline and
streptomycin than with doxycycline and rifampicin, per-
haps due to rifampicin reducing plasma concentrations of
doxycycline.11 Higher relapse rates have been reported
with netilmicin than with gentamicin.10 Studies12,13 have
shown that combination treatment with a fluoroquinolone
plus either doxycycline or rifampicin is effective although
fluoroquinolone monotherapy is not. A review of the liter-
ature on fluoroquinolone-based combination treatment did
not support their use as first-line treatment,13 but they can
be considered as part of an alternative regimen for patients
who experience relapse or toxicity problems with the usual
first-line antibacterials. Co-trimoxazole when used is usu-
ally given in triple-drug regimens.3 A systematic review
and meta-analysis14 of 30 randomised controlled studies
on the treatment of brucellosis found that a triple drug reg-
imen of doxycycline, gentamicin, and rifampicin was bet-
ter than doxycycline plus an aminoglycoside. It also found
that 6 weeks of treatment was associated with a lower rate
of relapse than treatment regimens of 30 days or less. 
Tetracyclines should be avoided in young children (usual-
ly specified as below 8 years of age in the US and below
12 years in the UK). The preferred regimens for these chil-
dren appear to be co-trimoxazole with rifampicin both
orally for at least 6 weeks or co-trimoxazole orally with
parenteral gentamicin for the first 2 weeks.5,6 Alternative
regimens include rifampicin orally for at least 6 weeks
with either gentamicin or netilmicin for the first 5 days.6 
For the treatment of brucellosis during pregnancy, WHO
recommends rifampicin monotherapy for 6 weeks as the
drug of choice and that co-trimoxazole or tetracycline
should only be given if rifampicin is unavailable; strepto-
mycin is contra-indicated.4 Co-trimoxazole with ri-
fampicin for 4 weeks has also been tried.6 
No one antibacterial combination has been found to be su-
perior for the treatment of spondylitis although a 3-month
course of doxycycline with ciprofloxacin has been pro-
posed based on an evaluation of the literature.15 In the
treatment of neurobrucellosis, the length of therapy ap-
pears to be of critical importance; relapses may occur after
treatment lasting only 2 to 3 weeks and it is recommended
that doxycycline be given with 2 or more other drugs (ri-
fampicin, an aminoglycoside, co-trimoxazole, or ceftriax-
one) for several months depending on the response. Corti-
costeroids are often given but their efficacy is unproven. A
similar treatment regimen is used in the management of
paediatric neurobrucellosis and a 3-drug regimen (doxycy-
cline, rifampicin, and an aminoglycoside) given for 3
months has been shown to be effective. In young children
doxycycline should be replaced with co-trimoxazole.16

Treatment of endocarditis in adults generally requires
long-term triple or quadruple drug regimens (a tetracy-
cline, an aminoglycoside, rifampicin, and/or co-trimoxa-
zole) usually with surgical valve replacement.17,18 Treat-
ment should be continued for 3 months or longer and some
recommend the addition of ceftriaxone and/or a fluoroqui-
nolone to reduce the need for surgery. Cardiac complica-
tions in children are generally less severe than in adults and
treatment with tetracycline for 3 weeks with streptomycin
for 2 weeks has been found to be effective.18 
Brucellosis can be prevented by controlling and eliminat-
ing infected animals, pasteurising milk products, and vac-
cinating cattle and other livestock. There is no human vac-
cine currently available for brucellosis, although many
have been tested and some have been available from time
to time in various countries.3
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Campylobacter enteritis
See p.172.

Cat scratch disease
Cat scratch disease usually occurs after a cat scratch or
bite. The condition is characterised by regional lymphade-
nopathy and is often self-limiting, but may be disseminat-
ed in immunocompromised patients. 
In the 1980s a Gram-negative bacillus presumed to be re-
sponsible for cat scratch disease was isolated and subse-
quently named Afipia felis. However, it now appears that
Bartonella henselae (formerly Rochalimaea henselae) is
the main cause of cat scratch disease1 and that A. felis caus-
es few, if any, cases, although there is some evidence for a
joint role.2 With uncertainty over aetiology there has been
no specific antibacterial therapy and treatment with anti-
bacterials is generally not recommended in patients with
mild to moderate infection.1 There are, however, reports of
successful treatment with gentamicin3 or co-trimoxazole4

in children and with ciprofloxacin5 in adults. Azithromy-
cin has also been found to be of benefit in adults6 and is
considered the treatment of choice in both adults and chil-
dren with extensive lymphadenopathy. Doxycycline with
rifampicin may be given as an alternative for these patients
and is the recommended treatment for complicated cat
scratch disease.1 
Bacillary angiomatosis, in which both B. henselae and B.
quintana7 (the causative organism of trench fever) have
been implicated, resembles a disseminated form of cat
scratch disease but occurs predominantly in HIV-infected
patients. Disseminated disease in immunocompromised
patients has not responded to ciprofloxacin,8,9 but has
responded to treatment with doxycycline8-11 or
erythromycin8 or azithromycin. Erythromycin for 3
months is the drug of choice for bacillary angiomatosis;
doxycycline may be given as an alternative. Immunocom-
promised patients with acute, life-threatening infection
should be treated with rifampicin plus erythromycin or
doxycycline.1 Care is required in patients with AIDS since
the lesions of bacillary angiomatosis closely resemble
those of Kaposi’s sarcoma, and if the diagnosis is missed,
life-saving antibacterial therapy may not be given.12
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Cellulitis
See under Skin Infections, p.194.

Cervicitis
Gonorrhoea in women occurs mainly as cervicitis, but mu-
copurulent cervicitis is frequently caused by sexually
transmitted Chlamydia trachomatis. The two infections
often occur together and should be treated concurrently.
Guidelines for treatment are given under Gonorrhoea,
p.191, and Chlamydial Infections, below.

Chancroid
See under Sexually Transmitted Diseases, p.191

Chlamydial infections
The chlamydia organism belongs to the family Chlamy-
diaceae. Species that are pathogenic in man are Chlamydo-
phila pneumoniae, Chlamydophila psittaci, and Chlamy-
dia trachomatis; they are generally sensitive to
tetracyclines or erythromycin. 
C. pneumoniae (formerly classified as a TWAR strain of
C. psittaci) is a respiratory pathogen. It was first described
as a cause of community-acquired pneumonia (see Pneu-
monia, p.186), but has since been associated with other
clinical presentations including pharyngitis (see p.185)
and has been implicated in the pathogenesis of ischaemic
heart disease (see Atherosclerosis, p.1159). 
C. psittaci is transmitted to man from birds and causes psit-
tacosis, which also affects the lungs (see Psittacosis,
p.188). 
C. trachomatis causes a wide range of diseases. Many are
sexually transmitted and the spectrum is similar to that
with Neisseria gonorrhoeae (see Gonorrhoea, p.191); in-
fections with the two organisms often occur concurrently.
In women C. trachomatis may cause endometritis, pelvic
inflammatory disease, ectopic pregnancy, and infertility. In
the USA1,2 routine screening for C. trachomatis infection
is recommended in all sexually active women aged 25
years or less, whether or not they are pregnant, and in
women aged over 25 years if they are considered to be at
increased risk of infection. 
Guidelines produced by WHO,3 by an expert group in the
UK,4 and by the CDC in the USA2 for the treatment of
uncomplicated anogenital infection with C. trachomatis
are as follows: 
• WHO: 

• oral doxycycline 100 mg twice daily for 7 days, or 
• a single oral dose of azithromycin 1 g 
alternatives, given for 7 days, are: 
• oral amoxicillin 500 mg three times daily 
• oral erythromycin 500 mg four times daily 
• oral ofloxacin 300 mg twice daily 
• oral tetracycline 500 mg four times daily 

• UK: 
• first-line therapy is the same as WHO 
alternatives are: 
• oral erythromycin 500 mg twice daily for 10 to 14 days 
• oral ofloxacin 200 mg twice daily or 400 mg once daily for 7

days 
• USA: 

• first-line therapy is the same as WHO 
alternatives, given for 7 days, are: 
• oral erythromycin 500 mg four times daily 
• oral erythromycin ethylsuccinate 800 mg four times daily 
• oral ofloxacin 300 mg twice daily 
• oral levofloxacin 500 mg once daily 

Pregnant women infected with C. trachomatis may be at
risk of premature rupture of membranes and preterm la-
bour (see Premature Labour, p.188). They may also infect
their offspring to cause ophthalmia neonatorum (see Neo-
natal Conjunctivitis, p.180) or pneumonia (p.186). Infect-
ed pregnant women should be treated and the following
regimens have been recommended: 
• WHO: treatment for 7 days with: 

• oral erythromycin 500 mg four times daily or 
• oral amoxicillin 500 mg three times daily 

• UK: 
• as for WHO, or 
• oral erythromycin 500 mg twice daily for 14 days, or 
• a single oral dose of azithromycin 1 g 

• USA: 
• a single oral dose of azithromycin 1 g or 
• oral amoxicillin 500 mg three times daily for 7 days 
alternatives are: 
• erythromycin-containing regimens 

Sexual partners of those infected with C. trachomatis
should be tested and treated.2-4 
For further reference to sexually transmitted C. trachoma-
tis infections, see under Epididymitis (p.170), Pelvic In-
flammatory Disease (p.184), and Urethritis (p.199) 
Specific serotypes of C. trachomatis are responsible for
another sexually transmitted disease, lymphogranuloma
venereum (p.192). 
Reactive arthritis (see Bone and Joint Infections, p.164)
may be secondary to chlamydial infections. 
Other C. trachomatis infections that are not sexually trans-
mitted include trachoma and inclusion conjunctivitis in
adults (see Trachoma, p.196).
1. US Preventive Services Task Force. Screening for chlamydial in-

fection (June 2007). Available at: http://www.ahcpr.gov/clinic/
uspstf/uspschlm.htm (accessed 03/08/07) 
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Cholera and other vibrio infections
See p.172.

Cystic fibrosis
Cystic fibrosis is a genetic disorder associated with the
production of abnormally viscous mucus. The underlying
defect is mutation in the gene which codes for cystic fibro-
sis transmembrane conductance regulator (CFTR), a pro-
tein which functions as a chloride channel. Mutations re-
sult in defective ion transport with reduced chloride ion
secretion and accelerated sodium ion absorption, and relat-
ed changes in the composition and properties of mucin se-
creted. Now that patients with cystic fibrosis usually sur-
vive into adulthood, it is increasingly seen to be a
multisystem disease. However, the main clinical manifes-
tations are still pulmonary disease, with recurrent bacterial
infections and the production of copious viscous sputum,
and malabsorption due to pancreatic insufficiency. Other
complications include male infertility and hepatobiliary
disease. There is increased salt loss in sweat. 
Pulmonary disease is the major cause of mortality. Cystic
fibrosis is an underlying cause of bronchiectasis (chronic
dilatation of the bronchi) as a result of excessive secretion
of mucus and recurrent infections. Cough and excessive
production of sputum are characteristic of cystic fibrosis
and the lungs are generally colonised with bacterial patho-
gens, especially mucoid strains of Pseudomonas aerugi-
nosa. Pseudomonal pulmonary infection is the major
cause of morbidity and mortality in cystic fibrosis. Moni-
toring of bacterial pathogens in the sputum, including their
sensitivity, is necessary for rational treatment. Apart from
Ps. aeruginosa, Staphylococcus aureus is often present
and may be the predominant pathogen in infants. Burkhol-
deria cepacia complex (Pseudomonas cepacia) has been
recognised as a cause of serious lung infection in cystic
fibrosis and is readily transmitted by social contact. In a
proportion who acquire it, B. cepacia has been associated
with rapid deterioration and death. Other bacteria isolated
include Haemophilus influenzae and atypical Mycobacte-
ria spp. 
Various diagnostic methods are available1-3 and clinical di-
agnosis of cystic fibrosis may be confirmed by establish-
ing that chloride concentrations in sweat are raised. This
may be done by using the pilocarpine sweat test (see Pilo-
carpine, p.1885). Identification of gene mutation is possi-
ble and may be used for further confirmation of the diag-
nosis and identification of carrier status.4 In some areas
neonatal screening programs have been instituted, to allow
for early intervention. 
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The reduced morbidity and improved survival in patients
with cystic fibrosis are largely due to the management of
pulmonary disease with antibacterials and physiotherapy
and to nutritional management. Several reviews have dis-
cussed both established and experimental therapy.5-9 De-
spite the successes, the evidence base for some procedures
is scanty,9 and there may be variations in management be-
tween centres. However, the cornerstones of current man-
agement are:8,9 
• mechanical airway clearance, with the use of adjuncts

such as dornase alfa and hypertonic saline 
• prevention or eradication of pulmonary infections in

early disease 
• suppression of bacterial load through antibacterial treat-

ment of chronic infection in more advanced disease 
• use of ibuprofen or azithromycin to control lung inflam-

mation 
• aggressive antibacterial treatment of pulmonary exacer-

bations 
• nutritional support to ensure an adequate intake of calo-

ries and salt, with supplementation of pancreatic en-
zymes and the fat-soluble vitamins A, D, E, and K 

• maintaining regular physical activity 
Airway clearance by manual chest percussion and me-
chanical techniques including chest-wall or airway oscilla-
tion helps to loosen secretions and aid their removal. Dor-
nase alfa10 is given by aerosol inhalation and reduces the
viscosity of the sputum by breaking down the large quan-
tities of DNA released by degenerating inflammatory
cells. The use of dornase alfa has been associated with
some improvement in lung function and it might be a use-
ful adjunct to bronchial drainage, although it is unclear
whether it prevents the development of progressive lung
damage. However, a randomised, multicentre, placebo-
controlled study in children showed that dornase alfa
maintained lung function and reduced the risk of exacerba-
tions over a period of 96 weeks.11 Mucolytics such as acet-
ylcysteine are generally not considered to be effective in
cystic fibrosis.12 Inhalation of hypertonic saline has, how-
ever, been shown to be of benefit (see p.1687) and has be-
come part of management in many centres.8,9 The time re-
quired for such therapies and their associated monitoring
may prove challenging to patients and their families.8 
In young patients with early disease, prevention or erad-
ication of infection for as long as possible is a reasonable
aim, in order to maintain good lung function.9 Staphylo-
coccal infections commonly develop during the first dec-
ade of life, and some clinicians start antistaphylococcal an-
tibacterials on diagnosis of cystic fibrosis. Others wait
until the first clinical infection occurs before starting treat-
ment. Once started, antistaphylococcal therapy is contin-
ued indefinitely in some centres, while others only treat
when symptomatic exacerbations or positive sputum cul-
tures occur. Systematic reviews confirmed that antistaphy-
lococcal treatment is effective and also concluded that
prophylaxis is likely to be beneficial in young children
with cystic fibrosis.13,14 In the UK, flucloxacillin or co-
amoxiclav are commonly given.9 It is unclear whether in-
termittent or continuous therapy produces the best clinical
outcome. Other potential disadvantages to prophylaxis are
the possible early acquisition of Ps. aeruginosa infection15

(this seems to be a risk mainly if broad spectrum cepha-
losporins are given) and an increased incidence of drug-
resistant staphylococci with continuous therapy.16 
Management of chronic infection is aimed at control of
bacterial load,9 since permanent eradication is impossible.
Selection of an antibacterial must be individualised, and
will depend on the infecting organisms,9 and local pre-
scribing policies and availability. Long-term intermittent
treatment with inhaled antibacterials, particularly to-
bramycin, is favoured;8,9,17,18 other nebulised antibacteri-
als that may be of benefit include aztreonam and colis-
tin.8,19 A systematic review confirmed that inhaled
antipseudomonal antibacterials improved lung function
and reduced the frequency of exacerbations.20 Although
there is some evidence of an increase in resistance with
such treatment,20 it is claimed to be less frequent than
feared.8 In contrast, oral antipseudomonal therapy has not
been conclusively shown to be of benefit in chronic infec-
tion,21 and is generally avoided because of fears of resist-
ance.8 
The macrolide azithromycin is, however, used orally in
chronic infection, but may be acting as an immunomodu-
lator to reduce inflammation rather than specifically as
an antibacterial.8,9,22 A systematic review23 on the use of

macrolides in cystic fibrosis found evidence of a small but
significant improvement in respiratory function at 6
months with azithromycin compared with placebo; the
role of other macrolides was unclear. A small anti-inflam-
matory benefit has also been reported from treatment with
high-dose oral ibuprofen,24 and this is used in some cen-
tres, particularly in the USA.9 However, there are some
concerns about the potential for adverse effects; it has been
recommended that if used, such therapy be stopped in pa-
tients who require intravenous aminoglycosides, and
should be avoided in those with gastrointestinal risk fac-
tors.24 There is no evidence supporting a role for cortico-
steroid therapy,25,26 except in the management of patients
who develop allergic bronchopulmonary aspergillosis.9 
Aggressive management of exacerbations with appro-
priate antibacterials is crucial.8,9,27,28 Treatment should be
based on recent culture results, but there appears to be no
additional value in combination antibacterial sensitivity
testing.29 In patients with Ps. aeruginosa infection a com-
bination of intravenous antibacterials, typically an
aminoglycoside such as tobramycin and a beta-lactam
with antipseudomonal activity such as ceftazidime, is fa-
voured.27,28,30 Once-daily dosing with the aminoglycoside
is as effective as giving it in divided doses, and may be
associated with less nephrotoxicity in children.31 High
doses are necessary because of the poor penetration of
these antipseudomonal antibacterials into the site of infec-
tion and their increased renal clearance in patients with
cystic fibrosis.32,33 Treatment is generally given for 2 to 3
weeks although there is no good evidence to support a par-
ticular length of therapy.34 Intermittent elective intrave-
nous therapy has become more practical with the develop-
ment of regimens that enable patients to be treated at
home.30,35 
Infection with B. cepacia complex is difficult to treat be-
cause the majority of antipseudomonal antibacterials are
not effective. Co-trimoxazole has been suggested36 and
can be given orally;28 meropenem and ceftazidime have
some in-vitro activity, and temocillin has been tried.28 Oth-
er problems may include meticillin-resistant Staph. aureus
infections; intravenous teicoplanin has been used, as have
oral doxycycline or linezolid where sensitivity patterns
permit.28 The possibility of fungal or viral infections
should also be considered.28 
Nutritional management of cystic fibrosis should ensure
adequate calorie intake from a balanced diet in order to
counteract malabsorption due to pancreatic insufficiency
and the increased metabolic requirements of patients with
cystic fibrosis.37,38 Supplements of the fat-soluble vita-
mins A, D, and E, and sometimes vitamin K, may be nec-
essary. Investigation of bone mineral density39 and direct
assessment of vitamin status40 suggest that current supple-
ments may be inadequate. Pancreatic enzymes, as pancre-
atin or pancrelipase, are taken before or with each meal or
snack.41 
Many other interventions have been tried.42,43 
Bronchodilators including both beta agonists and antimus-
carinics may be useful in selected patients although there
are few meaningful clinical trial results.44 A therapeutic
trial is often justified in individual patients since it is diffi-
cult to predict which patients will respond.42 While use by
nebuliser is regarded as most effective, inhalers may be
more practical where compatibility with other nebulised
drugs could be a problem.43 Alpha1-proteinase inhibitor,
the main inhibitor of neutrophil elastase in the lung has
also been investigated45 as has pentoxifylline,46 a drug
with anticytokine activity. 
Experimental treatment aimed at modifying the pulmo-
nary disease process has also included ion transport thera-
py. This involves the use of aerosolised drugs that either
inhibit sodium ion absorption across airway epithelia (for
example the sodium channel blocker amiloride) or induce
chloride ion secretion. However, nebulised amiloride was
not found to be a useful adjunct in patients on optimal
treatment.47 
In patients with severe lung disease, oxygen therapy may
give some relief of symptoms but its effect on mortality
and morbidity is uncertain.48 At present the only available
treatment for patients with end stage pulmonary disease is
lung transplantation. Although individuals with cystic fi-
brosis do as well as those referred for transplantation with
other lung diseases, the 5-year survival rate after the pro-
cedure is reported to be only 50%.8 
Somatic gene therapy represents the nearest approach to
a cure for cystic fibrosis.49 It aims to introduce the normal

CFTR gene sequence into cells of affected tissue. Most ef-
fort has been directed at gene delivery to the lungs using
adenovirus vectors or liposomes, but results have been
variable.50-53 Difficulties encountered include inefficient
gene transfer, immunity to viral vectors, and a systemic in-
flammatory reaction provoked by plasmid DNA.4 For a
discussion of the general principles of gene therapy, see
p.2310.
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Diarrhoea, infective
See Gastro-enteritis, p.171.

Diphtheria
Diphtheria is caused by infection, usually of the upper res-
piratory tract or the skin, with the Gram-positive aerobe
Corynebacterium diphtheriae. It occurs worldwide and,
despite the effectiveness of immunisation (see Diphtheria
Vaccines, p.2209), is still common in parts of the world,
including the tropics. Although the risk to travellers is said
to be low, diphtheria should be considered in patients re-
turning from endemic areas with a sore throat. 
The most serious manifestations of infection are due to exo-
toxin produced by toxigenic strains and thus treatment is
primarily with diphtheria antitoxin. Erythromycin or ben-
zylpenicillin are also given to eliminate C. diphtheriae,
thereby terminating toxin production and preventing the
spread of infection to contacts. Close contacts of primary
cases of diphtheria may be given a 7-day prophylactic
course of erythromycin orally or a single intramuscular
dose of benzylpenicillin,1 in addition to boosters or prima-
ry immunisation with diphtheria vaccine. Non-toxigenic
C. diphtheriae  is the most common isolate in clinical cas-
es in the UK1,2 and generally causes a less severe form of
the disease; it does, however, have the potential to cause
invasive disease in some patients.3 
Asymptomatic carriers may harbour non-toxigenic strains
of C. diphtheriae that can be converted to toxigenic strains.
A single intramuscular injection of benzathine benzylpen-
icillin has been less effective than oral erythromycin, but
may be used if compliance is uncertain;4 clindamycin for
7 days by mouth has also eliminated the carrier state,4 but
erythromycin remains the drug of choice. Bacteriological
follow-up should be carried out 2 weeks after completing
treatment to be certain C. diphtheriae has been eradicated
from carriers.5
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Ear infections
See Otitis Externa, and Otitis Media, p.182.

Ehrlichiosis
Ehrlichioses are a group of diseases produced by infection
with rickettsia-like bacteria of the family Anaplasmatace-
ae, a family that contains the genera Anaplasma, Ehrli-
chia, Neorickettsia, and Wolbachia. At one time such or-
ganisms were considered to be only animal pathogens but
it is now recognised that humans may also become infect-
ed. One of the earliest human forms of ehrlichiosis identi-

fied was Sennetsu fever, a disease found in Japan and Ma-
laysia, and which is caused by N. sennetsu (E. sennetsu).
Subsequently Anaplasma phagocytophilum (E. phagocy-
tophila), E. chaffeensis, E. ewingii, and possibly E. canis
have emerged as tick-borne human pathogens. 
E. chaffeensis mainly infects mononuclear cells and in hu-
mans the resulting disease is commonly called human
monocytic (or monocytotropic) ehrlichiosis (HME)
whereas A. phagocytophilum mainly infects granulocytes
and in humans produces human granulocytic (or granulo-
cytotropic) ehrlichiosis (HGE), now also known as human
granulocytic anaplasmosis (HGA). E. ewingii and E. canis
mainly infect granulocytes and mononuclear cells respec-
tively. 
Some patients with HGA may also be co-infected with
Borrelia burgdorferi, the cause of Lyme disease, and/or
Babesia microti, the cause of babesiosis, as they are all
transmitted by tick bites from the same Ixodes spp. For de-
tails on the treatment of patients with HGA co-infected
with Lyme disease, see p.177. 
Human ehrlichiosis is characterised by fever, headache,
myalgia, and malaise. Laboratory findings include leuco-
penia, thrombocytopenia, and elevated liver enzymes.1,2

Symptoms more commonly seen in patients with HME are
gastrointestinal disturbances, cough, confusion, and skin
rash. HME is a relatively severe infection and patients may
require hospitalisation for complications such as acute res-
piratory distress, coagulopathy, hepatitis, hepatic failure,
meningoencephalitis, acute renal failure, and shock. Ful-
minant infections may give rise to other opportunistic in-
fections, particularly in immunocompromised patients.
Fatalities have been reported in 2 to 3% of patients with
HME. Clinical symptoms of infections with E. ewingii or
A. phagocytophilum are generally similar to those of E.
chaffeensis3,4 although usually less severe. Cough, confu-
sion, and skin rash have not been seen with infections
caused by E. ewingii and most cases have been diagnosed
in immunocompromised patients; no deaths have been re-
ported. HGA is generally a mild, self-limiting disease, but
may be severe in about 5 to 7% of patients and reported
fatalities are less than 1%. Most severe cases have been
diagnosed in immunocompromised patients. Skin rash,
gastrointestinal and respiratory disturbances, and CNS in-
volvement are less frequent with HGA.1 
Prompt treatment is recommended due to the potential for
serious complications. Treatment for all infections is with
a tetracycline, preferably doxycycline, given for 7 to 10
days or for at least 3 days after the patient has become afeb-
rile. Chloramphenicol has been used as an alternative for
HME, although its efficacy is controversial and it should
not be considered as a first-line treatment.1,5 It is also not
effective against A. phagocytophilum in vitro. Despite the
known adverse effects of doxycycline in children, the
American Academy of Pediatrics6 and the Infectious Dis-
eases Society of America (IDSA)7 state that a shortened
course may be given to those who are less than 8 years of
age who are severely ill and not co-infected with Lyme dis-
ease; the dose is 4 mg/kg daily in two divided doses and
should be given for at least 3 days after the patient has be-
come afebrile (a total of about 5 to 10 days). Successful
treatment of HGA with rifampicin has been reported in
pregnancy (gestational age of 10 to 36 weeks)8 and in 2
children with non-life-threatening infection.9 The IDSA7

recommends that patients with mild disease who cannot be
given a tetracycline may be given rifampicin 300 mg twice
daily for 7 to 10 days; children may be given 10 mg/kg
twice daily. Antibacterial susceptibility testing has sug-
gested that rifamycins and fluoroquinolones are promising
alternatives in the treatment of HGA.10
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Endocarditis
Infective endocarditis is an infection of the endocardium
after invasion of the bloodstream by bacteria or fungi, and
particularly affects the heart valves. Infection has tradi-
tionally been classified as acute or subacute; however,
changes in the clinical spectrum of infection have meant
that some now prefer to classify it into the categories:1 
• native-valve endocarditis (often associated with con-

genital or chronic rheumatic heart disease, and classical-
ly due to streptococci although cases due to staphylo-
coccal infection are increasingly frequent) 

• prosthetic valve endocarditis (which may occur early,
within 60 days of surgery, which is often due to staphy-
lococci, or late, in which case it is often due to strepto-
cocci or more exotic organisms such as the HACEK
group) 

• endocarditis in intravenous drug users (usually associat-
ed with infection by skin pathogens, especially Staphy-
lococcus aureus) 

• nosocomial endocarditis (related to catheter implanta-
tion or other invasive medical or surgical procedures; it
is usually due to staphylococci or enterococci and has a
high mortality rate). An increasing incidence is also
seen in patients undergoing haemodialysis 

Treatment of infective endocarditis is essential, as infec-
tion can result in heart failure, embolisation and infarction
of major organs, and death. Diagnosis is often difficult as
many of the symptoms (which include fever, malaise,
headache, petechiae, and splinter haemorrhages under the
nails) are nonspecific. A set of diagnostic criteria known as
the Duke criteria have been developed, and some modifi-
cations subsequently proposed.2 The Duke criteria identify
endocarditis primarily on the basis of microbiological data
(blood culture of the infecting organism) and anatomical
lesions of the valves (identified by echocardiography or
the development of new valvular regurgitation); minor cri-
teria such as development of fever, or presence of predis-
posing conditions such as heart defects or intravenous drug
use, are also considered.2 
Virtually any organism can cause endocarditis but strepto-
cocci, enterococci, and staphylococci continue to be major
culprits. 
• Among the commonest causes are the alpha-haemolytic

streptococci originating mainly from the mouth and
throat; they have been called viridans streptococci or
even ‘Streptococcus viridans’ (although this is not a true
species) and include Str. mitis, Str. mutans, Str. oralis, Str.
salivarius, and Str. sanguis. Other streptococci originate
in the gut and include Str. bovis. 

• Also increasingly common is endocarditis due to sta-
phylococci such as Staphylococcus aureus, a common
cause in intravenous drug abusers, but endocarditis may
also be caused by coagulase-negative staphylococci,
particularly Staph. lugdunensis. Prosthetic valve infec-
tion is often caused by Staph. epidermidis or other sta-
phylococci. 

• Enterococci (faecal streptococci) originate in the gut
and include Enterococcus faecalis and, to a lesser ex-
tent, E. faecium. Endocarditis due to any of these bacte-
ria is commonly subacute or insidious. 

Less common causes of endocarditis include:3 
• Gram-negative bacteria such as the Enterobacteriaceae

and 
• Pseudomonas spp. 
• the HACEK group of slow-growing organisms (Hae-

mophilus, Actinobacillus, Cardiobacterium, Eikenella,
Kingella) 

• the rickettsia Coxiella burnetii (the cause of Q fever,
p.188) 

• Bartonella spp. (also formerly classified as rickettsia) 
• fungi such as Candida and Aspergillus (see p.519). 
Guidelines for the treatment and prophylaxis of endocardi-
tis have been issued by bodies in many countries. Al-
though some common principles can be identified, recom-
mendations must be localised because of differences in
patterns of infection and drug resistance, variations in the
availability of antibacterials and local policies for their use,
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and differences in medical practice. Countries also vary in
the degree to which such guidelines are accepted in prac-
tice. 
Endocarditis treatment. 
Treatment of endocarditis relies on prompt identification
of the infecting organisms and their sensitivity to antibac-
terials. Three sets of blood cultures, each from a separate
venepuncture, should be taken before antimicrobial treat-
ment is started; MICs for the causative organism should be
measured. As already mentioned, guidelines vary,4-8 but in
general: 
• a microbicidal antibacterial, or combination of antibac-

terials, should be used for treatment; many regimens are
based on a beta-lactam or glycopeptide plus an
aminoglycoside 

• treatment should be given at high doses, and by the in-
travenous route 

• except in the most sensitive infections, treatment should
be given for at least 4 weeks (or at least 6 weeks if the
patient has prosthetic valves or other prosthetic material
implanted in the heart) 

• ideally, it is preferable to wait for the results of blood
culture before starting therapy; however, empirical
treatment is given to patients presenting with acute or
severe disease 

• associated complications such as heart failure should be
managed appropriately; management may include re-
ferral for early surgical intervention 

If empirical treatment is to be given until the laboratory
results are known, then it is most likely to be with gen-
tamicin plus benzylpenicillin.4-6 An isoxazolyl penicillin
(cloxacillin, dicloxacillin, flucloxacillin, or oxacillin) may
be added, or used instead of benzylpenicillin, in more se-
vere or acute presentations. Vancomycin is likely to be the
antibacterial of choice in penicillin-allergic patients requir-
ing empirical treatment,5 and may be used empirically
with an aminoglycoside in patients with prosthetic valves
or where penicillin resistance is suspected.4,6 (UK guide-
lines also add rifampicin in these situations.6) 
Once the causative organism and its antibiotic susceptibil-
ity have been identified, appropriate pathogen-directed
therapy may be begun. 
• Streptococcal endocarditis. Streptococci vary in their

susceptibility to penicillin, and guidelines generally di-
vide regimens according to whether the organism is of
low, intermediate, or high penicillin resistance, although
at what MIC these categories are defined varies between
guidelines. 
For uncomplicated cases of infection with the most pen-
icillin sensitive streptococci, benzylpenicillin may be
used, with or without gentamicin.4-8 Typically, if used
alone in native-valve infection it would be given for 4
weeks, whereas the combination regimen is given only
for 2 weeks.6-8 Indicative doses would be 1.2 to 2.4 g of
benzylpenicillin every 4 hours, and gentamicin 1 mg/kg
every 8 hours. Ceftriaxone or vancomycin may be con-
sidered as an alternative,6 although these are more often
given to treat less sensitive strains, or in patients unable
to tolerate penicillin. 
For streptococci less sensitive to penicillin benzylpeni-
cillin may be given as above but for 4 to 6 weeks,4,6,7

usually with gentamicin for at least the first 2 weeks.
Alternatively, 4 weeks of treatment with ceftriaxone or
vancomycin may be considered.6-8 Typical doses are 2 g
daily of ceftriaxone as a single injection, or 30 mg/kg of
vancomycin daily (up to a usual maximum of 2 g daily),
in 2 divided doses. 
For penicillin resistant streptococci treatment is similar
to that for enterococcal endocarditis.6,7 A combination
of vancomycin and gentamicin may be given for 4 to 6
weeks. Streptomycin is a possible alternative to gen-
tamicin for gentamicin resistant isolates.6 
For streptococci in penicillin-allergic patients, vanco-
mycin for 4 to 6 weeks may be given; UK guidelines
advise 4 weeks of treatment combined with gentamicin
for the first 2 weeks.6 Teicoplanin, typically in doses of
6 to 10 mg/kg daily (higher loading doses should be giv-
en initially to establish a suitable trough concentration)
is a possible alternative to vancomycin.6 Some patients
may tolerate ceftriaxone.4 
For patients with prosthetic valve endocarditis, a regi-
men similar to that for less sensitive streptococci
(above) has been suggested, given for at least 6
weeks.6-8 

• Staphylococcal endocarditis. The treatment of staphy-
lococcal endocarditis is based on the use of an isoxa-
zolyl penicillin or a glycopeptide. In contrast to strepto-
coccal or enterococcal endocarditis, the benefits of
adding an aminoglycoside are uncertain, and guidelines
differ in whether they recommend this. Combination
therapy is recommended where prosthetic valves or oth-
er intracardiac prostheses are present. 
For meticillin sensitive staphylococci, typically cloxa-
cillin, dicloxacillin, or flucloxacillin is given in a dose of
2 g every 4 to 6 hours for at least 4 weeks.4-8 Some
guidelines continue to recommend addition of gen-
tamicin for the first 3 to 5 days of therapy.7,8 Patients
with right-sided endocarditis due to intravenous drug
abuse may respond to shorter courses of 2 weeks of
combination therapy with an isoxazolyl penicillin plus
gentamicin.4,6-8 
For staphylococci resistant to meticillin/oxacillin, van-
comycin may be given alone for 6 weeks,4,7,8 or with
rifampicin or perhaps gentamicin or sodium fusidate
(depending on sensitivity) for at least 4 weeks.5-8 Such
combinations may also be appropriate in patients with
penicillin allergy. Teicoplanin should not be used as the
reported incidence of treatment failure is unacceptably
high.6 
For staphylococcal endocarditis in the presence of int-
racardiac prostheses either an isoxazolyl penicillin or
vancomycin may be used with rifampicin or gentamicin
or both; an indicative regimen might be intravenous
doses of 2 g of the penicillin every 4 to 6 hours, or 1 g of
vancomycin every 12 hours, plus rifampicin 300 mg by
mouth every 8 hours, both given for 6 to 8 weeks, plus
gentamicin 1 mg/kg intravenously every 8 hours for the
first 2 weeks.6-8 Gentamicin may be given for the entire
period of treatment if the infection is due to more recal-
citrant strains of meticillin-resistant Staph. aureus or co-
agulase-negative staphylococci.6 

• Enterococcal endocarditis. Treatment of enterococcal
endocarditis is based on combinations of an aminogly-
coside with another antibacterial, usually a beta lactam
or a glycopeptide, depending on the sensitivity of the
isolated organism. 
For gentamicin sensitive, penicillin sensitive enterococ-
ci: intravenous bolus injections of ampicillin or amoxi-
cillin 2 g (or benzylpenicillin 2.4 g) every 4 hours and
gentamicin 1 mg/kg every 8 or 12 hours, both given for
at least 4 weeks.4,6,8 
If the patient is allergic to penicillin, or the isolate is
penicillin resistant but gentamicin sensitive, then a com-
bination of vancomycin or teicoplanin with gentamicin
may be given for at least 4 weeks.6-8 
For enterococci with high level gentamicin resistance, a
penicillin as above may be used with streptomycin
7.5 mg/kg twice daily (intramuscularly or intravenous-
ly) for at least 4 weeks.6,8 If there is also penicillin resist-
ance, or the patient is penicillin allergic, streptomycin as
above may be given with vancomycin or teicoplanin.6 If
streptomycin cannot be used then treatment should be
given for at least 8 weeks.6 
Endocarditis due to multiply resistant enterococci not
susceptible to penicillin, gentamicin, or vancomycin, is
still infrequent and there seem to be no established reg-
imens; options may include the use of linezolid or quin-
upristin/dalfopristin where available.6,8 A combination
of ampicillin with ceftriaxone or imipenem-cilastatin,
given for at least 8 weeks, has been suggested for multi-
ply resistant E. faecalis infection in US guidelines.8 

• HACEK endocarditis. The HACEK organisms are
slow and difficult to culture and treatment must often,
therefore, be empirical. Traditionally, treatment for this
group of organisms was based on ampicillin and gen-
tamicin. However, because of the emergence of beta-
lactamase producing strains, empirical treatment is now
based on beta-lactamase-stable cephalosporins. 
Preferred treatment for native-valve endocarditis due to
HACEK organisms is therefore with intramuscular or
intravenous ceftriaxone (usually in a dose of 2 g once
daily) for 4 weeks,4,6-8 although cefotaxime4 or other
third-generation cephalosporin may be used instead.
UK guidelines recommend addition of gentamicin for
the first 2 weeks of therapy.6 Alternatively, if the isolate
is penicillin sensitive, ampicillin plus 2 weeks of gen-
tamicin,6 or ampicillin-sulbactam8 have been suggested.
US guidelines consider that a fluoroquinolone such as

ciprofloxacin for 4 weeks, by mouth or intravenously,
may also be effective.8 

• Endocarditis due to other organisms. Treatment of
endocarditis due to other organisms depends greatly on
the organism and its susceptibility; early surgery is often
required. For endocarditis due to Pseudomonas spp. a
combination of an antipseudomonal beta-lactam with
tobramycin has been suggested.5,7 Endocarditis associ-
ated with the intracellular pathogen Coxiella burnetii re-
quires very prolonged therapy with doxycycline,6,7 in
combination with rifampicin7 or a fluoroquinolone such
as ciprofloxacin.6 Regimens suggested for Bartonella
endocarditis have included a penicillin or ceftriaxone in
combination with gentamicin, or doxycycline plus gen-
tamicin.6,8 For other potential causes of culture-negative
endocarditis, empirical treatment with a penicillin or
vancomycin plus gentamicin, sometimes in combina-
tion with a third antibiotic such as rifampicin or cipro-
floxacin, has been suggested.4,7,8 

Endocarditis prophylaxis. 
Because of the potentially severe consequences of endo-
carditis, prophylaxis is widely practised in patients consid-
ered to be at increased risk when they are exposed to pro-
cedures likely to produce bacteraemia, although much of
the evidence to support the practice is circumstantial and
the benefits and risks therefore hard to calculate. Patients
who have been considered to be at risk of developing en-
docarditis include those with:4,7,9 
• acquired valvular heart disease 
• congenital heart disease, including septal defects, tetral-

ogy of Fallot, or aortic stenosis 
• hypertrophic cardiomyopathy 
• mitral valve prolapse with valvular regurgitation 
• prosthetic valves or shunts 
• a history of endocarditis 
Traditionally, these groups have been subdivided into
those at moderate and high risk, but some guidelines no
longer make such a distinction. 
As for treatment, guidelines have been periodically issued
to guide the selection of antibacterials for prophylaxis be-
fore various procedures in patients at risk.4,7,9-11 Proce-
dures that have been thought likely to produce bacteraemia
and therefore to require prophylactic treatment include any
dental intervention likely to cause bleeding, other oral or
upper-respiratory tract operations such as tonsillectomy,
certain gastrointestinal procedures such as sclerotherapy
for oesophageal varices or biliary-tract surgery, and some
urinary-tract surgery.4,7,9 Whether prophylaxis is truly
needed before dental procedures is a subject of controver-
sy. US guidelines10 recommend antibacterial prophylaxis
only for dental procedures that involve manipulation of
gingival tissues or periapical region of teeth, or perforation
of oral mucosa in patients considered to be at the highest
risk of developing adverse outcomes from endocarditis
(such as those with a history of infective endocarditis, car-
diac valve replacement surgery, or some patients with con-
genital heart disease). US guidelines also recommend an-
tibacterial prophylaxis for high-risk patients for
procedures on respiratory tract or infected skin, skin struc-
tures, or musculoskeletal tissue, but do not recommend
prophylaxis for genitourinary or gastrointestinal tract pro-
cedures. Similar recommendations were made in the UK
by the British Society for Antimicrobial Chemotherapy in
20069 but subsequent guidelines issued by NICE11 and
adopted by the BNF essentially abolished the requirement
for standard antibacterial prophylaxis in any procedure. 
Antibacterial prophylaxis is aimed mainly at viridans
streptococci and HACEK organisms before dental, oral,
respiratory, and oesophageal procedures, and at enterococ-
ci, Strep. bovis, and the Enterobacteriaceae before gas-
trointestinal and genito-urinary procedures.7 Drugs should
be given in a regimen that assures adequate blood concen-
trations throughout the procedure. They are generally giv-
en as a single dose before the procedure, sometimes re-
peated about 6 hours later; the oral route is used if possible. 
• A penicillin such as amoxicillin is the basis for prophy-

lactic therapy, typically in a single dose of 2 to 3 g by
mouth or 1 to 2 g intravenously.4,7,9,10 For dental proce-
dures it may be replaced, in patients allergic to penicillin
or who have received more than a single dose in the pre-
vious month, by clindamycin 600 mg orally or 300 to
600 mg intravenously, or by azithromycin 500 mg oral-
ly. All oral drugs should be given 1 hour before the pro-
cedure.4,7,9,10 



170   Antibacterials

• For gastrointestinal or genito-urinary procedures the
penicillin is usually combined with a single dose of gen-
tamicin 1.5 or 2 mg/kg intravenously or intramuscularly
before the procedure; a second dose of amoxicillin (typ-
ically half the initial dose) may be given after 6 hours. In
patients allergic to penicillin, or who have received
more than a single dose of penicillin in the previous
month, amoxicillin may be substituted with an infusion
of 1 g of vancomycin over 1 to 2 hours before the pro-
cedure, or injection of 400 mg of teicoplanin immedi-
ately beforehand.4,7,9 

• For nasal packing and intubation flucloxacillin 1 g in-
travenously is given; in penicillin allergic patients clin-
damycin 600 mg intravenously may be used.9 

• For infected skin, skin structure, or musculoskeletal tis-
sue procedures a penicillin such as amoxicillin is usual-
ly given in a single oral or intravenous dose of 2 g, or a
cephalosporin such as cefalexin is given in a single oral
dose of 2 g. Vancomycin or clindamycin may be given
to patients allergic to penicillin or who are known or
suspected of having an infection caused by a meticillin-
resistant strain of staphylococcus.10
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Endometritis
Endometritis (or endomyometritis) is a uterine infection
that may be a part of pelvic inflammatory disease (p.184)
or may be a postoperative complication of caesarean sec-
tion. 
Antibacterial prophylaxis may be given at caesarean sec-
tion after cord clamping to prevent postpartum endometri-
tis as well as wound infection. While the use of antimicro-
bial prophylaxis in patients at high risk of infection is well
established, prophylaxis in low-risk patients remains con-
troversial. A systematic literature review1 has shown
prophylaxis to be beneficial after both elective and non-
elective caesarean section, but USA surgical guidelines do
not recommend routine prophylaxis in low-risk patients.2
A penicillin or first-generation cephalosporin such as ce-
fazolin is often used.2 
Early postpartum endometritis has a polymicrobial aetiol-
ogy. In one study the most common organisms isolated in-
cluded Gardnerella vaginalis, Peptococcus spp., Bacter-
oides spp., Staphylococcus epidermidis, group B
streptococci, and Ureaplasma urealyticum.3 Chlamydia
trachomatis has been implicated more often in late post-
partum endometritis, but a wide variety of micro-organ-

isms may also be responsible including genital mycoplas-
mas and, to a lesser extent, facultative and anaerobic
bacteria.4 
In the USA, standard empirical therapy for postpartum en-
dometritis has been a short course of intravenous antibac-
terials, often clindamycin with gentamicin, given until the
patient has been afebrile and asymptomatic for 24 to 48
hours and sometimes followed by a course of oral treat-
ment, often amoxicillin. A systematic review5 has con-
firmed the suitability of clindamycin with gentamicin and
indicated that oral therapy is not necessary after successful
intravenous therapy. It may, however, be recommended in
patients with staphylococcal bacteraemia.2
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Enterococcal infections
Enterococcal infections are causing increasing concern,
particularly with the emergence of drug-resistant strains.1-6

Enterococci, principally Enterococcus faecalis (formerly
Streptococcus faecalis) but also E. faecium and E. avium,
can cause infections including those of the biliary tract and
urinary tract, endocarditis, and peritonitis. Since they are
frequently present in the gut flora they are a common cause
of nosocomial infections. Enterococci are resistant to ce-
phalosporins, tetracyclines, macrolides, and chloramphen-
icol. The emergence of resistance to gentamicin, penicil-
lins, and the glycopeptide antimicrobials vancomycin and
teicoplanin has compromised the previously standard
treatment for enterococcal infections of a penicillin or
glycopeptide with gentamicin. Further therapeutic options
have more recently emerged with the development of lin-
ezolid, daptomycin, tigecycline, and quinupristin/dalfo-
pristin for the treatment of vancomycin-resistant entero-
coccal infections,7 although the latter is active against E.
faecium but not against E. faecalis. There has, however,
been a report of enterococcal resistance to linezolid.8 In
general, there can be no recommendations for treatment at
present and the choice of antibacterial should be made ac-
cording to local patterns of resistance and antibacterial
sensitivity tests. The lack of effective antibacterials has
placed emphasis on measures to prevent the spread of van-
comycin-resistant enterococci.9
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Epididymitis
Epididymitis is often associated with urethritis, and in
young men (less than 35 years) occurs most commonly as
a complication of sexually transmitted infection with Neis-
seria gonorrhoeae and Chlamydia trachomatis, but may
occur in homosexual males as a result of infection with en-
teric organisms, particularly Escherichia coli. 
In men over 35 years and in children, epididymitis is not
usually sexually transmitted but generally results from
bacteriuria secondary to urinary-tract infection with Pseu-
domonas aeruginosa and other Gram-negative bacilli,

urinary-tract instrumentation or surgery, systemic disease,
or immunosuppression. 
Guidelines produced by WHO,1 by an expert group in the
UK,2 and by the CDC in the USA3 for the treatment of
epididymitis are as follows, although recommendations
may need to be localised because of differences in patterns
of infection and drug resistance: 
• WHO: 

for chlamydial epididymitis: 
• oral doxycycline 100 mg twice daily for 7 days, or 
• a single dose of oral azithromycin 1 g 
alternatives, given for 7 days, are: 
• oral amoxicillin 500 mg three times daily 
• oral erythromycin 500 mg four times daily 
• oral ofloxacin 300 mg twice daily 
• oral tetracycline 500 mg four times daily 
Unless it can be excluded, patients should also be treated
concurrently for gonorrhoea (p.191). 

• UK: 
for probable chlamydial infections or infections with
other non-gonococcal, non-enteric organisms: 
• oral doxycycline 100 mg twice daily for 10 to 14 days is rec-

ommended 
for infections with enteric organisms: 
• oral ofloxacin 200 mg twice daily for 14 days, or 
• oral ciprofloxacin 500 mg twice daily for 10 days 
for disease most probably due to gonococcal infection: 
• a single intramuscular dose of ceftriaxone 250 mg, or 
• a single oral dose of ciprofloxacin 500 mg plus oral doxycy-

cline 100 mg twice daily for 10 to 14 days 
in patients allergic to cephalosporins and/or tetracy-
clines infections from all causes may be treated with: 
• oral ofloxacin 200 mg twice daily for 14 days 

• USA: empirical treatment recommended: 
likely cause gonococcal or chlamydial infection: 
•  a single intramuscular dose of ceftriaxone 250 mg plus oral

doxycycline 100 mg twice daily for 10 days 
likely cause an enteric organism or in patients allergic to
cephalosporins and/or tetracyclines: 
• oral ofloxacin 300 mg twice daily for 10 days, or 
• oral levofloxacin 500 mg once daily for 10 days 

Sexual contacts should also be treated if epididymitis is
caused by a sexually transmitted pathogen.2,3 
Patients co-infected with HIV should receive the same
treatment as those who are HIV-negative.3
1. WHO. Guidelines for the management of sexually transmitted

infec t ions .  Geneva:  WHO,  2003.  Also avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 22/03/07) 

2. Clinical Effectiveness Group (Association for Genitourinary Medi-
cine and the Medical Society for the Study of Venereal Diseases –
now British Association for Sexual Health and HIV). 2001 National
guideline for the management of epididymo-orchitis. Available at:
http://www.bashh.org/documents/31/31.pdf (accessed 18/08/08) 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 22/03/07)
Updated recommended treatment regimens for gonococcal in-
fections and associated conditions—United States, April 2007.
Available at :  ht tp:/ /www.cdc.gov/std/treatment/2006/
GonUpdateApril2007.pdf (accessed 12/04/07)

Epiglottitis
In acute epiglottitis rapid swelling of the epiglottis and sur-
rounding soft tissues results in sudden airway obstruction
which can be fatal. It is often due to bacteraemic infection
with Haemophilus influenzae type b (see p.174) and has
occurred mainly in young children, although the incidence
has decreased in this age group since the introduction of
Haemophilus influenzae vaccine.1 Acute epiglottitis also
occurs in adults.1 
Treatment and prophylaxis is similar to that for Haemo-
philus influenzae meningitis (see under Meningitis,
p.178). Immediate management includes the maintenance
of an adequate airway and the intravenous use of antibac-
terials active against H. influenzae type b. Chlorampheni-
col has been the drug of choice, but third-generation ce-
phalosporins such as cefotaxime and ceftriaxone are
increasingly used.2,3 Prophylaxis with rifampicin may be
given to index cases and contacts.
1. Frantz TD, et al. Acute epiglottitis in adults: analysis of 129 cas-

es. JAMA 1994; 272: 1358–60. 
2. Sawyer SM, et al. Successful treatment of epiglottitis with two

doses of ceftriaxone. Arch Dis Child 1994; 70: 129–32. 
3. Pino Rivero V, et al. Epiglotitis aguda en adultos: nuestra expe-

riencia clínica en 30 casos. Acta Otorrinolaringol Esp 2007; 58:
263–5.

Escherichia coli enteritis
See p.173.
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Eye infections
Conjunctivitis is a common superficial eye disorder and
may be caused by infection with bacteria, viruses, or, less
often, fungi. Acute bacterial conjunctivitis is often caused
by staphylococci or streptococci in adults, and Haemophil-
us influenzae and Moraxella catarrhalis (Branhamella ca-
tarrhalis) in children. Other causes of bacterial conjuncti-
vitis include gonococci (see Gonorrhoea, p.191) and
Chlamydia trachomatis (see Trachoma, p.196). Neonatal
chlamydial and gonococcal conjunctivitis are discussed
under Neonatal Conjunctivitis, p.180. Uncomplicated bac-
terial conjunctivitis may be self-limiting but empirical
treatment with topical antibacterials is often given. In the
UK, topical chloramphenicol remains the treatment of
choice despite concerns over the potential risk of aplastic
anaemia (see Ocular Use under Precautions of Chloram-
phenicol, p.240). Alternatives include gentamicin, to-
bramycin, erythromycin (especially when infection with
Gram-positive organisms is suspected), fluoroquinolones
including ciprofloxacin and ofloxacin, framycetin, fusidic
acid (especially for staphylococcal infections), and poly-
myxin B in combination with bacitracin, trimethoprim, or
neomycin. 
Blepharitis is an infection of the lid margins. It usually
presents as a chronic condition and may require prolonged
treatment, typically involving local hygiene to remove en-
crustations and topical application of a broad-spectrum
antibacterial ointment. 
Keratitis may be caused by infection of the cornea by bac-
teria, fungi, viruses, or protozoa, usually after trauma to the
surface of the eye, including that due to contact lens wear
(see Contact Lens Care, p.1622). Common bacterial path-
ogens include staphylococci, streptococci, Pseudomonas
spp., and Enterobacteriaceae. Bacterial keratitis is poten-
tially sight-threatening and requires prompt aggressive
treatment with broad-spectrum antibacterials. It is custom-
ary to obtain material for sensitivity testing, but increas-
ingly, empirical treatment is then begun without delay.
Frequent or continuous topical application of drops or the
use of local drug delivery devices have been used to ensure
prolonged elevated drug concentrations. Subconjunctival
or systemic therapy may occasionally be necessary. Topi-
cal treatment with cefazolin and either gentamicin or to-
bramycin has traditionally been used when Pseudomonas
is not suspected. More recently, fluoroquinolones or
ceftazidime have been used, and semisynthetic penicillins
or vancomycin are other alternatives. For the treatment of
Acanthamoeba keratitis, see p.822. 
Endophthalmitis is a devastating ocular disease resulting
from infection of the ocular cavity, usually after penetrat-
ing trauma or surgery. Depending on the route of infection,
causative organisms often include staphylococci, strepto-
cocci, H. influenzae, Bacillus cereus, and Propionibacteri-
um acnes. Fungal infections occur less commonly. Bacte-
rial endophthalmitis requires immediate aggressive
treatment with antibacterials, usually given intravitreally.
The value of concurrent parenteral antibacterials is un-
clear. The choice of antibacterial for intravitreal use de-
pends on the most likely pathogen. Third-generation ce-
phalospor ins  or  vancomycin are  used,  but
aminoglycosides may produce retinal toxicity. Clindamy-
cin may be effective if B. cereus is suspected. Adjunctive
treatment includes vitrectomy, surgical removal of infect-
ed lens structures, and corticosteroids to control inflamma-
tory and immune responses. 
For a discussion of fungal infections of the eye, see p.519;
for cytomegalovirus retinitis and ocular herpes simplex in-
fections, see under Cytomegalovirus Infections, p.853,
and Herpes Simplex Infections, p.854, respectively. 
Some general references are given below.
1. Baum J. Infections of the eye. Clin Infect Dis 1995; 21: 479–88. 
2. Leeming JP. Treatment of ocular infections with topical antibac-

terials. Clin Pharmacokinet 1999; 37: 351–60. 
3. Robert P-Y, Adenis J-P. Comparative review of topical ophthal-

mic antibacterial preparations. Drugs 2001; 61: 175–85. 
4. Sheikh A, Hurwitz B. Antibiotics versus placebo for acute bac-

terial conjunctivitis. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 2. Chichester: John Wiley; 2006 (ac-
cessed 12/06/08). 

5. Suwan-apichon O, et al. Topical corticosteroids as adjunctive
therapy for bacterial keratitis. Available in The Cochrane Data-
base of Systematic Reviews; Issue 4. Chichester: John Wiley;
2007 (accessed 13/06/08).

Gas gangrene
Clostridium spp. are anaerobic Gram-positive bacteria
some of which cause gas gangrene with muscle necrosis
and systemic toxicity as a result of toxin formation. Cl.

perfringens is the species most frequently responsible. Gas
gangrene is usually associated with traumatic or surgical
wounds. The main treatment is surgical debridement of all
necrotic muscle and large doses of benzylpenicillin. Alter-
native antibacterials have included clindamycin, metroni-
dazole, imipenem, a tetracycline, or chloramphenicol. Hy-
perbaric oxygen is used as an adjunct to surgical
debridement. Gas-gangrene antitoxins are rarely used
nowadays. 
Benzylpenicillin is also recommended as prophylaxis
against gas gangrene in patients undergoing high amputa-
tions of lower limbs or after major trauma; metronidazole
is an alternative in patients allergic to penicillin.

Gastro-enteritis
Diarrhoea is a symptom of simple gastro-enteritis and of
most intestinal infections. It is a major problem in develop-
ing countries, but is common worldwide. Although viruses
are often responsible, the severest forms of infectious diar-
rhoea are generally those due to bacteria. Common bacte-
rial pathogens include Campylobacter jejuni, Escherichia
coli, Salmonella enteritidis, Shigella spp., Vibrio cholerae,
and Yersinia enterocolitica. Intestinal protozoa also cause
diarrhoea and are important in AIDS-associated diarrhoea.
For discussions of viral and protozoal gastro-enteritis and
their treatment, see p.850 and p.824, respectively. 
In acute diarrhoea (p.1694) of any aetiology the priority is
to maintain hydration by prevention or treatment of fluid
and electrolyte depletion, especially in infants and the eld-
erly. Acute, watery diarrhoea caused by non-invasive path-
ogens is usually self-limiting and may be treated conserv-
atively. Inflammatory diarrhoea, predominantly caused by
invasive pathogens and affecting the colon, often requires
treatment with antibacterials. Guidelines published in the
UK1 recommended that empirical treatment of acute diar-
rhoea with antibacterials should be reserved for patients
with symptoms suggesting infection with invasive patho-
gens and those at high risk of complications. Similarly an-
tibacterial treatment was considered appropriate in tropical
regions for diarrhoea due to invasive but not non-invasive
organisms.2 Nevertheless, some clinicians consider such
an approach to be unnecessarily conservative in adults
with severe acute diarrhoea in developed countries3 in
whom empirical treatment with fluoroquinolones can re-
lieve symptoms and shorten the illness without significant
adverse effects. In the USA, empirical therapy is consid-
ered for any patients in whom a bacterial cause is suspect-
ed; stool samples should be obtained for identification of
the causative organism.4 
In infants and children oral rehydration therapy is univer-
sally recognised as appropriate initial treatment of acute
diarrhoea, but it has been underutilised in both developed
and developing countries.2,5,6 Nutritional support and
management of secondary complications, including sys-
temic infections, is also particularly important in this age
group.2 Antibacterials have little place in management in
most cases and their inappropriate use has contributed to a
high prevalence of resistance in commensal bacteria.5
WHO6,7 has stipulated that antibacterials should only be
used in children with acute diarrhoea when there is dysen-
tery or suspected cholera; Shigella is the most important
cause of dysentery in young children. Giardiasis and
amoebiasis should also be treated. WHO emphasised6 that
oral preparations containing streptomycin or dihydrostrep-
tomycin, neomycin, halogenated hydroxyquinolines, or
nonabsorbable sulfonamides (sulfaguanidine, succinylsul-
fathiazole, phthalylsulfathiazole) should not be used. 
Persistent or prolonged diarrhoea may not have an infec-
tive cause and antibacterial treatment should not be started
unless a pathogen can be identified. Tropical sprue, a syn-
drome characterised by malabsorption often presenting as
chronic diarrhoea, is believed to have an infective compo-
nent and may respond to tetracycline, although this may be
less effective in indigenous populations than in expatri-
ates.2 
HIV-associated diarrhoea. Diarrhoea is common in HIV
infection and AIDS (p.856) and causative organisms may
be bacterial, protozoal, or viral. The most common bacte-
rial cause is the Mycobacterium avium complex (see Non-
tuberculous Mycobacterial Infections, p.181); others in-
clude Campylobacter, Salmonella, and Shigella spp.
Supportive care and appropriate conventional antibacterial
therapy may be adequate, as described under the specific
infections, below. 

‘Food poisoning’ is generally a self-limiting form of gas-
tro-enteritis, although serious outbreaks of foodborne ill-
ness have been associated with bacteria such as Salmonel-
la enteritidis. Other common food-poisoning organisms
include Listeria monocytogenes, Campylobacter spp.,
Yersinia enterocolitica, Vibrio parahaemolyticus, and E.
coli. An enterotoxin is responsible for food poisoning as-
sociated with Staphylococcus aureus, Clostridium spp.,
and Bacillus spp.8,9 
Travellers’ diarrhoea. Acute diarrhoea associated with
travel occurs worldwide. The most common bacterial
pathogen is enterotoxigenic E. coli, although enteroadher-
ent E. coli is also sometimes involved. Other bacteria in-
clude Campylobacter jejuni, Salmonella and Shigella spp.,
Vibrio cholerae, and non-cholera vibrios such as V. para-
haemolyticus. Viruses and the protozoa Giardia intestina-
lis, Entamoeba histolytica, and Cryptosporidium may also
be responsible. Recommendations for the management of
travellers’ diarrhoea are published by national and interna-
tional bodies including WHO, the Department of Health in
the UK, and the Centers for Disease Control in the USA.
Clinical features depend on the pathogen responsible and
treatment varies according to severity and duration of diar-
rhoea. Onset of diarrhoea is generally delayed with Gia-
rdia and Entamoeba because of the incubation period. Di-
arrhoea is often mild and self-limiting and increased fluid
intake or oral rehydration therapy is usually all that will be
required. Symptomatic treatment with antimotility drugs
such as loperamide may be of benefit in mild to moderate
diarrhoea. Bismuth salicylate may be used to reduce the
frequency of diarrhoea. Although antimicrobial therapy is
not indicated in most cases of infective diarrhoea, empiri-
cal treatment with a fluoroquinolone has been effective for
moderate to severe attacks. Co-trimoxazole has also been
used, but its use is restricted by its toxicity and increasingly
widespread bacterial resistance is of concern. When the in-
fecting bacteria are known, specific therapy may be neces-
sary, as described below. 
The risk of developing travellers’ diarrhoea can be reduced
by avoiding possibly contaminated foods as embodied in
the advice to ‘cook it, boil it, peel it, or forget it’. Prophy-
lactic drug regimens have been suggested, including vari-
ous antibacterials, usually a fluoroquinolone or co-trimox-
azole, in addition to bismuth salicylate. However, routine
antimicrobial prophylaxis is not generally recommended
because of the danger of drug reactions, superinfections,
and increasing bacterial resistance; it should be reserved
for those at special risk.10 Many authorities prefer early
treatment, including self-medication, with clear instruc-
tions on when medical help should be sought.
1. Farthing M, et al. The management of infective gastroenteritis
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3. Gorbach SL. Treating diarrhoea. BMJ 1997; 314: 1776–7. 
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Clin Infect Dis 2001; 32: 331–50. Also available at: http://
www.journals.uchicago.edu/doi/pdf/10.1086/318514 (accessed
18/08/08) 
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10. Rendi-Wagner P, Kollaritsch H. Drug prophylaxis for travelers’
diarrhea. Clin Infect Dis 2002; 34: 628–33.

Antibiotic-associated colitis. Although other organ-
isms, including Candida spp.,1 have been implicated in an-
tibiotic-associated diarrhoea, colonisation of the colon
with Clostridium difficile, a toxin-producing Gram-posi-
tive anaerobe, is the most common identifiable cause of
antibiotic-associated colitis and pseudomembranous coli-
tis. Restrictive antibacterial policies have decreased the in-
cidence of Cl. difficile-associated diarrhoea in some
hospitals2 but it remains a major hazard of antibacterial
use. Antibiotic-associated colitis has been associated with
the use of most antibacterials, but particularly with clin-
damycin, lincomycin, ampicillin, amoxicillin, and cepha-
losporins and, less frequently, with fluoroquinolones, tet-
racycline, carbapenems, and trimethoprim. The diarrhoea
may be mild and self-limiting or debilitating and persistent
and can be life-threatening. Although the diarrhoea gener-
ally resolves within a few days of stopping the offending
drug, together with fluid and electrolyte replacement, early
specific antibacterial therapy should be given to patients
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with severe illness characterised by high fever, marked ab-
dominal pain, and marked leucocytosis and to elderly, tox-
ic, or debilitated patients, or those unresponsive to support-
ive therapy.3,4 Antibacterials are probably unnecessary in
mild disease.5 Antidiarrhoeal drugs should be avoided
since they may aggravate the condition and may occasion-
ally increase the possibility of toxic megacolon.3 
Vancomycin or metronidazole are widely used when anti-
bacterial treatment is necessary.3,4,6,7 Metronidazole tends
to be the drug of first choice and vancomycin is reserved
for those who do not respond to, or who cannot tolerate,
metronidazole, for those who are severely immunocom-
promised, and for those with severe illness.3,4,6-8 This view
is also endorsed by expert bodies in the USA whose aim is
to provide guidelines for preventing the spread of vanco-
mycin resistance.9 Metronidazole can be given orally or
intravenously as appropriate. Vancomycin is only given
orally; it should not be given intravenously since it does
not give rise to adequate concentrations of the drug in the
bowel lumen.3 The severity of the diarrhoea often decreas-
es within 48 to 72 hours, but may not stop for a week or
more. Treatment is usually continued for 10 days.6 Relaps-
es are quite common,8 but usually respond to re-treatment
with vancomycin or metronidazole.3,8 
Other drugs that have been investigated in the treatment of
antibiotic-associated colitis include teicoplanin,10-12 fusid-
ic acid,12,13 and bacitracin,14 although experience with
their use remains limited. A systematic review5 found that
metronidazole, bacitracin, rifaximin, nitazoxanide, or fu-
sidic acid seemed to be as effective as vancomycin in
terms of symptomatic cure, and teicoplanin might be
slightly more effective. Bacitracin and fusidic acid seemed
to be less effective than vancomycin in terms of bacterio-
logical cure and resolution.5 Ramoplanin and tiacumicin B
(OPT-80) have also been investigated.7 
The anion-exchange resins colestyramine and colestipol
hydrochloride have been shown to bind the Cl. difficile
toxin in vitro, and colestyramine has been used to treat
pseudomembranous colitis.15 The use of vancomycin to-
gether with colestyramine has been suggested,16 but the
value of the combination is uncertain. In general, the use
of colestyramine is not recommended.6 An experimental
toxin-binding polymer, tolevamer has also been investi-
gated.7 
Oral immunoglobulin A, used with vancomycin, was ef-
fective in controlling severe diarrhoea in a child who had
not responded to other therapies.17 Normal immunoglobu-
lin given intravenously was also effective when added to
vancomycin and metronidazole therapy in 2 elderly pa-
tients unresponsive to antibacterials alone.18 Vaccines
against C. difficile have also been investigated.7 
Treatment and prevention strategies aimed at colonising
the gut with non-pathogenic organisms have included use
of lactic-acid-producing organisms such as Lactobacil-
lus,4,19 and the yeasts Saccharomyces boulardii,4 and S.
cerevisiae.20
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Campylobacter enteritis. Campylobacter jejuni is a
major cause of acute diarrhoea. C. coli is less common and
C. upsaliensis has more recently been identified as an en-
teropathogen.1,2 Food is a common source of infection.3,4

In the UK, several sources are responsible5 including con-
taminated food and water and one important source is
from doorstep deliveries of foil-topped bottled milk that
have been pecked by birds.5-7 
The macrolides erythromycin or azithromycin are of
benefit8 in severely affected patients, but the infection is
usually self-limiting and fluid and electrolyte replacement
is generally sufficient. A fluoroquinolone, a tetracycline,
or gentamicin may be alternative antimicrobials.8 Treat-
ment with erythromycin can eradicate the organism from
the faeces,9-11 but may not reduce the duration of symp-
toms unless treatment is started early in the course of the
disease.9-11 Some strains of Campylobacter are resistant to
erythromycin,12 and resistance is also an increasing prob-
lem with ciprofloxacin.13,14 Multiple drug resistance has
been reported.15,16 
Severe systemic infections with C. fetus require parenteral
therapy with a third-generation cephalosporin or gen-
tamicin,8 depending on susceptibility. 
There is some evidence of an association between C. jejuni
infection and the Guillain-Barré syndrome.17,18
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Cholera and other vibrio infections. Cholera results
from infection with the enterotoxin-producing Gram-neg-
ative bacillus Vibrio cholerae which causes acute secre-
tory diarrhoea. It can be associated with two serogroups of
V. cholerae, O1 and O139. Serogroup O1 can then be di-
vided into two biotypes (classical and El Tor) and each of
these has three serotypes (Inaba, Ogawa, and Hikojima).
The seventh pandemic1-6 began in 1961 in South East
Asia, and reached South America in January 1991. This

pandemic is caused by V. cholerae O1 biotype El Tor. In
late 1992 and 1993 epidemic cholera caused by V. choler-
ae O139 was reported in India and Bangladesh and subse-
quently identified in Thailand and other Asian countries. V.
cholerae O139 became the dominant strain in India in less
than 2 months and some workers declared it responsible
for the eighth cholera pandemic.2 However, there was
some evidence that by 1994 it was abating and that by
1996 O1 was again the prevalent type in India and Bang-
ladesh. There appears to be no cross-immunity between
O1 and the O139 serogroup. 
Individuals can reduce the risk of contracting cholera by
good personal hygiene, avoiding possibly contaminated
foodstuffs, and by boiling or otherwise disinfecting drink-
ing water. Methods of preventing or containing cholera ep-
idemics include ensuring a safe water supply, providing
good sanitation, and promoting safe handling and prepara-
tion of foods. Mass chemoprophylaxis, vaccination, and
travel and trade restrictions are not effective7 although oral
vaccines show more promise. 
Most cases of vibrio gastro-enteritis are mild to moderate
and generally require no therapy other than fluid and elec-
trolyte replacement with an appropriate oral rehydration
solution (see Diarrhoea, p.1694). Patients with severe gas-
tro-enteritis, dehydration, and shock should receive vigor-
ous fluid replacement, preferably intravenously.8 Antimi-
crobial therapy has been shown to decrease the duration
and volume of diarrhoea in cholera and may also decrease
the duration of other vibrio diarrhoeas.9 WHO recom-
mends a single dose of doxycycline as the treatment of
choice for adults except pregnant women. Tetracycline,
ciprofloxacin, co-trimoxazole, furazolidone, erythromy-
cin, and chloramphenicol are alternatives, with furazo-
lidone being preferred for pregnant women and erythro-
mycin for children. Recommendations from the USA for
adults specify a tetracycline as the first choice with co-tri-
moxazole or a fluoroquinolone such as ciprofloxacin as al-
ternatives.10 One study has suggested that single-dose cip-
rofloxacin might be preferred to doxycycline, particularly
in areas of tetracycline resistance,11 and in Bangladesh,
ampicillin has been found to be as effective as either eryth-
romycin or tetracycline12 and may be a useful alternative
in children. Studies13-15 in Bangladesh and India found sin-
gle-dose azithromycin to be effective in children and
adults. The O139 strain is reported to be sensitive to cipro-
floxacin,16 erythromycin,16 and tetracyclines,2 but resist-
ant to co-trimoxazole.2 There has also been some resist-
ance to furazolidone.2 Multiple drug resistance may be a
problem; differing sensitivity and resistance patterns have
been reported for the 2 biotypes classical and El Tor V.
cholerae.17 The outbreak strain in Rwandan refugees was
resistant to tetracycline, doxycycline, co-trimoxazole,
chloramphenicol, and ampicillin.2 
Mass chemoprophylaxis is not recommended but may be
justified for household contacts,1,18 especially those at
high risk because of age or pregnancy.1 The type of cholera
vaccines traditionally available are not very effective al-
though promising results have been reported with the use
of oral vaccines in areas where cholera is endemic. 
Marine or halophilic Vibrio spp. known to cause gastro-
enteritis include V. parahaemolyticus which is responsible
for food poisoning from raw or undercooked seafood, es-
pecially in Japan.19,20 Another halophilic sp., V. vulnificus,
is increasingly associated with wound infection and septi-
caemia.19 On the basis of in-vitro sensitivity testing21 and
anecdotal clinical experience, empirical therapy with
aminoglycosides, ceftazidime, imipenem, or ciprofloxacin
should all be effective.22
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Escherichia coli enteritis. Escherichia coli is a normal
intestinal commensal and member of the Gram-negative
family of bacteria the Enterobacteriaceae. Pathogenic
strains causing distinct syndromes of diarrhoeal disease
and also associated with foodborne illness include: enter-
opathogenic E. coli (EPEC)—an important cause of infan-
tile diarrhoea in many developing countries; enteroinva-
sive E. coli (EIEC)—producing an invasive type of
diarrhoea resembling that of Shigella dysentery; entero-
toxigenic E. coli (ETEC)—an important cause of travel-
lers’ diarrhoea (see Gastro-enteritis, above); and entero-
haemorrhagic E. coli (EHEC)—associated with
haemorrhagic colitis, haemolytic-uraemic syndrome, and
thrombotic thrombocytopenic purpura.1 Enteroadherent E.
coli (EAEC) is a cause of chronic diarrhoea in young chil-
dren.2 
Although these organisms are generally sensitive to a wide
range of antibacterials only special categories of E. coli di-
arrhoea should be treated.2 
Neonates with severe EPEC diarrhoea have been given
oral non-absorbable antibacterials such as neomycin or
gentamicin although in older children or adults this diar-
rhoea may be self-limiting.2 Evidence for the efficacy of
neomycin is largely limited to uncontrolled studies.3 How-
ever, improvement with antibacterials has been noted be-
yond the neonatal period;4 EPEC infection has been re-
ported to be a common treatable cause of life-threatening
chronic diarrhoea in infancy, possibly associated with trav-
el to a developing country.5 Symptoms could become per-
sistent and life-threatening in previously healthy infants,
requiring intravenous rehydration and parenteral antibac-
terials such as gentamicin and penicillin.5 
Vero cytotoxin-producing strains of EHEC (VTEC; Shiga
toxin producing E. coli; STEC), in particular serotype
O157, have been associated with bloody diarrhoea, haem-
orrhagic colitis, and haemolytic-uraemic syndrome.6,7

Children and the elderly are at greater risk of severe dis-
ease,6 but the illness is usually self-limiting.7 Cases have
generally been linked with the consumption of foods de-
rived from cattle, especially undercooked beef and unpas-
teurised milk, although there have been outbreaks associ-
ated with the consumption of fresh vegetables and
unpasteurised juices, probably as a result of faecal contam-
ination. Person-to-person spread is also common, and di-
rect spread from infected animals may occur. E. coli O157
has also been reported as a cause of epidemic haemorrhag-
ic colitis in Africa, where it may be difficult to distinguish
from shigellosis.8,9 Treatment is generally supportive, in-
cluding correcting and maintaining the fluid and electro-
lyte balance.7 Antibacterial treatment is controversial and
there is uncertainty as to whether it influences the course
of enterohaemorrhagic E. coli infection and the develop-
ment of haemolytic-uraemic syndrome10 or thrombotic
thrombocytopenic purpura;6,7,11 the non-antibacterial
treatment of these two latter complications is discussed in
Plasma, under Thrombotic Microangiopathies, p.1076.
Oral preparations of Vero cytotoxin-binding resins are un-
der investigation.
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Necrotising enterocolitis. Necrotising enterocolitis in
the newborn is thought to result from hypoxia or ischaemic
injury to the intestinal mucosa with subsequent infection.
Bacteria implicated in the disease include Pseudomonas,
Escherichia coli, Klebsiella, Salmonella spp., and
Clostridium spp. Treatment involves suspension of oral
feeding, intravenous fluid therapy, and surgical excision of
the affected gut. References to the use of oral vancomycin
for the treatment1 of neonatal necrotising enterocolitis in-
dicate that it may be of benefit. In a comparison of intrave-
nous regimens to treat the condition it was reported that
ampicillin with gentamicin appeared as effective as vanco-
mycin with cefotaxime in neonates over 2.2 kg birth-
weight, but in smaller neonates results were better with
vancomycin and cefotaxime.2 A systematic review has
concluded that prophylactic oral antibacterials might well
reduce the incidence of necrotising enterocolitis in low
birth-weight or preterm infants in a high-risk environ-
ment,3 but there are concerns about adverse outcomes, and
prophylactic use (particularly of vancomycin) is not gen-
erally recommended because of the risk of inducing resist-
ance. It has been suggested4 that oral immunoglobulins
may prevent necrotising enterocolitis in low-birth-weight
infants; however, a systematic review5 concluded that the
available evidence did not support this claim. There is,
however, some evidence6 of the value of probiotics in this
group. Supplementation with arginine has also been inves-
tigated,7 but there is insufficient evidence to determine its
value. 
Necrotising enteritis in older children and adults, known as
pigbel, has been attributed to toxins produced by Clostrid-
ium perfringens. Both sporadic and epidemic forms are
mainly seen in the highlands of Papua New Guinea, but
sporadic cases have been reported elsewhere. Treatment is
supportive with surgical intervention where necessary. A
vaccine is available for prophylaxis.
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Salmonella enteritis. Salmonella spp. are Gram-nega-
tive bacteria belonging to the Enterobacteriaceae family.
They can be divided into those causing enteric fever,
namely S. typhi and S. paratyphi, where infection is sys-
temic although affecting the gastrointestinal tract (see un-
der Typhoid and Paratyphoid Fever, p.198) and non-ty-
phoid Salmonella, including S. enteritidis and S.
typhimurium which cause acute gastro-enteritis, usually
through food poisoning. There are numerous Salmonella
serotypes identified with food poisoning and they have of-
ten been named according to the place where they were
first isolated. The increase in salmonellosis in Great Brit-
ain has been almost entirely due to S. enteritidis1 and this
reflects an increase internationally.2 Non-typhoid Salmo-
nella spp. can cause invasive salmonellosis which may

present as septicaemia or localised infections such as men-
ingitis or osteomyelitis. 
Uncomplicated non-typhoid Salmonella enteritis is usual-
ly managed by fluid and electrolyte replacement. Antibac-
terial therapy produces no clinical benefit in uncomplicat-
ed Salmonella enteritis3 and may prolong Salmonella
detection in stools.3 Attempts to eradicate the carrier state
with antibacterial therapy (for example fluoroquinolones)
appear to have been unsuccessful so far4 and routine use is
not recommended.5 Patients with underlying debility or
evidence of invasive salmonellosis should be given anti-
bacterial therapy. Amoxicillin, ampicillin, or co-trimoxa-
zole have been suggested6,7 as have trimethoprim, ceftri-
axone,7 azithromycin,7 a fluoroquinolone7 such as
ciprofloxacin,8 or chloramphenicol.7 However, there is
concern over the emergence of resistant strains, particular-
ly to the fluoroquinolones.9,10 Resistance to cepha-
losporins has also been recognised.11,12 Multiresistant R-
type strains of S. typhimurium DT 104 (another common
cause of Salmonella enteritis in the UK) have severely lim-
ited the treatment options for infections with this organ-
ism.13-16
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Shigellosis. Shigellosis (bacillary dysentery) is an enteric
infection caused by the Shigella spp. S. dysenteriae, S.
flexneri, S. boydii, or S. sonnei. They are Gram-negative
bacteria belonging to the Enterobacteriaceae family and
are able to invade the colon. Depending on the species in-
volved, the disease ranges from mild self-limiting secre-
tory diarrhoea to severe colitis and dysentery with blood
and mucus in the stools. S. dysenteriae is the most com-
mon in the developing world and causes the most severe
disease. In developed countries S. flexneri and S. sonnei
are more common. Some S. flexneri can cause severe col-
itis and toxic dilatation of the colon has been reported in
travellers.1 S. sonnei is the least pathogenic of the species. 
As with any form of diarrhoea, rehydration is the key to
treatment.2 Antibacterial therapy may be with ampicillin
(amoxicillin appears to be less effective), co-trimoxazole
(or trimethoprim), nalidixic acid, or fluoroquinolones such
as ciprofloxacin, but will depend on the prevailing resist-
ance patterns (see below) and the severity of the disease.
Bacterial resistance is common and some consider that an-
tibacterials should be restricted to the most severe cases,
particularly those due to S. dysenteriae;3 in the UK, the
Public Health Laboratory Services (PHLS) Working
Group has concluded that therapy is seldom indicated for
S. sonnei infections.4 WHO5 has advised that children with
Shigella dysentery should be given antimicrobial therapy
and recommended co-trimoxazole as treatment of choice
with nalidixic acid or ampicillin as alternatives; it was not-
ed that resistance to ampicillin is frequent.6 
The rapid development of resistance and the emergence of
multiresistant strains of Shigella, particularly in develop-
ing countries, has led to some changes in treatment recom-
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mendations.6 In 1992, nalidixic acid had become the pre-
ferred drug in developing countries unless ampicillin or
co-trimoxazole were known to be effective in the region.7
For S. dysenteriae it might be necessary to use pivmecil-
linam. It was concluded that the fluoroquinolones should
continue to be reserved for infections resistant to nalidixic
acid or pivmecillinam.7 Reduced susceptibility to fluoro-
quinolones of some strains of S. sonnei has been reported
from Japan,8 and fluoroquinolone-resistant S. dysenteriae
has been reported.2 Fluoroquinolones are generally not
used in children, although a study9 in Bangladesh has used
ciprofloxacin in children with shigellosis and found it to be
of similar efficacy to pivmecillinam. In studies from Israel,
the third-generation cephalosporins ceftriaxone10 or
cefixime11 were more effective than ampicillin or co-tri-
moxazole, respectively, in children with shigellosis. Other
studies in adults in Bangladesh found cefixime to be inef-
fective compared with pivmecillinam12 and azithromycin
to be effective, although slightly less so, than cipro-
floxacin.13 Rifaximin has also been investigated.2 
Vitamin A may be a useful adjunct to treatment, especially
in children in developing countries (see Diarrhoea, under
Vitamin A, p.1973). 
Oral shigella vaccines are being studied for prophylaxis.
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Yersinia enteritis. Yersinia enterocolitica is a Gram-
negative bacteria of the Enterobacteriaceae family and the
species most commonly responsible for yersiniosis. The
predominant form of infection is an enteric illness with or
without mesenteric adenitis1 although clinical manifesta-
tions can range from self-limited enterocolitis to potential-
ly fatal systemic infection, and post-infection complica-
tions can include erythema nodosum and reactive
arthritis.2 Y. enterocolitica is a recognised foodborne
pathogen3 and in some temperate countries rivals Salmo-
nella and exceeds Shigella as a cause of acute gastro-en-
teritis; pigs are a major reservoir. Increased susceptibility
to Yersinia infection has occurred in patients with iron
overload treated with desferrioxamine (see p.1440). 
Isolates of Y. enterocolitica are reported to be susceptible
to co-trimoxazole, aminoglycosides, chloramphenicol, tet-
racycline, third-generation cephalosporins, and quinolo-
nes in vitro.1,2 As with any form of diarrhoea, rehydration
is the key to treatment and most forms of mild uncompli-
cated enteritis do not require antibacterial treatment. There
has been no general consensus concerning the antibacterial
of choice when treatment becomes necessary: as with
many other enteric infections there is a lack of good clini-
cal evidence. Drugs with good intracellular activity such
as trimethoprim, co-trimoxazole, tetracycline, chloram-
phenicol, or fluoroquinolones may be preferred.1 Doxycy-
cline or co-trimoxazole have been recommended2 for
complicated gastrointestinal and focal extra-intestinal in-
fections or doxycycline and an aminoglycoside empirical-
ly in bacteraemia. Co-trimoxazole as first choice or alter-
natively a fluoroquinolone, an aminoglycoside, or
cefotaxime have also been recommended.4 A patient with
chronic Yersinia infection who responded well to tetracy-
cline or co-trimoxazole, but relapsed on withdrawal, was
treated successfully with ciprofloxacin.5
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Gonorrhoea
See under Sexually Transmitted Diseases, p.191.

Granuloma inguinale
See under Sexually Transmitted Diseases, p.192.

Haemophilus influenzae infections
Haemophilus influenzae is a Gram-negative bacterium
that colonises the upper respiratory tract in the majority of
healthy people. Most are carriers of non-encapsulated
strains, but a small proportion carry H. influenzae type b,
the commonest encapsulated strain. Serious invasive in-
fections have usually been caused by type b strains and
have occurred mainly in young children. They include the
bacteraemic diseases meningitis, pneumonia, epiglottitis,
cellulitis, and arthritis. Non-encapsulated strains common-
ly cause otitis media, sinusitis, and conjunctivitis and in-
fect patients with chronic bronchitis. However, they too
can cause invasive infections such as pneumonia, septicae-
mia, and meningitis and, with the introduction of H. influ-
enzae type b vaccines, non-encapsulated strains may be re-
sponsible for a greater proportion of invasive H. influenzae
disease. 
For further details of these infections and their manage-
ment, see under the specific disease side-headings. 
Ampicillin and chloramphenicol have been the antibacte-
rials of choice against H. influenzae, but increasing resist-
ance, especially to ampicillin, should be borne in mind;
there have been several reports of multiresistant strains.1-4

Injectable cephalosporins are popular alternatives for mul-
tiresistant type b organisms although there is controversy
over their effectiveness against fully sensitive strains when
compared with ampicillin or chloramphenicol or both; ex-
perience has been favourable with cefotaxime and ceftri-
axone, but there have been treatment failures in H. influen-
zae meningitis with cefuroxime and there is argument over
its efficacy.5 Meropenem is a further alternative.6 
For serious H. influenzae infections cefotaxime or ceftri-
axone are currently preferred. For upper respiratory infec-
tions and bronchitis, co-trimoxazole (or trimethoprim in
the UK) is preferred; ampicillin, amoxicillin (with or with-
out clavulanic acid), oral second- or third-generation ce-
phalosporins, a tetracycline, a fluoroquinolone, or the
macrolides azithromycin or clarithromycin are suggested
alternatives.6 
In the UK, secondary prophylaxis with rifampicin is given
after H. influenzae type b meningitis (see p.178). A vac-
cine against H. influenzae type b is available and vaccina-
tion is included in the infant immunisation schedules in
some countries including the UK and USA.
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Helicobacter pylori infections
Antibacterial therapy is used to eradicate Helicobacter py-
lori infection in peptic ulcer disease (p.1702) and MALT
lymphoma of the stomach (p.657). The role of H. pylori
and the value of its eradication in dyspepsia (p.1695) and
gastro-oesophageal reflux disease (p.1696) is less clear.

Infections in immunocompromised patients
Patients with a defective immune system are at increased
risk of infection. Primary immune deficiency is rare,
whereas secondary deficiency is more common: immuno-
suppressive therapy, cancer and its treatment, HIV infec-

tion, or splenectomy may all cause neutropenia and im-
paired humoral and cellular immunity in varying degrees.
The risk and severity of infections depends upon the dura-
tion of compromised immunity, the degree to which im-
mune function is compromised, whether cellular or hu-
moral functions are affected, and upon breaches in
physical barriers, for example due to severe mucositis or
prolonged vascular access. Thus patients with profound
neutropenia or a history of splenectomy are prone to rap-
idly progressive and potentially life-threatening infections;
those with neutropenia induced by cytotoxic chemothera-
py or by preparation for transplantation are particularly
vulnerable to acute infections whereas those in whom im-
munosuppression results from viral infections or congeni-
tal defects are at lower risk of acute infections.1 Patients in
whom neutropenia persists for more than 10 days are not
only at risk of opportunistic bacterial infections but also
susceptible to viral, fungal, and parasitic infections. 
Infectious diseases are a major cause of morbidity and
mortality in patients with AIDS (see HIV-associated Infec-
tions, p.857). Some are due to common pathogens, but
others are opportunistic and are caused by normally aviru-
lent commensals. Children with HIV infection appear to
be at special risk of serious bacterial infections with com-
mon encapsulated bacteria. For further reference to some
bacterial infections associated with AIDS, see Gastro-en-
teritis (p.171), Nontuberculous Mycobacterial Infections
(p.181), and Tuberculosis (p.196). Fungal, protozoal, and
viral infections which can affect immunocompromised pa-
tients are discussed in the relevant chapters under Infec-
tions in Immunocompromised Patients, p.520, p.824, and
p.859, respectively. 
Common causative organisms of unexplained fever in
neutropenic patients include the Gram-negative bacteria
Pseudomonas aeruginosa, Escherichia coli, and Klebsiel-
la spp. and Gram-positive organisms particularly staphy-
lococci, streptococci, enterococci, and Corynebacterium
spp. Gram-negative organisms have historically been re-
sponsible for most immediate life-threatening infections,
but Gram-positive infections are increasing in importance
and now predominate in many areas.1,2 Factors influenc-
ing this change include the wider use of selective gut de-
contamination and of central venous catheters,3 and possi-
bly the prophylactic use of quinolones. 
TREATMENT. Onset of fever in neutropenic patients is in-
dicative of potentially serious infection which may
progress to septicaemia and death. The severity of infec-
tions depends on numerous factors (see above) and it is
therefore difficult to produce a standard drug regimen; in
addition, the choice of empirical therapy must be adapted
according to prevailing local antibacterial susceptibility
patterns. Guidelines have been produced in many coun-
tries, of which those issued by the Infectious Diseases So-
ciety of America4 for both the initial and subsequent man-
agement of febrile neutropenic patients are fairly typical: 
• the patient’s risk of life-threatening infection should first

be assessed. If the risk is considered high, empirical in-
travenous antibacterial therapy should be started imme-
diately 

• secondly, consideration should be given to whether the
patient requires vancomycin therapy. If so, treatment
should begin with vancomycin plus cefepime, ceftazi-
dime, or a carbapenem, with or without an aminoglyco-
side. 

• if vancomycin is not indicated, intravenous monothera-
py should be given with 
• either a cephalosporin (cefepime, although concerns

have been raised about its safety,5 or ceftazidime) or
a carbapenem (imipenem-cilastatin or meropenem)
for uncomplicated cases 

• in more complicated cases, or where resistance is a
problem, combined treatment should be given with
an aminoglycoside and one of cefepime, ceftazidime,
a carbapenem, or an antipseudomonal penicillin such
as ticarcillin with clavulanic acid or piperacillin with
tazobactam. 

• low-risk patients may be treated empirically either oral-
ly with ciprofloxacin and amoxicillin with clavulanic
acid, or intravenously as for uncomplicated cases above.
Initial treatment with oral antibacterials alone is, howev-
er, not recommended for children4 

The initial regimen usually needs to be given for 3 to 5
days in order to determine its efficacy. In patients in whom
fever resolves and in whom a causative organism is identi-
fied, antibacterial treatment should be modified for the
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specific organisms and broad-spectrum antibacterials con-
tinued for at least 7 days or until culture results are nega-
tive and the patient has clinically recovered.4 In afebrile
patients in whom no causative organism is found but who
were considered at high risk at the onset of treatment, the
same antibacterials should be continued intravenously;
those considered at low risk initially may be switched to
oral therapy with ciprofloxacin plus either amoxicillin-cla-
vulanic acid (adults) or cefixime (children).4 
Patients in whom fever persists throughout the first 3 to 5
days but for whom no aetiology is determined may have a
non-bacterial infection, a bacterial infection that is refrac-
tory to treatment, the emergence of a second infection, or
drug fever.4 Such patients should be reassessed and then
one of three options followed. If the patient’s condition is
clinically stable, the same antibacterial treatment may be
continued; if there is still no change in the patient’s condi-
tion, consideration should be given to stopping vancomy-
cin if it has been given. Alternatively, if there is evidence
of progressive disease or drug toxicity, the antibacterials
given may be changed; if vancomycin has not been given,
it may be added to the regimen. The third option is to add
an antifungal drug (amphotericin B) with or without a
change to the antibacterial regimen if the patient is febrile
through days 5 to 7 and resolution of neutropenia is not
imminent.4 
The optimum duration of therapy is governed by the clin-
ical situation. The most important determinant of success-
fully stopping antibacterials is the neutrophil count:4 
• if no infection is identified after day 3, the neutrophil

count exceeds 500 cells/mm3 for 2 consecutive days,
and the patient has been afebrile for at least 48 hours,
then antibacterial treatment may be stopped 

• if neutropenia persists in the absence of fever, it is rea-
sonable to stop antibacterial treatment after 5 to 7 days
in patients who were initially considered at low risk and
who are clinically well, though such patients should be
closely monitored and intravenous antibacterials reinsti-
gated immediately on recurrence of fever or evidence of
infection.4 In afebrile patients with profound neutrope-
nia (less than 100 cells/mm3), or in those with mucositis
or other risk factors, continuous antibacterial treatment
should be considered throughout the entire neutropenic
period 

• in patients with persistent fever and prolonged neutrope-
nia in whom haematological recovery cannot be antici-
pated, consideration may be given to stopping antibac-
terials after 2 weeks if no infection has been identified
and careful observation is possible.4 

• clinically well patients with persistent fever may have
their antibacterials stopped after 4 to 5 days if the neu-
trophil count remains at least 500 cells/mm3 throughout
this period and there is no sign of infection and no re-
sponse to therapy; such patients should be closely mon-
itored for subsequent infections which are usually easily
treatable, and empirical amphotericin B should be con-
sidered despite cessation of antibacterials if fever per-
sists for 5 to 7 days after the start of initial therapy4 

• patients who remain febrile after recovery from neutro-
penia and despite broad-spectrum antibacterials should
be reassessed for undiagnosed infection which may be
fungal, mycobacterial, or viral 

The routine use of colony-stimulating factors as an adjunct
to antibacterial treatment is not generally recommended4

but may be indicated in febrile neutropenic patients at high
risk of serious infections or infection-related complica-
tions; examples include some patients with malignant
neoplasms6,7 and those with persistent severe neutropenia
and infections that are not responsive to antibacterials
alone.4 A systematic review8 of the use of colony-stimulat-
ing factors in patients with febrile neutropenia due to can-
cer chemotherapy concluded that their use did not affect
overall mortality but did reduce time spent in hospital and
the neutrophil recovery time. 
PROPHYLAXIS. Most infections in immunocompromised
patients are caused by organisms from their own alimenta-
ry tract and in cancer patients, for example, may follow
chemotherapy-induced mucosal damage to the tract. Al-
though antibacterial prophylaxis may be effective in afe-
brile patients likely to be neutropenic, the efficacy of em-
pirical treatment means that prophylaxis is less widely
used9 and the Infectious Diseases Society of America4 dis-
courages routine use; reasons include toxicity of the anti-
bacterial, potential fungal overgrowth, and problems of
bacterial resistance (see below). Most experience with
prophylaxis has been in patients with leukaemia. Possible

prophylactic regimens have included selective decontami-
nation of the alimentary tract using oral nonabsorbable an-
tibacterials (see also under Intensive Care, below). Co-tri-
moxazole has also been widely used.9 More recently,
prophylaxis with fluoroquinolones has been commonly
used although, generally, prophylaxis with these drugs has
resulted in reduction in Gram-negative but not in Gram-
positive infections in immunocompromised patients,10 and
improved morbidity and mortality has not been ob-
served.11 Combination prophylaxis with fluoroquinolones
and phenoxymethylpenicillin12 or rifampicin13 has been
tried to improve cover against Gram-positive organisms.
Nevertheless, concern about the emergence of resistant or-
ganisms has led to the recommendation that routine proph-
ylaxis should be avoided.4 
Immunocompromised patients may benefit from appropri-
ate immunisation against common infections, although
precautions relating to the use of live vaccines in such pa-
tients should be observed (p.2202). 
The duration and severity of neutropenia can be reduced
by the use granulocyte or granulocyte-macrophage colo-
ny-stimulating factors, and this may be a useful adjunct in
infection control in selected patients.6 Bone marrow pro-
tective agents such as amifostine are also being studied. 
For further reference to prophylaxis in high-risk patients,
see Intensive Care, below.
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Intensive care
Like immunocompromised patients (above), those in in-
tensive care units are often very susceptible to endogenous
infections, especially respiratory and urinary-tract infec-
tions, arising from gastrointestinal colonisation by aerobic
Gram-negative bacilli acquired in hospital. Selective di-
gestive tract decontamination (SDD), using oral non-ab-
sorbable antibacterial regimens, and selective parenteral
and enteral antisepsis regimens (SPEAR), incorporating
selective decontamination with systemic antibacterial
prophylaxis, have been used in an attempt to prevent colo-
nisation and infection in these high-risk patients, although
their effectiveness is debated. SDD has generally not been
widely adopted in the USA1 particularly in relation to pre-
vention of nosocomial pneumonia,2 although benefit of
short-term use may be seen in some patient groups.3 It may
be more effective in surgical patients.4 
Selective decontamination is achieved by elimination of
aerobic, potentially pathogenic, organisms from the throat
and intestines while preserving the indigenous, mostly
anaerobic, flora.5,6 Regimens commonly include two or
three non-absorbable or poorly absorbed antibacterial

drugs, for example colistin, neomycin, norfloxacin, or pol-
ymyxin, with an antifungal, usually amphotericin B. The
drugs are usually applied topically to the oropharyngeal
mucosa in addition to oral or intragastric dosage, although
local application to the oropharynx alone is also reported
to be effective.7,8 A parenteral third-generation cepha-
losporin, usually cefotaxime, may be given for a few days
until oral medication takes effect.9,10 Strict adherence to
the protocol is reported to be necessary for maximum
efficacy11 and constant monitoring for the emergence of
antimicrobial resistance is considered essential10,11 al-
though this has rarely been seen in practice.11,12 However,
most regimens have little or no activity against potential
Gram-positive pathogens such as Enterococcus spp., and
so their use may increase the risk for colonisation and in-
fection with these organisms.13 There is particular concern
over the emergence of vancomycin-resistant strains. 
Despite numerous clinical studies, many of which have
shown a reduction in potential Gram-negative
pathogens9,10,14 and in the incidence of respiratory-tract in-
fections,7,8 it has been difficult to demonstrate that SDD or
SPEAR reduces mortality.15-18 Although meta-
analyses19,20 of randomised controlled trials concluded
that a combination of a systemic and topical antibacterial
could be beneficial it has been argued that the effect was
largely due to the systemic component of the treatment.21

It has been suggested22 that equivalent infection control
could be achieved more economically by emphasis on
high standards of hygiene and avoidance of histamine H2-
receptor antagonists, which could allow overgrowth of po-
tentially pathogenic bacteria as a result of the change in
gastric pH. Oral decontamination with chlorhexidine may
be useful in preventing ventilator-associated pneumonia.23 
Another potential source of infection in intensive care is
from the use of intravascular catheters. The organisms
implicated most frequently have been coagulase-negative
staphylococci.24 Prevention and control of infection de-
pend on good aseptic technique and care of the insertion
site, and also catheter design;24-27 guidelines have been
produced in the USA for the prevention of infection.28

Catheters should be removed as soon as possible (often af-
ter 48 to 72 hours for peripheral lines) and any infections
treated promptly with antibacterials; vancomycin or teico-
planin are appropriate for empirical treatment provided re-
sistance is not a problem.24 There have been some favour-
able results with antibacterial prophylaxis, but such use is
discouraged because of concern over the emergence of re-
sistant organisms.29 Topical antiseptics and antibacterials
have produced promising results.24 Antibacterials could
also prove useful in reducing or eliminating colonisation
of the catheter lumen30 and catheters coated with
antibacterials31 or heparin32 are under investigation. Ran-
domised clinical studies have shown that the use of cathe-
ters coated with minocycline and rifampicin33 or with an-
tiseptics (p.1624) can reduce the risk of systemic
infections. Some evidence suggests that catheters impreg-
nated with minocycline and rifampicin are more effective
in minimising risk of infection than those coated with
chlorhexidine or sulfadiazine silver.34 
The importance of maintaining high standards of infection
control, including handwashing, in intensive care units has
been reinforced by the increasing incidence of nosocomial
infections that are difficult to treat such as those due to
vancomycin-resistant enterococci and Acinetobacter. In
one such outbreak due to A. baumannii some strains were
resistant to imipenem and all other antibacterials except
polymyxin B and sulbactam.35 Intensive infection control
measures and irrigation of all open wounds with polymyx-
in B solution were used to eliminate infection and coloni-
sation.
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Legionnaires’ disease
Legionnaires’ disease1 is a legionella pneumonia caused
by the Gram-negative bacterium Legionella pneumophila.
Serious outbreaks have been associated with infected air-
conditioning systems or water supplies. Pontiac fever is a
milder, usually self-limiting, flu-like illness also caused by
L. pneumophila as well as by other Legionella spp. Le-
gionellosis has been suggested as a broad term to cover
pneumonic and non-pneumonic clinical syndromes
caused by any Legionella spp., which may include L. boze-
manii, L. micdadei (Pittsburgh pneumonia agent), and L.
wadsworthii. 
The usual treatment for Legionella infections is with a
macrolide, with erythromycin now increasingly replaced
by azithromycin;2,3 clarithromycin, roxithromycin, or tel-
ithromycin may be further acceptable alternative mac-
rolides.2,3 Fluoroquinolones are also increasingly recom-
mended as alternatives to the macrolides.1-3 Doxycycline
or co-trimoxazole are further alternatives.4 Rifampicin has
been given in addition to fluoroquinolones or doxycycline,
especially in severe or deteriorating illness or in immuno-

compromised patients, although this may be of little fur-
ther benefit.3
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Leprosy
Leprosy (Hansen’s disease) is a chronic disease caused by
the bacillus, Mycobacterium leprae; it has a prolonged in-
cubation period (years) and slow onset of symptoms. Dis-
ease results from bacillary infiltration of the peripheral
nervous system, skin, eyes, respiratory mucosa, bones, and
testes. It is not highly infectious and transmission requires
both prolonged close contact with an infected patient and
an inherent immunological susceptibility to the disease in
the exposed person. Clinical leprosy may be regarded as a
consequence of deficient cell-mediated immunity in sus-
ceptible individuals; most individuals are naturally im-
mune, and symptoms are suppressed. The clinical mani-
festations depend on the bacillary load and the host’s
immune response to the mycobacterium. Patients with lep-
rosy may be classified as having: 
• Multibacillary (or lepromatous) leprosy, which occurs

when cellular immunity is largely deficient, and in-
cludes the sub-groups lepromatous (LL), borderline lep-
romatous (BL), and midborderline leprosy (BB), as well
as any other types giving a positive skin smear for acid-
fast bacilli. Generally the lepromin test (p.2333) is neg-
ative. 

• Paucibacillary (or tuberculoid) leprosy, which results
when cellular immunity is only partially deficient, and
includes the sub-groups borderline tuberculoid (BT), tu-
berculoid (TT), and indeterminate leprosy (I) when the
skin smear is negative. Generally the lepromin test is
positive. 

For the purpose of treatment, WHO classifies patients with
more than 5 skin lesions as having multibacillary leprosy,
and those with 1 to 5 skin lesions as having paucibacillary
leprosy. The use of this clinical classification avoids the
necessity to provide facilities for bacteriological examina-
tion of skin smears. 
Changes in the hosts immune response to the mycobacte-
ria may result in lepra reactions and unless treated these
may lead to severe nerve and tissue damage.1 Most reac-
tions belong to one of two main types: 
• Type 1 lepra reactions, or reversal reactions, are caused

by spontaneous increases in T-cell reactivity to myco-
bacterial antigens (type IV hypersensitivity) and occur
in patients with borderline forms of leprosy. These reac-
tions are characterised by erythema and oedema of the
skin and tenderness of peripheral nerves. Prompt treat-
ment with corticosteroids is necessary to prevent perma-
nent nerve damage.2-5 Treatment is usually continued
for 3 to 6 months. Adding azathioprine may permit the
use of lower cumulative doses of corticosteroid.6 Meth-
otrexate was found to be effective in treating a patient
intolerant to corticosteroids,7 while ciclosporin is con-
sidered to be effective for chronic neuritis.2,8 Prophylac-
tic use of low-dose corticosteroids during the first 4
months of standard multidrug treatment for leprosy has
also been investigated, and found to decrease the
number of reactional episodes by 75%; but the protec-
tive effect was lost by the end of 12 months.9 

• Type 2 lepra reactions, also known as erythema nodo-
sum leprosum (ENL), represent a systemic inflammato-
ry response (type III hypersensitivity) to dead bacteria
and are accompanied by high levels of circulating tu-
mour necrosis factor alpha (TNFα). This reaction oc-
curs only in patients with borderline lepromatous or lep-
romatous leprosy. Mild type 2 reactions may be treated
with anti-inflammatories but moderate or severe reac-
tions should be treated with corticosteroids or thalido-
mide (in males and post menopausal women).2-4 The in-
cidence and severity of ENL has decreased since the
inclusion of clofazimine in multidrug regimens, proba-
bly owing to the drug’s anti-inflammatory action.2
Clofazimine does not act as rapidly as either corticoster-
oids or thalidomide, nor is it as effective.2,3 Other TNFα
inhibiting drugs that have been tried include

pentoxifylline5,10 and infliximab.11 Chloroquine has
also been used with limited effect.1 Antileprotic drug
therapy is generally continued during lepra reactions. 

Although measures to manage the consequences of nerve
damage and lepra reactions are an important part of the
management of leprosy, curative antibacterial therapy is
the mainstay of treatment. Dapsone monotherapy, long
the basis of this, has been replaced since the 1980s with
multidrug oral regimens designed to overcome the devel-
opment of resistance. Dapsone, rifampicin, and clofaz-
imine form the elements of the standard combinations.5,12

Newer alternatives include clarithromycin, minocycline,
and fluoroquinolones such as ofloxacin and pefloxacin.
These may be used as second-line therapy for patients un-
able to tolerate dapsone or clofazimine. Ethionamide or
protionamide have been used in light-skinned patients to
avoid clofazimine’s tendency to pigment the skin, but are
no longer recommended because of their risk of hepato-
toxicity. 
The most widely used multidrug regimens are those rec-
ommended by WHO3 and in these the choice of drugs and
length of treatment are based on the clinical classification
outlined above. 
• MULTIBACILLARY LEPROSY 

The standard regimen recommended by WHO for
multibacillary leprosy3,4 is rifampicin 600 mg and
clofazimine 300 mg both given once a month, with
clofazimine 50 mg and dapsone 100 mg both daily.
Treatment is continued for 12 months.4 
A 2-year treatment duration was chosen originally be-
cause it is highly effective in the majority of cases and
avoids the need to assess response with skin smears.
However, such a long treatment duration is an obstacle
to implementing treatment programmes in areas where
healthcare is inaccessible or the infrastructure is poor.
Ongoing clinical studies and experience with patients
defaulting from treatment have encouraged WHO to
now recommend that treatment for 12 months is ade-
quate.4 Early hopes that reducing duration of treatment
to as little as one month would be possible have not been
supported by a study using daily rifampicin and
ofloxacin.13 
In patients for whom rifampicin is unsuitable because of
resistance or intolerance, WHO recommends3 daily
treatment with clofazimine 50 mg, ofloxacin 400 mg,
and minocycline 100 mg for the first 6 months; treat-
ment is then continued for at least a further 18 months
with clofazimine together with either minocycline or
ofloxacin. 
When clofazimine cannot be given ofloxacin 400 mg
daily or minocycline 100 mg daily may be substituted in
the standard regimen.14 
Rifampicin 600 mg, ofloxacin 400 mg, and minocy-
cline 100 mg (ROM) given once a month for 24 months
was found to be as effective as the WHO standard regi-
men given for 24 months15 and has been suggested as an
alternative regimen.3 

• PAUCIBACILLARY LEPROSY 
The WHO recommended regimen3,4 for paucibacillary
leprosy is rifampicin 600 mg monthly and dapsone
100 mg daily. Treatment is continued for 6 months. If
there are severe toxic effects with dapsone it should be
substituted with clofazimine.14 
On the basis of a clinical study16 showing that a single
dose each of rifampicin 600 mg, ofloxacin 400 mg, and
minocycline 100 mg given in combination is only
slightly less effective than standard multidrug treatment,
WHO has suggested that this is a suitable alternative for
patients with single-lesion paucibacillary leprosy.3
However, reservations have been expressed about the
study, including concerns regarding the short follow-
up17 and poor microbiological rationale.18 

• RELAPSE 
Relapse after a recommended course of multidrug ther-
apy for multibacillary or paucibacillary leprosy can oc-
cur and WHO recommends re-treatment with the initial
regimen.3,4 Although the relapse rate after standard
multidrug therapy for multibacillary leprosy is generally
low,3,19 there is insufficient information on the long-
term efficacy of shorter treatment courses.13 

• PREGNANCY 
Standard multidrug therapy is safe during pregnancy.4,5

Leprosy patients who are pregnant or breast feeding
may experience clinical deterioration and, in general,
antileprotic therapy is continued in such patients. 
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• PROPHYLAXIS 
Leprosy is spread from person to person through respi-
ratory droplets, so household contacts may become in-
fected. A systematic review and meta-analysis20 has
concluded that prophylaxis, usually with dapsone, in
some household contacts may prevent disease in this
high-risk group. A large randomised placebo-controlled
study21 found that a single dose of rifampicin given to
contacts of new patients with leprosy significantly re-
duced the incidence of developing leprosy in the first 2
years but no difference was noted beyond 2 years.
WHO3 suggests that contacts of newly diagnosed cases
should be examined for evidence of leprosy and then ad-
vised how to watch for early signs of the disease; proph-
ylaxis with rifampicin or other antileprotics is not rec-
ommended in leprosy control programmes. BCG
vaccine appears to be protective. Vaccines specifically
against leprosy are under investigation. 

• ELIMINATION 
The multidrug therapy regimens recommended by
WHO have been widely implemented in recent years
raising the possibility of eliminating leprosy as a public
health problem: that is, reducing the prevalence to less
than 1 case per 10 000 population in endemic areas.
Considerable progress towards this target has been
made, and it was announced in 2001 that the global level
of leprosy had decreased by over 90%. Full control of
leprosy, however, has still not been attained in several
countries and continued efforts are necessary. WHO has
since developed a global strategy for the further reduc-
tion of the leprosy burden and sustained leprosy con-
trol.22
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Leptospirosis
Leptospirosis1 is an infectious disease caused by serovars
of the spirochaete Leptospira interrogans, the commonest
in the UK being L. hardjo and L. icterohaemorrhagiae.2

Leptospira are widely distributed in wild and domestic an-
imals, including cattle. Rats are a common source of infec-
tion in man and transmission is often by contact with water
or soil contaminated with infected urine. The main occu-
pational group at risk in the UK has been farmers and ag-
ricultural workers, although there have been outbreaks
elsewhere among recreational water users such as canoe-
ists.3 The majority of symptomatic patients have no more
than a mild flu-like illness, although a small proportion de-
velop Weil’s disease with haemorrhagic complications and
severe hepatic and renal impairment. 
The use of antibacterials is controversial since many pa-
tients recover without treatment. There is insufficient evi-
dence to conclude whether treatment with antibacterials is
worthwhile.4 However, treatment for suspected leptospiro-
sis within 4 to 7 days has been recommended to prevent
complications.5,6 The intravenous use of either benzylpen-
icillin 900 mg, ampicillin 1 g, or erythromycin 500 mg
every 6 hours, or the oral use of amoxicillin 500 mg every
8 hours or doxycycline 100 mg twice daily has been sug-
gested;6 treatment is continued for 7 days. Benzylpenicil-
lin has been given intravenously in higher doses for severe
leptospirosis; 7.2 to 9.6 g daily for 5 days followed by
1.44 g daily for a further 5 days has been advocated.7
However, intravenous doses of 900 mg every 6 hours for 7
days have proved successful even when given late in the
course of illness.8 Intravenous ceftriaxone 1 g daily,9 intra-
venous cefotaxime 1 g every 6 hours (followed by a switch
to oral amoxicillin),10 and intravenous doxycycline given
as an initial dose of 200 mg, then 100 mg every 12 hours
(followed by a switch to oral doxycycline),10 each regimen
given for a total of 7 days, have also been found to be ef-
fective for treatment of severe leptospirosis. In severe in-
fections, supportive therapy with analgesics and antiemet-
ics may be required. Renal function should be monitored
and dialysis instigated if necessary, and blood products
may be necessary to control haemorrhagic complications.5 
The incidence of leptospirosis in US soldiers in Panama
was reduced when they were given prophylaxis with oral
doxycycline 200 mg weekly throughout the period of ex-
posure.11 Leptospirosis vaccines are available in some
countries.
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Listeriosis
Listeriosis is caused by Listeria monocytogenes, a Gram-
positive bacterium widespread in the environment and ca-
pable of growing at low temperatures. Increased aware-
ness of L. monocytogenes as a human pathogen has fol-
lowed epidemics of listeriosis associated with the
consumption of contaminated food products including soft
cheeses, coleslaw, and milk. L. monocytogenes has since
been detected in many types of food, especially uncooked
hot dogs, undercooked chicken, and pâté. It has been
acknowledged1-3 that it is a relatively rare infection and
that despite epidemics associated with identified food
products it typically occurs sporadically and the source is
usually not certain. Infection occurs primarily in pregnant
women, neonates, the elderly, and immunocompromised
patients. Clinical manifestations vary. Pregnant women
may have relatively mild flu-like symptoms, but infection
may result in spontaneous abortion, fetal death, or perina-
tal sepsis or meningitis in the neonate. Non-perinatal liste-
riosis may cause sepsis but commonly presents as menin-
gitis. Endocarditis has occurred in patients with cardiac
lesions. Focal infections after initial bacteraemia occur
mainly in immunocompromised patients. 

The treatment of choice is generally ampicillin with gen-
tamicin,1,2,4,5 although some have advocated ampicillin
alone;6 synergy has been reported in vitro. Ampicillin or
amoxicillin alone may be used in pregnant women.7 In
penicillin-allergic patients co-trimoxazole, vancomycin or
teicoplanin, erythromycin, and tetracycline are alterna-
tives,1,3 but the choice of treatment in these patients is
more difficult. Gentamicin with chloramphenicol or with
vancomycin has been used4 as has erythromycin plus gen-
tamicin.8 According to some,4 tetracycline should not be
used to treat listeriosis in the UK because of bacterial re-
sistance. Others3 recommend against use of cepha-
losporins. 
Further details specifically concerning neonatal listerial
meningitis and its treatment can be found under Meningi-
tis, p.178.
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Lyme disease
Lyme disease is a seasonal infectious disease caused by the
spirochaete Borrelia burgdorferi and transmitted primarily
by Ixodes ticks. I. scapularis, one of the species of ticks
that may cause Lyme disease, may also be infected with,
and transmit, Anaplasma phagocytophilum and/or Babe-
sia microti and therefore the bite from this tick may lead to
Lyme disease, human granulocytic anaplasmosis (see Ehr-
lichiosis, p.168), or babesiosis (p.823) as a single infection
or as a co-infection.1 Lyme disease was first recognised in
the 1970s in Lyme, Connecticut, but when the spirochaete
responsible was later identified, it was found to occur
worldwide with regional variations. Lyme disease is a
multisystem disease characterised by inflammatory reac-
tions that principally affects the skin, nervous system,
heart, and joints, and can be divided into 3 stages. In the
early stage a characteristic skin lesion (erythema migrans)
occurs at the site of the tick bite and may be accompanied
by flu-like or meningitis-like symptoms. This may be fol-
lowed weeks or months later by signs of disseminated in-
fection, including neurological and cardiac abnormalities,
and even years later by chronic arthritis and the late skin
manifestation acrodermatitis chronica atrophicans, both
signs of persistent infection. 
Appropriate treatment should prove curative, especially
in the early stages. Recommendations for treatment1-4 give
oral tetracyclines (doxycycline or tetracycline) and the
beta-lactam antibacterials (amoxicillin, phenoxymethyl-
penicillin, or cefuroxime) as the antibacterials of choice
for early Lyme disease in the absence of neurological
symptoms or advanced AV block. Treatment is usually for
14 days (range 10 to 21 days for doxycycline and 14 to 21
days for amoxicillin or cefuroxime). The macrolides (azi-
thromycin, clarithromycin, erythromycin, and roxithro-
mycin) are less effective and should only be used in pa-
tients allergic to, or who cannot be given, the first-line
agents.2,3 Young children (usually specified as below 8
years of age in the US and below 12 years in the UK) may
be given amoxicillin or cefuroxime.1,3 Pregnant women
should avoid tetracyclines but may be given any of the oth-
er oral regimens.1,3 
Adults and children presenting with neurological symp-
toms, either early or late, should be treated with intrave-
nous ceftriaxone, cefotaxime, or benzylpenicillin for 14 to
28 days. Patients allergic to cephalosporins or penicillins
may be given oral doxycycline 200 to 400 mg daily in 2
divided doses.1,3 Early Lyme disease with cardiac compli-
cations may be treated with either an oral or intravenous
antibacterial for 14 to 21 days. Lyme arthritis can general-
ly be effectively treated with one of the oral regimens giv-
en for 28 days. Patients with ongoing or recurrent joint
pain after the initial treatment course may be re-treated
with either another 4-week course of oral antibacterials or
with intravenous ceftriaxone for 2 to 4 weeks. Acroderma-
titis chronica atrophicans may be treated with an oral an-
tibacterial for 21 days.3 
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A small percentage of patients continue to experience non-
specific symptoms after appropriate treatment of Lyme
disease; there is some controversy over whether prolonged
treatment is effective in these patients and studies have
suggested otherwise.5-7 The use of antibacterials in pa-
tients with chronic (more than 6 months) subjective symp-
toms after recommended treatment is hotly debated8,9 but
the Infectious Diseases Society of America (IDSA) does
not support such therapy.3 
Adults and older children co-infected with A. phagocy-
tophilum should be treated with doxycycline for 10 days.
In the US, recommended treatment for severely ill children
less than 8 years of age is doxycycline for 4 to 5 days fol-
lowed by amoxicillin or cefuroxime to complete a 14-day
course. Patients with mild illness and who cannot be given
a tetracycline may be given rifampicin 300 mg twice daily
for 7 to 10 days plus amoxicillin or cefuroxime.3 
Preventive measures against Lyme disease include the use
of tick repellents, physical protection,3,10,11 and prompt re-
moval of attached ticks.3 Most guidelines3,10 do not sup-
port the use of empirical antibacterial therapy or serologic
testing after tick bites as generally the risk of infection is
low,12 particularly if the tick is removed promptly. The risk
of infection may, however, be greater if the tick has fed to
repletion.13 A study14 has shown that empirical treatment
with a single dose of doxycycline given within 72 hours of
a tick bite may be warranted in endemic areas where the
probability of infection is high. Although routine antibac-
terial prophylaxis is not recommended by the IDSA,3 they
recommend that a single dose of doxycycline may be giv-
en provided that the tick has been attached for 36 hours or
more, prophylaxis can be started within 72 hours of the
time of tick removal, and the tick species can be identified
as I. scapularis. Lyme disease vaccines are available in
some countries.
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Lymphogranuloma venereum
See under Sexually Transmitted Diseases, p.192.

Melioidosis
Melioidosis is caused by the Gram-negative aerobic bacte-
rium Burkholderia pseudomallei (Pseudomonas pseu-
domallei), and has been found mainly in south-east Asia
and northern Australia.1 Its true incidence and distribution
may be much wider than originally thought;2 diagnosis is
difficult because of the broad spectrum of clinical manifes-
tations. Pulmonary melioidosis is probably the commonest
form and has been treated with doxycycline for 3 to 6
months.3 Chronic or subacute non-bacteraemic melioido-
sis has also been treated long term with tetracycline or co-
trimoxazole.3 
Septicaemic melioidosis is an important cause of death in
Thailand. Because B. pseudomallei is intrinsically resist-
ant to many antibacterials, including aminoglycosides and
the early beta lactams, it has been unresponsive to many
empirical regimens for septicaemia.2 Treatment was based

on anecdotal regimens until, in a study from Thailand,4 in-
travenous ceftazidime halved the mortality of severe
melioidosis when compared with conventional parenteral
treatment with high doses of chloramphenicol intrave-
nously, doxycycline, and co-trimoxazole. As a result
ceftazidime came to be considered the treatment of choice
for septicaemic melioidosis.2 A systematic review5 of
treatment of acute melioidosis has also concluded that reg-
imens should contain ceftazidime or imipenem parenteral-
ly. Parenteral treatment for a minimum of 7 days is fol-
lowed by oral maintenance therapy with amoxicillin-
clavulanic acid or the conventional regimen (chloram-
phenicol, doxycycline, and co-trimoxazole);1,4 amoxicil-
lin-clavulanic acid has shown promise4 and appears to be
a safe alternative to the conventional regimen for the oral
treatment of melioidosis.6 However, resistance to ceftazi-
dime and amoxicillin-clavulanic acid has been reported,7
emphasising the importance of careful monitoring for the
emergence of resistance during treatment. Ceftazidime
plus co-trimoxazole, both given intravenously, has been
advocated by some for severe melioidosis, especially in
patients with septicaemia.8 
B. pseudomallei has the potential for prolonged latency as
demonstrated by a Vietnam war veteran who presented
with melioidosis of the bone 18 years after exposure to the
organism.9 He was treated with ceftriaxone intravenously
for 8 weeks followed by oral ciprofloxacin.
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Meningitis
Meningitis refers to infection of the subarachnoid space
and meninges, which may be caused by viruses, bacteria,
protozoa, or fungi. The symptoms and signs of meningitis
result from the host inflammatory response to infection.
Whereas viruses cause the majority of generally mild cas-
es of infectious meningitis, bacterial meningitis is usually
a more serious condition. Meningitis may occasionally be
a manifestation of non-infectious (auto-immune or neo-
plastic) disease. This section discusses bacterial meningitis
and its management. For reference to fungal meningitis,
see p.520. 
The bacteria most often encountered in adult or childhood
meningitis are Neisseria meningitidis (meningococci) and
Streptococcus pneumoniae (pneumococci). N. meningi-
tidis A, C, and W135 are the main subtypes involved in
epidemics in the African meningitis belt, whereas B and C
subtypes are responsible for outbreaks in Europe and
North America. In neonates, infants, pregnant women, im-
munocompromised patients, and the elderly, Listeria
monocytogenes and Gram-negative bacilli may also be en-
countered, and Str. agalactiae may cause meningitis in ne-
onates and infants. Haemophilus influenzae meningitis
was a common cause of meningitis in infants and young
children before the availability of H. influenzae type b
vaccine, and this pathogen is still encountered in non-
vaccinated young children, particularly in resource-poor
countries. Meningitis after head trauma, neurosurgery, or
in the presence of CSF shunts is not infrequently caused by
staphylococci (both Staphylococcus aureus and coagulase-
negative staphylococci) or Gram-negative bacilli. 
The bacteria are transmitted from person to person through
droplets of respiratory or throat secretions. Infection is
spread by prolonged close contact (such as kissing, sneez-
ing and coughing, living in close quarters or dormitories,
and sharing eating or drinking utensils). The average incu-
bation period is 4 days, ranging between 2 and 10 days.
The clinical presentation of acute bacterial meningitis is
largely dependent on the patient’s age. The classic mani-

festations of meningitis in older children and adults, in-
cluding fever, headache, neck stiffness, photophobia, con-
fusion, and vomiting, are rarely present in infants. In
general, the younger the patient, the more subtle and atyp-
ical are the signs and symptoms. Fatality rates can be as
low as 2% in infants and children, and as high as 20 to 30%
in neonates and adults depending on the causative bacteria
and patient’s age. Brain damage, transient or permanent
deafness, or learning disability may occur in up to one-
third of survivors.1,2 A less common but more severe (of-
ten fatal) form of meningococcal disease is meningococcal
septicaemia which is characterised by a widespread haem-
orrhagic rash, acute adrenal insufficiency, and rapid circu-
latory collapse.1 (For further information see Meningococ-
cal Infections, below p.179.) 

Choice of treatment. Bacterial meningitis is a medical
emergency and almost universally requires hospitalisa-
tion. Death may occur in a matter of hours if left untreated.
Outcome is worse if treatment is delayed and therefore
doctors in the UK are advised3,4 to give emergency treat-
ment with parenteral benzylpenicillin in all suspected cas-
es of meningitis before transfer to hospital. Alternative an-
tibacterials include a third generation cephalosporin or
chloramphenicol.3,5 Patients with suspected or confirmed
bacterial meningitis should have blood and/or CSF sam-
ples taken for culture and receive empirical therapy until
the causative organism has been identified and susceptibil-
ity patterns have become available.4,6,7 Empiric antibacte-
rials are given intravenously in relatively high doses, and
treatment should be targeted at specific organisms as soon
as the results of blood and/or CSF cultures are known. The
choice of empirical therapy depends on the bacterial path-
ogens (and their antibacterial susceptibility patterns) that
are most likely to have caused meningitis and varies with
age and the presence of predisposing factors such as trau-
ma or neurosurgery. Guidelines have been published for
the UK4,6,8 and the USA,7 and country specific guidelines
should be consulted where available. In most countries, a
third generation cephalosporin (high-dose ceftriaxone or
cefotaxime) is recommended as empirical treatment for
bacterial meningitis in adults and children. These drugs are
active against N. meningitidis, most Str. pneumoniae
strains, and H. influenzae, and penetrate CSF well. How-
ever, in situations where ceftriaxone or cefotaxime are not
available or are unaffordable, a combination of ampicillin
and chloramphenicol or chloramphenicol alone may be
used as an alternative.9 For those patients allergic to both
penicillins and cephalosporins, a combination of vanco-
mycin and chloramphenicol may be given.4 In patients
over 55 years ampicillin should be added to cover Liste-
ria.6 Empirical treatment in neonates may include cefotax-
ime, ampicillin to cover Listeria, and an aminoglycoside to
cover Gram-negative organisms.7,10 In the USA and other
areas where penicillin and cephalosporin-resistant pneu-
mococci or meticillin-resistant staphylococci are encoun-
tered, vancomycin (with or without rifampicin) should be
given with a third-generation cephalosporin to children or
adults with bacterial meningitis.4,6-8 Vancomycin together
with ceftazidime (or/cefepime or meropenem) should be
given to patients with meningitis complicating neurosur-
gery, head trauma, or CSF shunts. Because of concern of
suboptimal CSF penetration, vancomycin should not be
used alone in patients with meningitis due to resistant
pneumococci or staphylococci, especially when dexame-
thasone is given as well. The duration of antibacterial treat-
ment depends on the organism isolated. For Str. pneumoni-
ae 10 to 14 days of treatment is recommended and for H.
influenzae 7 to 14 days. For N. meningitidis 7 days, treat-
ment is sufficient. In L. monocytogenes and group B strep-
tococcal meningitis, antibacterials should be given for a
minimum of 14 to 21 days while Gram-negative bacilli
should be treated for a minimum of 3 weeks.7,11 

Chloramphenicol is effective for the treatment of epidemic
meningococcal meningitis and is the drug of choice for pa-
tients over 1 year of age in areas with limited health facil-
ities.1,12 An intramuscular dose of ceftriaxone (100 mg/kg
to a maximum of 4 g) was found to be as effective as an
intramuscular dose of oily chloramphenicol (100 mg/kg to
a maximum of 3 g) for the treatment of meningococcal
meningitis during epidemics in resource-poor settings.13

For children under 2 months, intravenous ampicillin for 7
days is recommended to cover Listeria, while for children
aged between 2 months and 1 year, intramuscular ceftriax-
one for 5 days or intravenous ampicillin for 7 days may be
used.12 
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Prophylaxis. Immunisation is the most effective way of
preventing bacterial meningitis in children. Vaccination is
also recommended for travellers to areas affected by
meningococcal outbreaks and is compulsory for pilgrims
going to Saudi Arabia. Several vaccines are available to
prevent bacterial meningitis. Unconjugated polysaccha-
ride vaccines against N. meningitidis subtypes A, C, Y,
and/ or W135, in various combinations, have been availa-
ble for many years and are recommended for children old-
er than 2 years who are at high risk of infection, such as
those with asplenia and with terminal complement defi-
ciencies, and students living in dormitories. A newer con-
jugated tetravalent ACWY meningococcal vaccine pro-
tects against A, C, W135 and Y meningococcal subtypes
and is now a visa requirement for pilgrims to Saudi Arabia.
A monovalent conjugate vaccine against N. meningitidis
subtype C has recently been licensed in developed coun-
tries for use in children and adolescents. This conjugate
vaccine produces better protection than unconjugated
polysaccharide vaccine, in children under 2 years of age.1,3

For further information on meningococcal vaccines see,
p.2224. The newer conjugate Haemophilus vaccines (see
p.2213) are similarly more immunogenic than the polysac-
charide vaccine, and universal immunisation of infants
with these conjugate vaccines has been associated with
more than 99% reduction in invasive H. influenzae type b
diseases in developed countries.2 In 2000, a conjugate vac-
cine, directed against the seven most prevalent invasive
pneumococcal strains in the USA, was approved for rou-
tine childhood immunisation. Three doses of this vaccine,
given at 2, 4, and 6 months of age, were associated with a
reduction of more than 90% in invasive pneumococcal in-
fections, including sepsis and meningitis.2 For further in-
formation on pneumococcal vaccines see, p.2231. 

Close contacts of patients infected with meningococcus A,
C, Y, or W135 and aged over 2 years should be offered
tetravalent meningococcal vaccine.2-4,11 Those over 3
months and exposed to serogroup A infection may also be
given a tetravalent meningococcal vaccine, while those
over 2 months of age and exposed to serogroup C infection
who are unimmunised or incompletely immunised may be
vaccinated with a meningococcal C vaccine. Those who
completed a course more than one year before should be
offered a booster.3 All unimmunised index cases under the
age of 25 years should also be offered a meningococcal C
vaccine. Cases of confirmed serogroup C disease who
have previously been immunised with meningococcal C
or tetravalent vaccines should be offered a meningococcal
C vaccine before discharge from hospital.3 

Antibacterial treatment does not eliminate nasopharyngeal
carriage of N. meningitidis and chemoprophylaxis should
be given to close contacts of the index case (irrespective of
vaccination status) to reduce the risk of invasive disease.3
A systematic review14 found that ceftriaxone, cipro-
floxacin, and rifampicin were all effective at eradicating
carriage for up to 2 weeks although resistance to ri-
fampicin may occur after prophylactic treatment; penicil-
lin was less effective. Oral rifampicin twice daily for 2
days (or a single oral dose of ciprofloxacin or a single dose
of intramuscular ceftriaxone) should be started in the close
contacts within 24 hours or as soon as possible after diag-
nosis of the index case. If further cases occur within a
group of close contacts within 4 weeks of receiving proph-
ylaxis with rifampicin, then repeat prophylaxis should be
with either ciprofloxacin or ceftriaxone. Index cases (ex-
cept those whose disease was treated with ceftriaxone)
should be given antibacterial prophylaxis before discharge
from hospital.3 Chemoprophylaxis is also recommended
for health care workers whose mouth or nose is directly
exposed to large particle droplets or secretions from the
respiratory tract of a probable or confirmed index case of
meningococcal disease during acute illness and until 24
hours of systemic antibacterial treatment has been com-
pleted.3 Similarly, treatment of H. influenzae meningitis
does not eliminate nasopharyngeal carriage of the organ-
ism and rifampicin should be given to index cases for 4
days before discharge from hospital. Anyone who has
been in direct or prolonged close contact with the infected
persons should also be given rifampicin for 4 days. Unvac-
cinated children should be immunised. Chemoprophylaxis
is not normally indicated for close contacts of pneumococ-
cal and other types of bacterial meningitis.4,11 

The WHO recommendation for outbreak control is mass
vaccination of persons residing in districts in the epidemic
phase as well as surrounding districts in an alert phase. It

is estimated that a mass immunisation campaign, promptly
implemented, can avoid 70% of cases.1 
Adjunctive treatment. Mortality and morbidity, includ-
ing deafness in children, remain high in meningitis despite
effective antibacterial therapy. Endotoxins and other mi-
crobial products, released from bacteria after antibacterial
treatment, are able to elicit a severe inflammatory re-
sponse, suggesting that anti-inflammatory drugs may be of
benefit. A systematic review15 of adjunctive corticosteroid
therapy concluded that corticosteroids reduce mortality,
neurological sequelae, and especially the risk of severe
hearing loss in both children and adults. This systematic
review concludes that corticosteroids should be given be-
fore, or with the first dose of antibacterial in adults; the
same recommendations apply to children living in high-
income countries. However, results from a study in sub-
Saharan Africa16 did not support the routine use of adjunc-
tive corticosteroids in the treatment of adults with bacterial
meningitis in resource-poor countries where Strep. pneu-
moniae is the main pathogen and where a large number of
patients are also likely to have advanced HIV disease. An-
other study17 of dexamethasone in Vietnamese patients
over 14 years of age with suspected bacterial meningitis
reported that dexamethasone did not improve survival in
all patients; significant benefit was only seen in patients
with proven bacterial meningitis, including those given
prior treatment with antibacterials. This finding was
thought to be due to patients with tuberculosis meningitis
in the treatment group. 
Careful management of fluid and electrolyte balance may
be important in the treatment of meningitis and fluid re-
striction to prevent cerebral oedema has been widely advo-
cated and used in children.18,19 This practice was based on
reports of hyponatraemia which were attributed to inap-
propriately increased concentrations of antidiuretic hor-
mone. However, subsequent studies have suggested that
the raised concentration of antidiuretic hormone may be an
appropriate host response to hypovolaemia, and that more
liberal use of parenteral fluids may be beneficial.2 A sys-
tematic review18 concluded that there is some evidence to
support the use of intravenous fluids, in preference to re-
stricted fluid intake, particularly in the first 48 hours in set-
tings with high mortality rates. However, where children
present early and mortality rates are lower, there is proba-
bly little benefit and insufficient evidence to guide prac-
tice; it has been suggested that fluids should not be restrict-
ed in children.11 The British Infection Society working
party4,6 recommends that adult patients with meningitis
should not be fluid restricted in an attempt to reduce cere-
bral oedema.
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Meningococcal infections
Meningococcal disease1-3 refers to systemic infection with
Neisseria meningitidis and may present clinically either as
meningitis or septicaemia, or both. Less common forms of
metastatic meningococcal infection include polyarthritis,
pericarditis, pneumonitis, and genito-urinary-tract infec-
tions. N. meningitidis is a Gram-negative bacterium, oc-
curring worldwide, and is classified into several serotypes.
Serotypes A, C, and W135 are responsible for epidemic
meningitis in sub-Saharan Africa, while serotypes B and C
are the cause of outbreaks in Europe and North America.
The number of cases of meningococcal disease due to se-
rotype C has decreased significantly after the introduction
of vaccination in developed countries. 
Infections are more common in young children under 5
years of age and in adolescents. N. meningitidis only in-
fects humans and about 10 to 25% of the population may
be carriers of the organism. The bacteria are carried in the
pharynx and may sometimes penetrate the mucosa and
spread through the bloodstream causing systemic disease
that may rapidly progress to shock and death. Patients with
meningococcal disease and asymptomatic nasopharyngeal
carriers may spread meningococcal infection via respirato-
ry droplets or throat secretions. Close and prolonged con-
tact such as kissing, sneezing and coughing, living in close
quarters, and sharing eating or drinking utensils are estab-
lished risk factors.1,2,4 Symptoms and signs during the ear-
ly stage of meningococcal disease are non-specific and in-
clude fever, vomiting, malaise, and lethargy. Most patients
with meningococcal septicaemia develop a vasculitic rash
(petechiae or purpura) which is often scant or absent in pa-
tients with meningitis. Purpuric rash, drowsiness or im-
paired consciousness, and shock are late presentations and
associated with high mortality rates, which may be up to
50% in severe forms. Meningococcal meningitis usually
presents with headache, neck stiffness, photophobia, and
drowsiness. Mortality from meningococcal meningitis is
less than in septicaemia and may be below 5% with
prompt treatment.1,2,5 
Guidelines for prevention and control of meningococcal
disease have been developed for the UK6 and the USA.7,8 
Choice of treatment. Mortality is reduced by early recog-
nition of the disease and prompt treatment with antibacte-
rials. In the UK doctors are advised that if meningococcal
disease is suspected, benzylpenicillin should be given
parenterally, preferably intravenously, before transfer to
hospital.1,5,6 Alternative antibacterials include a third gen-
eration cephalosporin or chloramphenicol.6 Both initial
empiric and later treatment may be with benzylpenicillin,
ampicillin, chloramphenicol, or third-generation cepha-
losporins such as cefotaxime or ceftriaxone. Oily chloram-
phenicol or ceftriaxone are used during epidemics in Afri-
ca and in areas with limited health facilities.
Uncomplicated meningococcal disease usually requires 7
days of antibacterial treatment.4,5,9,10 For further details of
the treatment of meningococcal meningitis, including the
treatment of close contacts, see Meningitis, above. Immu-
nisation is the most effective way of preventing meningo-
coccal meningitis and several vaccines are available (see
Meningococcal Vaccines, p.2224).
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Mouth infections
Infections of the mouth include those of dental origin such
as dental caries, abscesses, gingivitis, and periodontal in-
fections, and those without a dental origin. Infections aris-
ing in the nasal cavity, middle ear, oropharynx, and para-
nasal sinuses can also affect the oral cavity. Emphasis has
shifted from treatment to prevention of oral diseases.1 This
discussion deals mainly with infections of dental origin. 
The organisms most often encountered in oral infections
are viridans streptococci, a variety of anaerobes, and facul-
tative streptococci.2 
Dental caries3 is caused by the erosion of tooth enamel
due to acid produced by bacteria (usually Streptococcus
mutans) in plaque. Fluoride in various forms is used in
dental caries prophylaxis, where it may promote reminer-
alisation or reduce acid production by plaque bacteria.1
Sugar-free chewing gum can help prevent caries by stimu-
lating the production of saliva.4 Dental caries vaccines
have also been investigated. 
The term periodontal disease5 encompasses specific con-
ditions affecting the gingiva and the supporting connective
tissue and alveolar bone. Gingivitis is thought to be caused
by a non-specific bacterial plaque flora that gradually
changes from predominantly Gram-positive to more
Gram-negative. Gingivitis may or may not develop into
periodontitis, but periodontitis is always preceded by gin-
givitis. Periodontitis is associated with a Gram-negative
anaerobic microflora. Most gingivitis and periodontitis
can be prevented and treated by adequate oral hygiene and
plaque removal using mechanical means such as tooth-
brushing. Mechanical removal of calculus is necessary
where the build up is significant. Antiseptics may also help
to reduce plaque accumulation and several, but most nota-
bly chlorhexidine, have been used.6,7 
Penicillin has continued to be an effective drug in combat-
ing oral pathogens, and erythromycin or metronidazole are
alternatives. In the UK, the BNF advises against the rou-
tine use of clindamycin in oral infections, but notes that it
can be used for the treatment of dentoalveolar abscess that
has not responded to penicillin or metronidazole. Fusiform
bacteria and spirochaetes have been linked with acute
necrotising ulcerative gingivitis (also called Vincent’s in-
fection or trench mouth);8 systemic metronidazole is often
the treatment of choice. Tinidazole has also been used. Tet-
racyclines or metronidazole have been used for chronic
periodontal disease.9 Antibacterials and antiseptics deliv-
ered locally to the periodontal pocket may be of value.7
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Mycetoma
Mycetoma is a localised chronic infection seen especially
in the tropics and subtropics and involving subcutaneous
tissue, bone, and skin. It has been termed Madura foot
when affecting the sole of the foot. Mycetomas caused by

fungi (p.520) such as Madurella mycetomatis are called
eumycetomas and those caused by the filamentous bacte-
ria, actinomycetes, are called actinomycetomas. Nocardia
brasiliensis is the commonest actinomycete responsible;
others include Actinomadura madurae, A. pelletieri, and
Streptomyces somaliensis. For details of systemic infec-
tions caused by Nocardia spp., see under Nocardiosis,
p.181. 
Various treatment regimens for actinomycetomas have
been tried. Combined drug treatment is preferred so as to
avoid resistance and eradicate residual infection.1 The
most common regimen is streptomycin and dapsone; co-
trimoxazole may replace dapsone in patients who have not
responded to initial treatment after a few months and in
those who cannot tolerate dapsone. Successful treatment
has been reported with amikacin, either as monotherapy or
with co-trimoxazole.1 Rifampicin, pyrimethamine-sulf-
adoxine, and sulfonamides have also been tried in resistant
infections and are considered suitable for second-line ther-
apy.1 Cures were achieved after treatment for 4 to 24
months. In a study of antibacterial activity in vitro against
strains of S. somaliensis isolated from mycetoma patients,
rifampicin was the most effective followed in decreasing
order of activity by erythromycin, tobramycin, fusidic
acid, and streptomycin; all strains were resistant to trimeth-
oprim.2 The successful use of hyperbaric oxygen in addi-
tion to co-trimoxazole3 or of amoxicillin-clavulanic acid4

in the treatment of N. brasiliensis actinomycetoma previ-
ously resistant to conventional therapy has been described.
1. Fahal AH. Mycetoma: a thorn in the flesh. Trans R Soc Trop Med

Hyg 2004; 98: 3–11. 
2. Nasher MA, et al. In vitro studies of antibiotic sensitivities of

Streptomyces somaliensis—a cause of human actinomycetoma.
Trans R Soc Trop Med Hyg 1989; 83: 265–8. 

3. Walker RM, et al. Beneficial effects of hyperbaric oxygen ther-
apy in Nocardia brasiliensis soft-tissue infection. Med J Aust
1991; 155: 122–3. 

4. Gomez A, et al. Amoxicillin and clavulanic acid in the treatment
of actinomycetoma. Int J Dermatol 1993; 32: 218–20.

Necrotising enterocolitis
See p.173.

Necrotising fasciitis
Necrotising fasciitis is a severe soft-tissue infection result-
ing in necrosis of the subcutaneous tissue and adjacent fas-
cia, together with severe systemic illness. It may be caused
by a mixture of aerobic and anaerobic organisms, but can
be due to group A streptococci or staphylococci alone and
may be associated with a toxic shock syndrome (p.196). 
Complete debridement of the infected tissue is considered
essential for treatment. Antibacterial therapy is given as an
adjunct and should be continued until no further debride-
ments are needed.1 Antibacterial treatment regimens
should cover Gram-positive, Gram-negative, and anaero-
bic organisms. The possibility of infection with group A
Streptococcus or Clostridium species should also be con-
sidered. Possible treatment regimens include monotherapy
with ertapenem, imipenem, meropenem, piperacillin-tazo-
bactam, or tigecycline; multidrug regimens include high-
dose benzylpenicillin and clindamycin plus a fluoroqui-
nolone or an aminoglycoside. Until meticillin-resistant
staphylococcal infection has been ruled out, treatment reg-
imens should also include vancomycin, daptomycin, or
linezolid.1 Hyperbaric oxygen therapy has also been bene-
ficial although prospective controlled studies are lacking.2
Intravenous normal immunoglobulins have also been tried
in patients with necrotising fasciitis caused by group A
streptococcus.3
1. Anaya DA, Dellinger EP. Necrotizing soft-tissue infection: diag-

nosis and management. Clin Infect Dis 2007; 44: 705–10. 
2. Jallali N, et al. Hyperbaric oxygen as adjuvant therapy in the

management of necrotizing fasciitis. Am J Surg 2005; 189:
462–6. 

3. Kaul R, et al. Population-based surveillance for group A strepto-
coccal necrotizing fasciitis: clinical features, prognostic indica-
tors, and microbiologic analysis of seventy-seven cases. Am J
Med 1997; 103: 18–24.

Neonatal conjunctivitis
Conjunctivitis of the newborn, also known as ophthalmia
neonatorum, is defined as any conjunctivitis with dis-
charge occurring during the first 28 days of life.1 That due
to Neisseria gonorrhoeae is the most serious; it usually ap-
pears by the third day after birth and can rapidly result in
blindness; systemic infections, especially severe septicae-
mia, may occur. Chlamydia trachomatis is another major
cause of neonatal conjunctivitis (inclusion conjunctivitis);
it characteristically occurs 5 to 14 days after birth and is

less threatening to sight than gonococcal infection, but
may also infect the nasopharynx and can cause pneumo-
nia. Chlamydial conjunctivitis is more common than
gonococcal conjunctivitis in developed countries. Both or-
ganisms are sexually transmitted and the infants of moth-
ers with such genital-tract infections are infected during
their passage through the birth canal. Other less serious
bacterial causes of neonatal conjunctivitis include Staphy-
lococcus aureus, Streptococcus pneumoniae, Haemophil-
us spp., and Pseudomonas spp.; they are often hospital-ac-
quired.1 
The management of gonococcal and chlamydial neonatal
conjunctivitis varies from country to country depending on
the prevalence of gonorrhoea and C. trachomatis infection
and on bacterial resistance. 
• PROPHYLAXIS 

The ideal method of prophylaxis is to treat the infected
mother during pregnancy, but this is not always possi-
ble. Where the risk of gonococcal infection is high, oc-
ular prophylaxis at birth is particularly important be-
cause of the rapid onset of conjunctivitis and its
potential seriousness and is preferable to early diagnosis
and treatment of the neonate.2 Cleansing of the ne-
onate’s eyes immediately after birth followed by the
topical application of either tetracycline 1% eye oint-
ment,3,4 erythromycin 0.5% eye ointment,3 or silver ni-
trate 1% eye drops is advised4 and is sometimes re-
quired by law.3 Silver nitrate1 is active against all strains
of N. gonorrhoeae regardless of their susceptibility to
antibacterials; it is inexpensive and widely available, but
may cause chemical conjunctivitis and has been ineffec-
tive in preventing chlamydial conjunctivitis (see below).
Tetracycline has been reported to be as effective as sil-
ver nitrate in protecting against gonococcal conjunctivi-
tis caused by multiresistant strains5 and WHO now lists
both drugs as the drugs of choice.4 
The value of prophylaxis against chlamydial neonatal
conjunctivitis is less certain. Tetracycline ointment has
been reported to be less effective in preventing chlamy-
dial infection than gonococcal infection5 and erythro-
mycin ointment has also been unreliable.6 Silver nitrate
is generally considered ineffective,1 despite an unex-
pected reduction in the incidence of chlamydial con-
junctivitis in one study.5 The CDC3 does not recom-
mend prophylactic antibacterial treatment for infants
born to mothers with untreated chlamydial infection.
Screening and treatment of pregnant women for C. tra-
chomatis infection may be a more effective method of
control than ocular prophylaxis.5,7 This approach also
tackles the more serious problem of pneumonia.8 
Neonatal conjunctivitis continues to cause blindness, es-
pecially in developing countries. Povidone-iodine is less
expensive and perhaps more readily available in such
countries than silver nitrate or erythromycin. In a study
in Kenya involving more than 3000 infants9 a 2.5% oph-
thalmic solution of povidone-iodine appeared to be a
more effective prophylactic than either a 1% ophthalmic
solution of silver nitrate or erythromycin 0.5% eye oint-
ment. In particular, there were fewer cases of chlamy-
dial conjunctivitis with povidone-iodine. 

• TREATMENT 
All cases of neonatal conjunctivitis should be treated for
both N. gonorrhoeae and C. trachomatis because of the
possibility of mixed infection.4 Gonococcal neonatal
conjunctivitis must be treated systemically. WHO4 rec-
ommends ceftriaxone 50 mg/kg by intramuscular injec-
tion as a single dose (to a maximum of 125 mg) or, if
ceftriaxone is not available, spectinomycin 25 mg/kg (to
a maximum of 75 mg) or kanamycin 25 mg/kg (to a
maximum of 75 mg) by intramuscular injection as a sin-
gle dose. 
In the USA, CDC3 recommends a single intravenous or
intramuscular injection of ceftriaxone 25 to 50 mg/kg
(up to 125 mg) when there is no evidence of disseminat-
ed infection. 
See also under Gonorrhoea (p.191) for the treatment of
infants exposed to gonorrhoea at birth or with estab-
lished gonococcal infection at any site. 
For nongonococcal neonatal conjunctivitis WHO4 and
CDC3 recommend erythromycin 50 mg/kg daily in 4 di-
vided doses orally for 14 days; WHO4 recommend co-
trimoxazole 240 mg twice daily for 14 days as an alter-
native. There is no indication that topical therapy is of
additional benefit.3,4

1. WHO. Conjunctivitis of the newborn: prevention and treatment
at the primary health care level. Geneva: WHO, 1986. 



Antibacterials    181

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Laga M, et al. Epidemiology and control of gonococcal ophthal-
mia neonatorum. Bull WHO 1989; 67: 471–8. 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/06/08) 

4. WHO. Guidelines for the management of sexually transmitted
infec t ions .  Geneva:  WHO, 2003.  Also avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 22/06/04) 

5. Laga M, et al. Prophylaxis of gonococcal and chlamydial oph-
thalmia neonatorum: a comparison of silver nitrate and tetracy-
cline. N Engl J Med 1988; 318: 653–7. 

6. Black-Payne C, et al. Failure of erythromycin ointment for post
natal ocular prophylaxis of chlamydial conjunctivitis. Pediatr
Infect Dis J 1989; 8: 491–5. 

7. Hammerschlag MR, et al. Efficacy of neonatal ocular prophylax-
is for the prevention of chlamydial and gonococcal conjunctivi-
tis. N Engl J Med 1989; 320: 769–72. 

8. Schachter J. Why we need a program for the control of Chlamy-
dia trachomatis. N Engl J Med 1989; 320: 802–4. 

9. Isenberg SJ, et al. A controlled trial of povidone-iodine as proph-
ylaxis against ophthalmia neonatorum. N Engl J Med 1995; 332:
562–6.

Nocardiosis
Nocardia spp. are Gram-positive aerobic branching bacte-
ria that cause systemic or localised infection. The principal
pathogenic species in man is N. asteroides; others include
N. brasiliensis, N. pseudobrasiliensis, and N. caviae. Lo-
calised chronic infection or actinomycetoma is described
under Mycetoma (p.180). Systemic nocardiosis is mainly
a lung infection and often involves abscess formation; it
occurs especially in immunocompromised patients and
may be disseminated with abscesses in the brain and sub-
cutaneous tissues. 
The treatment of choice has been a sulfonamide such as
sulfadiazine or co-trimoxazole,1-5 although a study in vitro
indicated that the fixed ratio of trimethoprim:sulfamethox-
azole in co-trimoxazole might contain too little trimetho-
prim for optimal activity.6 Sulfafurazole7 has been used
successfully. There have been reports of the effective treat-
ment of nocardiosis with amikacin,8,9 linezolid,10 minocy-
cline,11,12 or ciprofloxacin with doxycycline.13 Other sug-
gested alternatives include ceftriaxone, imipenem or
meropenem.14 Treatment needs to be prolonged and may
continue for 6 to 12 months.
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Nontuberculous mycobacterial infections
Environmental mycobacteria are widespread, and a
number of species other than those responsible for leprosy
(p.176) and tuberculosis (p.196) are facultative parasites
capable of producing disease in man. These organisms,
which have been referred to as atypical, nontuberculous
(NTM), tuberculoid, opportunistic, or MOTT (mycobacte-
ria other than tuberculous), are rarely, if ever, transmitted
from person to person but are acquired from the environ-
ment. Symptomatic infections are usually associated with
focal or generalised defects in the host’s immune system.
The diseases produced include localised skin and soft tis-
sue lesions, pulmonary infections, lymphadenitis, and dis-
seminated infections. 
Cutaneous disease may follow traumatic inoculation with
Mycobacterium marinum (‘swimming pool’ or ‘fish-tank’

granuloma), M. ulcerans (Buruli ulcer), M. chelonae (M.
chelonei), M. abscessus (formerly M. chelonae subspe-
cies), or M. fortuitum. Ulcerated lesions due to M. haemo-
philum have been described mainly in immunocompro-
mised patients. 
Pulmonary disease may be clinically indistinguishable
from pulmonary tuberculosis, and has most frequently
been attributed to the M. avium complex (MAC), which
includes M. avium and M. avium-intracellulare, or to M.
kansasii, and to a lesser extent M. xenopi; less common
causes include M. abscessus, M. asiaticum, M. celatum,
M. chelonae, M. fortuitum, M. malmoense, M. scrofu-
laceum, M. simiae, and M. szulgai. 
Lymphadenitis, which is usually self-limiting and occurs
particularly in children under 5 years of age, may be
caused by many species but the great majority of cases are
due to M. avium complex, M. genavense, M. malmoense,
and M. scrofulaceum (sometimes collectively known as
the MAIS complex). 
Dissemination of opportunistic mycobacterial infections
may occur rapidly in immunocompromised patients. The
majority of cases have been attributed to the M. avium
complex; other species implicated include M. abscessus,
M. celatum, M. chelonae, M. genavense, M. haemophilum,
M. kansasii, M. malmoense, M. scrofulaceum, and M. sim-
iae. 
The treatment depends on the site and nature of the infec-
tion and whether immunodeficiency is present. Both HIV-
negative and HIV-positive patients may be affected and
the possibility of drug interactions should be borne in mind
in patients receiving antiretroviral therapy. For further
information on drug interactions with antiretrovirals see
Table 1, p.917, and Table 2, p.944, in Antivirals. 
• MYCOBACTERIUM AVIUM COMPLEX (MAC). 

US guidelines1,2 produced by the CDC, National Insti-
tutes of Health, HIV Medicine Association, and Infec-
tious Diseases Society of America recommend that the
treatment of HIV-positive patients with MAC should
consist of at least 2 antimycobacterial drugs. Clarithro-
mycin is the preferred first drug (with azithromycin as
an alternative) and is given with ethambutol. Rifabutin
may be added as a third drug in patients with advanced
immunosuppression, high mycobacterial loads, or if the
patient is not taking effective HAART. The fluoroqui-
nolones (ciprofloxacin or levofloxacin) or amikacin
may be given when rifabutin is contra-indicated or not
tolerated. In disseminated disease, patients who are not
taking HAART should start antiretroviral treatment at
the same time as starting treatment for MAC or at least
1 to 2 weeks thereafter. Those already on HAART
should continue this treatment. 
UK guidelines from the British Thoracic Society
(1999)3 for treatment of HIV-positive patients with
MAC broadly concur with the US recommendations.
Rifampicin or rifabutin, ethambutol, and clarithromycin
or azithromycin are recommended. A fluoroquinolone
such as ciprofloxacin, or even amikacin, may be added
for patients who are intolerant of first-line drugs or who
fail to respond. UK guidelines recommend lifelong
treatment; the US considers that treatment may be
stopped in selected patients (see Chemoprophylaxis, be-
low). In disseminated disease, the same treatment
should be given and continued indefinitely. 
A prospective, randomised study4 undertaken to com-
pare 3 regimens (clarithromycin and ethambutol, clari-
thromycin and rifabutin, and all 3 drugs) for the treat-
ment of disseminated MAC in patients with AIDS
found that all regimens appeared to provide effective
treatment and the differences were not statistically sig-
nificant. However, patients taking the 3-drug regimen
had greater overall clinical efficacy, a lower relapse rate,
and a lower risk of death. 
The British Thoracic Society guidelines (1999)3 state
that treatment for HIV-negative patients with MAC
pulmonary disease should consist of rifampicin and
ethambutol for 24 months, with or without isoniazid. In
extrapulmonary disease affecting lymph nodes, surgical
excision of the nodes should be undertaken; chemother-
apy with rifampicin, ethambutol, and clarithromycin for
up to 2 years should be considered if disease recurs or
where the excision is incomplete or impossible. In sites
other than lymph nodes, chemotherapy should be given
for 18 to 24 months. 
Prophylactic treatment is used to reduce the incidence
of disseminated MAC disease in patients with HIV in-

fection. There appears to be a tendency to delay starting
prophylaxis until later in the disease process; the
guidelines5 from the US Public Health Service and the
Infectious Diseases Society of America (USPHS/ID-
SA) recommend starting prophylaxis at a CD4+ count
of less than 50 cells/microlitre with either azithromycin
or clarithromycin. If these drugs cannot be tolerated
then rifabutin may be given as an alternative. Combina-
tion therapy with one of the macrolides and rifabutin is
not recommended. The US guidelines state that prophy-
laxis need not be lifelong in patients responding to
HAART; specifically, primary prophylaxis may be
stopped in patients whose CD4+ count has increased to
more than 100 cells/microlitre for 3 months or more, but
should be restarted if the CD4+ count falls to below 50
to 100 cells/microlitre again. Observational data from a
large cohort of patients in the USA found no evidence of
increased risk of MAC in patients who had stopped pri-
mary prophylaxis in accordance with the USPHS/IDSA
guidelines.6 
The US guidelines5 also state that it may be possible to
stop secondary prophylaxis (chronic maintenance ther-
apy) in HIV-infected patients who have completed at
least 12 months of treatment for MAC, who remain
asymptomatic with respect to MAC, and who have a
sustained response to HAART (CD4+ count greater
than 100 cells/microlitre). Secondary prophylaxis
should be restarted if CD4+ count falls below 100
cells/microlitre. 
In the UK, however, the British Thoracic Society guide-
lines note there is no general agreement about when
prophylaxis should be used. If prophylaxis is to be given
to patients with a CD4+ count below 50 cells/microlitre
the first drug of choice would be azithromycin; clari-
thromycin is an alternative and azithromycin with rifab-
utin would be a third choice.3 The UK guidelines, partly
based on studies which predate the wide use of HAART,
recommend that prophylaxis be continued indefinitely.3 

• MYCOBACTERIUM KANSASII INFECTION. 
UK guidelines state that infections with M. kansasii
may be treated with rifampicin (or rifabutin) and etham-
butol.3 Pulmonary disease in HIV-negative patients is
usually treated for 9 months whereas HIV-positive pa-
tients should receive therapy for 2 years or until the spu-
tum has been negative for 12 months. For disseminated
infection in HIV-positive patients, clarithromycin
should be added and possibly also isoniazid. The place
of macrolides and fluoroquinolones in pulmonary or
disseminated M. kansasii infection remain to be estab-
lished. In extrapulmonary disease in HIV-negative pa-
tients, chemotherapy with rifampicin and ethambutol
may be used before excision of an infected lymph node.
In other extrapulmonary disease the guidelines state that
the data are insufficient to make recommendations, but
consider that rifampicin and ethambutol for 9 months
appears sensible with the addition of protionamide and
streptomycin and/or a macrolide if the condition is not
responding.3 

• OTHER OPPORTUNISTIC MYCOBACTERIA. 
In M. malmoense and M. xenopi pulmonary disease,
the UK guidelines recommend that rifampicin and
ethambutol should be given for 2 years in HIV-negative
patients. Extrapulmonary M. malmoense infections
should be treated in the same manner as extrapulmonary
MAC or M. kansasii infections. M. malmoense infection
rarely occurs in AIDS patients, but if necessary, treat-
ment with rifampicin, ethambutol, and clarithromycin,
and possibly isoniazid should be used. For M. xenopi in
HIV-positive patients the guidelines state that there is no
evidence on which to base recommendations; treatment
as for pulmonary or disseminated MAC infection is sug-
gested.3 
For pulmonary disease due to rapidly growing bacteria
(M. abcessus, M. chelonae, M. fortuitum, and M. gor-
donae) and other species (M. genavense, M. haemophil-
um, M. simiae, M. szulgai, and M. ulcerans) surgery
should be used if possible. Drug therapy should proba-
bly include rifampicin, ethambutol, and clarithromycin.
Amikacin, cefoxitin, imipenem, quinolones, and sulfon-
amides may have a place in treatment. For extrapulmo-
nary disease due to these organisms, there have been
several anecdotal reports outlining treatment but there is
no evidence from controlled clinical studies.3 Success-
ful treatment of M. simiae infection in patients with
AIDS was reported with clarithromycin, ethambutol,
and ciprofloxacin.7 Surgical treatment and intensive
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antibacterial regimens have been used for M. scrofu-
laceum infections.8 Symptomatic improvement was
achieved in an AIDS patient with M. celatum infection
with a regimen of isoniazid, rifampicin, and ethambu-
tol.9 
For cutaneous infections due to M. marinum (swim-
ming-pool granuloma or fish-tank granuloma) numer-
ous antibacterial regimens have been used,10 including
rifampicin with ethambutol11 or isoniazid, rifabutin with
ciprofloxacin,12 minocycline with co-trimoxazole,13

clarithromycin with rifabutin14 or ciprofloxacin12 or
ethambutol.12 Monotherapy with clarithromycin, mino-
cycline, doxycycline, or co-trimoxazole15 have each
been tried, mainly in small series of patients. 
Buruli ulcer, due to M. ulcerans, is difficult to treat and
usually requires surgery; responses to antimycobacterial
monotherapies have been generally disappointing.
However, recent evidence suggests that combination
antibacterial therapy may reduce the healing time and
recurrence rates of ulcers, and minimise or avoid the
need for surgery.16 Treatment of nodules and plaques of
early Buruli ulcers with rifampicin and streptomycin for
up to 12 weeks, showed inhibition of growth 4 weeks
after starting treatment.17 Furthermore, no lesions en-
larged during the treatment period. WHO therefore rec-
ommends the use of rifampicin and streptomycin or
amikacin for 8 weeks.18 Consensus recommendations
issued by practitioners in Victoria, Australia19 consider
surgery to be the best treatment for Buruli ulcer, with
antibacterial therapy being indicated for more extensive
disease. Use of antibacterial may also possibly allow
more conservative resection and reduce the risk of re-
lapse. The recommended oral regimens were: at least 3
months of rifampicin given with clarithromycin, cipro-
floxacin, or moxifloxacin. For more severe or extensive
disease patients may also require intravenous amikacin
for 4 to 8 weeks in addition to oral therapy. Reports of
other therapies include a beneficial response with topi-
cal nitrogen oxides in a small pilot study of 37 patients
with Buruli ulcer,20 and healing after local application of
phenytoin.21 
Cutaneous disease due to M. haemophilum infection has
been treated with an initial treatment course of rifabutin,
ciprofloxacin, and clarithromycin, followed by clari-
thromycin for 2 years.22 M. chelonae was successfully
treated with clarithromycin and linezolid for one month,
followed by a further 5 months of treatment with clari-
thromycin.23
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Obstetric disorders
See under: Endometritis (the prophylaxis and treatment of
postpartum endometritis), p.170; Premature Labour,
p.188; and Urinary-Tract Infections in Pregnancy, p.199.
See also Neonatal Conjunctivitis, p.180, and Perinatal
Streptococcal Infections, p.184.

Osteomyelitis
See under Bone and Joint Infections, p.164.

Otitis externa
Otitis externa is a general term used to describe inflamma-
tion of the skin of the external auditory canal that may be
due to infection with bacteria, viruses, or fungi or second-
ary to skin disorders such as eczema. Otitis externa is as-
sociated with high humidity, warmer temperatures, swim-
ming, local trauma, or obstruction of the ear canal.
Subtypes include acute localised otitis externa, acute dif-
fuse otitis externa (swimmer’s ear), chronic otitis externa,
and necrotising (malignant) otitis externa. Acute diffuse
disease is characterised by erythema, itching, pain, puru-
lent discharge, oedema, fullness, and deafness. If left un-
treated or if treated inadequately it may progress to chronic
otitis externa. Chronic otitis externa may also result from
allergic contact dermatitis or other underlying skin condi-
tions, such as eczema. Malignant otitis externa is rare and
occurs mainly in immunocompromised persons and in
diabetics and can be life-threatening if temporal bone in-
fections occur. 
The treatment of both acute and chronic otitis externa in-
cludes thorough cleansing and the use of appropriate acid-
ifying and/or antibacterial ear drops, with or without a cor-
ticosteroid, even though some have doubted the value of
topical antibacterials. Ear drops containing aminoglyco-
sides, such as gentamicin, neomycin, or framycetin, or poly-
myxins should not be used when the ear drum is perforated
because of the risk of ototoxicity. 
The management of the various subtypes of otitis externa
has been described.1-4 
Acute localised otitis externa is an infection of the hair fol-
licle (furunculosis), commonly due to Staphylococcus au-
reus. It may cause severe pain, which may be treated with
an analgesic such as paracetamol or ibuprofen. If the
furuncle is not pointing (ready to rupture spontaneously),
local heat application and systemic treatment with a peni-
cillinase-resistant penicillin such as flucloxacillin or a
first-generation cephalosporin such as cefalexin may be
used.1 Others have suggested application of topical anti-
bacterials using wicks which are left in the ear canal for 3
to 5 days.3 Pointed furuncles require incision and drainage
followed by a course of topical and/or oral antibacteri-
als.1,3 
In acute diffuse otitis externa, Staphylococcus aureus, S.
epidermidis, and Pseudomonas spp. are often present.
Treatment includes thorough cleansing of the ear canal and
instillation of ear drops including acidifying agents (2%

acetic acid) and antibacterials such as aminoglycosides,
fluoroquinolones (ciprofloxacin and ofloxacin), chloram-
phenicol, or polymyxin B, with or without corticosteroids
such as dexamethasone.1,3 Antifungals may sometimes be
required. A wick may be used if instillation proves diffi-
cult.1 Systemic antibacterials may be necessary in severe
cases of otitis externa.1,3 
Chronic otitis externa is treated similarly, although the top-
ical antibacterials and corticosteroids used should not be
the same as those used previously for the treatment of
acute disease.1 
Necrotising (malignant) otitis externa, due to fulminating
infection, especially with Pseudomonas, is uncommon but
can occur in susceptible patients. Topical antibacterials are
not effective and systemic treatment with antipseudomon-
al drugs such as gentamicin, ceftazidime, a carbapenem, or
a fluoroquinolone is needed for about 4 to 8 weeks.1,3

However, resistance to ciprofloxacin has been reported.5
Combination treatment with an aminoglycoside and an-
other antipseudomonal drug or a penicillin (such as azlo-
cillin, piperacillin, or ticarcillin) may also be used.1,3
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Otitis media
Otitis media is a general term used to describe inflamma-
tion of the middle ear that usually results from dysfunction
of the Eustachian tube after a viral infection of the naso-
pharynx. It is one of the most frequent childhood illnesses
seen in general practice. Subtypes of otitis media may be
classified as follows: 
• acute otitis media (AOM) is seen especially in young

children and is often due to bacterial and/or viral infec-
tion and is sometimes associated with upper respiratory-
tract infection. It is characterised by rapid onset, ear dis-
comfort, and pain. Common bacterial pathogens include
Streptococcus pneumoniae, Haemophilus influenzae,
and Moraxella catarrhalis (Branhamella catarrhalis) 

• recurrent acute otitis media refers to frequent episodes
of AOM (3 or more episodes within 6 months or 4 epi-
sodes within 12 months) and may be due to relapse or
re-infection 

• otitis media with effusion (OME) or serous otitis media,
commonly known as ‘glue ear’, is defined as the accu-
mulation of fluid in the middle ear without local or sys-
temic illness. It may be associated with recurrent upper
respiratory-tract infection and is characterised by deaf-
ness although some episodes may be asymptomatic 

• chronic suppurative otitis media (CSOM) is often pre-
ceded by one or more episodes of AOM and is associat-
ed with perforation of the ear drum, and continued in-
fection and inflammation in the middle ear causing
persistent or recurrent discharge and deafness. The con-
dition has been divided into inactive or active. Inactive
disease (tubo-tympanic disease) is typically character-
ised by perforation of the ear drum, deafness, and a pro-
fuse mucoid discharge associated with upper respirato-
ry-tract infection. In active disease (attico-antral
disease) there may be cholesteatoma with bone involve-
ment. The commonest infecting organisms are Pseu-
domonas aeruginosa and anaerobes. Other common in-
fecting aerobic organisms are diphtheroids,
Staphylococcus aureus, and Klebsiella.1 

TREATMENT Treatment of acute otitis media aims to re-
lieve symptoms, avoid complications, and prevent relapse,
recurrence, and progression to the chronic state. Some-
times an analgesic such as paracetamol may be all that is
required as long as frequent inspection is possible. Howev-
er, it is common practice to prescribe a systemic antibacte-
rial as well as an analgesic,2 although the need for routine
antibacterial treatment is questionable.3-5 Systemic anti-
bacterial treatment aims to speed resolution and prevent
complications. However, meta-analyses and reviews have
shown only modest benefits from routine use of
antibacterials6-8 and experience from studies where anti-
bacterials are not given routinely for AOM suggested that
there is no consequent increase in complications.4,8,9 An-
other meta-analysis10 to estimate the natural history of
AOM found that about 60% of children not initially treated
with an antibacterial showed symptomatic improvement
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within 24 hours, and that symptoms resolved within 3 days
in about 80% of these children. Suppurative complications
occurred in about 0.12% of children not immediately treat-
ed with antibacterials and in 0.24% of those given imme-
diate treatment. A systematic review9 reported that clinical
signs and symptoms resolved within 4 to 7 days in 78% of
children not initially treated with an antibacterial. Howev-
er, some clinicians have argued that although the benefit is
modest, it is significant and therefore the routine use of an-
tibacterials is clinically justifiable.6 A later systematic
review11 concluded that antibacterials do provide a small
benefit in very young children and a further meta-
analysis12 reported that most benefit was seen in children
under 2 years of age with bilateral AOM, and in children
with both AOM and discharge. Another suggested ap-
proach has been to delay the start of antibacterials for 72
hours and to then only give them if the patient remains un-
well.8,13,14 No one antibacterial has been found to be supe-
rior to another in the treatment of AOM.9 Adjunctive treat-
ment with topical and systemic decongestants and
antihistamines has not been found to be beneficial15 and
there is insufficient information to conclude whether there
is any benefit from the use of topical analgesics (including
corticosteroids, local anaesthetics, and NSAIDs).16 
The American Academy of Pediatrics has produced
guidelines17 for the diagnosis and management of uncom-
plicated AOM in children from 2 months to 12 years of
age. They suggest that in a select group of children an ob-
servation period may be recommended depending on the
patient’s age, the diagnostic certainty, and the severity of
illness. These children should be given symptomatic treat-
ment and observed for 48 to 72 hours; if the illness wors-
ens during the observation period or there is no improve-
ment then systemic antibacterials should be considered.
Pain management is important, and appropriate analgesics
should be offered. If antibacterial treatment is given high-
dose amoxicillin (80 to 90 mg/kg daily) is recommended
for most children. In children with severe illness or those
not responding to amoxicillin and thought to be infected
with H. influenzae or M. catarrhalis high-dose amoxicillin
with clavulanic acid should be given. Alternatives in pen-
icillin-allergic children include cephalosporins, azithro-
mycin, or clarithromycin. Similar recommendations have
been made for the treatment of AOM in the UK.18 
Duration of therapy for AOM has varied from 5 to 10 or
more days. A systematic review19 of published clinical
studies suggests that a 5-day treatment course may be giv-
en to children with uncomplicated AOM. The American
Academy of Pediatrics recommends treatment with anti-
bacterials for 10 days in younger children (up to 6 years of
age) and for children with severe disease; those aged 6
years or older with mild to moderate disease may be given
treatment for 5 to 7 days.17 
Penicillin-resistant strains of Str. pneumoniae have been
reported in children with otitis media and are reported to
be increasingly prevalent.20 About one-quarter of Str.
pneumoniae isolates, one third of H. influenzae isolates,
and nearly all M. catarrhalis isolates are resistant to peni-
cillin and amoxicillin.2 However, resistance rates vary be-
tween countries21 and many penicillin-resistant strains re-
main sensitive in vivo to high-dose amoxicillin.20,22,23 
Optimal treatment of otitis media with effusion is contro-
versial and the majority of cases will resolve spontaneous-
ly within 3 months. Guidelines have been developed in the
USA24 for the diagnosis and management of uncomplicat-
ed disease in children from 2 months to 12 years of age.
They suggest careful assessment and observation for at
least 3 months before considering surgery. Those at in-
creased risk of developmental difficulties such as children
with cleft palate or Down’s syndrome should be referred to
a specialist. Similar recommendations have been made for
the treatment of OME in the UK.25 Antihistamines, decon-
gestants, and mucolytics are ineffective.24-26 Oral or topi-
cal intranasal corticosteroids alone or with an antibacterial
have only short-term benefit27 and their use is not recom-
mended as routine treatment.24,25 A meta-analysis28 on the
use of antibacterials for the treatment of OME failed to
find any benefit and their use cannot be justified.24,25 
Treatment of chronic suppurative otitis media aims to stop
the discharge, eradicate the infection, heal the ear drum,
and to prevent serious complications. Treatment options
for uncomplicated cases include aural toilet (thorough
cleansing and mopping of the ear), systemic antibacterials,
and topical treatments with either an antiseptic or antibac-
terial, sometimes also with a corticosteroid. Surgery may
be needed if complications develop.1,29 There is controver-

sy over the use of ear drops containing aminoglycosides or
polymyxins in the presence of a perforated ear drum, as
they are potentially ototoxic. However, it is considered that
untreated disease is more likely to result in deafness than a
short course of these ear drops. A systematic review29

found that treatment with topical fluoroquinolone ear
drops was more effective at drying the ear than no drug
treatment or topical antiseptics; effects of topical non-fluo-
roquinolone antibacterials when compared with no drug
treatment or topical antiseptics were less clear. Another
systematic review30 found that ear drops containing fluor-
oquinolones were also more effective than systemic anti-
bacterials at drying the ear. Effects of topical non-fluoro-
quinolone antibacterials or antiseptics were less clear and
no additional benefit was noted by adding a systemic anti-
bacterial to topical antibacterial treatment. 
PREVENTION Long-term antibacterial prophylaxis has been
tried in children at high risk including those with recurrent
acute otitis media,31,32 but the evidence for its benefit is
inconsistent. A meta-analysis33 on the use of antibacterials
to prevent recurrent AOM concluded that they appeared to
have limited benefit and that 9 children would need to be
treated to show an improved outcome in one. A later meta-
analysis34 concluded that antibacterials reduced the proba-
bility of disease recurring during the treatment period, but
that the long-term benefits of treatment were unclear and
that 5 children would need to be treated to show an im-
proved outcome in one. 
The use of xylitol, which inhibits the growth of Str. pneu-
moniae, as chewing gum35,36 or as syrup for very young
children36,37 has been reported to reduce the incidence of
AOM. Randomised studies35,36 with xylitol chewing gum
reported a 40% reduction in the incidence of AOM in chil-
dren with recurrent AOM. However, xylitol was found to
be ineffective when it was used only during an acute respi-
ratory-tract infection38 and the need for use 5 times a day
may make this treatment impractical.35,36 
Vaccination against AOM with pneumococcal vaccines
has also been tried but unconjugated multivalent polysac-
charide vaccines do not prevent AOM in children under 2
years of age23,39 and their benefit in older children is min-
imal.39 A meta-analysis39 found that starting immunisation
with the 7-valent pneumococcal conjugate vaccine by 2
months of age reduces the incidence of recurrent AOM.
No benefit was noted in children with recurrent infections
who received their first vaccination after 1 year of age. In
a later study40 in children 2 to 8 years of age with recurrent
OME, vaccination with the 7-valent conjugated vaccine
before, and the 23-valent polysaccharide vaccine after, in-
sertion of a tympanostomy tube did not prevent recurrenc-
es. 
Vaccination may also have a role in reducing the incidence
and in preventing the development of antibacterial
resistance23 but use of conjugated pneumococcal vaccines
was found to cause a shift in the pathogens responsible for
AOM from vaccine-type pneumococci to nonvaccine-type
strains and to H. influenzae.23
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Pancreatitis
The overall management of pancreatitis is discussed on
p.2361. Although there has been some uncertainty about
the value of prophylactic antibacterials in acute pancreati-
tis, a meta-analysis1 of 8 prospective studies showed a pos-
itive benefit in reducing mortality. The advantage was lim-
ited to patients with severe pancreatitis given broad-
spectrum drugs that achieved therapeutic levels in pancre-
atic tissue, such as imipenem or a fluoroquinolone. A ret-
rospective study2 reported a reduction in the incidence, but
not in the time of onset, of infection in those given antibac-
terial prophylaxis in severe disease. However, a systematic
review3 of the value of antibacterial prophylaxis in patients
with severe acute necrotising pancreatitis concluded that,
despite variations in drugs used (cefuroxime, imipenem, or
metronidazole with ciprofloxacin or ofloxacin) and in the
quality and methodology of studies conducted, antibacte-
rial prophylaxis appeared to reduce the risk of death in pa-
tients with pancreatic necrosis but not, overall, the rate of
infected pancreatic necrosis. However, there was some evi-
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dence that beta lactams were associated with both a reduc-
tion in risk of death, and risk of infected pancreatic necro-
sis whereas quinolone plus imidazole regimens were not.
1. Golub R, et al. Role of antibiotics in acute pancreatitis: a meta-
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Pelvic inflammatory disease
Pelvic inflammatory disease (PID) is a broad term for in-
fectious disorders of the upper genital tract in women and
may include endometritis, salpingitis, tubo-ovarian ab-
scess, and pelvic peritonitis. It is generally due to ascend-
ing infection through the cervix and uterus to the fallopian
tubes, resulting in salpingitis, and from there may extend
to the ovaries and peritoneum. Long-term complications
include infertility and ectopic pregnancy. The use of intra-
uterine contraceptive devices might increase the likelihood
of PID although the risk may have been overstated;1 it ap-
pears to be greatest during the first 20 days after insertion
of the device.2 
The majority of these infections are probably sexually
transmitted and at one time were mainly due to Neisseria
gonorrhoeae, but Chlamydia trachomatis is increasingly
responsible and may be the commonest cause of PID in
some areas. Other organisms that have been isolated in-
clude Mycoplasma hominis; Ureaplasma urealyticum;
anaerobes such as Bacteroides, Peptococcus, and Pepto-
streptococcus spp.; Gram-negative enteric aerobes such as
Escherichia coli; and Gram-positive aerobes such as
group B streptococci. Some of these organisms occur in
the abnormal vaginal flora associated with bacterial vagi-
nosis (p.164). Thus, the aetiology of PID appears to be poly-
microbial; some think that primary infection with N. gon-
orrhoeae or C. trachomatis, or both, allows opportunistic
infection with aerobic and anaerobic bacteria.1 
Treatment regimens are of necessity broad spectrum and
empirical and should include antibacterials active against
the major pathogens. Many consider that treatment should
be started in hospital so that drugs can be given parenteral-
ly. Guidelines produced by WHO,3 by an expert group in
the UK,4 and by the CDC in the USA5 are as follows, al-
though recommendations may need to be localised be-
cause of differences in patterns of infection and drug resist-
ance: 
• WHO 

• inpatients: 
• intramuscular ceftriaxone 250 mg daily, plus 

oral or intravenous doxycycline 100 mg twice daily (or
oral tetracycline 500 mg four times a day), plus 
oral or intravenous metronidazole 400 to 500 mg twice
daily or chloramphenicol 500 mg four times daily 

• intravenous clindamycin 900 mg every 8 hours, plus 
intravenous gentamicin 1.5 mg/kg every 8 hours 

• oral ciprofloxacin 500 mg twice daily or intramuscular
spectinomycin 1 g four times daily, plus 
oral or intravenous doxycycline 100 mg twice daily (or
oral tetracycline 500 mg four times a day), plus 
oral or intravenous metronidazole 400 to 500 mg twice
daily or chloramphenicol 500 mg four times daily 

Therapy should be continued for at least 48 hours af-
ter clinical improvement, and then followed by doxy-
cycline or tetracycline orally for 14 days. 

• outpatients: 
• a single-dose treatment for uncomplicated gonorrhoea

such as a single intramuscular dose of ceftriaxone 125 mg
is recommended (see Gonorrhoea, p.191) plus 
oral metronidazole 400 to 500 mg twice daily and oral
doxycycline 100 mg twice daily (or oral tetracycline
500 mg four times a day) for 14 days. 

• UK: 
• inpatients: 

with the regimens below intravenous therapy is con-
tinued until 24 hours after clinical improvement, and
the oral regimen is then substituted until therapy has
been given for at least 14 days. 
• intravenous cefoxitin 2 g three times daily plus intrave-

nous (or oral if tolerated) doxycycline 100 mg twice daily,
until clinical improvement, then 
oral doxycycline 100 mg twice daily, plus oral metronida-
zole 400 mg twice daily 

• intravenous clindamycin 900 mg three times daily plus in-
travenous gentamicin (2 mg/kg as a loading dose, then
1.5 mg/kg three times daily or a single daily dose of
7 mg/kg) until clinical improvement, then 

oral clindamycin 450 mg four times daily or oral doxycy-
cline 100 mg twice daily plus oral metronidazole 400 mg
twice daily 

alternative regimens, given for a total of 14 days, are: 
• intravenous ofloxacin 400 mg twice daily plus 

intravenous metronidazole 500 mg three times daily 
• intravenous ciprofloxacin 200 mg twice daily plus 

intravenous metronidazole 500 mg three times daily, plus 
intravenous or oral doxycycline 100 mg twice daily 

Metronidazole may be stopped in women with mild
or moderate disease who tolerate it poorly, but the im-
proved coverage of anaerobic infection that it pro-
vides is more important in women with severe dis-
ease. 

• outpatients: 
• a single intramuscular dose of ceftriaxone 250 mg or ce-

foxitin 2 g with oral probenecid 1 g, then 
oral doxycycline 100 mg twice daily plus oral metronida-
zole 400 mg twice daily for 14 days, or 

• oral ofloxacin 400 mg plus oral metronidazole 400 mg
both twice daily for 14 days 

• USA: 
• parenteral treatment: 

• (regimen A): intravenous cefoxitin 2 g every 6 hours or
cefotetan 2 g every 12 hours plus 
oral or intravenous doxycycline 100 mg every 12 hours 

• (regimen B): intravenous clindamycin 900 mg every 8
hours plus 
parenteral gentamicin 2 mg/kg as a loading dose then
1.5 mg/kg every 8 hours 

In each case parenteral treatment is continued for 24
hours after substantial clinical improvement has oc-
curred and then followed by oral therapy to complete
a total of 14 days of treatment. 
• in regimen A, continuation is usually with oral doxycy-

cline 100 mg twice daily; in patients with tubo-ovarian ab-
scesses oral clindamycin or oral metronidazole may be
added to doxycycline 

• in regimen B, continuation may be with oral clindamycin
450 mg four times a day or doxycycline; oral clindamycin
is preferred in patients with tubo-ovarian abscesses 

Another parenteral regimen which has been tried is: 
• ampicillin/sulbactam 3 g every 6 hours plus 

oral or intravenous doxycycline 100 mg every 12 hours. 
• oral treatment: 

• a single intramuscular dose of cefoxitin 2 g plus oral
probenecid 1 g, or a single intramuscular dose of ceftriax-
one 250 mg (or equivalent third-generation cepha-
losporin), plus 
oral doxycycline 100 mg twice daily, with or without oral
metronidazole 500 mg twice daily, for 14 days 

Pregnant women who have suspected PID disease should
be hospitalised and treated with a parenteral regimen.5 
Sexual partners of patients with PID should be tested and
treated.5 
Women co-infected with HIV appear to be more likely to
develop tubo-ovarian abscesses but respond similarly to
treatment compared to women who are HIV-negative.5
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Peptic ulcer disease
The Gram-negative bacterium Helicobacter pylori is in-
volved in the aetiology of gastritis and peptic ulceration,
and treatment regimens to eradicate the organism are rec-
ommended in peptic ulcer disease (p.1702).

Perinatal streptococcal infections
Group B streptococci are a major cause of perinatal infec-
tions, often leading to neonatal pneumonia or septicaemia,
sometimes with meningitis, although the incidence varies
in different parts of the world. Infections are acquired
through maternal genital carriage during pregnancy. Pre-

vention of group B streptococcal infection in infants may
be achieved by giving appropriate antibacterials to the
mother during labour.1 Ideally maternal carriers of group
B streptococci would be identified during pregnancy, but
this may not be practical. Factors that increase the risk of
acquiring neonatal infection include premature labour,
prolonged rupture of membranes, maternal fever, a previ-
ous child with neonatal group B streptococcal infection,
and multiple pregnancy and they will influence the deci-
sion of whether or not to give intrapartum antibacterial
prophylaxis to the mother. A penicillin is the preferred
drug. 
Guidelines from the USA1 recommend prophylaxis based
on universal prenatal screening. Where required, they rec-
ommend benzylpenicillin or, alternatively, ampicillin, giv-
en intravenously during labour. In women allergic to pen-
icillin but who are not considered to be at high risk of
anaphylaxis, intravenous cefazolin is recommended as an
alternative; those considered to be at high risk of anaphy-
laxis should be given clindamycin or erythromycin intra-
venously or, where there is resistance to clindamycin and
erythromycin or susceptibility is unknown, intravenous
vancomycin. 
In other parts of the world, including Europe, the incidence
of neonatal streptococcal infections is much lower and the
US model for prophylaxis may not be appropriate.2,3 
Another strategy suggested for areas with a high incidence
of neonatal group B streptococcal disease (above 1.5 per
1000 live births) is to give a single dose of penicillin to all
neonates at birth.4 
As mentioned under Premature Labour, p.188, the elimi-
nation of bacteria such as group B streptococci in pregnant
women might also reduce the risk of premature labour. 
Streptococcus group B vaccines are under investigation
for use in pregnant women to prevent neonatal infection.
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Peritonitis
Intra-abdominal infections include peritonitis, which may
be complicated by intraperitoneal abscesses, and abscesses
of the intra-abdominal viscera such as those of the liver
(see under Abscess, Liver, p.162), pancreas, and spleen.
Infective peritonitis may be primary or secondary or may
be a complication of continuous ambulatory peritoneal
dialysis (CAPD). 
Primary peritonitis. In primary or spontaneous bacterial
peritonitis there is no specific focus of infection and it oc-
curs most often as a complication of ascites. Infecting bac-
teria include Escherichia coli, other Enterobacteriaceae,
and streptococci. Initial empirical treatment has been with
broad-spectrum chemotherapy such as ampicillin plus an
aminoglycoside, but third-generation cephalosporins such
as cefotaxime are considered by some to be the treatment
of choice.1-3 Other alternatives include other broad-spec-
trum penicillins, carbapenems, and combinations of peni-
cillins with beta-lactamase inhibitors.2,3 Oral ofloxacin has
been reported to be as effective as intravenous cefotaxime
in uncomplicated infections.4 If infection with anaerobic
organisms is suspected, metronidazole or clindamycin
may be added to the chosen regimen.2 In cirrhotic patients
with low levels of ascitic fluid protein5 the use of oral nor-
floxacin for selective intestinal decontamination appeared
to prevent spontaneous bacterial peritonitis and prophylax-
is with norfloxacin has been recommended to decrease the
recurrence of spontaneous bacterial peritonitis.1 However,
prophylaxis with norfloxacin will not prevent infection by
Gram-positive bacteria including Staphylococcus aureus
or quinolone-resistant Gram-negative bacteria.2 Co-tri-
moxazole has also been reported to be an effective prophy-
lactic.6 
Secondary peritonitis. Secondary peritonitis is associated
with perforation of the gastrointestinal tract, conditions
such as appendicitis and diverticulitis, and contamination
at surgery. Infections are generally mixed and originate
from the gastrointestinal tract. Bacteria responsible in-
clude E. coli and other Enterobacteriaceae, anaerobes (es-
pecially Bacteroides fragilis), enterococci, and sometimes
Pseudomonas aeruginosa. Broad-spectrum antibacterial
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therapy is therefore usually used, at least until the infecting
organisms are known, and a combination of two or three
drugs is often given. The intravenous route is generally
preferred. Nevertheless, it is difficult to assess the relative
merits of surgical therapy against medical management
that includes antibacterial therapy.2 An aminoglycoside
such as gentamicin or a cephalosporin, plus metronidazole
or clindamycin, have often been used, but many other reg-
imens have been tried. Patterns of resistance further com-
plicate the choice of antibacterial: resistance to beta
lactams may emerge among some Gram-negative organ-
isms, which are most likely to infect patients with pro-
longed hospital stays, previous antibacterial treatment,
postoperative peritonitis, or recurrent peritonitis. Such pa-
tients are best treated with a regimen that includes a car-
bapenem, cefepime, a fluoroquinolone, or an aminoglyco-
side.2 Resistant isolates of B. fragilis and Clostridium
difficile (with associated diarrhoea) are more common af-
ter clindamycin than after metronidazole.2 Microaer-
ophilic Gram-positive cocci are resistant to metronidazole
but not to clindamycin,2 so metronidazole should be used
with a beta lactam other than aztreonam.2 
For reference to the prevention of postoperative infection,
see under Surgical Infection, p.195. 
CAPD peritonitis. Peritonitis is the main complication of
CAPD, a technique widely used in end-stage renal failure.
Unlike secondary peritonitis, above, a single infecting or-
ganism is often responsible. The most common infections
have usually been due to Gram-positive organisms, espe-
cially staphylococci, but infections with Gram-negative
bacteria (typically Enterobacteriaceae) are becoming more
common, and fungi are an increasingly important cause of
peritonitis in CAPD.2 The International Society for Perito-
neal Dialysis recommends7 that the choice of antibacterial
for empirical therapy be based on the history of sensitivi-
ties of organisms causing peritonitis in the particular hos-
pital or centre involved. In some cases a first-generation
cephalosporin (such as cefalotin or cefazolin) for Gram-
positive organisms, with a third-generation cephalosporin
or an aminoglycoside for Gram-negative coverage, may
be suitable; however, many centres have a high rate of
meticillin-resistant infections and vancomycin for Gram-
positive coverage may be necessary. Quinolones for
Gram-negative organisms should only be used if local sen-
sitivity is demonstrated. Aztreonam can be used in patients
with cephalosporin hypersensitivity. The antibacterials are
given intraperitoneally by mixing with the dialysate.
Once-daily dosing regimens for aminoglycosides are con-
sidered appropriate for CAPD patients. Once the infecting
organism is identified, an appropriate narrow-spectrum
antibacterial can be substituted. Treatment is generally
continued for 14 days in patients who have a clinical re-
sponse. Treatment should be extended to 21 days in pa-
tients with severe infections (such as Staph. aureus, Gram-
negative, or enterococcal peritonitis). 
Exit-site infections can be treated with an oral penicilli-
nase-resistant penicillin, a first-generation cephalosporin
such as cefalexin, or co-trimoxazole for Gram-positive in-
fections. Vancomycin should be avoided for routine use
but may be needed if there is meticillin resistance. Ri-
fampicin may be added in severe Staph. aureus infections.
An oral fluoroquinolone such as ciprofloxacin may be
used for Gram-negative infections.7 Intraperitoneal
ceftazidime may be added in cases of pseudomonal infec-
tion where resolution of infection is slow or where there is
recurrence. 
Long-term antibacterial prophylaxis is not generally effec-
tive, but  Staph. aureus nasal carriage is associated with
increased risk of exit-site infections and intranasal or exit-
site mupirocin (cream, as ointment may damage the cath-
eter) or exit-site gentamicin cream have been used to re-
duce them.7 Dramatic reductions in peritonitis rates have
been achieved with programmes based on stringent aseptic
wound care and on minimising contact of the CAPD sys-
tem with domestic water.8
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Pertussis
Pertussis or whooping cough1 is caused by infection with
the respiratory pathogen Bordetella pertussis, a Gram-
negative aerobic bacterium. The related species B. parap-
ertussis causes a similar but generally milder illness. Per-
tussis is very infectious and occurs most frequently in chil-
dren, but may be more common in adults than once
thought. The incidence of pertussis has been greatly re-
duced by the active immunisation of infants (see under
Pertussis Vaccines, p.2231) and effective prevention by
the adequate uptake of vaccine remains the ultimate objec-
tive. 
Erythromycin has been the antibacterial of choice, but the
newer macrolides, clarithromycin and azithromycin, have
similar effectiveness and are also recommended for the
treatment of pertussis.1-3 Once infection has occurred an-
tibacterial therapy is thought to render the patient non-in-
fectious by eliminating nasopharyngeal carriage of B. per-
tussis. Such treatment is unlikely to affect the clinical
course of pertussis because diagnosis is difficult until the
paroxysmal stage, by which time the bacteria have already
damaged the respiratory tract and released their toxins. Ef-
fective regimens include:2,3 
• oral azithromycin 500 mg daily on the first day of treat-

ment then 250 mg for 4 days; infants and children may
be given oral azithromycin 10 mg/kg daily for 3 to 5
days, or 10 mg/kg daily on the first day of treatment then
5 mg/kg daily for 4 days 

• oral clarithromycin 500 mg twice daily for 7 days; in-
fants and children may be given oral clarithromycin
7.5 mg/kg twice daily for 7 days 

• oral erythromycin 500 mg four times daily for 14 days;
infants and children may be given oral erythromycin 40
to 50 mg/kg daily in 3 to 4 divided doses for 7 to 14
days, or 60 mg/kg daily in 3 divided doses for 14 days 

Oral co-trimoxazole for 7 to 14 days may be given as an
alternative treatment for patients unable to tolerate mac-
rolides. Oxytetracycline or chloramphenicol are not rec-
ommended because of their potential side effects. 
Macrolide antibacterials, given in the same doses as for
treatment and within 3 weeks of onset of cough in the in-
dex patients, may also be given prophylactically to close
contacts.2 However, protection is limited and a systematic
review3 concluded there was insufficient evidence to de-
termine the benefit of prophylactic treatment of healthy
pertussis contacts.
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Pharyngitis
Pharyngitis and tonsillitis are upper respiratory-tract infec-
tions with similar causes and occur especially in children.
Acute pharyngitis is an inflammatory syndrome of the
oropharynx that may include the tonsils whereas tonsillitis
is, strictly speaking, a more localised infection. The com-
monest causes are viral and a sore throat is often a symp-
tom of the common cold as well as influenza and infec-
tious mononucleosis. For further details of these viral
infections, see under Choice of Antiviral, p.850. 
The most important bacterial cause of acute pharyngitis
and tonsillitis is the group A beta-haemolytic streptococ-
cus, Streptococcus pyogenes. An erythrogenic toxin-pro-
ducing strain causes pharyngitis and tonsillitis in scarlet fe-
ver. 
In view of the prevalence of a viral cause, opinions have
differed over whether and when to treat pharyngitis with
antimicrobial drugs. Some have advocated waiting until a
definite diagnosis of Str. pyogenes infection is made, but
others treat immediately if streptococcal pharyngitis is sus-
pected because of the risk of longer term complications
such as rheumatic fever and the need to eradicate Str. pyo-

genes from the throat.1-3 The incidence of rheumatic fever
has been low for many years in developed countries, but
there was evidence of a resurgence in parts of the USA in
the mid-1980s. Thus, in addition to shortening the illness
and interrupting transmission, the antibacterial treatment
of streptococcal pharyngitis also serves as primary preven-
tion of rheumatic fever (see below). However, in countries
in which the incidence of rheumatic fever remains low the
routine use of antibacterials for the management of sore
throats is discouraged.4,5 
Penicillin is the standard treatment for streptococcal phar-
yngitis or tonsillitis,6-8 generally as phenoxymethylpeni-
cillin by mouth for 10 days; benzylpenicillin may be given
by injection initially. A single intramuscular injection of
benzathine benzylpenicillin is perhaps the treatment of
choice, especially if compliance with a 10-day course of
oral penicillin is unlikely, and is advocated by WHO and
the American Heart Association for the primary preven-
tion of rheumatic fever (see under Rheumatic Fever,
p.189), but the injection may not be available in some
countries. Ampicillin should probably be avoided because
of the risk of maculopapular rash if the patient proves to
have infectious mononucleosis.9 Erythromycin or another
macrolide may be given to penicillin-allergic patients, ex-
cept where there is evidence of significant resistance, as in
some parts of Europe,6 the USA,10 Japan,11 and Finland;12

it may also be a better choice than penicillin if there is a
likelihood of infection with Arcanobacterium haemolyti-
cum (Corynebacterium haemolyticum) (see below). Oral
cephalosporins are another alternative, and a meta-
analysis13 has shown that the likelihood of treatment fail-
ure with oral cephalosporins may be approximately half
that with penicillin. 
Despite the general effectiveness of penicillin a trend of
increasing numbers of relapses and recurrent infections
has been noted.14 Some treatment failures have been at-
tributed to poor patient compliance with a 10-day course
of penicillin and attempts to overcome this have included
giving fewer daily doses or shortening the length of treat-
ment. Meta-analysis of studies supports the use of twice-
daily dosing of phenoxymethylpenicillin which appears to
be as effective as doses three or four times daily,15 but a
single daily dose is less effective. Courses of phe-
noxymethylpenicillin shorter than 10 days have not
proved effective.16,17 There is some evidence that shorter
courses may be possible with some alternative antibacteri-
als. Studies have shown that courses of 5 days or less of
erythromycin,18 cefotiam hexetil,19 azithromycin,20,21

clarithromycin,22 or cefuroxime axetil23,24 may be as effec-
tive as a 10-day course of phenoxymethylpenicillin. How-
ever, definitive studies have not been done, and the broad-
er spectrum and higher cost of these regimens are
drawbacks.6,7 
Penicillin resistance in Str. pyogenes remains rare. In addi-
tion to poor compliance, treatment failures with penicillin,
leading to recurrent infection, might be explained by the
presence of beta-lactamase-producing oropharyngeal bac-
teria that are able to protect Str. pyogenes against penicil-
lin,25 although this theory was not supported by a study in
462 children.26 Antibacterials less susceptible to beta
lactamase have been effective, sometimes more so than
phenoxymethylpenicillin. They include the oral cepha-
losporins cefaclor,27 cefuroxime axetil,28 cefixime,29 cef-
prozil,30 and cefadroxil31 and the combined preparation
amoxicillin with clavulanic acid32,33 (like ampicillin,
amoxicillin should perhaps be avoided because of the risk
of maculopapular rash if the patient proves to have infec-
tious mononucleosis). Clindamycin has eradicated Str. py-
ogenes and beta-lactamase-producing bacteria in children
of 12 years and under with recurrent tonsillitis, but might
be less effective in older patients.34 It was also effective
where penicillin and erythromycin had failed in an out-
break of streptococcal pharyngitis.35 
Pharyngeal carriage of Str. pyogenes is common, especial-
ly in primary-school children and thus its presence does
not necessarily reflect acute infection. Eradication may be
beneficial in selected cases and has been achieved by a sin-
gle intramuscular injection of benzathine benzylpenicillin
together with a 4-day course of oral rifampicin;36 a 10-day
course of oral clindamycin has also been effective.37 In or-
der to ensure that outbreaks of Str. pyogenes are prevented
in closely confined populations, some have recommended
prophylactic antibacterials for all members of these popu-
lations, without exception.38 
Other bacterial causes of pharyngitis include Arcanobacte-
rium haemolyticum (Corynebacterium haemolyticum),
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Chlamydophila pneumoniae (Chlamydia pneumoniae),
Corynebacterium diphtheriae (see under Diphtheria,
p.168), Neisseria gonorrhoeae (see under Gonorrhoea,
p.191), group C beta-haemolytic streptococci, and anaero-
bic bacteria. 
A. haemolyticum is thought to be an important cause of
pharyngitis in adolescents and young adults; there is often
an accompanying scarlatiniform rash. It has been reported
to respond to a single injection of benzathine benzylpeni-
cillin or a 10-day course of oral erythromycin, but not to
phenoxymethylpenicillin.7 
Pharyngitis is often associated with Chlamydophila pneu-
moniae infection and tetracycline or erythromycin are ef-
fective antibacterials.39
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Plague
Plague1 is caused by the Gram-negative bacillus Yersinia
pestis (Yersinia pseudotuberculosis subsp. pestis) and is
usually transmitted to man via rodents and their infected
fleas. It has occurred as worldwide pandemics, for exam-
ple, the Black Death in Europe in the Middle Ages. In the
1980s the largest numbers of cases reported were in Tan-
zania, Vietnam, Brazil, Peru and more recently in Mada-
gascar. Plague may take several forms of which bubonic
plague is the most common; others include pneumonic,
septicaemic, and meningitic plague. Streptomycin, tetra-
cycline, and chloramphenicol have traditionally been used
in the treatment of plague2 with streptomycin being the
treatment of choice, although the possibility of a Jarisch-
Herxheimer reaction resulting from the bactericidal effect
of streptomycin must be borne in mind; it is also contra-
indicated in pregnancy. Success has also been reported
with aminoglycosides such as gentamicin and kanamycin.
Although there is no clinical experience with fluoroquin-
olones, in-vitro susceptibilities and  animal studies suggest
that they would be effective.2 
In the UK, the recommended treatment for adults is gen-
tamicin (first choice in pregnancy); ciprofloxacin or doxy-
cycline may be used if aminoglycosides are unsuitable and
may also be used for first-line therapy in children, but dox-
ycycline is only suitable for children over 8 years of age. If
plague meningitis is suspected chloramphenicol should be
used as it crosses the blood-brain barrier.2 Similar informa-
tion is provided by WHO,3 with sulfonamides being men-
tioned as alternatives. In UK guidelines2 ciprofloxacin is
considered to be the drug of choice for prophylaxis in
adults and children considered to be at risk after close con-
tact with cases of pneumonic disease or after a deliberate
release of Y. pestis; doxycycline may be used as an alterna-
tive in those over 12 years of age. Other suggested antibac-
terials include chloramphenicol and co-trimoxazole. 
Commenting on the plague epidemic that occurred in In-
dia in 1994, workers from the US CDC4 also noted that
streptomycin continues to be the drug of choice for treat-
ing plague, that tetracycline and gentamicin are alterna-
tives, and that chloramphenicol is preferred for plague
meningitis. They considered that prophylaxis should be
given to those who have had face-to-face contact or who
have occupied a closed space with someone who has pneu-
monic plague. For prophylaxis, tetracycline can be given
to adults and older children or sulfonamides to children of
8 years or less; chloramphenicol is also effective.4 
Infection with a strain of Y. pestis resistant to all the drugs
usually effective against plague identified in a patient from
Madagascar5 responded to treatment with co-trimoxazole
and streptomycin. 
A vaccine is available for active immunisation.
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Pneumonia
Pneumonia1 is a respiratory disease characterised by in-
flammation of the lung parenchyma with congestion. It is

mostly due to bacterial or viral infection, but may be
caused by fungi in immunocompromised patients or by the
aspiration of chemical irritants. Pneumonia is a common
illness occurring in all age groups and throughout the
world; it is a major cause of death among the elderly and
those who are chronically and/or terminally ill. Symptoms
and signs of pneumonia include chills, cough, dyspnoea,
fever, headache, myalgia, pleuritic chest pain, and sputum
production. Treatment of pneumonia relies on prompt use
of antibacterials and identification of the infecting organ-
isms and their sensitivity to antibacterials. Cases of pneu-
monia are usually classified as community-acquired or
hospital-acquired (nosocomial) pneumonia. Cases of com-
munity-acquired pneumonia can also be further sub-divid-
ed into those who can be treated in an ambulatory (outpa-
tient) setting and those that need hospitalisation. Patients
who need hospitalisation are generally infected with unu-
sual pathogens and/or have more severe disease. Pneumo-
nia occurring in long-term-care facilities can be treated as
either community-acquired or hospital-acquired pneumo-
nia. Cases of hospital-acquired pneumonia are divided ac-
cording to whether ventilator assistance is needed. These
categories also provide a rough guide as to the likely path-
ogen and severity of the disease. 
Other types of pneumonia include aspiration pneumonia
and the various forms of interstitial pneumonia or pneu-
monitis (see also Aspiration Syndromes, p.1693, and Dif-
fuse Parenchymal Lung Disease, p.1502). Interstitial
pneumonitis is a common complication in cancer patients
and has also been associated with certain drugs, for exam-
ple amiodarone, bleomycin, and nitrofurantoin. 
Community-acquired pneumonia. In community-ac-
quired pneumonia2-7 the commonest pathogen in previ-
ously healthy subjects is Streptococcus pneumoniae
(pneumococcus). Other common pathogens include Hae-
mophilus influenzae and atypical pathogens such as
Chlamydia pneumoniae, Mycoplasma pneumoniae, and
Legionella pneumophila (see Legionnaires’ Disease,
p.176).2,4 Less common causes include Staphylococcus
aureus, which usually occurs as a secondary bacterial in-
fection after influenza and is associated with high mortali-
ty; Moraxella catarrhalis (Branhamella catarrhalis) oc-
curs especially in patients with chronic lung disease;
Gram-negative enteric bacilli; Pseudomonas aeruginosa;
Chlamydophila psittaci (Chlamydia psittaci) (see Psittaco-
sis, p.188); and Coxiella burnetii (see Q Fever, p.188).
Gram-negative bacilli rarely cause pneumonia in the com-
munity, especially in previously healthy patients, although
the frequency of such infections is increasing.8 Anaerobic
bacteria are associated with aspiration pneumonia. Viruses
are the commonest pathogens in young children. 
Pneumococcal pneumonia usually develops over a
number of days and in elderly patients onset may be insid-
ious. Str. pneumoniae has usually been considered to be
sensitive to penicillins (benzylpenicillin, amoxicillin, or
ampicillin), cephalosporins, erythromycin, or co-trimoxa-
zole, but there is increasing prevalence of global resistance
although there are marked geographical differences.9,10 A
survey10 which, during 1999 to 2000, collected data from
69 centres in 25 countries found 22.1% resistance overall
to benzylpenicillin (but 71.5% in South Korea, 46.2% in
France, 42.1% in Spain, 32.6% in the USA, 15.3% in Latin
America, 5.5% in the UK, 4.4% in Australia, and 0% in the
Netherlands); resistance overall to erythromycin was
31.0% (87.6% in South Korea, 57.6% in France, 28.6% in
Spain, 30.9% in the USA, 15.3% in Latin America, 13.2%
in the UK, 12.3% in Australia, and 7.8% in the Nether-
lands). Macrolide resistance as high as 35% has been re-
ported in some areas of the USA and Europe; 96% resist-
ance has been reported in Taiwan. Fluoroquinolone
resistance was low overall (1%) although 14.3% of iso-
lates were resistant in Hong Kong.9,10 However, in clinical
practice pneumococcal pneumonia frequently responds to
high doses of penicillins or cephalosporins and the routine
use of penicillin for community-acquired pneumonia may
still be reasonable in many countries. 
The treatment of community-acquired pneumonia is com-
plicated by the increasing spectrum of causative organisms
and prevalence of antibacterial resistance. Furthermore,
since the causative pathogen is often unknown, initial an-
tibacterial therapy is usually empirical. Guidelines for the
treatment of pneumonia have been issued by bodies in
many countries.8,11-18 Although common principles can be
identified, recommendations must be localised because of
differences in patterns of infection and drug resistance,
variations in the availability of antibacterials and local
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policies for their use, and differences in medical practice.
Countries also vary in the degree to which such guidelines
are accepted in practice. These guidelines generally give
advice for differences associated with age, the severity of
the infection and the presence or absence of underlying or
co-existent disorders. 
In the UK, guidelines for the management of community-
acquired pneumonia have been produced by the British
Thoracic Society (BTS).8 For initial empirical treatment
in the community amoxicillin is usually preferred. Eryth-
romycin is an alternative in penicillin-allergic patients and
should also be given during epidemics of mycoplasmal
pneumonia and when Legionella is suspected; clarithro-
mycin may be given if there is gastrointestinal intolerance
to erythromycin. 
In those patients hospitalised with non-severe communi-
ty-acquired pneumonia there is an increased likelihood of
infection with atypical pathogens, or with Legionella spp.;
consequently, combined empirical treatment orally with
amoxicillin plus either erythromycin or clarithromycin is
preferred.8 When oral therapy is inappropriate, intrave-
nous ampicillin or benzylpenicillin is given, together with
intravenous erythromycin or, preferably, clarithromycin.
For those intolerant of beta-lactams and macrolides or
when there are local concerns over Clostridium difficile-
associated diarrhoea, a fluoroquinolone with enhanced ac-
tivity against pneumococci may be given as an alternative
(levofloxacin orally or intravenously or moxifloxacin oral-
ly).8 In practice, however, many patients with non-severe
community-acquired pneumonia are admitted to hospital
for non-clinical reasons such as old age, family preference,
inadequate home care, or adverse social circumstances,
and in these patients it is considered appropriate to treat
with monotherapy as for patients treated in the community
(see above).8 
Patients hospitalised with severe community-acquired
pneumonia should receive parenteral empirical treatment
regardless of their ability to take oral medication. Since
community-acquired pneumonia caused by Legionella
spp. is more likely to result in severe disease, the initial
empirical regimen should include appropriate therapy.
Current recommendations8 are for combined intravenous
treatment with a broad-spectrum beta-lactamase-stable an-
tibacterial such as amoxicillin with clavulanic acid or a
second- or third-generation cephalosporin such as cefurox-
ime, cefotaxime, or ceftriaxone, together with a macrolide
(clarithromycin or erythromycin). For life-threatening
infection where Legionella is suspected, the further addi-
tion of rifampicin is recommended;8 although rifampicin
may result in reduced serum concentrations of macrolides,
this is not known to be of clinical significance when treat-
ing community-acquired pneumonia. As in non-severe in-
fection, in patients who are intolerant of beta-lactams and
macrolides or when there are local concerns over C. diffi-
cile-associated diarrhoea, levofloxacin may be given as an
alternative, but with the addition of benzylpenicillin for se-
vere infection.8 
The following treatments are recommended in the UK,8 in
conjunction with local microbiological advice, for the mi-
nority of patients with community-acquired pneumonia in
whom the causative organism has been identified, usually
in hospital: 
• Str. pneumoniae: preferred treatment, oral amoxicillin or

intravenous benzylpenicillin; alternatives, oral erythro-
mycin or clarithromycin, or intravenous cefuroxime, ce-
fotaxime, or ceftriaxone 

• M. pneumoniae or C. pneumoniae: preferred treatment,
oral or intravenous erythromycin or clarithromycin; al-
ternatives, oral tetracycline or oral or intravenous fluoro-
quinolone 

• C. psittaci or C. burnetii: preferred treatment, oral or in-
travenous tetracycline; alternatives, oral or intravenous
erythromycin or clarithromycin 

• Legionella spp.: preferred treatment, oral or intravenous
clarithromycin with or without oral or intravenous rif-
ampicin; alternative, oral or intravenous fluoroquinolo-
ne 

• H. influenzae (non-beta-lactamase-producing): pre-
ferred treatment, oral amoxicillin or intravenous ampi-
cillin; alternatives, intravenous cefuroxime, cefotaxime,
or ceftriaxone, or oral or intravenous fluoroquinolone 

• H. influenzae (beta-lactamase-producing): preferred
treatment, oral or intravenous amoxicillin with clavu-
lanic acid; alternatives, intravenous cefuroxime, cefo-

taxime, or ceftriaxone, or oral or intravenous fluoroquin-
olone 

• Gram-negative enteric bacilli: preferred treatment, in-
travenous cefuroxime, cefotaxime, or ceftriaxone; alter-
natives, intravenous fluoroquinolone, imipenem, or
meropenem 

• Ps. aeruginosa: preferred treatment, intravenous
ceftazidime plus either gentamicin or tobramycin; alter-
natives, intravenous ciprofloxacin or piperacillin plus
either gentamicin or tobramycin 

• Staph. aureus (non-meticillin-resistant): preferred treat-
ment, intravenous flucloxacillin with or without oral or
intravenous rifampicin; alternative, intravenous teico-
planin with or without oral or intravenous rifampicin 

• Staph. aureus (meticillin-resistant): preferred treatment,
intravenous vancomycin; alternative, intravenous teico-
planin with or without oral or intravenous rifampicin 

In the USA, guidelines for the management of communi-
ty-acquired pneumonia in adults have been jointly pro-
duced by the Infectious Diseases Society of America (ID-
SA) and by the American Thoracic Society (ATS).12 For
previously healthy outpatients with no risk factors for
drug-resistant Str. pneumoniae (DRSP) infection they rec-
ommend a macrolide (such as erythromycin, azithromy-
cin, or clarithromycin); doxycycline may be given as an
alternative. In those with co-existing cardiopulmonary dis-
ease and/or other complicating factors (such as renal dis-
ease, diabetes mellitus, alcoholism, malignancies, or as-
plenia), taking immunosuppressive drugs, those who have
received antibacterial therapy within the previous 3
months, or those with other risks for DRSP infection a
‘respiratory fluoroquinolone’ (gemifloxacin, levofloxacin,
or moxifloxacin) is recommended. Alternatively a beta-
lactam (high dose amoxicillin with or without clavulanic
acid, or ceftriaxone, cefpodoxime, or cefuroxime) plus a
macrolide (or doxycycline) may be given. 
In hospitalised patients who are not in intensive care the
preferred treatment is a beta-lactam (cefotaxime, ceftriax-
one, ampicillin, or ertapenem) plus a macrolide (or doxy-
cycline). In penicillin-allergic patients a respiratory fluor-
oquinolone is recommended. In hospitalised patients who
are in intensive care the preferred treatment is a beta-
lactam (cefotaxime, ceftriaxone, or ampicillin/sulbactam)
plus either azithromycin or a respiratory fluoroquinolone.
In penicillin-allergic patients a respiratory fluoroquinolone
and aztreonam are recommended. For Pseudomonas in-
fection, an antipneumococcal, antipseudomonal beta-
lactam (such as piperacillin/tazobactam, cefepime, imi-
penem, or meropenem) plus either ciprofloxacin or levo-
floxacin are recommended. Alternative regimens include
an antipneumococcal, antipseudomonal beta-lactam plus
an aminoglycoside and azithromycin, or an antipneumo-
coccal, antipseudomonal beta-lactam plus an aminoglyco-
side and an antipneumococcal fluoroquinolone. In penicil-
lin-allergic patients aztreonam should be used in place of
the beta-lactam. For community-acquired meticillin-re-
sistant Staph. aureus infection, vancomycin or linezolid
should be added. 
In children pneumonia is caused by a wider spectrum of
organisms than in adults. Viruses, especially respiratory
syncytial virus, are very common pathogens in infants and
children up to 4 years of age and, as in adults, pneumococ-
ci are very common bacterial pathogens. Guidelines for
the management of community-acquired pneumonia in
children have been produced by the BTS.11 Amoxicillin is
considered the antibacterial of first choice for empirical
oral therapy in children under 5 years of age because it is
effective against the majority of causative organisms. Al-
ternatives are amoxicillin with clavulanic acid, cefaclor,
erythromycin, clarithromycin, or azithromycin. Mac-
rolides should be given as first-line empirical therapy in
children over 5 years since M. pneumoniae pneumonia is
more prevalent in older children. Macrolides should also
be used in children of any age if either M. pneumoniae or
C. pneumoniae are suspected. Amoxicillin should be used
as first-line treatment at any age if Str. pneumoniae is
thought to be the likely pathogen. If Staph. aureus is sus-
pected then a macrolide or a combination of flucloxacillin
with amoxicillin is appropriate. Intravenous therapy
should be given in severe infection or when the child is
unable to absorb oral antibacterials, for example due to
vomiting; appropriate intravenous drugs for severe pneu-
monia include amoxicillin with clavulanic acid, cefuroxi-
me, or cefotaxime. If the causative organism is known to
be Str. pneumoniae a penicillin may be used alone.
Chlamydia trachomatis is another common cause in

infants up to 3 months of age for which erythromycin may
be used or, alternatively, sulfafurazole. 
Pneumonia in neonates is usually due to organisms ac-
quired from the mother’s genital tract, especially group B
streptococci, Escherichia coli, and Klebsiella pneumoni-
ae; initial treatment with gentamicin and benzylpenicillin
or ampicillin has been suggested. For prophylaxis against
group B streptococci in neonates, see under Perinatal
Streptococcal Infections, p.184. 
Similar guidelines for the empirical management of com-
munity-acquired pneumonia in children have been devel-
oped in South Africa.15 Additional recommendations have
been made to take into account the high prevalence of HIV
infection. The drug of choice is amoxicillin; although
standard doses of amoxicillin will treat most cases of
pneumococcal pneumonia the use of high-dose amoxicil-
lin (30 mg/kg given 3 times daily) is recommended in or-
der to overcome and limit the emergence of resistant pneu-
mococci, and to successfully treat those few children with
high-level pneumococcal resistance the following addi-
tional factors should be considered: 
• children younger than 2 months have more Gram-nega-

tive infections and therefore need an intravenous
aminoglycoside or an intravenous cephalosporin, while
children older than 5 years have more infections caused
by M. pneumoniae and C. pneumoniae and need a mac-
rolide (erythromycin, clarithromycin, or azithromycin) 

• HIV-infected children requiring hospitalisation and
those with a high risk of being HIV-infected or who
have symptomatic HIV disease or who are severely
malnourished should be given an aminoglycoside plus
their empirical antibacterial regimen; alternatively they
may be given a regimen that provides effective treat-
ment against Gram-negative bacteria 

• if pneumocystis pneumonia is suspected, co-trimoxa-
zole should be added. All hospitalised HIV-exposed
children less than 6 months of age should be treated em-
pirically with co-trimoxazole, unless HIV infection sta-
tus is negative and the child is not being breast-fed. Em-
pirical treatment with co-trimoxazole plus amoxicillin
and an aminoglycoside should also be given to older
HIV-infected children with features of AIDS who are
not on co-trimoxazole prophylaxis 

• when Staph. aureus, is suspected, cloxacillin is the drug
of choice. In HIV-infected children, about 60% of com-
munity-acquired Staph. aureus may be resistant to
cloxacillin and vancomycin should be given 

Hospital-acquired pneumonia. Most reports on hospital-
acquired or nosocomial pneumonia have been from the
USA. The organisms most commonly responsible for hos-
pital-acquired pneumonia are Gram-negative enteric ba-
cilli, Staph. aureus, Str. pneumoniae, Enterobacteriaceae,
and H. influenzae; others that may need to be considered,
particularly in the presence of specific risk factors, are Le-
gionella spp., Ps. aeruginosa, anaerobes and, in severe in-
fection, Acinetobacter spp. Hospital-acquired pneumonia
occurring 48 hours after mechanical ventilation is termed
ventilator-associated pneumonia; cases usually result from
aspiration of pathogenic material that commonly colonises
the oropharynx. The organisms often responsible for early
onset ventilator-associated pneumonia are Staph. aureus,
Str. pneumoniae, and H. influenzae while late-onset venti-
lator-associated pneumonia is often caused by resistant
nosocomial pathogens such as Ps. aeruginosa, meticillin
resistant Staph. aureus, Klebsiella spp., and Acinetobacter
baumannii.19 
Broad spectrum antibacterial therapy is essential for hospi-
tal-acquired pneumonia and most initial therapy is empiri-
cal. As in the treatment of community-acquired pneumo-
nia selection of antibacterials must be localised. For initial
empirical treatment of early-onset hospital-acquired pneu-
monia or ventilator-associated pneumonia in patients with
no known risk factors for multidrug-resistant pathogens,
and any disease severity, ATS recommends20 the follow-
ing drugs: ceftriaxone; levofloxacin, moxifloxacin, or cip-
rofloxacin; ampicillin/sulbactam; or ertapenem. Where
there is late-onset infection or risk factors for multidrug re-
sistance the following are recommended: an antipseu-
domonal cephalosporin (cefepime or ceftazidime) or an
antipseudomonal carbapenem (imipenem or meropenem)
or piperacillin-tazobactam together with an antipseu-
domonal fluoroquinolone (ciprofloxacin or levofloxacin)
or an aminoglycoside (amikacin, gentamicin, or tobramy-
cin); if MRSA is likely then linezolid or vancomycin
should also be used. Intravenous therapy should be given
to all patients initially, and changed to the oral or enteral
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route as soon as possible. Efforts should be made to short-
en the duration of therapy from the traditional 14 to 21
days to as little as 7 days provided Ps. aeruginosa is absent
and that the patient shows a good clinical response. 
Nosocomial pneumonia is especially likely in immuno-
compromised or neutropenic patients. Prophylactic meas-
ures in ventilated patients are those mentioned under In-
tensive Care, p.175. 
Immunocompromised patients. Immunosuppressed pa-
tients are at increased risk of pneumonia. In addition to the
bacteria mentioned above they are susceptible to oppor-
tunistic infections with Mycobacterium tuberculosis (see
under Tuberculosis, p.196); viruses such as Cytomegalovi-
rus and fungi, in particular Pneumocystis jirovecii (see
p.521), are also causes of pneumonia in these patients. 
Aspiration pneumonia. Aspiration of organisms present
in the upper respiratory tract into the lungs, often as a result
of loss of consciousness or difficulty in swallowing, can
cause aspiration pneumonia.21 When community acquired
the organisms responsible are predominantly anaerobes,
but in hospital-acquired aspiration pneumonia Gram-neg-
ative bacilli and Staph. aureus are also found. Confusion
has arisen over the term ‘aspiration pneumonia’ because it
has also been applied more generally to aspiration, for ex-
ample, of gastric acid (Mendelson’s syndrome), resulting
in chemical pneumonitis and not associated with bacterial
infection. Lung abscess generally characterises late-stage
aspiration pneumonia involving anaerobic bacteria. The
aetiology is rarely established, but specific anaerobic bac-
teria involved include Peptostreptococcus, Prevotella mel-
aninogenica (Bacteroides melaninogenicus), and Fuso-
bacterium nucleatum. Nearly all patients with anaerobic
pulmonary infections are treated empirically. Some21 have
expressed the view that penicillin and clindamycin are in-
adequate and that antibacterials with activity against
Gram-negative organisms, such as third-generation cepha-
losporins, fluoroquinolones, and piperacillin are usually
required even in community-acquired aspiration pneumo-
nia. Most patients with lung abscess receive parenteral
therapy until they become afebrile and show clinical im-
provement; oral therapy may then continue for weeks or
months if necessary.
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Pregnancy and the neonate
For infections associated specifically with pregnancy, see
under Endometritis (p.170), Perinatal Streptococcal Infec-
tions (p.184), and Premature Labour (below).

Premature labour
Preterm birth, with or without rupture of membranes,
causes significant perinatal morbidity and mortality. There
is evidence that infection appears to have an important role
in the cause or as a consequence of ruptured membranes1,2

and as many as 50% of spontaneous preterm births are due
to infection, with Mycoplasma spp. being the most com-
monly isolated organisms from the amniotic cavity.3 Other
bacteria that have been implicated include group B strep-
tococci, Chlamydia trachomatis, and those associated with
bacterial vaginosis. The role of antibacterial treatment has
been evaluated. However, it is possible that maternal anti-
bacterial treatment may suppress the stimulation of labour
without effectively treating fetal infection2 and concerns
have been expressed that delaying delivery in the presence
of a subclinical infection may not produce the best out-
come for the neonate.4 
A meta-analysis5 and a systematic review1 of studies of the
routine use of antibacterials as adjuncts in the management
of premature labour in women with intact membranes
have failed to demonstrate an overall improvement in neo-
natal morbidity; indeed, an increase in neonatal mortality
was actually noted.5 
In women with preterm premature rupture of membranes,
meta-analyses6,7 and a systematic review2 have shown that
antibacterials could delay delivery, and reduce both mater-
nal morbidity (chorioamnionitis and postpartum infec-
tions) and some aspects of neonatal morbidity (sepsis,
pneumonia, and intraventricular haemorrhage). No effects
on neonatal mortality or gestational age-related morbidity
were noted.2,7 An increased incidence of neonatal necrotis-
ing enterocolitis has been found after maternal use of
amoxicillin with clavulanic acid and it is considered best
avoided in women at risk of premature delivery; erythro-
mycin may be the antibacterial of choice.2 A systematic
review and meta-analysis3 evaluated the effect of antibac-
terials on the rate of preterm births when given in the sec-
ond trimester of pregnancy to women at risk of preterm
births. Giving macrolides or clindamycin was associated
with a lower rate of preterm delivery, whereas giving met-
ronidazole alone in the second trimester was associated
with a greater risk of preterm delivery in a high-risk popu-
lation. 
Clinical infections of the genito-urinary tract during preg-
nancy are a cause of significant morbidity in the neonate
and antimicrobial treatment is necessary (see Bacterial
Vaginosis, p.164, Chlamydial Infections, p.166, and Peri-
natal Streptococcal Infections, p.184).
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Proctitis
Proctitis is inflammation of the rectum that may be caused
by sexually transmitted pathogens, most commonly Neis-
seria gonorrhoeae, Chlamydia trachomatis, Treponema
pallidum, or herpes simplex virus. 
For empirical treatment of sexually transmitted proctitis
the CDC1 in the USA recommends a single intramuscular
dose of ceftriaxone 125 mg, plus oral doxycycline 100 mg
twice daily for 7 days. 
The specific treatment of rectal infections caused by C.
trachomatis and N. gonorrhoeae is discussed under
Chlamydial Infections (p.166) and Gonorrhoea (p.191) re-
spectively. Patients with herpes proctitis should be treated
in the same way as those with genital herpes (p.854).
1. CDC. Sexually transmitted diseases treatment guidelines 2006.

MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)

Prostatitis
See under Urinary-tract Infections, p.199.

Psittacosis
The causative organism of psittacosis (ornithosis) is
Chlamydophila psittaci (Chlamydia psittaci). It is usually
transmitted to humans by direct or indirect contact with in-
fected birds and the primary site of infection is the lung.1
The clinical presentation of psittacosis can vary widely
from a mild ‘flu-like’ illness to a fulminating toxic state
with multiple organ involvement.1 Most patients will have
a cough, although this is not always prominent. Tetracy-
clines are the treatment of choice1,2 and early therapy may
be life-saving; a 21-day course has been recommended
since relapses have occurred after shorter periods.1 An al-
ternative is chloramphenicol.2 Erythromycin or a similar
macrolide have also been used successfully.3,4

1. Macfarlane JT, Macrae AD. Psittacosis. Br Med Bull 1983; 39:
163–7. 

2. Abramowicz M, ed. The choice of antibacterial drugs. In: Hand-
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Q fever
Q fever1,2 (or query fever) is a rickettsial infection (p.190)
caused by Coxiella burnetii. It is a zoonosis occurring
worldwide and is transmitted to humans from domestic
animals such as cattle and sheep, mainly by inhalation of
infected dust. Q fever is asymptomatic in about 50 to 60%
of infected persons. Symptomatic acute infection general-
ly presents as a febrile flu-like illness and many patients
may also have hepatitis or pneumonia that can progress to
acute respiratory distress syndrome. Endocarditis is the
most frequent form of chronic infection and the most seri-
ous form of Q fever; infection may be difficult to eradicate
and prolonged treatment is generally needed. There is also
evidence of long-term sequelae including lethargy and fa-
tigue in patients who have not had cardiac involvement. 
Subclinical acute infections should be treated if recog-
nised and if possible treatment should be started within 3
days of the onset of symptoms. A tetracycline such as doxy-
cycline for 14 days is the treatment of choice for acute Q
fever. The role of macrolides in acute infection is unclear
and clinical data on the use of fluoroquinolones are limit-
ed.1,2 Co-trimoxazole is recommended for children young-
er than 8 years of age.1Q fever endocarditis is more diffi-
cult to treat and surgery may be required in addition to
antibacterial treatment.2 Monotherapy with tetracycline
decreases symptoms but fails to eradicate C. burnetii and
combination antibacterial therapy has been evaluated.
Long-term treatment with doxycycline plus rifampicin or
with ciprofloxacin alone3 has been successful in individual
patients with endocarditis, whereas pefloxacin alone4 was
not. A retrospective comparison of doxycycline alone or
with rifampicin, fluoroquinolones (ofloxacin or pe-
floxacin), or co-trimoxazole, recommended treatment for
at least 3 years with doxycycline plus a fluoroquinolone;5
doxycycline plus rifampicin also appeared effective, but in
most cases rifampicin had been stopped after a few months
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because of interactions with anticoagulants often pre-
scribed at the same time. Patients given doxycycline plus
hydroxychloroquine needed a shorter treatment course
and had fewer relapses than those treated with doxycycline
plus ofloxacin; mortality rate for both groups was 5%.6
Successful treatment with doxycycline and chloroquine
for 2 years has been reported in a patient with a biological
prosthetic aortic valve and aortic homograft.7 The combi-
nation of doxycycline 100 mg twice daily and hydroxy-
chloroquine 200 mg three times daily, both given orally for
at least 18 months, is considered to be the treatment of
choice for Q fever endocarditis.1,2 An alternative regimen
for patients unable to tolerate hydroxychloroquine is doxy-
cycline plus a fluoroquinolone for at least 3 to 4 years.2 
Q fever during pregnancy may result in obstetric compli-
cations, such as spontaneous abortion, intra-uterine growth
retardation, intra-uterine fetal death, and premature deliv-
ery.8 Treatment with co-trimoxazole for at least 5 weeks
during pregnancy was reported to protect against maternal
chronic Q fever, placental infection, and obstetric compli-
cations (in particular intra-uterine fetal death).8 
A vaccine is available in some countries for prophylaxis
in occupational groups who regularly handle potentially
infected animal tissues.
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Relapsing fever
Relapsing fever is caused by spirochaetes of the Borrelia
genus that are transmitted to humans by body lice or Orni-
thodoros ticks. B. recurrentis causes louse-borne relapsing
fever and can occur widely, but is endemic especially in
Ethiopia. Many species of Borrelia may cause tick-borne
relapsing fever. 
The treatment of choice for infection due to B. recurrentis
is a tetracycline; benzylpenicillin or erythromycin are al-
ternatives.1 Therapy with single oral doses of tetracy-
cline,2,3 erythromycin,2,3 or chloramphenicol3 has been ef-
fective. Antibacterial treatment often causes a Jarisch-
Herxheimer reaction characterised by rigor, fever and hy-
potension, which may be fatal.2,4 Attempts to prevent this
reaction include use of paracetamol and corticosteroids;2,4

antibodies against tumour necrosis factor α have shown
promise.5 
Tick-borne relapsing fever is milder than the louse-borne
variety, but has been treated similarly.
1. Abramowicz M, ed. The choice of antibacterial drugs. In: Hand-
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Respiratory-tract infections
Principal community-acquired bacterial pathogens in the
respiratory tract are Streptococcus pneumoniae and Hae-
mophilus influenzae, although Moraxella catarrhalis
(Branhamella catarrhalis)1 is increasingly important in
some areas. Other respiratory pathogens include Chlamy-
dophila pneumoniae (Chlamydia pneumoniae), Legionel-
la pneumophila, and Mycoplasma pneumoniae. Strepto-
coccus pyogenes is the predominant cause of pharyngitis.
Staphylococcus aureus and aerobic Gram-negative bacilli
such as Pseudomonas aeruginosa and Klebsiella spp. may
be responsible for hospital-acquired (nosocomial) infec-
tions. 
Community-acquired lower respiratory-tract infections
are very common and are traditionally considered to be vi-

ral in origin, but bacterial pathogens similar to those caus-
ing pneumonia are commonly isolated from patients with
these milder respiratory infections;2 even so, about one-
quarter of patients fail to respond satisfactorily to empiri-
cal antibacterial treatment. For previously healthy adults
with non-specific upper respiratory-tract infection, US
guidelines3 recommend that antibacterials are not given. 
Broad-spectrum antibacterials such as a penicillin or
erythromycin may be necessary in some cases of uncom-
plicated upper or lower respiratory-tract infection. First
line empirical treatment with a fluoroquinolone has been
avoided in the past because of poor activity against strep-
tococci,4,5 although some newer fluoroquinolones have
much greater activity against streptococci.6 
In respiratory-tract infections complicating chronic ob-
structive pulmonary disease, amoxicillin has been recom-
mended for first-line treatment.7 If a further course is nec-
essary, drugs with activity against penicillin-resistant H.
influenzae and M. catarrhalis should probably be given,
such as amoxicillin with clavulanic acid, a fluoroquinolo-
ne (bearing in mind that some are not very active against
Str. pneumoniae), or a second-generation cephalosporin.
Ofloxacin has been reported to be beneficial in patients
with chronic obstructive pulmonary disease who require
mechanical ventilation.8 
For details on infections of the upper respiratory tract, see
under Epiglottitis (p.170), Pharyngitis (p.185), and Sinusi-
tis (p.193); see also Otitis Media (p.182). For infections of
the lower respiratory tract, see under Bronchitis (p.165),
Cystic Fibrosis (p.166), and Pneumonia (p.186); those
with a specific cause include Legionnaires’ Disease
(p.176), Nocardiosis (p.181), Pertussis (p.185), and Tuber-
culosis (p.196).
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Rheumatic fever
Acute rheumatic fever occurs especially in children aged 6
to 15 years as a consequence of upper respiratory-tract
infections, such as pharyngitis or tonsillitis, with rheuma-
togenic strains of the group A beta-haemolytic streptococ-
cus, Streptococcus pyogenes. The pathogenesis of rheu-
matic fever is not known, but an immune mechanism may
be involved. There may be a latent period of 1 to 5 weeks
after the initial infection, before clinical manifestations of
rheumatic fever appear. The major ones are arthritis, cardi-
tis, chorea, erythema marginatum, and subcutaneous nod-
ules. Those affecting the heart are the most serious and are
a major cause of cardiovascular death in children and
young adults in developing countries. Rheumatic fever has
been associated with poverty and overcrowding and has
declined dramatically in developed countries, but is still a
major problem in the developing world. However, in the
1980s there was evidence of a resurgence in the USA with
outbreaks of rheumatic fever reported in middle-class
children1 and military recruits.2 Increased pathogenicity of
Str. pyogenes serotypes might have contributed to this re-
surgence.3 A high incidence is also seen among indige-
nous populations in Australia and New Zealand.4 
Guidelines for the management and prevention of rheu-
matic fever have been published by sources including the
American Heart Association (AHA),5 WHO,6 and an ex-
pert group from Australia and New Zealand.7 Rheumatic
fever can usually be prevented by primary prophylaxis,
that is, by the prompt treatment of streptococcal upper res-
piratory-tract infection with eradication of group A strep-
tococci from the throat. Penicillin is the drug of choice, ei-
ther as a single intramuscular injection of benzathine

benzylpenicillin or as a course of phenoxymethylpenicillin
by mouth for 10 days. An injection containing benzathine
benzylpenicillin and procaine benzylpenicillin has been
used in children.5 Erythromycin may be given to patients
allergic to penicillin. Other macrolides or oral cepha-
losporins may also be used. For further details on the treat-
ment of streptococcal sore throat, see under Pharyngitis,
p.185. Treatment failure is more common after oral anti-
bacterials and in the USA most of these patients are strep-
tococcal carriers.5 Treatment of chronic carriers is not usu-
ally necessary, but eradication of pharyngeal carriage has
been achieved by an injection of benzathine benzylpenicil-
lin plus rifampicin by mouth for 4 days;8 a 10-day course
of oral clindamycin has also been effective.9 Broad-based
primary prophylaxis in communities rather than individu-
als is controversial and requires careful planning, but, for
example, penicillin prophylaxis did control an epidemic of
acute tonsillitis associated with Str. pyogenes in a junior
detention centre.10 However, a study in military recruits
demonstrated that Str. pyogenes infection could not be pre-
vented in closely confined communities unless all individ-
uals in the population received prophylaxis.11 
If acute rheumatic fever occurs, a full therapeutic course of
penicillin should be given initially, as for primary preven-
tion, to eradicate group A streptococci.5 Treatment then
comprises bed rest and anti-inflammatory drugs, usually
corticosteroids or salicylates, in an attempt to prevent val-
vular scarring. However, it is unclear whether anti-inflam-
matory treatment has any influence on such long-term se-
quelae.12 Carbamazepine or valproate may be given for
severe and distressing chorea.7 Secondary prevention is
then continued with prolonged antibacterial prophylaxis
because of the high risk of recurrent attacks of rheumatic
fever after subsequent streptococcal upper respiratory-
tract infections. Again, penicillin is the preferred antibac-
terial, the usual recommendation being an intramuscular
injection of benzathine benzylpenicillin every 4 weeks, al-
though injections every 3 weeks may be warranted where
the risk of recurrence is high.5-7 This advice has been influ-
enced by reports of high recurrence rates with the monthly
regimen in such situations.13 A 12-year study in Taiwan14

confirmed that prophylaxis with benzathine benzylpenicil-
lin injections every 3 weeks is more effective than injec-
tions every 4 weeks and it was recommended that the 3-
week regimen should be used in adults and children with a
recent episode of rheumatic fever, especially in developing
countries where exposure to streptococci is still intense. In
addition, pharmacokinetic studies have indicated relative-
ly low serum concentrations of penicillin in the fourth
week after an intramuscular injection of benzathine ben-
zylpenicillin,15,16 despite the successful use of monthly in-
jections in most patients. However, Australian and New
Zealand guidelines consider the 4-week regimen suitable
in most patients.7 Alternatively, oral prophylaxis with phe-
noxymethylpenicillin or sulfadiazine may be given, al-
though, over the long time scale involved, compliance is
likely to be a problem;4,6,7 erythromycin is suggested for
the rare patient who is allergic to penicillin and sulfona-
mides. Sulfonamides should not be used for primary pre-
vention because they do not eradicate the streptococci. The
duration of secondary prophylaxis depends on the individ-
ual patient, but in those who have not had rheumatic cardi-
tis it should generally continue for a minimum of 5 years
after the last attack of rheumatic fever,5,6 and at least until
the age of 18 or early 20s. A study from Chile supported
this view.17 Those who have had rheumatic carditis but
without residual valvular disease should perhaps receive
prophylaxis for 10 years5 or at least until the age of 25
years.6 For those with carditis and persistent valvular dis-
ease, prophylaxis should continue at least until the age of
40 years, or sometimes for life.5,6 Fears of serious allergic
reactions associated with long-term benzathine ben-
zylpenicillin prophylaxis appear to be unfounded.18 
Household contacts of rheumatic fever patients who them-
selves have positive streptococcal cultures should be treat-
ed.5 
Patients with rheumatic valvular heart disease as a result of
rheumatic fever are at risk of developing infective endo-
carditis and may need additional appropriate short-term
antibacterial prophylaxis when undergoing dental and
some surgical procedures (see Endocarditis, p.168).
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Rickettsial infections
Bacteria of the Rickettsiaceae family that infect man in-
clude Rickettsia spp. (see under Spotted Fevers, p.194 and
Typhus, p.198) and Coxiella burnetii (see under Q fever,
p.188). Ehrlichia spp. (see under Ehrlichiosis, p.168) and
Bartonella quintana (Rochalimaea quintana) (see under
Trench Fever, p.196) are no longer classified as a rickett-
sia. The treatment of choice for rickettsial infections is
usually doxycycline; chloramphenicol or a fluoroquino-
lone are alternatives.1
1. Abramowicz M, ed. The choice of antibacterial drugs. In: Hand-

book of antimicrobial therapy. 18th ed. New Rochelle NY: The
Medical Letter, 2008: 74.

Salmonella enteritis
See p.173.

Salpingitis
See under Pelvic Inflammatory Disease, p.184.

Septicaemia
Traditionally, transient bacteraemia (the presence of bacte-
ria in the blood) has been regarded as a fairly common
condition which does not usually cause complications,
whereas uncontrolled bacteraemia leads to septicaemia
with serious symptoms such as fever and shock. This dis-
tinction has not always been adhered to in published sourc-
es and the terms have sometimes been used interchange-
ably. Added to this, the identification of the cascade of
inflammatory mediators involved and the realisation that
what had been called ‘sepsis’ could arise in the absence of
infection have prompted reassessment of the terminology
used both in the UK and in the USA.1 In the UK, some
authorities2 considered that the term ‘septicaemia’ should
no longer be used since it does not distinguish between
mild and severe disease. The term ‘sepsis syndrome’ was
preferred for patients with a generalised systemic response
together with evidence of organ dysfunction and ‘septic
shock’ to describe patients who also have hypotension not
due to hypovolaemia or cardiac causes. The American
College of Chest Physicians and Society of Critical Care
Medicine proposed the following series of definitions to
cover the spectrum of syndromes resulting from this in-
flammatory response:1,3 
• systemic inflammatory response syndrome (SIRS),

the systemic inflammatory response to infection or var-
ious other severe clinical insults including pancreatitis,
ischaemia, trauma, and haemorrhagic shock 

• sepsis, the SIRS caused specifically by infection 

• severe sepsis, sepsis associated with organ dysfunction,
perfusion abnormalities (such as lactic acidosis, oligu-
ria, or an acute alteration in mental status), or hypoten-
sion 

• septic shock, sepsis with hypotension, despite adequate
fluid resuscitation, together with perfusion abnormali-
ties 

• multiple organ dysfunction syndrome (MODS), the
presence of altered organ function in an acutely ill pa-
tient such that homoeostasis cannot be maintained with-
out intervention; it may be a cause as well as a conse-
quence of SIRS. 

Septicaemia can be caused by many bacteria.4 Communi-
ty-acquired primary septicaemia is often associated with
a specific infectious disease, such as meningococcal septi-
caemia with meningococcal meningitis (p.178) or strepto-
coccal septicaemia with pneumonia (p.186). Streptococ-
cus pneumoniae and Haemophilus influenzae are common
causes of primary septicaemia in children (although this
pattern is changing in countries where immunisation
against H. influenzae type b is routine); Gram-negative
rods and group B streptococci are commonest in neonates.
Hospital-acquired septicaemia is often iatrogenic and
may occur as a complication of surgery or indwelling
catheters5 or may be associated with neutropenia in immu-
nocompromised patients (see under Infections in Immuno-
compromised Patients, p.174). Gram-positive organisms
have been reported to be responsible for most infections.6
Hospital-acquired septicaemia is often associated with
acute respiratory distress syndrome (p.1498). 
Whatever the cause, septicaemia requires prompt treat-
ment without waiting for the results of laboratory tests.
Choice of antibacterial depends on the probable source of
infection. For example, urinary-tract infection is likely to
be associated with Gram-negative septicaemia due to Es-
cherichia coli; abdominal sepsis with Gram-negative sep-
ticaemia due to mixed infection with E. coli, enterococci,
and anaerobic bacteria; and skin sepsis, bacterial arthritis,
acute osteomyelitis, and cardiovascular shunts with Gram-
positive septicaemia due to staphylococci. The antibacteri-
als used should also reflect current patterns of bacterial re-
sistance in the community or hospital. International
guidelines7 have recommended starting intravenous anti-
bacterial therapy as early as possible, and within the first
hour of recognition of septic shock; the initial choice of
therapy should be broad enough to cover all likely patho-
gens, and it should be reassessed daily to optimise activity
and prevent the development of resistance. De-escalation
of combination therapy to the most appropriate single ther-
apy should be carried out as soon as susceptibility of the
infection is known. The typical duration of therapy will be
7 to 10 days. Empirical treatment has often begun with a
penicillin and an aminoglycoside, metronidazole being
added if anaerobic infection is suspected. In the UK, the
BNF recommends that initial empirical treatment for com-
munity-acquired septicaemia is with either a broad-spec-
trum antipseudomonal penicillin (such as ticarcillin-clavu-
lanic acid or piperacillin-tazobactam) or a broad-spectrum
cephalosporin (such as ceftazidime or cefotaxime); for
hospital-acquired septicaemia a broad-spectrum antipseu-
domonal beta-lactam antibacterial (such as ceftazidime,
ticarcillin-clavulanic acid, piperacillin-tazobactam, imi-
penem-cilastatin, or meropenem) is recommended. In both
cases, an aminoglycoside should be added if Pseu-
domonas is suspected or if sepsis is severe, metronidazole
if anaerobic organisms are suspected, and vancomycin (or
teicoplanin) if meticillin-resistant staphylococci are sus-
pected. US guidelines8 recommend a third- or fourth-gen-
eration cephalosporin (cefotaxime, ceftriaxone, ceftazi-
dime, or cefepime), or piperacillin-tazobactam, or
imipenem-cilastatin, or meropenem, in each case with an
aminoglycoside (gentamicin, tobramycin, or amikacin) for
the initial treatment of life-threatening sepsis in adults.
When there is some information on which to base choice
of treatment, but before the infecting organisms are defi-
nitely known, the following treatment is suggested: 
• suspected bacterial endocarditis—ceftriaxone with van-

comycin, possibly with gentamicin as well 
• suspected meticillin-resistant staphylococci—vanco-

mycin, alone or with gentamicin and/or rifampicin 
Once the infecting organisms have been identified, choice
of treatment will again depend on their sensitivity and cur-
rent patterns of resistance in the community or hospital.
For comments on the consequences of emerging multid-
rug-resistant strains of enterococci and staphylococci, see

Enterococcal Infections, p.170, and Staphylococcal Infec-
tions, p.195. 
In addition to antimicrobial therapy, patients with sepsis or
septic shock9,10 require rigorous supportive measures
(p.1183). 
Septicaemia is generally most lethal in the very old and the
very young. 
Neonatal septicaemia may be divided into early-onset,
which is acquired from the mother’s genital tract and man-
ifests itself during the first few days after birth, and late-
onset which may be nosocomially acquired. Bacteria
commonly causing early-onset sepsis include enterococci,
E. coli, H. influenzae, Listeria monocytogenes, and strep-
tococci. Some of these organisms may also produce men-
ingitis in the neonate (p.178). Empirical treatment for both
early- and late-onset sepsis is based on similar principles to
those in other patients, giving consideration to local pat-
terns of infection and resistance and to the suitability of
individual antibacterials for this age group. However,
early-onset sepsis is usually best controlled by prenatal
treatment of the mother or by perinatal prophylaxis.
Prophylaxis for group B streptococcal infections is dis-
cussed under Perinatal Streptococcal Infections, p.184.
While vancomycin has been shown to prevent infections
with coagulase-negative staphylococci and to reduce the
incidence of neonatal sepsis, widespread prophylactic use
of this drug is not recommended.11 Intravenous normal im-
munoglobulin (see Neonatal Infection, p.2229) and fil-
grastim (see Neutropenia, p.1071) have been tried for the
prevention of septicaemia in preterm neonates with varia-
ble results. 
Treatment failure in patients with sepsis or septic shock,
occurring despite apparently adequate anti-infective thera-
py, might be due in part to a continuing inflammatory
process and attempts to modify this are under investiga-
tion.10,12 Endotoxin, a lipopolysaccharide associated with
the cell membrane of Gram-negative bacteria, is an impor-
tant mediator in the septic syndrome. Endotoxin release
may occur spontaneously or during antibacterial therapy.13

When in the circulation it stimulates the release of endog-
enous mediators such as interleukin-1, interleukin-6, tu-
mour necrosis factor alpha, and other cytokines.14 These in
turn induce a cascade of secondary inflammatory media-
tors resulting eventually in endothelial damage and severe
haemodynamic and metabolic derangements. It is now un-
derstood that a similar inflammatory response also occurs
after non-infective insults. However, adjunctive therapy
with endotoxin antibodies, anticytokines such as anakinra
and tumour necrosis factor antibodies, soluble tumour
necrosis factor receptor, bactericidal permeability increas-
ing protein, nitric oxide synthase inhibitors, guanylate cy-
clase inhibitors such as methylthioninium chloride, and
platelet-activating factor antagonists has generally pro-
duced disappointing results.12,15,16 A systematic review17

of the use of intravenous polyclonal immunoglobulin con-
cluded that it had a promising role as adjuvant therapy in
sepsis and septic shock. Specific monoclonal immu-
noglobulins were not effective.17 Recent theories suggest
that a more complex interplay of pro- and anti-inflamma-
tory responses may be involved in the pathophysiology of
SIRS and MODS and this may explain the failure of many
of these mainly anti-inflammatory treatment modalities.18

Reduced mortality has been reported19 after the treatment
of patients with severe sepsis with recombinant activated
protein C (drotrecogin alfa) which has antithrombotic,
anti-inflammatory, and pro-fibrinolytic properties, but its
benefits appear to be limited to those at high risk of death.
Studies with other physiological anticoagulants such as
antithrombin III20 and tissue factor pathway inhibitor (ti-
facogin)21 have not been successful.
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Sexually transmitted diseases
The sexually transmitted diseases, formerly termed vene-
real diseases, are defined as a group of communicable dis-
eases that are transferred mainly by sexual contact. Many
pathogens are known to be transmitted sexually including: 
• bacteria: 

• Chlamydia trachomatis (see Lymphogranuloma Venereum,
p.192 and Chlamydial Infections, p.166) 

• Haemophilus ducreyi (see Chancroid, p.191) 
• Klebsiella granulomatis (see Granuloma Inguinale, p.192) 
• Neisseria gonorrhoeae (see Gonorrhoea, p.191) 
• Treponema pallidum (see Syphilis, p.192) 
• Ureaplasma urealyticum 

• protozoa: 
• Trichomonas vaginalis (see Trichomoniasis, p.827). 

• viruses: 
• human immunodeficiency virus (see HIV Infection and

AIDS, p.856) 
• hepatitis viruses (see Hepatitis, p.851) 
• herpesviruses (see Herpesvirus Infections, p.853) 

Clinical syndromes associated with sexually transmitted
diseases, and which are discussed in this section, include
urethritis (p.199) and epididymitis (p.170) in men; cervici-
tis (p.166), pelvic inflammatory disease (p.184), and bac-
terial vaginosis (p.164) in women; and proctitis (p.188).
Perinatal transmission of sexually transmitted pathogens
from the mother can result in neonatal conjunctivitis
(p.180) or pneumonia (p.186). 
General guidelines for the management of sexually trans-
mitted diseases have been published1-3 although recom-
mendations may need to be localised because of differenc-
es in patterns of infection and drug resistance. Early
detection and treatment are required to prevent long-term
complications, including infertility, still-births and neona-
tal infections, genital cancers, and an increased risk of ac-
quiring and transmitting HIV. 
The suggestion that spermicidal contraceptives may pro-
vide some protection against sexually transmitted diseases
is discussed under Nonoxinols, p.1917.
1. CDC. Sexually transmitted diseases treatment guidelines 2006.

MMWR 2006; 55 (RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07) 

2. WHO. Guidelines for the management of sexually transmitted
infections. Geneva: WHO, 2003. Also available at: http://
whqlibdoc.who.int/publications/2003/9241546263.pdf (ac-
cessed 23/03/07) 

3. Clinical Effectiveness Group (Association for Genitourinary
Medicine and the Medical Society for the Study of Venereal Dis-
eases - now British Association for Sexual Health and HIV). Na-
tional guideline on the management of suspected sexually trans-
mitted infections in children and young people. Available at:
http://www.bashh.org/documents/41/41.pdf (accessed 18/08/08)

Chancroid. Chancroid is a sexually transmitted disease
caused by the Gram-negative bacterium Haemophilus
ducreyi. It occurs worldwide, but is endemic in parts of Af-
rica and South East Asia, where it is a frequent cause of

painful genital ulcers and a risk factor in the transmission
of HIV. 
Specific treatment guidelines have been provided by
WHO,1 by expert groups in the UK,2 and by the CDC in
the USA.3 Treatment failure may be more common in pa-
tients also infected with HIV1 (see below), but in other pa-
tients single-dose treatment regimens might be preferable
if compliance is a problem. Guideline regimens are as fol-
lows: 
• WHO: 

• oral ciprofloxacin 500 mg twice daily for 3 days, or 
• oral erythromycin 500 mg four times daily for 7 days, or 
• a single oral dose of azithromycin 1 g 
an alternative regimen is: 
• a single intramuscular injection of ceftriaxone 250 mg 

• UK: 
• a single oral dose of azithromycin 1 g, or 
• a single intramuscular dose of ceftriaxone 250 mg, or 
• oral ciprofloxacin 500 mg twice daily for 3 days or as a single

oral dose 
further alternatives are: 
• oral erythromycin 500 mg four times daily for 7 days 
• single oral doses of other fluoroquinolones such as fleroxacin

400 mg or norfloxacin 800 mg 
• a single intramuscular injection of spectinomycin 2 g 

• USA: 
• a single oral dose of azithromycin 1 g, or 
• a single intramuscular dose of ceftriaxone 250 mg, or 
• oral ciprofloxacin 500 mg twice daily for 3 days 
a further alternative is: 
• oral erythromycin 500 mg three times daily for 7 days 

Sexual partners of patients with chancroid should also be
tested and treated.2,3 
Patients co-infected with HIV have ulcers that heal more
slowly and may need to be treated for longer to prevent
treatment failure;3 treatment failure is common with sin-
gle-dose regimens.1
1. WHO. Guidelines for the management of sexually transmitted

infections. Geneva: WHO, 2003. Also available at: http://
whqlibdoc.who.int/publications/2003/9241546263.pdf (ac-
cessed 23/03/07) 

2. Clinical Effectiveness Group (Association for Genitourinary
Medicine and the Medical Society for the Study of Venereal Dis-
eases – now British Association for Sexual Health and HIV).
2001 National guideline for the management of chancroid.
Available at: http://www.bashh.org/documents/85/85.pdf (ac-
cessed 18/08/08) 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)

Gonorrhoea. Gonorrhoea is a sexually transmitted dis-
ease caused by infection of mucosa with Neisseria gonor-
rhoeae (gonococcus), a Gram-negative bacterium. It oc-
curs mainly in the lower genital tract as urethritis (p.199)
in men and cervicitis (p.166) in women, but also as
pharyngitis, proctitis (p.188), or conjunctivitis. Infection
may sometimes ascend to the upper genital tract to cause
complications such as pelvic inflammatory disease (p.184)
in women and epididymitis (p.170) in men. In the USA1

routine screening is recommended for all sexually active
women with an increased risk of infection. Disseminated
gonococcal infection resulting from gonococcal bacterae-
mia is rare and may lead to septic arthritis, an arthritis-der-
matitis syndrome (not to be confused with Reiter’s disease
which has been associated with non-gonococcal or non-
specific urethritis), and more rarely to conditions such as
endocarditis or meningitis. Gonorrhoea in pregnant wom-
en may cause neonatal gonococcal conjunctivitis (ophthal-
mia neonatorum). 
Antibacterial drug resistance is a problem in the manage-
ment of gonococcal infection. Penicillins were once the
treatment of choice for N. gonorrhoeae but are no longer
recommended. High-level plasmid-mediated and chromo-
somally mediated resistances have also been reported with
tetracycline, and chromosomally mediated resistance to
other antibiotics may occur. Gonococcal resistance is now
monitored in England and Wales via the Gonococcal Re-
sistance to Antimicrobials Surveillance Programme
(GRASP)2 and in the USA by the Gonococcal Isolate Sur-
veillance Project (GISP).3 Of concern are the increasing
number of reports worldwide of resistance to fluoroqui-
nolones which has resulted in revision of treatment guide-
lines. In the UK fluoroquinolones are no longer recom-
mended as first-line drugs, while in the USA they are no
longer recommended for gonococcal infections. 
Infection with Chlamydia trachomatis (see under Chlamy-
dial Infections, p.166) often occurs along with gonorrhoea
and should be tested for or treated presumptively. 

Guidelines produced by WHO,4 by an expert group in the
UK,5 and by the CDC in the USA1 for the treatment of
gonorrhoea are as follows, although recommendations
may need to be localised because of differences in patterns
of infection and drug resistance: 
• UNCOMPLICATED ANOGENITAL GONOCOCCAL INFECTIONS

IN ADULTS. 
• WHO: 

• a single oral dose of ciprofloxacin 500 mg, or 
• a single oral dose of cefixime 400 mg, or 
• a single intramuscular dose of ceftriaxone 125 mg, or 
• a single intramuscular dose of spectinomycin 2 g 

• UK: 
• a single intramuscular dose of ceftriaxone 250 mg, or 
• a single intramuscular dose of spectinomycin 2 g, or 
• a single oral dose of cefixime 400 mg 
alternative regimens are: 
• a single oral dose of ciprofloxacin 500 mg 
• a single oral dose of ofloxacin 400 mg 
• a single oral dose of ampicillin 2 or 3 g plus probenecid 1 g 
• a single intramuscular dose of cefotaxime 500 mg 
• a single intramuscular dose of cefoxitin 2 g plus oral

probenecid 1 g 
• USA: 

• a single oral dose of cefixime 400 mg, or 
• a single intramuscular dose of ceftriaxone 125 mg 
Other single dose cephalosporins may be substituted.
A single intramuscular dose of spectinomycin 2 g is
an alternative in patients who cannot tolerate cepha-
losporins. 

• PHARYNGEAL INFECTIONS. 
• UK: 

• a single oral dose of ciprofloxacin 500 mg, or 
• a single oral dose of ofloxacin 400 mg, or 
• a single intramuscular dose of ceftriaxone 250 mg 

• USA: 
• a single intramuscular dose of ceftriaxone 125 mg 

• GONOCOCCAL INFECTIONS IN PREGNANT WOMEN. 
• WHO: 

• a single oral dose of cefixime 400 mg, or 
• a single intramuscular dose of ceftriaxone 125 mg, or 
• a single intramuscular dose of spectinomycin 2 g 

• UK: 
• a single intramuscular dose of ceftriaxone 250 mg, or 
• a single intramuscular dose of spectinomycin 2 g, or 
• a single oral dose of cefixime 400 mg, or 
• a single oral dose of amoxicillin 3 g (or ampicillin 2 or 3 g)

plus probenecid 1 g 
• USA: 

• a cephalosporin or spectinomycin 
• GONOCOCCAL EYE INFECTIONS IN ADULTS. 

• WHO: frequent irrigation of the infected eye with
saline together with: 
• a single intramuscular dose of ceftriaxone 125 mg, or 
• a single intramuscular dose of spectinomycin 2 g, or 
• a single oral dose of ciprofloxacin 500 mg 
a further alternative is: 
• a single intramuscular dose of kanamycin 2 g 

• USA: irrigation of the infected eye with saline togeth-
er with: 
• a single intramuscular dose of ceftriaxone 1 g 

• DISSEMINATED GONOCOCCAL INFECTIONS IN ADULTS. 
• WHO: 

• parenteral ceftriaxone 1 g once daily for 7 days, or 
• intramuscular spectinomycin 2 g twice daily for 7 days 
Another third-generation cephalosporin may be sub-
stituted if neither of these drugs is available. Treat-
ment for endocarditis should continue for 28 days. 

• USA: 
• parenteral ceftriaxone 1 g every 24 hours 
alternatives are: 
• intravenous ceftizoxime 1 g every 8 hours 
• cefotaxime 1 g every 8 hours 
• intramuscular spectinomycin 2 g every 12 hours 
Once improvement has been established for 24 to 48
hours, oral therapy with cefixime 400 mg twice daily,
or cefpodoxime 400 mg twice daily may be substitut-
ed until at least a 1-week treatment period is com-
plete. Provided antimicrobial susceptibility is docu-
mented fluoroquinolones may be given as an
alternative treatment. 
For gonococcal meningitis and endocarditis, intrave-
nous ceftriaxone 1 to 2 g every 12 hours is recom-
mended; treatment for meningitis should continue for
10 to 14 days and for endocarditis for at least 4 weeks. 
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• GONOCOCCAL INFECTIONS IN NEONATES AND CHILDREN. 
Neonates born to mothers with gonorrhoea are at high
risk of infection and require prophylaxis: 
• WHO: 

• a single intramuscular injection of ceftriaxone 50 mg/kg
(maximum 125 mg) 

alternatives are: 
• a single intramuscular dose of spectinomycin 25 mg/kg

(maximum 75 mg) 
• a single intramuscular dose of kanamycin 25 mg/kg (max-

imum 75 mg) 
• USA: 

• a single parenteral dose of ceftriaxone 25 to 50 mg/kg
(maximum 125 mg) 

For those neonates with disseminated gonococcal infec-
tion (sepsis, arthritis, meningitis), US recommendations
are: 

• parenteral ceftriaxone 25 to 50 mg/kg once daily for 7
days, or 

• parenteral cefotaxime 25 mg/kg every 12 hours for 7 days 
Treatment should be extended to 10 to 14 days if
meningitis is present. 

Treatment for children with uncomplicated gonococcal
infections, most commonly due to sexual abuse in pre-
adolescents, is as for adults in those weighing 45 kg or
more. For those weighing less than 45 kg a single intra-
muscular dose of ceftriaxone 125 mg or spectinomycin
40 mg/kg (maximum 2 g) is recommended. For dissem-
inated infection in all children an intramuscular or intra-
venous dose of ceftriaxone 50 mg/kg once daily for 7
days, up to a maximum dose of 1 g in those weighing
less than 45 kg is recommended. 

The prevention and treatment of neonatal gonococcal con-
junctivitis is discussed under Neonatal Conjunctivitis,
p.180. 
Sexual partners of patients with gonococcal infection
should be tested and treated.1 
Patients co-infected with HIV should receive the same
treatment as those who are HIV-negative.1
1. CDC. Sexually transmitted diseases treatment guidelines 2006.

MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)
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2. Health Protection Agency. GRASP The Gonococcal Resistance
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HPAweb_C/1194947393147 (accessed 18/08/08) 

3. CDC. Sexually transmitted disease surveillance 2005 supple-
ment: Gonococcal Isolate Surveillance Project (GISP) annual re-
port—2005. Available at: http://www.cdc.gov/std/GISP2005/
GISPSurvSupp2005short.pdf (accessed 20/04/07) 

4. WHO. Guidelines for the management of sexually transmitted
infect ions .  Geneva:  WHO, 2003.  Also  avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 20/06/07) 

5. Clinical Effectiveness Group (British Association for Sexual
Health and HIV). National guideline on the diagnosis and treat-
ment of gonorrhoea in adults 2005. Available at: http://
www.bashh.org/documents/116/116.pdf (accessed 18/08/08)

Granuloma inguinale. Granuloma inguinale or dono-
vanosis is caused by the Gram-negative bacterium Kleb-
siella granulomatis (formerly known as Calymmatobacte-
rium granulomatis) and occurs most commonly in the
tropics and subtropics, especially Papua New Guinea and
India. It is characterised by genital ulcers and is generally
considered to be a sexually transmitted disease. 
Guidelines produced by WHO,1 by an expert group in the
UK,2 and by the CDC in the USA3 for the treatment of
granuloma inguinale are as follows: 
• WHO: 

• oral azithromycin 1 g on the first day then 500 mg once daily,
or 

• oral doxycycline 100 mg twice daily 
alternatives include: 
• oral erythromycin 500 mg four times daily 
• oral tetracycline 500 mg four times daily 
• oral co-trimoxazole 960 mg twice daily 
Treatment is continued until all lesions have completely
resolved. The addition of parenteral gentamicin should
be considered for HIV-infected patients. Streptomycin
is no longer recommended because of its toxicity and
the need to reserve it for tuberculosis. 

• UK: 
• oral azithromycin 1 g once weekly or 500 mg daily, or 
• parenteral ceftriaxone 1 g once daily, or 
• oral co-trimoxazole 960 mg twice daily, or 

• oral doxycycline 100 mg twice daily, or 
• oral erythromycin 500 mg four times daily, or 
• oral norfloxacin 400 mg twice daily 
The addition of parenteral gentamicin 1 mg/kg every 8
hours should be considered if lesions do not respond
during the first few days of treatment. 

• USA: 
• oral doxycycline 100 mg twice daily for a minimum of 3

weeks 
alternatives are: 
• oral ciprofloxacin 750 mg twice daily, or 
• oral erythromycin 500 mg four times daily, or 
• oral azithromycin 1 g once weekly, or 
• oral co-trimoxazole 960 mg twice daily 
In each case treatment is for 3 weeks. The addition of an
aminoglycoside may be considered if lesions do not re-
spond during the first few days of treatment, in pregnant
women, and in those co-infected with HIV. 

Sexual partners of patients with granuloma inguinale
should be tested and treated.2,3 
Patients co-infected with HIV should receive the same
treatment as those who are HIV-negative.3
1. WHO. Guidelines for the management of sexually transmitted

infect ions .  Geneva:  WHO, 2003.  Also  avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 23/03/07) 

2. Clinical Effectiveness Group (Association for Genitourinary
Medicine and the Medical Society for the Study of Venereal Dis-
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Lymphogranuloma venereum. Lymphogranuloma
venereum or chlamydial lymphogranuloma is an invasive,
systemic infection caused by certain serotypes of Chlamy-
dia trachomatis and is endemic in tropical and subtropical
areas, but may also occur in the developed world. It is a
sexually transmitted disease and in the early phase may
cause genital ulceration although the commonest clinical
manifestation is unilateral inguinal and/or femoral lym-
phadenopathy. There is multisystem involvement and late
complications, including those related to fibrosis and ab-
normal lymphatic drainage, may require surgery. 
Guidelines produced by WHO,1 by an expert group in the
UK,2 and by the CDC in the USA3 for the treatment of
lymphogranuloma venereum are as follows: 
• WHO: treatment for 2 weeks with: 

• oral doxycycline 100 mg twice daily, or 
• oral erythromycin 500 mg four times daily 
an alternative is: 
• oral tetracycline 500 mg four times daily 

• UK and USA: treatment for 3 weeks with: 
• oral doxycycline 100 mg twice daily, or 
• oral tetracycline 2 g daily, or 
• oral minocycline 300 mg as a loading dose then 200 mg twice

daily, or 
• oral erythromycin 500 mg four times daily 
Sexual partners of patients with lymphogranuloma ve-
nereum should be treated with: 
• a single oral dose of azithromycin 1 g or 
• oral doxycycline 100 mg twice daily for 7 days 

Patients co-infected with HIV should receive the same
treatment as those who are HIV-negative, although longer
therapy may be required.3
1. WHO. Guidelines for the management of sexually transmitted
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Health and HIV). 2006 National guideline for the management
of  lymphogranuloma venereum (LGV). Available at :
http://www.bashh.org/documents/92/92.pdf (accessed 18/08/08) 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)

Syphilis. Syphilis is a sexually transmitted disease caused
by the spirochaete Treponema pallidum and occurs world-
wide. Non-venereal treponematoses include endemic
syphilis or bejel, also caused by T. pallidum; pinta, caused
by T. carateum; and yaws, caused by T. pertenue. 
Syphilis may be classified as acquired or congenital and in
each case has early and late stages. Syphilis may be de-
scribed as latent, when serological and CSF tests are posi-
tive but the patient is asymptomatic. 
• In acquired sexually transmitted disease the early stage

includes primary and secondary syphilis and early latent

infection; early latent infection is defined in the UK1 and
by WHO2 as of not more than 2 years’ duration or of less
than 1 year’s duration by the CDC in the USA.3 

• Late stage disease includes late latent infection and all
late clinical stages. The late clinical stages fall broadly
into three types: neurosyphilis manifesting as neurolog-
ical symptoms, commonly including dorsal column loss
(tabes dorsalis), dementia, or meningovascular involve-
ment; cardiovascular syphilis, characterised by aortitis
which may manifest as aortic regurgitation, aortic aneu-
rysm, or angina; and gummata, inflammatory fibrous
nodules or plaques which may be locally destructive
and which commonly affect the bone and skin but may
occur in any organ. Some term all these late clinical
stages tertiary syphilis whereas others use tertiary for
benign gummatous syphilis and quaternary for the more
serious complications of cardiovascular syphilis and
neurosyphilis. The term neurosyphilis has generally
been applied to late-stage symptomatic neurological
disease, although it is recognised that CNS invasion by
T. pallidum is common in early syphilis and that CNS
involvement may occur at any stage. 

• Congenital syphilis may result from transplacental in-
fection at any stage of pregnancy and any stage of ma-
ternal syphilis. 

The incidence of syphilis fell dramatically after the intro-
duction of penicillin and T. pallidum remains sensitive to
it. There has, however, been a resurgence of syphilis,
linked in part with HIV infection. In HIV-infected patients
syphilis appears more virulent and neurosyphilis occurs
more quickly. Like other diseases causing genital ulcers,
syphilis is a risk factor for HIV infection. 
The treatment of choice for both early and late syphilis is
still penicillin and long-acting injections are generally
used. Treatment for late syphilis is less well-established
than that for early disease and is usually given for longer.
A Jarisch-Herxheimer reaction may occur after the first
dose of antibacterial, especially in patients with early
syphilis, and corticosteroid cover may be beneficial, espe-
cially in patients with cardiovascular or neurological in-
volvement. 
Guidelines produced by WHO,2 by an expert group in the
UK,1 and by the CDC in the USA3 for the treatment of
acquired and congenital syphilis are as follows: 
• EARLY SYPHILIS 

• WHO: 
• intramuscular benzathine benzylpenicillin 1.8 g

(2.4 million units) usually given as 2 injections at separate
sites in a single session, or 

• intramuscular procaine benzylpenicillin 1.2 g
(1.2 million units) daily for 10 days 

alternatives for non-pregnant penicillin-allergic pa-
tients are: 
• oral doxycycline 100 mg twice daily for 14 days, or 
• oral tetracycline 500 mg four times daily for 14 days 
Pregnant women allergic to penicillin may be given: 
• oral erythromycin 500 mg four times daily for 14 days (but

see Syphilis in Pregnancy, below) 
• UK: 

• intramuscular benzathine benzylpenicillin 1.8 g
(2.4 million units) as a single dose, or 

• intramuscular procaine benzylpenicillin 600 mg
(600 000 units) daily for 10 days 

An additional alternative if parenteral therapy is re-
fused is: 
• oral amoxicillin 500 mg plus oral probenecid 500 mg,

both four times daily for 14 days 
alternatives for penicillin-allergic patients are: 
• oral doxycycline 100 mg twice daily for 14 days 
• oral erythromycin 500 mg four times daily for 14 days 
• oral azithromycin 2 g as a single dose 
• oral azithromycin 500 mg daily for 10 days 
• intramuscular ceftriaxone 500 mg daily for 10 days (in the

absence of anaphylaxis to penicillin) 
• USA: 

• a single intramuscular dose of benzathine benzylpenicillin
1.8 g (2.4 million units) 

alternatives for penicillin-allergic patients are: 
• oral doxycycline 100 mg twice daily for 14 days 
• oral tetracycline 500 mg four times daily for 14 days 
Preliminary data suggest that azithromycin 2 g orally
as a single dose may also be effective, or parenteral
ceftriaxone 1 g daily for 8 to 10 days may also be con-
sidered. 
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• LATE SYPHILIS 
• WHO: 

• intramuscular benzathine benzylpenicillin 1.8 g
(2.4 million units) once weekly for 3 consecutive weeks,
or 

• intramuscular procaine benzylpenicillin 1.2 g
(1.2 million units) daily for 20 consecutive days 

alternatives for non-pregnant penicillin-allergic pa-
tients are: 
• oral doxycycline 100 mg twice daily for 30 days, or 
• oral tetracycline 500 mg four times daily for 30 days 
Pregnant women allergic to penicillin may be given: 
• oral erythromycin 500 mg four times daily for 30 days 
For those with neurosyphilis: 
• intravenous benzylpenicillin 1.2 to 2.4 g (2 to

4 million units) every 4 hours for 14 days, or 
• if outpatient compliance can be ensured, intramuscular

procaine benzylpenicillin 1.2 g (1.2 million units) daily
plus oral probenecid 500 mg four times daily each for 10
to 14 days 

alternatives for non-pregnant penicillin-allergic pa-
tients are: 
• oral doxycycline 200 mg twice daily for 30 days 
• oral tetracycline 500 mg four times daily for 30 days 

• UK: 
• intramuscular benzathine benzylpenicillin 1.8 g

(2.4 million units) weekly for 3 doses, or 
• intramuscular procaine benzylpenicillin 600 mg

(600 000 units) daily for 17 days 
alternatives for patients allergic to penicillin and
those declining parenteral therapy are: 
• oral doxycycline 100 mg twice daily for 28 days, or 
• if penicillin can be tolerated, oral amoxicillin 2 g three

times daily plus oral probenecid 500 mg four times daily,
both for 28 days 

For those with neurosyphilis recommendations are: 
• intramuscular procaine benzylpenicillin 1.8 to 2.4 g (1.8 to

2.4 million units) once daily plus oral probenecid 500 mg
four times daily for 17 days, or 

• intravenous benzylpenicillin 1.8 to 2.4 g (3 to
4 million units) every 4 hours for 17 days 

alternatives are: 
• oral doxycycline 200 mg twice daily for 28 days 
• oral amoxicillin 2 g three times daily plus oral probenecid

500 mg four times daily, both for 28 days 
• intramuscular or intravenous ceftriaxone 2 g daily for 10 to

14 days (in the absence of anaphylaxis to penicillin) 
• USA: 

• intramuscular benzathine benzylpenicillin 1.8 g
(2.4 million units) weekly for 3 consecutive weeks 

alternatives in penicillin-allergic patients are: 
• oral doxycycline 100 mg twice daily for 28 days, or 
• oral tetracycline 500 mg four times daily for 28 days 
For those with neurosyphilis: 
• intravenous benzylpenicillin 1.8 to 2.4 g (3 to

4 million units) every 4 hours for 10 to 14 days (or the total
daily dose may be given by continuous infusion), or 

• if outpatient compliance can be ensured, then intramuscu-
lar procaine benzylpenicillin 2.4 g (2.4 million units) daily
plus oral probenecid 500 mg four times daily, both for 10
to 14 days 

Since the duration of treatment for neurosyphilis is
shorter than that for late syphilis in the absence of
neurosyphilis, some clinicians give intramuscular
benzathine benzylpenicillin 1.8 g (2.4 million units)
once weekly for up to 3 weeks after completion of
neurosyphilis treatment to provide a comparable total
duration of treatment. 

• SYPHILIS IN PREGNANCY 
All guidelines recommend penicillin as under early and
late syphilis, together with close surveillance. In the
USA, CDC3 note that some recommend a second dose
of benzathine benzylpenicillin a week after the initial
dose for patients with early syphilis. In the UK1 it is rec-
ommended that when the first dose is given in the third
trimester a second dose should be given one week later.
According to CDC,3 pregnant patients who are allergic
to penicillin should be given penicillin, after desensitisa-
tion if necessary, since the alternatives, tetracyclines, are
contra-indicated during pregnancy and erythromycin
cannot be relied upon to cure an infected fetus. WHO,2
on the other hand, advise against desensitisation in a pri-
mary care setting and suggest that erythromycin, al-
though inferior, should be given in these circumstances;
consideration should probably be given to use of a third-
generation cephalosporin in the absence of anaphylaxis.
After treatment, the mother should be re-treated if there

is serological evidence of re-infection or relapse, and the
infant treated.2 UK guidelines1 list alternative antibacte-
rials that may be given as: amoxicillin, ceftriaxone,
erythromycin or azithromycin. they also state that de-
sensitisation should be considered in those allergic to
penicillin. 

• CONGENITAL SYPHILIS 
• WHO: 

for early congenital syphilis, infants up to 2 years of
age and having abnormal CSF may be given: 
• intravenous benzylpenicillin 30 mg/kg (50 000 units/kg)

twice daily for the first 7 days of life and then three times
daily for a total of 10 days, or 

• intramuscular procaine benzylpenicillin 50 mg/kg
(50 000 units/kg) once daily for 10 days 

For infants with normal CSF (although some treat all
infants as if the CSF were abnormal): 
• a single intramuscular dose of benzathine benzylpenicillin

37.5 mg/kg (50 000 units/kg) 
Children older than 2 years may be given: 
• parenteral benzylpenicillin 30 mg/kg (50 000 units/kg)

every 4 to 6 hours for 10 to 14 days 
For penicillin-allergic infants aged over 1 month: 
• oral erythromycin 7.5 to 12.5 mg/kg four times daily for

30 days 
• UK: recommended doses are as for infants up to 2

years with abnormal CSF in WHO guidelines, above. 
• USA: 

Neonates (up to 4 weeks of age) and having proven or
probable disease: 
• intravenous benzylpenicillin 30 mg/kg (50 000 units/kg)

twice daily for the first 7 days of life and then three times
daily for a total of 10 days, or 

• intramuscular procaine benzylpenicillin 50 mg/kg
(50 000 units/kg) once daily for 10 days 

Neonates who have a normal physical and a non-
treponemal serum titre the same as or less than 4
times the maternal titre may be given, depending on
how successfully the mother was treated during preg-
nancy: 
• one of the above treatment regimens or 
• a single intramuscular dose of benzathine benzylpenicillin

37.5 mg/kg (50 000 units/kg) 
Infants and children may be given: 
• intravenous benzylpenicillin 30 mg/kg (50 000 units/kg)

every 4 to 6 hours for 10 days. 
Those who are allergic to penicillin should be desen-
sitised if necessary. 

Sexual partners of patients with syphilis in any stage
should be examined, tested, and treated.2,3 
In the UK,1 it is advised that all cases of syphilis in HIV-
infected patients be treated as for the appropriate stage of
infection as in HIV-negative patients; some experts recom-
mend treatment as for neurosyphilis but the UK guidelines
note that evidence for this policy is lacking. The CDC3 and
WHO2 consider that standard treatment with a single intra-
muscular dose of benzathine benzylpenicillin 1.8 g
(2.4 million units) is sufficient, but acknowledge that
some authorities recommend more intensive treatment
regimens.
1. Clinical Effectiveness Group British Association for Sexual

Health and HIV. 2008 UK national guidelines on the manage-
ment of syphilis. http://www.bashh.org/documents/1771 (ac-
cessed 18/08/08) 

2. WHO. Guidelines for the management of sexually transmitted
infec t ions .  Geneva:  WHO,  2003.  Also avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 23/03/07) 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)

Shigellosis
See p.173.

Sickle-cell disease
For prophylaxis against pneumococcal infection in sickle-
cell disease, see under Spleen Disorders, p.194.

Sinusitis
Sinusitis or inflammation of the paranasal sinuses can be
caused by viral, bacterial, or fungal infection or may be
secondary to other disorders such as allergy. Serious com-
plications include bacterial meningitis and brain abscess. 
Acute sinusitis often results from viral upper respiratory-
tract infections. As in acute otitis media the most frequent
bacterial pathogens are Streptococcus pneumoniae and un-

encapsulated Haemophilus influenzae, with Moraxella ca-
tarrhalis (Branhamella catarrhalis) increasingly impor-
tant in children. Other bacterial causes, especially in
adults, include mixed anaerobic bacteria (usually associat-
ed with dental disease and more frequent in chronic sinusi-
tis), Staphylococcus aureus, Streptococcus pyogenes, and
Gram-negative bacteria including Enterobacteriaceae and
Pseudomonas aeruginosa (in nosocomial sinusitis). About
5% of primary sinusitis in young adults has been associat-
ed with Chlamydophila pneumoniae (Chlamydia pneumo-
niae). 
Acute sinusitis may resolve spontaneously. In an evi-
dence-based report on the diagnosis and treatment of rhi-
nosinusitis,1 the Agency for Health Care Policy and Re-
search in the USA has stated that most patients with the
acute condition will recover without antibacterial therapy,
although they will recover faster if antibacterials are given.
However, a systematic review concluded that any treat-
ment effect of antibacterials was small.2 The Agency also
considered1 that the use of new antibacterials for treating
uncomplicated community-acquired acute bacterial rhi-
nosinusitis was not justified and that amoxicillin or folate
inhibitors were sufficiently effective. This view was sup-
ported by a meta-analysis.3 US guidelines for the manage-
ment of sinusitis in adults4 state that most cases will re-
solve without antibacterial treatment and recommend that
antibacterials should be reserved for those patients with
persistent moderate or severe symptoms. However, a later
meta-analysis5 considered that antibacterials could not be
justified, even in patients who reported symptoms for
longer than 7 to 10 days; the only reason for antibacterial
treatment was the presence of signs suggestive of a serious
complication (such as high fever, periorbital swelling, ery-
thema, or intense facial pain). Guidelines from the Ameri-
can Academy of Pediatrics for the management of sinusitis
in children6 recommend that antibacterials be given to
children clinically diagnosed with persistent or severe
acute bacterial sinusitis in order to achieve a more rapid
clinical cure. 
If antibacterials are considered necessary, treatment should
be given for an adequate length of time, usually 2 weeks.6-8

Topical decongestants may also be used to promote drain-
age and ventilation.7,8 The choice of antibacterial is similar
to that for acute otitis media (p.182). Effective antibacteri-
als include amoxicillin with or without clavulanic acid, ce-
furoxime, clarithromycin, clindamycin and azithromycin;6
the emergence of penicillin-resistant strains of H. influen-
zae, M. catarrhalis, and Str. pneumoniae is of concern.9
Co-trimoxazole or erythromycin with sulfafurazole have
also been used although pneumococcal resistance has been
reported to be substantial.6 Patients with evidence of se-
vere infections may need initial intravenous therapy with
vancomycin and ceftriaxone or cefotaxime.9 Tetracycline
or erythromycin are the most effective antibacterials
against Chlamydophila pneumoniae.10 
Failure to treat acute sinusitis that does not resolve sponta-
neously can result in chronic sinusitis or occasionally in
complications such as brain abscess or meningitis. Exacer-
bations of chronic sinusitis are treated as for acute infec-
tion. Management of chronic sinusitis is based on reducing
obstruction of the sinus cavity using antihistamines, de-
congestants, anti-inflammatory drugs (including cortico-
steroids), and saline washes as appropriate.7,11,12 The use-
fulness of antibacterials is more contentious,11 although
some clinicians advocate prolonged courses as part of ini-
tial treatment.7,12 As well as their established antibacterial
effect, it has been suggested that macrolides also have im-
munomodulatory effects that could be useful in the man-
agement of respiratory diseases including chronic sinusitis
but large placebo-controlled studies are needed. Surgical
intervention may be necessary if medical treatment fails.
1. Agency for Health Care Policy and Research. Diagnosis and

treatment of acute bacterial rhinosinusitis. Evidence Re-
port/Technology Assessment: Number 9, March 1999. Availa-
ble at: http://www.ahrq.gov/clinic/tp/sinustp.htm (accessed
21/05/04) 

2. Ahovuo-Saloranta A, et al. Antibiotics for acute maxillary si-
nusitis. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2008 (accessed
19/08/08). 

3. de Ferranti SD, et al. Are amoxycillin and folate inhibitors as
effective as other antibiotics for acute sinusitis? A meta-analy-
sis. BMJ 1998; 317: 632–7. 

4. Snow V, et al. Principles of appropriate antibiotic use for acute
sinusitis in adults. Ann Intern Med 2001; 134: 495–7. 

5. Young J, et al. Antibiotics for adults with clinically diagnosed
acute rhinosinusitis: a meta-analysis of individual patient data.
Lancet 2008; 371: 908–14. 

6. American Academy of Pediatrics: Subcommittee on Management
of Sinusitis and Committee on Quality Improvement. Clinical prac-
tice guideline: management of sinusitis. Pediatrics 2001; 108:
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Skin infections
Bacterial infections of the skin may result from invasion of
skin structures by endogenous skin flora or by exogenous
pathogenic organisms. They include the primary pyoder-
mas (for example, impetigo, folliculitis, furunculosis, ery-
sipelas, cellulitis, and ecthyma) and secondary infections
complicating pre-existing skin lesions, for example diabet-
ic or other chronic superficial skin ulcers, burns, bites and
stings (p.164), eczema, or may occur as opportunistic in-
fections after skin trauma in immunocompromised pa-
tients. 
The pyodermas are commonly caused by Staphylococcus
aureus or, less commonly, by beta-haemolytic streptococ-
ci. Skin ulcers and burns may typically be colonised by
Staph. aureus or Pseudomonas aeruginosa; chronic ulcers
and fungating tumours may also be colonised by anaer-
obes which can cause an offensive odour. 
Skin disorders of uncertain or mixed aetiology that are
treated with antibacterials include acne (p.1577) and rosa-
cea (p.1583). Systemic infections with cutaneous involve-
ment include anthrax (p.163), diphtheria (p.168), and myc-
etoma (p.180). 
Topical antibacterials and antiseptics may be useful for su-
perficial skin infections, but antibacterials should only be
used short term because of the risks of inducing bacterial
resistance and contact allergy. Topical use of antibacterials
that are of value systemically, such as gentamicin, is best
avoided, although fusidic acid is used topically in the UK.
Application of topical antibacterials to extensive areas of
damaged skin can result in systemic toxicity. 
Serious infections are treated systemically. Treatment of
skin infections is increasingly based on knowledge of the
likely infecting organisms and patterns of resistance; em-
pirical treatment with broad-spectrum antibacterials is
now discouraged in an attempt to minimise the emergence
of resistant organisms.1 For burns, however, control of in-
fection is important to reduce the risk of sepsis. Topical
application of sulfadiazine silver or mafenide acetate has
been used in addition to aggressive systemic antibacterial
therapy. 
Gram-positive pathogens, especially staphylococci and
beta-haemolytic streptococci, are commonly associated
with primary pyodermas. Staphylococcus aureus is impli-
cated in impetigo, cellulitis, folliculitis, furunculosis, and
occasionally erysipelas and necrotising fasciitis (p.180),
and may colonise burns. Staphylococcal scalded skin syn-
drome is a severe manifestation of bullous impetigo
caused by infection with strains of Staph. aureus produc-
ing exfoliative exotoxins. The term toxic epidermal
necrolysis is used to cover both this syndrome and a mor-
phologically identical syndrome due to various aetiolo-
gies. A syndrome resembling scarlet fever may also occur.
Staphylococcal infections are usually treated systemically
with a penicillinase-resistant penicillin or a first-genera-
tion cephalosporin.2 Erythromycin is an alternative for pa-
tients unable to tolerate penicillin. Multidrug-resistant sta-
phylococci are becoming increasingly common,
particularly in hospitals, and treatment alternatives for in-
fections with these organisms are discussed under Staphy-
lococcal Infections, p.195. Less severe infections in fol-
liculitis or furunculosis may respond to the application of
moist heat without the need for antibacterials. In patients at
risk of recurrent staphylococcal infections, nasal applica-
tion of chlorhexidine plus neomycin or mupirocin alone is
used to eliminate nasal carriage of staphylococci. 
Beta-haemolytic streptococci are also implicated in pyo-
dermas including impetigo, erysipelas, and cellulitis.
Necrotising fasciitis (p.180) may be caused by group A
streptococci. Streptococcal infections continue to respond
to phenoxymethylpenicillin or benzylpenicillin. Erythro-
mycin is an alternative in patients unable to tolerate peni-
cillins, but increasing resistance may be a problem;1 clin-
damycin may be effective in patients with aggressive

infections not responding to penicillin.3 Topical retapamu-
lin is licensed for the treatment of impetigo due to either
Staph. aureus or Str. pyogenes. For community-acquired
mixed infections associated with necrotising fasciitis a
combination of ampicillin-sulbactam, clindamycin, and
ciprofloxacin has been advocated.2 
Resistance is also emerging in Propionibacterium acnes;
strains resistant to erythromycin, clindamycin, and tetracy-
cline are reported to be common in patients after treatment
for acne.1 
Gram-negative bacteria are less frequently implicated in
skin infections, but Pseudomonas aeruginosa and Proteus
spp. can cause infections, especially if the skin is subjected
to damp conditions. These organisms produce proteolytic
enzymes that cause the resulting skin damage. Ps. aerugi-
nosa may colonise burns and skin ulcers. Pseudomonal in-
fections are treated with aminoglycosides and the anti-
pseudomonal penicillins. 
Anaerobic organisms may colonise wounds, particularly
chronic ulcers and fungating tumours. Topical metronida-
zole has been used to control the offensive odour caused
by these infections.
1. Espersen F. Resistance to antibiotics used in dermatological
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10.1086/497143 (accessed 06/08/08) 
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Spleen disorders
Splenectomised patients and those with hyposplenism as-
sociated with, for example, sickle-cell disease have im-
paired immunity and, like other immunocompromised pa-
tients (p.174), are at increased risk of infection. Children
are at special risk. Streptococcus pneumoniae is the com-
monest infecting bacterium and may cause severe over-
whelming infection that is rapid in onset and sometimes
fatal. Hence, prophylaxis with an oral penicillin such as
phenoxymethylpenicillin is advocated. Pneumococcal
vaccine is also used; the newer ones may be more effective
than earlier vaccines. Other organisms implicated include
Neisseria meningitidis, Haemophilus influenzae, and Es-
cherichia coli in splenectomised patients and Salmonella
in children with sickle-cell disease. More unusual organ-
isms include Capnocytophaga canimorsus (formerly
called DF-2) which may cause opportunistic infections in
splenectomised patients after animal bites. There may also
be an increased risk of falciparum malaria and babesiosis. 
• SPLENECTOMISED PATIENTS 

Guidelines for prophylaxis based on published evidence
and expert opinion have been published in a number of
countries including the UK.1 Immunisation with poly-
valent pneumococcal vaccine is recommended for all
asplenic patients and those with functional hyposplen-
ism. Haemophilus influenzae (Hib) vaccine is recom-
mended for all patients who have not previously re-
ceived this vaccine. Influenza vaccination should be
given. Meningococcal group C conjugate vaccine is rec-
ommended; however, the vaccine currently available
does not protect against the group B strain of N. menin-
gitidis causing the majority of infections in the UK. In
addition, patients travelling abroad should receive a
meningococcal vaccine which protects against group A
infections. Lifelong prophylaxis with a suitable antibac-
terial should be offered. Phenoxymethylpenicillin is
usually given, but amoxicillin may be preferred, partic-
ularly in adults, as it is better absorbed after oral doses
and has a broader spectrum of activity. Erythromycin is
a suitable alternative in those unable to tolerate penicil-
lins. On a practical level, compliance with lifelong
prophylaxis is difficult, but is particularly important in
patients with underlying immunodeficiency, in children
up to the age of 16 years, and for the first 2 years after
splenectomy. Patients should keep a supply of a suitable
antibacterial for immediate use should symptoms of in-
fection occur, and be instructed to seek medical advice
urgently. 

• SICKLE-CELL DISEASE 
Children with sickle-cell disease are particularly sus-
ceptible to severe pneumococcal infection which may
present as septicaemia, meningitis, or pneumonia. 
Penicillin prophylaxis is usually combined with early
immunisation with a polyvalent pneumococcal vaccine.

Phenoxymethylpenicillin 125 mg twice daily is effec-
tive in young children but amoxicillin may be preferred
in adults since it is better absorbed and has a broader
spectrum. There is evidence to suggest that, in children
who have received pneumococcal immunisation, there
is no benefit in continuing penicillin prophylaxis be-
yond the age of 5 years,2 although indefinite prophylax-
is has been recommended for those who have had a pre-
vious pneumococcal septic event.3 Fears that prolonged
prophylaxis could encourage the emergence of resistant
pneumococci have not been substantiated,4 although the
prevalence of beta-lactam-resistant pneumococci con-
tinues to increase. Neonatal screening for sickle-cell dis-
ease is advocated, but compliance with regular penicil-
lin prophylaxis may be poor and effective follow-up is
necessary if the full benefit of such screening is to be
achieved.5,6 Nevertheless, availability of penicillin in
the home, even if not taken regularly, means that it can
be readily used if febrile illness occurs.5 If children with
sickle-cell disease develop a febrile illness they are gen-
erally treated in hospital with intravenous antibacterials,
although outpatient management may often be possi-
ble.7
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Spotted fevers
Rickettsial infections of the spotted fever group are trans-
mitted to man by ticks and have also been called tick ty-
phus. They include Rocky Mountain spotted fever, due to
Rickettsia rickettsii and occurring especially in the USA;
boutonneuse or Mediterranean spotted fever, due to R.
conorii and occurring in Mediterranean countries includ-
ing the Middle East, Africa, and India; Queensland tick ty-
phus, due to R. australis and occurring in Australia; north
Asian tick typhus, due to R. sibirica and occurring in Sibe-
ria and Mongolia; and oriental spotted fever, due to R.
japonica and occurring in Japan. Rickettsialpox, due to R.
akari is transmitted from mice by mites and occurs in the
USA, Russia, and Africa. 
Spotted fevers are recognised increasingly as a cause of
febrile illness associated usually, but not always, with a
purpuric rash and are becoming an important cause of im-
ported fevers in non-endemic areas.1,2 Rocky Mountain
spotted fever has been one of the most severe of these fe-
vers, but others are potentially serious. A tetracycline, of-
ten doxycycline, or chloramphenicol is the treatment of
choice for all the spotted fevers. In Rocky Mountain spot-
ted fever, doxycycline 100 mg every 12 hours or chloram-
phenicol 500 mg every 6 hours for 5 to 10 days may be
used. Because tetracyclines are generally contra-indicated
in young children, chloramphenicol has been recommend-
ed for children with Rocky Mountain spotted fever under
the age of 9, but doxycycline is considered the treatment of
choice for this and other potentially life-threatening tick-
borne rickettsioses, even in young children.2 The risk of
tooth staining with a single short course of doxycycline is
considered negligible,2 and there is evidence that short
courses of tetracycline are effective in some of these dis-
eases.3 Relapses have occurred in patients with Mediterra-
nean spotted fever treated with chloramphenicol.4 Other
alternatives to tetracycline used in Mediterranean spotted
fever have included the macrolides azithromycin,2,5 clari-
thromycin,2,5 and erythromycin,6 or ciprofloxacin7 or ri-
fampicin. Erythromycin was effective, but less so than tet-
racycline, in children with Mediterranean spotted fever.6
Short 2-day courses of ciprofloxacin or doxycycline were
curative in adults whose disease was not severe, although
there was a more rapid response to doxycycline.7 A 5-day
course of ciprofloxacin has also been used successfully to
treat infection with R. australis.8 
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Rickettsialpox can be mistaken for chickenpox. However,
it will respond to tetracycline although patients have gen-
erally recovered without treatment.9
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Staphylococcal infections
Staphylococci are Gram-positive bacteria pathogenic to
man. Species may be differentiated by various methods,
including the coagulase test. Those species of clinical im-
portance are Staphylococcus aureus, which is usually co-
agulase-positive, and Staph. epidermidis and Staph. sapro-
phyticus, which are coagulase-negative. 
Staph. aureus colonises the skin and mucous membranes
naturally and many people, including neonates, may be
staphylococcal carriers from time to time. Localised Staph.
aureus infections may follow surgery or trauma and com-
monly result in abscess formation. Staphylococcal skin in-
fections include impetigo and furunculosis. Conditions as-
sociated with staphylococcal extracellular toxin
production include staphylococcal scalded skin syndrome,
toxic shock syndrome, and staphylococcal food poisoning.
Staphylococcal septicaemia is usually a consequence of
local infection and may sometimes be associated with in-
travascular or intraperitoneal catheters or with intravenous
drug abuse. Septicaemia often results in staphylococcal
endocarditis. Other possible complications of septicaemia
are pneumonia and bone and joint infections, although in
these cases aspiration or local trauma, respectively, may be
the cause. 
Staph. epidermidis is also a natural inhabitant of skin and
mucous membranes and an increasingly important noso-
comial pathogen. Many infections are hospital-acquired
and are often associated with indwelling catheters. There
has been an increased incidence of bacteraemia due to
Staph. epidermidis in neonatal units. 
Staph. saprophyticus is a common cause of urinary-tract
infections in young women. 
Staphylococci were sensitive to benzylpenicillin when it
was first introduced, but the majority of strains are now
resistant as a result of penicillinase production. Meticillin
and other penicillinase-resistant penicillins such as flu-
cloxacillin were developed because of their activity
against these resistant staphylococci. However, meticillin-
resistant staphylococci soon emerged. Both coagulase-
negative staphylococci and Staph. aureus resistant to met-
icillin are generally resistant to all beta lactams and often
exhibit multiple resistance to other antibacterials (see Met-
icillin, Antimicrobial Action, p.299). More studies have
been published on meticillin-resistant Staph. aureus (MR-
SA) than meticillin-resistant coagulase-negative staphylo-
cocci, but both types are a serious problem in hospitals
around the world. Resistant strains may be endemic to a
single hospital or may be epidemic causing outbreaks of
infection at more than one hospital. Colonisation of hospi-
tal staff and patients with meticillin-resistant staphylococci
is an important factor in the spread of these infections.
Current trends are towards health care at home rather than
in hospital and there are reports suggesting that MRSA is
becoming more prevalent in the community.1-5 
Guidelines for the control of MRSA are available in many
countries.6 In the UK, revised guidelines7 for the control of
MRSA in healthcare facilities were produced by a joint
working party of the British Society for Antimicrobial
Chemotherapy, the Hospital Infection Society, and the In-
fection Control Nurses Association in 2006. They advise
prompt isolation of infected or colonised patients, screen-
ing of patients and staff in contact with such patients, the
use of protective clothing, handwashing with an antiseptic
detergent, and the use by all patients of an antiseptic deter-

gent for washing and bathing. For eradication of nasal car-
riage they recommend mupirocin nasal ointment. Eradica-
tion at other colonised sites is more difficult: antiseptic
detergents may be used for skin and hair washing. A sys-
tematic review8 has concluded that there is insufficient ev-
idence to support the use of topical or systemic antimicro-
bial therapy for eradicating nasal or extra-nasal MRSA. 
Although ciprofloxacin may be used the emergence of
widespread resistance in meticillin-sensitive and meticil-
lin-resistant Staph. aureus limits its usefulness (see p.246).
Combination therapy may be helpful. Rifampicin is highly
active against MRSA, but it must always be used with an-
other drug to prevent the emergence of resistance. Combi-
nations of rifampicin with gentamicin, vancomycin, co-tri-
moxazole, fusidic acid, quinolones, or novobiocin have
been tried. Newer antibacterials such as daptomycin, line-
zolid, or quinupristin/dalfopristin may be effective and
may assume increasing importance. 
Isolated reports from around the world of MRSA with in-
termediate resistance or reduced susceptibility to vanco-
mycin initially emerged in the late 1990s,9-11 and in re-
sponse the CDC produced interim12 and later13 guidelines
for preventing the spread of vancomycin-intermediate
Staph. aureus (VISA) and vancomycin-resistant Staph.
aureus (VRSA). 
Staphylococcal vaccines have been used for the prophy-
laxis and treatment of staphylococcal infections. 
For the management of staphylococcal infections in gener-
al, see under the specific disease headings.
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Surgical infection
Infection is an important cause of postoperative surgical
morbidity and mortality and antimicrobial prophylaxis is
one of several strategies used to reduce the risk of infec-
tion. The value of infection prophylaxis is well established
in certain types of surgery, especially abdominal surgery
and where prostheses are implanted, although recommen-
dations as to the choice of antibacterial and the route, tim-
ing, and duration of treatment may vary. Surgical wounds
are classified as following clean, clean-contaminated (po-
tentially contaminated), contaminated, and dirty opera-
tions. Clean operations exclude those involving the gas-
trointestinal, genital, urinary, or respiratory tracts. Clean-
contaminated operations include those where the gastroin-
testinal, genital, urinary, or respiratory tracts are opened,
but without unusual contamination. Contaminated opera-
tions include those where there is acute inflammation or
spillage from a hollow viscus. Dirty operations include
those where there is pus, gangrene, or perforated viscera.
In addition, surgery to repair compound fractures and lac-
erations due to animal or human bites is considered dirty.
The use of antibacterials for the management of contami-
nated or dirty surgery is considered to be therapeutic rather

than prophylactic1,2 and should continue for several days
postoperatively.3 
Guidelines for the treatment of intra-abdominal infections
have been produced in the USA by the Surgical Infection
Society4 and by the Infectious Disease Society of Ameri-
ca.5 
ANTIMICROBIAL PROPHYLAXIS. Strictly speaking the term
‘prophylaxis’ should be confined to elective procedures
with no evidence of sepsis at the time of operation. If pos-
sible any pre-existing infections should be treated before
admission for surgery. For prophylaxis it is customary to
give antibacterials systemically as a single pre-operative
dose whereas more prolonged use is necessary when they
are given therapeutically. Antimicrobial prophylaxis is
used in clean-contaminated operations and in clean opera-
tions that involve the insertion of prosthetic materials or
when an infection, however unlikely, would be catastroph-
ic.1 
Contaminating organisms. The choice of prophylactic
antibacterial will be influenced by the likely contaminants
for a particular surgical procedure. The most frequently
isolated pathogens include Staphylococcus aureus, coagu-
lase-negative staphylococci, Enterococcus spp., and Es-
cherichia coli. Infections with antimicrobial-resistant
pathogens including Candida albicans and meticillin-re-
sistant Staph. aureus (MRSA) are increasing in some hos-
pitals.1 The most common source of infection is the endog-
enous flora of the patient’s skin, mucous membranes, or
viscera. Thus, aerobic Gram-positive organisms (for ex-
ample staphylococci) are common infecting organisms
when the source is the skin and mucous membranes, while
infections with enterococci, Gram-negative aerobes (for
example E. coli), and anaerobic bacteria (for example
Bacteroides fragilis) can arise from the gastrointestinal
tract. 
Route of administration. Systemic dosage, usually by the
intravenous route, is generally preferred. The chosen anti-
bacterial is usually given as a single dose intravenously
just before operation at the induction of anaesthesia. The
pharmacokinetic properties should be such that adequate
serum concentrations are maintained throughout the surgi-
cal procedure.1 Additional doses may be necessary when
surgery is prolonged, when there is massive blood loss, or
when an antibacterial with a short half-life is used. More
controversial routes have included topical or intra-inci-
sional use and peritoneal lavage. Giving non-absorbable
antibacterials orally to suppress the intestinal flora was tra-
ditional before large bowel surgery, and neomycin with
erythromycin is still given for this purpose in the USA. For
reference to selective digestive tract decontamination
(SDD), see under Intensive Care, p.175. Other dosage
forms include bone cement and chains of beads for im-
plantation, both containing gentamicin and used prophy-
lactically in orthopaedic surgery,6,7 and topical and some-
times subconjunctival antibacterials for ophthalmic
surgery.3 
Choice of antibacterial. The most commonly used anti-
bacterials are cephalosporins, aminoglycosides, and met-
ronidazole. In the UK, the BNF recommends that gen-
tamicin or cefuroxime is given before abdominal surgery;
before colorectal surgery or hysterectomy metronidazole
is given in addition, or amoxicillin with clavulanic acid
may be given alone; before endoscopic retrograde cholan-
giopancreatography gentamicin or ciprofloxacin may be
given; before transrectal prostate biopsy ciprofloxacin or
gentamicin is given with metronidazole, although for
transurethral resection ciprofloxacin, gentamicin, or ce-
furoxime may be given alone; and before joint replace-
ments, including the hip and knee, cefuroxime or flucloxa-
cillin is recommended. In the USA, cefazolin is commonly
given before surgery, except that involving the lower gas-
trointestinal tract, for which cefoxitin or cefotetan are used
to provide activity against anaerobes.1,2,8 Alternatively, ce-
fazolin may be given with metronidazole in colorectal sur-
gery.3 The choice of prophylaxis for patients unable to tol-
erate cephalosporins is less well established. Aztreonam
has been suggested as an alternative to cefazolin with the
addition of clindamycin or metronidazole if activity
against anaerobes is necessary.1 However, the use of aztre-
onam plus metronidazole may provide inadequate activity
against Gram-positive cocci.8 Another suggested alterna-
tive to cefazolin is vancomycin,3 but the routine use of
vancomycin should be avoided because of the risk of in-
ducing resistance.9 Vancomycin may be indicated for
high-risk procedures if MRSA infections are prevalent,9
and combination with aztreonam or an aminoglycoside
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has been suggested to provide activity against Gram-neg-
ative organisms.8 If vancomycin is used for prophylaxis,
no more than two doses should be given.9 Other alterna-
tives for colorectal procedures include an aminoglycoside
with either clindamycin or metronidazole.8 
The necessity for antibacterial prophylaxis in minimally
invasive procedures such as laparoscopy and endoscopy is
often not clear.10 US guidelines1,8 suggest that standard
prophylaxis should be used pending further evidence. 
Certain categories of patient continue to be at long-term
risk of infection after surgery and include splenectomised
patients who have impaired immunity and are at risk of
pneumococcal and other infections (see under Spleen Dis-
orders, p.194). Opinion is changing as to whether patients
at special risk of endocarditis require prophylaxis before
dental and surgical procedures (see Endocarditis, p.168).
Some have advocated prophylaxis in patients with joint
prostheses undergoing dental treatment,11 but a working
party for the British Society for Antimicrobial Chemother-
apy considers such prophylaxis to be unjustified.12
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Syphilis
See under Sexually Transmitted Diseases, p.192.

Tetanus
Clostridium tetani is a Gram-positive anaerobic spore-
forming bacillus present in soil and faeces. The toxin it
produces, tetanospasmin, causes tetanus or lockjaw, with
uncontrolled muscle spasm.1 Tetanus can be prevented by
active immunisation with tetanus vaccine or passive im-
munisation with tetanus immunoglobulin. Nowadays it
occurs mostly in developing countries and especially in
neonates. In developed countries immunity may be rela-
tively low in the elderly. 
In addition to the control of muscle spasm with drugs such
as diazepam (see p.1901 for the symptomatic treatment of
tetanus), treatment includes the use of tetanus immu-
noglobulin to neutralise any circulating toxin and the use
of antibacterials. Benzylpenicillin has traditionally been
used, with a tetracycline or metronidazole as possible al-
ternatives, but some now consider metronidazole to be
preferable to benzylpenicillin.2-4 
In rural developing countries where tetanus is common
and active immunisation little practised, pre-operative
metronidazole or penicillin might be used for patients un-
dergoing emergency operations who have not been immu-
nised against tetanus; the duration of antibacterial cover
depends on the contamination risk.5
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Tonsillitis
See under Pharyngitis, p.185.

Toxic shock syndrome
Toxic shock syndrome is an acute febrile illness associated
with multisystem failure and caused by a toxin, usually
toxic shock syndrome toxin-1 (TSST-1), produced by Sta-
phylococcus aureus.1,2 Bacteraemia has been reported to
be absent in most cases.3 In the early 1980s, toxic shock
syndrome was reported predominantly in menstruating
women using high-absorbency tampons, but it is now ap-
preciated that foci of staphylococcal infection such as sur-
gical wounds, burns, abscesses, and sinuses are often re-
sponsible;1,2 mortality may be higher in non-menstrual
than menstrual cases.4 Treatment of the acute phase re-
quires prevention of further production or absorption of
toxin by local measures such as removal of tampons or
packing, wound debridement, or drainage of abscesses;
elimination of the toxin-producing bacteria by antistaphy-
lococcal antibacterials given intravenously initially; fluid
replacement; and sometimes corticosteroids.1,2 Drotrec-
ogin alfa has also been tried.5 Continuing antibacterial
treatment for 10 days during the convalescent phase to re-
duce the risk of recurrence has been recommended.1 The
use of prophylactic antibacterial therapy has been suggest-
ed in burns patients,6 but this is controversial. 
Group A beta-haemolytic streptococci (Streptococcus py-
ogenes) have been associated with a similar toxin-related
syndrome.7,8 Benzylpenicillin is the treatment of choice9

but, since it may be difficult to exclude staphylococcal tox-
ic shock syndrome, an antistaphylococcal drug such as flu-
cloxacillin should also be given.9 Clinical improvement
has been reported with intravenous normal immunoglobu-
lins.10,11 
Toxic shock syndromes may be associated with necrotis-
ing fasciitis (see p.180).
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Trachoma
Trachoma1 results from chronic eye infection with certain
Chlamydia trachomatis serotypes and is endemic in parts
of Africa, the Middle East, and India where it is an impor-
tant cause of blindness. It is not a sexually transmitted dis-
ease, but is associated with poverty, poor sanitation, and
poor personal hygiene. The reservoir is chronic eye infec-
tion and transmission may be via fingers, fomites, and
flies. Inclusion conjunctivitis in infants (see under Neona-
tal Conjunctivitis, p.180) and in adults is associated with
sexually transmitted genital C. trachomatis infection and
can progress to trachoma when there is persistent or recur-
rent eye infection. 
Guidelines for trachoma control published by WHO in
1981 outlined topical or oral treatment with a tetracycline
or alternatively with erythromycin or a sulfonamide.2
However, topical chemotherapy for trachoma must be in-
tensive and prolonged, 6 weeks being the minimum rec-
ommended duration for continuous intensive treatment
with tetracycline 1% ophthalmic ointment. With less fre-
quent applications, the duration of treatment must be pro-
longed and may need to be extended to months or even
years. A single oral dose of azithromycin produces a sim-
ilar rate of resolution to conventional treatment with topi-
cal tetracycline for 6 weeks.3 Mass treatment of African
village communities with oral azithromycin once weekly
for 3 weeks has resulted in a lower incidence of trachoma
at follow-up after one year than a standard course of topi-

cal tetracycline.4,5 Azithromycin has therefore been
recommended6 as the treatment of choice for trachoma,
with combined oral and topical treatment with either a tet-
racycline or a sulfonamide as an alternative. 
The SAFE strategy (surgery, antibacterials, facial cleanli-
ness, and environmental improvements) is the cornerstone
of efforts by WHO7 and the International Trachoma Initi-
ative.8 The aim is to eliminate trachoma by 2020. Tetracy-
cline is still, however, the antibacterial treatment of choice
in those countries that are not yet part of the initiative pro-
gram and for patients in whom azithromycin is contra-in-
dicated.
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Trench fever
Trench fever is a louse-borne bacterial infection so named
because of its prevalence among soldiers in the First World
War. It is caused by Bartonella quintana (formerly Roch-
alimaea quintana) which was until recently classified as a
rickettsia. B. quintana and B. henselae have also been im-
plicated in bacillary angiomatosis, especially in immuno-
compromised patients, and B. henselae is considered to be
a cause of cat scratch disease (p.166). 
Reports from France1,2 and the USA3 of B. quintana
bacteraemia, sometimes with endocarditis, in the urban
poor prompted the suggestion that trench fever has re-
turned.4,5 Cases of trench fever in Marseilles have been
reported2 and might herald an increasing incidence as a re-
sult of migration from endemic areas, poverty, and louse
infestation. 
Treatment of trench fever has usually been with a tetracy-
cline such as doxycycline or with a macrolide such as
erythromycin. Other antibacterials, for example ceftriax-
one, were also used in cases of bacteraemia,3 but there was
limited follow-up and clear recommendations could not be
given. A review6 has suggested that gentamicin plus doxy-
cycline should be used in patients with trench fever or
chronic B. quintana bacteraemia. Similarly, optimal thera-
py for Bartonella endocarditis has not been identified;
however, it has been suggested that the usual treatment for
blood culture-negative endocarditis (a penicillin plus an
aminoglycoside) should be effective.7 Again, treatment
with gentamicin plus doxycycline has also been suggest-
ed.6
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Tuberculosis
Tuberculosis1 refers to disease caused primarily by Myco-
bacterium tuberculosis and occasionally by M. bovis or M.
africanum. Infection results from inhalation of infected
droplet nuclei. Primary infection is usually asymptomatic
and in more than 95% of immune competent individuals is
controlled by acquired (cell mediated) immunity. The im-
mune response, however, is unable to eradicate the tuber-
cle bacilli, and these bacilli may give rise to progressive
primary infection (if disease occurs within 2 years of initial
infection) or post-primary (reactivated) tuberculosis (if
disease occurs years to decades after initial infection).
Young children and immunocompromised patients are at
increased risk of developing active disease. The most com-
mon manifestation of tuberculosis is pulmonary disease,
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although almost any organ may be affected. Patients usu-
ally present with cough, fever, night sweats, and weight
loss. 
During recent years the incidence of tuberculosis in many
countries has increased in association with the increasing
prevalence of HIV infection. Supervised rifampicin-based
(short-course) therapy, using fixed-dose combination tab-
lets, is recommended by WHO to improve cure rates and
reduce the emergence of drug-resistant tuberculosis.2
WHO applies the term DOTS (Directly Observed Thera-
py – Short Course) to its tuberculosis control strategy,
which includes standards for diagnosis, supervised thera-
py, ensuring secure drug supplies, and regular evaluation
of the tuberculosis control programme. The feasibility of
implantable dosage forms has also been investigated. 
• First-line treatment. Multidrug treatment for 6 to 8
months is required to cure tuberculosis, reduce the risk of
relapse, and prevent the emergence of drug-resistant dis-
ease. Treatment regimens recommend an initial intensive
phase of 2 to 3 months that is aimed at achieving rapid spu-
tum conversion followed by a continuation phase of 4 to 6
months to eliminate residual bacilli and prevent relapse.
The choice of regimen depends on local patterns of drug
resistance and the availability of drugs, and are embodied
in national and regional treatment protocols in many coun-
tries including those in Europe,3 the UK,4 and USA.5
WHO recommended treatment regimens6,7 are based on
disease severity and history of previous tuberculosis treat-
ment. 
• New cases of pulmonary or extrapulmonary tuberculo-

sis are treated with an initial phase consisting of ri-
fampicin (R), isoniazid (H), pyrazinamide (Z), and
ethambutol (E) for 2 months, followed by a continuation
phase with rifampicin and isoniazid for 4 months, such
a regimen being described as: RHZE2/RH4. Rifampicin
may be substituted with ethambutol in the continuation
phase to reduce costs, although this regimen needs to be
given for a total of 8 months and is associated with an
increased risk of relapse (RHZE2/HE6). In tuberculous
meningitis ethambutol should be replaced with strepto-
mycin (S) (RHZS2) and a 6- to 10-month continuation
phase with rifampicin and isoniazid is often recom-
mended. Ethambutol may be omitted from the intensive
phase in patients with less severe forms of extrapulmo-
nary tuberculosis or with limited non-cavitary smear-
negative pulmonary tuberculosis if drug resistance has
been excluded or the risk of drug resistance is deemed to
be low (RHZ2/RH4). Cure rates of greater than 90% are
typically achieved in patients infected with drug-sus-
ceptible organisms who adhere to therapy. 

• In patients previously treated for tuberculosis, the ini-
tial treatment phase is rifampicin, isoniazid, pyrazina-
mide, and ethambutol given for 3 months with strepto-
mycin being added for the first 2 months. The
continuation phase includes 3 drugs (rifampicin, isoni-
azid, and ethambutol) and is extended to 5 months
(RHZES2/RHZE1/RHE5). Because it is relatively
cheap thioacetazone has been used in some countries
with limited resources but its use is strongly discour-
aged because of its weak antimycobacterial activity and
associated risk of fatal skin toxicity, particularly in HIV
patients. All first-line drugs can be given intermittently
(at double doses 3 times each week) as an alternative to
daily use. Patients who remain smear-positive at the end
of supervised short-course chemotherapy may have
drug-resistant tuberculosis and treatment usually re-
quires the introduction of second-line drugs (see below). 

First-line drugs such as isoniazid, rifampicin, and particu-
larly pyrazinamide may cause severe and possibly fatal
drug-induced hepatitis. Further details covering hepato-
toxicity and special precautions for use in patients with liv-
er disorders are given in the respective drug mono-
graphs—see, Isoniazid p.289; Rifampicin p.326; and
Pyrazinamide p.320. UK4 and US5 guidelines recommend
stopping all potentially hepatotoxic drugs if serum
transaminases rise to more than 5 times the upper limit of
normal or 3 times in the presence of symptoms of hepatitis
or elevated bilirubin. Cautious sequential re-introduction
of the same drugs (with or without pyrazinamide) after res-
olution of the biochemical abnormalities is often possi-
ble.4-6 Patients in whom therapy is interrupted may be giv-
en streptomycin, ethambutol, and/or a fluoroquinolone
until hepatotoxicity has resolved. 
Management of drug-resistant disease. The incidence of
drug resistance amongst M. tuberculosis strains has in-
creased over recent years typically in countries with poor

tuberculosis control programmes.8,9 Isoniazid and strepto-
mycin resistance are the most prevalent. Multidrug-resist-
ant tuberculosis (caused by strains resistant to both isoni-
azid and rifampicin) requires a combination of first- and
second-line drugs for at least 18 to 24 months (see be-
low).4,5,8 Drug-resistant tuberculosis is a reflection of poor
tuberculosis management, control, and unreliable drug
supply; it is difficult to treat, and not infrequently fatal,
particularly in HIV-infected patients. Whereas the WHO
DOTS programme may limit the development of multi-
drug-resistant tuberculosis, different strategies are re-
quired in areas where multidrug resistance is already es-
tablished. These have been formulated by the WHO in the
DOTS-plus strategy for countries with well functioning
tuberculosis control programmes.10 
Patients with multidrug-resistant tuberculosis and those
who relapse after completing the WHO standard treatment
regimens should receive a DOTS-plus regimen, which in-
cludes second-line antituberculous drugs. Drugs used in
the treatment of drug-resistant tuberculosis are generally
less effective and more toxic than standard therapy and
need to be taken daily. They include the aminoglycosides
(amikacin, capreomycin, and kanamycin), aminosali-
cylates, cycloserine, ethionamide, fluoroquinolones (cip-
rofloxacin, levofloxacin, and ofloxacin), protionamide,
and terizidone. The DOTS-plus regimen should consist of
at least 3 or 4 oral drugs plus an injectable aminoglycoside,
to which the patient has not been exposed and which do
not share cross-resistance with drugs given previously.
These drugs should be given under direct observation for
at least 6 months, and followed by a continuation phase of
12 to 18 months with at least 3 drugs.5,8 Cross-resistance
between rifampicin and rifabutin is common and rifabutin
is therefore not recommended as a second-line drug.
Cross-resistance among aminoglycosides is uncommon,
while cross-resistance is variable within the fluoroquinolo-
nes. Cross-resistance is complete between ethionamide
and protionamide, and between cycloserine and teriz-
idone. Where available, M. tuberculosis resistance testing
should be performed to guide the choice of therapy. Single
drugs should never be added to a failing regimen. 
Extensively drug-resistant tuberculosis (XDR-TB) is de-
fined as tuberculosis that is resistant to isoniazid and rif-
ampicin and also resistant to fluoroquinolones and at least
one of three injectable second-line drugs (amikacin, capre-
omycin, or kanamycin).11 XDR-TB can develop when the
second-line drugs are misused or mismanaged and by
early 2006 cases were being reported from every region in
the world.12 A report from the KwaZulu-Natal province of
South Africa highlighted the risk for rapid death in HIV-
infected persons with extensively-drug resistant tuberculo-
sis.13 In this local case series, all but one of 53 patients
died, and where the date of death could be confirmed the
median survival was 16 days from the time of diagnosis. 
• Children and infants can be treated with regimens sim-
ilar to adults but with appropriate dose adjustments for age
or body-weight.4-7 While ethambutol is not usually given
to young children because of the perceived difficulty in de-
tecting ocular toxicity (see p.274), a literature review14 on
its use in children found almost no ocular toxicity at daily
doses of 15 to 30 mg/kg and it was considered safe in chil-
dren of all ages. 
• Pregnancy, breast feeding, and the neonate. Tubercu-
losis, and especially drug-resistant tuberculosis, during
pregnancy poses a serious risk to the mother, fetus, and ne-
onate if not detected early and treated properly.15 The
WHO recommends that pregnant women with tuberculo-
sis are treated similarly to non-pregnant patients
(RHZE2/RH4 or RHZ2/RH4). Fluoroquinolones,
aminoglycosides, ethionamide, and protionamide are best
avoided. Liver enzymes and symptoms of drug-induced
hepatitis should be monitored.4,5,15 Most antituberculous
drugs may be used during breast feeding. Drug concentra-
tions in the breast milk are too low to prevent or treat tu-
berculosis in infants. In the UK it is recommended that ne-
onates of mothers with tuberculosis should receive
isoniazid for 3 months16 after which time the infant should
be re-evaluated. BCG vaccination is recommended by
WHO and in the UK when isoniazid is stopped.16 
• Co-infection with HIV increases the risk of patients de-
veloping both pulmonary and extrapulmonary tuberculo-
sis, and mortality is higher than in HIV-negative patients in
the absence of antiretroviral therapy. HIV patients (includ-
ing children) with tuberculosis have a similar response to
short-course chemotherapy as HIV-negative tuberculosis
patients and most can be treated with the standard 6-month

regimen (RHZE2/RH4).4,17-20 In children and patients
whose clinical or bacteriological response is slow, treat-
ment should be extended to a total of 9 months.18-20 Chil-
dren with extrapulmonary tuberculosis involving the
bones or CNS, or in those with miliary disease, should be
given treatment for a minimum of 12 months.18 Treatment
failures in HIV-infected patients have been associated with
reduced drug concentrations due to malabsorption of an-
timycobacterials.21 
Most clinicians would defer starting antiretroviral therapy
in HIV co-infected patients with CD4+ counts greater than
200/microlitre until the tuberculosis treatment has been
completed. Patients with more severe immunodeficiency
benefit from co-administration of HIV and tuberculosis
therapy. In these patients, tuberculosis therapy is started
first, and HIV treatment added once the patient tolerates
tuberculosis therapy, or after 2 months when tuberculosis
therapy is simplified. The use of rifamycin-based regi-
mens to treat tuberculosis is recommended as response
rates are better compared to non-rifamycin-based regi-
mens. However, drug interactions between rifamycins and
antiretrovirals complicate the co-administration of HIV
and tuberculosis treatment,19,20,22 and certain combina-
tions may require dose adjustment or be contra-indicated
(for details of the interactions of rifampicin and antiretro-
virals see p.327 and for those with rifabutin see p.324). It
is important to note that guideline recommendations are
based on pharmacokinetic studies, often performed in
healthy subjects, rather than on studies of treatment out-
come in patients. 
Directly observed therapy improves outcome and is rec-
ommended wherever possible. Due to the risk for acquired
rifamycin resistance highly intermittent (once or twice
weekly) tuberculosis regimens should not be used for co-
infected patients with CD4+ cell counts less than
100 cells/microlitre.18-20,22 All HIV and tuberculosis co-
infected patients should receive co-trimoxazole if CD4+
counts are below 200 cells/microlitre.23 Thioacetazone
should not be used in HIV-positive patients because of the
potential for severe skin toxicity. Paradoxical worsening of
tuberculosis symptoms is common in HIV-infected pa-
tients who start antiretroviral therapy24 and incidences of
up to 35% have been noted.22 
• Adjunctive therapy. The inflammatory response to tu-
berculosis can cause considerable tissue damage and ad-
junctive steroid therapy may be used to counter this. Cor-
ticosteroids are of little benefit in uncomplicated
pulmonary tuberculosis. However, a study25 found adjunc-
tive dexamethasone improved survival, but probably not
severe disability, in adolescents and adults with tubercu-
lous meningitis. Systematic reviews of tuberculous
pleurisy26 and pericarditis,27 have concluded that there is
insufficient evidence to support the use of corticosteroids
in these conditions. WHO17 suggests that corticosteroids
may be useful adjuvants to antituberculous therapy for the
management of tuberculous meningitis, pericarditis, pleu-
ral effusion, laryngitis, tuberculosis of the renal tract,
adrenocortical insufficiency due to adrenal gland tubercu-
losis, and massive lymph node enlargement in both HIV-
positive and -negative patients. Corticosteroids may also
be useful for hypersensitivity reactions to antituberculosis
drugs. For further details on the possible role of cortico-
steroids as an adjunct to antituberculous therapy, see
p.1514. 
Studies have suggested that injection of suspensions of
killed Mycobacterium vaccae improved immune respon-
siveness in patients with pulmonary tuberculosis, although
a systematic review28 concluded that M. vaccae immuno-
therapy was of no benefit. 
• Prevention. Studies have found that BCG vaccine offers
protection against serious forms of tuberculosis in chil-
dren, such as miliary and meningeal tuberculosis, but has
variable efficacy against pulmonary tuberculosis in adults.
In high prevalence areas, vaccination is recommended for
children at birth, except for children with HIV infection.
For further information on BCG vaccine see, p.2205. 
Tuberculosis skin testing may identify persons with latent
M. tuberculosis infection. Treatment of tuberculosis skin
test-positive persons (also referred to as preventative ther-
apy or chemoprophylaxis) reduces the risk of developing
(reactivation) tuberculosis. Treatment is beneficial in HIV-
infected patients, contacts of active cases, persons who
have recently become tuberculosis skin test positive, and
persons at high risk of disease. Chemoprophylaxis is not
recommended routinely in developing countries where the
priority is to detect and treat patients with active tubercu-
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losis.17,29 Latent tuberculosis has been treated with isoni-
azid or rifampicin given alone, or with rifampicin given
with either isoniazid or pyrazinamide. Daily isoniazid for
6 to 12 months reduces the risk of active tuberculosis by 60
to 90%1,30 and in HIV-infected, tuberculosis skin test-pos-
itive persons isoniazid for 6 months has also been shown
to provide short-term protection against tuberculosis.31

However, the combination of rifampicin and pyrazina-
mide has resulted in severe and fatal liver damage in HIV-
negative persons and is no longer recommended for tuber-
culosis prophylaxis.30,32,33 The American Thoracic Socie-
ty and the CDC,30,32 and NICE16 have issued detailed rec-
ommendations for treatment of latent tuberculosis
infection. Briefly, UK recommendations for HIV-negative
adults and children over 2 years old are for either isoniazid
alone for 6 months or isoniazid with rifampicin for 3
months; isoniazid alone for 6 months should be given to all
HIV-positive patients. In the USA either isoniazid alone
for 9 months (or 6 months in HIV-negative patients) or ri-
fampicin alone for 4 months is recommended.
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Tularaemia
Tularaemia is caused by the Gram-negative bacillus Fran-
cisella tularensis, an organism that primarily affects ro-
dents and rabbits but may be transmitted to man, usually
by handling infected animals or carcasses, or by the bites
of insect vectors. It may take several forms, the most com-
mon of which is the ulceroglandular form, characterised
by rash and ulceration at the site of inoculation accompa-
nied by fever and lymphadenopathy; other forms include
the typhoidal and pneumonic forms, which have a higher
mortality rate. There has been some concern about its po-
tential use as a biological weapon.1,2 
Streptomycin is still considered the antibacterial of choice
in severe disease, although gentamicin is an alternative.1,2

A tetracycline or chloramphenicol may be given orally;
clinical relapses are more frequent than with the aminogly-
cosides,1,2 although relapsed disease will respond to a fur-
ther course. Ciprofloxacin has also been used successful-
ly.1 Some patients have also responded to high-dose
intravenous erythromycin.3 
A tularaemia vaccine is available in some countries for ac-
tive immunisation against the disease.
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3. Westerman EL, McDonald J. Tularemia pneumonia mimicking

Legionnaires’ disease: isolation of organism on CYE agar and
successful treatment with erythromycin. South Med J 1983; 76:
1169–70.

Typhoid and paratyphoid fever
Typhoid and paratyphoid fever are systemic infections
caused respectively by Salmonella typhi and S. paratyphi
A, B, or C, Gram-negative bacteria belonging to the En-
terobacteriaceae family. They are sometimes termed col-
lectively ‘enteric fever’ but, although initial infection is in-
testinal, dissemination in the blood leads to more
widespread systemic effects. Typhoid and paratyphoid are
endemic in many countries and, in most, typhoid is more
common. Most cases occurring in the UK are contracted
abroad. 
Treatment of typhoid fever has traditionally been with
chloramphenicol or alternatively amoxicillin, ampicillin,
or co-trimoxazole.1 However, there has been a spread of
strains of S. typhi resistant to chloramphenicol, ampicillin,
amoxicillin, trimethoprim, and co-trimoxazole,2,3 espe-
cially in the Indian subcontinent, in the Middle East, and in
South and South-East Asia. Current recommendations

therefore emphasise the use of a fluoroquinolone such as
ciprofloxacin or ofloxacin for initial treatment of typhoid
fever.3,4 In strains that remain sensitive, chloramphenicol,
amoxicillin, or co-trimoxazole are alternatives, while in
multidrug-resistant strains a third-generation cepha-
losporin such as cefixime, cefotaxime, or ceftriaxone may
be given. The latter are also an alternative where fluoro-
quinolone resistance exists;3,4 this is an increasing prob-
lem, particularly in Asia, but most fluoroquinolone-resist-
ant strains seen in the UK retain their sensitivity to
cephalosporins, and to azithromycin, which is another al-
ternative.5 Combination regimens have been investigat-
ed,4 but a study in patients infected with strains showing
both multidrug resistance and reduced susceptibility to
fluoroquinolones found that azithromycin alone was pref-
erable to azithromycin plus ofloxacin.6 Interestingly, there
is some evidence that as fluoroquinolone resistance
spreads, sensitivity to some of the older drugs used to treat
the disease, such as chloramphenicol, may be returning.7,8 
Although fluoroquinolones are not generally indicated in
children because of potential toxicity, WHO considers that
their benefits in typhoid fever outweigh any putative risk.3
Azithromycin may also be given.3 In pregnancy a beta-
lactam such as ampicillin or one of the cephalosporins may
be preferable,3 although there are reports of the successful
use of fluoroquinolones. WHO also suggests that although
there is no evidence to suggest harm, azithromycin should
not be used in pregnant or nursing women if alternatives
are available.3 
Patients who develop mental changes should be evaluated
for meningitis; if typhoid meningitis is suspected, high-
dose intravenous dexamethasone should be given in addi-
tion to antibacterial treatment.3 
On recovery, typhoid patients may continue to excrete S.
typhi in the faeces or urine for several weeks. Unlike these
convalescent carriers, some 1 to 5% of patients become
chronic carriers3 who may excrete S. typhi for years with-
out any symptoms; eradication is difficult and prolonged
treatment is necessary. An increased risk of biliary-tract
and bile-related cancers has been associated with chronic
carriage of S. typhi, and the importance of eradication has
been emphasised.9 
Typhoid vaccines are used for the prevention of typhoid
fever. 
Paratyphoid fever is less common and generally milder
than typhoid fever. Treatment is similar.
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2. Rowe B, et al. Multidrug-resistant Salmonella typhi: a world-

wide epidemic. Clin Infect Dis 1997; 24 (suppl 1): S106–S109. 
3. WHO. Background document: the diagnosis, treatment and pre-

vention of typhoid fever (issued May 2003). Available at:
h t tp : / /www.who. in t /vacc ine_research/documents /en /
typhoid_diagnosis.pdf (accessed 06/08/08) 

4. Bhutta ZA. Current concepts in the diagnosis and treatment of
typhoid fever. BMJ 2006; 333: 78–82. 

5. Threlfall EJ, et al. Alternatives to ciprofloxacin use for enteric
fever, United Kingdom. Emerg Infect Dis 2008; 14: 860–1. 

6. Parry CM, et al. Randomized controlled comparison of
ofloxacin, azithromycin, and an ofloxacin-azithromycin combi-
nation for treatment of multidrug-resistant and nalidixic acid-re-
sistant typhoid fever. Antimicrob Agents Chemother 2007; 51:
819–25. 

7. Gogia A, et al. Quinolone-resistant typhoid fever. Indian J Med
Sci 2006; 60: 389–90. 

8. Chitnis S, et al. Ciprofloxacin therapy for typhoid fever needs
reconsideration. J Infect Chemother 2006; 12: 402–4. 

9. Caygill CPJ, et al. Cancer mortality in chronic typhoid and para-
typhoid carriers. Lancet 1994; 343: 83–4.

Typhus
Rickettsial infections or fevers of the typhus group are
transmitted to man by various insect vectors. Louse-borne
or epidemic typhus, due to Rickettsia prowazekii, and flea-
borne or murine typhus, due to the closely related R. typhi
(R. mooseri), have occurred worldwide. Scrub typhus is
due to Orientia tsutsugamushi (R. tsutsugamushi), trans-
mitted by mites, and occurs mainly in Asia, Australia, and
the Pacific Islands. 
A tetracycline, often doxycycline, or chloramphenicol is
the treatment of choice for these infections although
strains of O. tsutsugamushi resistant to doxycycline and
chloramphenicol have been reported in Thailand.1,2 Cipro-
floxacin may be an effective alternative,3 and rifampicin
has been shown to be more effective against scrub typhus
than doxycycline.4 Azithromycin is also effective.5 Prophy-
laxis for scrub typhus with doxycycline has shown prom-
ise when started before exposure to infection.6
1. Watt G, et al. Scrub typhus infections poorly responsive to anti-

biotics in northern Thailand. Lancet 1996; 348: 86–9. 
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Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2002 (accessed 16/05/05). 

3. Eaton M, et al. Ciprofloxacin treatment of typhus. JAMA 1989;
262: 772–3. 

4. Watt G, et al. Doxycycline and rifampicin for mild scrub-typhus
infections in northern Thailand: a randomised trial. Lancet 2000;
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5. Kim Y-S, et al. A comparative trial of a single dose of azithro-
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Clin Infect Dis 2004; 39: 1329–35. 
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Urethritis
Urethritis or urethral inflammation can result from infec-
tious or noninfectious conditions. Infectious urethritis is a
sexually transmitted disease seen most frequently in men.
The most common causes are Neisseria gonorrhoeae and
Chlamydia trachomatis (termed nongonococcal urethritis
or non-specific urethritis). Other organisms implicated
have included Mycoplasma genitalium and Ureaplasma
urealyticum. Gonococcal and chlamydial infections fre-
quently occur together and if a specific clinical diagnosis
cannot be made treatment for both infections should be
given together otherwise postgonococcal urethritis due to
C. trachomatis may follow the cure of gonorrhoea. For the
treatment of gonococcal urethritis see Gonorrhoea (p.191).
For general management of chlamydial infections see
p.166. 
Guidelines produced by WHO,1 by an expert group in the
UK,2 and by the CDC in the USA3 for the treatment of
urethritis are as follows: 
• WHO: for chlamydial urethritis: 

• oral doxycycline 100 mg twice daily for 7 days, or 
• a single oral dose of azithromycin 1 g 
alternative regimens for 7 days, are: 
• oral amoxicillin 500 mg three times daily 
• oral erythromycin 500 mg four times daily 
• oral ofloxacin 300 mg twice daily 
• oral tetracycline 500 mg four times daily 
Unless it can be excluded, patients should also be treated
concurrently for gonorrhoea (p.191) 

• UK: for nongonococcal urethritis: 
• a single oral dose of azithromycin 1 g, or 
• oral doxycycline 100 mg twice daily for 7 days 
alternative regimens are: 
• oral erythromycin 500 mg twice daily for 14 days 
• oral ofloxacin 400 mg daily in one single or two divided dos-

es for 7 days 
Persistent or recurrent nongonococcal urethritis should
be treated with: 
• oral azithromycin 500 mg to start then 250 mg daily for 4

days plus oral metronidazole 400 mg twice daily for 5 days 
• oral erythromycin 500 mg four times daily for 21 days plus

oral metronidazole 400 mg twice daily for 5 days 
• oral moxifloxacin 400 mg once daily for 10 days 

• USA: nongonococcal urethritis: 
• as for the UK 
alternative regimens for 7 days, are: 
• oral erythromycin 500 mg four times daily 
• oral erythromycin ethylsuccinate 800 mg four times daily 
• oral ofloxacin 300 mg twice daily 
• oral levofloxacin 500 mg once daily 
Persistent or recurrent nongonococcal urethritis should
be treated with: 
•  a single oral dose of either metronidazole 2 g or tinidazole

2 g plus oral azithromycin 1 g (if it was not used in the initial
treatment regimen) 

Sexual partners of patients with urethritis should be tested
and treated.2,3

1. WHO. Guidelines for the management of sexually transmitted
infec t ions .  Geneva:  WHO, 2003.  Also avai lable  a t :
http://whqlibdoc.who.int/publications/2003/9241546263.pdf
(accessed 23/03/07) 

2. Clinical Effectiveness Group (British Association for Sexual
Health and HIV - BASHH). National guideline on the manage-
ment of non-gonococcal urethritis (2007). Available at:
http://www.bashh.org/documents/89/89.pdf (accessed 19/08/08) 

3. CDC. Sexually transmitted diseases treatment guidelines 2006.
MMWR 2006; 55(RR-11): 1–94. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5511.pdf (accessed 23/03/07)

Urinary-tract infections
Infections of the urinary tract are especially common in
women. They are frequently due to enteric bacteria, in par-
ticular Escherichia coli, although a common cause in
young women is Staphylococcus saprophyticus, a coagu-
lase-negative staphylococcus. Other urinary pathogens in-
clude Staph. epidermidis, enterococci, and Pseudomonas
spp. An arbitrary definition of urinary-tract infection has

been significant bacteriuria with 105 or more colony form-
ing units/mL of a midstream urine specimen; some also
consider lower counts to be indicative of infection. Most
urinary-tract infections are isolated uncomplicated infec-
tions of the lower urinary tract. Recurrent infections may
be due to relapse, or more often, re-infection, and are more
serious. Patients with complicated urinary-tract infections
associated with urinary-tract abnormalities or diseases
such as diabetes mellitus may be at risk of kidney damage. 
Infections of the lower urinary tract in women generally
present as cystitis (inflammation of the bladder) and symp-
toms include dysuria, frequency, and urgency together
with pyuria and significant bacteriuria; the urethral syn-
drome is similar, but there is no significant bacteriuria. In
the upper urinary tract, acute pyelonephritis may occur as
a complication of cystitis or, more rarely, may result from
septicaemia. Asymptomatic bacteriuria may progress to
acute pyelonephritis in pregnant women and should there-
fore be treated. 
Urinary-tract infections in men are less common and are
often associated with abnormalities of the genito-urinary
tract such as prostatic hyperplasia. Acute bacterial prosta-
titis is usually caused by organisms similar to those re-
sponsible for cystitis in women. Chronic bacterial prosta-
titis is difficult to treat; the antibacterials used must be able
to penetrate into the prostatic fluid. For other genito-uri-
nary infections in men, see under Epididymitis, p.170, and
under Urethritis, above. 
In preschool children, especially girls, asymptomatic bac-
teriuria together with vesicoureteric reflux can result in re-
nal scarring and should be treated; the use of prophylactic
antibacterials is complex and controversial. Long-term
follow-up of girls who have had asymptomatic bacteriuria
suggests that new kidney damage does not occur after 4
years of age, but highlights the importance of diagnosis
and treatment in younger children. 
The significance of asymptomatic bacteriuria in old age is
disputed, but most consider treatment to be unnecessary. 
Infections associated with indwelling bladder catheters
occur in both men and women and probably account for
the majority of hospital-acquired urinary-tract infections. 
Treatment. Antibacterials used to treat urinary-tract infec-
tions need to be excreted in adequate concentrations in the
urine. For acute uncomplicated infections oral amoxicillin,
ampicillin, co-trimoxazole, nalidixic acid, nitrofurantoin,
or trimethoprim (preferred to co-trimoxazole in the UK)
have been given, although the choice will depend on local
patterns of bacterial resistance; E. coli resistant to ampicil-
lin and amoxicillin is widespread. Alternatives when re-
sistance is prevalent include amoxicillin with clavulanic
acid, oral cephalosporins, fluoroquinolones, or fosfomy-
cin. In pregnant women, nitrofurantoin or a beta lactam
can be used. Standard treatment schedules have been for 5
to 7 days; 3-day or single-dose regimens can also be effec-
tive and may be preferred in women. Single-dose treat-
ment may be associated with reduced efficacy compared
with 3-day regimens. Urinary alkalinising agents such as
potassium citrate and sodium citrate have been given by
mouth to relieve the pain of cystitis caused by lower uri-
nary-tract infections. Recurrent infections may require
long-term low-dose antibacterial prophylaxis. 
Acute pyelonephritis may require broad-spectrum
parenteral treatment initially with, for example, aztreon-
am, ceftazidime, cefuroxime, ciprofloxacin, or gen-
tamicin. 
Chronic bacterial prostatitis may require treatment for
several weeks with trimethoprim, erythromycin, or a fluo-
roquinolone. 
Catheter-related bladder infections may sometimes re-
spond to localised treatment with bladder washouts con-
taining chlorhexidine. 
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Whipple’s disease
Whipple’s disease is a rare chronic systemic condition as-
sociated with infection with Tropheryma whippelii.1-4 It
was once considered to be a disease predominantly involv-
ing the small intestine and resulting in malabsorption, but
may affect virtually all organs. There is probably CNS in-
volvement in all patients with Whipple’s disease, although
it may only be evident in 10 to 20%. Before the use of an-
tibacterial therapy the disease was invariably fatal. The
treatment generally recommended is either benzylpenicil-
lin (sometimes given as procaine benzylpenicillin) and
streptomycin, or ceftriaxone, parenterally for two weeks,
followed by co-trimoxazole orally for at least one
year.2,3,5,6 Such long-term treatment with co-trimoxazole,
a drug that crosses the blood-brain barrier, is advisable be-
cause of the relatively high frequency and seriousness of
CNS relapse. These relapses respond less well to antibac-
terial treatment; chloramphenicol has been used in those
not responding to the above regimen and a patient with
CNS relapse improved on ceftriaxone given intravenous-
ly.7 Further alternatives may be a tetracycline8 or cefixi-
me.6 A patient intolerant of co-trimoxazole was given phe-
noxymethylpenicillin and probenecid after the initial 14-
day course of benzylpenicillin and streptomycin.9 There
has also been a report of benefit in a penicillin-allergic pa-
tient treated with erythromycin.10 A combination of doxy-
cycline with hydroxychloroquine may be tried in patients
without neurological involvement.3
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Yaws
See under Syphilis, p.192.

Yersinia enteritis
See p.174.

Acediasulfone Sodium (rINN)

Acediasulfona sódica; Acédiasulfone Sodique; Acediasulfonnatri-
um; Acediasulfonum Natricum; Asediasulfoninatrium; Sodium
Diaphenylsulphonacetate. N-p-Sulphanilylphenylglycine sodium.
Ацедиасульфон Натрий
C14H13N2NaO4S = 328.3.
CAS — 127-60-6.

Profile
Acediasulfone sodium is reported to have antibacterial properties
and is an ingredient of preparations used topically in the treat-
ment of local infections of the ear.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Ciloprin cum Anaesthetico†; Fin.: Ciloprin
cum Anaesthetico†; India: Otogesic; Switz.: Ciloprin ca†.

Alatrofloxacin Mesilate (rINNM)

Alatrofloxacin Mesylate (USAN); Alatrofloxacine, Mésilate d’; Ala-
trofloxacini Mesilas; CP-116517-27; Mesilato de alatrofloxacino.
7-{(1R,5S,6s)-6-[(S)-2-((S)-2-Aminopropionamido)propionami-
do]-3-azabicyclo[3.1.0]hex-3-yl}-1-(2,4-difluorophenyl)-6-fluoro-
1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid mono-
methanesulphonate.
Алатрофлоксацина Мезилат
C26H25F3N6O5,CH3SO3H = 654.6.
CAS — 157182-32-6 (alatrofloxacin); 157605-25-9 (ala-
trofloxacin mesilate).

(alatrofloxacin)

Profile
Alatrofloxacin is a prodrug of the fluoroquinolone antibacterial
trovafloxacin (p.357) and has been used intravenously as the
mesilate in the treatment of susceptible infections. 
Alatrofloxacin and trovafloxacin preparations were withdrawn
worldwide after reports of unpredictable severe hepatic adverse
effects, including some fatalities.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Trovan†; USA: Trovan†.

Amikacin (BAN, rINN)

Amicacina; Amikacina; Amikacinas; Amikacine; Amikacinum;
Amikacyna; Amikasiini. 6-O-(3-Amino-3-deoxy-α-D-glucopyran-
osyl)-4-O-(6-amino-6-deoxy-α-D-glucopyranosyl)-N1-[(2S)-4-
amino-2-hydroxybutyryl]-2-deoxystreptamine.
Амикацин
C22H43N5O13 = 585.6.
CAS — 37517-28-5.
ATC — D06AX12; J01GB06; S01AA21.
ATC Vet — QD06AX12; QJ01GB06; QS01AA21.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Amikacin). An antimicrobial substance obtained
from kanamycin A. A white or almost white powder. Sparingly

soluble in water; practically insoluble in alcohol and in acetone;
slightly soluble in methyl alcohol. A 1% solution in water has a
pH of 9.5 to 11.5. 
USP 31 (Amikacin). A white crystalline powder. Sparingly sol-
uble in water. pH of a 1% solution in water is between 9.5 and
11.5. Store in airtight containers.

Amikacin Sulfate (USAN, rINNM)

Amikacin Sulphate (BANM); Amikacin-disulfát; Amikacine, sulfate
d’; Amikacini Disulfas; Amikacini sulfas; Amikacino sulfatas; Ami-
kacinsulfat; Amikacin-szulfát; Amikacyny siarczan; Amikasiinisul-
faatti; Amikasin Sülfat; BB-K8; Sulfato de amikacina.
Амикацина Сульфат
C22H43N5O13,2H2SO4 = 781.8.
CAS — 39831-55-5.
ATC — D06AX12; J01GB06; S01AA21.
ATC Vet — QD06AX12; QJ01GB06; QS01AA21.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Amikacin Sulphate). A white or almost white pow-
der. It loses not more than 13.0% of its weight on drying. Freely
soluble in water; practically insoluble in alcohol and in acetone.
The pH of a 1% solution in water is between 2.0 and 4.0. Store
in airtight containers. 
USP 31 (Amikacin Sulfate). Amikacin sulfate having a molar ra-
tio of amikacin to H2SO4 of 1:2 contains the equivalent of not
less than 674 micrograms and not more than 786 micrograms of
amikacin per mg, calculated on the dried basis. Amikacin sulfate
having a molar ratio of amikacin to H2SO4 of 1:1.8 contains the
equivalent of not less than 691 micrograms and not more than
806 micrograms of amikacin per mg, calculated on the dried ba-
sis. 
A white crystalline powder. Freely soluble in water. pH of a 1%
solution in water is between 2.0 and 4.0 (1:2 salt) and 6.0 to 7.3
(1:1.8 salt). Store in airtight containers.
Incompatibility. For discussion of the incompatibility of
aminoglycosides, including amikacin, with beta lactams, see un-
der Gentamicin Sulfate, p.282. Amikacin is also reported to be
incompatible with various other drugs. However, reports are con-
tradictory in many cases, and other factors, such as the strength
and composition of the vehicles used, may play a role.
Stability. Solutions may darken from colourless to pale yellow
but this does not indicate a loss of potency.

Adverse Effects, Treatment, and Precau-
tions
As for Gentamicin Sulfate, p.282. Peak plasma con-
centrations of amikacin greater than 30 to
35 micrograms/mL or trough concentrations greater
than 5 to 10 micrograms/mL should be avoided. Ami-
kacin affects auditory (cochlear) function to a greater
extent than gentamicin.
Effects on the eyes. A report of retinal damage after intravit-
real injection of amikacin.1
1. Jackson TL, Williamson TH. Amikacin retinal toxicity. Br J

Ophthalmol 1999; 83: 1199–1200.

Interactions
As for Gentamicin Sulfate, p.283.

Antimicrobial Action
As for Gentamicin Sulfate, p.283. Amikacin is active
against a similar range of organisms although it is also
reported to have some activity against Nocardia aster-
oides, Mycobacterium tuberculosis, and some atypical
mycobacterial strains. Amikacin is not degraded by
many of the common enzymes often responsible for
acquired aminoglycoside resistance. In consequence,
cross-resistance with gentamicin and other aminogly-
cosides is infrequent and amikacin may be effective
against strains resistant to other aminoglycosides.
However, resistant strains of Gram-negative bacteria
and staphylococci have been reported, and it is gener-
ally reserved for infections resistant to other aminogly-
cosides, although reports differ as to the extent and
speed of the development of amikacin resistance where
it has been widely used.
◊ References.
1. Ho YII, et al. In-vitro activities of aminoglycoside-aminocyclit-

ols against mycobacteria. J Antimicrob Chemother 1997; 40:
27–32.

Pharmacokinetics
As for Gentamicin Sulfate, p.284. 
On intramuscular injection, peak plasma-amikacin
concentrations of about 20 micrograms/mL are
achieved 1 hour after a 500-mg dose, reducing to about
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2 micrograms/mL 10 hours after injection. A plasma
concentration of 38 micrograms/mL has been reported
after the intravenous infusion of 500 mg over 30 min-
utes, reducing to 18 micrograms/mL 1 hour later. Ami-
kacin has been detected in body tissues and fluids after
injection; it crosses the placenta but does not readily
penetrate into the CSF, although substantial penetra-
tion of the blood-brain barrier has been reported in chil-
dren with meningitis. 
A plasma half-life of about 2 to 3 hours has been re-
ported in patients with normal renal function. Most of
a dose is excreted by glomerular filtration in the urine
within 24 hours.
◊ References.
1. Vanhaeverbeek M, et al. Pharmacokinetics of once-daily ami-

kacin in elderly patients. J Antimicrob Chemother 1993; 31:
185–7. 

2. Gaillard J-L, et al. Cerebrospinal fluid penetration of amikacin
in children with community-acquired bacterial meningitis. Anti-
microb Agents Chemother 1995; 39: 253–5. 

3. Bressolle F, et al. Population pharmacokinetics of amikacin in
critically ill patients. Antimicrob Agents Chemother 1996; 40:
1682–9. 

4. Canis F, et al. Pharmacokinetics and bronchial diffusion of sin-
gle daily dose amikacin in cystic fibrosis patients. J Antimicrob
Chemother 1997; 39: 431–3. 

5. Tod M, et al. Population pharmacokinetic study of amikacin ad-
ministered once or twice daily to febrile, severely neutropenic
adults. Antimicrob Agents Chemother 1998; 42: 849–56. 

6. Tréluyer JM, et al. Nonparametric population pharmacokinetic
analysis of amikacin in neonates, infants, and children. Antimi-
crob Agents Chemother 2002; 46: 1381–7.

Uses and Administration
Amikacin is a semisynthetic aminoglycoside antibiotic
derived from kanamycin and is used similarly to gen-
tamicin (p.284) in the treatment of severe Gram-nega-
tive and other infections. It is given as the sulfate, and
is generally reserved for the treatment of severe infec-
tions caused by susceptible bacteria that are resistant to
gentamicin and tobramycin. Amikacin has also been
given with antimycobacterials in the treatment of non-
tuberculous mycobacterial infections (p.181). As with
gentamicin, amikacin may be used with penicillins and
with cephalosporins; the injections should be given at
separate sites. 
Doses of amikacin sulfate are expressed in terms of
amikacin base; 1.3 g of amikacin sulfate is equivalent
to about 1 g of amikacin. Adults and children may be
given 15 mg/kg daily in equally divided doses every 8
or 12 hours by intramuscular injection. In life-threaten-
ing infections, the dose may be increased in adults up
to a maximum of 500 mg every 8 hours. A dose of
7.5 mg/kg daily in two divided doses (equivalent to
250 mg twice daily in adults) may be given for the
treatment of uncomplicated urinary-tract infections.
The same doses may be given by slow intravenous in-
jection over 2 to 3 minutes, or by intravenous infusion.
In adults, 500 mg in 100 to 200 mL of diluent has been
infused over 30 to 60 minutes; proportionately less
fluid should be given to children. 
Neonates may be given 10 mg/kg as a loading dose,
followed by 15 mg/kg daily in two divided doses. If
given by intravenous infusion, an infusion period of 1
to 2 hours is recommended. It has been suggested that
doses may need to be adjusted in preterm neonates. 
Treatment should preferably not continue for longer
than 7 to 10 days, and the total dose given to adults
should not exceed 15 g. Peak plasma concentrations
greater than 30 to 35 micrograms/mL or trough plasma
concentrations greater than 5 to 10 micrograms/mL
should be avoided. Dosage should be adjusted in all pa-
tients according to plasma-amikacin concentrations,
and this is particularly important where factors such as
age, renal impairment, or prolonged therapy may pre-
dispose to toxicity, or where there is a risk of subthera-
peutic concentrations. For discussion of the methods of
calculating aminoglycoside dosage requirements, see
Administration and Dosage, under Gentamicin, p.284.
As with some other aminoglycosides, once-daily dos-
age has been used successfully with amikacin without
increasing toxicity, but local guidelines should be con-
sulted (see also Once-daily Dosage, p.285). 

A 0.25% solution has been instilled into body cavities
in adults. 
A liposomal formulation of amikacin is under investi-
gation.
Preparations
BP 2008: Amikacin Injection; 
USP 31: Amikacin Sulfate Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Biklin; Greini; Riklinak; Austral.: Amikin; Austria: Biklin; Belg.:
Amukin; Braz.: Amicacil†; Amicalin†; Amicilon; Aminocina†; Bactomicin†;
Klebicil; Novamin; Canad.: Amikin†; Cz.: Amikin; Amikozit†; Miacin†; Fin.:
Biklin; Fr.: Amiklin†; Ger.: Biklin; Gr.: Amicagel†; Amicasil; Amikan; Biorisan;
Briklin; Cinegel; Durocin; Farcyclin; Flexelite; Fromentyl; Kancin-Gap; Lano-
mycin; Lifermycin; Likacin; Micalpha; Orlobin; Remikin; Rovericlin; Selaxa;
Uzix; Hong Kong: Amikin; Apalin; Selemycin†; Hung.: Amikin; Likacin; In-
dia: Amcin; Amicin; Amicip; Mikacin; Indon.: Alostil; Amikin; Mikasin; Irl.:
Amikin; Israel: Amikin†; Ital.: Amicasil; Amik; Amikan; BB-K8; Chemacin;
Dramigel; Likacin; Lukadin; Mediamik; Migracin; Mikan; Mikavir ; Nekacin;
Pierami; Malaysia: Amikin†; Selemycin†; Mex.: Agnicin; Akacin; Amicina;
Amikafur ; Amikalem; Amikasons; Amikavi; Amikayect; Amikin; Amiyec;
AMK; Baxi-K†; Beramikin; Biclin; Biokacin; Gamikal; Kafran; Kana; Karmikin;
Libamic; Lisobac; Mikazul; Oprad; Plokim; Sermicina; Yectamid; Neth.:
Amukin; NZ: Amikin; Philipp.: Amikacide; Amikin; Cidacid; Cinmik; Kamin;
Kormakin; Nica; Pol.: Amikin; Biodacyna; Port.: Amic; Biclin; Kamina; Rus.:
Amikozit (Амикозит); Selemycin (Селемицин); S.Afr.: Amikin; Kacinth-A;
Singapore: Amikin; Spain: Biclin; Kanbine; Swed.: Biklin; Switz.: Amikin;
Thai.: Akacin; Akicin; Amikasol†; Amikin; Anbikin; Siamik; Tipkin; Tybikin;
Turk.: Amiketem; Amiklin; Amikozit; Mikasin; UAE: Mikacin; UK: Amikin;
USA: Amikin; Venez.: Amikavax; Amikayect†; Behkacin; Biklin; Likacin.

Aminosalicylic Acid
Acidum Aminosalicylicum; Aminosalicílico, ácido; 4-Aminosalicyl-
ic Acid; Aminosalicylsyra; Aminosalisyylihappo; Aminosalylum;
Para-aminosalicylic Acid; PAS; Pasalicylum. 4-Amino-2-hydroxy-
benzoic acid.
Аминосалициловая Кислота
C7H7NO3 = 153.1.
CAS — 65-49-6.
ATC — J04AA01.
ATC Vet — QJ04AA01.

NOTE. Distinguish from 5-aminosalicylic acid (Mesalazine,
p.1745).
Pharmacopoeias. In US. 
USP 31 (Aminosalicylic Acid). A white or practically white,
bulky powder that darkens on exposure to light and air; it is
odourless or has a slight acetous odour. Slightly soluble in water
and in ether; soluble in alcohol; practically insoluble in benzene.
Under no circumstances should a solution be used if its colour is
darker than that of a freshly prepared solution. pH of a saturated
solution in water is between 3.0 to 3.7. Store in airtight containers
at a temperature not exceeding 30°. Protect from light.

Calcium Aminosalicylate
Aminosalicilato cálcico; Aminosalicylate calcium; Aminosalylcalci-
um; Aminosalylkalcium; Aminosalyylikalsium; Calcii Aminosalicy-
las; Calcii Para-aminosalicylas; Calcium PAS; Kalciumaminosali-
cylat; Kalsiumaminosalisylaatti. Calcium 4-amino-2-hydroxyben-
zoate trihydrate.
Аминосалицилат Кальция
(C7H6NO3)2Ca,3H2O = 398.4.
CAS — 133-15-3 (anhydrous calcium aminosalicylate).
ATC — J04AA03.
ATC Vet — QJ04AA03.
Pharmacopoeias. Jpn includes the heptahydrate.

Sodium Aminosalicylate
Aminosalicilato sódico; Aminosalicylan sodný dihydrát; Aminosal-
icylate Sodium; Aminosalylnatrium; Monosodium 4-Aminosali-
cylate Dihydrate; Natrii Aminosalicylas; Natrii aminosalicylas di-
hydricus; Natrii Paraaminosalicylas; Natrii Para-aminosalicylas;
Natrio aminosalicilatas dihidratas; Natriumaminosalicylat; Natriu-
maminosalicylatdihydrat; Natriumaminosalisylaatti; Natriumami-
nosalisylaattidihydraatti; Pasalicylum Solubile; Sodium (aminosali-
cylate de) dihydraté; Sodium Para-aminosalicylate; Sodium PAS;
Sodu aminosalicylan. Sodium 4-amino-2-hydroxybenzoate dihy-
drate.
Аминосалицилат Натрия
C7H6NNaO3,2H2O = 211.1.
CAS — 133-10-8 (anhydrous sodium aminosalicylate);
6018-19-5 (sodium aminosalicylate dihydrate).
ATC — J04AA02.
ATC Vet — QJ04AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Sodium Aminosalicylate Dihydrate). A slightly hy-
groscopic, white or almost white, crystalline powder, or white or
almost white crystals. Freely soluble in water; sparingly soluble
in alcohol, practically insoluble in dichloromethane. A 2% solu-
tion in water has a pH of 6.5 to 8.5. Store in airtight containers.
Protect from light. 
USP 31 (Aminosalicylate Sodium). A white to cream-coloured,
practically odourless crystalline powder. Soluble 1 in 2 of water;
sparingly soluble in alcohol; very slightly soluble in chloroform
and in ether. Its solutions decompose slowly and darken in col-
our. Prepare solutions within 24 hours of use. Under no circum-
stances should a solution be used if its colour is darker than that
of a freshly prepared solution. pH of a 2% solution in water is be-
tween 6.5 and 8.5. Store in airtight containers at a temperature
not exceeding 40°. Protect from light.

Stability. Aqueous solutions of aminosalicylates are unstable
and should be freshly prepared. 
Solutions of sodium aminosalicylate in sorbitol or syrup degrad-
ed more quickly to m-aminophenol than those in glycerol or pro-
pylene glycol.1 Colour developed in all solutions but was not
found to be an accurate indicator of decomposition of sodium
aminosalicylate as it reflected only oxidation of m-aminophenol.
1. Blake MI, et al. Effect of vehicle on the stability of sodium ami-

nosalicylate in liquid dosage forms. Am J Hosp Pharm 1973; 30:
441–3.

Adverse Effects and Treatment
Aminosalicylic acid and its salts may cause the adverse effects of
salicylates (see Aspirin, p.20). 
Gastrointestinal effects are common and include nausea, vomit-
ing, and diarrhoea; they may be reduced by giving doses with
food or with an antacid but occasionally may be severe enough
that therapy has to be withdrawn. Alteration of gastrointestinal
function may lead to malabsorption of vitamin B12, folate, and
lipids. 
Hypersensitivity reactions have been reported in 5 to 10% of
adults, usually during the first few weeks of treatment, and in-
clude fever, skin rashes; less commonly, arthralgia, lymphaden-
opathy, and hepatosplenomegaly may occur and, rarely, a syn-
drome resembling infectious mononucleosis. Other adverse
effects which have been attributed to a hypersensitivity reaction
to aminosalicylate include jaundice and encephalitis. Blood dis-
orders reported include haemolytic anaemia in patients with
G6PD deficiency, agranulocytosis, eosinophilia, leucopenia, and
thrombocytopenia. Psychosis may occasionally occur. Pro-
longed treatment may induce goitre and hypothyroidism. Crys-
talluria may occur.

Effects on the liver. Drug-induced hepatitis occurred in 0.32%
of 7492 patients receiving antituberculous drugs; aminosalicylic
acid was the most common cause.1
1. Rossouw JE, Saunders SJ. Hepatic complications of antitubercu-

lous therapy. Q J Med 1975; 44: 1–16.

Precautions
Aminosalicylic acid and its salts should be used with great care
in patients with hepatic or renal impairment and in patients with
gastric ulcer. They should be given with caution to patients with
G6PD deficiency. The sodium salt should be used with caution
in patients with heart failure. 
Aminosalicylates interfere with tests for glycosuria using copper
reagents and for urobilinogen using Ehrlich’s reagent.

Breast feeding. Small amounts of aminosalicylic acid are
present in breast milk. A maximum concentration of
1.1 microgram/mL has been reported in the breast milk of a lac-
tating woman 3 hours after a 4-g dose of aminosalicylic acid.1
1. Holdiness MR. Antituberculosis drugs and breast feeding. Arch

Intern Med 1984; 144: 1888.

Pregnancy. The use of aminosalicylic acid or its salts is not rec-
ommended in pregnant patients due to gastrointestinal intoler-
ance.1 In addition it has been noted that, a study published in
1964 suggested that first-trimester exposure may be associated
with congenital defects although other studies had not found sim-
ilar effects.2
1. Snider D. Pregnancy and tuberculosis. Chest 1984; 86: 10S–13S. 
2. Briggs GG, et al. Drugs in pregnancy and lactation. 7th ed. Phil-

adelphia: Lippincott Williams and Wilkins, 2005: 59.

Interactions
The adverse effects of aminosalicylates and salicylates may be
additive. Probenecid may also increase toxicity by delaying renal
excretion and enhancing plasma concentrations of aminosali-
cylate. The activity of aminosalicylic acid may be antagonised
by ester-type local anaesthetics such as procaine.

Antimicrobial Action
Aminosalicylic acid is bacteriostatic and is active against M. tu-
berculosis. Other mycobacteria are usually resistant. It has a rel-
atively weak action compared with other antituberculous drugs.
Resistance develops quickly if aminosalicylic acid is used alone.

◊ References.
1. Rengarajan J, et al. The folate pathway is a target for resistance

to the drug para-aminosalicylic acid (PAS) in mycobacteria. Mol
Microbiol 2004; 53: 275–82.
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Pharmacokinetics
When given orally, aminosalicylic acid and its salts are readily
absorbed, and peak plasma concentrations occur after about 1 to
4 hours. 
Aminosalicylate diffuses widely through body tissues and fluids,
although diffusion into the CSF occurs only if the meninges are
inflamed. About 15% of the sodium salt, and 50 to 70% of the
acid, is bound to plasma proteins. 
Aminosalicylate is metabolised in the intestine and liver prima-
rily by acetylation. Urinary excretion is rapid, and 80% or more
of a dose is excreted within 24 hours; 50% or more of the dose is
excreted as the acetylated metabolite. The half-life of aminosali-
cylic acid is about 1 hour. 
Aminosalicylate is distributed into breast milk (see under Pre-
cautions, above, for more details).

Uses and Administration
Aminosalicylic acid and its salts are second-line antimycobacte-
rials given orally in the treatment of multidrug-resistant tubercu-
losis (p.196). They should always be given with other antituber-
culous drugs. 
Aminosalicylic acid may be given as the acid or as the sodium
salt. Sodium aminosalicylate 1.38 g is equivalent to about 1 g of
aminosalicylic acid. However, a usual daily oral dose is 12 g in 3
divided doses and has been recommended for products contain-
ing the acid as well as for those containing the sodium salt. 
For details of doses in infants, children, and adolescents, see be-
low. 
Aminosalicylate sodium is also given rectally in the treatment of
ulcerative colitis in a usual dose of 2 g once daily. 
Attempts have been made in formulation to overcome the bulk
and exceedingly unpleasant taste of the aminosalicylates. The
salts appear to be better tolerated than the free acid and solutions
in iced water prepared immediately before use may be less un-
pleasant to take.

Administration. A small study suggested that giving ami-
nosalicylic acid in a dose of 4 g twice daily produced adequate
serum concentrations (well in excess of 1 microgram/mL, a typ-
ical MIC against Mycobacterium tuberculosis) for up to 12 hours
after each dose.1 The drug was taken with an acidic beverage
such as fruit juice to prevent early release in the stomach. A sin-
gle 4-g dose was not sufficient to maintain serum concentrations
for the full 24-hour dosage interval. The authors had subsequent-
ly changed their practice to use a twice-daily regimen for ami-
nosalicylic acid in patients with multidrug-resistant tuberculosis.
1. Peloquin CA, et al. Once-daily and twice-daily dosing of p-ami-

nosalicylic acid granules. Am J Respir Crit Care Med 1999; 159:
932–4.

Administration in children. For the treatment of drug-resist-
ant tuberculosis in infants, children, and adolescents the Ameri-
can Academy of Pediatrics (AAP) and WHO suggest an oral
dose of para-aminosalicylic acid 200 to 300 mg/kg 2 to 4 times
daily, to a maximum dose of 10 g daily.

Administration in renal impairment. It has been recom-
mended that aminosalicylic acid should be avoided in patients
with renal impairment.1 An increase in plasma clearance of ami-
nosalicylic acid (attributed to increased hepatic metabolism) has
been noted in patients with renal impairment, hence attempting
to give aminosalicylate in reduced doses to such patients may
lead to subtherapeutic serum concentrations.2
1. Appel GB, Neu HC. The nephrotoxicity of antimicrobial agents

(first of three parts). N Engl J Med 1977; 296: 663–70. 
2. Holdiness MR. Clinical pharmacokinetics of the antituberculosis

drugs. Clin Pharmacokinet 1984; 9: 511–44.

Inflammatory bowel disease. Together with corticosteroids,
derivatives of 5-aminosalicylic acid are one of the mainstays of
the treatment of inflammatory bowel disease (p.1697). However,
aminosalicylic acid (4-aminosalicylic acid) has also been inves-
tigated, and beneficial results have been reported with both
enemas1-4 and oral dose forms5 in ulcerative colitis. Three pa-
tients who developed acute pancreatitis while taking mesalazine
(5-aminosalicylic acid) for inflammatory bowel disease, later tol-
erated treatment with 4-aminosalicylic acid enemas.6
1. Campieri M, et al. 4-Aminosalicylic acid (4-ASA) and 5-ami-

nosalicylic acid (5-ASA) in topical treatment of ulcerative colitis
patients. Gastroenterology 1984; 86: 1039. 

2. Ginsberg AL, et al. Treatment of left-sided ulcerative colitis with
4-aminosalicylic acid enemas: a double-blind, placebo-control-
led trial. Ann Intern Med 1988; 108: 195–9. 

3. Sharma MP, Duphare HV. 4-Aminosalicylic acid enemas for ul-
cerative colitis. Lancet 1989; i: 450. 

4. O’Donnell LJD, et al. Double blind, controlled trial of 4-ami-
nosalicylic acid and prednisolone enemas in distal ulcerative col-
itis. Gut 1992; 33: 947–9. 

5. Beeken W, et al. Controlled trial of 4-ASA in ulcerative colitis.
Dig Dis Sci 1997; 42: 354–8. 

6. Daniel F, et al. Tolerance of 4-aminosalicylic acid enemas in pa-
tients with inflammatory bowel disease and 5-aminosalicylic-in-
duced acute pancreatitis. Inflamm Bowel Dis 2004; 10: 258–60.

Manganese toxicity. Intravenous aminosalicylic acid, given in
a course of 6 g daily for 4 days a week, for fifteen courses, pro-
duced significant benefit in a patient with parkinsonism induced
by chronic occupational manganese exposure.1 The patient re-

mained well on prolonged follow-up. Other cases of benefit had
been reported in the Chinese literature.
1. Jiang Y-M, et al. Effective treatment of manganese-induced oc-

cupational Parkinsonism with p-aminosalicylic acid: a case of
17-year follow-up study. J Occup Environ Med 2006; 48: 644–9.

Preparations
USP 31: Aminosalicylate Sodium Tablets; Aminosalicylic Acid Tablets.

Proprietary Preparations (details are given in Part 3)
Canad.: Nemasol†; Chile: Aflogol; Cz.: Quadrasa†; Fr.: Quadrasa; Ger.:
Pas-Fatol N; Ital.: Quadrasa†; Salf-Pas; Port.: Paramino-Corazida; Rus.:
Pask-Akri (Паск-Акри); Switz.: Perfusion de PAS†; Thai.: PAS Sodium;
Turk.: PAS; USA: Paser.

Multi-ingredient: India: Inapas.

Amoxicillin (BAN, rINN)

Amoksisilin; Amoksisilliini; Amoxicilina; Amoxicilline; Amoxicilli-
num; Amoxycillin. (6R)-6-[α-D-(4-Hydroxyphenyl)glycylami-
no]penicillanic acid.

Амоксициллин
C16H19N3O5S = 365.4.
CAS — 26787-78-0.
ATC — J01CA04.
ATC Vet — QG51AX01; QJ01CA04.

Amoxicillin Sodium (BANM, USAN, rINNM)

Amoksicilino natrio druska; Amoksisilin Sodyum; Amoksisilliini-
natrium; Amoksycylina sodowa; Amoxicilin sodná sůl; Amoxicili-
na sódica; Amoxicilline sodique; Amoxicillinnatrium; Amoxicillin-
nátrium; Amoxicillinum natricum; Amoxycillin Sodium; BRL-
2333AB-B; Natrii Amoxicillinum.

Натрий Амоксициллин
C16H18N3NaO5S = 387.4.
CAS — 34642-77-8.
ATC — J01CA04.
ATC Vet — QJ01CA04.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Amoxicillin Sodium). A white or almost white, very
hygroscopic powder. Very soluble in water; sparingly soluble in
dehydrated alcohol; very slightly soluble in acetone. A 10% so-
lution in water has a pH of 8.0 to 10.0. Store in airtight contain-
ers.

Amoxicillin Trihydrate (BANM, rINNM)

Amoksicilinas trihidratas; Amoksisilin Trihidrat; Amoksisilliinitrihy-
draatti; Amoksycylina trójwodna; Amoxicilin trihydrát; Amoxicili-
na trihidrato; Amoxicillin (USAN); Amoxicilline trihydratée; Amox-
icillin-trihidrát; Amoxicillintrihydrat; Amoxicillinum trihydricum;
Amoxycillin Trihydrate; BRL-2333.

Амоксициллин Тригидрат
C16H19N3O5S,3H2O = 419.4.
CAS — 61336-70-7.
ATC — J01CA04.
ATC Vet — QJ01CA04.

NOTE. Compounded preparations of amoxicillin may be repre-
sented by the following names: 
• Co-amoxiclav x/y (BAN)—amoxicillin (as the trihydrate or

the sodium salt) and potassium clavulanate; x and y are the
strengths in milligrams of amoxicillin and clavulanic acid re-
spectively 

• Co-amoxiclav (PEN)—amoxicillin trihydrate and potassium
clavulanate.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Amoxicillin Trihydrate). A white or almost white,
crystalline powder. Slightly soluble in water; very slightly solu-
ble in alcohol; practically insoluble in fatty oils. It dissolves in di-
lute acids and in dilute solutions of alkali hydroxides. A 0.2% so-
lution in water has a pH of 3.5 to 5.5. Store in airtight containers. 
USP 31 (Amoxicillin). A white, practically odourless crystalline
powder. Slightly soluble in water and in methyl alcohol; insolu-
ble in carbon tetrachloride, in chloroform, and in benzene. pH of
a 0.2% solution in water is between 3.5 and 6.0. Store in airtight
containers.

Adverse Effects and Precautions
As for Ampicillin, p.204. 
The incidence of diarrhoea is less with amoxicillin than
ampicillin. 
Hepatitis and cholestatic jaundice have been reported
with amoxicillin plus clavulanic acid; the clavulanic
acid component has been implicated. Erythema multi-
forme, Stevens-Johnson syndrome, toxic epidermal
necrolysis, and exfoliative dermatitis have also been at-
tributed occasionally to the use of amoxicillin with cla-
vulanic acid.
Breast feeding. Although amoxicillin is excreted in breast milk
in small amounts,1 the American Academy of Pediatrics consid-
ers that it is usually compatible with breast feeding.2
1. Kafetzis DA, et al. Passage of cephalosporins and amoxicillin

into the breast milk. Acta Paediatr Scand 1981; 70: 285–8. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 24/05/04)

Effects on the liver. Hepatitis and cholestatic jaundice associ-
ated with the combination amoxicillin with clavulanic acid (co-
amoxiclav) have been reported1-4 and by 1993 the UK CSM had
received 138 reports of hepatobiliary disorders, 3 of which were
fatal.5 It warned that, although usually reversible, the reaction of-
ten occurred after stopping therapy with a delay of up to 6 weeks.
It appeared that the clavulanic acid was probably responsible.
Retrospective analysis of cases reported in Australia6 and a co-
hort study in the UK7 found increasing age and prolonged treat-
ment to be major risk factors for jaundice after co-amoxiclav;
male sex is also a risk factor. By 1997 the CSM considered that
cholestatic jaundice occurred with a frequency of about 1 in 6000
adult patients and that the risk of acute liver injury was about 6
times greater with co-amoxiclav than with amoxicillin alone.
Therefore it recommended that co-amoxiclav should be reserved
for bacterial infections likely to be caused by amoxicillin-resist-
ant strains, and that treatment should not usually exceed 14
days.8
1. Stricker BHC, et al. Cholestatic hepatitis due to antibacterial

combination of amoxicillin and clavulanic acid (Augmentin).
Dig Dis Sci 1989; 34: 1576–80. 

2. Wong FS, et al. Augmentin-induced jaundice. Med J Aust 1991;
154: 698–701. 

3. Larrey D, et al. Hepatitis associated with amoxycillin-clavulanic
acid combination report of 15 cases. Gut 1992; 33: 368–71. 

4. Hebbard GS, et al. Augmentin-induced jaundice with a fatal out-
come. Med J Aust 1992; 156: 285–6. 

5. Committee on Safety of Medicines/Medicines Control Agency.
Cholestatic jaundice with co-amoxiclav. Current Problems
1993; 19: 2. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024454&
RevisionSelectionMethod=LatestReleased (accessed 28/07/08) 

6. Thomson JA, et al. Risk factors for the development of amoxy-
cillin-clavulanic acid associated jaundice. Med J Aust 1995; 162:
638–40. 

7. Rodríguez LAG, et al. Risk of acute liver injury associated with
the combination of amoxicillin and clavulanic acid. Arch Intern
Med 1996; 156: 1327–32. 

8. Committee on Safety of Medicines/Medicines Control Agency.
Revised indications for co-amoxiclav (Augmentin). Current
P ro b l e m s  1 9 9 7 ;  2 3 :  8 .  A l s o  a v a i l a b l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023230&RevisionSelectionMethod=
LatestReleased (accessed 11/07/06)

Effects on the teeth. A report of tooth discoloration in 3 chil-
dren associated with the use of amoxicillin with clavulanic acid.1
1. Garcia-López M, et al. Amoxycillin-clavulanic acid-related

tooth discoloration in children. Pediatrics 2001; 108: 819–20.

Sodium content. Each g of amoxicillin sodium contains about
2.6 mmol of sodium.

Interactions
As for Ampicillin, p.204.

Antimicrobial Action
As for Ampicillin, p.204. 
Amoxicillin has been reported to be more active in vit-
ro than ampicillin against Enterococcus faecalis, Heli-
cobacter pylori, and Salmonella spp., but less active
against Shigella spp. 
Amoxicillin is inactivated by beta lactamases and com-
plete cross-resistance has been reported between
amoxicillin and ampicillin. The spectrum of activity of
amoxicillin may be extended by use with a beta-lacta-
mase inhibitor such as clavulanic acid (p.250). As well
as reversing resistance to amoxicillin in beta-lacta-
mase-producing strains of species otherwise sensitive,
clavulanic acid has also been reported to enhance the
activity of amoxicillin against several species not gen-
erally considered sensitive. These have included
Bacteroides, Legionella, and Nocardia spp., Haemo-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

philus influenzae, Moraxella catarrhalis (Branhamella
catarrhalis), and Burkholderia pseudomallei (Pseu-
domonas pseudomallei). However, Ps. aeruginosa,
Serratia marcescens, and many other Gram-negative
bacteria remain resistant. Transferable resistance has
been reported in H. pylori.

Pharmacokinetics
Amoxicillin is resistant to inactivation by gastric acid.
It is more rapidly and more completely absorbed than
ampicillin when given orally. Peak plasma-amoxicillin
concentrations of about 5 micrograms/mL have been
observed 1 to 2 hours after a dose of 250 mg, with de-
tectable amounts present for up to 8 hours. Doubling
the dose can double the concentration. The presence of
food in the stomach does not appear to diminish the
total amount absorbed. 
Concentrations of amoxicillin after intramuscular in-
jection are similar to those achieved with oral doses. 
About 20% is bound to plasma proteins and plasma
half-lives of 1 to 1.5 hours have been reported. The
half-life may be prolonged in neonates, the elderly, and
patients with renal impairment; in severe renal impair-
ment the half-life may be 7 to 20 hours. Amoxicillin is
widely distributed at varying concentrations in body
tissues and fluids. It crosses the placenta; small
amounts are distributed into breast milk. Little amoxi-
cillin passes into the CSF unless the meninges are in-
flamed. 
Amoxicillin is metabolised to a limited extent to peni-
cilloic acid which is excreted in the urine. About 60%
of an oral dose of amoxicillin is excreted unchanged in
the urine in 6 hours by glomerular filtration and tubular
secre t ion.  Ur inary  concentra t ions  above
300 micrograms/mL have been reported after a dose of
250 mg. Probenecid reduces renal excretion. Amoxi-
cillin is removed by haemodialysis. High concentra-
tions have been reported in bile; some may be excreted
in the faeces. 
Amoxicillin with clavulanic acid. The pharmacokinet-
ics of amoxicillin and clavulanic acid are broadly sim-
ilar and neither appears to affect the other to any great
extent.

Uses and Administration
Amoxicillin is the 4-hydroxy analogue of ampicillin
(p.205) and is used similarly in susceptible infections.
These include actinomycosis, anthrax, biliary-tract in-
fections, bronchitis, endocarditis (particularly for
prophylaxis), gastro-enteritis (including salmonella en-
teritis, but not shigellosis), gonorrhoea, Lyme disease,
mouth infections, otitis media, pneumonia, spleen dis-
orders (pneumococcal infection prophylaxis), typhoid
and paratyphoid fever, and urinary-tract infections.
The beta-lactamase inhibitor clavulanic acid (p.250)
widens amoxicillin’s antimicrobial spectrum and a
combined preparation (co-amoxiclav) can be used
when resistance to amoxicillin is prevalent, for exam-
ple in respiratory-tract infections due to Haemophilus
influenzae or Moraxella catarrhalis (Branhamella ca-
tarrhalis), in the empirical treatment of animal bites, or
in melioidosis. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Amoxicillin is also given as part of treatment regimens
to eradicate Helicobacter pylori infection in patients
with peptic ulcer disease (p.1702). 
Administration and dosage. Amoxicillin is given oral-
ly as the trihydrate and by injection as the sodium salt.
Doses are expressed in terms of the equivalent amount
of amoxicillin; 1.06 g of amoxicillin sodium and
1.15 g of amoxicillin trihydrate are each equivalent to
about 1 g of amoxicillin. 
The usual oral dose is 250 to 500 mg every 8 hours, or
500 to 875 mg every 12 hours. Children up to 10 years
of age may be given 125 to 250 mg every 8 hours; for
those under 40 kg, a dose of 20 to 40 mg/kg daily in
divided doses every 8 hours, or 25 to 45 mg/kg daily in
divided doses every 12 hours, may be used; in infants

less than 3 months old, the maximum dose should be
30 mg/kg daily in divided doses every 12 hours. 
Higher oral doses of amoxicillin, either as a single dose
or in short courses, are used in some conditions. For
example, a dose of 3 g repeated once after 8 hours may
be used for dental abscesses. A 3-g dose may be given
for uncomplicated acute urinary-tract infections, and
repeated once after 10 to 12 hours. 
A high-dose regimen of 3 g twice daily may be used in
patients with severe or recurrent infections of the respi-
ratory tract. If necessary, children aged 3 to 10 years
with otitis media may be given 750 mg twice daily for
2 days. Amoxicillin has also been given as a single
dose of 3 g, with probenecid 1 g, in the treatment of
uncomplicated gonorrhoea in areas where gonococci
remain sensitive. 
For the prophylaxis of endocarditis in patients at risk,
amoxicillin 2 or 3 g is given about 1 hour before dental
procedures. 
For the eradication of H. pylori, amoxicillin is given
with either metronidazole or clarithromycin and a pro-
ton pump inhibitor; usual doses of amoxicillin are 0.75
or 1 g twice daily or 500 mg three times daily. 
An extended release formulation containing 775 mg of
amoxicillin as the trihydrate is available in the USA for
the treatment of tonsillitis and pharyngitis due to Strep-
tococcus pyogenes in patients aged 12 years or older. It
is given orally in a dose of 775 mg daily for 10 days. 
Amoxicillin is given by intramuscular or slow intrave-
nous injection in doses of 500 mg every 8 hours. In se-
vere infections, 1 g of amoxicillin may be given every
6 hours by slow intravenous injection over 3 to 4 min-
utes or by infusion over 30 to 60 minutes. Children up
to 10 years of age may be given 50 to 100 mg/kg daily
by injection in divided doses. 
Doses may need to be reduced in moderate to severe
renal impairment (see below). 
Amoxicillin with clavulanic acid. Amoxicillin com-
bined with clavulanic acid (co-amoxiclav) is given by
mouth in a ratio of amoxicillin (as the trihydrate) 2, 4,
7, or 14 parts to 1 part of clavulanic acid (as the potas-
sium salt), or intravenously in a ratio of 5 parts of
amoxicillin (as the sodium salt) to 1 part of clavulanic
acid (as the potassium salt). Doses of the combination,
calculated on amoxicillin content, are similar to those
for amoxicillin used alone.
◊ References.
1. Speller DCE, et al., eds. Clavulanate/β-lactam antibiotics: fur-

ther experience. J Antimicrob Chemother 1989; 24 (suppl B):
1–226. 

2. Todd PA, Benfield P. Amoxicillin/clavulanic acid: an update of
its antibacterial activity, pharmacokinetic properties and thera-
peutic use. Drugs 1990; 39: 264–307. 

3. Easton J, et al. Amoxicillin/clavulanic acid: a review of its use
in the management of paediatric patients with acute otitis media.
Drugs 2003; 63: 311–40. 

4. McCormack PL, Keating GM. Amoxicillin/clavulanic acid
2000mg/125mg extended release (XR): a review of its use in the
treatment of respiratory tract infections in adults. Drugs 2005;
65: 121–36.

Administration in renal impairment. Doses of amoxicillin
should be reduced in patients with moderate to severe renal im-
pairment according to creatinine clearance (CC): 
• CC 10 to 30 mL/minute: 250 to 500 mg every 12 hours 
• CC less than 10 mL/minute: 250 to 500 mg every 24 hours 
• haemodialysis patients: 250 to 500 mg every 24 hours and an

additional dose both during and after the dialysis session.

Preparations
BP 2008: Amoxicillin Capsules; Amoxicillin Injection; Amoxicillin Oral Sus-
pension; Co-amoxiclav Injection; Co-amoxiclav Tablets; 
USP 31: Amoxicillin and Clavulanate Potassium for Oral Suspension;
Amoxicillin and Clavulanate Potassium Tablets; Amoxicillin Capsules; Amox-
icillin for Oral Suspension; Amoxicillin Tablets; Amoxicillin Tablets for Oral
Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Abiotyl†; Almorsan; Amixen; Amox-G; Amoxi; Amoxibiot; Amoxicili-
na Duo†; Amoxicina; Amoxicler; Amoxidal; Amoxidal Duo; Amoxigrand;
Amoxipenil; Amoxipoten; Amoxitenk; Amoxol; Antiamox; Antibiocilina†;
Antiobiocilina†; Apracur Biotic†; Ardine†; Atrival†; Biotamoxal; Bioxilina;
Clofamox; Darzitil; Dunox; Fabamox; Flemoxon; Fullcilina; Fullcilina Duo†;
Grinsil; Grinsil Duo; Mixcilin; Moxitral; Nobactam; Optamox; Oximar; Plam-
ox; Telmox; Trifamox; Trifamox Duo; Xalotina†; Austral.: Alphamox; Amo-
hexal; Amoxil; Bgramin; Cilamox; Fisamox; Ibiamox; Maxamox; Moxacin;
Austria: Amoxal; Amoxihexal; Amoxilan; Amoxistad; Antibiostad; Clam-
oxyl; Eramox†; Ospamox; Supramox; Belg.: Amoxi†; Amoxypen; Bac-
timed; Clamoxyl; Docamoxici; Flemoxin; Hiconcil; Moxaline†; Moxitop; No-
vabritine; Braz.: Amoflux†; Amox; Amoxadene; Amoxi-Ped; Amoxibron;
Amoxicap†; Amoxicom†; Amoxidil; Amoxifar; Amoxil; Amoximed; Amoxi-

na†; Amoxipen†; Amoxitan; Amplal†; Amplamox†; Ariproxina†; Bimoxin†;
Camoxin†; Duzimicin†; Farmoxil; Flemoxon†; Hiconcil; Hincomox; Ibamox-
il†; Licilon; Lifamox†; Moxiplus; Nemoxil†; Neo Moxicilin; Novacil†; Novo-
cilin; Novoxil†; Ocylin; Penvicilin†; Pharmox; Polibac†; Polimoxil; Probenil;
Prodoxil; Respicilin†; Trimox; Ultramox†; Uni Amox; Velamox; Canad.:
Apo-Amoxi; Lin-Amox†; Novamoxin; Nu-Amoxi; Chile: Abiolex; Amobi-
otic; Amoval; Amoval Duo; Amoxipenil; Moxilanic; Optamox; Cz.: Amo-
clen; Amogal†; Amoxihexal; Apo-Amoxi†; Duomox; Gonoform†; Gru-
namox†; InfectoMox†; Ospamox; Denm.: Flemoxin; Imacillin; Imadrax;
Fin.: Amorion; Amoxin; Clamox†; Flemoxin†; Penalta†; Fr.: A-Gram; Amo-
dex; Bactox; Bristamox; Clamoxyl; Flemoxine†; Gramidil†; Hiconcil; Ger.:
Amagesan; Amc-Puren†; Amoxi; Amoxi-Diolan; Amoxi-Hefa; Amoxi-
Puren†; Amoxi-Tablinen; Amoxi-Wolff; Amoxibeta; Amoxidoc; Amoxihex-
al; Amoxillat†; Amoximerck; Amoxypen; Clamoxyl†; espa-moxin†; Flui-
Amoxicillin; InfectoMox; Jutamox; Phamoxi†; Sigamopen†; Gr.: Amospes†;
Amoxil; Aproxal; Flemoxin; Ospamox; Paradroxil†; Stevencillin; Triodanin†;
Hong Kong: Amolin; Amoxa†; Amoxapen; Apo-Amoxi; Aroxin; Betamox;
Edamox; Hamoxillin; Moxilen; Moxlin; Ospamox; Promox; Ranoxyl; Rei-
chamox; Unimox; Hung.: Clonamox; Duomox; Humamoxin†; Ospamox;
India: Amoxil; Amoxivan; Aristomox; Biomoxil; Damoxy†; Flemoxin; Gen-
mox; Hipen; Imox; Loxyn; Mokcan; Mox; Moxycarb; Novamox; Ronemox†;
Symoxyl; Indon.: Abdimox; Aclam; Amobiotic; Amosine; Amoxil; Amoxil-
lin; Amoxsan; Arcamox; Bellacid; Bintamox; Bioxyllin; Corsamox; Danoxilin;
Dexymox; Erphamoxy; Ethimox; Farmoxyl; Ikamoxyl; Intermoxil; Kalmoxil-
lin; Kimoxil; Lapimox; Leomoxyl; Medimox; Medocyl; Mestamox; Mexylin;
Mokbios; Moxlin; Moxtid; Nufamox; Opimox; Ospamox; Penmox; Primoxil;
Pritamox; Robamox; Scannoxyl; Silamox; Solpenox; Supramox; Topcillin; Vi-
bramox; Wiamox; Widecillin; Xiltrop; Irl.: Amoxil; Clonamox; Galena-
mox†; Geramox; Oramox; Pinamox; Israel: Amoxi; Hiconcil†; Moxypen;
Moxyvit; Ital.: Alfamox; Amocrin†; Amoflux; Amosol; Amox; Amoxillin;
Amoxina; Bradimox; Dodemox†; Erremox†; Genimox†; Hydramox; Ib-
iamox†; Isimoxin†; Majorpen†; Mopen; Moxiren; Neo-Ampiplus; Neotetra-
nase; Oralmox; Pamocil; Progemox†; Sievert; Simoxil†; Simplamox†; Sinto-
pen; Velamox; Zimox; Jpn: Pasetocin; Malaysia: Beamoxy; Moxacil†;
Moxilen; Moxipen†; Ospamox; Setmoxil†; Mex.: Acimox; Acroxil; Amecli-
na; Amicil; Amobay; Amoxifur; Amoxil; Amoxinovag; Amoxisol; Amoxivet;
Ampliron; Amsaxilina; AMX†; Ardine†; Armoxin; Betabiot; Bimoxan; Biovi-
cam; Brenoxil; Dimopen; Doxamil; Examolin; Flemoxon; Gimalxina; Grunic-
ina; Hidramox; Limoxin; Lorexil M; Lumox; Micro Mox; Mocimed; Moxiclina;
Moxlin; Penamox; Penticlox; Polymox; Prodomix; Servamox; Servamox-F;
Solciclina; Vandix; Xalyn-Or; Xiprocan†; Neth.: Amoxi; Amoxilag; Clam-
oxyl; Flemoxin; Norw.: Amoxillin; Imacillin; NZ: Alpha-Amoxi; Amoxil;
Apo-Amoxi; Flemoxin; Ibiamox; Ospamox; Philipp.: Amelox; Amoxil;
Amusa; Bactigent; Bradoxil; Cartrimox; Cilamox; Cilfam; Clearamox;
Daisamox; Eleomox; Essenmox; Gexcil; Globamox; Globapen; Himox;
Kramollex; Lewixin; Littmox; Maelenoxyl; Medimoxil; Medvox; Megamox;
Montramox; Moxillin; Moxiped; Neomox; Novamox; Pediamox; Penbiosyn;
Promox; Roddexil; Sumoxil; Syncloxil; Telsimox; Teramoxyl; Termox; Trexil;
Valmox; Vastamox; Vaxman; Westfimox; Yugoxil; Zerrsox; Zymoxyl; Pol.:
Amotaks; Apo-Amoxi; Duomox; Grunamox†; Hiconcil; Novamox; Os-
pamox; Port.: Amplamox; Bodisan†; Cipamox; Clamoxyl; Flemoxin; Mox-
adent; Moxipen†; Oraminax; Ospamox; Penamox†; Rus.: Amosin
(Амосин); Flemoxin (Флемоксин); Hiconcil (Хиконцил); Ospamox
(Оспамокс); S.Afr.: A-Lennon; Acucil; Amocillin; Amoxil; Amoxyfizz; Beta-
mox; C-Mox; Ipcamox; Maxcil; Moxan; Moxypen; Penmox†; Promoxil; Ran-
moxy; Spectramox; Xeracil; Zoxil; Singapore: Amoxa†; Amoxapen;
Amoxicap; Amoxigran; Amoxil; Apo-Amoxi; Aroxin; Moxilen; Moxipen;
Ospamox; Unimox; Spain: Actimoxi†; Agerpen; Amitron; Amoflamisan;
Amoxaren; Amoxi Gobens; Amoxibacter; Amoximedical†; Apamox; Ar-
dine; Blenox; Bolchipen†; Borbalan; Britamox; Brondix; Clamoxyl; Co
Amoxin; Dobriciclin; Edoxil†; Eupen; Flubiotic NF; Hosboral; Inexbron†;
Morgenxil†; Reloxyl†; Remisan; Salvapen; Tolodina†; Swed.: Amimox; Ima-
cillin; Switz.: amoxi-basan†; Amoxi-Cophar†; Amoxi-Mepha; Amoximex;
Antiotic†; Azilline; Clamoxyl; Escamox; Flemoxin†; Penimox†; Spectroxyl;
Supramox†; Thai.: Acticillin†; Amacin; Amox; Amoxa; Amoxcillin; Amoxi;
Amoxil; Amoxy; Amoxylin; Asiamox; Coamox†; Ibiamox; Kamoxin; Kenya-
Mox†; Manmox; Meixil; Milamox; Moxapen; Moxcil; Moxcin; Moxilcap†;
Moxilin; Moximed; Moxipan†; Moxitab; Pondnoxcill; Pulmoxyl; Rancil; Ran-
oxyl; Samox; Samoxin; Servamox; Sia-Mox; Sil-A-Mox†; TVMox; Unimox;
Turk.: Alfoxil; Amoksilav; Amoksilin; Amoksina; Amosin; Atoksilin; Demok-
sil; Largopen; Moksilin; Remoxil; Topramoxin; UAE: Julphamox; UK: Amix;
Amoram; Amoxident; Amoxil; Galenamox; Rimoxallin; USA: Amoxil; Dis-
perMox; Moxatag; Trimox; Venez.: Amitrexyl; Amofar; Amoxal; Amoxid-
uo; Amoxiga; Amoxilan; Amoxipen†; Amoxival; Amylin; Bactamox†; Fi-
bramox†; Flemoxon†; Ofamix†; Ospamox; Sentapen; Strimox; Sumopen;
Trimoxal.

Multi-ingredient: Arg.: Acemuk Biotic; Aclav; Albesine Biotic; Amixen
Clavulanico; Amixen Plus; Amoclav; Amox-G Bronquial; Amoxi Plus; Amoxi
Respiratorio†; Amoxidal Respiratorio; Amoxidal Respiratorio Duo; Amox-
igrand Bronquial; Amoxigrand Compuesto; Amoxipenil Bronquial; Amox-
itenk Plus; Amoxitenk Respiratorio†; Aseptobron Respiratorio; Bi Moxal; Bi
Moxal Duo; Bioclavid; Bioxilina Plus; Clavulox; Clavulox Duo; Cloximar Duo;
Darzitil Plus; Darzitil SB; Desinflam Biotic†; Dibional; Fluimucil Biotic†; Full-
cilina Plus†; Glifapen; Grinsil Clavulanico; Grinsil Respiratorio; Heliklar†;
Klonalmox; Lertus Biotic†; Muco Dosodos Biotic; No-Tos Biotic; Nobactam
Bronquial; Oximar Respiratorio; Rodinac Biotic; Trexirol NF†; Trifamox
Bronquial; Trifamox Bronquial Duo; Trifamox IBL; Austral.: Augmentin;
Ausclav†; Clamohexal; Clamoxyl; Clavulin; Curam; Klacid HP 7; Losec Hp 7;
Nexium Hp; Pylorid-KA; Somac-MA; Austria: Amoclan; Amoxicillin comp;
AmoxiClavulan; Amoxicomp; Amoxiplus; Amoxistad plus; Augmentin; Ben-
clav; Benomox; Betamoclav; Clavamox; Clavex; Clavolek; Clavoplus; Clavu-
lanex; CombAmox; Curam; Helicocin; Helipac; Lanoclav; Lekamoxiclav;
Oxyclav; Xiclav; Belg.: Amoclane; Augmentin; Clavucid; Co-Amoxi; Co-
Amoxilan†; Docamoclaf; Braz.: Anzopac†; Augmentin; Betaclav; Bronco-
Amoxil†; Bronco-Polimoxil; Clav-Air†; Clavoxil†; Clavulin; Erradic; H-Bacter;
Helicocid Triplice†; Helicopac; Heliklar; Novamox; Omepramix; Policlavu-
moxil; Pylorikit; Pyloripac; Pyloritrat; Sigma Clav; Sulbamox; Trifamox; Ca-
nad.: Apo-Amoxi Clav; Clavulin; Hp-Pac; Losec 1-2-3 A; Novo-Clavamox-
in; ratio-Aclavulanate; Chile: Ambilan; Ambilan Bid; Amolex; Augmentin;
Augmentin Bid; Clavinex; Clavinex Duo; Clavoxilina Bid; Sulbamox; Cz.:
Amoksiklav; Augmentin; Augmentin-Duo; Betaklav; Curam; Enhancin; For-
cid; Klamoxin†; Megamox; Denm.: Bioclavid; Spektramox; Fin.: Amoxin
Comp; Augmentin; Bioclavid; Clapharin Comp; Clavurion; Clavuxal; Forcid;
Helipak A; Helipak K; Losec Helira†; Spektramox†; Fr.: Augmentin; Ciblor;
Ger.: Abiclav; Amoclav; Amoxclav; Amoxi-Clavulan; Amoxi-saar plus;
Amoxicillin comp; Amoxiclav; Amoxidura Plus; Amoxillat-Clav†; Amuclan†;
Augmentan; Flanamox; ZacPac; Gr.: Augmentin; Bioclavid; Forcid; Frolicin;
Fugentin; Moxiclav; Tenervan; Hong Kong: Amoksiklav; Augmentin; Clam-
ovid; Curam; Fleming; Moxiclav; Quali-Mentin; Hung.: Aktil; Amoclan†;
Amoclav; Augmentin; Augmentin-Duo; Augmentin-Extra; Clavumox†; Co-
Amoxi; Curam; Enhancin; Forcid; India: ABClox; Amclo†; Augmentin; Bi-
cidal Plus; Biomoxil-LB; Boostim; Bromolin; Carbomox; Helipac; Hipenox;
Imox-Clo; Imox-Clo LB; LMX; Moxycarb-DT†; Novaclav; Novaclox; Nova-
clox LB; Novamox AX; Novamox LB; Nuclav; Rapiclav†; Respimox; Supri-
mox; Symbiotik; Symoxyl-LB; Indon.: Amocomb; Ancla; Augmentin; Aus-
pilic; Bellamox; Betaclav; Biditin; Capsinat; Clabat; Claneksi; Clavamox;
Comsikla; Danoclav; Daxet; Dexyclav; Improvox; Lansiclav; Nufaclav; Nuvo-



204   Antibacterials
clav; Prafamoc; Protamox; Surpas; Syneclav; Viaclav; Vulamox; Zumafen; Irl.:
Augmentin; Clavamel; Germentin; Pinaclav; Israel: Amoxiclav; Augmentin;
Clavamox; Ital.: Abba; Anival; Augmentin; Clavulin; Neoduplamox; Xi-
namod; Malaysia: Augmentin; Cavumox; Clamovid; Curam; Enhancin;
Klacid HP 7; Moxiclav; Vestaclav†; Mex.: Acarbixin; Acimox AC; Acimox-
Ex; Acroxil-C; Alvi-Tec; Ambrexin; Amobay CL; Amoxibron; Amoxiclav;
Amoxiclide; Apoclavox; Augmentin; Avuxilan; Biovicam Ex; Bolbamox†;
Bromel; Bromixen; Bromoxil; Broxolim-AM†; Brumax; Cibronal; Clambusil;
Clamoxin; Clavant; Clavucyd; Clavulin; Clavuser; Enhancin; Esteclin Bac; Fer-
lex; Gimabrol; Gramaxin; Hidramox-M; Loexom FC; Loexom FS; Lumox-
bron S; Maxint†; Megamox; Moxlin CLV; Mucovibrol Amoxi; Mucoxina;
Penamox M; Penbritin Ex; Pentibroxil; Pylopac; Ravotaf; Riclasip; Sekretovit
Amoxi; Septacin Amoxi; Sermoxol; Servamox CLV; Sinufin; Solcibrol; Toxol;
Trifamox IBL; Valclan; Vanmoxol; Neth.: Amoclan; Amuclan; Augmentin;
Bioclavid; Forcid; PantoPAC; Norw.: Bremide†; NZ: Alpha-Amoxyclav;
Augmentin; Klacid HP 7†; Losec Hp 7; Synermox; Philipp.: Amoclav; Aug-
mentin; Augmex; Augurcin; Bactiv; Bactoclav; Bioclavid; Clamovid; Claneksi;
Claventin; Clavoxel; Clovimax; Enhancin; Exten; Klavic; Natravox; OAC Hp7;
Proxiclav; Sullivan; Suplentin; Valmocel; Xilanic; Pol.: Amoksiklav; Augmen-
tin; Curam; Forcid; Ramoclav; Taromentin; Port.: Amoclavam; Amplamox
Plus; Augmentin; Betamox; Clavamox; Clavepen; Forcid; Noprilam; Penilan;
Rus.: Amoclan (Амоклан); Amoksiklav (Амоксиклав); Augmentin
(Аугментин); Flemoclav (Флемоклав); Medoclav (Медоклав); Panklav
(Панклав); Rapiclav (Рапиклав); Trifamox IBL (Трифамокс ИБЛ); S.Afr.:
Adco-Amoclav; Augmaxcil; Augmentin; Bio-Amoksiclav; Clamentin; Clavu-
mox; Co-Amoxyclav; Curam; Forcid; Hiconcil-NS; Losec 20 Triple†; Macro-
pen; Megapen; Moxyclav†; Ranclav; Rolab-Amoclav; Suprapen; Singapore:
Amocla; Augmentin; Augmex†; Clamonex; Clamovid; Curam; Enhancin; Fu-
gentin; Moxiclav; Spain: Amo Resan†; Amoclave; Amoxi Gobens Mucolit-
ico; Amoxyplus; Ardine Bronquial†; Ardineclav; Augmentine; Bigpen†;
Bronco Tonic; Burmicin; Clamoxyl Mucolitico; Clavepen; Clavucid; Clavu-
mox; Duonasa; Edoxil Mucolitico†; Eupeclanic†; Eupen Bronquial; Inmu-
pen†; Kelsopen; Pulmo Borbalan; Reloxyl Mucolitico†; Remisan Mucolitico;
Salvapen Mucolitico; Swed.: Bioclavid; Nexium Hp; Spektramox; Switz.:
Amicosol; Augmentin; Aziclav; Clavamox; clavu-basan†; Co-Amoxi; Co-
Amoxicilline; Thai.: Amocla; Amoksiklav; Augclav; Augmentin; Augpen; Ca-
vumox; Curam; Klamoks; Moxiclav; Moxicle; Pencla; Ranclav; Turk.: Amok-
lavin; Augmentin; Bioment; Croxilex; Helipak; Klamoks; Klavunat; Klavupen;
UAE: Julmentin; UK: Amiclav†; Augmentin; Augmentin-Duo; Heliclear†;
USA: Amoclan; Augmentin; Prevpac; Venez.: Augmentin; Augmentin Bid†;
Clavumox; Curam; Fulgram.

Ampicillin (BAN, USAN, rINN)

Aminobenzylpenicillin; Ampicilin; Ampicilina; Ampicilinas, bev-
andenis; Ampicillin, vattenfritt; Ampicilline; Ampicilline anhydre;
Ampicillinum; Ampicillinum anhydricum; Ampicylina bezwodna;
Ampisilin; Ampisilliini; Ampisilliini, vedetön; Anhydrous Ampicillin;
AY-6108; BRL-1341; NSC-528986; P-50; Vízmentes ampicillin.
(6R)-6-(α-D-Phenylglycylamino)penicillanic acid.
Ампициллин
C16H19N3O4S = 349.4.
CAS — 69-53-4.
ATC — J01CA01; S01AA19.
ATC Vet — QJ01CA01; QJ51CA01; QS01AA19.

NOTE. Compounded preparations of ampicillin may be represent-
ed by the following names: 
• Co-fluampicil (BAN)—flucloxacillin 1 part and ampicillin 1

part (w/w).
Pharmacopoeias. In Eur. (see p.vii), Jpn, and Viet. 
Int. and US permit anhydrous or the trihydrate. 
Ph. Eur. 6.2 (Ampicillin, Anhydrous; Ampicillin BP 2008). A
white or almost white, crystalline powder. It exhibits polymor-
phism. Sparingly soluble in water; practically insoluble in alco-
hol, in acetone, and in fatty oils. It dissolves in dilute solutions of
acids and of alkali hydroxides. A 0.25% solution in water has a
pH of 3.5 to 5.5. Store at a temperature not exceeding 30° in air-
tight containers. 
USP 31 (Ampicillin). It is anhydrous or contains three molecules
of water of hydration. A white, practically odourless crystalline
powder. Slightly soluble in water and in methyl alcohol; insolu-
ble in carbon tetrachloride, in chloroform, and in benzene. pH of
a 1% solution in water is between 3.5 and 6.0. Store in airtight
containers.

Ampicillin Sodium (BANM, USAN, rINNM)

Aminobenzylpenicillin Sodium; Ampicilin sodná sůl; Ampicilina
sódica; Ampicilino natrio druska; Ampicilline sodique; Ampicillin-
natrium; Ampicillin-nátrium; Ampicillinum natricum; Ampicylina
sodowa; Ampisilliininatrium; Natrii Ampicillinum; Sodyum Ampi-
silin.
Натрий Ампициллин
C16H18N3NaO4S = 371.4.
CAS — 69-52-3.
ATC — J01CA01; S01AA19.
ATC Vet — QJ01CA01; QS01AA19.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Ampicillin Sodium). A white or almost white hy-
groscopic powder. Freely soluble in water; sparingly soluble in
acetone; practically insoluble in liquid paraffin and in fatty oils.
A 10% solution in water has a pH of 8.0 to 10.0. Store in airtight
containers. 
USP 31 (Ampicillin Sodium). A white to off-white, odourless or
practically odourless, hygroscopic, crystalline powder. Very sol-
uble in water and in isotonic sodium chloride and glucose solu-
tions. pH of a solution in water containing the equivalent of amp-
icillin 1% is between 8.0 and 10.0. Store in airtight containers.

Incompatibility. The incompatibility of ampicillin sodium and
aminoglycosides is well established. Incompatibilities have also
been reported with a wide range of other drugs, including other
antibacterials, and appear to be more pronounced at higher con-
centrations and in solutions also containing glucose.

Stability. The stability of solutions of ampicillin sodium is de-
pendent on many factors including concentration, pH, tempera-
ture, and the nature of the vehicle. Stability decreases in the pres-
ence of glucose, fructose, invert sugar, dextrans, hetastarch,
sodium bicarbonate, and lactate. It is recommended that reconsti-
tuted solutions of ampicillin sodium for injection should be given
within 24 hours of preparation, and should be stored at 2° to 8°
but should not be frozen. Solutions for infusion are stable for var-
ying periods and details are given in licensed product informa-
tion. 
References.
1. Lynn B. The stability and administration of intravenous penicil-

lins. Br J Intraven Ther 1981; 2(Mar): 22–39.

Ampicillin Trihydrate (BANM, rINNM)

Ampicilin trihydrát; Ampicilina trihidrato; Ampicilinas trihidratas;
Ampicillin; Ampicilline trihydratée; Ampicillin-trihidrát; Ampicil-
lintrihydrat; Ampicillinum trihydricum; Ampicylina trójwodna;
Ampisilliinitrihydraatti.

Ампициллин Тригидрат
C16H19N3O4S,3H2O = 403.5.
CAS — 7177-48-2.
ATC — J01CA01; S01AA19.
ATC Vet — QJ01CA01; QS01AA19.

Pharmacopoeias. In Eur. (see p.vii) and Viet. In Chin. and Jpn
under the title Ampicillin. Int. and US permit anhydrous or the
trihydrate under the title Ampicillin. 
Ph. Eur. 6.2 (Ampicillin Trihydrate). A white or almost white,
crystalline powder. Slightly soluble in water; practically insolu-
ble in alcohol and in fatty oils. It dissolves in dilute solutions of
acids and of alkali hydroxides. A 0.25% solution in water has a
pH of 3.5 to 5.5. Store in airtight containers. 
USP 31 (Ampicillin). It is anhydrous or contains three molecules
of water of hydration. A white, practically odourless crystalline
powder. Slightly soluble in water and in methyl alcohol; insolu-
ble in carbon tetrachloride, in chloroform, and in benzene. pH of
a 1% solution in water is between 3.5 and 6.0. Store in airtight
containers.

Adverse Effects
As for Benzylpenicillin, p.213. 
Skin rashes are among the most common adverse ef-
fects and are generally either urticarial or maculopapu-
lar; the urticarial reactions are typical of penicillin hy-
persensitivity, while the erythematous maculopapular
eruptions are characteristic of ampicillin and amoxicil-
lin and often appear more than 7 days after commenc-
ing treatment. Such rashes may be due to hypersensi-
tivity to the beta-lactam moiety or to the amino group
in the side-chain, or to a toxic reaction. The occurrence
of a maculopapular rash during ampicillin use does not
necessarily preclude the subsequent use of other peni-
cillins. However, since it may be difficult in practice to
distinguish between hypersensitive and toxic respons-
es, skin testing for hypersensitivity may be advisable
before another penicillin is used in patients who have
had ampicillin rashes. Most patients with infectious
mononucleosis develop a maculopapular rash when
treated with ampicillin, and patients with other lym-
phoid disorders such as lymphatic leukaemia, and pos-
sibly those with HIV infection, also appear to be at
higher risk. More serious skin reactions may occur and
erythema multiforme associated with ampicillin has
occasionally been reported. 
Gastrointestinal adverse effects, particularly diarrhoea
and nausea and vomiting, occur quite often, usually af-
ter oral use. Pseudomembranous colitis has also been
reported.

Precautions
As for Benzylpenicillin, p.214. 
Ampicillin should be stopped if a skin rash occurs. It
should preferably not be given to patients with infec-
tious mononucleosis since they are especially suscepti-
ble to ampicillin-induced skin rashes; patients with
lymphatic leukaemia or possibly HIV infection may
also be at increased risk of developing skin rashes.
Myasthenia gravis. The symptoms of a woman with myasthe-
nia gravis were exacerbated when she was given ampicillin.1
1. Argov Z, et al. Ampicillin may aggravate clinical and experi-

mental myasthenia gravis. Arch Neurol 1986; 43: 255–6.

Sodium content. Each g of ampicillin sodium contains about
2.7 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.
Allopurinol. An increased frequency of skin rashes has been
reported in patients receiving ampicillin or amoxicillin, with al-
lopurinol, compared with those receiving the antibacterial
alone,1 but this could not be confirmed in a subsequent study.2
1. Jick H, Porter JB. Potentiation of ampicillin skin reactions by

allopurinol or hyperuricemia. J Clin Pharmacol 1981; 21:
456–8. 

2. Hoigné R, et al. Occurrence of exanthems in relation to ami-
nopenicillin preparations and allopurinol. N Engl J Med 1987;
316: 1217.

Chloroquine. The absorption of ampicillin has been reduced in
healthy subjects taking chloroquine.1
1. Ali HM. Reduced ampicillin bioavailability following oral coad-

ministration with chloroquine. J Antimicrob Chemother 1985;
15: 781–4.

Antimicrobial Action
Ampicillin is a beta-lactam antibiotic. It is bactericidal
and has a similar mode of action to that of benzylpeni-
cillin (p.214), but as an aminopenicillin with an amino
group side-chain attached to the basic penicillin struc-
ture, ampicillin is better able to penetrate the outer
membrane of some Gram-negative bacteria and has a
broader spectrum of activity. 
Spectrum of activity. Ampicillin resembles benzylpen-
icillin in its action against Gram-positive organisms,
including Streptococcus pneumoniae and other strepto-
cocci, but, with the possible exception of activity
against Enterococcus faecalis, it is slightly less potent
than benzylpenicillin. Listeria monocytogenes is high-
ly sensitive. The Gram-negative cocci Moraxella ca-
tarrhalis (Branhamella catarrhalis), Neisseria gonor-
rhoeae, and N. meningitidis are sensitive. Ampicillin is
more active than benzylpenicillin against some Gram-
negative bacilli, including Haemophilus influenzae
and Enterobacteriaceae such as Escherichia coli, Pro-
teus mirabilis, Salmonella and Shigella spp. It is inac-
tive against Pseudomonas aeruginosa. Ampicillin also
has activity similar to benzylpenicillin against other or-
ganisms including many anaerobes and Actinomyces
spp. 
Activity with other antimicrobials. There is synergy
against some beta-lactamase-producing organisms be-
tween ampicillin and beta-lactamase inhibitors such as
clavulanic acid or sulbactam, and also penicillinase-
stable drugs such as cloxacillin or flucloxacillin. Syn-
ergy has also been shown between ampicillin and
aminoglycosides against a range of organisms, includ-
ing enterococci. Variable effects ranging from synergy
to antagonism have been reported between ampicillin
and other beta lactams, bacteriostatic drugs such as
chloramphenicol, and rifampicin. 
Resistance. Like benzylpenicillin, ampicillin is inacti-
vated by beta lactamases, although other mechanisms
may be responsible for resistance in some species.
There are geographical variations in the incidence of
resistance, but most staphylococci and many strains of
E. coli, H. influenzae, M. catarrhalis, N. gonorrhoeae,
and Salmonella and Shigella spp. are resistant.

Pharmacokinetics
Ampicillin is relatively resistant to inactivation by gas-
tric acid and is moderately well absorbed from the gas-
trointestinal tract after oral doses. Food can interfere
with the absorption of ampicillin so doses should pref-
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erably be taken at least 30 minutes before meals. Peak
concentrations in plasma are attained in about 1 to 2
hours and after a 500-mg oral dose are reported to
range from 3 to 6 micrograms/mL. 

Peak plasma concentrations of ampicillin after a 500-
mg intramuscular dose given as the sodium salt occur
within about 1 hour and are reported to range from 7 to
14 micrograms/mL. 

Ampicillin is widely distributed and therapeutic con-
centrations can be achieved in ascitic, pleural, and joint
fluids. It crosses the placenta and small amounts are
distributed into breast milk. There is little diffusion into
the CSF except when the meninges are inflamed.
About 20% is bound to plasma proteins and the plasma
half-life is about 1 to 1.5 hours, but this may be in-
creased in neonates, the elderly, and patients with renal
impairment; in severe renal impairment half-lives of 7
to 20 hours have been reported. 

Ampicillin is metabolised to some extent to penicilloic
acid which is excreted in the urine. 

Renal clearance of ampicillin occurs partly by glomer-
ular filtration and partly by tubular secretion; it is re-
duced by probenecid. About 20 to 40% of an oral dose
may be excreted unchanged in the urine in 6 hours; uri-
nary concentrations have ranged from 0.25 to
1 mg/mL after a dose of 500 mg. After parenteral use
about 60 to 80% is excreted in the urine within 6 hours.
Ampicillin is removed by haemodialysis. High con-
centrations are reached in bile; it undergoes enterohe-
patic recycling and some is excreted in the faeces. 

Ampicillin with sulbactam. The pharmacokinetics of
ampicillin and sulbactam are broadly similar and nei-
ther appears to affect the other to any great extent.

Uses and Administration
Ampicillin is used in the treatment of a variety of infec-
tions due to susceptible organisms (see Antimicrobial
Action, above). They include biliary-tract infections,
bronchitis, endocarditis, gastro-enteritis (including sal-
monella enteritis and shigellosis), gonorrhoea, listerio-
sis, meningitis, perinatal streptococcal infections (in-
trapartum prophylaxis against group B streptococci),
peritonitis, pneumonia, septicaemia, typhoid and para-
typhoid fever, and urinary-tract infections. Resistance
to ampicillin is increasingly a problem in some infec-
tions, for example, gonorrhoea, pneumococcal infec-
tions, respiratory-tract infections due to Haemophilus
influenzae or Moraxella catarrhalis (Branhamella ca-
tarrhalis), Salmonella infections, shigellosis, and in-
fections due to Escherichia coli. For details of these in-
fections and their treatment, see under Choice of
Antibacterial, p.162. If beta-lactamase-producing or-
ganisms are present, ampicillin can be given with a
beta-lactamase inhibitor such as sulbactam (see below)
or a penicillinase-resistant drug such as cloxacillin, di-
cloxacillin, or flucloxacillin (known as co-fluampicil).
It may also be used with an aminoglycoside to increase
the spectrum of organisms covered; it is advisable to
give the injections separately. 

Administration and dosage. The dosage of ampicillin
will depend on the severity of the disease, the age of the
patient, and renal function. Ampicillin is usually given
orally as the trihydrate and by injection as the sodium
salt. Doses are expressed in terms of the equivalent
amount of ampicillin; 1.06 g of ampicillin sodium and
1.15 g of ampicillin trihydrate are each equivalent to
about 1 g of ampicillin. 

The usual adult oral dose is 0.25 to 1 g every 6 hours
taken at least 30 minutes before or 2 hours after food.
Children may be given half the adult dose. The usual
adult dose by injection is 500 mg every 4 to 6 hours
intramuscularly or by slow intravenous injection over

3 to 5 minutes or by infusion. Again, children may be
given half the adult dose. 

For urinary-tract infections, ampicillin 500 mg is given
orally every 8 hours. 

For typhoid and paratyphoid fever where Salmonella
typhi strains remain sensitive to ampicillin, an oral
dose of 1 to 2 g may be given every 6 hours for 2 weeks
for acute infections, and for 4 to 12 weeks in carriers.
An intramuscular dose of 10 mg/kg (maximum dose
250 mg) every 6 hours for 4 to 6 weeks has been sug-
gested for children who are chronic carriers. 

Ampicillin 2 g given with probenecid 1 g, as a single
oral dose, has been used in the treatment of uncompli-
cated gonorrhoea in areas where gonococci remain
sensitive; repeated doses are recommended in females. 

In meningitis, higher parenteral doses of 2 to 3 g given
intravenously every 4 or 6 hours have been suggested.
For infants and children with meningitis, an intrave-
nous dose of 150 mg/kg daily in divided doses may be
given; a dose of 50 mg/kg (maximum 3 g) every 4 to 6
hours has also been suggested. Neonates may be given
a dose of 50 mg/kg every 12 hours for those under 1
week of age, or every 8 hours for older neonates. 

For intrapartum prophylaxis against group B strepto-
coccal infection in the neonate, a maternal dose of 2 g
by intravenous injection initially then 1 g every 4 hours
until delivery has been suggested. 

Ampicillin may also be given by other routes, usually
as a supplement to systemic therapy. Intraperitoneal or
intrapleural injections are given in a dose of 500 mg
daily dissolved in 5 to 10 mL of water. For intra-artic-
ular injection, ampicillin 500 mg daily is given dis-
solved in up to 5 mL of water or a solution of procaine
hydrochloride 0.5%. 

Ampicillin benzathine has also been given by intra-
muscular injection. 

Ampicillin with sulbactam. The sodium salts of ampi-
cillin and sulbactam (p.335) may be given intramuscu-
larly or intravenously in the treatment of infections due
to beta-lactamase-producing organisms. Doses are ex-
pressed in terms of the equivalent amounts of ampicil-
lin and sulbactam; available injections contain ampicil-
lin and sulbactam in the ratio 2:1, respectively. The
usual dose is ampicillin 1 g with sulbactam 500 mg
every 6 hours; doses may be doubled in severe infec-
tions. 

For oral use sultamicillin (p.344), a mutual prodrug of
ampicillin and sulbactam, may be given.

Administration in renal impairment. The dose of ampicil-
lin should be reduced, or the dose interval increased, in severe
renal impairment (creatinine clearance less than 10 mL/minute).
Patients undergoing dialysis should receive an additional dose
after the session.

Preparations

BP 2008: Ampicillin Capsules; Ampicillin Injection; Ampicillin Oral Suspen-
sion; Co-fluampicil Capsules; Co-fluampicil Oral Suspension; 
USP 31: Ampicillin and Probenecid for Oral Suspension; Ampicillin and
Sulbactam for Injection; Ampicillin Capsules; Ampicillin for Injectable Sus-
pension; Ampicillin for Injection; Ampicillin for Oral Suspension; Ampicillin
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alpovex; Aminoxidin†; Ampi-Bis; Ampi†; Ampicler; Ampigen; Ampi-
grand; Ampinox; Ampitenk; Ampixen; Atecilina; Bactilina; Decilina†; Fabop-
cilina; Galciclina†; Grampenil†; Histopen; Poenbiotico†; Trifacilina; Trimicro;
Welticilina; Austral.: Alphacin; Ampicyn; Austrapen; Ibimicyn; Austria:
Standacillin; Belg.: Pentrexyl; Braz.: Ampi; Ampiciflan; Ampiciklyna†; Amp-
icil; Ampicilab; Ampicilase; Ampicilib†; Ampicilil; Ampicilon; Ampicimax†;
Ampicinal†; Ampifar†; Ampigran; Ampilozin; Ampitrat†; Ampival†; Ampix-
in†; Amplacilina; Amplacin; Amplibac; Amplofen†; Bacterinil†; Binotal; Bi-
pencil†; Cilinon; Cilipen; Emicilin; Expectocilin; Gonol; Gramcilina; Lifacilina†;
Notacilin†; Praticilin†; Tandrexin†; Canad.: Apo-Ampi; Nu-Ampi; Cz.:
Apo-Ampi†; Penstabil†; Standacillin†; Denm.: Doktacillin†; Pentrexyl; Fin.:
A-Pen; Fr.: Totapen; Ger.: Binotal; Gr.: Copercilex; Isticilline; Pentrexyl;
Hong Kong: Amprexyl; Dhacillin†; Pamecil; Penbritin†; Penodil; Pentrexyl;
Hung.: Penstabil†; Semicillin; Standacillin; India: Ampilin; Ampipen; Amp-
isyn; Aristocillin; Biocilin; Campicillin; Ipacillin†; Roscillin; Synthocilin; Indon.:
Ambiopi; Amcillin; Ampi; Arcocillin; Binotal; Biopensyn; Cetacillin; Corsacil-
lin; Kalpicilin; Opicillin; Parpicillin; Penbiotic; Penbritin; Polypen; Primacillin;
Sanpicillin; Standacillin; Ultrapen; Viccillin; Xepacillin; Irl.: Clonamp; Novap-
en; Penbritin; Israel: Penibrin; Ital.: Ampilisa†; Ampilux; Ampiplus Simplex;

Amplital; Amplizer ; Ibimicyn†; Pentrexyl; Malaysia: Ampilin; Biocil†;
Pamecil; Setcillin†; Standacillin; Mex.: Acilmed; Alphapen; Alvedrin; Am-An;
Ambidrin; Ambiosol; Ampex; Ampi-Quim; Ampi-Tecno; Ampibal†; Ampi-
cidar†; Ampidrat†; Ampigrin; Ampilon†; Ampimex; Ampiset†; Amprexyn;
Amsapen; Anglopen; Azpencil; Bestcilina-A; Binotal; Bremecina; Brupen;
Deamcilina; Dibacilina; Diferin; Expicin; Flamicina; Gramipen-F; Iqfacilina;
Lampicin; Marovilina; Meprizina; Mexapin; Mibiot; Omnipen; Pebiot; Penbri-
tin; Pentiver; Pentrexyl; Procilina; Prodifer; Promecilina; Rayepen†; Sinaplin;
Tronex; Yapamicin; Zumorin; Neth.: Pentrexyl†; Norw.: Pentrexyl;
Philipp.: Aldribid; Ampicin; Ampinex; Bactimed; Clovillin; Eurocin; Excillin;
Gramcil; Obocil; Panacta; Penbritin; Pentrexyl; Picaplin; Polypen; Rotocin;
Shinapen; Vatacil; Port.: Amplifar; Cilin†; Estreptobroncol; Hiperbiotico; Hi-
perbiotico Retard; S.Afr.: Ampimax; Ampipen; Be-Ampicil; Penbritin; Pen-
rite; Petercillin; Ranamp; Spectracil; Singapore: Ampilin; Dhacillin; Pamecil†;
Pricillin†; Standacillin; Spain: Ampiplus; Antibiopen; Britapen; Gobemicina;
Nuvapen; Swed.: Doktacillin; Thai.: Amcillin†; Amilin; Ampicyn; Ampilin;
Ampillin†; Ampra; Amprexyl; Ampro†; Eracillin; Penbritin; Pencotrex; Pen-
trexyl; Siampicil; Sumapen; Vacillin; Viccillin; Turk.: Alfasilin; Ampisid; Amp-
isina; Neosilin; Penbisin; Silina; UAE: Julphapen; UK: Magnapen; Penbritin;
Rimacillin; USA: Principen; Venez.: Alampen; Ampen†; Ampenina; Ampi-
ga†; Ampilan; Arcocilin; Fibrapen†; Intrapen†; Neoampicil†.

Multi-ingredient: Arg.: Aminoxidin Sulbactam; Ampi-Bis Plus; Ampigen
SB; Amplibenzatin Bronquial; Aseptobron Ampicilina†; Cronopen Balsami-
co; Grampenil Bronquial†; Meticil; Prixin; Unasyna; Unsayna†; Austria: Un-
asyn; Braz.: Ambezetal; Amplotal; Benzotal; Combactan; Durapen; Optaci-
lin; Parenzyme Ampicilina; Sulbacter†; Unasyn; Urobiotic†; Uropielon;
Chile: Unasyn; Cz.: Ampiclox†; Unasyn; Fr.: Unacim; Ger.: Unacid; Gr.:
Begalin-P; Hong Kong: Ampiclox†; APT-Ampicloxa; Pamedox; Roscilox;
Unasyn; Hung.: Unasyn; India: Adilox; Ampilox; Ampilox-LB; Amplus;
Ampoxin; Ampoxin-LB; Campicillin Plus; Campilox; Clax; Megaclox; Mega-
clox LB; Megapen; Sulbacin; Irl.: Ampiclox†; Israel: Unasyn; Ital.: Ampi-
plus†; Amplium; Bethacil; Diamplicil†; Loricin; Unasyn; Jpn: Sulperazon†;
Unasyn-S†; Malaysia: Sulbacin; Unasyn; Mex.: Ampiclox-D; Anglotex; Bi-
solvon A; Brucilina; Brupen Compuesto; Diamprex; Doxapen; Mucolin A;
Panac; Panac K; Pentibrom; Pentidix; Pentrexyl Expec; Unasyna; Philipp.:
Unasyn; Pol.: Unasyn; Rus.: Oxamp (Оксамп)†; Sultasin (Сультасин); Un-
asyn (Уназин); S.Afr.: Ampiclox; Apen; Cloxam; Megamox; Ranclosil†; Sin-
gapore: Unasyn; Spain: Ampilevel; Espectral†; Espectrosira†; Gobemicina
Retard; Maxicilina; Penisintex Bronquial†; Pulminflamatoria†; Pulmosterin
Retard; Retarpen; Retarpen Balsamico†; Retarpen Mucolitico†; Ultrapenil;
Unasyn; Thai.: Ampiclox; Sulam; Unasyn; Viccillin-S; Turk.: Azosilin; Com-
bicid; Duobak; Duobaktam; Duocid; Nobecid; Sulbaksit; Sulcid; Sultasid;
UK: Magnapen; USA: Unasyn; Venez.: Ampibactan; Ampitren†; Fipexiam;
Sinif; Unasyn.

Apramycin (BAN, USAN, rINN)

47657; Apramicina; Apramycine; Apramycinum; EL-857; EL-
857/820; Nebramycin Factor 2. 4-O-[(2R,3R,4aS,6R,7S,8R,8aR)-3-
Amino-6-(4-amino-4-deoxy-α-D-glucopyranosyloxy)-8-hy-
droxy-7-methylaminoperhydropyrano[3,2-b]pyran-2-yl]-2-de-
oxystreptamine.

Апрамицин

C21H41N5O11 = 539.6.

CAS — 37321-09-8.

ATC Vet — QA07AA92; QJ01GB90; QJ51GB90.

Apramycin Sulfate (rINNM)

Apramycin Sulphate (BANM); Apramycine, Sulfate d’; Apramycini
Sulfas; Apramycinsulfat; Apramysiinisulfaatti; Sulfato de apramici-
na.

Апрамицина Сульфат

C21H41N5O11,2 ⁄ H2SO4 = 784.8.

CAS — 41194-16-5.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Apramycin Sulphate). The sulfate of an antibiot-
ic produced by certain strains of Streptomyces tenebrarius or by
other means. The potency is not less than 430 units per mg, cal-
culated with reference to the anhydrous substance. A light brown
hygroscopic powder or granular material. Freely soluble in wa-
ter; practically insoluble in alcohol, in acetone, in ether, and in
methyl alcohol.

Profile
Apramycin is an aminoglycoside antibiotic used as the sulfate in
veterinary practice for the treatment of susceptible infections.
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Arbekacin Sulfate (rINNM)

ABK (arbekacin); AHB-DBK (arbekacin); Arbekacin Sulphate; Ar-
békacine, Sulfate d’; Arbekacini Sulfas; HABA-Dibekacin (ar-
bekacin); Sulfato de arbekacina. O-3-Amino-3-deoxy-α-D-glu-
copyranosyl-(1→4)-O-[2,6-diamino-2,3,4,6-tetradeoxy-α-D-
erythro-hexopyranosyl-(1→6)]-N′-[(2S)-4-amino-2-hydroxybu-
tyryl]-2-deoxy-L-streptamine sulphate.

Арбекацина Сульфат
C22H44N6O10,xH2S04.
CAS — 51025-85-5 (arbekacin).

(arbekacin)

Pharmacopoeias. In Jpn.

Profile
Arbekacin is an aminoglycoside derived from dibekacin and has
general properties similar to those of gentamicin (p.282). It has
been used as the sulfate in the treatment of serious infections due
to meticillin-resistant Staphylococcus aureus.

Arsanilic Acid (BAN, rINN)

Acide Arsanilique; Ácido arsanílico; Acidum Arsanilicum; Ami-
narsonic Acid; AS-101. p-Aminobenzenearsonic acid; 4-Ami-
nophenylarsonic acid.

Арсаниловая Кислота
C6H8AsNO3 = 217.1.
CAS — 98-50-0.

NOTE. The code AS-101 has also been used for an immunomod-
ulator investigated as an antineoplastic and antiviral.
Pharmacopoeias. In US for veterinary use only. 
USP 31 (Arsanilic Acid). A white to off-white crystalline pow-
der. Soluble in hot water, in amyl alcohol, and in solutions of al-
kali carbonates; slightly soluble in cold water, in alcohol, and in
acetic acid; insoluble in acetone, in chloroform, in ether, in ben-
zene, and in dilute mineral acids; sparingly soluble in concentrat-
ed mineral acids.

Sodium Arsanilate (BANM, rINNM)

Arsanilate de Sodium; Arsanilato sódico; Natrii Arsanilas; Sodi-
um Aminarsonate; Sodium Anilarsonate. Sodium 4-aminophe-
nylarsonate.

Натрий Арсанилат
C6H7AsNNaO3 = 239.0.
CAS — 127-85-5.

Pharmacopoeias. Fr. includes the anhydrous substance and
the trihydrate.

Profile
Arsanilic acid and sodium arsanilate are used in veterinary med-
icine for the prophylaxis and treatment of enteric infections in
pigs and also as growth-promoting agents.

Aspoxicillin (rINN)

Aspoxicilina; Aspoxicilline; Aspoxicillinum; TA-058. (2S,5R,6R)-6-
{(2R)-2-[(2R)-2-Amino-3-(methylcarbamoyl)propionamido]-2-
(p-hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]-heptane-2-carboxylic acid.

Аспоксициллин
C21H27N5O7S = 493.5.
CAS — 63358-49-6.

Pharmacopoeias. Jpn includes the trihydrate.

Profile
Aspoxicillin is a ureidopenicillin that has been given intrave-
nously in the treatment of susceptible infections.

Astromicin Sulfate (USAN, pINNM)

Abbott-44747; Astromicin Sulphate; Astromicine, Sulfate d’; As-
tromicini Sulfas; Fortimicin A Sulphate; KW-1070; Sulfato de as-
tromicina. 4-Amino-1-(2-amino-N-methylacetamido)-1,4-dide-
oxy-3-O-(2,6-diamino-2,3,4,6,7-pentadeoxy-β-L-lyxo-hepto-
pyranosyl)-6-O-methyl-L-chiro-inositol sulphate.

Астромицина Сульфат
C17H35N5O6,2H2SO4 = 601.6.
CAS — 55779-06-1 (astromicin); 72275-67-3 (astromicin
sulfate); 66768-12-5 (xH2SO4).

(astromicin)

Pharmacopoeias. In Jpn.

Profile
Astromicin is an aminoglycoside antibiotic produced by Micro-
monospora spp. and with actions and uses similar to those of
gentamicin (p.282). Astromicin sulfate has been given by intra-
muscular injection or intravenous infusion. Dosage should be ad-
justed based on serum-astromicin concentration monitoring.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Fortimicin.

Avilamycin (BAN, USAN, rINN)

Avilamicina; Avilamycine; Avilamycinum; LY-048740 (avilamycin
or avilamycin A).

Авиламицин
C61H88Cl2O32 (avilamycin A) = 1404.2.
CAS — 11051-71-1 (avilamycin); 69787-79-7 (avilamycin
A); 69787-80-0 (avilamycin C).

Profile
Avilamycin is an antibacterial that has been used in veterinary
medicine as a growth promotor.

Avoparcin (BAN, USAN, rINN)

Avoparcina; Avoparcine; Avoparcinum; Compound 254.

Авопарцин
CAS — 37332-99-3.

Profile
Avoparcin is a glycopeptide antibiotic usually produced by Amy-
colatopsis coloradensis (Streptomyces candidus). It has been in-
corporated into animal feedstuffs to promote growth.

◊ There is evidence of cross-resistance between avoparcin and
vancomycin.1 Suggestions that vancomycin-resistant organisms
could enter the human population from the food chain as a result
of the use of avoparcin as a growth promotor in animals2,3 were
disputed by the manufacturers of avoparcin.4,5 After a ban in the
EU on the use of avoparcin as a growth promotor in animals
there has been some evidence6 of a decrease in the occurrence of
vancomycin-resistant enterococci in poultry meat.
1. Klare I, et al. vanA-mediated high-level glycopeptide resistance

in Enterococcus faecium from animal husbandry. FEMS Micro-
biol Lett 1995; 125: 165–72. 

2. Howarth F, Poulter D. Vancomycin resistance: time to ban
avoparcin? Lancet 1996; 347: 1047. 

3. Wise R. Avoparcin and animal feedstuff. Lancet 1996; 347:
1835. 

4. Mudd A. Vancomycin resistance and avoparcin. Lancet 1996;
347: 1412. 

5. Mudd AJ. Is it time to ban all antibiotics as animal growth-pro-
moting agents? Lancet 1996; 348: 1454–5. 

6. Pantosti A, et al. Decrease of vancomycin-resistant enterococci
in poultry meat after avoparcin ban. Lancet 1999; 354: 741–2.

Azidamfenicol (BAN, rINN)

Azidamfénicol; Azidamfenicolum; Azidamphenicol; Azidanfeni-
col; Azidoamphenicol; Bayer-52910. 2-Azido-N-[(αR,βR)-β-hy-
droxy-α-hydroxymethyl-4-nitrophenethyl]acetamide.

Азидамфеникол
C11H13N5O5 = 295.3.
CAS — 13838-08-9.
ATC — S01AA25.
ATC Vet — QS01AA25.

Profile
Azidamfenicol is an antibiotic that is related structurally to chlo-
ramphenicol (p.239). It is used as 1% eye drops or eye ointment
in the treatment of bacterial eye infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Ophthalmo-Azaphenicol†; Ger.: Berlicetin; Posifenicol; Thilocanfol;
Gr.: Thilocof.

Azidocillin Sodium (BANM, rINNM)

Azidobenzylpenicillin Sodium; Azidocilina sódica; Azidocilline
Sodique; Natrii Azidocillinum. Sodium (6R)-6-(D-2-azido-2-phe-
nylacetamido)penicillanate.

Натрий Азидоциллин
C16H16N5NaO4S = 397.4.
CAS — 17243-38-8 (azidocillin); 35334-12-4 (azidocillin
sodium).
ATC — J01CE04.
ATC Vet — QJ01CE04.

(azidocillin)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Azidocillin is a semisynthetic penicillin with actions and uses
similar to those of phenoxymethylpenicillin (p.314). It is given
orally as the sodium salt; doses, expressed in terms of the base,
are 750 mg twice daily in the treatment of susceptible infections.
The potassium salt has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: InfectoBicillin H.

Azithromycin (BAN, USAN, rINN)

Atsitromysiini; Azithromycine; Azithromycinum; Azitromicina;
Azitromicinas; Azitromisin; Azitromycin; Azytromycyna; CP-
62993; XZ-450. (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-(2,6-
Dideoxy-3-C-3-O-dimethyl-α-L-ribo-hexopyranosyloxy)-2-ethyl-
3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-(3,4,6-tride-
oxy-3-dimethylamino-β-D-xylo-hexopyranosyloxy)-1-oxa-6-aza-
cyclopentadecan-15-one dihydrate; 9-Deoxo-9a-aza-9a-methyl-
9a-homoerythromycin A dihydrate.
Азитромицин
C38H72N2O12,2H2O = 785.0.
CAS — 83905-01-5 (anhydrous azithromycin); 117772-
70-0 (azithromycin dihydrate).
ATC — J01FA10; S01AA26.
ATC Vet — QJ01FA10; QS01AA26.

Pharmacopoeias. In Chin. and Jpn. 
Eur. (see p.vii) includes the anhydrous form. 
US includes the monohydrate and the dihydrate. 
Ph. Eur. 6.2 (Azithromycin). A white or almost white powder.
Practically insoluble in water; freely soluble in dehydrated alco-
hol and in dichloromethane. A 0.2% solution in a mixture of me-
thyl alcohol and water (1:1) has a pH of 9.0 to 11.0. Store in air-
tight containers. 
USP 31 (Azithromycin). It is anhydrous or contains one or two
molecules of water of hydration. pH of a 0.2% solution in a mix-
ture of methyl alcohol and water (1:1) is between 9.0 and 11.0.
Store in airtight containers.

Adverse Effects and Precautions
As for Erythromycin, p.270. 
Gastrointestinal disturbances are the most frequent ad-
verse effect of azithromycin but are usually mild and
less frequent than with erythromycin. Headache, som-
nolence, and taste disturbances may occur. Severe hy-
persensitivity reactions occur rarely but may be pro-
longed. Thrombocytopenia and mild transient
neutropenia have been rarely reported in patients re-
ceiving azithromycin. Pain and inflammation may oc-
cur at the site of intravenous infusions particularly at
high concentrations. 
Licensed product information states that azithromycin
should be used with caution in patients with hepatic or
renal impairment. It should not be given to those with
severe hepatic impairment as safety has not been estab-
lished. Although plasma concentrations may be in-
creased in renal impairment dosage adjustment is not
usually required.
Incidence of adverse effects. In patients receiving azithro-
mycin daily long-term for mycobacterial infections,1 gastrointes-
tinal disorders occurred in 32 of 39 patients (82%), hearing im-
pairment in 10 patients (26%), tinnitus in 18 patients (46%), and
poor balance or dizziness in 11 patients (28%). In general, ad-
verse effects were associated with higher serum-azithromycin
concentrations.
1. Brown BA, et al. Relationship of adverse events to serum drug

levels in patients receiving high-dose azithromycin for mycobac-
terial lung disease. Clin Infect Dis 1997; 24: 958–64.

Effects on the ears. Reversible sensorineural hearing loss was
reported in 3 patients given oral azithromycin 500 mg daily with
clofazimine and ethambutol for the treatment of disseminated
Mycobacterium avium complex infection.1 Irreversible hearing
loss has also been reported after low-dose exposure to oral azi-
thromycin.2,3 A patient who had had 8 days of treatment with
intravenous azithromycin 500 mg daily for pneumonia reported
complete deafness, which had resolved 20 days after stopping
the drug.4 
See also Incidence of Adverse Effects, above.
1. Wallace MR, et al. Ototoxicity with azithromycin. Lancet 1994;

343: 241. 
2. Ress BD, Gross EM. Irreversible sensorineural hearing loss as a

result of azithromycin ototoxicity: a case report. Ann Otol Rhinol
Laryngol 2000; 109: 435–7. 

3. Mick P, Westerberg BD. Sensorineural hearing loss as a probable
serious adverse drug reaction associated with low-dose oral azi-
thromycin. J Otolaryngol 2007; 36: 257–63. 

4. Bizjak ED, et al. Intravenous azithromycin-induced ototoxicity.
Pharmacotherapy 1999; 19: 245–8.

Effects on fluid and electrolyte homoeostasis. The syn-
drome of inappropriate antidiuretic hormone secretion was asso-
ciated with azithromycin treatment in a patient.1,2

1. Cadle RM, et al. Symptomatic syndrome of inappropriate anti-
diuretic hormone secretion associated with azithromycin. Ann
Pharmacother 1997; 31: 1308–10. 

2. Kintzel PE. Correction: symptomatic syndrome of inappropriate
antidiuretic hormone secretion associated with azithromycin.
Ann Pharmacother 1998; 32: 388.

Effects on the kidneys. Acute interstitial nephritis leading to
irreversible renal failure has been reported1 in a patient who re-
ceived azithromycin for 9 days. A later report2 described a pa-
tient who developed recurrent acute interstitial nephritis after
courses of azithromycin. Repeated exposure resulted in persist-
ent renal damage; leucocytosis and eosinophilia were still
present 1 year later.
1. Mansoor GA, et al. Azithromycin-induced acute interstitial ne-

phritis. Ann Intern Med 1993; 119: 636–7. 
2. Soni N, et al. Recurrent acute interstitial nephritis induced by

azithromycin. Pediatr Infect Dis J 2004; 23: 965–6.

Eosinophilia. A syndrome characterised by eosinophilia, ar-
thralgia, fever, and rash was associated with azithromycin or rox-
ithromycin treatment in a patient on separate occasions.1 The
original authors believed the condition represented the Churg-
Strauss  syndrome, a l though this  was disputed in
correspondence2 and attributed to the eosinophilia-myalgia syn-
drome.
1. Hübner C, et al. Macrolide-induced Churg-Strauss syndrome in

a patient with atopy. Lancet 1997; 350: 563. 
2. Kränke B, Aberer W. Macrolide-induced Churg-Strauss syn-

drome in patient with atopy. Lancet 1997; 350: 1551–2.

Overdosage. Bradycardia with complete heart block was
reported1 in a 9-month-old infant who had been inadvertently
given about 50 mg/kg of azithromycin intravenously.
1. Tilelli JA, et al. Life-threatening bradyarrhythmia after massive

azithromycin overdose. Pharmacotherapy 2006; 26: 147–50.

Interactions
For a discussion of drug interactions of macrolide anti-
bacterials, see Erythromycin, p.271. 
Giving azithromycin with antacids containing alumin-
ium or magnesium salts can reduce the rate, but not the
extent, of its absorption; azithromycin should be given
at least 1 hour before or 2 hours after the antacid.
Nelfinavir. Azithromycin serum concentrations are markedly
increased when it is given with nelfinavir,1 but the clinical signif-
icance of this is uncertain. US licensed product information for
azithromycin states that dosage adjustment is not required al-
though the patient should be closely monitored for adverse ef-
fects.
1. Amsden GW, et al. A study of the pharmacokinetics of azithro-

mycin and nelfinavir when coadministered in healthy volunteers.
J Clin Pharmacol 2000; 40: 1522–7.

Antimicrobial Action
As for Erythromycin, p.271. Azithromycin is less ac-
tive than erythromycin against streptococci and sta-
phylococci, but has greater activity than erythromycin
in vitro against some Gram-negative organisms such as
Haemophilus influenzae and Moraxella catarrhalis
(Branhamella catarrhalis), as well as having activity
against some of the Enterobacteriaceae such as Es-
cherichia coli and Salmonella and Shigella spp. Azi-
thromycin is also more active than erythromycin
against Chlamydia trachomatis and Ureaplasma urea-
lyticum, and some opportunistic mycobacteria, includ-
ing Mycobacterium avium complex. It has activity
against the protozoa Toxoplasma gondii and Plasmodi-
um falciparum.
Resistance. The pattern of resistance to azithromycin is similar
to that seen with clarithromycin (p.249).

Pharmacokinetics
Azithromycin given orally is rapidly absorbed and
about 40% bioavailable. Absorption from capsules, but
not tablets or suspension, is reduced by food. Peak
plasma concentrations occur 2 to 3 hours after an oral
dose and 1 to 2 hours after intravenous dosage. How-
ever, azithromycin is extensively distributed into the
tissues, and tissue concentrations subsequently remain
much higher than those in the blood; in contrast to most
other antibacterials, plasma concentrations are there-
fore of little value as a guide to efficacy. High concen-
trations are taken up into white blood cells. There is
little diffusion into the CSF when the meninges are not
inflamed. Data from animal studies indicate that azi-
thromycin crosses the placenta. Small amounts of azi-
thromycin are demethylated in the liver, and it is ex-
creted in bile mainly as unchanged drug and a number
of inactive metabolites have also been detected. About
6% of an oral dose (representing about 20% of the
amount in the systemic circulation) is excreted in the
urine. The terminal elimination half-life is about 68
hours.
◊ Reviews and references.
1. Lalak NJ, Morris DL. Azithromycin clinical pharmacokinetics.

Clin Pharmacokinet 1993; 25: 370–4. 
2. Luke DR, et al. Safety, toleration, and pharmacokinetics of intra-

venous azithromycin. Antimicrob Agents Chemother 1996; 40:
2577–81. 

3. Rapp RP. Pharmacokinetics and pharmacodynamics of intrave-
nous and oral azithromycin: enhanced tissue activity and mini-
mal drug interactions. Ann Pharmacother 1998; 32: 785–93. 

4. Chandra R, et al. Clinical pharmacokinetics and gastrointestinal
tolerability of a novel extended-release microsphere formulation
of azithromycin. Clin Pharmacokinet 2007; 46: 247–59.

Uses and Administration
Azithromycin is a nitrogen-containing macrolide (aza-
lide) with actions and uses similar to those of erythro-
mycin (p.272). It is given in the treatment of respirato-
ry-tract infections (including otitis media), in skin and
soft-tissue infections, and in uncomplicated genital in-
fections. Azithromycin may also be used for the proph-
ylaxis, and as a component of regimens in the treat-
ment, of Mycobacterium avium complex (MAC)
infections. It is used in some countries for the prophy-
laxis of endocarditis in at-risk patients unable to take
penicillin. It is also used in the management of tracho-
ma and typhoid. 
For details of all these infections and their treatment,
see under Choice of Antibacterial, p.162. 
Azithromycin has been tried in protozoal infections
such as babesiosis (below), crytosporidiosis (p.823),
and toxoplasmosis (p.826). 
It is given orally or by intravenous infusion usually as
the dihydrate; doses are expressed in terms of the anhy-
drous substance. Azithromycin dihydrate 524 mg is
equivalent to about 500 mg of anhydrous azithromy-
cin. The capsule formulation should be given at least 1
hour before, or 2 hours after, meals. 
The usual oral adult dose of azithromycin is 500 mg as
a single dose daily for 3 days. Alternatively, an initial
dose of 500 mg may be followed by 250 mg daily for
a further 4 days. 
For uncomplicated genital infections caused by
Chlamydia trachomatis and for chancroid, 1 g of azi-
thromycin is given as a single dose. A single dose of
2 g has been given for uncomplicated gonorrhoea. For
the treatment of granuloma inguinale, an initial dose of
1 g followed by 500 mg daily may be given, or 1 g may
be given once a week for at least 3 weeks, until all le-
sions have completely healed. 
In the USA, a modified-release preparation given as an
oral suspension is available. The product delivers a sin-
gle dose of 2 g and should also be taken on an empty
stomach. It is licensed for the treatment of acute bacte-
rial sinusitis or community-acquired pneumonia in
adults. 
For prophylaxis of disseminated MAC infections, azi-
thromycin 1.2 g may be given once weekly. For treat-
ment or secondary prophylaxis, 500 mg once daily
should be given with other antimycobacterials. 
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For mild or moderate typhoid caused by multidrug-
resistant strains, 500 mg once daily may be given for 7
days. 
For details of doses in infants and children, see below. 
Azithromycin dihydrate may also be given initially by
intravenous infusion to adults in doses equivalent to
500 mg of azithromycin as a single daily dose in the
treatment of community-acquired pneumonia and pel-
vic inflammatory disease; treatment should be changed
to the oral route after at least 2 days in pneumonia and
after 1 or 2 days in pelvic inflammatory disease. It may
be given either in a solution containing 1 mg/mL over
3 hours or in a solution containing 2 mg/mL over 1
hour. 
In the USA, azithromycin is available as 1% eye drops
for the topical treatment of conjunctivitis caused by
susceptible strains of bacteria.
◊ Reviews.
1. Peters DH, et al. Azithromycin: a review of its antimicrobial

activity, pharmacokinetic properties and clinical efficacy. Drugs
1992; 44: 750–99. 

2. Langtry HD, Balfour JA. Azithromycin: a review of its use in
paediatric infectious disease. Drugs 1998; 56: 273–97. 

3. Alvarez-Elcoro S, Enzler MJ. The macrolides: erythromycin,
clarithromycin, and azithromycin. Mayo Clin Proc 1999; 74:
613–34. 

4. Garey KW, Amsden GW. Intravenous azithromycin. Ann Phar-
macother 1999; 33: 218–28. 

5. Ioannidis JPA, et al. Meta-analysis of randomized controlled tri-
als on the comparative efficacy and safety of azithromycin
against other antibiotics for upper respiratory tract infections. J
Antimicrob Chemother 2001; 48: 677–89. 

6. Contopoulos-Ioannidis DG, et al. Meta-analysis of randomized
controlled trials on the comparative efficacy and safety of azi-
thromycin against other antibiotics for lower respiratory tract
infections. J Antimicrob Chemother 2001; 48: 691–703. 

7. Zuckerman JM. Macrolides and ketolides: azithromycin, clari-
thromycin, telithromycin. Infect Dis Clin North Am 2004; 18:
621–49. 

8. Law C, Amsden GW. Single-dose azithromycin for respiratory
tract infections. Ann Pharmacother 2004; 38: 433–9. 

9. Blumer JL. Evolution of a new drug formulation: the rationale
for high-dose, short-course therapy with azithromycin. Int J An-
timicrob Agents 2005; 26 (suppl 3): S143–S147. 

10. Swainston Harrison T, Keam SJ. Azithromycin extended re-
lease: a review of its use in the treatment of acute bacterial si-
nusitis and community-acquired pneumonia in the US. Drugs
2007; 67: 773–92. 

11. Panpanich R, et al. Azithromycin for acute lower respiratory
tract infections. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2008 (accessed
18/06/08).

Administration in children. Azithromycin is licensed for use
in infants and children and the usual oral dose in those over 6
months of age is 10 mg/kg once daily for 3 days, or an initial dose
of 10 mg/kg may be followed by 5 mg/kg daily for a further 4
days; those who weigh over 45 kg may be given the usual adult
dose (see above). A single dose of 30 mg/kg may also be given
for acute otitis media. For pharyngitis or tonsillitis in children
aged over 2 years, 12 mg/kg once daily for 5 days may be given. 
US official guidelines suggest that for prophylaxis of disseminat-
ed Mycobacterium avium complex infections, azithromycin
20 mg/kg (to a maximum of 1.2 g) once weekly or 5 mg/kg (to a
maximum of 250 mg) once daily may be given.1 For treatment,
10 to 12 mg/kg (to a maximum of 500 mg) once daily should be
given with other antimycobacterials.2 
In the UK, the BNFC suggests that azithromycin may be used in
penicillin allergic children for the prevention of secondary cases
of group A streptococcal infection; those 6 months and older
may be given an oral dose of 12  mg/kg (to a maximum of
500 mg) once daily for 5 days. 
The BNFC also suggests giving azithromycin 10 mg/kg once
daily for 7 days in the treatment of mild to moderate typhoid
caused by multidrug-resistant strains in those aged 6 months and
over.
1. CDC. Guidelines for preventing opportunistic infections among

HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. Also available at:
http://www.cdc.gov/mmwr/PDF/rr/rr5108.pdf (accessed
01/05/07) 

2. CDC. Treating opportunistic infections among HIV-exposed and
infected children: recommendations from CDC, the National In-
stitutes of Health, and the Infectious Diseases Society of Amer-
ica. MMWR 2004; 53 (RR-14): 1–63. Also available at:
http://www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed
01/05/07)

Babesiosis. In a prospective, randomised study1 involving 58
patients with babesiosis (p.823), azithromycin with atovaquone
was found to be as effective as, and associated with fewer ad-
verse effects than, standard therapy with quinine and clindamy-
cin. Azithromycin 600 mg once daily, or 500 to 1000 mg on day
1 followed by 250 mg once daily thereafter, with atovaquone
750 mg twice daily, both orally for 7 to 10 days, has been recom-
mended by some experts2,3 in the USA for the treatment of Babe-

sia microti infections. Immunocompromised patients may be
given higher doses of azithromycin (600 to 1000 mg daily). Chil-
dren may be given azithromycin 12 mg/kg once daily, or
10 mg/kg on day 1 followed by 5 mg/kg once daily thereafter,
with atovaquone 20 mg/kg twice daily, both orally for 7 to 10
days. Azithromycin with quinine was reported to be effective in
2 patients who had not responded to quinine plus clindamycin.4,5

1. Krause PJ, et al. Atovaquone and azithromycin for the treatment
of babesiosis. N Engl J Med 2000; 343: 1454–8. 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007. 

3. Wormser GP, et al. The clinical assessment, treatment, and pre-
vention of Lyme disease, human granulocytic anaplasmosis, and
babesiosis: clinical practice guidelines by the Infectious Diseas-
es Society of America. Clin Infect Dis 2006; 43: 1089–1134.
Also available at :  ht tp:/ /www.journals.uchicago.edu/
doi/pdf/10.1086/508667 (accessed 12/08/08) 

4. Shaio MF, Yang KD. Response of babesiosis to a combined reg-
imen of quinine and azithromycin. Trans R Soc Trop Med Hyg
1997; 91: 214–15. 

5. Shih C-M, Wang C-C. Ability of azithromycin in combination
with quinine for the elimination of babesial infection in humans.
Am J Trop Med Hyg 1998; 59: 509–12.

Cholera. Azithromycin has been tried1-3 in the treatment of
cholera (p.172). A single dose of 10 or 20 mg/kg was found to be
effective in children1,2 and 1 g in adults.3
1. Khan WA, et al. Comparison of single-dose azithromycin and

12-dose, 3-day erythromycin for childhood cholera: a ran-
domised, double-blind trial. Lancet 2002; 360: 1722–7. 

2. Bhattacharya MK, et al. Azithromycin in the treatment of chol-
era in children. Acta Paediatr 2003; 92: 676–8. 

3. Saha D, et al. Single-dose azithromycin for the treatment of
cholera in adults. N Engl J Med 2006; 354: 2452–62.

Hyperplasia. For reference to the use of azithromycin to con-
trol ciclosporin-induced gingival hyperplasia, see p.1824.
Ischaemic heart disease. Macrolide antibacterials, including
azithromycin,1-4 clarithromycin,5-9 and roxithromycin,10-14 have
been investigated in the prevention of ischaemic heart disease,
based on a suggested link between atherosclerosis and infection
with Chlamydophila pneumoniae (Chlamydia pneumoniae) (see
p.166). Although preliminary results from some pilot studies
were promising, longer-term studies in large numbers of patients
were disappointing and none of the three macrolides decreased
ischaemic events or provided clinical benefit; indeed, in one
study9 an unexpected increase in cardiovascular mortality was
seen in those taking clarithromycin.
1. Anderson JL, et al. Randomized secondary prevention trial of

azithromycin in patients with coronary artery disease and sero-
logical evidence for Chlamydia pneumoniae infection: the Azi-
thromycin in Coronary Artery Disease: Elimination of Myocar-
dial Infection with Chlamydia (ACADEMIC) study. Circulation
1999; 99: 1540–7. 

2. Cercek B, et al. Effect of short-term treatment with azithromy-
cin on recurrent ischaemic events in patients with acute coro-
nary syndrome in the Azithromycin in Acute Coronary Syn-
drome (AZACS) trial: a randomised controlled trial. Lancet
2003; 361: 809–13. 

3. O’Connor CM, et al. Azithromycin for the secondary preven-
tion of coronary heart disease events: the WIZARD study: a ran-
domized controlled trial. JAMA 2003; 290: 1459–66. 

4. Grayston JT, et al. Azithromycin for the secondary prevention
of coronary events. N Engl J Med 2005; 352: 1637–45. 

5. Sinisalo J, et al. Effect of 3 months of antimicrobial treatment
with clarithromycin in acute non-Q-wave coronary syndrome.
Circulation 2002; 105: 1555–60. 

6. Berg HF, et al. Effect of clarithromycin on inflammatory mark-
ers in patients with atherosclerosis. Clin Diagn Lab Immunol
2003; 10: 525–8. 

7. Berg HF, et al. Treatment with clarithromycin prior to coronary
artery bypass graft surgery does not prevent subsequent cardiac
events. Clin Infect Dis 2005; 40: 358–65. 

8. Berg HF, et al. Effect of clarithromycin treatment on Chlamydia
pneumoniae in vascular tissue of patients with coronary artery
disease: a randomized, double-blind, placebo-controlled trial. J
Clin Microbiol 2005; 43: 1325–9. 

9. Jespersen CM, et al. Randomised placebo controlled multicen-
tre trial to assess short term clarithromycin for patients with sta-
ble coronary heart disease: CLARICOR trial. BMJ 2006; 332:
22–7. Correction. ibid.; 151. 

10. Gurfinkel E, et al. Treatment with the antibiotic roxithromycin
in patients with acute non-Q-wave coronary syndromes: the fi-
nal report of the ROXIS Study. Eur Heart J 1999; 20: 121–7. 

11. Wiesli P, et al. Roxithromycin treatment prevents progression of
peripheral arterial occlusive disease in Chlamydia pneumoniae
seropositive men: a randomized, double-blind, placebo-control-
led trial. Circulation 2002; 105: 2646–52. 

12. Zahn R, et al. Antibiotic therapy after acute myocardial infarc-
tion: a prospective randomized study. Circulation 2003; 107:
1253–9. 

13. Sander D, et al. Progression of early carotid atherosclerosis is
only temporarily reduced after antibiotic treatment of Chlamy-
dia pneumoniae seropositivity. Circulation 2004; 109: 1010–15. 

14. Kaehler J, et al. A randomized trial in patients undergoing per-
cutaneous coronary angioplasty: roxithromycin does not reduce
clinical restenosis but angioplasty increases antibody concen-
trations against Chlamydia pneumoniae. Am Heart J 2005; 150:
987–93.

Malaria. Azithromycin has been studied1-7 in the management
of malaria. Studies1,4 have shown that an initial loading dose of
750 mg of azithromycin on the first day followed by 250 mg dai-
ly thereafter for 20 weeks was effective in the prophylaxis of
Plasmodium vivax malaria; the drug was well tolerated and the
most frequently reported adverse effects were heartburn, paraes-
thesia, and itching.3 In the treatment of P. vivax malaria, a study5

found that azithromycin 1 g daily for 3 days resulted in an 88%
clinical response rate by day 7, but with a slower onset of action,
when compared with chloroquine 600 mg daily for 2 days then
300 mg on day 3 which resulted in a rate of 99%. 
Azithromycin in a dose of 0.5 g once daily up to 1.5 g daily in
divided doses together with other antimalarials, such as artesuna-
te 200 mg daily2,7 or quinine 10 mg/kg 3 times daily,6,7 given for
3 days was found to be effective in the treatment of uncomplicat-
ed multidrug-resistant P. falciparum malaria. 
However, further studies are warranted, especially in children
and pregnant women.
1. Taylor WR, et al. Malaria prophylaxis using azithromycin: a

double-blind, placebo-controlled trial in Irian Jaya, Indonesia.
Clin Infect Dis 1999; 28: 74–81. 

2. Krudsood S, et al. A randomized clinical trial of combinations of
artesunate and azithromycin for treatment of uncomplicated
Plasmodium falciparum malaria in Thailand. Southeast Asian J
Trop Med Public Health 2000; 31: 801–7. 

3. Taylor WR, et al. Tolerability of azithromycin as malaria proph-
ylaxis in adults in Northeast Papua, Indonesia. Antimicrob
Agents Chemother 2003; 47: 2199–2203. 

4. Heppner DG, et al. Randomized, controlled, double-blind trial of
daily oral azithromycin in adults for the prophylaxis of Plasmo-
dium vivax malaria in Western Thailand. Am J Trop Med Hyg
2005; 73: 842–9. 

5. Dunne MW, et al. A double-blind, randomized study of azithro-
mycin compared to chloroquine for the treatment of Plasmodium
vivax malaria in India. Am J Trop Med Hyg 2005; 73: 1108–11. 

6. Miller RS, et al. Effective treatment of uncomplicated Plasmodi-
um falciparum malaria with azithromycin-quinine combinations:
a randomized, dose-ranging study. Am J Trop Med Hyg 2006; 74:
401–6. 

7. Noedl H, et al. Azithromycin combination therapy with artesu-
nate or quinine for the treatment of uncomplicated Plasmodium
falciparum malaria in adults: a randomized, phase 2 clinical trial
in Thailand. Clin Infect Dis 2006; 43: 1264–71.

Respiratory disorders. For reference to the use of azithromy-
cin in the management of respiratory disorders, see under Eryth-
romycin, p.273.

Preparations
USP 31: Azithromycin Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Arzomicin; Azitral; Azitrogal; Azitrolan; Azitrona; Azitrox; Clearsing;
Cronopen; Doyle; Fabramicina; Finatres†; Macromax; Misultina; Naxocina;
Neblic; Nifostin; Novozitron; Orobiotic; Sitrox; Sumir†; Talcilina; Tanezox;
Triamid; Tritab; Vectocilina; Zitromax; Austral.: Zithromax; Austria: Zi-
thromax; Belg.: Zitromax; Braz.: Astro; Atromicin; Azatill; Azi; Azidromic†;
Azimed; Azimix; Azitrax†; Azitrin; Azitrogran; Azitrolab; Azitromicil; Az-
itromin†; Azitron; Azitronax†; Azitroxil; Biozitrom†; Clindal; Ems-Max; Mac
Azi; Mazitrom; Novatrex; Selimax; Selimax Pulso; Siftromin†; Triazi†;
Tromix; Trozyman; Zimicina†; Zitril; Zitromax; Zitromil; Zitroneo; Canad.:
Z-Pak; Zithromax; Chile: Abacten; Asipral†; Atizor; Azitrom; Ricilina; Trex;
Zithromax; Cz.: Azibiot; Azitrox; Sumamed; Zitrocin; Denm.: Zitromax;
Fin.: Zithromax; Fr.: Azadose; Zithromax; Ger.: Ultreon; Zithromax; Gr.:
Azibactron; Azifarm; Azirox; Azirutec; Azithral; Azithrin; Azitrolid; Azivirus;
Azytan; Bezanin; Disithrom; Figothrom; Goldamycin; Gramokil; Novozi-
thron; Zinfect; Zithro-Due; Zithromax; Zithropan; Zithrotel; Zithroxyn; Zi-
trax; Hong Kong: Zithromax; Hung.: Azi; Azicid; Sumamed; Zitrocin; In-
dia: Azee; Azibact; Azifast; Azithral; Aziwok; Zithrocin; Zycin; Indon.:
Aztrin; Binozyt; Mezatrin; Zarom; Zibramax; Zicho; Zifin; Zistic; Zithromax;
Zycin; Irl.: Azromax; Zithromax; Israel: Azenil; Zeto; Zithromax; Ital.: Az-
itrocin; Ribotrex; Trozocina; Zitromax; Malaysia: Zithromax; Mex.: Am-
sati; Azibiot; Aziphar; Azitrocin; Azitrohexal; Azo-Max; Koptin; Macrozit;
Medatz; Sicalan; Texis; Tromicina; Truxa; Zertalin; Zithran; Zitroken; Neth.:
Azacleus; Azitro; Merckazitro; Nucaza; Zithromax; Norw.: Azitromax; NZ:
Zithromax; Philipp.: Zithromax; ZMax; Pol.: Azibiot; Azimycin; Azitrox;
Macromax; Oranex; Sumamed; Port.: 3Z; Arzomicina†; Azimax; Aziton;
Azitrix; Biozitra; Gigatrom; Lazitrom; Neofarmiz; Unizitro; Vascin; Zithro-
max; Zitrozina; Rus.: Azithrox (Азитрокс); Azithrus (Азитрус); Azitral
(Азитрал); Aziwok (Азивок); Hemomycin (Хемомицин); Sumamed
(Сумамед); Zetamax (Зетамакс); ZI-Factor (ЗИ-фактор); Zithrocin
(Зитроцин); Zitrolid (Зитролид); S.Afr.: Zithrogen; Zithromax; Singa-
pore: Zithromax; Spain: Altezym; Goxil; Pefloden; Toraseptol; Vinzam;
Zentavion; Zitromax; Swed.: Azitromax; Switz.: Zithromax; Thai.:
Binozyt; Zithromax; Turk.: Azacid; Azeltin; Azitro; Azomax; Azro; Tremac;
Zitromax; Zitrotek; UAE: Azomycin; UK: Zithromax; USA: AzaSite; Zi-
thromax; Zmax; Venez.: Amizin; Amovin; Aruzilina; Arzomidol; Atromizin;
Azigram; Azimakrol; Azitrom; Azitromin; Binozyt; Saver; Zitromax; Zival.

Multi-ingredient: India: Orflaz Kit; Safkit; Mex.: Zithroflam.

Azlocillin (BAN, USAN, rINN)

Atslosilliini; Azlocilina; Azlocilline; Azlocillinum. 6-[N-(2-Oxoimi-
dazolidin-1-ylcarbonyl)-D-phenylglycylamino]penicillanic acid.

Азлоциллин
C20H23N5O6S = 461.5.
CAS — 37091-66-0.
ATC — J01CA09.
ATC Vet — QJ01CA09.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Azlocillin Sodium (BANM, rINNM)

Azlocilina sódica; Azlocilline Sodique; Azlocillinum Natricum;
Azlocylina sodowa; Bay-e-6905; Natrii Azlocillinum. Sodium
(6R)-6-[D-2-(2-oxoimidazolidine-1-carboxamido)-2-phenyla-
cetamido]penicillanate.

Натрий Азлоциллин
C20H22N5NaO6S = 483.5.
CAS — 37091-65-9.
ATC — J01CA09.
ATC Vet — QJ01CA09.

Pharmacopoeias. In Pol.

Incompatibility. Azlocillin sodium has been reported to be in-
compatible with aminoglycosides, ciprofloxacin, metronidazole,
and tetracyclines.

Adverse Effects and Precautions
As for Carbenicillin Sodium, p.216. 
Prolongation of bleeding time has been less frequent and less se-
vere with azlocillin than with carbenicillin.

Hypouricaemia. Reports of transient asymptomatic decreases
in serum-uric acid concentrations during treatment with azlocil-
lin.1,2

1. Faris HM, Potts DW. Azlocillin and serum uric acid. Ann Intern
Med 1983; 98: 414. 

2. Ernst JA, Sy ER. Effect of azlocillin on uric acid levels in serum.
Antimicrob Agents Chemother 1983; 24: 609–10.

Sodium content. Each g of azlocillin sodium contains about
2.1 mmol of sodium. As azlocillin sodium has a lower sodium
content than carbenicillin sodium, hypernatraemia and hypoka-
laemia are less likely to occur.

Interactions
As for Benzylpenicillin, p.214.

Antibacterials. For the effect of azlocillin on the clearance of
cefotaxime, and a report of neurotoxicity, see p.228. For refer-
ence to azlocillin affecting the disposition of ciprofloxacin, see
p.246.

Antimicrobial Action
Azlocillin has an antimicrobial action similar to that of piperacil-
lin (p.315). Its activity in vitro against Enterobacteriaceae is gen-
erally less than that of mezlocillin or piperacillin, but it has com-
parable activity to piperacillin against Pseudomonas aeruginosa.

Pharmacokinetics
Azlocillin is not absorbed from the gastrointestinal tract to any
significant extent. It has nonlinear dose-dependent pharmacoki-
netics. Doubling an intravenous dose results in more than double
the plasma concentration. Between 20 and 46% of azlocillin in
the circulation is bound to plasma proteins. The plasma half-life
is usually about 1 hour, but is longer in neonates; in patients with
renal impairment half-lives of 2 to 6 hours have been reported. 
Azlocillin is widely distributed in body tissues and fluids. It
crosses the placenta into the fetal circulation and small amounts
are distributed into breast milk. There is little diffusion into the
CSF except when the meninges are inflamed. 
Azlocillin is metabolised to a limited extent. About 50 to 70% of
a dose is excreted unchanged in the urine by glomerular filtration
and tubular secretion within 24 hours of a dose, resulting in high
urinary concentrations. Azlocillin is partly excreted in the bile
where it is also found in high concentrations. 
Plasma concentrations are enhanced if probenecid is given. 
Azlocillin is removed by haemodialysis.

Uses and Administration
Azlocillin is a ureidopenicillin and, like piperacillin (p.316), is
used mainly for the treatment of infections caused by Pseu-
domonas aeruginosa. It has been used particularly for septicae-
mia, and infections of the respiratory and urinary tracts, and also
for peritonitis; for details of these infections, see under Choice of
Antibacterial, p.162. 
Azlocillin is commonly used with an aminoglycoside; however,
they should be given separately as they have been shown to be
incompatible (see Incompatibility, above). 
Administration and dosage. Azlocillin is given intravenously as
the sodium salt. Doses are expressed in terms of the equivalent
amount of azlocillin; 1.05 g of azlocillin sodium is equivalent to
about 1 g of azlocillin. A 10% solution in a suitable diluent is
given by slow injection for doses of 2 g or less; higher doses
should be infused over 20 to 30 minutes. 
The usual adult dose is 5 g every 8 hours for life-threatening in-
fections, or 2 g every 8 hours for less severe infections and uri-
nary-tract infections. 
The following doses may be used for children: premature infants,
50 mg/kg twice daily; neonates less than 7 days old, 100 mg/kg
twice daily; infants between 7 days and 1 year, 100 mg/kg three
times daily; children up to 14 years, 75 mg/kg three times daily. 
Dosage of azlocillin may need to be adjusted in patients with he-
patic or renal impairment (see below).

Administration in hepatic or renal impairment. The in-
terval between doses of azlocillin may need to be increased to
every 12 hours in moderate to severe renal impairment (creati-
nine clearance less than 30 mL/minute); additional dosage re-
ductions may be needed in patients with both severe renal and
hepatic impairment.

Aztreonam (BAN, USAN, rINN)

Atstreonaami; Azthreonam; Aztréonam; Aztreonamum; SQ-
26776. (Z)-2-{2-Aminothiazol-4-yl-[(2S,3S)-2-methyl-4-oxo-1-
sulphoazetidin-3-ylcarbamoyl]methyleneamino-oxy}-2-methyl-
propionic acid.
Азтреонам
C13H17N5O8S2 = 435.4.
CAS — 78110-38-0.
ATC — J01DF01.
ATC Vet — QJ01DF01.

Pharmacopoeias. In Jpn and US, which allows the anhydrous
or hydrated forms. 
USP 31 (Aztreonam). A white, odourless crystalline powder.
Very slightly soluble in dehydrated alcohol; practically insoluble
in chloroform, in ethyl acetate, and in toluene; soluble in dimethyl-
formamide and in dimethyl sulfoxide; slightly soluble in methyl
alcohol. Store in airtight containers.
Incompatibility and stability. Aztreonam has been reported
to be incompatible with cefradine, metronidazole, nafcillin, and
vancomycin. 
References.
1. Bell RG, et al. Stability of intravenous admixtures of aztreonam

and cefoxitin, gentamicin, metronidazole, or tobramycin. Am J
Hosp Pharm 1986; 43: 1444–53. 

2. Riley CM, Lipford LC. Interaction of aztreonam with nafcillin in
intravenous admixtures. Am J Hosp Pharm 1986; 43: 2221–4. 

3. Belliveau PP, et al. Stability of aztreonam and ampicillin sodi-
um-sulbactam sodium in 0.9% sodium chloride injection. Am J
Hosp Pharm 1994; 51: 901–4. 

4. Trissel LA, Martinez JF. Compatibility of aztreonam with select-
ed drugs during simulated Y-site administration. Am J Health-
Syst Pharm 1995; 52: 1086–90. 

5. Trissel LA, et al. Compatibility and stability of aztreonam and
vancomycin hydrochloride. Am J Health-Syst Pharm 1995; 52:
2560–4.

Adverse Effects
The adverse effects of aztreonam are similar to those of
other beta lactams (see Benzylpenicillin, p.213, and
Cefalotin, p.219). Hypersensitivity reactions, includ-
ing skin rashes, urticaria, angioedema, exfoliative der-
matitis, eosinophilia, bronchospasm, and rarely anaphy-
laxis and toxic epidermal necrolysis, may occur in
patients receiving aztreonam, although it has been re-
ported to be only weakly immunogenic. Gastrointesti-
nal effects include diarrhoea, nausea, vomiting, mouth
ulcer, and an abnormal taste. 
Phlebitis or thrombophlebitis has been reported after
the intravenous use of aztreonam, and pain or swelling
after intramuscular injection. 
Use of aztreonam may result in the overgrowth of non-
susceptible organisms, including Gram-positive cocci.
Pseudomembranous colitis or gastrointestinal bleeding
may develop. 
Other adverse effects that have been reported with az-
treonam include jaundice and hepatitis, increases in
liver enzymes, and prolongation of prothrombin and
partial thromboplastin times.
Effects on the skin. References.
1. McDonald BJ, et al. Toxic epidermal necrolysis possibly linked

to aztreonam in bone marrow transplant patients. Ann Pharma-
cother 1992; 26: 34–5.

Precautions
Aztreonam should not be given to patients who are hy-
persensitive to it and should be used with caution in
those known to be hypersensitive to other beta lactams,

although the incidence of cross-sensitivity appears to
be low (but see below). 
Aztreonam should be used with caution in patients
with renal or hepatic impairment.
Breast feeding. In a study in 12 healthy women given aztreon-
am, peak concentrations in breast milk were found to be less than
1% of those in serum and this was considered suggestive of a low
risk of adverse effects in breast-fed infants.1 The American
Academy of Pediatrics states that no adverse effects have been
seen in breast-fed infants whose mothers received aztreonam and
considers it to be usually compatible with breast feeding,2 al-
though UK licensed product information recommends that
mothers should refrain from breast feeding while receiving aztre-
onam.
1. Fleiss PM, et al. Aztreonam in human serum and breast milk. Br

J Clin Pharmacol 1985; 19: 509–11. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 25/05/04)

Hypersensitivity. Aztreonam is said to show little cross-reac-
tivity with other beta lactams,1,2 but there have been isolated re-
ports of immediate hypersensitivity to aztreonam in patients with
a history of hypersensitivity to penicillin.3,4

1. Saxon A, et al. Lack of cross-reactivity between aztreonam, a
monobactam antibiotic, and penicillin in penicillin-allergic sub-
jects. J Infect Dis 1984; 149: 16–22. 

2. Adkinson NF. Immunogenicity and cross-allergenicity of aztre-
onam. Am J Med 1990; 88 (suppl 3C): 12S–15S. 

3. Alvarez JS, et al. Immediate hypersensitivity to aztreonam. Lan-
cet 1990; 335: 1094. 

4. Hantson P, et al. Immediate hypersensitivity to aztreonam and
imipenem. BMJ 1991; 302: 294–5.

Interactions
Caution is recommended in patients receiving aztreon-
am and oral anticoagulants because of the possibility of
increased prothrombin time.

Antimicrobial Action
Aztreonam is bactericidal and acts similarly to the pen-
icillins by inhibiting synthesis of the bacterial cell wall;
it has a high affinity for the penicillin-binding protein 3
(PBP-3) of Gram-negative bacteria. The activity of az-
treonam is restricted to Gram-negative aerobic organ-
isms, including beta-lactamase-producing strains, with
poor or no activity against Gram-positive aerobes or
anaerobic organisms. It is active against most Entero-
bacteriaceae including Escherichia coli, Klebsiella,
Proteus, Providencia, Salmonella, Serratia, Shigella,
and Yersinia spp. Some strains of Enterobacter and
Citrobacter spp. are resistant. Aztreonam has some ac-
tivity against Pseudomonas aeruginosa, although most
strains of other Pseudomonas spp. are insensitive. Az-
treonam has good activity against Haemophilus influ-
enzae and Neisseria spp. 
Synergy has been reported in vitro between aztreonam
and aminoglycosides against Ps. aeruginosa and some
Enterobacteriaceae. 
Aztreonam is stable to hydrolysis by many beta-lacta-
mases and appears to be a poor inducer of beta-lacta-
mase production. Acquired resistance has occasionally
been reported.

Pharmacokinetics
Aztreonam is poorly absorbed from the gastrointesti-
nal tract and is therefore given parenterally. Absorption
after intramuscular injection is good; peak plasma con-
centrations of about 46 micrograms/mL have been
achieved within 1 hour of a 1-g dose. Aztreonam has a
plasma half-life of about 1.7 hours. The half-life may
be prolonged in neonates, in the elderly, in patients
with renal impairment, and to some extent in those
with hepatic impairment. Aztreonam is about 56%
bound to plasma proteins. It is widely distributed in
body tissues and fluids, including bile. Diffusion into
the CSF is poor unless the meninges are inflamed. It
crosses the placenta and enters the fetal circulation;
small amounts are distributed into breast milk. 
Aztreonam is not extensively metabolised. The princi-
pal metabolite, SQ-26992, is inactive and is formed by
opening of the beta-lactam ring; it has a much longer
half-life than the parent compound. Aztreonam is ex-
creted mainly in the urine, by renal tubular secretion
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and glomerular filtration; about 60 to 70% of a dose
appears within 8 hours as unchanged drug with only
small quantities of metabolites. Only small amounts of
unchanged drug and metabolites are excreted in the
faeces. 
Aztreonam is removed by haemodialysis and to a less-
er extent by peritoneal dialysis.
◊ Reviews.
1. Mattie H. Clinical pharmacokinetics of aztreonam: an update.

Clin Pharmacokinet 1994; 26: 99–106.

Uses and Administration
Aztreonam is a monobactam or monocyclic beta-
lactam antibacterial used parenterally as an alternative
to aminoglycosides or third-generation cephalosporins
for the treatment of infections caused by susceptible
Gram-negative aerobic organisms. These have includ-
ed bone and joint infections, gonorrhoea, intra-abdom-
inal and pelvic infections, lower respiratory-tract infec-
tions including pseudomonal infections in patients
with cystic fibrosis, meningitis, septicaemia, skin and
soft-tissue infections, and urinary-tract infections. For
details of these infections and their treatment, see under
Choice of Antibacterial, p.162. To broaden the spec-
trum of activity for empirical treatment of infections,
aztreonam should be used with other antibacterials.
Use with an aminoglycoside may be of benefit in seri-
ous Pseudomonas aeruginosa infections. 
Aztreonam is usually given parenterally by deep intra-
muscular injection, by slow intravenous injection over
3 to 5 minutes, or by intravenous infusion over 20 to 60
minutes. It is given to adults, in usual doses ranging
from 1 to 8 g daily, in divided doses every 6 to 12
hours, according to the severity of the infection. Single
doses over 1 g should be given by the intravenous
route. 
UK licensed product information recommends that in-
fants older than one week and children be given aztre-
onam 30 mg/kg every 6 or 8 hours. For severe infec-
tions, children of 2 years or older may be given
50 mg/kg every 6 or 8 hours up to a maximum total
daily dose of 8 g. Although not licensed in the UK for
neonates less than one week old, the BNFC suggests a
dose of 30 mg/kg every 12 hours. In the USA the dose
for children from 9 months of age is 30 mg/kg every 8
hours for mild to moderate infection, or every 6 to 8
hours in moderate to severe infection up to a maximum
total daily dose of 120 mg/kg. 
For details of dosage in patients with renal impairment,
see below. 
A single intramuscular dose of 1 g has been recom-
mended for the treatment of gonorrhoea or cystitis. 
Aztreonam lysine is under investigation for inhalation-
al use in respiratory-tract infections.
◊ General references.
1. Brogden RN, Heel RC. Aztreonam: a review of its antibacterial

activity, pharmacokinetic properties and therapeutic use. Drugs
1986; 31: 96–130. 

2. Neu HC. ed. Aztreonam’s role in the treatment of Gram-negative
infections. Am J Med 1990; 88 (suppl 3C): 1S–43S. 

3. Hellinger WC, Brewer NS. Carbapenems and monobactams: im-
ipenem, meropenem, and aztreonam. Mayo Clin Proc 1999; 74:
420–34.

Administration. References to the use of aztreonam (as aztre-
onam lysine) by inhalation in the treatment of airway infections
in patients with cystic fibrosis.1,2

1. Gibson RL, et al. Microbiology, safety, and pharmacokinetics of
aztreonam lysinate for inhalation in patients with cystic fibrosis.
Pediatr Pulmonol 2006; 41: 656–65. 

2. Retsch-Bogart GZ, et al. A phase 2 study of aztreonam lysine for
inhalation to treat patients with cystic fibrosis and Pseudomonas
aeruginosa infection. Pediatr Pulmonol 2008; 43: 47–58.

Administration in renal impairment. Dosage of aztreonam
should be reduced in moderate to severe renal impairment. Pa-
tients with renal impairment may be given a usual initial dose
followed by a maintenance dose adjusted according to creatinine
clearance (CC): 
• CC 10 to 30 mL/minute: half the initial dose 
• CC less than 10 mL/minute: one-quarter of the initial dose 
• haemodialysis patients: a supplementary dose of one-eighth of

the initial dose may be given after each dialysis session

Preparations
USP 31: Aztreonam for Injection; Aztreonam Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Azactam†; Austral.: Azactam; Austria: Azactam; Belg.: Azactam;
Braz.: Azactam; Chile: Azactam; Cz.: Azactam; Denm.: Azactam; Fin.:
Azactam; Fr.: Azactam; Ger.: Azactam; Gr.: Azactam; Aztreotic†; Hong
Kong: Azactam; India: Azenam; Trezam†; Irl.: Azactam; Israel: Azactam†;
Ital.: Azactam; Primbactam; Jpn: Azactam; Mex.: Monobac; Norw.:
Azactam; NZ: Azactam; Philipp.: Azactam; Pol.: Azactam; Port.:
Azactam; S.Afr.: Azactam; Singapore: Azactam; Spain: Azactam; Uro-
bactam†; Swed.: Azactam; Switz.: Azactam; UK: Azactam; USA: Azactam;
Venez.: Azactam.

Bacampicillin Hydrochloride (BANM, USAN, rINNM)

Ampicillin Ethoxycarbonyloxyethyl Hydrochloride; Bacampicil-
line, chlorhydrate de; Bacampicillini hydrochloridum; Bakampici-
lin-hydrochlorid; Bakampicilino hidrochloridas; Bakampicillin-hid-
roklorid; Bakampicillinhydroklorid; Bakampisilin Hidroklorür;
Bakampisilliinihydrokloridi; Carampicillin; EPC-272; Hidrocloruro
de bacampicilina. 1-(Ethoxycarbonyloxy)ethyl (6R)-6-(α-D-phe-
nylglycylamino)penicillanate hydrochloride.

Бакампициллина Гидрохлорид
C21H27N3O7S,HCl = 502.0.
CAS — 50972-17-3 (bacampicillin); 37661-08-8
(bacampicillin hydrochloride).
ATC — J01CA06.
ATC Vet — QJ01CA06.

(bacampicillin)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Bacampicillin Hydrochloride). A white or almost
white hygroscopic powder or granules. Soluble in water and in
dichloromethane; freely soluble in alcohol. A 2% solution in wa-
ter has a pH of 3.0 to 4.5. Store in airtight containers. 
USP 31 (Bacampicillin Hydrochloride). A white or practically
white, hygroscopic, powder. Soluble in water and in dichlo-
romethane; freely soluble in alcohol and in chloroform; very
slightly soluble in ether. pH of a 2% solution in water is between
3.0 and 4.5. Store in airtight containers.

Adverse Effects and Precautions
As for Ampicillin, p.204. Diarrhoea has been reported to occur
less frequently with bacampicillin.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
Bacampicillin has the antimicrobial action of ampicillin in vivo
(p.204). It possesses no intrinsic activity and needs to be hydro-
lysed to ampicillin.

Pharmacokinetics
Bacampicillin is more rapidly and completely absorbed from the
gastrointestinal tract than ampicillin, to which it is hydrolysed in
the intestinal wall and plasma. Peak plasma-ampicillin concen-
trations occur about 30 to 60 minutes after oral doses, and are
about 2 to 3 times those after an equivalent dose of ampicillin.
The absorption of bacampicillin from tablets does not appear to
be affected by the presence of food in the stomach. About 75%
of a dose is excreted in the urine as ampicillin within 8 hours.

Uses and Administration
Bacampicillin has actions and uses similar to those of ampicillin
(p.205) to which it is rapidly hydrolysed in the body. It is given
orally as the hydrochloride in adult doses of 0.8 to 2.4 g daily, in
2 divided doses; children over 5 years of age have been given 25
to 50 mg/kg daily in 2 divided doses. 
In uncomplicated gonorrhoea a single dose of bacampicillin hy-
drochloride 1.6 g with probenecid 1 g may be given in areas
where gonococci remain sensitive.
Preparations
USP 31: Bacampicillin Hydrochloride for Oral Suspension; Bacampicillin
Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Penglobe; Belg.: Bacampicin†; Canad.: Penglobe†; Cz.: Pen-
globe†; Fr.: Bacampicine†; Penglobe†; Ger.: Ambacamp†; Hong Kong:
Penglobe†; Hung.: Penglobe†; India: Penglobe; Ital.: Ampibac†; Bacacil;
Bacagen; Bacasint; Bacattiv†; Bacillin; Bakam; Campixen†; Penglobe; Polibiot-
ic†; Rebacil; Winnipeg; Malaysia: Penbaccin†; Penglobe†; Mex.: Pen-
globe†; Philipp.: Penglobe; Port.: Bacampicin†; Spain: Ambaxino†; Pen-
globe†; Swed.: Penglobe†; Thai.: Penglobe†; Turk.: Bakamsilin; Penbak.

Bacitracin (BAN, rINN)

Bacitracina; Bacitracinas; Bacitracine; Bacitracinum; Bacytracyna;
Basitrasiini; Basitrasin.
Бацитрацин
CAS — 1405-87-4.
ATC — D06AX05; R02AB04.
ATC Vet — QA07AA93; QD06AX05; QR02AB04.

(bacitracin A)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Bacitracin). Mixture of antimicrobial polypeptides
produced by certain strains of Bacillus licheniformis or B. subti-
lis. The potency is not less than 60 units/mg, calculated with ref-
erence to the dried substance. A white or almost white hygro-
scopic powder. Freely soluble in water and in alcohol. A 1%
solution in water has a pH of 6.0 to 7.0. Store at a temperature of
8° to 15° in airtight containers. 
USP 31 (Bacitracin). A mixture of polypeptides produced by the
growth of an organism of the licheniformis group of Bacillus
subtilis (Bacillaceae). The main components are bacitracins A,
B1, B2, and B3. It has a potency of not less than 65 units/mg, cal-
culated with reference to the dried substance. It is a white to pale
buff, hygroscopic powder, odourless or having a slight odour.
Freely soluble in water; soluble in alcohol, in glacial acetic acid,
and in methyl alcohol, the solution in the organic solvents usually
showing some insoluble residue; insoluble in acetone, in chloro-
form, and in ether. Its solutions deteriorate rapidly at room tem-
perature. It is precipitated from its solutions and is inactivated by
salts of many of the heavy metals. pH of a solution in water con-
taining 10 000 units/mL is between 5.5 and 7.5. Store in airtight
containers at a temperature of 8° to 15°.

Bacitracin Zinc (BANM, rINNM)

Bacitracin zinečnatý komplex; Bacitracina zinc; Bacitracin-cink;
Bacitracine Zincique; Bacitracine-zinc; Bacitracino cinko komple-
ksas; Bacitracins Zinc Complex; Bacitracinum Zincicum; Bacitrac-
inum zincum; Bacytracyna cynkowa; Sinkkibasitrasiini; Zinc Baci-
tracin; Zinci Bacitracinum; Zinkbacitracin.
Цинка Бацитрацин
CAS — 1405-89-6.
ATC — D06AX05; R02AB04.
ATC Vet — QD06AX05; QR02AB04.
Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Bacitracin Zinc). The zinc complex of bacitracin.
The potency is not less than 60 units/mg, calculated with refer-
ence to the dried substance. A white or light-yellowish-grey hy-
groscopic powder. Slightly soluble in water and in alcohol. The
filtrate of a saturated solution has a pH of 6.0 to 7.5. Store in air-
tight containers. 
USP 31 (Bacitracin Zinc). The zinc complex of bacitracin, which
consists of a mixture of antimicrobial polypeptides, the main
components being bacitracins A, B1, B2, and B3. It has a poten-
cy of not less than 65 units/mg, calculated with reference to the
dried substance. It contains not less than 4% and not more than
6% of zinc, calculated with reference to the dried substance. A
white or pale tan, hygroscopic powder, odourless or having a
slight odour. Sparingly soluble in water. pH of a saturated solu-
tion in water is between 6.0 and 7.5. Store in airtight containers
at a temperature of 8° to 15°.
Incompatibility. Bacitracin was slowly inactivated in bases
containing stearyl alcohol, cholesterol, polyoxyethylene deriva-
tives, and sodium laurilsulfate, and was rapidly inactivated in
bases containing water, macrogols, propylene glycol, glycerol,
cetylpyridinium chloride, benzalkonium chloride, ichthammol,
phenol, and tannic acid.1
1. Plaxco JM, Husa WJ. The effect of various substances on the

antibacterial activity of bacitracin in ointments. J Am Pharm As-
soc (Sci) 1956; 45: 141–5.

Stability. Bacitracin zinc was more stable than bacitracin and
could be stored for 18 months at temperatures up to 40° without
appreciable loss of activity. Lozenges of bacitracin zinc and oint-
ments and tablets containing bacitracin zinc with neomycin were
more stable than the corresponding bacitracin preparations.
Bacitracin zinc was less bitter than bacitracin and the taste was
more readily disguised.1
1. Gross HM, et al. Zinc bacitracin in pharmaceutical preparations.

Drug Cosmet Ind 1954; 75: 612–13.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Units
The second International Standard Preparation (1964)
of bacitracin zinc contains 74 units/mg.

Adverse Effects and Precautions
Systemic bacitracin may produce severe nephrotoxici-
ty, resulting in renal failure due to tubular and glomer-
ular necrosis. Renal function should be determined be-
fore, and daily during, therapy. Fluid intake and urinary
output should be maintained to avoid kidney toxicity.
If renal toxicity occurs, bacitracin should be stopped.
Use with other nephrotoxic drugs should be avoided
(see Interactions, below). 
Nausea and vomiting may occur, as well as pain at the
site of injection. Hypersensitivity reactions, including
rashes and anaphylaxis, have occurred with both sys-
temic, and more rarely with topical, use.

Interactions
Additive nephrotoxicity would be anticipated if baci-
tracin were given systemically with other nephrotoxic
drugs, particularly colistin, kanamycin, neomycin,
polymyxin B, and streptomycin; such use should be
avoided.. Bacitracin is reported to enhance the neu-
romuscular blocking action of certain drugs, such as
neuromuscular blockers and anaesthetics, if given dur-
ing surgery or postoperatively.

Antimicrobial Action
Bacitracin interferes with bacterial cell wall synthesis
by blocking the function of the lipid carrier molecule
that transfers cell wall subunits across the cell mem-
brane. It is active against many Gram-positive bacteria
including staphylococci, streptococci (particularly
group A streptococci), corynebacteria, and clostridia. It
is also active against Actinomyces, Treponema palli-
dum, and some Gram-negative species such as Neisse-
ria and Haemophilus influenzae, although most Gram-
negative organisms are resistant. 
Acquired bacterial resistance to bacitracin rarely oc-
curs, but resistant strains of staphylococci have been
detected.

Pharmacokinetics
Bacitracin is not appreciably absorbed from the gas-
trointestinal tract or from intact or denuded skin,
wounds, or mucous membranes; however, systemic
absorption has been reported after peritoneal lavage. It
is rapidly absorbed when given by intramuscular injec-
tion. Bacitracin readily diffuses into pleural and ascitic
fluids but little passes into the CSF. About 10 to 40%
of a single injected dose is excreted slowly by glomer-
ular filtration and appears in the urine within 24 hours.

Uses and Administration
Bacitracin and bacitracin zinc are applied topically (as
a cream, ointment, dusting powder, or ophthalmic oint-
ment), often with other antibacterials such as neomycin
and polymyxin B, and sometimes with corticosteroids,
in the treatment of local infections due to susceptible
organisms. Typical concentrations of bacitracin or
bacitracin zinc in such products are 250 to 500 units/g.
Absorption from open wounds and from the bladder or
peritoneal cavity may lead to adverse effects, although
the dose-limiting toxicity of combined preparations is
considered to be due to neomycin. 
Parenteral use of bacitracin is usually avoided be-
cause of nephrotoxicity but it may be given intramus-
cularly for the treatment of infants with staphylococcal
pneumonia and empyema due to susceptible organ-
isms. For details of doses, see below. 
Bacitracin has been given orally in the treatment of an-
tibiotic-associated colitis due to Clostridium difficile.
Administration in children. In the USA, bacitracin may be
given intramuscularly for the treatment of infants with staphylo-
coccal pneumonia and empyema due to susceptible organisms.
Infants weighing less than 2.5 kg may be given a dose of

900 units/kg daily in 2 or 3 divided doses; those weighing more
than 2.5 kg may be given 1000 units/kg daily in 2 or 3 divided
doses.

Preparations
BP 2008: Polymyxin and Bacitracin Eye Ointment; 
USP 31: Bacitracin and Polymyxin B Sulfate Topical Aerosol; Bacitracin for
Injection; Bacitracin Ointment; Bacitracin Ophthalmic Ointment; Bacitracin
Zinc and Polymyxin B Sulfate Ointment; Bacitracin Zinc and Polymyxin B
Sulfate Ophthalmic Ointment; Bacitracin Zinc Ointment; Neomycin and
Polymyxin B Sulfates and Bacitracin Ointment; Neomycin and Polymyxin B
Sulfates and Bacitracin Ophthalmic Ointment; Neomycin and Polymyxin B
Sulfates and Bacitracin Zinc Ointment; Neomycin and Polymyxin B Sulfates
and Bacitracin Zinc Ophthalmic Ointment; Neomycin and Polymyxin B Sul-
fates, Bacitracin Zinc, and Hydrocortisone Acetate Ophthalmic Ointment;
Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone
Ointment; Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydro-
cortisone Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates, Baci-
tracin Zinc, and Lidocaine Ointment; Neomycin and Polymyxin B Sulfates,
Bacitracin, and Hydrocortisone Acetate Ointment; Neomycin and Poly-
myxin B Sulfates, Bacitracin, and Hydrocortisone Acetate Ophthalmic Oint-
ment; Neomycin and Polymyxin B Sulfates, Bacitracin, and Lidocaine Oint-
ment; Neomycin Sulfate and Bacitracin Ointment; Neomycin Sulfate and
Bacitracin Zinc Ointment; Polymyxin B Sulfate and Bacitracin Zinc Topical
Aerosol; Polymyxin B Sulfate and Bacitracin Zinc Topical Powder.

Proprietary Preparations (details are given in Part 3)
Austria: Rhinocillin B†; Canad.: Baciguent; Baciject; Bacitin; USA: Ak-Trac-
in†; Baci-IM; Venez.: Baciderm.

Multi-ingredient: Arg.: Biotaer an Caramelos; Biotaer Gamma†; Biotaer
Nebulizable; Biotaer Ultrason Nebulizable†; Butimerin; Carnot Colutorio;
Cicatrex; Nebapol B†; Austral.: Cicatrin; Nemdyn; Neosporin; Austria:
Baneocin; Cicatrex; Eucillin; Nebacetin; Belg.: Nebacetine; Neobacitracine;
Braz.: Anaseptil; Antiseptin†; Bacidermina; Bacigen; Bacinantrat†; Bacineo†;
Bactoderm; Belcetin†; Cicatrene; Cicatrizan†; Cutiderm; Dermacetin-Ped†;
Dermase; Epicitrin; Ferid; Kindcetin; Nebacetin; Nebaciderme; Nebacimed;
Nebacitrin†; Nebactrina†; Nebalon†; Neobacina†; Neobacipan†; Ne-
ocetrin; Neotop; Neotricin; Polysporin; Pomacetin†; Rinogerol†; Teut-
omicin; Canad.: Antibiotique Onguent; Bacimyxin; Band-Aid Antibiotic; Bi-
oderm; Cicatrin; Cortimyxin; Cortisporin; Johnson & Johnson First Aid
Ointment†; Neosporin; Neotopic†; Optimyxin; Ozonol Antibiotic Plus;
Polycidin†; Polyderm; Polysporin; Polysporin Complete Antibiotic;
Polysporin Triple Antibiotic; Polytopic; Chile: Bacitopic Compuesto; Baci-
topic†; Banedif; Banedif Oftalmico; Banedif Oftalmico con Prednisolona; Bi-
odexin†; Dermabiotico; Grifoftal†; Monticina; Nasomin; Oftabiotico; Pensu-
lan; Polvos Antibioticos†; Rinobanedif; Unguento Dermico Antibiotico; Cz.:
Framykoin; Ophthalmo-Framykoin; Ophthalmo-Framykoin Compositum;
Pamycon; Fin.: Bacibact; Fr.: Bacicoline; Collunovar†; Oropivalone Bacitra-
cine†; Ger.: Anginomycin†; Bivacyn†; Cicatrex†; Nebacetin; Neobac;
Polyspectran; Polyspectran HC; Gr.: Apobacyn; Lysopaine; Nebacetin;
Sopain-Plus; Vioplex-T; Hong Kong: Bacimycin; Bivacyn; Nebacetin†; Ne-
osporin†; PMS-Baximycin†; Polyfax†; Prednitracin†; Hung.: Baneocin; Biva-
cyn; India: Nebasulf; Neosporin; Neosporin-H; Indon.: Nebacetin; Ne-
tracin; Scanderma Plus; Tracetin; Irl.: Cicatrin; Polyfax; Israel: Bamyxin;
Ital.: Bimixin; Cicatrene; Enterostop; Orobicin; Malaysia: Bacitracin-N; Ba-
neocin; Mex.: Nebacetina; Neosporin; Polixin; Tribiot; Neth.: Bacicoline-B;
Norw.: Bacimycin; Philipp.: BNP Ointment; Terramycin Plus; Trimycin;
Trimycin-H; Pol.: Baneocin; Bivacyn; Multibiotic; Neotopic; Tribiotic; Port.:
Baciderma; Bacitracina Zimaia; Bacitracina-Neo†; Cicatrin; Davimicina†;
Dermimade Bacitracina†; Dermobiotico†; Dimicina; Distop; Oralbiotico†;
Polisulfade; Rus.: Baneocin (Банеоцин); S.Afr.: Cicatrin; Neosporin†;
Polysporin; Singapore: Baneocin; Batramycin; Fast Powder; Polybamycin;
Spain: Bacisporin; Banedif; Dermisone Tri Antibiotic; Dermo Hubber; Ed-
ifaringen; Lizipaina; Neo Bacitrin; Oxidermiol Enzima†; Phonal; Pomada An-
tibiotica; Rinobanedif; Tulgrasum Antibiotico; Switz.: Bacimycin; Baneopol;
Batramycine; Cicatrex; Lysopaine; Nebacetin; Neotracin; Oro-Pivalone;
Prednitracin†; Thai.: Bacal; Banocin; Basina; Biochin†; Genquin; Izac†; Med-
cin; My-B; Mybacin; Mybacin Dermic; Turk.: Thiocilline; UK: Cicatrin†; Poly-
fax; USA: Ak-Poly-Bac; Ak-Spore; Betadine First Aid Antibiotics + Moistur-
izer ; Betadine Plus First Aid Antibiotics & Pain Reliever ; Cortimycin;
Cortisporin†; Lanabiotic†; Mycitracin†; Neocin; Neosporin + Pain Relief;
Neosporin†; Neotricin HC; Ocu-Spor-B; Ocutricin; Polycin-B; Polymycin;
Polysporin†; Polytracin; Spectrocin Plus†; Tri-Biozene; Venez.: Dermabiotic.

Balofloxacin (rINN)

Balofloxacine; Balofloxacino; Balofloxacinum; Q-35. (±)-1-Cyclo-
propyl-6-fluoro-1,4-dihydro-8-methoxy-7-[3-(methylamino)pip-
eridino]-4-oxo-3-quinolinecarboxylic acid.

Балофлоксацин

C20H24FN3O4 = 389.4.
CAS — 127294-70-6.

Profile
Balofloxacin is a fluoroquinolone antibacterial used in the treat-
ment of urinary-tract infections.

Preparations

Proprietary Preparations (details are given in Part 3)
Kor.: Q-Roxin.

Bambermycin (BAN, pINN)

Bambermicina; Bambermycine; Bambermycins (USAN); Bamber-
mycinum; Flavophospholipol.
Бамбермицин
C69H108N5O34P = 1582.6 (moenomycin A).
CAS — 11015-37-5 (bambermycin); 76095-39-1 (moen-
omycin A).

(moenomycin A)

Profile
Bambermycin is an antibacterial complex containing mainly
moenomycin A and moenomycin C and which may be obtained
from cultures of Streptomyces bambergiensis or by other means.
It is used as a growth promotor in veterinary practice.

Baquiloprim (BAN, rINN)

Bakilopriimi; Bakiloprim; Baquiloprima; Baquiloprime; Baquilopri-
mum; 138OU. 5-(8-Dimethylamino-7-methyl-5-quinolylme-
thyl)pyrimidin-2,4-diyldiamine.
Бахилоприм
C17H20N6 = 308.4.
CAS — 102280-35-3.

Profile
Baquiloprim is a diaminopyrimidine antibacterial used in veteri-
nary medicine with sulfadimethoxine or sulfadimidine.

Bekanamycin Sulfate (rINNM)

Aminodeoxykanamycin Sulphate; Bekanamycin Sulphate; Békan-
amycine, Sulfate de; Bekanamycini Sulfas; Kanamycin B Sulphate;
KDM; NK-1006; Sulfato de bekanamicina. 6-O-(3-Amino-3-de-
oxy-α-D-glucopyranosyl)-2-deoxy-4-O-(2,6-diamino-2,6-dide-
oxy-α-D-glucopyranosyl)-D-streptamine sulphate.
Беканамицина Сульфат
C18H37N5O10,2 ⁄ H2SO4 = 728.7.
CAS — 4696-76-8 (bekanamycin); 70550-99-1 (bekan-
amycin sulfate).

(bekanamycin)

Pharmacopoeias. In Jpn.
Profile
Bekanamycin is an aminoglycoside and is a congener of kan-
amycin. It has properties similar to those of gentamicin (p.282).
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212   Antibacterials
It is given topically as the sulfate for the treatment of eye infec-
tions. It has also been given intramuscularly and orally. It is re-
ported to be more toxic than kanamycin.
Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Kanacyl†.
Multi-ingredient: Ital.: Visucloben Antibiotico; Visumetazone Antibioti-
co.

Benethamine Penicillin (BAN, rINN)

Bénéthamine Pénicilline; Benethaminum Penicillinum; Penicilina-
benetamina. Benzyl(phenethyl)ammonium (6R)-6-(2-phenyla-
cetamido)penicillanate.
Бенетамин Пенициллин
C15H17N,C16H18N2O4S = 545.7.
CAS — 751-84-8.

Profile
Benethamine penicillin is a poorly soluble derivative of ben-
zylpenicillin (p.213) with similar actions and uses, although it is
not recommended for chronic, severe, or deep-seated infections.
After deep intramuscular injection it forms a depot from which it
is slowly absorbed and hydrolysed to benzylpenicillin.
Benethamine penicillin is usually given with benzylpenicillin so-
dium and also sometimes procaine benzylpenicillin to produce
both an immediate and a prolonged effect; overall, the effect lasts
for 2 to 3 days.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: Biclinocilline; Port.: Atralmicina.

Benzathine Benzylpenicillin (BAN, rINN)

Bensylpenicillinbensatin; Bensylpenicillinbenzatin; Bentsyylipenisil-
liinibentsatiini; Benzathin-benzylpenicilin; Benzathine benzylpéni-
cilline; Benzathine Penicillin; Benzathini Benzylpenicillinum; Benza-
tin Penisilin; Benzatina bencilpenicilina; Benzethacil; Benzilpenicili-
nas benzatinas; Benzilpenicillina Benzatinica; Benzilpenicillin-benz-
antin; Benzylopenicylina benzatynowa; Benzylpenicillinum Ben-
zanthinum; Benzylpenicillinum benzathinum; Penicillin G Benza-
thine; Penisilin G Benzatin; Penzaethinum G. NN′-Dibenzylethyl-
enediammonium bis[(6R)-6-(2-phenylacetamido)penicillanate].
Бензатина Бензилпенициллин
C16H20N2(C16H18N2O4S)2 = 909.1.
CAS — 1538-09-6 (anhydrous benzathine benzylpenicil-
lin); 5928-83-6 (benzathine benzylpenicillin monohydrate);
41372-02-5 (benzathine benzylpenicillin tetrahydrate).
ATC — J01CE08.
ATC Vet — QJ01CE08.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Int. 
Jpn and US include the tetrahydrate. 
Ph. Eur. 6.2 (Benzylpenicillin, Benzathine). It contains a variable
quantity of water. A white or almost white powder. Very slightly
soluble in water; slightly soluble in alcohol; freely soluble in
dimethylformamide and in formamide. Store in airtight contain-
ers. 
USP 31 (Penicillin G Benzathine). The tetrahydrate is a white,
odourless, crystalline powder. Soluble 1 in 5000 of water and 1
in 65 of alcohol. pH in a solution prepared by dissolving 50 mg
in 50 mL of dehydrated alcohol, and adding 50 mL of water is
between 4.0 and 6.5. Store in airtight containers.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Non-allergic (embolic-toxic) reactions similar to those
associated with procaine benzylpenicillin, p.319, have
been reported rarely with benzathine benzylpenicillin. 

Benzathine benzylpenicillin should not be injected in-
travascularly since ischaemic reactions may occur.

Interactions
As for Benzylpenicillin, p.214.

Pharmacokinetics
When benzathine benzylpenicillin is given by intra-
muscular injection, it forms a depot from which it is
slowly released and hydrolysed to benzylpenicillin.
Peak plasma concentrations are produced in about 24
hours and are lower than those after an equivalent dose
of benzylpenicillin potassium or sodium. However, de-
pending on the dose, benzylpenicillin is usually detect-
able in plasma for up to 4 weeks (but see below). 
Distribution into the CSF is reported to be poor. 
Due to the slow absorption from the site of injection,
benzylpenicillin has been detected in the urine for up to
12 weeks after a single dose. 
Benzathine benzylpenicillin is relatively stable in the
presence of gastric juice, but absorption from the gas-
trointestinal tract is variable. Plasma concentrations of
benzylpenicillin after an oral dose are lower than those
from the same dose of a soluble penicillin; peak con-
centrations are also produced less rapidly, but may per-
sist for longer.
Plasma concentrations. Benzathine benzylpenicillin has
been given every 4 weeks for secondary prophylaxis against
rheumatic fever, although some advocate giving it every 3 weeks
to ensure adequate plasma concentrations of benzylpenicillin.
Typical concentrations achieved after a single intramuscular in-
jection of benzathine benzylpenicillin 900 mg have been cited as
about 100, 20, and 2 nanograms/mL on days 1, 14, and 32 re-
spectively. In one study1 adequate concentrations (defined as
20 nanograms or more per mL) were seen in more than 80% of
serum samples at 3 weeks, but in only 36% at 4 weeks. In a fur-
ther study,2 in which single doses of 900 mg, 1.35 g and 1.8 g
were compared, it appeared that doses higher than the 900-mg
dose of benzathine benzylpenicillin usually recommended might
prolong the duration of protective plasma concentrations of ben-
zylpenicillin (defined as above 25 nanograms/mL) and improve
the efficacy of dosing every 4 weeks for prophylaxis against
rheumatic fever.
1. Kaplan EL, et al. Pharmacokinetics of benzathine penicillin G:

serum levels during the 28 days after intramuscular injection of
1 200 000 units. J Pediatr 1989; 115: 146–50. 

2. Currie BJ, et al. Penicillin concentrations after increased doses
of benzathine penicillin G for prevention of secondary rheumatic
fever. Antimicrob Agents Chemother 1994; 38: 1203–4.

Pregnancy. The pharmacokinetics of benzathine benzylpenicil-
lin appear to be altered in late pregnancy. Of 10 healthy pregnant
women given benzathine benzylpenicillin 1.8 g intramuscularly
before caesarean section, only 4 achieved adequate serum con-
centrations of benzylpenicillin (for syphilis, at least
18 nanograms/mL) for 7 days.1

1. Nathan L, et al. Penicillin levels following the administration of
benzathine penicillin G in pregnancy. Obstet Gynecol 1993; 82:
338–42.

Uses and Administration
Benzathine benzylpenicillin has the same antimicrobi-
al action as benzylpenicillin (p.214), to which it is hy-
drolysed gradually after deep intramuscular injection.
This results in a prolonged effect, but because of the
relatively low blood concentrations of benzylpenicillin
produced, its use should be restricted to micro-organ-
isms that are highly susceptible to benzylpenicillin. In
acute infections, and when bacteraemia is present, the
initial treatment should be with benzylpenicillin by in-
jection. 
Infections treated with benzathine benzylpenicillin in-
clude diphtheria (asymptomatic carriers), pharyngitis
(Streptococcus pyogenes; Arcanobacterium haemo-
lyticum (Corynebacterium haemolyticum)), and syphi-
lis (including non-venereal treponematoses). It is also
used for primary and secondary prophylaxis of rheu-
matic fever. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Administration and dosage. Benzathine benzylpenicil-
lin is given by deep intramuscular injection, sometimes
with procaine benzylpenicillin and benzylpenicillin
itself. It has been given orally for mild infections,

although phenoxymethylpenicillin is usually preferred.
Benzathine benzylpenicillin 900 mg is equivalent to
about 720 mg of benzylpenicillin (1.2 million units). 
For early syphilis, a single dose of benzathine ben-
zylpenicillin 1.8 g by deep intramuscular injection is
given, usually as 2 injections at separate sites. In late
syphilis, 1.8 g is given at weekly intervals for 3 consec-
utive weeks. Benzathine benzylpenicillin is not usually
recommended for the treatment of neurosyphilis be-
cause of reports of inadequate penetration into the CSF.
Infants up to 2 years of age may be given a single intra-
muscular dose of 37.5 mg/kg for the treatment of con-
genital syphilis, provided there is no evidence of infec-
tion in the CSF. 
For the treatment of other treponemal infections, such
as yaws, pinta, and endemic syphilis (bejel), a single
intramuscular dose of benzathine benzylpenicillin
900 mg is given; a dose of 450 mg may be used in chil-
dren. 
For streptococcal pharyngitis and the primary preven-
tion of rheumatic fever, the adult dose is a single intra-
muscular injection of 900 mg; children under 30 kg
may be given 225 to 675 mg. To prevent recurrences of
acute rheumatic fever, 900 mg is given intramuscularly
every 3 or 4 weeks to adults; a dose of 450 mg has been
used for children under 30 kg.

Preparations
USP 31: Penicillin G Benzathine and Penicillin G Procaine Injectable Suspen-
sion; Penicillin G Benzathine Injectable Suspension; Penicillin G Benzathine
Oral Suspension; Penicillin G Benzathine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Benzetacil; Galtamicina; Pen di Ben; Retarpen; Austral.: Bicillin L-A;
Austria: Retarpen; Belg.: Penadur; Braz.: Bactopen; Benzatron; Benzetacil;
Bepeben; Longacilin; Neo Benzil†; Pencil B; Cz.: Pendepon Compositum;
Retarpen; Fr.: Extencilline; Ger.: Pendysin; Gr.: Penadur ; Hung.: Re-
tarpen†; India: Pencom; Penidure; Israel: Durabiotic; Ital.: Diaminocillina;
Wycillina; Malaysia: Retarpen; Mex.: Benacilina; Bencelin; Benzafur; Ben-
zanil Simple; Benzetacil; Ipenxin; Lentopenil; Unicil 6:3:3; Unicil L-A; Neth.:
Penidural; NZ: Bicillin L-A; Philipp.: Penadur; Zalpen; Pol.: Debecylina;
Port.: Lentocilin S; Penadur†; Rus.: Bicillin-1 (Бициллин-1); Extencilline
(Экстенциллин); S.Afr.: Bicillin L-A; Penilente LA†; Singapore: Retarpen;
Spain: Benzetacil; Cepacilina; Thai.: Penadur†; Turk.: Benzapen; Benzapen
6.3.3; Deposilin; Deposilin 6.3.3; Penadur; Penadur 6.3.3; USA: Bicillin L-A;
Permapen; Venez.: Benzetacil L-A; Silcopen†.

Multi-ingredient: Austria: Retarpen compositum; Chile: Karbasalin†;
Ger.: Retacillin compositum; Tardocillin; Ital.: Tri-Wycillina†; Mex.: Bence-
lin Combinado; Benzanil Compuesto; Benzetacil Combinado; Pecivax;
Pendiben Compuesto; Neth.: Penidural D/F†; Port.: Lentocilin; Penadur
6.3.3†; Rus.: Bicillin-3 (Бициллин-3); Bicillin-5 (Бициллин-5); S.Afr.: Peni-
lente Forte†; Ultracillin; Spain: Benzetacil Compuesta; Cepacilina 633; Pe-
nilevel Retard; USA: Bicillin C-R; Venez.: Benzetacil 3-3; Benzetacil 6-3-3.

Benzathine Phenoxymethylpenicillin

Benzatin Fenoksimetil Penisilin; Benzatina fenoximetilpenicilina;
Penicillin V Benzathine (USAN); Phenoxymethylpenicillini Dibenzy-
laethylendiaminum. N,N′-Dibenzylethylenediammonium bis[(6R)-
6-(2-phenoxyacetamido)penicillanate].

(C16H18N2O5S)2,C16H20N2 = 941.1.
CAS — 5928-84-7 (anhydrous benzathine phenoxymeth-
ylpenicillin); 63690-57-3 (benzathine phenoxymethylpeni-
cillin tetrahydrate).
ATC — J01CE10.
ATC Vet — QJ01CE10.

Pharmacopoeias. In US. 
USP 31 (Penicillin V Benzathine). A practically white powder
having a characteristic odour. Soluble 1 in 3200 of water, 1 in 330
of alcohol, 1 in 37 of acetone, 1 in 42 of chloroform, and 1 in 910
of ether. pH of a 3% suspension in water is between 4.0 and 6.5.
Store in airtight containers.

Profile
Benzathine phenoxymethylpenicillin has actions and uses simi-
lar to those of phenoxymethylpenicillin (p.314) and is given oral-
ly in the treatment of susceptible mild to moderate infections.
Doses are expressed in terms of phenoxymethylpenicillin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
USP 31: Penicillin V Benzathine Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Austral.: Abbocillin-V; Cilicaine V; Austria: Ospen; Canad.: Pen-Vee†;
Cz.: Ospen; Fr.: Oracilline; Ger.: InfectoBicillin; Gr.: Ospen; Hung.: Ospen;
Oxybion†; Pol.: Ospen; Rus.: Ospen (Оспен); Spain: Benoral; Switz.:
Ospen; Phenocillin; Turk.: Pen-Os; Venez.: Ospen.

Benzylpenicillin (BAN, rINN)

Bencilpenicilina; Bensylpenicillin; Bentsyylipenisilliini; Benzil Penisil-
iin; Benzylpénicilline; Benzylpenicillinum; Crystalline Penicillin G;
Penicillin; Penicillin G; Penisilin G. (2S,5R,6R)-3,3-Dimethyl-7-oxo-
6-(2-phenylacetamido)-4-thia-1-azabicyclo[3.2.0]heptane-2-car-
boxylic acid; (6R)-6-(2-Phenylacetamido)penicillanic acid.
Бензилпенициллин
C16H18N2O4S = 334.4.
CAS — 61-33-6.
ATC — J01CE01; S01AA14.
ATC Vet — QJ01CE01; QJ51CE01; QS01AA14.

Description. The name benzylpenicillin is commonly used to
describe either benzylpenicillin potassium or benzylpenicillin
sodium as these are the forms in which benzylpenicillin is used. 
In Martindale, benzylpenicillin means either the potassium or
sodium salt.

Benzylpenicillin Potassium (BANM, rINNM)

Bencilpenicilina potásica; Bensylpenicillinkalium; Bentsyylipenisilli-
inikalium; Benzilpenicilino kalio druska; Benzilpenicillin-kálium;
Benzylopenicylina potasowa; Benzylpenicilin draselná sůl; Ben-
zylpénicilline potassique; Benzylpenicillinum kalicum; Kalii Ben-
zylpenicillinum; Penicillin G Potassium; Penisilin G Potasyum.
Калия  Бензилпенициллин
C16H17KN2O4S = 372.5.
CAS — 113-98-4.
ATC — J01CE01; S01AA14.
ATC Vet — QJ01CE01; QS01AA14.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Benzylpenicillin Potassium). The potassium salt of a
substance produced by growing certain strains of Penicillium no-
tatum or related organisms or obtained by any other means. A
white or almost white crystalline powder. Very soluble in water;
practically insoluble in fatty oils and in liquid paraffin. A 10%
solution in water has a pH of 5.5 to 7.5. Store in airtight contain-
ers. 
USP 31 (Penicillin G Potassium). Colourless or white crystals, or
white crystalline powder. It is odourless or practically so, and is
moderately hygroscopic. Very soluble in water, in sodium chlo-
ride 0.9%, and in glucose solutions; sparingly soluble in alcohol.
Its solutions retain substantially full potency for several days at
temperatures below 15°, but are rapidly inactivated by acids, by
alkali hydroxides, by glycerol, and by oxidising agents. pH of a
6% solution in water is between 5.0 and 7.5. Store in airtight con-
tainers.
Incompatibility and stability. As for Benzylpenicillin Sodi-
um, below.

Benzylpenicillin Sodium (BANM, rINNM)

Bencilpenicilina sódica; Bensylpenicillinnatrium; Bentsyylipenisilli-
ininatrium; Benzilpenicilino natrio druska; Benzilpenicillin-nátrium;
Benzylopenicylina sodowa; Benzylpenicilin sodná sůl; Benzylpén-
icilline sodique; Benzylpenicillinum natricum; Natrii Benzylpenicil-
linum; Penicillin G Sodium; Sodyum Penisilin G.
Натрий Бензилпенициллин
C16H17N2NaO4S = 356.4.
CAS — 69-57-8.
ATC — J01CE01; S01AA14.
ATC Vet — QJ01CE01; QS01AA14.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Benzylpenicillin Sodium). The sodium salt of a sub-
stance produced by growing certain strains of Penicillium no-
tatum or related organisms or obtained by any other means. A
white or almost white crystalline powder. Very soluble in water;
practically insoluble in fatty oils and in liquid paraffin. A 10%
solution in water has a pH of 5.5 to 7.5. Store in airtight contain-
ers. 
USP 31 (Penicillin G Sodium). Colourless or white crystals, or

white to slightly yellow crystalline powder. It is odourless or
practically so, and is moderately hygroscopic. Its solutions lose
potency fairly rapidly at room temperature, but retain substan-
tially full potency for several days at temperatures below 15°. Its
solutions are rapidly inactivated by acids, by alkali hydroxides,
by oxidising agents, and by penicillinase. pH of a 6% solution in
water is between 5.0 and 7.5. Store in airtight containers.

Incompatibility. Benzylpenicillin has been reported to be in-
compatible with metal ions and some rubber products. Its stabil-
ity may be affected by ionic and nonionic surfactants, oxidising
and reducing agents, alcohols, glycerol, glycols, macrogols and
other hydroxy compounds, some paraffins and bases, some pre-
servatives such as chlorocresol or thiomersal, carbohydrate solu-
tions in an alkaline pH, fat emulsions, blood and blood products,
and viscosity modifiers. Benzylpenicillin is incompatible with a
wide range of acidic and basic drugs (see Stability, below) and
with a number of other antimicrobials, including amphotericin B,
some cephalosporins, and vancomycin. Benzylpenicillin and
aminoglycosides are mutually incompatible and injections
should be given at separate sites.

Stability. Benzylpenicillin is hydrolysed in aqueous solutions
by degradation of the beta-lactam ring and hydrolysis is acceler-
ated by increased temperature or alkaline conditions; inactiva-
tion also occurs under acid conditions. Degradation products in-
clude penillic, penicillenic, and penicilloic acids which lower the
pH and cause a progressive increase in the rate of deterioration;
N-formylpenicillamine and very small amounts of penicillamine
have also been detected. Degradation is minimal at about pH 6.8
and deterioration of benzylpenicillin in solution may be retarded
by using a citrate buffer. Dilute solutions are more stable than
concentrated ones. 
References.
1. Lynn B. The stability and administration of intravenous penicil-

lins. Br J Intraven Ther 1981; 2 (Mar): 22–39. 
2. Bird AE, et al. N-Formylpenicillamine and penicillamine as deg-

radation products of penicillins in solution. J Pharm Pharmacol
1986; 38: 913–17.

Units
The second International Standard Preparation (1952)
of benzylpenicillin sodium contained 1670 units of
penicillin per mg but was withdrawn in 1968 since
penicillin can now be characterised completely by
chemical tests. Despite this, doses of benzylpenicillin
are still expressed in units in some countries. 
Benzylpenicillin potassium 600 mg or benzylpenicil-
lin sodium 600 mg have generally been considered to
be equivalent to about 1 million units (1 mega unit).

Adverse Effects
The most common adverse effects of benzylpenicillin
are hypersensitivity reactions, especially skin rashes;
anaphylaxis occasionally occurs and has sometimes
been fatal. 
Gastrointestinal effects such as diarrhoea and nausea
are the most common adverse effects after oral use of
benzylpenicillin; a sore mouth or tongue or a black
hairy tongue have occasionally been reported. Pseu-
domembranous colitis has been associated with the use
of most antibiotics; ampicillin or amoxicillin are the
most frequently implicated penicillins (see Antibiotic-
associated Colitis, p.171). 
Other adverse effects have generally been associated
with large intravenous doses of benzylpenicillin; pa-
tients with renal impairment are also at increased risk.
These adverse effects include haemolytic anaemia and
neutropenia, both of which might have some immuno-
logical basis; prolongation of bleeding time and defec-
tive platelet function; convulsions and other signs of
CNS toxicity (encephalopathy has followed intrathecal
dosage and can be fatal); and electrolyte disturbances
because of the large amounts of potassium or sodium
given when benzylpenicillin potassium or sodium, re-
spectively, are used. 
Hepatitis and cholestatic jaundice have been reported
rarely with some penicillins, notably penicillinase-re-
sistant penicillins such as flucloxacillin and oxacillin,
and also combinations of amoxicillin or ticarcillin with
clavulanic acid. 
Nephropathy and interstitial nephritis, which may have
some immunological basis, have been especially asso-
ciated with meticillin, but may be produced by other
penicillins. 

Some patients with syphilis and other spirochaete in-
fections may experience a Jarisch-Herxheimer reaction
shortly after starting treatment with penicillin, which is
probably due to the release of endotoxins from the
killed treponemes and should not be mistaken for a hy-
persensitivity reaction. Symptoms include fever, chills,
headache, and reactions at the site of the lesions. The
reaction can be dangerous in cardiovascular syphilis,
or where there is a serious risk of increased local dam-
age, such as with optic atrophy. 
Hypersensitivity. The overall incidence of allergic re-
actions to penicillin has been reported to vary from
about 1 to 10% although some patients may have been
incorrectly labelled ‘allergic to penicillin’. Anaphylac-
tic reactions occur in about 0.05% of patients, usually
after parenteral use, but they have also been reported
after taking oral penicillin. 
Hypersensitivity to penicillin gives rise to immediate
reactions including anaphylaxis, angioedema, urticar-
ia, and some maculopapular rashes. Late reactions may
include serum sickness-like reactions and haemolytic
anaemia. Reactions are considered to be due mainly to
breakdown products produced in vitro before use or to
metabolites of penicillin, and possibly penicillin itself.
These act as haptens which, when combined with pro-
teins and other macromolecules, produce potential an-
tigens. As the hypersensitivity is related to the basic
penicillin structure, patients who are genuinely allergic
to benzylpenicillin must be assumed to be allergic to all
penicillins; sensitised patients may also react to the ce-
phalosporins and other beta-lactam antibiotics. 
Tests for hypersensitivity may be used to determine
those patients most likely to develop serious allergic
reactions to penicillins. Skin tests are used to evaluate
the current risk of immediate or accelerated IgE-medi-
ated reactions, the most serious being anaphylaxis.
Both the major and minor determinants of penicillin
hypersensitivity should be used; the major determinant
is available as penicilloyl-polylysine (p.2364) and a
minor-determinant mixture consisting of benzylpeni-
cillin and its derivatives, including penicilloic acid and
benzylpenicilloylamine, can be used, although if this is
not available a solution of benzylpenicillin may be sub-
stituted. Adrenaline should be available in case an an-
aphylactic reaction develops. The results of skin tests
are unreliable if a significant time has elapsed before
beginning therapy. A number of in-vitro tests including
the radioallergosorbent test (RAST) have been devel-
oped. 
Desensitisation may be attempted in patients allergic to
penicillin when treatment with penicillin is considered
essential. It involves very small doses of penicillin giv-
en at relatively short intervals of 15 minutes or more,
and gradually increased to therapeutic concentrations.
However, desensitisation may be hazardous and
should only be carried out if the patient can be moni-
tored continuously and adrenaline and resuscitation
equipment are immediately available. Desensitisation
should be regarded as temporary, and allergic reactions
may recur during the next exposure to penicillin. 
Neutropenia. Neutropenia has been widely reported in
patients given high doses of beta lactams and an inci-
dence of from 5 to more than 15% has been reported in
patients treated for 10 days or more. Warning signs in-
clude fever, rash, and eosinophilia. Monitoring of the
leucocyte count is recommended during long-term
treatment with high doses. Some have proposed a di-
rect toxic effect whereas others have postulated an im-
mune mechanism.
Effects on the blood. References to neutropenia associated
with penicillins.
1. Anonymous. Antibiotic-induced neutropenia. Lancet 1985; ii:

814. 
2. Neftel KA, et al. Inhibition of granulopoiesis in vivo and in vitro

by β-lactam antibiotics. J Infect Dis 1985; 152: 90–8. 
3. Olaison L, Alestig K. A prospective study of neutropenia in-

duced by high doses of β-lactam antibiotics. J Antimicrob Chem-
other 1990; 25: 449–53. 

4. Scheetz MH, et al. Systematic review of piperacillin-induced
neutropenia. Drug Safety 2007; 30: 295–306.
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Effects on the nervous system. References to CNS effects
associated with penicillins.
1. Schliamser SE, et al. Neurotoxicity of β-lactam antibiotics: pre-

disposing factors and pathogenesis. J Antimicrob Chemother
1991; 27: 405–25.

Hypersensitivity. References to hypersensitivity reactions as-
sociated with penicillins.
1. Sullivan TJ, et al. Skin testing to detect penicillin allergy. J Al-

lergy Clin Immunol 1981; 68: 171–80. 
2. Beeley L. Allergy to penicillin. BMJ 1984; 288: 511–12. 
3. Holgate ST. Penicillin allergy: how to diagnose and when to

treat. BMJ 1988; 296: 1213–14. 
4. Anonymous. Penicillin allergy in childhood. Lancet 1989; i:

420. 
5. Surtees SJ, et al. Allergy to penicillin: fable or fact? BMJ 1991;

302: 1051–2. Correspondence. ibid.: 1462–3. 
6. Anonymous. Penicillin allergy. Drug Ther Bull 1996; 34: 87–8. 
7. Salkind AR, et al. Is this patient allergic to penicillin? An evi-

dence-based analysis of the likelihood of penicillin allergy.
JAMA 2001; 285: 2498–2505.

Precautions
Patients known to be hypersensitive to penicillins
should be given an antibacterial of another class. How-
ever, sensitised patients may also react to the cepha-
losporins and other beta lactams. Desensitisation may
be attempted if treatment with a penicillin is considered
essential (see Adverse Effects, above). Penicillins
should be given with caution to patients with a history
of allergy, especially to drugs. 
Care is necessary if very high doses of penicillins are
given, especially if renal function is poor, because of
the risk of neurotoxicity. The intrathecal route should
be avoided. Renal, hepatic, and haematological status
should be monitored during prolonged and high-dose
therapy. Because of the Jarisch-Herxheimer reaction,
care is also necessary when treating patients with spi-
rochaete infections, particularly syphilis. 
Skin contact with penicillins should be avoided since
sensitisation may occur. 
Penicillin therapy changes the normal bacterial flora
and can lead to superinfection with penicillin-resistant
organisms including Clostridium difficile or Candida,
particularly with prolonged use. 
Penicillins may interfere with some diagnostic tests
such as those for urinary glucose using copper sulfate,
direct antiglobulin (Coombs’) tests, and some tests for
urinary or serum proteins. Penicillins may interfere
with tests that use bacteria, for example the Guthrie test
for phenylketonuria using Bacillus subtilis organisms.
Potassium and sodium content. Each g of benzylpenicillin
potassium contains about 2.7 mmol of potassium and each g of
benzylpenicillin sodium contains about 2.8 mmol of sodium.
Care is necessary if large doses of the potassium or sodium salts
are given to patients with renal impairment or heart failure. High
doses of benzylpenicillin potassium should also be used with
caution in patients receiving potassium-containing drugs or
potassium-sparing diuretics.

Interactions
Probenecid prolongs the half-life of benzylpenicillin
by competing with it for renal tubular secretion and
may be used therapeutically for this purpose. Ben-
zylpenicillin may also interact with bacteriostatic anti-
bacterials such as chloramphenicol and tetracyclines
(see Antimicrobial Action, below), and may be incom-
patible in vitro with other drugs, including some other
antibacterials (see above). 
The possibility of a prolonged bleeding time after oral
treatment with a broad-spectrum drug like ampicillin
should be borne in mind in patients receiving anticoag-
ulants.
Hormonal contraceptives. For the effect of penicillins on
oral contraceptives, see p.2068.
Methotrexate. For the effect of penicillins on methotrexate,
see p.748.

Antimicrobial Action
Benzylpenicillin is a beta-lactam antibiotic and has a
bactericidal action against Gram-positive bacteria,
Gram-negative cocci, some other Gram-negative bac-
teria, spirochaetes, and actinomycetes. 
Mechanism of action. It exerts its killing action on
growing and dividing bacteria by inhibiting bacterial

cell-wall synthesis, although the mechanisms involved
are still not precisely understood. Bacterial cell walls
are held rigid and protected against osmotic rupture by
peptidoglycan. Benzylpenicillin inhibits the final
cross-linking stage of peptidoglycan production by
binding to and inactivating transpeptidases, penicillin-
binding proteins on the inner surface of the bacterial
cell membrane. However, it is now realised that other
earlier stages in cell-wall synthesis can also be inhibit-
ed. Other mechanisms involved include bacterial lysis
by the inactivation of endogenous inhibitors of bacteri-
al autolysins. 
Its action is inhibited by penicillinase and other beta-
lactamases that are produced during the growth of cer-
tain micro-organisms. 
Many Gram-negative organisms are intrinsically re-
sistant by virtue of the inability of benzylpenicillin to
penetrate their outer membranes. Intrinsic resistance
can also be due to structural differences in the target
penicillin-binding proteins. See under Resistance, be-
low, for reference to acquired resistance. 
Spectrum of activity. The following pathogenic organ-
isms are usually sensitive to benzylpenicillin: 
• Gram-positive aerobes and anaerobes including Ba-

cillus anthracis, Clostridium perfringens, Cl. tetani,
Corynebacterium diphtheriae, Erysipelothrix rhusi-
opathiae, Listeria monocytogenes, Peptostreptococ-
cus spp., non-beta-lactamase-producing staphyloco-
cci, and streptococci including Streptococcus
agalactiae (group B), Str. pneumoniae (pneumococ-
ci), Str. pyogenes (group A), and some viridans strep-
tococci; enterococci are relatively insensitive. 

• Gram-negative cocci including Neisseria meningi-
tidis (meningococci) and Neisseria gonorrhoeae
(gonococci), although beta-lactamase-producing
strains are common. 

• Gram-negative bacilli including Pasteurella multoc-
ida, Streptobacillus moniliformis, and Spirillum mi-
nus (or minor); most Gram-negative bacilli, includ-
ing Pseudomonas spp. and Enterobacteriaceae, are
insensitive although some strains of Proteus mirabi-
lis and Escherichia coli may be inhibited by high
concentrations of benzylpenicillin. 

• Gram-negative anaerobes including Prevotella
(non-fragilis Bacteroides) and Fusobacterium spp. 

• Other organisms including Actinomyces and the spi-
rochaetes, Borrelia, Leptospira, and Treponema spp. 

• Mycobacteria, fungi, mycoplasmas, and rickettsias
are not sensitive. 

Activity with other antimicrobials. Benzylpenicillin
may exhibit synergy with other antimicrobials, partic-
ularly the aminoglycosides, and such combinations
have been used against enterococci and other relatively
insensitive bacteria. Its activity may be enhanced by
clavulanic acid and other beta-lactamase inhibitors,
and both enhancement and antagonism have been
demonstrated for beta-lactam combinations. Antago-
nism has been reported to occur with some bacterio-
static drugs, such as chloramphenicol or tetracyclines,
that interfere with active bacterial growth necessary for
benzylpenicillin to achieve its effect. 
Resistance. Susceptible Gram-positive bacteria ac-
quire resistance to beta lactams mainly through the in-
duction of beta-lactamases, including penicillinases.
These enzymes are liberated extracellularly and hydro-
lyse the beta-lactam ring. This resistance is usually
plasmid-mediated and can be transferred from one bac-
terium to another. Gram-negative bacteria produce
beta-lactamases within their cell membranes which
may be chromosomally or plasmid-mediated; all
Gram-negative species probably contain small
amounts of beta-lactamases. Resistance in Gram-neg-
ative species may also be due to changes in their outer
membrane resulting in the failure of beta lactams to
reach their target penicillin-binding proteins. Changes
in the binding characteristics of penicillin-binding pro-

teins may also result in resistance in Gram-positive and
Gram-negative bacteria. 
Most strains of Staphylococcus aureus are now resist-
ant to benzylpenicillin. Streptococcus pneumoniae
with reduced susceptibility or complete resistance to
benzylpenicillin have increasingly been reported.
Strains of Neisseria meningitidis with reduced sensi-
tivity to benzylpenicillin have been identified. Penicil-
linase-producing Neisseria gonorrhoeae are wide-
spread; reduced sensitivity of gonococci to
benzylpenicillin may also result from alterations in
penicillin-binding proteins. Most strains of Haemo-
philus influenzae and Moraxella catarrhalis (Branha-
mella catarrhalis) are now resistant. 
Some organisms, usually Gram-positive cocci such as
staphylococci or streptococci, may develop tolerance
and are inhibited but not killed by benzylpenicillin; in
such cases the minimum bactericidal concentration is
much greater than the minimum inhibitory concentra-
tion.

Pharmacokinetics
Benzylpenicillin rapidly appears in the blood after in-
tramuscular injection of water-soluble salts, and maxi-
mum concentrations are usually reached in 15 to 30
minutes; peak plasma concentrations of about
12 micrograms/mL have been reported after single
doses of 600 mg. 
When given orally, benzylpenicillin is inactivated fair-
ly rapidly by gastric acid and only up to about 30% is
absorbed, mainly from the duodenum; maximum plas-
ma-penicillin concentrations usually occur in about 1
hour. In order to attain plasma-penicillin concentra-
tions after oral use similar to those after intramuscular
injection, up to 5 times as much benzylpenicillin may
be necessary. Absorption varies greatly in different in-
dividuals and is better in patients with reduced gastric
acid production, including neonates and the elderly.
Food decreases the absorption of benzylpenicillin and
oral doses are best given at least half an hour before or
2 to 3 hours after a meal. 
Benzylpenicillin is widely distributed at varying con-
centrations in body tissues and fluids. It appears in
pleural, pericardial, peritoneal, and synovial fluids, but
in the absence of inflammation diffuses only to a small
extent into abscess cavities, avascular areas, the eye,
the middle ear, and the CSF. Inflamed tissue is, howev-
er, more readily penetrated and, for example, in menin-
gitis higher concentrations of benzylpenicillin are
achieved in the CSF. Active transport out of the CSF is
reduced by probenecid. In patients with uraemia, other
organic acids may accumulate in the CSF and compete
with benzylpenicillin for active transport; toxic con-
centrations of benzylpenicillin sufficient to cause con-
vulsions can result. 
Benzylpenicillin diffuses across the placenta into the
fetal circulation, and small amounts appear in breast
milk. 
The plasma half-life is about 30 minutes, although it
may be longer in neonates and the elderly because of
reduced renal function. In renal impairment the half-
life may be increased to about 10 hours. Approximate-
ly 60% is reported to be bound to plasma protein. 
Benzylpenicillin is metabolised to a limited extent and
the penicilloic acid derivative has been recovered in the
urine. Benzylpenicillin is rapidly excreted in the urine,
principally by tubular secretion and about 20% of a
dose given by mouth appears unchanged in the urine;
about 60 to 90% of a dose of aqueous benzylpenicillin
given intramuscularly appears in the urine, mainly
within the first hour. Significant concentrations are
achieved in bile, but in patients with normal renal func-
tion only small amounts are excreted via the bile. Ben-
zylpenicillin is removed by haemodialysis. 
Renal tubular secretion is inhibited by probenecid
(p.558), which is sometimes given to increase plasma-
penicillin concentrations.
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Uses and Administration
Benzylpenicillin is used in the treatment of infections
due to susceptible organisms (see Antimicrobial Ac-
tion, above). They include abscess, actinomycosis, an-
thrax, bites and stings, diphtheria, endocarditis, gas
gangrene, leptospirosis, Lyme disease, meningitis,
meningococcal infections, necrotising enterocolitis,
necrotising fasciitis, neonatal conjunctivitis (if gono-
cocci are sensitive), perinatal streptococcal infections
(intrapartum prophylaxis against group B streptococ-
ci), pharyngitis (or tonsillitis), pneumonia, skin infec-
tions, syphilis (neurosyphilis and congenital syphilis),
tetanus, toxic shock syndrome, and Whipple’s disease.
It is also used for surgical infection prophylaxis in first
trimester abortion in women at high risk of pelvic in-
fection. For details of these infections and their treat-
ment, see under Choice of Antibacterial, p.162. 

Administration and dosage. Benzylpenicillin is usually
given intramuscularly or intravenously. For some indi-
cations benzathine benzylpenicillin (p.212) or procaine
benzylpenicillin (p.319), which provide a prolonged
effect, are preferred; they are given intramuscularly.
Benzylpenicillin is sometimes given orally for infec-
tions of moderate severity, but one of the acid-resistant
penicillins such as phenoxymethylpenicillin (p.314) is
preferable. 

Benzylpenicillin is available as the potassium or sodi-
um salt. The dose of benzylpenicillin should be suffi-
cient to achieve an optimum bactericidal concentration
in the blood as rapidly as possible; concentrations may
be increased by giving it with probenecid (p.559). In
some countries, doses are still expressed in units. Ben-
zylpenicillin potassium 600 mg or benzylpenicillin so-
dium 600 mg have generally been considered to be
equivalent to about 1 million units (1 mega unit). 

For some infections, adult doses of 0.6 to 4.8 g of ben-
zylpenicillin daily in 2 to 4 divided doses by intramus-
cular or slow intravenous injection or intravenous infu-
sion may be adequate, but higher doses given
intravenously, often by infusion, are more usual for se-
vere infections. For example, in endocarditis, ben-
zylpenicillin 7.2 g daily (1.2 g every 4 hours) intrave-
nously, usually with an aminoglycoside, is
recommended; doses of up to 18 g daily are not unusu-
al for less sensitive streptococci and enterococci. In
meningococcal and pneumococcal meningitis, ben-
zylpenicillin 14.4 g daily (2.4 g every 4 hours) intrave-
nously is recommended; up to 18 g daily has been rec-
ommended for meningococcal meningitis. High doses
should be given slowly to avoid irritation of the CNS
and electrolyte imbalance, and a rate of not more than
300 mg/minute is recommended for intravenous doses
above 1.2 g. High doses may need to be reduced in pa-
tients with renal impairment. 

Infants and children from 1 month to 12 years may be
given 100 mg/kg daily in 4 divided doses; infants aged
1 to 4 weeks, 75 mg/kg daily in 3 divided doses; and
neonates 50 mg/kg daily in 2 divided doses. 

As in adults, higher paediatric doses may be necessary
in severe infections. A dose of 180 to 300 mg/kg daily
given intravenously in 4 to 6 divided doses is recom-
mended for meningococcal meningitis in infants and
children from 1 month to 12 years of age; infants aged
1 to 4 weeks may be given 150 mg/kg daily in 3 divid-
ed doses; neonates up to 7 days old may be given
100 mg/kg daily in 2 divided doses. 

In patients with suspected meningococcal infection, an
intravenous or intramuscular injection of benzylpeni-
cillin should be given before transfer to hospital. Doses
are: adults and children aged 10 years or more, 1.2 g;
children aged 1 to 9 years, 600 mg; children under 1
year, 300 mg. 

A dose for intrapartum prophylaxis against group B
streptococcal infection is benzylpenicillin 3 g intrave-
nously initially, then 1.5 g every 4 hours until delivery. 

Other routes. Benzylpenicillin eye drops and eye oint-
ment are used in the treatment of susceptible eye infec-
tions. For subconjunctival injection, 300 or 600 mg of
benzylpenicillin has been dissolved in 0.5 to 1.0 mL of
water, or another suitable solvent such as lidocaine 2%
with or without adrenaline 1 in 200 000 or similar. 
Benzylpenicillin has also been given orally on an emp-
ty stomach in adult doses of 125 to 312 mg every 4 to
6 hours. 
Intrathecal injections are no longer recommended.
Preparations
BP 2008: Benzylpenicillin Injection; 
USP 31: Penicillin G Potassium Capsules; Penicillin G Potassium for Injec-
tion; Penicillin G Potassium for Oral Solution; Penicillin G Potassium Injec-
tion; Penicillin G Potassium Tablets; Penicillin G Sodium for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Penilfedrin P; Austral.: Benpen; Braz.: Aricilina; Benzecilin; Cristalpen;
Megapen†; Pencil P; Canad.: Crystapen; Fin.: Geepenil; India: Pencip;
Pentids; Irl.: Crystapen; Mex.: Farmabep; Pendiben L-A; Pengesod; Penisol;
Procasol; Prosodina; Sodipen; Unicil 3/1; Unicil 6:3:3; Unicil Mega; Xozacil†;
NZ: Benpen; Philipp.: Pencarv; S.Afr.: Benzatec; Bio-Pen; Novopen†;
Spain: Coliriocilina†; Penibiot; Penilevel; Peniroger†; Sodiopen; Unicilina;
Turk.: Benzapen 6.3.3; Deposilin 6.3.3; Devapen; Iecilline; Kristapen; Kristas-
il; Penadur 6.3.3; Pencrist; Penkain-K; Pensilina; Procillin; UK: Crystapen;
USA: Pfizerpen; Venez.: Pebencil†; Pronapen; Silcopen†.
Multi-ingredient: Austria: Fortepen; Ophcillin N; Retarpen composi-
tum; Braz.: Benapen; Benzapen G; Despacilina; Drenovac†; Expectovac†;
Ginurovac†; Linfocilin†; Odontovac†; Ortocilin†; Pencil 400; Penkaron; Wy-
cillin; Chile: Karbasalin†; Prevepen Forte; Fr.: Biclinocilline; Ger.: Bipensaar;
Jenacillin A†; Retacillin compositum; Hong Kong: Penicillin G Procaine For-
tified; Hung.: Promptcillin Forte; India: Bistrepen; Ital.: Tri-Wycillina†;
Mex.: Aguipental; Anapenil; Bencelin Combinado; Benzanil Compuesto;
Benzetacil Combinado; Hidrocilina; Lugaxil; Megapenil Forte; Pecivax; Pend-
iben Compuesto; Penicil; Penipot; Penisodina; Penprocilina; Procilin; Roben-
caxil; Suipen; Neth.: Penidural D/F†; Port.: Atralcilina; Atralmicina; Lento-
cilin; Penadur 6.3.3†; Prevecilina; Rus.: Bicillin-3 (Бициллин-3); S.Afr.:
Penilente Forte†; Ultracillin; Spain: Aqucilina D A; Benzetacil Compuesta;
Cepacilina 633; Neopenyl; Penilevel Retard; Venez.: Benzetacil 3-3; Ben-
zetacil 6-3-3.

Betamipron (rINN)

N-Benzoyl-β-alanine; Bétamipron; Betamipronum; CS-443. 3-
Benzamidopropionic acid.
Бетамипрон
C10H11NO3 = 193.2.
CAS — 3440-28-6.

Profile
Betamipron is a renal protectant used with the carbapenem anti-
bacterial panipenem to reduce its adverse renal effects.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Jpn: Carbenin.

Biapenem (USAN, rINN)

Biapénem; Biapenemum; CL-186815; L-627; LJC-10627. 6-
{[(4R,5S,6S)-2-Carboxy-6-[(1R)-1-hydroxyethyl]-4-methyl-7-
oxo-1-azabicyclo[3.2.0]hept-2-en-3-yl]thio}-6,7-dihydro-5H-
pyrazolo[1,2-a]-s-triazol-4-ium hydroxide, inner salt.
Биапенем
C15H18N4O4S = 350.4.
CAS — 120410-24-4.

Profile
Biapenem is a carbapenem beta-lactam antibacterial similar to
imipenem (p.286), although it is reported to be more stable to
renal dehydropeptidase I than imipenem.
◊ Reviews.
1. Perry CM, Ibbotson T. Biapenem. Drugs 2002; 62: 2221–34.

Brodimoprim (rINN)

Brodimoprima; Brodimoprime; Brodimoprimum. 2,4-Diamino-
5-(4-bromo-3,5-dimethoxybenzyl)pyrimidine.
Бродимоприм
C13H15BrN4O2 = 339.2.
CAS — 56518-41-3.
ATC — J01EA02.
ATC Vet — QJ01EA02.

Profile
Brodimoprim is closely related structurally to trimethoprim
(p.355) and has been used in the treatment of infections of the
respiratory tract and ear.
◊ References.
1. Braunsteiner AR, Finsinger F. Brodimoprim: therapeutic effica-

cy and safety in the treatment of bacterial infections. J Chemoth-
er 1993; 5: 507–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Novatrim†.

Broxyquinoline (rINN)

Broksikinoliini; Broxichinolinum; Broxikinolin; Broxiquinolina;
Broxyquinolinum. 5,7-Dibromoquinolin-8-ol.
Броксихинолин
C9H5Br2NO = 303.0.
CAS — 521-74-4.
ATC — A07AX01; G01AC06; P01AA01.
ATC Vet — QA07AX01; QG01AC06.

Profile
Broxyquinoline is a halogenated hydroxyquinoline used topical-
ly in vaginal infections. It was formerly given by mouth, with
broxaldine, in the treatment of intestinal protozoal infections, in-
cluding amoebiasis, but less toxic drugs are preferred.
Preparations
Proprietary Preparations (details are given in Part 3)
Fin.: Starogyn.
Multi-ingredient: Fin.: Senikolp†.

Capreomycin Sulfate (USAN, rINNM)

34977; Capreomycin Sulphate (BANM); Capréomycine, Sulfate
de; Capreomycini Sulfas; Capromycin Sulphate; Sulfato de capre-
omicina.
Капреомицина Сульфат
CAS — 11003-38-6 (capreomycin); 1405-37-4 (capreo-
mycin sulfate).
ATC — J04AB30.
ATC Vet — QJ04AB30.
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Description. Capreomycin I consists of capreomycin IA
(C25H44N14O8 = 668.7) and capreomycin IB (C25H44N14O7
= 652.7), which predominates. Capreomycin II, which makes up
about 10% of the mixture, consists of capreomycin IIA and
capreomycin IIB.

Pharmacopoeias. In Chin. and US. 
USP 31 (Capreomycin Sulfate). The disulfate of capreomycin, a
polypeptide mixture produced by the growth of Streptomyces
capreolus. It contains not less than 90% of capreomycin I. A
white to practically white amorphous powder. Freely soluble in
water; practically insoluble in most organic solvents. pH of a 3%
solution in water is between 4.5 and 7.5. Store in airtight contain-
ers.

Adverse Effects and Treatment
The effects of capreomycin on the kidney and eighth cranial
nerve are similar to those of aminoglycosides such as gentamicin
(p.282). Nitrogen retention, renal tubular dysfunction, and pro-
gressive renal damage may occur. Hypokalaemia and other elec-
trolyte abnormalities have been reported. Vertigo, tinnitus, and
hearing loss may also occur and are sometimes irreversible. Ab-
normalities in liver function have been reported when capreomy-
cin has been used with other antituberculous drugs. Hypersensi-
tivity reactions including urticaria, maculopapular rashes, and
sometimes fever have been reported. Leucocytosis and leucope-
nia have also been observed. Thrombocytopenia has been report-
ed rarely. Eosinophilia commonly occurs with capreomycin.
Capreomycin also has a neuromuscular blocking action. There
may be pain, induration, and excessive bleeding at the site of in-
tramuscular injection; sterile abscesses may also form. 

Teratogenicity has been seen after high doses in rodents. 

Treatment of overdose is generally supportive. Patients with nor-
mal renal function should be hydrated to maintain adequate urine
output. Capreomycin may be removed by haemodialysis in pa-
tients with significant renal impairment.

Impurities. The manufacturer of a highly-purified capreomy-
cin product (Capacin; Cheiljedang, Kor.) has claimed that such
purification reduces the toxicity and alters the pharmacokinetics
in animal studies, suggesting that some of the toxicity of capreo-
mycin is due to such impurities.1

1. Lee SH, et al. The impurities of capreomycin make a difference
in the safety and pharmacokinetic profiles. Int J Antimicrob
Agents 2003; 22: 81–3.

Precautions
Capreomycin should be given with care and in reduced dosage to
patients with renal impairment. Care is also essential in patients
with signs of eighth cranial nerve damage. It is advisable to mon-
itor renal and auditory function and serum-potassium concentra-
tions in patients before and during therapy. Periodic assessment
of hepatic function is also recommended.

Interactions
Care should be taken when capreomycin is used with other drugs
that have neuromuscular blocking activity. It should not be given
with other drugs that are ototoxic or nephrotoxic.

Antimicrobial Action
Capreomycin has activity against various mycobacteria. Resist-
ance develops readily if capreomycin is used alone. It shows
cross-resistance with kanamycin and neomycin.

◊ References.
1. Ho YII, et al. In-vitro activities of aminoglycoside-aminocyclit-

ols against mycobacteria. J Antimicrob Chemother 1997; 40:
27–32. 

2. Maus CE, et al. Molecular analysis of cross-resistance to capre-
omycin, kanamycin, amikacin, and viomycin in Mycobacterium
tuberculosis. Antimicrob Agents Chemother 2005; 49: 3192–7.

Pharmacokinetics
Capreomycin is poorly absorbed from the gastrointestinal tract.
An intramuscular dose of 1 g has been reported to give a peak
serum concentration of about 30 micrograms/mL after 1 or 2
hours. About 50% of a dose is excreted unchanged in the urine
by glomerular filtration within 12 hours. Capreomycin is re-
moved by haemodialysis.

Uses and Administration
Capreomycin is a second-line antimycobacterial that may be
used in the treatment of tuberculosis (p.196) as part of a multid-
rug regimen when resistance to primary drugs has developed. 

Capreomycin is given as the sulfate by deep intramuscular injec-
tion or by intravenous infusion. The usual dose is the equivalent
of 1 g of capreomycin base (maximum 20 mg/kg) given daily for
2 to 4 months, then 2 or 3 times weekly for the remainder of
therapy. 

For details of doses in infants, children, and adolescents, see be-
low.

Administration in children. For the treatment of drug-resist-
ant tuberculosis in infants, children, and adolescents the Ameri-
can Academy of Pediatrics (AAP) suggests an intramuscular

dose of capreomycin 15 to 30 mg/kg daily, to a maximum dose
of 1 g daily.

Administration in renal impairment. As with aminoglyco-
sides, the dose of capreomycin in patients with renal impairment
must be reduced based on creatinine clearance; the desired
steady-state serum capreomycin level is 10 micrograms/mL.

Preparations
USP 31: Capreomycin for Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Capastat; Austria: Capastat; Cz.: Capastat†; Gr.: Capastat; Rus.:
Capastat (Капастат); Lykocin (Лайкоцин); Spain: Capastat; UK: Capastat;
USA: Capastat.

Carbadox (BAN, USAN, pINN)

Carbadoxum; GS-6244. Methyl 3-quinoxalin-2-ylmethylenecar-
bazate 1,4-dioxide.

Карбадокс

C11H10N4O4 = 262.2.
CAS — 6804-07-5.

Profile
Carbadox is an antibacterial that has been used in veterinary
practice for treating swine dysentery and enteritis and for pro-
moting growth. However, its use has been prohibited in the EU
and some other countries after reports of carcinogenicity.

Carbenicillin Sodium (BANM, rINNM)

BRL-2064; Carbenicilina sódica; Carbenicillin Disodium (USAN);
Carbénicilline sodique; Carbenicillinum natricum; α-Carboxyben-
zylpenicillin Sodium; CP-15-639-2; GS-3159 (carbenicillin potas-
sium); Karbenicillin-nátrium; Karbenicylina sodowa; Natrii Carbe-
nicillinum; NSC-111071. The disodium salt of (6R)-6-(2-carboxy-
2-phenylacetamido)penicillanic acid .

Натрий Карбенициллин

C17H16N2Na2O6S = 422.4.
CAS — 4697-36-3 (carbenicillin); 4800-94-6 (carbenicillin
disodium); 17230-86-3 (carbenicillin potassium).
ATC — J01CA03.
ATC Vet — QJ01CA03.

(carbenicillin)

Pharmacopoeias. In Pol. and US. 
USP 31 (Carbenicillin Disodium). A white to off-white crystal-
line powder. Freely soluble in water; soluble in alcohol; practi-
cally insoluble in chloroform and in ether. pH of a solution in wa-
ter containing the equivalent of carbenicillin 1% is between 6.5
and 8.0. Store in airtight containers.

Incompatibility. Carbenicillin sodium has been reported to be
incompatible with aminoglycosides, tetracyclines, and a number
of other drugs including other antimicrobials and these drugs
should therefore be given separately.

Adverse Effects
As for Benzylpenicillin, p.213. 
Hypersensitivity reactions have been reported to be less frequent
and less severe with carbenicillin than with benzylpenicillin. 

Pain at the injection site and phlebitis may occur. Electrolyte dis-
turbances, particularly hypokalaemia or hypernatraemia, may
follow large doses of carbenicillin sodium. 

A dose-dependent coagulation defect has been reported, espe-
cially in patients with renal impairment. Carbenicillin appears to
interfere with platelet function thereby prolonging bleeding time;
purpura and haemorrhage from mucous membranes and else-
where may result.

Precautions
As for Benzylpenicillin, p.214.

Sodium content. Each g of carbenicillin sodium contains
about 4.7 mmol of sodium. Carbenicillin sodium should there-
fore be given with caution to patients on a restricted sodium diet.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
Carbenicillin has a bactericidal mode of action similar to that of
benzylpenicillin, but with an extended spectrum of activity
against Gram-negative bacteria. The most important feature of
carbenicillin is its activity against Pseudomonas aeruginosa, al-
though high concentrations are generally necessary. Activity
against Ps. aeruginosa and some other organisms can be en-
hanced by gentamicin and other aminoglycosides. Carbenicillin
is also active against Proteus, including indole-positive spp. such
as Pr. vulgaris. It is comparable with ampicillin against other
Gram-negative bacteria. Sensitive organisms include some En-
terobacteriaceae, for example Escherichia coli and Enterobacter
spp.; Haemophilus influenzae; and Neisseria spp. Klebsiella spp.
are usually not susceptible. Its activity against Gram-positive
bacteria is less than that of benzylpenicillin. Anaerobic organ-
isms are generally susceptible to carbenicillin, but high concen-
trations are required for Bacteroides fragilis. 

Resistance. Carbenicillin is inactivated by penicillinases and
some other beta-lactamases, although it is more stable to the
chromosomally mediated beta-lactamases produced by some
Gram-negative organisms, including Ps. aeruginosa and some
Proteus spp. Resistance to carbenicillin may develop in Ps. aer-
uginosa during treatment with carbenicillin or other beta
lactams. This resistance may be intrinsic where there are changes
in cell wall permeability or penicillin-binding proteins, or it may
be due to plasmid-mediated beta-lactamase production that may
be transferred to and from certain strains of Enterobacteriaceae. 

There may be cross-resistance between carbenicillin and other
antipseudomonal penicillins. 

Outbreaks of pseudomonal resistance to carbenicillin have been
associated with extensive use in, for example, hospital burns
units.

Pharmacokinetics
Carbenicillin is not absorbed from the gastrointestinal tract and
has therefore been given either intramuscularly or intravenously. 

The half-life of carbenicillin is reported to be about 1 to 1.5
hours; it is increased in patients with renal impairment, especial-
ly if there is also hepatic impairment, and also in neonates. Half-
lives of 10 to 18 hours have been reported in renal impairment.
Clearance is enhanced in patients with cystic fibrosis. Carbeni-
cillin is about 50% bound to plasma proteins. Distribution of
carbenicillin in the body is similar to that of other penicillins.
Small amounts have been detected in breast milk. There is little
diffusion into the CSF except when the meninges are inflamed. 

Relatively high concentrations have been reported in bile, but
carbenicillin is excreted principally by renal tubular secretion
and glomerular filtration. 

Probenecid increases and prolongs plasma concentrations of
carbenicillin. 

Carbenicillin is removed by haemodialysis and, to some extent,
by peritoneal dialysis.

Uses and Administration
Carbenicillin is a carboxypenicillin that has been given by injec-
tion as the disodium salt, often with gentamicin, in the treatment
of infections due to Pseudomonas aeruginosa; however, other
antipseudomonal penicillins such as ticarcillin (p.352) or pipera-
cillin (p.315) are now preferred. It has also been given to treat
serious infections due to non-penicillinase-producing strains of
Proteus spp. 

Esters of carbenicillin, such as carfecillin (p.217) and carindacil-
lin (p.217), have been given orally in the treatment of urinary-
tract infections.

Preparations

USP 31: Carbenicillin for Injection.

Proprietary Preparations (details are given in Part 3)
Mex.: Carbecin†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Carfecillin Sodium (BANM, pINNM)

BRL-3475; Carbenicillin Phenyl Sodium (USAN); Carfecilina sódica;
Carfécilline Sodique; Natrii Carfecillinum. Sodium (6R)-6-(2-phe-
noxycarbonyl-2-phenylacetamido)penicillanate.
Натрий Карфециллин
C23H21N2NaO6S = 476.5.
CAS — 27025-49-6 (carfecillin); 21649-57-0 (carfecillin
sodium).
ATC — G01AA08.
ATC Vet — QG01AA08.

Profile
Carfecillin is the phenyl ester of carbenicillin (p.216) to which it
is hydrolysed after absorption from the gastrointestinal tract. Its
use has been restricted to the treatment of urinary-tract infections
due to Pseudomonas spp. and other sensitive bacteria including
Proteus spp.

Carindacillin Sodium (BANM, pINNM)

Carbenicillin Indanyl Sodium (USAN); Carindacilina sódica; Carin-
dacilline Sodique; CP-15464-2; Natrii Carindacillinum. Sodium
(6R)-6-[2-(indan-5-yloxycarbonyl)-2-phenylacetamido]penicilla-
nate.
Натрий Кариндациллин
C26H25N2NaO6S = 516.5.
CAS — 35531-88-5 (car indacillin); 26605-69-6 (carinda-
cillin sodium).
ATC — J01CA05.
ATC Vet — QJ01CA05.

Pharmacopoeias. In US. 
USP 31 (Carbenicillin Indanyl Sodium). A white to off-white
powder. Soluble in water and in alcohol. pH of a 10% solution in
water is between 5.0 and 8.0. Store in airtight containers.

Profile
Carindacillin is the indanyl ester of carbenicillin (p.216) to which
it is hydrolysed after absorption from the gastrointestinal tract. Its
use is restricted to the treatment of urinary-tract infections due to
Pseudomonas spp. and other sensitive bacteria including Proteus
spp. 
Carindacillin is given orally as the sodium salt; 535 mg of carin-
dacillin sodium is equivalent to about 382 mg of carbenicillin.
Usual doses, expressed in terms of carbenicillin, are 382 to
764 mg four times daily.
Sodium content. Each g of carindacillin sodium contains
about 1.9 mmol of sodium.
Preparations
USP 31: Carbenicillin Indanyl Sodium Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Geocillin†.

Carumonam Sodium (BANM, USAN, rINNM)

AMA-1080 (carumonam); Carumonam sódico; Carumonam
Sodique; Natrii Carumonamum; Ro-17-2301 (carumonam); Ro-
17-2301/006 (carumonam sodium). (Z)-(2-Aminothiazol-4-
yl){[(2S,3S)-2-carbamoyloxymethyl-4-oxo-1-sulphoazetidin-3-
yl]carbamoyl}methyleneamino-oxyacetic acid, disodium salt.
Натрий Карумонам
C12H12N6Na2O10S2 = 510.4.
CAS — 87638-04-8 (carumonam); 86832-68-0 (caru-
monam sodium).

(carumonam)

Pharmacopoeias. In Jpn.
Profile
Carumonam is a monobactam antibacterial with a spectrum of
antimicrobial action in vitro similar to that of aztreonam (p.209).
It is given by intramuscular or intravenous injection as the sodi-
um salt and doses are expressed in terms of carumonam; 1.09 g
of carumonam sodium is equivalent to about 1 g of carumonam.
The usual dose is 1 to 2 g daily in two divided doses.
Sodium content. Each g of carumonam sodium contains
about 3.92 mmol of sodium.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Amasulin.

Cefaclor (BAN, USAN, pINN)

Céfaclor; Cefaclorum; Cefaclorum Monohydricum; Cefaklór;
Cefaklor; Cefaklor monohydrát; Cefakloras; Compound 99638;
Kefakloori; Sefaklor. (7R)-3-Chloro-7-(α-D-phenylglycylamino)-3-
cephem-4-carboxylic acid monohydrate.
Цефаклор
C15H14ClN3O4S,H2O = 385.8.
CAS — 53994-73-3 (anhydrous cefaclor); 70356-03-5
(cefaclor monohydrate).
ATC — J01DC04.
ATC Vet — QJ01DC04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. Jpn in-
cludes the anhydrous substance. 
Ph. Eur. 6.2 (Cefaclor). A white or slightly yellow powder.
Slightly soluble in water; practically insoluble in dichlorometh-
ane and in methyl alcohol. A 2.5% suspension in water has a pH
of 3.0 to 4.5. 
USP 31 (Cefaclor). A white to off-white crystalline powder.
Slightly soluble in water; practically insoluble in chloroform, in
methyl alcohol, and in benzene. pH of a 2.5% suspension in wa-
ter is between 3.0 and 4.5. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalexin, p.218.
Hypersensitivity. Serum-sickness-like reactions may be more
common with cefaclor than several other oral antibacterials1 es-
pecially in young children who have received a number of cours-
es of cefaclor;2 typical features include skin reactions and arthral-
gia. A relatively high incidence of anaphylactic reactions has
been reported from Japan.3 
There has been a report of myocarditis that developed as a hyper-
sensitivity reaction to cefaclor in a 12-year-old child.4
1. McCue JD. Delayed detection of serum sickness caused by oral

antimicrobials. Adv Therapy 1990; 7: 22–7. 
2. Vial T, et al. Cefaclor-associated serum sickness-like disease:

eight cases and review of the literature. Ann Pharmacother 1992;
26: 910–14. 

3. Hama R, Mori K. High incidence of anaphylactic reactions to
cefaclor. Lancet 1988; i: 1331. 

4. Beghetti M, et al. Hypersensitivity myocarditis caused by an al-
lergic reaction to cefaclor. J Pediatr 1998; 132: 172–3.

Interactions
As for Cefalexin, p.218.
Anticoagulants. UK licensed product information recom-
mends that monitoring of prothrombin time should be consid-
ered in patients receiving cefaclor and warfarin after rare reports
of increased prothrombin times. It is not known whether this in-
teraction is related to the vitamin K-related hypoprothrombinae-

mia observed with some cephalosporins (see Adverse Effects of
Cefamandole, p.221), but cefaclor does not contain the side-
chain usually implicated in this reaction.

Antimicrobial Action
Cefaclor is bactericidal and has antimicrobial activity
similar to that of cefalexin (p.218) but is reported to be
more active against Gram-negative bacteria including
Escherichia coli, Klebsiella pneumoniae, Neisseria
gonorrhoeae, and Proteus mirabilis, and especially
against Haemophilus influenzae. It is active against
some beta-lactamase-producing strains of H. influen-
zae. It may be less resistant to staphylococcal penicilli-
nase than cefalexin or cefradine and a marked inocu-
lum effect has been reported in vitro.

Pharmacokinetics
Cefaclor is well absorbed from the gastrointestinal
tract. Oral doses of 250 mg, 500 mg, and 1 g produce
peak plasma concentrations of about 7, 13, and
23 micrograms/mL respectively after 0.5 to 1 hour.
The presence of food may delay the absorption of ce-
faclor, but the total amount absorbed is unchanged. A
plasma half-life of 0.5 to 1 hour has been reported; it
may be slightly prolonged in patients with renal im-
pairment. About 25% is bound to plasma proteins. 
Cefaclor appears to be widely distributed in the body;
it crosses the placenta and low concentrations have
been detected in breast milk. It is rapidly excreted by
the kidneys; up to 85% of a dose appears unchanged in
the urine within 8 hours, the greater part within 2 hours.
High concentrations of cefaclor are achieved in the
urine within 8 hours of a dose; peak concentrations of
600, 900, and 1900 micrograms/mL have been report-
ed after doses of 0.25, 0.5, and 1 g respectively.
Probenecid delays excretion. Some cefaclor is re-
moved by haemodialysis.
◊ References.
1. Wise R. The pharmacokinetics of the oral cephalosporins—a re-

view. J Antimicrob Chemother 1990; 26 (suppl E): 13–20. 
2. Sourgens H, et al. Pharmacokinetic profile of cefaclor. Int J Clin

Pharmacol Ther 1997; 35: 374–80.

Uses and Administration
Cefaclor is a cephalosporin antibacterial given orally
similarly to cefalexin in the treatment of susceptible in-
fections including upper and lower respiratory-tract in-
fections, skin infections, and urinary-tract infections.
Some classify cefaclor as a second-generation cepha-
losporin and its greater activity against Haemophilus
influenzae makes it more suitable than cefalexin for the
treatment of infections such as otitis media. For details
of these infections and their treatment, see under
Choice of Antibacterial, p.162. 
Cefaclor is given as the monohydrate. Doses are ex-
pressed in terms of the equivalent amount of anhydrous
cefaclor; 1.05 g of cefaclor monohydrate is equivalent
to about 1 g of anhydrous cefaclor. The usual adult
dose is 250 to 500 mg every 8 hours; up to 4 g daily has
been given. A suggested dose for children over 1
month of age is 20 mg/kg daily in three divided doses,
increased if necessary to 40 mg/kg daily, but not ex-
ceeding a total daily dose of 1 g. A common dosage
regimen is: children over 5 years, 250 mg three times
daily; 1 to 5 years, 125 mg three times daily; under 1
year, 62.5 mg three times daily. 
Modified-release formulations of cefaclor are availa-
ble in some countries.
Preparations
BP 2008: Cefaclor Capsules; Cefaclor Oral Suspension; Prolonged-release
Cefaclor Tablets; 
USP 31: Cefaclor Capsules; Cefaclor Chewable Tablets; Cefaclor Extend-
ed-Release Tablets; Cefaclor for Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Cec†; Cefaklon†; Cefral†; Kwicap†; Austral.: Aclor; Ceclor; Cefkor;
Karlor; Keflor; Ozcef; Austria: Cec; Ceclor; Cefastad; Cefax; Lanacef†;
Belg.: Ceclor ; Doccefaclo; Braz.: Ceclor†; Cefacloren; Clorcin-Ped;
Faclor†; Plecor†; Reflax†; Canad.: Ceclor; Chile: Keflor†; Cz.: Cec†; Ce-
clor; Serviclor; Vercef; Fin.: Kefolor; Fr.: Alfatil; Alphexine†; Haxifal; Ger.:
Cec; Ceclorbeta; Cef-Diolan; Cefa-Wolff†; Cephalodoc†; Hefaclor†; Infec-
toCef; Panoral; Sigacefal†; Gr.: Afecton; Camirox; Ceclor ; Cefacloril;
Fredyren; Hetaclox; Makovan; Panclor; Phacotrex; Ufoxillin†; Hong Kong:
Castal; Ceclor; Cefalor; Medoclor; Qualiceclor; Qualiphor; Soficlor; Vercef;
Hung.: Ceclor; Cecloretta; Vercef; India: Halocef; Keflor; Indon.: Capabi-
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otic; Ceclor; Cloracef; Especlor; Forifek; Medikoncef; Soclor; Irl.: Cefager;
Distaclor; Keftid; Pinaclor; Israel: Ceclor†; Cefalor; Ital.: Altaclor; Bacticef;
Bactigram; Cefulton; Citiclor†; Clorad; Clorazer; Dorf; Erreclor†; Euroce-
fix†; Fuclode†; Geniclor; Kliacef; Lafarclor; Macovan; Necloral; Omaspir ;
Oralcef; Panacef; Performer; Selanir†; Selviclor; Takecef; Tibifor; Valeclor;
Malaysia: Distaclor†; Sifaclor; Soficlor†; Vercef; Mex.: Arcefal; Cec; Ce-
clor ; Cefalan; Ceflacid; Fasiclor ; Fermed; Ranclor ; Serviclor ; Teraclox;
Neth.: Ceclor; NZ: Clorotir ; Philipp.: Aczebri; Brelox; Ceclobid; Ceclor;
Clorotir ; Ephron; Lorcef; Vefarol; Versef; Verzat; Xelent; Xeztron; Pol.: Ce-
clor; Cek; Kloracef†; Panclor; Serviclor; Vercef; Port.: Ceclor; Rus.: Ceclor
(Цеклор); Vercef (Верцеф); S.Afr.: Cec; Ceclor†; CloraCEF†; Vercef; Sin-
gapore: Cleancef; Distaclor†; Soficlor; Vercef; Spain: Ceclor; Switz.: Ce-
clor; Thai.: Celco; Clorotir; Distaclor; Kefaclor†; Sifaclor; Tefaclor†; Vercef;
Turk.: Ceclor; Kefsid; Losefar; UAE: Recocef; UK: Bacticlor; Distaclor ;
Keftid; USA: Ceclor; Raniclor; Venez.: Ceclor.
Multi-ingredient: Mex.: Ceclordox.

Cefadroxil (BAN, USAN, pINN)

BL-S578; Cefadroksilis monohidratas; Cefadroksyl jednowodny;
Céfadroxil; Cefadroxil monohydrát; Céfadroxil monohydraté;
Cefadroxilmonohydrat; Cefadroxilo; Cefadroxilum; Cefadrox-
ilum monohydricum; Cephadroxil; Kefadroksiili; Kefadroksiili-
monohydraatti; MJF-11567-3; Sefadroksil. (7R)-7-(α-D-4-Hy-
droxyphenylglycylamino)-3-methyl-3-cephem-4-carboxylic acid
monohydrate.
Цефадроксил
C16H17N3O5S,H2O = 381.4.
CAS — 50370-12-2 (anhydrous cefadroxil); 119922-85-9
(cefadroxil hemihydrate); 66592-87-8 (cefadroxil monohy-
drate).
ATC — J01DB05.
ATC Vet — QJ01DB05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. Jpn in-
cludes the anhydrous substance. 
Ph. Eur. 6.2 (Cefadroxil Monohydrate). A white or almost white
powder. Slightly soluble in water; very slightly soluble in alco-
hol. A 5% suspension in water has a pH of 4.0 to 6.0. Protect
from light. 
USP 31 (Cefadroxil). A white to off-white crystalline powder.
Slightly soluble in water; practically insoluble in alcohol, in chlo-
roform, and in ether. pH of a 5% suspension in water is between
4.0 and 6.0. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalexin, p.218.
Breast feeding. Although higher concentrations of cefadroxil
were reported in breast milk compared with cefalexin, cefalotin,
cefapirin, and cefotaxime,1 no detectable cefadroxil would be ex-
pected in breast-fed infants and no adverse effects have been
seen in infants whose mothers were receiving cefadroxil. Ac-
cordingly, the American Academy of Pediatrics considers2 that
cefadroxil is usually compatible with breast feeding.
1. Kafetzis DA, et al. Passage of cephalosporins and amoxicillin

into the breast milk. Acta Paediatr Scand 1981; 70: 285–8. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Interactions
As for Cefalexin, p.218.

Antimicrobial Action
As for Cefalexin, p.218.

Pharmacokinetics
Cefadroxil is almost completely absorbed from the
gastrointestinal tract. After oral doses of 500 mg and
1 g, peak plasma concentrations of about 16 and
30 micrograms/mL respectively are obtained after 1.5
to 2 hours. Although peak concentrations are similar to
those of cefalexin, plasma concentrations are more sus-
tained. Dosage with food does not appear to affect the
absorption of cefadroxil. About 20% of cefadroxil is
reported to be bound to plasma proteins. The plasma
half-life of cefadroxil is about 1.5 hours and is pro-
longed in patients with renal impairment. 

Cefadroxil is widely distributed to body tissues and flu-
ids. It crosses the placenta and appears in breast milk. 
More than 90% of a dose of cefadroxil may be excreted
unchanged in the urine within 24 hours by glomerular
filtration and tubular secretion; peak urinary concentra-
tions of 1.8 mg/mL have been reported after a dose of
500 mg. Cefadroxil is removed by haemodialysis.

◊ References.
1. Tanrisever B, Santella PJ. Cefadroxil: a review of its antibacteri-

al, pharmacokinetic and therapeutic properties in comparison
with cephalexin and cephradine. Drugs 1986; 32 (suppl 3): 1–16. 

2. Wise R. The pharmacokinetics of the oral cephalosporins—a re-
view. J Antimicrob Chemother 1990; 26 (suppl E): 13–20. 

3. Garrigues TM, et al. Dose-dependent absorption and elimination
of cefadroxil in man. Eur J Clin Pharmacol 1991; 41: 179–83.

Uses and Administration
Cefadroxil is a first-generation cephalosporin antibac-
terial that is the para-hydroxy derivative of cefalexin
(p.219), and is used similarly in the treatment of mild
to moderate susceptible infections. It is given orally,
and doses are expressed in terms of the anhydrous sub-
stance; 1.04 g of cefadroxil monohydrate is equivalent
to about 1 g of anhydrous cefadroxil. The usual adult
dose is 1 to 2 g daily as a single dose or in two divided
doses. The following doses are used in children weigh-
ing less than 40 kg: 500 mg twice daily for those over
6 years of age, 250 mg twice daily for those aged 1 to
6 years, and 25 mg/kg daily in divided doses for infants
under 1 year. For details of reduced doses of cefadroxil
in patients with renal impairment, see below. 
Cefadroxil has also been used as the lysine derivative.

Administration in renal impairment. Following an initial
loading dose of 0.5 to 1 g, dosage of cefadroxil should be adjust-
ed in patients with renal impairment according to creatinine
clearance (CC): 
• CC 26 to 50 mL/minute per 1.73 m2: 0.5 to 1 g every 12 hours 
• CC 11 to 25 mL/minute per 1.73 m2: 0.5 to 1 g every 24 hours 
• CC 10 mL/minute per 1.73 m2 or less: 0.5 to 1 g every 36

hours.

Preparations
BP 2008: Cefadroxil Capsules; Cefadroxil Oral Suspension; 
USP 31: Cefadroxil Capsules; Cefadroxil for Oral Suspension; Cefadroxil
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cefabiot†; Cefacar; Cefacilina; Cefadrox; Cefamar; Cefasin; Cefatenk;
Droxil; Kandicin; Klonadroxil†; Versatic; Austria: Biodroxil; Duracef; Belg.:
Duracef; Moxacef†; Braz.: Cefadroxon; Cefamox; Celoxin†; Drofaxil†;
Neo Cefadril; Canad.: Duricef; Chile: Adroxef; Biodroxil†; Cefamox;
Sedafex; Cz.: Biodroxil; Cedrox†; Cefadrox†; Duracef; Fin.: Duracef; Fr.:
Oracefal; Ger.: Cedrox†; Gruncef; Gr.: Cefalom†; Kleotrat†; Moxacef; Ne-
falox†; Hong Kong: Amben; Androxyl; Biodroxil; Duracef; Qualidrox;
Sofidrox†; Hung.: Biodroxil†; Duracef; India: Cefadrox; Cefadur; Lactocef;
Lydroxil; Odoxil; Pendrox; Vepan; Vistadrox; Indon.: Alxil; Ancefa; Bidicef;
Biodroxil; Cefat; Dexacef; Doxef; Duricef; Erphadrox; Ethicef; Kelfex; Lapi-
cef; Librocef; Longcef; Opicef; Osadrox; Pyricef; Q Cef; Qidrox; Renasistin;
Roksicap; Sedrofen; Staforin; Tisacef; Widrox; Irl.: Ultracef; Israel: Biodrox-
il; Duracef†; Ital.: Cefadril; Ceoxil†; Cephos; Foxil; Oradroxil; Malaysia:
Kefloxin; Sofidrox†; Mex.: Cefamox; Cepotec; Duracef; Teroxina; Philipp.:
Drolex; Drozid; Lexipad; Pol.: Biodroxil; Duracef; Port.: Biofaxil†; Cefacile;
Ceforal; Cefra†; S.Afr.: Cipadur; Dacef; Duracef; Singapore: Duricef;
Sofidrox; Spain: Duracef; Swed.: Cefamox; Thai.: Cefadril†; Turk.: Cefra-
dur; Duricef; UK: Baxan; USA: Duricef†; Venez.: Bidroxyl; Cedroxim; Ce-
fadril†; Cefaval; Cefonax; Drocef; Droxifan; Grunicef; Sanodril.

Multi-ingredient: Arg.: Cefacar Mucolitico†; Cefacilina Bronquial; Mex.:
Duracef Expec.

Cefalexin (BAN, pINN)

66873; Cefaleksinas monohidratas; Cefaleksyna; Cefalexin
monohydrát; Cefalexina; Céfalexine; Céfalexine monohydratée;
Cefalexinmonohydrat; Cefalexinum; Cefalexinum monohydri-
cum; Cephalexin (USAN); Kefaleksiini; Kefaleksiinimonohydraatti;
Sefaleksin. (7R)-3-Methyl-7-(α-D-phenylglycylamino)-3-cephem-
4-carboxylic acid monohydrate.

Цефалексин

C16H17N3O4S,H2O = 365.4.

CAS — 15686-71-2 (anhydrous cefalexin); 23325-78-2
(cefalexin monohydrate).

ATC — J01DB01.

ATC Vet — QJ01DB01; QJ51DA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet. 
Ph. Eur. 6.2 (Cefalexin Monohydrate). A white or almost white
crystalline powder. Sparingly soluble in water; practically insol-
uble in alcohol. A 0.5% solution in water has a pH of 4.0 to 5.5.
Protect from light. 
USP 31 (Cephalexin). A white to off-white crystalline powder.
Slightly soluble in water; practically insoluble in alcohol, in chlo-
roform, and in ether. pH of a 5% suspension in water is between
3.0 and 5.5. Store in airtight containers.

Cefalexin Hydrochloride (BANM, pINNM)

Céfalexine, Chlorhydrate de; Cefalexini Hydrochloridum; Ce-
phalexin Hydrochloride (USAN); Hidrocloruro de cefalexina; LY-
061188.
Цефалексина Гидрохлорид
C16H17N3O4S,HCl,H2O = 401.9.
CAS — 105879-42-3.
ATC — J01DB01.
ATC Vet — QJ01DB01.
Pharmacopoeias. In US. 
USP 31 (Cephalexin Hydrochloride). A white to off-white crys-
talline powder. Soluble 1 in 100 in water, in acetone, in ace-
tonitrile, in alcohol, in dimethylformamide, and in methyl alco-
hol; practically insoluble in chloroform, in ether, in ethyl acetate,
and in isopropyl alcohol. pH of a 1% solution in water is between
1.5 and 3.0. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
The most common adverse effects of cefalexin and
other oral cephalosporins are generally gastrointestinal
disturbances and hypersensitivity reactions. Pseu-
domembranous colitis has been reported.
◊ References.
1. Dave J, et al. Cephalexin induced toxic epidermal necrolysis. J

Antimicrob Chemother 1991; 28: 477–8. 
2. Baran R, Perrin C. Fixed-drug eruption presenting as an acute

paronychia. Br J Dermatol 1991; 125: 592–5. 
3. Clark RF. Crystalluria following cephalexin overdose. Pediat-

rics 1992; 89: 672–4. 
4. Murray KM, Camp MS. Cephalexin-induced Stevens-Johnson

syndrome. Ann Pharmacother 1992; 26: 1230–3. 
5. Czechowicz RT, et al. Bullous pemphigoid induced by cephalex-

in. Australas J Dermatol 2001; 42: 132–5. 
6. Longstreth KL, et al. Cephalexin-induced acute tubular necrosis.

Pharmacotherapy 2004; 24: 808–11. 
7. Skoog SM, et al. Cephalexin-induced cholestatic hepatitis. J

Clin Gastroenterol 2004; 38: 833. 
8. Penttilä J, et al. Delirium in an adolescent patient during treat-

ment with cephalexin. J Adolesc Health 2006; 39: 782–3.

Porphyria. Cefalexin is considered to be unsafe in patients with
porphyria although there is conflicting experimental evidence of
porphyrinogenicity.

Interactions
The renal excretion of cefalexin, and many other ce-
phalosporins, is delayed by probenecid.
Hormonal contraceptives. There have been isolated reports
of cefalexin decreasing the efficacy of oestrogen-containing oral
contraceptives.1 For a discussion of decreased efficacy of oral
contraceptives and the need for additional contraceptive methods
in patients taking broad-spectrum antibacterials, see under Hor-
monal Contraceptives, p.2068.
1. Friedman M, et al. Cephalexin and Microgynon-30 do not go

well together. J Obstet Gynaecol 1982; 2: 195–6.

Antimicrobial Action
As for Cefalotin Sodium, p.220, although cefalexin is
generally less potent. Some strains of Gram-negative
bacteria may be inhibited only by the high concentra-
tions achievable in the urinary tract. Haemophilus in-
fluenzae is moderately resistant to cefalexin.

Pharmacokinetics
Cefalexin is almost completely absorbed from the gas-
trointestinal tract and produces a peak plasma concen-
tration of about 18 micrograms/mL 1 hour after a 500-
mg oral dose. If cefalexin is taken with food, absorp-
tion may be delayed, but the total amount absorbed is
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

not appreciably altered. Up to 15% of a dose is bound
to plasma proteins. The plasma half-life is about 1
hour; it increases with reduced renal function. 
Cefalexin is widely distributed in the body but does not
enter the CSF in significant quantities. It crosses the
placenta and small quantities are found in breast milk.
Cefalexin is not metabolised. About 80% or more of a
dose is excreted unchanged in the urine in the first 6
hours by glomerular filtration and tubular secretion;
urinary concentrations greater than 1 mg/mL have
been achieved after a dose of 500 mg. Probenecid de-
lays urinary excretion. Therapeutically effective con-
centrations may be found in the bile and some may be
excreted by this route. 
Cefalexin is removed by haemodialysis and peritoneal
dialysis.
◊ References.
1. Wise R. The pharmacokinetics of the oral cephalosporins—a re-

view. J Antimicrob Chemother 1990; 26 (suppl E): 13–20.

Uses and Administration
Cefalexin is a first-generation cephalosporin antibacte-
rial. It is given orally for the treatment of susceptible
infections including those of the respiratory and uri-
nary tracts and of the skin (see under Choice of Anti-
bacterial, p.162). For severe infections, treatment with
parenteral cephalosporins is to be preferred. 
Cefalexin is usually given as the monohydrate al-
though the hydrochloride is sometimes used. Doses are
expressed in terms of the equivalent amount of anhy-
drous cefalexin; 1.05 g of cefalexin monohydrate and
1.16 g of cefalexin hydrochloride are each equivalent
to about 1 g of anhydrous cefalexin. 
The usual dose for adults is 1 to 2 g daily given in di-
vided doses at 6-, 8-, or 12-hourly intervals; in severe
or deep-seated infections the dose can be increased to
up to 6 g daily but when high doses are required the use
of a parenteral cephalosporin should be considered.
Children may be given 25 to 100 mg/kg daily in divid-
ed doses to a maximum of 4 g daily. 
For the prophylaxis of recurrent urinary-tract infection,
cefalexin may be given in a dose of 125 mg at night. 
Cefalexin sodium or cefalexin lysine have been used
parenterally. 
The dose of cefalexin may need to be reduced in renal
impairment, see below.
Administration in renal impairment. Doses of cefalexin
may need to be reduced in patients with renal impairment. The
BNF recommends the following maximum daily doses accord-
ing to creatinine clearance (CC): 
• CC 40 to 50 mL/minute: maximum 3 g daily 
• CC 10 to 40 mL/minute: maximum 1.5 g daily 
• CC less than 10 mL/minute: maximum 750 mg daily
Preparations
BP 2008: Cefalexin Capsules; Cefalexin Oral Suspension; Cefalexin Tablets; 
USP 31: Cephalexin Capsules; Cephalexin for Oral Suspension; Cephalex-
in Tablets; Cephalexin Tablets for Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Beliam; Cefalexi†; Cefapoten; Cefarinol; Cefasporina; Cefosporen;
Ceporexin; Fabotop; Keforal; Lars; Lexin; Lorbicefax; Novalexin; Pectorina†;
Permvastat; Sanibiotic; Septilisin; Trexina; Triblix; Velexina; Austral.: Cilex;
Ialex; Ibilex; Keflex; Rancef; Sporahexal; Austria: Cepexin; Cephalobene;
Keflex; Ospexin; Sanaxin; Belg.: Ceporex†; Keforal; Braz.: Betacef†; Ce-
faben; Cefagel; Cefagon†; Cefagran; Cefalexan†; Cefanal; Cefaxon; Cefexi-
na; Ceflexin†; Celen; Celexin; Celinax†; Ceporexin†; Falexin†; Kefalexin†;
Keflaxina†; Keflex; Keforal; Kiflexin†; Lexin; Lifalexin†; Neo Ceflex; Neoce-
flex; Primacef; Profalexina; Todexin†; Valflex; Canad.: Apo-Cephalex;
Novo-Lexin; Nu-Cephalex; Cz.: Cefaclen; Oracef†; Ospexin; Sporidex;
Denm.: Keflex; Fin.: Kefalex; Kefexin; Orakef†; Fr.: Cefacet; Ceporexine;
Keforal; Ger.: Cephalex; Ceporexin†; Oracef†; Hong Kong: Anxer; Ce-
facin-M; Cefacure; Ceporex; Felexin; Keflex†; Medolexin; Ospexin; Sofilex;
Solulexin; Hung.: Keflex†; Pyassan; Servispor†; India: Alexin†; Betaspore†;
Cefmix; Cephadex; Cephaxin; Nufex; Phexin; Rofex†; Sepexin; Sporidex;
Indon.: Cefabiotic; Madlexin; Ospexin; Pralexin; Tepaxin; Theralexin; Irl.:
Ceporex†; Kefexin†; Keflex; Israel: Cefalin†; Ceforal; Cefovit; Keflex†; Ital.:
Ceporex; Keforal; Lafarin; Jpn: Larixin; Malaysia: Cefax†; Celexin; Cepo-
rex†; Felexin; Kefexin†; Medolexin; Ospexin; Refex†; Sofilex†; Sporidex;
Uphalexin; Mex.: Acacin; Arlexen; Cefalver; Ceporex; Facelit; Falexol†;
Fleximin; Flextinol; Keflex; Nafacil; Nixelaf-C; Optocef; Paferxin; Quimospo-
rina; Servicef; Neth.: Keforal; Norw.: Keflex; NZ: Keflex†; Philipp.: Airex;
Bacilexin; Bandax; Bloflex; Canelin; Cefalin; Cendalex; Ceporex; Civalex;
Eliphorin; Forexine; Halcepin; Infexin; Keflex; Lewimycin; Lexum; Lonarel;
Lyceplix; Madexin; Medilexin; Medoxine; Montralex; Nefadon; Neolecsin;
Nerfalex; Oneflex; Respinal; Selzef; Servispor; Sorlex; Sporidex; Xinflex;
Zepharyl; Zeporin; Zucoflaxin; Pol.: Keflex; Port.: Ceflax†; Ceporex; Ke-
flex†; S.Afr.: Fexin†; Keflex; Lenocef; Ranceph; Singapore: Celexin; Ce-
phalen; Cephanmycin; Ceporex†; Felexin†; Ospexin; Sofilex; Sporidex; Up-
halexin; Spain: Bioscefal†; Cefalexgobens; Defaxina†; Kefloridina; Lexincef;
Sulquipen; Torlasporin; Swed.: Keflex; Thai.: Anxer†; Cefexin; Cefxin†;
Celex; Celexin; Cephalexyl; Cephin; Ceporex†; Farmalex; Felexin; Ibilex;

Keflex; Pondnacef; Sefasin; Sialexin; Sporicef; Sporidex; Toflex; Ulflex;
Zeplex; Turk.: Maksipor; Sef; UAE: Cefrin; UK: Ceporex; Keflex; USA:
Biocef†; Cefanex; Keflex; Keftab†; Venez.: Bidocef; Cefaloga†; Keforal;
Stricef.
Multi-ingredient: India: Caceff; Cephadex LB; Mex.: Arlexen B; Cefab-
roxil; Cepobrom; Mucocef; Rombox.

Cefalonium (BAN, pINN)

41071; Carbamoylcefaloridine; Cefalonio; Céfalonium; Cephalo-
nium. (7R)-3-(4-Carbamoyl-1-pyridiniomethyl)-7-[2-(2-thienyl)-
acetamido]-3-cephem-4-carboxylate.
Цефалоний
C20H18N4O5S2 = 458.5.
CAS — 5575-21-3.
ATC Vet — QJ51DA90.

Pharmacopoeias. BP(Vet) includes the dihydrate. 
BP(Vet) 2008 (Cefalonium). The dihydrate is a white or almost
white crystalline powder. Very slightly soluble in water and in
methyl alcohol; insoluble in alcohol, in dichloromethane, and in
ether; soluble in dimethyl sulfoxide. It dissolves in dilute acids
and in alkaline solutions. Store at temperature not exceeding 30°.
Protect from light.
Profile
Cefalonium is a cephalosporin antibacterial used in veterinary
practice.

Cefaloridine (BAN, pINN)

40602; Cefaloridin; Cefaloridina; Céfaloridine; Cefaloridinum;
Cephaloridine (USAN); Kefaloridiini. (7R)-3-(1-Pyridiniomethyl)-7-
[(2-thienyl)acetamido]-3-cephem-4-carboxylate.
Цефалоридин
C19H17N3O4S2 = 415.5.
CAS — 50-59-9.
ATC — J01DB02.
ATC Vet — QJ01DB02.

Profile
Cefaloridine was one of the first cephalosporin antibacterials to
be available clinically. It has properties similar to those of cefal-
otin (below), but is more nephrotoxic and is seldom used now.

Cefalotin Sodium (BANM, pINNM)

38253; Cefalotin sodná sůl; Cefalotina sódica; Céfalotine sodi-
que; Cefalotinnatrium; Cefalotin-nátrium; Cefalotino natrio drus-
ka; Cefalotinum natricum; Cefalotyna sodowa; Cephalothin Sodi-
um (USAN); Kefalotiininatrium; Natrii Cefalotinum; Sodium Ce-
phalothin. Sodium (7R)-7-[2-(2-thienyl)acetamido]cephalospo-
ranate; Sodium (7R)-3-acetoxymethyl-7-[2-(2-thienyl)acetami-
do]-3-cephem-4-carboxylate.
Натрий Цефалотин
C16H15N2NaO6S2 = 418.4.
CAS — 153-61-7 (cefalotin); 58-71-9 (cefalotin sodium).
ATC — J01DB03.
ATC Vet — QJ01DB03.

(cefalotin)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefalotin Sodium). A white or almost white pow-
der. Freely soluble in water; slightly soluble in dehydrated alco-
hol. A 10% solution in water has a pH of 4.5 to 7.0. Protect from
light. 
USP 31 (Cephalothin Sodium). A white to off-white, practically
odourless, crystalline powder. Freely soluble in water, in sodium
chloride 0.9%, and in glucose solutions; insoluble in most organ-
ic solvents. pH of a 25% solution in water is between 4.5 and 7.0.
Store in airtight containers.
Incompatibility and stability. Cefalotin sodium has been re-
ported to be incompatible with aminoglycosides and with many
other drugs. Precipitation may occur in solutions with a pH of
less than 5.

Adverse Effects
The adverse effects associated with cefalotin and other
cephalosporins are broadly similar to those described
for penicillins (see Benzylpenicillin, p.213). The most
common are hypersensitivity reactions, including skin
rashes, urticaria, eosinophilia, fever, reactions resem-
bling serum sickness, and anaphylaxis. 
There may be a positive response to the Coombs’ test
although haemolytic anaemia rarely occurs. Neutrope-
nia and thrombocytopenia have occasionally been re-
ported. Agranulocytosis has been associated rarely
with some cephalosporins. Bleeding complications re-
lated to hypoprothrombinaemia and/or platelet dys-
function have occurred especially with cephalosporins
and cephamycins having an N-methylthiotetrazole
side-chain, including 
• cefamandole 
• cefbuperazone 
• cefmenoxime 
• cefmetazole 
• cefonicid 
• cefoperazone 
• ceforanide 
• cefotetan 
• cefpiramide 
• latamoxef. 
The presence of a methylthiadiazolethiol side-chain, as
in cefazolin, or an N-methylthiotriazine ring, as in
ceftriaxone, might also be associated with such bleed-
ing disorders. Hypoprothrombinaemia which is usual-
ly reversible with vitamin K, was once thought to be
due to an alteration in intestinal flora but interference
with prothrombin synthesis now seems more likely. 
Nephrotoxicity has been reported with cefalotin al-
though it is less toxic than cefaloridine. Acute renal tu-
bular necrosis has followed excessive dosage and has
also been associated with its use in older patients or
those with pre-existing renal impairment, or when used
with nephrotoxic drugs such as aminoglycosides.
Acute interstitial nephritis is also a possibility as a
manifestation of hypersensitivity. 
Transient increases in liver enzyme values have been
reported. Hepatitis and cholestatic jaundice have oc-
curred rarely with some cephalosporins. 
Convulsions and other signs of CNS toxicity have been
associated with high doses, especially in patients with
severe renal impairment. 
Gastrointestinal adverse effects such as nausea, vomit-
ing, and diarrhoea have been reported rarely. Pro-
longed use may result in overgrowth of non-suscepti-
ble organisms and, as with other broad-spectrum
antibiotics, pseudomembranous colitis may develop
(see also below). 
There may be pain at the injection site after intramus-
cular use, and thrombophlebitis has occurred on intra-
venous infusion of cephalosporins. Cefalotin appears
to be more likely to cause such local reactions than oth-
er cephalosporins.
Antibiotic-associated colitis. Pseudomembranous colitis has
occurred with many antibacterials, including broad-spectrum ce-
phalosporins.1-3 In 1991 the UK CSM warned4 of the dangers of
pseudomembranous colitis with the newer, as well as the older,
oral cephalosporins. In addition to 33 reports of pseudomembra-
nous colitis associated with cefalexin, cefradine, cefadroxil, and
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cefaclor, 6 of which proved fatal, they had received 12 reports of
probable or confirmed cases with cefuroxime axetil and 15 with
cefixime, one of them fatal. In clinical trials of cefuroxime axetil
and cefixime, diarrhoea and pseudomembranous colitis ap-
peared to be dose-related and therefore the CSM recommended
that higher doses should be reserved for severe infections. In any
event they advised that treatment should be stopped if symptoms
suggestive of pseudomembranous colitis arose. 
For further discussion of the management of this condition, see
p.171.
1. de Lalla F, et al. Third generation cephalosporins as a risk factor

for Clostridium difficile-associated disease: a four-year survey
in a general hospital. J Antimicrob Chemother 1989; 23: 623–31. 

2. Golledge CL, et al. Extended spectrum cephalosporins and
Clostridium difficile. J Antimicrob Chemother 1989; 23:
929–31. 

3. Freiman JP, et al. Pseudomembranous colitis associated with sin-
gle-dose cephalosporin prophylaxis. JAMA 1989; 262: 902. 

4. Committee on Safety of Medicines. Pseudomembranous (antibi-
otic-associated) colitis and diarrhoea with cephalosporins. Cur-
ren t  Pro b l e ms  3 2  19 91 .  A l s o  a va i l a b l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024450&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08)

Effects on the blood. References.
1. Lipsky JJ. Antibiotic-associated hypoprothrombinaemia. J Anti-

microb Chemother 1988; 21: 281–300. 
2. Shearer MJ, et al. Mechanism of cephalosporin-induced hypo-

prothrombinemia: relation to cephalosporin side chain, vitamin
K metabolism, and vitamin K status. J Clin Pharmacol 1988; 28:
88–95. 

3. Welage LS, et al. Comparative evaluation of the pharmacokinet-
ics of N-methylthiotetrazole following administration of cefop-
erazone, cefotetan, and cefmetazole. Antimicrob Agents Chem-
other 1990; 34: 2369–74.

Effects on the kidneys. References.
1. Zhanel GG. Cephalosporin-induced nephrotoxicity: does it ex-

ist? DICP Ann Pharmacother 1990; 24: 262–5. 
2. Tune BM. Nephrotoxicity of beta-lactam antibiotics: mecha-

nisms and strategies for prevention. Pediatr Nephrol 1997; 11:
768–72.

Precautions
Cefalotin should not be given to patients who are hy-
persensitive to it or to other cephalosporins. Immuno-
logical studies have suggested that up to 20% of peni-
cillin-sensitive patients may also be allergic to
cephalosporins although clinical studies indicate a
lower frequency and the true incidence is uncertain;
great care should be taken if cefalotin is to be given to
such patients. Care is also necessary in patients with a
history of allergy. 
Cefalotin should be given with caution to patients with
renal impairment; dosage reduction may be necessary.
Renal and haematological status should be monitored
especially during prolonged and high-dose therapy.
Cefalotin and some other cephalosporins and ce-
phamycins (ceforanide, cefotetan, cefoxitin, and cef-
pirome) may interfere with the Jaffé method of meas-
uring creatinine concentrations and may produce
falsely high values; this should be borne in mind when
measuring renal function. Positive results to the direct
Coombs’ test have been found during treatment with
cefalotin and these can interfere with blood cross-
matching. The urine of patients being treated with ce-
falotin may give false-positive reactions for glucose
using copper-reduction reactions.
Porphyria. Cephalosporins are considered to be unsafe in pa-
tients with porphyria although there is conflicting experimental
evidence of porphyrinogenicity.
Sodium content. Each g of cefalotin sodium contains about
2.39 mmol of sodium.

Interactions
The use of nephrotoxic drugs such as the aminoglyco-
sides gentamicin and tobramycin may increase the risk
of kidney damage with cefalotin. There is also some
evidence for enhanced nephrotoxicity with the loop di-
uretic furosemide, but this is less certain than for furo-
semide with cefaloridine. As with penicillins, the renal
excretion of cefalotin and many other cephalosporins
is inhibited by probenecid. There may be antagonism
between cefalotin and bacteriostatic antibacterials.

Antimicrobial Action
Cefalotin is a beta-lactam antibacterial. It is bactericid-
al and acts similarly to benzylpenicillin (p.214) by in-
hibiting synthesis of the bacterial cell wall. It is most

active against Gram-positive cocci, and has moderate
activity against some Gram-negative bacilli. 
Sensitive Gram-positive cocci include both penicilli-
nase- and non-penicillinase-producing staphylococci,
although meticillin-resistant staphylococci are resist-
ant; most streptococci are also sensitive, but not peni-
cillin-resistant Streptococcus pneumoniae; enterococci
are usually resistant. Some Gram-positive anaerobes
are also susceptible. Cefalotin is usually inactive
against Listeria monocytogenes. 
Among Gram-negative bacteria cefalotin has activity
against some Enterobacteriaceae including strains of
Escherichia coli, Klebsiella pneumoniae, Proteus mi-
rabilis, Salmonella, and Shigella spp., but not against
Enterobacter, indole-positive Proteus, or Serratia spp.
It is also active against Moraxella catarrhalis (Branha-
mella catarrhalis) and Neisseria spp., though Haemo-
philus influenzae is moderately resistant. Bacteroides
fragilis and Pseudomonas aeruginosa are not sensitive
and neither are mycobacteria, mycoplasma, and fungi. 
Resistance of bacteria to cefalotin may be due to sever-
al mechanisms: the drug may be prevented from reach-
ing its site of action, for example in some Gram-nega-
tive organisms the cell wall may be a potential barrier;
the target penicillin-binding proteins may be altered so
that cefalotin cannot bind with these proteins; or, most
importantly, the organism may produce beta-lactama-
ses (cephalosporinases). Cefalotin is relatively resist-
ant to hydrolysis by staphylococcal beta-lactamase, but
is inactivated by a variety of beta-lactamases produced
by Gram-negative organisms; resistance of Gram-neg-
ative organisms often depends on more than one factor.
Resistance can be chromosomally or plasmid-mediat-
ed and may sometimes be inducible by cephalosporins. 
Certain strains of bacteria may be inhibited but not
killed by cephalosporins or penicillins and in such cas-
es the minimum bactericidal concentration is much
greater than the minimum inhibitory concentration;
this is known as tolerance. 
As well as with other cephalosporins, some cross-re-
sistance may occur between cefalotin and the penicilli-
nase-resistant penicillins.

Pharmacokinetics
Cefalotin is poorly absorbed from the gastrointestinal
tract. After intramuscular injection peak plasma con-
centrations of about 10 and 20 micrograms/mL are
achieved within 30 minutes of doses of 0.5 and 1 g, re-
spectively. A concentration of 30 micrograms/mL has
been reported 15 minutes after the intravenous injec-
tion of a 1-g dose; a range of 14 to 20 micrograms/mL
has been achieved by the continuous intravenous infu-
sion of 500 mg/hour. 
Cefalotin is widely distributed in body tissues and flu-
ids except the brain and CSF where the concentrations
achieved are low and unpredictable. It crosses the pla-
centa and low concentrations have been detected in
breast milk. The plasma half-life varies from about 30
to 50 minutes, but may be longer in patients with renal
impairment, especially that of the metabolite. About
70% of cefalotin is bound to plasma proteins. 
About 20 to 30% of cefalotin is rapidly deacetylated in
the liver and about 60 to 70% of a dose is excreted in
the urine by the renal tubules within 6 hours as cefalo-
tin and the less active metabolite, desacetylcefalotin.
High urine concentrations of 0.8 and 2.5 mg/mL have
been observed after intramuscular doses of 0.5 and 1 g,
respectively. Probenecid blocks the renal excretion of
cefalotin. A very small amount is excreted in bile.

Uses and Administration
Cefalotin is a first-generation cephalosporin antibacte-
rial that has been used in the treatment of infections due
to susceptible bacteria, particularly staphylococci, but
has generally been replaced by newer cephalosporins. 
Cefalotin is given as the sodium salt by slow intrave-
nous injection over 3 to 5 minutes or by intermittent or

continuous infusion. It may be given intramuscularly
but this route is painful. Doses are expressed in terms
of the equivalent amount of cefalotin; 1.06 g of cefalo-
tin sodium is equivalent to about 1 g of cefalotin. The
usual dose is 0.5 to 1 g of cefalotin every 4 to 6 hours;
up to 12 g daily has been given in severe infections.
Administration in renal impairment. Reduced doses are
recommended if cefalotin is given to patients with renal impair-
ment. After an intravenous loading dose of 1 to 2 g patients may
be given the following maximum doses according to their creat-
inine clearance (CC): 
• CC 50 to 80 mL/minute: 2 g every 6 hours 
• CC 25 to 50 mL/minute: 1.5 g every 6 hours 
• CC 10 to 25 mL/minute: 1 g every 6 hours 
• CC 2 to 10 mL/minute: 500 mg every 6 hours 
• CC less than 2 mL/minute: 500 mg every 8 hours

Preparations
USP 31: Cephalothin for Injection; Cephalothin Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Arecamin; Cefade†; Dasuglor; Keflin; Rupecef†; Austral.: Keflin Neu-
tral; Braz.: Cefalin; Cefalot†; Cefalotil; Cefariston; Kefalotin†; Keflin; Ca-
nad.: Ceporacin†; Denm.: Keflin†; Fin.: Keflin†; Indon.: Cephation;
Moraxine; Israel: Keflin†; Ital.: Keflin†; Mex.: Cefelen; Ceftina; Falot; Keflin;
Liroken I; Loriken†; Lotin; Neth.: Keflin; Norw.: Keflin; Philipp.: Fezef;
S.Afr.: Keflin†; Singapore: Cefadin; Thai.: Cefadin†; Keflin†; Venez.: Ce-
faciclina†; Ceflen; Keflin†.

Cefamandole (BAN, USAN, rINN)

83405; Cefamandol; Céfamandole; Cefamandolum; Cephaman-
dole; Compound 83405; Kefamandoli. (7R)-7-D-Mandelamido-
3-(1-methyl-1H-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxyl-
ic acid; {6R-[6α,7β(R*)]}-7-[(hydroxyphenylacetyl)amino]-3-{[(1-
methyl-1H-tetrazol-5-yl)thio]methyl}-8-oxo-5-thia-1-azabicyc-
lo[4.2.0]oct-2-ene-2-carboxylic acid.
Цефамандол
C18H18N6O5S2 = 462.5.
CAS — 34444-01-4.
ATC — J01DC03.
ATC Vet — QJ01DC03.

Cefamandole Nafate (BAN, USAN, rINNM)

106223; Cefamandole Formate Sodium; Céfamandole, nafate
de; Cefamandoli nafas; Cefamandoli Nafatum; Cefamandolio na-
fatas; Cefamandolnafat; Cefamandol-nafát; Cefamandolu nafan;
Cefmandoli Nafas; Cephamandole Nafate; Kefamandolinafaatti;
Nafato de cefamandol. Sodium (7R)-7-[(2R)-2-formyloxy-2-phe-
nylacetamido]-3-(1-methyl-1H-tetrazol-5-ylthiomethyl)-3-ce-
phem-4-carboxylate.
Цефамандола Нафат
C19H17N6NaO6S2 = 512.5.
CAS — 42540-40-9.
ATC — J01DC03.
ATC Vet — QJ01DC03.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Cefamandole Nafate). A white, or almost white
powder. Freely soluble in water; sparingly soluble in methyl al-
cohol. A 10% solution in water has a pH, measured after 30 min-
utes, of 6.0 to 8.0. Store in airtight containers. Protect from light. 
USP 31 (Cefamandole Nafate). A white, odourless, crystalline
solid. Soluble in water and in methyl alcohol; practically insolu-
ble in chloroform, in cyclohexane, in ether, and in benzene. pH
of a 10% solution in water is between 3.5 and 7.0. Store in air-
tight containers.
Incompatibility and stability. Cefamandole nafate has been
reported to be incompatible with aminoglycosides and with met-
ronidazole. Formulations of cefamandole nafate available for in-
jection contain sodium carbonate and are incompatible with so-
lutions containing calcium or magnesium salts. When
reconstituted with water the sodium carbonate rapidly hydrolys-
es about 30% of the ester to cefamandole sodium; during storage
of the reconstituted solution at room temperature carbon dioxide
is produced. 
References.
1. Frable RA, et al. Stability of cefamandole nafate injection with

parenteral solutions and additives. Am J Hosp Pharm 1982; 39:
622–7. Correction. ibid.; 1479.

O

N
H

N

S

COOH

H H

OH
O

S

N

N
N

N

CH3



Cefamandole/Cefatrizine    221

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cefamandole Sodium (BANM, rINNM)

Cefamandol sódico; Céfamandole Sodique; Cephamandole So-
dium; Natrii Cefamandolum.
Натрий Цефамандол
C18H17N6NaO5S2 = 484.5.
CAS — 30034-03-8.
ATC — J01DC03.
ATC Vet — QJ01DC03.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
As mentioned under Cefalotin, cephalosporins with an
N-methylthiotetrazole side-chain such as cefamandole
(and possibly those with methylthiadiazolethiol or N-
methylthiotriazine side-chains as well) may produce
bleeding disorders associated with hypoprothrombin-
aemia and/or platelet disorders.
Sodium content. 1.05 g of cefamandole sodium and 1.11g of
cefamandole nafate each contain about 2.2 mmol of sodium.

Interactions
A disulfiram-like interaction with alcohol may occur
and has been attributed to the N-methylthiotetrazole
side-chain of cefamandole; patients should avoid alco-
hol during, and for at least several days after, cefaman-
dole treatment. Interactions are also possible with prep-
arations containing significant amounts of alcohol. 
Cefamandole, and other cephalosporins with an N-
methylthiotetrazole side-chain, may enhance the hypo-
prothrombinaemic response to anticoagulants as dis-
cussed under Warfarin (p.1428). 
Probenecid reduces the renal clearance of cefamandole
and many other cephalosporins.
◊ References.
1. Portier H, et al. Interaction between cephalosporins and alcohol.

Lancet 1980; ii: 263. 
2. Drummer S, et al. Antabuse-like effect of β-lactam antibiotics. N

Engl J Med 1980; 303: 1417–18.

Antimicrobial Action
Cefamandole is bactericidal and acts similarly to cefal-
otin, but has a broader spectrum of activity. It generally
has similar or less activity against Gram-positive sta-
phylococci and streptococci, but is resistant to some
beta-lactamases produced by Gram-negative bacteria.
It is more active than cefalotin against many of the En-
terobacteriaceae including some strains of Entero-
bacter, Escherichia coli, Klebsiella, Salmonella, and
some Proteus spp. However, resistance to cefamandole
and other beta lactams has emerged in some species,
notably Enterobacter, during treatment with cefaman-
dole. Cefamandole is very active in vitro against Hae-
mophilus influenzae although an inoculum effect has
been reported for beta-lactamase-producing strains.
Like cefalotin, most strains of Bacteroides fragilis are
resistant to cefamandole, as are Pseudomonas spp.
◊ References.
1. Sabath LD. Reappraisal of the antistaphylococcal activities of

first-generation (narrow-spectrum) and second-generation (ex-
panded-spectrum) cephalosporins. Antimicrob Agents Chemoth-
er 1989; 33: 407–11.

Pharmacokinetics
Cefamandole is poorly absorbed from the gastrointes-
tinal tract. It is given intramuscularly or intravenously,
usually as the nafate which is rapidly hydrolysed to re-
lease cefamandole in vivo. Peak plasma concentrations
for cefamandole of about 13 and 25 micrograms/mL
have been achieved 0.5 to 2 hours after intramuscular
doses of 0.5 and 1 g respectively; concentrations are
very low after 6 hours. About 70% is bound to plasma
proteins. The plasma half-life varies from about 0.5 to
1.2 hours depending on the route of injection; it is pro-
longed in patients with renal impairment. 
Cefamandole is widely distributed in body tissues and
fluids including bone, joint fluid, and pleural fluid; it
diffuses into the CSF when the meninges are inflamed,
but concentrations are unpredictable. Cefamandole has
also been detected in breast milk. It is rapidly excreted
unchanged by glomerular filtration and renal tubular
secretion; about 80% of a dose is excreted within 6

hours and high urinary concentrations are achieved.
Probenecid competes for renal tubular secretion with
cefamandole resulting in higher and prolonged plasma
concentrations of cefamandole. Therapeutic concen-
trations of cefamandole are achieved in bile. 
Cefamandole is removed by haemodialysis to some
extent.

Uses and Administration
Cefamandole is a second-generation cephalosporin an-
tibacterial used in the treatment of infections due to
susceptible bacteria and for surgical infection prophy-
laxis. 
It is given principally as cefamandole nafate (the sodi-
um salt of cefamandole formyl ester). Doses are ex-
pressed in terms of the equivalent amount of cefaman-
dole; 1.05 g of cefamandole sodium and 1.11 g of
cefamandole nafate are each equivalent to about 1 g of
cefamandole. It is given by deep intramuscular injec-
tion, by slow intravenous injection over 3 to 5 minutes,
or by intermittent or continuous infusion in doses of 0.5
to 2 g every 4 to 8 hours for adults depending on the
severity of the infection. Children over 1 month of age
may be given 50 to 100 mg/kg daily in equally divided
doses; 150 mg/kg daily may be given in severe infec-
tions, but this dose should not be exceeded. For details
of reduced doses in patients with renal impairment, see
below. If cefamandole is used with an aminoglycoside,
the drugs should be given separately. 
For surgical infection prophylaxis, a dose of 1 or 2 g
intravenously or intramuscularly 30 to 60 minutes be-
fore surgical incision, followed by 1 or 2 g every 6
hours for 24 to 48 hours, is recommended. For patients
undergoing procedures involving implantation of pros-
thetic devices, cefamandole should be continued for up
to 72 hours. Children over 3 months of age may be
treated similarly to adults and given 50 to 100 mg/kg
daily in equally divided doses.
Administration in renal impairment. Doses of cefaman-
dole should be reduced for patients with renal impairment. After
an initial dose of 1 to 2 g the following maintenance doses have
been recommended based on creatinine clearance (CC): 
• CC 50 to 80 mL/minute: 0.75 to 2 g every 6 hours 
• CC 25 to 50 mL/minute: 0.75 to 2 g every 8 hours 
• CC 10 to 25 mL/minute: 0.5 to 1.25 g every 8 hours 
• CC 2 to 10 mL/minute: 0.5 to 1 g every 12 hours 
• CC less than 2 mL/minute: 0.25 to 0.75 g every 12 hours

Preparations
USP 31: Cefamandole Nafate for Injection.
Proprietary Preparations (details are given in Part 3)
Austral.: Mandol; Austria: Mandokef; Belg.: Mandol; Cz.: Mandol†; Gr.:
Acemycin; Cefadin; Mandokef; Hong Kong: Mandol†; Hung.: Cefam;
Mandokef†; Indon.: Dardokef; Dofacef; Irl.: Kefadol†; Ital.: Cefam; Cema-
do; Lampomandol; Mancef; Mandokef†; Mandolsan†; Septomandolo†;
Neth.: Mandol; NZ: Mandol; Pol.: Tarcefandol; Port.: Mandokef†; Rus.:
Cefat (Цефат); Mandol (Мандол); S.Afr.: Kefdole†; Mandokef; Switz.:
Mandokef; Thai.: Cefadol; Cefmandol; Mandol†.

Cefapirin Sodium (BANM, pINNM)

BL-P-1322; Cefapirin sodná sůl; Cefapirina sódica; Céfapirine
sodique; Cefapirinnatrium; Cefapirin-nátrium; Cefapirino natrio
druska; Cefapirinum natricum; Cephapirin Sodium (USAN); Kefa-
piriininatrium; Natrii Cefapirinum. Sodium (7R)-7-[2-(4-pyri-
dylthio)acetamido]cephalosporanate; Sodium (7R)-3-ace-
toxymethyl-7-[2-(4-pyridylthio)acetamido]-3-cephem-4-carbox-
ylate.
Натрий Цефапирин
C17H16N3NaO6S2 = 445.4.
CAS — 21593-23-7 (cefapir in); 24356-60-3 (cefapir in so-
dium).
ATC — J01DB08.
ATC Vet — QJ01DB08.

(cefapir in)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
US also includes Cephapirin Benzathine for veterinary use. 
Ph. Eur. 6.2 (Cefapirin Sodium). A white or pale yellow powder.
Soluble in water; practically insoluble in dichloromethane. A 1%
solution in water has a pH of 6.5 to 8.5. Protect from light. 
USP 31 (Cephapirin Sodium). A white to off-white crystalline
powder, odourless or having a slight odour. Very soluble in wa-
ter; insoluble in most organic solvents. pH of a solution in water
containing the equivalent of cefapirin 1% is between 6.5 and 8.5.
Store in airtight containers.

Profile
Cefapirin is a first-generation cephalosporin antibacterial with
actions and uses very similar to those of cefalotin (p.219). It is
used as the sodium salt but doses are expressed in terms of cefa-
pirin base; 1.05 g of cefapirin sodium is equivalent to about 1 g
of cefapirin. The usual dose is the equivalent of 0.5 to 1 g of ce-
fapirin every 4 to 6 hours by intramuscular injection or intrave-
nously. In severe infections up to 12 g daily may be given, pref-
erably intravenously.

Administration in renal impairment. Reduced doses of ce-
fapirin sodium may be necessary in patients with renal impair-
ment. One regimen, based on creatinine clearance (CC), that has
been suggested is: 
• CC 5 to 20 mL/minute: 1 g every 12 hours 
• CC less than 5 mL/minute: 1 g every 24 hours 
Patients undergoing haemodialysis may receive 7.5 to 15 mg/kg
after each dialysis.

Sodium content. Each g of cefapirin sodium contains about
2.2 mmol of sodium.
Preparations
USP 31: Cephapirin for Injection.

Proprietary Preparations (details are given in Part 3)
Cz.: Cefatrexyl†; Fr.: Cefaloject; Gr.: Cefatrex†; Spain: Brisfirina.

Cefatrizine (BAN, USAN, pINN)

BL-S640; Cefatrizina; Céfatrizine; Cefatrizinum; SKF-60771; S-
640P. (7R)-7-(α-D-4-Hydroxyphenylglycylamino)-3-(1H-1,2,3-tri-
azol-4-ylthiomethyl)-3-cephem-4-carboxylic acid.

Цефатризин
C18H18N6O5S2 = 462.5.
CAS — 51627-14-6.
ATC — J01DB07.
ATC Vet — QJ01DB07.

Cefatrizine Propylene Glycol (BANM, pINNM)

Cefatrizina propilenglicol; Cefatrizinas propilenglikolis; Céfatrizine
propylèneglycol; Cefatrizin-propilénglikol; Cefatrizinpropyleng-
lykol; Cefatrizin-propylenglykol; Cefatrizinum propylen glycolum;
Cefatrizinum Propylenglycolum; Kefatritsiinipropyleeniglykoli.
(7R)-7-(α-D-4-Hydroxyphenylglycylamino)-3-(1H-1,2,3-triazol-
4-ylthiomethyl)-3-cephem-4-carboxylate propylene glycol.

Цефатризин Пропиленгликол
C18H18N6O5S2, (C3H8O2)n.
CAS — 64217-62-5.
ATC — J01DB07.
ATC Vet — QJ01DB07.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Cefatrizine Propylene Glycol). A white or almost
white powder. Slightly soluble in water; practically insoluble in
alcohol and in dichloromethane.

Profile
Cefatrizine is a cephalosporin antibacterial with actions and uses
similar to those of cefalexin (p.218), although it might be more
active in vitro. It is given orally as the base or, more often, as a
compound with propylene glycol, in usual doses equivalent to
500 mg twice daily of cefatrizine.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Cefaperos; Fr.: Cefaperos†; Gr.: Anfagladin; Axelorax; Banadroxin†;
Ceftazin; Cetrizin; Clomin†; Fica-F; Gertemycin; Izerin; Kentacef; Klevasin;
Liamycin; Liferost; Lingopen; Mekan†; Nibocin; Northiron; Phacobiotic†;
Relyovix; Specicef-N; Trixilan; Ital.: Biotrixina†; Cefatrix†; Cetrazil†; Cetri-
nox†; Faretrizin; Ipatrizina†; Ketrizin; Miracef†; Novacef†; Tamyl†; Tricef†;
Trizina; Port.: Macropen; Supracefa.
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Cefazolin (BAN, pINN)

Cefazolina; Céfazoline; Cefazolinum; Cephazolin; Kefatsoliini; Se-
fazolin. 3-[(5-Methyl-1,3,4-thiadiazol-2-yl)thiomethyl]-7-(tetra-
zol-1-ylacetamido)-3-cephem-4-carboxylic acid.
Цефазолин
C14H14N8O4S3 = 454.5.
CAS — 25953-19-9.
ATC — J01DB04.
ATC Vet — QJ01DB04; QJ51DA04.

Pharmacopoeias. In US. 
USP 31 (Cefazolin). A white to slightly off-white, odourless
crystalline powder. Slightly soluble in water, in alcohol, and in
methyl alcohol; sparingly soluble in acetone; practically insolu-
ble in chloroform, in dichloromethane, in ether, and in benzene;
soluble in dimethylformamide and in pyridine; very slightly sol-
uble in ethyl acetate, in isopropyl alcohol, and in methyl isobutyl
ketone. Store in airtight containers.

Cefazolin Sodium (BANM, USAN, pINNM)

46083; Cefazolin sodná sůl; Cefazolina sódica; Céfazoline sodi-
que; Cefazolinnatrium; Cefazolin-nátrium; Cefazolino natrio
druska; Cefazolinum natricum; Cephazolin Sodium; Kefatsoliini-
natrium; Natrii Cefazolinum; Sefazolin Sodyum; SKF-41558.
Натрий Цефазолин
C14H13N8NaO4S3 = 476.5.
CAS — 27164-46-1.
ATC — J01DB04.
ATC Vet — QJ01DB04.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Jpn also includes the pentahydrate. 
Ph. Eur. 6.2 (Cefazolin Sodium). A white or almost white, very
hygroscopic powder. It exhibits polymorphism. Freely soluble in
water; very slightly soluble in alcohol. A 10% solution in water
has a pH of 4.0 to 6.0. Store in airtight containers. Protect from
light. 
USP 31 (Cefazolin Sodium). A white to off-white, practically
odourless, crystalline powder, or a white to off-white solid. Free-
ly soluble in water, in sodium chloride 0.9%, and in glucose so-
lutions; very slightly soluble in alcohol; practically insoluble in
chloroform and in ether. pH of a solution in water containing the
equivalent of cefazolin 10% is between 4.0 and 6.0. Store in air-
tight containers.
Incompatibility and stability. Cefazolin sodium has been re-
ported to be incompatible with aminoglycosides and many other
drugs. When the pH of a solution exceeds 8.5 there may be hy-
drolysis and when it is below 4.5 insoluble cefazolin may be pre-
cipitated. 
References.
1. Nahata MC, Ahalt PA. Stability of cefazolin sodium in peritoneal

dialysis solutions. Am J Hosp Pharm 1991; 48: 291–2. 
2. Wu C-C, et al. Stability of cefazolin in heparinized and non-

heparinized peritoneal dialysis solutions. Am J Health-Syst
Pharm 2002; 59: 1537–8. 

3. Lin Y-F, et al. Stability of cefazolin sodium in icodextrin-con-
taining peritoneal dialysis solution. Am J Health-Syst Pharm
2002; 59: 2362, 2364.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. Stevens-Johnson syn-
drome has occurred. 
Like cephalosporins with an N-methylthiotetrazole
side-chain, cefazolin has been associated with hypo-
prothrombinaemia.
Breast feeding. In a study1 of 20 lactating women receiving
cefazolin, the amount of cefazolin in breast milk was found to be
extremely small (equivalent to less than 0.075% of the dose). No
adverse effects have been seen in breast-fed infants whose moth-
ers were receiving cefazolin, and the American Academy of
Pediatrics considers2 that it is therefore usually compatible with
breast feeding.
1. Yoshioka H, et al. Transfer of cefazolin into human milk. J Pedi-

atr 1979; 94: 151–2. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Effects on the nervous system. References.
1. Manzella JP, et al. CNS toxicity associated with intraventricular

injection of cefazolin: report of three cases. J Neurosurg 1988;
68: 970–1. 

2. Martin ES, et al. Seizures after intraventricular cefazolin admin-
istration. Clin Pharm 1992; 11: 104–5.

Sodium content. Each g of cefazolin sodium contains about
2.1 mmol of sodium.

Interactions
Cefazolin contains a methylthiadiazolethiol side-
chain; like cephalosporins containing the related N-
methylthiotetrazole side-chain (see Cefamandole,
p.221), it may have the potential to cause a disulfiram-
like reaction with alcohol, and enhance the effects of
warfarin. 
The renal excretion of cefazolin and many other cepha-
losporins is delayed by probenecid.

Antimicrobial Action
As for Cefalotin Sodium, p.220, although cefazolin is
more sensitive to staphylococcal beta-lactamase.

Pharmacokinetics
Cefazolin is poorly absorbed from the gastrointestinal
tract and is given by the intramuscular or intravenous
routes. After a 500-mg dose given intramuscularly,
peak plasma concentrations of 30 micrograms or more
per mL are obtained after 1 hour. About 85% of cefazo-
lin is bound to plasma proteins. The plasma half-life of
cefazolin is about 1.8 hours, and is increased in patients
with renal impairment. Cefazolin diffuses into bone
and into ascitic, pleural, and synovial fluid but not ap-
preciably into the CSF. It crosses the placenta; only low
concentrations are detected in breast milk. 
Cefazolin is excreted unchanged in the urine, mainly
by glomerular filtration with some renal tubular secre-
tion, at least 80% of a dose given intramuscularly being
excreted within 24 hours. Peak urine concentrations of
more than 2 and 4 mg/mL have been reported after in-
tramuscular doses of 0.5 and 1 g respectively. Probene-
cid delays excretion. Cefazolin is removed to some ex-
tent by haemodialysis. 
High biliary concentrations have been reported, al-
though the amount excreted by this route is small.

Uses and Administration
Cefazolin is a first-generation cephalosporin antibacte-
rial used to treat infections due to susceptible organ-
isms, including biliary-tract infections, endocarditis
(staphylococcal), and peritonitis (associated with con-
tinuous ambulatory peritoneal dialysis). It is also used
for surgical infection prophylaxis, including prophy-
laxis of endometritis at caesarean section. For details of
these infections and their treatment, see under Choice
of Antibacterial, p.162. 
Administration and dosage. Cefazolin is given as the
sodium salt by deep intramuscular injection, by slow
intravenous injection over 3 to 5 minutes, or by intra-
venous infusion. Doses are expressed in terms of the
equivalent amount of cefazolin; 1.05 g of cefazolin so-
dium is equivalent to about 1 g of cefazolin. The usual
adult dose is the equivalent of 0.5 to 1 g of cefazolin
every 6 to 12 hours. The usual maximum daily dose is
6 g, although up to 12 g has been used in severe life-
threatening infections. Children over 1 month of age
may be given 25 to 50 mg/kg daily in 3 or 4 divided
doses, increased in severe infections to a maximum of
100 mg/kg daily. 
For the prophylaxis of infection during surgery, a 1-g
dose is given half to one hour before the operation, fol-
lowed by 0.5 to 1 g during surgery for lengthy proce-
dures. A dose of 0.5 to 1 g is given every 6 to 8 hours
postoperatively for 24 hours, or up to 5 days in certain
cases. 
For details of reduced doses of cefazolin in patients
with renal impairment, see below. 
Other routes used for cefazolin sodium include intra-
peritoneal use in peritoneal dialysis solutions, and in-
tra-ocular injection. 

In some countries a modified-release intramuscular
formulation of cefazolin sodium with the less soluble
dibenzylamine salt of cefazolin, in the ratio of 1:4, has
been used.
Administration in renal impairment. Dosage of cefazolin
should be reduced in patients with renal impairment and various
modifications have been recommended. After a loading dose the
licensed product information suggests the following doses based
on creatinine clearance (CC): 
Adults 
• CC 55 mL or more per minute: usual doses 
• CC 35 to 54 mL/minute: usual doses but at intervals of at least

8 hours 
• CC 11 to 34 mL/minute: half the usual dose every 12 hours 
• CC 10 mL or less per minute: half the usual dose every 18 to

24 hours 
Children 
• CC 40 to 70 mL/minute: 60% of the normal daily dose in 2

divided doses 
• CC 20 to 40 mL/minute: 25% of the normal daily dose in 2

divided doses 
• CC 5 to 20 mL/minute: 10% of the normal daily dose every 24

hours. 
One report1 indicated that, for patients on long-term haemodial-
ysis, a dose of 20 mg/kg given 3 times weekly after dialysis
maintained therapeutic cefazolin concentrations.
1. Ahern JW, et al. Cefazolin dosing protocol for patients receiving

long-term hemodialysis. Am J Health-Syst Pharm 2003; 60:
178–81.

Preparations
BP 2008: Cefazolin Injection; 
USP 31: Cefazolin for Injection; Cefazolin Injection; Cefazolin Ophthalmic
Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Cefalomicina; Cefamezin; Austral.: Kefzol; Austria: Kefzol; Servazo-
lin; Zolicef; Belg.: Cefacidal; Kefzol†; Braz.: Ceftrat; Cezolin†; Duocef;
Fazolon; Kefazol; Zolin†; Canad.: Kefzol†; Chile: Kefzol†; Cz.: Kefzol†; Ori-
zolin†; Vulmizolin; Fr.: Cefacidal†; Ger.: Basocef; Elzogram†; Gr.: Biozolin†;
Vifazolin; Hong Kong: Cefamezin; Hung.: Totacef†; India: Azolin; Reflin;
Zolfin†; Indon.: Biozolin; Cefazol; Israel: Cefamezin; Kefazin; Kefzol†; Tota-
cef†; Ital.: Acef; Cefabiozim†; Cefamezin; Cefazil; Cromezin; Nefazol; Re-
cef; Sicef; Silzolin†; Totacef; Jpn: Cefamezin; Otsuka Cez; Mex.: Cefacidal†;
Neth.: Cefacidal; Cefamezin; Kefzol; Servazolin; NZ: Kefzol†; Zepilen;
Philipp.: Cifoxim; Cizo; Cloviz; Fazol; Fonvicol; Ilozef; Lupex; Maxcep; Meg-
acef; Oryant; Samarial; Stancef; Zofadep; Zolival; Pol.: Biofazolin; Tarfazolin;
Port.: Cefamezin; Kurgan; Rus.: Cefamezin (Цефамезин); Ifizol (Ифизол);
Intrazoline (Интразолин); Kefzol (Кефзол); Orizolin (Оризолин); Reflin
(Рефлин); S.Afr.: Cefacidal; Izacef; Kefzol; Ranzol; Spain: Areuzolin; Brizoli-
na; Camil†; Caricef; Cefa Resan†; Cefacene†; Cefadrex; Dacovo†; Fazoplex;
Filoklin†; Gencefal†; Intrazolina; Kefol†; Kurgan; Neofazol†; Tasep; Tecfazoli-
na; Zolival; Switz.: Kefzol; Thai.: Cefalin; Cefamezin; Cefazillin; Cefazol; Ce-
fzolin; Fazolin; Zefa; Zepilen†; Zolicef; Zolimed; Turk.: Cefamezin; Cefozin;
Equizolin; Iespor; Maksiporin; Sefamax; Sefazol; USA: Ancef†; Zolicef†;
Venez.: Cefacidal; Cefarizon; Cellozina; Kefzol†.

Cefbuperazone (USAN, rINN)

BMY-25182; Cefbuperazona; Cefbupérazone; Cefbuperazonum;
T-1982. 7-[(2R,3S)-2-(4-ethyl-2,3-dioxopiperazin-1-ylcarboxami-
do)-3-hydroxybutyramido]-7-methoxy-3-(1-methyl-1H-tetra-
zol-5-ylthiomethyl)-3-cephem-4-carboxylic acid.
Цефбуперазон
C22H29N9O9S2 = 627.7.
CAS — 76610-84-9.

Cefbuperazone Sodium (rINNM)

Cefbuperazona de sodio; Cefbupérazone Sodique; Natrii Cefbu-
perazonum.
Натрий Цефбуперазон
C22H28N9NaO9S2 = 649.6.
Pharmacopoeias. In Jpn.
Profile
Cefbuperazone is a cephamycin antibiotic similar to cefoxitin
(p.230) but with an N-methylthiotetrazole side-chain like cefa-
mandole (p.220). It is given by injection as the sodium salt. Its
spectrum of activity includes Enterobacteriaceae, but more espe-
cially anaerobic bacteria such as Bacteroides fragilis. Cefbuper-
azone does not appear to be active against cefoxitin-resistant
strains of B. fragilis.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Tomiporan.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cefcapene Pivoxil Hydrochloride (rINNM)

Cefcapène Pivoxil, Chlorhydrate de; Cefcapeni Pivoxili Hydro-
chloridum; Hidrocloruro de cefcapeno pivoxilo. Pivaloyloxyme-
thyl (+)-(6R,7R)-7-[(Z)-2-(2-amino-4-thiazolyl)-2-pentenami-
do]-3-(hydroxymethyl)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylic acid carbamate monohydrochloride monohy-
drate.
Цефкапена Пивоксила Гидрохлорид
C23H29N5O8S2,HCl,H2O = 622.1.
CAS — 135889-00-8 (cefcapene); 105889-45-0 (cefcap-
ene pivoxil); 147816-23-7 (anhydrous cefcapene pivoxil
hydrochloride); 147816-24-8 (cefcapene pivoxil hydrochlo-
r ide);.

(cefcapene)

Pharmacopoeias. In Jpn.
Profile
Cefcapene is an oral cephalosporin antibacterial given orally as
the pivaloyloxymethyl ester, cefcapene pivoxil hydrochloride. 
For reference to carnitine deficiency occurring with some pival-
oyloxymethyl esters, see Pivampicillin, p.317.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Flomox.

Cefdinir (BAN, USAN, rINN)

Cefdinirum; CI-983; FK-482; Kefdiniiri. (−)-(6R,7R)-7-[2-(2-Ami-
no-4-thiazolyl)glyoxylamido]-8-oxo-3-vinyl-5-thia-1-azabicyc-
lo[4.2.0]oct-2-ene-2-carboxylic acid, 72-(Z)-oxime; 7-{(2-Ami-
no-1,3-thiazol-4-yl)-2-[(Z)-hydroxyimino]acetamido}-3-vinyl-
cephem-4-carboxylic acid.
Цефдинир
C14H13N5O5S2 = 395.4.
CAS — 91832-40-5.
ATC — J01DD15.
ATC Vet — QJ01DD15.

Pharmacopoeias. In Chin. and Jpn.
Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. There have been reports of red-
dish stools in patients given cefdinir with iron supplements (see
also Interactions, below).
Interactions
Absorption of cefdinir is decreased by antacids or iron supple-
ments and doses should be separated by an interval of at least 2
hours. Probenecid reduces the renal excretion of cefdinir.
Iron. A report1 of red stools in an infant given cefdinir whilst
being fed with an infant formula containing supplemental iron. It
was considered important to be aware of the interaction because
of the risk that it might be mistaken for a sign of gastrointestinal
bleeding.
1. Lancaster J, et al. Nonbloody, red stools from coadministration

of cefdinir and iron-supplemented infant formulas. Pharmaco-
therapy 2008; 28: 678–81.

Antimicrobial Action
As for Cefixime, p.224. However, cefdinir is reported to be much
more active in vitro than cefixime against Staphylococcus au-
reus, but not meticillin-resistant strains, and it is less active
against some Enterobacteriaceae.
Pharmacokinetics
Cefdinir is absorbed from the gastrointestinal tract after oral dos-
es, peak plasma concentrations occurring 2 to 4 hours after a
dose. Oral bioavailability has been estimated to range from 16 to
25%. It is widely distributed into tissues and is 60 to 70% bound
to plasma proteins. Cefdinir is not appreciably metabolised and
is excreted in the urine with an elimination half-life of 1.7 hours. 
Cefdinir is removed by dialysis.

Uses and Administration
Cefdinir is a third-generation oral cephalosporin antibacterial
with actions and uses similar to those of cefixime (p.224). It is
given orally in a usual adult dose of 600 mg daily as a single dose
or in two divided doses. Children may be given 14 mg/kg daily
up to a maximum of 600 mg daily. Doses may need to be reduced
in patients with renal impairment (see below).
◊ Reviews.
1. Guay DRP. Cefdinir: an expanded-spectrum oral cephalosporin.

Ann Pharmacother 2000; 34: 1469–77. 
2. Guay DR, et al. Cefdinir: an advanced-generation, broad-spec-

trum oral cephalosporin. Clin Ther 2002; 24: 473–89. 
3. Perry CM, Scott LJ. Cefdinir: a review of its use in the manage-

ment of mild-to-moderate bacterial infections. Drugs 2004; 64:
1433–64. 

4. Sader HS, Jones RN. Cefdinir: an oral cephalosporin for the
treatment of respiratory tract infections and skin and skin struc-
ture infections. Expert Rev Anti Infect Ther 2007; 5: 29–43. Cor-
rection. ibid.; 754. [dose error]

Administration in renal impairment. Doses of cefdinir
should be reduced to 300 mg once daily in patients with renal
impairment whose creatinine clearance is less than
30 mL/minute.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Kefnir†; Sefdin; Jpn: Cefzon; Mex.: Omnicef; Thai.: Omnicef; USA:
Omnicef.

Cefditoren Pivoxil (rINNM)

Cefditorène, Pivoxil de; Cefditoreni Pivoxil; Cefditoreno pivoxilo;
ME-1207; ME-1206 (cefditoren). Pivaloyloxymethyl (+)-(6R,7R)-
7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-3-[(Z)-2-(4-methyl-5-
thiazolyl)vinyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-car-
boxylic acid 72-(Z)-(O-methyloxime).
Цефдиторена Пивоксил
C25H28N6O7S3 = 620.7.
CAS — 104145-95-1 (cefditoren); 117467-28-4 (cefdi-
toren pivoxil).
ATC — J01DD16.
ATC Vet — QJ01DD16.

(cefditoren)

Pharmacopoeias. In Jpn.
Adverse Effects and Precautions
As for Cefalotin, p.219. 
The most frequently reported adverse effects of cefditoren are
gastrointestinal disturbances, especially diarrhoea. 
For reference to carnitine deficiency with some pivaloyloxyme-
thyl esters, see Pivampicillin, p.317.
Interactions
Absorption of cefditoren after oral doses is decreased by antacids
or histamine H2-receptor antagonists. Probenecid reduces the re-
nal excretion of cefditoren.
Antimicrobial Action
As for Cefixime, p.224. Cefditoren also has activity against Sta-
phylococcus aureus.
Pharmacokinetics
Cefditoren pivoxil is absorbed from the gastrointestinal tract and
is hydrolysed to cefditoren by esterases to release active cefdi-
toren in the bloodstream. Peak plasma concentrations average
1.8 micrograms/mL in fasting subjects 1.5 to 3 hours after a 200-
mg dose. Bioavailability is about 14% in fasting subjects and is
increased when cefditoren pivoxil is given with a high-fat meal.
Plasma protein binding is reported to be 88%. The plasma half-
life is about 1.6 hours and is prolonged in patients with renal im-
pairment. 
Cefditoren is not appreciably metabolised and is excreted mainly
in the urine by glomerular filtration and tubular secretion. It is
removed by haemodialysis.
Uses and Administration
Cefditoren is a cephalosporin antibacterial with a broad spectrum
of activity used in the treatment of susceptible infections, partic-
ularly of the respiratory tract and skin. It is given orally as the
pivaloyloxymethyl ester, cefditoren pivoxil, but doses are ex-
pressed in terms of cefditoren; 245 mg of cefditoren pivoxil is
equivalent to about 200 mg of cefditoren. A usual dose is 200 to
400 mg given twice daily. 
For details of reduced doses to be used in patients with moderate
to severe renal impairment, see below.

◊ Reviews.
1. Wellington K, Curran MP. Cefditoren pivoxil: a review of its use

in the treatment of bacterial infections. Drugs 2004; 64:
2597–2618.

Administration in renal impairment. Doses of cefditoren
pivoxil should be reduced in patients with moderate to severe
renal impairment according to creatinine clearance (CC): 
• CC 30 to 49 mL/minute: the dose should not exceed 200 mg

twice daily 
• CC less than 30 mL/minute: the dose should be 200 mg once

daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Gr.: Spectracef; India: Cefditran; Indon.: Meiact; Jpn: Meiact; Mex.: Spec-
tracef; Port.: Meiact; Spectracef; Spain: Meiact; Spectracef; Telo; Thai.:
Meiact; Turk.: Spektracef; USA: Spectracef.

Cefepime Hydrochloride 

(BANM, USAN, rINNM)

BMY-28142 (cefepime); Céfépime, Chlorhydrate de; Céfépime,
dichlorhydrate de; Cefepimi dihydrochloridum; Cefepimi Hydro-
chloridum; Hidrocloruro de cefepima; Sefepim Hidroklorür. {6R-
[6α,7β(Z)]}-1-[(7-{[(2-Amino-4-thiazolyl)-(methoxyimi-
no)acetyl]amino}-2-carboxy-8-oxo-5-thia-1-azabicyc-
lo[4.2.0]oct-2-en-3-yl)methyl]-1-methylpyrrolidinium chloride
monohydrochloride monohydrate; 7-{(2-Amino-1,3-thiazol-4-
yl)-2-[(Z)-methoxyimino]acetamido}-3-(1-methylpyrrolidini-
omethyl)-3-cephem-4-carboxylate hydrochloride.
Цефепима Гидрохлорид
C19H25ClN6O5S2,HCl,H2O = 571.5.
CAS — 88040-23-7 (cefepime); 123171-59-5 (cefepime
hydrochloride monohydrate).
ATC — J01DE01.
ATC Vet — QJ01DE01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefepime Dihydrochloride Monohydrate). A white
or almost white, crystalline powder. Freely soluble in water and
in methyl alcohol; practically insoluble in dichloromethane. Pro-
tect from light. 
USP 31 (Cefepime Hydrochloride). A white to off-white, non-
hygroscopic, crystalline powder. Freely soluble in water. Store in
airtight containers. Protect from light.
Incompatibility and stability. References.
1. Stewart JT, et al. Stability of cefepime hydrochloride injection in

polypropylene syringes at −20°C, 4°C, and 22-24°C. Am J
Health-Syst Pharm 1999; 56: 457–9. 

2. Stewart JT, et al. Stability of cefepime hydrochloride in polypro-
pylene syringes. Am J Health-Syst Pharm 1999; 56: 1134. 

3. Williamson JC, et al. Stability of cefepime in peritoneal dialysis
solution. Ann Pharmacother 1999; 33: 906–9. 

4. Baririan N, et al. Stability and compatibility study of cefepime
in comparison with ceftazidime for potential administration by
continuous infusion under conditions pertinent to ambulatory
treatment of cystic fibrosis patients and to administration in in-
tensive care units. J Antimicrob Chemother 2003; 51: 651–8. 

5. Trissel LA, Xu QA. Stability of cefepime hydrochloride in Au-
toDose infusion system bags. Ann Pharmacother 2003; 37:
804–7.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219.
◊ The safety of cefepime has been reviewed.1-3 A meta-analysis2

of studies involving cefepime suggested that there might be an
increased risk of all-cause mortality compared with other beta-
lactams. The FDA subsequently announced that it would review
safety data to further evaluate the risk of death associated with
cefepime use.4
1. Neu HC. Safety of cefepime: a new extended-spectrum parenter-

al cephalosporin. Am J Med 1996; 100 (suppl 6A): 68S–75S. 
2. Yahav D, et al. Efficacy and safety of cefepime: a systematic

review and meta-analysis. Lancet Infect Dis 2007; 7: 338–48. 
3. Drago L, De Vecchi E. The safety of cefepime in the treatment

of infection. Expert Opin Drug Saf 2008; 7: 377–87. 
4. FDA. Early communication about an ongoing safety review:

cefepime (marketed as Maxipime) (issued 14th November
2007). Available at: http://www.fda.gov/cder/drug/early_comm/
cefepime.htm (accessed 04/08/08)

Effects on the nervous system. References to neurotoxicity,
sometimes manifesting as nonconvulsive status epilepticus, as-
sociated with use of cefepime (particularly but not exclusively in
patients with impaired renal function).
1. Chow KM, et al. Retrospective review of neurotoxicity induced

by cefepime and ceftazidime. Pharmacotherapy 2003; 23:
369–73. 
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2. Ferrara N, et al. Neurotoxicity induced by cefepime in a very

old hemodialysis patient. Clin Nephrol 2003; 59: 388–90. 
3. Dakdouki GK, Al-Awar GN. Cefepime-induced encephalopa-

thy. Int J Infect Dis 2004; 8: 59–61. 
4. Alpay H, et al. Cefepime-induced non-convulsive status epilep-

ticus in a peritoneal dialysis patient. Pediatr Nephrol 2004; 19:
445–7. 

5. Abanades S, et al. Reversible coma secondary to cefepime neu-
rotoxicity. Ann Pharmacother 2004; 38: 606–8. 

6. Capparelli FJ, et al. Cefepime- and cefixime-induced encepha-
lopathy in a patient with normal renal function. Neurology 2005;
65: 1840. 

7. Maganti R, et al. Nonconvulsive status epilepticus due to
cefepime in a patient with normal renal function. Epilepsy Be-
hav 2006; 8: 312–4. 

8. Lam S, Gomolin IH. Cefepime neurotoxicity: case report, phar-
macokinetic considerations, and literature review. Pharmaco-
therapy 2006; 26: 1169–74. 

9. Sonck J, et al. The neurotoxicity and safety of treatment with
cefepime in patients with renal failure. Nephrol Dial Transplant
2008; 23: 966–70. 

10. Garces EO, et al. Renal failure is a risk factor for cefepime-
induced encephalopathy. J Nephrol 2008; 21: 526–34.

Antimicrobial Action
Cefepime is a fourth-generation cephalosporin and is
active against a wide range of Gram-positive and
Gram-negative aerobic organisms. Against Gram-pos-
itive cocci, its activity is similar to that of cefotaxime
(p.228) and includes staphylococci (but not meticillin-
resistant Staphylococcus aureus) and streptococci.
Against Enterobacteriaceae, it has a broader spectrum
of activity than other cephalosporins, including activity
against organisms producing chromosomally mediated
beta-lactamases such as Enterobacter spp. and Proteus
vulgaris. Against Pseudomonas aeruginosa, it has
similar or slightly less activity than ceftazidime
(p.234), although it may be active against some strains
resistant to ceftazidime.

Pharmacokinetics
Cefepime is given by injection as the hydrochloride. It
is rapidly and almost completely absorbed on intra-
muscular injection and mean peak plasma concentra-
tions of about 14 and 30 micrograms/mL have been re-
ported about 1.5 hours after doses of 500 mg and 1 g
respectively. Within 30 minutes of similar intravenous
doses, peak plasma concentrations of about 40 and
80 micrograms/mL are achieved. The plasma half-life
of cefepime is about 2 hours and is prolonged in pa-
tients with renal impairment. About 20% of cefepime
is bound to plasma proteins. 
Cefepime is widely distributed in body tissues and flu-
ids. High concentrations are achieved in bile. Low con-
centrations have been detected in breast milk. 
Cefepime is eliminated principally by the kidneys and
about 85% of a dose is recovered unchanged in the
urine. Cefepime is substantially removed by haemodi-
alysis.
◊ References.
1. Okamoto MP, et al. Cefepime clinical pharmacokinetics. Clin

Pharmacokinet 1993; 25: 88–102. 
2. Rybak M. The pharmacokinetic profile of a new generation of

parenteral cephalosporin. Am J Med 1996; 100 (suppl 6A):
39S–44S. 

3. Reed MD, et al. Pharmacokinetics of intravenously and intra-
muscularly administered cefepime in infants and children. Anti-
microb Agents Chemother 1997; 41: 1783–7. 

4. Allaouchiche B, et al. Pharmacokinetics of cefepime during con-
tinuous venovenous hemodiafiltration. Antimicrob Agents
Chemother 1997; 41: 2424–7. 

5. Blumer JL, et al. Review of the pharmacokinetics of cefepime in
children. Pediatr Infect Dis J 2001; 20: 337–42. 

6. Capparelli E, et al. Population pharmacokinetics of cefepime in
the neonate. Antimicrob Agents Chemother 2005; 49: 2760–6.

Uses and Administration
Cefepime is a fourth-generation cephalosporin anti-
bacterial used in the treatment of infections due to sus-
ceptible organisms. They include infections of the uri-
nary tract, respiratory tract, and skin. For details of
these infections and their treatment, see under Choice
of Antibacterial, p.162. 
Cefepime is given as the hydrochloride by deep intra-
muscular injection, or intravenously by infusion over
at least 30 minutes. Doses are expressed in terms of the
equivalent amount of cefepime; 1.19 g of cefepime hy-
drochloride is equivalent to about 1 g of cefepime. The
usual adult dose is 1 to 2 g daily in 2 divided doses for
mild to moderate infections, increased to 4 g daily in

2 divided doses in severe infections, although up to 6 g
daily in 3 divided doses has been given for febrile neu-
tropenia. Children aged over 2 months and weighing
up to 40 kg may be given 50 mg/kg twice daily; this
dose may be given 3 times daily for febrile neutrope-
nia. 
For details of reduced doses to be used in renal impair-
ment, see below.
◊ Reviews.
1. Various. Cefepime: a β-lactamase-stable extended-spectrum ce-

phalosporin. J Antimicrob Chemother 1993; 32 (suppl B):
1–214. 

2. Barradell LB, Bryson HM. Cefepime: a review of its antibacte-
rial activity, pharmacokinetic properties and therapeutic use.
Drugs 1994; 47: 471–505. 

3. Okamoto MP, et al. Cefepime: a new fourth-generation cepha-
losporin. Am J Hosp Pharm 1994; 51: 463–77. 

4. Wynd MA, Paladino JA. Cefepime: a fourth-generation
parenteral cephalosporin. Ann Pharmacother 1996; 30:
1414–24. 

5. Wong-Beringer A. Treating serious infections: focus on
cefepime. Pharmacotherapy 2004; 24: 216S–23S. 

6. Roberts JA, et al. Cefepime versus ceftazidime: considerations
for empirical use in critically ill patients. Int J Antimicrob Agents
2007; 29: 117–28.

Administration in renal impairment. Dosage of cefepime
should be modified in renal impairment. After a normal first dose
the maintenance dosage should be adjusted according to the pa-
tient’s creatinine clearance (CC) and the severity of the infection: 
• CC 30 to 60 mL/minute: 0.5 to 2 g every 24 hours (2 g every

12 hours for febrile neutropenia) 
• CC 11 to 29 mL/minute: 0.5 to 1 g every 24 hours (2 g every

24 hours for febrile neutropenia) 
• CC 10 mL/minute or less: 250 to 500 mg every 24 hours (1 g

every 24 hours for febrile neutropenia) 
Patients undergoing haemodialysis should be given a dose of 1 g
on the first day of treatment, followed by 500 mg daily; the dose
should be given after haemodialysis on those days. A dose of 1 g
daily should be used for febrile neutropenia. Patients undergoing
continuous ambulatory peritoneal dialysis should receive normal
recommended doses at intervals of 48 hours. A dose of 2 g every
48 hours is used for febrile neutropenia.

Preparations
USP 31: Cefepime for Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Cefimen-K; Maxcef; Rivepime; Austral.: Maxipime; Austria: Maxip-
ime; Belg.: Maxipime; Braz.: Cefepen†; Cemax†; Clocef; Maxcef; Maxil†;
Canad.: Maxipime; Chile: Maxipime; Cz.: Maxipime; Denm.: Maxipime†;
Fin.: Maxipime; Fr.: Axepim; Ger.: Maxipime; Gr.: Anticepim; Gencef;
Maxinject; Maxipime; Verapime; Zefipime; Hong Kong: Maxipime; Hung.:
Maxipime; India: Biopime; Ceficad; Forpar ; Indon.: Exepime; Maxicef;
Maxipime; Procepim; Sandocef; Irl.: Maxipime†; Israel: Maxcef†; Ital.: Ce-
pim; Cepimex; Maxipime; Malaysia: Maxipime; Mex.: Maxipime; NZ:
Maxipime; Philipp.: Cepimax; Pol.: Maxipime; Port.: Maxipime; Rus.:
Maxipime (Максипим); S.Afr.: Maxipime; Singapore: Maxipime; Spain:
Maxipime; Swed.: Maxipime; Switz.: Maxipime; Thai.: Maxipime; Turk.:
Maxipime; USA: Maxipime; Venez.: Maxipime.

Cefetamet (USAN, rINN)

Céfétamet; Cefetametum; LY-097964; Ro-15-8074. (Z)-7-[2-(2-
Aminothiazol-4-yl)-2-methoxyiminoacetamido]-3-methyl-3-ce-
phem-4-carboxylic acid.
Цефетамет
C14H15N5O5S2 = 397.4.
CAS — 65052-63-3 (cefetamet).
ATC — J01DD10.
ATC Vet — QJ01DD10.

Cefetamet Pivoxil Hydrochloride (rINNM)

Céfétamet Pivoxil, Chlorhydrate  de; Cefetameti Pivoxili Hydro-
chloridum; Cefetametpivoxilhydroklorid; Cefetametum Pivoxili
Hydrochloridum; Hidrocloruro de cefetamet pivoxilo; Kefeta-
meettipivoksiilihydrokloridi; Ro-15-8075 (cefetamet pivoxil).
Cefetamet pivaloyloxymethyl hydrochloride.
Цефетамета Пивоксила Гидрохлорид
C20H25N5O7S2,HCl = 548.0.
CAS — 65243-33-6 (cefetamet pivoxil); 111696-23-2
(cefetamet pivoxil hydrochloride).
ATC — J01DD10.
ATC Vet — QJ01DD10.

Profile
Cefetamet is a third-generation cephalosporin antibacterial simi-
lar to cefixime (below). It has been given orally as the hydrochlo-
ride of the pivaloyloxymethyl ester, cefetamet pivoxil hydro-
chloride, which is hydrolysed to cefetamet in vivo. The usual
dose is 500 mg twice daily. 
For reference to carnitine deficiency occurring with some pival-
oyloxymethyl esters, see Pivampicillin, p.317.
◊ Reviews.
1. Bryson HM, Brogden RN. Cefetamet pivoxil: a review of its an-

tibacterial activity, pharmacokinetic properties and therapeutic
use. Drugs 1993; 45: 589–621. 

2. Blouin RA, Stoeckel K. Cefetamet pivoxil clinical pharmacoki-
netics. Clin Pharmacokinet 1993; 25: 172–88.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Globocef†; Ger.: Globocef†; Hong Kong: Globocef†; Ital.: Glob-
ocef†; Pol.: Tarcevis†; Port.: Cefec†; Globocef†; Switz.: Globocef†.

Cefixime (BAN, USAN, rINN)

Cefiksimas; Cefixim; Cefixim trihydrát; Cefixima; Céfixime; Cefix-
imum; Cefiximum Trihydricum; CL-284635; FK-027; FR-17027;
Kefiksiimi; Sefiksim. (Z)-7-[2-(2-Aminothiazol-4-yl)-2-(car-
boxymethoxyimino)acetamido]-3-vinyl-3-cephem-4-carboxylic
acid trihydrate.
Цефиксим
C16H15N5O7S2,3H2O = 507.5.
CAS — 79350-37-1.
ATC — J01DD08.
ATC Vet — QJ01DD08.

Pharmacopoeias. In Eur. (see p.vii) and US. Jpn includes the
anhydrous substance. 
Ph. Eur. 6.2 (Cefixime). A white or almost white, slightly hy-
groscopic, powder. Slightly soluble in water; sparingly soluble in
dehydrated alcohol; practically insoluble in ethyl acetate; freely
soluble in methyl alcohol. A 5% suspension in water has a pH of
2.6 to 4.1. Store in airtight containers. Protect from light. 
USP 31 (Cefixime). A white to light yellow crystalline powder.
Practically insoluble in water, in ether, in ethyl acetate, and in
hexane; slightly soluble in alcohol, in acetone, and in glycerol;
soluble in methyl alcohol and in propylene glycol; very slightly
soluble in 70% sorbitol and in octanol. pH of a solution in water
containing the equivalent of cefixime 0.07% is between 2.6 and
4.1. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
The most frequently reported adverse effects of cefixi-
me are gastrointestinal disturbances, especially diar-
rhoea. Cefixime should be stopped if diarrhoea is se-
vere. 
Although cefixime does not have the N-methylthi-
otetrazole side-chain usually associated with hypopro-
thrombinaemia increases in prothrombin times have
occurred in a few patients.
Antibiotic-associated colitis. For reports of diarrhoea and
pseudomembranous colitis associated with cefixime, see Cefalo-
tin, p.219.

Interactions
Care should be exercised in patients receiving antico-
agulants and cefixime due to the possibility that cefix-
ime may increase prothrombin times (see above).

Antimicrobial Action
Cefixime is bactericidal and is stable to hydrolysis by
many beta-lactamases. It has a mode of action and
spectrum of activity similar to those of the third-gener-
ation cephalosporin cefotaxime (p.228), but some En-
terobacteriaceae are less susceptible to cefixime. Hae-
mophilus influenzae ,  Moraxella catarrhalis
(Branhamella catarrhalis), and Neisseria gonorrhoeae
are sensitive, including penicillinase-producing
strains. Of the Gram-positive bacteria, streptococci are
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sensitive to cefixime but most strains of staphylococci,
enterococci, and Listeria spp. are not. 
Enterobacter spp., Pseudomonas aeruginosa, and
Bacteroides spp. are resistant to cefixime.

Pharmacokinetics
Only 40 to 50% of an oral dose of cefixime is absorbed
from the gastrointestinal tract, whether taken before or
after meals, although the rate of absorption may be de-
creased in the presence of food. Cefixime is better ab-
sorbed from oral suspension than from tablets. Absorp-
tion is fairly slow; peak plasma concentrations of 2 to
3 micrograms/mL and 3.7 to 4.6 micrograms/mL have
been reported between 2 and 6 hours after single doses
of 200 and 400 mg, respectively. The plasma half-life
is usually about 3 to 4 hours and may be prolonged
when there is renal impairment. About 65% of cefixi-
me is bound to plasma proteins. 
Information on the distribution of cefixime in body tis-
sues and fluids is limited. It crosses the placenta. Rela-
tively high concentrations may be achieved in bile and
urine. About 20% of an oral dose (or 50% of an ab-
sorbed dose) is excreted unchanged in the urine within
24 hours. Up to 60% may be eliminated by nonrenal
mechanisms; there is no evidence of metabolism but
some is probably excreted into the faeces from bile. It
is not substantially removed by dialysis.
◊ References.
1. Brittain DC, et al. The pharmacokinetic and bactericidal charac-

teristics of oral cefixime. Clin Pharmacol Ther 1985; 38: 590–4. 
2. Guay DRP, et al. Pharmacokinetics of cefixime (CL-284,635;

FK027) in healthy subjects and patients with renal insufficiency.
Antimicrob Agents Chemother 1986; 30: 485–90. 

3. Faulkner RD, et al. Pharmacokinetics of cefixime in the young
and elderly. J Antimicrob Chemother 1988; 21: 787–94. 

4. Stone JW, et al. Cefixime, in-vitro activity, pharmacokinetics
and tissue penetration. J Antimicrob Chemother 1989; 23:
221–8. 

5. Westphal JF, et al. Biliary excretion of cefixime: assessment in
patients provided with T-tube drainage. Antimicrob Agents
Chemother 1993; 37: 1488–91. 

6. Somekh E, et al. Penetration and bactericidal activity of cefixime
in synovial fluid. Antimicrob Agents Chemother 1996; 40:
1198–1200.

Uses and Administration
Cefixime is generally classified as a third-generation
cephalosporin antibacterial and is given orally in the
treatment of susceptible infections including gonor-
rhoea, otitis media, pharyngitis, lower respiratory-tract
infections such as bronchitis, and urinary-tract infec-
tions. For details of these infections and their treat-
ment, see under Choice of Antibacterial, p.162. 
Cefixime is available as the trihydrate and doses are
expressed in terms of anhydrous cefixime; 1.12 g of
cefixime trihydrate is equivalent to about 1 g of anhy-
drous cefixime. It is given orally in adult doses of 200
to 400 mg daily as a single dose or in two divided dos-
es. Children over 6 months and under 50 kg may be
given 8 mg/kg daily as an oral suspension, again as a
single dose or in two divided doses. For details of re-
duced dosage of cefixime in patients with moderate to
severe renal impairment, see below. 
For uncomplicated gonorrhoea, a single oral dose of
400 mg is given.
◊ General references.
1. Leggett NJ, et al. Cefixime. DICP Ann Pharmacother 1990; 24:

489–95. 
2. Adam D, Wallace RJ, eds. Symposium on cefixime. Drugs 1991;

42 (suppl 4): 1–32. 
3. Markham A, Brogden RN. Cefixime: a review of its therapeutic

efficacy in lower respiratory tract infections. Drugs 1995; 49:
1007–22.

Administration in renal impairment. Doses of cefixime
should be reduced in patients with moderate to severe renal im-
pairment. A dose of 200 mg daily should not be exceeded in pa-
tients with a creatinine clearance of less than 20 mL/minute.

Preparations
USP 31: Cefixime for Oral Suspension; Cefixime Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cetaxim†; Novacef; Vixcef; Austria: Aerocef; Enzine; Exciol; Tricef;
Xefotil; Xetinol; Braz.: Cefnax†; Neo Cefix; Plenax†; Canad.: Suprax;
Chile: Cefspan†; Tricef; Urotricef; Cz.: Suprax; Fr.: Oroken; Ger.: Cefixdu-

ra; Cephoral; InfectoOpticef; Suprax; Uro-Cephoral; Gr.: Ceftoral; Cov-
ocef-N; Hung.: Suprax; India: Biotax-O; Cefix; Cefocef-LB; Fixx; Si-Fixim†;
Xim; Ziprax; Indon.: Cefspan; Ceptik; Comsporin; Ethifix; Fixacep; Fixef;
Fixiphar; Lanfix; Maxpro; Opixime; Simcef; Sofix; Spancef; Spaxim; Sporetik;
Starcef; Tocef; Irl.: Suprax; Israel: Supran; Ital.: Cefixoral; Suprax; Unixime;
Jpn: Cefspan; Malaysia: Minixime; Mex.: Denvar; Novacef†; Neth.: Fix-
im; Philipp.: Tergecef; Ultraxime; Zefral; Port.: Bonocef†; Cefimix; Cefiton;
Cefizel; Neocef; Tricef; Rus.: Suprax (Супракс); S.Afr.: Fixime; Spain:
Denvar ; Necopen; Swed.: Tricef†; Switz.: Cephoral; Thai.: Cefspan;
Turk.: Suprax; Zimaks; UK: Suprax; USA: Suprax; Venez.: Longacef.

Multi-ingredient: India: Cefix LB.

Cefmenoxime Hydrochloride (USAN, rINNM)

Abbott-50192; Cefménoxime, Chlorhydrate de; Cefmenoxime
Hemihydrochloride; Cefmenoximi Hydrochloridum; Hidro-
cloruro de cefmenoxima; SCE-1365 (cefmenoxime). (Z)-(7R)-7-
[2-(2-Aminothiazol-4-yl)-2-methoxyiminoacetamido]-3-[(1-me-
thyl-1H-tetrazol-5-yl)thiomethyl]-3-cephem-4-carboxylic acid
hydrochloride.
Цефменоксима Гидрохлорид
(C16H17N9O5S3)2,HCl = 1059.6.
CAS — 65085-01-0 (cefmenoxime); 75738-58-8 (cef-
menoxime hydrochlor ide).
ATC — J01DD05.
ATC Vet — QJ01DD05.

(cefmenoxime)

Pharmacopoeias. In Jpn and US. 
USP 31 (Cefmenoxime Hydrochloride). White to light orange-
yellow crystals or crystalline powder. Very slightly soluble in
water; practically insoluble in dehydrated alcohol and in ether;
freely soluble in formamide; slightly soluble in methyl alcohol.
Store in airtight containers.

Profile
Cefmenoxime is a third-generation cephalosporin antibacterial
with actions and uses similar to those of cefotaxime (p.228). It
has been given as the hydrochloride by intramuscular injection,
or intravenously by injection or infusion in the treatment of sus-
ceptible infections. 
Like cefamandole (p.220), cefmenoxime has an N-methylthi-
otetrazole side-chain and coagulopathy and a disulfiram-like in-
teraction with alcohol have been reported rarely. 
Cefmenoxime hydrochloride is also given as eye drops for the
treatment of eye infections.
◊ Reviews.
1. Campoli-Richards DM, Todd PA. Cefmenoxime: a review of its

antibacterial activity, pharmacokinetic properties and therapeu-
tic use. Drugs 1987; 34: 188–221.

Preparations
USP 31: Cefmenoxime for Injection.

Proprietary Preparations (details are given in Part 3)
Gr.: Tacef†; Jpn: Bestcall; Bestron.

Cefmetazole (USAN, rINN)

Cefmetazol; Cefmétazole; Cefmetazolum; U-72791. (6R,7S)-7-
{2-[(Cyanomethyl)thio]acetamido}-7-methoxy-3-{[(1-methyl-
1H-tetrazol-5-yl)thio]methyl}-8-oxo-5-thia-1-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid.
Цефметазол
C15H17N7O5S3 = 471.5.
CAS — 56796-20-4.
ATC — J01DC09.
ATC Vet — QJ01DC09.

Pharmacopoeias. In US. 
USP 31 (Cefmetazole). Store in airtight containers.

Cefmetazole Sodium (USAN, rINNM)

Cefmetazol sódico; Cefmétazole Sodique; Cefmetazolnatrium;
Cefmetazolum Natricum; CS-1170; Kefmetatsolinatrium; Natrii
Cefmetazolum; SKF-83088; U-72791A.

Натрий Цефметазол

C15H16N7NaO5S3 = 493.5.
CAS — 56796-39-5.
ATC — J01DC09.
ATC Vet — QJ01DC09.

Pharmacopoeias. In Jpn and US. 
USP 31 (Cefmetazole Sodium). A white solid. Very soluble in
water and in methyl alcohol; soluble in acetone; practically insol-
uble in chloroform. pH of a 10% solution in water is between 4.2
and 6.2. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Cefmetazole contains an N-methylthiotetrazole side-chain and
has the potential to cause hypoprothrombinaemia and bleeding.

Effects on the blood. References.
1. Breen GA, St Peter WL. Hypoprothrombinemia associated with

cefmetazole. Ann Pharmacother 1997; 31: 180–4.

Sodium content. Each g of cefmetazole sodium contains
about 2 mmol of sodium.

Interactions
As for Cefamandole, p.221.

Antimicrobial Action
Cefmetazole is a cephamycin antibacterial with a similar spec-
trum of antibacterial activity to that of cefoxitin (p.230), includ-
ing the anaerobe Bacteroides fragilis.

◊ References.
1. Cornick NA, et al. Activity of cefmetazole against anaerobic

bacteria. Antimicrob Agents Chemother 1987; 31: 2010–12.

Pharmacokinetics
After cefmetazole sodium 2 g intravenously every 6 hours, peak
and trough plasma concentrations of 138 and 6 micrograms/mL
have been achieved. Cefmetazole is 65 to 85% bound to plasma
proteins, depending on the plasma concentration. A plasma half-
life of about 1.1 to 1.5 hours has been reported; it is prolonged in
patients with renal impairment. Small amounts have been detect-
ed in breast milk. Relatively high concentrations have been
achieved in bile. 
The majority of a dose is excreted unchanged in the urine result-
ing in high concentrations; up to 85% of a dose has been recov-
ered within 12 hours. Cefmetazole is partly excreted by renal tu-
bular secretion and probenecid prolongs elimination. 
Cefmetazole is removed to some extent by haemodialysis.

Uses and Administration
Cefmetazole is a cephamycin antibacterial generally classified
with the second-generation cephalosporins and used similarly to
cefoxitin (p.230) in the treatment and prophylaxis of anaerobic
and mixed bacterial infections, especially intra-abdominal and
pelvic infections. It may also be used in the treatment of gonor-
rhoea. For details of these infections and their treatment, see un-
der Choice of Antibacterial, p.162. 
Cefmetazole is given intravenously as the sodium salt by infu-
sion over 10 to 60 minutes or by slow injection over 3 to 5 min-
utes. Cefmetazole sodium is also used intramuscularly in some
countries. Doses are expressed in terms of the equivalent amount
of cefmetazole; 1.05 g of cefmetazole sodium is equivalent to
about 1 g of cefmetazole. 
The usual dose is 0.5 to 1 g intramuscularly or intravenously eve-
ry 12 hours. For severe infections the dose may be increased to 3
to 4 g daily, given in divided doses every 6 to 8 hours. 
For details of reduced dosage of cefmetazole in patients with re-
nal impairment, see below.

◊ References.
1. Finch R, et al. eds. Cefmetazole: a clinical appraisal. J Antimi-

crob Chemother 1989; 23 (suppl D): 1–142.

Administration in renal impairment. Doses of cefmetazole
should be reduced in patients with renal impairment. It has been
suggested that the interval between doses should be 12, 16, or 24
hours in patients with mild, moderate, or severe renal impair-
ment, respectively; patients with virtually no renal function
might be given cefmetazole every 48 hours, after haemodialysis.

Preparations
USP 31: Cefmetazole for Injection; Cefmetazole Injection.

Proprietary Preparations (details are given in Part 3)
Hong Kong: Cefmetazon†; Ital.: Metacaf†; Metafar; Metasal†; Metax;
Metazol†; Jpn: Cefmetazon†; USA: Zefazone†.
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Cefminox Sodium (pINNM)

Cefminox sódico; Cefminox Sodique; MT-141; Natrii Cefminox-
um. Sodium 7-{2-[(S)-2-amino-2-carboxyethyl]thioacetamido}-
7-methoxy-3-(1-methyl-1H-tetrazol-5-ylthiomethyl)-3-cephem-
4-carboxylate.

Натрий Цефминокс
C16H20N7NaO7S3 = 541.6.
CAS — 75481-73-1 (cefminox).

(cefminox)

Pharmacopoeias. Jpn includes the heptahydrate.

Profile
Cefminox sodium is a cephamycin antibacterial with properties
similar to those of cefoxitin (p.230) but with an N-methylthi-
otetrazole side-chain like cefamandole (p.220). It is given intra-
venously as the sodium salt but doses are expressed in terms of
cefminox; 1.04 g of cefminox sodium is equivalent to about 1 g
of cefminox. A usual dose is 2 to 4 g daily given in divided doses.

◊ References.
1. Watanabe S, Omoto S. Pharmacology of cefminox, a new bacte-

ricidal cephamycin. Drugs Exp Clin Res 1990; 16: 461–7. 
2. Soriano F, et al. Comparative susceptibility of cefminox and ce-

foxitin to β-lactamases of Bacteroides spp. J Antimicrob Chem-
other 1991; 28: 55–60. 

3. Aguilar L, et al. Cefminox: correlation between in-vitro suscep-
tibility and pharmacokinetics and serum bactericidal activity in
healthy volunteers. J Antimicrob Chemother 1994; 33: 91–101. 

4. Mayama T, et al. Postmarketing surveillance on side-effects of
cefminox sodium (Meicelin). Int J Clin Pharmacol Ther 1995;
33: 149–55. 

5. Hoellman DB, et al. In vitro activities of cefminox against anaer-
obic bacteria compared with those of nine other compounds. An-
timicrob Agents Chemother 1998; 42: 495–501. 

6. Torres AJ, et al. Cefminox versus metronidazole plus gentamicin
in intra-abdominal infections: a prospective randomized control-
led clinical trial. Infection 2000; 28: 318–22.

Sodium content. Each g of cefminox sodium contains about
1.84 mmol of sodium.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Meicelin; Port.: Tencef; Spain: Tencef; Thai.: Meicelin.

Cefodizime Sodium (BANM, rINNM)

Cefodizima sódica; Céfodizime Sodique; HR-221; Natrii Cefodiz-
imum; S-771221B; Sefodizim Disodyum; THR-221; TRH-221.
(Z)-7-[2-(2-Aminothiazol-4-yl)-2-methoxyiminoacetamido]-3-
(5-carboxymethyl-4-methylthiazol-2-ylthiomethyl)-3-cephem-4-
carboxylic acid, disodium salt.

Натрий Цефодизим
C20H18N6Na2O7S4 = 628.6.
CAS — 69739-16-8 (cefodizime); 86329-79-5 (cefodiz-
ime sodium).
ATC — J01DD09.
ATC Vet — QJ01DD09.

(cefodizime)

Pharmacopoeias. In Jpn.

Adverse Effects and Precautions
As for Cefotaxime, p.228.

Sodium content. Each g of cefodizime sodium contains about
3.2 mmol of sodium.

Interactions
Probenecid reduces the renal clearance of cefodizime.

Antimicrobial Action
Cefodizime has similar antimicrobial activity to that of cefotaxi-
me (p.228) although cefodizime has no active metabolite. It has

variable activity against Citrobacter spp., and Pseudomonas aer-
uginosa and Bacteroides fragilis are generally resistant.

Pharmacokinetics
Cefodizime is given by injection as the sodium salt. Intramuscu-
lar injection of 1 g cefodizime produces peak plasma concentra-
tions of about 60 to 75 micrograms/mL at about 1 to 1.5 hours.
Immediately after intravenous doses of 1 or 2 g cefodizime mean
peak plasma concentrations of 215 and 394 micrograms/mL, re-
spectively, have been achieved. Cefodizime is about 80% bound
to plasma proteins and is widely distributed into body tissues and
fluids. It crosses the placenta and small amounts have been de-
tected in breast milk. Plasma elimination is reported to be tripha-
sic with a terminal elimination half-life of about 4 hours. The
half-life is prolonged by renal impairment. 
The majority of a dose is excreted unchanged in the urine; up to
80% of a dose has been recovered within 24 hours. Cefodizime
is mainly excreted by glomerular filtration with some tubular se-
cretion. Probenecid delays excretion. Cefodizime is removed by
dialysis.

Uses and Administration
Cefodizime is a third-generation cephalosporin antibacterial
with uses similar to those of cefotaxime (p.229). 
Cefodizime is given as the disodium salt by intramuscular injec-
tion or intravenously by injection or infusion in the treatment of
susceptible infections. Doses are expressed in terms of the equiv-
alent amount of cefodizime; 1.08 g of cefodizime sodium is
equivalent to about 1 g of cefodizime. Adults are usually given 1
to 2 g every 12 or 24 hours for lower respiratory-tract infections
and upper and lower urinary-tract infections. Doses up to 4 g dai-
ly may be given in severe infection. In women with uncomplicat-
ed lower urinary-tract infections a single dose of 1 to 2 g may be
sufficient. For gonorrhoea a single dose of 0.25 to 0.5 g may be
given. Doses may need to be reduced in patients with renal im-
pairment (see below).

◊ References.
1. Finch RG, et al., eds. Cefodizime: a third generation cepha-

losporin with immunomodulating properties. J Antimicrob
Chemother 1990; 26 (suppl C): 1–134. 

2. Barradell LB, Brogden RN. Cefodizime: a review of its antibac-
terial activity, pharmacokinetic properties and therapeutic use.
Drugs 1992; 44: 800–834. 

3. Thalhammer F, et al. Single-dose cefodizime as infection proph-
ylaxis in abdominal surgery: a prospective multicenter study. In-
fection 1998; 26: 136–8. 

4. Matsumoto T, et al. Single dose of cefodizime completely erad-
icated multidrug-resistant strain of Neisseria gonorrhoeae in ure-
thritis and uterine cervicitis. J Infect Chemother 2006; 12: 97–9. 

5. Matsumoto T, et al. Multiple doses of cefodizime are necessary
for the treatment of Neisseria gonorrhoeae pharyngeal infection.
J Infect Chemother 2006; 12: 145–7.

Administration in renal impairment. Doses of cefodizime
should be reduced in patients with renal impairment according to
creatinine clearance (CC): 
• CC 10 to 30 mL/minute: 1 to 2 g daily 
• CC less than 10 mL/minute: 0.5 to 1 g daily 
In patients undergoing dialysis, 0.5 to 1 g daily is given after di-
alysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Timecef; Ital.: Diezime; Modivid; Timecef; Jpn: Kenicef; Mex.:
Modivid†; NZ: Timecef; Port.: Modivid; Turk.: Modivid.

Cefonicid Sodium (BANM, USAN, rINNM)

Cefonicid sódico; Cefonicide sodique; Céfonicide Sodique; Cefo-
nicidum natricum; Natrii Cefonicidum; SKF-D-75073-Z2; SKF-D-
75073-Z (cefonicid monosodium). 7-[(R)-Mandelamido]-3-(1-
sulphomethyl-1H-tetrazol-5-ylthiomethyl)-3-cephem-4-carbox-
ylic acid, disodium salt.

Натрий Цефоницид
C18H16N6Na2O8S3 = 586.5.
CAS — 61270-58-4 (cefonicid); 61270-78-8 (cefonicid
disodium); 71420-79-6 (cefonicid monosodium).
ATC — J01DC06.
ATC Vet — QJ01DC06.

(cefonicid)

Pharmacopoeias. In US. 
USP 31 (Cefonicid Sodium). A white to off-white solid. Freely
soluble in water, in sodium chloride 0.9%, and in glucose 5%;
very slightly soluble in dehydrated alcohol; soluble in methyl al-
cohol. pH of a 5% solution in water is between 3.5 and 6.5. Store
in airtight containers.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 

Cefonicid contains a substituted N-methylthiotetrazole side-
chain, a structure associated with hypoprothrombinaemia.

Effects on the blood. References.

1. Riancho JA, et al. Life-threatening bleeding in a patient treated
with cefonicid. Ann Intern Med 1995; 123: 472–3.

Effects on the liver. References.

1. Famularo G, et al. Eosinophilic hepatitis associated with cefoni-
cid therapy. Ann Pharmacother 2001; 35: 1669–71.

Sodium content. Each g of cefonicid sodium contains about
3.4 mmol of sodium.

Interactions
As for Cefamandole, p.221.

Antimicrobial Action
Cefonicid sodium has an antimicrobial action and pattern of re-
sistance similar to those of cefamandole (p.221), although it is
generally less active against Gram-positive cocci.

Pharmacokinetics
Cefonicid is given parenterally as the sodium salt. Peak plasma
concentrations ranging from 67 to 126 micrograms/mL have
been achieved 1 to 2 hours after a 1-g intramuscular dose. Cefo-
nicid is more than 90% bound to plasma proteins. It has a plasma
half-life of about 4.5 hours, which is prolonged in patients with
renal impairment. 

Therapeutic concentrations of cefonicid have been reported in a
wide range of body tissues and fluids. 

Up to 99% of a dose of cefonicid is excreted unchanged in the
urine within 24 hours. Probenecid reduces excretion of cefoni-
cid.

Uses and Administration
Cefonicid is a second-generation cephalosporin antibacterial
used similarly to cefamandole (p.221) in the treatment of suscep-
tible infections and for surgical infection prophylaxis. 

It is given as the sodium salt by deep intramuscular injection, or
intravenously by slow injection over 3 to 5 minutes or by infu-
sion. Doses are expressed in terms of the equivalent amount of
cefonicid; 1.08 g of cefonicid sodium is equivalent to about 1 g
of cefonicid. The usual dose is cefonicid 1 g once daily. For un-
complicated urinary-tract infections, a dose of 500 mg once daily
is recommended; up to 2 g once daily has been given in severe
infections. More than 1 g should not be injected intramuscularly
into a single site. 

For surgical infection prophylaxis, a single dose of 1 g given 1
hour before surgical incision is usually sufficient, but may be
given daily for a further 2 days in prosthetic arthroplasty or open-
heart surgery.

◊ References.

1. Saltiel E, Brogden RN. Cefonicid: a review of its antibacterial
activity, pharmacological properties and therapeutic use. Drugs
1986;  32: 222–59.

Administration in renal impairment. For patients with re-
nal impairment a loading dose equivalent to cefonicid 7.5 mg/kg
is recommended, followed by reduced maintenance doses ac-
cording to the creatinine clearance and the severity of the infec-
tion. A dose supplement is not required after dialysis.

Preparations

USP 31: Cefonicid for Injection.

Proprietary Preparations (details are given in Part 3)

Belg.: Monocid†; Israel: Monocef; Ital.: Abiocef†; Auricid†; Bacid†; Biocil;
Bioticic; Cefobacter; Cefodie; Cefoger†; Cefok; Cefoplus; Cefosporin†;
Chefir ; Clastidin†; Daycef; Delsacid†; Diespor; Emidoxin; Epicef†; Fonexel†;
Fonicef†; Fonicid; Fonisal†; Framecef; Ipacid†; Krucef; Lampocef†; Lisa; Max-
id; Microcid†; Modicef; Modiem; Monobios; Monobiotic; Monocid†; Necid;
Nokid; Pantacid†; Parecid; Praticef; Raikocef; Renbiocid†; Rocid†; Silvercef†;
Sintocef; Sofarcid; Unicid†; Valecid; Port.: Monocid; Spain: Monocid; Uni-
die; USA: Monocid†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cefoperazone Sodium 

(BANM, USAN, rINNM)

Cefoperazon sodná sůl; Cefoperazon sodowy; Cefoperazona
sódica; Céfopérazone sodique; Cefoperazonnatrium; Cefopera-
zon-nátrium; Cefoperazono natrio druska; Cefoperazonum na-
tricum; CP-52640-2; CP-52640 (anhydrous cefoperazone); CP-
52640-3 (cefoperazone dihydrate); Kefoperatsoninatrium; Natrii
Cefoperazonum; Sefoperazon Sodyum; T-1551 (cefoperazone
or cefoperazone sodium). Sodium (7R)-7-[(R)-2-(4-ethyl-2,3-di-
oxopiperazin-1-ylcarboxamido)-2-(4-hydroxyphenyl)acetami-
do]-3-[(1-methyl-1H-tetrazol-5-yl)thiomethyl]-3-cephem-4-car-
boxylate.

Натрий Цефоперазон

C25H26N9NaO8S2 = 667.6.

CAS — 62893-19-0 (cefoperazone); 62893-20-3 (cefop-
erazone sodium).

ATC — J01DD12.

ATC Vet — QJ01DD12.

(cefoperazone)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefoperazone Sodium). A white or slightly yel-
low, hygroscopic, powder. If crystalline it exhibits polymor-
phism. Freely soluble in water; slightly soluble in alcohol; solu-
ble in methyl alcohol. A 25% solution in water has a pH of 4.5 to
6.5. Store in airtight containers at a temperature of 2° to 8°. Pro-
tect from light. 
USP 31 (Cefoperazone Sodium). A white to pale buff crystal-
line powder. Freely soluble in water and in methyl alcohol;
slightly soluble in dehydrated alcohol; insoluble in acetone, in
ether, and in ethyl acetate. pH of a 25% solution in water is be-
tween 4.5 and 6.5. Store in airtight containers.

Incompatibility. As with most beta lactams, admixture of cef-
operazone sodium with aminoglycosides is not recommended
because of the potential for inactivation of either drug. 
There have been reports of incompatibility with other drugs in-
cluding diltiazem,1 doxorubicin,2 pentamidine,3 perphenazine,4
pethidine,5 promethazine,6 and remifentanil.7

1. Gayed AA, et al. Visual compatibility of diltiazem injection with
various diluents and medications during simulated Y-site injec-
tion. Am J Health-Syst Pharm 1995; 52: 516–20. 

2. Trissel LA, et al. Compatibility of doxorubicin hydrochloride li-
posome injection with selected other drugs during simulated Y-
site administration. Am J Health-Syst Pharm 1997; 54: 2708–13. 

3. Lewis JD, El-Gendy A. Cephalosporin-pentamidine isethionate
incompatibilities. Am J Health-Syst Pharm 1996; 53: 1461–2. 

4. Gasca M, et al. Visual compatibility of perphenazine with vari-
ous antimicrobials during simulated Y-site injection. Am J Hosp
Pharm 1987; 44: 574–5. 

5. Nieves-Cordero AL, et al. Compatibility of narcotic analgesic
solutions with various antibiotics during simulated Y-site injec-
tion. Am J Hosp Pharm 1985; 42: 1108–9. 

6. Scott SM. Incompatibility of cefoperazone and promethazine.
Am J Hosp Pharm 1990; 47: 519. 

7. Trissel LA, et al. Compatibility of remifentanil hydrochloride
with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 2192–6.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Like cefotaxime (p.228), cefoperazone has the poten-
tial for colonisation and superinfection with resistant
organisms. Changes in bowel flora may be more
marked than with cefotaxime because of the greater
biliary excretion of cefoperazone; diarrhoea may occur
more often. 
Cefoperazone contains an N-methylthiotetrazole side-
chain, a structure associated with hypoprothrombinae-
mia. Hypoprothrombinaemia has been reported in pa-
tients treated with cefoperazone and has rarely been as-
sociated with bleeding episodes. Prothrombin time

should be monitored in patients at risk of hypopro-
thrombinaemia and vitamin K used if necessary.

Sodium content. Each g of cefoperazone sodium contains
about 1.5 mmol of sodium.

Interactions
As for Cefamandole, p.221. 
Unlike many other cephalosporins, probenecid has no
effect on the renal clearance of cefoperazone.

Antimicrobial Action
Cefoperazone has antimicrobial activity similar to that
of ceftazidime (p.234), although it is slightly less active
against some Enterobacteriaceae. It has good activity
against Pseudomonas aeruginosa, but is less active
than ceftazidime. 
Cefoperazone is more susceptible than cefotaxime to
hydrolysis by certain beta-lactamases. 
Activity, particularly against Enterobacteriaceae and
Bacteroides spp. has been enhanced in the presence of
the beta-lactamase inhibitor sulbactam; resistant Ps.
aeruginosa are not sensitive to the combination.

◊ References.
1. Fass RJ, et al. In vitro activities of cefoperazone and sulbactam

singly and in combination against cefoperazone-resistant mem-
bers of the family Enterobacteriaceae and nonfermenters. Anti-
microb Agents Chemother 1990; 34: 2256–9. 

2. Clark RB, et al. Multicentre study on antibiotic susceptibilities
of anaerobic bacteria to cefoperazone-sulbactam and other anti-
microbial agents. J Antimicrob Chemother 1992; 29: 57–67.

Pharmacokinetics
Cefoperazone is given parenterally as the sodium salt.
With intramuscular doses equivalent to cefoperazone
1 or 2 g, peak plasma concentrations of 65 and
97 micrograms/mL have been reported after 1 to 2
hours. The plasma half-life of cefoperazone is about 2
hours, but may be prolonged in neonates and in pa-
tients with hepatic or biliary-tract disease. Cefopera-
zone is 82 to 93% bound to plasma proteins, depending
on the concentration. 
Cefoperazone is widely distributed in body tissues and
fluids, although penetration into the CSF is generally
poor. It crosses the placenta, and low concentrations
have been detected in breast milk. 
Cefoperazone is excreted mainly in the bile where it
rapidly achieves high concentrations. Urinary excre-
tion is primarily by glomerular filtration. Up to 30% of
a dose is excreted unchanged in the urine within 12 to
24 hours; this proportion may be increased in patients
with hepatic or biliary disease. Cefoperazone A, a deg-
radation product less active than cefoperazone, has
been found only rarely in vivo.

Uses and Administration
Cefoperazone is a third-generation cephalosporin anti-
biotic used similarly to ceftazidime (p.235) in the treat-
ment of susceptible infections, especially those due to
Pseudomonas spp. It is not recommended for the treat-
ment of meningitis because of poor penetration into the
CSF. 
Cefoperazone is given as the sodium salt by deep intra-
muscular injection or intravenously by intermittent or
continuous infusion. Doses are expressed in terms of
the equivalent amount of cefoperazone; 1.03 g of cef-
operazone sodium is equivalent to about 1 g of cefop-
erazone. The usual dose is 2 to 4 g daily in 2 divided
doses. In severe infections, up to 12 g daily in 2 to 4
divided doses may be given. 
For details of dosage in patients with hepatic and renal
impairment, see below. 
If cefoperazone is used with an aminoglycoside, the
drugs should be given separately. 
Cefoperazone has also been given with the beta-lacta-
mase inhibitor sulbactam.

Administration in hepatic and renal impairment. In gen-
eral, the dose of cefoperazone should not exceed 4 g daily in pa-
tients with liver disease or biliary obstruction or 1 to 2 g daily in
those with both hepatic and renal impairment; if higher doses are
used plasma concentrations of cefoperazone should be moni-
tored.

Preparations
USP 31: Cefoperazone for Injection; Cefoperazone Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Cefobid†; Austria: Cefobid; Braz.: Cefazone†; Neoperazona†;
Chile: Cefobid; Cz.: Cefobid; Hong Kong: Cefobid; Hung.: Cefobid; In-
dia: Cefomycin; Magnamycin; Indon.: Bifotik; Cefobid; Cefophar; Ceropid;
Cerozon; Ferzobat; Logafox; Stabixin; Ital.: Bioperazone; Cefoneg†; Cefop-
er; Dardum; Farecef; Ipazone†; Novobiocyl†; Tomabef†; Zoncef†; Jpn: Ce-
fobid†; Cefoperazin; Malaysia: Cefobid; Medocef; Shinfomycin; Mex.: Ce-
fobid; Philipp.: Bactizon; Pol.: Biocefazon; Cefobid; Dardum; Rus.:
Cefobid (Цефобид); Medocef (Медоцеф); Singapore: Cefobid; Cefo-
zone; Dardum; Spain: Cefobid†; Thai.: Cefobid; Cefozone†; Medocef;
Turk.: Cefobid; USA: Cefobid†; Venez.: Cefobid†; Ortosep†.

Multi-ingredient: Arg.: Sulperazon†; Chile: Sulperazon; Cz.: Sulpera-
zon; Hong Kong: Sulperazon; India: Lactagard; Sulbacef; Zosul; Indon.:
Fosular; Stabactam; Sulperazon; Malaysia: Sulperazon; Philipp.: Sulpera-
zone; Pol.: Sulperazon; Rus.: Sulcef (Сульцеф); Sulperason (Сульперазон);
Thai.: Cebactam; Cefper; Sulcef; Sulperazon; Turk.: Primasef; Sulperazon;
Venez.: Sulperazon.

Ceforanide (BAN, USAN, rINN)

BL-S786; Ceforanida; Céforanide; Ceforanidum. 7-[2-(α-Amino-
o-tolyl)acetamido]-3-(1-carboxymethyl-1H-tetrazol-5-ylthiome-
thyl)-3-cephem-4-carboxylic acid.

Цефоранид

C20H21N7O6S2 = 519.6.
CAS — 60925-61-3.
ATC — J01DC11.
ATC Vet — QJ01DC11.

Pharmacopoeias. In US. 
USP 31 (Ceforanide). A white to off-white powder. Practically
insoluble in water, in chloroform, in ether, and in methyl alcohol;
very soluble in 1N sodium hydroxide. pH of a 5% suspension in
water is between 2.5 and 4.5. Store in airtight containers.

Profile
Ceforanide is a second-generation cephalosporin antibacterial
with actions and uses similar to those of cefamandole (p.220),
although it is reported to be less active in vitro against some bac-
teria, including staphylococci and Haemophilus influenzae. It is
used in the treatment of susceptible infections and for surgical
infection prophylaxis. 
It is given as the lysine salt (C26H35N9O8S2 = 665.7) but doses
are expressed in terms of the equivalent amount of ceforanide;
1.28 g of ceforanide lysine is equivalent to about 1 g of cefora-
nide. It is given by deep intramuscular injection, or intravenously
by slow injection over 3 to 5 minutes or by infusion. The usual
adult dose is 1 to 2 g every 12 hours. Children may be given
20 mg/kg daily in 2 divided doses. For surgical infection proph-
ylaxis, a dose of 1 to 2 g intravenously 1 hour before surgical
incision is used in adults. 
Ceforanide contains a substituted N-methylthiotetrazole side-
chain, a structure associated with hypoprothrombinaemia and al-
cohol intolerance. Probenecid does not affect the renal excretion
of ceforanide.

◊ References.
1. Campoli-Richards DM, et al. Ceforanide: a review of its antibac-

terial activity, pharmacokinetic properties and clinical efficacy.
Drugs 1987; 34: 411–37.

Preparations
USP 31: Ceforanide for Injection.

Proprietary Preparations (details are given in Part 3)
Belg.: Precef†; Gr.: Radacef.
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Cefoselis Sulfate (rINNM)

Céfosélis, Sulfate de; Cefoselis Sulphate; Cefoselisi Sulfas; FK-037;
Sulfato de cefoselís. (−)-5-Amino-2-({(6R,7R)-7-[2-(2-amino-4-
thiazolyl)glyoxylamido]-2-carboxy-8-oxo-5-thia-1-azabicyc-
lo[4.2.0]oct-2-en-3-yl}methyl)-1-(2-hydroxyethyl)pyrazolium hy-
droxide, inner salt, 72-(Z)-(O-methyloxime) sulfate.
Цефозелиса Сульфат
C19H22N8O6S2, H2SO4 = 620.6.
CAS — 122841-10-5 (cefoselis); 122841-12-7 (cefoselis
sulfate).

(cefoselis)

Profile
Cefoselis sulfate is a cephalosporin antibacterial that has been
used in the treatment of susceptible bacterial infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Wincef†.

Cefotaxime Sodium (BANM, USAN, rINNM)

Cefotaksimo natrio druska; Cefotaksym sodowy; Cefotaxim sod-
ná sůl; Cefotaxima sódica; Céfotaxime sodique; Cefotaximnatri-
um; Cefotaxim-nátrium; Cefotaximum natricum; CTX; HR-756;
Kefotaksiiminatrium; Natrii Cefotaximum; RU-24756; Sefotaksim
Sodyum. Sodium (7R)-7-[(Z)-2-(2-aminothiazol-4-yl)-2-(meth-
oxyimino)acetamido]cephalosporanate; Sodium (7R)-3-ace-
toxymethyl-7-[(Z)-2-(2-aminothiazol-4-yl)-2-(methoxyimi-
no)acetamido]-3-cephem-4-carboxylate.
Натрий Цефотаксим
C16H16N5NaO7S2 = 477.4.
CAS — 63527-52-6 (cefotaxime); 64485-93-4 (cefotaxi-
me sodium).
ATC — J01DD01.
ATC Vet — QJ01DD01.

(cefotaxime)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefotaxime Sodium). A white or slightly yellow,
hygroscopic, powder. Freely soluble in water; sparingly soluble
in methyl alcohol. A 10% solution in water has a pH of between
4.5 and 6.5. Store in airtight containers. Protect from light. 
USP 31 (Cefotaxime Sodium). An off-white to pale yellow crys-
talline powder. Freely soluble in water; practically insoluble in
organic solvents. pH of a 10% solution in water is between 4.5
and 6.5. Store in airtight containers.
Incompatibility. Cefotaxime sodium has been reported to be
incompatible with alkaline solutions such as sodium bicarbonate.
Licensed product information recommends that it should be giv-
en separately from aminoglycosides.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. Arrhythmias have
been associated with rapid bolus dosage through a cen-
tral venous catheter in a few cases. 
The broad-spectrum third-generation cephalosporins
have the potential for colonisation and superinfection
with resistant organisms such as Pseudomonas aerugi-
nosa, Enterobacter spp., Candida, and enterococci, at
various sites in the body, although the incidence has
generally been low with cefotaxime. Changes in bowel

flora are a predisposing factor and have been more
marked with cefoperazone and ceftriaxone, possibly
because of their greater biliary excretion. Pseudomem-
branous colitis, associated with Clostridium difficile
infection, may occasionally be seen with any of the
third-generation cephalosporins.
◊ Reviews on adverse effects associated with third-generation
cephalosporins.
1. Neu HC. Third generation cephalosporins: safety profiles after

10 years of clinical use. J Clin Pharmacol 1990; 30: 396–403. 
2. Fekety FR. Safety of parenteral third-generation cephalosporins.

Am J Med 1990; 88 (suppl 4A): 38S–44S.

Antibiotic-associated colitis. It has been suggested1 that ce-
fotaxime is associated with an increased risk of Clostridium dif-
ficile diarrhoea in elderly patients; however, the manufacturer2

has disputed this, arguing that cefotaxime compares favourably
with alternative third-generation cephalosporins.
1. Impallomeni M, et al. Increased risk of diarrhoea caused by

Clostridium difficile in elderly patients receiving cefotaxime.
BMJ 1995; 311: 1345–6. 

2. Rothschild E, et al. Risk of diarrhoea due to Clostridium difficile
during cefotaxime treatment. BMJ 1996; 312: 778.

Breast feeding. Although cefotaxime is excreted in breast milk
in small amounts,1 no adverse effects have been observed in
breast-fed infants whose mothers were receiving cefotaxime,
and the American Academy of Pediatrics considers2 that it is
therefore usually compatible with breast feeding.
1. Kafetzis DA, et al. Passage of cephalosporins and amoxicillin

into the breast milk. Acta Paediatr Scand 1981; 70: 285–8. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Sodium content. Each g of cefotaxime sodium contains about
2.09 mmol of sodium.

Interactions
As for many cephalosporins, probenecid reduces the
renal clearance of cefotaxime, resulting in higher and
prolonged plasma concentrations of cefotaxime and its
desacetyl metabolite.
Antibacterials. The total body clearance of cefotaxime has
been reduced in patients with normal and reduced renal function
by the ureidopenicillins azlocillin1 or mezlocillin.2 Doses of ce-
fotaxime may need to be reduced if either of these penicillins is
being given. Encephalopathy with focal motor status and gener-
alised convulsions have been reported in a patient with renal fail-
ure given cefotaxime and high doses of azlocillin.3
1. Kampf D, et al. Kinetic interactions between azlocillin, cefotax-

ime, and cefotaxime metabolites in normal and impaired renal
function. Clin Pharmacol Ther 1984; 35: 214–20. 

2. Rodondi LC, et al. Influence of coadministration on the pharma-
cokinetics of mezlocillin and cefotaxime in healthy volunteers
and in patients with renal failure. Clin Pharmacol Ther 1989; 45:
527–34. 

3. Wroe SJ, et al. Focal motor status epilepticus following treat-
ment with azlocillin and cefotaxime. Med Toxicol 1987; 2:
233–4.

Antimicrobial Action
Cefotaxime is a third-generation cephalosporin. It has
a bactericidal action similar to cefamandole, but a
broader spectrum of activity. It is highly stable to hy-
drolysis by most beta-lactamases and has greater activ-
ity than first- or second-generation cephalosporins
against Gram-negative bacteria. Although cefotaxime
is generally considered to have slightly less activity
than first-generation cephalosporins against Gram-
positive bacteria, many streptococci are very sensitive. 
Desacetylcefotaxime is an active metabolite of cefo-
taxime and there may be additive or synergistic effects
against some species. 
Spectrum of activity. Among Gram-negative bacteria,
cefotaxime is active in vitro against many Enterobacte-
riaceae including Citrobacter and Enterobacter spp.,
Escherichia coli, Klebsiella spp., both indole-positive
and indole-negative Proteus, Providencia, Salmonella,
Serratia, Shigella, and Yersinia spp. Other susceptible
Gram-negative bacteria, including penicillin-resistant
strains, are Haemophilus influenzae, Moraxella ca-
tarrhalis (Branhamella catarrhalis), Neisseria gonor-
rhoeae, and N. meningitidis. Brucella melitensis is also
reported to be moderately sensitive. Some strains of
Pseudomonas spp. are moderately susceptible to cefo-
taxime, but most are resistant. Desacetylcefotaxime is
active against many of these Gram-negative bacteria,
but not against Pseudomonas spp. 

Among Gram-positive bacteria, cefotaxime is active
against staphylococci and streptococci. Staphylococ-
cus aureus, including penicillinase-producing strains
but not meticillin-resistant Staph. aureus, is sensitive.
Staph. epidermidis is also sensitive but penicillinase-
producing strains are resistant. Streptococcus agalacti-
ae (group B streptococci), Str. pneumoniae, and Str. py-
ogenes (group A streptococci) are all very sensitive al-
though truly penicillin-resistant pneumococci are
apparently not sensitive. Enterococci and Listeria
monocytogenes are resistant. 
Cefotaxime is active against some anaerobic bacteria.
Bacteroides fragilis may be moderately sensitive, but
many strains are resistant; synergy has been demon-
strated with desacetylcefotaxime in vitro. Clostridium
perfringens is sensitive, but most Cl. difficile are resist-
ant. 
Other organisms sensitive to cefotaxime include the
spirochaete Borrelia burgdorferi and Haemophilus
ducreyi. 
Activity with other antimicrobials. In addition to possi-
ble synergy or additive effects with desacetylcefotaxi-
me, the activity of cefotaxime may be enhanced by
aminoglycosides such as gentamicin; synergy has been
demonstrated in vitro against Gram-negative bacteria
including Pseudomonas aeruginosa. There have also
been reports of enhanced activity in vitro with other an-
tibacterials including fosfomycin and ciprofloxacin
and variable results with penicillins. 
Resistance may develop during treatment with cefo-
taxime due to derepression of chromosomally mediat-
ed beta-lactamases, and has been reported particularly
in Enterobacter spp., with multiresistant strains emerg-
ing during treatment. This type of resistance has also
developed in other bacteria including Citrobacter, Ser-
ratia, and Pseudomonas spp. Another mechanism of
cefotaxime resistance is the development of plasma-
mediated, extended-spectrum beta-lactamases, and
this has occurred in Klebsiella spp. and also other En-
terobacteriaceae. Resistance in Str. pneumoniae is due
to the production of altered penicillin-binding proteins.
◊ References to the antimicrobial activity of cefotaxime and oth-
er third-generation cephalosporins, including the problem of
bacterial resistance.
1. Neu HC. Pathophysiologic basis for the use of third-generation

cephalosporins. Am J Med 1990; 88 (suppl 4A): 3S–11S. 
2. Chow JW, et al. Enterobacter bacteremia: clinical features and

emergence of antibiotic resistance during therapy. Ann Intern
Med 1991; 115: 585–90. 

3. Sanders CC. New β-lactams: new problems for the internist. Ann
Intern Med 1991; 115: 650–1. 

4. Thomson KS, et al. High-level resistance to cefotaxime and
ceftazidime in Klebsiella pneumoniae isolates from Cleveland,
Ohio. Antimicrob Agents Chemother 1991; 35: 1001–3. 

5. Piddock LJV, et al. Prevalence and mechanism of resistance to
‘third-generation’ cephalosporins in clinically relevant isolates
of Enterobacteriaceae from 43 hospitals in the UK, 1990-1991. J
Antimicrob Chemother 1997; 39: 177–87. 

6. Gums JG, et al. Differences between ceftriaxone and cefotaxime:
microbiological inconsistencies. Ann Pharmacother 2008; 42:
71–9.

Pharmacokinetics
Cefotaxime is given by injection as the sodium salt. It
is rapidly absorbed after intramuscular injection and
mean peak plasma concentrations of about 12 and
20 micrograms/mL have been reported 30 minutes af-
ter doses of 0.5 and 1 g of cefotaxime, respectively. Im-
mediately after intravenous injection of 0.5, 1, or 2 g of
cefotaxime, mean peak plasma concentrations of 38,
102, and 215 micrograms/mL, respectively, have been
achieved with concentrations ranging from about 1 to
3 micrograms/mL after 4 hours. The plasma half-life
of cefotaxime is about 1 hour and that of the active me-
tabolite desacetylcefotaxime about 1.5 hours; half-
lives are increased in neonates and in patients with se-
vere renal impairment, especially those of the metabo-
lite, and a reduction in dosage may be necessary. The
effects of liver disease on clearance of cefotaxime and
its metabolite have been variable, but in general dosage
adjustment has not been considered necessary. About
40% of cefotaxime is reported to be bound to plasma
proteins. 
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Cefotaxime and desacetylcefotaxime are widely dis-
tributed in body tissues and fluids; therapeutic concen-
trations are achieved in the CSF particularly when the
meninges are inflamed. Cefotaxime crosses the placen-
ta and low concentrations have been detected in breast
milk. 
After partial metabolism in the liver to desacetylcefo-
taxime and inactive metabolites, elimination is mainly
by the kidneys and about 40 to 60% of a dose has been
recovered unchanged in the urine within 24 hours; a
further 20% is excreted as the desacetyl metabolite.
Relatively high concentrations of cefotaxime and des-
acetylcefotaxime are achieved in bile and about 20% of
a dose has been recovered in the faeces. 
Probenecid competes for renal tubular secretion with
cefotaxime resulting in higher and prolonged plasma
concentrations of cefotaxime and its desacetyl metabo-
lite. Cefotaxime and its metabolites are removed by
haemodialysis. 
When microbiological assays have been used, reported
pharmacokinetic values may relate to cefotaxime plus
its active metabolite, desacetylcefotaxime.
Hepatic impairment. References.
1. Höffken G, et al. Pharmacokinetics of cefotaxime and desacetyl-

cefotaxime in cirrhosis of the liver. Chemotherapy 1984; 30:
7–17. 

2. Graninger W, et al. Cefotaxime and desacetyl-cefotaxime blood
levels in hepatic dysfunction. J Antimicrob Chemother 1984; 14
(suppl B): 143–6. 

3. Hary L, et al. The pharmacokinetics of ceftriaxone and cefotax-
ime in cirrhotic patients with ascites. Eur J Clin Pharmacol
1989; 36: 613–16. 

4. Ko RJ, et al. Pharmacokinetics of cefotaxime and desacetylcefo-
taxime in patients with liver disease. Antimicrob Agents Chem-
other 1991; 35: 1376–80.

Renal impairment. References.
1. Matzke GR, et al. Cefotaxime and desacetyl cefotaxime kinetics

in renal impairment. Clin Pharmacol Ther 1985; 38: 31–6. 
2. Paap CM, et al. Pharmacokinetics of cefotaxime and its active

metabolite in children with renal dysfunction. Antimicrob Agents
Chemother 1991; 35: 1879–83. 

3. Paap CM, et al. Cefotaxime and metabolite disposition in two
pediatric continuous ambulatory peritoneal dialysis patients.
Ann Pharmacother 1992; 26: 341–3. 

4. Paap CM, Nahata MC. The relation between type of renal dis-
ease and renal drug clearance in children. Eur J Clin Pharmacol
1993; 44: 195–7.

Uses and Administration
Cefotaxime is a third-generation cephalosporin anti-
bacterial used in the treatment of infections due to sus-
ceptible organisms, especially serious and life-threat-
ening infections. They include brain abscess,
endocarditis, gonorrhoea, intensive care (selective
parenteral and enteral antisepsis regimens), Lyme dis-
ease, meningitis, peritonitis (primary or spontaneous),
pneumonia, septicaemia, and typhoid fever. It is also
used for surgical infection prophylaxis. For details of
these infections and their treatment, see under Choice
of Antibacterial, p.162. 
Administration and dosage. Cefotaxime is given as the
sodium salt by deep intramuscular injection or intrave-
nously by slow injection over 3 to 5 minutes or by in-
fusion over 20 to 60 minutes. Doses are expressed in
terms of the equivalent amount of cefotaxime; 1.05 g
of cefotaxime sodium is equivalent to about 1 g of ce-
fotaxime. It is usually given in doses of 2 to 6 g daily in
2 to 4 divided doses to adults. In severe infections up to
12 g may be given daily by the intravenous route in up
to 6 divided doses; pseudomonal infections usually re-
quire more than 6 g daily, but a cephalosporin with
greater antipseudomonal activity, such as ceftazidime,
is preferable. Children may be given 100 to 150 mg/kg
(50 mg/kg for neonates) daily in 2 to 4 divided doses,
increased in severe infections to 200 mg/kg (150 to
200 mg/kg for neonates) daily if necessary. 
For details of reduced doses to be used in patients with
severe renal impairment, see below. 
In the treatment of gonorrhoea, a single dose of 0.5 or
1 g of cefotaxime is given. 
For surgical infection prophylaxis, 1 g is given 30 to 90
minutes before surgery. At caesarean section, 1 g is
given intravenously to the mother as soon as the umbil-

ical cord is clamped and two further doses intramuscu-
larly or intravenously 6 and 12 hours later. 
Cefotaxime may be used with an aminoglycoside as
synergy may occur against some Gram-negative or-
ganisms, but the drugs should be given separately. It
has sometimes been used with another beta lactam to
broaden the spectrum of activity. Cefotaxime has also
been used with metronidazole in the treatment of
mixed aerobic-anaerobic infections.

◊ General references to third-generation cephalosporins.
1. Neu HC, et al., eds. Third-generation cephalosporins: a decade

of progress in the treatment of severe infections. Am J Med 1990;
88 (suppl 4A): 1S–45S.

◊ General references to cefotaxime.
1. Todd PA, Brogden RN. Cefotaxime: an update of its pharmacol-

ogy and therapeutic use. Drugs 1990; 40: 608–51. 
2. Gentry LO. Cefotaxime and prophylaxis: new approaches with a

proven agent. Am J Med 1990; 88 (suppl 4A): 32S–37S. 
3. Davies A, Speller DCE, eds. Cefotaxime—recent clinical inves-

tigations. J Antimicrob Chemother 1990; 26 (suppl A): 1–83. 
4. Brogden RN, Spencer CM. Cefotaxime: a reappraisal of its anti-

bacterial activity and pharmacokinetic properties, and a review
of its therapeutic efficacy when administered twice daily for the
treatment of mild to moderate infections. Drugs 1997; 53:
483–510.

Administration in renal impairment. Doses of cefotaxime
should be reduced in severe renal impairment; after an initial
loading dose of 1 g, halving the dose while maintaining the usual
frequency of dosing has been suggested.

Preparations
BP 2008: Cefotaxime Injection; 
USP 31: Cefotaxime for Injection; Cefotaxime Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Cefacolin; Terasep; Tizoxim†; Austral.: Claforan†; Austria: Claforan;
Tirotax; Belg.: Claforan; Braz.: Cefacolin†; Ceforan; Claforan; Clafordil; Fo-
tax†; Kefoxin†; Taxima; Canad.: Claforan; Chile: Grifotaxima†; Cz.: Cefan-
tral†; Ceftax; Claforan†; Sefotak; Taxcef; Denm.: Claforan; Fin.: Claforan;
Fr.: Claforan; Ger.: Claforan; Gr.: Ceramil; Ciltiren; Claforan; Flemycin;
Letynol; Molelant; Naspor; Phacocef; Solubilax; Spirosine; Stoparen; Hong
Kong: Cetan†; Claforan; Valoran; Hung.: Cefalekol; Cefotax†; Claforan;
Tirotax; India: Biotax; Claforan; Lyforan; Novatax; Omnatax; Omnicef; Ori-
taxim; Talcef†; Zetaxim; Indon.: Baxima; Biocef; Cefor; Cefovell; Cefoxal;
Clacef; Claforan; Clatax; Combicef; Efotax; Ethiclaf; Foxim; Goforan; Kalfox-
im; Lancef; Lapixime; Procefa; Rycef; Siclaxim; Soclaf; Starclaf; Taxegram;
Taximax; Tirdicef; Irl.: Claforan; Israel: Claforan; Ital.: Aximad; Batixim;
Cefomit; Centiax; Claforan; Lirgosin; Refotax; Salocef; Spectrocef; Tafocex;
Taxime; Xame; Zariviz; Zimanel; Malaysia: Cetaxima†; Claforan; Claraxim;
Mex.: Benaxima; Biosint; Cefoclin†; Cefotex; Cefradil; Ceftomax; Claforan;
Defradil; Fot-Amsa; Fotexina; Sefoxiram; Sepsilem; Taporin; Tebruxim; Tiro-
tax; Viken; Xendin; Neth.: Claforan; Tirotax; Norw.: Claforan; NZ: Cla-
foran; Philipp.: Cladex; Clafetam; Claforan; Clafoxim; Clavocef; Clinbaxef;
Ofetaxim; Pantaxin; Tafoxam; Zefocent; Pol.: Biotaksym; Rantaksym; Tarce-
foksym; Tirotax; Port.: Antadar; Cefobetox; Forticeporina†; Ralopar; Resi-
belacta; Totam; Rus.: Cefosin (Цефосин); Claforan (Клафоран); Intrataxi-
me (Интратаксим); Oritaxim (Оритаксим); Talcef (Талцеф); Tarcefoksym
(Тарцефоксим); S.Afr.: Claforan; Kefotax; Klafotaxim; Reftax; Totam†; Sin-
gapore: Clacef; Claforan; Spain: Claforan; Swed.: Claforan; Switz.: Cla-
foran; Thai.: Biotaxime†; Cefomic; Ceforan; Cefotax; Ceftaran†; Ceftaxan;
Claforan; Claraxim; Fontax; Fortax†; Fotax; Motaxim; Oritaxime†; Valor-
an†; Turk.: Betaksim; Claforan; Deforan; Sefagen; Sefoksim; Sefotak; Tax-
ocef; UAE: Primocef; UK: Claforan; USA: Claforan; Venez.: Balticina†; Ce-
fam; Cefatox; Cefotas†; Claforan; Novatax; Taxibon†; Tirotax.

Multi-ingredient: India: Sultax.

Cefotetan (BAN, USAN, rINN)

Céfotétan; Cefotetán; Cefotetanum; ICI-156834 (cefotetan or
cefotetan disodium); YM-09330 (cefotetan or cefotetan diso-
dium). (7S)-7-[(4-Carbamoylcarboxymethylene-1,3-dithietan-2-
yl)carboxamido]-7-methoxy-3-[(1-methyl-1H-tetrazol-5-yl)thi-
omethyl]-3-cephem-4-carboxylic acid.

Цефотетан

C17H17N7O8S4 = 575.6.
CAS — 69712-56-7.

ATC — J01DC05.

ATC Vet — QJ01DC05.

Pharmacopoeias. In Jpn and US. 
USP 31 (Cefotetan). Store in airtight containers.

Cefotetan Disodium (BANM, USAN, rINNM)

Cefotetán disódico; Céfotétan Disodique; Cefotetanum Dinatri-
cum; ICI-156834 (cefotetan or cefotetan disodium); YM-09330
(cefotetan or cefotetan disodium). (7S)-7-[(4-Carbamoylcar-
boxymethylene-1,3-dithietan-2-yl)carboxamido]-7-methoxy-3-
[(1-methyl-1H-tetrazol-5-yl)thiomethyl]-3-cephem-4-carboxylic
acid, disodium salt.
Динатрий Цефотетан
C17H15N7Na2O8S4 = 619.6.
CAS — 74356-00-6.
ATC — J01DC05.
ATC Vet — QJ01DC05.
Pharmacopoeias. In US. 
USP 31 (Cefotetan Disodium). pH of a 10% solution in water is
between 4.0 and 6.5. Store in airtight containers.
Incompatibility and stability. There may be incompatibility
with aminoglycosides. Precipitation has been reported with pro-
methazine hydrochloride. 
References.
1. Das Gupta V, et al. Chemical stability of cefotetan disodium in

5% dextrose and 0.9% sodium chloride injections. J Clin Pharm
Ther 1990; 15: 109–14. 

2. Erickson SH, Ulici D. Incompatibility of cefotetan disodium and
promethazine hydrochloride. Am J Health-Syst Pharm 1995; 52:
1347.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Cefotetan contains an N-methylthiotetrazole side-chain and has
the potential to cause hypoprothrombinaemia and bleeding. 
Cefotetan, especially at high doses, may interfere with the Jaffé
method of measuring creatinine concentrations to produce false-
ly elevated values; this should be borne in mind when measuring
renal function.
Effects on the blood. Reviews1,2 and a case report3 of haemo-
lytic anaemia associated with cefotetan.
1. Moes GS, MacPherson BR. Cefotetan-induced hemolytic ane-

mia: a case report and review of the literature. Arch Pathol Lab
Med 2000; 124: 1344–6. 

2. Viraraghavan R, et al. Cefotetan-induced haemolytic anaemia: a
review of 85 cases. Adverse Drug React Toxicol Rev 2002; 21:
101–7. 

3. Robinson HE, et al. Cefotetan-induced life-threatening haemol-
ysis. Med J Aust 2006; 184: 251.

Sodium content. Each g of cefotetan disodium contains about
3.2 mmol of sodium.
Interactions
As for Cefamandole, p.221.
Antimicrobial Action
Cefotetan is a cephamycin antibiotic with a mode of action and
spectrum of activity similar to those of cefoxitin (p.230). It is
generally much more active in vitro than cefoxitin against the
Gram-negative Enterobacteriaceae, but has similar activity
against Bacteroides fragilis and may be less active against some
other Bacteroides spp.
Pharmacokinetics
On intramuscular injection of cefotetan, peak plasma concentra-
t ions  of  about  70 micrograms/mL a t  1  hour  and
90 micrograms/mL at 3 hours have been reported after doses of
1 and 2 g, respectively. The plasma half-life of cefotetan is usu-
ally in the range of 3.0 to 4.6 hours and is prolonged in patients
with renal impairment. About 88% of cefotetan may be bound to
plasma proteins, depending on the plasma concentration. 
Cefotetan is widely distributed in body tissues and fluids. It
crosses the placenta and low concentrations have been detected
in breast milk. High concentrations are achieved in bile. 
Cefotetan is excreted in the urine, primarily by glomerular filtra-
tion, as unchanged drug; 50 to 80% of a dose has been recovered
in the urine in 24 hours and high concentrations are achieved.
Small amounts of the tautomeric form of cefotetan have been de-
tected in both plasma and urine. 
Biliary excretion of cefotetan probably accounts for nonrenal
clearance. 
Some cefotetan is removed by dialysis.
◊ References.
1. Martin C, et al. Clinical pharmacokinetics of cefotetan. Clin

Pharmacokinet 1994; 26: 248–58.

Uses and Administration
Cefotetan is a cephamycin antibacterial generally classified with
the second-generation cephalosporins and used similarly to ce-
foxitin (p.230) in the treatment and prophylaxis of anaerobic and
mixed bacterial infections, especially intra-abdominal and pelvic
infections. 
It is given as the disodium salt by deep intramuscular injection or
intravenously by slow injection over 3 to 5 minutes or by infu-
sion. Doses are expressed in terms of the equivalent amount of
cefotetan; 1.08 g of cefotetan disodium is equivalent to about 1 g
of cefotetan. The usual dose is 1 or 2 g every 12 hours. For the
treatment of life-threatening infections, 3 g every 12 hours may
be given intravenously. Doses of cefotetan should be reduced in
patients with moderate to severe renal impairment (see below). 
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For infection prophylaxis during surgical procedures, an intrave-
nous dose of 1 or 2 g is given 30 to 60 minutes before surgery or,
in caesarean section, as soon as the umbilical cord is clamped.

Administration in renal impairment. Dosage of cefotetan
should be reduced in patients with moderate to severe renal im-
pairment. US licensed product information gives the following
dosing guidelines based on creatinine clearance (CC): 
• CC 10 to 30 mL/minute: the usual dose every 24 hours or one-

half the usual dose every 12 hours 
• CC less than 10 mL/minute: the usual dose every 48 hours or

one-quarter the usual dose every 12 hours 
In patients undergoing haemodialysis, one-quarter the usual dose
may be given every 24 hours on days between dialysis and one-
half the usual dose on the day of dialysis.

Preparations
USP 31: Cefotetan for Injection; Cefotetan Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Apatef†; Belg.: Apacef†; Canad.: Cefotan†; Fr.: Apacef†; Ital.:
Apatef†; Jpn: Yamatetan†; NZ: Apatef†; Port.: Apatef†; USA: Cefotan.

Cefotiam Hydrochloride (BANM, USAN, rINNM)

Abbott-48999; Céfotiam, Chlorhydrate de; Cefotiami Hydro-
chloridum; CGP-14221E (cefotiam or cefotiam hydrochloride);
Hidrocloruro de cefotiam; SCE-963. 7-[2-(2-Amino-1,3-thiazol-
4-yl)acetamido]-3-[1-(2-dimethylaminoethyl)-1H-tetrazol-5-
ylthiomethyl]-3-cephem-4-carboxylic acid dihydrochloride.

Цефотиама Гидрохлорид

C18H23N9O4S3,2HCl = 598.6.
CAS — 61622-34-2 (cefotiam); 66309-69-1 (cefotiam
hydrochloride).
ATC — J01DC07.
ATC Vet — QJ01DC07.

(cefotiam)

Pharmacopoeias. In Jpn and US. Jpn also includes cefotiam
hexetil hydrochloride. 
USP 31 (Cefotiam Hydrochloride). Store in airtight containers.

Profile
Cefotiam is a third-generation cephalosporin antibacterial with
actions and uses similar to those of cefamandole (p.220). It is
given intravenously or intramuscularly as the hydrochloride but
doses are expressed in terms of the base; 1.14 g of cefotiam hy-
drochloride is equivalent to about 1 g of cefotiam. The usual dose
is the equivalent of up to 6 g of cefotiam daily in divided doses,
according to the severity of the infection. 
Cefotiam hexetil hydrochloride, a prodrug of cefotiam, is given
orally in doses equivalent to 200 to 400 mg of cefotiam twice
daily.

◊ References.
1. Brogard JM, et al. Clinical pharmacokinetics of cefotiam. Clin

Pharmacokinet 1989; 17: 163–74.

Preparations
USP 31: Cefotiam for Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Spizef; Fr.: Taketiam; Texodil; Ger.: Spizef; Indon.: Aspil; Cefradol;
Ceradolan; Ethidol; Fodiclo; Fotaram; Jpn: Pansporin; Philipp.: Ceradolan;
Singapore: Ceradolan; Thai.: Ceradolan.

Cefovecin Sodium (USAN, rINNM)

Cefovecina sódica; Céfovécine Sodique; Natrii Cefovecinum;
UK-287074-02. Sodium (6R,7R)-7-{[(2Z)-(2-aminothiazol-4-
yl)(methoxyimino)acetyl]amino}-8-oxo-3-[(2S)-tetrahydrofuran-
2-yl]-5-thia-1-azabicyclo[4.4.0]oct-2-ene-2-carboxylate.

Натрий Цефовецин

C17H18N5NaO6S2 = 475.5.
CAS — 234096-34-5 (cefovecin); 141195-77-9 (ce-
fovecin sodium).

(cefovecin)

Profile
Cefovecin sodium is a third-generation cephalosporin antibacte-
rial used in veterinary medicine.

Cefoxitin Sodium (BANM, USAN, rINNM)

Cefoksitino natrio druska; Cefoksytyna sodowa; Cefoxitin sodná
sůl; Cefoxitina sódica; Céfoxitine sodique; Cefoxitinnatrium; Ce-
foxitin-nátrium; Cefoxitinum natricum; Kefoksitiininatrium; L-
620388; MK-306; Natrii Cefoxitinum. Sodium 3-carbamoy-
loxymethyl-7-methoxy-7-[2-(2-thienyl)acetamido]-3-cephem-4-
carboxylate.

Натрий Цефокситин
C16H16N3NaO7S2 = 449.4.
CAS — 35607-66-0 (cefoxitin); 33564-30-6 (cefoxitin so-
dium).
ATC — J01DC01.
ATC Vet — QJ01DC01.

(cefoxitin)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Cefoxitin Sodium). A white or almost white, very
hygroscopic, powder. Very soluble in water; sparingly soluble in
alcohol. A 1% solution in water has a pH between 4.2 and 7.0.
Store in airtight containers. 
USP 31 (Cefoxitin Sodium). White to off-white, somewhat hy-
groscopic, granules or powder, having a slight characteristic
odour. Very soluble in water; slightly soluble in acetone; insolu-
ble in chloroform and in ether; sparingly soluble in dimethylfor-
mamide; soluble in methyl alcohol. pH of a 10% solution in wa-
ter is between 4.2 and 7.0. Store in airtight containers at a
temperature not exceeding 8°.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Cefoxitin may interfere with the Jaffé method of meas-
uring creatinine concentrations to produce falsely high
values; this should be borne in mind when measuring
renal function.
Breast feeding. Cefoxitin is distributed into breast milk but is
detectable only in low concentrations. In a study1 in which cefox-
itin was given prophylactically in doses of 2 to 4 g to 18 women
undergoing caesarean section, only one sample of breast milk
contained measurable concentrations of cefoxitin, 19 hours after
the last dose. No adverse effects have been observed in breast-fed
infants whose mothers were receiving cefoxitin, and the Ameri-
can Academy of Pediatrics considers2 that it is therefore usually
compatible with breast feeding.
1. Roex AJM, et al. Secretion of cefoxitin in breast milk following

short-term prophylactic administration in caesarean section. Eur
J Obstet Gynecol Reprod Biol 1987; 25: 299–302. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Effects on the gastrointestinal tract. Marked changes in
anaerobic, facultative, and aerobic faecal flora have been noted
with cefoxitin.1
1. Mulligan ME, et al. Alterations in human fecal flora, including

ingrowth of Clostridium difficile, related to cefoxitin therapy.
Antimicrob Agents Chemother 1984; 26: 343–6.

Sodium content. Each g of cefoxitin sodium contains about
2.2 mmol of sodium.

Interactions
Probenecid reduces the renal clearance of cefoxitin.

Antimicrobial Action
Cefoxitin is a cephamycin antibacterial which, like the
other beta lactams, is bactericidal and is considered to
act through the inhibition of bacterial cell wall synthe-
sis. 
It has a similar spectrum of activity to cefamandole
(p.221) but is more active against anaerobic bacteria,
especially Bacteroides fragilis. 
Cefoxitin can induce the production of beta-lactamases
by some bacteria, and use of cefoxitin with other beta
lactams have been shown to be antagonistic in vitro. 
Cefoxitin itself is considered to be resistant to a wide
range of beta-lactamases, including those produced by
Bacteroides spp. However, acquired resistance to ce-
foxitin has been reported in B. fragilis (see Anaerobic
Bacterial Infections, p.163) and has been attributed to
beta-lactamase as well as to alterations in penicillin-
binding proteins or to outer membrane proteins; there
may be cross-resistance to other antibacterials.
◊ References.
1. Cuchural GJ, et al. Transfer of β-lactamase-associated cefoxitin

resistance in Bacteroides fragilis. Antimicrob Agents Chemother
1986; 29: 918–20. 

2. Piddock LJV, Wise R. Cefoxitin resistance in Bacteroides spe-
cies: evidence indicating two mechanisms causing decreased
susceptibility. J Antimicrob Chemother 1987; 19: 161–70. 

3. Brogan O, et al. Bacteroides fragilis resistant to metronidazole,
clindamycin and cefoxitin. J Antimicrob Chemother 1989; 23:
660–2. 

4. Wexler HM, Halebian S. Alterations to the penicillin-binding
proteins in the Bacteroides fragilis group: a mechanism for non-
β-lactamase mediated cefoxitin resistance. J Antimicrob Chem-
other 1990; 26: 7–20. 

5. Cherubin CE, Appleman MD. Susceptibility of cefoxitin-resist-
ant isolates of bacteroides to other agents including β-lactamase
inhibitor/β-lactam combinations. J Antimicrob Chemother 1993;
32: 168–70.

Pharmacokinetics
Cefoxitin is not absorbed from the gastrointestinal
tract; it is given parenterally as the sodium salt. After
1 g by intramuscular injection a peak plasma concen-
tration of up to 30 micrograms/mL at 20 to 30 minutes
has been reported whereas concentrations of 125, 72,
and 25 micrograms/mL have been achieved after intra-
venous doses of 1 g over 3, 30, and 120 minutes re-
spectively. Cefoxitin is about 70% bound to plasma
proteins. It has a plasma half-life of 45 to 60 minutes
which is prolonged in renal impairment. Cefoxitin is
widely distributed in the body but there is normally lit-
tle penetration into the CSF, even when the meninges
are inflamed. It crosses the placenta and has been de-
tected in breast milk. Relatively high concentrations
are achieved in bile. 
The majority of a dose is excreted unchanged by the
kidneys, up to about 2% being metabolised to descar-
bamylcefoxitin which is virtually inactive. Cefoxitin is
excreted in the urine by glomerular filtration and tubu-
lar secretion and about 85% of a dose is recovered
within 6 hours; probenecid slows this excretion. After
an intramuscular dose of 1 g, peak concentrations in
the urine are usually greater than 3 mg/mL. 
Cefoxitin is removed to some extent by haemodialysis.

Uses and Administration
Cefoxitin is a cephamycin antibacterial that differs
structurally from the cephalosporins by the addition of
a 7-α-methoxy group to the 7-β-aminocephalosporanic
acid nucleus. 
It is generally classified with the second-generation ce-
phalosporins and can be used similarly to cefamandole
(p.221) for the treatment of susceptible infections.
However, because of its activity against Bacteroides
fragilis and other anaerobic bacteria, it is used princi-
pally in the treatment and prophylaxis of anaerobic and
mixed bacterial infections, especially intra-abdominal
and pelvic infections. Indications include endometritis
(prophylaxis at caesarean section), pelvic inflammato-
ry disease, and surgical infection (prophylaxis). It may
also be used in the treatment of gonorrhoea and
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

urinary-tract infections. For details of these infections
and their treatment, see under Choice of Antibacterial,
p.162. 
Administration and dosage. Cefoxitin is given as the
sodium salt by deep intramuscular injection, by slow
intravenous injection over 3 to 5 minutes, or by inter-
mittent or continuous intravenous infusion. 
Doses are expressed in terms of the equivalent amount
of cefoxitin; 1.05 g of cefoxitin sodium is equivalent to
about 1 g of cefoxitin. The usual adult dose is 1 or 2 g
every 8 hours although it may be given more frequent-
ly (every 4 or 6 hours). In severe infections up to 12 g
daily has been recommended. Children and neonates
may be given 20 to 40 mg/kg, every 12 hours for ne-
onates up to 1 week old, every 8 hours for those aged 1
to 4 weeks, and every 6 to 8 hours for older infants and
children; in severe infections, up to 200 mg/kg daily
may be given, to a maximum of 12 g daily. 
For the treatment of uncomplicated urinary-tract infec-
tions, cefoxitin 1 g twice daily has been given intra-
muscularly. 
For details of reduced doses of cefoxitin in patients
with renal impairment, see below. 
For the treatment of uncomplicated gonorrhoea, a sin-
gle dose of 2 g intramuscularly has been given with
probenecid 1 g orally. 
For surgical infection prophylaxis, the usual adult dose
is cefoxitin 2 g intramuscularly or intravenously 30 to
60 minutes before the procedure and then every 6
hours, not usually for more than 24 hours. Infants and
children undergoing surgical procedures can be given
doses of 30 to 40 mg/kg, at the same time intervals as
adults; neonates may be given 30 to 40 mg/kg, but at
intervals of 8 to 12 hours. 
At caesarean section a single 2-g dose may be given
intravenously to the mother as soon as the umbilical
cord is clamped. If necessary, a 3-dose regimen, with
further 2-g doses 4 and 8 hours after the initial dose,
may be used.
◊ Reviews.
1. DiPiro JT, May JR. Use of cephalosporins with enhanced an-

tianaerobic activity for treatment and prevention of anaerobic
and mixed infections. Clin Pharm 1988; 7: 285–302. 

2. Goodwin CS. Cefoxitin 20 years on: is it still useful? Rev Med
Microbiol 1995; 6: 146–53.

Administration in renal impairment. In renal impairment,
dosage of cefoxitin should be reduced according to creatinine
clearance (CC). After an initial loading dose of 1 to 2 g, mainte-
nance doses are: 
• CC 30 to 50 mL/minute: 1 to 2 g every 8 to 12 hours 
• CC 10 to 29 mL/minute: 1 to 2 g every 12 to 24 hours 
• CC 5 to 9 mL/minute: 0.5 to 1 g every 12 to 24 hours 
• CC below 5 mL/minute: 0.5 to 1 g every 24 to 48 hours 
In patients undergoing haemodialysis, the loading dose should be
repeated after each dialysis session.

Preparations
BP 2008: Cefoxitin Injection; 
USP 31: Cefoxitin for Injection; Cefoxitin Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Mefoxin†; Pluricefo†; Austral.: Mefoxin; Austria: Mefoxitin; Belg.:
Mefoxin†; Braz.: Cefoxan; Cefoxin; Cefton; Foxtil†; Gamacef; Mefoxin; Pro-
poten†; Canad.: Mefoxin†; Cz.: Mefoxin†; Fin.: Mefoxin†; Fr.: Mefoxin†;
Ger.: Mefoxitin; Gr.: Destrepen†; Mefoxil; Metaptyl; Hong Kong: Mefoxin;
Ital.: Cefociclin; Mefoxin; Tifox†; Neth.: Mefoxin†; Norw.: Mefoxitin†; NZ:
Mefoxin; Philipp.: Monowel; Panafox; Zepax; Port.: Atralxitina; Mefoxin†;
Niacef; S.Afr.: Mefoxin; Spain: Mefoxitin†; Swed.: Mefoxitin†; Switz.: Me-
foxitin†; Thai.: Cefoxin; Cefxitin; Maxotin; Zefin; UK: Mefoxin†; USA: Me-
foxin; Venez.: Mefoxitin†.

Cefozopran Hydrochloride (rINNM)

Céfozopran, Chlorhydrate de; Cefozoprani Hydrochloridum;
Hidrocloruro de cefozoprán. (−)-1-{[(6R,7R)-7-[2-(5-Amino-
1,2,4-thiadiazol-3-yl)glyoxylamido]-2-carboxy-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-en-3-yl]methyl}-1H-imidazo[1,2-b]pyri-
dazin-4-ium hydroxide inner salt, 72-(Z)-(O-methyloxime), hy-
drochloride.

Цефозопрана Гидрохлорид
C19H17N9O5S2,HCl = 552.0.
CAS — 113359-04-9 (cefozopran); 113981-44-5 (cefoz-
opran hydrochloride).

(cefozopran)

Pharmacopoeias. In Jpn.

Profile
Cefozopran is a cephalosporin antibacterial used parenterally as
the hydrochloride.

◊ References.
1. Iwahi T, et al. In vitro and in vivo activities of SCE-2787, a new

parenteral cephalosporin with a broad antibacterial spectrum.
Antimicrob Agents Chemother 1992; 36: 1358–66. 

2. Paulfeuerborn W, et al. Comparative pharmacokinetics and se-
rum bactericidal activities of SCE-2787 and ceftazidime. Antimi-
crob Agents Chemother 1993; 37: 1835–41. 

3. Fujii R, et al. Pharmacokinetics and clinical effects of cefozo-
pran in pediatric patients. Jpn J Antibiot 1996; 49: 17–33.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Firstcin.

Cefpiramide (USAN, rINN)

Cefpiramida; Cefpiramidum; SM-1652; Wy-44635. (7R)-7-[(R)-
2-(4-Hydroxy-6-methylnicotinamido)-2-(4-hydroxyphe-
nyl)acetamido]-3-(1-methyl-1H-tetrazol-5-ylthiomethyl)-3-ce-
phem-4-carboxylic acid.

Цефпирамид
C25H24N8O7S2 = 612.6.
CAS — 70797-11-4.
ATC — J01DD11.
ATC Vet — QJ01DD11.

Pharmacopoeias. In US. 
USP 31 (Cefpiramide). Store in airtight containers. pH of a 0.5%
suspension in water is between 3.0 and 5.0.

Cefpiramide Sodium (USAN, rINNM)

Cefpiramida sódica; Cefpiramide Sodique; Natrii Cefpiramidum.

Натрий Цефпирамид
C25H23N8NaO7S2 = 634.6.
CAS — 74849-93-7.
ATC — J01DD11.
ATC Vet — QJ01DD11.

Pharmacopoeias. In Jpn.

Profile
Cefpiramide is a third-generation cephalosporin antibacterial re-
lated to cefoperazone (p.227) and with similar activity against
Pseudomonas aeruginosa, but possibly less active against En-
terobacteriaceae. Cefpiramide is also active against staphylococ-
ci and streptococci and marginal activity against enterococci in
vitro has been reported. Like cefamandole (p.220), cefpiramide
contains an N-methylthiotetrazole side-chain, a structure associ-
ated with hypoprothrombinaemia, alcohol intolerance, and po-
tentiation of anticoagulants. 
Cefpiramide is given by intravenous injection or infusion as the
sodium salt in the treatment of susceptible infections but doses
are expressed in terms of cefpiramide; 1.04 g of cefpiramide so-
dium is equivalent to about 1 g of cefpiramide. The usual dose is
1 to 2 g daily in 2 divided doses.

◊ References.
1. Wang H, et al. In-vitro antibacterial activities of cefpiramide and

other broad-spectrum antibiotics against 440 clinical isolates in
China. J Infect Chemother 2000; 6: 81–5.

Sodium content. Each g of cefpiramide sodium contains
about 1.6 mmol of sodium.

Preparations
USP 31: Cefpiramide for Injection.
Proprietary Preparations (details are given in Part 3)
Jpn: Sepatren.

Cefpirome Sulfate (USAN, rINNM)

Cefpirome, sulfate de; Cefpirome Sulphate (BANM); Cefpiromi
sulfas; Cefpiromsulfat; HR-810 (cefpirome or cefpirome sulfate);
Kefpiromisulfaatti; Sulfato de cefpiroma. (Z)-7-[2-(2-Aminothia-
zol-4-yl)-2-methoxyiminoacetamido]-3-(1-pyrindiniomethyl)-3-
cephem-4-carboxylate sulphate.
Цефпирома Сульфат
C22H22N6O5S2,H2SO4 = 612.7.
CAS — 84957-29-9 (cefpirome); 98753-19-6 (cefpirome
sulfate).
ATC — J01DE02.
ATC Vet — QJ01DE02.

(cefpirome)

Pharmacopoeias. In Jpn.
Adverse Effects and Precautions
As for Cefalotin, p.219. 
Cefpirome is reported to interfere with the Jaffé method of meas-
uring creatinine concentrations to determine renal function.
◊ References.
1. Rubinstein E, et al. A review of the adverse events profile of

cefpirome. Drug Safety 1993; 9: 340–5.

Interactions
Probenecid reduces the renal clearance of cefpirome.
Antimicrobial Action
Cefpirome is a fourth-generation cephalosporin that is stable to a
wide range of beta-lactamases. It has a spectrum of activity sim-
ilar to that of the third-generation cephalosporin cefotaxime
(p.228), but it appears to be more active in vitro against staphy-
lococci, some enterococci, some Enterobacteriaceae, and Pseu-
domonas aeruginosa. Cefpirome may be less active than ceftazi-
dime (p.234) against Ps. aeruginosa.
Pharmacokinetics
Cefpirome is given by injection as the sulfate. Mean peak serum
concentrations of 80 to 90 micrograms/mL are attained after a
single intravenous 1-g dose. The elimination half-life is about 2
hours and is prolonged in patients with renal impairment. Cef-
pirome is less than 10% bound to plasma proteins. 
Cefpirome is widely distributed into body tissues and fluids and
appears in breast milk. It is mainly excreted by the kidneys and
80 to 90% of a dose is recovered unchanged in the urine. Signif-
icant amounts are removed by haemodialysis.
Uses and Administration
Cefpirome is a fourth-generation cephalosporin antibacterial
used in the treatment of infections due to susceptible organisms.
They include infections of the urinary tract, respiratory tract, and
skin, and also septicaemia and infections in immunocompro-
mised patients. For details of these infections and their treatment,
see under Choice of Antibacterial, p.162. 
Cefpirome is given by intravenous injection over 3 to 5 minutes
or infusion over 20 to 30 minutes as the sulfate, but doses are
expressed in terms of the base; 1.19 g of cefpirome sulfate is
equivalent to about 1 g of cefpirome. The usual dose is the equiv-
alent of 1 or 2 g of cefpirome every 12 hours. For details of re-
duced doses to be used in renal impairment, see below.
◊ References.
1. Brown EM, et al. eds. Cefpirome: a novel extended spectrum

cephalosporin. J Antimicrob Chemother 1992; 29 (suppl A):
1–104. 

2. Wiseman LR, Lamb HM. Cefpirome: a review of its antibacterial
activity, pharmacokinetic properties and clinical efficacy in the
treatment of severe nosocomial infections and febrile neutrope-
nia. Drugs 1997; 54: 117–40.

Administration in renal impairment. Dosage of cefpirome
should be modified in renal impairment; after a loading dose of
1 or 2 g depending on the severity of infection, the maintenance
dosage should be adjusted according to creatinine clearance
(CC) and the severity of infection: 
• CC 20 to 50 mL/minute: 0.5 or 1 g twice daily 
• CC 5 to 20 mL/minute: 0.5 or 1 g once daily 
• CC 5 mL/minute or less (in haemodialysis patients): 0.5 or 1 g

once daily plus a half-dose after each dialysis session.
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Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Cefrom; Austria: Cedixen; Cefrom; Belg.: Cefrom†; Cz.: Ce-
from†; Fr.: Cefrom; Gr.: Cefrom†; India: Bacirom†; Ceforth†; Cefrom; Ta-
from; Indon.: Cefir ; Cefnos; Cefrin; Cefrom; Lanpirome; Nufirom; Romicef;
Sopirom; Xenoprom; Irl.: Cefrom†; Mex.: Cefrom; Neth.: Cefrom; NZ:
Cefrom†; Port.: Cefrom†; Cipiram; Farmocefe; S.Afr.: Cefrom; Thai.: Ce-
from; UK: Cefrom†.

Cefpodoxime Proxetil 
(BANM, USAN, rINNM)

Cefpodoxima proxetilo; Cefpodoxime proxétil; Cefpodoxime,
Proxétil de; Cefpodoximi Proxetilum; Cefpodoximum proxetili;
CS-807; R-3763 (cefpodoxime); U-76252; U-76253 (cefpodox-
ime). The 1-[(isopropoxycarbonyl)oxy]ethyl ester of (Z)-7-[2-
(2-amino-1,3-thiazol-4-yl)-2-methoxyiminoacetamido]-3-meth-
oxymethyl-3-cephem-4-carboxylic acid.
Цефподоксима Проксетил
C21H27N5O9S2 = 557.6.
CAS — 80210-62-4 (cefpodoxime); 87239-81-4 (cefpo-
doxime proxetil).
ATC — J01DD13.
ATC Vet — QJ01DD13.

Pharmacopoeias. In Jpn and US. 
USP 31 (Cefpodoxime Proxetil). A white to light brownish-
white powder, odourless or having a faint odour. Very slightly
soluble in water; freely soluble in dehydrated alcohol; soluble in
acetonitrile and in methyl alcohol; slightly soluble in ether. Store
in airtight containers at a temperature not exceeding 25°.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
The most frequently reported adverse effects of cefpo-
doxime are gastrointestinal disturbances, especially di-
arrhoea.

Interactions
Absorption of cefpodoxime is decreased by antacids or
histamine H2-receptor antagonists. Probenecid reduces
the renal excretion of cefpodoxime.

Antimicrobial Action
As for Cefixime, p.224, but cefpodoxime has greater
activity against Staphylococcus aureus.
◊ References.
1. Valentini S, et al. In-vitro evaluation of cefpodoxime. J Antimi-

crob Chemother 1994; 33: 495–508.

Pharmacokinetics
Cefpodoxime proxetil is de-esterified in the intestinal
epithelium after oral doses, to release active cefpodox-
ime in the bloodstream. Bioavailability is about 50% in
fasting subjects and may be increased in the presence
of food. Absorption is decreased in conditions of low
gastric acidity. Peak plasma concentrations of about
1.5, 2.5, and 4.0 micrograms/mL have been achieved 2
to 3 hours after oral doses of 100, 200, and 400 mg cef-
podoxime respectively. About 20 to 30% of cefpodox-
ime is bound to plasma proteins. The plasma half-life
is about 2 to 3 hours and is prolonged in patients with
renal impairment. 
Cefpodoxime reaches therapeutic concentrations in the
respiratory and genito-urinary tracts and bile. It has
been detected in low concentrations in breast milk. 
Cefpodoxime is excreted unchanged in the urine.
Some is removed by dialysis.

Uses and Administration
Cefpodoxime is a third-generation cephalosporin anti-
biotic used similarly to cefixime (p.225) in the treat-
ment of susceptible infections. It is given orally as the

proxetil ester, which is hydrolysed on absorption to cef-
podoxime. Doses are expressed in terms of the equiva-
lent amount of cefpodoxime; 130 mg of cefpodoxime
proxetil is equivalent to about 100 mg of cefpodoxime.
Absorption may be enhanced if cefpodoxime proxetil
is given with food. The usual dose for adults is 100 to
200 mg every 12 hours for respiratory-tract and uri-
nary-tract infections. A dose of 200 or 400 mg every
12 hours may be used for skin and soft-tissue infec-
tions. In the USA children aged 2 months and older
may be given doses of 5 mg/kg every 12 hours, up to a
maximum of 200 mg daily for pharyngitis or tonsillitis
or 400 mg daily for acute otitis media or maxillary si-
nusitis. In the UK cefpodoxime may be given to chil-
dren and infants aged 15 days and older, in a dose of
4 mg/kg every 12 hours, up to a maximum of 200 mg
daily, for infections of the respiratory tract, urinary
tract, and skin and soft tissues. 
The interval between doses of cefpodoxime may need
to be extended in patients with renal impairment (see
below). 
For uncomplicated gonorrhoea, a single dose of
200 mg may be given.
◊ References.
1. Moore EP, et al., eds. Cefpodoxime proxetil: a third-generation

oral cephalosporin. J Antimicrob Chemother 1990; 26 (suppl E):
1–101. 

2. Adam D, et al., eds. Cefpodoxime proxetil: a new third genera-
tion oral cephalosporin. Drugs 1991; 42 (suppl 3): 1–66. 

3. Frampton JE, et al. Cefpodoxime proxetil: a review of its anti-
bacterial activity, pharmacokinetic properties and therapeutic
potential. Drugs 1992; 44: 889–917. 

4. Chocas EC, et al. Cefpodoxime proxetil: a new, broad-spectrum,
oral cephalosporin. Ann Pharmacother 1993; 27: 1369–77. 

5. Fulton B, Perry CM. Cefpodoxime proxetil: a review of its use
in the management of bacterial infections in paediatric patients.
Paediatr Drugs 2001; 3: 137–58.

Administration in renal impairment. The interval between
doses of cefpodoxime should be extended in patients with renal
impairment to every 24 hours in those with creatinine clearance
of 10 to 39 mL/minute, and to every 48 hours when the creati-
nine clearance is less than 10 mL/minute. In patients on haemo-
dialysis the dose should be given after each dialysis session.

Preparations
USP 31: Cefpodoxime Proxetil for Oral Suspension; Cefpodoxime Proxetil
Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Biocef; Celiol; Cintalux; Otreon; Braz.: Orelox; Chile: Cefirax;
Cz.: Orelox†; Fr.: Orelox; Ger.: Orelox; Podomexef; Hong Kong: Banan;
India: Cefoprox; Cepodem; Kefpod; Monocef-O; Monotax-O; Tambac; In-
don.: Banan; Irl.: Cefodox; Ital.: Cefodox; Orelox; Otreon; Jpn: Banan;
Mex.: Orelox; Neth.: Orelox; Otreon; Philipp.: Banan; Zudem; Port.:
Orelox; S.Afr.: Cepodem; Orelox; Spain: Garia; Instana; Kelbium; Otreon;
Swed.: Orelox; Switz.: Orelox; Podomexef; Thai.: Banan; UK: Orelox;
USA: Vantin.

Cefprozil (BAN, USAN, rINN)

BMY-28100-03-800; BMY-28100 (cis-isomer); BMY-28167 (trans-
isomer); Cefprozilo; Cefprozilum; Kefprotsiili; Sefprozil. (6R,7R)-
7-[(R)-2-Amino-2-(p-hydroxyphenyl)acetamido]-8-oxo-3-(1-
propenyl)-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
monohydrate; 7-(D-4-Hydroxyphenylglycylamino)-3-[(E)prop-1-
enyl]cephem-4-carboxylic acid monohydrate.
Цефпрозил
C18H19N3O5S,H2O = 407.4.
CAS — 92665-29-7 (anhydrous cefprozil); 121123-17-9
(cefprozil monohydrate).
ATC — J01DC10.
ATC Vet — QJ01DC10.

Pharmacopoeias. In US. 
USP 31 (Cefprozil). pH of a 0.5% solution in water is between
3.5 and 6.5. Store in airtight containers.

Adverse Effects and Precautions
As for Cefalexin, p.218.

Breast feeding. A study1 in 9 healthy women found that con-
centrations of cefprozil in breast milk corresponded to no more
than 0.3% of a dose and concluded that cefprozil could be given
safely during breast feeding. The American Academy of
Pediatrics2 states that there have been no reports of any clinical
effect on the infant associated with the use of cefprozil in breast-
feeding mothers, and that it may be considered to be usually
compatible with breast feeding.
1. Shyu WC, et al. Excretion of cefprozil into human breast milk.

Antimicrob Agents Chemother 1992; 36: 938–41. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Hypersensitivity. Serum sickness-like reactions were reported
in 4 patients, 3 of them children, given cefprozil.1 Such reactions
have been associated with cefaclor (p.217), but whether they rep-
resent a class-related hypersensitivity reaction is not clear.
1. Lowery N, et al. Serum sickness-like reactions associated with

cefprozil therapy. J Pediatr 1994; 125: 325–8.

Interactions
As for Cefalexin, p.218.

Antimicrobial Action
Cefprozil is bactericidal and has a similar but wider
range of antimicrobial activity than cefaclor (p.217).

Pharmacokinetics
Cefprozil is well absorbed from the gastrointestinal
tract with a reported bioavailability of 90 to 95%. Oral
doses of 0.25, 0.5, and 1 g produce peak plasma con-
centrations of about 6, 10, and 18 micrograms/mL re-
spectively at 1 to 2 hours. The presence of food is re-
ported to have little or no effect on the absorption of
cefprozil. A plasma half-life of 1 to 1.4 hours has been
reported; it is increased in patients with renal impair-
ment, up to about 6 hours in those with end-stage renal
failure. About 35 to 45% of cefprozil is bound to plas-
ma proteins. 
Cefprozil is widely distributed in the body tissues.
Concentrations of cefprozil in tonsillar and adenoidal
tissue are reported to be about 40 to 50% of those in
plasma, and less than 0.3% of a 1-g dose has been re-
covered in breast milk in 24 hours. About 60% of a
dose is excreted unchanged in the urine in the first 8
hours by glomerular filtration and tubular secretion.
High concentrations of cefprozil are achieved in the
ur ine;  concentra t ions  of  700 ,  1000,  and
2900 micrograms/mL have been reported within 4
hours of doses of 0.25, 0.5, and 1 g respectively. Some
cefprozil is removed by haemodialysis.

Uses and Administration
Cefprozil is a cephalosporin antibacterial consisting of
cis- and trans- isomers in a ratio of about 90:10. It is
used similarly to cefaclor (p.217) in the treatment of
susceptible infections, including upper and lower res-
piratory-tract infections and skin and soft-tissue infec-
tions, and should probably be classified as a second-
generation cephalosporin. 
Cefprozil is given orally as the monohydrate. Doses
are expressed in terms of the equivalent amount of an-
hydrous cefprozil; 523 mg of cefprozil monohydrate is
equivalent to about 500 mg of anhydrous cefprozil.
The usual adult dose is 500 mg daily (as a single dose
or in two divided doses), increased to 500 mg twice
daily if necessary. Children may be given up to
20 mg/kg once or twice daily (to a maximum of
500 mg once daily, or twice daily if necessary for otitis
media). 
For details of reduced dosage of cefprozil in patients
with renal impairment, see below.
◊ Reviews.
1. Wiseman LR, Benfield P. Cefprozil: a review of its antibacterial

activity, pharmacokinetic properties, and therapeutic potential.
Drugs 1993; 45: 295–317. 

2. Barriere SL. Review of in vitro activity, pharmacokinetic char-
acteristics, safety, and clinical efficacy of cefprozil, a new oral
cephalosporin. Ann Pharmacother 1993; 27: 1082–9.

Administration in renal impairment. Doses of cefprozil
should be reduced in patients with renal impairment; half the
standard dose should be given to patients with a creatinine clear-
ance of less than 30 mL/minute.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
USP 31: Cefprozil for Oral Suspension; Cefprozil Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Ceprof; Austria: Procef†; Braz.: Cefzil; Canad.: Cefzil; Chile:
Procef†; Cz.: Cefzil; Gr.: Cefgram; Cefpro; Gramium; Procef; Zamalin;
Hong Kong: Procef; Hung.: Cefzil; India: Refzil-O; Indon.: Cefzil; Lizor;
Ital.: Cronocef; Procef; Rozicel; Malaysia: Procef†; Mex.: Procef;
Philipp.: Procef; Pol.: Cefzil; Port.: Procef; Radacefe; S.Afr.: Prozef; Sin-
gapore: Procef†; Spain: Arzimol; Brisoral; Precef; Switz.: Procef; Thai.:
Procef; Turk.: Serozil; UK: Cefzil†; USA: Cefzil; Venez.: Procef.

Cefquinome Sulfate (USAN, rINNM)

Cefquinome, Sulfate de; Cefquinome Sulphate (BANM); Cefqui-
nomi Sulfas; HR-111V; Sulfato de cefquinoma. {6R-[6α,7β(Z)]}-
1-[(7-{[(2-amino-4-thiazolyl)-(methoxyimino)acetyl]amino}-2-
carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl)methyl]-
5,6,7,8,-tetrahydroquinolinium sulfate (1:1).
Цефхинома Сульфат
C23H24N6O5S2,H2SO4 = 626.7.
CAS — 84957-30-2 (cefquinome); 118443-89-3 (cefqui-
nome sulfate); 123766-80-3 (cefquinome sulfate).

(cefquinome)

Profile
Cefquinome is a fourth-generation cephalosporin antibacterial
used as the sulfate in veterinary medicine.

Cefradine (BAN, rINN)

Cefradin; Cefradina; Cefradinas; Céfradine; Cefradinum; Cefra-
dyna; Cephradine (USAN); Kefradiini; Sefradin; SKF-D-39304; SQ-
11436; SQ-22022 (cefradine dihydrate). (7R)-7-(α-D-Cy-
clohexa-1,4-dienylglycylamino)-3-methyl-3-cephem-4-carboxyl-
ic acid.
Цефрадин
C16H19N3O4S = 349.4.
CAS — 38821-53-3 (anhydrous cefradine); 31828-50-9
(non-stoichiometric cefradine hydrate); 58456-86-3 (cefra-
dine dihydrate).
ATC — J01DB09.
ATC Vet — QJ01DB09.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US (which al-
lows the anhydrous form, the monohydrate, or the dihydrate). 
Ph. Eur. 6.2 (Cefradine). A white or slightly yellow, hygroscop-
ic powder. Sparingly soluble in water; practically insoluble in al-
cohol and in n-hexane. A 1% solution in water has a pH of 3.5 to
6.0. Store at 2° to 8° in airtight containers. Protect from light. 
USP 31 (Cephradine). A white to off-white crystalline powder.
Sparingly soluble in water; very slightly soluble in alcohol and in
chloroform; practically insoluble in ether. pH of a 1% solution in
water is between 3.5 and 6.0. Store in airtight containers.
Incompatibility and stability. Commercially available injec-
tions contain sodium carbonate or arginine as neutralisers. Injec-
tions containing sodium carbonate are incompatible with solu-
tions such as compound sodium lactate injection that contain
calcium salts. 
References.
1. Wang Y-C J, Monkhouse DC. Solution stability of cephradine

neutralized with arginine or sodium bicarbonate. Am J Hosp
Pharm 1983; 40: 432. 

2. Mehta AC, et al. Chemical stability of cephradine injection so-
lutions. Intensive Therapy Clin Monit 1988; 9: 195–6.

Adverse Effects and Precautions
As for Cefalexin, p.218. Intramuscular injections of cef-

radine can be painful and thrombophlebitis has oc-
curred on intravenous injection.
Porphyria. Cefradine is considered to be unsafe in patients with
porphyria although there is conflicting experimental evidence of
porphyrinogenicity.

Interactions
As for Cefalexin, p.218.

Antimicrobial Action
As for Cefalexin, p.218.

Pharmacokinetics
Cefradine is rapidly and almost completely absorbed
from the gastrointestinal tract after oral doses. Doses of
0.25, 0.5, and 1 g given orally have produced peak
plasma concentrations of about 9, 17, and
24 micrograms/mL respectively at 1 hour and are sim-
ilar to those achieved with cefalexin. Absorption is de-
layed by the presence of food although the total
amount absorbed is not appreciably altered. Following
intramuscular injection peak plasma concentrations of
about 6 and 14 micrograms/mL have been obtained
within 1 to 2 hours of doses of 0.5 and 1 g respectively. 
Only about 8 to 12% is reported to be bound to plasma
proteins. A plasma half-life of about 1 hour has been
reported; this is prolonged in patients with renal im-
pairment. Cefradine is widely distributed to body tis-
sues and fluids, but does not enter the CSF in signifi-
cant quantities. Therapeutic concentrations may be
found in the bile. It crosses the placenta into the fetal
circulation and is distributed in small amounts into
breast milk. 
Cefradine is excreted unchanged in the urine by
glomerular filtration and tubular secretion, over 90%
of an oral dose or 60 to 80% of an intramuscular dose
being recovered within 6 hours. Peak urinary concen-
trations of about 3 mg/mL have been achieved after a
500-mg oral dose. Probenecid delays excretion. 
Cefradine is removed by haemodialysis and peritoneal
dialysis.
◊ References.
1. Wise R. The pharmacokinetics of the oral cephalosporins—a re-

view. J Antimicrob Chemother 1990; 26 (suppl E): 13–20. 
2. Schwinghammer TL, et al. Pharmacokinetics of cephradine ad-

ministered intravenously and orally to young and elderly sub-
jects. J Clin Pharmacol 1990; 30: 893–9.

Uses and Administration
Cefradine is a first-generation cephalosporin antibacte-
rial given orally similarly to cefalexin (p.219) and by
the parenteral route similarly to cefazolin (p.222) in the
treatment of susceptible infections and in the prophy-
laxis of infections during surgical procedures. 
Cefradine is given orally in doses of 1 to 2 g daily in 2
to 4 divided doses to adults; up to 4 g daily may be giv-
en by this route. In severe infections it should be given
parenterally, by deep intramuscular injection or intra-
venously by slow injection over 3 to 5 minutes or by
infusion, in doses of 2 to 4 g daily in 4 divided doses;
up to 8 g daily may be given parenterally. 
In children, the usual daily oral dose is 25 to 50 mg/kg
in 2 to 4 divided doses, although 75 to 100 mg/kg daily
may be given for otitis media. By injection, 50 to
100 mg/kg daily may be given in 4 divided doses, in-
creasing to 300 mg/kg daily in severe infections. 
For surgical infection prophylaxis, 1 to 2 g may be giv-
en pre-operatively by intramuscular or intravenous in-
jection; subsequent parenteral or oral doses are given
as appropriate. 
For details of reduced doses of cefradine in patients
with severe renal impairment, see below.
Administration in renal impairment. Doses of cefradine
should be reduced in patients with severe renal impairment. The
following oral and parenteral doses are recommended in UK li-
censed product information according to creatinine clearance
(CC): 
• CC more than 20 mL/minute: 500 mg every 6 hours 
• CC 5 to 20 mL/minute: 250 mg every 6 hours 
• CC less than 5 mL/minute: 250 mg every 12 hours 

Patients undergoing chronic intermittent haemodialysis may be
given a 250-mg dose at the start of the session, repeated after 6 to
12 hours, then again 36 to 48 hours after the initial dose, and
again at the start of the next haemodialysis if more than 30 hours
have elapsed since the previous dose. 
Further dosage modification may be required in children with re-
nal impairment.

Preparations
BP 2008: Cefradine Capsules; Cefradine Oral Suspension; 
USP 31: Cephradine Capsules; Cephradine for Injection; Cephradine for
Oral Suspension; Cephradine Tablets.
Proprietary Preparations (details are given in Part 3)
Belg.: Velosef; Chile: Velosef†; Fr.: Dexef; Kelsef†; Zeefra; Gr.: Tracilarin†;
Vethisel†; Hong Kong: Qualisef; Velosef; Zeefra; Indon.: Dynacef; Lovecef;
Velosef; Irl.: Velosef; Ital.: Cefrabiotic†; Ecosporina; Lisacef; Planocid†; Ma-
laysia: Sephros†; Mex.: Veracef; Neth.: Velosef; NZ: Velosef†; Philipp.:
Cefralon; Gramcep; Racep; Sedinef; Senadex; Solphride; Tolzep; Vamosef;
Velodyne; Yudinef; Zepdril; Pol.: Tafril; Port.: Biocefra; Cefalmin; Cefradur;
Novacefrex†; Velosef†; S.Afr.: Bactocef†; Cefril; Ranfradin†; Spain: Septa-
cef; Velocef; UAE: Eskacef; Julphacef; UK: Nicef; Velosef; USA: Velosef†;
Venez.: Cefracin†; Veracef.

Cefsulodin Sodium (BANM, USAN, rINNM)

Abbott-46811; Cefsulodina sódica; Cefsulodine Sodique; Cefsu-
lodinnatrium; Cefsulodinum Natricum; CGP-7174E; Kefsulodiin-
inatrium; Natrii Cefsulodinum; SCE-129; Sulcephalosporin Sodi-
um. Sodium 3-(4-carbamoylpyridiniomethyl)-7-[(2R)-2-phenyl-
2-sulphoacetamido]-3-cephem-4-carboxylate.
Натрий Цефсулодин
C22H19N4NaO8S2 = 554.5.
CAS — 62587-73-9 (cefsulodin); 52152-93-9 (cefsulodin
sodium).
ATC — J01DD03.
ATC Vet — QJ01DD03.

(cefsulodin)

Pharmacopoeias. In Jpn.
Adverse Effects and Precautions
As for Cefalotin Sodium, p.219.
Sodium content. Each g of cefsulodin sodium contains about
1.8 mmol of sodium.
Antimicrobial Action
Cefsulodin is a bactericidal antibiotic with activity against Pseu-
domonas aeruginosa as great as that of ceftazidime (p.234), but
no significant activity against other Gram-negative bacteria.
Gram-positive bacteria and anaerobes are not very susceptible.
Its activity against Ps. aeruginosa may be enhanced by
aminoglycosides. 
Cefsulodin is stable to hydrolysis by many beta-lactamases, but
emergence of resistant Ps. aeruginosa has been reported.
Pharmacokinetics
Cefsulodin is given parenterally as the sodium salt. It has a plas-
ma half-life of about 1.6 hours, which is prolonged in renal im-
pairment. Up to 30% of cefsulodin in the circulation is bound to
plasma proteins. Therapeutic concentrations have been reported
in a wide range of body tissues and fluids. The major route of
excretion of cefsulodin is via the urine, mainly by glomerular fil-
tration. Clearance may be enhanced in cystic fibrosis, although
there have been conflicting reports.
◊ References.
1. Granneman GR, et al. Cefsulodin kinetics in healthy subjects af-

ter intramuscular and intravenous injection. Clin Pharmacol
Ther 1982; 31: 95–103. 

2. Reed MD, et al. Single-dose pharmacokinetics of cefsulodin in
patients with cystic fibrosis. Antimicrob Agents Chemother
1984; 25: 579–81. 

3. Hedman A, et al. Increased renal clearance of cefsulodin due to
higher glomerular filtration rate in cystic fibrosis. Clin Pharma-
cokinet 1990; 18: 168–75.
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Uses and Administration
Cefsulodin is a third-generation cephalosporin antibiotic with a
narrow spectrum of activity that has been used similarly to
ceftazidime (p.235) for the treatment of infections caused by sus-
ceptible strains of Pseudomonas aeruginosa. 
It is given as the sodium salt by intravenous injection. Doses are
expressed in terms of the equivalent amount of cefsulodin; 1.04 g
of cefsulodin sodium is equivalent to about 1 g of cefsulodin.
The usual adult dose is 6 g daily in 4 divided doses; in less severe
infections daily doses of 3 to 4 g may be given. Children may be
given a usual dose of 100 mg/kg daily; 50 mg/kg daily may be
given in less severe infections.
◊ References.
1. Smith BR. Cefsulodin and ceftazidime, two antipseudomonal ce-

phalosporins. Clin Pharm 1984; 3: 373–85. 
2. Wright DB. Cefsulodin. Drug Intell Clin Pharm 1986; 20:

845–9.

Administration in renal impairment. The dosage of cefsu-
lodin given intravenously should be adjusted in patients with re-
nal impairment according to creatinine clearance (CC): 
• CC 20 to 50 mL/minute: a loading dose of 1.5 g then 1 g every

8 hours 
• CC 5 to 20 mL/minute: a loading dose of 1.5 g then 1 g every

12 hours 
• CC less than 5 mL/minute: a loading dose of 1.5 g then 1 g

every 24 hours 
In patients undergoing haemodialysis, 1 g is given before and af-
ter dialysis.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Pyocefal; Jpn: Takesulin.

Ceftazidime (BAN, USAN, rINN)

Ceftazidim; Ceftazidim pentahydrát; Ceftazidima; Ceftazidimas;
Ceftazidimum; Ceftazidimum Pentahydricum; Ceftazydym; GR-
20263; Keftatsidiimi; LY-139381; Seftazidim. (Z)-(7R)-7-[2-(2-
Aminothiazol-4-yl)-2-(1-carboxy-1-methylethoxyimino)acetami-
do]-3-(1-pyridiniomethyl)-3-cephem-4-carboxylate pentahy-
drate.
Цефтазидим
C22H22N6O7S2,5H2O = 636.7.
CAS — 72558-82-8 (anhydrous ceftazidime); 78439-06-
2 (ceftazidime pentahydrate).
ATC — J01DD02.
ATC Vet — QJ01DD02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Ceftazidime). A white or almost white crystalline
powder. Slightly soluble in water and in methyl alcohol; practi-
cally insoluble in alcohol and in acetone; it dissolves in acid and
alkali solutions. A 0.5% solution in water has a pH of 3.0 to 4.0.
Store in airtight containers. 
USP 31 (Ceftazidime). A white to cream-coloured crystalline
powder. Slightly soluble in water, in dimethylformamide, and in
methyl alcohol; insoluble in alcohol, in acetone, in chloroform,
in dioxan, in ether, in ethyl acetate, and in toluene; soluble in al-
kali and in dimethyl sulfoxide. pH of a 0.5% solution in water is
between 3.0 and 4.0. Store in airtight containers.
Formulation. Ceftazidime for injection is available as a dry
powder containing ceftazidime with sodium carbonate. When re-
constituted ceftazidime sodium is formed with the evolution of
carbon dioxide. An alternative formulation, ceftazidime with ar-
ginine, appears to overcome the problems associated with effer-
vescence.1 In some countries a frozen injection containing
ceftazidime sodium is also used.
1. Stiles ML, et al. Gas production of three brands of ceftazidime.

Am J Hosp Pharm 1991; 48: 1727–9.

Incompatibility. It has been reported that ceftazidime does not
cause decreased activity when incubated in solution with
gentamicin1 or tobramycin2 at 37°, or when mixed with tobramy-
cin in serum.3 Ceftazidime and tobramycin4 were also stable for
up to 16 hours at room temperature when combined in a glucose-
containing dialysis solution, and for a further 8 hours at 37°.
However, licensed product information recommends that
ceftazidime, like most other beta lactams, should not be mixed
with an aminoglycoside in the same giving set or syringe because
of the potential for inactivation of either drug. 

Ceftazidime is generally considered to be compatible with met-
ronidazole, but degradation of ceftazidime has been reported.5
Precipitation has occurred with vancomycin6 and therefore the
product information considers it prudent to flush giving sets and
intravenous lines between giving the two drugs. However, in one
study7 ceftazidime and/or vancomycin were stable in a glucose-
containing peritoneal dialysis solution when kept for 6 days in a
refrigerator or 48 to 72 hours at room temperature, and in a fur-
ther study8 the two drugs were stable when combined in similar
solutions containing 1.5% or 4.25% glucose for up to 12 hours
when stored at 37° and for 24 hours when stored at 4° and 24°.
Ceftazidime and teicoplanin9 were stable in combination in a
peritoneal dialysis solution at 37° for 8 hours when it had been
previously stored at 4°, but not when previously stored at 25°.
Ceftazidime was not stable when mixed in solution with amino-
phylline.10 There was some evidence of possible incompatibility
with pentamidine.11

1. Elliott TSJ, et al. Stability of gentamicin in combination with
selected new β-lactam antibiotics. J Antimicrob Chemother
1984; 14: 668–9. 

2. Elliott TSJ, et al. Stability of tobramycin in combination with
selected new β-lactam antibiotics. J Antimicrob Chemother
1986; 17: 680–1. 

3. Pennell AT, et al. Effect of ceftazidime, cefotaxime, and cefop-
erazone on serum tobramycin concentrations. Am J Hosp Pharm
1991; 48: 520–2. 

4. Mason NA, et al. Stability of ceftazidime and tobramycin sul-
fate in peritoneal dialysis solution. Am J Hosp Pharm 1992; 49:
1139–42. 

5. Messerschmidt W. Pharmazeutische kompatibilität von ceftazi-
dim und metronidazol. Pharm Ztg 1990; 135: 36–8. 

6. Cairns CJ, Robertson J. Incompatibility of ceftazidime and van-
comycin. Pharm J 1987; 238: 577. 

7. Vaughan LM, Poon CY. Stability of ceftazidime and vancomy-
cin alone and in combination in heparinized and nonheparinized
peritoneal dialysis solution. Ann Pharmacother 1994; 28:
572–6. 

8. Stamatakis MK, et al. Stability of high-dose vancomycin and
ceftazidime in peritoneal dialysis solutions. Am J Health-Syst
Pharm 1999; 56: 246–8. 

9. Manduru M. et al. Stability of ceftazidime sodium and teico-
planin sodium in a peritoneal dialysis solution. Am J Health-
Syst Pharm 1996; 53: 2731–4. 

10. Pleasants RA, et al. Compatibility of ceftazidime and amino-
phylline admixtures for different methods of intravenous infu-
sion. Ann Pharmacother 1992; 26: 1221–6. 

11. Lewis JD. El-Gendy A. Cephalosporin-pentamidine isethionate
incompatibilities. Am J Health-Syst Pharm 1996; 53: 1462–3.

Stability. References.
1. Richardson BL, et al. The pharmacy of ceftazidime. J Antimi-

crob Chemother 1981; 8 (suppl B): 233–6. 
2. Brown AF, et al. Freeze thaw stability of ceftazidime. Br J

Parenter Ther 1985; 6: 43, 45, 50. 
3. Walker SE, Dranitsaris G. Ceftazidime stability in normal saline

and dextrose in water. Can J Hosp Pharm 1988; 41: 65–6,
69–71. 

4. Wade CS, et al. Stability of ceftazidime and amino acids in
parenteral nutrient solutions. Am J Hosp Pharm 1991; 48:
1515–19. 

5. Stiles ML, et al. Stability of ceftazidime (with arginine) and of
cefuroxime sodium in infusion-pump reservoirs. Am J Hosp
Pharm 1992; 49: 2761–4. 

6. Stewart JT, et al. Stability of ceftazidime in plastic syringes and
glass vials under various storage conditions. Am J Hosp Pharm
1992; 49: 2765–8. 

7. Nahata MC, et al. Stability of ceftazidime (with arginine) stored
in plastic syringes at three temperatures. Am J Hosp Pharm
1992; 49: 2954–6. 

8. Bednar DA, et al. Stability of ceftazidime (with arginine) in an
elastomeric infusion device. Am J Health-Syst Pharm 1995; 52:
1912–14. 

9. van Doorne H, et al. Ceftazidime degradation rates for predict-
ing stability in a portable infusion-pump reservoir. Am J Health-
Syst Pharm 1996; 53: 1302–5. 

10. Stendal TL, et al. Drug stability and pyridine generation in
ceftazidime injection stored in an elastomeric infusion device.
Am J Health-Syst Pharm 1998; 55: 683–5. 

11. Servais H, Tulkens PM. Stability and compatibility of ceftazi-
dime administered by continuous infusion to intensive care pa-
tients. Antimicrob Agents Chemother 2001; 45: 2643–7.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Like cefotaxime (p.228), ceftazidime has the potential
for colonisation and superinfection with resistant or-
ganisms. The risk of superinfection with, for example,
Staphylococcus aureus may be higher than with cefo-
taxime, since ceftazidime is less active against staphy-
lococci.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving ceftazidime, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Effects on the blood. References.
1. Hui CH, Chan LC. Agranulocytosis associated with cepha-

losporin. BMJ 1993; 307: 484.

Effects on the nervous system. References.
1. Al-Zahawi MF, et al. Hallucinations in association with ceftazi-

dime. BMJ 1988; 297: 858. 

2. Jackson GD, Berkovic SF. Ceftazidime encephalopathy: absence
status and toxic hallucinations. J Neurol Neurosurg Psychiatry
1992; 55: 333–4. 

3. Chow KM, et al. Retrospective review of neurotoxicity induced
by cefepime and ceftazidime. Pharmacotherapy 2003; 23:
369–73.

Effects on the skin. References.
1. Vinks SATMM, et al. Photosensitivity due to ambulatory intra-

venous ceftazidime in cystic fibrosis patient. Lancet 1993; 341:
1221–2.

Interactions
Unlike many other cephalosporins, probenecid has lit-
tle effect on the renal clearance of ceftazidime.
◊ References.
1. Verhagen CA, et al. The renal clearance of cefuroxime and

ceftazidime and the effect of probenecid on their tubular excre-
tion. Br J Clin Pharmacol 1994; 37: 193–7.

Antimicrobial Action
Ceftazidime has a bactericidal action and broad spec-
trum of activity similar to that of cefotaxime (p.228),
but increased activity against Pseudomonas spp.; it is
less active against staphylococci and streptococci. Un-
like cefotaxime it has no active metabolite. 
Ceftazidime is highly stable to hydrolysis by most
beta-lactamases. It is active in vitro against many
Gram-negative bacteria including  Pseudomonas aeru-
ginosa, Burkholderia pseudomallei (Pseudomonas
pseudomallei), and Enterobacteriaceae including  Cit-
robacter and Enterobacter spp., Escherichia coli,
Klebsiella spp., both indole-positive and indole-nega-
tive Proteus, Providencia, Salmonella, Serratia, and
Shigella spp. and Yersinia enterocolitica. Other sus-
ceptible Gram-negative bacteria include Haemophilus
influenzae, Moraxella catarrhalis (Branhamella ca-
tarrhalis), and Neisseria spp. Among Gram-positive
bacteria it is active against some staphylococci and
streptococci, but meticillin-resistant staphylococci, en-
terococci, and  Listeria monocytogenes are generally
resistant. Ceftazidime is active against some anaer-
obes, although most strains of Bacteroides fragilis and
Clostridium difficile are resistant. 
The activity of ceftazidime against Ps. aeruginosa and
some Enterobacteriaceae may be enhanced by
aminoglycosides. Antagonism has been reported in vit-
ro between ceftazidime and chloramphenicol. 
Resistance. As with cefotaxime, resistance may devel-
op during treatment due to the derepression of chromo-
somally mediated beta-lactamases. It has been noted
particularly in Pseudomonas spp. and in Enterobacte-
riaceae including Citrobacter, Enterobacter spp. and
Proteus vulgaris. Resistance may also occur due to the
production of plasmid-mediated extended-spectrum
beta-lactamases, particularly in Klebsiella spp. and E.
coli.

Pharmacokinetics
Ceftazidime is given by injection as the sodium salt or
in solution with arginine. Mean peak plasma concen-
trations of 17 and 39 micrograms/mL have been re-
ported about 1 hour after intramuscular doses of 0.5
and 1 g of ceftazidime, respectively. Five minutes after
intravenous bolus injections of 0.5, 1, and 2 g of
ceftazidime, mean plasma concentrations of 45, 90,
and 170 micrograms/mL, respectively, have been re-
ported. The plasma half-life of ceftazidime is about 2
hours, but this is prolonged in patients with renal im-
pairment and in neonates. Clearance may be enhanced
in patients with cystic fibrosis. It is about 10% bound
to plasma proteins. 
Ceftazidime is widely distributed in body tissues and
fluids; therapeutic concentrations are achieved in the
CSF when the meninges are inflamed. It crosses the
placenta and is distributed into breast milk. 
Ceftazidime is passively excreted in bile, although
only a small proportion is eliminated by this route. It is
mainly excreted by the kidneys, almost exclusively by
glomerular filtration; probenecid has little effect on the
excretion. About 80 to 90% of a dose appears un-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

changed in the urine within 24 hours. It is removed by
haemodialysis and peritoneal dialysis.
Cystic fibrosis. References.
1. Leeder JS, et al. Ceftazidime disposition in acute and stable cyst-

ic fibrosis. Clin Pharmacol Ther 1984; 36: 355–62. 
2. Hedman A, et al. Influence of the glomerular filtration rate on

renal clearance of ceftazidime in cystic fibrosis. Clin Pharma-
cokinet 1988; 15: 57–65. 

3. Vinks AATMM, et al. Continuous infusion of ceftazidime in
cystic fibrosis patients during home treatment: clinical outcome,
microbiology and pharmacokinetics. J Antimicrob Chemother
1997; 40: 125–33.

The elderly. References.
1. LeBel M, et al. Pharmacokinetics of ceftazidime in elderly vol-

unteers. Antimicrob Agents Chemother 1985; 28: 713–15. 
2. Higbee MD, et al. Pharmacokinetics of ceftazidime in elderly

patients. Clin Pharm 1989; 8: 59–62. 
3. Sirgo MA, Norris S. Ceftazidime in the elderly: appropriateness

of twice-daily dosing. DICP Ann Pharmacother 1991; 25:
284–8.

Hepatic impairment. References.
1. El Touny M, et al. Pharmacokinetics of ceftazidime in patients

with liver cirrhosis and ascites. J Antimicrob Chemother 1991;
28: 95–100.

Neonates. References.
1. van den Anker JN, et al. Ceftazidime pharmacokinetics in pre-

term infants: effects of renal function and gestational age. Clin
Pharmacol Ther 1995; 58: 650–9. 

2. van den Anker JN, et al. Ceftazidime pharmacokinetics in pre-
term infants: effect of postnatal age and postnatal exposure to
indomethacin. Br J Clin Pharmacol 1995; 40: 439–43. 

3. van den Anker JN, et al. Once-daily versus twice-daily adminis-
tration of ceftazidime in the preterm infant. Antimicrob Agents
Chemother 1995; 39: 2048–50.

Renal impairment. References.
1. Welage LS, et al. Pharmacokinetics of ceftazidime in patients

with renal insufficiency. Antimicrob Agents Chemother 1984;
25: 201–4. 

2. Leroy A, et al. Pharmacokinetics of ceftazidime in normal and
uremic subjects. Antimicrob Agents Chemother 1984; 25:
638–42. 

3. Ackerman BH, et al. Effect of decreased renal function on the
pharmacokinetics of ceftazidime. Antimicrob Agents Chemother
1984; 25: 785–6. 

4. Lin N-S, et al. Single- and multiple-dose pharmacokinetics of
ceftazidime in infected patients with varying degrees of renal
function. J Clin Pharmacol 1989; 29: 331–7. 

5. Kinowski J-M, et al. Multiple-dose pharmacokinetics of ami-
kacin and ceftazidime in critically ill patients with septic multi-
ple-organ failure during intermittent hemofiltration. Antimicrob
Agents Chemother 1993; 37: 464–73. 

6. Demotes-Mainard F, et al. Pharmacokinetics of intravenous and
intraperitoneal ceftazidime in chronic ambulatory peritoneal di-
alysis. J Clin Pharmacol 1993; 33: 475–9.

Uses and Administration
Ceftazidime is a third-generation cephalosporin anti-
bacterial with enhanced activity against Pseudomonas
aeruginosa. It is used in the treatment of susceptible
infections especially those due to Pseudomonas spp.
They include biliary-tract infections, bone and joint in-
fections, cystic fibrosis (respiratory-tract infections),
endophthalmitis, infections in immunocompromised
patients (neutropenic patients), melioidosis, meningi-
tis, peritonitis, pneumonia, upper respiratory-tract in-
fections, septicaemia, skin infections (including burns,
ecthyma gangrenosum, and ulceration), and urinary-
tract infections. It is also used for surgical infection
prophylaxis. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Administration and dosage. Ceftazidime is available as
the pentahydrate but it is formulated with sodium car-
bonate, to form the sodium salt in solution, or with ar-
ginine. Doses are expressed in terms of anhydrous
ceftazidime; ceftazidime pentahydrate 1.16 g is equiv-
alent to about 1 g of anhydrous ceftazidime. It is given
by deep intramuscular injection, slow intravenous in-
jection over 3 to 5 minutes, or intravenous infusion
over up to 30 minutes. The usual dose for adults ranges
from 1 to 6 g daily in divided doses every 8 or 12 hours.
The higher doses are used in severe infections especial-
ly in immunocompromised patients. In adults with
cystic fibrosis who have pseudomonal lung infections,
high doses of 90 to 150 mg/kg daily in 3 divided doses
are used; up to 9 g daily has been given to those with
normal renal function. Single doses of more than 1 g
should be given intravenously. 
Children are usually given ceftazidime 30 to
100 mg/kg daily in 2 or 3 divided doses, but in severely

ill children up to 150 mg/kg daily to a maximum of 6 g
daily (9 g in cystic fibrosis with pseudomonal lung in-
fection) may be given in 3 divided doses. Neonates and
infants up to 2 months have been given 25 to 60 mg/kg
daily in 2 divided doses. 
In the elderly the dose should generally not exceed 3 g
daily. 
Although not licensed for nebulisation in the UK, the
BNFC suggests a dose of 1 g inhaled twice daily for the
management of chronic Burkholderia cepacia (Pseu-
domonas cepacia) infection in patients aged 1 month
and older with cystic fibrosis. 
For details of reduced doses in patients with renal im-
pairment, see below. 
For surgical infection prophylaxis in patients undergo-
ing prostatic surgery, a dose of 1 g may be given at in-
duction of anaesthesia and repeated if necessary when
the catheter is removed. 
Ceftazidime can be used with an aminoglycoside, an-
other beta lactam such as piperacillin, or vancomycin
in patients with severe neutropenia, or, if infection with
Bacteroides fragilis is suspected, with an antimicrobial
such as clindamycin or metronidazole. The drugs
should generally be given separately (see also Incom-
patibility, above).

◊ References.
1. Rains CP, et al. Ceftazidime: an update of its antibacterial activ-

ity, pharmacokinetic properties and therapeutic efficacy. Drugs
1995; 49: 577–617.

Administration in renal impairment. In patients with renal
impairment the dosage of ceftazidime may need to be reduced.
After a loading dose of 1 g, maintenance doses are based on the
creatinine clearance (CC): 
• CC 31 to 50 mL/minute: 1 g every 12 hours 
• CC 16 to 30 mL/minute: 1 g every 24 hours 
• CC 6 to 15 mL/minute: 500 mg every 24 hours 
• CC less than 5 mL/minute: 500 mg every 48 hours 
In severe infections these doses may need to be increased by
50%. In these patients ceftazidime trough serum concentrations
should not exceed 40 micrograms/mL. In patients undergoing
peritoneal dialysis a loading dose of 1 g may be given followed
by 500 mg every 24 hours; ceftazidime sodium may also be add-
ed to the dialysis fluid, usually 125 to 250 mg of ceftazidime for
2 litres of dialysis fluid. In patients undergoing haemodialysis a
loading dose of 1 g is given and then 0.5 to 1 g after each dialysis
period.

Preparations
USP 31: Ceftazidime for Injection; Ceftazidime Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Crima; Fortum; Pluseptic; Tinacef; Zidima; Austral.: Fortum; Austria:
Fortum; Kefazim; Belg.: Glazidim; Kefadim†; Braz.: Cefazima†; Cef-
tanorth†; Ceftazidon; Ceften; Cetaz; Fortaz; Intracef; Kefadim; Roycefax†;
Canad.: Ceptaz†; Fortaz; Tazidime†; Chile: Fortum; Kefzim†; Cz.: Fortum;
Kefadim†; Denm.: Fortum; Fin.: Glazidim; Fr.: Fortum; Fortumset; Ger.:
Fortum; InfectoZidim; Gr.: Cefin; Ceftaridem; Ftazidime; Lemoxol; Malocef;
Novocral; Septax; Sipiel; Solvetan; Hong Kong: Fortum; Hung.: Cetazime;
Fortum; India: Cefazid; Ceftaz; Ceftidin; Fortum; Zytaz; Indon.: Caltum;
Ceftum; Cetazum; Extimon; Fortum; Lacedim; Pharodime; Sodime; Thidim;
Zefidim; Zibac; Zidifec; Irl.: Fortum; Israel: Fortum; Ital.: Cedizim; Ceftim;
Dizatec; Etazim; Fribat; Glazidim; Liotixil; Panzid; Spectrum; Starcef; Tazidif;
Tottizim; Malaysia: Cef-4; Fortum; Mex.: Fenit; Fortum; Izadima; Lezi-
dim†; Tagal; Taloken; Taxifur; Zadolina; Zidicef; Neth.: Fortum; Tazalux;
Norw.: Fortum; NZ: Fortum; Philipp.: Baxidyme; Dimzef; Fortum; Forzid;
Tazicef; Tazidan; Tazidem; Uniranz; Zadim; Zeptrigen; Pol.: Biotum; Fortum;
Mirocef; Port.: Cefortam; Ceftazim; Zidimox; Rus.: Bestum (Бестум); For-
tum (Фортум); Lorazidime (Лоразидим); S.Afr.: Fortum; Kefzim†; Taziject;
Singapore: Cefazime; Fortum; Spain: Fortam; Kefamin; Swed.: Fortum;
Switz.: Fortam; Thai.: CEF-4; Cef-Dime; Cefodime; Dimase; Fortadim;
Fortum; Forzid; Fournox†; Zeftam; Turk.: Fortum; Iesetum; UAE: Negacef;
UK: Fortum; Kefadim; USA: Ceptaz; Fortaz; Tazicef; Tazidime; Venez.:
Betazidim; Biozidima; Cefgram; Fortum; Kesterina†.

Cefteram Pivoxil (rINNM)

Ceftéram, Pivoxil de; Cefteram pivoxilo; Cefterami Pivoxil; T-
2588. Pivaloyloxymethyl (Z)-7-[2-(2-aminothiazol-4-yl)-2-meth-
oxyiminoacetamido]-3-(5-methyl-2H-tetrazol-2-ylmethyl)-3-ce-
phem-4-carboxylic acid.

Цефтерама Пивоксил

C22H27N9O7S2 = 593.6.
CAS — 82547-58-8 (cefteram); 82547-81-7 (cefteram
pivoxil).

(cefteram)

Pharmacopoeias. In Jpn.
Profile
Cefteram is a cephalosporin antibacterial used for the treatment
of susceptible infections. It is given orally as the pivaloyloxyme-
thyl ester, cefteram pivoxil, and doses are expressed in terms of
cefteram; 186 mg of cefteram pivoxil is equivalent to about
150 mg of cefteram. The usual dose is 150 to 300 mg daily in 3
divided doses after meals. For severe infections, up to 600 mg
daily may be given. 
For reference to carnitine deficiency occurring after the adminis-
tration of some pivaloyloxymethyl esters, see Pivampicillin,
p.317.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Tomiron.

Ceftezole Sodium (rINNM)

Ceftezol sódico; Ceftézole Sodique; Natrii Ceftezolum. Sodium
(7R)-7-[2-(1H-tetrazol-1-yl)acetamido]-3-(1,3,4-thiadiazol-2-
ylthiomethyl)-3-cephem-4-carboxylate.
Натрий Цефтезол
C13H11N8NaO4S3 = 462.5.
CAS — 26973-24-0 (ceftezole); 41136-22-5 (ceftezole
sodium).
ATC — J01DB12.
ATC Vet — QJ01DB12.
Pharmacopoeias. In Chin.
Profile
Ceftezole is a cephalosporin antibacterial with properties similar
to those of cefalotin (p.219). It is given as the sodium salt but
doses are expressed in terms of the base; 1.05 g of ceftezole so-
dium is equivalent to about 1 g of ceftezole. The usual dose is 2
to 4 g daily by intramuscular injection in 2 or 3 divided doses.
Sodium content. Each g of ceftezole sodium contains about
2.16 mmol of sodium.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Alomen.

Ceftibuten (BAN, USAN, rINN)

Ceftibutène; Ceftibuteno; Ceftibutenum; Keftibuteeni; 7432-S;
Sch-39720. 7-[2-(2-Amino-1,3-thiazol-4-yl)-4-carboxyisocroton-
amide]-3-cephem-4-carboxylic acid.
Цефтибутен
C15H14N4O6S2 = 410.4.
CAS — 97519-39-6.
ATC — J01DD14.
ATC Vet — QJ01DD14.

Pharmacopoeias. Jpn includes the dihydrate.
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Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
The most frequently reported adverse effects of cefti-
buten are gastrointestinal disturbances, especially diar-
rhoea, and headache.

Antimicrobial Action
As for Cefixime, p.224. It is less active in vitro against
Streptococcus pneumoniae.

◊ References.
1. Shawar R, et al. Comparative in vitro activity of ceftibuten (Sch-

39720) against bacterial enteropathogens. Antimicrob Agents
Chemother 1989; 33: 781–4. 

2. Bragman SGL, Casewell MW. The in-vitro activity of ceftibuten
against 475 clinical isolates of Gram-negative bacilli, compared
with cefuroxime and cefadroxil. J Antimicrob Chemother 1990;
25: 221–6. 

3. Wise R, et al. Ceftibuten—in-vitro activity against respiratory
pathogens, β-lactamase stability and mechanism of action. J An-
timicrob Chemother 1990; 26: 209–13. 

4. Maioli E, et al. In vitro activity of ceftibuten at sub-inhibitory
concentrations in comparison with other antibiotics against res-
piratory and urinary tract pathogens. J Chemother 2007; 19:
152–60.

Pharmacokinetics
Ceftibuten is rapidly absorbed from the gastrointestinal
tract, although the rate and extent of absorption are
somewhat decreased by the presence of food. Peak
plasma concentrations of about 17 micrograms/mL are
attained about 2 hours after a 400-mg dose. The plasma
half-life of ceftibuten is about 2.0 to 2.3 hours and is
prolonged in patients with renal impairment. Ceftib-
uten is 65 to 77% bound to plasma proteins. 
Ceftibuten distributes into middle-ear fluid and bron-
chial secretions. About 10% of a dose is converted to
the trans-isomer, which has about one-eighth of the ac-
tivity of the cis-isomer. Ceftibuten is excreted mainly
in the urine and also in the faeces. Significant amounts
are removed by haemodialysis.

Uses and Administration
Ceftibuten is a third-generation cephalosporin antibac-
terial used similarly to cefixime (p.225) in the treat-
ment of urinary-tract and respiratory-tract infections. It
is given orally as the dihydrate, but doses are expressed
in terms of anhydrous ceftibuten; 435 mg of ceftibuten
dihydrate is equivalent to about 400 mg of anhydrous
ceftibuten. The usual adult dose is 400 mg once daily
on an empty stomach. Children over 6 months of age
and weighing 45 kg or less may be given 9 mg/kg daily
as a single dose. For reduced doses in patients with
moderate to severe renal impairment, see below.

◊ Reviews.
1. Wiseman LR, Balfour JA. Ceftibuten: review of its antibacterial

activity, pharmacokinetic properties and clinical efficacy. Drugs
1994; 47: 784–808. 

2. Nelson JD, McCracken GH (eds). Ceftibuten: a new orally active
cephalosporin for pediatric infections. Pediatr Infect Dis J 1995;
14 (suppl): S76–S133. 

3. Guay DRP. Ceftibuten: a new expanded-spectrum oral cepha-
losporin. Ann Pharmacother 1997; 31: 1022–33. 

4. Owens RC, et al. Ceftibuten: an overview. Pharmacotherapy
1997; 17: 707–20.

Administration in renal impairment. Doses of ceftibuten
should be reduced in patients with moderate to severe renal im-
pairment. The following doses based on creatinine clearance
(CC) may be used: 
• CC 30 to 49 mL/minute: 200 mg once daily 
• CC 5 to 29 mL/minute: 100 mg once daily 
Patients undergoing haemodialysis 2 or 3 times weekly may be
given a dose of 400 mg after each dialysis session.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cedax†; Sepex†; Austria: Caedax†; Cz.: Cedax†; Ger.: Keimax; Gr.:
Caedax†; Hong Kong: Cedax; Hung.: Cedax; India: Procadax; Israel:
Cedax; Ital.: Cedax; Isocef; Jpn: Seftem; Malaysia: Cedax; Mex.: Cedax;
Neth.: Cedax; Philipp.: Cedax; Pol.: Cedax; Port.: Caedax; Rus.: Cedax
(Цедекс); S.Afr.: Cedax†; Sepexin†; Singapore: Cedax; Spain: Biocef;
Cedax; Cepifran†; Swed.: Cedax; Switz.: Cedax; Thai.: Cedax; USA:
Cedax; Venez.: Cedax; Sepexin†.

Ceftiofur Hydrochloride (BANM, USAN, rINNM)

Ceftiofur, Chlorhydrate de; Ceftiofuri Hydrochloridum; Hidro-
cloruro de ceftiofur; U-64279A. (6R,7R)-7-[2-(2-Amino-4-thia-
zolyl)-glyoxylamido]-3-mercaptomethyl-8-oxo-5-thia-1-azabicy-
clo[4.2.0]oct-2-ene-2-carboxylate, 72-(Z)-(O-methyloxime), 2-
furoate (ester), monohydrochloride.
Цефтиофура Гидрохлорид
C19H17N5O7S3.HCl = 560.0.
CAS — 80370-57-6 (ceftiofur); 103980-44-5 (ceftiofur
hydrochloride).

(ceftiofur)

Ceftiofur Sodium (BANM, USAN, rINNM)

Ceftiofur sódico; Ceftiofur sodique; Ceftiofurum natricum; CM-
31-916; Natrii Ceftiofurum; U-64279E.
Натрий Цефтиофур
C19H16N5NaO7S3 = 545.5.
CAS — 104010-37-9.

Profile
Ceftiofur is a cephalosporin antibacterial used as the hydrochlo-
ride and sodium salts in veterinary practice.

Ceftizoxime Sodium (BANM, USAN, rINNM)

Ceftizoxima sódica; Ceftizoxime Sodique; Ceftizoximnatrium;
Ceftizoximum Natricum; FK-749; FR-13749; Keftitsoksiiminatri-
um; Natrii Ceftizoximum; Seftizoksim Sodyum; SKF-88373-Z.
Sodium (Z)-7-[2-(2-aminothiazol-4-yl)-2-methoxyiminoacetami-
do]-3-cephem-4-carboxylate.
Натрий Цефтизоксим
C13H12N5NaO5S2 = 405.4.
CAS — 68401-81-0 (ceftizoxime); 68401-82-1 (ceftizox-
ime sodium).
ATC — J01DD07.
ATC Vet — QJ01DD07.

Pharmacopoeias. In Jpn and US. 
USP 31 (Ceftizoxime Sodium). A white to pale yellow crystal-
line powder. Freely soluble in water. pH of a 10% solution in wa-
ter is between 6.0 and 8.0. Store in airtight containers.
Stability. References.
1. Lesko AB, et al. Ceftizoxime stability in iv solutions. DICP Ann

Pharmacother 1989; 23: 615–18.

Adverse Effects and Precautions
As for Cefotaxime Sodium, p.228.
Sodium content. Each g of ceftizoxime sodium contains
about 2.5 mmol of sodium.

Interactions
Probenecid reduces the renal clearance of ceftizoxime.

Antimicrobial Action
As for Cefotaxime Sodium, p.228, although ceftizoxi-
me has no active metabolite.

Pharmacokinetics
After intramuscular injection of 0.5 and 1 g of ceftizox-
ime, mean peak plasma concentrations of about 14 and
39 micrograms/mL respectively have been reported af-
ter 1 hour. The plasma half-life of ceftizoxime is about
1.7 hours and is prolonged in neonates and in renal im-
pairment. Ceftizoxime is 30% bound to plasma pro-
teins. 
Ceftizoxime is widely distributed in body tissues and
fluids; therapeutic concentrations are achieved in the
CSF when the meninges are inflamed. It crosses the
placenta and low concentrations have been detected in
breast milk. 
Nearly all of a dose is excreted unchanged in the urine
within 24 hours of dosage, thus achieving high urinary
concentrations. Ceftizoxime is excreted by tubular

secretion as well as glomerular filtration and giving it
with probenecid results in higher and more prolonged
plasma concentrations. Some ceftizoxime is removed
by haemodialysis.
Neonates. References.
1. Fujii R. Investigation of half-life and clinical effects of ceftizox-

ime in premature and newborn infants. Drug Invest 1990; 2:
143–9. 

2. Reed MD, et al. Ceftizoxime disposition in neonates and infants
during the first six months of life. DICP Ann Pharmacother
1991; 25: 344–7.

Uses and Administration
Ceftizoxime is a third-generation cephalosporin anti-
bacterial used similarly to cefotaxime (p.229) for the
treatment of susceptible infections. 
It is given as the sodium salt by deep intramuscular in-
jection, or intravenously as a slow injection over 3 to 5
minutes or as a continuous or intermittent infusion. If
2 g of ceftizoxime is injected intramuscularly the dose
should be divided between sites. 
Doses are expressed in terms of the equivalent amount
of ceftizoxime; 1.06 g of ceftizoxime sodium is equiv-
alent to about 1 g of ceftizoxime. It is usually given in
an adult dose of 1 to 2 g every 8 to 12 hours. In severe
infections 2 to 4 g may be given intravenously every 8
hours; doses up to 2 g every 4 hours have been given in
life-threatening infections. 
Children over 6 months of age may be given 50 mg/kg
every 6 to 8 hours. 
For the treatment of uncomplicated urinary-tract infec-
tions, a dose of 500 mg every 12 hours is used. 
For details of reduced doses in patients with renal im-
pairment, see below. 
A single intramuscular dose of 1 g has been given in
uncomplicated gonorrhoea.
◊ References.
1. Richards DM, Heel RC. Ceftizoxime: a review of its antibacteri-

al activity, pharmacokinetic properties and therapeutic use.
Drugs 1985; 29: 281–329.

Administration in renal impairment. Doses of ceftizoxime
should be modified in renal impairment; after a loading dose of
0.5 to 1 g, the maintenance dosage should be adjusted according
to creatinine clearance (CC) and the severity of the infection: 
• CC 50 to 79 mL/minute: 0.5 to 1.5 g every 8 hours 
• CC 5 to 49 mL/minute: 0.25 to 1 g every 12 hours 
• CC less than 5 mL/minute: 250 to 500 mg every 24 hours or

0.5 to 1 g every 48 hours, after dialysis.

Preparations
USP 31: Ceftizoxime for Injection; Ceftizoxime Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Ceftix†; Ceftizon†; Canad.: Cefizox; Cz.: Cefizox†; Fr.: Cefizox†; In-
dia: Cefizox; Indon.: Cefizox; Tizos; Ital.: Eposerin; Jpn: Epocelin†; Mex.:
Cefizox†; Neth.: Cefizox; Philipp.: Tergecin; Unizox; Port.: Cefizox; Turk.:
Cefizox; USA: Cefizox.

Ceftobiprole Medocaril (USAN, rINN)

BAL-5788; BAL-5788-001; BAL-9141 (ceftobiprole); Ceftobi-
prol Medocarilo; Ceftobiprole Médocaril; Ceftobiprolum Medo-
carilum; Ro-65-5788; Ro-63-9141 (ceftobiprole). (6R,7R)-7-
[(2Z)-2-(5-Amino-1,2,4-thiadiazol-3-yl)-2-(hydroxyimino)aceta-
mido]-3-((E){(3′R)-1′-[(5-methyl-2-oxo-1,3-dioxol-4-yl)meth-
oxycarbonyl]-2-oxo-(1,3′-bipyrrolidin)-3-ylidene}methyl)-8-oxo-
5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
Цефтобипрол Медокарил
C26H26N8O11S2 = 690.7.
CAS — 209467-52-7 (ceftobiprole); 376653-43-9 (cefto-
biprole medocaril); 252188-71-9 (ceftobiprole medocaril
sodium).

(ceftobiprole)

Profile
Ceftobiprole is a broad-spectrum cephalosporin that is being
tried in the treatment of susceptible infections, including meticil-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

lin-resistant Staphylococcus aureus. It is given as the medocaril
derivative.
◊ References.
1. Noel GJ. Clinical profile of ceftobiprole, a novel beta-lactam an-

tibiotic. Clin Microbiol Infect 2007; 13 (suppl 2): 25–9. 
2. Murthy B, Schmitt-Hoffmann A. Pharmacokinetics and pharma-

codynamics of ceftobiprole, an anti-MRSA cephalosporin with
broad-spectrum activity. Clin Pharmacokinet 2008; 47: 21–33. 

3. Zhanel GG, et al. Ceftobiprole: a review of a broad-spectrum and
anti-MRSA cephalosporin. Am J Clin Dermatol 2008; 9:
245–54. 

4. Deresinski SC. The efficacy and safety of ceftobiprole in the
treatment of complicated skin and skin structure infections: evi-
dence from 2 clinical trials. Diagn Microbiol Infect Dis 2008;
61: 103–9. 

5. Anderson SD, Gums JG. Ceftobiprole: an extended-spectrum
anti-methicillin-resistant Staphylococcus aureus cephalosporin.
Ann Pharmacother 2008; 42: 806–16.

Ceftriaxone Sodium (BANM, USAN, rINNM)

Ceftriakson sodowy; Ceftriaksono natrio druska; Ceftriaxon sod-
ná sůl trihemihydrát; Ceftriaxona sódica; Ceftriaxone sodique;
Ceftriaxonnatrium; Ceftriaxon-nátrium; Ceftriaxonum natricum;
Ceftriaxonum Natricum Trihemihydricum; Keftriaksoninatrium;
Natrii Ceftriaxonum; Ro-13-9904; Ro-13-9904/000 (ceftriax-
one); Seftriakson Sodyum. (Z)-7-[2-(2-Aminothiazol-4-yl)-2-
methoxyiminoacetamido]-3-[(2,5-dihydro-6-hydroxy-2-methyl-
5-oxo-1,2,4-triazin-3-yl)thiomethyl]-3-cephem-4-carboxylic acid,
disodium salt, sesquaterhydrate.
Натрий Цефтриаксон
C18H16N8Na2O7S3,3 ⁄ H2O = 661.6.
CAS — 73384-59-5 (ceftr iaxone); 74578-69-1 (anhy-
drous ceftr iaxone sodium); 104376-79-6 (ceftr iaxone so-
dium sesquaterhydrate).
ATC — J01DD04.
ATC Vet — QJ01DD04.

(ceftr iaxone)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Ceftriaxone Sodium). A semi-synthetic product
derived from a fermentation product. An almost white to yellow-
ish, slightly hygroscopic, crystalline powder. Freely soluble in
water; very slightly soluble in dehydrated alcohol; sparingly sol-
uble in methyl alcohol. A 12% solution in water has a pH of 6.0
to 8.0. Store in airtight containers. Protect from light. 
USP 31 (Ceftriaxone Sodium). A white to yellowish-orange
crystalline powder. Freely soluble in water; very slightly soluble
in alcohol; sparingly soluble in methyl alcohol. pH of a 10% so-
lution in water is between 6.0 and 8.0. Store in airtight containers.
Incompatibility. UK licensed product information warns of in-
compatibility if ceftriaxone sodium is mixed with calcium-con-
taining solutions or with aminoglycosides, amsacrine, flucona-
zole, labetalol, or vancomycin. Published reports of
incompatibility have included that between ceftriaxone and
vancomycin1 or pentamidine.2
1. Pritts D, Hancock D. Incompatibility of ceftriaxone with vanco-

mycin. Am J Hosp Pharm 1991; 48: 77. 
2. Lewis JD, El-Gendy A. Cephalosporin-pentamidine isethionate

incompatibilities. Am J Health-Syst Pharm 1996; 53: 1461–2.

Stability. References.
1. Nahata MC. Stability of ceftriaxone sodium in peritoneal dialy-

sis solutions. DICP Ann Pharmacother 1991; 25: 741–2. 
2. Canton E, Esteban MJ. Stability of ceftriaxone solution. J Anti-

microb Chemother 1992; 30: 397–8. 
3. Bailey LC, et al. Stability of ceftriaxone sodium in injectable

solutions stored frozen in syringes. Am J Hosp Pharm 1994; 51:
2159–61. 

4. Plumridge RJ, et al. Stability of ceftriaxone sodium in polypro-
pylene syringes at −20, 4, and 20°C. Am J Health-Syst Pharm
1996; 53: 2320–3.

Adverse Effects and Precautions
As for Cefotaxime Sodium, p.228. 
Changes in bowel flora may be more marked than with
cefotaxime because of the greater biliary excretion of
ceftriaxone; diarrhoea may occur more often, especial-
ly in children. Biliary sludge or pseudolithiasis due to a
precipitate of calcium ceftriaxone has been seen occa-
sionally in patients given ceftriaxone. Similarly, depo-
sition of the calcium salt has occurred rarely in the

urine. Isolated cases of death in term or premature ne-
onates have been associated with precipitation of calci-
um ceftriaxone in lungs and kidneys, and in some of
these cases a calcium-containing product has been giv-
en by a different route or line, or at a different time. US
licensed product information therefore contra-indi-
cates the use of ceftriaxone within 48 hours of products
or solutions containing calcium, particularly in ne-
onates. Ceftriaxone is highly protein bound and is able
to displace bilirubin from albumin binding sites, caus-
ing hyperbilirubinaemia; its use should be avoided in
jaundiced neonates. 
Neutropenia has been reported with most cepha-
losporins; a complex mechanism has been attributed to
that associated with ceftriaxone. There have been rare
reports of fatal haemolysis associated with ceftriaxone. 
Although ceftriaxone has an N-methylthiotriazine ring
rather than an N-methylthiotetrazole side-chain, it
might still have the potential to cause hypoprothrombi-
naemia.
Breast feeding. A study of drug distribution and protein bind-
ing between maternal blood and breast milk post partum in a 26-
year-old woman given ceftriaxone 2 g daily by intravenous infu-
sion for 10 days found that penetration of ceftriaxone into breast
milk increased at these doses as protein binding capacity was sat-
urated, although no adverse effects occurred in the infant.1 The
authors advised caution in breast-feeding mothers given acidic
drugs which also have high protein binding such as ceftriaxone1

although, on the basis that no adverse effects have been observed
in breast-fed infants whose mothers were receiving ceftriaxone,
the American Academy of Pediatrics considers2 that it is there-
fore usually compatible with breast feeding.
1. Bourget P, et al. Ceftriaxone distribution and protein binding be-

tween maternal blood and milk postpartum. Ann Pharmacother
1993; 27: 294–7. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Effects on the biliary tract. Using abdominal ultrasonogra-
phy, biliary sludge or pseudolithiasis was found in about 40% of
severely ill children being treated with high doses of ceftriaxone1

and was later reported in adults.2-4 The sludge has been identified
as a calcium salt of ceftriaxone.5 Patients are often asymptomatic
and the sludge usually dissolves once ceftriaxone is stopped.
Gallstones with ceftriaxone as a major component have been
identified in a patient given long-term high-dose treatment.6
Similarly, a bile-duct stone composed of ceftriaxone occurred
with high-dose ceftriaxone in a child.7 In another report, intrac-
table hiccups were associated with ceftriaxone-related pseudo-
lithiasis in a 10-year-old boy.8
1. Schaad UB, et al. Reversible ceftriaxone-associated biliary pseu-

dolithiasis in children. Lancet 1988; ii: 1411–13. 
2. Pigrau C, et al. Ceftriaxone-associated biliary pseudolithiasis in

adults. Lancet 1989; ii: 165. 
3. Heim-Duthoy KL, et al. Apparent biliary pseudolithiasis during

ceftriaxone therapy. Antimicrob Agents Chemother 1990; 34:
1146–9. 

4. Bickford CL, Spencer AP. Biliary sludge and hyperbilirubinemia
associated with ceftriaxone in an adult: case report and review of
the literature. Pharmacotherapy 2005; 25: 1389–95. 

5. Park HZ, et al. Ceftriaxone-associated gallbladder sludge: iden-
tification of calcium-ceftriaxone salt as a major component of
gallbladder precipitate. Gastroenterology 1991; 100: 1665–70. 

6. Lopez AJ, et al. Ceftriaxone-induced cholelithiasis. Ann Intern
Med 1991; 115: 712–14. 

7. Robertson FM, et al. Ceftriaxone choledocholithiasis. Pediatrics
1996; 98: 133–5. 

8. Bonioli E, et al. Pseudolithiasis and intractable hiccups in a boy
receiving ceftriaxone. N Engl J Med 1994; 331: 1532.

Effects on the blood. References.
1. Haubenstock A, et al. Hypoprothrombinaemic bleeding associ-

ated with ceftriaxone. Lancet 1983; i: 1215–16. 
2. Rey D, et al. Ceftriaxone-induced granulopenia related to a pe-

culiar mechanism of granulopoiesis inhibition. Am J Med 1989;
87: 591–2. 

3. Bernini JC, et al. Fatal hemolysis induced by ceftriaxone in a
child with sickle cell anemia. J Pediatr 1995; 126: 813–15. 

4. Lascari AD, Amyot K. Fatal hemolysis caused by ceftriaxone. J
Pediatr 1995; 126: 816–17. 

5. Scimeca PG, et al. Hemolysis after treatment with ceftriaxone.
J Pediatr 1996; 128: 163. 

6. Moallem HJ, et al. Ceftriaxone-related fatal hemolysis in an ad-
olescent with perinatally acquired human immunodeficiency vi-
rus infection. J Pediatr 1998; 133: 279–81. 

7. Meyer O, et al. Fatal immune haemolysis due to a degradation
product of ceftriaxone. Br J Haematol 1999; 105: 1084–5. 

8. Viner Y, et al. Severe hemolysis induced by ceftriaxone in a
child with sickle-cell anemia. Pediatr Infect Dis J 2000; 19:
83–5. 

9. Seltsam A, Salama A. Ceftriaxone-induced immune haemoly-
sis: two case reports and a concise review of the literature. In-
tensive Care Med 2000; 26: 1390–4. 

10. Citak A, et al. Ceftriaxone-induced haemolytic anaemia in a
child with no immune deficiency or haematological disease. J
Paediatr Child Health 2002; 38: 209–10.

Effects on the pancreas. References.
1. Zimmermann AE, et al. Ceftriaxone-induced acute pancreatitis.

Ann Pharmacother 1993; 27: 36–7. 
2. Maranan MC, et al. Gallstone pancreatitis caused by ceftriaxone.

Pediatr Infect Dis J 1998; 17: 662–3.

Neonates. References to the displacement of bilirubin by
ceftriaxone in neonates.
1. Gulian J-M, et al. Bilirubin displacement by ceftriaxone in ne-

onates: evaluation by determination of ‘free’ bilirubin and eryth-
rocyte-bound bilirubin. J Antimicrob Chemother 1987; 19:
823–9. 

2. Fink S, et al. Ceftriaxone effect on bilirubin-albumin binding.
Pediatrics 1987; 80: 873–5.

Sodium content. Each g of ceftriaxone sodium contains about
3.0 mmol of sodium.

Interactions
Ceftriaxone has an N-methylthiotriazine side-chain
and may have the potential to increase the effects of
anticoagulants and to cause a disulfiram-like reaction
with alcohol. 
Unlike many cephalosporins, probenecid does not af-
fect the renal excretion of ceftriaxone.

Antimicrobial Action
As for Cefotaxime Sodium, p.228, although ceftriax-
one has no active metabolite.
◊ References.
1. Goldstein FW, et al. Resistance to ceftriaxone and other β-

lactams in bacteria isolated in the community. Antimicrob Agents
Chemother 1995; 39: 2516–19.

Pharmacokinetics
Ceftriaxone demonstrates nonlinear dose-dependent
pharmacokinetics because of its protein binding; about
85 to 95% is bound to plasma proteins depending on
the concentration of ceftriaxone. 
Mean peak plasma concentrations of about 40 and
80 micrograms/mL have been reported 2 hours after
intramuscular injection of 0.5 and 1 g of ceftriaxone re-
spectively. The plasma half-life of ceftriaxone is not
dependent on the dose and varies between 6 and 9
hours; it may be prolonged in neonates. The half-life
does not change appreciably in patients with moderate
renal impairment, but it may be prolonged in severe
impairment especially when there is also hepatic im-
pairment. 
Ceftriaxone is widely distributed in body tissues and
fluids. It crosses both inflamed and non-inflamed me-
ninges, generally achieving therapeutic concentrations
in the CSF. It crosses the placenta and low concentra-
tions have been detected in breast milk. High concen-
trations are achieved in bile. 
About 40 to 65% of a dose of ceftriaxone is excreted
unchanged in the urine, principally by glomerular fil-
tration; the remainder is excreted in the bile and is ulti-
mately found in the faeces as unchanged drug and
microbiologically inactive compounds.
◊ Reviews.
1. Hayton WL, Stoeckel K. Age-associated changes in ceftriaxone

pharmacokinetics. Clin Pharmacokinet 1986; 11: 76–86. 
2. Yuk JH, et al. Clinical pharmacokinetics of ceftriaxone. Clin

Pharmacokinet 1989; 17: 223–35. 
3. Perry TR, Schentag JJ. Clinical use of ceftriaxone: a pharmacok-

inetic-pharmacodynamic perspective on the impact of minimum
inhibitory concentration and serum protein binding. Clin Phar-
macokinet 2001; 40: 685–94.

Hepatic impairment. References.
1. Stoeckel K, et al. Single-dose ceftriaxone kinetics in liver insuf-

ficiency. Clin Pharmacol Ther 1984; 36: 500–9. 
2. Hary L, et al. The pharmacokinetics of ceftriaxone and cefotax-

ime in cirrhotic patients with ascites. Eur J Clin Pharmacol
1989; 36: 613–16. 

3. Toth A, et al. Pharmacokinetics of ceftriaxone in liver-transplant
recipients. J Clin Pharmacol 1991; 31: 722–8.

Pregnancy. References.
1. Bourget P, et al. Pharmacokinetics and protein binding of ceftri-

axone during pregnancy. Antimicrob Agents Chemother 1993;
37: 54–9.

Renal impairment. The pharmacokinetics of ceftriaxone are
not markedly altered in mild to moderate renal impairment,1 but
the half-life can be prolonged in severe or end-stage renal dis-
ease.1-4 Ceftriaxone is generally not removed by peritoneal
dialysis4 or by haemodialysis1-3 although a decrease in half-life
has been reported during haemodialysis.5 In many patients no al-
teration in dosage is necessary, but some individuals have re-
duced non-renal clearance despite apparently normal hepatic
function.2,3 It is advisable to monitor plasma ceftriaxone in
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patients with severe renal impairment and unknown non-renal
clearance.
1. Patel IH, et al. Ceftriaxone pharmacokinetics in patients with

various degrees of renal impairment. Antimicrob Agents Chem-
other 1984; 25: 438–42. 

2. Stoeckel K, et al. Single-dose ceftriaxone kinetics in functional-
ly anephric patients. Clin Pharmacol Ther 1983; 33: 633–41. 

3. Cohen D, et al. Pharmacokinetics of ceftriaxone in patients with
renal failure and in those undergoing hemodialysis. Antimicrob
Agents Chemother 1983; 24: 529–32. 

4. Ti T-Y, et al. Kinetic disposition of intravenous ceftriaxone in
normal subjects and patients with renal failure on hemodialysis
or peritoneal dialysis. Antimicrob Agents Chemother 1984; 25:
83–7. 

5. Garcia RL, et al. Single-dose pharmacokinetics of ceftriaxone in
patients with end-stage renal disease and hemodialysis. Chemo-
therapy 1988; 34: 261–6.

Uses and Administration
Ceftriaxone is a third-generation cephalosporin anti-
bacterial used similarly to cefotaxime for the treatment
of susceptible infections. They include chancroid, en-
docarditis, gastro-enteritis (invasive salmonellosis;
shigellosis), gonorrhoea, Lyme disease, meningitis (in-
cluding meningococcal meningitis prophylaxis), pneu-
monia, septicaemia, syphilis, typhoid fever, and Whip-
ple’s disease. It is also used for surgical infection
prophylaxis. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Administration and dosage. Ceftriaxone is given as the
sodium salt by slow intravenous injection over at least
2 to 4 minutes, by intermittent intravenous infusion
over at least 30 minutes, or by deep intramuscular in-
jection. If more than 1 g is to be injected intramuscular-
ly then the dose should be divided between more than
one site. Doses are expressed in terms of the equivalent
amount of ceftriaxone; 1.19 g of ceftriaxone sodium is
equivalent to about 1 g of ceftriaxone. The usual adult
dose is 1 to 2 g daily as a single dose or in two divided
doses; in severe infections up to 4 g daily may be giv-
en. Doses for infants and children (under 50 kg) are 20
to 50 mg/kg once daily; for severe infections up to
80 mg/kg daily may be given. In neonates, the maxi-
mum dose should not exceed 50 mg/kg daily; intrave-
nous doses in neonates should be given over 60 min-
utes. Doses above 50 mg/kg should be given by
intravenous infusion only. 
A single intramuscular dose of 250 mg is recommend-
ed for the treatment of uncomplicated gonorrhoea. 
For surgical infection prophylaxis, a single dose of 1 g
may be given 0.5 to 2 hours before surgery; a 2-g dose
is suggested before colorectal surgery. 
For the prevention of secondary cases of meningococ-
cal meningitis, a single intramuscular dose of 250 mg
may be used for adults and 125 mg for children.
◊ References.
1. Brogden RN, Ward A. Ceftriaxone: a reappraisal of its antibac-

terial activity and pharmacokinetic properties, and an update on
its therapeutic use with particular reference to once-daily admin-
istration. Drugs 1988; 35: 604–45. 

2. Lamb HM, et al. Ceftriaxone: an update of its use in the manage-
ment of community-acquired and nosocomial infections. Drugs
2002; 62: 1041–89. 

3. Bijie H, et al. In vitro activity, pharmacokinetics, clinical effica-
cy, safety and pharmacoeconomics of ceftriaxone compared with
third and fourth generation cephalosporins: review. J Chemother
2005; 17: 3–24.

Administration in hepatic and renal impairment. A re-
duction in dosage of ceftriaxone may be necessary in patients
with severe renal impairment (creatinine clearance below
10 mL/minute), in whom the daily dose should not exceed 2 g.
In patients undergoing dialysis, and in those with both renal and
hepatic impairment, plasma concentrations of ceftriaxone should
be monitored to determine whether dose adjustment is needed.

Preparations
BP 2008: Ceftriaxone Injection; 
USP 31: Ceftriaxone for Injection; Ceftriaxone Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Acantex; Bioteral; Cefomax; Ceftriaz†; Exempla; Rivacefin; Soltrimox;
Austral.: Rocephin; Austria: Exogran; Rocephin; Belg.: Rocephine; Braz.:
Amplospec†; Bioteral†; Ceft†; Ceftriax; Glicocef; Mesporan; Neoceftriona;
Prodoxin; Rocefin; Rofoxin†; Triaxon; Triaxton; Trioxina; Canad.: Rocephin;
Chile: Acantex; Grifotriaxona; Cz.: Cefaxone†; Lendacin; Longaceph†;
Megion; Novosef†; Oframax†; Rocephin†; Samixon; Denm.: Cefotrix; Ro-
cephalin; Fin.: Rocephalin; Fr.: Rocephine; Ger.: Cefotrix; Rocephin; Gr.:
Antibacin; Azatyl; Bresec; Ceftrixon; Farcef; Gladius; Glorixone; Labilex;
Medaxone; Rocephin; Rolisporin; Travilan; Ugotrex; Veracol; Hong Kong:
Medaxonum; Mesporin; Rocephin; Hung.: Cefotrix; Lendacin; Megion; Ro-
cephin; India: Cefocef; Ciplacef; Lyceft; Monocef; Monotax; Oframax; Pow-
ercef; Stericef†; Indon.: Biotriax; Bioxon; Broadced; Brospec; Cefaxon; Ce-
friex; Ceftrox; Cefxon; Cephaflox; Criax; Ecotrixon; Elpicef; Erocef; Foricef;
Intrix; Rocephin; Socef; Starxon; Terfacef; Termicef; Tricefin; Trijec; Tyason;

Zeftrix; Irl.: Rocephin; Israel: Keftriaxon; Rocephin; Triax; Ital.: Axobat;
Bixon; Davixon; Daytrix; Deixim; Eftry; Fidato; Frineg; Iliaxone; Kappacef;
Kocefan; Monoxar; Nilson; Panatrix; Pantoxon; Ragex; Rocefin; Setriox; Sir-
tap; Valexime; Jpn: Rocephin; Malaysia: Cefaxone; Ceftrex; Eftriax; Me-
sporin; Rocephin; Trixone; Mex.: Amcef; Aurofox; Axtar; Benaxona; Ce-
faxona; Cefraden; Ceftrex; Ceftrilem; Centrifal; Limiprol; Megion; Primotox;
Rocephin; Tacex; Terbac; Triaken; Triox; Xonatil; Neth.: Elfaxone; Exogran;
Lopratin; Rocephin; Norw.: Rocephalin; NZ: Rocephin; Philipp.: Acrexon;
CEF-3; Cikedrix; Cryaxon; Eurosef; Fenadef; Forgram; Keptrix; Megion;
Monocrin; Noxoram; Pantrixon; Retrokor; Rocephin; Roxon; Samjizon;
Sergimax; Trixophin; Xtenda; Pol.: Biotrakson; Lendacin; Rocephin; Tartri-
akson; Port.: Betasporina; Ceriax; Kemudin; Mesporin; Rocephin; Rus.:
Azaran (Азаран); Ceftrifin (Цефтрифин); Ificef (Ифицеф); Lendacin
(Лендацин); Loraxone (Лораксон); Medaxone (Медаксон); Novosef
(Новосеф); Oframax (Офрамакс); Stericef (Стерицеф); Tercef (Терцеф);
Torocef (Тороцеф); S.Afr.: Fraxone†; Oframax; Rocephin; Rociject; Singa-
pore: Antibacin; Cefaxone; Cefin†; Oframax; Rocephin; Trexofin; Tricefin;
Spain: Rocefalin; Swed.: Rocephalin; Switz.: Rocephine; Thai.: CEF-3;
Cef-Zone; Cefine†; Ceftrex; Ceftriphin; Lephin†; Oframax; Rinxofay; Roce-
phin; Sedalin†; Triacef; Tricephin; Trixone; Zefaxone; Turk.: Baktisef; Cefa-
day; Cephaxon; Desefin; Equiceft; Forsef; Iesef; Nevakson; Novosef; Roce-
phin; Unacefin; UAE: Triaxone; UK: Rocephin; USA: Rocephin; Venez.:
Bioceftrax; Cefin; Cefix; Ceftrialin; Ciplacef; Eftrival; Feliden†; Megion; Roce-
phin; Strixone; Tricefi.
Multi-ingredient: India: Axone; Dibact†; Keftragard.

Cefuroxime (BAN, USAN, rINN)

640/359; Cefuroxim; Cefuroxima; Céfuroxime; Cefuroximum;
Kefuroksiimi; Sefuroksim. (Z)-3-Carbamoyloxymethyl-7-[2-(2-fu-
ryl)-2-methoxyiminoacetamido]-3-cephem-4-carboxylic acid.
Цефуроксим
C16H16N4O8S = 424.4.
CAS — 55268-75-2.
ATC — J01DC02.
ATC Vet — QJ01DC02; QJ51DA06.

Cefuroxime Axetil (BANM, USAN, rINNM)

CCI-15641; Cefuroksimas aksetilas; Cefuroksymu aksetyl; Ce-
furoxima axetilo; Cefuroximaxetil; Cefuroxim-axetil; Céfuroxime
axétil; Céfuroxime, Axétil de; Cefuroximi Axetilum; Cefuroxi-
mum axetili; Cefuroximum Axetilum; Kefuroksiimiaksetiili; Se-
furoksim Aksetil.
Цефуроксима Аксетил
C20H22N4O10S = 510.5.
CAS — 64544-07-6.
ATC — J01DC02.
ATC Vet — QJ01DC02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefuroxime Axetil). A white or almost white pow-
der. Slightly soluble in water and in alcohol; soluble in acetone,
in ethyl acetate, and in methyl alcohol. Store in airtight contain-
ers. Protect from light. 
USP 31 (Cefuroxime Axetil). A mixture of the diastereoisomers
of cefuroxime axetil. A white or almost white powder. The amor-
phous form is insoluble in water and in ether; slightly soluble in
dehydrated alcohol; freely soluble in acetone; soluble in chloro-
form, in ethyl acetate, and in methyl alcohol. The crystalline
form is insoluble in water and in ether; slightly soluble in dehy-
drated alcohol; freely soluble in acetone; sparingly soluble in
chloroform, in ethyl acetate, and in methyl alcohol. Store in air-
tight containers.

Cefuroxime Sodium (BANM, rINNM)

Cefuroksimo natrio druska; Cefuroksym sodowy; Cefuroxim
sodná sůl; Cefuroxima sódica; Céfuroxime sodique; Cefuroxim-
natrium; Cefuroxim-nátrium; Cefuroximum natricum; Kefuroksi-
iminatrium; Natrii Cefuroximum; Sefuroksim Sodyum.
Натрий Цефуроксим
C16H15N4NaO8S = 446.4.
CAS — 56238-63-2.
ATC — J01DC02.
ATC Vet — QJ01DC02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cefuroxime Sodium). A white or almost white
slightly hygroscopic powder. Freely soluble in water; very slight-
ly soluble in alcohol. A 1% solution in water has a pH of 5.5 to
8.5. Store in airtight containers. 
USP 31 (Cefuroxime Sodium). A white or faintly yellow pow-
der. Freely soluble in water; very slightly soluble in alcohol, in

chloroform, in ether, and in ethyl acetate; soluble in methyl alco-
hol. pH of a 10% solution in water is between 6.0 and 8.5. Store
in airtight containers.
Incompatibility and stability. Cefuroxime sodium may be in-
compatible with aminoglycosides. 
References.
1. Barnes AR. Chemical stabilities of cefuroxime sodium and met-

ronidazole in an admixture for intravenous infusion. J Clin
Pharm Ther 1990; 15: 187–96. 

2. Stiles ML, et al. Stability of ceftazidime (with arginine) and of
cefuroxime sodium in infusion-pump reservoirs. Am J Hosp
Pharm 1992; 49: 2761–4. 

3. Hebron B, Scott H. Shelf life of cefuroxime eye-drops when dis-
pensed in artificial tear preparations. Int J Pharm Pract 1993; 2:
163–7.

Adverse Effects and Precautions
As for Cefalotin Sodium, p.219. 
Gastrointestinal disturbances, including diarrhoea,
nausea, and vomiting, have occurred in some patients
receiving cefuroxime axetil. There have been rare re-
ports of erythema multiforme, Stevens-Johnson syn-
drome, and toxic epidermal necrolysis. Mild to moder-
ate hearing loss has been reported in some children
given cefuroxime for the treatment of meningitis.
Antibiotic-associated colitis. For reports of pseudomembra-
nous colitis associated with cefuroxime axetil, see Cefalotin,
p.219.
Hypersensitivity. A report1 of a serum sickness-like reaction to
cefuroxime. Similar reactions have occurred with cefaclor
(p.217), although it is unclear whether they represent a class ef-
fect.
1. Katta R, Anusuri V. Serum sickness-like reaction to cefuroxime:

a case report and review of the literature. J Drugs Dermatol
2007; 6: 747–8.

Porphyria. Cefuroxime is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.
Sodium content. Each g of cefuroxime sodium contains about
2.2 mmol of sodium.

Interactions
Probenecid reduces the renal clearance of cefuroxime.

Antimicrobial Action
Cefuroxime is bactericidal and has a similar spectrum
of antimicrobial action and pattern of resistance to
those of cefamandole (p.221). It is more resistant to hy-
drolysis by beta-lactamases than cefamandole, and
therefore may be more active against beta-lactamase-
producing strains of, for example, Haemophilus influ-
enzae and Neisseria gonorrhoeae. However, treatment
failures have occurred in patients with H. influenzae
meningitis given cefuroxime and might be associated
with a relatively high minimum bactericidal concentra-
tion when compared with the minimum inhibitory con-
centration or with a significant inoculum effect. Re-
duced affinity of penicillin-binding proteins for
cefuroxime has also been reported to be responsible for
resistance in a beta-lactamase-negative strain of H. in-
fluenzae.
◊ References.
1. Arditi M, et al. Cefuroxime treatment failure and Haemophilus

influenzae meningitis: case report and review of literature. Pedi-
atrics 1989; 84: 132–5. 

2. Mendelman PM, et al. Cefuroxime treatment failure of nontypa-
ble Haemophilus influenzae meningitis associated with altera-
tion of penicillin-binding proteins. J Infect Dis 1990; 162:
1118–23. 

3. Brown NM, et al. Cefuroxime resistance in Haemophilus influ-
enzae. Lancet 1992; 340: 552.

Pharmacokinetics
Cefuroxime axetil is absorbed from the gastrointestinal
tract and is rapidly hydrolysed in the intestinal mucosa
and blood to cefuroxime; absorption is enhanced in the
presence of food. Peak plasma concentrations are
reported about 2 to 3 hours after an oral dose. The
sodium salt is given by intramuscular or intravenous
injection. Peak plasma concentrations of about
27 micrograms/mL have been achieved 45 minutes af-
ter an intramuscular dose of 750 mg with measurable
amounts present 8 hours after a dose. Up to 50% of ce-
furoxime in the circulation is bound to plasma proteins.
The plasma half-life is about 70 minutes and is pro-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

longed in patients with renal impairment and in ne-
onates. 
Cefuroxime is widely distributed in the body including
pleural fluid, sputum, bone, synovial fluid, and aque-
ous humour, but only achieves therapeutic concentra-
tions in the CSF when the meninges are inflamed. It
crosses the placenta and has been detected in breast
milk. 
Cefuroxime is excreted unchanged, by glomerular fil-
tration and renal tubular secretion, and high concentra-
tions are achieved in the urine. On injection, most of a
dose of cefuroxime is excreted within 24 hours, the
majority within 6 hours. Probenecid competes for renal
tubular secretion with cefuroxime resulting in higher
and more prolonged plasma concentrations of cefurox-
ime. Small amounts of cefuroxime are excreted in bile. 
Plasma concentrations are reduced by dialysis.

Uses and Administration
Cefuroxime is a second-generation cephalosporin anti-
bacterial used in the treatment of susceptible infec-
tions. These have included bone and joint infections,
bronchitis (and other lower respiratory-tract infec-
tions), gonorrhoea, meningitis (although treatment fail-
ures have been reported in H. influenzae meningitis),
otitis media, peritonitis, pharyngitis, sinusitis, skin in-
fections (including soft-tissue infections), and urinary-
tract infections. It is also used for surgical infection
prophylaxis. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Administration and dosage. Cefuroxime is given orally
as the acetoxyethyl ester, cefuroxime axetil, in the form
of tablets or suspension with or after food, or by injec-
tion as the sodium salt. Cefuroxime sodium may be
given by deep intramuscular injection, by slow intrave-
nous injection over 3 to 5 minutes, or by intravenous
infusion. Doses of cefuroxime axetil and cefuroxime
sodium are expressed in terms of the equivalent
amount of cefuroxime; 1.20 g of cefuroxime axetil and
1.05 g of cefuroxime sodium are each equivalent to
about 1 g of cefuroxime. 
Usual oral doses for adults are 125 mg twice daily for
uncomplicated urinary-tract infections and 250 to
500 mg twice daily for respiratory-tract infections. A
dose for children more than 3 months of age is 125 mg
twice daily or 10 mg/kg twice daily to a maximum of
250 mg daily. Children over 2 years of age with otitis
media may be given 250 mg twice daily or 15 mg/kg
twice daily to a maximum of 500 mg daily. 
By injection the usual adult dose is 750 mg of cefurox-
ime every 8 hours but in more severe infections 1.5 g
may be given intravenously every 8, or in some cases
every 6, hours. Infants and children can be given 30 to
60 mg/kg daily, increased to 100 mg/kg daily if neces-
sary, given in 3 or 4 divided doses. Neonates may be
given similar total daily doses but in 2 or 3 divided dos-
es. 
Adults with pneumonia or with acute exacerbations of
chronic bronchitis may respond to sequential therapy
with parenteral cefuroxime 1.5 g twice daily or 750 mg
twice daily respectively, followed by oral cefuroxime
500 mg twice daily in each case. 
For Lyme disease in adults, an oral dose of 500 mg is
given twice daily for 20 days. 
For details of reduced dosage of cefuroxime in patients
with renal impairment, see below. 
For the treatment of meningitis due to sensitive strains
of bacteria, cefuroxime is given intravenously in adult
doses of 3 g every 8 hours. Infants and children are giv-
en 200 to 240 mg/kg daily intravenously in 3 or 4 di-
vided doses, which may be decreased to 100 mg/kg
daily after 3 days or when there is clinical improve-
ment. For neonates, a dose of 100 mg/kg daily, de-
creased to 50 mg/kg daily when indicated, may be
used. 
In the treatment of gonorrhoea, a single dose of 1.5 g
by intramuscular injection, divided between 2 injection

sites, has been used. A single 1-g oral dose of cefurox-
ime has been given for uncomplicated gonorrhoea. In
each case an oral dose of probenecid 1 g may be given
with cefuroxime. 
For surgical infection prophylaxis, the usual dose is
1.5 g of cefuroxime intravenously before the proce-
dure; this may be supplemented by 750 mg intramus-
cularly every 8 hours for up to 24 to 48 hours depend-
ing upon the procedure. For total joint replacement,
1.5 g of cefuroxime powder may be mixed with the
methylmethacrylate cement.
◊ Reviews.
1. Perry CM, Brogden RN. Cefuroxime axetil: a review of its anti-

bacterial activity, pharmacokinetic properties and therapeutic ef-
ficacy. Drugs 1996; 52: 125–58. 

2. Scott LJ, et al. Cefuroxime axetil: an updated review of its use in
the management of bacterial infections. Drugs 2001; 61:
1455–1500.

Administration in renal impairment. Parenteral doses of
cefuroxime may need to be reduced in renal impairment. Li-
censed product information suggests the following doses based
on creatinine clearance (CC): 
• CC 10 to 20 mL/minute: 750 mg twice daily 
• CC less than 10 mL/minute: 750 mg once daily 
Patients undergoing haemodialysis should receive an additional
750-mg dose following each dialysis; those undergoing continu-
ous peritoneal dialysis may be given 750 mg twice daily.

Preparations
BP 2008: Cefuroxime Axetil Tablets; Cefuroxime Injection; 
USP 31: Cefuroxime Axetil for Oral Suspension; Cefuroxime Axetil Tab-
lets; Cefuroxime for Injection; Cefuroxime Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Ceflux†; Cefogram†; Cefurox; Deltrox†; Ligramex†; Austral.: Zinnat;
Austria: Curocef; Furoxim; Zinnat; Belg.: Axetine; Cefurim; Doccefuro;
Kefurox†; Zinacef; Zinnat; Braz.: Cefunorth†; Cefuran†; Medcef; Zinacef;
Zinnat; Canad.: Ceftin; Kefurox†; Zinacef; Chile: Curocef; Zinnat; Cz.: Ax-
etine; Lifurox†; Xorimax; Zinacef; Zinnat; Zinoxime; Denm.: Zinacef; Zin-
nat; Fin.: Zinacef; Zinnat; Fr.: Cepazine; Zinnat; Ger.: Cefu; Cefudura; Ce-
fuhexal; Cefurax; Cefuro-Puren; Cefurox-Wolff; Elobact; Zinacef†; Zinnat;
Gr.: Anaptivan; Cefoprim†; Cefur; Cefuroprol; Cerofene; Ceruxim; Cupax;
Ecoline†; Feacef; Foucacillin; Fredyr; Furaxil; Galemin; Genephoxal; Gonif;
Interbion; Lyoprovir ; Medoxem; Mevecan†; Mosalan; Nelabocin; Nipogalin;
Normafenac; Receant; Saxetil; Sedopan; Vekfazolin; Yokel; Zagorine; Zeta-
gal; Zilisten; Zinacef; Zinadol; Hong Kong: Anikef; Axetine†; Zinacef; Zin-
nat; Hung.: Cefurin; Ceroxim; Cexim†; Xorim; Xorimax; Zinacef; Zinnat;
India: Altacef; Cefasyn; Cefogen; Cefoxim; Forcef; Supacef; Indon.: An-
bacim; Cefurox; Celocid; Cethixim; Kalcef; Kenacef; Oxtercid; Roxbi; Shar-
ox; Zinacef; Zinnat; Irl.: Ceftal; Zinacef; Zinnat; Israel: Cefurax; Kefurim;
Zinacef; Zinnat; Ital.: Biociclin; Biofurex†; Cefoprim; Cefumax†; Cefur†;
Cefurex†; Cefurin; Colifossim†; Curoxim; Deltacef†; Duxima; Ipacef†; Ito-
rex; Kefox†; Kesint; Lafurex; Oraxim; Supero; Tilexim; Zinnat; Zinocep;
Zoref; Malaysia: Ceflour; Efurox; Furoxime; Zinacef; Zinnat; Zocef; Mex.:
Cefagen; Cefuracet; Cetoxil; Froxal; Fucerox; Lemoxin†; Magnaspor; Nova-
dor; Ximaken; Xorufec; Zinnat; Neth.: Cefofix; Zinacef; Zinnat; Norw.: Zi-
nacef; NZ: Zinacef; Zinnat; Philipp.: Aeruginox; Cervin; Clovixime; Fubax-
yn; Furocef; Furocem; Furoxy; Infekor; Kefox; Keunzef; Laxinat; Loxatrel;
Panaxim; Profurex; Romicef; Ruxim; Sharox; Shincef; Unoximed; Xorimax;
Zegen; Zinacef; Zinnat; Pol.: Biofuroksym; Bioracef; Ceroxim; Novocef; Of-
ramax; Plixym; Tarsime; Xorim; Xorimax; Zamur; Zinacef; Zinnat; Port.:
Antibioxime; Cefaricida†; Cefofix; Cefrix†; Curoxime; Furaxetil†; Lusocef;
Pluscef; Zipos; Zoref; Rus.: Axetine (Аксетин); Kefstar (Кефстар); Ketocef
(Кетоцеф); Zinacef (Зинацеф); Zinnat (Зиннат); S.Afr.: Cefasyn; Cefu-
Hexal; Ceroxim; Cipofix†; Intracef; Lifurom†; Medaxime; Zefroxe; Zinacef;
Zinnat; Singapore: Bearcef; Ceftil; Shincef; Zinacef; Zinnat; Spain: Curoxi-
ma; Lifurox†; Nivador; Selan; Zinnat; Swed.: Zinacef; Zinnat; Switz.: Ce-
furim; Zinacef; Zinat; Thai.: Axetine†; Axurocef; Cefamar; Cefogen†; Ce-
furim; Farmacef; Furoxime; Magnaspor; Zinacef; Zinnat; Zonef; Turk.:
Aksef; Cefatin; Enfexia; Multisef; Oraceftin; Sefaktil; Sefuroks; Zinnat; UAE:
Cefuzime; UK: Zinacef; Zinnat; USA: Ceftin; Zinacef; Venez.: Xorim;
Zencef; Zinacef; Zinnat.

Cethromycin (USAN, rINN)

A-195773; Abbott-195773; ABT-773; Céthromycine; Cethro-
mycinum; Cetromicina. (3aS,4R,7R,9R,10R,11R,13R,15R,15aR)-4-
Ethyl-3a,7,9,11,13,15-hexamethyl-11-{[3-(quinolin-3-yl)prop-2-
enyl]oxy}-10-{[3,4,6-trideoxy-3-(dimethylamino)-β-D-xylo-hex-
opyranosyl]oxy}octahydro-2H-oxacyclotetradecino[4,3-d]oxa-
zole-2,6,8,14(1H,7H,9H)-tetrone.
Цетромицин
C42H59N3O10 = 765.9.
CAS — 205110-48-1.

Profile
Cethromycin is a ketolide antibacterial under investigation for
the treatment of susceptible respiratory-tract infections.
◊ References.
1. Dougherty TJ, Barrett JF. ABT-773: a new ketolide antibiotic.

Expert Opin Invest Drugs 2001; 10: 343–51. 
2. Zhanel GG, et al. The ketolides: a critical review. Drugs 2002;

62: 1771–1804. 
3. Zhanel GG, et al. Ketolides: an emerging treatment for mac-

rolide-resistant respiratory infections, focusing on S. pneumoni-
ae. Expert Opin Emerg Drugs 2003; 8: 297–321. 

4. Reinert RR. Clinical efficacy of ketolides in the treatment of res-
piratory tract infections. J Antimicrob Chemother 2004; 53:
918–27. 

5. Anonymous. Cethromycin: A-195773, A-195773-0, A-1957730,
Abbott-195773, ABT 773. Drugs R D 2007; 8: 95–102. 

6. Hammerschlag MR, Sharma R. Use of cethromycin, a new ke-
tolide, for treatment of community-acquired respiratory infec-
tions. Expert Opin Invest Drugs 2008; 17: 387–400.

Chloramphenicol (BAN, rINN)

Chloramfenikol; Chloramfenikolis; Chloramphénicol; Chloram-
phenicolum; Chloranfenicol; Cloranfenicol; Klóramfenikol; Klor-
amfenikol; Kloramfenikoli; Laevomycetinum. 2,2-Dichloro-N-
[(αR,βR)-β-hydroxy-α-hydroxymethyl-4-nitrophenethyl]aceta-
mide.
Хлорамфеникол
C11H12Cl2N2O5 = 323.1.
CAS — 56-75-7.
ATC — D06AX02; D10AF03; G01AA05; J01BA01;
S01AA01; S02AA01; S03AA08.
ATC Vet — QD06AX02; QD10AF03; QG01AA05;
QJ01BA01; QJ51BA01; QS01AA01; QS02AA01;
QS03AA08.

NOTE. CPL is a code approved by the BP 2008 for use on single
unit doses of eye drops containing chloramphenicol where the
individual container may be too small to bear all the appropriate
labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Chloramphenicol). A substance produced by the
growth of certain strains of Streptomyces venezuelae, but now
mainly prepared synthetically. A white, greyish-white or yellow-
ish-white, fine crystalline powder or fine crystals, needles, or
elongated plates. Slightly soluble in water; freely soluble in alco-
hol and in propylene glycol. Protect from light. 
USP 31 (Chloramphenicol). Fine, white to greyish-white or yel-
lowish-white, needle-like crystals or elongated plates. Soluble 1
in 400 of water; freely soluble in alcohol, in acetone, in ethyl ac-
etate, and in propylene glycol. pH of a 2.5% suspension in water
is between 4.5 and 7.5. Its solutions are practically neutral to lit-
mus. It is reasonably stable in neutral or moderately acid solu-
tions. Store in airtight containers.

Chloramphenicol Palmitate (BANM, rINNM)

Chloramfenikolio palmitatas; Chloramfenikol-palmitát; Chloram-
fenikolu palmitynian; Chloramphenicol α-Palmitate; Chloram-
phénicol, palmitate de; Chloramphenicoli palmitas; Kloram-
fenikolipalmitaatti; Kloramfenikolpalmitat; Klóramfenikol-palmitát;
Palmitato de cloranfenicol; Palmitylchloramphenicol.
Хлорамфеникола Пальмитат
C27H42Cl2N2O6 = 561.5.
CAS — 530-43-8.
ATC — D06AX02; D10AF03; G01AA05; J01BA01;
S01AA01; S02AA01; S03AA08.
ATC Vet — QD06AX02; QD10AF03; QG01AA05;
QJ01BA01; QS01AA01; QS02AA01; QS03AA08.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Chloramphenicol Palmitate). A fine, white or al-
most white, unctuous, powder. M.p. 87° to 95°. Chlorampheni-
col palmitate shows polymorphism and the thermodynamically
stable form has low bioavailability following oral administra-
tion. Practically insoluble in water; sparingly soluble in alcohol;
freely soluble in acetone; very slightly soluble in hexane. Protect
from light. 
USP 31 (Chloramphenicol Palmitate). A fine, white, unctuous,
crystalline powder, having a faint odour. M.p. 87° to 95°. Insol-
uble in water; sparingly soluble in alcohol; freely soluble in ace-
tone and in chloroform; soluble in ether; very slightly soluble in
hexane. Store in airtight containers.
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Chloramphenicol Sodium Succinate 

(BANM, rINNM)

Chloramfenikolio natrio sukcinatas; Chloramfenikol-sukcinát
sodná sůl; Chloramphenicol α-Sodium Succinate; Chloramphéni-
col, succinate sodique de; Chloramphenicoli natrii succinas; Klor-
amfenikol Süksinat Sodyum; Klóramfenikol-hidrogénszukcinát-
nátrium; Kloramfenikolinatriumsuksinaatti; Kloramfenikolnatrium-
succinat; Succinato sódico de cloranfenicol.

Хлорамфеникола Натрия Сукцинат
C15H15Cl2N2NaO8 = 445.2.
CAS — 982-57-0.
ATC — D06AX02; D10AF03; G01AA05; J01BA01;
S01AA01; S02AA01; S03AA08.
ATC Vet — QD06AX02; QD10AF03; QG01AA05;
QJ01BA01; QS01AA01; QS02AA01; QS03AA08.

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet.
Chin. includes Chloramphenicol Hydrogen Succinate. 
Ph. Eur. 6.2 (Chloramphenicol Sodium Succinate). A white or
yellowish-white hygroscopic powder. Very soluble in water;
freely soluble in alcohol. A 25% solution in water has a pH of 6.4
to 7.0. Store in airtight containers. Protect from light. 
USP 31 (Chloramphenicol Sodium Succinate). A light yellow
powder. Freely soluble in water and in alcohol. pH of a solution
in water containing the equivalent of chloramphenicol 25% is
between 6.4 and 7.0. Store in airtight containers.

Incompatibility. Incompatibility or loss of activity has been re-
ported between chloramphenicol and a wide variety of other sub-
stances. Other factors, especially drug concentration, may play a
part and many incompatibilities are chiefly seen with concentrat-
ed solutions.

Adverse Effects and Treatment
Chloramphenicol may cause serious and sometimes
fatal adverse effects. Some of its toxicity is thought to
be due to effects on mitochondrial protein synthesis.
The most serious adverse effect of chloramphenicol is
bone-marrow depression, which can take two different
forms. The first is a fairly common dose-related revers-
ible depression occurring usually when plasma-
c h l o r a m p h e n i c o l  c o n c e n t r a t i o n s  e x c e e d
25 micrograms/mL and is characterised by morpho-
logical changes in the bone marrow, decreased iron uti-
lisation, reticulocytopenia, anaemia, leucopenia, and
thrombocytopenia. This effect may be due to inhibition
of protein synthesis in the mitochondria of bone mar-
row cells. 
The second and apparently unrelated form of bone-
marrow toxicity is severe irreversible aplastic anaemia.
This is fairly rare, with a suggested incidence of about
1:20 000 to 1:50 000, although the incidence varies
throughout the world, and is not considered to be dose-
related. The aplasia usually develops after a latent pe-
riod of weeks or even months and has been suggested
to be the result of a nitrated benzene radical produced
in vivo. It is considered that there may be some genetic
or biochemical predisposition, but there is no way of
identifying susceptible patients. Although the majority
of cases were after oral use, aplasia has also occurred
after intravenous and topical (eye drops) use of chlo-
ramphenicol. Survival is most likely in those with early
onset aplasia, but they may subsequently develop acute
myeloid leukaemia. 
A toxic manifestation—the ‘grey syndrome’—charac-
terised by abdominal distension, vomiting, ashen col-
our, hypothermia, progressive pallid cyanosis, irregu-
lar respiration, and circulatory collapse followed by
death in a few hours or days, has occurred in premature
and other newborn infants given large doses of chlo-
ramphenicol. The syndrome is associated with high
plasma concentrations of chloramphenicol, due to re-
duced capacity for glucuronidation and decreased
glomerular filtration in children of this age, leading to
drug accumulation. Recovery is usually complete if the
drug is withdrawn early enough after onset, but up to
40% of infants with the full-blown syndrome may die.
The syndrome has also been reported in infants born to
mothers given chloramphenicol in late pregnancy. A
similar syndrome has been reported in adults and older
children given very high doses. 
Prolonged oral use of chloramphenicol may induce
bleeding, either by bone-marrow depression or by re-

ducing the intestinal flora with consequent inhibition
of vitamin K synthesis. Haemolytic anaemia has oc-
curred in some patients with the Mediterranean form of
glucose 6-phosphate dehydrogenase deficiency, but is
rare in patients with milder forms of the deficiency. 
Peripheral as well as optic neuritis has been reported,
usually in patients treated over prolonged periods. Al-
though ocular symptoms are often reversible if treat-
ment is withdrawn early, permanent visual impairment
or blindness has occurred. 
Other neurological symptoms have included encepha-
lopathy with confusion and delirium, mental depres-
sion, and headache. Ototoxicity has also occurred, es-
pecially after the use of ear drops. 
Hypersensitivity reactions including rashes, fever, and
angioedema may occur especially after topical use; an-
aphylaxis has occurred but is rare. Jarisch-Herxheimer
reactions may also occur. Gastrointestinal symptoms
including nausea, vomiting, and diarrhoea can follow
oral use. Disturbances of the oral and intestinal flora
may cause stomatitis, glossitis, and rectal irritation. Pa-
tients may experience an intensely bitter taste after rap-
id intravenous use of chloramphenicol sodium succi-
nate.
Aplastic anaemia. A review1 of the toxicity of chlorampheni-
col and related drugs, including the potential role of the p-nitro
group in producing aplastic anaemia, indicated that derivatives
such as thiamphenicol, which lack this grouping, are not associ-
ated with increased incidence of aplastic anaemia.
1. Yunis AA. Chloramphenicol: relation of structure to activity and

toxicity. Ann Rev Pharmacol Toxicol 1988; 28: 83–100.

Overdosage. Charcoal haemoperfusion was found to be far su-
perior to exchange transfusion in the removal of chlorampheni-
col from blood, although it did not prevent death in a 7-week-old
infant with the ‘grey syndrome’ after a dosage error.1
1. Freundlich M, et al. Management of chloramphenicol intoxica-

tion in infancy by charcoal hemoperfusion. J Pediatr 1983; 103:
485–7.

Precautions
Chloramphenicol is contra-indicated in patients with a
history of hypersensitivity or toxic reaction to the drug.
It should never be given systemically for minor infec-
tions or for prophylaxis. Repeated courses and pro-
longed treatment should be avoided and it should not
be used in patients with pre-existing bone-marrow de-
pression or blood dyscrasias. Routine periodic blood
examinations are advisable in all patients, but will not
warn of aplastic anaemia. 
Use of chloramphenicol with other drugs liable to de-
press bone-marrow function should be avoided. 
Reduced doses should be given to patients with hepatic
impairment. Excessive blood concentrations may also
occur after usual doses in patients with severe renal im-
pairment and in premature and full-term neonates who
have immature metabolic processes. Monitoring of
plasma-chloramphenicol concentrations may be desir-
able in patients with risk factors. A suggested range
for  peak  p lasma concent ra t ions  i s  10  to
25 micrograms/mL and for trough concentrations 5 to
15 micrograms/mL. 
Neonates should never be given chloramphenicol sys-
temically, unless it may be life-saving and there is no
alternative treatment, because of the risk of the ‘grey
syndrome’. The use of chloramphenicol is probably
best avoided during pregnancy. 
Chloramphenicol may interfere with the development
of immunity and it should not be given during active
immunisation.
Breast feeding. Chloramphenicol is distributed into breast
milk1 and the American Academy of Pediatrics2 considers that
its use by mothers during breast feeding may be of concern, since
there have been reports of possible idiosyncratic bone-marrow
suppression in the infant.
1. Havelka J, et al. Excretion of chloramphenicol in human milk.

Chemotherapy 1968; 13: 204–11. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 25/05/04)

Ocular use. Ocular chloramphenicol is widely used in the UK
for the treatment of superficial eye infections. In view of the po-
tential for serious toxicity, such as aplastic anaemia, after system-
ic absorption some, particularly in the USA, have advised that its
ocular use should be restricted to situations where there is no al-
ternative treatment.1 However, apart from patients with a person-
al or family history of blood dyscrasias, the use, particularly of
short courses, was defended by several specialists in the UK,2-4

and the arguments have been the subject of several reviews.5-7

Prospective case-control studies were considered necessary to
clarify the risk.8 One such study,9 involving 145 patients with
aplastic anaemia and 1226 controls, found that only 3 of the pa-
tients had been exposed to ocular chloramphenicol, and calculat-
ed that the absolute risk was no more than 0.5 cases per million
treatment courses. Similarly, data10 from 2 other studies revealed
that none of 426 patients with aplastic anaemia and 7 of 3118
controls had used chloramphenicol eye drops. In a survey11 of
patients who received prescriptions for chloramphenicol eye
drops the risk of serious haematological toxicity was 3 per
442 543 patients or 3 per 674 148 prescriptions.
1. Doona M, Walsh JB. Use of chloramphenicol as topical eye

medication: time to cry halt? BMJ 1995; 310: 1217–18. 
2. Mulla RJ, et al. Is it time to stop using chloramphenicol on the

eye: fears are based on only six cases. BMJ 1995; 311: 450. 
3. Buckley RJK, et al. Is it time to stop using chloramphenicol on

the eye: safe in patients with no history of blood dyscrasia. BMJ
1995; 311: 450. 

4. Hall AV, et al. Is it time to stop using chloramphenicol on the
eye: risk is low in short courses. BMJ 1995; 311: 450–1. 

5. McGhee CNJ, Anastas CN. Widespread ocular use of topical
chloramphenicol: is there justifiable concern regarding idiosyn-
cratic aplastic anaemia? Br J Ophthalmol 1996; 80: 182–4. 

6. Rayner SA, Buckley RJ. Ocular chloramphenicol and aplastic
anaemia: is there a link? Drug Safety 1996; 14: 273–6. 

7. Titcomb L. Ophthalmic chloramphenicol and blood dyscrasias:
a review. Pharm J 1997; 258: 28–35. 

8. Gordon-Smith EC, et al. Is it time to stop using chlorampheni-
col on the eye: prospective study of aplastic anaemia should
give definitive answer. BMJ 1995; 311: 451. 

9. Laporte J-R, et al. Possible association between ocular chloram-
phenicol and aplastic anaemia—the absolute risk is very low. Br
J Clin Pharmacol 1998; 46: 181–4. 

10. Wiholm B-E, et al. Relation of aplastic anaemia to use of chlo-
ramphenicol eye drops in two international case-control studies.
BMJ 1998; 316: 666. 

11. Lancaster T, et al. Risk of serious haematological toxicity with
use of chloramphenicol eye drops in a British general practice
database. BMJ 1998; 316: 667.

Porphyria. Chloramphenicol has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Sodium content. Each g of chloramphenicol sodium succi-
nate represents about 2.2 mmol of sodium.

Interactions
Chloramphenicol is inactivated in the liver and may,
therefore, interact with drugs that are metabolised by
hepatic microsomal enzymes. For example, chloram-
phenicol enhances the effects of coumarin anticoagu-
lants, such as dicoumarol and warfarin, some hypogly-
caemics such as chlorpropamide and tolbutamide, and
antiepileptics such as phenytoin. Conversely, the me-
tabolism of chloramphenicol may be increased by in-
ducers of hepatic enzymes such as phenobarbital or ri-
fampicin. Some other interactions affecting the activity
of chloramphenicol are discussed below. 
Chloramphenicol may decrease the effects of iron and
vitamin B12 in anaemic patients and has occasionally
impaired the action of oral contraceptives. 
For the effects of chloramphenicol on the activity of
other antibacterials, see Antimicrobial Action, below.
Antiepileptics. Serum concentrations of chloramphenicol are
usually reduced by the hepatic enzyme induction that occurs
with phenobarbital,1,2 and similar reductions have been reported
in a case study during phenytoin use.3 Conversely, elevated and
potentially toxic serum-chloramphenicol concentrations have re-
sulted during phenytoin use,2 apparently due to competition for
binding sites, although increased metabolism may alternatively
lead to decreased serum-chloramphenicol concentrations. 
For reference to the effects of chloramphenicol on phenobarbital
and phenytoin, see p.493 and p.498, respectively.
1. Bloxham RA, et al. Chloramphenicol and phenobarbitone—a

drug interaction. Arch Dis Child 1979: 54: 76–7. 
2. Krasinski K, et al. Pharmacologic interactions among chloram-

phenicol, phenytoin and phenobarbital. Pediatr Infect Dis 1982;
1: 232–5. 

3. Powell DA, et al. Interactions among chloramphenicol, pheny-
toin, and phenobarbital in a pediatric patient. J Pediatr 1981; 98:
1001–3.

Ciclosporin. For the effect of chloramphenicol on ciclosporin,
see p.1825.
Cimetidine. Fatal aplastic anaemia of rapid onset has occurred
in 2 patients who received intravenous chloramphenicol and ci-
metidine.1,2 As there is usually a latent period of 2 weeks to 12
months before aplastic anaemia develops after chloramphenicol
therapy it is plausible that an additive or synergistic effect may
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have occurred between the 2 drugs to cause bone-marrow toxic-
ity.
1. Farber BF, Brody JP. Rapid development of aplastic anemia after

intravenous chloramphenicol and cimetidine therapy. South Med
J 1981; 74: 1257–8. 

2. West BC, et al. Aplastic anemia associated with parenteral chlo-
ramphenicol: review of 10 cases, including the second case of
possible increased risk with cimetidine. Rev Infect Dis 1988; 10:
1048–51.

Cyclophosphamide. For the effect of chloramphenicol on cy-
clophosphamide, see p.703.
Oral contraceptives. For the effect of chloramphenicol on
oral contraceptives, see Hormonal Contraceptives, p.2068.
Paracetamol. A report of an increase in chloramphenicol half-
life from 3.25 to 15 hours when intravenous paracetamol was
given to 6 patients in intensive care 2 hours after intravenous
chloramphenicol1 has not been confirmed by subsequent studies
in patients receiving oral paracetamol. A study in 5 children
found that the half-life of intravenous chloramphenicol was re-
duced from 3 to 1.2 hours, concomitant with an increase in clear-
ance, when oral paracetamol was given 30 minutes beforehand.2
Furthermore, a study in 26 children found no evidence of altered
disposition when oral paracetamol was given to patients receiv-
ing intravenous chloramphenicol,3 and no significant change in
chloramphenicol pharmacokinetics was found in 5 patients given
oral chloramphenicol and paracetamol.4
1. Buchanan N, Moodley GP. Interaction between chloramphenicol

and paracetamol. BMJ 1979; 2: 307–8. 
2. Spika JS, et al. Interaction between chloramphenicol and aceta-

minophen. Arch Dis Child 1986; 61: 1121–4. 
3. Kearns GL, et al. Absence of a pharmacokinetic interaction be-

tween chloramphenicol and acetaminophen in children. J Pedi-
atr 1985; 107: 134–9. 

4. Stein CM, et al. Lack of effect of paracetamol on the pharmacok-
inetics of chloramphenicol. Br J Clin Pharmacol 1989; 27:
262–4.

Tacrolimus. For the effect of chloramphenicol on tacrolimus,
see p.1845.

Antimicrobial Action
Chloramphenicol is a bacteriostatic antibiotic with a
broad spectrum of action against both Gram-positive
and Gram-negative bacteria, as well as some other or-
ganisms. 
Mechanism of action. Chloramphenicol is thought to
enter sensitive cells by an active transport process.
Within the cell it binds to the 50S subunit of the bacte-
rial ribosome at a site adjacent to the site of action of
the macrolides and clindamycin, and inhibits bacterial
protein synthesis by preventing attachment of amino-
acyl transfer RNA to its acceptor site on the ribosome,
thus preventing peptide bond formation by peptidyl
transferase. The block in protein synthesis results in a
primarily bacteriostatic action, although it may be bac-
tericidal to some organisms, including Haemophilus
influenzae, Neisseria meningitidis, and Streptococcus
pneumoniae, at higher concentrations. 
Spectrum of activity. Chloramphenicol has activity
against many types of bacteria, although in most cases
there are less toxic alternatives available. The follow-
ing pathogens are usually susceptible (but see also Re-
sistance, below). 
Gram-positive cocci including staphylococci such as
Staph. epidermidis and some strains of Staph. aureus,
and streptococci such as Str., pneumoniae, Str. pyo-
genes, and the viridans streptococci. Meticillin-resist-
ant staphylococci and Enterococcus faecalis are com-
monly found to be resistant. 
Other Gram-positive species including Bacillus an-
thracis, Corynebacterium diphtheriae, and anaerobes
such as Peptococcus and Peptostreptococcus spp. are
usually susceptible. 
Gram-negative cocci such as Neisseria meningitidis
and N. gonorrhoeae are usually highly sensitive, as are
Haemophilus influenzae and a variety of other Gram-
negative bacteria including Bordetella pertussis, Bru-
cella abortus, Campylobacter spp., Legionella pneu-
mophila, Pasteurella, and Vibrio spp. The Enterobacte-
riaceae vary in their susceptibility, and many strains
have shown acquired resistance, but Escherichia coli,
and strains of Klebsiella spp., Proteus mirabilis, Sal-
monella, Shigella, and Yersinia spp. have been reported
to be susceptible. Many strains of Enterobacter, in-
dole-positive Proteus, and Serratia spp. are resistant,
or at best moderately susceptible. Pseudomonas aeru-

ginosa is invariably resistant, although Burkholderia
(formerly Pseudomonas) spp. may be susceptible. 
Some Gram-negative anaerobes are susceptible, or
moderately so, including Bacteroides fragilis, Veillon-
ella, and Fusobacterium spp. 
Other susceptible organisms include Actinomyces spp.,
Leptospira spp., spirochaetes such as Treponema palli-
dum, Chlamydiaceae, Mycoplasma spp., and Rickett-
sia spp. Nocardia spp. are resistant. Chloramphenicol
is ineffective against fungi, protozoa, and viruses. 
Activity with other antimicrobials. As with other bacte-
riostatic antimicrobials, the possibility exists of an an-
tagonistic effect if chloramphenicol is given with a
bactericidal drug, and some antagonism has been dem-
onstrated in vitro between chloramphenicol and vari-
ous beta lactams and aminoglycosides, but the clinical
significance of most of these interactions is usually
held to be doubtful. Chloramphenicol may competi-
tively inhibit the effects of macrolides or lincosamides
such as clindamycin because of the adjacency of their
binding sites on the ribosome. 
Resistance. Acquired resistance has been widely re-
ported, although the prevalence of resistance has tend-
ed to decline where use of the drug has become less
frequent. The most commonly seen form of resistance
has been the production of an acetyltransferase that in-
activates the drug. Such resistance is usually plasmid-
mediated and may be associated with resistance to oth-
er drugs such as the tetracyclines. Other mechanisms
that may reduce sensitivity to chloramphenicol include
reduced permeability or uptake, and ribosomal muta-
tion. 
The actual incidence of resistance varies considerably
in different countries and different centres. Epidemics
of chloramphenicol-resistant Salmonella and Shigella
spp. have occurred in the past, and although the preva-
lence of resistance in Salmonella spp. has been report-
ed to be negligible except in parts of South or South-
east Asia, resistant salmonellal infections acquired in
these regions are increasingly being seen elsewhere.
Resistance among Haemophilus and Neisseria spp. oc-
curs, and the latter may be problematic in developing
countries, although it does not yet seem to be wide-
spread. However, resistant strains of enterococci and
pneumococci are reported to be relatively common in
some areas, and over 50% of staphylococcal strains
have been reported to show resistance in some hospi-
tals.

Pharmacokinetics
Chloramphenicol is readily absorbed when given by
mouth. Blood concentrations of 10 micrograms/mL or
more may be reached about 1 or 2 hours after a single
oral dose of 1 g, and blood concentrations of about
18.5 micrograms/mL have been reported after multiple
1-g doses. Chloramphenicol palmitate is hydrolysed to
chloramphenicol in the gastrointestinal tract prior to
absorption, and the sodium succinate, which is given
parenterally, is probably hydrolysed to free drug main-
ly in the liver, lungs, kidneys, and plasma; such hydrol-
ysis may be incomplete in infants and neonates, con-
tributing to the variable pharmacokinetics in this age
group. Chloramphenicol sodium succinate is, even in
adults, only partially and variably hydrolysed, so that
blood concentrations of chloramphenicol obtained af-
ter the sodium succinate parenterally are often lower
than those obtained after oral chloramphenicol, with up
to 30% of a dose excreted unchanged in the urine be-
fore hydrolysis can take place (but see under Adminis-
tration, below). 
Chloramphenicol is widely distributed in body tissues
and fluids; it enters the CSF, giving concentrations of
about 50% of those existing in the blood even in the
absence of inflamed meninges; it diffuses across the
placenta into the fetal circulation, into breast milk, and
into the aqueous and vitreous humours of the eye. It
also enters the aqueous humour after topical applica-
tion. Up to about 60% in the circulation is bound to

plasma protein. The half-life of chloramphenicol has
been reported to range from 1.5 to 4 hours; the half-life
is prolonged in patients with severe hepatic impair-
ment and is also much longer in neonates. Renal im-
pairment has relatively little effect on the half-life of
the active drug, due to its extensive metabolism, but
may lead to accumulation of the inactive metabolites. 
Chloramphenicol is excreted mainly in the urine but
only 5 to 10% of an oral dose appears unchanged; the
remainder is inactivated in the liver, mostly by conju-
gation with glucuronic acid. About 3% is excreted in
the bile. However, most is reabsorbed and only about
1%, mainly in the inactive form, is excreted in the fae-
ces. 
The absorption, metabolism, and excretion of chloram-
phenicol are subject to considerable interindividual
variation, especially in infants and children, making
monitoring of plasma concentrations necessary to de-
termine pharmacokinetics in a given patient.

Uses and Administration
The risk of life-threatening adverse effects, particularly
bone-marrow aplasia, has severely limited the clinical
usefulness of chloramphenicol, although it is still wide-
ly used in some countries. It should never be given sys-
temically for minor infections and regular blood counts
are usually advisable during treatment. The third-gen-
eration cephalosporins replaced chloramphenicol for
many of its former indications. There are consequently
few unambiguous indications for the use of chloram-
phenicol. It has been used in severe typhoid and other
salmonellal infections, although it does not eliminate
the carrier state. Chloramphenicol is an alternative to a
third-generation cephalosporin in the treatment of bac-
terial meningitis, both empirically and against sensitive
organisms such as Haemophilus influenzae. It may be
used as part of a multi-drug regimen for the treatment
of inhalation and gastrointestinal anthrax. It has been
used in the treatment of severe anaerobic infections,
particularly in brain abscesses, and in infections below
the diaphragm where Bacteroides fragilis is often im-
plicated; however, other drugs are usually preferred.
Although the tetracyclines remain the treatment of
choice in rickettsial infections such as typhus and the
spotted fevers, chloramphenicol is also used as an al-
ternative where the tetracyclines cannot be given. 
Other bacterial infections in which chloramphenicol
may be used as an alternative to other drugs include
ehrlichiosis, severe gastro-enteritis (including Salmo-
nella enteritis, cholera, and Yersinia enteritis), gas gan-
grene, granuloma inguinale, severe Haemophilus influ-
enzae infections (for example in epiglottitis),
listeriosis, severe melioidosis, plague (especially if
meningitis develops), pneumonia, psittacosis, Q fever,
tularaemia (especially when meningitis is suspected),
and Whipple’s disease. For details of these infections
and their treatment, see under Choice of Antibacterial,
p.162. 
Chloramphenicol is extensively used in the topical
treatment of ear and, in particular, eye infections, de-
spite the fact that many of these are mild and self-lim-
iting. It is also used topically in the treatment of skin
infections. 
When given orally, chloramphenicol is usually used as
capsules or as a suspension of chloramphenicol palmi-
tate. When oral use is not feasible, water-soluble chlor-
amphenicol sodium succinate may be given intrave-
nously, but oral therapy should be substituted as soon
as possible; an intravenous dose should be injected
over at least 1 minute. Intramuscular injection is con-
troversial because of doubts whether absorption is ad-
equate. In some countries chloramphenicol has been
given rectally. 
Doses are expressed in terms of chloramphenicol base
and are similar whether given orally or intravenously.
Chloramphenicol palmitate 1.7 g and chloramphenicol
sodium succinate 1.4 g are each equivalent to about 1 g
of chloramphenicol base. 
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For adults and children the usual dose is 50 mg/kg dai-
ly in divided doses every 6 hours; up to 100 mg/kg dai-
ly may be given in meningitis or severe infections due
to moderately resistant organisms, although these high-
er doses should be reduced as soon as possible. It has
been recommended that treatment should be continued
after the patient’s temperature has returned to normal
for a further 4 days in rickettsial diseases, and for 8 to
10 days in typhoid fever, to minimise the risk of re-
lapse. 
Where there is no alternative to the use of chloram-
phenicol, premature and full-term neonates may be
given daily doses of 25 mg/kg, in 4 divided doses, and
full-term infants over the age of 2 weeks may be given
up to 50 mg/kg daily, in 4 divided doses. Monitoring of
plasma concentrations is essential to avoid toxicity. 
In patients with hepatic impairment or severe renal im-
pairment, the dose of chloramphenicol may need to be
reduced because of decreased metabolism or excretion. 
In the treatment of eye infections, chloramphenicol is
usually applied as a 0.5% solution or as a 1% ointment. 
For bacterial infections in otitis externa, chloramphen-
icol has been given as ear drops in a strength of 5 or
10%. 
Chloramphenicol has also been used in the form of oth-
er derivatives including the arginine succinate, the cin-
namate, the glycinate, the glycinate sulfate, the palmi-
toylglycolate, the pantothenate, the steaglate, the
stearate, and the hydrogen succinate.
Administration. When parenteral use of chloramphenicol is
necessary the intravenous route is generally preferred, although
the intramuscular route has been advocated. Adequate serum
concentrations after intramuscular injection have been report-
ed,1,2 although this is contrary to the widely held belief that chlor-
amphenicol sodium succinate is poorly absorbed by this route.
Pain on injection was also claimed to be minimal.1 After a study
in children with bacterial meningitis,3 treatment with intramus-
cular chloramphenicol for 2 or 3 days followed by oral therapy
has been suggested, although a later study2 found that the intra-
muscular route produced therapeutic concentrations when the
oral route did not. However, it has been said4 that children de-
scribe intramuscular chloramphenicol as amongst the worst
treatments they ever receive, and certainly much worse than the
insertion of intravenous cannulae.
1. Shann F, et al. Absorption of chloramphenicol sodium succinate

after intramuscular administration in children. N Engl J Med
1985; 313: 410–14. 

2. Weber MW, et al. Chloramphenicol pharmacokinetics in infants
less than three months of age in the Philippines and The Gambia.
Pediatr Infect Dis J 1999; 18: 896–901. 

3. Shann F, et al. Chloramphenicol alone versus chloramphenicol
plus penicillin for bacterial meningitis in children. Lancet 1985;
ii 681–3. 

4. Coulthard MG, Lamb WH. Antibiotics: intramuscular or intrave-
nous? Lancet 1985; ii: 1015.

Enterococcal infections. Chloramphenicol has been reported
to be effective against vancomycin-resistant Enterococcus fae-
cium.1-3 Although no significant effect of chloramphenicol on
mortality was found in one small study,4 a retrospective analysis5

of the outcomes of 6 patients with bacteraemia due to vancomy-
cin-resistant Enterococcus faecium concluded that chloramphen-
icol was effective and should be considered as a treatment op-
tion.
1. Norris AH, et al. Chloramphenicol for the treatment of vanco-

mycin-resistant enterococcal infections. Clin Infect Dis 1995;
20: 1137–44. 

2. Papanicolaou GA, et al. Nosocomial infections with vancomy-
cin-resistant Enterococcus faecium in liver transplant recipients:
risk factors for acquisition and mortality. Clin Infect Dis 1996;
23: 760–6. 

3. Mato SP, et al. Vancomycin-resistant Enterococcus faecium
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Preparations
BP 2008: Chloramphenicol Capsules; Chloramphenicol Ear Drops; Chlo-
ramphenicol Eye Drops; Chloramphenicol Eye Ointment; Chloramphenicol
Sodium Succinate Injection; 
USP 31: Chloramphenicol and Hydrocortisone Acetate for Ophthalmic
Suspension; Chloramphenicol and Polymyxin B Sulfate Ophthalmic Oint-
ment; Chloramphenicol and Prednisolone Ophthalmic Ointment; Chlo-
ramphenicol Capsules; Chloramphenicol Cream; Chloramphenicol for
Ophthalmic Solution; Chloramphenicol Ophthalmic Ointment; Chloram-
phenicol Ophthalmic Solution; Chloramphenicol Otic Solution; Chloram-
phenicol Palmitate Oral Suspension; Chloramphenicol Sodium Succinate

for Injection; Chloramphenicol, Polymyxin B Sulfate, and Hydrocortisone
Acetate Ophthalmic Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: A-Solmicina-C†; Anuar; Bio-Gelin†; Bioticaps; Chloromycetin; Farmi-
cetina; Isopto Fenicol; Klonalfenicol; Pluscloran; Poenfenicol; Quemicetina;
Quotal NF†; Austral.: Chloromycetin; Chlorsig; Austria: Halomycetin;
Kemicetin; Oleomycetin; Belg.: Isopto Fenicol; Kemicetina†; Braz.: Amplo-
biotic†; Arifenicol; Auridonal†; Clorafenil; Cloranfenil†; Farmicetina†; Feni-
clor†; Fenicloran†; Neo Fenicol; Profenicol; Quemicetina; Sintomicetina; Uni
Fenicol; Visalmin; Vixmicina; Canad.: Chloromycetin; Diochloram†; Pen-
tamycetin; Chile: Chloromycetin; Clorampast; Gemitin; Quemicetina†;
Fin.: Chloromycetin; Oftan Akvakol; Oftan Chlora; Fr.: Cebenicol†; Ger.:
Aquamycetin-N†; Chloramsaar N†; Oleomycetin†; Paraxin; Posifenicol C;
Thilocanfol C; Gr.: Chloranic; Ursa-Fenol; Hong Kong: Aristophen; Chlo-
ment†; Chloroph; Chlorsig; Europhenicol; Kemicetine; Spersanicol†; Vista-
Phenicol†; Xepanicol; Hung.: Chlorocid†; India: Biophenicol; Chloraxin;
Chloromycetin; Kemicetine Otological†; Kemicetine†; Paraxin; Reclor; Van-
mycetin; Vitamycetin; Indon.: Chloramex; Chlorbiotic; Cloramidina; Colain;
Colme; Combicetin; Empeecetin; Enkacetyn; Fenicol; Ikamicetin; Isotic Sal-
micol; Kalmicetine; Kemicetine; Lanacetine; Licoklor; Microtina; Neopheni-
col; Palmicol; RECO; Ribocine; Spersanicol; Suprachlor ; Xepanicol; Irl.:
Chloromycetin; Israel: Chloroptic; Chlorphenicol; Phenicol; Synthomycine;
Ital.: Chemicetina; Cloramfen†; Mycetin; Sificetina; Vitamfenicolo; Malay-
sia: Beaphenicol; Nicol; Spersanicol†; Xepanicol†; Mex.: Abefen; Alcan†;
Bariclor; Brocil; Chloromycetin; Clomicin; Clorafen; Cloramed; Cloramfeni;
Clorampler; Cloran; Cloranmicron; Clorazin; Clordil; Clorfenil; Clorofunon;
Clorotan; Diarman; Dilclor; Estreptopal; Exacol; Fenicol; Fenisol; Fenizzard;
Lebrocetin; Leclor A; Naxo; Oftadil; Omycet; Palcol; Palmiclor; Palmifer;
Palmisol; Procloril; Pronicol; Quemicetina; Uniclor; Vixin†; Neth.: Globeni-
col†; NZ: Chloromycetin; Chlorsig; Isopto Fenicol†; Philipp.: Anphechlor;
Aphrenil; Biomycetin; Chloro-S; Chloromycetin; Chlorsig; Clovicol; Esnicol;
Fen-Alcon; Forastrol; Genphenil; Gerafen; Kemicetine; Klorfen; Medimyce-
tin; Metrophenicol; Oliphenicol; Optomycin; Pediachlor; Penachlor; Pol.:
Detreomycyna; Port.: Clorocil; Dermimade Cloranfenicol; Fenoptic†; Mi-
cetinoftalmina; Rus.: Synthomycin (Синтомицин); S.Afr.: Chloramex;
Chlorcol; Chloromycetin; Chloroptic†; Chlorphen; Lennacol; Spersanicol;
Singapore: Beaphenicol†; Isopto Fenicol; Kemicetine; Spersanicol†; Vanaf-
en-S†; Spain: Chemicetina; Chloromycetin†; Cloranfenic†; Normofenicol†;
Swed.: Chloromycetin; Switz.: Septicol; Spersanicol†; Thai.: Antibi-Otic;
Archifen; Chloracil; Chloramno; Chloroph; Chlorosin; Cogenate; Cogetine;
Fenicol†; Genercin; Kemicetine†; Koro†; Levomycetin; Mycochlorin; Nicol-
mycetin†; Opsaram†; Pharmacetin; Silmycetin; Synchlolim; Unison Oint-
ment; Vanafen; Turk.: Armisetin; Kemicetine; Klorasuksinat; UK: Brochlor;
Chloromycetin; Golden Eye; Kemicetine; Optrex Infected Eyes; USA: Ak-
Chlor†; Chloromycetin; Chloroptic†; Venez.: Chloromycetin†; Cloftal; Clo-
ramfesa†; Quemicetina†.

Multi-ingredient: Arg.: Acnoxin; Antiflogol; Bioftal; Clorfibrase; Colirio
Antibiotico CNH; Esodar; Eubetal Biotic†; Fluoropoen; Iruxol; Klonovan;
Neocortizul; Oftal; Oftalmoflogol†; Poenbioptal; Quemicetina con Hidro-
cortisona; Quemicetina Nasal Compuesta; Vistacloran†; Austria: Cortison
Kemicetin; Oleomycetin-Prednison; Belg.: De Icol; Braz.: Dermofibrin C†;
Dexaclor†; Dexafenicol; Epitezan; Fenidex; Fibrase; Fibrinase c/Cloranfeni-
col; Gino-Fibrase; Gyno Iruxol; Iruxol; Kollagenase com cloranfenicol; Nax-
ogin Composto; Oto-Biotic†; Otofenicol-D†; Otomicina; Otopen†; Ouvi-
donal; Procutan†; Regencel; Regenom; Sulnil; Canad.: Pentamycetin-HC;
Chile: Cortifenol H†; Gemitin con Prednisolona; Naxogin Compositum;
Otandrol; Sintoftona; Spersadex Comp†; Cz.: Betabioptal†; Spersadex
Compositum; Denm.: Spersadex Comp; Fin.: Iruxol; Oftan C-C; Oftan
Dexa-Chlora; Fr.: Cebedexacol; Ger.: Aquapred; Berlicetin; Ichthoseptal;
Oleomycetin-Prednison†; Spersadex Comp†; Spersadexolin†; Gr.: Chlo-
rapred; Cortiphenol H; Dexachlor; Dispersadron-C; Geypirina; Nezefib;
Spersadexoline†; Sulfachloramphenicol; Sulfanicole; Hong Kong: Chlomy-
P†; Chloram-D; Cortiphenol H; Eurodron; Ginetris†; Neo-Dex (Improved);
Sonexa-C; Spersadex Comp; Spersadexoline†; Hung.: Chlorocid-H†;
Spersadex Comp†; India: Belmycetin-C; Candibiotic; Chlormixin; Chloro-
mycetin Ear Drops; Cortison Kemicetine†; Dexosyn-C; Kemicetine An-
tiozena; Kemicetine Otological†; Ocupol; Ocupol-D; Otek-AC+; Otek-
AC†; Paraxin Ear†; Perfocyn; Pyrimon; Indon.: Chloramphecort; Chloram-
phecort-H; Colsancetine; Gynoxa; Indoson; Kemiderm; Kloramixin; Klor-
amixin D; Klorfeson; Naxogin Complex; Otolin; Particol; Ramicort; Spersa-
dex Comp; Israel: Phenimixin; Tarocidin; Tarocidin D; Threolone; Ital.:
Antibioptal; Betabioptal; Cloradex; Colbiocin; Cortison Chemicetina; Cos-
miciclina; Dexoline; Eubetal Antibiotico; Idracemi; Iruxol; Vasofen; Vitecaf;
Xantervit Antibiotico; Malaysia: De Icol; Spersadex Comp†; Spersadexo-
line; Mex.: Cloran Otico; Cloxona-O; Fibrase; Levodexan; Levofenil; Nispil;
Ofodex; Otalgan; Otifar; Otolone†; Poral; Pre Clor; Soldrin; Solfranicol; Sul-
fa Cloran; Trecloran; Ulcoderma; Norw.: Spersadex med kloramfenikol;
Philipp.: Dexanicol; Spersadex Compound; Port.: Cloranpectina†; Clor-
cor ticil†; Medrivas Antibiotico; Predniftalmina; Rus.: Candibiotic
(Кандибиотик); Colbiocin (Колбиоцин); Cortomycetin (Кортомицетин);
Iruxol (Ируксол); Levomecol (Левомеколь); Levosin (Левосин); S.Afr.:
Covomycin; Covomycin-D; Covotop; Spersacet C†; Spersadex Comp;
Spersadexoline; Singapore: Spersadex Comp†; Spersadexoline†; Spain:
Blefarida; Cloram Zinc; Cloran Hemidex; Cortison Chemicet Topica; Der-
misone Epitelizante; Dexam Constric†; Fluo Fenic; Icol; Medrivas Antib;
Otosedol Biotico; Predni Azuleno; Switz.: Spersacet C†; Spersadex Comp;
Spersadexoline†; Thai.: Archifen; Chlorotracin; Dermasol; Levoptin; Sper-
sadexoline; Vagicin; UK: Actinac; Venez.: Clorasona; Deicol†; Otandrol†.

Chloroxine (USAN)

Cloroxinum; 5,7-Dichlorochinolin-8-ol; 5,7-Dichloroquinolin-8-
ol; Kloroxin.

Хлороксин
C9H5Cl2NO = 214.0.
CAS — 773-76-2.

Profile
Chloroxine is a halogenated hydroxyquinoline with antibacterial

and antifungal properties similar to those of clioquinol (p.254). It
is used topically in the treatment of dandruff and seborrhoeic der-
matitis of the scalp. It has also been given orally in preparations
for gastrointestinal disorders. 
Choroxine is a component of halquinol (p.286).

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Endiaron; USA: Capitrol.

Multi-ingredient: Cz.: Endiform†; Triaderm; Triamcinolon Composi-
tum†; Triamcinolon E; Triamcinolon-Galena†; Ital.: Beben Clorossina.

Chlorquinaldol (BAN, rINN)

Chlorochinaldol; Chlorquinaldolum; Clorquinaldol; Kloorikinal-
doli; Klorkinaldol. 5,7-Dichloro-2-methylquinolin-8-ol.

Хлорхинальдол

C10H7Cl2NO = 228.1.
CAS — 72-80-0.
ATC — D08AH02; G01AC03; P01AA04; R02AA11.
ATC Vet — QD08AH02; QG01AC03; QR02AA11.

Pharmacopoeias. In Pol.

Profile
Chlorquinaldol is a halogenated hydroxyquinoline with proper-
ties similar to those of clioquinol (p.254). It is mainly applied
topically in infected skin conditions and in vaginal infections.

Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Chlorosan†; Venez.: Agel†.

Multi-ingredient: Arg.: Nerisona C; Braz.: Bi-Nerisona; Chile: Bi-
Nerisona; Cz.: Colposeptine†; Proctospre†; Denm.: Locoidol; Fin.: Loco-
idol†; Fr.: Nerisone C; Ger.: Nerisona C†; Proctospre†; Hong Kong: Col-
poseptine; Nerisone C; Indon.: Nerisona Combi; Irl.: Locoid C; Israel:
Multiderm; Ital.: Impetex; Nerisona C; Mex.: Bi-Nerisona; Norw.: Loco-
idol; NZ: Locoid C; Nerisone C; Philipp.: Nerisona Combi; Pol.: Chlorchi-
naldin H; Gynalgin; Laticort-CH; Port.: Locoid C†; Nerisona C; Trophosep-
tine; Rus.: Gynalgin (Гиналгин); Singapore: Nerisone C†; Spain:
Amplidermis; Claral Plus; Quinortar†; Switz.: Anginazol; Turk.: Colposep-
tine; Impetex; Nerisona C; UK: Locoid C; Venez.: Binerisona.

Chlortetracycline (BAN, rINN)

Chlortétracycline; Chlortetracyclinum; Clortetraciclina; Kloor-
itetrasykliini; Klortetracyclin. (4S,4aS,5aS,6S,12aS)-7-Chloro-4-
dimethylamino-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-
pentahydroxy-6-methyl-1,11-dioxonaphthacene-2-carboxam-
ide; 7-Chlorotetracycline.

Хлортетрациклин

C22H23ClN2O8 = 478.9.
CAS — 57-62-5.
ATC — A01AB21; D06AA02; J01AA03; S01AA02.
ATC Vet — QA01AB21; QD06AA02; QJ01AA03;
QJ51AA03; QS01AA02.

Chlortetracycline Bisulfate (rINNM)

Bisulfato de clortetraciclina; Chlortétracycline, Bisulfate de; Chlo-
rtetracycline Bisulphate (BANM); Chlortetracyclini Bisulfas.

Хлортетрациклина Бисульфат

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Chlortetracycline Bisulfate). Store in airtight containers.
Protect from light.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Chlortetracycline Hydrochloride (BANM, rINNM)

Chlorotetracykliny chlorowodorek; Chlortetraciklino hidrochlo-
ridas; Chlortétracycline, chlorhydrate de; Chlortetracyclini hy-
drochloridum; Chlortetracyklin-hydrochlorid; Hidrocloruro de
clortetraciclina; Klooritetrasykliinihydrokloridi; Klórtetraciklin-
hidroklorid; Klortetracyklinhydroklorid.
Хлортетрациклина Гидрохлорид
C22H23ClN2O8,HCl = 515.3.
CAS — 64-72-2.
ATC — A01AB21; D06AA02; J01AA03; S01AA02.
ATC Vet — QA01AB21; QD06AA02; QJ01AA03;
QS01AA02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Chlortetracycline Hydrochloride). The hydrochlo-
ride of a substance produced by the growth of certain strains of
Streptomyces aureofaciens or by any other means. A yellow
powder. Slightly soluble in water and in alcohol; it dissolves in
solutions of alkali hydroxides and carbonates. A 1% solution in
water has a pH of 2.3 to 3.3. Protect from light. 
USP 31 (Chlortetracycline Hydrochloride). A yellow, odourless
crystalline powder. Soluble 1 in 75 of water and 1 in 560 of alco-
hol; practically insoluble in acetone, in chloroform, in dioxan,
and in ether; soluble in solutions of alkali hydroxides and carbon-
ates. pH of a 1% solution in water is between 2.3 and 3.3. Store
in airtight containers. Protect from light.
Profile
Chlortetracycline is a tetracycline derivative with general prop-
erties similar to those of tetracycline (p.347) and is used as the
hydrochloride, more often topically than orally. It is used as a 1%
ophthalmic ointment and as a 3% ointment for application to the
skin. It is poorly absorbed from the gastrointestinal tract com-
pared with other tetracyclines but is sometimes given orally with
other tetracycline derivatives.
Preparations
BP 2008: Chlortetracycline Eye Ointment; Chlortetracycline Ointment; 
USP 31: Chlortetracycline Hydrochloride Ointment; Chlortetracycline
Hydrochloride Ophthalmic Ointment.
Proprietary Preparations (details are given in Part 3)
Austria: Aureomycin; Belg.: Aureomycin; Aureomycine; Fr.: Aureomy-
cine; Ger.: Aureomycin; Hong Kong: Aureomycin†; Chlortralim; Ital.: Au-
reomicina; Malaysia: Chlortralim; Norw.: Aureomycin†; Pol.: Chlorocy-
clinum; Port.: Aurecil†; Aureodermil†; Singapore: Chlortralim; Spain:
Aureomicina; Dermosa Aureomicina; Thai.: Aureomycin; Chlortralim.
Multi-ingredient: Austria: Aureocort; Braz.: Corciclen; Ger.: Aure-
odelf†; Aureomycin N†; Ital.: Aureocort; Aureomix; S.Afr.: Tritet; UK:
Aureocort; Deteclo†.

Ciclacillin (BAN, rINN)

Ciclacilina; Ciclacilline; Ciclacillinum; Ciklacillin; Cyclacillin (USAN);
Siklasilliini; Wy-4508. (6R)-6-(1-Aminocyclohexanecarboxami-
do)penicillanic acid.
Циклациллин
C15H23N3O4S = 341.4.
CAS — 3485-14-1.
Pharmacopoeias. In Jpn.
Profile
Ciclacillin is an aminopenicillin with properties similar to those
of ampicillin (p.204), although it is generally less active in vitro.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Cilinase†.

Cilastatin Sodium (BANM, USAN, rINNM)

Cilastatin sodná sůl; Cilastatina sódica; Cilastatine sodique; Cilas-
tatinnatrium; Cilastatino natrio druska; Cilastatinum natricum;
Cilasztatin-nátrium; L-642957; MK-791; Natrii Cilastatinas; Natrii
Cilastatinum; Natriumsilastatinaatti; Natriumsilastatinat; Silastati-
ininatrium; Silastatin Sodyum. (Z)-(S)-6-Carboxy-6-[(S)-2,2-
dimethylcyclopropanecarboxamido]hex-5-enyl-L-cysteine,
monosodium salt.
Натрий Циластатин
C16H25N2NaO5S = 380.4.
CAS — 82009-34-5 (cilastatin); 81129-83-1 (cilastatin
sodium).

(cilastatin)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cilastatin Sodium). A white or light yellow, hygro-
scopic, amorphous powder. Very soluble in water and in methyl
alcohol; slightly soluble in dehydrated alcohol; practically insol-
uble in acetone and in dichloromethane; very slightly soluble in
dimethyl sulfoxide. A 1% solution in water has a pH of 6.5 to 7.5.
Store at a temperature not exceeding 8° in airtight containers. 
USP 31 (Cilastatin Sodium). A white to tan-coloured powder.
Soluble in water and in methyl alcohol. pH of a 1% solution in
water is between 6.5 and 7.5. Store at a temperature less than 8°.
Profile
Cilastatin is an inhibitor of dehydropeptidase I, an enzyme found
in the brush border of the renal tubules. It is given as the sodium
salt with the antibacterial imipenem (p.286) to prevent its renal
metabolism to microbiologically inactive and potentially neph-
rotoxic products. This increases the concentrations of imipenem
achieved in the urine and protects against any nephrotoxic ef-
fects, which were seen with high doses of imipenem given exper-
imentally to animals. 
Cilastatin has no antibacterial activity itself, and does not affect
the antibacterial activity of imipenem.
Preparations
USP 31: Imipenem and Cilastatin for Injectable Suspension; Imipenem and
Cilastatin for Injection.

Proprietary Preparations (details are given in Part 3)
Pol.: Tienam.
Multi-ingredient: Arg.: Dixabiox; Imipecil; Imistatin; Klonam†; Zienam;
Austral.: Primaxin; Austria: Zienam; Belg.: Tienam; Braz.: Penexil†; Tien-
am; Canad.: Primaxin; Chile: Inem; Tienam; Cz.: Tienam; Denm.: Tienam;
Fin.: Tienam; Fr.: Tienam; Ger.: Zienam; Gr.: Primaxin; Hong Kong: Pre-
penem; Tienam; Hung.: Tienam; India: Cilanem; Indon.: Pelastin; Tienam;
Israel: Tienam; Ital.: Imipem; Tenacid; Tienam; Malaysia: Bacqure; Tien-
am; Mex.: Arzomeba; Iminen; Tienam; Neth.: Tienam; Norw.: Tienam;
NZ: Primaxin; Philipp.: Anipen; Tienam; Port.: Tienam; Rus.: Tienam
(Тиенам); S.Afr.: Tienam; Singapore: Tienam; Spain: Tienam; Swed.:
Tienam; Switz.: Tienam; Thai.: Tienam; Turk.: Tienam; UK: Primaxin;
USA: Primaxin; Venez.: Zienam.

Cinoxacin (BAN, USAN, rINN)

64716; Azolinic Acid; Cinoxacine; Cinoxacino; Cinoxacinum;
Compound 64716; Sinoksasiini. 1-Ethyl-1,4-dihydro-4-oxo-1,3-
dioxolo[4,5-g]cinnoline-3-carboxylic acid.
Циноксацин
C12H10N2O5 = 262.2.
CAS — 28657-80-9.
ATC — J01MB06.
ATC Vet — QJ01MB06.

Pharmacopoeias. In US. 
USP 31 (Cinoxacin). A white to yellowish-white, odourless
crystalline solid. Insoluble in water and in most common organic
solvents; soluble in alkaline solution. Store in airtight containers.
Adverse Effects and Precautions
As for Nalidixic Acid, p.304. 
Cinoxacin should be used in reduced dosage, or not at all, in pa-
tients with renal impairment.
◊ References.
1. Stricker BHC, et al. Anaphylactic reactions to cinoxacin. BMJ

1988; 297: 1434–5.

Interactions
As for Nalidixic Acid, p.304.
Antimicrobial Action
As for Nalidixic Acid, p.304. Cross-resistance with nalidixic
acid has been shown.
Pharmacokinetics
Cinoxacin is rapidly and almost completely absorbed after oral
doses. Peak serum concentrations of about 15 micrograms/mL
occur 2 to 3 hours after a 500-mg dose. The plasma half-life is
about 1 to 2 hours. Cinoxacin is more than 60% bound to plasma
proteins. 
Cinoxacin appears to be metabolised in the liver and is excreted
via the kidney. Over 95% of a dose appears in the urine within 24
hours, over half as unaltered drug and the remainder as inactive
metabolites. Mean urinary concentrations of about
300 micrograms/mL have been achieved during the first 4 hours
after a 500-mg oral dose. Urinary excretion is reduced by
probenecid and in patients with renal impairment.
Uses and Administration
Cinoxacin is a 4-quinolone antibacterial with actions and uses
similar to those of nalidixic acid (p.304). In the treatment of

urinary-tract infections the usual oral dose is 500 mg twice daily;
for prophylaxis 500 mg is given at bedtime. 
For advice on use in renal impairment, see below.
Administration in renal impairment. Cinoxacin should be
used in reduced dosage, or not used at all, in patients with renal
impairment.
Preparations
USP 31: Cinoxacin Capsules.
Proprietary Preparations (details are given in Part 3)
Gr.: Cinobactin†; Ital.: Cinobac; Cinocil; Cinoxen; Nossacin; Noxigram†;
Uroc; Uronorm†; Uroxacin†; Mex.: Gugecin†; USA: Cinobac†.

Ciprofloxacin (BAN, USAN, rINN)

Bay-q-3939; Ciprofloksacinas; Ciprofloxacine; Ciprofloxacino;
Ciprofloxacinum; Siprofloksasiini; Siprofloksasin; Siprofloxacin. 1-
Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-piperazin-1-ylquino-
line-3-carboxylic acid.
Ципрофлоксацин
C17H18FN3O3 = 331.3.
CAS — 85721-33-1.
ATC — J01MA02; S01AX13; S02AA15; S03AA07.
ATC Vet — QJ01MA02; QS01AX13; QS02AA15;
QS03AA07.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Ciprofloxacin). An almost white or pale yellow,
slightly hygroscopic, crystalline powder. Practically insoluble in
water; very slightly soluble in dehydrated alcohol and in dichlo-
romethane. Store in airtight containers. Protect from light. 
USP 31 (Ciprofloxacin). Store in airtight containers at a temper-
ature of 25°, excursions permitted between 15° and 30°. Avoid
temperatures above 40°. Protect from light.

Ciprofloxacin Hydrochloride (BANM, USAN, rINNM)

Bay-o-9867; Ciprofloksacino hidrochloridas; Ciprofloxacine,
chlorhydrate de; Ciprofloxacin-hidroklorid; Ciprofloxacin-hydro-
chlorid; Ciprofloxacinhydroklorid; Ciprofloxacini hydrochlori-
dum; Cyprofloksacyny chlorowodorek; Hidrocloruro de cipro-
floxacino; Siprofloksasiinihydrokloridi; Siprofloksasin Hidroklorür.
Ciprofloxacin hydrochloride monohydrate.
Ципрофлоксацина Гидрохлорид
C17H18FN3O3,HCl,H2O = 385.8.
CAS — 86483-48-9 (anhydrous ciprofloxacin hydrochlo-
r ide); 86393-32-0 (ciprofloxacin hydrochloride monohy-
drate).
ATC — S02AA15.
ATC Vet — QS02AA15.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Ciprofloxacin Hydrochloride). A pale yellow,
slightly hygroscopic, crystalline powder. Soluble in water; very
slightly soluble in dehydrated alcohol; practically insoluble in
acetone, in dichloromethane, and in ethyl acetate; slightly solu-
ble in methyl alcohol. A 2.5% solution in water has a pH of 3.5
to 4.5. Store in airtight containers. Protect from light. 
USP 31 (Ciprofloxacin Hydrochloride). Faintly yellowish to
light yellow crystals. Sparingly soluble in water; very slightly
soluble in dehydrated alcohol; slightly soluble in acetic acid and
in methyl alcohol; practically insoluble in acetone, in ace-
tonitrile, in dichloromethane, in ethyl acetate, and in hexane. pH
of a 2.5% solution in water is between 3.0 and 4.5. Store in air-
tight containers at a temperature of 25°, excursions permitted be-
tween 15° and 30°. Protect from light.

Ciprofloxacin Lactate (BANM, rINNM)

Ciprofloxacine, Lactate de; Ciprofloxacini Lactas; Lactato de cip-
rofloxacino.
Ципрофлоксацина Лактат
C17H18FN3O3,C3H6O3 = 421.4.
CAS — 97867-33-9.
ATC — S02AA15.
ATC Vet — QS02AA15.

Incompatibility. Ciprofloxacin infusion is stated in UK li-
censed product information to have a pH of 3.9 to 4.5 and to be
incompatible with injections chemically or physically unstable at
this pH range. Incompatibility has been reported between cipro-
floxacin and other drugs including some antibacterials.1-5

1. Lyall D, Blythe J. Ciprofloxacin lactate infusion. Pharm J 1987;
238: 290. 
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2. Janknegt R, et al. Quinolones and penicillins incompatibility.

DICP Ann Pharmacother 1989; 23: 91–2. 
3. Goodwin SD, et al. Compatibility of ciprofloxacin injection with

selected drugs and solutions. Am J Hosp Pharm 1991; 48:
2166–71. 

4. Jim LK. Physical and chemical compatibility of intravenous cip-
rofloxacin with other drugs. Ann Pharmacother 1993; 27:
704–7. 

5. Elmore RL, et al. Stability and compatibility of admixtures of
intravenous ciprofloxacin and selected drugs. Clin Ther 1996;
18: 246–55.

Stability. For mention of loss of activity in ciprofloxacin solu-
tions exposed to ultraviolet light see under Precautions, below.

Adverse Effects
Ciprofloxacin is generally well tolerated. The range of
adverse effects associated with ciprofloxacin and the
other fluoroquinolones is broadly similar to that of ear-
lier quinolones such as nalidixic acid (p.304). They
most often involve the gastrointestinal tract, CNS, or
skin. 
Gastrointestinal disturbances include nausea, vomit-
ing, diarrhoea, abdominal pain, and dyspepsia and are
the most frequent adverse effects. Pseudomembranous
colitis, pancreatitis, and dysphagia have been reported
rarely. 
Headache, dizziness, confusion, insomnia, and rest-
lessness are among the commonest effects on the CNS.
Others include tremor, drowsiness, nightmares, visual
and other sensory disturbances, hallucinations, psy-
chotic reactions, depression, convulsions, and intracra-
nial hypertension. Paraesthesia and peripheral neurop-
athy have also been reported. 
In addition to rash and pruritus, hypersensitivity-type
reactions affecting the skin have included, rarely, vas-
culitis, erythema multiforme, Stevens-Johnson syn-
drome, and toxic epidermal necrolysis. Photosensitivi-
ty has occurred, although it may be more frequent with
some other fluoroquinolones such as lomefloxacin and
sparfloxacin. Anaphylaxis has been associated with
ciprofloxacin and some other quinolones. As with oth-
er quinolones, reversible arthralgia or myalgia has
sometimes occurred and joint erosions have been doc-
umented in immature animals. Tendon damage has
also been reported. 
Other adverse effects reported with ciprofloxacin in-
clude crystalluria, transient increases in serum creati-
nine or blood urea nitrogen and, rarely, acute renal fail-
ure secondary to interstitial nephritis. Elevated liver
enzyme values, jaundice, and hepatitis have occurred,
as have haematological disturbances including eosi-
nophilia, leucopenia, thrombocytopenia and, very rare-
ly, pancytopenia, haemolytic anaemia or agranulocyto-
sis. Cardiovascular adverse effects include
tachycardia, hypotension, oedema, syncope, hot flush-
es, and sweating. Some fluoroquinolones may rarely
cause prolongation of the QT interval and ventricular
arrhythmias, including torsade de pointes (see below). 
As with other antibacterials, superinfection with organ-
isms not very susceptible to ciprofloxacin is possible.
Such organisms include Candida, Clostridium diffi-
cile, and Streptococcus pneumoniae. There is some ev-
idence that fluoroquinolone use may be associated
with an increased risk of colonisation by MRSA. 
Pain and irritation may occur at the site of infusion ac-
companied rarely by phlebitis or thrombophlebitis. 
Adverse effects reported after ocular use of cipro-
floxacin include local burning or discomfort, keratopa-
thy, corneal staining, corneal precipitates or infiltrates,
and photophobia. 
Local discomfort, pain, or pruritus have occurred after
use of ear drops containing ciprofloxacin.
◊ General reviews of the adverse effects of fluoroquinolones1-7

and ciprofloxacin specifically.8,9

1. Lipsky BA, Baker CA. Fluoroquinolone toxicity profiles: a re-
view focusing on newer agents. Clin Infect Dis 1999; 28:
352–64. 

2. Ball P, et al. Comparative tolerability of the newer fluoroqui-
nolone antibacterials. Drug Safety 1999; 21: 407–21. 

3. Rubinstein E. History of quinolones and their side effects. Chem-
otherapy 2001; 47 (suppl 3): 3–8. 

4. Leone R, et al. Adverse drug reactions related to the use of fluo-
roquinolone antimicrobials: an analysis of spontaneous reports
and fluoroquinolone consumption data from three Italian re-
gions. Drug Safety 2003; 26: 109–20. 

5. Stahlmann R, Lode H. Fluoroquinolones in the elderly: safety
considerations. Drugs Aging 2003; 20: 289–302. 

6. Owens RC, Ambrose PG. Antimicrobial safety: focus on fluoro-
quinolones. Clin Infect Dis 2005; 41 (suppl 2): S144–S157. 

7. Mehlhorn AJ, Brown DA. Safety concerns with fluoroquinolo-
nes. Ann Pharmacother 2007; 41: 1859–66. 

8. Segev S, et al. Safety of long-term therapy with ciprofloxacin:
data analysis of controlled clinical trials and review. Clin Infect
Dis 1999; 28: 299–308. 

9. Heyd A, Haverstock D. Retrospective analysis of the safety pro-
file of oral and intravenous ciprofloxacin in a geriatric popula-
tion. Clin Ther 2000; 22: 1239–50.

Effects on the blood. Haematological disturbances including
thrombocytopenia,1 eosinophilia,2 leucopenia, and, very rarely,
pancytopenia,3 haemolytic anaemia,4 or agranulocytosis have
been reported with ciprofloxacin and some other fluoroquinolo-
nes. There has also been a case report5 of haemolytic-uraemic
syndrome associated with ciprofloxacin therapy; the patient re-
covered with routine supportive treatment (haemodialysis and
plasma exchange) after the drug was stopped. In addition, tran-
sient reductions in factor VIII and von Willebrand’s factor lead-
ing to bleeding in 2 patients receiving ciprofloxacin has been re-
ported.6 Neutropenia that developed in an elderly patient a few
days after starting treatment with intravenous moxifloxacin re-
solved on stopping the drug.7
1. Starr JA, Ragucci KR. Thrombocytopenia associated with intra-

venous ciprofloxacin. Pharmacotherapy 2005; 25: 1030–4. 
2. Mofredj A, et al. Norfloxacin-induced eosinophilia in a cirrhotic

patient. Ann Pharmacother 2002; 36: 1107–8. 
3. Deng JY, Tovar JM. Pancytopenia with levofloxacin therapy for

pelvic inflammatory disease in an otherwise healthy young pa-
tient. Ann Pharmacother 2006; 40: 1692–3. 

4. Oh YR, et al. Levofloxacin-induced autoimmune hemolytic ane-
mia. Ann Pharmacother 2003; 37: 1010–13. 

5. Allan DS, et al. Ciprofloxacin-associated hemolytic-uremic syn-
drome. Ann Pharmacother 2002; 36: 1000–1002. 

6. Castaman G, Rodeghiero F. Acquired transitory von Willebrand
syndrome with ciprofloxacin. Lancet 1994; 343: 492. 

7. Chang C-M, et al. Moxifloxacin-associated neutropenia in a cir-
rhotic elderly woman with lower extremity cellulitis. Ann Phar-
macother 2008; 42: 580–3.

Effects on the cardiovascular system. Prolongation of the
QT interval,1,2 sometimes progressing to torsade de pointes,3-8

has been associated with ciprofloxacin and other fluoroquinolo-
nes although a review9 considered that ciprofloxacin was least
likely to produce this effect. Licensed product information rec-
ommends that gatifloxacin, gemifloxacin, levofloxacin, lome-
floxacin, moxifloxacin, ofloxacin, and sparfloxacin should be
avoided in patients with predisposing factors or who are also re-
ceiving other drugs that are known to cause this effect and that
norfloxacin should be used with caution in such situations.
1. Noel GJ, et al. Effects of three fluoroquinolones on QT interval

in healthy adults after single doses. Clin Pharmacol Ther 2003;
73: 292–303. 

2. Nykamp DL, et al. QTc prolongation associated with combina-
tion therapy of levofloxacin, imipramine, and fluoxetine. Ann
Pharmacother 2005; 39: 543–6. 

3. Frothingham R. Rates of torsades de pointes associated with cip-
rofloxacin, ofloxacin, levofloxacin, gatifloxacin, and moxi-
floxacin. Pharmacotherapy 2001; 21: 1468–72. 

4. Owens RC, Ambrose PG. Torsades de pointes associated with
fluoroquinolones. Pharmacotherapy 2002; 22: 663–8. 

5. Bertino JS, et al. Gatifloxacin-associated corrected QT interval
prolongation, torsades de pointes, and ventricular fibrillation in
patients with known risk factors. Clin Infect Dis 2002; 34:
861–3. 

6. Amankwa K, et al. Torsades de pointes associated with fluoro-
quinolones: importance of concomitant risk factors. Clin Phar-
macol Ther 2004; 75: 242–7. 

7. Dale KM, et al. Moxifloxacin and torsade de pointes. Ann Phar-
macother 2007; 41: 336–40. 

8. Knorr JP, et al. Ciprofloxacin-induced Q-T interval prolonga-
tion. Am J Health-Syst Pharm 2008; 65: 547–51. 

9. Owens RC. QT prolongation with antimicrobial agents: under-
standing the significance. Drugs 2004; 64: 1091–1124.

Effects on the gastrointestinal tract. There have been case
reports and studies of pseudomembranous colitis or superinfec-
tion with Clostridium difficile in patients given ciprofloxacin1-6

and other fluoroquinolones7-10 although some commentators
have questioned this association and pointed out that other cir-
cumstances, such as poor infection control, may be significant
contributory factors.
1. Cain DB, O’Connor ME. Pseudomembranous colitis associated

with ciprofloxacin. Lancet 1990; 336: 946. 
2. Bates CJ, et al. Ciprofloxacin and Clostridium difficile infec-

tion. Lancet 1990; 336: 1193. 
3. Low N, Harries A. Ciprofloxacin and pseudomembranous coli-

tis. Lancet 1990; 336: 1510. 
4. Hillman RJ, et al. Ciprofloxacin as a cause of Clostridium diff-

icile-associated diarrhoea in an HIV antibody-positive patient. J
Infect 1990; 21: 205–7. 

5. McFarland LV, et al. Ciprofloxacin-associated Clostridium dif-
ficile disease. Lancet 1995; 346: 977–8. 

6. Angel CA, et al. Severe ciprofloxacin-associated pseudomem-
branous colitis in an eight-year-old child. J Pediatr Surg 2004;
39: 1590–2. 

7. Dan M, Samra Z. Clostridium difficile colitis associated with
ofloxacin therapy. Am J Med 1989; 87: 479. 

8. Ortiz-de-Saracho J, et al. Moxifloxacin-induced Clostridium
difficile diarrhea. Ann Pharmacother 2003; 37: 452–3. 

9. Gaynes R, et al. Outbreak of Clostridium difficile infection in a
long-term care facility: association with gatifloxacin use. Clin
Infect Dis 2004; 38: 640–5. 

10. Pépin J, et al. Emergence of fluoroquinolones as the predomi-
nant risk factor for Clostridium difficile-associated diarrhea: a
cohort study during an epidemic in Quebec. Clin Infect Dis
2005; 41: 1254–60.

Effects on glucose metabolism. For the effects of fluoroqui-
nolones, and in particular gatifloxacin, on blood glucose see un-
der Gatifloxacin, p.281.
Effects on the kidneys. A review1 of case reports of renal tox-
icity (including interstitial nephritis, acute renal failure, acute tu-
bular necrosis, and crystalluria) associated with ciprofloxacin
and other fluoroquinolones indicated that such toxicity, although
potentially serious, was rare. It was also noted that nearly all pa-
tients developing acute renal failure were over 50 years of age.
Another review,2 confirming that the problem remained rare,
noted that risk factors for quinolone-induced nephrotoxicity
seemed to include the particular quinolone chosen, with cipro-
floxacin the most often involved, as well as the use of high doses,
patient age, inadequate hydration, and use of other nephrotoxic
drugs or the presence of other processes likely to contribute to
renal damage such as diabetes.
1. Lomaestro BM. Fluoroquinolone-induced renal failure. Drug

Safety 2000; 22: 479–85. 
2. Montagnac R, et al. Les insuffisances rénales aiguës aux qui-

nolones: revue générale à propos d’une observation avec cristal-
lisation liée à la ciprofloxacine. Nephrol Ther 2005; 1: 44–51.

Effects on the liver. Fluoroquinolones, including cipro-
floxacin, may cause elevated liver enzyme values. In most pa-
tients this effect is transient and reversible without stopping the
drug. 
More serious cases of hepatotoxicity, including fatalities, have
been reported both with ciprofloxacin1-5 and with other
fluoroquinolones4,6-14 but they are rare. In many cases the pa-
tients were elderly and had co-morbid conditions.
1. Grassmick BK, et al. Fulminant hepatic failure possibly related

to ciprofloxacin. Ann Pharmacother 1992; 26: 636–9. 
2. Sherman O, Beizer JL. Possible ciprofloxacin-induced acute

cholestatic jaundice. Ann Pharmacother 1994; 28: 1162–4. 
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9. Karim A, et al. Possible levofloxacin-induced acute hepatocel-
lular injury in a patient with chronic obstructive lung disease.
Clin Infect Dis 2001; 33: 2088–90. 

10. Soto S, et al. Moxifloxacin-induced acute liver injury. Am J
Gastroenterol 2002; 97: 1853–4. 

11. Coleman CI, et al. Possible gatifloxacin-induced fulminant he-
patic failure. Ann Pharmacother 2002; 36: 1162–7. 

12. Schwalm J-D, Lee CH. Acute hepatitis associated with oral lev-
ofloxacin therapy in a hemodialysis patient. CMAJ 2003; 168:
847–8. 

13. Cheung O, et al. Gatifloxacin-induced hepatotoxicity and acute
pancreatitis. Ann Intern Med 2004; 140: 73–4. 

14. Çoban Ş, et al. Levofloxacin-induced acute fulminant hepatic
failure in a patient with chronic hepatitis B infection. Ann Phar-
macother 2005; 39: 1737–40.

Effects on the musculoskeletal system. Reversible arthral-
gia has sometimes occurred with the fluoroquinolones;1 joint
erosions have been documented in immature animals. In a re-
port,2 treatment with pefloxacin may have contributed to the de-
structive arthropathy that occurred in a 17-year-old youth. For a
discussion of the use of fluoroquinolones in children and adoles-
cents, see Administration in Children, under Precautions, below. 
There have been reports3-7 of tendinitis and tendon rupture asso-
ciated with fluoroquinolones. By July 1995, the UK CSM5 had
received 21 reports of tendon damage, often of the Achilles ten-
don, associated with these antibacterials—11 with ciprofloxacin
and 10 with ofloxacin. In a later case-control study8 of a cohort
of 46 776 users of fluoroquinolones between July 1992 to June
1998, 704 had Achilles tendinitis and 38 had Achilles tendon
rupture; the adjusted relative risk of Achilles tendon disorders
with current use was 1.9. The risk of tendon damage is increased
by use with corticosteroids and is more common with increasing
age:5 the case-control study8 found that the relative risk for cur-
rent users rose to 3.2 among those aged 60 and over, and to 6.2
in those in this age group also using corticosteroids. Another
case-control study9 using data from 1988 to 1998 held on a dif-
ferent UK general practice database reported similar findings
and concluded that ofloxacin was associated with a higher risk of
tendon damage than other fluoroquinolones. A review10 of the
literature between 1966 and 2001 revealed 98 case reports of
fluoroquinolone-associated tendon damage. Of these, 36 were
associated with pefloxacin therapy and 25 with ciprofloxacin;
ofloxacin was associated with 6 cases. Renal disease or impair-
ment was also considered as a risk factor. 
Onset may be rapid: rupture has occurred within 48 hours of
starting therapy.11 The CSM5 warned that at the first sign of pain
or inflammation the fluoroquinolone should be withdrawn and
the affected limb rested until the tendon symptoms had resolved.
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Similar warnings have been issued in other countries, but some
cases have continued to be reported.12 In the USA the FDA has
required a warning to be added to prescribing information for the
fluoroquinolones stating that there is an increased risk in patients
over 60, in kidney, heart, and lung transplant recipients, and with
use of concomitant corticosteroid therapy.13 
There have been reports14,15 of rhabdomyolysis in patients given
fluoroquinolones, including one fatality associated with levo-
floxacin therapy.14
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Effects on the nervous system. By 1991 the UK CSM1 had
received 26 reports of convulsions associated with ciprofloxacin,
1 with norfloxacin, and 1 with ofloxacin. It was noted that con-
vulsions could occur both in patients with epilepsy and in those
with no history of convulsions. Generalised seizures have been
reported in patients given gatifloxacin2 and levofloxacin.3,4 Sei-
zures have also been associated with the use of ear drops contain-
ing ciprofloxacin.5 All 5 case reports2-5 involved patients aged 65
years and over; of these, 1 had a history (although unclear) of
seizures,2 3 had chronic renal impairment,3-5 and 1 had neither.3 
Other reports of CNS toxicity associated with ciprofloxacin have
included eosinophilic meningitis,6 delirium,7 and acute psycho-
ses.8,9 Peripheral neuropathy,10 dysaesthesia,11 catatonia,12 hemi-
paresis,13 and tinnitus14 have also been reported. Acute psychosis
occurred15 in a patient using ciprofloxacin eye drops. A review16

of published and spontaneous reports found an association be-
tween adverse manic reactions and the use of certain antibacteri-
als including ciprofloxacin and ofloxacin. 
There have also been reports of sleep disturbances17 and of a
Tourette-like syndrome18 associated with ofloxacin. Ataxia19

and hallucinations20 have been reported with the use of gati-
floxacin.
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Hypersensitivity. Hypersensitivity and skin reactions have
been associated with ciprofloxacin and other fluoroquinolones.
Reports have included anaphylaxis (which has sometimes been
fatal, and may occur after the first dose),1-7 serum sickness,8 Ste-
vens-Johnson syndrome,9 toxic epidermal necrolysis (some-
times fatal),10-17 laryngeal oedema,18 and vasculitis.19-21 Fatal
vasculitis has been reported with ofloxacin.22
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1989; 320: 257–8. 

20. Stubbings J, et al. Cutaneous vasculitis due to ciprofloxacin.
BMJ 1992; 305: 29. 

21. Drago F, et al. Henoch-Schönlein purpura induced by fluoroqui-
nolones. Br J Dermatol 1994; 131: 448. 

22. Pace JL, Gatt P. Fatal vasculitis associated with ofloxacin. BMJ
1989; 299: 658.

Superinfection. Superinfection with Streptococcus pneumoni-
ae has been reported in patients receiving ciprofloxacin.1-3 For
references to superinfection with Clostridium difficile and asso-
ciated pseudomembranous colitis, see under Effects on the Gas-
trointestinal Tract, above. 
Fungal otitis externa is also associated with the use of ear drops
containing fluoroquinolones.4
1. Righter J. Pneumococcal meningitis during intravenous cipro-

floxacin therapy. Am J Med 1990; 88: 548. 
2. Gordon JJ, Kauffman CA. Superinfection with Streptococcus

pneumoniae during therapy with ciprofloxacin. Am J Med 1990;
89: 383–4. 

3. Lee BL, et al. Infectious complications with respiratory patho-
gens despite ciprofloxacin therapy. N Engl J Med 1991; 325:
520–1. 

4. Schrader N, Isaacson G. Fungal otitis externa: its association
with fluoroquinolone eardrops. Pediatrics 2003; 111: 1123.

Precautions
Ciprofloxacin should be used with caution in patients
with epilepsy or a history of CNS disorders. Care is
also necessary in those with renal impairment, G6PD
deficiency, or myasthenia gravis. An adequate fluid in-
take should be maintained during treatment with cipro-
floxacin and excessive alkalinity of the urine avoided
because of the risk of crystalluria. 
Since ciprofloxacin and related fluoroquinolones have,
like nalidixic acid, been shown to cause degenerative
changes in weight-bearing joints of young animals, it

has been suggested that these drugs should not gener-
ally be used in patients aged under 18 years (see also
below), pregnant women, or breast-feeding mothers
(but see also below) unless the benefits outweigh the
risks. Tendon damage may occur rarely with fluoroqui-
nolones (see Effects on the Musculoskeletal System,
above) and treatment should be stopped if patients ex-
perience tendon pain, inflammation, or rupture; subse-
quent use of fluoroquinolones is contra-indicated in
these patients. 
Exposure to strong sunlight or sunlamps should be
avoided during treatment with ciprofloxacin. The abil-
ity to drive or operate machinery may be impaired, es-
pecially when alcohol is also taken. 
Some fluoroquinolones have the potential to prolong
the QT interval (see Effects on the Cardiovascular Sys-
tem, above) and should be avoided or used with cau-
tion in patients with QT prolongation or relevant risk
factors such as uncorrected electrolyte disturbances,
bradycardia, or pre-existing cardiac disease. Certain
drugs may also increase the risk (see Interactions, be-
low). 
Ciprofloxacin and other fluoroquinolones should be
avoided in MRSA infections because of the high level
of resistance.
Administration in children. Since ciprofloxacin and other
fluoroquinolones can cause degenerative changes in weight-
bearing joints of young animals they should only be used in chil-
dren and adolescents where their use may be justified if the ben-
efits outweigh the risks.1-3 For example, ciprofloxacin is licensed
in some countries for use in the prophylaxis and treatment of in-
halational anthrax and also in the treatment of certain infections
in those under 18 years of age (see under Uses and Administra-
tion, below). 
A comparative cohort study2 involving about 500 children and
adolescents found that the incidence of musculoskeletal adverse
effects was higher (10 cases out of 264 patients) in those taking
fluoroquinolones (ciprofloxacin, ofloxacin, or pefloxacin) than
in those taking other antibacterials (1 out of 237). In the former
group of patients, these adverse effects, mainly arthralgias, were
reversible and were most frequent with pefloxacin therapy.
1. Burstein GR, et al. Ciprofloxacin for the treatment of uncompli-

cated gonorrhea infection in adolescents: does the benefit out-
weigh the risk? Clin Infect Dis 2002; 35 (suppl 2): S191–S199. 

2. Chalumeau M, et al. Fluoroquinolone safety in pediatric pa-
tients: a prospective, multicenter, comparative cohort study in
France. Abstract: Pediatrics 2003; 111: 1427–8. Full version:
http://pediatrics.aappublications.org/cgi/reprint/111/6/e714 (ac-
cessed 01/11/06) 

3. American Academy of Pediatrics Committee on Infectious Dis-
eases. The use of systemic fluoroquinolones. Pediatrics 2006;
118: 1287–92.

Breast feeding. Ciprofloxacin was found to be undetectable in
the serum of a breast-fed infant whose mother took ciprofloxacin
500 mg daily for 10 days.1 In another study2 involving 30 wom-
en who underwent termination of pregnancy, 10 each were given
ciprofloxacin, ofloxacin, or pefloxacin respectively, and all 3
drugs were found to be highly concentrated in breast milk with
ratios exceeding 75% of the simultaneous serum concentrations
2 hours after a dose. It was concluded that, because fluoroqui-
nolones had been shown to cause arthropathy in young animals,
their potential benefits should be weighed against the risk to the
infant before they were considered for use in breast-feeding
women. The American Academy of Pediatrics3 considers that
the use of ciprofloxacin is usually compatible with breast feed-
ing.
1. Gardner DK, et al. Simultaneous concentrations of ciprofloxacin

in breast milk and in serum in mother and breast-fed infant. Clin
Pharm 1992; 11: 352–4. 

2. Giamarellou H, et al. Pharmacokinetics of three newer quinolo-
nes in pregnant and lactating women. Am J Med 1989; 87 (suppl
5A): 49S–51S. 

3. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 25/05/04)

Exposure to UV light. Loss of antibacterial activity has been
reported after irradiation of ciprofloxacin solutions by UV light.1
In addition to the possible hazard of photosensitivity reactions, a
reduction in both cutaneous and circulating levels of cipro-
floxacin was predicted in patients exposed to sunlight through
window glass or the longer wavelength UVA radiation from
sunbeds.1
1. Phillips G, et al. The loss of antibiotic activity of ciprofloxacin

by photodegradation. J Antimicrob Chemother 1990; 26: 783–9.

Interference with diagnostic tests. Ciprofloxacin did not
interfere with determination of urinary-glucose concentrations
carried out with Clinitest, Diastix, or Tes-Tape,1 but pseudogly-
cosuria, a false-positive reaction for glucose in urine, has been
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reported with BM-Test-7 in elderly patients given ciprofloxacin
for urinary-tract infections.2
1. Tartaglione TA, Flint NB. Effect of imipenem-cilastatin and cip-

rofloxacin on tests for glycosuria. Am J Hosp Pharm 1985; 42:
602–5. 

2. Drysdale L, et al. Pseudoglycosuria and ciprofloxacin. Lancet
1988; ii: 961.

Myasthenia gravis. Caution is advised in patients with
myasthenia gravis given fluoroquinolones after reports of the
possible exacerbation of symptoms in a patient,1 and unmasking
of subclinical myasthenia gravis in another,2 by ciprofloxacin.
Exacerbation of myasthenia gravis has also been reported with
other fluoroquinolones including norfloxacin,3 ofloxacin,4 and
pefloxacin.5
1. Moore B, et al. Possible exacerbation of myasthenia gravis by

ciprofloxacin. Lancet 1988; i: 882. 
2. Mumford CJ, Ginsberg L. Ciprofloxacin and myasthenia gravis.

BMJ 1990; 301: 818. 
3. Rauser EH, et al. Exacerbation of myasthenia gravis by nor-

floxacin. DICP Ann Pharmacother 1990; 24: 207–8. 
4. Azevedo E, et al. Probable exacerbation of myasthenia gravis by

ofloxacin. J Neurol 1993; 240: 508. 
5. Vial T, et al. Aggravation d’une myasthénie sous péfloxacine.

Rev Neurol (Paris) 1995; 151: 286–7.

Interactions
Fluoroquinolones, including ciprofloxacin, are known
to inhibit the cytochrome P450 isoenzyme CYP1A2
and may increase plasma concentrations of drugs, such
as theophylline and tizanidine, that are metabolised by
this isoenzyme. Use of ciprofloxacin with tizanidine is
contra-indicated, although theophylline may be used
providing its dose is reduced and concentrations mon-
itored. 
Ciprofloxacin is reported to enhance the effect of oral
anticoagulants such as warfarin and the oral antidiabet-
ic glibenclamide. Severe hypoglycaemia, sometimes
fatal, has occurred in patients also taking glibencla-
mide. Renal tubular secretion of methotrexate may be
inhibited by ciprofloxacin, potentially increasing its
toxicity. 
The excretion of ciprofloxacin or related drugs is re-
duced and plasma concentrations may be increased by
probenecid. Cations such as aluminium, calcium, mag-
nesium, or iron reduce the absorption of oral cipro-
floxacin or related drugs when given together. Changes
in the pharmacokinetics of fluoroquinolones have been
reported when given with histamine H2 antagonists,
possibly due to changes in gastric pH, but do not seem
to be of much clinical significance. 
Transient increases in serum creatinine have occurred
when ciprofloxacin is given with ciclosporin; monitor-
ing of serum creatinine concentrations is recommend-
ed. Altered serum concentrations of phenytoin have
been reported in patients also receiving ciprofloxacin. 
Further details concerning some of these interactions,
and others, are given below. 
Some fluoroquinolones have the potential to prolong
the QT interval (see Effects on the Cardiovascular Sys-
tem, above) and should be avoided in patients also re-
ceiving class Ia antiarrhythmic drugs (such as quini-
dine and procainamide) or class III antiarrhythmics
(such as amiodarone and sotalol). In addition, caution
should be exercised when they are used with other
drugs known to have this effect (such as the antihista-
mines astemizole and terfenadine, cisapride, erythro-
mycin, pentamidine, phenothiazines, or tricyclic anti-
depressants). 
For physical or chemical incompatibilities with cipro-
floxacin, see above.
Analgesics. Use of fenbufen with fluoroquinolones may in-
crease the incidence of fluoroquinolone CNS adverse effects.
Reviews1,2 have noted cases of convulsions associated with the
use of fenbufen and enoxacin reported to the Japanese regulatory
authorities. The UK CSM3 has recognised that convulsions may
occur due to an interaction between the fluoroquinolones and
NSAIDs; by 1991, 3 such interactions had been reported to them.
Adverse neurological effects have also been reported in a patient
receiving naproxen and chloroquine when ciprofloxacin was
given, which abated when the antirheumatic drugs were
stopped.4 
Ciprofloxacin also interacts with opioid analgesics; peak serum
concentrations of ciprofloxacin given by mouth pre-operatively
were significantly reduced when intramuscular papaveretum
was injected.5 In the UK, licensed product information for cipro-
floxacin tablets recommends that opioid premedication should

not be used if ciprofloxacin is given for surgical infection proph-
ylaxis.
1. Janknegt R. Drug interactions with quinolones. J Antimicrob

Chemother 1990; 26 (suppl D): 7–29. 
2. Christ W. Central nervous system toxicity of quinolones: human

and animal findings. J Antimicrob Chemother 1990; 26 (suppl
B): 219–25. 

3. Committee on Safety of Medicines. Convulsions due to quinolone
antimicrobial agents. Current Problems 32 1991. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024450&RevisionSelectionMethod=
LatestReleased (accessed 02/03/07) 

4. Rollof J, Vinge E. Neurologic adverse effects during concomi-
tant treatment with ciprofloxacin, NSAIDs, and chloroquine:
possible drug interaction. Ann Pharmacother 1993; 27: 1058–9. 

5. Morran C, et al. Brief report: pharmacokinetics of orally admin-
istered ciprofloxacin in abdominal surgery. Am J Med 1989; 87
(suppl 5A): 86S–88S.

Antacids and metal ions. The absorption of ciprofloxacin
and other fluoroquinolones is reduced by antacids containing
aluminium or magnesium and also by calcium, iron, and zinc
salts.1 Sucralfate releases aluminium ions in the stomach and
thereby reduces the absorption of ciprofloxacin2,3 and other fluo-
roquinolones, including norfloxacin,4 ofloxacin, and spar-
floxacin.5 In addition, antacids or oral iron preparations might
antagonise the antibacterial activity of fluoroquinolones within
the gut lumen.6 Dairy products with a high calcium content may
also interfere with the absorption of some fluoroquinolones.7-9

Enteral feeds, which contain cations, have also been found to re-
duce absorption of ciprofloxacin.10 A reduction in ciprofloxacin
bioavailability has also been reported after chewable tablets of
didanosine which contain aluminium and magnesium ion buffer-
ing agents.11 
It is recommended that oral ciprofloxacin should be given at least
2 hours before or 6 hours after such products; similar advice also
applies to other fluoroquinolones.
1. Lomaestro BM, Bailie GR. Absorption interactions with fluor-

oquinolones: 1995 update. Drug Safety 1995; 12: 314–33. 
2. Garrelts JC, et al. Sucralfate significantly reduces ciprofloxacin

concentrations in serum. Antimicrob Agents Chemother 1990;
34: 931–3. 

3. Van Slooten AD, et al. Combined use of ciprofloxacin and su-
cralfate. DICP Ann Pharmacother 1991; 25: 578–82. 

4. Parpia SH, et al. Sucralfate reduces the gastrointestinal absorp-
tion of norfloxacin. Antimicrob Agents Chemother 1989; 33:
99–102. 

5. Kamberi M, et al. The effect of staggered dosing of sucralfate
on oral bioavailability of sparfloxacin. Br J Clin Pharmacol
2000; 49: 98–103. 

6. Lewin CS, Smith JT. 4-Quinolones and multivalent ions. J An-
timicrob Chemother 1990; 26: 149. 

7. Neuvonen PJ, et al. Interference of dairy products with the ab-
sorption of ciprofloxacin. Clin Pharmacol Ther 1991; 50:
498–502. 

8. Kivistö KT, et al. Inhibition of norfloxacin absorption by dairy
products. Antimicrob Agents Chemother 1992; 36: 489–91. 

9. Neuvonen PJ, Kivistö KT. Milk and yoghurt do not impair the
absorption of ofloxacin. Br J Clin Pharmacol 1992; 33: 346–8. 

10. Healy DP, et al. Ciprofloxacin absorption is impaired in patients
given enteral feedings orally and via gastrostomy and jejunosto-
my tubes. Antimicrob Agents Chemother 1996; 40: 6–10. 

11. Sahai J, et al. Cations in the didanosine tablet reduce cipro-
floxacin bioavailability. Clin Pharmacol Ther 1993; 53: 292–7.

Antibacterials. The simultaneous use of parenteral cipro-
floxacin and azlocillin has resulted in higher and more prolonged
serum concentrations of ciprofloxacin.1 Steady-state plasma
concentrations of moxifloxacin are significantly reduced when
given with rifampicin and isoniazid for the treatment of tubercu-
losis.2
1. Barriere SL, et al. Alteration in the pharmacokinetic disposition

of ciprofloxacin by simultaneous administration of azlocillin.
Antimicrob Agents Chemother 1990; 34: 823–6. 

2. Nijland HMJ, et al. Rifampicin reduces plasma concentrations of
moxifloxacin in patients with tuberculosis. Clin Infect Dis 2007;
45: 1001–7.

Anticoagulants. For reports of ciprofloxacin and other fluoro-
quinolones enhancing the effect of oral anticoagulants, see under
Warfarin, p.1428.
Antidiabetics. For reference to elevated glibenclamide con-
centrations in patients who were also given ciprofloxacin, see
p.462.
Antiepileptics. For conflicting reports of the effect of cipro-
floxacin on serum-phenytoin concentrations, see p.498.
Antifungals. Both fluconazole and levofloxacin can prolong the
QT interval. The simultaneous use of intravenous levofloxacin
and fluconazole resulted in an episode of torsade de pointes in a
patient on haemodialysis.1
1. Gandhi PJ, et al. Fluconazole- and levofloxacin-induced tor-

sades de pointes in an intensive care unit patient. Am J Health-
Syst Pharm 2003; 60: 2479–83.

Antimigraine drugs. For a recommendation to reduce the dos-
age of zolmitriptan when given with ciprofloxacin, see p.628.
Antineoplastics. Absorption of oral ciprofloxacin appears to
be reduced after cytotoxic chemotherapy.1 
For reference to the effect of ciprofloxacin on the pharmacoki-
netics of cyclophosphamide, see p.703.
1. Johnson EJ, et al. Reduced absorption of oral ciprofloxacin after

chemotherapy for haematological malignancy. J Antimicrob
Chemother 1990; 25: 837–42.

Antivirals. Both ciprofloxacin and foscarnet can cause convul-
sions and 2 patients developed generalised tonic-clonic seizures
while receiving the drugs together.1 
For reference to reduction of ciprofloxacin bioavailability due to
the antacid content of chewable didanosine tablets, see under
Antacids and Metal Ions, above.
1. Fan-Havard P, et al. Concurrent use of foscarnet and cipro-

floxacin may increase the propensity for seizures. Ann Pharma-
cother 1994; 28: 869–72.

Anxiolytics. For reference to the effect of ciprofloxacin on the
pharmacokinetics of diazepam, midazolam, and temazepam, see
under Diazepam, p.989.
Immunosuppressants. For reference to possible interaction
between fluoroquinolones and ciclosporin, see Quinolones,
p.1825. For a pharmacokinetic study reporting reduced exposure
to mycophenolate mofetil when given with norfloxacin or nor-
floxacin plus metronidazole, see p.1837.
Muscle relaxants. For a report of ciprofloxacin increasing the
plasma concentrations of tizanidine, see p.1898.
Xanthines. Ciprofloxacin and other fluoroquinolones (to a
greater or lesser extent) decrease the clearance of theophylline
(p.1143) and caffeine (p.1117) from the body. Seizures have oc-
curred in patients given ciprofloxacin and theophylline and in
one such report1 serum-theophylline concentrations were nor-
mal.
1. Bader MB. Role of ciprofloxacin in fatal seizures. Chest 1992;

101: 883–4.

Antimicrobial Action
Ciprofloxacin is bactericidal and acts by inhibiting
DNA gyrase and topoisomerase IV, which are essential
enzymes in the reproduction of bacterial DNA. It has a
broader spectrum of activity and is more potent in vitro
than the non-fluorinated quinolone nalidixic acid al-
though resistance to many species or strains previously
sensitive is emerging. Activity may be reduced in acid
media and in the presence of urine but not of serum. 
Spectrum of activity. Among Gram-negative aerobic
bacteria, ciprofloxacin may be active in vitro against
Enterobacteriaceae, including Escherichia coli and
Citrobacter, Enterobacter, Klebsiella, Proteus, Provi-
dencia, Salmonella, Serratia, Shigella, and Yersinia
spp. It may also exhibit activity against Pseudomonas
aeruginosa and Neisseria gonorrhoeae. H. influenzae,
Moraxella catarrhalis (Branhamella catarrhalis), and
N. meningitidis are all sensitive. Other Gram-negative
aerobic bacteria reported to be sensitive to cipro-
floxacin have included Gardnerella vaginalis, Helico-
bacter pylori, Legionella spp., Pasteurella multocida,
and Vibrio spp. Variable activity has been reported
against Acinetobacter spp., Brucella melitensis, and
Campylobacter spp. 
Among Gram-positive aerobic bacteria, ciprofloxacin
is active against staphylococci, including penicillinase-
producing and penicillinase-nonproducing strains, and
against some MRSA. Streptococci, in particular Strep-
tococcus pneumoniae and enterococci, are less suscep-
tible. Other Gram-positive bacteria sensitive to cipro-
floxacin in vitro are Bacillus spp.; variable activity has
been noted for Corynebacterium spp. 
Most anaerobic bacteria, including Bacteroides fragilis
and Clostridium difficile, are resistant to ciprofloxacin,
although some other Clostridium spp. may be suscep-
tible. 
Ciprofloxacin has some activity against mycobacteria,
mycoplasmas, rickettsias, Chlamydia trachomatis, and
Ureaplasma urealyticum. 
Acquired resistance. Resistant strains, particularly of
MRSA, Ps. aeruginosa, E. coli, Klebsiella pneumoni-
ae, C. jejuni, N. gonorrhoeae, and Str. pneumoniae
have emerged during treatment with ciprofloxacin al-
though there are widely differing patterns of resistance
geographically. Resistance to ciprofloxacin has usually
been chromosomally mediated although plasma-medi-
ated resistance has recently been noted.

Pharmacokinetics
Ciprofloxacin is rapidly and well absorbed from the
gastrointestinal tract. Oral bioavailability is about 70 to
80% and a peak serum concentration of about
2.4 micrograms/mL occurs 1 to 2 hours after a 500-mg
oral dose. Absorption of ciprofloxacin tablets may be
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delayed by the presence of food, but is not substantially
affected overall. 
Plasma protein binding ranges from 20 to 40%. Cipro-
floxacin is widely distributed in the body and tissue
penetration is generally good. It appears in the CSF, but
concentrations are only about 10% of those in serum
when the meninges are not inflamed. Ciprofloxacin
crosses the placenta and is also distributed into breast
milk. High concentrations are achieved in bile. 
The elimination half-life is about 3 to 5 hours and there
is evidence of modest accumulation. Half-life may be
prolonged in renal impairment (a value of 8 hours has
been reported in end-stage renal disease) and to some
extent in the elderly. However, no dose adjustment is
usually necessary in patients with renal impairment un-
less it is severe; similarly, usual doses can be given to
the elderly except in those with severe renal impair-
ment. There is limited information on the effect of he-
patic impairment; the half-life of ciprofloxacin has
been reported to be slightly prolonged in patients with
severe cirrhosis of the liver. With one or two excep-
tions, most studies have shown that the pharmacoki-
netics of ciprofloxacin are not markedly affected by
cystic fibrosis. 
Ciprofloxacin is eliminated principally by urinary ex-
cretion, but non-renal clearance may account for about
one-third of elimination and includes hepatic metabo-
lism, biliary excretion, and possibly transluminal se-
cretion across the intestinal mucosa. At least 4 active
metabolites have been identified. Oxociprofloxacin
appears to be the major urinary metabolite and sulfo-
ciprofloxacin the primary faecal metabolite. Urinary
excretion is by active tubular secretion as well as
glomerular filtration and is reduced by probenecid; it is
virtually complete within 24 hours. About 40 to 50%
of an oral dose is excreted unchanged in the urine and
about 15% as metabolites. Up to 70% of a parenteral
dose may be excreted unchanged within 24 hours and
10% as metabolites. Faecal excretion over 5 days has
accounted for 20 to 35% of an oral dose and 15% of an
intravenous dose. 
Only small amounts of ciprofloxacin are removed by
haemodialysis or peritoneal dialysis.
General pharmacokinetics. Reviews of the pharmacokinet-
ics of ciprofloxacin1 and the fluoroquinolones in general.2,3

1. Vance-Bryan K, et al. Clinical pharmacokinetics of cipro-
floxacin. Clin Pharmacokinet 1990; 19: 434–61. 

2. Aminimanizani A, et al. Comparative pharmacokinetics and
pharmacodynamics of the newer fluoroquinolone antibacterials.
Clin Pharmacokinet 2001; 40: 169–187. 

3. Wispelwey B. Clinical implications of pharmacokinetics and
pharmacodynamics of fluoroquinolones. Clin Infect Dis 2005;
41 (suppl 2): S127–S135.

Uses and Administration
Ciprofloxacin is a fluorinated 4-quinolone or fluoro-
quinolone antibacterial with a wider spectrum of activ-
ity than nalidixic acid (see Antimicrobial Action,
above) and more favourable pharmacokinetics allow-
ing its use in systemic infections. It has been used in the
treatment of infections including anthrax, biliary-tract
infections, infected bites and stings, bone and joint in-
fections, cat scratch disease, chancroid, exacerbations
of cystic fibrosis, ear, nose, and throat infections (in-
cluding otitis externa, otitis media, and sinusitis),
HACEK endocarditis, gastro-enteritis (including trav-
ellers’ diarrhoea and campylobacter enteritis, cholera,
salmonella enteritis, shigellosis, and yersinia enteritis),
gonorrhoea, granuloma inguinale, infections in immuno-
compromised patients (neutropenia), legionnaires’ dis-
ease, pelvic inflammatory disease, peritonitis, plague,
lower respiratory-tract infections (including pseu-
domonal infections in cystic fibrosis, but excluding in-
fections due to Streptococcus pneumoniae such as
pneumococcal pneumonia), rickettsial infections (in-
cluding Q fever, spotted fevers, and typhus), septicae-
mia, skin infections (including soft-tissue infections),
typhoid and paratyphoid fever, and urinary-tract infec-
tions including chronic bacterial prostatitis. Cipro-
floxacin is used for meningococcal meningitis prophy-

laxis. It is also used for surgical infection prophylaxis
and in the treatment of nontuberculous mycobacterial
infections and tuberculosis. Ciprofloxacin is used topi-
cally in the treatment of eye and ear infections. 
For details of all these infections and their treatment,
see under Choice of Antibacterial, p.162. 
Administration and dosage. Ciprofloxacin is given
orally as the hydrochloride or base, by intravenous in-
fusion as the lactate, and in eye drops, eye ointment, or
ear drops as the hydrochloride. Doses and strengths are
expressed in terms of the base. Ciprofloxacin hydro-
chloride 291.1 mg is equivalent to about 250 mg of
ciprofloxacin. Ciprofloxacin lactate 127 mg is equiva-
lent to about 100 mg of ciprofloxacin. 
The usual adult oral dose of ciprofloxacin ranges from
250 to 750 mg twice daily depending on the severity
and nature of the infection. Modified-release prepara-
tions for once-daily dosage are available in some coun-
tries. The usual adult intravenous dose is 200 to
400 mg twice daily, given over 30 to 60 minutes as a
solution containing the equivalent of 1 to 2 mg/mL. 
Women with acute uncomplicated cystitis may be giv-
en an oral dose of 100 to 250 mg twice daily for 3 days
or 100 mg twice daily by intravenous infusion. A 28-
day course of treatment with an oral dose of 500 mg
twice daily or an intravenous dose of 400 mg twice dai-
ly should be given for chronic bacterial prostatitis.
Bone and joint infections should be treated with an oral
dose of 500 to 750 mg twice daily or an intravenous
dose of 400 mg two or three times daily for 4 to 6
weeks. Intravenous infusions of 400 mg three times
daily have also been recommended in severe or com-
plicated lower respiratory tract or skin infections, noso-
comial pneumonia, and with piperacillin for empirical
treatment of febrile neutropenic patients. 
For treatment and postexposure prophylaxis of inhala-
tion anthrax, a 60-day course of treatment with initial
intravenous doses of 400 mg twice daily followed by
oral doses of 500 mg twice daily is recommended; al-
though unlicensed, the same regimen is recommended
by UK and US public health agencies for the treatment
of gastrointestinal anthrax. In the treatment of cutane-
ous anthrax (also unlicensed), a 7- to 10-day course of
treatment with an oral dose of 500 to 750 mg twice dai-
ly is similarly recommended; treatment may need to be
extended to 60 days if infection is due to aerosol expo-
sure. 
Doses should be reduced in patients with severe renal
impairment (see below). 
Single oral doses of 250 or 500 mg or single intrave-
nous doses of 100 mg are used for the treatment of
gonorrhoea, depending upon patterns of resistance. A
single oral dose of 750 mg is used for surgical infection
prophylaxis, given 60 to 90 minutes before the proce-
dure. Although unlicensed in the UK, the BNF sug-
gests a single oral dose of 500 mg for meningococcal
meningitis prophylaxis. 
For details of doses in children, including infants and
adolescents, see below. 
For corneal ulcers and superficial ocular infections
caused by susceptible strains of bacteria ciprofloxacin
is given as the hydrochloride in eye drops and eye oint-
ment containing the equivalent of 0.3% of cipro-
floxacin. 
Ciprofloxacin is also used topically as the hydrochlo-
ride in ear drops containing the equivalent of 0.2 or
0.3% of ciprofloxacin, usually with a corticosteroid
such as dexamethasone or hydrocortisone, for the treat-
ment of otitis externa and chronic suppurative otitis
media caused by susceptible strains of bacteria.
◊ General references to fluoroquinolones1-9 including cipro-
floxacin specifically.10-13

1. von Rosenstiel N, Adam D. Quinolone antibacterials: an update
of their pharmacology and therapeutic use. Drugs 1994; 47:
872–901. 
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3. Walker RC. The fluoroquinolones. Mayo Clin Proc 1999; 74:
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4. Smith A, et al. Fluoroquinolones: place in ocular therapy. Drugs
2001; 61: 747–61. 

5. Schaeffer AJ. The expanding role of fluoroquinolones. Am J
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Administration in children. Ciprofloxacin is not recom-
mended for general use in children and adolescents (see under
Precautions, above) but, if considered essential, UK licensed
product information recommends oral doses of 5 to 15 mg/kg
twice daily or intravenous doses of 4 to 8 mg/kg twice daily. The
BNFC suggests that similar doses may be given to those as
young as 1 month of age and that neonates may be given
7.5 mg/kg by mouth twice daily or 5 mg/kg by intravenous infu-
sion twice daily. It is also licensed in different doses for specific
indications as outlined below. 
Ciprofloxacin is licensed in the UK and the USA for the treat-
ment and postexposure prophylaxis of inhalation anthrax in
children and adolescents. A 60-day course of treatment with ini-
tial intravenous doses of 10 mg/kg (to a maximum of 400 mg)
twice daily followed by oral doses of 15 mg/kg (to a maximum
of 500 mg) twice daily is recommended; the BNFC suggests that
similar doses may be given to those as young as 1 month of age.
Although unlicensed, the same regimen is recommended by UK
and US public health agencies for the treatment of gastrointesti-
nal anthrax. In the treatment of cutaneous anthrax (also unli-
censed), a 7- to 10-day course of treatment with an oral dose of
up to 15 mg/kg twice daily is similarly recommended; treatment
may need to be extended to 60 days if infection is due to aerosol
exposure. 
It is also licensed in the UK for acute exacerbations of cystic fi-
brosis associated with Pseudomonas aeruginosa infection in
those aged 5 to 17 years. An oral dose of 20 mg/kg (to a maxi-
mum of 750 mg) twice daily or an intravenous dose of 10 mg/kg
(to a maximum of 400 mg) three times daily is recommended.
Although not licensed for younger children, the BNFC suggests
giving those aged 1 month to 5 years an oral dose of 5 to
15 mg/kg twice daily or an intravenous dose of 4 to 8 mg/kg
twice daily. 
In the USA, ciprofloxacin is also licensed for complicated uri-
nary-tract infections or pyelonephritis caused by Escherichia
coli in those aged 1 to 17 years. An oral dose of 10 to 20 mg/kg
(to a maximum of 750 mg) twice daily or an intravenous dose of
6 to 10 mg/kg (to a maximum of 400 mg) three times daily is
recommended. 
Although unlicensed in the UK, the BNFC suggests a single oral
dose of 125 mg for meningococcal meningitis prophylaxis in
children aged 2 to 5 years; children aged 5 to 12 years may be
given a single oral dose of 250 mg, and those aged over 12 years
a single oral dose of 500 mg. Single oral doses of 500 mg have
also been suggested for the treatment of gonorrhoea in those over
12 years of age.
Administration in renal impairment. The dose of cipro-
floxacin should be reduced in adult patients with renal impair-
ment by either reducing the total daily dose and/or by increasing
the dosage interval in accordance with their creatinine clearance
(CC); ideally plasma concentrations of ciprofloxacin should be
monitored. 
In the UK, halving the usual daily oral or intravenous dose in
those with a CC of less than 20 mL/minute is recommended. 
In the USA, the following doses are recommended: 
• CC 30 to 50 mL/minute: up to 500 mg by mouth every 12

hours or the usual dose by intravenous infusion 
• CC 5 to 29 mL/minute: up to 500 mg by mouth every 18 hours

or up to 400 mg by intravenous infusion every 18 to 24 hours 
• haemodialysis or peritoneal dialysis patients: up to 500 mg by

mouth every 24 hours after dialysis 
A pharmacokinetic study in 10 critically ill patients undergoing
continuous renal replacement therapy with either venovenous
haemofiltration or haemodiafiltration suggested that a dose of
ciprofloxacin 400 mg every 24 hours would be suitable in such
situations.1 
There appears to be little guidance on the use of ciprofloxacin in
paediatric patients with renal impairment but the BNFC states
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that half the usual dose should be used for those with a CC of less
than 20 mL/minute per 1.73 m2.
1. Malone RS, et al. Pharmacokinetics of levofloxacin and cipro-

floxacin during continuous renal replacement therapy in critical-
ly ill patients. Antimicrob Agents Chemother 2001; 45: 2949–54.

Inflammatory bowel disease. Ciprofloxacin has been given,
sometimes with metronidazole, to treat active Crohn’s disease1,2

(see Inflammatory Bowel Disease, p.1697).
1. Prantera C, et al. An antibiotic regimen for the treatment of ac-

tive Crohn’s disease: a randomized, controlled clinical trial of
metronidazole plus ciprofloxacin. Am J Gastroenterol 1996; 91:
328–32. 

2. Ishikawa T, et al. Metronidazole plus ciprofloxacin therapy for
active Crohn’s disease. Intern Med 2003; 42: 318–21.

Tuberculosis. Reviews1,2 of data obtained from controlled
studies, cohorts, and case series, published up to March 2006,
evaluating the clinical efficacy of fluoroquinolones for the treat-
ment of tuberculosis (p.196) concluded that substituting or add-
ing fluoroquinolones (in particular the older fluoroquinolones
such as ciprofloxacin or ofloxacin) to established first-line treat-
ment regimens did not confer additional benefits, although the
newer fluoroquinolones are reported to have good in-vitro (levo-
floxacin, gatifloxacin, moxifloxacin) and in-vivo (gatifloxacin
and moxifloxacin) bactericidal activity against Mycobacterium
tuberculosis.2 
There are very few controlled studies evaluating the use of fluo-
roquinolones in multi-drug resistant tuberculosis, but 2 retro-
spective studies support their effectiveness.2 WHO guidelines3,4

recommend that patients with multi-drug resistant tuberculosis
and those who relapse after completing standard treatment regi-
mens should receive second-line antituberculous drugs as part of
a DOTS-plus regimen; such drugs do include ciprofloxacin and
ofloxacin, as well as gatifloxacin, levofloxacin, and moxi-
floxacin. The usual recommended oral doses during the initial
phase are as follows: 
• ciprofloxacin: 1 to 1.5 g daily 
• gatifloxacin: 400 mg daily 
• moxifloxacin: 400 mg daily 
• levofloxacin: 750 mg daily 
• ofloxacin: 400 mg twice daily
1. Ziganshina LE, Squire SB. Fluoroquinolones for treating tuber-

culosis. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2008 (accessed
07/07/08). 

2. Moadebi S, et al. Fluoroquinolones for the treatment of pulmo-
nary tuberculosis. Drugs 2007; 67: 2077–99. 

3. WHO. Treatment of tuberculosis: guidelines for national pro-
grammes. 3rd ed. Geneva: WHO, 2003 (and 2004 revision).
Av a i l a b l e  a t :  h t t p : / / w h q l i b d o c . w h o . i n t / h q / 2 0 0 3 /
WHO_CDS_TB_2003.313_eng.pdf (accessed 24/01/07) 

4. WHO. Guidelines for the programmatic management of drug-
resistant tuberculosis. Geneva: WHO, 2006. Available at: http://
whqlibdoc.who.int/publications/2006/9241546956_eng.pdf (ac-
cessed 03/03/08)

Preparations
BP 2008: Ciprofloxacin Intravenous Infusion; Ciprofloxacin Tablets; 
USP 31: Ciprofloxacin and Dexamethasone Otic Suspension; Cipro-
floxacin Injection; Ciprofloxacin Ophthalmic Ointment; Ciprofloxacin Oph-
thalmic Solution; Ciprofloxacin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Argeflox; Atibax C; Biotic; Blader†; Ciloxan; Cipro; Cipro-Otico; Cip-
rotenk; Cirflox-G; Ciriax; Crisacide; Exertial; Floraxina; Gino Ciriax; Goly-
sine; Lorbifloxacina; Medaflox; Microsulf; Neflox; Novidat; Ocefax; Oma-
flaxina†; Plusgin†; Quisegen; Rexner; Septicide; Ultramicina; Austral.: C-
Flox; Ciloquin; Ciloxan; Ciprol; Ciproxin; Profloxin; Proquin; Austria: Agyr†;
Ciflox; Ciloxan; Cipromed; Ciprostad; Ciproxin; Belg.: Ciloxan; Ciprobel;
Ciproxine; Docciproflo; Braz.: Bactoflox†; Biamotil; Ciflocina†; Ciflox; Ci-
floxan†; Cifloxtron; Ciloxan; Cinoflax; Ciprix; Cipro; Ciproant†; Ciprobiot†;
Ciprocilin; Ciprocina†; Ciprodine; Ciprofar; Ciproflonax†; Ciproflox†; Cip-
rofloxil; Cipromizin†; Cipronal†; Cipronom; Ciproxan†; Ciproxen; Ciprox-
il†; Ductocina; Floxan; Maxiflox; Nixin; Ofoxin; Procin†; Proflox; Proxacin;
Quiflox; Quinoflox; Sifloxan†; Canad.: Ciloxan; Cipro; Chile: Baycip; Ci-
floxin; Ciloxacin; Ciproval; Ciproxino; Grifociprox; Oflono; Oftaciprox; Cz.:
Cifloxinal; Cifran; Ciloxan; Ciphin; Ciplox; Ciprinol; Ciprobay; Ciprobid†; Ci-
prum; Quintor†; Quipro†; Denm.: Cifin; Ciloxan; Ciproxin; Sancipro; Sibu-
nar; Fin.: Cipromed; Ciproxin; Siprion†; Fr.: Ciflox; Ciloxan; Uniflox; Ger.:
Ciloxan; Cipro; Cipro-Lich†; Cipro-Q; Cipro-saar; Cipro-Wolff; Ciprobay;
Ciprobeta; Ciprodoc; Ciprodura; Ciprofat; Ciproflox; Ciproflox-Puren; Cip-
rogamma; Ciprohexal; Ciprox; Gyracip; Keciflox; Panotile cipro; Gr.: Af-
enoxin; Aristin-C; Balepton; Biocipro; Bivorilan; Cidrops†; Ciloxan; Cip-
robay†; Ciprofal; Cipromycin; Ciprospes; Ciproxin; Citrovenot; Droll;
Flociprin; Forterra; Ginorectol; Glossyfin; Grenis-cipro; Infectina; Labentrol;
Ladinin; Limox; Nafloxin; Ravalton; Remena; Revion; Revionorm; Topistin;
Ufexil; Urodixin; Hong Kong: Cifloxin; Ciloxan; Cipide; Ciplox; Ciprol; Cip-
roxin; Ciproxyl; Cyfloxin; Enoxin; Gonning; Medociprin; Proxacin; Quinocin;
Uroxin; Utahzone; Hung.: Cifloxin; Cifran; Ciloxan; Ciphin; Ciplox; Ciprinol;
Ciprobay; Ciprolen; Cipropharm; Ciprum; Cydonin; India: Bactoquin†; Bio-
cip; Cifran; Cipgen; Cipro-Cent; Ciprobid; Ciprodac; Ciprowin; Ificipro†;
Neocip; Procip†; Quinobact; Strox†; Zoxan; Indon.: Bactiprox; Baquinor;
Bernoflox; Bidiprox; Cetafloxo; Ciflos; Cilox; Ciproxin; Civell; Coroflex; Cor-
sacin; Cylowam; Disfabac; Duflomex; Etacin; Floksid; Floxbio; Floxigra; Gira-
bloc; Interflox; Isotic Renator; Jayacin; Kifarox; Lapiflox; Licoprox; Meflosin;
Mensipox; Nilaflox; Poncoflox; Proxcip; Proxitor; Qinox; Quamiprox; Qui-
dex; Quinobiotic; Renator; Scanax; Tequinol; Vidintal; Viflox; Vioquin; Voli-
nol; Wiaflox; Ximex Cylowam; Zumaflox; Irl.: Biofloxcin; Cifloxager; Cip-
roxin; Profloxin; Truoxin; Israel: Ciloxan; Ciplox; Ciprodex; Ciprogis;
Ciproxin; Ufexil; Ital.: Ciproxin; Flociprin; Oftacilox; Jpn: Ciproxan; Malay-
sia: Bactiflox; Cifloxin; Cifran; Ciloxan; Ciprobay; Enoxin; Mex.: Antimed;
Apoflox; Arfloxina; Bacproin; Bioflox; Ci-Sons; Cifran; Ciloxan; Cimogal;
Ciprain; Cipro; Ciprobac; Ciprobiotic; Ciproflox; Ciprofur; Ciprohexal; Cip-
roser ; Ciprotec; Ciproxina; Ciqfadin; Dinaflox; Eni; Eufloxin; Floxager ;
Floxantina; Floxelena; Floxitul; Gibac; Infloxa; Italnik; Kenzoflex; Lemyflox; Lif-
erxina; Maviflox†; Microrgan; Mitroken; Nivoflox†; Novoquin; Oftaquin†;
Opthaflox; Patox; Pharcina; Profluxol; Provay; Proxitec†; Quifloxona†;
Quinoflox; Rictor; Sinfexina; Sophixin; Spectroflex†; Suiflox; Trigen; Vifloxi-

na; Zipra; Neth.: Ciloxan; Ciprinol; Ciproxin; Norw.: Cilox; Ciproxin; NZ:
Cifran; Ciloxan; Cipflox; Ciproxin; DP-Cipro; Topistin; Ufexil; Philipp.: Bax-
olyn; Brelcip; Ciclodin; Cidroxal; Ciloxan; Ciprobay; Cipromax; Cipromet;
Ciprotor ; Cirok; Floroc; Iprolan; Ipromax; Kinoves; Laitun; Nexproxyn;
Proxivex; Qinosyn; Quilox; Quinoryl; Quiprime; Rapiqure; Xipro; Zalvos;
Zyflox; Pol.: Cifran; Ciloxan; Ciphin; Ciprinol; Ciprobay; Cipronex; Cip-
ropol; Ciprum; Proxacin; Port.: Carmicina†; Ciflan; Ciplox; Ciproquinol†;
Ciproxina; Colintil; Estecina; Floxacipron†; Giroflox; ISINO; Keefloxin†;
Megaflox; Nivoflox; Nixin; Oftacilox; Quinox; Xorpic†; Rus.: Cifloxinal
(Цифлоксинал); Cifran (Цифран); Ciloxan (Цилоксан); Ciprex (Ципрекс);
Ciprinol (Ципринол); Ciprobay (Ципробай); Ciprobid (Ципробид); Cip-
rolet (Ципролет); Ciprolone (Ципролон); Cipromed (Ципромед); Cipro-
sun (Ципросан); Ificipro (Ифиципро); Medociprin (Медоциприн); Quin-
tor (Квинтор); Sifloks (Сифлокс); S.Afr.: Adco-Ciprin; Biocip; Cifloc; Cifran;
Ciloxan; Ciploxx; Cipro-Hexal; Ciprobay; Ciprogen; Dynafloc; Orpic; Spec-
Topistin; Singapore: Ciloxan; Ciprobay; Ciprolet; Cirok†; Ciroxin†; Cycin;
Ginorectol; Neofloxin; Serviflox; Uroxin; Spain: Aceoto; Baycip; Belmacina;
Catex; Ceprimax†; Cetraxal; Cipobacter†; Ciprenit Otico; Ciproctal; Cip-
roxina Simple; Cunesin; Doriman; Estecina; Felixene; Giroflox; Globuce; Hu-
berdoxina; Numen; Oftacilox; Otociprin; Otosat; Piprol; Plenolyt; Quipro;
Rigoran; Sepcen; Septocipro; Tam; Ultramicina; Velmonit†; Swed.: Ciloxan;
Ciproxin; Switz.: Ciloxan; Cip eco; Ciprine; Cipro-Med; Ciproflox; Ciprox-
ine; Principrox; Thai.: C-Floxacin; Ciflo; Ciflolan; Cifloxin; Cifran; Cilab;
Ciloxan; Cinfloxine; Cipflocin; Cipon; Ciprobay; Ciprobid; Ciprocep; Cip-
rofin; Ciprogen; Ciproglen†; Ciprolet; Ciprom-H; Ciprosun†; Ciprovid; Cip-
roxan; Ciproxyl; Cobay; Cyflox; Forexin; Microflox; Poli-Cifloxin; Proflox;
Serviflox†; Ultraflox; Uroxin; Vesprocin; Turk.: Ciflosin; Cifluron; Ciloxan;
Ciprasid; Cipro; Ciproktan; Ciproxin; Loxasid; Proxacin; Roflazin; Roxin;
Sanset; Sifloks; Siprobel; Siprogut; Siprosan; Sispres; UroCiproxin; UAE: Sarf;
UK: Ciloxan; Ciproxin; USA: Ciloxan; Cipro; Venez.: Bacipro; Baflox; Ci-
flox; Ciloxan; Ciprivax; Ciproflox; Ciprolet†; Cipronax; Ciproquin; Ciproxi-
na; Cirok; Cypral; Gerxidin†; Iproxin; Klicina†; Lisipin; Oxtin; Quinoftal; Qui-
notic; Serviflox; Sophixin; Zolina.

Multi-ingredient: Arg.: Ciloxadex; Cipro HC; Ciproflox-Otic; Ciriax Ot-
ic; Ciriax Otic L; Decadron con Ciprofloxina; Delos Otic; Otex HC; Oto
Biotaer; Otobiotic; Otocipro; Otosporin C; Prootocipro; Quidex; Tacines;
Austral.: Ciproxin HC; Austria: C-Bildz; Braz.: Biamotil-D; Cilodex; Cipro
HC; Cylocort; Maxiflox D; Otociriax; Canad.: Cipro HC; Ciprodex; Chile:
Cilodex; Ciprodex; Oflono-D; Otex HC; Cz.: Ciprobay HC Otic; Denm.:
Ciflox; Fin.: Ciproxin-Hydrocortison; Gr.: Ciprofloxacin HY†; Hong Kong:
Cipro HC; Hung.: Ciprobay†; India: Biocip-TZ; Cipgen TZ; Ciplox; Ciplox
D; Ciplox TZ; Ciptini; Citizol; Neocip FC; Neocip M; Ocimix; Tinvista-CF;
Israel: Ciproxin HC; Malaysia: Cipro HC†; Mex.: Cilodex; Ciproxina
HC; Dinill-D; Oto Eni; Quinoflox Otico; UV IX†; Vodelan; NZ: Ciproxin
HC; S.Afr.: Ciprobay HC; Singapore: Ciprobay HC; Spain: Aceoto Plus;
Cetraxal Plus; Cexidal Otico†; Ciproxina; Synalotic; Ultramicina Plus†;
Switz.: Ciproxin HC; USA: Cipro HC; Ciprodex; Venez.: Otalex; Quino-
cort; Quinotic HC.

Clarithromycin (BAN, USAN, rINN)

A-56268; Abbott-56268; Clarithromycine; Clarithromycinum;
Claritromicina; Klarithromycin; Klaritromicinas; Klaritromisin; Klar-
itromycin; Klaritromysiini; TE-031.
(2R,3S,4S,5R,6R,8R,10R,11R,12S,13R)-3-(2,6-Dideoxy-3-C,3O-
dimethyl-α-L-ribo-hexopyranosyloxy)-11,12-dihydroxy-6-meth-
oxy-2,4,6,8,10,12-hexamethyl-9-oxo-5-(3,4,6-trideoxy-3-
dimethylamino-β-D-xylo-hexopyranosyloxy)pentadecan-13-ol-
ide; 6-O-Methylerythromycin.
Кларитромицин
C38H69NO13 = 748.0.
CAS — 81103-11-9.
ATC — J01FA09.
ATC Vet — QJ01FA09.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clarithromycin). A white or almost white, crystal-
line powder. Practically insoluble in water; soluble in acetone
and in dichloromethane; slightly soluble in methyl alcohol. 
USP 31 (Clarithromycin). A white to off-white crystalline pow-
der. Practically insoluble in water; slightly soluble in dehydrated
alcohol, in methyl alcohol, and in acetonitrile; soluble in acetone;
slightly soluble in phosphate buffer at pH values of 2 to 5. pH of
a 0.2% suspension in a mixture of water and methyl alcohol
(19:1) is between 8.0 and 10.0. Store in airtight containers.

Adverse Effects and Precautions
As for Erythromycin, p.270. Gastrointestinal distur-
bances are the most frequent adverse effect but are usu-
ally mild and less frequent with clarithromycin than
with erythromycin. Smell and taste disturbances, sto-

matitis, glossitis, tongue and tooth discoloration, and
headache have occurred. There have also been reports
of transient CNS effects. Other adverse effects include
arthralgia, myalgia, hypoglycaemia, leucopenia, and
thrombocytopenia. Interstitial nephritis and renal fail-
ure have been reported rarely. 
Intravenous doses may cause phlebitis and pain at the
injection site. 
Caution is required in patients with hepatic or renal im-
pairment and doses should be reduced in those with re-
nal impairment (see under Uses and Administration
below). It should not be used during pregnancy if pos-
sible as high doses have been associated with embryo-
toxicity in animal studies.
Effects on the blood. Single cases of thrombocytopenia1 and
thrombocytopenic purpura2,3 associated with clarithromycin
have been reported. Cases of agranulocytosis have also been re-
ported.4 A case of thrombocytopenia accompanied by interstitial
nephritis, hepatitis, and elevated serum amylase levels was at-
tributed to an allergic reaction to clarithromycin.5 Toxic epider-
mal necrolysis and subsequent death due to aplastic anaemia
have been reported in a patient after taking clarithromycin for 3
days.6
1. Price TA, Tuazon CU. Clarithromycin-induced thrombocytope-

nia. Clin Infect Dis 1992; 15: 563–4. 
2. Oteo JA, et al. Clarithromycin-induced thrombocytopenic pur-

pura. Clin Infect Dis 1994; 19: 1170–1. 
3. Alexopoulou A, et al. Thrombotic thrombocytopenic purpura in

a patient treated with clarithromycin. Eur J Haematol 2002; 69:
191–2. 

4. Jacobs P, et al. Immune agranulocytosis and clarithromycin. He-
matology 2004; 9: 291–6. 

5. Baylor P, Williams K. Interstitial nephritis, thrombocytopenia,
hepatitis, and elevated serum amylase levels in a patient receiv-
ing clarithromycin therapy. Clin Infect Dis 1999; 29: 1350–1. 

6. Baz K, et al. Fatal aplastic anaemia in a patient with clarithromy-
cin-induced toxic epidermal necrolysis. J Eur Acad Dermatol
Venereol 2004; 18: 104–5.

Effects on the cardiovascular system. QT prolongation and
torsade de pointes were associated with use of clarithromycin in
2 patients.1 Renal impairment in 1 of the patients and hepatic im-
pairment and organic heart disease in both could have increased
their susceptibility to these effects. 
For mention of an unexpected increase in cardiovascular mortal-
ity in patients with stable coronary heart disease given clarithro-
mycin, see Ischaemic Heart Disease, in Uses and Administration
of Azithromycin, above.
1. Lee KL, et al. QT prolongation and torsades de pointes associat-

ed with clarithromycin. Am J Med 1998; 104: 395–6.

Effects on the eyes. Corneal opacities, reversible on stopping
treatment, were reported in a patient receiving oral clarithromy-
cin as part of a regimen for disseminated Mycobacterium avium
complex infection.1 Corneal subepithelial deposits have also
been reported in a patient after prolonged use of clarithromycin
eye drops for Mycobacterium avium complex keratitis. The de-
posits did not cause any ocular discomfort and resolved on stop-
ping therapy.2
1. Dorrell L, et al. Toxicity of clarithromycin in the treatment of

Mycobacterium avium complex infection in a patient with
AIDS. J Antimicrob Chemother 1994; 34: 605–6. 

2. Tyagi AK, et al. An unreported side effect of topical clarithromy-
cin when used successfully to treat Mycobacterium avium-intra-
cellulare keratitis. Cornea 1999; 18: 606–7.

Effects on the gastrointestinal tract. Pseudomembranous
colitis associated with Clostridium difficile developed in a child
receiving clarithromycin.1
1. Braegger CP, Nadal D. Clarithromycin and pseudomembranous

enterocolitis. Lancet 1994; 343: 241–2.

Effects on the liver. Progressive cholestatic jaundice, which
subsequently proved fatal, developed in a 59-year-old woman af-
ter 3 days of clarithromycin therapy for acute maxillary sinusi-
tis.1 Fulminant hepatic failure in another patient, which devel-
oped during clarithromycin therapy, resolved once the drug was
withdrawn.2 Clarithromycin itself was considered responsible al-
though there was the possibility that it had increased concentra-
tions of isradipine, another known hepatotoxic drug that the pa-
tient was also receiving.
1. Fox JC, et al. Progressive cholestatic liver disease associated

with clarithromycin treatment. J Clin Pharmacol 2002; 42:
676–80. 

2. Tietz A, et al. Fulminant liver failure associated with clarithro-
mycin. Ann Pharmacother 2003; 37: 57–60.

Effects on the lungs. On 2 occasions fever and pulmonary in-
filtration with eosinophilia occurred in a patient given clarithro-
mycin.1 Another patient developed eosinophilic pneumonia 3
days after starting clarithromycin; symptoms improved when the
drug was stopped.2
1. Terzano C, Petroianni A. Clarithromycin and pulmonary infiltra-

tion with eosinophilia. BMJ 2003; 326: 1377–8. 
2. Ohnishi H, et al. Clarithromycin-induced eosinophilic pneumo-

nia. Intern Med 2004; 43: 231–5.

Effects on mental state. Acute psychoses occurred in 2 pa-
tients receiving clarithromycin as part of prophylactic treatment
for Helicobacter pylori infection and were similar to 3 previous-
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ly reported cases in either AIDS patients or elderly subjects.1
Delirium2 has also been associated with clarithromycin mono-
therapy in an elderly patient, and visual hallucinations have oc-
curred in a 37-year-old woman being treated with ceftriaxone
and clarithromycin for suspected pneumonia.3 A review4 of pub-
lished and spontaneous reports found an association between ad-
verse manic reactions and the use of certain antibacterials; clari-
thromycin was found to be the antibacterial most frequently
implicated.
1. Gómez-Gil E, et al. Clarithromycin-induced acute psychoses in

peptic ulcer disease. Eur J Clin Microbiol Infect Dis 1999; 18:
70–1. 

2. Özsoylar G, et al. Clarithromycin monotherapy-induced deliri-
um. J Antimicrob Chemother 2007; 59: 331. 

3. Fernández Arenas O, et al. Alucinaciones por administración de
una pauta estándar de claritromicina. Farm Hosp 2007; 31:
315–16. 

4. Abouesh A, et al. Antimicrobial-induced mania (antibiomania):
a review of spontaneous reports. J Clin Psychopharmacol 2002;
22: 71–81.

Effects on the pancreas. Pancreatitis has been reported in pa-
tients receiving clarithromycin.1-3

1. Liviu L, et al. Pancreatitis induced by clarithromycin. Ann Intern
Med 1996; 125: 701. 

2. Schouwenberg BJJW, Deinum J. Acute pancreatitis after a
course of clarithromycin. Neth J Med 2003; 61: 266–7. 

3. González Carro P, et al. Acute pancreatitis and modified-release
clarithromycin. Ann Pharmacother 2004; 38: 508–509.

Hypersensitivity. In addition to skin rashes and other hyper-
sensitivity reactions which occasionally occur in patients receiv-
ing macrolides, leukocytoclastic vasculitis,1 Henoch-Schönlein
purpura,2 and toxic epidermal necrolysis3 have been reported in
patients receiving clarithromycin.
1. Gavura SR, Nusinowitz S. Leukocytoclastic vasculitis associat-

ed with clarithromycin. Ann Pharmacother 1998; 32: 543–5. 
2. Borrás-Blasco J, et al. Henoch-Schönlein purpura associated

with clarithromycin: case report and review of literature. Int J
Clin Pharmacol Ther 2003; 41: 213–16. Correction. ibid.; 420. 

3. Khaldi N, et al. Toxic epidermal necrolysis and clarithromycin.
Can J Clin Pharmacol 2005; 12: e264–e268.

Interactions
For a discussion of drug interactions of macrolide anti-
bacterials, see Erythromycin, p.271.
Antidiabetics. For reference to hypoglycaemia resulting from
the addition of clarithromycin to glibenclamide or glipizide, see
Antibacterials, p.462.
Antiretroviral drugs. In studies in healthy subjects,1,2 the
HIV-protease inhibitor ritonavir inhibited the metabolism of
clarithromycin, increasing plasma concentrations and prolong-
ing half-life. The metabolism of ritonavir was not affected signif-
icantly. The two drugs may be given together in usual doses to
those with normal renal function but licensed product informa-
tion for clarithromycin recommends that its dose should be re-
duced in patients with renal impairment receiving ritonavir and
it should be noted that this is an extra reduction over and above
that which may be needed for the renal impairment alone. Doses
of clarithromycin should be reduced by 50% in patients with a
creatinine clearance (CC) of 30 to 60 mL/minute and reduced by
75% in those with a CC below 30 mL/minute; the daily dose
should not exceed 1 g. It has been suggested that other HIV-pro-
tease inhibitors (see also Table of Interactions of Drugs Used in
the Treatment of HIV, p.917) and the NNRTI delavirdine may
have a similar effect on clarithromycin. Use of efavirenz with
clarithromycin has decreased plasma concentration of clarithro-
mycin and increased its hydroxy metabolite. The combination
has been associated with a high incidence of skin rashes. De-
creases in the plasma concentration of clarithromycin have also
been noted with nevirapine. 
Decreased concentrations of zidovudine (p.915) have been re-
ported in patients also taking clarithromycin and clarithromycin
product information recommends that doses of the two drugs
should be separated by 1 to 2 hours.
1. Ouellet D, et al. Assessment of the pharmacokinetic interaction

between ritonavir and clarithromycin. Clin Pharmacol Ther
1996; 59: 143. 

2. Ouellet D, et al. Pharmacokinetic interaction between ritonavir
and clarithromycin. Clin Pharmacol Ther 1998; 64: 355–62.

Colchicine. For mention of fatal colchicine toxicity associated
with concomitant use of clarithromycin, see Macrolides, p.557.
Disulfiram. For a report of an interaction between clarithromy-
cin and disulfiram, see Macrolides, p.2297.
Fluoxetine. For a report of delirium following use of clarithro-
mycin with fluoxetine, see Antibacterials, p.396.
Gastrointestinal drugs. In a study1 in healthy subjects, con-
centrations of clarithromycin and its active metabolite were in-
creased in gastric tissue and mucus and, to a lesser extent, in plas-
ma during use of omeprazole. In addition, use of clarithromycin
with omeprazole resulted in higher and more prolonged plasma
concentrations of omeprazole. The investigators suggest that this
interaction could account for the synergistic action observed with
this combination when used for eradication of Helicobacter py-
lori. However, licensed product information for clarithromycin
states that no dosage adjustment to either drug is necessary. 

Although a study2 in healthy subjects suggested that some phar-
macokinetic parameters of clarithromycin are altered by cimeti-
dine, the clinical significance of such changes are unknown.
1. Gustavson LE, et al. Effect of omeprazole on concentrations of

clarithromycin in plasma and gastric tissue at steady state. Anti-
microb Agents Chemother 1995; 39: 2078–83. 

2. Amsden GW, et al. Oral cimetidine prolongs clarithromycin ab-
sorption. Antimicrob Agents Chemother 1998; 42: 1578–80.

Antimicrobial Action
As for Erythromycin, p.271. 
Clarithromycin is reported to be more active than
erythromycin against susceptible streptococci and sta-
phylococci in vitro, as well as against some other spe-
cies including Moraxella catarrhalis (Branhamella ca-
tarrhalis), Legionella spp., Chlamydia trachomatis,
and Ureaplasma urealyticum. Clarithromycin is re-
ported to be more active than erythromycin or azithro-
mycin against some mycobacteria, including Myco-
bacterium avium complex and M. leprae. It is reported
to have some in-vitro activity against the protozoan
Toxoplasma gondii. The major metabolite, 14-hydrox-
yclarithromycin, is also active, and may enhance the
activity of clarithromycin in vivo, notably against Hae-
mophilus influenzae. The MICs of this metabolite are
equal or twofold higher than those of the parent drug;
the former is twofold more active than the latter against
H. influenzae.
Activity with other antimicrobials. Clarithromycin has
been reported to enhance the activity of a number of antimyco-
bacterials including ethambutol, isoniazid, pyrazinamide, and ri-
fampicin against Mycobacterium tuberculosis.1,2

1. Cavalieri SJ, et al. Synergistic activities of clarithromycin and
antituberculous drugs against multi drug-resistant Mycobacteri-
um tuberculosis. Antimicrob Agents Chemother 1995; 39:
1542–5. 

2. Mor N, Esfandiari A. Synergistic activities of clarithromycin and
pyrazinamide against Mycobacterium tuberculosis in human
macrophages. Antimicrob Agents Chemother 1997; 41: 2035–6.

Resistance. Erythromycin-resistant isolates of Streptococcus
pneumoniae are commonly cross-resistant to clarithromycin.1
The incidence of resistance to clarithromycin and other mac-
rolides is higher among penicillin-resistant strains than among
penicillin-sensitive strains.2 Clarithromycin-resistant isolates of
Helicobacter pylori have also emerged.3-6 Genetic mutations re-
sponsible for clarithromycin resistance have been identified in H.
pylori7 and in Mycobacterium spp.8,9 Since resistance develops
rapidly in M. avium during clarithromycin monotherapy, combi-
nation therapy is usually recommended. However, resistance to
clarithromycin in an AIDS patient with systemic M. avium com-
plex infection, despite combined treatment with clofazimine, has
been described.10

1. Lonks JR, Medeiros AA. High rate of erythromycin and clari-
thromycin resistance among Streptococcus pneumoniae isolates
from blood cultures from Providence, RI. Antimicrob Agents
Chemother 1993; 37: 1742–5. 

2. Barry AL, et al. Macrolide resistance among Streptococcus
pneumoniae and Streptococcus pyogenes isolates from out-pa-
tients in the USA. J Antimicrob Chemother 1997; 40: 139–40. 

3. López-Brea M, et al. Evolution of resistance to metronidazole
and clarithromycin in Helicobacter pylori clinical isolates from
Spain. J Antimicrob Chemother 1997; 40: 279–81. 

4. Hultén K, et al. Macrolide resistance in Helicobacter pylori:
mechanism and stability in strains from clarithromycin-treated
patients. Antimicrob Agents Chemother 1997; 41: 2550–3. 

5. Kalach N, et al. High levels of resistance to metronidazole and
clarithromycin in Helicobacter pylori strains in children. J Clin
Microbiol 2001; 39: 394–7. 

6. Grove DI, Koutsouridis G. Increasing resistance of Helicobacter
pylori to clarithromycin: is the horse bolting? Pathology 2002;
34: 71–3. 

7. Versalovic J, et al. Mutations in 23S rRNA are associated with
clarithromycin resistance in Helicobacter pylori. Antimicrob
Agents Chemother 1996; 40: 477–80. 

8. Nash KA, Inderlied CB. Genetic basis of macrolide resistance
in Mycobacterium avium isolated from patients with dissemi-
nated disease. Antimicrob Agents Chemother 1995; 39:
2625–30. 

9. Wallace RJ, et al. Genetic basis for clarithromycin resistance
among isolates of Mycobacterium chelonae and Mycobacterium
abscessus. Antimicrob Agents Chemother 1996; 40: 1676–81. 

10. De Wit S, et al. Acquired resistance to clarithromycin as com-
bined therapy in Mycobacterium avium intracellulare infection.
Lancet 1993; 341: 53–4.

Pharmacokinetics
Clarithromycin is rapidly absorbed from the gastroin-
testinal tract, and undergoes first-pass metabolism; the
bioavailability of the parent drug is about 55%. The ex-
tent of absorption is relatively unaffected by the pres-
ence of food. Peak plasma concentrations occur 2 to 3
hours after an oral dose. At steady state, peak plasma
concentrations of clarithromycin and its principal ac-
tive metabolite, 14-hydroxyclarithromycin, are about 1
and 0.6 micrograms/mL, respectively, after 250 mg

orally every 12 hours as tablets. The same dose given
as a suspension to fasting subjects produces steady-
state plasma concentrations of about 2 micrograms/mL
of clarithromycin and about 0.7 micrograms/mL of 14-
hydroxyclarithromycin. Steady-state concentrations
are reached within 3 to 4 days. 
The pharmacokinetics of clarithromycin are non-linear
and dose dependent; high doses may produce dispro-
portionate increases in peak concentrations of the par-
ent drug, due to saturation of the metabolic pathways.
However, the non-linearity is slight at the recommend-
ed doses of 250 to 500 mg every 8 to 12 hours. 
Clarithromycin and 14-hydroxyclarithromycin are
widely distributed, and tissue concentrations exceed
those in serum, in part because of intracellular uptake.
Plasma protein binding has been reported to be about
80%. Clarithromycin has been detected in breast milk.
It is extensively metabolised in the liver, and excreted
in faeces via the bile; 5 to 10% of the parent drug is
recovered from the faeces. At steady state, about 20%
and 30% of a 250-mg or 500-mg dose as tablets, re-
spectively, and about 40% of a 250-mg dose as suspen-
sion, is excreted in the urine as unchanged drug. 14-
Hydroxyclarithromycin as well as other metabolites
are also excreted in the urine, accounting for 10 to 15%
of the dose. The elimination half-lives of clarithromy-
cin and 14-hydroxyclarithromycin are about 3 to 4 and
5 to 6 hours, respectively in patients receiving 250 mg
every 12 hours, and about 5 to 7 and 7 to 9 hours, re-
spectively, in those receiving 500 mg every 8 to 12
hours. The half-life is prolonged in renal impairment.
◊ Reviews.
1. Rodvold KA. Clinical pharmacokinetics of clarithromycin. Clin

Pharmacokinet 1999; 37: 385–98.

Uses and Administration
Clarithromycin is a macrolide derived from erythro-
mycin with similar actions and uses (p.272). It is given
in the treatment of respiratory-tract infections (includ-
ing otitis media) and in skin and soft-tissue infections.
Clarithromycin is also used for the prophylaxis and
treatment of nontuberculous mycobacterial infections
and has been used as a second-line drug in the treat-
ment of leprosy. It is used in some countries as an alter-
native to penicillins for prophylaxis of endocarditis. 
For details of all these infections and their treatment,
see under Choice of Antibacterial, p.162. 
Clarithromycin may be given to eradicate Helico-
bacter pylori in treatment regimens for peptic ulcer dis-
ease (p.1702). It is used with pyrimethamine as an al-
ternative regimen in the treatment of toxoplasmosis
(p.826). 
Clarithromycin is given orally or by intravenous infu-
sion. Some clarithromycin preparations are prepared
with the aid of lactobionic acid and may be stated to
contain clarithromycin lactobionate. Doses are ex-
pressed in terms of the equivalent amount of clarithro-
mycin. 
Usual oral doses in adults are 250 mg twice daily, in-
creased to 500 mg twice daily if necessary in severe in-
fection. Modified-release tablets allowing once-daily
use are available in some countries. 
The usual intravenous dose is 500 mg twice daily, giv-
en as an infusion over 60 minutes using a solution con-
taining about 0.2% of clarithromycin. Intravenous
treatment may continue for 2 to 5 days, but should be
changed to oral clarithromycin when possible. 
For treatment and prophylaxis of disseminated infec-
tion due to Mycobacterium avium complex, clarithro-
mycin may be given in an oral dose of 500 mg twice
daily; for treatment, it should be given with other anti-
mycobacterials. For leprosy, oral clarithromycin
500 mg daily has been given as part of an alternative
multidrug therapy regimen. 
For the eradication of H. pylori associated with peptic
ulcer disease, clarithromycin, usually in an oral dose of
500 mg twice daily, is given with another antibacterial
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and either a proton pump inhibitor or a histamine H2-
receptor antagonist, for 7 to 14 days. 
For details of doses in infants and children, see below. 
Doses may need to be reduced in patients with severe
renal impairment (see below).
◊ Reviews.
1. Peters DH, Clissold SP. Clarithromycin: a review of its antimi-

crobial activity, pharmacokinetic properties and therapeutic po-
tential. Drugs 1992; 44: 117–64. 

2. Barradell LB, et al. Clarithromycin: a review of its pharmacolog-
ical properties and therapeutic use in Mycobacterium avium-in-
tracellulare complex infection in patients with acquired immune
deficiency syndrome. Drugs 1993; 46: 289–312. 

3. Markham A, McTavish D. Clarithromycin and omeprazole: as
Helicobacter pylori eradication therapy in patients with H. py-
lori-associated gastric disorders. Drugs 1996; 51: 161–78. 

4. Alvarez-Elcoro S, Enzler MJ. The macrolides: erythromycin,
clarithromycin, and azithromycin. Mayo Clin Proc 1999; 74:
613–34. 

5. Zuckerman JM. Macrolides and ketolides: azithromycin, clari-
thromycin, telithromycin. Infect Dis Clin North Am 2004; 18:
621–49.

Administration in children. The usual oral dose of clarithro-
mycin for infants and children is 7.5 mg/kg twice daily; those
over 12 years of age may be given the usual adult dose (see
above). 
Although intravenous use is not licensed for children in the UK
the BNFC suggests a dose of 7.5 mg/kg twice daily for those
aged from 1 month to 12 years; older children may be given the
adult dose (see above). 
For prophylaxis of disseminated infection due to Mycobacterium
avium complex, clarithromycin may be given in an oral dose of
7.5 mg/kg twice daily; when used for treatment, it should be giv-
en with other antimycobacterials and the dose may be increased
to 15 mg/kg (to a maximum of 500 mg) twice daily. 
For the eradication of Helicobacter pylori associated with peptic
ulcer disease, the BNFC suggests that 7.5 mg/kg twice daily may
also be given orally with another antibacterial and a proton pump
inhibitor for 7 days to children aged 1 year and over.
Administration in renal impairment. Licensed product in-
formation states that in patients with severe renal impairment
(creatinine clearance of less than 30 mL/minute) dosage of clar-
ithromycin may need to be halved or the dosing interval doubled.
Ischaemic heart disease. For mention of studies investigat-
ing clarithromycin in the prevention of ischaemic heart disease,
see under Azithromycin, p.208.
Multiple myeloma. Clarithromycin 500 mg orally twice daily
has been added1 to a regimen of lenalidomide and dexametha-
sone in treatment-naive patients with multiple myeloma (p.658).
The regimen (BiRD) was considered effective and well tolerat-
ed, with a higher response rate at lower dexamethasone doses
than had been previously reported with lenalidomide and dexam-
ethasone alone. A regimen of clarithromycin, low-dose thalido-
mide, and dexamethasone (BLT-D) has also been evaluated.2
1. Niesvizky R, et al. BiRD (Biaxin [clarithromycin]/Revlimid [le-

nalidomide]/dexamethasone) combination therapy results in
high complete- and overall-response rates in treatment-naive
symptomatic multiple myeloma. Blood 2008; 111: 1101–9. 

2. Coleman M, et al. BLT-D (clarithromycin [Biaxin], low-dose
thalidomide, and dexamethasone) for the treatment of myeloma
and Waldenström’s macroglobulinemia. Leuk Lymphoma 2002;
43: 1777–82.

Respiratory disorders. For reference to the use of clarithro-
mycin in the management of respiratory disorders, see under
Erythromycin, p.273.

Preparations
USP 31: Clarithromycin Extended-Release Tablets; Clarithromycin for Oral
Suspension; Clarithromycin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aeroxina; Centromicina†; Claribiotic; Claricina; Clarimax; Clarimid;
Clarovil; Clatromicin†; Corixa; Finasept; Ira; Iset; Kailasa; Klaricid; Klonacid;
Macromicina; Orabiot UD†; Austral.: Clarac; Clarithro; Kalixocin; Klacid;
Austria: Clararcana; Klacid; Maclar; Monocid; Belg.: Biclar; Heliclar; Maclar;
Monaxin†; Braz.: Clamicin; Claricina†; Clarineo; Claritromax; Claritron†;
Clatorin†; Klaricid; Klaritril†; Canad.: Biaxin; Chile: Clarimax; Clarosip;
Clatic; Euromicina; Infex; Klaricid; Mus†; Pre-Clar; Cz.: Clarexid; Clarosip;
Fromilid; Klabax; Klacid; Lekoklar ; Zeclar†; Denm.: Klacid; Fin.: Klacid;
Zeclar ; Fr.: Mononaxy; Monozeclar; Naxy; Zeclar ; Ger.: Biaxin; Clari-
throbeta; Cyllind; Klacid; Mavid; Gr.: Arecid; Chlamydicin; Claribactron;
Clarimex; Claripen; Claromycin; Derizic; Egelif; Eliben; Ezumycin; Geromy-
cin; Glartin; Klaretop; Klaricid; Klarifar; Klarifect; Klarithrin; Klaroxin; Klazi-
dem; Larithro; Laromin; Lyoclar; Macladin; Maxilin; Odycin; Oklaricid†; Phar-
lemyron; Primocid; Riclemed; Rithroprol; Ritran; Zeclaren; Hong Kong:
Binoclar; Clacin; Cleron; Klacid; Klerimed; Synclar; Hung.: Cidoclar; Fromi-
lid; Klabax; Klacid; Klamiran†; Klari†; Klarigen; Lekoklar; India: Bioclar; Clar-
bact; Claribid; Claricip; Clarimac; Maclar; Synclar; Indon.: Abbotic; Bicrolid;
Binoklar; Clacine; Clapharma; Comtro; Hecobac; Irl.: Clarosip; Clonocid;
Clorom; Klacid; Israel: Karin; Klacid; Klaridex; Ital.: Klacid; Macladin; Veclam;
Jpn: Clarith; Malaysia: Binocular; Crixan; Klacid; Klerimed; Maclar; Mex.:
Adel; Arlecyn-K; Clatrocin; Crolisil; Doycur; Gervaken; Klabet; Klaricid; Klar-
ix; Klarmyn; Klarpharma; Krobicin; Mabicrol; Neo-Clarosip; Quedox; Rolicy-
tin; Torvic; Trimeba; Vikrol; Xuclamin; Neth.: Clarosip; Klacid; Klaricid;
Norw.: Klacid; NZ: Clarac; Klacid; Philipp.: Bysclas; Claranta; Clariget; Kla-
ricid; Klarmyn; Klaz; Larizin; Maxulid; Onexid; Pol.: Fromilid; Klabax; Klabion;
Klacid; Klarmin; Lekoklar; Taclar; Port.: Ciclinil; Clacina; Clarbac; Clarobioti-
co; Clarosip; Klacid; Zeclar ; Rus.: Clarbact (Кларбакт); Fromilid
(Фромилид); Klabax (Клабакс); Klacid (Клацид); Klaromin (Кларомин);
Klerimed (Клеримед); S.Afr.: Clacee; ClariHexal; Klacid; Klarithran; Singa-
pore: Clari; Claripen; Cleron; Crixan; Klacid; Klerimed; Spain: Bremon;

Claritur†; Klacid; Kofron; Talicix; Swed.: Klacid; Switz.: Claromycine; Klacid;
Klaciped; Thai.: Clarith; Claron; Crixan; Fascar; Klacid; Turk.: Claricide;
Klacid; Klarolid; Klaromin; Klax; Laricid; Macrol; Megacid; Uniklar; UAE:
Clamycin; UK: Clarosip; Klaricid; USA: Biaxin; Venez.: Binoclar; Claranta;
Claritic; Claritron; Clarivax; Klaricid.

Multi-ingredient: Arg.: Heliklar†; Austral.: Klacid HP 7; Losec Hp 7;
Nexium Hp; Pylorid-KA; Austria: Helipac; Braz.: Anzopac†; Erradic; H-
Bacter; Helicocid Triplice†; Helicopac; Heliklar; Omepramix; Pylorikit; Py-
loripac; Pyloritrat; Canad.: Hp-Pac; Losec 1-2-3 A; Losec 1-2-3 M; Fin.:
Helipak K; Ger.: ZacPac; India: OTC HP Kit; Pylokit; Malaysia: Klacid HP
7; Pylobact Combi; Mex.: Pylopac; Rezplen; Neth.: PantoPAC; NZ: Klacid
HP 7†; Losec Hp 7; Philipp.: OAC Hp7; Rus.: Pylobact (Пилобакт);
S.Afr.: Losec 20 Triple†; Swed.: Nexium Hp; Turk.: Helipak; UK: Heli-
clear†; HeliMet†; USA: Prevpac.

Clavulanic Acid (BAN, rINN)

Acide Clavulanique; Ácido clavulánico; Acidum Clavulanicum;
BRL-14151; Klavulanik Asit; MM-14151. (Z)-(2R,5R)-3-(2-Hy-
droxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.
Клавулановая Кислота
C8H9NO5 = 199.2.
CAS — 58001-44-8 (clavulanic acid); 57943-81-4 (sodi-
um clavulanate).

Potassium Clavulanate (BANM, rINNM)

BRL-14151K; Clavulanate de Potassium; Clavulanate Potassium
(USAN); Clavulanato potásico; Kalii clavulanas; Kalio klavulanatas;
Kaliumklavulanaatti; Kaliumklavulanat; Kálium-klavulanát; Kalium-
klavulanát; Potassium, clavulanate de; Potasu klawulanian.
Калия  Клавуланат
C8H8KNO5 = 237.3.
CAS — 61177-45-5.

NOTE. Compounded preparations of potassium clavulanate may
be represented by the following names: 
• Co-amoxiclav x/y (BAN)—amoxicillin (as the trihydrate or

the sodium salt) and potassium clavulanate; x and y are the
strengths in milligrams of amoxicillin and clavulanic acid re-
spectively 

• Co-amoxiclav (PEN)—amoxicillin trihydrate and potassium
clavulanate.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Eur. also includes Diluted Potassium Clavulanate. 
Ph. Eur. 6.2 (Potassium Clavulanate). The potassium salt of a
substance produced by the growth of certain strains of Strepto-
myces clavuligerus or by any other means. A white or almost
white, hygroscopic, crystalline powder. Freely soluble in water;
slightly soluble in alcohol; very slightly soluble in acetone. A 1%
solution in water has a pH of 5.5 to 8.0. Store in airtight contain-
ers at a temperature of 2° to 8°. 
Ph. Eur. 6.2 (Potassium Clavulanate, Diluted; Kalii Clavulanas Di-
lutus). A dry mixture of potassium clavulanate and microcrystal-
line cellulose or anhydrous or hydrated colloidal silicon dioxide.
A white or almost white, hygroscopic, powder. A suspension
corresponding to 1% of potassium clavulanate in water has a pH
of 4.8 to 8.0. Store in airtight containers. 
USP 31 (Clavulanate Potassium). A white to off-white powder.
Freely soluble in water; soluble in methyl alcohol with decompo-
sition. Stability in aqueous solutions is not good, optimum stabil-
ity at a pH of 6.0 to 6.3. pH of a 1% solution in water is between
5.5 and 8.0. Store in airtight containers.
Profile
Clavulanic acid is produced by cultures of Streptomyces cla-
vuligerus. It has a beta-lactam structure resembling that of the
penicillin nucleus, except that the fused thiazolidine ring of the
penicillins is replaced by an oxazolidine ring. In general, clavu-
lanic acid has only weak antibacterial activity. It is a potent pro-
gressive inhibitor of plasmid-mediated and some chromosomal
beta-lactamases produced by Gram-negative bacteria including
Haemophilus ducreyi, H. influenzae, Neisseria gonorrhoeae,
Moraxella catarrhalis (Branhamella catarrhalis), Bacteroides
fragilis, and some Enterobacteriaceae. It is also an inhibitor of
the beta-lactamases produced by Staphylococcus aureus. Clavu-
lanic acid can permeate bacterial cell walls and can therefore in-
activate both extracellular enzymes and those that are bound to
the cell. Its mode of action depends on the particular enzyme in-
hibited, but it generally acts as a competitive, and often irrevers-
ible, inhibitor. Clavulanic acid consequently enhances the activ-

ity of penicillin and cephalosporin antibacterials against many
resistant strains of bacteria. However, it is generally less effective
against chromosomally mediated type 1 beta-lactamases; there-
fore, many Citrobacter, Enterobacter, Morganella, and Serratia
spp., and Pseudomonas aeruginosa remain resistant. Some plas-
mid-mediated extended-spectrum beta-lactamases in Klebsiella
pneumoniae, some other Enterobacteriaceae, and Ps. aeruginosa
are also not inhibited by beta-lactamase inhibitors. 
Clavulanic acid is given as potassium clavulanate orally and by
injection with amoxicillin (co-amoxiclav) (p.202), and by injec-
tion with ticarcillin (p.352). 
Use of clavulanate with penicillins has been associated with the
development of cholestatic jaundice and hepatitis (see under Ad-
verse Effects of Amoxicillin, p.202) and therefore the use of co-
amoxiclav has declined (see below).
◊ Because of the risk of cholestatic jaundice co-amoxiclav is not
a treatment of choice for common bacterial infections. The UK
CSM1 recommended that it should be reserved for bacterial in-
fections likely to be caused by amoxicillin-resistant beta-lacta-
mase-producing strains and that treatment should not usually ex-
ceed 14 days. It may be considered for the following main
indications: 
• sinusitis, otitis media, recurrent tonsillitis 
• acute exacerbations of chronic bronchitis 
• bronchopneumonia 
• urinary-tract infections, especially when recurrent or compli-

cated, but not prostatitis 
• septic abortion, pelvic or puerperal sepsis, and intra-abdomi-

nal sepsis 
• cellulitis, animal bites, and severe dental abscess with spread-

ing cellulitis.
1. Committee on Safety of Medicines/Medicines Control Agency.

Revised indications for co-amoxiclav (Augmentin). Current
P ro b l e m s  1 9 9 7 ;  2 3 :  8 .  A l s o  a v a i l a b l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023230&RevisionSelectionMethod=
LatestReleased (accessed 11/07/06)

Preparations
BP 2008: Co-amoxiclav Injection; Co-amoxiclav Tablets; 
USP 31: Amoxicillin and Clavulanate Potassium for Oral Suspension;
Amoxicillin and Clavulanate Potassium Tablets; Ticarcillin and Clavulanic
Acid for Injection; Ticarcillin and Clavulanic Acid Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Optamox; Indon.: Aclam; Turk.: Amoksilav.
Multi-ingredient: Arg.: Aclav; Amixen Clavulanico; Amoclav; Amoxi
Plus; Amoxigrand Compuesto; Amoxitenk Plus; Bi Moxal; Bi Moxal Duo;
Bioclavid; Bioxilina Plus; Clavulox; Clavulox Duo; Cloximar Duo; Darzitil
Plus; Dibional; Fullcilina Plus†; Grinsil Clavulanico; Klonalmox; Austral.: Aug-
mentin; Ausclav†; Clamohexal; Clamoxyl; Clavulin; Curam; Timentin; Aus-
tria: Amoclan; Amoxicillin comp; AmoxiClavulan; Amoxicomp; Amoxiplus;
Amoxistad plus; Augmentin; Benclav; Benomox; Betamoclav; Clavamox;
Clavex; Clavolek; Clavoplus; Clavulanex; CombAmox; Curam; Lanoclav; Le-
kamoxiclav; Oxyclav; Xiclav; Belg.: Amoclane; Augmentin; Clavucid; Co-
Amoxi; Co-Amoxilan†; Docamoclaf; Timentin; Braz.: Augmentin; Betaclav;
Clav-Air†; Clavoxil†; Clavulin; Novamox; Policlavumoxil; Sigma Clav; Timen-
tin; Canad.: Apo-Amoxi Clav; Clavulin; Novo-Clavamoxin; ratio-Aclavu-
lanate; Timentin; Chile: Ambilan; Ambilan Bid; Amolex; Augmentin; Aug-
mentin Bid; Clavinex; Clavinex Duo; Clavoxilina Bid; Cz.: Amoksiklav;
Augmentin; Augmentin-Duo; Betaklav; Curam; Enhancin; Forcid; Klamoxin†;
Megamox; Timentin; Denm.: Bioclavid; Spektramox; Fin.: Amoxin Comp;
Augmentin; Bioclavid; Clapharin Comp; Clavurion; Clavuxal; Forcid; Spek-
tramox†; Fr.: Augmentin; Ciblor; Claventin; Ger.: Abiclav; Amoclav; Amox-
clav; Amoxi-Clavulan; Amoxi-saar plus; Amoxicillin comp; Amoxiclav;
Amoxidura Plus; Amoxillat-Clav†; Amuclan†; Augmentan; Gr.: Augmentin;
Bioclavid; Forcid; Frolicin; Fugentin; Moxiclav; Tenervan; Timentin; Hong
Kong: Amoksiklav; Augmentin; Clamovid; Curam; Fleming; Moxiclav; Quali-
Mentin; Timentin; Hung.: Aktil; Amoclan†; Amoclav; Augmentin; Augmen-
tin-Duo; Augmentin-Extra; Clavumox†; Co-Amoxi; Curam; Enhancin; For-
cid; India: Augmentin; Boostim; Novaclav; Nuclav; Rapiclav†; Timentin; In-
don.: Amocomb; Ancla; Augmentin; Auspilic; Bellamox; Betaclav; Biditin;
Capsinat; Clabat; Claneksi; Clavamox; Comsikla; Danoclav; Daxet; Dexyclav;
Improvox; Lansiclav; Nufaclav; Nuvoclav; Prafamoc; Protamox; Surpas; Syn-
eclav; Viaclav; Vulamox; Zumafen; Irl.: Augmentin; Clavamel; Germentin;
Pinaclav; Timentin†; Israel: Amoxiclav; Augmentin; Clavamox; Timentin;
Ital.: Abba; Anival; Augmentin; Clavucar†; Clavulin; Neoduplamox; Timen-
tin; Xinamod; Malaysia: Augmentin; Cavumox; Clamovid; Curam; Enhanc-
in; Moxiclav; Vestaclav†; Mex.: Acarbixin; Acimox AC; Alvi-Tec; Amobay
CL; Amoxiclav; Amoxiclide; Apoclavox; Augmentin; Avuxilan; Clambusil;
Clamoxin; Clavant; Clavucyd; Clavulin; Clavuser ; Enhancin; Gramaxin;
Maxint†; Moxlin CLV; Riclasip; Servamox CLV; Sinufin; Timentin; Valclan;
Neth.: Amoclan; Amuclan; Augmentin; Bioclavid; Forcid; Timentin; Norw.:
Bremide†; NZ: Alpha-Amoxyclav; Augmentin; Synermox; Timentin;
Philipp.: Amoclav; Augmentin; Augmex; Augurcin; Bactiv; Bactoclav; Bio-
clavid; Clamovid; Claneksi; Claventin; Clavoxel; Clovimax; Enhancin; Exten;
Klavic; Natravox; Proxiclav; Sullivan; Suplentin; Timentin; Valmocel; Xilanic;
Pol.: Amoksiklav; Augmentin; Curam; Forcid; Ramoclav; Taromentin; Ti-
mentin; Port.: Amoclavam; Amplamox Plus; Augmentin; Betamox; Cla-
vamox; Clavepen; Forcid; Noprilam; Penilan; Rus.: Amoclan (Амоклан);
Amoksiklav (Амоксиклав); Augmentin (Аугментин); Flemoclav
(Флемоклав); Medoclav (Медоклав); Panklav (Панклав); Rapiclav
(Рапиклав); Timentin (Тиментин); S.Afr.: Adco-Amoclav; Augmaxcil; Aug-
mentin; Bio-Amoksiclav; Clamentin; Clavumox; Co-Amoxyclav; Curam;
Forcid; Moxyclav†; Ranclav; Rolab-Amoclav; Singapore: Amocla; Augmen-
tin; Augmex†; Clamonex; Clamovid; Curam; Enhancin; Fugentin; Moxiclav;
Spain: Amoclave; Amoxyplus; Ardineclav; Augmentine; Bigpen†; Burmicin;
Clavepen; Clavucid; Clavumox; Duonasa; Eupeclanic†; Inmupen†; Kelsopen;
Swed.: Bioclavid; Spektramox; Switz.: Amicosol; Augmentin; Aziclav; Cla-
vamox; clavu-basan†; Co-Amoxi; Co-Amoxicilline; Timenten†; Thai.:
Amocla; Amoksiklav; Augclav; Augmentin; Augpen; Cavumox; Curam;
Klamoks; Moxiclav; Moxicle; Pencla; Ranclav; Turk.: Amoklavin; Augmentin;
Bioment; Croxilex; Klamoks; Klavunat; Klavupen; UAE: Julmentin; UK: Am-
iclav†; Augmentin; Augmentin-Duo; Timentin; USA: Amoclan; Augmentin;
Timentin; Venez.: Augmentin; Augmentin Bid†; Clavumox; Curam; Ful-
gram.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Clemizole Penicillin (BAN, rINN)

Clemizol penicilina; Clemizole Benzylpenicillin; Clémizole Pénicil-
line; Clemizolum Penicillinum; Klemitsolipenisilliini; Klemizolpeni-
cillin; Penicillin G Clemizole. 1-[1-(4-Chlorobenzyl)benzimidazol-
2-ylmethyl]pyrrolidinium (6R)-6-(2-phenylacetamido)penicilla-
nate.
Клемизол Пенициллин
C16H18N2O4S,C19H20ClN3 = 660.2.
CAS — 6011-39-8.

Profile
Clemizole penicillin is a long-acting preparation of benzylpeni-
cillin (p.213) with similar properties and uses.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Prevepen; Mex.: Megapenil; Switz.: Megacilline†.
Multi-ingredient: Chile: Prevepen Forte; Mex.: Anapenil; Megapenil
Forte; Port.: Prevecilina; Spain: Neopenyl.

Clindamycin (BAN, USAN, rINN)

Clindamicina; Clindamycine; Clindamycinum; Klindamisin; Klin-
damycin; Klindamysiini; U-21251. Methyl 6-amino-7-chloro-6,7,8-
trideoxy-N-[(2S,4R)-1-methyl-4-propylprolyl]-1-thio-L-threo-D-
galacto-octopyranoside.
Клиндамицин
C18H33ClN2O5S = 425.0.
CAS — 18323-44-9.
ATC — D10AF01; G01AA10; J01FF01.
ATC Vet — QD10AF01; QG01AA10; QJ01FF01.

NOTE. The name Clinimycin, which was formerly used for clin-
damycin, has also been used for a preparation of oxytetracycline.

Clindamycin Hydrochloride (BANM, rINNM)

Chlorodeoxylincomycin Hydrochloride; (7S)-Chloro-7-deoxylin-
comycin Hydrochloride; Clindamycine, chlorhydrate de; Clin-
damycini hydrochloridum; Hidrocloruro de clindamicina; Klin-
damicin-hidroklorid; Klindamicino hidrochloridas; Klindamisin
Hidroklorür; Klindamycin-hydrochlorid; Klindamycinhydroklorid;
Klindamycyny chlorowodorek; Klindamysiinihydrokloridi.
Клиндамицина Гидрохлорид
C18H33ClN2O5S,HCl = 461.4.
CAS — 21462-39-5 (anhydrous clindamycin hydrochlo-
r ide); 58207-19-5 (clindamycin hydrochlor ide monohy-
drate).
ATC — D10AF01; G01AA10; J01FF01.
ATC Vet — QD10AF01; QG01AA10; QJ01FF01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clindamycin Hydrochloride). A white or almost
white, crystalline powder. It contains a variable quantity of water.
Very soluble in water; slightly soluble in alcohol. A 10% solution
in water has a pH of 3.0 to 5.0. Store in airtight containers. 
USP 31 (Clindamycin Hydrochloride). A white or practically
white crystalline powder, odourless or has a faint mercaptan-like
odour. Freely soluble in water, in dimethylformamide, and in me-
thyl alcohol; soluble in alcohol; practically insoluble in acetone.
pH of a 10% solution in water is between 3.0 and 5.5. Store in air-
tight containers.

Clindamycin Palmitate Hydrochloride 

(BANM, USAN, rINNM)

Clindamycine, Chlorhydrate de Palmitate de; Clindamycini Palmi-
tatis Hydrochloridum; Hidrocloruro del palmitato de clindamici-
na; U-25179E. Clindamycin 2-palmitate hydrochloride.
Клиндамицина Палмитата Гидрохлорид
C34H63ClN2O6S,HCl = 699.9.
CAS — 36688-78-5 (clindamycin palmitate); 25507-04-4
(clindamycin palmitate hydrochlor ide).
ATC — D10AF01; G01AA10; J01FF01.
ATC Vet — QD10AF01; QG01AA10; QJ01FF01.
Pharmacopoeias. In US. 
USP 31 (Clindamycin Palmitate Hydrochloride). A white to off-
white amorphous powder having a characteristic odour. Freely
soluble in water, in chloroform, in ether, and in benzene; soluble
1 in 3 of alcohol and 1 in 9 of ethyl acetate; very soluble in

dimethylformamide. pH of a 1% solution in water is between 2.8
and 3.8. Store in airtight containers.

Clindamycin Phosphate (BANM, USAN, rINNM)

Clindamycine, phosphate de; Clindamycini Dihydrogenophos-
phas; Clindamycini phosphas; Fosfato de clindamicina; Klindam-
icin-foszfát; Klindamicino fosfatas; Klindamisin Fosfat; Klindamycin
dihydrogen fosfát; Klindamycinfosfat; Klindamysiinifosfaatti; U-
28508. Clindamycin 2-(dihydrogen phosphate).
Клиндамицина Фосфат
C18H34ClN2O8PS = 505.0.
CAS — 24729-96-2.
ATC — D10AF01; G01AA10; J01FF01.
ATC Vet — QD10AF01; QG01AA10; QJ01FF01.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Clindamycin Phosphate). A white or almost white,
slightly hygroscopic powder. It exhibits polymorphism. Freely
soluble in water; very slightly soluble in alcohol; practically in-
soluble in dichloromethane. A 1% solution in water has a pH of
3.5 to 4.5. Store at a temperature not exceeding 30° in airtight
containers. 
USP 31 (Clindamycin Phosphate). A white to off-white, odour-
less or practically odourless, hygroscopic, crystalline powder.
Soluble 1 in 2.5 of water; slightly soluble in dehydrated alcohol;
very slightly soluble in acetone; practically insoluble in chloro-
form, in ether, and in benzene. pH of a 1% solution in water is
between 3.5 and 4.5. Store in airtight containers.
Incompatibility. Solutions of clindamycin salts have an acid
pH and incompatibility may reasonably be expected with alka-
line preparations, or with drugs unstable at low pH. Licensed
product information for the injectable solution of clindamycin
states that incompatibility has been reported between clindamy-
cin and the following drugs: ampicillin, aminophylline, barbitu-
rates, calcium gluconate, ceftriaxone, ciprofloxacin, idarubicin,
magnesium sulfate, phenytoin, and ranitidine. 
Clindamycin phosphate is incompatible with natural rubber clo-
sures.

Adverse Effects and Treatment
Clindamycin is reported to produce diarrhoea in up to
20% of patients after systemic use. In some patients se-
vere antibiotic-associated or pseudomembranous coli-
tis (p.171) may develop during therapy or up to several
weeks after it, and has proved fatal. It has been reported
to be more frequent in middle-aged and elderly wom-
en, particularly after surgery; it may also occur rarely
after topical use. Clindamycin should be stopped im-
mediately if significant diarrhoea or colitis occurs. Pro-
tein supplementation and use of an antibacterial active
against Clostridium spp. should be considered for se-
vere antibiotic-associated colitis. 
Other gastrointestinal effects include nausea, vomiting,
abdominal pain or cramps, and oesophagitis; an un-
pleasant or metallic taste has occasionally been report-
ed after high intravenous doses. 
Skin rashes and urticaria, the most common hypersen-
sitivity reactions, occur in up to 10% of patients usually
after 1 to 2 weeks of therapy. Erythema multiforme,
Stevens-Johnson syndrome, and exfoliative and vesic-
ulobullous dermatitis have been reported rarely, and a
few cases of anaphylaxis have occurred. 
Other adverse effects include transient leucopenia or
occasionally agranulocytosis, eosinophilia, thrombo-
cytopenia, polyarthritis, and abnormalities of liver
function tests; in some cases overt jaundice and hepatic
damage have been reported. Renal dysfunction, shown
by azotaemia, oliguria, and/or proteinuria has been re-
ported rarely. 
Although local irritation is rare, intramuscular injec-
tion has led to induration and sterile abscess, and
thrombophlebitis may occur after intravenous use. Too
rapid intravenous infusion can result in rare instances
of cardiopulmonary arrest and hypotension. Some
parenteral formulations contain benzyl alcohol which
may cause fatal ‘gasping syndrome’ in neonates (see
p.1632). 
Topical application may be associated with local irrita-
tion and contact dermatitis; sufficient clindamycin may
be absorbed to produce systemic effects. Cervicitis,
vaginitis, or vulvovaginal irritation has been reported
with intravaginal use; a small amount of systemic ab-
sorption also occurs.

Effects on the cardiovascular system. Cardiac arrest oc-
curred in a 50-year-old woman after rapid injection of 600 mg of
undiluted clindamycin phosphate into a central intravenous line.
Further injections were given over 30 minutes without cardio-
vascular complications.1 There has also been a case of severely
prolonged QT interval attributed to the addition of clindamycin
to therapy in an elderly woman;2 the patient developed AV block
and subsequent torsade de pointes, and required resuscitation.
When clindamycin was stopped, signs of heart block resolved,
and the QT interval returned to normal over several days.
1. Aucoin P, et al. Clindamycin-induced cardiac arrest. South Med

J 1982; 75: 768. 
2. Gabel A, et al. Ventricular fibrillation due to long QT syndrome

probably caused by clindamycin. Am J Cardiol 1999; 83:
813–15.

Effects on the ears. A 14-year-old boy who was treated with
topical clindamycin for acne vulgaris developed unilateral tinni-
tus during therapy and unilateral sensorineural hearing loss 2
months later;1 symptoms subsequently recurred upon 2 rechal-
lenges.
1. Scissors B, Shwayder T. Topical clindamycin reproducibly caus-

ing tinnitus in a 14-year-old boy. J Am Acad Dermatol 2006; 54
(suppl): S243–S244.

Effects on the lymphatic system. A report of lymphadenitis
associated with clindamycin.1
1. Southern PM. Lymphadenitis associated with the administration

of clindamycin. Am J Med 1997; 103: 164–5.

Effects on the skin. There have been reports of toxic epidermal
necrolysis1 and acute generalised exanthematous pustulosis2,3

associated with clindamycin.
1. Paquet P, et al. Toxic epidermal necrolysis following clindamy-

cin treatment. Br J Dermatol 1995; 132: 665–6. 
2. Valois M, et al. Clindamycin-associated acute generalized exan-

thematous pustulosis. Contact Dermatitis 2003; 48: 169. 
3. Kapoor R, et al. Acute generalized exanthematous pustulosis in-

duced by clindamycin. Arch Dermatol 2006; 142: 1080–81.

Precautions
Clindamycin should not be given to patients hypersen-
sitive to it or to the closely related drug lincomycin. It
should be used with caution in patients with a history
of gastrointestinal disease, particularly colitis, and
stopped immediately if significant diarrhoea or colitis
occurs. Middle-aged and elderly female patients may
be at greater risk of severe diarrhoea or pseudomem-
branous colitis. Caution has also been advised in atopic
patients. Periodic tests of liver and kidney function and
blood counts have been recommended in patients re-
ceiving prolonged therapy, and in infants. Caution is
required during parenteral use in neonates, since some
parenteral formulations contain benzyl alcohol which
may cause fatal ‘gasping syndrome’ (see p.1632).
AIDS. Clindamycin was poorly tolerated by patients with AIDS
in a study of its use for prophylaxis of toxoplasmic encephalitis.1
Despite the use of relatively low doses of clindamycin (300 mg
twice daily), 23 of 52 patients reported adverse effects that neces-
sitated temporary or permanent withdrawal of the drug, the most
frequent adverse reactions being diarrhoea and skin rash. The
clindamycin arm of the study had to be terminated prematurely.
Nevertheless, clindamycin has been used successfully in patients
with AIDS for the treatment of both toxoplasmic encephalitis
(see Toxoplasmosis, below) and pneumocystis pneumonia (be-
low).
1. Jacobson MA, et al. Toxicity of clindamycin as prophylaxis for

AIDS-associated toxoplasmic encephalitis. Lancet 1992; 339:
333–4.

Breast feeding. US licensed product information states that
concentrations of clindamycin in breast milk were 0.7 to
3.8 micrograms/mL after doses of 150 mg orally to 600 mg in-
travenously. No adverse effects have been seen in breast-fed in-
fants whose mothers were receiving clindamycin, and the Amer-
ican Academy of Pediatrics1 considers that it is therefore usually
compatible with breast feeding. Nevertheless, UK product infor-
mation states that although it is unlikely that a breast-fed infant
could absorb significant amounts, caution should be exercised
when clindamycin is given during breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 25/05/04)

Interactions
Clindamycin has neuromuscular blocking activity in
high doses and may enhance the effect of other drugs
with this action (see Atracurium, p.1903), leading to a
potential danger of respiratory depression. Clindamy-
cin may antagonise the effects of parasympathomimet-
ics. For mention of synergistic and antagonistic antimi-
crobial activity with other antibacterials, see
Antimicrobial Action, below.

N

H

O
CH

O
OH

OH
SCH3

HC

CH3

Cl
H
N

HO

CH3

H3C



252   Antibacterials
Adsorbents. In 16 healthy subjects given clindamycin alone
and with a kaolin-pectin suspension it was found that the suspen-
sion had no effect on the extent of clindamycin absorption but
did markedly reduce the absorption rate.1
1. Albert KS, et al. Pharmacokinetic evaluation of a drug interac-

tion between kaolin-pectin and clindamycin. J Pharm Sci 1978;
67: 1579–82.

Antimicrobial Action
Clindamycin is a lincosamide antibacterial with a pri-
marily bacteriostatic action against Gram-positive aer-
obes and a wide range of anaerobic bacteria. 
Mechanism of action. Lincosamides such as clindamy-
cin bind to the 50S subunit of the bacterial ribosome,
similarly to macrolides such as erythromycin (p.271),
and inhibit the early stages of protein synthesis. The
action of clindamycin is mainly bacteriostatic, al-
though high concentrations may be slowly bactericidal
against sensitive strains. 
Spectrum of activity. Clindamycin is active against: 
• most aerobic Gram-positive bacteria including

streptococci, staphylococci, Bacillus anthracis, and
Corynebacterium diphtheriae 

• enterococci are generally resistant 
• susceptible Gram-positive anaerobes include Eu-

bacterium, Propionibacterium, Peptococcus, and
Peptostreptococcus spp., and many strains of
Clostridium perfringens and Cl. tetani 

• Gram-negative anaerobes susceptible to clindamy-
cin include Fusobacterium spp. (although F. varium
is usually resistant), Prevotella spp., and Bacteroides
spp., including the B. fragilis group 

• several Actinomyces spp. and Nocardia asteroides
are reported to be susceptible 

• Mycoplasma spp. are generally resistant 
• most Gram-negative aerobic bacteria, including the

Enterobacteriaceae, are resistant to clindamycin; un-
like erythromycin, Neisseria gonorrhoeae, N. men-
ingitidis, and Haemophilus influenzae are generally
resistant 

• fungi, yeasts, and viruses are also resistant; however,
clindamycin has been reported to have some antipro-
tozoal activity against Toxoplasma gondii and Plas-
modium spp. 

Activity with other antimicrobials. Synergistic activity
has been reported between clindamycin and ceftazi-
dime or metronidazole, and also with ciprofloxacin
against some anaerobes. However, there is some evi-
dence that clindamycin inhibits the bactericidal activity
of the aminoglycosides, although conflicting reports
have suggested variable degrees of synergy against
anaerobic organisms. Because of the adjacency of their
binding sites on the ribosome, clindamycin may com-
petitively inhibit the effects of macrolides or chloram-
phenicol. Clindamycin has been reported to diminish
the activity of ampicillin in vitro against Staph. aureus.
It is reported to enhance the activity of primaquine
against Pneumocystis jirovecii. Antagonism between
clindamycin and erythromycin has been shown in vit-
ro. 
Resistance. Most Gram-negative aerobes, such as the
Enterobacteriaceae, Pseudomonas spp., and Acineto-
bacter spp., are intrinsically resistant to clindamycin,
but acquired resistance also occurs in normally sensi-
tive strains. The mechanisms of resistance are the
same as those for erythromycin, namely methylation of
the ribosomal binding site, chromosomal mutation of
the ribosomal protein, and, in a few staphylococcal iso-
lates, enzymic inactivation by a plasmid-mediated ade-
nyltransferase. Methylation of the ribosome leads to
cross-resistance between the lincosamides and mac-
rolides and streptogramins (the MLSB phenotype); this
type of resistance is usually plasmid-mediated and in-
ducible. Complete cross-resistance exists between
clindamycin and lincomycin. 
The incidence of resistance varies with the organism
and the geographical location; it is more frequent in or-
ganisms that are also erythromycin-resistant, and some

strains of meticillin-resistant Staph. aureus are also re-
sistant to clindamycin. In some countries and institu-
tions there is evidence of an increase in resistance
amongst the B. fragilis group to about 25% of strains or
more. Resistance to clindamycin by anaerobes has also
been reported in 10 to 20% of Clostridium spp. other
than C. perfringens, 8% of peptostreptococci, 9% of
Fusobacterium spp., and 11% of Prevotella strains.
Action. References suggesting that clindamycin may reduce
microbial adherence and enhance phagocytosis by its effects on
bacterial slime (glycocalyx)1-3 and that its antibacterial effects
may be independent of plasma concentrations.4,5

1. Veringa EM, et al. Enhancement of opsonophagocytosis of
Bacteroides spp by clindamycin in subinhibitory concentrations.
J Antimicrob Chemother 1981; 23: 577–87. 

2. Veringa EM, et al. The role of glycocalyx in surface phagocyto-
sis of Bacteroides spp, in the presence and absence of clindamy-
cin. J Antimicrob Chemother 1989; 23: 711–20. 

3. Khardori N, et al. Effect of subinhibitory concentrations of clin-
damycin and trospectomycin on the adherence of Staphylococ-
cus epidermidis in an in vitro model of vascular catheter coloni-
zation. J Infect Dis 1991; 164: 108–13. 

4. Xue IB, et al. Variation in postantibiotic effect of clindamycin
against clinical isolates of Staphylococcus aureus and implica-
tions for dosing of patients with osteomyelitis. Antimicrob
Agents Chemother 1996; 40: 1403–7. 

5. Klepser ME, et al. Bactericidal activity of low-dose clindamycin
administered at 8- and 12-hour intervals against Staphylococcus
aureus, Streptococcus pneumoniae, and Bacteroides fragilis. An-
timicrob Agents Chemother 1997; 41: 630–5.

Resistance. Although there is usually cross-resistance between
clindamycin and macrolides (above), a resistance pattern has
been identified that results in streptococcal resistance to mac-
rolides while retaining susceptibility to clindamycin.1
1. Sutcliffe J, et al. Streptococcus pneumoniae and Streptococcus

pyogenes resistant to macrolides but sensitive to clindamycin: a
common resistance pattern mediated by an efflux system. Anti-
microb Agents Chemother 1996; 40: 1817–24.

Pharmacokinetics
About 90% of a dose of clindamycin hydrochloride is
absorbed from the gastrointestinal tract; concentrations
of 2 to 3 micrograms/mL occur within 1 hour after a
150-mg oral dose, with average concentrations of
about 700 nanograms/mL after 6 hours. After doses of
300 and 600 mg, peak plasma concentrations of 4 and
8 micrograms/mL, respectively, have been reported.
Absorption is not significantly diminished by food in
the stomach but the rate of absorption may be reduced.
Clindamycin palmitate hydrochloride is rapidly hydro-
lysed on oral use to free clindamycin. 
After parenteral use, the biologically inactive clin-
damycin phosphate is also hydrolysed to clindamycin.
When the equivalent of 300 mg of clindamycin is
injected intramuscularly, a mean peak plasma
concentration of 6 micrograms/mL occurs within 3
hours; 600 mg gives a peak concentration of
9 micrograms/mL. In children, peak concentrations
may occur within 1 hour. When the same doses are in-
fused intravenously, peak concentrations of 7 and
10 micrograms/mL occur by the end of infusion. 
Small amounts of clindamycin may be absorbed after
topical application to the skin; bioavailability from top-
ical preparations of the hydrochloride and phosphate
(the former in an extemporaneous formulation) has
been reported to be about 7.5% and 2% respectively. 
About 5% of a dose may be absorbed systemically
from an intravaginal cream formulation; absorption
from vaginal pessaries is reported to be about 30%. 
Clindamycin is widely distributed in body fluids and
tissues, including bone, but it does not reach the CSF in
significant concentrations. It diffuses across the pla-
centa into the fetal circulation and has been reported to
appear in breast milk. High concentrations occur in
bile. It accumulates in leucocytes and macrophages.
Over 90% of clindamycin in the circulation is bound to
plasma proteins. The half-life is 2 to 3 hours, although
this may be prolonged in preterm neonates and in pa-
tients with severe renal impairment. 
Clindamycin undergoes metabolism, presumably in
the liver, to the active N-demethyl and sulfoxide me-
tabolites, and also to some inactive metabolites. About
10% of a dose is excreted in the urine as active drug or
metabolites and about 4% in the faeces; the remainder
is excreted as inactive metabolites. Excretion is slow,

and takes place over several days. It is not effectively
removed from the blood by dialysis.
AIDS patients. Clindamycin was reported to have higher bio-
availability, lower plasma clearance, and a lower volume of dis-
tribution in patients with AIDS than in healthy subjects.1 This
may partly be explained by increased binding to plasma pro-
teins.2 
Although it is generally considered that penetration of clindamy-
cin into the CSF is insignificant, parasiticidal CSF concentra-
tions against Toxoplasma gondii were achieved with intravenous
clindamycin in patients with AIDS.3
1. Gatti G, et al. Comparative study of bioavailabilities and phar-

macokinetics of clindamycin in healthy volunteers and patients
with AIDS. Antimicrob Agents Chemother 1993; 37: 1137–43. 

2. Flaherty JF, et al. Protein binding of clindamycin in sera of pa-
tients with AIDS. Antimicrob Agents Chemother 1996; 40:
1134–8. 

3. Gatti G, et al. Penetration of clindamycin and its metabolite N-
demethylclindamycin into cerebrospinal fluid following intrave-
nous infusion of clindamycin phosphate in patients with AIDS.
Antimicrob Agents Chemother 1998; 42: 3014–17.

Uses and Administration
Clindamycin is a lincosamide antibacterial that is a
chlorinated derivative of lincomycin. It is a mainly
bacteriostatic drug used in the treatment of serious
anaerobic infections, notably due to Bacteroides fragi-
lis. Clindamycin is also used for some Gram-positive
infections due to pneumococci, staphylococci, and
streptococci. However, because of its potential for
causing pseudomembranous colitis (see Adverse Ef-
fects, above) it is usually used only when alternative
drugs are unsuitable. 
Amongst the conditions that it may be used to treat are
liver abscess, actinomycosis, biliary-tract infections,
staphylococcal bone and joint infections, the carrier
state of diphtheria, endophthalmitis, gas gangrene, var-
ious gynaecological infections including bacterial
vaginosis, endometritis, and pelvic inflammatory dis-
ease (the latter two with an aminoglycoside), intra-ab-
dominal infections including secondary peritonitis,
streptococcal pharyngitis (usually to treat the carrier
state), serious respiratory-tract infections including
empyema and pneumonia (especially lung abscess),
septicaemia, and skin and soft-tissue infections involv-
ing heavy colonisation with streptococci or anaerobes
such as necrotising fasciitis. Clindamycin is also used
as part of a multidrug regimen in the treatment of an-
thrax. It is used in the prophylaxis of endocarditis in
penicillin-allergic patients, in the prevention of perina-
tal streptococcal infections, and with other drugs for
the prophylaxis of surgical infection. It may be used as
part of a multi-drug regimen for the treatment of inha-
lation and gastrointestinal anthrax. 
For details of these bacterial infections and their treat-
ment, see under Choice of Antibacterial, p.162. 
Clindamycin is also applied topically in the treatment
of acne (p.1577) and rosacea (below). 
Clindamycin has some antiprotozoal actions, and has
been used, usually with other antiprotozoals, in various
infections (see below) including babesiosis, malaria,
and toxoplasmosis. It may also be used with pri-
maquine in the treatment of pneumocystis pneumonia
(below). 
Clindamycin is given orally as capsules containing the
hydrochloride or as oral liquid preparations containing
the palmitate hydrochloride. The capsules should be
taken with a glass of water. Doses are expressed in
terms of the base; 1.1 g of clindamycin hydrochloride
and 1.6 g of clindamycin palmitate hydrochloride are
each equivalent to about 1 g of clindamycin. The usual
adult oral dose is 150 to 300 mg every 6 hours; in se-
vere infections the dose may be increased to 450 mg
every 6 hours. 
Clindamycin is given parenterally as the phosphate
by intramuscular injection or by intermittent or contin-
uous intravenous infusion over 10 minutes to 1 hour.
Doses are again expressed in terms of the base; 1.2 g of
clindamycin phosphate is equivalent to about 1 g of
clindamycin. For intravenous use, the concentration of
clindamycin in diluent for infusion should not exceed
18 mg/mL and the rate of infusion should be not more
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

than 30 mg/minute. Not more than 1.2 g should be giv-
en as a single one-hour infusion, and not more than
600 mg should be given as a single intramuscular in-
jection. 
The usual parenteral dose is the equivalent of 0.6 to
1.2 g of clindamycin daily in divided doses; in severe
infections the dose may be increased to 2.7 g daily and
up to 4.8 g daily may be given intravenously in life-
threatening situations. 
For prophylaxis in adult patients at risk of developing
endocarditis and who cannot be given a penicillin, an
oral dose of clindamycin 600 mg, given 1 hour before
procedures such as dental extractions under local or no
anaesthesia, has been suggested. For high-risk patients
undergoing dental procedures involving general anaes-
thesia and who cannot be given a penicillin, clindamy-
cin 300 mg given intravenously over at least 10 min-
utes, at induction or 15 minutes before the procedure,
has been suggested. However in the UK the BNF and
NICE now suggest that such prophylaxis is unneces-
sary (see p.168). 
For details of doses in children, including infants and
adolescents, see below. 
Topical formulations containing clindamycin phos-
phate equivalent to 1% of clindamycin are used for the
treatment of acne. The hydrochloride may be applied
similarly, but systemic absorption may be greater (see
Pharmacokinetics, above). Clindamycin phosphate is
also available in combination preparations with ben-
zoyl peroxide and tretinoin. 
Clindamycin phosphate may be given intravaginally
as pessaries or as a 2% cream for the treatment of bac-
terial vaginosis; the equivalent of about 100 mg of clin-
damycin is given at night for 3 to 7 days.
Administration. A number of studies have suggested that a
parenteral regimen of clindamycin 600 mg three times daily is as
effective as giving the same dose four times daily,1 or as giving
900 mg three times daily.2,3

1. Buchwald D, et al. Effect of hospitalwide change in clindamycin
dosing schedule on clinical outcome. Rev Infect Dis 1989; 11:
619–24. 

2. Chin A, et al. Cost analysis of two clindamycin dosing regimens.
DICP Ann Pharmacother 1989; 23: 980–3. 

3. Chatwani A, et al. Clindamycin dosage scheduling for acute pel-
vic infection. Am J Obstet Gynecol 1990; 163: 240.

SUBCONJUNCTIVAL ROUTE. It has been suggested, should peri-
ocular use of clindamycin be necessary, that the injection so-
lution can be given in doses of 15 to 50 mg by subconjuncti-
val injection.1
1. Moorfields Eye Hospital NHS Foundation Trust. Pharmacists

Handbook 2006. London: Moorfields Pharmaceuticals, 2006.

Administration in children. The usual oral dose for infants
and children under 12 years of age is the equivalent of 3 to
6 mg/kg of clindamycin every 6 hours. In the UK, the BNFC
suggests that neonates aged under 14 days may be given this
dose every 8 hours and children aged 1 month and over but
weighing less than 10 kg should be given a minimum dose of
37.5 mg every 8 hours; children over 12 years of age may be
given the usual adult dose (see above). 
The usual parenteral dose for infants and children aged from 1
month to 12 years is the equivalent of 15 to 25 mg/kg of clin-
damycin daily in 3 or 4 divided doses; in severe infections the
dose may be increased to 40 mg/kg daily and a minimum dose of
300 mg daily should be given regardless of body-weight. Chil-
dren over 12 years of age may be given the usual adult dose (see
above). In the USA, it is also licensed for parenteral use in those
aged under 1 month and 15 to 20 mg/kg daily may be given in 3
or 4 divided doses. It should be borne in mind that some parenter-
al formulations contain benzyl alcohol which may cause fatal
‘gasping syndrome’ in neonates (see p.1632). 
For the treatment of staphylococcal lung infection in children
aged from 1 month to 18 years with cystic fibrosis, the BNFC
recommends oral doses of 5 to 7 mg/kg (to a maximum of
600 mg) every 6 hours. 
For children’s doses in babesiosis, malaria, and toxoplasmosis,
see below.
Babesiosis. Clindamycin, given with quinine, both for 7 to 10
days, is recommended by some experts in the USA1,2 for the
treatment of babesiosis (p.823) caused by Babesia microti. Dos-
age regimens include: 
• clindamycin 1.2 g intravenously twice daily, with quinine

650 mg three or four times daily by mouth 
• clindamycin 300 to 600 mg intravenously every 6 hours, with

quinine as above 
• clindamycin 600 mg orally three times daily, with quinine as

above 

Children may be given clindamycin 20 to 40 mg/kg daily intra-
venously or by mouth in 3 or 4 divided doses with quinine
25 mg/kg daily by mouth in 3 divided doses, both for 7 to 10
days.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. Wormser GP, et al. The clinical assessment, treatment, and pre-

vention of Lyme disease, human granulocytic anaplasmosis, and
babesiosis: clinical practice guidelines by the Infectious Diseas-
es Society of America. Clin Infect Dis 2006; 43: 1089–1134.
Correction. ibid. 2007; 45: 941. Also available at: http://
www.journals.uchicago.edu/doi/pdf/10.1086/508667 (accessed
11/08/08)

Malaria. Quinine sulfate plus follow-on treatment with doxycy-
cline, tetracycline, or clindamycin are recommended regimens
for the treatment of chloroquine-resistant falciparum malaria
(p.594) in non-endemic malaria areas. Doxycycline is generally
preferred because it can be given once daily. However, tetracy-
clines are contra-indicated in children under 8 years of age and in
pregnant women, who may be given clindamycin. Clindamycin
is given in the usual adult dose of 20 mg/kg daily in 3 divided
doses (or 450 mg 3 times daily) for 7 days with quinine sulfate
600 to 650 mg 3 times daily for 3 to 7 days, both orally.1-5

Parenteral quinine (or quinidine) plus follow-on treatment with a
tetracycline or clindamycin may be used for severe falciparum
malaria in both endemic and non-endemic malaria areas.2-5 Pa-
tients unable to tolerate oral treatment may begin follow-on ther-
apy intravenously.2,3 
In the UK5 public health authorities recommend that children be
given clindamycin at a dose of 7 to 13 mg/kg 3 times daily for 7
days; US2 public health authorities recommend giving 20 mg/kg
daily in 3 divided doses.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. CDC. Treatment guidelines: treatment of malaria (guidelines for

clinicians) (issued 28th June 2004, updated 6th March 2007).
Available at: http://www.cdc.gov/malaria/pdf/clinicalguidance.pdf
(accessed 28/03/07) 

3. British Infection Society. Algorithm for initial assessment and
management of malaria in adults (issued February 2007). Avail-
able at: http://www.britishinfectionsociety.org/documents/
MalariaAlgorithm07.pdf (accessed 20/06/07) 

4. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Available at:  http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 28/03/07) 

5. Lalloo DG, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. UK malaria treatment guidelines. J Infect
2007; 54: 111–21.

Pneumocystis pneumonia. Clindamycin may be used with
primaquine as an alternative to co-trimoxazole for the treatment
of pneumocystis pneumonia (p.521). In the USA, some
experts1,2 recommend giving clindamycin 600 to 900 mg intra-
venously, or 300 to 450 mg orally, every 6 to 8 hours with pri-
maquine 15 to 30 mg by mouth once daily, both for 21 days. In
the UK the BNF suggests giving clindamycin 600 mg every 8
hours with primaquine 30 mg daily, both by mouth, for mild to
moderate disease (but notes that this combination is associated
with considerable toxicity). 
A meta-analysis3 of literature published between January 1975 to
August 1999 found that, when compared with other salvage
agents (such as atovaquone, co-trimoxazole, eflornithine, penta-
midine, and trimetrexate), clindamycin with primaquine was the
most effective regimen in patients unresponsive to conventional
treatment. The authors also concluded that this latter regimen
was effective as primary treatment of mild to moderately severe
disease and suggested that it had fewer adverse effects than co-
trimoxazole. 
Clindamycin with primaquine is not normally recommended for
prophylaxis although there are reports of it being tried.4 A retro-
spective examination5 of the records of patients who had re-
ceived prophylaxis found that clindamycin with primaquine was
less effective than co-trimoxazole or dapsone, although this
could have been due in part to underdosing.
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. CDC. Treating opportunistic infections among HIV-infected

adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Association/In-
fectious Diseases Society of America. MMWR 2004; 53 (RR-
15): 1–112. Also available at: http://www.cdc.gov/mmwr/
PDF/RR/RR5315.pdf (accessed 14/05/07) Correction. MMWR
2005; 54: 311. [dose of amphotericin B/flucytosine for C. neo-
formans meningitis] Also available at: http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm5412a10.htm (accessed
14/05/07) 

3. Smego RA, et al. A meta-analysis of salvage therapy for Pneu-
mocystis carinii pneumonia. Arch Intern Med 2001; 161:
1529–33. 

4. Kay R, DuBois RE. Clindamycin/primaquine therapy and sec-
ondary prophylaxis against Pneumocystis carinii pneumonia in
patients with AIDS. South Med J 1990; 83: 403–4. 

5. Barber BA, et al. Clindamycin/primaquine as prophylaxis for
Pneumocystis carinii pneumonia. Clin Infect Dis 1996; 23:
718–22.

Rosacea. Topical clindamycin1 has improved inflammatory ep-
isodes of rosacea (p.1583), although other features of the skin
disorder may not respond. A small study2 showed that once-daily
application of clindamycin 1% plus benzoyl peroxide 5% was
effective in the treatment of moderate to severe rosacea.
1. Wilkin JK, DeWitt S. Treatment of rosacea: topical clindamycin

versus oral tetracycline. Int J Dermatol 1993; 32: 65–7. 

2. Breneman D, et al. Double-blind, randomized, vehicle-control-
led clinical trial of once-daily benzoyl peroxide/clindamycin
topical gel in the treatment of patients with moderate to severe
rosacea. Int J Dermatol 2004; 43: 381–7.

Toxoplasmosis. Clindamycin with pyrimethamine has been
used for the treatment and secondary prophylaxis (chronic main-
tenance) of toxoplasmosis (p.826) instead of the more usual
treatment with pyrimethamine plus sulfadiazine, in patients una-
ble to tolerate sulfonamides; folinic acid is also given to counter-
act the megaloblastic anaemia associated with pyrimethamine.
In adult patients with AIDS and toxoplasmic encephalitis, clin-
damycin 600 mg every 6 hours orally or intravenously for at least
6 weeks, then maintenance therapy with 300 to 450 mg every 6
to 8 hours by mouth, has been recommended in the USA.1 Chil-
dren may be given clindamycin 5 to 7.5 mg/kg 4 times daily by
mouth or intravenously for at least 6 weeks, followed by chronic
maintenance therapy.2 
Other studies found acute therapy with pyrimethamine and clin-
damycin, 600 mg 4 times daily by mouth3 or 1200 mg every 6
hours intravenously,4 to be as effective as pyrimethamine and
sulfadiazine, but oral maintenance therapy with pyrimethamine
and clindamycin 300 mg 4 times daily was less effective than
pyrimethamine and sulfadiazine at preventing relapses in a pop-
ulation followed for 3 years or more.3 Clindamycin with fluorou-
racil produced beneficial responses in a study involving 16 pa-
tients.5 
In contrast, another study, comparing clindamycin alone (in low-
er oral doses—300 mg twice daily) with pyrimethamine alone
for prophylaxis of toxoplasmic encephalitis, reported an unac-
ceptably high incidence of adverse effects with clindamycin,
which forced premature termination of the clindamycin arm—
see AIDS under Precautions, above.
1. CDC. Treating opportunistic infections among HIV-infected

adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Association/In-
fectious Diseases Society of America. MMWR 2004; 53 (RR-
15): 1–112. Also available at: http://www.cdc.gov/mmwr/PDF/
RR/RR5315.pdf (accessed 14/05/07) Correction. MMWR 2005;
54: 311. [dose of amphotericin B/flucytosine for C. neoformans
meningitis] Also available at: http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5412a10.htm (accessed 14/05/07) 

2. CDC. Treating opportunistic infections among HIV-exposed and
infected children: recommendations from CDC, the National In-
stitutes of Health, and the Infectious Diseases Society of Amer-
ica. MMWR 2004; 53 (RR-14): 1–63. Also available at: http://
www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed 14/05/07) 

3. Katlama C, et al. Pyrimethamine-clindamycin vs pyrimeth-
amine-sulphadiazine as acute and long-term therapy for toxo-
plasmic encephalitis in patients with AIDS. Clin Infect Dis 1996;
22: 268–75. 

4. Dannemann B, et al. Treatment of toxoplasmic encephalitis in
patients with AIDS: a randomized trial comparing pyrimeth-
amine plus clindamycin to pyrimethamine plus sulfadiazine. Ann
Intern Med 1992; 116: 33–43. 

5. Dhiver C, et al. 5-Fluoro-uracil-clindamycin for treatment of
cerebral toxoplasmosis. AIDS 1993; 7: 143–4.

Preparations
BP 2008: Clindamycin Capsules; Clindamycin Injection; 
USP 31: Clindamycin for Injection; Clindamycin Hydrochloride Capsules;
Clindamycin Hydrochloride Oral Solution; Clindamycin Injection; Clindamy-
cin Palmitate Hydrochloride for Oral Solution; Clindamycin Phosphate Gel;
Clindamycin Phosphate Topical Solution; Clindamycin Phosphate Topical
Suspension; Clindamycin Phosphate Vaginal Cream; Clindamycin Phosphate
Vaginal Inserts.

Proprietary Preparations (details are given in Part 3)
Arg.: Acnestop; Clidan; Clindacin; Clindalaf; Clindopax; Clintopic; Dalacin C;
Dalacin ST; Dalacin†; Naxoclinda; Torgyn; Austral.: Cleocin; Clindatech;
Dalacin C; Dalacin T; Dalacin V; Austria: Cleocin; Clidam†; Clindac; Dalacin;
Lanacine; Belg.: Dalacin; Dalacin C; Zindaclin; Braz.: Anaerocid; Clinagel;
Clindacin†; Clindacne; Clindamin C; Clindarix; Dalacin C; Dalacin T; Dalacin
V; Canad.: Clindets; Dalacin C; Dalacin T; Dalacin Vaginal; Chile: Clidets;
Cluvax; Daclin; Dalacin; Dalacin C; Dalacin T; Dalacin V; Dermabel; Di-
vanon; Lexis†; Cz.: Dalacin; Dalacin C; Dalacin T; Klimicin; Zindaclin;
Denm.: Dalacin; Fin.: Dalacin; Klindagol; Fr.: Dalacine; Dalacine T; Zinda-
cline; Ger.: Aclinda†; Basocin; Clin-Sanorania; Clinda; Clinda-saar; Clindabe-
ta; Clindahexal; Clindastad; Dentomycin; Jutaclin; Sobelin; Turimycin; Zinda-
clin; Gr.: Arfarel; Borophen; Botamycin-N; Clidacin; Climycen; Clindagel;
Dalacin C; Edason†; Fouch; Lindasol†; Paradis; Sotomycin; Toliken; Upderm;
Vagiclin; Veldom; Velkaderm; Ygielle; Hong Kong: Claribel; Clinac; Clin-
datech; Dalacin C; Dalacin T; Delta T; Fleminosan†; Qualiclinda; Topicil†;
Hung.: Dalacin; Dalacin C; Dalacin T; Klimicin; India: Clindac A; Dalacin;
Dalcap; Indon.: Albiotin; Anerocid; Biodasin; Cindala; Climadan; Clinbercin;
Clindexcin; Clinidac; Clinika; Clinium; Clinjos; Clinmas; Comdasin; Dacin;
Daclin; Dalacin C; Ethidan; Indanox; Lando; Librodan; Lindacyn; Lindan;
Mediklin; Niladacin; Nufaclind; Opiclam; Probiotin; Prolic; Zumatic; Irl.: Da-
lacin; Dalacin C; Dalacin T; Zindaclin; Israel: Dalacin C; Dalacin Vaginal;
Dalagis T; Zindaclin; Ital.: Cleocin; Dalacin C; Dalacin T; Malaysia: C-My-
cin†; Clindac; Dalacin C; Dalacin T; T3Mycin; Tidact; Topicil; Zindaclin;
Mex.: Ancine; Apomiclin; Biodaclin; Cigmadil; Clendazaf; Clidets; Clinamsa;
Clindazyn; Cutaclin; Dalacin C; Dalacin T; Dalacin V; Dalatina; Dalatina V;
Damiclin; Destralina; Feisclin; Galecin; Indamid; Klyndaken; Lindacil; Lisiken;
Losertrin; Trexen; Ulmicy; Neth.: Dalacin C; Dalacin T; Norw.: Dalacin;
NZ: Clinac†; Dalacin C; Dalacin T†; Topicil; Philipp.: Anerocin; Clindal;
Clindatech; Cliz; Dalacin C; Inprosyn-HP; Lincyn; Myclin; Tidact; Zindal; Pol.:
Clindacin; Clindacne; Clindo; Dalacin C; Dalacin T; Klimicin; Klindacin T; Zin-
daclin; Port.: Clincina; Dalacin C; Dalacin T; Dalacin V; Zindaclin; Rus.: Clin-
dacin (Клиндацин); Dalacin (Далацин); Dalacin C (Далацин Ц)†; Klimicin
(Климицин); S.Afr.: Clindac; Clindahexal; Dalacin C; Dalacin T; Dalacin VC;
Singapore: C-Mycin†; Climadan†; Clindagel; Clindatech; Dalacin C; Dalacin
T; T3Mycin; Tidact; Topicil; Zindaclin; Spain: Clinwas; Dalacin; Zindaclin;
Swed.: Dalacin; Switz.: Dalacin C; Dalacin T; Dalacin V; Thai.: Chinacin-T;
Clindalin; Clindavid; Clinott; Dacin-F; Dalacin C; Dalacin T; Klimicin; Klindan;
Klinna; Lacin; Rosil; Turk.: Cleocin T; Clin; Klindan; Klindaver; Klinoksin; Kl-
itopsin; Meneklin; UK: Dalacin; Dalacin C; Dalacin T; Zindaclin; USA: Cleoc-
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in; Cleocin T; Clindagel; ClindaMax; Clindesse; Clindets; Evoclin; Venez.:
Bioclindax; Clindaval; Clindox; Clinfol; Dalacin; Felisep†.
Multi-ingredient: Arg.: Clindacur ; Clindoxyl; CP-Acne; Dermaclean;
Duo Clindacin; Ovogin; Perclin; Torgyn Duo; Austral.: Duac; Austria: Clin-
doxyl; Braz.: Clindoxyl; Canad.: Benzaclin; Clindoxyl; Chile: Indoxyl; Klina;
Cz.: Duac; Ger.: Copal; Gr.: Indoxyl; Hong Kong: Duac; India: Deriva-C;
Indon.: Benzolac Cl; Climadan; Medi-Klin TR; Irl.: Duac; Mex.: Benzaclin;
Clindapack; Femisan; Gynoclin-V; Indoxyl; Trexen Duo; Neth.: Duac; NZ:
Duac; Pol.: Duac; Port.: Duac; Spain: Duac; Swed.: Duac; Turk.: Cleocin;
UK: Duac Once Daily; USA: Benzaclin; Duac; Ziana.

Clioquinol (BAN, rINN)

Chinoform; Chloroiodoquine; Cliochinolum; Clioquinolum; Io-
dochlorhydroxyquin; Iodochlorhydroxyquinoline; Kliochinol;
Kliokinol; Kliokinoli; Kliokvinolis; PBT-1; Quiniodochlor. 5-Chloro-
7-iodoquinolin-8-ol.
Клиохинол
C9H5ClINO = 305.5.
CAS — 130-26-7.
ATC — D08AH30; D09AA10; G01AC02; P01AA02;
S02AA05.
ATC Vet — QD08AH30; QD09AA10; QG01AC02;
QS02AA05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Clioquinol). An almost white, light yellow, brown-
ish-yellow, or yellowish-grey powder. Practically insoluble in
water; very slightly soluble or slightly soluble in alcohol; spar-
ingly soluble in dichloromethane. Protect from light. 
USP 31 (Clioquinol). A voluminous, spongy, yellowish-white to
brownish-yellow powder having a slight characteristic odour. It
darkens on exposure to light. Practically insoluble in water; sol-
uble 1 in 3500 of alcohol, 1 in 120 of chloroform, and 1 in 4500
of ether; soluble in hot ethyl acetate and in hot glacial acetic acid.
Store in airtight containers. Protect from light.
Adverse Effects and Precautions
Clioquinol may rarely cause iodism in sensitive patients. Local
application of clioquinol in ointments or creams may occasional-
ly cause severe irritation or hypersensitivity and there may be
cross-sensitivity with other halogenated hydroxyquinolines. 
Clioquinol stains clothing and linen yellow on contact and may
stain the skin and discolour fair hair. 
Clioquinol given by mouth has been associated with severe neu-
rotoxicity. In Japan, the epidemic development of subacute my-
elo-opticoneuropathy (SMON) in the 1960s was associated with
the ingestion of normal or high doses of clioquinol for prolonged
periods, and the sale of clioquinol and related hydroxyquinolines
was subsequently banned there. Symptoms of SMON are princi-
pally those of peripheral neuropathy, including optic atrophy, and
myelopathy. Abdominal pain and diarrhoea often precede neuro-
logical symptoms, such as paraesthesias in the legs progressing
to paraplegia in some patients, and loss of visual acuity some-
times leading to blindness. A characteristic green pigment, a
chelate of clioquinol with iron, is often seen on the tongue and in
the urine and faeces. Cerebral disturbances, including confusion
and retrograde amnesia, have also been reported. Although many
patients improved when clioquinol was withdrawn, others had
residual disablement. 
It was suggested that the Japanese epidemic might be due to ge-
netic susceptibility, but a few similar cases of SMON associated
with clioquinol or related hydroxyquinoline derivatives, such as
broxyquinoline or diiodohydroxyquinoline have been reported
from other countries. Oral preparations of clioquinol have now
been banned in most countries.
Hypersensitivity. Clioquinol is classified as a contact allergen
which can commonly cause sensitisation, especially when ap-
plied to eczematous skin; chlorquinaldol can also cause sensiti-
sation, although less frequently.1 It is important to include clio-
quinol and chlorquinaldol in routine patch testing since the
clinical reaction may be relatively mild and sensitivity easily
missed, particularly in the presence of a corticosteroid which
suppresses or attenuates the reaction.
1. Anonymous. Skin sensitisers in topical corticosteroids. Drug

Ther Bull 1986; 24: 57–9.

Topical application. Absorption of clioquinol through the skin
has been noted on topical application.1,2 The Committee on
Drugs of the American Academy of Pediatrics3 considered that
there was a potential risk of toxicity to infants and children from
clioquinol and diiodohydroxyquinoline applied topically. Since
alternative effective preparations are available for dermatitis, the
Committee recommended that products containing either of
these compounds should not be used.
1. Fischer T, Hartvig P. Skin absorption of 8-hydroxyquinolines.

Lancet 1977; i: 603. 

2. Stohs SJ, et al. Percutaneous absorption of iodochlorhydroxy-
quin in humans. J Invest Dermatol 1984; 82: 195–8. 

3. Kauffman RE, et al. Clioquinol (iodochlorhydroxyquin, Vio-
form) and iodoquinol (diiodohydroxyquin): blindness and neu-
ropathy. Pediatrics 1990; 86: 797–8.

Uses and Administration
Clioquinol is a halogenated hydroxyquinoline with antibacterial
and antifungal activity and is used in creams and ointments, usu-
ally containing 3%, in the treatment of skin infections. It is ap-
plied with a corticosteroid in inflammatory skin conditions com-
plicated by bacterial or fungal infections. It is also used in ear
drops for otitis externa. The treatment of bacterial and of fungal
skin infections is described on p.194 and p.521 respectively. 
For a discussion of the risks from topical application of clioqui-
nol, see Adverse Effects and Precautions, above. 
Clioquinol was formerly given by mouth in the treatment of in-
testinal amoebiasis. It was also formerly used for the prophylaxis
and treatment of traveller’s diarrhoea and similar infections but
was of doubtful value. Oral preparations have now been with-
drawn because of neurotoxicity (see Adverse Effects and Precau-
tions, above). However, clioquinol by mouth has been investigat-
ed for its action as a chelator of copper and zinc in the treatment
of Alzheimer’s disease (see below).

Alzheimer’s disease. A systematic review1 to evaluate the ef-
ficacy of metal protein attenuating compounds, such as clioqui-
nol, for the treatment of cognitive impairment due to Alzheim-
er’s disease, evaluated only one small randomised controlled
study comparing clioquinol and placebo; no significant differ-
ences were found. Further studies with clioquinol have now been
stopped, but studies are on-going with a successor compound,
PBT2.
1. Sampson E, et al. Metal protein attenuating compounds for the

treatment of Alzheimer’s disease. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2008 (accessed 14/05/08).

Preparations
BP 2008: Betamethasone and Clioquinol Cream; Betamethasone and Clio-
quinol Ointment; Hydrocortisone and Clioquinol Cream; Hydrocortisone
and Clioquinol Ointment; 
USP 31: Clioquinol and Hydrocortisone Cream; Clioquinol and Hydrocor-
tisone Ointment; Clioquinol Cream; Clioquinol Ointment; Compound
Clioquinol Topical Powder.

Proprietary Preparations (details are given in Part 3)
Ger.: Linola-sept; Hung.: Linola-sept†; India: Dermoquinol; Entero-Qui-
nol; Entrozyme Plain; Mex.: Bagton; Bionder-C; Cortifung-C; Lasalar-Y Sim-
ple; Luzolona Simple; Nolil; Quindoleina†; Vioformo; Port.: Quinodermil†.

Multi-ingredient: Arg.: Betnovate-C; Locorten Vioformo†; Quadri-
derm†; Austral.: Hydroform; Locacorten Vioform; Quinaband†; Austria:
Betnovate-C; Locacorten Vioform; Belg.: Betnelan-VC†; Locacortene Vio-
forme†; Braz.: Betnovate-Q; Cremederme; Dreniformio; Hidrocorte; Lo-
corten Vioformio; Permut; Poliderms; Predmicin; Quadriderm; Quadrikin;
Quadrilon; Quadriplus; Qualiderm; Tetraderm; Vioformio-Hidrocortisona;
Canad.: Locacorten Vioform; Phenoris; Vioform-Hydrocortisone; Cz.:
Lorinden C†; Prednisolon J†; Denm.: Betnovat med Chinoform; Celeston
med Chinoform; Locacorten Vioform; Synalar med Chinoform; Fin.:
Bemetson-K; Betnovat-C; Celestoderm cum Chinoform†; Locacorten Vio-
form; Fr.: Diprosept†; Locacortene Vioforme; Ger.: Locacorten Vioform;
Gr.: Betnovate-C; Myco-Synalar; Hong Kong: Betnovate-C†; Clobeta-G;
Dermafacte; Quadriderm; Hung.: Lorinden C; Prednisolon J; India: Be-
clate-C; Betnederm C; Betnovate-C; Cortoquinol; Fourderm; Millicorten-
Vioform; Polyderm†; Quiss; Indon.: Benoson V; Krimbeson; Viohydrocort;
Visancort; Irl.: Betnovate-C; Synalar C†; Vioform-Hydrocortisone; Israel:
Betnovate-C; Topicorten V; Ital.: Diproform; Locorten; Locorten Viofor-
mio; Mex.: Bentix; Cetoquina Y; Clio-Betnovate; Clioderm-H; Contefur†;
Cortifung-Y; Cortilona Compuesta; Dealan; Diprosone Y; Ditayod; Farma-
corti YC; Fluccinol C†; Flunal†; Lasalar-Y; Luzolona Y; Sebryl; Sebryl Plus;
Sebstopp; Solfurol; Sultroquin†; Suyodil; Synalar C; Taliviform†; Topsyn-Y;
Trilor†; Ultracortin; Vioformo-Cort; Yderm; Yodozona; Neth.: Locacorten
Vioform; Norw.: Betnovat med Chinoform; Synalar med Chinoform; NZ:
Betnovate-C; Locorten Vioform; Philipp.: Aplosyn C; Betnovate-C; Der-
malin; Diproform; Quadriderm; Quadrotopic; Pol.: Betnovate-C; Lorinden
C; Viosept; Port.: Betnovate-C; Dexaval V; Locorten Vioformio†; Quino-
dermil-AS; Rus.: Dermosolon (Дермозолон); Lorinden C (Лоринден С);
S.Afr.: Betnovate-C; Cortoderm-C; Locacorten Vioform; Quadriderm;
Synalar C; Singapore: Dermanol-C; Hydroderm-C; Quadriderm†; Spain:
Cuatroderm; Menaderm Clio; Menaderm Otologico; Synobel†; Swed.:
Betnovat med Chinoform; Celeston valerat med chinoform; Locacorten
Vioform; Switz.: Betnovate-C; Quadriderm; Thai.: Banocin; Beta-C; Bet-
novate-C; Betosone-CE; Chlorotracin; Endothalyl; Genquin; Turk.: Betno-
vate-C; Locacortene Vioform; Prednol-A; UK: Betnovate-C; Locorten Vio-
form; Quinaband†; Synalar C; Vioform-Hydrocortisone; USA: 1 + 1-F;
Corque; Hysone; Venez.: Dermosupril C; Diproformo; Locorten Viofor-
mo; Neo-Synalar con Yodoclorohidroxiquina†; Propioformo†; Quadri-
derm; Tridetarmon; Vio Celestoderm†.

Clofazimine (BAN, USAN, rINN)

B-663; Clofazimina; Clofaziminum; G-30320; Klofatsimiini; Klo-
fatzimin; Klofazimin; Klofaziminas; NSC-141046. 3-(4-Chloro-
anilino)-10-(4-chlorophenyl)-2,10-dihydro-2-phenazin-2-ylide-
neisopropylamine.

Клофазимин

C27H22Cl2N4 = 473.4.

CAS — 2030-63-9.

ATC — J04BA01.

ATC Vet — QJ04BA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Clofazimine). A fine reddish-brown powder. It ex-
hibits polymorphism. Practically insoluble in water; very slightly
soluble in alcohol; soluble in dichloromethane. 
USP 31 (Clofazimine). Dark red crystals. Practically insoluble in
water; sparingly soluble in alcohol, in acetone, and in ethyl ace-
tate; soluble in chloroform and in benzene. Store in airtight con-
tainers. Protect from light.

Adverse Effects
Adverse effects to clofazimine are dose related, the
most common being red to brown discoloration of the
skin especially on areas exposed to sunlight; leprotic
lesions may become mauve to black. These changes
are more noticeable in light-skinned people and may
limit its acceptance. The conjunctiva and cornea may
also show some signs of red to brown pigmentation.
The generalised discoloration may take months to
years to disappear after stopping therapy. Discoloration
of hair, tears, sweat, sputum, breast milk, urine, and
faeces may occur, as may nail discoloration with high
doses of 300 mg daily. Severe depression related to
skin discoloration has been reported rarely. 
Gastrointestinal effects are uncommon for doses of
clofazimine less than 100 mg daily and usually are not
severe. Symptoms of nausea, vomiting, and abdominal
pain experienced shortly after the start of treatment
may be due to direct irritation of the gastrointestinal
tract and such symptoms usually disappear on dose re-
duction. Use of doses of 300 mg daily or more for sev-
eral months sometimes produces abdominal pain, diar-
rhoea, weight loss, gastrointestinal bleeding, and in
severe cases the small bowel may become oedematous
and symptoms of bowel obstruction may develop. This
may be due to deposition of crystals of clofazimine in
the wall of the small bowel and in the mesenteric
lymph nodes. Crystal deposition may also occur in oth-
er organs including the liver and spleen and there have
been rare reports of splenic infarction. Symptoms usu-
ally regress on withdrawal of treatment although fatal-
ities have been reported. 
Clofazimine may produce a dryness of the skin and
ichthyosis as well as decreased sweat production and
rashes. Pruritus, acneiform eruptions, and photosensi-
tivity reactions have also been reported. 
Eye irritation and decreased tear production may occur. 
Headache, drowsiness, dizziness, taste disorders, and
elevation of blood glucose levels have been reported
rarely.
Incidence of adverse effects. The incidence of adverse ef-
fects was reviewed in 65 patients1 who were receiving, or had
received, clofazimine in weekly doses of either 700 mg or less as
antimycobacterial therapy, or more than 700 mg as anti-inflam-
matory therapy. Length of treatment ranged from 1 to 83 months.
Adverse effects on the skin included discoloration (20% of pa-
tients), pigmentation (64.6%), dry skin (35.4%), and pruritus
(5%). Ocular adverse effects were conjunctival pigmentation
(49.2%), subjective dimness of vision (12.3%), and dry eyes,
burning, and other ocular irritation (24.6%). Gastrointestinal ad-
verse effects included abdominal pain (33.8%), nausea (9.2%),
diarrhoea (9.2%), and weight loss, vomiting, or loss of appetite
(13.8%). The different dose regimens for antimycobacterial ther-
apy or anti-inflammatory effect had similar incidences of adverse
effects. Skin pigmentation in 8 patients disappeared on average
8.5 months after stopping therapy with clofazimine, the maxi-
mum time required being one year. Adverse effects of clofaz-
imine were considered to be well tolerated. 
In another report covering 540 patients receiving clofazimine
100 mg on alternate days or 300 mg daily, the most common ad-
verse effect was skin pigmentation, which occurred in 77.8% of
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

the patients. Ichthyotic changes were reported in 66.7% and pru-
ritus in 20.2%. Gastrointestinal symptoms occurred in 20 pa-
tients (about 4%); other effects such as discoloration of sweat,
urine, and tears were minor.2
1. Moore VJ. A review of side-effects experienced by patients tak-

ing clofazimine. Lepr Rev 1983; 54: 327–35. 
2. Kumar B, et al. More about clofazimine—3 years experience and

review of the literature. Indian J Lepr 1987; 59: 63–74.

Effects on the eyes. Accumulation of clofazimine crystals in
the eye can lead to pigmentation of the cornea and conjunctiva.
Degeneration of the retinal pigment epithelium has also been at-
tributed to clofazimine therapy in a patient.1 Slight repigmenta-
tion was observed after withdrawal of clofazimine.
1. Forster DJ, et al. Bull’s eye retinopathy and clofazimine. Ann

Intern Med 1992; 116: 876–7.

Effects on the gastrointestinal tract. Gastrointestinal ef-
fects are uncommon at doses of clofazimine less than 100 mg
daily. However, there have been some reports of severe gastroin-
testinal adverse events, including fatalities, in patients taking
clofazimine.1-4 An 11-year-old child given clofazimine (150 mg
daily) for graft-versus-host disease developed severe enteropa-
thy 2 years after starting treatment.1 Clofazimine was stopped
and symptoms resolved after 5 weeks. Enteropathy has also been
reported in a 20-year-old patient who had taken 200 mg of
clofazimine daily for 4 years.2 Clofazimine was stopped but his
symptoms did not resolve; he developed peripheral oedema and
hypoalbuminaemia and died 2 years later due to cerebral throm-
bosis. In another report,4 partial intestinal obstruction developed
in a patient after 12 months of treatment with clofazimine
100 mg daily for the treatment of multidrug-resistant tuberculo-
sis. The patient recovered 3 weeks after stopping clofazimine.
Splenic infarction has been reported after 11 months treatment
with high-dose clofazimine for the management of pyoderma
gangrenosum.5 Chronic abdominal pain due to crystal-storing
histiocytosis of mesenteric lymph nodes is well recognised, and
may mimic the symptoms of gastrointestinal lymphoma or mye-
loma.3
1. Parizhskaya M, et al. Clofazimine enteropathy in a pediatric

bone marrow transplant recipient. J Pediatr 2001; 138: 574–6. 
2. Hameed A, et al. A case of clofazimine enteropathy. Int J Clin

Pract 1998; 52: 439–40. 
3. Sukpanichnant S, et al. Clofazimine-induced crystal-storing his-

tiocytosis producing chronic abdominal pain in a leprosy patient.
Am J Surg Pathol 2000; 24: 129–35. 

4. Üsküdar O, et al. Partial intestinal obstruction due to clofazimine
in a patient with multidrug-resistant tuberculosis. Int J Tuberc
Lung Dis 2005; 9: 703–4. 

5. McDougall AC, et al. Splenic infarction and tissue accumulation
of crystals associated with the use of clofazimine (Lamprene;
B663) in the treatment of pyoderma gangrenosum. Br J Derma-
tol 1980; 102: 227–30.

Effects on the heart. Ventricular tachycardia, thought to be
probably torsade de pointes, was reported to be associated with
clofazimine.1
1. Choudhri SH, et al. Clofazimine induced cardiotoxicity—a case

report. Lepr Rev 1995; 66: 63–8.

Precautions
Clofazimine should be used with caution in patients
with gastrointestinal symptoms such as abdominal
pain and diarrhoea. If gastrointestinal symptoms devel-
op during treatment, the dose should be reduced and, if
necessary, the interval between doses increased, or the
drug should be stopped. Daily doses of more than
100 mg should not be used for more than 3 months be-
cause of dose-related adverse effects on the gastroin-
testinal tract; patients receiving doses greater than
100 mg daily should be under medical supervision. 
Patients should be warned that clofazimine may cause
a reddish-brown discoloration of breast milk, hair,
skin, conjunctiva, tears, sputum, sweat, urine, and fae-
ces. Nails may be discoloured at higher doses. 
As clofazimine crosses the placental barrier, neonates
of women receiving clofazimine may have skin discol-
oration at birth.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that the use of clofazimine by mothers during breast feeding
may be of concern, since there is the possibility of transfer of a
high percentage of the maternal dose and a possible increase in
skin pigmentation in the infant. A small study in 8 women calcu-
lated that up to 30% of a maternal dose may be ingested by a
breast-fed infant.2
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 03/10/07) 

2. Venkatesan K, et al. Excretion of clofazimine in human milk in
leprosy patients. Lepr Rev 1997; 68: 242–6.

Pregnancy. Two successful pregnancies in women who re-
ceived clofazimine throughout pregnancy have been reported1

but a literature review revealed 3 neonatal deaths in 13 pregnan-
cies, although the deaths could not be directly attributed to

clofazimine. However, WHO2 states that its recommended mul-
tiple drug therapy regimens for leprosy, which may include
clofazimine, are safe during pregnancy.
1. Farb H, et al. Clofazimine in pregnancy complicated by leprosy.

Obstet Gynecol 1982; 59: 122–3. 
2. WHO. Guide to eliminate leprosy as a public health problem. 1st

ed. Geneva: WHO, 2000. Also available at: http://www.who.int/
lep/resources/Guide_Int_E.pdf (accessed 28/07/08)

Interactions
Some preliminary data have suggested that the anti-in-
flammatory action of clofazimine in Type 2 lepra reac-
tions may be reduced by dapsone, although US li-
censed product information (Lamprene; Novartis,
USA) states that these findings have not been con-
firmed; the antimycobacterial effect was not affected. 
Elevated plasma and urine concentrations of clofaz-
imine have been detected in patients receiving high
doses of clofazimine with isoniazid, although skin con-
centrations were found to be lower. 
For a report of the effect of clofazimine on rifampicin
absorption, see p.327.

Antimicrobial Action
Clofazimine is bacteriostatic and weakly bactericidal
against Mycobacterium leprae. Tissue antimicrobial
activity in humans cannot be found until after about 50
days of therapy. Clofazimine is active in vitro against
various other species of Mycobacterium. Resistance
has been reported rarely and no cross-resistance occurs
with rifampicin or dapsone.

Pharmacokinetics
Clofazimine is absorbed from the gastrointestinal tract
in amounts varying from 45 to 70%. Absorption is
greatest when clofazimine is given in microcrystalline
formulations and when it is taken immediately after
food. The time to steady-state plasma concentrations
has not been determined but exceeds 42 days. 
Average plasma concentrations in leprosy patients re-
ceiving 100 or 300 mg daily are reported as
0.7 micrograms/mL and 1.0 microgram/mL, respec-
tively. 
Because of its lipophilic nature, clofazimine is mainly
distributed to fatty tissue and reticuloendothelial cells,
including macrophages. Clofazimine is distributed to
most organs and tissues and into breast milk; it crosses
the placenta but not the blood-brain barrier. 
The tissue half-life after a single dose has been reported
to be about 10 days; that after multiple oral doses has
been variously estimated to be between 25 and 90 days.
Clofazimine accumulates in the body and is largely ex-
creted unchanged in the faeces, both as unabsorbed
drug and via biliary excretion. About 1% of the dose is
excreted in 24 hours in the urine as unchanged clofaz-
imine and metabolites. A small amount of clofazimine
is also excreted through sebaceous and sweat glands,
and in sputum.
◊ References.
1. Holdiness MR. Clinical pharmacokinetics of clofazimine: a re-

view. Clin Pharmacokinet 1989; 16: 74–85.

Uses and Administration
Clofazimine is an antimycobacterial and is used as part
of multidrug regimens for the treatment of multibacil-
lary leprosy (p.176). It has anti-inflammatory proper-
ties and has been given in chronic Type 2 lepra reac-
tions (erythema nodosum leprosum) and in a variety of
skin disorders. 
Clofazimine is given orally with, or immediately after,
food or milk for optimum absorption. 
For multibacillary leprosy the most common regimen
is that recommended by WHO, in which rifampicin
600 mg and clofazimine 300 mg are both given once a
month, together with daily doses of clofazimine 50 mg
and dapsone 100 mg; this treatment continues for 12
months. 
For details of doses in children, see below. 
Clofazimine 50 mg daily is given with ofloxacin and
minocycline in patients unable to take rifampicin.

Clofazimine is not usually given in paucibacillary lep-
rosy. However, it may be used with rifampicin instead
of dapsone when the latter has caused severe toxicity. 
Clofazimine has been used in the treatment of chronic
Type 2 lepra reactions, although the effect may not be
evident for 4 to 6 weeks. A dose of up to 300 mg daily
has been suggested but it should not be given for longer
than 3 months. Corticosteroids may be given with
clofazimine, and standard antileprosy treatment should
be continued. Clofazimine is not used in Type 1 lepra
reactions.
Administration in children. For the treatment of multibacil-
lary leprosy in children WHO recommends that children aged 10
to 14 years may be given oral clofazimine 150 mg plus ri-
fampicin 450 mg and dapsone 50 mg once a month, together
with dapsone 50 mg daily and clofazimine 50 mg on alternate
days. For children less than 10 years of age the dose should be
adjusted according to body weight. As for adults, treatment is
given for 12 months.

Preparations
BP 2008: Clofazimine Capsules; 
USP 31: Clofazimine Capsules.
Proprietary Preparations (details are given in Part 3)
Austral.: Lamprene; Braz.: Neozimina; Cz.: Lamprene; Fr.: Lamprene;
Gr.: Lamprene; Hong Kong: Lamprene†; India: Clofozine; Hansepran;
Jpn: Lampren; Malaysia: Lamprene†; Neth.: Lampren; NZ: Lamprene;
S.Afr.: Lamprene†; Spain: Lampren; Switz.: Lamprene†; Thai.: Lamcoin;
UK: Lamprene†; USA: Lamprene.

Clofoctol (rINN)

Clofoctolum. 2-(2,4-Dichlorobenzyl)-4-(1,1,3,3-tetramethyl-
butyl)phenol.
Клофоктол
C21H26Cl2O = 365.3.
CAS — 37693-01-9.
ATC — J01XX03.
ATC Vet — QJ01XX03.

Profile
Clofoctol has bacteriostatic or bactericidal activity against
Gram-positive organisms such as staphylococci and streptococ-
ci. It is given in doses of 750 mg twice daily rectally in the treat-
ment of respiratory-tract infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Octofene†; Ital.: Gramplus; Octofene†; Port.: Octofene†.

Clometocillin Potassium (rINNM)

Clometocilina potásica; Clométocilline Potassique; 3,4-Dichloro-
α-methoxybenzylpenicillin Potassium; Kalii Clometocillinum; Pen-
icillin 356 (clometocillin). Potassium (6R)-6-[2-(3,4-dichlorophe-
nyl)-2-methoxyacetamido]penicillanate.
Калия  Клометоциллин
C17H17Cl2KN2O5S = 471.4.
CAS — 1926-49-4 (clometocillin); 15433-28-0 (clometo-
cillin potassium).
ATC — J01CE07.
ATC Vet — QJ01CE07.

(clometocillin)

Profile
Clometocillin is a penicillin given orally as the potassium salt in
the treatment of susceptible bacterial infections. Doses are ex-
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pressed in terms of the base. The usual adult dose is 500 mg two
or three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Rixapen.

Cloxacillin (BAN, rINN)

Cloxacilina; Cloxacilline; Cloxacillinum; Kloksasilliini; Kloxacillin.
(6R)-6-[3-(2-Chlorophenyl)-5-methylisoxazole-4-carboxami-
do]penicillanic acid.
Клоксациллин
C19H18ClN3O5S = 435.9.
CAS — 61-72-3.
ATC — J01CF02.
ATC Vet — QJ01CF02; QJ51CF02; QS01AA90.

Cloxacillin Benzathine (BANM)

Cloxacilina benzatina. The N,N′-dibenzylethylenediamine salt of
cloxacillin.
C16H20N2,(C19H18ClN3O5S)2 = 1112.1.
CAS — 23736-58-5; 32222-55-2.
ATC — J01CF02.
ATC Vet — QJ01CF02.
Pharmacopoeias. In US for veterinary use only. Also in
BP(Vet). 
BP(Vet) 2008 (Cloxacillin Benzathine). A white or almost white
powder. Slightly soluble in water, in alcohol, and in isopropyl al-
cohol; freely soluble in methyl alcohol. Store in airtight contain-
ers. 
USP 31 (Cloxacillin Benzathine). White or almost white, almost
odourless, crystals or crystalline powder. Slightly soluble in wa-
ter, in alcohol, and in isopropyl alcohol; sparingly soluble in ac-
etone; soluble in chloroform and in methyl alcohol. pH of a 1%
suspension in water is between 3.0 and 6.5. Store in airtight con-
tainers.

Cloxacillin Sodium (BANM, USAN, rINNM)

BRL-1621; Cloxacilina sódica; Cloxacilline sodique; Cloxacillinum
natricum; Cloxacillinum Natricum Monohydricum; Kloksacilino
natrio druska; Kloksacylina sodowa; Kloksasilliininatrium; Kloxaci-
lin sodná sůl monohydrát; Kloxacillinnatrium; Kloxacillin-nátrium;
Natrii Cloxacillinum; P-25.
Натрий Клоксациллин
C19H17ClN3NaO5S,H2O = 475.9.
CAS — 642-78-4 (anhydrous cloxacillin sodium); 7081-
44-9 (cloxacillin sodium monohydrate).
ATC — J01CF02.
ATC Vet — QJ01CF02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Cloxacillin Sodium). Semi-synthetic product de-
rived from a fermentation product. A white or almost white, hy-
groscopic, crystalline powder. Freely soluble in water and in me-
thyl alcohol; soluble in alcohol. A 10% solution in water has a
pH of 5.0 to 7.0. Store at a temperature not exceeding 25° in air-
tight containers. 
USP 31 (Cloxacillin Sodium). A white, odourless, crystalline
powder. Freely soluble in water; soluble in alcohol; slightly sol-
uble in chloroform. pH of a 1% solution in water is between 4.5
and 7.5. Store in airtight containers at a temperature not exceed-
ing 25°.
Incompatibility. Cloxacillin sodium has been reported to be in-
compatible with aminoglycosides and a number of other antimi-
crobials.
Adverse Effects and Precautions
As for Flucloxacillin, p.277.
Effects on the kidneys. References.
1. García-Ortiz R, et al. Cloxacillin-induced acute tubulo intersti-

tial nephritis. Ann Pharmacother 1992; 26: 1241–2.

Effects on the liver. References.
1. Enat R, et al. Cholestatic jaundice caused by cloxacillin: macro-

phage inhibition factor test in preventing rechallenge with hepa-
totoxic drugs. BMJ 1980; 280: 982–3. 

2. Konikoff F, et al. Cloxacillin-induced cholestatic jaundice. Am J
Gastroenterol 1986; 81: 1082–3. 

3. Goland S, et al. Severe cholestatic hepatitis following cloxacillin
treatment. Postgrad Med J 1998; 74: 59–60.

Sodium content. Each g of cloxacillin sodium contains about
2.1 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
As for Flucloxacillin, p.277.

Pharmacokinetics
Cloxacillin is incompletely absorbed from the gastrointestinal
tract, and absorption is reduced by the presence of food in the
stomach. After an oral dose of 500 mg, a peak plasma concentra-
tion of 7 to 15 micrograms/mL is attained in fasting subjects in 1
to 2 hours. Absorption is more complete when given by intra-
muscular injection and peak plasma concentrations of about
15 micrograms/mL have been observed 30 minutes after a dose
of 500 mg. Doubling the dose can double the plasma concentra-
tion. About 94% of cloxacillin in the circulation is bound to plas-
ma proteins. Cloxacillin has been reported to have a plasma half-
life of 0.5 to 1 hour. The half-life is prolonged in neonates. 

Cloxacillin crosses the placenta and is distributed into breast
milk. There is little diffusion into the CSF except when the me-
ninges are inflamed. Therapeutic concentrations can be achieved
in pleural and synovial fluids and in bone. 

Cloxacillin is metabolised to a limited extent, and the unchanged
drug and metabolites are excreted in the urine by glomerular fil-
tration and renal tubular secretion. About 35% of an oral dose is
excreted in the urine and up to 10% in the bile. Cloxacillin is not
removed by haemodialysis. 

Plasma concentrations are enhanced by probenecid. Reduced
concentrations in patients with cystic fibrosis have been attribut-
ed to both enhanced tubular secretion and enhanced nonrenal
clearance of cloxacillin.

Uses and Administration
Cloxacillin is an isoxazolyl penicillin used similarly to flucloxa-
cillin (p.277) in the treatment of infections due to staphylococci
resistant to benzylpenicillin. 

Cloxacillin is given orally as the sodium salt and doses are ex-
pressed in terms of the equivalent amount of cloxacillin; 1.09 g
of cloxacillin sodium is equivalent to about 1 g of cloxacillin. It
should be given at least 30 minutes before meals as the presence
of food in the stomach reduces absorption. 

Usual oral doses are 250 to 500 mg four times daily. Children up
to 2 years may be given a quarter of the daily adult dose and those
over 2 years half the daily adult dose, in divided doses every 6
hours. 

Cloxacillin sodium has also been given by intramuscular or slow
intravenous injection or infusion. Other routes have included in-
tra-articular or intrapleural injection, and inhalation. 

Cloxacillin may be used with other antibacterials, including
ampicillin, to produce a wider spectrum of activity. 

Cloxacillin benzathine is used in veterinary medicine.

Preparations

USP 31: Cloxacillin Sodium Capsules; Cloxacillin Sodium for Oral Solution.

Proprietary Preparations (details are given in Part 3)
Belg.: Penstaphon; Canad.: Apo-Cloxi; Novo-Cloxin; Nu-Cloxi; Chile:
Cloxapen†; Fin.: Ekvacillin†; Staflocil; Fr.: Orbenine; Gr.: Anaclosil; Orbenin;
Staphyclox; Hong Kong: Apo-Cloxi; Cloxil†; Cloxin; Lidoxin; Monoclox;
Prostaphlin-A; India: Bioclox; Iclox†; Indon.: Meixam; Israel: Loxavit;
Orbenil; Malaysia: Monoclox; Oxacil†; Proxin†; Neth.: Orbenin†; Norw.:
Ekvacillin; Philipp.: Avastoph; Caxin; Ciclox; Cloxigen; Eloxil; Encloxil; Era-
clox; Excelox; Jogen; Lewinex; Medix; Orbenin; Oxaclen; Pannox; Patriflex;
Prostaphilin-A; Solaze; Vamcloxil; Pol.: Syntarpen; S.Afr.: Cloxin; Orbenin;
Singapore: Axocillin†; Cloxacap†; Lidoxin; Monoclox†; Spain: Anaclosil;
Orbenin; Swed.: Ekvacillin; Thai.: Cloxa; Cloxalin; Cloxam; Cloxanbin;
Cloxapan†; Cloxasian; Cloxgen; Cloxil; Cloxillin†; Corbin; Greater-Gloxa; K-
Cil; Lidoxin; Loxzalin; Meiclox; Orbenin; Serviclox†; Socloxin; Syntoclox;
Theraclox; Vaclox.

Multi-ingredient: Cz.: Ampiclox†; Hong Kong: Ampiclox†; APT-Ampi-
cloxa; Pamedox; Roscilox; India: ABClox; Adilox; Amclo†; Ampilox; Ampi-
lox-LB; Amplus; Ampoxin; Ampoxin-LB; Bicidal Plus; Campilox; Clax; Hi-
penox; Imox-Clo; Imox-Clo LB; Megaclox; Megaclox LB; Megapen;
Novaclox; Novaclox LB; Suprimox; Symbiotik; Irl.: Ampiclox†; Ital.: Am-
plium; S.Afr.: Ampiclox; Apen; Cloxam; Megamox; Ranclosil†; Thai.:
Ampiclox; Viccillin-S.

Colistin Sulfate (pINNM)

Colistin Sulphate (BANM); Colistine, sulfate de; Colistini sulfas;
Kolistiinisulfaatti; Kolistino sulfatas; Kolistinsulfat; Kolistin-sulfát;
Kolistyny siarczan; Kolisztin-szulfát; Polymyxin E Sulphate; Sulfato
de colistina.

Колистина Сульфат

CAS — 1066-17-7 (colistin); 1264-72-8 (colistin sulfate).

ATC — A07AA10; J01XB01.

ATC Vet — QA07AA10; QJ01XB01.

(colistin)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Colistin Sulphate). A mixture of the sulfates of
polypeptides produced by certain strains of Bacillus polymyxa
var. colistinus or obtained by any other means. It contains a min-
imum of 77% of the sum of polymyxin E1, polymyxin E2, pol-
ymyxin E3, polymyxin E1-I, and polymyxin E1-7MOA. A
white or almost white, hygroscopic powder. Freely soluble in
water; slightly soluble in alcohol; practically insoluble in ace-
tone. A 1% solution in water has a pH of 4.0 to 6.0. Store in air-
tight containers. Protect from light. 
USP 31 (Colistin Sulfate). The sulfate salt of an antibacterial sub-
stance produced by the growth of Bacillus polymyxa var. colisti-
nus. It has a potency of not less than 500 micrograms of colistin
per mg. A white to slightly yellow, odourless, fine powder. Free-
ly soluble in water; insoluble in acetone and in ether; slightly sol-
uble in methyl alcohol. pH of a 1% solution in water is between
4.0 and 7.0. Store in airtight containers.
Stability. Colistin base is precipitated from aqueous solution
above pH 7.5.

Colistimethate Sodium (BANM, USAN, rINN)

Colistimetato de sodio; Colistimetato de Sódio; Colistimetato
sódico; Colistiméthate sodique; Colistimethatum natricum; Col-
istimethatum Natrium; Colistin Sulphomethate Sodium; Col-
istineméthanesulfonate Sodique; Kolistimetaattinatrium; Kolis-
timetatnatrium; Kolistimetato natrio druska; Kolistimethát sodná
sůl; Kolistymetat sodowy; Kolisztimetát-nátrium; Pentasodium
Colistinmethanesulfonate; Sodium Colistimethate; Sodium Col-
istinmethanesulphonate; W-1929.
Колистиметат Натрий
CAS — 30387-39-4 (colistimethate); 8068-28-8 (colis-
timethate sodium).
ATC — A07AA10; J01XB01.
ATC Vet — QA07AA10; QJ01XB01.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Colistimethate Sodium). It is prepared from colis-
tin by the action of formaldehyde and sodium bisulfite. The po-
tency is not less than 11 500 units/mg, calculated with reference
to the dried substance. A white or almost white, hygroscopic
powder. Very soluble in water; slightly soluble in alcohol; prac-
tically insoluble in acetone. A 1% solution in water has a pH of
6.5 to 8.5. Store in airtight containers. Protect from light. 
USP 31 (Colistimethate Sodium). A white to slightly yellow,
odourless, fine powder. It has a potency equivalent to not less
than 390 micrograms of colistin per mg. Freely soluble in water;
insoluble in acetone and in ether; soluble in methyl alcohol. pH
of a 1% solution in water is between 6.5 and 8.5.
Stability. After the death of a patient with cystic fibrosis who
had been given a liquid solution of colistimethate premixed for
inhalation with a nebuliser (see Cystic Fibrosis, under Adverse
Effects, below) the US FDA warned1 that such premixing of col-
istimethate in an aqueous solution and storing it for longer than
24 hours results in increased concentrations of colistin in solution
and increases the potential for lung toxicity. When colistimethate
is mixed with water and buffer it undergoes spontaneous hydrol-
ysis to colistin; polymyxin E1, a component of colistin, has been
shown to cause pulmonary inflammation in animal studies. Inha-
lation solutions of colistimethate should therefore be given
promptly after preparation.
1. FDA. Colistimethate (marketed as Coly-Mycin M and generic

products) (issued 28 June 2007). Available at: http://
www.fda.gov/cder/drug/InfoSheets/HCP/colistimethateHCP.htm
(accessed 18/01/08)

Units
The first International Standard Preparation (1968) for
colistin contains 20 500 units/mg of colistin sulfate
and the first International Reference Preparation
(1968) for colistimethate contains 12 700 units/mg of
colistimethate.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects, Treatment, and Precau-
tions
As for Polymyxin B Sulfate, p.318. 
Colistin sulfate is poorly absorbed from the gastroin-
testinal tract and adverse effects do not normally occur
with usual oral doses. However, gastrointestinal ab-
sorption is limited and unpredictable in infants under 6
months of age and systemic adverse effects such as
transient sensory disturbances may occur in this patient
group. 
Cough and bronchospasm may occur during inhala-
tion; cases of sore throat or sore mouth, possibly due to
hypersensitivity or superinfection with Candida spp.,
have also been reported. Neurotoxic reactions such as
dizziness, confusion, and visual disturbances can occur
during parenteral therapy and patients so affected
should not drive or operate machinery. Pain and local
irritation are reported to be less troublesome after intra-
muscular injection of colistimethate sodium than with
colistin sulfate or polymyxin B. Overgrowth of non-
susceptible organisms, particularly Proteus spp., may
occur after prolonged use. 
Plasma-concentration monitoring during systemic
treatment is recommended in neonates, patients with
renal impairment, and those with cystic fibrosis. Peak
plasma-colistin concentrations of 10 to 15 mg/litre
(about 125 to 200 units/mL) are recommended.
Cystic fibrosis. Intravenous colistin sulfate was reported to be
associated with a lower rate of severe nephrotoxicity among 19
patients with cystic fibrosis than has been previously reported in
other patient populations.1 However, fatal acute respiratory dis-
tress syndrome (ARDS) has been reported in a cystic fibrosis pa-
tient after inhalation of colistimethate sodium 75 mg twice dai-
ly.2 The solution used had been compounded 5 weeks previously,
and it was considered that ARDS was caused by the conversion
of colistimethate sodium to the active form colistin which may
cause airway or alveolar injury. The FDA subsequently warned
that inhalation solutions should be used promptly after prepara-
tion (see Stability, above).
1. Bosso JA, et al. Toxicity of colistin in cystic fibrosis patients.

DICP Ann Pharmacother 1991; 25: 1168–70. 
2. McCoy KS. Compounded colistimethate as possible cause of fa-

tal acute respiratory distress syndrome. N Engl J Med 2007; 357:
2310–1.

Effects on the cardiovascular system. Significant, but tran-
sient, hypotension occurred in a patient after starting aerosolised
colistin inhalation.1 Intravenous colistin, alone or with aero-
solised amikacin, had no such effect on blood pressure.
1. Hakeam HA, Almohaizeie AM. Hypotension following treat-

ment with aerosolized colistin in a patient with multidrug-resist-
ant Pseudomonas aeruginosa. Ann Pharmacother 2006; 40:
1677–80.

Porphyria. Colistin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for Polymyxin B Sulfate, p.318.

Antimicrobial Action
The antimicrobial spectrum and mode of action of col-
istin is similar to that of polymyxin B (p.318) but col-
istin sulfate is slightly, and colistimethate significantly,
less active.

Pharmacokinetics
Colistin sulfate and colistimethate sodium are poorly
absorbed from the gastrointestinal tract of adults and
children; however, limited and unpredictable gastroin-
testinal absorption occurs in infants under 6 months of
age. The drugs are not absorbed through mucous mem-
branes, or intact or denuded skin. Peak plasma concen-
trations usually occur 2 to 3 hours after an intramuscu-
lar injection of colistimethate sodium. Plasma protein
binding of colistin is reported to be more than 50% but
that of colistimethate sodium is low. Colistin is revers-
ibly bound to body tissues, but binding does not occur
with colistimethate. Some colistimethate sodium may
be hydrolysed to colistin in vivo. The serum half-life of
colistimethate sodium is 2 to 3 hours but is prolonged
in renal impairment; values of 10 to 20 hours have been
reported in patients with a creatinine clearance of less
than 20 mL/minute. Half-life may initially be pro-

longed in neonates but has been reported to fall to 2 to
3 hours after 3 or 4 days. 
Colistimethate is mainly excreted by glomerular filtra-
tion as changed and unchanged drug and up to 80% of
a parenteral dose may be recovered in the urine within
24 hours. Excretion is more rapid in children than in
adults; it is reduced in patients with renal impairment.
Colistin crosses the placenta but diffusion into the CSF
is negligible. It is distributed into breast milk.
Cystic fibrosis. References.
1. Reed MD, et al. The pharmacokinetics of colistin in patients

with cystic fibrosis. J Clin Pharmacol 2001; 41: 645–54. 
2. Li J, et al. Steady-state pharmacokinetics of intravenous colistin

methanesulphonate in patients with cystic fibrosis. J Antimicrob
Chemother 2003; 52: 987–92. 

3. Ratjen F, et al. Pharmacokinetics of inhaled colistin in patients
with cystic fibrosis. J Antimicrob Chemother 2006; 57: 306–11.

Uses and Administration
Colistin is a polymyxin antibacterial that has been used
in the treatment of severe Gram-negative infections,
especially those due to Pseudomonas aeruginosa, al-
though other drugs are usually preferred. Colistimeth-
ate sodium is used by inhalation in the management of
respiratory infections, especially in patients with cystic
fibrosis (p.166). Colistin has been given orally as the
sulfate for the treatment of gastrointestinal infections.
Colistin sulfate is also given orally for bowel prepara-
tion before abdominal surgery, and with other drugs in
regimens for selective digestive tract decontamination
(SDD) in patients at high risk of endogenous infections
(see under Intensive Care, p.175). 
The usual oral dose of colistin sulfate is 1.5 to
3 million units given 3 times daily. For bowel prepara-
tion, the same dose is given for 24 hours with the
course being completed 12 hours before surgery. 
Colistin is given parenterally, as colistimethate sodium,
by intramuscular injection or slow intravenous injec-
tion or infusion. In the UK, usual doses are 1 to
2 million units given 3 times daily (maximum dose
6 million units in 24 hours) for patients weighing more
than 60 kg; those weighing up to 60 kg may be given
50 000 units/kg daily in 3 divided doses up to a maxi-
mum of 75 000 units/kg daily. In the USA, the usual
dose is equivalent to colistin base 2.5 to 5 mg/kg daily
in 2 to 4 divided doses. Monitoring of plasma concen-
trations is required in some patients (see Adverse Ef-
fects and Precautions, above). 
Colistimethate sodium may also be given by inhalation
in respiratory infections as an adjunct to systemic anti-
bacterial therapy. The usual dose is 1 to 2 million units
given 2 or 3 times daily. A 3-week course of
2 million units twice daily may be given initially, in-
creased to a maximum of 2 million units given 3 times
daily for up to 3 months in frequent recurrent infec-
tions; 1 to 2 million units twice daily may be given for
long-term therapy. Solutions for inhalation should be
freshly prepared (see Stability, above). 
Doses and dosage intervals should be adjusted in pa-
tients with renal impairment (see below). 
For details of doses in infants and children, see below. 
Colistimethate sodium has also been given by subcon-
junctival injection and as a bladder instillation. Both
colistin sulfate and colistimethate sodium have been
applied topically, often with other antibacterials, in the
management of ear, eye, and skin infections.
◊ Reviews.
1. Falagas ME, Kasiakou SK. Colistin: the revival of polymyxins

for the management of multidrug-resistant gram-negative bacte-
rial infections. Clin Infect Dis 2005; 40: 1333–41. Correction.
ibid. 2006; 42: 1819. [dose] 

2. Falagas ME, et al. The use of intravenous and aerosolized poly-
myxins for the treatment of infections in critically ill patients: a
review of the recent literature. Clin Med Res 2006; 4: 138–46. 

3. Li J, et al. Colistin: the re-emerging antibiotic for multidrug-re-
sistant Gram-negative bacterial infections. Lancet Infect Dis
2006; 6: 589–601.

Administration in children. The following doses of colistin
sulfate may be given orally to children according to weight: 
• up to 15 kg: 0.25 to 0.5 million units 3 times daily 
• 15 to 30 kg: 0.75 to 1.5 million units 3 times daily 
• over 30 kg: the usual adult dose (see above) 

Parenteral doses of colistimethate sodium may vary between
countries. 

UK according to weight: 
• up to 60 kg: 50 000 units/kg daily in 3 divided doses up to

a maximum of 75 000 units/kg daily (the BNFC suggests
that this dose may be given to those as young as 1 month of
age) 

• over 60 kg: the usual adult dose (see above) 
USA: 
• children may be given the usual adult dose, equivalent to

colistin base, of 2.5 to 5 mg/kg daily in 2 to 4 divided doses 
Monitoring of plasma concentrations is required in some patients
(see Adverse Effects, Treatment, and Precautions, above). 
For inhalation colistimethate sodium may be given in the fol-
lowing doses according to age: 
• under 2 years: 0.5 to 1 million units twice daily (the BNFC

suggests that this dose may be given to those as young as 1
month of age) 

• over 2 years: the usual adult dose (see above) 
Doses and dosage intervals should be adjusted in patients with
renal impairment (see below).
Administration in renal impairment. Dosage of parenteral
and inhaled colistimethate sodium must be adjusted in renal im-
pairment; both reduction in dose and decreased frequency of
dosing may be required. 
In the UK, the following parenteral doses of colistimethate so-
dium, based on creatinine clearance (CC), have been suggested
for patients weighing more than 60 kg: 
• CC 20 to 50 mL/minute: 1 to 2 million units every 8 hours 
• CC 10 to 20 mL/minute: 1 million units every 12 to 18 hours 
• CC less than 10 mL/minute: 1 million units every 18 to 24

hours 
US licensed product information suggests the following modi-
fied doses (equivalent to colistin base) for adults with renal im-
pairment in terms of plasma-creatinine concentrations: 
• 1.3 to 1.5 mg/100 mL: 150 to 230 mg given daily in two di-

vided doses 
• 1.6 to 2.5 mg/100 mL: 133 to 150 mg given daily as a single

dose or in 2 divided doses 
• 2.6 to 4.0 mg/100 mL: 100 to 150 mg given every 36 hours 
The following doses by inhalation have been suggested based
on creatinine concentrations: 
• 106 to 129 micromoles/litre: 1 to 1.5 million units every 12

hours 
• 130 to 214 micromoles/litre: 1 million units every 12 or 24

hours 
• 215 to 340 micromoles/litre: 1 to 1.5 million units every 36

hours
Preparations
BP 2008: Colistimethate Injection; Colistin Tablets; 
USP 31: Colistimethate for Injection; Colistin and Neomycin Sulfates and
Hydrocortisone Acetate Otic Suspension; Colistin Sulfate for Oral Suspen-
sion.

Proprietary Preparations (details are given in Part 3)
Arg.: Alfacolin; Alficetin; Austral.: Coly-Mycin M; Belg.: Colistineb; Ca-
nad.: Coly-Mycin M; Cz.: Colimycine†; Colomycin; Denm.: Colimycin; Fr.:
Colimycine; Ger.: Diaront mono; Gr.: Tadim; India: Walamycin; Irl.: Colo-
mycin; Israel: Coliracin; Ital.: Colimicina; Neth.: Belcomycine†; Colimy-
cine†; Norw.: Colimycin; NZ: Coly-Mycin M†; Port.: Colixin; Spain: Col-
imicina; Thai.: Colistate; UK: Colomycin; Promixin; USA: Coly-Mycin M;
Venez.: Colisil†.

Multi-ingredient: Arg.: Clarex Compuesto; Eristin; Eubetal Biotic†; Fr.:
Bacicoline; Ger.: Ecolicin; Ital.: Colbiocin; Eubetal Antibiotico; Mex.: Col-
fur; Neth.: Bacicoline-B; NZ: Antibiotic Simplex; Philipp.: Elicocin; Rus.:
Colbiocin (Колбиоцин); USA: Coly-Mycin S Otic; Cortisporin-TC.

Co-tetroxazine (BAN)

Tetroxoprima y sulfadiazina.
CAS — 73173-12-3.

Profile
Co-tetroxazine, a mixture of tetroxoprim and sulfadiazine in the
proportion of 2:5, has properties similar to those of co-trimoxa-
zole (below). It has been given orally, mainly in the treatment of
infections of the urinary and respiratory tracts, including pneu-
mocystis pneumonia.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Sterinor†; Venez.: Esterinor†.

Co-trifamole (BAN)

CN-3123; Cotrifamol.
ATC — J01EE04.

Profile
Co-trifamole, a mixture of 5 parts of sulfamoxole and 1 part of
trimethoprim, has properties similar to those of co-trimoxazole
(below) and has been used similarly.
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Preparations
Proprietary Preparations (details are given in Part 3)
S.Afr.: Supristol†.

Co-trimazine (BAN)

Trimetoprima y sulfadiazina.
CAS — 39474-58-3.
ATC — J01EE02.

Profile
Co-trimazine, a mixture of 5 parts of sulfadiazine and 1 part of
trimethoprim, has properties similar to those of co-trimoxazole
(below) and has been used similarly. 
Preparations are available in some countries which contain tri-
methoprim and sulfadiazine in proportions different to co-
trimazine.

Co-trimoxazole (BAN)

Cotrimoxazol; Ko-trimoksazol.
CAS — 8064-90-2.
ATC — J01EE01.

Description. Co-trimoxazole is defined as a mixture of 5 parts
of sulfamethoxazole and 1 part of trimethoprim.

Stability. Diluted infusion solutions of co-trimoxazole have a
limited stability and eventually form a precipitate: this happens
more rapidly at higher concentrations. The manufacturers rec-
ommend a dilution of 480 mg in 130 mL, which is usually stable
for up to 6 hours, but more concentrated solutions should be used
within shorter periods of time, and a dilution of 480 mg in 80 mL
should be used within 1 hour. The usual diluent is glucose 5%,
although other solutions, including sodium chloride 0.9%, have
been stated to be compatible for adequate periods.

Adverse Effects and Treatment
The adverse effects of co-trimoxazole are those of its
components (see Sulfamethoxazole, p.340, and Tri-
methoprim, p.355). Gastrointestinal disturbances
(mainly nausea and vomiting) and skin reactions are
the most common adverse effects. There have been oc-
casional deaths, especially in elderly patients, mainly
due to blood disorders, hepatic necrosis, or severe skin
reactions. 
A high incidence of adverse effects has been reported
in AIDS patients; desensitisation may sometimes be
considered (see Immunocompromised Patients under
Precautions, below).
Incidence of adverse effects. There has been concern over
the safety of co-trimoxazole. In 1985, reporting on 85 deaths as-
sociated with the use of co-trimoxazole,1 predominantly due to
blood dyscrasias (50 reports) and skin reactions (14 reports), the
UK CSM found that fatalities showed a marked increase with
age: below 40 years, there were 0.25 reported deaths per million
prescriptions, but for patients over 65 years of age the number of
reported deaths per million prescriptions was more than 15-fold
greater. However, at that time the CSM felt that it would be un-
wise to assume that trimethoprim was substantially less liable
than co-trimoxazole to cause fatal adverse reactions.1 Others
suggested2 that most of the deaths associated with the use of co-
trimoxazole were typical of sulfonamide toxicity and that the in-
dications for the use of co-trimoxazole should be reduced; this
included the suggestion that it should be contra-indicated in the
elderly. The CSM stated that their main message was that the
risks of treatment with co-trimoxazole were more apparent in the
elderly, but that there was no significant difference between the
numbers of reports received for serious adverse reactions to tri-
methoprim and co-trimoxazole when corrected for prescription
volumes.3 In practice, despite further occasional reports of fatal-
ities in elderly patients,4 there did not appear to have been a
marked reduction in the prescribing of this drug in the UK.5 A
similar warning of increased risk from co-trimoxazole in elderly
patients was issued by the Adverse Drug Reactions Advisory
Committee in Australia.6 
A large population-based follow-up study in the UK7 indicated
that the risks of serious liver, blood, skin, and kidney disorders
with either co-trimoxazole, trimethoprim, or cefalexin were
small and were similar to those with many other antibacterials.
Although in 1995 the CSM did restrict the use of co-trimoxazole
on the grounds that its place in therapy had changed8 (see under
Uses and Administration, below), they also noted that co-trimox-
azole continued to show a similar pattern of serious suspected
adverse reactions to that reported 10 years earlier and that ad-
verse drug reactions with trimethoprim were similar; blood dys-
crasias and generalised skin disorders were the most serious re-

actions in each case and remained predominantly in elderly
patients.
1. Committee on Safety of Medicines. Deaths associated with co-

trimoxazole, ampicillin and trimethoprim. Current Problems 15
1985. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024422&
RevisionSelectionMethod=LatestReleased (accessed 23/07/08) 

2. Lacey RW, et al. Co-trimoxazole toxicity. BMJ 1985; 291: 481. 
3. Goldberg A. Co-trimoxazole toxicity. BMJ 1985; 291: 673. 
4. Whittington RM. Toxic epidermal necrolysis and co-trimoxa-

zole. Lancet 1989; ii: 574. 
5. Carmichael AJ, Tan CY. Fatal toxic epidermal necrolysis associ-

ated with co-trimoxazole. Lancet 1989; ii: 808–9. 
6. Adverse Drug Reactions Advisory Committee (ADRAC). Tri-

methoprim-sulphamethoxazole warning on elderly. Aust Adverse
Drug React Bull February 1990. 

7. Jick H, Derby LE. Is co-trimoxazole safe? Lancet 1995; 345:
1118–19. 

8. Committee on Safety of Medicines. Revised indications for co-
trimoxazole (Septrin, Bactrim, various generic preparations).
Current Problems 1995; 21: 6. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015619&RevisionSelectionMethod=
LatestReleased (accessed 14/07/06)

Precautions
As for Sulfamethoxazole, p.340 and Trimethoprim,
p.355. 
Co-trimoxazole should not be given to patients with a
history of hypersensitivity to it or to the sulfonamides
or trimethoprim. It should be stopped at the first ap-
pearance of skin rash, or if blood disorders develop. It
should be avoided in patients with severe hepatic im-
pairment and used with caution in patients with lesser
degrees of impairment. Like its components, co-tri-
moxazole should be used with caution in renal impair-
ment, and dosage adjustment may be necessary; it
should not be used in severe renal impairment without
monitoring of plasma drug concentrations. An ade-
quate fluid intake should be maintained to reduce the
risk of crystalluria, but alkalinisation of the urine, al-
though it increases urinary excretion of the sulfameth-
oxazole component, decreases urinary trimethoprim
excretion. Regular blood counts and urinalyses and re-
nal-function tests should be carried out in patients re-
ceiving prolonged treatment with co-trimoxazole. Eld-
erly patients may be more susceptible to adverse
effects (see Incidence of Adverse Effects, above).
Folate supplementation may be necessary in patients
predisposed to folate deficiency, such as elderly pa-
tients and when high doses of co-trimoxazole are given
for a prolonged period. Co-trimoxazole is contra-indi-
cated in patients with megaloblastic anaemia due to
folate deficiency.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were taking co-trimoxazole, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. Studies have shown that
significant concentrations of trimethoprim and sulfamethoxazole
are present in breast milk after maternal doses;2,3 however, the
calculated dose to the infant was deemed unlikely to lead to clin-
ical effects.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/05/04) 

2. Arnauld R, et al. Étude du passage de la triméthoprime dans le
lait maternel. Ouest Med 1972; 25: 959–64. 

3. Miller RD, Salter AJ. The passage of trimethoprim/sulphameth-
oxazole into breast milk and its significance. Hell Soc Chemoth-
er 1974; 1: 687–91.

G6PD deficiency. It has been suggested that co-trimoxazole
should be avoided by people with G6PD deficiency.1
1. WHO. Glucose-6-phosphate dehydrogenase deficiency. Bull

WHO 1989; 67: 601–11.

Immunocompromised patients. An extraordinarily high
frequency of adverse reactions to co-trimoxazole has been re-
ported in patients with AIDS being treated for Pneumocystis
carinii pneumonia. The comment has been made that, when ther-
apeutic doses of co-trimoxazole are used, hypersensitivity rashes
and leucopenia each develop in 30% of patients, compared with
less than 5% for each complication in patients without AIDS.1
Other studies have reported an even higher incidence of toxicity,
and the overall incidence of adverse effects, including fever, ma-
laise, and hepatitis, may be 80% or more.2-4 Adverse reactions
also appear to be unusually frequent when prophylactic doses are
used.4 A lower frequency of cutaneous reactions has been report-
ed among African, Haitian, and American black AIDS patients
compared with white AIDS patients, suggesting a genetic sus-
ceptibility to such reactions.5 

The occurrence of high serum concentrations of trimethoprim
and sulfamethoxazole in patients has been proposed as a contrib-
uting factor to the high incidence of adverse effects,6,7 and it was
noted6 that adverse effects, and in particular myelosuppression,
were kept to tolerable levels in a group of patients in whom the
dose of co-trimoxazole was adjusted to maintain serum-trimeth-
oprim concentrations at 5 to 8 micrograms/mL. In a study in
HIV-infected patients given co-trimoxazole for the prophylaxis
of pneumocystis pneumonia,8 a gradual start to therapy (in-
creased over 2 weeks to the full therapeutic dose) was found to
improve the tolerability of co-trimoxazole, when compared with
patients started on full therapeutic doses. However, others9 dem-
onstrated no difference in the frequency of adverse effects when
the sulfamethoxazole dose was modified. 
It was suggested10 that it was the reactive hydroxylamine metab-
olites of sulfamethoxazole which produced the adverse effects in
HIV-infected individuals, but later work by the same authors11

cast some doubt on this hypothesis. 
Some workers have used diphenhydramine alone or with adren-
aline to manage hypersensitivity reactions associated with co-tri-
moxazole therapy, thus allowing continuation of treatment,12,13

while other workers have tried desensitisation to co-trimoxazole
in patients with AIDS.14-19 A systematic review20 based on 3
small studies concluded that desensitisation was a more effective
strategy than continuation. For mention of desensitisation to sul-
fonamides in patients with AIDS, see under Sulfamethoxazole,
p.340. 
An increased incidence of myelosuppression, although not, ap-
parently, of other adverse effects, has been reported in patients
with leukaemia receiving maintenance chemotherapy.21,22

Multifocal myoclonus and bilateral asterixis occurred in an im-
munocompromised lymphoma patient 4 days after starting treat-
ment with high dose co-trimoxazole for the treatment of Nocar-
dia asteroides. Symptoms resolved completely after stopping co-
trimoxazole treatment.23
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Interference with diagnostic tests. Co-trimoxazole has
been reported1,2 to cause a small reduction in serum-thyroxine
and tri-iodothyronine concentrations, probably due to the sulfon-
amide component.2 Although co-trimoxazole had not been
shown to be a cause of hypothyroidism (since all concentrations
remained within the normal range), tests of thyroid function
might need to be interpreted with care in patients on such treat-
ment.
1. Cohen HN, et al. Effects on human thyroid function of sulphona-

mide and trimethoprim combination drugs. BMJ 1980; 281:
646–7. 

2. Cohen HN, et al. Trimethoprim and thyroid function. Lancet
1981; i: 676–7.

Porphyria. Both sulfonamides and trimethoprim have been as-
sociated with acute attacks of porphyria, and are considered un-
safe in porphyric patients.

Interactions
Any of the drug interactions reported with sulfameth-
oxazole (p.341) or trimethoprim (p.356) may occur
with co-trimoxazole.
Rifampicin. For reference to potential interaction between co-
trimoxazole and rifampicin, see p.327.

Antimicrobial Action
The actions and spectrum of activity of co-trimoxazole
are essentially those of its components, sulfamethoxa-
zole (p.341) and trimethoprim (p.356). 
Because they act at different points of the folate meta-
bolic pathway a potent synergy exists between its com-
ponents in vitro with an increase of up to about 10-fold
in antibacterial activity, and a frequently bactericidal
action where the components individually are general-
ly bacteriostatic. The optimum effect against most or-
ganisms is seen at a ratio of 1 part trimethoprim to 20
of sulfamethoxazole; although co-trimoxazole is for-
mulated as a 1 to 5 ratio, differences in the pharmacok-
inetics of the two drugs mean that the ratio of the peak
concentrations is approximately 1:20. However, it is
not clear that the optimum ratio is achieved at all sites
and, given that both drugs are present in therapeutic
concentrations, the contribution of synergy to the ef-
fects of co-trimoxazole in vivo is uncertain. 
Resistance to co-trimoxazole develops more slowly in
vitro than to either component alone. Resistance has in-
creased, and although initially slow, a more rapid in-
crease was seen in many countries during the 1980s,
occurring in both Gram-positive and Gram-negative
organisms. Resistance has occurred notably among
Enterobacteriaceae. Resistant strains of Brucella
melitensis, Haemophilus influenzae, streptococci, and
Vibrio cholerae have been reported rarely. Although
resistant organisms are usually resistant to both com-
ponents of the mixture, strains resistant to either the
sulfonamide or trimethoprim, and with a reduced sen-
sitivity to co-trimoxazole, have been reported.
◊ References.
1. Martin JN, et al. Emergence of trimethoprim-sulfamethoxazole

resistance in the AIDS era. J Infect Dis 1999; 180: 1809–18. 
2. Huovinen P. Resistance to trimethoprim-sulfamethoxazole. Clin

Infect Dis 2001; 32: 1608–14.

Pharmacokinetics
As for sulfamethoxazole (p.341) and trimethoprim
(p.356). When co-trimoxazole is given orally, plasma
concentrations of trimethoprim and sulfamethoxazole
are generally around the optimal ratio of 1:20, although
they may vary from 1:2 to 1:30 or more. The ratio of
the two drugs is usually much lower in the tissues (of-
ten around 1:2 to 1:5) since trimethoprim, the more li-
pophilic drug, penetrates many tissues better than sul-
famethoxazole and has a much larger volume of
distribution. In urine the ratio may vary from 1:1 to 1:5
depending on the pH.

Uses and Administration
Co-trimoxazole is a mixture of the sulfonamide, sul-
famethoxazole, and the diaminopyrimidine, trimetho-
prim, in the proportion of 5 parts of sulfamethoxazole
to 1 part of trimethoprim. It has been used in infections
due to susceptible organisms, particularly those of the
urinary, respiratory, and gastrointestinal tracts, al-
though the indications for its use are restricted in the

UK (see below). Its main uses now are in pneumo-
cystis pneumonia, toxoplasmosis, and nocardiosis. 
Its other uses have included the treatment of acne, bil-
iary-tract infections, brucellosis (generally in combina-
tion with other drugs), cat scratch disease, chancroid,
Burkholderia cepacia (Pseudomonas cepacia) infec-
tions in cystic fibrosis, some forms of AIDS-associated
diarrhoea such as the protozoal infection isosporiasis,
gonorrhoea, granuloma inguinale, listeriosis, melio-
idosis, mycetoma, otitis media, pertussis, typhoid and
paratyphoid fever, and Whipple’s disease. It has also
been used for the prophylaxis of infections in immuno-
compromised patients. For details of the bacterial in-
fections listed above and their treatment, see under
Choice of Antibacterial, p.162. 
Co-trimoxazole is usually given orally in an adult dose
of 960 mg (trimethoprim 160 mg and sulfamethoxa-
zole 800 mg) twice daily; in severe infections 2.88 g
daily in 2 divided doses has been given. Lower doses
are given for long-term treatment and in patients with
renal impairment (see Administration in Renal Impair-
ment, below). 
Doses of co-trimoxazole to be given twice daily to chil-
dren are: from 6 weeks to 5 months of age, 120 mg; 6
months to 5 years, 240 mg; 6 to 12 years, 480 mg. Al-
ternatively, children may be given a dose of 24 mg/kg
twice daily. Co-trimoxazole should not generally be
given to infants below 6 weeks of age because of the
risk of kernicterus from the sulfonamide component
(see Pregnancy, p.341, under Precautions of Sulfame-
thoxazole), although it may be used in infants from 4
weeks of age for the treatment or prophylaxis of pneu-
mocystis pneumonia. 
Higher doses of co-trimoxazole of up to 120 mg/kg
daily given in 2 to 4 divided doses for 14 to 21 days are
used in the treatment of pneumocystis pneumonia in
adults and children over 4 weeks of age; serum concen-
trations should be monitored and folate supplementa-
tion possibly considered (but see Pneumocystis Pneu-
monia, below). For prophylaxis in adults with AIDS,
the usual dose of co-trimoxazole (960 mg twice daily)
may be given, but has been associated with a high inci-
dence of adverse effects (see Immunocompromised
Patients, under Precautions, above). Alternatively the
following dose regimens may be used: 960 mg daily (7
days each week); 960 mg daily on alternate days (3
days each week); or 960 mg twice daily on alternate
days (3 days each week). Children may be given stand-
ard doses (see above) for prophylaxis; doses are given
on 3 alternate or consecutive days per week or for 7
days per week. Prophylactic doses in children have
also been given in terms of body-surface area; the
BNFC suggests a dose of 450 mg/m2 (to a maximum of
960 mg) twice daily for three days of the week, given
either consecutively or on alternate days. 
For serious infections, if oral use is not possible, co-
trimoxazole may begin by intravenous infusion diluted
immediately before use in a suitable diluent. The con-
tents of each ampoule containing 480 mg of co-trimox-
azole in 5 mL are added to 125 mL of diluent and in-
fused over 60 to 90 minutes, unless fluid restriction is
required, in which case only 75 mL of diluent may be
used. Dosage is similar to that by mouth.
◊ The place of co-trimoxazole in therapy was reviewed by the
UK CSM in 1995 (see also Incidence of Adverse Effects,
above).1 As a result they recommended that its use should be lim-
ited to: pneumocystis pneumonia, toxoplasmosis, and nocardio-
sis; urinary-tract infections and acute exacerbations of chronic
bronchitis, but only when there is bacteriological evidence of
sensitivity to co-trimoxazole and good reason to prefer it to a sin-
gle antibacterial; and acute otitis media in children, but again
only when there is good reason to prefer it.
1. Committee on Safety of Medicines. Revised indications for co-

trimoxazole (Septrin, Bactrim, various generic preparations).
Current Problems 1995; 21: 6. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015619&RevisionSelectionMethod=
LatestReleased (accessed 14/07/06)

Administration in renal impairment. Doses of co-trimox-
azole, both orally and intravenously, should be reduced in pa-
tients with renal impairment. The following recommendations

for adults and children over 12 years of age are based on creati-
nine clearance (CC): 
• CC above 30 mL/minute: the standard dose 
• CC 15 to 30 mL/minute: half the standard dose 
• CC below 15 mL/minute: not recommended.
Blastocystis infection. For a mention of the use of co-trimox-
azole in the treatment of Blastocystis hominis infection, see
p.823.
Cyclosporiasis. Patients with Cyclospora infection (p.824)
have responded to treatment with co-trimoxazole.1-3

1. Pape JW, et al. Cyclospora infection in adults infected with HIV:
clinical manifestations, treatment and prophylaxis. Ann Intern
Med 1994; 121: 654–7. 

2. Hoge CW, et al. Placebo-controlled trial of co-trimoxazole for
cyclospora infections among travellers and foreign residents in
Nepal. Lancet 1995; 345: 691–3. Correction. ibid.: 1060. 

3. Verdier R-I, et al. Trimethoprim-sulfamethoxazole compared
with ciprofloxacin for treatment and prophylaxis of Isospora bel-
li and Cyclospora cayetanensis infection in HIV-infected pa-
tients: a randomized, controlled trial. Ann Intern Med 2000; 132:
885–8.

Granulomatous diseases. Although co-trimoxazole appears
to be effective in reducing the incidence of bacterial infection in
patients with chronic granulomatous disease,1-3 a disorder of leu-
cocyte function associated with recurrent life-threatening infec-
tion and granuloma formation, its use in systemic vasculitis is
much more controversial. There have been a number of reports
of benefit from co-trimoxazole in patients with Wegener’s gran-
ulomatosis (p.1515),4-7 but even where benefit has been reported
relapse appears to be common,6 and an analysis8 of the experi-
ence of the USA National Institutes of Health in 158 patients,
was sceptical of its value: only 1 of 9 patients given 960 mg twice
daily by mouth had any prolonged improvement. 
Some evidence later emerged that addition of co-trimoxazole to
maintenance regimens in patients already in remission reduces
the incidence of relapse,9 although another study suggested that
it might actually increase the risk of relapse.10

1. Mouy R, et al. Incidence, severity, and prevention of infections
in chronic granulomatous disease. J Pediatr 1989; 114: 555–60. 

2. Margolis DM, et al. Trimethoprim-sulfamethoxazole prophy-
laxis in the management of chronic granulomatous disease. J
Infect Dis 1990; 162: 723–6. 

3. Gallin JI, Malech HL. Update on chronic granulomatous diseas-
es of childhood: immunotherapy and potential for gene therapy.
JAMA 1990; 263: 1533–7. 

4. DeRemee RA, et al. Wegener’s granulomatosis: observations on
treatment with antimicrobial agents. Mayo Clin Proc 1985; 60:
27–32. 

5. Bowden FJ, Griffiths H. Co-trimoxazole in the treatment of We-
gener’s granulomatosis. Med J Aust 1989; 151: 303–4. 

6. Valeriano-Marcet J, Spiera H. Treatment of Wegener’s granulo-
matosis with sulfamethoxazole-trimethoprim. Arch Intern Med
1991; 151: 1649–52. 

7. Ohtake T, et al. Generalized Wegener’s granulomatosis re-
sponding to sulfamethoxazole-trimethoprim monotherapy. In-
tern Med 2001; 40: 666–70. 

8. Hoffman GS, et al. Wegener granulomatosis: an analysis of 158
patients. Ann Intern Med 1992; 116: 488–98. 

9. Stegeman CA, et al. Trimethoprim-sulfamethoxazole (co-tri-
moxazole) for the prevention of relapses of Wegener’s granulo-
matosis. N Engl J Med 1996; 335: 16–20. 

10. de Groot K, et al. Therapy for the maintenance of remission in
sixty-five patients with generalized Wegener’s granulomatosis:
methotrexate versus trimethoprim/sulfamethoxazole. Arthritis
Rheum 1996; 39: 2052–61.

Isosporiasis. A regimen of oral co-trimoxazole 960 mg four
times daily for 10 days followed by 960 mg twice daily for 3
weeks was reported to be initially effective in patients with AIDS
suffering from isosporiasis (p.824), and produced resolution of
diarrhoea within 2 days of beginning treatment; it was, however,
associated with a high rate of recurrence.1 A shorter regimen fol-
lowed by indefinite prophylaxis may be preferable in persons
with AIDS; in a small randomised controlled study, co-trimoxa-
zole 960 mg twice daily for 7 days, followed by 10 weeks’
prophylaxis, was effective in HIV-infected patients with isospo-
riasis.2
1. DeHovitz JA, et al. Clinical manifestations and therapy of Iso-

spora belli infection in patients with the acquired immunodefi-
ciency syndrome. N Engl J Med 1986; 315: 87–90. 

2. Verdier R-I, et al. Trimethoprim-sulfamethoxazole compared
with ciprofloxacin for treatment and prophylaxis of Isospora bel-
li and Cyclospora cayetanensis infection in HIV-infected pa-
tients: a randomized, controlled trial. Ann Intern Med 2000; 132:
885–8.

Nocardiosis. Co-trimoxazole is used in the treatment of nocar-
diosis (p.181). There is no consensus on the optimum dosage;
doses of 2.88 to 3.84 g daily in divided doses for up to 3 months
have been used.
Pneumocystis pneumonia. Co-trimoxazole is the preferred
drug1-3 for both the treatment and prophylaxis of pneumocystis
pneumonia (p.521). A single dose of 480 mg daily may be effec-
tive and better tolerated for prophylaxis than a daily dose of
960 mg.4 However, some still prefer the latter dose schedule5

which is also the one preferred by the CDC in the USA1 and is a
licensed dose for prophylaxis in both the UK and USA. Various
studies4-10 have shown intermittent dosing is also effective for
the prophylaxis of pneumonia and is better tolerated than daily
dosing; the dose has usually been 960 mg three times each week
on alternate days4-9 although 960 mg twice daily three times each
week has also been given.10 The addition of folinic acid has no
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effect on tolerability and may be associated with a higher rate of
therapeutic failure (see HIV Infection and AIDS, p.1944).
1. CDC. Guidelines for preventing opportunistic infections among

HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. Also available at: http://
www.cdc.gov/mmwr/PDF/RR/RR5108.pdf  (accessed
18/05/05) 

2. CDC. Treating opportunistic infections among HIV-exposed
and infected children: recommendations from CDC, the Nation-
al Institutes of Health, and the Infectious Diseases Society of
America. MMWR 2004; 53 (RR-14): 1–63. Also available at:
http://www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed
04/04/05) 

3. CDC. Treating opportunistic infections among HIV-infected
adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Associa-
tion/Infectious Diseases Society of America. MMWR 2004; 53
(RR-15): 1–112. Also available at: http://www.cdc.gov/
mmwr/PDF/RR/RR5315.pdf (accessed 04/04/05) Correction.
MMWR 2005; 54: 311. [dose of amphotericin B/flucytosine for
C. neoformans meningitis]  Also available at: ht tp://
www.cdc.gov/mmwr/preview/mmwrhtml/mm5412a10.htm
(accessed 13/06/05) 

4. Ioannidis JPA, et al. A meta-analysis of the relative efficacy and
toxicity of Pneumocystis carinii prophylactic regimens. Arch
Intern Med 1996; 156: 177–88. 

5. El-Sadr WM, et al. A randomized trial of daily and thrice-week-
ly trimethoprim-sulfamethoxazole for the prevention of Pneu-
mocystis carinii pneumonia in human immunodeficiency virus-
infected persons. Clin Infect Dis 1999; 29: 775–83. 

6. Wormser GP, et al. Low-dose intermittent trimethoprim-sulfam-
ethoxazole for prevention of Pneumocystis carinii pneumonia in
patients with human immunodeficiency virus infection. Arch In-
tern Med 1991; 151: 688–92. 

7. Stein DS, et al. Use of low-dose trimethoprim-sulfamethoxa-
zole thrice weekly for primary and secondary prophylaxis of
Pneumocystis carinii pneumonia in human immunodeficiency
virus-infected patients. Antimicrob Agents Chemother 1991; 35:
1705–9. 

8. Ruskin J, LaRiviere M. Low-dose co-trimoxazole for preven-
tion of Pneumocystis carinii pneumonia in human immunodefi-
ciency virus disease. Lancet 1991; 337: 468–71. 

9. Bozzette SA, et al. The tolerance for zidovudine plus thrice
weekly or daily trimethoprim-sulfamethoxazole with and with-
out leucovorin for primary prophylaxis in advanced HIV dis-
ease. Am J Med 1995; 98: 177–82. 

10. Podzamczer D, et al. Intermittent trimethoprim-sulfamethoxa-
zole compared with dapsone-pyrimethamine for the simultane-
ous primary prophylaxis of Pneumocystis pneumonia and toxo-
plasmosis in patients infected with HIV. Ann Intern Med 1995;
122: 755–61.

Toxoplasmosis. There is some evidence that giving co-trimox-
azole for prophylaxis of pneumocystis pneumonia produces an
additional benefit in acting prophylactically against toxoplasmic
encephalitis in persons with HIV infection or AIDS,1-5 but the
evidence (as for other drugs) has been largely anecdotal or from
small retrospective studies. In the USA, the CDC recommends1

that co-trimoxazole 960 mg daily (as for Pneumocystis carinii
pneumonia prophylaxis, above) be given to HIV-infected pa-
tients who are seropositive for Toxoplasma and have a CD4+
count below 100 cells/microlitre. 
Co-trimoxazole has also produced promising results in prelimi-
nary studies for the treatment of toxoplasmic encephalitis in pa-
tients with AIDS,6 and a systematic review7 considered it an ef-
fective treatment, particularly in resource-poor settings where
alternatives such as pyrimethamine with sulfadiazine might not
be available. 
For a discussion of toxoplasmosis and its management, see
p.826.
1. CDC. Guidelines for preventing opportunistic infections among

HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. 
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mocystis carinii on toxoplasma encephalitis. Lancet 1991; 337:
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laxis for toxoplasmic encephalitis in patients with AIDS. Ann
Intern Med 1992; 117: 106–11. 
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Intern Med 1992: 117: 163–4. 
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plasmosis in patients infected with HIV. Ann Intern Med 1995;
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6. Torre D, et al. Randomized trial of trimethoprim-sulfamethoxa-
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Preparations
BP 2008: Co-trimoxazole Intravenous Infusion; Co-trimoxazole Oral Sus-
pension; Co-trimoxazole Tablets; Dispersible Co-trimoxazole Tablets; Pae-
diatric Co-trimoxazole Oral Suspension; Paediatric Co-trimoxazole Tablets; 
USP 31: Sulfamethoxazole and Trimethoprim Injection; Sulfamethoxazole
and Trimethoprim Oral Suspension; Sulfamethoxazole and Trimethoprim
Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Adrenol; Bacticel; Bactrim; Cotrizol-G; Danferane; Diocla†; Dosulfin
Fuerte; Netocur ; Novidrine; Sulfagrand; Tritenk; Urisept NF; Austral.:
Bactrim; Cosig†; Resprim; Septrin; Trimoxazole; Austria: Bactrim; Cot-
ribene; Eusaprim; Oecotrim; Trimetho comp; Belg.: Bactrim; Cotrim; Eus-
aprim; Steroprim†; Braz.: Assepium; Bac-Sulfitrin; Bacfar; Bacprotin; Bac-

ris†; Bacteracin; Bactrim; Bactrisan; Bactrizol; Bactropin; Batrox; Baxapril†;
Benectrin; Binoctrin†; Clotrizol†; Dientrin; Duoctrin†; Ectrin; Espectrin†; Es-
pectroprima†; Gamactrin; Imuneprim; Infectrin; Lifactrin†; Linurin†; Lu-
pectrim†; Metoprin; Neotrin; Pulkrin; Qiftrin†; Quimio-Ped†; Roytrin†; Se-
lectrin; Septiolan†; Teutrin; Tricban; Trimexazol; Trimezol†; Uropol;
Canad.: Apo-Sulfatrim; Novo-Trimel; Nu-Cotrimox; Septra; Chile:
Bacterol; Bactrimel; Introcin†; Septrin; Trelibec; Cz.: Apo-Sulfatrim†; Ber-
locid†; Biseptol; Bismoral; Nopil†; Oriprim†; Primotren; Sumetrolim; Supra-
combin†; Denm.: Sulfotrim†; Fin.: Cotrim; Fr.: Bactrim; Eusaprim†; Ger.:
Bactoreduct†; Berlocid; Cotrim; Cotrim-Diolan; CotrimHefa; Cotrimhexal;
Cotrimox-Wolff; Cotrimstada; Drylin; Eusaprim; Kepinol; Microtrim†; Sig-
aprim†; Supracombin†; TMS; Gr.: Bactrimel; Bioprim†; Septrin; Hong
Kong: Chemitrim†; Chemoprim; Cotrim; Dhatrin; Letus; Septrin; Hung.:
Sumetrolim; India: Bactrim; Ciplin; Colizole; Cotrimol†; Oriprim; Sepmax;
Septran; Tabrol; Trisulfose; Indon.: Bactoprim Combi; Bactricid; Bactrim;
Bactrizol; Cotrim; Cotrimol; Dumotrim; Erphatrim; Ikaprim; Infatrim;
Kaftrim; Lapikot; Licoprima; Meditrim; Meprotrin; Nufaprim; Ottoprim; Pri-
madex; Primazole; Primsulfon; Sanprima; Septrin; Spectrem; Sulprim;
Sultrimmix; Trimezol; Triminex; Trimoxsul; Trixzol; Trizole; Ulfaprim;
Wiatrim; Xepaprim; Zoltrim; Zultrop; Irl.: Duobact†; Septrin; Israel: Dis-
eptyl; Resprim; Septrin; Ital.: Abacin†; Bactrim; Chemitrim; Eusaprim; Gan-
trim†; Jpn: Bactramin; Malaysia: Bacin; Baserin†; Chemix; Cotrim; Re-
sprim; Trimexazole; Virin†; Mex.: Andoprim; Anitrim; Apo-Trinelax;
Bacpiryl; Bactelan; Bacteric; Bactide; Bactilen; Bactiver; Bactrim; Bactropin;
Bateral; Batrizol; Bioprim; Bisultrim; Dertrin; Dibaprim; Ectaprim; Esteprim;
Eutrim; Fartropin; Fectri; Kaltrim; Maxtrim; Metoxiprim; Microbactim†; Mix-
ange; Octiban; Pisatrina; Polibatrin; Pribac; Protaxol; Protrim; Septrin; Servit-
rim; Soltrim; Sulfawal; Sulfoid Trimetho; Sulfort; Sulprim; Sultiprim†; Syrap-
rim†; Thriazol; Tribakin; Trime/Sulfa†; Trimetoger; Trimetox; Trimexazol;
Trimexole; Trimzol; Trinelax†; Trisufin†; Vanadyl; Neth.: Bactrimel; Eus-
aprim†; Sulfotrim; Norw.: Bactrim; Trimetoprim-Sulfa†; NZ: Apo-Sulfatrim;
Trisul; Philipp.: Bacidal; Bactille; Bactrim; Bacxal; Baczole; Bantizol; Chromo-
Z; Combi-Methoxan; Costazole; Cozole; Drilozole; Fedimed; Forteprim;
Globaxol; Ivatrim; Kassemox; Lictora; Macromed; Moxadden; Moxzole; Ne-
otrim; Onetrim; Oprizole; Prizogen; Procor; Renatrim; Rimezone; Rotrace;
Scribcin; Septrin; Suprex; Syltrifil; Synermed; Triforam; Trim-S; Trimephar;
Trimocom; Trimoxis; Triphimox; Trizole; Xanazole; Zamboprim; Zolmed;
Pol.: Bactrim; Biseptol; Groseptol†; Septrin; Two-Septol; Port.: Bactrim;
Cotrim†; Metomide†; Microcetim; Septrin; Rus.: Biseptol (Бисептол);
Oriprim (Ориприм); Rancotrim (Ранкотрим); S.Afr.: Acuco; Bactrim;
Bencole; Casicot; Cocydal; Cozole; Durobac; Fabubac†; Lagatrim; Meditrim;
Mezenol†; Purbac; Septran; Spectrim; Trimethox; Trimzol; Xerazole; Xero-
prim†; Singapore: Apo-Sulfatrim; Bacin; BS†; Chemix; Chemoprim;
Dhatrin; Septrin†; Suprim; Trimezole†; Spain: Broncomega†; Busetal†;
Eduprim†; Gobens Trim; Momentol; Septrin; Swed.: Bactrim; Eusaprim;
Switz.: Agoprim†; Bactrim; Cotrim; Escoprim; Groprim; Lagatrim;
Mediprim; Nopil; Sigaprim†; Supracombin†; Thai.: Actin; Bacin; Bacta†;
Bactrim; Baczole; Chemoprim†; Co-Tasian; Co-Trimed; Conprim; Cota-
mox; Ko-Cap; Ko-Kure; Ladar; Lastrim; Letus; M-Trim; Mano-Trim; Med-
Sultrim†; Mega-Prim; Metrim; Metxaprim; Mycosamthong; Po-Trim; Pul-
vicin†; Septrin†; Spectrim; Sulbacta; Sulfometh; Suntrim; Tampo†; Toprim†;
Trimexazole; Triprim; Trixzol; Zoleprim†; Turk.: Bactrim; Bakton; Kemo-
prim; Metoprim; Mikrosid; Septrin; Trifen; Trimoks; UAE: Trimol; UK:
Fectrim; Septrin; USA: Bactrim; Cotrim; Septra; SMZ-TMP; Sulfatrim; Ven-
ez.: Bactrimel; Bactron†; Co-Sultrin; Forcrim; Trimecor; Trimetoprim Sulfa†;
Tripur.

Multi-ingredient: Arg.: Bacti-Uril; Bactrim Balsamico; Dosulfin Bronquial;
Enterobacticel; Netocur Balsamico; Neumobacticel; Uro-Bactrim†; Braz.:
Assepium Balsamico; Benectrin Balsamico; Diazol; Dispeptrin; Ectrin Bal-
samico; Metoprin Balsamico; Selectrin Balsamico; Uro-Baxapril†; Uroctrin;
Chile: Entero Micinovo; Uro-Micinovo; Hung.: Cotripharm; Mex.:
Bactrim Compositum; Brogamax; Guayaprin; Octex; Sadocin; Trimexole
Compositum; Singapore: Co-Trimexazole; Trimaxazole; Spain: Bactopu-
mon; Balsoprim; Bronco Aseptilex Fuerte; Broncovir ; Bronquicisteina; Bron-
quidiazina CR; Bronquimar; Bronquimucil†; Cotrazol; Eduprim Mucolitico;
Neumopectolina†; Pulmo Menal†; Pulmosterin Duo.

Cycloserine (BAN, rINN)

Cicloserina; D-Cycloserin; Cyclosérine; D-Cycloserine; Cycloseri-
num; Cykloserin; SC-49088; Sikloserin; Sykloseriini. (+)-(R)-4-
Aminoisoxazolidin-3-one.
Циклосерин
C3H6N2O2 = 102.1.
CAS — 68-41-7.
ATC — J04AB01.
ATC Vet — QJ04AB01.

Description. Cycloserine is an antimicrobial substance pro-
duced by the growth of certain strains of Streptomyces or-
chidaceus or S. garyphalus, or obtained by synthesis.
Pharmacopoeias. In Jpn and US. 
USP 31 (Cycloserine). A white to pale yellow, crystalline pow-
der, odourless or has a faint odour. It is hygroscopic and deterio-
rates upon absorbing water. Freely soluble in water. pH of a 10%
solution in water is between 5.5 and 6.5. Store in airtight contain-
ers.
Adverse Effects and Treatment
The most frequent adverse effects with cycloserine involve the
CNS and include anxiety, confusion, disorientation, depression,
psychoses possibly with suicidal tendencies, aggression, irrita-
bility, and paranoia. Vertigo, headache, drowsiness, speech diffi-
culties, tremor, paresis, hyperreflexia, dysarthria, paraesthesia,
coma, and convulsions may also occur. Neurological reactions
are dose related and may be reduced by keeping plasma concen-
trations below 30 micrograms/mL. It has been reported that up to
30% of patients have experienced adverse effects. These reac-
tions usually subside when cycloserine is stopped or the dosage

is reduced. Pyridoxine has been used in an attempt to treat or
prevent neurological reactions but its value is unproven. 
Hypersensitivity reactions including skin reactions and photo-
sensitivity occur rarely. Serum aminotransferase values may be
raised, especially in patients with a history of liver disease. Folate
and vitamin B12 deficiency, megaloblastic anaemia, and sidero-
blastic anaemia have been reported occasionally when cycloser-
ine has been used with other antituberculous drugs. Heart failure
has occurred in patients receiving daily doses of 1 g or more.
Precautions
Cycloserine is contra-indicated in patients with epilepsy, depres-
sion, psychosis, severe anxiety, severe renal impairment, or in
those who misuse alcohol. Cycloserine should be stopped, or the
dose reduced, if skin reactions or symptoms of CNS toxicity de-
velop. 
Cycloserine has a low therapeutic index, and dosage should be
adjusted according to plasma concentrations, which should be
monitored at least weekly in patients with renal impairment, in
those taking doses greater than 500 mg daily, and in patients
showing signs of neurotoxicity. Plasma concentrations should be
maintained below 30 micrograms/mL. Haematological, renal,
and hepatic function should be monitored. Patients with mild to
moderate renal impairment require lower doses.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving cycloserine,1 and the
American Academy of Pediatrics considers2 that it is therefore
usually compatible with breast feeding.
1. Morton RF, et al. Studies on the absorption, diffusion, and excre-

tion of cycloserine. Antibiot Annu 1955-56; 3: 169–72. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 03/10/07)

Porphyria. Cycloserine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Interactions
Patients receiving cycloserine and taking alcohol are at increased
risk of convulsions; for reference to increased blood-alcohol con-
centrations in patients receiving cycloserine, see p.1627. 
Neurotoxic effects may be potentiated by use of cycloserine with
ethionamide, and concurrent use of cycloserine and isoniazid
may result in increased CNS toxicity, such as dizziness and
drowsiness.
Antimicrobial Action
Cycloserine interferes with bacterial cell wall synthesis by com-
peting with D-alanine for incorporation into the cell wall. It has
variable activity against Gram-positive and Gram-negative bac-
teria including Escherichia coli and Staphylococcus aureus. 
Cycloserine is active against Mycobacterium tuberculosis and
some other mycobacteria. Resistance develops if cycloserine is
used alone.
Pharmacokinetics
Cycloserine is readily and almost completely absorbed from the
gastrointestinal tract. Peak plasma concentrations of
10 micrograms/mL have been obtained 3 to 4 hours after a dose
of 250 mg, rising to 20 to 30 micrograms/mL on repeating the
dose every 12 hours. The plasma half-life is about 10 hours and
is prolonged in patients with renal impairment. 
Cycloserine is widely distributed into body tissues and fluids, in-
cluding the CSF, placenta, and breast milk, producing fetal blood
concentrations approaching those in maternal serum. 
Cycloserine is excreted largely unchanged by glomerular filtra-
tion. About 50% of a single 250-mg dose is excreted unchanged
in the urine within 12 hours and about 70% is excreted within 72
hours. As negligible amounts of cycloserine appear in the faeces,
it is assumed that the remainder of a dose is metabolised to
unidentified metabolites. It is removed by haemodialysis.
Pregnancy and breast feeding. Cycloserine has been shown
to pass to the fetus, into amniotic fluid,1 and into breast milk.2
Concentrations in breast milk after 250 mg four times daily have
been reported to range from 6 to 19 micrograms/mL.2
1. Holdiness MR. Transplacental pharmacokinetics of the antitu-

berculosis drugs. Clin Pharmacokinet 1987; 13: 125–9. 
2. Morton RF, et al. Studies on the absorption, diffusion, and excre-

tion of cycloserine. Antibiot Annu 1955-56; 3: 169–72.

Uses and Administration
Cycloserine is a second-line antimycobacterial that may be used
in the treatment of tuberculosis (p.196) as part of a multidrug reg-
imen when resistance to primary drugs has developed. It has
been used in urinary-tract infections, although less toxic drugs
are preferred. 
The usual adult oral dose in tuberculosis is 250 mg twice daily
for 2 weeks, followed by 0.5 to 1 g daily in divided doses. Dos-
age in patients with mild to moderate renal impairment should be
reduced and doses for all patients should be adjusted by monitor-
ing plasma concentrations (see Precautions, above). 
For details of doses in infants, children, and adolescents, see be-
low. 
Cycloserine has been tried for the adjunctive treatment of schiz-
ophrenia. L-Cycloserine has been investigated for the treatment
of Gaucher disease (p.2249).
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Administration in children. Use of cycloserine is licensed in
both the UK and USA for children, although age ranges are not
specified in licensed product information. For the treatment of
drug-resistant tuberculosis the American Academy of Pediatrics
(AAP) suggests a dose of 5 to 10 mg/kg twice daily, to a maxi-
mum dose of 1 g daily. 

The BNFC suggests the following doses: 

• children aged 2 to 12 years; 5 mg/kg twice daily 

• children aged 12 to 18 years; 250 mg twice daily for 2 weeks
then adjusted to a maximum dose of 1 g daily 

Doses are adjusted according to blood concentrations and re-
sponse.

Preparations

USP 31: Cycloserine Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Closina; Gr.: D-cycloserin; Seromycin; Hong Kong: Seromycin;
India: Cyclorine; Thai.: Proserine; Turk.: Siklocap; UK: Cycloserine; USA:
Seromycin.

Dalbavancin (BAN, USAN, rINN)

A-A-1; BI-397; Dalbavancina; Dalbavancine; Dalbavancinum;
MDL-63397; VER-001. 5,31-Dichloro-38-de(methoxycarbonyl)-
7-demethyl-19-deoxy-56-O-{2-deoxy-2-[(10-methylunde-
canoyl)amino]-β-D-glucopyranuronosyl}-38-{[3-(dimethylami-
no)propyl]carbamoyl}-42-O-α-D-mannopyranosyl-15-N-me-
thyl(ristomycin A aglicone) (main component).

Дальбаванцин

C88H100Cl2N10O28 = 1816.7.

CAS — 171500-79-1.

Profile
Dalbavancin is a glycopeptide antibacterial under investigation
for the treatment of severe infections due to Gram-positive bac-
teria, including complicated infections of the skin and soft tis-
sues.

◊ References.
1. Lin S-W, et al. Dalbavancin: a new option for the treatment of

gram-positive infections. Ann Pharmacother 2006; 40: 449–60. 

2. Billeter M, et al. Dalbavancin: a novel once-weekly lipoglyco-
peptide antibiotic. Clin Infect Dis 2008; 46: 577–83. 

3. Anderson VR, Keating GM. Dalbavancin. Drugs 2008; 68:
639–48. 

4. Bailey J, Summers KM. Dalbavancin: a new lipoglycopeptide
antibiotic. Am J Health-Syst Pharm 2008; 65: 599–610.

Danofloxacin Mesilate (BANM, rINNM)

CP-76136 (danofloxacin); CP-76136-27 (danofloxacin mesilate);
Danofloksasiinimesilaatti; Danofloxacin Mesylate (USAN); Dano-
floxacine, mésilate de; Danofloxacini mesilas; Danofloxacinmesi-
lat; Mesilato de danofloxacino. 1-Cyclopropyl-6-fluoro-1,4-dihy-
dro-7-[(1S,4S)-5-methyl-2,5-diazabicyclo[2.2.1]hept-2-yl]-4-oxo-
3-quinolinecarboxylic acid monomethanesulphonate.

Данофлоксацина Мезилат

C19H20FN3O3,CH4O3S = 453.5.

CAS — 112398-08-0 (danofloxacin); 119478-55-6
(danofloxacin mesilate).

(danofloxacin)

Profile
Danofloxacin is a fluoroquinolone antibacterial used as the mesi-
late in veterinary medicine for the treatment of susceptible infec-
tions in cattle and pigs.

Dapsone (BAN, USAN, rINN)

DADPS; Dapson; Dapsona; Dapsonas; Dapsoni; Dapsonum;
Dapszon; DDS; Diaminodiphenylsulfone; Diaphenylsulfone; Di-
sulone; NSC-6091; 4,4′-Sulfonylbis-benzenamine; Sulphonyldi-
aniline. Bis(4-aminophenyl) sulphone.
Дапсон
C12H12N2O2S = 248.3.
CAS — 80-08-0.
ATC — J04BA02.
ATC Vet — QJ04BA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Dapsone). A white or slightly yellowish-white,
crystalline powder. Very slightly soluble in water; sparingly sol-
uble in alcohol; freely soluble in acetone. It dissolves freely in di-
lute mineral acids. Protect from light. 
USP 31 (Dapsone). A white or creamy-white, odourless crystal-
line powder. Very slightly soluble in water, freely soluble in alco-
hol; soluble in acetone and in dilute mineral acids. Protect from
light.
Stability. A study1 of the stability of two extemporaneous oral
suspensions of dapsone prepared from commercially available
tablets found them to be stable for 3 months when stored at 4°
and at 25°.
1. Nahata MC, et al. Stability of dapsone in two oral liquid dosage

forms. Ann Pharmacother 2000; 34: 848–50.

Adverse Effects
Varying degrees of dose-related haemolysis and meth-
aemoglobinaemia are the most frequently reported ad-
verse effects of dapsone, and occur in most patients
given more than 200 mg daily; doses of up to 100 mg
daily do not cause significant haemolysis, but patients
with G6PD deficiency are affected by doses above
about 50 mg daily. 
Although agranulocytosis has been reported rarely
with dapsone when used alone, reports have been more
common when it has been used with other drugs in the
prophylaxis of malaria. Deaths due to agranulocytosis,
aplastic anaemia, and other blood dyscrasias have been
reported. 
Rash and pruritus may develop. Serious cutaneous hy-
persensitivity reactions occur rarely and include macu-
lopapular rash, exfoliative dermatitis, toxic epidermal
necrolysis, and Stevens-Johnson syndrome. Fixed drug
eruptions have occurred. 
A ‘dapsone syndrome’ may occur after 4 to 8 weeks of
treatment and resembles mononucleosis in its presen-
tation (see Hypersensitivity Reactions, below). 
Peripheral neuropathy with motor loss has been report-
ed in patients on dapsone for dermatological condi-
tions. Peripheral neuropathy may occur as part of lep-
rosy reaction states and is not an indication to stop
dapsone. 
Other adverse effects occur infrequently and include
nausea, vomiting, anorexia, headache, hepatitis, in-
somnia, psychosis, and tachycardia.

Carcinogenicity. A survey of 1678 leprosy patients admitted
for treatment to the National Hansen’s Disease Center in the
USA between 1939 and 1977 indicated that, although dapsone
has been implicated as a carcinogen in animals, the use of dap-
sone did not appear to affect significantly the risk of cancer in
these patients.1 The International Agency for Research on Can-
cer concluded2 that there was limited evidence for the carcino-
genicity of dapsone in animals and insufficient data to be able to
classify the carcinogenic risk in humans.
1. Brinton LA, et al. Cancer mortality among patients with

Hansen’s disease. J Natl Cancer Inst 1984; 72: 109–14. 
2. IARC/WHO. Some pharmaceutical drugs. IARC monographs on

the evaluation of carcinogenic risks to humans volume 24 1980.
Also available at: http://monographs.iarc.fr/ENG/Monographs/
vol24/volume24.pdf Updated 07/04/88. (accessed 03/10/07)

Effects on the blood. Haemolysis is the most frequent serious
adverse effect of dapsone and may occur at doses of 200 mg or
higher daily.1 Red blood cells may contain Heinz bodies and
there is a reduction in their life span. Well-known risk factors
include G6PD deficiency, methaemoglobin reductase deficien-
cy, and haemoglobin M trait; haemoglobin E trait may also in-
crease susceptibility to haemolytic reactions.2 Haemolytic anae-
mia has been reported in a neonate after ingestion of dapsone in
breast milk.3 
Methaemoglobinaemia, although common, is rarely symptomat-
ic.1 However, severe cyanosis was associated with methaemo-
globinaemia after an inadvertent overdose with dapsone in an
HIV-positive patient with suspected pneumocystis pneumonia.4
Methaemoglobinaemia has also been reported in an HIV-nega-
tive patient with severe renal impairment, who had previously
undergone liver and kidney transplantations and who was receiv-
ing dapsone for prophylaxis of pneumocystis pneumonia.5 The
metabolite dapsone hydroxylamine is probably responsible for
the methaemoglobinaemia and haemolysis associated with dap-
sone. Studies have shown6,7 that use of dapsone with cimetidine,
which inhibits production of the N-hydroxy metabolite, has re-
sulted in a decrease in methaemoglobin levels, at least in the
short term. 
Agranulocytosis has occurred rarely on use of dapsone in leprosy
and skin disease. More cases have been observed when used for
malaria prophylaxis8 (see also under Pyrimethamine, p.610) and
dermatitis herpetiformis.9 The reaction is usually self-limiting
once the drug is withdrawn, but fatalities have occurred.9,10 
Aplastic anaemia has been reported.11,12 Of 11 fatalities attribut-
ed to dapsone reported to the British and Swedish adverse reac-
tion registers13 between 1968 and 1988, seven were due to white
blood cell dyscrasias; none were attributed to red cell dyscrasias,
although such reactions formed almost half of all serious reac-
tions reported for dapsone. 
Pure red cell aplasia has been reported in an elderly patient tak-
ing oral dapsone daily for granuloma annulare.14 
Thrombocytosis was reported in a patient with AIDS receiving
dapsone prophylactically.15 
See also Hypoalbuminaemia, below.
1. Jopling WH. Side-effects of antileprosy drugs in common use.

Lepr Rev 1983; 54: 261–70. 
2. Lachant NA, Tanaka KR. Case report: dapsone-associated

Heinz body hemolytic anemia in a Cambodian woman with he-
moglobin E trait. Am J Med Sci 1987; 294: 364–8. 

3. Sanders SW, et al. Hemolytic anemia induced by dapsone trans-
mitted through breast milk. Ann Intern Med 1982; 96: 465–6. 

4. Seaton RA, et al. Blue and breathless. Hosp Med 1999; 60: 530. 
5. Ward KE, McCarthy MW. Dapsone-induced methemoglobine-

mia. Ann Pharmacother 1998; 32: 549–53. 
6. Coleman MD, et al. The use of cimetidine as a selective inhibi-

tor of dapsone N-hydroxylation in man. Br J Clin Pharmacol
1990; 30: 761–7. 

7. Rhodes LE, et al. Cimetidine improves the therapeutic/toxic ra-
tio of dapsone in patients on chronic dapsone therapy. Br J Der-
matol 1995; 132: 257–62. 

8. Firkin FC, Mariani AF. Agranulocytosis due to dapsone. Med J
Aust 1977; 2: 247–51. 

9. Cockburn EM, et al. Dapsone-induced agranulocytosis: sponta-
neous reporting data. Br J Dermatol 1993; 128: 702–3. 

10. Barss P. Fatal dapsone agranulocytosis in a Melanesian. Lepr
Rev 1986; 57: 63–6. 

11. Foucauld J, et al. Dapsone and aplastic anemia. Ann Intern Med
1985; 102: 139. 

12. Meyerson MA, Cohen PR. Dapsone-induced aplastic anaemia
in a woman with bullous systemic lupus erythematosus. Mayo
Clin Proc 1994; 69: 1159–62. 

13. Björkman A, Phillips-Howard PA. Adverse reactions to sulfa
drugs: implications for malaria chemotherapy. Bull WHO 1991;
69: 297–304. 

14. Borrás-Blasco J, et al. Pure red cell aplasia associated with dap-
sone therapy. Ann Pharmacother 2005; 39: 1137–8. 

15. Wynn RF, et al. Case report of dapsone-related thrombocytosis
in an AIDS patient. Am J Med 1995; 98: 602.

Effects on the eyes. There have been rare reports1-4 of ocular
toxicity, usually resulting in permanent loss of visual acuity, after
overdoses with dapsone. Toxic effects included blurring of vi-
sion,1,2 optic atrophy,1 ischaemic retinopathy, ischaemic optic
neuropathy,3 and bilateral macular infarction.4 These effects
were thought to be due to acute hypoxia and obstruction with red
cell fragments. A case of anterior ischaemic optic neuropathy5

has also been reported in a patient taking usual doses of dapsone
for dermatitis herpetiformis.
1. Daneshmend TK. The neurotoxicity of dapsone. Adverse Drug

React Acute Poisoning Rev 1984; 3: 43–58. 
2. Alexander TA, et al. Presumed DDS ocular toxicity. Indian J

Ophthalmol 1989; 37: 150–1. 
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3. Seo M-S, et al. Dapsone maculopathy. Korean J Ophthalmol

1997; 11: 70–3. 
4. Chakrabarti M, et al. Bilateral macular infarction due to diamin-

odiphenyl sulfone (4,4′ DDS) toxicity. Retina 1999; 19: 83–4. 
5. Chalioulias K, et al. Anterior ischaemic optic neuropathy asso-

ciated with Dapsone. Eye 2006; 20: 943–5.

Effects on the liver. Toxic hepatitis and cholestatic jaundice
have been reported by licensed product information to occur ear-
ly in dapsone therapy. Jaundice may also form part of the dap-
sone syndrome (see Hypersensitivity Reactions, below). Deteri-
oration in liver function tests during dapsone treatment has been
noted in a patient with dermatitis herpetiformis and primary scle-
rosing cholangitis.1
1. Kirby B, et al. Abnormal liver function tests induced by dapsone

in a patient with dermatitis herpetiformis and primary sclerosing
cholangitis. Br J Dermatol 1999; 141: 172–3.

Effects on the lungs. Hypersensitivity reactions to dapsone
usually affect the skin, but there have been rare reports of dap-
sone hypersensitivity presenting with fever, wheezing, and pul-
monary eosinophilia.1-4 Pulmonary eosinophilia occurred in one
patient taking dapsone for urticaria1 and in another taking dap-
sone as part of the WHO multidrug treatment regimen for lepro-
sy.2 In both patient symptoms resolved when dapsone was
stopped and occurred again on rechallenge. Another patient3
known to develop fever and wheezing when taking dapsone for
leprosy was given a dapsone challenge for 5 days. He became
acutely ill and had a high absolute eosinophil count; symptoms
resolved 2 weeks after stopping dapsone.
1. Jaffuel D, et al. Eosinophilic pneumonia induced by dapsone.

BMJ 1998; 317: 181. 
2. Kaur J, et al. Dapsone-induced eosinophilic pneumonitis in a

leprosy patient. Indian J Lepr 2005; 77: 267–71. 
3. Arunthathi S, Raju S. Dapsone induced pulmonary eosinophilia

without cutaneous allergic manifestations—an unusual encoun-
ter—a case report. Acta Leprol 1998; 11: 3–5. 

4. Janier M, et al. Pulmonary eosinophilia associated with dapsone.
Lancet 1994; 343: 860–1.

Effects on mental state. Psychiatric adverse effects have
been reported in leprosy patients receiving dapsone, but the role
of dapsone in this effect is poorly defined.1-4 Manic-depressive
reactions have been reported in 2 patients2,3 with skin disorders
and psychosis4 was reported in a patient being treated for leprosy.
These reactions appeared to be idiosyncratic reactions to dap-
sone. In all cases symptoms resolved when dapsone was stopped.
1. Daneshmend T. Idiosyncratic dapsone induced manic depres-

sion. BMJ 1989; 299: 324. 
2. Carmichael AJ, Paul CJ. Idiosyncratic dapsone induced manic

depression. BMJ 1989; 298: 1524. Correction. ibid.; 299: 56. 
3. Gawkrodger D. Manic depression induced by dapsone in patient

with dermatitis herpetiformis. BMJ 1989; 299: 860. 
4. Balkrishna, Bhatia MS. Dapsone-induced psychosis. J Indian

Med Assoc 1989; 87: 120–1.

Effects on the nervous system. A case review1 of 21 patients
who had dapsone-induced neuropathy reported that the median
time to onset of symptoms was about 1 year; with a range of 11
days to 18 years. Symptoms occurred in patients taking doses
varying from 25 to 800 mg/day and after a total cumulative dose
of 4 to 1500 g. Most patients had either pure motor or mixed sen-
sory-motor neuropathies, while pure sensory neuropathy was
rarely reported. Patients generally recovered, either partially or
completely, within one year of stopping dapsone. Progressive
multifocal leukoencephalopathy has been reported in a patient
with SLE treated with a dapsone-containing regimen, although it
was unclear what role dapsone had played.2
1. Méry L, et al. Polynévrite sensitive induite par la dapsone (Disu-

lone ). Ann Dermatol Venereol 2003; 130: 447–9. 
2. Stahl NI. Progressive multifocal leukoencephalopathy in a min-

imally immunosuppressed patient with systemic lupus ery-
thematosus treated with dapsone. J Rheumatol 2008; 35: 725–7.

Effects on the pancreas. Acute pancreatitis has been associ-
ated with the use of dapsone to treat dermatitis herpetiformis in
an 87-year-old man.1 Symptoms resolved on stopping dapsone
but recurred upon rechallenge.
1. Jha SH, et al. Dapsone-induced acute pancreatitis. Ann Pharma-

cother 2003; 37: 1438–40.

Effects on taste. A persistent sweet taste and tingling of the
face and lips was described in a patient receiving dapsone for
ocular cicatricial pemphigoid.1 The symptoms resolved when
dapsone was stopped.
1. Stafanous SN, Morgan SJ. A previously unrecognised side effect

of dapsone. Br J Ophthalmol 1997; 81: 1113–14.

Hyperpigmentation. Hyperpigmented macules were report-
ed in 32 of about 800 children given dapsone with pyrimeth-
amine for 3 months or more for malaria prophylaxis.1 The reac-
tion was attributed to dapsone.
1. David KP, et al. Hyperpigmented dermal macules in children fol-

lowing the administration of Maloprim for malaria chemoproph-
ylaxis. Trans R Soc Trop Med Hyg 1997; 91: 204–8.

Hypersensitivity reactions. Dapsone syndrome is a rare idio-
syncratic hypersensitivity reaction, although it has been
suggested1-3 that the incidence has increased since the introduc-
tion of multidrug therapy for leprosy. It usually occurs in the first
4 to 8 weeks of therapy, is not dose-related, and resolves within
14 days on stopping dapsone. Dapsone syndrome may also occur
within 1 to 2 weeks of stopping the drug, due to its long elimina-
tion half-life and high protein binding.4 Common clinical symp-
toms may include exanthematous skin rash, fever, hepatitis

(cholestatic and hepatocellular injuries), eosinophilia, lymphad-
enopathy, and mononucleosis. The syndrome has occurred in
leprosy patients,5,6 in patients with skin disorders,7 in patients
with AIDS taking dapsone for prophylaxis of pneumocystis
pneumonia,4 and in patients taking weekly dapsone (with py-
rimethamine) for malaria prophylaxis.8 Fatalities have oc-
curred.9,10 Desensitisation has been successfully carried out in
several patients with AIDS who exhibited hypersensitivity to
dapsone.11,12

1. Richardus JH, Smith TC. Increased incidence in leprosy of hy-
persensitivity reactions to dapsone after introduction of multid-
rug therapy. Lepr Rev 1989; 60: 267–73. 

2. Kumar RH, et al. Dapsone syndrome—a five year retrospective
analysis. Indian J Lepr 1998; 70: 271–6. 

3. Rao PN, Lakshmi TSS. Increase in the incidence of dapsone hy-
persensitivity syndrome—an appraisal. Lepr Rev 2001; 72:
57–62. 

4. Lee KB, Nashed TB. Dapsone-induced sulfone syndrome. Ann
Pharmacother 2003; 37: 1044–6. 

5. Alves-Rodrigues EN, et al. Dapsone syndrome with acute renal
failure during leprosy treatment: case report. Braz J Infect Dis
2005; 9: 84–6. 

6. Bucaretchi F, et al. Dapsone hypersensitivity syndrome in an
adolescent during treatment during [sic] of leprosy. Rev Inst
Med Trop Sao Paulo 2004; 46: 331–4. 

7. Sener O, et al. Severe dapsone hypersensitivity syndrome. J In-
vestig Allergol Clin Immunol 2006; 16: 268–70. 

8. Tee AKH, et al. Dapsone hypersensitivity syndrome masquer-
ading as a viral exanthem: three cases and a mini-review. Ann
Acad Med Singapore 2004; 33: 375–8. 

9. Frey HM, et al. Fatal reaction to dapsone during treatment of
leprosy. Ann Intern Med 1981; 94: 777–9. 

10. Agrawal S, Agarwalla A. Dapsone hypersensitivity syndrome:
a clinico-epidemiological review. J Dermatol 2005; 32: 883–9. 

11. Metroka CE, et al. Desensitization to dapsone in HIV-positive
patients. JAMA 1992; 267: 512. 

12. Cook DE, Kossey JL. Successful desensitization to dapsone for
Pneumocystis carinii prophylaxis in an HIV-positive patient.
Ann Pharmacother 1998; 32: 1302–5.

Hypoalbuminaemia. Severe and often life-threatening hy-
poalbuminaemia has been reported rarely in patients taking dap-
sone for long periods for dermatitis herpetiformis.1-3 Hypoalbu-
minaemia usually resolves rapidly once dapsone is withdrawn.
1. Kingham JGC, et al. Dapsone and severe hypoalbuminaemia.

Lancet 1979; ii: 662–4 and 1018. 
2. Foster PN, Swan CHJ. Dapsone and fatal hypoalbuminaemia.

Lancet 1981; ii: 806–7. 
3. Sinclair SA, et al. Life threatening hypoalbuminaemia associat-

ed with dapsone therapy. Br J Dermatol 1996; 135 (suppl 47):
45.

Photosensitivity. Photosensitivity has been reported in 6 pa-
tients who had taken dapsone for leprosy1 and in a patient receiv-
ing dapsone for a bullous skin disease;2 the topic has been re-
viewed.3
1. Dhanapaul S. DDS-induced photosensitivity with reference to

six case reports. Lepr Rev 1989; 60: 147–50. 
2. Stockel S, et al. Dapsone-induced photodermatitis in a patient

with linear IgA dermatosis. Eur J Dermatol 2001; 11: 50–3. 
3. De D, et al. Dapsone induced acute photosensitivity dermatitis;

a case report and review of literature. Lepr Rev 2007; 78: 401–4.

Treatment of Adverse Effects
In severe overdosage, repeated oral doses of activated
charcoal should be given with the aim of preventing
absorption of dapsone but also to aid the elimination of
dapsone and its monoacetyl metabolite. Methaemoglo-
binaemia has been treated with slow intravenous injec-
tions of methylthioninium chloride 1 to 2 mg/kg re-
peated after 1 hour if necessary. Methylthioninium
chloride should not be given to patients with G6PD de-
ficiency since it will not be effective. Haemolysis has
been treated by infusion of concentrated human red
blood cells to replace the damaged cells. Supportive
therapy includes giving oxygen and fluids. 
Patients who develop dapsone syndrome (see Hyper-
sensitivity Reactions, above) may require several
weeks of corticosteroid therapy.
Overdosage. References.
1. Dawson AH, Whyte IM. Management of dapsone poisoning

complicated by methaemoglobinaemia. Med Toxicol Adverse
Drug Exp 1989; 4: 387–92. 

2. Endre ZH, et al. Successful treatment of acute dapsone intoxica-
tion using charcoal hemoperfusion. Aust N Z J Med 1983; 13:
509–12. 

3. Hoetelmans RMW, et al. Combined dapsone and clofazimine in-
toxication. Hum Exp Toxicol 1996; 15: 625–8. 

4. Ferguson AJ, Lavery GG. Deliberate self-poisoning with dap-
sone: a case report and summary of relevant pharmacology and
treatment. Anaesthesia 1997; 52: 359–63. 

5. Southgate HJ, Masterson R. Lessons to be learned: a case study
approach: prolonged methaemoglobinaemia due to inadvertent
dapsone poisoning; treatment with methylene blue and exchange
transfusion. J R Soc Health 1999; 119: 52–5.

Precautions
Dapsone should not be used in patients with severe
anaemia. It is recommended that regular blood counts
be performed during treatment. Patients deficient in
G6PD or methaemoglobin reductase, or with haemo-

globin M are more susceptible to the haemolytic ef-
fects of dapsone. 
Where possible, liver function should be monitored
during treatment. 
It is now generally considered that the benefits of dap-
sone in the treatment of leprosy during pregnancy out-
weigh any potential risks to the pregnant patient or fe-
tus. Some recommend folic acid 5 mg daily for leprosy
patients receiving dapsone during pregnancy.
Breast feeding. Dapsone is distributed into breast milk and the
American Academy of Pediatrics1 states that, although usually
compatible with breast feeding, use of dapsone in a breast-feed-
ing mother has resulted in sulfonamide detected in the infant’s
urine.2 There has also been a report of haemolytic anaemia in a
breast-fed infant (see Effects on the Blood, under Adverse Ef-
fects, above). A study in 3 lactating women who were given a
single dose of dapsone 100 mg plus pyrimethamine and chloro-
quine estimated that if their infants were breast fed they would
receive 4.6, 10, or 14.3%, respectively, of the maternal dose in
the 9-day period after it was given.3
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 03/10/07) 

2. Dreisbach JA. Sulphone levels in breast milk of mothers on sul-
phone therapy. Lepr Rev 1952; 23: 101–6. 

3. Edstein MD, et al. Excretion of chloroquine, dapsone and py-
rimethamine in human milk. Br J Clin Pharmacol 1986; 22:
733–5.

Porphyria. Dapsone has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Pregnancy. References.
1. Brabin BJ, et al. Dapsone therapy for malaria during pregnancy:

maternal and fetal outcomes. Drug Safety 2004; 27: 633–48.

Interactions
Serum concentrations of dapsone are increased, with a
consequent increased risk of adverse effects, when giv-
en with probenecid, probably as a result of reduced re-
nal excretion of dapsone. Increased dapsone and tri-
methoprim concentrations have also been reported in
patients receiving both drugs, who may similarly be at
greater risk of dapsone toxicity. Rifampicin reduces se-
rum concentrations of dapsone to a level that may com-
promise efficacy in infections other than leprosy. Ri-
fampicin concentrations are generally unaffected.
Dapsone may reduce the anti-inflammatory effects of
clofazimine (p.255).
Cimetidine. Cimetidine has been reported to increase the area
under the curve for dapsone, but to decrease the area under the
curve for the metabolite dapsone hydroxylamine. Haematotoxic-
ity is thought to be related to production of this metabolite (see
Effects on the Blood, above).
Pyrimethamine. Although some licensed product information
has warned that dapsone-induced haematotoxicity could be po-
tentiated by folic acid antagonists such as pyrimethamine, the
tolerability of dapsone plus pyrimethamine was similar to dap-
sone alone when each treatment was given on a once-weekly ba-
sis to patients with HIV infection.1 Dapsone concentrations were
not significantly higher in patients receiving dapsone plus py-
rimethamine than in those receiving dapsone alone.
1. Falloon J, et al. Pharmacokinetics and safety of weekly dapsone

and dapsone plus pyrimethamine for prevention of pneumocystis
pneumonia. Antimicrob Agents Chemother 1994; 38: 1580–7.

Trimethoprim. In a study of AIDS patients with pneumocystis
pneumonia, the mean peak serum concentrations of dapsone af-
ter 7 days were 1.5 micrograms/mL after 100 mg daily and
2.1 micrograms/mL after the same dose with trimethoprim
20 mg/kg daily; concentrations of trimethoprim were also in-
creased.1 Elevated dapsone concentrations may contribute to the
toxicity and the efficacy of this combination.
1. Lee BL, et al. Dapsone, trimethoprim, and sulfamethoxazole

plasma levels during treatment of Pneumocystis pneumonia in
patients with the acquired immunodeficiency syndrome (AIDS).
Ann Intern Med 1989; 110: 606–11.

Antimicrobial Action
Dapsone is a sulfone active against a wide range of
bacteria and some protozoa, but it is mainly used for its
action against Mycobacterium leprae. Like the sulfon-
amides it may inhibit folic acid synthesis in susceptible
organisms although this is not considered to be the
mechanism of action in M. leprae. It is usually consid-
ered to be bacteriostatic against M. leprae, although it
may also possess weak bactericidal activity. It is also
active against Plasmodium and Pneumocystis jirovecii.
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As with the sulfonamides, antibacterial activity is in-
hibited by p-aminobenzoic acid. 
Secondary (acquired) dapsone resistance of M. leprae
is mainly associated with dapsone being used on its
own. Primary dapsone resistance has also been report-
ed with increasing frequency in areas with secondary
resistance. Resistance of M. leprae to dapsone should
be suspected whenever a patient relapses clinically and
bacteriologically.
Drug resistance. Monotherapy with dapsone was the standard
of treatment for all forms of leprosy until the 1980’s, when con-
cerns about dapsone resistance led WHO to introduce a multid-
rug treatment (MDT) regimen consisting of dapsone, rifampicin,
and clofazimine. Long-term follow-up studies1,2 designed to
evaluate the efficacy of WHO MDT regimen reported relapse
rates of 1.1 to 9% after a minimum of 2 years treatment. Drug
sensitivity analyses were reported for 15 of these patients; no re-
sistance to clofazimine or rifampicin was reported, while isolates
from 3 patients showed dapsone resistance.1 An evaluation of
drug resistance after the introduction of WHO MDT regimen in
Nepal3 concluded that secondary resistance to dapsone does not
develop under this regimen. Strains of Mycobacterium leprae
with multiple resistance to rifampicin, ofloxacin, and dapsone
have been isolated from a patient who had previously received
dapsone monotherapy followed by treatment with rifampicin
plus ofloxacin for 28 days.4
1. Cellona RV, et al. Long-term efficacy of 2 year WHO multiple

drug therapy (MDT) in multibacillary (MB) leprosy patients. Int
J Lepr Other Mycobact Dis 2003; 71: 308–19. 

2. Norman G, et al. Relapses in multibacillary patients treated with
multi-drug therapy until smear negativity: findings after twenty
years. Int J Lepr Other Mycobact Dis 2004; 72: 1–7. 

3. Roche PW, et al. Dapsone drug resistance in the MDT era. Int J
Lepr Other Mycobact Dis 2000; 68: 323–5. 

4. Cambau E, et al. Multidrug-resistance to dapsone, rifampicin,
and ofloxacin in Mycobacterium leprae. Lancet 1997; 349:
103–4.

Pharmacokinetics
Dapsone is almost completely absorbed from the gas-
trointestinal tract with peak plasma concentrations oc-
curring 2 to 8 hours after a dose. Steady-state concen-
trations are not attained until after at least 8 days of
daily dosage; doses of 100 mg daily provide trough
concentrations of 500 nanograms/mL, which are well
in excess of the MIC for M. leprae. About 70 to 90%
of dapsone in the circulation is bound to plasma pro-
teins and nearly 100% of its monoacetylated metabo-
lite is bound. 
Dapsone undergoes enterohepatic recycling. It is wide-
ly distributed; it is present in saliva and breast milk and
crosses the placenta. The half-life ranges from 10 to 50
hours; with a mean of 20 to 30 hours. 
Dapsone is acetylated to monoacetyldapsone, the ma-
jor metabolite, and other mono and diacetyl deriva-
tives. Acetylation exhibits genetic polymorphism. Hy-
droxylation is the other major metabolic pathway
resulting in hydroxylamine dapsone, which may be re-
sponsible for dapsone-associated methaemoglobinae-
mia and haemolysis. 
Dapsone is mainly excreted in the urine, only 20% of a
dose as unchanged drug.
◊ References.
1. Zuidema J, et al. Clinical pharmacokinetics of dapsone. Clin

Pharmacokinet 1986; 11: 299–315. 
2. May DG, et al. The disposition of dapsone in cirrhosis. Clin

Pharmacol Ther 1992; 51: 689–700. 
3. Mirochnick M, et al. Pharmacokinetics of dapsone in children. J

Pediatr 1993; 122: 806–9. 
4. Opravil M, et al. Levels of dapsone and pyrimethamine in serum

during once-weekly dosing for prophylaxis of Pneumocystis car-
inii pneumonia and toxoplasmic encephalitis. Antimicrob Agents
Chemother 1994; 38: 1197–9. 

5. Gatti G, et al. Penetration of dapsone into cerebrospinal fluid of
patients with AIDS. J Antimicrob Chemother 1997; 40: 113–15. 

6. Mirochnick M, et al. Pharmacokinetics of dapsone administered
daily and weekly in human immunodeficiency virus-infected
children. Antimicrob Agents Chemother 1999; 43: 2586–91. 

7. Mirochnick M, et al. Population pharmacokinetics of dapsone in
children with human immunodeficiency virus infection. Clin
Pharmacol Ther 2001; 70: 24–32. 

8. Thiboutot DM, et al. Pharmacokinetics of dapsone gel, 5% for
the treatment of acne vulgaris. Clin Pharmacokinet 2007; 46:
697–712.

Metabolism. Measurement of the relative activity of the two
main routes of dapsone metabolism (acetylation and hydroxyla-
tion) suggests that the risk of adverse effects is greater in individ-
uals in whom the N-hydroxylation route predominates.1 This is
consistent with the hypothesis that the toxicity of dapsone is re-

lated to production of an active metabolite. See also Effects on
the Blood, above.
1. Bluhm RE, et al. Development of dapsone toxicity in patients

with inflammatory dermatoses: activity of acetylation and hy-
droxylation of dapsone as risk factors. Clin Pharmacol Ther
1999; 65: 598–605.

Uses and Administration
Dapsone is used as part of multidrug regimens in the
treatment of all forms of leprosy (p.176). It has also
been used in the prophylaxis of leprosy and in the man-
agement of household contacts of leprosy patients.
Dapsone is used as an alternative to co-trimoxazole or
pentamidine for the treatment and prophylaxis of pneu-
mocystis pneumonia (below), and has been used with
pyrimethamine for the prophylaxis of malaria (see un-
der Pyrimethamine, p.611). It is also used in dermatitis
herpetiformis and other dermatoses (see Skin Disor-
ders, below). It has been tried for the prophylaxis of
toxoplasmosis (p.826) and for the treatment of cutane-
ous leishmaniasis (p.824) and actinomycetoma (see
Mycetoma, p.180). 
Dapsone is usually given orally. There are some reports
of it being given by intramuscular injection, but such
injections can be painful and cause abscess formation. 
The most common regimens for leprosy are those rec-
ommended by WHO. For multibacillary leprosy, ri-
fampicin 600 mg and clofazimine 300 mg are both
given once a month with dapsone 100 mg and clofaz-
imine 50 mg both daily for 12 months. Adults weigh-
ing less than 35 kg receive reduced doses of rifampicin
and dapsone, and in such patients the dapsone dose is
50 mg or 1 to 2 mg/kg daily. 
The WHO regimen for paucibacillary leprosy consists
of rifampicin 600 mg once a month and dapsone
100 mg daily; both are given for 6 months. Doses are
reduced in low-weight patients as for multibacillary
leprosy. 
The doses of dapsone used for the prophylaxis and
treatment of pneumocystis pneumonia are discussed
in more detail under pneumocystis pneumonia, below. 
The dose needed to treat dermatitis herpetiformis has
to be titrated for individual patients, but it is usual to
start with an oral dose of 50 mg daily, gradually in-
creased to 300 mg daily or more if required. This dose
should be reduced to a minimum as soon as possible.
Maintenance dosage can often be reduced in patients
receiving a gluten-free diet. 
In the treatment of acne, dapsone is applied topically as
a 5% gel twice daily. 
For details of doses in infants, children, and adoles-
cents, see below.
Administration in children. For the treatment of multibacil-
lary leprosy in children WHO recommends that children aged 10
to 14 years may be given oral dapsone 50 mg plus rifampicin
450 mg and clofazimine 150 mg once a month, together with
dapsone 50 mg daily and clofazimine 50 mg on alternate days;
both are given for 12 months. For paucibacillary leprosy WHO
recommends oral dapsone 50 mg plus rifampicin 450 mg once a
month, together with dapsone 50 mg daily; both are given for 6
months. For children less than 10 years of age the dose should be
adjusted according to body weight. 
For details of doses for the treatment of pneumocystis pneumo-
nia in infants, children, and adolescents, see below.

Connective tissue disorders. Relapsing polychondritis
(p.1510) has responded to dapsone, as has Behçet’s syndrome
(p.1499) and SLE. Vasculitic syndromes such as hypersensitivity
vasculitis (p.1505) have also improved following dapsone.

Idiopathic thrombocytopenic purpura. Dapsone has been
reported1-4 to be of benefit in some patients, including children,
with refractory idiopathic thrombocytopenic purpura (p.1505).
1. Radaelli F, et al. Adult refractory chronic idiopathic thrombocy-

topenic purpura: can dapsone be proposed as second-line thera-
py? Br J Haematol 1999; 104: 641–2. 

2. Dutta TK, et al. Dapsone in treatment of chronic idiopathic
thrombocytopenic purpura in adults. J Assoc Physicians India
2001; 49: 421–5. 

3. Meeker ND, et al. Dapsone therapy for children with immune
thrombocytopenic purpura. J Pediatr Hematol Oncol 2003; 25:
173–5. 

4. Damodar S, et al. Dapsone for chronic idiopathic thrombocyto-
penic purpura in children and adults—a report on 90 patients.
Eur J Haematol 2005; 75: 328–31.

Pneumocystis pneumonia. Dapsone is used alone or with
pyrimethamine1 for primary and secondary prophylaxis of pneu-
mocystis pneumonia (p.521) in patients unable to tolerate co-tri-
moxazole. In adults a dose of dapsone 100 mg daily in one or two
doses is commonly used and has been reported to have similar
efficacy to co-trimoxazole.2 Dapsone has also been given with
pyrimethamine in various regimens including: 
• dapsone 50 mg daily with pyrimethamine 50 mg once

weekly3 
• dapsone 100 mg plus pyrimethamine 50 mg both given twice

weekly4 
• dapsone 200 mg plus pyrimethamine 75 mg both given once

weekly5 
In children from 1 month to 18 years of age the recommended
dose of dapsone is 2 mg/kg daily (to a maximum of 100 mg dai-
ly) or 4 mg/kg weekly (to a maximum of 200 mg weekly).1 
For treatment of adults and adolescents, dapsone 100 mg once
daily with trimethoprim 5 mg/kg three times daily, for 21 days,
has been suggested for mild to moderate disease in patients una-
ble to tolerate co-trimoxazole.6 Infants and children under 13
years of age may be given a dose of dapsone of 2 mg/kg once
daily (to a maximum of 100 mg daily) plus trimethoprim
5 mg/kg three times daily.7
1. CDC. Guidelines for preventing opportunistic infections among

HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. Also available at: http://
www.cdc.gov/mmwr/PDF/RR/RR5108.pdf (accessed 03/10/07) 

2. Bozzette SA, et al. A randomized trial of three antipneumocystis
agents in patients with advanced human immunodeficiency virus
infection. N Engl J Med 1995; 332: 693–9. 

3. Girard P-M, et al. Dapsone-pyrimethamine compared with aero-
solized pentamidine as primary prophylaxis against Pneumo-
cystis carinii pneumonia and toxoplasmosis in HIV infection. N
Engl J Med 1993; 328: 1514–20. 

4. Podzamczer D, et al. Intermittent trimethoprim-sulfamethoxa-
zole compared with dapsone-pyrimethamine for the simultane-
ous primary prophylaxis of pneumocystis pneumonia and toxo-
plasmosis in patients infected with HIV. Ann Intern Med 1995;
122: 755–61. 

5. Opravil M, et al. Once-weekly administration of dapsone/py-
rimethamine vs. aerosolized pentamidine as combined prophy-
laxis for Pneumocystis carinii pneumonia and toxoplasmic en-
cephalitis in human immunodeficiency virus-infected patients.
Clin Infect Dis 1995; 20: 531–41. 

6. CDC. Treating opportunistic infections among HIV-infected
adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Association/In-
fectious Diseases Society of America. MMWR 2004; 53 (RR-
15): 1–112. Also available at: http://www.cdc.gov/mmwr/PDF/
RR/RR5315.pdf (accessed 03/10/07) Correction. MMWR 2005;
54: 311. [dose of amphotericin B/flucytosine for C. neoformans
meningitis] Also available at: http://www.cdc.gov/mmwr/PDF/
wk/mm5412.pdf (accessed 05/10/07) 

7. CDC. Treating opportunistic infections among HIV-exposed and
infected children: recommendations from CDC, the National In-
stitutes of Health, and the Infectious Diseases Society of Amer-
ica. MMWR 2004; 53 (RR-14): 1–63. Also available at: http://
www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed 03/10/07)

Skin disorders. Dapsone is used for the suppression of skin le-
sions in dermatitis herpetiformis (p.1578). The mechanism of ac-
tion is unknown but is unrelated to its antimicrobial activity. Re-
ports, generally involving small numbers of patients, suggest that
dapsone may also be beneficial for bullous or mucous membrane
pemphigoid (p.1582), pyoderma gangrenosum (p.1583), recur-
rent erythema multiforme (p.1580), and urticaria (p.1584). Topi-
cal dapsone is available in the USA for the treatment of acne.
Spider bites. As discussed on p.2239, necrotic araneism result-
ing from the bite of spiders of the genus Loxosceles is usually
treated conservatively with surgical repair of any persistent de-
fect. A prospective clinical study1 of 31 patients with brown rec-
luse spider bites indicated that treatment with dapsone 100 mg
daily for 14 days followed by delayed surgical intervention if
necessary reduced the incidence of wound complications and re-
sidual scarring compared with treatment by immediate surgical
excision. A dose of 100 mg twice daily has also been given for
14 days.2 An evaluation3 of the management of brown recluse
spider bites found that common treatments did not reduce heal-
ing time or scarring; dapsone was associated with slower healing
rate and an increased risk of scarring.
1. Rees RS, et al. Brown recluse spider bites: a comparison of early

surgical excision versus dapsone and delayed surgical excision.
Ann Surg 1985; 202: 659–63. 

2. King LE, Rees RS. Dapsone treatment of a brown recluse bite.
JAMA 1983; 250: 648. 

3. Mold JW, Thompson DM. Management of brown recluse spider
bites in primary care. J Am Board Fam Pract 2004; 17: 347–52.

Preparations
BP 2008: Dapsone Tablets; 
USP 31: Dapsone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Daps; Canad.: Aczone; Israel: Avlosulfon†; Mex.: Dapsoderm-X;
Novasulfon†; Philipp.: Lepravir ; Port.: Sulfona; Spain: Sulfona; Thai.:
Dopsan; Servidapsone†; USA: Aczone.

Multi-ingredient: Austral.: Maloprim; Austria: Isoprodian; Fr.: Disu-
lone; Ger.: Isoprodian†; Irl.: Maloprim†; S.Afr.: Maloprim†; Singapore:
Pyrisone.
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Daptomycin (BAN, USAN, rINN)

Daptomicina; Daptomycine; Daptomycinum; LY-146032. N-De-
canoyl-L-tryptophyl-L-asparaginyl-L-aspartyl-L-threonylglycyl-L-or-
nithyl-L-aspartyl-D-alanyl-L-aspartylglycyl-D-seryl-threo-3-methyl-
L-glutamyl-3-anthraniloyl-L-alanine 1.13-3.4-lactone.

Даптомицин
C72H101N17O26 = 1620.7.
CAS — 103060-53-3.
ATC — J01XX09.
ATC Vet — QJ01XX09.

Adverse Effects and Precautions
The most common adverse effects associated with daptomycin
are gastrointestinal effects including nausea and vomiting, con-
stipation, diarrhoea, and dyspepsia. Headache, insomnia, dizzi-
ness, and fever may occur. Injection site reactions have occurred.
Effects on the skin have included rash and pruritus. Abnormal
liver function tests and jaundice have been reported. Other re-
ported adverse effects include hypertension or hypotension, re-
nal failure, dyspnoea, and anaemia. There have been rare cases
of hypersensitivity, anaphylaxis, and infusion reactions. 
Elevated plasma creatine phosphokinase (CPK) concentrations
during daptomycin therapy may be associated with muscle pain
and/or weakness, myositis, myopathy, and rarely rhabdomyoly-
sis; patients with renal impairment or taking other drugs known
to cause myopathy (see Interactions, below) may be at increased
risk. All patients should be monitored for the development of
muscle pain or weakness, and plasma CPK concentrations meas-
ured once weekly. More frequent measurements should be per-
formed in those with an increased risk of myopathy, or with a
baseline CPK concentration greater than 5 times the upper limit
of normal (ULN), or who develop signs of myopathy. Daptomy-
cin should be stopped in patients with signs of myopathy and
CPK concentrations greater than 5 times the ULN, or in those
without reported signs of myopathy but with CPK concentra-
tions greater than 10 times the ULN. 
Daptomycin should be given with caution and in reduced dosage
to patients with renal impairment; clinical response and renal
function should be monitored closely. 
Consideration should be given to stopping daptomycin therapy
in patients who develop signs or symptoms of peripheral neurop-
athy.

Effects on the lungs. Bronchiolitis obliterans organising pneu-
monia with eosinophilic infiltration has been reported in an 84-
year-old man after 4 weeks of daptomycin therapy;1 clinical im-
provement occurred after the drug was stopped. The mechanism
of toxicity was unknown and the authors suggested that it might
be associated with epithelial injury caused by daptomycin accu-
mulating in the alveolar spaces. 
A 60-year-old man receiving daptomycin developed eosi-
nophilic pneumonia resulting in respiratory failure that required
mechanical ventilation;2 he improved after stopping the drug and
starting corticosteroid therapy.
1. Cobb E, et al. Organizing pneumonia and pulmonary eosi-

nophilic infiltration associated with daptomycin. Ann Pharma-
cother 2007; 41: 696–701. 

2. Hayes D, et al. Eosinophilic pneumonia induced by daptomycin.
J Infect 2007; 54: e211–e213.

Pregnancy. Intravenous daptomycin, 4 mg/kg daily for 14
days, was successfully used to treat pyelonephritis associated
with vancomycin-resistant enterococci (VRE) in a 27-week
pregnant woman; no neonatal abnormalities were reported.1
1. Shea K, et al. Successful treatment of vancomycin-resistant En-

terococcus faecium pyelonephritis with daptomycin during preg-
nancy. Ann Pharmacother 2008; 42: 722–5.

Interactions
There may be an increased risk of myopathy if daptomycin is
given with other drugs also known to have this adverse effect,
such as statins, fibrates, and ciclosporin. Licensed product infor-
mation recommends stopping the latter if possible; otherwise,
plasma creatine phosphokinase concentrations should be meas-
ured more than once weekly in addition to the usual precautions
(see Adverse Effects and Precautions, above). 
Daptomycin is mainly excreted by renal filtration and caution is
advised if given with drugs that reduce renal filtration, such as
NSAIDs and selective inhibitors of cyclo-oxygenase-2, since
plasma concentrations of daptomycin may be increased. 

Daptomycin has been reported to interact with a particular rea-
gent used in some assays of PT-INR resulting in apparent prolon-
gation of PT and elevation of INR.
Antimicrobial Action
Daptomycin is a lipopeptide antibacterial that is reported to have
a spectrum of antibacterial activity similar to that of vancomycin
(p.359) and greater potency against most Gram-positive bacterial
strains in vitro; it is inactive against Gram-negative bacteria.
Daptomycin disrupts the bacterial cell membrane potential by
binding to the cell membranes in a calcium-dependent process,
but without entering the cytoplasm, thus inhibiting the synthesis
of protein, DNA, and RNA. 
Daptomycin has shown activity both in vitro and in clinical in-
fection with both meticillin-susceptible and meticillin-resistant
Staphylococcus aureus, vancomycin-susceptible Enterococcus
faecalis, and some streptococci. 
It is reported to show antimicrobial synergy in vitro with
aminoglycosides, beta lactams, and rifampicin against Staph. au-
reus (including meticillin-resistant strains) and enterococci (in-
cluding vancomycin-resistant strains). 
Resistance to daptomycin has been shown in clinical studies but
only rarely; the mechanism of resistance has not been identified.
◊ Reviews.
1. Boucher HW, Sakoulas G. Perspectives on daptomycin resist-

ance, with emphasis on resistance in Staphylococcus aureus.
Clin Infect Dis 2007; 45: 601–8.

Pharmacokinetics
Daptomycin is not absorbed to any significant extent after oral
doses. The pharmacokinetics of daptomycin are generally linear
at intravenous doses ranging from 4 to 12 mg/kg once daily. Peak
plasma concentrations are achieved within 0.5 to 0.8 hours. It is
distributed mainly into the extracellular space with a volume of
distribution of about 0.1 litres/kg. Daptomycin crosses the
blood-brain barrier and the placenta. It is about 90% bound to
plasma proteins, mainly serum albumin. 
In-vitro studies indicate that daptomycin is not metabolised by,
and does not affect, the cytochrome P450 isoenzyme system. Lit-
tle or no metabolism is thought to take place although 4 minor
metabolites have been detected in the urine. 
Daptomycin is excreted mainly via renal filtration with about
78% and 6% of a dose recovered in the urine and faeces, respec-
tively. It has an elimination half-life of about 8 hours after an
intravenous dose of 4 mg/kg once daily for 7 days and is pro-
longed in patients with renal impairment; a two- to threefold in-
crease has been reported in those with severe impairment or end-
stage renal disease. 
Daptomycin is removed by haemodialysis or peritoneal dialysis.
◊ References.
1. Dvorchik B, et al. Population pharmacokinetics of daptomycin.

Antimicrob Agents Chemother 2004; 48: 2799–2807.

Uses and Administration
Daptomycin is given by intravenous infusion over 30 minutes for
the treatment of complicated Gram-positive infections of the
skin and soft tissues, and Staphylococcus aureus bacteraemia, in-
cluding right-sided endocarditis, caused by meticillin-suscepti-
ble and meticillin-resistant strains. 
For details of these infections and their treatment, see under
Choice of Antibacterial, p.162. 
For the treatment of skin and soft-tissue infections, daptomycin
is given in a dose of 4 mg/kg once daily for 7 to 14 days. A higher
dose of 6 mg/kg once daily is given for 2 to 6 weeks in the treat-
ment of bacteraemia. 
For details of dosage modification in patients with renal impair-
ment, see below. 
Daptomycin has also been investigated for the treatment of van-
comycin-resistant enterococcal infections, complicated urinary-
tract infections, and community-acquired pneumonia.
◊ References.
1. Fenton C, et al. Daptomycin. Drugs 2004; 64: 445–55. 
2. Steenbergen JN, et al. Daptomycin: a lipopeptide antibiotic for

the treatment of serious Gram-positive infections. J Antimicrob
Chemother 2005; 55: 283–8. 

3. Schriever CA, et al. Daptomycin: a novel cyclic lipopeptide an-
timicrobial. Am J Health-Syst Pharm 2005; 62: 1145–58. 

4. French GL. Bactericidal agents in the treatment of MRSA infec-
tions—the potential role of daptomycin. J Antimicrob Chemoth-
er 2006; 58: 1107–17. 

5. Hair PI, Keam SJ. Daptomycin: a review of its use in the man-
agement of complicated skin and soft-tissue infections and Sta-
phylococcus aureus bacteraemia. Drugs 2007; 67: 1483–1512. 

6. Enoch DA, et al. Daptomycin. J Infect 2007; 55: 205–13. 
7. Weis F, et al. Daptomycin, a lipopeptide antibiotic in clinical

practice. Curr Opin Investig Drugs 2008; 9: 879–84. 
8. Forrest GN, et al. Clinical experience with daptomycin for the

treatment of patients with documented gram-positive septic ar-
thritis. Ann Pharmacother 2008; 42: 213–17.

Administration in renal impairment. In patients with a cre-
atinine clearance of less than 30 mL/minute, including those re-
ceiving dialysis, the intravenous dosage of daptomycin should be
modified to 4 mg/kg once every 48 hours in the treatment of skin
and soft-tissue infections, and to 6 mg/kg once every 48 hours in
the treatment of bacteraemia.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Cubicin; Gr.: Cubicin; Israel: Cubicin; Port.: Cubicin; UK: Cubicin;
USA: Cubicin.

Demeclocycline (BAN, rINN)

Demeclociclina; Déméclocycline; Demeclocyclinum; Demeklo-
cyklin; Demeklosykliini; Demethylchlortetracycline. (4S,4aS,-
5aS,6S,12aS)-7-Chloro-4-dimethylamino-1,4,4a,5,5a,6,11,12a-octa-
hydro-3,6,10,12,12a-pentahydroxy-1,11-dioxonaphthacene-2-
carboxamide; 7-Chloro-6-demethyltetracycline.

Демеклоциклин
C21H21ClN2O8 = 464.9.
CAS — 127-33-3 (demeclocycline); 13215-10-6 (deme-
clocycline sesquihydrate).
ATC — D06AA01; J01AA01.
ATC Vet — QD06AA01; QJ01AA01.

Pharmacopoeias. In US. 
USP 31 (Demeclocycline). A yellow, odourless crystalline pow-
der. Sparingly soluble in water; soluble 1 in 200 of alcohol and 1
in 40 of methyl alcohol; dissolves readily in 3N hydrochloric
acid and in alkaline solutions. pH of a 1% solution in water is be-
tween 4.0 and 5.5. Store in airtight containers. Protect from light.

Demeclocycline Hydrochloride (BANM, rINNM)

Déméclocycline, chlorhydrate de; Demeclocyclini hydrochlori-
dum; Demeklociklin-hidroklorid; Demeklociklino hidrochloridas;
Demeklocyklin-hydrochlorid; Demeklocyklinhydroklorid; Deme-
klocykliny chlorowodorek; Demeklosiklin Hidroklorür; Demek-
losykliinihydrokloridi; Demethylchlortetracycline Hydrochloride;
Hidrocloruro de demeclociclina.

Демеклоциклина Гидрохлорид
C21H21ClN2O8,HCl = 501.3.
CAS — 64-73-3.
ATC — D06AA01; J01AA01.
ATC Vet — QD06AA01; QJ01AA01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Demeclocycline Hydrochloride). The hydrochlo-
ride of a substance produced by certain strains of Streptomyces
aureofaciens or by any other means. A yellow powder. Soluble
or sparingly soluble in water; slightly soluble in alcohol; very
slightly soluble in acetone. It dissolves in solutions of alkali hy-
droxides and carbonates. A 1% solution in water has a pH of 2.0
to 3.0. Protect from light. 
USP 31 (Demeclocycline Hydrochloride). A yellow, odourless,
crystalline powder. Soluble 1 in 60 of water and 1 in 50 of methyl
alcohol; slightly soluble in alcohol; practically insoluble in ace-
tone and in chloroform; sparingly soluble in solutions of alkali
hydroxides and carbonates. pH of a 1% solution in water is be-
tween 2.0 and 3.0. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for Tetracycline, p.347. 
Phototoxic reactions occur more frequently with de-
meclocycline than with other tetracyclines and patients
should avoid direct exposure to sunlight or artificial ul-
traviolet light. 
Reversible nephrogenic diabetes insipidus with polyu-
ria, polydipsia, and weakness may occur in patients
treated with demeclocycline, particularly with pro-
longed treatment and/or high doses. Plasma creatinine
should be monitored in patients receiving demeclocy-
cline for long periods for the treatment of inappropriate
secretion of antidiuretic hormone, since tetracycline-
induced renal impairment may not otherwise be appar-
ent in the absence of oliguria. For a comment that the
usefulness of demeclocycline for this indication may
be limited by nephrotoxicity in patients with cardiac or
hepatic disease, see Syndrome of Inappropriate ADH
Secretion under Uses and Administration, below.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Interactions
As for Tetracycline, p.348.

Antimicrobial Action
As for Tetracycline, p.348. 
Demeclocycline is stated to be somewhat more active
against certain strains of some organisms including
Neisseria gonorrhoeae and Haemophilus influenzae,
as well as to being the most active of the tetracyclines
in vitro against Brucella spp.

Pharmacokinetics
For the general pharmacokinetics of the tetracyclines,
see Tetracycline, p.349. 
About 60 to 80% of a dose of demeclocycline is ab-
sorbed from the gastrointestinal tract. Peak plasma
concentrations of about 1.5 to 1.7 micrograms/mL
have been reported 3 to 4 hours after a single oral dose
of 300 mg, but higher plasma concentrations may be
achieved with repeated dosage. Its plasma elimination
half-life is about 12 hours, although this may be pro-
longed in patients with renal impairment; values of 42
to 68 hours have been reported in severe impairment.
The renal clearance of demeclocycline is about half
that of tetracycline.

Uses and Administration
Demeclocycline is a tetracycline derivative with uses
similar to those of tetracycline (p.349). It is excreted
more slowly and effective blood concentrations are
maintained for a longer period. 
Demeclocycline is given orally as the hydrochloride;
the usual adult dose is 600 mg daily in 2 or 4 divided
doses, preferably 1 hour before or 2 hours after meals.
For atypical pneumonia, 900 mg daily in 3 divided
doses may be given. It is also sometimes given orally
with other tetracycline derivatives. 
For details of doses in children and adolescents, see be-
low. 
Demeclocycline may also be given to adults in the
treatment of chronic hyponatraemia associated with
the syndrome of inappropriate antidiuretic hormone
secretion, when water restriction has proved ineffec-
tive. Initially 900 to 1200 mg is given daily in divided
doses, reducing to maintenance doses of 600 to 900 mg
daily. 
For dosage recommendations in patients with hepatic
impairment, see below. 
The calcium and magnesium salts of demeclocycline
have also been used.

Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential; demeclocycline may be used for the treatment of
susceptible infections. In the UK, it is licensed for use in children
aged 12 years and over; the usual adult dose (see above) may be
given orally. However, in the USA, it may be given to those over
8 years old in usual doses of 7 to 13 mg/kg daily by mouth in 2
or 4 divided doses.

Administration in hepatic impairment. UK licensed prod-
uct information states that the dosage of demeclocycline should
not exceed 1 g daily in patients with known liver disease.

Syndrome of inappropriate ADH secretion. Demeclocy-
cline may be given in the treatment of the syndrome of inappro-
priate ADH (antidiuretic hormone) secretion (SIADH—p.2182)
to antagonise the effect of ADH on the renal tubules; lithium has
been given as an alternative. Both lithium and demeclocycline
act by interfering with the cellular action of ADH to produce ne-
phrogenic diabetes insipidus. Demeclocycline was reported to be
superior to lithium1 and became the preferred treatment for
chronic SIADH if water restriction was unsuccessful,2 although
fluid restriction is probably still the treatment of choice. Howev-
er, since nephrotoxicity has been reported in patients with cardiac
or hepatic disease, the usefulness of demeclocycline in the treat-
ment of hyponatraemic states might be limited; this view was
supported by studies in patients with heart failure3 and cirrhosis.4

1. Forrest JN, et al. Superiority of demeclocycline over lithium in
the treatment of chronic syndrome of inappropriate secretion of
antidiuretic hormone. N Engl J Med 1978; 298: 173–7. 

2. Schrier RW. Treatment of hyponatremia. N Engl J Med 1985;
312: 1121–2. 

3. Zegers de Beyl D, et al. Demeclocycline treatment of water re-
tention in congestive heart failure. BMJ 1978; 1: 760. 

4. Miller PD, et al. Plasma demeclocycline levels and nephrotoxic-
ity: correlation in hyponatremic cirrhotic patients. JAMA 1980;
243: 2513–15.

Preparations
BP 2008: Demeclocycline Capsules; 
USP 31: Demeclocycline Hydrochloride Capsules; Demeclocycline Hydro-
chloride Tablets; Demeclocycline Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Austral.: Ledermycin†; Canad.: Declomycin; Fr.: Ledermycine; India:
Ledermycin; Neth.: Ledermycin; UK: Ledermycin; USA: Declomycin.
Multi-ingredient: Austria: Ledermix; Denm.: Ledermix†; Ger.: Leder-
mix; Israel: Ledermix; Ital.: Rubrociclina†; S.Afr.: Tritet; Switz.: Ledermix;
UK: Deteclo†; Ledermix.

Dibekacin Sulfate (rINNM)

Dibekacin Sulphate (BANM); Dibékacine, Sulfate de; Dibekacini
Sulfas; 3′,4′-Dideoxykanamycin B; Sulfato de dibekacina. 6-O-(3-
Amino-3-deoxy-α-D-glucopyranosyl)-2-deoxy-4-O-(2,6-diami-
no-2,3,4,6-tetradeoxy-α-D-erythro-hexopyranosyl)-streptamine
sulphate.
Дибекацина Сульфат
C18H37N5O8,xH2SO4.
CAS — 34493-98-6 (dibekacin); 58580-55-5 (dibekacin
sulfate).
ATC — J01GB09.
ATC Vet — QJ01GB09.

(dibekacin)

Pharmacopoeias. In Jpn.
Profile
Dibekacin is an aminoglycoside derived from kanamycin with
actions and uses similar to those of gentamicin (p.282). It has
been given intramuscularly as the sulfate in doses equivalent to
dibekacin 1 to 3 mg/kg daily in divided doses. It has also been
given in similar doses by slow intravenous infusion. Dosage
should be adjusted based on serum-dibekacin concentration
monitoring. It has also been used topically for eye infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Dikacine†; Jpn: Panimycin; Venez.: Dibekan.

Dicloxacillin (BAN, USAN, rINN)

BRL-1702; Dicloxacilina; Dicloxacilline; Dicloxacillinum; Diklok-
sasilliini; Dikloxacillin; R-13423. (6R)-6-[3-(2,6-Dichlorophenyl)-
5-methylisoxazole-4-carboxamido]penicillanic acid.
Диклоксациллин
C19H17Cl2N3O5S = 470.3.
CAS — 3116-76-5.
ATC — J01CF01.
ATC Vet — QJ01CF01; QJ51CF01.

Dicloxacillin Sodium (BANM, USAN, rINNM)

Dicloxacilina sódica; Dicloxacilline sodique; Dicloxacillinum natri-
cum; Dicloxacillinum Natricum Monohydricum; Dikloksacilino
natrio druska; Dikloksasilliininatrium; Dikloxacilin sodná sůl
monohydrát; Dikloxacillinnatrium; Dikloxacillin-nátrium; Natrii
Dicloxacillinum; P-1011. Sodium dicloxacillin monohydrate.
Натрий Диклоксациллин
C19H16Cl2N3NaO5S,H2O = 510.3.
CAS — 343-55-5 (anhydrous dicloxacillin sodium); 13412-
64-1 (dicloxacillin sodium monohydrate).
ATC — J01CF01.
ATC Vet — QJ01CF01.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Dicloxacillin Sodium). A white or almost white, hy-
groscopic, crystalline powder. Freely soluble in water; soluble in
alcohol and in methyl alcohol. A 10% solution in water has a pH
of 5.0 to 7.0. Store at a temperature not exceeding 25° in airtight
containers. 
USP 31 (Dicloxacillin Sodium). A white to off-white crystalline

powder. Freely soluble in water. pH of a 1% solution in water is
between 4.5 and 7.5. Store in airtight containers.

Adverse Effects and Precautions
As for Flucloxacillin, p.277.

Effects on the liver. References.
1. Kleinman MS, Presberg JE. Cholestatic hepatitis after dicloxa-

cillin-sodium therapy. J Clin Gastroenterol 1986; 8: 77–8.

Sodium content. Each g of dicloxacillin sodium contains
about 2 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
As for Flucloxacillin, p.277.

Pharmacokinetics
Dicloxacillin is better absorbed from the gastrointestinal tract
than cloxacillin but absorption is reduced by the presence of food
in the stomach. After an oral dose of 500 mg, peak plasma con-
centrations of 10 to 18 micrograms/mL in about 1 hour have
been reported in fasting subjects. Doubling the dose can double
the plasma concentration. About 97% of dicloxacillin in the cir-
culation is bound to plasma proteins. Dicloxacillin has been re-
ported to have a plasma half-life of 0.5 to 1 hour. The half-life is
prolonged in neonates. 
The distribution of dicloxacillin in body tissues and fluids is sim-
ilar to that of cloxacillin (p.256). 
Dicloxacillin is metabolised to a limited extent and the un-
changed drug and metabolites are excreted in the urine by
glomerular filtration and renal tubular secretion. About 60% of
an oral dose is excreted in the urine. Only small amounts are ex-
creted in the bile. Dicloxacillin is not removed by haemodialysis. 
Plasma concentrations are enhanced by probenecid. Reduced
concentrations have been reported in patients with cystic fibro-
sis.

Uses and Administration
Dicloxacillin is an isoxazolyl penicillin used similarly to flu-
cloxacillin (p.277) in the treatment of infections due to staphylo-
cocci resistant to benzylpenicillin. 
Dicloxacillin is given intravenously and orally as the sodium salt.
All doses are expressed in terms of the equivalent amount of di-
cloxacillin; 1.09 g of dicloxacillin sodium is equivalent to about
1 g of dicloxacillin. Oral doses should be taken at least 1 hour
before, or 2 hours after, meals since the presence of food in the
stomach reduces absorption. The usual adult oral dose is 250 mg
every 6 hours. Similar doses may be given by slow intravenous
injection or, preferably, by intravenous infusion. Doses may be
doubled in severe infections.
Preparations
USP 31: Dicloxacillin Sodium Capsules; Dicloxacillin Sodium for Oral Sus-
pension.

Proprietary Preparations (details are given in Part 3)
Austral.: Diclocil; Dicloxsig; Distaph; Denm.: Dicillin; Diclocil; Fin.: Diclocil;
Ger.: InfectoStaph; Gr.: Diclocil; Mex.: Amifarin; Antiben; Brispen; Buti-
maxil; Cilpen; Clobioxal; Dicleophen; Diclo-Tecno; Dicloxaquim; Diluxina;
Dipxapen†; Ditterolina; Dixen; Doxil; Pardix; Penclox; Posipen; Norw.: Di-
clocil; NZ: Diclocil; Port.: Diclocil; Swed.: Diclocil; Thai.: Amcidil; Cloxy-
din; Diclex; Diclocil; Diclocillin; Dicloson; Diclox†; Dicloxia; Dicloxin; Di-
cloxman†; Dicloxno; Diloxin; Ditum†; Dixocillin; Dorox; Servidiclox†;
Venez.: Diclocil; Diclolak†.

Multi-ingredient: Ital.: Ampiplus†; Diamplicil†; Mex.: Ampiclox-D; An-
glotex; Brucilina; Diamprex; Doxapen; Panac; Panac K; Pentidix.

Difloxacin Hydrochloride (USAN, rINNM)

A-56619; Abbott-56619; Difloxacine, chlorhydrate de; Difloxaci-
ni hydrochloridum; Hidrocloruro de difloxacino. 6-Fluoro-1-(p-
fluorophenyl)-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-3-
quinolinecarboxylic acid hydrochloride.

Дифлоксацина Гидрохлорид
C21H19F2N3O3,HCl = 435.9.
CAS — 98106-17-3 (difloxacin); 91296-86-5 (difloxacin
hydrochloride).

(difloxacin)
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Profile
Difloxacin is a fluoroquinolone antibacterial used as the hydro-
chloride in veterinary medicine for the treatment of susceptible
infections in poultry. It was formerly used in humans but was
associated with an unacceptable incidence of adverse CNS ef-
fects.

Dihydrostreptomycin Sulfate (rINNM)

Dihidrosztreptomicin-szulfát; Dihydrostreptomycin sulfát; Dihy-
drostreptomycin Sulphate (BANM); Dihydrostreptomycine, sul-
fate de; Dihydrostreptomycini sulfas; Dihydrostreptomycinsulfat;
Dihydrostreptomysiinisulfaatti; Sulfato de dihidroestreptomicina.
O-2-Deoxy-2-methylamino-α-L-glucopyranosyl-(1→2)-O-5-de-
oxy-3-C-hydroxymethyl-α-L-lyxofuranosyl-(1→4)-N1,N3-diamid-
ino-D-streptamine sulphate.

Дигидрострептомицина Сульфат

(C21H41N7O12)2,3H2SO4 = 1461.4.

CAS — 128-46-1 (dihydrostreptomycin); 5490-27-7 (dihy-
drostreptomycin sulfate).

ATC — S01AA15.

ATC Vet — QS01AA15.

(dihydrostreptomycin)

Pharmacopoeias. In Eur. (see p.vii) and US, both for veteri-
nary use only. 
Ph. Eur. 6.2 (Dihydrostreptomycin Sulphate for Veterinary Use;
Dihydrostreptomycin Sulphate BP(Vet) 2008). The sulfate of a
substance obtained by catalytic hydrogenation of streptomycin
or by any other means. The semi-synthetic product is derived
from a fermentation product. Stabilisers may be added. A white
or almost white, hygroscopic powder. It contains a maximum of
2.0% streptomycin sulfate calculated with reference to the dried
drug. Freely soluble in water; practically insoluble in alcohol, in
acetone, and in methyl alcohol. A 25% solution in water has a pH
of 5.0 to 7.0. Store in airtight containers. Protect from light. 
USP 31 (Dihydrostreptomycin Sulfate). A white or almost white
amorphous or crystalline powder; the amorphous form is hygro-
scopic. Freely soluble in water; practically insoluble in acetone,
in chloroform, and in methyl alcohol. pH of a solution in water
containing the equivalent of dihydrostreptomycin 20% is be-
tween 4.5 and 7.0, except that if it is labelled as being solely for
oral use, the pH is between 3.0 and 7.0. Store in airtight contain-
ers.

Profile
Dihydrostreptomycin is an aminoglycoside antibacterial with ac-
tions similar to those of streptomycin (p.333). Since it is more
likely than streptomycin to cause partial or complete loss of hear-
ing it is not used parenterally in humans. It is not absorbed after
oral doses, and has been given by this route for gastrointestinal
infections. It is also used as the sulfate in veterinary medicine.

Preparations

Proprietary Preparations (details are given in Part 3)
Spain: Citrocil.

Multi-ingredient: Arg.: Gemipasmol†; Vagisan; Vagisan Compuesto;
Mex.: Estrefen; Spain: Cilinafosal Dihidroestreptomicina; Estreptoenter-
ol†; Salitanol Estreptomicina; Sulfintestin Neomicina.

Dirithromycin (BAN, USAN, rINN)

ASE-136BS; Dirithromycine; Dirithromycinum; Diritromicin; Dir-
itromicina; Diritromicinas; Diritromisin; Diritromycin; Diritro-
mysiini; LY-237216. (1R,2R,3R,6R,7S,8S,9R,10R,12R,13S,15R,17S)-
7-(2,6-Dideoxy-3-C,3-O-dimethyl-α-L-ribo-hexopyranosyloxy)-
3-ethyl-2,10-dihydroxy-15-(2-methoxyethoxymethyl)-
2,6,8,10,12,17-hexamethyl-9-(3,4,6-trideoxy-3-dimethylamino-
β-L-xylo-hexopyranosyloxy)-4,16-dioxa-14-azabicyc-
lo[11.3.1]heptadecan-5-one; (9S)-9-Deoxo-11-deoxy-9,11-{imi-
no[(1R)-2-(2-methoxyethoxy)-ethylidene]oxy}erythromycin.

Диритромицин
C42H78N2O14 = 835.1.
CAS — 62013-04-1.
ATC — J01FA13.
ATC Vet — QJ01FA13.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Dirithromycin). A white or almost white powder.
It exhibits polymorphism. Very slightly soluble in water; very
soluble in dichloromethane and in methyl alcohol. 
USP 31 (Dirithromycin). A white or practically white powder.
Very slightly soluble in water; very soluble in dichloromethane
and in methyl alcohol.

Adverse Effects and Precautions
As for Erythromycin, p.270. 
The most frequent adverse effects of dirithromycin are gastroin-
testinal disturbances; headache has also occurred. Dirithromycin
should be used with caution in patients with moderate to severe
hepatic impairment since its active metabolite erythromy-
cylamine is primarily eliminated in the bile. It should also be
used with caution in those with severe renal impairment.

Interactions
For a discussion of drug interactions of macrolide antibacterials,
see Erythromycin, p.271.

Cytochrome P450 isoenzymes. Dirithromycin is reported
to have little or no effect on hepatic cytochrome P450 isoen-
zymes and may therefore produce fewer interactions than eryth-
romycin with other drugs metabolised by this enzyme system
(see Mechanism, under Interactions of Erythromycin, p.271).
The lack of interactions between dirithromycin and theophylline,
terfenadine, or warfarin would appear to support this.

Antimicrobial Action
As for Erythromycin, p.271. 
Dirithromycin is reported to be generally less active than eryth-
romycin in vitro, but may show greater activity in vivo than is
indicated by in-vitro studies and may exert a postantibiotic effect.

Pharmacokinetics
Dirithromycin is readily absorbed after oral doses and undergoes
rapid non-enzymatic hydrolysis to its active metabolite erythro-
mycylamine. Absorption is enhanced by food. Bioavailability is
about 10%. Daily doses of dirithromycin 500 mg produce peak
plasma concentrations of erythromycylamine of about
400 nanograms/mL. 
Erythromycylamine is widely distributed and tissue concentra-
tions exceed those in plasma. Protein binding is 15 to 30%.
Erythromycylamine is mainly excreted unchanged in the bile
with only about 2% in the urine. The mean plasma half-life is
about 8 hours and the mean urinary terminal elimination half-life
is about 44 hours. 
Distribution into milk has been found in studies in rodents.

◊ References.
1. Sides GD, et al. Pharmacokinetics of dirithromycin. J Antimi-

crob Chemother 1993; 31 (suppl C): 65–75. 
2. LaBreque D, et al. Pharmacokinetics of dirithromycin in patients

with impaired hepatic function. J Antimicrob Chemother 1993;
32: 741–50. 

3. Mazzei T, et al. Pharmacokinetics of dirithromycin in patients
with mild or moderate cirrhosis. Antimicrob Agents Chemother
1999; 43: 1556–9.

Uses and Administration
Dirithromycin is a prodrug of the macrolide antibacterial eryth-
romycylamine, which has similar properties to those of erythro-
mycin (p.269) and is used in respiratory-tract, skin, and soft-tis-
sue infections caused by susceptible organisms. 

Dirithromycin is given orally as enteric-coated tablets in a usual
dose of 500 mg once daily.
◊ References.
1. Various. Dirithromycin: a new once-daily macrolide. J Antimi-

crob Chemother 1993; 31 (suppl C): 1–185. 
2. Brogden RN, Peters DH. Dirithromycin: a review of its antimi-

crobial activity, pharmacokinetic properties and therapeutic effi-
cacy. Drugs 1994; 48: 599–616. 

3. Wintermeyer SM, et al. Dirithromycin: a new macrolide. Ann
Pharmacother 1996; 30: 1141–9. 

4. McConnell SA, Amsden GW. Review and comparison of ad-
vanced-generation macrolides clarithromycin and dirithromycin.
Pharmacotherapy 1999; 19: 404–15.

Preparations
USP 31: Dirithromycin Delayed-Release Tablets.

Proprietary Preparations (details are given in Part 3)
Belg.: Unibac†; Chile: Dynabac†; Fr.: Dynabac; Gr.: Dynabac†; Malaysia:
Dynabac†; Turk.: Dynabac; USA: Dynabac†.

Doripenem (USAN, rINN)

Doripénem; Doripenemum; S-4661. (+)-(4R5S,6S)-6-[(1R)-1-
Hydroxyethyl]-4-methyl-7-oxo-3-({(3S,5S)-5-[(sulfamoylami-
no)methyl]-3-pyrrolidinyl}thio)-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid.
Дорипенем
C15H24N4O6S2 = 420.5.
CAS — 148016-81-3.

Adverse Effects and Precautions
As for Imipenem, p.286. 
Doripenem is more stable to renal dehydropeptidase I than imi-
penem and use with cilastatin, which inhibits the enzyme, is not
required.
Interactions
Probenecid inhibits the renal excretion of doripenem thereby in-
creasing its plasma concentrations and prolonging its elimination
half-life.
Antiepileptics. For reports of decreased plasma-valproate con-
centrations (sometimes with loss of seizure control) attributed to
carbapenem antibacterials, see p.510.
Antimicrobial Action
As for Imipenem, p.287, 
Doripenem is claimed to have particular activity against Pseu-
domonas aeruginosa.
Pharmacokinetics
After intravenous infusion of doripenem 500 mg over 1 hour, a
mean peak plasma concentration of 23 micrograms/mL is at-
tained, falling to 10 micrograms/mL after 1.5 hours and
1 microgram/mL after 6 hours. 
Doripenem is less than 10% bound to plasma proteins and is
widely distributed into body tissues and fluids. It is metabolised
via hydrolysis of its beta-lactam ring by dehydropeptidase I to an
open-ringed metabolite (doripenem-M1). The plasma elimina-
tion half-life is about 1 hour in adults; the half-life may be pro-
longed in patients with renal impairment. Doripenem is mainly
excreted in the urine by tubular secretion and glomerular filtra-
tion. About 70% and 15% of a dose is recovered as unchanged
drug and metabolite, respectively, in the urine within 48 hours.
Less than 1% is excreted in faeces. 
Doripenem is removed by haemodialysis.
Uses and Administration
Doripenem is a carbapenem antibacterial similar to imipenem
(p.286). It is more stable to renal dehydropeptidase I than imi-
penem and need not be given with an enzyme inhibitor such as
cilastatin. It is used in the treatment of susceptible infections such
as intra-abdominal infections and complicated urinary-tract in-
fections, including pyelonephritis. For details of these infections
and their treatment, see under Choice of Antibacterial, p.162. 
For treatment of susceptible infections doripenem is given by in-
travenous infusion over 1 hour, in a usual adult dose of 500 mg
every 8 hours. For details of reduced doses in renal impairment,
see below.
◊ References.
1. Lister PD. Carbapenems in the USA: focus on doripenem. Expert

Rev Anti Infect Ther 2007; 5: 793–809. 
2. Poulakou G, Giamarellou H. Doripenem: an expected arrival in

the treatment of infections caused by multidrug-resistant Gram-
negative pathogens. Expert Opin Invest Drugs 2008; 17: 749–71. 

3. Chastre J, et al. Efficacy and safety of intravenous infusion of
doripenem versus imipenem in ventilator-associated pneumonia:
a multicenter, randomized study. Crit Care Med 2008; 36:
1089–96. 

4. Lucasti C, et al. Efficacy and tolerability of IV doripenem versus
meropenem in adults with complicated intra-abdominal infec-
tion: a phase III, prospective, multicenter, randomized, double-
blind, noninferiority study. Clin Ther 2008; 30: 868–83.

Administration in renal impairment. Doses of doripenem
given by intravenous infusion should be reduced in patients with
renal impairment according to creatinine clearance (CC): 
• CC 30 to 50 mL/minute: 250 mg every 8 hours 
• CC greater than 10 to less than 30 mL/minute: 250 mg every

12 hours
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Finibax; USA: Doribax.

Doxycycline (BAN, USAN, rINN)

Doksiciklinas monohidratas; Doksisiklin; Doksisykliini; Doksisykli-
inimonohydraatti; Doksycyklina; Doxiciclina; Doxiciklin; Doxycy-
clin; Doxycycline Monohydrate; Doxycycline monohydratée;
Doxycyclinum; Doxycyclinum monohydricum; Doxycyklin
monohydrát; Doxycyklinmonohydrat; GS-3065. (4S,4aR,5S,5aR,-
6S,12aS)-4-Dimethylamino-1,4,4a,5,5a,6,11,12a-octahydro-3,5,-
10,12,12a-pentahydroxy-6-methyl-1,11-dioxonaphthacene-2-
carboxamide monohydrate; 6-Deoxy-5β-hydroxytetracycline
monohydrate.
Доксициклин
C22H24N2O8,H2O = 462.4.
CAS — 564-25-0 (anhydrous doxycycline); 17086-28-1
(doxycycline monohydrate).
ATC — A01AB22; J01AA02.
ATC Vet — QA01AB22; QJ01AA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Doxycycline Monohydrate). A yellow crystalline
powder. Very slightly soluble in water and in alcohol. It dissolves
in dilute solutions of mineral acids and in solutions of alkali hy-
droxides and carbonates. A 1% suspension in water has a pH of
5.0 to 6.5. Store in airtight containers. Protect from light. 
USP 31 (Doxycycline). A yellow crystalline powder. Very
slightly soluble in water; sparingly soluble in alcohol; practically
insoluble in chloroform and in ether; freely soluble in dilute acid
and in alkali hydroxide solutions. pH of a 1% suspension in wa-
ter is between 5.0 and 6.5. Store in airtight containers. Protect
from light.

Doxycycline Calcium (BANM, rINNM)

Calcii Doxycyclinum; Doxiciclina cálcica; Doxycycline Calcique.
Кальций Доксициклин
ATC — A01AB22; J01AA02.
ATC Vet — QA01AB22; QJ01AA02.

Doxycycline Fosfatex (BAN, USAN)

AB-08; DMSC; Doxiciclina fosfatex. 6-Deoxy-5β-hydroxytetra-
cycline—metaphosphoric acid—sodium metaphosphate in the
ratio 3:3:1.
(C22H24N2O8)3(HPO3)3NaPO3 = 1675.2.
CAS — 83038-87-3.
ATC — A01AB22; J01AA02.
ATC Vet — QA01AB22; QJ01AA02.

Doxycycline Hyclate (BANM, rINNM)

Doksiciklino hiklatas; Doksisykliinihyklaatti; Doksycykliny hyklan;
Dossiciclina Iclato; Doxiciklin-hiklát; Doxycycline, hyclate de;
Doxycycline Hydrochloride; Doxycyclini hyclas; Doxycyklin-
hyklat; Doxycyklin-hyklát; Hiclato de doxiciclina. Doxycycline hy-
drochloride hemiethanolate hemihydrate.
Доксициклина Гиклат
C22H24N2O8,HCl, ⁄ C2H5OH, ⁄ H2O = 512.9.
CAS — 10592-13-9 (doxycycline hydrochloride); 24390-
14-5 (doxycycline hyclate).
ATC — A01AB22; J01AA02.
ATC Vet — QA01AB22; QJ01AA02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Doxycycline Hyclate). A yellow hygroscopic crys-
talline powder. Freely soluble in water and in methyl alcohol;
sparingly soluble in alcohol. It dissolves in solutions of alkali hy-
droxides and of carbonates. A 1% solution in water has a pH of
2.0 to 3.0. Store in airtight containers. Protect from light. 
USP 31 (Doxycycline Hyclate). A yellow crystalline powder.
Soluble in water; slightly soluble in alcohol; practically insoluble
in chloroform and in ether; soluble in solutions of alkali hydrox-
ides and carbonates. pH of a solution in water containing the
equivalent of doxycycline 1% is between 2.0 and 3.0. Store in
airtight containers. Protect from light.
Incompatibility. Preparations of doxycycline hyclate have an
acid pH and incompatibility may reasonably be expected with
alkaline preparations or with drugs unstable at low pH.

Adverse Effects and Precautions
As for Tetracycline, p.347. 
Gastrointestinal disturbances with doxycycline are re-
ported to be less frequent than with tetracycline and
doxycycline may also cause less tooth discoloration. 
Oesophageal ulceration may be a particular problem if
capsules or tablets are taken with insufficient fluid or in
a recumbent posture: doxycycline should be taken with
at least half a glass of water, in an upright position, and
well before going to bed. Dispersible tablets or liquid
formulations should be used in elderly patients, who
may be at greater risk of oesophageal injury. 
Unlike many tetracyclines, doxycycline does not ap-
pear to accumulate in patients with impaired renal
function, and aggravation of impairment may be less
likely.
Incidence of adverse effects. For the suggestion that doxycy-
cline may cause fewer adverse effects than minocycline, see
p.301.
Anosmia. Anosmia or dysosmia (absent or impaired sense of
smell) have occasionally been reported in patients receiving dox-
ycycline, although the association has not been definitely estab-
lished.1
1. Bleasel AF, et al. Anosmia after doxycycline use. Med J Aust

1990; 152: 440.

Effects on intracranial pressure. Doxycycline has been as-
sociated with benign intracranial hypertension; for further de-
tails, see under Tetracycline, p.348.
Porphyria. Doxycycline has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Tetracycline, p.348. 
Doxycycline has a lower affinity for binding with cal-
cium than many tetracyclines. Consequently its ab-
sorption is less likely to be affected by milk or food,
although it is still affected by calcium-containing ant-
acids and other divalent and trivalent cations such as
aluminium, bismuth, iron, magnesium, and zinc; even
intravenous doxycycline may be affected, although
less so than when given orally. 
The metabolism of doxycycline may be accelerated by
drugs that induce hepatic enzymes such as alcohol
(chronic use), rifampicin, and antiepileptics including
carbamazepine, phenobarbital, phenytoin, and primi-
done. 
It has been suggested that doxycycline could increase
ciclosporin concentrations, but evidence for this seems
to be scant.

Antimicrobial Action
As for Tetracycline, p.348. 
Doxycycline is more active than tetracycline against
many bacterial species including Streptococcus pyo-
genes, enterococci, Nocardia spp., and various anaer-
obes. Cross-resistance is common although some tetra-
cycline-resistant Staphylococcus aureus respond to
doxycycline. Doxycycline is also more active against
protozoa, particularly Plasmodium spp.

Pharmacokinetics
For the general pharmacokinetics of the tetracyclines,
see Tetracycline, p.349. 
Doxycycline is readily and almost completely ab-
sorbed from the gastrointestinal tract and absorption is
not significantly affected by the presence of milk or
food in the stomach or duodenum. Mean peak plasma
concentrations of 2.6 micrograms/mL have been re-
ported 2 hours after a 200-mg oral dose, falling to
1.45 micrograms/mL at 24 hours. After intravenous in-
fusion of the same dose peak plasma concentrations are
briefly somewhat higher, but become very similar to
those after oral dosage on equilibration into the tissues. 
About 80 to 95% of doxycycline in the circulation is
reported to be bound to plasma proteins. Its biological
half-life varies from about 12 to 24 hours. Doxycycline
is more lipid-soluble than tetracycline. It is widely dis-
tributed in body tissues and fluids. 

In patients with normal renal function about 40% of a
dose is slowly excreted in the urine, although more is
excreted by this route if the urine is made alkaline.
However, the majority of a dose of doxycycline is ex-
creted in the faeces after chelation in the intestines. Al-
though doxycycline has been reported to undergo par-
tial inactivation in the liver, some sources consider this
doubtful; however, the kinetics of doxycycline have
been reportedly altered in patients receiving drugs that
induce hepatic metabolism. 
Doxycycline is stated not to accumulate significantly
in patients with renal impairment, although excretion
in the urine is reduced; increased amounts of doxycy-
cline are excreted in the faeces in these patients. Nev-
ertheless, there have been reports of some accumula-
tion in renal failure. Removal of doxycycline by
haemodialysis is insignificant.
◊ Reviews.
1. Saivin S, Houin G. Clinical pharmacokinetics of doxycycline and

minocycline. Clin Pharmacokinet 1988; 15: 355–66.

Uses and Administration
Doxycycline is a tetracycline derivative with uses sim-
ilar to those of tetracycline (p.349). It may sometimes
be preferred to other tetracyclines in the treatment of
susceptible infections because of its fairly reliable ab-
sorption and its long half-life that permits less frequent
(often once daily) dosing. It also has the advantage that
it can be given (with care) to patients with renal impair-
ment. However, relatively high doses may need to be
given for urinary-tract infections because of its low re-
nal excretion. 
Doxycycline has antiprotozoal actions and may be giv-
en in conjunction with quinine in the management of
falciparum malaria resistant to chloroquine (p.594). 
Solutions of doxycycline are also used for malignant
effusions (p.659). 
Doxycycline is usually given orally as the base or its
various salts, usually the hyclate. Doses are expressed
in terms of doxycycline; doxycycline hyclate 115 mg
is equivalent to about 100 mg of anhydrous doxycy-
cline. Doxycycline capsules and tablets should be giv-
en with plenty of fluid, with the patient in an upright
position, and well before going to bed. Doxycycline
may be given with food or milk if gastric irritation oc-
curs. Dispersible tablets or liquid formulations are ad-
visable in elderly patients. 
In patients in whom oral therapy is not feasible, doxy-
cycline hyclate may be given by slow intravenous in-
fusion of a solution containing 0.1 to 1 mg/mL, in
equivalent doses. Infusions should be given over 1 to 4
hours. 
The usual adult dose, either orally or intravenously, is
200 mg of doxycycline on the first day (as a single dose
or in divided doses), followed by 100 mg daily. In se-
vere infections the initial dosage is maintained
throughout the course of treatment. 
In patients with uncomplicated gonococcal infections,
doxycycline 100 mg twice daily for 7 days is given
orally, although it has occasionally been given in a sin-
gle dose of 300 mg followed by a second similar dose
1 hour later. For syphilis in penicillin-allergic patients,
doxycycline 100 to 200 mg twice daily is given orally
for at least 14 days; some authorities suggest giving the
same dose for 28 to 30 days to patients with late latent
disease and those with syphilis for more than a year
should be given 100 mg twice daily for 28 days. 
For relapsing fever and louse-borne typhus, doxycy-
cline 100 or 200 mg may be given as a single oral dose.
For prophylaxis of scrub typhus, 200 mg may be taken
as a single oral dose. For the prophylaxis of leptospiro-
sis, 200 mg may be given orally once a week through-
out exposure for up to 21 days and 200 mg is also given
when leaving the area of infection risk. 
Doxycycline is used in non-endemic areas for the treat-
ment of chloroquine-resistant falciparum malaria in an
oral dose of 200 mg daily for at least 7 days after treat-
ment with quinine. Doxycycline 100 mg daily may be
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used for prophylaxis in areas of high risk or where
multidrug resistance exists, and can be used prophylac-
tically for up to 2 years. 
For treatment and postexposure prophylaxis of inhala-
tion anthrax, a 60-day course of treatment with oral
doses of 100 mg twice daily may be used; one or two
other antibacterials should also be given. Although un-
licensed, the same regimen is recommended by UK
and US public health authorities for the treatment of
gastrointestinal anthrax. In the treatment of cutaneous
anthrax (also unlicensed), a 7- to 10-day course of
treatment with an oral dose of doxycycline 100 mg
twice daily is recommended; treatment may need to be
extended to 60 days if infection is due to aerosol expo-
sure. If there are signs of systemic involvement, exten-
sive oedema, or lesions on the head and neck, intrave-
nous therapy and a multidrug approach is
recommended. 
In the treatment of acne, an oral dose of 50 mg daily for
6 to 12 weeks may be adequate, although the BNF ad-
vocates a dose of 100 mg daily. It is also given in low
doses of 40 mg once daily as a modified-release prep-
aration for the treatment of inflammatory lesions asso-
ciated with rosacea in adults. 
Doxycycline may be given orally in low doses of
20 mg twice daily for 3 months as an adjunct to supra-
gingival and subgingival scaling and root planing to
adults with periodontitis. For chronic periodontitis, a
modified-release subgingival gel containing doxycy-
cline hyclate 10% (released over 7 days) has been in-
serted into the periodontal pocket. 
For details of doses in children and adolescents, see be-
low.
Administration. SUBANTIMICROBIAL DOSES. Doxycycline is
given in doses of 20 mg orally twice daily, which are not suf-
ficient to achieve antimicrobial concentrations in the body, as
an adjunct in the treatment of periodontal disease. The bene-
fits of treatment are believed to be due to its ability to down-
regulate the actions of matrix metalloproteinases, enzymes
involved in the breakdown of collagen and which play a key
role in the inflammatory and destructive processes of perio-
dontitis.1 Similar subantimicrobial doses have been investi-
gated, and produced apparent benefit, in patients with acne or
rosacea;2 there was no evidence that even quite prolonged
therapy at these doses influenced the development of antibi-
otic resistance in bacterial flora. A low-dose modified-release
preparation containing doxycycline 40 mg is available in
some countries for the treatment of inflammatory lesions as-
sociated with rosacea.
1. Preshaw PM, et al. Subantimicrobial dose doxycycline as ad-

junctive treatment for periodontitis: a review. J Clin Periodontol
2004; 31: 697–707. 

2. Del Rosso JQ. A status report on the use of subantimicrobial-
dose doxycycline: a review of the biologic and antimicrobial ef-
fects of the tetracyclines. Cutis 2004; 74: 118–122.

Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential. In the UK, doxycycline is licensed for use in children
aged 12 years and over; the usual adult dose (see above) may be
given orally. However, in the USA, it may be given to children
over 8 years old; those weighing 45 kg or less may be given usual
oral or intravenous doses of 4.4 mg/kg on the first day (as a sin-
gle dose or in divided doses), followed by 2.2 mg/kg daily and
those weighing over 45 kg may be given the usual adult dose (see
above). 
In the USA, doxycycline is licensed in children over 8 years old
for prophylaxis of chloroquine-resistant falciparum malaria in
areas of high risk or where multidrug resistance exists. The rec-
ommended oral dose is 2 mg/kg (to a maximum of 100 mg) once
daily. 
US1 public health authorities suggest that doxycycline may be
given to children under 8 years old for the treatment of inhala-
tion, gastrointestinal, or cutaneous anthrax, and for postexposure
prophylaxis of inhalation anthrax. For the treatment and postex-
posure prophylaxis of inhalation anthrax, a 60-day course of
treatment with initial intravenous doses of 2.2 mg/kg (to a maxi-
mum of 100 mg) twice daily followed by the same dose given
orally is recommended; the same regimen is also recommended
for the treatment of gastrointestinal anthrax. As with the adult
regimens, one or two other antibacterials should also be given. In
the treatment of cutaneous anthrax, a 7- to 10-day course of treat-
ment with an oral dose of 2.2 mg/kg twice daily is recommend-
ed; treatment may need to be extended to 60 days if infection is
due to aerosol exposure. In the UK2 public health authorities only
recommend doxycycline for those older than 8 years old and

weighing over 45 kg who may be given the usual adult dose (see
above).
1. CDC. Notice to readers: update: interim recommendations for

antimicrobial prophylaxis for children and breastfeeding moth-
ers and treatment of children with anthrax. MMWR 2001; 50:
1014–16. Also available at: http://www.cdc.gov/mmwr/PDF/
wk/mm5045.pdf (accessed 25/04/07) 

2. Health Protection Agency. Guidelines for action in the event of
a deliberate release: anthrax. Version 5.9, 16 April 2007. Availa-
ble at: http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/
1194947401128 (accessed 11/08/08)

Lymphatic filariasis. Filaria have been shown to contain Wol-
bachia endobacteria which are essential for larval development
and adult worm fertility and viability. This symbiotic dependen-
cy has provided a new approach in the treatment of individuals
with lymphatic filariasis (p.137). A double-blind, randomised,
placebo-controlled study1 of 72 patients infected with Wuchere-
ria bancrofti found that those given oral doxycycline 200 mg
daily for 8 weeks had a significant reduction in the number of
adult worms at 14 months; ultrasonography detected adult
worms in 22% of those given doxycycline and in 88% of those
given placebo. Microfilaraemia was almost completely eliminat-
ed at 8 to 14 months follow-up. 
See also Onchocerciasis, below.
1. Taylor MJ, et al. Macrofilaricidal activity after doxycycline

treatment of Wuchereria bancrofti: a double-blind, randomised
placebo-controlled trial. Lancet 2005; 365: 2116–21.

Musculoskeletal and joint disorders. For reference to the
use of doxycycline in the management of various musculoskele-
tal and joint disorders, see under Tetracycline, p.350.

Onchocerciasis. As in lymphatic filariasis (above), Onchocer-
ca volvulus worms rely on a symbiotic relationship with Wol-
bachia endobacteria, and this has provided a new approach in the
treatment of individuals with onchocerciasis ( p.137). A 4-month
controlled clinical study1 of 35 patients with onchocerciasis
found that those given oral doxycycline 100 mg daily for 6
weeks showed a trend toward more frequent degeneration or
death of adult worms and suppressed embryonic development at
early stages for the duration of the study period. A subsequent
study2 of 88 patients found that embryogenesis was interrupted
for at least 18 months in those given a single standard dose of
ivermectin (150 micrograms/kg) plus oral doxycycline 100 mg
daily for 6 weeks compared to those given only the standard dose
of ivermectin.
1. Hoerauf A, et al. Endosymbiotic bacteria in worms as targets for

a novel chemotherapy in filariasis. Lancet 2000; 355: 1242–3. 
2. Hoerauf A, et al. Depletion of wolbachia endobacteria in On-

chocerca volvulus by doxycycline and microfilaridermia after
ivermectin treatment. Lancet 2001; 357: 1415–16.

Preparations
BP 2008: Dispersible Doxycycline Tablets; Doxycycline Capsules; 
USP 31: Doxycycline Calcium Oral Suspension; Doxycycline Capsules;
Doxycycline for Injection; Doxycycline for Oral Suspension; Doxycycline
Hyclate Capsules; Doxycycline Hyclate Delayed-release Capsules; Doxycy-
cline Hyclate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Asolmicina.dox; Atridox; Ciclidoxan; Doxibiot; Granudoxy; Verboril;
Vibramicina; Austral.: Doryx; Doxsig; Doxy; Doxyhexal; Doxylin; Frakas;
Vibra-Tabs; Vibramycin; Austria: Aliudox; Dotur; Doxal; Doxybene; Doxy-
derm; Doxydyn; Doxyhexal; Doxylan; Doxystad; Supracyclin; Vibramycin;
Vibravenos; Belg.: Docdoxycy; Doxylets; Doxytab; Vibramycine; Vibratab;
Braz.: Ciclisan; Clordox; Doxilina†; Neo Doxicilin; Protectina; Uni Doxicic-
lin; Vibramicina; Canad.: Apo-Doxy; Doxycin; Doxytec†; Novo-Doxylin;
Vibra-Tabs; Chile: Doryx; Doxithal; Sigadoxin; Vibramicina; Cz.: Apo-
Doxy†; Deoxymykoin; Doxybene; Doxyhexal; Helvedoclyn†; Unidox†;
Denm.: Atridox†; Vibradox; Vibramycin†; Fin.: Apodoxin; Atridox†; Do-
syklin; Doximed; Doximycin; Doxitin; Fr.: Doxy; Doxygram; Doxylis; Dox-
ypalu; Granudoxy; Spanor; Tolexine; Vibramycine N; Ger.: Aknefug Doxy;
Antodox; Atridox; Azudoxat†; Clinofug D†; Doxakne; Doxy; Doxy Komb;
Doxy M; Doxy-Diolan†; Doxy-HP; Doxy-N-Tablinen; Doxy-Puren†; Doxy-
Wolff; Doxyderma; Doxydoc; Doxyhexal; Doxymerck; Doxymono; Jenacy-
clin†; Mespafin; Neodox†; Sigadoxin†; Supracyclin; Vibramycin†; Vi-
bravenos†; Gr.: Atridox; Impalamycin; Microvibrate; Novimax; Otosal; Re-
lyomycin; Smilitene; Vibramycin; Vibravenos†; Vibravenosa†; Hong Kong:
Amermycin; Doxitab; Doxy†; Doxymycin; Medomycin; Remycin†; Vibramy-
cin; Wanmycin; Zadorin†; Hung.: Doxypharm; Doxyprotect; Huma-Dox-
ylin; Tenutan; Vibramycin†; India: Biodoxi; Doxicip; Doxy; Doxypal-DR;
Geeox; Lenteclin; Solomycin; Vibazine†; Indon.: Dotur; Doxacin; Doxicor;
Doxin; Dumoxin; Interdoxin; Siclidon; Viadoxin; Vibramycin; Irl.: By-Mycin;
Periostat; Vibramycin; Israel: Doxibiotic; Doxy; Doxylin; Doxytrim; Perio-
stat; Vibramycin; Ital.: Bassado; Miraclin; Malaysia: Bronmycin†; Doline;
Doxacyne†; Doxy†; Doxycillin; Doxymycin; Medomycin; Vibramycin; Wan-
mycin†; Zadorin†; Mex.: Apociclina†; Bioximicina; Domiken; Kenciclen; Pe-
riosan; Vibramicina; Vivradoxil; Neth.: Atridox; Doxy; Doxy-Dagra†; Dox-
ymycin†; Periostat; Unidox; Vibra-S†; Vibramycin; Norw.: Doryx†; Doxylin;
Doxysol†; Dumoxin; Vibramycin; NZ: Atridox†; Doxine; Doxy; Philipp.:
Cytragen; Doxicon; Doxin; Doxylyn; Harvellin; Vibramycin; Pol.: Dotur;
Doxicin; Doxyratio M; Supracyclin; Unidox; Port.: Actidox; Atridox; Bioc-
in†; Doxytrex; Periostat; Pluridoxina; Sigadoxin; Vibramicina; Rus.: Apo-
Doxy (Апо-докси)†; Doxal (Доксал)†; Medomycin (Медомицин); Uni-
dox (Юнидокс); Vibramycin (Вибрамицин); S.Afr.: Cyclidox; Doximal;
Doxitab; Doxyclin; Doxycyl; Doxyhexal; Doxymycin; Dumoxin; Noritet;
Randoclin†; Vibramycin; Singapore: Apo-Doxy; Bronmycin; Doryx†; Dox-
ilin†; Doxine; Doxycap; Doxyline; Doxymycin; Medomycin; Remycin†; Tet-
radox; Vibramycin; Wanmycin; Spain: Docostyl†; Dosil; Doxiclat; Doxic-
risol; Doxinate†; Doxiten Bio; Mededoxi; Peledox; Proderma; Retens;
Rexilen; Vibracina; Vibravenosa; Swed.: Atridox; Doryx†; Doxyferm; Vi-
bramycin; Switz.: Atridox; Diocimex; Doxy-basan†; Doxycline; Doxylag;
Doxysol; Periostat; Rudocycline; Sigadoxin†; Supracycline; Tasmacyclin
Akne; Vibramycine; Vibraveineuse; Zadorine; Thai.: Amermycin; Bronmy-
cin; Docline; Docyl; Doxin; Doxy; Doxy-P†; Doxycline; Doxylcap; Doxylin;
Dumoxin†; Madoxy; Medomycin; Medoxin; Poli-Cycline; Servidoxyne; Sia-

docin; Tetradox; Torymycin; Veemycin; Vibramycin; Turk.: Doksin; Mono-
doks; Tetradox; UAE: DuraDox; UK: Atridox; Demix†; Doxylar; Periostat;
Vibramycin; USA: Adoxa; Alodox; Atridox; Doryx; Monodox; Oracea;
Oraxyl; Periostat; Vibra-Tabs; Vibramycin; Venez.: Doxiclival; Tremesal; Vi-
brafesa†; Vibramicina C.

Multi-ingredient: Cz.: Doxycyclin Al Comp; Ger.: Ambrodoxy; Am-
broxol AL comp; Ambroxol comp; Amdox-Puren†; Azudoxat comp†;
Doxam; Doximucol; Doxy Comp; Doxy Lindoxyl; Doxy Plus; Doxy-Wolff
Mucolyt†; Doxysolvat†; Jenabroxol comp†; Sigamuc†; Terelit†; Spain: Dosil
Enzimatico; Doxiten Enzimatico; Pulmotropic.

Enoxacin (BAN, USAN, rINN)

AT-2266; CI-919; Enoksasiini; Enoksasin; Énoxacine; Enoxacino;
Enoxacinum; PD-107779. 1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-
(1-piperazinyl)-1,8-naphthyridine-3-carboxylic acid.
Эноксацин
C15H17FN4O3 = 320.3.
CAS — 74011-58-8.
ATC — J01MA04.
ATC Vet — QJ01MA04.

Pharmacopoeias. Chin. and Jpn include the sesquihydrate.
Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Reduced dosage may be needed in renal impairment—see Ad-
ministration in Renal Impairment, under Uses and Administra-
tion, below.
Interactions
As for Ciprofloxacin, p.246. 
Of the fluoroquinolones, enoxacin has been reported to cause the
most marked interaction with theophylline (p.1143) and with
caffeine (p.1117).
Antimicrobial Action
As for Ciprofloxacin, p.246, although enoxacin is generally less
potent in vitro.
Pharmacokinetics
Peak plasma concentrations of 2 to 3 micrograms/mL occur 1 to
2 hours after a 400-mg oral dose of enoxacin. The plasma half-
life is about 3 to 6 hours. Plasma protein binding ranges from 18
to 67%. Enoxacin appears to be widely distributed in the body
and concentrations higher than those in plasma have been report-
ed in tissues such as lung, kidney, and prostate. High concentra-
tions are achieved in bile, but the extent of biliary excretion is not
completely clear. 
Enoxacin is eliminated from the body mainly by urinary excre-
tion, but also by metabolism. The major metabolite, 3-oxo-
enoxacin, has some antibacterial activity. Urinary excretion of
enoxacin is by both tubular secretion and glomerular filtration
and may be reduced by probenecid. High concentrations are
achieved in the urine since about 60% of an oral dose of enoxacin
appears unchanged in the urine within 24 hours; about 10% is
recovered as 3-oxo-enoxacin. In renal impairment the half-life of
enoxacin may be prolonged and the oxometabolite may accumu-
late.
Uses and Administration
Enoxacin is a fluoroquinolone antibacterial with actions and uses
similar to those of ciprofloxacin (p.247). It is used mainly in the
treatment of urinary-tract infections (p.199) and gonorrhoea
(p.191). 
For urinary-tract infections, enoxacin is given orally in doses of
200 to 400 mg twice daily. 
For details of reduced doses in renal impairment, see below. 
A single 400-mg dose is given for uncomplicated gonorrhoea.
◊ References.
1. Patel SS, Spencer CM. Enoxacin: a reappraisal of its clinical ef-

ficacy in the treatment of genitourinary tract infections. Drugs
1996; 51: 137–60.

Administration in renal impairment. In renal impairment
when the creatinine clearance is 30 mL/minute or less the urinary
concentrations achieved may be too low to have a therapeutic
effect in urinary-tract infections. In other infections, half the usu-
al dose of enoxacin is recommended.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Enoxor; Fr.: Enoxor; Ger.: Enoxor; Ital.: Bactidan; Enoxen; Jpn:
Flumark; Port.: Vinone†; S.Afr.: Bactidron†; Turk.: Enoksetin; USA: Pene-
trex†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Enrofloxacin (BAN, USAN, rINN)

Bay-Vp-2674; Enrofloksasiini; Enrofloxacine; Enrofloxacino; Enro-
floxacinum. 1-Cyclopropyl-7-(4-ethylpiperazin-1-yl)-6-fluoro-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid.
Энрофлоксацин
C19H22FN3O3 = 359.4.
CAS — 93106-60-6.
ATC Vet — QJ01MA90.

Profile
Enrofloxacin is a fluoroquinolone antibacterial that is used in
veterinary practice.

Ertapenem Sodium (BANM, USAN, rINNM)

Ertapenem sódico; Ertapénem Sodique; L-749345; MK-826;
MK-0826; Natrii Ertapenemum; ZD-4433. Sodium (4R,5S,6S)-3-
({(3S,5S)-5-[(m-Carboxyphenyl)carbamoyl]-3-pyrrolidinyl}thio)-
6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyc-
lo[3.2.0]hept-2-ene-2-carboxylate.
Натрий Эртапенем
C22H24N3NaO7S = 497.5.
CAS — 153832-46-3 (ertapenem); 153832-38-3 (ertap-
enem disodium); 153773-82-1 (ertapenem sodium).
ATC — J01DH03.
ATC Vet — QJ01DH03.

Incompatibility and stability. References.
1. McQuade MS, et al. Stability and compatibility of reconstituted

ertapenem with commonly used iv infusion and coinfusion solu-
tions. Am J Health-Syst Pharm 2004; 61: 38–45.

Adverse Effects and Precautions
As for Imipenem, p.286. 
Ertapenem is more stable to renal dehydropeptidase I
than imipenem and use with cilastatin, which inhibits
the enzyme, is not required.

Interactions
Probenecid inhibits the renal excretion of ertapenem
thereby increasing its plasma concentrations and pro-
longing its elimination half-life.
Antiepileptics. For reports of decreased plasma-valproate con-
centrations (sometimes with loss of seizure control) attributed to
ertapenem, see p.510.

Antimicrobial Action
As for Imipenem, p.287, 
Ertapenem is reported to be slightly more active in vit-
ro than imipenem but has a narrower spectrum of ac-
tivity and is not active against Acinetobacter or Pseu-
domonas aeruginosa.

Pharmacokinetics
After intravenous infusion of ertapenem 1 g over
30 minutes, a mean plasma concentration of
155 micrograms/mL is at tained,  fal l ing to
9 micrograms/mL after 12 hours and 1 microgram/mL
after 24 hours. After the same dose intramuscularly, a
plasma concentration of 67 micrograms/mL is
achieved after 2 hours. Bioavailability after intramus-
cular injection is about 90%. 
Ertapenem is more than 90% bound to plasma pro-
teins. It is distributed into breast milk. The plasma half-
life is about 4 hours in adults and 2.5 hours in infants
and in children aged 3 months to 12 years; the half-life
may be prolonged in patients with renal impairment. 
Ertapenem is partially metabolised via hydrolysis of its
beta-lactam ring by dehydropeptidase I to an open-
ringed metabolite. About 80% of a dose is excreted in
the urine as both unchanged drug and metabolite.
About 10% is excreted in faeces. 
Ertapenem is removed by haemodialysis.

Uses and Administration
Ertapenem is a carbapenem beta-lactam antibacterial
with actions and uses similar to those of imipenem
(p.287). It is more stable to renal dehydropeptidase I
than imipenem and need not be given with an enzyme
inhibitor such as cilastatin. It is used in the treatment of
susceptible infections including intra-abdominal infec-
tions, acute gynaecological infections, urinary-tract in-
fections, skin and skin structure infections (including
diabetic foot infections), and community-acquired
pneumonia. It is also used prophylactically in colorec-
tal surgery. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Ertapenem is given as the sodium salt, but doses are
expressed in terms of the base; 1.04 g of ertapenem so-
dium is equivalent to about 1 g of ertapenem. For treat-
ment, it is given by intravenous infusion over 30 min-
utes or by intramuscular injection, in a usual adult dose
of 1 g once daily. For prophylaxis, a single 1- g dose is
given intravenously 1 hour before the start of surgery.
For details of reduced doses in renal impairment, see
below. 
For details of doses in infants and children, see below.
◊ Reviews.
1. Keating GM, Perry CM. Ertapenem: a review of its use in the

treatment of bacterial infections. Drugs 2006; 65: 2151–78.

Administration in children. The dose of ertapenem for chil-
dren aged 3 months to 12 years is 15 mg/kg twice daily (up to a
maximum of 1 g daily) given by intravenous infusion over 30
minutes; if appropriate, the intramuscular route may be used.
Administration in renal impairment. Doses of ertapenem
should be reduced in patients with renal impairment according to
creatinine clearance (CC) and the following data are based on US
prescribing information: 
• CC 30 mL or less per minute (including end-stage disease

where CC is 10 mL or less per minute): 500 mg daily for
adults 

• haemodialysis: if the 500-mg dose is given in the 6-hour peri-
od before dialysis an additional 150 mg should be given after
each session. 

The UK product licence, however, states that in advanced renal
insufficiency and haemodialysis there are inadequate data to
make recommendations and that ertapenem should not be used
in these patients.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Invanz; Austral.: Invanz; Austria: Invanz; Belg.: Invanz†; Braz.: In-
vanz; Canad.: Invanz; Chile: Invanz; Cz.: Invanz; Denm.: Invanz; Fin.: In-
vanz; Fr.: Invanz; Ger.: Invanz; Gr.: Invanz; Hong Kong: Invanz; Hung.:
Invanz; Irl.: Invanz; Israel: Invanz; Ital.: Invanz; Malaysia: Invanz; Neth.:
Invanz; NZ: Invanz; Philipp.: Invanz; Pol.: Invanz; Port.: Invanz; Rus.: In-
vanz (Инванз); S.Afr.: Invanz; Singapore: Invanz; Spain: Invanz; Swed.:
Invanz; Thai.: Invanz; UK: Invanz; USA: Invanz; Venez.: Invanz.

Erythromycin (BAN, rINN)

Eritromicin; Eritromicina; Eritromicinas; Eritromisin; Érythromy-
cine; Erythromycinum; Erytromycin; Erytromycyna; Erytromysii-
ni. Erythromycin A is (2R,3S,4S,5R,6R,8R,10R,11R,12S,13R)-5-(3-
amino-3,4,6-trideoxy-N,N-dimethyl-β-D-xylo-hexopyranosy-
loxy)-3-(2,6-dideoxy-3-C,3-O-dimethyl-α-L-ribo-hexopyranosy-
loxy)-13-ethyl-6,11,12-trihydroxy-2,4,6,8,10,12-hexamethyl-9-
oxotridecan-13-olide.
Эритромицин
C37H67NO13 = 733.9.
CAS — 114-07-8.
ATC — D10AF02; J01FA01; S01AA17.
ATC Vet — QD10AF02; QJ01FA01; QJ51FA01; QS01AA17.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Erythromycin). It is produced by the growth of a
strain of Streptomyces erythreus and is a mixture of macrolide
antibiotics consisting largely of erythromycin A. It occurs as a
white or slightly yellow powder or colourless or slightly yellow
crystals; slightly hygroscopic. Slightly soluble in water but less
soluble at higher temperatures; freely soluble in alcohol; soluble
in methyl alcohol. Protect from light. 
USP 31 (Erythromycin). It consists primarily of erythromycin A.
A white or slightly yellow, odourless or practically odourless,
crystalline powder. Soluble 1 in 1000 of water; soluble in alco-
hol, in chloroform, and in ether. Store in airtight containers.

Erythromycin Estolate (BAN, USAN, rINNM)

Eritromicin-esztolát; Eritromicino estolatas; Erythromycin Propi-
onate Lauryl Sulfate; Erythromycin Propionate Lauryl Sulphate;
Érythromycine, estolate d’; Erythromycin-estolát; Erythromycini
estolas; Erytromycinestolat; Erytromycyny estolan; Erytromysiini-
estolaatti; Estolato de eritromicina; Propionylerythromycin Laur-
yl Sulphate. Erythromycin 2′-propionate dodecyl sulphate.

Эритромицина Эстолат

C40H71NO14,C12H26O4S = 1056.4.

CAS — 3521-62-8.

ATC — D10AF02; J01FA01; S01AA17.

ATC Vet — QD10AF02; QJ01FA01; QS01AA17.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Erythromycin Estolate). A white or almost white,
crystalline powder. Practically insoluble in water; freely soluble
in alcohol; soluble in acetone; practically insoluble in dilute hy-
drochloric acid. Protect from light. 
USP 31 (Erythromycin Estolate). A white, odourless or practi-
cally odourless, crystalline powder. It has a potency equivalent to
not less than 600 micrograms of erythromycin per mg, calculat-
ed on the anhydrous basis. Practically insoluble in water; soluble
1 in 20 of alcohol, 1 in 15 of acetone, and 1 in 10 of chloroform.
Store in airtight containers.

Erythromycin Ethyl Succinate (BANM)

Eritromicina, etilsuccinato de; Eritromicin-etilszukcinát; Eritromi-
cino etilsukcinatas; Erythromycin Ethylsuccinate; Érythromycine,
éthylsuccinate d’; Erythromycin-ethylsukcinát; Erythromycini
ethylsuccinas; Erytromycinetylsuccinat; Erytromycyny etylobursz-
tynian; Erytromysiinietyylisuksinaatti. Erythromycin 2′-(ethylsucci-
nate).

Эритромицина Этилсукцинат

C43H75NO16 = 862.1.

CAS — 41342-53-4.

ATC — D10AF02; J01FA01; S01AA17.

ATC Vet — QD10AF02; QJ01FA01; QS01AA17.

NOTE. Compounded preparations of erythromycin ethyl succinate
may be represented by the following names: 

• Co-erynsulfisox (PEN)—erythromycin ethyl succinate and
acetyl sulfafurazole.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Erythromycin Ethylsuccinate; Erythromycin Ethyl
Succinate BP 2008). A white or almost white, hygroscopic crys-
talline powder. Practically insoluble in water; freely soluble in
dehydrated alcohol, in acetone, and in methyl alcohol. Store in
airtight containers. Protect from light. 
USP 31 (Erythromycin Ethylsuccinate). A white or slightly yel-
low, odourless or practically odourless, crystalline powder. It has
a potency equivalent to not less than 765 micrograms of erythro-
mycin per mg, calculated on the anhydrous basis. Very slightly
soluble in water; freely soluble in alcohol, in chloroform, and in
macrogol 400. Store in airtight containers.

Erythromycin Gluceptate (BANM, rINNM)

Érythromycine, Gluceptate d’; Erythromycini Gluceptas; Glucep-
tato de eritromicina. Erythromycin glucoheptonate.

Эритромицина Глюцептат

C37H67NO13,C7H14O8 = 960.1.

CAS — 304-63-2; 23067-13-2.

ATC — D10AF02; J01FA01; S01AA17.

ATC Vet — QD10AF02; QJ01FA01; QS01AA17.

Pharmacopoeias. In US. 
USP 31 (Sterile Erythromycin Gluceptate). It is erythromycin
gluceptate suitable for parenteral use. It has a potency equivalent
to not less than 600 micrograms of erythromycin per mg, calcu-
lated on the anhydrous basis. pH of a 2.5% solution in water is
between 6.0 and 8.0.
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Erythromycin Lactobionate (BANM, rINNM)

Eritromicin-laktobionát; Eritromicino laktobionatas; Érythromy-
cine, lactobionate d’; Erythromycini lactobionas; Erythromycin-
laktobionát; Erytromycinlaktobionat; Erytromycyny laktobionian;
Erytromysiinilaktov; Éthylèneglycol, monostéarate d’; Lactobion-
ato de eritromicina; Lactobionato de eritromicina. Erythromycin
mono(4-O-β-D-galactopyranosyl-D-gluconate).
Эритромицина Лактобионат
C37H67NO13,C12H22O12 = 1092.2.
CAS — 3847-29-8.
ATC — D10AF02; J01FA01; S01AA17.
ATC Vet — QD10AF02; QJ01FA01; QS01AA17.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Erythromycin Lactobionate). Salt of a product ob-
tained by fermentation using a strain of Streptomyces erythreus.
White or slightly yellow, hygroscopic powder. Soluble in water;
freely soluble in dehydrated alcohol and in methyl alcohol; very
slightly soluble in acetone and in dichloromethane. A 2% solu-
tion in water has a pH of 6.5 to 7.5. Store in airtight containers. 
USP 31 (Sterile Erythromycin Lactobionate). It has a potency
equivalent to not less than 525 micrograms of erythromycin per
mg, calculated on the anhydrous basis. pH of a solution in water
containing the equivalent of erythromycin 5% is between 6.5 and
7.5.

Erythromycin Propionate (BANM, USAN, rINNM)

Erythromycin Propanoate; Érythromycine, Propionate d’; Eryth-
romycini Propionas; Propionato de eritromicina; Propionyleryth-
romycin. Erythromycin 2′-propionate.
Эритромицина Пропионат
C40H71NO14 = 790.0.
CAS — 134-36-1.
ATC — D10AF02; J01FA01; S01AA17.
ATC Vet — QD10AF02; QJ01FA01; QS01AA17.
Pharmacopoeias. In Fr.

Erythromycin Stearate (BANM, rINNM)

Eritromicino stearatas; Eritromicin-sztearát; Eritromisin Stearat;
Érythromycine, stéarate d’; Erythromycini stearas; Erythromycin-
stearát; Erytromycinstearat; Erytromycyny stearynian; Erytro-
mysiinistearaatti; Estearato de eritromicina. Erythromycin octa-
decanoate.
Эритромицина Стеарат
C37H67NO13,C18H36O2 = 1018.4.
CAS — 643-22-1.
ATC — D10AF02; J01FA01; S01AA17.
ATC Vet — QD10AF02; QJ01FA01; QS01AA17.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet. 
Ph. Eur. 6.2 (Erythromycin Stearate). A mixture of the stearates
of erythromycin and stearic acid. A white or almost white crys-
talline powder. Practically insoluble in water; soluble in acetone
and in methyl alcohol. Solutions may be opalescent. 
USP 31 (Erythromycin Stearate). The stearic acid salt of eryth-
romycin with an excess of stearic acid. White or slightly yellow
crystals or powder, odourless or may have a slight, earthy odour.
Practically insoluble in water; soluble in alcohol, in chloroform,
in ether, and in methyl alcohol. Store in airtight containers.
Incompatibility and stability. The stability of erythromycin
derivatives is dependent upon pH, with particularly rapid degra-
dation occurring at a pH greater than 10 or less than 5.5. Incom-
patibility might reasonably be expected, therefore, when erythro-
mycin preparations are mixed with drugs or preparations that
have a highly acidic or alkaline pH. In practice, reports of incom-
patibility are not always consistent, and other factors such as the
temperature and concentration of solutions, and the diluents
used, may play a role.
Solutions for infusion. For the preparation of solutions of
erythromycin lactobionate for infusion, a primary solution con-
taining not more than 5% of erythromycin should be prepared
first; only water for injection should be used in preparing the pri-
mary solution. It should be further diluted with sodium chloride
0.9% or other suitable intravenous fluid before use. Acidic solu-
tions, such as glucose, should only be used if neutralised with
sodium bicarbonate.

Adverse Effects
Erythromycin and its salts and esters are generally well
tolerated and serious adverse effects are rare. Gastroin-
testinal disturbances such as abdominal discomfort and
cramp, nausea, vomiting, and diarrhoea are fairly com-
mon after both oral and parenteral use, probably be-
cause of the stimulant activity of erythromycin on the
gut. Gastrointestinal effects are dose related and appear
to be more common in young than in older patients.
Superinfection with resistant organisms may occur and
pseudomembranous colitis has been reported. 
Hypersensitivity reactions appear to be uncommon,
having been reported in about 0.5% of patients, and in-

clude pruritus, urticaria, and skin rash as well as occa-
sional cases of anaphylaxis. Stevens-Johnson syn-
drome and toxic epidermal necrolysis have also been
reported very rarely. Hypersensitivity or irritation may
occur after topical application of erythromycin. 
A hypersensitivity reaction is thought to be responsible
for the hepatotoxicity sometimes reported in patients
receiving erythromycin or its derivatives but this has
been disputed by some. Most reports of cholestatic
hepatitis have been in patients receiving the estolate,
and it has been suggested that the propionyl ester link-
age is particularly associated with hepatotoxicity, but
symptoms have also been reported in patients given the
base and most of the other derivatives, both orally and
parenterally. Symptoms indicative of cholestasis, in-
cluding upper abdominal pain (sometimes very se-
vere), nausea and vomiting, abnormal liver function
values, raised serum bilirubin, and usually jaundice,
may be accompanied by rash, fever, and eosinophilia.
Symptoms usually occur in patients who have been
taking the drug for more than 10 days, although they
may develop more quickly in patients given the drug
previously. Hepatic dysfunction seems to be rare in
children under 12 years of age. The effects of erythro-
mycin on the liver are generally reversible on stopping
treatment. Erythromycin may interfere with tests for
serum aspartate aminotransferase, which might make
diagnosis of hepatotoxicity more difficult. 
A generally reversible sensorineural deafness, some-
times with tinnitus, has been reported in patients given
erythromycin and appears to be related to serum con-
centration, with an increased likelihood of such effects
in patients given doses of 4 g or more daily of base or
its equivalent, in those given intravenous therapy, and
in those with renal or hepatic impairment. 
Other adverse effects that have been reported in pa-
tients given erythromycin include agranulocytosis, ag-
gravation of muscular weakness in myasthenia gravis
patients, and pancreatitis. Prolongation of the QT inter-
val and other arrhythmias, sometimes fatal, including
torsade de pointes have been reported particularly with
intravenous use. There have also been isolated reports
of transient CNS adverse effects including confusion,
hallucinations, seizures, and vertigo. 
Parenteral formulations of erythromycin are irritant
and intravenous dosage may produce thrombophlebi-
tis, particularly at high doses. Intramuscular injection is
generally avoided as it may produce severe pain.
◊ General reviews.
1. Periti P, et al. Adverse effects of macrolide antibacterials. Drug

Safety 1993; 9: 346–64. 
2. Principi N, Esposito S. Comparative tolerability of erythromycin

and newer macrolide antibacterials in paediatric patients. Drug
Safety 1999; 20: 25–41. 

3. Rubinstein E. Comparative safety of the different macrolides. Int
J Antimicrob Agents 2001; 18 (suppl 1): S71–S76.

Effects on body temperature. A report of hypothermia as-
sociated with oral erythromycin in 2 children.1 Symptoms re-
solved on stopping the drug. The children were cousins, perhaps
indicating a genetic predisposition to the effect. There has also
been a similar report of hypothermia in 3 children given azithro-
mycin orally.2
1. Hassel B. Hypothermia from erythromycin. Ann Intern Med

1991; 115: 69–70. 
2. Kavukçu S, et al. Hypothermia from azithromycin. J Toxicol

Clin Toxicol 1997; 35: 225 6.

Effects on the cardiovascular system. There have been sev-
eral reports1-6 of QT prolongation or torsade de pointes associat-
ed with erythromycin, particularly with intravenous use. 
A review7 of reports of torsade de pointes received by the FDA
Adverse Event Reporting System between 1987 and December
2000 identified 156 cases associated with use of the macrolides
azithromycin, clarithromycin, dirithromycin, or erythromycin.
Of these reports, half involved the use of other drugs known to
prolong the QT interval; co-morbid diseases and physiological
abnormalities, including cardiac abnormalities, were also com-
monly reported. A retrospective analysis8 of a cohort of patients
who suffered sudden death from cardiac causes found that the
rate of sudden cardiac death was twice as high among current
users of erythromycin as in those not using antibacterials; there
was no such increase among former users, nor among current
users of amoxicillin. The greatest increase in risk was seen in
patients using erythromycin with inhibitors of the cytochrome
P450 isoenzyme subfamily CYP3A; such patients had more than

5 times the risk of sudden cardiac death of patients who took nei-
ther.
1. McComb JM, et al. Recurrent ventricular tachycardia associated

with QT prolongation after mitral valve replacement and its as-
sociation with intravenous administration of erythromycin. Am J
Cardiol 1984; 54: 922–3. 

2. Schoenenberger RA, et al. Association of intravenous erythro-
mycin and potentially fatal ventricular tachycardia with Q-T pro-
longation (torsades de pointes). BMJ 1990; 330: 1375–6. 

3. Nattel S, et al. Erythromycin-induced long QT syndrome: con-
cordance with quinidine and underlying cellular electrophysio-
logic mechanism. Am J Med 1990; 89: 235–8. 

4. Gitler B, et al. Torsades de pointes induced by erythromycin.
Chest 1994; 105: 368–72. 

5. Gouyon JB, et al. Cardiac toxicity of intravenous erythromycin
lactobionate in preterm infants. Pediatr Infect Dis J 1994; 13:
840–1. 

6. Drici M-D, et al. Cardiac actions of erythromycin: influence of
female sex. JAMA 1998; 280: 1774–6. 

7. Shaffer D, et al. Concomitant risk factors in reports of torsades
de pointes associated with macrolide use: review of the United
States Food and Drug Administration Adverse Event Reporting
System. Clin Infect Dis 2002; 35: 197–200. 

8. Ray WA, et al. Oral erythromycin and the risk of sudden death
from cardiac causes. N Engl J Med 2004; 351: 1089–96.

Effects on the gastrointestinal tract. Comparison in pa-
tients with upper respiratory-tract infections has suggested that
erythromycin ethyl succinate may be associated with less ab-
dominal pain than an equivalent dosage of erythromycin base.1
Another study has indicated that there was no significant differ-
ence in gastrointestinal symptoms between plain and enteric-
coated formulations of erythromycin base.2 Severe nausea and
vomiting after rapid intravenous infusion of erythromycin lacto-
bionate stopped in 2 patients who transferred to oral erythromy-
cin base or ethyl succinate.3 However, the adverse effects may
have been due to the rate of infusion, since in 2 further patients
symptoms resolved when the lactobionate was given more slow-
ly as a more dilute solution.3 
There have been a number of studies suggesting an association
between erythromycin and infantile hypertrophic pyloric steno-
sis.4-6 A retrospective cohort study of 469 infants who had re-
ceived erythromycin found that 43 were diagnosed with the con-
dition including 36 male infants, although erythromycin had
been prescribed almost equally for males and females.5 All the
infants in whom stenosis developed were given erythromycin in
the first 2 weeks of life. In another study,6 involving 7138 infants
who received erythromycin between 3 and 90 days of life, use of
the drug between 3 and 13 days of life was associated with an
almost eightfold increased risk of infantile hypertrophic pyloric
stenosis. However, it was believed that the evidence did not sup-
port a generalisation of this association to the whole class of
macrolides7 although pyloric stenosis has been reported in
breast-fed infants associated with the use of erythromycin or sev-
eral other macrolides in their mothers (see under Precautions, be-
low). 
For reference to the stimulant effects of erythromycin on the gas-
trointestinal tract, see Decreased Gastrointestinal Motility under
Uses and Administration, below.
1. Saloranta P, et al. Erythromycin ethylsuccinate, base and acis-

trate in the treatment of upper respiratory tract infection: two
comparative studies of tolerability. J Antimicrob Chemother
1989; 24: 455–62. 

2. Ellsworth AJ, et al. Prospective comparison of patient tolerance
to enteric-coated vs non-enteric-coated erythromycin. J Fam
Pract 1990; 31: 265–70. 

3. Seifert CF, et al. Intravenous erythromycin lactobionate-induced
severe nausea and vomiting. DICP Ann Pharmacother 1989; 23:
40–4. 

4. Honein MA, et al. Infantile hypertrophic pyloric stenosis after
pertussis prophylaxis with erythromycin: a case review and co-
hort study. Lancet 1999; 354: 2101–5. Correction. ibid. 2000;
355: 758. 

5. Mahon BE, et al. Maternal and infant use of erythromycin and
other macrolide antibiotics as risk factors for infantile hyper-
trophic pyloric stenosis. J Pediatr 2001; 139: 380–4. 

6. Cooper WO, et al. Very early exposure to erythromycin and in-
fantile hypertrophic pyloric stenosis. Arch Pediatr Adolesc Med
2002; 156: 647–50. 

7. Hauben M, Amsden GW. The association of erythromycin and
infantile hypertrophic pyloric stenosis: causal or coincidental?
Drug Safety 2002; 25: 929–42.

Effects on the neonate. For a suggestion that erythromycin or
other macrolides might be associated with an increased risk of
infantile hypertrophic pyloric stenosis in neonates, see under Ef-
fects on the Gastrointestinal Tract, above.
Effects on the skin. Skin reactions ranging from mild erup-
tions to erythema multiforme, Stevens-Johnson syndrome, and
toxic epidermal necrolysis have rarely been reported with mac-
rolides.1,2

1. Lestico MR, Smith AD. Stevens-Johnson syndrome following
erythromycin administration. Am J Health-Syst Pharm 1995; 52:
1805–7. 

2. Sullivan S, et al. Stevens-Johnson syndrome secondary to eryth-
romycin. Ann Pharmacother 1999; 33: 1369.

Overdosage. Acute pancreatitis was reported in a 12-year-old
girl after ingestion of about 5 g of erythromycin base.1 Transient
pancreatitis has also been reported in another 15-year-old girl
who took 5.328 g of erythromycin base.2 Erythromycin produc-
es contraction of the sphincter of Oddi resulting in reflux of bile
into the pancreas but the resulting pancreatitis is self-limited and
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remits when sphincter tone returns to normal after the erythro-
mycin is eliminated from the body.
1. Berger TM, et al. Acute pancreatitis in a 12-year-old girl after an

erythromycin overdose. Pediatrics 1992; 90: 624–6. 
2. Tenenbein MS, Tenenbein M. Acute pancreatitis due to erythro-

mycin overdose. Pediatr Emerg Care 2005; 21: 675–6.

Precautions
Erythromycin and its derivatives should be avoided in
those known to be hypersensitive to it, or in those who
have previously developed jaundice. All forms of
erythromycin should be used with care in patients with
existing liver disease or hepatic impairment, and the
estolate is best avoided in such patients; liver function
should be monitored. Repeated courses of the estolate
or use for longer than 10 days increases the risk of
hepatotoxicity. 
The lactobionate should be used with caution in pa-
tients with severe renal impairment; dosage reduction
may be necessary particularly in those who develop
toxicity. A reduced dose of the estolate has also been
recommended in severe renal impairment. 
Erythromycin may aggravate muscle weakness in pa-
tients with myasthenia gravis. 
Erythromycin should be used with care in patients with
a history of arrhythmias or a predisposition to QT inter-
val prolongation. Certain medications may also in-
crease the risk of arrhythmias (see Interactions, below). 
Erythromycin may interfere with some diagnostic tests
including measurements of urinary catecholamines
and 17-hydroxycorticosteroids. It has also been associ-
ated with falsely-elevated serum aspartate aminotrans-
ferase values when measured colorimetrically, al-
though genuine elevations of this enzyme, due to
hepatotoxicity, also occur, particularly with the es-
tolate. 
Erythromycin is irritant; solutions for parenteral use
should be suitably diluted and given by intravenous in-
fusion over 20 to 60 minutes to reduce the incidence of
thrombophlebitis. Rapid infusion is also more likely to
be associated with arrhythmias or hypotension.
Breast feeding. There has been a report1 of a breast-fed infant
who developed pyloric stenosis thought to be associated with use
of erythromycin by the mother. A large Danish population-based
cohort study2 later concluded that the use of macrolides (azithro-
mycin, clarithromycin, erythromycin, roxithromycin, or
spiramycin) during breast feeding increased the risk of infantile
hypertrophic pyloric stenosis. (See also Effects on the Gastroin-
testinal Tract, above.) A milk-to-plasma ratio of 0.5 has been re-
ported for erythromycin.3 However, the American Academy of
Pediatrics4 states that, although erythromycin is concentrated in
human breast milk, no adverse effects have been seen in breast-
fed infants whose mothers were receiving erythromycin and it is
therefore usually compatible with breast feeding.
1. Stang H. Pyloric stenosis associated with erythromycin ingested

through breastmilk. Minn Med 1986; 69: 669–70, 682. 
2. Sørensen HT, et al. Risk of infantile hypertrophic pyloric steno-

sis after maternal postnatal use of macrolides. Scand J Infect Dis
2003; 35: 104–106. 

3. Briggs GG, et al. Drugs in pregnancy and lactation. 7th ed. Phil-
adelphia: Lippincott Williams and Wilkins, 2005. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/04/07)

Porphyria. Erythromycin has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Of 298 pregnant women who took erythromycin
estolate, clindamycin, or placebo for 3 weeks or longer, about 14,
4, and 3% respectively had abnormally high serum aspartate
aminotransferase values.1 Erythromycin estolate should proba-
bly not be given to pregnant women. 
A study2 of data from the Swedish Medical Birth Registry of in-
fants born between July 1995 and December 2002 has examined
details of infants exposed to erythromycin or phenoxymethyl-
penicillin during early pregnancy. Of 1844 exposed to erythro-
mycin, 103 (5.6%) had congenital malformations compared with
420 of 9110 (4.7%) for phenoxymethylpenicillin. Of these, 34
(1.8%) and 86 (0.9%) respectively had a cardiovascular malfor-
mation, the rate being considered high for erythromycin. This
contrasted with a previous study based on a 1980–96 dataset of
the Hungarian Case-Control Surveillance of Congenital Abnor-
malities which found no signs of teratogenicity for erythromy-
cin.3 Although an increased risk for cardiovascular abnormalities
was initially apparent when analysing erythromycin usage
throughout pregnancy as reported by the mother, this was not
confirmed when assessing usage only in the second or third

month nor in the entire pregnancy for medically documented in-
take. The Swedish data also revealed a possible association be-
tween infant pyloric stenosis and early prenatal exposure to
erythromycin2 although others had previously failed to confirm
such a risk4 (see also Effects on the Gastrointestinal Tract,
above).
1. McCormack WM, et al. Hepatotoxicity of erythromycin estolate

during pregnancy. Antimicrob Agents Chemother 1977; 12:
630–5. 

2. Källén BAJ, et al. Is erythromycin therapy teratogenic in hu-
mans? Reprod Toxicol 2005; 20: 209–14. 

3. Czeizel AE, et al. A population-based case-control teratologic
study of oral erythromycin treatment during pregnancy. Reprod
Toxicol 1999; 13: 531–6. 

4. Hussain N, Herson VC. Erythromycin use during pregnancy in
relation to pyloric stenosis. Am J Obstet Gynecol 2002; 187:
821–2.

Interactions
Erythromycin and other macrolides have the potential
to interact with a large number of drugs through their
action on hepatic cytochrome P450 isoenzymes, par-
ticularly CYP1A2 and CYP3A4. Macrolides inhibit
drug metabolism by microsomal cytochromes by com-
petitive inhibition and by the formation of inactive
complexes. Such interactions can result in severe ad-
verse effects, including ventricular arrhythmias with
astemizole, cisapride, and terfenadine. Enzyme inhibi-
tion is reported to be particularly pronounced with
macrolides such as erythromycin and troleandomycin.
Other macrolides such as azithromycin and dirithro-
mycin are reported to have little or no effect on hepatic
cytochromes, and consequently may produce fewer in-
teractions (see also Mechanism, below). 
Macrolides themselves have been reported rarely to
prolong the QT interval and should be used with cau-
tion with other drugs known to also have this effect. 
Other mechanisms by which macrolides cause interac-
tions include suppression of the gastrointestinal flora
responsible for the intraluminal metabolism of digoxin
and possibly oral contraceptives, and the stimulant ef-
fect of macrolides on gastrointestinal motility which is
believed to be responsible for the interaction between
spiramycin and levodopa. An alternative mechanism
by which macrolides increase serum concentrations of
digoxin is thought to be via the inhibition of intestinal
or renal P-glycoprotein transport of digoxin. 
Few drugs are reported to affect erythromycin but ci-
metidine may increase and theophylline may decrease
erythromycin concentrations (see below). 
The effect on antimicrobial action when erythromycin
is given with other antimicrobials is discussed under
Antimicrobial Action, below.
◊ General references1-4 to interactions associated with macrolide
antibacterials.
1. von Rosenstiel N-A, Adam D. Macrolide antibacterials: drug in-

teractions of clinical significance. Drug Safety 1995; 13:
105–22. 

2. Westphal JF. Macrolide-induced clinically relevant drug interac-
tions with cytochrome P-450A (CYP) 3A4: an update focused on
clarithromycin, azithromycin and dirithromycin. Br J Clin Phar-
macol 2000; 50: 285–95. 

3. Pai MP, et al. Macrolide drug interactions: an update. Ann Phar-
macother 2000; 34: 495–513. 

4. Shakeri-Nejad K, Stahlmann R. Drug interactions during therapy
with three major groups of antimicrobial agents. Expert Opin
Pharmacother 2006; 7: 639–51.

Mechanism
In rats and humans, troleandomycin, and erythromycin and
some of its derivatives, induce microsomal enzymes; the nitroso-
alkane metabolites so formed produce stable inactive complexes
with the iron of cytochrome P450. Eventually the oxidative me-
tabolism of other drugs may be decreased. These effects are
marked after troleandomycin, moderate after erythromycin,
small after oleandomycin, and absent or negligible after josamy-
cin, midecamycin, or spiramycin.1,2

1. Pessayre D, et al. Drug interactions and hepatitis produced by
some macrolide antibiotics. J Antimicrob Chemother 1985;  16
(suppl A): 181–94. 

2. Periti P, et al. Pharmacokinetic drug interactions of macrolides.
Clin Pharmacokinet 1992; 23: 106–31.

Drugs
For reference to the effects of erythromycin and other macrolides
on other drugs, see 

• alfentanil (p.17) 
• bromocriptine (p.800) 
• buspirone (p.966) 
• carbamazepine (p.474) 
• ciclosporin (p.1825) 

• clozapine (p.984) 
• colchicine (p.557) 
• digoxin (p.1261) 
• dihydroergotamine and ergotamine (p.621) 
• disopyramide (p.1270) 
• levodopa (p.807) 
• midazolam and triazolam (p.989) 
• phenytoin (p.498) 
• pimozide (p.973) 
• quetiapine (p.1023) 
• quinidine (p.1384) 
• repaglinide (p.458) 
• rifabutin (p.324) 
• sertraline (p.396) 
• sildenafil (p.2194) 
• simvastatin and other statins (p.1392) 
• tacrolimus (p.1845) 
• terfenadine (p.591) 
• theophylline (p.1143) 
• valproate (p.510) 
• verapamil (p.1422) 
• vinblastine (p.786) 
• warfarin (p.1428) 
• zopiclone (p.1039) 

In the case of astemizole, cisapride, and terfenadine the UK CSM
has warned that there is a risk of inducing ventricular arrhythmi-
as if erythromycin, or possibly other macrolides, are also giv-
en,1,2 and that, in particular, cisapride should not be used with
macrolides.3 The Commission on Human Medicines4 (formerly
CSM) later advised that amisulpride, ergotamine, dihydroergot-
amine, mizolastine, pimozide, simvastatin, and tolterodine
should not be given with erythromycin. A warning was also is-
sued that increased erythromycin concentrations may occur
when used with other inhibitors of the cytochrome P450 CYP3A
isoenzymes such as the azole antifungals, some calcium-channel
blockers including diltiazem and verapamil, and HIV-protease
inhibitors. For a report of an increased risk of sudden cardiac
death associated with such combinations see Effects on the Car-
diovascular System, above.
1. Committee on Safety of Medicines. Ventricular arrhythmias due to

terfenadine and astemizole. Current Problems 35 1992. Available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024453&RevisionSelectionMethod=
LatestReleased (accessed 27/04/07) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Cisapride (Prepulsid, Alimax): interactions with antifungals and
antibiotics can lead to ventricular arrhythmias. Current Prob-
lems 1996; 22: 1. Available at: http://www.mhra.gov.uk/
h o m e / i d c p l g ? I d c S e r v i c e = G E T _ F I L E & d D o c N a m e =
CON2024458&RevisionSelectionMethod=LatestReleased (ac-
cessed 27/04/07) 

3. Committee on Safety of Medicines/Medicines Control Agency.
Cisapride (Prepulsid): risk of arrhythmias. Current Problems
1998; 24: 11. Also available at: http://www.mhra.gov.uk/
h o m e / i d c p l g ? I d c S e r v i c e = G E T _ F I L E & d D o c N a m e =
CON2023231&RevisionSelectionMethod=LatestReleased (ac-
cessed 27/04/07) 

4. Commission on Human Medicines/Medicines and Healthcare
products Regulatory Agency. Erythromycin and other mac-
rolides: focus on interactions. Current Problems 2006; 31: 8.
A l s o  a v a i l a b l e  a t :  h t t p : / / w w w. mh r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON2023860&
RevisionSelectionMethod=LatestReleased (accessed 08/01/07)

Cimetidine. Cimetidine may increase plasma concentrations
of erythromycin and deafness occurred in a patient taking both
drugs.1
1. Mogford N, et al. Erythromycin deafness and cimetidine treat-

ment. BMJ 1994; 309: 1620.

Theophylline. Intravenous theophylline has been reported1,2 to
decrease serum concentrations of oral erythromycin although
other studies3,4 using intravenous or oral theophylline with intra-
venous erythromycin did not show any significant pharmacoki-
netic changes. 
For reference to the effects of erythromycin on theophylline, see
Macrolides, under Interactions of Theophylline, p.1143.
1. Iliopoulou A, et al. Pharmacokinetic interaction between theo-

phylline and erythromycin. Br J Clin Pharmacol 1982; 14:
495–9. 

2. Paulsen O, et al. The interaction of erythromycin with theophyl-
line. Eur J Clin Pharmacol 1987; 32: 493–8. 

3. Hildebrandt R, et al. Influence of theophylline on the renal clear-
ance of erythromycin. Int J Clin Pharmacol Ther Toxicol 1987;
25: 601–4. 

4. Pasic J, et al. The interaction between chronic oral slow-release
theophylline and single-dose intravenous erythromycin. Xenobi-
otica 1987; 17: 493–7.

Antimicrobial Action
Erythromycin is a macrolide antibacterial with a broad
and essentially bacteriostatic action against many
Gram-positive and to a lesser extent some Gram-nega-
tive bacteria, as well as other organisms including
some Mycoplasma spp., Chlamydiaceae, Rickettsia
spp., and spirochaetes. 
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Mechanism of action. Erythromycin and other mac-
rolides bind reversibly to the 50S subunit of the ribos-
ome, resulting in blockage of the transpeptidation or
translocation reactions, inhibition of protein synthesis,
and hence inhibition of cell growth. Its action is mainly
bacteriostatic, but high concentrations are slowly bac-
tericidal against the more sensitive strains. Because
macrolides penetrate readily into white blood cells and
macrophages there has been some interest in their po-
tential synergy with host defence mechanisms in vivo.
The actions of erythromycin are increased at moderate-
ly alkaline pH (up to about 8.5), particularly in Gram-
negative species, probably because of the improved
cellular penetration of the nonionised form of the drug. 
Spectrum of activity. Erythromycin has a broad spec-
trum of activity. The following pathogenic organisms
are usually sensitive to erythromycin (but see also Re-
sistance, below). 
Gram-positive cocci, particularly streptococci such as
Streptococcus pneumoniae and Str. pyogenes are sensi-
tive. However, resistance has been increasingly report-
ed in both organisms, particularly in penicillin-resistant
Str. pneumoniae. Most strains of Staphylococcus au-
reus remain susceptible, although resistance can
emerge rapidly, and some enterococcal strains are also
susceptible. 
Many other Gram-positive organisms respond to
erythromycin, including Bacillus anthracis, Coryne-
bacterium diphtheriae, Erysipelothrix rhusiopathiae,
and Listeria monocytogenes. Anaerobic Clostridium
spp. are also usually susceptible, as is Propionibacteri-
um acnes. Nocardia spp. vary in their susceptibility. 
Gram-negative cocci including Neisseria meningitidis
and N. gonorrhoeae, and Moraxella catarrhalis (Bra-
nhamella catarrhalis) are usually sensitive. 
Other Gram-negative organisms vary in their suscepti-
bility, but Bordetella spp., some Brucella strains, and
Flavobacterium and Legionella spp. are usually sus-
ceptible. Haemophilus ducreyi is reportedly suscepti-
ble, but H. influenzae is somewhat less so. The Entero-
bacteriaceae are usually resistant, although some
strains may respond at alkaline pH. Helicobacter py-
lori and most strains of Campylobacter jejuni are sen-
sitive (about 1% of the latter are reported to be resistant
in the USA). 
Among the Gram-negative anaerobes most strains of
Bacteroides fragilis and many Fusobacterium strains
are resistant. 
Other organisms usually sensitive to erythromycin in-
clude Actinomyces, Chlamydiaceae, rickettsias, spiro-
chaetes such as Treponema pallidum and Borrelia
burgdorferi, some mycoplasmas (notably Mycoplasma
pneumoniae), and some of the opportunistic mycobac-
teria: Mycobacterium scrofulaceum and M. kansasii
are usually susceptible, but M. intracellulare is often
resistant and M. fortuitum usually so. 
Fungi, yeasts, and viruses are not susceptible to eryth-
romycin. 
Activity with other antimicrobials. As with other bacte-
riostatic antimicrobials, the possibility of an antagonis-
tic effect if erythromycin is given with a bactericide ex-
ists, and some antagonism has been shown in vitro
between erythromycin and various penicillins and ce-
phalosporins or gentamicin. However, in practice the
results of such concurrent use are complex, and depend
on the organism; in some cases synergy has been seen.
For example, in the UK, the BNF recommends the use
of amoxicillin with erythromycin or another macrolide
such as azithromycin or clarithromycin for the treat-
ment of uncomplicated community-acquired pneumo-
nia if atypical organisms are suspected. Because of the
adjacency of their binding sites on the ribosome, eryth-
romycin may competitively inhibit the effects of chlo-
ramphenicol or lincosamides such as clindamycin or
lincomycin. 
Resistance. Several mechanisms of acquired resistance
to erythromycin have been reported of which the most

common is a plasmid-mediated ability to methylate ri-
bosomal RNA, resulting in decreased binding of the
antimicrobial drug. This can result in cross-resistance
between erythromycin, other macrolides, lincosa-
mides, and streptogramin B, because they share a com-
mon binding site on the ribosome and this pattern of
resistance is referred to as the MLSB phenotype. It is
seen in staphylococci, and to a somewhat lesser extent
in streptococci, as well as in a variety of other species
including B. fragilis, Clostridium perfringens, Coryne-
bacterium diphtheriae, and Listeria and Legionella
spp. 
Decreased binding of antimicrobial to the ribosome
may also occur as a result of a chromosomal mutation,
resulting in an alteration of the ribosomal proteins in
the 50S subunit, which conveys one-step high-level
erythromycin resistance. This form of resistance has
been found in some strains of Str. pneumoniae, H. py-
lori, M. pneumoniae, Escherichia coli, Str. pyogenes,
Staph. aureus, and Campylobacter spp. 
Other forms of erythromycin resistance may be due to
the production of a plasmid-determined erythromycin
esterase that can inactivate the drug, or to decreased
drug penetration. The latter may be partly responsible
for the intrinsic resistance of Gram-negative bacteria
like the Enterobacteriaceae, but has also been shown to
be acquired as a plasmid-mediated determinant in
some organisms; production of a protein which in-
creases drug efflux from the cell is thought to explain
the M phenotype resistance, in which organisms are re-
sistant to 14-and 15-carbon ring macrolides, but retain
sensitivity to 16-carbon ring macrolides, lincosamides,
and streptogramins. 
The incidence of resistance varies greatly with the area
and the organism concerned and, although the emer-
gence of resistance is rarely a problem in the short-term
treatment of infection, it is quite common in conditions
requiring prolonged treatment such as endocarditis due
to Staph. aureus. The incidence of resistance in strep-
tococci is generally lower than in Staph. aureus but
shows geographical variation and may be increasing in
some countries, including the UK. In addition, local-
ised outbreaks of resistant strains may occur and pro-
duce a much higher incidence of resistance.

Antipseudomonal activity. Although macrolides have limit-
ed direct antibacterial activity against Pseudomonas aeruginosa,
prolonged exposure at sub-MICs has produced antipseudomonal
effects in vitro1-3 and synergy has been shown with other anti-
pseudomonals.4 Erythromycin and clarithromycin appear to
have the greatest activity. This action has been partly attributed
to the ability of macrolides to reduce the protective biofilm pro-
duced by some strains of P. aeruginosa.3,5 Other proposed mech-
anisms of action include modification of the inflammatory re-
sponse to infection and direct inhibition of other virulence factors
such as twitching motility.3

1. Tateda K, et al. Effects of sub-MICs of erythromycin and other
macrolide antibiotics on serum sensitivity of Pseudomonas aer-
uginosa. Antimicrob Agents Chemother 1993; 37: 675–80. 

2. Tateda K, et al. Direct evidence of antipseudomonal activity of
macrolides: exposure-dependent bactericidal activity and inhibi-
tion of protein synthesis by erythromycin, clarithromycin, and
azithromycin. Antimicrob Agents Chemother 1996; 40: 2271–5. 

3. Wozniak DJ, Keyser R. Effects of subinhibitory concentrations
of macrolide antibiotics on Pseudomonas aeruginosa. Chest
2004; 125 (suppl 2): 62S–69S. 

4. Bui KQ, et al. In vitro and in vivo influence of adjunct clarithro-
mycin on the treatment of mucoid Pseudomonas aeruginosa. J
Antimicrob Chemother 2000; 45: 57–62. 

5. Yasuda H, et al. Interaction between biofilms formed by Pseu-
domonas aeruginosa and clarithromycin. Antimicrob Agents
Chemother 1993; 37: 1749–55.

Resistance. A meta-analysis1 found that reported macrolide re-
sistance in Streptococcus pneumoniae varied greatly from coun-
try to country. The percentage of erythromycin-resistant Str.
pneumoniae in the USA (20.7%) was less than that in Europe
(32.0%) although this difference was not considered statistically
significant, and higher levels of resistance were found in Asia
(57.3%). In Europe, Str. pyogenes showed greater resistance to
erythromycin (36.8%) than Str. pneumoniae. However, across all
regions, the mean resistance of Str. pneumoniae was statistically
equivalent (30.4%) and also similar to that of Str. pyogenes
(30.0%).
1. Halpern MT, et al. Meta-analysis of bacterial resistance to mac-

rolides. J Antimicrob Chemother 2005; 55: 748–57.

Pharmacokinetics
Erythromycin base is unstable in gastric acid, and ab-
sorption is therefore variable and unreliable. Conse-
quently, the base is usually given in film- or enteric-
coated preparations, or one of the more acid-stable
salts or esters is used. Food may reduce absorption of
the base or the stearate, although this depends to some
extent on the formulation; the esters are generally more
reliably and quickly absorbed and their absorption is
little affected by food, so that the timing of doses in
relation to food intake is unimportant. 
Peak plasma concentrations generally occur between 1
and 4 hours after a dose and have been reported to
range from about 0.3 to 1.0 micrograms/mL after
250 mg of erythromycin base, and from 0.3 to
1.9 micrograms/mL after 500 mg. Similar concentra-
tions have been seen after equivalent doses of the stea-
rate. Somewhat higher peak concentrations may be
achieved on repeated use 4 times daily. Higher total
concentrations are achieved after oral doses of the es-
tolate or ethyl succinate, but only about 20 to 30% of
estolate or 55% of ethyl succinate is present as the ac-
tive base, the rest being present as the inactive ester (in
the case of the estolate as the propionate). Peak concen-
trations of about 500 nanograms/mL of erythromycin
base have been reported after 250 mg of the estolate
or 500 mg of the ethyl succinate. A peak of 3 to
4 micrograms/mL can be achieved after 200 mg of
gluceptate or lactobionate intravenously. 
Erythromycin is widely distributed throughout body
tissues and fluids, although it does not cross the blood-
brain barrier well and concentrations in CSF are low.
Relatively high concentrations are found in the liver
and spleen, and some is taken up into polymorphonu-
clear lymphocytes and macrophages. Around 70 to
75% of the base is protein bound, but after doses as the
estolate the propionate ester is stated to be about 95%
protein bound. Erythromycin crosses the placenta: fe-
tal plasma concentrations are variously stated to be 5 to
20% of those in the mother. It is distributed into breast
milk. 
Erythromycin is excreted in high concentrations in the
bile and undergoes intestinal reabsorption. About 2 to
5% of an oral dose is excreted unchanged in the urine
and as much as 12 to 15% of an intravenous dose may
be excreted unchanged by the urinary route. Erythro-
mycin is partly metabolised in the liver by the cyto-
chrome P450 isoenzyme CYP3A4 via N-demethyla-
tion to inactive, unidentified metabolites. The half-life
of erythromycin is usually reported to be about 1.5 to
2.5 hours, although this may be slightly longer in pa-
tients with renal impairment and has been reported to
be between 4 to 7 hours in severe impairment. 
Erythromycin is not removed by haemodialysis or
peritoneal dialysis.

Uses and Administration
Erythromycin is a macrolide antibacterial with a wide
spectrum of activity, that has been used in the treatment
of a wide range of infections caused by susceptible or-
ganisms. 
Its uses have included the treatment of severe campy-
lobacter enteritis, chancroid, diphtheria, legionnaires’
disease and other Legionella infections, neonatal con-
junctivitis, pertussis, respiratory-tract infections in-
cluding bronchitis, pneumonia (mycoplasmal and oth-
er atypical pneumonias as well as streptococcal), and
sinusitis, and trench fever, and, combined with neomy-
cin, for the prophylaxis of surgical infection in patients
undergoing bowel surgery. It may be used as part of a
multi-drug regimen for the treatment of inhalation and
gastrointestinal anthrax. It is also used in the preven-
tion of diphtheria in non-immune patients and of per-
tussis in non- or partially immune patients. 
Erythromycin is used as an alternative to penicillin in
penicillin-allergic patients with various conditions in-
cluding actinomycosis, leptospirosis, listeriosis, mouth
infections, otitis media (usually with a sulfonamide
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such as sulfafurazole), pelvic inflammatory disease
caused by Neisseria gonorrhoeae, pharyngitis, and sta-
phylococcal and streptococcal skin infections. It has
been used in the treatment of penicillin-allergic pa-
tients with syphilis, but there are doubts about its effi-
cacy. It is also used in the prevention of perinatal or
Group A streptococcal infections, rheumatic fever, and
infections in splenectomised patients. In penicillin-al-
lergic patients in the early stages of Lyme disease,
erythromycin may be used as an alternative to a tetra-
cycline; this use is generally restricted to pregnant
women and young children, since it is less effective
than other drugs. It is also used as an alternative to the
tetracyclines in patients with cholera, Chlamydia or
Chlamydophila infections (such as epididymitis, lym-
phogranuloma venereum, nongonococcal urethritis,
pneumonia, psittacosis, and trachoma), Q fever, and
spotted fevers. 
For details of these infections and their treatment, see
under Choice of Antibacterial, p.162. 
Both oral and topical erythromycin may be used in
acne (see Skin Disorders, below) and rosacea (p.1583). 
Administration and dosage. Erythromycin may be giv-
en as the base or its salts or esters; doses are expressed
in terms of the base. Each 1 g of erythromycin is equiv-
alent to about the following amounts of each salt or es-
ter: 
• erythromycin estolate 1.44 g 
• erythromycin ethyl succinate 1.17 g 
• erythromycin gluceptate 1.31 g 
• erythromycin lactobionate 1.49 g 
• erythromycin propionate 1.08 g 
• erythromycin stearate 1.39 g 
The usual oral adult dose is the equivalent of erythro-
mycin 1 to 2 g daily in 2 to 4 divided doses; for severe
infections this may be increased to up to 4 g daily in
divided doses. Daily doses higher than 1 g should be
given in more than 2 divided doses. 
For the prevention of streptococcal infections in pa-
tients with evidence of rheumatic fever or heart dis-
ease, who are unable to take penicillin or sulfonamides,
a dose of 250 mg twice daily may be given. 
For the management of acne, maintenance doses as
low as 250 mg daily have been used but resistant
strains of propionibacteria are widespread; the BNF
recommends a dose of 500 mg twice daily. 
In patients who are unable to take erythromycin orally
and in those who are severely ill, in whom it is neces-
sary to attain an immediate high blood concentration,
erythromycin may be given intravenously as the lacto-
bionate, in doses equivalent to those given orally. The
gluceptate has also been used intravenously. To reduce
the risk of venous irritation it should be given only by
continuous or intermittent intravenous infusion of a so-
lution containing not more than 0.5% of erythromycin.
Intermittent infusions should be given every 6 hours
over 20 to 60 minutes. 
Doses may need to be limited in patients with renal im-
pairment (see below). 
For details of doses in children, including infants and
adolescents, see below. 
Other routes. Erythromycin was formerly given by in-
tramuscular injection, but such injections are painful
and are no longer generally recommended. Erythromy-
cin is used as a 0.5% eye ointment for the treatment of
superficial ocular infections, including neonatal con-
junctivitis, caused by susceptible strains of bacteria and
for the prophylaxis of neonatal conjunctivitis caused
by N. gonorrhoeae or C. trachomatis. It may also be
applied topically as a 2 to 4% gel or solution for the
treatment of acne vulgaris and is also available in com-
bination preparations with benzoyl peroxide, ichtham-
mol, isotretinoin, tretinoin, and zinc acetate. 
Propionyl erythromycin mercaptosuccinate has also
been used. Erythromycin thiocyanate and erythromy-
cin phosphate are used in veterinary medicine.

◊ Reviews.
1. Zhanel GG, et al. Review of macrolides and ketolides: focus on

respiratory tract infections. Drugs 2001; 61: 443–98.

Administration. A discussion of the significance of different
formulations and salts used for oral preparations of erythromycin
concluded that there was no clear evidence that any was superior
in terms of clinical effect.1
1. Anonymous. Giving erythromycin by mouth. Drug Ther Bull

1995; 33: 77–9.

Administration in children. The usual dose for infants and
children is the equivalent of about 30 to 50 mg/kg of erythromy-
cin daily in 2 to 4 divided doses although it may be doubled in
severe infections. Based on age, the usual dose in children 2 to 8
years old is 1 g daily and in infants and children up to 2 years old
500 mg daily. Those over 8 years of age may be given the usual
adult dose (see above). 
For the prevention of streptococcal infections in children with
evidence of rheumatic fever or heart disease, who are unable to
take penicillin or sulfonamides, a dose of 250 mg twice daily
may be given. The BNFC suggests a dose of 125 mg twice daily
in those aged 1 month to 2 years. In addition, similar doses have
been suggested for prophylaxis against pneumococcal infec-
tions. 
For the management of acne, maintenance doses as low as
250 mg daily have been used but resistant strains of propionibac-
teria are widespread; the BNFC recommends a dose of 500 mg
twice daily in those over 12 years of age. It also suggests a dose
of 250 mg daily in 1 or 2 divided doses for infants with acne. 
Although unlicensed in the UK for use in gastrointestinal stasis,
the BNFC suggests a dose of 3 mg/kg given 4 times daily for
infants and children up to 18 years of age (see also below).
Administration in renal impairment. A maximum dose of
erythromycin 1.5 g daily has been suggested by the BNF for
adult patients with severe renal impairment.
Decreased gastrointestinal motility. Erythromycin stimu-
lates gut motility, apparently by acting as a motilin receptor ago-
nist, although it has been suggested that it may have other actions
as well.1 It has been tried, with some success, for its prokinetic
action in a small number of patients with decreased gastrointes-
tinal motility (p.1694) including those with functional dyspep-
sia,2 gastroparesis,3 reflux ileus,4 acute colonic pseudo-obstruc-
tion (Ogilvie’s syndrome),4,5 delayed gastric emptying after
pancreatic-duodenal surgery,6 and neonatal postoperative intesti-
nal dysmotility.7 It has also been used to increase gastrointestinal
motility in critically ill, mechanically ventilated patients8,9 and in
preterm very low birth-weight infants.10,11 However, the prophy-
lactic or routine use of erythromycin in such circumstances has
been cautioned against,9,10 and a systematic review12 of neonatal
use also suggested that erythromycin should be reserved for a
very small subset of high-risk preterm neonates with persistent or
severe feed intolerance. Adverse effects associated with the
long-term use of erythromycin that is necessary in, for example,
diabetic gastroparesis, may also be problematic.13 
For suggested doses in the treatment of children with gastrointes-
tinal stasis, see Administration in Children, above.
1. Catnach SM, Fairclough PD. Erythromycin and the gut. Gut

1992; 33: 397–401. 
2. Arts J, et al. Influence of erythromycin on gastric emptying and

meal related symptoms in functional dyspepsia with delayed
gastric emptying. Gut 2005; 54: 455–60. 

3. Maganti K, et al. Oral erythromycin and symptomatic relief of
gastroparesis: a systematic review. Am J Gastroenterol 2003;
98: 259–63. 

4. Armstrong DN, et al. Erythromycin for reflux ileus in Ogilvie’s
syndrome. Lancet 1991; 337: 378. 

5. Bonacini M, et al. Erythromycin as therapy for acute colonic
pseudo-obstruction (Ogilvie’s syndrome). J Clin Gastroenterol
1991; 13: 475–6. 

6. Yeo CJ, et al. Erythromycin accelerates gastric emptying after
pancreaticoduodenectomy: a prospective, randomized, placebo-
controlled trial. Ann Surg 1993; 218: 229–38. 

7. Simkiss DE, et al. Erythromycin in neonatal postoperative in-
testinal dysmotility. Arch Dis Child 1994; 71: F128–9. 

8. Chapman MJ, et al. Erythromycin improves gastric emptying in
critically ill patients intolerant of nasogastric feeding. Crit Care
Med 2000; 28: 2334–7. 

9. Hawkyard CV, Koerner RJ. The use of erythromycin as a gas-
trointestinal prokinetic agent in adult critical care: benefits ver-
sus risks. J Antimicrob Chemother 2007; 59: 347–58. 

10. Ng PC, et al. Randomised controlled study of oral erythromycin
for treatment of gastrointestinal dysmotility in preterm infants.
Arch Dis Child Fetal Neonatal Ed 2001; 84: F177–F182. 

11. Nuntnarumit P, et al. Efficacy of oral erythromycin for treat-
ment of feeding intolerance in preterm infants. J Pediatr 2006;
148: 600–605. 

12. Patole S, et al. Erythromycin as a prokinetic agent in preterm
neonates: a systematic review. Arch Dis Child Fetal Neonatal
Ed 2005; 90: F301–F306. 

13. Tanis AA, et al. Side-effects of oral erythromycin for treatment
of diabetic gastroparesis. Lancet 1993; 342: 1431.

Respiratory disorders. As well as their established antibacte-
rial effect, it has been suggested that the 14-membered ring mac-
rolides (such as clarithromycin, erythromycin, and roxithromy-
cin) and the 15-membered ring macrolides (such as
azithromycin) also have immunomodulatory and anti-inflamma-
tory effects that could be useful in the management of respiratory
diseases including asthma (p.1108), chronic obstructive pulmo-
nary disease (p.1112), cystic fibrosis (p.166), diffuse panbronchi-
olitis, and sinusitis (p.193).1-3 However, a systematic review4

found insufficient evidence to support or refute the use of mac-

rolides in chronic asthma although some clinical data indicated a
positive effect; routine use was not recommended and further tri-
als were warranted. A systematic review5 on the use of mac-
rolides in cystic fibrosis found evidence of a small but significant
improvement in respiratory function at 6 months with azithro-
mycin compared with placebo; the role of other macrolides was
unclear and further studies were needed. A randomised, double-
blind, placebo-controlled study6 to evaluate the use of oral azi-
thromycin given three times a week for 12 months for the treat-
ment of cystic fibrosis in children, reported a significant reduc-
tion in the number of pulmonary exacerbations needing
treatment with antibacterials, even in the absence of infection
with Pseudomonas aeruginosa. Azithromycin has also been
investigated7-9 in the management of bronchiolitis obliterans in
patients who have undergone lung transplantation (p.1815), al-
though its role has yet to be defined.
1. Gotfried MH. Macrolides for the treatment of chronic sinusitis,

asthma, and COPD. Chest 2004; 125 (suppl 2): 52S–61S. 
2. Rubin BK, Henke MO. Immunomodulatory activity and effec-

tiveness of macrolides in chronic airway disease. Chest 2004;
125 (suppl 2): 70S–78S. 

3. Schultz MJ. Macrolide activities beyond their antimicrobial ef-
fects: macrolides in diffuse panbronchiolitis and cystic fibrosis.
J Antimicrob Chemother 2004; 54: 21–8. 

4. Richeldi L, et al. Macrolides for chronic asthma. Available in the
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2005 (accessed 02/03/07). 

5. Southern KW, et al. Macrolide antibiotics for cystic fibrosis.
Available in the Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2004 (accessed 02/03/07). 

6. Clement A, et al. Long term effects of azithromycin in patients
with cystic fibrosis: a double blind, placebo controlled trial. Tho-
rax 2006; 61: 895–902. 

7. Gottlieb J, et al. Long-term azithromycin for bronchiolitis oblit-
erans syndrome after lung transplantation. Transplantation
2008; 85: 36–41. 

8. Porhownik NR, et al. Effect of maintenance azithromycin on es-
tablished bronchiolitis obliterans syndrome in lung transplant
patients. Can Respir J 2008; 15: 199–202. 

9. Fietta AM, Meloni F. Lung transplantation: the role of azithro-
mycin in the management of patients with bronchiolitis obliter-
ans syndrome. Curr Med Chem 2008; 15: 716–23.

Skin disorders. ACNE. Erythromycin may be used topically
or orally in the treatment of acne (p.1577). Topical erythro-
mycin may be used for mild inflammatory acne if benzoyl
peroxide is ineffective or poorly tolerated. It is also used as
adjunctive treatment in more severe acne. Erythromycin is
also available as a complex with zinc acetate that has been
reported to be more effective than topical erythromycin
alone1 or oral minocycline.2 However, development of antibi-
otic resistance by the skin flora is an increasing problem.
Combination therapy with benzoyl peroxide and erythromy-
cin has been reported to be helpful in preventing the selection
of antibiotic-resistant mutants3,4 and to be more effective than
topical clindamycin alone.5 Alternatively, short intervening
courses of benzoyl peroxide during antibacterial therapy may
help to eliminate any resistant bacteria that have been select-
ed.6 It has also been recommended that courses of topical an-
tibiotics be continued for no longer than necessary (although
treatment should be used for at least 6 months), that the same
drug be used if further treatment is required, and that treat-
ment with different oral and topical antibiotics or antibiotic
rotation be avoided.6 
Oral erythromycin may be used as an alternative to a tetracycline
in moderate acne. However, resistance to erythromycin is in-
creasing so it may be best reserved for those patients in whom
other antibacterials are unsuitable.
1. Habbema L, et al. A 4% erythromycin and zinc combination

(Zineryt ) versus 2% erythromycin (Eryderm ) in acne vulgaris:
a randomized, double-blind comparative study. Br J Dermatol
1989; 121: 497–502. 

2. Stainforth J, et al. A single-blind comparison of topical erythro-
mycin/zinc lotion and oral minocycline in the treatment of acne
vulgaris. J Dermatol Treat 1993; 4: 119–22. 

3. Eady EA, et al. Effects of benzoyl peroxide and erythromycin
alone and in combination against antibiotic-sensitive and -resist-
ant skin bacteria from acne patients. Br J Dermatol 1994; 131:
331–6. 

4. Eady EA, et al. The effects of acne treatment with a combination
of benzoyl peroxide and erythromycin on skin carriage of eryth-
romycin-resistant propionibacteria. Br J Dermatol 1996; 134:
107–13. 

5. Packman AM, et al. Treatment of acne vulgaris: combination of
3% erythromycin and 5% benzoyl peroxide in a gel compared to
clindamycin phosphate lotion. Int J Dermatol 1996; 35: 209–11. 

6. Eady EA, et al. Antibiotic resistant propionibacteria in acne:
need for policies to modify antibiotic usage. BMJ 1993; 306:
555–6.

Preparations
BP 2008: Erythromycin and Zinc Acetate Lotion; Erythromycin Estolate
Capsules; Erythromycin Ethyl Succinate Oral Suspension; Erythromycin
Ethyl Succinate Tablets; Erythromycin Lactobionate Intravenous Infusion;
Erythromycin Stearate Tablets; Gastro-resistant Erythromycin Tablets; 
USP 31: Erythromycin and Benzoyl Peroxide Topical Gel; Erythromycin
Delayed-release Capsules; Erythromycin Delayed-release Tablets; Erythro-
mycin Estolate and Sulfisoxazole Acetyl Oral Suspension; Erythromycin Es-
tolate Capsules; Erythromycin Estolate for Oral Suspension; Erythromycin
Estolate Oral Suspension; Erythromycin Estolate Tablets; Erythromycin
Ethylsuccinate and Sulfisoxazole Acetyl for Oral Suspension; Erythromycin
Ethylsuccinate for Oral Suspension; Erythromycin Ethylsuccinate Injection;
Erythromycin Ethylsuccinate Oral Suspension; Erythromycin Ethylsuccinate
Tablets; Erythromycin Lactobionate for Injection; Erythromycin Ointment;
Erythromycin Ophthalmic Ointment; Erythromycin Pledgets; Erythromycin
Stearate Tablets; Erythromycin Tablets; Erythromycin Topical Gel; Erythro-
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mycin Topical Solution; Sterile Erythromycin Ethylsuccinate; Sterile Erythro-
mycin Gluceptate; Sterile Erythromycin Lactobionate.

Proprietary Preparations (details are given in Part 3)
Arg.: Algiderm; Ambamida; Atlamicin; Clarex; Eri; Erigrand; Erisine; Erisol;
Erit; Eritroderm; Eritrofarm; Eritromed; Eryacne; Eryfluid; Etisux; Ilosone†;
Iloticina†; Ingelets; Kitacne; Lederpax†; Oftalmolets; Pantomicina; Pento-
clave; Stiemycin; Toperit; Trixne; Wemid; Austral.: E-Mycin; EES; Eryacne;
Eryc; Eryhexal; Erythrocin; Austria: Akne Cordes; Aknemycin; Eryaknen;
Erybesan; Eryhexal; Erystad; Erythrocin; Meromycin; Stiemycine; Belg.: Ac-
neryne; Aknemycin; Eryderm†; Erythrocine; Erythroforte; Inderm; Stimy-
cine; Braz.: Amplobid†; Eribiotic; Eriflogin†; Erimicina†; Eripan†; Eritax†; Er-
itrax†; Eritrex; Eritril†; Eritrin†; Eritrovit†; Eryacnen; Ilocin†; Ilosone;
Kanazima; Lisotran†; Lisotrex†; Ortociclina†; Pantomicina; Rubromicin†;
Siftrex†; Stiemycin; Valmicin; Canad.: Apo-Erythro; Diomycin†; EES; Ery-
bid; Eryc; Erysol; Erythrocin†; Novo-Rythro; PCE; Staticin†; T-Stat†; Chile:
Cinactiv; Eryacnen; Erypark; Gelerit; Labocne; Mercina; Pantomicina; Cz.:
Aknefug-EL; Aknemycin; Emu-V†; Eryfluid; Erythrocin; Erythroskid†; Mero-
mycin†; Monomycin†; Denm.: Abboticin; Erycin; Escumycin; Hexabotin;
Fin.: Abboticin; Ermysin; Fr.: Abboticine; Egery; Ery; Eryacne; Eryfluid;
Erythrocine; Erythrogel; Erythrogram†; Stimycine; Ger.: Akne Cordes†;
Aknederm Ery; Aknefug-EL; Aknemycin; Ery; Ery-Diolan; Eryaknen; Erybe-
ta; Erycinum; Erydermec; Eryhexal; Erysec; Erythro; Erythro-Hefa†; Eryth-
rocin; Erythrogenat†; Hydrodermed; Inderm; InfectoMycin; Karex†; Mono-
mycin†; Paediathrocin; Sanasepton; Stiemycine; Gr.: Acne Hermal; Dankit;
Eryacne; Erycream†; Erygel; Erythrocin; Erythrogel†; Roug-Mycin†; Hong
Kong: Aknemycin; Apo-Erythro; E-Mycin†; EES; Eryacne†; Erythro; Eryth-
rocin; PCE†; Porphyrocin†; Stiemycin; Hung.: Aknefug-EL; Aknemycin;
Eryc; Erythrotrop; Meromycin; India: Acnesol; Althrocin; Calthrox; E-My-
cin; Eltocin; Erycin; Erycip; Erysafe; Erythrocin; Okamycin; Indon.: Cetath-
rocin; Corsatrocin; Duramycin; EES; Erphathrocin; Erycoat; Eryderm; Er-
ymed; Erysanbe; Erythrin; Erythrocin; Jeracin; Opithrocin; Pharothrocin; Irl.:
Erymax; Erythrocin; Erythroped; Primacine; Stiemycin; Israel: Acnetrim;
Eryc†; Eryderm†; Erythro-Teva; Erythrocin; Erythroped†; Ital.: Eritrocina;
Eryacne; Erytrociclin†; Lauromicina; Malaysia: Aknemycin; EES; Erogran†;
Erotab†; Erycin; Eryderm; Eryped; Eryson; Erythrocin; Etrogran†; Etrotab†;
Oftalmolosa Cusi; Sethro†; Stiemycin; Mex.: Apo-Trina; Benitrom; Bestoc-
in; Biotril; Colitromin†; E-Trocima-P†; Eribec; Eriber; Erisuspen; Eritrerba†;
Eritrofarmin†; Eritrolat; Eritropharma; Eritroquim†; Eritrosol; Eritrovier; Eri-
trowel; Eryacnen; Eryderm; Erylar; Examycin†; Iliocin; Ilosin; Ilosone; Iq-
famicina; Latotryd; Lauricin; Laurimicina; Lauritran; Lederpax†; Optomicin;
Pantomicina; Procephal; Promicin; Quimolauril; Sansacne; Stiemycin; T-Stat;
Tropharma; Verytracin†; Witromin; Neth.: Aknemycin; Eryacne; Eryc†;
Eryderm; Erythrocine; Erytrolyve; Inderm; Stiemycin; Norw.: Abboticin;
Ery-Max; NZ: E-Mycin; EES; Era; Eryacne; Erythrocin; Stiemycin; Philipp.:
Aldricin; Ery-Max; Erycar; Erythrocin; Fildrocin; Ilosone; Romaxin; Sansacne;
Stiemycin; Upperzin; Pol.: Aknemycin; Port.: Akne-Mycin; Clinac; Eritina†;
Eritrazon; Eritrocina; Eryc†; Eryfluid; ESE; S.Afr.: Acu-Erylate S; Betamycin;
Emsyn†; Eromel†; Erycette; Eryderm; Erymycin; Erystat; Erythrocin; Eryth-
roped†; Estomycin; Ilosone; Ilotycin TS; Purmycin; Rubimycin; Spectrasone;
Stiemycin; Xeramel; Singapore: Aknemycin; EES; Ermycin†; Erotab; Eryac-
ne; Eryderm; Eryped; Erysol†; Eryson; Erythrocin†; Ranthrocin; Stiemycin;
T-Stat†; Spain: Bronsema; Deripil; Eridosis; Eritrogobens; Eritroveinte;
Euskin; Lagarmicin; Lederpax; Loderm; Neo Iloticina†; Pantodrin†; Pant-
omicina; Swed.: Abboticin; Ery-Max; Switz.: Aknemycin; Aknilox; Erios;
Eryaknen; Eryderm; Erythrocine; Inderm†; Karex†; Stiemycine†; Thai.:
Elocin†; Erathrom; Ericin; Erimit; Erimycin; Ery-Tab; Eryacne; Erycin; Erycon;
Erymin; Erysil; Eryth-mycin; Erythrocin; Etrola; Etrolate; Ilosone; Malocin;
Pocin†; Redrocin; Rythocin; Servitrocin; Stacin; Stiemycin; Tomcin; Turk.:
Aknilox; Erimicin; Eritro; Eritrosif; Eryacne; Erythrocin; UAE: Eromycin; UK:
Erymax; Erythrocin; Erythroped; Rommix†; Stiemycin; Tiloryth; USA:
Akne-Mycin; ATS; Del-Mycin; E-Base; E-Mycin; EES; Emgel†; Eramycin; Ery-
Tab; Eryc†; Erycette; Eryderm; Erygel; Erymax†; Eryped; Erythrocin; Ilos-
one†; Ilotycin†; PCE; Robimycin Robitabs; Staticin†; T-Stat†; Theramycin Z†;
Venez.: Eritimix†; Eritroped†; Eritrovac†; Eryacne; Ilosone; Iloticina†; In-
derm; Laurimicina†; Leda-Rix; Pantomicina; Yisadin.

Multi-ingredient: Arg.: Acneout; Acnepas E; Benzamycin†; Clarex Com-
puesto; Ecnagel E; Erimicin; Eristin; Eritrobron; Kitacne AR†; Kitacne PB†;
Pantomucol†; Pediazole†; Pentoclave Combi; Peroximicina; Stievamycin;
Tratacne; Zineryt; Austria: Aknemycin compositum; Isotrexin; Belg.: Ben-
zamycin; Zineryt; Braz.: Benzac Eritromicina†; Eritrex A; Isotrexin; Canad.:
Benzamycin; Pediazole; Sans-Acne†; Stievamycin; Chile: Abboderm†; Ben-
zac Plus; Benzamycin†; Bioquin; Dermodan Plus; Erimicin; Erylik; Pediazole†;
Stievamycin; Cz.: Aknemycin Plus; Isotrexin; Zineryt; Fr.: Antibiotrex; Erylik;
Pediazole; Ger.: Aknemycin; Aknemycin Plus; Clinesfar†; Ecolicin; Isotrexin;
Synergomycin†; Zineryt; Gr.: Benzamycin†; Pediazole; Hong Kong: Ben-
zamycin; Dermabaz†; Erylik; Pediazole†; Hung.: Isotrexin; Zineryt; Irl.: Ben-
zamycin; Isotrexin; Zineryt; Israel: Aknemycin; Aknemycin Plus; Benzamy-
cin; Pediazole; Ital.: Isotrexin; Lauromicina; Rubrociclina†; Zineryt;
Malaysia: Aknemycin Plus; Mex.: Benzac Plus; Benzamycin; Bisolvon E;
Eriwest; Pantobron; Pediazole; Quimobrom; Stievamycin; Neth.: Zineryt;
NZ: Antibiotic Simplex; Philipp.: Elicocin; Pol.: Aknemycin Plus; Isotrexin;
Zineryt; Port.: Isotrexin; Zineryt; Rus.: Zineryt (Зинерит); S.Afr.: Ben-
zamycine†; Zineryt; Singapore: Aknemycin Plus; Benzamycin; Isotrexin;
Spain: Bronsema Expectorante; Isotrex Eritromicina; Loderm Retinoico;
Tosdiazina†; Zineryt; Switz.: Aknemycin; Thai.: Isotrexin; Turk.: Benzamy-
cin; UK: Aknemycin Plus; Benzamycin†; Isotrexin; Zineryt; USA: Benzamy-
cin; Eryzole†; Pediazole; Venez.: Pediazole†.

Ethambutol Hydrochloride 

(BANM, USAN, rINNM)

CL-40881; Etambutol Hidroklorür; Etambutol-hidroklorid; Etam-
butolhydroklorid; Etambutolihydrokloridi; Etambutolio hidro-
chloridas; Etambutolu chlorowodorek; Éthambutol, chlorhydrate
d’; Ethambutol-dihydrochlorid; Ethambutoli Dihydrochloridum;
Ethambutoli hydrochloridum; Hidrocloruro de etambutol. (S,S)-
N,N′-Ethylenebis(2-aminobutan-1-ol) dihydrochloride.

Этамбутола Гидрохлорид

C10H24N2O2,2HCl = 277.2.

CAS — 74-55-5 (ethambutol); 1070-11-7 (ethambutol
hydrochloride).

ATC — J04AK02.

ATC Vet — QJ04AK02.

(ethambutol)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Ethambutol Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water; soluble in al-
cohol. A 2% solution in water has a pH of 3.7 to 4.0. Store in air-
tight containers. 
USP 31 (Ethambutol Hydrochloride). A white crystalline pow-
der. Freely soluble in water; soluble in alcohol and in methyl al-
cohol; slightly soluble in chloroform and in ether.

Adverse Effects and Treatment
The most important adverse effect of ethambutol is ret-
robulbar neuritis with a reduction in visual acuity, con-
striction of visual field, central or peripheral scotoma,
and green-red colour blindness. One or both eyes may
be affected. The degree of visual impairment appears
to depend on the dose and duration of therapy; toxicity
is observed most frequently at daily doses of 25 mg/kg
or more and after at least 2 months of therapy. Recov-
ery of vision usually takes place over a period of a few
weeks or months, but in rare cases it may take up to a
year or more or the effect may be permanent. Retinal
haemorrhage has occurred rarely. 
Renal clearance of urate may be reduced and acute
gout has been precipitated rarely. 
Hypersensitivity reactions including skin rashes, pruri-
tus, leucopenia, fever, and joint pains have occurred
but appear to be rare with ethambutol. Other adverse
effects which have been reported include confusion,
disorientation, hallucinations, headache, dizziness,
malaise, jaundice or transient liver dysfunction, periph-
eral neuropathy, thrombocytopenia, pulmonary infil-
trates, eosinophilia, and gastrointestinal disturbances
such as nausea, vomiting, anorexia, and abdominal
pain. 
Teratogenicity has been observed in animals (but see
also Precautions, below). 
Blood concentrations of ethambutol after overdosage
may be reduced by haemodialysis or peritoneal dialy-
sis.
Effects on the blood. Neutropenia has been reported in a pa-
tient on ethambutol, isoniazid, and rifampicin.1 Each drug in-
duced neutropenia individually on rechallenge. In another pa-
tient also receiving mixed antituberculous therapy, eosinophilia
and neutropenia were associated with ethambutol; the effects re-
curred only on rechallenge with this drug.2 Skin rash, blood eosi-
nophilia, and pulmonary infiltrates occurred in a patient after 8
weeks of multidrug therapy for miliary tuberculosis. Rechal-
lenge again attributed the adverse event to ethambutol.3 Throm-
bocytopenia attributable to ethambutol has been reported in 2 pa-
tients.4,5

1. Jenkins PF, et al. Neutropenia with each standard antituberculo-
sis drug in the same patients. BMJ 1980; 280: 1069–70. 

2. Wong CF, Yew WW. Ethambutol-induced neutropenia and eosi-
nophilia. Chest 1994; 106: 1638–9. 

3. Wong PC, et al. Ethambutol-induced pulmonary infiltrates with
eosinophilia and skin involvement. Eur Respir J 1995; 8: 866–8. 

4. Rabinovitz M, et al. Ethambutol-induced thrombocytopenia.
Chest 1982; 81: 765–6. 

5. Prasad R, Mukerji PK. Ethambutol-induced thrombocytopaenia.
Tubercle 1989; 70: 211–12.

Effects on the CNS. A 40-year-old man with advanced HIV
infection taking oral ethambutol for Mycobacterium avium com-
plex infection had rapid cognitive decline, hallucinations, and
delusions within 2 weeks of starting ethambutol treatment;
symptoms resolved on stopping treatment.1
1. Martin SJ, Bowden FJ. Ethambutol toxicity manifesting as acute

onset psychosis. Int J STD AIDS 2007; 18: 287–8.

Effects on the eyes. A review1 on the ocular toxicity of etham-
butol reported that when ethambutol is taken for more than 2
months the incidence of retrobulbar neuritis is about 18% in pa-
tients receiving a daily dose of more than 35 mg/kg, reducing to
5 to 6% with a daily dose of 25 mg/kg, and less than 1% with a
daily dose of 15 mg/kg. An earlier study reported ophthalmic ef-
fects in 10 of 2184 patients receiving ethambutol in doses of
25 mg/kg or less daily, although few of the 10 patients com-

plained of symptoms.2 In 9 of the 10 patients, ocular changes
occurred after the second month of treatment. In the 928 patients
who only received 2 months of ethambutol therapy, ocular toxic-
ity was not reported. A prospective study3 of 229 patients taking
ethambutol for Mycobacterium avium complex lung disease re-
ported that ocular toxicity was more common in patients given
daily doses rather than intermittent (3 times a week) therapy. 
While short-term use of ethambutol is usually safe, deterioration
of vision leading to long-term blindness has been reported after
only a few doses of ethambutol;4 it was suspected that this was
an idiosyncratic reaction. Rapid onset reversible ocular toxicity
has also occurred.5 
Visual defects occurring with ethambutol generally resolve when
the drug is stopped.
1. Chan RYC, Kwok AKH. Ocular toxicity of ethambutol. Hong

Kong Med J 2006; 12: 56–60. 
2. Citron KM, Thomas GO. Ocular toxicity from ethambutol. Tho-

rax 1986; 41: 737–9. 
3. Griffith DE, et al. Ethambutol ocular toxicity in treatment regi-

mens for Mycobacterium avium complex lung disease. Am J
Respir Crit Care Med 2005; 172: 250–3. 

4. Karnik AM, et al. A case of ocular toxicity to ethambutol—an
idiosyncratic reaction? Postgrad Med J 1985; 61: 811–13. 

5. Schild HS, Fox BC. Rapid-onset reversible ocular toxicity from
ethambutol therapy. Am J Med 1991; 90: 404–6.

Effects on the kidneys. Interstitial nephritis has been
reported1,2 in 5 patients receiving ethambutol and isoniazid; 3
were also receiving additional antimycobacterials. In another pa-
tient, acute renal failure occurred secondary to interstitial nephri-
tis which was thought to have been induced by ethambutol.3
1. Collier J, et al. Two cases of ethambutol nephrotoxicity. BMJ

1976; 2: 1105–6. 
2. Stone WJ, et al. Acute diffuse interstitial nephritis related to

chemotherapy of tuberculosis. Antimicrob Agents Chemother
1976; 10: 164–72. 

3. García-Martín F, et al. Acute interstitial nephritis induced by
ethambutol. Nephron 1991; 59: 679–80.

Effects on the liver. Although transient abnormalities in liver
function commonly occur during the early stages of antitubercu-
losis treatment, drugs other than ethambutol are generally con-
sidered responsible. Ethambutol has generated fewer reports of
hepatotoxicity to the UK CSM than rifampicin, isoniazid, or
pyrazinamide,1 and the use of regimens containing ethambutol
has been recommended for patients unable to tolerate standard
regimens due to hepatotoxicity.1-3

1. Ormerod LP, et al. Hepatotoxicity of antituberculosis drugs.
Thorax 1996; 51: 111–13. 

2. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United King-
dom: recommendations 1998. Thorax 1998; 53: 536–48. [Although
these guidelines were replaced by ones issued by NICE in 2006 the
latter do not "explain tuberculosis or its treatment in detail" and
therefore reference to the earlier guidelines has been retained] Also
available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Tuberculosis/Guidelines/Chemotherapy.pdf
(accessed 29/07/08) 

3. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: ht tp://www.cdc.gov/
mmwr/PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid.
2005: 53: 1203. [dose]

Effects on the skin. Toxic epidermal necrolysis1 and
lichenoid2 and erythema multiforme-type drug eruptions3 have
been associated with the use of ethambutol. Delayed hypersensi-
tivity reactions have also been reported.4 Licensed product infor-
mation notes that Stevens-Johnson syndrome and dermatitis
have also occurred.
1. Pegram PS, et al. Ethambutol-induced toxic epidermal necroly-

sis. Arch Intern Med 1981; 141: 1677–8. 
2. Grossman ME, et al. Lichenoid eruption associated with etham-

butol. J Am Acad Dermatol 1995; 33: 675–6. 
3. Kurokawa I, et al. Erythema multiforme-type drug eruption due

to ethambutol with eosinophilia and liver dysfunction. Int J An-
timicrob Agents 2003; 21: 596–7. 

4. Bakkum RSLA, et al. Delayed-type hypersensitivity reaction to
ethambutol and isoniazid. Contact Dermatitis 2002; 46: 359.

Hyperuricaemia. In a controlled study of 71 patients receiving
ethambutol 20 mg/kg daily orally with other antimycobacterials,
serum-uric acid concentrations increased in 66, mainly in the
first 2 weeks of treatment.1 One patient experienced arthralgia
and another acute gouty arthritis. Serum-uric acid concentrations
did not change in 60 control patients receiving other antimyco-
bacterials.
1. Khanna BK, Gupta VP. Ethambutol-induced hyperuricaemia.

Tubercle 1984; 65: 195–9.

Precautions
Ethambutol is generally contra-indicated in patients
with optic neuritis. It should be used with great care in
patients with visual defects, the elderly, and in children
in whom evaluation of changes in visual acuity may be
difficult (see also Children, below). Ocular examina-
tion is recommended before treatment with ethambutol
and some consider that regular examinations are neces-
sary during treatment, especially in children. Patients
should be advised to report visual disturbances imme-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

diately and to stop ethambutol pending visual evalua-
tion. 
Ethambutol should be given in reduced dosage to pa-
tients with renal impairment and dosage adjustments
may need to be made according to serum concentra-
tions. The BNF recommends peak concentrations of 2
to 6 mg/L and trough concentrations of less than
1 mg/L. 
Ethambutol may precipitate attacks of gout. 
Although ethambutol crosses the placenta and may be
teratogenic in animals, problems in humans have not
been documented. It is generally considered that the
benefits of ethambutol in the treatment of tuberculosis
outweigh any potential risks in pregnancy.
Breast feeding. Ethambutol distributes into breast milk to pro-
duce concentrations similar to those in plasma. However, no ad-
verse effects have been seen in breast-fed infants whose mothers
were receiving ethambutol, and the American Academy of Pedi-
atrics considers1 that it is therefore usually compatible with
breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 03/10/07)

Children. Due to the possible difficulty of evaluating changes
in visual acuity that may be induced in children receiving etham-
butol, the BNFC advises that it should be used with caution in
children under 5 years of age and unable to report visual changes
accurately, whereas in the USA licensed product information has
advised against use in those under 13 years of age. 
The authors of a review of the use of ethambutol in children con-
cluded that no extra precautions were necessary in children aged
5 years or more, and that it could also be used in younger children
without undue fear of adverse effects.1 Another review suggest-
ed that visual toxicity is not a particular problem except perhaps
when CNS infection is involved.2 A literature review3 on the use
of ethambutol in children reported almost no ocular toxicity at
daily doses of 15 to 30 mg/kg. Ethambutol is therefore consid-
ered safe in children of all ages at a daily dose of 20 mg/kg (range
15 to 25 mg/kg) or a three times weekly dose of 30 mg/kg.
1. Trébucq A. Should ethambutol be recommended for routine

treatment of tuberculosis in children? A review of the literature.
Int J Tuberc Lung Dis 1997; 1: 12–15. 

2. Graham SM, et al. Ethambutol in tuberculosis: time to reconsid-
er? Arch Dis Child 1998; 78: 274–8. 

3. WHO. Ethambutol efficacy and toxicity: literature review and
recommendations for daily and intermittent dosage in children.
Geneva: WHO, 2006. Available at: http://whqlibdoc.who.int/
hq/2006/WHO_HTM_TB_2006.365_eng.pdf (accessed
03/10/07)

Antimicrobial Action
Ethambutol is active against Mycobacterium tubercu-
losis and some other mycobacteria. Resistant strains of
M. tuberculosis are readily produced if ethambutol is
used alone.

Pharmacokinetics
About 80% of an oral dose of ethambutol is absorbed
from the gastrointestinal tract. Absorption is not signif-
icantly impaired by food (but see also Bioavailability,
below). After a single dose of 25 mg/kg peak plasma
concentrations of up to 5 mg/L appear within 4 hours,
and are less than 1 mg/L by 24 hours. 
Ethambutol is distributed to most tissues, including the
lungs, kidneys, and erythrocytes. About 10 to 50%
may diffuse into the CSF when the meninges are in-
flamed. It has been reported to cross the placenta and is
distributed into breast milk. The elimination half-life
after oral doses is about 3 to 4 hours. 
Ethambutol is partially metabolised in the liver to the
aldehyde and dicarboxylic acid derivatives which are
inactive and then excreted in the urine. Most of a dose
appears in the urine within 24 hours as unchanged drug
and 8 to 15% as the inactive metabolites. About 20%
of the dose is excreted unchanged in the faeces.
Bioavailability. Although the absorption of ethambutol is not
generally regarded as being impaired by food, a study in 14
healthy subjects1 suggested that giving it with a high-fat meal or
an antacid could delay absorption and reduce the maximum plas-
ma concentration.
1. Peloquin CA, et al. Pharmacokinetics of ethambutol under fast-

ing conditions, with food, and with antacids. Antimicrob Agents
Chemother 1999; 43: 568–72.

HIV-infected patients. Malabsorption of ethambutol and oth-
er antituberculous drugs may occur in patients with HIV infec-
tion and tuberculosis, and may contribute to acquired drug resist-
ance and reduced efficacy of tuberculosis treatment. For further
information on the absorption of antituberculous drugs in HIV-
infected patients see under Rifampicin, p.328.

Pregnancy and breast feeding. Ethambutol crosses the pla-
centa and is present in fetal tissue in amounts of at least 74.5% of
the maternal serum concentration.1 Ethambutol distributes into
breast milk to produce concentrations similar to those in plasma.2

1. Holdiness MR. Transplacental pharmacokinetics of the antitu-
berculosis drugs. Clin Pharmacokinet 1987; 13: 125–9. 

2. Snider DE, Powell KE. Should women taking antituberculosis
drugs breast-feed? Arch Intern Med 1984; 144: 589–90.

Uses and Administration
Ethambutol is used with other antituberculous drugs in
the primary treatment of pulmonary and extrapulmo-
nary tuberculosis (p.196) to suppress emergence of re-
sistance to the other drugs used in the regimens. It is
also used as a component of regimens for the treatment
of nontuberculous mycobacterial infections (p.181). 

In the treatment of tuberculosis, ethambutol is given, as
the hydrochloride, usually with isoniazid, rifampicin,
and pyrazinamide in the initial 8-week phase and
sometimes in the continuation phase. It is given orally
in a single daily dose of 15 mg/kg, or 30 mg/kg three
times weekly. Initial doses of ethambutol 25 mg/kg
daily for 60 days may be given to patients who have
previously had antimycobacterial therapy, reduced to
15 mg/kg daily thereafter. 

For details of doses in infants, children, and adoles-
cents, see below. If it is used in patients with renal im-
pairment, doses should be adjusted according to serum
concentrations (see Precautions, above). 

Fixed-dose combination products have been devel-
oped in order to improve patient compliance and avoid
monotherapy, thereby decreasing the risk of acquired
drug resistance. Combination products containing
ethambutol with isoniazid, isoniazid and rifampicin,
and isoniazid, rifampicin, and pyrazinamide are avail-
able in some countries.

Administration in children. For the treatment of drug-resist-
ant tuberculosis in infants, children, and adolescents the Ameri-
can Academy of Pediatrics suggests a dose of ethambutol 15 to
25 mg/kg daily or 50 mg/kg twice weekly (to a maximum of
2.5 g) by mouth. 

For congenitally acquired tuberculosis in neonates the BNFC
suggests a dose of 15 mg/kg once daily. For the treatment of chil-
dren 1 month and older a dose of 15 mg/kg once daily or
30 mg/kg three times a week for the 2 month initial treatment
phase is suggested. 

See also Children, under Precautions above

Preparations
BP 2008: Ethambutol Tablets; 
USP 31: Ethambutol Hydrochloride Tablets; Rifampin, Isoniazid, Pyrazina-
mide, and Ethambutol Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Myambutol; Austria: Etibi; Myambutol; Belg.: Myambutol; Ca-
nad.: Etibi; Cz.: Sural; Denm.: Myambutol; Fin.: Oributol; Fr.: Myambutol;
Ger.: EMB; Myambutol; Gr.: Dexambutol; Myambutol; Hong Kong: EMB;
Myambutol†; Hung.: Sural; India: Combutol; Myambutol; Mycobact; My-
cobutol; Rifacom E-Z; Themibutol; Tibitol; Indon.: Arsitam; Bacbutol; Ce-
tabutol; Corsabutol; ETH Ciba; Parabutol; Santibi; Tibigon; Tibitol; Ital.: Eta-
piam; Miambutol; Mex.: Apo-Probutol†; Dovalem; Myambutol†;
Tambutec; Neth.: Myambutol; NZ: Myambutol; Philipp.: Danbutol; Ode-
tol; Port.: Turresis; Rus.: Ebutol (Эбутол); Ethambusin (Этамбусин)†; Up-
butol (Апбутол); S.Afr.: Purderal; Singapore: E-Butol; Spain: Myambutol;
Swed.: Myambutol; Switz.: Myambutol; Thai.: Conbutol†; Etham; Ethbu-
tol; Lambutol; Myambutol†; Myrin-P; Myrin†; Servambutol; Tobutol; Turk.:
Miambutol; USA: Myambutol.

Multi-ingredient: Austria: Myambutol-INH; Denm.: Rimstar; Fin.: Rim-
star; Ger.: EMB-INH†; Myambutol-INH; India: Akt-3; Akt-4; Bicox-E†;
Combunex; Coxina-3; Coxina-4; Cx-4; Cx-5; Gocox-4†; Inabutol Forte;
Myconex; RHZ-Plus; Rifa E; Wokex-3; Wokex-4; Xeed-3E; Xeed-4; Indon.:
bacbutINH; Erabutol Plus; Meditam-6; Mycothambin-INH; Niazitol; Pulna;
Rimstar; Santibi Plus; Ital.: Etanicozid B6; Miazide B6†; Mex.: Myambutol-
INH†; Philipp.: 4D; Continukit; Continukit Plus; Econokit; Econokit-MDR;
Ethamizid; Ethi 400; Fixcom 3; Fixcom 4; Myrin; Myrin-P; Quadtab; Rimstar;
Sthamizide; SVM-Polypac-A; Tres; Tritab; Viper; Rus.: Isocomb (Изокомб);
Lomecomb (Ломекомб); Phthizoetham (Фтизоэтам); Protiocomb
(Протиокомб); Repin B  (Репин В ); Rimstar 4-FDC (Римстар 4-ФДС);
S.Afr.: Myrin Plus†; Myrin†; Rifafour; Rimstar; Spain: Rimstar; Swed.: Rim-
star; Switz.: Myambutol-INH†; Thai.: Rifafour; Rimstar.

Ethionamide (BAN, USAN, rINN)

Ethionamid; Éthionamide; Ethionamidum; 2-Ethylthioisonicotina-
mide; Etionamid; Etionamida; Etionamidas; Etionamide; Etiona-
midi; 1314-TH. 2-Ethylpyridine-4-carbothioamide.
Этионамид
C8H10N2S = 166.2.
CAS — 536-33-4.
ATC — J04AD03.
ATC Vet — QJ04AD03.

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 ( Ethionamide). Small yellow crystals or a yellow
crystalline powder. Practically insoluble in water; sparingly sol-
uble in alcohol; soluble in methyl alcohol. 
USP 31 ( Ethionamide). A bright yellow powder having a faint
to moderate sulfide-like odour. Slightly soluble in water, in chlo-
roform, and in ether; sparingly soluble in alcohol and in propyl-
ene glycol; soluble in methyl alcohol. pH of a 1% slurry in water
is between 6.0 and 7.0. Store in airtight containers.
Adverse Effects and Treatment
Many patients cannot tolerate therapeutic doses of ethionamide
and have to stop treatment. The most common adverse effects
are dose-related gastrointestinal disturbances, including nausea,
vomiting, diarrhoea, anorexia, excessive salivation, a metallic
taste, stomatitis, and abdominal pain. Tolerance may be im-
proved by reducing the dose, adjusting the timing of dosage, or
giving an antiemetic. 
Mental disturbances including depression, anxiety, and psycho-
sis have been provoked. Dizziness, drowsiness, headache, pos-
tural hypotension, and asthenia may also occur occasionally. Pe-
ripheral and optic neuropathy, diplopia and blurred vision, and a
pellagra-like syndrome have occurred. Pyridoxine or nicotina-
mide have been suggested for the treatment or prevention of neu-
rotoxic effects. Hepatitis may occur occasionally, with or without
jaundice. The incidence of hepatotoxicity is increased when
ethionamide is given with rifampicin. 
Other adverse effects reported include hypersensitivity reactions,
thrombocytopenia and purpura, alopecia, dermatitis (including
photodermatitis), endocrine disturbances, hypoglycaemia, and
hypothyroidism with or without goitre. 
Teratogenic effects have been reported in animals.
Effects on the liver. Use of ethionamide or protionamide with
rifampicin for the treatment of multibacillary leprosy has been
associated with a high incidence of hepatotoxicity. A hepatitis
incidence of 4.5 to 5% has been reported for patients on ethiona-
mide or protionamide, rifampicin, and either dapsone or clofaz-
imine.1,2 In these studies, diagnosis of hepatitis was based on
clinical assessment. When laboratory monitoring was used, an
incidence of 13% was reported with a regimen of ethionamide or
protionamide with rifampicin and dapsone.3 A regimen of pro-
tionamide, dapsone, rifampicin, and clofazimine has been asso-
ciated with a 22% incidence based on laboratory monitoring.4
Use of ethionamide with pyrazinamide has also resulted in a high
incidence of abnormal liver function tests.5 
In the above studies rifampicin was given daily during part or all
of the regimens. The incidence of hepatotoxicity when ethiona-
mide or protionamide is used with once-monthly rifampicin may
be lower; hepatotoxicity was not reported in patients receiving
monthly rifampicin and daily protionamide, isoniazid, and dap-
sone.6
1. Pattyn SR, et al. Hepatotoxicity of the combination of rifampin-

ethionamide in the treatment of multibacillary leprosy. Int J Lepr
1984; 52: 1–6. 

2. Pattyn SR, et al. Combined regimens of one year duration in the
treatment of multibacillary leprosy—II: combined regimens
with rifampicin administered during 6 months. Lepr Rev 1989;
60: 118–23. 

3. Cartel J-L, et al. Hepatitis in leprosy patients treated by a daily
combination of dapsone, rifampin, and a thioamide. Int J Lepr
1983; 51: 461–5. 

4. Ji B, et al. Hepatotoxicity of combined therapy with rifampicin
and daily prothionamide for leprosy. Lepr Rev 1984; 55: 283–9. 

5. Schless JM, et al. The use of ethionamide in combined drug reg-
imens in the re-treatment of isoniazid-resistant pulmonary tuber-
culosis. Am Rev Respir Dis 1965; 91: 728–37. 

6. Ellard GA, et al. Long-term prothionamide compliance: a study
carried out in India using a combined formulation containing
prothionamide, dapsone and isoniazid. Lepr Rev 1988; 59:
163–75.

Precautions
Ethionamide should not be used in severe hepatic impairment.
Liver function tests should be carried out before, and regularly
during, treatment with ethionamide. 
Caution is necessary in patients with depression or other psychi-
atric illness. Difficulty may be experienced in the management
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of diabetes mellitus. Periodic monitoring of blood glucose, thy-
roid function, and visual function is desirable. 
Ethionamide is teratogenic in animals.

Porphyria. Ethionamide is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.

Interactions
The adverse effects of other antimycobacterials may be in-
creased when ethionamide is used (see Effects on the Liver,
above, and under Cycloserine, Interactions, p.260).

Alcohol. A psychotic reaction has been reported in a patient re-
ceiving ethionamide after excessive intake of alcohol.1

1. Lansdown FS, et al. Psychotoxic reaction during ethionamide
therapy. Am Rev Respir Dis 1967; 95: 1053–5.

Antimicrobial Action
Ethionamide is active only against mycobacteria including My-
cobacterium tuberculosis, M. kansasii, M. leprae, and some
strains of M. avium complex. 
Resistance develops rapidly if used alone and there is complete
cross-resistance between ethionamide and protionamide. Cross-
resistance has been reported in vitro with isoniazid or with thio-
acetazone.

Pharmacokinetics
Ethionamide has been given as a sugar-coated tablet or more re-
cently as a more stable film-coated tablet. Both formulations are
readily absorbed from the gastrointestinal tract: after an oral dose
of 250 mg, sugar-coated tablets produce a peak plasma concen-
tration of about 1.5 micrograms/mL after 1.5 hours, while film-
coated tablets give a peak plasma concentration of
2.16 micrograms/mL after about 1 hour. Distribution of ethiona-
mide from the film-coated tablet into body tissues and fluids has
not been studied, but is expected to be similar to that of the sugar-
coated tablets. Ethionamide from sugar-coated tablets is widely
distributed throughout body tissues and fluids. It crosses the pla-
centa and penetrates the uninflamed meninges, appearing in the
CSF in concentrations equivalent to those in serum. It is about
30% bound to plasma proteins. The half-life for the sugar-coated
tablet is reported to be 2 to 3 hours and 1.92 hours for the film-
coated tablet. Ethionamide is extensively metabolised, probably
in the liver, to the active sulfoxide and other inactive metabolites
and less than 1% of a dose appears in the urine as unchanged
drug.

Distribution. After single oral doses of ethionamide 15 or
20 mg/kg in children with tuberculous meningitis, the peak spi-
nal fluid concentration was reached in 1 ⁄  to 2 ⁄  hours.1 A wide
range of concentrations was reported but doses of 20 mg/kg were
more likely to produce spinal fluid concentrations above
2.5 micrograms/mL, the concentration considered by the authors
to be essential for therapeutic success.
1. Donald PR, Seifart HI. Cerebrospinal fluid concentrations of

ethionamide in children with tuberculous meningitis. J Pediatr
1989; 115: 483–6.

Uses and Administration
Ethionamide is a thioamide derivative considered to be inter-
changeable with protionamide. It is used with other antitubercu-
lous drugs for the treatment of tuberculosis (p.196) when resist-
ance to primary drugs has developed. It has also been used, as a
substitute for clofazimine, in regimens for the treatment of lepro-
sy (p.176) but less toxic alternatives are now preferred. 
In the treatment of resistant tuberculosis, adults may be given 15
to 20 mg/kg daily (maximum 1 g daily) orally. Ethionamide may
be given in divided doses with meals, or as a single daily dose
after the evening meal, or at bedtime, to minimise gastrointesti-
nal adverse effects. For details of doses in infants, children, and
adolescents, see below. 
Similar doses were used for the treatment of leprosy. 
Ethionamide has also been used as rectal suppositories; the hy-
drochloride has been given intravenously.

Administration in children. For the treatment of drug-resist-
ant tuberculosis in infants, children, and adolescents the Ameri-
can Academy of Pediatrics suggests an oral dose of ethionamide
15 to 20 mg/kg (to a maximum of 1 g) daily, given in 2 to 3 di-
vided doses.

Preparations
USP 31: Ethionamide Tablets.

Proprietary Preparations (details are given in Part 3)
Gr.: Trecator; India: Ethide; Myobid; S.Afr.: Ethatyl; Thai.: Eton; Turk.:
Etyomid; USA: Trecator.

Etimicin Sulfate
Antibiotic 89-07; E-402. 1-N-Ethyl gentamicin C1a sulfate.

(C21H43N5O7)2,5H2SO4 = 1445.6.
CAS — 59711-96-5 (etimicin); 362045-44-1 (etimicin
sulfate).

Pharmacopoeias. In Chin.

Profile
Etimicin, a derivative of gentamicin C1a, is an aminoglycoside
antibacterial with actions similar to those of gentamicin (p.282).
It is given intravenously as the sulfate.

◊ References.
1. Zhao C, et al. A randomized controlled clinical trial on etimicin,

a new aminoglycoside antibiotic, versus netilmicin in the treat-
ment of bacterial infections. Chin Med J (Engl) 2000; 113:
1026–30.

Faropenem Sodium (rINNM)

ALP-201; Faropenem sódico; Faropénem Sodique; Fropenem
Sodium; Furopenem; Natrii Faropenemum; SUN-5555; SY-5555;
Wy-49605; YM-044. Sodium (+)-(5R,6S)-6-[(1R)-1-hydroxye-
thyl]-7-oxo-3-[(2R)-tetrahydro-2-furyl]-4-thia-1-azabicyc-
lo[3.2.0]hept-2-ene-2-carboxylate.

Натрий Фаропенем

C12H14NaNO5S = 307.3.
CAS — 106560-14-9 (faropenem); 141702-36-5 (faro-
penem medoxomil); 122547-49-3 (faropenem sodium).

Pharmacopoeias. Jpn includes the hemipentahydrate.

Profile
Faropenem is a penem antibacterial that is given orally as the
sodium salt for the treatment of susceptible infections. 
Faropenem medoxomil (USAN) (Bay-56-6854) is being investi-
gated for the treatment of respiratory-tract infections and uncom-
plicated skin and skin structure infections. NOTE. Faropenem me-
doxomil has also been referred to as faropenem daloxate
although such use of the term daloxate is not in keeping with INN
nomenclature conventions.

◊ References.
1. Critchley IA, et al. Activities of faropenem, an oral β-lactam,

against recent US isolates of Streptococcus pneumoniae, Hae-
mophilus influenzae, and Moraxella catarrhalis. Antimicrob
Agents Chemother 2002; 46: 550–5. 

2. von Eiff C, et al. Comparative in vitro activity of faropenem
against staphylococci. J Antimicrob Chemother 2002; 50:
277–80. 

3. Milatovic D, et al. In vitro activity of faropenem against 5460
clinical bacterial isolates from Europe. J Antimicrob Chemother
2002; 50: 293–9. 

4. Wexler HM, et al. In vitro activities of faropenem against 579
strains of anaerobic bacteria. Antimicrob Agents Chemother
2002; 46: 3669–75. 

5. Jones ME, et al. Activity of faropenem, a new furanem, against
European respiratory pathogens collected during 2000-2001: a
comparison with other beta-lactam agents. J Antimicrob Chem-
other 2003; 51: 196–9. 

6. Gettig JP, et al. Faropenem medoxomil. Ann Pharmacother
2008; 42: 80–90.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Farom.

Fleroxacin (BAN, USAN, rINN)

AM-833; Fleroksasiini; Fléroxacine; Fleroxacino; Fleroxacinum;
Ro-23-6240; Ro-23-6240/000. 6,8-Difluoro-1-(2-fluoroethyl)-
1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-3-quinolinecar-
boxylic acid.

Флероксацин

C17H18F3N3O3 = 369.3.
CAS — 79660-72-3.
ATC — J01MA08.
ATC Vet — QJ01MA08.

Pharmacopoeias. In Chin.

Profile
Fleroxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.243), but is reported to
have greater systemic bioavailability and a longer half-life. It is
given orally for the treatment of susceptible infections in usual
doses of 200 to 300 mg once daily. It has also been given by in-
travenous infusion. 

The incidence of adverse effects associated with fleroxacin has
been relatively high.

◊ General references.

1. Balfour JA, et al. Fleroxacin: a review of its pharmacology and
therapeutic efficacy in various infections. Drugs 1995; 49:
794–850.

Adverse effects. References to adverse effects associated with
fleroxacin.

1. Bowie WR, et al. Adverse reactions in a dose-ranging study with
a new long-acting fluoroquinolone, fleroxacin. Antimicrob
Agents Chemother 1989; 33: 1778–82. 

2. Geddes AM. Safety of fleroxacin in clinical trials. Am J Med
1993; 94 (suppl 3A): 201S–203S. 

3. Kimura M, et al. Photosensitivity induced by fleroxacin. Clin
Exp Dermatol 1996; 21: 46–7.

Breast feeding. The American Academy of Pediatrics1 states
that fleroxacin is usually compatible with breast feeding. How-
ever, in a study,2 in which women were given a single 400-mg
dose and breast feeding was withheld for 48 hours, it was con-
cluded that although a breast-fed infant would only receive a
moderate amount (maximum 10 mg daily), fleroxacin should not
be used in breast-feeding mothers due to the potential for adverse
effects such as arthropathy in the infant.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/05/04) 

2. Dan M, et al. Penetration of fleroxacin into breast milk and phar-
macokinetics in lactating women. Antimicrob Agents Chemother
1993; 37: 293–6.

Preparations

Proprietary Preparations (details are given in Part 3)

Ger.: Quinodis†; Jpn: Megalocin.

Flomoxef Sodium (rINNM)

Flomoxef sódico; Flomoxef Sodique; Natrii Flomoxefum; 6315-
S. 7R-7-[2-(Difluoromethylthio)acetamido]-3-[1-(2-hydroxye-
thyl)-1H-tetrazol-5-ylthiomethyl]-7-methoxy-1-oxa-3-cephem-
4-carboxylic acid sodium.

Натрий Фломоксеф

C15H17F2N6NaO7S2 = 518.4.

CAS — 99665-00-6 (flomoxef); 92823-03-5 (flomoxef so-
dium).

Pharmacopoeias. In Jpn.

Profile
Flomoxef is an oxacephalosporin or oxacephem antibacterial
with properties similar to latamoxef (p.292). It is given intrave-
nously as the sodium salt and doses are expressed in terms of
flomoxef; 1.04 g of flomoxef sodium is equivalent to about 1 g
of flomoxef. The usual dose is 1 to 2 g daily in two divided doses.

Preparations

Proprietary Preparations (details are given in Part 3)

Jpn: Flumarin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Florfenicol (BAN, USAN, rINN)

Florfénicol; Florfenicolum; Florfenikol; Florfenikoli; Sch-25298.
2,2-Dichloro-N-[(αS,βR)-α-(fluoromethyl)-β-hydroxy-4-meth-
anesulfonylphenethyl]acetamide.

Флорфеникол
C12H14Cl2FNO4S = 358.2.
CAS — 76639-94-6.
ATC Vet — QJ01BA90; QJ51BA90.

Profile
Florfenicol, a fluorinated analogue of chloramphenicol, is an an-
tibacterial used in veterinary medicine.

Flucloxacillin (BAN, rINN)

BRL-2039; Floxacillin (USAN); Flucloxacilina; Flucloxacilline; Flu-
cloxacillinum; Flukloksasilin; Flukloksasilliini; Flukloxacillin. (6R)-6-
[3-(2-Chloro-6-fluorophenyl)-5-methylisoxazole-4-carboxami-
do]penicillanic acid.

Флуклоксациллин
C19H17ClFN3O5S = 453.9.

CAS — 5250-39-5.
ATC — J01CF05.
ATC Vet — QJ01CF05; QJ51CF05.

NOTE. Compounded preparations of flucloxacillin may be repre-
sented by the following names: 

• Co-fluampicil (BAN)—flucloxacillin 1 part and ampicillin 1
part (w/w).

Flucloxacillin Magnesium (BANM, rINNM)

Flucloxacilina magnésica; Flucloxacilline Magnesique; Flucloxacil-
line-magnésium; Flucloxacillinum magnesicum; Magnesii Flucloxa-
cillinum.

Магния Флуклоксациллин
(C19H16ClFN3O5S)2Mg,8H2O = 1074.2.
CAS — 58486-36-5.
ATC — J01CF05.
ATC Vet — QJ01CF05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flucloxacillin Magnesium Octahydrate). A white or
almost white, crystalline powder. Slightly soluble in water; freely
soluble in methyl alcohol. A 0.5% solution in water has a pH of
4.5 to 6.5.

Flucloxacillin Sodium (BANM, rINNM)

Flucloxacilina sódica; Flucloxacilline sodique; Flucloxacillinum na-
tricum; Flucloxacillinum Natricum Monohydricum; Flukloksacilino
natrio druska; Flukloksasilin Sodyum; Flukloksasilliininatrium; Fluk-
loxacilin sodná sůl monohydrát; Flukloxacillinnatrium; Flukloxacil-
lin-nátrium; Natrii Flucloxacillinum.

Натрий Флуклоксациллин
C19H16ClFN3NaO5S,H2O = 493.9.
CAS — 1847-24-1.
ATC — J01CF05.
ATC Vet — QJ01CF05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flucloxacillin Sodium). A white or almost white,
crystalline hygroscopic, powder. Freely soluble in water and in
methyl alcohol; soluble in alcohol. A 10% solution in water has

a pH of 5.0 to 7.0. Store at a temperature not exceeding 25° in air-
tight containers.

Incompatibility. As with other penicillins, flucloxacillin sodi-
um is incompatible with aminoglycosides.

Adverse Effects and Precautions
As for Benzylpenicillin p.213. 

Hepatitis and cholestatic jaundice have been reported
occasionally with flucloxacillin and may be delayed in
onset for up to 2 months after treatment has been
stopped; older patients and those receiving flucloxacil-
lin for more than 2 weeks are at greater risk. Fatalities
have occurred, usually in patients with serious underly-
ing hepatic disease. There have been rare reports of
erythema multiforme, Stevens-Johnson syndrome, and
toxic epidermal necrolysis associated with flucloxacil-
lin. Agranulocytosis and neutropenia have been associ-
ated rarely with isoxazolyl penicillins such as flucloxa-
cillin. Phlebitis has followed intravenous infusion.

Effects on the liver. In October 2004, the UK CSM issued a
reminder1 that flucloxacillin is associated rarely with an in-
creased risk of hepatitis and cholestatic jaundice. In some pa-
tients, almost always those with serious underlying hepatic dis-
ease, fatalities have occurred. The onset of hepatic adverse
effects may be delayed for up to 2 months after stopping treat-
ment, and is not related to the dose or to the route. Older patients
and those receiving flucloxacillin for more than 2 weeks are at
increased risk. Flucloxacillin should not be used in patients with
a history of hepatic dysfunction related to its use, and should be
used only with caution in patients with evidence of other hepatic
impairment. Careful enquiry should be made concerning previ-
ous hypersensitivity to beta lactams. A cohort study2 using UK
prescription data found that the risk of developing cholestatic liv-
er disease in the 45 days after starting flucloxacillin was 8.5 per
100 000. In contrast to other countries, flucloxacillin continued
to be seen as a first-line drug in the UK.

1. Committee on Safety of Medicines. Reminder: flucloxacillin and
serious hepatic disorders. Current Problems 2004; 30: 9. Available
at: http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007448&RevisionSelect ionMethod=
LatestReleased (accessed 11/07/06) 

2. Russmann S, et al. Risk of cholestatic liver disease associated
with flucloxacillin and flucloxacillin prescribing habits in the
UK: cohort study using data from the UK General Practice Re-
search Database. Br J Clin Pharmacol 2005; 60: 76–82.

Porphyria. Flucloxacillin has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Sodium content. Each g of flucloxacillin sodium contains
about 2 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
Flucloxacillin is bactericidal with a mode of action
similar to that of benzylpenicillin, but is resistant to sta-
phylococcal penicillinase. It is active therefore against
penicillinase-producing and non-penicillinase-produc-
ing staphylococci. Its activity against streptococci such
as Streptococcus pneumoniae and Str. pyogenes is less
than that of benzylpenicillin, but sufficient to be useful
when these organisms are present with penicillin-re-
sistant staphylococci. Flucloxacillin is virtually inef-
fective against Enterococcus faecalis. 

Resistance. The resistance of staphylococci to flu-
cloxacillin and other penicillinase-resistant penicillins
is described under meticillin (p.299).

Pharmacokinetics
Flucloxacillin is better absorbed from the gastrointesti-
nal tract than cloxacillin, but absorption is reduced by
the presence of food in the stomach. After an oral dose
of 0.25 to 1 g, in fasting subjects, peak plasma concen-
trations in about 1 hour are usually in the range of 5 to
15 micrograms/mL. Plasma concentrations after intra-
muscular injection of flucloxacillin sodium are similar,
but peak concentrations are achieved in about 30 min-
utes. Doubling the dose can double the plasma concen-
tration. About 95% of flucloxacillin in the circulation

is bound to plasma proteins. Flucloxacillin has been re-
ported to have a plasma half-life of approximately 1
hour. The half-life is prolonged in neonates. 

The distribution of flucloxacillin into body tissues and
fluids is similar to that of cloxacillin (p.256). 

Flucloxacillin is metabolised to a limited extent and the
unchanged drug and metabolites are excreted in the
urine by glomerular filtration and renal tubular secre-
tion. About 66% of an oral dose and 76% of a parenter-
al dose is excreted in the urine within 8 hours. Only
small amounts are excreted in the bile. Flucloxacillin is
not removed by haemodialysis or peritoneal dialysis. 

Plasma concentrations are enhanced by probenecid.

Uses and Administration
Flucloxacillin is an isoxazolyl penicillin used primarily
for the treatment of infections due to staphylococci re-
sistant to benzylpenicillin. These include bone and
joint infections, endocarditis, pneumonia, skin infec-
tions (including soft-tissue infections), and toxic shock
syndrome. For discussions of these infections and their
treatment, see under Choice of Antibacterial, p.162. 

Administration and dosage. Flucloxacillin is given
parenterally and orally as the sodium or magnesium
salt. All doses are expressed as flucloxacillin; 1.18 g of
flucloxacillin magnesium and 1.09 g of flucloxacillin
sodium are each equivalent to about 1 g of flucloxacil-
lin. Oral doses should be taken at least 30 minutes be-
fore meals as the presence of food in the stomach re-
duces absorption. In severe renal impairment a
reduction in dosage may be necessary. 

The usual adult dose orally or by intramuscular injec-
tion is 250 mg four times daily. It is given intravenous-
ly in a dose of 0.25 to 1 g four times daily by slow in-
jection over 3 to 4 minutes or by intravenous infusion.
All systemic doses may be doubled in severe infec-
tions. Up to 8 g daily in 3 or 4 divided doses may be
given for osteomyelitis; in endocarditis a dose of 8 g
daily in 4 divided doses may be given to patients
weighing up to 85 kg, and 12 g daily in 6 divided doses
may be used in those weighing more. 

Flucloxacillin has been given by other routes in con-
junction with systemic therapy. It has been given in a
dose of 250 to 500 mg daily by intra-articular injection,
dissolved if necessary in a 0.5% solution of lidocaine
hydrochloride, or by intrapleural injection in a dose of
250 mg daily. Using powder for injection, 125 to
250 mg has been dissolved in 3 mL of sterile water and
inhaled by nebuliser 4 times daily. 

Children up to 2 years of age may be given one-quarter
the adult dose and those aged 2 to 10 years one-half the
adult dose. 

Flucloxacillin may be used with other antibacterials,
including ampicillin (known as co-fluampicil), to pro-
duce a wider spectrum of activity. If flucloxacillin is
given with an aminoglycoside the two drugs should not
be mixed.

Preparations

BP 2008: Co-fluampicil Capsules; Co-fluampicil Oral Suspension; Flucloxa-
cillin Capsules; Flucloxacillin Injection; Flucloxacillin Oral Solution; Flucloxa-
cillin Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Austral.: Flopen; Floxapen; Floxsig; Flubiclox; Flucil; Staphylex; Austria:
Floxapen; Belg.: Floxapen; Staphycid; Chile: Fluxacina; Vitalpen; Denm.:
Heracillin; Ger.: Fluclox; Flucloxa†; Staphylex; Hong Kong: Flucloxil; India:
Floxapen†; Indon.: Floxapen; Irl.: Floxapen; Flucillin; Fluclon; Geriflox; Ital.:
Betabiotic; Cloxillin; Evercid; Faifloc; Fareclox; Flucacid; Flucef; Flucinal; Flu-
clox; Fluxacil; Fluzerit; Liderclox; Nepenic; Pantaflux; Recaflux; Malaysia:
Staphlex; Mex.: Floxapen; Neth.: Floxapen; Stafoxil†; NZ: Floxapen; Flu-
cloxin; Staphlex; Philipp.: Stafloxin; Port.: Floxapen; Floxil†; S.Afr.: Floxa-
pen; Singapore: Staphlex; Swed.: Heracillin; Switz.: Floxapen; Thai.: Sta-
phycid; Turk.: Flix; Floksin; UK: Floxapen; Fluclomix; Ladropen; Venez.:
Floxapen.

Multi-ingredient: Ger.: Flanamox; S.Afr.: Macropen; Megapen; Suprap-
en; UK: Magnapen.
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Flumequine (BAN, USAN, rINN)

Flumechin; Flumekiini; Flumekin; Flumekvinas; Flumequina;
Fluméquine; Flumequinum; R-802. 9-Fluoro-6,7-dihydro-5-me-
thyl-1-oxo-1H,5H-pyrido[3,2,1-ij]quinoline-2-carboxylic acid.
Флумехин
C14H12FNO3 = 261.2.
CAS — 42835-25-6.
ATC — J01MB07.
ATC Vet — QJ01MB07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flumequine). A white or almost white microcrys-
talline powder. Practically insoluble in water; sparingly soluble
in dichloromethane; very slightly soluble in methyl alcohol; free-
ly soluble in dilute solutions of alkali hydroxides.
Profile
Flumequine is a 4-quinolone antibacterial with actions and uses
similar to those of nalidixic acid (p.303). It may be more active
in vitro against some Enterobacteriaceae. In the treatment of uri-
nary-tract infections doses of 400 mg are given orally 3 times
daily.
Porphyria. Flumequine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Apurone.

Flurithromycin Ethyl Succinate (rINNM)

Etilsuccinato de fluritromicina; Flurithromycin Ethylsuccinate;
Flurithromycine, Éthylsuccinate de; Flurithromycini Ethylsuccinas.
(8S)-8-Fluoroerythromycin mono(ethyl butanedioate) ester.
Флуритромицина Этилсукцинат
C43H74FNO16 = 880.0.
CAS — 82664-20-8 (flur ithromycin); 82730-23-2
(flur ithromycin ethyl succinate).
ATC — J01FA14.
ATC Vet — QJ01FA14.

(flur ithromycin)

Profile
Flurithromycin is a fluorinated macrolide antibacterial derived
from erythromycin (p.269). It is given orally as the ethyl succi-
nate but doses are expressed in terms of the base. The usual dose
in the treatment of susceptible infections is the equivalent of
375 mg of flurithromycin twice daily, after meals.
◊ References.
1. Saverino D, et al. Antibacterial profile of flurithromycin, a new

macrolide. J Antimicrob Chemother 1992; 30: 261–72.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Flurizic; Mizar; Ritro.

Formosulfathiazole
Formaldehyde-sulphathiazole; Formosulfatiazol; Formosulphathi-
azole; Methylenesulfathiazole.
CAS — 13968-86-0.
ATC Vet — QA07AB90; QD06BA90.

Profile
Formosulfathiazole, a condensation product of sulfathiazole
with formaldehyde, has properties similar to those of sulfameth-
oxazole (p.340). It is poorly absorbed and has been given for its
antibacterial action in the gastrointestinal tract, often with other
antibacterials.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Pol.: Sterovag; Spain: Sulfintestin Neomicina.

Fosfomycin (BAN, USAN, rINN)

Fosfomicina; Fosfomycine; Fosfomycinum; Fosfomysiini; MK-955;
Phosphomycin; Phosphonomycin. (1R,2S)-1,2-Epoxypropylphos-
phonic acid.
Фосфомицин
C3H7O4P = 138.1.
CAS — 23155-02-4.
ATC — J01XX01.
ATC Vet — QJ01XX01.

Description. Fosfomycin is an antibacterial isolated from
Streptomyces fradiae and other Streptomyces spp. or produced
synthetically.

Fosfomycin Calcium (BANM, rINNM)

Calcii Fosfomycinum; Fosfomicina cálcical; Fosfomicino kalcio
druska; Fosfomycin vápenatá sůl monohydrát; Fosfomycine cal-
cique; Fosfomycinkalcium; Fosfomycinum calcicum; Fosfomyci-
num Calcicum Monohydricum; Fosfomysiinikalsium; Foszfomicin-
kalcium.
Кальций Фосфомицин
C3H5CaO4P,H2O = 194.1.
CAS — 26016-98-8.
ATC — J01XX01.
ATC Vet — QJ01XX01.
Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Fosfomycin Calcium). A white or almost white
powder. Slightly soluble in water; practically insoluble in ace-
tone, in dichloromethane, and in methyl alcohol. A 0.1% solu-
tion in water has a pH of 8.1 to 9.6. Store in airtight containers.
Protect from light.

Fosfomycin Sodium (BANM, rINNM)

Fosfomicina sódica; Fosfomicino natrio druska; Fosfomycin dis-
odná sůl; Fosfomycine sodique; Fosfomycinnatrium; Fosfomyci-
num Dinatricum; Fosfomycinum natricum; Fosfomysiininatrium;
Foszfomicin-nátrium; Natrii Fosfomycinum.
Натрий Фосфомицин
C3H5Na2O4P = 182.0.
CAS — 26016-99-9.
ATC — J01XX01.
ATC Vet — QJ01XX01.
Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Fosfomycin Sodium). A white or almost white,
very hygroscopic powder. Very soluble in water; practically in-
soluble in dehydrated alcohol and in dichloromethane; sparingly
soluble in methyl alcohol. A 5% solution in water has a pH of 9.0
to 10.5. Store in airtight containers. Protect from light.

Fosfomycin Trometamol (BANM, rINNM)

Fosfomicina trometamol; Fosfomicinas trometamolis; Fosfomisin
Trometamol; Fosfomycin Tromethamine (USAN); Fosfomycine
trométamol; Fosfomycintrometamol; Fosfomycin-trometamol;
Fosfomycinum Trometamol; Fosfomycinum Trometamoli; Fosfo-
mycinum trometamolum; Fosfomycyna z trometamolem; Fosfo-
mysiinitrometamoli; Foszfomicin-trometamol; FZ-588; Z-1282.
Фосфомицин Трометамол
C3H7O4P,C4H11NO3 = 259.2.
CAS — 78964-85-9.
ATC — J01XX01.
ATC Vet — QJ01XX01.
Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Fosfomycin Trometamol). A white or almost white,
hygroscopic powder. Very soluble in water; slightly soluble in al-
cohol and in methyl alcohol; practically insoluble in acetone. A
5% solution in water has a pH of 3.5 to 5.5. Store in airtight con-
tainers.
Adverse Effects and Precautions
Gastrointestinal disturbances including nausea and diarrhoea,
transient increases in serum concentrations of aminotransferases,
headache, visual disturbances, and skin rashes have been report-

ed after use of fosfomycin. Eosinophilia and, rarely, angioedema,
aplastic anaemia, exacerbation of asthma, cholestatic jaundice,
hepatic necrosis, and toxic megacolon, have also occurred.
Antimicrobial Action
Fosfomycin is a bactericidal antibacterial. After active uptake
into the cell it is reported to interfere with the first step in the
synthesis of bacterial cell walls. It is active in vitro against a
range of Gram-positive and Gram-negative bacteria including
Staphylococcus aureus, some streptococci, most Enterobacte-
riaceae, Haemophilus influenzae, Neisseria spp., and some
strains of Pseudomonas aeruginosa although some are resistant.
Bacteroides spp. are not sensitive. 
Bacterial resistance to fosfomycin has been reported and can be
chromosomal or, in some organisms, transferred by plasmids en-
coding multiple resistance (for example in Serratia marcescens).
However, there appears to be little cross-resistance with other an-
tibacterials. 
Fosfomycin has been reported to show antimicrobial synergy
with a wide range of antibacterials against organisms such as en-
terococci, meticillin-resistant Staph. aureus, and the enterobacte-
ria. Such synergistic effects have been reported particularly with
the beta lactams, but also with aminoglycosides, macrolides, tet-
racyclines, chloramphenicol, rifamycin, and lincomycin. Anti-
microbial antagonism with a beta lactam has also been reported. 
There is some suggestion that use of fosfomycin with an
aminoglycoside may also reduce the nephrotoxicity of the latter
in vivo.
◊ References.
1. Barry AL, Brown SD. Antibacterial spectrum of fosfomycin

trometamol. J Antimicrob Chemother 1995; 35: 228–30.

Pharmacokinetics
Fosfomycin or fosfomycin calcium are poorly absorbed from the
gastrointestinal tract. Peak plasma concentrations 4 hours after a
1-g dose of fosfomycin calcium are about 7 micrograms/mL, and
bioavailability has been calculated at about 30 to 40%. Similar
bioavailability has been reported for the trometamol salt, and
plasma concentrations of about 22 to 32 micrograms/mL have
been reported 2 hours after an oral dose equivalent to 3 g fosfo-
mycin. Fosfomycin disodium is given intramuscularly or intra-
venously: intravenous infusion of a 4-g dose results in peak plas-
ma concentrations of around 120 micrograms/mL. The plasma
half-life is about 2 hours. Fosfomycin does not appear to be
bound to plasma proteins. It crosses the placenta and is widely
distributed in body fluids including the CSF; small amounts have
been found in breast milk and bile. The majority of a parenteral
dose is excreted unchanged in the urine, by glomerular filtration,
within 24 hours. 
Urinary concentrations of up to 3 mg/mL have been reported
within 2 to 4 hours of an oral dose of fosfomycin trometamol
equivalent to 3 g of fosfomycin; therapeutic concentrations of
200 to 300 micrograms/mL remained in urine after 48 hours.
◊ References.
1. Bergan T, et al. Pharmacokinetic profile of fosfomycin trometa-

mol. Chemotherapy  1993; 39: 297–301.

Uses and Administration
Fosfomycin is a phosphonic acid antibacterial given orally as the
trometamol or calcium salt and intramuscularly or intravenously
as the disodium salt in the treatment of a variety of bacterial in-
fections due to susceptible organisms. Doses are expressed in
terms of the base; fosfomycin calcium 1.4 g, fosfomycin sodium
1.3 g, and fosfomycin trometamol 1.9 g are each equivalent to
about 1 g of fosfomycin. 
In the treatment of acute uncomplicated infections of the urinary
tract (p.199), fosfomycin trometamol is given as a single dose
equivalent to 3 g of fosfomycin. Fosfomycin trometamol has
also been used for the prophylaxis of infection in transurethral
surgical procedures. For a discussion of surgical infections and
their prophylaxis and treatment, see p.195. 
The usual oral dose of fosfomycin calcium is the equivalent of
0.5 to 1 g of fosfomycin every 6 to 8 hours. Higher doses have
been given parenterally as the sodium salt, with up to 20 g daily
having been given intravenously in severe infection. 
Fosfomycin has also been used with beta lactam antibacterials.
◊ References.
1. Reeves DS. Fosfomycin trometamol. J Antimicrob Chemother

1994; 34: 853–8. 
2. Patel SS, et al. Fosfomycin tromethamine: a review of its anti-

bacterial activity, pharmacokinetic properties and therapeutic ef-
ficacy as a single-dose oral treatment for acute uncomplicated
lower urinary tract infections. Drugs 1997; 53: 637–56. 

3. Stein GE. Single-dose treatment of acute cystitis with fosfomy-
cin tromethamine. Ann Pharmacother 1998; 32: 215–19. 

4. Schito GC. Why fosfomycin trometamol as first line therapy for
uncomplicated UTI? Int J Antimicrob Agents 2003; 22 (suppl 2):
79–83. 

5. Rudenko N, Dorofeyev A. Prevention of recurrent lower urinary
tract infections by long-term administration of fosfomycin
trometamol: double blind, randomized, parallel group, placebo
controlled study. Arzneimittelforschung 2005; 55: 420–7. 

6. Sádaba-Díaz de Rada B, et al. Fosfomicina trometamol: dosis
múltiples como pauta larga en el tratamiento de las infecciones
urinarias bajas. Enferm Infecc Microbiol Clin 2006; 24: 546–50. 

7. Pullukcu H, et al. Fosfomycin in the treatment of extended spec-
trum beta-lactamase-producing Escherichia coli-related lower
urinary tract infections. Int J Antimicrob Agents 2007; 29: 62–5.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Veramina; Austria: Monuril; Belg.: Monuril; Braz.: Monuril; Canad.:
Monurol; Chile: Monurol; Fin.: Monurol†; Fr.: Fosfocine; Monuril; Uridoz;
Ger.: InfectoFos; Monuril; Gr.: Monurol†; Hong Kong: Monurol; Hung.:
Monural; Indon.: Fosmicin; Fosmidex; Monuril; Israel: Monurol; Ital.:
Afos†; Faremicin†; Fosfocin; Francital†; Ipamicina†; Monuril; Ultramicina†;
Jpn: Fosmicin-S; Malaysia: Monurol; Mex.: Fosfocil; Monurol; Neth.:
Monuril; Philipp.: Monurol; Pol.: Monural; Port.: Monuril; Rus.: Monural
(Монурал); S.Afr.: Urizone; Spain: Fosfocina; Monurol; Solufos; Swed.:
Monurol†; Switz.: Monuril; Thai.: Fosmicin; Turk.: Monurol; USA: Monu-
rol.

Framycetin Sulfate (rINNM)

Framicetino sulfatas; Framicetin-szulfát; Framycetin Sulphate
(BANM); Framycétine, sulfate de; Framycetini sulfas; Framyce-
tinsulfat; Framycetin-sulfát; Framysetiinisulfaatti; Neomycin B Sul-
phate; Sulfato de framicetina. 2-Deoxy-4-O-(2,6-diamino-2,6-
dideoxy-α-D-glucopyranosyl)-5-O-[3-O-(2,6-diamino-2,6-dide-
oxy-β-L-idopyranosyl)-β-D-ribofuranosyl]streptamine sulphate.

Фрамицетина Сульфат

C23H46N6O13,xH2SO4.

CAS — 119-04-0 (framycetin); 4146-30-9 (framycetin sul-
fate).

ATC — D09AA01; R01AX08; S01AA07.

ATC Vet — QD09AA01; QR01AX08; QS01AA07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Framycetin Sulphate). A substance produced by
growth of selected strains of Streptomyces fradiae or S. decaris
or obtained by any other means. It contains not more than 3% of
neomycin C (p.305) and loses not more than 8% of its weight on
drying. A white or yellowish-white, hygroscopic powder. The
potency is not less than 630 units of neomycin B per mg, calcu-
lated with reference to the dried substance. Freely soluble in wa-
ter; very slightly soluble in alcohol; practically insoluble in ace-
tone. A 1% solution in water has a pH of 6.0 to 7.0. Store in
airtight containers. Protect from light.

Profile
Framycetin is an aminoglycoside antibiotic which forms the ma-
jor component of neomycin (p.305) and has similar actions and
uses. Framycetin sulfate is used topically in usual concentrations
of 1% for the treatment of infections of the skin, and in concen-
trations of 0.5% for infections of the eye and ear. It is often used
with other antibacterials and corticosteroids in topical prepara-
tions. 

Framycetin sulfate is poorly absorbed from the gastrointestinal
tract and has been given orally for the treatment of gastrointesti-
nal infections and pre-operatively for bowel preparation. It has
sometimes been given prophylactically as part of regimens for
the selective decontamination of the digestive tract in patients in
intensive care.

Preparations

Proprietary Preparations (details are given in Part 3)
Austral.: Sofra-Tulle; Soframycin; Austria: Sofra-Tull; Belg.: Soframycine;
Canad.: Sofra-Tulle; Soframycin; Fin.: Sofra-Tulle†; Ger.: Leukase N; Sofra-
Tull†; Hong Kong: Sofra-Tulle†; India: Sofra-Tulle; Soframycin; Indon.:
Daryant-Tulle; Sofra-Tulle; Irl.: Soframycin; Israel: Sofra-Tulle†; Malaysia:
Sofra-Tulle†; Norw.: Sofra-Tulle†; NZ: Soframycin; Rus.: Isofra (Изофра);
S.Afr.: Sofra-Tulle; Soframycin; Singapore: Sofra-Tulle†; Switz.: Frakita-
cine†; Sofra-Tulle†; Soframycin; Thai.: Sofra-Tulle; UK: Sofra-Tulle; Sof-
ramycin†.

Multi-ingredient: Arg.: Biotaer Nasal; Austral.: Otodex; Sofradex; Sof-
ramycin; Austria: Leukase; Leukase-Kegel; Belg.: Frakidex; Sofraline; Sofra-
solone; Braz.: Fonergin; Canad.: Opticort; Proctol; Proctomyxin HC;
Proctosedyl; ratio-Proctosone; Sofracort; Soframycin; Cz.: Pulpomixine;
Septomixine; Sofradex†; Denm.: Proctosedyl; Sofradex; Fin.: Proctosedyl;
Sofradex; Fr.: Corticetine; Frakidex; Framyxone; Novomyxine†; Polyfra;
Ger.: Leukase N; Hong Kong: Frakidex; Frazoline; Proctosedyl†; Sofradex;
India: Proctosedyl; Sofracort; Sofradex; Sofradex-F; Indon.: Sofradex; Irl.:
Proctosedyl; Sofradex; Soframycin†; Malaysia: Proctosedyl; Sofradex;
Neth.: Proctosedyl; Sofradex; Norw.: Proctosedyl; Sofradex; NZ: Sofra-
dex; Soframycin; Philipp.: Proctosedyl; Pol.: Carident; Dexadent; Port.:
Frakidex; S.Afr.: Proctosedyl; Sofradex; Singapore: Frakidex†; Proctos-
edyl; Sofradex; Spain: Abrasone; Aldo Otico†; Aldoderma; Nesfare; Oto-
midrin; Swed.: Proctosedyl†; Switz.: Corticetine†; Dexalocal-F; Frakidex;
Septomixine; Sofradex; Thai.: Proctosedyl; Sofradex; Topifram; UK: Sofra-
dex.

Ftivazide (rINN)

Ftivazida; Ftivazidum; Phthivazid; Phthivazidum. 2′-Vanillylide-
neisonicotinohydrazide monohydrate.

Фтивазид

C14H13N3O3,H2O = 289.3.

CAS — 149-17-7 (anhydrous ftivazide).

(anhydrous ftivazide)

Pharmacopoeias. In Chin. and Int.
Profile
Ftivazide is an antimycobacterial given orally in the treatment of
tuberculosis. It is a derivative of isoniazid.

Furaltadone Hydrochloride (BANM, rINNM)

Furaltadone, Chlorhydrate de; Furaltadoni Hydrochloridum;
Hidrocloruro de furaltadona. (±)-5-Morpholinomethyl-3-(5-ni-
trofurfurylideneamino)oxazolidin-2-one hydrochloride.
Фуральтадона Гидрохлорид
C13H16N4O6,HCl = 360.8.
CAS — 139-91-3 (furaltadone); 59302-14-6 (±-furalta-
done).

(furaltadone)

Pharmacopoeias. Fr. includes Furaltadone for veterinary use.
Profile
Furaltadone was formerly given orally as an antibacterial but was
later withdrawn owing to its toxic effects. Furaltadone hydro-
chloride is still used topically in preparations for ear disorders. 
Furaltadone has been used in veterinary medicine.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Indon.: Otozambon; Thai.: Otosamthong.

Furazidin
Akritoin; Furagin; Furazidine. 1-{[3-(5-Nitro-2-furyl)allyli-
dene]amino}hydantoin.
Фуразидин
C10H8N4O5 = 264.2.
CAS — 1672-88-4.

Profile
Furazidin is a nitrofuran antibacterial with properties similar to
those of nitrofurantoin. It is used in the treatment of urinary-tract
infections. A usual oral dose is 100 mg given four times daily for
one day followed by 100 mg given three times daily for 7 to 8
days.
Preparations
Proprietary Preparations (details are given in Part 3)
Pol.: Furaginum.

Fusafungine (BAN, rINN)

Fusafungin; Fusafungina; Fusafunginum.
Фузафунгин
CAS — 1393-87-9.
ATC — R02AB03.
ATC Vet — QR02AB03.

Profile
Fusafungine is a depsipeptide antibacterial produced by Fusari-
um lateritium strain 437. It is active against some Gram-positive
and Gram-negative organisms, Candida albicans, and Myco-
plasma pneumoniae. It has also been stated to possess anti-in-
flammatory activity. 

It is used in the form of an aerosol spray in the treatment of infec-
tions of the upper respiratory tract, inhaled in usual doses of
500 micrograms every 4 hours into each nostril or via the mouth.
These routes may be used simultaneously if necessary.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Locabiosol; Belg.: Locabiotal; Braz.: Locabiotal; Chile: Locabio-
sol†; Cz.: Bioparox; Ger.: Locabiosol; Gr.: Locabiotal; Hong Kong: Loca-
biotal†; Hung.: Bioparox; Irl.: Locabiotal; Ital.: Locabiotal; Malaysia: Lo-
cabiotal; Philipp.: Locabiotal; Pol.: Bioparox; Port.: Locabiosol; Rus.:
Bioparox (Биопарокс); S.Afr.: Locabiotal; Spain: Fusaloyos; Switz.: Loca-
biotal; Turk.: Locabiotal; UK: Locabiotal†.

Fusidic Acid (BAN, USAN, rINN)

Acide fusidique; Ácido fusídico; Acidum fusidicum; Acidum Fu-
sidicum Hemihydricum; Fucidinsyra; Fusidiinihappo; Fusidik Asit;
Fusidinsyra; Fuzidinsav; Fuzido ru

_
gštis; Kyselina fusidová hemihy-

drát; SQ-16603. ent-16α-Acetoxy-3β-dihydroxy-4β,8β,14α-tri-
methyl-18-nor-5β,10α-cholesta-(17Z)-17(20),24-dien-21-oic
acid hemihydrate.
Фэузидовая Кислота
C31H48O6, ⁄ H2O = 525.7.
CAS — 6990-06-3 (anhydrous fusidic acid).
ATC — D06AX01; D09AA02; J01XC01; S01AA13.
ATC Vet — QD06AX01; QD09AA02; QJ01XC01;
QS01AA13.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Fusidic Acid). An antimicrobial substance pro-
duced by the growth of certain strains of Fusidium coccineum or
by any other means. A white or almost white crystalline powder.
Practically insoluble in water; freely soluble in alcohol. Store at
a temperature of 2° to 8°. Protect from light.

Sodium Fusidate (BANM, rINNM)

Fusidate de Sodium; Fusidate Sodium (USAN); Fusidato sódico;
Natrii fusidas; Natrio fuzidatas; Natriumfusidaatti; Natriumfusidat;
Natrium-fusidát; Nátrium-fuzidát; Sodium, fusidate de; Sodyum
Fusidat; SQ-16360.
Натрий Фэузидат
C31H47NaO6 = 538.7.
CAS — 751-94-0.
ATC — D06AX01; D09AA02; J01XC01; S01AA13.
ATC Vet — QD06AX01; QD09AA02; QJ01XC01;
QS01AA13.
Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Sodium Fusidate). A white or almost white, slight-
ly hygroscopic, crystalline powder. Freely soluble in water and in
alcohol. A 1.25% solution in water has a pH of 7.5 to 9.0. Store
in airtight containers at a temperature of 2° to 8°. Protect from
light.
Incompatibility. UK licensed product information states that
reconstituted sodium fusidate injection is incompatible with in-
fusion solutions containing glucose 20% or more, lipid infusions,
and peritoneal dialysis fluids; precipitation may occur in solu-
tions with a pH of less than 7.4.

Adverse Effects and Precautions
Apart from mild gastrointestinal upsets, fusidic acid or
sodium fusidate appear to be well tolerated when given
orally. Treatment with fusidates, orally or especially by
the intravenous route, has been associated with jaun-
dice and changes in liver function; normal liver func-
tion is usually restored when treatment is stopped.
Therefore, fusidates should be given with caution to
patients with hepatic impairment, and periodic moni-
toring of hepatic function is recommended in these pa-
tients and in those receiving high or prolonged oral
doses. Caution is also required in biliary disease or bil-
iary obstruction. 
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Venospasm, thrombophlebitis, and haemolysis have
occurred in patients given fusidates intravenously. To
reduce this it is recommended that solutions be buff-
ered and that the solution should be given as a slow
infusion into a large vein where there is a good blood
flow. Hypocalcaemia has occurred after use of intrave-
nous doses above those recommended, and has been
attributed to the phosphate-citrate buffer in the prepa-
ration. Intramuscular or subcutaneous use may lead to
tissue necrosis and is contra-indicated. 
Hypersensitivity reactions in the form of rashes and ir-
ritation may occur with topical fusidates; rash is rare
after systemic use. 
Fusidic acid competes with bilirubin for binding to al-
bumin in vitro and caution has been advised if it is giv-
en to premature, jaundiced, acidotic, or seriously-ill neo-
nates because of the risk of kernicterus.
Effects on the blood. There have been occasional reports of
granulocytopenia1-3 and thrombocytopenia3 after the use of fu-
sidic acid systemically. Sideroblastic anaemia has also been re-
ported.4 UK licensed product information also states that there
have been isolated cases of neutropenia, agranulocytosis, and
pancytopenia.
1. Revell P, et al. Granulocytopenia due to fusidic acid. Lancet

1988; ii: 454–5. 
2. Evans DIK. Granulocytopenia due to fusidic acid. Lancet 1988;

ii: 851. 
3. Leibowitz G, et al. Leukopenia and thrombocytopenia due to fu-

sidic acid. Postgrad Med J 1991; 67: 591–2. 
4. Vial T, et al. Sideroblastic anaemia during fusidic acid treatment.

Eur J Haematol 2004; 72: 358–60.

Interactions
Although the exact metabolic pathways of fusidic acid
are not known, an interaction has been suspected with
drugs metabolised by the hepatic cytochrome P450
isoenzyme CYP3A4, and UK licensed product infor-
mation suggests avoiding their use with fusidic acid.
Antivirals. An HIV-infected patient had fusidic acid toxicity af-
ter taking fusidic acid orally for one week with his usual antiret-
roviral treatment of ritonavir, saquinavir, and stavudine.1 The
plasma-fusidic acid concentration was about twice that expected
and the ritonavir and saquinavir concentrations were also elevat-
ed. Fusidic acid was stopped and the patient initially improved.
However, 4 days later he presented with jaundice, nausea, weak-
ness, and further increases in liver function tests and hence all
medications were stopped. The fusidic acid concentration, as
well as those of ritonavir and saquinavir, were found to be still
significantly elevated 6 days after fusidic acid had been stopped.
The patient was able to restart his antiretroviral therapy later with
no problems. The authors suggested that this interaction may be
due to mutual inhibition of metabolism between the HIV-pro-
tease inhibitors and fusidic acid, and recommended that use of
fusidic acid with either saquinavir or ritonavir should be avoided.
1. Khaliq Y, et al. A drug interaction between fusidic acid and a

combination of ritonavir and saquinavir. Br J Clin Pharmacol
2000; 50: 82–3.

Statins. For reference to the effect of fusidic acid in patients re-
ceiving statins, see p.1392.

Antimicrobial Action
Fusidic acid is a steroidal antibacterial with a bacterio-
static or bactericidal activity, mainly against Gram-
positive bacteria. 
Fusidic acid inhibits bacterial protein synthesis al-
though, in contrast to drugs such as the macrolides or
tetracyclines, it does not bind to the bacterial ribosome,
but inhibits a factor necessary for translocation of pep-
tide subunits and elongation of the peptide chain. It is
capable of inhibiting protein synthesis in mammalian
cells but exerts a selective action against susceptible in-
fecting organisms because of poor penetration into the
host cell. 
Fusidic acid is very active against staphylococci, nota-
bly Staph. aureus and Staph. epidermidis (including
meticillin-resistant strains). Nocardia asteroides and
many clostridial strains are also highly susceptible. The
streptococci and enterococci are less susceptible. 
Most Gram-negative bacteria are intrinsically resistant
but fusidic acid is active against Neisseria spp. and
Bacteroides fragilis. It has some activity against strains
of Mycobacterium tuberculosis and is highly active
against M. leprae. 

Fungi are resistant, but fusidic acid has some activity
against a range of protozoa including Giardia lamblia
and Plasmodium falciparum. High concentrations of
fusidate are reported to inhibit viral growth in vitro, in-
cluding that of HIV, although it is unclear whether this
represents a surfactant effect, a general cytotoxic ef-
fect, or a genuine antiviral action. 

No synergy has been shown in vitro in most studies be-
tween fusidic acid and rifampicin or vancomycin, and
antagonism of the effects of ciprofloxacin has been re-
ported. Interactions with the penicillins are complex,
with either antagonism of the effect of one or both
drugs, or no interaction. However, use of an antistaphy-
lococcal penicillin with fusidic acid may prevent the
emergence of fusidic acid-resistant staphylococcal mu-
tants, and such combinations may be clinically effec-
tive. 

Resistance. Resistance may be chromosomally medi-
ated, representing altered protein synthesis, or plasmid-
mediated, which appears to be due to reduced penetra-
tion of active drug into the cell. For further details on
the increase of resistance to fusidic acid, see below.

Resistance. There has been an increase in the number of reports
of fusidic acid resistance in Staphylococcus aureus particularly
in dermatological isolates. The number of clinical isolates of in-
itially resistant staphylococci has historically been low at about 1
to 2% overall.1-3 However, in the UK the rate of fusidic acid re-
sistance in staphylococcal isolates increased by up to 200% dur-
ing the 1990s, and over half of all isolates are resistant in some
samples.3 This has been attributed to the widespread topical use
of fusidic acid.1-3 

The rate of resistance to short courses of fusidic acid used in sys-
temic monotherapy is reported to be about 5%. In contrast, when
given systemically with other antibacterials, the rate of resistance
remains low at 0.8%.4 Therefore, it has been suggested that sys-
temic fusidic acid should be restricted to use with other antibac-
terial agents where clinically indicated in order to reduce the rate
of resistance.3,4

1. Livermore D, et al. Fusidic-acid use and resistance. Lancet 2002;
360: 806. 

2. Mason BW, et al. Fusidic acid resistance in community isolates
of methicillin-susceptible Staphylococcus aureus and fusidic
acid prescribing. J Antimicrob Chemother 2003; 51: 1033–6. 

3. Dobie D, Gray J. Fusidic acid resistance in Staphylococcus au-
reus. Arch Dis Child 2004; 89: 74–7. 

4. Howden BP, Grayson ML. Dumb and dumber—the potential
waste of a useful antistaphylococcal agent: emerging fusidic acid
resistance in Staphylococcus aureus. Clin Infect Dis 2006; 42:
394–400.

Pharmacokinetics
Sodium fusidate is well absorbed from the gastrointes-
tinal tract, and a single oral 500-mg dose is reported to
produce mean plasma concentrations of about
30 micrograms/mL within 2 to 4 hours, although there
is considerable interindividual variation. Oral suspen-
sions of fusidic acid are less well absorbed, with a bio-
availability reported to be about 70% of that for sodium
fusidate. Absorption may be delayed by food and may
be more rapid in children than adults. Some accumula-
tion occurs with repeated dosage and plasma concen-
trations of 100 micrograms/mL or more have been re-
ported after 500 mg of sodium fusidate given three
times daily for 4 days. 

Fusidate is widely distributed into tissues and body flu-
ids, including bone, pus, and synovial fluid; it pene-
trates cerebral abscesses but does not enter CSF in ap-
preciable amounts. It has been found in the fetal
circulation and in breast milk. About 95% or more of
fusidate in the circulation is bound to plasma proteins. 

Fusidate has a plasma half-life of about 10 to 15 hours.
It is excreted in the bile, almost entirely as metabolites,
some of which have weak antimicrobial activity.
About 2% appears unchanged in the faeces. Little is
excreted in the urine or removed by haemodialysis.

◊ References.

1. Reeves DS. The pharmacokinetics of fusidic acid. J Antimicrob
Chemother 1987;  20: 467–76. 

2. Peter J-D, et al. Pharmacokinetics of intravenous fusidic acid in
patients with cholestasis. Antimicrob Agents Chemother 1993;
37: 501–6. 

3. Brown NM, et al. The pharmacokinetics and protein-binding of
fusidic acid in patients with severe renal failure requiring either
haemodialysis or continuous ambulatory peritoneal dialysis. J
Antimicrob Chemother 1997; 39: 803–9. 

4. Turnidge J. Fusidic acid pharmacology, pharmacokinetics and
pharmacodynamics. Int J Antimicrob Agents 1999; 12 (suppl 2):
S23–S34.

Uses and Administration
Fusidic acid and its salts are antibacterials used mainly
in the treatment of staphylococcal infections, often
with other drugs. They have been used in the treatment
of abscess, including brain abscess, in bone and joint
infections, in staphylococcal infections in patients with
cystic fibrosis, in the treatment of staphylococcal endo-
carditis, and topically in eye infections and infections
of the skin. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
The fusidates are given orally or topically as fusidic
acid or sodium fusidate, or intravenously as sodium
fusidate. Sodium fusidate 1 g is equivalent to about
0.98 g of fusidic acid. Because of differences in ab-
sorption (see Pharmacokinetics, above) 250 mg of fu-
sidic acid is therapeutically equivalent to only 175 mg
of the sodium salt, so doses of fusidic acid suspension
(commonly used in children) appear relatively higher
(see below). The diolamine salt was formerly used in-
travenously in humans but is still used in topical prep-
arations in veterinary medicine. 
Sodium fusidate is given as tablets in a usual oral adult
dose of 500 mg every 8 hours, although this dose may
be doubled in severe infection. For cutaneous staphy-
lococcal infections, a dose of 250 mg twice daily is
suitable. When given orally as the suspension the usual
adult dose is 750 mg of fusidic acid three times daily. 
In severe infections in adults weighing over 50 kg, so-
dium fusidate 500 mg is given three times daily by
slow intravenous infusion. Each 500-mg dose is usual-
ly given as a buffered solution (pH 7.4 to 7.6) diluted
to 500 mL with sodium chloride or other suitable intra-
venous solution. For those weighing less than 50 kg, a
dose of 6 to 7 mg/kg three times daily is used. For de-
tails of doses in children, see below. 
Sodium fusidate as a 2% ointment or medicated dress-
ing, or fusidic acid as a 2% cream or gel, are used in the
local treatment of skin infections. Eye drops containing
fusidic acid 1% are used in eye infections. Topical use
may lead to problems of resistance (see Antimicrobial
Action, above).
Administration in children. In the UK, the licensed oral dos-
es of fusidic acid suspension, given three times daily, are: 
• up to 1 year old: about 15 mg/kg 
• 1 to 5 years: 250 mg 
• 5 to 12 years: 500 mg 
• over 12 years: usual adult doses (see above) 
Suggested doses of sodium fusidate by intravenous infusion
are: 
• 1 month and above: if weighing less than 50 kg, 6 to 7 mg/kg

three times daily; heavier children may be given usual adult
doses (see above) 

The BNFC suggests that neonates up to 1 month of age may be
given an intravenous dose of 10 mg/kg every 12 hours.
Preparations
BP 2008: Fusidic Acid Cream; Fusidic Acid Eye Drops; Fusidic Acid Oral
Suspension; Sodium Fusidate Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: Drum; Fucidin; Fucithalmic; Fusimed; Fusitop; Gelbiotic; Austral.: Fu-
cidin; Austria: Fucidin; Fucithalmic; Belg.: Fucidin; Fucithalmic; Braz.: Veru-
tex; Canad.: Fucidin; Fucithalmic; Chile: Fucidin; Fucithalmic; Cz.: Fucidin;
Fucithalmic; Denm.: Fucidin; Fucithalmic; Fin.: Fucidin; Fucithalmic; Fr.: Fu-
cidine; Fucithalmic; Ger.: Fucidine; Fucithalmic; Gr.: Flusterix; Fucidin; Hong
Kong: Fucidin; Fucithalmic; Fusidate; Qualifutin; Hung.: Fucidin; Fucithalmic;
India: Fusibact; Fusiwal; Indon.: Fucidin; Fucilex; Fucithalmic; Fuladic; Fuson;
Fusycom; Futaderm; Irl.: Fucidin; Fucithalmic; Israel: Fucidin; Fucithalmic;
Ital.: Dermomycin; Fucidin; Fucithalmic; Malaysia: Foban; Fucidin; Fucith-
almic; Germacid†; Mex.: Fucidin; Uniderm; Neth.: Fucidin; Fucithalmic;
Norw.: Fucidin; Fucithalmic; NZ: Foban; Fucidin; Fucithalmic; Philipp.: Flex-
id; Fucidin; Fucithalmic; Hopaq; Pol.: Fucidin; Port.: Desdek; Fucidine; Fuc-
ithalmic; Fusextrine; Infloc; Nadiclox; Rus.: Fucidin (Фуцидин); Fucithalmic
(Фуциталмик); S.Afr.: Fucidin; Fucithalmic; Singapore: Balad†; Duzen;
Foban; Forsuderm; Fucidin; Fucithalmic; Fudikin; Spain: Fucidine; Fucithal-
mic; Swed.: Fucidin; Fucithalmic; Switz.: Fucidin; Fucithalmic; Thai.: Foban;
Fucidin; Fucithalmic; Fusid; Turk.: Fucidin; Fucithalmic; Stafine; UAE: Futa-
sole; UK: Fucidin; Fucithalmic.
Multi-ingredient: Arg.: Drum B; Fucicort; Fusimed B; Gelbiotic Plus;
Austria: Fucicort; Belg.: Fucicort; Fucidin Hydrocortisone; Braz.: Verutex
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B; Canad.: Fucidin H; Chile: Fucicort; Fucidin H; Cz.: Fucicort; Fucidin H;
Denm.: Fucicort; Fucidin-Hydrocortison; Fin.: Fucicort; Fucidin-Hydrocor-
tison; Ger.: Fucicort; Fucidine plus†; Gr.: Alpider ; Befucil; Betacort;
Betafusin; Betasid; Betfu; Fubecot; Fucicort; Fucicream; Fucidin H; Fusibet;
Hydrofusin; Roseti; Sensibio; Staficort; Hong Kong: Fucicort; Fucidin H;
Hung.: Fucicort; Fucidin H; Indon.: Fucicort; Irl.: Fucibet; Fucidin H; Israel:
Fucicort; Fucidin H†; Ital.: Fucicort; Fucidin H; Piodermina; Malaysia: Ax-
cel Fusi-Corte; Foban-Hydro; Fobancort; Fucicort; Fucidin H; Fusidic B;
Mex.: Fucicort; Norw.: Fucidin-Hydrocortison; NZ: Fucicort; Philipp.: Fu-
cicort; Fucidin H; Hoebedic; Port.: Fucicort; Fucidine H; Rus.: Fucicort
(Фуцикорт); Fucidin H (Фуцидин Г); S.Afr.: Fucidin H; Singapore: Foban-
cort; Fucicort; Fucidin H; Spain: Fucibet; Fucidine H; Swed.: Fucidin-Hy-
drocortison; Switz.: Fucicort; Fucidin H; Thai.: Fucicort; Fucidin H; UAE:
Futasone; UK: Fucibet; Fucidin H.

Garenoxacin Mesilate (BANM, rINNM)

BMS-284756-01; Garenoxacin Mesylate (USAN); Garénoxacine,
Mésilate de; Garenoxacini Mesilas; Mesilato de garenoxacino; T-
3811ME. 1-Cyclopropyl-8-(difluoromethoxy)-7-[(1R)-1-methyl-
2,3-dihydro-1H-isoindol-5-yl]-4-oxo-1,4-dihydroquinoline-3-car-
boxylic acid methanesulfonate monohydrate.
Гареноксацина Мезилат
C23H20F2N2O4,CH4O3S,H2O = 540.5.
CAS — 194804-75-6 (garenoxacin); 223652-82-2
(garenoxacin mesilate); 223652-90-2 (garenoxacin mesi-
late monohydrate).
ATC — J01MA19.
ATC Vet — QJ01MA19.

(garenoxacin)

Profile
Garenoxacin is a fluoroquinolone antibacterial with properties
similar to those of ciprofloxacin (p.247). Garenoxacin is used as
the mesilate but doses are given in terms of the base: about
507 mg of the mesilate is equivalent to 400 mg of garenoxacin.
It is given orally in the treatment of susceptible infections in usu-
al doses equivalent to 400 mg of garenoxacin daily.

Gatifloxacin (USAN, rINN)

AM-1155; BMS-206584-01; CG-5501; Gatifloxacine; Gatifloxaci-
no; Gatifloxacinum. (±)-1-Cyclopropyl-6-fluoro-1,4-dihydro-8-
methoxy-7-(3-methyl-1-piperazinyl)-4-oxo-3-quinolinecarboxyl-
ic acid sesquihydrate.
Гатифлоксацин
C19H22FN3O4,1 ⁄ H2O = 402.4.
CAS — 160738-57-8 (anhydrous gatifloxacin); 180200-
66-2 (gatifloxacin sesquihydrate).
ATC — J01MA16; S01AX21.
ATC Vet — QJ01MA16; QS01AX21.

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Symptomatic hyperglycaemia and/or hypoglycaemia
have been reported in patients (usually diabetics) tak-
ing gatifloxacin. However, hypoglycaemia, and partic-
ularly hyperglycaemia, have occurred in non-diabetic
patients. Severe life-threatening events, including
hyperosmolar nonketotic hyperglycaemic coma, dia-
betic ketoacidosis, hypoglycaemic coma, convulsions,
and mental status changes have been reported very
rarely. Although in most cases the blood-glucose dis-
turbance was reversible, fatalities have been reported.
Gatifloxacin should not be given to diabetic patients.

Other risk factors for developing blood-glucose distur-
bances include older age (patients 65 years of age or
over), renal impairment, or use of other drugs that alter
blood-glucose concentrations, particularly hypogly-
caemics. Patients with risk factors should have their
blood-glucose concentrations closely monitored and if
signs or symptoms of glucose disturbances develop,
gatifloxacin should be stopped.
Effects on glucose metabolism. Hypoglycaemia and hyper-
glycaemia have been associated with gatifloxacin in both diabet-
ic and non-diabetic patients.1-6 A review7 of spontaneous adverse
effects reported to the FDA in the USA between November 1997
and September 2003 found the rate of blood-glucose disturbanc-
es with gatifloxacin to be 10-fold higher when compared with
ciprofloxacin, levofloxacin, and moxifloxacin. Subsequent pop-
ulation-based case-control studies8 in elderly patients given fluo-
roquinolones (ciprofloxacin, gatifloxacin, levofloxacin, or moxi-
floxacin), second-generation cephalosporins, or macrolides also
found an increased risk of blood-glucose disturbances with gati-
floxacin. 
While blood-glucose disturbances appear to be mainly associat-
ed with gatifloxacin, the possibility that they may also be a class
effect of fluoroquinolones cannot be excluded; patients most at
risk are the elderly, those with diabetes and/or those taking hy-
poglycaemic drugs, and patients with impaired renal function.9
Twenty two case reports of dysglycaemia associated with the use
of levofloxacin were received by Health Canada between Janu-
ary 1997 and June 2006; reported cases included 15 diabetic pa-
tients.10 In contrast a review of the effects of moxifloxacin on
blood glucose, including data from large postmarketing studies,
suggested it had no significant effect.11

1. Baker SE, Hangii MC. Possible gatifloxacin-induced hypoglyc-
emia. Ann Pharmacother 2002; 36: 1722–6. 

2. Donaldson AR, et al. Possible gatifloxacin-induced hyperglyc-
emia. Ann Pharmacother 2004; 38: 602–5. 

3. Happe MR, et al. Gatifloxacin-induced hyperglycemia. Ann In-
tern Med 2004; 141: 968–9. 

4. Khovidhunkit W, Sunthornyothin S. Hypoglycemia, hyperglyc-
emia, and gatifloxacin. Ann Intern Med 2004; 141: 969. 

5. Greenberg AL, et al. Gatifloxacin therapy associated with hy-
poglycemia. Clin Infect Dis 2005; 40: 1210–11. 

6. Blommel AL, Lutes RA. Severe hyperglycemia during renally
adjusted gatifloxacin therapy. Ann Pharmacother 2005; 39:
1349–52. 

7. Frothingham R. Glucose homeostasis abnormalities associated
with use of gatifloxacin. Clin Infect Dis 2005; 41: 1269–76. 

8. Park-Wyllie LY, et al. Outpatient gatifloxacin therapy and dys-
glycemia in older adults. N Engl J Med 2006; 354: 1352–61. 

9. Lewis RJ, Mohr JF. Dysglycaemias and fluoroquinolones. Drug
Safety 2008; 31: 283–92. 

10. Health Canada. Levofloxacin: dysglycemia and liver disorders.
Can Adverse React News 2007; 17: 1–2. Also available at:
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/ carn-bcei_v17n1-eng.pdf (accessed 17/06/08) 

11. Gavin JR, et al. Moxifloxacin and glucose homeostasis: a
pooled-analysis of the evidence from clinical and postmarketing
studies. Drug Safety 2004; 27: 671–86.

Interactions
As for Ciprofloxacin, p.246. 
Use of gatifloxacin with drugs that alter blood-glucose
concentrations increases the risk of blood-glucose dis-
turbances.
Antidiabetics. Given the adverse effects of gatifloxacin, phar-
macodynamic interactions with antidiabetics might reasonably
be anticipated. Severe and persistent hypoglycaemia occurred in
3 patients taking oral hypoglycaemics (repaglinide, glibencla-
mide and pioglitazone, and glimepiride) when gatifloxacin was
added to their therapy.1
1. Menzies DJ, et al. Severe and persistent hypoglycemia due to

gatifloxacin interaction with oral hypoglycemic agents. Am J
Med 2002; 113: 232–4.

Antimicrobial Action
As for Ciprofloxacin, p.246. 
Gatifloxacin is reported to have greater activity against
Gram-positive bacteria, including pneumococci, than
ciprofloxacin.
◊ References.
1. Stein GE, et al. Bactericidal activities of methoxyfluoroquinolo-

nes gatifloxacin and moxifloxacin against aerobic and anaerobic
respiratory pathogens in serum. Antimicrob Agents Chemother
2003; 47: 1308–12.

Pharmacokinetics
Gatifloxacin is readily absorbed from the gastrointesti-
nal tract with an absolute bioavailability of 96%. Peak
plasma concentrations occur within 1 to 2 hours of an
oral dose. Gatifloxacin is widely distributed into body
tissues and is about 20% bound to plasma proteins. It
undergoes limited metabolism and has an elimination
half-life of 7 to 14 hours. Gatifloxacin is excreted pri-
marily unchanged in the urine with less than 1% as

metabolites. About 5% is also excreted unchanged in
the faeces. Distribution into milk occurs in animals.

Uses and Administration
Gatifloxacin is a fluoroquinolone antibacterial with ac-
tions and uses similar to those of ciprofloxacin (p.247). 
It is given orally, or by intravenous infusion as a
2 mg/mL solution over 60 minutes, for the treatment of
susceptible infections, including respiratory- and uri-
nary-tract infections and skin infections. The usual
adult dose is 400 mg once daily. A single dose of
400 mg or a dose of 200 mg daily for 3 days may be
adequate for uncomplicated urinary-tract infections. 
For details of reduced doses to be used in renal impair-
ment, see below. 
A single dose of 400 mg may also be given for the
treatment of uncomplicated gonorrhoea. 
Gatifloxacin is also used as 0.3% eye drops for the
treatment of bacterial conjunctivitis.
◊ Reviews.
1. Keam SJ, et al. Gatifloxacin: a review of its use in the treatment

of bacterial infections in the US. Drugs 2005; 65: 695–724.

Administration in renal impairment. Doses of gatifloxacin
should be reduced in patients with renal impairment; the usual
initial dose of 400 mg should be followed by reduced mainte-
nance doses of 200 mg daily in those with a creatinine clearance
of less than 40 mL/minute and in those on haemodialysis or con-
tinuous peritoneal dialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gatif; Tequin†; Zymaran; Austral.: Tequin; Braz.: Tequin; Zymar; Ca-
nad.: Tequin; Zymar; Chile: Starox†; Zymar; Ger.: Bonoq†; India: Bi-
ogat†; Gaticin; Gatiquin; Gatt; Zyquin; Indon.: Gaticin; Gatimax; Jpn: Gati-
flo; Malaysia: Tequin†; Mex.: Tequin; Zymar; NZ: Tequin; Philipp.:
Tequin; Zymar; S.Afr.: Tequin; Singapore: Tequin†; Zymar; Thai.: Te-
quin†; Zymar; USA: Tequin†; Zymar.
Multi-ingredient: India: Gatiquin Oz Kit.

Gemifloxacin Mesilate (rINNM)

Gemifloxacin Mesylate (USAN); Gémifloxacine, Mésilate de;
Gemifloxacini Mesilas; LB-20304 (gemifloxacin); LB-20304a;
Mesilato de gemifloxacino; SB-265805 (gemifloxacin); SB-
265805S. (±)-7-[3-(Aminomethyl)-4-oxo-1-pyrrolidinyl]-1-cy-
clopropyl-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-car-
boxylic acid 74-(Z)-(O-methyloxime) methanesulfonate.
Гемифлоксацина Мезилат
C18H20FN5O4,CH4O3S = 485.5.
CAS — 204519-64-2 (gemifloxacin); 204519-65-3 (gemi-
floxacin mesilate).
ATC — J01MA15.
ATC Vet — QJ01MA15.

(gemifloxacin)

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Skin rashes may be more common with gemifloxacin and treat-
ment should be stopped if they occur.
Interactions
As for Ciprofloxacin, p.246.
Antimicrobial Action
As for Ciprofloxacin, p.246. 
Gemifloxacin is reported to have greater activity against Gram-
positive bacteria, including pneumococci, than ciprofloxacin.
◊ References.
1. Morrissey I, Tillotson G. Activity of gemifloxacin against Strep-

tococcus pneumoniae and Haemophilus influenzae. J Antimicrob
Chemother 2004; 53: 144–8.

Pharmacokinetics
Gemifloxacin is rapidly absorbed from the gastrointestinal tract
with an absolute bioavailability of about 71%. Peak plasma con-
centrations occur 0.5 to 2 hours after an oral dose. Gemifloxacin
is widely distributed into body tissues including the bronchial
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mucosa and lungs, and is about 55 to 73% bound to plasma pro-
teins. It undergoes limited hepatic metabolism and has an elimi-
nation half-life of about 7 hours. It is excreted as unchanged drug
and metabolites in the faeces and urine. Urinary excretion is by
active tubular secretion and is reduced by probenecid. Distribu-
tion into milk has been found in rats.
Uses and Administration
Gemifloxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.247). 
It is given orally, as the mesilate, for the treatment of community-
acquired pneumonia and acute bacterial exacerbations of chronic
bronchitis. Doses are expressed in terms of the base; 399 mg of
gemifloxacin mesilate is equivalent to about 320 mg of gemi-
floxacin. The usual dose is 320 mg once daily for 5 days in pa-
tients with bronchitis or for 7 days in those with pneumonia. 
For details of reduced doses in patients with renal impairment,
see below.
◊ Reviews.
1. Lowe MN, Lamb HM. Gemifloxacin. Drugs 2000; 59: 1137–47. 
2. Yoo BK, et al. Gemifloxacin: a new fluoroquinolone approved

for treatment of respiratory infections. Ann Pharmacother 2004;
38: 1226–35. 

3. File TM, Tillotson GS. Gemifloxacin: a new, potent fluoroqui-
nolone for the therapy of lower respiratory tract infections. Ex-
pert Rev Anti Infect Ther 2004; 2: 831–43. 

4. Bhavnani SM, Andes DR. Gemifloxacin for the treatment of res-
piratory tract infections: in vitro susceptibility, pharmacokinetics
and pharmacodynamics, clinical efficacy, and safety. Pharmaco-
therapy 2005; 25: 717–40. 

5. Blondeau JM, Tillotson G. Role of gemifloxacin in the manage-
ment of community-acquired lower respiratory tract infections.
Int J Antimicrob Agents 2008; 31: 299–306. 

6. Lode HM, et al. Gemifloxacin for community-acquired pneumo-
nia. Expert Opin Invest Drugs 2008; 17: 779–86. 

7. Tillotson GS. Role of gemifloxacin in community-acquired
pneumonia. Expert Rev Anti Infect Ther 2008; 6: 405–18.

Administration in renal impairment. Doses of gemi-
floxacin should be halved in patients with a creatinine clearance
of 40 mL/minute or less, including those receiving haemodialy-
sis or continuous peritoneal dialysis.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Factive; Rus.: Factiv (Фактив); S.Afr.: Factive; USA: Factive.

Gentamicin Sulfate (USAN, pINNM)

Gentamicin sulfát; Gentamicin Sulphate (BANM); Gentamicine,
sulfate de; Gentamicini sulfas; Gentamicino sulfatas; Gentamicin-
sulfat; Gentamicin-szulfát; Gentamisiinisulfaatti; Gentamisin Sülfat;
Gentamycyny siarczan; NSC-82261; Sch-9724; Sulfato de gen-
tamicina.
Гентамицина Сульфат
CAS — 1403-66-3 (gentamicin); 1405-41-0 (gentamicin
sulfate).
ATC — D06AX07; J01GB03; S01AA11; S02AA14;
S03AA06.
ATC Vet — QD06AX07; QJ01GB03; QS01AA11;
QS02AA14; QS03AA06.

(gentamicin)

NOTE. GNT is a code approved by the BP 2008 for use on single
unit doses of eye drops containing gentamicin sulfate where the
individual container may be too small to bear all the appropriate
labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Gentamicin Sulphate). A mixture of the sulfates of
antimicrobial substances produced by Micromonospora purpu-
rea, the main components being gentamicins C1, C1a, C2, C2a,
and C2b. It contains 20 to 40% of gentamicin C1, 10 to 30% of

gentamicin C1a; the sum of gentamicins C2, C2a, and C2b is 40
to 60%. The potency is not less than 590 units/mg, calculated
with reference to the anhydrous substance. A white or almost
white hygroscopic powder. Freely soluble in water; practically
insoluble in alcohol. A 4% solution in water has a pH of 3.5 to
5.5. Store in airtight containers. 
USP 31 (Gentamicin Sulfate). The sulfate salt, or a mixture of
such salts, of antibiotic substances produced by the growth of
Micromonospora purpurea. The content of gentamicin C1 is be-
tween 25 and 50%, the content of gentamicin C1a is between 10
and 35%, and the sum of the contents of gentamicin C2a and
gentamicin C2 is between 25 and 55%. It has a potency equiva-
lent to not less than 590 micrograms of gentamicin per mg, cal-
culated on the dried basis. A white to buff powder. Freely soluble
in water; insoluble in alcohol, in acetone, in chloroform, in ether,
and in benzene. pH of a 4% solution in water is between 3.5 and
5.5. Store in airtight containers.
Incompatibility. The aminoglycosides are inactivated in vitro
by various penicillins and cephalosporins via an interaction with
the beta-lactam ring, the extent of inactivation depending on tem-
perature, concentration, and duration of contact. The different
aminoglycosides vary in their stability, with amikacin apparently
the most resistant and tobramycin the most susceptible to inacti-
vation; gentamicin and netilmicin are of intermediate stability.
The beta lactams also vary in their ability to produce inactivation,
with ampicillin, benzylpenicillin, and antipseudomonal penicil-
lins such as carbenicillin and ticarcillin producing marked inac-
tivation. Inactivation has also been reported with clavulanic acid. 
Gentamicin is also incompatible with furosemide, heparin, sodi-
um bicarbonate (the acid pH of gentamicin solutions may liber-
ate carbon dioxide), and some solutions for parenteral nutrition.
Interactions with preparations having an alkaline pH (such as
sulfadiazine sodium), or drugs unstable at acid pH (for example
erythromycin salts), might reasonably be expected. 
Given their potential for incompatibility, gentamicin and other
aminoglycosides should not generally be mixed with other drugs
in syringes or infusion solutions nor given through the same in-
travenous line. When aminoglycosides are given with a beta
lactam, they should generally be given at separate sites. 
General references.
1. Henderson JL, et al. In vitro inactivation of gentamicin, to-

bramycin, and netilmicin by carbenicillin, azlocillin, or mezlo-
cillin. Am J Hosp Pharm 1981; 38: 1167–70. 

2. Tindula RJ, et al. Aminoglycoside inactivation by penicillins and
cephalosporins and its impact on drug-level monitoring. Drug
Intell Clin Pharm 1983; 17: 906–8. 

3. Navarro AS, et al. In-vitro interaction between dibekacin and
penicillins. J Antimicrob Chemother 1986; 17: 83–9. 

4. Courcol RJ, Martin GR. Comparative aminoglycoside inactiva-
tion by potassium clavulanate. J Antimicrob Chemother 1986;
17: 682–4.

Stability. There was an average 16% potency loss of gentamicin
sulfate from solutions containing 10 and 40 mg/mL when stored
at 4° or 25° in plastic disposable syringes for 30 days, and a
brown precipitate formed in several. Storage in glass disposable
syringes for 30 days produced an average 7% potency loss,
which was considered acceptable, but storage for longer resulted
in precipitate formation in some cases and was not recommend-
ed.1
1. Weiner B, et al. Stability of gentamicin sulfate injection follow-

ing unit dose repackaging. Am J Hosp Pharm 1976; 33: 1254–9.

Adverse Effects
The aminoglycosides can produce irreversible, cumu-
lative ototoxicity. This affects both the cochlea (mani-
fest as hearing loss, initially of higher tones, and which,
because speech recognition relies greatly on lower fre-
quencies, may not be at first apparent) and the vestibu-
lar system (manifest as dizziness or vertigo). The inci-
dence and relat ive toxici ty with different
aminoglycosides is a matter of some dispute, but
netilmicin is probably less cochleotoxic than gen-
tamicin or tobramycin, and amikacin more so. Netil-
micin also exhibits less vestibular toxicity than gen-
tamicin, tobramycin, or amikacin, while streptomycin
produces a high incidence of vestibular damage. Ves-
tibular damage is more common than hearing loss in
patients receiving gentamicin. 
Reversible nephrotoxicity may occur and acute renal
failure has been reported, often in association with the
use of other nephrotoxic drugs. Renal impairment is
usually mild, although acute tubular necrosis and inter-
stitial nephritis have occurred. Decreased glomerular
filtration rate is usually seen only after several days,
and may even occur after therapy has stopped. Electro-
lyte disturbances (notably hypomagnesaemia, but also
hypocalcaemia and hypokalaemia) have occurred. The
nephrotoxicity of gentamicin is reported to be largely
due to the gentamicin C2 component. 

Although particularly associated with high plasma
concentrations, many risk factors have been suggested
for ototoxicity and nephrotoxicity in patients receiving
aminoglycosides—see Precautions below. 
Aminoglycosides possess a neuromuscular-blocking
action and respiratory depression and muscular paraly-
sis have been reported, notably after absorption from
serous surfaces. Neomycin has the most potent action
and several deaths have been associated with its use. 
Hypersensitivity reactions have occurred, especially
after local use, and cross-sensitivity between
aminoglycosides may occur. Very rarely, anaphylactic
reactions to gentamicin have occurred. Some hyper-
sensitivity reactions have been attributed to the pres-
ence of sulfites in parenteral formulations, and endo-
toxic shock has also been reported. 
Infrequent effects reported for gentamicin include
blood dyscrasias, purpura, nausea and vomiting, sto-
matitis, and signs of liver dysfunction such as in-
creased serum-aminotransferase values and increased
serum-bilirubin concentrations. Neurotoxicity has oc-
curred, with both peripheral neuropathies and central
symptoms being reported including encephalopathy,
confusion, lethargy, hallucinations, convulsions, and
mental depression. 
Atrophy or fat necrosis has been reported at injection
sites. There have been isolated reports of meningeal ir-
ritation, arachnoiditis, polyradiculitis, and ventriculitis
after intrathecal, intracisternal, or intraventricular use
of aminoglycosides. Subconjunctival injection of gen-
tamicin may lead to pain, hyperaemia, and conjuncti-
val oedema, while severe retinal ischaemia has fol-
lowed intra-ocular injection.
Effects on the ears. Reviews and references to aminoglyco-
side-induced ototoxicity.
1. Cone LA. A survey of prospective, controlled clinical trials of

gentamicin, tobramycin, amikacin, and netilmicin. Clin Ther
1982; 5: 155–62. 

2. Kahlmeter G, Dahlager JI. Aminoglycoside toxicity—a review
of clinical studies published between 1975 and 1982. J Antimi-
crob Chemother 1984; 13 (suppl A): 9–22. 

3. Brummett RE, Fox KE. Aminoglycoside-induced hearing loss in
humans. Antimicrob Agents Chemother 1989; 33: 797–800. 

4. Mattie H, et al. Determinants of efficacy and toxicity of
aminoglycosides. J Antimicrob Chemother 1989; 24: 281–93. 
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Endotoxin reactions. Reports of endotoxin reactions associat-
ed with intravenous gentamicin have been received by the CDC
and the FDA in the USA.1 Although endotoxin concentrations in
the injections used were within USP limits, giving a single daily
dose rather than divided doses was thought to have resulted in
toxic serum concentrations of endotoxins.1,2
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Treatment of Adverse Effects
Aminoglycosides may be removed by haemodialysis
or to a much lesser extent by peritoneal dialysis. Calci-
um salts given intravenously have been used to counter
neuromuscular blockade; the effectiveness of neostig-
mine has been variable.
◊ For reference to the potential for calcium-channel blockers to
reduce aminoglycoside-related nephrotoxicity, see Kidney Dis-
orders, under Uses of Verapamil, p.1424.

Precautions
Gentamicin is contra-indicated in patients with a
known history of hypersensitivity to it, and probably in
those hypersensitive to other aminoglycosides. It
should be avoided in patients with myasthenia gravis,
and great care is required in patients with parkinsonism
and other conditions characterised by muscular weak-
ness. 
The risk of ototoxicity and nephrotoxicity from
aminoglycosides is increased at high plasma concen-
trations and it is therefore generally desirable to deter-
mine dosage requirements by individual monitoring. In
patients receiving standard multiple-dose regimens of
gentamicin, dosage should be adjusted to avoid peak
plasma concentrations above 10 micrograms/mL, or
trough concentrations (immediately before next dose)
exceeding 2 micrograms/mL. Local guidelines on se-
rum concentration should be consulted where once-
daily dosage regimens are used. Monitoring is particu-
larly important in patients receiving high doses or pro-
longed courses, in infants and the elderly, and in pa-
tients with renal impairment, who generally require
reduced doses. The BNF also considers monitoring to
be important in patients with cystic fibrosis or signifi-
cant obesity; again, altered doses may be required. See
Pharmacokinetics below for other patient groups in
whom pharmacokinetics may be altered. Impaired he-
patic function or auditory function, bacteraemia, fever,
and perhaps exposure to loud noises have also been re-
ported to increase the risk of ototoxicity, while volume
depletion or hypotension, liver disease, or female sex
have been reported as additional risk factors for neph-
rotoxicity. Regular assessment of auditory and renal
function is particularly necessary in patients with addi-
tional risk factors. 
Topical application of gentamicin into the ear is contra-
indicated in patients with known or suspected perfora-
tion of the ear drum. 
Use of aminoglycosides during pregnancy may dam-
age the eighth cranial nerve of the fetus.
Breast feeding. A study1 involving 10 mothers given gen-
tamicin and their breast-fed infants found measurable gen-
tamicin concentrations in the serum of 5 of the 10 neonates, indi-
cating that appreciable gastrointestinal absorption had occurred.
It was, however, considered that these low concentrations would
not cause clinical effects and the American Academy of
Pediatrics2 also considers that the use of gentamicin is usually
compatible with breast feeding.
1. Celiloglu M, et al. Gentamicin excretion and uptake from breast

milk by nursing infants. Obstet Gynecol 1994; 84: 263–5. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/05/04)

Interference with assay procedures. The implications of
drug interference with assays for aminoglycosides have been re-
viewed.1 Other antimicrobials and antineoplastics may alter the
results of microbiological assays but this can be overcome by
selection of an appropriate assay organism. 
Microbiological assays for aminoglycosides in samples also con-
taining imipenem could be accomplished by using cysteine hy-
drochloride to inactivate imipenem, since it is stable to most
beta-lactamases and resistant strains are extremely rare.2 Be-
cause aminoglycosides may be inactivated by penicillins and ce-
phalosporins, it has been recommended that aminoglycoside
sampling times should be chosen to coincide with a trough plas-
ma concentration for the beta lactam. Samples should be frozen
if there is to be a delay before they are assayed3 or a penicillinase
added. However, one group of workers have reported loss of
gentamicin activity after storage at −60° before assay.4 Further-
more, there have been reports that concentrations of aminoglyco-
sides in patients also receiving beta lactams have been overesti-
mated using a homogeneous enzyme immunoassay, probably

because of an inability to differentiate between active drug and
inactivated products.5,6 
The radionuclide gallium-67 interferes with radio-enzymatic as-
says, and it has been suggested that an agar diffusion method
should be used in patients who have received a gallium scan.7,8 
Heparin has been shown to produce underestimation of
aminoglycoside concentrations when using microbiological, en-
zymatic, or immunoassays.9-11 It has been recommended that ei-
ther serum should be used or that blood samples should not be
collected in heparinised tubes or from indwelling catheter lines.
Some consider that concentrations of heparin reached in the
blood of patients receiving heparin are too low to affect gen-
tamicin.12 
Falsely low concentrations have also been reported in microbio-
logical assays in the presence of zinc salts.13 
Heat treatment of whole blood to inactivate human immunodefi-
ciency virus leads to an increase in the concentration of gen-
tamicin subsequently found on assay.14
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Interactions
Use of other nephrotoxic drugs (including other
aminoglycosides, vancomycin, some cephalosporins,
ciclosporin, cisplatin, and fludarabine), or of potential-
ly ototoxic drugs such as etacrynic acid and perhaps
furosemide, may increase the risk of aminoglycoside
toxicity. It has been suggested that use of an antiemetic
such as dimenhydrinate may mask the early symptoms
of vestibular ototoxicity. Care is also required if other
drugs with a neuromuscular-blocking action are used
(see Atracurium, p.1903). The neuromuscular-block-
ing properties of aminoglycosides may be sufficient to
provoke severe respiratory depression in patients given
general anaesthetics or opioids. 
There is a theoretical possibility that the antibacterial
effects of aminoglycosides could be reduced by bacte-
riostatic antibacterials, but such combinations have
been used successfully in practice. 
Since aminoglycosides have been shown to be incom-
patible with some beta lactams in vitro (see Incompat-
ibility, above), these antibacterials should be given sep-
arately if both are required; antagonism in vivo has
been reported only in a few patients with severe renal
impairment, in whom aminoglycoside activity was di-
minished. Aminoglycosides exhibit synergistic activi-
ty with a number of beta lactams in vivo (see Antimi-
crobial Action, below). 
Renal excretion of zalcitabine may be reduced by
aminoglycosides. 
For a report of severe hypocalcaemia in a patient treat-
ed with aminoglycosides and bisphosphonates, see
p.1091. 
Gentamicin may inhibit α-galactosidase activity and
should not be used with agalsidase alfa or beta.

Antimicrobial Action
Gentamicin is an aminoglycoside antibiotic and has a
bactericidal action against many Gram-negative aer-
obes and against some strains of staphylococci. 
Mechanism of action. Aminoglycosides are taken up
into sensitive bacterial cells by an active transport
process which is inhibited in anaerobic, acidic, or
hyperosmolar environments. Within the cell they bind
to the 30S, and to some extent to the 50S, subunits of
the bacterial ribosome, inhibiting protein synthesis and
generating errors in the transcription of the genetic
code. The manner in which cell death is brought about
is imperfectly understood, and other mechanisms may
contribute, including effects on membrane permeabili-
ty. 
Spectrum of activity. The following pathogenic organ-
isms are usually sensitive to gentamicin (but see also
Resistance, below). 
Many strains of Gram-negative bacteria including spe-
cies of Brucella, Calymmatobacterium, Campylo-
bacter, Citrobacter, Escherichia, Enterobacter, Fran-
cisel la ,  Klebsiel la ,  Proteus ,  Providencia ,
Pseudomonas, Serratia, Vibrio, and Yersinia. Some ac-
tivity has been reported against isolates of Neisseria,
although aminoglycosides are rarely used clinically in
neisserial infections. 
Among the Gram-positive organisms many strains of
Staphylococcus aureus are highly sensitive to gen-
tamicin. Listeria monocytogenes and some strains of
Staph. epidermidis may also be sensitive to gen-
tamicin, but enterococci and streptococci are usually
insensitive to gentamicin. 
Some actinomycetes and mycoplasmas have been re-
ported to be sensitive to gentamicin, but mycobacteria
are insensitive at clinically achievable concentrations;
anaerobic organisms, yeasts, and fungi are resistant. 
Activity with other antimicrobials. Gentamicin exhibits
synergy with beta lactams, probably because the ef-
fects of the latter on bacterial cell walls enhance
aminoglycoside penetration. Enhanced activity has
been demonstrated with a penicillin (such as ampicillin
or benzylpenicillin) and gentamicin against the entero-
cocci, and gentamicin has been combined with an anti-
pseudomonal penicillin such as ticarcillin for enhanced
activity against Pseudomonas spp., and with vancomy-
cin for enhanced activity against staphylococci and
streptococci. 
Resistance to the aminoglycosides may be acquired by
three main mechanisms. The first is by mutation of ri-
bosomal target sites leading to reduced affinity for
binding; this type of resistance is generally only rele-
vant for streptomycin and, even then, it appears to be
rare in Gram-negative bacteria. Secondly, penetration
of aminoglycosides into bacterial cells is by an oxy-
gen-dependent active transport process and resistance
may occur because of elimination or reduction of this
uptake; when it occurs this generally results in cross-
resistance to all aminoglycosides. Thirdly, and by far
the most important cause of resistance to the aminogly-
cosides, is inactivation by enzymatic modification.
Three main classes of enzyme conferring resistance
have been found, operating by phosphorylation,
acetylation, or addition of a nucleotide group, usually
adenyl. Enzyme production is usually plasmid-deter-
mined and resistance can therefore be transferred be-
tween bacteria, even of different species. Resistance to
other antibacterials may be transferred at the same
time. In Staph. aureus, transfer of resistance is more
likely when these drugs are used topically. Each type of
enzyme produces characteristic patterns of resistance,
but their overlapping and variable affinities for their
substrates result in a wide range of permutations of
cross-resistance to the different aminoglycosides. The
different enzymes vary in their distribution and preva-
lence in different locations, and at different times, pre-
sumably with variations in antibacterial usage, but re-
lationships to the use of specific aminoglycosides are
difficult to establish. These variations in drug sensitiv-
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ity require local testing to determine resistance and es-
tablish susceptibility of bacteria to the aminoglycoside
being used, but such local variations mean that esti-
mates of the incidence of resistance are of limited val-
ue. In general, the occurrence of resistant pathogens
seems to have been greater in southern than in northern
Europe, and perhaps greater in the USA than in Eu-
rope. There has been particular concern over the in-
creasing incidence of high-level gentamicin resistance
among enterococci (in up to 50% of isolates from some
centres), since they already possess inherent or ac-
quired resistance to many drugs, including vancomy-
cin in some cases. A similar problem exists with gen-
tamicin resistance in meticillin-resistant strains of
Staph. aureus. Such multiply-resistant strains pose a
major therapeutic problem in those centres where they
occur, since the usual synergistic combinations with
other antibacterials are ineffective. However, results
from some centres indicate that rational use of a wider
range of aminoglycosides (including amikacin which
is not affected by most of the aminoglycoside-degrad-
ing enzymes) has resulted in a modest decline in over-
all aminoglycoside resistance.
◊ References.
1. Mingeot-Leclercq M-P, et al. Aminoglycosides: activity and re-

sistance. Antimicrob Agents Chemother 1999; 43: 727–37. 
2. Kotra LP, et al. Aminoglycosides: perspectives on mechanisms

of action and resistance and strategies to counter resistance. An-
timicrob Agents Chemother 2000; 44: 3249–56. 

3. Barclay ML, Begg EJ. Aminoglycoside adaptive resistance: im-
portance for effective dosage regimens. Drugs 2001; 61:
713–21. 

4. Magnet S, Blanchard JS. Molecular insights into aminoglycoside
action and resistance. Chem Rev 2005; 105: 477–98.

Pharmacokinetics
Gentamicin and other aminoglycosides are poorly ab-
sorbed from the gastrointestinal tract but are rapidly
absorbed after intramuscular injection. Average peak
plasma concentrations of about 4 micrograms/mL
have been attained in patients with normal renal func-
tion 30 to 60 minutes after an intramuscular dose
equivalent to gentamicin 1 mg/kg, which is similar to
concentrations achieved after intravenous infusion.
There may be considerable individual variation. Sever-
al doses are required before plasma equilibrium con-
centrations occur and this may represent the saturation
of binding sites in body tissues such as the kidney.
Binding of gentamicin to plasma proteins is usually
low. 
On parenteral use, gentamicin and other aminoglyco-
sides diffuse mainly into extracellular fluids. However,
there is little diffusion into the CSF and even when the
meninges are inflamed effective concentrations may
not be achieved; diffusion into the eye is also poor.
Aminoglycosides diffuse readily into the perilymph of
the inner ear. They cross the placenta but only small
amounts have been reported in breast milk. 
Systemic absorption of gentamicin and other
aminoglycosides has been reported after topical use on
denuded skin and burns and on instillation into, and ir-
rigation of, wounds, body-cavities (except the urinary
bladder), and joints. 
The plasma elimination half-life for gentamicin has
been reported to be 2 to 3 hours though it may be con-
siderably longer in neonates and patients with renal im-
pairment. Gentamicin and other aminoglycosides do
not appear to be metabolised and are excreted virtually
unchanged in the urine by glomerular filtration. At
steady state at least 70% of a dose may be recovered in
the urine in 24 hours and urine concentrations in excess
of 100 micrograms/mL may be achieved. However,
gentamicin and the other aminoglycosides appear to
accumulate in body tissues to some extent, mainly in
the kidney, although the relative degree to which this
occurs may vary with different aminoglycosides. Re-
lease from these sites is slow and small amounts of
aminoglycosides may be detected in the urine for up to
20 days or more after treatment stops. Small amounts
of gentamicin appear in the bile. 

The pharmacokinetics of the aminoglycosides are af-
fected by many factors, which may become significant
because of the relatively small difference between ther-
apeutic and toxic concentrations, reinforcing the need
for monitoring. 
• Absorption from intramuscular sites may be reduced

in critically ill patients, especially in conditions that
reduce perfusion such as shock, resulting in reduced
plasma concentrations. Plasma concentrations
may also be reduced in patients with conditions
which expand extracellular fluid volume or increase
renal clearance including ascites, cirrhosis, heart
failure, malnutrition, spinal cord injury, burns, cystic
fibrosis, and possibly leukaemia. Clearance is also
reportedly increased in intravenous drug abusers,
and in patients who are febrile. 

• In contrast, renal impairment or reduced renal clear-
ance for any reason (for example in neonates with
immature renal function, or in the elderly in whom
glomerular function tends to decline with age) can
result in markedly increased plasma concentra-
tions and/or prolonged half-lives. However, in ne-
onates initial plasma concentrations may actually be
reduced, due to a larger volume of distribution. Plas-
ma concentrations may also be higher than expected
for a given dose in obese patients (in whom extracel-
lular volume is low relative to weight), and in pa-
tients with anaemia. 

Renal clearance, and hence plasma concentrations, of
aminoglycosides may vary according to a circadian cy-
cle, and it has been suggested that this should be taken
into account when determining and comparing plasma
aminoglycoside concentrations.

Uses and Administration
Gentamicin is an aminoglycoside antibiotic used, often
with other antibacterials, to treat severe systemic infec-
tions due to sensitive Gram-negative and other organ-
isms (see Antimicrobial Action, above). Such infec-
tions include biliary-tract infections (acute
cholecystitis or cholangitis), brucellosis, cat scratch
disease, cystic fibrosis, endocarditis (in the treatment
and prophylaxis of endocarditis due to streptococci,
enterococci, or staphylococci), endometritis, gastro-
enteritis, granuloma inguinale, listeriosis, meningitis,
otitis externa, otitis media, pelvic inflammatory dis-
ease, peritonitis, plague, pneumonia, septicaemia, skin
infections such as in burns or ulcers (given systemical-
ly for pseudomonal and other Gram-negative infec-
tions), tularaemia, and urinary-tract infections (acute
pyelonephritis), as well as in the prophylaxis of surgi-
cal infection and the treatment of immunocompro-
mised patients and those in intensive care. It may be
used as part of a multi-drug regimen for the treatment
of inhalation and gastrointestinal anthrax. Gentamicin
is also applied topically for localised infections. For de-
tails of these infections and their treatment, see under
Choice of Antibacterial, p.162. 
Gentamicin is often used with other antibacterials to
extend its spectrum of activity or increase its efficacy,
e.g. with a penicillin for enterococcal and streptococcal
infections, or an antipseudomonal beta lactam for
pseudomonal infections, or with metronidazole or clin-
damycin for mixed aerobic-anaerobic infections. 
Administration and dosage. Gentamicin is used as the
sulfate but doses are expressed in terms of gentamicin
base. For many of the infections above it is given intra-
muscularly every 8 hours to provide a total daily dose
of 3 to 5 mg/kg. In the prophylaxis and treatment of
streptococcal and enterococcal endocarditis, a dose of
1 mg/kg every 8 hours with a penicillin or vancomycin
has been suggested for treatment in the UK; a suggest-
ed dose for prophylaxis in high-risk patients is 120 mg
before induction of anaesthesia, with a penicillin or
vancomycin or teicoplanin. For urinary-tract infec-
tions, if renal function is not impaired, 160 mg once
daily may be used. 

Gentamicin sulfate may also be given intravenously in
similar doses to those used intramuscularly, but there is
some disagreement as to the appropriate method, since
intravenous infusion has been associated with both
subtherapeutic and excessive trough concentrations of
gentamicin, while bolus intravenous injection may in-
crease the risk of neuromuscular blockade. In the USA,
intravenous infusion over 30 minutes to 2 hours is fa-
voured, but sources in the UK differ, with some li-
censed product information recommending infusion
over no more than 20 minutes, in a limited fluid vol-
ume, while other products should not be given by slow
infusion, recommending bolus injection over at least 2
to 3 minutes, and yet others allow use in a similar way
to the USA. 
The course of treatment should generally be limited to
7 to 10 days. As gentamicin is poorly distributed into
fatty tissue it has been suggested that dosage calcula-
tions should be based on an estimate of lean body-
weight. 
Doses in infants and children are usually somewhat
higher than those in adults but exact dosage recom-
mendations vary. One regimen is gentamicin 3 mg/kg
every 12 hours in premature infants and those up to 2
weeks of age, with older neonates and children receiv-
ing 2 mg/kg every 8 hours. Alternatively, 2.5 mg/kg
every 12 hours in the first week of life, 2.5 mg/kg every
8 hours or 3 mg/kg every 12 hours in infants and ne-
onates, and 1.5 to 2 mg/kg every 8 hours in children
has been given. 
Dose adjustment and monitoring. Dosage should be
adjusted in all patients according to plasma-gentamicin
concentrations, and this is discussed in more detail un-
der Administration and Dosage, below. 
Once-daily dosage. In many centres, the total daily re-
quirement is increasingly given as a single dose (see
Once-daily Dosage, below). In suitable patients this
appears to be as safe and effective as conventional reg-
imens, and is more convenient. However, it is not suit-
able for all patients, especially those with endocarditis,
extensive burns, or renal impairment (creatinine clear-
ance less than 20 mL/minute). With once-daily dosage,
traditional methods of monitoring peak and trough
plasma concentrations may not be applicable and local
guidelines on dosage and plasma concentrations
should be consulted. 
Other routes. Gentamicin has sometimes been given
orally for enteric infections and to suppress intestinal
flora and has occasionally been given by inhalation in
cystic fibrosis. In meningitis it has been given intrathe-
cally or intraventricularly usually in doses of 1 to 5 mg
daily with intramuscular therapy. Gentamicin has also
been given by subconjunctival injection. 
A bone cement impregnated with gentamicin is used in
orthopaedic surgery. Acrylic beads containing gen-
tamicin and threaded on to surgical wire are implanted
in the management of bone infections. 
Gentamicin has also been applied topically for skin in-
fections in concentrations of 0.1%, but such use may
lead to the emergence of resistance and is considered
inadvisable. Concentrations of 0.3% are used in prepa-
rations for topical application to the eyes and ears. 
A liposomal formulation of gentamicin is under inves-
tigation.
◊ Reviews.
1. Edson RS, Terrell CL. The aminoglycosides. Mayo Clin Proc

1999; 74: 519–28.

Administration and dosage. CONCENTRATION MONITOR-

ING. Measurements of aminoglycoside plasma concentrations
are routinely performed to individualise dosage regimens,
both in terms of dose given and dosing interval, in order to
attain the desired therapeutic range as quickly as possible.1
This entails measurement of both peak concentrations to
monitor efficacy and trough concentrations to avoid accumu-
lation and thereby prevent toxicity. Dosage should be adjust-
ed in all patients according to these concentrations, but this is
of particular importance where factors such as age, renal im-
pairment, or high dosage may predispose to toxicity. Al-
though there has been some dispute about the relationship be-
tween plasma concentrations and toxicity it is generally
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recommended that, for multiple daily dosing with gentamicin,
trough plasma concentrations (measured just before the next
dose) should be less than 2 micrograms/mL, and peak con-
centrations should reach at least 4 micrograms/mL but not ex-
ceed 10 micrograms/mL. In the UK, peak concentrations are
generally measured 1 hour after intramuscular and intrave-
nous doses, but practice has varied between centres and coun-
tries and this may lead to difficulties when comparing figures. 
Methods exist for calculating aminoglycoside dosage require-
ments, though none has been universally accepted. Simple phar-
macokinetic methods involve linear dosage adjustment based on
peak or trough concentrations or area under the concentration-
time curve, or the use of predictive nomograms.1 For most pa-
tients receiving once-daily dosage (see below), the nomogram is
the method of choice, primarily because of its simplicity. How-
ever, it has not been validated for children and does not work in
patients with either a very high clearance of aminoglycosides or
a high volume of distribution, such as those with ascites, burns,
or cystic fibrosis, or in other conditions such as pregnancy where
the fixed dose assumed in the construction of the nomogram is
irrelevant. When a nomogram cannot be applied, a more sophis-
ticated pharmacokinetic method is required, using either Baye-
sian statistics or non-Bayesian methods such as that of Sawchuk
and Zaske.2,3 Bayesian methods are favoured when the patient
population’s pharmacokinetic parameters are well known be-
cause of their good predictive performance. Otherwise, the Saw-
chuk and Zaske method is the method of choice because of its
robustness and the lack of requirement for prior information
about the distribution of parameters within the population.1
1. Tod MM, et al. Individualising aminoglycoside dosage regimens

after therapeutic drug monitoring: simple or complex pharma-
cokinetic methods? Clin Pharmacokinet 2001; 40: 803–14. 

2. Sawchuk RJ, Zaske DE. Pharmacokinetics of dosing regimens
which utilize multiple intravenous infusions: gentamicin in burn
patients. J Pharmacokinet Biopharm 1976; 4: 183–95. 

3. Sawchuk RJ, et al. Kinetic model for gentamicin dosing with the
use of individual patient parameters. Clin Pharmacol Ther 1977;
21: 362–9.
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ONCE-DAILY DOSAGE. The concept of giving aminoglycosides
once daily rather than in divided doses is attractive on the
grounds of convenience and economy. The rationale cited by
proponents of single daily doses for preferring high intermit-
tent plasma concentrations includes the prolonged postantibi-
otic effect of aminoglycosides (persistent antibacterial activi-
ty after plasma concentrations have fallen below the MIC),
potentially higher antibacterial concentrations at the site of
infection, and theoretical reductions in the incidence of adap-
tive resistance, with no apparent increase in nephrotoxicity.

Clinical studies have generally included small numbers of pa-
tients with uncomplicated infections and have excluded pa-
tients with altered pharmacokinetic profiles, but several meta-
analyses have been published which have concluded that
once-daily administration appears to be at least as effective
as, and no more toxic than, multiple daily dosing in such pa-
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Once daily dosage may, though, be inappropriate for elderly
patients19 (due to an increased incidence of nephrotoxicity), pa-
tients in whom the volume of drug distribution or clearance is
difficult to predict or markedly abnormal,20 and in the treatment
of enterococcal endocarditis.12 In the UK, the BNF states that a
once-daily high dose regimen should be avoided in patients with
endocarditis, extensive burns, or creatinine clearance less than
20 mL/minute. For mention of an increase in endotoxin reactions
associated with the use of single daily doses see under Adverse
Effects, above.
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Ménière’s disease. Gentamicin and streptomycin have been
used for medical ablation in advanced Ménière’s disease (p.564).
Although gentamicin given systemically is considered to be
more ototoxic than streptomycin, evidence from animal studies
suggests that intratympanic use may be less ototoxic. This, and a
higher incidence of adverse effects with streptomycin, has meant
that intratympanic gentamicin is now preferred. Intratympanic
gentamicin has been reported to control vertigo symptoms in the
majority of patients, although some experience a worsening of
their hearing loss immediately after treatment.1-8 However, the
ideal regimen for intratympanic gentamicin has yet to be defined.
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4. Longridge NS, Mallinson AI. Low-dose intratympanic gen-
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5. Quaranta A, et al. Intratympanic therapy for Ménière’s disease:
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6. Marzo SJ, Leonetti JP. Intratympanic gentamicin therapy for per-
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Preparations
BP 2008: Gentamicin and Hydrocortisone Acetate Ear Drops; Gentamicin
Cream; Gentamicin Ear Drops; Gentamicin Eye Drops; Gentamicin Injec-
tion; Gentamicin Ointment; 
USP 31: Gentamicin and Prednisolone Acetate Ophthalmic Ointment;
Gentamicin Injection; Gentamicin Sulfate Cream; Gentamicin Sulfate Oint-
ment; Gentamicin Sulfate Ophthalmic Ointment; Gentamicin Sulfate Oph-
thalmic Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Gentaderm; Gentamina; Gentapharma; Gentaren; Gentatenk†; Gen-
ticol†; Gentoler; Glevomicina; Plurisemina; Provisual; Rupegen†; Sintepul;
Ultradermis†; Austral.: Genoptic; Austria: Garamycin†; Gentax; Refo-
bacin; Sulmycin; Belg.: Geomycine; Braz.: Emisgenta; Garacin; Garamicina;
Garamin; Gentac†; Gentagran; Gentamicil; Gentamil; Gentaron; Gentax†;
Vitromicin†; Canad.: Alcomicin; Diogent†; Garamycin; Garatec†; Chile:
Gentalyn; Oftagen; Cz.: Garamycin; Megental†; Ophtagram†; Denm.: Ga-
ramycin; Gentacoll; Hexamycin; Fin.: Gensumycin; Gentacoll; Fr.: Gental-
line; Ger.: Gencin; Gent-Ophtal; Genta; Gentamytrex; Ophtagram†; Refo-
bacin; Sulmycin; Terramycin N; Gr.: Dabroson; Garamycin; Hong Kong:
Garamycin; Genoptic; Miramycin; Optigen†; Hung.: Garamycin; India: An-
dregen; Biogaracin; G-80†; Garamycin; Gensyn†; Gentacip; Gentasporin;
Genticyn; Genticyn Eye/Ear†; Indon.: Bioderm; Dermabiotik; Dermagen;
Ethigent; Garabiotic; Garamycin; Garapon; Garexin; Gentacyl; Gentamerck;
Gentamisin; Ikagen; Isotic Timact; Konigen; Licogenta; Nichogencin; Otto-
genta; Sagestam; Salgen; Salticin; Timact; Ximex Konigen; Irl.: Cidomycin;
Genticin; Israel: Cidomycin†; Gentatrim; Lacromycin; Opti-Genta; Ital.:
Ciclozinil; Dergesol; Eutopic; Gentacream; Gentalyn; Gentamen; Gentibiop-
tal†; Genticol; Gentomil; Nemalin; Ribomicin; Tacigen; Malaysia: Beagenta;
Garamycin; Gentamed†; Gentamytrex†; Miramycin; Mex.: Barmicil†; Be-
ramicina; Fustermicina; G-I; Garacoll; Garakacin; Garalen; Garamicina; Ge-
clicin; Genemicin; Genkova; Genrex; Genser; Genta; Genta-Micron; Gent-
acin†; Gentamil; Gentanacin†; Gentapat; Gentarim†; Gentazaf Z; Gentazol;
Gentialoquin; Geracin; Ikatin; Lifegram; Lisibac†; Progen; Quilagen; Servi-
genta; Tamigen; Tondex; Tremax; Yectamicina; Neth.: Garacol; Garamycin;
Gentamytrex; Norw.: Garamycin; Gensumycin; NZ: Genoptic; Philipp.:
Garamycin; Gentamytrex; Migentax; Minoglen; Obogen; Opthagen;
Orimed; Rocygen; Servigenta; Tangyn; Topigen; Pol.: Garamycin; Gen-
tamytrex†; Port.: Cronocol; Garalone; Genta Gobens; Gentalin; Gentocil;
Ophtagram; Septopal; S.Afr.: Cidomycin; Garacoll†; Garamycin; Genop-
tic†; Sabax Gentamix; Sterisol Fermentmycin; Singapore: Garamycin†;
Genoptic; Gentamytrex; Miramycin; Spain: Coliriocilina Gentam†; Genta
Gobens; Gentamedical†; Gentamival; Genticina†; Gevramycin; Gevramycin
Topica; Rexgenta; Swed.: Garamycin; Gensumycin; Switz.: Garamycin;
Ophtagram; Thai.: Garamycin†; Genta; Genta-Oph; Gentac†; Gentacin;
Gental; Grammicin; Grammixin; Miramycin; Skinfect; Versigen; Turk.: Gen-
misin; Genta; Gentagut; Gentamed; Genthaver; Gentreks; Getamisin; Geta-
sin; UAE: Gental; UK: Cidomycin; Garamycin†; Genticin; USA: Garamycin;
Genoptic; Gentacidin; Gentak; Gentasol; Ocu-Mycin; Venez.: Catogen†;
Gentalyn; Gentamicil†; Gentamilan; Gentisul; Kincinat†; Refobacin†; Solgen-
ta; Yectamicina†.

Multi-ingredient: Arg.: Adenil; Aeromicrosona C†; Anginotrat; Bacti-
cort; Bacticort Complex; Bactisona; Becortin; Betacort Plus; Blamy; Cal-
murid; Cevaderm; Cicatrizol; Ciprocort; Cuta Crema; Denvercrem; Derco-
tex; Dermizol G; Dermizol Trio; Dermoperative; Dermosona; Dermovit†;
Dexamytrex; Diprogenta; Factor Dermico; Filoderma; Filoderma Plus; Gen-
tacler; Gentasol; Gentocelina†; Griseocrem; Hifamonil Crema; Lazar-Cort
Complex; Linfol Dermico; Lisoderma; Macril; Micozol Compuesto†; Micro-
sona C; Miklogen; Monizol Cort Crema; Novo Bacticort Complex†; Novo
Bacticort†; Otalex G; Otonorthia; Pancutan; Provisual Compuesto; Prurise-
dan Biotic†; Quadriderm; Quiacort G; Quiacort G Plus; Septopal†; Siro-
tamicin BG; Start NP†; Tribiocort; Tricur; Tridermal; Triefect†; Triliver; Tri-
plex; Vitacortil; Austral.: Celestone VG†; Palacos E with Garamycin;
Palacos R with Garamycin; Septopal; Austria: Decoderm Compositum;
Decoderm trivalent; Dexagenta; Diprogenta; Septopal; Voltamicin; Belg.:
Decoderm Compositum; Dexagenta-POS; Duracoll; Garasone†; Infecto-
flam; Palacos LV avec Gentamicine†; Palacos R avec Gentamicine†; Sep-
topal; Braz.: Cauterex; Cremederme; Dexamytrex†; Diprogenta;
Emecort†; Garasone; Gentacort; Gino-Cauterex; Microbiogen†; Pan-
Emecort†; Permut; Poliderms; Quadriderm; Quadrikin; Quadrilon; Quadri-
plus; Qualiderm; Septopal; Tetraderm; Canad.: Diprogen†; Garasone; Pen-
tasone; Valisone-G; Chile: Diprospan G; Gentasone; Labosona G; Mixgen;
Oftagen Compuesto; Palacos E con Gentamicina; Palacos R con Gentamic-
ina; Perlas De PMMA con Gentamicina; Pred G†; Vilterm†; Cz.: Belogent;
Clenigen†; Dexa-Gentamicin; Garasone; Infectoflam†; Septopal†; Vol-
tamicin†; Denm.: Septopal; Fin.: Celestoderm cum Garamycin; Palacos R
cum Gentamicin†; Septopal; Fr.: Collatamp G†; Indobiotic; Palacos LV avec
Gentamicine; Palacos R avec Gentamicine; Ger.: Betagentam; Cibaflam;
CMW mit Gentamicin; Copal; Decoderm Comp; Dexa-Gentamicin; Dex-
amytrex; Diprogenta; Inflanegent; Palamed G; Refobacin-Palacos R; Septo-
coll; Septopal; SmartSet GHV; Sulmycin mit Celestan-V; Terracortril N; Gr.:
Celestoderm-V/GA; Dexamytrex; Efemoline; Garamat; Gentadex; Luzin;
Palacos R with Gentamycin†; Propiogenta; Septopal†; Hong Kong: Beco-
gem; Celestoderm-V with Garamycin; Clobeta-G; Conazole; Dermafacte;
Diprogenta; Garasone; Lycobeta-G; Quadriderm; Septopal; Triderm; Tridi-
tol-G; Hung.: Garasone; Gentason; Septopal; Vipsogal†; Voltamicin†; In-
dia: Betamil-GM; Betnederm GM; Betnovate-GM; Candiderma†; Cloben-
G; Cloderm GM; Clomycin; Cutinorm†; Diclogenta; Ecodax†; Eumosone-
G; Fourderm; Fourderm AF; Gentacip D; Genticyn B Eye/Ear†; Genticyn
HC†; Lobate-G; Lobate-GM; Quiss; Septopal; Sigmaderm; Tenovate G;
Translipo-Triple; Indon.: Benoson G; Betagentam; Betasin; Biocort; Ce-
lestoderm-V with Garamycin; Cinogenta; Digenta; Diprogenta; Diprosta;
Garasone; Genolon; Gentacortin; Gentasolon; Isotic Betaracin; Mastroson;
Salgen Plus; Sinobiotik; Skilone; Skinal; Sonigen; Irl.: Gentisone HC; Israel:
Aflumycin; Betacorten-G; Cicloderm-C; Diprogenta; Triderm; Ital.: Batasal-
gin; Betacream; Citrizan Antibiotico; Dermabiolene; Egerian; Fidagenbeta;
Formomicin; Genalfa; Genatrop; Gentacort; Gentalyn Beta; Kamelyn; Ster-
ozinil; Vasosterone Oto; Voltamicin†; Malaysia: B-Mycin; Beprogent; Beta-
gen; Betamethasone G; Celestoderm-V with Garamycin†; Dexa-Gen-
tamicin†; Dexamytrex†; Diprogenta; Garasone; Gentadexa; Infectoflam†;
Joysun; Septopal†; Mex.: Barmicil Compuesto; Beclogen; Betrigen; Clotric-
ina; Diprosone G; Garamicina-V; Garasone; Miclobet; Prubagen; Quadri-
derm NF; Triderm; Neth.: Dexagenta-POS; Dexamytrex; Septopal;
Norw.: Septopal; NZ: CMW Gentamicin; Palacos with Garamycin; Vacu-
Mix Plus with CMW gentamicin; Philipp.: Dexamytrex; Diprogenta; Gara-
sone; Infectoflam; Ophtasone; Quadriderm; Quadrotopic; Septopal; Tri-
derm; Pol.: Bedicort G; Dexamytrex; Diprogenta; Triderm; Port.: Dexam-
ytrex; Diprogenta; Epione; Gentadexa; Indobiotic; Quadriderme; Rus.:
Akriderm Genta (Акридерм Гента); Akriderm GK (Акридерм ГК); Belo-
gent (Белогент); Betagenot (Бетагенот); Celestoderm-V with Garamycin
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(Целестодерм-В с Гарамицином); Dexa-Gentamicin (Декса-
Гентамицин); Triderm (Тридерм); S.Afr.: Celestoderm-V with Garamy-
cin†; Diprogenta; Garasone†; Palacos R with Garamycin; Quadriderm; Sep-
topal; Singapore: B-Tasone-G; Beprogent; Celestoderm-V with Garamy-
cin†; Combiderm; Conazole; Dexamytrex; Diprogenta; Garasone;
Gentriderm; Gentrisone; Infectoflam; Modaderm; Neoderm; Quadri-
derm†; Refobacin Bone Cement R; Refobacin-Palacos R†; Septopal†; Tri-
Micon; Triderm; Voltamicin†; Spain: Celestoderm Gentamicina; Cuatro-
derm; Diprogenta; Epitelizante; Flugen; Flutenal Gentamicina; Gentadexa;
Interderm; Novoter Gentamicina; Swed.: Celeston valerat med gentamicin;
Septopal†; Switz.: Diprogenta; Indobiotic†; Infectoflam; Ophtasone; Qua-
driderm; Septopal; Triderm; Voltamicin; Thai.: Beprogent; Beprogenta;
Dexamytrex; Diprogenta†; Genquin; Gental-F; Infectoflam; Pred Oph; Re-
fobacin-Palacos R; Septopal; Turk.: Indobiotic; UK: Collatamp EG; Gen-
tisone HC; Palacos LV with Gentamicin; Palacos R with Gentamicin; Sep-
topal; Vipsogal; USA: Pred G; Venez.: Betaderm con Gentamicina;
Celestoderm con Gentalyn; Diprogenta; Garabet; Garasone; Gentidexa;
Gentisor†; Propiogenta†; Quadriderm; Triderm; Tridetarmon.

Gramicidin (BAN, rINN)

Gramicidin D; Gramicidin (Dubos); Gramicidina; Gramicidinas;
Gramicidine; Gramicidinum; Gramisidiini; Gramisidin.
Грамицидин
CAS — 1405-97-6.
ATC — R02AB30.
ATC Vet — QR02AB30.

NOTE. The name gramicidin was formerly applied to tyrothricin.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Gramicidin). It consists of a family of antimicrobial
linear polypeptides usually obtained by extraction from ty-
rothricin, the complex isolated from the fermentation broth of
Bacillus brevis. The main component is gramicidin A1, together
with gramicidins A2, B1, C1, and C2 in particular. The potency
is not less than 900 units/mg calculated with reference to the
dried substance. A white or almost white, slightly hygroscopic,
crystalline powder. Practically insoluble in water; sparingly sol-
uble in alcohol; soluble in methyl alcohol. Store in airtight con-
tainers. Protect from light. 
USP 31 (Gramicidin). An antibacterial substance produced by
the growth of Bacillus brevis (Bacillaceae); it may be obtained
from tyrothricin. It has a potency of not less than
900 micrograms of gramicidin per mg, calculated on the dried
basis. A white or practically white, odourless, crystalline, pow-
der. Insoluble in water; soluble in alcohol. Store in airtight con-
tainers.
Profile
Gramicidin has properties similar to those of tyrothricin (p.358)
and is too toxic to be given systemically. It is used topically for
the local treatment of susceptible infections usually with other
antibacterials such as neomycin and polymyxin B, and often
with a corticosteroid as well.
Preparations
USP 31: Neomycin and Polymyxin B Sulfates and Gramicidin Cream; Ne-
omycin and Polymyxin B Sulfates and Gramicidin Ophthalmic Solution; Ne-
omycin and Polymyxin B Sulfates, Gramicidin, and Hydrocortisone Acetate
Cream; Neomycin Sulfate and Gramicidin Ointment; Nystatin, Neomycin
Sulfate, Gramicidin, and Triamcinolone Acetonide Cream; Nystatin, Neo-
mycin Sulfate, Gramicidin, and Triamcinolone Acetonide Ointment.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Antibiocort†; Aseptobron N; Biotaer Nasal; Bu-
coangin N; Caext; Carnot Colutorio; Desenfriol Caramelos†; Gargaletas;
Gramibiotic†; Graneodin; Graneodin N; Kenacomb; Nasomicina; Neo Col-
tirot; Neo Pelvicillin; Pantometil; Proetztotal; Austral.: Kenacomb; Ne-
osporin; Otocomb Otic; Otodex; Sofradex; Soframycin; Austria: Mycosta-
tin V; Topsym polyvalent; Volon A antibiotikahaltig; Belg.: Mycolog;
Polyspectran Gramicidine; Braz.: Fonergin; Londerm-N; Mud; Neolon-D;
Omcilon A M; Onciplus; Canad.: Antibiotic Cream†; Kenacomb†; Ne-
osporin; Opticort; Optimyxin; Optimyxin Plus; Polycidin†; Polysporin;
Polysporin Complete Antibiotic; Polysporin For Kids; Polysporin Plus Pain
Relief; Polysporin Triple Antibiotic; Polytopic; ratio-Triacomb; Sofracort; Sof-
ramycin; Triacomb†; Viaderm-KC; Chile: Grifoftal†; Oftabiotico; Cz.: Sof-
radex†; Denm.: Kenalog Comp med Mycostatin; Sofradex; Fin.: Bafucin;
Polysporin; Sofradex; Ger.: Polyspectran; Gr.: Kenacomb; Neo-Priphen;
Hong Kong: Kenacomb; Neosporin; Polyoph; Sofradex; Triacomb; Hung.:
Polyspor; India: Kenacomb; Kenalog-S; Neosporin; Sofracort; Indon.: Ble-
cidex; Isotic Enpigi; Neosyd; Sofradex; Irl.: Graneodin; Kenacomb; Ne-
osporin†; Sofradex; Soframycin†; Israel: Dermacombin; Kenacomb†; Ital.:
Eta Biocortilen VC; Vasosterone Antibiotico; Malaysia: Kenacomb; Pocin
G; Sofradex; Mex.: Biotarson N; Biotarson O; Kenacomb; Neosporin;
Nicobio†; Polixin; Poly-Micron; Septilisin; Sulned; Neth.: Mycolog; Polyspec-
tran G†; Sofradex; Norw.: Sofradex; NZ: Kenacomb; Sofradex; Soframycin;
Viaderm-KC; Philipp.: Kenacomb; Lidex NGN; Neosporin; Novasorin;
Pol.: Dicortineff; Triacomb; Port.: Dropcina; Kenacomb; S.Afr.: Kena-
comb; Neosporin†; Sofradex; Singapore: Kenacomb†; Sofradex; Spain:

Flodermol; Fludronef; Intradermo Cort Ant Fung†; Midacina; Oftalmowell;
Spectrocin†; Tivitis; Trigon Topico; Swed.: Bafucin; Switz.: Angidine; My-
colog N; Mycolog†; Neosporin; Sofradex; Topsym polyvalent; Tyrothricine
+ Gramicidine; Thai.: Dermacombin; Kenacomb; Neosporin†; Opsacin†;
Polyoph; Sofradex; Topifram; Xanalin; Turk.: Neosporin; UAE: Panderm;
UK: Graneodin†; Neosporin; Sofradex; Tri-Adcortyl; USA: Neosporin;
Ocu-Spor-G; Ocutricin; Polymycin; Venez.: Kenacomb.

Gramicidin S (rINN)

Gramicidin C; Gramicidina S; Gramicidine S; Gramicidinum S; So-
viet Gramicidin.

Грамицидин C

C60H92N12O10 = 1141.4.
CAS — 113-73-5.

Profile
Gramicidin S is an antibacterial polypeptide, produced by Bacil-
lus brevis, and has similar properties to tyrothricin (p.358). It is
unsuitable for systemic use and is used topically for the local
treatment of susceptible infections and as lozenges for infections
of the mouth and throat. The hydrochloride is used similarly.

Preparations

Proprietary Preparations (details are given in Part 3)
Rus.: Grammidin.

Multi-ingredient: Indon.: FG Ointment; FG Troches.

Halquinol (BAN)

Chlorhydroxyquinoline; Chlorquinol; Halquinols (USAN); SQ-
16401. A mixture of the chlorinated products of quinolin-8-ol
containing 57 to 74% of 5,7-dichloroquinolin-8-ol (chloroxine,
p.242), 23 to 40% of 5-chloroquinolin-8-ol (cloxiquine, p.530),
and not more than 4% of 7-chloroquinolin-8-ol.

CAS — 8067-69-4.

Profile
Halquinol is a halogenated hydroxyquinoline with properties
similar to those of clioquinol (p.254). It is used topically in
infected skin conditions.

Preparations

Proprietary Preparations (details are given in Part 3)
UK: Valpeda.

Multi-ingredient: Denm.: Kenacutan; Norw.: Kenacutan; Swed.: Kena-
cutan.

Ibafloxacin (BAN, USAN, rINN)

Ibafloksasiini; Ibafloxacine; Ibafloxacino; Ibafloxacinum; R-835; S-
25930. 9-Fluoro-6,7-dihydro-5,8-dimethyl-1-oxo- 1H,5H-ben-
zo[ij]quinolizine-2-carboxylic acid.

Ибафлоксацин

C15H14FNO3 = 275.3.

CAS — 91618-36-9.

ATC Vet — QJ01MA96.

Profile
Ibafloxacin is a fluoroquinolone antibacterial that is used in vet-
erinary medicine for the treatment of susceptible infections in
cats and dogs.

Imipenem (BAN, USAN, rINN)

N-Formimidoyl Thienamycin; Imipemide; Imipeneemi; Imipénem;
Imipenem monohydrát; Imipenemas; Imipenemum; Imipene-
mum Monohydricum; MK-787; MK-0787. (5R,6S)-6-[(R)-1-Hy-
droxyethyl]-3-(2-iminomethylaminoethylthio)-7-oxo-1-azabicyc-
lo[3.2.0]hept-2-ene-2-carboxylic acid monohydrate.
Имипенем
C12H17N3O4S,H2O = 317.4.
CAS — 64221-86-9 (anhydrous imipenem); 74431-23-5
(imipenem monohydrate).

Description. Imipenem is the N-formimidoyl derivative of
thienamycin, an antibiotic produced by Streptomyces cattleya.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Imipenem). A white, almost white, or pale yellow
powder. Sparingly soluble in water; slightly soluble in methyl al-
cohol. A 0.5% solution in water has a pH of 4.5 to 7.0. Store in
airtight containers at a temperature of 2° to 8°. 
USP 31 (Imipenem). A white to tan-coloured crystalline pow-
der. Sparingly soluble in water; slightly soluble in methyl alco-
hol. Store at a temperature not exceeding 8°.
Incompatibility and stability. Imipenem is unstable at alka-
line or acidic pH and the commercially available injection of im-
ipenem with cilastatin sodium for intravenous use is buffered to
provide, when reconstituted, a solution with pH 6.5 to 7.5. Li-
censed product information advises against mixing with other
antibacterials. 
References.
1. Bigley FP, et al. Compatibility of imipenem-cilastatin sodium

with commonly used intravenous solutions. Am J Hosp Pharm
1986; 43: 2803–9. 

2. Smith GB, et al. Stability and kinetics of degradation of imipen-
em in aqueous solution. J Pharm Sci 1990; 79: 732–40.

Adverse Effects
Imipenem is always given with the enzyme inhibitor
cilastatin and thus clinical experience relates to the
combination. 
Adverse effects with imipenem-cilastatin are similar in
general to those with other beta lactams (see Ben-
zylpenicillin, p.213, and Cefalotin, p.219). Hypersensi-
tivity reactions such as skin rashes, urticaria, eosi-
nophilia, fever, and, rarely, anaphylaxis may occur.
Gastrointestinal effects include nausea, vomiting, diar-
rhoea, tooth or tongue discoloration, and altered taste.
Superinfection with non-susceptible organisms such as
Enterococcus faecium, strains of Pseudomonas aeru-
ginosa with acquired resistance, and Candida may also
occur. Pseudomembranous colitis may develop. Ery-
thema multiforme, exfoliative dermatitis, Stevens-
Johnson syndrome, and toxic epidermal necrolysis
have been reported rarely. Increases in liver enzymes
and abnormalities in haematological parameters, in-
cluding a positive Coombs’ test, have been noted. 
Local reactions such as pain or thrombophlebitis may
occur after injection. 
Seizures or convulsions have been reported with imi-
penem-cilastatin, particularly in patients with a history
of CNS lesions and/or poor renal function, but some-
times in those without predisposing factors for seizures
given recommended doses. Mental disturbances and
confusion have also been reported. 
Cilastatin has protected against the nephrotoxicity seen
with high doses of imipenem given experimentally to
animals. A harmless reddish coloration of urine has
been observed in children.
Effects on the nervous system. References.
1. Eng RH, et al. Seizure propensity with imipenem. Arch Intern

Med 1989; 149: 1881–3. 
2. Brown RB, et al. Seizure propensity with imipenem. Arch Intern

Med 1990; 150: 1551. 
3. Job ML, Dretler RH. Seizure activity with imipenem therapy:

incidence and risk factors. DICP Ann Pharmacother 1990; 24:
467–9. 

4. Leo RJ, Ballow CH. Seizure activity associated with imipenem
use: clinical case reports and review of the literature. DICP Ann
Pharmacother 1991; 25: 351–4. 

5. Duque A, et al. Vertigo caused by intravenous imipenem/cilasta-
tin. DICP Ann Pharmacother 1991; 25: 1009. 

6. Lucena M, et al. Imipenem/cilastatin-associated hiccups. Ann
Pharmacother 1992; 26: 1459. 

7. Norrby SR. Neurotoxicity of carbapenem antibacterials. Drug
Safety 1996; 15: 87–90.

Hypersensitivity. A retrospective analysis1 involving a total of
211 patients appeared to show that those with a history of report-
ed or documented penicillin allergy had an 11% incidence of hy-
persensitivity reactions when treated with a carbapenem antibac-
terial compared with 2.7% for those without such a history of
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

penicillin allergy. There was no difference in the occurrence of
allergic-type reactions between imipenem-cilastatin and mero-
penem.
1. Prescott WA, et al. Incidence of carbapenem-associated allergic-

type reactions among patients with versus patients without a re-
ported penicillin allergy. Clin Infect Dis 2004; 38: 1102–7.

Superinfection. References.
1. Gray JW, et al. Enterococcal superinfection in paediatric oncol-

ogy patients treated with imipenem. Lancet 1992; 339: 1487–8.

Precautions
Imipenem-cilastatin should not be given to patients
known to be hypersensitive to it, and should be given
with caution to patients known to be hypersensitive to
penicillins, cephalosporins, or other beta lactams be-
cause of the possibility of cross-sensitivity. 
It should be given with caution to patients with renal
impairment, and the dose reduced appropriately. Par-
ticular care is necessary in patients with CNS disorders
such as epilepsy.

Interactions
Seizures have been reported in patients given ganciclo-
vir with imipenem-cilastatin.
Antiepileptics. For reports of decreased plasma-valproate con-
centrations (sometimes with loss of seizure control) attributed to
imipenem, see p.510.

Antimicrobial Action
Imipenem is bactericidal and acts similarly to the pen-
icillins by inhibiting synthesis of the bacterial cell wall.
It has a very broad spectrum of activity in vitro, includ-
ing activity against Gram-positive and Gram-negative
aerobic and anaerobic organisms, and is stable to hy-
drolysis by beta-lactamases produced by most bacteri-
al species. Cilastatin, the enzyme inhibitor given with
imipenem, appears to have no antibacterial activity. 
Most Gram-positive cocci are sensitive to imipenem
including most streptococci, and both penicillinase-
and non-penicillinase-producing staphylococci, al-
though its activity against meticillin-resistant Staphylo-
coccus aureus is variable. Imipenem has good to mod-
erate activity against Enterococcus faecalis, but most
E. faecium are resistant. Nocardia, Rhodococcus, and
Listeria spp. are also sensitive. 
Among Gram-negative bacteria, imipenem is active
against many of the Enterobacteriaceae including Cit-
robacter and Enterobacter spp., Escherichia coli,
Klebsiella, Proteus, Providencia, Salmonella, Serratia,
Shigella, and Yersinia spp. Its activity against Pseu-
domonas aeruginosa is similar to that of ceftazidime.
Imipenem is also active against Acinetobacter spp. and
Campylobacter jejuni, and also against Haemophilus
influenzae and Neisseria spp., including beta-lacta-
mase-producing strains. 
Many anaerobic bacteria, including Bacteroides spp.,
are sensitive to imipenem, but Clostridium difficile is
only moderately susceptible. 
Imipenem is not active against Chlamydia trachoma-
tis, Mycoplasma spp., fungi, or viruses. 
There have been reports of antagonism between imi-
penem and other beta lactams in vitro. Imipenem and
aminoglycosides often act synergistically against some
isolates of Ps. aeruginosa. 
Imipenem is a potent inducer of beta-lactamases of
some Gram-negative bacteria, but generally remains
stable to them. Acquired resistance has been reported
in Ps. aeruginosa during therapy with imipenem.
Resistance. References.
1. Ballestero S, et al. Carbapenem resistance in Pseudomonas aer-

uginosa from cystic fibrosis patients. J Antimicrob Chemother
1996; 38: 39–45. 

2. Rasmussen BA, Bush K. Carbapenem-hydrolyzing β-lactama-
ses. Antimicrob Agents Chemother 1997; 41: 223–32. 

3. Livermore DM. Acquired carbapenemases. J Antimicrob Chem-
other 1997; 39: 673–6. 

4. MacKenzie FM, et al. Emergence of a carbapenem-resistant
Klebsiella pneumoniae. Lancet 1997; 350: 783. 

5. Pikis A, et al. Decreased susceptibility to imipenem among pen-
icillin-resistant Streptococcus pneumoniae. J Antimicrob Chem-
other 1997; 40: 105–8. 

6. Mainardi J-L, et al. Carbapenem resistance in a clinical isolate
of Citrobacter freundii. Antimicrob Agents Chemother 1997; 41:
2352–4. 

7. Modakkas EM, Sanyal SC. Imipenem resistance in aerobic
gram-negative bacteria. J Chemother 1998; 10: 97–101. 

8. Tsakris A, et al. Outbreak of infections caused by Pseudomonas
aeruginosa producing VIM-1 carbapenemase in Greece. J Clin
Microbiol 2000; 38: 1290–2. 

9. Fierobe L, et al. An outbreak of imipenem-resistant Acineto-
bacter baumannii in critically ill surgical patients. Infect Control
Hosp Epidemiol 2001; 22: 35–40. 

10. Nagy E, et al. Occurrence of metronidazole and imipenem re-
sistance among Bacteroides fragilis group clinical isolates in
Hungary. Acta Biol Hung 2001; 52: 271–80. 

11. Gulay Z, et al. Clonal spread of imipenem-resistant Pseu-
domonas aeruginosa in the intensive care unit of a Turkish hos-
pital. J Chemother 2001; 13: 546–54.

Pharmacokinetics
Imipenem is not appreciably absorbed from the gas-
trointestinal tract and is given parenterally. 
Imipenem is excreted primarily in the urine by glomer-
ular filtration and tubular secretion and undergoes par-
tial metabolism in the kidneys by dehydropeptidase I,
an enzyme in the brush border of the renal tubules, to
inactive, nephrotoxic metabolites, with only 5 to 45%
of a dose excreted in the urine as unchanged active
drug. Imipenem is given with cilastatin sodium
(p.243), a dehydropeptidase inhibitor, resulting in in-
creased urinary-imipenem concentrations. Cilastatin
does not affect serum concentrations of imipenem. 
The pharmacokinetics of imipenem and cilastatin are
similar and both have plasma half-lives of about 1
hour; half-lives, especially those of cilastatin, may be
prolonged in neonates and in patients with renal im-
pairment. When imipenem with cilastatin is given in
doses of 500 or 750 mg intramuscularly, peak plasma-
imipenem concentra t ions  of  10  and
12 micrograms/mL respectively are achieved at about
2 hours and prolonged absorption results in plasma-im-
ipenem concentrations of above 2 micrograms/mL for
6 to 8 hours. The bioavailability of imipenem after in-
tramuscular injection is about 75%. Up to 20% of imi-
penem and 40% of cilastatin is bound to plasma pro-
teins. Imipenem is widely distributed in body tissues
and fluids and crosses the placenta. Information on
penetration into the CSF is limited, but concentrations
appear to be relatively low. 
When given with cilastatin about 70% of an intrave-
nous dose of imipenem is recovered unchanged in the
urine within 10 hours. A total of 50% of an intramus-
cular dose is recovered in the urine and urinary concen-
trations above 10 micrograms/mL are maintained for
12 hours after a dose of 500 or 750 mg. Cilastatin is
also excreted mainly in the urine, the majority as un-
changed drug and about 12% as N-acetyl cilastatin.
Both imipenem and cilastatin are removed by haemo-
dialysis. 
About 1% of imipenem is excreted via the bile in the
faeces.
◊ Reviews.
1. Drusano GL. An overview of the pharmacology of imipenem/cil-

astatin. J Antimicrob Chemother 1986; 18 (suppl E): 79–92. 
2. Watson ID, et al. Clinical pharmacokinetics of enzyme inhibitors

in antimicrobial chemotherapy. Clin Pharmacokinet 1988; 15:
133–64. 

3. Mouton JW, et al. Comparative pharmacokinetics of the carbap-
enems: clinical implications. Clin Pharmacokinet 2000; 39:
185–201.

The elderly. References.
1. Finch RG, et al. Pharmacokinetic studies of imipenem/cilastatin

in elderly patients. J Antimicrob Chemother 1986; 18 (suppl E):
103–7.

Hepatic impairment. References.
1. Rolando N, et al. The penetration of imipenem/cilastatin into as-

citic fluid in patients with chronic liver disease. J Antimicrob
Chemother 1994; 33: 163–7.

Pregnancy and the neonate. References.
1. Reed MD, et al. Clinical pharmacology of imipenem and cilasta-

tin in premature infants during the first week of life. Antimicrob
Agents Chemother 1990; 34: 1172–7. 

2. Heikkilä A, et al. Pharmacokinetics and transplacental passage
of imipenem during pregnancy. Antimicrob Agents Chemother
1992; 36: 2652–5.

Renal impairment. References.
1. Verbist L, et al. Pharmacokinetics and tolerance after repeated

doses of imipenem/cilastatin in patients with severe renal failure.
J Antimicrob Chemother 1986; 18 (suppl E): 115–20. 

2. Alarabi AA, et al. Pharmacokinetics of intravenous imipen-
em/cilastatin during intermittent haemofiltration. J Antimicrob
Chemother 1990; 26: 91–8. 

3. Pietroski NA, et al. Steady-state pharmacokinetics of intramus-
cular imipenem-cilastatin in elderly patients with various de-
grees of renal function. Antimicrob Agents Chemother 1991; 35:
972–5. 

4. Konishi K, et al. Removal of imipenem and cilastatin by hemo-
dialysis in patients with end-stage renal failure. Antimicrob
Agents Chemother 1991; 35: 1616–20. 

5. Chan CY, et al. Pharmacokinetics of parenteral imipenem/cilas-
tatin in patients on continuous ambulatory peritoneal dialysis. J
Antimicrob Chemother 1991; 27: 225–32. 

6. Tegeder I, et al. Pharmacokinetics of imipenem-cilastatin in crit-
ically ill patients undergoing continuous venovenous hemofiltra-
tion. Antimicrob Agents Chemother 1997; 41: 2640–5.

Uses and Administration
Imipenem is a carbapenem beta-lactam antibacterial,
differing from the penicillins in that the 5-membered
ring is unsaturated and contains a carbon rather than a
sulfur atom. Since imipenem is metabolised in the kid-
ney by the enzyme dehydropeptidase I it is always giv-
en with cilastatin (p.243), an inhibitor of the enzyme;
this enhances urinary concentrations of active drug and
was found to protect against the nephrotoxicity of high
doses of imipenem seen in animal studies. 
Imipenem is used for the treatment of infections caused
by susceptible organisms. They include infections in
immunocompromised patients (with neutropenia), in-
tra-abdominal infections, bone and joint infections,
skin and soft-tissue infections, urinary-tract infections,
biliary-tract infections, hospital-acquired pneumonia,
and septicaemia. It may also be used for the treatment
of gonorrhoea and for surgical infection prophylaxis. It
may be used as part of a multi-drug regimen for the
treatment of inhalation and gastrointestinal anthrax.
For details of these infections and their treatment, see
under Choice of Antibacterial, p.162. It is not indicated
for CNS infections. 
Administration and dosage. Commercial preparations
contain imipenem and cilastatin, as the sodium salt, in
a ratio of 1 to 1. Doses of the combination are ex-
pressed in terms of the amount of anhydrous imipen-
em. Imipenem is given by intravenous infusion or deep
intramuscular injection. When given intravenously,
doses of 250 or 500 mg are infused over 20 to 30 min-
utes, and doses of 750 mg or 1 g over 40 to 60 minutes.
The usual intravenous dose in adults and children
weighing more than 40 kg is 1 to 2 g daily in divided
doses every 6 or 8 hours, depending on the severity of
the infection, although up to a maximum daily dose of
4 g or 50 mg/kg has been given in life-threatening in-
fections. 
Children of 3 months or more and weighing less than
40 kg may be given 15 to 25 mg/kg every 6 hours by
intravenous infusion; the total daily dose should not
usually exceed 2 g. Higher doses of up to 4 g daily
have been given to children with moderately suscepti-
ble Pseudomonas aeruginosa infection; up to
90 mg/kg daily has been given to older children with
cystic fibrosis. Neonates and infants up to 3 months of
age may be given the following doses: 4 weeks to 3
months of age, 25 mg/kg every 6 hours; 1 to 4 weeks
of age, 25 mg/kg every 8 hours; up to 1 week of age,
25 mg/kg every 12 hours. 
For details of reduced doses in renal impairment, see
below. 
For surgical infection prophylaxis in adults, imipenem
1 g may be given intravenously on induction of anaes-
thesia, followed by a further 1 g three hours later, with
additional doses of 500 mg at 8 and 16 hours after in-
duction if necessary. 
Imipenem may be given intramuscularly in adults with
mild to moderate infections in doses of 500 or 750 mg
every 12 hours. A single 500-mg intramuscular dose
may be given in uncomplicated gonorrhoea.
◊ General reviews.
1. Balfour JA, et al. Imipenem/cilastatin: an update of its antibac-

terial activity, pharmacokinetics and therapeutic efficacy in the
treatment of serious infections. Drugs 1996; 51: 99–136. 

2. Hellinger WC, Brewer NS. Carbapenems and monobactams: im-
ipenem, meropenem, and aztreonam. Mayo Clin Proc 1999; 74:
420–34. 
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3. Norrby SR. Carbapenems in serious infections: a risk-benefit as-

sessment. Drug Safety 2000; 22: 191–4. 
4. Rodloff AC, et al. Two decades of imipenem therapy. J Antimi-

crob Chemother 2006; 58: 916–29. 
5. Zhanel GG, et al. Comparative review of the carbapenems.

Drugs 2007; 67: 1027–52.

Administration in renal impairment. Doses of imipenem
should be reduced in patients with renal impairment; in the UK,
the following are the recommended maximum intravenous dos-
es based on creatinine clearance (CC): 
• CC 31 to 70 mL/minute: 500 mg every 6 to 8 hours 
• CC 21 to 30 mL/minute: 500 mg every 8 to 12 hours 
• CC 6 to 20 mL/minute: 250 mg (or 3.5 mg/kg, whichever is

the lower) every 12 hours or occasionally 500 mg every 12
hours 

• CC 5 mL/minute or less: should only be given imipenem if
haemodialysis is started within 48 hours 

Imipenem and cilastatin are cleared from the body by haemodi-
alysis and doses should be given after a dialysis session and then
every 12 hours. 
Information is lacking on the safety or effectiveness of the intra-
muscular route in patients with renal impairment.

Preparations
USP 31: Imipenem and Cilastatin for Injectable Suspension; Imipenem and
Cilastatin for Injection.
Proprietary Preparations (details are given in Part 3)
Pol.: Tienam.
Multi-ingredient: Arg.: Dixabiox; Imipecil; Imistatin; Klonam†; Zienam;
Austral.: Primaxin; Austria: Zienam; Belg.: Tienam; Braz.: Penexil†; Tien-
am; Canad.: Primaxin; Chile: Inem; Tienam; Cz.: Tienam; Denm.: Tienam;
Fin.: Tienam; Fr.: Tienam; Ger.: Zienam; Gr.: Primaxin; Hong Kong: Pre-
penem; Tienam; Hung.: Tienam; India: Cilanem; Indon.: Pelastin; Tienam;
Israel: Tienam; Ital.: Imipem; Tenacid; Tienam; Malaysia: Bacqure; Tien-
am; Mex.: Arzomeba; Iminen; Tienam; Neth.: Tienam; Norw.: Tienam;
NZ: Primaxin; Philipp.: Anipen; Tienam; Port.: Tienam; Rus.: Tienam
(Тиенам); S.Afr.: Tienam; Singapore: Tienam; Spain: Tienam; Swed.:
Tienam; Switz.: Tienam; Thai.: Tienam; Turk.: Tienam; UK: Primaxin;
USA: Primaxin; Venez.: Zienam.

Isepamicin (BAN, USAN, rINN)

HAPA-B; Isepamicina; Isépamicine; Isepamicinum; Sch-21420;
Sch-21420. 4-O-(6-Amino-6-deoxy-α-D-glucopyranosyl)-1-N-
(3-amino-L-lactoyl)-2-deoxy-6-O-(3-deoxy-4-C-methyl-3-meth-
ylamino-β-L-arabinopyranosyl)streptamine; 1N-(S-3-Amino-2-
hydroxypropionyl)-gentamicin B.
Изепамицин
C22H43N5O12 = 569.6.
CAS — 58152-03-7; 67479-40-7.
ATC — J01GB11.
ATC Vet — QJ01GB11.

Isepamicin Sulfate (rINNM)

Isepamicin Sulphate (BANM); Isépamicine, Sulfate d’; Isepamicini
Sulfas; Isepamisin Sülfat; Sulfato de isepamicina.
Изепамицина Сульфат
C22H43N5O12,2H2SO4 = 765.8.
CAS — 68000-78-2.
ATC — J01GB11.
ATC Vet — QJ01GB11.
Pharmacopoeias. In Jpn, which specifies a variable amount of
H2SO4.
Profile
Isepamicin is a semisynthetic aminoglycoside with actions and
uses similar to those of gentamicin (p.282). It is reported not to
be degraded by many of the enzymes responsible for aminogly-
coside resistance. Isepamicin sulfate is given by intramuscular
injection or intravenous infusion in a dose of up to 15 mg/kg dai-
ly in 2 divided doses. Once-daily dosage may be possible in se-
lected patients. Dosage should be adjusted based on serum-
isepamicin concentration monitoring. In adults, the total daily
dose should not exceed 1.5 g.
◊ References.
1. Tod M, et al. Clinical pharmacokinetics and pharmacodynamics

of isepamicin. Clin Pharmacokinet 2000; 38: 205–23.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Isepacin†; Belg.: Isepacine†; Cz.: Isepacin†; Fr.: Isepalline†; Ital.:
Isepacin†; Mex.: Isepacin†; Turk.: Isepacine.

Isoniazid (BAN, pINN)

INAH; INH; Isoniatsidi; Isoniazida; Isoniazide; Isoniazidum; Isonic-
otinic Acid Hydrazide; Isonicotinylhydrazide; Isonicotinylhydra-
zine; Izoniazid; Izoniazidas; Izoniazyd; Tubazid. Isonicotinohy-
drazide.
Изониазид
C6H7N3O = 137.1.
CAS — 54-85-3.
ATC — J04AC01.
ATC Vet — QJ04AC01.

NOTE. The name Isopyrin, which has been applied to isoniazid,
has also been applied to ramifenazone.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Isoniazid). A white or almost white, crystalline
powder or colourless crystals. Freely soluble in water; sparingly
soluble in alcohol. A 5% solution in water has a pH of 6.0 to 8.0. 
USP 31 (Isoniazid). Colourless, or white, odourless crystals, or
white crystalline powder. Soluble 1 in 8 of water and 1 in 50 of
alcohol; slightly soluble in chloroform; very slightly soluble in
ether. pH of a 10% solution in water is between 6.0 and 7.5. Store
in airtight containers at a temperature of 25°, excursions permit-
ted between 15° and 30°. Protect from light.

Incompatibility. It has been recommended that sugars such as
glucose, fructose, and sucrose should not be used in isoniazid
syrup preparations because the absorption of the drug was im-
paired by the formation of a condensation product.1 Sorbitol may
be a suitable substitute if necessary.
1. Rao KVN, et al. Inactivation of isoniazid by condensation in a

syrup preparation. Bull WHO 1971; 45: 625–32.

Sterilisation. Solutions of isoniazid should be sterilised by
autoclaving.

Adverse Effects
Isoniazid is generally well tolerated at currently recom-
mended doses. However, patients who are slow
acetylators of isoniazid and those with advanced HIV
disease appear to have a higher incidence of some ad-
verse effects. Also patients whose nutrition is poor are
at risk of peripheral neuritis which is one of the com-
monest adverse effects of isoniazid. Other neurological
adverse effects include psychotic reactions and convul-
sions. Pyridoxine may be given to prevent or treat these
adverse effects. Optic neuritis has also been reported. 
Transient increases in liver enzymes occur in 10 to
20% of patients during the first few months of treat-
ment and usually return to normal despite continued
treatment. Symptomatic hepatitis occurs in about 0.1 to
0.15% of patients given isoniazid as monotherapy, but
this can increase with age, regular alcohol consump-
tion, and in those with chronic liver disease. The influ-
ence of acetylator status is uncertain. Elevated liver en-
zymes associated with clinical signs of hepatitis such
as nausea and vomiting, or fatigue may indicate hepat-
ic damage; in these circumstances, isoniazid should be
stopped pending evaluation and should only be reintro-
duced cautiously once hepatic function has recovered.
Fatalities have occurred due to liver necrosis. 
Haematological effects reported on use of isoniazid in-
clude various anaemias, agranulocytosis, thrombocy-
topenia, and eosinophilia. 
Hypersensitivity reactions occur infrequently and in-
clude skin eruptions (including erythema multiforme),
fever, and vasculitis. 
Other adverse effects include nausea, vomiting, dry
mouth, constipation, pellagra, purpura, hyperglycae-
mia, lupus-like syndrome, vertigo, hyperreflexia, uri-
nary retention, and gynaecomastia. 
Symptoms of overdosage include slurred speech, met-
abolic acidosis, hallucinations, hyperglycaemia, respi-
ratory distress or tachypnoea, convulsions, and coma;
fatalities can occur.
Carcinogenicity. Concern about the carcinogenicity of isoni-
azid arose in the 1970s when an increased risk of bladder cancer
in patients treated with isoniazid was reported.1-3 However, no
evidence to support a carcinogenic effect of isoniazid was found
in more than 25 000 patients followed up for 9 to 14 years in
studies organised by the USA Public Health Service4 and in 3842
patients followed up for 16 to 24 years in the UK.5
1. Miller CT. Isoniazid and cancer risks. JAMA 1974; 230: 1254. 
2. Kerr WK, Chipman ML. The incidence of cancer of bladder and

other sites after INH therapy. Am J Epidemiol 1976; 104: 335–6. 

3. Miller CT, et al. Relative importance of risk factors in bladder
carcinogenesis. J Chron Dis 1978; 31: 51–6. 

4. Glassroth JL, et al. An assessment of the possible association of
isoniazid with human cancer deaths. Am Rev Respir Dis 1977;
116: 1065–74. 

5. Stott H, et al. An assessment of the carcinogenicity of isoniazid
in patients with pulmonary tuberculosis. Tubercle 1976; 57:
1–15.

Effects on the blood. In addition to the effects mentioned
above, rare reports of adverse effects of isoniazid on the blood
include bleeding associated with acquired inhibition of fibrin
stabilisation1 or of factor XIII,2 and red cell aplasia.3-5 
For a reference to neutropenia, see Effects on the Blood, under
Ethambutol Hydrochloride, p.274.
1. Otis PT, et al. An acquired inhibitor of fibrin stabilization asso-

ciated with isoniazid therapy: clinical and biochemical observa-
tions. Blood 1974; 44: 771–81. 

2. Krumdieck R, et al. Hemorrhagic disorder due to an isoniazid-
associated acquired factor XIII inhibitor in a patient with Wal-
denström’s macroglobulinemia. Am J Med 1991; 90: 639–45. 

3. Claiborne RA, Dutt AK. Isoniazid-induced pure red cell aplasia.
Am Rev Respir Dis 1985; 131: 947–9. 

4. Lewis CR, Manoharan A. Pure red cell hypoplasia secondary to
isoniazid. Postgrad Med J 1987; 63: 309–10. 

5. Veale KS, et al. Pure red cell aplasia and hepatitis in a child re-
ceiving isoniazid therapy. J Pediatr 1992; 120: 146–8.

Effects on the CNS. In addition to the peripheral neuropathy
that is a well-established adverse effect of isoniazid, effects on
the CNS have also been reported, including ataxia and cerebellar
toxicity,1,2 psychotic reactions3-5 (generally characterised by de-
lusions, hallucinations, and confusion), and seizures, particularly
after overdosage.6 Encephalopathy has been reported in dialysis
patients.7,8 Encephalopathy may also be a symptom of pellagra,
which may be associated with isoniazid treatment.9
1. Blumberg EA, Gil RA. Cerebellar syndrome caused by isoni-

azid. DICP Ann Pharmacother 1990; 24: 829–31. 
2. Lewin PK, McGreal D. Isoniazid toxicity with cerebellar ataxia

in a child. CMAJ 1993; 148: 49–50. 
3. Pallone KA, et al. Isoniazid-associated psychosis: case report

and review of the literature. Ann Pharmacother 1993; 27:
167–70. 

4. Alao AO, Yolles JC. Isoniazid-induced psychosis. Ann Pharma-
cother 1998; 32: 889–91. 

5. Witkowski AE, et al. Isoniazid-associated psychosis. Gen Hosp
Psychiatry 2007; 29: 85–6. 

6. Shah BR, et al. Acute isoniazid neurotoxicity in an urban hospi-
tal. Pediatrics 1995; 95: 700–4. 

7. Cheung WC, et al. Isoniazid induced encephalopathy in dialysis
patients. Tubercle Lung Dis 1993; 74: 136–9. 

8. Wang HY, et al. Encephalopathy caused by isoniazid in a patient
with end stage renal disease with extrapulmonary tuberculosis.
Ren Fail 2003; 25: 135–8. 

9. Ishii N, Nishihara Y. Pellagra encephalopathy among tubercu-
lous patients: its relation to isoniazid therapy. J Neurol Neuro-
surg Psychiatry 1985; 48: 628–34.

Effects on the liver. Transient abnormalities in liver function
are common during the early stages of antituberculous therapy
with isoniazid and other first-line antituberculous drugs, but
sometimes hepatotoxicity may be more serious and require a
change of treatment. Drug-induced hepatitis usually occurs with-
in the first few weeks of treatment and it may not be possible to
identify which drug or drugs are responsible. Isoniazid and
pyrazinamide are thought to have a greater potential for hepato-
toxicity than rifampicin.1 
Risk factors for hepatotoxicity include alcoholism, old age, fe-
male gender, malnutrition, HIV infection, and chronic hepatitis
B and C infections.1 Speculation that fast acetylators of isoniazid
could be at increased risk of hepatotoxicity due to production of
a hepatotoxic hydrazine metabolite has not been supported;2 in
fact, slow acetylators have generally been found to have a higher
risk than fast acetylators.3,4 This could reflect a reduced rate of
subsequent metabolism to non-toxic compounds. In addition,
concentrations of hydrazine in the blood have not been found to
correlate with acetylator status.5,6 
A multicentre study7 considered the incidence of hepatotoxicity
from a short-term regimen of daily isoniazid, rifampicin, and
pyrazinamide for 8 weeks in the initial phase followed by daily
isoniazid and rifampicin for 16 weeks in the continuing phase.
Analysis from 617 patients showed an incidence of hepatotoxic
reactions of 1.6%; the incidence of elevated aspartate ami-
notransferase was 23.2%. In the same study, 445 patients on a 9-
month regimen of daily isoniazid and rifampicin had a 1.2% in-
cidence of hepatotoxicity and 27.1% incidence of elevated liver
enzymes. A similar incidence of hepatitis of 1.4% among 350
patients on a 9-month regimen of rifampicin and isoniazid has
also been reported.8 A retrospective analysis9 of 430 children on
isoniazid and rifampicin revealed hepatotoxic reactions in 3.3%,
the highest incidence being in children with severe disease. 
The Joint Tuberculosis Committee of the British Thoracic Soci-
ety has published recommendations10 for initial measurement of
liver function in all patients and regular monitoring in patients
with known chronic liver disease. Details are given concerning
the response to deteriorating liver function depending on the
clinical situation, and guidelines included for prompt re-intro-
duction of appropriate antituberculosis therapy once normal liver
function is restored. Similar guidelines have been produced in
the USA.11,12 
The incidence of hepatotoxicity is lower in patients receiving
isoniazid for prophylaxis than in those receiving treatment for
active disease. During a 7-year period13 an incidence of 0.15%
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was recorded in 11 141 patients who started prophylactic thera-
py, whereas it was 1.25% amongst 1427 patients receiving treat-
ment. A similar study14 in a slightly older patient population re-
ported an incidence of 0.56%. No cases of hepatotoxicity were
reported in 556 HIV-infected patients taking a 3-month prophy-
lactic regimen of isoniazid and rifampicin for latent tuberculo-
sis.15 A meta-analysis16 concluded that daily isoniazid and rif-
ampicin for 3 months appeared to be as safe as treatment with
isoniazid alone for 6 to 12 months.
1. Yew WW, Leung CC. Antituberculosis drugs and hepatotoxici-

ty. Respirology 2006; 11: 699–707. 
2. Gurumurthy P, et al. Lack of relationship between hepatic tox-

icity and acetylator phenotype in three thousand South Indian
patients during treatment with isoniazid for tuberculosis. Am
Rev Respir Dis 1984; 129: 58–61. 

3. Dickinson DS, et al. Risk factors for isoniazid (INH)-induced
liver dysfunction. J Clin Gastroenterol 1981; 3: 271–9. 

4. Pande JN, et al. Risk factors for hepatotoxicity from antituber-
culosis drugs: a case-control study. Thorax 1996; 51: 132–6. 

5. Gent WL, et al. Factors in hydrazine formation from isoniazid
by paediatric and adult tuberculosis patients. Eur J Clin Phar-
macol 1992; 43: 131–6. 

6. Donald PR, et al. Hydrazine production in children receiving
isoniazid for the treatment of tuberculous meningitis. Ann Phar-
macother 1994; 28: 1340–3. 

7. Combs DL, et al. USPHS tuberculosis short-course chemother-
apy trial 21: effectiveness, toxicity, and acceptability: the report
of final results. Ann Intern Med 1990; 112: 397–406. 

8. Dutt AK, et al. Short-course chemotherapy for extrapulmonary
tuberculosis: nine years’ experience. Ann Intern Med 1986; 104:
7–12. 

9. O’Brien RJ, et al. Hepatotoxicity from isoniazid and rifampin
among children treated for tuberculosis. Pediatrics 1983; 72:
491–9. 

10. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United
Kingdom: recommendations 1998. Thorax 1998; 53: 536–48. [Al-
though these guidelines were replaced by ones issued by NICE in
2006 the latter do not "explain tuberculosis or its treatment in de-
tail" and therefore reference to the earlier guidelines has been re-
tained] Also available at: http://www.brit-thoracic.org.uk/
Portals/0/Clinical%20Information/Tuberculosis/Guidelines/
Chemotherapy.pdf (accessed 29/07/08) 

11. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003;
52 (RR-11): 1–77. Also available at: http://www.cdc.gov/
mmwr/PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid.
2005; 53: 1203. [dose] 

12. Saukkonen JJ, et al. American Thoracic Society. An official ATS
statement: hepatotoxicity of antituberculosis therapy. Am J Respir
Crit Care Med 2006; 174: 935–52. Also available at: http://
www.thoracic.org/sections/publications/statements/resources/
hepatotoxicity-of-antituberculosis-therapy.pdf (accessed
05/10/07) 

13. Nolan CM, et al. Hepatotoxicity associated with isoniazid pre-
ventive therapy: a 7-year survey from a public health tuberculo-
sis clinic. JAMA 1999; 281: 1014–18. 

14. Fountain FF, et al. Isoniazid hepatotoxicity associated with
treatment of latent tuberculosis infection: a 7-year evaluation
from a public health tuberculosis clinic. Chest 2005; 128:
116–23. 

15. Whalen CC, et al. A trial of three regimens to prevent tubercu-
losis in Ugandan adults infected with the human immunodefi-
ciency virus. N Engl J Med 1997; 337: 801–8. 

16. Ena J, Valls V. Short-course therapy with rifampin plus isoni-
azid, compared with standard therapy with isoniazid, for latent
tuberculosis infection: a meta-analysis. Clin Infect Dis 2005;
40: 670–6.

Effects on the pancreas. Cases of isoniazid-induced pancrea-
titis have been rarely reported;1-4 pancreatitis resolved in these
patients once treatment with isoniazid was stopped, and recurred
on rechallenge. It is recommended if isoniazid-induced pancrea-
titis is proven that the drug should be permanently avoided.4
Chronic pancreatic insufficiency, after an acute episode, was re-
ported in a patient given isoniazid, rifampicin, ethambutol, and
pyrazinamide and was considered to be a drug hypersensitivity
reaction.5
1. Chan KL, et al. Recurrent acute pancreatitis induced by isoni-

azid. Tubercle Lung Dis 1994; 75: 383–5. 
2. Rabassa AA, et al. Isoniazid-induced acute pancreatitis. Ann In-

tern Med 1994; 121: 433–4. 
3. Stephenson I, et al. Acute pancreatitis induced by isoniazid in

the treatment of tuberculosis. Am J Gastroenterol 2001; 96:
2271–2. 

4. Chow KM, et al. Recurrent acute pancreatitis after isoniazid.
Neth J Med 2004; 62: 172–4. 

5. Liu BA, et al. Pancreatic insufficiency due to antituberculous
therapy. Ann Pharmacother 1997; 31: 724–6.

Effects on the skin and hair. Isoniazid causes cutaneous drug
reactions in less than 1% of patients.1,2 These reactions include
urticaria, purpura, acneform syndrome,3 a lupus erythematosus-
like syndrome4 (see below), and exfoliative dermatitis.5 Pellagra
is also associated with isoniazid.6 Isoniazid was considered the
most likely cause of alopecia in 5 patients receiving antitubercu-
losis regimens which also included rifampicin, ethambutol, and
pyrazinamide.7
1. Arndt KA, Jick H. Rates of cutaneous reactions to drugs: a report

from the Boston Collaborative Drug Surveillance Program.
JAMA 1976; 235: 918–23. 

2. Bigby M, et al. Drug-induced cutaneous reactions: a report from
the Boston Collaborative Drug Surveillance Program on 15 438
consecutive inpatients, 1975 to 1982. JAMA 1986; 256:
3358–63. 

3. Thorne N. Skin reactions to systemic drug therapy. Practitioner
1973; 211: 606–13. 

4. Smith AG. Drug-induced photosensitivity. Adverse Drug React
Bull 1989; 136: 508–11. 

5. Rosin MA, King LE. Isoniazid-induced exfoliative dermatitis.
South Med J 1982; 75: 81. 

6. Ishii N, Nishihara Y. Pellagra encephalopathy among tubercu-
lous patients: its relation to isoniazid therapy. J Neurol Neuro-
surg Psychiatry 1985; 48: 628–34. 

7. FitzGerald JM, et al. Alopecia side-effect of antituberculosis
drugs. Lancet 1996; 347: 472–3.

Lupus. Antinuclear antibodies have been reported to occur in up
to 22% of patients receiving isoniazid; however, patients are usu-
ally asymptomatic and overt lupoid syndrome is rare.1,2 The in-
cidence of antibody induction has been reported to be higher in
slow acetylators than in fast acetylators,3 but the difference was
not statistically significant and acetylator phenotype is not con-
sidered an important determinant of the risk of isoniazid-induced
lupus.1,4,5 The syndrome appeared to be due to isoniazid itself
rather than its metabolite acetylisoniazid.6
1. Hughes GRV. Recent developments in drug-associated systemic

lupus erythematosus. Adverse Drug React Bull 1987; 123:
460–3. 

2. Siddiqui MA, Khan IA. Isoniazid-induced lupus erythematosus
presenting with cardiac tamponade. Am J Ther 2002; 9: 163–5. 

3. Alarcon-Segovia D, et al. Isoniazid acetylation rate and develop-
ment of antinuclear antibodies upon isoniazid treatment. Arthri-
tis Rheum 1971; 14: 748–52. 

4. Clark DWJ. Genetically determined variability in acetylation
and oxidation: therapeutic implications. Drugs 1985; 29:
342–75. 

5. Rychlik-Sych M, et al. Acetylation genotype and phenotype in
patients with systemic lupus erythematosus. Pharmacol Rep
2006; 58: 22–9. 

6. Sim E, et al. Drugs that induce systemic lupus erythematosus
inhibit complement component C4. Lancet 1984; ii: 422–4.

Treatment of Adverse Effects
Pyridoxine hydrochloride 10 mg daily is usually rec-
ommended for prophylaxis of peripheral neuritis asso-
ciated with isoniazid although up to 50 mg daily may
be used. A dose of 50 mg three times daily may be giv-
en for treatment of peripheral neuritis if it develops. 
Nicotinamide has been given, usually with pyridoxine,
to patients who develop pellagra. 
Isoniazid doses of 1.5 g or more are potentially toxic
and doses of 10 to 15 g may be fatal without appropri-
ate treatment. Treatment of overdosage is symptomatic
and supportive and consists of activated charcoal, cor-
rection of metabolic acidosis, and control of convul-
sions. Large doses of pyridoxine may be needed intra-
venously for control of convulsions (see below) and
should be given with diazepam. Isoniazid is removed
by haemodialysis or peritoneal dialysis.
Overdosage. In adults an initial intravenous dose of pyridoxine
hydrochloride equivalent to the estimated amount of isoniazid
ingested (or, if the amount ingested is unknown, pyridoxine hy-
drochloride 5 g) has been recommended by the UK National Poi-
sons Information Service for the management of convulsions; di-
azepam should also be given. For children the recommended
dose of pyridoxine hydrochloride is 70 mg/kg (to a maximum of
5 g). If convulsions continue or recur, this dose may be repeated.
Oral activated charcoal (50 g for adults and 10 to 15 g in chil-
dren) may be considered if this is given within 1 hour of inges-
tion of isoniazid.
Pyridoxine deficiency. Pyridoxine deficiency associated with
isoniazid in doses of 5 mg/kg daily is uncommon. Patients at risk
of developing pyridoxine deficiency include those with diabetes,
uraemia, alcoholism, HIV infection, and malnutrition.1,2 Supple-
mentation with pyridoxine should be considered for these at-risk
groups as well as for pregnant women and patients with seizure
disorders.1 For the prophylaxis of peripheral neuritis it is com-
mon practice to give pyridoxine 10 mg daily, although 6 mg dai-
ly might be sufficient.3 However, in one patient a dose of pyri-
doxine 10 mg daily failed to prevent psychosis, the symptoms of
which only resolved after stopping isoniazid and increasing the
pyridoxine dosage to 100 mg daily.4
1. American Thoracic Society, CDC, and the Infectious Diseases

Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/mmwr/
PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid. 2005;
53: 1203. [dose] 

2. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United King-
dom: recommendations 1998. Thorax 1998; 53: 536–48. [Although
these guidelines were replaced by ones issued by NICE in 2006 the
latter do not "explain tuberculosis or its treatment in detail" and
therefore reference to the earlier guidelines has been retained] Also
available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Tuberculosis/Guidelines/Chemotherapy.pdf
(accessed 29/07/08) 

3. Snider DE. Pyridoxine supplementation during isoniazid thera-
py. Tubercle 1980; 61: 191–6. 

4. Chan TYK. Pyridoxine ineffective in isoniazid-induced psycho-
sis. Ann Pharmacother 1999; 33: 1123–4.

Precautions
Isoniazid should be used with caution in patients with
convulsive disorders, a history of psychosis, or hepatic

or renal impairment. Patients who are at risk of neurop-
athy or pyridoxine deficiency, including those who are
diabetic, alcoholic, malnourished, uraemic, pregnant,
or infected with HIV, should be given pyridoxine, usu-
ally in a dose of 10 mg daily, although up to 50 mg dai-
ly may be used. If symptoms of hepatitis develop, such
as malaise, fatigue, anorexia, and nausea, isoniazid
should be stopped pending evaluation. 
Liver function should be checked before treatment
with isoniazid and special care should be taken in alco-
holic patients or those with pre-existing liver disease.
Regular monitoring of liver function is recommended
in patients with pre-existing liver disease, and the Brit-
ish Thoracic Society has recommended that isoniazid
treatment be suspended if serum aminotransferase con-
centrations are elevated to more than 5 times the nor-
mal upper limit or the bilirubin concentration rises.
They allow cautious sequential re-introduction of an-
timycobacterial drugs once liver function has returned
to normal: first isoniazid, then rifampicin, and then
pyrazinamide. Careful monitoring should be consid-
ered for black and Hispanic women, in whom there
may be an increased risk of fatal hepatitis. 
When visual symptoms occur during isoniazid treat-
ment periodic eye examinations have been suggested.
Breast feeding. Peak concentrations of isoniazid in breast milk
were 6 micrograms/mL after a dose of 5 mg/kg and were
16.6 micrograms/mL after a 300-mg dose.1 However, drug con-
centrations in the breast milk are too low to prevent or treat tu-
berculosis in infants. Adverse effects on breast-fed infants have
not been reported and the American Academy of Pediatrics thus
considers isoniazid to be usually compatible with breast feed-
ing,2 although such infants should be monitored for toxic reac-
tions.
1. Snider D, Powell KE. Should women taking antituberculosis

drugs breast-feed? Arch Intern Med 1984; 144: 589–90. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 03/10/07)

Porphyria. Isoniazid is considered to be unsafe in patients with
porphyria although there is conflicting experimental evidence of
porphyrinogenicity.

Pregnancy and the neonate. In a review1 of antituberculous
treatment in pregnant patients it was reported that over 95% of
1480 pregnancies in which isoniazid had been given resulted in
a normal term infant. Slightly more than 1% of the infants/fetus-
es were abnormal and many of these abnormalities were CNS
related. Isoniazid is therefore recognised as being suitable for use
in regimens for the treatment of tuberculosis in pregnant pa-
tients.2,3 Pyridoxine supplementation is recommended2 (see
Treatment of Adverse Effects, above). Preventive therapy with
isoniazid is generally delayed until after delivery unless other
risk factors are present.
1. Snider DE, et al. Treatment of tuberculosis during pregnancy.

Am Rev Respir Dis 1980; 122: 65–79. 
2. American Thoracic Society, CDC, and the Infectious Diseases

Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/mmwr/
PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid. 2005;
53: 1203. [dose] 

3. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United King-
dom: recommendations 1998. Thorax 1998; 53: 536–48. [Although
these guidelines were replaced by ones issued by NICE in 2006 the
latter do not "explain tuberculosis or its treatment in detail" and
therefore reference to the earlier guidelines has been retained] Also
available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Tuberculosis/Guidelines/Chemotherapy.pdf
(accessed 29/07/08)

Interactions
The risk of hepatotoxicity may be increased in patients
receiving isoniazid with a rifamycin or other potential-
ly hepatotoxic drugs, including alcohol. 
Isoniazid can inhibit the hepatic metabolism of a
number of drugs, in some cases leading to increased
toxicity. These include the antiepileptics car-
bamazepine (p.474), ethosuximide (p.480), primidone,
and phenytoin (p.498), the benzodiazepines diazepam
and triazolam (p.989), chlorzoxazone (p.1895), theo-
phylline (p.1143), and disulfiram. The metabolism of
enflurane (see Effects on the Kidneys, p.1782) may be
increased in patients receiving isoniazid, resulting in
potentially nephrotoxic levels of fluoride. Isoniazid has
been associated with increased concentrations and en-
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hanced effects or toxicity of clofazimine (p.255), cy-
closerine (p.260), and warfarin (p.1428). 
For interactions affecting isoniazid, see below.
Alcohol. The metabolism of isoniazid may be increased in
chronic alcoholics: this may lead to reduced isoniazid effective-
ness.1 These patients may also be at increased risk of developing
isoniazid-induced peripheral neuropathies and hepatic damage
(see Precautions, above).
1. Anonymous. Interaction of drugs with alcohol. Med Lett Drugs

Ther 1981; 23: 33–4.

Antacids. Oral absorption of isoniazid is reduced by alumini-
um-containing antacids; isoniazid should be given at least 1 hour
before the antacid.1
1. Hurwitz A, Schluzman DL. Effects of antacids on gastrointesti-

nal absorption of isoniazid in rat and man. Am Rev Respir Dis
1974; 109: 41–7.

Antifungals. Serum concentrations of isoniazid were below the
limits of detection in a patient also receiving rifampicin and ke-
toconazole.1 For the effect of isoniazid on ketoconazole, see
p.539.
1. Abadie-Kemmerly S, et al. Failure of ketoconazole treatment of

Blastomyces dermatitidis due to interaction of isoniazid and ri-
fampin. Ann Intern Med 1988; 109: 844–5. Correction. ibid.
1989; 111: 96.

Antivirals. The clearance of isoniazid was approximately dou-
bled when zalcitabine was given to 12 HIV-positive patients.1 In
addition, care is needed since stavudine and zalcitabine may also
cause peripheral neuropathy; use of isoniazid with stavudine has
been reported to increase its incidence.2
1. Lee BL, et al. The effect of zalcitabine on the pharmacokinetics

of isoniazid in HIV-infected patients. Intersci Conf Antimicrob
Agents Chemother 1994; 34: 3(A4). 

2. Breen RAM, et al. Increased incidence of peripheral neuropathy
with co-administration of stavudine and isoniazid in HIV-infect-
ed individuals. AIDS 2000; 14: 615.

Corticosteroids. Giving prednisolone 20 mg to 13 slow
acetylators and 13 fast acetylators receiving isoniazid 10 mg/kg
reduced plasma concentrations of isoniazid by 25 and 40% re-
spectively.1 Renal clearance of isoniazid was also enhanced in
both acetylator phenotypes and the rate of acetylation increased
in slow acetylators only.1 
The clinical significance of this effect is not established.
1. Sarma GR, et al. Effect of prednisolone and rifampin on isoni-

azid metabolism in slow and rapid inactivators of isoniazid. An-
timicrob Agents Chemother 1980; 18: 661–6.

Food. Palpitations, headache, conjunctival irritation, severe
flushing, tachycardia, tachypnoea, and sweating have been re-
ported in patients taking isoniazid after ingestion of cheese,1,2 red
wine,1 and some fish.3,4 Accumulation of tyramine1 or histamine3

has been proposed as the cause of these food-related reactions,
and they could be mistaken for anaphylaxis.4
1. Toutoungi M, et al. Cheese, wine, and isoniazid. Lancet 1985; ii:

671. 
2. Carvalho ACC, et al. Reaction to cheese during TB treatment.

Thorax 2004; 59: 635. 
3. Kottegoda SR. Cheese, wine and isoniazid. Lancet 1985; ii:

1074. 
4. O’Sullivan TL. Drug-food interaction with isoniazid resembling

anaphylaxis. Ann Pharmacother 1997; 31: 928.

Opioid analgesics. For a report of an interaction between iso-
niazid and pethidine, attributed to isoniazid’s inhibitory actions
on monoamine oxidase, see p.114.

Antimicrobial Action
Isoniazid is highly active against Mycobacterium tu-
berculosis and may have activity against some strains
of other mycobacteria including M. kansasii. 
Although it is rapidly bactericidal against actively di-
viding M. tuberculosis, it is considered to be only bac-
teriostatic against semi-dormant organisms and has
less sterilising activity than rifampicin or pyrazina-
mide. 
Resistance of M. tuberculosis to isoniazid develops
rapidly if it is used alone in the treatment of clinical
infection, and may be due in some strains to loss of the
gene for catalase production. Resistance is delayed or
prevented by the combination of isoniazid with other
antimycobacterials which appears to be highly effec-
tive in preventing emergence of resistance to other an-
tituberculous drugs. Resistance does not appear to be a
problem when isoniazid is used alone in prophylaxis,
probably because the bacillary load is low.
Mycobacterium avium complex. Synergistic activity of iso-
niazid plus streptomycin and, to a lesser degree, isoniazid plus
clofazimine, against Mycobacterium avium complex (MAC) has
been demonstrated in vitro and in vivo.1
1. Reddy MV, et al. In vitro and in vivo synergistic effect of isoni-

azid with streptomycin and clofazimine against Mycobacterium
avium complex (MAC). Tubercle Lung Dis 1994; 75: 208–12.

Pharmacokinetics
Isoniazid is readily absorbed from the gastrointestinal
tract and after intramuscular injection. Peak concentra-
tions of about 3 to 7 micrograms/mL appear in blood 1
to 2 hours after an oral fasting dose of 300 mg. The rate
and extent of absorption of isoniazid is reduced by
food. Isoniazid is not considered to be bound apprecia-
bly to plasma proteins and distributes into all body tis-
sues and fluids, including the CSF. It appears in fetal
blood if given during pregnancy (see below), and is
distributed into breast milk (see under Precautions,
above). 
The plasma half-life for isoniazid ranges from about 1
to 6 hours, with shorter half-lives in fast acetylators.
The primary metabolic route is the acetylation of isoni-
azid to acetylisoniazid by N-acetyltransferase found in
the liver and small intestine. Acetylisoniazid is then
hydrolysed to isonicotinic acid and monoacetylhydra-
zine; isonicotinic acid is conjugated with glycine to
isonicotinyl glycine (isonicotinuric acid) and
monoacetylhydrazine is further acetylated to diacetyl-
hydrazine. Some unmetabolised isoniazid is conjugat-
ed to hydrazones. The metabolites of isoniazid have no
tuberculostatic activity and, apart from possibly
monoacetylhydrazine, they are also less toxic. The rate
of acetylation of isoniazid and monoacetylhydrazine is
genetically determined and there is a bimodal distribu-
tion of persons who acetylate them either slowly or
rapidly. Ethnic groups differ in their proportions of
these genetic phenotypes. When isoniazid is given dai-
ly or 2 or 3 times weekly, clinical effectiveness is not
influenced by acetylator status. 
In patients with normal renal function, over 75% of a
dose appears in the urine in 24 hours, mainly as metab-
olites. Small amounts of drug are also excreted in the
faeces. Isoniazid is removed by haemodialysis.
Distribution. Therapeutic concentrations of isoniazid have
been detected in CSF1,2 and synovial fluid3 several hours after an
oral dose. Diffusion into saliva is good and it has been suggested
that salivary concentrations could be used in place of serum con-
centrations in pharmacokinetic studies.4
1. Forgan-Smith R, et al. Pyrazinamide and other drugs in tubercu-

lous meningitis. Lancet 1973; ii: 374. 
2. Miceli JN, et al. Isoniazid (INH) kinetics in children. Fedn Proc

1983; 42: 1140. 
3. Mouries D, et al. Passage articulaire de l’isoniazide et de

l’éthambutol: deux observations de synovite tuberculeuse du ge-
nou. Nouv Presse Med 1975; 4: 2734. 

4. Gurumurthy P, et al. Salivary levels of isoniazid and rifampicin
in tuberculous patients. Tubercle 1990; 71: 29–33.

HIV-infected patients. Malabsorption of isoniazid and other
antituberculous drugs may occur in patients with HIV infection
and tuberculosis, and may contribute to acquired drug resistance
and reduced efficacy of tuberculosis treatment. For further infor-
mation on the absorption of antituberculous drugs in HIV-infect-
ed patients see Pharmacokinetics, under Rifampicin, p.328.

Pregnancy. Isoniazid crosses the placenta and average fetal
concentrations of 61.5 and 72.8% of maternal serum or plasma
concentration have been reported.1 The half-life of isoniazid may
be prolonged in neonates.1
1. Holdiness MR. Transplacental pharmacokinetics of the antitu-

berculosis drugs. Clin Pharmacokinet 1987; 13: 125–9.

Uses and Administration
Isoniazid is a hydrazide derivative that is the mainstay
of the primary treatment of pulmonary and extrapul-
monary tuberculosis (p.196). It is used with other an-
tituberculous drugs usually in regimens including ri-
fampicin, ethambutol, and pyrazinamide. Isoniazid is
also used in high-risk subjects for the prophylaxis of
tuberculosis. 
Isoniazid is given in the initial and continuation phases
of short-course tuberculosis regimens. The usual adult
dose is 5 mg/kg, to a maximum of 300 mg, daily by
mouth on an empty stomach. For intermittent therapy,
WHO recommends 10 mg/kg three times a week or
15 mg/kg twice a week, while the recommended dose
in the UK is 15 mg/kg three times a week and in the
USA 15 mg/kg once weekly or two or three times a
week is recommended. Caution is required in patients
with hepatic impairment and doses may need to be re-
duced in those with severe renal impairment. 

Similar doses to those used orally may be given by in-
tramuscular injection when isoniazid cannot be taken
by mouth; it may also be given by intravenous injec-
tion. Isoniazid has also been given intrathecally and in-
trapleurally. 
In the treatment of latent tuberculosis, daily doses of
300 mg for 6 months are recommended by WHO and
in the UK, while in the USA the preferred treatment
regimen is oral isoniazid 5 mg/kg daily or 15 mg/kg
twice weekly for 9 months. As an alternative to such
regimens, isoniazid may be given with rifampicin for 3
months. 
For details of doses in infants, children, and adoles-
cents, see below. 
Isoniazid aminosalicylate (pasiniazid) and isoniazid
sodium glucuronate have also been used in the treat-
ment of tuberculosis. 
Fixed-dose combination products containing 2, 3, or 4
drugs have been developed in order to improve patient
compliance and avoid monotherapy, thereby decreas-
ing the risk of acquired drug resistance. Products con-
taining isoniazid in various combinations with ri-
fampicin, ethambutol, and pyrazinamide are available
in some countries.
Administration in children. For the treatment of tuberculosis
in infants, children, and adolescents the American Academy of
Pediatrics (AAP) suggests an oral dose of isoniazid 10 to
15 mg/kg daily or 20 to 30 mg/kg twice weekly by mouth, for
both the initial and continuation phases. For children 1 month
and older the BNFC suggests oral doses of 5 to 10 mg/kg once
daily or 15 mg/kg three times a week; WHO recommends
5 mg/kg once daily, or 10 mg/kg three times a week, or 15 mg/kg
twice a week. 
For the treatment of latent tuberculosis the AAP and the Ameri-
can Thoracic society suggest oral doses of 10 to 20 mg/kg daily
or 20 to 40 mg/kg twice weekly for 9 months. For children 1
month and older the BNFC suggests a dose of 5 mg/kg once dai-
ly for 6 months when used alone or for 3 months when given
with rifampicin; WHO recommends 5 mg/kg once daily for 6
months. 
For daily dosing regimens the maximum oral dose of isoniazid is
300 mg and for intermittent regimens the maximum dose is
900 mg per dose.

Preparations
BP 2008: Isoniazid Injection; Isoniazid Tablets; 
USP 31: Isoniazid Injection; Isoniazid Syrup; Isoniazid Tablets; Rifampin and
Isoniazid Capsules; Rifampin, Isoniazid, and Pyrazinamide Tablets; Rifampin,
Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Isoniac; Belg.: Nicotibine; Canad.: Isotamine; Cz.: Nidrazid; Fin.: Tu-
bilysin; Fr.: Rimifon; Ger.: Isozid; Isozid comp N; tebesium; tebesium-s; Gr.:
Cemidon; Dianicotyl; Isozid†; Nicozid; Hung.: Isonicid; India: Isokin; Ison-
ex; Rifacom E-Z; Indon.: INH-Ciba; INHA; Inoxin; Medinh-OD; Niacifort-
6; Nufadoxin; Pulmolin; Pyravit; Pyrifort; Suprazid; TB Vit 6; Israel: Inazid;
Ital.: Nicizina; Nicozid; Jpn: Hydra; Hydrazide; Mex.: Erbazid†; Hidrasix;
Valifol; Philipp.: Comprilex; Curazid (Reformulated); Eurocoxin; Isodexid;
Isoxin; Nicetal; Odinah; Techxafort; Terozid; Trisofort; Vamsoxid; Port.:
Hidrazida; Spain: Cemidon; Cemidon B6; Swed.: Tibinide; Switz.: Rimifon;
Thai.: Antimic; Myrin-P; Myrin†; Turk.: INH; Isovit; USA: Laniazid; Ny-
drazid.

Multi-ingredient: Arg.: Bacifim; Rifinah; Risoniac†; Austria: Isoprodian;
Myambutol-INH; Rifater; Rifoldin INH; Braz.: Isoniaton; Canad.: Rifater;
Denm.: Rimactazid; Rimstar; Fin.: Rimactazid; Rimstar; Fr.: Rifater; Rifinah;
Ger.: EMB-INH†; Iso-Eremfat; Isoprodian†; Myambutol-INH; Rifater; Rifi-
nah; tebesium Duo; tebesium Trio; Gr.: Oboliz; Rifater; Rifinah; Rimactazid;
Hong Kong: Rifater; Rifinah; Hung.: Rifazid; India: Akt-3; Akt-4; Arzide;
Bicox-E†; Combunex; Coxina-3; Coxina-4; Coxinex; Cx-3; Cx-4; Cx-5; Go-
cox Compound; Gocox-3; Gocox-4†; Inabutol Forte; Inapas; Ipcacin Kid;
Ipcazide; Isokin-300; Isokin-T Forte; Isorifam; Myconex; R-Cinex; R-Cinex Z;
RHZ; RHZ-Plus; Rifa; Rifa E; Rifacomb Plus†; Rifacomb†; Rimactazid + Z;
Rimpazid; Siticox-INH; Tibirim INH; Tricox; Wokex-2; Wokex-3; Wokex-4;
Xeed-2; Xeed-3E; Xeed-4; Indon.: bacbutINH; Erabutol Plus; Meditam-6;
Mycothambin-INH; Niazitol; Pulna; Ramicin-ISO; Rimactazid; Rimcure; Rim-
star; Santibi Plus; Irl.: Rifater; Rifinah; Rimactazid; Ital.: Etanicozid B6; Mi-
azide B6†; Rifater; Rifinah; Malaysia: Rimactazid; Rimcure; Mex.: Arpisen;
Finater; Finateramida; Isonid†; Myambutol-INH†; Rifater; Rifinah; Neth.:
Rifinah; NZ: Rifinah; Philipp.: 4D; Bifix; CombiKids; CombiPack; Continukit;
Continukit Plus; Continupack; Econokit; Econokit-MDR; Econopack;
Ethamizid; Ethi 400; Fixcom 3; Fixcom 4; Kidz Kit 2; Kidz Kit 3; Myrin; Myrin-
P; Quadtab; Refam Duo; Refam Pedia Kit; Rifater; Rifinah; Rifzin; Rimactazid;
Rimcure; Rimstar; Sthamizide; SVM-Polypac-A; Tres; Triofix; Tritab; Viper;
Pol.: Rifamazid; Port.: Rifater; Rifinah; Rus.: Isocomb (Изокомб); Lome-
comb (Ломекомб); Phthizoetham (Фтизоэтам); Phthizopiram
(Фтизопирам); Repin B  (Репин В ); Rifacomb (Рифакомб); Rifacomb Plus
(Рифакомб Плюс); Rimactazid (Римактазид); Rimecure 3-FDC (Римкур 3-
ФДС); Rimstar 4-FDC (Римстар 4-ФДС); S.Afr.: Myrin Plus†; Myrin†; Ri-
fafour ; Rifater ; Rifinah; Rimactazid; Rimcure; Rimstar ; Singapore:
Rimactazid; Spain: Amiopia; Duplicalcio 150†; Duplicalcio B12; Duplicalcio
Hidraz†; Rifater; Rifazida†; Rifinah; Rimactazid; Rimcure; Rimstar; Tisobrif;
Swed.: Rimactazid; Rimcure; Rimstar; Switz.: Myambutol-INH†; Rifater;
Rifinah; Thai.: Rifafour; Rifampyzid; Rifater; Rifinah; Rimactazid; Rimcure 3-
FDC; Rimstar; UK: Rifater; Rifinah; Rimactazid†; USA: IsonaRif; Rifamate;
Rifater; Venez.: Rimactazid; Rimcure.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Josamycin (BAN, USAN, rINN)

EN-141; Josamicina; Josamicinas; Josamycine; Josamycinum;
Josamysiini; Jozamicin; Leucomycin A3. A stereoisomer of 7-
(formylmethyl)-4,10-dihydroxy-5-methoxy-9,16-dimethyl-2-
oxo-oxacyclohexadeca-11,13-dien-6-yl 3,6-dideoxy-4-O-(2,6-
dideoxy-3-C-methyl-α-L-ribo-hexopyranosyl)-3-(dimethylami-
no)-β-D-glucopyranoside 4′-acetate 4′′-isovalerate.
Джозамицин
C42H69NO15 = 828.0.
CAS — 16846-24-5; 56689-45-3.
ATC — J01FA07.
ATC Vet — QJ01FA07.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Josamycin). A macrolide antibiotic produced by
certain strains of Streptomyces narbonensis var. josamyceticus
var. nova, or obtained by any other means. A white or slightly
yellowish, slightly hygroscopic powder. It contains a minimum
of 900 units/mg calculated with reference to the dried substance.
Very slightly soluble in water; soluble in acetone; freely soluble
in dichloromethane and in methyl alcohol. Store in airtight con-
tainers.

Josamycin Propionate (BANM, rINNM)

Josamicino propionatas; Josamycine, propionate de; Josamycini
propionas; Josamycinpropionat; Josamycin-propionát; Josamysi-
inipropionaatti; Jozamicin-propionát; Propionato de josamicina;
YS-20P. Josamycin 10-propionate.
Джозамицина Пропионат
C45H73NO16 = 884.1.
CAS — 56111-35-4; 40922-77-8.
ATC — J01FA07.
ATC Vet — QJ01FA07.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Josamycin Propionate). It is derived from a mac-
rolide antibiotic produced by certain strains of Streptomyces nar-
bonensis var. josamyceticus var. nova, or obtained by any other
means. A white or slightly yellowish, slightly hygroscopic, crys-
talline powder. It contains a minimum of 843 units/mg, calculat-
ed with reference to the dried substance. Practically insoluble in
water; soluble in acetone; freely soluble in dichloromethane and
in methyl alcohol. Store in airtight containers.
Adverse Effects and Precautions
As for Erythromycin, p.270. Josamycin is reported to produce
less gastrointestinal disturbance than erythromycin.
Oedema. A report of josamycin-induced oedema of the foot.1
1. Bosch X, et al. Josamycin-induced pedal oedema. BMJ 1993;

307: 26.

Interactions
For a discussion of drug interactions of macrolide antibacterials,
see Erythromycin, p.271.
Cytochrome P450 isoenzymes. Josamycin is reported to
have little or no effect on hepatic cytochrome P450 isoenzymes
and may therefore interact less than erythromycin with other
drugs metabolised by this enzyme system (see Mechanism, un-
der Interactions of Erythromycin, p.271). The general absence of
an interaction between josamycin and theophylline would appear
to support this.
Antimicrobial Action
As for Erythromycin, p.271. Some reports suggest that josamy-
cin may be more active against some strains of anaerobic species
such as Bacteroides fragilis.
Uses and Administration
Josamycin is a macrolide antibacterial with actions and uses sim-
ilar to those of erythromycin (p.272). It is given orally as the base
or the propionate but doses are expressed in terms of the base;
1.07 g of josamycin propionate is equivalent to about 1 g of
josamycin. Usual doses in the treatment of susceptible infections
are the equivalent of 1 to 2 g of josamycin daily in 2 or more
divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Josalid; Fr.: Josacine; Ger.: Wilprafen†; Hung.: Wilprafen†; Ital.:
Iosalide; Josaxin†; Jpn: Josamy; Rus.: Wilprafen (Вильпрафен); Spain:
Josamina.

Multi-ingredient: Ital.: Corti-Fluoral.

Kanamycin Acid Sulfate
Kanamicina, sulfato ácido de; Kanamicino ru

_
gštusis sulfatas; Kan-

amycin Acid Sulphate (BANM); Kanamycin sulfát kyselý; Kanamy-
cine, sulfate acide de; Kanamycini sulfas acidus; Kanamycinsyrasul-
fat; Kanamysiinihapposulfaatti; Savanyú kanamicin-szulfát.
ATC — A07AA08; J01GB04; S01AA24.
ATC Vet — QA07AA08; QJ01GB04; QS01AA24.

(kanamycin)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Kanamycin Acid Sulphate). A form of kanamycin
sulfate prepared by adding sulfuric acid to a solution of kanamy-
cin sulfate and drying by a suitable method. A white or almost
white, hygroscopic powder containing not less than
670 units/mg and 23 to 26% of sulfate, calculated with reference
to the dried material. Soluble 1 in about 1 of water; practically in-
soluble in alcohol and in acetone. A 1% solution in water has a
pH of 5.5 to 7.5.

Kanamycin Sulfate (rINNM)

Kanamicin-monoszulfát; Kanamicino monosulfatas; Kanamycin A
Sulphate; Kanamycin monosulfát monohydrát; Kanamycin Mono-
sulphate; Kanamycin Sulphate (BANM); Kanamycine, monosulfate
de; Kanamycine, Sulfate de; Kanamycini monosulfas; Kanamycini
Monosulfas Monohydricus; Kanamycini Sulfas; Kanamycinmono-
sulfat; Kanamycyny siarczan; Kanamysiinimonosulfaatti; Sulfato de
kanamicina. 6-O-(3-Amino-3-deoxy-α-D-glucopyranosyl)-4-O-
(6-amino-6-deoxy-α-D-glucopyranosyl)-2-deoxystreptamine sul-
phate monohydrate.
Канамицина Сульфат
C18H36N4O11,H2SO4,H2O = 600.6.
CAS — 59-01-8 (kanamycin); 25389-94-0 (anhydrous
kanamycin sulfate).
ATC — A07AA08; J01GB04; S01AA24.
ATC Vet — QA07AA08; QJ01GB04; QS01AA24.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Jpn includes the anhydrous substance. 
Ph. Eur. 6.2 (Kanamycin Monosulphate; Kanamycin Sulphate BP
2008). The sulfate of an antimicrobial substance produced by the
growth of certain strains of Streptomyces kanamyceticus. A
white or almost white, crystalline powder containing not less
than 750 units/mg and 15.0 to 17.0% of sulfate, calculated with
reference to the dried material. Soluble 1 in about 8 of water;
practically insoluble in alcohol and in acetone. A 1% solution in
water has a pH of 6.5 to 8.5. 
USP 31 (Kanamycin Sulfate). A white, odourless crystalline
powder. It has a potency equivalent to not less than
750 micrograms of kanamycin per mg, calculated on the dried
basis. Freely soluble in water; insoluble in acetone, in ethyl ace-
tate, and in benzene. pH of a 1% solution in water is between 6.5
and 8.5. Store in airtight containers.
Incompatibility. For discussion of the incompatibility of
aminoglycosides such as kanamycin with beta lactams, see under
Gentamicin Sulfate, p.282. Kanamycin is also reported to be in-
compatible with various other drugs including some other anti-
microbials as well as with some electrolytes.
Adverse Effects, Treatment, and Precautions
As for Gentamicin Sulfate, p.282. 
For patients given standard regimens, peak plasma concentra-
tions of kanamycin greater than 30 micrograms/mL, and trough
concentrations greater than 10 micrograms/mL, should be avoid-
ed. Auditory (cochlear) toxicity is more frequent than vestibular
toxicity. 
Local pain and inflammation, as well as bruising and haemato-
ma, have been reported at the site of intramuscular injections. 
Gastrointestinal disturbances and a malabsorption syndrome,
similar to that seen with oral neomycin (p.305), have occurred
after oral kanamycin. Oral kanamycin should be avoided in pa-
tients with gastrointestinal ulceration.
Breast feeding. Although kanamycin is distributed into breast
milk1 the American Academy of Pediatrics states that no adverse
effects have been seen in breast-fed infants whose mothers were

receiving kanamycin, and therefore considers2 that its use is usu-
ally compatible with breast feeding.
1. Chyo N, et al. Clinical studies of kanamycin applied in the field

of obstetrics and gynecology. Asian Med J 1962; 5: 265–75. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 27/05/04)

Interactions
As for Gentamicin Sulfate, p.283.
Antimicrobial Action
As for Gentamicin Sulfate, p.283. It is active against a similar
range of organisms although it is not active against Pseudomonas
spp. Some strains of Mycobacterium tuberculosis are sensitive. 
Resistance has been reported in strains of many of the organisms
normally sensitive to kanamycin, and at one time was wide-
spread, but a decline in the use of kanamycin has meant that re-
sistance has become somewhat less prevalent. Cross-resistance
occurs between kanamycin and neomycin, framycetin, and paro-
momycin, and partial cross-resistance has been reported between
kanamycin and streptomycin.
◊ References.
1. Ho YII, et al. In-vitro activities of aminoglycoside-aminocyclit-

ols against mycobacteria. J Antimicrob Chemother 1997; 40:
27–32.

Pharmacokinetics
As for Gentamicin Sulfate, p.284. 
Less than 1% of an oral dose is absorbed, although this may be
significantly increased if the gastrointestinal mucosa is inflamed
or ulcerated. 
After intramuscular injection peak plasma concentrations of kan-
amycin of about 20 and 30 micrograms/mL are attained in about
1 hour following doses of 0.5 and 1 g respectively. A plasma
half-life of about 3 hours has been reported. Absorption after in-
traperitoneal instillation is similar to that from intramuscular dos-
es. 
Kanamycin is rapidly excreted by glomerular filtration and most
of a parenteral dose appears unchanged in the urine within 24
hours. It has been detected in cord blood and in breast milk.
Uses and Administration
Kanamycin is an aminoglycoside antibacterial with actions sim-
ilar to those of gentamicin (p.284). It has been used in the treat-
ment of susceptible Gram-negative and staphylococcal infec-
tions, including gonorrhoea (p.191) and neonatal gonococcal eye
infections (p.180), although its use has declined in many centres
because of the development of resistance. As with gentamicin it
may be used with penicillins and with cephalosporins; the injec-
tions should be given at separate sites. Kanamycin has also been
used as a second-line drug in tuberculosis (p.196), but other, safer
drugs are usually preferred. 
The sulfate or acid sulfate salts are often used: in the USA, prep-
arations containing the bisulfate (C18H36N4011,2H2SO4), but re-
ferred to as the sulfate, are available. Doses are expressed in
terms of kanamycin base; 1.2 g of kanamycin sulfate, and 1.34 g
of kanamycin acid sulfate, are each equivalent to about 1 g of
kanamycin. It is usually given by intramuscular injection, and in
acute infections adults may be given 15 mg/kg daily, to a maxi-
mum of 1.5 g daily, in 2 to 4 divided doses. The same doses may
be given by intravenous infusion of a 0.25 to 0.5% solution over
30 to 60 minutes; in the UK, up to 30 mg/kg daily has been given
in 2 or 3 divided doses by this route. Similar doses are used in
children. Treatment of acute infections should preferably not
continue for longer than 7 to 10 days or exceed a cumulative dose
of 10 g kanamycin. A dose of 3 to 4 g weekly, given as 1 g on
alternate days or as 1 g twice daily on 2 days each week, has been
suggested in the UK for chronic bacterial infections, up to a max-
imum cumulative dose of 50 g, but prolonged use increases the
risk of nephrotoxicity and is not generally recommended. 
A single intramuscular dose of 2 g of kanamycin has been used
in the treatment of penicillin-resistant gonorrhoea. In the treat-
ment and prophylaxis of neonatal gonococcal infections in in-
fants born to mothers with gonorrhoea, 25 mg/kg, up to a maxi-
mum of 75 mg, may be given as a single intramuscular dose. 
Peak plasma concentrations greater than 30 micrograms/mL and
trough concentrations greater than 10 micrograms/mL should be
avoided. It is recommended that dosage should be adjusted in all
patients according to plasma-kanamycin concentrations, and this
is particularly important where factors such as age, renal impair-
ment, or prolonged therapy may predispose to toxicity, or where
there is a risk of subtherapeutic concentrations. For discussion of
the methods of calculating aminoglycoside dosage requirements,
see Administration and Dosage, under Gentamicin, p.284. 
Kanamycin has been used orally similarly to neomycin (p.305),
for the suppression of intestinal flora. For pre-operative use, 1 g
may be given every hour for 4 hours, then 1 g every 6 hours for
36 to 72 hours. In the management of hepatic encephalopathy, 8
to 12 g daily in divided doses may be given. 
Kanamycin has also been given in doses of 250 mg as a neb-
ulised inhalation, 2 to 4 times daily. Solutions of kanamycin
0.25% have been used for the irrigation of body cavities. 
Kanamycin tannate has also been used.
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Preparations
USP 31: Kanamycin Injection; Kanamycin Sulfate Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Cristalomicina; Ger.: Kan-Ophtal; Kana-Stulln; Kanamytrex; India:
Kancin; Kaycin; Indon.: Kanabiotic; Kanarco; Kanoxin; Ital.: Keimicina; Ma-
laysia: Kancin; Mex.: Cancina; Kanacil†; Kanadrex†; Kanapat; Kantrex; Ran-
dikan†; Solkan; Sulmyn; Singapore: Kancin-L; Kancin†; Spain: Kantrex†;
Thai.: Anbikan; Kan-Mycin†; Kancin; Kangen; KMH; USA: Kantrex; Venez.:
Kanacyl†; Kantrex.

Multi-ingredient: Arg.: Cristalomicina; Fr.: Sterimycine†; Ital.: Derma-
flogil; S.Afr.: Kantrexil; Spain: Kanafosal; Kanafosal Predni; Kanapomada;
Naso Pekamin; Thai.: KA-Cilone; Venez.: Kanasone†; Monosulpa; Ri-
nomax.

Kitasamycin (BAN, USAN, rINN)

Kitasamicina; Kitasamycine; Kitasamycinum; Leucomycin.

Китазамицин

CAS — 1392-21-8 (kitasamycin); 37280-56-1 (kitasamy-
cin tartrate); 178234-32-7 (acetylkitasamycin).
ATC Vet — QJ01FA93.

Pharmacopoeias. In Chin. and Jpn. 
Jpn also includes Acetylkitasamycin and Kitasamycin Tartrate.

Profile
Kitasamycin is a macrolide antibacterial produced by Streptomy-
ces kitasatoensis, consisting mainly of kitasamycins A4 and A5.
It has actions and uses similar to those of erythromycin (p.269)
and has been given orally as the base or intravenously as the tar-
trate in the treatment of susceptible infections. Acetylkitasamy-
cin has also been given orally. 
Kitasamycin has been added to animal feeding stuffs as growth
promotors for pigs.

Latamoxef Disodium (BANM, rINNM)

Latamoksefidinatrium; Latamoxef disódico; Latamoxef Dis-
odique; Latamoxefdinatrium; Latamoxefum Dinatricum; LY-
127935; Moxalactam Disodium (USAN); 6059-S. (7R)-7-[2-Car-
boxy-2-(4-hydroxyphenyl)acetamido]-7-methoxy-3-(1-methyl-
1H-tetrazol-5-ylthiomethyl)-1-oxa-3-cephem-4-carboxylic acid,
disodium salt.

Динатрий Латамоксеф

C20H18N6Na2O9S = 564.4.
CAS — 64952-97-2 (latamoxef); 64953-12-4 (latamoxef
disodium).
ATC — J01DD06.
ATC Vet — QJ01DD06.

Pharmacopoeias. In Jpn.

Profile
Latamoxef is an oxacephalosporin antibacterial that has been
given intramuscularly or intravenously as the disodium salt in the
treatment of susceptible infections. It differs from the cepha-
losporins in that the sulfur atom of the 7-aminocephalosporanic
acid nucleus is replaced by oxygen. Like cefamandole (p.220) it
has an N-methylthiotetrazole side-chain and may cause hypopro-
thrombinaemia. Serious bleeding episodes have been reported
with latamoxef and prophylaxis with vitamin K and monitoring
of bleeding time have been recommended during treatment. In
addition to hypoprothrombinaemia, inhibition of platelet func-
tion and more rarely immune-mediated thrombocytopenia may
be responsible for interference with haemostasis. As with the
methylthiotetrazole-containing cephalosporins, a disulfiram-like
reaction with alcohol may occur. 
Latamoxef has antimicrobial activity similar to that of the third-
generation cephalosporin cefotaxime (p.228), although it is gen-
erally less active against Gram-positive bacteria and more active
against Bacteroides fragilis.

Breast feeding. The authors of a pharmacokinetic study1 in 8
lactating women given latamoxef cautioned that there was a pos-
sibility of colonisation of the infant’s bowel with Gram-positive
bacteria and in consequence a risk of enterocolitis. They there-
fore advised against breast feeding during maternal use of the
drug. However, no adverse effects have been seen in breast-fed

infants whose mothers were receiving latamoxef, and the Amer-
ican Academy of Pediatrics considers2 that it is therefore usually
compatible with breast feeding.
1. Miller RD, et al. Human breast milk concentration of moxa-

lactam. Am J Obstet Gynecol 1984; 148: 348–9. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/05/04)

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Shiomarin.

Levofloxacin (BAN, USAN, rINN)

DR-3355; HR-355; Levofloksasiini; Levofloksasin; Lévofloxacine;
Levofloxacino; Levofloxacinum; S-(−)-Ofloxacin; RWJ-25213. (−
)-(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazi-
nyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic
acid.

Левофлоксацин
C18H20FN3O4 = 361.4.
CAS — 100986-85-4 (levofloxacin); 138199-71-0 (levo-
floxacin hemihydrate).
ATC — J01MA12; S01AX19.
ATC Vet — QJ01MA12; QS01AX19.

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Symptomatic hyperglycaemia and/or hypoglycaemia
have been reported, usually in diabetics who are also
taking hypoglycaemics or insulin. Such patients should
have their blood-glucose concentrations closely moni-
tored and if signs or symptoms of glucose disturbances
develop, levofloxacin should be stopped.
Effects on glucose metabolism. See also under Gati-
floxacin, p.281.

Interactions
As for Ciprofloxacin, p.246. 
Use of levofloxacin with drugs that alter blood-glucose
concentrations increases the risk of blood-glucose dis-
turbances. 
Levofloxacin does not appear to interact significantly
with theophylline or ciclosporin.

Antimicrobial Action
As for Ciprofloxacin, p.246. 
Levofloxacin is generally considered to be about twice
as active as ofloxacin (p.310), the racemic substance.
Levofloxacin has a broad spectrum of activity which
includes Gram-positive bacteria.
◊ References.
1. Brown DFJ, et al., eds. Levofloxacin: an extended spectrum 4-

quinolone agent. J Antimicrob Chemother 1999; 43 (suppl C):
1–90.

Pharmacokinetics
Levofloxacin is rapidly and almost completely ab-
sorbed after oral doses with peak plasma concentra-
tions occurring within 1 to 2 hours. It is widely distrib-
uted into body tissues including the bronchial mucosa
and lungs, but penetration into CSF is relatively poor.
Levofloxacin is about 30 to 40% bound to plasma pro-
teins. Only small amounts are metabolised, to inactive
metabolites. The elimination half-life of levofloxacin
is 6 to 8 hours, although this may be prolonged in pa-
tients with renal impairment. Levofloxacin is excreted

largely unchanged, primarily in the urine with less than
5% as metabolites. It is not removed by haemodialysis
or peritoneal dialysis.
◊ References.
1. Fish DN, Chow AT. The clinical pharmacokinetics of levo-

floxacin. Clin Pharmacokinet 1997; 32: 101–19. 
2. Piscitelli SC, et al. Pharmacokinetics and safety of high-dose and

extended-interval regimens of levofloxacin in human immuno-
deficiency virus-infected patients. Antimicrob Agents Chemoth-
er 1999; 43: 2323–7.

Uses and Administration
Levofloxacin is the S-(−)-isomer of the fluoroquinolo-
ne antibacterial ofloxacin (p.310). It is given orally, or
by intravenous infusion as a 5 mg/mL solution over 30
to 90 minutes, to treat susceptible infections including
tuberculosis (but see under Uses and Administration of
Ciprofloxacin, p.248). Levofloxacin is given as the
hemihydrate but doses are expressed in terms of the
base; levofloxacin hemihydrate 256 mg is equivalent
to about 250 mg of levofloxacin. Usual doses range
from 250 to 500 mg once or twice daily for 7 to 14 days
depending on the severity and nature of the infection.
A dose of 250 mg once daily for 3 days may be given
for uncomplicated urinary-tract infections. A 28-day
course of treatment with a dose of 500 mg once daily
should be given for chronic bacterial prostatitis. In the
USA, doses of 750 mg once daily for 7 to 14 days may
be used for complicated skin infections and for hospi-
tal-acquired pneumonia; a shorter course of 750 mg
once daily for 5 days may be given for community-ac-
quired pneumonia, acute bacterial sinusitis, complicat-
ed urinary-tract infections, and acute pyelonephritis. A
60-day course of treatment with a dose of 500 mg once
daily is also licensed in the USA for treatment and pos-
texposure prophylaxis of inhalation anthrax. 
Doses should be reduced in patients with renal impair-
ment (see below). 
Levofloxacin is also used topically as the hemihydrate
in eye drops. A solution containing the equivalent of
0.5% of levofloxacin is used for the treatment of bacte-
rial conjunctivitis and 1.5% for corneal ulcers caused
by susceptible strains of bacteria.
◊ Reviews.
1. Davis R, Bryson HM. Levofloxacin: a review of its antibacterial

activity, pharmacokinetics and therapeutic efficacy. Drugs 1994;
4: 677–700. 

2. Martin SJ, et al. Levofloxacin and sparfloxacin: new quinolone
antibiotics. Ann Pharmacother 1998; 32: 320–36. 

3. Martin SJ, et al. A risk-benefit assessment of levofloxacin in res-
piratory, skin and skin structure, and urinary tract infections.
Drugs 2001; 24: 199–222. 

4. Croom KF, Goa KL. Levofloxacin: a review of its use in the
treatment of bacterial infections in the United States. Drugs
2003; 63: 2769–2802. 

5. Anderson VR, Perry CM. Levofloxacin: a review of its use as a
high-dose, short-course treatment for bacterial infection. Drugs
2008; 68: 535–65.

Administration in children. Since fluoroquinolones can
cause degenerative changes in weight-bearing joints of young
animals they should only be used in children and adolescents
where their use may be justified if the benefits outweigh the
risks. Although levofloxacin is not licensed for use in this age
group in either the UK or USA, a pharmacokinetic study1 has
suggested that the following doses would be needed: 
• children 5 years of age and older, 10 mg/kg daily 
• infants and children from 6 months to less than 5 years of age,

10 mg/kg every 12 hours
1. Chien S, et al. Levofloxacin pharmacokinetics in children. J Clin

Pharmacol 2005; 45: 153–60.

Administration in renal impairment. Although initial dos-
es (see above) remain unchanged in patients with renal impair-
ment, subsequent doses of levofloxacin should be adjusted ac-
cording to creatinine clearance (CC). 
In the UK, the following doses are recommended: 
• CC 20 to 50 mL/minute: subsequent doses are halved 
• CC 10 to 19 mL/minute: subsequent doses are reduced to one-

quarter of the usual dose; a regimen of 250 mg daily should be
reduced to 125 mg every 48 hours 

• CC less than 10 mL/minute (including haemodialysis and
continuous peritoneal dialysis patients): usual doses of
250 mg or 500 mg daily are reduced to 125 mg every 48 or
24 hours respectively; a regimen of 500 mg twice daily is re-
duced to 125 mg every 24 hours 

OH
CH

H CO

O

O
O

O

OH

CH

CH

O

N CH

H C

CHHO

H C

HC
O

O

O

O CH

HOR

Kitasamycin A :  R = H
Kitasamycin A :  R = COCH N

N

O

N

H3C CH3

F COOH

O



Kitasamycin/Linezolid    293

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

In the USA, the following dose modifications are recommended: 
After an initial dose of 750 mg daily, 
• CC 20 to 49 mL/minute: subsequent doses are 750 mg every

48 hours 
• CC up to 19 mL/minute (including haemodialysis and contin-

uous peritoneal dialysis patients): subsequent doses are
500 mg every 48 hours 

After an initial dose of 500 mg daily, 
• CC 20 to 49 mL/minute: subsequent doses are 250 mg every

24 hours 
• CC up to 19 mL/minute (including haemodialysis and contin-

uous peritoneal dialysis patients): subsequent doses are
250 mg every 48 hours 

After an initial dose of 250 mg daily, 
• CC 10 to 19 mL/minute: subsequent doses are 250 mg every

48 hours 
A pharmacokinetic study in 10 critically ill patients undergoing
continuous renal replacement therapy with either venovenous
haemofiltration or haemodiafiltration suggested that a dose of ei-
ther levofloxacin 250 mg every 24 hours or 500 mg every 48
hours would be suitable in such situations.1
1. Malone RS, et al. Pharmacokinetics of levofloxacin and cipro-

floxacin during continuous renal replacement therapy in critical-
ly ill patients. Antimicrob Agents Chemother 2001; 45: 2949–54.

Peptic ulcer disease. For mention of the potential use of levo-
floxacin in eradication regimens for Helicobacter pylori, see
p.1702. 
References.
1. Gisbert JP, Morena F. Systematic review and meta-analysis: lev-

ofloxacin-based rescue regimens after Helicobacter pylori treat-
ment failure. Aliment Pharmacol Ther 2006; 23: 35–44. 

2. Gisbert JP, et al. First-line triple therapy with levofloxacin for
Helicobacter pylori eradication. Aliment Pharmacol Ther 2007;
26: 495–500. 

3. Rispo A, et al. Levofloxacin in first-line treatment of Helico-
bacter pylori infection. Helicobacter 2007; 12: 364–5. 

4. Perna F, et al. Levofloxacin-based triple therapy for Helico-
bacter pylori re-treatment: role of bacterial resistance. Dig Liver
Dis 2007; 39: 1001–5. 

5. Zullo A, et al. Helicobacter pylori eradication with either quad-
ruple regimen with lactoferrin or levofloxacin-based triple ther-
apy: a multicentre study. Dig Liver Dis 2007; 39: 806–10. 

6. Yee YK, et al. Clinical trial: levofloxacin-based quadruple ther-
apy was inferior to traditional quadruple therapy in the treatment
of resistant Helicobacter pylori infection. Aliment Pharmacol
Ther 2007; 26: 1063–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Floxlevo; Grepiflox; Leflumax; Levaquin; Septibiotic; Tavanic; Teraquin;
Ultraquin; Uniflox; Valiflox; Austria: Tavanic; Belg.: Tavanic; Braz.: Le-
vaquin; Levotac; Levoxin; Tamiram; Tavanic; Canad.: Levaquin; Chile: Aux-
xil; Medibiox; Novacilina; Quinobiot; Recamicina; Tavanic; Cz.: Oftaquix;
Tavanic; Denm.: Oftaquix; Fin.: Oftaquix; Tavanic; Fr.: Tavanic; Ger.:
Oftaquix; Tavanic; Gr.: Tavanic; Hong Kong: Cravit; Hung.: Leflokin;
Oftaquix; Tavanic; India: Glevo†; Leeflox; Levocide; Levoff; Levoflox; Lufi;
Tavanic; Indon.: Armolev; Cravit; Cravox; Difloxin; Farlev; Lefos; Levocin;
Levores; Levovid; Levoxal; Lexa; Lovequin; Mosardal; Nislev; Nufalev; Prol-
ecin; Prolevox; Reskuin; Rinvox; Tevox; Volequin; Voxin; Irl.: Tavanic; Israel:
Levo; Tavanic; Ital.: Levoxacin; Oftaquix; Prixar; Tavanic; Jpn: Cravit; Ma-
laysia: Cravit; Glevo; Loxof; Mex.: Elequine; Ran-Levo; Tavanic; Neth.:
Oftaquix; Prixar; Tavanic; Philipp.: Floxel; Levox; Oftaquix; Pol.: Oftaquix;
Port.: Oftaquix; Tavanic; Rus.: Lefoxin (Лефокцин); Tavanic (Таваник);
S.Afr.: Tavanic; Singapore: Cravit; Spain: Tavanic; Swed.: Oftaquix; Tavan-
ic; Switz.: Tavanic; Thai.: Cravit; Lefloxin; Turk.: Cravit; Tavanic; UAE: Jeno-
quine; UK: Oftaquix; Tavanic; USA: Iquix; Levaquin; Quixin; Venez.: Le-
vaquin; Proxime; Tavanic.
Multi-ingredient: India: Levoflox Oz Kit.

Lincomycin (BAN, USAN, rINN)

Lincomicina; Lincomycine; Lincomycinum; Linkomycin; Linko-
mysiini; U-10149. Methyl 6-amino-6,8-dideoxy-N-[(2S,4R)-1-me-
thyl-4-propylprolyl]-1-thio-α-D-erythro-D-galacto-octopyrano-
side.
Линкомицин
C18H34N2O6S = 406.5.
CAS — 154-21-2.
ATC — J01FF02.
ATC Vet — QJ01FF02.

Lincomycin Hydrochloride (BANM, rINNM)

Hidrocloruro de lincomicina; Lincomycine, chlorhydrate de; Lin-
comycini hydrochloridum; Lincomycini Hydrochloridum Mono-
hydricum; Linkomicin-hidroklorid; Linkomicino hidrochloridas;
Linkomisin Hidroklorür; Linkomycin hydrochlorid monohydrát;
Linkomycinhydroklorid; Linkomycyny chlorowodorek; Linko-
mysiinihydrokloridi; Lyncomycini Hydrochloridum; NSC-70731.
Lincomycin hydrochloride monohydrate.
Линкомицина Гидрохлорид
C18H34N2O6S,HCl,H2O = 461.0.
CAS — 859-18-7 (anhydrous lincomycin hydrochloride);
7179-49-9 (lincomycin hydrochloride, monohydrate).
ATC — J01FF02.
ATC Vet — QJ01FF02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet. 
Ph. Eur. 6.2 (Lincomycin Hydrochloride). An antimicrobial sub-
stance produced by Streptomyces lincolnensis var. lincolnensis
or by any other means. A white or almost white crystalline pow-
der. It contains not more than 5% of lincomycin B. Very soluble
in water; slightly soluble in alcohol; very slightly soluble in ace-
tone. A 10% solution in water has a pH of 3.5 to 5.5. Store at a
temperature not exceeding 30° in airtight containers. 
USP 31 (Lincomycin Hydrochloride). A white or practically
white crystalline powder, odourless or with a faint odour. Freely
soluble in water; very slightly soluble in acetone; soluble in
dimethylformamide. pH of a 10% solution in water is between
3.0 and 5.5. Store in airtight containers.
Incompatibility. Solutions of lincomycin hydrochloride have
an acid pH and incompatibility may be expected with alkaline
preparations, or with drugs unstable at low pH.

Adverse Effects, Treatment, and Precau-
tions
As for Clindamycin, p.251. 
Hypersensitivity reactions such as skin rashes, urticar-
ia, and angioedema may be less frequent with lincomy-
cin than with clindamycin. Other adverse effects re-
ported rarely with lincomycin include aplastic
anaemia, pancytopenia, tinnitus, and vertigo. 
Lincomycin should be used with caution in patients
with hepatic or renal impairment; consideration should
be given to decreasing the dosage frequency and serum
concentrations should be monitored during high-dose
therapy. Reduced doses may be necessary in those with
severe renal impairment (see below).

Interactions
As for Clindamycin, p.251. 
Absorption of lincomycin is reduced by adsorbent an-
tidiarrhoeals and cyclamate sweeteners.

Antimicrobial Action
As for Clindamycin, p.252, but it is less potent. There
is complete cross-resistance between clindamycin and
lincomycin. Some cross-resistance with erythromycin,
including a phenomenon known as dissociated cross-
resistance or macrolide effect, has been reported.

Pharmacokinetics
About 20 to 30% of an oral dose of lincomycin is rap-
idly absorbed from the gastrointestinal tract; after a
500-mg dose, peak plasma concentrations of about 2 to
3 micrograms/mL are reached within 2 to 4 hours.
Food markedly reduces the rate and extent of absorp-
tion. An intramuscular injection of 600 mg produces
average peak plasma concentrations of between 11 and
12 micrograms/mL at 60 minutes and a 2-hour intrave-
nous infusion of 600 mg produces an average of about
16 micrograms/mL. 
The biological half-life of lincomycin is about 5 hours
and may be prolonged in hepatic or renal impairment.
Serum half-life may be doubled in patients with hepat-
ic impairment and up to 3 times longer in those with
severe renal impairment. Lincomycin is widely distrib-
uted in the tissues including bone and body fluids but
diffusion into the CSF is poor, although it may be
slightly better when the meninges are inflamed. It dif-
fuses across the placenta and is distributed into breast
milk. 
Lincomycin is partially inactivated in the liver; un-
changed drug and metabolites are excreted in the urine,

bile, and faeces. Lincomycin is not effectively re-
moved from the blood by haemodialysis or peritoneal
dialysis.

Uses and Administration
Lincomycin is a lincosamide antibacterial with actions
and uses similar to those of its chlorinated derivative,
clindamycin (p.252). Clindamycin is usually preferred
to lincomycin because of its greater activity and better
absorption, although the usefulness of both drugs is
limited by the risk of pseudomembranous colitis. 
Lincomycin is given orally or parenterally as the hy-
drochloride but doses are expressed in terms of the
base; 1.13 g of lincomycin hydrochloride is equivalent
to about 1 g of lincomycin. The usual adult oral dose is
500 mg 3 or 4 times daily, taken at least 1 or 2 hours
before or after food. It is given parenterally by intra-
muscular injection in a dose of 600 mg once or twice
daily, or by slow intravenous infusion in a dose of 0.6
to 1 g two or three times daily. Higher intravenous dos-
es have been given in very severe infections, up to a
total daily dose of about 8 g. For intravenous use, lin-
comycin 1 g should be diluted in not less than 100 mL
of diluent and infused over at least 1 hour. 
For details of reduced doses in renal impairment, see
below. 
For details of doses in infants and children, see below. 
Lincomycin hydrochloride may be given by subcon-
junctival injection in a dose equivalent to 75 mg of lin-
comycin.
Administration in children. The usual oral dose of lincomy-
cin for infants and children aged 1 month and over is 30 to
60 mg/kg daily in divided doses. It is given parenterally to those
over 1 month old in a dose of 10 to 20 mg/kg daily in divided
doses by intramuscular injection or intravenous infusion. 
For suggested doses in children with renal impairment see below.
Administration in renal impairment. Doses of lincomycin
may need to be reduced in patients with severe renal impairment;
a reduction down to 25 to 30% of the usual dose (see above) may
be appropriate.
Preparations
BP 2008: Lincomycin Capsules; Lincomycin Injection; 
USP 31: Lincomycin Hydrochloride Capsules; Lincomycin Hydrochloride
Syrup; Lincomycin Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Frademicina; Austral.: Lincocin; Belg.: Lincocin; Braz.: Frademicina;
Framicin†; Linatron; Lincoflan; Lincomiral; Lincomyn†; Lincoplax†; Linco-
tax†; Lincovax; Lindemicina; Neo Linco; Canad.: Lincocin; Chile: Lincocin;
Cz.: Lincocin†; Neloren; Fr.: Lincocine; Ger.: Albiotic†; Gr.: Lincocin; Peca-
solin; Hong Kong: Lincocin; Medoglycin†; India: Lynx; Indon.: Biolincom;
Ethilin; Linco; Lincocin; Lincophar; Lincyn; Lintropsin; Nichomycin; Percocyn;
Pritalinc; Tamcocin; Tismamisin; Zumalin; Ital.: Lincocin; Malaysia: Linco;
Lincosa; Medoglycin†; Mex.: Libiocid; Limidrax; Linbac; Lincocin; Lincopat;
Lincover; Lisonin; Princol; Rimsalin; Yectolin; Philipp.: Adlynx; Lincocin;
Pol.: Lincocin; Neloren; Port.: Lincocina; Rus.: Neloren (Нелорен);
S.Afr.: Lincocin; Singapore: Lincocin; Spain: Cillimicina; Lincocin; Thai.:
Linco; Lincocilin; Lincocin; Lincogin†; Lincolan; Lincomax; Lincomy†; Linco-
no; Lingo; Linmycin; Utolincomycin; Turk.: Lincocin; Lincomed; Linkoles;
Linkosol; Linosin; USA: Lincocin; Lincorex†; Venez.: Bekalen†; Formicina;
Lincocin.
Multi-ingredient: Arg.: Nicozinc.

Linezolid (BAN, USAN, rINN)

Linetsolidi; Linézolide; Linezolidum; PNU-100766; U-100766. N-
{[(S)-3-(3-Fluoro-4-morpholinophenyl)-2-oxo-5-oxazolidi-
nyl]methyl}acetamide.
Линезолид
C16H20FN3O4 = 337.3.
CAS — 165800-03-3.
ATC — J01XX08.
ATC Vet — QJ01XX08.

Incompatibility and stability. References.
1. Zhang Y, et al. Compatibility and stability of linezolid injection

admixed with three quinolone antibiotics. Ann Pharmacother
2000; 34: 996–1001.
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Adverse Effects and Precautions
The adverse effects most frequently reported in pa-
tients given linezolid include diarrhoea, nausea and
vomiting, metallic taste, headache, insomnia, constipa-
tion, rashes, dizziness, fever, oral and vaginal candidia-
sis, and abnormal liver function tests. Lactic acidosis
has been reported. Convulsions have also been report-
ed in patients treated with linezolid. In some of these
cases, a history of seizures or risk factors for seizures
was reported. There have been rare reports of bullous
skin eruptions including Stevens-Johnson syndrome.
Peripheral and optic neuropathy, sometimes progress-
ing to loss of vision, have occurred rarely, mainly in
patients given linezolid for more than 28 days. Visual
blurring has been reported in some patients given less
than 28 days of treatment. 
Reversible myelosuppression including anaemia, leu-
copenia, pancytopenia and, in particular, thrombocyto-
penia has been reported and blood counts should be
monitored weekly in patients receiving linezolid. Pa-
tients particularly at risk are those who have received
linezolid for more than 10 to 14 days, who are receiv-
ing other bone marrow suppressant drugs, or who have
pre-existing myelosuppression or severe renal impair-
ment. 
Patients with mixed (Gram-negative and Gram-posi-
tive) infections are at a higher risk of mortality when
linezolid is given as monotherapy (see Increased Mor-
tality, below); linezolid must therefore be used with ap-
propriate antibacterial cover for Gram-negative organ-
isms in such patients.
◊ References.
1. Rubinstein E, et al. Worldwide assessment of linezolid’s clinical

safety and tolerability: comparator-controlled phase III studies.
Antimicrob Agents Chemother 2003; 47: 1824–31. 

2. Bishop E, et al. Good clinical outcomes but high rates of adverse
reactions during linezolid therapy for serious infections: a pro-
posed protocol for monitoring therapy in complex patients. Anti-
microb Agents Chemother 2006; 50: 1599–1602.

Effects on the blood. Reversible myelosuppression with red
cell hypoplasia occurred in 3 patients treated with linezolid.1
Features of the myelosuppression were considered by some1,2 to
be similar to those associated with chloramphenicol, although
this was disputed by the manufacturers.3 
There have been reports of thrombocytopenia occurring at a
higher incidence than that reported by the manufacturers; in one
study,4 6 of 19 patients who had been treated with linezolid de-
veloped thrombocytopenia, while another5 found that it occurred
in 23 of 48 patients given the drug for more than 5 days. 
During the initial 8 months of licensed use in the UK 12 reports
of haematopoietic disorders (including thrombocytopenia, anae-
mia, leucopenia, and pancytopenia) were received by the UK
CSM.6 
Studies have shown that the risk of thrombocytopenia and anae-
mia is increased in patients on prolonged linezolid therapy with
pre-existing myelosuppression7,8 or severe renal impairment.9
1. Green SL, et al. Linezolid and reversible myelosuppression.

JAMA 2001; 285: 1291. 
2. Lawyer MC, Lawyer EZ. Linezolid and reversible myelosup-

pression. JAMA 2001; 286: 1974. 
3. Arellano FM. Linezolid and reversible myelosuppression. JAMA

2001; 286: 1973–4. 
4. Attassi K, et al. Thrombocytopenia associated with linezolid

therapy. Clin Infect Dis 2002; 34: 695–8. 
5. Orrick JJ, et al. Thrombocytopenia secondary to linezolid ad-

ministration: what is the risk? Clin Infect Dis 2002; 35: 348–9. 
6. Committee on Safety of Medicines/Medicines Control Agency.

Reminder: linezolid (Zyvox) and myelosuppression. Current
Prob le m s  2 00 1 ;  27 :  1 4 .  A l so  ava i l ab l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007456&RevisionSelect ionMethod=
LatestReleased (accessed 11/01/08) 

7. Senneville E, et al. Risk factors for anaemia in patients on pro-
longed linezolid therapy for chronic osteomyelitis: a case-con-
trol study. J Antimicrob Chemother 2004; 54: 798–802. 

8. Grau S, et al. Linezolid: low pre-treatment platelet values could
increase the risk of thrombocytopenia. J Antimicrob Chemother
2005; 56: 440–1. 

9. Wu V-C, et al. High frequency of linezolid-associated thrombo-
cytopenia and anemia among patients with end-stage renal dis-
ease. Clin Infect Dis 2006; 42: 66–72.

Effects on the eyes. See under Effects on the Nervous System,
below.
Effects on mitochondria. Linezolid appears to inhibit mito-
chondrial protein synthesis when given for prolonged courses.
This decreases cellular energy production in tissues that are high-
ly dependent on oxidative phosphorylation, such as the optic
nerve, skeletal muscles, liver, and kidneys, leading to adverse ef-
fects such as lactic acidosis1 or hyperlactataemia,1,2 and optic3

and/or peripheral neuropathy1 (see also below). Encephalopathy,
lactic acidosis, optic neuropathy, skeletal myopathy, and renal

failure were reported1 in a 63-year-old woman after a 4-month
course of linezolid. The symptoms resolved when linezolid was
stopped; however, the patient remained blind and disorientated.
In contrast, bilateral mitochondrial optic neuropathy seen3 in a 6-
year-old boy after a 1-year course of oral linezolid resolved 3
months after linezolid treatment was stopped. In another study2

reversible hyperlactataemia was reported in 5 patients given lin-
ezolid for 1 to 3 months. Mitochondrial activity and lactic acid
levels returned to normal when linezolid therapy was stopped.
1. De Vriese AS, et al. Linezolid-induced inhibition of mitochon-

drial protein synthesis. Clin Infect Dis 2006; 42: 1111–1117. 
2. Garrabou G, et al. Reversible inhibition of mitochondrial protein

synthesis during linezolid-related hyperlactatemia. Antimicrob
Agents Chemother 2007; 51: 962–7. 

3. Javaheri M, et al. Linezolid-induced optic neuropathy: a mito-
chondrial disorder? Br J Ophthalmol 2007; 91: 111–15. Correc-
tion. ibid.; 403.

Effects on the nervous system. The Australian Adverse
Drug Reactions Advisory Committee1 stated in February 2003
that it had received 4 reports of peripheral neuropathy in patients
who had taken linezolid for 6 to 9 months; none of these cases
had resolved at the time of the report. They suggested that the
risk of peripheral neuropathy should be considered when treat-
ment was extended beyond 28 days. There have been several
published reports of peripheral and optic neuropathy associated
with linezolid,2-9 with some attributing these effects to the inhi-
bition of mitochondrial protein synthesis by linezolid. For further
discussion see Effects on Mitochondria, above. The regulatory
authority in the UK has warned that patients should be advised to
report any symptoms of visual impairment immediately, includ-
ing changes in visual acuity or colour vision, blurred vision, or
visual field defects.10 Any linezolid-treated patient with new vis-
ual symptoms should be evaluated promptly and referred to an
ophthalmologist if necessary; regular monitoring is advised in all
patients who may require treatment for more than 28 days.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Line-

zolid and peripheral neuropathy. Aust Adverse Drug React Bull
2003; 22:  3. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0302.htm (accessed 11/01/08) 

2. Corallo CE, Paull AE. Linezolid-induced neuropathy. Med J
Aust 2002; 177: 332. 

3. Rho JP, et al. Linezolid-associated peripheral neuropathy. Mayo
Clin Proc 2004; 79: 927–30. 

4. Lee E, et al. Linezolid-associated toxic optic neuropathy: a re-
port of 2 cases. Clin Infect Dis 2003; 37: 1389–91. 

5. Bressler AM, et al. Peripheral neuropathy associated with pro-
longed use of linezolid. Lancet Infect Dis 2004; 4: 528–31. 

6. Willcox D. Linezolid (Zyvoxam) and neuropathy Can Adverse
React News 2005; 15: 2. 

7. Zivkovic SA, Lacomis D. Severe sensory neuropathy associated
with long-term linezolid use. Neurology 2005; 64: 926–7. 

8. Legout L, et al. Linezolid-induced neuropathy. Clin Infect Dis
2004; 38: 767–8. 

9. Rucker JC, et al. Linezolid-associated toxic optic neuropathy.
Neurology 2006; 66: 595–8. 

10. Commission on Human Medicines/Medicines and Healthcare
products Regulatory Agency. Linezolid (Zyvox): severe optic neu-
ropathy. Current Problems 2006; 31: 2–3. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023860&RevisionSelectionMethod=
LatestReleased (accessed 11/01/08)

Increased mortality. In March 2007, the FDA1 issued an alert
advising that an open-label, randomised study comparing line-
zolid to vancomycin, oxacillin, or dicloxacillin in the treatment
of seriously ill patients with intravascular catheter-related blood-
stream infections, including catheter-site infections, had found
that death rates were significantly higher in patients treated with
linezolid (78 of 363) than in the comparator arm (58 of 363), par-
ticularly in those with Gram-negative or mixed infections. Mor-
tality did not differ for patients with purely Gram-positive infec-
tions. 
The FDA1 and the UK manufacturer2 therefore advised that lin-
ezolid should not be used in infections caused by Gram-negative
bacteria and should only be used in mixed Gram-positive and
Gram-negative infections when appropriate cover for Gram-neg-
ative organisms is given at the same time. Licensed product in-
formation now reflects these warnings.
1. FDA. Information for healthcare professionals: linezolid (mar-

keted as Zyvox) (issued 16th March 2007). Available at: http://
www.fda.gov/cder/drug/InfoSheets/HCP/linezolidHCP.pdf (ac-
cessed 11/01/08) 

2. Pfizer, UK. Important safety information (issued 28th February,
2007). Available at: http://www.mhra.gov.uk/home/idcplg?
I d c S e r v i c e = G E T _ F I L E & d D o c N a m e = c o n 2 0 3 0 6 4 6 &
RevisionSelectionMethod=Latest (accessed 11/01/08)

Interactions
Linezolid is a reversible, nonselective MAOI and
therefore has the potential to interact with adrenergic
and serotonergic drugs. Enhanced pressor activity has
been reported in patients receiving linezolid with phe-
nylpropanolamine or pseudoephedrine and initial dos-
es of dopamine or adrenaline should be reduced. There
have also been cases of serotonin syndrome when lin-
ezolid was taken with serotonin reuptake inhibitors,
and similar symptoms when it was taken with dex-
tromethorphan. The interactions of conventional

MAOIs, both with other drugs and with foods, are de-
scribed under Phenelzine, p.417.
Antidepressants. Serotonin syndrome has been reported in
patients taking linezolid with serotonergic antidepressants such
as venlafaxine (see p.429) and SSRIs (though concomitant use
may be possible, see p.396).
Opioid analgesics. For a report of an interaction between line-
zolid and pethidine, attributed to linezolid’s inhibitory actions on
monoamine oxidase, see p.114.

Antimicrobial Action
Linezolid is an oxazolidinone antibacterial with activi-
ty against a range of aerobic Gram-positive bacteria in-
cluding vancomycin-resistant enterococci and meticil-
lin-resistant Staphylococcus aureus. It is less active
against Gram-negative bacteria, but has some in-vitro
activity against Haemophilus influenzae, Legionella
spp., Moraxella catarrhalis (Branhamella catarrha-
lis), Neisseria gonorrhoeae, and Pasteurella spp. It is
not active against Acinetobacter spp., Enterobacte-
riaceae, or Pseudomonas spp. 
Oxazolidinone antibacterials are bacteriostatic and act
by inhibition of ribosomal protein synthesis. Cross-re-
sistance between oxazolidinones and other classes of
antibacterial is considered unlikely. 
Resistant strains of enterococci and meticillin-resistant
Staph. aureus have been reported.
◊ References.
1. Noskin GA, et al. In vitro activities of linezolid against impor-

tant Gram-positive bacterial pathogens including vancomycin-
resistant enterococci. Antimicrob Agents Chemother 1999; 43:
2059–62. 

2. Cercenado E, et al. In vitro activity of linezolid against multiply
resistant Gram-positive clinical isolates. J Antimicrob Chemoth-
er 2001; 47: 77–81. 

3. Gemmell CG. Susceptibility of a variety of clinical isolates to
linezolid: a European inter-country comparison. J Antimicrob
Chemother 2001; 48: 47–52. 

4. Livermore DM. Linezolid in vitro: mechanism and antibacterial
spectrum. J Antimicrob Chemother 2003; 51 (suppl S2): ii9–ii16. 

5. Jones RN, et al. Activity of linezolid against 3,251 strains of un-
commonly isolated Gram-positive organisms: report from the
SENTRY Antimicrobial Surveillance Program. Antimicrob
Agents Chemother 2007; 51: 1491–3.

Resistance. There have been reports of linezolid resistance in
enterococci, involving both Enterococcus faecium1-4 and E. fae-
calis.2 There is also concern over the emergence of linezolid re-
sistance in staphylococci, such as meticillin-resistant Staphylo-
coccus aureus,5,6 Staph. auricularis,7 and Staph. epidermidis.7,8

A survey9 of reported resistance to linezolid in the USA found
that it was still rare but was no longer limited to enterococci hav-
ing also occurred in Staph. epidermidis and Streptococcus oralis.
1. Gonzales RD, et al. Infections due to vancomycin-resistant En-

terococcus faecium resistant to linezolid. Lancet 2001; 357:
1179. 

2. Auckland C, et al. Linezolid-resistant enterococci: report of the
first isolates in the United Kingdom. J Antimicrob Chemother
2002; 50: 743–6. 

3. Herrero IA, et al. Nosocomial spread of linezolid-resistant, van-
comycin-resistant Enterococcus faecium. N Engl J Med 2002;
346: 867–9. 

4. Seedat J, et al. Rapid emergence of resistance to linezolid during
linezolid therapy of an Enterococcus faecium infection. Antimi-
crob Agents Chemother 2006; 50: 4217–19. 

5. Tsiodras S, et al. Linezolid resistance in a clinical isolate of Sta-
phylococcus aureus. Lancet 2001; 358: 207–8. 

6. Wilson P, et al. Linezolid resistance in clinical isolates of Sta-
phylococcus aureus. J Antimicrob Chemother 2003; 51: 186–8. 

7. Cieloszyk K, et al. Linezolid resistance in three isolates of coag-
ulase-negative staphylococci. Ann Pharmacother 2007; 41:
526–7. 

8. Kelly S, et al. Linezolid resistance in coagulase-negative staphy-
lococci. J Antimicrob Chemother 2006; 58: 898–9. 

9. Mutnick AH, et al. Linezolid resistance since 2001: SENTRY
Antimicrobial Surveillance Program. Ann Pharmacother 2003;
37: 769–74.

Pharmacokinetics
Linezolid is rapidly and extensively absorbed after oral
doses and maximum plasma concentrations are
achieved after 1 to 2 hours. It is about 31% bound to
plasma proteins. Linezolid is reported to be distributed
into bone, fat, lungs, muscle, skin blister fluids, and
into the CSF. It is metabolised mainly by oxidation to
2 main inactive metabolites, the hydroxyethyl glycine
metabolite (PNU-142586) and the aminoethoxyacetic
acid metabolite (PNU-142300); other minor inactive
metabolites have also been identified. About 40% of a
dose is excreted in the urine as PNU-142586, 30% as
linezolid, and 10% as PNU-142300. Small amounts of
metabolites are excreted in the faeces. The elimination
half-life of linezolid is about 5 to 7 hours. 
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Children exhibit more rapid clearance of linezolid than
adults; half-life is reported to range from about 2 to 4
hours, increasing with age.
◊ References.
1. MacGowan AP. Pharmacokinetic and pharmacodynamic profile

of linezolid in healthy volunteers and patients with Gram-posi-
tive infections. J Antimicrob Chemother 2003; 51 (suppl S2):
ii17–ii25. 

2. Stalker DJ, Jungbluth GL. Clinical pharmacokinetics of linezol-
id, a novel oxazolidinone antibacterial. Clin Pharmacokinet
2003; 42: 1129–40. 

3. Whitehouse T, et al. Pharmacokinetic studies of linezolid and
teicoplanin in the critically ill. J Antimicrob Chemother 2005;
55: 333–40.

Uses and Administration
Linezolid is an oxazolidinone antibacterial used for the
treatment of Gram-positive infections of the skin and
respiratory tract, including those due to vancomycin-
resistant enterococci and meticillin-resistant Staphylo-
coccus aureus. 
It is given, orally or by intravenous infusion (over 30 to
120 minutes), in a usual adult dose of 600 mg every 12
hours for 10 to 14 days; treatment for up to 28 days
may be necessary if there is vancomycin resistance. In
uncomplicated skin and skin structure infections an
oral dose of 400 mg every 12 hours for 10 to 14 days is
usually sufficient. 
For doses in neonates and children, see below.
◊ Reviews.
1. Plouffe JF. Emerging therapies for serious gram-positive bacte-

rial infections: a focus on linezolid. Clin Infect Dis 2000;
31(suppl 4): S144–S149. 

2. Perry CM, Jarvis B. Linezolid: a review of its use in the man-
agement of serious gram-positive infections. Drugs 2001; 61:
525–51. 

3. Bain KT, Wittbrodt ET. Linezolid for the treatment of resistant
gram-positive cocci. Ann Pharmacother 2001; 35: 566–75. 

4. Paladino JA. Linezolid: an oxazolidinone antimicrobial agent.
Am J Health-Syst Pharm 2002; 59: 2413–25. 

5. Birmingham MC, et al. Linezolid for the treatment of multid-
rug-resistant, Gram-positive infections: experience from a com-
passionate-use program. Clin Infect Dis 2003; 36: 159–68. 

6. Wilcox MH. Efficacy of linezolid versus comparator therapies
in Gram-positive infections. J Antimicrob Chemother 2003; 51
(suppl S2): ii27–ii35. 

7. Falagas ME, et al. Linezolid for the treatment of patients with
endocarditis: a systematic review of the published evidence. J
Antimicrob Chemother 2006; 58: 273–80. 

8. Ntziora F, Falagas ME. Linezolid for the treatment of patients
with central nervous system infection. Ann Pharmacother 2007;
41: 296–308. 

9. Falagas ME, et al. Linezolid for the treatment of adults with
bone and joint infections. Int J Antimicrob Agents 2007; 29:
233–9. 

10. Manfredi R. Le prospettive terapeutiche di linezolid nelle in-
fezioni da patogeni Gram-positivi multiresistenti. Recenti Prog
Med 2007; 98: 143–54. 

11. Falagas ME, et al. Linezolid versus glycopeptide or beta-lactam
for treatment of Gram-positive bacterial infections: meta-analy-
sis of randomised controlled trials. Lancet Infect Dis 2008; 8:
53–66.

Administration in children. UK licensed product informa-
tion does not recommend the use of linezolid in children and ad-
olescents below 18 years of age. However, the BNFC suggests
the following doses of linezolid in the treatment of pneumonia or
complicated skin and soft-tissue infections, given orally or by in-
travenous infusion over 30 to 120 minutes: 
• neonates up to 7 days old: 10 mg/kg every 12 hours, increas-

ing to every 8 hours if response is poor 
• 7 days to 12 years of age: 10 mg/kg (to a maximum of

600 mg) every 8 hours 
• 12 to 18 years: usual adult doses (see above). 
Similar doses are licensed in the USA. US licensed product in-
formation also suggests that in the treatment of uncomplicated
skin and skin structure infections, oral doses given every 12
hours are sufficient in those aged 5 to 11 years. 
Further references.
1. Cuzzolin L, Fanos V. Linezolid: a new antibiotic for newborns

and children? J Chemother 2006; 18: 573–81. 
2. Velissariou IM. Use of linezolid in children: an overview of re-

cent advances. Expert Rev Anti Infect Ther 2006; 4: 947–52.

Administration in renal impairment. Linezolid should be
used with caution in patients with renal impairment (creatinine
clearance less than 30 mL/minute). Although no dosage adjust-
ment is required, licensed product information states that peak
plasma concentrations of linezolid’s two major metabolites were
about tenfold higher in such patients after several days of treat-
ment. As about 30% of a dose is removed during 3 hours of
haemodialysis it is recommended that linezolid should be given
after dialysis.
Mycobacterial infections. A systematic review1 noted that
linezolid has been used with some success as an adjunct in the
treatment of multidrug-resistant tuberculosis (p.196); it has also
been tried in nontuberculous mycobacterial infections (p.181).
However, serious adverse effects such as peripheral or optic neu-
ropathy (in 11 of 24 patients), and anaemia (10 of 24) were ob-

served. The review concluded that although there was limited ev-
idence suggesting linezolid may be effective as second-line
adjunct therapy for patients with mycobacterial infections, its
usefulness is limited by the frequent potentially severe complica-
tions of prolonged linezolid use.
1. Ntziora F, Falagas ME. Linezolid for the treatment of patients

with mycobacterial infections: a systematic review. Int J Tuberc
Lung Dis 2007; 11: 606–11. Correction. ibid.; 936. (title change)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Zyvox; Austral.: Zyvox; Austria: Zyvoxid; Belg.: Zyvoxid; Braz.:
Zyvox; Canad.: Zyvoxam; Chile: Zyvox; Cz.: Zyvoxid; Denm.: Zyvoxid;
Fin.: Zyvoxid; Fr.: Zyvoxid; Ger.: Zyvoxid; Gr.: Zyvoxid; Hong Kong: Zy-
vox; Hung.: Zyvox†; Zyvoxid†; India: Linospan; Linox; Lizolid; Indon.: Zy-
vox; Irl.: Zyvox; Israel: Zyvoxid; Ital.: Zyvoxid; Malaysia: Zyvox; Mex.:
Zyvoxam; Neth.: Zyvoxid; Norw.: Zyvoxid; NZ: Zyvox; Philipp.: Zyvox;
Pol.: Zyvoxid; Port.: Zyvoxid; Rus.: Zyvox (Зивокс); S.Afr.: Zyvoxid; Sin-
gapore: Zyvox; Spain: Zyvoxid; Swed.: Zyvoxid; Switz.: Zyvoxid; Thai.:
Zyvox; UK: Zyvox; USA: Zyvox; Venez.: Zyvox.

Lomefloxacin Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de lomefloxacino; Lomefloksasiinihydrokloridi;
Lomefloksasin Hidroklorür; Loméfloxacine, Chlorhydrate de;
Lomefloxacinhydroklorid; Lomefloxacini Hydrochloridum; NY-
198; SC-47111; SC-47111A (lomefloxacin). (RS)-1-Ethyl-6,8-dif-
luoro-1,4-dihydro-7-(3-methylpiperazin-1-yl)-4-oxoquinoline-3-
carboxylic acid hydrochloride.
Ломефлоксацина Гидрохлорид
C17H19F2N3O3,HCl = 387.8.
CAS — 98079-51-7 (lomefloxacin); 98079-52-8 (lome-
floxacin hydrochloride).
ATC — J01MA07; S01AX17.
ATC Vet — QJ01MA07; QS01AX17.

(lomefloxacin)

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
A relatively high incidence of phototoxic reactions has
been seen in patients taking lomefloxacin. Patients
should be advised to avoid exposure to sunlight during,
and for a few days after, lomefloxacin therapy, and to
stop the drug immediately if phototoxicity occurs. Risk
of phototoxicity may be reduced by taking lome-
floxacin in the evening.
Effects on the skin. Lomefloxacin has been associated with a
higher incidence of phototoxic reactions, particularly in patients
over 60 years of age and/or with a history of fluoroquinolone
treatment; the incidence was also high when used for 30 days or
longer.1 Experimental results2 suggest that use of sunscreens to
protect against lomefloxacin-induced phototoxicity may be fea-
sible.
1. Arata J, et al. Photosensitivity reactions caused by lomefloxacin

hydrochloride: a multicenter survey. Antimicrob Agents Chem-
other 1998; 42: 3141–5. 

2. Reinhardt P, et al. Broad-spectrum sunscreens prevent the secre-
tion of proinflammatory cytokines in human keratinocytes ex-
posed to ultraviolet A and phototoxic lomefloxacin. Can J Phys-
iol Pharmacol 2006; 84: 221–6.

Interactions
As for Ciprofloxacin, p.246. 
Lomefloxacin does not appear to interact significantly
with theophylline or caffeine.

Antimicrobial Action
As for Ciprofloxacin, p.246. 
Most streptococci, including Streptococcus pneumoni-
ae, are relatively resistant to lomefloxacin.

Pharmacokinetics
Lomefloxacin is rapidly and almost completely ab-
sorbed after oral doses with peak plasma concentra-
tions of about 3 micrograms/mL occurring about 1.5
hours after a 400-mg dose. Lomefloxacin is about 10%

bound to plasma proteins. It is widely distributed into
body tissues including the lungs and prostate. 
The elimination half-life of lomefloxacin is about 7 to
8 hours, and is prolonged in patients with renal impair-
ment. Lomefloxacin is excreted in the urine, about
65% as unchanged drug, 9% as the glucuronide, and
less than 0.5% as other metabolites. Small amounts
(about 10%) are also eliminated unchanged in the fae-
ces. Negligible amounts of lomefloxacin are removed
by haemodialysis or peritoneal dialysis.
◊ References.
1. Freeman CD, et al. Lomefloxacin clinical pharmacokinetics.

Clin Pharmacokinet 1993; 25: 6–19.

Uses and Administration
Lomefloxacin is a fluoroquinolone antibacterial with
actions and uses similar to those of ciprofloxacin
(p.247). 
It is given orally for the treatment of susceptible infec-
tions, including bronchitis due to Haemophilus influ-
enzae or Moraxella catarrhalis (Branhamella catarrh-
alis), and urinary-tract infections. It is also used for
surgical infection prophylaxis. Lomefloxacin is given
as the hydrochloride but doses are expressed in terms
of the base; lomefloxacin hydrochloride 441.5 mg is
equivalent to about 400 mg of lomefloxacin. The usual
dose is 400 mg once daily for 10 to 14 days. A dose of
400 mg once daily for 3 days is suitable in women with
acute uncomplicated cystitis. Dosage in the evening
may minimise the risk of phototoxic reactions. 
For details of reduced doses in renal impairment, see
below. 
A single dose of 400 mg is used for surgical infection
prophylaxis, given 1 to 6 hours before the procedure. 
Lomefloxacin is also used topically as the hydrochlo-
ride in eye drops and ear drops containing the equiva-
lent of 0.3% of lomefloxacin for the treatment of bac-
terial conjunctivitis and for the treatment of otitis
externa and otitis media, respectively.
◊ General references.
1. Wadworth AN, Goa KL. Lomefloxacin: a review of its antibac-

terial activity, pharmacokinetic properties and therapeutic use.
Drugs 1991; 42: 1018–60. 

2. Neu HC, ed. Lomefloxacin: development of a once-a-day qui-
nolone. Am J Med 1992; 92 (suppl 4A): 1S–137S.

Administration in renal impairment. Dosage of lome-
floxacin should be reduced in patients with renal impairment; the
initial dose of 400 mg should be followed by maintenance doses
of 200 mg daily in those with a creatinine clearance of 10 to
40 mL/minute per 1.73m2 and in those on haemodialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Okacin; Austria: Okacin; Uniquin; Belg.: Okacin; Braz.: Maxaquin;
Meflox†; Okacin†; Chile: Okacin†; Cz.: Maxaquin†; Okacin; Denm.:
Okacin; Fin.: Okacin; Fr.: Decalogiflox; Logiflox; Ger.: Okacin; Gr.: Okacin;
Hong Kong: Lomeflox; Maxaquin; Okacin; Hung.: Okacin; India: Lomef;
Lomflox; Ontop; Israel: Okacin; Ital.: Chimono; Lomebact; Maxaquin;
Okacin; Uniquin; Jpn: Lomeflon; Malaysia: Lomaday†; Okacin†; Mex.:
Lomacin; Maxaquin; Philipp.: Okacin; Pol.: Okacin; Port.: Basab†; Floxaq-
uil†; Loransil; Loxina†; Maxaquin; Monoquin†; Okacin; Uniquin; Rus.:
Ksenakvin (Ксенаквин); Lomflox (Ломфлокс); Maxaquin (Максаквин)†;
Okacin (Окацин); S.Afr.: Maxaquin; Okacyn; Uniquin; Singapore: Lom-
flox; Okacin; Spain: Ocacin; Switz.: Maxaquin; Okacin; Thai.: Maxaquin†;
Okacin; Turk.: Okacin; UAE: Lomax; USA: Maxaquin; Venez.: Liexina†;
Loflox; Lomaday†; Lomex; Maxaquin; Okacin.
Multi-ingredient: Rus.: Lomecomb (Ломекомб); Protiocomb
(Протиокомб).

Loracarbef (BAN, USAN, rINN)

KT-3777; Loracarbefum; Lorakarbef; Lorakarbefi; LY-163892.
(6R,7S)-3-Chloro-8-oxo-7-D-phenylglycylamino-1-azabicyc-
lo[4.2.0]oct-2-ene-2-carboxylic acid monohydrate.
Лоракарбеф
C16H16ClN3O4,H2O = 367.8.
CAS — 76470-66-1 (anhydrous loracarbef); 121961-22-
6 (loracarbef monohydrate).
ATC — J01DC08.
ATC Vet — QJ01DC08.
Pharmacopoeias. In US. 
USP 31 (Loracarbef). pH of a 10% suspension in water is be-
tween 3.0 and 5.5. Store in airtight containers.
Adverse Effects and Precautions
Adverse effects of loracarbef are generally similar to those of
other beta lactams (see Benzylpenicillin, p.213, and Cefalotin,
p.219). They include gastrointestinal disturbances, particularly
diarrhoea, and hypersensitivity reactions such as skin rashes. In-
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creases in liver enzymes and abnormalities in haematological pa-
rameters have been reported. 
Loracarbef should not be given to patients known to be hyper-
sensitive to it or to other beta lactams because of the possibility
of cross-sensitivity. It should be given with caution, with appro-
priate dosage reduction, in patients with renal impairment.
Effects on the kidneys. References.
1. Thieme RE, et al. Acute interstitial nephritis associated with lo-

racarbef therapy. J Pediatr 1995; 127: 997–1000.

Interactions
Probenecid decreases the renal excretion of loracarbef thereby
increasing its plasma concentrations.
Antimicrobial Action
Loracarbef is bactericidal with antibacterial activity similar to
that of cefaclor (p.217).
Pharmacokinetics
Loracarbef is well absorbed from the gastrointestinal tract with a
bioavailability of 90%. Peak plasma concentrations after 200-
and 400-mg doses  as  capsules  are  about  8  and
14 micrograms/mL respectively at 1.2 hours. Peak concentra-
tions are achieved more rapidly after an oral suspension and a
paediatric dose of 15 mg/kg produces a concentration of about
19 micrograms/mL within 40 to 60 minutes. Absorption is de-
layed by the presence of food. A plasma half-life of about 1 hour
has been reported which is prolonged in renal impairment. About
25% is bound to plasma proteins. 
Loracarbef is excreted largely unchanged in the urine, and thera-
peutic concentrations are maintained in the urine for up to 12
hours. Probenecid delays excretion. Loracarbef is removed by
haemodialysis.
Uses and Administration
Loracarbef is an oral carbacephem antibiotic. The carbacephems
are closely related to the cephalosporins, but replacement of the
sulfur atom in the 7-aminocephalosporanic acid nucleus by a
methylene group is said to enhance stability. It is used similarly
to cefaclor in the treatment of susceptible infections of the respi-
ratory and urinary tracts and of skin and soft tissue. For details of
these infections and their treatment, see under Choice of Anti-
bacterial, p.162. 
Loracarbef should be given 1 hour before food or on an empty
stomach. Loracarbef is given as the monohydrate. Doses are ex-
pressed in terms of the equivalent amount of anhydrous loracar-
bef. The usual adult dose is 200 to 400 mg every 12 hours. In
uncomplicated urinary-tract infections, a dose of 200 mg daily
may be adequate. A dose for children is 7.5 mg/kg every 12
hours for uncomplicated infections or 15 mg/kg every 12 hours
for acute otitis media or acute maxillary sinusitis. 
For details of reduced doses of loracarbef in patients with renal
impairment, see below.
◊ General references.
1. Moellering RC, Jacobs NF. Advances in outpatient antimicrobial

therapy: loracarbef. Am J Med 1992; 92 (suppl 6A): 1S–103S. 
2. Brogden RN, McTavish D. Loracarbef: a review of its antimicro-

bial activity, pharmacokinetic properties and therapeutic effica-
cy. Drugs 1993; 45: 716–36.

Administration in renal impairment. Doses of loracarbef
should be reduced in patients with renal impairment; patients
with a creatinine clearance of 10 to 49 mL/minute may be given
half the usual dose at the usual dosage interval or the full usual
dose at twice the usual interval; patients with a creatinine clear-
ance of less than 10 mL/minute may be treated with the usual
dose given every 3 to 5 days. Patients on haemodialysis should
receive another dose following dialysis.
Preparations
USP 31: Loracarbef Capsules; Loracarbef for Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Ger.: Lorafem; Gr.: Lorbef; Mex.: Carbac†; Lorabid†; S.Afr.: Lorabid;
Swed.: Lorabid; Turk.: Lorabid; USA: Lorabid†.

Lymecycline (BAN, rINN)

Limeciclina; Limesiklin; Lymécycline; Lymecyclinum; Lymecyklin;
Lymecyklina; Lymesykliini; Tetracyclinemethylene lysine. (+)-N-
(5-Amino-5-carboxypentylaminomethyl)-4-dimethylamino-
1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy-6-
methyl-1,11-dioxonapthacene-2-carboxamide; N2-{[(+)-5-Ami-
no-5-carboxypentylamino]methyl}tetracycline.
Лимециклин
C29H38N4O10 = 602.6.
CAS — 992-21-2.
ATC — J01AA04.
ATC Vet — QJ01AA04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Lymecycline). A reaction product of formaldehyde,
lysine, and tetracycline. A yellow, hygroscopic powder. Very sol-
uble in water; slightly soluble in alcohol; practically insoluble in
dichloromethane. A 1% solution in water has a pH of 7.8 to 8.2.
Store in airtight containers. Protect from light.
Profile
Lymecycline is a tetracycline derivative with general properties
similar to those of tetracycline (p.347). Although its absorption
is not significantly affected by moderate amounts of milk, it is
still affected by divalent and trivalent cations such as aluminium,
bismuth, calcium, iron, magnesium, and zinc. 
Lymecycline is given orally and doses are expressed in terms of
the equivalent amount of tetracycline base. Lymecycline 407 mg
is equivalent to about 300 mg of tetracycline and to about
325 mg of tetracycline hydrochloride. The usual adult dose is the
equivalent of 300 mg of tetracycline base twice daily. In severe
infections total daily doses of up to the equivalent of 1.2 g may
be given. In the treatment of acne, the equivalent of 300 mg is
given daily for at least 8 weeks. 
For details of use in children and adolescents, see below.
Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential. In the UK, lymecycline is licensed for use in children
aged 12 years and over; the usual adult dose (see above) may be
given by mouth. However, in some countries, it is licensed for
use in those over 8 years old.
Skin disorders. For reference to the use of lymecycline in the
treatment of acne, see under Tetracycline, p.350.
Preparations
BP 2008: Lymecycline Capsules.
Proprietary Preparations (details are given in Part 3)
Arg.: Tetralysal; Austria: Tetralysal; Belg.: Tetralysal; Braz.: Tetralysal;
Denm.: Tetralysal; Fin.: Tetralysal; Fr.: Tetralysal; Hong Kong: Tetralysal;
Hung.: Tetralysal; Irl.: Tetralysal; Ital.: Tetralysal; Mex.: Tetralisal; Norw.:
Tetralysal; NZ: Tetralysal; Philipp.: Tetralysal; S.Afr.: Tetralysal; Swed.: Te-
tralysal; Switz.: Tetralysal; UK: Tetralysal; Venez.: Tetralysal.

Mafenide (BAN, USAN, rINN)

Mafenid; Mafenida; Mafénide; Mafenidi; Mafenidum; NSC-34632.
α-Aminotoluene-p-sulphonamide.
Мафенид
CAS — 138-39-6.
ATC — D06BA03.
ATC Vet — QD06BA03.

Mafenide Acetate (BANM, rINNM)

Acetato de mafenida; Mafénide, Acétate de; Mafenidi Acetas.
Мафенида Ацетат
C7H10N2O2S,C2H4O2 = 246.3.
CAS — 13009-99-9.
ATC — D06BA03.
ATC Vet — QD06BA03.
Pharmacopoeias. In Chin. and US.  
USP 31 (Mafenide Acetate). A white to pale yellow crystalline
powder. Freely soluble in water. pH of a 10% solution in water is
between 6.4 and 6.8. Store in airtight containers. Protect from
light.
Adverse Effects, Treatment, and Precautions
Mafenide is absorbed to some extent after topical application and
may produce systemic effects similar to those of other sulfona-
mides (see Sulfamethoxazole, p.340). Fatal haemolytic anaemia
with disseminated intravascular coagulation, related to G6PD
deficiency, has been reported. 
Mafenide cream may cause pain or a burning sensation on appli-
cation to the burnt area, with occasional bleeding or excoriation.
The separation of the eschar may be delayed and fungal invasion
of the wound has been reported. By its action in inhibiting car-
bonic anhydrase, mafenide may cause metabolic acidosis and
hyperventilation; acid–base balance should therefore be moni-
tored, particularly in patients with extensive burns, or with pul-
monary or renal impairment. If persistent acidosis occurs, mafe-
nide treatment should be temporarily suspended and fluid
therapy continued.
Pharmacokinetics
Mafenide is absorbed from wounds into the circulation and is
metabolised to p-carboxybenzenesulfonamide, which is excreted
in the urine. The metabolite has no antibacterial action but retains
the ability to inhibit carbonic anhydrase.
Uses and Administration
Mafenide is a sulfonamide that is not inactivated by p-aminoben-

zoic acid or by pus and serum. The acetate is used as a cream,
containing the equivalent of mafenide 8.5%, in conjunction with
debridement, for the prevention and treatment of infection, in-
cluding Pseudomonas aeruginosa, in second- and third-degree
burns (p.1578). A solution containing mafenide acetate 5% is
also available for use under moist dressings in burns. Mafenide
hydrochloride and mafenide propionate have also been used.
Preparations
USP 31: Mafenide Acetate Cream; Mafenide Acetate for Topical Solution.
Proprietary Preparations (details are given in Part 3)
USA: Sulfamylon.
Multi-ingredient: Indon.: FG Ointment; Spain: Pental Forte†.

Magainins
Magaininas.
Магаинины

Profile
The magainins are a group of antibacterial peptides derived from
amphibians. A number of semisynthetic derivatives including
pexiganan acetate (MSI-78), MSI-93, and MSI-94 have been in-
vestigated as topical anti-infectives.
◊ References.
1. Lamb HM, Wiseman LR. Pexiganan acetate. Drugs 1998; 56:

1047–52. 
2. Rao N, Lipsky BA. Optimising antimicrobial therapy in diabetic

foot infections. Drugs 2007; 67: 195–214.

Mandelic Acid
Ácido fenilglicólico; Ácido mandélico racémico; Amygdalic Acid;
Mandélico, ácido; Phenylglycolic Acid; Racemic Mandelic Acid. 2-
Hydroxy-2-phenylacetic acid.
Миндальная Кислота
C8H8O3 = 152.1.
CAS — 90-64-2; 17199-29-0 ((+)-mandelic acid); 611-
71-2 ((−)-mandelic acid); 611-72-3 ((±)-mandelic acid).
ATC — B05CA06; J01XX06.
ATC Vet — QB05CA06; QJ01XX06.

Profile
Mandelic acid has bacteriostatic properties and is used as a 1%
flushing solution for the maintenance of indwelling urinary cath-
eters. Mandelic acid and acetyl mandelic acid are used topically
in preparations for the treatment of acne. It was formerly given
orally in the treatment of urinary-tract infections, usually as the
ammonium or calcium salt. 
Mandelic acid is a component of methenamine mandelate
(p.298).
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Rolip†.
Multi-ingredient: Chile: Neostrata; Fr.: Sphingogel†; Zeniac LP Fort†;
Zeniac LP†; Zeniac†; Ital.: Neoceuticals Clear Skin; Neoceuticals Spot
Treatment; Port.: Mandelip†.

Marbofloxacin (BAN, rINN)

Marbofloksasiini; Marbofloxacine; Marbofloxacino; Marbofloxaci-
num. 9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazi-
nyl)-7-oxo-7H-pyrido[3,2,1-ij][4,1,2]benzoxadiazine-6-carboxyl-
ic acid.
Марбофлоксацин
C17H19FN4O4 = 362.4.
CAS — 115550-35-1.
ATC Vet — QJ01MA93.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Marbofloxacin for Veterinary Use). A light yellow,
crystalline powder. Slightly soluble in water; very slightly solu-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ble in alcohol; sparingly soluble or slightly soluble in dichlo-
romethane. Protect from light.
Profile
Marbofloxacin is a fluoroquinolone antibacterial used in veteri-
nary medicine.

Mecillinam (BAN, rINN)

Amdinocillin (USAN); FL-1060; Mecilinam; Mécillinam; Mecillina-
mum; Mesillinaami; Ro-10-9070. (6R)-6-(Perhydroazepin-1-yl-
methyleneamino)penicillanic acid.
Мециллинам
C15H23N3O3S = 325.4.
CAS — 32887-01-7.
ATC — J01CA11.
ATC Vet — QJ01CA11.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213.
Porphyria. Mecillinam has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Interactions
As for Benzylpenicillin, p.214.
Antimicrobial Action
Mecillinam is a derivative of amidinopenicillanic acid. Unlike
benzylpenicillin and related antibiotics, it is active against many
Gram-negative bacteria, in particular Enterobacteriaceae includ-
ing Escherichia coli, Enterobacter, Klebsiella, Salmonella, and
Shigella spp. The susceptibility of Proteus spp. varies; Serratia
marcescens is generally resistant. It is less active against Neisse-
ria spp. and Haemophilus influenzae. Pseudomonas aeruginosa
and Bacteroides spp. are considered to be resistant. It is much
less active against Gram-positive bacteria; enterococci including
Enterococcus faecalis are resistant. 
Mecillinam interferes with the synthesis of the bacterial cell wall
by binding with a different penicillin-binding protein from ben-
zylpenicillin. This difference in mode of action may explain the
synergism against many Gram-negative organisms that has been
reported in vitro between mecillinam and various penicillins or
cephalosporins. 
Mecillinam is inactivated by beta-lactamases, but is more stable
than ampicillin.
Pharmacokinetics
Mecillinam is poorly absorbed from the gastrointestinal tract.
Peak plasma concentrations of about 6 and 12 micrograms/mL
have been achieved half an hour after intramuscular doses of 200
and 400 mg, respectively. The usual plasma half-life of about 1
hour has been reported to be prolonged to 3 to 5 hours or more in
severe renal impairment. Between 5 and 10% of mecillinam is
bound to plasma proteins. Mecillinam is widely distributed into
body tissues and fluids; little passes into the CSF unless the me-
ninges are inflamed. It crosses the placenta into the fetal circula-
tion; little appears to be distributed into breast milk. 
Mecillinam is metabolised to only a limited extent. From 50 to
70% of a parenteral dose may be excreted in the urine within 6
hours by glomerular filtration and tubular secretion. Renal tubu-
lar secretion can be reduced by probenecid. Some mecillinam is
excreted in bile where high concentrations are achieved. 
Mecillinam is removed by haemodialysis.
Uses and Administration
Mecillinam is a semisynthetic penicillin with a substituted amid-
ino group at the 6-position of the penicillanic acid nucleus. It is
given by slow intravenous injection, by intravenous infusion, or
intramuscularly, in the treatment of susceptible Gram-negative
infections (see under Antimicrobial Action, above). 
For urinary-tract infections a dose of 800 mg is given every 6 to
8 hours. A total dose of up to 60 mg/kg daily may be used in very
severe infections. 
Mecillinam has been used with other beta lactams to extend the
spectrum of antimicrobial activity to Gram-positive organisms
and because of reported synergism against Gram-negative bacte-
ria in vitro. 
The pivaloyloxymethyl ester of mecillinam, pivmecillinam, is
used orally (see p.317).
Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Selexid; Gr.: Selexid; Norw.: Selexid; Swed.: Selexid.

Meclocycline (BAN, USAN, rINN)

GS-2989; Meclociclina; Méclocycline; Meclocyclinum; Meklocyk-
lin; Meklosykliini; NSC-78502. (4S,4aR,5S,5aR,6S,12aS)-7-Chloro-
4-dimethylamino-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-
pentahydroxy-6-methylene-1,11-dioxonaphthacene-2-carboxa-
mide; 7-Chloro-6-demethyl-6-deoxy-5β-hydroxy-6-methylene-
tetracycline.
Меклоциклин
C22H21ClN2O8 = 476.9.
CAS — 2013-58-3.
ATC — D10AF04.
ATC Vet — QD10AF04.

Meclocycline Sulfosalicylate (USAN)

Meclociclina, sulfosalicilato de; Meclocycline Sulphosalicylate.
Meclocycline 5-sulphosalicylate.
C22H21ClN2O8,C7H6O6S = 695.0.
CAS — 73816-42-9.
ATC — D10AF04.
ATC Vet — QD10AF04.
Pharmacopoeias. In US. 
USP 31 (Meclocycline Sulfosalicylate). pH of a 1% solution in
water is between 2.5 and 3.5. Store in airtight containers. Protect
from light.
Profile
Meclocycline is a tetracycline antibacterial derived from oxytet-
racycline (p.312). It is applied topically as the sulfosalicylate for
the treatment of acne vulgaris and superficial skin infections. Po-
tency is expressed in terms of meclocycline. Preparations con-
taining the equivalent of 1 or 2% are available. Meclocycline sul-
fosalicylate has also been given as a pessary in the treatment of
vulvovaginal infections.
Preparations
USP 31: Meclocycline Sulfosalicylate Cream.

Proprietary Preparations (details are given in Part 3)
Ger.: Meclosorb; Ital.: Mecloderm; Mecloderm Antiacne; Mecloderm
Ovuli; Mecloderm Polvere Aspersoria†; Meclutin Semplice†.
Multi-ingredient: Ital.: Anti-Acne; Mecloderm F; Meclutin†.

Meleumycin
Pharmacopoeias. In Chin.
Profile
Meleumycin, a macrolide antibacterial produced by the growth
of Streptomyces mycarofaciens, consists of a mixture of mide-
camycin A1 and kitasamycin A6. It has actions and uses similar
to those of erythromycin (p.269) and is given orally in the treat-
ment of susceptible infections.

Meropenem (BAN, USAN, rINN)

ICI-194660; Meropeneemi; Méropénem; Meropenemum; SM-
7338. (4R,5S,6S)-3-[(3S,5S)-5-Dimethylcarbamoylpyrrolidin-3-
ylthio]-6-[(R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyc-
lo[3.2.0]hept-2-ene-2-carboxylic acid trihydrate.
Меропенем
C17H25N3O5S,3H2O = 437.5.
CAS — 96036-03-2 (meropenem); 119478-56-7 (mero-
penem tr ihydrate).
ATC — J01DH02.
ATC Vet — QJ01DH02.

Pharmacopoeias. In Chin., Jpn, and US. 
USP 31 (Meropenem). Colourless to white crystals. Sparingly
soluble in water; very slightly soluble in alcohol; practically in-
soluble in acetone and in ether; soluble in dimethylformamide
and in 5% monobasic potassium phosphate solution. pH of a 1%
solution in water is between 4.0 and 6.0. Store in airtight contain-
ers.

Adverse Effects and Precautions
As for Imipenem, p.286. 
Meropenem is more stable to renal dehydropeptidase I
than imipenem and use with cilastatin, which inhibits
this enzyme, is not required. Meropenem may have

less potential to induce seizures than imipenem (see
also below).
Effects on the nervous system. Animal studies have indicat-
ed that meropenem induces fewer seizures than imipenem-cilas-
tatin and clinical data from the manufacturer have substantiated
this.1 Comparison of data2 from 4872 patients with a variety of
infections (including meningitis) treated with meropenem with
that from 4752 patients who received other antibacterials, princi-
pally cephalosporin-based regimens or imipenem-cilastatin,
showed that meropenem was not associated with any greater risk
of seizures than the other antibacterials and was likely to have
less neurotoxic potential than imipenem-cilastatin, making it a
suitable drug to use in the treatment of meningitis.
1. Norrby SR, et al. Safety profile of meropenem: international

clinical experience based on the first 3125 patients treated with
meropenem. J Antimicrob Chemother 1995; 36 (suppl A):
207–23. 

2. Norrby SR, Gildon KM. Safety profile of meropenem: a review
of nearly 5,000 patients treated with meropenem. Scand J Infect
Dis 1999; 31: 3–10.

Interactions
Probenecid inhibits the renal excretion of meropenem
thereby increasing its plasma concentrations and pro-
longing its elimination half-life.
Antiepileptics. For reports of decreased plasma-valproate con-
centrations (sometimes with loss of seizure control) attributed to
meropenem, see p.510.

Antimicrobial Action
As for Imipenem, p.287. 
Meropenem is slightly more active than imipenem
against Enterobacteriaceae and slightly less active
against Gram-positive organisms.

Pharmacokinetics
After intravenous injection of meropenem 0.5 and 1 g
over 5 minutes, peak plasma concentrations of about
50 and 112 micrograms/mL respectively are attained.
The same doses infused over 30 minutes produce peak
plasma concentrations of 23 and 49 micrograms/mL,
respectively. 
Meropenem has a plasma elimination half-life of about
1 hour; this may be prolonged in patients with renal
impairment and is also slightly prolonged in children.
Meropenem is widely distributed into body tissues and
fluids including the CSF and bile. It is about 2% bound
to plasma proteins. It is more stable to renal dehy-
dropeptidase I than imipenem and is mainly excreted in
the urine by tubular secretion and glomerular filtration.
About 70% of a dose is recovered unchanged in the
urine over a 12-hour period and urinary concentrations
above 10 micrograms/mL are maintained for up to 5
hours after a 500-mg dose. Meropenem is reported to
have one metabolite (ICI-213689), which is inactive
and is excreted in the urine. 
Meropenem is removed by haemodialysis.
◊ References.
1. Chimata M, et al. Pharmacokinetics of meropenem in patients

with various degrees of renal function, including patients with
end-stage renal disease. Antimicrob Agents Chemother 1993;
37: 229–33. 

2. Dagan R, et al. Penetration of meropenem into the cerebrospinal
fluid of patients with inflamed meninges. J Antimicrob Chem-
other 1994; 34: 175–9. 

3. Mouton JW, Van den Anker JN. Meropenem clinical pharma-
cokinetics. Clin Pharmacokinet 1995; 28: 275–86. 

4. Blumer JL, et al. Sequential, single-dose pharmacokinetic eval-
uation of meropenem in hospitalized infants and children. Anti-
microb Agents Chemother 1995; 39: 1721–5. 

5. Novelli A, et al. Clinical pharmacokinetics of meropenem after
the first and tenth intramuscular administration. J Antimicrob
Chemother 1996; 37: 775–81. 

6. Thalhammer F, et al. Continuous infusion versus intermittent
administration of meropenem in critically ill patients. J Antimi-
crob Chemother 1999; 43: 523–7. 

7. Giles LJ, et al. Pharmacokinetics of meropenem in intensive
care unit patients receiving continuous veno-venous hemofiltra-
tion or hemodiafiltration. Crit Care Med 2000; 28: 632–7. 

8. Thalhammer F, Horl WH. Pharmacokinetics of meropenem in
patients with renal failure and patients receiving renal replace-
ment therapy. Clin Pharmacokinet 2000; 39: 271–9. 

9. Ververs TF, et al. Pharmacokinetics and dosing regimen of
meropenem in critically ill patients receiving continuous veno-
venous hemofiltration. Crit Care Med 2000; 28: 3412–16. 

10. van Enk JG, et al. Pharmacokinetics of meropenem in preterm
neonates. Ther Drug Monit 2001; 23: 198–201. 

11. Goldstein SL, et al. Meropenem pharmacokinetics in children
and adolescents receiving hemodialysis. Pediatr Nephrol 2001;
16: 1015–18. 

12. Ariano RE, et al. Pharmacokinetics and pharmacodynamics of
meropenem in febrile neutropenic patients with bacteremia. Ann
Pharmacother 2005; 39: 32–8. 
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13. Isla A, et al. Meropenem and continuous renal replacement ther-

apy: in vitro permeability of 2 continuous renal replacement
therapy membranes and influence of patient renal function on
the pharmacokinetics in critically ill patients. J Clin Pharmacol
2005; 45: 1294–1304. 

14. Novelli A, et al. Pharmacokinetic evaluation of meropenem and
imipenem in critically ill patients with sepsis. Clin Pharmacok-
inet 2005; 44: 539–49. 

15. Du X, et al. Population pharmacokinetics and pharmacodynam-
ics of meropenem in pediatric patients. J Clin Pharmacol 2006;
46: 69–75.

Uses and Administration
Meropenem is a carbapenem beta-lactam antibacterial
with actions and uses similar to those of imipenem
(p.287). It is more stable to renal dehydropeptidase I
than imipenem and need not be given with an enzyme
inhibitor such as cilastatin. It is used in the treatment of
susceptible infections including intra-abdominal infec-
tions, gynaecological infections, meningitis, respirato-
ry-tract infections (including in cystic fibrosis pa-
tients), septicaemia, skin and skin structure infections,
urinary-tract infections, and infections in immunocom-
promised patients. For details of these infections and
their treatment, see under Choice of Antibacterial,
p.162. 
Meropenem is given intravenously as the trihydrate,
but doses are expressed in terms of the amount of an-
hydrous meropenem; 1.14 g of meropenem trihydrate
is equivalent to about 1 g of anhydrous meropenem. It
is given by slow injection over 3 to 5 minutes or by
infusion over 15 to 30 minutes in a usual adult dose of
0.5 to 1 g every 8 hours. A dose of 2 g every 8 hours is
given for meningitis; doses of up to 2 g every 8 hours
have also been used in cystic fibrosis. For details of re-
duced doses in renal impairment, see below. 
For details of doses in infants and children, see below.
◊ Reviews.
1. Wiseman LR, et al. Meropenem: a review of its antibacterial ac-

tivity, pharmacokinetic properties and clinical efficacy. Drugs
1995; 50: 73–101. 

2. Finch RG, et al. eds. Meropenem: focus on clinical performance.
J Antimicrob Chemother 1995; 36 (suppl A): 1–223. 

3. Hellinger WC, Brewer NS. Carbapenems and monobactams: im-
ipenem, meropenem, and aztreonam. Mayo Clin Proc 1999; 74:
420–34. 

4. Hurst M, Lamb HM. Meropenem: a review of its use in patients
in intensive care. Drugs 2000; 59: 653–80. 

5. Lowe MN, Lamb HM. Meropenem: an updated review of its use
in the management of intra-abdominal infections. Drugs 2000;
60: 619–46. 

6. Edwards SJ, et al. Systematic review comparing meropenem
with imipenem plus cilastatin in the treatment of severe infec-
tions. Curr Med Res Opin 2005; 21: 785–94. 

7. Linden P. Safety profile of meropenem: an updated review of
over 6000 patients treated with meropenem. Drug Safety 2007;
30: 657–68. 

8. Baldwin CM, et al. Meropenem: a review of its use in the treat-
ment of serious bacterial infections. Drugs 2008; 68: 803–38.

Administration in children. Use of meropenem is licensed in
both the UK and the USA for infants and children over 3 months
of age and weighing less than 50 kg. The usual dose is 10 to
20 mg/kg every 8 hours. A dose of 40 mg/kg is given every 8
hours for meningitis; doses of 25 to 40 mg/kg every 8 hours have
been used in children aged 4 to 18 years with cystic fibrosis. 
In addition, the BNFC suggests the following doses for those un-
der 3 months of age: 
• neonates under 7 days of age: 20 mg/kg every 12 hours (or

40 mg/kg every 12 hours in severe infections and in meningi-
tis) 

• neonates 7 to 28 days of age: 20 mg/kg every 8 hours (or
40 mg/kg every 8 hours in severe infections and in meningitis) 

• infants 1 to 3 months of age: 10 mg/kg every 8 hours (or
20 mg/kg every 8 hours in severe infections; 40 mg/kg every
8 hours in meningitis)

Administration in renal impairment. Doses of meropenem
should be reduced in patients with renal impairment. The follow-
ing doses may be given to adults based on creatinine clearance
(CC): 
• CC 26 to 50 mL/minute: the usual dose given every 12 hours 
• CC 10 to 25 mL/minute: one-half the usual dose every 12

hours 
• CC less than 10 mL/minute: one-half the usual dose every 24

hours 
• haemodialysis patients: the usual dose after the dialysis ses-

sion

Preparations
USP 31: Meropenem for Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Meroefectil; Merotenk; Merozen; Merpem; Zeropenem†; Austral.:
Merrem; Austria: Optinem; Belg.: Meronem; Braz.: Meronem; Meroxil†;
Canad.: Merrem; Chile: Meronem; Cz.: Meronem; Denm.: Meronem;
Fin.: Meronem; Ger.: Meronem; Gr.: Meronem; Hong Kong: Meronem;

Hung.: Meronem; India: Meronem; Indon.: Merofen; Meronem; Ronem;
Tripenem; Irl.: Meronem; Israel: Meronem; Ital.: Merrem; Jpn: Meropen;
Malaysia: Meronem; Mex.: Merrem; Neth.: Meronem; Norw.:
Meronem; NZ: Merrem; Philipp.: Meronem; Pol.: Meronem; Port.:
Meronem; Rus.: Meronem (Меронем); S.Afr.: Meronem; Singapore:
Meronem; Spain: Meronem; Swed.: Meronem; Switz.: Meronem; Thai.:
Meronem; Turk.: Meronem; UK: Meronem; USA: Merrem; Venez.:
Meronem.

Metampicillin Sodium (rINNM)

Metampicilina sódica; Métampicilline Sodique; Natrii Metampicil-
linum. Sodium (6R)-6-(D-2-methyleneamino-2-phenylacetami-
do)penicillanate.
Натрий Метампициллин
C17H18N3NaO4S = 383.4.
CAS — 6489-97-0 (metampicillin); 6489-61-8 (metamp-
icillin sodium).
ATC — J01CA14.
ATC Vet — QJ01CA14.

Profile
Metampicillin has actions and uses similar to those of ampicillin
(p.204). 
After oral doses it is almost completely hydrolysed to ampicillin.
When given parenterally, however, a proportion of the dose ex-
ists in the circulation as unchanged metampicillin which has
some antibacterial activity of its own.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Gentocelina†.

Methacycline (BAN, USAN)

Metacycline (pINN); GS-2876; Metaciclina; Métacycline; Metacycli-
num; Metacyklin; Metasykliini. (4S,4aR,5S,5aR,6S,12aS)-4-Dimeth-
ylamino-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-pentahy-
droxy-6-methylene-1,11-dioxonaphthacene-2-carboxamide; 6-
Demethyl-6-deoxy-5β-hydroxy-6-methylenetetracycline.
Метациклин
C22H22N2O8 = 442.4.
CAS — 914-00-1.
ATC — J01AA05.
ATC Vet — QJ01AA05.

Methacycline Hydrochloride (BANM)

Metacycline Hydrochloride (pINNM); Hidrocloruro de metacicli-
na; Métacycline, Chlorhydrate de; Metacyclini Chloridum; Meta-
cyclini Hydrochloridum; Metacykliny chlorowodorek; Méthylène-
cycline Chlorhydrate; 6-Methyleneoxytetracycline Hydrochlo-
ride.
Метациклина Гидрохлорид
C22H22N2O8,HCl = 478.9.
CAS — 3963-95-9.
ATC — J01AA05.
ATC Vet — QJ01AA05.
Pharmacopoeias. In Chin., Pol., and US. 
USP 31 (Methacycline Hydrochloride). A yellow to dark yellow
crystalline powder. Soluble 1 in 100 of water, 1 in 300 of alcohol,
and 1 in 25 of 0.1N sodium hydroxide; very slightly soluble in
chloroform and in ether. pH of a solution in water containing the
equivalent of methacycline 1% is between 2.0 and 3.0. Store in
airtight containers. Protect from light.
Profile
Methacycline is a tetracycline derivative with uses similar to
those of tetracycline (p.347). Like demeclocycline, it is excreted
more slowly than tetracycline and effective blood concentrations
are maintained for longer periods; the plasma elimination half-
life is about 14 hours. 
Methacycline hydrochloride is given orally in a usual adult dose
of 600 mg daily in 2 divided doses, preferably 1 hour before or 2
hours after meals.
Preparations
USP 31: Methacycline Hydrochloride Capsules; Methacycline Hydrochlo-
ride Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Fr.: Lysocline; Physiomycine; Ital.: Esarondil; Rotilen; Stafilon.

Methaniazide (rINN)

Isoniazid Mesylate; Isoniazid Methanesulfonate; Metaniazida;
Méthaniazide; Methaniazidum. 2-Isonicotinoylhydrazinometh-
anesulphonic acid.
Метаниазид
C7H9N3O4S = 231.2.
CAS — 13447-95-5 (methaniazide); 6059-26-3 (metha-
niazide calcium); 3804-89-5 (methaniazide sodium).

Profile
Methaniazide is a derivative of isoniazid (p.288). It has been
used orally and by injection as the calcium and sodium salts re-
spectively in the treatment of tuberculosis.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Neo-Tizide; India: Erbazide†.
Multi-ingredient: India: Strepto-Erbazide†.

Methenamine (rINN)

Aminoform; E239; Esametilentetrammina; Esammina; Formine;
Heksamin; Hexamethylenamine; Hexamine; Metenamiini;
Meténamin; Metenamin; Metenamina; Metenaminas; Metenam-
mina; Methenamin; Méthénamine; Methenaminum; Urotropine.
Hexamethylenetetramine; 1,3,5,7-Tetraazatricyclo[3.3.1.13,7]de-
cane.
Метенамин
C6H12N4 = 140.2.
CAS — 100-97-0.
ATC — J01XX05.
ATC Vet — QJ01XX05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Methenamine). A white, or almost white, crystal-
line powder or colourless crystals. Freely soluble in water; solu-
ble in alcohol and in dichloromethane. Protect from light. 
USP 31 (Methenamine). Colourless, practically odourless, lus-
trous crystals or white crystalline powder. Soluble 1 in 1.5 of wa-
ter, 1 in 12.5 of alcohol, 1 in 10 of chloroform, and 1 in 320 of
ether. Its solutions are alkaline to litmus.

Methenamine Hippurate (BAN, USAN, rINNM)

Heksamin Hippurat; Hexamine Hippurate; Hipurato de me-
tenamina; Metenamin Hippurat; Méthénamine, Hippurate de;
Methenamini Hippuras. Hexamethylenetetramine hippurate.
Метенамина Гиппурат
C6H12N4,C9H9NO3 = 319.4.
CAS — 5714-73-8.
ATC — J01XX05.
ATC Vet — QJ01XX05.
Pharmacopoeias. In US.

Methenamine Mandelate (rINNM)

Heksamin Mandelat; Hexamine Amygdalate; Hexamine Mande-
late; Mandelato de metenamina; Metenamin Mandelat;
Méthénamine, Mandelate de; Methenamini Mandelas. Hexame-
thylenetetramine mandelate.
Метенамина Манделат
C6H12N4,C8H8O3 = 292.3.
CAS — 587-23-5.
ATC — J01XX05.
ATC Vet — QJ01XX05.
Pharmacopoeias. In US. 
USP 31 (Methenamine Mandelate). A white, practically odour-
less crystalline powder. Very soluble in water; soluble 1 in 10 of
alcohol, 1 in 20 of chloroform, and 1 in 350 of ether. Its solutions
have a pH of about 4.
Adverse Effects and Precautions
Methenamine and its salts are generally well tolerated but may
cause gastrointestinal disturbances such as nausea, vomiting, and
diarrhoea. Skin rashes, pruritus, and occasionally other hyper-
sensitivity reactions, may occur. 
Comparatively large amounts of formaldehyde may be formed
during prolonged use or when large doses are given. This may
produce irritation and inflammation of the urinary tract, especial-
ly the bladder, as well as painful and frequent micturition, hae-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

maturia, and proteinuria. The effect of the formaldehyde may be
reduced by alkalinising drugs, such as sodium bicarbonate, or
large quantities of water, but it is then less effective. 
Methenamine and its salts are contra-indicated in patients with
hepatic impairment because of the liberation of ammonia in the
gastrointestinal tract. Although methenamine itself is not contra-
indicated in renal impairment, its salts should be avoided in se-
vere impairment because of the risk of mandelate or hippurate
crystalluria. They should also be avoided in patients with severe
dehydration, metabolic acidosis, or gout. 
Interference with laboratory estimations for catecholamines, 17-
hydroxycorticosteroids, and oestrogens in the urine has been re-
ported.
Interactions
The use of drugs that alkalinise the urine, including some antac-
ids, potassium citrate, and diuretics such as acetazolamide or the
thiazides, should be avoided because the activation of methen-
amine to formaldehyde may be inhibited (but see above). 
Use of methenamine with sulfonamides may increase the risk of
crystalluria since methenamine requires low urinary pH for its
effect, at which sulfonamides and their metabolites are poorly
soluble; methenamine may also form poorly soluble compounds
with some sulfonamides.
Antimicrobial Action
Methenamine owes its antibacterial properties to formaldehyde,
a non-specific bactericide, which is slowly liberated by hydroly-
sis at acid pH. Most Gram-positive and Gram-negative organ-
isms and fungi are susceptible. Hippuric and mandelic acids have
some antibacterial activity in vitro, but their contribution to the
antibacterial action of the salts in vivo, beyond assisting the
maintenance of low urinary pH, is uncertain. Urea-splitting or-
ganisms such as Proteus and some Pseudomonas spp. tend to
increase urinary pH and inhibit the release of formaldehyde,
thereby decreasing the effectiveness of methenamine. Use with
acetohydroxamic acid, a potent inhibitor of bacterial urease, has
been suggested for urinary infections due to these organisms.
True resistance to formaldehyde does not appear to be a problem
in clinical use.
Pharmacokinetics
Methenamine is readily absorbed from the gastrointestinal tract
and widely distributed in the body. Under acid conditions meth-
enamine is slowly hydrolysed to formaldehyde and ammonia:
about 10 to 30% of an oral dose may be converted in the stomach
unless it is given as an enteric-coated preparation. Almost no hy-
drolysis of methenamine takes place at physiological pH, and it
is therefore virtually inactive in the body. The half-life is reported
to be about 4 hours. Methenamine is rapidly and almost com-
pletely eliminated in the urine, and provided this is acidic (pref-
erably below pH 5.5) bactericidal concentrations of formalde-
hyde are achieved. Because of the time taken for hydrolysis,
however, these are not achieved until the urine reaches the blad-
der, with peak concentrations occurring up to 2 hours after an
oral dose. Absorption, and hence excretion, may be somewhat
delayed in patients given enteric-coated formulations. 
Methenamine crosses the placenta and small amounts may be
distributed into breast milk. 
The mandelate and hippurate moieties are also rapidly absorbed
and are excreted in urine by tubular secretion as well as glomer-
ular filtration.
Uses and Administration
Methenamine is used, usually as the hippurate or mandelate, in
the prophylaxis and treatment of chronic or recurrent, uncompli-
cated, lower urinary-tract infections and asymptomatic bacteriu-
ria. It has been considered suitable for long-term use because ac-
quired resistance does not appear to develop. 
Methenamine and its salts should not be used in upper urinary-
tract infections because it is eliminated too rapidly to exert an
effect, nor in acute urinary infections. It is only active in acidic
urine, when formaldehyde is released, and although hippuric or
mandelic acid helps to acidify the urine, ammonium chloride or
ascorbic acid may be tried. If urea-splitting bacteria such as Pro-
teus or some Pseudomonas spp. are present they may produce so
much ammonia that the urine cannot be acidified (see also Anti-
microbial Action, above). 
The usual oral adult dose of methenamine or methenamine man-
delate is 1 g given four times daily. Methenamine hippurate is
given orally in a usual dose of 1 g twice daily; the dose may be
increased to three times daily in catheterised patients. 
For details of doses in children, see below. 
Methenamine has been used topically in deodorant preparations,
since in the presence of acid sweat it liberates formaldehyde.
Methenamine calcium thiocyanate has been used in combination
preparations for upper respiratory-tract disorders.
◊ Reviews.
1. Schiøtz HA, Guttu K. Value of urinary prophylaxis with methen-

amine in gynecologic surgery. Acta Obstet Gynecol Scand 2002;
81: 743–6. 

2. Lee BB, et al. Methenamine hippurate for preventing urinary
tract infections. Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 2007 (accessed
11/01/08).

Administration in children. In the USA, the usual recom-
mended oral dose of methenamine mandelate in children up to 6

years old is about 18 mg/kg given four times daily; those aged 6
to 12 years may be given methenamine or methenamine mande-
late 500 mg four times daily. 
In the UK, methenamine hippurate may be given in a usual oral
dose of 500 mg twice daily in children aged 6 to 12 years. Doses
of up to 1 g twice daily have been given in the USA.
Preparations
USP 31: Methenamine Elixir; Methenamine Hippurate Tablets; Methen-
amine Mandelate Delayed-release Tablets; Methenamine Mandelate for
Oral Solution; Methenamine Mandelate Oral Suspension; Methenamine
Mandelate Tablets; Methenamine Tablets.
Proprietary Preparations (details are given in Part 3)
Austral.: Hiprex; Austria: Hiprex; Belg.: Hiprex†; Canad.: Dehydral;
Hiprex; Mandelamine; Urasal†; Denm.: Geasalol†; Haiprex; Fin.: Hipeksal;
Hiprex; Ger.: Antihydral; Urotractan; Irl.: Hiprex†; Israel: Hiprex; Mex.:
Bioran; Neth.: Reflux; Norw.: Hiprex; NZ: Hiprex; Philipp.: Hiprex; Pol.:
Stoppot; S.Afr.: Hippramine†; Mandelamine†; Swed.: Hiprex; Switz.: An-
tihydral; Turk.: Helpa; Hippurin; Manuprin; Neturone; Purinol; Uron; UK:
Hiprex; USA: Hiprex; Mandelamine; Urex; Venez.: Mandelamine.
Multi-ingredient: Arg.: Calculina†; Belg.: Carbobel; Mictasol-P; Micta-
sol†; Braz.: Abacateirol†; Acridin; Cystex; Sepurin; Urodonal†; Chile: Uro-
knop; Fr.: Mictasol; Pedi-Relax Anti-Transpirant; Ger.: Antihydral M†; Hong
Kong: Antihydral M†; Hung.: Bilagit†; Mex.: Furanton†; Pol.: Dezorol;
Pedipur ; Urosal; Turk.: Helmobleu; USA: Atrosept; Cystex; Dolsed†;
MHP-A; MSP-Blu; Prosed/DS; Trac Tabs 2X†; UAA; Urelle; Uretron; Uridon
Modified†; Urimar-T; Urimax; Urised; Uriseptic; UriSym†; Uritact; Uro Blue;
Urogesic Blue; Utira; Venez.: Azo-Mandelamine.

Meticillin Sodium (rINNM)

BRL-1241; Dimethoxyphenecillin Sodium; Dimethoxyphenyl
Penicillin Sodium; Methicillin Sodium (BANM, USAN); Meticilina
sódica; Méticilline Sodique; Meticillinum Natricum; Natrii Meticil-
linum; SQ-16123; X-1497. Sodium (6R)-6-(2,6-dimethoxyben-
zamido)penicillanate monohydrate.
Натрий Метициллин
C17H19N2NaO6S,H2O = 420.4.
CAS — 61-32-5 (meticillin); 132-92-3 (anhydrous meticil-
lin sodium); 7246-14-2 (meticillin sodium monohydrate).
ATC — J01CF03.
ATC Vet — QJ01CF03.

(meticillin)

Incompatibility. Meticillin sodium has been reported to be in-
compatible with aminoglycosides and a number of other antimi-
crobials. It has also been reported to be incompatible with acidic
and alkaline drugs.
Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Meticillin is the penicillin most commonly associated with acute
interstitial nephritis.
Effects on the kidneys. References.
1. Sanjad SA, et al. Nephropathy, an underestimated complication

of methicillin therapy. J Pediatr 1974; 84: 873–7. 
2. Galpin JE, et al. Acute interstitial nephritis due to methicillin.

Am J Med 1978; 65: 756–65.

Sodium content. Each g of meticillin sodium contains about
2.4 mmol of sodium.
Interactions
As for Benzylpenicillin, p.214.
Antimicrobial Action
Meticillin has a mode of action similar to that of benzylpenicillin
(p.214) but it is resistant to staphylococcal penicillinase. There is
evidence that meticillin is more stable to staphylococcal penicil-
linase than the other penicillinase-resistant penicillins. 
Meticillin is active against both penicillinase-producing and non-
penicillinase-producing staphylococci, and also against Strepto-
coccus pyogenes (group A beta-haemolytic streptococci), Str.
pneumoniae, and some viridans streptococci. Its activity against
penicillin-sensitive staphylococci and streptococci is less than
that of benzylpenicillin. It is virtually ineffective against Entero-
coccus faecalis. 
Resistance of staphylococci to meticillin is due to the expression
of an altered penicillin-binding protein and is not dependent on
penicillinase production. There is cross-resistance with other
penicillins, including the penicillinase-resistant penicillins
cloxacillin, dicloxacillin, flucloxacillin, nafcillin, and oxacillin,
and with the cephalosporins. Meticillin-resistant staphylococci
are also frequently resistant to other antibacterials, including
aminoglycosides, chloramphenicol, ciprofloxacin, clindamycin,
erythromycin, and tetracycline. The incidence of such resistance
has varied considerably. However, both endemic (restricted to
one hospital) and epidemic (affecting more than one hospital)
strains of meticillin-resistant Staphylococcus aureus (MRSA)

are now recognised and infections are a problem in many hospi-
tals. 
There have been fewer studies on coagulase-negative staphylo-
cocci, but patterns of meticillin resistance in Staph. epidermidis
are similar to those for MRSA and the frequency of resistance
may be higher. 
For further details on meticillin-resistant staphylococci and the
management of infections, see under Staphylococcal Infections,
p.195.
Resistance. References to meticillin-resistant staphylococci.
1. Hackbarth CJ, Chambers HF. Methicillin-resistant staphylococ-

ci: genetics and mechanisms of resistance. Antimicrob Agents
Chemother 1989; 33: 991–4. 

2. Maple PAC, et al. World-wide antibiotic resistance in methicil-
lin-resistant Staphylococcus aureus. Lancet 1989; i: 537–40. 

3. Mouton RP, et al. Correlations between consumption of antibiot-
ics and methicillin resistance in coagulase negative staphyloco-
cci. J Antimicrob Chemother 1990; 26: 573–83. 

4. Marples RR, Reith S. Methicillin-resistant Staphylococcus au-
reus in England and Wales. Commun Dis Rep 1992; 2: R25–R29. 

5. de Lencastre H, et al. Molecular aspects of methicillin resistance
in Staphylococcus aureus. J Antimicrob Chemother 1994; 33:
7–24. 

6. Fluckiger U, Widmer AF. Epidemiology of methicillin-resistant
Staphylococcus aureus. Chemotherapy 1999; 45: 121–34. 

7. Livermore DM. Antibiotic resistance in staphylococci. Int J An-
timicrob Agents 2000; 16 (suppl 1): S3–S10. 

8. Turnidge JD, Bell JM. Methicillin-resistant Staphylococcal au-
reus evolution in Australia over 35 years. Microb Drug Resist
2000; 6: 223–9.

Pharmacokinetics
Meticillin is inactivated by gastric acid and must be given by in-
jection. Peak plasma concentrations are attained within 0.5 to 1
hour of an intramuscular injection; concentrations of up to
18 micrograms/mL have been achieved after a dose of 1 g. A
half-life of 0.5 to 1 hour has been reported, although this may be
increased to 3 to 6 hours in renal impairment. About 40% of the
meticillin in the circulation is bound to plasma proteins. It is
widely distributed in body fluids and in tissues, but there is little
diffusion into the CSF unless the meninges are inflamed. Meti-
cillin also crosses the placenta and appears in breast milk. Rela-
tively high concentrations are achieved in bile compared with
plasma, although only small amounts are excreted in bile. The
majority is rapidly excreted by tubular secretion and glomerular
filtration; up to 80% of an injected dose has been detected un-
changed in the urine. 
Plasma concentrations are enhanced by probenecid. They may
be reduced in patients with cystic fibrosis.
Uses and Administration
Meticillin is a penicillinase-resistant penicillin and has been used
similarly to flucloxacillin (p.277) in the treatment of staphyloco-
ccal infections resistant to benzylpenicillin. It is not active orally
and has been given by injection as the sodium salt.

Mezlocillin (BAN, USAN, rINN)

Metslosilliini; Mezlocilina; Mezlocilline; Mezlocillinum. 6-[N-(3-
Methylsulfonyl-2-oxoimidazolidin-1-ylcarbonyl)-D-phenylgly-
cylamino]penicillanic acid.
Мезлоциллин
C21H25N5O8S2 = 539.6.
CAS — 51481-65-3.
ATC — J01CA10.
ATC Vet — QJ01CA10.

Mezlocillin Sodium (BANM, rINNM)

Bay-f-1353; Mezlocilina sódica; Mezlocilline Sodique; Natrii Me-
zlocillinum. Sodium (6R)-6-[D-2-(3-mesyl-2-oxoimidazolidine-1-
carboxamido)-2-phenylacetamido]penicillanate monohydrate.
Натрий Мезлоциллин
C21H24N5NaO8S2,H2O = 579.6.
CAS — 42057-22-7 (anhydrous mezlocillin sodium);
80495-46-1 (mezlocillin sodium monohydrate).
ATC — J01CA10.
ATC Vet — QJ01CA10.

Pharmacopoeias. In US. 
USP 31 (Mezlocillin Sodium). A white to pale yellow crystalline
powder. Freely soluble in water. pH of a 10% solution in water is
between 4.5 and 8.0. Store in airtight containers.
Incompatibility. Mezlocillin sodium has been reported to be
incompatible with aminoglycosides, ciprofloxacin, metronida-
zole, and tetracyclines.

Adverse Effects and Precautions
As for Carbenicillin Sodium, p.216. 
Prolongation of bleeding time has been less frequent
and less severe with mezlocillin than with carbenicil-
lin.
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Sodium content. Each g of mezlocillin sodium contains about
1.7 mmol of sodium. As mezlocillin sodium has a lower sodium
content than carbenicillin sodium, hypernatraemia and hypoka-
laemia are less likely to occur.

Interactions
As for Benzylpenicillin, p.214.
Cefotaxime. For the effect of mezlocillin on the clearance of
cefotaxime, see p.228.

Antimicrobial Action
Mezlocillin has a similar antimicrobial action to piper-
acillin (p.315). Its activity against Pseudomonas aeru-
ginosa is less than that of azlocillin or piperacillin.

Pharmacokinetics
Mezlocillin is not absorbed from the gastrointestinal
tract to any significant extent. It is well absorbed after
intramuscular injection, with peak plasma concentra-
tions of 15 to 25 micrograms/mL 45 to 90 minutes after
a single dose of 1 g. It is reported to have nonlinear
dose-dependent pharmacokinetics. Between 16 and
42% of mezlocillin in the circulation is bound to plas-
ma proteins. Mezlocillin is reported to have a plasma
half-life of about 1 hour; this is slightly prolonged in
neonates, and in patients with renal impairment half-
lives of up to about 6 hours have been reported. 
Mezlocillin is widely distributed in body tissues and
fluids. It crosses the placenta into the fetal circulation
and small amounts are distributed into breast milk.
There is little diffusion into CSF except when the me-
ninges are inflamed. 
Mezlocillin is reported to be metabolised to a limited
extent. About 55% of a dose is excreted unchanged in
the urine by glomerular filtration and tubular secretion
within 6 hours of a dose, hence achieving high urinary
concentrations. High concentrations are also found in
the bile; up to 30% of a dose has been reported to be
excreted by this route. 
Plasma concentrations are enhanced by probenecid. 
Mezlocillin is removed by haemodialysis, and to some
extent by peritoneal dialysis.

Uses and Administration
Mezlocillin is a ureidopenicillin with uses similar to
those of piperacillin (p.316). It is commonly used with
an aminoglycoside; however they should be given sep-
arately as they have been shown to be incompatible. 
Administration and dosage. Mezlocillin is given by in-
jection as the sodium salt. Doses are expressed in terms
of the equivalent amount of mezlocillin; 1.07 g of me-
zlocillin sodium is equivalent to about 1 g of mezlocil-
lin. Dosage may need to be reduced in renal impair-
ment. It may be given by slow intravenous injection
over 3 to 5 minutes, by intravenous infusion over 30
minutes, or by deep intramuscular injection. Single in-
tramuscular doses should not exceed 2 g. 
For the treatment of serious infections, 200 to
300 mg/kg daily in divided doses may be given intra-
venously. For life-threatening infections, up to
350 mg/kg daily may be used, but the total daily dose
should not normally exceed 24 g. For uncomplicated
urinary-tract infections, a dose of 1.5 to 2 g may be giv-
en intramuscularly or intravenously every 6 hours. 
Uncomplicated gonorrhoea may be treated by a single
intramuscular or intravenous dose of mezlocillin 1 to
2 g. Probenecid 1 g orally may be given at the same
time or up to 30 minutes before the injection. 
For the prophylaxis of infection during surgery, an in-
travenous pre-operative dose of mezlocillin 4 g, re-
peated at 6-hourly intervals for 2 further doses, may be
given.
Preparations
USP 31: Mezlocillin for Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Baypen; Fr.: Baypen; Ger.: Baypen; Israel: Baypen†; Ital.: Baypen.

Multi-ingredient: Ger.: Optocillin†.

Micronomicin Sulfate (pINNM)

Gentamicin C2B Sulphate; KW-1062 (micronomicin); 6′N-Meth-
ylgentamicin C1A Sulphate; Micronomicin Sulphate; Micronomi-
cine, Sulfate de; Micronomicini Sulfas; Sagamicin Sulphate; Sulfato
de micronomicina. O-2-Amino-2,3,4,6-tetradeoxy-6-(methyl-
amino)-a-D-erythro-hexopyranosyl-(1→4)-O-[3-deoxy-4-C-me-
thyl-3-(methylamino)-β-L-arabinopyranosyl-(1→6)]-2-deoxy-D-
streptamine hemipentasulphate.
Микрономицина Сульфат
(C20H41N5O7)2,5H2SO4 = 1417.5.
CAS — 52093-21-7 (micronomicin).
ATC — S01AA22.
ATC Vet — QS01AA22.

(micronomicin)

Pharmacopoeias. In Chin. and Jpn.
Profile
Micronomicin is an aminoglycoside with general properties sim-
ilar to those of gentamicin (p.282). It is given as the sulfate and
doses are expressed in terms of micronomicin; 183 mg of micro-
nomicin sulfate is equivalent to about 120 mg of micronomicin.
It is given by intramuscular injection or by intravenous infusion
over 30 minutes to 1 hour in doses of 120 to 240 mg daily in 2 or
3 divided doses. Dosage should be adjusted based on serum-mi-
cronomicin concentration monitoring. It is also used topically as
eye drops or ointment in a concentration of 0.3% for infections
of the eye.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Luxomicina; Jpn: Sagamicin; Singapore: Sagamicin†.

Midecamycin (rINN)

Midecamicina; Midecamycin A1; Midécamycine; Midecamycinum;
Mydecamycin. 7-(Formylmethyl)-4,10-dihydroxy-5-methoxy-9,16,-
dimethyl-2-oxo-oxacyclohexadeca-11,13-dien-6-yl 3,6-dideoxy-
4-O-(2,6-dideoxy-3-C-methyl-α-L-ribo-hexopyranosyl)-3-
(dimethylamino)-β-D-glucopyranoside 4′,4′′-dipropionate.
Мидекамицин
C41H67NO15 = 814.0.
CAS — 35457-80-8.
ATC — J01FA03.
ATC Vet — QJ01FA03.

Pharmacopoeias. In Jpn.

Midecamycin Acetate (rINNM)

Acecamycin; Acetato de midecamicina; Midecamycin Diacetate;
Midécamycine, Acétate de; Midecamycini Acetas; Miocamycin;
Miokamycin; MOM; Ponsinomycin; 1532-RB. 9,3′′-Diacetylmide-
camycin; Leucomycin V 3B, 9-diacetate 3,4B-dipropanoate.
Мидекамицина Ацетат
C45H71NO17 = 898.0.
CAS — 55881-07-7.
ATC — J01FA11.
ATC Vet — QJ01FA11.
Pharmacopoeias. In Jpn.
Profile
Midecamycin is a macrolide antibacterial produced by the
growth of Streptomyces mycarofaciens with actions and uses

similar to those of erythromycin (p.269) but it is somewhat less
active. It is given orally for the treatment of susceptible infections
as the acetate in usual doses of 0.9 to 1.8 g daily in 2 or 3 divided
doses. It has also been given as the base.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Myoxam†; Belg.: Merced; Fr.: Mosil; Gr.: Miocacin; Miocamen; Hong
Kong: Medemycin; Ital.: Macroral; Midecin; Miocamen; Miokacin; Jpn: Me-
demycin; Miocamycin; Mex.: Midecamin†; Port.: Miocacin; Rus.: Macro-
pen (Макропен); Spain: Momicine; Myoxam; Normicina†; Thai.: Miotin.

Minocycline (BAN, USAN, rINN)

Minociclina; Minocyclinum; Minocyklin; Minosiklin; Minosykliini.
(4S,4aS,5aR,12aS)4,7-Bis(dimethylamino)-1,4,4a,5,5a,6,11,12a-
octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxonaphthacene-2-
carboxamide; 6-Demethyl-6-deoxy-7-dimethylaminotetracy-
cline.
Миноциклин
C23H27N3O7 = 457.5.
CAS — 10118-90-8;.
ATC — A01AB23; J01AA08.
ATC Vet — QA01AB23; QJ01AA08.

Minocycline Hydrochloride (BANM, rINNM)

Hidrocloruro de minociclina; Minociklin-hidroklorid; Minociklino
hidrochloridas; Minocycline, chlorhydrate de; Minocyclini hydro-
chloridum; Minocyklin-hydrochlorid; Minocyklinhydroklorid; Mi-
nocykliny chlorowodorek; Minosykliinihydrokloridi.
Миноциклина Гидрохлорид
C23H27N3O7,HCl = 493.9.
CAS — 13614-98-7.
ATC — A01AB23; J01AA08.
ATC Vet — QA01AB23; QJ01AA08.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Minocycline Hydrochloride Dihydrate). A yellow,
hygroscopic, crystalline powder. Sparingly soluble in water;
slightly soluble in alcohol. It dissolves in solutions of alkali hy-
droxides and carbonates. A 1% solution in water has a pH of 3.5
to 4.5. Store in airtight containers. Protect from light. 
USP 31 (Minocycline Hydrochloride). A yellow crystalline pow-
der. Sparingly soluble in water; slightly soluble in alcohol; prac-
tically insoluble in chloroform and in ether; soluble in solutions
of alkali hydroxides and carbonates. pH of a solution in water
containing the equivalent of minocycline 1% is between 3.5 and
4.5. Store in airtight containers. Protect from light.
Incompatibility. Preparations of minocycline hydrochloride
have an acid pH and incompatibility may reasonably be expected
with alkaline preparations or with drugs unstable at low pH.

Adverse Effects and Precautions
As for Tetracycline, p.347. 
Gastrointestinal disturbances with minocycline are re-
ported to be less frequent than with the less well ab-
sorbed tetracyclines. 
Oesophageal ulceration has occurred and may be a par-
ticular problem if capsules or tablets are taken with in-
sufficient fluid or in a recumbent posture: minocycline
should be taken with at least half a glass of water, in an
upright position, and well before going to bed. 
Vestibular adverse effects including dizziness or verti-
go may occur with minocycline, particularly in wom-
en. Patients should be advised not to drive or operate
machinery if affected. Tinnitus and decreased hearing
have been reported rarely. 
There have also been reports, some fatal, of a hyper-
sensitivity syndrome (comprising eosinophilia, fever,
rash, and varying additional symptoms), a lupus-like
syndrome, and a serum-sickness-like syndrome (both
comprising arthralgia, fever, and joint stiffness or
swelling, amongst other symptoms). 
Minocycline may also cause hyperpigmentation of the
skin (see below). 
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Although minocycline, unlike many tetracyclines,
does not appear to accumulate in patients with renal
impairment, usual doses can lead to higher serum con-
centrations resulting in possible liver toxicity; reduced
doses and monitoring of renal function may be neces-
sary, particularly in those with severe impairment. 
The BNF recommends that if treatment continues for
longer than 6 months patients should be monitored
every 3 months for hepatotoxicity, pigmentation, and
SLE.
Incidence of adverse effects. Severe complications have
been reported in patients given minocycline for acne, including
serum-sickness-like disease,1,2 lupus erythematosus,3 and hepa-
titis.3,4 The number of cases reported probably reflects the wide-
spread use of this drug and the true incidence of such adverse
effects is difficult to assess.5 A study of 700 patients receiving
minocycline for acne revealed adverse effects in 13.6%, mostly
benign.6 Gastrointestinal disturbances and vestibular disturbanc-
es were the most common, each occurring in about 2% of pa-
tients, and pigmentation in up to 4% of patients. 
Another problem is that of assessing the efficacy of minocycline
and the incidence of severe adverse effects relative to other anti-
bacterials commonly used in acne such as tetracycline and eryth-
romycin. A systematic review7 suggested that the incidence of
adverse effects might be greater with minocycline than with dox-
ycycline. A retrospective analysis8 of a UK population database
found that minocycline was associated with an increased risk for
drug-induced lupus erythematosus; no increased risk was report-
ed for the other tetracyclines. Other systematic reviews9,10 con-
cluded that minocycline should not be used as a first-line oral
tetracycline in patients with acne since there is no compelling
evidence that it is more effective than some other tetracyclines or
commonly used treatments; the risk of rare but serious adverse
effects also makes it less suitable.10

1. Knowles SR, et al. Serious adverse reactions induced by mino-
cycline: report of 13 patients and review of the literature. Arch
Dermatol 1996; 132: 934–9. 

2. Harel L, et al. Serum-sickness-like reaction associated with mi-
nocycline therapy in adolescents. Ann Pharmacother 1996; 30:
481–3. 

3. Gough A, et al. Minocycline induced autoimmune hepatitis and
systemic lupus erythematosus-like syndrome. BMJ 1996; 312:
169–72. 

4. Australian Adverse Drug Reactions Advisory Committee
(ADRAC). Minocycline and the liver, the CNS, the skin. Aust
Adverse Drug React Bull 1996; 15: 14. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr9611.htm (accessed 11/08/08) 

5. Seukeran DC, et al. Benefit-risk assessment of acne therapies.
Lancet 1997; 349: 1251–2. 

6. Goulden V, et al. Safety of long-term high-dose minocycline in
the treatment of acne. Br J Dermatol 1996; 134: 693–5. 

7. Smith K, Leyden JJ. Safety of doxycycline and minocycline: a
systematic review. Clin Ther 2005; 27: 1329–42. 

8. Margolis DJ, et al. Association or lack of association between
tetracycline class antibiotics used for acne vulgaris and lupus
erythematosus. Br J Dermatol 2007; 157: 540–6. 

9. Garner SE, et al. Minocycline for acne vulgaris: efficacy and
safety. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2003 (accessed
16/05/05). 

10. McManus P, Iheanacho I. Don’t use minocycline as first line
oral antibiotic in acne. BMJ 2007; 334: 154.

Effects on intracranial pressure. Minocycline has been as-
sociated with benign intracranial hypertension; for further de-
tails, see under Tetracycline, p.348.
Effects on the liver. A systematic review1 considered 65 pub-
lished case reports of hepatitis or liver damage associated with
the use of minocycline for acne, including 4 fatalities, and also
data held by WHO concerning 493 reactions involving the liver
in 393 patients in whom the indication for the use of minocycline
was largely unspecified. 
Of the 65 published cases, 38 occurred in females and 61 in pa-
tients under 40 years of age. These cases appeared to be of the
following types: 
• 16 cases appeared to be attributable to a hypersensitivity reac-

tion, with a rapid onset usually within 1 month of starting
treatment and sometimes associated with eosinophilia and ex-
foliative dermatitis 

• 29 cases of hepatitis (of which 20 were in females) appeared
to be of an auto-immune nature, occurring after 1 year or more
of therapy and sometimes associated with lupus-like symp-
toms 

• 20 cases could not be definitively classified into either group 
The 393 patients described by the WHO data had 22 different
types of hepatic reaction which could be broadly grouped into 4
categories: 
• hepatic dysfunction (32% of patients) 
• hepatitis (26%) 
• abnormal liver function tests (24%) 
• hyperbilirubinaemia or jaundice (14%) 
There were, in addition, several other reactions, including hepat-
ic damage or necrosis in 11 patients and fatty liver in 7. Gender
distribution was almost even. Of the 393 patients, 14 also expe-
rienced lupus-like symptoms. The outcome of the hepatic reac-
tions was reported in less than half of the patients, although it was
apparent that there had been at least 3 fatalities. 

Despite these findings, the reviewers concluded1 that there was
no clear information regarding the absolute or relative risks of
hepatitis in patients given minocycline, and that it was inappro-
priate to comment as to whether monitoring would be worth-
while. A study of the comparative rates of hepatitis in people ex-
posed to minocycline compared with those who were not was
required.
1. Lawrenson RA, et al. Liver damage associated with minocycline

use in acne: a systematic review of the published literature and
pharmacovigilance data. Drug Safety 2000; 23: 333–49.

Effects on the lungs. Hypersensitivity pneumonitis, character-
ised by pulmonary infiltrates and eosinophilia, has been
reported1-6 with minocycline. In most cases, the pneumonitis re-
solved after stopping minocycline but some required corticoster-
oid therapy; however, residual lung damage can occur. In one
case6 relapsing acute respiratory failure that required mechanical
ventilation was reported.
1. Guillon J-M, et al. Minocycline-induced cell-mediated hyper-

sensitivity pneumonitis. Ann Intern Med 1992; 117: 476–81. 
2. Bridges AJ. Minocycline-induced pneumonia. Ann Intern Med

1993; 118: 749–50. 
3. Sigmann P. Minocycline-induced pneumonia. Ann Intern Med

1993; 118: 750. 
4. Sitbon O, et al. Minocycline pneumonitis and eosinophilia: a re-

port on 8 patients. Arch Intern Med 1994; 154: 1633–40. 
5. Dykhuizen RS, et al. Minocycline and pulmonary eosinophilia.

BMJ 1995; 310: 1520–1. 
6. Oddo M, et al. Relapsing acute respiratory failure induced by

minocycline. Chest 2003; 123: 2146–8.

Hyperpigmentation. Minocycline has been associated with
pigmentation of the skin and other tissues.1-3 Three patterns of
skin pigmentation have been described:1 blue-black macules oc-
curring in areas of inflammation and scarring and possibly due to
an iron chelate of minocycline within macrophages; blue-grey
macules or hyperpigmentation affecting normal skin and which
may be due to a breakdown product of minocycline; or a greyish-
brown discoloration occurring particularly in sun-exposed areas
of skin (‘muddy skin syndrome’), apparently due to melanin
deposition. In general, pigmentation results from long-term use
of minocycline at cumulative doses greater than 100 g; however,
skin or oral mucosal pigmentation may occur regardless of dose
or duration of therapy.2 Indeed, there have been reports3 of skin
pigmentation developing after short-term use ranging from 3 to
28 days. Pigmentation of the skin and oral mucosa usually ap-
pears to resolve slowly on stopping the drug although recovery
may be incomplete; pigmentation is often permanent when other
sites are involved.2
1. Basler RSW. Minocycline-related hyperpigmentation. Arch Der-

matol 1985; 121: 606–8. 
2. Eisen D, Hakim MD. Minocycline-induced pigmentation: inci-

dence, prevention and management. Drug Safety 1998; 18:
431–40. 

3. Nakamura S, et al. Acute pigmentation due to minocycline ther-
apy in atopic dermatitis. Br J Dermatol 2003; 148: 1073–4.

Interactions
As for Tetracycline, p.348. 
Minocycline has a lower affinity for binding with cal-
cium than tetracycline. Consequently its absorption is
less likely to be affected by milk or food, although it is
still affected by calcium-containing antacids and other
divalent and trivalent cations such as aluminium, bis-
muth, iron, magnesium, and zinc.

Antimicrobial Action
Minocycline has a spectrum of activity and mode of
action similar to that of tetracycline (p.348) but it is
more active against many species including Staphylo-
coccus aureus, streptococci, Neisseria meningitidis,
various enterobacteria, Acinetobacter, Bacteroides,
Haemophilus, Nocardia, and some mycobacteria, in-
cluding M. leprae. 
Partial cross-resistance exists between minocycline
and other tetracyclines but some strains resistant to oth-
er drugs of the group remain sensitive to minocycline,
perhaps because of better cell-wall penetration.

Pharmacokinetics
For the general pharmacokinetics of the tetracyclines,
see Tetracycline, p.349. 
Minocycline is readily absorbed from the gastrointesti-
nal tract and absorption is not significantly affected by
the presence of food or moderate amounts of milk. Oral
doses of 200 mg followed by 100 mg every 12 hours
are reported to produce plasma concentrations of about
2 to 4 micrograms/mL. It is more lipid-soluble than
doxycycline and the other tetracyclines and is widely
distributed in body tissues and fluids with high concen-
trations being achieved in the hepatobiliary tract,
lungs, sinuses and tonsils, as well as in tears, saliva, and

sputum. Penetration into the CSF is relatively poor, al-
though a higher ratio of CSF to blood concentrations
has been reported with minocycline than with doxycy-
cline. It crosses the placenta and is distributed into
breast milk. About 75% of minocycline in the circula-
tion is bound to plasma proteins. It has a low renal
clearance: only about 5 to 10% of a dose is excreted in
the urine and up to about 34% is excreted in the faeces.
However, in contrast to most tetracyclines it appears to
undergo some metabolism in the liver, mainly to 9-hy-
droxyminocycline. Sources differ as to whether the
normal plasma half-life of 11 to 26 hours is prolonged
in patients with renal impairment, with a consequent
risk of accumulation; hepatic impairment does not ap-
pear to lead to accumulation. Little minocycline is re-
moved by haemodialysis and peritoneal dialysis.
◊ Reviews.
1. Saivin S, Houin G. Clinical pharmacokinetics of doxycycline and

minocycline. Clin Pharmacokinet 1988; 15: 355–66.

Uses and Administration
Minocycline is a tetracycline derivative with uses sim-
ilar to those of tetracycline (p.349). It is also a compo-
nent of multidrug regimens for the treatment of leprosy
(p.176) and has been used in the prophylaxis of menin-
gococcal infection to eliminate the carrier state, but the
high incidence of vestibular disturbances means that it
is not the drug of choice for the latter. 
Minocycline is usually given orally as the hydrochlo-
ride; doses are expressed in terms of the base. Minocy-
cline hydrochloride 108 mg is equivalent to about
100 mg of minocycline. Minocycline capsules and tab-
lets should be taken with plenty of fluid, with the pa-
tient in an upright position, and well before going to
bed. 
In patients in whom oral therapy is not feasible, mino-
cycline hydrochloride has been given by slow intrave-
nous infusion in doses equivalent to those given orally.
In some countries it has also been given by intramus-
cular injection. 
The usual adult oral dose is 200 mg daily in divided
doses, usually every 12 hours; an initial loading dose of
200 mg may be given. 
An oral dose of 50 mg twice daily or 100 mg once dai-
ly is used for the treatment of acne; alternatively, a dose
of about 1 mg/kg once daily is also given as a modi-
fied-release preparation to patients weighing 45 kg and
over. In asymptomatic meningococcal carriers, 100 mg
has been given orally twice daily for 5 days, usually
followed by a course of rifampicin. 
For multibacillary leprosy an oral dose of minocycline
100 mg daily with clofazimine and ofloxacin or
100 mg monthly with rifampicin and ofloxacin have
been recommended by WHO as alternative multidrug
therapy regimens. As an alternative regimen for pa-
tients with single-lesion paucibacillary leprosy WHO
suggests a single dose of minocycline 100 mg with ri-
fampicin and ofloxacin. 
For details of doses in children and adolescents, see be-
low. 
For dosage recommendations in patients with renal im-
pairment, see below. 
In adults with periodontitis, a modified-release subgin-
gival gel containing minocycline hydrochloride has
been inserted into the periodontal pocket as an adjunct
to scaling and root planing; each cartridge contains the
equivalent of 1 mg of minocycline and the total used
depends on the size, shape, and number of pockets be-
ing treated. Minocycline has also been applied as a 2%
gel for periodontal infections.
Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential. In the UK, minocycline is licensed for use in chil-
dren aged 12 years and over; the usual adult dose (see above)
may be given orally. However, in the USA, it may be given to
those over 8 years old in usual oral doses of 4 mg/kg initially
followed by 2 mg/kg every 12 hours.
Administration in renal impairment. US licensed product
information states that pharmacokinetics in patients with renal
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impairment have not been fully characterised and therefore rec-
ommends that no more than 200 mg in any 24-hour period
should be given to these patients.

Motor neurone disease. Minocycline is being investigated as
a potential treatment for amyotrophic lateral sclerosis, a form of
motor neurone disease (p.2380), on the basis of its neuroprotec-
tive properties.

Movement disorders. Minocycline is under investigation1,2

for the management of Huntington’s chorea (p.953).
1. Huntington Study Group. Minocycline safety and tolerability in

Huntington disease. Neurology 2004; 63: 547–9. 
2. Bonelli RM, et al. Neuroprotection in Huntington’s disease: a 2-

year study on minocycline. Int Clin Psychopharmacol 2004; 19:
337–42.

Musculoskeletal and joint disorders. For reference to the
use of minocycline in the treatment of rheumatoid arthritis, see
under Tetracycline, p.350.

Skin disorders. For reference to the use of minocycline in the
treatment of various skin disorders, see under Tetracycline,
p.350.

Preparations

BP 2008: Minocycline Tablets; Prolonged-release Minocycline Capsules; 
USP 31: Minocycline for Injection; Minocycline Hydrochloride Capsules;
Minocycline Hydrochloride Oral Suspension; Minocycline Hydrochloride
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Acneclin; Asolmicina†; Clinax; Meibi; Minocin; Pimple; Seboclear; Aus-
tral.: Akamin; Minomycin; Austria: Auramin; Klinoc†; Minocin†; Minostad;
Minotyrol†; Udima; Belg.: Klinotab; Mino-50; Minocin; Minotab; Braz.: Mi-
noderm; Minomax†; Canad.: Enca; Minocin; Chile: Bagomicina; Minocin†;
Pracne; Cz.: Skid†; Fr.: Mestacine; Minolis; Mynocine; Parocline; Yelnac†;
Zacnan; Ger.: Akne-Puren†; Aknefug Mino; Aknin-Mino†; Aknosan; Klino-
mycin; Lederderm†; Minakne; Mino-Wolff†; Minoclir ; Minoplus; Skid; Skino-
cyclin; Udima; Gr.: Cycline; Minocin; Hong Kong: Minaxen; Minocin; India:
CNN†; Cynomycin; Indon.: Minocin; Irl.: Minocin; Minox; Israel: Minoc-
in†; Minoclin; Ital.: Minocin; Jpn: Periocline; Malaysia: Borymycin; Minoc-
in†; Minoclin; Mex.: Banimed; Micromycin; Minocin; Ranmino; Neth.:
Aknemin; Minocin; Minotab; Peritrol; NZ: Minomycin; Minotabs; Philipp.:
Minocin; Port.: Arestin; Cipancin; Minocin; Minotrex; S.Afr.: Cyclimycin;
Minotabs; Triomin; Singapore: Borymycin; Minocin†; Spain: Minocin;
Switz.: Aknin-N; Aknoral; Minac 50; Minocin; Thai.: Minocin†; UK: Akne-
min; Blemix†; Dentomycin; Minocin; Sebomin; Sebren; USA: Arestin; Cleer-
avue-M; Dynacin; Minocin; Myrac; Solodyn; Venez.: Minocin†.

Morinamide (pINN)

Morinamida; Morinamidum; Morphazinamide. N-Morpholi-
nomethylpyrazine-2-carboxamide.

Моринамид

C10H14N4O2 = 222.2.

CAS — 952-54-5.

ATC — J04AK04.

ATC Vet — QJ04AK04.

Profile
Morinamide is an antimycobacterial that has been given orally as
the hydrochloride in the treatment of tuberculosis.

Preparations

Proprietary Preparations (details are given in Part 3)
Turk.: Morfozid.

Moxifloxacin Hydrochloride (BANM, USAN, rINNM)

Bay-12-8039; Hidrocloruro de moxifloxacino; Moxifloxacine,
chlorhydrate de; Moxifloxacini hydrochloridum. 1-Cyclopropyl-
6-fluoro-1,4-dihydro-8-methoxy-7-[(4aS,7aS)-octahydro-6H-
pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-3-quinolinecarboxylic acid hy-
drochloride.

Моксифлоксацина Гидрохлорид

C21H24FN3O4,HCl = 437.9.

CAS — 151096-09-2 (moxifloxacin); 186826-86-8
(moxifloxacin hydrochloride).

ATC — J01MA14; S01AX22.

ATC Vet — QJ01MA14; QS01AX22.

(moxifloxacin)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Moxifloxacin Hydrochloride). Produced using a
method validated to demonstrate the satisfactory enantiomeric
purity of the final product. A light yellow or yellow powder or
crystals, slightly hygroscopic. Sparingly soluble in water; slight-
ly soluble in alcohol; practically insoluble in acetone. A 0.2% so-
lution in water has a pH of 3.9 to 4.6. Store in airtight containers.
Protect from light.
Adverse Effects and Precautions
As for Ciprofloxacin, p.244.
◊ References.
1. Faich GA, et al. Clinical experience with moxifloxacin in pa-

tients with respiratory tract infections. Ann Pharmacother 2004;
38: 749–54. 

2. Ball P, et al. Safety profile of oral and intravenous moxifloxacin:
cumulative data from clinical trials and postmarketing studies.
Clin Ther 2004; 26: 940–50. 

3. Andriole VT, et al. Retrospective analysis of the safety profile of
oral moxifloxacin in elderly patients enrolled in clinical trials.
Drug Safety 2005; 28: 443–52.

Interactions
As for Ciprofloxacin, p.246. 
Moxifloxacin does not appear to interact significantly with theo-
phylline or probenecid.
Antimicrobial Action
As for Ciprofloxacin, p.246. 
Moxifloxacin is reported to have greater activity against Gram-
positive bacteria, including pneumococci, than ciprofloxacin.
◊ References.
1. Stein GE, et al. Bactericidal activities of methoxyfluoroquinolo-

nes gatifloxacin and moxifloxacin against aerobic and anaerobic
respiratory pathogens in serum. Antimicrob Agents Chemother
2003; 47: 1308–12. 

2. Pletz MWR, et al. Early bactericidal activity of moxifloxacin in
treatment of pulmonary tuberculosis: a prospective, randomized
study. Antimicrob Agents Chemother 2004; 48: 780–2.

Pharmacokinetics
Moxifloxacin is readily absorbed from the gastrointestinal tract
after oral doses with an absolute bioavailability of about 90%. It
is widely distributed throughout the body tissues and is about 30
to 50% bound to plasma proteins. Moxifloxacin has an elimina-
tion half-life of about 12 hours, allowing once-daily dosing. It is
metabolised mainly via sulfate and glucuronide conjugation, and
is excreted in the urine and the faeces as unchanged drug and as
metabolites, the sulfate conjugate primarily in the faeces and the
glucuronide exclusively in the urine. Distribution into milk has
been found in animals.
Uses and Administration
Moxifloxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.247). 
It is given orally, or by intravenous infusion over 60 minutes, for
the treatment of susceptible infections including respiratory, skin
and skin structure, and intra-abdominal infections. Moxifloxacin
is given as the hydrochloride but doses are expressed in terms of
the base; moxifloxacin hydrochloride 436.3 mg is equivalent to
about 400 mg of moxifloxacin. The usual dose is 400 mg once
daily. 
Moxifloxacin is also used topically as the hydrochloride in eye
drops containing the equivalent of 0.5% of moxifloxacin for the
treatment of bacterial conjunctivitis.
◊ Reviews.
1. Keating GM, Scott LJ. Moxifloxacin: a review of its use in the

management of bacterial infections. Drugs 2004; 64: 2347–77. 
2. Miravitlles M, et al. Eficacia clínica del moxifloxacino en el

tratamiento de las agudizaciones de la bronquitis crónica: re-
visión sistemática y metaanálisis. Arch Bronconeumol 2007; 43:
22–8. 

3. Miravitlles M. Moxifloxacin in the management of exacerba-
tions of chronic bronchitis and COPD. Int J Chron Obstruct
Pulmon Dis 2007; 2: 191–204. 

4. O’Brien TP. Evidence-based review of moxifloxacin. Int Oph-
thalmol Clin 2006; 46: 61–72.

Eye infections. In order to attain therapeutic concentrations
most antibacterials used in the treatment of bacterial endoph-
thalmitis need to be given by the intravitreal route but moxi-
floxacin given systemically may produce adequate concentra-
tions. An oral dose of moxifloxacin 400 mg daily may be given
for 10 days.1
1. Moorfields Eye Hospital NHS Foundation Trust. Pharmacists

Handbook 2006. London: Moorfields Pharmaceuticals, 2006.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Avelox; Octegra†; Vigamox; Austral.: Avelox; Austria: Actira; Av-
elox; Octegra; Belg.: Avelox; Proflox; Braz.: Avalox; Vigamox; Canad.:
Avelox; Vigamox; Chile: Avelox; Flovacil; Octegra†; Vigamox; Cz.: Avelox;
Denm.: Avelox; Fin.: Avelox; Fr.: Izilox; Ger.: Avalox; Gr.: Avelox; Octe-
gra; Proflox; Hong Kong: Avelox; Vigamox; Hung.: Avelox; Octegra; In-
dia: Moxicip; Moxif; Indon.: Avelox; Irl.: Avelox; Israel: Megaxin; Vigamox;
Ital.: Actira; Avalox; Octegra; Jpn: Avelox; Malaysia: Avelox; Vigamox;
Mex.: Avelox; Vigamoxi; Neth.: Actira†; Avelox; Octegra; NZ: Avelox;
Philipp.: Avelox; Vigamox; Pol.: Avelox; Port.: Avelox; Proflox; Rus.: Av-
elox (Авелокс); S.Afr.: Avelon; Singapore: Avelox; Vigamox; Spain: Acti-
ra; Octegra; Proflox; Swed.: Avelox; Switz.: Avalox; Thai.: Avelox; Viga-
mox; Turk.: Avelox; UK: Avelox; USA: Avelox; Vigamox; Venez.: Avelox;
Vigamox.

Mupirocin (BAN, USAN, rINN)

BRL-4910A; Mupirocina; Mupirocinas; Mupirocine; Mupirocinum;
Mupirosiini; Pseudomonic Acid. 9-[(2E)-4-[(2S,3R,4R,5S)-5-
[(2S,3S,4S,5S)-2,3-Epoxy-5-hydroxy-4-methylhexyl]tetrahydro-
3,4-dihydroxypyran-2-yl]-3-methylbut-2-enoyloxy]nonanoic ac-
id; (2S-{2α(E),3β,4β,5α[2R*,3R*(1R*,2R*)]})-9-{[3-Methyl-1-oxo-
4-(tetrahydro-3,4-dihydroxy-5-{[3-(2-hydroxy-1-methyl-pro-
pyl)oxiranyl]methyl}-2H-pyran-2-yl)-2-butenyl]oxy}nonanoic ac-
id.
Мупироцин
C26H44O9 = 500.6.
CAS — 12650-69-0.
ATC — D06AX09; R01AX06.
ATC Vet — QD06AX09; QR01AX06.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Mupirocin). A white or almost white powder. It
shows polymorphism. Slightly soluble in water; freely soluble in
dehydrated alcohol, in acetone, and in dichloromethane. The pH
of a freshly prepared saturated solution in water is 3.5 to 4.0. Pro-
tect from light. 
USP 31 (Mupirocin). A white to off-white crystalline solid. Very
slightly soluble in water; freely soluble in dehydrated alcohol, in
acetone, in chloroform, and in methyl alcohol; slightly soluble in
ether. pH of a saturated solution in water is between 3.5 and 4.5.
Store in airtight containers.

Mupirocin Calcium (BANM, USAN, rINNM)

BRL-4910F; Calcii Mupirocinum; Mupirocin vápenatá sůl dihy-
drát; Mupirocina cálcica; Mupirocine calcique; Mupirocinkalcium;
Mupirocin-kalcium; Mupirocino kalcio druska; Mupirocinum calci-
cum; Mupirocinum Calcicum Dihydricum; Mupirosiinikalsium.
Кальций Мупироцин
C52H86O18Ca,2H2O = 1075.3.
CAS — 104486-81-9 (anhydrous mupirocin calcium);
115074-43-6 (mupirocin calcium dihydrate).
ATC — D06AX09; R01AX06.
ATC Vet — QD06AX09; QR01AX06.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Mupirocin Calcium). A white or almost white pow-
der. Very slightly soluble in water; sparingly soluble in dehydrat-
ed alcohol and in dichloromethane. 
USP 31 (Mupirocin Calcium). Store in airtight containers at a
temperature of 25°, excursions permitted between 15° and 30°.

Adverse Effects and Precautions
Mupirocin is usually well tolerated but local reactions
such as burning, stinging, and itching may occur after
the application of mupirocin to the skin. 
Some mupirocin products are formulated in a mac-
rogol base: such formulations are not suitable for appli-
cation to mucous membranes and should be used with
caution in patients with extensive burns or wounds be-
cause of the possibility of macrogol toxicity. Care is
also required in patients with renal impairment.

Antimicrobial Action
Mupirocin is an antibacterial that inhibits bacterial pro-
tein synthesis by binding to isoleucyl transfer RNA
synthetase. It is mainly bacteriostatic at low concentra-
tions, although it is usually bactericidal in the high con-
centrations achieved by topical application to the skin.
At these concentrations it may have some activity
against organisms reported to be relatively resistant to
mupirocin in vitro. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

It is mainly active against Gram-positive aerobes. Most
strains of staphylococci (including meticillin-resistant
and multiply-resistant Staph. aureus) and streptococci
are susceptible in vitro, although the enterococci are
relatively resistant. Mupirocin is also active against
Listeria monocytogenes and Erysipelothrix rhusio-
pathiae. The Gram-negative organisms are generally
insensitive, but Haemophilus influenzae, Neisseria
spp. and a few others are sensitive. Anaerobic organ-
isms, both Gram-positive and Gram-negative, are gen-
erally resistant, and activity against fungi is low. Mupi-
rocin is more active in vitro at acid pH than in alkaline
conditions. 
Naturally resistant strains of Staph. aureus occur rarely
but resistance, including high-level plasmid-mediated
transferable resistance, has emerged, particularly dur-
ing long-term use. There has been some concern that
inappropriate prescribing of mupirocin has led to this
steadily increasing resistance.
Activity against fungi. Activity of mupirocin 2% in vitro
against Candida albicans was comparable to that of other com-
monly used topical antifungals. Although MICs were considera-
bly in excess of those reported for susceptible bacteria, clinical
responses in 10 patients suggested that adequate concentrations
of mupirocin were achieved after topical application.1
1. Rode H, et al. Efficacy of mupirocin in cutaneous candidiasis.

Lancet 1991; 338: 578.

Resistance. References.
1. Cookson BD. The emergence of mupirocin resistance: a chal-

lenge to infection control and antibiotic prescribing practice. J
Antimicrob Chemother 1998; 41: 11–18. 

2. Schmitz F-J, et al. The prevalence of low- and high-level mupi-
rocin resistance in staphylococci from 19 European hospitals. J
Antimicrob Chemother 1998; 42: 489–95. 

3. Upton A, et al. Mupirocin and Staphylococcus aureus: a recent
paradigm of emerging antibiotic resistance. J Antimicrob Chem-
other 2003; 51: 613–17. 

4. Kresken M, et al. Prevalence of mupirocin resistance in clinical
isolates of Staphylococcus aureus and Staphylococcus epider-
midis: results of the Antimicrobial Resistance Surveillance
Study of the Paul-Ehrlich-Society for Chemotherapy, 2001. Int J
Antimicrob Agents 2004; 23: 577–81. 

5. Walker ES, et al. A decline in mupirocin resistance in methicil-
lin-resistant Staphylococcus aureus accompanied administrative
control of prescriptions. J Clin Microbiol 2004; 42: 2792–5.

Pharmacokinetics
Only very small amounts of topically applied mupiroc-
in are absorbed into the systemic circulation where it is
rapidly metabolised to monic acid which is excreted in
the urine.

Uses and Administration
Mupirocin is an antibacterial produced by Pseu-
domonas fluorescens. It is applied topically as a 2%
ointment in a macrogol base, or as a cream containing
mupirocin calcium equivalent to 2% mupirocin, in the
treatment of various bacterial skin infections. These
preparations should be applied up to 3 times daily for
up to 10 days; treatment should be re-evaluated if there
is no response after 3 to 5 days. They are not suitable
for application to mucous membranes, and therefore a
nasal ointment containing mupirocin calcium equiva-
lent to 2% mupirocin in a paraffin basis is used for
eradication of the nasal carriage of Staphylococcus au-
reus, particularly epidemic meticillin-resistant strains.
The nasal ointment should be applied into each nostril
2 or 3 times daily for a maximum of 7 days. 
For further details of skin infections and staphylococ-
cal infections and their treatment, see under Choice of
Antibacterial, p.194.
◊ References.
1. Roth VR, et al. Should we routinely use mupirocin to prevent

staphylococcal infections? Infect Control Hosp Epidemiol 2000;
21: 745–9. 

2. Perl TM, et al. Mupirocin and the Risk of Staphylococcus Au-
reus Study Team. Intranasal mupirocin to prevent postoperative
Staphylococcus aureus infections. N Engl J Med 2002; 346:
1871–7. 

3. Takahashi S, et al. The preventive effects of mupirocin against
nasotracheal intubation-related bacterial carriage. Anesth Analg
2003; 97: 222–5. 

4. Laupland KB, Conly JM. Treatment of Staphylococcus aureus
colonization and prophylaxis for infection with topical intranasal
mupirocin: an evidence-based review. Clin Infect Dis 2003; 37:
933–8. 

5. Tacconelli E, et al. Mupirocin prophylaxis to prevent Staphylo-
coccus aureus infection in patients undergoing dialysis: a meta-
analysis. Clin Infect Dis 2003; 37: 1629–38. 

6. Wertheim HF, et al. Mupirocin prophylaxis against nosocomial
Staphylococcus aureus infections in nonsurgical patients: a ran-
domized study. Ann Intern Med 2004; 140: 419–25. 

7. Kallen AJ, et al. Perioperative intranasal mupirocin for the pre-
vention of surgical-site infections: systematic review of the liter-
ature and meta-analysis. Infect Control Hosp Epidemiol 2005;
26: 916–22. 

8. Unemura Y, et al. Impact of prophylactic mupirocin for radical
esophagectomy. J Infect Chemother 2006; 12: 257–63. 

9. Sit D, et al. Prophylactic intranasal mupirocin ointment in the
treatment of peritonitis in continuous ambulatory peritoneal di-
alysis patients. Adv Therapy 2007; 24: 387–93.

Preparations
BP 2008: Mupirocin Ointment; 
USP 31: Mupirocin Cream; Mupirocin Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: Bactroban; Mupax; Mupirox; Paldar; Vidox; Austral.: Bactroban; Aus-
tria: Bactroban; Belg.: Bactroban; Braz.: Bacrocin; Bactocin; Bactroban;
Bactroneo; Canad.: Bactroban; Chile: Bactroban; Bantix; Ultrabiotic; Un-
deran; Cz.: Bactroban; Denm.: Bactroban; Fin.: Bactroban; Fr.: Bactroban;
Mupiderm; Ger.: InfectoPyoderm; Turixin; Gr.: Bactroban; Bactrocine; Hev-
ronaz; Micoban; Mupider ; Mupiran; Veltion; Hong Kong: Bactroban;
Hung.: Bactroban; India: Bactroban; Supirocin; Indon.: Bactoderm; Bac-
troban; Pibaksin; Irl.: Bactroban; Israel: Bactoderm†; Bactroban; Ital.: Bac-
troban; Mupiskin; Jpn: Bactroban; Malaysia: Bactroban; Muprin; Mex.:
Bactroban; Sinpebac; Neth.: Bactroban; NZ: Bactroban; Philipp.: Bacti-
free; Bactroban; Foskina; Pol.: Bactroban; Mupirox; Port.: Bactroban; Rus.:
Bactroban (Бактробан); S.Afr.: Bactroban; Singapore: Bactroban; Supi-
rocin; Spain: Bactroban; Plasimine; Swed.: Bactroban; Switz.: Bactroban;
Thai.: Bactex; Bactroban; Muporin; Turk.: Bactroban; UK: Bactroban;
USA: Bactroban; Centany; Venez.: Bactroban; Bactrobandos†.
Multi-ingredient: India: Supirocin-B.

Nadifloxacin (BAN, rINN)

Jinofloxacin; Nadifloxacine; Nadifloxacino; Nadifloxacinum;
OPC-7251. (±)-9-Fluoro-6,7-dihydro-8-(4-hydroxypiperidino)-
5-methyl-1-oxo-1H,5H-benzo[ij]quinolizine-2-carboxylic acid.
Надифлоксацин
C19H21FN2O4 = 360.4.
CAS — 124858-35-1.

Profile
Nadifloxacin is a fluoroquinolone antibacterial used in topical
treatment of acne. It is applied twice daily as a 1% cream or oint-
ment.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Nadixa; Gr.: Nadixa; India: Nadiflox; Indon.: Acuatim; Jpn: Acuatim;
Mex.: Nadixa†; Port.: Nadixa.

Nafcillin Sodium (BANM, USAN, rINNM)

Nafcilina sódica; Nafcilline Sodique; Nafcillinnatrium; Nafcillinum
Natricum; Nafsilliininatrium; Natrii Nafcillinum; Wy-3277. Sodi-
um (6R)-6-(2-ethoxy-1-naphthamido)penicillanate monohy-
drate.
Натрий Нафциллин
C21H21N2NaO5S,H2O = 454.5.
CAS — 147-52-4 (nafcillin); 985-16-0 (anhydrous nafcillin
sodium); 7177-50-6 (nafcillin sodium monohydrate).

(nafcillin)

Pharmacopoeias. In US. 
USP 31 (Nafcillin Sodium). A white to yellowish-white powder
having not more than a slight characteristic odour. Freely soluble
in water and in chloroform; soluble in alcohol. pH of a 3% solu-
tion in water is between 5.0 and 7.0. Store in airtight containers.
Incompatibility. Nafcillin sodium has been reported to be in-
compatible with aminoglycosides and a number of other antibac-
terials. It has also been reported to be incompatible with acidic
and alkaline drugs.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Thrombophlebitis may occur when nafcillin is given by intrave-
nous injection, and tissue damage has been reported on extrava-
sation.
Effects on the kidneys. References.
1. Lestico MR, et al. Hepatic and renal dysfunction following naf-

cillin administration. Ann Pharmacother 1992; 26: 985–90. 
2. Guharoy SR, et al. Suspected nafcillin-induced interstitial ne-

phritis. Ann Pharmacother 1993; 27: 170–3. 
3. Hoppes T, et al. Four cases of nafcillin-associated acute intersti-

tial nephritis in one institution. Nat Clin Pract Nephrol 2007; 3:
456–61.

Effects on the liver. References.
1. Lestico MR, et al. Hepatic and renal dysfunction following naf-

cillin administration. Ann Pharmacother 1992; 26: 985–90. 
2. Presti ME, et al. Nafcillin-associated hepatotoxicity: report of a

case and review of the literature. Dig Dis Sci 1996; 41: 180–4.

Sodium content. Each g of nafcillin sodium contains about
2.2 mmol of sodium.
Interactions
As for Benzylpenicillin, p.214.
Ciclosporin. For the effect of nafcillin on ciclosporin, see
p.1825.
Warfarin. For the effect of nafcillin on warfarin, see p.1428.
Antimicrobial Action
As for Flucloxacillin, p.277.
Pharmacokinetics
Nafcillin is incompletely and irregularly absorbed from the gas-
trointestinal tract, especially when given after food. After intra-
muscular injection it is absorbed more reliably, an injection of
0.5 to 1 g producing peak plasma concentrations of 5 to
8 micrograms/mL within about 0.5 to 1 hour. Up to 90% of naf-
cillin in the circulation is bound to plasma proteins. Nafcillin has
been reported to have a plasma half-life of about 0.5 to 1.5 hours.
The half-life is prolonged in neonates. 
Nafcillin crosses the placenta into the fetal circulation and is dis-
tributed into breast milk. There is little diffusion into the CSF
except when the meninges are inflamed. Nafcillin is distributed
into pleural and synovial fluids and into bone. 
Nafcillin differs from most other penicillins in that it is largely
inactivated by hepatic metabolism. It is excreted via the bile al-
though some reabsorption takes place in the small intestine. Only
about 10% of a dose given orally before food, and about 30% of
a dose given intramuscularly, is excreted in the urine. 
Plasma concentrations are enhanced by probenecid.
Uses and Administration
Nafcillin is a penicillinase-resistant penicillin used similarly to
flucloxacillin (p.277) in the treatment of infections due to staphy-
lococci resistant to benzylpenicillin. 
It is given by injection as the sodium salt. Doses are expressed in
terms of the equivalent amount of nafcillin; 1.1 g of nafcillin so-
dium is equivalent to about 1 g of nafcillin. Nafcillin sodium may
be given intravenously by slow injection over 5 to 10 minutes or
by slow infusion over at least 30 to 60 minutes; usual adult doses
are 0.5 to 1 g of nafcillin every 4 hours, although it is usually
recommended that it be used for not more than 24 to 48 hours
because of the risk of thrombophlebitis. It has also been given by
intramuscular injection in a dose of 500 mg of nafcillin every 4
to 6 hours. 
Nafcillin sodium has also been given orally but other penicilli-
nase-resistant penicillins are preferred.
Preparations
USP 31: Nafcillin for Injection; Nafcillin Injection; Nafcillin Sodium Capsules;
Nafcillin Sodium for Oral Solution; Nafcillin Sodium Tablets.

Nalidixic Acid (BAN, USAN, rINN)

Acide nalidixique; Ácido nalidíxico; Acidum nalidixicum; Kwas
nalidyksowy; Kyselina nalidixová; Nalidiksiinihappo; Nalidiksik Asit;
Nalidikso ru

_
gštis; Nalidixinic Acid; Nalidixinsyra; Nalidixsav;

NSC-82174; Win-18320. 1-Ethyl-1,4-dihydro-7-methyl-4-oxo-
1,8-naphthyridine-3-carboxylic acid.
Налидиксовая Кислота
C12H12N2O3 = 232.2.
CAS — 389-08-2.
ATC — J01MB02.
ATC Vet — QJ01MB02.
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Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Nalidixic Acid). An almost white or pale yellow,
crystalline powder. Practically insoluble in water; slightly solu-
ble in alcohol and in acetone; soluble in dichloromethane. It dis-
solves in dilute solutions of alkali hydroxides. Store in airtight
containers. Protect from light. 
USP 31 (Nalidixic Acid). A white to very pale yellow, odourless
crystalline powder. Very slightly soluble in water and in ether;
soluble 1 in 910 of alcohol and 1 in 29 of chloroform; slightly
soluble in acetone, in methyl alcohol, and in toluene; soluble in
dichloromethane and in solutions of fixed alkali hydroxides and
carbonates. Store in airtight containers.

Adverse Effects
The most frequent adverse reactions to nalidixic acid
involve the gastrointestinal tract, skin, and CNS. Gas-
trointestinal effects have been reported in about 8% of
patients and include nausea, vomiting, diarrhoea, and
abdominal pain. 
Adverse effects on the skin include photosensitivity re-
actions with erythema and bullous eruptions, allergic
rashes, urticaria, and pruritus. Erythema multiforme
and Stevens-Johnson syndrome have been reported
rarely. Eosinophilia, fever, angioedema, and, rarely,
anaphylactoid reactions have occurred. 
Neurological effects include visual disturbances, head-
ache, dizziness or vertigo, drowsiness, and sometimes
confusion, depression, excitement, and hallucinations.
Toxic psychoses or convulsions have occurred, espe-
cially after large doses; convulsions are most likely in
patients with predisposing factors such as cerebral ar-
teriosclerosis or epilepsy. There have been reports of
intracranial hypertension, especially in infants and
young children, and also of metabolic acidosis. 
Peripheral neuropathies, muscular weakness, and my-
algia are occasional adverse effects. Sixth cranial nerve
palsy has been reported rarely. 
Arthralgia has been reported (degenerative changes in
weight-bearing joints of young animals are document-
ed). Tendon damage has occasionally been associated
with nalidixic acid and related compounds, the fluoro-
quinolones (see Effects on the Musculoskeletal Sys-
tem, under Ciprofloxacin, p.244). 
Cholestatic jaundice, thrombocytopenia, and leucope-
nia have occurred rarely, as has haemolytic anaemia in
patients who may or may not have G6PD deficiency.
There have been isolated reports of fatal auto-immune
haemolytic anaemia in elderly patients.

Precautions
Nalidixic acid is contra-indicated in patients with a his-
tory of convulsive disorders and in those with severe
renal impairment. It should be given with care to pa-
tients with hepatic or moderate renal impairment, se-
vere cerebral arteriosclerosis, or G6PD deficiency.
Blood counts and renal and hepatic function should be
monitored if treatment continues for more than 2
weeks. 
It should be avoided in infants less than 3 months old.
Since nalidixic acid and related antimicrobials have
been shown to cause degenerative changes in weight-
bearing joints of young animals, it has been suggested
that these compounds should not generally be used in
patients aged under 18 years, pregnant women, or dur-
ing breast feeding (but see also below) unless the ben-
efits outweigh the risks. Treatment should be stopped
if symptoms of neuropathy or arthralgia occur. Tendon
damage may occur rarely and treatment should be
stopped if patients experience tendon pain, inflamma-
tion, or rupture. 
Exposure to strong sunlight or sunlamps should be
avoided during treatment with nalidixic acid. 
Nalidixic acid may cause false-positive reactions in
urine tests for glucose using copper reduction methods.

Breast feeding. The American Academy of Pediatrics1 states
that nalidixic acid is usually compatible with breast feeding, al-
though haemolytic anaemia has been reported2 in a breast-fed

infant, with no evidence of G6PD deficiency, whose mother had
received nalidixic acid.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/05/04) 

2. Belton EM, Jones RV. Haemolytic anaemia due to nalidixic acid.
Lancet 1965; ii: 691.

Porphyria. Nalidixic acid has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
The absorption of nalidixic acid is reduced by sucral-
fate, and divalent and trivalent cations such as alumin-
ium, calcium, iron, magnesium, and zinc, and therefore
use of nalidixic acid with antacids, iron preparations, or
other preparations containing such cations, whether as
active ingredients or excipients, may result in subther-
apeutic serum concentrations of the antibacterial. It is
recommended that such products should not be given
within 2 hours before or after nalidixic acid. 
The excretion of nalidixic acid is reduced and plasma
concentrations increased by probenecid. Other anti-
bacterials such as chloramphenicol, nitrofurantoin, and
tetracycline have been shown to antagonise the action
of nalidixic acid in vitro and should not be used togeth-
er. 
Fatal haemorrhagic enterocolitis has been associated
with the use of nalidixic acid and high-dose intrave-
nous melphalan in children; use with other alkylating
antineoplastics is also contra-indicated. There is a pos-
sible risk of increased nephrotoxicity when nalidixic
acid is given with ciclosporin. 
Nalidixic acid is reported to enhance the effect of oral
anticoagulants such as warfarin (see p.1428); this may
be due in part to displacement of anticoagulant from its
plasma binding sites. The dose of anticoagulant may
need to be reduced. 
The effect of some quinolone antibacterials on xan-
thines is discussed under Caffeine, p.1117, and Theo-
phylline, p.1143. 
Convulsions may be precipitated by the use of some
quinolones with NSAIDs (see Analgesics, under Inter-
actions of Ciprofloxacin, p.246), although this has not
been reported with nalidixic acid.

Antimicrobial Action
Nalidixic acid is considered to act by interfering with
the replication of bacterial DNA, probably by inhibit-
ing DNA gyrase (topoisomerase) activity. It is active
against Gram-negative bacteria including Escherichia
coli, Klebsiella spp., Proteus spp., Enterobacter spp.,
Salmonella spp., and Shigella spp., and is usually bac-
tericidal. Pseudomonas aeruginosa, Gram-positive
bacteria, and anaerobes are not generally susceptible. 
Bacterial resistance may develop rapidly, sometimes
within a few days of commencing treatment, but it does
not appear to be transferable or R-plasmid mediated
(see also below). Cross-resistance occurs with oxolinic
acid and cinoxacin. 
The antibacterial activity of nalidixic acid is not signif-
icantly affected by differences in urinary pH. Antago-
nism between nalidixic acid and other antibacterials
such as chloramphenicol, nitrofurantoin, and tetracy-
cline has been shown in vitro.
Resistance. Bacterial plasmid-mediated resistance to quinolo-
nes had not been seen by the late 1980s.1 A report2 of such resist-
ance to nalidixic acid in Shigella dysenteriae responsible for an
epidemic of shigellosis in Bangladesh in 1987, was questioned at
the time.3 On reinspection of the data, chromosomal mutation
rather than plasmid-mediated resistance was confirmed as the
mechanism responsible so far for resistance to quinolones.1 Sub-
sequent data4 in an isolate of Klebsiella pneumoniae has, howev-
er, suggested that plasma-mediated resistance to quinolones may
be possible.
1. Courvalin P. Plasmid-mediated 4-quinolone resistance: a real or

apparent absence? Antimicrob Agents Chemother 1990; 34:
681–4. 

2. Munshi MH, et al. Plasmid-mediated resistance to nalidixic acid
in Shigella dysenteriae type 1. Lancet 1987; ii: 419–21. 

3. Crumplin GC. Plasmid-mediated resistance to nalidixic acid and
new 4-quinolones? Lancet 1987; ii: 854–5. 

4. Martínez-Martínez L, et al. Quinolone resistance from a trans-
ferable plasmid. Lancet 1998; 351: 797–9.

Pharmacokinetics
Nalidixic acid is rapidly and almost completely ab-
sorbed from the gastrointestinal tract, and peak plasma
concentrations of 20 to 40 micrograms/mL have been
reported 1 to 2 hours after a 1-g oral dose. Plasma half-
lives of about 1 to 2.5 hours have been reported (but see
below). 
Nalidixic acid is partially metabolised to hydroxynali-
dixic acid, which has antibacterial activity similar to
that of nalidixic acid and accounts for about 30% of
active drug in the blood. About 93% of nalidixic acid
and 63% of hydroxynalidixic acid are bound to plasma
proteins. Both nalidixic acid and hydroxynalidixic acid
are rapidly metabolised to inactive glucuronide and di-
carboxylic acid derivatives; the major inactive metab-
olite 7-carboxynalidixic acid is usually only detected in
urine. 
Nalidixic acid and its metabolites are excreted rapidly
in the urine, nearly all of a dose being eliminated within
24 hours. More than 80% of the drug excreted in the
urine is as inactive metabolites, but peak urinary con-
centrations of active drug averaging about 150 to
200 micrograms/mL are achieved 3 to 4 hours after a
single 1-g dose. Hydroxynalidixic acid accounts for
about 80 to 85% of activity in the urine. Urinary excre-
tion is reduced by probenecid. About 4% of a dose is
excreted in the faeces. 
Traces of nalidixic acid are distributed into breast milk
and appear to cross the placenta.
◊ Although a plasma half-life of 1 to 2.5 hours is generally cited
for nalidixic acid, values of 6 to 7 hours have been reported for
active drug (nalidixic acid and hydroxynalidixic acid) after using
more specific and sensitive assay techniques and longer sam-
pling periods than previously.1 
The elimination rate of nalidixic acid appears to be not markedly
altered by renal impairment, but the elimination of hydroxynali-
dixic acid is significantly reduced. 7-Carboxynalidixic acid has
appeared in the plasma of patients with renal impairment.2 Plas-
ma concentrations of active drug were higher and the half-life
prolonged in elderly subjects.3
1. Ferry N, et al. Nalidixic acid kinetics after single and repeated

oral doses. Clin Pharmacol Ther 1981; 29: 695–8. 
2. Cuisinaud G, et al. Nalidixic acid kinetics in renal insufficiency.

Br J Clin Pharmacol 1982; 14: 489–93. 
3. Barbeau G, Belanger P-M. Pharmacokinetics of nalidixic acid in

old and young volunteers. J Clin Pharmacol 1982; 22: 490–6.

Uses and Administration
Nalidixic acid is a 4-quinolone antibacterial used in the
treatment of uncomplicated lower urinary-tract infec-
tions due to Gram-negative bacteria other than Pseu-
domonas spp. (p.199). It has also been used to treat
shigellosis (bacillary dysentery) (p.173). 
The usual dose is about 4 g daily in 4 divided oral doses
for 7 to 14 days in acute infections, reducing thereafter
to half this dose in chronic infections. Since bacterial
resistance may develop rapidly it has been suggested
that if treatment with nalidixic acid has not resulted in
a negative urine culture within 48 hours another anti-
microbial should be used. 
For details of reduced doses in renal impairment, see
below. 
For details of doses in infants and children, see below. 
Although the antibacterial activity of nalidixic acid
does not appear to be influenced by urinary pH, the use
of sodium bicarbonate or sodium citrate does increase
the concentration of active drug in the urine. Commer-
cial preparations containing nalidixic acid, sodium bi-
carbonate, and sodium citrate have been used in some
countries. 
It is also used with the analgesic phenazopyridine.
Administration in children. Although nalidixic acid is not
generally recommended for use in patients under 18 years of age,
it is licensed in both the UK and the USA for infants and children
over 3 months of age. The usual oral dose is 55 to 60 mg/kg daily
in 4 divided doses for at least 7 days, reducing thereafter to about
30 mg/kg daily in 4 divided doses for prolonged treatment (but
see Precautions, above). 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

In addition, the BNFC suggests that a dose of 30 mg/kg daily in
2 divided doses may be given for prophylaxis of urinary-tract
infections.
Administration in renal impairment. In the UK, some
products of nalidixic acid have been licensed for use at half the
usual dose in patients with a creatinine clearance below
20 mL/minute (the BNFC suggests a similar reduction in chil-
dren with creatinine clearance 20 mL/minute per 1.73 m2 or
less). However, other licensed product information does not in-
clude this information and suggests that nalidixic acid should not
be used in patients with severe renal impairment.

Preparations
BP 2008: Nalidixic Acid Oral Suspension; Nalidixic Acid Tablets; 
USP 31: Nalidixic Acid Oral Suspension; Nalidixic Acid Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Nalidix†; Wintomylon†; Braz.: Naluril; Wintomylon; Canad.: Neg-
Gram†; Chile: Wintomylon†; Fr.: Negram†; Gr.: Nal-acid†; Hong Kong:
Wintomylon; Hung.: Nevigramon; India: Diarlop; Gramoneg; Negadix;
Indon.: Urineg; Irl.: Negram; Israel: NegGram†; Ital.: Betaxina†; Nalidix-
in†; Naligram†; NegGram†; Uri-Flor; Mex.: A-N-Dix; Acidix; Fardixon†;
Kamilon; Nalix; Pronal Dix; Seltomylon†; Urlix†; Uronalin; Wintomylon;
Pol.: Nevigramon; Port.: Wintomilon†; Rus.: Negram (Неграм); S.Afr.:
Puromylon; Winlomylon; UK: Negram†; Uriben; USA: NegGram.
Multi-ingredient: Irl.: Mictral†; Mex.: Azo-Uronalin; Azo-Wintomylon;
Azogen; Nalixone; Naxilan-Plus; Pirifur.

Neomycin (BAN, rINN)

Neomicina; Néomycine; Neomycinum; Neomysiini.
Неомицин
CAS — 1404-04-2 (neomycin); 3947-65-7 (neomycin A);
119-04-0 (neomycin B); 66-86-4 (neomycin C).
ATC — A01AB08; A07AA01; B05CA09; D06AX04;
J01GB05; R02AB01; S01AA03; S02AA07; S03AA01.
ATC Vet — QA01AB08; QA07AA01; QB05CA09;
QD06AX04; QJ01GB05; QR02AB01; QS01AA03;
QS02AA07; QS03AA01.

Description. A mixture of 2 isomers, neomycin B
(C23H46N6O13 = 614.6) and neomycin C (C23H46N6O13 = 614.6)
with neomycin A (neamine, C12H26N4O6 = 322.4); neomycins B
and C are glycoside esters of neamine and neobiosamines B and
C. Framycetin (p.279) consists of neomycin B.

Neomycin Sulfate (rINNM)

Fradiomycin Sulfate; Neomicino sulfatas; Neomicin-szulfát; Ne-
omisin Sülfat; Neomycin Sulphate (BANM); Néomycine, sulfate
de; Neomycini sulfas; Neomycinsulfat; Neomycin-sulfát; Neomy-
cyny siarczan; Neomysiinisulfaatti; Sulfato de neomicina.
Неомицина Сульфат
CAS — 1405-10-3.
ATC — A01AB08; A07AA01; B05CA09; D06AX04;
J01GB05; R02AB01; S01AA03; S02AA07; S03AA01.
ATC Vet — QA01AB08; QA07AA01; QB05CA09;
QD06AX04; QJ01GB05; QR02AB01; QS01AA03;
QS02AA07; QS03AA01.

NOTE. NEO is a code approved by the BP 2008 for use on single
unit doses of eye drops containing neomycin sulfate where the
individual container may be too small to bear all the appropriate
labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Neomycin Sulphate). A mixture of the sulfates of
substances produced by the growth of certain selected strains of
Streptomyces fradiae, the main component being the sulfate of
neomycin B. The potency is not less than 680 units/mg, calculat-
ed with reference to the dried substance. A white or yellowish-
white, hygroscopic powder. Very soluble in water; very slightly
soluble in alcohol; practically insoluble in acetone. A 1% solu-
tion in water has a pH of 5.0 to 7.5. Store in airtight containers.
Protect from light. 
USP 31 (Neomycin Sulfate). The sulfate salt of a kind of neomy-

cin, an antibacterial substance produced by the growth of Strep-
tomyces fradiae (Streptomycetaceae), or a mixture of two or
more such salts. It has a potency equivalent to not less than
600 micrograms of neomycin per mg, calculated on the dried ba-
sis. A white to slightly yellow powder, or cryodesiccated solid. It
is odourless or practically so, and is hygroscopic. Soluble 1 in 1
of water; very slightly soluble in alcohol; insoluble in acetone, in
chloroform, and in ether. pH of a solution in water containing the
equivalent of neomycin 3.3% is between 5.0 and 7.5. Store in air-
tight containers. Protect from light.

Neomycin Undecenoate (BANM)

Neomycin Undecylenate (USAN, rINNM); Néomycine, Undé-
cylénate de; Neomycini Undecylenas; Undecilenato de neomici-
na. The 10-undecenoate salt of neomycin.

Неомицина Ундециленат
CAS — 1406-04-8.
ATC — A01AB08; A07AA01; B05CA09; D06AX04;
J01GB05; R02AB01; S01AA03; S02AA07; S03AA01.
ATC Vet — QA01AB08; QA07AA01; QB05CA09;
QD06AX04; QJ01GB05; QR02AB01; QS01AA03;
QS02AA07; QS03AA01.

Adverse Effects and Treatment
As for Gentamicin Sulfate, p.282. 
Neomycin has particularly potent nephrotoxic and oto-
toxic properties and so is generally no longer given
parenterally. However, sufficient may be absorbed af-
ter use by other routes (e.g. orally, instillation into cav-
ities or open wounds, or topical application to damaged
skin), to produce irreversible partial or total deafness.
The effect is dose-related and is enhanced by renal im-
pairment. Nephrotoxic effects may also occur. 
When given orally in large doses, neomycin causes
nausea, vomiting, and diarrhoea. Prolonged oral use
may cause a malabsorption syndrome with steator-
rhoea and diarrhoea which can be very severe. Super-
infection may occur, especially with prolonged treat-
ment. 
Neomycin has a neuromuscular-blocking action simi-
lar to, but stronger than, that of other aminoglycosides,
and respiratory depression and arrest has followed the
intraperitoneal instillation of neomycin. Fatalities have
occurred. 
Hypersensitivity reactions, such as rashes, pruritus,
and sometimes drug fever or even anaphylaxis, during
local treatment with neomycin and may be masked by
the combined use of a corticosteroid. Cross-sensitivity
with other aminoglycosides may occur.

Precautions
As for Gentamicin Sulfate, p.283. Parenteral use of ne-
omycin, or its use for irrigation of wounds or serous
cavities such as the peritoneum, is no longer recom-
mended. 
Neomycin is contra-indicated for intestinal disinfec-
tion when an obstruction is present, in patients with a
known history of allergy to aminoglycosides, and in
infants under 1 year. It should be used with great care
in patients with renal or hepatic impairment, or with
neuromuscular disorders, and in those with impaired
hearing. The topical use of neomycin in patients with
extensive skin damage or perforated tympanic mem-
branes may result in deafness. 
Prolonged local use should be avoided as it may lead to
skin sensitisation and possible cross-sensitivity to other
aminoglycosides.
Hypersensitivity and vaccination. Neomycin was thought
to be responsible for a hypersensitivity reaction1 in a child given
measles, mumps, and rubella vaccine containing neomycin
25 micrograms. However, there is also a report of successful vac-
cination with measles, mumps, and rubella vaccine in a neomy-
cin-sensitive child.2 Although the vaccine may contain small
amounts of neomycin or kanamycin, and sensitivity to either is
considered a contra-indication to its use, it is only rarely neces-
sary to withhold it once appropriate expert advice has been taken.
There is little logic to intradermal testing since test solutions con-
tain 4 to 40 times as much neomycin as the vaccine.2
1. Kwittken PL, et al. MMR vaccine and neomycin allergy. Am J

Dis Child 1993; 147: 128–9. 
2. Elliman D, Dhanraj B. Safe MMR vaccination despite neomycin

allergy. Lancet 1991; 337: 365.

Interactions
As for Gentamicin Sulfate, p.283. Absorption after oral
or local use may be sufficient to produce interactions
with other drugs given systemically. 
Neomycin orally has been reported to impair the ab-
sorption of other drugs including phenoxymethylpeni-
cillin, digoxin, and methotrexate; the efficacy of oral
contraceptives might be reduced. The effects of acar-
bose may be enhanced by oral neomycin.

Antimicrobial Action
Neomycin has a mode of action and spectrum of activ-
ity similar to that of gentamicin (p.283) but it lacks ac-
tivity against Pseudomonas aeruginosa. It is reported
to be active against Mycobacterium tuberculosis. 
Because of its extensive topical use, resistance has
been reported to be relatively widespread, notably
among staphylococci, and some Salmonella, Shigella,
and Escherichia coli strains. Cross-resistance with
kanamycin, framycetin, and paromomycin occurs.

Pharmacokinetics
Neomycin is poorly absorbed from the gastrointestinal
tract, about 97% of an oral dose being excreted un-
changed in the faeces. Doses of 3 g orally produce
peak plasma concentrations of up to 4 micrograms/mL
and absorption is similar after an enema. Absorption
may be increased in conditions which damage or in-
flame the mucosa. Absorption has also been reported
to occur from the peritoneum, respiratory tract, blad-
der, wounds, and inflamed skin. 
Once neomycin is absorbed it is rapidly excreted by the
kidneys in active form. It has been reported to have a
half-life of 2 to 3 hours.

Uses and Administration
Neomycin is an aminoglycoside antibiotic used topi-
cally in the treatment of infections of the skin, ear, and
eye due to susceptible staphylococci and other organ-
isms. Most preparations contain the sulfate, but neo-
mycin undecenoate is also used. Neomycin is often
used with another antibacterial such as bacitracin, col-
istin, gramicidin, or polymyxin B. Such combinations
have been used topically in the eye before ophthalmic
surgery for infection prophylaxis and, with propami-
dine isetionate, in the treatment of acanthamoeba kera-
titis (p.822). A cream containing neomycin sulfate and
chlorhexidine hydrochloride has been used for applica-
tion to the nostrils in the treatment of staphylococcal
nasal carriers (p.195) but, as with other topical antibac-
terial preparations, development of resistance may be a
problem. Neomycin is often used with topical corticos-
teroids, but such preparations should be used with cau-
tion because of the risk that signs of resistant infection
may be suppressed. Care must also be taken where
there is skin trauma because of the risk of increased ab-
sorption and toxicity (see Adverse Effects, above). For
details of bacterial skin infections and their treatment,
see p.194. 
Because neomycin sulfate is poorly absorbed from the
gastrointestinal tract, it has been given orally for bowel
preparation before abdominal surgery, often with
erythromycin (p.195). Neomycin sulfate is also used
with other antibacterials and antifungals in the selec-
tive decontamination of the digestive tract in patients in
intensive care (p.175). 
Neomycin is rarely used in the treatment of existing
gastrointestinal infections. Although it has been used in
the treatment of diarrhoea due to infection with enter-
opathogenic Escherichia coli (EPEC) (p.173), the use
of neomycin in children with acute diarrhoea is gener-
ally not recommended. 
Neomycin sulfate may be given orally to patients with
incipient hepatic encephalopathy (p.1697) to reduce
the flora of the gastrointestinal tract. 
Neomycin has lipid regulating properties and has occa-
sionally been given orally in the treatment of hyperlip-
idaemias (see below). It has also been used for the irri-
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gation of wounds and body cavities but such use is no
longer recommended because of the risk of toxicity. 
Administration and dosage. For pre-operative use, 1 g
of neomycin sulfate has been given hourly for 4 hours
and then every 4 hours for 2 or 3 days before surgery;
suggested doses in children, given every 4 hours, are
1 g in those aged over 12 years and 250 to 500 mg in
those aged 6 to 12 years. 
As an adjunct in the management of hepatic encepha-
lopathy, 4 to 12 g may be given daily in divided doses,
usually for 5 to 7 days; children may be given 50 to
100 mg/kg daily in divided doses. Prolonged use may
cause malabsorption. 
Topical preparations typically contain the equivalent of
0.35% neomycin base. 
Neomycin hydrochloride has also been used.
Hyperlipidaemias. Neomycin has been given in doses of up to
2 g daily by mouth in the treatment of hypercholesterolaemia
(p.1169). It is thought to reduce intestinal absorption of choles-
terol through its action on microbial flora, resulting in greater ca-
tabolism of low-density lipoproteins in the body.1 However,
more effective and safer drugs are preferred.
1. Illingworth DR. Lipid-lowering drugs: an overview of indica-

tions and optimum use. Drugs 1987, 33: 259–79.

Preparations
BP 2008: Dexamethasone and Neomycin Ear Spray; Hydrocortisone Ac-
etate and Neomycin Ear Drops; Hydrocortisone Acetate and Neomycin
Eye Drops; Hydrocortisone Acetate and Neomycin Eye Ointment; Hydro-
cortisone and Neomycin Cream; Neomycin Eye Drops; Neomycin Eye
Ointment; Neomycin Tablets; 
USP 31: Colistin and Neomycin Sulfates and Hydrocortisone Acetate Otic
Suspension; Neomycin and Polymyxin B Sulfates and Bacitracin Ointment;
Neomycin and Polymyxin B Sulfates and Bacitracin Ophthalmic Ointment;
Neomycin and Polymyxin B Sulfates and Bacitracin Zinc Ointment; Neomy-
cin and Polymyxin B Sulfates and Bacitracin Zinc Ophthalmic Ointment;
Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic
Ointment; Neomycin and Polymyxin B Sulfates and Dexamethasone Oph-
thalmic Suspension; Neomycin and Polymyxin B Sulfates and Gramicidin
Cream; Neomycin and Polymyxin B Sulfates and Gramicidin Ophthalmic
Solution; Neomycin and Polymyxin B Sulfates and Hydrocortisone Acetate
Cream; Neomycin and Polymyxin B Sulfates and Hydrocortisone Acetate
Ophthalmic Suspension; Neomycin and Polymyxin B Sulfates and Hydro-
cortisone Ophthalmic Suspension; Neomycin and Polymyxin B Sulfates and
Hydrocortisone Otic Solution; Neomycin and Polymyxin B Sulfates and Hy-
drocortisone Otic Suspension; Neomycin and Polymyxin B Sulfates and
Lidocaine Cream; Neomycin and Polymyxin B Sulfates and Pramoxine Hy-
drochloride Cream; Neomycin and Polymyxin B Sulfates and Prednisolone
Acetate Ophthalmic Suspension; Neomycin and Polymyxin B Sulfates
Cream; Neomycin and Polymyxin B Sulfates Ophthalmic Ointment; Neo-
mycin and Polymyxin B Sulfates Ophthalmic Solution; Neomycin and Poly-
myxin B Sulfates Solution for Irrigation; Neomycin and Polymyxin B Sulfates,
Bacitracin Zinc, and Hydrocortisone Acetate Ophthalmic Ointment; Neo-
mycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Oint-
ment; Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocor-
tisone Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates,
Bacitracin Zinc, and Lidocaine Ointment; Neomycin and Polymyxin B Sul-
fates, Bacitracin, and Hydrocortisone Acetate Ointment; Neomycin and
Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate Ophthalmic
Ointment; Neomycin and Polymyxin B Sulfates, Bacitracin, and Lidocaine
Ointment; Neomycin and Polymyxin B Sulfates, Gramicidin, and Hydrocor-
tisone Acetate Cream; Neomycin for Injection; Neomycin Sulfate and Baci-
tracin Ointment; Neomycin Sulfate and Bacitracin Zinc Ointment; Neomy-
cin Sulfate and Dexamethasone Sodium Phosphate Cream; Neomycin
Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment;
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic So-
lution; Neomycin Sulfate and Fluocinolone Acetonide Cream; Neomycin
Sulfate and Fluorometholone Ointment; Neomycin Sulfate and Fluran-
drenolide Cream; Neomycin Sulfate and Flurandrenolide Lotion; Neomycin
Sulfate and Flurandrenolide Ointment; Neomycin Sulfate and Gramicidin
Ointment; Neomycin Sulfate and Hydrocortisone Acetate Cream; Neomy-
cin Sulfate and Hydrocortisone Acetate Lotion; Neomycin Sulfate and Hy-
drocortisone Acetate Ointment; Neomycin Sulfate and Hydrocortisone
Acetate Ophthalmic Ointment; Neomycin Sulfate and Hydrocortisone Ac-
etate Ophthalmic Suspension; Neomycin Sulfate and Hydrocortisone
Cream; Neomycin Sulfate and Hydrocortisone Ointment; Neomycin Sul-
fate and Hydrocortisone Otic Suspension; Neomycin Sulfate and Methyl-
prednisolone Acetate Cream; Neomycin Sulfate and Prednisolone Acetate
Ointment; Neomycin Sulfate and Prednisolone Acetate Ophthalmic Oint-
ment; Neomycin Sulfate and Prednisolone Acetate Ophthalmic Suspension;
Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic Oint-
ment; Neomycin Sulfate and Triamcinolone Acetonide Cream; Neomycin
Sulfate and Triamcinolone Acetonide Ophthalmic Ointment; Neomycin
Sulfate Cream; Neomycin Sulfate Ointment; Neomycin Sulfate Ophthalmic
Ointment; Neomycin Sulfate Oral Solution; Neomycin Sulfate Tablets; Ne-
omycin Sulfate, Sulfacetamide Sodium, and Prednisolone Acetate Ophthal-
mic Ointment; Nystatin, Neomycin Sulfate, Gramicidin, and Triamcinolone
Acetonide Cream; Nystatin, Neomycin Sulfate, Gramicidin, and Triamci-
nolone Acetonide Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: Concatag; Neomas; Austral.: Neosulf; Siguent Neomycin†; Austria:
Bykomycin; Braz.: Dermomicin†; Nemicina; Neo POM†; Neocina; Neo-
gecim†; Neom†; Neomed; Neomicon; Neomina†; Fr.: Bacteomycine†;
Ger.: Bykomycin†; Cysto-Myacyne N; Myacyne; Nebacetin N†; Uro-Ne-
bacetin N; Vagicillin; Gr.: Nivemycin; Hong Kong: Neoate; Israel: Neocin;
Jpn: Francetin; Mex.: Baycuten; Gemicina†; Neomixen; NZ: Neosulf†;
Port.: Enteromicina; Oto-Synalar N; Thai.: Myneocin; UK: Nivemycin;
USA: Mycifradin†; Neo-fradin.

Multi-ingredient: Arg.: Adermicina; Antibiocort†; Aseptobron N; Bel-
bar; Betasone-G Compuesto; Betnovate-N; Biocortin†; Bioftal; Biotaer an
Caramelos; Biotaer Gamma†; Biotaer Nebulizable; Biotaer Ultrason Neb-
ulizable†; Bucoangin N; Butimerin; Caext; Caramelos Antibioticos Bu-
coangin†; Cerosporin GS†; Cicatrex; Clevosan; Cloptison-N†; Colirio Anti-

biotico CNH; Decadron con Neomicina; Delisan; Derivoco†; Dermadex
NN; Dexafurazon†; Dexalergin; Diflunazol†; Dotrin; Endomicina†; Faction-
eye; Farm-X Ginecologico; FML Neo; Gargaletas; Ginal Cent; Ginkan; Gra-
mibiotic†; Gramicortil†; Graneodin; Graneodin N; Griseoplus; Hidrocort-
in†; Irigal; Irix Biotic; Isoptomax; Itro†; Kenacomb; Klonovan; Ledercort con
Neomicina†; Lefa Enteril†; Linfol; Linfol Cicatrizante; Mailen; Menaderm N;
Min O; Nasojol†; Nasomicina; Naxo TV; Nebapol B†; Neo Coltirot; Neo
Kef; Neo Pelvicillin; Neo-Currino; Neo-Mudapenil†; Neobitiol; Neodexa
Plus; Neomas L; Neosona; Nesbiler†; Nexadron Compuesto; Nexadron
Plus; O-Biol; O-Biol P; Oftal; Opocarbon; Otocalmia Biotic; Otoseptil; Ot-
osporin; Otosporin L; Ovumix; Palan†; Pantometil; Pentol; Plastenan con
Neomicina; Poenbioptal; Poenbioptal NF; Polygynax; Polyplex; Proetztotal;
Provacsin Nasal; Rezamid†; Rinofilax AG M; Scheriderm; Septigyn; Sin-
cerum; Sincerum Biotic; Sincerum Biotic L; Suavisan N; Tratomax; Tri-Em-
cortina†; Vagicural; Vagicural Plus; Austral.: Cicatrin; Kenacomb; Nemdyn;
Neo-Medrol; Neosporin; Otocomb Otic; Austria: Baneocin; Betnesol-N;
Betnovate-N; Cicatrex; Dorithricin; Hydoftal; Hydrocortimycin; Locacorten
mit Neomycin; Mycostatin V; Nebacetin; Neo-Delphicort; Neocones; Ot-
osporin; Synalar N; Topsym polyvalent; Tropoderm; Tyrothricin comp; Ty-
rothricin compositum; Ulcurilen; Volon A antibiotikahaltig; Belg.: De Icin†;
Dexa-Polyspectran New; Maxitrol; Mycolog; Nebacetine; Neobacitracine;
Otosporin†; Panotile; Polydexa; Polygynax†; Polyspectran Gramicidine;
Predmycin P; Rhinovalon Neomycine†; Spitalen†; Statrol; Synalar Bi-Otic;
Braz.: Aftine; Amigdagen; Amigdamicin†; Anaseptil; Anginotricin; Antisep-
tin†; Bacidermina; Bacigen; Bacinantrat†; Bacineo†; Bactoderm; Belcetin†;
Betaderm N; Betazol Cort; Betnovate-N; Bismu-Jet; Celocort; Cetobeta;
Cicatrene; Cicatrizan†; Cimecort; Colpagex N; Colpolase; Colutoide; Cuti-
derm; Decadron Colirio; Decadron Nasal; Dermacetin-Ped†; Dermase;
Dermobel†; Dermoxin; Derms; Dexacilin; Dexacort†; Dexanil; Dexavison;
Dexazona; Dimicin†; Drenison N; Elotin; Emscort; Epicitrin; Esperson N;
Ferid; Flumex N; Fluo-Vaso; Folderm Pomada; Ginec†; Gingilone; Gynax-N;
Hidrocin; Hidroneo†; Hipodex; Kindcetin; Larintil†; Locorten†; Londerm-
N; Maxitrol; Mentodrin†; Metcort; Micoplex; Mud; Naderm; Nazobel†; Ne-
bacetin; Nebaciderme; Nebacimed; Nebacitrin†; Nebactrina†; Nebalon†;
Neobacina†; Neobacipan†; Neocetrin; Neocina†; Neocinolon; Neocortin;
Neodex; Neolon-D; Neotop; Neotricin; Nepodex; Novacort; Novaderm;
Omcilon A M; Onciplus; Otauril†; Oto Xilodase; Otocort†; Otodol†; Ot-
omixyn; Otosporin; Otosynalar ; Panotil; Parenterin; Poliginax; Polipred;
Polysporin; Pomacetin†; Rhinosept; Rinogerol†; Rinosite†; Solemil†; Teut-
omicin; Thiabena†; Tirotrin†; Trivagel N; Trofodermin; Trok-N; Vagitrin-N;
Xilodase; Canad.: Cicatrin; Cortimyxin; Cortisporin; Dioptrol†; Kena-
comb†; Maxitrol; Neo-Cortef†; Neo-Medrol Acne; Neo-Medrol Veri-
derm†; Neosporin; Neotopic†; Optimyxin Plus; ratio-Triacomb; Triacomb†;
Viaderm-KC; Chile: Bacitopic Compuesto; Bacitopic†; Banedif; Banedif
Oftalmico; Banedif Oftalmico con Prednisolona; Betnovate-N†; Biodexin†;
Celulase Con Neomicina; Escar T-Neomicina; Fluforte N†; Gotalgic; Gri-
foftal-D; Grifoftal†; Labosona N†; Madecassol Neomicina†; Maxitrol; Mon-
ticina; Nasomin; Oftabiotico; Oftasona N; Otazol†; Oticum; Otolisan;
Otoseptil; Pensulan; Polvos Antibioticos†; Rinobanedif; Trofodermin Ne-
omicina; Unguento Dermico Antibiotico; Cz.: Framykoin; Linola-H-com-
positum N†; Maxitrol; Ophthalmo-Framykoin; Ophthalmo-Framykoin
Compositum; Otosporin; Pamycon; Pimafucor t; Polygynax; Statrol†;
Denm.: Decadron med Neomycin†; Kenalog Comp med Mycostatin; Fin.:
Bacibact; Maxitrol; Neo-Medrol comp†; Pimafucort; Polysporin; Fr.: Anti-
bio-Synalar ; Antibiotulle Lumiere; Atebemyxine; Betneval-Neomycine†;
Cebemyxine; Chibro-Cadron; Cidermex; Corticotulle Lumiere†; Dexa-
grane; Diprosone Neomycine; Locacortene†; Madecassol Neomycine Hy-
drocortisone†; Maxidrol; Mycolog†; Panotile; Polydexa; Polygynax; Polygy-
nax Virgo; Pulvo 47 Neomycine†; Tergynan; Trofoseptine†; Ger.:
Antibiotulle Lumiere†; Bivacyn†; Cicatrex†; Corticotulle Lumiere†; Cor-
tidexason comp; Dexa Polyspectran; Dispadex comp; Efflumycin†; Farco-
Uromycin†; Halog Tri†; Isopto Max; Jellin polyvalent†; Jellin-Neomycin;
Kombi-Stulln N; Linola-H-compositum N†; Lokalison-antimikrobiell Creme
N; Nebacetin; Neobac; Polygynax†; Polyspectran; Pulvo Neomycin; Topsym
polyvalent; Ulcurilen N†; Volon A antibiotikahaltig N†; Gr.: Afacort; Antil-
erg-F†; Apobacyn; Betnovate-N; Dermol; Ekzegamma†; Fluoscin†; FML
Neo; Fotocollyre; Genefacort†; Indocort†; Isopto Maxitrol; Kenacomb; Lo-
cacorten Neomycin†; Nebacetin; Neo-Priphen; Otocort; Otomize; Pre-
cortivit†; Pulvo 47; Saocin-D; Statrol†; Vioplex-T; Hong Kong: Aplosyn-
Otic; Aristobet-N; Bacimycin; Betnovate-N; Bivacyn; Cebemyxine; Chlomy-
P†; Corticin†; Derzid-N†; Dexoph; Dextracin; Enterocin Compound; Flu-
nolone; Fluonid-N; Kenacomb; Lozopin; Maxitrol; Nebacetin†; Neo-Medrol
Acne; Neosporin; Otosporin; Otozambon; Polydex-N; Polydexa; Polygy-
nax; Polyoph; Prednitracin†; Proctosone†; Synalar N; Synco-CFN; Syneolo-
na; Triacomb; Hung.: Baneocin; Bivacyn; Dexapolcort N; Flucinar N; Ot-
osporin; Pimafucort; Synalar N†; India: Beclate-N; Betnederm N; Betnesol-
N; Betnesol-N Nasal; Betnor; Betnovate-N; Candiderma +; Candizole-T;
Clocip NB; Decdan-N; Dexona Eye/Ear; Dexosyn Plus; Dexosyn-N; Flom-
ex N; Flucort-N; Flucreme NM; Kenacomb; Kenalog-S; Ledercort-N; Luci-
N; Mycidex†; NC-Derm; Nebasulf; Neosporin; Neosporin-H; Stecort-NM;
Surfaz-SN; Topicasone with Neomycin; Valbet; Wycort c Neomycin; In-
don.: Apolar-N; Benoson N; Berloson-N; Betason-N; Betnovate-N; Beva-
lex; Bioplacenton; Blecidex; Centabio; Cinolon-N; Decoderm 3; Denomix;
Desolex-N; Fasolon; FG Ointment; FG Troches; Inmatrol; Isotic Enpigi; Isotic
Neolyson; Isotic Nepafrin; Kalcinol-N; Kenetrol; Maxitrol; Metaskin-N;
Mytaderm; Nebacetin; Nelicort; Neocortic; Neofen; Neosinol; Neosyd;
Netracin; Nufacort; Ociderm-N; Oregan; Osatrol; Otopain; Otopraf; Oto-
zambon; Polidemisin; Polifrisin; Proson N; Scanderma Plus; Tracetin; Tu-
derm-N; Ximex Optixitrol; Zumaderm-N; Irl.: Audicort†; Betnesol-N; Bet-
novate-N; Cicatrin; Graneodin; Kenacomb; Maxitrol; Naseptin;
Neosporin†; Otomize; Otosporin; Synalar N†; Israel: Bamyxin; Betnesol-
N; Betnovate-N; Dermacombin; Desoren; Dethamycin; Dethaphrine; Dex-
Otic; Dexamycin; Dexefrin; Hycocin; Hycomycin; Kenacomb†; Locacorten
with Neomycin†; Maxitrol; Neo-Medrol; Nodryl†; Otomize†; Otomycin;
Polycutan; Tevacutan; Ital.: Abiostil; Anauran; Antibioptal; Bimixin; Bio-Del-
ta Cortilen; Cicatrene; Desalfa; Desamix-Neomicina; Doricum; Ecoval con
Neomicina; Enterostop; Eta Biocortilen; Eta Biocortilen VC; Halciderm
Combi; Idracemi; Idrocet†; Idroneomicil†; Kataval; Localyn; Localyn-Ne-
omicina; Locorten; Menaderm; Mixotone; Nefluan; Neo Cortofen; Neo-
Medrol Veriderm†; Nevacort; Orobicin; Otosporin†; Rinojet SF†; Solprene;
Streptosil con Neomicina-Fher; Trofodermin; Vasosterone Antibiotico; Va-
sosterone Collirio; Malaysia: Bacitracin-N; Baneocin; Beavate N; Besone-
N; Betacin; Betamethasone N; Betnesol-N†; Betnosone N; Betnovate-N;
Dextracin; Flumicin; Fluonid-N†; Kenacomb; Maxitrol; Neo-Deca; Neo-Hy-
dro†; Neo-Medrol; Pocin G; Pocin H; Proctosone†; Synalar N†; Uniflex-N†;
Mex.: Alin Nasal; Alin Oftalmico; Alosol; Baycuten N; Bexine; Biodexan;
Biofrin; Biotarson N; Biotarson O; Cortifung-N; Cortisporin; Decadron con
Neomicina; Dermalog-C; Dexamicin; Dexne; Dexsul; Dextone; Fluccinol
N; Fluforte N; Flunal-Neo†; Fluo Grin; Gotadex†; Hidromagma†; Hidropo-
licin; K-Omistron; Kaomycin; Kenacomb; Kodakon†; Maxitrol; Mildex; Ne-
bacetina; Neobacigrin; Neobol; Neoderm-F; Neopecsul; Neosporin; Neox-
il; Nicobio†; Ofodex; Otilin; Polideltaxin NF; Polixin; Poly-Micron;
Recoveron N; Recoveron NC; Rinadex Compuesto; Rinidyl DN;
Scheriderm; Septilisin; Soldrin; Sondex-Of; Sulned; Synalar N; Synalar Neo;
Synalar O; Synalar Oftalmico; Tapzol con Neomicina†; Timpacil; Treda;

Tribiot; Xyloderm; Neth.: Maxitrol; Mycolog; Otosporin; Panotile; Pimafu-
cort; Polyspectran G†; Synalar Bi-Otic†; Norw.: Maxitrol; NZ: Kenacomb;
Maxitrol; Pimafucort; Viaderm-KC; Philipp.: Aplosyn N; Aplosyn-Otic; Bet-
novate-N; BNP Ointment; Cortisporin; Dermovate-NN; Hydrospor ;
Isonep; Isonep H; Kenacomb; Lidex NGN; Maxirap; Maxitrol; Maxoptic;
Neo-Synalar; Neosporin; Novasorin; Postop; Postotic; Predmycin-P; Statrol;
Synalar Otic; Syntemax; Terramycin Plus; Trimycin; Trimycin-H; Pol.: Bane-
ocin; Betnovate-N; Bivacyn; Dexapolcort N; Dicortineff; Flucinar N; Lorind-
en N; Maxitrol; Mecortolon N; Multibiotic; Neotopic; Pimafucort; Proctos-
one; Triacomb; Tribiotic; Port.: Baciderma; Bacitracina-Neo†; Betnovate-N;
Bienterico; Cicatrin; Conjunctilone; Conjunctilone-S; Davimicina†; Dec-
adron com Neomicina; Dermimade Bacitracina†; Dermobiotico†; Dermo-
vate-NN†; Dexaval N; Dexaval O; Dimicina; Distop; FML Neo; Kenacomb;
Leuco Hubber†; Meocil; Neo-Davisolona; Neo-Preocil; Otomize†; Ot-
osporin; Pimafucort; Plastenan Neomicina†; Polydexa; Predniderma†; Syn-
alar N; Zotinar-N; Rus.: Anauran (Анауран); Baneocin (Банеоцин); Dexo-
na (Дексона); Flucinar N (Флуцинар Н); Maxitrol (Макситрол);
Pimafucort (Пимафукорт); Polydexa (Полидекса); Polydexa with Phenyle-
phrine (Полидекса С Фенилефрином); Polygynax (Полижинакс); Tergy-
nan (Тержинан); S.Afr.: Betanoid N†; Betnesol-N; Betnovate-N; Cicatrin;
Covomycin; Covomycin-D; FML Neo; Kenacomb; Maxitrol; Naseptin; Nas-
omixin†; Neo-Medrol; Neoderm; Neopan; Neosporin†; Otosporin; Syn-
alar N; Trialone; Vibrocil; Singapore: Baneocin; Batramycin; Besone-N; Ce-
lestoderm-V with Neomycin†; Dextracin; Fast Powder ; Flunolone;
Kenacomb†; Maxitrol; Neo-Hydro; Neo-Medrol; Pivalone Neomycin†;
Polybamycin; Polydexa; Polygynax; Predmycin-P†; Spain: Anasilpiel; Antihe-
morroidal; Bacisporin; Banedif; Bexicortil; Blastoestimulina; Cilinafosal Hid-
rocortisona; Cilinafosal Neomicina; Coliriocilina Espectro†; Coliriocilina
Prednisona; Creanolona; Decadran Neomicina†; Dermisone Tri Antibiotic;
Dermo Hubber; Dermomycose Talco; Edifaringen; Flodermol; Fludronef;
Gingilone; Grietalgen Hidrocort†; Intradermo Cort Ant Fung†; Iruxol Neo;
Leuco Hubber; Liquipom Dexa Antib; Maxitrol; Menaderm Neomicina; Mi-
dacina; Neo Analsona; Neo Bacitrin; Neo Hubber; Neocones; Neodexa;
Oftalmowell; Oto Difusor†; Oto Vitna†; Otonina†; Otosporin; Oxidermiol
Enzima†; Panotile; Phonal; Plaskine Neomicina; Poly Pred; Pomada Antibiot-
ica; Positon; Prednisona Neomicina; Rino Dexa; Rinobanedif; Rinovel; Spec-
trocin†; Sulfintestin Neomicina; Synalar Nasal; Synalar Neomicina; Synalar
Otico; Tisuderma; Tivitis; Trigon Topico; Tulgrasum Antibiotico; Vinciseptil
Otico; Swed.: Betnovat med Neomycin; Celeston valerat comp†; Dec-
adron cum neomycin†; Isopto Biotic†; Switz.: Bacimycin; Baneopol; Bat-
ramycine; Betnovate-N; Cicatrex; Cortifluid N; Cortimycine; Dermovate-
NN; FML Neo; Maxitrol; Mycinopred; Mycolog N; Mycolog†; Nebacetin;
Neo-Hydro; Neocones; Neosporin; Neotracin; Otosporin; Otospray†;
Panotile; Pivalone compositum; Polydexa; Prednitracin†; Spersapolymyxin;
Synalar N; Topsym polyvalent; Tyrocombine; Thai.: Archidex; Bacal; Banoc-
in; Basina; Besone-N; Beta-Dipo†; Beta-N; Betama-EN†; Betameth-N;
Bethasone-N; Betnovate-N; Biochin†; Cadexcin-N†; Clinivate-N; Coccila†;
Decadron with Neomycin†; Dermacombin; Derzid-N; Dexacin; Dexasil†;
Dexoph; Dexylin; Disento; Eyedex; Farakil; Fluciderm-N†; Flunolone; Fluo-
nid-N; FML Neo†; Izac†; Kenacomb; Maxitrol; Medcin; My-B; Mybacin; My-
bacin Dermic; Mysolone-N; Neo-Medrol; Neo-Optal; Neodex; Neopred†;
Neosporin†; Neozolone; Opsacin†; Opsardex†; Otosamthong; Ot-
osporin†; Polyoph; Predex†; Predmycin†; Prednisil-N; Prednisil†; Spersapol-
ymyxin; Supracortin 3†; Supralan-N; Synalar N; Topaben-N; Trofodermin†;
Unipred; Valbet-N; Vesoph; Xanalin; Turk.: Cebemyxine; Cormisin; Ne-
osporin; Thiocilline; UAE: Panderm; UK: Audicort†; Betnesol-N; Betno-
vate-N; Cicatrin†; Dermovate-NN; Graneodin†; Gregoderm†; Maxitrol;
Naseptin; Neosporin; Otomize; Otosporin; Predsol-N; Synalar N; Tri-Ad-
cortyl; Vista-Methasone N; USA: Ak-Neo-Dex; Ak-Spore; Ak-Trol†; Coly-
Mycin S Otic; Cortatrigen; Cortimycin; Cortisporin; Cortisporin-TC; Cor-
tisporin†; Dexacidin†; Dexacine†; Dexasporin; Ear-Eze; Lanabiotic†; Laz-
erSporin-C; Maxitrol; Mycitracin†; Neo-Dexameth†; Neocin; NeoDec-
adron†; Neodexasone; Neopolydex; Neosporin; Neosporin + Pain Relief;
Neosporin GU; Neosporin†; Neotricin HC; Octicair†; Ocu-Spor-B; Ocu-
Spor-G; Ocu-Trol; Ocutricin; Otic-Care; OtiTricin; Otocort; Otomycin-
HPN; Otosporin; Pediotic; Poly-Dex; Poly-Pred; Polymycin; Spectrocin
Plus†; Tri-Biozene; UAD-Otic; Venez.: Baycuten N; Bratofil c Neomicina;
Clinal†; Decadron†; Decaven; Dermabiotic; Dexaneol†; Flutalon†; Maxi-
cort; Maxitrol; Neo-Synalar con Neomicina; Neo-Synalar†; Neoflu con Ne-
omicina†; Otocort; Poli-Otico.

Netilmicin Sulfate (USAN, rINNM)

N1-Ethylsissomicin; Netilmicin Sulphate (BANM); Nétilmicine, sul-
fate de; Netilmicini sulfas; Netilmicino sulfatas; Netilmicinsulfat;
Netilmicin-sulfát; Netilmicin-szulfát; Netilmisiinisulfaatti; Netilmi-
sin sülfat; Netylmycyny siarczan; Sch-20569; Sulfato de netilmici-
na. 4-O-[(2R,3R)-cis-3-Amino-6-aminomethyl-3,4-dihydro-2H-
pyran-2-yl]-2-deoxy-6-O-(3-deoxy-4-C-methyl-3-methylamino-
β-L-arabinopyranosyl)-1-N-ethylstreptamine sulphate.

Нетилмицина Сульфат

(C21H41N5O7)2,5H2SO4 = 1441.6.
CAS — 56391-56-1 (netilmicin); 56391-57-2 (netilmicin
sulfate).
ATC — J01GB07; S01AA23.
ATC Vet — QJ01GB07; QS01AA23.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Netilmicin Sulphate). A substance obtained by syn-
thesis from sisomicin. The potency is not less than 650 units/mg,
calculated with reference to the dried substance. A white or yel-
lowish-white, very hygroscopic, powder. Very soluble in water;
practically insoluble in alcohol and in acetone. A 4% solution in
water has a pH of 3.5 to 5.5. Store in airtight containers. Protect
from light. 
USP 31 (Netilmicin Sulfate). The potency is equivalent to not
less than 595 micrograms of netilmicin per milligram, calculated
on the dried basis. A white to pale yellowish-white powder. Free-
ly soluble in water; practically insoluble in dehydrated alcohol
and in ether. pH of a solution in water containing the equivalent
of netilmicin 4% is between 3.5 and 5.5. Store in airtight contain-
ers. Protect from moisture.
Incompatibility. For discussion of the incompatibility of
aminoglycosides, including netilmicin, with beta lactams, see
under Gentamicin Sulfate, p.282. Netilmicin is also reported to
be incompatible with furosemide, heparin, and vitamin B com-
plex.
Adverse Effects, Treatment, and Precautions
As for Gentamicin Sulfate, p.282. Some studies suggest that
netilmicin is less nephrotoxic and ototoxic than gentamicin or
tobramycin, although others have not found any significant dif-
ferences in their toxicity. 
It has been suggested that peak plasma concentrations of netilm-
icin should not exceed 12 micrograms/mL for prolonged thera-
py, and troughs should be below 2 micrograms/mL.
Effects on the cardiovascular system. Severe hypotension
was associated with netilmicin in a patient undergoing artificial
ventilation.1 Hypotensive episodes were of short duration and
coincided with netilmicin injection. They almost disappeared
when sedation was stopped.
1. Rygnestad T. Severe hypotension associated with netilmicin

treatment. BMJ 1997; 315: 31.

Interactions
As for Gentamicin Sulfate, p.283.
Antimicrobial Action
As for Gentamicin Sulfate, p.283. It is active against a similar
range of organisms although it is also reported to have some ac-
tivity against Nocardia. It may be somewhat less effective
against Pseudomonas aeruginosa. It is not degraded by all of the
enzymes responsible for aminoglycoside resistance, and may be
active against some strains resistant to gentamicin or tobramycin,
but this is less marked than with amikacin: for example, gen-
tamicin-resistant Providencia, Pseudomonas, and Serratia are
usually also netilmicin-resistant. Between about 5 and 20% of
Gram-negative isolates are reported to be resistant to netilmicin.
Pharmacokinetics
As for Gentamicin Sulfate, p.284. 
After intramuscular injection of netilmicin, peak plasma concen-
trations are achieved within 0.5 to 1 hour, and concentrations of
about 7 micrograms/mL have been reported following doses of
2 mg/kg; similar concentrations are obtained after intravenous
infusion of the same dose over 1 hour. Peak concentrations after
rapid intravenous injection may transiently be 2 or 3 times higher
than those following infusion. Standard, once-daily doses may
produce  t rans ient  peak  concent ra t ions  of  20 to
30 micrograms/mL. In multiple dosing studies, netilmicin in
usual doses every 12 hours produced steady-state concentrations
on the second day which were less than 20% higher than those
seen after the first dose. 
The half-life of netilmicin is usually 2.0 to 2.5 hours. About 80%
of a dose is excreted in the urine within 24 hours.
Uses and Administration
Netilmicin is a semisynthetic aminoglycoside antibiotic with ac-
tions and uses similar to those of gentamicin (p.284). It may be
used as an alternative to amikacin (p.201) in the treatment of in-
fections caused by susceptible bacteria that are resistant to gen-
tamicin and tobramycin. As with gentamicin, netilmicin may be
used with penicillins and with cephalosporins; the injections
should be given separately. 
Netilmicin is given as the sulfate but doses are expressed in terms
of the equivalent amount of base; 1.5 g of netilmicin sulfate is
equivalent to about 1 g of netilmicin. It is usually given intramus-
cularly in doses of 4 to 6 mg/kg daily as a single dose; alterna-
tively, it may be given in equally divided doses every 8 or 12
hours; for the control of life-threatening infections, up to
7.5 mg/kg may be given daily in divided doses every 8 hours for
short periods. In the management of urinary-tract infections, a
single daily dose of 150 mg for 5 days may be given; for compli-
cated urinary-tract infections, 3 to 4 mg/kg daily in divided doses
every 12 hours has been given. A single dose of 300 mg has been
licensed for gonorrhoea (p.191). 
The same doses may be given by slow intravenous injection over
3 to 5 minutes or infused intravenously over 0.5 to 2 hours in 50
to 200 mL of infusion fluid; proportionately less fluid should be
given to children. 
Treatment with netilmicin is usually given for 7 to 14 days. Peak
plasma concentrations below 12 micrograms/mL and troughs
below 2 micrograms/mL have been recommended for divided
daily dose regimens. 

Dosage recommendations in infants and children vary some-
what. One regimen is 7.5 to 9 mg/kg daily in infants and ne-
onates older than 1 week, and 6 to 7.5 mg/kg daily in older chil-
dren, both given in divided doses every 8 hours. Premature
infants and neonates less than 1 week old may be given 6 mg/kg
daily in divided doses every 12 hours. An alternative regimen is
4 to 6.5 mg/kg daily in neonates less than 6 weeks of age, in di-
vided doses every 12 hours, and 5.5 to 8 mg/kg daily in divided
doses every 8 or 12 hours in older infants and children. 
Dosage should be adjusted in all patients according to plasma-
netilmicin concentrations, and this is particularly important
where factors such as age, renal impairment, or prolonged thera-
py may predispose to toxicity, or where there is a risk of subther-
apeutic concentrations. For discussion of the methods of calcu-
lating aminoglycoside dosage requirements, see Administration
and Dosage, under Gentamicin, p.284.
Preparations
USP 31: Netilmicin Sulfate Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Netira†; Austral.: Netromycin†; Austria: Certomycin; Belg.: Netro-
mycine†; Braz.: Netromicina; Canad.: Netromycin†; Cz.: Netromycine;
Nettacin; Denm.: Netilyn†; Fin.: Netilyn; Fr.: Netromicine; Ger.: Certo-
mycin; Gr.: Netromycin; Zaby; Hong Kong: Netromycin; Hung.: Netro-
mycine; India: Netromycin; Netspan; Indon.: Netromycin; Irl.: Netillin†;
Ital.: Nettacin; Nettavisc; Zetamicin; Malaysia: Netromycin; Mex.:
Neticin†; Netromicina; Neth.: Netromycine; Norw.: Netilyn; NZ: Netro-
mycin†; Philipp.: Keunmixin; Netromycin; Pol.: Netromycine; Port.: Ne-
tromicina; Tilcin; S.Afr.: Netromycin; Spain: Netrocin†; Swed.: Netilyn;
Switz.: Netromycine; Thai.: Bactrocin; Nelin; Netil; Netromycin; Turk.:
Netira; Netromycine; UK: Netillin†; Venez.: Netromicina.
Multi-ingredient: Ital.: Netildex.

Nifuroxazide (rINN)

Nifuroksatsidi; Nifuroksazid; Nifuroksazidas; Nifuroxazid; Nifuro-
xazida; Nifuroxazidum. 2′-(5-Nitrofurfurylidene)-4-hydroxyben-
zohydrazide.
Нифуроксазид
C12H9N3O5 = 275.2.
CAS — 965-52-6.
ATC — A07AX03.
ATC Vet — QA07AX03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Nifuroxazide). A bright yellow crystalline powder.
Practically insoluble in water; slightly soluble in alcohol; practi-
cally insoluble in dichloromethane. Protect from light.
Profile
Nifuroxazide is an antibacterial that is poorly absorbed from the
gastrointestinal tract. It is given orally in a dose of 800 mg daily
in divided doses in the treatment of colitis and diarrhoea.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Bacifurane†; Ercefuryl; Braz.: Passifuril; Chile: Diarfin†; Cz.: Ercefu-
ryl; Fr.: Bacterix; Bifix; Diafuryl; Ediston; Ercefuryl; Erceryl; Lumifurex; Pan-
furex; Septidiaryl; Gr.: Ercefuryl; Hong Kong: Ercefuryl; Panfurex; Indon.:
Fuzide; Nifudiar; Nifural; Ital.: Diarret†; Mex.: Akabar; Diarim†; Eskapar;
Topron; Philipp.: Ercefuryl; Rus.: Enterofuryl (Энтерофурил); Singapore:
Niraben; Thai.: Debby†; Ercefuryl; Erfuzide; Turk.: Diafuryl; Durisal; En-
dosin; Ercefuryl; Erfulyn; Furil; Nifuryl; Nufro.
Multi-ingredient: Chile: Diaren; Diarfin†; Enterol Con Nifuroxacida; Im-
ecol; Liracol; Nifurat†; Testisan; Mex.: Dia-Par Compuesto; Eskapar Com-
puesto.

Nifurpirinol (USAN, rINN)

Furpirinol; Nifurpirinolum; P-7138.
Нифурпиринол
C12H10N2O4 = 246.2.
CAS — 13411-16-0.

Profile
Nifurpirinol is a nitrofuran antimicrobial used in veterinary med-
icine for the treatment of bacterial and fungal infections in orna-
mental fish.

Nifurtoinol (rINN)

Hydroxymethylnitrofurantoin; Nifurtoïnol; Nifurtoinolum. 3-Hy-
droxymethyl-1-(5-nitrofurfurylideneamino)hydantoin.

Нифуртоинол
C9H8N4O6 = 268.2.
CAS — 1088-92-2.
ATC — J01XE02.
ATC Vet — QJ01XE02.

Profile
Nifurtoinol is a nitrofuran antibacterial with properties similar to
those of nitrofurantoin (below) and is used in the treatment of
urinary-tract infections. It is given orally in doses of up to
300 mg daily in divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Urfadyn PL.

Nifurzide (rINN)

Nifurzida; Nifurzidum. 5-Nitro-2-thiophenecarboxylic acid [3-(5-
nitro-2-furyl)allylidene]hydrazide.

Нифурзид
C12H8N4O6S = 336.3.
CAS — 39978-42-2.
ATC — A07AX04.
ATC Vet — QA07AX04.

Profile
Nifurzide is an antibacterial that is poorly absorbed from the gas-
trointestinal tract. It has been given orally in the treatment of di-
arrhoea.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Ricridene†.

Nisin
E234; Nisina.

Низин
CAS — 1414-45-5.

Profile
Nisin is a polypeptide antibacterial produced by Lactococcus
lactis (Streptococcus lactis). It is used as a food preservative. 
It has been investigated for the treatment of various infections,
including those caused by Helicobacter pylori and Clostridium
difficile.
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Nitrofurantoin (BAN, rINN)

Furadoninum; Nitrofurantoiini; Nitrofurantoína; Nitrofurantoina;
Nitrofurantoinas; Nitrofurantoïne; Nitrofurantoinum. 1-(5-Ni-
trofurfurylideneamino)hydantoin; 1-(5-Nitrofurfurylideneami-
no)imidazolidine-2,4-dione.
Нитрофурантоин
C8H6N4O5 = 238.2.
CAS — 67-20-9 (anhydrous nitrofurantoin); 17140-81-7
(nitrofurantoin monohydrate).
ATC — J01XE01.
ATC Vet — QJ01XE01.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Int. and US specify anhydrous or monohydrate. 
Ph. Eur. 6.2 (Nitrofurantoin). A yellow, odourless or almost
odourless, crystalline powder or crystals. Very slightly soluble in
water and in alcohol; soluble in dimethylformamide. Store at a
temperature not exceeding 25°. Protect from light. 
USP 31 (Nitrofurantoin). It is anhydrous or contains one mole-
cule of water of hydration. Lemon-yellow, odourless crystals or
fine powder. Nitrofurantoin and its solutions are discoloured by
alkalis and by exposure to light, and are decomposed on contact
with metals other than stainless steel or aluminium. Very slightly
soluble in water and in alcohol; soluble in dimethylformamide.
Store in airtight containers. Protect from light.

Adverse Effects
The estimated incidence of adverse effects with nitro-
furantoin has varied enormously, but may be around
10% overall; an incidence of serious reactions of about
0.001% for pulmonary, and 0.0007% for neurological
reactions has been suggested. The most common ad-
verse effects of nitrofurantoin involve the gastrointesti-
nal tract. They are dose-related and generally include
nausea, vomiting, and anorexia; abdominal pain and
diarrhoea occur less frequently. It has been reported
that adverse effects on the gastrointestinal tract are less
common when nitrofurantoin is given in a macrocrys-
talline form or with food. 
Neurological adverse effects include headache, drow-
siness, vertigo, dizziness, nystagmus, and benign in-
tracranial hypertension. Severe and sometimes irre-
versible peripheral neuropathy has developed,
particularly in patients with renal impairment and in
those given prolonged therapy. 
Hypersensitivity reactions such as skin rashes, urticar-
ia, pruritus, fever, sialadenitis, and angioedema may
occur. Anaphylaxis, erythema multiforme, Stevens-
Johnson syndrome, exfoliative dermatitis, pancreatitis,
a lupus-like syndrome, myalgia, and arthralgia have
also been reported. Patients with a history of asthma
may experience acute asthmatic attacks. 
Acute pulmonary sensitivity reactions characterised by
sudden onset of fever, chills, eosinophilia, cough, chest
pain, dyspnoea, pulmonary infiltration or consolida-
tion, and pleural effusion may occur within hours to a
few days of beginning therapy, but they usually resolve
on stopping treatment. 
Subacute or chronic pulmonary symptoms including
interstitial pneumonitis and pulmonary fibrosis may
develop more insidiously in patients on long-term ther-
apy and the latter are not always reversible, particularly
if therapy is continued after onset of symptoms. 
Hepatotoxicity including cholestatic jaundice, hepati-
tis, and hepatic necrosis may develop rarely, particular-
ly in women, and may represent a hypersensitivity re-
action. Other adverse effects include megaloblastic
anaemia, leucopenia, granulocytopenia or agranulocy-
tosis, thrombocytopenia, aplastic anaemia, and haemo-
lytic anaemia in persons with a genetic G6PD deficien-
cy. Transient alopecia has been reported. 
Nitrofurantoin may cause a brownish discoloration of
the urine. 

There is limited evidence from animal studies that ni-
trofurantoin may be carcinogenic, although this has not
been shown conclusively in humans.
◊ References.
1. Koch-Weser J, et al. Adverse reactions to sulfisoxazole, sulfam-

ethoxazole, and nitrofurantoin: manifestations and specific reac-
tion rates during 2118 courses of therapy. Arch Intern Med 1971;
128: 399–404. 

2. Holmberg L, et al. Adverse reactions to nitrofurantoin: analysis
of 921 reports. Am J Med 1980; 69: 733–8. 

3. Penn RG, Griffin JP. Adverse reactions to nitrofurantoin in the
United Kingdom, Sweden, and Holland. BMJ 1982; 284:
1440–2. 

4. D’Arcy PF. Nitrofurantoin. Drug Intell Clin Pharm 1985; 19:
540–7. 

5. Karpman E, Kurzrock EA. Adverse reactions of nitrofurantoin,
trimethoprim and sulfamethoxazole in children. J Urol (Balti-
more) 2004; 172: 448–53.

Effects on the lungs. References1,2 to pulmonary toxicity as-
sociated with long-term nitrofurantoin treatment.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Pul-

monary toxicity with long-term nitrofurantoin. Aust Adverse
Drug React Bull 2004; 23: 15. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0408.htm (accessed 11/01/08) 

2. Mendez JL, et al. Chronic nitrofurantoin-induced lung disease.
Mayo Clin Proc 2005; 80: 1298–1302.

Precautions
Nitrofurantoin should not be given to patients with re-
nal impairment since antibacterial concentrations in
the urine may not be attained and toxic concentrations
in the plasma can occur. Nitrofurantoin is also contra-
indicated in patients known to be hypersensitive to ni-
trofurans, in those with G6PD deficiency, and in in-
fants (in the UK it is contra-indicated below 3 months
of age, though the USA permits use from 1 month old). 
Nitrofurantoin should be used with care in the elderly,
who may be at increased risk of toxicity, particularly
acute pulmonary reactions. All patients undergoing
prolonged therapy should be monitored for changes in
pulmonary function, and the drug withdrawn at the
first signs of pulmonary damage. Care is required in
patients with pre-existing pulmonary, hepatic, neuro-
logical, or allergic disorders, and in those with condi-
tions (such as anaemia, diabetes mellitus, electrolyte
imbalance, debility, or vitamin B deficiency) which
may predispose to peripheral neuropathy. Nitrofuran-
toin should be withdrawn if signs of peripheral neurop-
athy develop. Although hepatic reactions such as hep-
atitis, cholestatic jaundice, and hepatic necrosis rarely
occur, fatalities have been reported. Patients should be
monitored, and the drug stopped immediately if hepa-
titis occurs. 
Nitrofurantoin may cause false positive reactions in
urine tests for glucose using copper reduction methods.
Breast feeding. The American Academy of Pediatrics consid-
ers that, although nitrofurantoin is excreted into breast milk, it is
usually compatible with breast feeding, but caution is necessary
in breast-fed infants with G6PD deficiency.1 The BNFC suggests
that the amount ingested may be enough to produce haemolysis
in G6PD-deficient infants; it recommends that nitrofurantoin
should be avoided in mothers who are breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 11/01/08)

Porphyria. Nitrofurantoin has been associated with acute at-
tacks of porphyria and is considered to be unsafe in porphyric
patients.
Pregnancy. Licensed product information contraindicates the
use of nitrofurantoin in pregnant patients at term (38 to 42
weeks’ of gestation), or during labour and delivery, because of
the possibility of producing haemolytic anaemia in the neonate.

Interactions
Nitrofurantoin and the quinolone antibacterials are an-
tagonistic in vitro but the clinical significance is un-
known. The antibacterial activity of nitrofurantoin may
be decreased in the presence of carbonic anhydrase in-
hibitors and other drugs that alkalinise the urine. 
Probenecid or sulfinpyrazone should not be given with
nitrofurantoin as they may reduce its excretion. Mag-
nesium trisilicate may reduce the absorption of nitro-
furantoin but it is not clear whether this applies to other
antacids.

Antiepileptics. For reference to the effect of nitrofurantoin on
phenytoin, see p.498.
Antifungals. An elderly patient who had been taking nitro-
furantoin daily for 5 years developed combined hepatic and pul-
monary toxicity 2 months after also starting fluconazole therapy.1
Although either drug may have caused the hepatic toxicity, pos-
sible pharmacokinetic changes induced by an interaction with
fluconazole may have precipitated the nitrofurantoin-induced
pulmonary toxicity.
1. Linnebur SA, Parnes BL. Pulmonary and hepatic toxicity due to

nitrofurantoin and fluconazole treatment. Ann Pharmacother
2004; 38: 612–16.

Hormonal contraceptives. For mention of a possible de-
crease in contraceptive efficacy when nitrofurantoin was used
with oral contraceptives, see under Hormonal Contraceptives,
p.2068.

Antimicrobial Action
Nitrofurantoin is bactericidal in vitro to most Gram-
positive and Gram-negative urinary-tract pathogens.
The mode of action is uncertain but appears to depend
on the formation of reactive intermediates by reduc-
tion; this process occurs more efficiently in bacterial
than in mammalian cells. 
It is effective against the enterococci in vitro, as well as
various other Gram-positive species including staphy-
lococci, streptococci, and corynebacteria, although this
is of little clinical significance. Most strains of Es-
cherichia coli are particularly sensitive to nitrofuranto-
in but Enterobacter and Klebsiella spp. are less suscep-
tible and some may be resistant. Pseudomonas
aeruginosa is resistant as are most strains of Proteus
spp. 
Nitrofurantoin is most active in acid urine, and if the
pH exceeds 8 most of the antibacterial activity is lost.
Resistance rarely develops during nitrofurantoin treat-
ment but may occur during prolonged treatment. Plas-
mid-encoded resistance has been reported in E. coli.
Resistance may be due to the loss of nitrofuran reduct-
ases which generate the active intermediates.

Pharmacokinetics
Nitrofurantoin is readily absorbed from the gastroin-
testinal tract. The absorption rate is dependent on crys-
tal size. The macrocrystalline form has slower dissolu-
tion and absorption rates, produces lower serum
concentrations than the microcrystalline form, and
takes longer to achieve peak concentrations in the
urine. The presence of food in the gastrointestinal tract
may increase the bioavailability of nitrofurantoin and
prolong the duration of therapeutic urinary concentra-
tions. Preparations of nitrofurantoin from different
sources may not be bioequivalent, and care may be
necessary if changing from one brand to another. 
On absorption, concentrations in blood and body tis-
sues are low because of rapid elimination, and antibac-
terial concentrations are not achieved. Nitrofurantoin
crosses the placenta and the blood-brain barrier and
traces have been detected in breast milk. There is some
disagreement about the degree of protein binding, and
although figures of up to about 60% are quoted by
some sources, others suggest that the figure should be
as much as 90%. The plasma half-life is reported to
range from 0.3 to 1 hour. 
Nitrofurantoin is metabolised in the liver and most
body tissues while about 30 to 40% of a dose is excret-
ed rapidly in the urine as unchanged nitrofurantoin.
Some tubular reabsorption may occur in acid urine.
Average doses give a concentration of 50 to
200 micrograms/mL in the urine in patients with nor-
mal renal function.

Uses and Administration
Nitrofurantoin is a nitrofuran antibacterial that is used
in the treatment of uncomplicated lower urinary-tract
infections (p.199), including prophylaxis or long-term
suppressive therapy in recurrent infection. 
It is given orally, in a usual dose of 50 to 100 mg four
times daily, with food or milk. Treatment is usually
continued for 7 days. A dual-release formulation, con-
sisting of macrocrystalline nitrofurantoin and nitro-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

furantoin monohydrate, is available in some countries
and is given in a dose of 100 mg twice daily. A usual
long-term prophylactic dose is 50 to 100 mg at bed-
time. 
For details of doses in children, see below.
◊ Reviews.
1. Guay DR. An update on the role of nitrofurans in the manage-

ment of urinary tract infections. Drugs 2001; 61: 353–64.

Administration in children. In the UK, nitrofurantoin may be
given to children aged 3 months to 12 years for the treatment of
urinary-tract infection in a usual oral dose of 3 mg/kg daily given
in 4 divided doses; 1 mg/kg may be given at night for long-term
prophylactic therapy. However, a systematic review1 concluded,
on the basis of the rather low-grade evidence available, that the
adverse effects of nitrofurantoin may outweigh its benefits and
render it unacceptable for long-term therapy. 
Higher oral doses of 5 to 7 mg/kg daily in 4 divided doses are
recommended for the treatment of urinary-tract infection in the
USA in children aged 1 month and above; for long-term prophy-
lactic therapy 1 mg/kg daily given in one or two divided doses is
considered adequate. 
Older children may be given usual adult doses (see above).
1. Williams GJ, et al. Long-term antibiotics for preventing recur-

rent urinary tract infection in children. Available in The Co-
chrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2006 (accessed 11/01/08).

Preparations
BP 2008: Nitrofurantoin Oral Suspension; Nitrofurantoin Tablets; 
USP 31: Nitrofurantoin Capsules; Nitrofurantoin Oral Suspension; Nitro-
furantoin Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Furadantina; Austral.: Furadantin; Macrodantin; Ralodantin†; Austria:
Furadantin; Belg.: Furadantine; Braz.: Hantina; Macrodantina; Nitrofen;
Urogem; Canad.: Macrobid; Macrodantin†; Novo-Furantoin; Chile: Mac-
rodantina; Macrosan; Matidan; Cz.: Furantoin†; Nifurantin†; Fin.: Nitrofur-
C; Fr.: Furadantine; Furadoine; Microdoine; Ger.: Furadantin; Nifurantin; Ni-
furetten; Uro-Tablinen; Gr.: Furolin; India: Furadantin; Irl.: Furadantin;
Macrobid; Macrodantin; Israel: Macrodantin†; Uvamin; Ital.: Furadantin;
Furedan; Furil; Macrodantin; Neo-Furadantin; Mex.: Biofurin; Furadantina;
Furitex; Futroken; Macrodantina; Macrofurin; Promac; Suronit; Neth.:
Furabid; Furadantine MC; Norw.: Furadantin; NZ: Furadantin; Nifuran;
Philipp.: Macrodantin; Pol.: Siraliden; Port.: Furadantina; S.Afr.: Furadan-
tin; Macrodantin; Spain: Furantoina; Furobactina; Swed.: Furadantin;
Switz.: Furadantine; Urodin; Uvamine retard; Turk.: Piyeloseptyl; UK:
Furadantin; Macrobid; Macrodantin; USA: Furadantin; Macrobid; Macrodan-
tin; Venez.: Furadina†; Macrodantina.
Multi-ingredient: Arg.: Bagociletas con Anestesia; Bagociletas sin Anes-
tesia†; Braz.: Urofen†; Uropac; Ger.: Nifurantin B 6; Urospasmon sine†;
Urospasmon†; India: Nephrogesic; Mex.: Furanton†; Turk.: Uriseptin.

Nitrofurazone (BAN)

Nitrofural (pINN); Furacilinum; Nitrofuraali; Nitrofurál; Nitrofura-
lis; Nitrofuralum; Nitrofuratsoni; Nitrofurazon; Nitrofurazonum.
5-Nitro-2-furaldehyde semicarbazone.
Нитрофурал
C6H6N4O4 = 198.1.
CAS — 59-87-0.
ATC — B05CA03; D08AF01; D09AA03; P01CC02;
S01AX04; S02AA02.
ATC Vet — QB05CA03; QD08AF01; QD09AA03;
QG01AX90; QP51AC02; QS01AX04; QS02AA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Nitrofural; Nitrofurazone BP 2008). A yellow or
brownish-yellow, crystalline powder. Very slightly soluble in
water; slightly soluble in alcohol. The filtrate from a 1% suspen-
sion in water has a pH of 5.0 to 7.0. Protect from light. 
USP 31 (Nitrofurazone). A lemon-yellow, odourless crystalline
powder. It darkens slowly on exposure to light. Soluble 1 in 4200
of water, 1 in 590 of alcohol, and 1 in 350 of propylene glycol;
practically insoluble in chloroform and in ether; soluble in
dimethylformamide; slightly soluble in polyethylene glycol mix-
tures. The filtrate from a 1% suspension in water has a pH of 5.0
to 7.5. Store in airtight containers at a temperature not exceeding
40°. Protect from light.
Sterilisation. Autoclaving gauze dressings impregnated with
nitrofurazone, as recommended by the US manufacturer, result-
ed in a greater than 10% loss of the drug.1 Since the spectroscop-
ic assay used may not distinguish between nitrofurazone and
some of its degradation products, the degree of degradation may
have been greater than this.
1. Phillips C, Fisher E. Effect of autoclaving on stability of nitro-

furazone soluble dressing. Am J Health-Syst Pharm 1996; 53:
1169–71.

Adverse Effects
Sensitisation and generalised allergic skin reactions may be pro-
duced by topical nitrofurazone. 

Nitrofurazone is a toxic drug when given orally and serious ad-
verse effects include severe peripheral neuropathy; haemolysis
may occur in patients with G6PD deficiency. Nitrofurazone in
high oral doses is carcinogenic in rats.
Precautions
Nitrofurazone is contra-indicated in patients with known hyper-
sensitivity. Preparations containing macrogols should be used
with caution in patients with renal impairment since macrogols
can be absorbed and their accumulation in such patients may re-
sult in symptoms of further impairment. 
Oral nitrofurazone should be used with caution in patients with
G6PD deficiency because of the risk of haemolysis.
Antimicrobial Action
Nitrofurazone is a nitrofuran derivative with a broad spectrum of
antibacterial activity, but with little activity against Pseu-
domonas spp. It also has antitrypanosomal activity.
Uses and Administration
Nitrofurazone is a nitrofuran derivative that is used topically for
wounds, burns, ulcers, and skin infections, and for the prepara-
tion of surfaces before skin grafting. It is usually applied in a con-
centration of 0.2% in a water-soluble or water-miscible basis. A
solution of nitrofurazone is used for bladder irrigation. 
Urinary catheters impregnated with nitrofurazone, to reduce bac-
terial colonisation and infection, are available in some countries.
Preparations
USP 31: Nitrofurazone Ointment; Nitrofurazone Topical Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Furacin; Ivoran Pilot†; Nitromed; Belg.: Furacine; Braz.: Alivioderm†;
Caziderm; Cleanbac†; Furacin; Sensiderme; Chile: Demodek†; Furacin;
Ger.: Furacin-Sol; India: Furacin; Mex.: Furacin; Kufro; Nifurol; Probizal;
Vulnizol; Neth.: Furacine; Philipp.: Furacin; Port.: Rayonfur; S.Afr.: Furac-
in; Furex; Germex; Spain: Furacin; Thai.: Bactacin; Mytrocin; Polycin; Turk.:
Dermikolin; Furacin; Furaderm; Furazol; USA: Furacin†; Venez.: Furacin;
Furfuril; Fuxal; Polifur†.
Multi-ingredient: Arg.: Fadanasal; Neo Pelvicillin; O-Biol; Vagicural; Va-
gisan; Vagisan Compuesto; Vislus; Braz.: Nitrileno; Nitrolerg†; Otodol†; In-
dia: Furacin-S; Ital.: Furotricina; Mex.: Madecassol C; Madecassol N;
Spain: Dertrase; Thai.: Denson.

Nitroxoline (BAN, pINN)

Nitroxolina; Nitroxolinum. 5-Nitroquinolin-8-ol.
Нитроксолин
C9H6N2O3 = 190.2.
CAS — 4008-48-4.
ATC — J01XX07.
ATC Vet — QJ01XX07.

Profile
Nitroxoline has antibacterial and antifungal properties and is
used in the treatment of urinary-tract infections in oral doses
ranging from 80 to 250 mg three times daily before food. It has
also been given with sulfamethizole.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Nibiol†; Ger.: Cysto-Saar; Rus.: 5-Nitrox (5-Нитрокс); 5-Nok (5-
Нок); S.Afr.: Nicene N.
Multi-ingredient: Braz.: Minazol.

Norfloxacin (BAN, USAN, rINN)

AM-715; N-Desmethylpefloxacin; MK-366; Norfloksacinas; Nor-
floksacyna; Norfloksasiini; Norfloksasin; Norfloxacine; Norfloxa-
cino; Norfloxacinum. 1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(pip-
erazin-1-yl)quinoline-3-carboxylic acid.
Норфлоксацин
C16H18FN3O3 = 319.3.
CAS — 70458-96-7.
ATC — J01MA06; S01AX12.
ATC Vet — QJ01MA06; QS01AX12.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Norfloxacin). A white or pale yellow, hygroscopic,
photosensitive, crystalline powder. Very slightly soluble in wa-
ter; slightly soluble in alcohol and in acetone. Store in airtight
containers. Protect from light. 
USP 31 (Norfloxacin). A white to pale yellow crystalline pow-
der. Slightly soluble in water, in alcohol, and in acetone; freely
soluble in acetic acid; sparingly soluble in chloroform; practical-
ly insoluble in ether; very slightly soluble in ethyl acetate and in
methyl alcohol. Store in airtight containers. Protect from light.

Norfloxacin Pivoxil (BANM, rINNM)

Norfloxacine, Pivoxil de; Norfloxacini Pivoxil; Norfloxacino
pivoxilo. Pivaloyloxymethyl 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-
7-(piperazin-1-yl)quinoline-3-carboxylic acid.
Норфлоксацина Пивоксил
C22H28FN3O5 = 433.5.

Adverse Effects and Precautions
As for Ciprofloxacin, p.244.

Interactions
As for Ciprofloxacin, p.246.

Antimicrobial Action
As for Ciprofloxacin, p.246, although norfloxacin is
less potent in vitro. Norfloxacin is not active against
Chlamydiaceae, mycoplasmas, or mycobacteria.

Pharmacokinetics
About 30 to 40% of an oral dose of norfloxacin is ab-
sorbed. Peak plasma concentrations of about
1.5 micrograms/mL occur about 1 to 2 hours after a
400-mg oral dose; the presence of food can delay ab-
sorption. Norfloxacin is about 14% bound to plasma
proteins. It is probably widely distributed, but informa-
tion is limited. Norfloxacin penetrates well into tissues
of the genito-urinary tract. It crosses the placenta. Rel-
atively high concentrations are achieved in bile. 
The plasma half-life is 3 to 4 hours and may be pro-
longed in renal impairment; a value of 6.5 hours or
more has been reported when creatinine clearance is
below 30 mL/minute per 1.73 m2. About 30% of a
dose is excreted unchanged in the urine within 24
hours, producing high urinary concentrations; nor-
floxacin is least soluble at a urinary pH of 7.5. Urinary
excretion is by tubular secretion and glomerular filtra-
tion and is reduced by probenecid, although plasma
concentrations of norfloxacin are not generally affect-
ed. Some metabolism occurs, possibly in the liver, and
several metabolites have been identified in urine, some
with antibacterial activity. About 30% of an oral dose
is recovered from the faeces.

Uses and Administration
Norfloxacin is a fluoroquinolone antibacterial with
properties similar to those of ciprofloxacin (p.243), but
it is generally less potent in vitro. 
Norfloxacin is used mainly in the treatment of urinary-
tract infections (p.199) and for the treatment of gonor-
rhoea (p.191). 
Norfloxacin is given orally at least 1 hour before, or 2
hours after, food or milk. 
In urinary-tract infections the usual dose is 400 mg
twice daily for 3 to 10 days. Treatment may need to be
continued for up to 12 weeks in chronic relapsing uri-
nary-tract infections; it may be possible to reduce the
dose to 400 mg once daily if there is an adequate re-
sponse within the first 4 weeks. A 28-day course of
treatment with a dose of 400 mg twice daily should be
given for acute or chronic bacterial prostatitis. 
For details of reduced doses to be used in renal impair-
ment, see below. 
A single oral dose of 800 mg is given in the treatment
of uncomplicated gonorrhoea. 
Eye drops containing 0.3% of norfloxacin are used to
treat eye infections. 
The pivaloyloxymethyl salt of norfloxacin, nor-
floxacin pivoxil, is also used in some countries.
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Administration in renal impairment. Doses of norfloxacin
may need to be reduced in renal impairment; for urinary-tract
infections, 400 mg once daily should be given to patients with a
creatinine clearance of 30 mL/minute per 1.73 m2 or less.

Preparations
BP 2008: Norfloxacin Eye Drops; Norfloxacin Tablets; 
USP 31: Norfloxacin Ophthalmic Solution; Norfloxacin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Bio Tarbun; Chibroxin†; Floxamicin; Floxatral; Memento NF; Norflol;
Noroxin; Norsol; Parcetin; Ritromine; Uro-Linfol; Urofos; Uronovag; Uro-
septal; Urotem; Uroxacin; Wenflox; Yanurax†; Austral.: Insensye; Norflo-
hexal; Noroxin; Nufloxib; Roxin; Austria: Floxacin; Norflostad; Urobacid†;
Zoroxin; Belg.: Chibroxol; Zoroxin; Braz.: Androfloxin; Chibroxin†; Flox†;
Floxacin; Floxanor; Floxatom†; Floxatrat†; Floxilin†; Floxinol; Genitoflox;
Neofloxin; Norf; Norflamin†; Norflox; Norfloxasan; Norfloxil; Norfloxmed;
Norxacin†; Norxin; Quinoform; Respexil; Uritrat; Uroflox†; Uroplex†; Uro-
septal; Uroxazol-N; Canad.: Apo-Norflox; Noroxin†; Chile: Chibroxin†;
Fulgram; Noroxin†; Urekolin†; Cz.: Gyrablock; Nolicin; Denm.: Zoroxin†;
Fin.: Lexinor†; Noroxin†; Fr.: Chibroxine; Noroxine; Ger.: Bactracid; Bara-
zan; Chibroxin; Firin; Norflohexal; Norflosal; Norflox; Norflox-Azu†; Nor-
flox-Puren†; Norfloxbeta; Norfluxx; Gr.: Alenbit; Constilax; Dirunez†;
Fluseminal; Grenis; Lemorcan; Lorcamin; Norocin; Ovinol; Pistofil; Setanol;
Sinobid; Sofasin; Steinaclox; Urobacid; Urospes-N; Vetamol; Hong Kong:
Floxen; Janacin; Lexiflox; Lexinor†; Mitatonin; Rexacin†; Uroctal; Hung.:
Nolicin; India: Bacigyl; Biofloxin; Norbactin; Norflox; Normax; Indon.: Pyr-
flox; Israel: Apirol; Chibroxin†; Ital.: Diperflox; Flossac; Fulgram†; Norflox;
Noroxin; Renoxacin; Sebercim; Theanorf; Uticina; Utinor; Jpn: Baccidal;
Malaysia: Chibroxin†; Floxen†; Janacin; Lexinor†; Norbactin†; Norfloxin;
Norfloxinor†; Rexacin; Trizolin; Urinox; Urobacid; Mex.: Baxamed; Di-
foxacil; Floxacin; Microxin; Noflorox; Noroxin; Norquinol; Oranor; Neth.:
Chibroxol; Noroxin; NZ: Noroxin; Philipp.: Euroflox; Lexinor; Norbactin;
Nortram; Septinor; Uritracin; Urobacid; Utiflox; Utinor; Winaflox; Pol.:
Chibroxin; Nolicin; Port.: Besflox; Chibroxol; Noroxin; Quinoflex†; Taflox†;
Uroflox; Rus.: Gyrablock (Гираблок); Negaflox (Негафлокс); Nolicin
(Нолицин); Norbactin (Норбактин); Norfacin (Норфацин); Norilet
(Норилет); Normax (Нормакс); S.Afr.: Floxin; Noroxin; Utin; Singapore:
Bexinor; Chibroxin†; Effectsal; Foxgoria; Gyrablock; Norbactin; Sefnor†; Tri-
zolin†; Urobacid†; Spain: Amicrobin; Baccidal; Chibroxin; Esclebin; Espe-
den; Nalion; Norflok; Noroxin; Senro; Uroctal; Xasmun; Swed.: Lexinor;
Switz.: Chibroxol†; Norflocine; Noroxin; Norsol; Noxufen; Thai.: BGB
Norflox†; Foxin; Foxinon; Gonorcin; Janacin; Lexfor†; Lexinor; Loxone; M-
Flox; Manoflox; Myfloxin; Noracin; Norbactin; Norcin; Norfcin; Norflo†;
Norflocin; Norfloxin; Norfloxyl; Norsa†; Norxacin; Norxia; Noxine; Noxi-
nor; Proxinor ; Rexacin; Sefnor; Snoffocin; Trizolin†; Urinox; Uritracin;
Vesxacin; Xacin; Turk.: Noroxin; UAE: Uroxin; UK: Utinor; USA: Noroxin;
Venez.: Chibroxin†; Danilon; Norflosan†; Norfloval†; Norilet†; Noroxin.

Multi-ingredient: Arg.: Nor 2; Urotem Dol; India: Bacigyl-N†; Bioflox-
TZ; NM Powder; Nor T; Norflox TZ; Normax TZ; Parabact; Powergyl;
Tinvista-NF; Mex.: Mictasol.

Norvancomycin Hydrochloride
N-Demethylvancomycin; 56-Demethylvancomycin. (Sa)-
(3S,6R,7R,22R,23S,26S,36R,38aR)-44-{[2-O-(3-Amino-2,3,6-
trideoxy-3-C-methyl-α-L-lyxo-hexopyranosyl)-β-D-glucopyrano-
syl]oxy}-3-(carbamoylmethyl)-10,19-dichloro-
2,3,4,5,6,7,23,24,25,26,36,37,38,38a-tetradecahydro-
7,22,28,30,32-pentahydroxy-6-[(2R)-4-methyl-2-(amino)valera-
mido]-2,5,24,38,39-pentaoxo-22H-8,11:18,21-dietheno-23,36-
(iminomethano)-13,16:31,35-dimetheno-1H,16H-[1,6,9]oxadi-
azacyclohexadecino[4,5-m][10,2,16]-benzoxadiazacyclotetraco-
sine-26-carboxylic acid, monohydrochloride.

C65H73Cl2N9O24, HCl = 1471.7.
CAS — 91700-98-0 (nor vancomycin).

Pharmacopoeias. In Chin.

Profile
Norvancomycin is a glycopeptide antibacterial with properties
similar to those of vancomycin (p.358).

Novobiocin (BAN, rINN)

Crystallinic Acid; Novobiocina; Novobiocine; Novobiocinum;
Novobiosiini; Novobiosin; PA-93; Streptonivicin; U-6591. 4-Hy-
droxy-3-[4-hydroxy-3-(3-methylbut-2-enyl)benzamido]-8-meth-
ylcoumarin-7-yl 3-O-carbamoyl-5,5-di-C-methyl-α-L-lyxofurano-
side.

Новобиоцин

C31H36N2O11 = 612.6.
CAS — 303-81-1.

Description. Novobiocin is an antimicrobial substance pro-
duced by the growth of Streptomyces niveus and S. spheroides or
related organisms.

Novobiocin Calcium (BANM, rINNM)

Calcii Novobiocinum; Calcium Novobiocin; Novobiocina cálcica;
Novobiocine Calcique; Novobiocinum Calcium.
Кальций Новобиоцин
(C31H35N2O11)2Ca = 1263.3.
CAS — 4309-70-0.

Novobiocin Sodium (BANM, rINNM)

Natrii Novobiocinum; Novobiocina sódica; Novobiocine Sodi-
que; Novobiocinum Natricum; Sodium Novobiocin.
Натрий Новобиоцин
C31H35N2NaO11 = 634.6.
CAS — 1476-53-5.
Pharmacopoeias. In Fr. and US. 
USP 31 (Novobiocin Sodium). A white or yellowish-white,
odourless, hygroscopic crystalline powder. Freely soluble in wa-
ter, in alcohol, in methyl alcohol, in glycerol, and in propylene
glycol; practically insoluble in acetone, in chloroform, and in
ether; slightly soluble in butyl acetate. pH of a 2.5% solution in
water is between 6.5 and 8.5. Store in airtight containers.
Profile
Novobiocin is an antibacterial which is structurally related to
coumarin. It is active against Gram-positive bacteria such as Sta-
phylococcus aureus (including meticillin-resistant strains) and
other staphylococci; Enterococcus faecalis is usually resistant
but E. faecium may be sensitive. Some Gram-negative organ-
isms including Haemophilus influenzae and Neisseria spp. are
also susceptible, as are some strains of Proteus, but most of the
Enterobacteriaceae are resistant. Its action is primarily bacterio-
static, although it may be bactericidal against more sensitive spe-
cies at high concentrations. It is an inhibitor of DNA gyrase and
is effective in eliminating plasmids, but resistance to novobiocin
develops readily in vitro and during therapy. 
Although novobiocin has been used alone or with other drugs
such as rifampicin or sodium fusidate in the treatment of infec-
tions due to staphylococci and other susceptible organisms, it has
been largely superseded by other drugs because of the problems
of resistance and toxicity. 
Novobiocin is a potent sensitiser and hypersensitivity reactions
are relatively common; they include rashes, fever, and pruritus,
and more serious reactions such as Stevens-Johnson syndrome
and pneumonitis. Jaundice and liver damage have occurred, al-
though apparent jaundice may be due to a yellow metabolite of
the drug rather than hyperbilirubinaemia. Other adverse effects
include eosinophilia, leucopenia, thrombocytopenia, agranulo-
cytosis, and haemolytic anaemia; gastrointestinal disturbances
are common.
Porphyria. Novobiocin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Ofloxacin (BAN, USAN, rINN)

DL-8280; Hoe-280; Ofloksacinas; Ofloksasiini; Ofloksasin;
Ofloxacine; Ofloxacino; Ofloxacinum; RU-43280. (±)-9-Fluoro-
2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-py-
rido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid.
Офлоксацин
C18H20FN3O4 = 361.4.
CAS — 82419-36-1; 83380-47-6.
ATC — J01MA01; S01AX11.
ATC Vet — QJ01MA01; QS01AX11.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Ofloxacin). A pale yellow or bright yellow crystal-
line powder. Slightly soluble in water and in methyl alcohol;
slightly soluble to soluble in dichloromethane; soluble in glacial
acetic acid. Store in airtight containers. Protect from light. 
USP 31 (Ofloxacin). Pale yellowish-white to light yellowish-
white crystals or crystalline powder. Slightly soluble in water, in
alcohol, and in methyl alcohol; sparingly soluble in chloroform.
Store at a temperature of 25°, excursions permitted between 15°
and 30°. Protect from light.

Ofloxacin Hydrochloride (BANM, rINNM)

Hidrocloruro de ofloxacino; Ofloxacine, Chlorhydrate d’;
Ofloxacini Hydrochloridum.
Офлоксацина Гидрохлорид
C18H20FN3O4,HCl = 397.8.

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Symptomatic hyperglycaemia and/or hypoglycaemia
have been reported, usually in diabetics who are also
taking hypoglycaemics or insulin. Such patients should
have their blood-glucose concentrations closely moni-
tored and if signs or symptoms of glucose disturbances
develop, ofloxacin should be stopped. 
A reduction in blood pressure may occur rarely after
intravenous infusion. Similarly, sudden reductions in
blood pressure may occur when intravenous ofloxacin
is given with hypotensive drugs. Cardiovascular func-
tion should be monitored in such patients and in those
also receiving barbiturate anaesthetics. 
Certain medications may also increase these risks (see
Interactions, below).
Breast feeding. The American Academy of Pediatrics has stat-
ed that no adverse effects have been seen in breast-fed infants
whose mothers were receiving ofloxacin and that it is therefore
usually compatible with breast feeding.1 However, in a study2 of
10 women given ofloxacin after termination of pregnancy, drug
concentrations in breast milk were sufficiently high to recom-
mend that the use of ofloxacin in lactating women should be
avoided.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/05/04) 

2. Giamarellou H, et al. Pharmacokinetics of three newer quinolo-
nes in pregnant and lactating women. Am J Med 1989; 87 (suppl
5A): 49S–51S.

Interactions
As for Ciprofloxacin, p.246. 
Use with drugs that alter blood-glucose concentrations
with ofloxacin increases the risk of blood-glucose dis-
turbances.

Antimicrobial Action
As for Ciprofloxacin, p.246. 
Ofloxacin is more active than ciprofloxacin against
Chlamydia trachomatis. It is also active against Myco-
bacterium leprae as well as M. tuberculosis and some
other Mycobacterium spp. Synergistic activity against
M. leprae has been reported between ofloxacin and ri-
fabutin. 
The optically active S-(−)-isomer levofloxacin (p.292)
has twice the activity of the racemate ofloxacin. 
Resistance has been reported in some strains of Neisse-
ria gonorrhoeae.

Pharmacokinetics
Ofloxacin is rapidly and well absorbed from the gas-
trointestinal tract. Oral bioavailability is almost 100%
and a peak plasma concentration of about 3 to
5 micrograms/mL occurs 1 to 2 hours after an oral dose
of 400 mg. Absorption may be delayed by the presence
of food, but the extent of absorption is not substantially
affected. 
About 25% is bound to plasma proteins. Ofloxacin is
widely distributed in body fluids, including the CSF,
and tissue penetration is good. It crosses the placenta
and is distributed into breast milk. It also appears in the
bile. 
The elimination of ofloxacin is biphasic; half-lives of
about 4 to 5 and 20 to 25 hours have been reported for
the 2 phases, respectively. In renal impairment values
of 15 to 60 hours have been reported. There is limited
metabolism to desmethyl and N-oxide metabolites;
desmethylofloxacin has moderate antibacterial activi-
ty. Ofloxacin is eliminated mainly by the kidneys. Ex-
cretion is by tubular secretion and glomerular filtration
and 65 to 80% of a dose is excreted unchanged in the
urine over 24 to 48 hours, resulting in high urinary con-
centrations. Less than 5% is excreted in the urine as
metabolites. From 4 to 8% of a dose may be excreted
in the faeces. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Only small amounts of ofloxacin are removed by
haemodialysis or peritoneal dialysis.
◊ References.
1. Lamp KC, et al. Ofloxacin clinical pharmacokinetics. Clin Phar-

macokinet 1992; 22: 32–46.

Uses and Administration
Ofloxacin is a fluoroquinolone antibacterial used simi-
larly to ciprofloxacin (p.247). It is also used in Chlamy-
dia or Chlamydophila infections including nongono-
coccal urethritis (p.166 and p.199) and in
mycobacterial infections such as leprosy (p.176) and
tuberculosis (see under Uses and Administration of
Ciprofloxacin, p.248). 
Ofloxacin is given orally as the base or by intravenous
infusion as the hydrochloride. All doses are expressed
in terms of the base; ofloxacin hydrochloride 220.2 mg
is equivalent to about 200 mg of ofloxacin. 
The usual oral or intravenous dose ranges from 200 mg
daily to 400 mg twice daily depending on the severity
and the nature of the infection. Oral doses of up to
400 mg may be given as a single dose, preferably in the
morning. For intravenous use a 0.2% solution is in-
fused over 30 minutes. 
An oral dose of 200 mg twice daily for 3 days is suita-
ble in women with acute uncomplicated cystitis. A 6-
week course of treatment with an oral dose of 300 mg
twice daily should be given for chronic bacterial pros-
tatitis. Oral doses of 400 mg daily with clofazimine
and minocycline or 400 mg monthly with rifampicin
and minocycline have been recommended by WHO as
alternative multidrug therapy regimens for multibacil-
lary leprosy. As an alternative regimen for single-le-
sion paucibacillary leprosy WHO suggests a single
dose of ofloxacin 400 mg with rifampicin and minocy-
cline. 
A single 400-mg dose of ofloxacin may be given by
mouth for uncomplicated gonorrhoea. 
Ofloxacin is used topically as 0.3% eye drops for the
treatment of conjunctivitis and corneal ulcers caused
by susceptible strains of bacteria. It is also used as
0.3% ear drops for the treatment of otitis externa and
otitis media. 
For details of reduced doses in hepatic or renal impair-
ment, see below.
◊ Reviews.
1. Todd PA, Faulds D. Ofloxacin: a reappraisal of its antimicrobial

activity, pharmacology and therapeutic use. Drugs 1991; 42:
825–76. 

2. Onrust SV, et al. Ofloxacin: a reappraisal of its use in the man-
agement of genitourinary tract infections. Drugs 1998; 56:
895–928. 

3. Simpson KL, Markham A. Ofloxacin otic solution: a review of
its use in the management of ear infections. Drugs 1999; 58:
509–31. 

4. Wai TKH, Tong MCF. A benefit-risk assessment of ofloxacin
otic solution in ear infection. Drug Safety 2003; 26: 405–20.

Administration in hepatic impairment. The clearance of
ofloxacin is reduced in patients with severe hepatic impairment
or cirrhosis and lower doses should be used; a maximum dose of
400 mg daily has been recommended.
Administration in renal impairment. Lower doses of
ofloxacin may be necessary in patients with renal impairment.
After the usual initial dose (see above), subsequent doses are ad-
justed according to creatinine clearance (CC): 
• CC 20 to 50 mL/minute: doses halved to 100 to 200 mg daily

or the usual dose is given every 24 hours 
• CC less than 20 mL/minute: dose reduced to 100 mg every 24

hours 
• patients on haemodialysis or peritoneal dialysis: 100 mg eve-

ry 24 hours
BCG toxicity. For mention of the possible use of ofloxacin to
reduce the incidence of toxicity after BCG intravesicular instilla-
tion, see p.2206.
Preparations
USP 31: Ofloxacin Ophthalmic Solution; Ofloxacin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Floxil; Ingeflox; Klonalflox; Newflox; Oflox; Otoflox; Quinomed; Rafo-
cilina; Austral.: Ocuflox; Austria: Floxal; Oflox; Tarivid; Belg.: Docofloxa-
cine; Tarivid; Trafloxal; Braz.: Floxina; Floxstat; Genoxacin; Nostil; Oflox;
Ofloxan†; Ofloxin†; Quinoxan†; Canad.: Apo-Oflox; Floxin; Ocuflox;
Chile: Ifos†; Oflox; Poenflox; Cz.: Floxal; Ofloxin; Tarivid; Taroflox; Zanocin;
Denm.: Exocin; Tarivid; Fin.: Exocin; Tarivid; Fr.: Exocine; Monoflocet;
Oflocet; Ger.: Floxal; Gyroflox; Oflo; Oflodura; Oflohexal; Oflox; Ofloxbe-
ta; Tarivid; Uro-Tarivid; Gr.: Ermofan; Exocin; Grenis-Oflo; Hetacloxacin†;

Tabrin; Urimax†; Hong Kong: Flovid; Marfloxacin; Ofus; Puiritol; Quotavil;
Tarivid; Viotisone; Hung.: Floxal; Oflogen; Tarivid; Zanocin; India: Bactof;
Bidoflox†; Bioff; Floxur; Genflox; Ofler; Oflin; Oflox; Olfi; Tariflox; Tarivid;
Zanocin; Indon.: Akilen; Danoflox; Efexin; Ethiflox; Flotavid; Floxan; Floxika;
Loxinter; Mefoxa; Nufafloqo; Ostrid; Pharflox; Poncoquin; Qipro; Quinovid;
Rilox; Tariflox; Tarivid; Zelavel; Zyflox; Irl.: Biravid; Exocin; Tarivid; Israel:
Oflodex; Oflox; Tarivid; Uro-Tarivid; Ital.: Exocin; Flobacin; Oflocin; Jpn:
Tarivid; Malaysia: Apo-Oflox†; Flovid†; Healox; Inoflox; Medofloxine;
Ofcin; Tarivid; Zanocin; Mex.: Bactocin; Flonacin; Flosep; Floxil; Floxstat;
Ocuflox; Oxken; Quiflural; Zanocin; Neth.: Tarivid; Trafloxal; Norw.: Tariv-
id; Philipp.: Flodemex; Flovid; Gyros; Inoflox; Iquinol; Keftil; Mergexin; On-
exacin; Qiflon; Qinolon; Terioxan; Vioson; Pol.: Floxal; Oflodinex†; Tarivid;
Port.: Bactoflox; Bioquil; Exocin; Floxedol; Megasin; Oflocet; Tarivid; Rus.:
Floxal (Флоксал); Oflo (Офло); Oflocide (Офлоцид); Ofloxin (Офлоксин);
Taricin (Тарицин); Tarivid (Таривид); Zanocin (Заноцин); S.Afr.: Exocin;
Octin; Tafloc; Tarivid; Zanocin; Singapore: Inoflox; Ofcin; Tarivid; Spain:
Exocin; Oflovir ; Surnox; Swed.: Tarivid; Switz.: Floxal; Tarivid; Thai.: Floxy;
Hyflox; Konovid; O-Flox; Occidal; Oflocee; Oflomet; Ofloxa; Ofloxcin;
Orivid; Qinolon; Seracin; Tarivid; Viotisone; Turk.: Drovid; Exocin; Girasid;
Menefloks; Ofkozin; Oflocide; Ofloks; Tarivid; Urosin; UK: Exocin; Tarivid;
USA: Floxin; Floxin Otic; Ocuflox; Venez.: Floxstat; Norlamine; Oflox; Po-
enflox.

Multi-ingredient: India: Bidoflox-Oz†; Genflox TZ; Ofler-TZ; Oflox D;
Oflox TZ; Okaflox M; Olfi TZ; Ornof; Tariflox Plus; Mex.: Orecil NF.

Oleandomycin Phosphate (BANM, rINNM)

Fosfato de oleandomicina; Oléandomycine, Phosphate d’; Ole-
andomycini Phosphas; PA-105 (oleandomycin). (2R,3S,4R,5S,6S,-
8R,10R,11S,12R,13R)-3-(2,6-Dideoxy-3-O-methyl-α-L-arabino-
hexopyranosyloxy)-8,8-epoxymethano-11-hydroxy-2,4,6,10,-
12,13-hexamethyl-9-oxo-5-(3,4,6-trideoxy-3-dimethylamino-β-
D-xylo-hexopyranosyloxy)tridecan-13-olide phosphate.
Олеандомицина Фосфат
C35H61NO12,H3PO4 = 785.9.
CAS — 3922-90-5 (oleandomycin); 7060-74-4 (olean-
domycin phosphate).
ATC — J01FA05.
ATC Vet — QJ01FA05.

(oleandomycin)

Profile
Oleandomycin is a macrolide antibacterial produced by the
growth of certain strains of Streptomyces antibioticus with ac-
tions and uses similar to those of erythromycin (p.269). It has
antimicrobial activity weaker than that of erythromycin. It has
been given orally or intravenously as the phosphate in the treat-
ment of susceptible infections. 
Troleandomycin (p.357) is the triacetyl ester.

Orbifloxacin (rINN)

Orbifloksasiini; Orbifloxacine; Orbifloxacino; Orbifloxacinum. 1-
Cyclopropyl-7-(cis-3,5-dimethyl-1-piperazinyl)-5,6,8-trifluoro-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid.
Орбифлоксацин
C19H20F3N3O3 = 395.4.
CAS — 113617-63-3.
ATC Vet — QJ01MA95.

Profile
Orbifloxacin is a fluoroquinolone antibacterial used in veterinary
medicine for the treatment of susceptible infections in dogs.

Oritavancin (rINN)

LY-333328; Oritavancina; Oritavancine; Oritavancinum. (4″R)-
22-O-(3-Amino-2,3,6-trideoxy-3-C-methyl-α-L-arabino-hex-
opyranosyl)-N3″-[p-(p-chlorophenyl)benzyl]vancomycin.

Оритаванцин
C86H97Cl3N10O26 = 1793.1.
CAS — 171099-57-3 (oritavancin); 192564-14-0 (orita-
vancin phosphate).

NOTE. Oritavancin phosphate is USAN.

Profile
Oritavancin is a glycopeptide antibacterial under investigation
for the treatment of complicated infections of the skin and soft
tissues due to Gram-positive bacteria.

◊ References.
1. Van Bambeke F, et al. Glycopeptide antibiotics: from conven-

tional molecules to new derivatives. Drugs 2004; 64: 913–36. 
2. Ward KE, et al. Oritavancin—an investigational glycopeptide

antibiotic. Expert Opin Invest Drugs 2006; 15: 417–29. 
3. Poulakou G, Giamarellou H. Oritavancin: a new promising agent

in the treatment of infections due to Gram-positive pathogens.
Expert Opin Invest Drugs 2008; 17: 225–43. 

4. Crandon J, Nicolau DP. Oritavancin: a potential weapon in the
battle against serious Gram-positive pathogens. Future Micro-
biol 2008; 3: 251–63.

Ormetoprim (USAN, rINN)

NSC-95072; Ormetoprima; Ormétoprime; Ormetoprimum;
Ro-5-9754. 5-(4,5-Dimethoxy-2-methylphenyl)methyl-2,4-pyri-
midinediamine.

Орметоприм
C14H18N4O2 = 274.3.
CAS — 6981-18-6.

Profile
Ormetoprim is a diaminopyrimidine antibacterial used with sul-
fadimethoxine in veterinary medicine.

Oxacillin Sodium (BANM, USAN, rINNM)

(5-Methyl-3-phenyl-4-isoxazolyl)penicillin Sodium; Natrii Oxacil-
linum; Oksacylina sodowa jednowodna; Oksasilliininatrium-
monohydraatti; Oxacilin sodná sůl monohydrát; Oxacilina sódica;
Oxacilline Sodique; Oxacilline sodique monohydratée; Oxacillin-
natriummonohydrat; Oxacillinum natricum monohydricum; Ox-
acillinum Natrium; P-12; SQ-16423. Sodium (6R)-6-(5-methyl-3-
phenylisoxazole-4-carboxamido)penicillanate monohydrate.

Натрий Оксациллин
C19H18N3NaO5S,H2O = 441.4.

CAS — 66-79-5 (oxacillin); 1173-88-2 (anhydrous oxacil-
lin sodium); 7240-38-2 (oxacillin sodium monohydrate).
ATC — J01CF04.
ATC Vet — QJ01CF04.
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Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Oxacillin Sodium Monohydrate). A white or almost
white powder. Freely soluble in water; practically insoluble in
dichloromethane; soluble in methyl alcohol. A 3.0% solution in
water has a pH of 4.5 to 7.5. 
USP 31 (Oxacillin Sodium). A fine white crystalline powder,
odourless or having a slight odour. Freely soluble in water, in
dimethyl sulfoxide, and in methyl alcohol; slightly soluble in de-
hydrated alcohol, in chloroform, in methyl acetate, and in pyrid-
ine; insoluble in ether, in ethyl acetate, in ethylene chloride, and
in benzene. pH of a 3% solution in water is between 4.5 and 7.5.
Store in airtight containers at a mean temperature not exceeding
25°.
Incompatibility. Oxacillin sodium has been reported to be in-
compatible with aminoglycosides and tetracyclines.

Adverse Effects and Precautions
As for Flucloxacillin, p.277.
Effects on the liver. References.
1. Onorato IM, Axelrod JL. Hepatitis from intravenous high-dose

oxacillin therapy: findings in an adult inpatient population. Ann
Intern Med 1978; 89: 497–500. 

2. Saliba B, Herbert PN. Oxacillin hepatotoxicity in HIV-infected
patients. Ann Intern Med 1994; 120: 1048. 

3. Maraqa NF, et al. Higher occurrence of hepatotoxicity and rash
in patients treated with oxacillin, compared with those treated
with nafcillin and other commonly used antimicrobials. Clin In-
fect Dis 2002; 34: 50–4.

Sodium content. Each g of oxacillin sodium contains about
2.3 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
As for Flucloxacillin, p.277.
Resistance. The isolation of pneumococci resistant to oxacillin
but sensitive to benzylpenicillin has been reported.1,2 The resist-
ance was due to acquisition of a low-affinity penicillin-binding
protein and conferred cross-resistance to meticillin and cloxacil-
lin, and, to a lesser degree, to cefotaxime.
1. Johnson AP, et al. Oxacillin-resistant pneumococci sensitive to

penicillin. Lancet 1993; 341: 1222. 
2. Dowson CG, et al. Genetics of oxacillin resistance in clinical iso-

lates of Streptococcus pneumoniae that are oxacillin resistant
and penicillin susceptible. Antimicrob Agents Chemother 1994;
38: 49–53.

Pharmacokinetics
Oxacillin is incompletely absorbed from the gastroin-
testinal tract. Absorption is reduced by the presence of
food in the stomach and is less than with cloxacillin.
Peak plasma concentrations of 3 to 6 micrograms/mL
have been achieved 1 hour after an oral dose of 500 mg
given to fasting subjects. After intramuscular injection
of 500 mg, peak plasma concentrations of up to
15 micrograms/mL have been achieved by 30 minutes.
Doubling the dose can double the plasma concentra-
tion. About 93% of the oxacillin in the circulation is
bound to plasma proteins. Oxacillin has been reported
to have a plasma half-life of about 0.5 hours. The half-
life is prolonged in neonates. 
The distribution of oxacillin into body tissues and flu-
ids is similar to that of cloxacillin (p.256). 
Oxacillin undergoes some metabolism, and the un-
changed drug and metabolites are excreted in the urine
by glomerular filtration and renal tubular secretion. 
About 20 to 30% of an oral dose, and more than 40%
of an intramuscular dose, is rapidly excreted in the
urine. Oxacillin is also excreted in the bile. 
Plasma concentrations are enhanced by probenecid.

Uses and Administration
Oxacillin is an isoxazolyl penicillin used similarly to
flucloxacillin (p.277) in the treatment of infections due
to staphylococci resistant to benzylpenicillin. 
Oxacillin is given orally or by injection as the sodium
salt. Doses are expressed in terms of the equivalent
amount of oxacillin; 1.1 g of oxacillin sodium is equiv-
alent to about 1 g of oxacillin. Oral doses should pref-
erably be given at least 1 hour before, or 2 hours after,
meals. The usual adult oral dose is 1 g of oxacillin
twice daily. Oxacillin may be given by intramuscular
injection, by slow intravenous injection over about 10

minutes, or by intravenous infusion. Usual parenteral
doses for adults are 250 to 500 mg every 4 to 6 hours;
doses may be increased to 1 g every 4 to 6 hours for
severe infections. 
The usual oral dose for children is 500 mg twice daily.
The parenteral dose for children weighing less than
40 kg is 50 mg/kg daily in 4 to 6 divided doses; the
dose may be increased to 100 mg/kg daily for severe
infections.
Preparations
USP 31: Oxacillin for Injection; Oxacillin Injection; Oxacillin Sodium Cap-
sules; Oxacillin Sodium for Oral Solution.

Proprietary Preparations (details are given in Part 3)
Belg.: Penstapho; Braz.: Oxacil†; Oxanon; Oxapen; Prodoxacilina; Roxaci-
lin†; Staficilin N; Teutocilin†; Cz.: Prostaphlin; Fr.: Bristopen; Ger.: InfectoS-
taph; Ital.: Penstapho; Philipp.: Prostaphlin; Stafcil; Wydox; Venez.: Biocili-
na; Oxiclin†; Oxipen; Pebenal†; Prostafilina.

Multi-ingredient: Ger.: Optocillin†; Rus.: Oxamp (Оксамп)†.

Oxolinic Acid (BAN, USAN, rINN)

Acide oxolinique; Ácido oxolínico; Acidum oxolinicum; Kyselina
oxolinová; NSC-110364; Oksoliinihappo; Oksolinik Asit;
Oksolino ru

_
gštis; Oxolinsav; Oxolinsyra; W-4565. 5-Ethyl-5,8-

dihydro-8-oxo-1,3-dioxolo[4,5-g]quinoline-7-carboxylic acid.
Оксолиновая Кислота
C13H11NO5 = 261.2.
CAS — 14698-29-4.
ATC — J01MB05.
ATC Vet — QJ01MB05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Oxolinic Acid). An almost white or pale yellow
crystalline powder. Practically insoluble in water and in alcohol;
very slightly soluble in dichloromethane; dissolves in dilute so-
lutions of alkali hydroxides. Protect from light.
Profile
Oxolinic acid is a 4-quinolone antibacterial with properties sim-
ilar to those of nalidixic acid (p.303), although adverse effects on
the CNS may be more frequent. It has been given orally in the
treatment of urinary-tract infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Urilin†; Cz.: Desurol†; Port.: Cistopax†; Spain: Oxoinex†.

Oxytetracycline (BAN, rINN)

Glomycin; Hydroxytetracycline; Oksitetraciklinas; Oksitetrasiklin;
Oksitetrasykliini; Oksytetracyklina; Oxitetraciclina; Oxitetraciklin;
Oxitetracyklin; Oxytétracycline; Oxytetracyclinum; Oxytetracyk-
lin; Riomitsin; Terrafungine. 4S,4aR,5S,5aR,6S,12aS-4-Dimethyl-
amino-1,4,4a,5,5a,6,11,12a-octahydro-3,5,6,10,12,12a-hexahy-
droxy-6-methylene-1,11-dioxonaphthacene-2-carboxamide; 5β-
Hydroxytetracycline.
Окситетрациклин
C22H24N2O9 = 460.4.
CAS — 79-57-2 (anhydrous oxytetracycline); 6153-64-6
(oxytetracycline dihydrate).
ATC — D06AA03; G01AA07; J01AA06; S01AA04.
ATC Vet — QD06AA03; QG01AA07; QG51AA01;
QJ01AA06; QJ51AA06; QS01AA04.

(oxytetracycline dihydrate)

Pharmacopoeias. In Eur. (see p.vii) and Int., which specify the
dihydrate (C22H24N2O9,2H2O = 496.5); US allows the anhy-
drous substance or the dihydrate. 
Ph. Eur. 6.2 (Oxytetracycline Dihydrate). A substance produced
by the growth of certain strains of Streptomyces rimosus or ob-
tained by any other means. A yellow, crystalline powder. Very
slightly soluble in water; dissolves in dilute acid and alkaline so-
lutions. A 1% suspension in water has a pH of 4.5 to 7.5. Store in
airtight containers. Protect from light. 
USP 31 (Oxytetracycline). A pale yellow to tan, odourless crys-
talline powder, that darkens on exposure to strong sunlight. Sol-
uble 1 in 4150 of water, 1 in 66 of dehydrated alcohol, and 1 in
6250 of ether; sparingly soluble in alcohol; practically insoluble
in chloroform; freely soluble in 3N hydrochloric acid and in al-
kaline solutions. pH of a 1% suspension in water is between 4.5
and 7.0. It loses potency in solutions of pH below 2 and is rapidly
destroyed by alkali hydroxide solutions. Store in airtight contain-
ers. Protect from light.

Oxytetracycline Calcium (BANM, rINNM)

Calcii Oxytetracyclinum; Oxitetraciclina cálcica; Oxytétracycline
Calcique.
Кальций Окситетрациклин
C44H46CaN4O18 = 958.9.
CAS — 15251-48-6 (xCa).
ATC — D06AA03; G01AA07; J01AA06; S01AA04.
ATC Vet — QD06AA03; QG01AA07; QJ01AA06;
QS01AA04.
Pharmacopoeias. In Br. and US. 
BP 2008 (Oxytetracycline Calcium). A pale yellow to greenish-
fawn, crystalline powder. Practically insoluble in water; soluble
in dilute acids; dissolves slowly in dilute ammonia solution. A
2.5% suspension in water has a pH of 6.0 to 7.5. Store at a tem-
perature of 2° to 8°. Protect from light. 
USP 31 (Oxytetracycline Calcium). A yellow to light brown
crystalline powder. Insoluble in water; soluble 1 in more than
1000 of alcohol, of chloroform, and of ether, and 1 in 15 of 0.1N
sodium hydroxide. pH of a 2.5% suspension in water is between
6.0 and 8.0. Store in airtight containers at a temperature between
8° and 15°. Protect from light.

Oxytetracycline Hydrochloride (BANM, rINNM)

Hidrocloruro de oxitetraciclina; Oksitetraciklino hidrochloridas;
Oksitetrasiklin Hidroklorür; Oksitetrasykliinihydrokloridi;
Oksytetracykliny chlorowodorek; Oxitetraciklin-hidroklorid; Ox-
itetracyklinhydroklorid; Oxytétracycline, chlorhydrate d’; Oxytet-
racyclini hydrochloridum; Oxytetracyklin-hydrochlorid.
Окситетрациклина Гидрохлорид
C22H24N2O9,HCl = 496.9.
CAS — 2058-46-0.
ATC — D06AA03; G01AA07; J01AA06; S01AA04.
ATC Vet — QD06AA03; QG01AA07; QJ01AA06;
QS01AA04.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Oxytetracycline Hydrochloride). A yellow, hygro-
scopic, crystalline powder. Freely soluble in water; sparingly sol-
uble in alcohol. Solutions in water become turbid on standing
owing to the precipitation of oxytetracycline. A 1% solution in
water has a pH of 2.3 to 2.9. Store in airtight containers. Protect
from light. 
USP 31 (Oxytetracycline Hydrochloride). A yellow, odourless,
hygroscopic, crystalline powder. It decomposes at temperatures
exceeding 180°, and exposure to strong sunlight or temperatures
exceeding 90° in moist air causes it to darken. Its potency is di-
minished in solutions having a pH below 2, and it is rapidly de-
stroyed by alkali hydroxide solutions. Freely soluble in water,
but crystals of oxytetracycline separate as a result of partial hy-
drolysis of the hydrochloride; sparingly soluble in alcohol and in
methyl alcohol, and even less soluble in dehydrated alcohol; in-
soluble in chloroform and in ether. pH of a 1% solution in water
is between 2.0 and 3.0. Store in airtight containers. Protect from
light.
Incompatibility. Oxytetracycline injections have an acid pH
and incompatibility may reasonably be expected with alkaline
preparations, or with drugs unstable at low pH. Tetracyclines can
chelate metal cations to produce insoluble complexes, and in-
compatibility has been reported with solutions containing metal-
lic salts. 
Reports of incompatibility are not always consistent, and other
factors, such as the strength and composition of the vehicles
used, may play a role.

Adverse Effects and Precautions
As for Tetracycline, p.347. 
Oxytetracycline may produce less tooth discoloration
than some other tetracyclines but gastrointestinal
symptoms tend to be more severe.
Porphyria. For the suggestion that oxytetracycline might be
porphyrinogenic, see under Tetracycline, p.348.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Interactions
As for Tetracycline, p.348.

Antimicrobial Action
As for Tetracycline, p.348. 

Oxytetracycline is somewhat less active against many
organisms.

Pharmacokinetics
For the general pharmacokinetics of the tetracyclines,
see Tetracycline, p.349. 

An oral dose of 500 mg every 6 hours is reported to
produce steady-state plasma concentrations of 3 to
4 micrograms/mL. Plasma protein binding is reported
to be about 20 to 40% and the half-life to be about 9
hours.

Uses and Administration
Oxytetracycline is a tetracycline derivative with ac-
tions and uses similar to those of tetracycline (p.349). 

Oxytetracycline dihydrate or hydrochloride are usually
used in tablets, capsules, and injections, and the calci-
um salt in aqueous oral suspensions; all three are also
used in topical preparations. Doses have been ex-
pressed as anhydrous oxytetracycline, the dihydrate, or
the hydrochloride but in practice this appears to make
little difference. Oxytetracycline dihydrate and oxytet-
racycline hydrochloride 269.8 mg, and oxytetracycline
calcium 260.3 mg, are each equivalent to about
250 mg of oxytetracycline. 

Oxytetracycline is usually given orally in adult doses
of 250 to 500 mg four times daily, usually 1 hour be-
fore or 2 hours after food. Higher doses, up to 4 g daily,
have occasionally been given to adults with severe in-
fection, but increase the risk of adverse effects. 

Doses of oxytetracycline 250 to 500 mg daily have
been used in acne, although the BNF advocates a dose
of 1 g daily. 

Oxytetracycline is sometimes given intramuscularly, in
doses of 250 mg once daily or 300 mg daily in 2 or 3
divided doses, but this route may be painful and pro-
duces lower blood concentrations than recommended
oral doses. As intramuscular injections are painful,
lidocaine is usually included in the solution. Oxytetra-
cycline has also been given intravenously. 

For details of doses in children and adolescents, see be-
low. 

Oxytetracycline and its salts have been applied topical-
ly, often with other agents, as a variety of eye and ear
drops, ointments, creams, and sprays.

Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential. In the UK, oxytetracycline is licensed for use in chil-
dren aged 12 years and over; the usual adult dose (see above)
may be given orally. However, in the USA, it may be given to
those over 8 years old in usual oral doses of 25 to 50 mg/kg daily
in 4 divided doses or by intramuscular injection in usual doses of
15 to 25 mg/kg (to a maximum of 250 mg) daily in 2 or 3 divided
doses.

Skin disorders. For reference to the use of oxytetracycline in
the treatment of various skin disorders, see under Tetracycline,
p.350.

Preparations

BP 2008: Oxytetracycline Capsules; Oxytetracycline Tablets; 
USP 31: Oxytetracycline and Nystatin Capsules; Oxytetracycline and Nys-
tatin for Oral Suspension; Oxytetracycline Calcium Oral Suspension; Ox-
ytetracycline for Injection; Oxytetracycline Hydrochloride and Hydrocorti-
sone Acetate Ophthalmic Suspension; Oxytetracycline Hydrochloride and
Hydrocortisone Ointment; Oxytetracycline Hydrochloride and Polymyxin
B Sulfate Ointment; Oxytetracycline Hydrochloride and Polymyxin B Sul-
fate Ophthalmic Ointment; Oxytetracycline Hydrochloride and Polymyxin
B Sulfate Topical Powder; Oxytetracycline Hydrochloride and Polymyxin B

Sulfate Vaginal Tablets; Oxytetracycline Hydrochloride Capsules; Oxytetra-
cycline Injection; Oxytetracycline Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Terramicina; Braz.: Terramicina; Denm.: Oxytetral; Fr.: Posicycline;
Gr.: Terramycin; Hong Kong: Oxylim; Hung.: Tetran; India: Terramycin;
Indon.: Chemotrex; Corsamycin; Terramycin; Irl.: Clinimycin; Malaysia:
Oxylim; Mex.: Metrecina; Oxitraklin; Terrados; Terramicina; Norw.: Ox-
ytetral; Philipp.: Noxebron; Pol.: Oxyterracyna†; Port.: Geomicina†; Ter-
ricil; S.Afr.: Acu-Oxytet; Be-Oxytet; Cotet; O-4 Cycline; Oxymycin; Ox-
ypan; Roxy; Spectratet; Tetracem†; Tetramel†; Singapore: Oxylim;
Terramycin†; Spain: Terramicina; Swed.: Oxytetral; Thai.: Oxycline; Oxy-
lim; Turk.: Neocol; UK: Oxymycin; Oxytetramix†; USA: Terramycin†;
Venez.: Oxifesa†; Terramicina.

Multi-ingredient: Arg.: Terra-Cortril; Terra-Cortril Nistatina†; Terramic-
ina con Polimixina B†; Austria: Tetra-Gelomyrtol; Belg.: Eoline†; Terra-
Cortril; Terra-Cortril + Polymyxine B; Terramycine + Polymyxine B; Braz.:
Terra-Cortril; Terramicina c/Polimixina; Denm.: Hydrocortison med Ter-
ramycin; Hydrocortison med Terramycin og Polymyxin-B; Terramycin Poly-
myxin B; Fin.: Terra-Cortril; Terra-Cortril P; Fr.: Auricularum; Primyxine†;
Ster-Dex; Ger.: Corti Biciron N; Farco-Tril†; Oxy Biciron; Terracortril†; Ter-
ramycin†; Tetra-Gelomyrtol; Gr.: Oxacycle-P; Terra-Cortril; Terramycin;
Hong Kong: Terramycin with Polymyxin B; Hung.: Oxycort; Tetran-Hy-
drocortison; India: Terramycin SF; Indon.: Sancortmycin; Terra-Cortril;
Terramycin Poly; Israel: Auricularum; Terramycin; Ital.: Cosmiciclina; Ma-
laysia: Terramycin; Mex.: Andociclina Balsamica†; Terramicina; Neth.:
Terra-Cortril Gel Steraject met polymyxine-B†; Terra-Cortril met polymyx-
ine-B; Norw.: Terra-Cortril; Terra-Cortril Polymyxin B; Terramycin Poly-
myxin B; Philipp.: Terramycin; Pol.: Atecortin; Oxycort; Port.: Corticil T;
Rus.: Gioxyson (Гиоксизон); Oxycort (Оксикорт); S.Afr.: Terra-Cortril;
Terramycin; Singapore: Terramycin; Spain: Coliriocilina Espectro†; Terra-
Cortril; Terramicina; Swed.: Terracortril; Terracortril med polymyxin B; Ter-
ramycin Polymyxin B; Switz.: Terracortril†; Thai.: Terramycin; Terrasil†;
Turk.: Geotril; Heksa; Polimisin; Sekamisin; Terramycin; UK: Terra-Cortril†;
Trimovate; USA: Terak; Terra-Cortril; Terramycin with Polymyxin B; Urobi-
otic-250; Venez.: Ofterra; Terra-Cortril†; Terramicina con Polimixina B.

Panipenem (rINN)

Panipénem; Panipenemum. (+)-(5R,6S)-3{[(S)-1-Acetimidoyl-3-
pyrrolidinyl]thio}-6-[(R)-1-hydroxyethyl]-7-oxo-1-azabicyc-
lo[3.2.0]hept-2-ene-2-carboxylic acid.

Панипенем

C15H21N3O4S = 339.4.
CAS — 87726-17-8.

Pharmacopoeias. In Jpn.

Profile
Panipenem is a carbapenem beta-lactam antibacterial similar to
imipenem (p.286). It has been given with betamipron (p.215),
which reduces its adverse renal effects.

◊ References.
1. Goa KL, Noble S. Panipenem/betamipron. Drugs 2003; 63:

913–25.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Jpn: Carbenin.

Pazufloxacin Mesilate (rINNM)

Mesilato de pazufloxacino; Pazufloxacine, Mésilate de; Pazufloxa-
cini Mesilas; T-3762; T-3761 (pazufloxacin). (−)-(3S)-10-(1-Ami-
nocyclopropyl)-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyri-
do[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid methanesul-
fonate.

Пазуфлоксацина Мезилат

C16H15FN2O4, CH3SO3H = 414.4.
CAS — 127045-41-4 (pazufloxacin); 163680-77-1 (pa-
zufloxacin mesilate).
ATC — J01MA18.
ATC Vet — QJ01MA18.

(pazufloxacin)

Profile
Pazufloxacin is a fluoroquinolone antibacterial with properties
similar to those of ciprofloxacin (p.243). It is given by intrave-
nous infusion as the mesilate in the treatment of susceptible in-
fections in a usual dose equivalent to 1 g of pazufloxacin daily in
2 divided doses.

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Pasil; Pazucross.

Pefloxacin Mesilate (BANM, rINNM)

EU-5306 (pefloxacin); Mesilato de pefloxacino; Pefloksacino
mesilatas dihidratas; Pefloksacyny mezylan dwuwodny; Pefloksas-
iinimesilaattidihydraatti; Pefloxacin Mesilate Dihydrate; Pefloxacin
mesylát dihydrát; Pefloxacin Mesylate (USAN); Péfloxacine, Mési-
late de; Péfloxacine (mésilate de) dihydraté; Pefloxacini Mesilas;
Pefloxacini mesilas dihydricus; Pefloxacinmesilatdihydrat; Pe-
floxacin-mezilát-dihidrát; 1589-RB (pefloxacin); 41982-RP. 1-
Ethyl-6-fluoro-1,4-dihydro-7-(4-methyl-1-piperazinyl)-4-oxo-3-
quinolinecarboxylic acid methanesulphonate dihydrate.

Пефлоксацина Мезилат

C17H20FN3O3,CH4O3S,2H2O = 465.5.
CAS — 70458-92-3 (pefloxacin); 70458-95-6 (pefloxacin
mesilate).
ATC — J01MA03.
ATC Vet — QJ01MA03.

(pefloxacin)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Pefloxacin Mesilate Dihydrate). A fine, white or al-
most white powder. Freely soluble in water; slightly soluble in
alcohol; very slightly soluble in dichloromethane. A 1% solution
in water has a pH of 3.5 to 4.5. Store in airtight containers. Pro-
tect from light.

Profile
Pefloxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.243). It also has bacteri-
cidal activity against Mycobacterium leprae and has been tried in
the treatment of leprosy (p.176). 
Pefloxacin has a longer plasma half-life than ciprofloxacin
(about 8 to 13 hours) and is also extensively metabolised, the
principal metabolite being N-desmethylpefloxacin (norfloxacin,
p.309). 
Pefloxacin is given orally or by intravenous infusion as the mesi-
late in the treatment of susceptible infections. Doses are ex-
pressed in terms of the base; pefloxacin mesilate 558.5 mg is
equivalent to about 400 mg of pefloxacin. The usual dose is
400 mg twice daily. A single oral dose of 800 mg may be used in
the treatment of gonococcal urethritis in men and acute uncom-
plicated cystitis in women. 
Fluoroquinolones have caused adverse effects on the muscu-
loskeletal system (see under Adverse Effects of Ciprofloxacin,
p.244) and in the case of pefloxacin this has led to restrictions in
some countries.

Adverse effects. References to adverse effects with pe-
floxacin.
1. Chevalier X, et al. A case of destructive polyarthropathy in a 17-

year-old youth following pefloxacin treatment. Drug Safety
1992; 7: 310–14. 

2. Al-Hedaithy MA, Noreddin AM. Hypersensitivity anaphylac-
toid reaction to pefloxacin in a patient with AIDS. Ann Pharma-
cother 1996; 30: 612–14. 

3. Chang H, et al. Pefloxacin-induced arthropathy in an adolescent
with brain abscess. Scand J Infect Dis 1996; 28: 641–3.

Pharmacokinetics. References to the pharmacokinetics of pe-
floxacin.
1. Bressolle F, et al. Pefloxacin clinical pharmacokinetics. Clin

Pharmacokinet 1994; 27: 418–46.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Floxinon†; Peflacin; Pefloxidina†; Cz.: Abaktal; Fr.: Peflacine; Gr.: Id-
rostamin; Labocton; Londoman†; Peflacin†; Hung.: Abaktal; Peflacine; In-
dia: Ifipef†; Pefbid; Pelox; Proflox; Qucin; Indon.: Dexaflox; Noflexin; Pefla-
cine; Ital.: Peflacin; Peflox; Malaysia: Peflacine†; Perti†; Mex.: Nopriken†;
Peflacina; Philipp.: Floxin; Pol.: Abaktal; Peflacine; Port.: Peflacine; Rus.:
Abaktal (Абактал); Pelox (Пелокс); Perti (Перти); Unikpef (Юникпеф);
Spain: Azuben†; Peflacine†; Thai.: Abaktal†; Peflacine†; Turk.: Peflacine;
Venez.: Peflacina†; Perti†.
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Penethamate Hydriodide (BAN)

Diethylaminoethyl Penicillin G Hydroiodide; Penetamato, hid-
roioduro de; Pénéthamate, iodhydrate de; Penethamati hydroio-
didum. 2-Diethylaminoethyl (6R)-6-(2-phenylacetamido)penicil-
lanate hydriodide.
C22H31N3O4S,HI = 561.5.
CAS — 3689-73-4 (penethamate); 808-71-9 (penetha-
mate hydr iodide).
ATC Vet — QJ01CE90; QJ51CE90.

Profile
Penethamate is a penicillin antibacterial used as the hydriodide in
veterinary medicine.

Pheneticillin Potassium (BANM, rINNM)

Feneticilina potásica; Kalii Pheneticillinum; Penicillin B; Phenethicil-
lin Potassium; Phénéticilline Potassique; Pheneticillinum Kalicum;
Potassium α-Phenoxyethylpenicillin. A mixture of the D(+)- and
L(−)-isomers of potassium (6R)-6-(2-phenoxypropionami-
do)penicillanate.

Калия  Фенетициллин
C17H19KN2O5S = 402.5.
CAS — 147-55-7 (pheneticillin); 132-93-4 (pheneticillin
potassium).
ATC — J01CE05.
ATC Vet — QJ01CE05.

(pheneticillin)

Pharmacopoeias. In Jpn.

Profile
Pheneticillin is a phenoxypenicillin with actions and uses similar
to those of phenoxymethylpenicillin (below). It has been given
orally, as the potassium salt, for the treatment of susceptible mild
to moderate infections. Pheneticillin sodium has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Neth.: Broxil.

Phenoxymethylpenicillin (BAN, rINN)

Fenoksimetilpenicilinas; Fenoksimetyylipenisilliini; Fenoksymetylo-
penicylina; Fenoximetilpenicilina; Fenoximetilpenicillin; Fenoxi-
metylpenicillin; Fenoxymethylpenicilin; Penicillin, Phenoxymethyl;
Penicillin V (USAN); Penisilin V; Phénomycilline; Phenoxymethyl
Penicillin; Phénoxyméthylpénicilline; Phenoxymethylpenicillinum.
(6R)-6-(2-Phenoxyacetamido)penicillanic acid.

Феноксиметилпенициллин
C16H18N2O5S = 350.4.

CAS — 87-08-1.
ATC — J01CE02.
ATC Vet — QJ01CE02.

Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Phenoxymethylpenicillin). A substance produced
by the growth of certain strains of Penicillium notatum or related
organisms on a culture medium containing an appropriate pre-
cursor, or obtained by any other means. A white or almost white,
slightly hygroscopic, crystalline powder. Very slightly soluble in
water; soluble in alcohol. A 0.5% suspension in water has a pH
of 2.4 to 4.0. Store in airtight containers. 
USP 31 (Penicillin V). A white, odourless crystalline powder.
Very slightly soluble in water; freely soluble in alcohol and in ac-
etone; insoluble in fixed oils. pH of a 3% suspension in water is
between 2.5 and 4.0. Store in airtight containers.

Phenoxymethylpenicillin Calcium (BANM, rINNM)

Calcii Phenoxymethylpenicillinum; Fenoximetilpenicilina cálcica;
Penicillin V Calcium; Phénoxyméthylpénicilline Calcique; Phe-
noxymethylpenicillinum Calcicum.
Кальций Феноксиметилпенициллин
(C16H17N2O5S)2Ca,2H2O = 774.9.
CAS — 147-48-8 (anhydrous phenoxymethylpenicillin cal-
cium); 73368-74-8 (phenoxymethylpenicillin calcium dihy-
drate).
ATC — J01CE02.
ATC Vet — QJ01CE02.
Pharmacopoeias. In Int.

Phenoxymethylpenicillin Potassium (BANM, rINNM)

Fenoksimetil Penisilin Potasyum; Fenoksimetilpenicilino kalio
druska; Fenoksimetyylipenisilliinikalium; Fenoksymetylopenicylina
potasowa; Fenoximetilpenicilina potásica; Fenoximetilpenicilina
Potássica; Fenoximetilpenicillin-kálium; Fenoximetylpenicillin ka-
lium; Fenoxymethylpenicilin draselná sůl; Kalii Phenoxymethyl-
penicillinum; Penicillin V Potassium (USAN); Phénoxyméthylpénicil-
line potassique; Phenoxymethylpenicillinum kalicum.
Калия  Феноксиметилпенициллин
C16H17KN2O5S = 388.5.
CAS — 132-98-9.
ATC — J01CE02.
ATC Vet — QJ01CE02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Phenoxymethylpenicillin Potassium). A white or al-
most white, crystalline powder. Freely soluble in water; practi-
cally insoluble in alcohol. A 0.5% solution in water has a pH of
5.5 to 7.5. 
USP 31 (Penicillin V Potassium). A white, odourless crystalline
powder. Very soluble in water; soluble 1 in 150 of alcohol; insol-
uble in acetone. pH of a 3% solution in water is between 4.0 and
7.5. Store in airtight containers.

Units
The first International Standard Preparation (1957) of
phenoxymethylpenicillin contained 1695 units/mg but
was withdrawn in 1968. Despite this, doses of phe-
noxymethylpenicillin are still expressed in units in
some countries. 
Phenoxymethylpenicillin 250 mg is equivalent to
about 400 000 units.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Phenoxymethylpenicillin is usually well tolerated but
may occasionally cause transient nausea and diarrhoea.
Potassium content. Each g of phenoxymethylpenicillin po-
tassium contains about 2.6 mmol of potassium.

Interactions
As for Benzylpenicillin, p.214.
Antibacterials. Reduced absorption was reported when phe-
noxymethylpenicillin was given after an oral course of neomy-
cin.1
1. Cheng SH, White A. Effect of orally administered neomycin on

the absorption of penicillin V. N Engl J Med 1962; 267: 1296–7.

Beta blockers. Fatal anaphylactic reactions to phenoxymethyl-
penicillin in 2 patients on nadolol and propranolol respectively,
might have been potentiated by the beta blocker.1
1. Berkelman RL, et al. Beta-adrenergic antagonists and fatal ana-

phylactic reactions to oral penicillin. Ann Intern Med 1986; 104:
134.

Antimicrobial Action
Phenoxymethylpenicillin has a range of antimicrobial
activity similar to that of benzylpenicillin (p.214) and a
similar mode of action. It may be less active against
some susceptible organisms, particularly Gram-nega-
tive bacteria. 
The mechanisms and patterns of resistance to phe-
noxymethylpenicillin are similar to those of ben-
zylpenicillin.

Pharmacokinetics
Phenoxymethylpenicillin is more resistant to inactiva-
tion by gastric acid and is more completely absorbed
than benzylpenicillin from the gastrointestinal tract.
Absorption is usually rapid, although variable, with
about 60% of an oral dose being absorbed. The calci-
um and potassium salts are better absorbed than the

free acid. Peak plasma concentrations of 3 to
5 micrograms/mL have been observed 30 to 60 min-
utes after a dose of 500 mg. The effect of food on ab-
sorption appears to be slight. The plasma half-life of
phenoxymethylpenicillin is about 30 to 60 minutes and
may be increased to about 4 hours in severe renal im-
pairment. About 80% is reported to be protein bound.
The distribution and elimination of phenoxymethyl-
penicillin is similar to that of benzylpenicillin (p.214).
It is metabolised in the liver to a greater extent than
benzylpenicillin; several metabolites have been identi-
fied including penicilloic acid. The unchanged drug
and metabolites are excreted rapidly in the urine. Only
small amounts are excreted in the bile.

Uses and Administration
Phenoxymethylpenicillin is used similarly to ben-
zylpenicillin (p.215) in the treatment or prophylaxis of
infections caused by susceptible organisms, especially
streptococci. It is used only for the treatment of mild to
moderate infections, and not for chronic, severe, or
deep-seated infections since absorption can be unpre-
dictable. Patients treated initially with parenteral ben-
zylpenicillin may continue treatment with oral phe-
noxymethylpenicillin once a satisfactory clinical
response has been obtained. Specific indications for
phenoxymethylpenicillin include anthrax (mild un-
complicated infections), Lyme disease (early stage in
pregnant women or young children), pharyngitis or
tonsillitis, rheumatic fever (primary and secondary
prophylaxis), streptococcal skin infections, and spleen
disorders (pneumococcal infection prophylaxis). For
details of these infections and their treatment, see under
Choice of Antibacterial, p.162. 
Administration and dosage. Phenoxymethylpenicillin
is given orally, usually as the potassium or calcium salt,
preferably at least 30 minutes before, or 2 hours after,
food. Benzathine phenoxymethylpenicillin (p.212) is
also used. 
Doses are expressed in terms of the equivalent amount
of phenoxymethylpenicillin; 1.1 g of phenoxymethyl-
penicillin calcium and 1.1 g of phenoxymethylpenicil-
lin potassium are each equivalent to about 1 g of phe-
noxymethylpenicillin. 
Usual adult doses have been 250 to 500 mg every 6
hours, but the BNF recommends up to 1 g every 6
hours in severe infections. Children may be given the
following doses every 6 hours: up to 1 year, 62.5 mg; 1
to 5 years, 125 mg; and 6 to 12 years, 250 mg. The
BNFC recommends that doses be increased to ensure
at least 12.5 mg/kg every 6 hours in severe infection.
Dosage may need to be modified in severe renal im-
pairment. 
To prevent recurrences of rheumatic fever, WHO and
the BNF recommend 250 mg twice daily.

Preparations
BP 2008: Phenoxymethylpenicillin Oral Solution; Phenoxymethylpenicillin
Tablets; 
USP 31: Penicillin V for Oral Suspension; Penicillin V Potassium for Oral
Solution; Penicillin V Potassium Tablets; Penicillin V Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Pen Oral; Penagrand; Penfantil; Penicina; Austral.: Abbocillin-VK; Cil-
icaine VK; Cilopen VK; LPV; Penhexal VK; Austria: Aliucillin; Cliacil; Megacil-
lin; Ospen; Pen-V; Penbene; Penoral; Penstad; Star-Pen; Belg.: Peni-Oral;
Braz.: Meracilina; Oracilin; Pen-V-Cil; Pen-Ve-Oral; Pencilin-V; Penicigran;
Canad.: Apo-Pen-VK; Nadopen-V†; Novo-Pen-VK; Nu-Pen-VK; Pen-Vee†;
PVFK†; Cz.: InfectoCillin†; Megacillin†; Ospen; Penbene; Pencid; Denm.:
Calcipen; Pancillin; Primcillin; Rocilin; Vepicombin; Fin.: Medicillin; Milcopen;
V-Pen; Fr.: Oracilline; Ospen†; Ger.: Arcasin; durapenicillin†; InfectoCillin;
Isocillin; Ispenoral; Jenacillin V†; Megacillin oral; P-Mega-Tablinen; Pen Mega;
Pen†; Penbeta; Penhexal; Penicillat†; V-Tablopen†; Gr.: Ospen; Hong Kong:
Ospen†; Hung.: Ospen; Vegacillin†; Indon.: Fenocin; Ospen; Irl.:
Calvepen; Kopen; Israel: Rafapen Mega; Rafapen V-K; Malaysia: Beapen;
Ospen; Penoxil V†; Mex.: Anapenil; Kavipen; Megapenil†; Pen-Vi-K; Pota-
Vi-Kin; Neth.: Acipen; Acipen-V; Norw.: Apocillin; Calcipen†; Kavepenin†;
Rocilin†; Weifapenin; NZ: Cilicaine VK; Philipp.: Sumapen; Pol.: Ospen;
Rus.: Ospen (Оспен); S.Afr.: Betapen; Deltacillin†; Incil; Len V.K.; Novo V-
K†; Rolab-Pen-V-K†; Spec-Pen-V-K; Singapore: Ospen; Spain: Penilevel;
Swed.: Kavepenin; Peceve; Tikacillin; Switz.: Brunocillin†; Megacilline†; Os-
pen; pen-V-basan†; Penisol; Phenocillin; Stabicilline; Thai.: Pen-V; Pener;
Penveno; Servipen-V†; Turk.: Cilacil; USA: Pen-Vee K; Veetids; Venez.: Os-
pen.

Multi-ingredient: Spain: Penilevel Retard.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Phthalylsulfacetamide (BAN)

Phthalylsulphacetamide; Sulfanilacetamidum Phthalylatum. 4′-
(Acetylsulphamoyl)phthalanilic acid.
C16H14N2O6S = 362.4.
CAS — 131-69-1.

Profile
Phthalylsulfacetamide is a sulfonamide antibacterial. It is poorly
absorbed when given orally and has been used for gastrointesti-
nal infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Dimicin†; Chile: Enterol; Enterol Con Nifuro-
xacida; Kordinol Compuesto†; Mex.: Facetin-D.

Phthalylsulfathiazole (BAN, rINN)

Ftalilsulfatiazol; Ftalilsulfatiazolas; Ftálilszulfatiazol; Ftalylsulfathiazol;
Ftalylsulfatiazol; Ftalyylisulfatiatsoli; Phtalylsulfathiazol; Phthala-
zolum; Phthalylsulfathiazolum; Phthalylsulphathiazole; Sulfaphta-
lylthiazol. 4′-(1,3-Thiazol-2-ylsulphamoyl)phthalanilic acid.
Фталилсульфатиазол
C17H13N3O5S2 = 403.4.
CAS — 85-73-4.
ATC — A07AB02.
ATC Vet — QA07AB02.

Pharmacopoeias. In Eur. (see p.vii) and Viet. 
Ph. Eur. 6.2 (Phthalylsulfathiazole). A white or yellowish-white
crystalline powder. Practically insoluble in water; slightly solu-
ble in alcohol and in acetone; freely soluble in dimethylforma-
mide. Protect from light.
Profile
Phthalylsulfathiazole is a sulfonamide with properties similar to
those of sulfamethoxazole (p.340). It is poorly absorbed, about
95% remaining in the intestine and only about 5% being slowly
hydrolysed to sulfathiazole and absorbed. 
It is given, with other antibacterials, for its antibacterial action in
the gastrointestinal tract in the treatment of infections and for
bowel decontamination before surgery.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Antidiar†; Carbon Tabs; Colistop; Colistoral†; Di-
arrocalmol; Estreptocarbocaftiazol; Gemipasmol†; Lefa Enteril†; Opocar-
bon; Opocler†; Braz.: Parenterin; Sanadiar†; Chile: Imecol; Liracol; Testi-
san; Mex.: Bontal; Ditayod; Sultroquin†; Port.: Cloranpectina†; Spain:
Estreptoenterol†; Thai.: Chlorotracin; Coccila†; Disento; Endothalyl; Medi-
ocin†.

Pipemidic Acid (BAN, rINN)

Acide Pipémidique; Ácido pipemídico; Acidum Pipemidicum;
Acidum pipemidicum trihydricum; Kyselina pipemidová trihydrát;
Pipemidihappo; Pipemidiinihappotrihydraatti; Pipemidinsav-tri-
hidrát; Pipemidinsyratrihydrat; Pipémidique (acide) trihydraté;
Pipemido ru

_
gštis trihidratas; Pipemidsyra; Piperamic Acid; 1489-

RB. 8-Ethyl-5,8-dihydro-5-oxo-2-(piperazin-1-yl)pyrido[2,3-d]py-
rimidine-6-carboxylic acid.
Пипемидовая Кислота
C14H17N5O3 = 303.3.
CAS — 51940-44-4 (anhydrous pipemidic acid); 72571-
82-5 (pipemidic acid tr ihydrate).
ATC — J01MB04.
ATC Vet — QJ01MB04.

(anhydrous pipemidic acid)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn (all as the
trihydrate). 
Ph. Eur. 6.2 (Pipemidic Acid Trihydrate). A pale yellow or yel-
low crystalline powder. Very slightly soluble in water. It dis-
solves in dilute solutions of acids and of alkali hydroxides. Pro-
tect from light.
Profile
Pipemidic acid is a 4-quinolone antibacterial with properties sim-
ilar to those of nalidixic acid (p.303), but is more active in vitro
against some bacteria, including Pseudomonas aeruginosa. It is
used (as the trihydrate) in the treatment of urinary-tract infections
in oral doses equivalent to 400 mg of the anhydrous substance
twice daily.
Interactions. For the effect of pipemidic acid on the clearance
of xanthines, see under Caffeine, p.1117, and Theophylline,
p.1143.
Porphyria. Pipemidic acid is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Finuret; Memento; Priper; Austria: Deblaston; Braz.: Balurol; Elo-
furan; Pipram; Pipurol; Uroxina; Chile: Nupra†; Purid; Uropimide; Fr.:
Pipram; Ger.: Deblaston; Hong Kong: Urotractin; Indon.: Impresial; Urint-
er; Urixin; Urotractin; Utrex; Ital.: Acipem†; Biosoviran; Cistomid; Diper-
pen; Faremid; Filtrax†; Pipeacid†; Pipedac; Pipefort; Pipemid; Pipram; Pipu-
rin; Urodene; Uropimid; Urosan; Urosetic; Urotractin; Jpn: Dolcol;
Malaysia: Urixin†; Urotractin†; Mex.: Uribac†; Uriken†; Uripiser; Urono-
vag; Uropipemid; Neth.: Pipram; Philipp.: Urixin; Pol.: Palin; Urolin; Rus.:
Palin (Палин); Pimidel (Пимидель); S.Afr.: Deblaston; Septidron†; Singa-
pore: Urotractin; Spain: Galusan; Nuril; Urisan; Uropipedil; Thai.: Pi-
pedic†; Urotractin.
Multi-ingredient: Arg.: Priper Plus.

Piperacillin (BAN, rINN)

Piperacilin monohydrát; Piperacilina; Piperacilinas; Pipéracilline;
Piperacillinum; Piperacillinum Monohydricum; Piperasilliini. (6R)-
6-[R-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenyla-
cetamido]penicillanic acid monohydrate; 3-Dimethyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid monohydrate.
Пиперациллин
C23H27N5O7S,H2O = 535.6.
CAS — 61477-96-1 (anhydrous piperacillin); 66258-76-2
(piperacillin monohydrate).
ATC — J01CA12.
ATC Vet — QJ01CA12.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Piperacillin). A white or almost white powder.
Slightly soluble in water and in ethyl acetate; freely soluble in
methyl alcohol. 
USP 31 (Piperacillin). A white to off-white crystalline powder.
Very slightly soluble in water; slightly soluble in ethyl acetate;
sparingly soluble in isopropyl alcohol; very soluble in methyl al-
cohol.

Piperacillin Sodium (BANM, USAN, rINNM)

CL-227193; Natrii Piperacillinum; Piperacilin sodná sůl; Piperacili-
na sódica; Piperacilino natrio druska; Pipéracilline sodique; Piper-
acillin-nátrium; Piperacillinnatrium natricum; Piperacillinum; Pip-
eracillinum natricum; Piperacylina sodowa; Piperasilin Sodyum;
Piperasilliininatrium; T-1220.
Натрий Пиперациллин
C23H26N5NaO7S = 539.5.
CAS — 59703-84-3.
ATC — J01CA12.
ATC Vet — QJ01CA12.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Piperacillin Sodium). A white or almost white, hy-
groscopic powder. Freely soluble in water and in methyl alcohol;
practically insoluble in ethyl acetate. A 10% solution in water
has a pH of 5.0 to 7.0. Store in airtight containers. 
USP 31 (Piperacillin Sodium). A white to off-white solid. Freely
soluble in water and in alcohol. pH of a 40% solution in water is
between 5.5 and 7.5. Store in airtight containers.
Incompatibility. Piperacillin sodium has been reported to be
incompatible with aminoglycosides and sodium bicarbonate.

Stability. References.
1. Zhang Y, Trissel LA. Stability of piperacillin and ticarcillin in

AutoDose Infusion System bags. Ann Pharmacother 2001; 35:
1360–3.

Adverse Effects and Precautions
As for Carbenicillin Sodium, p.216. 
Prolongation of bleeding time has been less frequent
and less severe with piperacillin than with carbenicil-
lin.
Effects on the blood. References.
1. Scheetz MH, et al. Systematic review of piperacillin-induced

neutropenia. Drug Safety 2007; 30: 295–306.

Hypersensitivity. In the mid 1980s there were reports of a rel-
atively high incidence of adverse reactions to piperacillin, espe-
cially fever, in patients with cystic fibrosis.1-3 However, the
manufacturers4 considered such patients to be particularly prone
to allergy and cited reactions with other semisynthetic penicillins
including carbenicillin and azlocillin. 
Similar apparent hypersensitivity reactions have been reported in
patients taking high doses of piperacillin and other ureidopenicil-
lins, over long periods for other indications,5 and with other pen-
icillins in patients with cystic fibrosis,6 although piperacillin does
appear to be most frequently implicated.6
1. Stead RJ, et al. Adverse reactions to piperacillin in cystic fibro-

sis. Lancet 1984; i: 857–8. 
2. Strandvik B. Adverse reactions to piperacillin in patients with

cystic fibrosis. Lancet 1984; i: 1362. 
3. Stead RJ, et al. Adverse reactions to piperacillin in adults with

cystic fibrosis. Thorax 1985; 40: 184–6. 
4. Brock PG, Roach M. Adverse reactions to piperacillin in cystic

fibrosis. Lancet 1984; i: 1070–1. 
5. Lang R, et al. Adverse reactions to prolonged treatment with

high doses of carbenicillin and ureidopenicillins. Rev Infect Dis
1991; 13: 68–72. 

6. Pleasants RA, et al. Allergic reactions to parenteral beta-lactam
antibiotics in patients with cystic fibrosis. Chest 1994; 106:
1124–8.

Sodium content. Each g of piperacillin sodium contains about
1.85 mmol of sodium. As piperacillin sodium has a lower sodi-
um content than carbenicillin sodium, hypernatraemia and hy-
pokalaemia are less likely to occur.

Interactions
As for Benzylpenicillin, p.214.
Neuromuscular blockers. Piperacillin and other ureidopeni-
cillins are reported to prolong the action of competitive muscle
relaxants such as vecuronium (see Atracurium, p.1903).

Antimicrobial Action
Piperacillin has a similar antimicrobial action to carbe-
nicillin (p.216) and ticarcillin (p.352), but is active
against a wider range of Gram-negative organisms, in-
cluding Klebsiella pneumoniae. It is also generally
more active in vitro, especially against Pseudomonas
aeruginosa and the Enterobacteriaceae, against Gram-
positive Enterococcus faecalis, and possibly against
Bacteroides fragilis. There is, however, an inoculum
effect, i.e. minimum inhibitory concentrations of piper-
acillin increase with the size of the inoculum. 
Combinations of piperacillin and aminoglycosides
have been shown to be synergistic in vitro against Ps.
aeruginosa and Enterobacteriaceae. The effect of us-
ing piperacillin with other beta lactams has been less
predictable. The activity of piperacillin against some
organisms, resistant because of the production of beta-
lactamases, may be restored by tazobactam, a beta-
lactamase inhibitor. Such organisms include beta-
lactamase-producing strains of staphylococci, Es-
cherichia coli, Haemophilus influenzae, and Bacter-
oides spp.; the activity of piperacillin against Ps. aeru-
ginosa is not enhanced by tazobactam. 
Resistance has developed in Ps. aeruginosa during
treatment with piperacillin, especially when used
alone. There may be some cross-resistance with other
antipseudomonal penicillins.
◊ References.
1. Higashitani F, et al. Inhibition of β-lactamases by tazobactam

and in-vitro antibacterial activity of tazobactam combined with
piperacillin. J Antimicrob Chemother 1990; 25: 567–74. 

2. Mehtar S, et al. The in-vitro activity of piperacillin/tazobactam,
ciprofloxacin, ceftazidime and imipenem against multiple resist-
ant Gram-negative bacteria. J Antimicrob Chemother 1990; 25:
915–19. 

3. Kempers J, MacLaren DM. Piperacillin/tazobactam and ticarcil-
lin/clavulanic acid against resistant Enterobacteriaceae. J Anti-
microb Chemother 1990; 26: 598–9. 
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4. Kadima TA, Weiner JH. Mechanism of suppression of piperacil-

lin resistance in enterobacteria by tazobactam. Antimicrob
Agents Chemother 1997; 41: 2177–83. 

5. Klepser ME, et al. Comparison of the bactericidal activities of
piperacillin-tazobactam, ticarcillin-clavulanate, and ampicillin-
sulbactam against clinical isolates of Bacteroides fragilis, Ente-
rococcus faecalis, Escherichia coli, and Pseudomonas aerugino-
sa. Antimicrob Agents Chemother 1997; 41: 435–9. 

6. Peterson LR. Antibiotic policy and prescribing strategies for
therapy of extended-spectrum beta-lactamase-producing Entero-
bacteriaceae: the role of piperacillin-tazobactam. Clin Microbiol
Infect 2008; 14 (suppl 1): 181–4. Correction. ibid.; (suppl 5):
21–4.

Pharmacokinetics
Piperacillin is not absorbed from the gastrointestinal
tract. It is well absorbed after intramuscular use, with
peak plasma concentra t ions  of  30  to
40 micrograms/mL 30 to 50 minutes after a dose of
2 g. The pharmacokinetics of piperacillin are reported
to be nonlinear and dose-dependent. The plasma half-
life is about 1 hour, but is prolonged in neonates. In
patients with severe renal impairment there may be a
threefold increase in half-life; in those with end-stage
renal failure half-lives of 4 to 6 hours have been report-
ed, and in those with both renal and hepatic impairment
much longer half-lives may result. About 20% of pip-
eracillin in the circulation is bound to plasma proteins. 
Piperacillin is widely distributed in body tissues and
fluids. It crosses the placenta into the fetal circulation
and small amounts are distributed into breast milk.
There is little diffusion into the CSF except when the
meninges are inflamed. 
About 60 to 80% of a dose is excreted unchanged in the
urine by glomerular filtration and tubular secretion
within 24 hours, achieving high concentrations. High
concentrations are also found in the bile and up to 20%
of a dose may be excreted by this route. 
Plasma concentrations are enhanced by probenecid. 
Piperacillin is removed by haemodialysis. 
Piperacillin with tazobactam. The pharmacokinetics
of piperacillin do not appear to be altered by tazo-
bactam, but piperacillin reduces the renal clearance of
tazobactam.
◊ References.
1. Heikkilä A, Erkkola R. Pharmacokinetics of piperacillin during

pregnancy. J Antimicrob Chemother 1991; 28: 419–23. 
2. Wise R, et al. Pharmacokinetics and tissue penetration of tazo-

bactam administered alone and with piperacillin. Antimicrob
Agents Chemother 1991; 35: 1081–4. 

3. Johnson CA, et al. Single-dose pharmacokinetics of piperacillin
and tazobactam in patients with renal disease. Clin Pharmacol
Ther 1992; 51: 32–41. 

4. Dupon M, et al. Plasma levels of piperacillin and vancomycin
used as prophylaxis in liver transplant patients. Eur J Clin Phar-
macol 1993; 45: 529–34. 

5. Sörgel F, Kinzig M. The chemistry, pharmacokinetics and tissue
distribution of piperacillin/tazobactam. J Antimicrob Chemother
1993; 31 (suppl A): 39–60. 

6. Reed MD, et al. Single-dose pharmacokinetics of piperacillin
and tazobactam in infants and children. Antimicrob Agents
Chemother 1994; 38: 2817–26. 

7. Bourget P, et al. Clinical pharmacokinetics of piperacillin-tazo-
bactam combination in patients with major burns and signs of
infection. Antimicrob Agents Chemother 1996; 40: 139–45. 

8. Occhipinti DJ, et al. Pharmacokinetics and pharmacodynamics
of two multiple-dose piperacillin-tazobactam regimens. Antimi-
crob Agents Chemother 1997; 41: 2511–17.

Uses and Administration
Piperacillin is a ureidopenicillin that is used similarly
to ticarcillin (p.353) for the treatment of infections
caused by Pseudomonas aeruginosa, and also infec-
tions due to other susceptible bacteria. It has been used
particularly in immunocompromised patients (neutro-
penic patients) and for biliary-tract infections (cholan-
gitis). Other indications have included uncomplicated
gonorrhoea due to penicillin-sensitive gonococci, and
urinary-tract infections. It has also been used for surgi-
cal infection prophylaxis. For details of these infec-
tions and their treatment, see under Choice of Antibac-
terial, p.162. For the treatment of serious infections
piperacillin is commonly used with an aminoglyco-
side, but they should be given separately because of
possible incompatibility. 
Administration and dosage. Piperacillin is given by in-
jection as the sodium salt. Doses are expressed in terms

of the equivalent amount of piperacillin; 1.04 g of pip-
eracillin sodium is equivalent to about 1 g of piperacil-
lin. Doses should generally be reduced in moderate to
severe renal impairment. 
Piperacillin may be given by slow intravenous injec-
tion over 3 to 5 minutes, by intravenous infusion over
20 to 30 minutes, or by deep intramuscular injection.
Single doses of more than 2 g for adults or 500 mg for
children should not be given by the intramuscular
route. 
For the treatment of serious or complicated infections,
adults may be given piperacillin 200 to 300 mg/kg dai-
ly in divided doses intravenously; the usual dose is 3 to
4 g every 4 or 6 hours. In life-threatening infections,
particularly those caused by Pseudomonas or Klebsiel-
la spp., it should be given in a dose of not less than 16 g
daily. The usual maximum daily dose is 24 g, although
this has been exceeded. 
For mild or uncomplicated infections, 100 to
125 mg/kg daily may be given to adults; usual doses
are 2 g every 6 or 8 hours, or 4 g every 12 hours, intra-
venously, or 2 g every 8 or 12 hours intramuscularly. 
Uncomplicated gonorrhoea may be treated by a single
intramuscular dose of 2 g. Probenecid 1 g may be giv-
en orally 30 minutes before the injection. 
For the prophylaxis of infection during surgery, 2 g just
before the procedure, or when the umbilical cord is
clamped in caesarean section, followed by at least 2
doses of 2 g at intervals of 4 or 6 hours within 24 hours
of the procedure, may be given. 
The intravenous route is preferred for infants and chil-
dren. Those aged 1 month to 12 years may be given
100 to 300 mg/kg daily in 3 or 4 divided doses. Ne-
onates less than 7 days old or weighing less than 2 kg
may be given 150 mg/kg daily in 3 divided doses.
Those more than 7 days old and weighing more than
2 kg may be given 300 mg/kg daily in 3 or 4 divided
doses. 
Piperacillin with tazobactam. Piperacillin has also
been used with tazobactam (p.344), a beta-lactamase
inhibitor, to widen its antibacterial spectrum to organ-
isms usually resistant because of the production of
beta-lactamases. The combination is given intrave-
nously in a ratio of piperacillin (as the sodium salt) 8
parts to 1 part of tazobactam (as the sodium salt). Dos-
es, calculated on piperacillin content, are similar to
those of piperacillin alone.
◊ References.
1. Greenwood D, Finch RG, eds. Piperacillin/tazobactam: a new β-

lactam/β-lactamase inhibitor combination. J Antimicrob Chem-
other 1993; 31 (suppl A): 1–124. 

2. Schoonover LL, et al. Piperacillin/tazobactam: a new beta-
lactam/beta-lactamase inhibitor combination. Ann Pharmacoth-
er 1995; 29: 501–14. 

3. Perry CM, Markham A. Piperacillin/tazobactam: an updated re-
view of its use in the treatment of bacterial infections. Drugs
1999; 57: 805–43. 

4. Kotapati S, et al. The clinical and economic benefits of adminis-
tering piperacillin-tazobactam by continuous infusion. Intensive
Crit Care Nurs 2005; 21: 87–93. 

5. Gin A, et al. Piperacillin-tazobactam: a beta-lactam/beta-lacta-
mase inhibitor combination. Expert Rev Anti Infect Ther 2007; 5:
365–83.

Preparations
BP 2008: Piperacillin Intravenous Infusion; 
USP 31: Piperacillin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Algiseptico†; Piperac†; Austral.: Pipril†; Austria: Pipril; Belg.: Pipcil†;
Canad.: Pipracil†; Cz.: Pipraks†; Pipril†; Denm.: Ivacin†; Ger.: Pipera†;
Pipril†; Gr.: Pipril; Zobactam; Zoracilin; Hong Kong: Pipracil†; Hung.:
Pipril†; India: Pipracil; Irl.: Pipril†; Israel: Picillin†; Pipracin; Pipril†; Ital.:
Avocin†; Biopiper†; Cilpier; Diperil; Ecosette; Eril†; Farecillin; Peracil; Per-
asint; Picillin; Piperital; Pipersal; Pipertex; Reparcillin; Semipenil; Sintoplus; Vi-
racillina†; Jpn: Pentcillin; Malaysia: Pipracil†; NZ: Pipril†; Switz.: Pipril†;
Thai.: Peracin; Pipracil†; Turk.: Pipraks; USA: Pipracil†.

Multi-ingredient: Arg.: Pipetexina; Tazonam; Austral.: Tazocin; Austria:
Tazonam; Belg.: Tazocin; Braz.: Tazocin; Tazoxil†; Tazpen†; Canad.: Tazoc-
in; Chile: Tazonam; Cz.: Tazocin; Denm.: Tazocin; Fin.: Tazocin; Fr.: Tazo-
cilline; Ger.: Tazobac; Gr.: Bactalin; Gramenox; Oliten; Tazepen; Tazidron;
Tazobion; Tazocin; Tazorex; Hong Kong: Tazocin; Hung.: Tazocin; India:
Tazact; Tazofast; Tazopen; Zosyn; Indon.: Tazocin; Irl.: Tazocin; Israel:
Tazocin; Ital.: Tazobac; Tazocin; Malaysia: Tazocin; Mex.: Tasovak; Tazoc-
in; Neth.: Tazocin; Norw.: Tazocin; NZ: Tazocin; Philipp.: Tazocin; Pol.:
Tazocin; Port.: Tazobac; S.Afr.: Tazobax; Tazocin; Singapore: Tazocin;
Spain: Tazocel; Swed.: Tazocin; Switz.: Tazobac; Thai.: Tazocin; Turk.:
Tazocin; UK: Tazocin; USA: Zosyn; Venez.: Tazopril; Tazpen.

Pirlimycin Hydrochloride (USAN, rINNM)

Hidrocloruro de pirlimicina; Pirlimycine, Chlorhydrate de;
Pirlimycinhydroklorid; Pirlimycini Hydrochloridum; Pirlimysiinihy-
drokloridi; U-57930E. Methyl 7-chloro-6,7,8-trideoxy-6-(cis-4-
ethyl-L-pipecolamido)-1-thio-L-threo-α-D-galacto-octopyrano-
side monohydrochloride monohydrate.

Пирлимицина Гидрохлорид
C17H31ClN2O5S,HCl,H2O = 465.4.
CAS — 79548-73-5 (pir limycin); 77495-92-2 (pir limycin
hydrochloride).

(pir limycin)

Profile
Pirlimycin is a lincosamide antibacterial used in veterinary med-
icine.

Piromidic Acid (rINN)

Acide Piromidique; Ácido piromídico; Acidum Piromidicum; PD-
93; Piromidihappo; Piromidsyra. 8-Ethyl-5,8-dihydro-5-oxo-2-
(pyrrolidin-1-yl)pyrido[2,3-d]pyrimidine-6-carboxylic acid.

Пиромидовая Кислота
C14H16N4O3 = 288.3.
CAS — 19562-30-2.
ATC — J01MB03.
ATC Vet — QJ01MB03.

Profile
Piromidic acid is a 4-quinolone antibacterial with properties sim-
ilar to those of nalidixic acid (p.303). It has been used in the treat-
ment of susceptible infections. There have been a number of re-
ports of acute renal failure associated with piromidic acid.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Enteromix†.

Pivampicillin (BAN, rINN)

MK-191; Pivampicilin; Pivampicilina; Pivampicilinas; Pivampicilline;
Pivampicillinum; Pivampisilliini. Pivaloyloxymethyl (6R)-6-(α-D-
phenylglycylamino)penicillanate.

Пивампициллин
C22H29N3O6S = 463.5.
CAS — 33817-20-8.
ATC — J01CA02.
ATC Vet — QJ01CA02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Pivampicillin). A white or almost white crystalline
powder. Practically insoluble in water; soluble in dehydrated al-
cohol; freely soluble in methyl alcohol. It dissolves in dilute ac-
ids. Store in airtight containers.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pivampicillin Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de pivampicilina; Pivampicilline, Chlorhydrate de;
Pivampicillini Hydrochloridum.

Пивампициллина Гидрохлорид

C22H29N3O6S,HCl = 500.0.
CAS — 26309-95-5.
ATC — J01CA02.
ATC Vet — QJ01CA02.

Adverse Effects and Precautions
As for Ampicillin, p.204. Pivampicillin is reported to cause a
lower incidence of diarrhoea than ampicillin. Upper gastrointes-
tinal discomfort may be more frequent when pivampicillin is tak-
en on an empty stomach. 
Pivaloyloxymethyl esters such as pivampicillin have been asso-
ciated with the induction of carnitine deficiency (see below).

Carnitine deficiency. Carnitine deficiency (see p.1933) has
been reported after the use of pivampicillin and pivmecillinam.1
It is thought that the pivalic acid liberated on hydrolysis of these
pivaloyloxymethyl esters in vivo is excreted as pivaloyl-carnitine
with a consequent depletion in plasma and muscle concentra-
tions of carnitine.2 Low plasma-carnitine concentrations persist-
ed in a patient after stopping pivampicillin, despite 6 weeks of
replacement therapy with oral carnitine 1g daily. She had origi-
nally presented with skeletal myopathy when given pivampicil-
lin for 3 months. A more intensive carnitine replacement regi-
men might be necessary in such patients.3

1. Holme E, et al. Carnitine deficiency induced by pivampicillin
and pivmecillinam therapy. Lancet 1989; ii: 469–73. 

2. Anonymous. Carnitine deficiency. Lancet 1990; 335: 631–3. 
3. Rose SJ, et al. Carnitine deficiency associated with long-term

pivampicillin treatment: the effect of a replacement therapy re-
gime. Postgrad Med J 1992; 68: 932–4.

Porphyria. Pivampicillin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Benzylpenicillin, p.214. 
There is a theoretical possibility that carnitine deficiency may be
increased in patients receiving pivampicillin and valproate.

Antimicrobial Action
Pivampicillin has the antimicrobial activity of ampicillin to
which it is hydrolysed in vivo (p.204).

Pharmacokinetics
Pivampicillin is acid-stable and is readily absorbed from the gas-
trointestinal tract. On absorption it is rapidly and almost com-
pletely hydrolysed to ampicillin, pivalic acid, and formaldehyde.
Plasma-ampicillin concentrations 1 hour after a dose are 2 to 3
times those attained after an equivalent dose of ampicillin. The
absorption of pivampicillin is generally not significantly affected
by food. About 70% of a dose is excreted in the urine as ampicil-
lin within 6 hours.

Uses and Administration
Pivampicillin is the pivaloyloxymethyl ester of ampicillin
(p.205) and has similar uses; 1.3 g of pivampicillin and 1.43 g of
pivampicillin hydrochloride are each equivalent to about 1 g of
ampicillin. 
Pivampicillin is given orally to adults and children over 10 years
of age in doses of 500 mg twice daily with food, which may be
doubled in severe infections. In children aged 3 months to 1 year
a dose of 20 to 30 mg/kg twice daily may be used. Children older
than 1 year may be given 12.5 to 17.5 mg/kg twice daily, up to
500 mg twice daily. 
In areas where gonococci remain sensitive a single dose of 1.5 g
is given for gonorrhoea, with probenecid 1 g. 
Pivampicillin hydrochloride has been used in some countries. 
Pivampicillin has also been given with pivmecillinam (below).

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Pondocillin; Denm.: Pondocillin; Fr.: Proampi; Norw.: Pondocillin;
Swed.: Pondocillin.

Pivmecillinam (BAN, rINN)

Amdinocillin Pivoxil (USAN); FL-1039; Pivamdinocillin; Pivmecili-
nam; Pivmécillinam; Pivmecillinamum; Pivmesillinaami; Ro-10-
9071. Pivaloyloxymethyl (6R)-6-(perhydroazepin-1-ylmethylene-
amino)penicillanate.

Пивмециллинам

C21H33N3O5S = 439.6.

CAS — 32886-97-8.

ATC — J01CA08.

ATC Vet — QJ01CA08.

Pivmecillinam Hydrochloride (BANM, rINNM)

Hidrocloruro de pivmecilinam; Pivmecilinam-hydrochlorid;
Pivmecilinamo hidrochloridas; Pivmécillinam, Chlorhydrate de;
Pivmecillinám-hidroklorid; Pivmecillinamhydroklorid; Pivmecil-
linami hydrochloridum; Pivmesillinaamihydrokloridi.
Пивмециллинама Гидрохлорид
C21H33N3O5S,HCl = 476.0.
CAS — 32887-03-9.
ATC — J01CA08.
ATC Vet — QJ01CA08.
Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Pivmecillinam Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water, in dehydrated
alcohol, and in methyl alcohol; slightly soluble in acetone. A
10% solution in water has a pH of 2.8 to 3.8. Store at a tempera-
ture of 2° to 8°. Protect from light.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Pivaloyloxymethyl esters such as pivmecillinam have
been associated with the induction of carnitine defi-
ciency (see Pivampicillin, above).
Administration. Oesophageal injury has been associated rare-
ly with pivmecillinam tablets.1,2 Patients are advised to take them
during a meal, while sitting or standing, and with at least half a
glass of water.3
1. Committee on Safety of Medicines. Pivmecillinam and oesopha-

geal injury. Current Problems 19  1987. Available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024426&RevisionSelectionMethod=
LatestReleased (accessed 22/07/08) 

2. Mortimer Ö, Wiholm B-E. Oesophageal injury associated with
pivmecillinam tablets. Eur J Clin Pharmacol 1989; 37: 605–7. 

3. Anonymous. CSM warning on pivmecillinam. Pharm J 1987;
238: 443.

Porphyria. Pivmecillinam has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
Pivmecillinam has the antimicrobial activity of mecil-
linam (p.297) to which it is hydrolysed in vivo.

Pharmacokinetics
Pivmecillinam is well absorbed from the gastrointesti-
nal tract and is rapidly hydrolysed to the active drug
mecillinam (p.297), pivalic acid, and formaldehyde.
The presence of food in the stomach does not appear to
have a significant effect on absorption. Peak plasma
concentrations of mecillinam of 5 micrograms/mL
have been achieved 1 to 2 hours after a 400-mg dose of
pivmecillinam. 
About 45% of a dose may be excreted in the urine as
mecillinam, mainly within the first 6 hours.
◊ References.
1. Heikkilä A, et al. The pharmacokinetics of mecillinam and

pivmecillinam in pregnant and non-pregnant women. Br J Clin
Pharmacol 1992; 33; 629–33.

Uses and Administration
Pivmecillinam is the pivaloyloxymethyl ester of mecil-
linam (p.297), to which it is hydrolysed after oral dos-
age. It is used in the treatment of urinary-tract infec-
tions (p.199). 
Doses of pivmecillinam have often been expressed in a
confusing manner since no differentiation has been
made between the hydrochloride, used in tablets, and
the base, used in suspensions for oral use. Pivmecil-
linam 1.35 g and pivmecillinam hydrochloride 1.46 g
are each equivalent to about 1 g of mecillinam. 
Pivmecillinam should preferably be taken with food
(see also Administration, under Adverse Effects and
Precautions, above). 

In acute uncomplicated cystitis, the initial adult dose is
400 mg orally followed by 200 mg three times daily
for 8 doses. In chronic or recurrent bacteriuria, 400 mg
may be given 3 or 4 times daily. The dose for children
(weighing less than 40 kg) with urinary-tract infections
is 20 to 40 mg/kg daily in 3 or 4 divided doses. 
Pivmecillinam has been given with other beta lactams,
particularly pivampicillin (p.316), to extend the spec-
trum of antimicrobial activity to Gram-positive organ-
isms and because of reported synergism against Gram-
negative bacteria in vitro. 
For parenteral use, mecillinam is given.
◊ References.
1. Nicolle LE. Pivmecillinam in the treatment of urinary tract infec-

tions. J Antimicrob Chemother 2000; 46 (suppl S1): 35–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Selexid; Belg.: Selexid†; Canad.: Selexid†; Denm.: Selexid; Fin.:
Selexid; Fr.: Selexid; Norw.: Selexid; NZ: Selexid; Port.: Selecid†; Swed.:
Selexid; UK: Selexid.

Polymyxin B Sulfate (rINNM)

Polimiksin B Sülfat; Polimiksino B sulfatas; Polimixin-B-szulfát;
Polimyksyny B siarczan; Polimyxini b sulfas; Polymyksiini-B-sulfaat-
ti; Polymyxin B sulfat; Polymyxin B Sulphate (BANM); Polymyxin-B-
sulfát; Polymyxine B, sulfate de; Polymyxini B sulfas; Polymyxinum
B Sulfas; Sulfato de polimixina B.
Полимиксина B Сульфат
CAS — 1404-26-8 (polymyxin B); 1405-20-5 (polymyxin
B sulfate); 4135-11-9 (polymyxin B1); 34503-87-2 (poly-
myxin B2); 71140-58-4 (polymyxin B3).
ATC — A07AA05; J01XB02; S01AA18; S02AA11;
S03AA03.
ATC Vet — QA07AA05; QJ01XB02; QS01AA18;
QS02AA11; QS03AA03.

(polymyxin B)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Polymyxin B Sulphate). A mixture of the sulfates of
polypeptides produced by the growth of certain strains of Bacil-
lus polymyxa or obtained by any other means. A white or almost
white, hygroscopic powder. Soluble in water; slightly soluble in
alcohol. A 2% solution in water has a pH of 5.0 to 7.0. Store in
airtight containers. Protect from light. 
USP 31 (Polymyxin B Sulfate). The sulfate salt of a kind of poly-
myxin, a substance produced by the growth of Bacillus polymyxa
(Bacillaceae), or a mixture of two or more such salts. A white to
buff-coloured, powder, odourless or has a faint odour. It has a po-
tency of not less than 6000 Polymyxin B units/mg, calculated on
the dried substance. Freely soluble in water; slightly soluble in
alcohol. pH of a 0.5% solution in water is between 5.0 and 7.5.
Store in airtight containers. Protect from light.

Incompatibility. Incompatibility has been reported with many
other drugs including antibacterials. Polymyxin B sulfate is rap-
idly inactivated by strong acids and alkalis.

Units
The second International Standard Preparation (1969)
of polymyxin B sulfate contains 8403 units/mg. 
NOTE. The available forms of polymyxin B sulfate are
generally less pure than the International Standard
Preparation. Doses have sometimes been stated in
terms of pure polymyxin base; 100 mg of pure poly-
myxin B is considered to be equivalent to
1 million units (1 mega unit).
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Adverse Effects, Treatment, and Precau-
tions
When given parenterally, the major adverse effects of
the polymyxins are dose-related neurotoxicity and ne-
phrotoxicity. Hypersensitivity reactions are rare, al-
though rashes and fever have been reported, and poly-
myxins cause histamine release, which may lead to
bronchoconstriction and other anaphylactoid symp-
toms. Polymyxins should be avoided in patients with a
history of hypersensitivity to any of the group. 
Neurotoxic reactions can occur in up to 7% of patients
with normal renal function and include peripheral ef-
fects such as circumoral and ‘stocking-glove’ pattern
paraesthesias, visual disturbances, and dizziness, atax-
ia, confusion, drowsiness, and other CNS effects. The
polymyxins are potent neuromuscular blockers, and
respiratory paralysis and apnoea may result, especially
in overdosage and in patients with renal impairment or
pre-existing disorders of neuromuscular transmission
such as myasthenia gravis, in whom particular care is
needed; certain medications may also increase the risk
(see Interactions, below). Neostigmine or calcium salts
are usually of little value in reversing neuromuscular
blockade and artificial ventilation may be required if it
develops. 
Nephrotoxicity may occur in up to 20% of patients af-
ter parenteral use and may be marked by nitrogen re-
tention, haematuria, proteinuria, and tubular necrosis.
Electrolyte disturbances are common. Baseline renal
function levels should be established before starting
parenteral polymyxin B therapy and renal function and
blood concentrations of polymyxins should be moni-
tored frequently during therapy. Patients with pre-ex-
isting renal impairment and nitrogen retention are at
particular risk and require dosage reduction. Signs of
decreasing urine output and increasing nitrogen reten-
tion are an indication for stopping the drug in all pa-
tients. Although polymyxin B is said to be more neph-
rotoxic than colistin on a weight-for-weight basis, their
effects on the kidney seem to be similar at therapeuti-
cally equivalent doses. 
Polymyxin B is irritant; pain after intramuscular injec-
tion may be severe and thrombophlebitis can occur af-
ter intravenous injection. Meningeal irritation, mani-
fest as fever, headache, stiff neck, and increased cell
count and protein levels in the CSF, may follow intrath-
ecal doses. 
Ear drops containing polymyxins should not be used in
patients with perforated ear drums, due to the increased
risk of ototoxicity. Topical application to large areas of
skin should be avoided because of the risk of systemic
absorption resulting in neurotoxicity and nephrotoxic-
ity, particularly in children, the elderly, and patients
with renal impairment.

Interactions
Polymyxins may enhance the action of neuromuscular
blockers (p.1903) possibly resulting in respiratory de-
pression and apnoea, and concurrent use should be
avoided. Additive neurotoxicity and/or nephrotoxicity
may occur if polymyxins are given with other poten-
tially neurotoxic and/or nephrotoxic drugs including
aminoglycosides and cefaloridine; concurrent use
should also be avoided.

Antimicrobial Action
Polymyxin B and the other polymyxin antibacterials
act primarily by binding to membrane phospholipids
and disrupting the bacterial cytoplasmic membrane.
Polymyxin B has a bactericidal action on most Gram-
negative bacilli except Proteus spp. It is particularly ef-
fective against Pseudomonas aeruginosa. Of the other
Gram-negative organisms, Acinetobacter spp., Es-
cherichia coli, Enterobacter and Klebsiella spp., Hae-
mophilus influenzae, Bordetella pertussis, Salmonella,
and Shigella spp. are sensitive. Classical Vibrio choler-
ae 01 is sensitive but the El Tor and O139 biotypes are
resistant. Serratia, Burkholderia, and Providencia

spp., and Bacteroides fragilis are usually resistant. It is
not active against Neisseria spp., obligate anaerobes,
and Gram-positive bacteria. Some fungi such as Coc-
cidioides immitis are susceptible but most are resistant. 
Antimicrobial synergy has been reported with other
drugs, including chloramphenicol, tetracyclines, and
the sulfonamides and trimethoprim. 
The action of polymyxin B is reduced by divalent cat-
ions such as calcium and magnesium, and so activity in
vivo is less marked than in vitro. 
Acquired resistance to polymyxin B is uncommon, al-
though adaptive resistance may develop in enterobac-
teria exposed to sublethal concentrations. There is
complete cross-resistance between polymyxin B and
colistin.

Pharmacokinetics
Polymyxin B sulfate is not absorbed from the gastroin-
testinal tract, except in infants who may absorb up to
10% of a dose. It is not absorbed through mucous
membranes, or intact or denuded skin. 
Peak plasma concentrations after intramuscular injec-
tion usually occur within 2 hours, but are variable and
polymyxin B sulfate is partially inactivated by serum.
It is widely distributed and extensively bound to cell
membranes in the tissues; it does not appear to be high-
ly bound to serum proteins. Accumulation may occur
after repeated doses. There is no diffusion into the CSF
and it does not cross the placenta. Polymyxin B is re-
ported to have a serum half-life of about 6 hours but
this is prolonged in renal impairment; values of 2 to 3
days have been reported in patients with a creatinine
clearance of less than 10 mL/minute. 
Polymyxin B sulfate is excreted mainly by the kidneys
by glomerular filtration, about 60% of a dose being re-
covered unchanged in the urine, but there is a time lag
of 12 to 24 hours before polymyxin B is recovered in
the urine. 
Polymyxin B is not removed to an appreciable extent
by peritoneal dialysis or haemodialysis.

Uses and Administration
Polymyxin B sulfate is used topically, often with other
drugs, in the treatment of skin, ear, and eye infections
due to susceptible organisms. Eye drops containing
polymyxin B with neomycin and gramicidin have been
used for the prophylaxis of infection in patients under-
going ocular surgery and, with propamidine isetionate,
for the treatment of acanthamoeba keratitis (p.822).
Polymyxin B has been given orally with other drugs in
regimens for selective digestive-tract decontamination
(SDD) in patients at high risk of endogenous infections
(see under Intensive Care, p.175). Polymyxin B has
also been used parenterally for the treatment of infec-
tions due to susceptible Gram-negative bacteria, espe-
cially Pseudomonas aeruginosa, but other drugs are
generally preferred. Polymyxin B has been given in-
trathecally in meningeal infection, and by subconjunc-
tival injection for eye infections. 
For topical application polymyxin B is usually availa-
ble as a 0.1% solution or ointment (10 000 units per
mL or per g respectively) combined with other drugs.
In t ravenous  doses  range  f rom 15 000 to
25 000 units/kg daily, by infusion and may be given
every 12 hours. The intramuscular route has also been
used despite the severe pain which may be associated
with it; doses range from 25 000 to 30 000 units/kg
daily, and may be given every 4 or 6 hours. 
Doses should be reduced in patients with renal impair-
ment (see below). 
Intrathecal doses of 50 000 units may be given once
daily for 3 to 4 days, then on alternate days for at least
2 weeks after the CSF cultures become negative. 
For details of doses in children, including infants, see
below. 

For subconjunctival injection, doses of up to
100 000 units daily may be used for infections of the
cornea and conjunctiva.
◊ References.
1. Evans ME, et al. Polymyxin B sulfate and colistin: old antibiot-

ics for emerging multiresistant Gram-negative bacteria. Ann
Pharmacother 1999; 33: 960–7. 

2. Falagas ME, et al. The use of intravenous and aerosolized poly-
myxins for the treatment of infections in critically ill patients: a
review of the recent literature. Clin Med Res 2006; 4: 138–46. 

3. Arnold TM, et al. Polymyxin antibiotics for gram-negative in-
fections. Am J Health-Syst Pharm 2007; 64: 819–26. 

4. Zavascki AP, et al. Polymyxin B for the treatment of multidrug-
resistant pathogens: a critical review. J Antimicrob Chemother
2007; 60: 1206–15.

Administration in children. Up to 40 000 units/kg daily of
polymyxin sulfate may be given to infants with normal renal
function by intravenous infusion or by intramuscular injection,
although the latter is not recommended routinely because of se-
vere pain at injection sites. Doses as high as 45 000 units/kg daily
have been tried in premature and full-term neonates. For suggest-
ed doses in children with renal impairment see below. 
In children under 2 years of age, intrathecal doses of 20 000 units
once daily for 3 to 4 days or 25 000 units on alternate days may
be given, followed by the latter dose for at least 2 weeks after the
CSF cultures become negative. 
Older children may be given the usual adult dose (see above).
Administration in renal impairment. Parenteral doses of
polymyxin sulfate should be reduced in adults and children with
renal impairment; a maximum intravenous dose of
15 000 units/kg daily has been suggested.

Preparations
BP 2008: Polymyxin and Bacitracin Eye Ointment; 
USP 31: Bacitracin and Polymyxin B Sulfate Topical Aerosol; Bacitracin Zinc
and Polymyxin B Sulfate Ointment; Bacitracin Zinc and Polymyxin B Sulfate
Ophthalmic Ointment; Chloramphenicol and Polymyxin B Sulfate Ophthal-
mic Ointment; Chloramphenicol, Polymyxin B Sulfate, and Hydrocortisone
Acetate Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates and
Bacitracin Ointment; Neomycin and Polymyxin B Sulfates and Bacitracin
Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates and Bacitracin
Zinc Ointment; Neomycin and Polymyxin B Sulfates and Bacitracin Zinc
Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates and Dexame-
thasone Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates and
Dexamethasone Ophthalmic Suspension; Neomycin and Polymyxin B Sul-
fates and Gramicidin Cream; Neomycin and Polymyxin B Sulfates and
Gramicidin Ophthalmic Solution; Neomycin and Polymyxin B Sulfates and
Hydrocortisone Acetate Cream; Neomycin and Polymyxin B Sulfates and
Hydrocortisone Acetate Ophthalmic Suspension; Neomycin and Polymyx-
in B Sulfates and Hydrocortisone Ophthalmic Suspension; Neomycin and
Polymyxin B Sulfates and Hydrocortisone Otic Solution; Neomycin and Pol-
ymyxin B Sulfates and Hydrocortisone Otic Suspension; Neomycin and Pol-
ymyxin B Sulfates and Lidocaine Cream; Neomycin and Polymyxin B Sul-
fates and Pramoxine Hydrochloride Cream; Neomycin and Polymyxin B
Sulfates and Prednisolone Acetate Ophthalmic Suspension; Neomycin and
Polymyxin B Sulfates Cream; Neomycin and Polymyxin B Sulfates Ophthal-
mic Ointment; Neomycin and Polymyxin B Sulfates Ophthalmic Solution;
Neomycin and Polymyxin B Sulfates Solution for Irrigation; Neomycin and
Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Acetate Oph-
thalmic Ointment; Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and
Hydrocortisone Ointment; Neomycin and Polymyxin B Sulfates, Bacitracin
Zinc, and Hydrocortisone Ophthalmic Ointment; Neomycin and Polymyx-
in B Sulfates, Bacitracin Zinc, and Lidocaine Ointment; Neomycin and Poly-
myxin B Sulfates, Bacitracin, and Hydrocortisone Acetate Ointment; Neo-
mycin and Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate
Ophthalmic Ointment; Neomycin and Polymyxin B Sulfates, Bacitracin, and
Lidocaine Ointment; Neomycin and Polymyxin B Sulfates, Gramicidin, and
Hydrocortisone Acetate Cream; Oxytetracycline Hydrochloride and Poly-
myxin B Sulfate Ointment; Oxytetracycline Hydrochloride and Polymyxin B
Sulfate Ophthalmic Ointment; Oxytetracycline Hydrochloride and Poly-
myxin B Sulfate Topical Powder; Oxytetracycline Hydrochloride and Poly-
myxin B Sulfate Vaginal Tablets; Polymyxin B for Injection; Polymyxin B Sul-
fate and Bacitracin Zinc Topical Aerosol; Polymyxin B Sulfate and Bacitracin
Zinc Topical Powder; Polymyxin B Sulfate and Hydrocortisone Otic Solu-
tion; Polymyxin B Sulfate and Trimethoprim Ophthalmic Solution.
Proprietary Preparations (details are given in Part 3)
Braz.: Polixil B†; Philipp.: Aerosporin; Port.: Oto-Synalar N.
Multi-ingredient: Arg.: Belbar; Ginal Cent; Ginkan; Irix Biotic; Isoptomax;
Linfol Cicatrizante; Mailen; Min O; Nebapol B†; Neoftalm; Neoftalm Dexa;
Neolag; O-Biol P; Otosporin; Otosporin L; Ovumix; Pantometil; Pentol; Po-
enbioptal NF; Polygynax; Polyplex; Septigyn; Sincerum Biotic L; Terramicina
con Polimixina B†; Trimepol; Trimepol D; Vagicural Plus; Austral.: Ne-
osporin; Austria: Neocones; Otosporin; Polytrim; Belg.: De Icin†; Dexa-
Polyspectran New; Maxitrol; Ophtalmotrim†; Otosporin†; Panotile; Poly-
dexa; Polygynax†; Polyspectran Gramicidine; Polytrim; Predmycin P; Statrol;
Synalar Bi-Otic; Terra-Cortril + Polymyxine B; Terramycine + Polymyxine B;
Braz.: Anaseptil; Colpolase; Elotin; Ginec†; Lidosporin; Maxitrol; Nepodex;
Otauril†; Otocort†; Otomixyn; Otosporin; Otosynalar; Panotil; Poliginax;
Polipred; Polysporin; Predmicin; Terramicina c/Polimixina; Canad.: Antibi-
otic Cold Sore Ointment; Antibiotic Cream†; Antibiotique Onguent;
Bacimyxin; Band-Aid Antibiotic; Bioderm; Cortimyxin; Cortisporin; Diopt-
rol†; Johnson & Johnson First Aid Ointment†; Lidomyxin; Lidosporin; Max-
itrol; Neosporin; Neotopic†; Optimyxin; Optimyxin Plus; Ozonol Antibiotic
Plus; PMS-Polytrimethoprim; Polycidin†; Polyderm; Polysporin; Polysporin
Complete Antibiotic; Polysporin For Kids; Polysporin Plus Pain Relief;
Polysporin Triple Antibiotic; Polytopic; Polytrim; Chile: Dermabiotico;
Gotalgic; Grifoftal-D; Grifoftal†; Maxitrol; Oftabiotico; Otazol†; Oticum;
Otolisan; Otoseptil; Unguento Dermico Antibiotico†; Cz.: Maxitrol; Ot-
osporin; Polygynax; Pulpomixine; Statrol†; Denm.: Hydrocortison med
Terramycin og Polymyxin-B; Terramycin Polymyxin B; Fin.: Maxitrol;
Polysporin; Terra-Cortril P; Fr.: Antibio-Synalar; Antibiotulle Lumiere; At-
ebemyxine; Auricularum; Cebemyxine; Corticotulle Lumiere†; Framyxone;
Maxidrol; Novomyxine†; Panotile; Polydexa; Polyfra; Polygynax; Polygynax
Virgo; Primyxine†; Sterimycine†; Ger.: Antibiotulle Lumiere†; Corticotulle
Lumiere†; Dexa Polyspectran; Farco-Tril†; Isopto Max; Kombi-Stulln N; Pan-
otile N†; Polygynax†; Polyspectran; Polyspectran HC; Terracortril†; Ter-
ramycin†; Gr.: Fotocollyre; Isopto Maxitrol; Oxacycle-P; Paroticin; Statrol†;
Terramycin; Hong Kong: Aplosyn-Otic; Cebemyxine; Maxitrol; Neosporin;
Otosporin; Otozambon; PMS-Baximycin†; Polydex-N; Polydexa; Polyfax†;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Polygynax; Polyoph; Terramycin with Polymyxin B; Hung.: Oftalmotrim†;
Otosporin; Polyspor; India: Chlormixin; Dexosyn Plus; Neosporin; Ne-
osporin-H; Ocupol; Ocupol-D; Indon.: Inmatrol; Isotic Enpigi; Isotic Neoly-
son; Isotic Nepafrin; Kenetrol; Kloramixin; Kloramixin D; Maxitrol; Nelicort;
Neocortic; Neofen; Neosyd; Oregan; Osatrol; Otolin; Otopain; Otopraf;
Otozambon; Polidemisin; Polifrisin; Terramycin Poly; Ximex Optixitrol; Irl.:
Maxitrol; Neosporin†; Otosporin; Polyfax; Israel: Auricularum; Bamyxin;
Desoren; Dex-Otic; Maxitrol; Phenimixin; Tarocidin; Tarocidin D; Terramy-
cin; Ital.: Anauran; Cicatrene; Mixotone; Otosporin†; Rinojet SF†; Malay-
sia: Bacitracin-N; Maxitrol; Oftalmotrim; Pocin G; Pocin H; Terramycin;
Mex.: Alosol; Biodexan; Biofrin; Biotriamin; Cortisporin; Dexsul; Hidropo-
licin; Maxitrol; Neobacigrin; Neosporin; Nicobio†; Polixin; Poly-Micron;
Rinadex Compuesto; Septilisin; Sulned; Synalar N; Synalar O; Synalar Oftal-
mico; Terramicina; Tribiot; Neth.: Maxitrol; Otosporin; Panotile; Polyspec-
tran G†; Polytrim; Synalar Bi-Otic†; Terra-Cortril Gel Steraject met poly-
myxine-B†; Terra-Cortril met polymyxine-B; Norw.: Maxitrol; Terra-Cortril
Polymyxin B; Terramycin Polymyxin B; NZ: Maxitrol; Philipp.: Aplosyn-Ot-
ic; BNP Ointment; Cortisporin; Hydrospor; Isonep; Isonep H; Maxirap;
Maxitrol; Maxoptic; Neosporin; Novasorin; Postop; Postotic; Predmycin-P;
Statrol; Synalar Otic; Syntemax; Terramycin; Terramycin Plus; Trimycin;
Trimycin-H; Pol.: Atecortin; Dexadent; Maxitrol; Multibiotic; Neotopic;
Tribiotic; Port.: Conjunctilone; Conjunctilone-S; Oftalmotrim; Otosporin;
Polisulfade; Polydexa; Rus.: Anauran (Анауран); Maxitrol (Макситрол);
Polydexa (Полидекса); Polydexa with Phenylephrine (Полидекса С
Фенилефрином); Polygynax (Полижинакс); S.Afr.: Maxitrol; Neosporin†;
Otosporin; Polysporin; Polytrim†; Terra-Cortril; Terramycin; Singapore:
Maxitrol; Polybamycin; Polydexa; Polygynax; Predmycin-P†; Terramycin;
Spain: Bacisporin; Blastoestimulina; Creanolona; Dermisone Tri Antibiotic;
Liquipom Dexa Antib; Maxitrol; Neocones; Oftalmotrim; Oftalmotrim
Dexa†; Oftalmowell; Otix; Otosporin; Panotile; Phonal; Poly Pred; Pomada
Antibiotica; Synalar Nasal; Synalar Otico; Terra-Cortril; Terramicina; Tivitis;
Tulgrasum Antibiotico; Vinciseptil Otico; Swed.: Isopto Biotic†; Terracortril
med polymyxin B; Terramycin Polymyxin B; Switz.: Baneopol; Maxitrol; My-
cinopred; Neosporin; Otosporin; Panotile; Polydexa; Spersapolymyxin; Ter-
racortril†; Thai.: Banocin; Maxitrol; My-B; Neosporin†; Opsacin†; Otosam-
thong; Otosporin†; Polyoph; Predmycin†; Primoptic†; Spersapolymyxin;
Terramycin; Terrasil†; Xanalin; Turk.: Cebemyxine; Geotril; Heksa; Ne-
osporin; Oftalmotrim; Polimisin; Polycilline; Polytrim; Sekamisin; Terramycin;
UK: Gregoderm†; Maxitrol; Neosporin; Otosporin; Polyfax; Polytrim†;
USA: Ak-Poly-Bac; Ak-Spore; Ak-Trol†; Betadine First Aid Antibiotics +
Moisturizer; Betadine Plus First Aid Antibiotics & Pain Reliever; Cortatrigen;
Cortimycin; Cortisporin; Dexacidin†; Dexacine†; Dexasporin; Ear-Eze;
Lanabiotic†; LazerSporin-C; Maxitrol; Mycitracin†; Neocin; Neopolydex;
Neosporin; Neosporin + Pain Relief; Neosporin GU; Neosporin†; Neot-
ricin HC; Octicair†; Ocu-Spor-B; Ocu-Spor-G; Ocu-Trol; Ocutricin; Otic-
Care; OtiTricin; Otobiotic; Otocort; Otomycin-HPN; Otosporin; Pediotic;
Poly-Dex; Poly-Pred; Polycin-B; Polymycin; Polysporin†; Polytracin; Polytrim;
Spectrocin Plus†; Terak; Terramycin with Polymyxin B; Tri-Biozene; UAD-
Otic; Venez.: Dermabiotic; Maxicort; Maxitrol; Neo-Synalar†; Ofterra;
Otocort; Poli-Otico; Terramicina con Polimixina B.

Pristinamycin (BAN, rINN)

Pristinamicina; Pristinamycine; Pristinamycinum; RP-7293.
Пристинамицин
CAS — 270076-60-3.
ATC — J01FG01.
ATC Vet — QJ01FG01.

Profile
Pristinamycin is a streptogramin antibacterial produced by the
growth of Streptomyces pristina spiralis, with actions and uses
similar to those of virginiamycin (p.361). It is given orally in the
treatment of susceptible infections, particularly staphylococcal
infections, in a dose of 2 to 4 g daily in divided doses.
◊ Pristinamycin is a naturally occurring mixture of two synergis-
tic components, pristinamycin I which is a macrolide, and pristi-
namycin II which is a depsipeptide.1 It has been available for
many years as an oral antistaphylococcal drug, and also acts
against streptococci. It is effective against strains showing resist-
ance to erythromycin; resistance to pristinamycin is rare,2,3 al-
though resistance in staphylococci has been reported in the
past.4,5 It is effective against meticillin-resistant Staphylococcus
aureus (MRSA)6,7 but its usefulness in severe infection is limited
by its poor solubility, which prevents development of an intrave-
nous formulation. Oral pristinamycin has been shown to be as
effective as standard therapy with intravenous then oral penicil-
lin in the treatment of erysipelas.8 
Mixtures of water-soluble derivatives of pristinamycins I and II,
such as quinupristin/dalfopristin (p.322), are in clinical use or un-
der investigation.
1. Hamilton-Miller JMT. From foreign pharmacopoeias: ‘new’ an-

tibiotics from old? J Antimicrob Chemother 1991; 27: 702–5. 
2. Weber P. Streptococcus pneumoniae: absence d’émergence de

résistance à la pristinamycine. Pathol Biol (Paris) 2001; 49:
840–5. 

3. Leclercq R, et al. Activité in vitro de la pristinamycine vis-à-vis
des staphylocoques isolés dans les hôpitaux français en 1999-
2000. Pathol Biol (Paris) 2003; 51: 400–4. 

4. Loncle V, et al. Analysis of pristinamycin-resistant Staphyloco-
ccus epidermidis isolates responsible for an outbreak in a Paris-
ian hospital. Antimicrob Agents Chemother 1993; 37: 2159–65. 

5. Allignet J, et al. Distribution of genes encoding resistance to
streptogramin A and related compounds among staphylococci
resistant to these antibiotics. Antimicrob Agents Chemother
1996; 40: 2523–8. 

6. Dancer SJ, et al. Oral streptogramins in the management of pa-
tients with methicillin-resistant Staphylococcus aureus (MRSA)
infections. J Antimicrob Chemother 2003; 51: 731–5. 

7. Ng J, Gosbell IB. Successful oral pristinamycin therapy for oste-
oarticular infections due to methicillin-resistant Staphylococcus
aureus (MRSA) and other Staphylococcus spp. J Antimicrob
Chemother 2005; 55: 1008–12. 

8. Bernard P, et al. Oral pristinamycin versus standard penicillin
regimen to treat erysipelas in adults: randomised, non-inferiori-
ty, open trial. BMJ 2002; 325: 864–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Pyostacine; Israel: Pyostacine.

Procaine Benzylpenicillin (BAN, rINNM)

Bensylpenicillinprokain; Bentsyylipenisilliiniprokaiini; Benzilpenicili-
nas prokainas; Benzilpenicillin-prokain; Benzylopenicylina prokai-
nowa; Benzylpenicillin Novocaine; Benzylpénicilline Procaïne;
Benzylpenicillinum procainum; Penicillin G Procaine; Procaína
bencilpenicilina; Procaïne Benzylpénicilline; Procaine Penicillin G;
Procaini Benzylpenicillinum; Procainum Benzylpenicillinum;
Prokain Benzilpenisilin; Prokain Penisilin G; Prokain-benzylpenici-
lin. 2-(4-Aminobenzoyloxy)ethyldiethylammonium (6R)-6-(2-
phenylacetamido)penicillanate monohydrate.
Прокаин Бензилпенициллин
C13H20N2O2,C16H18N2O4S,H2O = 588.7.
CAS — 54-35-3 (anhydrous procaine benzylpenicillin);
6130-64-9 (procaine benzylpenicillin monohydrate).
ATC — J01CE09.
ATC Vet — QJ01CE09; QJ51CE09.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Benzylpenicillin, Procaine). A white or almost
white, crystalline powder. Slightly soluble in water; sparingly
soluble in alcohol. A 0.33% solution in water has a pH of 5.0 to
7.5. Store in airtight containers. 
USP 31 (Penicillin G Procaine). White crystals or white, very
fine, microcrystalline powder, odourless or practically odourless.
Slightly soluble in water; soluble in alcohol and in chloroform. It
is rapidly inactivated by acids, by alkali hydroxides, and by oxi-
dising agents. pH of a saturated solution in water is between 5.0
and 7.5.

Adverse Effects and Precautions
As for Benzylpenicillin, p.213. 
Procaine benzylpenicillin should not be given to pa-
tients known to be hypersensitive to either of its com-
ponents. Procaine benzylpenicillin should not be in-
jected intravascularly since ischaemic reactions may
occur. 
Severe, usually transient, reactions with symptoms of
severe anxiety and agitation, confusion, psychotic re-
actions including visual and auditory hallucinations,
seizures, tachycardia and hypertension, cyanosis, and a
sensation of impending death have occasionally been
reported with procaine benzylpenicillin and may be
due to accidental intravascular injection. Since similar
reactions have also occurred with other depot penicillin
preparations that do not contain procaine, its presence
is unlikely to be the major cause of such reactions, but
may be a contributory factor, especially after injection
of high doses. These reactions have been termed non-
allergic, pseudoallergic, pseudoanaphylactic, or
Hoigné’s syndrome; the term ‘embolic-toxic reaction’
has also been proposed.

Interactions
As for Benzylpenicillin, p.214.

Pharmacokinetics
When procaine benzylpenicillin is given by intramus-
cular injection, it forms a depot from which it is slowly
released and hydrolysed to benzylpenicillin. Peak plas-
ma concentrations are produced in 1 to 4 hours, and

effective concentrations of benzylpenicillin are usually
maintained for 12 to 24 hours. However, plasma con-
centrations are lower than those after an equivalent
dose of benzylpenicillin potassium or sodium. 
Distribution into the CSF is reported to be poor.

Uses and Administration
Procaine benzylpenicillin has the same antimicrobial
action as benzylpenicillin (p.214) to which it is hydro-
lysed gradually following deep intramuscular injec-
tion. This results in a prolonged effect, but because of
the relatively low blood concentrations produced, its
use should be restricted to infections caused by micro-
organisms that are highly sensitive to penicillin. Pro-
caine benzylpenicillin should not be used as the sole
treatment for severe acute infections, or when bacter-
aemia is present. 
Procaine benzylpenicillin is used mainly in the treat-
ment of syphilis; other indications have included pneu-
monia (in children in developing countries), and Whip-
ple’s disease. For details of these infections and their
treatment, see under Choice of Antibacterial, p.162. 
Administration and dosage. Doses of procaine ben-
zylpenicillin may sometimes be expressed in terms of
equivalent units of benzylpenicillin. Procaine ben-
zylpenicillin 600 mg is equivalent to about 360 mg of
benzylpenicillin (600 000 units). Procaine benzylpeni-
cillin is given by deep intramuscular injection in usual
doses of 0.6 to 1.2 g daily. 
Patients with syphilis are given procaine benzylpeni-
cillin 1.2 g daily for 10 to 14 days; infants up to 2 years
of age with congenital syphilis may be given 50 mg/kg
daily. Treatment may be continued for 3 weeks in pa-
tients with late syphilis. 
Procaine benzylpenicillin is also used in combined
preparations with other penicillins, including ben-
zylpenicillin and benzathine benzylpenicillin.
Preparations
USP 31: Penicillin G Benzathine and Penicillin G Procaine Injectable Suspen-
sion; Penicillin G Procaine for Injectable Suspension; Penicillin G Procaine
Injectable Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Mudapenil†; Penicil Dermol†; Austral.: Cilicaine Syringe; Cz.: Pende-
pon Compositum; Ger.: Jenacillin O†; Hung.: Retardillin; Mex.: Benzotrip-
en; Farmabep; Promizol; Sodilin; Unicil 3/1; Unicil 6:3:3; NZ: Cilicaine;
S.Afr.: Bio-Cillin; Novocillin†; Procillin; Spain: Aqucilina; Farmaproina;
Turk.: Benzapen 6.3.3; Deposilin 6.3.3; Devapen; Iecilline; Penadur 6.3.3;
Penkain-K; Procillin; USA: Crysticillin; Venez.: Pebencil†; Pronapen; Silco-
pen†.

Multi-ingredient: Austria: Fortepen; Retarpen compositum; Braz.:
Benapen; Benzapen G; Despacilina; Drenovac†; Expectovac†; Ginurovac†;
Linfocilin†; Odontovac†; Ortocilin†; Pencil 400; Penkaron; Wycillin; Chile:
Karbasalin†; Ger.: Bipensaar; Jenacillin A†; Retacillin compositum; Hong
Kong: Penicillin G Procaine Fortified; Hung.: Promptcillin Forte; India: Bis-
trepen; Ital.: Tri-Wycillina†; Mex.: Bencelin Combinado; Benzanil Com-
puesto; Benzetacil Combinado; Hidrocilina; Lugaxil; Pecivax; Pendiben
Compuesto; Penicil; Penipot; Penisodina; Penprocilina; Procilin; Respicil;
Robencaxil; Suipen; Neth.: Penidural D/F†; Port.: Atralcilina; Lentocilin;
Penadur 6.3.3†; Rus.: Bicillin-3 (Бициллин-3); Bicillin-5 (Бициллин-5);
S.Afr.: Penilente Forte†; Ultracillin; Spain: Aqucilina D A; Benzetacil Com-
puesta; Cepacilina 633; USA: Bicillin C-R; Venez.: Benzetacil 3-3; Benzetacil
6-3-3.

Propicillin Potassium (BANM, pINNM)

Kalii Propicillinum; Potassium α-Phenoxypropylpenicillin; Propicili-
na potásica; Propicilline Potassique; Propicillinum Kalicum. A mix-
ture of the D(+)- and L(−)-isomers of potassium (6R)-6-(2-phe-
noxybutyramido)penicillanate.
Калия  Пропициллин
C18H21KN2O5S = 416.5.
CAS — 551-27-9 (propicillin); 1245-44-9 (propicillin po-
tassium).
ATC — J01CE03.
ATC Vet — QJ01CE03.
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Profile
Propicillin is a phenoxypenicillin with actions and uses similar to
those of phenoxymethylpenicillin (p.314). Propicillin potassium
is given orally for the treatment of susceptible mild to moderate
infections in a usual dose of 700 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Baycillin.

Protionamide (BAN, rINN)

Prothionamide; Protionamid; Protionamida; Protionamidi; Pro-
tionamidum; RP-9778; TH-1321. 2-Propylpyridine-4-carbothioa-
mide.
Протионамид
C9H12N2S = 180.3.
CAS — 14222-60-7.
ATC — J04AD01.
ATC Vet — QJ04AD01.

Pharmacopoeias. In Chin., Int., and Jpn.
Adverse Effects, Precautions, and Antimicrobial
Action
As for Ethionamide, p.275.
Pharmacokinetics
Protionamide is readily absorbed from the gastrointestinal tract
and produces peak plasma concentrations about 2 hours after an
oral dose. It is widely distributed throughout body tissues and
fluids, including the CSF. Protionamide is metabolised to the ac-
tive sulfoxide and other inactive metabolites and less than 1% of
a dose appears in the urine as unchanged drug.
Uses and Administration
Protionamide is a thioamide derivative considered to be inter-
changeable with ethionamide (p.276) and is used as a second-
line drug in the treatment of multidrug-resistant tuberculosis
(p.196). It has also been used, as a substitute for clofazimine, in
regimens for the treatment of leprosy (p.176) but less toxic alter-
natives are now preferred. Complete cross-resistance occurs be-
tween the two drugs. Protionamide has been given orally in dos-
es similar to those used for ethionamide. It has also been given as
rectal suppositories; protionamide hydrochloride has been given
intravenously. Like ethionamide, it has generally been replaced
by less toxic antimycobacterials.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: ektebin; Peteha; Hong Kong: Peteha; India: Prothicid; Turk.: Pro-
mid; Tionamid.
Multi-ingredient: Austria: Isoprodian; Ger.: Isoprodian†; Peteha†; Rus.:
Protiocomb (Протиокомб).

Prulifloxacin (rINN)

NM-441; Prulifloxacine; Prulifloxacino; Prulifloxacinum. (±)-7-{4-
[(Z)-2,3-Dihydroxy-2-butenyl]-1-piperazinyl}-6-fluoro-1-methyl-
4-oxo-1H,4H-[1,3]thiazeto[3,2-a]quinoline-3-carboxylic acid cy-
clic carbonate.
Прулифлоксацин
C21H20FN3O6S = 461.5.
CAS — 123447-62-1.
ATC — J01MA17.
ATC Vet — QJ01MA17.

Profile
Prulifloxacin is the prodrug of ulifloxacin, a fluoroquinolone an-
tibacterial. It is given for the treatment of susceptible infections
in a usual oral dose of 600 mg daily.
◊ Reviews.
1. Keam SJ, Perry CM. Prulifloxacin. Drugs 2004; 64: 2221–34. 
2. Prats G, et al. Prulifloxacin: a new antibacterial fluoroquinolone.

Expert Rev Anti Infect Ther 2006; 4: 27–41.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Unidrox; Gr.: Glimbax; Prixina; Ital.: Chinoplus; Keraflox; Unidrox;
Port.: Keraflox; Oliflox.

Pyrazinamide (BAN, rINN)

Pirazinamid; Pirazinamida; Pirazinamidas; Pirazynamid; Pyratsiinia-
midi; Pyrazinamid; Pyrazinamidum; Pyrazinoic Acid Amide. Pyra-
zine-2-carboxamide.

Пиразинамид
C5H5N3O = 123.1.
CAS — 98-96-4.
ATC — J04AK01.
ATC Vet — QJ04AK01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Pyrazinamide). A white or almost white, crystalline
powder. Sparingly soluble in water, slightly soluble in alcohol
and in dichloromethane. 
USP 31 (Pyrazinamide). A white to practically white, odourless
or practically odourless, crystalline powder. Soluble 1 in 67 of
water, 1 in 175 of dehydrated alcohol, 1 in 135 of chloroform, 1
in 1000 of ether, and 1 in 72 of methyl alcohol; slightly soluble
in alcohol.

Adverse Effects and Treatment
Hepatotoxicity is the most serious adverse effect of
pyrazinamide therapy and its frequency appears to be
dose related. However, in currently recommended dos-
es, when given with isoniazid and rifampicin, the inci-
dence of hepatitis has been reported to be less than 3%.
Patients may have a transient increase in liver enzyme
values; more seriously hepatomegaly, splenomegaly,
and jaundice may develop and on rare occasions death
has occurred. 
Hyperuricaemia commonly occurs and may lead to at-
tacks of gout. 
Other adverse effects are anorexia, nausea, vomiting,
aggravation of peptic ulcer, arthralgia, malaise, fever,
sideroblastic anaemia, thrombocytopenia, and dysuria.
Photosensitivity, pellagra, and skin rashes have been
reported on rare occasions.
Effects on the cardiovascular system. Acute hypertension
was associated with pyrazinamide in a previously normotensive
woman.1
1. Goldberg J, et al. Acute hypertension as an adverse effect of

pyrazinamide JAMA 1997; 277: 1356.

Effects on the liver. The risk of hepatitis with antituberculous
regimens containing pyrazinamide may be lower than suggested
by early studies, in which large doses were used, often for long
periods. The incidence of hepatitis in studies1 of short-course
regimens containing pyrazinamide has ranged from 0.2% in Af-
rica, to 0.6% in Hong Kong, to 2.8% in Singapore. These and
later studies2-4 have shown that hepatotoxicity is not increased
when pyrazinamide is added to the initial phase of short-term
chemotherapy containing rifampicin and isoniazid. Neverthe-
less, a report5 of 4 cases of fulminant hepatic failure in patients
given triple therapy with the potentially hepatotoxic drugs ri-
fampicin, isoniazid, and pyrazinamide (1 patient also received
ethambutol) highlighted the importance of strict liver function
monitoring and this was reinforced by others. The Joint Tubercu-
losis Committee of the British Thoracic Society has produced
recommendations6 for initial measurement of liver function in all
patients and regular monitoring in patients with pre-existing liver
disease, as well as the response to deteriorating liver function;
prompt re-introduction of appropriate antituberculosis therapy is
recommended once normal liver function is restored. Similar
guidelines have been produced for the USA.7,8 For further infor-
mation on hepatotoxicity caused by antituberculous drugs see
Effects on the Liver, under Isoniazid, p.288. 
The incidence of severe hepatotoxicity was found to be lower in
patients receiving isoniazid, rifampicin, and pyrazinamide for in-
itial treatment of active disease, than in those receiving ri-
fampicin and pyrazinamide for 2 months for latent tuberculosis
infection. For further information on hepatotoxicity caused by

rifampicin and pyrazinamide see Effects on the Liver, under Ri-
fampicin, p.326.
1. Girling DJ. The role of pyrazinamide in primary chemotherapy

for pulmonary tuberculosis. Tubercle 1984; 65: 1–4. 
2. Parthasarathy R, et al. Hepatic toxicity in South Indian patients

during treatment of tuberculosis with short-course regimens con-
taining isoniazid, rifampicin and pyrazinamide. Tubercle 1986;
67: 99–108. 

3. Combs DL, et al. USPHS tuberculosis short-course chemothera-
py trial 21: effectiveness, toxicity, and acceptability: the report
of final results. Ann Intern Med 1990; 112: 397–406. 

4. le Bourgeois M, et al. Good tolerance of pyrazinamide in chil-
dren with pulmonary tuberculosis. Arch Dis Child 1989; 64:
177–8. 

5. Mitchell I, et al. Anti-tuberculous therapy and acute liver failure.
Lancet 1995; 345: 555–6. 

6. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United King-
dom: recommendations 1998. Thorax 1998; 53: 536–48. [Although
these guidelines were replaced by ones issued by NICE in 2006 the
latter do not "explain tuberculosis or its treatment in detail" and
therefore reference to the earlier guidelines has been retained] Also
available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Tuberculosis/Guidelines/Chemotherapy.pdf
(accessed 29/07/08) 

7. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/mmwr/
PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid. 2005;
53: 1203. [dose] 

8. Saukkonen JJ, et al. American Thoracic Society. An official ATS
statement: hepatotoxicity of antituberculosis therapy. Am J Respir
Crit Care Med 2006; 174: 935–52. Also available at: http://
www.thoracic.org/sections/publications/statements/resources/
hepatotoxicity-of-antituberculosis-therapy.pdf (accessed 05/10/07)

Effects on the nervous system. Convulsions that developed
in a 2-year-old child receiving antituberculous therapy appeared
to be due to pyrazinamide, given in a dose of 250 mg daily.1
1. Herlevsen P, et al. Convulsions after treatment with pyrazina-

mide. Tubercle 1987; 68: 145–6.

Hyperuricaemia. Hyperuricaemia during therapy with pyrazi-
namide may be due to inhibition of uric acid excretion by pyrazi-
noic acid, the main metabolite of pyrazinamide.1 
In a large multicentre study,2 the incidence of elevated serum
concentrations of uric acid for patients receiving rifampicin, iso-
niazid, and pyrazinamide was 52.2% at 8 weeks while the inci-
dence for patients receiving rifampicin and isoniazid was 5.4%.
Arthralgia was reported in 6 of 617 patients receiving rifampicin,
isoniazid, and pyrazinamide, but in none of 445 patients receiv-
ing rifampicin and isoniazid. 
Slight increases in plasma concentrations of uric acid occurred in
9 of 43 children after one month’s treatment with rifampicin, iso-
niazid, ethambutol, and pyrazinamide. Arthralgias and gout did
not occur. Uric acid concentrations were normal on completion
of treatment with pyrazinamide.3 Some studies4 have suggested
a relationship between elevated serum uric acid levels and ar-
thralgia, but this has not been confirmed.5
1. Ellard GA, Haslam RM. Observations on the reduction of the

renal elimination of urate in man caused by the administration of
pyrazinamide. Tubercle 1976; 57: 97–103. 

2. Combs DL, et al. USPHS tuberculosis short-course chemothera-
py trial 21: effectiveness, toxicity, and acceptability: the report
of final results. Ann Intern Med 1990; 112: 397–406. 

3. le Bourgeois M, et al. Good tolerance of pyrazinamide in chil-
dren with pulmonary tuberculosis. Arch Dis Child 1989; 64:
177–8. 

4. Hong Kong Tuberculosis Treatment Services/British MRC. Ad-
verse reactions to short-course regimens containing streptomy-
cin, isoniazid, pyrazinamide and rifampicin in Hong Kong. Tu-
bercle 1976; 57: 81–95. 

5. Jenner PJ, et al. Serum uric acid concentrations and arthralgia
among patients treated with pyrazinamide-containing regimens
in Hong Kong and Singapore. Tubercle 1981; 62: 175–9.

Pellagra. Pellagra, probably due to pyrazinamide, developed in
a 26-year-old woman receiving antituberculous therapy.1 Symp-
toms regressed, despite continued therapy, on giving nicotina-
mide.
1. Jørgensen J. Pellagra probably due to pyrazinamide: develop-

ment during combined chemotherapy of tuberculosis. Int J Der-
matol 1983; 22: 44–5.

Precautions
Pyrazinamide should be used with caution in patients
with liver disorders and is contra-indicated in estab-
lished chronic or severe liver disease. In patients with
liver disorders, liver function should be assessed before
and regularly during treatment. The British Thoracic
Society has recommended that pyrazinamide treatment
should be suspended if serum aminotransferase con-
centrations are elevated to 5 times the normal upper
limit or if the bilirubin concentration rises. They allow
cautious sequential re-introduction of antimycobacteri-
al drugs once liver function has returned to normal:
first isoniazid, then rifampicin, and then pyrazinamide.
WHO recommends that pyrazinamide not be reintro-
duced if the hepatitis produced a clinical jaundice. 
Pyrazinamide should not be given to patients with
acute gout or hyperuricaemia and should be used with
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caution in patients with a history of gout. Caution
should also be observed in patients with renal impair-
ment. Increased difficulty has been reported in control-
ling diabetes mellitus when diabetics are given pyrazi-
namide.
Porphyria. Pyrazinamide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Although detailed teratogenicity data are not avail-
able, WHO,1 the IUATLD,2 the British Thoracic Society,3 and
the CDC4 do not contra-indicate pyrazinamide in pregnant pa-
tients.
1. WHO. Treatment of tuberculosis: guidelines for national pro-

grammes. Geneva: WHO, 2003 (and 2004 revision). Available at:
http://whqlibdoc.who.int/hq/2003/WHO_CDS_TB_2003.313_
eng.pdf (accessed 03/10/07) 

2. Caminero Luna JA. A tuberculosis guide for specialist physi-
cians. Paris: International Union Against Tuberculosis and Lung
Disease (IUATLD), 2004. Available at: http://www.tbrieder.org/
publications/specialists_en.pdf (accessed 03/10/07) 

3. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United
Kingdom: recommendations 1998. Thorax 1998; 53: 536–48. [Al-
though these guidelines were replaced by ones issued by NICE in
2006 the latter do not "explain tuberculosis or its treatment in de-
tail" and therefore reference to the earlier guidelines has been re-
tained] Also available at: http://www.brit-thoracic.org.uk/
Portals/0/Clinical%20Information/Tuberculosis/Guidelines/
Chemotherapy.pdf (accessed 29/07/08) 

4. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/
mmwr/PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid.
2005; 53: 1203. [dose]

Interactions
Antigout drugs. The complex interactions occurring when
pyrazinamide and probenecid are given to patients with gout
have been studied.1 Urinary excretion of urate depends on the
relative size and timing of doses of the two drugs. Probenecid is
known to block the excretion of pyrazinamide. A pharmacoki-
netic study2 in 6 healthy subjects found that allopurinol, a xan-
thine oxidase inhibitor, increases concentrations of pyrazinoic
acid (the main metabolite of pyrazinamide) thereby worsening
pyrazinamide-induced hyperuricaemia. Allopurinol would
therefore also appear to be unsuitable for treating pyrazinamide-
induced hyperuricaemia.
1. Yü TF, et al. The effect of the interaction of pyrazinamide and

probenecid on urinary uric acid excretion in man. Am J Med
1977; 63: 723–8. 

2. Lacroix C, et al. Interaction between allopurinol and pyrazina-
mide. Eur Respir J 1988; 1: 807–11.

Zidovudine. Low or undetectable concentrations of pyrazina-
mide occurred in 4 patients also taking zidovudine.1 In the same
study, 6 of 7 patients with HIV infection taking pyrazinamide
without zidovudine had normal serum pyrazinamide concentra-
tions.
1. Peloquin CA, et al. Low antituberculosis drug concentrations in

patients with AIDS. Ann Pharmacother 1996; 30: 919–25.

Antimicrobial Action
Pyrazinamide has a bactericidal effect on Mycobacte-
rium tuberculosis but appears to have no activity
against other mycobacteria or micro-organisms in vit-
ro. It is almost completely inactive at a neutral pH, but
is effective against persisting tubercle bacilli within the
acidic intracellular environment of the macrophages.
The initial inflammatory response to chemotherapy in-
creases the number of organisms in the acidic environ-
ment. As inflammation subsides and pH increases, the
sterilising activity of pyrazinamide decreases. This pH-
dependent activity explains the clinical effectiveness of
pyrazinamide as part of the initial 8-week phase in
short-course treatment regimens. 
Resistance to pyrazinamide rapidly develops when it is
used alone.
Action. Although the antimicrobial activity of pyrazinamide
has been recognised since the 1950s, the mode of action is still
unclear. One proposal is that pyrazinoic acid is the active moiety.
Pyrazinamidase produced by the tubercle bacilli is known to
convert pyrazinamide to pyrazinoic acid. A further proposal1 is
that the pyrazinoic acid formed within the macrophage would be
trapped, thereby lowering intracellular pH to levels toxic to tu-
bercle bacilli.
1. Salfinger M, et al. Pyrazinamide and pyrazinoic acid activity

against tubercle bacilli in cultured human macrophages and in
the BACTEC system. J Infect Dis 1990; 162: 201–7.

Activity with other antimicrobials. Pyrazinamide exhibited
synergistic activity against Mycobacterium tuberculosis with
clarithromycin.1
1. Mor N, Esfandiari A. Synergistic activities of clarithromycin and

pyrazinamide against Mycobacterium tuberculosis in human
macrophages. Antimicrob Agents Chemother 1997; 41: 2035–6.

Pharmacokinetics
Pyrazinamide is readily absorbed from the gastrointes-
tinal tract. Peak serum concentrations occur about 2
hours after an oral dose and have been reported to
be about 33 micrograms/mL after 1.5 g, and
59 micrograms/mL after 3 g. Pyrazinamide is widely
distributed in body fluids and tissues and diffuses into
the CSF. The half-life has been reported to be about 9
to 10 hours. It is metabolised primarily in the liver by
hydrolysis to the major active metabolite pyrazinoic
acid, which is subsequently hydroxylated to the major
excretory product 5-hydroxypyrazinoic acid. It is ex-
creted via the kidneys mainly by glomerular filtration.
About 70% of a dose appears in the urine within 24
hours mainly as metabolites and about 4% as un-
changed drug. Pyrazinamide is removed by dialysis.
Pyrazinamide is distributed into breast milk.
◊ A short distribution phase and an elimination phase of 9.6
hours in healthy subjects after a single oral dose of pyrazinamide
27 mg/kg has been reported;1 the half-life for the major metabo-
lite pyrazinoic acid was 11.8 hours. 
In the major metabolic pathway, pyrazinamide was deaminated
to pyrazinoic acid which was hydroxylated to hydroxypyrazinoic
acid; in the minor pathway, pyrazinamide was hydroxylated to
hydroxypyrazinamide which was then deaminated to hydrox-
ypyrazinoic acid. The limiting step was deamination; oxidation
by xanthine oxidase occurred very quickly.
1. Lacroix C, et al. Pharmacokinetics of pyrazinamide and its me-

tabolites in healthy subjects. Eur J Clin Pharmacol 1989; 36:
395–400.

Bioavailability. The oral bioavailability of rifampicin and isoni-
azid, but not of pyrazinamide, was decreased by food in a study.1
However, another report2 showed slightly reduced peak serum
concentrations when pyrazinamide was given with a high-fat
meal, and the authors suggested that pyrazinamide should pref-
erably be given on an empty stomach.
1. Zent C, Smith P. Study of the effect of concomitant food on the

bioavailability of rifampicin, isoniazid and pyrazinamide. Tuber-
cle Lung Dis 1995; 76: 109–13. 

2. Peloquin CA, et al. Pharmacokinetics of pyrazinamide under
fasting conditions, with food, and with antacids. Pharmacother-
apy 1998; 18: 1205–11.

Breast feeding. The peak concentration of pyrazinamide in
breast milk of a 29-year-old woman was 1.5 micrograms/mL 3
hours after a 1-g dose.1 The peak plasma concentration was
42 micrograms/mL after 2 hours.
1. Holdiness MR. Antituberculosis drugs and breast-feeding. Arch

Intern Med 1984; 144: 1888.

Distribution. Pyrazinamide was given to 28 patients with sus-
pected tuberculous meningitis in doses of 34 to 41 mg/kg. The
mean concentration of pyrazinamide in the CSF after 2 hours
was 38.6 micrograms/mL and represented about 75% of that in
serum; concentrations at 5 and 8 hours were 44.5 and
31.0 micrograms/mL respectively and were about 10% higher
than those in serum.1 The use of corticosteroids appeared to have
no influence on penetration of pyrazinamide into the CSF of pa-
tients with tuberculous meningitis.2
1. Ellard GA, et al. Penetration of pyrazinamide into the cerebros-

pinal fluid in tuberculous meningitis. BMJ 1987; 294: 284–5. 
2. Woo J, et al. Cerebrospinal fluid and serum levels of pyrazina-

mide and rifampicin in patients with tuberculous meningitis.
Curr Ther Res 1987; 42: 235–42.

Hepatic impairment. A study1 of the pharmacokinetics of
pyrazinamide was carried out in 10 patients with cirrhosis of the
liver. After a dose of 19.3 mg/kg, the elimination phase was
about 15 hours for pyrazinamide and 24 hours for the major me-
tabolite pyrazinoic acid.
1. Lacroix C, et al. Pharmacokinetics of pyrazinamide and its me-

tabolites in patients with hepatic cirrhotic insufficiency. Arznei-
mittelforschung 1990; 40: 76–9.

HIV-infected patients. Malabsorption of pyrazinamide and
other antituberculous drugs may occur in patients with HIV in-
fection and tuberculosis, and may contribute to acquired drug re-
sistance and reduced efficacy of tuberculosis treatment. For fur-
ther information on the absorption of antituberculous drugs in
HIV-infected patients see Pharmacokinetics, under Rifampicin,
p.328.

Uses and Administration
Pyrazinamide is used as part of multidrug regimens for
the treatment of tuberculosis (p.196), primarily in the
initial 8-week phase of short-course treatment. Pyrazi-
namide is usually given daily or 2 or 3 times weekly. In
the UK, usual recommended oral doses for adults un-
der 50 kg are 1.5 g daily, or 2 g three times weekly, or
3 g twice weekly. The usual dose for those 50 kg or
greater is 2 g daily, or 2.5 g three times weekly, or 3.5 g
twice weekly. The recommended doses in the USA are
20 to 25 mg/kg daily (maximum 2 g) or 1.5 to 3 g three

times weekly or 2 to 4 g twice weekly. WHO recom-
mends 25 mg/kg daily or 35 mg/kg three times weekly. 
For details of doses in infants, children, and adoles-
cents, see below. 
Pyrazinamide has also been used in the chemoprophy-
laxis of tuberculosis (see below). 
Fixed-dose combination products have been devel-
oped in order to improve patient compliance and avoid
monotherapy; thereby decreasing the risk of acquired
drug resistance. Combination products containing
pyrazinamide with isoniazid, isoniazid and rifampicin,
or isoniazid, rifampicin, and ethambutol are available
in some countries.
Administration in children. For the treatment of tuberculosis
in infants, children, and adolescents the American Academy of
Pediatrics suggests a dose of pyrazinamide of 20 to 40 mg/kg
daily or 50 mg/kg (to a maximum of 2 g) twice weekly by
mouth, for the initial treatment phase. For children 1 month and
older the BNFC suggests a dose of 35 mg/kg (to a maximum of
1.5 g in those under 50 kg and 2 g in those over 50 kg) once daily
or 50 mg/kg (to a maximum of 2 g in those under 50 kg and 2.5 g
in those over 50 kg) three times a week. WHO recommends
25 mg/kg once daily or 35 mg/kg three times a week.
Administration in hepatic impairment. See Precautions,
above.
Administration in renal impairment. Pyrazinamide is
mainly metabolised in the liver, but its metabolites are excreted
in the urine, therefore the CDC1 suggests that the dose may need
to be reduced in patients with renal impairment. The Joint Tuber-
culosis Committee of the British Thoracic Society2 and WHO3

consider that standard dosage may be used in such patients. Di-
alysis affects the clearance of pyrazinamide and CDC recom-
mends reducing the dose to 25 to 35 mg/kg three times a week
after dialysis. 
In a study4 of 6 patients on haemodialysis, the average amount of
pyrazinamide and its metabolites removed during a dialysis ses-
sion was 926 mg after an oral dose of 1700 mg. It was recom-
mended that the usual pyrazinamide dose be given to patients on
dialysis as the risk of accumulation was negligible, and that the
dose on dialysis days be given after the procedure.
1. American Thoracic Society, CDC, and the Infectious Diseases

Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/mmwr/
PDF/rr/rr5211.pdf (accessed 03/10/07) Correction. ibid. 2005;
53: 1203. [dose] 

2. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United
Kingdom: recommendations 1998. Thorax 1998; 53: 536–48. [Al-
though these guidelines were replaced by ones issued by NICE in
2006 the latter do not "explain tuberculosis or its treatment in de-
tail" and therefore reference to the earlier guidelines has been re-
tained] Also available at: http://www.brit-thoracic.org.uk/
Portals/0/Clinical%20Information/Tuberculosis/Guidelines/
Chemotherapy.pdf (accessed 29/07/08) 

3. WHO. Treatment of tuberculosis: guidelines for national pro-
grammes. 3rd ed. Geneva: WHO, 2003 (and 2004 revision).
Av a i l a b l e  a t :  h t t p : / / w h q l i b d o c . w h o . i n t / h q / 2 0 0 3 /
WHO_CDS_TB_2003.313_eng.pdf (accessed 03/10/07) 

4. Lacroix C, et al. Haemodialysis of pyrazinamide in uraemic pa-
tients. Eur J Clin Pharmacol 1989; 37: 309–11.

Tuberculosis chemoprophylaxis. In the USA, the American
Thoracic Society and the CDC recommended a dose of pyrazi-
namide 15 to 20 mg/kg daily (maximum 2 g daily) with ri-
fampicin 600 mg daily as an alternative to isoniazid monothera-
py for the treatment of latent tuberculosis infection.1 (In those
unable to take rifampicin, it was substituted with rifabutin
300 mg daily.) However, owing to reports of serious and fatal
liver damage (see Effects on the Liver, under Adverse Effects,
above) the CDC and the American Thoracic Society now recom-
mend that the combination of pyrazinamide with rifampicin
should not be offered to persons with latent tuberculosis.2.
1. American Thoracic Society and CDC. Targeted tuberculin test-

ing and treatment of latent tuberculosis infection. Am J Respir
Crit Care Med 2000; 161 (suppl): S221–S247. 

2. CDC. Update: adverse event data and revised American Thoracic
Society/CDC recommendations against the use of rifampin and
pyrazinamide for treatment of latent tuberculosis infection—Unit-
ed States, 2003. MMWR 2003; 52: 735–9. Also available at: http://
www.cdc.gov/mmwr/PDF/wk/mm5231.pdf (accessed 05/10/07)

Preparations
BP 2008: Pyrazinamide Tablets; 
USP 31: Pyrazinamide Tablets; Rifampin, Isoniazid, and Pyrazinamide Tab-
lets; Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride Tab-
lets.
Proprietary Preparations (details are given in Part 3)
Austral.: Zinamide; Austria: Pyrafat; Belg.: Tebrazid; Braz.: Pirazinon; Ca-
nad.: Tebrazid; Cz.: Tisamid†; Fin.: Tisamid; Fr.: Pirilene; Ger.: Pyrafat;
PZA; Hong Kong: Pyrafat; India: Actizid†; P-Zide; Pyzina; PZA-Ciba; Rifa-
com E-Z; Indon.: Corsazinamid; Neotibi; Pezeta-Ciba; Prazina; Sanazet; Sir-
amid; TB ZET; Irl.: Zinamide†; Ital.: Piraldina; Malaysia: PZA; Mex.: Ni-
zamyl; NZ: Zinamide; Philipp.: Pyramin; Pyrasol; PZA-Ciba; Zapedia;
Zcure; Zinaplex; Port.: Piraside†; Pramide; S.Afr.: Pyrazide†; Singapore:
PZA; Thai.: Myrin-P; Pyramide; Pyratab†; PZA; Turk.: Pirazinid.
Multi-ingredient: Austria: Rifater; Canad.: Rifater; Denm.: Rimstar;
Fin.: Rimstar; Fr.: Rifater; Ger.: Rifater; tebesium Trio; Gr.: Rifater; Hong
Kong: Rifater; India: Akt-4; Coxina-4; Cx-5; Gocox-3; R-Cinex Z; RHZ;
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RHZ-Plus; Rifacomb Plus†; Rimactazid + Z; Tricox; Wokex-4; Xeed-4; In-
don.: Rimcure; Rimstar; Irl.: Rifater; Ital.: Rifater ; Malaysia: Rimcure;
Mex.: Arpisen; Finateramida; Rifater; Philipp.: 4D; CombiKids; Combi-
Pack; Econokit; Econokit-MDR; Econopack; Fixcom 4; Kidz Kit 3; Myrin-P;
Quadtab; Refam Pedia Kit; Rifater; Rimcure; Rimstar; SVM-Polypac-A; Tri-
ofix; Viper ; Port.: Rifater ; Rus.: Isocomb (Изокомб); Lomecomb
(Ломекомб); Phthizopiram (Фтизопирам); Protiocomb (Протиокомб);
Repin B  (Репин В ); Rifacomb Plus (Рифакомб Плюс); Rimecure 3-FDC
(Римкур 3-ФДС); Rimstar 4-FDC (Римстар 4-ФДС); S.Afr.: Myrin Plus†;
Rifafour ; Rifater ; Rimcure; Rimstar ; Spain: Rifater ; Rimcure; Rimstar ;
Swed.: Rimcure; Rimstar; Switz.: Rifater; Thai.: Rifafour; Rifampyzid; Ri-
fater; Rimcure 3-FDC; Rimstar; UK: Rifater; USA: Rifater; Venez.: Rim-
cure.

Quinupristin/Dalfopristin

Quinupristin (BAN, USAN, rINN); Dalfopristin (BAN, USAN, rINN); Kin-
upristiini/dalfopristiini; Kinupristin/dalfopristin; Quinupristina/dal-
fopristina; Quinupristine/dalfopristine; Quinupristinum/dalfopris-
tinum; RP-59500.

Хинупристин/Дальфопристин

CAS — 126602-89-9 (quinupristin/dalfopristin); 176861-
85-1 (quinupr istin/dalfopr istin).

ATC — J01FG02.

ATC Vet — QJ01FG02.

Dalfopristin Mesilate (BANM, rINNM)

Dalfopristin Mesylate; Dalfopristine, Mésilate de; Dalfopristini
Mesilas; Mesilato de dalfopristina; RP-54476 (dalfopristin).
(3R,4R,5E,10E,12E,14S,26R,26aS)-26-{[2-(Diethylami-
no)ethyl]sulfonyl}-8,9,14,15,24,25,26,26a-octahydro-14-hy-
droxy-3-isopropyl-4,12-dimethyl-3H-21,18-nitrilo-1H,22H-pyr-
rolo[2.1-c][1,8,4,19]dioxadiazacyclotetracosine-
1,7,16,22(4H,17H)-tetrone methanesulphonate; (26R,27S)-26-
{[2-(Diethylamino)-ethyl]sulfonyl}-26,27-dihydrovirginiamycin
M1 methanesulphonate.

Дальфопристина Мезилат

C34H50N4O9S,CH4O3S = 787.0.

CAS — 112362-50-2 (dalfopristin).

(dalfopristin)

Quinupristin Mesilate (BANM, rINNM)

Mesilato de quinupristina; Quinupristin Mesylate; Quinupristine,
Mésilate de; Quinupristini Mesilas; RP-57669 (quinupristin). N-
{(6R,9S,10R,13S,15aS,18R,22S,24aS)-22-[p-(Dimethylamino)ben-
zyl]-6-ethyldocosahydro-10,23-dimethyl-5,8,12,15,17,21,24-hep-
taoxo-13-phenyl-18-{[(3S)-3-quinuclidinylthio]methyl}-12H-py-
rido[2,1-f]pyrrolo[2,1-l][1,4,7,10,13,16]-oxapentaazacyclonona-
decin-9-yl}-3-hydroxy-picolinamide methanesulphonate; 4-[4-
(Dimethylamino)-N-methyl-L-phenylalamine]-5-(cis-5-{[(S)-1-
azabicyclo[2.2.2]oct-3-ylthio]methyl}-4-oxo-L-2-piperidinecar-
boxylic acid)-virginiamycin S1 methanesulphonate.

Хинупристина Мезилат

C53H67N9O10S,CH4O3S = 1118.3.

CAS — 120138-50-3 (quinupristin).

(quinupristin)

Adverse Effects and Treatment
The adverse effects most frequently reported in pa-
tients receiving quinupristin/dalfopristin include nau-
sea and vomiting, diarrhoea, skin rash, pruritus, head-
ache, and pain. Myalgia and arthralgia have occurred
and may be severe; symptoms may be improved by de-
creasing the dose frequency. Eosinophilia, anaemia,
leucopenia, and neutropenia are also common. Individ-
ual cases of severe thrombocytopenia and pancytope-
nia have been reported. Pseudomembranous colitis has
also been reported. 
Hyperbilirubinaemia and raised liver enzyme values
may occur. 
Pain and inflammation at the injection site is common,
and thrombophlebitis has occurred. 
Quinupristin/dalfopristin is not removed by peritoneal
dialysis, and removal by haemodialysis is considered
unlikely.
Effects on the musculoskeletal system. References.
1. Olsen KM, et al. Arthralgias and myalgias related to quinupris-

tin-dalfopristin administration. Abstract: Clin Infect Dis 2001;
32: 674. Full version: http://www.journals.uchicago.edu/
doi/pdf/10.1086/318702 (accessed 12/08/08) 

2. Carver PL, et al. Risk factors for arthralgias or myalgias associ-
ated with quinupristin-dalfopristin therapy. Pharmacotherapy
2003; 23: 159–64. 

3. Raad I, et al. Relationship between myalgias/arthralgias occur-
ring in patients receiving quinupristin/dalfopristin and biliary
dysfunction. J Antimicrob Chemother 2004; 53: 1105–8. 

4. Gupte G, et al. Quinupristin-dalfopristin use in children is asso-
ciated with arthralgias and myalgias. Pediatr Infect Dis J 2006;
25: 281.

Precautions
Quinupristin/dalfopristin should be used with caution
in patients with hepatic impairment and avoided in se-
vere impairment, as elevated plasma concentrations of
quinupristin and dalfopristin and their metabolites
have been found in patients with hepatic dysfunction,
and elevated concentrations of quinupristin metabo-
lites have occurred in patients with hyperbilirubinae-
mia. The combination is contra-indicated in patients
who have plasma-bilirubin concentrations greater than
3 times the normal upper limit. 
Prolongation of the QT interval has been seen in ani-
mals given quinupristin/dalfopristin; therefore caution
is advised in patients at risk of cardiac arrhythmias.

Interactions
Quinupristin/dalfopristin inhibits the cytochrome P450
isoenzyme CYP3A4 and it may therefore inhibit the
metabolism of a number of drugs. In particular, there is
a theoretical possibility of serious ventricular arrhyth-
mias when given with drugs that prolong the QT inter-
val, such as astemizole, cisapride, and terfenadine.
Quinupristin/dalfopristin has been shown to increase
plasma concentrations of ciclosporin, midazolam,
nifedipine, and tacrolimus. The use of ergot alkaloids
with quinupristin/dalfopristin should be avoided.

Antimicrobial Action
Quinupristin/dalfopristin is a semisynthetic strepto-
gramin antibacterial. Quinupristin and dalfopristin

each have bacteriostatic activity and in combination
usually act synergistically to produce bactericidal ac-
tivity. The streptogramins act on the ribosome to block
protein synthesis. 
Quinupristin/dalfopristin is active against a range of
Gram-positive bacteria including meticillin- and multi-
drug-resistant strains of Staphylococcus aureus and S.
epidermidis, vancomycin-resistant Enterococcus fae-
cium (but not E. faecalis), and penicillin- and mac-
rolide-resistant Streptococcus pneumoniae. It is also
active against the anaerobe Clostridium perfringens,
and Gram-negative bacteria Legionella pneumophila,
Moraxella catarrhalis (Branhamella catarrhalis),
Mycoplasma pneumoniae, and Neisseria meningitidis.
◊ References.
1. Schouten MA, Hoogkamp-Korstanje JAA. Comparative in-vitro

activities of quinupristin-dalfopristin against Gram-positive
bloodstream isolates. J Antimicrob Chemother 1997; 40:
213–19. 

2. Pankuch GA, et al. Postantibiotic effect and postantibiotic sub-
MIC effect of quinupristin-dalfopristin against Gram-positive
and negative organisms. Antimicrob Agents Chemother 1998;
42: 3028–31. 

3. Johnson AP, et al. Susceptibility to quinupristin/dalfopristin and
other antibiotics of vancomycin-resistant enterococci from the
UK, 1997 to mid-1999. J Antimicrob Chemother 2000; 46:
125–8. 

4. Ling TK, et al. In vitro activity and post-antibiotic effect of quin-
upristin/dalfopristin (Synercid). Chemotherapy 2001; 47:
243–9. 

5. Eliopoulos GM, Wennersten CB. Antimicrobial activity of quin-
upristin-dalfopristin combined with other antibiotics against
vancomycin-resistant enterococci. Antimicrob Agents Chemoth-
er 2002; 46: 1319–24. 

6. Hancock RE. Mechanisms of action of newer antibiotics for
Gram-positive pathogens. Lancet Infect Dis 2005; 5: 209–18.

Resistance. Although uncommon, isolated reports of E. fae-
cium resistant to quinupristin/dalfopristin have emerged,1-7 and
have included a link to the use of the streptogramin virginiamy-
cin as an animal food additive.3,4

1. Eliopoulos GM, et al. Characterization of vancomycin-resistant
Enterococcus faecium isolates from the United States and their
susceptibility in vitro to dalfopristin-quinupristin. Antimicrob
Agents Chemother 1998; 42: 1088–92. 

2. Bozdogan B, et al. Plasmid-mediated coresistance to strepto-
gramins and vancomycin in Enterococcus faecium HM1032. An-
timicrob Agents Chemother 1999; 43: 2097–8. 

3. Werner G, et al. Association between quinupristin/dalfopristin
resistance in glycopeptide-resistant Enterococcus faecium and
the use of additives in animal feed. Eur J Clin Microbiol Infect
Dis 1998; 17: 401–2. 

4. Hershberger E, et al. Quinupristin-dalfopristin resistance in
gram-positive bacteria: mechanism of resistance and epidemiol-
ogy. Clin Infect Dis 2004; 38: 92–8. 

5. Oh WS, et al. High rate of resistance to quinupristin-dalfopristin
in Enterococcus faecium clinical isolates from Korea. Antimi-
crob Agents Chemother 2005; 49: 5176–8. 

6. Donabedian SM, et al. Quinupristin-dalfopristin resistance in
Enterococcus faecium isolates from humans, farm animals, and
grocery store meat in the United States. J Clin Microbiol 2006;
44: 3361–5. 

7. Karanika M, et al. Reduced susceptibility to quinupristin/dalfo-
pristin in Enterococcus faecium in Greece without prior expo-
sure to the agent. Int J Antimicrob Agents 2008; 31: 55–7.

Pharmacokinetics
After parenteral doses, quinupristin and dalfopristin
are rapidly metabolised. At steady state, the half-life of
quinupristin and its metabolites is about 3 hours and
that of dalfopristin and its metabolites about 1 hour.
Elimination half-lives of unchanged quinupristin and
dalfopristin are 0.9 and 0.75 hours, respectively. Pro-
tein binding ranges from 55 to 78% for quinupristin
and 11 to 26% for dalfopristin. The main route of ex-
cretion is biliary, with 75 to 77% of a dose detectable in
the faeces. Urinary excretion accounts for 15% of the
quinupristin and 19% of the dalfopristin dose. Negligi-
ble amounts are removed by peritoneal dialysis and
probably also by haemodialysis. 
Distribution into milk has been found in studies in rats.
◊ References.
1. Bearden DT. Clinical pharmacokinetics of quinupristin/dalfo-

pristin. Clin Pharmacokinet 2004; 43: 239–52.

Uses and Administration
Quinupristin/dalfopristin is a streptogramin antibacte-
rial related to pristinamycin. Quinupristin and dalfo-
pristin are semisynthetic derivatives of pristinamycin I
and pristinamycin IIA respectively, and are used in the
ratio 3:7. Quinupristin/dalfopristin is active against a
range of Gram-positive and some Gram-negative or-
ganisms, but it is reserved for the treatment of serious
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

infections with multidrug-resistant Gram-positive bac-
teria, specifically MRSA and vancomycin-resistant
Enterococcus faecium. 
Quinupristin/dalfopristin is given as the mesilate salts
by intravenous infusion, in glucose 5% over 60 min-
utes, in a dose of 7.5 mg/kg (equivalent to quinupristin
2.25 mg/kg and dalfopristin 5.25 mg/kg) every 8 or 12
hours for at least 7 days. To minimise venous irritation,
the vein should be flushed with glucose 5% after each
infusion; alternatively, the infusion may be given
through a central venous catheter. The injection should
not be diluted with saline solutions since it is incompat-
ible with sodium chloride. 
Doses may need to be reduced in patients with hepatic
impairment (see below).

◊ References.
1. Bayston R, et al., eds. Quinupristin/dalfopristin—update on the

first injectable streptogramin. J Antimicrob Chemother 1997; 39
(suppl A): 1–151. 

2. Wood MJ (ed). Quinupristin/dalfopristin–a novel approach for
the treatment of serious Gram-positive infections. J Antimicrob
Chemother 1999; 44 (suppl A): 1–46. 

3. Lamb HM, et al. Quinupristin/dalfopristin: a review of its use in
the management of serious Gram-positive infections. Drugs
1999; 58: 1061–97. 

4. Drew RH, et al. Treatment of methicillin-resistant Staphyloco-
ccus aureus infections with quinupristin-dalfopristin in patients
intolerant of or failing prior therapy: for the Synercid Emergen-
cy-Use Study Group. J Antimicrob Chemother 2000; 46:
775–84. 

5. Allington DR, Rivey MP. Quinupristin/dalfopristin: a therapeu-
tic review. Clin Ther 2001; 23: 24–44. 

6. Linden PK, et al. Treatment of vancomycin-resistant Enterococ-
cus faecium infections with quinupristin/dalfopristin. Clin In-
fect Dis 2001; 33: 1816–23. 

7. Goff DA, Sierawski SJ. Clinical experience of quinupristin-dal-
fopristin for the treatment of antimicrobial-resistant gram-posi-
tive infections. Pharmacotherapy 2002; 748–58. 

8. Eliopoulos GM. Quinupristin-dalfopristin and linezolid: evi-
dence and opinion. Clin Infect Dis 2003; 36: 473–81. 

9. Brown J, Freeman BB. Combining quinupristin/dalfopristin
with other agents for resistant infections. Ann Pharmacother
2004; 38: 677–85. 

10. Manfredi R. A re-emerging class of antimicrobial agents: strep-
togramins (quinupristin/dalfopristin) in the management of
multiresistant gram-positive nosocomial cocci in hospital set-
ting. Mini Rev Med Chem 2005; 5: 1075–81.

Administration in hepatic impairment. Licensed product
information states that in clinical studies of quinupristin/dalfo-
pristin the incidence of adverse effects in patients with chronic
liver impairment or cirrhosis was similar to that in patients with
normal liver function. However, pharmacokinetic studies have
shown that systemic exposure to quinupristin/dalfopristin and
their metabolites may be increased in those with hepatic impair-
ment. In some countries it has therefore been recommended that
quinupristin/dalfopristin should be avoided in patients with se-
vere hepatic impairment, and that for those with moderate im-
pairment a dose reduction to 5 mg/kg (equivalent to quinupristin
1.5 mg/kg and dalfopristin 3.5 mg/kg) should be considered if
7.5 mg/kg is not tolerated.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Synercid†; Austral.: Synercid; Austria: Synercid;
Braz.: Synercid; Canad.: Synercid; Cz.: Synercid; Fin.: Synercid†; Fr.:
Synercid; Ger.: Synercid†; Gr.: Synercid; Hung.: Synercid; Irl.: Synercid;
Israel: Synercid; Ital.: Synercid; Mex.: Synercid†; Neth.: Synercid; NZ:
Synercid; Pol.: Synercid; Port.: Synercid; S.Afr.: Synercid†; Spain: Syner-
cid; Swed.: Synercid†; Switz.: Synercid†; UK: Synercid; USA: Synercid.

Ramoplanin (USAN, rINN)

A-16686; MDL-62198; Ramoplanina; Ramoplanine; Ramoplani-
num.

Рамопланин

CAS — 76168-82-6.

Profile
Ramoplanin is a glycopeptide antibiotic with a spectrum of ac-
tivity in vitro similar to that of vancomycin (p.359) but consider-
ably more potent. It is also active against Bacteroides spp. It is
under investigation, notably for the treatment of Clostridium dif-
ficile-associated diarrhoea. It has also been investigated for use
in the prevention of systemic infection in patients colonised with
vancomycin-resistant enterococci.

◊ Reviews.
1. Farver DK, et al. Ramoplanin: a lipoglycodepsipeptide antibiot-

ic. Ann Pharmacother 2005; 39: 863–8.

Retapamulin (USAN, rINN)

Retapamulina; Rétapamuline; Retapamulinum; SB-275833.
(3aS,4R,5S,6S,8R,9R,9aR,10R)-6-Ethenyl-5-hydroxy-4,6,9,10-te-
tramethyl-1-oxodecahydro-3a,9-propanocyclopenta[8]annulen-
8-yl{[(1R,3s,5S)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl]sulfa-
nyl}acetate.

Ретапамулин
C30H47NO4S = 517.8.

CAS — 224452-66-8.
ATC — D06AX13.
ATC Vet — QD06AX13.

Adverse Effects and Precautions
Retapamulin is usually well tolerated; the most com-
mon reported adverse effect is application site irrita-
tion. Other local reactions such as erythema, pain, and
pruritus occur rarely. Retapamulin ointment contains
butylated hydroxytoluene (p.1633), which may cause
local adverse effects such as contact dermatitis, or irri-
tation to the eyes and mucous membranes. It should not
be applied to abscesses. 
Retapamulin has proved ineffective in infections
caused by meticillin-resistant Staphylococcus aureus,
and should not be used in their treatment.

Antimicrobial Action
Retapamulin is an antibacterial that selectively inhibits
bacterial protein synthesis by binding to the 50S subu-
nit of the ribosome. It is mainly bacteriostatic against
meticillin-susceptible Staphylococcus aureus, and
streptococci such as Strep. pyogenes. Although in vitro
activity has been shown against meticillin-resistant
Staph. aureus the in vivo efficacy of retapamulin was
found to be inadequate in clinical studies.
◊ References.
1. Pankuch GA, et al. Activity of retapamulin against Streptococ-

cus pyogenes and Staphylococcus aureus evaluated by agar dilu-
tion, microdilution, E-test, and disk diffusion methodologies.
Antimicrob Agents Chemother 2006; 50: 1727–30. 

2. Jones RN, et al. Activity of retapamulin (SB-275833), a novel
pleuromutilin, against selected resistant Gram-positive cocci.
Antimicrob Agents Chemother 2006; 50: 2583–6. 

3. Rittenhouse S, et al. Selection of retapamulin, a novel pleuromu-
tilin for topical use. Antimicrob Agents Chemother 2006; 50:
3882–5. 

4. Champney WS, Rodgers WK. Retapamulin inhibition of transla-
tion and 50S ribosomal subunit formation in Staphylococcus au-
reus cells. Antimicrob Agents Chemother 2007; 51: 3385–7.

Pharmacokinetics
Only very small amounts of topically applied retapam-
ulin are absorbed into the systemic circulation. It is
about 94% bound to plasma proteins and is shown to
be metabolised by mono-oxygenation and N-demeth-
ylation in vitro.

Uses and Administration
Retapamulin is a pleuromutilin antibacterial isolated
from the fungus Clitopilus passeckerianus. It is applied
topically as a 1% ointment in the treatment of impetigo
and other bacterial skin infections due to meticillin-
susceptible Staphylococcus aureus and Streptococcus
pyogenes. The preparation should be applied twice dai-
ly for 5 days; treatment should be re-evaluated if there
is no response within about 3 days. It is not suitable for
application to mucous membranes. 
For further details of skin infections and staphylococ-
cal infections and their treatment, see p.194.

◊ References.
1. Parish LC, et al. Topical retapamulin ointment (1%, wt/wt) twice

daily for 5 days versus oral cephalexin twice daily for 10 days in
the treatment of secondarily infected dermatitis: results of a ran-
domized controlled trial. J Am Acad Dermatol 2006; 55:
1003–1013. 

2. Oranje AP, et al. Topical retapamulin ointment, 1%, versus sodi-
um fusidate ointment, 2%, for impetigo: a randomized, observer-
blinded, noninferiority study. Dermatology 2007; 215: 331–40. 

3. Yang LPH, Keam SJ. Retapamulin: a review of its use in the
management of impetigo and other uncomplicated superficial
skin infections. Drugs 2008; 68: 855–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Altargo; UK: Altargo; USA: Altabax.

Rifabutin (BAN, USAN, rINN)

Ansamicin; Ansamycin; Ansamycinum; Ansamysiini; LM-427; Ri-
fabutiini; Rifabutina; Rifabutinas; Rifabutine; Rifabutinum.
(9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,16,18,20-
Tetrahydroxy-1′-isobutyl-14-methoxy-7,9,15,17,19,21,25-hep-
tamethylspiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2H-
furo-[2′,3′:7,8]naphth[1,2-d]imidazole-2,4′-piperidine]-5,10,26-
(3H,9H)-trione-16-acetate.

Рифабутин
C46H62N4O11 = 847.0.
CAS — 72559-06-9.
ATC — J04AB04.
ATC Vet — QJ04AB04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Rifabutin). A reddish-violet amorphous powder.
Slightly soluble in water and in alcohol; soluble in methyl alco-
hol. 
USP 31 (Rifabutin). An amorphous red-violet powder. Very
slightly soluble in water; sparingly soluble in alcohol; soluble in
chloroform and in methyl alcohol. Store at a temperature not ex-
ceeding 40°. Protect from light.

Stability. Study of the stability of two extemporaneous oral liq-
uid preparations of rifabutin.1
1. Haslam JL, et al. Stability of rifabutin in two extemporaneously

compounded oral liquids. Am J Health-Syst Pharm 1999; 56:
333–6.

Adverse Effects and Precautions
As for Rifampicin, p.325. 
Rifabutin is usually well tolerated. The most common
adverse effects include rash, gastrointestinal distur-
bances, and neutropenia. It produces a syndrome of
polyarthralgia-arthritis at doses greater than 1 g daily.
Uveitis has been reported, especially in patients also re-
ceiving clarithromycin or other macrolides and possi-
bly also with fluconazole. Asymptomatic corneal
opacities have been reported after long-term use. 
Rifabutin should be used with caution in patients with
severe hepatic or renal impairment.
◊ An orange-tan skin pigmentation has been reported to occur in
most patients receiving rifabutin.1 Urine may be discoloured.2 A
flu-like syndrome has been reported in 2 of 12 patients given
300 mg daily for Crohn’s disease,3 in 1 of 16 HIV-infected pa-
tients on continuous rifabutin,1 and in 8 of 15 HIV-infected pa-
tients receiving increasing doses of rifabutin.2 
Other reported adverse effects include hepatitis,1 leucopenia2 (in-
cluding neutropenia4), epigastric pain,3 rash,3 erythema,2 and
ageusia.5 
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324   Antibacterials
Rash, fever, and vomiting occurred in 1 of 2 children receiving
6.5 mg/kg daily.6
1. Siegal FP, et al. Dose-limiting toxicity of rifabutin in AIDS-re-

lated complex: syndrome of arthralgia/arthritis. AIDS 1990; 4:
433–41. 

2. Torseth J, et al. Evaluation of the antiviral effect of rifabutin in
AIDS-related complex. J Infect Dis 1989; 159: 1115–18. 

3. Basilisco G, et al. Controlled trial of rifabutin in Crohn’s disease.
Curr Ther Res 1989; 46: 245–50. 

4. Apseloff G, et al. Severe neutropenia caused by recommended
prophylactic doses of rifabutin. Lancet 1996; 348: 685. 

5. Morris JT, Kelly JW. Rifabutin-induced ageusia. Ann Intern Med
1993; 119: 171–2. 

6. Levin RH, Bolinger AM. Treatment of nontuberculous myco-
bacterial infections in pediatric patients. Clin Pharm 1988; 7:
545–51.

Effects on the eyes. Uveitis may occur a few weeks or months
after starting rifabutin, and generally necessitates withdrawal of
the drug and treatment with topical or systemic corticosteroids
and cycloplegics.1 In 1994, the UK CSM was aware of 48 reports
of uveitis in patients taking rifabutin.2 Most patients were also
receiving clarithromycin for treatment of AIDS-related Myco-
bacterium avium complex (MAC) infection and many were also
receiving fluconazole (see Interactions, below). A dosage reduc-
tion to 300 mg rifabutin daily is now recommended in patients
also receiving macrolides or triazole antifungals2,3 and is report-
ed to produce a satisfactory response in MAC infections.4 Panu-
veitis and retinal vasculitis has been reported5 in 4 patients with
active tuberculosis given rifabutin, and was thought to be a result
of activation of the immune system by Mycobacterium tubercu-
losis and the very low weight of the patients. 
Rifabutin-associated uveitis in children is less commonly report-
ed probably because they may not notice or complain about vis-
ual changes, therefore monitoring of their vision while on treat-
ment is advised.6
1. Tseng AL, Walmsley SL. Rifabutin-associated uveitis. Ann

Pharmacother 1995; 29: 1149–55. 
2. Committee on Safety of Medicines. Rifabutin (Mycobutin)—

uveitis. Current Problems 1994; 20: 4. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024457&RevisionSelectionMethod=
LatestReleased (accessed 05/10/07) 

3. Committee on Safety of Medicines. Revised indications and
drug interactions of rifabutin. Current Problems 1997; 23: 14.
A l s o  a v a i l a b l e  a t :  h t t p : / / w w w. m h r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON2023238&
RevisionSelectionMethod=LatestReleased (accessed 05/10/07) 

4. Shafran SD, et al. A comparison of two regimens for the treat-
ment of Mycobacterium avium complex bacteremia in AIDS; ri-
fabutin, ethambutol, and clarithromycin versus rifampin, etham-
butol, clofazimine, and ciprofloxacin. N Engl J Med 1996; 335:
377–83. 

5. Skolik S, et al. Rifabutin-associated panuveitis with retinal vas-
culitis in pulmonary tuberculosis. Ocul Immunol Inflamm 2005;
13: 483–5. 

6. Olesen HH, Krag S. Rifabutin-associated uveitis in a child. Pedi-
atr Infect Dis J 2005; 24: 1023–5.

Effects on the joints. A polyarthralgia-arthritis syndrome was
reported in an initial dose finding study1 in 9 of 10 patients re-
ceiving rifabutin, as monotherapy, at doses greater than 1 g. The
syndrome did not occur in patients receiving less than 1 g daily
and disappeared on drug withdrawal. Two patients with polyar-
thralgia-arthritis symptoms developed uveitis (see also under Ef-
fects on the Eyes, above) and aphthous stomatitis at doses of
about 1.8 g daily. However, a later study2 and case reports3 have
reported polyarthralgia-arthritis syndrome when rifabutin was
given at doses of 300 to 600 mg daily as part of a multidrug reg-
imen, including a macrolide (azithromycin or clarithromycin),
for the treatment of Mycobacterium avium complex infection.
Concentrations of rifabutin were increased as a result of inhibi-
tion of cytochrome P450 isoenzymes by the macrolide and some
have suggested a maximum dose of rifabutin of 300 mg daily
when used with a macrolide.2 Higher doses of 450 to 600 mg
daily may be considered for patients of large body mass or those
who have failed to respond to initial treatment with a lower dose.
1. Siegal FP, et al. Dose-limiting toxicity of rifabutin in AIDS-re-

lated complex: syndrome of arthralgia/arthritis. AIDS 1990; 4:
433–41. 

2. Griffith DE, et al. Adverse events associated with high-dose ri-
fabutin in macrolide-containing regimens for the treatment of
Mycobacterium avium complex lung disease. Clin Infect Dis
1995; 21: 594–8. 

3. Le Gars L, et al. Polyarthralgia-arthritis syndrome induced by
low doses of rifabutin. J Rheumatol 1999; 26: 1201–2.

Interactions
As for Rifampicin, p.327. 
Rifabutin accelerates the metabolism of many drugs by
inducing microsomal liver enzymes (in particular the
cytochrome P450 isoenzyme CYP3A4). It is a less po-
tent inducer of cytochrome P450 isoenzymes than ri-
fampicin, but similar interactions should nevertheless
be anticipated. Use with other drugs that induce or in-
hibit these isoenzymes may result in changes in plasma
concentrations of rifabutin, and possibly adverse ef-
fects. 
Plasma concentrations of rifabutin are increased by
clarithromycin (and possibly other macrolides) or

fluconazole, resulting in increased rifabutin toxicity, in
particular uveitis, (see Effects on the Eyes, above),
neutropenia, and polyarthralgia-arthritis syndrome
(see Effects on the Joints, above). 
Some other interactions affecting the activity of rifabu-
tin are discussed below.
Antiretroviral drugs. Rifabutin may be used as a substitute for
rifampicin in the treatment of tuberculosis.1,2 It has little effect on
the serum concentrations of unboosted HIV-protease inhibitors
(except saquinavir) and ritonavir-boosted HIV-protease inhibi-
tors. However, HIV-protease inhibitors, particularly if boosted
with ritonavir, significantly increase serum concentrations and
toxicity of rifabutin. The dose of rifabutin is therefore usually
substantially decreased when given with HIV-protease inhibitors
(see Tuberculosis and HIV infection under Uses, below). Rifab-
utin should not be given with unboosted saquinavir; but saquina-
vir may be given with rifabutin if boosted with ritonavir.2 In-
creases in the dose of indinavir are also required.2 
Serum concentrations of rifabutin may be increased or decreased
in those taking NNRTIs. However, rifabutin may usually be giv-
en to patients taking etravirine or nevirapine without the need for
any dose modifications. Rifabutin is, however, not recommend-
ed in patients taking delavirdine or in those taking etravirine with
ritonavir-boosted darunavir or ritonavir-boosted saquinavir. In
patients taking efavirenz, the dose of rifabutin should be in-
creased by at least 50% (see Tuberculosis and HIV infection un-
der Uses, below). 
No clinically significant interactions are expected with the inte-
grase inhibitor raltegravir or the CCR-5 receptor antagonist ma-
raviroc.2 For further information on drug interactions with HIV-
protease inhibitors see Table 1, p.917, and with NNRTIs see Ta-
ble 2, p.944 in Antivirals. 
Although rifabutin is reported to reduce the plasma concentra-
tions of zidovudine, studies have shown that the effect is not
marked (see p.915), and licensed product information for rifabu-
tin suggests that the reduction may not be clinically relevant.
1. Pozniak AL, et al. British HIV Association. BHIVA treatment

guidelines for TB/HIV infection, February 2005. Available at:
http://www.bhiva.org/files/file1001577.pdf (accessed 28/07/08) 

2. CDC. Managing Drug Interactions in the Treatment of HIV-Re-
lated Tuberculosis (issued December 2007). Available at: http://
www.cdc.gov/tb/TB_HIV_Drugs/PDF/tbhiv.pdf (accessed
28/07/08)

Azole antifungals. Rifabutin concentrations are increased by
triazole antifungals and patients are at increased risk of rifabutin
toxicity, specifically uveitis (see under Effects on the Eyes,
above). Rifabutin also markedly reduces the plasma concentra-
tions of itraconazole, posaconazole, and voriconazole, but does
not affect the metabolism of fluconazole. 
The area under the concentration-time curve (AUC) for rifabutin
and its active 25-deacetyl metabolite were increased by 82% and
216% respectively when fluconazole was given to 12 HIV-in-
fected patients.1 Another study2 in 10 patients with HIV infec-
tion, found that fluconazole increased the AUC of rifabutin by
76% and by 152% when the patients were also given clarithro-
mycin. Raised plasma-rifabutin concentrations were reported in
a patient who developed uveitis while also receiving itracona-
zole.3 The mechanism of the interaction remains uncertain but
could involve microsomal cytochrome P450 isoenzyme
CYP3A4 (see Metabolism under Pharmacokinetics, below).
1. Trapnell CB, et al. Increased plasma rifabutin levels with con-

comitant fluconazole therapy in HIV-infected patients. Ann In-
tern Med 1996; 124: 573–6. 

2. Jordan MK, et al. Effects of fluconazole and clarithromycin on
rifabutin and 25-O-desacetylrifabutin pharmacokinetics. Antimi-
crob Agents Chemother 2000; 44: 2170–2. 

3. Lefort A, et al. Uveitis associated with rifabutin prophylaxis and
itraconazole therapy. Ann Intern Med 1996; 125: 939–40.

Macrolides. As discussed under Effects on the Eyes, above,
most patients developing uveitis during rifabutin treatment are
also receiving clarithromycin and it may also be implicated in the
polyarthralgia-arthritis syndrome (see Effects on the Joints,
above). In a study1 of the treatment of Mycobacterium avium
complex infection in AIDS patients, uveitis or pseudojaundice or
both were noted in those receiving rifabutin, ethambutol, and
clarithromycin, but not in those receiving rifabutin, ethambutol,
ciprofloxacin, and clofazimine. A retrospective study2 after an
outbreak of uveitis in a similar patient population also found clar-
ithromycin to be a risk factor, with a trend towards greater risk at
higher rifabutin doses, although patient numbers were small. In
26 patients taking rifabutin with either clarithromycin or azithro-
mycin,3 the incidence and severity of adverse effects in general
was similar, although the 2 patients who developed uveitis were
both receiving clarithromycin. 
Pharmacokinetic studies have found increased rifabutin concen-
trations when clarithromycin is also used. A study in healthy
subjects4 was terminated prematurely because of the high inci-
dence of adverse effects, including neutropenia, fevers, and my-
algia, particularly in subjects receiving rifabutin with azithromy-
cin or clarithromycin. Mean serum concentrations of rifabutin
and its 25-O-deacetyl metabolite in subjects also receiving clari-
thromycin were more than 4 times and 37 times those in subjects
receiving rifabutin alone. Plasma concentrations were unaffected
by azithromycin. Similar effects on rifabutin concentrations

were found in HIV-infected subjects receiving clarithromycin5

and reductions in clarithromycin concentrations were also noted.
A study6 to determine the tolerance and pharmacokinetic interac-
tions of rifabutin and azithromycin in subjects with or without
HIV infection found no significant drug interaction; however,
the combination was poorly tolerated, mainly because of a high
incidence of gastrointestinal symptoms and neutropenia.
1. Shafran SD, et al. Uveitis and pseudojaundice during a regimen

of clarithromycin, rifabutin, and ethambutol. N Engl J Med
1994; 330: 438–9. 

2. Kelleher P, et al. Uveitis associated with rifabutin and macrolide
therapy for Mycobacterium avium intracellulare infection in
AIDS patients. Genitourin Med 1996; 72: 419–21. 

3. Griffith DE, et al. Adverse events associated with high-dose ri-
fabutin in macrolide-containing regimens for the treatment of
Mycobacterium avium complex lung disease. Clin Infect Dis
1995; 21: 594–8. 

4. Apseloff G, et al. Comparison of azithromycin and clarithromy-
cin in their interactions with rifabutin in healthy volunteers. J
Clin Pharmacol 1998; 38: 830–5. 

5. Hafner R, et al. Tolerance and pharmacokinetic interactions of
rifabutin and clarithromycin in human immunodeficiency virus-
infected volunteers. Antimicrob Agents Chemother 1998; 42:
631–9. 

6. Hafner R, et al. Tolerance and pharmacokinetic interactions of
rifabutin and azithromycin. Antimicrob Agents Chemother 2001;
45: 1572–7.

Antimicrobial Action
Rifabutin possesses a spectrum of antibacterial activity
similar to that of rifampicin (p.327). However, most in-
vestigations have concentrated on its action against
mycobacteria. Cross-resistance with rifampicin is
common.
Antimycobacterial action. Rifabutin possesses activity
against most species of mycobacteria. It may be more active in
vivo than in vitro studies suggest, as a result of its favourable
pharmacokinetic profile and prolonged postantibiotic effect.1 
Rifabutin has been reported to be active in animal assays against
Mycobacterium leprae,2 including a rifampicin-resistant strain.3
Synergistic activity against M. leprae has been reported4 in vitro
for rifabutin with sparfloxacin.
1. Kunin CM. Antimicrobial activity of rifabutin. Clin Infect Dis

1996; 22 (suppl 1): S3–S14. 
2. Hastings RC, Jacobson RR. Activity of ansamycin against My-

cobacterium leprae in mice. Lancet 1983; ii: 1079–80. Correc-
tion. ibid.; 1210. 

3. Hastings RC, et al. Ansamycin activity against rifampicin-resist-
ant Mycobacterium leprae. Lancet 1984; i: 1130. 

4. Dhople AM, Ibanez MA. In-vitro activity of three new fluoro-
quinolones and synergy with ansamycins against Mycobacteri-
um leprae. J Antimicrob Chemother 1993; 32: 445–51.

Resistance. Rifampicin-resistant strains of Mycobacterium tu-
berculosis have been identified in 2 patients receiving rifabutin
alone as prophylaxis against M. avium complex.1,2 It is therefore
important to exclude M. tuberculosis infection before beginning
rifabutin prophylaxis. 
Rifampicin-resistant M. kansasii has also been reported in a pa-
tient receiving rifabutin.3 
Acquired resistance has been reported in HIV-infected persons
receiving highly intermittent regimens (once- or twice-weekly)
of rifabutin for the treatment of active tuberculosis,4,5 and the
CDC has advised that such patients receive daily treatment dur-
ing the intensive phase of therapy and daily or 3 times-weekly
treatment during the continuation phase.
1. Weltman AC, et al. Rifampicin-resistant Mycobacterium tuber-

culosis. Lancet 1995; 345: 1513. 
2. Bishai WR, et al. Brief report: rifampin-resistant tuberculosis in

a patient receiving rifabutin prophylaxis. N Engl J Med 1996;
334: 1573–6. 

3. Meynard JL, et al. Rifampin-resistant Mycobacterium kansasii
infection in a patient with AIDS who was receiving rifabutin.
Clin Infect Dis 1997; 24: 1262–3. 

4. CDC. Notice to readers: acquired rifamycin resistance in persons
with advanced HIV disease being treated for active tuberculosis
with intermittent rifamycin-based regimens. MMWR 2002; 51:
214–15. 

5. Burman W, et al.Acquired rifamycin resistance with twice-
weekly treatment of HIV-related tuberculosis. Am J Respir Crit
Care Med 2006; 173: 350–6.

Pharmacokinetics
Rifabutin is readily but incompletely absorbed from
the gastrointestinal tract and peak plasma concentra-
tions of about 0.25 to 0.6 micrograms/mL have been
reported 2 to 4 hours after an oral dose of 300 mg; dou-
bling the dose increases the peak plasma concentration.
Food may delay absorption but does not affect the ex-
tent of absorption. Rifabutin is about 70% bound to
plasma proteins. Rifabutin is lipophilic and therefore is
widely distributed in body tissues and fluids. 
Rifabutin is rapidly metabolised in the liver by the cy-
tochrome P450 isoenzyme CYP3A4 mainly to active
25-O-deacetyl and 31-hydroxy metabolites. Rifabutin



Rifabutin/Rifampicin    325

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

induces its own metabolism resulting in a lower area
under the curve after 4 weeks of continuous treatment
than after the first few doses. 
About 53% of a dose is found in the urine, mainly as
metabolites and about 30% of a dose is excreted in the
faeces. The mean half-life for rifabutin is reported to be
about 40 hours, with a range of 16 to 69 hours.
◊ References.
1. Skinner MH, et al. Pharmacokinetics of rifabutin. Antimicrob

Agents Chemother 1989; 33: 1237–41.

HIV-infected patients. Malabsorption of rifabutin and other
antituberculous drugs may occur in patients with HIV infection
and tuberculosis, and may contribute to acquired drug resistance
and reduced efficacy of tuberculosis treatment. For further infor-
mation on the absorption of antituberculous drugs in HIV-infect-
ed patients see Pharmacokinetics, under Rifampicin, p.328. 
The pharmacokinetics of rifabutin were studied in HIV-infected
patients with normal renal and hepatic function.1 A two-com-
partment open pharmacokinetic model was proposed. Rifabutin
was rapidly but incompletely absorbed from the gastrointestinal
tract and bioavailability was poor, being 20% on day 1 of the
study and 12% on day 28. Mean peak plasma concentrations oc-
curred 2 to 3 hours after oral doses and were about 350, 500, and
900 nanograms/mL after doses of 300, 600, and 900 mg respec-
tively. The peak and trough concentrations after 600 mg twice
daily were about 900 and 200 nanograms/mL respectively. Ri-
fabutin was about 70% bound to plasma proteins. The area under
the curve showed a decrease on repeated dosage which might be
explained by the induction of drug-metabolising liver enzymes.
A large volume of distribution of 8 to 9 litres/kg, indicative of
extensive tissue distribution, and a mean terminal half-life of 32
to 38 hours were reported. 
This study1 also showed that the peak plasma concentration of
the major metabolite, 25-deacetylrifabutin, was 10% of the par-
ent compound. Only 4% of unchanged rifabutin was excreted in
the urine after oral use and between 6 to 14% after intravenous
use. Total urinary excretion of rifabutin and metabolite 72 hours
after intravenous use was 44%; total faecal excretion was be-
tween 30 and 49%. 
Peak and trough concentrations at steady state were reported as
900 and 200 nanograms/mL respectively in a patient with tuber-
culosis given rifabutin 450 mg daily.2 While these figures were
the same as those previously reported with 600 mg twice daily,1
the earlier study showed that there was considerable interpatient
variability. 
CSF concentrations in 5 patients with AIDS on rifabutin 450 mg
daily ranged from 36 to 70% of serum concentrations.3
1. Skinner MH, et al. Pharmacokinetics of rifabutin. Antimicrob

Agents Chemother 1989; 33: 1237–41. 
2. Gillespie SH, et al. The serum rifabutin concentrations in a pa-

tient successfully treated for multi-resistant mycobacterium tu-
berculosis infection. J Antimicrob Chemother 1990; 25: 490–1.
Correction. ibid. 1991; 27: 877. 

3. Siegal FP, et al. Dose-limiting toxicity of rifabutin in AIDS-re-
lated complex: syndrome of arthralgia/arthritis. AIDS 1990; 4:
433–41.

Metabolism. Five metabolites of rifabutin were identified in an
in-vitro study1 using human hepatic and enterocyte microsomes.
Cytochrome P450 isoenzyme CYP3A4 was involved in the for-
mation of all metabolites except 25-O-deacetylrifabutin.
Deacetylation of rifabutin was apparently mediated by micro-
somal cholinesterase,1 although another study2 showed that fur-
ther metabolism of 25-O-deacetylrifabutin is dependent on
CYP3A4. The results1 also suggested that metabolism by intes-
tinal CYP3A4 contributes significantly to presystemic metabo-
lism of rifabutin (and consequently its low bioavailability) and to
drug interactions with azole antifungals and with macrolides (see
above).
1. Iatsimirskaia E, et al. Metabolism of rifabutin in human entero-

cyte and liver microsomes: kinetic parameters, identification of
enzyme systems, and drug interactions with macrolides and an-
tifungal agents. Clin Pharmacol Ther 1997; 61: 554–62. 

2. Trapnell CB, et al. Metabolism of rifabutin and its 25-desacetyl
metabolite, LM565, by human liver microsomes and recom-
binant human cytochrome P-450 3A4: relevance to clinical inter-
action with fluconazole. Antimicrob Agents Chemother 1997;
41: 924–6.

Uses and Administration
Rifabutin is a rifamycin antibacterial used as an alter-
native to the macrolides for the prophylaxis of Myco-
bacterium avium complex (MAC) infection in immu-
nocompromised patients. It is also used for the
treatment of other nontuberculous mycobacterial in-
fections (including those due to MAC) (p.181) and tu-
berculosis (p.196). When used for treatment rifabutin,
like rifampicin, should be used with other antibacteri-
als to prevent the emergence of resistant organisms. 
Rifabutin is given as a single oral daily dose. The dose
for the prophylaxis of MAC infection is 300 mg daily.
For the treatment of nontuberculous mycobacterial in-
fections the dose is 450 to 600 mg daily in a multidrug

regimen for up to 6 months after negative cultures are
obtained. For pulmonary tuberculosis the usual dose is
300 mg daily for at least 6 months as part of a multid-
rug regimen; it can also be given intermittently (usually
3 times each week) as an alternative to daily use. 
For details of doses in infants, children, and adoles-
cents, see below. 
Doses should be reduced to 300 mg daily in patients
also receiving macrolides or azole antifungals (see un-
der Adverse Effects, Effects on the Eyes, above). Dos-
age alterations may also be necessary in patients re-
ceiving HIV-protease inhibitors (see under
Tuberculosis, below) and in those with severe renal im-
pairment (see below).
◊ Reviews.
1. Brogden RN, Fitton A. Rifabutin: a review of its antimicrobial

activity, pharmacokinetic properties and therapeutic efficacy.
Drugs 1994; 47: 983–1009.

Administration in children. For the prophylaxis of MAC in
HIV-infected infants and children with low CD4+ counts, the
American Academy of Pediatrics (AAP) suggests an oral dose of
rifabutin 5 mg/kg daily in those older than 6 years; the BNFC
suggest the same dose may be given from 1 year of age and those
12 years of age and older may be given the usual adult dose. 
For the treatment of nontuberculous mycobacterial disease in
children aged 1 month to 12 years the BNFC suggests a dose of
5 mg/kg once daily for at least 6 months as part of a multidrug
regimen; those 12 years of age and older may be given the usual
adult dose. 
For the treatment of tuberculosis in those 12 years of age and
older the BNFC suggests a dose of 150 to 450 mg once daily for
at least 6 months as part of a multidrug regimen.
Administration in renal impairment. Dosage of rifabutin
should be reduced by 50% in patients with severe renal impair-
ment (creatinine clearance less than 30 mL/minute).
Cryptosporidiosis. Rifabutin may have a potential prophylac-
tic effect against cryptosporidiosis (p.823).
Mycobacterium avium complex infections. Alterations in
rifabutin dosage may be necessary in patients receiving antiret-
rovirals for the management of HIV infection; further details are
given under Tuberculosis, below.

Peptic ulcer disease. For mention of the use of rifabutin in
eradication regimens for Helicobacter pylori see p.1702. 
References.
1. Borody TJ, et al. Efficacy and safety of rifabutin-containing ‘res-

cue therapy’ for resistant Helicobacter pylori infection. Aliment
Pharmacol Ther 2006; 23: 481–8. Correction. ibid.; 24: 439. 

2. Miehlke S, et al. Randomized trial of rifabutin-based triple ther-
apy and high-dose dual therapy for rescue treatment of Helico-
bacter pylori resistant to both metronidazole and clarithromycin.
Aliment Pharmacol Ther 2006; 24: 395–403. 

3. González Carro P, et al. Efficacy of rifabutin-based triple therapy
in Helicobacter pylori infected patients after two standard treat-
ments. J Gastroenterol Hepatol 2007; 22: 60–3. 

4. Navarro-Jarabo JM, et al. Efficacy of rifabutin-based triple ther-
apy as second-line treatment to eradicate helicobacter pylori in-
fection. BMC Gastroenterol 2007; 7: 31. Available at: http://
www.biomedcentral.com/1471-230X/7/31 (accessed 12/11/07).

Toxoplasmosis. A beneficial response to rifabutin used with
pyrimethamine was reported in a patient with AIDS-related Tox-
oplasma gondii encephalitis.1 The patient was allergic to sulfon-
amides and clindamycin, which are commonly used (see p.826).
1. Schürmann D, et al. Rifabutin appears to be a promising agent

for combination treatment of AIDS-related toxoplasma encepha-
litis. J Infect 1998; 36: 352–3.

Tuberculosis and HIV infection. Rifabutin may be used in
place of rifampicin in short-course therapy for tuberculosis in pa-
tients given antiretroviral drugs for HIV infection and may be
preferred for patients unable to take efavirenz.1,2 However, dose
modifications are often necessary; additionally, some combina-
tions, notably rifabutin with delavirdine, or saquinavir alone,
should not be used, although rifabutin may be given with
saquinavir if ritonavir is also given. 
• In patients taking ritonavir-boosted HIV-protease inhibitors

the dose of rifabutin should be substantially reduced from
300 mg daily or intermittently to 150 mg every other day or
three times each week 

• In patients taking unboosted atazanavir the dose of rifabutin
should be substantially reduced from 300 mg daily or inter-
mittently to 150 mg every other day or three times each week 

• In those taking unboosted amprenavir, fosamprenavir, indina-
vir, or nelfinavir the daily dose of rifabutin should be de-
creased from 300 mg to 150 mg, and the dose for intermittent
therapy should be 300 mg three times weekly. The dose of
indinavir may need to be increased 

• In patients taking efavirenz, the dose of rifabutin should be
increased from 300 mg daily or intermittently to 450 to
600 mg daily or three times each week 

• In patients taking nevirapine or etravirine, the usual dose of
rifabutin is given (300 mg daily or 300 mg three times each
week); rifabutin should not be used in patients taking etravir-
ine plus ritonavir-boosted darunavir or saquinavir

1. CDC. Managing Drug Interactions in the Treatment of HIV-Re-
lated Tuberculosis (issued December 2007). Available at: http://
www.cdc.gov/tb/TB_HIV_Drugs/PDF/tbhiv.pdf (accessed
28/07/08) 

2. Pozniak AL, et al. British HIV Association. BHIVA treatment
guidelines for TB/HIV infection, February 2005. Available at:
http://www.bhiva.org/files/file1001577.pdf (accessed 28/07/08)

Preparations
USP 31: Rifabutin Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Mycobutin; Austria: Mycobutin; Belg.: Mycobutin; Canad.: My-
cobutin; Cz.: Mycobutin; Fin.: Ansatipin; Fr.: Ansatipine; Ger.: Alfacid; My-
cobutin†; Gr.: Ansatipin†; Mycobutin; Hong Kong: Mycobutin; Israel: My-
cobutin; Ital.: Mycobutin; Neth.: Mycobutin; NZ: Mycobutin; Port.:
Mycobutin; Rus.: Mycobutin (Микобутин); S.Afr.: Mycobutin; Spain:
Ansatipin; Swed.: Ansatipin; Switz.: Mycobutin; Turk.: Mycobutin; UK:
Mycobutin; USA: Mycobutin.

Rifampicin (BAN, rINN)

Ba-41166/E; L-5103; NSC-113926; Rifaldazine; Rifampicina; Ri-
fampicinas; Rifampicine; Rifampicinum; Rifampin (USAN); Rifamp-
isiini; Rifampisin; Rifamycin AMP; Ryfampicyna. 3-(4-Methylpiper-
azin-1-yliminomethyl)rifamycin SV; (12Z,14E,24E)-(2S,16S,17S,18R,-
19R,20R,21S,22R,23S)-1,2-Dihydro-5,6,9,17,19-pentahydroxy-
23-methoxy-2,4,12,16,18,20,22-heptamethyl-8-(4-methyl-
piperazin-1-yliminomethyl)-1,11-dioxo-2,7-(epoxypentadeca-
[1,11,13]trienimino)naphtho[2,1-b]furan-21-yl acetate.
Рифампицин
C43H58N4O12 = 822.9.
CAS — 13292-46-1.
ATC — J04AB02.
ATC Vet — QJ04AB02; QJ54AB02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Rifampicin). A reddish-brown or brownish-red,
crystalline powder. Slightly soluble in water, in alcohol, and in
acetone; soluble in methyl alcohol. A 1% suspension has a pH of
4.5 to 6.5. Store at a temperature not exceeding 25° in an atmos-
phere of nitrogen in airtight containers. Protect from light. 
USP 31 (Rifampin). A red-brown crystalline powder. Very
slightly soluble in water; freely soluble in chloroform; soluble in
ethyl acetate and in methyl alcohol. A 1% suspension in water
has a pH of 4.5 to 6.5. Store at a temperature not exceeding 40°
in airtight containers. Protect from light.

Adverse Effects
Rifampicin is usually well tolerated. Adverse effects
are more common during intermittent therapy or after
restarting interrupted treatment. 
Some patients may experience a cutaneous syndrome
that presents 2 to 3 hours after a daily or intermittent
dose as facial flushing and itching, with or without a
rash, or rarely eye irritation and visual disturbances. A
flu-like syndrome characterised by episodes of fever,
chills, headache, dizziness, bone pain, shortness of
breath, and malaise has been associated with intermit-
tent use. It usually occurs after 3 to 6 months of inter-
mittent treatment and has a higher incidence with doses
of 25 mg/kg or more given once weekly than with cur-
rently recommended regimens. Anaphylaxis or shock
has occurred rarely. 
Gastrointestinal adverse effects include nausea, vomit-
ing, anorexia, diarrhoea, and epigastric distress. Taking
doses on an empty stomach is recommended for max-
imal absorption, but dosage after a meal will minimise
gastrointestinal intolerance. Pseudomembranous coli-
tis has been reported. Rifampicin produces transient
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abnormalities in liver function and hepatitis. Fatalities
due to hepatotoxicity have been reported occasionally
(see Effects on the Liver, below). 
Rifampicin can cause thrombocytopenia and purpura,
usually when given as an intermittent regimen, and if
this occurs further use of rifampicin is contra-indicat-
ed. Other haematological adverse effects include eosi-
nophilia, leucopenia, and haemolytic anaemia. 
Alterations in kidney function and renal failure have
occurred, particularly during intermittent therapy.
Menstrual disturbances have been reported. 
Nervous system adverse effects include headache,
drowsiness, ataxia, dizziness, and numbness. 
Oedema, myopathy, and muscular weakness have been
reported. 
Thrombophlebitis has occurred after prolonged intra-
venous infusion. Extravasation during intravenous in-
fusion may cause local irritation and inflammation. 
Rifampicin causes a harmless orange-red discoloration
of the urine, faeces, sweat, saliva, sputum, tears, and
other body fluids. Soft contact lenses may become per-
manently stained.
Effects on the blood. Thrombocytopenia may occur in pa-
tients taking rifampicin, most commonly as intermittent therapy,
and probably has an immunological basis. The platelet count
may fall within 3 hours of a dose and return to normal within 36
hours, if additional doses are not given.1 There may also be a risk
of thrombocytopenia when re-introducing rifampicin to patients
who have interrupted their treatment.2 Thrombocytopenia has
also been reported in a patient taking rifampicin for the first time
for meningococcal prophylaxis.3 Thrombotic thrombocytopenic
purpura has been reported in a patient after two weeks of treat-
ment with oral rifampicin and intravenous vancomycin for a
meticillin-resistant Staphylococcus aureus infection.4 Fatalities
have occurred when rifampicin was not withdrawn once throm-
bocytopenic purpura had developed or when treatment with ri-
fampicin was resumed in patients who had experienced purpu-
ra.1 However, there is a report of the successful re-introduction of
rifampicin in a patient who developed thrombocytopenia without
rifampicin-dependent antibodies.5 
Bleeding from the oral cavity not associated with thrombocyto-
penia has been reported in a patient taking rifampicin.6 Leucope-
nia,7,8 haemolysis or haemolytic anaemia,9 and red cell aplasia10

have occurred. Disseminated intravascular coagulation has been
reported in a patient receiving intermittent rifampicin therapy.11

The incidence of deep-vein thrombosis increased in one group of
hospitalised tuberculosis patients when rifampicin was intro-
duced as standard therapy,12 but data from others have not sup-
ported a causal relationship.13

1. Girling DJ. Adverse effects of antituberculosis drugs. Drugs
1982; 23: 56–74. 

2. Burnette PK, et al. Rifampin-associated thrombocytopenia sec-
ondary to poor compliance. Drug Intell Clin Pharm 1989; 23:
382–4. 

3. Hall AP, et al. New hazard of meningococcal chemoprophylax-
is. J Antimicrob Chemother 1993; 31: 451. 

4. Gupta R, Wargo KA. Rifampin-induced thrombotic thrombocy-
topenic purpura. Ann Pharmacother 2005; 39: 1761–2. 

5. Bhasin DK, et al. Can rifampicin be restarted in patients with
rifampicin-induced thrombocytopenia? Tubercle 1991; 72:
306–7. 

6. Sule RR. An unusual reaction to rifampicin in a once monthly
dose. Lepr Rev 1996; 67: 227–33. 

7. Van Assendelft AHW. Leucopenia in rifampicin chemotherapy.
J Antimicrob Chemother 1985; 16: 407–8. 

8. Vijayakumaran P, et al. Leucocytopenia after rifampicin and
ofloxacin therapy in leprosy. Lepr Rev 1997; 68: 10–15. 

9. Lakshminarayan S, et al. Massive haemolysis caused by ri-
fampicin. BMJ 1973; 2: 282–3. 

10. Mariette X, et al. Rifampicin-induced pure red cell aplasia. Am
J Med 1989; 87: 459–60. 

11. Souza CS, et al. Disseminated intravascular coagulopathy as an
adverse reaction to intermittent rifampin schedule in the treat-
ment of leprosy. Int J Lepr 1997; 65: 366–71. 

12. White NW. Venous thrombosis and rifampicin. Lancet 1989; ii:
434–5. 

13. Cowie RL, et al. Deep-vein thrombosis and pulmonary tubercu-
losis. Lancet 1989; ii: 1397.

Effects on the gastrointestinal tract. In addition to symp-
toms of gastrointestinal intolerance, there have been reports of
gastrointestinal bleeding and erosive gastritis,1 ulcerative coli-
tis,2 and eosinophilic colitis3 in patients receiving rifampicin.
1. Zargar SA, et al. Rifampicin-induced upper gastrointestinal

bleeding. Postgrad Med J 1990; 66: 310–11. 
2. Tajima A, et al. Rifampicin-associated ulcerative colitis. Ann In-

tern Med 1992; 116: 778–9. 
3. Lange P, et al. Eosinophilic colitis due to rifampicin. Lancet

1994; 344: 1296–7.

Effects on the liver. Transient abnormalities in liver function
are common during the early stages of antituberculous therapy
with rifampicin and other first-line antituberculous drugs, but
sometimes the hepatotoxicity may be more serious and require a
change of treatment. Drug-induced hepatitis usually occurs with-
in the first few weeks of treatment and it may not be possible to
identify which drug or drugs are responsible. Rifampicin is

thought to have a lower potential for hepatotoxicity than isoni-
azid or pyrazinamide.1 
Risk factors for hepatotoxicity include alcoholism, old age, fe-
male gender, malnutrition, HIV infection, and chronic hepatitis
B and C infections.1 
The Joint Tuberculosis Committee of the British Thoracic Soci-
ety has published recommendations2 for initial measurement of
liver function in all patients and regular monitoring in patients
with pre-existing liver disease. Details are given concerning the
response to deteriorating liver function and guidelines included
for prompt re-introduction of appropriate antituberculosis thera-
py once normal liver function is restored. Similar guidelines have
been produced for the USA.3,4 
The incidence of severe hepatotoxicity was found to be lower in
patients receiving isoniazid, rifampicin, and pyrazinamide for in-
itial treatment of active disease, than in those receiving ri-
fampicin and pyrazinamide for 2 months for latent tuberculosis
infection. Management of latent tuberculosis with the rifampicin
plus pyrazinamide regimen was also associated with a higher in-
cidence of severe hepatotoxicity than was isoniazid monothera-
py for 6 months.5 Severe and sometimes fatal hepatotoxicity has
been associated with the combined regimen of rifampicin and
pyrazinamide for the treatment of latent tuberculosis in a pre-
dominantly HIV-negative study population.5-9 In the USA, the
CDC and the American Thoracic Society10 now recommend that
the combination of rifampicin with pyrazinamide should not
generally be offered to persons with latent tuberculosis. Howev-
er, an evaluation of studies11 for the prevention of tuberculosis,
involving HIV-infected patients, reported very little evidence of
hepatotoxicity among patients taking rifampicin plus pyrazina-
mide and among those taking isoniazid. 
For further information on hepatotoxicity caused by antitubercu-
lous drugs see Effects on the Liver, under Isoniazid, p.288. 
Hepatitis and liver dysfunction have also been reported in pa-
tients taking rifampicin, in the absence of other hepatotoxic
drugs, for the treatment of pruritus associated with primary bil-
iary cirrhosis.12

1. Yew WW, Leung CC. Antituberculosis drugs and hepatotoxici-
ty. Respirology 2006; 11: 699–707. 

2. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United
Kingdom: recommendations 1998. Thorax 1998; 53: 536–48. [Al-
though these guidelines were replaced by ones issued by NICE in
2006 the latter do not "explain tuberculosis or its treatment in de-
tail" and therefore reference to the earlier guidelines has been re-
tained] Also available at: http://www.brit-thoracic.org.uk/
Portals/0/Clinical%20Information/Tuberculosis/Guidelines/
Chemotherapy.pdf (accessed 29/07/08) 

3. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003;
52 (RR-11): 1–77. Also available at: http://www.cdc.gov/
mmwr/PDF/rr/rr5211.pdf (accessed 05/10/07) Correction. ibid.
2005; 53: 1203. [dose] 

4. Saukkonen JJ, et al. American Thoracic Society. An official ATS
statement: hepatotoxicity of antituberculosis therapy. Am J Respir
Crit Care Med  2006; 174:  935–52. Also available at:
http://www.thoracic.org/sections/publications/statements/
resources/hepatotoxicity-of-antituberculosis-therapy.pdf (accessed
05/10/07) 

5. van Hest R, et al. Hepatotoxicity of rifampin-pyrazinamide and
isoniazid preventive therapy and tuberculosis treatment. Clin
Infect Dis 2004; 39: 488–96. 

6. CDC. Update: fatal and severe liver injuries associated with ri-
fampin and pyrazinamide for latent tuberculosis infection, and
revisions in American Thoracic Society/CDC recommenda-
tions—United States, 2001. MMWR 2001; 50: 733–5. Also
available at http://www.cdc.gov/mmwr/PDF/wk/mm5034.pdf
(accessed 05/10/07) 

7. CDC. Update: fatal and severe liver injuries associated with ri-
fampin and pyrazinamide treatment for latent tuberculosis in-
fection. MMWR 2002; 51: 998–9. Also available at http://
www.cdc.gov/mmwr/PDF/wk/mm5144.pdf  (accessed
05/10/07) 

8. Jasmer RM, et al. Short-course rifampin and pyrazinamide
compared with isoniazid for latent tuberculosis infection: a mul-
ticenter clinical trial. Ann Intern Med 2002; 137: 640–7. 

9. Ijaz K, et al. Severe or fatal liver injury in 50 patients in the
United States taking rifampin and pyrazinamide for latent tuber-
culosis infection. Clin Infect Dis 2006; 42: 346–55. 

10. CDC. Update: adverse event data and revised American Thorac-
ic Society/CDC recommendations against the use of rifampin
and pyrazinamide for treatment of latent tuberculosis infec-
tion—United States, 2003. MMWR 2003; 52: 735–9. Also avail-
able at: http://www.cdc.gov/mmwr/PDF/wk/mm5231.pdf (ac-
cessed 05/10/07) 

11. Gordin FM, et al. Hepatotoxicity of rifampin and pyrazinamide
in the treatment of latent tuberculosis infection in HIV-infected
persons: is it different than in HIV-uninfected persons? Clin In-
fect Dis 2004; 39: 561–5. 

12. Prince MI, et al. Hepatitis and liver dysfunction with rifampicin
therapy for pruritus in primary biliary cirrhosis. Gut 2002; 50:
436–9.

Effects on the lungs. Pulmonary fibrosis1 in one elderly man
and pneumonitis2 in another were attributed to rifampicin.
1. Umeki S. Rifampicin and pulmonary fibrosis. Arch Intern Med

1988; 148: 1663, 7. 
2. Kunichika N, et al. Pneumonitis induced by rifampicin. Thorax

2002; 57: 1000–1001.

Effects on the pancreas. Chronic pancreatic insufficiency has
been reported in a patient after use of rifampicin, isoniazid,
ethambutol, and pyrazinamide.1
1. Liu BA, et al. Pancreatic insufficiency due to antituberculosis

therapy. Ann Pharmacother 1997; 31: 724–6.

Effects on the skin. Skin reactions to rifampicin are usually
mild, irrespective of it being given daily or intermittently.1 How-

ever, there have been a few isolated reports of severe reactions
such as toxic epidermal necrolysis,2 exfoliative dermatitis,3 fixed
drug eruptions,4,5 and acute generalised exanthematous pustulo-
sis.6 Contact dermatitis has been seen after handling rifampicin
powder.7
1. Girling DJ. Adverse reactions to rifampicin in antituberculosis

regimens. J Antimicrob Chemother 1977; 3: 115–32. 
2. Okano M, et al. Toxic epidermal necrolysis due to rifampicin. J

Am Acad Dermatol 1987; 17: 303–4. 
3. Goldin HM, et al. Rifampin and exfoliative dermatitis. Ann In-

tern Med 1987; 107: 789. 
4. Mimouni A, et al. Fixed drug eruption following rifampin treat-

ment. DICP Ann Pharmacother 1990; 24: 947–8. 
5. John SS. Fixed drug eruption due to rifampin. Lepr Rev 1998;

69: 397–9. 
6. Azad A, Connelly N. Case of rifampicin-induced acute general-

ized exanthematous pustulosis. Intern Med J 2006; 36: 619–20. 
7. Anker N, Da Gunha Bang F. Long-term intravenous rifampicin

treatment: advantages and disadvantages. Eur J Respir Dis 1981;
62: 84–6.

Hypersensitivity. References.
1. Girling DJ. Adverse reactions to rifampicin in antituberculosis

regimens. J Antimicrob Chemother 1977; 3: 115–32. 
2. Wurtz RM, et al. Anaphylactoid drug reactions to ciprofloxacin

and rifampicin in HIV-infected patients. Lancet 1989; i: 955–6. 
3. Harland RW, et al. Anaphylaxis from rifampin. Am J Med 1992;

92: 581–2. 
4. Cnudde F, Leynadier F. The diagnosis of allergy to rifampicin

confirmed by skin test. Am J Med 1994; 97: 403–4. 
5. Sharma VK, et al. Rifampicin-induced urticaria in leprosy. Lepr

Rev 1997; 68: 331–2. 
6. Martínez E, et al. Shock and cerebral infarct after rifampin re-

exposure in a patient infected with human immunodeficiency vi-
rus. Clin Infect Dis 1998; 27: 1329–30.

Lupus. Symptoms including malaise, arthralgia, arthritis, and
oedema of the extremities, occurring in 4 patients taking ri-
fampicin and 3 taking rifabutin, were considered to be due to
drug-induced lupus syndrome.1 Cutaneous lupus erythematosus
was reported in a patient receiving rifampicin with clarithromy-
cin and ethambutol.2 All patients had positive anti-nuclear anti-
body titres.1,2

1. Berning SE, Iseman MD. Rifamycin-induced lupus syndrome.
Lancet 1997; 349: 1521–2. 

2. Patel GK, Anstey AV. Rifampicin-induced lupus erythematosus.
Clin Exp Dermatol 2001; 26: 260–2.

Overdosage. Cases of skin pigmentation induced by ri-
fampicin overdose have been reviewed.1 Reddish-orange discol-
oration of the skin appeared within a few hours of taking the
drug; urine, mucous membranes, and sclera were also discol-
oured. Periorbital or facial oedema, pruritus, and gastrointestinal
intolerance occurred in most patients. Treatment was supportive
and clinical symptoms resolved in most patients over 3 to 4 days,
although fatalities occurred with doses over 14 g.
1. Holdiness MR. A review of the redman syndrome and rifampicin

overdosage. Med Toxicol Adverse Drug Exp 1989; 4: 444–51.

Precautions
Liver function should be checked before treatment
with rifampicin and special care should be taken in al-
coholic patients or those with pre-existing liver disease
who require regular monitoring during therapy. UK li-
censed product information states that use is contra-in-
dicated in patients with jaundice. A self-limiting hyper-
bilirubinaemia may occur in the first 2 or 3 weeks of
treatment. Alkaline phosphatase values may be raised
moderately due to rifampicin’s enzyme-inducing ca-
pacity. Isolated results showing hyperbilirubinaemia in
the first few weeks and/or moderately elevated
transaminase values are not indications to withdraw ri-
fampicin. However, dose adjustment is necessary
when there is other evidence of hepatic impairment and
treatment should be suspended when there is evidence
of more serious liver toxicity. 
Blood counts should be monitored during prolonged
treatment and in patients with hepatic disorders.
Should thrombocytopenia or purpura occur then ri-
fampicin should be withdrawn permanently. UK prod-
uct information also recommends such withdrawal in
patients who develop haemolytic anaemia or renal fail-
ure. 
Use of rifampicin after interruption of treatment has
been associated with increased risk of serious adverse
effects. 
Patients should be advised that rifampicin may colour
faeces, saliva, sputum, sweat, tears, urine, and other
body-fluids orange-red. Soft contact lenses may be-
come permanently stained. 
Rifampicin should not be given by the intramuscular or
subcutaneous route. When given by intravenous infu-
sion care should be taken to avoid extravasation.
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Adrenocortical insufficiency. Adrenal insufficiency has been
associated with tuberculosis and induction of microsomal en-
zymes by rifampicin may accelerate the metabolism of cortisol
and precipitate an acute adrenal crisis in such patients.1 Induction
of microsomal enzymes may be enough to compromise even pa-
tients with mildly impaired cortisol production. Critical hypoten-
sion has also developed in non-Addisonian patients within a
week to 10 days of starting rifampicin therapy. However, it has
not been necessary to suspend the use of rifampicin if patients are
treated with corticosteroids.2 The effectiveness of corticosteroid
therapy can be reduced by rifampicin.
1. Elansary EH, Earis JE. Rifampicin and adrenal crisis. BMJ 1983;

286: 1861–2. 
2. Boss G. Rifampicin and adrenal crisis. BMJ 1983; 287: 62.

Breast feeding. Rifampicin is excreted into breast milk. No ad-
verse effects have been seen in breast-fed infants whose mothers
were taking rifampicin, and the American Academy of Pediatrics
considers1 that it is therefore usually compatible with breast feed-
ing.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 05/10/07)

Porphyria. Rifampicin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Treatment guidelines produced by WHO,1 by an
expert group in the UK,2 and by the CDC in the USA3 have rec-
ommended treatment of pregnant patients with the same ri-
fampicin-containing multidrug regimens as would be used in
non-pregnant patients. While use of rifampicin in pregnant pa-
tients is generally considered to be safe, the drug does cross into
the fetus4 and malformations and bleeding tendencies have been
reported.5 A literature review5 revealed 386 normal term infants
and 29 elective terminations out of 446 pregnancies in patients
who took rifampicin with other antimycobacterial drugs. A vari-
ety of malformations were reported; there were 14 abnormal in-
fants or fetuses, 2 premature births, 9 still-births and 7 spontane-
ous abortions. It was considered that rifampicin did not increase
the overall risk of congenital malformations. 
Rifampicin treatment can increase the metabolism of vitamin K,
resulting in clotting disorders associated with vitamin K defi-
ciency. Bleeding disorders in 2 mothers shortly after delivery,
and scalp haemorrhage, anaemia, and shock in one of the infants
have been reported.6 The authors recommended blood coagula-
tion monitoring and giving prophylactic vitamin K to mothers
and neonates when the mother has received rifampicin during
pregnancy.
1. WHO. Treatment of tuberculosis: guidelines for national pro-

grammes. 3rd ed. Geneva: WHO, 2003 (and 2004 revision).
Av a i l a b l e  a t :  h t t p : / / w h q l i b d o c . w h o . i n t / h q / 2 0 0 3 /
WHO_CDS_TB_2003.313_eng.pdf (accessed 05/10/07) 

2. Joint Tuberculosis Committee of the British Thoracic Society.
Chemotherapy and management of tuberculosis in the United
Kingdom: recommendations 1998. Thorax 1998; 53: 536–48. [Al-
though these guidelines were replaced by ones issued by NICE in
2006 the latter do not "explain tuberculosis or its treatment in de-
tail" and therefore reference to the earlier guidelines has been re-
tained] Also available at: http://www.brit-thoracic.org.uk/
Portals/0/Clinical%20Information/Tuberculosis/Guidelines/
Chemotherapy.pdf (accessed 29/07/08) 

3. American Thoracic Society, CDC, and the Infectious Diseases
Society of America. Treatment of tuberculosis. MMWR 2003; 52
(RR-11): 1–77. Also available at: http://www.cdc.gov/mmwr/
PDF/rr/rr5211.pdf (accessed 05/10/07) Correction. ibid. 2005;
53: 1203. [dose] 

4. Holdiness MR. Transplacental pharmacokinetics of the antitu-
berculosis drugs. Clin Pharmacokinet 1987; 13: 125–9. 

5. Snider DE, et al. Treatment of tuberculosis during pregnancy.
Am Rev Respir Dis 1980; 122: 65–79. 

6. Chouraqui JP, et al. Hémorragie par avitaminose K chez la
femme enceinte et le nouveau-né: rôle éventuel de la rifampi-
cine: a propos de 2 observations. Therapie 1982; 37: 447–50.

Interactions
Rifampicin accelerates the metabolism of many drugs
by inducing microsomal liver enzymes (in particular
the cytochrome P450 isoenzyme CYP3A) or drug
transporter proteins (such as p-glycoprotein). Drugs so
affected may require an increase in dosage to maintain
effectiveness and patients should be monitored closely
when starting or stopping concurrent rifampicin treat-
ment. Women taking oral contraceptives should use
additional precautions or change to a non-hormonal
form of contraception (see Rifamycins, p.2068). 
The absorption of rifampicin may be reduced by antac-
ids, but this interaction can be overcome by giving ri-
fampicin 1 hour before any antacids. Similarly, ri-
fampicin and preparations containing bentonite (for
example some aminosalicylic acid preparations)
should be given 8 hours apart. Isoniazid and halothane
may increase the potential for hepatotoxicity when giv-
en with rifampicin. Atovaquone may increase the con-
centration of rifampicin, while rifampicin decreases

the concentration of atovaquone. Some other interac-
tions affecting the activity of rifampicin are discussed
below.
◊ Reviews.
1. Finch CK, et al. Rifampin and rifabutin drug interactions: an up-

date. Arch Intern Med 2002; 162: 985–92. 
2. Yew WW. Clinically significant interactions with drugs used in

the treatment of tuberculosis. Drug Safety 2002; 25: 111–33. 
3. Niemi M, et al. Pharmacokinetic interactions with rifampicin:

clinical relevance. Clin Pharmacokinet 2003; 42: 819–50.

Antiretroviral drugs. Rifamycins can induce the metabolism
of zidovudine, the NNRTIs delavirdine, efavirenz, and nevirap-
ine, and HIV-protease inhibitors, resulting in potentially subther-
apeutic plasma concentrations. In addition HIV-protease inhibi-
tors inhibit the metabolism of rifamycins resulting in elevated
plasma-rifamycin concentrations and an increased incidence of
adverse effects.1,2 
Guidelines in the UK3 and the USA2 recommend that rifampicin
should not be used with the NNRTIs delavirdine, and etravirine
but opinion varies on whether it should be used with nevirapine.
Licensed product information for nevirapine contraindicates the
use of rifampicin and nevirapine. Rifampicin decreases the se-
rum concentration of efavirenz and it is recommended that the
dose of efavirenz be increased in patients weighing more than
60 kg; no dose modification is needed for rifampicin. 
It is also recommended that rifampicin should not be used with
unboosted or low-dose ritonavir-boosted HIV-protease inhibitor
regimens. For reference to suitable antiretroviral regimens for
use in patients requiring rifampicin-containing treatment for tu-
berculosis, see p.196. 
Rifampicin significantly decreases the serum concentration of
the CCR-5 receptor antagonist, maraviroc, and it is recommend-
ed that the dose of maraviroc be increased; no dose modification
is needed for rifampicin. No clinically significant interactions are
expected with the integrase inhibitor raltegravir,2 or the HIV fu-
sion inhibitor enfuvirtide.4 For further information on drug inter-
actions with HIV-protease inhibitors see Table 1, p.917 and with
NNRTIs see Table 2, p.944. See also p.324 for comment on the
interaction of antiretrovirals with rifabutin.
1. Anonymous. Clinical update: impact of HIV protease inhibitors

on the treatment of HIV-infected tuberculosis patients with ri-
fampin. MMWR 1996; 45: 921–5. 

2. CDC. Managing Drug Interactions in the Treatment of HIV-Re-
lated Tuberculosis (issued December 2007). Available at: http://
www.cdc.gov/tb/TB_HIV_Drugs/PDF/tbhiv.pdf (accessed
28/07/08) 

3. Pozniak AL, et al. British HIV Association. BHIVA treatment
guidelines for TB/HIV infection, February 2005. Available at:
http://www.bhiva.org/files/file1001577.pdf (accessed 28/07/08) 

4. Boyd MA, et al. Lack of enzyme-inducing effect of rifampicin
on the pharmacokinetics of enfuvirtide. J Clin Pharmacol 2003;
43: 1382–91.

Clofazimine. Use of clofazimine in leprosy patients receiving
rifampicin with or without dapsone may decrease the rate of ab-
sorption of rifampicin and increase the time to peak plasma con-
centration.1 In patients receiving clofazimine, rifampicin, and
dapsone, the area under the curve for rifampicin was reduced.1
However, a multiple dose study2 showed that the pharmacokinet-
ics of rifampicin were similar after 7 days of treatment with ri-
fampicin and dapsone or rifampicin, dapsone, and clofazimine.
1. Mehta J, et al. Effect of clofazimine and dapsone on rifampicin

(Lositril) pharmacokinetics in multibacillary and paucibacillary
leprosy cases. Lepr Rev 1986; 57 (suppl 3): 67–76. 

2. Venkatesan K, et al. The effect of clofazimine on the pharmacok-
inetics of rifampicin and dapsone in leprosy. J Antimicrob Chem-
other 1986; 18: 715–18.

Co-trimoxazole. In 15 patients receiving therapy including ri-
fampicin for tuberculosis, a course of co-trimoxazole resulted in
increases in maximum plasma concentrations and in the area un-
der the concentration-time curve for rifampicin.1 No adverse ef-
fects were observed and the clinical implications of this observa-
tion remain unclear. In another study,2 significant reductions in
the area under the plasma concentration-time curves for trimeth-
oprim and sulfamethoxazole were observed after therapy includ-
ing rifampicin was given to 10 HIV-infected patients on co-tri-
moxazole prophylaxis. Again, the clinical significance of this
interaction is unclear.
1. Bhatia RS, et al. Drug interaction between rifampicin and cotri-

moxazole in patients with tuberculosis. Hum Exp Toxicol 1991;
10: 419–21. 

2. Ribera E, et al. Rifampin reduces concentrations of trimethoprim
and sulfamethoxazole in serum in human immunodeficiency vi-
rus-infected patients. Antimicrob Agents Chemother 2001; 45:
3238–41.

Isoniazid. There is little significant pharmacokinetic interaction
between rifampicin and isoniazid.1 Although lower blood con-
centrations of rifampicin have been reported with isoniazid, the
effect is not considered clinically significant.2 Since both drugs
are hepatotoxic, there could be an increased incidence of hepatic
damage, although the benefits of using this combination are con-
sidered to outweigh any potential risks.
1. Acocella G, et al. Kinetics of rifampicin and isoniazid adminis-

tered alone and in combination to normal subjects and patients
with liver disease. Gut 1972; 13: 47–53. 

2. Mouton RP, et al. Blood levels of rifampicin, desacetylri-
fampicin and isoniazid during combined therapy. J Antimicrob
Chemother 1979; 5: 447–54.

Ketoconazole. Giving rifampicin, ketoconazole, and isoniazid
together has produced low serum concentrations of each drug re-
sulting in failure of antifungal treatment.1 Rifampicin serum con-
centrations are reduced when rifampicin is given with ketocona-
zole;2 separation of the doses by 30 minutes3 to 12 hours2 may
result in similar rifampicin concentrations to those attained when
rifampicin is given alone, although serum concentrations of ke-
toconazole remain depressed regardless of the timing of doses.
1. Abadie-Kemmerly S, et al. Failure of ketoconazole treatment of

Blastomyces dermatitidis due to interaction of isoniazid and ri-
fampin. Ann Intern Med 1988; 109: 844–5. Correction. ibid.
1989; 111: 96. 

2. Engelhard D, et al. Interaction of ketoconazole with rifampin
and isoniazid. N Engl J Med 1984; 311: 1681–3. 

3. Doble N, et al. Pharmacokinetic study of the interaction between
rifampicin and ketoconazole. J Antimicrob Chemother 1988; 21:
633–5.

Probenecid. Although a study1 showed that probenecid could
increase serum-rifampicin concentrations, another2 subsequently
found that the effect was uncommon and inconsistent and con-
cluded that probenecid had no place as an adjunct to routine ri-
fampicin therapy.
1. Kenwright S, Levi AJ. Impairment of hepatic uptake of rifamy-

cin antibiotics by probenecid and its therapeutic implications.
Lancet 1973; ii: 1401–5. 

2. Fallon RJ, et al. Probenecid and rifampicin serum levels. Lancet
1975; ii: 792–4.

Antimicrobial Action
Rifampicin is bactericidal against a wide range of mi-
cro-organisms and interferes with their synthesis of nu-
cleic acids by inhibiting DNA-dependent RNA
polymerase. It has the ability to kill intracellular organ-
isms. It is active against mycobacteria, including My-
cobacterium tuberculosis, M. avium, and M. leprae
and, having high sterilising activity against these or-
ganisms, it possesses the ability to eliminate semi-dor-
mant or persisting organisms. Rifampicin is also active
against Gram-positive bacteria, especially staphylo-
cocci, but less active against Gram-negative organisms.
The most sensitive Gram-negative bacteria include
Neisseria meningitidis, N. gonorrhoeae, Haemophilus
influenzae, and Legionella spp. Rifampicin also has ac-
tivity against Chlamydia trachomatis and some anaer-
obic bacteria. At high concentrations it is active against
some viruses. 
Strains of M. tuberculosis, M. leprae, and other suscep-
tible bacteria (such as N. meningitidis) have shown re-
sistance, both initially and during treatment. Acquired
resistance to rifampicin develops rapidly if it is used
alone in the treatment of clinical infection, and resist-
ance is thought to be due to a single-step mutation of
the DNA-dependent RNA polymerase. Thus in tuber-
culosis and leprosy treatment regimens, rifampicin is
used with other antimycobacterials to delay or prevent
the development of rifampicin resistance. Resistance
does not appear to be a problem when rifampicin is
used alone in the management of latent tuberculosis,
probably because the bacillary load is low. Cross-re-
sistance has been shown between rifampicin and other
rifamycins. Strains of M. tuberculosis resistant to both
rifampicin and isoniazid (termed multidrug-resistant
tuberculosis) are increasingly being reported; some
strains are also resistant to second-line antimycobacte-
rials (termed extensively drug-resistant tuberculosis).

Pharmacokinetics
Rifampicin is readily absorbed from the gastrointesti-
nal tract and peak plasma concentrations varying from
4 to 32 micrograms/mL (average 7 micrograms/mL)
have been reported after a dose of 600 mg. Food may
reduce and delay absorption. Rifampicin is about 80%
bound to plasma proteins. It is widely distributed in
body tissues and fluids and diffusion into the CSF is
increased when the meninges are inflamed. Rifampicin
is distributed into breast milk and crosses the placenta
(see Breast Feeding and Pregnancy, under Precautions,
above). Half-lives for rifampicin have been reported to
range initially from 2 to 5 hours, the longest elimina-
tion times occurring after the largest doses. However,
as rifampicin induces its own metabolism, elimination
time may decrease by up to 40% during the first 2
weeks, resulting in half-lives of about 2 to 3 hours. The
half-life is prolonged in patients with severe hepatic
impairment. 
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Rifampicin is rapidly metabolised in the liver mainly to
active 25-O-deacetylrifampicin and excreted in the
bile. Deacetylation diminishes intestinal reabsorption
and increases faecal excretion, although significant en-
terohepatic circulation still takes place. About 60% of
a dose eventually appears in the faeces. The amount
excreted in the urine increases with increasing doses
and up to 30% of a dose may be excreted in the urine,
about half of it being unchanged drug. The metabolite
formylrifampicin is also excreted in the urine. In pa-
tients with renal impairment the half-life of rifampicin
is not prolonged at doses of 600 mg or less.
Distribution. Rifampicin is widely distributed in most body tis-
sues and fluids after oral or intravenous use.1 Rifampicin is also
able to penetrate into polymorphonuclear leucocytes to kill intra-
cellular pathogens.2 Rifampicin does not appear to diffuse well
through the uninflamed meninges3 but therapeutic concentra-
tions have been attained in the CSF after daily doses of 600 and
900 mg when the meninges are inflamed;4 concentrations in the
CSF are about 10 to 20% of simultaneous serum concentrations,
and approximately represent the fraction unbound to plasma pro-
teins. Corticosteroids do not appear to influence the penetration
of rifampicin into the CSF of patients with tuberculous meningi-
tis.5
1. Holdiness MR. Clinical pharmacokinetics of the antituberculosis

drugs. Clin Pharmacokinet 1984; 9: 511–44. 
2. Prokesch RC, Hand WL. Antibiotic entry into human polymor-

phonuclear leukocytes. Antimicrob Agents Chemother 1982; 21:
373–80. 

3. Sippel JE, et al. Rifampin concentrations in cerebrospinal fluid
of patients with tuberculous meningitis. Am Rev Respir Dis
1974; 109: 579–80. 

4. D’Oliveira JJG. Cerebrospinal fluid concentrations of rifampin
in meningeal tuberculosis. Am Rev Respir Dis 1972; 106: 432–7. 

5. Woo J, et al. Cerebrospinal fluid and serum levels of pyrazina-
mide and rifampicin in patients with tuberculous meningitis.
Curr Ther Res 1987; 42: 235–42.

HIV-infected patients. Malabsorption of rifampicin and other
antituberculous drugs has been reported in some patients with
HIV infection and tuberculosis,1-6 and may contribute to ac-
quired drug resistance and reduced efficacy of tuberculosis treat-
ment. It is not clear whether this is related to the HIV infection
itself or associated diarrhoea. A pilot study2 in 26 HIV-positive
patients undergoing multidrug antituberculosis treatment found
that serum concentrations of isoniazid were generally regarded
as adequate; serum concentrations of rifampicin and ethambutol
were low. A study3 in patients with HIV infection but not co-
infected with tuberculosis reported reduced absorption for ri-
fampicin and pyrazinamide compared to healthy subjects; isoni-
azid was generally well absorbed. A pharmacokinetic study4 re-
ported malabsorption of all first-line antituberculous drugs in
patients who had advanced HIV infection with diarrhoea and
cryptosporidial infection. A further pharmacokinetic study,5 in a
similar subject population, found a significant degree of malab-
sorption of rifampicin and isoniazid in HIV-infected patients
with or without diarrhoea. Low serum concentrations of rifabutin
were reported in HIV-infected patients co-infected with tubercu-
losis treated with an intermittent (twice-weekly) tuberculosis
regimen.6 However, others found that HIV infection either did
not affect7,8 or uncommonly affected9 the pharmacokinetics of
antituberculous drugs. 
Some authorities10,11 consider that HIV-infected patients (includ-
ing children) with tuberculosis have a similar response to short-
course multidrug therapy as HIV-negative tuberculosis patients,
and that most can be treated with the standard 6-month regimen.
US11,12 and UK13guidelines recommend that highly intermittent
(once or twice weekly) tuberculosis regimens should not be used
for co-infected patients with CD4+ cell counts less than
100 cells/microlitre.
1. Patel KB, et al. Drug malabsorption and resistant tuberculosis

in HIV-infected patients. N Engl J Med 1995; 332: 336–7. 
2. Peloquin CA, et al. Low antituberculosis drug concentrations in

patients with AIDS. Ann Pharmacother 1996; 30: 919–25. 
3. Sahai J, et al. Reduced plasma concentrations of antituberculo-

sis drugs in patients with HIV infection. Ann Intern Med 1997;
127: 289–93. 

4. Gurumurthy P, et al. Decreased bioavailability of rifampin and
other antituberculosis drugs in patients with advanced human
immunodeficiency virus disease. Antimicrob Agents Chemother
2004; 48: 4473–5. 

5. Gurumurthy P, et al. Malabsorption of rifampin and isoniazid in
HIV-infected patients with and without tuberculosis. Clin Infect
Dis 2004; 38: 280–3. 

6. Weiner M, et al. Association between acquired rifamycin resist-
ance and the pharmacokinetics of rifabutin and isoniazid among
patients with HIV and tuberculosis. Clin Infect Dis 2005; 40:
1481–91. 

7. Choudhri SH, et al. Pharmacokinetics of antimycobacterial
drugs in patients with tuberculosis, AIDS, and diarrhea. Clin In-
fect Dis 1997; 25: 104–11. 

8. Taylor B, Smith PJ. Does AIDS impair the absorption of antitu-
berculosis agents? Int J Tuberc Lung Dis 1998; 2: 670–5. 

9. Perlman DC, et al. The clinical pharmacokinetics of pyrazina-
mide in HIV-infected persons with tuberculosis. Clin Infect Dis
2004; 38: 556–64. 

10. WHO. TB/HIV. A clinical manual. 2nd ed. Geneva: WHO, 2004.
Avai lable  a t :  ht tp: / /whqlibdoc.who. int /publica t ions/
2004/9241546344.pdf (accessed 05/10/07) 

11. CDC. Treating opportunistic infections among HIV-infected
adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Associa-
tion/Infectious Diseases Society of America. MMWR 2004; 53
(RR-15): 1–112. Also available at: http://www.cdc.gov/
mmwr/PDF/RR/RR5315.pdf (accessed 05/10/07) 

12. CDC. Treating opportunistic infections among HIV-exposed
and infected children: recommendations from CDC, the Nation-
al Institutes of Health, and the Infectious Diseases Society of
America. MMWR 2004; 53 (RR-14): 1–92. Also available at:
http://www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed
05/10/07) 

13. Pozniak AL, et al. British HIV Association. BHIVA treatment
guidelines for TB/HIV infection, February 2005. Available at:
http:/ /www.bhiva.org/fi les/file1001577.pdf (accessed
05/10/07)

Intravenous administration. Mean peak plasma concentra-
tions of 10 micrograms/mL have been reported after rifampicin
600 mg by intravenous infusion over 3 hours. Peak plasma con-
centrations declined with repeated doses but to a less marked ex-
tent than occurs with oral use.1 Mean peak plasma concentrations
of 27 micrograms/mL have been reported in children after doses
of 11.5 mg/kg infused over 30 minutes. Mean concentrations of
1.9 micrograms/mL were reported 8 hours after the dose.2
1. Acocella G, et al. Serum and urine concentrations of rifampicin

administered by intravenous infusion in man. Arzneimittelforsc-
hung 1977; 27: 1221–6. 

2. Koup JR, et al. Pharmacokinetics of rifampin in children I. Mul-
tiple dose intravenous infusion. Ther Drug Monit 1986; 8:
11–16.

Oral administration. Gastrointestinal absorption of ri-
fampicin is considered good. However, analysis of serum-ri-
fampicin concentrations in children indicated that only 50 ± 22%
of a freshly prepared oral suspension was absorbed.1 Varying
oral bioavailability from capsule formulations has also been re-
ported and could result in ineffective therapy2 or higher than
needed serum concentrations.3 
The oral bioavailability of rifampicin and isoniazid, but not of
pyrazinamide, was decreased by food in a study.4 Another
report5 also showed reduced peak serum concentrations when ri-
fampicin was given with a high-fat meal, and it was suggested
that rifampicin should preferably be given on an empty stomach.
1. Koup JR, et al. Pharmacokinetics of rifampin in children II. Oral

bioavailability. Ther Drug Monit 1986; 8: 17–22. 
2. Holdiness MR. Clinical pharmacokinetics of the antituberculosis

drugs. Clin Pharmacokinet 1984; 9: 511–44. 
3. Ganiswarna SG, et al. Bioavailability of rifampicin caplets

(600 mg and 450 mg) in healthy Indonesian subjects. Int J Clin
Pharmacol Ther Toxicol 1986; 24: 60–4. 

4. Zent C, Smith P. Study of the effect of concomitant food on the
bioavailability of rifampicin, isoniazid and pyrazinamide. Tuber-
cle Lung Dis 1995; 76: 109–13. 

5. Peloquin CA, et al. Pharmacokinetics of rifampin under fasting
conditions, with food, and with antacids. Chest 1999; 115:
12–18. Correction. ibid.; 1485.

Uses and Administration
Rifampicin belongs to the rifamycin group of antimy-
cobacterials (p.159) and is used in the treatment of var-
ious infections due to mycobacteria and other suscepti-
ble organisms (see Antimicrobial Action, above). It is
usually given with other antibacterials to prevent the
emergence of resistant organisms. 
Rifampicin is used, mainly with isoniazid and pyrazi-
namide, as a component of multidrug regimens for the
treatment of tuberculosis, and with dapsone and clofaz-
imine in the treatment of leprosy. For the treatment of
nontuberculous mycobacterial infections it is usually
used with clarithromycin and ethambutol as part of a
multidrug regimen. 
Other uses include the treatment of brucellosis, Le-
gionnaires’ disease, mycetoma, penicillin-resistant
pneumococcal meningitis, Q-fever, and various sta-
phylococcal infections, including endocarditis. Ri-
fampicin is used for the prophylaxis of epiglottitis and
meningitis due to Haemophilus influenzae and for
meningococcal meningitis. It is also used for the erad-
ication of pharyngeal streptococcal carriage in pharyn-
gitis, to reduce staphylococcal carriage, and to elimi-
nate the carrier states for meningococcal and H.
influenzae meningitis. It may be used as part of a multi-
drug regimen for the treatment of inhalation and gas-
trointestinal anthrax. For discussions of all these infec-
tions and their treatment, see under Choice of
Antibacterial, p.162. 
The usual oral adult dose of rifampicin is 8 to 12 mg/kg
(to a maximum of 600 mg) daily, preferably on an
empty stomach, or the same dose by intravenous infu-
sion as the base or the sodium salt; higher doses are
sometimes used (see below). 
Rifampicin is given in the initial and continuation
phases of short-course tuberculosis regimens (p.196)

with other antimycobacterials. Rifampicin is given
orally on an empty stomach in adult doses of 10 mg/kg
(maximum 600 mg) daily or two or three times weekly.
(WHO does not recommend twice-weekly regimens as
there is an increased risk of treatment failure if one of
the doses are missed.) Alternatively, doses may be ex-
pressed as follows: with daily use, adults weighing less
than 50 kg receive 450 mg and those over 50 kg re-
ceive 600 mg; with intermittent use, adults receive 600
to 900 mg three times weekly. The maximum recom-
mended dose is considered to be 900 mg because a
greater incidence of adverse effects is associated with
doses above 900 mg. 
For the treatment of latent tuberculosis oral rifampicin
10 mg/kg (to a maximum dose of 600 mg) may be giv-
en once daily with isoniazid for 3 months. If the contact
is infected with isoniazid-resistant tuberculosis then ri-
fampicin monotherapy may be given daily for 4 to 6
months. 
In leprosy regimens (p.176), rifampicin is usually giv-
en with dapsone for paucibacillary leprosy, and with
dapsone and clofazimine for multibacillary leprosy.
WHO recommends that rifampicin is given once
monthly in a usual oral adult dose of 600 mg. Single-
dose treatment with rifampicin, ofloxacin, and minoc-
ycline may be an alternative in patients with single-le-
sion paucibacillary leprosy. 
In the treatment of brucellosis, Legionnaires’ disease,
and serious staphylococcal infections a dose of 600 to
1200 mg daily, orally or by intravenous infusion, in di-
vided doses has been recommended in combination
with other antibacterials. 
For prophylaxis against meningococcal meningitis
and the treatment of meningococcal carriers, ri-
fampicin is usually given in an oral dose of 600 mg
twice daily for 2 days. For prophylaxis against menin-
gitis due to Haemophilus influenzae, an oral dose of
20 mg/kg once daily (to a maximum dose of 600 mg
daily) for 4 days is given to adults. 
For details of doses in infants, children, and adoles-
cents, see below. 
Fixed-dose combination products for antimycobacteri-
al therapy have been developed in order to improve pa-
tient compliance and avoid monotherapy, thereby de-
creasing the risk of acquired drug resistance.
Combination products containing rifampicin with iso-
niazid, isoniazid and pyrazinamide, isoniazid and
ethambutol, and isoniazid, ethambutol, and pyrazina-
mide are available in some countries. 
Doses of rifampicin should be reduced in patients with
hepatic impairment (see below).
Administration in children. For the treatment of tuberculo-
sis in infants, children, and adolescents the American Academy
of Pediatrics (AAP) suggests a dose of rifampicin of 10 to
20 mg/kg (to a maximum of 600 mg) daily or twice weekly by
mouth, for both the initial and continuation phases. For children
1 month and older the BNFC suggests a dose of 10 mg/kg once
daily or 15 mg/kg (to a maximum of 900 mg) three times a week
by mouth; while WHO recommends 8 to 12 mg/kg (to a maxi-
mum of 600 mg) once daily or two or three times a week. 
For the treatment of latent tuberculosis the BNFC suggests that
children 1 month and older are given rifampicin 10 mg/kg (to a
maximum of 600 mg) once daily by mouth with isoniazid for 3
months. If the contact is infected with isoniazid-resistant tuber-
culosis then rifampicin monotherapy should be given daily for 6
months. The AAP, however, suggest rifampicin 10 to 20 mg/kg
daily by mouth for 6 months. 
In the treatment of tuberculosis and latent tuberculosis the BNFC
suggests a maximum dose of rifampicin of 450 mg daily for chil-
dren weighing less than 50 kg. 
In leprosy regimens rifampicin is usually given with dapsone for
the treatment of paucibacillary leprosy, and with dapsone and
clofazimine for the treatment of multibacillary leprosy. WHO
recommends that rifampicin is given once monthly in a dose of
450 mg by mouth to children 10 years of age and older. 
In the treatment of brucellosis, Legionnaires’ disease, and seri-
ous staphylococcal infections doses recommended by the
BNFC are 5 to 10 mg/kg twice daily in neonates and infants up
to 12 months of age, and 10 mg/kg in those older than one year
of age. Doses are given by mouth or intravenous infusion and in
combination with other antibacterials. 
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For prophylaxis against meningococcal meningitis the AAP rec-
ommends infants less then 1 month old are given 5 mg/kg, while
infants and children aged 1 month or more are given 10 mg/kg
(to a maximum of 600 mg), both twice daily by mouth for 2 days.
The BNFC recommends doses of 5 mg/kg for neonates and in-
fants up to 12 months of age and 10 mg/kg for children between
1 and 12 years of age, each twice daily by mouth for 2 days. 
For prophylaxis against meningitis due to Haemophilus influen-
zae the AAP recommends infants less then 1 month old are given
10 mg/kg once daily by mouth for 4 days, while the BNFC sug-
gests that this dose should be given to infants aged 1 to 3 months.
For older infants and children both the AAP and the BNFC rec-
ommend a dose of 20 mg/kg (to a maximum of 600 mg) once
daily by mouth for 4 days.
Administration in hepatic impairment. Reduced doses of
rifampicin are recommended for patients with hepatic impair-
ment and a maximum of 8 mg/kg daily has been suggested. See
also Precautions, above.
Ehrlichiosis. Beneficial responses to rifampicin have been
reported1 in 2 pregnant women with human granulocytic ana-
plasmosis (see Ehrlichiosis, p.168), in whom the usual treatment
with a tetracycline was contra-indicated.
1. Buitrago MI, et al. Human granulocytic ehrlichiosis during preg-

nancy treated successfully with rifampin. Clin Infect Dis 1998;
27: 213–15.

Meningitis prophylaxis. HAEMOPHILUS INFLUENZAE MENIN-

GITIS PROPHYLAXIS. Meningeal infection with Haemophilus
influenzae type b (Hib) in children is associated with substan-
tial morbidity, but the incidence has decreased since the intro-
duction of immunisation with H. influenzae type b vaccine.
Although a worldwide problem, the disease (p.178) and its
prophylaxis has been studied mainly in the USA, where it was
shown that children under 4 years of age formed the highest
risk group for primary infection while children under 2 years
of age formed the highest risk group for secondary infection.1
The goal of prophylaxis in close contacts is to eliminate car-
riage of the organism to prevent spread to young children.
Risk of infection to young children with recent household
contact to the primary case of infection with H. influenzae
type b is increased 600- to 800-fold,1,2 but only increased 20-
fold3 from day-care or school contact. The risk may be higher
when more than 1 index patient is identified. 
Rifampicin in doses of 20 mg/kg once daily for 4 days (maxi-
mum dose 600 mg) has been shown to eradicate Hib nasopha-
ryngeal carriage in at least 95% of contacts of the primary case.4
There is some evidence from a study involving 68 families of
patients with Hib infection that rifampicin 20 mg/kg daily for 2
days may be as effective as a 4-day course in eradicating Hib
pharyngeal colonisation.5 Rifampicin prophylaxis appears to be
successful in preventing infection in household contacts, but
benefit in school settings where there has been a single index
case has not been established.3 
Recommendations have been made for rifampicin prophylax-
is.6,7 The American Academy of Pediatrics (AAP) recommends6

that all household contacts be given rifampicin prophylaxis
where there is at least 1 contact person who is younger than 4
years of age who is not or incompletely immunised against Hib,
where there is an unimmunised child younger than 12 months of
age, or where there is an immunocompromised child (regardless
of vaccine status), in the household. Similar recommendations
have been made in the UK.7 The AAP6 also recommends ri-
fampicin prophylaxis when 2 or more cases of Hib disease have
occurred within 60 days in a day-care or school. In the UK,7
prophylaxis has been recommended for all room contacts when
2 or more cases of disease have occurred within 120 days. Ri-
fampicin prophylaxis is not recommended for pregnant women.6 
For recommended doses see Uses and Administration and Ad-
ministration in Children, above. 
Rifampicin should also be given to the primary case since treat-
ment of the infection does not eradicate nasopharyngeal car-
riage.2,6

1. Casto DT, Edwards DL. Preventing Haemophilus influenzae
type b disease. Clin Pharm 1985; 4: 637–48. 

2. Cartwright KAV, et al. Chemoprophylaxis for Haemophilus in-
fluenzae type b: rifampicin should be given to close contacts.
BMJ 1991; 302: 546–7. 

3. ASHP Commission on Therapeutics. ASHP therapeutic guide-
lines on nonsurgical antimicrobial prophylaxis. Clin Pharm
1990; 9: 423–45. 

4. Band JD, et al. Prevention of Hemophilus influenzae type b dis-
ease. JAMA 1984; 251: 2381–6. 

5. Green M, et al. Duration of rifampin chemoprophylaxis for con-
tacts of patients infected with Haemophilus influenzae type B.
Antimicrob Agents Chemother 1992; 36: 545–7. 

6. Pickering L, et al. eds. Red Book: 2006 Report of the Committee
on Infectious Diseases. 27th ed. Elk Grove Village, IL: American
Academy of Pediatrics, 2006. 

7. Department of Health. Immunisation Against Infectious Disease
2006: “The Green Book” Available at: http://www.dh.gov.uk/
en/Policyandguidance/Healthandsocialcaretopics/Greenbook/
DH_4097254 (accessed 05/10/07)

MENINGOCOCCAL MENINGITIS PROPHYLAXIS. Neisseria menin-
gitidis is an important cause of bacterial meningitis (p.178);
all age groups are at risk during epidemics but children are
usually at highest risk during endemic outbreaks. Vaccines
are available for meningococci groups A, C, Y, and W135 but

not usually for group B, therefore antimicrobial prophylaxis
remains important in preventing the spread of the disease. The
aim of prophylaxis is to eliminate nasopharyngeal carriage of
the organism. Sulfadiazine and minocycline are no longer
used because of resistance and adverse effects. The current
antibacterial of choice is rifampicin which should be given for
2 days (for doses see Uses and Administration and Adminis-
tration in Children, above). Alternatives include a single oral
dose of ciprofloxacin, ofloxacin, or azithromycin, or a single
intramuscular dose of ceftriaxone.1,2 Antibacterial prophylax-
is should be given as soon as possible to close contacts (ide-
ally within 24 hours of diagnosis of the index case). It is also
recommended for child care or nursery school contacts in the
USA,2 but is not usually advised for this group in the UK after
a single case.1 The index patient should also receive ri-
fampicin for 2 days before hospital discharge since treatment
with penicillin does not eliminate nasopharyngeal carriage.
1. PHLS, Public Health Medicine Environmental Group, Scottish

Centre for Infection and Environmental Health. Guidelines for
public health management of meningococcal disease in the UK.
Commun Dis Public Health 2002; 5: 187–204. Also available at:
h t tp : / /www.hpa .o rg .uk /cdph / i s sue s /CDPHvol5 /no3 /
Meningococcal_Guidelines.pdf (accessed 05/10/07) 

2. CDC. Recommendations of the Advisory Committee on Immu-
nization Practices (ACIP): prevention and control of meningo-
coccal disease. MMWR 2005; 54 (RR-7): 1–21. Also available
at: http://www.cdc.gov/mmwr/PDF/rr/rr5407.pdf (accessed
05/10/07)

Naegleria infections. For mention of the use of rifampicin in
primary amoebic meningoencephalitis, see p.822.

Preparations
BP 2008: Rifampicin Capsules; Rifampicin Oral Suspension; 
USP 31: Rifampin and Isoniazid Capsules; Rifampin Capsules; Rifampin for
Injection; Rifampin Oral Suspension; Rifampin, Isoniazid, and Pyrazinamide
Tablets; Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydrochloride
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Moxina; Pharmaceutix†; Rifadecina†; Rifadin; Austral.: Rifadin; Rimy-
cin; Austria: Eremfat; Rifoldin; Rimactan; Belg.: Rifadine; Braz.: Monicil;
Rifaldin; Rifamp; Canad.: Rifadin; Rofact; Chile: Rifaldin; Cz.: Arficin; Bene-
micin; Eremfat; Rifamor†; Tubocin†; Denm.: Rimactan; Fin.: Rimapen; Fr.:
Rifadine; Rimactan; Ger.: Eremfat; Rifa; Gr.: Rifadin; Rifaldin; Hong Kong:
Ricin; Rifadin; Rifasynt; Rimactane; Hung.: Rifamed; India: R-Cin; Rifacilin;
Rifacom E-Z; Rifamycin; Rimactane; Siticox; Indon.: Corifam; Famri; Lanarif;
Medirif; Merimac; Prolung; Ramicin; RIF; Rifabiotic; Rifacin; Rifamtibi; Rimac-
tane; Irl.: Rifadin; Rimactane; Israel: Rimactan; Ital.: Rifadin; Rifapiam†;
Malaysia: Ramfin†; Rifasynt; Rimactane; Mex.: Eurifam; Finamicina; Pes-
tarin; Rifadin; Rimactan; Turifam; Neth.: Rifadin; Rimactan†; Norw.:
Rimactan; NZ: Rifadin; Philipp.: Crisarfam; Fampisec; Framacin; Medifam;
Natricin; Odifam; Refam; Rexilan; Ricyn; Rifadin; Rifamax; Rimactane;
Rimaped; Riprocin; Port.: Rifadin; Rifex; Rimactan; Rus.: Benemicin
(Бенемицин); S.Afr.: Rifadin†; Rimactane; Singapore: Rimactane†; Spain:
Rifagen†; Rifaldin; Rimactan; Swed.: Rifadin; Rimactan; Switz.: Rimactan;
Thai.: Manorifcin; Myrin-P; Myrin†; Ramfin†; Rampicin†; Ricin; Rifadin; Rif-
agen; Rifam; Rifam-P†; Rifamcin; Rifasynt†; Rimactane; Rimecin; Turk.: Rifa-
din; Rifcap; Rifex; UK: Rifadin; Rimactane; USA: Rifadin; Rimactane; Venez.:
Fampiz†; Rifadin; Rimactan.

Multi-ingredient: Arg.: Bacifim; Rifaprim; Rifinah; Risoniac†; Ritroprim†;
Austria: Rifater; Rifoldin INH; Braz.: Isoniaton; Canad.: Rifater; Denm.:
Rimactazid; Rimstar; Fin.: Rimactazid; Rimstar; Fr.: Rifater; Rifinah; Ger.:
Iso-Eremfat; Rifater; Rifinah; tebesium Duo; tebesium Trio; Gr.: Oboliz; Ri-
fater; Rifinah; Rimactazid; Hong Kong: Rifater; Rifinah; Hung.: Rifazid; In-
dia: Akt-3; Akt-4; Arzide; Bicox-E†; Coxina-3; Coxina-4; Coxinex; Cx-3;
Cx-4; Cx-5; Gocox Compound; Gocox-3; Gocox-4†; Ipcacin Kid; Isorifam;
R-Cinex; R-Cinex Z; RHZ; RHZ-Plus; Rifa; Rifa E; Rifacomb Plus†; Rifa-
comb†; Rimactazid + Z; Rimpazid; Siticox-INH; Tibirim INH; Tricox; Wok-
ex-2; Wokex-3; Wokex-4; Xeed-2; Xeed-3E; Xeed-4; Indon.: Ramicin-
ISO; Rimactazid; Rimcure; Rimstar; Irl.: Rifater; Rifinah; Rimactazid; Ital.:
Rifater; Rifinah; Malaysia: Rimactazid; Rimcure; Mex.: Arpisen; Finater; Fi-
nateramida; Isonid†; Rifaprim; Rifater; Rifinah; Neth.: Rifinah; NZ: Rifinah;
Philipp.: 4D; Bifix; CombiKids; CombiPack; Continukit; Continukit Plus;
Continupack; Econokit; Econokit-MDR; Econopack; Fixcom 3; Fixcom 4;
Kidz Kit 2; Kidz Kit 3; Myrin; Myrin-P; Quadtab; Refam Duo; Refam Pedia Kit;
Rifater; Rifinah; Rifzin; Rimactazid; Rimcure; Rimstar; SVM-Polypac-A; Tres;
Triofix; Tritab; Viper; Pol.: Rifamazid; Port.: Rifater; Rifinah; Rus.: Isocomb
(Изокомб); Repin B  (Репин В ); Rifacomb (Рифакомб); Rifacomb Plus
(Рифакомб Плюс); Rimactazid (Римактазид); Rimecure 3-FDC (Римкур 3-
ФДС); Rimstar 4-FDC (Римстар 4-ФДС); S.Afr.: Myrin Plus†; Myrin†; Ri-
fafour ; Rifater ; Rifinah; Rimactazid; Rimcure; Rimstar ; Singapore:
Rimactazid; Spain: Rifater; Rifazida†; Rifinah; Rimactazid; Rimcure; Rimstar;
Tisobrif; Swed.: Rimactazid; Rimcure; Rimstar ; Switz.: Rifater ; Rifinah;
Thai.: Rifafour; Rifampyzid; Rifater; Rifinah; Rimactazid; Rimcure 3-FDC;
Rimstar; UK: Rifater; Rifinah; Rimactazid†; USA: IsonaRif; Rifamate; Rifater;
Venez.: Rimactazid; Rimcure.

Rifamycin Sodium (BANM, rINNM)

M-14 (rifamycin); Natrii Rifamycinum; Rifamicina sódica; Ri-
famicin-nátrium; Rifamicino natrio druska; Rifamycin sodná sůl;
Rifamycin SV Sodium; Rifamycine sodique; Rifamycinnatrium; Ri-
famycinum natricum; Rifamysiininatrium; Ryfamycinum Natricum;
Ryfamycyna sodowa. Sodium (12Z,14E,24E)-(2S,16S,17S,18R,19R,-
20R,21S,22R,23S)-21-acetoxy-1,2-dihydro-6,9,17,19-tetra-
hydroxy-23-methoxy-2,4,12,16,18,20,22-heptamethyl-1,11-dioxo-
2,7-(epoxypentadeca-1,11,13-trienimino)-naphtho-[2,1-b]furan-
5-olate.
Натрий Рифамицин
C37H46NNaO12 = 719.8.
CAS — 6998-60-3 (r ifamycin); 14897-39-3 (r ifamycin so-
dium); 15105-92-7 (r ifamycin sodium).
ATC — J04AB03; S01AA16; S02AA12.
ATC Vet — QJ04AB03; QS01AA16; QS02AA12.

(r ifamycin SV)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Rifamycin Sodium). The monosodium salt of ri-
famycin SV, a substance obtained by chemical transformation of
rifamycin B which is produced during growth of certain strains
of Amycolatopsis mediterranei. Rifamycin SV may also be ob-
tained directly from certain mutants of A. mediterranei. The po-
tency is not less than 900 units/mg calculated with reference to
the anhydrous substance. A red, fine or slightly granular powder.
Soluble in water; freely soluble in dehydrated alcohol. A 5% so-
lution in water has a pH of 6.5 to 8.0. Store in airtight containers
at a temperature of 2° to 8°. Protect from light.
Adverse Effects and Precautions
Some gastrointestinal adverse effects have occurred after injec-
tions of rifamycin. High doses may produce alterations in liver
function. Hypersensitivity reactions including rashes, pruritus,
and anaphylaxis have occurred rarely, but prolonged use increas-
es the risk of sensitisation. A reddish coloration of the urine and
other body fluids has been reported. Rifamycin should be used
with care in patients with hepatic dysfunction.
Antimicrobial Action
Rifamycin has similar antimicrobial actions to those of ri-
fampicin (p.327).
Pharmacokinetics
Rifamycin is not effectively absorbed from the gastrointestinal
tract. Plasma concentrations of 2 micrograms/mL have been
achieved 2 hours after a dose of 250 mg by intramuscular injec-
tion; concentrations of about 11 micrograms/mL have been
achieved 2 hours after an intravenous dose of 500 mg. Rifamycin
is about 80% bound to plasma proteins and has a plasma half-life
of about 1 hour. 
Rifamycin is excreted mainly in the bile and only small amounts
appear in the urine.
Uses and Administration
Rifamycin is a rifamycin antibacterial that has been used in the
treatment of infections caused by susceptible organisms includ-
ing Gram-positive organisms such as staphylococci. It has been
given as the sodium salt by intramuscular injection and by slow
intravenous infusion and is also given by local instillation and
topical application.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Plusderm ATB†; Rifocina; Austria: Rifocin; Belg.: Rifocine; Braz.: Ri-
fan; Rifocina; Fr.: Otofa; Ital.: Rifocin; Mex.: Rifocyna; Port.: Rifocina; Rus.:
Otofa (Отофа); Switz.: Otofa; Turk.: Rif; Rifocin; Venez.: Rifocina.
Multi-ingredient: Braz.: Rifocort.

Rifapentine (BAN, USAN, rINN)

DL-473; DL-473-IT; L-11473; MDL-473; Rifapentina; Rifapenti-
num. 3-[N-(4-Cyclopentyl-1-piperazinyl)formimidoyl]rifamycin.
Рифапентин
C47H64N4O12 = 877.0.
CAS — 61379-65-5.
ATC — J04AB05.
ATC Vet — QJ04AB05.

O

CH3
O

CH3
OH OH

NH

O

CH3

OH

CH3

HO

H3CO

O
CH3

OH

CH3

CH3

O

H3C

O

O
OH

NH

OH
CH3

OH

CH3

HO

CH3

H3CO

O
CH3

CH3

CH3

O

O
OCH3

O

H3C

N
N

N

OH



330   Antibacterials
Adverse Effects
As for Rifampicin, p.325. 
A higher incidence of hyperuricaemia has been reported with ri-
fapentine than with rifampicin.
Precautions
As for Rifampicin, p.326. 
Rifapentine is only licensed for use in once- or twice-weekly reg-
imens, and should not be given to HIV-infected patients because
of potential interactions with HIV-protease inhibitors; an in-
creased risk of developing resistance to rifamycins with highly
intermittent (once- or twice-weekly) dosing regimens may occur
in these patients. 
Rifapentine is teratogenic in animals.
Interactions
As for Rifampicin, p.327. 
Enzyme induction studies have suggested that rifapentine is a
more potent inducer of cytochrome P450 isoenzymes than rifab-
utin, but less potent then rifampicin. It should not be used with
HIV-protease inhibitors because of the risk of developing resist-
ance, see Precautions, above.
Antimicrobial Action
As for Rifampicin, p.327. 
Cross-resistance is common between rifapentine and rifampicin
in Mycobacterium tuberculosis.
Antimycobacterial action. References.
1. Mor N, et al. Comparison of activities of rifapentine and ri-

fampin against Mycobacterium tuberculosis residing in human
macrophages. Antimicrob Agents Chemother 1995; 39: 2073–7. 

2. Vernon A, et al. Acquired rifamycin monoresistance in patients
with HIV-related tuberculosis treated with once-weekly rifapen-
tine and isoniazid. Lancet 1999; 353: 1843–7.

Pharmacokinetics
Rifapentine is absorbed after oral doses. Absorption is enhanced
by about 50% when rifapentine is taken with food. Peak plasma
concentrations are achieved 5 to 6 hours after a single dose of
600 mg and steady-state concentrations are achieved by day 10
during daily use. A half-life of about 13 hours has been reported.
Rifapentine undergoes nonoxidative metabolism and does not
induce its own metabolism. Rifapentine and its active metabolite
25-deacetylrifapentine are 98% and 93% bound to plasma pro-
teins, respectively. 
Rifapentine and 25-deacetylrifapentine are excreted mainly in
the faeces with a small amount appearing in the urine.
◊ References.
1. Keung ACF, et al. Pharmacokinetics of rifapentine in patients

with varying degrees of hepatic dysfunction. J Clin Pharmacol
1998; 38: 517–24. 

2. Keung AC-F, et al. Pharmacokinetics of rifapentine in subjects
seropositive for the human immunodeficiency virus: a phase I
study. Antimicrob Agents Chemother 1999; 43: 1230–3. 

3. Conte JE, et al. Single-dose intrapulmonary pharmacokinetics of
rifapentine in normal subjects. Antimicrob Agents Chemother
2000; 44: 985–90. 

4. Weiner M, et al. Pharmacokinetics of rifapentine at 600, 900, and
1,200 mg during once-weekly tuberculosis therapy. Am J Respir
Crit Care Med 2004; 169: 1191–7. 

5. Langdon G, et al. Population pharmacokinetics of rifapentine
and its primary desacetyl metabolite in South African tuberculo-
sis patients. Antimicrob Agents Chemother 2005; 49: 4429–36.

Uses and Administration
Rifapentine is a rifamycin antibacterial (see Rifampicin, p.325)
that is used, with other antimycobacterials, for the treatment of
tuberculosis (p.196). 
For drug-susceptible organisms rifapentine is given orally in a
dose of 600 mg twice weekly during the initial intensive phase of
short-course tuberculosis regimens, then once weekly during the
continuation phase.
◊ Reviews.
1. Jarvis B, Lamb HM. Rifapentine. Drugs 1998; 56: 607–16. 
2. Munsiff SS, et al. Rifapentine for the treatment of pulmonary

tuberculosis. Clin Infect Dis 2006; 43: 1468–75.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Priftin.

Rifaximin (USAN, rINN)

L-105; Rifaxidin; Rifaximina; Rifaximine; Rifaximinum.
(2S,16Z,18E,20S,21S,22R,23R,24R,25S,26S,27S,28E)-
5,6,21,23,25-Pentahydroxy-27-methoxy-2,4,11,16,20,22,24,26-
octamethyl-2,7-(epoxypentadeca[1,11,13]trienimino)benzo-
furo[4,5-e]pyrido[1,2-a]benzimidazole-1,15(2H)-dione 25-ace-
tate.

Рифаксимин
C43H51N3O11 = 785.9.
CAS — 80621-81-4.
ATC — A07AA11; D06AX11.
ATC Vet — QA07AA11; QD06AX11; QG51AA06;
QJ51XX01.

NOTE. The code L-105 has also been applied to the cephalosporin
cefuzonam.

Profile
Rifaximin is a rifamycin antibacterial with antimicrobial actions
similar to those of rifampicin in-vitro (p.327), but which is poorly
absorbed from the gastrointestinal tract, having a bioavailability
of about only 0.4%. Therefore, it does not have the usual adverse
effects or interactions of rifampicin. Hypersensitivity reactions,
including exfoliative dermatitis and angioneurotic oedema have
been reported. Rifaximin should not be given to patients with
travellers’ diarrhoea complicated by fever or blood in the stool. 
It has been licensed in the USA and some other countries for the
treatment of travellers’ diarrhoea caused by noninvasive strains
of Escherichia coli. It has also been tried for other gastrointesti-
nal disorders, including infectious diarrhoea in nontravellers, in-
flammatory bowel disease, abdominal distension, bloating, and
flatulence, small bowel bacterial overgrowth, diverticulitis,
Crohn’s disease, for surgical infection prophylaxis, and hepatic
encephalopathy (p.1697). 
For the treatment of travellers’ diarrhoea in those 12 years of age
and older, the recommended oral dose is 200 mg three times dai-
ly for 3 days. Doses given for other indications range from 600
to 1200 mg daily, in 2 to 4 divided doses. 
Rifaximin has also been used topically as a 5% ointment.

◊ References.
1. Gillis JC, Brogden RN. Rifaximin: a review of its antibacterial

activity, pharmacokinetic properties and therapeutic potential in
conditions mediated by gastrointestinal bacteria. Drugs 1995;
49: 467–84. 

2. DuPont HL, et al. Rifaximin versus ciprofloxacin for the treat-
ment of traveler’s diarrhea: a randomized, double-blind clinical
trial. Clin Infect Dis 2001; 33: 1807–15. 

3. Pakyz AL. Rifaximin: a new treatment for travelers’ diarrhea.
Ann Pharmacother 2005; 39: 284–9. 

4. Robins GW, Wellington K. Rifaximin: a review of its use in the
management of traveller ’s diarrhoea. Drugs 2005; 65:
1697–1713. 

5. Ericsson CD. Safety and tolerability of the antibacterial rifax-
imin in the treatment of travellers’ diarrhoea. Drug Safety 2006;
29: 201–7. 

6. Adachi JA, DuPont HL. Rifaximin: a novel nonabsorbed rifamy-
cin for gastrointestinal disorders. Clin Infect Dis 2006; 42:
541–7. Correction. ibid.; 896. [dose frequency] 

7. Pimentel M, et al. The effect of a nonabsorbed oral antibiotic
(rifaximin) on the symptoms of the irritable bowel syndrome: a
randomized trial. Ann Intern Med 2006; 145: 557–63. 

8. Fumi AL, Trexler K. Rifaximin treatment for symptoms of irri-
table bowel syndrome. Ann Pharmacother 2008; 42: 408–12.

Diverticular disease. Rifaximin may be used in the manage-
ment of diverticular disease (p.1695); for reference to its use in
combination with mesalazine see p.1747.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Normix; Gr.: Lormyx; Rifacol; Hung.: Normix; Ital.: Normix; Rifacol;
Mex.: Flonorm; Redactiv†; Pol.: Xifaxan; Port.: Flonorm; Spain: Spiraxin;
Zaxine; USA: Xifaxan.

Rokitamycin (rINN)

M-19-Q; 3′′-Propionyl-leucomycin A5; Rikamycin; Rokitamicina;
Rokitamycine; Rokitamycinum; TMS-19Q. [(4R,5S,6S,7R,9R,-
10R,11E,13E,16R)-7-(Formylmethyl)-4,10-dihydroxy-5-methoxy-
9,16-dimethyl-2-oxooxacyclohexadeca-11,13-dien-6-yl]-
3,6-dideoxy-4-O-(2,6-dideoxy-3-C-methyl-α-L-ribo-hexopyran-
osyl)-3-(dimethylamino)-β-D-glucopyranoside 4′′-butyrate
3′′-propionate.

Рокитамицин

C42H69NO15 = 828.0.
CAS — 74014-51-0.
ATC — J01FA12.
ATC Vet — QJ01FA12.

Pharmacopoeias. In Jpn.
Profile
Rokitamycin is a macrolide antibacterial with actions and uses
similar to those of erythromycin (p.269). It has been given orally
in usual doses of 400 mg twice daily in the treatment of suscep-
tible infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Paidocin; Rokital.

Rolitetracycline (BAN, USAN, rINN)

PMT; Pyrrolidinomethyltetracycline; Rolitetraciclina; Rolitétracy-
cline; Rolitetracyclinum; Rolitetracyklin; Rolitetrasykliini; SQ-
15659. N2-(Pyrrolidin-1-ylmethyl)tetracycline.
Ролитетрациклин
C27H33N3O8 = 527.6.
CAS — 751-97-3.
ATC — J01AA09.
ATC Vet — QJ01AA09.

Profile
Rolitetracycline is a tetracycline derivative with general proper-
ties similar to those of tetracycline (p.347). It is included in some
topical eye preparations used for the treatment of susceptible in-
fections. It has also been given by injection, when it has been
associated with shivering and, more rarely, rigor, due to a Jarisch-
Herxheimer reaction. Injection has also been followed by a pecu-
liar taste sensation, often similar to ether.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Eubetal Biotic†; Ital.: Colbiocin; Eubetal Antibi-
otico; Vitecaf; Rus.: Colbiocin (Колбиоцин).

Rosoxacin (BAN, USAN, rINN)

Acrosoxacin; Rosoksasiini; Rosoxacine; Rosoxacino; Rosoxaci-
num; Win-35213. 1-Ethyl-1,4-dihydro-4-oxo-7-(4-pyridyl)quino-
line-3-carboxylic acid.
Розоксацин
C17H14N2O3 = 294.3.
CAS — 40034-42-2.
ATC — J01MB01.
ATC Vet — QJ01MB01.

Adverse Effects and Precautions
As for Nalidixic Acid, p.304. 
Dizziness, drowsiness, and visual disturbances occur relatively
frequently, and patients should be advised not to drive or operate
machinery if affected.
Uses and Administration
Rosoxacin is a 4-quinolone antibacterial with actions similar to
those of nalidixic acid (p.304). It is active against Neisseria gon-
orrhoeae and has been given as single-dose oral treatment for
gonorrhoea. It has also been used in the treatment of urinary-tract
infections.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Eradacil; Mex.: Eradacil; Port.: Eradacil†.

Roxithromycin (USAN, rINN)

Roksitromicinas; Roksitromisin; Roksitromysiini; Roxithromycine;
Roxithromycinum; Roxitromicin; Roxitromicina; Roxitromycin;
RU-965; RU-28965. Erythromycin 9-{O-[(2-methoxyethoxy)-
methyl]oxime}.

Рокситромицин
C41H76N2O15 = 837.0.

CAS — 80214-83-1.
ATC — J01FA06.
ATC Vet — QJ01FA06.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Roxithromycin). A white or almost white, crystal-
line powder. It exhibits polymorphism. Very slightly soluble in
water; freely soluble in alcohol, in acetone, and in dichlorometh-
ane; slightly soluble in dilute hydrochloric acid. Store in airtight
containers.

Adverse Effects and Precautions
As for Erythromycin, p.270. 
Gastrointestinal disturbances are the most frequent ad-
verse effect, but are less frequent than with erythromy-
cin. 
The dose of roxithromycin may need to be reduced in
patients with hepatic or renal impairment.
Effects on the kidneys. Acute interstitial nephritis has been
reported1 in a patient given roxithromycin; renal function im-
proved over several days after the drug was stopped.
1. Akcay A, et al. Acute renal failure and hepatotoxicity associated

with roxithromycin. Ann Pharmacother 2004; 38: 721–2.

Effects on the lungs. Acute eosinophilic pneumonia was at-
tributed in a patient to the use of roxithromycin.1 The condition
resolved after treatment with methylprednisolone.
1. Pérez-Castrillón JL, et al. Roxithromycin-induced eosinophilic

pneumonia. Ann Pharmacother 2002; 36: 1808–9.

Effects on the pancreas. Acute pancreatitis, with duodenal
inflammation, pain, pancreatic enlargement, and raised serum-
amylase developed in a patient within 24 hours of substituting
roxithromycin for erythromycin ethyl succinate.1 Symptoms re-
solved rapidly once roxithromycin was stopped.
1. Souweine B, et al. Acute pancreatitis associated with roxithro-

mycin therapy. DICP Ann Pharmacother 1991; 25: 1137.

Eosinophilia. For a report of an eosinophilic syndrome in a pa-
tient after treatment with azithromycin or roxithromycin, see
Azithromycin, p.207. See also under Effects on the Lungs,
above.

Interactions
For a discussion of drug interactions of macrolide anti-
bacterials, see Erythromycin, p.271. 
Roxithromycin has a much lower affinity for cyto-
chrome P450 isoenzymes than erythromycin and
therefore has fewer interactions. It does not appear to
interact with antacids, carbamazepine, oral contracep-
tives, prednisolone, or ranitidine.

Antimicrobial Action
As for Erythromycin, p.271. It is reported to be as ac-
tive or slightly less active than erythromycin.

Pharmacokinetics
Roxithromycin is absorbed after oral doses with a bio-
availability of about 50%. Peak plasma concentrations
of about 6 to 8 micrograms/mL occur around 2 hours
after a single dose of 150 mg. The mean peak plasma
concentration at steady state after a dose of 150 mg
twice daily is 9.3 micrograms/mL. Absorption is re-
duced when taken after a meal. It is widely distributed
into tissues and body fluids; high concentrations are
taken up into white blood cells. Small amounts of rox-
ithromycin are distributed into breast milk. It is about
96% bound to plasma proteins (mainly α1-acid glyco-
protein) at trough concentrations, but binding is satura-
ble, and only about 87% is bound at usual peak concen-
trations. Small amounts of roxithromycin are
metabolised in the liver, and the majority of a dose is
excreted in the faeces as unchanged drug and metabo-
lites; about 7 to 10% is excreted in urine, and up to 15%
via the lungs. The elimination half-life is reported to
range from about 8 to 13 hours, but may be more pro-
longed in patients with hepatic or renal impairment and
in children. It has been reported that roxithromycin is
not substantially removed by peritoneal dialysis.
◊ References.
1. Puri SK, Lassman HB. Roxithromycin: a pharmacokinetic re-

view of a macrolide. J Antimicrob Chemother 1987; 20 (suppl
B): 89–100.

Uses and Administration
Roxithromycin is a macrolide antibacterial with ac-
tions and uses similar to those of erythromycin (p.272).
It is given orally to adults in a usual dose of 150 mg
twice daily or sometimes 300 mg once daily, at least 15
minutes before meals, for 5 to 10 days in the treatment
of susceptible infections. 
Dosage may need to be modified in patients with he-
patic or renal impairment (see below). 
For doses in infants and children, see below.
◊ References.
1. Williams JD, Sefton AM. Comparison of macrolide antibiotics.

J Antimicrob Chemother 1993; 31 (suppl C): 11–26. 
2. Markham A, Faulds D. Roxithromycin: an update of its antimi-

crobial activity, pharmacokinetic properties and therapeutic use.
Drugs 1994; 48: 297–326. 

3. Young LS, Lode H, eds. Roxithromycin: first of a new genera-
tion of macrolides: update and perspectives. Infection 1995; 23
(suppl 1): S1–S52. 

4. Lovering AM, et al., eds. Roxithromycin—additional therapeu-
tic potential. J Antimicrob Chemother 1998; 41 (suppl B): 1–97.

Administration in children. In children weighing from 6 up
to 40 kg a dose of 5 to 8 mg/kg daily of roxithromycin may be
used.
Administration in hepatic impairment. The licensed prod-
uct information for roxithromycin notes that safety in hepatic im-
pairment has not been established and advises halving the usual
daily dose (see above) if used.
Administration in renal impairment. The licensed product
information for roxithromycin notes that safety in renal impair-
ment has not been established and dosage adjustment details are
not specified. 
A pharmacokinetic study1 in 20 subjects (10 with normal renal
function and 10 with severely impaired function) suggested that
doubling the dosage interval of roxithromycin would be suitable
in those with a creatinine clearance of less than 15 mL/minute.
1. Halstenson CE, et al. Disposition of roxithromycin in patients

with normal and severely impaired renal function. Antimicrob
Agents Chemother 1990; 34: 385–9.

Hyperplasia. Gingival hyperplasia is a well recognised adverse
effect of ciclosporin treatment; a small study1 indicated that rox-
ithromycin could reduce overgrowth, possibly by an effect on
transforming growth factor-β. For the use of another macrolide,
azithromycin, for this indication see Hyperplasia, p.1824.
1. Condé SAP, et al. Roxithromycin reduces cyclosporine-induced

gingival hyperplasia in renal transplant patients. Transplant Proc
2008; 40: 1435–8.

Ischaemic heart disease. For mention of studies investigat-
ing roxithromycin in the prevention of ischaemic heart disease,
see under Azithromycin, p.208.
Respiratory disorders. For reference to the use of roxithro-
mycin in the management of respiratory disorders, see under
Erythromycin, p.273.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Anuar†; Delos; Klomicina; Rulid; Sinurit†; Austral.: Biaxsig; Roxar;
Roximycin; Rulide; Austria: Roxithrostad; Rulide; Belg.: Claramid†;
Docroxithro; Rulid; Braz.: Floxid; Rotram; Roxid†; Roxina; Roxitran; Rox-

itricina†; Roxitrom; Roxitromin†; Rulid; Chile: Ramivan; Cz.: Rovenal†;
Rulid†; Denm.: Forilin†; Forimycin; Roximstad; Surlid; Fin.: Roxibion; Surlid;
Fr.: Claramid; Rulid; Subroxine; Ger.: Infectoroxit; Romyk†; Roxi; Roxi-
paed†; Roxi-Puren; Roxi-Q; Roxi-saar; Roxibeta; Roxidura; Roxigamma;
Roxigrun; RoxiHefa; RoxiHexal; Roxiklinge†; Roxithro-Lich; Rulid; Gr.:
Acevor; Anti-Bio; Aristomycin; Asmetic; Azuril; Bazuctril; Bicofen; Delitrox-
in; Erybros; Macrolid-S; Neo-Suxigal; Nirox; Oxetine; Redotrin; Roxibron;
Roxicillin; Roximin; Roxitazon; Roxivinol; Roxy-Due; Roxyspes; Rulid; Seide;
Siguon; Thriostaxil; Tirabicin; Toscamycin-R; Uramilon; Vaselpin; Vomitoran;
Hong Kong: Roxicin; Rudin; Rulid; Uonin; Hung.: Renicin; Rulid; India:
Biorox; Roxee; Roxem; Roxeptin; Roxibid; Roxid; Roxivista; Roxyrol; Uno-
rox†; Indon.: Anbiolid; Biostatik; Ixor; Rolexit; Rulid; Ruxcine; Simacron;
Sitro; Uplores; Xorin; Israel: Roxo; Rulid; Ital.: Assoral; Overal; Rossitrol;
Rulid; Malaysia: Roxcin; Roxinox; Rulid; Uonin; Mex.: Crolix; Kensodic;
Rulid; Sertrom; Neth.: Rulide; NZ: Romicin; Philipp.: Macrol; Marulide;
Rulid; Ruthison; Thromyn; Pol.: Renicin; Rolicyn; Roxiratio; Roxitron; Rulid;
Xitrocin; Port.: Inferoxin; Odonticina; Roxitron; Rulide; Rus.: Elrox
(Элрокс); Roxeptin (Роксептин); Roxihexal (Роксигексал); Roxylor
(Роксилор); Rulid (Рулид); S.Afr.: Roxulide; Roxxibid; Rulide; Throsyn; Sin-
gapore: Roxid; Rulid†; Spain: Macrosil; Rotramin; Rulide; Swed.: Surlid;
Switz.: Rulid; Thai.: Ammirox; Eroxade; Poliroxin; Rothricin; Roxcin; Rox-
icin; Roxilan; Roximin; Roxithro; Roxithroxyl; Roxitin; Roxitop; Roxlecon;
Roxomycin; Roxthomed; Roxthrin; Roxto; Roxtrocin; Roxy; Roxydin; Rucin;
Rulid; Uonin; Utolid; Vesthromycin; Turk.: Remora; Ritosin; Roksimin;
Roksolit; Rulid; Venez.: Rancolid†; Roxicure; Roxitrol; Rulid.
Multi-ingredient: India: Roxeptin-ME.

Rufloxacin Hydrochloride (BANM, rINNM)

Hidrocloruro de rufloxacino; MF-934 (rufloxacin); Rufloxacine,
Chlorhydrate de; Rufloxacini Hydrochloridum. 9-Fluoro-2,3-di-
hydro-10-[4-methylpiperazin-1-yl]-7-oxo-7H-pyrido[1,2,3-de]-
1,4-benzothiazine-6-carboxylic acid hydrochloride.
Руфлоксацина Гидрохлорид
C17H18FN3-O3S,HCl = 399.9.
CAS — 101363-10-4 (rufloxacin); 106017-08-7 (ru-
floxacin hydrochloride).
ATC — J01MA10.
ATC Vet — QJ01MA10.

(rufloxacin)

Profile
Rufloxacin is a fluoroquinolone antibacterial with properties
similar to those of ciprofloxacin (p.243). It is given orally as the
hydrochloride in the treatment of susceptible infections in a usual
initial dose of 400 mg on the first day followed by 200 mg daily
thereafter. A plasma half-life of 30 hours or more has been re-
ported.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Monos; Qari; Tebraxin; Mex.: Uroflox; Philipp.: Uroclar; Thai.:
Uroflox.

Sarafloxacin Hydrochloride (BANM, USAN, rINNM)

A-57135 (sarafloxacin); A-56620 (sarafloxacin or sarafloxacin hy-
drochloride); Abbott-56620 (sarafloxacin or sarafloxacin hydro-
chloride); Hidrocloruro de sarafloxacino; Sarafloxacine, Chlorhy-
drate de; Sarafloxacini Hydrochloridum.
Сарафлоксацина Гидрохлорид
C20H17F2N3O3,HCl = 421.8.
CAS — 98105-99-8 (sarafloxacin); 91296-87-6 (sara-
floxacin hydrochloride).

(sarafloxacin)

Profile
Sarafloxacin is a fluoroquinolone antibacterial that has been used
as the hydrochloride in veterinary medicine.
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Sisomicin Sulfate (USAN, rINNM)

Antibiotic 6640 (sisomicin); Rickamicin Sulphate; Sch-13475 (sis-
omicin); Sisomicin Sulphate (BANM); Sisomicine, Sulfate de; Sis-
omicini Sulfas; Sissomicin Sulphate; Sulfato de sisomicina. 4-O-
[(2R,3R)-cis-3-Amino-6-aminomethyl-3,4-dihydro-2H-pyran-2-
yl]-2-deoxy-6-O-(3-deoxy-4-C-methyl-3-methylamino-β-L-arab-
inopyranosyl)streptamine sulphate; 2-Deoxy-6-O-(3-deoxy-4-C-
methyl-3-methylamino-β-L-arabinopyranosyl)-4-O-(2,6-diamino-
2,3,4,6-tetradeoxy-D-glycero-hex-4-enopyranosyl)streptamine
sulphate.

Сизомицина Сульфат
(C19H37N5O7)2,5H2SO4 = 1385.4.
CAS — 32385-11-8 (sisomicin); 53179-09-2 (sisomicin
sulfate).
ATC — J01GB08.
ATC Vet — QJ01GB08.

Pharmacopoeias. In Chin., Jpn, and US. 
USP 31 (Sisomicin Sulfate). It loses not more than 15% of its
weight on drying. 1 mg of sisomicin sulfate has a potency equiv-
alent to not less than 580 micrograms of sisomicin calculated on
the dried basis. A 4% solution in water of sisomicin has a pH of
3.5 to 5.5. Store in airtight containers.

Profile
Sisomicin, an antibiotic produced by Micromonospora inyoensis
and closely related to gentamicin C1A, is an aminoglycoside with
general properties similar to those of gentamicin (p.282). It is
given as the sulfate but doses are expressed in terms of the base;
1.5 g of sisomicin sulfate is equivalent to about 1 g of sisomicin.
The usual dose for adults is 3 mg/kg daily given intramuscularly
in 2 or 3 divided doses. It may be given by intravenous infusion
if necessary.

Preparations
USP 31: Sisomicin Sulfate Injection.

Proprietary Preparations (details are given in Part 3)
India: Sisoptin; Ital.: Mensiso†.

Sitafloxacin (USAN, rINN)

DU-6859 (anhydrous sitafloxacin); DU-6859a (sitafloxacin ses-
quihydrate); Sitafloxacine; Sitafloxacino; Sitafloxacinum. (−)-7-
[(7S)-7-Amino-5-azaspiro[2.4]hept-5-yl]-8-chloro-6-fluoro-1-
[(1R,2S)-2-fluorocyclopropyl]-1,4-dihydro-4-oxo-3-quinolinecar-
boxylic acid.

Ситафлоксацин
C19H18ClF2N3O3 = 409.8.
CAS — 127254-12-0 (anhydrous sitafloxacin); 163253-
37-0 (sitafloxacin monohydrate); 163253-35-8 (sita-
floxacin sesquihydrate).

NOTE. Sitafloxacin exists in several hydration states; the name
sitafloxacin has been used to refer to both the anhydrous substance
and the sesquihydrate (C19H18ClF2N3O3,1 ⁄ H2O = 436.8); the
latter is known in Japan as sitafloxacin hydrate.

Profile
Sitafloxacin is a fluoroquinolone that is given orally in the treat-
ment of susceptible infections.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Gracevit.

Sparfloxacin (BAN, USAN, rINN)

AT-4140; CI-978; Esparfloxacino; PD-131501; RP-64206; Spar-
floksasiini; Sparfloxacine; Sparfloxacinum. 5-Amino-1-cyclopro-
pyl-7-(cis-3,5-dimethylpiperazin-1-yl)-6,8-difluoro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid.

Спарфлоксацин
C19H22F2N4O3 = 392.4.
CAS — 110871-86-8.
ATC — J01MA09.
ATC Vet — QJ01MA09.

Pharmacopoeias. In Chin.

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Concern over phototoxicity associated with sparfloxacin has led
to restriction of its use in some countries; patients should be ad-
vised to avoid exposure to sunlight during, and for a few days
after, sparfloxacin therapy, and to stop the drug immediately if
phototoxicity occurs.

Photosensitivity. In a survey1 of the reporting rate for photo-
toxicity associated with sparfloxacin in France, the manufacturer
or the French Pharmacovigilance System received 371 reports of
severe phototoxic reactions during the first 9 months after mar-
keting of the drug; this approximated to between 4 and 25 times
the rate reported for other fluoroquinolones.
1. Pierfitte C, et al. The link between sunshine and phototoxicity of

sparfloxacin. Br J Clin Pharmacol 2000; 49: 609–12.

Interactions
As for Ciprofloxacin, p.246. 
Sparfloxacin does not appear to interact with theophylline or caf-
feine, nor with warfarin or cimetidine. Probenecid does not alter
the pharmacokinetics of sparfloxacin.

Antimicrobial Action
As for Ciprofloxacin, p.246. 
Sparfloxacin is reported to be more active in vitro than cipro-
floxacin against mycobacteria and against Gram-positive bacte-
ria, including Streptococcus pneumoniae and other streptococci
and staphylococci.

Pharmacokinetics
Sparfloxacin is well absorbed from the gastrointestinal tract with
a bioavailability of about 90%. Peak plasma concentrations oc-
cur 3 to 6 hours after a dose. Sparfloxacin is widely distributed
into body tissues and fluids, including respiratory tissues, but is
only about 45% bound to plasma proteins. It is metabolised in the
liver by glucuronidation and has an elimination half-life of about
20 hours. It is excreted in equal amounts in the faeces and urine
as unchanged drug and as the glucuronide metabolite.

◊ References.
1. Shimada J, et al. Clinical pharmacokinetics of sparfloxacin. Clin

Pharmacokinet 1993; 25: 358–69.

Uses and Administration
Sparfloxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.247). It is given orally
for the treatment of susceptible infections in a usual dose of 100
to 300 mg in 1 or 2 divided doses daily. It has also been tried in
tuberculosis (see under Uses and Administration of Cipro-
floxacin, p.248).

◊ General references.
1. Finch RG, et al., eds. Sparfloxacin: focus on clinical perform-

ance. J Antimicrob Chemother 1996; 37 (suppl A): 1–167. 
2. Goa KL, et al. Sparfloxacin: a review of its antibacterial activity,

pharmacokinetic properties, clinical efficacy and tolerability in
lower respiratory tract infections. Drugs 1997; 53: 700–25. 

3. Martin SJ, et al. Levofloxacin and sparfloxacin: new quinolone
antibiotics. Ann Pharmacother 1998; 32: 320–36. 

4. Schentag JJ. Sparfloxacin: a review. Clin Ther 2000; 22: 372–87.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Zagam†; India: Scat; Sparbact; Sparcip; Spardac; Spardrops; Sparquin;
Sparvista; Sparx; Indon.: Newspar; Resflok; Sparos; Jpn: Spara; Rus.: Spar-
flo (Спарфло); USA: Zagam†.

Spectinomycin (BAN, rINN)

Actinospectacin; Espectinomicina; Spectinomycine; Spectinomy-
cinum; Spektinomycin; Spektinomysiini. Perhydro-4a,7,9-trihy-
droxy-2-methyl-6,8-bis(methylamino)pyrano[2,3-b][1,4]benzo-
dioxin-4-one.

Спектиномицин
C14H24N2O7 = 332.3.

CAS — 1695-77-8.
ATC — J01XX04.
ATC Vet — QJ01XX04.

Description. Spectinomycin is an antimicrobial substance pro-
duced by the growth of Streptomyces spectabilis or by any other
means.

Spectinomycin Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de espectinomicina; M-141; Spectinomycine, Chlo-
rhydrate de; Spectinomycine (dichlorhydrate de) pentahydraté;
Spectinomycini dihydrochloridum pentahydricum; Spectinomyci-
ni hydrochloridum; Spektinomicin-hidroklorid; Spektinomicino
hidrochloridas; Spektinomycin hydrochlorid; Spektinomycindihy-
drokloridpentahydrat; Spektinomysiinidihydrokloridipentahy-
draatti; Spektynomycyny chlorowodorek; Spektynomycyny
dichlorowodorek pięciowodny; U-18409AE. Spectinomycin di-
hydrochloride pentahydrate.
Спектиномицина Гидрохлорид
C14H24N2O7,2HCl,5H2O = 495.3.
CAS — 21736-83-4 (anhydrous spectinomycin hydrochlo-
r ide); 22189-32-8 (spectinomycin hydrochloride pentahy-
drate).
ATC — J01XX04.
ATC Vet — QJ01XX04.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Spectinomycin Dihydrochloride Pentahydrate). A
substance produced by Streptomyces spectabilis or by any other
means. A white or almost white, slightly hygroscopic, powder.
Freely soluble in water; very slightly soluble in alcohol. A 10%
solution in water has a pH of 3.8 to 5.6. Store in airtight contain-
ers. 
USP 31 (Spectinomycin Hydrochloride). A white to pale buff
crystalline powder. 1 mg of monograph substance has a potency
equivalent to not less than 603 micrograms of spectinomycin.
Freely soluble in water; practically insoluble in alcohol, in chlo-
roform, and in ether. A 1% solution in water has a pH of 3.8 to
5.6. Store in airtight containers.

Adverse Effects and Precautions
Nausea, dizziness, fever and chills, insomnia, and urti-
caria have occasionally occurred with single doses of
spectinomycin. Anaphylaxis has occurred rarely. Mild
to moderate pain has been reported after intramuscular
injections. Alterations in kidney and liver function and
a decrease in haemoglobin and haematocrit have occa-
sionally been seen with repeated doses. Although a re-
duction in urine output has been seen after single and
multiple doses, spectinomycin has not been noted to
produce functional changes indicative of nephrotoxic-
ity. 
Spectinomycin is ineffective in the treatment of syphi-
lis and patients being treated for gonorrhoea should be
observed for evidence of syphilis.

Interactions
Lithium. For the effect of spectinomycin on lithium, see Anti-
microbials, under Interactions of Lithium, p.404.

Antimicrobial Action
Spectinomycin is an aminocyclitol antibacterial that
acts by binding to the 30S subunit of the bacterial ri-
bosome and inhibiting protein synthesis. Its activity is
generally modest, particularly against Gram-positive
organisms. Anaerobic organisms are mostly resistant.
Various Gram-negative organisms are sensitive, in-
cluding many enterobacteria and also Haemophilus
ducreyi, and it is particularly effective against Neisse-
ria gonorrhoeae. Although generally bacteriostatic,
spectinomycin is bactericidal against susceptible gono-
cocci at concentrations not much above the MIC. 
Resistance may develop by chromosomal mutation or
may be plasmid-mediated in some organisms; resistant
gonococci have been reported clinically, notably in the
Far East, but in most parts of the world resistant neis-
serial strains have been uncommon to date.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
Spectinomycin is poorly absorbed orally but is rapidly
absorbed after the intramuscular injection of the hydro-
chloride. A 2-g dose produces peak plasma concentra-
tions of about 100 micrograms/mL at 1 hour while a
4-g dose produces peak concentrations of about
160 micrograms/mL at 2 hours. Therapeutic plasma
concentrations are maintained for up to 8 hours. Distri-
bution into saliva is poor (which limits its value in
pharyngeal gonorrhoea). It is poorly bound to plasma
proteins. Spectinomycin is excreted in an active form
in the urine and up to 100% of a dose has been recov-
ered within 48 hours. A half-life of about 1 to 3 hours
has been reported; it is prolonged in patients with renal
impairment. Spectinomycin is partially removed by di-
alysis.

Uses and Administration
Spectinomycin is used as an alternative to cepha-
losporins or fluoroquinolones in the treatment of gon-
orrhoea (p.191) although poor distribution into saliva
limits its usefulness in pharyngeal infections. It has
also been used in the treatment of chancroid (p.191). 

Spectinomycin is given as the hydrochloride but doses
are expressed in terms of the base. Spectinomycin hy-
drochloride 1.5 g is equivalent to about 1 g of spectin-
omycin. In the treatment of gonorrhoea it is given by
deep intramuscular injection as a single dose equiva-
lent to 2 g of spectinomycin, although a dose of 4 g
may sometimes be required, divided between two in-
jection sites. Multiple-dose courses have been used for
the treatment of disseminated infections. 

Spectinomycin is not effective against syphilis or
chlamydial infections and additional therapy for these
infections may also be needed. 

For details of doses in children, see below.

Administration in children. Parenteral spectinomycin is not
recommended in neonates because of the presence of benzyl al-
cohol, a preservative that has been associated with fatalities in
neonates due to the ‘gasping syndrome’ (see p.1632). 

For prophylaxis in neonates born to mothers with gonorrhoea
WHO recommends a single intramuscular dose of spectinomy-
cin 25 mg/kg (maximum 75 mg) as an alternative to ceftriaxone.
The CDC recommends spectinomycin as an alternative to cepha-
losporins in the treatment of uncomplicated gonorrhoea (p.191)
in children beyond the newborn period and weighing under
45 kg; a single intramuscular dose equivalent to 40 mg/kg of
spectinomycin may be given.

Preparations

USP 31: Spectinomycin for Injectable Suspension.

Proprietary Preparations (details are given in Part 3)

Arg.: Togamycin†; Austral.: Trobicin; Austria: Trobicin; Belg.: Trobicin;
Braz.: Trobicin†; Fr.: Trobicine; Ger.: Stanilo; Hong Kong: Kirin; Trobicin;
India: Spectin; Trobicin; Israel: Togamycin†; Ital.: Trobicin; Malaysia: Ki-
rin†; Mex.: Trobicin; Port.: Trobicin†; Rus.: Kirin (Кирин); Trobicin
(Тробицин)†; S.Afr.: Trobicin; Singapore: Trobicin; Spain: Kempi; Switz.:
Trobicin; Thai.: Trobicin; Vabicin; Venez.: Trobicin†.

Spiramycin (BAN, USAN, rINN)

Espiramicina; IL-5902; NSC-55926; NSC-64393 (spiramycin hy-
drochloride); RP-5337; Spiramicin; Spiramicinas; Spiramisin;
Spiramycine; Spiramycinum; Spiramysiini. A mixture comprised
principally of (4R,5S,6S,7R,9R,10R,16R)-(11E,13E)-6-[(O-2,6-
dideoxy-3-C-methyl-α-L-ribo-hexopyranosyl)-(1→4)-(3,6-dide-
oxy-3-dimethylamino-β-D-glucopyranosyl)oxy]-7-formylmethyl-
4-hydroxy-5-methoxy-9,16-dimethyl-10-[(2,3,4,6-tetradeoxy-4-
dimethylamino-D-erythro-hexopyranosyl)oxy]oxacyclohexade-
ca-11,13-dien-2-one (Spiramycin I).

Спирамицин

C43H74N2O14 = 843.1.

CAS — 8025-81-8.

ATC — J01FA02.

ATC Vet — QJ01FA02; QJ51FA02.

Pharmacopoeias. In Eur. (see p.vii). Also in BP (Vet). Jpn in-
cludes Acetylspiramycin. 
Ph. Eur. 6.2 (Spiramycin). A macrolide antibiotic produced by
the growth of certain strains of Streptomyces ambofaciens or ob-
tained by any other means. The potency is not less than
4100 units/mg, calculated with reference to the dried substance.
A white or slightly yellowish, slightly hygroscopic powder.
Slightly soluble in water; freely soluble in alcohol, in acetone,
and in methyl alcohol. A 0.5% solution in methyl alcohol and
water has a pH of 8.5 to 10.5. Store in airtight containers.
Adverse Effects and Precautions
As for Erythromycin, p.270. 
The most frequent adverse effects are gastrointestinal distur-
bances. Transient paraesthesia has been reported during
parenteral use.
Interactions
For a discussion of drug interactions of macrolide antibacterials,
see Erythromycin, p.271.
Cytochrome P450 isoenzymes. Spiramycin is reported to
have little or no effect on hepatic cytochrome P450 isoenzymes
and may therefore produce fewer interactions than erythromycin
with other drugs metabolised by this enzyme system (see Mech-
anism, under Interactions of Erythromycin, p.271). The lack of
interactions between spiramycin and theophylline and
ciclosporin would appear to support this. Nevertheless, a report
of torsade de pointes in a patient with a congenital long QT syn-
drome during treatment with spiramycin and mequitazine1 sug-
gests that caution is still needed. 
Reduced plasma concentrations of levodopa have been reported
when given with spiramycin (see p.807).
1. Verdun F, et al. Torsades de pointes sous traitement par spiramy-

cine et méquitazine: à propos d’un cas. Arch Mal Coeur Vaiss
1997; 90: 103–6.

Antimicrobial Action
As for Erythromycin, p.271, although it is somewhat less active
in vitro against many species. It is active against Toxoplasma
gondii.
Pharmacokinetics
Spiramycin is incompletely absorbed from the gastrointestinal
tract and absorption is reduced by food. It is widely distributed
into tissues, although it does not cross the blood-brain barrier.
Spiramycin crosses the placenta and is distributed into breast
milk. Plasma protein binding ranges from 10 to 25%. An oral
dose of 6 million units produces peak blood concentrations of
3.3 micrograms/mL after 1.5 to 3 hours; the half-life is about 5 to
8 hours. High tissue concentrations are achieved and persist long
after the plasma concentration has fallen to low levels. 
Spiramycin is metabolised in the liver to active metabolites; sub-
stantial amounts are excreted in the bile and about 10% in the
urine.
Uses and Administration
Spiramycin is a macrolide antibacterial that is used similarly to
erythromycin (p.272) in the treatment of susceptible bacterial in-
fections. It has also been used in the protozoal infections crypt-
osporidiosis (p.823) and toxoplasmosis (p.826). 
Spiramycin is given orally as the base or intravenously as the
adipate; it has also been given rectally as the adipate. The usual
oral adult dose is 6 to 9 million units daily, in 2 or 3 divided dos-
es. Doses of up to 15 million units have been given daily in di-
vided doses for severe infections. A dose of 1.5 million units of
spiramycin may be given by slow intravenous infusion every 8
hours; in severe infection the dose may be doubled. 
Spiramycin is available in combination preparations with metro-
nidazole in some countries. 
Acetylspiramycin is also used.
◊ Reviews.
1. Rubinstein E, Keller N. Spiramycin renaissance. J Antimicrob

Chemother 1998; 42: 572–6.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Rovamycine; Austria: Rovamycin; Belg.: Rovamycine; Braz.: Ro-
vamicina; Canad.: Rovamycine†; Cz.: Rovamycine; Fr.: Rovamycine; Ger.:
Rovamycine; Selectomycin; Gr.: Rovamycine; Hong Kong: Rovamycine;
Hung.: Rovamycine; India: Rovamycin; Indon.: Ethirov; Hypermycin; Is-
macrol; Medirov; Osmycin; Provamed; Rofacin; Rovadin; Rovamycine; So-

rov; Spirabiotic; Spiradan; Spiranter; Spirasin; Varoc; Vipram; Israel: Rov-
amycine; Ital.: Rovamicina; Spiromix; Malaysia: Rovamycine; Mex.:
Provamicina; Neth.: Rovamycine; Norw.: Rovamycin; Pol.: Rovamycine;
Port.: Rovamycine; Rus.: Rovamycine (Ровамицин); Singapore: Rovamy-
cine; Spain: Dicorvin; Rovamycine; Switz.: Rovamycine; Thai.: Rovamycin;
Spiracin; Turk.: Rovamycine; Venez.: Provamicina.
Multi-ingredient: Arg.: Estilomicin; Braz.: Periodontil; Cz.: Rodogyl†;
Fr.: Birodogyl; Missilor ; Rodogyl; Malaysia: Rodogyl; Mex.: Rodogyl;
Spain: Rhodogil.

Streptomycin (BAN, rINN)

Estreptomicina; Streptomisin; Streptomycine; Streptomycinum;
Streptomysiini. O-2-Deoxy-2-methylamino-α-L-glucopyranosyl-
(1→2)-O-5-deoxy-3-C-formyl-α-L-lyxofuranosyl-(1→4)-N3,N3-
diamidino-D-streptamine.
Стрептомицин
C21H39N7O12 = 581.6.
CAS — 57-92-1.
ATC — A07AA04; J01GA01.
ATC Vet — QA07AA04; QJ01GA01.

Description. An antimicrobial organic base produced by the
growth of certain strains of Streptomyces griseus, or by any other
means.

Streptomycin Hydrochloride (BANM, rINNM)

Hidrocloruro de estreptomicina; Streptomycine, Chlorhydrate
de; Streptomycini Hydrochloridum.
Стрептомицина Гидрохлорид
C21H39N7O12,3HCl = 691.0.
CAS — 6160-32-3.
ATC — A07AA04; J01GA01.
ATC Vet — QA07AA04; QJ01GA01.

Streptomycin Sulfate (rINNM)

Streptomicino sulfatas; Streptomycin Sesquisulphate; Streptomy-
cin sulfát; Streptomycin Sulphate (BANM); Streptomycine, sulfate
de; Streptomycini sulfas; Streptomycinsulfat; Streptomycyny
siarczan; Streptomysiinisulfaatti; Sulfato de estreptomicina; Sz-
treptomicin-szulfát.
Стрептомицина Сульфат
(C21H39N7O12)2,3H2SO4 = 1457.4.
CAS — 3810-74-0.
ATC — A07AA04; J01GA01.
ATC Vet — QA07AA04; QJ01GA01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Streptomycin Sulphate). A white or almost white,
hygroscopic powder. The potency is not less than 720 units/mg,
calculated with reference to the dried substance. Very soluble in
water; practically insoluble in dehydrated alcohol. A 25% solu-
tion in water has a pH of 4.5 to 7.0. Store in airtight containers. 
USP 31 (Streptomycin Sulfate). A white or practically white, hy-
groscopic powder; odourless or with not more than a faint odour.
It has a potency equivalent to not less than 650 micrograms and
not more than 850 micrograms of streptomycin per mg. Freely
soluble in water; very slightly soluble in alcohol; practically
insoluble in chloroform. A solution in water containing the
equivalent of streptomycin 20% has a pH of 4.5 to 7.0. Store in
airtight containers.
Incompatibility. Streptomycin sulfate is incompatible with
acids and alkalis.

Adverse Effects, Treatment, and Precau-
tions
As for Gentamicin Sulfate, p.282. Like gentamicin the
ototoxic effects of streptomycin are mainly vestibular
rather than auditory. Ototoxicity has been seen in
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infants whose mothers had been given streptomycin
during pregnancy. However, streptomycin is reported
to be somewhat less nephrotoxic than the other
aminoglycosides. 

Paraesthesia in and around the mouth is not uncommon
after intramuscular injection of streptomycin, and other
neurological symptoms, including peripheral neuro-
pathies, optic neuritis, and scotoma have occasionally
occurred. Intrathecal use has resulted in symptoms of
meningeal inflammation including radiculitis, arach-
noiditis, nerve root pain, and paraplegia, and some rec-
ommend that it be avoided. The risk of neurotoxic re-
actions is greater in patients with renal impairment or
pre-renal azotaemia. 

Hypersensitivity skin reactions are reported in about
5% of patients, and eosinophilia may occur. There have
been reports of Stevens-Johnson syndrome, toxic epi-
dermal necrolysis, severe exfoliative dermatitis, and
anaphylaxis. Sensitisation is common among those
who handle streptomycin occupationally. Topical and
inhalational use of streptomycin should be avoided. If
necessary, hypersensitivity can usually be overcome
by desensitisation. Aplastic anaemia and agranulocy-
tosis have been reported rarely. 

Although sources differ, it is usually suggested that
peak plasma concentrations should be between 15 and
40 micrograms/mL, and trough concentrations below
3 to 5 micrograms/mL; in the UK the BNF recom-
mends that trough concentrations in excess of
1 microgram/mL should be avoided in those over 50
years of age or those with renal impairment. A total
cumulative dose in excess of 100 g may be associated
with a higher incidence of adverse effects and should
only be exceeded in exceptional circumstances.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving streptomycin, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Handling. Streptomycin may cause severe dermatitis in sensi-
tised persons, and pharmacists, nurses, and others who handle
the drug frequently should wear masks and rubber gloves.

Interactions
As for Gentamicin Sulfate, p.283.

Antimicrobial Action
Streptomycin has a mode of action and antimicrobial
spectrum similar to that of gentamicin (p.283), al-
though most strains of Pseudomonas aeruginosa are
resistant. It is effective against Yersinia pestis, Fran-
cisella tularensis, and Brucella spp. Streptomycin has
particular activity against Mycobacterium tuberculo-
sis. 

Resistance to streptomycin has often been reported and
may develop in strains which are initially sensitive
within a few days or weeks of beginning therapy. The
widespread emergence of resistance has largely halted
its use in infections due to the common Gram-negative
aerobes. Primary resistance in M. tuberculosis is rela-
tively uncommon in the UK and USA but may be seen
in a third or more of cases in the Far East. 

Both low-level and high-level resistance have been re-
ported; the latter is thought to be due to mutation of the
ribosomal binding site of the antibiotic and cannot be
overcome by the synergistic use of another drug such
as a beta lactam, whereas strains with moderate resist-
ance due to decreased uptake or permeability of strep-
tomycin may respond to combined use. 

Organisms resistant to framycetin, kanamycin, neomy-
cin, and paromomycin usually show cross-resistance to
streptomycin, although streptomycin-resistant strains
sometimes respond to one of these drugs.

◊ References.

1. Cooksey RC, et al. Characterization of streptomycin resistance
mechanisms among Mycobacterium tuberculosis isolates from
patients in New York City. Antimicrob Agents Chemother 1996;
40: 1186–8. 

2. Ho YII, et al. In-vitro activities of aminoglycoside-aminocyclit-
ols against mycobacteria. J Antimicrob Chemother 1997; 40:
27–32.

Pharmacokinetics
As for Gentamicin Sulfate, p.284. After intramuscular
injection of streptomycin, maximum concentration in
the blood is reached in 0.5 to 2 hours but the time taken
and the concentration attained, which may be as high
as about 50 micrograms/mL after a dose of 1 g, vary
considerably. The half-life of streptomycin is about 2.5
hours. About one-third of streptomycin in the circula-
tion is bound to plasma proteins. It is rapidly excreted
by glomerular filtration and the concentration of strep-
tomycin in the urine is often very high, with about 30
to 90% of a dose usually being excreted within 24
hours. It is distributed into breast milk.

Uses and Administration
Streptomycin is an aminoglycoside antibacterial main-
ly used as a first-line drug, with other antimycobacteri-
als, in the treatment of tuberculosis. It is given during
the initial phase of treatment unless the risk of drug re-
sistance is small. Streptomycin has been used, with a
penicillin, as an alternative to gentamicin in the treat-
ment of bacterial endocarditis. Streptomycin is effec-
tive in the treatment of plague, tularaemia, and, with a
tetracycline, in brucellosis. It has also been used, with
other drugs, in various other infections including mycet-
oma and Whipple’s disease. For details of these infec-
tions and their treatment, see under Choice of Antibac-
terial, p.162. 

Streptomycin is mostly used as the sulfate but doses are
expressed in terms of the base; 1.25 g of streptomycin
sulfate is equivalent to about 1 g of streptomycin. It is
given by intramuscular injection. 

In the treatment of tuberculosis, streptomycin is given
during the initial phase of short-course regimens in
usual adult doses of 15 mg/kg daily, up to a maximum
of 1 g daily. The maximum daily dose should be re-
duced to 500 to 750 mg in adults aged over 40 years,
and in those weighing less than 50 kg. Dosage should
also be reduced in those with renal impairment, in
whom plasma-drug concentration should be moni-
tored. Streptomycin may also be given as part of an in-
termittent regimen 2 or 3 times weekly. It has been giv-
en by the intrathecal route, together with intramuscular
dosage, for tuberculous meningitis, but this is no longer
recommended. 

Children and infants aged 1 month to 18 years with tu-
berculosis may be given streptomycin 20 to 40 mg/kg
daily (to a maximum of 1 g daily). 

In the treatment of non-tuberculous infections, strepto-
mycin has been given in usual adult doses of 1 to 2 g
daily in divided doses, depending on the susceptibility
and severity of infection; children may be given 20 to
40 mg/kg daily (maximum 1 g daily), usually in 2 to 4
divided doses. 

In all patients dosage should preferably be adjusted ac-
cording to plasma-streptomycin concentrations, and
particularly where factors such as age, renal impair-
ment, or prolonged therapy may predispose to toxicity.
The course of treatment (other than in tuberculosis)
should usually be limited to 7 to 14 days, and peak
plasma concentrations should be between 15 and
40 micrograms/mL and trough concentrations below 3
to 5 micrograms/mL or below 1 microgram/mL in

renal impairment or in those over 50 years of age. For
discussion of the methods used to calculate aminogly-
coside dosage requirements, see under Gentamicin
Sulfate, p.284. 
Streptomycin has also been used as the hydrochloride,
the pantothenate, and as a complex with calcium chlo-
ride.
Administration and dosage. A report of the successful use of
streptomycin 7 to 15 mg/kg as an intravenous infusion over 30 to
60 minutes in 4 patients with tuberculosis. Despite the view that
streptomycin should be given intramuscularly because of the
greater risk of toxicity with the intravenous route, this study was
considered to indicate that intravenous use was feasible in select-
ed patients unable to tolerate the intramuscular route.1

1. Driver AG, Worden JP. Intravenous streptomycin. DICP Ann
Pharmacother 1990; 24: 826–8.

Ménière’s disease. Streptomycin and gentamicin have been
used for medical ablation in advanced Ménière’s disease (p.564).
Systemic treatment has generally been limited by the develop-
ment of chronic ataxia and oscillopsia (oscillating vision). How-
ever, streptomycin sulfate 1 g twice daily by intramuscular injec-
tion on 5 days each week for 2 weeks, repeated as necessary to a
total dose of up to 60 g,1,2 or 1 g twice daily for 5 days, followed
if necessary by a further 3 days of treatment in the second week,3
has produced improvements in vestibular symptoms without
hearing loss in patients with Ménière’s disease. Local (intratym-
panic) injections have also been tried,4 but gentamicin is consid-
ered to be less toxic and is now generally preferred.
1. Shea JJ, et al. Long-term results of low dose intramuscular strep-

tomycin for Ménière’s disease. Am J Otol 1994; 15: 540–4. 
2. Balyan FR, et al. Titration streptomycin therapy in Meniere’s

disease: long-term results. Otolaryngol Head Neck Surg 1998;
118: 261–6. 

3. Graham MD. Bilateral Meniere’s disease: treatment with intra-
muscular titration streptomycin sulfate. Otolaryngol Clin North
Am 1997; 30: 1097–1100. 

4. Beck C, Schmidt CL. 10 Years of experience with intratympanal-
ly applied streptomycin (gentamycin) in the therapy of Morbus
Menière. Arch Otorhinolaryngol 1978; 221: 149–52.

Preparations
BP 2008: Streptomycin Injection; 
USP 31: Streptomycin for Injection; Streptomycin Injection.

Proprietary Preparations (details are given in Part 3)
Cz.: Strepto-Fatol; Ger.: Strepto-Fatol; Strepto-Hefa; Gr.: Pan-Streptomy-
cin†; India: Ambistryn-S; Cipstryn; Mex.: Bucomicina; Sulfestrep; S.Afr.:
Bio-Strep; Novostrep†; Solustrep; Thai.: Strepto.

Multi-ingredient: Arg.: Estreptocarbocaftiazol; Braz.: Ortocilin†; India:
Strepto-Erbazide†; Mex.: Aguipental; Port.: Bienterico.

Succinylsulfathiazole (BAN, rINN)

Succinilsolfatiazolo; Succinilsulfatiazol; Succinylsulfathiazol; Succi-
nylsulfathiazolum; Succinylsulfathiazolum Monohydricum; Succi-
nylsulfatiazol; Succinylsulphathiazole; Sukcinilsulfatiazolas; Sukci-
nylsulfathiazol monohydrát; Suksinyylisulfatiatsoli; Szukcinilszulfa-
tiazol. 4′-(1,3-Thiazol-2-ylsulphamoyl)succinanilic acid monohy-
drate.

Сукцинилсульфатиазол
C13H13N3O5S2,H2O = 373.4.
CAS — 116-43-8 (anhydrous succinylsulfathiazole).
ATC — A07AB04.
ATC Vet — QA07AB04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Succinylsulfathiazole). A white or yellowish-white
crystalline powder. Very slightly soluble in water; slightly solu-
ble in acetone and in alcohol; dissolves in solutions of alkali hy-
droxides and carbonates. Protect from light.

Profile
Succinylsulfathiazole is a sulfonamide with properties similar to
those of sulfamethoxazole (p.340). It is poorly absorbed and has
been given for its antibacterial activity in the gastrointestinal
tract.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Venez.: Guanicar.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sulbactam (BAN, rINN)

CP-45899; Sulbactamum; Sulbaktaami; Sulbaktam. Penicillanic
acid 1,1-dioxide; (2S,5R)-3,3-Dimethyl-7-oxo-4-thia-1-azabicyc-
lo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide.
Сульбактам
C8H11NO5S = 233.2.
CAS — 68373-14-8.
ATC — J01CG01.
ATC Vet — QJ01CG01.

Sulbactam Sodium (BANM, USAN, rINNM)

CP-45899-2; Natrii Sulbactamum; Sulbactam sódico; Sulbactam
sodique; Sulbactamum natricum; Sulbaktaaminatrium; Sulbaktam
sodná sůl; Sulbaktam sodowy; Sulbaktamnatrium.
Натрий Сульбактам
C8H10NNaO5S = 255.2.
CAS — 69388-84-7.
ATC — J01CG01.
ATC Vet — QJ01CG01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sulbactam Sodium). A white or almost white, hy-
groscopic, crystalline powder. Freely soluble in water; very
slightly soluble in alcohol; sparingly soluble in ethyl acetate. It is
freely soluble in diluted acids. A 5.0% solution in water has a pH
of 4.5 to 7.2; if the substance is sterile: 5.2 to 7.2. Store in airtight
containers. 
USP 31 (Sulbactam Sodium). A white to off-white crystalline
powder. It contains not less than 886 micrograms and not more
than 941 microgram of sulbactam per mg, calculated on the
anhydrous basis. Freely soluble in water and in dilute acid; spar-
ingly soluble in acetone, in chloroform, and in ethyl acetate.
Store in airtight containers.

Pivsulbactam (BAN)

CP-47904; Sulbactam Pivoxil (USAN). Pivaloyloxymethyl penicilla-
nate 1,1-dioxide.
Пивсульбактам
C14H21NO7S = 347.4.
CAS — 69388-79-0.

Profile
Sulbactam is a penicillanic acid sulfone with beta-lactamase in-
hibitory properties. It is active against Neisseriaceae and Aci-
netobacter baumanii, but generally has only weak antibacterial
activity against other organisms. It is an irreversible inhibitor of
many plasmid-mediated and some chromosomal beta-lactam-
ases and has a similar spectrum of beta-lactamase inhibition to
clavulanic acid (p.250), although it is regarded as less potent.
Sulbactam can therefore enhance the activity of penicillins and
cephalosporins against many resistant strains of bacteria. 
It is given with ampicillin (p.204) in the treatment of infections
where beta-lactamase production is suspected. Sulbactam is
poorly absorbed from the gastrointestinal tract and is given by
injection as the sodium salt. The pharmacokinetics of parenteral
sulbactam and ampicillin are similar. For oral use the mutual pro-
drug sultamicillin (p.344) is available in some countries. Sul-
bactam is also given orally as the pivoxil derivative, pivsul-
bactam, with amoxicillin. Sulbactam has also been given with
cefoperazone.
◊ References.
1. Campoli-Richards DM, Brogden RN. Sulbactam/ampicillin: a

review of its antibacterial activity, pharmacokinetic properties,
and therapeutic use. Drugs 1987; 33: 577–609. 

2. Payne DJ, et al. Comparative activities of clavulanic acid, sul-
bactam, and tazobactam against clinically important β-lactama-
ses. Antimicrob Agents Chemother 1994; 38: 767–72. 

3. Nicolas-Chanoine MH. Inhibitor-resistant β-lactamases. J Anti-
microb Chemother 1997; 40: 1–3. 

4. Lee NLS, et al. β-Lactam antibiotic and β-lactamase inhibitor
combinations. JAMA 2001; 285: 386–8. 

5. Lode H. Role of sultamicillin and ampicillin/sulbactam in the
treatment of upper and lower bacterial respiratory tract infec-
tions. Int J Antimicrob Agents 2001; 18: 199–209. 

6. Kanra G. Experience with ampicillin/sulbactam in severe infec-
tions. J Int Med Res 2002; 30 (suppl 1): 20A–30A. 

7. Rafailidis PI, et al. Ampicillin/sulbactam: current status in se-
vere bacterial infections. Drugs 2007; 67: 1829–49. 

8. Akova M. Sulbactam-containing beta-lactamase inhibitor com-
binations. Clin Microbiol Infect 2008; 14 (suppl 1): 185–8.

Breast feeding. Although sulbactam is distributed into breast
milk in small amounts,1 no adverse effects have been seen in

breast-fed infants and the American Academy of Pediatrics con-
siders that it is usually compatible with breast feeding.2
1. Foulds G, et al. Sulbactam kinetics and excretion into breast milk

in postpartum women. Clin Pharmacol Ther 1985; 38: 692–6. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Preparations
USP 31: Ampicillin and Sulbactam for Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Combactam; Ger.: Combactam; Turk.: Ampisid.

Multi-ingredient: Arg.: Aminoxidin Sulbactam; Ampi-Bis Plus; Ampigen
SB; Darzitil SB; Prixin; Sulperazon†; Trifamox IBL; Unasyna; Unsayna†; Aus-
tria: Unasyn; Braz.: Combactan; Sulbacter†; Sulbamox; Trifamox; Unasyn;
Chile: Sulbamox; Sulperazon; Unasyn; Cz.: Sulperazon; Unasyn; Fr.:
Unacim; Ger.: Unacid; Gr.: Begalin-P; Hong Kong: Sulperazon; Unasyn;
Hung.: Unasyn; India: Keftragard; Lactagard; Sulbacef; Sulbacin; Sultax; Zo-
sul; Indon.: Fosular; Stabactam; Sulperazon; Israel: Unasyn; Ital.: Bethacil;
Loricin; Unasyn; Jpn: Sulperazon†; Unasyn-S†; Malaysia: Sulbacin; Sulper-
azon; Unasyn; Mex.: Megamox; Trifamox IBL; Unasyna; Philipp.: Sulpera-
zone; Unasyn; Pol.: Sulperazon; Unasyn; Rus.: Sulcef (Сульцеф); Sulpera-
son (Сульперазон); Sultasin (Сультасин); Trifamox IBL (Трифамокс ИБЛ);
Unasyn (Уназин); Singapore: Unasyn; Spain: Unasyn; Thai.: Cebactam;
Cefper ; Sulam; Sulcef; Sulperazon; Unasyn; Turk.: Combicid; Duobak;
Duobaktam; Duocid; Nobecid; Primasef; Sulbaksit; Sulcid; Sulperazon;
Sultasid; USA: Unasyn; Venez.: Ampibactan; Ampitren†; Fipexiam; Sinif;
Sulperazon; Unasyn.

Sulbenicillin Sodium (rINNM)

Natrii Sulbenicillinum; Sulbenicilina sódica; Sulbénicilline Sodique;
α-Sulfobenzylpenicillin Sodium; Sulfocillin Sodium. The disodium
salt of (6R)-6-(2-phenyl-2-sulphoacetamido)penicillanic acid.
Натрий Сульбенициллин
C16H16N2Na2O7S2 = 458.4.
CAS — 34779-28-7 (sulbenicillin); 41744-40-5 (sulbeni-
cillin).
ATC — J01CA16.
ATC Vet — QJ01CA16.

(sulbenicillin)

Pharmacopoeias. In Chin. and Jpn.

Profile
Sulbenicillin sodium has actions and uses similar to those of
carbenicillin sodium (p.216). It is given by intramuscular or in-
travenous injection or infusion.
Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Kedacillin; Jpn: Lilacillin†; Mex.: Kedacillin; Philipp.: Kedacillin.

Sulfabenzamide (BAN, USAN, rINN)

Sulfabensamid; Sulfabentsamidi; Sulfabenzamida; Sulfabenzami-
dum. N-Sulphanilylbenzamide.
Сульфабензамид
C13H12N2O3S = 276.3.
CAS — 127-71-9.

Pharmacopoeias. In US. 
USP 31 (Sulfabenzamide). A fine, white, practically odourless
powder. Insoluble in water and in ether; soluble in alcohol, in
acetone, and in sodium hydroxide 4% solution. Protect from
light.

Profile
Sulfabenzamide is a sulfonamide with properties similar to those
of sulfamethoxazole (p.340). It is reported to exert an optimal
bacteriostatic action at pH 4.6. It is used with sulfacetamide and
sulfathiazole in pessaries or a vaginal cream for the treatment of
bacterial vaginosis, although its value has been questioned. The
vaginal cream has also been used for the prevention of bacterial
infection after cervical and vaginal surgery.
Preparations
USP 31: Triple Sulfa Vaginal Cream; Triple Sulfa Vaginal Tablets.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Sultrin†; Braz.: Vagi-Sulfa; Gr.: Sultrin; Irl.: Sul-
trin†; Philipp.: Sultrin; Port.: Sultrin†; S.Afr.: Sultrin; UK: Sultrin†; USA:
Sultrin.

Sulfacarbamide (BAN, rINN)

Sulfacarbamida; Sulfacarbamidum; Sulfakarbamid; Sulfanilcar-
bamide; Sulfaurea; Sulphacarbamide; Sulphanilylurea; Sulphaurea;
Urosulphanum. Sulphanilylurea monohydrate.
Сульфакарбамид
C7H9N3O3S,H2O = 233.2.
CAS — 547-44-4 (anhydrous sulfacarbamide); 6101-35-5
(sulfacarbamide monohydrate).

Pharmacopoeias. In Pol.
Profile
Sulfacarbamide is a sulfonamide with properties similar to those
of sulfamethoxazole (p.340). It has been used in the treatment of
urinary-tract infections, sometimes with other drugs.

Sulfacetamide (BAN, rINN)

Acetosulfaminum; Sulfacetamid; Sulfacetamida; Sulfacétamide;
Sulfacetamidum; Sulfatsetamidi; Sulphacetamide. N-Sulphaniloy-
lacetamide.
Сульфацетамид
C8H10N2O3S = 214.2.
CAS — 144-80-9.
ATC — S01AB04.
ATC Vet — QS01AB04.

Pharmacopoeias. In Int. and US. 
USP 31 (Sulfacetamide). A white, odourless, crystalline powder.
Slightly soluble in water and in ether; soluble in alcohol; very
slightly soluble in chloroform; freely soluble in dilute mineral
acids and in solutions of potassium and sodium hydroxides; prac-
tically insoluble in benzene. Solutions in water are acid to litmus
and sensitive to light; they are unstable when acidic or strongly
alkaline. Protect from light.

Sulfacetamide Sodium (BANM, rINNM)

Natrii Sulfacetamidum; Soluble Sulphacetamide; Sulfacetamid
sodná sůl monohydrát; Sulfacetamid sodowy; Sulfacetamida sódi-
ca; Sulfacétamide sodique; Sulfacetamidnatrium; Sulfacetamido
natrio druska; Sulfacetamidum natricum; Sulfacetamidum Natri-
cum Monohydricum; Sulfacylum; Sülfasetamid Sodyum; Sulfaset-
amidinatrium; Sulphacetamide Sodium; Sulphacetamidum Sodi-
um; Szulfacetamid-nátrium.
Натрий Сульфацетамид
C8H9N2NaO3S,H2O = 254.2.
CAS — 127-56-0 (anhydrous sulfacetamide sodium);
6209-17-2 (sulfacetamide sodium monohydrate).
ATC — S01AB04.
ATC Vet — QS01AB04.

NOTE. SULF is a code approved by the BP 2008 for use on single
unit doses of eye drops containing sulfacetamide sodium where
the individual container may be too small to bear all the appro-
priate labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Sulfacetamide Sodium). A white or yellowish-
white, crystalline powder. Freely soluble in water; slightly solu-
ble in dehydrated alcohol. A 5% solution in water has a pH of 8.0
to 9.5. Protect from light. 
USP 31 (Sulfacetamide Sodium). A white odourless crystalline
powder. Soluble 1 in 2.5 of water; sparingly soluble in alcohol;
practically insoluble in chloroform and in ether. A 5% solution in
water has a pH of 8.0 to 9.5. Store in airtight containers. Protect
from light.
Stability. When solutions of sulfacetamide sodium are heated,
hydrolysis occurs forming sulfanilamide which may be deposit-
ed as crystals, especially from concentrated solutions and under
cold storage conditions.
Adverse Effects, Treatment, and Precautions
As for Sulfamethoxazole, p.340. 
Local application of sulfacetamide sodium to the eye may cause
burning or stinging but this is rarely severe enough to require
stopping treatment.
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Antimicrobial Action
As for Sulfamethoxazole, p.341.

Pharmacokinetics
When sulfacetamide sodium is applied to the eye it penetrates
into ocular tissues and fluids; sulfacetamide may be absorbed
into the blood when the conjunctiva is inflamed.

Uses and Administration
Sulfacetamide is a sulfonamide antibacterial that is used with
sulfabenzamide and sulfathiazole in preparations for vaginal use,
and is applied, as the sodium salt, in infections or injuries of the
eyes, although it is rarely of much value. Eye drops containing
sulfacetamide sodium 10% to 30% and eye ointments containing
10% have been used. The sodium salt is also applied topically in
the treatment of skin infections.

Preparations

USP 31: Neomycin Sulfate, Sulfacetamide Sodium, and Prednisolone Ace-
tate Ophthalmic Ointment; Sulfacetamide Sodium and Prednisolone Ace-
tate Ophthalmic Ointment; Sulfacetamide Sodium and Prednisolone Ace-
tate Ophthalmic Suspension; Sulfacetamide Sodium Ophthalmic Ointment;
Sulfacetamide Sodium Ophthalmic Solution; Sulfacetamide Sodium Topical
Suspension; Triple Sulfa Vaginal Cream; Triple Sulfa Vaginal Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dermaseb; Austral.: Acetopt; Bleph-10; Optamide†; Austria: Beo-
cid Puroptal; Cetazin; Belg.: Anginamide; Antebor; Sulfa 10; Sulfacollyre†;
Braz.: Queimalive; Canad.: Ak-Sulf; Cetamide; Diosulf†; Sodium Su-
lamyd†; Fr.: Antebor†; Ger.: Albucid†; Hong Kong: Bleph-10; Spersacet†;
Sulfex; Vista-Cetamide†; India: Albucid; Locula; Ocu-Sulf; Indon.: Albucid;
Isotic Cetride; Israel: Klaron; Optisol; Sulfacid; Ital.: Optamid†; Mex.: Blef-
10; Cetapred; Examida; Sul 10; NZ: Acetopt; Bleph-10; Philipp.: Acetopt;
Sensocet; Rus.: Sulfacyl (Сульфацил)†; S.Afr.: Covosulf†; Spersamide;
Spain: Sulfacetam†; Switz.: Spersacet†; Thai.: Bleph-10†; Opsar†; Optal;
Turk.: Optamid; USA: Ak-Sulf; Bleph-10; Carmol Scalp Treatment; Ceta-
mide; Isopto Cetamide; Klaron; Mexar; Ocusulf; Ovace; Sodium Sulamyd;
Sulf-10; Sulfac; Vanocin; Venez.: Sulfacet.

Multi-ingredient: Arg.: Blefamide; C-G†; Belg.: Sultrin†; Braz.: Isopto
Cetapred; Oto-Biotic†; Paraqueimol; Sulnil; Vagi-Sulfa; Canad.: Blepha-
mide; Dioptimyd†; Sulfacet-R; Vasocidin†; Chile: Blefamide; Deltamid; Cz.:
Isopto Cetapred†; Ger.: Blephamide; Gr.: Blephamide†; Isopto Cetapred;
Sulfachloramphenicol; Sulfanicole; Sultrin; Hong Kong: Blephamide; India:
Cortola-m; Nebasulf; Zinco Sulpha; Irl.: Sultrin†; Israel: Blephamide; Ital.:
Antisettico Astringente Sedativo; Aureomix; Brumeton Colloidale S; Cos-
miciclina; Visublefarite; Malaysia: Blephamide†; Mex.: Blefamide; Blefa-
mide-F; Deltamid; Isopto Cetapred; Locion Axel†; Metimyd†; Premid; Sulfa
Cloran; Sulfa Hidro; Sulvi; NZ: Blephamide; Philipp.: Cetapred; Isopto Ce-
tapred; Sultrin; Port.: Meocil; Sultrin†; S.Afr.: Covancaine; Covosan; Sper-
sacet C†; Sultrin; Singapore: Blephamide; Spain: Betamida†; Celestone S;
Denticelso; Switz.: Blephamide; Spersacet C†; Turk.: Blephamid; Suprenil;
UK: Sultrin†; USA: Avar; Blephamide; Clenia; FML-S; Metimyd; Nicosyn;
Novacet; Plexion; Rosac; Rosanil; Rosula; Rosula NS; Sulfacet-R; Sulfamide;
Sultrin; Suphera; Vasocidin; Vasocine; Vasosulf; Zetacet; Venez.: Sulfacort.

Sulfachlorpyridazine (BAN, rINN)

Sulfachlorpyridazinum; Sulfaclorpiridazina; Sulphachlorpyridazine.
N1-(6-Chloropyridazin-3-yl)sulphanilamide.

Сульфахлорпиридазин

C10H9ClN4O2S = 284.7.

CAS — 80-32-0.

ATC Vet — QJ01EQ12.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Sulfachlorpyridazine). Protect from light.

Profile
Sulfachlorpyridazine is a sulfonamide antibacterial.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Braz.: Mictasol com Sulfa†.

Sulfachrysoidine (rINN)

Carboxysulfamidochrysoidine; Sulfachrysoïdine; Sulfachrysoidi-
num; Sulfacrisoidina. 3,5-Diamino-2-(p-sulfamoylphenylazo) ben-
zoic acid.

Сульфахризоидин

C13H13N5O4S = 335.3.

CAS — 485-41-6.

Profile
Sulfachrysoidine is a sulfonamide antibacterial that is used topi-
cally as the sodium salt for infections of the oral mucosa.

Sulfaclozine (rINN)

Sulfaclozina; Sulfaclozinum; Sulfaklotsiini; Sulfaklozin. N1-(6-Chlo-
ropyrazinyl)sulfanilamide.
Сульфаклозин
C10H9ClN4O2S = 284.7.
CAS — 102-65-8; 27890-59-1.
ATC Vet — QP51AG04.

Profile
Sulfaclozine is a sulfonamide antibacterial that has been used in
veterinary medicine.

Sulfadiazine (BAN, rINN)

Solfadiazina; Solfapirimidina; Sulfadiatsiini; Sülfadiazin; Sulfadiazin;
Sulfadiazina; Sulfadiazinas; Sulfadiazinum; Sulphadiazine; Szulfadi-
azin. N1-(Pyrimidin-2-yl)sulphanilamide.
Сульфадиазин
C10H10N4O2S = 250.3.
CAS — 68-35-9.
ATC — J01EC02.
ATC Vet — QJ01EQ10.

NOTE. Compounded preparations of sulfadiazine may be repre-
sented by the following names: 
• Co-tetroxazine (BAN)—sulfadiazine 5 parts and tetroxoprim

2 parts (see p.257) 
• Co-trimazine (BAN)—sulfadiazine 5 parts and trimethoprim 1

part (see p.258).
Pharmacopoeias. In Chin., Eur. (see p.vii), US, and Viet. 
Ph. Eur. 6.2 (Sulfadiazine). White, yellowish-white, or pinkish-
white, crystalline powder or crystals. Practically insoluble in wa-
ter; very slightly soluble in alcohol; slightly soluble in acetone. It
dissolves in solutions of alkali hydroxides and in dilute mineral
acids. Protect from light. 
USP 31 (Sulfadiazine). White or slightly yellow, odourless or
nearly odourless, powder, slowly darkening on exposure to light.
Soluble 1 in 13 000 of water; sparingly soluble in alcohol and in
acetone; freely soluble in dilute mineral acids and in solutions of
potassium and sodium hydroxides, and ammonia. Protect from
light.

Sulfadiazine Sodium (BANM, rINN)

Sodium Sulfadiazine; Soluble Sulphadiazine; Sulfadiazina de sodio;
Sulfadiazina sódica; Sulfadiazine sodique; Sulfadiazinum Natricum;
Sulphadiazine Sodium.
Сульфадиазин Натрий
C10H9N4NaO2S = 272.3.
CAS — 547-32-0.
ATC — J01EC02.
Pharmacopoeias. In Chin. and US. 
USP 31 (Sulfadiazine Sodium). A white powder. Soluble 1 in 2
of water; slightly soluble in alcohol. On prolonged exposure to
humid air it absorbs carbon dioxide with the liberation of sulfadi-
azine and becomes incompletely soluble in water. Store in air-

tight containers at a temperature of 25°, excursions permitted be-
tween 15° and 30°. Protect from light.
Incompatibility. Solutions of sulfadiazine sodium are alkaline,
and incompatibility may reasonably be expected with acidic
drugs or with preparations unstable at high pH. In the UK, li-
censed product information states that sulfadiazine sodium injec-
tion is incompatible with fructose, iron salts, and salts of heavy
metals.

Adverse Effects, Treatment, and Precau-
tions
As for Sulfamethoxazole, p.340. 
Because of the low solubilities of sulfadiazine and its
acetyl derivative in urine, crystalluria is more likely af-
ter use of sulfadiazine than after sulfamethoxazole. 
Sulfadiazine sodium solution is strongly alkaline and it
should therefore be given intravenously in a strength
not exceeding 5%, over at least 10 minutes. For the
same reason, intramuscular injections are painful and
sulfadiazine sodium should not be given by intrathecal
or subcutaneous injection.
Carnitine deficiency. Hyperammonaemia and carnitine defi-
ciency developed in an immunocompromised patient given sul-
fadiazine and pyrimethamine for the treatment of toxoplasmo-
sis.1
1. Sekas G, Harbhajan SP. Hyperammonemia and carnitine defi-

ciency in a patient receiving sulfadiazine and pyrimethamine.
Am J Med 1993; 95: 112–13.

Effects on the eyes. Numerous white stone-like concretions of
sulfadiazine occurred in the conjunctiva of a woman who had
used sulfadiazine eye drops for about 1 year.1
1. Boettner EA, et al. Conjunctival concretions of sulfadiazine.

Arch Ophthalmol 1974; 92: 446–8.

Effects on the kidneys. Reports of crystalluria and renal fail-
ure associated with the use of sulfadiazine in immunocompro-
mised patients,1-8 including the suggestion that AIDS patients
may be particularly prone to sulfadiazine-induced renal toxicity.3
Renal failure and leucopenia in a patient treated with sulfadi-
azine silver for pyoderma gangrenosum were thought to be due
to systemic absorption of the silver component.9
1. Goadsby PJ, et al. Acquired immunodeficiency syndrome

(AIDS) and sulfadiazine-associated acute renal failure. Ann In-
tern Med 1987; 107: 783–4. 

2. Ventura MG, et al. Sulfadiazine revisited. J Infect Dis 1989; 160:
556–7. 

3. Simon DI, et al. Sulfadiazine crystalluria revisited: the treatment
of Toxoplasma encephalitis in patients with acquired immunode-
ficiency syndrome. Arch Intern Med 1990; 150: 2379–84. 

4. Díaz F, et al. Sulfadiazine-induced multiple urolithiasis and
acute renal failure in a patient with AIDS and Toxoplasma en-
cephalitis. Ann Pharmacother 1996; 30: 41–2. 

5. Guitard J, et al. Sulfadiazine-related obstructive urinary tract
lithiasis: an unusual cause of acute renal failure after kidney
transplantation. Clin Nephrol 2005; 63: 405–7. 

6. Solano Remírez M, et al. Insuficiencia renal por sulfadiazina en
paciente VIH con toxoplasmosis cerebral. An Med Interna 2005;
22: 395–6. 

7. Hyvernat H, et al. Insuffisance rénale aiguë obstructive lors d’un
traitement par sulfadiazine. Presse Med 2006; 35: 423–4. 

8. de la Prada Alvarez FJ, et al. Insuficiencia renal aguda por
depósito de cristales de sulfadiacina. An Med Interna 2007; 24:
235–8. 

9. Chaby G, et al. Insuffisance rénale aiguë après application
topique de sulfadiazine argentique. Ann Dermatol Venereol
2005; 132: 891–3.

Effects on the salivary glands. Enlargement of the salivary
glands (sialadenitis) has been reported1 in a patient who received
a preparation containing sulfadiazine; complete recovery fol-
lowed within 3 days of stopping therapy. Rechallenge confirmed
that sulfadiazine was the causative agent.
1. Añíbarro B, Fontela JL. Sulfadiazine-induced sialadenitis. Ann

Pharmacother 1997; 31: 59–60.

Interactions
As for Sulfamethoxazole, p.341.

Antimicrobial Action
As for Sulfamethoxazole, p.341.

Pharmacokinetics
Sulfadiazine is readily absorbed from the gastrointesti-
nal tract, peak blood concentrations being reached 3 to
6 hours after a single dose; 20 to 55% has been reported
to be bound to plasma proteins. It penetrates into the
CSF within 4 hours of an oral dose to produce thera-
peutic concentrations which may be more than half
those in the blood. Up to 40% of sulfadiazine in the
blood is present as the acetyl derivative. The half-life
of sulfadiazine is about 10 hours; it is prolonged in re-
nal impairment. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

About 50% of a single dose of sulfadiazine given by
mouth is excreted in the urine in 24 hours; 15 to 40% is
excreted as the acetyl derivative.

◊ The urinary excretion of sulfadiazine and the acetyl derivative
is dependent on pH. About 30% is excreted unchanged in both
fast and slow acetylators when the urine is acidic whereas about
75% is excreted unchanged by slow acetylators when the urine is
alkaline. The half-life of sulfadiazine ranges from 7 to 12 hours
and that of its metabolite from 8 to 12 hours.1

1. Vree TB, et al. Determination of the acetylator phenotype and
pharmacokinetics of some sulphonamides in man. Clin Pharma-
cokinet 1980; 5: 274–94.

Uses and Administration
Sulfadiazine is a short-acting sulfonamide that has
been used similarly to sulfamethoxazole (p.341) in the
treatment of infections due to susceptible organisms. It
has been used in the treatment of nocardiosis and lym-
phogranuloma venereum, and has been given for the
prophylaxis of rheumatic fever in penicillin-allergic
patients. For details of these infections and their treat-
ment, see Choice of Antibacterial, p.162. Sulfadiazine
is also given with pyrimethamine for the treatment and
prevention of relapse of toxoplasmosis (p.826) and has
been tried in disseminated Acanthamoeba infection
(p.822). 
In the treatment of susceptible infections, sulfadiazine
may be given orally in usual initial doses of 2 to 4 g,
followed by up to 6 g daily in divided doses. A dose in
children is 75 mg/kg initially, then 150 mg/kg daily in
divided doses to a maximum of 6 g daily. Sulfadiazine
is used in infants less than 2 months of age for congen-
ital toxoplasmosis; an oral dose of 50 mg/kg twice
daily for 12 months has been suggested by the BNFC
for use in neonates. 
Immunocompromised patients who have toxoplasmo-
sis should be given a dose of 4 to 6 g daily in 4 divided
doses for at least 6 weeks, followed by a suppressive
dose of 2 to 4 g daily, which should continue indefi-
nitely. Pyrimethamine should always be given as well. 
For the prophylaxis of rheumatic fever, patients weigh-
ing less than about 30 kg are given 500 mg once daily,
while those over 30 kg may receive 1 g once daily. 
Sulfadiazine is also given intravenously as the sodium
salt. Sulfadiazine sodium 1.09 g is equivalent to about
1 g of sulfadiazine. The usual dose is the equivalent of
sulfadiazine 2 to 3 g initially, then 1 g four times daily
for 2 days; subsequent treatment is given orally. Chil-
dren and infants over 2 months of age may be given the
equivalent of 50 mg/kg initially, followed by 25 mg/kg
four times daily. 
Intravenous doses of sulfadiazine sodium are given by
infusion or by slow intravenous injection of a solution
containing up to 5% sulfadiazine. It may be diluted
with sodium chloride 0.9%. Sulfadiazine sodium has
been given by deep intramuscular injection, but great
care must be taken to prevent damage to subcutaneous
tissues; the intravenous route is preferred. 
Sulfadiazine has been used with trimethoprim as co-
trimazine (p.258). Sulfadiazine has also been used with
other sulfonamides, particularly sulfamerazine and sul-
fadimidine, to reduce the problems of low solubility in
urine.

Preparations

BP 2008: Sulfadiazine Injection; 
USP 31: Sulfadiazine Sodium Injection; Sulfadiazine Tablets; Trisulfapyrimi-
dines Oral Suspension; Trisulfapyrimidines Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Sulfatral; Braz.: Neo Sulfazina†; Suladrin; Sulfadiazinac†; Fr.: Adi-
azine†; Gr.: Adiazine; Mex.: Bioarginol-C; Sularyn; Port.: Labdiazina.

Multi-ingredient: Arg.: Afonisan; Anginotrat; Pastillas Lorbi; Sulfatral-Ce-
rio†; Austria: Ophcillin N; Rhinon; Braz.: Triglobe; Canad.: Coptin; Fin.:
Ditrim; Trimetin Duplo; Ger.: Sterinor†; Urospasmon sine†; Urospasmon†;
Gr.: Geypirina; India: Aubril; Zad-G; Indon.: Trisulfa; Malaysia: Balin;
Beaglobe; Triglobe†; Trisulprim†; Trizine; Mex.: Agin; Estrefen; Philipp.:
Triglobe; Trizine; Port.: Broncodiazina; Singapore: Balin; Swed.: Trimin sul-
fa†; Thai.: Sulfatril; Turk.: Sulfatrim; Venez.: Esterinor†.

Sulfadiazine Silver (BANM, rINNM)

Argenti Sulfadiazinum; Gümüş Sülfadiazin; Hopeasulfadiatsiini; Sil-
ver Sulfadiazine (USAN); Silver Sulphadiazine; Silversulfadiazin; Sul-
fadiazina argéntica; Sulfadiazine Argentique; Sulfadiazinum Ar-
genticum; Sulfadiazinum Argentum; Sulphadiazine Silver.

Сульфадиазин Серебра

C10H9AgN4O2S = 357.1.

CAS — 22199-08-2.

ATC — D06BA01.

ATC Vet — QD06BA01.

Pharmacopoeias. In Chin., Int., Jpn, and US. 
USP 31 (Silver Sulfadiazine). A white to creamy-white, odourless
or almost odourless crystalline powder. It becomes yellow on ex-
posure to light. Practically insoluble in alcohol, in chloroform,
and in ether; slightly soluble in acetone; freely soluble in 30%
ammonia solution. It decomposes in moderately strong mineral
acids. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
Sulfadiazine silver may be absorbed after topical appli-
cation and produce systemic effects similar to those of
other sulfonamides (see Sulfamethoxazole, p.340). 
Local pain or irritation are uncommon; the separation
of the eschar may be delayed and fungal invasion of the
wound may occur. 
Transient leucopenia does not usually require with-
drawal of sulfadiazine silver, but blood counts should
be monitored to ensure they return to normal within a
few days. Systemic absorption of silver, resulting in
argyria, can occur when sulfadiazine silver is applied to
large area wounds or over prolonged periods.

Argyria. A report of argyria, with discoloration of the skin and
sensorimotor neuropathy, caused by excessive application of sul-
fadiazine silver 1% cream to extensive leg ulcers.1

1. Payne CMER, et al. Argyria from excessive use of topical silver
sulphadiazine. Lancet 1992; 340: 126.

Effects on the kidneys. For mention of renal failure and leu-
copenia associated with the use of sulfadiazine silver see under
Sulfadiazine, above.

Interactions
As for Sulfamethoxazole, p.341. 
Sulfadiazine silver is not antagonised by p-aminoben-
zoic acid or related compounds. The silver content of
sulfadiazine silver may inactivate enzymatic debriding
agents.

Antimicrobial Action
Sulfadiazine silver has broad antimicrobial activity
against Gram-positive and Gram-negative bacteria in-
cluding Pseudomonas aeruginosa, and some yeasts
and fungi. Sulfadiazine silver has a bactericidal action;
in contrast to sulfadiazine, the silver salt acts primarily
on the cell membrane and cell wall and its action is not
antagonised by p-aminobenzoic acid. Resistance to
sulfadiazine silver has been reported and may develop
during therapy.

Pharmacokinetics
Sulfadiazine silver slowly releases sulfadiazine when
in contact with wound exudates. Up to about 10% of
the sulfadiazine may be absorbed; concentrations in
blood of 10 to 20 micrograms/mL have been reported,
although higher concentrations may be achieved when
extensive areas of the body are treated. Some silver
may also be absorbed.

Uses and Administration
Sulfadiazine silver is a sulfonamide that is used, in con-
junction with debridement, as a 1% cream for the pre-
vention and treatment of infection in severe burns
(p.1578). 
Sulfadiazine silver has also been used in other skin
conditions, such as leg ulcers (p.1585), where infection
may prevent healing and for the prophylaxis of infec-

tion in skin grafting. It has also been applied to the eyes
in the treatment of superficial Aspergillus infections. 
Catheters impregnated with sulfadiazine silver have
been used to reduce catheter colonisation and related
bloodstream infection (p.1624).
Preparations
USP 31: Silver Sulfadiazine Cream.

Proprietary Preparations (details are given in Part 3)
Arg.: Silvederma†; Austria: Flammazine; Belg.: Flammazine; Sulfasil; Braz.:
Dermazine; Gino Dermazine; Pratazine†; Silglos; Sulfaderm; Canad.: Der-
mazin†; Flamazine; SSD†; Cz.: Dermazin; Flammazine†; Denm.: Flamazine;
Fin.: Flamazine; Fr.: Flammazine; Sicazine; Ger.: Brandiazin; Flammazine; Ur-
gotul S.Ag; Gr.: Flammazine; Hong Kong: Aldo-Silverderma; Dermazin;
Flamazine; Hung.: Dermazin; India: SSZ; Indon.: Burnazin; Irl.: Flamazine;
Israel: Silverol; Ital.: Bacternil; Sofargen; Mex.: Argemol; Argentafil; Argen-
tal; Silvadene; Zitep; Neth.: Flammazine; Norw.: Flamazine; Philipp.: Flam-
mazine; Innoxiderm; Sterizol; Pol.: Dermazin; Port.: Flammazine; Sicazine;
Silvederma; Silvespray; Rus.: Dermazin (Дермажин); Silvederma
(Сильведерм); Sulphargin (Сульфаргин); S.Afr.: Argent-Eze; Bactrazine;
Flamazine; Silbecor; Singapore: Flamazine†; Spain: Flammazine; Silveder-
ma; Switz.: Flammazine; Silvertone; Thai.: Dermazin; Flamazine; Silverol†;
Turk.: Silvadene; Silvadiazin; Silvamed; Silverdin; UAE: Silvadiazin; UK:
Flamazine; USA: Silvadene; SSD; Thermazene; Venez.: Menaderm; Proto-
sulfil; Silvederma.

Multi-ingredient: Arg.: Iuronico Biotic; Platsul A; Sulfadiazina de Plata;
Sulfaplat; Austral.: Silvazine; Belg.: Flammacerium; Braz.: Dermacerium;
Canad.: Flamazine C†; Chile: FCE; Hebermin†; Platsul A; Cz.: Flammace-
rium†; Ialugen Plus; Fr.: Altreet Ag; Flammacerium; Ialuset Plus; Urgotul
S.Ag; Gr.: Flammacerium; Hung.: Ialugen Plus; India: Argisept†; Burnheal†;
Silverex; Ital.: Altergen; Connettivina Plus; Neth.: Flammacerium; NZ: Sil-
vazine; Philipp.: Flammacerium; Pol.: Flammacerium; Singapore: Sil-
vazine; Silvin; Spain: Unitul Complex†; Switz.: Ialugen Plus; UK: Flammac-
erium; Physiotulle-Ag.

Sulfadicramide (rINN)

Sulfadicramida; Sulfadicramidum; Sulfadikramid; Sulfadikramidi.
N′-(3,3-Dimethylacroyl)sulphanilamide.

Сульфадикрамид
C11H14N2O3S = 254.3.
CAS — 115-68-4.
ATC — S01AB03.
ATC Vet — QS01AB03.

Profile
Sulfadicramide is a sulfonamide with properties similar to those
of sulfamethoxazole (p.340). It is applied as a 15% ointment for
superficial infections of the eye.
Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Irgamid†; Fin.: Irgamid†; Hung.: Irgamid†; Switz.: Irgamid.

Sulfadimethoxine (BAN, rINN)

Solfadimetossina; Solfadimetossipirimidina; Sulfadiméthoxine;
Sulfadimethoxinum; Sulfadimetoksiini; Sulfadimetoxin; Sulfadime-
toxina; Sulphadimethoxine. N1-(2,6-Dimethoxypyrimidin-4-yl)-
sulphanilamide.
Сульфадиметоксин
C12H14N4O4S = 310.3.
CAS — 122-11-2.
ATC — J01ED01.
ATC Vet — QJ01EQ09; QP51AG02.

Pharmacopoeias. In Fr. and It. In US for veterinary use only. 
USP 31 (Sulfadimethoxine). Practically white, crystalline pow-
der. Practically insoluble in water; slightly soluble in alcohol, in
chloroform, in ether, and in hexane; soluble in 2N sodium hy-
droxide; sparingly soluble in 2N hydrochloric acid. Store in air-
tight containers. Protect from light.

Profile
Sulfadimethoxine is a long-acting sulfonamide with properties
similar to those of sulfamethoxazole (p.340). It is used in prepa-
rations for the treatment of skin infections and was formerly used
for the treatment of urinary-tract infections. It is also used in vet-
erinary medicine, sometimes with baquiloprim or ormetoprim.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Rus.: Levosin (Левосин).
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Sulfadimidine (BAN, rINN)

Solfametazina; Sulfadimerazine; Sulfadimezinum; Sulfadimidiini;
Sulfadimidin; Sulfadimidina; Sulfadimidinas; Sulfadimidinum; Sul-
famethazine; Sulphadimethylpyrimidine; Sulphadimidine; Sul-
phamethazine; Szulfadimidin. N1-(4,6-Dimethylpyrimidin-2-yl)sul-
phanilamide.
Сульфадимидин
C12H14N4O2S = 278.3.
CAS — 57-68-1.
ATC — J01EB03.
ATC Vet — QJ01EQ03; QP51AG01.

NOTE. Sulfadimethylpyrimidine has been used as a synonym for
sulfisomidine (p.344). Care should be taken to avoid confusion
between the two compounds, which are isomeric.
Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet. Also in
BP (Vet). 
Ph. Eur. 6.2 (Sulfadimidine). White or almost white powder or
crystals. Very slightly soluble in water; slightly soluble in alco-
hol; soluble in acetone. It dissolves in solutions of alkali hydrox-
ides and in dilute mineral acids. Protect from light. 
USP 31 (Sulfamethazine). White to yellowish-white, practically
odourless, powder. It may darken on exposure to light. Very
slightly soluble in water and in ether; slightly soluble in alcohol;
soluble in acetone. Protect from light.

Sulfadimidine Sodium (BANM, rINNM)

Natrii Sulfadimidinum; Soluble Sulphadimidine; Sulfadimidina
sódica; Sulfadimidine Sodique; Sulfamethazine Sodium; Sulphadi-
midine Sodium.
Натрий Сульфадимидин
C12H13N4NaO2S = 300.3.
CAS — 1981-58-4.
ATC — J01EB03.
Pharmacopoeias. In Int.
Profile
Sulfadimidine is a short-acting sulfonamide with properties sim-
ilar to those of sulfamethoxazole (p.340). 
It is well absorbed from the gastrointestinal tract and is about 80
to 90% bound to plasma proteins. Reported half-lives have
ranged from 1.5 to 4 hours in fast and 5.5 to 8.8 hours in slow
acetylators. Because of the relatively high solubility of the drug
and its acetyl metabolite, crystalluria may be less likely than with
sulfamethoxazole. 
In the treatment of susceptible infections, sulfadimidine has been
given orally in an initial dose of 2 g, followed by 0.5 to 1.0 g
every 6 to 8 hours. It has also been given parenterally as the so-
dium salt. 
Sulfadimidine has also been used with other sulfonamides, par-
ticularly sulfamerazine and sulfadiazine. It is also used in veteri-
nary medicine, sometimes with baquiloprim or trimethoprim. 
Because its pharmacokinetics differ in fast and slow acetylators,
sulfadimidine has been used to determine acetylator status.
Preparations
USP 31: Trisulfapyrimidines Oral Suspension; Trisulfapyrimidines Tablets.
Proprietary Preparations (details are given in Part 3)
Hung.: Septosyl.
Multi-ingredient: Hung.: Potesept†; Indon.: Trisulfa; Thai.: Sulfatril.

Sulfadoxine (BAN, USAN, rINN)

Ro-4-4393; Sulfadoksiini; Sulfadoksinas; Sulfadoxin; Sulfadoxina;
Sulfadoxinum; Sulformethoxine; Sulforthomidine; Sulphormeth-
oxine; Sulphorthodimethoxine; Szulfadoxin. N1-(5,6-Dimethox-
ypyrimidin-4-yl)sulphanilamide.
Сульфадоксин
C12H14N4O4S = 310.3.
CAS — 2447-57-6.
ATC Vet — QJ01EQ13.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Sulfadoxine). White or yellowish-white crystalline
powder or crystals. Very slightly soluble in water; slightly solu-
ble in alcohol and in methyl alcohol. It dissolves in solutions of
alkali hydroxides and in dilute mineral acids. Protect from light. 
USP 31 (Sulfadoxine). Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Sulfamethoxazole, p.340. For reference to the
adverse effects of a combination of sulfadoxine and
pyrimethamine, see Pyrimethamine, p.610. 

If adverse effects occur, sulfadoxine has the disadvan-
tage that several days are required for elimination from
the body.

Interactions
As for Sulfamethoxazole, p.341.

Antimicrobial Action
As for Sulfamethoxazole, p.341. Synergy exists be-
tween sulfadoxine and pyrimethamine, which act
against folate metabolism at different points of the met-
abolic cycle. 

Resistance to the combination of sulfadoxine and py-
rimethamine in plasmodia, first noted in Thailand in
the late 1970s, has become widespread in many malar-
ious areas of the world. For further details of resistance
to antimalarial drugs, see p.594.

Pharmacokinetics
Sulfadoxine is readily absorbed from the gastrointesti-
nal tract. High concentrations in the blood are reached
in about 4 hours; the half-life in the blood is about 4 to
9 days. About 90 to 95% is reported to be bound to
plasma proteins. 

Sulfadoxine is widely distributed to body tissues and
fluids; it passes into the fetal circulation and has been
detected in low concentrations in breast milk. Sulf-
adoxine is excreted very slowly in urine, primarily
unchanged.

Uses and Administration
Sulfadoxine is a long-acting sulfonamide that has been
used in the treatment of various infections but is now
rarely used alone. 

It is given as a fixed-dose combination of 20 parts sul-
fadoxine with 1 part pyrimethamine (Fansidar, Roche)
in the treatment of falciparum malaria resistant to other
therapies (p.594), usually after a course of quinine. Al-
though the combination has been used in the prophy-
laxis of malaria, the risk of toxicity is now generally
considered to outweigh its value. 

In the treatment of malaria, the usual oral dose is 1.5 g
of sulfadoxine with 75 mg of pyrimethamine as a
single dose; this should not be repeated for at least 7
days. Oral doses for children are: 5 to 10 kg body-
weight, 250 mg sulfadoxine with 12.5 mg pyrimeth-
amine; 11 to 20 kg, 500 mg sulfadoxine with 25 mg
pyrimethamine; 21 to 30 kg, 750 mg sulfadoxine with
37.5 mg pyrimethamine; 31 to 45 kg, 1 g sulfadoxine
with 50 mg pyrimethamine. 

Sulfadoxine with pyrimethamine has also been given
intramuscularly. 

Sulfadoxine with pyrimethamine has also been tried in
the treatment of actinomycetomas (see Mycetoma
p.180), and for prophylaxis of pneumocystis pneumo-
nia in immunocompromised patients (see p.521 for the
more usual prophylactic regimens). 

A mixture of 5 parts of sulfadoxine with 1 part trimeth-
oprim is used in veterinary medicine.

Preparations
USP 31: Sulfadoxine and Pyrimethamine Tablets.

Proprietary Preparations (details are given in Part 3)
Malaysia: Fansidar.
Multi-ingredient: Austral.: Fansidar; Belg.: Malastop†; Braz.: Fansidar;
Canad.: Fansidar†; Denm.: Fansidar†; Fr.: Fansidar; India: Artemal†; Lar-
idox; Pyralfin; Rimodar; Indon.: Fansidar; Suldox; Irl.: Fansidar; Israel: Fan-
sidar; Malaysia: Madomine; Philipp.: Fansidar; S.Afr.: Fansidar; Singa-
pore: Madomine†; Switz.: Fansidar ; Fansimef†; Thai.: Vivaxine†; UK:
Fansidar; USA: Fansidar.

Sulfafurazole (BAN, pINN)

Sulfafuratsoli; Sulfafurazol; Sulfafurazolas; Sulfafurazolum; Sulfisox-
azole; Sülfizoksazol; Sulphafuraz; Sulphafurazole; Szulfafurazol.
N1-(3,4-Dimethylisoxazol-5-yl)sulphanilamide.
Сульфафуразол
C11H13N3O3S = 267.3.
CAS — 127-69-5.
ATC — J01EB05; S01AB02.
ATC Vet — QJ01EQ05; QS01AB02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sulfafurazole). White or yellowish-white, crystal-
line powder or crystals. Practically insoluble in water; sparingly
soluble in alcohol; slightly soluble in dichloromethane. It dis-
solves in solutions of alkali hydroxides and in dilute mineral ac-
ids. Protect from light. 
USP 31 (Sulfisoxazole). A white to slightly yellowish, odourless
crystalline powder. Soluble 1 in 7700 of water and 1 in 10 of boil-
ing alcohol; soluble in 3N hydrochloric acid. Store in airtight
containers. Protect from light.

Acetyl Sulfafurazole
Acetilsulfafurazol; Acetyl Sulphafurazole; Sulfisoxazole Acetyl. N1-
Acetyl Sulphafurazole; N-(3,4-Dimethylisoxazol-5-yl)-N-sulphan-
ilylacetamide.
C13H15N3O4S = 309.3.
CAS — 80-74-0.
ATC — J01EB05; S01AB02.
ATC Vet — QS01AB02.

NOTE. Acetyl sulfafurazole is to be distinguished from the N4-
acetyl derivative formed from sulfafurazole by conjugation in
the body. 
Compounded preparations of acetyl sulfafurazole may be repre-
sented by the following name: 
• Co-erynsulfisox (PEN)—acetyl sulfafurazole and erythromy-

cin ethyl succinate.
Pharmacopoeias. In US. 
USP 31 (Sulfisoxazole Acetyl). A white or slightly yellow crys-
talline powder. Practically insoluble in water; soluble 1 in 176 of
alcohol, 1 in 35 of chloroform, 1 in 1064 of ether, and 1 in 203 of
methyl alcohol. Store in airtight containers. Protect from light.

Sulfafurazole Diolamine (pINNM)

NU-445; Sulfafurazol diolamina; Sulfafurazol, Diolamine de; Sul-
fafurazoli Diolaminum; Sülfisoksazol Dietanolamin; Sulfisoxazole
Diolamine (USAN); Sulphafurazole Diethanolamine; Sulphafura-
zole Diolamine. The 2,2′-iminobisethanol salt of sulphafurazole.
Сульфафуразола Диоламин
C11H13N3O3S,C4H11NO2 = 372.4.
CAS — 4299-60-9.
ATC — J01EB05; S01AB02.
ATC Vet — QS01AB02.

Adverse Effects, Treatment, and Precau-
tions
As for Sulfamethoxazole, p.340. 
Sulfafurazole and its acetyl derivative are relatively
soluble in urine and the risk of crystalluria is generally
slight, but nevertheless adequate fluid intake is recom-
mended.
Breast feeding. A study1 in 6 women who received sulfafura-
zole concluded that the amount of drug secreted into breast milk
poses no risk to the healthy infant beyond the immediate new-
born period, but potential risk in breast-fed infants with jaundice
or G6PD deficiency, or who are ill, stressed, or premature, was
more difficult to evaluate. Based on this evidence, the American
Academy of Pediatrics2 has stated that sulfafurazole is usually
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

compatible with breast feeding, but caution is required in the in-
fants mentioned above.
1. Kauffman RE, et al. Sulfisoxazole secretion into human milk. J

Pediatr 1980; 97: 839–41. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Interactions
As for Sulfamethoxazole, p.341. 
Sulfafurazole has been reported to increase the anaes-
thetic effect of thiopental. 
Eye preparations of sulfafurazole diolamine should not
be applied with preparations of silver salts.

Antimicrobial Action
As for Sulfamethoxazole, p.341.

Pharmacokinetics
Sulfafurazole is readily absorbed from the gastrointes-
tinal tract with peak plasma concentrations occurring 1
to 4 hours after an oral dose. Acetyl sulfafurazole (the
N1-acetyl derivative) is broken down to sulfafurazole
in the gastrointestinal tract before absorption, resulting
in delayed and somewhat lower peak concentrations.
After absorption about 85 to 90% is bound to plasma
proteins. Sulfafurazole readily diffuses into extracellu-
lar fluid, but very little diffuses into cells. Concentra-
tions in the CSF are about one-third of those in the
blood. It crosses the placenta into the fetal circulation
and is distributed into breast milk. About 30% of sul-
fafurazole in the blood and in the urine is in the form of
the N4-acetyl derivative. 
Sulfafurazole is excreted rapidly in the urine, up to
97% of a single dose being eliminated in 48 hours. The
half-life is reported to range from about 5 to 8 hours.
Both sulfafurazole and its N4-acetyl derivative are
more soluble than many other sulfonamides in urine.

Uses and Administration
Sulfafurazole is a short-acting sulfonamide that is used
similarly to sulfamethoxazole (p.341), notably in the
treatment of urinary-tract infections, pneumonia due to
Chlamydophila pneumoniae (Chlamydia pneumoni-
ae), nocardiosis, and trachoma. It is also used, usually
with erythromycin, in the treatment of otitis media. For
details of these infections and their treatment see
Choice of Antibacterial, p.162. 
Sulfafurazole is usually given orally. In the treatment
of susceptible infections, it has been given in an initial
dose of 2 to 4 g, followed by 4 to 8 g daily in divided
doses every 4 to 6 hours. For children and infants over
2 months of age, the dose has been 75 mg/kg initially,
followed by 150 mg/kg daily in divided doses to a
maximum of 6 g daily. Dosage modification may be
necessary in patients with renal impairment. Acetyl
sulfafurazole is tasteless and is used in liquid oral prep-
arations of the drug; doses are expressed in terms of
sulfafurazole. 1.16 g of acetyl sulfafurazole is equiva-
lent to about 1 g of sulfafurazole. 
Sulfafurazole diolamine has been used, as an ophthal-
mic ointment or solution containing the equivalent of
4% of sulfafurazole, in the topical treatment of suscep-
tible eye infections. Sulfafurazole diolamine 1.39 g is
equivalent to about 1 g of sulfafurazole. 
Sulfafurazole diolamine has also been given parenter-
ally.

Preparations
USP 31: Erythromycin Estolate and Sulfisoxazole Acetyl Oral Suspension;
Erythromycin Ethylsuccinate and Sulfisoxazole Acetyl for Oral Suspension;
Sulfisoxazole Acetyl Oral Suspension; Sulfisoxazole Tablets.

Proprietary Preparations (details are given in Part 3)
Turk.: Gansol; USA: Gantrisin†; Venez.: Ganticol; Soxacol†.

Multi-ingredient: Arg.: Pediazole†; Canad.: Pediazole; Chile: Bioquin;
Pediazole†; Fr.: Pediazole; Gr.: Pediazole; Hong Kong: Pediazole†; Israel:
Pediazole; Mex.: Pediazole; Urovec; Turk.: Azo Gantrisin; USA: Eryzole†;
Pediazole; Venez.: Pediazole†.

Sulfaguanidine (BAN, rINN)

Solfaguanidina; Sulfaguanidiini; Sulfaguanidin; Sulfaguanidina; Sulf-
aguanidinas; Sulfaguanidinum; Sulfaguanidyna; Sulfamidinum; Sulg-
inum; Sulphaguanidine; Szulfaguanidin. 1-Sulphanilylguanidine; N′-
Amidinosulphanilamide.

Сульфагуанидин

C7H10N4O2S = 214.2.
CAS — 57-67-0 (anhydrous sulfaguanidine); 6190-55-2
(sulfaguanidine monohydrate).
ATC — A07AB03.
ATC Vet — QA07AB03.

Pharmacopoeias. In Eur. (see p.vii). 
Viet. includes the monohydrate. 
Ph. Eur. 6.2 (Sulfaguanidine). A white or almost white, fine crys-
talline powder. Very slightly soluble in water and in alcohol;
slightly soluble in acetone; practically insoluble in dichlorometh-
ane. It dissolves in dilute solutions of mineral acids. Protect from
light.

Profile
Sulfaguanidine is a sulfonamide with properties similar to those
of sulfamethoxazole (p.340). It is absorbed to a limited extent
from the gastrointestinal tract and may therefore be more likely
to cause systemic effects than less well absorbed drugs such as
phthalylsulfathiazole and succinylsulfathiazole. It is used, usual-
ly with other drugs, in the treatment of gastrointestinal infections,
and has also been applied locally to the skin and throat.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Enteropathyl.

Multi-ingredient: Braz.: Sanadiar†; Chile: Carbon Sulfaguanidina;
Mex.: Neopecsul; Thai.: Biodan†.

Sulfamazone Sodium (rINNM)

Natrii Sulfamazonum; Sulfamazona sódica; Sulfamazone Sodique;
Sulfenazone; Sulphenazone. Sodium α-{p-[(6-methoxy-3-pyri-
dazinyl)sulfamoyl]anilino}-2,3-dimethyl-5-oxo-1-phenyl-3-pyra-
zoline-4-methanesulphonate.

Натрий Сульфамазон
C23H24N6O7S2Na = 583.6.
CAS — 65761-24-2 (sulfamazone); 13061-27-3 (sulfam-
azone sodium).
ATC — J01ED09.

(sulfamazone)

Profile
Sulfamazone is an antibacterial with antipyretic activity that has
been given as the sodium salt, orally or rectally, in infections of
the upper respiratory tract.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Marespin†.

Sulfamerazine (BAN, rINN)

RP-2632; Solfamerazina; Sulfamerasinum; Sulfameratsiini; Sulfam-
erazin; Sulfamerazina; Sulfamerazinas; Sulfamérazine; Sulfamer-
azinum; Sulfamethyldiazine; Sulfamethylpyrimidine; Sulphamera-
zine; Szulfamerazin. N1-(4-Methylpyrimidin-2-yl)sulphanilamide.
Сульфамеразин
C11H12N4O2S = 264.3.
CAS — 127-79-7.
ATC — D06BA06; J01ED07.
ATC Vet — QD06BA06.

Pharmacopoeias. In Eur. (see p.vii). Also in BP(Vet). 
Ph. Eur. 6.2 (Sulfamerazine). White, yellowish-white, or pink-
ish-white, crystalline powder or crystals. Very slightly soluble in
water and in dichloromethane; slightly soluble in alcohol; spar-
ingly soluble in acetone. It dissolves in solutions of alkali hy-
droxides and in dilute mineral acids. Protect from light.

Sulfamerazine Sodium (BANM, rINN)

Soluble Sulphamerazine; Sulfamerazina de sodio; Sulfamerazina
sódica; Sulfamérazine sodique; Sulfamerazinum Natricum; Sul-
phamerazine Sodium.
Сульфамеразин Натрий
C11H11N4NaO2S = 286.3.
CAS — 127-58-2.
ATC — D06BA06; J01ED07.
ATC Vet — QD06BA06.

Profile
Sulfamerazine is a short-acting sulfonamide with properties sim-
ilar to those of sulfamethoxazole (p.340). It has usually been giv-
en with other sulfonamides, or with trimethoprim.
Preparations
USP 31: Trisulfapyrimidines Oral Suspension; Trisulfapyrimidines Tablets.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Berlocombin†; Indon.: Trisulfa; Thai.: Sulfatril.

Sulfamethizole (BAN, rINN)

Sulfaméthizol; Sulfamethizol; Sulfamethizolum; Sulfametitsoli; Sul-
fametizol; Sulfametizolas; Sulphamethizole; Szulfametizol. N1-(5-
Methyl-1,3,4-thiadiazol-2-yl)sulphanilamide.
Сульфаметизол
C9H10N4O2S2 = 270.3.
CAS — 144-82-1.
ATC — B05CA04; D06BA04; J01EB02; S01AB01.
ATC Vet — QB05CA04; QD06BA04; QJ01EQ02;
QS01AB01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sulfamethizole). White or yellowish-white crystal-
line powder or crystals. Very slightly soluble in water; sparingly
soluble in alcohol; soluble in acetone. It dissolves in dilute solu-
tions of alkali hydroxides and in dilute mineral acids. Protect
from light. 
USP 31 (Sulfamethizole). Practically odourless, white crystals or
powder. Soluble 1 in 2000 of water, 1 in 38 of alcohol, 1 in 13 of
acetone, and 1 in 1900 of chloroform and of ether; freely soluble
in solutions of ammonium, potassium, and sodium hydroxides;
soluble in dilute mineral acids; practically insoluble in benzene.
Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Sulfamethoxazole, p.340. 
Sulfamethizole and its acetyl derivative are relatively
soluble in urine, and the risk of crystalluria is quite low,
but an adequate fluid intake should generally be main-
tained.
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Interactions
As for Sulfamethoxazole, p.341.

Antimicrobial Action
As for Sulfamethoxazole, p.341.

Pharmacokinetics
Sulfamethizole is readily absorbed from the gastroin-
testinal tract; about 90% has been reported to be bound
to plasma proteins. Its half-life has been reported to
range from about 1.5 to 3 hours. It is only slightly
acetylated in the body and is rapidly excreted, about
60% of a dose being eliminated in the urine in 5 hours
and around 90% within 10 hours. Sulfamethizole and
its acetyl derivative are readily soluble in urine over a
wide pH range. Only low concentrations are achieved
in blood and tissues because of its rapid excretion.

Uses and Administration
Sulfamethizole is a short-acting sulfonamide that is
given orally in the treatment of infections of the urinary
tract, sometimes with other antibacterials; it is unsuita-
ble for the treatment of systemic infection since only
relatively low concentrations of drug are achieved in
the blood and tissues. 
It is given in adult doses of 1.5 to 4 g daily in 3 or 4
divided doses. A usual dose for children is 30 to
45 mg/kg daily in 4 divided doses. 
Sulfamethizole monoethanolamine has also been used.
Preparations
USP 31: Sulfamethizole Oral Suspension; Sulfamethizole Tablets.
Proprietary Preparations (details are given in Part 3)
Denm.: Lucosil; Fr.: Rufol; Norw.: Lucosil†; Thai.: Luco-Oph†.
Multi-ingredient: Spain: Micturol Sedante; USA: Urobiotic-250; Ven-
ez.: Bacteval.

Sulfamethoxazole (BAN, USAN, rINN)

Ro-4-2130; Sulfamethoxazol; Sulfaméthoxazole; Sulfamethoxa-
zolum; Sulfametoksatsoli; Sulfametoksazol; Sulfametoksazolas;
Sulfametoxazol; Sulfisomezole; Sulphamethoxazole; Szulfame-
toxazol. N1-(5-Methylisoxazol-3-yl)sulphanilamide.
Сульфаметоксазол
C10H11N3O3S = 253.3.
CAS — 723-46-6.
ATC — J01EC01.
ATC Vet — QJ01EQ11.

NOTE. Compounded preparations of sulfamethoxazole may be
represented by the following names: 
• Co-trimoxazole (BAN)—sulfamethoxazole 5 parts and tri-

methoprim 1 part (see p.258) 
• Co-trimoxazole (PEN)—sulfamethoxazole and trimethoprim.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Sulfamethoxazole). A white or almost white, crys-
talline powder. Practically insoluble in water; sparingly soluble
in alcohol; freely soluble in acetone. It dissolves in dilute solu-
tions of sodium hydroxide and in dilute acids. Protect from light. 
USP 31 (Sulfamethoxazole). A white to off-white, practically
odourless, crystalline powder. Soluble 1 in 3400 of water, 1 in 50
of alcohol, and 1 in 1000 of chloroform and of ether; slowly and
usually incompletely soluble 1 in 2 of carbon disulfide; freely
soluble in acetone and in dilute solutions of sodium hydroxide.
Protect from light.

Adverse Effects and Treatment
Nausea, vomiting, anorexia, and diarrhoea are relative-
ly common after use of sulfamethoxazole and other
sulfonamides. 
Hypersensitivity reactions to sulfonamides have
proved a problem. Fever is relatively common, and re-
actions involving the skin may include rashes, pruritus,
photosensitivity reactions, exfoliative dermatitis, and
erythema nodosum. Severe, potentially fatal, skin reac-

tions including toxic epidermal necrolysis and the
Stevens-Johnson syndrome have occurred in patients
treated with sulfonamides. Dermatitis may also occur
from contact of sulfonamides with the skin. SLE, par-
ticularly exacerbation of pre-existing disease, has also
been reported. 
Nephrotoxic reactions including interstitial nephritis
and tubular necrosis, which may result in renal failure,
have been attributed to hypersensitivity to sulfameth-
oxazole. Lumbar pain, haematuria, oliguria, and anuria
may also occur due to crystallisation in the urine of sul-
famethoxazole or its less soluble acetylated metabolite.
The risk of crystalluria can be reduced by giving fluids
to maintain a high urine output. If necessary, alkalini-
sation of the urine with sodium bicarbonate may in-
crease solubility and aid the elimination of sulfona-
mides. 
Blood disorders have occasionally occurred during
treatment with the sulfonamides including sulfameth-
oxazole, and include agranulocytosis, aplastic anae-
mia, thrombocytopenia, leucopenia, hypoprothrombi-
naemia, and eosinophilia. Many of these effects on the
blood may result from hypersensitivity reactions. Sul-
fonamides may rarely cause cyanosis due to methaem-
oglobinaemia. Acute haemolytic anaemia is a rare
complication which may be associated with G6PD de-
ficiency. 
Other adverse effects that may be manifestations of a
generalised hypersensitivity reaction to sulfonamides
include a syndrome resembling serum sickness, hepat-
ic necrosis, hepatomegaly and jaundice, myocarditis,
pulmonary eosinophilia and fibrosing alveolitis, and
vasculitis including polyarteritis nodosa. Anaphylaxis
has been reported only very rarely. 
Other adverse reactions reported after sulfamethoxa-
zole or other sulfonamides include hypoglycaemia,
hypothyroidism, neurological reactions including
aseptic meningitis, ataxia, benign intracranial hyper-
tension, convulsions, dizziness, drowsiness, fatigue,
headache, insomnia, mental depression, peripheral or
optic neuropathies, psychoses, tinnitus, vertigo, and
pancreatitis. 
Sulfonamides may displace serum-bound bilirubin, re-
sulting in kernicterus in premature neonates. 
As with other antimicrobials, sulfamethoxazole may
cause alterations of the bacterial flora in the gastroin-
testinal tract. There is, therefore, the possibility, al-
though it appears to be small, that pseudomembranous
colitis may occur. 
Slow acetylators of sulfamethoxazole may be at great-
er risk of adverse reactions than fast acetylators. 
For further information on the adverse effects of sul-
famethoxazole when used with trimethoprim, see Co-
trimoxazole, p.258.

Precautions
In patients given sulfamethoxazole, adequate fluid in-
take is necessary to reduce the risk of crystalluria; the
daily urine output should be 1200 mL or more. Com-
pounds that render the urine acidic may increase the
risk of crystalluria; the risk may be reduced with alka-
line urine. 
Treatment with sulfonamides should be stopped imme-
diately a rash appears because of the danger of severe
allergic reactions such as the Stevens-Johnson syn-
drome. 
Sulfamethoxazole should be given with care to patients
with renal or hepatic impairment and is contra-indicat-
ed in patients with severe impairment or with blood
disorders. Dosage reduction may be necessary in renal
impairment. Complete blood counts and urinalyses
with microscopic examination should be carried out
particularly during prolonged therapy. Sulfamethoxa-
zole should not be given to patients with a history of
hypersensitivity to sulfonamides as cross-sensitivity
may occur between drugs of this group. Care is gener-
ally advisable in patients with a history of allergy or

asthma. Caution is also needed in the elderly, who may
be more likely to have other risk factors for reactions.
Some consider sulfamethoxazole to be contra-indicat-
ed in lupus erythematosus as it may exacerbate the
condition. Patients with glucose 6-phosphate dehydro-
genase deficiency may be at risk of haemolytic reac-
tions. 
Sulfamethoxazole and other sulfonamides are not usu-
ally given to infants within 1 to 2 months of birth be-
cause of the risk of producing kernicterus; for the same
reason, they are generally contra-indicated in women
prior to delivery (see below). 
Patients with AIDS may be particularly prone to ad-
verse reactions, especially when sulfamethoxazole is
given with trimethoprim as co-trimoxazole. 
Sulfonamides have been reported to interfere with
some diagnostic tests, including those for urea, creati-
nine, and urinary glucose and urobilinogen.
Breast feeding. Sulfonamides are excreted into breast milk in
low concentrations and, although they are generally contra-indi-
cated in the USA in breast-feeding women because of the risk of
kernicterus, they are usually thought to pose a negligible risk to
healthy neonates. However, sulfonamides should be used with
caution in breast-feeding mothers of ill, stressed, or premature
infants and of infants with jaundice, hyperbilirubinaemia or
G6PD deficiency. 
The American Academy of Pediatrics considers sulfamethoxa-
zole, when given with trimethoprim, to be compatible with
breast feeding.1
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Immunocompromised patients. Sulfamethoxazole is
mainly conjugated in the liver to the N4-acetyl derivative, but is
also oxidised, to a limited extent, to the hydroxylamine metabo-
lite.1-5 Although this metabolite was originally implicated6 in the
development of adverse reactions to sulfonamides, recent work7

has cast some doubt on this hypothesis. The metabolite appears
to be produced through cytochrome P450 oxidative metabolism,
and it has been suggested that slow acetylators of sulfamethoxa-
zole exhibit increased oxidation compared with other metabolic
routes.1 AIDS patients also exhibit increased oxidation, since
they may be depleted of substrates such as acetylcoenzyme A or
glutathione necessary for acetylation or detoxification, and this
may explain their susceptibility to sulfamethoxazole toxicity.2,3 
There have been attempts to inhibit the formation of the hydrox-
ylamine metabolite by competitive inhibition of cytochrome
P450 enzymes, notably with fluconazole and ketoconazole.4,5

Encouraging results have been obtained with fluconazole in
healthy subjects, but the potential for clinical benefit in AIDS
patients requires further study.5 
However, one successful method of overcoming adverse effects
in AIDS patients has been desensitisation. Desensitisation by
use of initial doses of 4 mg of sulfamethoxazole or 5 mg of sul-
fadiazine every 6 hours, doubled at 24-hour intervals until the
desired dose was reached, was uneventful in 9 of 13 patients with
AIDS requiring sulfonamide treatment for opportunistic infec-
tions.8 The remaining 4 had cutaneous reactions with fever, but
in 2 of these the reactions were successfully managed with an
antihistamine. Although there is a risk of anaphylaxis, patients
with AIDS can be successfully treated with sulfonamides after
desensitisation. 
See also Immunocompromised Patients under Precautions of
Co-trimoxazole, p.258.
1. Cribb AE, Spielberg SP. Sulfamethoxazole is metabolized to the

hydroxylamine in humans. Clin Pharmacol Ther 1992; 51:
522–6. 

2. Lee BL, et al. The hydroxylamine of sulfamethoxazole and ad-
verse reactions in patients with acquired immunodeficiency syn-
drome. Clin Pharmacol Ther 1994; 56: 184–9. 

3. van der Ven AJA, et al. Urinary recovery and kinetics of sul-
phamethoxazole and its metabolites in HIV-seropositive patients
and healthy volunteers after a single oral dose of sulphamethox-
azole. Br J Clin Pharmacol 1995; 39: 621–5. 

4. Mitra AK, et al. Inhibition of sulfamethoxazole hydroxylamine
formation by fluconazole in human liver microsomes and
healthy volunteers. Clin Pharmacol Ther 1996; 59: 332–40. 

5. Gill HJ, et al. The effect of fluconazole and ketoconazole on the
metabolism of sulphamethoxazole. Br J Clin Pharmacol 1996;
42: 347–53. 

6. van der Ven AJAM, et al. Adverse reactions to co-trimoxazole in
HIV infection. Lancet 1991; 338: 431–3. 

7. ter Hofstede HJM, et al. Drug reactions to cotrimoxazole in HIV
infection: possibly not due to the hydroxylamine metabolites of
sulphamethoxazole. Br J Clin Pharmacol 1999; 47: 571–3. 

8. Torgovnick J, Arsura E. Desensitization to sulfonamides in pa-
tients with HIV infection. Am J Med 1990; 88: 548–9.

Porphyria. Sulfonamides have been associated with acute at-
tacks of porphyria and are considered unsafe in porphyric pa-
tients.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pregnancy. Some sulfonamides have been shown to cause fetal
abnormalities including cleft palate in animals, but fears of tera-
togenic effects in humans do not appear to be substantiated. Sul-
fonamides are probably safe in the first trimester of pregnancy,
although throughout pregnancy they should be used only in the
absence of a suitable alternative drug.1 Sulfonamides may dis-
place serum-bound bilirubin and they should be avoided close to
delivery because of the risk of kernicterus in the neonate. The
risk of drug-induced bilirubin displacement has been reviewed.2
The initial evidence suggesting a kernicterus-promoting effect of
drugs in neonates was reported for sulfafurazole, and this drug
now serves as a standard displacing agent against which other
drugs are evaluated. Although all sulfonamides are highly pro-
tein bound, each has a different capacity to displace bilirubin.
Sulfadiazine and sulfanilamide have been found to be the least
displacing of the sulfonamides and the effects of sulfadiazine on
bilirubin may not be clinically significant; an increased incidence
of hyperbilirubinaemia and kernicterus has not been shown after
use for prophylaxis of rheumatic fever during pregnancy. Sul-
fasalazine should theoretically cause significant bilirubin dis-
placement, but studies suggest that the drug may be given to pa-
tients with Crohn’s disease who are pregnant or breast feeding.
Metabolites of sulfonamides have also been evaluated for ker-
nicterus-promoting effects; glucuronide metabolites are expect-
ed to compete for binding sites less effectively than the parent
compound, whereas acetylated metabolites of some sulfona-
mides appear to be more potent bilirubin displacers.
1. Wise R. Prescribing in pregnancy: antibiotics. BMJ 1987; 294:

42–4. 
2. Walker PC. Neonatal bilirubin toxicity: a review of kernicterus

and the implications of drug-induced bilirubin displacement.
Clin Pharmacokinet 1987; 13: 26–50.

Interactions
The action of sulfonamides may be antagonised by p-
aminobenzoic acid and its derivatives, particularly po-
tassium aminobenzoate and the procaine group of local
anaesthetics. 
Sulfamethoxazole and other sulfonamides may poten-
tiate the effects of some drugs, such as oral anticoagu-
lants (p.1428), methotrexate (p.748), and phenytoin
(p.498); this may be due to displacement of the drug
from plasma protein binding sites or to inhibition of
metabolism. However, the clinical significance of
these interactions appears to depend on the particular
sulfonamide involved. The possibility of interactions
with other highly protein-bound drugs, such as
NSAIDs, should be considered. 
High doses of sulfonamides have been reported to have
a hypoglycaemic effect; the antidiabetic effect of the
sulfonylurea compounds may be enhanced by sulfona-
mides (p.462). Some sulfonamides have been associat-
ed with a decrease in plasma-ciclosporin concentra-
tions when used together (p.1826). Isolated reports
have described possible failures of hormonal contra-
ceptives resulting in pregnancy in patients given sul-
fonamides (p.2068). 
The use of compounds which render the urine acidic
may increase the risk of crystalluria.

Antimicrobial Action
Sulfamethoxazole and other sulfonamides have a sim-
ilar structure to p-aminobenzoic acid and interfere with
the synthesis of nucleic acids in sensitive micro-organ-
isms by blocking the conversion of p-aminobenzoic
acid to the coenzyme dihydrofolic acid, a reduced form
of folic acid; in man, dihydrofolic acid is obtained from
dietary folic acid so sulfonamides do not affect human
cells. Their action is primarily bacteriostatic, although
they may be bactericidal where concentrations of
thymine are low in the surrounding medium. The sul-
fonamides have a broad spectrum of action, but the de-
velopment of widespread resistance (see below) has
greatly reduced their usefulness, and susceptibility of-
ten varies widely even among nominally sensitive
pathogens. 
Gram-positive cocci, particularly the Group A strepto-
cocci and some strains of Streptococcus pneumoniae,
are usually sensitive and staphylococci also demon-
strate sensitivity but to a lesser extent. Enterococci and
many of the clostridia are more or less resistant, al-
though strains of Clostridium perfringens are moder-
ately susceptible. Among other Gram-positive organ-
isms that have been reported to be sensitive are

Bacillus anthracis and many strains of Nocardia, espe-
cially N. asteroides. 
The Gram-negative cocci Neisseria meningitidis and
N. gonorrhoeae were formerly extremely susceptible
to sulfonamides, but many strains are now resistant.
Susceptibility is often seen in Haemophilus influenzae
although resistance in H. ducreyi is increasingly com-
mon. Susceptibility varies widely among the Entero-
bacteriaceae: strains of Escherichia coli, Klebsiella,
Proteus, Salmonella, and Serratia are sometimes sen-
sitive, but few strains of Shigella are now susceptible.
Vibrio cholerae may be sensitive. 
Other organisms that have been reported to be sensitive
include Actinomyces spp., Brucella, Klebsiella granu-
lomatis, Legionella, and Yersinia pestis. Chlamydiace-
ae are sensitive, but not mycoplasmas, rickettsias, or
spirochaetes, nor in general the mycobacteria. Pseu-
domonas aeruginosa is resistant, although sulfona-
mides may be effective against Burkholderia pseu-
domallei (Pseudomonas pseudomallei). 
Sulfonamides have some activity against the protozoa
Plasmodium falciparum and Toxoplasma gondii. They
are also active against Pneumocystis jirovecii, but are
ineffective against most fungi. 
Sulfamethoxazole and other sulfonamides demon-
strate synergy with the dihydrofolate reductase inhibi-
tors pyrimethamine and trimethoprim which inhibit a
later stage in folic acid synthesis. For reports of the an-
timicrobial activity of sulfamethoxazole with trimeth-
oprim, see Co-trimoxazole, p.259. 
The in-vitro antimicrobial activity of sulfamethoxazole
is very dependent on both the culture medium and size
of inoculum used. 
Resistance. Acquired resistance to sulfonamides is
common and widespread among formerly susceptible
organisms, particularly Neisseria spp., Shigella and
some other enterobacteria, staphylococci, and strepto-
cocci. 
There appear to be several mechanisms of resistance
including alteration of dihydropteroate synthetase, the
enzyme inhibited by sulfonamides, to a less sensitive
form, or an alteration in folate biosynthesis to an alter-
native pathway; increased production of p-aminoben-
zoic acid; or decreased uptake or enhanced metabolism
of sulfonamides. 
Resistance may result from chromosomal alteration, or
may be plasmid-mediated and transferable, as in many
resistant strains of enterobacteria. High-level resist-
ance is usually permanent and irreversible. There is
complete cross-resistance between the different sulfon-
amides.

Pharmacokinetics
Sulfamethoxazole is readily absorbed from the gas-
trointestinal tract and peak plasma concentrations are
reached after about 2 hours. Following a single 2-g oral
dose ,  b lood concentra t ions  of  up  to
100 micrograms/mL are achieved. About 70% is
bound to plasma proteins. The plasma half-life is about
6 to 12 hours; it is prolonged in patients with severe
renal impairment. 
Sulfamethoxazole, like most sulfonamides, diffuses
freely throughout the body tissues and may be detected
in the urine, saliva, sweat, and bile, in the cerebrospi-
nal, peritoneal, ocular, and synovial fluids, and in pleu-
ral and other effusions. It crosses the placenta into the
fetal circulation and low concentrations have been de-
tected in breast milk. 
Sulfamethoxazole undergoes conjugation mainly in
the liver, chiefly to the inactive N4-acetyl derivative;
this metabolite represents about 15% of the total
amount of sulfamethoxazole in the blood. Metabolism
is increased in patients with renal impairment and de-
creased in those with hepatic impairment. Elimination
in the urine is dependent on pH. About 80 to 100% of
a dose is excreted in the urine, of which about 60% is

in the form of the acetyl derivative, with the remainder
as unchanged drug and glucuronide. 
Sulfamethoxazole is also oxidised to the hydroxy-
lamine, a metabolite that has been implicated in ad-
verse reactions to sulfonamides (see also Immunocom-
promised Patients, under Precautions, above),
although some doubt has been cast upon this hypothe-
sis.

Uses and Administration
The use of sulfamethoxazole and other sulfonamides
has been limited by the increasing incidence of resist-
ant organisms. Their main use has been in the treat-
ment of acute, uncomplicated urinary-tract infections,
particularly those caused by Escherichia coli. They
have also been used in nocardiosis, and in some other
bacterial infections such as otitis media, Chlamydia
and Chlamydophila infections, and prophylaxis of
meningococcal meningitis, but have largely been re-
placed by other drugs: even where pathogens retain
some sensitivity to sulfonamides, a combination such
as co-trimoxazole (sulfamethoxazole with trimetho-
prim) has often been preferred. The usual treatment of
these infections is discussed under Choice of Antibac-
terial, p.162. Sulfonamides are also used, often with
pyrimethamine or trimethoprim, in the treatment of
protozoal infections, particularly malaria (p.594) and
toxoplasmosis (p.826). They are also used similarly in
pneumocystis pneumonia (p.521). 
Sulfamethoxazole is an intermediate-acting sulfona-
mide that has been given orally in a usual dose of 2 g
initially, followed by 1 g twice daily. In severe infec-
tions 1 g three times daily has been given. 
Children have been given a dose of 50 to 60 mg/kg in-
itially, followed by 25 to 30 mg/kg twice daily, up to a
maximum daily dose of 75 mg/kg. 
Reduction of dosage may be required in patients with
renal impairment. 
For the uses and dosage of sulfamethoxazole with tri-
methoprim, see Co-trimoxazole, p.259. 
Sulfamethoxazole lysine has also been used.
Administration. US licensed product information for a former
product of sulfamethoxazole recommended that blood concen-
trations be measured in patients receiving sulfonamides for seri-
ous infections. The following concentrations of free sulfonamide
in the blood were considered to be therapeutically effective: 
• for most infections, 50 to 150 micrograms/mL 
• for serious infections, 120 to 150 micrograms/mL 
Concentrations of 200 micrograms/mL should not be exceeded
since the incidence of adverse reactions might be increased.

Preparations
BP 2008: Co-trimoxazole Intravenous Infusion; Co-trimoxazole Oral Sus-
pension; Co-trimoxazole Tablets; Dispersible Co-trimoxazole Tablets; Pae-
diatric Co-trimoxazole Oral Suspension; Paediatric Co-trimoxazole Tablets; 
USP 31: Sulfamethoxazole and Trimethoprim Injection; Sulfamethoxazole
and Trimethoprim Oral Suspension; Sulfamethoxazole and Trimethoprim
Tablets; Sulfamethoxazole Oral Suspension; Sulfamethoxazole Tablets.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Adrenol; Bacti-Uril; Bacticel; Bactrim; Bactrim
Balsamico; Cotrizol-G; Danferane; Diocla†; Dosulfin Bronquial; Dosulfin
Fuerte; Enterobacticel; Netocur ; Netocur Balsamico; Neumobacticel;
Novidrine; Sulfagrand; Tritenk; Urisept NF; Uro-Bactrim†; Austral.:
Bactrim; Cosig†; Resprim; Septrin; Trimoxazole; Austria: Bactrim; Cot-
ribene; Eusaprim; Oecotrim; Trimetho comp; Belg.: Bactrim; Cotrim; Eus-
aprim; Steroprim†; Braz.: Assepium; Assepium Balsamico; Bac-Sulfitrin;
Bacfar; Bacprotin; Bacris†; Bacteracin; Bactrim; Bactrisan; Bactrizol; Bactro-
pin; Batrox; Baxapril†; Benectrin; Benectrin Balsamico; Binoctrin†; Clotri-
zol†; Diazol; Dientrin; Dispeptrin; Duoctrin†; Ectrin; Ectrin Balsamico; Espe-
ctrin†; Espectroprima†; Gamactrin; Imuneprim; Infectrin; Lifactrin†; Linurin†;
Lupectrim†; Metoprin; Metoprin Balsamico; Neotrin; Pulkrin; Qiftrin†;
Quimio-Ped†; Roytrin†; Selectrin; Selectrin Balsamico; Septiolan†; Teutrin;
Tricban; Trimexazol; Trimezol†; Uro-Baxapril†; Uroctrin; Uropol; Canad.:
Apo-Sulfatrim; Novo-Trimel; Nu-Cotrimox; Septra; Chile: Bacterol; Bactri-
mel; Entero Micinovo; Introcin†; Septrin; Trelibec; Uro-Micinovo; Cz.: Apo-
Sulfatrim†; Berlocid†; Biseptol; Bismoral; Nopil†; Oriprim†; Primotren;
Sumetrolim; Supracombin†; Denm.: Sulfotrim†; Fin.: Cotrim; Fr.: Bactrim;
Eusaprim†; Ger.: Bactoreduct†; Berlocid; Cotrim; Cotrim-Diolan; Cotrim-
Hefa; Cotrimhexal; Cotrimox-Wolff; Cotrimstada; Drylin; Eusaprim; Kepi-
nol; Microtrim†; Sigaprim†; Supracombin†; TMS; Gr.: Bactrimel; Bioprim†;
Septrin; Hong Kong: Chemitrim†; Chemoprim; Cotrim; Dhatrin; Letus;
Septrin; Hung.: Cotripharm; Sumetrolim; India: Bactrim; Ciplin; Colizole;
Cotrimol†; Oriprim; Pyramet; Sepmax; Septran; Tabrol; Trisulfose; Indon.:
Bactoprim Combi; Bactricid; Bactrim; Bactrizol; Cotrim; Cotrimol; Dumot-
rim; Erphatrim; Ikaprim; Infatrim; Kaftrim; Lapikot; Licoprima; Meditrim; Me-
protrin; Nufaprim; Ottoprim; Primadex; Primazole; Primsulfon; Sanprima;
Septrin; Spectrem; Sulprim; Sultrimmix; Trimezol; Triminex; Trimoxsul; Trix-
zol; Trizole; Ulfaprim; Wiatrim; Xepaprim; Zoltrim; Zultrop; Irl.: Duobact†;
Septrin; Israel: Diseptyl; Resprim; Septrin; Ital.: Abacin†; Bactrim;
Chemitrim; Eusaprim; Gantrim†; Jpn: Bactramin; Malaysia: Bacin; Baser-
in†; Chemix; Cotrim; Resprim; Trimexazole; Virin†; Mex.: Andoprim; Ani-
trim; Apo-Trinelax; Bacpiryl; Bactelan; Bacteric; Bactide; Bactilen; Bactiver;
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Bactrim; Bactrim Compositum; Bactropin; Bateral; Batrizol; Bioprim; Bi-
sultrim; Brogamax; Dertrin; Dibaprim; Ectaprim; Esteprim; Eutrim; Fartro-
pin; Fectri; Guayaprin; Kaltrim; Maxtrim; Metoxiprim; Microbactim†; Mix-
ange; Octex; Octiban; Pisatrina; Polibatrin; Pribac; Protaxol; Protrim;
Sadocin; Septrin; Servitrim; Soltrim; Sulfawal; Sulfoid Trimetho; Sulfort; Sul-
prim; Sultiprim†; Syraprim†; Thriazol; Tribakin; Trime/Sulfa†; Trimetoger;
Trimetox; Trimexazol; Trimexole; Trimexole Compositum; Trimzol; Trine-
lax†; Trisufin†; Vanadyl; Neth.: Bactrimel; Eusaprim†; Sulfotrim; Norw.:
Bactrim; Trimetoprim-Sulfa†; NZ: Apo-Sulfatrim; Trisul; Philipp.: Bacidal;
Bactille; Bactrim; Bacxal; Baczole; Bantizol; Chromo-Z; Combi-Methoxan;
Costazole; Cozole; Drilozole; Fedimed; Forteprim; Globaxol; Ivatrim; Kasse-
mox; Lictora; Macromed; Moxadden; Moxzole; Neotrim; Onetrim; Opri-
zole; Prizogen; Procor; Renatrim; Rimezone; Rotrace; Scribcin; Septrin; Su-
prex; Syltrifil; Synermed; Triforam; Trim-S; Trimephar; Trimocom; Trimoxis;
Triphimox; Trizole; Xanazole; Zamboprim; Zolmed; Pol.: Bactrim; Biseptol;
Groseptol†; Septrin; Two-Septol; Port.: Bactrim; Cotrim†; Metomide†; Mi-
crocetim; Septrin; Rus.: Biseptol (Бисептол); Oriprim (Ориприм); Rancot-
rim (Ранкотрим); S.Afr.: Acuco; Bactrim; Bencole; Casicot; Cocydal; Coz-
ole; Durobac; Fabubac†; Lagatrim; Meditrim; Mezenol†; Purbac; Septran;
Spectrim; Trimethox; Trimzol; Xerazole; Xeroprim†; Singapore: Apo-Sul-
fatrim; Bacin; BS†; Chemix; Chemoprim; Co-Trimexazole; Dhatrin; Sep-
trin†; Suprim; Trimaxazole; Trimezole†; Spain: Bactopumon; Balsoprim;
Bronco Aseptilex Fuerte; Broncomega†; Broncovir ; Bronquicisteina; Bron-
quidiazina CR; Bronquimar; Bronquimucil†; Busetal†; Cotrazol; Eduprim
Mucolitico; Eduprim†; Gobens Trim; Momentol; Neumopectolina†; Pulmo
Menal†; Pulmosterin Duo; Septrin; Soltrim; Swed.: Bactrim; Eusaprim;
Switz.: Agoprim†; Bactrim; Cotrim; Escoprim; Groprim; Lagatrim;
Mediprim; Nopil; Sigaprim†; Supracombin†; Thai.: Actin; Bacin; Bacta†;
Bactrim; Baczole; Chemoprim†; Co-Tasian; Co-Trimed; Conprim; Cota-
mox; Ko-Cap; Ko-Kure; Ladar; Lastrim; Letus; M-Trim; Mano-Trim; Med-
Sultrim†; Mega-Prim; Metrim; Metxaprim; Mycosamthong; Po-Trim; Pul-
vicin†; Septrin†; Spectrim; Sulbacta; Sulfometh; Suntrim; Tampo†; Toprim†;
Trimexazole; Triprim; Trixzol; Zoleprim†; Turk.: Bactrim; Bakton; Kemo-
prim; Metoprim; Mikrosid; Septrin; Trifen; Trimoks; UAE: Trimol; UK:
Fectrim; Septrin; USA: Bactrim; Cotrim; Septra; SMZ-TMP; Sulfatrim; Ven-
ez.: Bactrimel; Bactron†; Co-Sultrin; Forcrim; Trimecor; Trimetoprim Sulfa†;
Tripur.

Sulfamethoxypyridazine (BAN, rINN)

Solfametossipiridazina; Sulfamethoxypyridazin; Sulfaméthoxypy-
ridazine; Sulfamethoxypyridazinum; Sulfamethoxypyridazinum ad
usum veterinarium; Sulfametoksipyridatsiini; Sulfametoxipiridazi-
na; Sulfametoxipyridazin; Sulphamethoxypyridazine; Szulfame-
toxipiridazin. N1-(6-Methoxypyridazin-3-yl)sulphanilamide.
Сульфаметоксипиридазин
C11H12N4O3S = 280.3.
CAS — 80-35-3.
ATC — J01ED05.
ATC Vet — QJ01EQ15.

Pharmacopoeias. In Int. and Viet. In Eur. (see p.vii) for veter-
inary use only. 
Ph. Eur. 6.2 (Sulfamethoxypyridazine for Veterinary Use; Sul-
fametoxypyridazine BP(Vet) 2008). A white or slightly yellowish
crystalline powder which colours slowly on exposure to light.
Practically insoluble in water; slightly soluble in alcohol; spar-
ingly soluble in acetone; very slightly soluble in dichlorometh-
ane; dissolves in dilute mineral acids and solutions of alkali hy-
droxides. Protect from light.
Profile
Sulfamethoxypyridazine is a long-acting sulfonamide with prop-
erties similar to those of sulfamethoxazole (p.340) and has been
used for the treatment of susceptible infections. It is rapidly ab-
sorbed from the gastrointestinal tract and excreted slowly in
urine, partly as the N4-acetyl metabolite; it remains detectable for
up to 7 days after a dose. It has also been used with trimethoprim
similarly to co-trimoxazole. 
Acetyl sulfamethoxypyridazine, which is hydrolysed in the gas-
trointestinal tract forming sulfamethoxypyridazine, and sulfam-
ethoxypyridazine sodium have also been used.
Skin disorders. Reference to the use of sulfamethoxypyri-
dazine in the treatment of pemphigoid.1 Sulfamethoxypyridazine
has also been used in the treatment of dermatitis herpetiformis.2
1. Thornhill M, et al. An open clinical trial of sulphamethoxypyri-

dazine in the treatment of mucous membrane pemphigoid. Br J
Dermatol 2000; 143: 117–26. 

2. Fry L. Dermatitis herpetiformis. Baillieres Clin Gastroenterol
1995; 9: 371–93.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Urofen†; Uropac.

Sulfamethylthiazole
Methylsulfathiazole; Sulfametiltiazol. 4-Amino-N-(4-methyl-2-thi-
azolyl)benzenesulfonamide.
C10H11N3O2S2 = 269.3.
CAS — 515-59-3.

Profile
Sulfamethylthiazole is a sulfonamide with properties similar to
those of sulfamethoxazole (p.340). It is applied topically with tet-
racycline in the treatment of eye infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ital.: Pensulvit.

Sulfametopyrazine (BAN)

Sulfalene (USAN, pINN); AS-18908; NSC-110433; Solfametopirazi-
na; Solfametossipirazina; Sulfaleeni; Sulfalen; Sulfalène; Sulfaleno;
Sulfalenum; Sulfamethoxypyrazine; Sulfapirazinmetossina; Sul-
fapyrazin Methoxyne; Sulphalene. N1-(3-Methoxypyrazin-2-
yl)sulphanilamide.
Сульфален
C11H12N4O3S = 280.3.
CAS — 152-47-6.
ATC — J01ED02.

Pharmacopoeias. In It.
Adverse Effects, Treatment, and Precautions
As for Sulfamethoxazole, p.340. 
If adverse effects occur, sulfametopyrazine has the disadvantage
that several days are required for its elimination from the body.
Interactions
As for Sulfamethoxazole, p.341.
Antimicrobial Action
As for Sulfamethoxazole, p.341.
Pharmacokinetics
Sulfametopyrazine is readily absorbed from the gastrointestinal
tract; 60 to 80% is bound to plasma proteins. Only about 5% of
a dose is metabolised to the acetyl derivative. It is slowly excret-
ed in the urine. The biological half-life has been reported to be
about 60 to 65 hours.
Uses and Administration
Sulfametopyrazine is a long-acting sulfonamide that has been
used orally in the treatment of respiratory- and urinary-tract in-
fections due to sensitive organisms. 
Sulfametopyrazine is given with pyrimethamine (p.611) in the
treatment of malaria. 
It has also been given in the ratio 4 parts of sulfametopyrazine to
5 parts of trimethoprim as a combination with uses similar to
those of co-trimoxazole (p.259).
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Longum†.
Multi-ingredient: Belg.: Co-Arinate; Dafrafin; Ital.: Metakelfin; Mex.:
Kelfiprim†.

Sulfametrole (BAN, rINN)

Sulfametrol; Sulfamétrole; Sulfametrolum. N1-(4-Methoxy-1,2,5-
thiadiazol-3-yl)sulphanilamide.
Сульфаметрол
C9H10N4O3S2 = 286.3.
CAS — 32909-92-5.

Profile
Sulfametrole is a sulfonamide with properties similar to those of
sulfamethoxazole (p.340). It is given in the ratio of 5 parts of
sulfametrole to 1 part of trimethoprim as a combination with uses
similar to those of co-trimoxazole (p.259). Usual oral doses are
960 mg (800 mg of sulfametrole and 160 mg of trimethoprim)
twice daily. It has also been given as the sodium salt by intrave-
nous infusion.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Austria: Lidaprim; Gr.: Lidaprim; Hong Kong: Lid-
aprim; Ital.: Lidaprim†; Neth.: Lidatrim; Rus.: Lidaprim (Лидаприм);
Thai.: Lidaprim†.

Sulfamonomethoxine (BAN, USAN, rINN)

DJ-1550; DS-36; ICI-32525; Ro-4-3476; Sulfamonométhoxine;
Sulfamonomethoxinum; Sulfamonometoxina. N1-(6-Methoxypy-
rimidin-4-yl)sulphanilamide monohydrate.

Сульфамонометоксин

C11H12N4O3S,H2O = 298.3.

CAS — 1220-83-3 (anhydrous sulfamonomethoxine).

(anhydrous sulfamonomethoxine)

Pharmacopoeias. In Jpn.

Profile
Sulfamonomethoxine is a sulfonamide antibacterial with proper-
ties similar to those of sulfamethoxazole (p.340). It is used in vet-
erinary medicine.

Sulfamoxole (BAN, USAN, rINN)

Sulfamoksoli; Sulfamoxol; Sulfamoxolum; Sulphadimethyloxazole;
Sulphamoxole. N1-(4,5-Dimethyloxazol-2-yl)sulphanilamide.

Сульфамоксол

C11H13N3O3S = 267.3.

CAS — 729-99-7.

ATC — J01EC03.

NOTE. Compounded preparations of sulfamoxole may be repre-
sented by the following name: 

• Co-trifamole (BAN)—sulfamoxole 5 parts and trimethoprim 1
part (see p.257).

Pharmacopoeias. In Fr.

Profile
Sulfamoxole is a sulfonamide antibacterial with properties simi-
lar to those of sulfamethoxazole (p.340). It has been used with
trimethoprim as co-trifamole (p.257).

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: S.Afr.: Supristol†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sulfanilamide (rINN)

Solfammide; Streptocidum; Sulfaminum; Sulfaniiliamidi; Sulfanila-
mid; Sulfanilamida; Sulfanilamidas; Sulfanilamidum; Sulphanila-
mide; Szulfanilamid. 4-Aminobenzenesulphonamide; p-Sulphami-
doaniline.
Сульфаниламид
C6H8N2O2S = 172.2.
CAS — 63-74-1.
ATC — D06BA05; J01EB06.
ATC Vet — QD06BA05; QJ01EQ06.

Pharmacopoeias. In Eur. (see p.vii). Also in BP(Vet). 
Ph. Eur. 6.2 (Sulfanilamide). White or yellowish-white crystals
or fine powder. Slightly soluble in water; sparingly soluble in al-
cohol; freely soluble in acetone; practically insoluble in dichlo-
romethane; dissolves in solutions of alkali hydroxides and in di-
lute mineral acids. Protect from light.
Profile
Sulfanilamide is a short-acting sulfonamide with properties sim-
ilar to those of sulfamethoxazole (p.340). Its antibacterial activity
is less than that of sulfamethoxazole. It has been used topically,
including vaginally, for the treatment of susceptible infections,
often with other drugs. The sodium, sodium mesilate, and cam-
silate salts have also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: AVC†; Spain: Azol.

Multi-ingredient: Arg.: Clinal; Iodotiazol†; Belg.: Polyseptol; Sulfa-Se-
demol; Braz.: Gargotan†; Otovix†; Port.: Otocalma†; S.Afr.: Achromide;
Daromide; Ung Vernleigh; Spain: Buco Regis; Cilinafosal; Cilinafosal Dihid-
roestreptomicina; Cilinafosal Hidrocortisona; Kanafosal; Kanafosal Predni;
Nasopomada; Odontocromil c Sulfamida†; Oto Difusor†; Pental Forte†;
Polvos Wilfe†; Pomada Heridas†; Pomada Wilfe; Vitavox Pastillas†; USA:
Alasulf; Deltavac; DIT1-2; Venez.: Otanol†.

Sulfapyridine (BAN, rINN)

Sulfapiridina; Sulfapyridiini; Sulfapyridin; Sulfapyridinum; Sulphapy-
ridine. N1-(2-Pyridyl)sulphanilamide.
Сульфапиридин
C11H11N3O2S = 249.3.
CAS — 144-83-2.
ATC — J01EB04.
ATC Vet — QJ01EQ04.

Pharmacopoeias. In Fr. and US. 
USP 31 (Sulfapyridine). White or faintly yellowish-white,
odourless or practically odourless, crystals, granules, or powder.
It slowly darkens on exposure to light. Soluble 1 in 3500 of wa-
ter, 1 in 440 of alcohol, 1 in 65 of acetone; freely soluble in dilute
mineral acids and in solutions of potassium and sodium hydrox-
ides. Protect from light.
Profile
Sulfapyridine is a short- or intermediate-acting sulfonamide,
with properties similar to those of sulfamethoxazole (p.340). It is
slowly and incompletely absorbed from the gastrointestinal tract
and excreted in urine; sulfapyridine and its acetyl metabolite are
poorly soluble in urine and the risk of crystalluria is relatively
high. Adverse effects are common, and gastrointestinal distur-
bances may preclude continued therapy. Because of its toxicity,
sulfapyridine is now little used except occasionally for dermatitis
herpetiformis and related skin disorders when alternative treat-
ment cannot be used; oral doses of up to 1 g four times daily have
been given initially, reduced to the minimum effective mainte-
nance dose once improvement occurs.
Breast feeding. The American Academy of Pediatrics1 states
that, although sulfapyridine is usually compatible with breast
feeding, caution is required in breast-fed infants with jaundice or
G6PD deficiency, or who are ill, stressed, or premature, whose
mothers have received the drug.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Pemphigoid. Benefit has been seen with sulfapyridine in ocular
cicatricial pemphigoid.1
1. Elder MJ, et al. Sulphapyridine—a new agent for the treatment

of ocular cicatricial pemphigoid. Br J Ophthalmol 1996; 80:
549–52.

Preparations
USP 31: Sulfapyridine Tablets.

Sulfaquinoxaline (BAN, rINN)

Sulfabenspyrazin; Sulfabentspyratsiini; Sulfabenzpyrazine; Sul-
fabenzpyrazinium; Sulfabenzpyrazinum; Sulfaquinoxalina; Sul-
faquinoxalinum; Sulphaquinoxalina; Sulphaquinoxaline. N1-(Qui-
noxalin-2-yl)sulphanilamide.
Сульфахиноксалин
C14H12N4O2S = 300.3.
CAS — 59-40-5 (sulfaquinoxaline); 967-80-6 (sulfaqui-
noxaline sodium).
ATC Vet — QJ01EQ16; QP51AG03.

Pharmacopoeias. In Fr. Also in BP(Vet) and in US for veteri-
nary use only. 
Fr. also includes Sulfaquinoxaline Sodium,
C14H11N4NaO2S = 322.3. 
BP(Vet) 2008 (Sulfaquinoxaline). A yellow powder. Practically
insoluble in water and in ether; very slightly soluble in alcohol.
It dissolves in aqueous solutions of alkalis. Protect from light. 
USP 31 (Sulfaquinoxaline). Protect from light.
Profile
Sulfaquinoxaline is a sulfonamide antibacterial used in veteri-
nary medicine, sometimes with trimethoprim.

Sulfasuccinamide (rINN)

Sulfasuccinamida; Sulfasuccinamidum. 4′-Sulphamoylsuccinanilic
acid.
Сульфасукцинамид
C10H12N2O5S = 272.3.
CAS — 3563-14-2.

Profile
Sulfasuccinamide is a sulfonamide antibacterial with properties
similar to those of sulfamethoxazole (p.340). It has been applied
topically in the treatment of local infections of the ear, nose, and
throat. It has also been given as the sodium salt.

Sulfathiazole (BAN, rINN)

M&B-760; Norsulfazole; RP-2090; Solfatiazolo; Sulfanilamidothia-
zolum; Sulfathiazol; Sulfathiazolum; Sulfatiatsoli; Sulfatiazol; Sulfa-
tiazolas; Sulfonazolum; Sulphathiazole; Szulfatiazol. N1-(1,3-Thia-
zol-2-yl)sulphanilamide.
Сульфатиазол
C9H9N3O2S2 = 255.3.
CAS — 72-14-0.
ATC — D06BA02; J01EB07.
ATC Vet — QD06BA02; QJ01EQ07.

Pharmacopoeias. In Eur. (see p.vii), US, and Viet. 
Ph. Eur. 6.2 (Sulfathiazole). A white or slightly yellowish, crys-

talline powder. Practically insoluble in water; slightly soluble in
alcohol; practically insoluble in dichloromethane. It dissolves in
dilute solutions of alkali hydroxides and in dilute mineral acids.
Protect from light. 
USP 31 (Sulfathiazole). A white or faintly yellowish-white, prac-
tically odourless, fine powder. Very slightly soluble in water;
slightly soluble in alcohol; soluble in acetone, in dilute mineral
acids, in solutions of alkali hydroxides, and in 6N ammonium
hydroxide. Protect from light.

Sulfathiazole Sodium (BANM, rINNM)

Natrii Sulfathiazolum; Soluble Sulphathiazole; Sulfathiazol Sodi-
que; Sulfathiazolum Natricum; Sulfatiazol sódico; Sulphathiazole
Sodium.

Натрий Сульфатиазол
C9H8N3NaO2S2,5H2O = 367.4.
CAS — 144-74-1 (anhydrous sulfathiazole sodium); 6791-
71-5 (sulfathiazole sodium pentahydrate).
ATC — D06BA02; J01EB07.
ATC Vet — QD06BA02.

Pharmacopoeias. In BP(Vet) (1 ⁄ H2O or 5H2O). 
BP(Vet) 2008 (Sulfathiazole Sodium). A white or yellowish-
white crystalline powder or granules. Freely soluble in water;
soluble in alcohol. A solution in water containing the equivalent
of 1% of the anhydrous substance has a pH of 9.0 to 10.0. Protect
from light.

Profile
Sulfathiazole is a short-acting sulfonamide with properties simi-
lar to those of sulfamethoxazole (p.340). It is now rarely used
systemically due to its toxicity. 
Sulfathiazole is used with other sulfonamides, usually sulfaben-
zamide and sulfacetamide, in preparations for the topical treat-
ment of vaginal infections and is also used with other drugs in the
treatment of skin infections. 
Sulfathiazole sodium has been applied topically with other drugs
in the treatment of eye infections.
Preparations
USP 31: Triple Sulfa Vaginal Cream; Triple Sulfa Vaginal Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Blefarosan; Welt-Sulfazol; Yesterday†; Port.: Stopex†.

Multi-ingredient: Arg.: Iodotiazol†; Leroid†; Otocuril; Otorinazol†;
Belg.: Sultrin†; Braz.: Mentozil†; Otobel†; Vagi-Sulfa; Chile: Gotas Oto-
logicas; Indocalm; Polvos Antibioticos†; Tru; Gr.: Sultrin; Irl.: Sultrin†; Ital.:
Streptosil con Neomicina-Fher; Mex.: Unguento Cruz; Unguento Sulfatia-
zol Rojtier; Philipp.: Sultrin; Pol.: Sulfarinol; Port.: Sultrin†; S.Afr.: Sultrin;
Spain: Cremsol; Polvos Wilfe†; Pomada Wilfe; Sabanotropico; Salitanol Es-
treptomicina; UK: Sultrin†; USA: Sultrin; Venez.: Otanol†.

Sulfathiazole Silver (BANM, rINNM)

Argenti Sulfathiazolum; Sulfathiazol Argentique; Sulfatiazol argén-
tica. 4-Amino-N-2-thiazolylbenzenesulfonamide monosilver(1+).

Серебра Сульфатиазол
C9H9N3O2S2Ag = 363.2.
CAS — 24342-30-1.

Profile
Sulfathiazole silver is a sulfonamide antibacterial used topically
for burns, ulcers, and other infections of the skin.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Argosulfan†; Hung.: Argosulfan; Pol.: Argosulfan; Rus.: Argosulfan
(Аргосульфан).

Sulfatroxazole (BAN, rINN)

Sulfatroxazol; Sulfatroxazolum. N1-(4,5-Dimethyl-1,2-oxazol-3-
yl)sulfanilamide.

Сульфатроксазол
C11H13N3O3S = 267.3.
CAS — 23256-23-7.
ATC Vet — QJ01EQ14.

Profile
Sulfatroxazole is a sulfonamide antibacterial used with trimetho-
prim in veterinary medicine.
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Sulfisomidine (BAN, rINN)

Sulfa-isodimérazine; Sulfaisodimidiini; Sulfaisodimidin; Sulfaisodi-
midine; Sulfaisodimidinum; Sulfasomidine; Sulfisomidiini; Sulfiso-
midin; Sulfisomidina; Sulfisomidinum; Sulfizomidinas; Sulphasomi-
dine; Szulfizomidin. N1-(2,6-Dimethylpyrimidin-4-yl)sulphanila-
mide.
Сульфизомидин
C12H14N4O2S = 278.3.
CAS — 515-64-0.
ATC — J01EB01.

NOTE. Sulfadimethylpyrimidine has been used as a synonym for
sulfisomidine, and sulphadimethylpyrimidine is sometimes used
as a synonym for sulfadimidine (p.338). Care should be taken to
avoid confusion between the two compounds, which are isomer-
ic.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Sulfisomidine). White or yellowish-white powder
or crystals. Very slightly soluble in water; slightly soluble in al-
cohol and in acetone; dissolves in dilute solutions of alkali hy-
droxides and in dilute mineral acids. Protect from light.
Profile
Sulfisomidine is a short-acting sulfonamide with properties sim-
ilar to those of sulfamethoxazole (p.340). It has been used topi-
cally for skin or vaginal infections and has also been given orally.
The sodium salt has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Thai.: Aristamed†.

Sultamicillin (BAN, USAN, rINN)

CP-49952; Sultamicilin; Sultamicilina; Sultamicilline; Sultamicilli-
num; Sultamisilin; Sultamisilliini; Sultamycylina. Penicillanoy-
loxymethyl (6R)-6-(D-2-phenylglycylamino)penicillanate S′,S′-di-
oxide.
Сультамициллин
C25H30N4O9S2 = 594.7.
CAS — 76497-13-7.
ATC — J01CR04.
ATC Vet — QJ01CR04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Sultamicillin). A semi-synthetic product derived
from a fermentation product. A white or almost white, slightly
hygroscopic, crystalline powder. Practically insoluble in water
and in alcohol; very slightly soluble in methyl alcohol. Store in
airtight containers.

Sultamicillin Tosilate (BANM, rINNM)

Sultamicilin-tosylát; Sultamicillin Tosylate; Sultamicilline, tosilate
de; Sultamicillini tosilas; Sultamicillintosilat; Sultamisilliinitosilaatti;
Sultamycyliny tozylan; Tosilato de sultamicilina. Sultamicillin tolu-
ene-4-sulphonate.
Сультамициллина Тозилат
C25H30N4O9S2,C7H8O3S = 766.9.
CAS — 83105-70-8.
Pharmacopoeias. In Chin. 
Eur. (see p.vii) and Jpn include the dihydrate. 
Ph. Eur. 6.2 (Sultamicillin Tosilate Dihydrate; Sultamicillini Tosilas
Dihydricus). A white or almost white, crystalline powder. Practi-
cally insoluble in water; sparingly soluble in alcohol. Store in air-
tight containers.
Profile
Sultamicillin is a prodrug of ampicillin (p.204) and of the beta-

lactamase inhibitor sulbactam (p.335); it consists of the two com-
pounds linked as a double ester. During absorption from the gas-
trointestinal tract it is hydrolysed, releasing equimolar quantities
of ampicillin and sulbactam. 
Sultamicillin is given orally as tablets containing sultamicillin
tosilate or as oral suspension containing sultamicillin. It is used
in the treatment of infections where beta-lactamase-producing
organisms might occur, including uncomplicated gonorrhoea,
otitis media, and respiratory-tract and urinary-tract infections.
The usual dose is 375 to 750 mg of sultamicillin (equivalent to
147 to 294 mg of sulbactam and 220 to 440 mg of ampicillin)
twice daily. A single dose of sultamicillin 2.25 g with probenecid
1 g may be used for uncomplicated gonorrhoea. 
When parenteral therapy is necessary a combined preparation of
ampicillin with sulbactam is given.

◊ References.
1. Friedel HA, et al. Sultamicillin: a review of its antibacterial ac-

tivity, pharmacokinetic properties and therapeutic use. Drugs
1989; 37: 491–522. 

2. Lode H. Role of sultamicillin and ampicillin/sulbactam in the
treatment of upper and lower bacterial respiratory tract infec-
tions. Int J Antimicrob Agents 2001; 18: 199–209.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ampigen SB; Unasyna; Unsayna†; Austria: Unasyn; Braz.: Unasyn;
Chile: Unasyna; Ger.: Unacid PD; Gr.: Begalin; Hong Kong: Unasyn;
Hung.: Unasyn; India: Sulbacin; Indon.: Bactesyn; Cinam; Picyn; Unasyn;
Viccillin-SX; Ital.: Unasyn; Malaysia: Sulbacin; Unasyn; Mex.: Pentrexyl-
S12-H; Unasyna; Philipp.: Unasyn; Pol.: Unasyn; Singapore: Unasyn;
Spain: Unasyn†; Thai.: Combicid†; Sulam; Unasyn; Turk.: Alfasid; Ampisid;
Combicid; Duobaktam; Duocid; Nobecid; Sulcid; Sultamat; Sultasid; Sulti-
bac; Venez.: Fipexiam; Sinif; Sulamp; Sultamicina†; Sultamilan; Unasyn.

Multi-ingredient: Cz.: Unasyn.

Taurolidine (BAN, rINN)

Taurolidina; Taurolidinum. 4,4′-Methylenebis(perhydro-1,2,4-thi-
adiazine 1,1-dioxide).

Тауролидин

C7H16N4O4S2 = 284.4.
CAS — 19388-87-5.
ATC — B05CA05.
ATC Vet — QB05CA05.

Profile
Taurolidine is a broad-spectrum antibacterial. It is hydrolysed in
aqueous solution to its monomeric form taurultam and other me-
tabolites, with the release of what was originally thought to be
formaldehyde but is now considered to be activated methylene
glycol or methylol groups, from which it is believed to derive its
activity. Its antibacterial activity in vitro is modest but is reported
to be enhanced in the presence of serum or urine; it is active
against pathogens including Staphylococcus aureus, Escherichia
coli, and Pseudomonas aeruginosa. Taurolidine is also reported
to inactivate bacterial endotoxin. 
Taurolidine is used in peritonitis; a solution containing 0.5% is
used for irrigation and another containing 2% is available for in-
stillation. It has been given experimentally as an intravenous in-
fusion in the treatment of severe sepsis or endotoxic shock and in
pancreatitis.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Taurolin; Ger.: Taurolin; Neth.: Taurolin; Switz.: Taurolin.

Tazobactam Sodium (BANM, USAN, rINNM)

CL-307579; CL-298741 (tazobactam); Natrii Tazobactamum;
Tazobactam sódico; Tazobactam sodique; Tazobactamum natri-
cum; Tazobaktam Sodyum; YTR-830; YTR-830H (tazobactam).
Sodium (2S,3S,5R)-3-methyl-7-oxo-3-(1H-1,2,3-triazol-1-ylme-
thyl)-4-thia-1-azabicyclo[3.2.0]-heptane-2-carboxylate 4,4-diox-
ide.

Натрий Тазобактам

C10H11N4NaO5S = 322.3.
CAS — 89786-04-9 (tazobactam); 89785-84-2 (tazo-
bactam sodium).
ATC — J01CG02.
ATC Vet — QJ01CG02.

(tazobactam)

Profile
Tazobactam is a penicillanic acid sulfone derivative with beta-
lactamase inhibitory properties similar to those of sulbactam
(p.335) although it is regarded as more potent. It has the potential
to enhance the activity of beta-lactam antibacterials against beta-
lactamase-producing bacteria. 
Tazobactam sodium is given intravenously with piperacillin so-
dium (p.315) for the treatment of bacterial infections. The phar-
macokinetics of tazobactam and piperacillin are similar.
◊ References.
1. Bush K, et al. Kinetic interactions of tazobactam with β-lactama-

ses from all major structural classes. Antimicrob Agents Chem-
other 1993; 37: 851–8. 

2. Payne DJ, et al. Comparative activities of clavulanic acid, sul-
bactam, and tazobactam against clinically important β-lactama-
ses. Antimicrob Agents Chemother 1994; 38: 767–72. 

3. Lee NLS, et al. β-Lactam antibiotic and β-lactamase inhibitor
combinations. JAMA 2001; 285: 386–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Gr.: Zobactam; Zoracilin.
Multi-ingredient: Arg.: Pipetexina; Tazonam; Austral.: Tazocin; Austria:
Tazonam; Belg.: Tazocin; Braz.: Tazocin; Tazoxil†; Tazpen†; Canad.: Tazoc-
in; Chile: Tazonam; Cz.: Tazocin; Denm.: Tazocin; Fin.: Tazocin; Fr.: Tazo-
cilline; Ger.: Tazobac; Gr.: Bactalin; Gramenox; Oliten; Tazepen; Tazidron;
Tazobion; Tazocin; Tazorex; Hong Kong: Tazocin; Hung.: Tazocin; India:
Dibact†; Tazact; Tazofast; Tazopen; Zosyn; Indon.: Tazocin; Irl.: Tazocin; Is-
rael: Tazocin; Ital.: Tazobac; Tazocin; Malaysia: Tazocin; Mex.: Tasovak;
Tazocin; Neth.: Tazocin; Norw.: Tazocin; NZ: Tazocin; Philipp.: Tazocin;
Pol.: Tazocin; Port.: Tazobac; S.Afr.: Tazobax; Tazocin; Singapore: Tazoc-
in; Spain: Tazocel; Swed.: Tazocin; Switz.: Tazobac; Thai.: Tazocin; Turk.:
Tazocin; UK: Tazocin; USA: Zosyn; Venez.: Tazopril; Tazpen.

Teicoplanin (BAN, USAN, rINN)

A-8327; DL-507-IT; L-12507; MDL-507; Teichomycin A2; Teico-
planina; Téicoplanine; Teicoplaninum; Teikoplaniini; Teikoplanin.
Тейкопланин
CAS — 61036-62-2 (teichomycin); 61036-64-4 (tei-
chomycin A2).
ATC — J01XA02.
ATC Vet — QJ01XA02.

Description. A glycopeptide antibiotic obtained from cultures
of Actinoplanes teichomyceticus or the same substance obtained
by any other means.
Pharmacopoeias. In Jpn.

Adverse Effects and Precautions
Fever, skin rash and pruritus, and occasional bronchos-
pasm and anaphylaxis have been reported with teico-
planin, but, in comparison with vancomycin (p.359), it
appears to be better tolerated when given by rapid in-
travenous injection and, although erythema and flush-
ing of the upper body have occurred, the ‘red-man syn-
drome’ has been reported less often. In addition, unlike
vancomycin, teicoplanin does not appear to cause tis-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sue necrosis and can be given by intramuscular injec-
tion. Other hypersensitivity reactions have included
rigors, angioedema, and, rarely, severe skin reactions
including exfoliative dermatitis, erythema multiforme,
Stevens-Johnson syndrome, and toxic epidermal
necrolysis. 
Other reported reactions include gastrointestinal dis-
turbances, dizziness, headache, thrombocytopenia (es-
pecially at high doses), leucopenia, neutropenia, eosi-
nophilia, disturbances in liver enzyme values, and
pain, erythema, and thrombophlebitis or abscess at the
injection site. Rare cases of agranulocytosis have oc-
curred. Renal impairment and ototoxicity have been re-
ported but both appear to be less frequent than with
vancomycin. 
Renal and auditory function should be monitored dur-
ing prolonged therapy in patients with pre-existing re-
nal impairment, and in those receiving other ototoxic
or nephrotoxic drugs, although opinions conflict as to
whether increased risk of nephrotoxicity exists with
combined therapy with drugs such as the aminoglyco-
sides. In general, periodic blood counts and liver- and
renal-function tests are advised during treatment. 
No relationship has yet been established between plas-
ma concentration and toxicity, and plasma-concentra-
tion monitoring is not generally considered necessary.
Dosage adjustment is required in renal impairment.
Hypersensitivity. Although there have been occasional reports
of cross-sensitivity to teicoplanin in patients hypersensitive to
vancomycin,1-4 the majority of reports suggest that cross-sensi-
tivity is very rare and teicoplanin can usually be used in patients
intolerant of vancomycin.5-7

1. McElrath MJ, et al. Allergic cross-reactivity of teicoplanin and
vancomycin. Lancet 1986; i: 47. 

2. Grek V, et al. Allergic cross-reaction of teicoplanin and vanco-
mycin. J Antimicrob Chemother 1991; 28: 476–7. 

3. Marshall C, et al. Glycopeptide-induced vasculitis—cross-reac-
tivity between vancomycin and teicoplanin. J Infect 1998; 37:
82–3. 

4. Kwon HS, et al. A case of hypersensitivity syndrome to both
vancomycin and teicoplanin. J Korean Med Sci 2006; 21:
1108–10. 

5. Schlemmer B, et al. Teicoplanin for patients allergic to vanco-
mycin. N Engl J Med 1988; 318: 1127–8. 

6. Smith SR, et al. Teicoplanin administration in patients experi-
encing reactions to vancomycin. J Antimicrob Chemother 1989;
23: 810–12. 

7. Wood G, Whitby M. Teicoplanin in patients who are allergic to
vancomycin. Med J Aust 1989; 150: 668.

Red-man syndrome. Although teicoplanin is believed1,2 to be
less likely than vancomycin to induce the red-man syndrome,
symptoms consistent with the syndrome have nevertheless been
reported after intravenous use.3
1. Sahai J, et al. Comparison of vancomycin- and teicoplanin-in-

duced histamine release and "red man syndrome". Antimicrob
Agents Chemother 1990; 34: 765–9. 

2. Rybak MJ, et al. Absence of "red man syndrome" in patients be-
ing treated with vancomycin or high-dose teicoplanin. Antimi-
crob Agents Chemother 1992; 36: 1204–7. 

3. Dubettier S, et al. Red man syndrome with teicoplanin. Rev In-
fect Dis 1991; 13: 770.

Antimicrobial Action
As for Vancomycin Hydrochloride, p.359, although in
general teicoplanin is more active against susceptible
strains. In particular, it may be more active in vitro
against enterococci and some anaerobic organisms, in-
cluding strains of Clostridium. However, some coagu-
lase-negative staphylococci are less sensitive to teico-
planin than to vancomycin. 
Acquired resistance to teicoplanin has developed in
staphylococci during treatment with teicoplanin.
Cross-resistance with vancomycin has occurred in sta-
phylococci and enterococci.

Pharmacokinetics
Teicoplanin is poorly absorbed from the gastrointesti-
nal tract. After a 400-mg intravenous dose, peak plas-
ma concentrations 1 hour later are reported to be in the
range 20 to 50 micrograms/mL. It is well absorbed on
intramuscular injection with a bioavailability of about
90%; after a dose of 3 mg/kg intramuscularly, peak
plasma concentrations of 5 to 7 micrograms/mL have
been reported after 2 to 4 hours. 
The pharmacokinetics of teicoplanin are triphasic, with
a biphasic distribution and a prolonged elimination.

Penetration into the CSF is poor. It is taken up into
white blood cells, and about 90 to 95% of teicoplanin
in plasma is protein bound. It is excreted almost entire-
ly by glomerular filtration in the urine, as unchanged
drug. The terminal half-life is prolonged, but reported
half-lives have ranged from about 30 to 190 hours or
longer, depending on the sampling time; an effective
clinical half-life of about 60 hours has been suggested
for use in calculating dosage regimens. Half-life is in-
creased progressively with increasing degrees of renal
impairment. Teicoplanin is not removed by haemodial-
ysis. 
Teicoplanin is a mixture of several components, the
pharmacokinetics of which have been shown to vary
slightly, depending on their lipophilicity.
◊ Reviews.
1. Wilson APR. Clinical pharmacokinetics of teicoplanin. Clin

Pharmacokinet 2000; 39: 167–83.

Uses and Administration
Teicoplanin is a glycopeptide antibiotic that may be
used as an alternative to vancomycin (p.360) in the
treatment of serious Gram-positive infections where
other drugs cannot be used, including the treatment and
prophylaxis of infective endocarditis, peritonitis asso-
ciated with continuous ambulatory peritoneal dialysis,
and suspected infection in neutropenic or otherwise
immunocompromised patients. Teicoplanin, given
orally, has been suggested as a possible alternative to
vancomycin or metronidazole in antibiotic-associated
colitis. For details of these infections and their treat-
ment, see under Choice of Antibacterial, p.162. 
Teicoplanin is given intravenously, as a bolus dose or
by infusion over 30 minutes, or by intramuscular injec-
tion. The usual mean dose is 6 mg/kg intravenously or
intramuscularly initially, followed by 3 mg/kg intrave-
nously or intramuscularly on each subsequent day of
treatment (in practice this equates to a usual dose of
400 mg initially followed by 200 mg daily, except in
patients weighing more than 85 kg in whom it is adapt-
ed accordingly). In more severe infections, 6 mg/kg
may be given every 12 hours for the first 3 doses, fol-
lowed by 6 mg/kg daily. 
For the prophylaxis of endocarditis in high-risk pa-
tients undergoing dental or other procedures who are
unable to receive penicillin, teicoplanin may be given
in a single dose of 400 mg by intravenous injection,
with gentamicin, before the procedure. A similar dose
of teicoplanin is given for prophylaxis in orthopaedic
surgery at induction of anaesthesia. 
In children, a loading dose of 10 mg/kg every 12 hours
for 3 doses is followed by 6 to 10 mg/kg daily, depend-
ing on the severity of infection. In neonates, a loading
dose of 16 mg/kg on the first day is followed by main-
tenance doses of 8 mg/kg daily, given by intravenous
infusion. Although no relationship between plasma
concentrations and toxicity has been established, the
BNF suggests that the former may sometimes be used
as a guide to optimise treatment: trough concentrations
should be above 10 micrograms/mL (15 to
20 micrograms/mL in patients with endocarditis) but
less than 60 micrograms/mL. 
Dosage should be adjusted in patients with impaired
renal function (see Administration in Renal Impair-
ment, below).
◊ Reviews.
1. Brogden RN, Peters DH. Teicoplanin: a reappraisal of its antimi-

crobial activity, pharmacokinetic properties and therapeutic effi-
cacy. Drugs 1994; 47: 823–54. 

2. Murphy S, Pinney RJ. Teicoplanin or vancomycin in the treat-
ment of Gram-positive infections? J Clin Pharm Ther 1995; 20:
5–11. 

3. de Lalla F, Tramarin A. A risk-benefit assessment of teicoplanin
in the treatment of infections. Drug Safety 1995; 13: 317–28. 

4. Periti P, et al. Antimicrobial prophylaxis in orthopaedic surgery:
the role of teicoplanin. J Antimicrob Chemother 1998; 41:
329–40. 

5. Schaison G, et al. Teicoplanin in the treatment of serious infec-
tion. J Chemother 2000; 12 (suppl 5): 26–33.

Administration in renal impairment. Doses of teicoplanin
should be adjusted in patients with renal impairment, though re-
duction is not required until the fourth day of treatment. Teico-

planin should be given in usual doses for the first 3 days of ther-
apy, thereafter the dose is adjusted according to creatinine
clearance (CC): 
• CC 40 to 60 mL/minute: half initial dose given daily or initial

dose given every 2 days 
• CC less than 40 mL/minute: one-third initial dose given daily

or initial dose given every 3 days

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Targocid; Teicox; Teiklonal; Terbiox; Austral.: Targocid; Austria: Tar-
gocid; Belg.: Targocid; Braz.: Bactomax; Coplaxil†; Kirom; Targocid; Teicon;
Teiconin†; Teicozid; Chile: Targocid; Cz.: Targocid; Denm.: Targocid; Fin.:
Targocid; Fr.: Targocid; Ger.: Targocid; Gr.: Targocid; Hong Kong: Targo-
cid; Hung.: Targocid; India: Targocid; Ticocin; Indon.: Targocid; Irl.: Targo-
cid; Israel: Targocid; Ital.: Targosid; Jpn: Targocid; Malaysia: Targocid;
Mex.: Targocid; Teripol; Neth.: Targocid; Norw.: Targocid; NZ: Targocid;
Pol.: Targocid; Port.: Targosid; S.Afr.: Targocid; Singapore: Targocid;
Spain: Targocid; Swed.: Targocid; Switz.: Targocid; Thai.: Targocid; Turk.:
Targocid; UK: Targocid; Venez.: Targocid.
Multi-ingredient: Ger.: Targobone.

Telithromycin (BAN, USAN, rINN)

HMR-3647; RU-66647; Télithromycine; Telithromycinum; Telitr-
omicina; Telitromisin. (3aS,4R,7R,9R,10R,11R,13R,15R,15aR)-4-
Ethyloctahydro-11-methoxy-3a,7,9,11,13,15-hexamethyl-1-{4-
[4-(3-pyridyl)imidazol-1-yl]butyl}-10-{[3,4,6-trideoxy-3-(dimeth-
ylamino)-β-D-xylo-hexopyranosyl]oxy}-2H-oxacyclotetradeci-
no[4,3-d][1,3]oxazole-2,6,8,14(1H,7H,9H)-tetrone.
Телитромицин
C43H65N5O10 = 812.0.
CAS — 173838-31-8; 191114-48-4.
ATC — J01FA15.
ATC Vet — QJ01FA15.

Adverse Effects
Diarrhoea and other gastrointestinal disturbances such
as nausea, vomiting, abdominal pain, and flatulence
are among the most common adverse reactions after
use of telithromycin. Severe, but usually reversible, he-
patic dysfunction, including elevation of liver enzymes
and hepatitis, with or without jaundice has been report-
ed; however, there have been cases of fatal hepatotox-
icity including fulminant hepatitis, hepatic necrosis,
and hepatic failure. Effects on the CNS may include
dizziness, headache, vertigo, and, occasionally, insom-
nia or drowsiness. Taste, and very rarely smell, distur-
bances may occur. Other less commonly reported ad-
verse effects include paraesthesia, eosinophilia, skin
rashes, and cardiovascular effects such as arrhythmias,
hypotension, and bradycardia. Visual disturbances,
particularly affecting accommodation, have occurred.
Syncope, usually associated with the vagal syndrome,
has been noted. Very rarely reported adverse effects in-
clude angioedema and anaphylaxis. There have been
isolated cases of erythema multiforme, pseudomem-
branous colitis, and muscle cramps. Life-threatening
acute respiratory failure has been reported in patients
with myasthenia gravis (see also Precautions, below).
Effects on the eyes. Visual disturbances, namely blurred vi-
sion, difficulty with focusing, and diplopia have been associated
with telithromycin. These have been reported to be more com-
mon in females under the age of 40 years and to occur in 1.1% of
patients compared with 0.28% in those receiving a comparable
antibacterial.1 Licensed product information reports that symp-
toms are fully reversible, mostly mild to moderate in severity,
and typically occur within a few hours of the first or second dose,
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lasting for several hours and recurring upon subsequent dosing.
They have not been associated with any ocular abnormality.
1. Lonks JR, Goldmann DA. Telithromycin: a ketolide antibiotic

for treatment of respiratory tract infections. Clin Infect Dis 2005;
40: 1657–64.

Effects on the kidneys. Acute interstitial nephritis has been
reported1 in an 18-year-old man who received telithromycin for
5 days. Complete recovery of renal function occurred 2 weeks
after starting symptomatic treatment with methylprednisolone.
1. Tintillier M, et al. Telithromycin-induced acute interstitial ne-

phritis: a first case report. Am J Kidney Dis 2004; 44: e25–e27.

Effects on the liver. Hepatotoxicity is an established adverse
effect of telithromycin and may be severe. Of 3 case reports of
serious liver toxicity in patients with no pre-existing hepatic im-
pairment, after receiving telithromycin at the usual dose,1 one pa-
tient spontaneously recovered, one required a liver transplant,
and one died.
1. Clay KD, et al. Brief communication: severe hepatotoxicity of

telithromycin: three case reports and literature review. Ann In-
tern Med 2006; 144: 415–20.

Effects on the skin. A 26-year-old woman with a history of
rash to penicillin and sulfonamides developed toxic epidermal
necrolysis after 13 doses of oral telithromycin for treatment of
sinusitis; she was discharged 4 weeks after admission to hospital
but had scars on her face and body and had lost her eyelashes.1

1. Health Canada. Telithromycin (Ketek): suspected association
with toxic epidermal necrolysis. Can Adverse React News  2007;
17 (2): 2. Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v17n2-eng.pdf
(accessed 18/06/08)

Precautions
Telithromycin should not be given to patients with
known hypersensitivity to it or to the macrolides; sim-
ilarly, a history of hepatitis and/or jaundice associated
with telithromycin or macrolides is a contra-indication. 
Telithromycin is contra-indicated in patients with
myasthenia gravis because it may exacerbate symp-
toms of the disease; exacerbations usually occur within
1 to 3 hours of the first dose. Fatalities have been re-
ported. 
Patients with a congenital or family history of QT in-
terval prolongation should not receive telithromycin; it
should be used with care in those with coronary heart
disease, cardiac arrhythmias, and in those with hypo-
kalaemia or hypomagnesaemia, due to its potential to
prolong the QT interval. Certain medications may also
increase the risk of cardiac arrhythmias and prolong
the QT interval (see Interactions, below). 
Patients should be informed about signs and symptoms
of hepatitis. Should any of these develop during treat-
ment with telithromycin, they should stop taking the
drug and consult their doctor. It should be used with
caution in patients with hepatic impairment; however,
this is based on limited data in such patients. Reduced
doses may be necessary in those with severe renal im-
pairment (see below). 
Since telithromycin can produce visual disturbances or
loss of consciousness caution is advised when driving,
operating machinery, or undertaking similar hazardous
activities.
Breast feeding. Telithromycin has been shown to be excreted
in the milk of lactating animals at concentrations about 5 times
greater than those in maternal plasma, although corresponding
data for humans is not available.

Pregnancy. Reproductive toxicity, but not teratogenicity, has
been seen in animals; the potential risk for humans is unknown.

Interactions
Telithromycin is an inhibitor of the cytochrome P450
isoenzymes CYP3A4 and CYP2D6. Although there
have been few clinical reports, drug interactions with
telithromycin may be expected to be similar to those
seen with erythromycin (see p.271). In particular, cau-
tion is required when telithromycin is given with drugs
that may prolong the QT interval. Use of telithromycin
with cisapride, ergot alkaloid derivatives, pimozide,
astemizole, or terfenadine is usually contra-indicated.
Caution is usually necessary with benzodiazepines
such as alprazolam, midazolam, and triazolam, and
with metoprolol. Telithromycin should not be given
with drugs that induce the cytochrome P450 isoen-

zyme CYP3A4, such as rifampicin, phenytoin, car-
bamazepine, or St John’s wort. Telithromycin increas-
es plasma concentrations of some statins and hence the
risk of myopathy; it should not be given with atorvas-
tatin, lovastatin, or simvastatin.

Antimicrobial Action
Telithromycin is a ketolide antibacterial with a bacteri-
cidal action and is highly active against certain Gram-
positive bacteria, including multidrug-resistant strains
of Streptococcus pneumoniae. Some strains of Strepto-
coccus pyogenes and of Staphylococcus aureus are
also sensitive. 
Telithromycin also shows good activity against the
Gram-negative organisms Haemophilus influenzae
and Moraxella catarrhalis (Branhamella catarrhalis).
Activity against Mycoplasma pneumoniae and
Chlamydophila pneumoniae (Chlamydia pneumoniae)
is comparable with macrolides, and it shows greater
activity than erythromycin and roxithromycin against
Legionella spp. Mycobacterium spp. are reported to be
moderately susceptible. 
Enterobacteriaceae, Pseudomonas spp., and Acineto-
bacter spp. are not susceptible.
◊ References.
1. Hammerschlag MR, et al. Activity of telithromycin, a new ke-

tolide antibacterial, against atypical and intracellular respiratory
tract pathogens. J Antimicrob Chemother 2001; 48 (suppl T1):
25–31. 

2. Felmingham D, et al. Activity of the ketolide antibacterial tel-
ithromycin against typical community-acquired respiratory path-
ogens. J Antimicrob Chemother 2001; 48 (suppl T1): 33–42. 

3. Felmingham D, et al. Antibacterial resistance among children
with community-acquired respiratory tract infections (PRO-
TEKT 1999-2000). J Infect 2004; 48: 39–55. 

4. Drago L, et al. Selection of resistance of telithromycin against
Haemophilus influenzae, Moraxella catarrhalis and streptococci
in comparison with macrolides. J Antimicrob Chemother 2004;
54: 542–5. 

5. Farrell DJ, Felmingham D. Activities of telithromycin against
13,874 Streptococcus pneumoniae isolates collected between
1999 and 2003. Antimicrob Agents Chemother 2004; 48:
1882–4.

Pharmacokinetics
Telithromycin is rapidly absorbed after an oral dose,
with a bioavailability of 57%. Peak plasma concentra-
tions of about 2 micrograms/mL are reached around 1
to 3 hours after a dose of 800 mg. Food does not affect
the absorption of telithromycin. 
Telithromycin is widely distributed in body fluids and
tissues, including those of the respiratory tract, and
plasma protein binding is 60 to 70%. Concentrations in
target tissues are reported to be higher than plasma con-
centrations, suggesting the drug may remain active
when the plasma concentration has fallen below the
MIC. 
About two-thirds of a dose is metabolised in the liver
to inactive metabolites and the remaining third is elim-
inated unchanged in the urine and faeces. Metabolism
is mediated both by cytochrome P450 isoenzymes
(mainly CYP3A4) and non-cytochrome P450 en-
zymes. The pharmacokinetics of telithromycin are
triphasic with a biphasic elimination phase; the elimi-
nation half-life is 2 to 3 hours and the terminal half-life
about 10 hours. 
Distribution into milk has been found in studies in an-
imals.
◊ References.
1. Muller-Serieys C, et al. Tissue kinetics of telithromycin, the first

ketolide antibacterial. J Antimicrob Chemother 2004; 53:
149–57. 

2. Shi J, et al. Clinical pharmacokinetics of telithromycin, the first
ketolide antibacterial. Clin Pharmacokinet 2005; 44: 915–34. 

3. Ong CT, et al. Intrapulmonary concentrations of telithromycin:
clinical implications for respiratory tract infections due to Strep-
tococcus pneumoniae. Chemotherapy 2005; 51: 339–46.

Uses and Administration
Telithromycin is a ketolide antibacterial used for the
treatment of susceptible respiratory-tract infections in
adults including mild to moderate community-
acquired pneumonia. In some countries it is also

licensed for use in the treatment of acute sinusitis and
acute bacterial exacerbations of chronic bronchitis
when resistance to beta-lactam and/or macrolide anti-
bacterials is known or suspected; and as an alternative
to beta-lactam antibacterials for tonsillitis or pharyngi-
tis caused by Group A beta streptococci in patients
over 12 years of age. It is given orally in a usual dose
of 800 mg once daily. 
Doses may need to be reduced in patients with renal
impairment (see below).
◊ References.
1. Zhanel GG, et al. The ketolides: a critical review. Drugs 2002;

62: 1771–1804. 
2. Zhanel GG, Hoban DJ. Ketolides in the treatment of respiratory

infections. Expert Opin Pharmacother 2002; 3: 277–97. 
3. Ackermann G, Rodloff AC. Drugs of the 21st century: telithro-

mycin (HMR 3647)—the first ketolide. J Antimicrob Chemoth-
er 2003; 51: 497–511. 

4. Reinert RR. Clinical efficacy of ketolides in the treatment of
respiratory tract infections. J Antimicrob Chemother 2004; 53:
918–27. 

5. Zuckerman JM. Macrolides and ketolides: azithromycin, clari-
thromycin, telithromycin. Infect Dis Clin North Am 2004; 18:
621–49. 

6. Wellington K, Noble S. Telithromycin. Drugs 2004; 64:
1683–94. 

7. Kasbekar N, Acharya PS. Telithromycin: the first ketolide for
the treatment of respiratory infections. Am J Health-Syst Pharm
2005; 62: 905–16. 

8. Lonks JR, Goldmann DA. Telithromycin: a ketolide antibiotic
for treatment of respiratory tract infections. Clin Infect Dis
2005; 40: 1657–64. 

9. Nguyen M, Chung EP. Telithromycin: the first ketolide antimi-
crobial. Clin Ther 2005; 27: 1144–63. 

10. Brown SD. Benefit-risk assessment of telithromycin in the
treatment of community-acquired pneumonia. Drug Safety
2008; 31: 561–75.

Administration in renal impairment. Doses of telithromy-
cin should be reduced in severe renal impairment (creatinine
clearance of less than 30 mL/minute): 
• UK licensed product information states that alternating daily

doses of 800 mg and 400 mg, starting with 800 mg may be
given whether or not hepatic function is also impaired 

• US licensed product information recommends a dose of
600 mg once daily if there is no hepatic impairment but a dose
of 400 mg once daily if there is co-existing impairment 

Doses should be given after dialysis sessions to patients on
haemodialysis.
Respiratory disorders. As well as their established antibacte-
rial effect, it has been suggested that macrolides also have immu-
nomodulatory effects that could be useful in the management of
respiratory diseases (see also Respiratory Disorders, under Uses
of Erythromycin, p.273). Ketolides also appear to have such ef-
fects: a 10-day course of oral telithromycin 800 mg daily, started
with standard treatment for acute asthma (p.1108) in adults, was
reported to improve asthma symptoms regardless of infection
with Chlamydophila pneumoniae (Chlamydia pneumoniae) or
Mycoplasma pneumoniae.1 The mechanism of this effect is
unclear, however, and further studies are needed.
1. Johnston SL, et al. The TELICAST Investigators. The effect of

telithromycin in acute exacerbations of asthma. N Engl J Med
2006; 354: 1589–1600.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ketek†; Belg.: Ketek; Braz.: Ketek; Canad.: Ketek; Chile: Ketek†;
Cz.: Ketek; Levviax†; Fin.: Ketek; Fr.: Ketek; Ger.: Ketek; Gr.: Ketek; Irl.:
Ketek; Ital.: Ketek; Jpn: Ketek; Mex.: Ketek; Neth.: Ketek; Levviax†;
Norw.: Ketek; Leviax†; Pol.: Ketek; Port.: Ketek; Levviax†; S.Afr.: Ketek;
Spain: Ketek; Levviax†; Swed.: Ketek; Thai.: Ketek; Turk.: Ketek; UK: Ket-
ek; USA: Ketek; Venez.: Ketek.

Temocillin (BAN, USAN, rINN)

Temocilina; Témocilline; Temocillinum. (6S)-6-[2-carboxy-2-(3-
thienyl)acetamido]-6-methoxypenicillanic acid.
Темоциллин
C16H18N2O7S2 = 414.5.
CAS — 66148-78-5.
ATC — J01CA17.
ATC Vet — QJ01CA17.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Temocillin Sodium (BANM, rINNM)

BRL-17421; Natrii Temocillinum; Temocilina sódica; Temocillin
Disodium; Témocilline Sodique. The disodium salt of (6S)-6-[2-
carboxy-2-(3-thienyl)acetamido]-6-methoxypenicillanic acid.
Натрий Темоциллин
C16H16N2Na2O7S2 = 458.4.
CAS — 61545-06-0.
ATC — J01CA17.
ATC Vet — QJ01CA17.

Profile
Temocillin is a semisynthetic penicillin that is highly resistant to
a wide range of beta-lactamases and is used for the treatment of
infections caused by beta-lactamase-producing strains of Gram-
negative aerobic bacteria, including those resistant to third-
generation cephalosporins. 
It is given as the sodium salt and doses are expressed in terms of
the base; 1.11 g of temocillin sodium is equivalent to about 1 g
of temocillin. It is given by intravenous or intramuscular injec-
tion or by intravenous infusion in usual doses of 1 g every 12
hours. A dose of 12.5 mg/kg every 12 hours may be used in chil-
dren. Intravenous doses may be doubled in severe infections. 
In patients with renal impairment the interval between doses may
need to be increased.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Negaban; Ital.: ISF 09338†; UK: Negaban.

Terizidone (rINN)

B-2360; Terizidona; Térizidone; Terizidonum. 4,4′-[p-Phe-
nylenebis(methyleneamino)]bis(isoxazolidin-3-one).
Теризидон
C14H14N4O4 = 302.3.
CAS — 25683-71-0.
ATC — J04AK03.
ATC Vet — QJ04AK03.

Profile
Terizidone has been used in the treatment of infections of the uri-
nary tract and of pulmonary and extrapulmonary tuberculosis.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Terivalidin; Braz.: Terizidex; S.Afr.: Terivalidin.

Tetracycline (BAN, rINN)

Tetraciclina; Tetraciklin; Tetraciklinas; Tétracycline; Tetracyclinum;
Tetracyklin; Tetracyklina; Tetrasykliini. A variably hydrated form of
(4S,4aS,5aS,6S,12aS)-4-Dimethylamino-1,4,4a,5,5a,6,11,12a-oc-
tahydro-3,6,10,12,12a-pentahydroxy-6-methyl-1,11-dioxonaph-
thacene-2-carboxamide.
Тетрациклин
C22H24N2O8 = 444.4.
CAS — 60-54-8 (anhydrous tetracycline); 6416-04-2 (tet-
racycline tr ihydrate).
ATC — A01AB13; D06AA04; J01AA07; S01AA09;
S02AA08; S03AA02.
ATC Vet — QA01AB13; QD06AA04; QG01AA90;
QG51AA02; QJ01AA07; QJ51AA07; QS01AA09;
QS02AA08; QS03AA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Tetracycline). A yellow crystalline powder. Very
slightly soluble in water; soluble in alcohol and in methyl alco-
hol; sparingly soluble in acetone. It dissolves in dilute acid and
alkaline solutions. A 1% suspension in water has a pH of 3.5 to
6.0. Protect from light. 

USP 31 (Tetracycline). A yellow, odourless, crystalline powder.
It darkens in strong sunlight. Soluble 1 in 2500 of water and 1 in
50 of alcohol; practically insoluble in chloroform and in ether;
soluble in methyl alcohol; freely soluble in dilute acids and in al-
kali hydroxide solutions. It loses not more than 13% of its weight
on drying. A 1% suspension in water has a pH of 3.0 to 7.0. The
potency of tetracycline is reduced in solutions having a pH below
2 and it is rapidly destroyed in solutions of alkali hydroxides.
Store in airtight containers. Protect from light.

Tetracycline Hydrochloride (BANM, rINNM)

Hidrocloruro de tetraciclina; Tetraciklinhidroklorid; Tetraciklino
hidrochloridas; Tétracycline, chlorhydrate de; Tetracyclini hydro-
chloridum; Tetracyklin hydrochlorid; Tetracyklinhydroklorid; Tet-
racykliny chlorowodorek; Tetrasiklin Hidroklorür; Tetrasykliinihy-
drokloridi.
Тетрациклина Гидрохлорид
C22H24N2O8,HCl = 480.9.
CAS — 64-75-5.
ATC — A01AB13; D06AA04; J01AA07; S01AA09;
S02AA08; S03AA02.
ATC Vet — QA01AB13; QD06AA04; QJ01AA07;
QS01AA09; QS02AA08; QS03AA02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
US also includes Epitetracycline Hydrochloride. 
Ph. Eur. 6.2 (Tetracycline Hydrochloride). A yellow crystalline
powder. Soluble in water; slightly soluble in alcohol; practically
insoluble in acetone. It dissolves in solutions of alkali hydroxides
and carbonates. Solutions in water become turbid on standing,
owing to the precipitation of tetracycline. A 1% solution in water
has a pH of 1.8 to 2.8. Protect from light. 
USP 31 (Tetracycline Hydrochloride). A yellow, odourless, hy-
groscopic, crystalline, powder. Tetracycline hydrochloride dark-
ens in moist air when exposed to strong sunlight. Soluble 1 in 10
of water and 1 in 100 of alcohol; practically insoluble in chloro-
form and in ether; soluble in solutions of alkali hydroxides and
carbonates, although it is rapidly destroyed by alkali hydroxide
solutions. A 1% solution in water has a pH of 1.8 to 2.8. The po-
tency of tetracycline hydrochloride is reduced in solutions hav-
ing a pH below 2. Store in airtight containers. Protect from light.

Tetracycline Phosphate Complex (BAN)

Tetraciclina, complejo con fosfato.
CAS — 1336-20-5.
ATC — A01AB13; D06AA04; J01AA07; S01AA09;
S02AA08; S03AA02.
ATC Vet — QA01AB13; QD06AA04; QJ01AA07;
QS01AA09; QS02AA08; QS03AA02.

Description. A complex of sodium metaphosphate and tetracy-
cline.
Incompatibility. Tetracycline injections have an acid pH and
incompatibility may reasonably be expected with alkaline prep-
arations, or with drugs unstable at low pH. Tetracyclines can
chelate metal cations to produce insoluble complexes, and
incompatibility has been reported with solutions containing me-
tallic salts. Reports of incompatibility are not always consistent,
and other factors, such as the strength and composition of the
vehicles used, may play a role.
Stability. Tetracycline undergoes reversible epimerisation in so-
lution to the less active 4-epitetracycline;1,2 the degree of epim-
erisation is dependent on pH, and is greatest at a pH of about 3,
with conversion of some 55% to the epimer at equilibrium.1 The
rate at which epimerisation occurs is affected by a variety of fac-
tors including temperature and the presence of phosphate or cit-
rate ions.1 Intravenous solutions of tetracycline hydrochloride
with a pH between 3 and 5 have been reported to be stable for 6
hours, but to lose about 8 to 12% of their potency in 24 hours at
room temperature.3 Although epimerisation has been observed
to be the dominant degradation reaction at pH 2.5 to 5, outside
this pH range other reactions become important, with the pH-
dependent formation of anhydrotetracycline at very low pH, and
oxidation to isotetracycline at alkaline pH.4 
In contrast to the case in solution, suspensions of tetracycline hy-
drochloride with a pH between 4 and 7 are stable for at least 3
months.2 This is because epimerisation, which continues until an
equilibrium is achieved between tetracycline and its epimer, de-
pends only on the portion in solution, and the solubility of tetra-
cycline at this pH range is low. 
The stability of solid dosage forms and powder at various tem-
peratures and humidities has also been studied; tetracycline hy-
drochloride was fairly stable when stored at 37° and 66% humid-
ity for 2 months, with about a 10% loss of potency, but the
phosphate was rather less stable, with potency losses of 25 to
40% and the formation of potentially toxic degradation prod-
ucts.5 Comparison with other tetracyclines indicated that tetracy-
cline was less stable than demeclocycline and more stable than
rolitetracycline.5 However, although this study, and an accelerat-
ed stability study carried out by WHO6 indicate that there is a risk
of deterioration of solid dose tetracycline, in practice a study of
its stability during shipment to the tropics found that deteriora-
tion was not a problem.7

1. Remmers EG, et al. Some observations on the kinetics of the C4
epimerization of tetracycline. J Pharm Sci 1963; 52: 752–6. 

2. Grobben-Verpoorten A, et al. Determination of the stability of
tetracycline suspensions by high performance liquid chromatog-
raphy. Pharm Weekbl (Sci) 1985; 7: 104–8. 

3. Parker EA. Solution additive chemical incompatibility study. Am
J Hosp Pharm 1967; 24: 434–9. 

4. Vej-Hansen B, Bundgaard H. Kinetic study of factors affecting
the stability of tetracycline in aqueous solution. Arch Pharm
Chemi (Sci) 1978; 6: 201–14. 

5. Walton VC, et al. Anhydrotetracycline and 4-epianhydrotetracy-
cline in market tetracyclines and aged tetracycline products. J
Pharm Sci 1970; 59: 1160–4. 

6. WHO. WHO expert committee on specifications for pharmaceu-
tical preparations: thirty-first report. WHO Tech Rep Ser 790
1 990 .  A l so  ava i l ab l e  a t :  h t t p : / / l i b do c .w ho . in t / t r s /
WHO_TRS_790.pdf (accessed 18/05/07) 

7. Hogerzeil HV, et al. Stability of essential drugs during shipment
to the tropics. BMJ 1992; 304: 210–14.

Adverse Effects
The adverse effects of tetracycline are common to all
tetracyclines. Gastrointestinal effects including nausea,
vomiting, and diarrhoea are common especially with
high doses and most are attributed to irritation of the
mucosa. Oesophageal ulceration has been reported
with doxycycline, minocycline, and tetracycline, par-
ticularly after ingestion of capsules or tablets with
insufficient water at bedtime. Other effects that have
been reported include glossitis, stomatitis, and dys-
phagia. 
Oral candidiasis, vulvovaginitis, and pruritus ani occur,
mainly due to overgrowth with Candida albicans, and
there may be overgrowth of resistant coliform organ-
isms, such as Pseudomonas spp. and Proteus spp.,
causing diarrhoea. More seriously, enterocolitis due to
superinfection with resistant staphylococci and pseu-
domembranous colitis due to Clostridium difficile have
occasionally been reported. It has been suggested that
disturbances in the intestinal flora are more common
with tetracycline than with better absorbed derivatives
such as doxycycline. 
Renal dysfunction has been reported with tetracy-
clines, particularly exacerbation of dysfunction in
those with pre-existing renal impairment. Usual thera-
peutic doses given to patients with renal impairment
increase the severity of uraemia with increased excre-
tion of nitrogen and loss of sodium, accompanied by
acidosis and hyperphosphataemia, and may lead to ex-
cessive systemic accumulation of the tetracycline and
possible liver toxicity. These effects are related to the
dose and the severity of renal impairment and are prob-
ably due to the anti-anabolic effects of the tetracycline.
Acute renal failure and interstitial nephritis have oc-
curred rarely. 
Increases in liver enzyme values have been reported
with tetracyclines. In some cases severe and sometimes
fatal hepatotoxicity, associated with fatty changes in
the liver and pancreatitis, has occurred in pregnant
women and in patients with renal impairment or those
given high doses. However, hepatotoxicity has also oc-
curred in patients without these predisposing factors
but is rarely reported with doxycycline. 
Tetracyclines are deposited both in deciduous teeth
(milk teeth; primary teeth) and in permanent teeth dur-
ing their formation, causing permanent discoloration
and enamel hypoplasia. The darkening effect of tetra-
cyclines on permanent teeth appears to be related to the
total dose given. Doxycycline binds less with calcium
compared with other tetracyclines and these changes
may occur less frequently. Tetracyclines are also de-
posited in calcifying areas in bone and the nails and in-
terfere with bone growth when given in therapeutic
doses to young infants or pregnant women. 
Nail discoloration and onycholysis may occur. Abnor-
mal pigmentation of the skin, conjunctiva, oral muco-
sa, tongue, and internal organs such as the thyroid has
occurred rarely. Permanent discoloration of the cornea
has been reported in infants born to mothers given tet-
racycline in high doses during pregnancy. 
Intracranial hypertension with headache, dizziness, tin-
nitus, visual disturbances, and papilloedema has been
reported. The use of tetracyclines in infants has been
associated with a bulging fontanelle. If raised intracra-
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nial pressure occurs tetracycline treatment should be
stopped. Transient myopia in patients taking tetracy-
clines may be due to changes in refractive power of the
lens. Other adverse effects that have occasionally been
reported with tetracyclines include increased muscle
weakness in patients with myasthenia gravis and exac-
erbation of SLE. 
Hypersensitivity to the tetracyclines is much less com-
mon than to the beta lactams, but hypersensitivity reac-
tions, including rashes, fixed drug eruptions, exfolia-
tive dermatitis, toxic epidermal necrolysis, drug fever,
pericarditis, angioedema, urticaria, and asthma have
been reported; anaphylaxis has occurred very rarely.
Photosensitivity, which has been reported with most
tetracyclines, occurs most frequently with demeclocy-
cline and other long-acting derivatives, less with chlo-
rtetracycline, and very rarely with oxytetracycline and
tetracycline; it appears to be phototoxic rather than
photoallergic in nature. Paraesthesia may be an early
sign of impending phototoxicity. 
Local pain and irritation can occur when tetracyclines
are given parenterally and thrombophlebitis may fol-
low intravenous injections. A Jarisch-Herxheimer re-
action occurs commonly in patients with relapsing fe-
ver treated with tetracyclines. 
Although rare, agranulocytosis, aplastic anaemia,
haemolytic anaemia, eosinophilia, neutropenia, and
thrombocytopenia have been reported. Tetracyclines
may produce hypoprothrombinaemia. They have also
been associated with reductions in serum-vitamin B
concentrations, including a case of folate deficiency
and concomitant megaloblastic anaemia. 
The use of tetracyclines that are out-of-date or which
have deteriorated has been associated with the devel-
opment of a reversible Fanconi-type syndrome charac-
terised by polyuria and polydipsia with nausea, glyco-
sur ia ,  aminoacidur ia ,  hyperphosphatur ia ,
hypokalaemia, and hyperuricaemia with acidosis and
proteinuria; these effects have been attributed to the
presence of degradation products, in particular anhy-
droepitetracycline.
Effects on intracranial pressure. Benign intracranial hyper-
tension (pseudotumor cerebri) has been described in patients giv-
en tetracyclines.1 Tetracycline is most commonly implicated,
usually in patients being treated for acne; it has also been associ-
ated with doxycycline2,3 and minocycline.4,5 Presenting symp-
toms, such as headaches, tinnitus, visual loss, diplopia, nausea,
and vomiting, usually develop from within 2 weeks to 1 year or
more of starting a tetracycline. Most cases resolved when the
drug was stopped although some required symptomatic treat-
ment with diuretics (including acetazolamide), corticosteroids,
and/or lumbar puncture. Nevertheless, permanent visual loss has
been reported.
1. Digre KB. Not so benign intracranial hypertension. BMJ 2003;

326: 613–14. 
2. Lochhead J, Elston JS. Doxycycline induced intracranial hyper-

tension. BMJ 2003; 326: 641–2. 
3. Friedman DI, et al. Doxycycline and intracranial hypertension.

Neurology 2004; 62: 2297–9. 
4. Weese-Mayer DE, et al. Minocycline and pseudotumor cerebri:

the well-known but well-kept secret. Pediatrics 2001; 108:
519–20. 

5. Adverse Drug Reactions Advisory Committee (ADRAC). Mino-
cycline and not so benign intracranial hypertension. Aust Ad-
verse Drug React Bull 2003; 22: 2–3. Also available at:
http://www.tga.gov.au/adr/aadrb/aadr0302.pdf (accessed
07/02/07)

Precautions
The tetracyclines are contra-indicated in patients hy-
persensitive to any of this group of antibacterials, since
cross-sensitivity may occur. 
Tetracyclines should not be used during pregnancy be-
cause of the risk of hepatotoxicity in the mother as well
as the effects on the developing fetus. They should also
be avoided during breast feeding and in children up to
the age of 8, or according to the BNF, 12, years. Use in
pregnancy, potentially during breast feeding, or in
childhood, may result in impaired bone growth and
permanent discoloration of the child’s teeth. 
In general the tetracyclines, with the exception of dox-
ycycline, should be used with caution in those with re-
nal impairment and, if they must be given, doses
should be reduced. However, the BNF advises avoid-

ing tetracyclines, except doxycycline and minocycline,
even in mild impairment. Care should also be taken if
tetracyclines are given to patients with hepatic impair-
ment and high doses should be avoided. 
Patients who may be exposed to direct sunlight should
be warned of the risk of photosensitivity. Care is advis-
able in patients with myasthenia gravis, who may be at
risk of neuromuscular blockade. Tetracyclines should
be avoided in those with SLE. 
Serum monitoring of tetracyclines may be helpful in
patients with risk factors given prolonged therapy: it
has been suggested that serum concentrations of tetra-
cycline should not exceed 15 micrograms/mL. To
avoid the risk of oesophageal ulceration oral tetracy-
clines (notably doxycycline, see p.267) should be tak-
en with plenty of fluid while sitting or standing, and
well before going to bed. 
Tetracycline may interfere with some diagnostic tests
including determination of urinary catecholamines or
glucose.
Breast feeding. The American Academy of Pediatrics1 states
that, after use of tetracycline by breast-feeding mothers, there is
negligible absorption by the infant and that tetracycline is there-
fore usually compatible with breast feeding. However, licensed
product information states that adverse effects including perma-
nent tooth discoloration and enamel hypoplasia may occur in
breast-fed infants and that breast feeding is contra-indicated dur-
ing treatment with tetracyclines.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Porphyria. Tetracyclines are considered to be probably safe in
patients with porphyria, although there is conflicting experimen-
tal evidence of porphyrinogenicity. Doxycycline has been asso-
ciated with acute attacks of porphyria and is considered unsafe in
porphyric patients, and results from animals or in-vitro systems
suggest that oxytetracycline might be porphyrinogenic.

Interactions
The absorption of the tetracyclines is reduced by diva-
lent and trivalent cations such as aluminium, bismuth,
calcium, iron, magnesium, and zinc, and therefore use
of tetracyclines with antacids, iron preparations, some
foods such as milk and dairy products, or other prepa-
rations containing such cations, whether as active in-
gredients or excipients, may result in subtherapeutic
serum concentrations of the antibacterial. Sodium bi-
carbonate, colestipol, colestyramine, and kaolin-pectin
are also reported to reduce tetracycline absorption, but
potential reductions due to cimetidine or sucralfate are
probably of little clinical significance. These interac-
tions can be minimised by giving such products at least
1 to 3 hours apart from tetracyclines. Strontium rane-
late should not be given with tetracyclines because of
possible complex formation. 
The nephrotoxic effects of tetracyclines may be exac-
erbated by diuretics, methoxyflurane, or other poten-
tially nephrotoxic drugs. Potentially hepatotoxic drugs
should be used with caution in patients receiving tetra-
cyclines. An increased incidence of benign intracranial
hypertension has been reported when retinoids and tet-
racyclines are given together; such use should be
avoided. Tetracyclines have been reported to produce
increased concentrations of lithium, digoxin, halofan-
trine, and theophylline (although these interactions are
not strongly established); the effects of oral anticoagu-
lants have also been increased in a few patients. There
have been occasional reports of tetracyclines increas-
ing the toxic effects of ergot alkaloids and methotrex-
ate. Tetracyclines may decrease plasma-atovaquone
concentrations. Ocular inflammation has occurred af-
ter the use of ocular preparations preserved with thiom-
ersal in some patients receiving tetracyclines. Tetracy-
clines may decrease the effectiveness of oral
contraceptives. 
Because of possible antagonism of the action of the
penicillins by the mainly bacteriostatic tetracyclines it
has been recommended that the two types of drug

should not be used together, especially when a rapid
bactericidal action is necessary.

Antimicrobial Action
The tetracyclines are mainly bacteriostatic, with a
broad spectrum of antimicrobial activity including
Chlamydiaceae, Mycoplasma spp., Rickettsia spp., spi-
rochaetes, many aerobic and anaerobic Gram-positive
and Gram-negative pathogenic bacteria, and some pro-
tozoa. 
Mechanism of action. Tetracyclines are taken up into
sensitive bacterial cells by an active transport process.
Once within the cell they bind reversibly to the 30S
subunit of the ribosome, preventing the binding of ami-
noacyl transfer RNA and inhibiting protein synthesis,
and hence cell growth. Although tetracyclines also in-
hibit protein synthesis in mammalian cells they are not
actively taken up, permitting selective activity against
the infecting organism. 
Spectrum of activity. The following pathogenic organ-
isms are usually sensitive to tetracyclines: 
Gram-positive cocci including some strains of Staphy-
lococcus aureus and coagulase-negative staphylococ-
ci, and streptococci including Str. pneumoniae, Str. py-
ogenes (group A), and some viridans streptococci.
Enterococci are essentially resistant. 
Other sensitive Gram-positive bacteria including
strains of Actinomyces israelii, Bacillus anthracis, Ery-
sipelothrix rhusiopathiae, Listeria monocytogenes,
and among the anaerobes some Clostridium spp. No-
cardia spp. are generally much less susceptible al-
though some are sensitive to minocycline. Propioni-
bacterium acnes is susceptible although the action of
the tetracyclines in acne is complex and benefit may be
seen even at subinhibitory concentrations. 
Gram-negative cocci including Neisseria meningitidis
(meningococci) and N. gonorrhoeae (gonococci), al-
though some strains are resistant, and Moraxella ca-
tarrhalis (Branhamella catarrhalis). Acinetobacter
spp. may be resistant to tetracycline, but most strains
are susceptible to doxycycline and minocycline. 
Other sensitive Gram-negative aerobes including Bor-
detella pertussis, Brucella spp., Klebsiella granuloma-
tis, Campylobacter spp., Eikenella corrodens, Fran-
cisella tularensis, Haemophilus influenzae and some
strains of H. ducreyi, Legionella spp., Pasteurella mul-
tocida, Streptobacillus moniliformis, and various
members of the Vibrionaceae including Aeromonas
hydrophila, Plesiomonas shigelloides, Vibrio cholerae
and V. parahaemolyticus. Although many of the En-
terobacteriaceae, including Salmonella, Shigella, and
Yersinia spp., are susceptible, resistant strains are com-
mon; Proteus and Providencia spp. are not susceptible.
Pseudomonas aeruginosa is not susceptible either, al-
though some other species formerly classified as Pseu-
domonas respond, including Burkholderia mallei, B.
pseudomallei, and Stenotrophomonas maltophilia
(Xanthomonas maltophilia). 
Among the Gram-negative anaerobes Bacteroides fra-
gilis may sometimes be susceptible, although wild
strains are often resistant, and Fusobacterium may also
be sensitive. 
Other organisms usually sensitive to tetracyclines in-
clude Helicobacter pylori, Chlamydiaceae, Rickettsia
and Coxiella spp., many spirochaetes including Borre-
lia burgdorferi, Leptospira spp., and Treponema palli-
dum, atypical mycobacteria such as Mycobacterium
marinum, and mycoplasmas including Mycoplasma
pneumoniae and Ureaplasma urealyticum. In addition
the tetracyclines are active against some protozoa in-
cluding Plasmodium falciparum and Entamoeba histo-
lytica. 
Fungi, yeasts, and viruses are generally resistant. 
Resistance. Resistance to the tetracyclines is usually
plasmid-mediated and transferable. It is often induci-
ble, and appears to be associated with the ability to pre-
vent accumulation of the antibacterial within the bacte-
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rial cell, both by decreasing active transport of the drug
into the cell and by increasing tetracycline efflux. 
Unsurprisingly, given the widespread use of the tetra-
cyclines (including as components of animal feeds, al-
though this is now banned in some countries), resistant
strains of the majority of sensitive species have now
been reported. Resistance has increased particularly
among Enterobacteriaceae such as Escherichia coli,
Enterobacter, Salmonella, and Shigella spp., especially
in hospital isolates, and multiple resistance is common.
Staphylococci are commonly resistant, although doxy-
cycline or minocycline are occasionally effective
against tetracycline-resistant strains. Resistance is now
also common among group A streptococci, and even
more so among group B streptococci; there is also re-
sistance among pneumococci, which often show mul-
tiple drug resistance. Emergence of high-level tetracy-
cline-resistant strains of Neisseria gonorrhoeae is
common in some areas. Frequent resistance is also
seen in clostridia, and in Bacteroides fragilis (among
more than 60% of isolates in some countries), while
increasing resistance amongst Haemophilus ducreyi
has limited the value of tetracyclines in chancroid.

Pharmacokinetics
Most tetracyclines are incompletely absorbed from the
gastrointestinal tract, about 60 to 80% of a dose of the
drug usually being available. The degree of absorption
is reduced by the presence of divalent and trivalent
metal ions and also certain drugs, with which tetracy-
clines form stable insoluble complexes, and to a varia-
ble degree by milk or food (see Interactions above).
However, the more lipophilic derivatives doxycycline
and minocycline are almost completely absorbed
(more than 90%), and they are little affected by food.
Formulation with phosphate may enhance the absorp-
tion of tetracycline. 
Tetracycline 500 mg orally every 6 hours generally
produces steady-state plasma concentrations of 4 to
5 micrograms/mL, whereas with doxycycline a dose of
200 mg is sufficient to produce peak concentrations of
about 3 micrograms/mL. Peak plasma concentrations
occur about 1 to 3 hours after oral use. Higher concen-
trations can be achieved after intravenous use; concen-
trations may be higher in women than in men. 
In the circulation, tetracyclines are bound to plasma
proteins to varying degrees, but reported values differ
considerably, ranging from about 20 to 40% for oxytet-
racycline, 20 to 65% for tetracycline, about 45% for
chlortetracycline, 35 to 90% for demeclocycline, 75%
for minocycline, and about 80 to 95% for methacycline
and for doxycycline. 
The tetracyclines are widely distributed throughout the
body tissues and fluids. Concentrations in CSF are rel-
atively low, but may be raised if the meninges are in-
flamed, and small amounts appear in saliva and in the
fluids of the eye; higher concentrations are achieved
with more lipid-soluble derivatives such as minocy-
cline and doxycycline. Tetracyclines appear in breast
milk, where concentrations may be 60% or more of
those in the maternal plasma. They diffuse across the
placenta and appear in the fetal circulation in concen-
trations of about 25 to 75% of those in the maternal
blood. Tetracyclines are retained at sites of new bone
formation and recent calcification and in developing
teeth. 
The tetracyclines have been classified in terms of their
duration of action in the body, although the divisions
appear to overlap somewhat. Of the ‘short-acting’ ana-
logues, chlortetracycline has a reported half-life of
about 6 hours, oxytetracycline 9 hours, and tetracycline
8 hours, although reported values for the latter two
range from about 6 to 12 hours. The ‘intermediate-act-
ing’ tetracyclines, demeclocycline and methacycline,
have reported half-lives of about 12 and 14 hours re-
spectively, although various sources cite values of 7 to
17 hours, and the ‘long-acting’ minocycline and doxy-
cycline have half-lives of about 16 and 18 hours, with

reported values anywhere between 11 to 26 and 12 to
24 hours respectively. 
The tetracyclines are excreted in the urine and in the
faeces. Renal clearance is by glomerular filtration. Up
to 60% of an intravenous dose of tetracycline, and up
to 55% of an oral dose, is eliminated unchanged in the
urine; tetracycline concentrations in the urine of up to
300 micrograms/mL may be reached 2 hours after a
usual dose is taken and be maintained for up to 12
hours. Usually about 40 to 70% of a dose is excreted in
the urine, but for chlortetracycline, doxycycline, and
minocycline, rather less is eliminated by this route
since chlortetracycline and minocycline undergo me-
tabolism, and doxycycline is excreted mainly in the
faeces. Urinary excretion is increased if urine is alka-
linised. 
The tetracyclines are excreted in the bile, where con-
centrations 5 to 25 times those in plasma can occur.
Since there is some enterohepatic reabsorption com-
plete elimination is slow. Considerable quantities occur
in the faeces after oral doses and lesser amounts after
injection. 
Tetracyclines are slowly removed by haemodialysis,
except for doxycycline which is not removed; they are
not removed by peritoneal dialysis.

Uses and Administration
The tetracyclines are bacteriostatic antibacterials with
a wide spectrum of activity and have been used in the
treatment of a large number of infections caused by
susceptible organisms. With the emergence of bacterial
resistance and the development of other antibacterials
their use has become more restricted, but they remain
drugs of choice in rickettsial infections (including Q
fever, spotted fevers, and typhus), ehrlichiosis, trench
fever, chlamydial infections (including psittacosis,
lymphogranuloma venereum, trachoma, non-gonococ-
cal urethritis, and conjunctivitis), and also pharyngitis,
sinusitis, or pneumonia due to Chlamydophila pneu-
moniae (Chlamydia pneumoniae), and mycoplasmal
infections (especially pneumonia caused by Mycoplas-
ma pneumoniae). They are widely used as part of reg-
imens for pelvic inflammatory disease. A tetracycline
is often used with fluid and electrolyte replacement in
the treatment of cholera, and is usually the treatment of
choice in relapsing fever and in the early stages of
Lyme disease. Tetracyclines may be of benefit in the
treatment of melioidosis. They may be used for mouth
infections, especially in destructive forms of periodon-
tal disease. Tetracyclines are used, often with strepto-
mycin or rifampicin, in the treatment of brucellosis,
and may be given with streptomycin in plague, and as
an alternative to streptomycin or gentamicin in the
treatment of tularaemia. 
Tetracyclines are used as an alternative to other drugs
in the treatment of actinomycosis, infected animal
bites, anthrax, chronic bronchitis, gas gangrene, gastro-
enteritis (due to Campylobacter or Yersinia enterocol-
itica), granuloma inguinale, leptospirosis, and syphilis.
Opinions differ as to their value in listeriosis. There are
now relatively few areas where tetracycline-resistant
gonococci are uncommon, which limits the value of
tetracyclines in gonorrhoea, but they are often given
with antigonorrhoeal therapy to treat concomitant
chlamydial infections, and they retain some value in
the prophylaxis of neonatal gonococcal conjunctivitis
by topical application. 
For details of all these infections and their treatment,
see under Choice of Antibacterial, p.162. 
Tetracyclines are also used in the oral treatment of acne
and rosacea (see Skin Disorders, below). 
Tetracyclines have antiprotozoal actions and tetracy-
cline or doxycycline may be given with quinine in the
management of falciparum malaria resistant to chloro-
quine (below). Tetracyclines are the usual treatment for
balantidiasis (p.823) and they have been used with an
amoebicide in the treatment of severe amoebic dysen-

tery and in Dientamoeba fragilis infections (see Amoe-
biasis, p.822). 
Tetracycline has been used in the management of mal-
absorption syndromes such as tropical sprue. 
Tetracycline has been instilled as a sclerosant solution
for pleurodesis and in the management of malignant ef-
fusions (p.659). 
Administration and dosage. In the treatment of system-
ic infections the tetracyclines are usually given orally.
They should be taken with plenty of fluid while sitting
or standing, and well before going to bed, to avoid the
risk of oesophageal ulceration. In severe acute infec-
tions they have been given by slow intravenous infu-
sion or, rarely, by intramuscular injection; parenteral
therapy should be substituted by oral dosage as soon as
practicable. 
Doses of tetracycline base and tetracycline hydrochlo-
ride are expressed in terms of tetracycline hydrochlo-
ride. Tetracycline (anhydrous) 231 mg is equivalent to
about 250 mg of tetracycline hydrochloride. The usual
adult oral dosage of tetracycline hydrochloride is 250
or 500 mg every 6 hours, preferably 1 hour before or 2
hours after meals. Higher doses, up to 4 g daily, have
occasionally been given to adults with severe infection,
but increase the risk of adverse effects. It is also some-
times given orally with other tetracycline derivatives. 
Tetracycline hydrochloride has been given by slow in-
travenous infusion or by intramuscular injection in se-
vere infections. As intramuscular injections were pain-
ful, procaine hydrochloride was usually included in the
solution. 
For details of doses in children and adolescents, see be-
low. 
Care is required if tetracyclines are given to the elderly.
They should be avoided if possible in renal impairment
(with the exception of doxycycline and minocycline)
and doses reduced if they must be used. For dosage rec-
ommendations in patients with hepatic impairment, see
below. 
Other routes. Although topical application carries the
risk of sensitisation and may contribute to the develop-
ment of resistance, tetracycline hydrochloride has been
used as a 3% ointment; a 0.2% solution has been used
in acne but systemic treatment appears to produce bet-
ter results. A 1% eye ointment or eye drops have been
used in the treatment of ocular infections due to sus-
ceptible organisms. For the treatment of pleural effu-
sions, 500 mg of tetracycline hydrochloride has been
dissolved in 30 to 50 mL of sodium chloride 0.9% and
instilled into the pleural space. For periodontal disease,
fibres that release tetracycline have been inserted into
the periodontal pocket.
◊ Reviews.
1. Chopra I, et al. Tetracyclines, molecular and clinical aspects. J

Antimicrob Chemother 1992; 29: 245–77. 
2. Smilack JD. The tetracyclines. Mayo Clin Proc 1999; 74: 727–9. 
3. Voils SA, et al. Use of macrolides and tetracyclines for chronic

inflammatory diseases. Ann Pharmacother 2005; 39: 86–94. 
4. Shlaes DM. An update on tetracyclines. Curr Opin Investig

Drugs 2006; 7: 167–71. 
5. Sapadin AN, Fleischmajer R. Tetracyclines: nonantibiotic prop-

erties and their clinical implications. J Am Acad Dermatol 2006;
54: 258–65.

Administration in children. In children, the effects on teeth
should be considered and tetracyclines only used when absolute-
ly essential. In the UK, tetracycline is licensed for use in children
aged 12 years and over; the usual adult dose (see above), to a
maximum of 2 g daily, may be given orally. However, in the
USA, it may be given to those over 8 years old in usual doses of
25 to 50 mg/kg daily by mouth in 4 divided doses.
Administration in hepatic impairment. Some licensed
product information has stated that the dosage of tetracycline
should not exceed 1 g daily in patients with known liver disease.
Diabetic complications. The BNF notes that diabetic diar-
rhoea in patients with autonomic neuropathy can often be man-
aged with 2 or 3 doses of oral tetracycline 250 mg.
Malaria. Tetracyclines have been used with quinine to treat fal-
ciparum malaria (p.594).1 They are active against both blood and
tissue forms of the parasite, and high cure rates have been ob-
tained with such combinations. The action of tetracyclines is rel-
atively slow and they should never be used alone to treat malaria. 
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A usual oral regimen is a 3 to 7 day course of quinine given with
7 days of the tetracycline. The total daily dose of tetracycline
should be divided, and that usually recommended is 250 mg four
times daily, although 500 mg twice daily may be more practical
in the field. If the patient is too ill for oral medication quinine
should be given parenterally until oral therapy can be begun; tet-
racycline should not be used parenterally. Although tetracycline
therapy is normally contra-indicated in pregnant women and
children, it may have to be given if the risk of withholding the
drug is judged to outweigh the risk to developing teeth and
bones. 
The dose of doxycycline given orally with quinine is 200 mg
daily for at least 7 days. 
Tetracyclines are not considered suitable for extended prophy-
lactic use, although doxycycline 100 mg daily has been used for
short-term prophylaxis in areas of high risk where other drugs are
likely to be ineffective.
1. CDC. Treatment guidelines: treatment of malaria (guidelines for

clinicians) (issued 28th June 2004, updated 6th March 2007).
Available at: http://www.cdc.gov/malaria/pdf/clinicalguidance.pdf
(accessed 28/03/07)

Mouth ulceration. Tetracyclines may be used as mouthwashes
in recurrent aphthous stomatitis (p.1700) and reportedly reduce
ulcer pain and duration,1 but their potential for adverse effects if
swallowed must be borne in mind, and their acidity can damage
tooth enamel if poorly formulated. Topical application of a tetra-
cycline has been tried for oral ulceration associated with Be-
hçet’s syndrome (p.1499).
1. Henricsson V, Axéll T. Treatment of recurrent aphthous ulcers

with Aureomycin mouth rinse or Zendium dentifrice. Acta Od-
ontol Scand 1985; 43: 47–52.

Musculoskeletal and joint disorders. Tetracyclines, usually
minocycline, are among the wide range of drugs tried in rheuma-
toid arthritis (p.11). Studies1,2 indicate that minocycline can pro-
duce modest beneficial effects in patients with advanced disease,
but the clinical significance of these improvements has been
questioned.3 Greater symptomatic improvements have been ob-
tained with minocycline when it is used in patients with early
rheumatoid arthritis;4,5 continued treatment with minocycline
may also reduce the need for disease-modifying antirheumatic
drugs (DMARDs).6 A systematic review,7 which included these
and some other studies, reported that the use of tetracyclines
(doxycycline, minocycline, or tetracycline) for 3 months or long-
er was associated with a reduction in disease activity but not in
joint damage when compared with placebo or a DMARD (hy-
droxychloroquine or methotrexate); the authors also noted that
patients with early onset disease responded better to tetracy-
clines. There has been speculation over the role of infection as a
cause of rheumatoid arthritis.3,8 A later study9 in patients with
early seropositive disease found that initial therapy with metho-
trexate plus doxycycline was superior to methotrexate alone. It
was also noted that therapeutic responses to doxycycline 100 mg
twice daily and 20 mg twice daily were similar, suggesting that
its anti-inflammatory effects were more important; however, fur-
ther studies are needed. 
Although there has been little convincing clinical evidence that
any treatment can slow the progression of osteoarthritis (p.11), a
placebo-controlled study involving 431 women with unilateral
osteoarthritis of the knee found that treatment with doxycycline
100 mg twice daily over 30 months was associated with a reduc-
tion in the rate of joint space narrowing.10 It had no effect on the
contralateral knee, and did not reduce pain scores, although these
were low at baseline. 
The role of antibacterials is also uncertain in reactive arthritis
(see Bone and Joint Infections, p.164), although long-term treat-
ment with a tetracycline in addition to an NSAID has been re-
ported to shorten the duration of reactive arthritis resulting from
Chlamydia trachomatis infection.11 However, another small
study12 found that treatment with a 4-month course of doxycy-
cline 100 mg twice daily was not superior to a 10-day course.
1. Kloppenburg M, et al. Minocycline in active rheumatoid arthri-

tis. Arthritis Rheum 1994; 37: 629–36. 
2. Tilley BC, et al. Minocycline in rheumatoid arthritis: a 48-week,

double-blind, placebo-controlled trial. Ann Intern Med 1995;
122: 81–9. 

3. McKendry RJR. Is rheumatoid arthritis caused by an infection?
Lancet 1995; 345: 1319–20. 

4. O’Dell JR, et al. Treatment of early rheumatoid arthritis with
minocycline or placebo: results of a randomized double-blind,
placebo-controlled trial. Arthritis Rheum 1997; 40: 842–8. 

5. O’Dell JR, et al. Treatment of early seropositive rheumatoid ar-
thritis: a two-year, double-blind comparison of minocycline and
hydroxychloroquine. Arthritis Rheum 2001; 44: 2235–41. 

6. O’Dell JR, et al. Treatment of early seropositive rheumatoid ar-
thritis with minocycline: four-year follow-up of a double-blind,
placebo-controlled trial. Arthritis Rheum 1999; 42: 1691–5. 

7. Stone M, et al. Should tetracycline treatment be used more ex-
tensively for rheumatoid arthritis? Metaanalysis demonstrates
clinical benefit with reduction in disease activity. J Rheumatol
2003; 30: 2112–22. 

8. O’Dell JR. Is there a role for antibiotics in the treatment of pa-
tients with rheumatoid arthritis? Drugs 1999; 57: 279–82. 

9. O’Dell JR, et al. Treatment of early seropositive rheumatoid ar-
thritis: doxycycline plus methotrexate versus methotrexate
alone. Arthritis Rheum 2006; 54: 621–7. 

10. Brandt KD, et al. Effects of doxycycline on progression of oste-
oarthritis: results of a randomized, placebo-controlled, double-
blind trial. Arthritis Rheum 2005; 52: 2015–25. 

11. Lauhio A. Reactive arthritis: consider combination treatment.
BMJ 1994; 308: 1302–3. 

12. Putschky N, et al. Comparing 10-day and 4-month doxycycline
courses for treatment of Chlamydia trachomatis-reactive arthri-
tis: a prospective, double-blind trial. Ann Rheum Dis 2006; 65:
1521–4.

Peptic ulcer disease. Tetracycline has been used as part of tri-
ple therapy to eradicate Helicobacter pylori in patients with pep-
tic ulcer disease (p.1702). The usual dose of tetracycline in these
regimens has been 500 mg four times daily for 2 weeks.

Periodontal disease. For the use of doxycycline in subantimi-
crobial doses as an adjunct in the treatment of periodontal dis-
ease, see Administration, Subantimicrobial Doses, p.268.

Skin disorders. ACNE. Tetracyclines may be used topically or
orally in the treatment of acne (p.1577). In acne, antibacterials
appear to act by suppressing the growth of Propionibacterium
acnes, but also by suppressing inflammation. Topical tetracy-
cline is used for mild inflammatory acne and as an adjunct to
systemic treatment in more severe forms. Tetracyclines, given
orally, are the drugs of choice for moderate acne and may be
considered, in high doses, for severe acne. Licensed doses in
the UK are: 
• doxycycline 50 mg daily (the BNF advocates 100 mg daily) 
• lymecycline equivalent to 300 mg of tetracycline daily 
• minocycline 100 mg daily 
• oxytetracycline 250 to 500 mg daily (the BNF advocates 1 g

daily) 
• tetracycline 1 g daily 
Treatment should be changed to another antibacterial if there has
been no improvement in the first 3 months. Maximum improve-
ment is said to occur after 3 to 6 months, but treatment may need
to continue for 2 or more years. 
Minocycline has been reported to have superior antibacterial ac-
tivity against P. acnes and a reduced incidence of resistance com-
pared with tetracycline;1 it has also been reported to be more ef-
fective than erythromycin against oxytetracycline-resistant
acne.2 However, a later randomised study3 found minocycline to
be comparable in efficacy to oxytetracycline, topical erythromy-
cin with benzoyl peroxide, and topical benzoyl peroxide alone in
the treatment of mild to moderate acne; in another randomised
study4 lymecycline also showed comparable efficacy and safety.
Moreover, minocycline can cause skin pigmentation and may be
associated rarely with immunologically-mediated reactions.5 Al-
though the usual dose of minocycline is 100 mg daily in one or
two divided doses some patients may need up to 200 mg daily.6 
For the use of doxycycline in subantimicrobial doses in patients
with acne, see Administration, Subantimicrobial Doses, p.268.
1. Eady EA, et al. Superior antibacterial action and reduced inci-

dence of bacterial resistance in minocycline compared to tetracy-
cline-treated acne patients. Br J Dermatol 1990; 122: 233–44. 

2. Knaggs HE, et al. The role of oral minocycline and erythromycin
in tetracycline therapy-resistant acne—a retrospective study and
a review. J Dermatol Treat 1993; 4: 53–6. 

3. Ozolins M, et al. Comparison of five antimicrobial regimens for
treatment of mild to moderate inflammatory facial acne vulgaris
in the community: randomised controlled trial. Lancet 2004;
364: 2188–95. 

4. Bossuyt L, et al. Lymecycline in the treatment of acne: an effica-
cious, safe and cost-effective alternative to minocycline. Eur J
Dermatol 2003; 13: 130–35. 

5. Ferner RE, Moss C. Minocycline for acne. BMJ 1996; 312: 138. 
6. Goulden V, et al. Safety of long-term high-dose minocycline in

the treatment of acne. Br J Dermatol 1996; 134: 693–5.

PEMPHIGUS AND PEMPHIGOID. Corticosteroids are generally
given to control the blistering in pemphigus and pemphigoid
(p.1582), although there have been reports1-8 suggesting that
a tetracycline (often minocycline) may be of value in control-
ling the lesions associated with various types of pemphigus
and pemphigoid.
1. Sawai T, et al. Pemphigus vegetans with oesophageal involve-

ment: successful treatment with minocycline and nicotinamide.
Br J Dermatol 1995; 132: 668–70. 

2. Poskitt L, Wojnarowska F. Minimizing cicatricial pemphigoid
orodynia with minocycline. Br J Dermatol 1995; 132: 784–9. 

3. Kolbach DN, et al. Bullous pemphigoid successfully controlled
by tetracycline and nicotinamide. Br J Dermatol 1995; 133:
88–90. 

4. Loo WJ, et al. Minocycline as a therapeutic option in bullous
pemphigoid. Clin Exp Dermatol 2001; 26: 376–9. 

5. Amato L, et al. Successful treatment with doxycycline and nico-
tinamide of two cases of persistent pemphigoid gestationis. J
Dermatol Treat 2002; 13: 143–6. 

6. Assmann T, et al. Therapieresistenter pemphigus vulgaris: Kom-
binationstherapie mit Methylprednisolon und Doxycyclin. Hau-
tarzt 2003; 54: 979–81. 

7. Kakurai M, et al. Localized pemphigoid (pretibial type) with IgG
antibody to BP180 NC16a domain successfully treated with mi-
nocycline and topical corticosteroid. Clin Exp Dermatol 2007;
32: 759–61. 

8. Carrozzo M, et al. Minocycline in combination with mycophe-
nolate mofetil in oral mucous membrane pemphigoid. Eur J Der-
matol 2008; 18: 198–200.

ROSACEA. Tetracyclines are commonly used in the treatment of
rosacea (p.1583). Long-term treatment is usually necessary. 
Tetracycline and doxycycline have also been shown to improve
ocular manifestations of rosacea.1 However, a review2 of the lit-
erature concluded that the treatment effect and optimal dose and
duration of these 2 drugs have yet to be established; oxytetracy-
cline was found to be of moderate benefit. 
For the use of doxycycline in subantimicrobial doses in patients
with rosacea, see p.268.
1. Frucht-Pery J, et al. Efficacy of doxycycline and tetracycline in

ocular rosacea. Am J Ophthalmol 1993; 116: 88–92. 
2. Stone DU, Chodosh J. Oral tetracyclines for ocular rosacea: an

evidence-based review of the literature. Cornea 2004; 23:
106–9.

Preparations
BP 2008: Tetracycline Capsules; Tetracycline Tablets; 
USP 31: Tetracycline Hydrochloride and Nystatin Capsules; Tetracycline
Hydrochloride Capsules; Tetracycline Hydrochloride for Injection; Tetracy-
cline Hydrochloride for Topical Solution; Tetracycline Hydrochloride Oint-
ment; Tetracycline Hydrochloride Ophthalmic Ointment; Tetracycline Hy-
drochloride Ophthalmic Suspension; Tetracycline Hydrochloride Oral
Suspension; Tetracycline Hydrochloride Tablets; Tetracycline Oral Suspen-
sion.

Proprietary Preparations (details are given in Part 3)
Arg.: Ciclotetryl; Tancilina†; Austral.: Achromycin V†; Achromycin†; Laty-
cin; Tetrex; Austria: Achromycin†; Actisite; Latycin; Braz.: Ambra-Sinto T;
Aureciclina; Biotrex†; Cinatrex; Infex; Multigran†; Prociclina; Statinclyne†;
Telexin†; Teraciton†; Tetraben; Tetracilil; Tetracina; Tetraclin; Tetragel; Te-
tramax†; Tetramicin†; Tetraspir†; Tetraxil; Tetrex; Tetrib†; Canad.: Apo-
Tetra; Novo-Tetra†; Nu-Tetra; Cz.: Tetrachel†; Fin.: Apocyclin; Oricyclin;
Ger.: Achromycin; Imex; Supramycin†; Tefilin; Tetralution†; Gr.: Cliten;
Hostacyclin; Imex; Muvito; Tetrac; Tracyclin; Hong Kong: Medocycline; In-
dia: Achromycin; Hostacycline; Resteclin; Subamycin; Tetrabact; Indon.:
Cetacycline-P; Conmycin; Corsatet; Dumocycline; Ikacycline; Indocycline;
Licoklin; Sanlin; Spectrocycline; Super Tetra; Tetra; Tetrarco; Tetrin; Irl.: Top-
icycline; Israel: Recycline; Tevacycline; Ital.: Actisite†; Ambramicina; Ma-
laysia: Beatacycline; Dhatracin; Latycyn†; Tracyne†; Mex.: Acromicina;
Ambotetra; Berciclina; Biotricina; Cortigrin†; Dibaterr; Educiclina; Forci-
cline†; Istix†; Laur†; Miciclin; Neoprobal; Ofticlin; Oxi-T; Profalin CPS; Qui-
mocyclar; Senociclin; Solclin; Te-Br; Teclizima; Terrakal; Terranumonyl†; Tet-
ra; Tetra-Zil; Tetrapar; Tetrapres; Tetrerba†; Tetrex; Tetrim; Traplicina†;
Triclin†; Philipp.: Moncycline; Port.: Ciclobiotico†; Neociclina†; Rus.: Pol-
cortolon TC (Полькортолон ТС); S.Afr.: Tetrex; Singapore: Beatacy-
cline; Biotine; Spain: Actisite; Quimpe Antibiotico; Tetra Hubber†; Switz.:
Actisite†; Thai.: Achromycin†; Boramycin; Hydromycin†; Lenocin; Pantocy-
cline; Tetra Central†; Tetralim†; Tetrana; Tetrano; Turk.: Imex; Tetra; Tet-
ralet; Tetramin; Vitasilin; UK: Topicycline; USA: Achromycin V†; Actisite†;
Bristacycline; Sumycin; Tetrex; Venez.: Alfaciclina; Clincor†.

Multi-ingredient: Arg.: Dresan Biotic†; Eubetal Biotic†; Febrimicina†; Pa-
pasine; Solustres; Austria: Eftapan Tetra; Fluorex Plus; Mysteclin; Braz.: An-
foterin†; Gino-Teracin; Monocetin; Novasutin; Parenzyme Tetraciclina; Tal-
sutin; Tericin AT; Tricangine†; Tricocilin B; Trinotrex†; Vagiklin; Chile:
Talseclin†; Fin.: Helipak T; Fr.: Amphocycline; Ger.: Mysteclin; Polcortolon
TC; Hong Kong: Talsutin; Hung.: Polcortolon TC; Indon.: Enpicortyn;
Talsutin; Ital.: Alfaflor; Betafloroto; Colbiocin; Eubetal Antibiotico; Flumeci-
clina; Flumetol Antibiotico†; Mictasone; Pensulvit; Vitecaf; Malaysia: Talsu-
tin†; Mex.: Berciclina Enzimatica; Pharbrix; Quimotrip; Solfranicol;
Trecloran; Urovec; Philipp.: Vagimycin; Pol.: Polcortolon TC; Port.:
Ciclobiotico†; Rus.: Colbiocin (Колбиоцин); S.Afr.: Riostatin; Tetrex-F;
Tritet; Vagmycin; Spain: Bristaciclina Dental; Gine Heyden†; Nasopomada;
Sanicel; UK: Deteclo†; USA: Helidac; Pylera; Venez.: Talsutin†.

Tetroxoprim (BAN, USAN, rINN)

Tetroxoprima; Tétroxoprime; Tetroxoprimum. 5-[3,5-Dimeth-
oxy-4-(2-methoxyethoxy)benzyl]pyrimidine-2,4-diyldiamine.

Тетроксоприм

C16H22N4O4 = 334.4.
CAS — 53808-87-0.

NOTE. Compounded preparations of tetroxoprim may be repre-
sented by the following name: 

• Co-tetroxazine (BAN)—tetroxoprim 2 parts and sulfadiazine
5 parts (see p.257).

Profile
Tetroxoprim is a dihydrofolate reductase inhibitor similar to, but
less active than, trimethoprim (p.355). It has been used, with sul-
fadiazine, as co-tetroxazine (p.257). 
Tetroxoprim embonate has been used similarly.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Sterinor†; Venez.: Esterinor†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Thenoic Acid
Tenoic Acid; Tenoico, ácido; 2-Thiophenic Acid. Thiophene-2-
carboxylic acid.
Тиофенкарбоновая Кислота
C5H4O2S = 128.1.
CAS — 527-72-0.

Profile
Thenoic acid has been given orally, rectally, or intranasally as the
sodium salt, and orally as the lithium salt, in the treatment of res-
piratory-tract infections. The monoethanolamine salt has been
used sublingually as a mucolytic.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Rhinotrophyl; Soufrane.
Multi-ingredient: Fr.: Glossithiase; Trophires; Trophires Compose;
Spain: Trophires†.

Thiamphenicol (BAN, USAN, rINN)

CB-8053; Dextrosulphenidol; Thiamfenicol; Thiamfenikol; Thia-
mphénicol; Thiamphenicolum; Thiophenicol; Tiamfenicolo;
Tiamfenikol; Tiamfenikoli; Tiamfenikolis; Tianfenicol; Win-5063-2;
Win-5063 (racephenicol). (αR,βR)-2,2-Dichloro-N-(β-hydroxy-
α-hydroxymethyl-4-methylsulphonylphenethyl)acetamide.
Тиамфеникол
C12H15Cl2NO5S = 356.2.
CAS — 15318-45-3 (thiamphenicol); 847-25-6
(racephenicol).
ATC — J01BA02.
ATC Vet — QJ01BA02; QJ51BA02.

NOTE. Racephenicol, the racemic form of thiamphenicol, is US-
AN.
Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Thiamphenicol). A fine, white or yellowish-white,
crystalline powder or crystals. Slightly soluble in water and in
ethyl acetate; sparingly soluble in dehydrated alcohol and in ac-
etone; freely soluble in acetonitrile and in dimethylformamide;
very soluble in dimethylacetamide; soluble in methyl alcohol.
Protect from light and moisture.

Thiamphenicol Glycinate Hydrochloride
Thiamphenicol Aminoacetate Hydrochloride; Tiamfenicolo Glic-
inato Cloridrato; Tianfenicol, hidrocloruro del glicinato de.
C14H18Cl2N2O6S,HCl = 449.7.
CAS — 2393-92-2 (thiamphenicol glycinate); 2611-61-2
(thiamphenicol glycinate hydrochloride).
ATC — J01BA02.
ATC Vet — QJ01BA02.
Pharmacopoeias. In It.
Adverse Effects and Precautions
As for Chloramphenicol, p.240. 
Thiamphenicol is probably more liable to cause dose-dependent
reversible depression of the bone marrow than chloramphenicol
but it is not usually associated with aplastic anaemia. Thiam-
phenicol also appears to be less likely to cause the ‘grey syn-
drome’ in neonates. 
Doses of thiamphenicol should be reduced in patients with renal
impairment. It is probably not necessary to reduce doses in pa-
tients with hepatic impairment.
Interactions
As for Chloramphenicol, p.240. 
Although thiamphenicol is not metabolised in the liver and might
not be expected to be affected by drugs which induce hepatic en-
zymes, it is reported to inhibit hepatic microsomal enzymes and
may affect the metabolism of other drugs.
Antimicrobial Action
Thiamphenicol has a broad spectrum of activity resembling that
of chloramphenicol (p.241). Although in general it is less active
than chloramphenicol it is reported to be equally effective, and
more actively bactericidal, against Haemophilus and Neisseria
spp. 

Cross-resistance occurs between thiamphenicol and chloram-
phenicol. However, some strains resistant to chloramphenicol
may be susceptible to thiamphenicol.
Pharmacokinetics
Thiamphenicol is absorbed from the gastrointestinal tract after
oral  doses and peak serum concentrations of 3 to
6 micrograms/mL have been achieved about 2 hours after a 500-
mg dose. 
Thiamphenicol diffuses into the CSF, across the placenta, into
breast milk, and penetrates well into the lungs. About 10% is
bound to plasma proteins. The half-life of thiamphenicol is
around 2 to 3 hours but unlike chloramphenicol the half-life is
increased in patients with renal impairment. It is excreted in the
urine, about 70% of a dose being excreted in 24 hours as un-
changed drug. It undergoes little or no conjugation with glu-
curonic acid in the liver. A small amount is excreted in the bile
and the faeces.
Uses and Administration
Thiamphenicol has been used similarly to chloramphenicol
(p.241) in the treatment of susceptible infections, including sex-
ually transmitted diseases. The usual adult oral dose is 1.5 g daily
in divided doses; up to 3 g daily has been given initially in severe
infections. A daily dose of 30 to 100 mg/kg may be used in chil-
dren. Equivalent doses, expressed in terms of thiamphenicol
base, may be given by intramuscular or intravenous injection as
the more water soluble glycinate hydrochloride; 1.26 g of thiam-
phenicol glycinate hydrochloride is equivalent to about 1 g of
thiamphenicol. Doses should be reduced in patients with renal
impairment (see below). 
For the treatment of gonorrhoea, oral doses of thiamphenicol
have ranged from 2.5 g daily for 1 or 2 days through to 2.5 g on
the first day followed by 2 g daily on each of 4 subsequent days.
The single daily dose may be most appropriate for male patients
with uncomplicated gonorrhoea. 
Thiamphenicol glycinate hydrochloride may also be given by in-
halation, or by endobronchial or intracavitary instillation. 
Thiamphenicol has also been used as thiamphenicol glycinate
acetylcysteinate, thiamphenicol sodium glycinate isophthalolate,
and thiamphenicol palmitate.
Administration in renal impairment. Doses of thiamphen-
icol should be reduced in patients with renal impairment accord-
ing to creatinine clearance (CC): 
• CC 30 to 60 mL/minute: 500 mg twice daily 
• CC 10 to 30 mL/minute: 500 mg once daily
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Fluimucil Antibiotic; Urfamycine; Braz.: Glitisol; Fr.: Thiophenicol;
Hong Kong: Urfamycin; Indon.: Biothicol; Canicol; Cetathiacol; Comthy-
col; Conucol; Corsafen; Daiticin; Dexycol; Genicol; Ipibiofen; Kalticol;
Lacophen; Lanacol; Nikolam; Nilacol; Nufathiam; Opiphen; Phenobiotic;
Promixin; Renamoca; Sendicol; Thiambiotic; Thiamet; Thiamfilex; Thiamika;
Thiamycin; Thislacol; Troviakol; Urfamycin; Urfekol; Venacol; Zumatab; Ital.:
Fluimucil Antibiotico; Glitisol; Mex.: Tiofeniclin; Rus.: Fluimucil Antibiotic
(Флуимуцил антибиотик); Spain: Fluimucil Antibiotico†; Urfamycin†;
Switz.: Urfamycine; Thai.: Doqua; Thiamcin; Treomycin; Urfamycin; Turk.:
Thiophenicol; Tiofen; Urfamycin.
Multi-ingredient: Spain: Flumil Antibiotico; Thai.: Fluimucil Antibiotic.

Thioacetazone (BAN, rINN)

Amithiozone; Amitiozon; TBI/698; Tebezonum; Thiacetazone;
Thioacétazone; Thioacetazonum; Tiasetazon; Tioacetazona. 4-
Acetamidobenzaldehyde thiosemicarbazone.
Тиоацетазон
C10H12N4OS = 236.3.
CAS — 104-06-3.

Pharmacopoeias. In Int.
Adverse Effects
Gastrointestinal disturbances, hypersensitivity reactions includ-
ing skin rashes, conjunctivitis, and vertigo are the adverse effects
most frequently reported with thioacetazone although the inci-
dence appears to vary between countries. Toxic epidermal
necrolysis, exfoliative dermatitis (which has sometimes been fa-
tal), and the Stevens-Johnson syndrome have been reported; the
incidence of severe skin reactions is especially high in patients
with HIV infection (see below). Thioacetazone may cause bone-
marrow depression with leucopenia, agranulocytosis, and throm-
bocytopenia. Acute haemolytic anaemia may occur and a large
percentage of patients will have some minor degree of anaemia.
Hepatotoxicity with jaundice may also develop and acute hepatic
failure has been reported. Cerebral oedema has been reported.
Dose-related ototoxicity may occur rarely.
Incidence of adverse effects. In a 10-year series of 1212 pa-
tients with tuberculosis who were treated with a regimen of strep-
tomycin, isoniazid, and thioacetazone, 171 (14%) had adverse

reactions associated with thioacetazone. The most common ad-
verse effects were giddiness (10%), occurring mainly when used
with streptomycin, and skin rashes (3%) including exfoliation
and the Stevens-Johnson syndrome.1
1. Pearson CA. Thiacetazone toxicity in the treatment of tuberculo-

sis patients in Nigeria. J Trop Med Hyg 1978; 81: 238–42.

Effects on the nervous system. Acute peripheral neuropathy
which occurred in a 50-year-old man on 2 separate occasions
within 15 minutes of a dose of thioacetazone may have been due
to an allergic reaction.1
1. Gupta PK, et al. Acute severe peripheral neuropathy due to thia-

cetazone. Indian J Tuberc 1984; 31: 126–7.

Effects on the skin. A high incidence of severe and sometimes
fatal cutaneous hypersensitivity reactions to thioacetazone has
been reported in patients with HIV infection being treated for tu-
berculosis.1,2 WHO advised that thioacetazone should be avoid-
ed in such patients.3 Unfortunately, thioacetazone has been one
of the mainstays of tuberculosis treatment in the developing
world because of its relatively low cost.4 Some have supported a
change to rifampicin-based regimens in, for example, parts of
Africa with a high incidence of HIV infection.5 Others have
found a lower frequency of fatalities from adverse cutaneous re-
actions to thioacetazone than reported previously and have sug-
gested that improved management might allow retention of thio-
acetazone in tuberculosis programmes.6 This was rejected by
other workers who considered that better and more cost-effective
regimens were available than those containing thioacetazone.7 A
pragmatic approach may be to adopt a strategy depending upon
the prevailing incidence of HIV infection in the population.8
Thus, where the incidence of HIV infection is high, ethambutol
should be substituted for thioacetazone; where the incidence is
moderate, routine HIV testing could be used to identify patients
at risk; and where the incidence is low, education of patients on
the risks of skin reaction would be adequate.
1. Nunn P, et al. Cutaneous hypersensitivity reactions due to thia-

cetazone in HIV-1 seropositive patients treated for tuberculosis.
Lancet 1991; 337: 627–30. 

2. Chintu C, et al. Cutaneous hypersensitivity reactions due to thi-
acetazone in the treatment of tuberculosis in Zambian children
infected with HIV-I. Arch Dis Child 1993; 68: 665–8. 

3. Raviglione MC, et al. HIV-associated tuberculosis in developing
countries: clinical features, diagnosis, and treatment, Bull WHO
1992; 70: 515–26. 

4. Nunn P, et al. Thiacetazone—avoid like poison or use with care?
Trans R Soc Trop Med Hyg 1993; 87: 578–82. 

5. Okwera A, et al. Randomised trial of thiacetazone and ri-
fampicin-containing regimens for pulmonary tuberculosis in
HIV-infected Ugandans. Lancet 1994; 344: 1323–8. 

6. Ipuge YAI, et al. Adverse cutaneous reactions to thiacetazone for
tuberculosis treatment in Tanzania. Lancet 1995; 346: 657–60. 

7. Elliott AM, et al. Treatment of tuberculosis in developing coun-
tries. Lancet 1995; 346: 1098–9. 

8. van Gorkom J, Kibuga DK. Cost-effectiveness and total costs of
three alternative strategies for the prevention and management of
severe skin reactions attributable to thiacetazone in the treatment
of human immunodeficiency virus positive patients with tuber-
culosis in Kenya. Tubercle Lung Dis 1996; 77: 30–6.

Hypertrichosis. Hypertrichosis occurred in 2 children receiv-
ing thioacetazone.1
1. Nair LV, Sugathan P. Thiacetazone induced hypertrichosis. Indi-

an J Dermatol Venereol 1982; 48: 161–3.

Precautions
The efficacy and toxicity of a regimen of treatment which in-
cludes thioacetazone should be determined in a community be-
fore it is used widely since there appear to be geographical dif-
ferences. 
Thioacetazone should not be given to patients with hepatic im-
pairment. It has also been suggested that, because thioacetazone
has a low therapeutic index and is excreted mainly in the urine, it
should not be given to patients with renal impairment. Treatment
should be stopped if rash or other signs of hypersensitivity occur.
It should probably be avoided in HIV-positive patients because
they are at increased risk of severe adverse effects (see Effects on
the Skin, above).
Interactions
Thioacetazone may enhance the ototoxicity of streptomycin.
Antimicrobial Action
Thioacetazone is bacteriostatic. It is effective against most
strains of Mycobacterium tuberculosis, although sensitivity var-
ies in different parts of the world. 
Thioacetazone is also bacteriostatic against M. leprae. Resist-
ance to thioacetazone develops when used alone. Cross-resist-
ance can develop between thioacetazone and ethionamide or
protionamide.
Pharmacokinetics
Thioacetazone is absorbed from the gastrointestinal tract and
peak plasma concentrations of 1 to 2 micrograms/mL have been
obtained about 4 to 5 hours after a 150-mg dose. About 20% of
a dose is excreted unchanged in the urine. A half-life of about 12
hours has been reported.
Uses and Administration
Thioacetazone has been used with other antimycobacterials as a
first-line drug in the treatment of tuberculosis (p.196). Thioaceta-
zone-containing regimens are less effective than the short-course
regimens recommended by WHO but are used in long-term reg-
imens with isoniazid in some developing countries to reduce
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drug costs. However, thioacetazone is now used as a second-line
drug for multidrug-resistant tuberculosis and is not generally rec-
ommended for use in HIV-positive patients because of the risk of
severe adverse reactions (but see Effects on the Skin, above). 
Thioacetazone has been used in the treatment of leprosy (p.176),
but WHO now considers that such use is no longer justified. 
In the treatment of tuberculosis, thioacetazone has been given
orally in doses of 150 mg daily or 2.5 mg/kg daily. Daily use is
recommended as the drug is less effective when given intermit-
tently.
Preparations
Proprietary Preparations (details are given in Part 3)
Turk.: Citazon.

Multi-ingredient: India: Isokin-T Forte.

Thiostrepton
Thiostreptonum; Tiostreptón; Tiostrepton; Tiostreptoni.

Тиострептон
C72H85N19O18S5 = 1664.9.
CAS — 1393-48-2.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Thiostrepton). An antibacterial substance produced by
the growth of strains of Streptomyces azureus. It has a potency of
not less than 900 units/mg, calculated on the dried basis. A white
to off-white crystalline solid. Practically insoluble in water, in the
lower alcohols, in nonpolar organic solvents, and in dilute aque-
ous acids or alkalis; soluble in glacial acetic acid, in chloroform,
in dimethylformamide, in dimethyl sulfoxide, in dioxan, and in
pyridine. Store in airtight containers.

Profile
Thiostrepton is an antibacterial produced by strains of Streptomy-
ces azureus. It is included in topical antibacterial preparations for
veterinary use.

Tiamulin Fumarate (BANM, USAN, rINNM)

Fumarato de tiamulina; 81723-hfu; SQ-14055 (tiamulin); SQ-
22947 (tiamulin fumarate); Tiamuliinivetyfumaraatti; Tiamuline,
Fumarate de; Tiamuline, hydrogénofumarate de; Tiamulin-fu-
marát; Tiamulini Fumaras; Tiamulini hydrogenofumaras; Tiamulin-
vätefumarat. 11-Hydroxy-6,7,10,12-tetramethyl-1-oxo-10-vi-
nylperhydro-3a,7-pentanoinden-8-yl (2-diethylaminoethylth-
io)acetate hydrogen fumarate.

Тиамулина Фумарат
C28H47NO4S,C4H4O4 = 609.8.
CAS — 55297-95-5 (tiamulin); 555297-96-6 (tiamulin fu-
marate).

(tiamulin)

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. Eur. and US also include tiamulin for veterinary use only. 
Ph. Eur. 6.2 (Tiamulin Hydrogen Fumarate for Veterinary Use;
Tiamulin Hydrogen Fumarate BP(Vet) 2008). A white or light yel-
low, crystalline powder. Soluble in water and in methyl alcohol;
freely soluble in dehydrated alcohol. A 1% solution in water has
a pH of 3.1 to 4.1. Protect from light. 
USP 31 (Tiamulin Fumarate). A 1.0% solution in water has a pH
of 3.1 to 4.1. Store in airtight containers. Protect from light.

Profile
Tiamulin fumarate is an antibacterial used in veterinary medi-
cine.

Ticarcillin Monosodium (BANM, rINNM)

Ticarcilina monosódica; Ticarcilline Monosodique; Ticarcillinum
Mononatricum. Monosodium (6R)-6-[2-carboxy-2-(3-
thienyl)acetamido]penicillanate monohydrate.
Мононатрий Тикарциллин
C15H15N2NaO6S2,H2O = 424.4.
CAS — 34787-01-4 (ticarcillin); 3973-04-4 (ticarcillin);
74682-62-5 (ticarcillin monosodium).

(ticarcillin)

Pharmacopoeias. In US. 
USP 31 (Ticarcillin Monosodium). Store in airtight containers.

Ticarcillin Sodium (BANM, rINNM)

BRL-2288; Natrii Ticarcillinum; Ticarcilina sódica; Ticarcillin Diso-
dium (USAN); Ticarcilline sodique; Ticarcillinum Dinatricum; Ticar-
cillinum natricum; Tikarcilin disodná sůl; Tikarcilin sodná sůl; Tikar-
cilino natrio druska; Tikarcillinnatrium; Tikarcillin-nátrium; Tikarsil-
liininatrium; Tykarcylina sodowa. Disodium (6R)-6-[2-carboxy-2-
(3-thienyl)acetamido]penicillanate.
Натрий Тикарциллин
C15H14N2Na2O6S2 = 428.4.
CAS — 4697-14-7; 29457-07-6.
ATC — J01CA13.
ATC Vet — QJ01CA13.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ticarcillin Sodium). A white or slightly yellow, hy-
groscopic powder. Freely soluble in water; soluble in methyl al-
cohol. A 5% solution in water has a pH of 5.5 to 7.5. Store in air-
tight containers at a temperature of 2° to 8°. 
USP 31 (Ticarcillin Disodium). A white to pale yellow powder or
solid. 1 mg of monograph substance has a potency equivalent to
not less than 800 micrograms of ticarcillin, calculated on the an-
hydrous basis. Freely soluble in water. A 1% solution in water
has a pH of 6.0 to 8.0. Store in airtight containers.
Incompatibility. Ticarcillin sodium has been reported to be in-
compatible with aminoglycosides. 
References.
1. Swenson E, et al. Compatibility of ticarcillin disodium clavu-

lanate potassium with commonly used intravenous solutions.
Curr Ther Res 1990; 48: 385–94.

Stability. References.
1. Zhang Y, Trissel LA. Stability of piperacillin and ticarcillin in

AutoDose Infusion System bags. Ann Pharmacother 2001; 35:
1360–3.

Adverse Effects and Precautions
As for Carbenicillin Sodium, p.216. 
Cholestatic jaundice and hepatitis have been reported
when ticarcillin was used with clavulanic acid; the cla-
vulanic acid component has been implicated. 
Ticarcillin should be given with caution to patients
with renal impairment.
Breast feeding. Although ticarcillin is distributed into breast
milk in small amounts,1 no adverse effects have been seen in
breast-fed infants and the American Academy of Pediatrics con-
siders that it is usually compatible with breast feeding.2
1. von Kobyletzki D, et al. Ticarcillin serum and tissue concentra-

tions in gynecology and obstetrics. Infection 1983; 11: 144–9. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Effects on the bladder. The Australian Adverse Drug Reac-
tions Advisory Committee had received 15 reports of haemor-
rhagic cystitis associated with ticarcillin or ticarcillin-clavulanic
acid between 1980 and June 2002, mainly in paediatric cystic
fibrosis patients.1 Almost all patients recovered quickly after the
withdrawal of ticarcillin.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Haem-

orrhagic cystitis with ticarcillin in cystic fibrosis patients. Aust
Adverse Drug React Bull 2002; 21: 6–7. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0206.pdf (accessed 29/07/08)

Effects on the liver. Cholestatic jaundice and hepatitis have
been associated with combined preparations of a penicillin and
clavulanic acid (see Amoxicillin, p.202) and 2 cases had been
reported to the UK CSM with ticarcillin and clavulanic acid.1 It
appeared that the clavulanic acid was probably responsible.
1. Committee on Safety of Medicines/Medicines Control Agency.

Cholestatic jaundice with co-amoxiclav. Current Problems
1993; 19: 2. Available at: http://www.mhra.gov.uk/home/idcplg?
IdcServ ice=GET_FILE&dDocName=CON2024454&
RevisionSelectionMethod=LatestReleased (accessed 22/07/08)

Sodium content. Each g of ticarcillin sodium contains about
4.7 mmol of sodium.

Interactions
As for Benzylpenicillin, p.214.

Antimicrobial Action
Ticarcillin is bactericidal and has a mode of action and
range of activity similar to that of carbenicillin (p.216),
but is reported to be 2 to 4 times more active against
Pseudomonas aeruginosa. 
Combinations of ticarcillin and aminoglycosides have
been shown to be synergistic in vitro against Ps. aeru-
ginosa and Enterobacteriaceae. 
The activity of ticarcillin against organisms usually re-
sistant because of the production of certain beta-lacta-
mases is enhanced by clavulanic acid, a beta-lactamase
inhibitor. Such organisms have included staphylococ-
ci, many Enterobacteriaceae, Haemophilus influenzae,
and Bacteroides spp.; the activity of ticarcillin against
Ps. aeruginosa is not enhanced by clavulanic acid. Re-
sistance to ticarcillin with clavulanic acid has been re-
ported. 
There is cross-resistance between carbenicillin and
ticarcillin.

◊ References.
1. Pulverer G, et al. In-vitro activity of ticarcillin with and without

clavulanic acid against clinical isolates of Gram-positive and
Gram-negative bacteria. J Antimicrob Chemother 1986; 17 (sup-
pl C): 1–5. 

2. Masterton RG, et al. Timentin resistance. Lancet 1987; ii: 975–6. 
3. Fass RJ, Prior RB. Comparative in vitro activities of piperacillin-

tazobactam and ticarcillin-clavulanate. Antimicrob Agents
Chemother 1989; 33: 1268–74. 

4. Kempers J, MacLaren DM. Piperacillin/tazobactam and ticarcil-
lin/clavulanic acid against resistant Enterobacteriaceae. J Anti-
microb Chemother 1990; 26: 598–9. 

5. Klepser ME, et al. Comparison of the bactericidal activities of
piperacillin-tazobactam, ticarcillin-clavulanate, and ampicillin-
sulbactam against clinical isolates of Bacteroides fragilis, Ente-
rococcus faecalis, Escherichia coli, and Pseudomonas aerugino-
sa. Antimicrob Agents Chemother 1997; 41: 435–9.

Pharmacokinetics
Ticarcillin is not absorbed from the gastrointestinal
tract. After intramuscular injection of 1 g peak plasma
concentrations in the range of 22 to 35 micrograms/mL
are achieved after 0.5 to 1 hour. About 50% of ticarcil-
lin in the circulation is bound to plasma proteins. A
plasma half-life of 70 minutes has been reported. A
shorter half-life in patients with cystic fibrosis (about
50 minutes in one study) has been attributed to in-
creased renal and non-renal elimination. The half-life
is prolonged in neonates and also in patients with renal
impairment, especially if hepatic function is also im-
paired. A half-life of about 15 hours has been reported
in severe renal impairment. 
Distribution of ticarcillin in the body is similar to that
of carbenicillin. Relatively high concentrations have
been reported in bile, but ticarcillin is excreted princi-
pally by glomerular filtration and tubular secretion.
Concentrations of 2 to 4 mg/mL are achieved in the
urine after the intramuscular injection of 1 or 2 g.
Ticarcillin is metabolised to a limited extent. Up to
90% of a dose is excreted unchanged in the urine,
mostly within 6 hours after a dose. Plasma concentra-
tions are enhanced by probenecid. 
Ticarcillin is removed by haemodialysis and, to some
extent, by peritoneal dialysis. 
Ticarcillin crosses the placenta and small amounts are
distributed into breast milk. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Ticarcillin with clavulanic acid. The pharmacokinetics
of ticarcillin and clavulanic acid are broadly similar
and neither appears to affect the other to any great ex-
tent.
◊ References.
1. Staniforth DH, et al. Pharmacokinetics of parenteral ticarcillin

formulated with clavulanic acid: Timentin. Int J Clin Pharmacol
Ther Toxicol 1986; 24: 123–9. 

2. Brogard JM, et al. Biliary elimination of ticarcillin plus clavu-
lanic acid (Claventin ): experimental and clinical study. Int J
Clin Pharmacol Ther Toxicol 1989; 27: 135–44. 

3. de Groot R, et al. Pharmacokinetics of ticarcillin in patients with
cystic fibrosis: a controlled prospective study. Clin Pharmacol
Ther 1990; 47: 73–8. 

4. Wang J-P, et al. Disposition of drugs in cystic fibrosis IV: mech-
anisms for enhanced renal clearance of ticarcillin. Clin Pharma-
col Ther 1993; 54: 293–302. 

5. Burstein AH, et al. Ticarcillin-clavulanic acid pharmacokinetics
in preterm neonates with presumed sepsis. Antimicrob Agents
Chemother 1994; 38: 2024–8.

Uses and Administration
Ticarcillin is a carboxypenicillin used in the treatment
of severe Gram-negative infections, especially those
due to Pseudomonas aeruginosa. Pseudomonal infec-
tions where ticarcillin is used include those in cystic
fibrosis (respiratory-tract infections), immunocompro-
mised patients (neutropenia), peritonitis, and septicae-
mia. Other infections that may be due to Ps. aerugino-
sa include bone and joint infections, meningitis, otitis
media (chronic), skin infections (burns, ecthyma gan-
grenosum, ulceration), and urinary-tract infections. For
details of these infections and their treatment, see under
Choice of Antibacterial, p.162. 
Administration and dosage. Ticarcillin is given by in-
jection as the sodium salt. Doses are expressed in terms
of the equivalent amount of ticarcillin; 1.1 g of ticarcil-
lin sodium is equivalent to about 1 g of ticarcillin. Dos-
es may need to be reduced in renal impairment (see be-
low). 
Ticarcillin is given to adults and children in a dose of
200 to 300 mg/kg daily by intravenous infusion in di-
vided doses every 4 or 6 hours. 
In adults the use of probenecid 500 mg four times daily
by mouth may produce higher and more prolonged
plasma concentrations of ticarcillin, but caution is ad-
vised in patients with renal impairment. 
In the treatment of complicated urinary-tract infec-
tions, adults and children may be given a dose of ticar-
cillin 150 to 200 mg/kg daily by intravenous infusion
in divided doses every 4 or 6 hours. In uncomplicated
urinary-tract infections, the usual adult dose is ticarcil-
lin 1 g every 6 hours intramuscularly or by slow intra-
venous injection. Children with uncomplicated uri-
nary-tract infections may be given 50 to 100 mg/kg
daily in divided doses every 6 or 8 hours. Not more
than 2 g of ticarcillin should be injected intramuscular-
ly into one site. 
In patients with cystic fibrosis, ticarcillin has been giv-
en by nebuliser in the management of respiratory-tract
infections. 
Ticarcillin is often used with an aminoglycoside but the
injections must be given separately because of possible
incompatibility. 
Ticarcillin with clavulanic acid. Ticarcillin may be
used with clavulanic acid (p.250), a beta-lactamase in-
hibitor, to widen its antibacterial spectrum to organ-
isms usually resistant because of the production of
beta-lactamases. This combination is given by intrave-
nous infusion in a ratio of 15 or 30 parts of ticarcillin
(as the sodium salt) to 1 part of clavulanic acid (as the
potassium salt). Doses are according to the content of
ticarcillin, and usual adult doses range from 9 to 18 g
daily in 3 to 6 divided doses.
Administration in renal impairment. Doses of ticarcillin
may need to be reduced in patients with renal impairment. After
an initial intravenous loading dose of 3 g, the intravenous main-
tenance dosage should be adjusted according to the patient’s cre-
atinine clearance (CC): 
• CC 30 to 60 mL/minute: 2 g every 4 hours 
• CC 10 to 30 mL/minute: 2 g every 8 hours 
• CC less than 10 mL/minute: 2 g every 12 hours (or 1 g intra-

muscularly every 6 hours) 

• CC less than 10 mL/minute in presence of hepatic impair-
ment: 2 g intravenously every 24 hours or 1 g intramuscularly
every 12 hours 

• peritoneal dialysis patients: 3 g every 12 hours 
• haemodialysis patients: 2 g every 12 hours plus an additional

dose of 3 g after each dialysis session
Preparations
USP 31: Ticarcillin and Clavulanic Acid for Injection; Ticarcillin and Clavu-
lanic Acid Injection; Ticarcillin for Injection.
Proprietary Preparations (details are given in Part 3)
Fr.: Ticarpen; Neth.: Ticarpen; Spain: Ticarpen; USA: Ticar.
Multi-ingredient: Austral.: Timentin; Belg.: Timentin; Braz.: Timentin;
Canad.: Timentin; Cz.: Timentin; Fr.: Claventin; Gr.: Timentin; Hong
Kong: Timentin; India: Timentin; Irl.: Timentin†; Israel: Timentin; Ital.:
Clavucar†; Timentin; Mex.: Timentin; Neth.: Timentin; NZ: Timentin;
Philipp.: Timentin; Pol.: Timentin; Rus.: Timentin (Тиментин); Switz.:
Timenten†; UK: Timentin; USA: Timentin.

Tigecycline (USAN, rINN)

GAR-936; TBG-MINO; Tigeciclina; Tigécycline; Tigecyclinum;
WAY-GAR-936. (4S,4aS,5aR,12aS)-9-[2-(tert-Butylamino)aceta-
mido]-4,7-bis(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-
3,10,12,12a-tetrahydroxy-1,11-dioxo-2-naphthacenecarboxam-
ide.
Тигециклин
C29H39N5O8 = 585.6.
CAS — 220620-09-7.
ATC — J01AA12.
ATC Vet — QJ01AA12.

Stability and compatibility. Formulations of tigecycline
without excipients should be used immediately after reconstitu-
tion; however, a pH-adjusted formulation with lactose monohy-
drate is available in the USA, and may be stored at room temper-
ature for up to 24 hours after reconstitution (up to 6 hours in the
vial and the remaining time in the infusion bag), or up to 45 hours
at 2 to 8° after reconstitution and transfer to an infusion bag. 
The latter formulation is compatible when given via a Y-site with
amikacin, gentamicin, haloperidol, morphine, noradrenaline,
piperacillin with tazobactam, propofol, and tobramycin; it is in-
compatible with diazepam. Both formulations are stated to be
compatible with dobutamine, dopamine hydrochloride, lido-
caine hydrochloride, potassium chloride, ranitidine hydrochlo-
ride, and theophylline, but are incompatible with amphotericin
B. The excipient-free formulation should also not be given with
chlorpromazine, methylprednisolone, or voriconazole.

Adverse Effects
Tigecycline is a glycylcycline antibacterial with struc-
tural similarity to the tetracyclines and adverse effects
similar to those of tetracyclines may potentially occur
(see p.347). The most common adverse effects associ-
ated with tigecycline have been nausea, vomiting, and
diarrhoea. Other common adverse effects include ab-
scess, abdominal pain, anorexia, dyspepsia, dizziness,
headache, phlebitis, pruritus, and rash. Infection-relat-
ed serious adverse events, including sepsis or septic
shock have been reported; however, a causal relation-
ship could not be established. Raised liver enzymes, bi-
lirubinaemia, increased serum amylase, and increased
blood urea nitrogen have also been reported. Local re-
actions have been reported at the infusion site and
thrombocythaemia, anaemia, and leucocytosis may oc-
cur. Acute pancreatitis has been reported, usually after
at least one week of treatment; symptoms generally re-
solve on stopping tigecycline. Potentially life-threaten-
ing anaphylaxis or anaphylactoid reactions have also
been reported.

Precautions
Due to the potential for similar adverse effects, precau-
tions applicable to the tetracyclines (see p.348) should
be taken with tigecycline. In particular, tigecycline
should not be given in pregnancy as it has caused fetal
harm in animal studies. Distribution into milk has also
been found in animal studies. It should also not be giv-

en during tooth development (up to 8 years of age) as
it may cause permanent tooth discoloration. Caution
should be exercised when using tigecycline as mono-
therapy in patients with complicated intra-abdominal
infections secondary to intestinal perforation. Patients
taking anticoagulants should be closely monitored as
tigecycline may prolong both the prothrombin time
and the activated partial thromboplastin time. Dosage
of tigecycline should be adjusted in patients with se-
vere hepatic impairment (see below).

Antimicrobial Action
Tigecycline is generally bacteriostatic and acts by
binding to the 30S subunit of the ribosome and pre-
venting the binding of aminoacyl transfer RNA, simi-
larly to tetracyclines (see p.348). It has activity against
a broad range of Gram-positive and Gram-negative
bacteria, including tetracycline-resistant organisms,
and some anaerobic organisms. Tigecycline has dem-
onstrated activity both in vitro and in clinical infection
with both meticillin-susceptible and meticillin-resist-
ant Staphylococcus aureus, vancomycin-susceptible
Enterococcus faecalis, and some streptococci. Gram-
negative organisms that have proven susceptible in-
clude Citrobacter freundii, Enterobacter cloacae, Es-
cherichia coli, and some Klebsiella spp. Tigecycline
also has activity against some anaerobic bacteria in-
cluding Bacteroides fragilis and some other Bacter-
oides spp., Clostridium perfringens, and Peptostrepto-
coccus micros.

Pharmacokinetics
After intravenous doses tigecycline is widely distribut-
ed into the tissues. Binding to plasma proteins has been
reported to be 71 to 89% in vitro. Tigecycline is not
thought to be extensively metabolised, although some
trace metabolites have been identified including a glu-
curonide, an N-acetyl metabolite, and a tigecycline
epimer. Tigecycline is primarily eliminated (about
60%) via biliary excretion of unchanged drug and
some metabolites with a reported half-life of about 42
hours after multiple doses. About 22% is excreted un-
changed in the urine.
◊ Reviews.
1. Meagher AK, et al. The pharmacokinetic and pharmacodynamic

profile of tigecycline. Clin Infect Dis 2005; 41 (suppl 5):
S333–S340. 

2. Rello J. Pharmacokinetics, pharmacodynamics, safety and toler-
ability of tigecycline. J Chemother 2005; 17 (suppl 1): 12–22. 

3. Agwuh KN, MacGowan A. Pharmacokinetics and pharmacody-
namics of the tetracyclines including glycylcyclines. J Antimi-
crob Chemother 2006; 58: 256–65.

Uses and Administration
Tigecycline is a glycylcycline antibacterial used in
adults for the intravenous treatment of complicated
skin and skin structure infections or complicated intra-
abdominal infections caused by susceptible organisms.
It may also be given empirically. Tigecycline is given
by intravenous infusion over 30 to 60 minutes in an in-
itial loading dose of 100 mg followed by 50 mg every
12 hours. For details of reduced dosage to be given in
severe hepatic impairment, see below.
◊ Reviews.
1. Zhanel GG, et al. The glycylcyclines: a comparative review with

the tetracyclines. Drugs 2004; 64: 63–88. 
2. Rubinstein E, Vaughan D. Tigecycline: a novel glycylcycline.

Drugs 2005; 65: 1317–36. 
3. Frampton JE, Curran MP. Tigecycline. Drugs 2005; 65:

2623–35. 
4. Kasbekar N. Tigecycline: a new glycylcycline antimicrobial

agent. Am J Health-Syst Pharm 2006; 63: 1235–43. 
5. Stein GE, Craig WA. Tigecycline: a critical analysis. Clin Infect

Dis 2006; 43: 518–24. 
6. Slover CM, et al. Tigecycline: a novel broad-spectrum antimi-

crobial. Ann Pharmacother 2007; 41: 965–72. 
7. Grolman DC. Therapeutic applications of tigecycline in the

management of complicated skin and skin structure infections.
Int J Infect Dis 2007; 11 (suppl 1): S7–S15. 

8. Karageorgopoulos DE, et al. Tigecycline for the treatment of
multidrug-resistant (including carbapenem-resistant) Acineto-
bacter infections: a review of the scientific evidence. J Antimi-
crob Chemother 2008; 62: 45–55. 

9. Curcio D. Tigecycline for treating bloodstream infections: a
critical analysis of the available evidence. Diagn Microbiol In-
fect Dis 2008; 61: 358–9. 

10. Mullangi PK, Pankey GA. Tigecycline in critical care. Crit Care
Clin 2008; 24: 365–75.
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Administration in hepatic impairment. Dosage of tigecy-
cline should be adjusted in patients with severe hepatic impair-
ment (Child-Pugh category C); the initial intravenous loading
dose should be 100 mg with reduced maintenance doses of
25 mg every 12 hours.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tygacil; Austral.: Tygacil; Braz.: Tygacil; Chile: Tygacil; Cz.: Tygacil;
Gr.: Tygacil; Hung.: Tygacil; Indon.: Tygacil; Malaysia: Tygacil; Mex.: Tyg-
acil; Pol.: Tygacil; Port.: Tygacil; UK: Tygacil; USA: Tygacil; Venez.: Tygacil.

Tilmicosin (BAN, USAN, rINN)

EL-870; LY-177370; Tilmicosina; Tilmicosine; Tilmicosinum. 4A-O-
De(2,6-dideoxy-3-C-methyl-α-L-ribo-hexopyranosyl)-20-deoxo-
20-(cis-3,5-dimethyl-piperidino)tylosin.
Тильмикозин
C46H80N2O13 = 869.1.
CAS — 108050-54-0.
ATC Vet — QJ01FA91.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Tilmicosin). White to off-white amorphous solid.
Slightly soluble in water and in n-hexane. Store at a temperature
not exceeding 40°. Protect from light.

Tilmicosin Phosphate (BANM, USAN, rINNM)

Fosfato de tilmicosina; Tilmicosine, Phosphate de; Tilmicosini
Phosphas.
Тильмикозина Фосфат
C46H80N2O13,H3O4P = 967.1.
CAS — 137330-13-3.

Profile
Tilmicosin is a macrolide antibacterial used as the base or the
phosphate in veterinary medicine.
Adverse effects. Accidental self-injection of tilmicosin by a
farm worker, resulting in asthenia and temporary pulmonary,
gastrointestinal, and neuromuscular toxicity has been reported.1
A review2 of human exposures to tilmicosin injection reported
between March 1992 and March 2005 suggested that the overall
risk of serious adverse effects was about 2 cases per million dos-
es. Serious cardiovascular adverse effects, including bradycar-
dia, hypertension, hypotension, tachycardia, and tachypnoea, oc-
curred in 156 of 3168 reported cases and, of these, fatalities
occurred in 13.
1. Crown LA, Smith RB. Accidental veterinary antibiotic injection

into a farm worker. Tenn Med 1999; 92: 339–40. 
2. Veenhuizen MF, et al. Analysis of reports of human exposure to

Micotil 300 (tilmicosin injection). J Am Vet Med Assoc 2006;
229: 1737–42.

Handling. Contact with tilmicosin should be avoided. It is irri-
tating to the eyes and may cause allergic reactions.

Tobramycin (BAN, USAN, rINN)

47663; Nebramycin Factor 6; Tobramicin; Tobramicina; To-
bramicinas; Tobramisin; Tobramycine; Tobramycinum; Tobramy-
cyna; Tobramysiini. 6-O-(3-Amino-3-deoxy-α-D-glucopyranosyl)-
2-deoxy-4-O-(2,6-diamino-2,3,6-trideoxy-α-D-ribo-hexopyrano-
syl)streptamine.
Тобрамицин
C18H37N5O9 = 467.5.
CAS — 32986-56-4.
ATC — J01GB01; S01AA12.
ATC Vet — QJ01GB01; QS01AA12.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Tobramycin). A substance produced by Streptomy-
ces tenebrarius or obtained by any other means. A white or al-
most white powder. Freely soluble in water; very slightly soluble
in alcohol. A 10% solution in water has a pH of 9.0 to 11.0. 
USP 31 (Tobramycin). A white to off-white, hygroscopic pow-
der. Freely soluble in water; very slightly soluble in alcohol;
practically insoluble in chloroform and in ether. Contains not
more than 8.0% w/w of water. A 10% solution in water has a pH
of 9.0 to 11.0. Store in airtight containers.

Tobramycin Sulfate (rINNM)

Sulfato de tobramicina; Tobramycin Sulphate (BANM); Tobramy-
cine, Sulfate de; Tobramycini Sulfas; Tobramycyny siarczan.
Тобрамицина Сульфат
(C18H37N5O9)2,5H2SO4 = 1425.4.
CAS — 49842-07-1 (C18H37N5O9,xH2SO4); 79645-27-5
((C18H37N5O9)2,5H2SO4).
ATC — J01GB01; S01AA12.
ATC Vet — QJ01GB01; QS01AA12.
Pharmacopoeias. In Pol. and US. 
USP 31 (Tobramycin Sulfate). It has a potency of not less than
634 micrograms and not more than 739 micrograms of tobramy-
cin per mg. A 4% solution in water has a pH of 6.0 to 8.0. Store
in airtight containers.
Incompatibility. For discussion of the incompatibility of
aminoglycosides, including tobramycin, with beta lactams, see
under Gentamicin Sulfate, p.282. Tobramycin is also reported to
be incompatible with various other drugs and, as injections have
an acid pH, incompatibility with alkaline preparations or with
drugs unstable at acid pH may reasonably be expected.

Adverse Effects, Treatment, and Precau-
tions
As for Gentamicin Sulfate, p.282. Some studies sug-
gest that tobramycin is slightly less nephrotoxic than
gentamicin, but others have not found any significant
difference in their effects on the kidneys. 
Peak plasma-tobramycin concentrations greater than
12 micrograms/mL ( the  BNF  sugges ts
10 micrograms/mL) and trough concentrations greater
than 2 micrograms/mL should be avoided. 
When tobramycin is given by inhalation with other in-
haled drugs, they should be given first before the dose
of tobramycin. After the first inhaled dose of tobramy-
cin, patients should be monitored for bronchospasm
and if it occurs, the test should be repeated using a
bronchodilator. Peak flow should be measured before
nebulisation and again after it. Caution should be exer-
cised in the presence of severe haemoptysis. Renal
function should be monitored before treatment and
every six months during use.
Effects on the ear. Reversible vestibular toxicity (ataxia, diz-
ziness, and oscillopsia) occurred in a patient on haemodialysis
after about 3 weeks’ treatment with inhaled tobramycin for bron-
chiectasis due to colonisation with Pseudomonas aeruginosa.1
1. Edson RS, et al. Vestibular toxicity due to inhaled tobramycin in

a patient with renal insufficiency. Mayo Clin Proc 2004; 79:
1185–91.

Effects on the kidney. Irreversible acute renal failure requiring
haemodialysis occurred in a high-risk patient with chronic renal
failure after being treated for 4 weeks with inhaled tobramycin
for Pseudomonas aeruginosa pneumonia.1
1. Cannella CA, Wilkinson ST. Acute renal failure associated with

inhaled tobramycin. Am J Health-Syst Pharm 2006; 63:
1858–61.

Effects on the liver. A case of possible tobramycin-induced
hepatotoxicity was reported in a 20-year-old patient receiving
antibacterial treatment for Pseudomonas aeruginosa bacterae-
mia and osteomyelitis. Liver enzyme values started to increase
when empirical treatment was changed to intravenous tobramy-
cin and ceftazidime, and markedly increased when the regimen
was changed, increasing the dose of tobramycin and replacing
ceftazidime with piperacillin/tazobactam and then later aztreon-
am. Enzyme values began to decrease after all treatment was
stopped on day 12.1
1. Nisly SA, et al. Tobramycin-induced hepatotoxicity. Ann Phar-

macother 2007; 41: 2061–5.

Interactions
As for Gentamicin Sulfate, p.283.

Antimicrobial Action
As for Gentamicin Sulfate, p.283. Tobramycin is re-
ported to be somewhat more active in vitro than gen-
tamicin against Pseudomonas aeruginosa and less ac-
tive against Serratia, staphylococci, and enterococci;

however these differences do not necessarily translate
into differences in clinical effectiveness. 
Cross-resistance between tobramycin and gentamicin
is generally seen, but about 10% of strains resistant to
gentamicin are susceptible to tobramycin.
◊ References to activity against Pseudomonas aeruginosa.
1. Barclay ML, et al. Adaptive resistance to tobramycin in Pseu-

domonas aeruginosa lung infection in cystic fibrosis. J Antimi-
crob Chemother 1996; 37: 1155–64. 

2. den Hollander JG, et al. Synergism between tobramycin and
ceftazidime against a resistant Pseudomonas aeruginosa strain,
tested in an in vitro pharmacokinetic model. Antimicrob Agents
Chemother 1997; 41: 95–100. 

3. Wu YL, et al. Ability of azlocillin and tobramycin in combina-
tion to delay or prevent resistance development in Pseudomonas
aeruginosa. J Antimicrob Chemother 1999; 44: 389–92. 

4. Shawar RM, et al. Activities of tobramycin and six other antibi-
otics against Pseudomonas aeruginosa isolates from patients
with cystic fibrosis. Antimicrob Agents Chemother 1999; 43:
2877–80.

Pharmacokinetics
As for Gentamicin Sulfate, p.284. 
After intramuscular use of tobramycin, peak plasma
concentrations are achieved within 30 to 90 minutes
and concentrations of about 4 micrograms/mL have
been reported following doses of 1 mg/kg. Usual doses
by slow intravenous injection may result in plasma
concentra t ions  which br ief ly  exceed
12 micrograms/mL. A plasma half-life of 2 to 3 hours
has been reported. Sufficient tobramycin may be ab-
sorbed after inhalation to produce systemic adverse ef-
fects (see above).
Inhalation. References.
1. Touw DJ, et al. Pharmacokinetics of aerosolized tobramycin in

adult patients with cystic fibrosis. Antimicrob Agents Chemother
1997; 41: 184–7. 

2. Beringer PM, et al. Pharmacokinetics of tobramycin in adults
with cystic fibrosis: implications for once-daily administration.
Antimicrob Agents Chemother 2000; 44: 809–13.

Uses and Administration
Tobramycin is an aminoglycoside antibiotic with ac-
tions and uses similar to those of gentamicin (p.284). It
is used, usually as the sulfate, particularly in the treat-
ment of pseudomonal infections. 
As with gentamicin, tobramycin may be used with
penicillins or cephalosporins; the injections should be
given separately. 
Doses of tobramycin sulfate are expressed in terms of
tobramycin base; 1.5 g of tobramycin sulfate is equiv-
alent to about 1 g of tobramycin. Doses are similar to
those of gentamicin, with the usual adult dose ranging
from 3 to 5 mg/kg daily in 3 or 4 divided doses. In pa-
tients with cystic fibrosis, doses of 8 to 10 mg/kg daily
in divided doses may be necessary to achieve therapeu-
tic plasma concentrations. 
The usual dose for children is 6 to 7.5 mg/kg daily in 3
or 4 divided doses. Premature and full-term neonates
may be given 2 mg/kg every 12 hours. 
For mild to moderate urinary-tract infections in adults,
a dose of 2 to 3 mg/kg once daily may be effective. As
with some other aminoglycosides, once-daily dosage
has been used successfully in selected patients for the
treatment of other infections without increasing toxici-
ty but local guidelines should be consulted for dosage
and serum concentrations (see also Once-daily Dos-
age, under Gentamicin, p.285). 
Tobramycin sulfate is given by intramuscular injection,
or by intravenous infusion over 20 to 60 minutes in 50
to 100 mL of sodium chloride 0.9% or glucose 5% in-
jection; proportionately less fluid should be given to
children. It has also been given slowly by direct intra-
venous injection. 
Treatment should generally be limited to 7 to 10 days,
and peak plasma concentrations greater than
12 micrograms/mL ( the  BNF  suggests
10 micrograms/mL) or trough concentrations greater
than 2 micrograms/mL should be avoided. In all pa-
tients, dosage should be adjusted according to plasma-
tobramycin concentrations and particularly where fac-
tors such as age, renal impairment, or prolonged thera-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

py may predispose to toxicity (see Uses and Adminis-
tration of Gentamicin Sulfate, p.284). 

Tobramycin may be used as a 0.3% eye ointment or
eye drops in the treatment of eye infections. It is also
given by inhalation in patients with cystic fibrosis to
control Pseudomonas aeruginosa infections in a dose
of 300 mg every 12 hours for 28 days using a suitable
nebuliser. Treatment is then stopped for 28 days before
being resumed for another treatment period. This cycle
may be repeated indefinitely.

◊ Reviews.

1. Cheer SM, et al. Inhaled tobramycin (TOBI ): a review of its use
in the management of pseudomonas aeruginosa infections in pa-
tients with cystic fibrosis. Drugs 2003; 63: 2501–20.

Preparations

BP 2008: Tobramycin Injection; 
USP 31: Tobramycin and Dexamethasone Ophthalmic Ointment; To-
bramycin and Dexamethasone Ophthalmic Suspension; Tobramycin and
Fluorometholone Acetate Ophthalmic Suspension; Tobramycin for Injec-
tion; Tobramycin Inhalation Solution; Tobramycin Injection; Tobramycin
Ophthalmic Ointment; Tobramycin Ophthalmic Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Bioptic; Fotex; Gotabiotic; Gotabiotic D; Klonamicin; Oftalbrax†; Radi-
na; Tobi; Tobrabiotic; Tobradosa; Tobragan; Tobranet; Tobrex; Toflamixina;
Tuberbut; Xao T; Xibrax; Austral.: Nebcin; Tobi; Tobrex; Austria: Brulamy-
cin; Cromycin; Tobi; Tobrasix; Tobrex; Belg.: Obracin; Tobi; Tobrex; Braz.:
Tobra-M†; Tobracin; Tobragan; Tobramina; Tobranom; Tobrex; Toflamixi-
na†; Canad.: Nebcin†; Tobi; Tobrex; Tomycine†; Chile: Tobragan; Tobrex;
Tobrin; Xolof; Cz.: Bramitob; Brulamycin; Tobi; Tobrex; Denm.: Nebcina;
Tobi; Tobrex; Fin.: Nebcina†; Tobi; Tobrex; Tomycin; Fr.: Nebcine; Tobi;
Tobrex; Ger.: Brulamycin†; Gernebcin; Tobi; Tobra-cell; Tobramaxin; Gr.:
Colther; Eyebrex; Eyetobrin; Ikobel; Monobracin†; Monotobrin; Nebcin;
Thilo-micine; Tobi; Tobrex; Hong Kong: Nebcin†; Tobrex; Toracin; Hung.:
Brulamycin; Tobi; Tobrex; India: Ocutob; Tobacin; Tobazon; Tobraneg; In-
don.: Bralifex; Dartobcin; Isotic Tobryne; Tobrex; Tobryne; Irl.: Nebcin†;
Tobi; Tobralex†; Israel: Nebcin†; Tobi; Tobrex; Ital.: Bramicil; Bramitob;
Nebicina; Tobi; Tobrabact; Tobral; Tobrastill; Malaysia: Tobrex; Mex.: Eye-
brex; Micitrex; Obry; Tobra†; Tobrex; Trazil; Verbram; Neth.: Obracin; To-
bi; Tobrabact; Tobrex; Norw.: Nebcina†; Tobi; Tobrex; NZ: Nebcin; Tobi†;
Tobrex; Philipp.: Ramitop; Tobrex; Pol.: Tobi; Tobrex; Tobrosopt; Port.:
Bramitob; Distobram†; Tobi; Tobra-Gobens; Tobrex; Tobrexan; Tobridavi;
Rus.: Brulamycin (Бруламицин); Tobrex (Тобрекс); S.Afr.: Nebcin; To-
brex; Singapore: Tobrex; Spain: Tobi; Tobra Gobens; Tobrabact; Tobradis-
tin†; Tobrex; Tobrexan; Swed.: Nebcina; Tobi; Tobrex; Switz.: Obracin; To-
bi; Tobrex; Thai.: Tobrex; Turk.: Thilomaxine; Tobel; Tobrased; Tobrex;
Tobsin; UK: Nebcin†; Tobi; USA: AkTob; Nebcin†; Tobi; Tobrasol; Tobrex;
Venez.: Poentobral; Tobranax; Tobrasol; Tobrex; Trazil†.

Multi-ingredient: Arg.: Antibioptal; Bicrinol; Biocort; Bioptic DX; Dec-
adron con Tobramicina; Fotadex; Gotabiotic F; Ingebrax; Klonamicin Com-
puesto; Larsen; Lotemicin; Polioftal; Radina Dex; Tobrabiotic D; Tobracort;
Tobradex; Tobradiclo; Tobragan D; Tobratlas; Toflam; Toflamixina Plus; Xao-
Dex†; Xibradex; Austria: Tobradex; Belg.: Ocubrax; Tobradex; Braz.: To-
bracin D; Tobracort; Tobradex; Canad.: Tobradex; Chile: Poentobral Plus;
Tobradex; Tobragan D; Tobrin-D; Todexona; Xolof D; Cz.: Tobradex; Fr.:
Tobradex; Gr.: Dexamycin; Eyebrex-Dexa†; Lofoto; O-Biotic; Thilomicine
Dex; Tobradex; Tobrafen; Hong Kong: Tobradex; Hung.: Ocubrax†;
Tobradex; India: Obrasone; Ocutob-D; Tobazon DM; Indon.: Bralifex
Plus; Isotic Tobrizon; Tobradex; Ital.: Tobradex; Malaysia: Tobradex;
Mex.: Obrydex; Obrypre; Tobracort; Tobradex; Trazidex; Trazinac; Neth.:
Tobradex; NZ: Tobradex; Philipp.: Tobradex; Pol.: Tobradex; Rus.:
Tobradex (Тобрадекс); Tobrasone (Тобразон); S.Afr.: Tobradex; Singa-
pore: Tobradex; Spain: Ocubrax; Tobradex; Switz.: Tobradex; Tobrafen;
Thai.: Tobradex; Turk.: Ocubrax; UK: Tobradex; USA: Tobradex; Venez.:
Poentobral Plus; Tobracort; Tobradex; Tobragan D; Todenac; Todex; Trazi-
dex; Trazinac.

Tosufloxacin (USAN, rINN)

A-61827; Abbott-61827; Tosufloxacine; Tosufloxacino; Tosuf-
loxacinum. (±)-7-(3-Amino-1-pyrrolidinyl)-1-(2,4-difluorophe-
nyl)-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic
acid.

Тосуфлоксацин

C19H15F3N4O3 = 404.3.

CAS — 100490-36-6 (anhydrous tosufloxacin); 108138-
46-1 (anhydrous tosufloxacin); 107097-79-0 (tosufloxacin
monohydrate).

Tosufloxacin Tosilate (rINNM)

A-64730; T-3262; Tosilato de tosufloxacino; Tosufloxacin To-
sylate; Tosufloxacine, Tosilate de; Tosufloxacini Tosilas. Tosuf-
loxacin toluene-4-sulphonate monohydrate.
Тосуфлоксацина Тозилат
C19H15F3N4O3,C7H8O3S,H2O = 594.6.
CAS — 115964-29-9; 144742-63-2.

Profile
Tosufloxacin is a fluoroquinolone antibacterial with properties
similar to those of ciprofloxacin (p.243). It is given orally as the
tosilate in the treatment of susceptible infections in usual doses
of 300 to 450 mg daily in 2 or 3 divided doses. 
For blepharitis, conjunctivitis, corneal ulcers, and other eye in-
fections caused by susceptible strains of bacteria, eye drops con-
taining 0.3% of tosufloxacin tosilate are used.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Ozex.

Trimethoprim (BAN, USAN, rINN)

BW-56-72; NSC-106568; Triméthoprime; Trimethoprimum; Tri-
methoxyprim; Trimetopriimi; Trimetoprim; Trimetoprima; Tri-
metoprimas. 5-(3,4,5-Trimethoxybenzyl)pyrimidine-2,4-diamine.
Триметоприм
C14H18N4O3 = 290.3.
CAS — 738-70-5.
ATC — J01EA01.
ATC Vet — QJ01EA01; QJ51EA01.

NOTE. Compounded preparations of trimethoprim may be repre-
sented by the following names: 
• Co-trifamole (BAN)—trimethoprim 1 part and sulfamoxole 5

parts (see p.257) 
• Co-trimazine (BAN)—trimethoprim 1 part and sulfadiazine 5

parts (see p.258) 
• Co-trimoxazole (BAN)—trimethoprim 1 part and sulfameth-

oxazole 5 parts (see p.258) 
• Co-trimoxazole (PEN)—trimethoprim and sulfamethoxazole.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Trimethoprim). A white or yellowish-white pow-
der. Very slightly soluble in water; slightly soluble in alcohol. 
USP 31 (Trimethoprim). White to cream-coloured, odourless
crystals or crystalline powder. Very slightly soluble in water;
slightly soluble in alcohol and in acetone; soluble in benzyl alco-
hol; practically insoluble in carbon tetrachloride and in ether;
sparingly soluble in chloroform and in methyl alcohol. Store in
airtight containers. Protect from light.

Trimethoprim Sulfate (USAN, rINNM)

BW-72U; Sulfato de trimetoprima; Trimethoprim Sulphate
(BANM); Triméthoprime, Sulfate de; Trimethoprimi Sulfas; Trime-
toprim Sülfat.
Триметоприма Сульфат
(C14H18N4O3)2.H2SO4 = 678.7.
CAS — 56585-33-2.
Pharmacopoeias. In Viet. and US. 
USP 31 (Trimethoprim Sulfate). A white to off-white crystalline
powder. Soluble in water, in alcohol, in dilute mineral acids, and
in fixed alkalis. pH of a 0.05% solution in water is between 7.5
and 8.5. Store at a temperature of 25°, excursions permitted be-
tween 15° and 30°.
Incompatibility. UK licensed product information states that
trimethoprim injections (containing the lactate) should not be
mixed with solutions of sulfonamides because of incompatibili-
ty. Although a former such preparation stated that it should not
be diluted in chloride-containing infusion solutions, because of
the risk of precipitating trimethoprim hydrochloride, others are
stated to be compatible with sodium chloride 0.9% and some
other chloride-containing solutions including Ringer’s solution.
Injections are considered compatible with glucose 5% and with
sodium lactate.

Adverse Effects and Treatment
Trimethoprim is reasonably well tolerated in general,
and the most frequent adverse effects at usual doses are
pruritus and skin rash (in about 3 to 7% of patients) and

mild gastrointestinal disturbances including nausea,
vomiting, and glossitis. 
Rarely, more severe effects have been reported. Sul-
fonamide-like skin reactions including exfoliative der-
matitis, erythema multiforme, Stevens-Johnson syn-
drome, and toxic epidermal necrolysis have occurred.
Disturbances of liver enzyme values and cholestatic
jaundice have been associated with trimethoprim. Ris-
es in serum creatinine and blood-urea nitrogen have
been reported although it is unclear whether this repre-
sents genuine renal dysfunction or inhibition of tubular
secretion of creatinine. Photosensitivity has been re-
ported. Fever is not uncommon but occasionally hy-
persensitivity reactions may be severe and anaphylaxis
and angioedema have been reported. Cases of aseptic
meningitis have also occurred. 
Trimethoprim may cause a depression of haematopoi-
esis due to interference of the drug in the metabolism
of folic acid, particularly when given over a prolonged
period or in high doses. This may manifest as megalo-
blastic anaemia, or as thrombocytopenia and leucope-
nia; methaemoglobinaemia has also been seen. Calci-
um folinate 5 to 15 mg daily by mouth may be given to
counter this effect. Trimethoprim is teratogenic in ani-
mals. 
For further information on the adverse effects of tri-
methoprim when used with sulfamethoxazole, see Co-
trimoxazole, p.258.
Effects on the eyes. There have been isolated reports of bilat-
eral anterior uveitis associated with trimethoprim. In 2 such pa-
tients,1,2 the reaction recurred upon rechallenge with trimetho-
prim. A third patient developed uveitis after co-trimoxazole, and
subsequently uveitis with retinal haemorrhage following tri-
methoprim alone.3
1. Gilroy N, et al. Trimethoprim-induced aseptic meningitis and

uveitis. Lancet 1997; 350: 112. 
2. Arola O, et al. Arthritis, uveitis, and Stevens-Johnson syndrome

induced by trimethoprim. Lancet 1998; 351: 1102. 
3. Kristinsson JK, et al. Bilateral anterior uveitis and retinal haem-

orrhages after administration of trimethoprim. Acta Ophthalmol
Scand 1997; 75: 314–15.

Hyperkalaemia. Trimethoprim has been reported to induce
hyperkalaemia,1 particularly in HIV-infected patients being
treated for pneumocystis pneumonia or in the elderly. The hyper-
kalaemia may be due to amiloride-like potassium-sparing prop-
erties of trimethoprim, and may be potentiated by ACE inhibi-
tors.
1. Perazella MA. Trimethoprim-induced hyperkalaemia: clinical

data, mechanism, prevention and management. Drug Safety
2000; 22: 227–36.

Precautions
Trimethoprim should not be given to patients with a
history of hypersensitivity to the drug, and it should be
stopped if a skin rash appears. Care is necessary in giv-
ing trimethoprim to patients with renal impairment to
avoid accumulation and toxicity: it should not be given
in severe renal impairment unless blood concentrations
can be monitored. It should be used with caution in pa-
tients with severe hepatic damage as changes may oc-
cur in the absorption and metabolism of trimethoprim. 
It is suggested that regular haematological examination
should be made during prolonged courses of treatment
although the BNF considers evidence of their practical
value to be unsatisfactory; patients or their carers
should be told how to recognise signs of blood toxicity
and should be advised to seek immediate medical at-
tention if symptoms such as fever, sore throat, rash,
mouth ulcers, purpura, bruising or bleeding develop.
Trimethoprim should not usually be given to patients
with serious haematological disorders and particularly
not in megaloblastic anaemia secondary to folate de-
pletion. Care should be taken in patients with actual, or
possible, folate deficiency and use of folinic acid
should be considered. Trimethoprim should be avoided
during pregnancy. Elderly patients may be more sus-
ceptible to adverse effects and a lower dosage may be
advisable. 
Trimethoprim may interfere with some diagnostic
tests, including serum-methotrexate assay where dihy-
drofolate reductase is used and the Jaffé reaction for
creatinine. 
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For further information on precautions for trimetho-
prim given with sulfamethoxazole, see Co-trimoxa-
zole, p.258.
Breast feeding. Trimethoprim appears in breast milk and the
US licensed product information has stated that care is required
when it is used in breast-feeding mothers. 
The American Academy of Pediatrics considers trimethoprim,
when given with sulfamethoxazole, to be compatible with breast
feeding.1
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 28/05/04)

Fragile X syndrome. A warning that trimethoprim and other
folate antagonists should be avoided in children with the fragile
X chromosome which is associated with mental retardation and
is folate sensitive.1
1. Hecht F, Glover TW. Antibiotics containing trimethoprim and

the fragile X chromosome. N Engl J Med 1983; 308: 285–6.

Porphyria. Trimethoprim has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
Trimethoprim may increase serum concentrations and
potentiate the effect of a number of drugs, including
phenytoin, digoxin, procainamide, rosiglitazone, and
repaglinide. The effect may be due to competitive inhi-
bition of renal excretion, decreased metabolism, or
both. It has been suggested that trimethoprim may po-
tentiate the effects of warfarin. Trimethoprim has been
reported to reduce the renal excretion and increase
blood concentrations of zidovudine, zalcitabine, and
lamivudine. Trimethoprim and dapsone increase each
other’s serum concentrations, whereas rifampicin may
decrease trimethoprim concentrations. 
An increased risk of nephrotoxicity has been reported
with the use of trimethoprim or co-trimoxazole and
ciclosporin. Intravenous use of trimethoprim and sul-
fonamides may reduce ciclosporin concentrations in
blood. Hyponatraemia has been reported in patients
given trimethoprim with diuretics. An increased risk of
thrombocytopenia has been seen in elderly patients
given co-trimoxazole with diuretics, although it is un-
clear which component of the antibacterial is responsi-
ble. 
Use of trimethoprim with other depressants of bone
marrow function may increase the likelihood of mye-
losuppression, and there may be a particular risk of
megaloblastic anaemia if it is given with other folate
inhibitors, such as pyrimethamine or methotrexate. 
Severe hyperkalaemia has been noted in patients given
trimethoprim (or co-trimoxazole) together with an
ACE inhibitor.

Antimicrobial Action
Trimethoprim is a dihydrofolate reductase inhibitor. It
inhibits the conversion of bacterial dihydrofolic acid to
tetrahydrofolic acid which is necessary for the synthe-
sis of certain amino acids, purines, thymidine, and ulti-
mately DNA. It acts in the same metabolic pathway as
the sulfonamides. It exerts its selective action because
of a far greater affinity for the bacterial than the mam-
malian enzyme. Trimethoprim may be bacteriostatic or
bactericidal depending on growth conditions; pus, for
example, may inhibit the action of trimethoprim be-
cause of the presence of thymine and thymidine. 
Spectrum of activity. Trimethoprim is active against
many Gram-negative and Gram-positive aerobes, as
well as some protozoa. The following species are usu-
ally susceptible (but see also Resistance, below). 
Many Gram-positive cocci are sensitive, including Sta-
phylococcus aureus, streptococci including Strepto-
coccus pyogenes, Str. pneumoniae, and the viridans
streptococci, and to a variable extent enterococci, al-
though their sensitivity is reduced in the presence of
folate. 
Other sensitive Gram-positive organisms include
strains of Listeria, Corynebacterium diphtheriae, and
the Gram-positive bacilli. 

Among the Gram-negative organisms, most of the En-
terobacteriaceae are susceptible, or moderately so, in-
cluding Citrobacter, Enterobacter, Escherichia coli,
Hafnia, Klebsiella, Proteus mirabilis, Providencia,
Salmonella, some Serratia, Shigella, and Yersinia. Le-
gionella and Vibrio are also sensitive, and so are Hae-
mophilus influenzae and H. ducreyi. 
Anaerobic species are usually resistant, and so, to vary-
ing degrees are Brucella, Neisseria, and Nocardia.
Mycobacterium tuberculosis is resistant although M.
marinum may not be. Pseudomonas aeruginosa is re-
sistant, and so are the Chlamydiaceae, Mycoplasma
spp., and Rickettsia spp., as well as the spirochaetes. 
Trimethoprim has some activity against Pneumocystis
jirovecii and against some protozoa such as Naegleria,
Plasmodium, and Toxoplasma. 
Activity with other antimicrobials. Because their
modes of action are complementary, affecting different
stages in folate metabolism, a potent synergistic effect
exists between trimethoprim and sulfonamides against
many organisms in vitro. 
Fixed-dose combinations of trimethoprim with various
sulfonamides are available, of which co-trimoxazole
(trimethoprim with sulfamethoxazole in a 1:5 mixture)
is the most widely used. For further details on the anti-
microbial action of co-trimoxazole, see p.259. 
Synergy has also been reported with rifampicin, and
with the polymyxins. 
Resistance. Resistance to trimethoprim may be due to
several mechanisms. Clinical resistance is often due to
plasmid-mediated dihydrofolate reductases that are re-
sistant to trimethoprim: such genes may become incor-
porated into the chromosome via transposons. Resist-
ance may also be due to overproduction of
dihydrofolate reductase, changes in cell permeability,
or bacterial mutants which are intrinsically resistant to
trimethoprim because they depend on exogenous
thymine and thymidine for growth. Despite fears of a
rapid increase in resistance if trimethoprim was used
alone there is little evidence that this has been any
worse than in areas where it has been used in combina-
tion with sulfonamides. Nonetheless, trimethoprim re-
sistance has been reported in many species, and very
high frequencies of resistance have been seen in some
developing countries, particularly among the Entero-
bacteriaceae.
◊ References.
1. Huovinen P, et al. Trimethoprim and sulfonamide resistance. An-

timicrob Agents Chemother 1995; 39: 279–89.

Pharmacokinetics
Trimethoprim is rapidly and almost completely ab-
sorbed from the gastrointestinal tract and peak concen-
trations in the circulation occur about 1 to 4 hours after
an oral dose; peak plasma concentrations of about
1 microgram/mL have been reported after a single
dose of 100 mg. About 45% is bound to plasma pro-
teins. Trimethoprim is widely distributed to various tis-
sues and fluids including kidneys, liver, lung and bron-
chial secretions, saliva, aqueous humour, prostatic
tissue and fluid, and vaginal secretions; concentrations
in many of these tissues are reported to be higher than
serum concentrations but concentrations in the CSF are
about one-quarter to one-half of those in serum. Tri-
methoprim readily crosses the placenta and it appears
in breast milk. The half-life is about 8 to 10 hours in
adults and somewhat less in children, but is prolonged
in severe renal impairment and in neonates, whose re-
nal function is immature. 
Trimethoprim is excreted primarily by the kidneys
through glomerular filtration and tubular secretion.
About 10 to 20% of trimethoprim is metabolised in the
liver and small amounts are excreted in the faeces via
the bile, but most, about 40 to 60% of a dose, is excret-
ed in urine, predominantly as unchanged drug, within
24 hours. Trimethoprim is removed from the blood by
haemodialysis to some extent.

Uses and Administration
Trimethoprim is a diaminopyrimidine antibacterial that
is used for the treatment of infections due to sensitive
organisms, including gastro-enteritis and respiratory-
tract infections, and in particular for the treatment and
prophylaxis of urinary-tract infections. For details of
these infections and their treatment, see Choice of An-
tibacterial, p.162. 
Trimethoprim is also used with sulfonamides. The
most common combination is co-trimoxazole (trimeth-
oprim with sulfamethoxazole) (p.258). Other combi-
nations are co-trimazine (with sulfadiazine) and co-tri-
famole (with sulfamoxole); trimethoprim has also been
used with sulfamerazine, sulfametopyrazine, sulfame-
trole, and sulfamethoxypyridazine, and, in veterinary
practice, with sulfadoxine, sulfaquinoxaline, sulfatrox-
azole, sulfadimethoxine, sulfadimidine, or sulfafura-
zole. 
Trimethoprim with sulfamethoxazole (co-trimoxa-
zole) or with dapsone is used in the management of
pneumocystis pneumonia (p.521). 
The usual adult oral dose of trimethoprim in acute in-
fection is 100 or 200 mg twice daily; doses of 200 or
300 mg daily as a single dose are also used. For the
dosage of trimethoprim when given with sulfamethox-
azole, see under Co-trimoxazole, p.259. Up to
20 mg/kg daily may be given in combination with dap-
sone for the treatment of pneumocystis pneumonia. 
Children may be given 6 to 8 mg/kg daily of trimetho-
prim in 2 divided doses: regimens for children are, 6 to
12 years, 100 mg twice daily; 6 months to 5 years,
50 mg twice daily; 6 weeks to 5 months, 25 mg twice
daily. 
For long-term prophylaxis the usual dose is 100 mg at
night for adults; children aged 6 to 12 years may be
given 50 mg at night and those aged 6 months to 5
years, 25 mg at night. Alternatively, children may be
given a dose of 1 to 2 mg/kg at night. 
Trimethoprim is also given intravenously by injection
or infusion as the  lactate although doses are in terms of
the base. The usual dose is 200 mg every 12 hours in
adults; children may be given 8 mg/kg daily in 2 or 3
divided doses. Initial doses may be higher or given
more frequently in severely ill patients. 
Care should be taken in patients with moderate to se-
vere renal impairment and doses generally should be
reduced (see below). 
Trimethoprim with polymyxin B has been used topi-
cally in the treatment and prophylaxis of eye infec-
tions. Trimethoprim sulfate and trimethoprim hydro-
chloride are also used.
Administration. SINGLE-DOSE THERAPY. Although there are
obvious advantages to a single-dose regimen, one study1

found that there was about a 1 in 4 risk of recurrence of uri-
nary-tract infection within 10 days in 50 children given, ac-
cording to age, a single dose of 75 to 450 mg of trimethoprim.
The problems with a single-dose regimen were confirmed by
others2 in a study involving 344 evaluated cases of cystitis in
306 women. Only 122 of 173 cases treated with trimethoprim
320 mg as a single dose were evaluated as cured after 5
weeks, compared with 149 of 171 given 160 mg twice daily
for 1 week (71 versus 87%). Again, these results suggest that
about 1 patient in 4 would have to be re-treated.
1. Nolan T, et al. Single dose trimethoprim for urinary tract infec-

tion. Arch Dis Child 1989; 64: 581–6. 
2. Österberg E, et al. Efficacy of single-dose versus seven-day tri-

methoprim treatment of cystitis in women: a randomized double-
blind study. J Infect Dis 1990; 161: 942–7.

Administration in renal impairment. Doses of trimetho-
prim should generally be reduced in patients with moderate to
severe renal impairment according to creatinine clearance (CC): 
• CC 15 to 27 mL/minute: normal dose for 3 days reduced to

one-half thereafter 
• CC below 15 mL/minute: half the normal dose from the start

of treatment 
Plasma concentrations should be monitored in patients with se-
vere renal impairment.
Preparations
BP 2008: Co-trimoxazole Intravenous Infusion; Co-trimoxazole Oral Sus-
pension; Co-trimoxazole Tablets; Dispersible Co-trimoxazole Tablets; Pae-
diatric Co-trimoxazole Oral Suspension; Paediatric Co-trimoxazole Tablets;
Trimethoprim Oral Suspension; Trimethoprim Tablets; 
USP 31: Polymyxin B Sulfate and Trimethoprim Ophthalmic Solution; Sul-
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famethoxazole and Trimethoprim Injection; Sulfamethoxazole and Trimeth-
oprim Oral Suspension; Sulfamethoxazole and Trimethoprim Tablets; Tri-
methoprim Tablets.

Proprietary Preparations (details are given in Part 3)

Austral.: Alprim; Triprim; Austria: Motrim; Solotrim; Triprim; Wellcoprim;
Canad.: Proloprim†; Cz.: InfectoTrimet†; Triprim; Denm.: Monotrim; Tri-
mopan; Fin.: Trimetin; Trimex; Trimopan; Fr.: Wellcoprim†; Ger.: InfectoT-
rimet; TMP†; Irl.: Ipral†; Monotrim†; Malaysia: Alprim; Neth.: Monotrim;
Wellcoprim†; NZ: TMP; Triprim†; Pol.: Trimesan; Urotrim; S.Afr.: Purium;
Triprim†; Singapore: Alprim; Spain: Tediprima; Swed.: Idotrim; Switz.:
Monotrim†; Thai.: Utisept; UAE: Trimol-A; UK: Monotrim; Trimopan;
USA: Primsol; Proloprim; Trimpex.

Multi-ingredient: Arg.: Adrenol; Bacti-Uril; Bacticel; Bactrim; Bactrim
Balsamico; Cotrizol-G; Danferane; Diocla†; Dosulfin Bronquial; Dosulfin
Fuerte; Enterobacticel; Neoftalm; Neoftalm Dexa; Neolag; Netocur; Neto-
cur Balsamico; Neumobacticel; Novidrine; Rifaprim; Ritroprim†; Sulfagrand;
Trimepol; Trimepol D; Tritenk; Urisept NF; Uro-Bactrim†; Austral.:
Bactrim; Cosig†; Resprim; Septrin; Trimoxazole; Austria: Bactrim; Cot-
ribene; Eusaprim; Lidaprim; Oecotrim; Polytrim; Trimetho comp; Belg.:
Bactrim; Cotrim; Eusaprim; Ophtalmotrim†; Polytrim; Steroprim†; Braz.:
Assepium; Assepium Balsamico; Bac-Sulfitrin; Bacfar ; Bacprotin; Bacris†;
Bacteracin; Bactrim; Bactrisan; Bactrizol; Bactropin; Batrox; Baxapril†;
Benectrin; Benectrin Balsamico; Binoctrin†; Clotrizol†; Diazol; Dientrin; Dis-
peptrin; Duoctrin†; Ectrin; Ectrin Balsamico; Espectrin†; Espectroprima†;
Gamactrin; Imuneprim; Infectrin; Lifactrin†; Linurin†; Lupectrim†; Metoprin;
Metoprin Balsamico; Neotrin; Pulkrin; Qiftrin†; Quimio-Ped†; Roytrin†; Se-
lectrin; Selectrin Balsamico; Septiolan†; Teutrin; Tricban; Triglobe; Trimexa-
zol; Trimezol†; Uro-Baxapril†; Uroctrin; Uropol; Canad.: Apo-Sulfatrim;
Coptin; Novo-Trimel; Nu-Cotrimox; PMS-Polytrimethoprim; Polytrim; Sep-
tra; Chile: Bacterol; Bactrimel; Entero Micinovo; Introcin†; Septrin; Trelibec;
Uro-Micinovo; Cz.: Apo-Sulfatrim†; Berlocid†; Biseptol; Bismoral; Nopil†;
Oriprim†; Primotren; Sumetrolim; Supracombin†; Denm.: Sulfotrim†; Fin.:
Cotrim; Ditrim; Trimetin Duplo; Fr.: Bactrim; Eusaprim†; Ger.: Bactore-
duct†; Berlocid; Berlocombin†; Cotrim; Cotrim-Diolan; CotrimHefa; Cot-
rimhexal; Cotrimox-Wolff; Cotrimstada; Drylin; Eusaprim; Kepinol; Microt-
rim†; Sigaprim†; Supracombin†; TMS; Gr.: Bactrimel; Bioprim†; Lidaprim;
Septrin; Hong Kong: Chemitrim†; Chemoprim; Cotrim; Dhatrin; Letus; Li-
daprim; Septrin; Hung.: Cotripharm; Oftalmotrim†; Potesept†;
Sumetrolim; India: Aubril; Bactrim; Ciplin; Colizole; Cotrimol†; Oriprim;
Sepmax; Septran; Tabrol; Trisulfose; Indon.: Bactoprim Combi; Bactricid;
Bactrim; Bactrizol; Cotrim; Cotrimol; Dumotrim; Erphatrim; Ikaprim; In-
fatrim; Kaftrim; Lapikot; Licoprima; Meditrim; Meprotrin; Nufaprim; Otto-
prim; Primadex; Primazole; Primsulfon; Sanprima; Septrin; Spectrem; Sul-
prim; Sultrimmix; Trimezol; Triminex; Trimoxsul; Trixzol; Trizole; Ulfaprim;
Wiatrim; Xepaprim; Zoltrim; Zultrop; Irl.: Duobact†; Septrin; Israel: Dis-
eptyl; Resprim; Septrin; Ital.: Abacin†; Bactrim; Chemitrim; Eusaprim; Gan-
trim†; Lidaprim†; Jpn: Bactramin; Malaysia: Bacin; Balin; Baserin†; Bea-
globe; Chemix; Cotrim; Oftalmotrim; Resprim; Triglobe†; Trimexazole;
Trisulprim†; Trizine; Virin†; Mex.: Andoprim; Anitrim; Apo-Trinelax; Bacpi-
ryl; Bactelan; Bacteric; Bactide; Bactilen; Bactiver; Bactrim; Bactrim Com-
positum; Bactropin; Bateral; Batrizol; Bioprim; Bisultrim; Brogamax; Dertrin;
Dibaprim; Ectaprim; Esteprim; Eutrim; Fartropin; Fectri; Guayaprin; Kaltrim;
Kelfiprim†; Maxtrim; Metoxiprim; Microbactim†; Mixange; Octex; Octiban;
Pisatrina; Polibatrin; Pribac; Protaxol; Protrim; Rifaprim; Sadocin; Septrin;
Servitrim; Soltrim; Sulfawal; Sulfoid Trimetho; Sulfort; Sulprim; Sultiprim†;
Syraprim†; Thriazol; Tribakin; Trime/Sulfa†; Trimetoger; Trimetox; Trimexa-
zol; Trimexole; Trimexole Compositum; Trimzol; Trinelax†; Trisufin†; Va-
nadyl; Neth.: Bactrimel; Eusaprim†; Lidatrim; Polytrim; Sulfotrim; Norw.:
Bactrim; Trimetoprim-Sulfa†; NZ: Apo-Sulfatrim; Trisul; Philipp.: Bacidal;
Bactille; Bactrim; Bacxal; Baczole; Bantizol; Chromo-Z; Combi-Methoxan;
Costazole; Cozole; Drilozole; Fedimed; Forteprim; Globaxol; Ivatrim; Kasse-
mox; Lictora; Macromed; Moxadden; Moxzole; Neotrim; Onetrim; Opri-
zole; Prizogen; Procor; Renatrim; Rimezone; Rotrace; Scribcin; Septrin; Su-
prex; Syltrifil; Synermed; Triforam; Triglobe; Trim-S; Trimephar; Trimocom;
Trimoxis; Triphimox; Trizine; Trizole; Xanazole; Zamboprim; Zolmed; Pol.:
Bactrim; Biseptol; Groseptol†; Septrin; Two-Septol; Port.: Bactrim; Cot-
rim†; Metomide†; Microcetim; Oftalmotrim; Septrin; Rus.: Biseptol
(Бисептол); Lidaprim (Лидаприм); Oriprim (Ориприм); Rancotrim
(Ранкотрим); S.Afr.: Acuco; Bactrim; Bencole; Casicot; Cocydal; Cozole;
Durobac; Fabubac†; Lagatrim; Meditrim; Mezenol†; Polytrim†; Purbac; Sep-
tran; Spectrim; Supristol†; Trimethox; Trimzol; Xerazole; Xeroprim†; Sin-
gapore: Apo-Sulfatrim; Bacin; Balin; BS†; Chemix; Chemoprim; Co-Tri-
mexazole; Dhatrin; Septrin†; Suprim; Trimaxazole; Trimezole†; Spain:
Bactopumon; Balsoprim; Bronco Aseptilex Fuerte; Broncomega†; Bronco-
vir ; Bronquicisteina; Bronquidiazina CR; Bronquimar; Bronquimucil†; Bu-
setal†; Cotrazol; Eduprim Mucolitico; Eduprim†; Gobens Trim; Momentol;
Neumopectolina†; Oftalmotrim; Oftalmotrim Dexa†; Otix; Pulmo Menal†;
Pulmosterin Duo; Septrin; Soltrim; Swed.: Bactrim; Eusaprim; Trimin sulfa†;
Switz.: Agoprim†; Bactrim; Cotrim; Escoprim; Groprim; Lagatrim;
Mediprim; Nopil; Sigaprim†; Supracombin†; Thai.: Actin; Bacin; Bacta†;
Bactrim; Baczole; Chemoprim†; Co-Tasian; Co-Trimed; Conprim; Cota-
mox; Ko-Cap; Ko-Kure; Ladar; Lastrim; Letus; Lidaprim†; M-Trim; Mano-
Trim; Med-Sultrim†; Mega-Prim; Metrim; Metxaprim; Mycosamthong; Po-
Trim; Primoptic†; Pulvicin†; Septrin†; Spectrim; Sulbacta; Sulfometh; Sun-
trim; Tampo†; Toprim†; Trimexazole; Triprim; Trixzol; Zoleprim†; Turk.:
Bactrim; Bakton; Kemoprim; Metoprim; Mikrosid; Oftalmotrim; Polycilline;
Polytrim; Septrin; Sulfatrim; Trifen; Trimoks; UAE: Trimol; UK: Fectrim; Pol-
ytrim†; Septrin; USA: Bactrim; Cotrim; Polytrim; Septra; SMZ-TMP; Sul-
fatrim; Venez.: Bactrimel; Bactron†; Co-Sultrin; Forcrim; Trimecor; Trime-
toprim Sulfa†; Tripur.

Troleandomycin (BAN, USAN, rINN)

NSC-108166; Triacetyloleandomycin; Troleandomicina; Trolean-
domisin; Troléandomycine; Troleandomycinum; Troleandomysii-
ni. The triacetyl ester of oleandomycin .

Тролеандомицин

C41H67NO15 = 814.0.

CAS — 2751-09-9.

ATC — J01FA08.

ATC Vet — QJ01FA08.

Pharmacopoeias. In Fr. and US. 
USP 31 (Troleandomycin). A white, odourless, crystalline pow-
der. It contains the equivalent of not less than 750 micrograms of
oleandomycin per mg. Slightly soluble in water and in ether;
freely soluble in alcohol; soluble in chloroform. A 10% solution
in alcohol and water (1:1) has a pH of 7.0 to 8.5. Store in airtight
containers.
Profile
Troleandomycin is a prodrug of the macrolide antibacterial ole-
andomycin that has actions similar to those of erythromycin
(p.269). It has been given orally in the treatment of susceptible
infections although more effective antibacterials are generally
preferred.
Preparations
USP 31: Troleandomycin Capsules.

Proprietary Preparations (details are given in Part 3)
Ital.: Triocetin†; Turk.: Tekmisin; USA: TAO†.

Trospectomycin Sulfate (USAN, rINNM)

Sulfato de trospectomicina; Trospectomycin Sulphate (BANM);
Trospectomycine, Sulfate de; Trospectomycini Sulfas; U-63366
(trospectomycin); U-63366F. (2R,4aR,5aR,6S,7S,8R,9S,9aR,10aS)-
2-Butyl-4a,7,9-trihydroxy-6,8-bis(methylamino)perhydro-
pyrano[2,3-b][1,4]benzodioxin-4-one sulphate pentahydrate.
Троспектомицина Сульфат
C17H30N2O7,H2SO4,5H2O = 562.6.
CAS — 88669-04-9 (trospectomycin); 88851-61-0 (tros-
pectomycin sulfate).

Profile
Trospectomycin is a water-soluble derivative of spectinomycin
(p.332) but is more active against Gram-positive organisms,
Haemophilus influenzae, and Chlamydia trachomatis as well as
Neisseria. It has been investigated in various infections and giv-
en as the sulfate intravenously or intramuscularly. Reported ad-
verse effects include perioral paraesthesia, pain at the injection
site, nausea, and dizziness.

Trovafloxacin Mesilate (rINNM)

CP-99219-27; CP-99219 (trovafloxacin); Mesilato de trovafloxa-
cino; Trovafloxacin Mesylate (USAN); Trovafloxacine, Mésilate de;
Trovafloxacini Mesilas. 7-[(1R,5S,6S)-6-Amino-3-azabicyc-
lo[3.1.0]hex-3-yl]-1-(2,4-difluorophenyl)-6-fluoro-1,4-dihydro-4-
oxo-1,8-naphthyridine-3-carboxylic acid monomethanesulpho-
nate.
Тровафлоксацина Мезилат
C20H15F3N4O3,CH4O3S = 512.5.
CAS — 147059-72-1 (trovafloxacin); 147059-75-4 (trov-
afloxacin mesilate).
ATC — J01MA13.
ATC Vet — QJ01MA13.

(trovafloxacin)

Adverse Effects and Precautions
As for Ciprofloxacin, p.244. 
Dizziness was the most common adverse effect reported with
trovafloxacin. 

Trovafloxacin preparations have been withdrawn worldwide af-
ter reports of unpredictable severe hepatic adverse effects, in-
cluding some fatalities. Symptomatic pancreatitis was also re-
ported.
Antimicrobial Action
As for Ciprofloxacin, p.246. It is more active against pneumo-
cocci.
Pharmacokinetics
Trovafloxacin is readily absorbed from the gastrointestinal tract
after an oral dose, peak plasma concentrations occurring after
about 1 to 2 hours. After intravenous use, alatrofloxacin is rapid-
ly converted to trovafloxacin. Oral bioavailability is 88%. Trov-
afloxacin is widely distributed into body tissues and is about 76%
bound to plasma proteins. It appears in breast milk. 
The serum half-life of trovafloxacin ranges from about 9 to 12
hours. Trovafloxacin is metabolised by conjugation, 13% of a
dose appearing in the urine as the glucuronide and 9% in the fae-
ces as the N-acetyl metabolite; other metabolites appear in both
the urine and faeces in minor amounts, but about 50% of an oral
dose is excreted unchanged, mainly in the faeces but also in the
urine.
Uses and Administration
Trovafloxacin is a fluoroquinolone antibacterial with actions and
uses similar to those of ciprofloxacin (p.247). It was given orally
as the mesilate for the treatment of susceptible infections. The
prodrug alatrofloxacin (p.200) was used as the mesilate for intra-
venous infusion. 
Trovafloxacin and alatrofloxacin preparations have been with-
drawn worldwide after reports of unpredictable severe hepatic
adverse effects, including some fatalities.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Trovan†; Gr.: Trovan†; Mex.: Trovan†; USA: Trovan†.

Tulathromycin (USAN, rINN)

CP-472295 (component A); CP-547272 (component B); Tulath-
romycine; Tulathromycinum; Tulatromicina.
Тулатромицин
C41H79N3O12 = 806.1.
CAS — 217500-96-4 (component A); 280755-12-6 (com-
ponent B).
ATC Vet — QJ01FA94.

(tulathromycin A)

Profile
Tulathromycin is a macrolide antibacterial used in veterinary
medicine for the treatment of susceptible infections in cattle and
pigs.

Tylosin (BAN, rINN)

Tilosina; Tilozin; Tylosiini; Tylosine; Tylosinum; Tylozyna.
Тилозин
C46H77NO17 = 916.1.
CAS — 1401-69-0.
ATC Vet — QJ01FA90; QJ51FA90.
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Pharmacopoeias. In Eur. (see p.vii) and US, both for veteri-
nary use. 
Ph. Eur. 6.2 (Tylosin for Veterinary Use; Tylosin BP 2008; Tylosin
BP(Vet) 2008). A mixture of macrolide antibiotics produced by a
strain of Streptomyces fradiae or by any other means. The main
component of the mixture is tylosin A, but tylosin B (desmy-
cosin), tylosin C (macrocin), and tylosin D (relomycin) may also
be present. An almost white or slightly yellow powder. Slightly
soluble in water; freely soluble in dehydrated alcohol and in
dichloromethane. It dissolves in dilute solutions of mineral acids.
A 2.5% suspension in water has a pH of 8.5 to 10.5. Protect from
light. 
USP 31 (Tylosin). A macrolide antibiotic substance or mixture
of such substances produced by the growth of Streptomyces fra-
diae or by any other means. A white to buff-coloured powder.
Slightly soluble in water; soluble in alcohol, in amyl acetate, in
chloroform, and in dilute mineral acids; freely soluble in methyl
alcohol. It loses not more than 5% of its weight on drying. Protect
from light, moisture, and temperatures exceeding 40°.

Tylosin Tartrate (BANM, rINNM)

Tartrato de tilosina; Tilozin-tartarát; Tylosiinitartraatti; Tylosin tar-
tarát; Tylosine, tartrate de; Tylosini tartras; Tylosintartrat; Tylozy-
ny winian.
Тилозина Тартрат
(C46H77NO17)2,C4H6O6 = 1982.3.
CAS — 1405-54-5.
Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use. 
Ph. Eur. 6.2 (Tylosin Tartrate for Veterinary Use; Tylosin Tartrate
BP 2008; Tylosin Tartrate BP(Vet) 2008). An almost white or
slightly yellow hygroscopic powder. Freely soluble in water and
in dichloromethane; slightly soluble in dehydrated alcohol. It
dissolves in dilute solutions of mineral acids. A 2.5% solution in
water has a pH of 5.0 to 7.2. Store in airtight containers. Protect
from light. 
USP 31 (Tylosin Tartrate). A tartrate of a mixture of macrolide
antibiotic substances, or the mixture of such substances, pro-
duced by the growth of Streptomyces fradiae, or by any other
means. Its potency is not less than 800 micrograms of tylosin per
mg, calculated on the dried basis. 
An almost white or slightly yellow, hygroscopic powder. Freely
soluble in water and in dichloromethane; slightly soluble in alco-
hol. It dissolves in dilute solutions of mineral acids. pH of a 2.5%
solution in water is between 5.0 and 7.2. Store in airtight contain-
ers at a temperature of 25°, excursions permitted between 15°
and 30°. Protect from light.
Profile
Tylosin is a macrolide antibacterial with actions similar to those
of erythromycin (p.269). Tylosin and its phosphate and tartrate
salts are used in veterinary medicine in the prophylaxis and treat-
ment of infections caused by susceptible organisms. 
Tylosin and tylosin phosphate have been added to animal feeding
stuffs as growth promotors for pigs.

Tylvalosin Tartrate (USAN, rINNM)

Acetyl Isovaleryl Tylosin Tartrate; Acetylisovaleryltylosin Tartrate;
Tartrato de tilvalosina; Tylvalosine, Tartrate de; Tylvalosini Tartras.
(4R,5S,6S,7R,9R,11E,13E,15R,16R)-15-{[(6-Deoxy-2,3-di-O-me-
thyl-β-D-allopyranosyl)oxy]methyl}-6-({3,6-dideoxy-4-O-[2,6-
dideoxy-3-C-methyl-4-O-(3-methylbutanoyl)-α-L-ribo-hex-
opyranosyl]-3-(dimethylamino)-β-D-glucopyranosyl}oxy)-16-
ethyl-5,9,13-trimethyl-2,10-dioxo-7-(2-oxoethyl)oxacyclohexa-
deca-11,13-dien-4-yl acetate (2R,3R)-2,3-dihydroxybutanedio-
ate.
Тильвальозина Тартрат
C53H87NO19,xC4H6O6.
CAS — 63409-12-1 (tylvalosin); 63428-13-7 (tylvalosin
tartrate).
ATC Vet — QJ01FA92.

(tylvalosin)

Profile
Tylvalosin is a derivative of tylosin (p.357) and is used similarly
as the tartrate in veterinary medicine.

Tyrothricin (BAN, rINN)

Tirotricina; Tirotricinas; Tirotrisin; Tyrothricine; Tyrothricinum; Ty-
rotricin; Tyrotrisiini.
Тиротрицин
CAS — 1404-88-2.
ATC — D06AX08; R02AB02; S01AA05.
ATC Vet — QD06AX08; QR02AB02; QS01AA05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Tyrothricin). A mixture of antimicrobial linear and
cyclic polypeptides, isolated from the fermentation broth of Ba-
cillus brevis. It consists mainly of  gramicidins and  tyrocidins;
other related compounds may be present in smaller amounts. The
potency is 180 to 280 international units/mg, calculated with ref-
erence to the dried substance. A white or almost white powder.
Practically insoluble in water; soluble in alcohol and in methyl
alcohol. Store in airtight containers. Protect from light. 
USP 31 (Tyrothricin). An antibacterial substance produced by
the growth of Bacillus brevis. It is a mixture consisting chiefly of
gramicidin and tyrocidine, the latter being usually present as the
hydrochloride. Store in airtight containers.
Adverse Effects and Precautions
Tyrothricin is too toxic to be used systemically; effects that have
been reported include hepatic and renal toxicity as well as Ste-
vens-Johnson syndrome. It damages the sensory epithelium of
the nose and instances of prolonged loss of smell have occurred
after its use as a nasal spray or instillation. Tyrothricin should not
be instilled into the nasal cavities or into closed body cavities.
Uses and Administration
Tyrothricin is unsuitable for systemic use. It is active in vitro
against many Gram-positive bacteria and has been used either
alone or with other antibacterials in the local treatment of infec-
tions mainly of the skin and mouth.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Codetricine†; Ger.: Tyrosur; Gr.: Triciderm; Hong Kong: Tyrosur†;
Ital.: Faringotricina; Hydrotricine; Rinotricina; Port.: Hydrotricine; Turk.:
Hydrotricine.

Multi-ingredient: Arg.: Algiodent; Aseptobron Caramelos; Bagociletas;
Biotaer an Caramelos; Biotaer Gamma†; Biotaer Nebulizable; Biotaer Ultra-
son Nebulizable†; Bucotricin; Caramelos Antibioticos; Caramelos Antibioti-
cos Bucoangin†; Caramelos Antibioticos Lefmar; Collubiazol; Fanaletas;
Filotricin A; Fonergine; Gineseptina†; Oralsone C; Pulmosan Caramelos;
Solumerin; Suavisan†; Sulfanoral T; Tavinex; Vagicural; Vagisan; Vagisan
Compuesto; Vulnofilin Compuesto†; Austria: Dorithricin; Gingivan; Lem-
ocin; Limexx; Neocones; Tyrothricin comp; Tyrothricin compositum; Belg.:
Lemocin; Pantricine†; Tricidine†; Tyro-Drops; Braz.: Amidalin†; Amigdagen;
Amigdalol; Amigdamicin†; Anginotricin; Auritricin; Colpagex N; Colpolase;
Dermosed†; Gargotan†; Gynax-N; Gyrol†; Lacto Vagin†; Larintil†; Mal-
vatricin; Malvatricin Ginecologico; Malvatricin Pastilhas; Malvatricin Pronto;
Malvatricin Solucao para diluir ; Malvatricin Spray; Mentozil†; Otovix†; Otur-
ga; Passilin†; Tirotrin†; Trivagel N; Vagitrin-N; Canad.: Antibiotic Cold Sore
Ointment; Soropon; Cz.: Dr Rentschler Halstabletten†; Fr.: Broncorinol
rhinites†; Codetricine vitamine C†; Collunovar†; Ergix†; Veybirol-Tyrothyri-
cine†; Ger.: Anginomycin†; Dorithricin Limone†; Dorithricin Original; In-
spirol Halsschmerztabletten†; Lemocin; Nordathricin N†; Trachisan†; Tyro-
sur; Gr.: Oulogram; Trachisan; Hong Kong: Deq; Trachisan†; Tyricine;
Tyrocaine; Tyrothricin Co; Hung.: Dorithricin; Tyrosur; India: Tytin; In-
don.: Lemocin; Irl.: Tyrozets; Israel: Acnex†; Kalgaron; Lemocin; Rafath-
ricin with Benzocaine; Ital.: Bio-Arscolloid; Deltavagin; Furotricina;
Golamixin; Kinogen; Rinocidina; Malaysia: Deq; Trachisan†; Upha Lozeng-
es; Mex.: Angenovag; Port.: Afonina; Mebocaina; Medifon; Mentocaina R;
Oralbiotico; Singapore: Beathricin; Deq; Dorithricin; Trachisan; Spain: An-
ginovag; Bucometasana; Cicatral; Cohortan; Denticelso; Diformiltricina;
Gradin Del D Andreu†; Hemodren Compuesto†; Miozets; Neocones;
Otosedol Biotico; Pastillas Koki Ment Tiro; Piorlis; Roberfarin; Sedofarin;
Viberol Tirotricina; Switz.: Gem; Lemocin; Mebucaine; Mebucasol f;
Otothricinol; Rhinothricinol; Sangerol; Solmucaine; Trachisan†; Tyrocom-
bine; Tyroqualine; Tyrothricin; Tyrothricine + Gramicidine; Thai.: Deq;
Iwazin; Sigatricin; Trocacin; Troneo†; Turk.: Neolet; UAE: B-Cool; UK: Ty-
rozets; Venez.: Otan.

Valnemulin (BAN, rINN)

Valnemuliini; Valnemulina; Valnémuline; Valnemulinum. ({2-[(R)-
2-Amino-3-methylbutyramido]-1,1-dimethylethyl}thio)acetic
acid 8-ester with (3aS,4R,5S,6S,8R,9R,9aR,10R)-octahydro-5,8-di-
hydroxy-4,6,9,10-tetramethyl-6-vinyl-3a,9-propano-3aH-cy-
clopentacycloocten-1(4H)-one.
Вальнемулин
C31H52N2O5S = 564.8.
CAS — 101312-92-9 (valnemulin); 133868-46-9 (valne-
mulin hydrochlor ide).
ATC Vet — QJ01XQ02.

Pharmacopoeias. Eur. (see p.vii) includes the hydrochloride
for veterinary use.
Profile
Valnemulin is an antibacterial used as the  hydrochloride in vet-
erinary medicine.

Vancomycin (BAN, rINN)

Vancomicina; Vancomycine; Vancomycinum; Vankomycin;
Vankomysiini. (Sa)-(3S,6R,7R,22R,23S,26S,36R,38aR)-44-{[2-O-(3-
Amino-2,3,6-trideoxy-3-C-methyl-α-L-lyxo-hexopyranosyl)-β-D-
glucopyranosyl]oxy}-3-(carbamoylmethyl)-10,19-dichloro-
2,3,4,5,6,7,23,24,25,26,36,37,38,38a-tetradecahydro-
7,22,28,30,32-pentahydroxy-6-[(2R)-4-methyl-2-(methylami-
no)valeramido]-2,5,24,38,39-pentaoxo-22H-8,11:18,21-diethe-
no-23,36-(iminomethano)-13,16:31,35-dimetheno-1H,16H-
[1,6,9]oxadiazacyclohexadecino[4,5-m][10,2,16]-benzoxadiaza-
cyclotetracosine-26-carboxylic acid.
Ванкомицин
C66H75Cl2N9O24 = 1449.3.
CAS — 1404-90-6.
ATC — A07AA09; J01XA01.
ATC Vet — QA07AA09; QJ01XA01.

Description. A glycopeptide antimicrobial substance or mix-
ture of glycopeptides produced by the growth of certain strains
of Amycolatopsis orientalis (Nocardia orientalis, Streptomyces
orientalis), or by any other means.
Pharmacopoeias. In US. 
USP 31 (Vancomycin). Store in airtight containers.

Vancomycin Hydrochloride (BANM, rINNM)

Hidrocloruro de vancomicina; Vancomycine, chlorhydrate de;
Vancomycin-hydrochlorid; Vancomycini hydrochloridum; Vank-
omicinhidroklorid; Vankomicino hidrochloridas; Vankomisin Hid-
roklorür; Vankomycinhydroklorid; Vankomysiinihydrokloridi;
Wankomycyny chlorowodorek.
Ванкомицина Гидрохлорид
C66H75Cl2N9O24,HCl = 1485.7.
CAS — 1404-93-9.
ATC — A07AA09; J01XA01.
ATC Vet — QA07AA09; QJ01XA01.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Vancomycin Hydrochloride). A mixture of related
glycopeptides, consisting principally of vancomycin B, a sub-
stance produced by certain strains of Amycolatopsis orientalis or
obtained by any other means. A white or almost white, hygro-
scopic powder. Freely soluble in water; slightly soluble in alco-
hol. A 5% solution in water has a pH of 2.5 to 4.5. Store in air-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tight containers. Protect from light. 
USP 31 (Vancomycin Hydrochloride). A substance or mixture of
substances produced by the growth of Streptomyces orientalis. A
tan to brown, odourless, free-flowing powder. Freely soluble in
water; insoluble in chloroform and in ether. A 5% solution in wa-
ter has a pH of 2.5 to 4.5. Store in airtight containers.

Incompatibility. Solutions of vancomycin hydrochloride have
an acid pH and incompatibility may reasonably be expected with
alkaline preparations, or with drugs unstable at low pH. Reports
of incompatibility are not always consistent, and other factors
such as the strength of solution, and composition of the vehicles
used, may play a part.

Stability. Although licensed product information recommends
storage at 2° to 8°, solutions of vancomycin hydrochloride in var-
ious diluents (sodium chloride 0.9%, glucose 5%, and peritoneal
dialysis solution) have been found to be stable for at least 14 days
at room temperature.1-3 
The stability of vancomycin in ophthalmic solution has also been
studied.4

1. Das Gupta V, et al. Stability of vancomycin hydrochloride in 5%
dextrose and 0.9% sodium chloride injections. Am J Hosp Pharm
1986; 43: 1729–31. 

2. Walker SE, Birkhans B. Stability of intravenous vancomycin.
Can J Hosp Pharm 1988; 41: 233–8. 

3. Mauhinuey WM, et al. Stability of vancomycin hydrochloride in
peritoneal dialysis solution. Am J Hosp Pharm 1992; 49: 137–9. 

4. Fuhrman LC, Stroman RT. Stability of vancomycin in an extem-
poraneously compounded ophthalmic solution. Am J Health-Syst
Pharm 1998; 55: 1386–8.

Adverse Effects
The intravenous use of vancomycin may be associated
with the so-called ‘red-neck’ or ‘red-man’ syndrome,
characterised by erythema, flushing, or rash over the
face and upper torso, and sometimes by hypotension
and shock-like symptoms. The effect appears to be due
in part to the release of histamine and is usually related
to rapid infusion. 
Hypersensitivity reactions may occur in about 5% of
patients and include rashes, fever, chills, and rarely, an-
aphylactoid reactions, exfoliative dermatitis, Stevens-
Johnson syndrome, toxic epidermal necrolysis, and
vasculitis. Many reactions have become less frequent
with the availability of more highly purified prepara-
tions. Reversible neutropenia, eosinophilia, and rarely
thrombocytopenia and agranulocytosis have been re-
ported; neutropenia is stated to be more common in pa-
tients who have received a total dose of 25 g or more.
Nephrotoxicity, including rare cases of interstitial ne-
phritis, may occur, particularly at high doses or in pa-
tients with predisposing factors, but has declined in fre-
quency with greater awareness of the problem and
appropriate monitoring of plasma concentrations and
renal function. 
Ototoxicity is also associated with vancomycin, and is
more likely in patients with high plasma concentra-
tions, or with renal impairment or pre-existing hearing
loss.. It may progress after drug withdrawal, and may
be irreversible. Hearing loss may be preceded by tinni-
tus, which must be regarded as a sign to stop treatment. 
Vancomycin is irritant; intravenous use may be associ-
ated with thrombophlebitis, although this can be mini-
mised by the slow infusion of dilute solutions, and by
using different infusion sites. Extravasation may cause
tissue necrosis. 
Because of its poor absorption, relatively few adverse
effects have been reported after the oral use of vanco-
mycin, although mild gastrointestinal disturbances
have occurred.
Effects on the ears. Reviews1,2 of ototoxicity associated with
vancomycin therapy have indicated that the actual number of
cases is quite small, and close examination suggests that in most
cases where hearing loss occurred patients had also received an
aminoglycoside. The degree, and the reversibility, of ototoxicity
associated with vancomycin alone is uncertain.
1. Bailie GR, Neal D. Vancomycin ototoxicity and nephrotoxicity:

a review. Med Toxicol 1988; 3: 376–86. 
2. Brummett RE, Fox KE. Vancomycin- and erythromycin-induced

hearing loss in humans. Antimicrob Agents Chemother 1989; 33:
791–6.

Effects on the gastrointestinal tract. A 25-year-old woman
developed Clostridium difficile colitis after a course of vancomy-
cin and metronidazole, both orally, for pelvic inflammatory dis-

ease.1 The condition resolved after treatment with vancomycin
given alone.
1. Bingley PJ, Harding GM. Clostridium difficile colitis following

treatment with metronidazole and vancomycin. Postgrad Med J
1987; 63: 993–4.

Effects on the heart. A report1 of cardiac arrest associated
with an inadvertent rapid intravenous dose of vancomycin
150 mg in a neonate.
1. Boussemart T, et al. Cardiac arrest associated with vancomycin

in a neonate. Arch Dis Child 1995; 73: F123.

Effects on the kidneys. In a study,1 nephrotoxicity was seen in
14 of 101 patients assigned to vancomycin 1 g before and after
vascular surgery for infection prophylaxis compared with 2 of 99
assigned to saline placebo, suggesting that even short regimens
of vancomycin can affect renal function. In another study involv-
ing 224 patients, nephrotoxicity was seen in 8 of 168 given van-
comycin alone, 14 of 63 given vancomycin with an aminoglyco-
side, and 11 of 103 given an aminoglycoside without
vancomycin.2 This latter study found that use with aminoglyco-
sides, trough serum concentrations of vancomycin greater than
10 micrograms/mL, and prolonged vancomycin therapy (for
more than 21 days) were associated with an increased risk of ne-
phrotoxicity. In both studies nephrotoxicity was defined in terms
of increased serum creatinine.
1. Gudmundsson GH, Jensen LJ. Vancomycin and nephrotoxicity.

Lancet 1989; i: 625. 
2. Rybak MJ, et al. Nephrotoxicity of vancomycin, alone and with

an aminoglycoside. J Antimicrob Chemother 1990; 25: 679–87.

Effects on the liver. A 57-year-old man with multiple medical
conditions developed raised liver enzyme values, on 5 different
occasions, while being treated with oral vancomycin for epi-
sodes of Clostridium difficile-associated enterocolitis; liver en-
zymes returned to normal values each time the vancomycin was
stopped.1
1. Cadle RM, et al. Vancomycin-induced elevation of liver enzyme

levels. Ann Pharmacother 2006; 40: 1186–9.

Effects on the nervous system. Reports of encephalopathy1

(associated with high CSF concentrations after oral doses) and
peripheral neuropathy2 associated with vancomycin.
1. Thompson CM, et al. Absorption of oral vancomycin—possible

associated toxicity. Int J Pediatr Nephrol 1983; 4: 1–4. 
2. Leibowitz G, et al. Mononeuritis multiplex associated with pro-

longed vancomycin treatment. BMJ 1990; 300: 1344.

Effects on the skin. Rashes, erythema, or pruritus are the most
common skin reactions associated with vancomycin but there
have also been reports of linear IgA dermatosis,1-4 Stevens-John-
son-like reaction,5 bullous eruption,6 local skin necrosis,7 and ex-
foliative dermatitis.6 In an analysis, risk factors for adverse cuta-
neous reactions were suggested to be age under 40 years and
duration of therapy greater than 7 days.6
1. Piketty C, et al. Linear IgA dermatosis related to vancomycin. Br

J Dermatol 1994; 130: 130–1. 
2. Nousari HC, et al. Vancomycin-associated linear IgA bullous

dermatosis. Ann Intern Med 1998; 129: 507–8. 
3. Bernstein EF, Schuster M. Linear IgA bullous dermatosis asso-

ciated with vancomycin. Ann Intern Med 1998; 129: 508–9. 
4. Danielsen AG, Thomsen K. Vancomycin-induced linear IgA bul-

lous disease. Br J Dermatol 1999; 141: 756–7. 
5. Laurencin CT, et al. Stevens-Johnson-like reaction with vanco-

mycin treatment. Ann Pharmacother 1992; 26: 1520–1. 
6. Korman TM, et al. Risk factors for adverse cutaneous reactions

associated with intravenous vancomycin. J Antimicrob Chem-
other 1997; 39: 371–81. 

7. Hoelen DW, et al. Severe local vancomycin induced skin necro-
sis. Br J Clin Pharmacol 2007; 64: 553–4.

Red-man syndrome. References1-3 to the ‘red-man syn-
drome’, and evidence that pretreatment with an antihistamine
can provide significant protection against it.4,5 Similar reactions
appear to be much less of a problem with teicoplanin and substi-
tution of teicoplanin for vancomycin may be a viable alternative
in patients at risk.2,3,6 Skin tests are reported7 to be of little value
in predicting the severity of ‘red-man syndrome’.
1. Wallace MR, et al. Red man syndrome: incidence, etiology, and

prophylaxis. J Infect Dis 1991; 164: 1180–5. 
2. Polk RE. Anaphylactoid reactions to glycopeptide antibiotics. J

Antimicrob Chemother 1991; 27 (suppl B): 17–29. 
3. Rybak MJ, et al. Absence of "red man syndrome" in patients be-

ing treated with vancomycin or high-dose teicoplanin. Antimi-
crob Agents Chemother 1992; 36: 1204–7. 

4. Renz CL, et al. Oral antihistamines reduce the side effects from
rapid vancomycin infusion. Anesth Analg 1998; 87: 681–5. 

5. Renz CL, et al. Antihistamine prophylaxis permits rapid vanco-
mycin infusion. Crit Care Med 1999; 27: 1732–7. 

6. Smith SR. Vancomycin and histamine release. Lancet 1990; 335:
1341. 

7. Polk RE, et al. Vancomycin skin tests and prediction of "red man
syndrome" in healthy volunteers. Antimicrob Agents Chemother
1993; 37: 2139–43.

AFTER ORAL ADMINISTRATION. Reports of rash1 and ‘red-man
syndrome’2,3 after oral vancomycin.
1. McCullough JM, et al. Oral vancomycin-induced rash: case re-

port and review of the literature. DICP Ann Pharmacother 1991;
25: 1326–8. 

2. Killian AD, et al. Red man syndrome after oral vancomycin. Ann
Intern Med 1991; 115: 410–11. 

3. Bergeron L, Boucher FD. Possible red-man syndrome associated
with systemic absorption of oral vancomycin in a child with nor-
mal renal function. Ann Pharmacother 1994; 28: 581–4.

Precautions
Vancomycin should not be given to patients who have
experienced a hypersensitivity reaction to it. It should
not be given intramuscularly, and care should be taken
when it is given intravenously to avoid extravasation,
because of the risk of tissue necrosis. The adverse ef-
fects of infusion may be minimised by dilution of each
500 mg of vancomycin in at least 100 mL of fluid, and
by infusion of doses over not less than 60 minutes. 
Because the risk of ototoxicity and nephrotoxicity is
thought to be increased at high plasma concentrations
it may be desirable to adjust dosage requirements ac-
cording to plasma-vancomycin concentrations. It has
been suggested that dosage should be adjusted to avoid
peak plasma concentra t ions  above  30 to
40 micrograms/mL and trough concentrations exceed-
ing 10 micrograms/mL, although uncertainty about the
optimum methods and sampling times for monitoring,
as well as some uncertainty about the degree of risk,
means that there is less general agreement than for the
aminoglycosides. It is generally agreed, however, that
vancomycin should be avoided in patients with a histo-
ry of impaired hearing and that particular care is neces-
sary in patients with renal impairment, in neonates (es-
pecially if premature), and in the elderly, all of whom
may be at increased risk of toxicity. Renal function and
blood counts should be monitored regularly in all pa-
tients, and monitoring of auditory function is advisa-
ble, especially in high-risk patients. Vancomycin
should be stopped in patients who develop tinnitus. 
Since vancomycin is poorly absorbed, toxicity is much
less of a problem after oral use than with the intrave-
nous route, but care is required in patients with inflam-
matory gastrointestinal disorders, including antibiotic-
associated colitis, in whom absorption may be en-
hanced.

Interactions
Other ototoxic or nephrotoxic drugs, such as
aminoglycosides, polymyxins, cisplatin, and loop diu-
retics, markedly increase the risk of toxicity and should
be given with vancomycin only with great caution. 
Some of the adverse effects of vancomycin may be en-
hanced by the use of general anaesthetics; it has been
suggested that, where patients require both, vancomy-
cin infusions should be completed before the induction
of anaesthesia. 
Vancomycin may increase neuromuscular blockade
produced by drugs such as suxamethonium or vecuro-
nium.

Antimicrobial Action
Vancomycin is a glycopeptide antibiotic with a prima-
rily bactericidal action against a variety of Gram-posi-
tive bacteria. 
Mechanism of action. Vancomycin exerts its action by
inhibiting the formation of the peptidoglycan polymers
of the bacterial cell wall. Unlike penicillins, which act
primarily to prevent the cross-linking of peptidogly-
cans which gives the cell wall its strength, vancomycin
prevents the transfer and addition of the muramylpen-
tapeptide building blocks that make up the peptidogly-
can molecule itself. Vancomycin may also exert some
effects by damaging the cytoplasmic membrane of the
protoplast, and by inhibiting bacterial RNA synthesis. 
Spectrum of activity. Staphylococci, notably Staph. au-
reus and Staph. epidermidis (including meticillin-re-
sistant strains), Streptococcus pneumoniae, Str. pyo-
genes, and some strains of Group B streptococci are
reported to be susceptible to vancomycin. The viridans
streptococci, and enterococci such as Enterococcus
faecalis, are often ‘tolerant’, i.e. inhibition, but no bac-
tericidal effect, can be achieved at usual plasma con-
centrations (but see Activity with other Antimicrobials
and Resistance, below). 
Clostridium difficile is usually highly susceptible as are
most other clostridia. Actinomyces spp., Bacillus an-
thracis, Corynebacterium spp., some lactobacilli, and
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Listeria are usually susceptible. Virtually all Gram-
negative organisms, as well as mycobacteria and fungi,
are intrinsically resistant. 
Activity with other antimicrobials. Vancomycin exhib-
its synergy with the aminoglycosides against entero-
cocci; such combinations are usually bactericidal, even
against vancomycin-tolerant strains. The synergistic
effect is reported to be greater with gentamicin than
with streptomycin. Combinations with an aminoglyco-
side are also reported to show synergy against Staph.
aureus; however, variable results, including antimicro-
bial antagonism, or lack of synergy, have been reported
against strains of Staph. aureus when vancomycin was
combined with rifampicin. Synergy has been reported
with the third-generation cephalosporins against Staph.
aureus and enterococci. 
Resistance to vancomycin in normally susceptible or-
ganisms has until recently remained relatively uncom-
mon, although high-level intrinsic resistance has been
seen in some species of Lactobacillus, Leuconostoc,
and Erysipelothrix. However, there are an increasing
number of reports of high-level acquired resistance
amongst enterococci, apparently plasmid-mediated
and transferable to other Gram-positive organisms, no-
tably Staph. aureus, which are causing considerable
concern. Organisms exhibiting high-level vancomycin
resistance demonstrate cross-resistance to teicoplanin.
Low-level resistance has also been reported in entero-
cocci, but these organisms remain sensitive to teico-
planin, and this form of resistance does not appear to be
transferable. Low-level vancomycin resistance has
also been seen rarely among some staphylococcal
strains: in contrast to the enterococci, these are often
cross-resistant to teicoplanin. The mechanism of ac-
quired resistance is uncertain, although it appears to be
associated with the development of novel cell-mem-
brane proteins.
◊ References to increasing resistance to vancomycin amongst
enterococci1,2 and Staphylococcus aureus,3-9 and guidelines to
prevent its spread.10,11

1. Murray BE. Vancomycin-resistant enterococci. Am J Med 1997;
102: 284–93. 

2. Tacconelli E, Cataldo MA. Vancomycin-resistant enterococci
(VRE): transmission and control. Int J Antimicrob Agents 2008;
31: 99–106. 

3. Hiramatsu K, et al. Methicillin-resistant Staphylococcus aureus
clinical strain with reduced vancomycin susceptibility. J Antimi-
crob Chemother 1997; 40: 135–6. 

4. Johnson AP. Intermediate vancomycin resistance in Staphyloco-
ccus aureus: a major threat or a minor inconvenience? J Antimi-
crob Chemother 1998; 42: 289–91. 

5. Ploy MC, et al. First clinical isolate of vancomycin-intermedi-
ate Staphylococcus aureus in a French hospital. Lancet 1998;
351: 1212. 

6. Smith TL, et al. Emergence of vancomycin resistance in Staphy-
lococcus aureus. N Engl J Med 1999; 340: 493–501. 

7. Sieradzki K, et al. The development of vancomycin resistance
in a patient with methicillin-resistant Staphylococcus aureus in-
fection. N Engl J Med 1999; 340: 517–23. 

8. Hiramatsu K. Vancomycin-resistant Staphylococcus aureus: a
new model of antibiotic resistance. Lancet Infect Dis 2001; 1:
147–55. 

9. Chang S, et al. Infection with vancomycin-resistant Staphyloco-
ccus aureus containing the VanA resistance gene. N Engl J Med
2003; 348: 1342–7. 

10. Hospital Infection Control Practices Advisory Committee
(HICPAC). Recommendations for preventing the spread of van-
comycin resistance. Infect Control Hosp Epidemiol 1995; 16:
105–13. 

11. CDC. Investigation and control of vancomycin-intermediate
and resistant Staphylococcus aureus (VISA/VRSA): a guide for
health departments and infection control personnel (updated
September 2006). Available at: http://www.cdc.gov/ncidod/
dhqp/pdf/ar/visa_vrsa_guide.pdf (accessed 06/07/08)

Pharmacokinetics
Vancomycin is only poorly absorbed from the gastroin-
testinal tract, although absorption may be somewhat
greater when the gastrointestinal tract is inflamed. In-
fusion of a 1-g dose intravenously over 60 minutes has
reportedly been associated with plasma concentrations
of up to about 60 micrograms/mL immediately after
comple t ion of  the  in fus ion ,  and about
25 micrograms/mL 2 hours later, falling to under
10 micrograms/mL after 11 hours. However, there
may be considerable interindividual variation in the
pharmacokinetics of vancomycin: a range of half-lives
between 3 and 13 hours has been reported, with an av-
erage of about 6 hours, in patients with normal renal
function. Half-life may be prolonged in patients with

renal impairment, to 7 days or more in anephric pa-
tients. About 55% is bound to plasma proteins, al-
though large variations have been reported. 
Vancomycin diffuses into extracellular fluid, including
pleural, pericardial, ascitic, and synovial fluid. Small
amounts are found in bile. However, there is little dif-
fusion into the CSF and even when the meninges are
inflamed effective concentrations may not be
achieved. Vancomycin crosses the peritoneal cavity;
about 60% of an intraperitoneal dose is reported to be
absorbed in 6 hours. It is reported to cross the placenta.
It is also distributed into breast milk. 
Little or no metabolism of vancomycin is thought to
take place. It is excreted unchanged by the kidneys,
mostly by glomerular filtration. Some 80 to 90% of the
dose is excreted in urine within 24 hours. There ap-
pears to be a small amount of non-renal clearance, al-
though the mechanism for this has not been deter-
mined. 
The pharmacokinetics of vancomycin may be altered
by conditions which affect renal clearance: clearance
of vancomycin has been reported to be enhanced in
burn patients, whereas in those with renal impairment,
or reduced renal function (such as neonates or the eld-
erly), clearance is reduced and plasma-concentrations
and half-lives increased. Dosage adjustment is often
necessary in patients with reduced or impaired renal
function; ideally, this should be based on plasma-con-
centration monitoring. Although clearance is also al-
tered in hepatic impairment, it has been suggested that
dosage adjustment is not necessary in the absence of
other factors. 
Plasma concentrations of vancomycin are reported to
be little affected by conventional haemodialysis, al-
though the use of high-flux membranes may signifi-
cantly reduce vancomycin concentrations. Peritoneal
dialysis, although it may decrease concentrations, is
also thought not to do so by significant amounts, but
haemoperfusion or haemofiltration effectively re-
moves vancomycin from the blood.

Uses and Administration
Vancomycin is a glycopeptide antibiotic that is used in
the treatment of serious staphylococcal or other Gram-
positive infections when other drugs such as the peni-
cillins cannot be used because of resistance or patient
intolerance. It is used particularly in the treatment of
meticillin-resistant staphylococcal infections (p.195),
in conditions such as brain abscess, staphylococcal
meningitis, peritonitis associated with continuous am-
bulatory peritoneal dialysis, and septicaemia. It is used
alone, or with another drug such as an aminoglycoside,
in the treatment and prophylaxis of endocarditis, for
the prophylaxis of surgical infection, and in intensive
care and the management of immunocompromised pa-
tients. It may be used as part of a multi-drug regimen
for the treatment of inhalation and gastrointestinal an-
thrax. For details of all these infections and their treat-
ment, see under Choice of Antibacterial, p.162. It is
also used (by mouth) in the treatment of antibiotic-as-
sociated colitis (p.171). 
Vancomycin may be used with other antibacterials to
extend the spectrum of efficacy or increase effective-
ness, notably with gentamicin or other aminoglyco-
sides, or with rifampicin (but see Antimicrobial Ac-
tion, above). 
Administration and dosage. Vancomycin is given as
the hydrochloride but doses are expressed in terms of
the base. 1.03 g of vancomycin hydrochloride is equiv-
alent to about 1 g of vancomycin. It is given intrave-
nously, preferably by intermittent infusion, although
continuous infusion has been used. For intermittent in-
fusion, a concentrated solution containing the equiva-
lent of 500 mg of vancomycin in 10 mL of water is pre-
pared and then added to glucose 5% or sodium chloride
0.9% to produce a diluted solution containing not more
than 5 mg/mL; this diluted solution is then infused over
at least 60 minutes for a 500-mg dose or 100 minutes

for a 1-g dose. Final concentrations of up to 10 mg/mL
may be used for patients requiring fluid restriction, al-
though there is an increased risk of adverse events. For
continuous intravenous infusion when intermittent in-
fusion is not feasible, the equivalent of 1 to 2 g is added
to a sufficiently large volume of glucose or sodium
chloride to permit the daily dose to be given over a pe-
riod of 24 hours. 
The usual adult dose is the equivalent of 500 mg of
vancomycin every 6 hours or 1 g every 12 hours. Re-
sponse is generally seen within 48 to 72 hours in sensi-
tive infections. In patients with staphylococcal endo-
carditis, treatment for at least 3 weeks has been
recommended. 
For the prophylaxis of endocarditis in high-risk pa-
tients undergoing dental or other procedures who are
unable to receive penicillin, vancomycin may be given
before the procedure in a single dose of 1 g by intrave-
nous infusion over at least 100 minutes followed by in-
travenous gentamicin. 
Doses in infants and children. UK licensed product in-
formation states that children and infants over 1 month
of age may be given 10 mg/kg every 6 hours. Neonates
and infants up to 1 month old may be given an initial
dose of 15 mg/kg; this is followed by 10 mg/kg every
12 hours in the first week of life or by 10 mg/kg every
8 hours in those aged 1 week to 1 month. The BNFC
recommends the following doses: 
• neonates less than 29 weeks postmenstrual age,

15 mg/kg every 24 hours; 
• 29 to 35 weeks postmenstrual age, 15 mg/kg every

12 hours 
• over 35 weeks postmenstrual age, 15 mg/kg every 8

hours 
• infants and children 1 month of age and over,

15 mg/kg every 8 hours (to a maximum daily dose of
2 g) 

Dose adjustment and monitoring. It has been recom-
mended that dosage should be adjusted if necessary ac-
cording to plasma-vancomycin concentrations, and
this is particularly important where factors such as age
or renal impairment (see also below) may predispose to
toxicity, or where there is a risk of subtherapeutic con-
centrations. There has been some dispute about the re-
lationship between plasma concentrations and toxicity,
and this, complicated by differences in the sampling
time after the end of infusion and by differences in the
regimens and assay method used, has meant that sug-
gested peak and trough concentrations have varied
considerably. However, in order to avoid toxic concen-
trations immediately after the end of infusion the con-
sensus appears to be that concentrations of not more
than 30 to 40 micrograms/mL should be aimed for 1 to
2 hours after completion of infusion. It is usually rec-
ommended that trough concentrations (measured just
before  the  next  dose)  should  be  below
10 micrograms/mL. The BNF suggests a trough con-
centration of 10 to 15 micrograms/mL, or 15 to
20 micrograms/mL to treat less sensitive strains of
meticillin-resistant Staph. aureus. 
Other routes. Vancomycin hydrochloride is given by
mouth in the treatment of staphylococcal enterocolitis
and antibiotic-associated colitis, including pseu-
domembranous colitis associated with the overgrowth
of Clostridium difficile. It is given in a dose of 0.5 to 2 g
daily in 3 or 4 divided doses for 7 to 10 days; the lowest
dose of 500 mg daily is often considered adequate. A
suggested dose for children in licensed product infor-
mation is 40 mg/kg daily in 3 or 4 divided doses; the
BNFC suggests a dose of 5 mg/kg 4 times daily for in-
fants and children from 1 month of age up to 5 years of
age, 62.5 mg 4 times daily for children aged 5 to 12
years, and 125 mg 4 times daily for children over 12
years of age. 
In meningitis or other CNS infections, vancomycin has
sometimes been given by the intrathecal or intraven-
tricular route in order to ensure adequate CSF concen-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

trations of antibiotic. Vancomycin has also been ap-
plied topically to the eye or given by subconjunctival
or intravitreal injection; it has also been given by inha-
lation.
◊ Reviews.
1. Wilhelm MP, Estes L. Vancomycin. Mayo Clin Proc 1999; 74:

928–35. 
2. Stevens DL. The role of vancomycin in the treatment paradigm.

Clin Infect Dis 2006; 42 (suppl 1): S51–S57. 
3. Deresinski S. Vancomycin: does it still have a role as an antista-

phylococcal agent? Expert Rev Anti Infect Ther 2007; 5:
393–401. 

4. Cunha BA. Vancomycin revisited: a reappraisal of clinical use.
Crit Care Clin 2008; 24: 393–420. 

5. Levine DP. Vancomycin: understanding its past and preserving
its future. South Med J 2008; 101: 284–91.

Administration in renal impairment. Various methods, in-
cluding predictive nomograms based on creatinine clearance and
pharmacokinetic methods such as those using Bayesian statis-
tics, have been suggested for calculating vancomycin dosage re-
quirements in patients with reduced renal function. One suggest-
ed approach has been a loading dose of 15 mg/kg followed by a
daily dose in mg equivalent to about 15 times the glomerular fil-
tration rate in mL/minute; or in anuric patients a dose of 1 g every
7 to 10 days. However, individualised dosage based on plasma
concentrations is generally to be preferred.
Preparations
BP 2008: Vancomycin Intravenous Infusion; 
USP 31: Sterile Vancomycin Hydrochloride; Vancomycin Hydrochloride
Capsules; Vancomycin Hydrochloride for Injection; Vancomycin Hydrochlo-
ride for Oral Solution; Vancomycin Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Fabomicina; Icoplax; Rivervan; Vancocin†; Vancomax†; Vancotenk;
Varedet; Austral.: Vancocin; Belg.: Vamysin; Vancocin; Braz.: Biovan-
comin†; Vanclomin; Vancoabbott; Vancocid†; Vancocina; Vanconorth†;
Vancoplus†; Vancoson; Vancotrat; Canad.: Vancocin; Chile: Kovan; Van-
cocina†; Cz.: Edicin; Vancocin; Vancoled†; Denm.: Vancocin†; Fin.:
Orivan†; Vancocin†; Fr.: Vancocine†; Ger.: Vanco; Vanco-saar; Gr.: Vamis-
tol†; Voncon; Vondem; Voxin†; Hong Kong: Lyphocin; Vancocin; Hung.:
Edicin†; Vancocin; India: Vancocin; Vancogram; Vanlid; Indon.: Vancep; Irl.:
Vancocin; Israel: Vanco-Teva; Vancocin†; Vancoled†; Ital.: Copovan; Far-
maciclin; Levovanox; Maxivanil; Vanco; Vancocina; Vancotex; Zengac; Ma-
laysia: Vancocin†; Vancotex; Mex.: Estavam; Ifavac; Vanaurus; Vancam†;

Vancocin; Vancox; Neth.: Vancocin; Norw.: Vancocin†; NZ: Vancocin†;
Philipp.: Vancocin; Pol.: Edicin; Vancocin; Port.: Glipep; Vancocina†; Rus.:
Edicin (Эдицин); Vancocin (Ванкоцин); S.Afr.: Vancocin; Spain: Diatrac-
in†; Swed.: Vancocin; Vancoscand†; Switz.: Vancocin; Thai.: Edicin; Van-
cocin†; Vancogen; Turk.: Vancorin; UAE: Vancolon; UK: Vancocin; USA:
Lyphocin; Vancocin; Vancoled; Venez.: Vagran; Vancobehr†.

Virginiamycin (BAN, USAN, rINN)

Antibiotic 899; SKF-7988; Virgimycin; Virginiamicina; Virginiamy-
cine; Virginiamycinum.
Виргиниамицин
CAS — 11006-76-1; 21411-53-0 (virginiamycin M1);
23152-29-6 (virginiamycin S1).
ATC — D06AX10.
ATC Vet — QD06AX10; QJ01FG90.

(virginiamycin M1)

Profile
Virginiamycin is a streptogramin antibacterial mixture consist-
ing principally of 2 antimicrobial substances, virginiamycin M1,
and virginiamycin S1, produced by the growth of Streptomyces
virginiae. It has been used for the treatment of infections due to
sensitive organisms, particularly Gram-positive cocci. It has

been given orally and applied locally. It may cause gastrointesti-
nal disturbances including diarrhoea and vomiting. A few in-
stances of hypersensitivity have been observed. 
Virginiamycin has been used in animal feeding stuffs as a growth
promotor.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Spitalen†.

Xibornol (BAN, rINN)

CP3H; 1HP; 1BX; Xibornolum. 6-(Isoborn-2-yl)-3,4-xylenol; 6-
[(1R,2S,4S)-Born-2-yl]-3,4-xylenol.
Ксиборнол
C18H26O = 258.4.
CAS — 38237-68-2; 13741-18-9.
ATC — J01XX02.
ATC Vet — QJ01XX02.

Profile
Xibornol is an antibacterial that is reported to have a bacteriostat-
ic action on Gram-positive organisms such as staphylococci and
streptococci, as well as activity against Haemophilus influenzae.
It has been given orally, as an oral spray, and rectally.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Bornilene.
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This chapter includes some drugs used or promoted in
the management of dementia, including centrally act-
ing anticholinesterases such as donepezil, galantamine,
rivastigmine, and tacrine, the N-methyl-D-aspartate re-
ceptor antagonist memantine, and drugs considered to
have nootropic properties, such as piracetam. 
Many other drugs have been tried in various forms of
dementia (see below) and are discussed elsewhere in
Martindale.

Dementia
Dementia is a syndrome in which impairment of cortical
or subcortical function leads to deterioration of cognitive
processes or intellectual abilities including memory,
judgement, language, communication, and abstract think-
ing. Unlike delirium there is no gross clouding of con-
sciousness. There may be changes in personality and be-
haviour disturbances. Dementia is usually progressive,
though not always irreversible, and loss of social and other
skills often leads to complete dependence on others. 
Although dementia is more prevalent in the elderly it is not
an inevitable consequence of ageing. Dementia can result
from many conditions1-4 including: 
• neurodegenerative diseases: Alzheimer’s disease, Pick’s dis-

ease, Huntington’s chorea, Parkinson’s disease, Lewy-body
disease, multiple sclerosis, progressive supranuclear palsy 

• vascular diseases: multiple cerebral infarcts, occlusion of carot-
id artery, cranial arteritis 

• trauma: subdural haematoma 
• neoplasms 
• CNS infections: encephalitis, syphilis, toxoplasmosis, AIDS,

Creutzfeldt-Jakob disease 
• endocrine/metabolic disorders: hypothyroidism, uraemia,

hepatic failure, cardiac failure, respiratory failure, hypoxia,
hyponatraemia 

• toxic insults: alcohol, solvents, heavy metals, drug therapy 
• hydrocephalus 
• nutritional deficiency: vitamin B12, folic acid, thiamine 
• depression 
• sleep disorders: obstructive sleep apnoea, narcolepsy 
Alzheimer’s disease is the most common cause of demen-
tia and accounts for over half of all patients;1,2,4-6 about
one-third of dementia cases are due to vascular disease. 
Treatment of dementia can be broadly divided into control
of disturbed behaviour (p.954) and attempts to improve or
preserve cognitive function (see below). Although many
drugs have been tried in the management of cognitive im-
pairment most have produced little or no benefit. 
Alzheimer’s disease is a progressive degenerative condi-
tion affecting mainly patients over 60 years of age. The
rare early-onset form of Alzheimer’s disease (familial
Alzheimer’s disease) is sometimes referred to as pre-senile
dementia. Death usually occurs within 10 years of onset.1
Apart from age other risk factors include Down’s syn-
drome and a family history of Alzheimer’s disease.1,2,4,7

Presence of the ε4 allele of apolipoprotein E is another risk
factor; it correlates with prevalence and age of onset in
some forms of Alzheimer’s disease but use for routine
clinical or predictive testing is not recommended.4,5,8 Ele-
vated levels of plasma homocysteine have been linked
with the development of dementia and Alzheimer’s dis-
ease.9 Cardiovascular risk factors such as diabetes, hyper-
cholesterolaemia, hypertension, and obesity have also
been associated with an increased risk.4,6 Dialysis demen-
tia, an irreversible condition which has occurred in dialysis
patients, has been associated with excess aluminium in the
dialysing fluid but the role of aluminium in Alzheimer’s
disease, if any, is unclear.5 
Deficiencies in numerous neurotransmitters have been
found in patients with Alzheimer’s disease but reduced
choline acetyltransferase activity leading to reduced syn-
thesis of acetylcholine remains the most consistent defect
correlating with the severity of the condition.10-17 At-
tempts to increase acetylcholine concentrations in the
brain have included use of acetylcholine precursors,
cholinesterase inhibitors, enhancers of acetylcholine re-
lease, and cholinergic agonists. However, none replace
lost cholinergic neurones and therefore none affect overall
progression of the disease. 
Treatments using precursors of acetylcholine such as leci-
thin or choline alone are not generally considered to pro-

duce useful improvements,15-17 although it has been sug-
gested that choline alfoscerate may be of some benefit. 
Donepezil, galantamine, rivastigmine, and tacrine are the
main cholinesterase inhibitors.6-8,16-23 All have produced
modest improvement in cognition and global clinical im-
pression in patients with mild to moderately severe dis-
ease. However, there is a lack of long-term studies and lit-
tle evidence of their effectiveness in advanced disease
although donepezil is licensed for the treatment of severe
dementia in many countries. Tacrine is often poorly toler-
ated and may cause serious hepatotoxicity; for these rea-
sons it is rarely used now. Donepezil, galantamine, and ri-
vastigmine may be more acceptable to patients. A
systematic review found no evidence of any difference be-
tween these 3 drugs with regard to efficacy although there
appeared to be fewer adverse effects associated with
donepezil compared with rivastigmine.24 In the UK,
NICE25 recommends that the use of donepezil, galan-
tamine, and rivastigmine is limited to patients with moder-
ate dementia and given under the following conditions: 
• treatment should only be started under specialist super-

vision 
• patients who continue on the drug should be reviewed

every 6 months 
• treatment should only be continued if there was evi-

dence of benefit 
In a somewhat controversial decision, NICE considered
that these 3 drugs could no longer be recommended in the
treatment of mild dementia because their cost-effective-
ness was questionable; however, it was recommended that
those currently taking one of these drugs for mild dementia
should continue on therapy until it was considered appro-
priate to stop. Other cholinesterase inhibitors that have
been tried in Alzheimer’s disease include metrifonate and
physostigmine. 
Fampridine, which enhances acetylcholine release from
nerve terminals has also been tried in Alzheimer’s disease
but there is little evidence of clinical benefit. 
Limited improvement has been reported with some cholin-
ergic agonists but pilocarpine may exacerbate the demen-
tia. Muscarinic M1 agonists such as cevimeline and
xanomeline have been investigated17,26 on the basis that
muscarinic M1 receptors appear to be preserved through-
out the course of Alzheimer’s disease. However, these
drugs have not been successful in improving symptoms of
the disease. An alternative line of investigation is the stim-
ulation of nicotinic receptors using nicotine.17 
A hypothesis that free radicals may initiate and maintain
mechanisms responsible for neurodegeneration in Alzhe-
imer’s disease has prompted the investigation of drugs
such as vitamin E (e.g. α-tocopherol), ginkgo biloba, ide-
benone, and selegiline for antoxidant therapy but their val-
ue remains to be confirmed.10,15,20,27-29 Although some US
guidelines17 suggested consideration of vitamin E supple-
mentation in an attempt to slow progression of the disease,
more recent ones3 no longer recommend it for the treat-
ment of cognitive symptoms because of limited evidence
of efficacy as well as safety concerns. Selegiline has pro-
duced mixed results in a large number of controlled studies
and US guidelines3 note that few clinicians actually use the
drug in clinical practice. A systematic review30 has found
no convincing evidence that ginkgo biloba is effective in
the treatment of dementia or cognitive impairment. 
Neurotropic or nootropic drugs such as piracetam are con-
sidered to enhance memory and cognition. They have been
tried in preventing cognitive deficits associated with
Alzheimer’s disease and other dementias but there is little
convincing evidence of clinical usefulness.10,13,17 
The N-methyl-D-aspartate (NMDA) receptor antagonist
memantine has shown some benefit in various
dementias6,7,19,29,31 and is used in the treatment of moder-
ately severe to severe Alzheimer’s disease;21 it is thought
to act through modulation of the effects of the neurotrans-
mitter glutamate. However, in the UK, NICE25 has not rec-
ommended memantine in the treatment of patients with
moderately severe to severe disease because of insufficient
evidence of clinical effectiveness. 
Many drugs with vasodilator activity were originally tried
in dementia when it was believed that the condition was
due to ‘cerebrovascular insufficiency’ (p.1165), but over-
all there is little convincing evidence of benefit.32 Ergot de-
rivatives such as codergocrine mesilate and nicergoline

have been the most commonly used; however, any effec-
tiveness is now attributed to their action as metabolic en-
hancers or nootropic drugs and their place in therapy has
still to be established.27 
The calcium-channel blocker nimodipine has been of ben-
efit in dementia of various aetiologies but its role in thera-
py remains unclear.27,31 
Observations have suggested that oestrogens may reduce
the risk and delay the onset of Alzheimer’s disease in post-
menopausal women receiving HRT.7,8,13,17 However, a
large controlled study found that combined HRT increased
the risk of substantial decline in global cognitive function,
did not prevent the development of mild cognitive impair-
ment, and doubled the risk of dementia. A beneficial effect
of oestrogens on cognitive function in postmenopausal
women who already have mild or moderate Alzheimer’s
disease has not been demonstrated in controlled studies
(see p.2076). 
Some retrospective studies also indicate an inverse associ-
ation between the use of anti-inflammatory drugs such as
NSAIDs and the risk of developing Alzheimer’s dis-
ease.10,12,17,19 However, there is currently insufficient evi-
dence to support the use of NSAIDs in the treatment of
Alzheimer’s disease.6,7,19,33 
The possibility of an association between statin therapy
and a reduced risk of developing dementia has also been
mooted.34 Evidence has been conflicting and further study
is ongoing.6 
A vaccine for Alzheimer’s disease is being investigat-
ed.4,6,19 Methylthioninium chloride, which is thought to
dissolve and prevent the aggregation of tau protein fila-
ments in the brain, is also under investigation. 
A less marked degree of impaired memory, without de-
mentia, is seen in some patients. Many, but not all, patients
with such mild cognitive impairment (MCI) go on to de-
velop Alzheimer’s disease, and there has been considera-
ble interest in treating them, in the hope of retarding pro-
gression to the more severe condition.35,36 However,
appropriate strategies for management are unclear: al-
though treatment with cholinesterase inhibitors, antoxi-
dants, and other drugs used for Alzheimer’s disease has
been investigated, there has been some concern about a
possibly increased risk of death in patients with MCI treat-
ed with galantamine (see Effects on the Cardiovascular
and Cerebrovascular Systems, p.366). In the UK, NICE37

does not recommend the use of cholinesterase inhibitors in
patients with MCI. 
Vascular dementia31,38-41 is a syndrome produced by is-
chaemic, hypoxic, or haemorrhagic brain lesions. Vessel
occlusion is the most common cause of vascular dementia
and produces a variety of cognitive deficits depending on
the site of ischaemia. Among the major forms of dementia
recognised are those due to multiple infarcts, single strate-
gic infarcts, and subcortical white matter ischaemia (Bin-
swanger’s disease). Vascular dementia has a more acute
onset than dementia due to Alzheimer’s disease and in
contrast to the continuous progression of Alzheimer’s dis-
ease often has a stepwise progression. Risk factors for vas-
cular dementia parallel those for stroke (p.1185) and simi-
lar methods for prevention and treatment may be of use but
there is a lack of evidence from adequately controlled
trials. Cholinergic deficits are well documented in patients
with vascular dementia; cholinesterase inhibitors such as
donepezil and galantamine have been found to be well tol-
erated and effective in these patients. Positive results have
also been seen with the NMDA receptor antagonist
memantine.31,41 However, in the UK, NICE37 does not rec-
ommend the use of cholinesterase inhibitors or memantine
for cognitive decline in vascular dementia. 
Lewy-body dementia32,42-44 is distinguished from other
types of dementia by a state of fluctuating cognitive im-
pairment and confusion; hallucinations, paranoid delu-
sions, a tendency to fall for no apparent reason, and tran-
sient clouding or loss of consciousness are also
characteristic symptoms. In addition, mild extrapyramidal
symptoms may be present and there is increased suscepti-
bility to the extrapyramidal adverse effects of antipsychot-
ics (see the Elderly, under Precautions of Chlorpromazine
on p.973). Severe cholinergic deficits in patients with
Lewy-body dementia have prompted treatment with
cholinesterase inhibitors. Donepezil and rivastigmine have
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

been shown to be well tolerated and effective, but further
studies are needed to establish their role.
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Aniracetam (USAN, rINN) ⊗ 
Aniracétam; Aniracetamum; Ro-13-5057. 1-(4-Methoxyben-
zoyl)-2-pyrrolidinone.

Анирацетам

C12H13NO3 = 219.2.
CAS — 72432-10-1.
ATC — N06BX11.
ATC Vet — QN06BX11.

Profile
Aniracetam is a nootropic drug that has been tried in senile de-
mentia (p.362). It is given orally in usual doses of 1.5 g daily.

◊ References.
1. Lee CR, Benfield P. Aniracetam: an overview of its pharmaco-

dynamic and pharmacokinetic properties, and a review of its
therapeutic potential in senile cognitive disorders. Drugs Aging
1994; 4: 257–73. 

2. Nakamura K. Aniracetam: its novel therapeutic potential in cer-
ebral dysfunctional disorders based on recent pharmacological
discoveries. CNS Drug Rev 2002; 8: 70–89.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aniran; Conectol†; Pergamid; Gr.: Memodrin; Referan; Ital.: Am-
pamet; Draganon†.

Bifemelane (rINN)

Bifémélane; Bifemelano; Bifemelanum; MCI-2016 (bifemelane hy-
drochloride). N-Methyl-4-[(α-phenyl-o-tolyl)oxy]butylamine.

Бифемелан

C18H23NO = 269.4.
CAS — 90293-01-9 (bifemelane); 62232-46-6 (bifemela-
ne hydrochlor ide).
ATC — N06AX08.
ATC Vet — QN06AX08.

Profile
Bifemelane is a nootropic that has been given orally in a usual
dose of 150 mg of the hydrochloride daily in divided doses for
the treatment of cerebrovascular disorders including some forms
of dementia (p.362).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alemelano†; Cordinal; Neurocine; Neurolea†.

Choline Alfoscerate (rINN)

Alfoscerato de colina; Choline, Alfoscérate de; Choline Alpho-
scerate; Choline Glycerophosphate; Cholini Alfosceras; L-α-Glyc-
erylphosphorylcholine. Choline hydroxide, (R)-2,3-dihydroxy-
propyl hydrogen phosphate, inner salt.
Холина Альфосцерат
C8H20NO6P = 257.2.
CAS — 28319-77-9.
ATC — N07AX02.
ATC Vet — QN07AX02.

Profile
Choline alfoscerate is a precursor of acetylcholine and has been
tried in the treatment of Alzheimer’s disease and other dementias
(below). The usual oral dose is 0.8 to 1.2 g daily in divided doses;
doses of 1 g daily have been given by intramuscular or slow in-
travenous injection.
Dementia. Treatment with precursors of acetylcholine is not
generally thought to be of benefit in dementia (p.362). However,
in an analysis1 of 8 controlled clinical studies the use of choline
alfoscerate in patients with dementia of the Alzheimer’s type,
vascular dementia, or acute cerebrovascular disease was claimed
to be of some benefit. Results of a further 3 uncontrolled studies
in the same review suggested that it might favour functional re-
covery in patients with cerebral stroke.
1. Parnetti L, et al. Choline alphoscerate in cognitive decline and in

acute cerebrovascular disease: an analysis of published clinical
data. Mech Ageing Dev 2001; 122: 2041–55.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gliatilin†; Cz.: Gliatilin†; Gr.: Gliatilin; Ital.: Brezal; Delecit; Gliatilin;
Pol.: Gliatilin; Rus.: Cerepro (Церепро); Gliatilin (Глиатилин).

Codergocrine Mesilate (BAN)

Codergocrina, mesilato de; Co-dergocrine Mesilate; Codergo-
crine, mésilate de; Co-dergocrine Mesylate; Co-dergocrine
Methanesulphonate; Codergocrini mesilas; Dihydroergotoxine
Mesylate; Dihydroergotoxine Methanesulphonate; Dihydrogen-
ated Ergot Alkaloids; Ergoloid Mesylates (USAN); Hydrogenated
Ergot Alkaloids; Kodergokriinimesilaatti; Ko-dergokrin Mesilat;
Kodergokrinmesilat; Kodergokrin-mesylát; Kodergokrino mesila-
tas.
CAS — 11032-41-0 (codergocrine); 8067-24-1 (codergo-
crine mesilate).
ATC — C04AE01.
ATC Vet — QC04AE01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Codergocrine Mesilate). A mixture of dihydroer-
gocornine mesilate (C31H41N5O5,CH4O3S = 659.8), dihydroer-
gocristine mesilate, α-dihydroergocryptine mesilate, and β-dihy-
droergocryptine mesilate (epicriptine mesilate). It contains 30 to
35% of dihydroergocornine, 30 to 35% of dihydroergocristine,
20 to 25% of α-dihydroergocryptine, and 10 to 13% of β-dihy-
droergocryptine. A white or yellowish powder. Sparingly soluble
in water; sparingly soluble to soluble in alcohol; slightly soluble
in dichloromethane. A 0.5% solution in water has a pH of 4.2 to
5.2. Protect from light. 
USP 31 (Ergoloid Mesylates). A mixture of the methanesul-
fonate salts of the three hydrogenated alkaloids, dihydroergocris-
tine, dihydroergocornine, and dihydroergocryptine, in an ap-
proximate weight ratio of 1:1:1. Dihydroergocryptine mesilate
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exists as a mixture of alpha- and beta-isomers. The ratio of alpha-
to beta-isomers is not less than 1.5:1.0 and not more than 2.5:1.0.
A white to off-white, microcrystalline or amorphous, practically
odourless powder. Slightly soluble in water; soluble in alcohol
and in methyl alcohol; sparingly soluble in acetone. A 0.5% so-
lution in water has a pH of 4.2 to 5.2. Store in airtight containers.
Protect from light.

Adverse Effects
Adverse effects occasionally reported with codergo-
crine mesilate include abdominal cramps, nausea,
vomiting, headache, blurred vision, skin rashes, nasal
congestion, flushing of the skin, dizziness, bradycar-
dia, and orthostatic hypotension. 
Local irritation has occurred after sublingual use.
Effects on the cardiovascular system. Of 8 patients given
codergocrine mesilate 1.5 mg three times daily for the treatment
of dementia, 3 developed severe sinus bradycardia associated
with general deterioration in their condition, necessitating with-
drawal of the treatment.1 However, no sinus bradycardia had
been seen in 40 elderly patients in whom the dose was built up to
1.5 mg three times daily over 3 weeks.2
1. Cayley ACD, et al. Sinus bradycardia following treatment with

Hydergine for cerebrovascular insufficiency. BMJ 1975; 4:
384–5. 

2. Cohen C. Sinus bradycardia following treatment with Hy-
dergine. BMJ 1975; 4: 581.

Precautions
Codergocrine mesilate should be used with caution in
patients with severe bradycardia.

Pharmacokinetics
Codergocrine is rapidly absorbed from the gastrointes-
tinal tract; peak plasma concentrations are reached in
about 1 to 2 hours after an oral dose. Oral bioavailabil-
ity is low; this has been attributed to incomplete ab-
sorption from the gastrointestinal tract and extensive
first-pass metabolism. It is 81% bound to plasma pro-
teins. Elimination is biphasic with a short half-life of
1.5 to 2.5 hours (α phase) and a longer half-life of 13 to
15 hours (β phase). Codergocrine is mainly excreted
with bile in the faeces, although small amounts are
eliminated in the urine as metabolites and unchanged
drug.

Uses and Administration
Unlike the natural ergot alkaloids, codergocrine mesi-
late has only limited vasoconstrictor effects. 
A mixture of hydrogenated ergot alkaloids, codergo-
crine mesilate is used as an adjunct in the symptomatic
treatment of mild to moderate dementia in the elderly
(see also below). It is given in oral doses of 3 or 4.5 mg
daily, preferably before meals. Higher doses have also
been used. It is also given sublingually in similar doses.
It has been given intramuscularly, subcutaneously, or
by intravenous infusion. 
In some countries, codergocrine mesilate has been
used in the treatment of hypertension, migraine, and in
peripheral vascular disease. 
Codergocrine esilate has been used similarly to the
mesilate.
Dementia. Codergocrine has been used for many years in de-
mentia (p.362) but its value is not established.1-3 Originally its
effects were thought to be mediated through peripheral and cer-
ebral vasodilatation but it is now classified as a metabolic en-
hancer.
1. Wadworth AN, Chrisp P. Co-dergocrine mesylate: a review of its

pharmacodynamic and pharmacokinetic properties and thera-
peutic use in age-related cognitive decline. Drugs Aging 1992; 2:
153–73. 

2. Schneider LS, Olin JT. Overview of clinical trials of Hydergine
in dementia. Arch Neurol 1994; 51: 787–98. 

3. Olin J, et al. Hydergine for dementia. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2000 (accessed 13/02/06).

Erectile dysfunction. For reference to the use of creams con-
taining codergocrine mesilate, isosorbide dinitrate, and either
aminophylline or testosterone in the treatment of erectile dys-
function, see under Glyceryl Trinitrate, p.1298.

Preparations
BP 2008: Codergocrine Tablets; 
USP 31: Ergoloid Mesylates Capsules; Ergoloid Mesylates Oral Solution;
Ergoloid Mesylates Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: CCK†; Coplexina; Ergoxina†; Hydergina; Somoblon†; Vimotadine;
Austria: Dorehydrin; Ergomed; Hydergin; Belg.: Hydergine; Ibexone; Sto-

filan; Braz.: Hydergine; Canad.: Hydergine; Chile: Geroplus†; Hydergina†;
Cz.: Secatoxin Forte; Fin.: Artergin†; Hydergin; Fr.: Capergyl; Ergodose†;
Hydergine; Ger.: Circanol†; DCCK; Defluina N†; Ergodesit; ergotox; Hy-
dergin; Hydro-Cebral; Orphol; Sponsin; Gr.: Engestol-Hyd†; Huperloid†;
Hydergine; Santamin†; Zodalin†; Hong Kong: Hydergine; Perenan†; Stofi-
lan; Trigogine; Hung.: Redergam†; India: Cereloid; Indon.: Cirloid; Ergot-
ika; Exergin; Fontula; Hydergin; Procere; Xepadergin; Israel: Hydergine;
Ital.: Hydergina; Ischelium†; Malaysia: Beagocrine†; Headgen; Hydergine;
Vasculin†; Mex.: Hydergina; Philipp.: Hydergine; Port.: Hydergine; Red-
ergot†; Secamin†; Singapore: Headgen; Hydergine; Trigogine; Spain: Er-
godilat†; Hydergina; Swed.: Hydergin; Switz.: Ergohydrine; Hydergine;
Thai.: Codergine†; Helcon; Hyceral; Hydergine; Hydrine; Hymed; Naline;
Perenan†; Redergin†; Togine; Trigogine; Vasculin; Vasian; Turk.: Segol; UK:
Hydergine†; USA: Gerimal; Hydergine; Venez.: Astergina; Hyderan†; Hy-
dergina†.
Multi-ingredient: Arg.: CCK Flunarizina†; Difusil; Neuriclor Vascular†;
Neuronal Vascular†; Reagin Vascular; Austria: Pontuc; Braz.: Vincetron†;
Port.: Euvifor†; Spain: Clinadil Compositum; Piracetam Complex†.

Dihydroergocristine Mesilate (BANM)

Dihidroergocristina, mesilato de; Dihidroergokristino mesilatas;
Dihidroergokrisztin-mezilát; Dihydroergocristine, mésilate de;
Dihydroergocristine Mesylate; Dihydroergocristine Methanesul-
phonate; Dihydroergocristini mesilas; Dihydroergokristiinimesi-
laatti; Dihydroergokristinmesilat; Dihydroergokristin-mesylát.
(6aR,9R,10aR)-N-[(2R,5S,10aS,10bS)-5-Benzyl-10b-hydroxy-2-
isopropyl-3,6-dioxooctahydro-8H-[1,3]oxazolo[3,2-a]pyrro-
lo[2,1-c]pyrazin-2-yl]-7-methyl-4,6,6a,7,8,9,10,10a-octahydroind-
olo[4,3-fg]quinoline-9-carboxamide methanesulphonate.
C35H41N5O5,CH4O3S = 707.8.
CAS — 17479-19-5 (dihydroergocristine); 24730-10-7
(dihydroergocristine mesilate).
ATC — C04AE04.
ATC Vet — QC04AE04.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dihydroergocristine Mesilate). A white or almost
white, fine crystalline powder. Slightly soluble in water; soluble
in methyl alcohol. A 0.5% solution in water has a pH of 4.0 to
5.0. Protect from light.
Profile
Dihydroergocristine mesilate is a component of codergocrine
mesilate (above) and has similar actions. In some countries it has
been given orally in doses of 3 to 6 mg daily in divided doses in
the symptomatic treatment of mental deterioration associated
with cerebrovascular insufficiency and in peripheral vascular
disease. It has also been given by intramuscular or intravenous
injection.
◊ References.
1. Franciosi A, Zavattini G. Dihydroergocristine in the treatment of

elderly patients with cognitive deterioration: a double-blind, pla-
cebo-controlled, dose-response study. Curr Ther Res 1994; 55:
1391–1401.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Nehydrin; Braz.: Iskemil; Iskevert†; Gr.: Agiobita; Alfacrist; Beyti-
na; Cristil; Diertina; Ergobel; Ergocrist; Ergofil; Fenitina; Guadal; Memotil;
Mentidose†; Normocedon; Thriolan; Tonergon; Ital.: Defluina†; Diertina†;
Difluid†; Port.: Diertina; Spain: Diertine; Ergodavur.
Multi-ingredient: Arg.: Cervilane; Cinacris; Micerfin; Austria: Brinerdin;
Defluina; Braz.: Isketam; Norogil; Vertizine D; Chile: Cervilane; Cz.:
Anavenol; Crystepin; Ersilan; Neocrystepin; Trimecryton†; Fr.: Iskedyl; Ital.:
Brinerdina; Mex.: Cervilan; Pol.: Anavenol; Normatens; Venacorn; Port.:
Brinerdine†; Cervilane†; Rus.: Anavenol (Анавенол); Crystepin
(Кристепин); S.Afr.: Brinerdin; Spain: Brinerdina†; Clinadil; Diemil; Switz.:
Brinerdine; Thai.: Bedin; Brinerdin; Hyperdine†.

Dihydroergocryptine Mesilate
Dihidroergocriptina, mesilato de; Dihydroergocryptine Mesylate;
Dihydroergocryptine Methanesulphonate; Dihydroergokryptine
Mesylate.
C32H43N5O5,CH4O3S = 673.8.
CAS — 25447-66-9 (dihydroergocr yptine, α-isomer);
19467-62-0 (dihydroergocr yptine, β-isomer); 14271-05-7
(dihydroergocr yptine mesilate, α-isomer); 65914-79-6 (di-
hydroergocr yptine mesilate, β-isomer).
ATC — N04BC03.
ATC Vet — QN04BC03.

Profile
Dihydroergocryptine mesilate is a component of codergocrine
mesilate (p.363) and has similar actions. It has been given orally
in doses of up to 20 mg daily for migraine, and in maintenance
doses of up to 60 to 120 mg daily for parkinsonism. It has also
been used for age-related dementia and to inhibit lactation. In
some countries it has been given with caffeine for cerebrovascu-
lar and peripheral vascular disorders.
◊ References.
1. Scarzella L, et al. Dihydroergocryptine in the management of

senile psycho-organic syndrome. Int J Clin Pharmacol Res 1992;
12: 37–46. 

2. Battistin L, et al. Alpha-dihydroergocryptine in Parkinson’s dis-
ease: a multicentre randomized double blind parallel group
study. Acta Neurol Scand 1999; 99: 36–42. 

3. Bergamasco B, et al. Alpha-dihydroergocryptine in the treatment
of de novo parkinsonian patients: results of a multicentre, rand-
omized, double-blind, placebo-controlled study. Acta Neurol
Scand 2000; 101: 372–80. 

4. Micieli G, et al. Alpha-dihydroergocryptine and predictive fac-
tors in migraine prophylaxis. Int J Clin Pharmacol Ther 2001;
39: 144–51. 

5. Tergau F, et al. Treatment of restless legs syndrome with the
dopamine agonist alpha-dihydroergocryptine. Mov Disord 2001;
16: 731–5. 

6. Albanese A, Colosimo C. Dihydroergocriptine in Parkinson’s
disease: clinical efficacy and comparison with other dopamine
agonists. Acta Neurol Scand 2003; 107: 349–55. 

7. Mailland E, et al. Alpha-dihydroergocryptine in the long-term
therapy of Parkinson’s disease. Arzneimittelforschung 2004; 54:
647–54.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Almirid; Ger.: Almirid; Cripar; Gr.: Daverium; Ital.: Daverium; Mex.:
Diamin; Pol.: Almirid; Port.: Striatal; Rus.: Vasobral (Вазобрал); Switz.:
Cripar.

Multi-ingredient: Fr.: Vasobral; Hong Kong: Vasobral; Ital.: Vasobral†.

Donepezil Hydrochloride 

(BANM, USAN, rINNM)

BNAG; Donépézil, Chlorhydrate de; Donepezil Hidroklorür;
Donepezili Hydrochloridum; E-2020; ER-4111 (donepezil); Hid-
rocloruro de donepezilo. (±)-2-[(1-Benzyl-4-piperidyl)methyl]-
5,6-dimethoxy-1-indanone hydrochloride.

Донепезила Гидрохлорид
C24H29NO3,HCl = 416.0.
CAS — 120014-06-4 (donepezil); 142057-79-2 (donepe-
zil); 120011-70-3 (donepezil hydrochloride); 142057-77-
0 (donepezil hydrochloride).
ATC — N06DA02.
ATC Vet — QN06DA02.

(donepezil)

Adverse Effects and Treatment
Adverse effects of acetylcholinesterase inhibitors such
as donepezil notably include nausea, vomiting, anorex-
ia, diarrhoea, fatigue, and dizziness. Other common
adverse effects include abdominal pain, dyspepsia,
rash, pruritus, headache, somnolence, muscle cramps,
insomnia, sweating, tremor, and syncope; upper-respi-
ratory-tract and urinary-tract infections have been
noted. Rare cases of angina, sino-atrial and AV blocks,
bradycardia, peptic ulcers, gastrointestinal haemor-
rhage, extrapyramidal symptoms, and seizures have
been observed. Psychiatric disturbances, including de-
pression, hallucinations, agitation, aggressive behav-
iour, and confusion have also been reported. There is a
potential for bladder outflow obstruction. Minor in-
creases in serum-creatine kinase have also occurred
with donepezil. 
Hepatotoxicity has occurred with tacrine, and has lim-
ited its use (see Tacrine, Precautions, p.370); individual
cases of increased liver transaminases have been noted
with other acetylcholinesterase inhibitors. 
The use of acetylcholinesterase inhibitors has been
associated with weight loss and consequently some
licensed product information has recommended that a
patient’s weight is monitored during treatment. Female
patients have been found to be more susceptible to nau-
sea, vomiting, anorexia, and weight loss. 
Overdosage with cholinesterase inhibitors may result
in ‘cholinergic crisis’, the details of which are de-
scribed under Adverse Effects of Neostigmine, p.631.
◊ Reviews of the safety profile of donepezil.
1. Committee on Safety of Medicines/Medicines Control Agency.

Donepezil (Aricept). Current Problems 1999; 25: 7. 
Also available at: http://www.mhra.gov.uk/home/idcplg?
IdcService=GET_FILE&dDocName=CON2023235&Revision
SelectionMethod=LatestReleased (accessed 13/08/07) 

2. Jackson S, et al. The safety and tolerability of donepezil in pa-
tients with Alzheimer’s disease. Br J Clin Pharmacol 2004; 58
(suppl 1): 1–8.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the cardiovascular system. The Australian Ad-
verse Drug Reactions Advisory Committee noted in October
2004 that it had received 32 reports of cardiac arrhythmias asso-
ciated with donepezil (14 of bradycardia, 1 bundle branch block,
5 AV blocks, 10 cases of syncope, and 2 unspecified), as well as
7 cases of myocardial infarction or cardiac arrest.1 There had
been 7 reports of similar cardiovascular effects with rivastigmine
and 6 with galantamine; the larger number with donepezil was
almost certainly due to wider usage of this drug. Most patients
recovered when the drug was stopped or the dose reduced,
though many were hospitalised and in 4 cases a pacemaker was
required. 

One study in vascular dementia reported an increased death rate
with donepezil (see Dementia, below) but no increase in vascular
events.

1. Adverse Drug Reactions Advisory Committee (ADRAC).
Cholinesterase inhibitors and cardiac arrhythmias. Aust Adverse
Drug React Bull 2004; 23: 19–20. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0410.htm (accessed 13/02/06)

Effects on the nervous system. Restless legs, mumbling,
and stuttering developed in an elderly patient after increasing the
dose of donepezil to 10 mg daily.1 Symptoms resolved when
donepezil was withdrawn and recurred on rechallenge.

1. Amouyal-Barkate K, et al. Abnormal movements with donepezil
in Alzheimer disease. Ann Pharmacother 2000; 34: 1347.

Effects on the urinary tract. Urinary incontinence is a recog-
nised adverse effect of the older anticholinesterases such as ne-
ostigmine; not unexpectedly there have also been cases associat-
ed with donepezil.1

1. Hashimoto M, et al. Urinary incontinence: an unrecognised ad-
verse effect with donepezil. Lancet 2000; 356: 568.

Precautions
Donepezil and other acetylcholinesterase inhibitors
should be used with caution, if at all, in patients with
gastrointestinal or urinary-tract obstruction; their use is
not recommended in patients recovering from bladder
or gastrointestinal surgery. Care is also required in pa-
tients with a history of asthma, obstructive pulmonary
disease, Parkinson’s disease, or seizures, and in those,
with, or at risk of developing, peptic ulcer disease. Pa-
tients with cardiovascular conduction disorders such as
sick-sinus syndrome may be susceptible to the vagot-
onic effects of acetylcholinesterase inhibitors. 

Dizziness, somnolence, fatigue, and muscle cramps
may occur especially when starting treatment with or
increasing the dose of acetylcholinesterase inhibitors;
the performance of skilled tasks such as driving may be
affected.

Interactions
As for Neostigmine, p.632. Hepatic metabolism of
donepezil via the cytochrome P450 system has been
demonstrated; plasma concentrations of donepezil
may be raised by drugs that inhibit the isoenzyme
CYP3A4 such as ketoconazole, itraconazole, and
erythromycin, and by those that inhibit the isoenzyme
CYP2D6 such as fluoxetine and quinidine. Converse-
ly, plasma-donepezil concentrations may be reduced
by enzyme inducers such as rifampicin, phenytoin, car-
bamazepine, and alcohol.

Antimuscarinics. Although antimuscarinics are expected to
antagonise the effects of anticholinesterases, such combinations
are sometimes used in patients with dementia who are distressed
by symptoms of urge incontinence.1 There have been, however,
a few cases2 of agitation, anxiety, confusion, aggression, and de-
lusion precipitated by tolterodine in patients who had been stable
on donepezil or rivastigmine. The interaction appeared to cause
a state of cholinergic neurogenic hypersensitivity, similar to sud-
den withdrawal of the anticholinesterase.

1. Siegler EL, Reidenberg M. Treatment of urinary incontinence
with anticholinergics in patients taking cholinesterase inhibitors
for dementia. Clin Pharmacol Ther 2004; 75: 484–8. 

2. Edwards KR, O’Connor JT. Risk of delirium with concomitant
use of tolterodine and acetylcholinesterase inhibitors. J Am Ger-
iatr Soc 2002; 50: 1165–6.

Pharmacokinetics
Donepezil hydrochloride is well absorbed from the
gastrointestinal tract, maximum plasma concentrations
being achieved within 3 to 4 hours after ingestion. It is
about 95% bound to plasma proteins, mainly albumin.

Donepezil undergoes partial metabolism via the cyto-
chrome P450 isoenzyme CYP3A4, and to a lesser ex-
tent by CYP2D6, to 4 major metabolites. About 11%
of a dose is present in plasma as 6-O-desmethyl-
donepezil, which has similar activity to the parent com-
pound. Over 10 days, about 57% of a dose is recovered
from the urine as unchanged drug and metabolites, and
about 15% from the faeces; 28% remains unrecovered
suggesting accumulation. The elimination half-life is
about 70 hours. Steady-state concentrations are
achieved within 3 weeks of the start of therapy.

◊ References.
1. Tiseo PJ, et al. Metabolism and elimination of C-donepezil in

healthy volunteers: a single-dose study. Br J Clin Pharmacol
1998; 46 (suppl 1): 19–24. 

2. Reyes JF, et al. Steady-state pharmacokinetics, pharmacodynam-
ics and tolerability of donepezil hydrochloride in hepatically im-
paired patients. Br J Clin Pharmacol 2004; 58 (suppl 1): 9–17. 

3. Nagy CF, et al. Steady-state pharmacokinetics and safety of
donepezil HCl in subjects with moderately impaired renal func-
tion. Br J Clin Pharmacol 2004; 58 (suppl 1): 18–24.

Uses and Administration
Donepezil hydrochloride, a piperidine derivative, is a
reversible and selective inhibitor of acetylcholineste-
rase with actions similar to those of neostigmine
(p.632). It is highly selective for the CNS and is used
for the symptomatic treatment of dementia in Alzheim-
er’s disease (below). In the UK, the licensed use of
donepezil is limited to those patients with mild to mod-
erately severe dementia; however, in the USA it is also
licensed for use in those with severe symptoms. 
Regardless of severity, donepezil hydrochloride is giv-
en in an initial oral dose of 5 mg once daily increased
if necessary after 4 to 6 weeks to a maximum of 10 mg
once daily; the dose should be taken just before bed-
time. Clinical benefit should be reassessed on a regular
basis. 
In some countries, donepezil is also licensed for use in
patients with vascular dementia (below); doses are
similar to those used for the treatment of dementia in
Alzheimer’s disease.

Dementia. Donepezil hydrochloride is used in the symptomat-
ic treatment of dementia in Alzheimer’s disease (see Dementia,
p.362). In individual studies, it appears to produce modest bene-
fits in some patients with mild to moderately severe dementia.1-4

These findings are also supported by a systematic review5 which
concluded that, for treatment periods of up to 1 year, donepezil
produces modest improvements in cognitive function and global
clinical state. Benefit has also been reported in patients with
more severe dementia.5-8 Although there are no comparative
studies of donepezil and tacrine it has been suggested9-11 that
donepezil may prove preferable as it appears to be better tolerat-
ed and hepatotoxicity has not been reported to be a problem (but
see Adverse Effects, above). 

In the UK, NICE has recommended that treatment with donepe-
zil should be limited to patients with moderate dementia and giv-
en under the following conditions:12 

• treatment should only be started under specialist supervision 

• patients who continue on the drug should be reviewed every 6
months 

• treatment should only be continued if there was evidence of
benefit 

In a somewhat controversial decision, NICE considered that
donepezil could no longer be recommended in the treatment of
mild dementia because its cost-effectiveness was questionable;
however, it was recommended that those currently taking
donepezil for mild dementia should continue on therapy until it
was considered appropriate to stop. 

Donepezil has also been tried in patients with mild cognitive im-
pairment.13,14 Findings from a double-blind study14 have sug-
gested that although donepezil therapy was associated with a
lower rate of progression to Alzheimer’s disease during the first
year of treatment when compared with placebo, the rate of pro-
gression after 3 years of therapy was not lower than that of the
placebo group. The authors of a systematic review15 of these 2
studies found no evidence to support the use of donepezil in pa-
tients with mild cognitive impairment. Any benefits were con-
sidered to be minor, short-lived, and associated with significant
adverse effects. 

Donepezil may be effective in the treatment of vascular demen-
tia. Results from a randomised, controlled study16 have shown an

improvement in cognition and global function in patients with
probable or possible vascular dementia. A systematic review
also concluded that donepezil improved mild to moderate vascu-
lar cognitive impairment in the short term (treatment for 6
months).17 The manufacturer has reported18 that out of a total of
3 studies of donepezil in vascular dementia, one (Study 319)
showed an apparently increased mortality compared with place-
bo: 1.7% and 0%, respectively. In a combined analysis of the oth-
er 2 studies, the mortality rate was 1.7% in the donepezil group
and 2% in the placebo group. Combined analysis of all 3 studies
showed no statistically significant difference in the mortality
rates between the donepezil (1.7%) and placebo (1.1%) groups;
the risk of vascular events such as stroke and myocardial infarc-
tion was also similar for each group. The unexpectedly low mor-
tality rate with placebo in Study 319 was unusual given the age
and pathology of the subjects. An increased risk of death has
been reported with galantamine when used in patients who did
not have Alzheimer’s disease (see Effects on the Cardiovascular
and Cerebrovascular Systems, p.366).
1. Rogers SL, et al. A 24-week, double-blind, placebo-controlled

trial of donepezil in patients with Alzheimer’s disease. Neurol-
ogy 1998; 50: 136–45. 

2. Mohs RC, et al. A 1-year, placebo-controlled preservation of
function survival study of donepezil in AD patients. Neurology
2001; 57: 481–8. 

3. Winblad B, et al. A 1-year, randomized, placebo-controlled
study of donepezil in patients with mild to moderate AD. Neu-
rology 2001; 57: 489–95. 

4. Holmes C, et al. The efficacy of donepezil in the treatment of
neuropsychiatric symptoms in Alzheimer disease. Neurology
2004; 63: 214–19. 

5. Birks J, Harvey RJ. Donepezil for dementia due to Alzheimer’s
disease. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2006 (accessed
13/02/06). 

6. Feldman H, et al. A 24-week, randomized, double-blind study
of donepezil in moderate to severe Alzheimer’s disease. Neurol-
ogy 2001; 57: 613–20. 

7. Winblad B, et al. Donepezil in patients with severe Alzheimer’s
disease: double-blind, parallel-group, placebo-controlled study.
Lancet 2006; 367: 1057–65. 

8. Black SE, et al. Donepezil preserves cognition and global func-
tion in patients with severe Alzheimer disease. Neurology 2007;
69: 459–69. 

9. Rabins PV, et al. APA Work Group on Alzheimer’s Disease and
other Dementias. Steering Committee on Practice Guidelines.
American Psychiatric Association practice guideline for the
treatment of patients with Alzheimer’s disease and other de-
mentias. Second edition. Am J Psychiatry 2007; 164 (12 suppl):
5–56. Also available at: http://www.psychiatryonline.com/
pracGuide/loadGuidelinePdf.aspx?file=AlzPG101007 (accessed
23/07/08) 

10. Shintani EY, Uchida KM. Donepezil: an anticholinesterase in-
hibitor for Alzheimer’s disease. Am J Health-Syst Pharm 1997;
54: 2805–10. 

11. Barner EL, Gray SL. Donepezil use in Alzheimer disease. Ann
Pharmacother 1998; 32: 70–7. 

12. NICE. Donepezil, galantamine, rivastigmine (review) and me-
mantine for the treatment of Alzheimer’s disease (issued No-
vember 2006; amended September 2007). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA111fullversionamend
edSept07.pdf (accessed 05/08/08) 

13. Salloway S, et al. Efficacy of donepezil in mild cognitive im-
pairment: a randomized placebo-controlled trial. Neurology
2004; 63: 651–7. 

14. Petersen RC, et al. Vitamin E and donepezil for the treatment of
mild cognitive impairment. N Engl J Med 2005; 352: 2379–88. 

15. Birks J, Flicker L. Donepezil for mild cognitive impairment.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 09/08/07). 

16. Black S, et al. Efficacy and tolerability of donepezil in vascular
dementia: positive results of a 24-week, multicenter, interna-
tional, randomized, placebo-controlled clinical trial. Stroke
2003; 34: 2323–30. 

17. Malouf R, Birks J. Donepezil for vascular cognitive impair-
ment. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2004 (accessed
13/02/06). 

18. Eisai, Jpn. Eisai reports results from latest donepezil study in
vascular dementia (issued 16th March, 2006). Available at:
http://www.eisai.co.jp/enews/enews200609pdf.pdf (accessed
09/08/07)

Parkinsonism. Although acetylcholinesterase inhibitors such
as donepezil hydrochloride may theoretically worsen parkinson-
ism symptoms, particularly tremor, it has been tried for use in the
treatment of drug-induced psychosis in patients with Parkinson’s
disease (see Disturbed Behaviour, p.954).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alzaimax; Cebrocal; Crialix; Cristaclar; Donepes; Donzeimer; Endo-
clar; Eranz; Lirpan; Oldinot; Onefin; Valpex; Austral.: Aricept; Austria: Ari-
cept; Belg.: Aricept; Braz.: Eranz; Canad.: Aricept; Chile: Dazolin; Eranz;
Evimal; Cz.: Aricept; Yasnal; Denm.: Aricept; Fin.: Aricept; Fr.: Aricept;
Ger.: Aricept; Gr.: Aricept; Hong Kong: Aricept; Hung.: Aricept; India:
Donaz; Donecept; Indon.: Alzim; Aricept; Fordesia; Irl.: Aricept; Israel:
Aricept; Asenta; Memorit; Ital.: Aricept; Memac; Jpn: Aricept; Malaysia:
Aricept; Mex.: Eranz; Norw.: Aricept; NZ: Aricept; Philipp.: Aricept;
Pol.: Aricept; Cogiton; Donepex; Yasnal; Port.: Aricept; Rus.: Aricept
(Арисепт); S.Afr.: Aricept; Singapore: Aricept; Spain: Aricept; Swed.:
Aricept; Switz.: Aricept; Thai.: Aricept; Turk.: Aricept; UK: Aricept; USA:
Aricept; Venez.: Eranz.
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Galantamine Hydrobromide 

(BANM, USAN, rINNM)

Galantamine, bromhydrate de; Galantamini hydrobromidum;
Galanthamine Hydrobromide; Galanthamini Hydrobromidum;
Hidrobromuro de galantamina. (4aS,6R,8aS)-4a,5,9,10,11,12-
Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-
ef][2]benzazepin-6-ol hydrobromide.

Галантамина Гидробромид
C17H21NO3,HBr = 368.3.
CAS — 357-70-0 (galantamine); 1953-04-4 (galantamine
hydrobromide).
ATC — N06DA04.
ATC Vet — QN06DA04.

(galantamine)

Description. The hydrobromide of galantamine, an alkaloid
which has been obtained from the Caucasian snowdrop (Vo-
ronov’s snowdrop), Galanthus woronowii (Amaryllidaceae),
and related species.
Pharmacopoeias. In Chin. and US. 
USP 31 (Galantamine Hydrobromide). A white to almost white
powder. Sparingly soluble in water; very slightly soluble in alco-
hol; soluble in 0.1N sodium hydroxide; insoluble in propyl alco-
hol.

Adverse Effects, Treatment, and Precau-
tions
As for Donepezil, p.364. Hypertension has also been
reported with galantamine. 
For details regarding dose adjustments in moderate he-
patic or renal impairment, see under Uses and Admin-
istration, below. There are no data on the use of galan-
tamine in patients with severe hepatic or renal
impairment and consequently in the licensed product
information it is contra-indicated in such patients; it
should also not be given to patients with both signifi-
cant hepatic and renal impairment.
Effects on the cardiovascular and cerebrovascular sys-
tems. Results from 2 studies of the use of galantamine in mild
cognitive impairment (an unlicensed indication) have suggested
that there may be an increased risk of death in patients given
galantamine compared with those on placebo: out of a total of
about 2000 patients, 13 died in the galantamine groups with only
1 death reported in the placebo groups.1,2 About half of the
deaths were caused by cardiovascular or cerebrovascular events. 
For a suggestion of possibly increased mortality with donepezil
in patients with vascular dementia, see Dementia, p.365.
1. Janssen-Ortho Inc. Safety information from investigational stud-

ies with Reminyl (galantamine hydrobromide) in mild cognitive
impairment (MCI) (issued 18th April, 2005). Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/medeff/
reminyl_hpc-eng.pdf (accessed 05/08/08) 

2. Ortho-McNeil Neurologics, Inc. Important prescribing informa-
tion: deaths in subjects with mild cognitive impairment (MCI)
(issued 31st March, 2005). Available at: http://www.fda.gov/
medwatch/SAFETY/2005/reminylDDLmarch.pdf (accessed
14/02/06)

Interactions
As for Neostigmine, p.632. Galantamine is partially
metabolised by the cytochrome P450 isoenzymes
CYP2D6 and CYP3A4. Consequently its bioavailabil-
ity may be increased by drugs that inhibit CYP2D6,
such as quinidine, fluoxetine, fluvoxamine, and parox-
etine, and by those that inhibit CYP3A4, such as keto-
conazole and ritonavir. Dose reduction of galantamine
may be required when given with such drugs.

Pharmacokinetics
Galantamine is well absorbed from the gastrointestinal
tract. Peak plasma concentrations are reached in about
1 hour after ingestion from conventional formulations;

with modified-release formulations, peak concentra-
tions occur about 4 to 5 hours after a dose and are
somewhat lower. The absolute oral bioavailability of
galantamine is about 90%. The presence of food delays
the rate of absorption although the extent of absorption
is not affected. Protein binding is about 18%. Galan-
tamine is partially metabolised by the cytochrome
P450 isoenzymes CYP2D6 and CYP3A4; a number of
active metabolites are formed. The elimination half-
life is about 7 to 8 hours. After 7 days, the majority of
a single oral dose is recovered in the urine with up to
about 6% detected in the faeces; about 20 to 30% of the
dose is excreted in the urine as unchanged galan-
tamine. Clearance is reported to be 20% lower in fe-
males than in males and 25% lower in poor metabolis-
ers than in extensive metabolisers.
◊ References.
1. Zhao Q, et al. Pharmacokinetics and safety of galantamine in

subjects with hepatic impairment and healthy volunteers. J Clin
Pharmacol 2002; 42: 428–36. 

2. Piotrovsky V, et al. Galantamine population pharmacokinetics in
patients with Alzheimer’s disease: modeling and simulations. J
Clin Pharmacol 2003; 43: 514–23. 

3. Farlow MR. Clinical pharmacokinetics of galantamine. Clin
Pharmacokinet 2003; 42: 1383–92.

Uses and Administration
Galantamine hydrobromide is a reversible inhibitor of
acetylcholinesterase activity, with actions similar to
those of neostigmine (p.632). It also has an intrinsic ac-
tion on nicotinic receptors. It is used in the symptomat-
ic treatment of mild to moderately severe dementia in
Alzheimer’s disease (below). 
Galantamine is given as the hydrobromide although
doses are expressed in terms of the base; 5.1 mg of
galantamine hydrobromide is equivalent to about 4 mg
of galantamine. An initial oral dose of 4 mg is given
twice daily with food for 4 weeks, then increased to
8 mg twice daily. This dose should be maintained for at
least 4 weeks; thereafter, the dose may be further in-
creased to 12 mg twice daily according to response and
tolerance. A modified-release preparation is also avail-
able for once-daily use. The clinical benefit of galan-
tamine should be reassessed, preferably within the first
3 months, and thereafter on a regular basis. Reductions
in dose may be necessary in patients with hepatic or
renal impairment (see below) or in those also taking
certain cytochrome P450 isoenzyme inhibitors (see In-
teractions, above). 
Galantamine hydrobromide has also been used in var-
ious neuromuscular disorders, and to curtail the muscle
relaxation produced by competitive neuromuscular
blockers.
Administration in hepatic impairment. No dose adjust-
ment is necessary in mild hepatic impairment. Patients with
moderate impairment should begin with an oral dose of 4 mg
once daily (or 8 mg every other day if using a modified-release
preparation), preferably taken in the morning, for at least one
week; thereafter the dose may be increased to 4 mg twice daily
(or its once-daily equivalent if using a modified-release prepara-
tion) for at least 4 weeks, with subsequent increases up to a max-
imum of 8 mg twice daily (or its once-daily equivalent if using a
modified-release preparation). Galantamine is contra-indicated
in severe impairment (Child-Pugh Category C) due to lack of da-
ta.

Administration in renal impairment. UK licensed product
information states that no dose adjustment is necessary in mild or
moderate renal impairment. However, US licensed product in-
formation recommends that the dose should not exceed 16 mg
daily in patients with moderate impairment. 
Galantamine is contra-indicated in severe impairment (creatinine
clearance less than 9 mL/minute) due to lack of data.

Dementia. Reviews1-3 suggest that galantamine is of benefit in
patients with mild to moderate symptoms of Alzheimer’s disease
(see Dementia, p.362); evidence in more severely impaired sub-
jects is lacking. In the UK, NICE has recommended that the use
of galantamine should be limited to patients with moderate de-
mentia and given under the following conditions:4 
• treatment should only be started under specialist supervision 
• patients who continue on the drug should be reviewed every 6

months 
• treatment should only be continued if there was evidence of

benefit 

In a somewhat controversial decision, NICE considered that
galantamine could no longer be recommended in the treatment of
mild dementia because its cost-effectiveness was questionable;
however, it was recommended that those currently taking galan-
tamine for mild dementia should continue on therapy until it was
considered appropriate to stop. 
Galantamine may also be effective in the treatment of vascular
dementia. Results from a randomised, controlled study5 have
shown a trend towards improved cognition in patients with prob-
able vascular dementia, although patients numbers were too
small for this to be significant. A more recent multicentre study6

in patients with probable vascular dementia found cognitive im-
provement with galantamine to be greater than with placebo;
however, improvement in daily activities with galantamine was
similar to that seen with placebo. 
A systematic review3 concluded that galantamine could not be
recommended for treatment in patients with mild cognitive im-
pairment because of limited clinical benefit and an unexplained
association with an excess death rate (see also Effects on the Car-
diovascular and Cerebrovascular Systems, above).
1. Scott LJ, Goa KL. Galantamine: a review of its use in Alzheim-

er’s disease. Drugs 2000; 60: 1095–1122. 
2. Pearson VE. Galantamine: a new Alzheimer drug with a past life.

Ann Pharmacother 2001; 35: 1406–13. 
3. Loy C, Schneider L. Galantamine for Alzheimer’s disease and

mild cognitive impairment. Available in The Cochrane Database
of Systematic Reviews; Issue 1. Chichester: John Wiley; 2006
(accessed 14/02/06). 

4. NICE. Donepezil, galantamine, rivastigmine (review) and me-
mantine for the treatment of Alzheimer’s disease (issued No-
vember 2006; amended September 2007). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA111fullversionamend
edSept07.pdf (accessed 05/08/08) 

5. Erkinjuntti T, et al. Efficacy of galantamine in probable vascular
dementia and Alzheimer’s disease combined with cerebrovascu-
lar disease: a randomised trial. Lancet 2002; 359: 1283–90. 

6. Auchus AP, et al. Galantamine treatment of vascular dementia: a
randomized trial. Neurology 2007; 69: 448–58.

Preparations
USP 31: Galantamine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Intelec; Numencial; Reminyl; Austral.: Reminyl; Austria: Reminyl;
Belg.: Reminyl; Braz.: Reminyl; Canad.: Reminyl; Chile: Reminyl; Cz.:
Apo-Galant; Flashemel; Galamed; Kuroment; OxyGal; Reminyl; ZapTron;
Denm.: Reminyl; Fin.: Reminyl; Fr.: Reminyl; Ger.: Reminyl; Gr.: Reminyl;
Hong Kong: Reminyl; Hung.: Nivalin†; Indon.: Reminyl; Irl.: Reminyl; Is-
rael: Reminyl; Ital.: Reminyl; Malaysia: Reminyl; Mex.: Reminyl; Neth.:
Reminyl; Norw.: Reminyl; NZ: Reminyl; Philipp.: Reminyl; Pol.: Nivalin;
Reminyl†; Port.: Reminyl; Rus.: Nivalin (Нивалин); Reminyl (Реминил);
S.Afr.: Reminyl; Singapore: Reminyl; Spain: Reminyl; Swed.: Reminyl;
Switz.: Reminyl; Thai.: Reminyl; Turk.: Reminyl; UK: Reminyl; USA: Raza-
dyne; Venez.: Proneurax.

Idazoxan Hydrochloride (BANM, pINNM)

Hidrocloruro de idazoxano; Idazoxan, Chlorhydrate d’; Idazoxani
Hydrochloridum; RX-781094. 2-(2,3-Dihydro-1,4-benzodioxin-
2-yl)-2-imidazoline hydrochloride.

Идазоксана Гидрохлорид
C11H12N2O2HCl = 240.7.
CAS — 79944-58-4 (idazoxan); 79944-56-2 (idazoxan
hydrochloride).

(idazoxan)

Profile
Idazoxan hydrochloride is an alpha2-adrenoceptor antagonist
that has been investigated in neurological disorders including de-
pression, dementia, and parkinsonism.

◊ References.
1. Ghika J, et al. Idazoxan treatment in progressive supranuclear

palsy. Neurology 1991; 41: 986–91. 
2. Litman RE, et al. Idazoxan, an alpha2 antagonist, augments flu-

phenazine in schizophrenic patients: a pilot study. J Clin Psy-
chopharmacol 1993; 13: 264–7. 

3. Grossman F, et al. A double-blind study comparing idazoxan and
bupropion in bipolar depressed patients. J Affect Disord 1999;
56: 237–43. 

4. Manson AJ, et al. Idazoxan is ineffective for levodopa-induced
dyskinesias in Parkinson’s disease. Mov Disord 2000; 15: 336–7. 

5. Rascol O, et al. Idazoxan, an alpha-2 antagonist, and L-DOPA-
induced dyskinesias in patients with Parkinson’s disease. Mov
Disord 2001; 16: 708–13.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Idebenone (rINN)

CV-2619; Idebenona; Idébénone; Idebenonum. 2-(10-Hydrox-
ydecyl)-5,6-dimethoxy-3-methyl-p-benzoquinone.

Идебенон

C19H30O5 = 338.4.
CAS — 58186-27-9.
ATC — N06BX13.
ATC Vet — QN06BX13.

Profile
Idebenone has been used in the treatment of mental impairment
associated with cerebrovascular disorders. A dose of 90 mg daily
has been given orally in 2 divided doses after food. Idebenone
has also been tried in Alzheimer’s disease. It has also been inves-
tigated for the management of various clinical manifestations of
Friedreich’s ataxia and is used orally in a dose of 5 mg/kg daily
in 3 divided doses for cardiomyopathy in this disease. 
Idebenone is also available as a 1% cream for the cosmetic treat-
ment of wrinkles.

Dementia. Idebenone was found to be safe and effective in pa-
tients with mild to moderate Alzheimer’s disease (p.362) when
followed for up to 2 years.1,2 In a further study,3 its safety and
efficacy were comparable to tacrine. However, another study4

found no clinically significant slowing of cognitive decline in pa-
tients with Alzheimer’s disease treated with idebenone.
1. Weyer G, et al. Efficacy and safety of idebenone in the long-term

treatment of Alzheimer’s disease: a double-blind, placebo con-
trolled multicentre study. Hum Psychopharmacol Clin Exp 1996;
11: 53–65. 

2. Gutzmann H, Hadler D. Sustained efficacy and safety of ide-
benone in the treatment of Alzheimer’s disease: update on a 2-
year double-blind multicentre study. J Neural Transm 1998; 54
(suppl): 301–10. 

3. Gutzmann H, et al. Safety and efficacy of idebenone versus ta-
crine in patients with Alzheimer’s disease: results of a rand-
omized, double-blind, parallel-group multicenter study. Phar-
macopsychiatry 2002; 35: 12–18. 

4. Thal LJ, et al. Idebenone treatment fails to slow cognitive de-
cline in Alzheimer’s disease. Neurology 2003; 61: 1498–1502.

Friedreich’s ataxia. Preliminary studies of idebenone in the
treatment of Friedreich’s ataxia.1-5

1. Hausse AO, et al. Idebenone and reduced cardiac hypertrophy in
Friedreich’s ataxia. Heart 2002; 87: 346–9. 

2. Artuch R, et al. Friedreich’s ataxia: idebenone treatment in early
stage patients. Neuropediatrics 2002; 33: 190–3. 

3. Mariotti C, et al. Idebenone treatment in Friedreich patients:
one-year-long randomized placebo-controlled trial. Neurology
2003; 60: 1676–9. 

4. Buyse G, et al. Idebenone treatment in Friedreich’s ataxia: neu-
rological, cardiac, and biochemical monitoring. Neurology 2003;
60: 1679–81. 

5. Rustin P, et al. Idebenone treatment in Friedreich patients: one-
year-long randomized placebo-controlled trial. Neurology 2004;
62: 524–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Esanic; Geniceral; Idesole; Nemocebral; Pavertrin; Sicoplus; Ulcouro-
na†; Ital.: Daruma†; Mnesis; Mex.: Lucebanol; Port.: Amizal; Cerestabon;
Idecortex; Rus.: Noben (Нобен); Switz.: Mnesis; USA: Prevage.

Multi-ingredient: Arg.: Idesole Plus; Nemocebral Plus.

Memantine Hydrochloride 

(BANM, USAN, rINNM)

1-Amino-3,5-dimethyladamantane Hydrochloride; D-145 (me-
mantine); 3,5-Dimethyl-1-adamantanamine hydrochloride;
DMAA (memantine); Hidrocloruro de memantina; Memantin
Hidroklorür; Mémantine, Chlorhydrate de; Memantini Hydro-
chloridum. 3,5-Dimethyltricyclo[3.3.1.1.3,7]decan-l-amine hydro-
chloride.

Мемантина Гидрохлорид

C12H21N,HCl = 215.8.

CAS — 19982-08-2 (memantine); 41100-52-1 (meman-
tine hydrochlor ide).

ATC — N06DX01.

ATC Vet — QN06DX01.

(memantine)

Adverse Effects and Precautions
Common adverse effects with memantine include con-
stipation, dizziness, headache, hypertension, and som-
nolence. Less common reactions such as anxiety,
hallucinations, confusion, fatigue, abnormal gait,
hypertonia, vomiting, fungal infections, cystitis,
thromboembolism, and increased libido have also oc-
curred. Isolated cases of psychotic reactions and pan-
creatitis have been reported. 

Dosage adjustment may be required in renal impair-
ment, but recommendations vary, (see below). 

Only limited clinical data are available for patients
with recent myocardial infarction, uncompensated
congestive heart failure, and uncontrolled hypertension
and use of memantine in these patients should be close-
ly monitored. Seizures have occurred rarely and cau-
tion is recommended in patients at risk of convulsions.
Conditions that increase urinary pH, such as drastic
changes in diet, renal tubular acidosis, or severe infec-
tions of the urinary tract, may decrease elimination of
memantine resulting in increased plasma levels; pa-
tient monitoring is recommended in such cases.

Interactions
Use of other N-methyl-D-aspartate antagonists such as
amantadine, ketamine, or dextromethorphan with
memantine may increase both the incidence and sever-
ity of adverse effects and should be avoided. The ef-
fects of dopaminergics and antimuscarinics may also
be enhanced whereas memantine may reduce the ac-
tions of barbiturates and antipsychotics. 

Memantine may alter the effects of the antispasmodics
baclofen and dantrolene. The clearance of memantine
is reduced under alkaline urine conditions and drugs
such as carbonic anhydrase inhibitors and sodium bi-
carbonate should be used with caution.

Pharmacokinetics
Memantine is well absorbed after oral doses. Peak
plasma concentrations are achieved in about 3 to 8
hours. Plasma protein binding is about 45%. Meman-
tine undergoes partial hepatic metabolism; the main
metabolites include N-3,5-dimethyl-gludantan and 1-
nitroso-3,5-dimethyl-adamantane. The majority of a
dose is excreted unchanged via the kidney; some active
renal tubular secretion and reabsorption occurs. The
terminal half-life ranges from 60 to 100 hours although
under alkaline conditions the rate of elimination is re-
duced.

◊ References.

1. Periclou A, et al. Pharmacokinetic study of memantine in
healthy and renally impaired subjects. Clin Pharmacol Ther
2006; 79: 134–43. 

2. Kornhuber J, et al. Memantine pharmacotherapy: a naturalistic
study using a population pharmacokinetic approach. Clin Phar-
macokinet 2007; 46: 599–612. Correction. ibid.; 712.

Uses and Administration
Memantine is a derivative of amantadine (p.792) and is
likewise an antagonist of N-methyl-D-aspartate recep-
tors. It is given in the treatment of moderate to severe
Alzheimer’s disease (see Dementia, below). Meman-
tine has also been given in the treatment of parkinson-

ism and central spasticity, and in other disorders such
as brain injury or comatose states. It is given orally as
the hydrochloride. 
In the treatment of Alzheimer’s disease, the initial
dose of memantine hydrochloride is 5 mg daily in the
morning for the first week; this should be increased in
weekly increments of 5 mg to a maximum dose of
20 mg daily. Doses of 10 mg daily and over should be
taken in 2 divided doses. Dosage adjustment may be
required in patients with renal impairment (see below).
Clinical benefit should be reassessed on a regular basis. 
Memantine hydrochloride has also been given by slow
intravenous injection. 
Memantine is under investigation in the treatment of
glaucoma and peripheral neuropathy.

Administration in renal impairment. UK licensed product
information advises that no dose adjustment is needed when
memantine hydrochloride is given for Alzheimer’s disease in pa-
tients with mild renal impairment (creatinine clearance [CC] 50
to 80 mL/minute). However, in those with moderate impairment
(CC 30 to 49 mL/minute) a dose of 10 mg daily may be used
(after starting at 5 mg daily) and if well tolerated after at least 7
days, it may be increased to 20 mg daily as described above (see
above). In those with severe impairment (CC 5 to 29 mL/minute)
the maximum daily dose is 10 mg. In the USA, licensed product
information states that no dose reduction is required in those with
mild or moderate impairment; a target dose of 10 mg daily is rec-
ommended in patients with severe impairment (CC 5 to
29 mL/minute).

Dementia. A systematic review1 of the use of memantine in
dementia (p.362) concluded that it did have a small beneficial
effect on cognitive and functional decline at 6 months in patients
with moderate to severe Alzheimer’s disease; the effects were
not clinically discernible in those with mild to moderate vascular
dementia but were discernible in those with mild to moderate
Alzheimer’s disease. In the UK, NICE2 has not recommended
memantine in the treatment of patients with moderately severe to
severe disease because of insufficient evidence of clinical effec-
tiveness. A general review, including a safety profile, of meman-
tine in Alzheimer’s disease has also been published.3

1. McShane R, et al. Memantine for dementia. Available in The
Cochrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2006 (accessed 23/05/08). 

2. NICE. Donepezil, galantamine, rivastigmine (review) and me-
mantine for the treatment of Alzheimer’s disease (issued No-
vember 2006; amended September 2007). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA111fullversionamend
edSept07.pdf (accessed 05/08/08) 

3. Robinson DM, Keating GM. Memantine: a review of its use in
Alzheimer’s disease. Drugs 2006; 66: 1515–34.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Akatinol; Carrier; Conexine; Ebixa; Fentina; Lucidex; Merital; Neuro-
plus; Pronervon; Austral.: Ebixa; Austria: Axura; Ebixa; Belg.: Ebixa;
Braz.: Alois; Ebix; Canad.: Ebixa; Chile: Ebixa; Eutebrol; Memax; Mimetix;
Cz.: Akatinol†; Axura; Ebixa; Denm.: Ebixa; Fin.: Ebixa; Fr.: Ebixa; Ger.:
Axura; Ebixa; Gr.: Ebixa; Hong Kong: Ebixa; Hung.: Ebixa; Irl.: Ebixa; Is-
rael: Ebixa; Memox; Ital.: Ebixa; Mex.: Ebixa; Eutebrol; Neth.: Axura;
Ebixa; Norw.: Ebixa; NZ: Ebixa; Philipp.: Abixa; Pol.: Axura; Ebixa; Port.:
Axura; Ebixa; S.Afr.: Ebixa; Singapore: Ebixa; Spain: Axura; Ebixa; Swed.:
Ebixa; Switz.: Axura; Ebixa; Thai.: Ebixa; Turk.: Ebixa; UK: Ebixa; USA:
Namenda.

Nefiracetam (rINN)

DM-9384; DZL-221; Néfiracétam; Nefiracetamum. 2-Oxo-1-
pyrrolidineaceto-2′,6′-xylidide.

Нефирацетам

C14H18N2O2 = 246.3.
CAS — 77191-36-7.

Profile
Nefiracetam acts on the CNS and has been described as a
nootropic. It has been investigated in some cerebrovascular dis-
orders and for the treatment of Alzheimer’s disease.
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Nizofenone (rINN)

Nizofenona; Nizofénone; Nizofenonum; Y-9179. 2′-Chloro-2-[2-
[(diethylamino)methyl]imidazol-1-yl]-5-nitrobenzophenone.

Низофенон
C21H21ClN4O3 = 412.9.
CAS — 54533-85-6.
ATC — N06BX10.
ATC Vet — QN06BX10.

Profile
Nizofenone has been investigated as a nootropic and cerebral
vasodilator. It has been used parenterally as the fumarate.

Oxiracetam (BAN, rINN)

CGP-21690E; CT-848; ISF-2522; Oksirasetaami; Oxiracétam;
Oxiracetamum; Oxracetam. 4-Hydroxy-2-oxo-1-pyrrolidinea-
cetamide.

Оксирацетам
C6H10N2O3 = 158.2.
CAS — 62613-82-5.
ATC — N06BX07.
ATC Vet — QN06BX07.

Profile
Oxiracetam has been used as a nootropic in organic brain syn-
dromes and senile dementia.

Dementia. Clinical benefit has been reported in patients with
dementia (p.362) given oxiracetam,1 but in the USA it was with-
drawn from phase II clinical studies in patients with Alzheimer’s
disease due to lack of efficacy.2

1. Maina G, et al. Oxiracetam in the treatment of primary degener-
ative and multi-infarct dementia: a double-blind, placebo-con-
trolled study. Neuropsychobiology 1990; 21: 141–5. 

2. Parnetti L. Clinical pharmacokinetics of drugs for Alzheimer’s
disease. Clin Pharmacokinet 1995; 29: 110–29.

4-Phenylpiracetam ⊗ 
BRN-5030440; Carphedon; Karfedon. 2-Oxo-4-phenyl-1-pyrro-
lidineacetamide.
C12H14N2O2 = 218.3.
CAS — 77472-70-9.

Profile
4-Phenylpiracetam is a nootropic and has been used in the man-
agement of various cerebrovascular disorders. It has also been
abused in sport.

Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Phenotropil (Фенотропил).

Piracetam (BAN, USAN, rINN)

CI-871; Piracétam; Piracetamas; Piracetamum; Pirasetaami; Pira-
setam; Pyrrolidone Acetamide; UCB-6215. 2-(2-Oxopyrrolidin-
1-yl)acetamide.

Пирацетам

C6H10N2O2 = 142.2.

CAS — 7491-74-9.

ATC — N06BX03.

ATC Vet — QN06BX03.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Piracetam). A white or almost white powder. It ex-
hibits polymorphism. Freely soluble in water; soluble in alcohol.
Protect from light.

Adverse Effects and Precautions
Piracetam is reported to produce insomnia or somno-
lence, weight gain, hyperkinesia, nervousness, and de-
pression. Other reported adverse effects include gas-
trointestinal disorders such as abdominal pain,
diarrhoea, nausea and vomiting, hypersensitivity reac-
tions, ataxia, vertigo, confusion, hallucinations, an-
gioedema, and rashes. Piracetam should not be given to
patients with hepatic impairment or severe renal im-
pairment; dosage reduction is recommended for those
with mild to moderate renal impairment. Therapy with
piracetam should not be withdrawn abruptly in myo-
clonic patients due to the risk of inducing seizures.
When used to treat cortical myoclonus, piracetam is
contra-indicated in patients with cerebral haemor-
rhage, and should be used with caution after major sur-
gery and in those with haemostatic disorders or severe
haemorrhage.

Interactions

Anticoagulants. For reference to the effect of piracetam on
warfarin therapy, see p.1431.

Pharmacokinetics
Piracetam is rapidly and extensively absorbed from the
gastrointestinal tract; peak plasma concentrations are
reached within 1.5 hours after oral doses. The plasma
half-life is reported to be 5 hours and it crosses the
blood-brain barrier. Piracetam is excreted almost com-
pletely in the urine. It crosses the placenta and is dis-
tributed into breast milk.

Uses and Administration
Piracetam acts on the CNS and has been described as a
nootropic; it is said to protect the cerebral cortex
against hypoxia. It is also reported to inhibit platelet
aggregation and reduce blood viscosity at high doses.
Piracetam is used as an adjunct in the treatment of my-
oclonus of cortical origin, and has also been used in
dementia (see also below). Other disorders or states in
which it has been tried (on the basis of a supposed ‘cer-
ebrocortical insufficiency’ responsive to piracetam) in-
clude alcoholism, vertigo, cerebrovascular accidents,
dyslexia, behavioural disorders in children, and after
trauma or surgery. 
In cortical myoclonus, piracetam is given in oral doses
of 7.2 g daily increasing by 4.8 g daily every 3 or 4
days up to a maximum of 20 g daily. It is given in 2 or
3 divided doses. Once the optimal dose of piracetam
has been established, attempts should be made to re-
duce the dose of other drugs. For dosage in renal im-
pairment see below. 
Piracetam has been given for various other disorders in
a usual oral dose of up to 2.4 g daily in 2 or 3 divided
doses; higher doses of up to 4.8 g daily have been used

in severe cases. In severe disorders it has also been giv-
en by intramuscular or intravenous injection.
◊ General references.
1. Winblad B. Piracetam: a review of pharmacological properties

and clinical uses. CNS Drug Rev 2005; 11: 169–82.

Administration in renal impairment. Dosage should be re-
duced in patients with mild to moderate renal impairment ac-
cording to creatinine clearance (CC): 
• CC between 50 and 79 mL/minute: two-thirds of the usual

dose, given in 2 or 3 divided doses 
• CC between 30 and 49 mL/minute: one-third of the usual

dose, given in 2 divided doses 
• CC between 20 and 29 mL/minute: one-sixth of the usual

dose, given as a single dose 
• CC less than 20 mL/minute: contra-indicated
Dementia. Although piracetam is used in some countries in the
management of cognitive impairment and dementia (p.362), a
systematic review1 concluded that the evidence from the pub-
lished literature did not support this use.
1. Flicker L, Grimley Evans J. Piracetam for dementia or cognitive

impairment. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2004 (accessed
14/02/06).

Myoclonus. A review1 of 62 case reports, 3 open studies, and 2
double-blind studies concluded that piracetam is beneficial in the
treatment of disabling myoclonus (p.470), either as adjunctive
treatment or as monotherapy. Similar conclusions were made in
another review2 in which experience of 12 patients with progres-
sive myoclonus epilepsy, 8 of whom benefited from piracetam in
doses of up to 45 g daily without significant adverse effects, was
described.
1. Van Vleymen B, Van Zandijcke M. Piracetam in the treatment of

myoclonus: an overview. Acta Neurol Belg 1996; 96: 270–80. 
2. Genton P, et al. Piracetam in the treatment of cortical myoclonus.

Pharmacopsychiatry 1999; 32 (suppl): 49–53.

Stroke. Piracetam did not influence the outcome if given within
12 hours of the onset of acute ischaemic stroke in a multicentre,
randomised, double-blind study,1 although post hoc analyses
suggested that it might confer benefit when given within 7 hours
of onset, particularly in patients with stroke of moderate to severe
degree. Further analyses of the same data concluded that pira-
cetam did not produce significant adverse effects when given in
high doses to patients with acute stroke,2 and significantly more
patients had recovered from aphasia on piracetam than placebo.3
The results of two further randomised, double-blind, placebo-
controlled studies supporting the role of piracetam as an adjunct
to intensive speech therapy in improving aphasia following
stroke were also reported.3 In contrast, a systematic review in-
cluding the first study considered that the trend towards an in-
creased risk of early death in patients allocated to piracetam was
of concern, and concluded that the data did not support routine
use of piracetam in acute ischaemic stroke.4
1. De Deyn PP, et al. Treatment of acute and ischemic stroke with

piracetam. Stroke 1997; 28: 2347–52. 
2. De Reuck J, Van Vleymen B. The clinical safety of high-dose

piracetam—its use in the treatment of acute stroke. Pharmacops-
ychiatry 1999; 32 (suppl): 33–7. 

3. Huber W. The role of piracetam in the treatment of acute and
chronic aphasia. Pharmacopsychiatry 1999; 32 (suppl): 38–43. 

4. Ricci S, et al. Piracetam for acute ischaemic stroke. Available in
The Cochrane Database of Systematic Reviews; Issue 2. Chich-
ester: John Wiley; 2006 (accessed 23/05/08).

Vertigo. Piracetam has been reported to be of benefit in patients
with vertigo (p.565) of both central or peripheral origin.1
1. Oosterveld WJ. The effectiveness of piracetam in vertigo. Phar-

macopsychiatry 1999; 32 (suppl): 54–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Noostan; Austria: Cerebryl; Nootropil; Novocephal; Pirabene;
Belg.: Braintop; Docpirace; Geratam; Noodis; Nootropil; Piracemed; Pirac-
etop; Braz.: Cintilan; Nootrofic†; Nootron; Nootropil; Chile: Nootropyl;
Cz.: Cerebryl†; Geratam; Kalicor ; Nootropil; Oikamid; Pirabene; Fin.:
Nootropil; Fr.: Axonyl†; Gabacet; Geram†; Nootropyl; Ger.: Avigilen; Cer-
ebroforte†; Cerepar N; Cuxabrain†; Memo-Puren†; Nootrop; Norma-
brain; Piracebral; Piracetrop; Sinapsan; Gr.: Aminotrophylle-88; Arterosol†;
Cebragil; Latys; Lobelo; Meclivin†; Meditam†; Noforit; Nootrop; Oxynium;
Piracem; Stamin; Hong Kong: Nootropil; Piratin; Hung.: Cerebryl; Lu-
cetam; Memoril; Nootropil; Pirabene; Pyramen†; India: Nootropil; Nor-
menta; Pirament; Piratam†; Indon.: Antikun; Benocetam; Cetoros;
Chepamed; Ciclobrain; Encebion; Ethopil; Fepiram; Gotropil; Gracetam; La-
tropil; Lutrotam; Mersitropil; Neurocet; Neurotam; Noocephal; Nootropil;
Nufacetam; Piratrof; Pratropil; Primatam; Procetam; Resibron; Revolan;
Scantropil; Sotropil; Tropilex; Ital.: Cerebropan†; Nootropil; Norzetam†;
Psycoton; Jpn: Myocalm; Nootropil; Malaysia: Cebrotonin†; Knowful;
Nootropil; Mex.: Dinagen; Nootropil; Neth.: Nootropil; Norw.: Noot-
ropil; Philipp.: Irahex; Nootropil; Pol.: Lucetam; Memotropil; Nootropil;
Port.: Acetar; Noostan; Nootropil; Oxibran; Stimubral†; Rus.: Lucetam
(Луцетам); Memotropil (Мемотропил); Nootropil (Ноотропил); Phezam
(Фезам); Piratropil (Пиратропил); S.Afr.: Nootropil; Singapore: Cebrot-
onin; Cetam†; Nootropil; Piratam; Racetam; Spain: Ciclofalina; Nootropil;
Swed.: Nootropil; Switz.: Nootropil; Pirax; Thai.: Embol; Mempil; Noo-
cetam; Nootropil; Scarda; Turk.: Nootropil; Norotrop; UK: Nootropil;
Venez.: Breinox; Nootropil†.
Multi-ingredient: Braz.: Energiclin; Energivit; Exit; Isketam; Vincetron†;
Port.: Anacervix; Centracetam†; Euvifor†; Stimilfar†; Rus.: Omaron
(Омарон); Piracezine (Пирацезин); Vinpotropile (Винпотропил); Spain:
Anacervix; Devincal; Diemil; Piracetam Complex†; Venez.: Devincal†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Posatirelin (rINN)

Posatirelina; Posatiréline; Posatirelinum; RGH-2202. (2S)-N[(1S)-
1-[[(2S)-2-Carbamoyl-1-pyrrolidinyl]carbonyl]-3-methylbutyl]-6-
oxopipecolamide.
Позатирелин
C17H28N4O4 = 352.4.
CAS — 78664-73-0.

Profile
Posatirelin is an analogue of protirelin (p.2175). It is claimed to
have beneficial effects on CNS function, and has been investigat-
ed in the management of dementia of various causes.
◊ References.
1. Parnetti L, et al. Posatirelin for the treatment of late-onset Alzhe-

imer’s disease: a double-blind multicentre study vs citicoline and
ascorbic acid. Acta Neurol Scand 1995; 92: 135–40. 

2. Parnetti L, et al. Posatirelin in the treatment of vascular demen-
tia: a double-blind multicentre study vs placebo. Acta Neurol
Scand 1996; 93: 456–63. 

3. Reboldi G, et al. Pharmacokinetic profile and endocrine effects
of posatirelin treatment in healthy elderly subjects. J Clin Phar-
macol 1996; 36: 823–31.

Pramiracetam Sulfate (USAN, rINNM)

Amacetam Sulphate; CI-879; Pramiracétam, Sulfate de; Pramira-
cetam Sulphate; Pramiracetami Sulfas; Sulfato de pramiracetam.
N-[2-(Diisopropylamino)ethyl]-2-oxo-1-pyrrolidineacetamide
sulphate.
Прамирацетама Сульфат
C14H27N3O2,H2SO4 = 367.5.
CAS — 68497-62-1 (pramiracetam); 72869-16-0 (prami-
racetam sulfate).
ATC — N06BX16.
ATC Vet — QN06BX16.

(pramiracetam)

Profile
Pramiracetam sulfate has been used in age-related memory im-
pairment and senile dementia. It has also been tried, without
much success, as an adjunct to ECT in severe depression.
◊ References.
1. McLean A, et al. Placebo-controlled study of pramiracetam in

young males with memory and cognitive problems resulting
from head injury and anoxia. Brain Inj 1991; 5: 375–80. 

2. Auteri A, et al. Pharmacokinetics of pramiracetam in healthy
volunteers after oral administration. Int J Clin Pharmacol Res
1992; 12: 129–32. 

3. Scarpazza P, et al. Multicenter evaluation of pramiracetam for
the treatment of memory impairment of probable vascular origin.
Adv Therapy 1993; 10: 217–25.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Neupramir†.

Pyritinol Hydrochloride (BANM, rINNM)

Hidrocloruro de piritinol; Pirytynolu dichlorowodorek; Pyrithiox-
ine Hydrochloride; Pyritinol, Chlorhydrate de; Pyritinoli Dihydro-
chloridum; Pyritinoli Hydrochloridum. 5,5-Dihydroxy-6,6-dime-
thyl-3,3-dithiodimethylenebis(4-pyridylmethanol) dihydochloride
monohydrate.
Пиритинола Гидрохлорид
C16H20N2O4S2,2HCl,H2O = 459.4.
CAS — 1098-97-1 (pyr itinol); 10049-83-9 (anhydrous py-
r itinol hydrochlor ide).
ATC — N06BX02.
ATC Vet — QN06BX02.

(pyr itinol)

Pharmacopoeias. In Chin. and Pol.

Profile
Pyritinol hydrochloride has been described as a nootropic that
promotes the uptake of glucose by the brain. It has been used in
the treatment of various cerebrovascular and mental function dis-
orders. It has been given in a usual oral dose of 600 mg daily in
3 divided doses. Pyritinol hydrochloride has also been given as
an alternative to penicillamine in rheumatoid arthritis. It is also
an ingredient of various preparations promoted as tonics.

◊ References.
1. Knezevic S, et al. Pyritinol treatment of SDAT patients: evalua-

tion by psychiatric and neurological examination, psychometric
testing and rCBF measurements. Int Clin Psychopharmacol
1989; 4: 25–38. 

2. Lemmel EM. Comparison of pyritinol and auranofin in the treat-
ment of rheumatoid arthritis. Br J Rheumatol 1993; 32: 375–82. 

3. Straumann A, et al. Acute pancreatitis due to pyritinol: an im-
mune-mediated phenomenon. Gastroenterology 1998; 115:
452–4. 

4. Maria V, et al. Severe cholestatic hepatitis induced by pyritinol.
BMJ 2004; 328: 572–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Epocan†; Austria: Encephabol; Chile: Encefabol; Cz.: Encephabol;
Enerbol; Ger.: Ardeyceryl P†; Encephabol; Hong Kong: Encephabol;
Hung.: Enerbol†; India: Encephabol; Indon.: Encepan; Encephabol; Ener-
bol; Malaysia: Encephabol†; Pyritil; Mex.: Bonifen†; Encephabol; Philipp.:
Encephabol; Port.: Bonifen†; Cerbon; Rus.: Encephabol (Энцефабол); En-
erbol (Энербол); S.Afr.: Encephabol; Singapore: Encephabol†; Thai.: En-
cephabol; Memonol; Pyritil; Venez.: Acon; Bonifen; Bonitrop; Fitina; Garan†.

Multi-ingredient: Arg.: Gabimex Plus; Spain: Refulgin; Viadetres†.

Rivastigmine (BAN, USAN, rINN)

ENA-713 (rivastigmine or rivastigmine hydrogen tartrate); Ri-
vastigmiini; Rivastigmin; Rivastigmina; Rivastigminum; SDZ-212-
713; SDZ-ENA-713 (rivastigmine or rivastigmine hydrogen tar-
trate). (−)-m-[(S)-1-(Dimethylamino)ethyl]phenyl ethylmethyl-
carbamate.

Ривастигмин
C14H22N2O2 = 250.3.
CAS — 123441-03-2.
ATC — N06DA03.
ATC Vet — QN06DA03.

Rivastigmine Hydrogen Tartrate (BANM, rINNM)

ENA-713 (rivastigmine or rivastigmine hydrogen tartrate); Hid-
rogenotartrato de rivastigmina; Rivastigmine Bitartrate; Rivastig-
mine, Hydrogénotartrate de; Rivastigmine Tartrate; Rivastigmini
Hydrogenotartras; SDZ-ENA-713 (rivastigmine or rivastigmine
hydrogen tartrate).

Ривастигмина Гидротартрат
C14H22N2O2.C4H6O6 = 400.4.
CAS — 129101-54-8.
ATC — N06DA03.
ATC Vet — QN06DA03.

Adverse Effects, Treatment, and Precau-
tions
As for Donepezil, p.364.
Effects on the gastrointestinal tract. A 67-year-old woman
experienced severe vomiting after rivastigmine, in an oral dose
of 4.5 mg, was mistakenly reintroduced without the recommend-
ed titration phase;1 the vomiting was so severe that the patient
also suffered a rupture of the oesophagus that needed corrective
surgery. The authors’ commented that careful dose titration of
rivastigmine is necessary even when restarting treatment.
1. Babic T, et al. Spontaneous rupture of oesophagus (Boerhaave’s

syndrome) related to rivastigmine. Age Ageing 2000; 29: 370–1.

Interactions
As for Neostigmine, p.632. See also Antimuscarinics,
under Donepezil, p.365, for mention of an interaction
between rivastigmine and tolterodine.

Pharmacokinetics
Rivastigmine is readily absorbed from the gastrointes-
tinal tract and peak plasma concentrations are reached
in about 1 hour after oral doses. Food delays absorption
by about 1.5 hours and reduces maximum plasma con-
centrations. Absorption from transdermal patches is
slow and peak plasma concentrations are reached in 10
to 16 hours after applying the first patch; with subse-
quent patches, peak concentrations are reached in
about 8 hours. Exposure to rivastigmine is highest
when the patch is applied to the upper back, chest, or
upper arm, and about 20 to 30% lower when applied to
the abdomen or thigh. Rivastigmine is about 40%
bound to plasma proteins and readily crosses the
blood-brain barrier; it is widely distributed throughout
the body. Rivastigmine is rapidly and extensively me-
tabolised, primarily by cholinesterase-mediated hy-
drolysis to the weakly active decarbamylated metabo-
lite. The plasma half-life is about 1 hour after oral
doses and about 3 hours after patch removal. After oral
use, more than 90% of a dose is excreted in the urine
within 24 hours; no unchanged rivastigmine is detected
in the urine. Less than 1% of a dose appears in the fae-
ces.
◊ References.
1. Hossain M, et al. Estimation of the absolute bioavailability of

rivastigmine in patients with mild to moderate dementia of the
Alzheimer’s type. Clin Pharmacokinet 2002; 41: 225–34. 

2. Lefèvre G, et al. Pharmacokinetics of a rivastigmine transdermal
patch formulation in healthy volunteers: relative effects of body
site application. J Clin Pharmacol 2007; 47: 471–8. 

3. Cummings J, et al. Pharmacokinetic rationale for the rivastig-
mine patch. Neurology 2007; 69 (suppl 1): S10–S13. 

4. Lefèvre G, et al. Pharmacokinetics and pharmacodynamics of the
novel daily rivastigmine transdermal patch compared with
twice-daily capsules in Alzheimer’s disease patients. Clin Phar-
macol Ther 2008; 83: 106–14. 

5. Lefèvre G, et al. Pharmacokinetics and bioavailability of the
novel rivastigmine transdermal patch versus rivastigmine oral
solution in healthy elderly subjects. J Clin Pharmacol 2008; 48:
246–52.

Uses and Administration
Rivastigmine is a carbamate type reversible acetylcho-
linesterase inhibitor; it also inhibits butyrylcholineste-
rase. Rivastigmine is selective for the CNS and is used
for the symptomatic treatment of mild to moderately
severe dementia in Alzheimer’s disease (below) and
idiopathic Parkinson’s disease (below). It is given oral-
ly as the hydrogen tartrate or in transdermal patches as
the base. For both routes doses are expressed in terms
of the base; 2.4 mg of rivastigmine hydrogen tartrate is
equivalent to about 1.5 mg of rivastigmine. 
An initial oral dose is 1.5 mg given twice daily with
food. Thereafter, the dose may be increased according
to response and tolerance by increments of 1.5 mg
twice daily at intervals of at least 2 weeks to a maxi-
mum dose of 6 mg twice daily. In the USA, licensed
product information recommends dose increments at
intervals of at least 4 weeks when treating dementia as-
sociated with Parkinson’s disease. 
Transdermal patches delivering 4.6 or 9.5 mg of
rivastigmine over 24 hours are also available for once-
daily application. In the USA, rivastigmine patches
may be used for the treatment of dementia in Alzheim-
er’s disease or Parkinson’s disease; however, in the
UK, use is restricted to dementia in Alzheimer’s dis-
ease. An initial transdermal dose is 4.6 mg daily; after
at least 4 weeks and if well tolerated, the dose should
be increased to 9.5 mg daily. Patients already taking
oral rivastigmine may be changed to the patches as fol-
lows: 
• those taking 6 mg daily or less of oral rivastigmine

may be switched to patches delivering 4.6 mg over
24 hours 

• those taking more than 6 mg daily orally may be
switched to patches delivering 9.5 mg over 24 hours 

H
N

N
H

O

O

O

H
N

H

CH3

H3C

H NH2

O

N

O
O

CH3N

H
N

CH3H3C

CH3

N S

H3C

OH OH

NS

CH3

OHOH

O

O

N

CH3

H3C
N

CH3

CH3

CH3



370   Antidementia Drugs

The first patch should be applied on the day following
the last oral dose. The patch should be applied to intact
skin on the upper or lower back, or on the upper arm or
chest; it should not be applied to the abdomen or thigh
due to decreased bioavailability. Re-application to the
same site should be avoided for 14 days. 
If treatment with oral or transdermal rivastigmine is in-
terrupted for more than a few days, it should be restart-
ed at the low initial dose, and then increased as de-
scribed above. Clinical benefit should be reassessed on
a regular basis; treatment should be stopped if there is
no improvement after 3 months.
Dementia. Studies1-4 and a systematic review5 indicate that
rivastigmine may be of benefit in the management of patients
with mild to moderate dementia in Alzheimer’s disease (see De-
mentia, p.362). In the UK, NICE has recommended that its use
should be limited to patients with moderate dementia and given
under the following conditions:6 
• treatment should only be started under specialist supervision 
• patients who continue on the drug should be reviewed every 6

months 
• treatment should only be continued if there was evidence of

benefit 
In a somewhat controversial decision, NICE considered that
rivastigmine could no longer be recommended in the treatment
of mild dementia because its cost-effectiveness was questiona-
ble; however, it was recommended that those currently taking
rivastigmine for mild dementia should continue on therapy until
it was considered appropriate to stop. 
Rivastigmine given in titrated doses of up to 6 mg twice daily
was also found to be well tolerated, and to produce some im-
provement in behavioural and psychiatric symptoms, in a group
of patients with Lewy-body dementia.7 However, a systematic
review8 that included this study noted that rivastigmine did not
have significant benefit in cognitive function compared with pla-
cebo; the authors considered that the evidence for its use in such
patients was weak and that further trials were needed. 
Rivastigmine has also been tried in the treatment of vascular de-
mentia. A systematic review9 concluded that although there is
some evidence of benefit in these patients, available data are in-
adequate and further trials were warranted before rivastigmine
could be recommended. 
For the use of rivastigmine in the treatment of dementia in Par-
kinson’s disease, see below.
1. Anand R, et al. Efficacy and safety results of the early phase

studies with Exelon  (ENA-713) in Alzheimer’s disease: an
overview. J Drug Dev Clin Pract 1996; 8: 109–116. 

2. Agid Y, et al. Efficacy and tolerability of rivastigmine in patients
with dementia of the Alzheimer type. Curr Ther Res 1998; 59:
837–45. 

3. Rösler M, et al. Efficacy and safety of rivastigmine in patients
with Alzheimer’s disease: international randomised controlled
trial. BMJ 1999; 318: 633–8. Correction. ibid. 2001; 322: 1456. 

4. Winblad B, et al. IDEAL: a 6-month, double-blind, placebo-con-
trolled study of the first skin patch for Alzheimer disease. Neu-
rology 2007; 69 (suppl 1): S14–S22. 

5. Birks J, et al. Rivastigmine for Alzheimer’s disease. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2000 (accessed 14/02/06). 

6. NICE. Donepezil, galantamine, rivastigmine (review) and me-
mantine for the treatment of Alzheimer’s disease (issued No-
vember 2006; amended September 2007). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA111fullversionamend
edSept07.pdf (accessed 05/08/08) 

7. McKeith I, et al. Efficacy of rivastigmine in dementia with Lewy
bodies: a randomised, double-blind, placebo-controlled interna-
tional study. Lancet 2000; 356: 2031–36. 

8. Wild R, et al. Cholinesterase inhibitors for dementia with Lewy
bodies. Available in the Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2003 (accessed
14/02/06). 

9. Craig D, Birks J. Rivastigmine for vascular cognitive impair-
ment. Available in the Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2004 (accessed
14/02/06).

Parkinsonism. Although acetylcholinesterase inhibitors such
as rivastigmine may theoretically worsen parkinsonian symp-
toms, particularly tremor, it has been tried for use in the treatment
of drug-induced psychosis in patients with Parkinson’s disease
(see Disturbed Behaviour, p.954). In 2 large studies,1,2 rivastig-
mine was found to produce some improvement in symptoms of
dementia associated with Parkinson’s disease when compared
with placebo.
1. Emre M, et al. Rivastigmine for dementia associated with Par-

kinson’s disease. N Engl J Med 2004; 351: 2509–18. 
2. Wesnes KA, et al. Benefits of rivastigmine on attention in de-

mentia associated with Parkinson disease. Neurology 2005; 65:
1654–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Exelon; Remizeral; Austral.: Exelon; Austria: Exelon; Belg.: Exelon;
Braz.: Exelon; Prometax; Canad.: Exelon; Chile: Exelon; Probrain; Cz.:
Exelon; Prometax; Denm.: Exelon; Fin.: Exelon; Fr.: Exelon; Ger.: Exelon;
Gr.: Exelon; Prometax; Hong Kong: Exelon; Hung.: Exelon; India: Exelon;
Indon.: Exelon; Irl.: Exelon; Israel: Exelon; Ital.: Exelon; Prometax; Ma-
laysia: Exelon; Mex.: Exelon; Neth.: Exelon; Prometax; Norw.: Exelon;

NZ: Exelon; Philipp.: Exelon; Pol.: Exelon; Port.: Exelon; Prometax; Rus.:
Exelon (Экселон); S.Afr.: Exelon; Singapore: Exelon; Spain: Exelon; Pro-
metax; Swed.: Exelon; Switz.: Exelon; Thai.: Exelon; Turk.: Exelon; UK:
Exelon; USA: Exelon; Venez.: Exelon.

Sabeluzole (BAN, USAN, rINN)

R-58735; Sabeluzol; Sabéluzole; Sabeluzolum. (±)-4-(2-Benzothi-
azolylmethylamino)-α-[(4-fluorophenoxy)methyl]-1-piperid-
ineethanol.
Сабелузол
C22H26FN3O2S = 415.5.
CAS — 104153-38-0; 104383-17-7;.

Profile
Sabeluzole is a benzothiazole derivative with anticonvulsant and
antihypoxic properties. It has been investigated in the treatment
of Alzheimer’s disease and of sleep apnoea.

Tacrine Hydrochloride 

(BANM, USAN, rINNM)

CI-970; Hidrocloruro de tacrina; Tacrine, chlorhydrate de; Tacrini
hydrochloridum; Tetrahydroaminoacridine Hydrochloride; THA.
1,2,3,4-Tetrahydroacridin-9-ylamine hydrochloride.
Такрина Гидрохлорид
C13H14N2,HCl = 234.7.
CAS — 321-64-2 (tacr ine); 1684-40-8 (tacrine hydrochlo-
r ide).
ATC — N06DA01.
ATC Vet — QN06DA01.

(tacr ine)

Pharmacopoeias. In US as the monohydrate. 
USP 31 (Tacrine Hydrochloride). The monohydrate occurs as a
white powder. Freely soluble in water, in alcohol, in dimethyl
sulfoxide, in methyl alcohol, in propylene glycol, and in 0.1N hy-
drochloric acid; sparingly soluble in linoleic acid and in mac-
rogol 400.

Adverse Effects and Treatment
As for Donepezil, p.364. Hepatotoxicity is common,
and may be severe.
Effects on the CNS. Tonic or tonic-clonic seizures were re-
ported in 6 of 78 patients given tacrine for mild or moderate de-
mentia of the Alzheimer’s type.1
1. Lebert F, et al. Convulsive effects of tacrine Lancet 1996; 347:

1339–40.

Effects on the liver. Examination of data from 2446 patients
who were at least 50 years old and received tacrine for Alzheim-
er’s disease suggested that raised serum-alanine aminotrans-
ferase (ALT) concentrations are likely to occur in about 50% of
patients.1 Most cases developed within the first 12 weeks of ther-
apy,1 but an asymptomatic increase in ALT concentrations has
been reported in a patient after more than 80 weeks of therapy.2
The increase is usually asymptomatic and mild, and resolves
upon dosage reduction or stopping treatment. However, a small
percentage of patients may develop unpredictable life-threaten-
ing hepatotoxicity although frequent monitoring of ALT concen-
trations during the first 12 weeks of therapy can identify suscep-
tible individuals. No significant correlation has been found
between plasma-tacrine concentrations and hepatotoxicity.3 
For guidelines on the monitoring of ALT concentrations during
tacrine therapy, see Precautions, below.
1. Watkins PB, et al. Hepatotoxic effects of tacrine administration

in patients with Alzheimer’s disease. JAMA 1994; 271: 992–8. 
2. Terrell PS, et al. Late-onset alanine aminotransferase increase

with tacrine. Ann Pharmacother 1996; 30: 301. 
3. Ford JM, et al. Serum concentrations of tacrine hydrochloride

predict its adverse effects in Alzheimer’s disease. Clin Pharma-
col Ther 1993; 53: 691–5.

Precautions
As for Donepezil, p.365. Tacrine should be used with
care in patients with impaired liver function or who
have a history of such impairment. 
Serum-alanine aminotransferase (ALT) concentrations
should be monitored in patients receiving continuous
treatment with tacrine. Monitoring should be carried
out every other week from at least week 4 to week 16
of therapy, and then every 3 months thereafter. Weekly
monitoring is recommended in patients with ALT con-
centrations that are greater than twice the upper limit of
the normal range. 
If signs of liver involvement worsen, the dose should
be reduced or the drug withdrawn. If a three- to five-
fold increase of ALT concentrations occurs, a reduc-
tion in the dose by 40 mg daily is recommended. For
greater increases in ALT, tacrine should be withdrawn.
Treatment with tacrine may be restarted once signs of
liver dysfunction return to normal; more frequent mon-
itoring of liver enzyme values will be required. With-
drawal is also imperative in patients who develop jaun-
dice, confirmed by elevated total bilirubin levels; such
patients should not be treated again with tacrine. 
Abruptly stopping tacrine therapy, or a large reduction
in the dose, may be associated with behavioural distur-
bances and a decline in cognitive function.

Interactions
As for Neostigmine, p.632. Since tacrine is metabo-
lised in the liver by the cytochrome P450 enzyme sys-
tem (principally CYP1A2), drugs that either inhibit or
induce the same isoenzymes may raise or lower plasma
concentrations of tacrine, respectively. Tacrine may
competitively inhibit the metabolism of other drugs
that are also metabolised by the cytochrome P450
isoenzyme CYP1A2.
Antidepressants. Fluvoxamine, an inhibitor of the cyto-
chrome P450 isoenzyme CYP1A2, has increased plasma con-
centrations and reduced oral clearance of tacrine.1
1. Becquemont L, et al. Influence of the CYP1A2 inhibitor fluvox-

amine on tacrine pharmacokinetics in humans. Clin Pharmacol
Ther 1997; 61: 619–27.

Antiparkinsonian drugs. Tacrine has been reported to exacer-
bate symptoms of parkinsonism and may therefore appear to re-
duce the effectiveness of levodopa therapy, see Antidementia
drugs, p.807.
H2-antagonists. Cimetidine, a non-specific inhibitor of the cy-
tochrome P450 enzyme system, has been shown to inhibit the
metabolism of tacrine resulting in reduced oral clearance and an
increase in plasma concentrations.1,2

1. de Vries TM. Effect of cimetidine and low-dose quinidine on ta-
crine pharmacokinetics in humans. Pharm Res 1993; 10: S337. 

2. Forgue ST, et al. Inhibition of tacrine oral clearance by cimeti-
dine. Clin Pharmacol Ther 1996; 59: 444–9.

HRT. HRT with estradiol and levonorgestrel significantly in-
creased tacrine plasma concentrations in all but one person in a
study involving 10 healthy female subjects.1 Metabolism of ta-
crine via the cytochrome P450 isoenzyme CYP1A2 was said to
have been inhibited by the HRT.
1. Laine K, et al. Plasma tacrine concentrations are significantly

increased by concomitant hormone replacement therapy. Clin
Pharmacol Ther 1999; 66: 602–8.

Tobacco smoking. Cigarette smoking can markedly reduce
plasma-tacrine concentrations.1
1. Welty D, et al. The effect of smoking on the pharmacokinetics

and metabolism of Cognex  in healthy volunteers. Pharm Res
1993; 10: S334.

Xanthines. For the effect of tacrine on the metabolism of theo-
phylline, see p.1145.

Pharmacokinetics
Tacrine is rapidly absorbed from the gastrointestinal
tract but large interindividual variations in oral bioa-
vailability have been reported; peak plasma concentra-
tions are achieved within 1 to 2 hours. Food reduces the
absorption of tacrine by about 30 to 40%. It is about
55% bound to plasma proteins. Tacrine is subject to an
extensive first-pass effect in the liver, and is metabo-
lised by the cytochrome P450 system (principally
CYP1A2) to several metabolites, the main one of
which is the 1-hydroxy metabolite velnacrine. The
elimination half-life is about 2 to 4 hours; little
unchanged drug is excreted in the urine.
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◊ In 3 studies in a total of 21 patients peak plasma concentrations
of tacrine hydrochloride were achieved 0.5 to 3 hours after oral
doses of 25 or 50 mg and oral bioavailability ranged from less
than 5% to up to 36%.1-3 Mean elimination half-lives were 1.37
and 1.59 hours after the 25 mg dose and 2.14 and 3.2 hours after
the 50 mg dose. Tacrine’s elimination appears to be mainly by
metabolism in the liver and less than 3% of a dose was recovered
unchanged in the urine of one patient.1 Plasma concentrations of
tacrine’s main metabolite 1-hydroxy-9-aminotetrahydroacridine
(velnacrine) rapidly exceed those of the parent compound and
elimination half-lives of 43 and 81 minutes were found for this
metabolite in 2 patients studied.2 Tacrine’s pharmacokinetics
have been reviewed.4
1. Forsyth DR, et al. Pharmacokinetics of tacrine hydrochloride in

Alzheimer’s disease. Clin Pharmacol Ther 1989; 46: 634–41. 
2. Hartvig P, et al. Clinical pharmacokinetics of intravenous and

oral 9-amino-1,2,3,4-tetrahydroacridine, tacrine. Eur J Clin
Pharmacol 1990; 38: 259–63. 

3. Sitar DS, et al. Bioavailability and pharmacokinetic disposition
of tacrine HCl in elderly patients with Alzheimer’s disease. Clin
Pharmacol Ther 1995; 57: 198. 

4. Madden S, et al. Clinical pharmacokinetics of tacrine. Clin
Pharmacokinet 1995; 28: 449–57.

Uses and Administration
Tacrine hydrochloride is a centrally acting reversible
inhibitor of acetylcholinesterase activity used in the
treatment of mild to moderately severe dementia in
Alzheimer’s disease (below). 
The initial oral dose of tacrine hydrochloride, ex-
pressed in terms of the base, is 10 mg four times a day
for a minimum of 4 weeks. Dosage should not be in-
creased during this period because the potential exists
for a delay in onset of increased liver enzyme concen-
trations. Serum-alanine aminotransferase concentra-
tions should be monitored regularly (see Precautions,
above) and, if there is no significant increase, the daily
dose may be increased by 40 mg at four-week intervals
according to response and tolerance, to a maximum of
160 mg daily in four divided doses. Tacrine should be
taken on an empty stomach to improve absorption,

although it can be taken with food if gastrointestinal
adverse effects are a problem. 
Tacrine has been used intravenously to antagonise
competitive neuromuscular blockers and as a postoper-
ative respiratory stimulant.
Dementia. Tacrine is used in the symptomatic management of
Alzheimer’s disease (see Dementia, p.362). It may delay cogni-
tive decline in some patients with mild or moderate Alzheimer’s
disease but many cannot tolerate the dosage required and have to
stop treatment because of gastrointestinal effects or signs of
hepatotoxicity. There have been numerous studies of the use of
tacrine in Alzheimer’s disease and a meta-analysis1 found tacrine
to have a small beneficial effect on both cognition and global
clinical impression, although it was considered that the clinical
relevance of these findings was unclear and that there were no
data from long-term controlled studies. Some have considered2-6

that a cautious trial of tacrine may be warranted in patients with
mild to moderately severe Alzheimer’s disease (although alter-
native drugs are now available) and various guidelines on its use
have been issued.5,6 The metabolite velnacrine has also been
tried but does not appear to be effective, and is also associated
with hepatotoxicity.7
1. Qizilbash N, et al. Cholinesterase inhibition for Alzheimer dis-

ease: a meta-analysis of the tacrine trials. JAMA 1998; 280:
1777–82. 

2. Crimson ML. Tacrine: first drug approved for Alzheimer’s dis-
ease. Ann Pharmacother 1994; 28: 744–51. 

3. Davis KL, Powchik P. Tacrine. Lancet 1995; 345: 625–30. 
4. Samuels SC, Davis KL. A risk-benefit assessment of tacrine in

the treatment of Alzheimer’s disease. Drug Safety 1997; 16:
66–77. 

5. Lyketsos CG, et al. Guidelines for the use of tacrine in Alzheim-
er’s disease: clinical application and effectiveness. J Neuropsy-
chiatr Clin Neurosci 1996; 8: 67–73. 

6. Rabins PV, et al. APA Work Group on Alzheimer’s Disease and
other Dementias. Steering Committee on Practice Guidelines.
American Psychiatric Association practice guideline for the
treatment of patients with Alzheimer’s disease and other demen-
tias. Second edition. Am J Psychiatry 2007; 164 (12 suppl):
5–56. Also available at: http://www.psychiatryonline.com/
pracGuide/loadGuidelinePdf.aspx?file=AlzPG101007 (accessed
23/07/08) 

7. Birks J, Wilcock GGW. Velnacrine for Alzheimer’s disease.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2004 (accessed 14/02/06).

Preparations
USP 31: Tacrine Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Cognitiv†; Austral.: THA; Braz.: Tacrinal†; Gr.: Cognex†; Spain:
Cognex†; USA: Cognex.

Xanomeline (USAN, rINN)

LY-246708; NNC-11-0232; Xanomelina; Xanoméline; Xano-
melinum. 3-[4-(Hexyloxy)-1,2,5-thiadiazol-3-yl]-1,2,5,6-tetrahy-
dro-1-methylpyridine.

Ксаномелин

C14H23N3OS = 281.4.
CAS — 131986-45-3.

Profile
Xanomeline is a selective muscarinic M1 agonist. Xanomeline
tartrate has been studied in the management of Alzheimer’s dis-
ease but drugs of this type have not generally produced benefit.

◊ References.
1. Sramek JJ, et al. The safety and tolerance of xanomeline tartrate

in patients with Alzheimer’s disease. J Clin Pharmacol 1995;
35: 800–806. 

2. Bodick NC, et al. Effects of xanomeline, a selective muscarinic
receptor agonist, on cognitive function and behavioral symptoms
in Alzheimer disease. Arch Neurol 1997; 54: 465–73.
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This chapter describes drugs used principally in the
treatment of affective disorders. Affective disorders are
disorders of mood that may manifest as depression or
mania or, in some cases, as mixed affective states in
which depressive and manic or hypomanic episodes
may coexist or rapidly alternate. 
• The core features of depressive disorders are low

mood, anhedonia (the loss of interest in former
pleasures or activities), pessimism, and lethargy.
They were formerly classified either as endogenous,
in which the symptoms were independent of external
factors and considered to be a consequence of factors
within the patient, or reactive, in which depressive
symptoms were a result of external stressors (i.e. ex-
ogenous). It is now recognised that depressive disor-
ders are composed of both endogenous and reactive
factors. Similarly, the classification of neurotic
depression is no longer considered useful because it
encompasses several different syndromes. 
Depressive episodes generally last for at least 2
weeks and are classified according to severity as
mild, moderate, severe, or severe with psychosis.
Recurrent brief depression is defined as depressive
episodes of a few days’ duration that recur regularly.
Depression is often accompanied by characteristic
somatic symptoms, including anorexia, weight loss,
insomnia, early morning waking, and psychomotor
retardation. Symptoms associated with atypical
depression include overeating and oversleeping.
Some classifications distinguish between major
depressive episodes and minor (and hence major or
minor depression) based on the number and type of
symptoms. 

• The main symptoms of mania are overactivity,
mood changes ranging from elation to irritability, ex-
pansive ideas, and inflated self-importance. Manic
episodes are classified according to severity in a sim-
ilar manner to depressive disorders: namely, mild,
moderate, severe, or severe with psychosis. Hypo-
mania is differentiated from mania in terms of a re-
duction in intensity of symptoms and social incapac-
ity. 

• Alternating episodes of mania or hypomania and de-
pression are termed bipolar disorder (bipolar affect-
ive disorder). (To differentiate between alternating
episodes of depression and mania or depression and
hypomania, some classification systems use the
terms bipolar I disorder and bipolar II disorder, re-
spectively.) Since it is very rare for repeated episodes
of mania to occur without alternating episodes of de-
pression, it is accepted practice to include mania
without depression within the bipolar category. The
term unipolar disorder (unipolar depression) is re-
served for depressive disorders without mania. 

• States of persistent but mild disturbances of mood
exist in which the symptoms are not severe enough
to meet the criteria for classification as a major de-
pressive or hypomanic disorder, but may neverthe-
less cause considerable suffering to the patient. Dys-
thymia is the term used to describe a chronic milder
depressive state whereas cyclothymia has some sim-
ilarity to bipolar disorder, the instability character-
ised by long periods of hypomania and mild depres-
sion. 

• The term seasonal affective disorder has been ap-
plied to depressive disorders repeatedly occurring
seasonally, but not related to seasonal stressful life
events; the depressive symptoms usually occur dur-
ing the autumn and winter months. There have also
been reports of patients developing seasonal bipolar

disorder with hypomania or mania occurring in the
summer months. 

• Anxiety is often associated with depressive disor-
ders at all levels of severity and it may be difficult to
distinguish between the two conditions, especially in
the milder forms. Mixed anxiety and depressive dis-
order defines a state in which anxiety and depressive
symptoms coexist but neither component is severe
enough to merit classification as an anxiety disorder
or a depressive disorder. 

Classification of antidepressants. Antidepressants
are classified into different groups either structurally or
depending on which central neurotransmitters they act
upon. The older tricyclic (e.g. amitriptyline) and relat-
ed cyclic antidepressants and the monoamine oxidase
inhibitors (MAOIs) (e.g. phenelzine) have now been
joined by the selective serotonin reuptake inhibitors
(SSRIs) (e.g. fluoxetine), the reversible inhibitors of
monoamine oxidase type A (RIMAs) (e.g. moclo-
bemide), and more recently by the serotonin and no-
radrenaline reuptake inhibitors (SNRIs) (e.g. venlafax-
ine). Other antidepressants that do not fit exactly into
these groups include bupropion, the herbal preparation
St John’s wort, mirtazapine, reboxetine, and trazodone. 
Lithium salts provide a source of lithium ions that com-
pete with sodium ions at various sites in the body and
thus have an action and adverse effects distinct and
separate from those of other antidepressants.

Bipolar disorder
Bipolar disorder (manic depression) is a mixed affective
disorder in which the patient has alternating episodes of
hypomania or mania and depression. Although isolated
episodes of mania may occur, they are more usually part of
bipolar disorder; for the purposes of classification, mania
without depression is therefore included in the bipolar cat-
egory. Manic episodes usually start suddenly and last on
average for about 4 months. The depressive phase may last
longer with an average duration of 6 months. The course
of the illness is unpredictable; most patients will suffer a
relapse after an initial manic episode, and of these, proba-
bly 10 to 20% will experience more than 3 episodes a year
with partial or full remission in between, or switch to the
alternative phase (rapid cycling). The diagnosis of bipolar
disorder can be difficult, particularly if patients are only
seen during the depressive phase. The morbidity of the dis-
order is often substantial especially during the depressive
phase. Suicide is a significant risk and up to one-third of
patients may attempt to take their own life. 
The treatment of bipolar disorder is generally divided into
the following phases: 
• acute manic or mixed episode 
• acute depressive episode 
• maintenance and long-term treatment 
Guidelines have been issued in the UK1-4 and USA5 to fa-
cilitate treatment choice in the management of bipolar dis-
order; international guidelines and expert consensus state-
ments are also available.6-9 The choice of drug therapy
should be guided by severity, the type of episode (includ-
ing associated symptoms), and patient preference.5 
In patients with severe manic or mixed episodes, initial
treatment with an antipsychotic or the mood stabiliser val-
proate should be considered because of their rapid onset of
action; for less severe cases lithium, another mood stabilis-
er, may also be appropriate.2,3,6,8 The choice between lith-
ium or valproate as first-line treatment has been a matter of
debate: although there is more reliable evidence for the use
of lithium, its narrow therapeutic index and monitoring
requirements10-12 (see under Pharmacokinetics of Lithium,
p.405) have led to the increased use of valproate in some
countries.10 Lithium must also be given in high doses in
acute mania and its antimanic actions may be delayed by
at least a week.11,13 Nonetheless, lithium is still widely
used11 and some guidelines6,8 prefer it to other mood stabi-
lisers in patients with euphoric mania. However, valproate
may be a better first-choice drug in rapid cycling bipolar
disorder, for which it is particularly effective, and in mixed
or dysphoric states.3,5,6,8,9 Carbamazepine and its deriva-

tive oxcarbazepine are sometimes used as alternatives to
lithium or valproate although their efficacy is not as well
established and they are considered a second-line choice
by most guidelines.2,5,6,8 Treatment with carbamazepine is
also complicated by its numerous drug interactions.10,12,13 
Patients with mania and co-existing psychotic features
usually require treatment with an antipsychotic to produce
a rapid tranquillising effect.5,8 Traditionally, classical an-
tipsychotics such as the phenothiazine chlorpromazine and
the butyrophenone haloperidol have been used although
most guidelines now recommend the atypical antipsychot-
ics, particularly olanzapine, quetiapine, and risperidone,
because of their more favourable adverse effect pro-
file.2,3,5,6,8 Nevertheless, classical antipsychotics still ap-
pear to be widely used in the treatment of mania although
high-dose therapy should be avoided because of the risk of
extrapyramidal effects.8 If sedation is required the short-
term use of a benzodiazepine such as clonazepam or lo-
razepam should be considered instead of high-dose antip-
sychotics;2,3,5 however, such treatments should be stopped
as soon as symptoms subside in order to reduce the risk of
dependence.12 
The initial treatment should be continued at an optimal
dose for at least 1 week before making any change to the
regimen if the patient is unresponsive; if there is a partial
response it may be appropriate to wait at least another
week before considering the treatment ineffective. Options
for patients who are inadequately controlled on optimised
first-line treatment include a trial of lithium or valproate
with an antipsychotic.2,3,5,6,8 (Combination therapy has
also been recommended as first-line treatment in patients
with particularly severe symptoms.2,5) Another option is to
try an alternative mood stabiliser or antipsychotic.6 Cloza-
pine may be considered in more refractory cases2,5 and
ECT is effective in patients who are severely ill or resistant
to treatment.2,3,5,8 
The treatment of the acute depressive phase of bipolar
disorder depends on the severity of the depression and
whether any psychotic symptoms are still present. Less se-
vere cases may be adequately controlled by lithium, which
has a modest antidepressant action.2,7 Alternatively, treat-
ment with lamotrigine or an antidepressant may be consid-
ered although most guidelines2,3,6,7 recommend that anti-
depressants should be given with a mood stabiliser such as
lithium or valproate to reduce the risk of antidepressant-
induced switching (see below). 
The selection of an antidepressant for bipolar depression
generally involves the same considerations as those for uni-
polar depression (see below) although the risk of switching
to mania should also be taken into account. Antidepres-
sants have also been implicated in the induction of rapid
cycling;5,12 they should be tapered and stopped if either
switching or rapid cycling occurs.2,3,6 The SSRIs and pos-
sibly bupropion are usually first-choice antidepressants as
they have a low risk of switching when compared with
other antidepressants.2,5-7,14 Tricyclic antidepressants
should only be used in resistant cases as the risk of switch-
ing to mania is higher than with other antidepressant
groups.2,3 Data for the newer antidepressants such as ne-
fazodone and venlafaxine are limited; it has been suggest-
ed that the risk of switching with venlafaxine is in-
creased.6,7 MAOIs may be less likely to induce mania than
other antidepressants, but troublesome adverse effects and
safety issues have limited their use. 
As with the manic phase, treatment should be tried at an
optimal dose and for an adequate time before it is consid-
ered ineffective.6 If there is no response, second-line op-
tions include adding an antidepressant or lamotrigine in
those patients on monotherapy with a mood stabiliser such
as lithium, or in those patients already on an antidepres-
sant, an alternative antidepressant may be tried or a second
mood stabiliser added.5-7 Additional treatment with an an-
tipsychotic may be necessary if psychotic symptoms are
also present.2,5,7 However, some atypical antipsychotics
have also been shown to be of benefit in non-psychotic bi-
polar depression when given with an antidepressant6 and
one such combination preparation (olanzapine with fluox-
etine) is available in some countries. In the USA, the atyp-
ical antipsychotic quetiapine is licensed for use as mono-
therapy in bipolar depression. ECT is a valuable
alternative and should be considered for resistant or severe
bipolar depression.2,3,5,7 
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Once the acute phase has been brought under control, drug
therapy should be continued until the patient is thought
unlikely to suffer a relapse; this might entail maintaining
treatment for several months.2,5,15 When full remission
has been achieved treatment should be gradually stopped
over several weeks unless long-term treatment is planned
(see below). Antipsychotics and antidepressants are usual-
ly stopped unless residual symptoms persist. 
Some guidelines2,5 recommend that long-term treatment
should be started after a single episode of mania although
others generally wait until a patient has had at least 2 man-
ic episodes.6 Lithium is often the drug of choice for the
long-term treatment of bipolar disorder.2,3,5 It reduces the
risk of relapse, particularly mania,2 although its prophylac-
tic effects on depression are less obvious.16 Long-term
lithium treatment has also been associated with an anti-sui-
cide effect.2,15 Other treatment options include valproate,
lamotrigine (particularly if bipolar depression is a burden),
olanzapine, and possibly carbamazepine or oxcar-
bazepine.2,3,5,6,9 Combination therapy may be necessary in
those who fail on monotherapy; ECT and clozapine have
also been tried in treatment-resistant patients.2,9 However,
it is usual practice for patients to continue with their acute
treatment, given at the same doses, if effective.2,5,6 
There is no consensus on the appropriate duration of long-
term treatment and in some patients with severe disorders
it may be necessary to continue treatment indefinitely.
1. National Institute for Clinical Excellence. Olanzapine and val-

proate semisodium in the treatment of acute mania associated
with bipolar I disorder: Technology Appraisal 66 (issued Sep-
tember 2003). Available at: http://www.nice.org.uk/nicemedia/
pdf/66_bipolardisorder_fullguidance.pdf (accessed 14/08/08) 

2. Goodwin GM, et al. Evidence-based guidelines for treating bi-
polar disorder: recommendations from the British Association
for Psychopharmacology. J Psychopharmacol 2003; 17:
149–73. Also available at: http://www.bap.org.uk/consensus/
FinalBipolarGuidelines.pdf (accessed 24/11/05) 

3. Scottish Intercollegiate Guidelines Network. Bipolar affective
disorder: a national clinical guideline (issued May 2005). Avail-
able at: http://www.sign.ac.uk/pdf/sign82.pdf (accessed
24/11/05) 

4. National Collaborating Centre for Mental Health/NICE. Bipolar
disorder: the management of bipolar disorder in adults, children
and adolescents, in primary and secondary care (issued July
2006). Available at: http://www.nice.org.uk/nicemedia/pdf/
CG38niceguideline.pdf (accessed 31/07/08) 

5. American Psychiatric Association. Practice guideline for the treat-
ment of patients with bipolar disorder (revision). Am J Psychiatry
2002;  159  ( suppl ) :  1–50.  Also  ava i lab le  a t :  h t tp : / /
www.psychiatryonline.com/pracGuide/pracGuideChapToc_8.aspx
(accessed 14/08/08) 

6. Keck PE, et al. The expert consensus guideline series: treatment
of bipolar disorder 2004. Postgrad Med 2004; Dec (spec no):
1–120. 

7. Grunze H, et al. World Federation of Societies of Biological
Psychiatry (WFSBP) guidelines for biological treatment of bi-
polar disorders, part I: treatment of bipolar depression. World J
Biol Psychiatry 2002; 3: 115–24. Also available at: http://
www.wfsbp.org/fileadmin/pdf/guides/768BipolarGrunze.pdf
(accessed 14/08/08) 

8. Grunze H, et al. World Federation of Societies of Biological
Psychiatry (WFSBP) guidelines for the biological treatment of
bipolar disorders, part II: treatment of mania. World J Biol Psy-
chiatry 2003; 4: 5–13. Also available at: http://www.wfsbp.org/
fileadmin/pdf/guides/769ManiaGrunze.pdf (accessed 14/08/08) 

9. Grunze H, et al. World Federation of Societies of Biological
Psychiatry (WFSBP) guidelines for the biological treatment of
bipolar disorders, part III: maintenance treatment. World J Biol
Psychiatry  2004; 5: 120–35. Also available at: http://
www.wfsbp.org/fileadmin/pdf/guides/942ManiaGrunze.pdf
(accessed 14/08/08) 

10. Ferrier IN. Developments in mood stabilisers. Br Med Bull
2001; 57: 179–92. 

11. Belmaker RH. Bipolar disorder. N Engl J Med 2004; 351:
476–86. 

12. Anonymous. Drug treatments for bipolar disorder: 1 – acute
manic or depressive episodes. Drug Ther Bull 2005; 43: 28–32. 

13. Müller-Oerlinghausen B, et al. Bipolar disorder. Lancet 2002;
359: 241–7. 

14. Gijsman HJ, et al. Antidepressants for bipolar depression: a sys-
tematic review of randomized, controlled trials. Am J Psychia-
try 2004; 161: 1537–47. 

15. Anonymous. Drug treatments for bipolar disorder: 2 – mainte-
nance, prevention and special situations. Drug Ther Bull 2005;
43: 33–7. 

16. Geddes JR, et al. Long-term lithium therapy for bipolar disor-
der: systematic review and meta-analysis of randomized con-
trolled trials. Am J Psychiatry 2004; 161: 217–22.

Depression
Clinical depression (unipolar depression) is a disturbance
of mood that is distinguishable from the usual mood fluc-
tuations of everyday life. A depressed mood is usually the
major symptom, which may be accompanied by other
mental or somatic symptoms representing several depres-
sive syndromes (see p.372). Suicide is a significant risk
and up to half of all patients with depression may attempt
suicide during their lifetime. Risk factors for developing
depression include female gender and a positive family
history. 
The aetiology of depression is unknown but it may repre-
sent an interaction between psychological and biochemi-

cal mechanisms rather than any single factor. The symp-
toms appear to be mediated through alterations in levels of
some central neurotransmitters, although it is not certain
that this represents a cause of the disorder. However, it is
at this level that the antidepressant drugs currently in clin-
ical use exert their action. 
Guidelines have been issued nationally in, for example, the
UK1,2 and the USA,3-5 and internationally,6,7 which pro-
vide evidence-based recommendations for the treatment
of depression. The decision to start treatment should be
based on the severity of the condition and the risks to the
patient. 
• Patients with mild depression may improve while being

monitored without any additional help; in others simple
interventions such as problem-solving, counselling, or
exercise may be effective.2 The evidence for the effica-
cy of antidepressants in mild depression is lacking and
initial treatment with antidepressants is not recommend-
ed;1,2,4 however, patients with persistent mild depres-
sion or those with a history of depression may benefit
from antidepressant treatment.1,2 

• Patients with moderate depression should be treated
with an antidepressant;2 in addition, psychological treat-
ments (particularly cognitive behavioural therapy) are
also effective.2 

• A combination of antidepressants and psychological
treatments should be considered in patients with severe
depression.2 ECT may also be of value, particularly
when a rapid improvement of symptoms is essential
(e.g. in patients at high risk of suicide) or in patients with
depressive psychosis or psychomotor retardation.8,9 

• For patients with psychotic depression, an antipsychotic
may be required in addition to any antidepressant treat-
ment;2,4 ECT should also be considered.4 

• Light therapy appears to be effective in patients with
seasonal affective disorder.10,11 Exposure to bright arti-
ficial light may take place at any time of the day, and the
therapy should continue until the natural seasonal remis-
sion of the disorder; antidepressant drugs may also be
used. 

Choice of antidepressant. In more recent years many
newer drugs have been licensed and added to the original
treatments for depression. The role of these drugs relative
to the older drugs is established for some of the newer drug
groups, particularly the SSRIs, and evidence suggests that
efficacy is comparable. In addition, many new drugs have
been promoted on the basis of superior tolerability and this
is also supported by clinical studies (see below for further
details). The improved choice of treatment options offered
by the newer antidepressants has meant that therapy is in-
creasingly tailored to individual patient requirements. 
• Tricyclic antidepressants have long been preferred over

MAOIs because of the problem of drug interactions and
the need for strict dietary precautions with the latter
group. Tricyclics with sedative properties may be more
suitable for agitated and anxious patients, whereas those
with less sedative properties may be preferred for with-
drawn and apathetic patients. Unfortunately, the tradi-
tional tricyclics such as amitriptyline have antimus-
carinic and cardiotoxic adverse effects that can limit
their use. Their cardiotoxicity also means that they are
associated with a high risk of fatality in patients taking
overdoses (see toxicity in overdosage, below). 

• Continuing development produced lofepramine and
drugs related to the tricyclic group such as mianserin
that are less cardiotoxic than the earlier tricyclics. 

• The subsequent introduction of SSRIs such as fluoxet-
ine provided a group of drugs with still fewer antimus-
carinic and cardiotoxic adverse effects. However, the
SSRIs themselves have characteristic adverse effects;
gastrointestinal symptoms such as nausea and vomiting
may be a problem, and sleep disturbances and anxiety
may be exacerbated at the start of treatment. Moreover,
those in current clinical use interact to varying degrees
with cytochrome P450 isoenzymes, which carries a po-
tential for interaction with a wide range of compounds. 

• More recently serotonin and noradrenaline reuptake in-
hibitors (SNRIs) such as duloxetine and venlafaxine
have been developed, as well as reversible inhibitors of
monoamine oxidase type A (RIMAs) such as mo-
clobemide. RIMAs offer a safer alternative to the MAO-
Is and fewer dietary restrictions are necessary. Nefazo-
done, mirtazapine, and reboxetine, which have slightly
different biochemical profiles from the major groups,
are also more recent introductions. Bupropion, another

unrelated antidepressant, is also available in some coun-
tries. With the exception of nefazodone, which causes
hepatotoxicity and venlafaxine, which is cardiotoxic,
most of these newer drugs seem to be associated with
fewer severe adverse effects; their efficacy is also com-
parable to that of the tricyclics and SSRIs.12-14 

• Other drugs used in the treatment of depression include
flupentixol, the antidepressant dose of which is lower
than that used for the treatment of psychoses. Ademetio-
nine, the active derivative of methionine, has been tried
in depressive disorders, and extracts of the plant St
John’s wort are widely used in some countries for de-
pression. Transdermal patches containing selegiline, an
irreversible inhibitor of monoamine oxidase type B, are
available in the USA for the treatment of depression.
Lithium may be used for the prophylaxis of recurrent
unipolar depression as an alternative to standard antide-
pressants, although it is more commonly used in the
management of bipolar disorder (see above); its role in
unipolar depression is more usually to augment the ef-
fect of standard antidepressants in treatment-resistant
disease. 

An area of particular concern with regard to initial choice
of an antidepressant is the most appropriate drug for pa-
tients considered to be a high suicide risk.15 It is important
to remember that suicide is an inherent risk in depression;
it is generally accepted that with all antidepressant thera-
pies the risk of suicide may increase in the early stages of
recovery (for further details, see Effects on Mental State,
under Fluoxetine, p.392). Varying relative risks of toxicity
in overdosage for different groups of antidepressant have
been assessed:16-19 
• older tricyclics and the tetracyclic maprotiline20 appear

to be more toxic in overdosage than the tetracyclic
mianserin21 and the SSRIs18,22 

• MAOIs have an intermediate risk22,23 
• within the tricyclic group, desipramine16,17,22 has been

reported to be associated more frequently with fatal
overdosage although some24 assign this status to do-
sulepin. The BNF considers amitriptyline and dosulepin
to be particularly dangerous in overdosage;
lofepramine19,22,25 may be one of the safer tricyclics 

• toxicity of the SNRI venlafaxine in overdose appears to
be greater than other new serotonergic antidepressants
and comparable to some of the less toxic tricyclics22 

Although such analyses cannot determine to what extent
the data reflect prescribing patterns and patient selection as
opposed to drug toxicity16,17,25 it is widely accepted that
the older tricyclics are more toxic in overdosage, and that
the SSRIs26,27 and the newer tricyclic and related cyclic
antidepressants are safer.27 In practice, it is often difficult
to identify patients at high risk for suicide, and it has there-
fore been suggested that a routine strategy should be to be-
gin antidepressant therapy in all patients with drugs that
have low toxicity in overdose.15,27 However, whichever
antidepressant is chosen, all patients should be closely
monitored during early therapy until significant improve-
ment in depression has been observed and limited quanti-
ties of antidepressants should be prescribed at any one
time. 
Current guidelines recommend that choice of antidepres-
sant should be based on superior tolerability, safety in
overdose, and efficacy at prescribed doses.1-4,6 Meta-
analyses28-31 comparing the efficacy of SSRIs and tricy-
clics in general find no difference in efficacy although
there is the suggestion of a greater efficacy for some tricy-
clics when given to inpatients. However, drop-out rates
due to adverse effects have generally been higher in pa-
tients receiving tricyclics than in those taking SSRIs.
Based on these findings, most guidelines recommend that
an SSRI1,2,4,6 should be used as first-line treatment. In ad-
dition some consider that lofepramine, nortriptyline, or
newer antidepressants such as mirtazapine or reboxetine
are suitable alternatives.1,4,6 Bupropion, which is marketed
as an antidepressant in the USA, is considered to be a first-
line choice in US guidelines.4 Older tricyclics may, how-
ever, be more appropriate in severely ill, hospitalised pa-
tients or in other situations where maximising efficacy is
important.1 The use of an MAOI may be considered in pa-
tients with atypical depression4,6 although, in practice, SS-
RIs are often tried initially because of their more favoura-
ble adverse effects profile.4 
The sedative properties of some of the antidepressants
may adversely affect the performance of potentially haz-
ardous tasks such as driving and the operation of machin-
ery. One of the less sedative antidepressants should be



374   Antidepressants

used where appropriate, although care is needed with all
psychotropic drugs, especially at the start of treatment. 
Regardless of antidepressant choice, certain principles of
management apply when starting antidepressant therapy. 
• A low initial dose will minimise adverse effects; this is

then increased until an adequate response is observed.4
When this is done with the newer antidepressants, in-
cluding the SSRIs, the dose can generally be increased
after a few days; for the tricyclics the increase should be
more gradual.32 Gradual introduction of treatment is of
particular importance in the elderly who may be more
susceptible to adverse effects. 

• Although some adverse effects of antidepressant drugs
appear soon after treatment is started, there is a delay of
about 2 weeks before any therapeutic benefit is ob-
served, and at least 6 weeks before maximum improve-
ment in depressive symptoms occurs.33 Claims of a fast
onset of action have been made for several antidepres-
sants, but in a review34 of data relating to onset of action
with currently available antidepressants, none have
been shown conclusively to work faster than any other.
This delay in benefit may relate to a combination of
pharmacokinetic and neurochemical factors. 

• Patients should not be considered resistant to the chosen
drug until they have been maintained at an adequate
dose for at least 4 weeks1,2 (the BNF and NICE2 have
recommended 6 weeks in the elderly). Patients with a
partial response should continue for a further 2 weeks (6
weeks in the elderly2) before being considered resist-
ant.1,2 Treatment failure is often due to subtherapeutic
doses,1,2 particularly with the older tricyclics whose ad-
verse effects limit maximum tolerable doses in many
patients.35 Where lack of compliance leads to subthera-
peutic doses therapeutic drug monitoring may be of val-
ue.6 

In those who show little or no response to an adequate trial
of the first-choice antidepressant the following options ex-
ist: 
• switching to an alternative antidepressant 
• adding another drug (augmentation), particularly if

there has been a partial response 
• introducing psychological treatments such as cognitive

behavioural therapy 
Guidelines generally consider it preferable to try an alter-
native single antidepressant before giving combinations of
drugs (augmentation).1-4,6 It has been suggested that for
practical purposes a patient should not be considered to
have treatment-resistant depression until 2 or more con-
secutive antidepressants at adequate doses have been tried
without response.2 
If switching antidepressants the choice is between a drug
from the same pharmacological group or one from a differ-
ent group.1-4,6 In the UK, venlafaxine is usually reserved
for patients with treatment-resistant depression because of
its adverse cardiovascular effects and toxicity in over-
dose.2 MAOIs can also be tried in patients who are refrac-
tory to or intolerant of treatment with other antidepres-
sants.1,2,4 
When changing a patient from one type of antidepressant
to another an appropriate drug-free interval may be need-
ed. An MAOI (including a RIMA and selegiline) should
not be started until at least one week after stopping a tricy-
clic antidepressant, an SSRI, or any related antidepressant;
in the case of bupropion, mirtazapine, and the SSRI sertra-
line the drug-free interval is extended to 2 weeks, and for
fluoxetine, to 5 weeks because of their longer half-lives.
For the tricyclics clomipramine and imipramine a drug-
free interval of 3 weeks should be allowed. Conversely, 2
weeks should elapse between stopping MAOI (including
selegiline) therapy and starting patients on a tricyclic anti-
depressant (3 weeks in the case of clomipramine or imi-
pramine), an SSRI, or any related antidepressant. No treat-
ment-free period is necessary between stopping a
reversible inhibitor of monoamine oxidase type A (RIMA)
and starting an SSRI or another antidepressant. 
Drugs that have been used in augmentation strategies for
resistant depression include lithium,1,2,4,6 thyroid hor-
mones (liothyronine),1,4,6,36 and central stimulants4,36 such
as methylphenidate. Pindolol has also been studied as an
augmentation agent with several SSRIs and other seroton-
ergic antidepressants.6,36 Another method is to combine
different classes of antidepressants. Although this has been
used successfully in the treatment of drug-resistant depres-
sion,2,4,6,36 it may result in enhanced adverse reactions or
interactions and the BNF considers it hardly ever justified;

it should only ever be done under expert supervision. For
further details of the interactions between different antide-
pressants, see under Interactions of Phenelzine, p.418. 
If the response to treatment is good, the patient should con-
tinue with the same treatment for at least 4 to 6 months,1-4

and perhaps 12 months in the elderly;6 symptoms are like-
ly to recur if treatment is stopped too soon.37-39 In general,
the dose should not be reduced for this continuation
phase.1-4,7 Continuing therapy beyond this phase1,2,4,7,40 is
a matter of clinical judgement and should take into account
the number of prior episodes, any residual symptoms,
and the severity of the episode. Maintenance therapy
should be considered for recurrent depressive disor-
ders,1,2,4,7,37,39,41 and may be necessary for several years, if
not indefinitely, in some cases. Again, full therapeutic dos-
es are recommended for prophylaxis rather than reduced
doses.1,2,4,7,38,41 
Suddenly stopping antidepressant therapy after regular
use for 8 weeks or more may precipitate withdrawal symp-
toms.42-44 Common symptoms seen after antidepressant
withdrawal include headache, anorexia, nausea, insomnia,
and anxiety; the SSRIs have also been associated with ep-
isodes of dizziness and paraesthesia which are rarely seen
with the tricyclics.45 Withdrawal reactions may be more
severe with the MAOIs especially tranylcypromine.45 To
minimise symptoms, most guidelines1,4 and authorities
such as the BNF recommend reducing the dose over a pe-
riod of about 4 weeks, although considerably longer peri-
ods (6 months) may be required when withdrawing main-
tenance therapy. 
Depressive disorders may arise in childhood and adoles-
cence, the prevalence increasing with age.6 Concerns
about a possible increased risk of suicide with antidepres-
sant treatment, have led to considerable uncertainty about
appropriate management in young patients.46-50 In the UK,
guidelines state that the mainstay of treatment for this pa-
tient group should be psychological therapy;46 treatment
with antidepressants should only be offered alongside psy-
chological therapy. For children and adolescents with mild
depression, as for adults, a period of watchful waiting may
be appropriate before starting any treatment. If symptoms
have not resolved after several weeks, patients should be
started on an appropriate course of psychological therapy
such as group cognitive behavioural therapy or guided
self-help which should be continued for 2 to 3 months.
Antidepressants should not be used for the initial treatment
of mild depression. Children or adolescents with moderate
to severe depression (or those with mild depression unre-
sponsive to the above measures) should be given more
specific psychological treatment such as individual cogni-
tive behavioural therapy, interpersonal therapy, or short-
term family therapy. Combined treatment with an antide-
pressant (which, as in adults, appears more effective than
either alone51) should only be considered if there is a lack
of response to psychotherapy alone.46 The SSRI fluoxetine
is considered the first-choice antidepressant in children
aged 12 and over because of proven efficacy and low tox-
icity in overdose;6,46 although the evidence for its efficacy
in younger children has been questioned,46 a review by the
EMEA concluded that studies showed a positive effect and
allowed its use throughout the EU in children from 8 years
of age.52 The other SSRIs should not be used in children
(but see below) because of a lack of demonstrated efficacy
and/or an increased risk of a harmful outcome (see Effects
on Mental State under Fluoxetine, p.392 for further de-
tails). Similar recommendations have been made for the
SNRI venlafaxine (see p.428). Patients who remain unre-
sponsive to combined treatment should be initially tried on
an alternative psychological therapy.46 A change in antide-
pressant may also be warranted and guidelines issued in
the UK have suggested that citalopram and sertraline may
be appropriate, provided certain criteria have been met.46

(Paroxetine and venlafaxine should not be used.46) Lithi-
um has also been tried6 and ECT may be considered for
older children with severe, unresponsive depression.6,46

Tricyclics may have a modest effect in the treatment of de-
pression in adolescents; however, they are not effective in
the treatment of younger children.53 In practice they have
often been reserved for refractory cases in adolescents54

although evidence to support this role is lacking53 and re-
cent UK guidelines46 do not recommend their use. There
have also been reports of death due to cardiotoxicity in
children taking tricyclic antidepressants, in particular
desipramine and imipramine. 
Following the concerns raised about the possible increased
risk of suicide in children and adolescents treated with

antidepressants, the FDA undertook a meta-analysis of
372 studies in adults. From 295 studies in psychiatric pa-
tients, the overall risk of suicide was not increased, but
there was a trend toward increased risk with younger age.
Although the effect was not statistically significant, the
FDA considered the trend sufficiently convincing to warn
that, like children and adolescents, young adults (aged 18
to 24 years) treated with antidepressants of any type may
be at increased risk of suicidal thinking and behaviour.55 In
the UK, an Expert Working Group of the CSM found no
clear evidence that use of SSRIs in young adults increased
the risk of self-harm or suicidal thoughts;56 however, it
was noted that such patients have a higher background risk
of suicidal behaviour than older adults and consequently
should be closely monitored during treatment. 
Depression in the elderly is not uncommon and may affect
up to 4% of this population.57 Suicide is also more frequent
in the elderly than in the general population and depressive
symptoms are present in about 80% of patients aged over
74 years who commit suicide.57 Depression in the elderly
is often undertreated and prognosis is poor; treatment is
also often complicated by co-existing medical condi-
tions.4,6,57,58 SSRIs are often the first choice of treatment in
the elderly because of their favourable adverse effect pro-
file and low toxicity in overdose.4,6,57,58 They may be es-
pecially appropriate in patients with an existing cardiovas-
cular disease or in those taking other medications that may
lower the blood pressure. Tricyclics such as amitriptyline
and imipramine are probably best avoided in the elderly as
their cardiotoxic, antimuscarinic, and sedative effects may
be particularly troublesome. However, the tricyclics
desipramine and nortriptyline are considered by some4,6,57

to be an alternative first-choice as they are less cardiotoxic
and have fewer antimuscarinic and sedative actions com-
pared with amitriptyline or imipramine. Other newer anti-
depressants may also be useful in specific situations; bu-
propion, which has the advantage of a relative lack of
cardiotoxicity and drug interactions, may be an appropri-
ate option.4 Lower initial doses of antidepressant drugs are
often recommended in the elderly to minimise adverse ef-
fects but individual differences in metabolism and excre-
tion may mean that some patients are undertreated. The
elderly tend to respond more slowly to antidepressants
than younger patients6 and additional psychosocial or psy-
chotherapeutic management is often warranted.4,57 The
treatment of resistant depression in elderly patients should
follow the same principles as in younger patients.6,57 ECT
is also safe and effective in the elderly, and should be con-
sidered in those at high risk for suicide or who are refrac-
tory to or intolerant of antidepressant drugs.6,57 Depression
late in life may require long-term antidepressant treatment
beyond the recovery phase, even after first episodes of de-
pression and should be a continuation of the treatment that
was successful in the initial acute phase (see above). 
Treatment of women with depressive disorders during and
after pregnancy raises concerns about the risk of tera-
togenicity, fetal growth retardation, or perinatal problems
(see also individual drug monographs); the ratio of risk to
the child versus the benefit to the mother must therefore be
considered very carefully.4,6,59 It should also be remem-
bered that untreated depression during pregnancy has been
associated with poor neonatal outcomes such as low birth-
weight.4 In some cases starting treatment with an antide-
pressant will be appropriate although psychotherapy and
ECT should also be considered as alternatives.6 Treatment
should not be stopped as a matter of routine in early preg-
nancy in women who become pregnant while taking an
antidepressant.59 Maternal mood disorders in the immedi-
ate postpartum period are related to hormonal changes,
particularly falling progesterone levels; the symptoms are
mild and resolve spontaneously after several days, there-
fore no treatment is required.4,6 Of greater concern are ma-
jor depressive episodes that occur beyond this initial
phase, which are clinically identical to depressive disor-
ders in general and call for the same principles of
management59 (although there are few studies to support
this60). These depressive episodes have been found to be
related to the presence of immediate postpartum mood dis-
orders, although no hormonal basis to this association has
been identified.59 Nevertheless, there has been interest in
the use of oestrogen as a treatment. 
As with use of any medication in breast-feeding mothers,
the risks to the infant from drugs distributed into breast
milk must be considered. The American Academy of
Pediatrics61 considers that all antidepressants are drugs
whose effect on nursing infants could be of concern. 
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Symptoms of anxiety and depression often coexist, and
although it may be difficult to distinguish which is the pre-
dominant disorder, especially in milder forms, patients
usually require an antidepressant. Anxiolytics and antipsy-
chotics can be useful adjuncts in agitated depression, but a
sedative antidepressant might be preferable. Combination
preparations of antidepressants with antipsychotics or anx-
iolytics should not be used because the dosage of the indi-
vidual components should be adjusted separately. Also,
anxiolytics should only be prescribed on a short-term basis
whereas antidepressants are given for longer periods. 
The efficacy of antidepressants in chronic fatigue syn-
drome in clinical studies have been equivocal although it
has been suggested that antidepressant therapy should be
tried in patients with co-existing depression.62 Cognitive
therapy may also be useful.
1. Anderson IM, et al. Evidence-based guidelines for treating de-

pressive disorders with antidepressants: a revision of the 1993
British Association for Psychopharmacology guidelines. J Psy-
chopharmaco l  2000 ;  14:  3–20 .  A l so  ava i la b le  a t :
http://www.bap.org.uk/consensus/antidepressant.pdf (accessed
24/11/05) 

2. NICE. Depression: management of depression in primary and
secondary care (issued December 2004). Available at: http://
www.nice.org.uk/nicemedia/pdf/CG023NICEguideline.pdf
(accessed 14/08/08) 

3. Snow V, et al. Clinical guidelines, part 1. Pharmacologic treat-
ment of acute major depression and dysthymia. Ann Intern Med
2000; 132: 738–42. 

4. American Psychiatric Association. Practice guideline for the treat-
ment of patients with major depressive disorder (revision). Am J
Psychiatry 2000; 157 (suppl): 1–45. Also available at: http://
www.psychiatryonline.com/pracGuide/pracGuideChapToc_7.aspx
(accessed 14/08/08) 

5. Fochtmann LJ, Gelenberg AJ. American Psychiatric Associa-
tion. Guideline watch: practice guideline for the treatment of
patients with major depressive disorder, 2nd edition. Available
at: http://www.psychiatryonline.com/content.aspx?aid=148217
(accessed 14/08/08) 

6. Bauer M, et al. World Federation of Societies of Biological Psy-
chiatry (WFSBP) guidelines for biological treatment of unipolar
depressive disorders, part 1: acute and continuation treatment of
major depressive disorder. World J Biol Psychiatry 2002; 3:
5–43. Also available at: http://www.wfsbp.org/fileadmin/
pdf/guides/827MDDTreatmentBauer.pdf (accessed 14/08/08) 

7. Bauer M, et al. World Federation of Societies of Biological Psy-
chiatry (WFSBP) guidelines for biological treatment of unipolar
depressive disorders, part 2: maintenance treatment of major de-
pressive disorder and treatment of chronic depressive disorders
and subthreshold depressions. World J Biol Psychiatry 2002; 3:
69–86. Also available at: http://www.wfsbp.org/fileadmin/
pdf/guides/depression2.pdf (accessed 14/08/08) 

8. The UK ECT Review Group. Efficacy and safety of electrocon-
vulsive therapy in depressive disorders: a systematic review and
meta-analysis. Lancet 2003; 361: 799–808. 

9. NICE. Guidance on the use of electroconvulsive therapy: Tech-
nology Appraisal 59 (issued April 2003). Available at:
http://www.nice.org.uk/nicemedia/pdf/59ectfullguidance.pdf
(accessed 14/08/08) 

10. Partonen T, Lönnqvist J. Seasonal affective disorder. Lancet
1998; 352: 1369–74. 

11. Golden RN, et al. The efficacy of light therapy in the treatment
of mood disorders: a review and meta-analysis of the evidence.
Am J Psychiatry 2005; 162: 656–62. 

12. Kent JM. SNaRIs, NaSSAa, and NaRIs: new agents for the
treatment of depression. Lancet 2000; 355: 911–8. Correction.
ibid.; 2000. 

13. Anderson IM. Meta-analytical studies on new antidepressants.
Br Med Bull 2001: 57: 161–78. 

14. Mulrow CD, et al. Efficacy of newer medications for treating
depression in primary care patients. Am J Med 2000; 108:
54–64. 

15. Henry JA. Epidemiology and relative toxicity of antidepressant
drugs in overdose. Drug Safety 1997; 16: 374–90. 

16. Beaumont G. The toxicity of antidepressants. Br J Psychiatry
1989; 154: 454–8. 

17. Kapur S, et al. Antidepressant medications and the relative risk
of suicide attempt and suicide. JAMA 1992; 268: 3441–5. 

18. de Jonghe F, Swinkels JA. The safety of antidepressants. Drugs
1992; 43 (suppl 2): 40–7. 

19. Mason J, et al. Fatal toxicity associated with antidepressant use
in primary care. Br J Gen Pract 2000; 50: 366–70. 

20. Knudsen KAI, Heath A. Effects of self poisoning with mapro-
tiline. BMJ 1984; 288: 601–3. 

21. Inman WHW. Blood disorders and suicide in patients taking mi-
anserin or amitriptyline. Lancet 1988; ii: 90–2. 

22. Buckley NA, McManus PR. Fatal toxicity of serotoninergic and
other antidepressant drugs: analysis of United Kingdom mortal-
ity data. BMJ 2002; 325: 1332–3. 

23. Cassidy S, Henry J. Fatal toxicity of antidepressant drugs in
overdose. BMJ 1987; 295: 1021–4. 

24. Kerr GW, et al. Tricyclic antidepressant overdose: a review.
Emerg Med J 2001; 18: 236–41. 

25. Malmvik J, et al. Antidepressants in suicide: differences in fa-
tality and drug utilisation. Eur J Clin Pharmacol 1994; 46:
291–4. 

26. Henry JA, et al. Relative mortality from overdose of antidepres-
sants. BMJ 1995; 310: 221–4. Correction. ibid.; 911. 

27. Freemantle N, et al. Prescribing selective serotonin reuptake in-
hibitors as strategy for prevention of suicide. BMJ 1994; 309:
249–53. 

28. Trindade E, Menon D. Selective serotonin reuptake inhibitors
(SSRIs) for major depression. Part 1: evaluation of the clinical
literature. Ottawa: Canadian Coordinating Office for Health
Technology Assessment, 1997. Available at: http://cadth.ca/
media/pdf/ssris1_tr_e.pdf (accessed 14/08/08) 

29. Anderson IM. SSRIs versus tricyclic antidepressants in de-
pressed inpatients: a meta-analysis of efficacy and tolerability.
Depress Anxiety 1998; 7 (suppl 1): 11–17. 

30. MacGillivray S, et al. Efficacy and tolerability of selective se-
rotonin reuptake inhibitors compared with tricyclic antidepres-
sants in depression treated in primary care: systematic review
and meta-analysis. BMJ 2003; 326: 1014–17. 

31. Guaiana G, et al. Amitriptyline for depression. Available in The
Cochrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2007 (accessed 30/05/08). 

32. Spigset O, Mårtensson B. Drug treatment of depression. BMJ
1999; 318: 1188–91. 

33. Richelson E. Pharmacology of antidepressants—characteristics
of the ideal drug. Mayo Clin Proc 1994; 69: 1069–81. 

34. Soares JC, Gershon S. Prospects for the development of new
treatments with a rapid onset of action in affective disorders.
Drugs 1996; 52: 477–82. 

35. Kendrick T. Prescribing antidepressants in general practice.
BMJ 1996; 313: 829–30. 

36. Schweitzer I, Tuckwell V. Risk of adverse events with the use of
augmentation therapy for the treatment of resistant depression.
Drug Safety 1998; 19: 45–64. 

37. Angst J. A regular review of the long term follow up of depres-
sion. BMJ 1997; 315: 1143–6. 

38. Paykel ES. Continuation and maintenance therapy in depres-
sion. Br Med Bull 2001: 57: 145–59. 

39. Geddes JR, et al. Relapse prevention with antidepressant drug
treatment in depressive disorders: a systematic review. Lancet
2003; 361: 653–61. Correction. ibid. 2004; 363: 662. 

40. Edwards JG. Long term pharmacotherapy of depression. BMJ
1998; 316: 1180–1. 

41. Montgomery SA. Prophylactic treatment of depression. Br J
Hosp Med 1994; 52: 5–7. 

42. Dilsaver SC. Withdrawal phenomena associated with antide-
pressant and antipsychotic agents. Drug Safety 1994; 10:
103–114. 

43. Haddad P, et al. Antidepressant discontinuation reactions. BMJ
1998; 316: 1105–6. 

44. Anonymous. Withdrawing patients from antidepressants. Drug
Ther Bull 1999; 37: 49–52. 

45. Haddad PM. Antidepressant discontinuation syndromes: clini-
cal relevance, prevention and management. Drug Safety 2001;
24: 183–97. 

46. NICE. Depression in children and young people: identification
and management in primary, community and secondary care (is-
sued September 2005). Available at: http://www.nice.org.uk/
nicemedia/pdf/CG028NICEguideline.pdf (accessed 14/08/08) 

47. Royal Australian and New Zealand College of Psychiatrists,
Royal Australian College of General Practitioners, and Royal
Australasian College of Physicians. Clinical guidance on the
use of antidepressant medications in children and adolescents
March 2005. Available at: http://www.ranzcp.org/images/
stories/ranzcp-attachments/Resources/College_Statements/
Practice_Guidelines/Clinical_Guidance_on_the_use_of_Antid
epressant_medications_in_Children_and_Adolescents.pdf (ac-
cessed 14/08/08) 

48. Leslie LK, et al. The Food and Drug Administration’s delibera-
tions on antidepressant use in pediatric patients. Pediatrics
2005; 116: 195–204. 

49. Ryan ND. Treatment of depression in children and adolescents.
Lancet 2005; 366: 933–40. 

50. Dopheide JA. Recognizing and treating depression in children
and adolescents. Am J Health-Syst Pharm 2006; 63: 233–43. 

51. Treatment for Adolescents with Depression Study (TADS)
Team. Fluoxetine, cognitive-behavioral therapy, and their com-
bination for adolescents with depression: Treatment for Adoles-
cents With Depression Study (TADS) randomized controlled
trial. JAMA 2004; 292: 807–20. 

52. Committee for Medicinal Products for Human Use, European
Medicines Agency. European Medicines Agency adopts a posi-
tive opinion for the use of Prozac in the treatment of children
and adolescents suffering from depression (issued 6th June,
2006). Available at: http://www.emea.europa.eu/pdfs/human/
press/pr/20255406en.pdf (accessed 14/08/08) 

53. Hazell P, et al. Tricyclic drugs for depression in children and
adolescents. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2002 (accessed
24/11/05). 

54. Harrington R. Depressive disorder in adolescence. Arch Dis
Child 1995; 72: 193–5. 

55. Friedman RA, Leon AC. Expanding the black box — depres-
sion, antidepressants, and the risk of suicide. N Engl J Med
2007; 356: 2343–6. 

56. Weller IVD. Report of the CSM Expert Working Group on the
safety of selective serotonin reuptake inhibitor antidepressants.
London: The Stationery Office, 2005. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON019472&RevisionSelectionMethod=
LatestReleased (accessed 14/08/08) 

57. Alexopoulos GS. Depression in the elderly. Lancet 2005; 365:
1961–70. 

58. Lotrich FE, Pollock BG. Aging and clinical pharmacology: im-
plications for antidepressants. J Clin Pharmacol 2005; 45:
1106–22. 

59. Scottish Intercollegiate Guidelines Network. Postnatal depres-
sion and puerperal psychosis: a national clinical guideline (is-
sued June 2002). Available at: http://www.sign.ac.uk/pdf/
sign60.pdf (accessed 24/11/05) 

60. Hoffbrand S, et al. Antidepressant treatment for post-natal de-
pression. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2001 (accessed
24/11/05). 

61. American Academy of Pediatrics Committee on Drugs. The
transfer of drugs and other chemicals into human milk. Pediat-
rics 2001; 108: 776–89. Correction. ibid.; 1029. Also available
at:
http:/ /aappolicy.aappublications.org/cgi/content/full /
pediatrics%3b108/3/776 (accessed 24/11/05) 

62. The Royal Colleges of Physicians, General Practitioners and
Psychiatrists. Chronic fatigue syndrome. Council Report CR54;
London: Royal Colleges of Physicians, General Practitioners
and Psychiatrists, 1997.

Mania
Although isolated episodes of mania (see p.372) may oc-
cur, mania is usually followed by depression when it is
considered to be part of bipolar disorder. It is accepted
practice to include mania without depression within the bi-

polar category. The treatment and prophylaxis of acute
mania are therefore described under Bipolar Disorder,
above.
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Агомелатин
C15H17NO2 = 243.3.
CAS — 138112-76-2.
ATC — N06AX22.
ATC Vet — QN06AX22.

Profile
Agomelatine is an agonist at melatonergic MT1 and MT2 recep-
tors and an antagonist at 5-HT2C receptors. It has antidepressant
actions and is used orally in the treatment of depression (p.373)
in doses of 25 to 50 mg given daily at bedtime.
◊ References.
1. Zupancic M, Guilleminault C. Agomelatine: a preliminary re-

view of a new antidepressant. CNS Drugs 2006; 20: 981–92. 
2. Ghosh A, Hellewell JSE. A review of the efficacy and tolerabil-

ity of agomelatine in the treatment of major depression. Expert
Opin Invest Drugs 2007; 16: 1999–2004. 

3. Eser D, et al. Evidence of agomelatine’s antidepressant efficacy:
the key points. Int Clin Psychopharmacol 2007; 22 (suppl 2):
S15–S19.

Amineptine Hydrochloride (rINNM)

Amineptine, Chlorhydrate d’; Amineptini Hydrochloridum; Hid-
rocloruro de amineptina; S-1694. 7-[(10,11-Dihydro-5H-diben-
zo[a,d]cyclohepten-5-yl)amino]heptanoic acid hydrochloride.
Аминептина Гидрохлорид
C22H27NO2,HCl = 373.9.
CAS — 57574-09-1 (amineptine); 30272-08-3 (aminept-
ine hydrochloride).
ATC — N06AA19.
ATC Vet — QN06AA19.

(amineptine)

Profile
Amineptine hydrochloride is a tricyclic antidepressant (see Am-
itriptyline, below). It has been given orally in the treatment of
depression. 
Hepatic adverse effects seem to be more common than with most
other tricyclic antidepressants (see Effects on the Liver, p.377).
Also amineptine has been subject to abuse and withdrawal has
been both prolonged and difficult; for these reasons, it is no long-
er marketed in many countries.
Adverse effects. In 5 patients very severe acne-type lesions
were associated with the chronic self-increased use of high doses
of amineptine (200 to 1000 mg daily).1 Unusual lactam metabo-
lites were detected in all patients and in 2 these metabolites were
still present, along with the lesions, 3 months after therapy had
been withdrawn. In another case, a 48-year-old woman devel-
oped acne-like eruptions after long-term treatment with aminep-
tine at a dose of 400 mg daily.2 There was no clinical improve-
ment 6 months after amineptine withdrawal.
1. Vexiau P, et al. Severe acne-like lesions caused by amineptine

overdose. Lancet 1988; i: 585. 
2. De Gálvez Aranda MV, et al. Acneiform eruption caused by

amineptine: a case report and review of the literature. J Eur Acad
Dermatol Venereol 2001; 15: 337–9.

Porphyria. Amineptine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Survector†; Port.: Directim†; Survector†.
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Amitriptyline (BAN, rINN)

Amitriptilina; Amitriptyliini; Amitriptylin; Amitriptylinum. 3-
(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)propyld-
imethylamine; 10,11-Dihydro-N,N-dimethyl-5H-dibenzo[a,d]cy-
cloheptene-Δ5, -propylamine.
Амитриптилин
C20H23N = 277.4.
CAS — 50-48-6.
ATC — N06AA09.
ATC Vet — QN06AA09.

Amitriptyline Embonate (BANM, rINNM)

Amitriptyline, Embonate d’; Amitriptylini Embonas; Embonato de
amitriptilina.
Амитриптилина Эмбонат
(C20H23N)2,C23H16O6 = 943.2.
CAS — 17086-03-2.
Pharmacopoeias. In Br. 
BP 2008 (Amitriptyline Embonate). A pale yellow to brownish-
yellow, odourless or almost odourless powder. Practically insol-
uble in water; slightly soluble in alcohol; freely soluble in chlo-
roform. Protect from light.

Amitriptyline Hydrochloride (BANM, rINNM)

Amitriptilin Hidroklorür; Amitriptilin-hidroklorid; Amitriptilino
hidrochloridas; Amitriptyliinihydrokloridi; Amitriptyline, chlorhy-
drate d’; Amitriptylin-hydrochlorid; Amitriptylinhydroklorid; Am-
itriptylini hydrochloridum; Amitryptyliny chlorowodorek; Hidro-
cloruro de amitriptilina.
Амитриптилина Гидрохлорид
C20H23N,HCl = 313.9.
CAS — 549-18-8.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Amitriptyline Hydrochloride). A white or almost
white powder or colourless crystals. Freely soluble in water, in
alcohol, and in dichloromethane. Protect from light. 
USP 31 (Amitriptyline Hydrochloride). A white or practically
white, odourless or practically odourless, crystalline powder or
small crystals. Freely soluble in water, in alcohol, in chloroform,
and in methyl alcohol; insoluble in ether. pH of a 1% solution in
water is between 5.0 and 6.0.
Stability. Decomposition occurred when solutions of am-
itriptyline hydrochloride in water or phosphate buffers were
autoclaved at 115° to 116° for 30 minutes in the presence of ex-
cess oxygen.1 
The decomposition of amitriptyline as the hydrochloride in buff-
ered aqueous solution stored at 80° in the dark was accelerated
by metal ions.2 Disodium edetate 0.1% significantly reduced the
decomposition rate of these amitriptyline solutions but propyl
gallate and hydroquinone were less effective. Sodium metabi-
sulfite produced an initial lowering of amitriptyline concentra-
tion and subsequently an acceleration of decomposition. The rate
of decomposition was also much greater in amber glass am-
poules than in clear glass ones (the metal ion content of amber
glass is higher than that of clear glass). However, there were con-
siderable variations between different batches of amber glass
and, since amitriptyline is photolabile, its solutions are likely to
be stored in amber containers. 
Solutions of amitriptyline hydrochloride in water are stable for at
least 8 weeks at room temperature if protected from light either
by storage in a cupboard or in amber containers.3 Decomposition
to ketone and, to a lesser extent, other unidentified products was
found to occur on exposure to light.
1. Enever RP, et al. Decomposition of amitriptyline hydrochloride

in aqueous solution: identification of decomposition products. J
Pharm Sci 1975; 64: 1497–9. 

2. Enever RP, et al. Factors influencing decomposition rate of am-
itriptyline hydrochloride in aqueous solution. J Pharm Sci 1977;
66: 1087–9. 

3. Buckles J, Walters V. The stability of amitriptyline hydrochlo-
ride in aqueous solution. J Clin Pharm 1976; 1: 107–12.

Adverse Effects
Many adverse effects of amitriptyline and similar tricy-
clic antidepressants are caused by their antimuscarinic
actions. Antimuscarinic effects are relatively common
and occur before an antidepressant effect is obtained.
They include dry mouth, constipation occasionally

leading to paralytic ileus, urinary retention, blurred vi-
sion and disturbances in accommodation, increased in-
tra-ocular pressure, and hyperthermia. Tolerance is of-
ten achieved if treatment is continued and adverse
effects may be less troublesome if treatment is begun
with small doses and then increased gradually, al-
though this may delay the clinical response. 
Drowsiness may also be common, although a few
tricyclic antidepressants possess little or no sedative
potential and may produce nervousness and insomnia.
Other neurological adverse effects include headache,
peripheral neuropathy, tremor, ataxia, epileptiform sei-
zures, tinnitus, and occasional extrapyramidal symp-
toms including speech difficulties (dysarthria). Confu-
sion, hallucinations, or delirium may occur,
particularly in the elderly, and mania or hypomania,
and behavioural disturbances (particularly in children)
have been reported. 
Gastrointestinal complaints include sour or metallic
taste, stomatitis, and gastric irritation with nausea and
vomiting. 
Effects on the cardiovascular system are discussed in
more detail below. Orthostatic hypotension and tachy-
cardia can occur in patients without a history of cardi-
ovascular disease, and may be particularly trouble-
some in the elderly. 
Hypersensitivity reactions, such as urticaria and an-
gioedema, and photosensitisation have been reported
and, rarely, cholestatic jaundice and blood disorders,
including eosinophilia, bone-marrow depression,
thrombocytopenia, leucopenia, and agranulocytosis. 
Endocrine effects include testicular enlargement, gy-
naecomastia and breast enlargement, and galactor-
rhoea. Sexual dysfunction may also occur. Changes in
blood sugar concentrations may also occur, and, very
occasionally, hyponatraemia associated with inappro-
priate secretion of antidiuretic hormone. 
Other adverse effects that have been reported are in-
creased appetite with weight gain (or occasionally an-
orexia with weight loss). Sweating may be a problem. 
Symptoms of overdosage may include excitement and
restlessness with marked antimuscarinic effects, in-
cluding dryness of the mouth, hot dry skin, dilated pu-
pils, tachycardia, urinary retention, and intestinal sta-
sis. Severe symptoms include unconsciousness,
convulsions and myoclonus, hyperreflexia, hypother-
mia, hypotension, metabolic acidosis, and respiratory
and cardiac depression, with life-threatening cardiac
arrhythmias that may recur some days after apparent
recovery. Delirium, with confusion, agitation and hal-
lucinations, is common during recovery.
Antimuscarinic and antihistaminic properties. Studies in
vitro1 showed antidepressant affinities for human muscarinic
acetylcholine receptors and therefore the likelihood of antimus-
carinic effects to be, in descending order: 
• amitriptyline 
• protriptyline 
• clomipramine 
• trimipramine 
• doxepin 
• imipramine 
• nortriptyline 
• desipramine 
• amoxapine 
• maprotiline 
• trazodone 
The effect of affinities for other receptor sites was less certain,
although those antidepressants with high affinity for histamine
H1 receptors might be expected to be more sedating. Affinities
for murine histamine H1 receptors in descending order were: 
• doxepin 
• trimipramine 
• amitriptyline 
• maprotiline 
• amoxapine 
• nortriptyline 

• imipramine 
• clomipramine 
• protriptyline 
• trazodone 
• desipramine
1. Richelson E. Antimuscarinic and other receptor-blocking prop-

erties of antidepressants. Mayo Clin Proc 1983; 58: 40–6.

Effects on the blood. After a case report of agranulocytosis
linked with imipramine, review of the literature suggested that
agranulocytosis associated with tricyclic antidepressant use was
a rare idiosyncratic condition, resulting from a direct toxic effect
rather than an allergic mechanism, and particularly affected the
elderly from 4 to 8 weeks after beginning treatment.1 
Between 1963 and 1993 the UK CSM received 912 reports of
drug-induced agranulocytosis of which 38 were due to tricyclic
antidepressants (12 fatal) and 1499 cases of neutropenia of which
46 were due to tricyclics (none fatal).2 In a report3 on a patient
who developed aplastic anaemia associated with use of remox-
ipride and dosulepin it was noted that up to May 1993 the CSM
had also received 11 reports of aplastic anaemia secondary to use
of dosulepin. 
Neutropenia reported4 in a patient after separate exposure to im-
ipramine and nortriptyline, indicated that there might be cross-
intolerance between the tricyclic antidepressants and if neutrope-
nia developed with one member of the group the use of others on
future occasions should be avoided.
1. Albertini RS, Penders TM. Agranulocytosis associated with tri-

cyclics. J Clin Psychiatry 1978; 39: 483–5. 
2. CSM/MCA. Drug-induced neutropenia and agranulocytosis.

Current Problems 1993; 19: 10–11. Available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 14/08/08) 

3. Philpott NJ, et al. Aplastic anaemia and remoxipride. Lancet
1993; 342: 1244–5. 

4. Draper BM, Manoharan A. Neutropenia with cross-intolerance
between two tricyclic antidepressant agents. Med J Aust 1987;
146: 452–3.

Effects on the cardiovascular system. The cardiotoxic po-
tential of tricyclic antidepressants after overdosage is widely ac-
knowledged; symptoms include arrhythmias, conduction de-
fects, and hypotension. This factor was, in part, responsible for
the development of antidepressants with different chemical
structures and pharmacological properties that are less cardiotox-
ic. It also led to some concern over whether tricyclic antidepres-
sants had adverse effects on the heart or cardiovascular system
when used in usual therapeutic doses. 
Since the introduction of the tricyclic antidepressants, reports, of-
ten anecdotal, have been published of adverse cardiovascular ef-
fects at therapeutic doses and have included malignant hyper-
tension with amitriptyline,1 and cardiomyopathy in a patient who
had received amitriptyline and imipramine.2 QT prolongation,
which in some cases progressed to torsade de pointes, has also
been associated with the use of some tricyclics.3,4 Sudden cardiac
death in patients with pre-existing cardiac disease has been
linked with amitriptyline5-7 or imipramine,6 although the Boston
Collaborative Drug Surveillance Program failed to substantiate
these findings.8 In a more recent analysis, it has been suggested
that the risk of sudden cardiac death may increase with high dos-
es of tricyclic antidepressants.9 Using patient medication
records, it was found that the rate of sudden cardiac death in pa-
tients taking less than 100 mg of amitriptyline or its equivalent,
[presumably as a daily dose although this is not specified], did
not differ from that among non-users of antidepressants even in
those with cardiovascular disease or other conditions considered
to increase the risk of sudden death; however, the risk was signif-
icantly increased in those patients on doses of 100 mg or greater
when compared to non-users, regardless of any predisposing
conditions. 
There have also been reports of sudden death in children given
desipramine10-12 or imipramine;12-14 in at least some of these cas-
es plasma concentrations were not elevated and the children had
no cardiac abnormality. Again, however, evaluation of much of
the evidence for the association suggests it is weak;15 nonethe-
less, the American Heart Association recommends baseline
ECG monitoring in children who are to be treated with tricyclic
antidepressants, and a repeat ECG when steady-state dosage is
achieved.16 
Re-evaluations and reviews of this topic17,18 concluded that the
only significant or serious cardiovascular adverse effects, seen in
patients with no history of cardiovascular disease given thera-
peutic doses of tricyclic antidepressants, are orthostatic hypoten-
sion and tachycardia, and that these effects may be particularly
troublesome in elderly patients. However, a later study19 also
considered that prolongation of the QT interval might occur with
therapeutic doses of tricyclics in non-risk patients. 
In patients with overt heart disease it was considered17 that in-
creased risk was likely in those with intraventricular conduction
abnormalities; in patients with a history of myocardial infarction
or angina, but free of conduction defects, the use of tricyclics ap-
peared to be primarily limited by how often they developed or-
thostatic hypotension and to what degree. In a re-evaluation of
the risks and benefits of tricyclics in patients with ischaemic
heart disease no consensus was reached.20 In practice the authors
used SSRIs or bupropion as first-choice therapy in patients with
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ischaemic heart disease who were mildly or moderately de-
pressed; tricyclics were reserved for unresponsive patients and
were also used as first-choice therapy for patients with more se-
vere depression despite cardiac risks. More recently an increased
risk of myocardial infarction has been found in patients taking
tricyclic antidepressants (but not SSRIs) with treatment for heart
disease.21 Results of a later case-control study22 examining the
risk of ischaemic heart disease for different types of antidepres-
sants and individual antidepressants support these findings. After
adjustment for confounders and use of other antidepressants the
risk of ischaemic heart disease was significantly raised in pa-
tients who had ever taken tricyclics but not in those who had re-
ceived other antidepressants. When the risk was calculated for
the tricyclics amitriptyline, dosulepin, and lofepramine, and con-
founders had been adjusted for, an increased risk of ischaemic
heart disease remained only for dosulepin with evidence of a
dose-response relationship.
1. Dunn FG. Malignant hypertension associated with use of am-

itriptyline hydrochloride. South Med J 1982; 75: 1124–5. 
2. Howland JS, et al. Cardiomyopathy associated with tricyclic

antidepressants. South Med J 1983; 76: 1455–6. 
3. Baker B, et al. Electrocardiographic effects of fluoxetine and

doxepin in patients with major depressive disorder. J Clin Psy-
chopharmacol 1997; 17: 15–21. 

4. Vieweg WVR, Wood MA. Tricyclic antidepressants, QT inter-
val prolongation, and torsade de pointes. Psychosomatics 2004;
45: 371–7. 

5. Coull DC, et al. Amitriptyline and cardiac disease. Lancet 1970;
ii: 590–1. 

6. Moir DC, et al. Cardiotoxicity of amitriptyline. Lancet 1972; ii:
561–4. 

7. Moir DC, et al. Medicines evaluation and monitoring group: a
follow-up study of cardiac patients receiving amitriptyline. Eur
J Clin Pharmacol 1973; 6: 98–101. 

8. Boston Collaborative Drug Surveillance Program. Adverse re-
actions to the tricyclic-antidepressant drugs: report from Boston
Collaborative Drug Surveillance Program. Lancet 1972; i:
529–31. 

9. Ray WA, et al. Cyclic antidepressants and the risk of sudden
cardiac death. Clin Pharmacol Ther 2004; 75: 234–41. 

10. Anonymous. Sudden death in children treated with a tricyclic
antidepressant. Med Lett Drugs Ther 1990; 32: 53. 

11. Riddle MA, et al. Another sudden death in a child treated with
desipramine. J Am Acad Child Adolesc Psychiatry 1993; 32:
792–7. 

12. Varley CK, McClellan J. Case study: two additional sudden
deaths with tricyclic antidepressants. J Am Acad Child Adolesc
Psychiatry 1997; 36: 390–4. 

13. Swanson JR, et al. Death of two subjects due to imipramine and
desipramine metabolite accumulation during chronic therapy: a
review of the literature and possible mechanisms. J Forensic Sci
1997; 42: 335–9. 

14. Varley CK. Sudden death of a child treated with imipramine:
case study. J Child Adolesc Psychopharmacol 2000; 10: 321–5. 

15. Biederman J, et al. Estimation of the association between
desipramine and the risk for sudden death in 5- to 14-year-old
children. J Clin Psychiatry 1995; 56: 87–93. 

16. Gutgesell H, et al. Cardiovascular monitoring of children and
adolescents receiving psychotropic drugs: a statement for
healthcare professionals from the Committee on Congenital
Cardiac Defects, Council on Cardiovascular Disease in the
Young, American Heart Association. Circulation 1999; 99:
979–82. Also available at: http://circ.ahajournals.org/cgi/
reprint/99/7/979 (accessed 24/11/05) 

17. Glassman AH. Cardiovascular effects of tricyclic antidepres-
sants. Annu Rev Med 1984; 35: 503–11. 

18. Mortensen SA. Cyclic antidepressants and cardiotoxicity. Prac-
titioner 1984; 228: 1180–3. 

19. Reilly JG, et al. QTc-interval abnormalities and psychotropic
drug therapy in psychiatric patients. Lancet 2000; 355:
1048–52. 

20. Glassman AH, et al. The safety of tricyclic antidepressants in
cardiac patients: risk-benefit reconsidered. JAMA 1993; 269:
2673–5. 

21. Cohen HW, et al. Excess risk of myocardial infarction in pa-
tients treated with antidepressant medications: association with
use of tricyclic agents. Am J Med 2000; 108: 2–8. 

22. Hippisley-Cox J, et al. Antidepressants as risk factor for ischae-
mic heart disease: case-control study in primary care. BMJ
2001: 323: 666–9.

EFFECTS ON THE PERIPHERAL CIRCULATION. Painful vasospastic
episodes, characterised by cold and blue hands and feet, oc-
curred in a woman each time she received imipramine 150 mg
daily and also with amitriptyline, but only when the dose was
increased to 200 mg daily.1 This suggested that the ability of
tricyclic antidepressants to induce vasospasm was not limited
to imipramine and that the effect might be partly dose-de-
pendent. Additionally, acrocyanosis of the hands and feet has
been reported in a child receiving imipramine for nocturnal
enuresis.2
1. Appelbaum PS, Kapoor W. Imipramine-induced vasospasm: a

case report. Am J Psychiatry 1983; 140: 913–15. 
2. Anderson RP, Morris BAP. Acrocyanosis due to imipramine.

Arch Dis Child 1988; 63: 204–5.

Effects on the endocrine system. The syndrome of inappro-
priate antidiuretic hormone secretion with hyponatraemia has
been reported in patients receiving tricyclics and other antide-
pressants. The UK CSM, commenting on reports it had received
of hyponatraemia associated with antidepressants (fluoxetine,
paroxetine, lofepramine, clomipramine, and imipramine), con-
sidered that it was likely to occur with any antidepressant and
usually involved elderly patients.1 Case reports of hyponatrae-
mia in 24 patients treated with tricyclics and 20 patients treated
with other antidepressants have been summarised.2 
In a review covering the effects of drugs on prolactin secretion3

it was stated that antidepressants could affect prolactin secretion

by disturbing the balance of catecholaminergic inhibition and se-
rotonergic stimulation of prolactin release, although any change
is less than with antipsychotic therapy. Clomipramine and
nortriptyline had been reported to stimulate prolactin release
whereas amitriptyline, desipramine, and imipramine had been
reported to be without effect. Such stimulation may account for
symptoms of galactorrhoea or amenorrhoea reported with some
tricyclics.
1. CSM/MCA. Antidepressant-induced hyponatraemia. Current

Problems  1994;  20:  5–6 .  Also  avai lab le  a t :  h t tp : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015616&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08) 

2. Spigset O, Hedenmalm K. Hyponatraemia and the syndrome of
inappropriate antidiuretic hormone secretion (SIADH) induced
by psychotropic drugs. Drug Safety 1995; 12: 209–25. 

3. Hell K, Wernze H. Drug-induced changes in prolactin secretion:
clinical implications. Med Toxicol 1988; 3: 463–98.

Effects on the gastrointestinal tract. Rare cases of ileus and
pseudo-obstruction have apparently resulted from the antimus-
carinic effects of tricyclic antidepressants.1-4 An early report1
from the UK CSM noted no evidence that any tricyclic was es-
pecially liable to cause ileus.
1. CSM. Tricyclic antidepressants and ileus. Current Problems 3

1978. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024410&
RevisionSelectionMethod=LatestReleased (accessed 04/08/08) 

2. McMahon AJ. Amitriptyline overdose complicated by intestinal
pseudo-obstruction and caecal perforation. Postgrad Med J
1989; 65: 948–9. 

3. Sood A, Kumar R. Imipramine induced acute colonic pseudo-
obstruction (Ogilvie’s syndrome): a report of two cases. Indian J
Gastroenterol 1996; 15: 70–1. 

4. Ross JP, et al. Imipramine overdose complicated by toxic mega-
colon. Am Surg 1998; 64: 242–4.

Effects on the kidneys and urine. Haematuria has been seen
in a patient receiving amitriptyline and carbamazepine;1 car-
bamazepine had previously been taken alone for a long period
without producing this effect. 
Amitriptyline may have produced a blue-green colour in urine,2
although it was considered to be a rare phenomenon.
1. Gillman MA, Sandyk R. Hematuria following tricyclic therapy.

Am J Psychiatry 1984; 141: 463–4. 
2. Beeley L. BMJ 1986; 293: 750.

Effects on the liver. In a report of 91 cases of hepatitis due to
antidepressant therapy, 63 occurred in patients receiving the tri-
cyclic antidepressant amineptine, sometimes with other psycho-
tropic drugs; in about 50% of these amineptine cases, benzodi-
azepines had also been taken and it was postulated that the
benzodiazepines may have increased the oxidation of amineptine
to a toxic metabolite.1 Most patients presented with abdominal
pain and mixed liver damage with predominant cholestasis. One
died after myocardial infarction, but all the others recovered. The
mean amineptine dosage was 200 mg daily. In comparison, only
a few cases were attributed to other tricyclic antidepressants—
amitriptyline (4), clomipramine (3), and dibenzepin (1). Cross-
hepatotoxicity between amineptine and clomipramine has also
been reported in a patient.2 
Hepatotoxicity has also been noted with lofepramine. The UK
CSM had by the end of 1987 received 57 reports of abnormal
liver function tests associated with lofepramine.3 They included
hepatic failure (1), jaundice (9), and hepatitis (5). All reactions
occurred within the first 8 weeks of treatment and all were re-
versible on stopping the drug.
1. Lefebure B, et al. Hépatites aux antidépresseurs. Therapie 1984;

39: 509–16. 
2. Larrey D, et al. Cross hepatotoxicity between tricyclic antide-

pressants. Gut 1986; 27: 726–7. 
3. CSM. Lofepramine (Gamanil) and abnormal blood tests of liver

function. Current Problems 23 1988. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024430&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08)

Effects on the mouth. The inhibition of salivation caused by
tricyclic antidepressants (in this case clomipramine) has been im-
plicated in dental caries formation.1
1. deVries MW, Peeters F. Dental caries with longterm use of anti-

depressants. Lancet 1995; 346: 1640.

Effects on the nervous system. Effects on the nervous sys-
tem attributed to tricyclic antidepressants include drowsiness
(especially with those with antihistaminic activity), peripheral
neuropathy, tremor, ataxia, confusion, and delirium. Of particu-
lar concern is a reduction in the seizure threshold (see Epilep-
togenic Effect, below). Extrapyramidal effects and neuroleptic
malignant syndrome (see below) may also occasionally occur.
Effects on sexual function. Loss of libido and impotence are
common in depression, often making the role of drugs in produc-
ing sexual dysfunction difficult to assess.1 
Sedation due to tricyclic antidepressants may lead to loss of libi-
do and many of the tricyclics have been reported to cause impo-
tence.1,2 Amitriptyline, clomipramine, desipramine, doxepin,
nortriptyline, and trimipramine have been stated to delay or in-
hibit ejaculation, and amoxapine, imipramine, and protriptyline,
also to cause painful ejaculation. However, some tricyclics have
been used for their effect on ejaculation in the management of
premature ejaculation (see Clomipramine, p.387). 

In women, anorgasmia or delayed orgasm has been reported with
amitriptyline, amoxapine, clomipramine, and imipramine,1-3 al-
though spontaneous orgasm associated with yawning has been
reported with clomipramine.4
1. Beeley L. Drug-induced sexual dysfunction and infertility. Ad-

verse Drug React Acute Poisoning Rev 1984; 3: 23–42. 
2. Anonymous. Drugs that cause sexual dysfunction. Med Lett

Drugs Ther 1987; 29: 65–70. 
3. Shen WW, Sata LS. Inhibited female orgasm resulting from psy-

chotropic drugs: a clinical review. J Reprod Med 1983; 28:
497–9. 

4. McLean JD, et al. Unusual side effects of clomipramine associ-
ated with yawning. Can J Psychiatry 1983; 28: 569–70.

Effects on the skin. Hypersensitivity reactions to tricyclic anti-
depressants are said to be uncommon.1 Urticaria and angioede-
ma have occurred, the urticaria occasionally clearing without
drug withdrawal. Pruritus is also uncommon, but may be associ-
ated with transient erythema. Photosensitivity reactions are far
less common than with phenothiazines; protriptyline has been
the tricyclic most frequently implicated.2,3 Rarely, exfoliative
dermatitis has developed, and purpura, pigmentation, and lichen
planus have been noted in isolated reports. In some cases pig-
mentation changes may be permanent.4 Toxic epidermal necrol-
ysis has been reported in a patient 2 weeks after starting therapy
with amoxapine.5 Hypersensitivity reactions to tricyclic antide-
pressants usually occur between 14 and 60 days after the start of
treatment.6 
Amitriptyline and fluoxetine have been implicated in the devel-
opment of atypical cutaneous lymphoid hyperplasia in 8 patients,
7 of whom either had an underlying immunosuppressant system-
ic disease or were also receiving immunomodulatory drugs.7 The
lesions improved or resolved on stopping the antidepressant, al-
though in some patients other factors may have contributed to
lesional resolution.
1. Almeyda J. Drug reactions XIII: cutaneous reactions to imi-

pramine and chlordiazepoxide. Br J Dermatol 1971; 84: 298–9. 
2. Smith AG. Drug-induced photosensitivity. Adverse Drug React

Bull 1989; 136 (June): 508–11. 
3. Harth Y, Rapoport M. Photosensitivity associated with antipsy-

chotics, antidepressants and anxiolytics. Drug Safety 1996; 14:
252–9. 

4. Dean CE, Grund FM. Imipramine-associated hyperpigmenta-
tion. Ann Pharmacother 2003; 37: 825–8. 

5. Camisa C, Grines C. Amoxapine: a cause of toxic epidermal
necrolysis? Arch Dermatol 1983; 119: 709–10. 

6. Quitkin F. Cross-tolerance of tricyclic antidepressant drugs.
JAMA 1979; 241: 1625. 

7. Crowson AN, Magro CM. Antidepressant therapy: a possible
cause of atypical cutaneous lymphoid hyperplasia. Arch Derma-
tol 1995; 131: 925–9.

Epileptogenic effect. Seizures have been reported after thera-
peutic doses of tricyclic antidepressants as well as after overdos-
age, although the mechanism by which the seizures are induced
is unclear.1 Seizures usually appear within a few days of starting
the drug or changing to a higher dose but in patients with no his-
tory of epilepsy or no predisposing medical condition the fre-
quency seems1 to be very low with an incidence of about 1 in
1000. An incidence of 0.4 per 1000 was reported2 based on 16
cases out of an estimated group of 42 000 patients receiving tri-
cyclics and who had no predisposing factors, but in another
review3 a reasonable estimate of the incidence was considered to
be 3 to 6 per 1000. However, it is widely agreed that tricyclics
should be used very cautiously in patients with epilepsy or those
with a low convulsive threshold. 
In a retrospective analysis of 1313 cases4 of overdosage involv-
ing cyclic antidepressants, seizures occurred more commonly
with the tricyclics amoxapine (24.5%) and desipramine (17.9%),
and the tetracyclic maprotiline (12.2%). In another analysis of
302 consecutive cases of tricyclic overdosage a higher rate of sei-
zures was seen with dosulepin in overdosage (13%) than other
tricyclics.5
1. Zaccara G, et al. Clinical features, pathogenesis and management

of drug-induced seizures. Drug Safety 1990; 5: 109–51. 
2. Jick SS, et al. Antidepressants and convulsions. J Clin Psychop-

harmacol 1992; 12: 241–5. 
3. Rosenstein DL, et al. Seizures associated with antidepressants: a

review. J Clin Psychiatry 1993; 54: 289–99. 
4. Wedin GP, et al. Relative toxicity of cyclic antidepressants. Ann

Emerg Med 1986; 15: 797–804. 
5. Buckley NA, et al. Greater toxicity in overdose of dothiepin than

of other tricyclic antidepressants. Lancet 1994: 343: 159–62.

Extrapyramidal effects. Extrapyramidal effects such as oro-
facial and choreoathetoid movements, and dyskinesias have
been attributed to treatment with tricyclic antidepressants. Dys-
arthria has also been reported1 and was said to be not uncommon
in those taking higher doses of tricyclic antidepressants, but un-
usual at lower doses.2 
Some patients with panic disorder may be sensitive to imi-
pramine, developing symptoms of insomnia, jitteriness, and irri-
tability.3 Symptoms have also been seen in patients with panic
disorder treated with low doses of desipramine although the
symptoms usually subsided when the dose of the tricyclic was
gradually increased. It has been suggested4 that these symptoms
may be related to akathisia and are more likely to occur with
those tricyclics that have a more potent effect on inhibition of
noradrenaline reuptake. 
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Reviews of adverse effects of drugs on the nervous system have
also listed acute torsion dystonias and tremors5 as being caused
or exacerbated by tricyclic antidepressants.
1. Quader SE. Dysarthria: an unusual side effect of tricyclic antide-

pressants. BMJ 1977; 2: 97. 
2. Saunders M. Dysarthria with tricyclic antidepressants. BMJ

1977; 2: 317. 
3. Yeragani VK, et al. Tricyclic induced jitteriness—a form of aka-

thisia? BMJ 1986; 292: 1529. 
4. Cole JO, Bodkin JA. Antidepressant drug side effects. J Clin

Psychiatry 1990; 51 (suppl): 21–6. 
5. Llau M-E, et al. Mouvements anormaux d’origine médicamen-

teuse: l’expérience d’un centre de pharmacovigilance sur cinq
ans. Therapie 1995; 50: 425–7.

Hypersensitivity. A hypersensitivity syndrome developed in a
24-year-old woman 3 weeks after starting amitriptyline 50 mg
daily for the treatment of depression;1 symptoms included gener-
alised erythroderma with mild scaling, sinus tachycardia, haema-
tological abnormalities such as eosinophilia, and raised liver en-
zyme values. The patient recovered after drug withdrawal and
treatment with intravenous prednisolone. 
See also under Effects on the Skin, above.
1. Milionis HJ, et al. Hypersensitivity syndrome caused by am-

itriptyline administration. Postgrad Med J 2000; 76: 361–3.

Hyponatraemia. See Effects on the Endocrine System, above.

Neuroleptic malignant syndrome. Of 16 cases of neurolep-
tic malignant syndrome reported to the UK CSM by July 1986,
3 cases occurred in patients receiving a tricyclic antidepressant;
amitriptyline with perphenazine had been taken by one patient
and dosulepin or clomipramine alone by 2 other patients. The
clomipramine case was fatal.1 Other reports have been associat-
ed with amoxapine,2 clomipramine alone,3 clomipramine with
triazolam,4 and nortriptyline.5
1. CSM. Neuroleptic malignant syndrome—an underdiagnosed

condition? Current Problems 18 1986. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024425&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08) 

2. Madakasira S. Amoxapine-induced neuroleptic malignant syn-
drome. DICP Ann Pharmacother 1989; 23: 50–1. 

3. Haddow AM, et al. Clomipramine induced neuroleptic malig-
nant syndrome and pyrexia of unknown origin. BMJ 2004; 329:
1333–5. 

4. Domingo P, et al. Benign type of malignant syndrome. Lancet
1989; i: 50. 

5. June R, et al. Neuroleptic malignant syndrome associated with
nortriptyline. Am J Emerg Med 1999; 17: 736–7.

Overdosage. In a 1993 report1 tricyclic antidepressants were
associated with a higher risk of fatality after suicide attempts by
drug overdose compared with the non-tricyclics available at the
time. Some reports2 have considered desipramine to be associat-
ed more frequently than other tricyclic antidepressants with fatal
overdosage, although others3 assign this status to dosulepin. The
BNF considers amitriptyline and dosulepin to be particularly
dangerous in overdosage. 
Later reviews continue to cite tricyclic antidepressants as one of
the most commonly ingested substances in fatal cases of self-
poisoning.3,4

1. Anonymous. Antidepressant drugs and the risk of suicide. WHO
Drug Inf 1993; 7: 18–20. 

2. Amitai Y, Frischer H. The toxicity and dose of desipramine hy-
drochloride. JAMA 1994; 272: 1719–20. 

3. Kerr GW, et al. Tricyclic antidepressant overdose: a review.
Emerg Med J 2001; 18: 236–41. 

4. Glauser J. Tricyclic antidepressant poisoning. Cleve Clin J Med
2000; 67: 704–19.

Treatment of Adverse Effects
The basis of the management of tricyclic antidepres-
sant poisoning is intensive supportive care and symp-
tomatic therapy. 
Since tricyclic antidepressants slow gastrointestinal
transit time, absorption may be delayed in overdosage.
Activated charcoal may be given by mouth or nasogas-
tric tube if more than 4 mg/kg of a tricyclic antidepres-
sant has been ingested and the patient presents within 1
hour; a second dose may be considered after 2 hours in
patients with central features of toxicity. Gastric lavage
is rarely used but may be considered in life-threatening
overdoses. Multiple doses of charcoal may be appro-
priate in patients who have ingested modified-release
preparations. 
The patient should be monitored for cardiac arrhythmi-
as. UK authorities consider that although cardiac ar-
rhythmias are of concern they are best treated by cor-
rection of hypoxia and acidosis with intravenous
sodium bicarbonate; the use of antiarrhythmic drugs is
best avoided. Intravenous sodium bicarbonate should
also be given to treat arrhythmias or significant ECG
abnormalities even in the absence of acidosis. 

Convulsions can be managed by giving diazepam or
lorazepam intravenously. Phenytoin should be avoided
because it may increase the risk 
of arrhythmias. Diazepam by mouth is usually ade-
quate to sedate delirious patients, although large doses
may be needed. 
Peritoneal dialysis, haemodialysis, and measures to in-
crease urine production are not of value in tricyclic
antidepressant poisoning, and charcoal haemoper-
fusion is of doubtful benefit.

Precautions
The antimuscarinic effects of tricyclic antidepressants
warrant care in patients with urinary retention, prostat-
ic hyperplasia, or chronic constipation; caution has also
been advised in untreated angle-closure glaucoma and
in phaeochromocytoma. 
The epileptogenic potential of tricyclic antidepressants
requires care in patients with a history of epilepsy. In
addition, because of their potential cardiotoxicity, tri-
cyclics should be used with caution in patients with
cardiovascular disease and avoided in those with heart
block, cardiac arrhythmias, or in the immediate recov-
ery period after myocardial infarction. Caution has also
been recommended in patients with hyperthyroidism
as tricyclics may increase the risk of developing cardi-
ac arrhythmias. 
Blood-sugar concentrations may be altered in diabetic
patients. 
Because tricyclic antidepressants are metabolised and
inactivated in the liver they should be used with cau-
tion in patients with hepatic impairment and avoided in
severe liver disease. 
Patients should be closely monitored during early anti-
depressant therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour
may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be followed when treating patients with other
disorders. 
If tricyclic antidepressants are used for the depressive
component of bipolar disorder, mania may be precipi-
tated; similarly, psychotic symptoms may be aggravat-
ed if tricyclics are used for a depressive component of
schizophrenia. 
Drowsiness often occurs, particularly at the start of
therapy, and patients, if affected, should not drive or
operate machinery. 
Tricyclic antidepressants may inhibit salivation and
regular dental check-ups are recommended for patients
on long-term therapy, particularly when taking those
with marked antimuscarinic actions. 
Elderly patients can be particularly sensitive to the ad-
verse effects of tricyclic antidepressants and a reduced
dose, especially initially, should be used. 
Tricyclic antidepressants are not recommended for de-
pression in children. If they are used for nocturnal enu-
resis in children they should be limited to short courses
with a full physical examination before subsequent
courses. 
Tricyclic antidepressants should be withdrawn gradu-
ally to reduce the risk of withdrawal symptoms (see be-
low). 
Licensed drug information recommends that, where
possible, tricyclic antidepressants should be stopped
several days before elective surgery, and that they
should be used with caution in patients requiring ECT;
however, see also under Anaesthesia, below.
Anaesthesia. Patients receiving tricyclic antidepressants are at
an increased risk of developing hypotension or cardiac arrhyth-
mias during anaesthesia. Tricyclics may also dangerously poten-
tiate the cardiovascular effects of vasopressor drugs such as sym-
pathomimetics that may be required during anaesthesia.
Although some licensed drug information recommends stopping
tricyclics several days before elective surgery where possible, the

BNF advises that this is unnecessary as long as the anaesthetist is
informed. 
Commenting on the anaesthetic considerations relevant to ECT,1
it was considered that therapy with tricyclic antidepressants
should not be a contra-indication to anaesthesia for ECT. A ma-
jor consideration, though, was said to be the interaction of tricy-
clics with barbiturates resulting in increased sleep time and dura-
tion of anaesthesia. This meant that lower doses of barbiturate
anaesthetics should be used. 
Antidepressants with significant serotonergic effects such as the
tricyclic clomipramine may increase the risk of bleeding during
surgery; for further details see under Precautions in Fluoxetine,
p.396.
1. Gaines GY, Rees DI. Electroconvulsive therapy and anesthetic

considerations. Anesth Analg 1986; 65: 1345–56.

Breast feeding. In general, only small amounts of tricyclic
antidepressants are distributed into breast milk. Nevertheless, the
American Academy of Pediatrics1 considers that all antidepres-
sants, including tricyclics, are drugs whose effect on nursing in-
fants is unknown but may be of concern. In addition, most man-
ufacturers advise that tricyclics should be avoided by the mother
during breast feeding. 
Case reports indicate that amitriptyline and its metabolite
(nortriptyline),2,3 clomipramine,4 desipramine and its metabolite
(2-hydroxydesipramine),5 dosulepin and its primary metabolites
(nordothiepin, dothiepin-S-oxide, and nordothiepin-S-oxide),6
doxepin and its metabolite (N-desmethyldoxepin),7-9 imipramine
and its metabolite (desipramine),10 and maprotiline11 are all
present in breast milk in concentrations similar to those in mater-
nal blood; amoxapine and its metabolite (8-hydroxyamoxap-
ine)12 have also been detected in breast milk but in concentra-
tions lower than in maternal blood. In all but two of the above
cases the infants were breast fed without experiencing adverse
effects and tricyclics were undetectable in the infant’s blood or
present only in minute amounts. In one of the affected infants,8
adverse effects included sedation and shallow respiration. The
infant’s mother had received doxepin and, although doxepin was
almost undetectable in the infant’s serum, the desmethyl metab-
olite appeared to have accumulated. In the other infant, drowsi-
ness, poor suckling, and difficulty in swallowing were noted.9 In
this case the levels of both doxepin and its desmethyl metabolite
were below the lower level of quantification; however, it was
considered that the infant may have been at a greater risk for ad-
verse effects because he had also developed hyperbilirubinae-
mia. There were no data for the effects of amoxapine on breast-
fed infants because the case reported12 involved samples of milk
taken from a woman who had galactorrhoea as an adverse effect
of tricyclic use. No adverse effects were seen during a 27-month
follow-up of 14 breast-fed infants whose mothers had received
imipramine 100 to 225 mg daily for 4 to 24 weeks.13

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappublications .org/cgi/content/full /
pediatrics%3b108/3/776 (accessed 24/11/05) 

2. Bader TF, Newman K. Amitriptyline in human breast milk and
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3. Brixen-Rasmussen L, et al. Amitriptyline and nortriptyline ex-
cretion in human breast milk. Psychopharmacology (Berl)
1982; 76: 94–5. 

4. Schimmell MS, et al. Toxic neonatal effects following maternal
clomipramine therapy. Clin Toxicol 1991; 29: 479–84. 

5. Stancer HC, Reed KL. Desipramine and 2-hydroxydesipramine
in human breast milk and the nursing infant’s serum. Am J Psy-
chiatry 1986; 143: 1597–1600. 

6. Ilett KF, et al. The excretion of dothiepin and its primary metab-
olites in breast milk. Br J Clin Pharmacol 1992; 33: 635–9. 

7. Kemp J, et al. Excretion of doxepin and N-desmethyldoxepin in
human milk. Br J Clin Pharmacol 1985; 20: 497–9. 

8. Matheson I, et al. Respiratory depression caused by N-desmeth-
yldoxepin in breast milk. Lancet 1985; ii: 1124. 

9. Frey OR, et al. Adverse effects in a newborn infant breast-fed
by a mother treated with doxepin. Ann Pharmacother 1999; 33:
690–3. 

10. Sovner R, Orsulak PJ. Excretion of imipramine and desipramine
in human breast milk. Am J Psychiatry 1979; 136: 451–2. 

11. Lloyd AH. Practical considerations in the use of maprotiline
(Ludiomil) in general practice. J Int Med Res 1977; 5 (suppl 4):
122–38. 

12. Gelenberg AJ. Amoxapine, a new antidepressant, appears in hu-
man milk. J Nerv Ment Dis 1979; 167: 635–6. 

13. Misri S, Sivertz K. Tricyclic drugs in pregnancy and lactation:
a preliminary report. Int J Psychiatry Med 1991; 21: 157–71.

Cardiovascular disease. For comments on the potential cardi-
otoxicity of tricyclic antidepressants and precautions to be ob-
served in patients with pre-existing cardiovascular disorders, see
under Effects on the Cardiovascular System in Adverse Effects,
above.
Contact lenses. Based on reports involving amitriptyline1 and
maprotiline2 it has been considered that the antimuscarinic action
of tricyclic antidepressants may decrease tear flow enough to
cause corneal drying and staining of contact lenses.3
1. Litovitz GL. Amitriptyline and contact lenses. J Clin Psychiatry

1984; 45: 188. 
2. Troiano G. Amitriptyline and contact lenses. J Clin Psychiatry

1985; 46: 199. 
3. Anonymous. Drugs interfering with contact lenses. Aust J Hosp

Pharm 1987; 17: 55–6.

Diabetes mellitus. The fact that tricyclic antidepressants may
cause alterations in blood-glucose concentrations has led to the
recommendation that these drugs should be used with caution in
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diabetic patients. Amitriptyline has also been reported1 to cause
hypoglycaemic unawareness; a patient did not experience the
usual adrenergic symptoms that preceded or accompanied her
hypoglycaemic episodes.
1. Sherman KE, Bornemann M. Amitriptyline and asymptomatic

hypoglycemia. Ann Intern Med 1988; 109: 683–4.

Driving. While affective disorders probably adversely affect
driving skill,1,2 treatment with antidepressant drugs may also be
hazardous,1 although patients may be safer drivers with medica-
tion than without.2 Impairment of performance is largely related
to sedative and antimuscarinic effects both of which are more
pronounced at the start of treatment; sedative tricyclics, such as
amitriptyline and doxepin, are likely to cause greater psychomo-
tor impairment than less sedative tricyclics such as imipramine
and nortriptyline.1 However, an epidemiological study3 was un-
able to confirm any increased risk of road-traffic accidents in
those drivers receiving tricyclic antidepressants or SSRIs. In
healthy subjects fluoxetine (an SSRI) and dosulepin appeared to
have a similar but apparently small potential for impairing psy-
chomotor and driving performance.4 
In the UK, the Driver and Vehicle Licensing Authority (DVLA)
considers that drugs such as the older tricyclic antidepressants
may have pronounced antimuscarinic and antihistaminic effects
which may impair driving.5 In addition, all drugs acting on the
CNS can impair alertness, concentration, and driving perform-
ance, particularly at the start of treatment or when the dose is
increased; driving must cease if patients are adversely affected.
Patients with severe depressive illnesses complicated by signifi-
cant memory or concentration problems, agitation, behavioural
disturbances, or suicidal thoughts should cease driving pending
the outcome of medical enquiry.
1. Ashton H. Drugs and driving. Adverse Drug React Bull 1983;

98: 360–3. 
2. Cremona A. Mad drivers: psychiatric illness and driving per-

formance. Br J Hosp Med 1986; 35: 193–5. 
3. Barbone F, et al. Association of road-traffic accidents with ben-

zodiazepine use. Lancet 1998; 352: 1331–6. 
4. Ramaekers JG, et al. A comparative study of acute and subchron-

ic effects of dothiepin, fluoxetine and placebo on psychomotor
and actual driving performance. Br J Clin Pharmacol 1995; 39:
397–404. 

5. Driver and Vehicle Licensing Agency. For medical practitioners: at
a glance guide to the current medical standards of fitness to drive
(issued February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08)

ECT. For comments concerning the precautions to be observed
in patients receiving ECT, see under Anaesthesia, above.
Epilepsy. For comments on the epileptogenic effect of tricyclic
antidepressants and the need for caution in patients with a history
of epilepsy or other risk factors for development of seizures, see
under Epileptogenic Effect in Adverse Effects, above.
Food. A high-fibre diet reduced or abolished the effectiveness of
tricyclic antidepressant therapy in 3 patients;1 the tricyclics in-
volved were doxepin in two patients and desipramine in one.
1. Stewart DE. High-fiber diet and serum tricyclic antidepressant

levels. J Clin Psychopharmacol 1992; 12: 438–40.

Gastro-oesophageal reflux disease. The antimuscarinic ac-
tion of tricyclic antidepressants may cause relaxation of the low-
er oesophageal sphincter and could aggravate nocturnal symp-
toms of gastro-oesophageal reflux if given in the late evening.1
1. Atkinson M. Use and misuse of drugs in the treatment of gastro-

oesophageal reflux. Prescribers’ J 1982; 22: 129–36.

Glaucoma. It has been considered by the manufacturers that
tricyclic antidepressants, because of their antimuscarinic actions,
should be used with caution in patients with angle-closure glau-
coma or raised intra-ocular pressure. There have been few re-
ports of glaucoma associated with tricyclics, although acute an-
gle-closure glaucoma was reported in 4 patients with narrow
angles while taking imipramine in usual doses,1 and in another
patient taking clomipramine.2 In the latter case, the presenting
sign was amaurosis fugax, caused by the combination of raised
intra-ocular pressure and an abnormally large drop in blood pres-
sure on standing.
1. Ritch R, et al. Oral imipramine and acute angle closure glauco-

ma. Arch Ophthalmol 1994; 112: 67–8. 
2. Schlingemann RO, et al. Amaurosis fugax on standing and an-

gle-closure glaucoma with clomipramine. Lancet 1996; 347:
465.

Phaeochromocytoma. Use of imipramine1,2 or desipramine3

has caused adverse effects such as seizures and cardiovascular
abnormalities (tachycardia and hypertension or hypotension) in
patients with previously undiagnosed phaeochromocytoma. It
has been suggested3 that imipramine and its metabolite,
desipramine, may be particularly effective in unmasking phaeo-
chromocytoma and that this may be a reflection of their relative
potency in inhibiting the noradrenaline reuptake mechanism.
1. Kaufmann JS. Pheochromocytoma and tricyclic antidepressants.

JAMA 1974; 229: 1282. 
2. Mok J, Swann I. Diagnosis of phaeochromocytoma after inges-

tion of imipramine. Arch Dis Child 1978; 53: 676–7. 
3. Achong MR, Keane PM. Pheochromocytoma unmasked by

desipramine therapy. Ann Intern Med 1981; 94: 358–9.

Porphyria. Amitriptyline has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Management of depression during pregnancy can
be difficult, and one report1 on experience in 8 pregnant women

being treated with a tricyclic antidepressant suggested that the
dose might need to be increased during the second half of preg-
nancy to achieve a response. There are obvious concerns about
such treatment (see also Depression, p.373). However, although
there have been isolated reports2 attributing congenital malfor-
mations to the use of tricyclic antidepressants during pregnancy,
large-scale studies and case-control data3,4 have failed to sub-
stantiate any association. 
The effects of tricyclics on fetal neurodevelopment were studied5

in 80 pregnant women by later assessing global IQ of the chil-
dren; no differences were seen in those exposed to tricyclics in
utero in the first trimester compared with those exposed to fluox-
etine or no adverse developmental influences. A subsequent
study indicated that exposure to tricyclic antidepressants or
fluoxetine throughout gestation did not appear to adversely affect
cognition.6 
Fetal tachyarrhythmia detected at 37 weeks of gestation was at-
tributed to maternal use of dosulepin during pregnancy. When
this was stopped, no abnormalities in fetal heart rate were found
and an uneventful labour led to a healthy infant being delivered.
However, the authors expressed concern that fetal tachycardias
might result in in-utero cardiac failure and considered that tricy-
clic antidepressants should be used during pregnancy only if
there were compelling reasons.7 
Withdrawal syndromes manifesting as hypothermia and jitteri-
ness,8 convulsions,9,10 or myoclonus11 have been reported in ne-
onates whose mothers took clomipramine during pregnancy.
Management has been with phenobarbital or clomipramine. Li-
censed product information advises that if it is justifiable to do
so, clomipramine should be withdrawn at least 7 weeks before
the calculated date of delivery.
1. Wisner KL, et al. Tricyclic dose requirements across pregnancy.

Am J Psychiatry 1993; 150: 1541–2. 
2. Barson AJ. Malformed infant. BMJ 1972; 2: 45. 
3. Greenberg G, et al. Maternal drug histories and congenital ab-

normalities. BMJ 1977; 2: 853–6. 
4. Winship KA, et al. Maternal drug histories and central nervous

system anomalies. Arch Dis Child 1984; 59: 1052–60. 
5. Nulman I, et al. Neurodevelopment of children exposed in utero

to antidepressant drugs. N Engl J Med 1997; 336: 258–62. 
6. Nulman I, et al. Child development following exposure to tricy-

clic antidepressants or fluoxetine throughout fetal life: a pro-
spective, controlled study. Am J Psychiatry 2002; 159:
1889–95. 

7. Prentice A, Brown R. Fetal tachyarrhythmia and maternal anti-
depressant treatment. BMJ 1989; 298: 190. 

8. Musa AB, Smith CS. Neonatal effects of maternal clomi-
pramine therapy. Arch Dis Child 1979; 54: 405. 

9. Cowe L, et al. Neonatal convulsions caused by withdrawal from
maternal clomipramine. BMJ 1982; 284: 1837–8. 

10. Bromiker R, Kaplan M. Apparent intrauterine fetal withdrawal
from clomipramine hydrochloride. JAMA 1994; 272: 1722–3. 

11. Bloem BR, et al. Clomipramine withdrawal in newborns. Arch
Dis Child Fetal Neonatal Ed 1999; 81: F77–F79.

Surgery. For comments regarding the precautions to be ob-
served in patients undergoing surgery, see under Anaesthesia,
above.
Withdrawal. Suddenly stopping antidepressant therapy after
regular use for 8 weeks or more may precipitate withdrawal
symptoms. The symptoms associated with withdrawal of tricy-
clic antidepressants appear to form four distinct syndromes:1 
• gastrointestinal disturbances and generalised somatic symp-

toms such as malaise, chills, headache, and increased perspi-
ration, which may also be accompanied by anxiety and agita-
tion 

• sleep disturbances characterised by insomnia followed by ex-
cessive and vivid dreams 

• parkinsonism or akathisia 
• hypomania or mania 
Tricyclic withdrawal has also resulted in cardiac arrhythmias in
some patients. Withdrawal symptoms seem to be more common
and more severe in children.2 
Many of the symptoms associated with stopping tricyclics may
be produced by cholinergic rebound1 and can be minimised by a
gradual reduction in dosage. The BNF recommends that any
antidepressant, including a tricyclic, that has been given regular-
ly for 8 weeks or more should be stopped gradually over a period
of at least 4 weeks, or as much as 6 months in patients who have
been receiving long-term maintenance therapy. If withdrawal
symptoms do occur, they can be managed by restarting at a dose
sufficient to eliminate them, and then stopping gradually.1,2 On
the occasions that it may be necessary to stop a tricyclic abruptly,
the withdrawal symptoms can be treated with a centrally active
antimuscarinic such as atropine or benzatropine,1 or alternative-
ly, if withdrawal symptoms are just gastrointestinal, an antimus-
carinic that does not cross the blood-brain barrier such as propan-
theline.1 Awareness of the possibility of withdrawal syndromes
helps to avoid misinterpreting new symptoms after withdrawal
as evidence of relapse. 
Tricyclic antidepressants have been included in some classifica-
tions as drugs of dependence because of their potential to pro-
duce withdrawal syndromes, but a review3 of several substance
abuse studies challenged this on finding no evidence of abuse or
dependence of the barbiturate type developing with the tricy-
clics. 

For reports of withdrawal symptoms in neonates born to mothers
who took tricyclic antidepressants during pregnancy, and their
management, see under Pregnancy, above.
1. Dilsaver SC. Withdrawal phenomena associated with antidepres-

sant and antipsychotic agents. Drug Safety 1994; 10: 103–14. 
2. Anonymous. Problems when withdrawing antidepressives. Drug

Ther Bull 1986; 24: 29–30. 
3. Lichtigfeld FJ, Gillman MA. The possible abuse of and depend-

ence on major tranquillisers and tricyclic antidepressants. S Afr
Med J 1994; 84: 5–6.

Interactions
Interactions involving tricyclic antidepressants often
result from additive toxicity or from altered metabo-
lism of one drug by the other. Drugs that inhibit or in-
duce the cytochrome P450 isoenzyme CYP2D6 may
affect tricyclic metabolism and produce marked altera-
tions in plasma concentrations. 
Adverse effects may be enhanced by antimuscarinic
drugs or CNS depressants, including alcohol. Barbitu-
rates and other enzyme inducers such as rifampicin and
some antiepileptics can increase the metabolism of tri-
cyclic antidepressants and may lower plasma concen-
trations and reduce antidepressant response. Cimeti-
dine, methylphenidate, antipsychotics, and calcium-
channel blockers can reduce the metabolism of the tri-
cyclics, leading to the possibility of increased plasma
concentrations and accompanying toxicity. 
Patients taking thyroid preparations may show an ac-
celerated response to tricyclic antidepressants and oc-
casionally liothyronine has been used to produce this
effect in patients with refractory depression. However,
the use of tricyclics with thyroid hormones may precip-
itate cardiac arrhythmias. 
The antihypertensive effects of debrisoquine, guan-
ethidine, and clonidine may be reduced by tricyclic
antidepressants. The pressor effects of sympathomi-
metics, especially those of the direct-acting drugs
adrenaline and noradrenaline, can be enhanced by tri-
cyclic antidepressants; however, there is no clinical ev-
idence of dangerous interactions between adrenaline-
containing local anaesthetics and tricyclic antidepres-
sants. Great care should, however, be taken to avoid
inadvertent intravenous injection of the local anaes-
thetic preparation. 
Drugs that prolong the QT interval, including
antiarrhythmics such as amiodarone or quinidine, the
antihistamines astemizole and terfenadine, some antip-
sychotics (notably pimozide, sertindole, and thiori-
dazine), cisapride, halofantrine, and sotalol, may in-
crease the likelihood of ventricular arrhythmias when
taken with tricyclic antidepressants. This may be exac-
erbated where the interacting drug (such as quinidine
or some antipsychotics) also reduces tricyclic metabo-
lism. 
Although different antidepressants have been used to-
gether under expert supervision in refractory cases of
depression, severe adverse reactions including the se-
rotonin syndrome (see p.416) may occur. For this rea-
son an appropriate drug-free interval should elapse be-
tween stopping some types of antidepressant and
starting another. Tricyclic antidepressants should not
generally be given to patients receiving MAOIs or for
at least 2 weeks (3 weeks if starting clomipramine or
imipramine) after their withdrawal. No treatment-free
period is necessary after stopping a reversible inhibitor
of monoamine oxidase type A (RIMA) and starting a
tricyclic. At least 1 to 2 weeks (3 weeks in the case of
clomipramine or imipramine) should elapse between
withdrawing a tricyclic antidepressant and starting any
drug liable to provoke a serious reaction (e.g.
phenelzine). 
Further details concerning some of the above interac-
tions, and others, are given below.
Alcohol. For reference to the effect of alcohol on amitriptyline,
see under CNS depressants, below.
Analgesics. Doubling of plasma-doxepin concentrations with
associated lethargy has been reported in a patient after the addi-
tion of dextropropoxyphene to the tricyclic.1 This was consistent
with previous studies indicating that dextropropoxyphene can
impair the hepatic metabolism of other drugs. 
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For general reference to the effect of tricyclic antidepressants,
notably amitriptyline and clomipramine, on opioid analgesics,
see under Morphine, p.88.
1. Abernethy DR, et al. Impairment of hepatic drug oxidation by

propoxyphene. Ann Intern Med 1982; 97: 223–4.

Antiarrhythmics. Antiarrhythmics that prolong the QT inter-
val may increase the likelihood of ventricular arrhythmias when
given with tricyclic antidepressants. This includes various class I
antiarrhythmics such as disopyramide, flecainide, procainamide,
propafenone, and quinidine, and the class III antiarrhythmic ami-
odarone. 
Raised serum-desipramine concentrations and signs of toxicity
were noted1 in a patient taking desipramine after starting treat-
ment with digoxin and propafenone for paroxysmal atrial fibril-
lation. It was considered that propafenone probably reduced the
metabolism and clearance of desipramine.
1. Katz MR. Raised serum levels of desipramine with the an-

tiarrhythmic propafenone. J Clin Psychiatry 1991; 52: 432–3.

Anticoagulants. For the effect of tricyclic antidepressants on
anticoagulants, see under Warfarin, p.1428.
Antidepressants. Combination therapy with differing classes
of antidepressants has been used successfully in the treatment of
drug-resistant depression. It should be emphasised, however, that
such combinations may result in interactions or enhanced ad-
verse reactions, and should be used only under expert supervi-
sion. This practice is considered unsuitable or controversial by
some authorities. For further details of the interactions between
different antidepressants when used together, see Phenelzine,
p.418. For details of the serotonin syndrome that can arise when
two serotonergic drugs with different mechanisms of action are
given, see under Adverse Effects of Phenelzine, p.416.
Antidiabetics. For the effect of tricyclic antidepressants on sul-
fonylureas and insulin, see Interactions, p.461 and p.449, respec-
tively.
Antiepileptics. Antidepressants may antagonise the activity of
antiepileptics by lowering the convulsive threshold. 
A review1 of drug interactions with phenytoin noted that al-
though there had been reports of interactions between antiepilep-
tics and tricyclic or related antidepressants, most involved en-
zyme-inducing antiepileptics other than phenytoin or phenytoin
with other drugs. In the only report where phenytoin could be
identified as the sole antiepileptic used, 2 patients required high
doses of desipramine to achieve an antidepressant effect and to
maintain plasma-desipramine concentrations in the range usual-
ly associated with therapeutic efficacy. 
Carbamazepine has been reported to induce the metabolism of a
number of tricyclic antidepressants (amitriptyline, desipramine,
doxepin, imipramine, and nortriptyline) and to reduce their plas-
ma concentrations. The clinical importance of the interaction is
unclear. Use of nortriptyline with carbamazepine in a patient led
to a decrease in serum-nortriptyline concentration requiring an
increase in nortriptyline dose.2 In another patient a prolonged QT
interval was noted after use of desipramine with carbamazepine;3
the authors hypothesised that the accelerated metabolism of
desipramine had resulted in high levels of a cardiotoxic metabo-
lite. 
Valproate has been reported to increase plasma concentrations of
amitriptyline,4 clomipramine,5 and nortriptyline.4,6 
For the effect of the cyclic antidepressants desipramine and
viloxazine on carbamazepine, see p.474. For the effects of tricy-
clic antidepressants on phenytoin, see p.498.
1. Nation RL, et al. Pharmacokinetic drug interactions with pheny-

toin (part II). Clin Pharmacokinet 1990; 18: 131–50. 
2. Brøsen K, Kragh-Sørensen P. Concomitant intake of nortriptyl-

ine and carbamazepine. Ther Drug Monit 1993; 15: 258–60. 
3. Baldessarini RJ, et al. Anticonvulsant cotreatment may increase

toxic metabolites of antidepressants and other psychotropic
drugs. J Clin Psychopharmacol 1988; 8: 381–2. 

4. Wong SL, et al. Effects of divalproex sodium on amitriptyline
and nortriptyline pharmacokinetics. Clin Pharmacol Ther 1996;
60: 48–53. 

5. Fehr C, et al. Increase in serum clomipramine concentrations
caused by valproate. J Clin Psychopharmacol 2000; 20: 493–4. 

6. Fu C, et al. Valproate/nortriptyline interaction. J Clin Psychop-
harmacol 1994; 14: 205–6.

Antifungals. Increased serum concentrations of nortriptyline1

or amitriptyline2,3 have occurred in patients also taking flucona-
zole. In some patients the use of amitriptyline with fluconazole
has led to syncope3 or torsade de pointes.4 Raised serum concen-
trations of nortriptyline and associated symptoms of intoxication
have been reported in 2 patients during treatment with terbin-
afine;5,6 the interaction was confirmed on rechallenge. In another
case, dizziness, dry mouth, and muscle twitching were reported
in a patient on long-term imipramine treatment after starting ter-
binafine;7 serum imipramine concentrations were found to be el-
evated and symptoms subsided after the dose of imipramine was
reduced. A study in healthy subjects also indicated that terbin-
afine similarly inhibited the metabolism of desipramine.8
1. Gannon RH. Fluconazole-nortriptyline drug interaction. Ann

Pharmacother 1992; 26: 1456. 
2. Newberry DL, et al. A fluconazole/amitriptyline drug interaction

in three male adults. Clin Infect Dis 1997; 24: 270–1. 
3. Robinson RF, et al. Syncope associated with concurrent am-

itriptyline and fluconazole therapy. Ann Pharmacother 2000; 34:
1406–1409. 

4. Dorsey ST, Biblo LA. Prolonged QT interval and torsades de
pointes caused by the combination of fluconazole and amitriptyl-
ine. Am J Emerg Med 2000; 18: 227–9. 

5. van der Kuy P-HM, et al. Nortriptyline intoxication induced by
terbinafine. BMJ 1998; 316: 441. 

6. van der Kuy P-HM, et al. Pharmacokinetic interaction between
nortriptyline and terbinafine. Ann Pharmacother 2002; 36:
1712–14. 

7. Teitelbaum ML, Pearson VE. Imipramine toxicity and terbin-
afine. Am J Psychiatry 2001; 158: 2086. 

8. Madani S, et al. Effect of terbinafine on the pharmacokinetics
and pharmacodynamics of desipramine in healthy volunteers
identified as cytochrome P450 2D6 (CYP2D6) extensive metab-
olizers. J Clin Pharmacol 2002; 42: 1211–18.

Antihypertensives. In general, the hypotensive effect of anti-
hypertensives is enhanced by tricyclic antidepressants, but there
may be antagonism of the effect of adrenergic neurone blockers
and of clonidine.
Antimigraine drugs. For the effects when some tricyclics are
used with dihydroergotamine, see p.621.
Antineoplastics. For the effects when tricyclic antidepressants
are used with altretamine, see p.678.
Antiprotozoals. Toxic psychosis developed in a patient on am-
itriptyline after starting furazolidone, an antiprotozoal with
monoamine oxidase inhibiting activity.1
1. Aderhold RM, Muniz CE. Acute psychosis with amitriptyline

and furazolidone. JAMA 1970; 213: 2080.

Antipsychotics. For a discussion of interactions between antip-
sychotics and tricyclic antidepressants, see Chlorpromazine
(p.974). For details of a possible interaction between clomi-
pramine and clozapine, see p.984.
Antivirals. HIV-protease inhibitors may increase the plasma
concentrations of tricyclic antidepressants whose metabolism is
mediated through common cytochrome P450 isoenzymes.
Ritonavir has produced moderate increases in the plasma con-
centrations of desipramine and a lower initial dose of
desipramine may be appropriate. Licensed product information
for ritonavir has warned that a similar increase may occur for
other tricyclics; monitoring of therapeutic and adverse effects is
recommended when tricyclics are used with ritonavir.
Anxiolytics. For a suggestion that benzodiazepines may in-
crease the oxidation of amineptine to a toxic metabolite, see un-
der Effects on the Liver in Adverse Effects, above. For a possible
interaction of desipramine and other antidepressants with zolpi-
dem see p.1038.
Barbiturates. Antidepressants may antagonise the antiepilep-
tic activity of some barbiturates by lowering the convulsive
threshold. 
Barbiturates can increase the metabolism of tricyclic antidepres-
sants and thereby produce lower plasma concentrations. 
For details of the interaction of tricyclic antidepressants with bar-
biturate anaesthetics, see under Anaesthesia in Precautions,
above.
Beta blockers. Raised imipramine plasma concentrations were
noted in two 9-year-old children also given propranolol;1 in both
cases, no significant adverse effects were reported. Labetalol has
also increased the bioavailability of imipramine in healthy sub-
jects and inhibited its metabolism.2 
The risk of ventricular arrhythmias may be increased when tricy-
clic antidepressants are taken with sotalol.
1. Gillette DW, Tannery LP. Beta blocker inhibits tricyclic metabo-

lism. J Am Acad Child Adolesc Psychiatry 1994; 33: 223–4. 
2. Hermann DJ, et al. Comparison of verapamil, diltiazem, and la-

betalol on the bioavailability and metabolism of imipramine. J
Clin Pharmacol 1992; 32: 176–83.

Calcium-channel blockers. Diltiazem and verapamil each in-
creased the bioavailability of imipramine in healthy subjects;
second-degree heart block developed in 2 subjects.1 Diltiazem
also increased the bioavailability of nortriptyline in one patient,2
probably by reducing the first-pass metabolism of nortriptyline.
Increased serum concentrations of trimipramine have been re-
ported when taken with diltiazem,3 although there was no evi-
dence of toxicity.
1. Hermann DJ, et al. Comparison of verapamil, diltiazem, and la-

betalol on the bioavailability and metabolism of imipramine. J
Clin Pharmacol 1992; 32: 176–83. 

2. Krähenbühl S, et al. Pharmacokinetic interaction between
diltiazem and nortriptyline. Eur J Clin Pharmacol 1996; 49:
417–19. 

3. Cotter PA, et al. Asymptomatic tricyclic toxicity associated with
diltiazem. Ir J Psychol Med 1996; 13: 168–9.

CNS depressants. Drugs with depressant actions on the CNS
may be expected to enhance the drowsiness and related effects
produced by the sedating type of tricyclic antidepressants. Such
an interaction may occur between alcohol and tricyclic antide-
pressants and a study has shown that alcohol decreases the hepat-
ic first-pass extraction of amitriptyline resulting in increased free
plasma-amitriptyline concentrations, especially during the peri-
od of drug absorption.1 
The problems that may be encountered with barbiturate anaes-
thetics are discussed under Anaesthesia in Precautions, above.
1. Dorian P, et al. Amitriptyline and ethanol: pharmacokinetic and

pharmacodynamic interaction. Eur J Clin Pharmacol 1983; 25:
325–31.

Disulfiram. Acute organic brain syndrome has been reported in
2 patients receiving disulfiram after the addition of amitriptyline
to their treatment.1 It was suspected that the syndrome was po-
tentiated by the combined action of the drugs and the synergistic
elevation in dopamine concentration. 
For a report of the enhancement of the disulfiram-alcohol reac-
tion by amitriptyline, see p.2297.
1. Maany I, et al. Possible toxic interaction between disulfiram and

amitriptyline. Arch Gen Psychiatry 1982; 39: 743–4.

Dopaminergics. Serious adverse effects have been reported1

when selegiline, an irreversible selective inhibitor of monoamine
oxidase type B, was used with tricyclic antidepressants. In some
instances effects resembled the potentially fatal serotonin syn-
dromes reported when tricyclics are given with non-selective
MAOIs (see under Phenelzine, p.416). 
Some manufacturers of selegiline advise that tricyclic antide-
pressants should not generally be given at the same time, or for
at least 2 weeks after it has been discontinued. Similarly, at least
one week should elapse between withdrawing a tricyclic antide-
pressant and starting selegiline. 
For reference to the effect of tricyclic antidepressants on levo-
dopa, see p.807.
1. Anonymous. Selegiline and antidepressants: risk of serious in-

teractions. WHO Drug Inf 1995; 9: 160–1.

General anaesthetics. For the effect of amitriptyline on enflu-
rane, see p.1783. For the effects of using tricyclic antidepressants
with barbiturates see under Anaesthesia in Precautions, above.
Histamine H2-antagonists. Cimetidine is a known inhibitor
of hepatic metabolism of drugs and symptoms of tricyclic toxic-
ity have been reported in patients receiving cimetidine with
desipramine,1 doxepin,2 and imipramine;1 there has been a report
of psychosis developing in a patient given imipramine and cime-
tidine.3 Elevated tricyclic concentrations during combined thera-
py or reductions in tricyclic concentrations after withdrawal of
cimetidine have been reported for imipramine4 and nortriptyl-
ine.5 Studies in healthy subjects have also indicated increased bi-
oavailability and/or impaired hepatic metabolism of amitriptyl-
ine,6 doxepin,7,8 and imipramine9 during cimetidine therapy.
Adjustment of tricyclic antidepressant dosage may therefore be
required if cimetidine therapy is begun or stopped. 
Ranitidine has been reported not to alter the pharmacokinetics of
amitriptyline,10 doxepin,8 or imipramine.9
1. Miller DD, Macklin M. Cimetidine-imipramine interaction: a

case report. Am J Psychiatry 1983; 140: 351–2. 
2. Brown BA, et al. Cimetidine-doxepin interaction. J Clin Psy-

chopharmacol 1985; 5: 245–7. 
3. Miller ME, et al. Psychosis in association with combined cime-

tidine and imipramine treatment. Psychosomatics 1987; 28:
217–19. 

4. Shapiro PA. Cimetidine-imipramine interaction: case report and
comments. Am J Psychiatry 1984; 141: 152. 

5. Miller DD, et al. Cimetidine’s effect on steady-state serum
nortriptyline concentrations. Drug Intell Clin Pharm 1983; 17:
904–5. 

6. Curry SH, et al. Cimetidine interaction with amitriptyline. Eur
J Clin Pharmacol 1985; 29: 429–33. 

7. Abernethy DR, Todd EL. Doxepin-cimetidine interaction: in-
creased doxepin bioavailability during cimetidine treatment. J
Clin Psychopharmacol 1986; 6: 8–12. 

8. Sutherland DL, et al. The influence of cimetidine versus raniti-
dine on doxepin pharmacokinetics. Eur J Clin Pharmacol 1987;
32: 159–64. 

9. Wells BG, et al. The effect of ranitidine and cimetidine on imi-
pramine disposition. Eur J Clin Pharmacol 1986; 31: 285–90. 

10. Curry SH, et al. Lack of interaction of ranitidine with am-
itriptyline. Eur J Clin Pharmacol 1987; 32: 317–20.

Muscle relaxants. There has been an isolated report1 of a pa-
tient taking baclofen for spasticity who experienced leg weak-
ness and was unable to stand after starting treatment with
nortriptyline. Symptoms improved on stopping nortriptyline but
recurred when imipramine was given.
1. Silverglat MJ. Baclofen and tricyclic antidepressants: possible

interaction. JAMA 1981; 246: 1659.

Sex hormones. There have been anecdotal reports of interac-
tions between tricyclic antidepressants and oestrogens1-3 result-
ing in a lack of antidepressant response and/or tricyclic toxicity;
the significance of these interactions is not, however, established.
1. Prange AJ, et al. Estrogen may well affect response to antide-

pressant. JAMA 1972; 219: 143–4. 
2. Khurana RC. Estrogen-imipramine interaction. JAMA 1972;

222: 702–3. 
3. Somani SM, Khurana RC. Mechanism of estrogen-imipramine

interaction. JAMA 1973; 223: 560.

Smoking. Tobacco smoke has been reported to reduce the plas-
ma levels of tricyclic antidepressants.1-3 The clinical significance
is not, however, fully established as the plasma concentration of
unbound drug may not be affected.3 The mechanism is probably
by stimulation of hepatic drug metabolism by components
present in cigarette smoke.
1. Perel JM, et al. Pharmacodynamics of imipramine in depressed

patients. Psychopharmacol Bull 1975; 11: 16–18. 
2. John VA, et al. Effects of age, cigarette smoking and the oral

contraceptive on the pharmacokinetics of clomipramine and its
desmethyl metabolite during chronic dosing. J Int Med Res 1980;
8 (suppl 3): 88–95. 

3. Perry PJ, et al. Effects of smoking on nortriptyline plasma con-
centrations in depressed patients. Ther Drug Monit 1986; 8:
279–84.
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Sympathomimetics. The pressor effects of sympathomimet-
ics can be enhanced by tricyclic antidepressants. 
For precautions to be observed in patients on tricyclic therapy
who may require sympathomimetics during anaesthesia, see un-
der Anaesthesia in Precautions, above.
Thyroid hormones. An increase in receptor sensitivity to cat-
echolamines produced by thyroid hormones has been proposed
as the reason for an increase in response to tricyclic antidepres-
sants given with liothyronine.1,2

1. Banki CM. Cerebrospinal fluid amine metabolites after com-
bined amitriptyline-triiodothyronine treatment of depressed
women. Eur J Clin Pharmacol 1977; 11: 311–15. 

2. Goodwin FK, et al. Potentiation of antidepressant effects by -
triiodothyronine in tricyclic nonresponders. Am J Psychiatry
1982; 139: 34–8.

Pharmacokinetics
Amitriptyline is readily absorbed from the gastrointes-
tinal tract, peak plasma concentrations occurring with-
in about 6 hours after oral doses. 
Amitriptyline undergoes extensive first-pass metabo-
lism and is demethylated in the liver by the cytochrome
P450 isoenzymes CYP3A4, CYP2C9, and CYP2D6 to
its primary active metabolite, nortriptyline. Other paths
of metabolism of amitriptyline include hydroxylation
(possibly to active metabolites) by CYP2D6 and N-ox-
idation; nortriptyline follows similar paths. Amitriptyl-
ine is excreted in the urine, mainly in the form of its
metabolites, either free or in conjugated form. 
Amitriptyline and nortriptyline are widely distributed
throughout the body and are extensively bound to plas-
ma and tissue protein. Amitriptyline has been estimat-
ed to have an elimination half-life ranging from about
9 to 25 hours, which may be considerably extended in
overdosage. Plasma concentrations of amitriptyline
and nortriptyline vary very widely between individuals
and no simple correlation with therapeutic response
has been established. 
Amitriptyline and nortriptyline cross the placenta and
are distributed into breast milk (see Breast Feeding un-
der Precautions, above).
◊ References.
1. Schulz P, et al. Discrepancies between pharmacokinetic studies
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brisoquine oxidation polymorphism. Eur J Clin Pharmacol
1989; 36: 537–47. 

3. Caccia S, Garattini S. Formation of active metabolites of psycho-
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macokinet 1990; 18: 434–59. 

4. Wood AJJ, Zhou HH. Ethnic differences in drug disposition and
responsiveness. Clin Pharmacokinet 1991; 20: 350–73. 

5. Llerena A, et al. Debrisoquin and mephenytoin hydroxylation
phenotypes and CYP2D6 genotype in patients treated with neu-
roleptic and antidepressant agents. Clin Pharmacol Ther 1993;
54: 606–11. 

6. Ghahramani P, et al. Cytochromes P450 mediating the N-
demethylation of amitriptyline. Br J Clin Pharmacol 1997; 43:
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Uses and Administration
Tricyclic antidepressants such as amitriptyline were
developed from phenothiazine compounds related to
chlorpromazine and, as the name suggests, possess a 3-
ring molecular structure. They inhibit the neuronal re-
uptake of noradrenaline in the CNS; some, in addition,
inhibit the reuptake of serotonin (5-HT). Prevention of
the reuptake of these monoamine neurotransmitters,
which potentiates their action in the brain, appears to
be associated with antidepressant activity. Tricyclic
antidepressants also possess affinity for muscarinic and
histamine H1 receptors to varying degrees, see under
Adverse Effects, above. Amitriptyline is one of the
more sedating tricyclics. Antidepressants with one,
two, or four rings have also been developed, and these
share only some of the properties of the tricyclics. 
While the sedative action and other adverse effects of
amitriptyline and other tricyclics are soon apparent, it
may be several weeks before any antidepressant effect
is seen. After a response has been obtained, mainte-
nance therapy should be continued at the optimum
dose for at least 4 to 6 months (12 months in the elder-
ly) to avoid relapse on stopping therapy. Patients with
a history of recurrent depression should continue to re-
ceive maintenance treatment for at least 5 years and
possibly indefinitely. It is important to use doses that

are sufficiently high for effective treatment, but not so
high as to cause toxic effects. 
Amitriptyline, a dibenzocycloheptadiene, is usually
given orally as the hydrochloride and doses are ex-
pressed in terms of this salt. Amitriptyline hydrochlo-
ride is also given by intramuscular or slow intravenous
injection; doses may be expressed in terms of the base
or the hydrochloride. Amitriptyline hydrochloride
75 mg is equivalent to about 66.3 mg of the base. Am-
itriptyline has also been given orally as the embonate
and as the oxide (amitriptylinoxide). 
In the treatment of depression, amitriptyline hydro-
chloride is given initially in a daily dose of 50 to 75 mg
orally in divided doses (or as a single dose at night).
Thereafter, the dose may be gradually increased, if nec-
essary, to 150 mg daily, the additional doses being giv-
en in the late afternoon or evening. Doses of up to
200 mg daily and, occasionally, up to 300 mg daily
have been used in severely depressed patients in hospi-
tal. 
Adolescent and elderly patients often have reduced tol-
erance to tricyclic antidepressants and UK licensed
drug information states that initial doses of amitriptyl-
ine hydrochloride as low as 25 mg daily may be used
in these groups, given either in divided doses or as a
single dose, preferably at bedtime. The BNF suggests a
minimum initial dose of 30 mg daily. In the UK, the
use of amitriptyline in children under 16 years for the
treatment of depression is not recommended. 
In the initial stages of treatment, if dosage by mouth is
impracticable or inadvisable, amitriptyline hydrochlo-
ride may be given by intramuscular injection, but the
oral route should be substituted as soon as possible.
Doses are similar to those usually given orally. The in-
travenous route has also been used. 
Amitriptyline is also used for the treatment of noctur-
nal enuresis in children in whom organic pathology
has been excluded. However, drug therapy for noctur-
nal enuresis should be reserved for when other meth-
ods have failed and should preferably only be given to
cover periods away from home; tricyclic antidepres-
sants are not recommended in children under 6 years of
age (the BNF recommends that they should not be giv-
en until 7 years of age). Oral doses of amitriptyline hy-
drochloride that may be used are: 
• 10 to 20 mg for children aged 6 to 10 years 
• 25 to 50 mg for children 11 years and over 
The dose should be given 30 minutes before bedtime
and treatment, including a period of gradual withdraw-
al, should not continue for longer than 3 months. A full
physical examination is recommended before a further
course. 
Tricyclic antidepressants, including amitriptyline, may
be helpful in some anxiety disorders such as panic
disorder, and in the management of neuropathic pain
(see below). 
Amitriptyline should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Anxiety disorders. For the use of tricyclic antidepressants in
anxiety disorders, see under Clomipramine, p.387.
Bulimia nervosa. A combination of counselling, support, psy-
chotherapy, and antidepressants is the usual treatment for bulim-
ia nervosa. Antidepressants can help to reduce the frequency of
overeating and some other symptoms of bulimia but relapse
tends to occur when stopped. Many antidepressants have been
tried, but the tricyclic desipramine and the SSRI fluoxetine have
been the most commonly used and are considered to be well tol-
erated. 
References.
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The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2001 (accessed 24/11/05). 
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Ciguatera poisoning. Amitriptyline has relieved some of the
neurological symptoms associated with ciguatera poisoning (see
Mannitol, p.1331).

Cocaine dependence. For the use of tricyclic antidepressants
in cocaine dependence, see under Desipramine, p.387.
Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. Although less well tolerated than the newer antidepres-
sants, tricyclic antidepressants may still be chosen because of
wide experience with their use and familiarity with their pharma-
cological actions. The more sedating tricyclics such as am-
itriptyline, clomipramine, dosulepin, doxepin, and trimipramine
may be of value in depression with associated agitation or anxi-
ety. The less sedating tricyclics such as amoxapine, desipramine,
imipramine, lofepramine, nortriptyline, and protriptyline may be
of value for withdrawn or apathetic depressed patients. 
Combination therapy with differing classes of antidepressants,
including the tricyclics, has been used in the treatment of refrac-
tory or drug-resistant depression. However, such therapy may re-
sult in enhanced adverse reactions or interactions and requires
expert supervision; it is considered unsuitable or controversial by
some. For further details, see Antidepressants under Interactions
of Phenelzine, p.418. 
References.
1. Deisenhammer EA, et al. Intravenous versus oral administration

of amitriptyline in patients with major depression. J Clin Psy-
chopharmacol 2000; 20: 417–22. 
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Headache. Tricyclic antidepressants can be effective in the
management of some types of headache and, although they are
especially useful when the headache is accompanied by depres-
sion, their beneficial effects appear to be independent of their
antidepressant action. They are used for the prophylaxis of mi-
graine (p.616) when drugs such as propranolol have proved inef-
fective. Amitriptyline is the tricyclic usually used but others have
been tried. It has also been investigated in children. The BNF
suggests an adult dosage for amitriptyline in the prophylaxis of
migraine of 10 mg at night, increased to a maintenance dose of
50 to 75 mg at night; the need for continuing prophylaxis should
be reviewed at intervals of about 6 months. Tricyclics are also
used prophylactically in the control of chronic tension-type head-
ache (p.617) although benefit is rarely complete. Improvement is
generally seen with low doses, but full antidepressant doses are
necessary in the presence of underlying depression. 
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4. Ziegler DK, et al. Propranolol and amitriptyline in prophylaxis
of migraine: pharmacokinetic and therapeutic effects. Arch Neu-
rol 1993; 50: 825–30. 

5. Pfaffenrath V, et al. Efficacy and tolerability of amitriptylinoxide
in the treatment of chronic tension-type headache: a multi-centre
controlled study. Cephalalgia 1994; 14: 149–55. 

6. Hershey AD, et al. Effectiveness of amitriptyline in the prophy-
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539–49. 
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Hiccup. Amitriptyline is one of many drugs for which there are
anecdotal reports1 of success in the treatment of intractable hic-
cup (p.976).
1. Stalnikowicz R, et al. Amitriptyline for intractable hiccups. N

Engl J Med 1986; 315: 64–5.

Hyperactivity. When drug therapy is required for attention def-
icit hyperactivity disorder (p.2148), initial treatment is usually
with a central stimulant. Tricyclic antidepressants such as imi-
pramine or desipramine are reserved for patients who fail to re-
spond to or who are intolerant of stimulants. They may also be of
use for selected patients with certain co-existing disorders.
Interstitial cystitis. Tricyclic antidepressants have been found
to be of benefit in the treatment of interstitial cystitis (p.2179). In
a placebo-controlled trial in 48 patients with interstitial cystitis,
amitriptyline treatment (in doses ranging from 25 to 100 mg dai-
ly) significantly reduced the symptom score and improved pain
and urgency when compared to placebo;1 however, in some pa-
tients the antimuscarinic adverse effects of amitriptyline were
troublesome. Amitriptyline or imipramine have also been given
at night, together with methenamine hippurate during the day, in
the treatment of interstitial cystitis.2
1. van Ophoven A, et al. A prospective, randomized, placebo con-

trolled, double-blind study of amitriptyline for the treatment of
interstitial cystitis. J Urol (Baltimore) 2004; 172: 533–6. 

2. Cardozo L. Postmenopausal cystitis. BMJ 1996; 313: 129.

Irritable bowel syndrome. A tricyclic antidepressant may be
tried in irritable bowel syndrome (p.1699), particularly where di-
arrhoea and abdominal pain are presenting symptoms.
Micturition disorders. Tricyclic antidepressants are among
the drugs used as an alternative or adjunct to nonpharmacologi-
cal methods for the treatment of nocturnal enuresis in children
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(p.2180) in whom organic pathology has been excluded. Howev-
er, because of their potentially fatal toxicity in overdosage, there
has been concern over the safety of using tricyclics in households
with children. Most experience in nocturnal enuresis has been
with imipramine, but other tricyclics such as amitriptyline,
nortriptyline, and clomipramine have also been used. Their
mechanism of action in nocturnal enuresis is unclear. It may be
the result of their antimuscarinic and antispasmodic actions as
well as their effect on sleep patterns and possible stimulation of
antidiuretic hormone secretion. Imipramine appears to be most
effective in older children, but many patients develop tolerance
and increasingly higher doses are required. 
Tricyclic antidepressants are also sometimes used in the manage-
ment of urinary incontinence (p.2180). 
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Narcoleptic syndrome. Tricyclic antidepressants are the pri-
mary treatment for cataplexy and sleep paralysis associated with
narcolepsy (p.2148). Imipramine has been widely used for these
symptoms although some consider clomipramine more effec-
tive. The onset of action is quicker than when used for depression
and doses required appear to be lower (typically 10 to 75 mg of
imipramine daily) although tolerance may develop. Doses
should be titrated to provide maximal protection for the time of
day when symptoms usually occur.
Pain. Tricyclic antidepressants, usually amitriptyline, are useful
in alleviating some types of pain when given in subantidepres-
sant doses. An initial oral dose of amitriptyline hydrochloride 10
to 25 mg at night increased gradually if necessary to about 75 mg
daily has been suggested by the BNF for the management of neu-
ropathic pain in adults. Similar doses of amitriptyline hydrochlo-
ride are also suggested by the BNFC for the treatment of neuro-
pathic pain in palliative care in children aged 12 years and over;
in addition, younger children aged 2 years and above may re-
ceive an initial dose of 200 to 500 micrograms/kg (to a maxi-
mum of 25 mg) once daily at night, increased if necessary to a
maximum of 1 mg/kg twice daily. See also Choice of Analgesic
on p.2. Chronic neuropathic pain as seen in cancer (p.5), central
post-stroke pain (p.6), diabetic neuropathy (p.6), phantom limb
pain (p.9), and postherpetic neuralgia (p.9) responds to therapy
with tricyclics. Tricyclics are also often of benefit in the treat-
ment of idiopathic orofacial pain (p.8), and may be of value for
patients with complex regional pain syndrome (p.6). Pain and
sleep quality may be improved by tricyclics in patients with fi-
bromyalgia (see Soft-tissue Rheumatism, p.13), a condition that
responds poorly to analgesics and anti-inflammatory drugs. Pa-
tients with migraine or chronic tension-type headache may also
benefit from tricyclics (see Headache, above). There is little evi-
dence for an analgesic effect of tricyclics in acute or arthritic
pain. 
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Pathological crying or laughing. Pathological crying or
laughing can result from lesions in certain areas of the brain. At-
tempts at treatment have mostly been with antidepressants and
favourable results have been reported in double-blind studies
with amitriptyline1 and nortriptyline.2
1. Schiffer RB, et al. Treatment of pathologic laughing and weep-

ing with amitriptyline. N Engl J Med 1985; 312: 1480–2. 
2. Robinson RG, et al. Pathological laughing and crying following

stroke: validation of a measurement scale and a double-blind
treatment study. Am J Psychiatry 1993; 150: 286–93.

Premenstrual syndrome. For reference to the tricyclic anti-
depressant, clomipramine, in premenstrual syndrome, see p.387.
Schizophrenia. Antidepressants such as the tricyclics are con-
sidered worth trying as an adjunct in the treatment of patients
with schizophrenia (p.955) who develop depression during the
recovery phase after an acute episode of psychosis. There is,
however, no clear evidence that they are effective during acute
psychotic episodes or for depression during periods of remission
in patients with chronic schizophrenia.1
1. Anonymous. The drug treatment of patients with schizophrenia.

Drug Ther Bull 1995; 33: 81–6.

Sexual dysfunction. Impotence or ejaculatory problems have
been reported as adverse effects of tricyclic antidepressants (see

Effects on Sexual Function in Adverse Effects, above). Such
properties have been studied as a potential form of treatment for
men with premature ejaculation (see Clomipramine, p.387).
Skin disorders. See under Doxepin, p.389, for use of tricyclic
antidepressants in skin disorders.
Smoking cessation. Tricyclic antidepressants are among the
drugs that have been tried with varying degrees of success as al-
ternatives to nicotine replacement therapy (NRT) to alleviate the
withdrawal syndrome associated with smoking cessation
(p.2354). Nortriptyline is recommended by some as a second-
line treatment in those patients who cannot tolerate or relapse af-
ter NRT. 
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Preparations
BP 2008: Amitriptyline Tablets; 
USP 31: Amitriptyline Hydrochloride Injection; Amitriptyline Hydrochlo-
ride Tablets; Chlordiazepoxide and Amitriptyline Hydrochloride Tablets;
Perphenazine and Amitriptyline Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Tryptanol; Uxen; Austral.: Endep; Tryptanol; Austria: Saroten; Tryp-
tizol; Belg.: Redomex; Tryptizol; Braz.: Amytril; Neurotrypt; Protanol; Trip-
sol; Tryptanol; Canad.: Elavil†; Novo-Triptyn; Denm.: Saroten; Tryptizol†;
Fin.: Saroten†; Triptyl; Fr.: Elavil; Laroxyl; Ger.: Amineurin; Amioxid; Equi-
librin; Novoprotect; Saroten; Syneudon; Gr.: Maxivalet; Saroten; Stelminal;
Hong Kong: Qualitriptine; Tryptanol†; Hung.: Teperin; India: Sarotena;
Tryptomer; Irl.: Lentizol†; Israel: Elatrol; Elatrolet; Tryptal; Ital.: Adepril;
Laroxyl; Triptizol; Malaysia: Endep†; Tripta; Tryptanol; Mex.: Anapsique;
Tryptanol; Neth.: Sarotex; Tryptizol; Norw.: Sarotex; Tryptizol†; NZ: Am-
itrip; Port.: ADT; Tryptizol; Rus.: Amyzol (Амизол); Eliwel (Эливел); Sar-
oten (Саротен); S.Afr.: Noriline; Saroten; Trepiline; Tryptanol; Singapore:
Tripta; Spain: Deprelio; Tryptizol; Swed.: Saroten; Tryptizol; Switz.: Saro-
ten; Tryptizol; Thai.: Polytanol; Tripsyline†; Tripta; Triptyline; Tryptanol;
Turk.: Laroxyl; Triptilin; UK: Elavil; USA: Elavil†; Venez.: Tryptanol.
Multi-ingredient: Arg.: Mutabon D†; Austria: Limbitrol; Braz.: Limbi-
trol; Canad.: PMS-Levazine; Triavil†; Chile: Antalin; Limbatrilin; Morelin;
Mutabon D†; Tiperin; Fin.: Klotriptyl; Limbitrol; Pertriptyl; Gr.: Minitran;
India: Emotrip; Indon.: Limbritol; Mutabon-D; Mutabon-M; Ital.: Diapatol;
Limbitryl; Mutabon; Sedans; Mex.: Adepsique; Port.: Mutabon; Rus.:
Amixide (Амиксид); S.Afr.: Etrafon†; Limbitrol; Spain: Mutabase; Nobrit-
ol; Switz.: Limbitrol; Thai.: Anxipress-D†; Neuragon; Polybon; UK:
Triptafen; USA: Etrafon; Limbitrol; Triavil†.

Amoxapine (BAN, USAN, rINN)

Amoksapiini; Amoksapin; Amoxapin; Amoxapina; Amoxapinum;
CL-67772. 2-Chloro-11-(piperazin-1-yl)dibenz[b,f][1,4]oxaze-
pine.
Амоксапин
C17H16ClN3O = 313.8.
CAS — 14028-44-5.
ATC — N06AA17.
ATC Vet — QN06AA17.

Pharmacopoeias. In Jpn and US. 
USP 31 (Amoxapine). A white to yellowish crystalline powder.
Practically insoluble in water; slightly soluble in acetone; freely
soluble in chloroform; sparingly soluble in methyl alcohol and in
toluene; soluble in tetrahydrofuran. Store in airtight containers.
Adverse Effects, Treatment, and Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.376). 
Rare cases of tardive dyskinesias and the neuroleptic malignant
syndrome have been reported with amoxapine.
Antidopaminergic effects. Amoxapine is a derivative of the
antipsychotic loxapine (p.1005) and possesses some antipsy-
chotic activity. It also has dopamine-receptor blocking properties
as do its hydroxylated metabolites. Adverse effects that are
symptoms of such blockade have been reported and reviewed1,2

and include akinesia, akathisia, withdrawal dyskinesia, reversi-
ble tardive dyskinesia, persistent dyskinesia, elevated serum con-
centration of prolactin, and galactorrhoea. Chorea3 and oculogy-
ric crisis4 have also been reported.
1. Tao GK, et al. Amoxapine-induced tardive dyskinesia. Drug In-

tell Clin Pharm 1985; 19: 548–9. 
2. Devarajan S. Safety of amoxapine. Lancet 1989; ii: 1455. 
3. Patterson JF. Amoxapine-induced chorea. South Med J 1983; 76:

1077. 
4. Hunt-Fugate AK, et al. Adverse reactions due to dopamine

blockade by amoxapine. Pharmacotherapy 1984; 4: 35–9.

Antimuscarinic effects. Amoxapine therapy has been report-
ed to produce adverse effects associated with antimuscarinic ac-
tivity (such as constipation, blurred vision, and dry mouth), but

such reports did not reflect in-vitro findings that amoxapine had
considerably less affinity for muscarinic binding sites than am-
itriptyline;1 this was supported by results in healthy subjects. The
adverse effects described as antimuscarinic could possibly be ex-
plained by amoxapine affecting noradrenergic mechanisms.
1. Bourne M, et al. A comparison of the effects of single doses of

amoxapine and amitriptyline on autonomic functions in healthy
volunteers. Eur J Clin Pharmacol 1993; 44: 57–62.

Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.
Effects on the endocrine system. Reversible nonketotic hy-
perglycaemia developed in a 49-year-old woman with no history
of diabetes mellitus within 5 days of oral therapy with amoxap-
ine 50 mg three times daily.1 She had previously had nonketotic
hyperglycaemic coma after loxapine 150 mg daily. 7-Hy-
droxyamoxapine, a metabolite common to both amoxapine and
loxapine, was implicated. 
See also Antidopaminergic Effects, above, for mention of galac-
torrhoea and hyperprolactinaemia.
1. Tollefson G, Lesar T. Nonketotic hyperglycemia associated with

loxapine and amoxapine: case report. J Clin Psychiatry 1983;
44: 347–8.

Overdosage. In overdosage, amoxapine is reported to cause
acute renal failure with rhabdomyolysis,1,2 coma, and seizures.3-5

Although there has been some debate as to whether the incidence
of seizures and death is higher with overdosage of amoxapine
than with other tricyclic antidepressants, some6 consider that ev-
idence does seem to favour increased neurological consequenc-
es. 
It has been reported that amoxapine is not cardiotoxic in
overdosage3 but later evidence would suggest that there is cardi-
otoxic potential.6,7

1. Pumariega AJ, et al. Acute renal failure secondary to amoxapine
overdose. JAMA 1982; 248: 3141–2. 

2. Jennings AE, et al. Amoxapine-associated acute renal failure.
Arch Intern Med 1983; 143: 1525–7. 

3. Kulig K, et al. Amoxapine overdose: coma and seizures without
cardiotoxic effects. JAMA 1982; 248: 1092–4. 

4. Litovitz TL, Troutman WG. Amoxapine overdose: seizures and
fatalities. JAMA 1983; 250: 1069–71. 

5. Jefferson JW. Convulsions associated with amoxapine. JAMA
1984; 251: 603–4. 

6. Leonard BE. Safety of amoxapine. Lancet 1989; ii: 808. 
7. Sørensen MR. Acute myocardial failure following amoxapine

intoxication. J Clin Psychopharmacol 1988; 8: 75.

Interactions
For interactions associated with tricyclic antidepressants, see
Amitriptyline, p.379.
Pharmacokinetics
Amoxapine is readily absorbed from the gastrointestinal tract. It
bears a close chemical relationship to loxapine (p.1005) and is
similarly metabolised by hydroxylation. It is excreted in the
urine, mainly as its metabolites in conjugated form as glucuro-
nides. 
Amoxapine has been reported to have a plasma half-life of 8
hours and its major metabolite, 8-hydroxyamoxapine, has been
reported to have a biological half-life of 30 hours; 7-hy-
droxyamoxapine has been identified as another metabolite. Both
metabolites are pharmacologically active. Amoxapine is about
90% bound to plasma proteins. 
Amoxapine and its metabolite 8-hydroxyamoxapine are distrib-
uted into breast milk.
Uses and Administration
Amoxapine, the N-desmethyl derivative of loxapine (p.1005), is
a dibenzoxazepine tricyclic antidepressant with actions and uses
similar to those of amitriptyline (p.381). Amoxapine is one of the
less sedating tricyclics and its antimuscarinic effects are mild; it
also inhibits the reuptake of dopamine. 
In the treatment of depression (p.373) amoxapine is given in oral
doses of 50 mg two or three times daily initially, gradually in-
creased up to 100 mg three times daily as necessary. In the USA,
higher doses of up to 600 mg daily may also be given, if required,
in severely depressed patients in hospital. A suggested dose for
the elderly is 25 mg two or three times daily initially, increased
after 5 to 7 days to up to 150 mg daily as necessary; in the USA
further increases to a maximum of 300 mg daily are permitted, if
required. 
Once-daily dosage regimens, usually given at night, are suitable
for amoxapine up to 300 mg daily; divided-dosage regimens are
recommended for doses above 300 mg daily. 
It has been claimed that, in the treatment of depression, amoxap-
ine has a more rapid onset of action than amitriptyline or imi-
pramine with a clinical effect possibly appearing 4 to 7 days after
starting therapy, although this has been disputed. 
Amoxapine should be withdrawn gradually to reduce the risk of
withdrawal symptoms. 
Amoxapine has also been investigated for its potential as an an-
tipsychotic.
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2. Sa DS, et al. Amoxapine shows an antipsychotic effect but wors-
ens motor function in patients with Parkinson’s disease and psy-
chosis. Clin Neuropharmacol 2001; 24: 242–4. 

3. Apiquian R, et al. Amoxapine shows atypical antipsychotic ef-
fects in patients with schizophrenia: results from a prospective
open-label study. Schizophr Res 2003; 59: 35–9. 

4. Fitzgerald PB, et al. Amoxapine in schizophrenia: a negative
double-blind controlled trial. J Clin Psychopharmacol 2004; 24:
448–50. 

5. Apiquian R, et al. Amoxapine as an atypical antipsychotic: a
comparative study vs risperidone. Neuropsychopharmacology
2005; 30: 2236–44.

Preparations
USP 31: Amoxapine Tablets.

Proprietary Preparations (details are given in Part 3)
Denm.: Demolox†; Fr.: Defanyl; India: Demolox; Indon.: Asendin; UK:
Asendis†; USA: Asendin†.

Benactyzine Hydrochloride (BANM, rINNM)

Amizylum; Bénactyzine, Chlorhydrate de; Benactyzini Hydro-
chloridum; Hidrocloruro de benacticina. 2-Diethylaminoethyl
benzilate hydrochloride.

Бенактизина Гидрохлорид
C20H25NO3,HCl = 363.9.
CAS — 302-40-9 (benactyzine); 57-37-4 (benactyzine hy-
drochloride).

(benactyzine)

Profile
Benactyzine has antidepressant and antimuscarinic activity. It
has been used as the hydrochloride in the management of depres-
sion and associated anxiety. It is also used as a pharmacological
tool. Methylbenactyzium bromide (p.1747), the methobromide
of benactyzine, has been used for its antimuscarinic activity in
the treatment of gastrointestinal spasm and nocturnal enuresis.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Dimaval.

Brofaromine (rINN)

Brofaromina; Brofarominum; CGP-11305A (brofaromine hydro-
chloride). 4-(7-Bromo-5-methoxy-2-benzofuranyl)piperidine.

Брофаромин
C14H16BrNO2 = 310.2.
CAS — 63638-91-5.

Profile
Brofaromine is a reversible inhibitor of monoamine oxidase type
A (RIMA) (see Moclobemide, p.411). It has been studied in the
treatment of depression and in anxiety disorders including social
anxiety disorder.

Bupropion Hydrochloride 

(BANM, USAN, rINNM)

Amfebutamone Hydrochloride; Bupropione, Chlorhydrate de;
Bupropionhydroklorid; Bupropioni Hydrochloridum; Bupropion-
ihydrokloridi; BW-323; Hidrocloruro de bupropión. (±)-2-(tert-
Butylamino)-3′-chloropropiophenone hydrochloride.

Бупропиона Гидрохлорид
C13H18ClNO,HCl = 276.2.
CAS — 34911-55-2 (bupropion); 31677-93-7 (bupropion
hydrochloride).
ATC — N07BA02.
ATC Vet — QN07BA02.

(bupropion)

Pharmacopoeias. In US. 
USP 31 (Bupropion Hydrochloride). A white powder. Soluble in
water, in alcohol, and in 0.1N hydrochloric acid. Protect from
light.

Adverse Effects and Treatment
Agitation, anxiety, and insomnia often occur during the
initial stages of bupropion therapy. Other relatively
common adverse effects reported with bupropion
include fever, dry mouth, headache or migraine,
dizziness, urinary frequency, nausea and vomiting,
constipation, tremor, sweating, and skin rashes. Hyper-
sensitivity reactions, ranging from pruritus and urticar-
ia to, less commonly, angioedema, dyspnoea, and ana-
phylactoid reactions, have occurred, as have symptoms
suggestive of serum sickness. There have been rare re-
ports of Stevens-Johnson syndrome and erythema mul-
tiforme. Tachycardia, chest pain, and hypertension
(sometimes severe), or occasionally vasodilatation, or-
thostatic hypotension, palpitations, and syncope have
been reported. Psychotic episodes, confusion, night-
mares, impaired memory, dysgeusia, anorexia with
weight loss, paraesthesia, tinnitus, and visual distur-
bances have also been reported. 
Hyponatraemia, possibly due to inappropriate secre-
tion of antidiuretic hormone, has been associated with
the use of antidepressants, particularly in the elderly. 
Seizures, which appear to be partially dose-related,
may occur with bupropion and have been particularly
notable in patients with anorexia nervosa or bulimia
nervosa; the risk is also increased in patients with a his-
tory of seizure disorders or other predisposing factor.
The manufacturers state that the overall incidence of
seizure in patients receiving bupropion at recommend-
ed doses is about 0.1 to 0.4%. 
Symptoms of overdosage include hallucinations, nau-
sea and vomiting, tachycardia, loss of consciousness,
and death (following massive overdose); seizures have
occurred in about one-third of all bupropion overdose
cases. Activated charcoal should be considered in adult
patients who have taken more than 450 mg and in all
children, if they present within 1 hour of ingestion; gas-
tric lavage may also be used to decrease absorption.
Treatment is supportive. Benzodiazepines may be tried
for seizures. Diuresis, dialysis, and haemoperfusion are
unlikely to be of benefit.
Incidence of adverse effects. Up to 24 July 2002 (the first 25
months of marketing), the UK CSM had received 7630 reports
of suspected adverse reactions associated with the use of bupro-
pion.1 Of these reports, 60 were associated with a fatal outcome
although in most cases underlying conditions could have been
responsible. Cardiovascular and cerebrovascular disorders such
as myocardial infarction and stroke were reported as the cause of
death in 70% of cases. The CSM also commented that adverse
reactions were mainly recognised ones and listed in the licensed
product information. 
In January 2005 the German pharmacovigilance network
reviewed2 273 reports of adverse effects associated with bupro-
pion, received between June 2000 and September 2004. The
most frequent adverse effects were: psychiatric disorders
(79.3%), including suicide attempts (17.6%), and tachycardia
(11.15%), seizures (8.8%), and dyspnoea (8.8%). There were
also 4 cases of pancreatitis and one of raised pancreatic enzyme
activity three times greater than normal.
1. CSM/MCA. Zyban (bupropion hydrochloride) - safety update

( i s s u e d  2 6 t h  J u l y  2 0 0 2 ) .  Av a i l a b l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON019524&RevisionSelec t ionMethod=
LatestReleased (accessed 08/06/06) 

2. Drug Commission of the German Medical Association. Increased
pancreatic enzymes or acute pancreatitis induced by bupropion (Zy-
ban )(from the UAW database). Available at: http://www.akdae.de/
en/20/20/Archiv/2005/800_20050110.html (accessed 04/06/06)

Effects on the cardiovascular system. Up to the end of De-
cember 2001 the national pharmacovigilance centre in the Neth-

erlands had received 591 adverse reaction reports associated
with the use of bupropion for smoking cessation since its market-
ing 2 years earlier;1 of these, 45 concerned cardiac complaints
such as palpitations (21), arrhythmias (7), myocardial infarction
(3), anginal pain (2), and cardiac arrest (1). Twenty-two reports
also mentioned chest pain or tightness, although these were con-
sidered to be of noncardiac origin. In another report a 43-year-old
male suffered an acute myocardial infarction 2 weeks after start-
ing bupropion for smoking cessation;2 he had experienced cen-
tral chest and arm pain 3 days before the infarction. The authors
of the report said that up to 30 April 2001 the UK CSM had re-
ceived 238 reports of chest pain and 134 reports of chest tight-
ness associated with bupropion use.
1. de Graaf L, Diemont WL. Chest pain during use of bupropion as

an aid in smoking cessation. Br J Clin Pharmacol 2003; 56:
451–2. 

2. Patterson RN, Herity NA. Acute myocardial infarction following
bupropion (Zyban). QJM 2002; 95: 58–9.

Effects on the cerebrovascular system. A 67-year-old male
had paraesthesia, dizziness, tinnitus, confusion, and gait impair-
ment after taking bupropion for smoking cessation.1 Although a
transient ischaemic attack was suspected symptoms resolved on
stopping bupropion and recurred on rechallenge.
1. Humma LM, Swims MP. Bupropion mimics a transient ischemic

attack. Ann Pharmacother 1999; 33: 305–7.

Effects on the pancreas. See under Incidence of Adverse Ef-
fects, above.
Effects on the skin. Erythema multiforme developed in a 31-
year-old woman several weeks after starting modified-release
bupropion for depression.1 Symptoms resolved on drug with-
drawal. In another report, 3 patients with controlled psoriasis had
an exacerbation of their psoriatic symptoms after starting bupro-
pion for smoking cessation.2 All 3 patients required hospitalisa-
tion to control their symptoms. There have also been several re-
ports of patients developing generalised acute urticaria;3,4

systemic symptoms resembling serum sickness were also report-
ed in 1 case4 (see also Hypersensitivity, below).
1. Lineberry TW, et al. Bupropion-induced erythema multiforme.

Mayo Clin Proc 2001; 76: 664–6. 
2. Cox NH, et al. Generalized pustular and erythrodermic psoriasis

associated with bupropion treatment. Br J Dermatol 2002; 146:
1061–3. 

3. Fays S, et al. Bupropion and generalized acute urticaria: eight
cases. Br J Dermatol 2003; 148: 177–8. 

4. Loo WJ, et al. Bupropion and generalized acute urticaria: a fur-
ther case. Br J Dermatol 2003; 149: 660.

Extrapyramidal effects. A 44-year-old man had acute head
and neck dystonia while taking buspirone and modified-release
bupropion.1 No recurrence was noted on rechallenge with bus-
pirone although symptoms did develop on rechallenge with bu-
propion when the dose was increased from 150 mg once daily to
150 mg twice daily. In another case, a 42-year-old woman had
gross involuntary movements of her torso, arms, and legs (diag-
nosed as ballism) 8 days after starting bupropion for smoking
cessation;2 the dose had been increased from 150 mg once daily
to 150 mg twice daily on the fourth day. She recovered when bu-
propion was stopped and treatment with haloperidol and ox-
azepam was given.
1. Detweiler MB, Harpold GJ. Bupropion-induced acute dystonia.

Ann Pharmacother 2002; 36: 251–4. 
2. de Graaf L, et al. Ballism associated with bupropion use. Ann

Pharmacother 2003; 37: 302–3.

Hypersensitivity. Eosinophilia has been reported1 in a patient
12 days after bupropion was added to her existing treatment reg-
imen of glibenclamide and tolmetin. The eosinophil count re-
turned to normal after all medication was stopped. Bupropion ap-
peared to be the causative drug. 
Serum sickness or symptoms suggestive of serum sickness has
also been associated with bupropion use.2-5 In one case,5 al-
though the initial presentation resembled serum sickness, the pa-
tient went on to develop multisystem complications that included
hepatitis, cholestasis, and myocarditis. 
See also Effects on the Skin, above.
1. Malesker MA, et al. Eosinophilia associated with bupropion.

Ann Pharmacother 1995; 29: 867–8. 
2. Yolles JC, et al. Serum sickness induced by bupropion. Ann

Pharmacother 1999; 33: 931–3. 
3. McCollom RA, et al. Bupropion-induced serum sickness-like re-

action. Ann Pharmacother 2000; 34: 471–3. 
4. Benson E. Bupropion-induced hypersensitivity reactions. Med J

Aust 2001; 174: 650–1. 
5. Bagshaw SM, et al. Drug-induced rash with eosinophilia and

systemic symptoms syndrome with bupropion administration.
Ann Allergy Asthma Immunol 2003; 90: 572–5.

Overdosage. Unlike the tricyclic antidepressants, bupropion
appears to lack any significant cardiovascular or antimuscarinic
adverse effects when taken in overdose. In an early review1 of 58
overdose cases involving immediate-release bupropion alone,
the most common symptoms were sinus tachycardia, lethargy,
tremor, and seizures; other effects included confusion, lighthead-
edness, hallucinations, paraesthesias, and vomiting. Most pa-
tients had minor effects or none at all. Similar symptoms have
also been noted in reviews of overdose cases involving modi-
fied-release bupropion.2,3 UK licensed prescribing information
for bupropion also lists ECG changes such as conduction distur-
bances, arrhythmias, and tachycardia although a literature
review4 concluded that cardiotoxicity appeared to be rare with
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bupropion overdosage. Although rare, there have been fatalities
after overdose; in some cases other drugs may have been in-
volved.3,5,6 
More recent case reports and reviews with modified-release
preparations have highlighted that seizures are a particular fea-
ture of bupropion overdose.2,3,7,8

1. Spiller HA, et al. Bupropion overdose: a 3-year multi-center ret-
rospective analysis. Am J Emerg Med 1994; 12: 43–5. 

2. Balit CR, et al. Bupropion poisoning: a case series. Med J Aust
2003; 178: 61–3. 

3. Shepherd G, et al. Intentional bupropion overdoses. J Emerg Med
2004; 27: 147–51. 

4. Druteika D, Zed PJ. Cardiotoxicity following bupropion over-
dose. Ann Pharmacother 2002; 36: 1791–5. 

5. Friel PN, et al. Three fatal drug overdoses involving bupropion.
J Anal Toxicol 1993; 17: 436–8. 

6. Harris CR, et al. Fatal bupropion overdose. J Toxicol Clin Toxi-
col 1997; 35: 321–4. 

7. Bhattacharjee C, et al. Bupropion overdose: a potential problem
with the new ‘miracle’ anti-smoking drug. Int J Clin Pract 2001;
55: 221–2. 

8. Paoloni R, Szekely I. Sustained-release bupropion overdose: a
new entity for Australian emergency departments. Emerg Med
(Fremantle) 2002; 14: 109–12.

Precautions
Bupropion may induce seizures and consequently its
use is contra-indicated in patients with epilepsy. It is
also contra-indicated in patients with a history of ano-
rexia nervosa or bulimia nervosa, as a higher incidence
of seizures has been noted in such patients treated with
bupropion, and in those undergoing abrupt withdrawal
from alcohol or benzodiazepines. It should be used
with extreme caution, if at all, in patients with a history
of seizure disorders or other predisposing factors such
as severe hepatic cirrhosis or a CNS tumour. The use of
bupropion in patients with other risk factors for sei-
zures (for example, alcohol abuse, a history of head
trauma, diabetes, and drugs known to lower the seizure
threshold) should only be undertaken when there are
compelling clinical reasons. 
Bupropion should be used with caution in patients with
bipolar disorder or psychoses because of the risk of
precipitating mania; use for smoking cessation in such
patients may be contra-indicated. It should also be used
cautiously in patients with a recent history of myocar-
dial infarction or unstable heart disease, and in hepatic
or renal impairment. 
When bupropion is used for depression, patients
should be closely monitored during early therapy until
significant improvement is observed because suicide is
an inherent risk in depressed patients. For further de-
tails, see under Depression, p.373. Suicidal thoughts
and behaviour may also develop during early treatment
with antidepressants for other disorders; the same pre-
cautions observed when treating patients with depres-
sion should therefore be observed when treating pa-
tients with other disorders. 
As with other CNS-active drugs, the ability to perform
tasks requiring motor or cognitive skills or judgement
may be impaired by bupropion, and patients, if affect-
ed, should not drive or operate machinery.
Breast feeding. The American Academy of Pediatrics
considers1 that the effect of bupropion on nursing infants is un-
known but may be of concern. 
There has been a report of accumulation of bupropion in human
breast milk in concentrations higher than those in maternal plas-
ma.2 However, neither bupropion nor its metabolites were de-
tected in the plasma of the infant who was breast fed twice daily
by the affected mother, and no adverse effects were noted in the
infant. Similar findings have been noted in a more recent study
in 2 breast-fed infants whose mothers took bupropion for post-
partum depression.3 However, in another report, a 6-month-old
infant had a seizure after being fed breast milk that had been ex-
pressed and stored 2 days earlier, after the infant’s mother had
taken a single dose of bupropion.4 Before the seizure, the mother
had taken 2 doses of bupropion and breast fed the infant several
times with no adverse effects.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 24/11/05) 

2. Briggs GC, et al. Excretion of bupropion in breast milk. Ann
Pharmacother 1993; 27: 431–3. 

3. Baab SW, et al. Serum bupropion levels in 2 breastfeeding moth-
er-infant pairs. J Clin Psychiatry 2002; 63: 910–11. 

4. Chaudron LH, Schoenecker CJ. Bupropion and breastfeeding: a
case of a possible infant seizure. J Clin Psychiatry 2004; 65:
881–2.

Children. Bupropion has not been studied for the treatment of
depression in adolescents and children; consequently its use in
patients under 18 years of age, regardless of indication, is not
recommended. In addition, other antidepressants have been
shown to increase the risk of suicidal thoughts and behaviour in
these patients (see Effects on Mental State, under Fluoxetine,
p.392).

Pregnancy. The safety of bupropion in pregnancy has not been
established. In a study of 136 women who took bupropion for
either depression or smoking cessation in at least the first trimes-
ter of pregnancy, there were 105 live births, 20 spontaneous abor-
tions, 10 therapeutic abortions, 1 still-birth, and 1 neonatal death;
no major congenital malformations were reported.1 Compared to
a control group not exposed to teratogens, the rate of spontane-
ous abortions was significantly higher in the bupropion group
when both indications were considered; however, there was no
difference in the rate when women taking bupropion for depres-
sion were compared to this control group and another control
group of women taking other antidepressants. 
Complications at birth requiring prolonged hospitalisation,
breathing support, and tube feeding have been reported with
some of the newer antidepressants such as bupropion.2 Other re-
ported symptoms have included seizures, muscle rigidity, jitteri-
ness, and prolonged crying. It is not known whether such symp-
toms represent a direct toxicity of bupropion or a possible
withdrawal syndrome.
1. Chun-Fai-Chan B, et al. Pregnancy outcome of women exposed

to bupropion during pregnancy: a prospective comparative study.
Am J Obstet Gynecol 2005; 192: 932–6. 

2. Health Canada. Health Canada advises of potential adverse effects
of SSRIs and other anti-depressants on newborns (issued 9th August
2004). Available at: http://www.hc-sc.gc.ca/ahc-asc/media/
advisories-avis/_2004/2004_44-eng.php (accessed 14/08/08)

Interactions
Bupropion should not be given with or within 14 days
of stopping an MAOI; however, no treatment-free pe-
riod is necessary after stopping a reversible inhibitor of
monoamine oxidase type A (RIMA) and starting bu-
propion. 
The use of alcohol with bupropion should be mini-
mised or avoided completely because it may alter the
seizure threshold. Similarly, extreme caution is needed
if other drugs that lower the seizure threshold, such as
other antidepressants, antimalarials, antipsychotics, se-
dating antihistamines, quinolones, tramadol, theophyl-
line, or systemic corticosteroids are used with bupropi-
on. In the UK, where it is licensed as a modified-
release product for smoking cessation, a maximum
dose of 150 mg daily is recommended if patients are
also taking such drugs. 
Use of nicotine transdermal patches with bupropion
has been associated with hypertension, and patients
using both should therefore have their blood pressure
monitored. 
Caution has been advised in patients receiving either
amantadine or levodopa with bupropion because of re-
ports of a higher incidence of adverse effects in patients
receiving these combinations. 
Animal studies have indicated that bupropion may in-
duce drug-metabolising enzymes and pharmacokinetic
interactions with other drugs are therefore a possibility.
Bupropion is itself metabolised by hepatic enzyme sys-
tems and drugs known to affect such systems may in-
teract with bupropion. For example carbamazepine,
phenobarbital, or phenytoin may induce the metabo-
lism of bupropion while other drugs such as cimetidine
or valproate may inhibit its metabolism. In-vitro stud-
ies have shown that bupropion is metabolised by the
cytochrome P450 isoenzyme CYP2B6. Consequently
interactions may occur between bupropion and drugs
that affect this isoenzyme, for example orphenadrine,
cyclophosphamide, and ifosfamide. 
In-vitro studies have also shown that bupropion is also
an inhibitor of the isoenzyme CYP2D6; caution should
be exercised when it is given with drugs metabolised
by this isoenzyme and they should be started at the
lower end of their dose range. Such drugs include some
antidepressants, antipsychotics, beta blockers, and type
Ic antiarrhythmics.
Antiepileptics. Plasma-bupropion concentrations became un-
detectable in 2 patients who were also receiving carbamazepine;

plasma concentrations of hydroxybupropion, an active metabo-
lite of bupropion, were high.1
1. Popli AP, et al. Bupropion and anticonvulsant drug interactions.

Ann Clin Psychiatry 1995; 7: 99–101.

Antivirals. There is some evidence from study in vitro that the
antivirals efavirenz, nelfinavir, and ritonavir can inhibit the cyto-
chrome P450 isoenzyme CYP2B6,1 and licensed product infor-
mation for ritonavir mentions the possibility of an interaction
with bupropion. However, evidence of clinically significant in-
teraction is lacking: a small case series of 10 patients who took
bupropion with low-dose ritonavir (100 mg twice daily), or efa-
virenz or nelfinavir, did not note any episodes of seizures.2 A
study3 in 7 healthy male subjects also found that 2 days of low-
dose ritonavir (200 mg twice daily) had little impact on the phar-
macokinetics of a single bupropion dose. 
In contrast, the UK licensed product information for bupropion
describes a study in healthy subjects in which 20 days of full-
dose ritonavir (600 mg twice daily) reduced the area under the
concentration-time curve (AUC) and maximum plasma concen-
tration of bupropion, possibly by inducing its metabolism. Plas-
ma concentrations of bupropion’s active metabolites were also
reduced. In another study4 in healthy subjects, the plasma con-
centrations and AUC of bupropion and its active metabolite hy-
droxybupropion, from a single dose of bupropion, were reduced
by about 50% after 14 days of a lopinavir/ritonavir combination
(400 mg/100 mg twice daily). This effect was attributed to in-
duction of CYP2B6 and UDP-glucuronosyltransferase by the
HIV-protease inhibitor combination. In discussing the contrast-
ing results that have been reported, the authors suggested that the
higher ritonavir concentrations achieved in-vitro had an inhibito-
ry effect, compared with the inducing effect of lower steady-state
concentrations achieved in-vivo.
1. Hesse LM, et al. Ritonavir, efavirenz, and nelfinavir inhibit

CYP2B6 activity in vitro: potential drug interactions with bupro-
pion. Drug Metab Dispos 2001; 29: 100–102. 

2. Park-Wyllie LY, Antoniou T. Concurrent use of bupropion with
CYP2B6 inhibitors, nelfinavir, ritonavir and efavirenz: a case se-
ries. AIDS 2003; 17: 638–40. 

3. Hesse LM, et al. Ritonavir has minimal impact on the pharma-
cokinetic disposition of a single dose of bupropion administered
to human volunteers. J Clin Pharmacol 2006; 46: 567–76. 

4. Hogeland GW, et al. Lopinavir/ritonavir reduces bupropion plas-
ma concentrations in healthy subjects. Clin Pharmacol Ther
2007; 81: 69–75.

Histamine H2-antagonists. A randomised controlled study in
24 subjects found that cimetidine had no effect on the pharma-
cokinetics of modified-release bupropion or its active metabo-
lite, hydroxybupropion.1
1. Kustra R, et al. Lack of effect of cimetidine on the pharmacoki-

netics of sustained-release bupropion. J Clin Pharmacol 1999:
39: 1184–8.

Pharmacokinetics
Bupropion is well absorbed from the gastrointestinal
tract but may undergo extensive first-pass metabolism.
Several metabolites of bupropion are pharmacological-
ly active and have longer half-lives, and achieve higher
plasma concentrations, than the parent compound. Hy-
droxybupropion is the major metabolite, produced by
the metabolism of bupropion by the cytochrome P450
isoenzyme CYP2B6; in animal studies hydroxybupro-
pion was one-half as potent as bupropion. Threohyd-
robupropion and erythrohydrobupropion are produced
by reduction and are about one-fifth the potency of the
parent compound. Bupropion is 80% or more bound to
plasma proteins. The terminal plasma half-life of im-
mediate-release bupropion is about 14 hours; the ter-
minal plasma half-life of modified-release bupropion
is about 20 hours. The metabolites of bupropion are ex-
creted primarily in the urine; less than 1% of the parent
drug is excreted unchanged. Bupropion and its metab-
olites cross the placenta and are distributed into breast
milk.
◊ References.
1. Sweet RA, et al. Pharmacokinetics of single- and multiple-dose

bupropion in elderly patients with depression. J Clin Pharmacol
1995; 35: 876–84.

Smoking. No clinically significant differences were seen be-
tween the pharmacokinetics of bupropion or its metabolites in
cigarette smokers and non-smokers.1
1. Hsyu P-H, et al. Pharmacokinetics of bupropion and its metabo-

lites in cigarette smokers versus nonsmokers. J Clin Pharmacol
1997; 37: 737–43.

Uses and Administration
Bupropion is a chlorpropiophenone antidepressant
chemically unrelated to other classes of antidepres-
sants but similar in structure to the central stimulant di-
ethylpropion (p.2154). It is a weak blocker of neuronal
reuptake of serotonin and noradrenaline compared
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with tricyclic antidepressants; it also inhibits the neuro-
nal reuptake of dopamine. The antidepressant effect
may not be evident until after 4 weeks of therapy. Bu-
propion is also used as an aid to smoking cessation. 

Bupropion is given orally as the hydrochloride. To
minimise agitation, anxiety, and insomnia often expe-
rienced at the start of therapy, and to reduce the risk of
seizures, doses should be increased gradually; the total
daily dose should be given in equally divided doses
and the maximum recommended single and total daily
doses should not be exceeded. Insomnia at the start of
therapy may be minimised by avoiding bedtime doses.
Patients with hepatic or renal impairment should be
given reduced doses and monitored for toxic effects
(see below). 

In the treatment of depression bupropion hydrochlo-
ride is given in initial doses of 100 mg twice daily in-
creased, if necessary, after at least 3 days to 100 mg
three times daily. In severe cases, if no improvement
has been observed after several weeks of therapy, the
dose may be increased further to a maximum of
150 mg three times daily. Bupropion hydrochloride is
also available as a modified-release preparation given
in an initial dose of 150 mg once daily in the morning
increased, if necessary, after at least 3 days to 150 mg
twice daily; in severe cases, the dose of the modified-
release preparation may be increased further after sev-
eral weeks to 200 mg twice daily. A modified-release
preparation that is given once daily is also available;
the maximum daily dose for this preparation is 450 mg
as a single dose in the morning. A modified-release
preparation is also licensed for the prevention of de-
pression in patients with seasonal affective disorder;
the maximum dose for this disorder is 300 mg once
daily. 

Bupropion hydrochloride is given as a modified-re-
lease preparation as an aid to smoking cessation in an
initial dose of 150 mg once daily for 6 days, increasing
to 150 mg twice daily on day 7. In the USA, the dose
may be increased after 3 days. In the UK, the maxi-
mum recommended dose in the elderly, or in patients
with predisposing risk factors for seizure (see Precau-
tions, above), is 150 mg daily. Treatment should be
started about 1 to 2 weeks before the patient attempts
to stop smoking, to allow steady-state blood levels of
bupropion to be reached, and normally continues for 7
to 12 weeks; if there is no significant progress towards
smoking abstinence by the seventh week, then therapy
should be stopped. Use with nicotine transdermal
patches may be warranted in some patients, although
there is a risk of hypertension with such therapy (see
Interactions, above).

Administration in hepatic impairment. When used as an
aid to smoking cessation in patients with mild to moderate hepat-
ic impairment, bupropion should be given at a reduced frequen-
cy; UK licensed product information suggests an oral dose of
150 mg once daily. The use of bupropion in patients with severe
hepatic cirrhosis is contra-indicated in the UK although doses of
150 mg every other day are permitted in the USA. 

In the treatment of depression, a reduction in the frequency
and/or the dose of bupropion should be considered in patients
with mild to moderate impairment. In patients with severe hepat-
ic cirrhosis the dose varies according to the preparation given; for
modified-release bupropion the suggested maximum oral dose is
100 mg once daily or 150 mg every other day while the maxi-
mum dose of immediate-release bupropion is 75 mg once daily.

Administration in renal impairment. When used as an aid
to smoking cessation in patients with renal impairment, bupropi-
on should be given at a reduced frequency; UK licensed product
information suggests an oral dose of 150 mg once daily. 

In the treatment of depression, a reduction in the frequency
and/or the dose of bupropion should be considered.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. Bupropion has a different biochemical profile from both
the tricyclics and the SSRIs; however, like the SSRIs, it may be
safer in overdosage than the older tricyclics. 
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Hyperactivity. When drug therapy is indicated for attention
deficit hyperactivity disorder (p.2148) initial treatment is usually
with a central stimulant. Antidepressants may be used for pa-
tients who fail to respond to, or who are intolerant of, central
stimulants. Data from open and controlled studies involving
small numbers of patients suggest that bupropion is effective in
adults and children.1,2
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Smoking cessation. Bupropion is effective in the manage-
ment of smoking cessation (p.2354) and may be used as a first-
line alternative to nicotine replacement therapy (NRT); its action
is said to be independent of its antidepressant activity. Bupropion
with NRT has also been used successfully although there is an
increased risk of hypertension with this combination (see Inter-
actions, above). 
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Preparations
USP 31: Bupropion Hydrochloride Extended-Release Tablets; Bupropion
Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Odranal; Wellbutrin; Austral.: Clorpax; Prexaton; Zyban; Austria:
Quomem; Zyban; Belg.: Zyban; Braz.: Bup; Wellbutrin; Zetron; Zyban;
Canad.: Wellbutrin; Zyban; Chile: Buxon; Dosier†; Mondrian†; Well-
butrin; Cz.: Elontril; Wellbutrin; Zyban; Denm.: Zyban; Fin.: Zyban; Fr.:
Zyban; Ger.: Zyban; Gr.: Zyban; Hong Kong: Wellbutrin; Zyban; Hung.:
Wellbutrin; Zyban†; India: Nicotex; Zyban; Irl.: Zyban; Israel: Zyban;
Ital.: Quomem†; Zyban; Malaysia: Zyban; Mex.: Butrew; Wellbutrin;
Neth.: Quomem; Zyban; Zyntabac; Norw.: Zyban; NZ: Zyban; Pol.: Zy-
ban; Port.: Elontril; Wellbutrin; Zyban; Zyntabac; S.Afr.: Wellbutrin; Zyban;
Singapore: Wellbutrin; Zyban; Spain: Quomem; Zyntabac; Swed.: Zy-
ban; Switz.: Zyban; Thai.: Quomem; Turk.: Zyban; UK: Zyban; USA: Bu-
deprion; Wellbutrin; Zyban; Venez.: Wellbutrin; Zyban†.

Citalopram (BAN, rINN)

Citalopramum; Lu-10-171; Sitalopraami. 1-(3-Dimethylamino-
propyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboni-
trile.

Циталопрам

C20H21FN2O = 324.4.

CAS — 59729-33-8.

ATC — N06AB04.

ATC Vet — QN06AB04.

Citalopram Hydrobromide (BANM, USAN, rINNM)

Citalopram, bromhydrate de; Citaloprami hydrobromidum; Hid-
robromuro de citalopram; Lu-10-171B; Nitalapram Hydrobro-
mide; Sitalopram Hidrobromür.

Циталопрама Гидробромид

C20H21FN2O,HBr = 405.3.
CAS — 59729-32-7.

Pharmacopoeias. In US. 
USP 31 (Citalopram Hydrobromide). A white to almost white,
crystalline powder. Freely soluble in water, in alcohol, and in
chloroform. A 0.5% solution in water has a pH of 5.5 to 6.5.

Citalopram Hydrochloride (BANM, rINNM)

Citalopram, chlorhydrate de; Citaloprami hydrochloridum; Hid-
rocloruro de citalopram.

Циталопрама Гидрохлорид

C20H21FN2O,HCl = 360.9.

Adverse Effects, Treatment, and Precau-
tions
As for SSRIs in general (see Fluoxetine, p.391) al-
though increased appetite and weight gain have also
been reported with citalopram. Citalopram may be
more cardiotoxic in overdosage than other SSRIs; for
further details, see p.394.
Breast feeding. For comments on the use of SSRIs in breast
feeding patients, see under Precautions for Fluoxetine, p.394.

Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State in Fluoxetine, p.392.

Interactions
For interactions associated with SSRIs, see Fluoxetine,
p.396.

Pharmacokinetics
Citalopram is readily absorbed from the gastrointesti-
nal tract and maximum plasma concentrations are
reached 2 to 4 hours after oral doses. Citalopram is
widely distributed throughout the body; protein bind-
ing is less than 80%. Citalopram is metabolised by
demethylation, deamination, and oxidation to active
and inactive metabolites. The demethylation of citalo-
pram to one of its active metabolites, demethylcitalo-
pram, involves the cytochrome P450 isoenzymes
CYP3A4 and CYP2C19; the metabolism of citalo-
pram is also partly dependent on CYP2D6. Didemeth-
ylcitalopram has also been identified as a metabolite of
citalopram. The elimination half-life of citalopram is
reported to be about 36 hours. It is excreted mainly via
the liver (85%) with the remainder via the kidneys.
About 12% of the daily dose is excreted in the urine as
unchanged drug. Citalopram is distributed into breast
milk in very low concentrations (see Breast Feeding
under Precautions in Fluoxetine, p.394).
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Uses and Administration
Citalopram, a phthalane derivative, is an SSRI with ac-
tions and uses similar to those of fluoxetine (p.397).
Citalopram is given orally as the hydrobromide or hy-
drochloride, usually as a single daily dose. Doses are
expressed in terms of citalopram; citalopram hydro-
bromide 25.0 mg and citalopram hydrochloride
22.3 mg are each equivalent to about 20.0 mg of cita-
lopram. 
In the treatment of depression, the initial dose (given
as tablets or a liquid) is the equivalent of 20 mg daily
by mouth. After at least one week, the dose may be in-
creased to 40 mg daily; a dose of 60 mg daily may be
necessary in some patients. In the UK citalopram is
also given as the hydrochloride in the form of concen-
trated oral drops containing the equivalent of
40 mg/mL of citalopram. The bioavailability of the
drops is about 25% greater than that of the tablets and
consequently daily doses appear to be lower: a 20-mg
tablet dose is equivalent to a 16-mg (8 drops) dose of
the concentrate. In some countries, citalopram hydro-
chloride has also been given by intravenous infusion in
doses of 20 to 40 mg when the oral route is impractica-
ble. 
In the treatment of panic disorder with or without ag-
oraphobia, the initial oral dose is 10 mg (or the equiva-
lent as the concentrate) daily increasing to 20 mg daily
after one week. The dose may be increased thereafter
as required up to a maximum of 60 mg daily. In some
countries citalopram is also used in the treatment of
obsessive-compulsive disorder in doses similar to
those used in depression (see above). 
A dose of 20 mg daily, up to a maximum of 40 mg (or
their equivalents as the concentrate), should be used in
elderly patients. For dosage in hepatic and renal im-
pairment see below. 
Citalopram should be withdrawn gradually to reduce
the risk of withdrawal symptoms. 
The S-enantiomer of citalopram, escitalopram (p.391)
is given for the treatment of depression and some anx-
iety disorders.
◊ Reviews.
1. Milne RJ, Goa KL. Citalopram: a review of its pharmacodynam-

ic and pharmacokinetic properties, and therapeutic potential in
depressive illness. Drugs 1991; 41: 450–77.

Administration in hepatic or renal impairment. Li-
censed drug information suggests that dosage of citalopram
should be restricted to the lower end of the dose range in patients
with hepatic impairment. A usual oral dose for depression in this
group would be 20 mg daily although the dose may be increased
up to 40 mg daily, if necessary. 
There is no need for dose adjustment in mild to moderate renal
impairment although information is lacking on appropriate dos-
age in severe impairment.
Anxiety disorders. Citalopram has been given in anxiety dis-
orders (p.952) including panic disorder (p.952), obsessive-com-
pulsive disorder (p.952), post-traumatic stress disorder (p.953),
and social anxiety disorder (see under Phobic Disorders, p.953). 
References.
1. Bouwer C, Skin DJ. Use of the selective serotonin reuptake in-

hibitor citalopram in the treatment of generalized social phobia.
J Affect Disord 1998; 49: 79–82. 

2. Lepola UM, et al. A controlled, prospective, 1-year trial of cit-
alopram in the treatment of panic disorder. J Clin Psychiatry
1998; 59: 528–34. 

3. Seedat S, et al. Open trial of citalopram in adults with post-trau-
matic stress disorder. Int J Neuropsychopharmacol 2000; 3:
135–40. 

4. Montgomery SA, et al. Citalopram 20 mg, 40 mg and 60 mg are
all effective and well tolerated compared with placebo in obses-
sive-compulsive disorder. Int Clin Psychopharmacol 2001; 16:
75–86. 

5. Perna G, et al. A comparison of citalopram and paroxetine in the
treatment of panic disorder: a randomized, single-blind study.
Pharmacopsychiatry 2001; 34: 85–90. 

6. Marazziti D, et al. Citalopram in refractory obsessive-compul-
sive disorder: an open study. Int Clin Psychopharmacol 2001;
16: 215–19. 

7. Atmaca M, et al. Efficacy of citalopram and moclobemide in
patients with social phobia: some preliminary findings. Hum
Psychopharmacol 2002; 17: 401–5. 

8. Varia I, Rauscher F. Treatment of generalized anxiety disorder
with citalopram. Int Clin Psychopharmacol 2002; 17: 103–7. 

9. Mukaddes NM, et al. Citalopram treatment of children and ad-
olescents with obsessive-compulsive disorder: a preliminary re-
port. Psychiatry Clin Neurosci 2003; 57: 405–8. 

10. Lenze EJ, et al. Efficacy and tolerability of citalopram in the
treatment of late-life anxiety disorders: results from an 8-week
randomized, placebo-controlled trial. Am J Psychiatry 2005;
162: 146–50.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs. SSRIs such as citalopram are widely used as an alternative
to the older tricyclics as they have fewer adverse effects and are
safer in overdosage. 
References.
1. Montgomery SA, et al. The optimal dosing regimen for citalo-

pram—a meta-analysis of nine placebo-controlled studies. Int
Clin Psychopharmacol 1994; 9 (suppl 1): 35–40. 

2. Keller MB. Citalopram therapy for depression: a review of 10
years of European experience and data from US trials. J Clin
Psychiatry 2000; 61: 896–908. 

3. Parker NG, Brown CS. Citalopram in the treatment of depres-
sion. Ann Pharmacother 2000; 34: 761–71. 

4. Guelfi JD, et al. Efficacy of intravenous citalopram compared
with oral citalopram for severe depression. Safety and efficacy
data from a double-blind, double-dummy trial. J Affect Disord
2000; 58: 201–9. 

5. Hochstrasser B, et al. Prophylactic effect of citalopram in unipo-
lar, recurrent depression: placebo-controlled study of mainte-
nance therapy. Br J Psychiatry 2001; 178: 304–10. 

6. Klysner R, et al. Efficacy of citalopram in the prevention of re-
current depression in elderly patients: placebo-controlled study
of maintenance therapy. Br J Psychiatry 2002; 181: 29–35. 

7. Roose SP, et al. Antidepressant pharmacotherapy in the treat-
ment of depression in the very old: a randomized, placebo-con-
trolled trial. Am J Psychiatry 2004; 161: 2050–9. 

8. Trivedi MH, et al. The STAR*D Study Team. Evaluation of out-
comes with citalopram for depression using measurement-based
care in STAR*D: implications for clinical practice. Am J Psychi-
atry 2006; 163: 28–40.

Pathological crying or laughing. Inappropriate or uncon-
trolled crying or laughing can occur in patients with lesions in
certain areas of the brain. Attempts at treatment have mostly
been with antidepressant drugs, including SSRIs. Favourable re-
sults with citalopram have been reported in a double-blind place-
bo-controlled study1 and in case reports.2,3

1. Andersen G, et al. Citalopram for post-stroke pathological cry-
ing. Lancet 1993; 342: 837–9. 

2. Andersen G, et al. Citalopram treatment of traumatic brain dam-
age in a 6-year-old boy. J Neurotrauma 1999; 16: 341–4. 

3. Kaschka WP, et al. Treatment of pathological crying with citalo-
pram. Pharmacopsychiatry 2001; 34: 254–8.

Schizophrenia. The treatment of schizophrenia consists main-
ly of a combination of social therapy and antipsychotic drugs
(see p.955). Like other antidepressants, citalopram has been ex-
amined for its potential value as an adjuvant in schizophrenia.1-4

In a preliminary placebo-controlled study1 in 15 patients with
chronic schizophrenia who exhibited signs of impulsive aggres-
sion, adding citalopram to existing antipsychotic therapy signifi-
cantly reduced the frequency, but not the average severity, of ag-
gressive incidents. In a subsequent study involving 90 patients,
citalopram appeared to improve subjective well-being but had no
clear effect on psychopathological symptoms.2
1. Vartiainen H, et al. Citalopram, a selective serotonin reuptake

inhibitor, in the treatment of aggression in schizophrenia. Acta
Psychiatr Scand 1995; 91: 348–51. 

2. Salokangas RKR, et al. Citalopram as an adjuvant in chronic
schizophrenia: a double-blind placebo-controlled study. Acta
Psychiatr Scand 1996; 94: 175–80. 

3. Taiminen TJ, et al. Citalopram as an adjuvant in schizophrenia:
further evidence for a serotonergic dimension in schizophrenia.
Int Clin Psychopharmacol 1997; 12: 31–5. 

4. Kasckow JW, et al. Citalopram augmentation of antipsychotic
treatment in older schizophrenia patients. Int J Geriatr Psychia-
try 2001; 16: 1163–7.

Sexual dysfunction. SSRIs have been tried in the treatment of
premature ejaculation, but results with citalopram have been
conflicting, see under Fluoxetine, p.399.

Preparations
USP 31: Citalopram Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Humorap; Psiconor; Seropram; Zentius; Austral.: Celapram; Ciazil;
Cipramil; Talam; Talohexal; Austria: Apertia†; Cipram†; Citalhexal†;
Citalon†; Citalostad; Citarcana; Citor; Eostar; Pram; Sepram†; Seropram;
Belg.: Cipramil; Braz.: Alcytam; Cipramil; Citta; Denyl; Procimax; Canad.:
Celexa; Chile: Actipram; Cimal; Cipramil; Cortran; Finap; Pramcil; Prisma;
Semax†; Setronil; Temperax; Zebrak; Zentius; Cz.: Apertia†; Apo-Cital;
Cerotor; Cipram; Cita; Citalec; Citalon; Citaratio; Dalsan; Pram; Sepram†;
Seropram; Zyloram; Denm.: Akarin; Cipramil; Citadur; Citaham; Fin.: Cip-
ramil; Emocal†; Sepram; Fr.: Seropram; Ger.: Cilex†; Cipramil; Citadura;
CitaLich; Citalo-Q; Citalon; Sepram†; Serital; Gr.: A-Depress-Therapy; Ace-
lopram; Atinorm; Bibien; Celius; Cilopress; Cinapen; Cipram; Erlicon; Espi-
nal; Goldamit; Lodeprem; Lopracil; Lopraxer; Malicon; Pralotam; Prefucet;
Pricital; Ropramin; Selon; Seproc; Seretover; Seropram; Seror; Siloam; So-
tovon; Talopram; Talopron; Taprocil; Tasonade; Verus; Vesema; Xadorek;
Zanipram; Hong Kong: Cipram; Cital; Hung.: Citagen; Citalodep; Citalon;
Citalowin; Citapram; Dalsan; Oropram; Seropram; Serotor; Zyloram; In-
dia: Citadep; Citopam; Indon.: Cipram; Irl.: Ciprager; Cipramil; Ciprapine;
Ciprotan; Citrol; Israel: Cipramil; Recital; Ital.: Elopram; Felipram; Feliximir;
Frimaind; Kaidor; Lampopram; Marpram; Percital; Pramexyl; Ricap; Sero-
pram; Verisan; Malaysia: Cipram; Mex.: Citox; Seropram; Xylorane;
Neth.: Cipramil; Ciprapine; Lontax; Norw.: Cipramil; Desital†; NZ: Cel-
apram; Cipramil; Philipp.: Lupram; Pol.: Aurex; Cilon; Cipramil; Cital; Cita-
ratio; Citaxin; Rus.: Cipramil (Ципрамил); Citol (Цитол); Opra (Опра);
Pram (Прам); S.Afr.: Adco-Talomil; Cilift; Cipramil; CitaloHexal; Depramil;
Talomil†; Singapore: Cipram; Spain: Citalvir ; Genprol; Presar; Prisdal; Re-
lapaz; Seropram; Somac; Swed.: Cipramil; Citavie; Switz.: Alutan; Claro-
pram; Rudopram; Seropram; Thai.: Cipram; Turk.: Cipram; Citara; Citol;
Citolap; UK: Cipramil; USA: Celexa; Venez.: Seropram.

Clomipramine Hydrochloride 

(BANM, USAN, rINNM)

Chlorimipramine Hydrochloride; Clomipramine, chlorhydrate
de; Clomipramini hydrochloridum; G-34586; Hidrocloruro de
clomipramina; Klomipramiinihydrokloridi; Klomipramin Hid-
roklorür; Klomipramin hydrochlorid; Klomipramin-hidroklorid;
Klomipraminhydroklorid; Klomipramino hidrochloridas; Mono-
chlorimipramine Hydrochloride. 3-(3-Chloro-10,11-dihydro-
5H-dibenz[b,f]azepin-5-yl)propyldimethylamine hydrochloride.
Кломипрамина Гидрохлорид
C19H23ClN2,HCl = 351.3.
CAS — 303-49-1 (clomipramine); 17321-77-6 (clomi-
pramine hydrochloride).
ATC — N06AA04.
ATC Vet — QN06AA04.

(clomipramine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clomipramine Hydrochloride). A white or slightly
yellow, slightly hygroscopic, crystalline powder. Freely soluble
in water and in dichloromethane; soluble in alcohol. A 10% so-
lution in water has a pH of 3.5 to 5.0. Protect from light. 
USP 31 (Clomipramine Hydrochloride). A white to faintly yel-
low crystalline powder. Very soluble in water. pH of a 10% solu-
tion in water is between 3.5 and 5.0.

Adverse Effects, Treatment, and Precau-
tions
As for tricyclic antidepressants in general (see Am-
itriptyline, p.376).
Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.
Porphyria. Clomipramine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems, although there is conflicting evidence of por-
phyrinogenicity.

Interactions
For interactions associated with tricyclic antidepres-
sants, see Amitriptyline, p.379.
MAOIs. The combination of clomipramine and tranylcy-
promine is considered particularly hazardous. 
The serotonin syndrome (p.416) has occurred in patients receiv-
ing clomipramine and moclobemide (see under Interactions of
Antidepressants in Phenelzine, p.418).

Pharmacokinetics
Clomipramine is readily absorbed from the gastroin-
testinal tract, and extensively demethylated during
first-pass metabolism in the liver to its primary active
metabolite, desmethylclomipramine. 
Clomipramine and desmethylclomipramine are widely
distributed throughout the body and are extensively
bound to plasma and tissue protein. Clomipramine has
been estimated to have a plasma elimination half-life
of about 21 hours, which may be considerably extend-
ed in overdosage; that of desmethylclomipramine is
longer (about 36 hours). 
Paths of metabolism of both clomipramine and des-
methylclomipramine include hydroxylation and N-ox-
idation. About two-thirds of a single dose of clomi-
pramine is excreted in the urine, mainly in the form of
its metabolites, either free or in conjugated form; the
remainder of the dose is excreted in the faeces. Clomi-
pramine crosses the placenta and is distributed into
breast milk.
◊ References.
1. Gex-Fabry M, et al. Clomipramine metabolism: model-based

analysis of variability factors from drug monitoring data. Clin
Pharmacokinet 1990; 19: 241–55. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Balant-Gorgia AE, et al. Clinical pharmacokinetics of clomi-
pramine. Clin Pharmacokinet 1991; 20: 447–62. 

3. Nielsen KK, et al. Single-dose kinetics of clomipramine: rela-
tionship to the sparteine and S-mephenytoin oxidation polymor-
phisms. Clin Pharmacol Ther 1994; 55: 518–27. 

4. Herrera D, et al. Pharmacokinetics of a sustained-release dosage
form of clomipramine. J Clin Pharmacol 2000; 40: 1488–93.

Uses and Administration
Clomipramine is a dibenzazepine tricyclic antidepres-
sant with actions and uses similar to those of am-
itriptyline (p.381). It has antimuscarinic properties and
is also a potent serotonin reuptake inhibitor. Clomi-
pramine is one of the more sedating tricyclics. It is used
as the hydrochloride. 
In the treatment of depression in adults, clomipramine
hydrochloride is given in oral doses of 10 mg daily in-
itially, increasing gradually to 30 to 150 mg daily if re-
quired; up to 250 mg daily or higher may be given in
severe cases. A suggested initial dose for the elderly is
10 mg daily increasing gradually over 10 days to 30 to
75 mg daily if required. Clomipramine may be given in
divided doses throughout the day, but since it has a pro-
longed half-life, once-daily dosage regimens are also
suitable, usually given at night. 
In the treatment of obsessive-compulsive disorder
and phobias, clomipramine hydrochloride may be giv-
en in an initial oral dose of 25 mg daily (or 10 mg daily
for elderly patients or those sensitive to tricyclics) in-
creased gradually over two weeks to 100 to 150 mg
daily. In some countries, maximum doses of 250 mg
daily have been used. Similar doses have also been
used in the management of panic disorder. In some
countries clomipramine hydrochloride is also used for
the treatment of obsessive-compulsive disorder in chil-
dren and adolescents aged 10 years and over (see be-
low for doses). 
In some countries clomipramine may be given for de-
pression or obsessive-compulsive disorder by the intra-
muscular or intravenous routes if giving it orally is
impracticable or inadvisable. The initial dose of clomi-
pramine hydrochloride by intramuscular injection is 25
to 50 mg daily, increasing to a maximum of 100 to
150 mg daily; oral dosage should be substituted as
soon as possible. Clomipramine hydrochloride may
also be given by intravenous infusion in doses of 50 to
75 mg daily diluted in 250 to 500 mL of sodium chlo-
ride 0.9% or glucose 5% and infused over 1.5 to 3
hours. When a satisfactory response to parenteral doses
has been obtained oral therapy should be substituted,
initially giving double the parenteral dose by mouth
and subsequently adjusting if necessary. Patients must
be carefully supervised during intravenous infusion of
clomipramine hydrochloride and the blood pressure
carefully monitored owing to the risk of hypotension. 
In the adjunctive treatment of cataplexy associated
with narcolepsy, clomipramine hydrochloride is given
in an initial oral dose of 10 mg daily and gradually in-
creased until a satisfactory response occurs, usually
within the range of 10 to 75 mg daily. 
Clomipramine should be withdrawn gradually to re-
duce the risk of withdrawal symptoms.

Administration in children. In the UK, the use of clomi-
pramine in children under 18 years is not recommended in the
treatment of depressive states, phobias, or cataplexy associated
with narcolepsy. However, in some countries clomipramine hy-
drochloride is used for the treatment of obsessive-compulsive
disorder in children and adolescents aged 10 years and over. In-
itial oral doses are 25 mg daily, increased gradually during the
first 2 weeks to a maximum daily dose of 3 mg/kg or 100 mg,
whichever is smaller, and given in divided doses. Further in-
creases are permitted, over several weeks to a maximum daily
dose of 3 mg/kg or 200 mg, whichever is smaller. Once titration
has been achieved the dose may be given as a single dose at bed-
time. 
Clomipramine hydrochloride is also licensed for oral use in the
management of nocturnal enuresis in some countries (for a dis-
cussion of tricyclic use in nocturnal enuresis see Micturition Dis-
orders under Amitriptyline, p.381). The age ranges and licensed
doses vary somewhat from country to country, however. For ex-

ample, in France, use is licensed in children over 6 years of age,
at a daily dose of 10 to 30 mg, or 0.5 to 1 mg/kg, whereas in
Austria and Switzerland the licensed dose is: 6 to 8 years, 20 to
30 mg; 9 to 12 years, 25 to 50 mg; over 12 years, 25 to 75 mg.

Anxiety disorders. Tricyclic antidepressants that inhibit sero-
tonin reuptake, such as clomipramine and imipramine, have been
given in the management of anxiety disorders (p.952) including
obsessive-compulsive disorder (p.952), panic disorder (p.952),
post-traumatic stress disorder (p.953), and trichotillomania. 
References.
1. Swedo SE, et al. A double-blind comparison of clomipramine

and desipramine in the treatment of trichotillomania (hair pull-
ing). N Engl J Med 1989; 321: 497–501. 

2. McTavish D, Benfield P. Clomipramine: an overview of its phar-
macological properties and a review of its therapeutic use in ob-
sessive compulsive disorder and panic disorder. Drugs 1990; 39:
136–53. 

3. Kelly MW, Myers CW. Clomipramine: a tricyclic antidepressant
effective in obsessive compulsive disorder. DICP Ann Pharma-
cother 1990; 24: 739–44. 

4. Papp LA, et al. Clomipramine treatment of panic disorder: pros
and cons. J Clin Psychiatry 1997; 58: 423–5. 

5. Fallon BA, et al. Intravenous clomipramine for obsessive-com-
pulsive disorder refractory to oral clomipramine: a placebo-con-
trolled study. Arch Gen Psychiatry 1998; 55: 918–24. 

6. Sasson Y, et al. A double-blind crossover comparison of clomi-
pramine and desipramine in the treatment of panic disorder. Eur
Neuropsychopharmacol 1999; 9: 191–6.

Autism. Clomipramine reduced adventitious movements when
tried in 5 boys with autistic disorder.1 However, in a small study
in 7 children no improvement in symptoms was noted and ad-
verse effects were common and serious.2 In another study,3 al-
though clomipramine was found to be as effective as haloperidol
in the treatment of some autistic symptoms, patients on clomi-
pramine were significantly less likely to complete the trial for
reasons that included the onset of adverse effects.
1. Brasic JR, et al. Clomipramine ameliorates adventitious move-

ments and compulsions in prepubertal boys with autistic disorder
and severe mental retardation. Neurology 1994; 44: 1309–12. 

2. Sanchez LE, et al. A pilot study of clomipramine in young autis-
tic children. J Am Acad Child Adolesc Psychiatry 1996; 35:
537–44. 

3. Remington G, et al. Clomipramine versus haloperidol in the
treatment of autistic disorder: a double-blind, placebo-control-
led, crossover study. J Clin Psychopharmacol 2001; 21: 440–4.

Micturition disorders. In some countries, clomipramine is
used in children for the treatment of nocturnal enuresis; for fur-
ther details, see Administration in Children, above.

Pain. Antidepressants, usually amitriptyline or another tricyclic,
are useful in alleviating some types of pain (see Choice of
Analgesic, p.2). In a number of countries, clomipramine hydro-
chloride is licensed for the treatment of chronic pain; oral doses
range from 10 to 150 mg daily. Parenteral doses are licensed in
some countries.

Premenstrual syndrome. Clomipramine reduced premen-
strual irritability and depressed mood when given during the
luteal phase;1 doses of clomipramine ranged from 25 to 75 mg
daily. It was postulated that the efficacy of clomipramine in re-
lieving premenstrual symptoms is related to its serotonin re-
uptake inhibitor activity. For the overall management of premen-
strual syndrome, see p.2099.
1. Sundblad C, et al. Clomipramine administered during the luteal

phase reduces the symptoms of premenstrual syndrome: a place-
bo-controlled trial. Neuropsychopharmacology 1993; 9: 133–45.

Sexual dysfunction. Clomipramine has been used for its inhib-
itory effect on ejaculation in the management of premature
ejaculation1-5 (p.2181). In some men with very short latencies
(less than 1 minute) continuous therapy with a low daily dose of
clomipramine, typically 20 or 30 mg, may be more effective than
taking 25 mg as required.5 Any benefits may relate to its effect as
a serotonin reuptake inhibitor; other antidepressants with serot-
onin reuptake inhibiting actions, such as fluoxetine and sertra-
line, have also been tried in this condition.4

1. Hawton K. Erectile dysfunction and premature ejaculation. Br J
Hosp Med 1988; 40: 428–36. 

2. Althof SE, et al. A double-blind crossover trial of clomipramine
for rapid ejaculation in 15 couples. J Clin Psychiatry 1995; 56:
402–7. 

3. Haensel SM, et al. Clomipramine and sexual function in men
with premature ejaculation and controls. J Urol (Baltimore)
1996; 156: 1310–15. 

4. Kim SC, Seo KK. Efficacy and safety of fluoxetine, sertraline
and clomipramine in patients with premature ejaculation: a dou-
ble-blind, placebo controlled study. J Urol (Baltimore) 1998;
159: 425–7. 

5. Rowland DL, et al. Effective daily treatment with clomipramine
in men with premature ejaculation when 25 mg (as required) is
ineffective. BJU Int 2001; 87: 357–60.

Stuttering. Clomipramine was of modest success in a control-
led study1 of 17 patients with developmental stuttering (p.1001).
It was suggested that its efficacy may be related to its serotonin
reuptake inhibitor activity.
1. Gordon CT, et al. A double-blind comparison of clomipramine

and desipramine in the treatment of developmental stuttering. J
Clin Psychiatry 1995; 56: 238–42.

Preparations
BP 2008: Clomipramine Capsules; 
USP 31: Clomipramine Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Anafranil; Clomipram†; Austral.: Anafranil; Clopram; Placil; Austria:
Anafranil; Belg.: Anafranil; Braz.: Anafranil; Clo; Clomipran; Canad.: Ana-
franil; Novo-Clopamine†; Chile: Anafranil; Atenual; Ausentron; Deprelin;
Cz.: Anafranil; Hydiphen†; Denm.: Anafranil; Fin.: Anafranil; Fr.: Anafranil;
Ger.: Anafranil; Hydiphen†; Gr.: Anafranil; Hong Kong: Anafranil; Zoiral;
Hung.: Anafranil; India: Anafranil; Indon.: Anafranil; Irl.: Anafranil; Israel:
Anafranil; Maronil; Ital.: Anafranil; Malaysia: Anafranil; Clopress†; Mex.:
Anafranil; Neth.: Anafranil; Norw.: Anafranil; NZ: Anafranil†; Clopress;
Philipp.: Anafranil; Pol.: Anafranil; Hydiphen; Port.: Anafranil; Rus.: Ana-
franil (Анафранил); Clofranil (Клофранил); S.Afr.: Anafranil; Clomidep;
Equinorm; Singapore: Anafranil†; Spain: Anafranil; Swed.: Anafranil;
Switz.: Anafranil; Thai.: Anafranil; Clofranil†; Turk.: Anafranil; UK: Ana-
franil; USA: Anafranil; Venez.: Anafranil.

Desipramine Hydrochloride (BANM, USAN, rINNM)

Desipramiinihydrokloridi; Désipramine, chlorhydrate de;
Desipramin-hydrochlorid; Desipraminhydroklorid; Desipramini
hydrochloridum; Desmethylimipramine Hydrochloride; Dez-
ipramin-hidroklorid; Dezipramino hidrochloridas; Dezypraminy
chlorowodorek; DMI; EX-4355; G-35020; Hidrocloruro de
desipramina; JB-8181; NSC-114901; RMI-9384A. 3-(10,11-Dihy-
dro-5H-dibenz[b,f]azepin-5-yl)propyl(methyl)amine hydrochlo-
ride.

Дезипрамина Гидрохлорид
C18H22N2,HCl = 302.8.
CAS — 50-47-5 (desipramine); 58-28-6 (desipramine hydro-
chlor ide).
ATC — N06AA01.
ATC Vet — QN06AA01.

(desipramine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Desipramine Hydrochloride). A white or almost
white crystalline powder. Soluble in water and in alcohol. Protect
from light. 
USP 31 (Desipramine Hydrochloride). A white to off-white
crystalline powder. Soluble 1 in 12 of water, 1 in 14 of alcohol,
and 1 in 3.5 of chloroform; insoluble in ether; freely soluble in
methyl alcohol. Store in airtight containers.

Adverse Effects, Treatment, and Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.376).

Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.

Interactions
For interactions associated with tricyclic antidepressants, see
Amitriptyline, p.379.

Pharmacokinetics
Desipramine is the principal active metabolite of imipramine
(p.400).

Uses and Administration
Desipramine, the principal active metabolite of imipramine
(p.400), is a dibenzazepine tricyclic antidepressant with actions
and uses similar to those of amitriptyline (p.381). It is one of the
less sedating tricyclics and its antimuscarinic effects are mild.
Desipramine is used as the hydrochloride. 
In the treatment of depression, desipramine hydrochloride is giv-
en orally in daily doses of 100 to 200 mg; higher doses of up to
300 mg daily may be required in severely depressed patients in
hospital. Lower doses should be used in adolescents and the eld-
erly and are usually 25 to 100 mg daily; up to 150 mg daily may
be required for severe depression. Initial doses should be low and
gradually increased according to tolerance and clinical response.
Therapy may initially be given as a single daily dose or in divid-
ed doses; maintenance therapy may be given as a single daily
dose usually at night. 
Desipramine should be withdrawn gradually to reduce the risk of
withdrawal symptoms.

Cocaine dependence. Since dopamine depletion may be the
cause of the depression often associated with cocaine craving
and with relapse, drugs such as desipramine that interact with
dopaminergic systems have been tried in managing cocaine
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withdrawal symptoms (p.1860). However, a systematic review1

was unable to find evidence to support the use of antidepressants
in the treatment of cocaine dependence although the efficacy of
desipramine was suggested in some individual studies.
1. Lima MS, et al. Antidepressants for cocaine dependence. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2003 (accessed 24/11/05).

Hyperactivity. When drug therapy is required for attention def-
icit hyperactivity disorder (see p.2148) tricyclic antidepressants
such as imipramine or desipramine1-4 are usually reserved for pa-
tients who fail to respond to, or who are intolerant of, stimulants.
They may also be of use for selected patients with co-existing
disorders such as Tourette’s syndrome, anxiety, and enuresis.
1. Rapport MD, et al. Methylphenidate and desipramine in hospi-

talized children: I. separate and combined effects on cognitive
function. J Am Acad Child Adolesc Psychiatry 1993; 32:
333–42. 

2. Pataki CS, et al. Side effects of methylphenidate and
desipramine alone and in combination in children. J Am Acad
Child Adolesc Psychiatry 1993; 32: 1065–72. 

3. Singer HS, et al. The treatment of attention-deficit hyperactivity
disorder in Tourette’s syndrome: a double-blind placebo-control-
led study with clonidine and desipramine. Pediatrics 1995; 95:
74–81. 

4. Spencer T, et al. A double-blind comparison of desipramine and
placebo in children and adolescents with chronic tic disorder and
comorbid attention-deficit/hyperactivity disorder. Arch Gen Psy-
chiatry 2002; 59: 649–56.

Pain. Antidepressants, usually amitriptyline or another tricyclic,
are useful in alleviating some types of pain (see Choice of Anal-
gesic, p.2) when given in subantidepressant doses. 
References to the use of desipramine.
1. Kishore-Kumar R, et al. Desipramine relieves postherpetic neu-

ralgia. Clin Pharmacol Ther 1990; 47: 305–12. 
2. Max MB, et al. Effects of desipramine, amitriptyline, and fluox-

etine on pain in diabetic neuropathy. N Engl J Med 1992; 326:
1250–6. 

3. Coquoz D, et al. Central analgesic effects of desipramine, flu-
voxamine, and moclobemide after single oral dosing: a study in
healthy volunteers. Clin Pharmacol Ther 1993; 54: 339–44. 

4. Gordon NC, et al. Temporal factors in the enhancement of mor-
phine analgesia by desipramine. Pain 1993; 53: 273–6.

Preparations
BP 2008: Desipramine Tablets; 
USP 31: Desipramine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Nebril†; Austria: Pertofran; Belg.: Pertofran†; Canad.: Norpramin;
Chile: Distonal; Fr.: Pertofran†; Ger.: Pertofran†; Petylyl; Israel: Deprexan;
Ital.: Nortimil; Mex.: Norpramin†; NZ: Pertofran†; Pol.: Petylyl; USA:
Norpramin.

Multi-ingredient: Arg.: Plafonyl†.

Desvenlafaxine Succinate (BANM, USAN, rINNM)

O-Desmethylvenlafaxine succinate; Dèsvenlafaxine, Succinate de;
Desvenlafaxini Succinas; DVS-233 (base or succinate); Succinato
de desvenlafaxina; Wy-45233. 1-[(1RS)-2-(Dimethylamino)-1-
(4-hydroxyphenyl)ethyl]cyclohexanol hydrogen butanedioate
monohydrate.

Десвенлафаксина Суксинат
C16H25NO2,C4H6O4,H2O = 399.5.
CAS — 93413-62-8 (desvenlafaxine); 386750-22-7 (des-
venlafaxine succinate).
ATC — N06AX23.
ATC Vet — QN06AX23.

(desvenlafaxine)

Profile
Desvenlafaxine, the major active metabolite of venlafaxine, is a
serotonin and noradrenaline reuptake inhibitor (SNRI) (see Ven-
lafaxine, p.427). It is given orally as the succinate but doses are
expressed in terms of the base; desvenlafaxine succinate 75.8 mg
is equivalent to about 50 mg of desvenlafaxine. The succinate is
given in the treatment of depression (p.373) as a modified-re-
lease preparation providing a dose equivalent to desvenlafaxine
50 mg once daily. Higher doses of up to 400 mg daily have been
studied, but provide no additional benefit and are associated with
more frequent adverse effects. The dose may need to be reduced
in patients with renal impairment (see below). 
Desvenlafaxine should be withdrawn gradually to reduce the risk
of withdrawal symptoms. 

Desvenlafaxine is under investigation in the management of
menopausal vasomotor symptoms, neuropathic pain, and fibro-
myalgia.

◊ References.
1. DeMartinis NA, et al. A double-blind, placebo-controlled study

of the efficacy and safety of desvenlafaxine succinate in the
treatment of major depressive disorder. J Clin Psychiatry 2007;
68: 677–88. 

2. Septien-Velez L, et al. A randomized, double-blind, placebo-
controlled trial of desvenlafaxine succinate in the treatment of
major depressive disorder. Int Clin Psychopharmacol 2007; 22:
338–47. 

3. Liebowitz MR, et al. A randomized, double-blind, placebo-con-
trolled trial of desvenlafaxine succinate in adult outpatients with
major depressive disorder. J Clin Psychiatry 2007; 68: 1663–72.

Administration in renal impairment. The usual desvenla-
faxine oral dose of 50 mg daily may be given to patients with
mild to moderate renal impairment. In severe impairment (creat-
inine clearance less than 30 mL/minute) a dose of 50 mg may be
given on alternate days. Supplemental doses should not be given
after dialysis.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Pristiq.

Dibenzepin Hydrochloride (BANM, USAN, rINNM)

Dibenzépine, Chlorhydrate de; Dibenzepini Hydrochloridum;
HF-1927; Hidrocloruro de dibenzepina. 10-(2-Dimethylaminoe-
thyl)-5,10-dihydro-5-methyl-dibenzo[b,e][1,4]diazepin-11-one
hydrochloride.

Дибензепина Гидрохлорид
C18H21N3O,HCl = 331.8.
CAS — 4498-32-2 (dibenzepin); 315-80-0 (dibenzepin
hydrochloride).
ATC — N06AA08.
ATC Vet — QN06AA08.

(dibenzepin)

Profile
Dibenzepin hydrochloride is a tricyclic antidepressant (see Am-
itriptyline, p.376). 
In the treatment of depression dibenzepin hydrochloride is given
in oral doses of 480 mg daily; higher doses of up to 720 mg daily
may be required in some patients with severe depression. Elderly
patients should be given reduced doses of 240 mg daily initially,
increased to a maximum of 480 mg daily if required. 
Dibenzepin hydrochloride has also been given by intravenous in-
fusion. 
In some countries it has also been used for nocturnal enuresis. 
Dibenzepin should be withdrawn gradually to reduce the risk of
withdrawal symptoms.

◊ References.
1. Wirtheim E, Bloch Y. Dibenzepin overdose causing pulmonary

edema. Ann Pharmacother 1996; 30: 789–90.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Noveril; Cz.: Noveril; Ger.: Noveril†; Hung.: Noveril; Israel: No-
veril; Victoril†; Pol.: Noveril; Switz.: Noveril.

Dosulepin Hydrochloride (BANM, rINNM)

Dosulepiinihydrokloridi; Dosulépine, chlorhydrate de; Do-
sulepin-hydrochlorid; Dosulepinhydroklorid; Dosulepini hydro-
chloridum; Dosulepino hidrochloridas; Doszulepin-hidroklorid;
Dothiepin Hydrochloride (USAN); Hidrocloruro de dosulepina. 3-
(Dibenzo[b,e]thiepin-11-ylidene)propyldimethylamine hydro-
chloride.

Досулепина Гидрохлорид
C19H21NS,HCl = 331.9.
CAS — 113-53-1 (dosulepin); 897-15-4 (dosulepin hydro-
chlor ide).
ATC — N06AA16.
ATC Vet — QN06AA16.

(dosulepin)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dosulepin Hydrochloride). A white or faintly yel-
low crystalline powder. It consists chiefly of the E-isomer. Freely
soluble in water, in alcohol, and in dichloromethane. A 10% so-
lution in water has a pH of 4.2 to 5.2. Protect from light.

Adverse Effects, Treatment, and Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.376).

Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.

Effects on the cardiovascular system. For reference to an
increased risk of ischaemic heart disease in patients treated with
dosulepin, see under Amitriptyline, p.376.

Overdosage. After an overdose of 1 g of dosulepin, the ECG of
a 41-year-old man showed cardiac abnormalities mimicking an
acute myocardial infarction.1 However, as cardiac enzymes did
not confirm an ischaemic event, the abnormalities were thought
to be due to either the quinidine-like effect of dosulepin or chang-
es in potassium membrane permeability.
1. Steeds RP, Muthusamy R. Abnormal ventricular conduction fol-

lowing dothiepin overdose simulating acute myocardial infarc-
tion. Heart 2000; 83: 289.

Porphyria. Dosulepin hydrochloride is considered to be unsafe
in patients with porphyria because it has been shown to be por-
phyrinogenic in animals.

Interactions
For interactions associated with tricyclic antidepressants, see
Amitriptyline, p.379.

Pharmacokinetics
Dosulepin hydrochloride is readily absorbed from the gastroin-
testinal tract, and extensively demethylated by first-pass metab-
olism in the liver to its primary active metabolite, desmethyl-
dothiepin (also termed northiaden). Paths of metabolism also
include S-oxidation. 
Dosulepin is excreted in the urine, mainly in the form of its me-
tabolites; small amounts are also excreted in the faeces. Elimina-
tion half-lives of about 14 to 24 and 23 to 46 hours have been
reported for dosulepin and its metabolites, respectively. 
Dosulepin is distributed into breast milk (see Breast Feeding un-
der Precautions in Amitriptyline, p.378).

◊ References.
1. Maguire KP, et al. Clinical pharmacokinetics of dothiepin: sin-

gle-dose kinetics in patients and prediction of steady-state con-
centrations. Clin Pharmacokinet 1983; 8: 179–85. 

2. Yu DK, et al. Pharmacokinetics of dothiepin in humans: a single
dose dose-proportionality study. J Pharm Sci 1986; 75: 582–5. 

3. Ilett KF, et al. The excretion of dothiepin and its primary metab-
olites in breast milk. Br J Clin Pharmacol 1992; 33: 635–9.

Uses and Administration
Dosulepin hydrochloride is a tricyclic antidepressant with ac-
tions and uses similar to those of amitriptyline (p.381). It is one
of the more sedating tricyclics. In the UK, the MHRA suggests
that the use of dosulepin for depression should be limited, be-
cause of the small margin of safety between the maximum ther-
apeutic dose and potentially fatal overdose. It advises that treat-
ment should only be started by a specialist-care prescriber, and
that the quantity issued per prescription should be limited. In pa-
tients with increased risk factors for suicide at the start of treat-
ment, during dose adjustment, and until improvement occurs, the
MHRA suggests a maximum supply equivalent to 2 weeks of
treatment with 75 mg daily. 
In the treatment of depression, dosulepin hydrochloride is given
in oral doses of 25 mg three times daily initially, gradually in-
creased to 50 mg three times daily if necessary; alternatively a
single dose at night may be given. Higher doses of up to 225 mg
daily have been given to severely depressed patients in hospital.
The recommended initial dose for the elderly is 50 to 75 mg dai-
ly. 
Dosulepin should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Dosulepin Capsules; Dosulepin Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Dothep; Prothiaden; Belg.: Prothiaden; Cz.: Prothiaden; Denm.:
Prothiaden; Fr.: Prothiaden; Ger.: Idom; Hong Kong: Prothiaden; India:
Prothiaden; Irl.: Dothep; Prothiaden; Ital.: Protiaden; Malaysia: Dothep;
Prothiaden; Neth.: Prothiaden; NZ: Dopress; Prothiaden; Philipp.: Prothi-
aden; Port.: Protiadene; S.Afr.: Prothiaden; Thaden; Singapore: Espin;
Prothiaden; Spain: Prothiaden; Switz.: Protiaden†; Thai.: Dopin†; Prothi-
aden†; UK: Dothapax†; Prepadine; Prothiaden.

Multi-ingredient: Austria: Harmomed.

Doxepin Hydrochloride 

(BANM, USAN, rINNM)

Doksepiinihydrokloridi; Doksepin Hidroklorür; Doksepino hid-
rochloridas; Doksepiny chlorowodorek; Doxépine, chlorhydrate
de; Doxepin-hidroklorid; Doxepin-hydrochlorid; Doxepinhy-
droklorid; Doxepini hydrochloridum; Hidrocloruro de doxepina;
NSC-108160; P-3693A. (E)-3-(Dibenz[b,e]oxepin-11-ylidene)
propyldimethylamine hydrochloride.

Доксепина Гидрохлорид
C19H21NO,HCl = 315.8.
CAS — 1668-19-5 (doxepin); 1229-29-4 (doxepin hydro-
chlor ide); 4698-39-9 (doxepin hydrochloride, E-isomer);
25127-31-5 (doxepin hydrochloride, Z-isomer).
ATC — N06AA12.
ATC Vet — QN06AA12.

(doxepin)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Doxepin Hydrochloride). A white or almost white
crystalline powder. Freely soluble in water, in alcohol, and in
dichloromethane. Protect from light. 
USP 31 (Doxepin Hydrochloride). It consists of a mixture of Z-
and E-isomers.

Adverse Effects, Treatment, and Precau-
tions
As for tricyclic antidepressants in general (see Am-
itriptyline, p.376). Drowsiness and other systemic ef-
fects can also occur after topical application. In addi-
tion, local effects, most commonly burning and
stinging, have been reported.
Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.

Effects on the skin. Up to January 2002 the FDA was aware
of 26 cases of allergic contact dermatitis associated with the use
of doxepin 5% cream;1 manifestations included eczema, urticar-
ia, purpura, and papulovesicular lesions. Of the 20 cases where
details were known, 13 occurred after use for more than the rec-
ommended 8 days. Patch testing was positive in the 21 cases
where it was performed, supporting an allergic reaction rather
than an exacerbation of the original condition.
1. Bonnel RA, et al. Allergic contact dermatitis from topical dox-

epin: Food and Drug Administration’s postmarketing surveil-
lance experience. J Am Acad Dermatol 2003; 48: 294–6.

Overdosage. An infant became difficult to arouse after the ap-
plication of doxepin cream 5% to about 50% of her body-sur-
face; an entire 30-g tube of the cream was used in only 2 appli-
cations.1 The cream is not recommended for use in children.
1. Zell-Kanter M, et al. Doxepin toxicity in a child following topi-

cal application. Ann Pharmacother 2000; 34: 328–9.

Interactions
For interactions associated with tricyclic antidepres-
sants, see Amitriptyline, p.379.

Pharmacokinetics
Doxepin is readily absorbed from the gastrointestinal
tract after oral doses, and is extensively demethylated
by first-pass metabolism in the liver, to its primary ac-

tive metabolite, desmethyldoxepin. Doxepin is also ab-
sorbed through the skin after topical application. 
Paths of metabolism of both doxepin and desmethyl-
doxepin include hydroxylation and N-oxidation. Dox-
epin is excreted in the urine, mainly in the form of its
metabolites, either free or in conjugated form. 
Doxepin and desmethyldoxepin are widely distributed
throughout the body; the plasma protein binding of
doxepin is about 76%. Doxepin has been estimated to
have a plasma elimination half-life ranging from 8 to
24 hours, which may be considerably extended in over-
dosage; that of desmethyldoxepin is longer. 
Doxepin crosses the blood-brain barrier and the pla-
centa. It is distributed into breast milk (see Breast
Feeding under Precautions in Amitriptyline, p.378).
◊ References.
1. Faulkner RD, et al. Multiple-dose doxepin kinetics in depressed

patients. Clin Pharmacol Ther 1983; 34: 509–15. 
2. Joyce PR, Sharman JR. Doxepin plasma concentrations in clini-

cal practice: could there be a pharmacokinetic explanation for
low concentrations? Clin Pharmacokinet 1985; 10: 365–70.

Uses and Administration
Doxepin is a dibenzoxepine tricyclic antidepressant
with actions and uses similar to those of amitriptyline
(p.381). It has moderate antimuscarinic and marked
sedative properties and has serotonin reuptake inhibi-
tor activity. 
In the treatment of depression doxepin is given orally
as the hydrochloride although doses are expressed in
terms of the base; doxepin hydrochloride 84.8 mg is
equivalent to about 75 mg of doxepin. The initial dose
is 75 mg daily, gradually adjusted according to re-
sponse. Doses of up to 300 mg daily may be required
in severely depressed patients; mildly affected patients
may respond to as little as 25 to 50 mg daily. Daily dos-
es up to 100 mg may be given in divided doses or as a
single dose at bedtime. If the total daily dose exceeds
100 mg, it should be given in 3 divided doses, although
the largest portion, up to a maximum of 100 mg, may
be given at bedtime. In the USA, the maximum single
dose is 150 mg. A suggested starting dose in the elderly
is 10 to 50 mg daily. 
Doxepin hydrochloride has also been given by intra-
muscular or intravenous injection. 
Doxepin should be withdrawn gradually to reduce the
risk of withdrawal symptoms. 
Doxepin has histamine H1- and H2-antagonist activity
and is used topically in a cream containing 5% of the
hydrochloride for the short-term (up to 8 days) relief of
moderate pruritus associated with various types of der-
matitis (see below).
Headache. Tricyclic antidepressants can be effective in the
management of some types of headache—see p.381. 
References to the use of doxepin.
1. Wörz R, Scherhag R. Treatment of chronic tension headache

with doxepin or amitriptyline—results of a double-blind study.
Headache Q 1990; 1: 216–23.

Insomnia. Doxepin is under investigation in the management of
insomnia (p.957). Low oral doses of 1 to 6 mg at night are being
studied.1
1. Roth T, et al. Efficacy and safety of doxepin 1 mg, 3 mg, and

6 mg in adults with primary insomnia. Sleep 2007; 30: 1555–61.

Skin disorders. Tricyclic antidepressants have a wide range of
pharmacological activity and some drugs in this group have no-
table antihistaminic actions. Doxepin in particular has very po-
tent antihistaminic activity. It has been shown to be an effective
oral alternative to conventional antihistamines in the treatment of
chronic urticaria,1-3 and to be an effective oral treatment for idio-
pathic cold urticaria.4,5 In the case of cold urticaria doxepin may
act by inhibiting release of a platelet-activating factor-like lipid.5 
For an overview of the possible treatments for the various urti-
carias, including mention of the use of doxepin, see p.1584. 
Like standard antihistamines (p.565) doxepin has also been used
topically for the relief of pruritus (see also p.1582) associated
with various types of allergic and inflammatory skin disorders6,7

although some authorities remain to be convinced of its effica-
cy.8,9 Topical application of doxepin can also produce contact
dermatitis (see Effects on the Skin, above) and drowsiness and
other systemic effects.
1. Greene SL, et al. Double-blind crossover study comparing dox-

epin with diphenhydramine for the treatment of chronic urticaria.
J Am Acad Dermatol 1985; 12: 669–75. 

2. Harto A, et al. Doxepin in the treatment of chronic urticaria.
Dermatologica 1985; 170: 90–3. 

3. Goldsobel AB, et al. Efficacy of doxepin in the treatment of
chronic idiopathic urticaria. J Allergy Clin Immunol 1986; 78:
867–73. 

4. Neittaanmäki H, et al. Comparison of cinnarizine, cyprohepta-
dine, doxepin, and hydroxyzine in treatment of idiopathic cold
urticaria: usefulness of doxepin. J Am Acad Dermatol 1984; 11:
483–9. 

5. Grandel KE, et al. Association of platelet-activating factor with
primary acquired cold urticaria. N Engl J Med 1985; 313: 405–9. 

6. Drake LA, et al. Relief of pruritus in patients with atopic derma-
titis after treatment with topical doxepin cream. J Am Acad Der-
matol 1994; 31: 613–16. 

7. Smith PF, Corelli RL. Doxepin in the management of pruritus
associated with allergic cutaneous reactions. Ann Pharmacother
1997; 31: 633–5. 

8. Anonymous. Doxepin cream for pruritus. Med Lett Drugs Ther
1994; 36: 99–100. 

9. Anonymous. Doxepin cream for eczema? Drug Ther Bull 2000;
38: 31–2.

Preparations
BP 2008: Doxepin Capsules; 
USP 31: Doxepin Hydrochloride Capsules; Doxepin Hydrochloride Oral
Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Doxederm†; Austral.: Deptran; Sinequan; Austria: Sinequan; Belg.:
Sinequan; Canad.: Sinequan; Zonalon†; Denm.: Sinequan; Fin.: Doxal; Fr.:
Quitaxon; Ger.: Aponal; Doneurin; Doxe; Doxepia; espadox†; Mareen; Sin-
quan†; Gr.: Sinequan; Hong Kong: Qualiquan; Sinequan; India: Spectra;
Indon.: Sagalon; Irl.: Sinequan; Xepin†; Israel: Gilex; Mex.: Sinequan;
Neth.: Sinequan; Norw.: Sinequan; NZ: Anten; Pol.: Sinequan; Spain:
Sinequan; Switz.: Sinquane; Thai.: Sinequan; UK: Sinepin; Sinequan†;
Xepin; USA: Prudoxin; Sinequan; Zonalon.

Duloxetine Hydrochloride 

(BANM, USAN, rINNM)

Duloxétine, Chlorhydrate de; Duloxetini Hydrochloridum; Hid-
rocloruro de duloxetina; LY-248686 (duloxetine). (+)-(S)-N-Me-
thyl-γ-(1-naphthyloxy)-2-thiophenepropylamine hydrochloride.

Дулоксетина Гидрохлорид
C18H19NOS,HCl = 333.9.

CAS — 116539-59-4 (duloxetine); 136434-34-9 (duloxe-
tine hydrochlor ide).
ATC — N06AX21.
ATC Vet — QN06AX21.

(duloxetine)

Adverse Effects and Treatment
Adverse effects reported most frequently with duloxe-
tine include nausea, headache, insomnia, fatigue, som-
nolence, dry mouth, dizziness, and constipation. Other
common adverse effects include anorexia, diarrhoea,
dyspepsia, vomiting, anxiety, visual disturbances,
tremor, weight gain or loss, sexual dysfunction, nerv-
ousness, lethargy, yawning, hot flushes, increased
sweating, and pruritus. Dose-related increases in blood
pressure have also been observed in some patients. Re-
ports of reversible increases in liver enzymes, tachy-
cardia, ecchymosis, urinary hesitation, skin rashes, and
photosensitivity reactions are less common, and hepa-
titis, cholestatic jaundice, convulsions and activation of
mania or hypomania have occurred rarely. Cases of
orthostatic hypotension and syncope, serotonin syn-
drome, and akathisia have also been reported. Suicidal
ideation may occur in some patients. 
Hyponatraemia, possibly due to inappropriate secre-
tion of antidiuretic hormone, has been associated with
the use of antidepressants, particularly in the elderly. 
In the treatment of overdosage oral activated charcoal
should be considered if more than 7.5 mg/kg of du-
loxetine has been ingested and the patient presents
within 1 hour of ingestion; this should be followed by
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symptomatic and supportive therapy. Dialysis, haemo-
perfusion, exchange perfusion, and measures to in-
crease urine production are considered unlikely to be
of benefit.

Precautions
Duloxetine should not be used in patients with hepatic
or severe renal impairment and is contra-indicated in
patients with uncontrolled narrow-angle glaucoma or
hypertension. Patients with raised intra-ocular pressure
or at risk of angle-closure glaucoma should be moni-
tored closely. Blood pressure should also be monitored
because of the risk of hypertension. Increases in fasting
blood glucose and in total cholesterol have been report-
ed in diabetic patients. It should be used with caution in
patients with a history of seizures, of bleeding disor-
ders, or of hypomania or mania. 

Patients should be closely monitored during early anti-
depressant therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour
may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be observed when treating patients with other
disorders. 

As with other antidepressants, duloxetine may impair
performance of skilled tasks and, if affected, patients
should not drive or operate machinery. 

Symptoms reported when duloxetine therapy was
stopped abruptly include headache, nausea, vomiting,
dizziness, insomnia, anxiety, and paraesthesia. It is
therefore recommended that duloxetine should be
withdrawn gradually over at least 2 weeks after more
than one week of therapy and the patient monitored to
minimise the risk of withdrawal reactions.

Children. Duloxetine has not been studied for the treatment of
depression in adolescents and children; consequently its use in
patients under 18 years of age is not generally recommended. In
addition, other antidepressants have been shown to increase the
risk of suicidal thoughts and behaviour in such patients (see Ef-
fects on the Mental State, under Fluoxetine, p.392).

Interactions
Duloxetine should not be used with MAOIs and at least
14 days should elapse between stopping an MAOI and
starting treatment with duloxetine. At least 5 days
should elapse between stopping duloxetine and start-
ing any drug liable to provoke a serious reaction (e.g.
phenelzine). The use of duloxetine with other antide-
pressants including the SSRIs, other serotonin and no-
radrenaline reuptake inhibitors, and the reversible in-
hibitors of monoamine oxidase is not recommended.
For further details, see Antidepressants under Interac-
tions of Phenelzine, p.418. 

Caution is advised when using duloxetine with other
centrally acting drugs including alcohol and those with
sedative properties. 

Duloxetine is metabolised by the cytochrome P450
isoenzymes CYP1A2 and CYP2D6. It should not be
given with potent inhibitors of CYP1A2 such as flu-
voxamine, ciprofloxacin, and enoxacin as such combi-
nations are likely to result in increased duloxetine con-
centrations. Similarly, caution is recommended when
duloxetine is given with potent CYP2D6 inhibitors
such as paroxetine. Duloxetine itself is also a moderate
inhibitor of CYP2D6 and, consequently, licensed drug
information recommends that it should be used cau-
tiously with drugs that have a narrow therapeutic index
and are extensively metabolised by this isoenzyme. In
particular, use with thioridazine is contra-indicated be-
cause of the risk of serious ventricular arrhythmias and
sudden death associated with raised thioridazine con-
centrations. 

Duloxetine is highly protein bound and adverse effects
may occur if given with other highly protein-bound
drugs.
◊ References.
1. Skinner MH, et al. Duloxetine is both an inhibitor and a substrate

of cytochrome P4502D6 in healthy volunteers. Clin Pharmacol
Ther 2003; 73: 170–7. 

2. Lobo ED, et al. In vitro and in vivo evaluations of cytochrome
P450 1A2 interactions with duloxetine. Clin Pharmacokinet
2008; 47: 191–202.

Antimigraine drugs. There have been rare reports of seroton-
in syndrome associated with the use of serotonin and noradrena-
line reuptake inhibitors (SNRIs) with serotonin (5-HT1) agonists
such as sumatriptan (see p.626).

Pharmacokinetics
Duloxetine is well absorbed from the gastrointestinal
tract with peak plasma concentrations occurring about
6 hours after an oral dose. Food delays the time to reach
peak concentrations to 10 hours. Protein binding is
about 96%, primarily to albumin and alpha1-acid glyco-
protein. Duloxetine is extensively metabolised by the
cytochrome P450 isoenzymes CYP1A2 and CYP2D6;
two major, but inactive, metabolites are formed, 4-hy-
droxy duloxetine glucuronide and 5-hydroxy, 6-meth-
oxy duloxetine sulfate. These and other metabolites are
principally excreted in the urine; about 20% is excreted
in the faeces. Less than 1% of a dose is excreted in the
urine as unchanged duloxetine. The elimination half-
life of duloxetine is 8 to 17 hours with an average of
about 12 hours. Duloxetine is distributed into breast
milk.
◊ References.
1. Lantz RJ, et al. Metabolism, excretion, and pharmacokinetics of

duloxetine in healthy human subjects. Drug Metab Dispos 2003;
31: 1142–50. 

2. Skinner MH, et al. Effect of age on the pharmacokinetics of du-
loxetine in women. Br J Clin Pharmacol 2004; 57: 54–61. 

3. Lobo ED, et al. Pharmacokinetics of duloxetine in breast milk
and plasma of healthy postpartum women. Clin Pharmacokinet
2008; 47: 103–9.

Uses and Administration
Duloxetine hydrochloride is a serotonin and noradren-
aline reuptake inhibitor (SNRI) (see Venlafaxine,
p.427). It is given orally as the hydrochloride although
doses are expressed in terms of the base; duloxetine hy-
drochloride 22.5 mg is equivalent to about 20 mg of
duloxetine. 
Duloxetine is used in the treatment of depression in
usual initial doses of 20 or 30 mg twice daily, or 60 mg
once daily. A lower starting dose of 30 mg once daily
for the first week may be suitable for some patients, to
allow them to adjust to the effects of duloxetine before
increasing the dose. A dose of 60 mg once daily may
be used for maintenance therapy. 
Duloxetine is also used in the treatment of generalised
anxiety disorder, in a usual dose of 60 mg once daily.
A lower starting dose of 30 mg daily for the first week
may be considered in some patients, before increasing
to 60 mg daily. 
In the treatment of diabetic peripheral neuropathic
pain the usual dose is 60 mg once daily. Some patients
who respond insufficiently to this dose may benefit
from up to 120 mg daily in divided doses. Response to
therapy should be evaluated after 2 months and every
3 months thereafter. 
Duloxetine is also used in the treatment of moderate to
severe stress urinary incontinence in women. Usual
initial doses are 40 mg twice daily; however, some pa-
tients may benefit from an initial dose of 20 mg twice
daily for 2 weeks before increasing to 40 mg twice dai-
ly. 
For dosage in hepatic or renal impairment, see below. 
Duloxetine should be withdrawn gradually to reduce
the risk of withdrawal symptoms (see Precautions,
above).
Administration in hepatic or renal impairment. Duloxe-
tine should not be used in patients with hepatic impairment. 

UK licensed product information for duloxetine states that no
dosage adjustment is necessary in mild to moderate renal impair-
ment (creatinine clearance 30 mL/minute or above). However,
US information suggests that a lower starting dose and gradual
dose increase may be warranted for patients, such as diabetics,
with renal impairment. Both UK and US information recom-
mend that duloxetine should not be used in more severe renal
impairment (creatinine clearance less than 30 mL/minute).

Anxiety disorders. Duloxetine is used in the treatment of gen-
eralised anxiety disorder (see under Phobic Disorders, p.953). 
References.
1. Koponen H, et al. Efficacy of duloxetine for the treatment of

generalized anxiety disorder: implications for primary care phy-
sicians. Prim Care Companion J Clin Psychiatry 2007; 9:
100–107. 

2. Endicott J, et al. Duloxetine treatment for role functioning im-
provement in generalized anxiety disorder: three independent
studies. J Clin Psychiatry 2007; 68: 518–24. Corrections. ibid.
2007; 518, 806. 

3. Hartford J, et al. Duloxetine as an SNRI treatment for general-
ized anxiety disorder: results from a placebo and active-control-
led trial. Int Clin Psychopharmacol 2007; 22: 167–74. 

4. Allgulander C, et al. Pharmacotherapy of generalized anxiety
disorder: results of duloxetine treatment from a pooled analysis
of three clinical trials. Curr Med Res Opin 2007; 23: 1245–52. 

5. Rynn M, et al. Efficacy and safety of duloxetine in the treatment
of generalized anxiety disorder: a flexible-dose, progressive-ti-
tration, placebo-controlled trial. Depress Anxiety 2008; 25:
182–9.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. SSRIs are widely used as an alternative to the older tricy-
clics as they have fewer adverse effects and are safer in overdos-
age. Similar properties may also favour the use of serotonin and
noradrenaline reuptake inhibitors such as duloxetine. 
References.
1. Goldstein DJ, et al. Duloxetine in the treatment of major depres-

sive disorder: a double-blind clinical trial. J Clin Psychiatry
2002; 63: 225–31. 

2. Detke MJ, et al. Duloxetine, 60 mg once daily, for major depres-
sive disorder: a randomized double-blind placebo-controlled tri-
al. J Clin Psychiatry 2002; 63: 308–15. 

3. Raskin J, et al. Duloxetine in the long-term treatment of major
depressive disorder. J Clin Psychiatry 2003; 64: 1237–44. 

4. Goldstein DJ, et al. Duloxetine in the treatment of depression: a
double-blind placebo-controlled comparison with paroxetine. J
Clin Psychopharmacol 2004; 24: 389–99. 

5. Detke MJ, et al. Duloxetine in the acute and long-term treatment
of major depressive disorder: a placebo- and paroxetine-control-
led trial. Eur Neuropsychopharmacol 2004; 14: 457–70. 

6. Dugan SE, Fuller MA. Duloxetine: a dual reuptake inhibitor. Ann
Pharmacother 2004; 38: 2078–85.

Micturition disorders. Duloxetine is used1-3 to increase ure-
thral tone in the treatment of women with moderate to severe
stress urinary incontinence (p.2180). A systematic review3 con-
cluded that duloxetine treatment reduced the frequency of incon-
tinence episodes and significantly improved the patient’s quality
of life; however, it was unclear if these benefits were sustained.
In addition, the review showed that adverse effects, particularly
nausea, were common with duloxetine and led some patients to
stop treatment.
1. McCormack PL, Keating GM. Duloxetine in stress urinary in-

continence. Drugs 2004; 64: 2567–73. 
2. Ghoniem GM, et al. A randomized controlled trial of duloxetine

alone, pelvic floor muscle training alone, combined treatment
and no active treatment in women with stress urinary inconti-
nence. J Urol (Baltimore) 2005; 173: 1647–53. 

3. Mariappan P, et al. Serotonin and noradrenaline reuptake inhibi-
tors (SNRI) for stress urinary incontinence in adults. Available
in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2005 (accessed 14/09/06).

Pain. Duloxetine is used1 in the treatment of diabetic peripheral
neuropathic pain (p.6). It has also been tried2 with some success
in fibromyalgia (see Soft-tissue Rheumatism, p.13), a condition
that responds poorly to analgesics and anti-inflammatory drugs.
1. Goldstein DJ, et al. Duloxetine vs placebo in patients with pain-

ful diabetic neuropathy. Pain 2005; 116: 109–18. 
2. Arnold LM, et al. A double-blind, multicenter trial comparing

duloxetine with placebo in the treatment of fibromyalgia patients
with or without major depressive disorder. Arthritis Rheum
2004; 50: 2974–84.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cymbalta; Duxetin; Austral.: Cymbalta; Belg.: Cymbalta; Yentreve;
Braz.: Cymbalta; Chile: Cymbalta; Yentreve; Cz.: Ariclaim; Cymbalta; Xer-
istar; Yentreve; Denm.: Cymbalta; Yentreve; Fin.: Cymbalta; Yentreve; Fr.:
Cymbalta; Yentreve; Ger.: Cymbalta; Yentreve; Gr.: Ariclaim; Cymbalta;
Xeristar ; Yentreve; Hong Kong: Cymbalta; Hung.: Cymbalta; India:
Delok; Indon.: Cymbalta; Irl.: Cymbalta; Yentreve; Israel: Cymbalta; Ital.:
Ariclaim; Cymbalta; Xeristar; Yentreve; Malaysia: Cymbalta; Mex.: Cym-
balta; Yentreve; Neth.: Ariclaim; Cymbalta; Xeristar ; Yentreve; Norw.:
Cymbalta; Yentreve; Philipp.: Cymbalta; Port.: Ariclaim; Cymbalta; Xeris-
tar; Yentreve; Rus.: Cymbalta (Симбалта); S.Afr.: Cymbalta; Singapore:
Cymbalta; Spain: Cymbalta; Xeristar; Swed.: Cymbalta; Yentreve; UK:
Cymbalta; Yentreve; USA: Cymbalta.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Escitalopram Oxalate 

(BANM, USAN, rINNM)

S-Citalopram Oxalate; Escitalopram, Oxalate d’; Escitaloprami
Oxalas; Lu-26-054/0; Oxalato de escitalopram. (+)-(S)-1-[3-
(dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarboni-
trile oxalate.
Эсциталопрама Оксалат
C20H21FN2O,C2H2O4 = 414.4.
CAS — 128196-01-0 (escitalopram); 219861-08-2 (esci-
talopram oxalate).
ATC — N06AB10.
ATC Vet — QN06AB10.

(escitalopram)

Adverse Effects and Precautions
As for Citalopram, p.385.
Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State in Fluoxetine, p.392.

Pharmacokinetics
Escitalopram has similar pharmacokinetics to those of
racemic citalopram (p.385).
◊ References.
1. Søgaard B, et al. The pharmacokinetics of escitalopram after oral

and intravenous administration of single and multiple doses to
healthy subjects. J Clin Pharmacol 2005; 45: 1400–6. 

2. Rao N. The clinical pharmacokinetics of escitalopram. Clin
Pharmacokinet 2007; 46: 281–90.

Uses and Administration
Escitalopram, the S-enantiomer of citalopram (p.385),
is an SSRI with actions and uses similar to those of
fluoxetine (p.391). It is given orally as the oxalate al-
though doses are expressed in terms of the base; escit-
alopram oxalate 12.8 mg is equivalent to about 10 mg
of escitalopram. 
In the treatment of depression, the usual dose is 10 mg
once daily increased, after at least a week, to a maxi-
mum of 20 mg once daily if necessary. 
Escitalopram is also used in the treatment of panic dis-
order with or without agoraphobia. Initial doses are
5 mg once daily, increased after a week to 10 mg once
daily; further increases up to a maximum of 20 mg dai-
ly may be necessary in some patients. 
Doses of escitalopram used in the treatment of gener-
alised anxiety disorder, social anxiety disorder, and
obsessive-compulsive disorder are similar to those
used in depression. 
Initial treatment with half the usual recommended dose
and a lower maximum dose should be considered in
elderly patients. Patients with hepatic impairment or
those who are poor metabolisers with respect to the cy-
tochrome P450 isoenzyme CYP2C19 may also require
lower doses (see below). 
Escitalopram should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Administration in hepatic impairment. Increases of 51%
and 69% in the area under the concentration-time curve occurred
in a single-dose study of escitalopram in patients with mild and
moderate hepatic impairment (Child-Pugh score 5 or 6, and 7 to
9, respectively).1 This study also reported that activity of the cy-
tochrome P450 isoenzyme CYP2C19 was a better predictor of
escitalopram clearance than the Child-Pugh classification. 
UK licensed product information for escitalopram suggests that
patients with mild to moderate hepatic impairment or those who
are poor metabolisers with respect to the cytochrome P450
isoenzyme CYP2C19 should receive an initial oral dose of 5 mg
daily, increased to 10 mg daily after 2 weeks depending on re-

sponse; more careful dose titration is advised in those with severe
impairment. US licensed product information recommends
10 mg daily as a suitable dose for most patients with hepatic im-
pairment.
1. Areberg J, et al. The pharmacokinetics of escitalopram in pa-

tients with hepatic impairment. AAPS J 2006; 8: E14–E19.

Anxiety disorders. Escitalopram has been given in anxiety
disorders (p.952) including panic disorder (p.952), obsessive-
compulsive disorder (p.952), and social anxiety disorder (see un-
der Phobic Disorders, p.953). 
References.
1. Stahl SM, et al. Escitalopram in the treatment of panic disorder:

a randomized, double-blind, placebo-controlled trial. J Clin Psy-
chiatry 2003; 64: 1322–7. 

2. Davidson JR, et al. Escitalopram in the treatment of generalized
anxiety disorder: double-blind, placebo controlled, flexible-dose
study. Depress Anxiety 2004; 19: 234–40. 

3. Lader M, et al. Efficacy and tolerability of escitalopram in 12-
and 24-week treatment of social anxiety disorder: randomised,
double-blind, placebo-controlled, fixed-dose study. Depress
Anxiety 2004; 19: 241–8. 

4. Kasper S, et al. Escitalopram in the treatment of social anxiety
disorder: randomised, placebo-controlled, flexible-dosage study.
Br J Psychiatry 2005; 186: 222–6. 

5. Stein DJ, et al. Escitalopram in obsessive-compulsive disorder:
a randomized, placebo-controlled, paroxetine-referenced, fixed-
dose, 24-week study. Curr Med Res Opin 2007; 23: 701–11.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs. SSRIs such as escitalopram are widely used as an alterna-
tive to the older tricyclics as they have fewer adverse effects and
are safer in overdosage. 
References.
1. Burke WJ, et al. Fixed-dose trial of the single isomer SSRI esci-

talopram in depressed outpatients. J Clin Psychiatry 2002; 63:
331–6. 

2. Wade A, et al. Escitalopram 10mg/day is effective and well tol-
erated in a placebo-controlled study in depression in primary
care. Int Clin Psychopharmacol 2002; 17: 95–102. 

3. Lepola UM, et al. Escitalopram (10-20 mg/day) is effective and
well tolerated in a placebo-controlled study in depression in pri-
mary care. Int Clin Psychopharmacol 2003; 18: 211–17. 

4. Rapaport MH, et al. Escitalopram continuation treatment pre-
vents relapse of depressive episodes. J Clin Psychiatry 2004; 65:
44–9. 

5. Montgomery SA, et al. A randomised study comparing escitalo-
pram with venlafaxine XR in primary care patients with major
depressive disorder. Neuropsychobiology 2004; 50: 57–64. 

6. Murdoch D, Keam SJ. Escitalopram: a review of its use in the
management of major depressive disorder. Drugs 2005; 65:
2379–2404.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aramix; Citalax; Lexapro; Lextor; Meridian; Austral.: Esipram; Lexa-
pro; Austria: Cipralex; Belg.: Sipralexa; Braz.: Lexapro; Canad.: Cipralex;
Chile: Celtium; Ectiban; Ipran; Lexapro; Neozentius; Zepaz; Cz.: Cipralex;
Denm.: Cipralex; Fin.: Cipralex; Fr.: Seroplex; Ger.: Cipralex; Gr.: Cip-
ralex; Entact; Hong Kong: Lexapro; Hung.: Cipralex; India: Cipralex; Re-
cita; S-Citadep; Indon.: Cipralex; Irl.: Lexapro; Israel: Cipralex; Ital.: Cip-
ralex; Entact; Malaysia: Lexapro; Mex.: Lexapro; Neth.: Cipralex;
Lexapro; Norw.: Cipralex; NZ: Lexapro; Philipp.: Lexapro; Pol.: Lexapro;
Port.: Cipralex; Rus.: Cipralex (Ципралекс); S.Afr.: Cipralex; Singapore:
Lexapro; Spain: Cipralex; Entact; Esertia; Swed.: Cipralex; Switz.: Cip-
ralex; Thai.: Lexapro; Turk.: Cipralex; UK: Cipralex; USA: Lexapro; Ven-
ez.: Lexapro.

Fluoxetine Hydrochloride 

(BANM, USAN, rINNM)

Fluoksetiinihydrokloridi; Fluoksetin Hidroklorür; Fluoksetino hid-
rochloridas; Fluoksetyny chlorowodorek; Fluoxétine, chlorhy-
drate de; Fluoxetin-hidroklorid; Fluoxetin-hydrochlorid; Fluoxet-
inhydroklorid; Fluoxetini hydrochloridum; Hidrocloruro de fluox-
etina; Lilly-103472; LY-110140. (±)-N-Methyl-3-phenyl-3-(α,α,α-
trifluoro-p-tolyloxy)propylamine hydrochloride.
Флуоксетина Гидрохлорид
C17H18F3NO,HCl = 345.8.
CAS — 54910-89-3 (fluoxetine); 59333-67-4 (fluoxetine
hydrochloride).
ATC — N06AB03.
ATC Vet — QN06AB03.

(fluoxetine)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of fluoxetine: 
Distas; Green and whites; Greens; Limes; Pros; Zacs.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Fluoxetine Hydrochloride). A white or almost
white crystalline powder. Sparingly soluble in water and in
dichloromethane; freely soluble in methyl alcohol. A 1% solu-
tion in water has a pH of 4.5 to 6.5. 
USP 31 (Fluoxetine Hydrochloride). A white to off-white crys-
talline powder. Sparingly soluble in water and in dichlorometh-
ane; freely soluble in alcohol and in methyl alcohol; practically
insoluble in ether. Store in airtight containers.

Adverse Effects
SSRIs such as fluoxetine are less sedating than tricyclic
antidepressants and have fewer antimuscarinic and car-
diotoxic effects. Adverse effects reported with SSRIs
include dry mouth and gastrointestinal disturbances
such as nausea, vomiting, dyspepsia, constipation, and
diarrhoea. Anorexia and weight loss may also occur.
Neurological adverse effects have included either
anxiety, restlessness, nervousness, and insomnia, or
drowsiness and fatigue; headache, tremor, dizziness,
seizures, hallucinations, confusion, agitation, extrapy-
ramidal effects, depersonalisation, mania, panic at-
tacks, sexual dysfunction, and symptoms suggestive of
a serotonin syndrome (p.416) have also occurred. The
concern that SSRIs may be associated with increased
suicidal ideation is discussed under Effects on Mental
State, below. 
Excessive sweating, pruritus, skin rashes, alopecia,
photosensitivity, and urticaria have also been reported.
Angioedema and anaphylactoid reactions have oc-
curred. In some patients who have developed rashes
while taking fluoxetine, systemic hypersensitivity re-
actions involving the lungs, kidneys, or liver, and pos-
sibly related to vasculitis, have developed; it has there-
fore been advised that fluoxetine therapy should be
stopped in any patient who develops a skin rash. 
Hyponatraemia, possibly due to inappropriate secre-
tion of antidiuretic hormone, has been associated with
the use of antidepressants, particularly in the elderly.
Hyperprolactinaemia and galactorrhoea have oc-
curred, as have changes in blood sugar, in patients re-
ceiving SSRIs. 
Arthralgia and myalgia have been reported and there
have also been cases of orthostatic hypotension, yawn-
ing, urinary retention, and abnormal vision including
blurred vision and mydriasis. Abnormal liver function
tests have been reported rarely. SSRIs have occasional-
ly been associated with bleeding disorders such as
ecchymosis and purpura and other effects on the blood. 
In overdosage nausea, vomiting, and excitation of the
CNS are considered to be prominent features; death
has been reported.
Incidence of adverse effects. In June 1992 the UK CSM had
received 1236 reports of adverse effects with fluvoxamine (from
about 280 000 prescriptions) compared with 2422 for fluoxetine
(from about 480 000 prescriptions).1 The overall patterns of ad-
verse effects were similar but dermatological reactions were
more likely with fluoxetine and gastrointestinal reactions with
fluvoxamine. Reports of attempted suicide increased after ad-
verse publicity about SSRIs in 1990, and the number of reports
per million prescriptions were similar for the 2 drugs (25 for
fluoxetine and 20 for fluvoxamine); at that time such figures
were not considered disconcerting given that features of depres-
sion, including attempted suicide, can worsen after the introduc-
tion of any antidepressant (see also Effects on Mental State, be-
low). A later review2 by the CSM of the 5 SSRIs available in the
UK (citalopram, fluoxetine, fluvoxamine, paroxetine, and sertra-
line) found that the SSRIs were broadly similar with respect to
their safety profile. A list of adverse reactions common to all
SSRIs was provided. 
A review3 of 1861 adverse reactions to citalopram, fluoxetine,
fluvoxamine, paroxetine, or sertraline reported to the Swedish
Adverse Drug Reactions Advisory Committee found that the
most commonly reported reactions were neurological (22.4% of
all reports), psychiatric (19.5%), and gastrointestinal (18.0%).
Compared with other SSRIs, gastrointestinal symptoms were
more common with fluvoxamine, psychiatric symptoms with
sertraline, and dermatological symptoms with fluoxetine. 
A more recent meta-analysis4 has compared the adverse effect
profile of fluoxetine with other antidepressants including the tri-
cyclics and other SSRIs. The overall risk of any adverse effect
with fluoxetine was less than that for the tricyclic antidepres-
sants; however, there was no difference in risk when fluoxetine
was compared with other SSRIs. When considering individual
adverse reactions, fluoxetine was more likely to cause activating
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effects such as insomnia, agitation, tremor, and anxiety, and gas-
trointestinal disturbances such as nausea, vomiting, diarrhoea,
weight loss, and anorexia than other antidepressants. In contrast,
the tricyclics were associated with a greater risk of sedation, an-
timuscarinic effects (such as dry mouth, dizziness, and blurred
vision), constipation, and weight gain, than fluoxetine.
1. CSM. Safety of fluoxetine (Prozac): comparison with fluvoxam-

ine (Faverin). Current Problems 34 1992. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024452&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08) 

2. CSM/MCA. Selective serotonin reuptake inhibitors (SSRIs).
Current Problems  2000; 26:  11–12. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007460&RevisionSelect ionMethod=
LatestReleased (accessed 27/11/05) 

3. Spigset O. Adverse reactions of selective serotonin reuptake in-
hibitors: reports from a spontaneous reporting system. Drug
Safety 1999; 20: 277–87. 
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Effects on the blood. Abnormalities in platelet aggregation
were associated with fluoxetine given to a severely underweight
patient.1 Platelet activity returned to normal when fluoxetine was
stopped. Fluoxetine was also suspected of being the cause of
bruising in a patient whose blood clotting parameters were with-
in normal limits.2 Purpura and bruising have been reported to be
the commonest adverse blood effects associated with fluoxetine,
paroxetine, or sertraline although cases of thrombocytopenia
have been recorded for all three antidepressants.3 The suggested
mechanism was inhibition of uptake of serotonin into platelets,
thereby disrupting platelet aggregation; caution was recom-
mended when treating patients with a history of bleeding disor-
ders with SSRIs. However, a subsequent cohort study based on
prescription-event monitoring provided only weak evidence of a
link between the use of SSRIs and the development of bleeding
disorders.4 A similar study5 found no evidence of a major in-
creased risk of intracranial haemorrhage with the use of SSRIs,
although smaller increases in risk could not be ruled out. 
For mention of a possibly increased risk of gastrointestinal
bleeding, see Effects on the Gastrointestinal Tract, below.
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serotonin reuptake inhibitors. Br J Clin Pharmacol 2000; 50:
43–7.

Effects on the cardiovascular system. SSRIs are not asso-
ciated with the same degree of cardiotoxicity as the tricyclic anti-
depressants (see p.376), although orthostatic hypotension has
been reported in some patients. A decrease in heart rate with
ECG changes has been noted with fluvoxamine. However, a
study1 on long-term fluvoxamine treatment in 311 patients fol-
lowed for 1 year revealed no significant effect on ECG findings
compared with patients given placebo. 
Concern over the use of sertraline in patients with coronary heart
disease was raised after a report2 of a 53-year-old man with a
history of coronary heart disease who experienced attacks of sud-
den precordial chest pain on starting treatment with sertraline.
The pain responded to glyceryl trinitrate. The manufacturers3

pointed out that there had been no ECG changes confirming an
ischaemic origin of the disorder in this patient and that in studies
sertraline had had no demonstrable clinical effects on intraven-
tricular conduction or ECG intervals. Furthermore, no significant
changes in cardiovascular indices had been recorded in patients
who had taken overdoses of up to 6 g of sertraline. It was sug-
gested that this might have been an effect on the gastrointestinal
tract possibly at the oesophageal level.
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tended clinical trials of fluvoxamine in depression: one years ex-
perience. Pharmacopsychiatry 1995; 28: 253–6. 
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3. Berti CA, Doogan DP. Sudden chest pain with sertraline. Lancet
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Effects on the cerebrovascular system. There have been
rare reports of cerebral ischaemic events associated with the use
of SSRIs. In one case1 a 57-year-old man receiving long-term
treatment for atrial fibrillation and hypercholesterolaemia pre-
sented with a facial droop and slurred speech 3 days after starting
paroxetine 20 mg twice daily. Symptoms resolved after antico-
agulant therapy and stopping paroxetine but recurred when par-
oxetine was reintroduced at a dose of 10 mg twice daily. Paroxe-
tine was stopped and no further episodes had occurred within 4
months at follow-up. 

For a report that there is no major increased risk of intracranial
haemorrhage associated with the SSRIs, see Effects on the
Blood, above.
1. Manos GH, Wechsler SM. Transient ischemic attack reported

with paroxetine use. Ann Pharmacother 2004; 38: 617–20.

Effects on the endocrine system. The syndrome of inappro-
priate antidiuretic hormone secretion (SIADH) with hyponatrae-
mia has been reported in patients receiving antidepressants. The
UK CSM, commenting on reports it had received of hyponatrae-
mia associated with antidepressants (fluoxetine, paroxetine, lofe-
pramine, clomipramine, and imipramine), considered that it was
likely to occur with any antidepressant, and usually involved eld-
erly patients.1 However, the results of a later study2 have suggest-
ed that cases are more likely to occur with serotonergic antide-
pressants such as the SSRIs, clomipramine, and venlafaxine.
Case reports of hyponatraemia in 16 patients treated with SSRIs
have been summarised.3 A further review4 of reports on 15 pa-
tients with hyponatraemia with SIADH induced by fluoxetine
(12 cases), fluvoxamine (2 cases), and paroxetine (1 case)
showed that the risk was greatest during the early treatment
phase. This is borne out by single-case reports5-12 of hyponatrae-
mia with SIADH in elderly patients receiving either citalopram,
paroxetine, or sertraline. A retrospective study13 of hyponatrae-
mia associated with either fluoxetine or paroxetine use also
showed the early onset of the condition and identified low body-
weight as being another risk factor for developing hyponatrae-
mia. Not unexpectedly, replacing one SSRI with another has re-
sulted in a recurrence of hyponatraemia; however, in one re-
port,14 the symptoms of hyponatraemia did not recur until about
16 months after switching SSRIs. 
SSRI-associated hyperprolactinaemia has been reported.15 Lac-
tation and raised prolactin levels occurred in a teenager 3 days
after fluoxetine was added to her existing therapy which included
pimozide. Stopping fluoxetine had no effect on lactation, which
only ceased after withdrawing pimozide. In another report,16 hy-
perprolactinaemia and galactorrhoea in an elderly woman re-
ceiving fluoxetine resolved on stopping the drug. 
Gynaecomastia, unrelated to prolactin concentrations, was asso-
ciated with the start of fluoxetine therapy in a 49-year-old man.
Symptoms subsided 10 months after withdrawing fluoxetine.17 
Although SSRIs may be favoured for the management of depres-
sion in patients with diabetes, there is some evidence that sertra-
line and fluoxetine can induce hypoglycaemia.18,19 Licensed
product information for other SSRIs also warns of similar risks
with these products.
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Effects on the eyes. Symptoms of glaucoma that developed in
a patient receiving fluoxetine subsided within 2 days of drug
withdrawal.1 Similar symptoms have been reported with citalo-
pram,2 fluvoxamine,3 paroxetine,2,4 and sertraline.2 In some cas-
es, the SSRI may have aggravated pre-existing glaucoma.2,3 In-
tra-ocular pressure after doses of fluoxetine was recorded in 20
patients in a placebo-controlled crossover double-blind study.5
Significant increases were found in all patients 2 hours after re-
ceiving fluoxetine by mouth; some patients still had raised intra-
ocular pressure after 8 hours. A review of case reports document-
ing SSRI-associated changes in intra-ocular pressure concluded
that such changes were difficult to predict;6 however, it was rec-

ommended that those with risk factors for glaucoma, such as eld-
erly patients with a family history, should be considered for oph-
thalmic consultations before starting an SSRI and regularly
throughout treatment. 
Anisocoria (uneven pupillary dilatation) has been reported7 in a
patient taking paroxetine and in another taking sertraline. It was
noted that the UK CSM had received 21 reports of mydriasis as-
sociated with paroxetine but it appeared that noticeably asym-
metrical mydriasis as seen in these 2 patients had not previously
been reported.
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Effects on the gastrointestinal tract. A case-control study1

suggested that treatment with SSRIs produced a moderately in-
creased risk of upper gastrointestinal bleeding (adjusted relative
risk 3.0). The risk was greatly increased if SSRIs were given with
NSAIDs (relative risk 15.6). Treatment with SSRIs did not ap-
pear to increase the risk of ulcer perforation. The absolute risk of
bleeding was estimated at one case per 8000 prescriptions, a risk
similar to that of low-dose ibuprofen. A more recent cohort
study2 found a similar increase in risk. However, others have
questioned whether such an association exists.3 
A retrospective cohort study4 in elderly patients found that there
was an increasing risk of upper gastrointestinal bleeding as the
extent of inhibition of serotonin reuptake by the antidepressant
used increased. The effect was considered to be clinically impor-
tant for patients with a high risk of such bleeding, namely the
very elderly and those with a history of previous upper gastroin-
testinal bleeding. 
Some5 consider that gastroprotection is unlikely to be justified in
those given SSRIs alone and furthermore there are no studies to
suggest that gastroprotective drugs reduce the risk of SSRI-asso-
ciated haemorrhage. However, it has been recommended5 that
such protection should be considered when SSRIs and NSAIDs
are used together because of the increased risk.
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Effects on the hair. A report1 on 2 patients who had hair loss
associated with the use of fluoxetine noted 4 other published cas-
es and stated that, up to the end of 1991, the US manufacturers
had received 498 reports of fluoxetine-associated alopecia.
1. Ogilvie AD. Hair loss during fluoxetine treatment. Lancet 1993;

342: 1423.

Effects on the liver. Acute hepatitis occurred in 2 patients after
several months of fluoxetine treatment;1 it was noted that 5 other
cases of acute hepatitis with fluoxetine had been reported. 
Abnormal liver function tests were seen in a patient after a sui-
cide attempt with sertraline and cefalexin.2 The patient was then
started on venlafaxine but, again abnormal liver function tests
were noted. When these abnormal values had decreased, sertra-
line was restarted at therapeutic doses, with a subsequent in-
crease in liver function tests. Values returned to normal once all
medications were stopped. Auto-immune hepatitis has been re-
ported after therapeutic doses of sertraline;3 rechallenge in this
case was also positive. 
Hepatotoxicity has also been rarely associated with citalopram4

and with paroxetine use.5
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Effects on mental state. As early as 1990 there was concern
that the SSRIs increased the risk of suicidal ideation after the
publication of a case series of such events with fluoxetine.1
Meta-analyses2,3 performed around that time (criticism of statis-
tical power notwithstanding4) did not confirm an increased risk
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and this was supported by the results of prescription-event mon-
itoring.5 Nevertheless, reports of suicidal ideation as well as sui-
cide and self-harm have continued to be published for the SSRIs
and the issue remains controversial. A subsequent meta-
analysis6 of 702 randomised controlled studies found an in-
creased risk for attempted suicide in those taking SSRIs when
compared with placebo but not when compared with tricyclic
antidepressants. 
Risk analysis of suicidal behaviour with any antidepressant is
confounded by the rarity of suicide even in patients with depres-
sion, and by the possibility that such behaviour is a manifestation
of the underlying depression. Furthermore, the more favourable
safety profile of the SSRIs, particularly in overdosage (see De-
pression, p.373), when compared to the older MAOIs and tricy-
clic antidepressants may have resulted in the SSRIs being pre-
scribed to those patients at greater risk of suicidal behaviour. 
In 2003, the UK CSM established an Expert Working Group to
address increasing public concerns regarding the safety of the
SSRIs. The serotonergic antidepressants venlafaxine and mirta-
zapine were also included and the conclusions given below also
apply to these drugs. In its final report7 issued in December 2004,
the Working Group concluded that the risk of suicide may in-
crease in the early stages of treatment for depression in adults
and consequently careful and frequent monitoring is important,
particularly if a patient has worsening of symptoms or new
symptoms after starting therapy. However, the Working Group
noted that increases in the prescribing of SSRIs have not been
associated with an increase in suicide rates, although they ac-
knowledged that the interpretation of these findings was difficult.
They could not rule out that there might be a modest increase in
the risk of suicidal ideation and self-harm with the SSRIs when
compared with placebo. However, there was insufficient evi-
dence from clinical trials to determine any differences between
the SSRIs as a group, or between the SSRIs and other antidepres-
sants regarding the risk of suicidal behaviour; evidence from the
General Practice Research database has suggested that there is no
increased risk of such behaviour with the SSRIs when compared
with the tricyclic antidepressants. The Working Group also con-
cluded that the evidence for a relationship between suicidal be-
haviour and a change in dose was not robust; however, patients
should be monitored for any new symptoms or worsening of dis-
ease around the time of any dose change. 
The Expert Working Group of the CSM has also commented7 on
the use of SSRIs in young adults. They concluded that although
there was no clear evidence of an increased risk of self-harm or
suicidal thoughts in young adults of 18 years or over, such pa-
tients have a higher background risk of suicidal behaviour than
older adults and consequently those treated with SSRIs should be
closely monitored. Furthermore, the results of a meta-analysis
undertaken by the FDA found that although the overall risk of
suicide was not increased in adult patients receiving antidepres-
sants, there was a non-significant trend toward increased risk
with younger age. The FDA considered the trend sufficiently
convincing to warn that, like children and adolescents, young
adults aged between 18 and 24 years treated with antidepressants
of any type may be at increased risk of suicidal thinking and be-
haviour.8 
In 2003 the CSM recommended (on the basis of their Expert
Working Group’s finding) that paroxetine should not be used to
treat depressive illness in children under 18 years old. Data
from studies received by CSM in May 2003 failed to show that
paroxetine was effective in depressive illness in this age group
and indicated that the risk of harmful outcome, including self-
harm and potentially suicidal behaviour, was 1.5 to 3.2 times
greater in those who received paroxetine when compared with
placebo.9 Following a further review,10 the CSM extended their
recommendation to include the SSRIs citalopram, escitalopram,
and sertraline; subsequent analysis had also associated these anti-
depressants with an unfavourable risk to benefit ratio in the treat-
ment of depression in children under 18. The CSM also included
fluvoxamine in their recommendation as its risk to benefit ratio
was unassessable. Fluoxetine was not included and the CSM ac-
knowledged that clinical trials had shown a favourable risk to
benefit ratio for fluoxetine in the treatment of depression in
young patients. The European Medicines Agency (EMEA) has
also recommended that serotonergic antidepressants, including
the SSRIs, should not be used in children and adolescents except
within their approved indications,11 but considered12 that studies
with fluoxetine in children and adolescents have shown a posi-
tive effect that outweighs any potential risks, and recommended
that it should be licensed for use where needed, as an adjunct to
psychological therapies in children from 8 years of age. 
The FDA have not issued advice contra-indicating the use of
these antidepressants in those under 18 years old in the USA,
although they have stressed that all patients, including adoles-
cents and children, should be closely monitored for worsening
depression or suicidal behaviour, especially at the beginning of
treatment.13 They also comment that, apart from fluoxetine, the
SSRIs are not licensed in the USA for the treatment of depression
in young patients. 
The use of SSRIs has been associated with the development of
akathisia, restlessness, and psychomotor agitation such as an
inability to sit or stand still, particularly in the first few weeks of
treatment.14 In some patients these symptoms have precipitated
suicidal behaviour. However, the Expert Working Group of the

CSM considered that it was not possible to draw any conclusions
on the link between the development of these symptoms and the
risk of suicidal behaviour, as such data were not included in the
majority of cases.7 
There have been suggested links between the use of fluoxetine
and irritability, hostility, and aggression.15 However, one
review16 noted that an unpublished analysis had indicated that
patients taking fluoxetine for a variety of disorders were not
more likely to be aggressive than those taking placebo. Prescrip-
tion-event monitoring has also found no evidence to suggest that
fluoxetine increases the frequency of aggression.5 
Initiation of antidepressant therapy with paroxetine or sertraline
has been associated with either worsening or a new onset of
flashback syndrome in 2 patients with a history of lysergide
abuse.17 
There have been isolated reports of memory loss associated with
the use of SSRIs.18 
For further effects on mental function, see also under Withdrawal
and under Mania in Precautions, below.
1. Teicher MH, et al. Emergence of intense suicidal preoccupation

during fluoxetine treatment. Am J Psychiatry 1990; 147:
207–10. 

2. Beasley CM, et al. Fluoxetine and suicide: a meta-analysis of
controlled trials of treatment for depression. BMJ 1991; 303:
685–92. Correction. ibid.; 968. 

3. Goldstein DJ, et al. Analyses of suicidality in double-blind, pla-
cebo-controlled trials of pharmacotherapy for weight reduction.
J Clin Psychiatry 1993; 54: 309–16. 

4. Li Wan Po A. Fluoxetine and suicide: meta-analysis and Monte-
Carlo simulations. Pharmacoepidemiol Drug Safety 1993; 2:
79–84. 

5. Nakielny J. Fluoxetine and suicide. Lancet 1994; 343: 1359. 
6. Fergusson D, et al. Association between suicide attempts and

selective serotonin reuptake inhibitors: systematic review of
randomised controlled trials. BMJ 2005; 330:396. Correction.
ibid.; 653. 

7. Weller IVD. Report of the CSM Expert Working Group on the
safety of selective serotonin reuptake inhibitor antidepressants.
London: The Stationery Office, 2005. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON019472&RevisionSelectionMethod=
LatestReleased (accessed 14/08/08) 

8. Friedman RA, Leon AC. Expanding the black box — depres-
sion, antidepressants, and the risk of suicide. N Engl J Med
2007; 356: 2343–6. 

9. MHRA. Safety of Seroxat (paroxetine) in children and adoles-
cents under 18 years - contraindication in the treatment of de-
pressive illness. Epinet message from Professor G Duff, Chair-
man of Committee on Safety of Medicines (issued 10th June,
2003). Available at: http://www.mhra.gov.uk/home/groups/
pl-p/documents/websiteresources/con019507.pdf (accessed
14/08/08) 

10. MHRA. Selective Serotonin Reuptake Inhibitors - use in children
and adolescents with major depressive disorder. Epinet message
from Professor G Duff, Chairman of Committee on Safety of Med-
ic ines  ( issued  10th  December,  2003) .  Avai lable  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dID=2024&noSaveAs=1&Rendition=WEB (accessed 20/09/05) 

11. European Medicines Agency. European Medicines Agency finalis-
es review of antidepressants in children and adolescents (issued
25th April, 2005). Available at: http://www.emea.europa.eu/
pdfs/human/press/pr/12891805en.pdf (accessed 14/08/08) 

12. Committee for Medicinal Products for Human Use, European
Medicines Agency. European Medicines Agency adopts a posi-
tive opinion for the use of Prozac in the treatment of children
and adolescents suffering from depression (issued 6th June,
2006). Available at: http://www.emea.europa.eu/pdfs/human/
press/pr/20255406en.pdf (accessed 14/08/08) 

13. The FDA Public Health Advisory. Worsening depression and sui-
cidality in patients being treated with antidepressant medications
(issued 22nd March, 2004). Available at: http://www.fda.gov/cder/
drug/antidepressants/AntidepressanstPHA.htm (accessed
24/11/05) 

14. Lane RM. SSRI-induced extrapyramidal side-effects and aka-
thisia: implications for treatment. J Psychopharmacol 1998; 12:
192–214. 

15. Anonymous. Fluoxetine, suicide and aggression. Drug Ther
Bull 1992; 30: 5–6. 

16. Power AC, Cowen PJ. Fluoxetine and suicidal behaviour; some
clinical and theoretical aspects of a controversy. Br J Psychiatry
1992; 161: 735–41. 

17. Markel H, et al. LSD flashback syndrome exacerbated by selec-
tive serotonin reuptake inhibitor antidepressants in adolescents.
J Pediatr 1994; 125: 817–19. 

18. Joss JD, et al. Memory loss in a patient treated with fluoxetine.
Ann Pharmacother 2003; 37: 1800–3.

Effects on sexual function. Sexual dysfunction is often noted
in patients with depression and may be due to their antidepres-
sant medication or to the disease itself. Complaints include a de-
crease in or loss of libido, delayed ejaculation, erectile difficulty,
or anorgasmia in men;1 loss of libido, delayed orgasm, or anor-
gasmia have been reported in women.1,2 Early identification is
important since drug-induced sexual dysfunction is a common
cause of non-compliance; in addition, it may adversely affect the
quality of life of patients and hamper their recovery.3,4 
It has been considered that sexual dysfunction occurs in up to
1.9% of patients taking fluoxetine, with impotence or ejaculatory
problems occurring in less than 1% of patients.5 However, these
figures, which were based on information supplied by the US
manufacturer, have been disputed6,7 and the incidence of sexual
dysfunction may be higher than the manufacturer’s data suggest.
Earlier studies and anecdotal reports quoted rates of 7.8 to 75%
for sexual dysfunction with fluoxetine but it appears that only
small numbers of men were studied.8 A later review9 also esti-
mated the incidence of SSRI-induced sexual dysfunction at be-
tween 10 and 75%. 

The incidence of sexual dysfunction may differ between types of
antidepressants. A large, observational study3 found the rate of
sexual dysfunction to be higher with the SSRIs (citalopram,
fluoxetine, paroxetine, and sertraline) and the SNRI venlafaxine
than with bupropion or nefazodone. However, no significant dif-
ference in rate was found among the SSRIs as a group. The study
also identified other risk factors for developing sexual dysfunc-
tion which included increasing age, the use of high doses, and
use with other medications. Gender, race, and length of treatment
were not associated with an increased risk. 
Suggested1,4,10 strategies for managing SSRI-induced sexual
dysfunction include reducing the dosage of the SSRI or altering
the timing of doses, or changing to another antidepressant. In
some cases tolerance may develop, particularly if the dysfunc-
tion occurred early in treatment. One small study11 has indicated
that spontaneous improvement may occur even up to 6 months
after the start of therapy.11 Evidence of efficacy for drug treat-
ments is mainly anecdotal. Cyproheptadine seems to have been
tried most often, but the SSRI may become less effective (see
Antihistamines, under Interactions, below) and patients should
be monitored for worsening symptoms of depression. 
The effects of the SSRIs on sexual function have been studied as
a potential form of treatment for men with premature ejaculation
(see Sexual Dysfunction in Uses, below).
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function and weight gain. J Clin Psychiatry 2003; 64 (suppl 18):
20–4. 

5. Hollander JB. Fluoxetine and sexual dysfunction. JAMA 1994;
272: 242. 

6. Balon R. Fluoxetine and sexual dysfunction. JAMA 1995; 273:
1489. 

7. Hopkins HS, Gelenberg AJ. Fluoxetine and sexual dysfunction.
JAMA 1995; 273: 1489–90. 

8. Hollander JB. Fluoxetine and sexual dysfunction. JAMA 1995;
273: 1490. 

9. Gregorian RS, et al. Antidepressant-induced sexual dysfunc-
tion. Ann Pharmacother 2002; 36: 1577–89. 

10. Woodrum ST, Brown CS. Management of SSRI-induced sexual
dysfunction. Ann Pharmacother 1998; 32: 1209–15. 

11. Haberfellner EM, Rittmannsberger H. Spontaneous remission
of SSRI-induced orgasm delay. Pharmacopsychiatry 2004; 37:
127–30.

Effects on the skin. Toxic epidermal necrolysis developed in a
16-year-old girl 8 days after beginning fluvoxamine therapy.1
Other drugs, which included metoclopramide, clorazepate, and
clomipramine were discounted as possible causes. 
Amitriptyline and fluoxetine have been implicated in the devel-
opment of atypical cutaneous lymphoid hyperplasia in 8 pa-
tients, 7 of whom either had an underlying immunosuppressant
systemic disease or were also receiving immunomodulatory
drugs.2 The lesions improved or resolved on stopping the antide-
pressant, although in some patients other factors may have con-
tributed to the improvement. 
Bullous pemphigoid induced by fluoxetine has been reported in
a 75-year-old woman.3 Spontaneous resolution followed within
3 weeks of stopping the drug. 
Paroxetine treatment has been associated with the development
of cutaneous vasculitis, which involved several fingers, in a 20-
year-old woman;4 rechallenge was positive. On both occasions
the patient recovered when paroxetine was withdrawn. 
A severe bullous reaction with full-thickness skin necrosis has
been reported in a 48-year-old woman after 6 months of treat-
ment with sertraline.5 The lesions required extensive skin grafts
and recovery was prolonged, with drug-induced scleroderma de-
veloping in the affected area.
1. Wolkenstein P, et al. Toxic epidermal necrolysis after fluvoxam-

ine. Lancet 1993; 342: 304–5. 
2. Crowson AN, Magro CM. Antidepressant therapy: a possible

cause of atypical cutaneous lymphoid hyperplasia. Arch Derma-
tol 1995; 131: 925–9. 

3. Rault S, et al. Bullous pemphigoid induced by fluoxetine. Br J
Dermatol 1999; 141: 755–6. 

4. Margolese HC, et al. Cutaneous vasculitis induced by paroxet-
ine. Am J Psychiatry 2001; 158: 497. 

5. Kirkup ME, et al. Delayed onset of bullous reaction with severe
deep skin necrosis in association with sertraline. Br J Dermatol
2004; 150: 164–6.

Epileptogenic effect. Generalised seizures have been reported
in 2 patients with no history of seizures after starting fluoxetine
therapy.1,2 Although convulsions have been noted in patients tak-
ing fluvoxamine (see Incidence of Adverse Effects, p.399), a
small clinical study involving 35 depressed epileptic patients3

found no change in the number of seizures or in their nature
when fluvoxamine was given in doses of up to 200 mg daily.
1. Weber JJ. Seizure activity associated with fluoxetine therapy.

Clin Pharm 1989; 8: 296–8. 
2. Ware MR, Stewart RB. Seizures associated with fluoxetine ther-

apy. DICP Ann Pharmacother 1989; 23: 428. 
3. Harmant J, et al. Fluvoxamine: an antidepressant with low (or

no) epileptogenic effect. Lancet 1990; 336: 386.

Extrapyramidal effects. Extrapyramidal effects, such as tics1

and akathisia,2,3 have been reported with fluoxetine. By 1993, the
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UK CSM had received 39 reports of extrapyramidal reactions
with paroxetine including 15 of dystonia of the face and mouth.4
Although extrapyramidal effects might occur with other SSRIs,
orofacial dystonias appeared to be more common with paroxet-
ine. However, evidence from monitoring prescriptions within the
UK showed that the overall incidence of extrapyramidal effects
was the same for paroxetine as for other SSRIs.5 Orofacial dys-
tonias (teeth clenching) or dyskinesias (teeth grinding), resulting
in severe damage to teeth and gums in many cases, have been
reported6 in 6 patients receiving fluoxetine, fluvoxamine, parox-
etine, or sertraline. The authors concluded that these adverse ef-
fects were not specific for any particular SSRI. Analysis of spon-
taneous adverse reaction reports received by the national
pharmacovigilance centre in The Netherlands found that there
had been 41 reports of extrapyramidal effects associated with the
SSRIs over a period of nearly 15 years;7 parkinsonism and dys-
tonia were the most frequently reported effects. Over the same
time period, 14 reports had been received in total for other anti-
depressants. The authors commented that the results might be
biased by the selective reporting of adverse reactions to the SSRIs. 
Dyskinesia associated with withdrawal of citalopram and risperi-
done has been reported in a patient.8 
The onset of akathisia may be linked to suicidal ideation; for fur-
ther details, see Effects on Mental State, above.
1. Eisenhauer G, Jermain DM. Fluoxetine and tics in an adolescent.

Ann Pharmacother 1993; 27: 725–6. 
2. Lipinski JF, et al. Fluoxetine-induced akathisia: clinical and the-

oretical implications. J Clin Psychiatry 1989; 50: 339–42. 
3. Rothschild AJ, Locke CA. Reexposure to fluoxetine after serious

suicide attempts by three patients: the role of akathisia. J Clin
Psychiatry 1991; 52: 491–3. 

4. CSM/MCA. Dystonia and withdrawal symptoms with paroxet-
ine (Seroxat). Current Problems 1993; 19: 1. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024454&RevisionSelectionMethod=
LatestReleased (accessed 04/08/08) 

5. Choo V. Paroxetine and extrapyramidal reactions. Lancet 1993;
341: 624. 

6. Fitzgerald K, Healy D. Dystonias and dyskinesias of the jaw as-
sociated with the use of SSRIs. Hum Psychopharmacol Clin Exp
1995; 10: 215–19. 

7. Schillevoort I, et al. Extrapyramidal syndromes associated with
selective serotonin reuptake inhibitors: a case-control study us-
ing spontaneous reports. Int Clin Psychopharmacol 2002; 17:
75–9. 

8. Miller LJ. Withdrawal-emergent dyskinesia in a patient taking
risperidone/citalopram. Ann Pharmacother 2000; 34: 269.

Hypersensitivity. Hypersensitivity reactions to SSRIs are well
documented. Interestingly, despite structural dissimilarities,
there have been a few reports of cross-sensitivity between SSRIs.
A young man who had previously developed a maculopapular
rash while taking paroxetine suffered a similar reaction after
starting sertraline;1 both episodes resolved after the SSRI was
withdrawn.
1. Warnock CA, Azadian AG. Cross-sensitivity between paroxetine

and sertraline. Ann Pharmacother 2002; 36: 631–3.

Hyponatraemia. See Effects on the Endocrine System, above.
Overdosage. SSRIs are generally regarded as being less toxic
in overdosage than tricyclic antidepressants or MAOIs. A
review1 of SSRI overdosage, covering the period 1985 to 1997,
noted that there had been remarkably few fatal overdoses when
taken alone. Moderate overdoses (up to about 30 times the usual
daily dose) were generally associated with minor symptoms at
most; only at very high doses (more than 75 times the usual daily
dose) did more serious effects such as seizures, ECG abnormali-
ties, and decreased consciousness tend to occur. Toxicity was
greatly increased, however, when overdoses of SSRIs were taken
with alcohol or other drugs. There was no evidence of a differ-
ence in the various SSRIs with respect to safety in overdosage.
The results of a more recent cohort study2 have also confirmed
the relative safety of the SSRIs in overdosage. However, the
study also found that citalopram was potentially more cardiotox-
ic than other SSRIs in overdose, causing significant prolongation
of the QT interval (see below). In addition, serotonin syndrome
was noted as being a common feature of SSRI overdosage al-
though in most cases symptoms were not severe or life-threaten-
ing. 
• Fatal overdose was reported with citalopram in 6 patients,3

although the suggested cause of death as cardiac dysfunction
rather than seizures was disputed.4 Nonetheless, cases2,5 of
cardiac abnormalities (including prolongation of the QT inter-
val) associated with citalopram overdose have continued to be
reported, and routine ECG monitoring may be necessary in
the management of overdosage. Some authors consider that a
metabolite, didemethylcitalopram, rather than citalopram it-
self, may be responsible for the cardiotoxicity seen with cita-
lopram overdose.5 At therapeutic doses, concentrations of di-
demethylcitalopram are much lower than those of citalopram
and, in general, significant cardiotoxicity is not seen; however,
in overdosage the amount of didemethylcitalopram may be
sufficient to induce cardiac conduction abnormalities. 

• A report involving 87 cases in which fluoxetine was taken in
overdosage without other drugs found that the main symp-
toms were tachycardia, drowsiness, tremor, and nausea and
vomiting.6 These were considered relatively minor, and were
of short duration, and supportive care was considered to be the
only intervention necessary. 

• Of 41 cases of self-poisoning with fluvoxamine, only one pa-
tient died and even here fluvoxamine was not implicated.7
Prolonged cerebral depression occurred in a patient after flu-
voxamine overdose,7 but this may have been due to an inter-
action with temazepam which the patient also took in over-
dose. 

• One hour after taking 2 g of sertraline in a suicide attempt a
42-year-old woman was flushed, angry, emotionally labile,
and easily distracted but not psychotic.8 Apart from watery
bowel movements recovery was mainly uneventful after treat-
ment with gastric lavage, oral activated charcoal with sorbitol,
and intravenous hydration. In another case,9 symptoms resem-
bling serotonin syndrome developed in a 51-year-old woman
after an overdose attempt with sertraline; it was believed that
the patient may have taken as much as 8 g of sertraline. She
recovered with supportive treatment. Abnormal liver function
tests have also been noted after a suicide attempt with sertra-
line (see Effects on the Liver, above). 

For a discussion of choice of antidepressant with respect to tox-
icity in overdosage, see under Depression, p.373.
1. Barbey JT, Roose SP. SSRI safety in overdose. J Clin Psychiatry

1998; 59 (suppl 15): 42–8. 
2. Isbister GK, et al. Relative toxicity of selective serotonin re-

uptake inhibitors (SSRIs) in overdose. J Toxicol Clin Toxicol
2004; 42: 277–85. 

3. Öström M, et al. Fatal overdose with citalopram. Lancet 1996;
348: 339–40. 

4. Brion F, et al. Fatal overdose with citalopram? Lancet 1996; 348:
1380. 

5. Catalano G, et al. QTc interval prolongation associated with cit-
alopram overdose: a case report and literature review. Clin Neu-
ropharmacol 2001; 24: 158–62. 

6. Borys DJ, et al. Acute fluoxetine overdose: a report of 234 cases.
Am J Emerg Med 1992; 10: 115–20. 

7. Banerjee AK. Recovery from prolonged cerebral depression af-
ter fluvoxamine overdose. BMJ 1988; 296: 1774. 

8. Brown DF, Kerr HD. Sertraline overdose. Ann Pharmacother
1994; 28: 1307. 

9. Brendel DH, et al. Massive sertraline overdose. Ann Emerg Med
2000; 36: 524–6.

Treatment of Adverse Effects
Treatment of overdosage with an SSRI involves appro-
priate symptomatic and supportive therapy. Activated
charcoal may be given by mouth if the amount ingested
was large (see below) and treatment is within an hour
of ingestion. Dialysis, haemoperfusion, exchange
transfusion, and measures to increase urine production
are considered unlikely to be of benefit.
Activated charcoal. The UK Poisons Information Service
considers the benefit of gastric decontamination in the manage-
ment of overdosage with SSRIs to be uncertain. However, it is
suggested that oral activated charcoal may be considered if this
is given within 1 hour of ingestion and the quantity of SSRI ex-
ceeds the following amount: 
• citalopram: 5 mg/kg (adult); 5 mg/kg (child) 
• escitalopram: 2.5 mg/kg (adult); 2.5 mg/kg (child) 
• fluoxetine: 500 mg (adult); 5 mg/kg (child) 
• fluvoxamine: 1 g (adult); 100 mg (child) 
• paroxetine: 600 mg (adult); 5 mg/kg (child) 
• sertraline: 1 g (adult); 10 mg/kg (child)

Precautions
Because of their epileptogenic effect SSRIs should be
used with caution in patients with epilepsy or a history
of such disorders (and should be avoided if the epilepsy
is poorly controlled). Treatment should be stopped if
seizures develop or when there is an increase in seizure
frequency. Care is advised in patients receiving ECT as
prolonged seizures have occurred rarely. SSRIs should
also be used with caution in patients with cardiac dis-
ease or a history of bleeding disorders. Although SS-
RIs are preferred to tricyclics for the treatment of de-
pression in patients with diabetes, they may alter
glycaemic control and therefore caution is also war-
ranted in diabetic subjects. SSRIs should be used with
caution in patients with angle-closure glaucoma. 
Fluoxetine should be stopped in patients who develop
a rash since systemic effects, possibly related to vascu-
litis, have occurred in such patients. Fluoxetine under-
goes hepatic metabolism and should be used with cau-
tion and in reduced doses in patients with impaired
hepatic function. 
Patients should be closely monitored during early ther-
apy until significant improvement in depression is ob-
served because suicide is an inherent risk in depressed
patients. For further details, see under Depression,
p.373. For a discussion of the concern that SSRIs may

increase suicidal ideation, and concerns about their use
for depression in children and adolescents, see Effects
on Mental State in Adverse Effects, above. Suicidal
thoughts and behaviour may also develop during early
treatment with antidepressants for other disorders; the
same precautions observed when treating patients with
depression should therefore be observed when treating
patients with other disorders. If SSRIs are given for the
depressive component of bipolar disorder, mania may
be precipitated. Symptoms may also worsen during the
initial treatment of panic disorder with SSRIs. 
SSRIs may impair performance of skilled tasks and, if
affected, patients should not drive or operate machin-
ery. 
Some licensed product information recommends re-
duced or less frequent dosage of SSRIs for elderly pa-
tients. 
SSRIs should generally be withdrawn gradually to re-
duce the risk of withdrawal symptoms although this
may be unnecessary for fluoxetine because of its long
half-life.
Abuse. There have been occasional reports of individuals abus-
ing fluoxetine.1,2

1. Pagliaro LA, Pagliaro AM. Fluoxetine abuse by an intravenous
drug user. Am J Psychiatry 1993; 150: 1898. 

2. Tinsley JA, et al. Fluoxetine abuse. Mayo Clin Proc 1994; 69:
166–8.

Blood disorders. For a reference recommending cautious use
of SSRIs in patients with a history of bleeding disorders, see Ef-
fects on the Blood in Adverse Effects, above.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that all antidepressants, including SSRIs (fluoxetine, fluvox-
amine, paroxetine, and sertraline) are drugs whose effect on
nursing infants is unknown but may be of concern. In addition,
most licensed drug information advises that SSRIs should be
avoided by the mother during breast feeding. 
• Citalopram and its metabolites have been detected in breast

milk; however, in one study, the plasma concentrations in ex-
posed infants were either very low or undetectable and no ad-
verse effects were reported.2 In another study, 3 out of 31
breast-fed infants whose mothers were taking citalopram had
adverse effects, specifically one case each of colic, decreased
feeding, and irritability.3 However, there was no significant in-
crease in the risk of adverse events in this group of infants
when compared with either infants of depressed mothers not
taking citalopram, or infants of healthy controls. 

• Symptoms of colic were reported4 in a 6-week-old infant
whose mother was taking fluoxetine 20 mg daily. The con-
centrations of fluoxetine and its active metabolite norfluox-
etine were 69 nanograms/mL and 90 nanograms/mL respec-
tively in breast milk, and 340 nanograms/mL and
208 nanograms/mL respectively in the infant’s plasma. The
infant’s symptoms resolved when he was formula fed. Post-
natal weight gain has been reduced in infants exposed to
fluoxetine during breast feeding, although in all cases the re-
duction was less than 2 standard deviations below the norm.5
In another report,6 several seizure-like episodes occurred in a
breast-fed infant whose mother was taking fluoxetine in addi-
tion to carbamazepine and buspirone; however, plasma drug
concentrations in the infant were significant only for fluoxet-
ine and norfluoxetine. In a study7 of 10 women taking fluoxe-
tine while breast feeding 11 infants, breast milk concentra-
tions of fluoxetine ranged from 17.4 to 293 nanograms/mL
and of norfluoxetine from 23.4 to 379.1 nanograms/mL. No
adverse effects were noted in the infants. Similar levels have
occurred in other breast-fed infants without any apparent
drug-induced adverse effects.8-10 Fluoxetine and norfluoxet-
ine were detected in the milk of 14 nursing women.11 Blood
samples were taken from 9 of the infants in the study, and of
these, fluoxetine was detected in the plasma of 5 and norfluox-
etine in 7. Although it was felt that many infants would toler-
ate the mean combined dose of fluoxetine and norfluoxetine
transmitted via breast milk in this study, there was considera-
ble interpatient variability in estimated infant dose and caution
should be exercised; neonates in particular exhibited higher
concentrations of norfluoxetine than older infants. Moreover,
since both fluoxetine and norfluoxetine have long half-lives,
neonates already exposed in utero may have an additional risk
of adverse effects during breast feeding. 

• The excretion of fluvoxamine into breast milk was studied12 in
a woman who had been receiving fluvoxamine maleate
100 mg twice daily for 2 weeks. The concentration of fluvox-
amine base 4.75 hours after a dose was 310 nanograms/mL in
maternal plasma and 90 nanograms/mL in breast milk. It was
estimated that an infant would ingest only 0.5% of the daily
maternal intake. It was considered that these data supported
the notion that the use of fluvoxamine by nursing mothers
posed little risk to the infant. A subsequent study13 found no
detectable drug levels in the plasma of breast-fed infants



Fluoxetine Hydrochloride    395

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

exposed to fluvoxamine; the authors suggested that fluvoxam-
ine was a reasonable choice for nursing mothers requiring
treatment for depression. 

• Although paroxetine was detected in measurable concentra-
tions in the breast milk of a group of 10 nursing mothers re-
ceiving paroxetine no adverse effects were reported in any of
their breast-fed infants.14 Paroxetine could not be detected in
the plasma of 7 of the 8 infants from whom samples were ob-
tained and in the other infant, concentrations were not quanti-
fiable. Another study involving 7 women suggested that the
dose of paroxetine to suckling infants would be 0.7 to 2.9% of
the weight-adjusted maternal dose.15 A later study13 also
found no detectable drug levels in the plasma of breast-fed in-
fants exposed to paroxetine; the authors suggested that parox-
etine was a reasonable choice for nursing mothers requiring
treatment for depression. In a prospective cohort study, weight
gain at 6 and 12 months of age in infants whose mothers took
paroxetine during breast feeding was not adversely affected
when compared with the infants of mothers who either did not
breast feed or breast fed without taking any drugs during lac-
tation;16 in addition, there was no difference in reaching the
usual developmental milestones between the infants of the 3
groups. 

• Plasma concentrations of sertraline were undetectable in a
breast-fed infant despite the presence of concentrations in the
mother’s breast milk ranging from 8.8 to 43 nanograms/mL
over a 24-hour period.17 However, the authors pointed out that
metabolite levels were not measured and that sertraline may
have been present in the infant at a concentration below the
level of sensitivity of the assay. Other studies13,18-21 have de-
tected desmethylsertraline in breast milk, which was also de-
tected in the plasma of some of the infants in a number of the
studies13,18,20,21 but not all.19 The authors of at least one study13

suggested that sertraline was a reasonable choice for nursing
mothers requiring treatment for depression. In addition, some
authors recommend expressing and discarding breast milk 8
to 9 hours after a maternal dose, when levels of desmethylser-
traline and sertraline are maximal, in order to significantly re-
duce infant exposure to sertraline.21

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappublications .org/cgi/content /ful l /
pediatrics%3b108/3/776 (accessed 24/11/05) 
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Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State, above.
Diabetes mellitus. A patient with type 1 diabetes mellitus ex-
perienced a loss of hypoglycaemic awareness following the start
of treatment with fluoxetine.1 Awareness returned on tapered
withdrawal of fluoxetine. Changes in blood sugar concentrations
may occur in patients with diabetes treated for depression with

SSRIs (see also Effects on the Endocrine System, above); how-
ever, these may represent an improvement in glycaemic control.2
1. Sawka AM, et al. Loss of hypoglycemia awareness in an adoles-

cent with type 1 diabetes mellitus during treatment with fluoxe-
tine hydrochloride. J Pediatr 2000; 136: 394–6. 

2. Lustman PJ, et al. Fluoxetine for depression in diabetes: a rand-
omized double-blind placebo-controlled trial. Diabetes Care
2000; 23: 618–23.

Driving. While affective disorders probably adversely affect
driving skill,1,2 treatment with antidepressants can also be haz-
ardous,1 although patients may be safer drivers with medication
than without.2 Impairment of performance is largely related to
sedative and antimuscarinic effects. These are more pronounced
with older antidepressants such as the tricyclic antidepressants
than with the SSRIs, but a comparative study3 of fluoxetine (an
SSRI) and dosulepin (a tricyclic) in healthy subjects showed a
similar but apparently small potential for impairing psychomotor
and driving performance. A later epidemiological study4 was
unable to confirm any increased risk of road-traffic accidents in
those drivers receiving tricyclic antidepressants or SSRIs. 
In the UK, the Driver and Vehicle Licensing Authority5 consid-
ers that drugs such as SSRIs may have fewer adverse effects on
drivers than antidepressants with pronounced antimuscarinic or
antihistaminic adverse effects, such as tricyclic antidepressants.
However, all drugs acting on the CNS can impair alertness, con-
centration, and driving performance, particularly at the start of
treatment or when the dose is increased; driving must cease if
patients are adversely affected. Patients with severe depressive
illnesses complicated by significant memory or concentration
problems, agitation, behavioural disturbances, or suicidal
thoughts should also cease driving pending the outcome of med-
ical enquiry.
1. Ashton H. Drugs and driving. Adverse Drug React Bull 1983;

98: 360–3. 
2. Cremona A. Mad drivers: psychiatric illness and driving per-

formance. Br J Hosp Med 1986; 35: 193–5. 
3. Ramaekers JG, et al. A comparative study of acute and subchron-

ic effects of dothiepin, fluoxetine and placebo on psychomotor
and actual driving performance. Br J Clin Pharmacol 1995; 39:
397–404. 

4. Barbone F, et al. Association of road-traffic accidents with ben-
zodiazepine use. Lancet 1998; 352: 1331–6. 

5. Driver and Vehicle Licensing Agency. For medical practitioners: at
a glance guide to the current medical standards of fitness to drive
(updated February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08)

Gastrointestinal disorders. For the opinion that the SSRIs
may produce a clinically important increase in the risk of upper
gastrointestinal bleeding in patients with a high risk of such
bleeding, see under Effects on the Gastrointestinal Tract, above.
Glaucoma. For reference to SSRIs precipitating or exacerbat-
ing symptoms of glaucoma, see Effects on the Eyes, above.
Mania. Hypomania or mania have been reported with the SS-
RIs; consequently, UK licensed drug information recommends
that SSRIs should be withdrawn in any patient entering a manic
phase. 
Fluvoxamine was associated with manic behaviour in 8 patients
who were being treated for major depression;1 3 also had obses-
sive-compulsive disorder. Daily doses of fluvoxamine ranged
from 75 to 300 mg and duration of therapy to development of
manic behaviour from 2 to 6 weeks. The authors were unable to
determine whether fluvoxamine had induced mania or unmasked
latent bipolar disorder in these patients. However, they recom-
mended that fluvoxamine-treated patients should be monitored
for manic behaviour. 
Symptoms of manic behaviour also developed in a 7-year-old
girl after taking sertraline for about 2 weeks for the treatment of
major depression.2 She recovered within a few weeks of stop-
ping sertraline.
1. Dorevitch A, et al. Fluvoxamine-associated manic behavior: a

case series. Ann Pharmacother 1993; 27: 1455–7. 
2. Ghaziuddin M. Mania induced by sertraline in a prepubertal

child. Am J Psychiatry 1994; 151: 944.

Pregnancy. In an early prospective study1 comparing 128 preg-
nant women exposed to a mean daily dose of about 26 mg of
fluoxetine during their first trimester with control groups receiv-
ing tricyclic antidepressants or non-teratogens, the incidence of
neonatal malformations was similar in all groups and did not
exceed that in the general population. However, there was a ten-
dency to a higher incidence of miscarriages in the groups re-
ceiving fluoxetine or tricyclics. A more recent prospective study2

comparing 228 pregnant women taking fluoxetine with a control
group taking non-teratogens also failed to find a significant in-
creased incidence in major fetal abnormalities in the fluoxetine
group; it also did not reveal an increased risk of miscarriage.
There was an increase in the incidence of minor fetal abnormal-
ities in infants exposed to fluoxetine during the first trimester.
Also, infants exposed to fluoxetine during the third trimester ex-
perienced more perinatal complications such as prematurity, low
full-term birth-weight and length, and poor neonatal adaptation
compared with infants exposed only during the first and second
trimesters. However, the design of this study was criticised3 be-
cause of several methodological problems such as unmatched
controls and a higher maternal age in the fluoxetine group, which
may partly explain the excess of poor perinatal outcomes. 

The manufacturer evaluated the outcome of 796 pregnancies in
which the mother received fluoxetine during the first trimester
and considered that it was unlikely that fluoxetine increased the
risk of miscarriage or fetal malformation.4 A prospective control-
led study5 on pregnancy outcome in women exposed to fluvox-
amine, paroxetine, or sertraline also found that, when used in rec-
ommended doses, there appeared to be no increase in the risk of
major congenital malformations, miscarriages, or still-births
when compared with women exposed to non-teratogens. None-
theless, the results from a more recent meta-analysis which in-
cluded some of the above studies have suggested that maternal
exposure to antidepressant treatment (specifically SSRIs, tricy-
clics, nefazodone, trazodone, or venlafaxine) may significantly
increase the risk of miscarriage in comparison to women not ex-
posed to antidepressants.6 However, the authors acknowledged
that the underlying depression itself might be a contributing fac-
tor to the increased risk. 
There is some evidence that paroxetine may be more teratogenic
than other antidepressants. The manufacturer GlaxoSmithKline
has reported7 that overall the data from a retrospective US epide-
miological study and a study using the Swedish national birth
registry have indicated that there was a twofold increase in car-
diovascular malformations, particularly ventricular septal de-
fects, in infants born to mothers who had taken paroxetine during
pregnancy compared with the general population. However,
whereas the US study also showed an overall risk of major con-
genital malformations (inclusive of the cardiovascular defects),
the Swedish study found no such increase. 
Maternal use of SSRIs has been associated with neonatal com-
plications. CNS toxicity and an increased heart rate were report-
ed in a neonate whose mother had received 20 mg of fluoxetine
daily throughout most of her pregnancy.8 The neonate’s symp-
toms resolved 96 hours after delivery. In another neonate whose
mother took up to 30 mg daily of fluoxetine throughout the third
trimester cardiac arrhythmias were noted.9 In a matched-control
study10 the rate of complications after delivery in 55 infants ex-
posed to paroxetine during the third trimester was higher than in
a control group who had been exposed to paroxetine or non-ter-
atogenic agents during the first or second timesters. Complica-
tions that occurred in the infants exposed in the third trimester
included respiratory distress (9), hypoglycaemia (2), bradycardia
(1), jaundice (1), and suckling problems (1). More recently,
another matched-control study11 has suggested that exposure to
SSRIs (in this case fluoxetine, paroxetine, and sertraline) after the
20th week of gestation may increase the risk of persistent pulmo-
nary hypertension of the newborn (PPHN). Of 377 infants with a
confirmed diagnosis of PPHN, the mothers of 14 (3.7%) had tak-
en an SSRI after the 20th week of gestation, compared with only
6 out of 836 infants (0.7%) in the matched-control group.
Although these figures represent about a sixfold increase in the
risk of PPHN in infants exposed to SSRIs in utero, the absolute
risk remains relatively low (about 6 to 12 per 1000 women). 
A number of reports2,12-16 have described symptoms such as jit-
teriness, irritability, sleep disturbances, and altered muscle tone
in neonates who had been exposed to SSRIs in utero, especially
during the third trimester; in the majority of cases the symptoms
are mild and self-limiting. Although withdrawal symptoms have
been reported with most SSRIs, they have been more commonly
reported in those neonates exposed to paroxetine.17 More recent-
ly, some authors have used the term neonatal behavioural syn-
drome to refer to such symptoms.15 It is unclear whether the
symptoms represent a withdrawal syndrome or direct serotonin
toxicity;14,16,18 however, it has been suggested by some that in-
utero exposure to SSRIs with a short half-life such as paroxetine
may lead to a neonatal withdrawal syndrome whereas exposure
to an SSRI with a long half-life, particularly fluoxetine, may
manifest as neonatal serotonin toxicity.15 There have been case
reports of intraventricular haemorrhage in neonates whose moth-
ers took SSRIs during late pregnancy but there is currently not
enough data to determine whether the frequency of such bleeds
in infants exposed to SSRIs is higher than normal.16 
The effects of fluoxetine on fetal neurodevelopment were
studied19 in 55 pregnant women by later assessing global IQ of
the children; no differences were seen in those exposed to fluox-
etine in utero during the first trimester compared with those ex-
posed to tricyclic antidepressants or adverse developmental in-
fluences. A subsequent study indicated that exposure to
fluoxetine or tricyclic antidepressants throughout gestation did
not appear to affect cognition adversely.20 In another follow-up
study, subtle differences in motor development and control, in
particular tremulousness and inappropriate fine motor move-
ments, were noted in the infants and children of depressed moth-
ers who had taken SSRIs during pregnancy when compared with
the infants of depressed mothers who had not taken any medica-
tion.21 However, in other measures of mental development there
were no observed differences between the two groups.
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Surgery. In patients undergoing orthopaedic surgery, the risk of
perioperative blood loss was significantly increased in those tak-
ing serotonergic antidepressants (specifically clomipramine,
fluoxetine, fluvoxamine, paroxetine, sertraline, and venlafaxine)
when compared with those on non-serotonergic antidepressants.1
In addition, there was a significant increase in the need for blood
transfusion during surgery in those on serotonergic antidepres-
sants compared with those not receiving antidepressant medica-
tion.
1. Movig KLL, et al. Relationship of serotonergic antidepressants

and need for blood transfusion in orthopedic surgical patients.
Arch Intern Med 2003; 163: 2354–8.

Withdrawal. Withdrawal reactions have been reported for all
SSRIs and the related antidepressants mirtazapine and venlafax-
ine on dosage reduction or stopping treatment, although the fre-
quency of such reactions may vary.1-5 Paroxetine and venlafax-
ine have been associated with withdrawal reactions more often
than other serotonergic antidepressants; in the case of paroxetine
this may be due, in part, to its short half-life. Fluvoxamine also
has a short half-life and has been shown in some studies to have
a high risk of withdrawal reactions. The apparent lower risk of
withdrawal reactions with fluoxetine may be due to its long half-
life. Other factors that increase the risk of withdrawal reactions
include abrupt withdrawal, the use of high doses, and prolonged
therapy.5 
In general, withdrawal reactions tend to occur within 3 days of
stopping an SSRI or related antidepressant,1,4,5 although a delay
of up to 2 weeks may be noted with fluoxetine.5 Common symp-
toms include dizziness, numbness and tingling, gastrointestinal
disturbances (particularly nausea and vomiting), headache,
sweating, anxiety, and sleep disorders. In some cases withdrawal
symptoms may be severe and disabling. There has also been a
report6 of 2 patients without a history of major psychiatric disor-
der who developed severe behavioural symptoms when paroxe-
tine was withdrawn. Withdrawal was abrupt in one patient and
more gradual, over a 12-day period, in the other. Symptoms were
mainly hypomanic over the first few days, followed by a period
of escalated ego-dystonic aggression, behavioural dyscontrol,
and suicidal ideation. 
Antidepressant dose tapering appears to reduce the frequency
and severity of withdrawal reactions.5 The BNF recommends
that any antidepressant, including an SSRI, that has been taken
regularly for 8 weeks or more should be stopped gradually over
a period of about 4 weeks, or as much as 6 months in patients
who have been receiving long-term maintenance therapy. 
The withdrawal syndrome of the SSRIs is not considered to be a
consequence of dependence.4,5 
See also Extrapyramidal Effects under Adverse Effects, above.
For debate about whether a withdrawal syndrome exists in ne-
onates whose mothers have received SSRIs see Pregnancy,
above.
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Interactions
SSRIs interact with other drugs mainly as a result of
their inhibitory activity on hepatic cytochrome P450
isoenzymes. Individual SSRIs do not all exhibit the
same degree of inhibition nor do they react with the
same isoenzymes. The drugs inhibited by specific SS-
RIs depends on the isoenzyme affected. 
As SSRIs have occasionally been associated with
bleeding disorders and other effects on the blood, cau-
tion is advised when they are given with drugs known
to affect platelet function. 
Although different antidepressants have been used to-
gether under expert supervision in refractory cases of
depression, severe adverse reactions including the sero-
tonin syndrome (see p.416) may occur. Sequential pre-
scribing of different types of antidepressant may also
produce adverse reactions, and an appropriate drug-
free interval should elapse between stopping one type
of antidepressant and starting another. SSRIs should
not generally be given to patients receiving MAOIs or
for at least 2 weeks after their use. No treatment-free
period is necessary after stopping a reversible inhibitor
of monoamine oxidase type A (RIMA) and starting an
SSRI. At least one week should elapse between with-
drawing an SSRI and starting any drug liable to pro-
voke a serious reaction (e.g. phenelzine); in the case of
the SSRI sertraline the drug-free interval is extended to
2 weeks, and for fluoxetine 5 weeks, because of their
longer half-lives. (For fluoxetine, the interval may
need to be further extended if therapy has been pro-
longed or if high doses have been given.) Adverse ef-
fects such as the serotonin syndrome may also occur
when the SSRIs are given with other drugs known to
act on the same neurotransmitter, a consequence of
synergistic interaction. 
Further details concerning some of these interactions,
and others, are given below.
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Antibacterials. Rapid development of delirium was reported1

in a patient when clarithromycin was added to his existing regi-
men of fluoxetine and nitrazepam. It was suggested that his de-
lirium was a result of increased plasma-fluoxetine concentrations
produced by the inhibition of cytochrome P450 enzymes by clar-
ithromycin. Serotonin syndrome developed in a patient given
erythromycin in addition to sertraline;2 this was attributed to in-
hibition of CYP3A4 by the antibacterial, resulting in accumula-
tion of the SSRI. There have also been reports of serotonin syn-
drome when linezolid was given with fluoxetine,3 sertraline,4
paroxetine,5 and citalopram6; in the latter case the patient devel-
oped complications including metabolic acidosis and ultimately
fatal cardiac arrest.6 Reviews of serotonin syndrome associated
with the use of linezolid suggest that SSRIs are the interacting
drug most often implicated.7,8 However, it has been suggested
that if warranted, linezolid may be given to patients receiving
SSRIs provided the patient is carefully monitored for signs and
symptoms of serotonin syndrome.8
1. Pollak PT, et al. Delirium probably induced by clarithromycin in

a patient receiving fluoxetine. Ann Pharmacother 1995; 29:
486–8. 

2. Lee DO, Lee CD. Serotonin syndrome in a child associated with
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Pharm 2007; 64: 59–62. 

4. Lavery S, et al. Linezolid and serotonin syndrome. Psychoso-
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Anticoagulants. SSRIs may increase the anticoagulant activity
of some anticoagulants including acenocoumarol and warfarin
(see p.1428).
Antidepressants. Combination therapy with differing classes
of antidepressants has been used successfully in the treatment of
drug-resistant depression. It should be emphasised, however, that
such combinations may result in enhanced adverse reactions or
interactions, and should be used only under expert supervision.
This practice is considered unsuitable or controversial by some
authorities. For further details of the interactions between differ-
ent antidepressants when given together, see Phenelzine, p.418.
For details of the serotonin syndrome that can arise when two
serotonergic drugs with different mechanisms of action are giv-
en, see under Adverse Effects of Phenelzine, p.416.
Antiepileptics. Antidepressants may antagonise the activity of
antiepileptics by lowering the convulsive threshold. 
There has been a report of the serotonin syndrome (see p.416)
developing in a patient 14 days after fluoxetine had been added
to carbamazepine therapy.1 
Phenobarbital has been reported to reduce serum concentrations
of paroxetine.2 Steady-state serum concentrations of paroxetine
were found to be lower in patients taking phenytoin than in those
taking carbamazepine or valproate.3 
Low serum concentrations of citalopram have been reported in 2
patients also taking carbamazepine.4 Serum concentrations in-
creased when carbamazepine was changed to oxcarbazepine. 
Some SSRIs have been reported to increase plasma concentra-
tions of carbamazepine (see p.474) and phenytoin (see p.498).
For conflicting reports of the effect of fluoxetine on serum-val-
proate concentrations, see p.511.
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Antihistamines. Cyproheptadine given to male and female pa-
tients as treatment for sexual dysfunction induced by fluoxetine
or paroxetine has produced re-emergence of previously control-
led depressive symptoms1,2 or bulimia nervosa3 in some patients. 
Citalopram, fluoxetine, and fluvoxamine may increase plasma
concentrations of astemizole or terfenadine by inhibition of their
hepatic cytochrome P450 metabolism, increasing the risk of ven-
tricular arrhythmias; use together should be avoided.
1. Feder R. Reversal of antidepressant activity of fluoxetine by cy-

proheptadine in three patients. J Clin Psychiatry 1991; 52:
163–4. 

2. Christensen RC. Adverse interaction of paroxetine and cypro-
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3. Goldbloom DS, Kennedy SH. Adverse interaction of fluoxetine
and cyproheptadine in two patients with bulimia nervosa. J Clin
Psychiatry 1991; 52: 261–2.

Antimalarials. For mention of the effect of the SSRI fluvoxam-
ine on the metabolism of proguanil, see p.609.
Antimigraine drugs. There have been rare reports of seroton-
in syndrome associated with the use of SSRIs with serotonin (5-
HT1) agonists such as sumatriptan (see p.626). Fluvoxamine
may inhibit the metabolism of frovatriptan and zolmitriptan (see
p.622 and p.628, respectively). For the effects when some SSRIs
are used with dihydroergotamine, see p.621.
Antimuscarinics. For the effect of SSRIs on benzatropine, see
p.797. For the effect of paroxetine on procyclidine, see p.815.
Antineoplastics. Paroxetine may inhibit the metabolism of
tamoxifen; for further details, see p.774.
Antipsychotics. For reports of adverse effects in patients treat-
ed with SSRIs and antipsychotics, see under Chlorpromazine,
p.974. Interactions between SSRIs and atypical antipsychotics
are also mentioned under clozapine, p.984, olanzapine, p.1013,
risperidone, p.1025, sertindole, p.1028, and zotepine, p.1040.
Antivirals. Plasma concentrations of fluoxetine and other SS-
RIs are possibly increased by HIV-protease inhibitors, such as
ritonavir, which may inhibit metabolism of the SSRI. Unexpect-
edly, however, total exposure to paroxetine was approximately
halved by a ritonavir-boosted fosamprenavir combination in a
study in healthy subjects.1 Although the free fraction of paroxet-
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ine in plasma was increased, suggesting that it had been dis-
placed from protein binding, the maximum concentration of free
paroxetine was reduced. 
The serotonin syndrome has been described2 in a few patients
given regimens that included fluoxetine and antiretroviral-dose
ritonavir. The reaction also occurred in another patient given
fluoxetine and efavirenz.
1. van der Lee MJ, et al. Interaction study of the combined use of

paroxetine and fosamprenavir-ritonavir in healthy subjects. An-
timicrob Agents Chemother 2007; 51: 4098–4104. 

2. DeSilva KE, et al. Serotonin syndrome in HIV-infected individ-
uals receiving antiretroviral therapy and fluoxetine. AIDS 2001;
15: 1281–5.

Anxiolytics. Fluoxetine and fluvoxamine increase plasma con-
centrations of some benzodiazepines (see under Diazepam,
p.990). There is a report of hyponatraemia and serotonin syn-
drome developing in a patient who received high doses of citalo-
pram and buspirone.1
1. Spigset O, Adielsson G. Combined serotonin syndrome and hy-

ponatraemia caused by a citalopram-buspirone interaction. Int
Clin Psychopharmacol 1997; 12: 61–3.

Beta blockers. For the effect of fluoxetine and fluvoxamine on
beta blockers, see p.1228.
Ciclosporin. For the effect of fluoxetine and fluvoxamine on
ciclosporin, see p.1826.
Cough suppressants. For the effects when using fluoxetine or
paroxetine with dextromethorphan, see p.1556.
Dopaminergics. Selegiline is an irreversible selective inhibitor
of monoamine oxidase type B. Serious adverse effects have been
reported when selegiline and SSRIs have been used together (see
p.817). In some instances, these reactions resemble the potential-
ly fatal serotonin syndromes reported when SSRIs are given with
non-selective MAOIs (see p.416). 
SSRIs should not generally be given to patients receiving sele-
giline, or for at least 2 weeks after it has been stopped. Similarly,
at least one week should elapse between withdrawing an SSRI
and starting selegiline; this interval should be increased to 2
weeks for sertraline, and to 5 weeks for fluoxetine because of
their longer half-lives.
Gastrointestinal drugs. Acute dystonia has been noted in a
patient given fluvoxamine and metoclopramide.1 Similar reports
have been published for other SSRIs (fluoxetine2 or sertraline3)
and metoclopramide. Involuntary twitching, tremor, and stiff-
ness of the jaw and tongue occurred on both occasions after the
use of intravenous metoclopramide in a patient also taking sertra-
line.4 The authors considered the adverse effects to be features of
the serotonin syndrome. 
For the effect of fluvoxamine on alosetron, and a recommenda-
tion that the combination be avoided, see p.1706. 
For the effect of fluvoxamine on proton pump inhibitors, includ-
ing omeprazole, see p.1755.
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General anaesthetics. For a report of a generalised tonic-
clonic seizure in a patient receiving paroxetine and methohexital
sodium, see p.1789.
Hypnotics. For reference to visual hallucinations in patients re-
ceiving an SSRI concomitantly with zolpidem, see p.1038.
Levothyroxine. For mention of a decreased effect of levothy-
roxine in patients given sertraline concomitantly, see p.2172.
Local anaesthetics. For the effect of fluvoxamine on ropi-
vacaine, see p.1871.
Muscle relaxants. For a report of QT prolongation in a patient
taking fluoxetine and cyclobenzaprine, see p.1895. 
For the effect of fluvoxamine on tizanidine, see p.1898.
NSAIDs. For reference to an increased risk of upper gastroin-
testinal bleeding in patients taking SSRIs and NSAIDs together,
see under Effects on the Gastrointestinal Tract, above.
Opioid analgesics. A possible case of serotonin syndrome
(p.416) has been reported with tramadol and sertraline,1 and
another when sertraline was given with high doses of oxycodone.2
There have also been occasional reports of the syndrome in pa-
tients given tramadol with citalopram,3 fluoxetine,4 or paroxet-
ine.5,6 Other reports of serotonin syndrome were associated with
use of oxycodone and fluvoxamine,7 pethidine and fluoxetine,8
and citalopram with fentanyl9 or pethidine.10 For reference to SS-
RIs enhancing the effects and toxicity of methadone, see p.84.
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Parasympathomimetics. For the effect of fluvoxamine on
tacrine, see p.370. For the effect of some SSRIs on galantamine,
see p.366.
Sibutramine. There is a risk of CNS toxicity due to synergistic
serotonergic actions when an SSRI is given with sibutramine.
Smoking. Serum concentrations of fluvoxamine were lower in
smokers than non-smokers in a single-dose study.1 It was pro-
posed that the polycyclic hydrocarbons present in cigarette
smoke stimulated hepatic metabolism of fluvoxamine by cyto-
chrome P450 isoenzymes.
1. Spigset O, et al. Effect of cigarette smoking on fluvoxamine

pharmacokinetics in humans. Clin Pharmacol Ther 1995; 58:
399–403.

Stimulants. For the effect of paroxetine on the metabolism of
atomoxetine, see p.2151.
Theophylline. For the effect of fluvoxamine on theophylline,
see p.1143.

Pharmacokinetics
Fluoxetine is readily absorbed from the gastrointestinal
tract with peak plasma concentrations appearing about
6 to 8 hours after oral doses. Systemic bioavailability
does not appear to be affected by food. Fluoxetine is
extensively metabolised, by demethylation, in the liver
to its primary active metabolite norfluoxetine. Excre-
tion is mainly via the urine. Protein binding is reported
to be about 95%. 
Fluoxetine used clinically is a racemic mixture consist-
ing of R- and S-enantiomers in equal amounts. Both
enantiomers are active according to animal studies, but
S-fluoxetine is eliminated more slowly. Metabolism is
believed to be mediated by cytochrome P450 isoen-
zyme CYP2D6 (but see below), and leads to R- and S-
enantiomers of norfluoxetine, with the S-enantiomer
being considered as active as the parent drug; the R-
enantiomer is considered to be much less active. This
metabolism is subject to genetic polymorphism. While
the small proportion of the population known as slow
metabolisers do show a different spectrum of parent
drug and metabolite, the overall activity does not ap-
pear to be altered. 
Fluoxetine is widely distributed throughout the body. 
Fluoxetine has a relatively long elimination half-life of
about 1 to 3 days after acute use and 4 to 6 days after
long-term use; that of its metabolite, norfluoxetine, is
even longer, being about 4 to 16 days. These long half-
lives have clinical implications. Steady-state plasma
concentrations will only be attained after several
weeks. Additionally, fluoxetine and its metabolites
may persist for a considerable time after treatment, and
this has led to precautions concerning the subsequent
use of other serotonergic drugs (see Interactions,
above). 
Fluoxetine and norfluoxetine are distributed into breast
milk (see Breast Feeding under Precautions, above).
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Metabolism. Although fluoxetine is stated by the manufactur-
ers to be metabolised by the cytochrome P450 isoenzyme
CYP2D6, which is supported by studies1 indicating that its dis-
position is altered in poor metabolisers of debrisoquine (a sub-
strate for this enzyme), others have suggested that CYP2C19,
and perhaps CYP2C9, play an important role.2
1. Hamelin BA, et al. The disposition of fluoxetine but not sertra-

line is altered in poor metabolizers of debrisoquin. Clin Pharma-
col Ther 1996; 60: 512–21. 

2. Liu Z-Q, et al. Effect of the CYP2C19 oxidation polymorphism
on fluoxetine metabolism in Chinese healthy subjects. Br J Clin
Pharmacol 2001; 52: 96–9.

Uses and Administration
Prevention of the reuptake of monoamine transmitters
such as serotonin, which potentiates their action in the
brain, appears to be associated with antidepressant ac-
tivity. SSRIs such as fluoxetine preferentially inhibit
the reuptake of serotonin compared with noradrena-
line, and have limited direct action at other neurotrans-
mitter sites, including muscarinic receptors. They
therefore cause fewer antimuscarinic or sedative ad-
verse effects than the tricyclic antidepressants and are
less cardiotoxic. Citalopram is the most selective of the
SSRIs currently available, whereas paroxetine is the
most potent. 
SSRIs provide an alternative to the tricyclics for the
treatment of depression. As with the tricyclics, it may
be several weeks before an antidepressant effect is
seen. Once depression has then resolved, maintenance
therapy should be continued for at least 4 to 6 months
(12 months in the elderly) to avoid relapse on stopping
therapy. Patients with a history of recurrent depression
should continue to receive maintenance treatment for
at least 5 years and possibly indefinitely. 
Some SSRIs are also used as part of the management
of generalised anxiety disorder, obsessive-compulsive
disorder, panic disorders with or without agoraphobia,
social phobia, and post-traumatic stress disorder, and
as part of the management of bulimia nervosa. Fluoxe-
tine is also used in the treatment of premenstrual dys-
phoric disorder. 
Fluoxetine, a phenylpropylamine derivative, is given
orally as the hydrochloride; doses are expressed in
terms of the base. Fluoxetine hydrochloride 22.4 mg is
equivalent to about 20 mg of fluoxetine. 
In the treatment of depression the usual initial dose of
fluoxetine is 20 mg once daily; US product informa-
tion recommends giving this dose in the morning. If no
clinical response is seen after several weeks, the daily
dose may be gradually increased, up to a maximum of
80 mg daily (60 mg in the elderly). Doses above 20 mg
daily may be given in 2 divided doses, for example in
the morning and at noon, or as a once daily dose. A
once-weekly, modified-release preparation equivalent
to 90 mg of fluoxetine is available in the USA for use
in patients whose depressive symptoms have stabi-
lised, and who require long-term treatment; it is recom-
mended that weekly dosing is started 7 days after the
last daily dose of fluoxetine. 
Fluoxetine is also used for the treatment of depression
in children aged 8 years and over. Initial doses of
10 mg should be increased to 20 mg daily after 1 week
(except in low-weight children when such increases
should not be made for several weeks, and then only if
the clinical response is insufficient). Because of con-
cerns about the use of SSRIs in children (see Effects on
Mental State, above) its use is licensed in the European
Union only as an adjunct to psychological therapy in
children and adolescents with moderate to severe de-
pression who have not responded to psychological
therapy alone. 
Fluoxetine is used in recommended doses of 60 mg
once daily in the management of bulimia nervosa. 
In the management of obsessive-compulsive disorder
the initial dose of fluoxetine is 20 mg once daily in-
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creased after several weeks if there is no response to up
to 60 mg daily. Up to 80 mg daily has been used, some-
times divided into 2 doses. Fluoxetine is also licensed
in the USA for use in children aged 7 years and over for
obsessive-compulsive disorder. The starting dose is
10 mg daily; in low-weight children this is increased
after several weeks to 20 to 30 mg daily, if required.
Adolescents and heavier children may be increased to
20 mg daily after 2 weeks; further increases to 60 mg
daily may be made after several weeks, as necessary. 
Fluoxetine may be used in the treatment of panic dis-
order in initial doses of 10 mg once daily. After a week
the dose should be increased to 20 mg daily; further in-
creases to 60 mg daily may be considered after several
weeks if no improvement is seen. 
A dose of 20 mg daily is used in the treatment of pre-
menstrual dysphoric disorder. Intermittent dosing is
also permitted: for each new cycle, fluoxetine should
be started 14 days before the onset of menstruation and
continued until the first full day of menstruation. Treat-
ment may be continued for 6 months; benefit should
then be reassessed before continuing further. 
A lower or less frequent dosage is recommended in
elderly patients. For dosage in hepatic or renal impair-
ment see below. 
It should be noted that because fluoxetine and nor-
fluoxetine have prolonged half-lives several weeks of
therapy are required before steady-state concentrations
are attained; similarly after dosage adjustments a time
lag will occur before steady-state concentrations are
again achieved. Although SSRIs should generally be
withdrawn gradually to reduce the risk of withdrawal
symptoms, the long half-life may reduce the need for
dose tapering with fluoxetine.
Administration in hepatic or renal impairment. Fluoxe-
tine is subject to hepatic metabolism, and, therefore, lower doses,
such as alternate-day dosing, have been recommended in pa-
tients with significant hepatic impairment. 
It is also excreted by the kidneys and licensed information for
some UK products recommends a similar dose reduction in pa-
tients with mild to moderate renal impairment and that fluoxetine
should be avoided in those with severe impairment. However,
other UK and US product information states that plasma concen-
trations of fluoxetine or its metabolite norfluoxetine in patients
with severe impairment requiring dialysis did not differ from
those in controls with normal renal function when given fluoxe-
tine 20 mg daily for 2 months.
Anorexia nervosa. Counselling and psychotherapy form the
major part of treatment of anorexia nervosa and there is little or
no role for specific drug therapy. Antidepressants may be indicat-
ed when there is co-existing depression or obsessive-compulsive
disorder but malnourished anorexic patients may be more sus-
ceptible to adverse effects and less responsive than other patients
with depression. Fluoxetine has been tried with some success
particularly when used to prevent relapse once weight gain has
been achieved. 
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Anxiety disorders. SSRIs have been given in a variety of anx-
iety disorders but their role in these disorders is most well estab-
lished in the treatment of obsessive-compulsive disorder (p.952).
Efficacy in obsessive-compulsive disorder appears to have been
best demonstrated for fluvoxamine and fluoxetine but other SS-
RIs are also effective and patients unresponsive to one SSRI may
respond to another. SSRIs are also of use in the treatment of gen-
eralised anxiety disorder (p.952), panic disorder (p.952), and
post-traumatic stress disorder (p.953). SSRIs are considered to
be the first choice for the treatment of social anxiety disorder (see
under Phobic Disorders, p.953). Fluoxetine is one of the SSRIs
that has been tried in the treatment of trichotillomania. 
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Bipolar disorder. Treatment of the depressive phase of bipolar
disorder (p.372) with antidepressants needs caution since these
drugs may precipitate mania or hypomania. SSRIs such as fluox-
etine have nonetheless been used in bipolar disorder with some
success. In some countries, fluoxetine is also available as a fixed-
dose combination with the atypical antipsychotic olanzapine for
use in the depressive phase of bipolar disorder. 
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Bulimia nervosa. A combination of counselling, support, psy-
chotherapy, and antidepressants is the usual treatment for bulim-
ia nervosa. Fluoxetine and the tricyclic desipramine have been
suggested as the antidepressants of choice because they have
been used extensively and are considered to be well tolerated.
Other SSRIs that have been tried include sertraline, fluvoxamine,
and paroxetine. Antidepressants in general do not appear to alter
the patient’s disturbed self-image, although disturbed attitudes
might improve during short-term therapy with fluoxetine. 
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Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. SSRIs such as fluoxetine are widely used as an alterna-
tive to the older tricyclics as they have fewer adverse effects and
are safer in overdosage. 
Combination therapy with differing classes of antidepressants,
including the SSRIs, has been used in the treatment of drug-re-
sistant depression. However, such therapy may result in en-
hanced adverse reactions or interactions and is considered
unsuitable or controversial by some workers. For further details
see Antidepressants, under Interactions of Phenelzine, p.418. 
References to the use of SSRIs in general and to the use of fluox-
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Disturbed behaviour. SSRIs appear to have been of some
benefit in controlling symptoms such as impulsiveness and
aggression1-3 when tried in various disorders for the management
of disturbed behaviour (see p.954). There have been several case
reports of fluoxetine being used with some success in the control
of fantasies associated with various paraphilias.4
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Headache. The results of several studies have suggested that
SSRIs may be of benefit in the treatment of chronic tension-type
headache (p.617); however, results in the prophylaxis of mi-
graine (p.616) have been conflicting. 
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Hot flushes. HRT with oestrogens is usually the mainstay of
acute treatment for symptoms such as hot flushes associated with
the menopause (see p.2077); however, HRT has potentially tu-
mour-stimulating effects and may be unsuitable in some patients,
particularly those with a history of breast cancer (see Malignant
Neoplasms, under Precautions of HRT, p.2075). Preliminary
studies have shown that some SSRIs (fluoxetine, paroxetine, and
sertraline) have a modest effect on alleviating hot flushes and
may be an alternative to HRT in peri- and postmenopausal wom-
en and in women with a history of breast cancer.1-4 However,
there is some concern that the SSRI paroxetine may interact with
tamoxifen treatment in patients with breast cancer (see Antide-
pressants under Interactions in Tamoxifen, p.774 for details). 
In addition, paroxetine has been tried in the treatment of hot
flushes in men receiving anti-androgen therapy for prostate can-
cer.5 
The serotonergic antidepressant venlafaxine has also been tried
with some success in men and women with hot flushes in whom
other treatments were unsuitable.6
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Hyperactivity. When drug therapy is indicated for attention
deficit hyperactivity disorder (ADHD—p.2148) initial treatment
is usually with a central stimulant. SSRIs such as fluoxetine have
produced beneficial effects as an adjunct to central stimulants in
small numbers of patients with comorbid disorders such as de-
pression or obsessive-compulsive disorder;1-3 although there is
insufficient evidence to assess their efficacy in ADHD alone.
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Hypochondriasis. SSRIs may be of benefit in patients with hy-
pochondriasis.1 Fluoxetine in an initial dose of 20 mg daily grad-
ually increased up to 80 mg daily produced some beneficial



Fluoxetine Hydrochloride/Fluvoxamine Maleate    399

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

results in 10 of 14 patients with hypochondriasis (p.954) who
completed 12 weeks of treatment.2 Fluvoxamine3 and
paroxetine4 have also been tried.
1. Fallon BA, et al. The pharmacotherapy of hypochondriasis. Psy-
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Hypotension. SSRIs have been used in patients with neurally
mediated hypotension refractory to standard treatment (see
p.1174), although evidence of benefit is mainly anecdotal. How-
ever, a small study1 found that paroxetine reduced the incidence
of both tilt-induced and spontaneous syncope. 
See also Orthostatic Hypotension, below.
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Obesity. Fluoxetine has been tried with some success as part of
the management of obesity (p.2149). Fluoxetine’s mechanism of
action in obesity is unknown. Serotonin is believed to be in-
volved in the regulation of satiety1 but fluoxetine has also been
shown to increase resting energy expenditure and raise basal
body temperature.2 A common dose for fluoxetine in the man-
agement of obesity has been 60 mg daily; it appears that fluoxe-
tine has a dose-related effect on weight loss.3 Reviews1,4,5 agree
that fluoxetine can aid weight reduction in the short term but after
16 to 20 weeks some patients have started to regain weight and
its long-term efficacy remains to be established. Troublesome
adverse effects can occur.1 Some patients treated with fluoxetine
for depression have experienced an increase of appetite and
some have gained weight. There has been a report6 of a patient
who lost weight during treatment with fluoxetine for depression
despite an increased appetite and food intake.
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Orthostatic hypotension. Although orthostatic hypotension
has been reported in some patients taking SSRIs, there has been
a report1 that fluoxetine 20 mg daily for 6 to 8 weeks produced
beneficial effects in 4 of 5 patients with chronic symptomatic or-
thostatic hypotension (p.1530) refractory to other treatment.
Modest benefits have also been seen in patients with orthostatic
hypotension associated with parkinsonism.2
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severe refractory orthostatic hypotension. Am J Med 1994; 97:
366–8. 

2. Montastruc JL, et al. Fluoxetine in orthostatic hypotension of
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Pain. SSRIs have been tried in the treatment of painful disorders
including fibromyalgia and diabetic neuropathy. 
See also Headache, above. 
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Parkinsonism. It has been suggested that fluoxetine might be
of use in the management of selected patients with Parkinson’s
disease (p.791) who have levodopa-induced dyskinesias unre-
sponsive to other measures.1 However, although fluoxetine has
been reported to have produced beneficial results in such
patients2 there has also been a report of increased disability in
patients with Parkinson’s disease given fluoxetine.3 Extrapyram-
idal effects have also been reported in other patients taking fluox-
etine (see under Adverse Effects, above). Fluoxetine has been
tried in parkinsonism-related orthostatic hypotension (above).
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Pathological crying or laughing. Inappropriate or uncon-
trolled crying or laughing can occur in patients with lesions in
certain areas of the brain. Attempts at treatment have mostly
been with antidepressant drugs, including SSRIs. Beneficial ef-
fects have been claimed for fluoxetine in a number of uncon-
trolled studies and reports.1-4
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1235–6. 

4. Tsai WC, et al. Treatment of emotionalism with fluoxetine dur-
ing rehabilitation. Scand J Rehabil Med 1998; 30: 145–9.

Peripheral vascular disease. Anecdotal reports1,2 and a small
pilot study3 of fluoxetine (in a daily dose of 20 to 60 mg) suggest
it may produce favourable therapeutic responses in patients with
Raynaud’s syndrome (see Vasospastic Arterial Disorders,
p.1188).
1. Bolte MA, Avery D. Case of fluoxetine-induced remission of

Raynaud’s phenomenon—a case report. Angiology 1993; 44:
161–3. 

2. Jaffe IA. Serotonin reuptake inhibitors in Raynaud’s phenome-
non. Lancet 1995; 345: 1378. 

3. Coleiro B, et al. Treatment of Raynaud’s phenomenon with the
selective serotonin reuptake inhibitor fluoxetine. Rheumatology
(Oxford) 2001; 40: 1038–43.

Premenstrual syndrome. Fluoxetine is used to control both
the psychological and somatic symptoms of women with pre-
menstrual dysphoric syndrome, a severe form of premenstrual
syndrome (p.2099). Other SSRIs also appear to be useful, al-
though evidence is so far more limited. 
References.
1. Romano S, et al. The role of fluoxetine in the treatment of pre-

menstrual dysphoric disorder. Clin Ther 1999; 21: 615–33. 
2. Eriksson E. Serotonin reuptake inhibitors for the treatment of

premenstrual dysphoria. Int Clin Psychopharmacol 1999; 14
(suppl 2): S27–S33. 

3. Dimmock PW, et al. Efficacy of selective serotonin-reuptake in-
hibitors in premenstrual syndrome: a systematic review. Lancet
2000; 356: 1131–6. 

4. Carr RR, Ensom MHH. Fluoxetine in the treatment of premen-
strual dysphoric disorder. Ann Pharmacother 2002; 36: 713–17. 

5. Pearlstein T. Selective serotonin reuptake inhibitors for premen-
strual dysphoric disorder: the emerging gold standard. Drugs
2002; 62: 1869–85. 

6. Wyatt KM, et al. Selective serotonin reuptake inhibitors for pre-
menstrual syndrome. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2002 (ac-
cessed 24/11/05). 

7. Luisi AF, Pawasauskas JE. Treatment of premenstrual dysphoric
disorder with selective serotonin reuptake inhibitors. Pharmaco-
therapy 2003; 23: 1131–40.

Sexual dysfunction. Impotence or ejaculatory problems have
been reported as adverse effects of SSRIs (see Effects on Sexual
Function in Adverse Effects, above). Such properties of the SS-
RIs have been studied as a potential form of treatment for men
with premature ejaculation1-3 (p.2181). The relative effects of the
SSRIs on delaying ejaculation have also been studied.4 Paroxet-
ine was found to cause the strongest delay, followed by fluoxet-
ine and then sertraline; fluvoxamine caused a slight delay al-
though the effect was not significantly different from that seen
with placebo. (Citalopram was unavailable at the time of the
study; later studies of its effect have been conflicting3.)
1. Waldinger MD, et al. Paroxetine treatment of premature ejacula-

tion: a double-blind, randomized, placebo-controlled study. Am
J Psychiatry 1994; 151: 1377–9. 

2. Mendels J, et al. Sertraline treatment for premature ejaculation.
J Clin Psychopharmacol 1995; 15: 341–6. 

3. Moreland AJ, Makela EH. Selective serotonin-reuptake inhibi-
tors in the treatment of premature ejaculation. Ann Pharmacoth-
er 2005; 39: 1296–1301. 

4. Waldinger MD, et al. Effect of SSRI antidepressants on ejacula-
tion: a double-blind, randomized, placebo-controlled study with
fluoxetine, fluvoxamine, paroxetine and sertraline. J Clin Psy-
chopharmacol 1998; 18: 274–81.

Preparations
BP 2008: Fluoxetine Capsules; Fluoxetine Oral Solution; 
USP 31: Fluoxetine Capsules; Fluoxetine Delayed-Release Capsules; Fluox-
etine Oral Solution; Fluoxetine Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Alental; Animex-On; Anzolden; Captaton; Eburnate; Equilibrane;
Faboxetina; Felixina; Fibrotina; Fluopiram; Foxetin; Lapsus; Mitilase; Nervos-
al; Neupax; Neuro Laz; Prozac; Saurat; Austral.: Auscap; Erocap†; Fluohex-
al; Fluoxebell; Lovan; Prozac; Zactin; Austria: Felicium; Fluctine; Fluox-
enorm; Fluoxibene; Fluoxistad; Fluoxityrol†; Flux; Fluxil; FluxoMed; Mutan;
NuFluo; Positivum; Belg.: Docfluoxetine; Fluox; Fluoxemed; Fluoxone; Fon-
tex; Prosimed; Prozac; Braz.: Daforin; Deprax; Depress; Eufor; Fluox; Flux-
ene; Nortec; Prozac; Prozen; Psiquial; Verotina; Canad.: FXT; Prozac;
Chile: Actan; Alentol; Anisimol; Clinium; Dominium; Pragmaten; Prozac;
Sostac; Tremafarm†; Cz.: Deprenon†; Deprex; Floxet; Flumirex†; Fluocim†;
Fluogal†; Fluoxin; Fluval†; Fluxonil†; Fluzak; Framex†; Magrilan; Milezin†; Por-
tal; Prozac; Denm.: Afeksin; Flutin; Fluxantin†; Folizol; Fondur†; Fonigen†;
Fontex; Fonzac; Fin.: Fluoxal†; Fluxantin†; Fontex†; Seromex; Seronil; Fr.:
Prozac; Ger.: Fluctin; Fluneurin; Fluox; Fluox-Puren; Fluoxa†; Fluoxe-Q;
FluoxeLich; Fluoxemerck†; Fluoxgamma; Fluxet; Fysionorm†; Gr.: Dagrilan;
Dinalexin; Exostrept; Flonital; Fluocalm; Fluxadir ; Fokeston; Hapilux; Ladose;
Orthon; Sartuzin; Sofelin; Stephadilat-S; Stressless; Thiramil; Zinovat; Hong
Kong: Atd; CP-Fluoxet; Deprexin; Fluxetin; Fluxil; Magrilan†; Nopres; Plaz-
eron†; Provatine†; Prozac; Qualisac; Hung.: Deprexin; Fefluzin†; Floxet;

FluWinox; Portal; Prozac; India: Depzac; Fludac; Flufran†; Nuzac; Platin; In-
don.: Andep; Ansi; Antiprestin; Courage; Elizac; Kalxetin; Lodep; Nopres;
Noxetine; Oxipres; Prozac; ZAC; Zactin; Irl.: Affex; Biozac; Gerozac;
Norzac; Prozac; Prozamel; Prozatan; Prozit; Israel: Affectine; Flutine; Priz-
ma; Prozac; Ital.: Azur; Clexiclor; Cloriflox; Deprexen; Diesan; Flotina;
Fluoxeren; Fluoxin†; Grinflux†; Ibixetin†; Ipsumor; Prozac; Serezac†; Xere-
dien; Zafluox†; Malaysia: Fluran; Fluxetil; Prozac; Salipax; Mex.: Aponeu-
sak†; Auroken†; Axtin; Deprozin; Farmaxetina; Flocet; Florexal; Fluctine;
Fluneurin; Fluoxac; Fluralex; Flutinax; Indozul; Lebensart; Ovisen; Prozac;
Quanilene; Regultron; Siquial; Ulmely; Zatin; Neth.: Fluoxstad; Flustad; Pro-
zac; Norw.: Fontex; NZ: Fluox; Plinzene; Prozac; Philipp.: Adepssir ;
Deprexone; Deprizac; Prozac; Pol.: Andepin; Bioxetin; Deprexetin; Salipax;
Seronil; Port.: Digassim; Mizac†; Nodepe†; Prozac; Psipax; Salipax; Selectus;
Tuneluz; Rus.: Apo-Fluoxetine (Апо-Флуоксетин); Fluval (Флувал);
Framex (Фрамекс); Por tal (Портал); Prodep (Продеп); Proflusak
(Профлузак); Prozac (Прозак); S.Afr.: Deprozan; Lorien; Nuzak; Prohexal;
Prozac; Ranflocs; Sanzur†; Singapore: Deprexin; Fluxetil†; Fluxetin; Fluxil;
Foxtin; Magrilan; Prozac; Zactin; Spain: Adofen; Astrin†; Augort†; Lecimar;
Luramon; Nodepe; Prozac; Reneuron; Zaxetina†; Swed.: Fluxantin†; Fon-
tex; Seroscand†; Switz.: Fluctine; Fluesco; Fluocim; fluox-basan†; Fluoxifar;
Flusol; Thai.: Actisac†; Anzac; Atd†; Dawnex; Deproxin; Flulox; Flumed;
Fluoxine; Flusac; Flutine; Fluxetil; Fluxetin; Fluzac; Hapilux†; Loxetine; Magri-
lan; Oxetine; Oxsac; Prodep; Prozac; Unprozy; Turk.: Depreks; Fulsac; Lok-
setin; Prozac; Seronil; Zedprex; UAE: Flutin; UK: Prozac; Prozit; USA: Pro-
zac; Sarafem; Venez.: Anoxen; Antipres; Fluxet; Fluzac; Prozac; Psiquial.
Multi-ingredient: Arg.: Combined†; Symbyax†; Chile: Symbyax; India:
Fludep Plus; Mex.: Symbyax; USA: Symbyax.

Fluvoxamine Maleate (BANM, USAN, rINNM)

DU-23000; Fluvoksamiinimaleaatti; Fluvoksamin Maleat; Fluvox-
amine, maléate de; Fluvoxamini maleas; Fluvoxaminmaleat;
Maleato de fluvoxamina. (E)-5-Methoxy-4′-trifluoromethylva-
lerophenone O-2-aminoethyloxime maleate.
Флувоксамина Малеат
C15H21F3N2O2,C4H4O4 = 434.4.
CAS — 54739-18-3 (fluvoxamine); 61718-82-9 (fluvox-
amine maleate).
ATC — N06AB08.
ATC Vet — QN06AB08.

(fluvoxamine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Fluvoxamine Maleate). A white or almost white,
crystalline powder. Sparingly soluble in water; freely soluble in
alcohol and in methyl alcohol. 
USP 31 (Fluvoxamine Maleate). A white to off-white, crystalline
powder. Sparingly soluble in water; freely soluble in alcohol and
in chloroform; practically insoluble in solvent ether. Protect from
light.

Adverse Effects, Treatment, and Precau-
tions
As for SSRIs in general (see Fluoxetine, p.391). 
Bradycardia with ECG changes has been noted with
fluvoxamine (but see also Effects on the Cardiovascu-
lar System in Adverse Effects of Fluoxetine, p.392). 
It is recommended that fluvoxamine should be with-
drawn in patients who have increased serum liver en-
zyme concentrations. 
Fluvoxamine may need to be given with caution to pa-
tients with hepatic or renal impairment, and to the eld-
erly (see under Uses and Administration, below).
Incidence of adverse effects. The UK CSM has reported1

that between 25 September 1986 and 23 March 1988 it had re-
ceived 961 reports of adverse reactions, including 5 deaths, asso-
ciated with the use of fluvoxamine. The most frequently reported
reactions were nausea (183) and vomiting (101). Other reactions
included dizziness, somnolence, agitation, headache, tremor,
and, during the first few days, worsening of anxiety. There were
13 reports of convulsions. Reports of appetite stimulation and an-
timuscarinic reactions were unusual. The effects sometimes re-
solved with time or dose reduction. 
The safety profile of fluvoxamine has been reviewed.2 For a
comparison of the adverse reaction profiles of other SSRIs in-
cluding fluoxetine with that of fluvoxamine, see Incidence of
Adverse Effects, under Adverse Effects of Fluoxetine, p.391.
1. CSM. Fluvoxamine (Faverin): adverse reaction profile. Current

Problems 22 1988. Also available at: http:// www.mhra.gov.uk/
home/ idcp lg? IdcServ ice=GET_FILE&dDocName=
CON2024429&RevisionSelectionMethod=LatestReleased (ac-
cessed 04/08/08) 

2. Wagner W, et al. Fluvoxamine: a review of its safety profile in
world-wide studies. Int Clin Psychopharmacol 1994; 9: 223–7.
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Breast feeding. For comments on the use of SSRIs in breast
feeding patients, see under Precautions for Fluoxetine, p.394.
Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State in Fluoxetine, p.392.

Interactions
For interactions associated with SSRIs, see Fluoxetine,
p.396. 
Fluvoxamine can greatly increase plasma concentra-
tions of theophylline (see p.1143), and they should not
be given together, or, if this is unavoidable, the dose of
theophylline should be halved and plasma-theophyl-
line concentrations monitored more closely.
◊ References.
1. Wagner W, Vause EW. Fluvoxamine: a review of global drug-

drug interaction data. Clin Pharmacokinet 1995; 29 (suppl 1):
26–32.

Pharmacokinetics
Fluvoxamine is readily absorbed from the gastrointes-
tinal tract with peak plasma concentrations occurring 3
to 8 hours after a dose. Systemic bioavailability does
not appear to be affected by food. It is extensively me-
tabolised in the liver by oxidative demethylation and
deamination, to inactive metabolites. Excretion is
mainly in the urine; about 2% of a dose is excreted as
unchanged drug. Fluvoxamine is widely distributed
throughout the body and protein binding is reported to
be about 80%; it has a plasma-elimination half-life of
about 15 hours. Fluvoxamine is distributed into breast
milk (see Breast Feeding under Precautions in Fluoxe-
tine, p.394).
◊ References.
1. Perucca E, et al. Clinical pharmacokinetics of fluvoxamine. Clin

Pharmacokinet 1994; 27: 175–90. 
2. van Harten J. Overview of the pharmacokinetics of fluvoxamine.

Clin Pharmacokinet 1995; 29 (suppl 1): 1–9. 
3. Xu Z-H, et al. In vivo inhibition of CYP2C19 but not CYP2D6

by fluvoxamine. Br J Clin Pharmacol 1996; 42: 518–21. 
4. DeVane CL, Gill HS. Clinical pharmacokinetics of fluvoxamine:

applications to dosage regimen design. J Clin Psychiatry 1997;
58 (suppl 5): 7–14. 

5. Spigset O, et al. Non-linear fluvoxamine disposition. Br J Clin
Pharmacol 1998; 45: 257–63. 

6. Hiemke C, Härtter S. Pharmacokinetics of selective serotonin re-
uptake inhibitors. Pharmacol Ther 2000; 85: 11–28.

Uses and Administration
Fluvoxamine, an aralkylketone derivative, is an SSRI
with actions and uses similar to those of fluoxetine
(p.397). It is used as the maleate and doses are ex-
pressed in terms of this salt. 
In the treatment of depression fluvoxamine maleate is
given in an initial oral dose of 50 or 100 mg once daily,
preferably in the evening; in some patients the dose
may need to be gradually increased to a maximum of
300 mg daily. It is recommended that daily dosages ex-
ceeding 150 mg should be given in 2 or 3 divided dos-
es. 
Fluvoxamine maleate is also used in the management
of obsessive-compulsive disorder. In the UK, doses
are similar to those used in the treatment of depression.
The recommended starting dose in the USA is 50 mg
once daily; this dose may be increased by increments
of 50 mg every 4 to 7 days to a maximum of 300 mg
daily. Doses above 100 mg daily should be given in 2
divided doses. In both countries the drug may also be
used in children aged 8 years and over with obsessive-
compulsive disorder. The recommended starting dose
is 25 mg once daily, which may be increased in incre-
ments of 25 mg every 4 to 7 days to a maximum daily
dose of 200 mg (in the USA adolescents over 11 years
may be given a maximum dose of 300 mg daily). Daily
doses of more than 50 mg should be given as 2 divided
doses. It is recommended that if no improvement oc-
curs within 10 weeks, treatment with fluvoxamine
should be re-assessed. 
In the USA, a modified-release preparation of fluvox-
amine maleate is available for the treatment of obses-
sive-compulsive disorder and social anxiety disorder

in adults; the initial dose is 100 mg once daily in-
creased, as necessary, to a maximum of 300 mg once
daily. 
US licensed product information recommends that
dosage modification be considered in elderly patients,
in whom clearance may be decreased. For dosage in
renal and hepatic impairment, see below. 
Fluvoxamine should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Administration in hepatic or renal impairment. UK li-
censed drug information recommends that patients with hepatic
or renal impairment should begin therapy with a low dose of flu-
voxamine maleate and be carefully monitored; US product infor-
mation only recommends that dosage modification be consid-
ered in hepatic impairment, since it considers evidence of
accumulation in renal impairment to be lacking.

Anxiety disorders. Fluvoxamine has been given in a variety of
anxiety disorders including obsessive-compulsive disorder
(p.952), panic disorder (p.952), and social anxiety disorder (see
under Phobic Disorders, p.953). 
References.
1. van Vliet IM, et al. Psychopharmacological treatment of social

phobia: a double blind placebo controlled study with fluvoxam-
ine. Psychopharmacology (Berl) 1994; 115: 128–34. 

2. Freeman CPL, et al. Fluvoxamine versus clomipramine in the
treatment of obsessive compulsive disorder: a multicenter, rand-
omized, double-blind, parallel group comparison. J Clin Psychi-
atry 1994; 55: 301–5. 
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sive disorder: results of a multicentre, double blind, placebo-
controlled trial. Eur J Clin Res 1995; 7: 195–204. 

4. Stein MB, et al. Fluvoxamine treatment of social phobia (social
anxiety disorder): a double-blind placebo-controlled study. Am J
Psychiatry 1999; 156: 756–60. 

5. Figgitt DP, McClellan KJ. Fluvoxamine: an updated review of its
use in the management of adults with anxiety disorders. Drugs
2000; 60: 925–54. 

6. The Research Unit on Pediatric Psychopharmacology Anxiety
Study Group. Fluvoxamine for the treatment of anxiety disorders
in children and adolescents. N Engl J Med 2001; 344: 1279–85. 

7. Asnis GM, et al. Fluvoxamine in the treatment of panic disorder:
a multi-center, double-blind, placebo-controlled study in outpa-
tients. Psychiatry Res 2001; 103: 1–14. 

8. Hollander E, et al. A double-blind, placebo-controlled study of
the efficacy and safety of controlled-release fluvoxamine in pa-
tients with obsessive-compulsive disorder. J Clin Psychiatry
2003; 64: 640–7. 

9. Stein DJ, et al. Fluvoxamine CR in the long-term treatment of
social anxiety disorder: the 12- to 24-week extension phase of a
multicentre, randomized, placebo-controlled trial. Int J Neu-
ropsychopharmacol 2003; 6: 317–23.

Hypochondriasis. For reference to the use of SSRIs, including
fluvoxamine, in hypochondriasis, see under Fluoxetine, p.398.

Preparations
BP 2008: Fluvoxamine Tablets; 
USP 31: Fluvoxamine Maleate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Luvox†; Austral.: Faverin; Luvox; Movox; Voxam; Austria: Felixsan;
Floxyfral; Belg.: Dumirox†; Floxyfral; Braz.: Luvox; Canad.: Luvox; Chile:
Luvox; Cz.: Fevarin; Denm.: Fevarin; Fin.: Fevarin; Fluvosol†; Fr.: Floxyfral;
Ger.: Desifluvoxamin†; Fevarin; Fluvohexal; Fluvoxadura; Gr.: Dumyrox;
Myroxine; Hong Kong: Faverin; Hung.: Fevarin; India: Fluvoxin; Sorest;
Uvox; Indon.: Luvox; Irl.: Faverin; Israel: Favoxil; Ital.: Dumirox; Fevarin;
Maveral; Jpn: Luvox; Malaysia: Luvox; Mex.: Luvox; Vumix; Neth.: Fe-
varin; Norw.: Fevarin; Philipp.: Faverin; Pol.: Fevarin; Port.: Dumyrox;
Rus.: Fevarin (Феварин); S.Afr.: Faverin; Luvox; Singapore: Faverin;
Spain: Dumirox; Swed.: Fevarin; Switz.: Flox-ex; Floxyfral; Thai.: Faverin;
Fluvoxin; Turk.: Faverin; UK: Faverin; USA: Luvox; Venez.: Luvox.

Imipramine (BAN, rINN)

Imipramiini; Imipramin; Imipramina; Imipraminum. 3-(10,11-Di-
hydro-5H-dibenz[b,f]azepin-5-yl)propyldimethylamine.

Имипрамин
C19H24N2 = 280.4.

CAS — 50-49-7.
ATC — N06AA02.
ATC Vet — QN06AA02.

Imipramine Embonate (BANM, rINNM)

Embonato de imipramina; Imipramine, Embonate d’; Imipramine
Pamoate; Imipramini Embonas.
Имипрамина Эмбонат
(C19H24N2)2,C23H16O6 = 949.2.
CAS — 10075-24-8.

Imipramine Hydrochloride (BANM, rINNM)

Hidrocloruro de imipramina; Imipram. Hydrochlor.; Imipramiini-
hydrokloridi; Imipramin Hidroklorür; Imipramine, chlorhydrate
d’; Imipramin-hidroklorid; Imipramin-hydrochlorid; Imipraminhy-
droklorid; Imipramini Chloridum; Imipramini hydrochloridum;
Imipramino hidrochloridas; Imipraminy chlorowodorek; Imizine.
Имипрамина Гидрохлорид
C19H24N2,HCl = 316.9.
CAS — 113-52-0.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Imipramine Hydrochloride). A white or slightly
yellow crystalline powder. Freely soluble in water and in alcohol.
A 10% solution in water has a pH of 3.6 to 5.0. Protect from light. 
USP 31 (Imipramine Hydrochloride). A white to off-white,
odourless or practically odourless, crystalline powder. Freely
soluble in water and in alcohol; soluble in acetone; insoluble in
ether and in benzene. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for tricyclic antidepressants in general (see Am-
itriptyline, p.376).
Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.
Porphyria. Imipramine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
For interactions associated with tricyclic antidepres-
sants, see Amitriptyline, p.379.

Pharmacokinetics
Imipramine is readily absorbed from the gastrointesti-
nal tract, and extensively demethylated by first-pass
metabolism in the liver, to its primary active metabo-
lite, desipramine. 
Paths of metabolism of both imipramine and
desipramine include hydroxylation and N-oxidation.
Imipramine is excreted in the urine, mainly in the form
of its metabolites, either free or in conjugated form;
small amounts are excreted in the faeces via the bile. 
Imipramine and desipramine are widely distributed
throughout the body and are extensively bound to plas-
ma and tissue protein. Imipramine has been estimated
to have an elimination half-life ranging from 9 to 28
hours, which may be considerably extended in over-
dosage. Plasma concentrations of imipramine and
desipramine vary very widely between individuals but
some correlation with therapeutic response has been
established. 
Imipramine and desipramine cross the blood-brain bar-
rier and placenta and are distributed into breast milk
(see Breast Feeding under Precautions in Amitriptyl-
ine, p.378).
◊ References.
1. Sallee FR, Pollock BG. Clinical pharmacokinetics of imipramine

and desipramine. Clin Pharmacokinet 1990; 18: 346–64.

Uses and Administration
Imipramine is a dibenzazepine tricyclic antidepressant
with actions and uses similar to those of amitriptyline
(p.381). Imipramine is one of the less sedating tricy-
clics and has moderate antimuscarinic activity. Imi-
pramine is usually given orally as the hydrochloride or
embonate, with doses expressed in terms of the hydro-
chloride. Imipramine embonate 149.8 mg and imi-
pramine base 88.5 mg are both equivalent to about
100 mg of imipramine hydrochloride. 
In the treatment of depression, the usual daily dose of
imipramine hydrochloride is up to 75 mg in divided
doses initially, gradually increased to 150 to 200 mg
daily as necessary; higher doses of up to 300 mg daily
may be required in severely depressed patients in hos-
pital. A suggested initial dose for the elderly in the UK
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

is 10 mg daily, gradually increasing to 30 to 50 mg dai-
ly. In the USA, daily doses of 25 to 50 mg are recom-
mended for initial therapy in the elderly and adoles-
cents, increasing to a maximum of 100 mg daily as
required. Since imipramine has a prolonged half-life,
once-daily dosage regimens may also be suitable, usu-
ally given at night. 
Imipramine, as the hydrochloride, has also been given
by intramuscular injection in the treatment of depres-
sion. 
Imipramine is also used for the treatment of nocturnal
enuresis in children in whom organic pathology has
been excluded. However, drug therapy for nocturnal
enuresis should be reserved for those in whom other
methods have failed and should preferably only be giv-
en to cover periods away from home; tricyclic antide-
pressants are not recommended in children under 6
years of age (the BNF recommends that they should
not be given until 7 years of age). Suggested doses of
imipramine hydrochloride are: 
• 25 mg for children aged 6 to 7 years (20 to 25 kg) 
• 25 to 50 mg for children aged 8 to 11 years (25 to

35 kg) 
• 50 to 75 mg for children over 11 years (35 to 54 kg) 
The dose should be taken just before bedtime and treat-
ment, including a period of gradual withdrawal, should
not continue for longer than 3 months. A full physical
examination is recommended before a further course. 
Imipramine oxide hydrochloride (imipraminoxide hy-
drochloride) has also been used as an antidepressant
and for nocturnal enuresis. 
Imipramine should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Anxiety disorders. See under Clomipramine, p.387. In some
countries, imipramine hydrochloride is licensed for the treatment
of panic disorder in an initial oral dose of 10 mg daily; this dose
may be increased as necessary to between 75 to 150 mg daily
although doses of 200 mg daily may be needed in some patients. 
Some references to the use of imipramine in anxiety disorders
are given below.
1. Cross-National Collaborative Panic Study, Second Phase Inves-

tigators. Drug treatment of panic disorder: comparative efficacy
of alprazolam, imipramine, and placebo. Br J Psychiatry 1992;
160: 191–202. 

2. Lepola UM, et al. Three-year follow-up of patients with panic
disorder after short-term treatment with alprazolam and imi-
pramine. Int Clin Psychopharmacol 1993; 8: 115–18. 

3. Rickels K, et al. Antidepressants for the treatment of generalised
anxiety disorder: a placebo-controlled comparison of imi-
pramine, trazodone, and diazepam. Arch Gen Psychiatry 1993;
50: 884–95. 

4. Clark DM, et al. A comparison of cognitive therapy, applied re-
laxation and imipramine in the treatment of panic disorder. Br J
Psychiatry 1994; 164: 759–69. 

5. Barlow DH, et al. Cognitive-behavioral therapy, imipramine, or
their combination for panic disorder: a randomized controlled
trial. JAMA 2000; 283: 2529–36. Correction. ibid.; 284: 2597.

Hyperactivity. Although not licensed in the UK for use in chil-
dren with attention deficit hyperactivity disorder, the BNFC has
suggested that imipramine hydrochloride may be given to those
aged 6 years and over in an oral dose of 10 to 30 mg twice daily. 
See also under Desipramine, p.388.
Pain. Antidepressants, usually amitriptyline or another tricyclic,
are useful in alleviating some types of pain (see Choice of
Analgesic, p.2). In some countries, imipramine hydrochloride is
also available for the treatment of chronic pain; the usual recom-
mended oral dose is 25 to 75 mg daily, although doses of up to
300 mg daily may be necessary. 
Some references to the use of imipramine are given below.
1. Walsh TD. Controlled study of imipramine and morphine in

chronic pain due to advanced cancer. Proc Am Soc Clin Oncol
1986; 5: 237. 

2. Sindrup SH, et al. Concentration-response relationship in imi-
pramine treatment of diabetic neuropathy symptoms. Clin Phar-
macol Ther 1990; 47: 509–15. 

3. Hummel T, et al. A comparison of the antinociceptive effects of
imipramine, tramadol and anpirtoline. Br J Clin Pharmacol
1994; 37: 325–33. 

4. Cannon RO, et al. Imipramine in patients with chest pain despite
normal coronary angiograms. N Engl J Med 1994; 330: 1411–17. 

5. Godfrey RG. A guide to the understanding and use of tricyclic
antidepressants in the overall management of fibromyalgia and
other chronic pain syndromes. Arch Intern Med 1996; 156:
1047–52. 

6. Minotti V, et al. Double-blind evaluation of short-term analgesic
efficacy of orally administered diclofenac, diclofenac plus co-
deine, and diclofenac plus imipramine in chronic cancer pain.
Pain 1998; 74: 133–7.

Preparations
BP 2008: Imipramine Tablets; 
USP 31: Imipramine Hydrochloride Injection; Imipramine Hydrochloride
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Elepsin; Tofranil; Austral.: Melipramine; Tofranil; Tolerade; Austria:
Tofranil; Belg.: Tofranil; Braz.: Depramina; Imipra; Praminan; Tofranil; Uni
Imiprax; Canad.: Novo-Pramine; Tofranil; Cz.: Melipramin; Fr.: Tofranil;
Ger.: Pryleugan; Tofranil; Hong Kong: Tofranil†; Hung.: Melipramin; In-
dia: Antidep; Depsonil; Indon.: Tofranil; Irl.: Tofranil; Israel: Primonil; Tof-
ranil; Ital.: Tofranil; Mex.: Fixon; Talpramin; Tofranil; NZ: Tofranil; Philipp.:
Tofranil; Port.: Tofranil; Rus.: Melipramin (Мелипрамин); S.Afr.:
Ethipramine; Mipralin; Tofranil; Spain: Tofranil; Swed.: Tofranil†; Switz.:
Tofranil; Thai.: Celamine; Sermonil; Topramine; Turk.: Tofranil; UK: Tof-
ranil†; USA: Tofranil; Venez.: Tofranil.
Multi-ingredient: India: Depsonil-DZ.

Iproniazid Phosphate (BANM, rINNM)

Fosfato de iproniazida; Iproniazide, Phosphate d’; Iproniazidi
Phosphas. 2′-Isopropylisonicotinohydrazide phosphate.
Ипрониазида Фосфат
C9H13N3O,H3PO4 = 277.2.
CAS — 54-92-2 (iproniazid); 305-33-9 (iproniazid phos-
phate).
ATC — N06AF05.
ATC Vet — QN06AF05.

(iproniazid)

Profile
Iproniazid, a hydrazine derivative, is an irreversible inhibitor of
both monoamine oxidase types A and B with actions and uses
similar to those of phenelzine (p.419). It has been given orally in
the treatment of depression. 
Iproniazid is the isopropyl derivative of isoniazid (see p.288) and
was developed for use in tuberculosis, but owing to its toxicity is
no longer used for this purpose.
Effects on the liver. Of 91 cases of hepatitis due to antidepres-
sant therapy, cytolytic reactions occurred in 11 treated with ipro-
niazid.1 Five patients died, 3 of them after involuntary rechal-
lenge. High levels of antimitochondrial antibody were found in 5
patients.
1. Lefebure B, et al. Hépatites aux antidépresseurs. Therapie 1984;

39: 509–16.

Porphyria. Iproniazid has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Marsilid†.

Isocarboxazid (BAN, rINN)

Isocarboxazida; Isocarboxazide; Isocarboxazidum; Isokarboksatsi-
di; Isokarboxazid; Ro-50831. 2′-Benzyl-5-methylisoxazole-3-car-
bohydrazide.
Изокарбоксазид
C12H13N3O2 = 231.3.
CAS — 59-63-2.
ATC — N06AF01.
ATC Vet — QN06AF01.

Pharmacopoeias. In Chin.
Adverse Effects, Treatment, and Precautions
As for MAOIs in general (see Phenelzine, p.415).
Interactions
For interactions associated with MAOIs, see Phenelzine, p.417.
Pharmacokinetics
Isocarboxazid is readily absorbed from the gastrointestinal tract
reaching peak plasma concentrations 3 to 5 hours after ingestion.
It is metabolised by the liver, and is excreted in the urine mainly
in the form of metabolites.

Uses and Administration
Isocarboxazid, a hydrazine derivative, is an irreversible inhibitor
of both monoamine oxidase types A and B with actions and uses
similar to those of phenelzine (p.419). 
Isocarboxazid is used in the treatment of depression but because
of the risks associated with irreversible non-selective MAOIs
(see p.373) usually other antidepressants are preferred. It is given
in an initial oral dose of 30 mg daily in single or divided doses.
If no improvement occurs after 4 weeks, doses of up to 60 mg
daily can be tried for up to 4 to 6 weeks. Once a response has
been obtained the dosage may be gradually reduced to a mainte-
nance dose of 10 to 20 mg daily, although doses of up to 40 mg
daily may be needed in some patients. Half the normal mainte-
nance dose may be adequate in the elderly. 
Isocarboxazid should be withdrawn gradually to reduce the risk
of withdrawal symptoms.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Marplan†; Denm.: Marplan; USA: Marplan.

Lithium Carbonate (USAN)

CP-15467-61; Dilithium Carbonate; Ličio karbonatas; Lithii car-
bonas; Lithium Carb.; Lithium, carbonate de; Litio, carbonato de;
Litiumkarbonaatti; Litiumkarbonat; Lítium-karbonát; Litu węglan;
Litu weglan; Lityum Karbonat; NSC-16895; Uhličitan lithný. Car-
bonic acid, dilithium salt.
Li2CO3 = 73.89.
CAS — 554-13-2.
ATC — N05AN01.
ATC Vet — QN05AN01.

NOTE. Commercially available lithium materials have atomic
weights ranging from 6.939 to 6.996. The molecular weight of
lithium carbonate of 73.89 given above has been calculated using
the lowest atomic weight; using the highest figure would give a
molecular weight of 74.00. This difference does not affect the
figure of 27 mmol of lithium being provided by 1 g of lithium
carbonate and is unlikely to contribute noticeably to any varia-
tions in serum concentration. Nor should it affect the outcome of
assays of serum-lithium concentrations given the limits of error
of the assay methods.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Lithium Carbonate). A white or almost white pow-
der. Slightly soluble in water; practically insoluble in alcohol. 
USP 31 (Lithium Carbonate). A white odourless granular pow-
der. Sparingly soluble in water, very slightly soluble in alcohol;
dissolves, with effervescence, in dilute mineral acids.

Lithium Citrate
Citronan lithný tetrahydrát; Ličio citratas; Lithii citras; Lithii Citras
Tetrahydricus; Lithium, citrate de; Litio, citrato de; Litiumcitrat; Lí-
tium-citrát; Litiumsitraatti; Lityum Sitrat.
C6H5Li3O7,4H2O = 282.0.
CAS — 919-16-4 (anhydrous lithium citrate); 6080-58-6
(lithium citrate tetrahydrate).

NOTE. Commercially available lithium materials have atomic
weights ranging from 6.939 to 6.996. The molecular weight of
lithium citrate of 282.0 given above has been calculated using the
lowest atomic weight; using the highest figure would give a mo-
lecular weight of 282.1. This difference does not affect the figure
of 10.6 mmol of lithium being provided by 1 g of lithium citrate
and is unlikely to contribute noticeably to any variations in serum
concentration. Nor should it affect the outcome of assays of se-
rum-lithium concentrations given the limits of error of the assay
methods.
Pharmacopoeias. In Eur. (see p.vii) and US. 
US also includes lithium hydroxide. 
Ph. Eur. 6.2 (Lithium Citrate). A white or almost white fine crys-
talline powder. Freely soluble in water; slightly soluble in alco-
hol. 
USP 31 (Lithium Citrate). A white odourless deliquescent pow-
der or granules. Freely soluble in water; slightly soluble in alco-
hol. pH of a 5% solution in water is between 7.0 and 10.0. Store
in airtight containers.

Adverse Effects
Many of the adverse effects of lithium are dose-related
and the margin between the therapeutic and toxic dose
is narrow. 
Initial adverse effects of lithium therapy include nau-
sea, diarrhoea, vertigo, muscle weakness, and a dazed
feeling; these effects often abate with continued thera-
py. Fine hand tremors, polyuria, and polydipsia may,
however, persist. Other adverse effects that may occur
at therapeutic serum-lithium concentrations include
weight gain and oedema (which should not be treated
with diuretics). Hypercalcaemia, hypermagnesaemia,
and hyperparathyroidism have been reported. Skin dis-
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orders such as acne, psoriasis, and rashes may be exac-
erbated by lithium therapy. Leucocytosis is a relatively
common adverse effect. Long-term adverse effects in-
clude hypothyroidism and/or goitre, rarely hyperthy-
roidism, and mild cognitive and memory impairment.
Histological and functional changes in the kidney have
been noted after long-term use of therapeutic concen-
trations of lithium (but see under Effects on the Kid-
neys, below). 
Toxic effects may be expected at serum-lithium con-
centrations of about 1.5 mmol/litre, although they can
appear at lower concentrations. They call for immedi-
ate withdrawal of treatment and should always be con-
sidered very seriously. 
Signs of lithium toxicity include increasing diarrhoea,
vomiting, anorexia, muscle weakness, lethargy, giddi-
ness with ataxia, lack of coordination, tinnitus, blurred
vision, coarse tremor of the extremities and lower jaw,
muscle hyperirritability, choreoathetoid movements,
dysarthria, and drowsiness. Symptoms of severe over-
dosage at serum-lithium concentrations above
2 mmol/litre include hyperreflexia and hyperextension
of limbs, syncope, toxic psychosis, seizures, polyuria,
renal failure, electrolyte imbalance, dehydration, circu-
latory failure, coma, and occasionally death. 
The hazards of lithium in pregnant patients are dis-
cussed under Pregnancy in Precautions, below.
Effects on the blood. A patient developed thrombocytopenia
after restarting lithium therapy after a gap of some weeks.1 Stop-
ping lithium led to an improvement in platelet count, but the
count fell when lithium therapy was tried again. Leucocytosis is
a recognised effect of lithium which this patient also experi-
enced. Although concerns about leukaemia induction have not
been verified, the author noted earlier reports of aplastic and
megaloblastic anaemia and a case of fatal haemolytic anaemia
reported to the UK CSM.
1. Collings S. Thrombocytopenia associated with lithium carbon-

ate. BMJ 1992; 305: 159.

Effects on the cardiovascular system. Reports of adverse
effects on the heart associated with lithium have included brady-
cardia due to sinus node dysfunction,1 which has persisted after
stopping lithium,2 premature ventricular contractions,3 atrioven-
tricular block,4 and T-wave depression.5 For the adverse cardiac
effects associated with lithium intoxication, see under Overdos-
age, below. 
For mention of myocarditis associated with lithium therapy, see
under Effects on the Musculoskeletal System, below.
1. Montalescot G, et al. Serious sinus node dysfunction caused by

therapeutic doses of lithium. Int J Cardiol 1984; 5: 94–6. 
2. Palileo EV, et al. Persistent sinus node dysfunction secondary to

lithium therapy. Am Heart J 1983; 106: 1443–4. 
3. Tangedahl TN, Gau GT. Myocardial irritability associated with

lithium carbonate therapy. N Engl J Med 1972; 287: 867–9. 
4. Martin CA, Piascik MT. First degree A-V block in patients on

lithium carbonate. Can J Psychiatry 1985; 30: 114–16. 
5. Demers RG, Heninger GR. Electrocardiographic T-wave chang-

es during lithium carbonate treatment. JAMA 1971; 218:381–6.

Effects on the endocrine system. There is a small, but defi-
nite, risk that patients taking lithium in therapeutic doses will de-
velop goitre, clinical or subclinical hypothyroidism, or, rarely,
both.1-3 Published prevalence figures have varied widely al-
though most studies have found an increased risk of hypothy-
roidism in patients treated with lithium when compared to the
general population.2 Prevalence also appears to be higher in
women taking lithium than in men;2 in addition, the increased
risk in women may be greatest during the first 2 years of lithium
therapy. Other risk factors identified include a family history of
thyroid disorders.3 However, a long-term, follow-up study4,5

suggested that the incidence of thyroid abnormalities was no
greater in lithium-treated patients than in the general population. 
Early goitre and lithium-induced hypothyroidism are both re-
versible if lithium is withdrawn; if continued treatment with lith-
ium is desirable the patient should be treated with levothyroxine. 
There have been rare reports of hyperthyroidism in lithium-treat-
ed patients6 and the association may only be one of coincidence,
although it is important to realise that hyperthyroidism can pre-
cipitate mania and can also be mistaken for an attack of mania. 
Increases in serum concentrations of calcium and parathyroid
hormone have been described in patients receiving lithium ther-
apy. Although generally considered to be slight, some patients
have experienced parathyroid hyperplasia.7,8 
Cases of diabetes mellitus developing in patients treated with
lithium have been reported but may not be attributable to lithi-
um.9
1. Vincent A, et al. Lithium-associated hypothyroidism: a practical

review. Lithium 1994; 5: 73–4. 
2. Johnston AM, Eagles JM. Lithium-associated clinical hypothy-

roidism: prevalence and risk factors. Br J Psychiatry 1999; 175:
336–9. 

3. Ozpoyraz N, et al. Thyroid abnormalities in lithium-treated pa-
tients. Adv Therapy 2002; 19: 176–84. 

4. Bocchetta A, et al. Six-year follow-up of thyroid function during
lithium treatment. Acta Psychiatr Scand 1996; 94: 45–8. 

5. Bocchetta A, et al. Ten-year follow-up of thyroid function in
lithium patients. J Clin Psychopharmacol 2001; 21: 594–8. 

6. Yamagishi S-I, Yokoyama-Ohta M. A case of lithium-associated
hyperthyroidism. Postgrad Med J 1999; 75: 188–9. 

7. Nordenström J, et al. Hyperparathyroidism associated with treat-
ment of manic-depressive disorders by lithium. Eur J Surg 1992;
158: 207–11. 

8. Taylor JW, Bell AJ. Lithium-induced parathyroid dysfunction: a
case report and review of the literature. Ann Pharmacother 1993;
27: 1040–3. 

9. Pandit MK, et al. Drug-induced disorders of glucose tolerance.
Ann Intern Med 1993; 118: 529–39.

Effects on the eyes. Decrease in accommodation has been re-
ported in up to 10% of patients taking lithium; younger patients
are most affected.1 Blurred vision can also occur, most common-
ly early in therapy, but this may improve with time. Lithium can
affect extra-ocular muscles and produce diplopia. A reduction in
dosage or withdrawal of therapy may be required. It reduces
lachrymal secretions and is excreted in tears in increased concen-
trations. In rare cases this may result in ocular irritation but this
usually causes few problems when artificial tears are used. Pho-
tophobia, which occurs rarely with lithium therapy, may also be
associated with the excretion of lithium in tears. Lithium can re-
duce dark adaptation due to a direct neural effect but whether this
can progress further to cause irreversible macular or retinal
degeneration is not proven. There are some rare but poorly docu-
mented reports of deposits in the cornea or conjunctiva. It was
considered unlikely that lithium increased the risk of developing
senile cataracts. 
Lithium can cause nystagmus, many forms of which are reversi-
ble on reducing the dose or withdrawal of the drug. However,
downbeat nystagmus is a serious adverse effect and is often irre-
versible. Irreversible oscillopsia can occur rarely secondary to
nystagmus. Oculogyric crisis has been associated with lithium
therapy and may be exacerbated by haloperidol. 
Some ocular effects may be secondary to the effects of lithium on
other systems. Exophthalmos and other thyroid-related eye dis-
orders may occur rarely as a secondary effect of lithium on the
thyroid. Lithium can also cause pseudotumor cerebri with papil-
loedema (benign intracranial hypertension). Most cases have oc-
curred a few years after starting therapy but there has been a re-
port of this condition after only 7 months of treatment. Ptosis has
been reported, mainly associated with unmasking of myasthenia
gravis.
1. Fraunfelder FT, et al. The effects of lithium on the human visual

system. J Toxicol Cutan Ocul Toxicol 1992; 11: 97–169.

Effects on the kidneys. Polyuria with associated polydipsia,
due to drug-induced nephrogenic diabetes insipidus, is the most
common result of the effects of lithium on the kidney; an early
review1 stated that the incidence ranged from 4 to 50%. In some
patients, irreversible kidney damage, associated with renal histo-
logical changes that included tubular atrophy, focal interstitial
nephropathy and focal fibrosis, and impairment of glomerular
filtration rate, was reported. However, although patients on long-
term maintenance lithium therapy did appear to be susceptible to
the development of progressive impairment of urinary concen-
trating ability it was most noticeable in patients with a history of
acute lithium toxicity. The risk of renal damage and impaired
glomerular filtration rate was thought to be extremely small in
patients on stable maintenance lithium therapy with no history of
acute lithium intoxication.1 
A similar review considered that, although it was necessarily an
oversimplified view, many, and perhaps all, of the renal adverse
effects of lithium were induced by excessive dosage.2 Others
have also defended lithium with respect to its renal toxicity and
stated that long-term therapy, if properly controlled, does not
necessarily lead to chronic or irreversible renal damage.3-5

1. Walker RG, Kincaid-Smith P. Kidneys and the fluid regulatory
system. In: Johnson FN, ed. Depression & mania: modern lithi-
um therapy. Oxford: IRL Press, 1987: 206–13. 

2. George CRP. Renal aspects of lithium toxicity. Med J Aust 1989;
150: 291–2. 

3. Schou M. Serum lithium monitoring of prophylactic treatment:
critical review and updated recommendations. Clin Pharmacok-
inet 1988; 15: 283–6. 

4. Schou M. Lithium treatment of manic-depressive illness: past,
present, and perspectives. JAMA 1988; 259: 1834–6. 

5. Gitlin M. Lithium and the kidney: an updated review. Drug Safe-
ty 1999; 20: 231–43.

Effects on the musculoskeletal system. The effects of lith-
ium on skeletal muscle are represented mainly by varying de-
grees of weakness and tremor (for further details see under Ef-
fects on the Nervous and Neuromuscular Systems, below).
Aggravation of myasthenia gravis has been reported. Acute or
subacute painful proximal myopathy causing myalgia, cramps,
myokymia, or weakness has also been described. An association
with myocarditis has been proposed1 but it is unclear whether
this is causal.
1. Coulter DM, et al. Antipsychotic drugs and heart muscle disor-

der in international pharmacovigilance: data mining study. BMJ
2001; 322: 1207–9.

Effects on the nervous and neuromuscular systems.
Neurotoxicity has long been recognised as a potential adverse
effect of lithium. Minor effects of lithium on the nervous system

can be minimised by reduction of lithium dose during mainte-
nance therapy but severe effects warrant immediate and com-
plete withdrawal of the drug.1 Minor effects have been consid-
ered to include impaired concentration, comprehension, and
short-term memory, restlessness and anxiety, depression, fine
rapid tremors, and easy fatigue. Serious or severe effects might
include declining cognition and mental status, gait disturbances,
movement disorders such as choreoathetosis, myoclonus, and
parkinsonism, seizures, cerebellar signs, pseudotumor cerebri
(although this was rare), neuroleptic malignant syndrome, myop-
athy, axonal neuropathy, a myasthenic syndrome, and exacerba-
tion of underlying neuromuscular disease. The cognitive effects
of lithium such as mental slowing may be subtle.2 
There are 2 types of lithium-induced tremor.3 The first is a coarse
tremor occurring with impending and actual lithium toxicity and
appears to have both cerebellar and parkinsonian components. It
is often associated with incoordination, facial spasms, twitching
of muscles and limbs, hyperactive reflexes, and more general
systemic signs of toxicity. With this type of tremor it was manda-
tory to stop or decrease the dose of lithium. The second type,
which is more common, is a fine tremor, usually occurring within
normal therapeutic concentrations, either transiently within a few
days of starting treatment or later as a long-standing adverse ef-
fect. With this type of fine tremor there was evidence to show
that a slight decrease in dose may be beneficial. 
In addition to the effects mentioned above, impairment of taste
perception (mainly involving butter and celery)4 and speech dis-
turbances with few other signs of toxicity5-8 have been reported. 
Neurotoxicity persisting for at least 2 months after stopping lith-
ium therapy (SILENT; syndrome of irreversible lithium-effectu-
ated neurotoxicity) has been described.9 Common presentations
included cerebellar dysfunction, extrapyramidal symptoms,
brainstem dysfunction, and dementia with varying degrees of or-
ganic mental syndromes. 
For further details of the effects of lithium on the nervous system,
see under Effects on the Eyes above, Effects on the Musculoskel-
etal System, above, and under Epileptogenic Effect, below.
1. Sansone ME, Ziegler DK. Brain and nervous system. In: Johnson

FN, ed. Depression & mania: modern lithium therapy. Oxford:
IRL Press, 1987: 240–5. 

2. Pachet AK, Wisniewski AM. The effects of lithium on cognition:
an updated review. Psychopharmacology (Berl) 2003; 170:
225–34. 

3. Johns S, Harris B. Tremor. BMJ 1984; 288: 1309. 
4. Himmelhoch JM, Hanin I. Side effects of lithium carbonate.

BMJ 1974; 4: 233. 
5. Solomon K, Vickers R. Dysarthria resulting from lithium car-

bonate: a case report. JAMA 1975; 231: 280. 
6. Worrall EP, Gillham RA. Lithium-induced constructional dys-

praxia. BMJ 1983; 286: 189. 
7. McGovern GP. Lithium induced constructional dyspraxia. BMJ

1983; 286: 646. 
8. Netski AL, Piasecki M. Lithium-induced exacerbation of stutter.

Ann Pharmacother 2001; 35: 961. 
9. Adityanjee, et al. The syndrome of irreversible lithium-effectu-

ated neurotoxicity. Clin Neuropharmacol 2005; 28: 38–49.

Effects on respiration. Lithium is not generally recognised as
a respiratory depressant but an episode of reversible respiratory
failure about 3 weeks after the start of lithium therapy has been
described in a patient with stable chronic airways obstruction.1
Recovery of consciousness and resolution of hypercapnia oc-
curred within 24 to 36 hours of stopping lithium.
1. Weiner M, et al. Effect of lithium on the responses to added res-

piratory resistances. N Engl J Med 1983; 308: 319–22.

Effects on sexual function and fertility. Lithium does not
seem to interfere with sexual function in most patients, but there
have been isolated reports of impotence and loss of libido attrib-
uted to lithium therapy.1 
Studies in vitro have demonstrated that lithium can inhibit sperm
motility in concentrations comparable with those reported to be
achieved in semen,2 but concentrations found in cervico-vaginal
mucus were considered unlikely to affect motility.3
1. Beeley L. Drug-induced sexual dysfunction and infertility. Ad-

verse Drug React Acute Poisoning Rev 1984; 3: 23–42. 
2. Raoof NT, et al. Lithium inhibits human sperm motility in vitro.

Br J Clin Pharmacol 1989; 28: 715–17. 
3. Salas IG, et al. Lithium carbonate concentration in cervico-vagi-

nal mucus and serum after repeated oral dose administration. Br
J Clin Pharmacol 1989; 28: 751P.

Effects on the skin and hair. Patients taking lithium may de-
velop skin disorders, though these are not necessarily serious or
severe.1-3 Male patients may be more susceptible to such effects
than female, although early results suggested the reverse.3 Onset
can vary from 2 or 3 weeks to 7 or more years, but many reac-
tions start to appear once optimal serum-lithium concentrations
have been attained. Effects reported include psoriasis which may
be severe and require lithium withdrawal. Seborrhoeic dermatitis
and follicular keratosis also occur and can improve spontaneous-
ly or after stopping lithium. Acneform eruptions are found in ar-
eas not usually affected by acne vulgaris; in general the face is
less affected or not affected at all. 
Hair loss, not always severe, is more frequent than cutaneous ef-
fects. About 6% of patients may be affected and all forms of alo-
pecias have been found. The onset occurs several weeks or
months after the start of lithium therapy. The hair usually re-
grows despite continuing therapy but in some cases regrowth
only occurs after withdrawal of lithium. In a review4 of the ef-



Lithium Carbonate    403

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

fects on the ocular system, loss of eyebrows and eyelashes was
noted as a rare event. Hair loss due to lithium-induced hypothy-
roidism can be corrected by thyroid replacement therapy. 
For references to the association of lithium with lupus, see under
Lupus, below.
1. Lambert D, Dalac S. Skin, hair and nails. In: Johnson FN, ed.

Depression & mania: modern lithium therapy. Oxford: IRL
Press, 1987: 232–4. 

2. Gupta AK, et al. Lithium therapy associated with hidradenitis
suppurativa: case report and a review of the dermatologic side
effects of lithium. J Am Acad Dermatol 1995; 32: 382–6. 

3. Yeung CK, Chan HHL. Cutaneous adverse effects of lithium: ep-
idemiology and management. Am J Clin Dermatol 2004; 5: 3–8. 

4. Fraunfelder FT, et al. The effects of lithium on the human visual
system. J Toxicol Cutan Ocul Toxicol 1992; 11: 97–169.

Epileptogenic effect. Seizures during lithium therapy usually
indicate toxicity or impending toxicity. There have, however,
been a few isolated reports describing seizures in patients with
serum-lithium concentrations within the normally accepted ther-
apeutic range.1,2

1. Demers R, et al. Convulsion during lithium therapy. Lancet
1970; ii: 315–16. 

2. Massey EW, Folger WN. Seizures activated by therapeutic levels
of lithium carbonate. South Med J 1984; 77: 1173–5.

Lupus. Studies have found that antinuclear antibodies were
more common in patients taking lithium carbonate than in con-
trols.1,2 The absence of anti-DNA antibodies indicated that they
did not have true SLE but it was considered that patients ingest-
ing lithium might be at risk. Dermatological manifestations of
lupus with the presence of antinuclear antibodies have been re-
ported in a patient taking lithium.3
1. Johnstone EC, Whaley K. Antinuclear antibodies in psychiatric

illness: their relationship to diagnosis and drug treatment. BMJ
1975; 2: 724–5. 

2. Presley AP, et al. Antinuclear antibodies in patients on lithium
carbonate. BMJ 1976; 2: 280–1. 

3. Shukla VR, Borison RL. Lithium and lupuslike syndrome. JAMA
1982; 248: 921–2.

Overdosage. Nausea, vomiting, and diarrhoea are common
early features of lithium toxicity, and are followed by coarse
tremor, increased muscle tone, cogwheel rigidity, fasciculation,
and myoclonus.1 Coma and convulsions may occur in serious
cases and cardiac effects (first-degree heart block and QRS and
QT prolongation) have been described rarely. A patient may ap-
pear to be aware with open eyes but have an expressionless face
and be unable to move or speak (coma vigil). Acute renal failure
and nephrogenic diabetes insipidus may develop. 
In acute overdosage2 vomiting often occurs within an hour of
ingestion due to the high concentration of lithium in the stomach,
but significant amounts of lithium can still reach the systemic
circulation. The typical clinical symptoms often appear after a
latency period and gastrointestinal symptoms can re-appear at a
later time. The symptoms of overdosage are reported to be main-
ly related to the gastrointestinal and nervous systems and include
abdominal pain, anorexia, nausea, and vomiting, occasionally
mild diarrhoea, giddiness, tremor, ataxia, slurring speech, myo-
clonus, twitching, asthenia, and depression; renal symptoms
have also been noted by some investigators. Efficient detoxifica-
tion procedures (see Treatment of Adverse Effects, below)
should be instituted as rapidly as possible. 
Symptoms associated with chronic intoxication can be more se-
vere and neurotoxicity may be a particular feature.3,4 One re-
viewer considered that the majority of lithium intoxications re-
ported had occurred in patients with renal impairment or in
patients who had been given too high a dose.2 The patient usually
experiences a prodromal period of days to a few weeks with mi-
nor ‘nervous’ symptoms which are signs of a manifest slight in-
toxication. At an unpredictable point renal function starts to de-
teriorate and within hours or at the most within a few days, the
patient will become severely intoxicated. By this point lithium
should have been stopped and efficient detoxification measures
(see Treatment of Adverse Effects, below) begun if the patient is
to make a complete recovery. Other risk factors3-5 for developing
chronic intoxication include use with certain medications (see In-
teractions, below), older age, and the presence of other condi-
tions such as neurogenic diabetes insipidus and thyroid dysfunc-
tion (see also Precautions, below). 
In a series of 28 patients with lithium self-poisoning or therapeu-
tic intoxication many of the features and symptoms mentioned
above were noted.6 Other workers7,8 have also reported cases
which illustrate the differences between acute and chronic toxic-
ity encountered clinically. 
Serum concentrations of lithium should be measured routinely
throughout treatment to ensure that values do not rise to levels
associated with toxicity. However, some patients may have con-
centrations considered to be toxic without showing any symp-
toms and others may develop signs of toxicity at therapeutic se-
rum concentrations.9 
Other symptoms that have been noted in case reports of lithium
intoxication in individual patients include photophobia,10 acute
polyarthritis involving several large joints,11 severe hyperten-
sion,12 deep venous thrombophlebitis,13 reduction of central tem-
perature,14 and severe leucopenia.15

1. Proudfoot AT. Acute poisoning with antidepressants and lithi-
um. Prescribers’ J 1986; 26: 97–106. 

2. Amdisen A. Clinical features and management of lithium poi-
soning. Med Toxicol 1988; 3: 18–32. 

3. Oakley PW, et al. Lithium toxicity: an iatrogenic problem in
susceptible individuals. Aust N Z J Psychiatry 2001; 35:
833–40. 

4. Chen K-P, et al. Implication of serum concentration monitoring
in patients with lithium intoxication. Psychiatry Clin Neurosci
2004; 58: 25–9. 

5. Montagnon F, et al. Lithium: poisonings and suicide prevention.
Eur Psychiatry 2002; 17: 92–5. 

6. Dyson EH, et al. Self-poisoning and therapeutic intoxication
with lithium. Hum Toxicol 1987; 6: 325–9. 

7. Ananth J, et al. Acute and chronic lithium toxicity: case reports
and a review. Lithium 1992; 3: 139–45. 

8. Bailey B, McGuigan M. Lithium poisoning from a poison con-
trol center perspective. Ther Drug Monit 2000; 22: 650–5. 

9. Stern R. Lithium in the treatment of mood disorders. N Engl J
Med 1995; 332: 127–8. 

10. Caplan RP, Fry AH. Photophobia in lithium intoxication. BMJ
1982; 285: 1314–15. 

11. Black DW, Waziri R. Arthritis associated with lithium toxicity:
case report. J Clin Psychiatry 1984; 45: 135–6. 

12. Michaeli J, et al. Severe hypertension and lithium intoxication.
JAMA 1984; 251: 1680. 

13. Lyles MR. Deep venous thrombophlebitis associated with lithi-
um toxicity. J Natl Med Assoc 1984; 76: 633–4. 

14. Follézou J-Y, Bleibel J-M. Reduction of temperature and lithi-
um poisoning. N Engl J Med 1985; 313: 1609. 

15. Green ST, Dunn FG. Severe leucopenia in fatal lithium poison-
ing. BMJ 1985; 290: 517.

Treatment of Adverse Effects
In recent acute overdosage with lithium, consideration
should be given to emptying the stomach if ingestion
has occurred within 1 hour of presentation. However
gastric lavage may be of limited value after overdosage
with modified-release preparations, which do not dis-
integrate in the stomach and may be too large to pass
through a lavage tube. Activated charcoal is of no val-
ue. Whole-bowel irrigation has been suggested al-
though there do not appear to be clinical studies to con-
firm efficacy. 
Further measures may involve procedures to enhance
the renal clearance of lithium or its active removal. Ad-
equate hydration should be ensured and any electrolyte
imbalance corrected, but forced diuresis or diuretics
are contra-indicated. Appropriate supportive care may
include measures to control hypotension and convul-
sions. Maintenance of fluid and electrolyte balance is
particularly important because of the risk of hypernat-
raemia. The ECG should be monitored in symptomatic
patients. 
In severe poisoning, haemodialysis is the treatment of
choice (particularly if there is renal impairment). Al-
though effective in reducing serum-lithium concentra-
tions, substantial rebound increases can be expected
when dialysis is stopped, and prolonged or repeated
treatments may be required. Peritoneal dialysis is less
effective and only appropriate if haemodialysis facili-
ties are not available. Haemofiltration has been tried to
good effect. 
Serum lithium concentrations should be monitored
regularly throughout treatment. Once the serum and di-
alysis fluid are free of lithium, it has been recommend-
ed that serum-lithium concentrations should be moni-
tored for at least another week so that allowance can be
made for delayed diffusion from body tissues. 
As a result of the narrow margin between therapeutic
and toxic serum concentrations, lithium poisoning may
also develop during the course of therapy. In some in-
stances temporary withdrawal of lithium therapy and
giving generous amounts of sodium and fluid may be
all that is required while adverse effects abate. In any
serious or severe case of intoxication active measures
such as dialysis and supportive measures outlined
above may need to be instituted.
◊ References.
1. Smith SW, et al. Whole-bowel irrigation as a treatment for acute

lithium overdose. Ann Emerg Med 1991; 20: 536–9. 
2. Okusa MD, et al. Clinical manifestations and management of

acute lithium intoxication. Am J Med 1994; 97: 383–9. 
3. Swartz CM, Jones P. Hyperlithemia correction and persistent de-

lirium. J Clin Pharmacol 1994; 34: 865–70. 
4. Tyrer SP. Lithium intoxication: appropriate treatment. CNS

Drugs 1996; 6: 426–39.

Precautions
The margin between the therapeutic and the toxic con-
centration of lithium is narrow so therapy usually re-
quires specialist advice, and serum concentrations

should be monitored regularly under controlled condi-
tions. Patients receiving lithium therapy should be
taught to recognise the symptoms of early toxicity (see
Adverse Effects, above) and, should these occur, to
stop therapy and request medical aid at once. They
should be warned not to compensate for an omitted
dose by subsequently taking a double dose. Addition-
ally, patients should not be switched between different
formulations or preparations of lithium without thera-
peutic monitoring, as bioavailability may be different. 
Lithium should be avoided in patients with cardiac dis-
ease or renal impairment; cardiac and renal function
should be monitored regularly during treatment. It
should also be avoided in Addison’s disease or other
conditions with a sodium imbalance and in severely
debilitated or dehydrated patients. 
Patients receiving lithium should be examined period-
ically for abnormal thyroid function, since goitre and
hypothyroidism may develop. Lithium should be
avoided in untreated hypothyroidism. Lithium should
be used with caution in patients with myasthenia gravis
because exacerbation of this disorder has been reported
(see Effects on the Musculoskeletal System in Adverse
Effects, above). 
Lithium should be used with special care in the elderly
since this group may be particularly susceptible to tox-
icity owing to reduced renal function. 
Impaired driving performance or machine operating
skills may occur in patients receiving lithium (see
Driving, below). 
It may be necessary to temporarily reduce or stop lith-
ium therapy in patients suffering from vomiting, diar-
rhoea, intercurrent infection, excessive sweating, or
any other condition that causes excessive sodium loss
and hence increased serum-lithium concentrations.
Conversely, increased sodium levels are likely to re-
duce serum-lithium concentrations. Patients taking
lithium should therefore maintain an adequate fluid in-
take and should avoid increasing or decreasing sodium
intake through dietary changes or ingestion of sodium-
containing medicaments. Significant changes in caf-
feine intake may affect serum-lithium concentrations
(see Xanthines under Interactions, below). 
Lithium therapy should, where possible, be withdrawn
slowly over a period of weeks to allay any concerns
about relapse (see Withdrawal, below). 
The risks of using lithium in pregnant patients are de-
scribed under Pregnancy, below. If lithium is used dur-
ing pregnancy then dose adjustments will be required
to compensate for the altered renal handling. 
Lithium should be temporarily stopped 24 hours before
major surgery to safeguard the patient from accumula-
tion (see under Anaesthesia, below).
Anaesthesia. The BNF states that lithium should be stopped 24
hours before major surgery, but the normal dose can be continued
for minor surgery if fluids and electrolytes are carefully moni-
tored. Lithium may accumulate because of reduced renal clear-
ance associated with anaesthesia;1 treatment should be resumed
as soon as possible after surgery, when kidney function and fluid-
electrolyte balance have become normal. Patients are often not
allowed fluids or foods by mouth the night before surgery but
patients with lithium-induced polyuria should be given fluids
parenterally during the night before the operation, if they vomit
copiously, or if they are unconscious for several hours. 
There is no clinical evidence of interaction between lithium and
anaesthetics, although lithium may prolong the action of neu-
romuscular blockers.1
1. Schou M, Hippus H. Guidelines for patients receiving lithium

treatment who require major surgery. Br J Anaesth 1987; 59:
809–10.

Breast feeding. Lithium is distributed into breast milk. Early
reports suggested that serum concentrations in breast-fed infants
were about one-third to one-half of those measured in mothers.1
However, advice regarding the decision to breast feed remains
equivocal. The American Academy of Pediatrics2 considers that
lithium should be given with caution to breast-feeding women
but does not contra-indicate such use, and this is supported by
some authors.3,4 Conversely, most manufacturers in the UK and
other authors5,6 suggest that mothers receiving lithium should
bottle feed their infants. It has been recommended5 that if a moth-
er did want to breast feed this should be done at times to avoid
peak blood concentrations of lithium and the infant carefully
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monitored. Medication should be withheld or breast feeding
stopped if the infant developed an infection or dehydration as
they would be more susceptible to the adverse effects of lithium.
1. Schou M, Amdisen A. Lithium and pregnancy—III, lithium in-

gestion by children breast-fed by women on lithium treatment.
BMJ 1973; 2: 138. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 24/11/05) 

3. Schou M. Lithium treatment during pregnancy, delivery, and lac-
tation: an update. J Clin Psychiatry 1990; 51: 410–13. 

4. Sykes PA, et al. Lithium carbonate and breast-feeding. BMJ
1976; 2: 1299. 

5. Ananth J. Lithium during pregnancy and lactation. Lithium
1993; 4: 231–7. 

6. Llewellyn A, et al. The use of lithium and management of wom-
en with bipolar disorder during pregnancy and lactation. J Clin
Psychiatry 1998; 59 (suppl 6): 57–64.

Cystic fibrosis. Reduced renal excretion of lithium was demon-
strated in 8 patients with cystic fibrosis compared with healthy
subjects.1 The authors recommended caution when prescribing
standard doses of lithium to patients with cystic fibrosis until
more definitive data were available.
1. Brager NPD, et al. Reduced renal fractional excretion of lithium

in cystic fibrosis. Br J Clin Pharmacol 1996; 41: 157–9.

Driving. In the UK, the Driver and Vehicle Licensing Authority
considers that patients with severe depressive illnesses compli-
cated by significant memory or concentration problems, agita-
tion, behavioural disturbances, or suicidal thoughts should cease
driving pending the outcome of medical enquiry.1 Mania or hy-
pomania is particularly dangerous and driving should cease dur-
ing the acute illness. After an isolated episode, re-licensing can
be reconsidered provided the patient has remained well and sta-
ble for at least 3 months, is compliant with treatment, and has
regained insight; in addition, the patient should be free from any
adverse effects of medication that would impair driving. If there
have been 4 or more episodes of mood swing within the previous
12 months, at least 6 months of stability will be required before
re-licensing can be considered. 
Treatment with antidepressant drugs, including lithium, may also
be hazardous,2 although patients may be safer drivers with med-
ication than without.3 Lithium has been reported2 to adversely
affect the choice reaction time (a test to assess the time taken to
respond correctly to some signals but not others) to a level con-
sidered dangerous for driving. Another study has found that eld-
erly patients taking lithium may be at an increased risk of being
involved in an injurious motor vehicle accident while driving
when compared to a cohort of elderly, non-lithium users.4
1. Driver and Vehicle Licensing Agency. For medical practitioners: at

a glance guide to the current medical standards of fitness to drive
(updated February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08) 

2. Ashton H. Drugs and driving. Adverse Drug React Bull 1983;
98: 360–3. 

3. Cremona A. Mad drivers: psychiatric illness and driving per-
formance. Br J Hosp Med 1986; 35: 193–5. 

4. Etminan M, et al. Use of lithium and the risk of injurious motor
vehicle crash in elderly adults: case-control study nested within
a cohort. BMJ 2004; 328: 558–9.

Pregnancy. The decision whether to continue lithium treatment
during pregnancy is difficult and should involve careful consid-
eration of the risk-benefit ratio which in some cases may favour
treatment. Early case reports of mothers taking lithium during
pregnancy pointed to an increased risk of congenital abnormali-
ties with the baby’s heart being mainly affected.1 Support for this
increased risk also came from a study2 of the records of 59 chil-
dren born to women who had taken lithium during pregnancy.
However, another study3 which prospectively followed 138
pregnant women being treated with lithium did not identify any
difference in pregnancy outcome between them and a control
group. The authors considered that lithium was not a major tera-
togen and felt that women with major affective disorders could
continue lithium treatment during pregnancy provided that ade-
quate fetal screening tests were carried out. A subsequent
review4 considered that the teratogenic risk was lower than pre-
viously thought, but that it would still be wise for women who
wished to become pregnant to stop lithium if at all possible, at
least during the period of embryogenesis. If lithium is stopped,
withdrawal should be slow to prevent a relapse (see below). 
There is limited evidence that lithium treatment during pregnan-
cy may increase the risk of fetal macrosomia, premature delivery,
and perinatal mortality.1,5 Polyhydramnios (an excess of amniot-
ic fluid) in the last trimester of pregnancy has been reported and
has been attributed to fetal lithium toxicity (polyuria and diabetes
insipidus).6,7 
Monitoring of serum-lithium concentrations is particularly im-
portant during pregnancy. The renal clearance of lithium by the
mother is not constant during pregnancy; in the second half of the
pregnancy clearance rises gradually by 30 to 50% but falls
abruptly and significantly after delivery to pre-pregnancy val-
ues.1,8 The increased doses of lithium that may be given during
pregnancy to compensate for this increased clearance may result
in lithium toxicity.8 It is generally considered1,9,10 advisable to
stop lithium during the last few days of pregnancy to reduce the
risk of maternal lithium toxicity due to accumulation of lithium
but it should be started again a few days later after delivery at

reduced dosage because of the increased postpartum risk of man-
ic and depressive relapse.1,10 
Reducing the dosage during the last few days of pregnancy also
helps to reduce lithium concentrations in the neonate and avoid
associated adverse effects.1,9 Adverse effects that have been re-
ported in neonates exposed in utero to lithium include cyanosis,
lethargy, flaccidity, hypotonia, poor gag and sucking reflexes,
feeding problems, bradycardia, tachycardia, goitre, hypothy-
roidism, nephrogenic diabetes, and jaundice;9-12 withdrawal
symptoms have also been observed.
1. Schou M. Lithium treatment during pregnancy, delivery, and

lactation: an update. J Clin Psychiatry 1990; 51: 410–13. 
2. Källén B, Tandberg A. Lithium and pregnancy: a cohort study

on manic-depressive women. Acta Psychiatr Scand 1983; 68:
134–9. 

3. Jacobson SJ, et al. Prospective multicentre study of pregnancy
outcome after lithium exposure during first trimester. Lancet
1992; 339: 530–3. 

4. Cohen LS, et al. A reevaluation of risk of in utero exposure to
lithium. JAMA 1994; 271: 146–50. 

5. Troyer WA, et al. Association of maternal lithium exposure and
premature delivery. J Perinatol 1993; XIII: 123–7. 

6. Krause S, et al. Polyhydramnios with maternal lithium treat-
ment. Obstet Gynecol 1990; 75: 504–6. 

7. Ang MS, et al. Maternal lithium therapy and polyhydramnios.
Obstet Gynecol 1990; 76: 517–19. 

8. Lemoine J-M. Pregnancy, delivery and lactation. In: Johnson
FN, ed. Depression & mania: modern lithium therapy. Oxford:
IRL Press, 1987: 139–46. 

9. Ananth J. Lithium during pregnancy and lactation. Lithium
1993; 4: 231–7. 

10. Pinelli JM, et al. Case report and review of the perinatal impli-
cations of maternal lithium use. Am J Obstet Gynecol 2002;
187: 245–9. 

11. Frassetto F, et al. Goiter in a newborn exposed to lithium in ute-
ro. Ann Pharmacother 2002; 36: 1745–8. 

12. Kozma C. Neonatal toxicity and transient neurodevelopmental
deficits following prenatal exposure to lithium: another clinical
report and a review of the literature. Am J Med Genet A 2005;
132: 441–4.

Surgery. For comments regarding the precautions to be ob-
served in patients undergoing surgery, see under Anaesthesia,
above.
Withdrawal. Symptoms such as anxiety, tremor, fatigue, nau-
sea, sweating, headache, sleep disturbances, diarrhoea, or blurred
vision have developed within days of sudden cessation of treat-
ment with lithium.1 These symptoms may simply be a recurrence
of the mood disorder. Uncontrolled studies of withdrawal symp-
toms have raised the possibility of a lithium-withdrawal state al-
though controlled studies have been convincingly negative. It is,
however, wise to reduce lithium dosage gradually rather than
stop high-dosage treatment abruptly. 
A frequent worry associated with stopping lithium therapy is that
of relapse. Most evidence has supported the view that any relaps-
es occurring in the first weeks after lithium withdrawal are sim-
ply part of a pattern of recurrence of bipolar disorder in general
and are not indicative of a higher rate of recurrence. Some,2 how-
ever, have found the proportion of patients relapsing on sudden
withdrawal of lithium therapy to be 50%, a figure they consider
to be too high to be accounted for by the natural history of the
disease process. They and others3 advise that this risk should be
considered when prescribing lithium for bipolar disorder. In pa-
tients who previously had been stable on lithium for at least 18
months, the risk of early recurrence of bipolar disorder was high-
er when therapy was withdrawn rapidly in less than 2 weeks than
when it was withdrawn gradually over 2 to 4 weeks.4
1. Goodnick PJ. Terminating treatment. In: Johnson FN, ed. De-

pression & mania: modern lithium therapy. Oxford: IRL Press,
1987: 115–17. 

2. Mander AJ, Loudon JB. Rapid recurrence of mania following
abrupt discontinuation of lithium. Lancet 1988; ii: 15–17. 

3. Goodwin GM. Recurrence of mania after lithium withdrawal. Br
J Psychiatry 1994; 164: 149–52. 

4. Faedda GL, et al. Outcome after rapid vs gradual discontinuation
of lithium treatment in bipolar disorders. Arch Gen Psychiatry
1993; 50: 448–55.

Interactions
Some diuretics may reduce lithium excretion and result
in toxicity (see below for further details). Thiazide diu-
retics may also show a paradoxical antidiuretic effect.
Consequently, diuretics should be avoided or used with
caution in those receiving lithium; if used together, a
reduction in the lithium dose may be appropriate. Oth-
er drugs affecting electrolyte balance may also alter
lithium excretion and should be avoided if possible or
used with care. 
Further interactions reported with lithium are dis-
cussed below.
◊ Reviews.
1. Amdisen A. Lithium and drug interactions. Drugs 1982; 24:

133–9. 
2. Beeley L. Drug interactions with lithium. Prescribers’ J 1986;

26: 160–2. 
3. Harvey NS, Merriman S. Review of clinically important drug

interactions with lithium. Drug Safety 1994; 10: 455–63. 
4. Finley PR, et al. Clinical relevance of drug interactions with lith-

ium. Clin Pharmacokinet 1995; 29: 172–91.

ACE inhibitors. Giving lithium with ACE inhibitors has been
reported1-5 to increase serum-lithium concentrations, resulting in
some cases in lithium toxicity. ACE inhibitors such as captopril,2
enalapril,1,3,5 and lisinopril4,5 have been implicated, although in
a study6 of enalapril and lithium in healthy subjects, the lithium
levels remained unchanged. The mechanism is unclear but it has
been suggested7 that suppression of the renin-angiotensin-aldos-
terone system by ACE inhibitors may be responsible. Lithium
excretion by the kidney is dependent on both glomerular filtra-
tion and sodium concentration in the proximal tubule, both of
which are reduced by ACE inhibitors. It has also been suggested5

that inhibition of angiotensin II production may lead to reduced
fluid intake through lack of activation of the thirst stimulus and
this would enhance the tendency to volume depletion caused by
natriuresis. Patients considered7 to be at risk from this reaction
would include those whose renal function is largely dependent
on the effect of angiotensin II, those with congestive heart fail-
ure, and those with volume depletion.
1. Douste-Blazy P, et al. Angiotensin converting enzyme inhibitors

and lithium treatment. Lancet 1986; i: 1448. 
2. Pulik M, Lida H. Interaction lithium-inhibiteurs de l’enzyme de

conversion. Presse Med 1988; 17: 755. 
3. Navis GJ, et al. Volume homeostasis, angiotensin converting en-

zyme inhibition, and lithium therapy. Am J Med 1989; 86: 621. 
4. Baldwin CM, Safferman AZ. A case of lisinopril-induced lithi-

um toxicity. DICP Ann Pharmacother 1990; 24: 946–7. 
5. Correa FJ, Eiser AR. Angiotensin-converting enzyme inhibitors

and lithium toxicity. Am J Med 1992; 93: 108–9. 
6. DasGupta K, et al. The effect of enalapril on serum lithium lev-

els in healthy men. J Clin Psychiatry 1992; 53: 398–400. 
7. Mignat C, Unger T. Ace inhibitors: drug interactions of clinical

significance. Drug Safety 1995; 12: 334–47.

Analgesics. See NSAIDs and Opioid Analgesics, below.
Angiotensin II receptor antagonists. There have been case
reports of lithium intoxication occurring in patients after the ad-
dition of candesartan,1 losartan,2 or valsartan3 to their therapy.
The mechanism may be similar to that for ACE inhibitors
(above).
1. Zwanzger P, et al.. Lithium intoxication after administration of

AT  blockers. J Clin Psychiatry 2001; 62: 208–9. 
2. Blanche P, et al. Lithium intoxication in an elderly patient after

combined treatment with losartan. Eur J Clin Pharmacol 1997;
52: 501. 

3. Leung M, Remick RA. Potential drug interaction between lithi-
um and valsartan. J Clin Psychopharmacol 2000; 20: 392–3.

Antidepressants. Lithium has been used to augment the effect
of other antidepressants in refractory depression. However, there
have been reports of adverse reactions with some of these com-
binations. For further details, see Antidepressants under Interac-
tions of Phenelzine, p.418.
Antiepileptics. Severe CNS toxicity despite ‘normal’ serum-
lithium concentrations has been described in a patient also taking
phenytoin and phenobarbital.1 Symptoms indicative of lithium
toxicity have also been reported in a patient taking lithium with
phenytoin alone;2 again concentrations were not abnormal. 
For reports of neurotoxicity in patients receiving carbamazepine
and lithium, see p.474. Carbamazepine-induced renal failure has
also resulted in toxic serum-lithium concentrations.3
1. Speirs J, Hirsch SR. Severe lithium toxicity with "normal" serum

concentrations. BMJ 1978; 1: 815–16. 
2. MacCallum WAG. Interaction of lithium and phenytoin. BMJ

1980; 280: 610–11. 
3. Mayan H, et al. Lithium intoxication due to carbamazepine-in-

duced renal failure. Ann Pharmacother 2001; 35: 560–2.

Antimicrobials. Lithium toxicity has been reported on isolated
occasions in patients receiving doxycycline,1 metronidazole,2
spectinomycin,3 and tetracycline.4 
However, it has been noted that lithium and tetracycline have
been used together without serious problems in many patients
and that additionally tetracycline has been used to treat the acne-
form skin eruptions induced by lithium.5 It has also been found5

that in healthy subjects lithium concentrations were decreased,
rather than increased, after the addition of tetracycline but this
was probably of no clinical significance.
1. Miller SC. Doxycycline-induced lithium toxicity. J Clin Psy-

chopharmacol 1997; 17: 54–5. 
2. Teicher MH, et al. Possible nephrotoxic interaction of lithium

and metronidazole. JAMA 1987; 257: 3365–6. 
3. Anonymous. Possible adverse drug-drug interaction report: lith-

ium intoxication in a spectinomycin-treated patient. Int Drug
Ther Newslett 1978; 13: 15. 

4. McGennis AJ. Lithium carbonate and tetracycline interaction.
BMJ 1978; 1: 1183. 

5. Fankhauser MP, et al. Evaluation of lithium-tetracycline interac-
tion. Clin Pharm 1988; 7: 314–17.

Antimigraine drugs. For comment on the suggestion that
there may be a risk of increased CNS toxicity when sumatriptan
and lithium are given together, see p.626.
Antineoplastics. Transient decreases in serum-lithium concen-
tration occurred in a patient given cisplatin.1 The relative contri-
butions of cisplatin itself, or the fluid loading procedure involv-
ing intravenous fluids and mannitol, or their combined effects
were unclear. The interaction, however, had no apparent clinical
significance in this patient although a risk of undertreatment with
lithium may occur in other patients.
1. Pietruszka LJ, et al. Evaluation of cisplatin-lithium interaction.

Drug Intell Clin Pharm 1985; 19: 31–2.
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Antipsychotics and anxiolytics. In the control of acute mania
lithium is often too slow in onset to be used alone and therefore
additional therapy with an antipsychotic may be necessary. It
should be noted, however, that such combinations should be used
with care as interactions and adverse reactions have occurred. 
The renal excretion of lithium is increased by chlorpromazine
treatment,1 which means that subsequent withdrawal of chlor-
promazine can result in an abrupt rise in serum-lithium concen-
trations.2 The serum concentration of chlorpromazine can also be
reduced by lithium,3 and chlorpromazine toxicity may be precip-
itated by the abrupt withdrawal of lithium in patients previously
stabilised on both drugs. Ventricular fibrillation has been de-
scribed after withdrawal of lithium in a patient also taking chlor-
promazine;4 it was suggested that the chlorpromazine dose
should be reduced if lithium is to be stopped. 
There have been isolated reports of neurotoxicity or brain dam-
age, characterised by delirium, seizures, encephalopathy, or an
increased incidence of extrapyramidal symptoms in patients re-
ceiving lithium with flupentixol decanoate,5 fluphenazine de-
canoate,6 or high-dose haloperidol,7-9 although two earlier retro-
spective studies of patients taking lithium with antipsychotics
had failed to detect such adverse reactions.10,11 Neurological re-
actions have also been reported in patients receiving lithium with
thioridazine,12,13 sulpiride,14 clozapine,15 and risperidone.16 Al-
though a causal relationship between these events and use of lith-
ium with antipsychotics has not been fully established, patients
should be monitored for signs of neurotoxicity if receiving such
combinations. 
A 1987 review considered that the neurotoxicity induced by lith-
ium and antipsychotics was a rare entity.17 Whether the combi-
nation produced any greater risk than either drug alone, and
whether the neurotoxicity was a distinct diagnostic entity or sim-
ply represented atypical cases of lithium toxicity or the neurolep-
tic malignant syndrome, was debatable. The interaction between
lithium and haloperidol might represent a form of neuroleptic
malignant syndrome and that between lithium and the phenothi-
azines, especially thioridazine, a form of lithium toxicity. It was
concluded that the risk from combination therapy was very small
but that the clinician should, nevertheless, be aware of it. 
Although lithium has been reported to interact with diazepam re-
sulting in hypothermic episodes,18 this may be an idiosyncratic
response rather than a true drug interaction;17 in general it was
considered safe to use lithium with benzodiazepines.
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12. Standish-Barry HMAS, Shelly MA. Toxic neurological reaction
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Benzodiazepines. See Antipsychotics and Anxiolytics, above.
Calcium-channel blockers. Neurotoxicity has been reported
in a patient receiving lithium after the addition of verapamil.1 Se-
rum-lithium concentrations were still inside the accepted thera-
peutic range and it was considered that the similar actions of lith-
ium and verapamil on neurosecretory processes may have been
responsible. Verapamil has also been reported to decrease serum-
lithium concentrations.2 Neurotoxicity has also been reported in
a patient receiving lithium and diltiazem3 as well as other drugs.
Psychosis, possibly induced by the use of diltiazem and lithium
together, has been reported in another patient.4
1. Price WA, Giannini AJ. Neurotoxicity caused by lithium-vera-

pamil synergism. J Clin Pharmacol 1986; 26: 717–19. 
2. Weinrauch LA, et al. Decreased serum lithium during verapamil

therapy. Am Heart J 1984; 108: 1378–80. 
3. Valdiserri EV. A possible interaction between lithium and

diltiazem: case report. J Clin Psychiatry 1985; 46: 540–1. 
4. Binder EF, et al. Diltiazem-induced psychosis and a possible

diltiazem-lithium interaction. Arch Intern Med 1991; 151:
373–4.

Central stimulants. A woman who had been stabilised on
lithium treatment for 15 months developed lithium toxicity with-
in a few days of being given mazindol.1 
There is a risk of CNS toxicity due to synergistic serotonergic
actions when lithium is given with sibutramine.
1. Hendy MS, et al. Mazindol-induced lithium toxicity. BMJ 1980;

280: 684–5.

Diuretics. Thiazide diuretics produce sodium depletion by in-
hibiting distal tubular sodium reabsorption. The consequent in-
crease in proximal tubular reabsorption frequently results in an
increase in serum-lithium concentrations.1 Patients who are sta-
bilised on lithium therapy and begin taking thiazide diuretics are
at significant risk of developing lithium toxicity. Toxic lithium
concentrations may be seen within 3 to 5 days of starting a diu-
retic. Loop diuretics (furosemide, bumetanide, and etacrynic ac-
id) seem less likely to cause lithium retention, although caution
is warranted, especially in patients whose dietary sodium is re-
stricted.1 Amiloride, and probably other potassium-sparing diu-
retics, have no effect on lithium excretion, but acetazolamide in-
creases lithium excretion. However, the diuretic action of
acetazolamide is short-lived and the interaction may therefore be
transient.1 
It has therefore been suggested that if diuretic therapy is neces-
sary in patients stabilised on lithium, the lithium dose should be
reduced by 25 to 50%,1,2 lithium concentrations measured twice
weekly until re-stabilisation occurs, and that perhaps loop diuret-
ics such as bumetanide or furosemide would be preferable. 
The topic of lithium-diuretic interaction and precautions to be
observed has also been discussed.3
1. Beeley L. Drug interactions with lithium. Prescribers’ J 1986;

26: 160–3. 
2. Ramsay LE. Interactions that matter: diuretics and antihyperten-

sive drugs. Prescribers’ J 1984; 24: 60–5. 
3. Grau E. Diuretics. In: Johnson FN, ed. Depression & mania:

modern lithium therapy. Oxford: IRL Press, 1987: 180–3.

Gastrointestinal drugs. Giving sodium bicarbonate with lith-
ium has led to reduced blood-lithium concentrations, attributed
to increased renal excretion of the lithium cation in response to
the extra load of bicarbonate anion to be excreted.1 Antacids con-
taining combinations of aluminium and magnesium hydroxides
and simeticone had no effect on the dissolution and solubility of
lithium carbonate in vitro2 nor on its bioavailability in vivo.3 
There has been a case report describing a possible interaction be-
tween lithium and ispaghula where low serum concentrations of
lithium may have been due to ispaghula inhibiting intestinal ab-
sorption of lithium.4 
There is an increased risk of extrapyramidal effects and the pos-
sibility of neurotoxicity when drugs such as metoclopramide are
given to patients receiving lithium. 
Use of cisapride with lithium may increase the risk of ventricular
arrhythmias.
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2. Schiessler DM, et al. Effect of antacids on lithium carbonate dis-

solution and solubility in vitro. Am J Hosp Pharm 1983; 40:
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3. Goode DL, et al. Effect of antacid on the bioavailability of lithi-
um carbonate. Clin Pharm 1984; 3: 284–7. 

4. Perlman BB. Interaction between lithium salts and ispaghula
husk. Lancet 1990; 335: 416.

Ion-exchange resins. The cation-exchange resin sodium poly-
styrene sulfonate may decrease the absorption of lithium salts.
Methyldopa. Lithium toxicity induced by methyldopa has been
described on a number of occasions.1-3 Symptoms of toxicity
may occur even though serum-lithium concentrations remain
within the therapeutic range.
1. Byrd GJ. Methyldopa and lithium carbonate: suspected interac-

tion. JAMA 1975; 233: 320. 
2. O’Regan JB. Adverse interaction of lithium carbonate and meth-

yldopa. Can Med Assoc J 1976; 115: 385–6. 
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Muscle relaxants. For reports of hypothermic episodes occur-
ring with lithium and diazepam, see under Antipsychotics and
Anxiolytics, above. 
Severe aggravation of hyperkinetic symptoms occurred in 2 pa-
tients with Huntington’s chorea when baclofen was added to
their treatment with lithium and haloperidol.1
1. Andén N-E, et al. Baclofen and lithium in Huntington’s chorea.

Lancet 1973; ii: 93.

Neuromuscular blockers. For reports of prolongation of neu-
romuscular blockade by lithium see under Atracurium, p.1904.
For further comments relating to surgery and anaesthesia, see un-
der Anaesthesia in Precautions, above.
NSAIDs. Decreased clearance and increased serum concentra-
tions of lithium, resulting in toxicity on some occasions, have
been reported after use of lithium with celecoxib,1 diclofenac,2
ibuprofen,3,4 indometacin,5,6 ketorolac,7,8 mefenamic acid,9,10

naproxen,11 piroxicam,12,13 rofecoxib,14-16 and tiaprofenic acid;17

secondary sources have also implicated azapropazone, ketopro-
fen,18 parecoxib, and phenylbutazone.18 However, serum-lithium
concentration is not increased by sulindac.11,19,20 Although se-
rum-lithium concentrations were increased in a patient receiving
aspirin21 this has not been substantiated in others and an interac-
tion is considered unlikely;6,22 it has also been pointed out that

control of sodium balance is necessary in such studies22 and in
the report purporting to demonstrate an interaction the diet had
not been controlled. 
It has been stated that for mild occasional aches, pains, and fever
paracetamol was the preferred analgesic in patients receiving
lithium, although occasional doses of aspirin were acceptable.18

Sulindac appeared to be the safest NSAID for long-term use. Di-
clofenac, ibuprofen, indometacin, ketoprofen, naproxen, phe-
nylbutazone, and piroxicam should be avoided where possible
but if it was necessary to use one of these drugs the maintenance
dose of lithium should be reduced. It was also considered that
perhaps other NSAIDs, for which no information was available
at that time, should be regarded as having the potential to cause
a rise in serum-lithium concentrations.
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Opioid analgesics. There is a risk of CNS toxicity due to syn-
ergistic serotonergic actions when lithium is given with trama-
dol.
Parasympathomimetics. For the effect of lithium on para-
sympathomimetics, see Interactions of Neostigmine, p.632.
Xanthines. It has been reported1 that theophylline enhances the
renal clearance of lithium, thus tending to reduce serum-lithium
concentrations. Lithium blood concentrations increased by 24%
when caffeine was eliminated from the diet of 11 patients taking
lithium.2 No toxicity was observed but these patients had been
maintained on low baseline lithium concentrations; toxicity
might occur in patients maintained at higher concentrations.
1. Cook BL, et al. Theophylline-lithium interaction. J Clin Psychi-

atry 1985; 46: 278–9. 
2. Mester R, et al. Caffeine withdrawal increases lithium blood lev-

els. Biol Psychiatry 1995; 37: 348–50.

Pharmacokinetics
Lithium is readily and completely absorbed from the
gastrointestinal tract when taken as one of its salts. Ab-
sorption can be affected by the formulation of the prep-
aration taken. Peak serum concentrations are obtained
between 0.5 and 3 hours after ingestion from conven-
tional tablets, capsules, or liquids; with modified-re-
lease formulations peak concentrations are delayed and
may occur between 2 and 12 hours after a dose. Lithi-
um is distributed throughout the body and distribution
is complete within about 6 to 10 hours; higher concen-
trations occur in the bones, the thyroid gland, and por-
tions of the brain, than in the serum. 
Lithium is excreted mainly in the urine; only a small
amount can be detected in the faeces, saliva, and sweat.
It is not bound to plasma proteins. It crosses the placen-
ta and is distributed into breast milk. The elimination
half-life in patients with normal renal function is about
12 to 24 hours, but increases with decreasing renal
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function; half-lives of up to 36 hours have been report-
ed for elderly patients and 40 to 50 hours for patients
with renal impairment. Steady-state concentrations
may not, therefore, be attained until 4 to 7 days after
starting treatment. 
There is wide intersubject variation in the serum con-
centrations obtained after a given dose, and also in
those required for therapeutic effect. Concentrations
also vary considerably according to factors such as the
dosage regimen (whether given in single or divided
daily doses), renal function, the dietary regimen of the
patient, the patient’s state of health, the time at which
the blood sample is taken, and other medication, such
as sodium salts or diuretics, as well as by formulation
and bioavailability. Moreover, there is only a narrow
margin between the therapeutic and the toxic serum
concentration of lithium. Therefore, not only is indi-
vidual titration of lithium dosage essential to ensure
constant appropriate concentrations for the patient, but
the conditions under which the blood samples are taken
for monitoring must be carefully controlled. In prac-
tice, a blood sample drawn 12 hours after the last dose
of lithium following a consistent dosing schedule for 4
to 7 days is used for measurement of serum-lithium
concentrations. Under these conditions the distribution
of the last dose of lithium is complete, and steady-state
concentrations will have been attained. The usual
maintenance therapeutic serum concentrations of lithi-
um are 0.4 to 1 mmol/litre; toxic effects may be expect-
ed at concentrations exceeding 1.5 mmol/litre. For fur-
ther details regarding monitoring of serum
concentrations of lithium, see under Uses and Admin-
istration, below. Estimation of lithium concentrations
in other body fluids such as saliva has been investigat-
ed as a less invasive method of monitoring. However,
results have been equivocal and these methods have
not replaced serum monitoring in general practice.
◊ References.
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ious circumstances. Pharmacopsychiatry 1999; 32: 83–6. 

4. Sproule BA, et al. Differential pharmacokinetics of lithium in
elderly patients. Drugs Aging 2000; 16: 165–77.

Administration. References concerning the pharmacokinetic
methods of predicting lithium dosage requirements.
1. Marken PA, et al. Preliminary comparison of predictive and em-

piric lithium dosing: impact on patient outcome. Ann Pharmaco-
ther 1994; 28: 1148–52. 

2. Taright N, et al. Nonparametric estimation of population charac-
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a new Bayesian approach. Ther Drug Monit 1994 16: 258–69. 
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1997; 62: 29–40. 
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ments. Am J Health-Syst Pharm 2000; 57: 1698–1702.

Cystic fibrosis. For a reference to reduced renal excretion of
lithium in patients with cystic fibrosis, see under Precautions,
above.
Distribution into breast milk. For references to the distribu-
tion of lithium into breast milk, see under Precautions, above.
Pregnancy. For references to changes in renal clearance of lith-
ium during pregnancy, see under Precautions, above.

Uses and Administration
Lithium, given as one of its salts, provides a source of
lithium ions, which compete with sodium ions at vari-
ous sites in the body. It thus has an action and adverse
effects distinct and separate from those of other antide-
pressants. Its mode of action is not understood, but it is
effective in the management of mania, bipolar disor-
der, and recurrent unipolar depression. Since the
margin between therapeutic and toxic serum concen-
trations is narrow the decision to give lithium is usually
based on specialist advice; lithium should not be pre-
scribed unless facilities for monitoring serum concen-
trations are available. 
Treatment with lithium needs to be monitored by
measurement of serum concentrations, which must be

adjusted for each patient to give a clinical response
without evidence of toxicity. There is evidence that pa-
tients are most likely to respond to concentrations of
0.8 mmol/litre or above, but individual patients may
respond to concentrations as low as 0.4 mmol/litre, and
it is impossible to identify these patients beforehand.
Because toxic effects are associated with concentra-
tions above 1.5 mmol/litre, and may occur with con-
centrations as low as 1 mmol/litre in susceptible pa-
tients such as the elderly, it is therefore recommended
that doses are adjusted to provide a serum-lithium con-
centration of 0.4 to 1 mmol/litre (at the lower end of
this range for maintenance therapy and elderly pa-
tients). Patients must be taught to recognise the symp-
toms of early lithium intoxication (see Adverse Effects,
above) in order to omit further doses of lithium and
seek medical care should it be impending. 
The dose of lithium given depends on the preparation
chosen since different preparations of lithium salts
vary widely in bioavailability. This can be illustrated
by the recommended doses for some UK preparations: 
• Camcolit tablets (Norgine, UK) containing lithium carbon-

ate; for treatment, initially 1 to 1.5 g daily; for prophylaxis,
initially 300 to 400 mg daily 

• Li-Liquid syrup (Rosemont, UK) containing lithium citrate;
for treatment and prophylaxis, initially 1.018 to 3.054 g dai-
ly in two divided doses (elderly or patients less than 50 kg,
509 mg twice daily) 

• Liskonum tablets (GlaxoSmithKline, UK) containing lithi-
um carbonate; for treatment, initially 450 to 675 mg twice
daily (elderly, 225 mg twice daily); for prophylaxis, initially
450 mg twice daily (elderly, 225 mg twice daily) 

• Priadel tablets (Sanofi-Aventis, UK) containing lithium car-
bonate; for treatment and prophylaxis, initially 400 mg to
1.2 g daily as a single dose or in two divided doses (elderly
or patients less than 50 kg, 200 to 400 mg daily) 

• Priadel syrup (Sanofi-Aventis, UK) containing lithium cit-
rate; for treatment and prophylaxis, initially 1.04 to 3.12 g
daily in two divided doses (elderly or patients less than
50 kg, 520 mg to 1.04 g daily) 

Doses of lithium are initially divided throughout the
day; however, when serum-lithium concentrations are
stabilised once-daily dosage may be preferred. 
The initial dose given is adjusted after 4 to 7 days ac-
cording to the results of serum-lithium estimations ob-
tained under controlled conditions (samples being tak-
en 12 hours after the preceding dose). Serum-lithium
concentrations are then checked once a week until the
dosage has remained constant for 4 weeks. The fre-
quency of estimations can then be reduced to about
once every 3 months. Should the patient’s circum-
stances change such that the lithium pharmacokinetics
or requirements might be affected, close control of se-
rum concentrations should be reinstated until the con-
centrations stabilise once more. Such circumstances
could involve a change of lithium preparation, an inter-
current illness (including a urinary-tract infection), a
manic or depressive phase, a change in dietary regimen
or body temperature, pregnancy, or use of other drugs
(in particular, sodium-containing preparations and diu-
retics). For further details see Precautions and Inter-
actions, above. Long-term use of lithium has been as-
sociated with thyroid disorders and mild cognitive and
memory impairment. Therefore, long-term treatment
should only be undertaken if it is definitely indicated.
Patients need to be regularly assessed and treatment
should only continue after 3 to 5 years if the benefit
persists. 
Lithium is also used for the management of aggressive
or self-mutilating behaviour. The doses are similar to
those used in the prophylaxis of recurrent affective dis-
orders described above. 
Lithium is not licensed in the UK for use in children;
however, the BNFC suggests that it may be considered,
on the advice of a specialist, in the management of ma-
nia, bipolar disorder, recurrent depression, and aggres-
sive or self-mutilating behaviour in those aged 12 years
and over. Suggested doses are similar to those given
above. 

Lithium therapy should, where possible, be withdrawn
slowly over a period of weeks to allay any concerns
about relapse. For further details, see Withdrawal un-
der Precautions, above. 
Other lithium salts have been used in the treatment of
psychiatric disorders and these include the acetate, glu-
conate, glutamate, and sulfate. 
Homoeopathy. Lithium carbonate has been used in
homoeopathic medicines under the following names:
Lithium carbonicum; Lith. carb. 
Lithium citrate has been used in homoeopathic medi-
cines under the following names: Lithium citricum.
Anxiety disorders. Lithium has been tried as augmentation
therapy in the treatment of obsessive-compulsive disorder
(p.952).
Bipolar disorder. Lithium’s main role in the management of
bipolar disorder is for prophylaxis (see p.372). It is sometimes
used in the control of the acute manic stage, but, because of its
slow onset of action, usually with an antipsychotic. 
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polar patients: prevalence and predictors. J Affect Disord 1996;
39: 39–42. 
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Depression. Lithium may be used in the treatment and proph-
ylaxis of recurrent unipolar depression, usually when standard
antidepressants have failed (p.373). Lithium is also used to aug-
ment the efficacy of other antidepressants in refractory cases. 
References.
1. Heit S, Nemeroff CB. Lithium augmentation of antidepressants

in treatment-refractory depression. J Clin Psychiatry 1998; 59
(suppl 6): 28–33. 

2. Bauer M, Dopfmer S. Lithium augmentation in treatment-resist-
ant depression: meta-analysis of placebo-controlled studies. J
Clin Psychopharmacol 1999; 19: 427–34. Correction. ibid.
2000; 20: 287. 

3. Sackeim HA, et al. Continuation pharmacotherapy in the preven-
tion of relapse following electroconvulsive therapy; a rand-
omized controlled trial. JAMA 2001; 285: 1299–1307.

Disturbed behaviour. For mention of lithium in the manage-
ment of children with disturbed behaviour see p.954.
Headache. Lithium is one of a number of drugs tried in cluster
headache (p.616) to prevent headache attacks during cluster pe-
riods when ergotamine is ineffective or has had to be withdrawn.
In a double-blind study1 lithium and verapamil were found to be
of similar efficacy for cluster headache prophylaxis although ve-
rapamil appeared to produce fewer adverse effects. However, in
a later placebo-controlled trial2 lithium was found to be no more
effective than the placebo and the trial was stopped early.
1. Bussone G, et al. Double blind comparison of lithium and vera-

pamil in cluster headache prophylaxis. Headache 1990; 30:
411–17. 

2. Steiner TJ, et al. Double-blind placebo-controlled trial of lithium
in episodic cluster headache. Cephalalgia 1997; 17: 673–5.

Hyperthyroidism. Lithium has been tried in hyperthyroidism
(p.2165), though its practical value is a matter of debate and,
rarely, it may even cause hyperthyroidism (see Effects on the En-
docrine System in Adverse Effects, above). Pretreatment with
lithium has also been reported to prolong the exposure of the thy-
roid to radioactive iodine in patients with Graves’ thyrotoxico-
sis.1
1. Bogazzi F, et al. Treatment with lithium prevents serum thyroid

hormone increase after thionamide withdrawal and radioiodine
therapy in patients with Graves’ disease. J Clin Endocrinol Me-
tab 2002; 87: 4490–5.

Schizophrenia. The addition of lithium to antipsychotic treat-
ment has been tried in patients with schizophrenia (p.955) or
schizoaffective disorders who fail to respond to an antipsychotic
alone. The results of a meta-analysis have suggested that lithium
augmentation is of some benefit, particularly in those with
schizoaffective disorders, although the evidence is inconsistent.1
However, significantly more patients with lithium augmentation
left the studies early, suggesting adverse effects may be problem-



Lithium Carbonate/Maprotiline    407

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

atic and the danger of an interaction between the drugs should
also be borne in mind (see under Interactions, above).
1. Leucht S, et al. Lithium for schizophrenia revisited: a systematic

review and meta-analysis of randomized controlled trials. J Clin
Psychiatry 2004; 65: 177–86.

Skin disorders. Some salts or derivatives of lithium (notably
lithium succinate, p.1604, but also lithium gluconate) have been
applied topically in preparations for seborrhoeic dermatitis. 
References.
1. Dreno B, et al. Lithium gluconate 8% vs ketoconazole 2% in the

treatment of seborrhoeic dermatitis: a multicentre, randomized
study. Br J Dermatol 2003; 148: 1230–6.

Preparations
BP 2008: Lithium Carbonate Tablets; Lithium Citrate Oral Solution; Pro-
longed-release Lithium Carbonate Tablets; 
USP 31: Lithium Carbonate Capsules; Lithium Carbonate Extended-re-
lease Tablets; Lithium Carbonate Tablets; Lithium Citrate Syrup.
Proprietary Preparations (details are given in Part 3)
Arg.: Ceglution; Eskalit; Karlit; Lithiun; Austral.: Lithicarb; Quilonum; Aus-
tria: Neurolepsin; Quilonorm; Belg.: Camcolit; Maniprex; Priadel; Braz.:
Carbolim; Carbolitium; Litiocar†; Neurolithium; Canad.: Carbolith; Dura-
lith; Lithane; Chile: Cabalex†; Cade L; Carbolit; Carboron; Psicolit; Cz.:
Contemnol†; Denm.: Litarex; Fin.: Lito; Fr.: Lithioderm; Neurolithium; Ter-
alithe; Ger.: Hypnorex; leukominerase†; Li 450†; Quilonum; Gr.: Lithiofor;
Milithin; Hong Kong: Camcolit; Lithicarb; Lithiofor; Hung.: Liticarb; India:
Licab; Staleth; Indon.: Frimania; Irl.: Camcolit; Priadel; Israel: Licarbium;
Ital.: Carbolithium; Jpn: Limas; Malaysia: Priadel†; Mex.: Carbolit;
Litheum; Neth.: Camcolit; Litarex; Priadel; Norw.: Lithionit; NZ: Lithicarb;
Priadel; Philipp.: Quilonium-R; Port.: Priadel; S.Afr.: Camcolit; Lentolith;
Quilonum; Singapore: Camcolit; Priadel†; Spain: Plenur; Swed.: Lithionit;
Switz.: Litarex; Lithiofor; Neurolithium; Priadel; Quilonorm; Thai.: Licarb;
Limed; Lit-300; Phanate; Turk.: Kilonum; Lithuril; UK: Camcolit; Li-Liquid;
Liskonum; Lithonate; Priadel; USA: Eskalith†; Lithobid.
Multi-ingredient: Austral.: Caprilate; Ger.: NeyDop N (Revitorgan-Di-
lutionen N Nr 97)†; Togal Classic; Spain: Citinoides.

Lofepramine Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de lofepramina; Leo-640; Lofépramine, Chlorhy-
drate de; Lofepramini Hydrochloridum; Lopramine Hydrochlo-
ride; WHR-2908A. 5-{3-[N-(Chlorophenacyl)-N-methylami-
no]propyl}-10,11-5H-dihydrodibenz[b,f]azepine hydrochloride.
Лофепрамина Гидрохлорид
C26H27ClN2O,HCl = 455.4.
CAS — 23047-25-8 (lofepramine); 26786-32-3 (lofe-
pramine hydrochlor ide).
ATC — N06AA07.
ATC Vet — QN06AA07.

(lofepramine)

Pharmacopoeias. In Br. 
BP 2008 (Lofepramine Hydrochloride). A fine, yellowish-white
to green-yellow powder with a faint characteristic odour. It ex-
hibits polymorphism. Very slightly soluble in alcohol and in me-
thyl alcohol; slightly soluble in acetone. Store in airtight contain-
ers. Protect from light.
Adverse Effects, Treatment, and Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.376) although it has a lower incidence of antimuscarinic ad-
verse effects. Lofepramine should be avoided in patients with se-
vere hepatic or severe renal impairment.
Effects on the liver. See under Amitriptyline, p.377.
Overdosage. Lofepramine may be less toxic in overdosage
than earlier tricyclics.1 An analysis of data from the Office of
National Statistics in England and Wales has also shown that the
risk of death after an overdose with lofepramine was not signifi-
cantly different from that associated with the SSRIs which, as a
group, are considered to be safer in overdose than the tricyclics.2
1. Reid F, Henry JA. Lofepramine overdosage. Pharmacopsychia-

try 1990; 23: 23–27. 
2. Mason J, et al. Fatal toxicity associated with antidepressant use

in primary care. Br J Gen Pract 2000; 50: 366–70.

Interactions
For interactions associated with tricyclic antidepressants, see
Amitriptyline, p.379.
Pharmacokinetics
Lofepramine is readily absorbed from the gastrointestinal tract;
peak plasma concentrations occur within 1 hour of oral doses.
Since lofepramine slows gastrointestinal transit time absorption
can, however, be delayed, particularly in overdosage. It is exten-
sively demethylated by first-pass metabolism in the liver to its
active, primary metabolite, desipramine (p.387). Paths of metab-
olism also include N-oxidation and hydroxylation. The plasma
half-life is about 5 hours. Lofepramine is mainly excreted in the

urine, chiefly in the form of its metabolites. Up to 99% of lofe-
pramine is bound to plasma proteins. Lofepramine is distributed
into breast milk.
Uses and Administration
Lofepramine is a dibenzazepine tricyclic antidepressant with ac-
tions and uses similar to those of amitriptyline (p.381). One of its
metabolites is desipramine (p.387). Lofepramine is one of the
less sedating tricyclics. 
In the treatment of depression (p.373) lofepramine is given orally
as the hydrochloride although doses are expressed in terms of the
base. Lofepramine hydrochloride 76.1 mg is equivalent to about
70 mg of lofepramine. The usual dose is the equivalent of 70 mg
two or three times daily. 
Lofepramine should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
Administration in the elderly. UK licensed drug information
suggests that some elderly patients may respond to lower than
usual doses of lofepramine, but in a study1 involving 46 elderly
patients with various grades of depression lofepramine 70 mg
once daily was no more effective than placebo at the end of 28
days of treatment.
1. Tan RSH, et al. The effect of low dose lofepramine in depressed

elderly patients in general medical wards. Br J Clin Pharmacol
1994; 37: 321–4.

Preparations
BP 2008: Lofepramine Tablets.

Proprietary Preparations (details are given in Part 3)
Cz.: Tymelyt†; Denm.: Tymelyt†; Ger.: Gamonil†; Irl.: Gamanil; Port.:
Deprimil†; S.Afr.: Emdalen; Spain: Deftan†; Swed.: Tymelyt†; Switz.: Ga-
monil†; UK: Feprapax†; Gamanil†; Lomont.

Maprotiline (BAN, USAN, rINN)

Maprotiliini; Maprotilin; Maprotilina; Maprotilinum. 3-(9,10-Dihy-
dro-9,10-ethanoanthracen-9-yl)propyl(methyl)amine; N-Methyl-
9,10-ethanoanthracene-9(10H)-propylamine.
Мапротилин
C20H23N = 277.4.
CAS — 10262-69-8.
ATC — N06AA21.
ATC Vet — QN06AA21.

Maprotiline Hydrochloride (BANM, rINNM)

Ba-34276; Hidrocloruro de maprotilina; Maprotiliinihydrokloridi;
Maprotilin Hidroklorür; Maprotiline, chlorhydrate de; Maprotilin-
hidroklorid; Maprotilin-hydrochlorid; Maprotilinhydroklorid;
Maprotilini hydrochloridum; Maprotilino hidrochloridas.
Мапротилина Гидрохлорид
C20H23N,HCl = 313.9.
CAS — 10347-81-6.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Maprotiline Hydrochloride). A white or almost
white crystalline powder. It shows polymorphism. Slightly solu-
ble in water; soluble in alcohol; very slightly soluble in acetone;
sparingly soluble in dichloromethane; freely soluble in methyl
alcohol. 
USP 31 (Maprotiline Hydrochloride). A fine white to off-white,
practically odourless, crystalline powder. Slightly soluble in wa-
ter; freely soluble in chloroform and in methyl alcohol; practical-
ly insoluble in isooctane. Store in airtight containers.
Adverse Effects, Treatment, and Precautions
Adverse effects with maprotiline, a tetracyclic antidepressant,
are broadly similar to those with tricyclic antidepressants (see
Amitriptyline, p.376) but antimuscarinic effects are less fre-
quent. 
Skin rashes seem more common with maprotiline than with tri-
cyclic antidepressants. Seizures have occurred in patients with
no prior history of such disorders as well as in those with a histo-
ry of epilepsy and the risk is increased if high doses of mapro-
tiline are given. It should not be used in patients with epilepsy or
a lowered seizure threshold.
Incidence of adverse effects. By March 1985 the UK CSM1

had received reports of the following adverse reactions associat-
ed with maprotiline from a cumulative total of 2.5 million pre-
scriptions: convulsions (124), hepatic reactions (4), and haema-
tological reactions (8). There had also been 454 reports of skin
rashes.
1. CSM. Dangers of newer antidepressants. Current Problems 15

1985. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024422&
RevisionSelectionMethod=LatestReleased (accessed 05/08/08)

Effects on the skin. In addition to many recorded instances of
skin rashes with maprotiline (see Incidence of Adverse Effects,
above) cutaneous vasculitis, which resolved on stopping therapy,
has also been seen.1
1. Oakley AMM, Hodge L. Cutaneous vasculitis from maprotiline.

Aust N Z J Med 1985; 15: 256–7.

Epileptogenic effect. In a retrospective review of 186 psychi-
atric patients with no history of seizures, 5 of 32 patients taking
maprotiline developed generalised tonic-clonic seizures, com-
pared with 1 of 45 receiving a tricyclic antidepressant.1 There
were no seizures in the remaining patients who received other
medications, or no drug treatment. Two of the 5 patients having
seizures with maprotiline were taking doses of 75 to 150 mg dai-
ly, 2 were taking daily doses of 200 to 300 mg, and one patient
had partial complex seizures with a daily dose of 150 mg and
generalised tonic-clonic seizures after increasing the daily dose
to 300 mg.
1. Jabbari B, et al. Incidence of seizures with tricyclic and tetracy-

clic antidepressants. Arch Neurol 1985; 42: 480–1.

Overdosage. Apart from seizures being more common with
maprotiline, features of overdosage are similar to those experi-
enced with tricyclic antidepressant poisonings (see Adverse Ef-
fects of Amitriptyline, p.376). 
For a discussion of choice of antidepressant with respect to tox-
icity in overdosage, see under Depression, p.373. 
References.
1. Crome P, Newman B. Poisoning with maprotiline and mianserin.

BMJ 1977; 2: 260. 
2. Curtis RA, et al. Fatal maprotiline intoxication. Drug Intell Clin

Pharm 1984; 18: 716–20. 
3. Knudsen K, Heath A. Effects of self poisoning with maprotiline.

BMJ 1984; 288: 601–3. 
4. Crome P, Ali C. Clinical features and management of self-poi-

soning with newer antidepressants. Med Toxicol 1986; 1:
411–20.

Porphyria. Maprotiline hydrochloride is considered to be un-
safe in patients with porphyria because it has been shown to be
porphyrinogenic in animals.
Interactions
Interactions associated with maprotiline are similar to those as-
sociated with tricyclic antidepressants (see Amitriptyline,
p.379).
Pharmacokinetics
Maprotiline is slowly but completely absorbed from the gastroin-
testinal tract. Peak plasma concentrations are reached within 8
hours of an oral dose. It is widely distributed throughout the body
and plasma protein binding is about 88 to 89%. 
Maprotiline is extensively demethylated in the liver to its princi-
pal active metabolite, desmethylmaprotiline; paths of metabo-
lism of both maprotiline and desmethylmaprotiline include N-
oxidation, aliphatic and aromatic hydroxylation, and the forma-
tion of aromatic methoxy derivatives. In addition to desmethyl-
maprotiline, maprotiline-N-oxide is also reported to be pharma-
cologically active. The average elimination half-life of
maprotiline is reported to be about 43 hours and that of its active
metabolite even longer (range 60 to 90 hours). Maprotiline is ex-
creted in the urine, mainly in the form of its metabolites, either in
free or in conjugated form; appreciable amounts are also excret-
ed in the faeces. 
Maprotiline is distributed into breast milk (see Breast Feeding
under Precautions of Amitriptyline, p.378).
◊ References.
1. Maguire KP, et al. An evaluation of maprotiline: intravenous ki-

netics and comparison of two oral doses. Eur J Clin Pharmacol
1980; 18: 249–54. 

2. Alkalay D, et al. Bioavailability and kinetics of maprotiline. Clin
Pharmacol Ther 1980; 27: 697–703. 

3. Firkusny L, Gleiter H. Maprotiline metabolism appears to co-
segregate with the genetically-determined CYP2D6 polymor-
phic hydroxylation of debrisoquine. Br J Clin Pharmacol 1994;
37: 383–8.

Uses and Administration
Maprotiline is a tetracyclic antidepressant with actions and uses
similar to those of tricyclic antidepressants (see Amitriptyline,
p.381). It is one of the more sedating antidepressants but an-
timuscarinic effects are less marked. Like the tricyclics, mapro-
tiline is an inhibitor of the reuptake of noradrenaline; it also has
weak affinity for central adrenergic (α1) receptors. 
Maprotiline is usually given orally as the hydrochloride but it has
also been given by injection as the mesilate and in oral drops as
the resinate. 
In the treatment of depression (p.373) maprotiline hydrochloride
is given in oral doses of 25 to 75 mg daily in divided doses, grad-
ually increased to 150 mg daily if necessary; up to 225 mg daily
may be required in severely depressed patients in hospital. The
dosage should be adjusted after 2 weeks according to response.
Because of the prolonged half-life of maprotiline the total daily
dose may also be given as a single dose. A suggested initial dose
for elderly patients is 25 mg daily gradually increased according
to response to 50 to 75 mg daily. 
Maprotiline should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
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Preparations

USP 31: Maprotiline Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Ludiomil; Belg.: Ludiomil; Braz.: Ludiomil; Canad.: Ludiomil†;
Chile: Mapromil; Cz.: Ludiomil; Maprotibene; Denm.: Ludiomil; Maludil;
Fr.: Ludiomil; Ger.: Deprilept; Ludiomil; Maprolu; Gr.: Aprotilin†; Ludiomil;
Hong Kong: Ludiomil†; Hung.: Ludiomil; Maprolu†; Indon.: Ludiomil; Lu-
dios; Sandepril; Tilsan; Israel: Melodil; Ital.: Ludiomil; Malaysia: Ludiomil;
Mex.: Ludiomil; Neth.: Ludiomil; NZ: Ludiomil; Pol.: Ludiomil; Port.: Lu-
diomil; Rus.: Ludiomil (Людиомил); S.Afr.: Ludiomil; Singapore: Ludi-
omil†; Spain: Ludiomil; Swed.: Ludiomil; Switz.: Ludiomil; Thai.: Ludiomil;
Turk.: Ludiomil; Maprotil; UK: Ludiomil†; Venez.: Ludiomil.

Melitracen Hydrochloride (USAN, rINNM)

Hidrocloruro de melitraceno; Mélitracène, Chlorhydrate de; Me-
litraceni Hydrochloridum; N-7001; U-24973A. 3-(9,10-Dihydro-
10,10-dimethyl-9-anthrylidene)propyldimethylamine hydrochlo-
ride.

Мелитрацена Гидрохлорид

C21H25N,HCl = 327.9.

CAS — 5118-29-6 (melitracen); 10563-70-9 (melitracen
hydrochloride).

ATC — N06AA14.

ATC Vet — QN06AA14.

(melitracen)

Profile
Melitracen is a tricyclic antidepressant (see Amitriptyline,
p.376). 

In the treatment of depression (p.373) melitracen is given orally
as the hydrochloride although doses are expressed in terms of the
base; melitracen hydrochloride 28.1 mg is equivalent to about
25 mg of melitracen. The recommended initial dose is the equiv-
alent of 25 mg two or three times daily gradually increased to a
total of 225 mg daily if necessary. Elderly patients should gener-
ally be given reduced doses of 25 or 30 mg daily initially. Meli-
tracen may also be given in lower doses with flupentixol (p.997)
in the management of depression with anxiety. A combination of
melitracen 10 mg and flupentixol 500 micrograms is given oral-
ly in the morning and at midday. In severe cases the morning
dose may be doubled. The total daily dose should not exceed me-
litracen 40 mg and flupentixol 2 mg. Elderly patients may be
given melitracen 10 mg with flupentixol 500 micrograms in the
morning; in severe cases this dose may be given in the morning
and at midday. 

Melitracen should be withdrawn gradually to reduce the risk of
withdrawal symptoms.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Dixeran; Belg.: Dixeran†.

Multi-ingredient: Austria: Deanxit; Belg.: Deanxit; Hong Kong: An-
free; Deanxit; Ital.: Deanxit†; Singapore: Deanxit; Spain: Deanxit;
Switz.: Deanxit; Thai.: Deanxit.

Mianserin Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de mianserina; Mianseriinihydrokloridi; Mianserin
Hidroklorür; Miansérine, chlorhydrate de; Mianserin-hydrochlo-
rid; Mianserinhydroklorid; Mianserini hydrochloridum; Mianseri-
no hidrochloridas; Mianseryny chlorowodorek; Mianszerin-hid-
roklorid; Org-GB-94. 1,2,3,4,10,14b-Hexahydro-2-methyldiben-
zo[c,f]pyrazino[1,2-a]azepine hydrochloride.

Миансерина Гидрохлорид

C18H20N2,HCl = 300.8.

CAS — 24219-97-4 (mianserin); 21535-47-7 (mianserin
hydrochloride).

ATC — N06AX03.

ATC Vet — QN06AX03.

(mianserin)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Mianserin Hydrochloride). A white or almost white
crystalline powder or crystals. Sparingly soluble in water; slight-
ly soluble in alcohol; soluble in dichloromethane. A 1% solution
in water has a pH of 4.0 to 5.5. Protect from light.
Adverse Effects
Antimuscarinic and cardiac adverse effects are fewer and milder
with mianserin, a tetracyclic antidepressant, than with tricyclic
antidepressants but effects are otherwise broadly similar (see
Amitriptyline, p.376); mianserin may be associated with a lower
risk of cardiotoxicity in overdosage. 
The most common adverse effect associated with mianserin is
drowsiness. Mianserin also causes bone-marrow depression usu-
ally presenting as leucopenia, granulocytopenia, or agranulocy-
tosis; aplastic anaemia has been reported. These adverse haema-
tological reactions generally occur during the first few weeks of
therapy and especially in the elderly. 
Other adverse effects reported include disturbances of liver func-
tion and jaundice, breast disorders (gynaecomastia, nipple ten-
derness, and non-puerperal lactation), and polyarthropathy.
Effects on the blood. Between 1976 and the end of 1988 the
UK CSM had received 239 reports of adverse haematological
reactions associated with mianserin use.1 The reports included
68 of agranulocytosis and 84 of granulocytopenia or leucopenia
where mianserin was considered to be the probable or possible
cause; there had been 17 fatalities. Allowing for the pattern of
prescribing there was a greater number of reports of white blood
cell disorders in patients over 65 years of age but there was no
sex difference. The data also indicated that the adverse reactions
were most likely to develop during the first 3 months of therapy.
By the end of 1992 the number of reports of mianserin-induced
agranulocytosis or neutropenia received by the CSM2 had risen
to 79 and 105, respectively. 
A case of fatal aplastic anaemia associated with mianserin use
has also been reported.3 
Proposed mechanisms of mianserin haematotoxicity have in-
cluded a direct toxicity4 and an immunologically-mediated
mechanism.5 There is evidence from studies in vitro of a signifi-
cant correlation between the desmethyl metabolite and cytotox-
icity. Mianserin is given as a racemic preparation and the forma-
tion of metabolites was greater with the R(−)-enantiomer than
with the S(+)-enantiomer.6
1. CSM. Mianserin and white blood cell disorders in the elderly.

C u r re n t  P ro b l e m s  2 5  1 9 8 9 .  A l s o  a v a i l a b l e  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024441&RevisionSelectionMethod=
LatestReleased (accessed 05/08/08) 

2. CSM/MCA. Drug-induced neutropenia and agranulocytosis.
Current Problems  1993; 19: 10–11. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 05/08/08) 

3. Durrant S, Read D. Fatal aplastic anaemia associated with mian-
serin. BMJ 1982; 285: 437. 

4. O’Donnell JL, et al. Possible mechanism for mianserin induced
neutropenia associated with saturable elimination kinetics. BMJ
1985; 291: 1375–6. 

5. Stricker BHC, et al. Thrombocytopenia and leucopenia with mi-
anserin-dependent antibodies. Br J Clin Pharmacol 1985; 19:
102–4. 

6. Riley RJ, et al. A stereochemical investigation of the cytotoxic-
ity of mianserin metabolites in vitro. Br J Clin Pharmacol 1989;
27: 823–30.

Effects on the cardiovascular system. Although mianserin
is considered to be less cardiotoxic than the tricyclic antidepres-
sants adverse effects have been noted in individual patients. Two
elderly patients developed signs of disturbed cardiac function
(cardiac failure, atrial and ventricular fibrillation, bradycardia,
and frequent ventricular ectopic beats) which resolved after the
drug was stopped.1 One of the patients also developed hypoka-
laemia which was possibly caused by mianserin. It was suggest-
ed that persons most likely to experience problems were the eld-
erly with a history of cardiovascular disorders. Further reports of
mianserin-induced cardiac effects include recurrent ventricular
fibrillation in a 61-year-old man after an overdose of mianserin2

and bradycardia in a 50-year-old woman after a therapeutic
dose.3
1. Whiteford H, et al. Disturbed cardiac function possibly associat-

ed with mianserin therapy. Med J Aust 1984; 140: 166–7. 
2. Haefeli WE, et al. Recurrent ventricular fibrillation in mianserin

intoxication. BMJ 1991; 302: 415–16. 
3. Carcone B, et al. Symptomatic bradycardia caused by mianserin

at therapeutic doses. Hum Exp Toxicol 1991; 10: 383–4.

Effects on the liver. By March 1985 the UK CSM had re-
ceived 57 reports of hepatic reactions associated with mianserin
use from a total of 5 million prescriptions. Reactions had includ-
ed jaundice and other abnormalities of liver function, but no fa-
talities had been reported.1 
Case reports have also been published concerning jaundice;2-5

liver function returned to normal after stopping mianserin or
lowering the dose.
1. CSM. Dangers of newer antidepressants. Current Problems 15 1985.

http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024422&RevisionSelectionMethod=
LatestReleased (accessed 14/08/08) 

2. Adverse Drug Reactions Advisory Committee. Mianserin: a pos-
sible cause of neutropenia and agranulocytosis. Med J Aust 1980;
2: 673–4. 

3. Goldstraw PW, et al. Mianserin and jaundice. N Z Med J 1983;
96: 985. 

4. Zarski J-P, et al. Toxicité hépatique des nouveaux anti-dé-
presseurs: a propos d’une observation. Gastroenterol Clin Biol
1983; 7: 220–1. 

5. Otani K, et al. Hepatic injury caused by mianserin. BMJ 1989;
299: 519.

Effects on the musculoskeletal system. A patient devel-
oped an acute polyarthritis affecting the hands and feet 6 days
after starting therapy with mianserin;1 at that time the UK CSM
had received 19 reports of arthritis and arthralgia associated with
mianserin. For the suggestion that effects at serotonin receptors
may be involved in such adverse effects see under Mirtazapine,
p.410.
1. Hughes A, Coote J. Arthropathy associated with treatment with

mianserin. BMJ 1986; 292: 1050.

Effects on the skin. Reports of adverse dermatological reac-
tions in individual patients related to mianserin therapy have in-
cluded toxic epidermal necrolysis1 and erythema multiforme.2,3

1. Randell P. Tolvon and toxic epidermal necrolysis. Med J Aust
1979; 2: 653. 

2. Quraishy E. Erythema multiforme during treatment with mian-
serin—a case report. Br J Dermatol 1981; 104: 481. 

3. Cox NH. Erythema multiforme due to mianserin—a case against
generic prescribing. Br J Clin Pract 1985; 39: 293–4.

Effects on the tongue. Glossitis associated with mianserin
therapy was reported in 2 patients.1 Additionally, glossitis ac-
companied by severe facial oedema has been noted in another
patient.2 In all cases symptoms resolved after withdrawal of mi-
anserin.
1. de la Fuente JR, Berlanga C. Glossitis associated with mianserin.

Lancet 1984; i: 233. 
2. Leibovitch G, et al. Severe facial oedema and glossitis associated

with mianserin. Lancet 1989; ii: 871–2.

Epileptogenic effect. By March 1985 the UK CSM had re-
ceived 64 reports of convulsions associated with mianserin use
from a total of 5 million prescriptions.1 In a previous review2

concerning 40 of these cases it was considered that a causal con-
nection could be established only in a minority. It was suggested
that mianserin is no more epileptogenic than tricyclic antidepres-
sants, an opinion that was also shared by other reviewers.3
1. CSM. Dangers of newer antidepressants. Current Problems 15

1985. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024422&
RevisionSelectionMethod=LatestReleased (accessed 05/08/08) 

2. Edwards JG, Glen-Bott M. Mianserin and convulsive seizures.
Br J Clin Pharmacol 1983; 15: 299S–311S. 

3. Richens A, et al. Antidepressant drugs, convulsions and epilep-
sy. Br J Clin Pharmacol 1983; 15: 295S–298S.

Overdosage. Experience with 100 consecutive cases of intoxi-
cation with mianserin1 revealed that when it was the only drug
ingested symptoms were mild and neither deep coma nor con-
vulsions occurred. More serious symptoms and 2 fatalities were
seen in patients who had taken multiple drug overdoses. The re-
sults suggested that after an acute overdose mianserin is less tox-
ic than the tricyclic antidepressants. This conclusion was also
supported by a large follow-up study2 comparing the outcome of
suicide attempts among patients who had taken mianserin in
overdose with those who had taken amitriptyline.
1. Chand S, et al. One hundred cases of acute intoxication with mi-

anserin hydrochloride. Pharmakopsychiatrie 1981; 14: 15–17. 
2. Inman WHW. Blood disorders and suicide in patients taking mi-

anserin or amitriptyline. Lancet 1988; ii: 90–2.

Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.378). Although mianserin is less cardiotoxic than the tricyclic
antidepressants, it still should be used with caution in patients
with cardiovascular disorders, such as heart block, or after recent
myocardial infarction. Similarly, patients with angle-closure
glaucoma or prostatic hyperplasia should be monitored even
though antimuscarinic effects are rare. Mianserin should be used
with caution in patients with diabetes mellitus, epilepsy, and he-
patic or renal impairment; it should be avoided in severe hepatic
disease. 
Patients should be carefully monitored during early antidepres-
sant therapy until significant improvement in depression is ob-
served because suicide is an inherent risk in depressed patients.
For further details, see under Depression, p.373. Suicidal
thoughts and behaviour may also develop during early treatment
with antidepressants for other disorders; the same precautions
observed when treating patients with depression should therefore
be observed when treating patients with other disorders. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

A full blood count is recommended every 4 weeks during the
first 3 months of treatment with mianserin, because of the risk of
bone-marrow depression. Similarly, if a patient receiving mian-
serin develops fever, sore throat, stomatitis, or other signs of in-
fection, treatment should be stopped and a full blood count ob-
tained. The elderly are considered to be at special risk of blood
disorders from mianserin. For further details see Effects on the
Blood under Adverse Effects, above. 
UK licensed drug information recommends that mianserin
should not be given during breast feeding, but the BNF considers
the amount distributed into breast milk too small to be harmful.

Porphyria. Mianserin hydrochloride is considered to be unsafe
in patients with porphyria because it has been shown to be por-
phyrinogenic in animals.

Interactions
It is recommended that mianserin should not be given to patients
receiving MAOIs or for at least 14 days afterwards. At least one
week should elapse between withdrawing mianserin and starting
any drug liable to provoke a serious reaction (e.g. phenelzine).
Unlike the tricyclics (p.379), mianserin does not diminish the ef-
fects of the antihypertensives guanethidine, hydralazine, pro-
pranolol, or clonidine. However, it is still recommended that
blood pressure be monitored when mianserin is prescribed with
antihypertensive therapy. Plasma-phenytoin concentrations
should be monitored carefully in patients also treated with mian-
serin; phenytoin has also been reported to reduce concentrations
of mianserin (see below). There may be potentiation of effects
when mianserin is given with CNS depressants such as alcohol,
anxiolytics, or antipsychotics.

Antiepileptics. Reduced plasma concentrations and half-lives
of mianserin and desmethylmianserin were seen in 6 patients
also receiving antiepileptic therapy consisting of phenytoin with
either carbamazepine or phenobarbital.1 Carbamazepine alone
may also reduce the plasma concentration of mianserin.2,3 
Mianserin may antagonise the action of antiepileptics by lower-
ing the convulsive threshold.
1. Nawishy S, et al. Kinetic interaction of mianserin in epileptic

patients on anticonvulsant drugs. Br J Clin Pharmacol 1982; 13:
612P–13P. 

2. Leinonen E, et al. Effects of carbamazepine on serum antide-
pressant concentrations in psychiatric patients. J Clin Psychop-
harmacol 1991; 11: 313–18. 

3. Eap CB, et al. Effects of carbamazepine coadministration on
plasma concentrations of the enantiomers of mianserin and of its
metabolites. Ther Drug Monit 1999; 21: 166–70.

Pharmacokinetics
Mianserin is readily absorbed from the gastrointestinal tract, but
its bioavailability is reduced by extensive first-pass metabolism
in the liver. 
Paths of metabolism of mianserin include aromatic hydroxyla-
tion, N-oxidation, and N-demethylation. Desmethylmianserin
and 8-hydroxymianserin are pharmacologically active. 
Mianserin is excreted in the urine, almost entirely as its metabo-
lites, either free or in conjugated form; some is also found in the
faeces. 
Mianserin is widely distributed throughout the body and is exten-
sively bound to plasma proteins. It has been found to have a bi-
phasic plasma half-life with the duration of the terminal phase
ranging from about 6 to 40 hours. Mianserin crosses the blood-
brain barrier and the placenta. It is distributed into breast milk.

◊ References.
1. Hrdina PD, et al. Mianserin kinetics in depressed patients. Clin

Pharmacol Ther 1983; 33: 757–62. 
2. Pinder RM, Van Delft AML. The potential therapeutic role of

enantiomers and metabolites of mianserin. Br J Clin Pharmacol
1983; 15: 269S–276S. 

3. Timmer CJ, et al. Absolute bioavailability of mianserin tablets
and solution in healthy humans. Eur J Drug Metab Pharmacok-
inet 1985; 10: 315–23. 

4. Begg EJ, et al. Variability in the elimination of mianserin in eld-
erly patients. Br J Clin Pharmacol 1989; 27: 445–51. 

5. Buist A, et al. Mianserin in breast milk. Br J Clin Pharmacol
1993; 36: 133–4. 

6. Dahl M-L, et al. Stereoselective disposition of mianserin is relat-
ed to debrisoquin hydroxylation polymorphism. Clin Pharmacol
Ther 1994; 56: 176–83.

Uses and Administration
Mianserin is a tetracyclic antidepressant. It does not appear to
have significant antimuscarinic properties, but has a marked sed-
ative action. Unlike the tricyclic antidepressants (see Amitriptyl-
ine, p.381), mianserin does not prevent the peripheral reuptake of
noradrenaline; it blocks presynaptic adrenergic (α2) receptors
and increases the turnover of brain noradrenaline. Mianserin is
also an antagonist of postsynaptic serotonin receptors in some
parts of the brain. 
In the treatment of depression (p.373) mianserin hydrochloride is
given in initial oral doses of 30 to 40 mg daily increased gradu-
ally thereafter as necessary. The effective daily dosage is usually
between 30 and 90 mg. The daily dosage may be divided
throughout the day or given as a single dose at night. Divided
daily dosages of up to 200 mg have been given. The recommend-
ed initial daily dose in the elderly is not more than 30 mg, which
may be slowly increased if necessary. 

Mianserin should be withdrawn gradually to reduce the risk of
withdrawal symptoms.

Preparations
BP 2008: Mianserin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Lerivon; Austral.: Lumin; Tolvon; Austria: Miabene†; Tolvon; Belg.:
Lerivon; Braz.: Tolvon; Chile: Athimil; Prevalina; Cz.: Lerivon; Miabene;
Denm.: Tolmin; Tolvon; Fin.: Miaxan; Tolvon; Fr.: Athymil; Ger.: Ho-
pacem†; Mianeurin; Prisma†; Tolvin; Hong Kong: Tolvon; Hung.: Tolvon;
India: Depnon; Irl.: Tolvon; Israel: Bonserin; Ital.: Lantanon; Mex.:
Tolvon; Neth.: Tolvon; Norw.: Tolvon; NZ: Tolvon; Pol.: Lerivon; Mianse-
merck; Norserin; Port.: Tolvon; Rus.: Lerivon (Леривон); S.Afr.: Lan-
tanon; Spain: Lantanon; Swed.: Tolvon; Switz.: Amirine; Tolvon; Thai.:
Mealin; Ornate†; Servin; Tolimed; Tolvon; Turk.: Tolvon; Venez.: Athimil†.

Milnacipran Hydrochloride (BANM, rINNM)

F-2207 (milnacipran); Hidrocloruro de milnaciprán; Midalcipran
Hydrochloride; Milnacipran, Chlorhydrate de; Milnaciprani Hy-
drochloridum. (±)-cis-2-(Aminomethyl)-N,N-diethyl-1-phenylcy-
clopropanecarboxamide hydrochloride.

Мильнаципрана Гидрохлорид
C15H22N2O,HCl = 282.8.
CAS — 92623-85-3 (milnacipran); 101152-94-7 (mil-
nacipran hydrochloride); 175131-61-0 (milnacipran hydro-
chlor ide).
ATC — N06AX17.
ATC Vet — QN06AX17.

(milnacipran)

Profile
Milnacipran hydrochloride is a serotonin and noradrenaline re-
uptake inhibitor (SNRI) (see Venlafaxine, p.427) used for the
treatment of depression (p.373). It is given in usual oral doses of
50 mg twice daily. Milnacipran is also being investigated in the
treatment of fibromyalgia.

◊ References.
1. Tignol J, et al. Double-blind study of the efficacy and safety of

milnacipran and imipramine in elderly patients with major de-
pressive episode. Acta Psychiatr Scand 1998; 97: 157–65. 

2. Spencer CM, Wilde MI. Milnacipran: a review of its use in de-
pression. Drugs 1998; 56: 405–27. 

3. Rouillon F, et al. Milnacipran efficacy in the prevention of recur-
rent depression: a 12-month placebo-controlled study. Int Clin
Psychopharmacol 2000; 15: 133–40. 

4. Clerc G. Antidepressant efficacy and tolerability of milnacipran,
a dual serotonin and noradrenaline reuptake inhibitor: a compar-
ison with fluvoxamine. Int Clin Psychopharmacol 2001; 16:
145–51. 

5. Fukuchi T, Kanemoto K. Differential effects of milnacipran and
fluvoxamine, especially in patients with severe depression and
agitated depression: a case-control study. Int Clin Psychophar-
macol 2002; 17: 53–8. 

6. Vitton O, et al. A double-blind placebo-controlled trial of mil-
nacipran in the treatment of fibromyalgia. Hum Psychopharma-
col 2004; 19 (suppl 1): S27–S35.

Interactions. ANTIMIGRAINE DRUGS. There have been rare re-
ports of serotonin syndrome associated with the use of serot-
onin and noradrenaline reuptake inhibitors (SNRIs) with se-
rotonin (5-HT1) agonists such as sumatriptan (see p.626).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dalcipran; Ixel; Austria: Dalcipran; Ixel; Braz.: Ixel; Chile: Ixel; Cz.:
Dalcipran; Ixel; Fin.: Ixel; Fr.: Ixel; Israel: Ixel; Jpn: Toledomin; Pol.: Ixel;
Port.: Dalcipran; Ixel; Rus.: Ixel (Иксел); Turk.: Ixel.

Mirtazapine (BAN, USAN, rINN)

6-Azamianserin; Mepirzapin; Mepirzepine; Mirtatsapiini; Mirtaza-
pin; Mirtazapina; Mirtazapinum; Org-3770. (RS)-1,2,3,4,10,14b-
Hexahydro-2-methylpyrazino-[2,1-a]pyrido[2,3-c][2]ben-
zazepine.

Миртазапин
C17H19N3 = 265.4.

CAS — 61337-67-5.
ATC — N06AX11.
ATC Vet — QN06AX11.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Mirtazapine). A white or almost white powder,
slightly hygroscopic to hygroscopic. It exhibits polymorphism.
Practically insoluble in water; freely soluble in anhydrous alco-
hol. Store in airtight containers. 
USP 31 (Mirtazapine). It is anhydrous or contains one-half mol-
ecule of water of hydration. A white to creamy white, crystalline
powder. Practically insoluble in water; soluble in solvent ether;
sparingly soluble in n-hexane; freely soluble in methyl alcohol
and in toluene. Store in airtight containers.

Adverse Effects
Adverse effects commonly reported with mirtazapine
are an increase in appetite and weight, and oedema;
drowsiness or sedation generally occur during the first
few weeks of treatment. Dizziness, headache, and in-
creases in liver enzyme levels have been reported less
commonly; jaundice may occur. Other rarely reported
adverse effects include orthostatic hypotension, skin
rashes, nightmares, agitation, mania, hallucinations,
paraesthesia, convulsions, tremor, myoclonus, psycho-
motor restlessness including akathisia, restless legs
syndrome, arthralgia, myalgia, and reversible agranu-
locytosis, leucopenia, and granulocytopenia. 
Hyponatraemia, possibly due to inappropriate secre-
tion of antidiuretic hormone, has been associated with
the use of antidepressants, particularly in the elderly.
Incidence of adverse effects. The Australian Adverse Drug
Reactions Advisory Committee has reported1 that, up to October
2003, it had received 253 reports of adverse reactions associated
with the use of mirtazapine. The most frequently reported reac-
tions were oedema (33), anxiety or agitation (24), myalgia or ar-
thralgia (24), sedation (23), and skin reactions (20). Other reac-
tions included hyperkinesis, diarrhoea, and nausea and vomiting.
There were 16 cases of convulsions, all in patients without a his-
tory of epilepsy. Blood dyscrasias were also reported and includ-
ed 8 cases of neutropenia, 6 of thrombocytopenia, and 1 each of
lymphopenia and pancytopenia; in the majority of cases onset
was within 2 months of starting mirtazapine. 
A prescription-event monitoring study conducted in England
identified 13 554 patients who had been prescribed mirtazapine
during the first 2 years of marketing in the UK;2 within this co-
hort, 807 adverse drug reactions were reported in 573 patients.
The most common adverse reactions included drowsiness or se-
dation (116), malaise (71), dizziness (57), nausea and vomiting
(33), weight gain (31), and headache or migraine (21). Facial
oedema (5), allergy (3), bone marrow toxicity (2), and myelod-
ysplasia (1) were the more serious suspected adverse reactions.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Con-

vulsions and blood dyscrasias with mirtazapine. Aust Adverse
Drug React Bull 2003; 22:  18–19. Also available at:
http://www.tga.gov.au/adr/aadrb/aadr0310.pdf (accessed
24/11/05) 

2. Biswas PN, et al. The pharmacovigilance of mirtazapine: results
of a prescription event monitoring study on 13 554 patients in
England. J Psychopharmacol 2003; 17: 121–6.

Effects on the endocrine system. An elderly woman devel-
oped hyponatraemia within 4 days of starting mirtazapine at a
dose of 15 mg at night.1 Apart from her age, other risk factors for
hyponatraemia included diuretic use and a previous episode
while taking venlafaxine.
1. Roxanas MG. Mirtazapine-induced hyponatraemia. Med J Aust

2003; 179: 453–4.

Effects on mental state. An Expert Working Group was con-
vened in May 2003 by the UK CSM to consider the ongoing
safety concerns of the SSRIs particularly the risk of suicidal be-
haviour in children; the safety of mirtazapine (another serotoner-
gic antidepressant) was also considered. In its final report1 in De-
cember 2004, the group concluded that data from trials received
by the CSM had failed to show that mirtazapine was effective in
the treatment of depression in adolescents and children under
18 years old, although the risk of suicidal behaviour was not in-
creased. Consequently, it was considered that the balance of risks
and benefits of mirtazapine for the treatment of depression in this
group was unfavourable. Similar recommendations have also
been issued in the EU.2 
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The risk of suicide and suicide-related events with serotonergic
antidepressant treatment in adults, including young adults, are
discussed under Fluoxetine, p.392.
1. Weller IVD. Report of the CSM Expert Working Group on the

safety of selective serotonin reuptake inhibitor antidepressants.
London: The Stationery Office, 2005. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON019472&RevisionSelect ionMethod=
LatestReleased (accessed 14/08/08) 

2. European Medicines Agency. European Medicines Agency finalis-
es review of antidepressants in children and adolescents (issued
25th April, 2005). Available at: http://www.emea.europa.eu/
pdfs/human/press/pr/12891805en.pdf (accessed 14/08/08)

Effects on the musculoskeletal system. The Netherlands
Pharmacovigilance Centre Lareb received 8 reports of arthralgia
associated with the use of mirtazapine between May 1995 and
October 2004; the effect usually developed within a short time of
starting treatment and resolved once the drug was withdrawn.1
The authors noted that of 4578 reported reactions to mirtazapine
held in the WHO database up to March 2004, 110 concerned the
development of arthralgia. Similar reactions have occurred with
mianserin and nefazodone, and it was suggested that effects at
serotonin 5-HT1 or 5-HT2 receptors might be involved.
1. Passier A, van Puijenbroek E. Mirtazapine-induced arthralgia.

Br J Clin Pharmacol 2005; 60: 570–2.

Extrapyramidal effects. Akathisia that developed in 2 pa-
tients given mirtazapine 30 mg at night1 resolved in one after be-
ing treated with clonazepam and in the other patient after reduc-
ing the dose of mirtazapine to 15 mg at night.
1. Girishchandra BG, et al. Mirtazapine-induced akathisia. Med J

Aust 2002; 176: 242.

Serotonin syndrome. The serotonin syndrome (p.416) is
most commonly due to the additive adverse effects of two or
more drugs that enhance serotonin activity at central receptors;
rarely, a single serotonergic drug has caused the syndrome. One
such case1 occurred in an elderly patient given mirtazapine
15 mg daily; he was also taking salbutamol, ipratropium, and ni-
modipine, although none of these are known to have serotonergic
effects.
1. Hernández JL, et al. Severe serotonin syndrome induced by mir-

tazapine monotherapy. Ann Pharmacother 2002; 36: 641–3.

Precautions
Mirtazapine should be used with caution in patients
with epilepsy or a history of seizures, and it should be
avoided completely if these disorders are unstable.
Care is also required in hepatic or renal impairment,
and cardiac disorders such as conduction disturbances,
angina pectoris, and recent myocardial infarction; cau-
tion is further advised in patients with hypotension, di-
abetes mellitus, psychoses, and in those with a history
of bipolar disorder. Treatment should be stopped if
jaundice develops. Although mirtazapine has only
weak antimuscarinic activity, it should nevertheless be
used with care in patients with micturition disturbanc-
es, angle-closure glaucoma, and raised intra-ocular
pressure. 
Because of the risk of bone-marrow depression, pa-
tients should be advised to report any of the following
symptoms during treatment: fever, sore throat, stoma-
titis, or other signs of infection; treatment should be
stopped and a blood count performed. 
Drowsiness is often experienced at the start of therapy
and patients, if affected, should not drive or operate
machinery. 
Patients should be closely monitored during early ther-
apy until significant improvement in depression is ob-
served because suicide is an inherent risk in depressed
patients. For further details, see under Depression,
p.373. Suicidal thoughts and behaviour may also de-
velop during early treatment with antidepressants for
other disorders; the same precautions observed when
treating patients with depression should therefore be
observed when treating patients with other disorders. 
Mirtazapine should be withdrawn gradually to reduce
the risk of withdrawal symptoms.

Breast feeding. Mirtazapine has been detected in breast milk;1
however, the plasma concentration in a breast-fed infant was
very low (0.2 nanograms/mL) and no adverse events were de-
tected.
1. Aichhorn W, et al. Mirtazapine and breast-feeding. Am J Psychi-

atry 2004; 161: 2325.

Children. The use of mirtazapine in adolescents and children
with depression is not recommended; for further details, see Ef-
fects on Mental State, above.

Pregnancy. A small case series followed the pregnancies of 9
women exposed to mirtazapine during the first trimester;1 in the
majority of cases the women were also exposed to other drugs.
Within the group there were 7 healthy deliveries, 1 induced abor-
tion, and 1 spontaneous abortion. In another report healthy male
twins were delivered by a mother who was given mirtazapine at
2 periods during her pregnancy for the successful treatment of
hyperemesis gravidarum.2 A follow-up examination of the twins
at 6 months was normal. 
Health Canada has reported that some newborn infants of moth-
ers who took newer antidepressants such as mirtazapine mainly
during the third trimester of pregnancy have experienced compli-
cations at birth requiring prolonged hospitalisation, breathing
support, and tube feeding.3 Reported symptoms included sei-
zures, muscle rigidity, jitteriness, and constant crying. It was con-
sidered that these symptoms represented either direct toxicity of
mirtazapine or a possible withdrawal syndrome.
1. Yaris F, et al. Newer antidepressants in pregnancy: prospective

outcome of a case series. Reprod Toxicol 2004; 19: 235–8. 
2. Rohde A, et al. Mirtazapine (Remergil) for treatment resistant

hyperemesis gravidarum: rescue of a twin pregnancy. Arch
Gynecol Obstet 2003; 268: 219–21. 

3. Health Canada. Health Canada advises of potential adverse effects
of SSRIs and other anti-depressants on newborns (issued 9th August
2004). Available at: http://www.hc-sc.gc.ca/ahc-asc/media/
advisories-avis/_2004/2004_44-eng.php (accessed 14/08/08)

Interactions
Mirtazapine should not be used with or within 2 weeks
of stopping an MAOI; at least one week should elapse
between stopping mirtazapine and starting any drug
liable to provoke a serious reaction (e.g. phenelzine).
Use of mirtazapine with alcohol or benzodiazepines
may potentiate sedative effects. 
The cytochrome P450 isoenzyme CYP3A4 is involved
in the metabolism of mirtazapine and caution is ad-
vised when mirtazapine is given with potent inhibitors
of this isoenzyme such as HIV-protease inhibitors,
azole antifungals including ketoconazole, erythromy-
cin, and nefazodone; raised plasma levels of mirtazap-
ine have been noted after use with ketoconazole. Con-
versely, carbamazepine and other inducers of CYP3A4
increased the clearance of mirtazapine and the dose of
mirtazapine may need to be increased when given with
these drugs. 
Cimetidine, which inhibits a range of cytochrome
P450 isoenzymes, has more than doubled the bioavail-
ability of mirtazapine; the dose of mirtazapine may
need to be reduced if given with cimetidine.

Pharmacokinetics
Mirtazapine is well absorbed from the gastrointestinal
tract with peak plasma levels occurring after about 2
hours. Plasma protein binding is about 85%. Mirtazap-
ine is extensively metabolised in the liver and the ma-
jor biotransformation pathways are demethylation and
oxidation followed by glucuronide conjugation; cyto-
chrome P450 isoenzymes involved are CYP2D6,
CYP1A2, and CYP3A4. The N-desmethyl metabolite
is pharmacologically active. Elimination is via urine
(75%) and faeces (15%). The mean plasma elimination
half-life is 20 to 40 hours. Data from animal studies
indicate that mirtazapine crosses the placenta. Mirtaza-
pine is distributed into breast milk.

◊ References.
1. Timmer CJ, et al. Clinical pharmacokinetics of mirtazapine. Clin

Pharmacokinet 2000; 38: 461–74.

Uses and Administration
Mirtazapine, a piperazinoazepine, is an analogue of
mianserin (p.408); it is a noradrenergic and specific se-
rotonergic antidepressant. It enhances the release of
noradrenaline and, indirectly, serotonin through block-
ade of central presynaptic adrenergic (α2) receptors.
The effects of released serotonin are mediated via 5-
HT1 receptors as mirtazapine blocks both 5-HT2 and 5-
HT3 receptors. Mirtazapine is given as a racemic mix-
ture: the S(+)-enantiomer blocks α2 and 5-HT2 recep-

tors whereas the R(−)-enantiomer blocks 5-HT3 recep-
tors. Mirtazapine is also a potent antagonist at
histamine (H1) receptors which gives it sedative prop-
erties; it has very little antimuscarinic activity. 
In the treatment of depression (p.373), mirtazapine is
given in an initial oral daily dose of 15 mg, which may
be increased gradually according to response. Changes
in dose should be made at intervals of at least 1 to 2
weeks because of the long half-life. The usual effective
daily dose lies within the range of 15 to 45 mg. Daily
doses may be given as a single dose, preferably at bed-
time, or in 2 equally divided doses. Mirtazapine may
also be given by intravenous infusion. 
Mirtazapine should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Anxiety disorders. Mirtazapine has been tried with some suc-
cess in the treatment of anxiety disorders (p.952) including ob-
sessive-compulsive disorder (p.952), panic disorder (p.952), and
post-traumatic stress disorder (p.953). 
References.
1. Boshuisen ML, et al. The effect of mirtazapine in panic disorder:

an open label pilot study with a single-blind placebo run-in peri-
od. Int Clin Psychopharmacol 2001; 16: 363–8. 

2. Davidson JR, et al. Mirtazapine vs placebo in posttraumatic
stress disorder: a pilot trial. Biol Psychiatry 2003; 53: 188–91. 

3. Chung MY, et al. Efficacy and tolerability of mirtazapine and
sertraline in Korean veterans with posttraumatic stress disorder:
a randomized open label trial. Hum Psychopharmacol 2004; 19:
489–94. 

4. Koran LM, et al. Mirtazapine for obsessive-compulsive disor-
der: an open trial followed by double-blind discontinuation. J
Clin Psychiatry 2005; 66: 515–20.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. Mirtazapine is a central presynaptic adrenergic (α2) re-
ceptor antagonist and has a slightly different biochemical profile
from both the tricyclics and the SSRIs; however, like the SSRIs,
mirtazapine appears to have fewer unpleasant adverse effects in
comparison with the older tricyclics. 
References.
1. Kasper S, et al. A risk-benefit assessment of mirtazapine in the

treatment of depression. Drug Safety 1997; 17: 251–64. 
2. Montgomery SA, et al. Mirtazapine versus amitriptyline in the

long-term treatment of depression: a double-blind placebo-con-
trolled study. Int Clin Psychopharmacol 1998; 13: 63–73. 

3. Puzantian T. Mirtazapine, an antidepressant. Am J Health-Syst
Pharm 1998; 55: 44–9. 

4. Holm KJ, Markham A. Mirtazapine: a review of its use in major
depression. Drugs 1999; 57: 607–31. 

5. Schatzberg AF, et al. Double-blind, randomized comparison of
mirtazapine and paroxetine in elderly depressed patients. Am J
Geriatr Psychiatry 2002; 10: 541–50. 

6. Wade A, et al. A randomized, double-blind, 24-week study com-
paring the efficacy and tolerability of mirtazapine and paroxetine
in depressed patients in primary care. Int Clin Psychopharmacol
2003; 18: 133–41. 

7. Versiani M, et al. Comparison of the effects of mirtazapine and
fluoxetine in severely depressed patients. CNS Drugs 2005; 19:
137–46.

Nausea and vomiting. Mirtazapine has been investigated in
the management of severe nausea and vomiting (p.1700). For
mention of the successful use of mirtazapine to treat hyperemesis
of pregnancy see Pregnancy, under Precautions, above. 
Further references.
1. Kast RE. Mirtazapine may be useful in treating nausea and in-

somnia of cancer chemotherapy. Support Care Cancer 2001; 9:
469–70. 

2. Caldis EV, Gair RD. Mirtazapine for treatment of nausea induced
by selective serotonin reuptake inhibitors. Can J Psychiatry
2004; 49: 707. 

3. Teixeira FV, et al. Mirtazapine (Remeron) as treatment for non-
mechanical vomiting after gastric bypass. Obes Surg 2005; 15:
707–9.

Preparations
USP 31: Mirtazapine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Comenter; Noxibel; Remeron; Austral.: Avanza; Axit; Mirtazon; Re-
meron; Austria: Lanazapin; Mirtabene; Mirtaron; Mirtel; Remeron; Belg.:
Remergon; Braz.: Remeron; Canad.: Remeron; Chile: Amirel; Ciblex; Di-
varil; Promyrtil; Zuleptan; Cz.: Calixta; Esprital; Mirtastad; Mirzaten; Re-
meron; Valdren; Denm.: Arintapin; Combar; Mirtazon; Remeron; Fin.: Mir-
taril; Mir tazon; Remeron; Fr.: Norset; Ger.: Mirta TAD; MirtaLich;
Mirtazelon; Mirtazza; Remergil; Gr.: Azapin; Depreram; Remeron; Hong
Kong: Remeron; Hung.: Mirtadepi; Mirtel; Mirzaten; Mizapin; Remeron;
India: Mirtaz; Indon.: Remeron; Irl.: Mirap; Tazamel; Zismirt; Zispin; Isra-
el: Miro; Remeron; Ital.: Remeron; Malaysia: Remeron; Mex.: Coment-
er; Mirzalux; Remeron; Neth.: Remeron; Norw.: Remeron; NZ: Remeron;
Philipp.: Remeron; Pol.: Esprital; Mirtastad; Mirzaten; Remeron; Port.:
Mirtazon; Remeron; Rus.: Mirzaten (Мирзатен); Remeron (Ремерон)†;
S.Afr.: Remeron; Singapore: Remeron; Spain: Afloyan; Rexer; Vastat;
Swed.: Remeron; Switz.: Remeron; Thai.: Remeron; Turk.: Remeron;
UK: Zispin; USA: Remeron; Venez.: Comenter; Remeron.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Moclobemide (BAN, USAN, rINN)

Moclobemida; Moclobémide; Moclobemidum; Moklobemid;
Moklobemidi; Ro-11-1163; Ro-11-1163/000. 4-Chloro-N-(2-
morpholinoethyl)benzamide.
Моклобемид
C13H17ClN2O2 = 268.7.
CAS — 71320-77-9.
ATC — N06AG02.
ATC Vet — QN06AG02.

Pharmacopoeias. In Chin. and Swiss.

Adverse Effects
Adverse effects reported to occur with moclobemide
include sleep disturbances, dizziness, agitation, feel-
ings of anxiety, restlessness, irritability, and headache.
Gastrointestinal disturbances include dry mouth, diar-
rhoea, constipation, and nausea and vomiting. Paraes-
thesia, visual disturbances, and oedema have also been
reported, and skin reactions include rash, pruritus, urti-
caria, and flushing. Confusional states have been ob-
served that disappear rapidly on stopping the drug.
Raised liver enzymes and galactorrhoea have been re-
ported rarely. 
Hyponatraemia, possibly due to inappropriate secre-
tion of antidiuretic hormone, has been associated with
the use of antidepressants, particularly in the elderly.
Effects on the cardiovascular system. Hypertension has
been reported1,2 rarely in patients taking moclobemide, some of
whom were also taking other drugs although moclobemide was
suspected to be the cause. Blood pressure usually returned to nor-
mal after stopping moclobemide.
1. Coulter DM, Pillans PI. Hypertension with moclobemide. Lancet

1995; 346: 1032. 
2. Boyd IW. Hypertension with moclobemide. Lancet 1995; 346:

1498.

Effects on the endocrine system. A prescription-event
monitoring study found that galactorrhoea is significantly asso-
ciated with the use of moclobemide.1
1. Dunn NR, et al. Galactorrhoea with moclobemide. Lancet 1998;

351: 802.

Effects on the liver. An 85-year-old woman developed intra-
hepatic cholestasis after taking moclobemide for about 1 week;1
she had previously been taking fluoxetine and was switched to
moclobemide without a washout period. She died 12 days after
the onset of jaundice despite prompt moclobemide withdrawal.
1. Timmings P, Lamont D. Intrahepatic cholestasis associated with

moclobemide leading to death. Lancet 1996; 347: 762–3.

Overdosage. Several case series1-3 have suggested that mo-
clobemide is relatively safe when taken alone in overdose; symp-
toms such as gastrointestinal irritation, agitation, aggression, be-
havioural disturbances, and tachycardia have been noted.
However, fatalities have been reported, particularly when taken
with other serotonergic drugs.3,4

1. Hetzel W. Safety of moclobemide taken in overdose for attempt-
ed suicide. Psychopharmacology (Berl) 1992; 106: S127–S129. 

2. Myrenfors PG, et al. Moclobemide overdose. J Intern Med 1993;
233: 113–15. 

3. Isbister GK, et al. Moclobemide poisoning: toxicokinetics and
occurrence of serotonin toxicity. Br J Clin Pharmacol 2003; 56:
441–50. 

4. Giroud C, et al. Death following acute poisoning by mo-
clobemide. Forensic Sci Int 2004; 140: 101–7.

Precautions
Moclobemide is contra-indicated in patients with acute
confusional states and in those with phaeochromocyto-
ma. It should be avoided in excited or agitated patients,
unless used with a sedative. Manic episodes may be
provoked in patients with bipolar disorder. Care is also
required in patients with thyrotoxicosis as moclo-
bemide may theoretically precipitate a hypertensive
reaction. Reduced doses should be used in patients
with severe hepatic impairment. 
Patients should be closely monitored during early anti-
depressant therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour

may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be observed when treating patients with other
disorders. 
Although impairment of mental alertness is generally
not expected with moclobemide, caution should be ex-
ercised with respect to driving or operating machinery
until individual reactions have been assessed. 
Antidepressants, particularly MAOIs, should be with-
drawn gradually to reduce the risk of withdrawal
symptoms.
Breast feeding. In a study1 of the distribution of moclobemide
into the breast milk of 6 mothers given a single 300-mg dose of
moclobemide, a mean of 0.057% of the dose appeared in breast
milk as moclobemide and 0.031% as Ro-12-8095, its major
metabolite, within 24 hours of a dose. It was considered that this
small amount of moclobemide was unlikely to be hazardous to
breast-fed infants. UK licensed drug information advises caution
and consideration of the benefits of moclobemide therapy to the
mother against possible risks to the infant.
1. Pons G, et al. Moclobemide excretion in human breast milk. Br

J Clin Pharmacol 1990; 29: 27–31.

Children. Moclobemide has not been adequately studied for the
treatment of depression in children and its use is not recommend-
ed in UK licensed product information. In addition, other antide-
pressants have been shown to increase the risk of suicidal
thoughts and behaviour in these patients (see Effects on Mental
State, under Fluoxetine, p.392).
Pregnancy. UK licensed drug information recommends that
moclobemide should only be used during pregnancy if the bene-
fits to the mother outweigh any possible risks to the fetus. 
A patient who took at least 300 mg daily of moclobemide
throughout her pregnancy delivered a healthy, full-term infant af-
ter an uncomplicated pregnancy.1 The infant was monitored from
birth, and psychomotor and somatic development for the first 14
months was found to be normal.
1. Rybakowski JK. Moclobemide in pregnancy. Pharmacopsychia-

try 2001; 34: 82–3.

Withdrawal. Withdrawal symptoms may occur if an antide-
pressant such as moclobemide is suddenly stopped after regular
use for 8 weeks or more; the BNF recommends that the dose
should be tapered gradually over a period of about 4 weeks, or as
much as 6 months in patients who have been receiving long-term
maintenance therapy. 
Despite reducing the dose of moclobemide over 3 days, symp-
toms such as muscle cramps, shivering, headache, nausea, and
hot flushes developed in a 47-year-old woman on the day that
moclobemide was completely stopped.1 The patient had been
taking moclobemide for about 15 months.
1. Curtin F, et al. Moclobemide discontinuation syndrome predom-

inantly presenting with influenza-like symptoms. J Psychophar-
macol 2002; 16: 271–2.

Interactions
The dietary restrictions that need to be followed with
selective reversible inhibitors of monoamine oxidase
type A such as moclobemide are less stringent than
those for non-selective inhibitors of monoamine oxi-
dase types A and B (see under Interactions of
Phenelzine, p.417). However, UK licensed drug infor-
mation recommends that since some patients may be
especially sensitive to tyramine, consumption of large
amounts of tyramine-rich food should be avoided. 
Medicines containing sympathomimetics, dextrometh-
orphan, or anorectics should not be taken with mo-
clobemide. Moclobemide should not be given with
other antidepressants although, owing to its short du-
ration of action, a treatment-free period is generally
considered unnecessary after its cessation. For further
details, see Antidepressants under Interactions of
Phenelzine, p.418. Therapy with moclobemide should
not be started until at least a week after cessation of a
tricyclic or related antidepressant or an SSRI or related
antidepressant (2 weeks in the case of paroxetine and
sertraline; at least 5 weeks in the case of fluoxetine) or
for at least a week after stopping treatment with
non-selective MAOIs. CNS excitation or depression
may occur if moclobemide is taken with opioid
analgesics, and there is also a risk of CNS toxicity if
taken with serotonin (5-HT1) agonists. The metabolism
of moclobemide is inhibited by cimetidine, leading to
increased plasma concentrations and a need for re-
duced dosage (see below).

Antimigraine drugs. For the effects of moclobemide on sero-
tonin (5-HT1) agonists, see under Sumatriptan, p.626.
Cimetidine. Cimetidine 1 g daily for 2 weeks increased the
mean maximum plasma concentration of moclobemide in 8
healthy subjects from 575 nanograms/mL to 787 nanograms/mL;
several other parameters associated with moclobemide absorp-
tion and disposition were also affected.1 It was suggested that a
reduction in the dosage of moclobemide might be required. UK
licensed drug information for moclobemide recommends reduc-
ing its dose by half in patients also receiving cimetidine.
1. Schoerlin M-P, et al. Cimetidine alters the disposition kinetics of

the monoamine oxidase-A inhibitor moclobemide. Clin Pharma-
col Ther 1991; 49: 32–8.

Dopaminergics. Adverse effects including nausea, vomiting,
and dizziness were noted in healthy subjects given moclobemide
and levodopa with benserazide;1 however, no significant hyper-
tensive reactions were seen. 
Caution is also required when selegiline and moclobemide are
given together.1 Dietary restrictions with this combination (see
under Phenelzine, p.417) are recommended by one manufacturer
of selegiline, whereas another advises that this combination
should be avoided (as does the manufacturer of moclobemide). 
See also under Selegiline, p.817.
1. Dingemanse J. An update of recent moclobemide interaction da-

ta. Int Clin Psychopharmacol 1993; 7: 167–80.

Omeprazole. Omeprazole, which is an inhibitor of cyto-
chrome P450 isoenzyme CYP2C19, increased plasma concen-
trations and elimination half-life of moclobemide in extensive
metabolisers of the drug towards values seen in poor metabolis-
ers.1 It had little effect on pharmacokinetic parameters in poor
metabolisers. The clinical effects were uncertain but extra care
might be warranted if the 2 drugs are given together.
1. Yu K-S, et al. Effect of omeprazole on the pharmacokinetics of

moclobemide according to the genetic polymorphism of
CYP2C19. Clin Pharmacol Ther 2001; 69: 266–73.

Opioid analgesics. Symptoms suggestive of a mild serotonin
syndrome (p.416) developed in a 73-year-old woman taking mo-
clobemide, nortriptyline, and lithium after she was given pethi-
dine intravenously.1 Licensed drug information recommends
that moclobemide should not be given with pethidine.
1. Gillman PK. Possible serotonin syndrome with moclobemide

and pethidine. Med J Aust 1995; 162: 554.

Pharmacokinetics
Moclobemide is readily absorbed from the gastrointes-
tinal tract with peak plasma concentrations occurring
within about 1 hour of ingestion. Absorption is virtual-
ly complete but first-pass metabolism reduces bio-
availability of the drug. Moclobemide is widely distrib-
uted throughout the body and is 50% bound to plasma
proteins. It undergoes extensive metabolism in the liv-
er, in part by the cytochrome P450 isoenzymes
CYP2C19 and CYP2D6. Metabolites of moclobemide
and a small amount of unchanged drug are excreted in
the urine. Moclobemide has a plasma elimination half-
life of 2 to 4 hours. Moclobemide is distributed into
breast milk.
◊ References.
1. Mayersohn M, Guentert TW. Clinical pharmacokinetics of the

monoamide oxidase-A inhibitor moclobemide. Clin Pharmacok-
inet 1995; 29: 292–332. 

2. Gram LF, et al. Moclobemide: a substrate of CYP2C19 and an
inhibitor of CYP2C19, CYP2D6, and CYP1A2: a panel study.
Clin Pharmacol Ther 1995; 57: 670–7.

Uses and Administration
Moclobemide, a benzamide derivative, is a reversible
inhibitor of monoamine oxidase type A (RIMA) (see
under Phenelzine, p.419) used for the treatment of de-
pression and of social anxiety disorder. 
In the treatment of depression the usual initial oral
dose of moclobemide is 300 mg daily in divided doses.
This may be increased up to 600 mg daily according to
response. In some patients, a maintenance dose of
150 mg daily may be sufficient. 
In the treatment of social anxiety disorder, the initial
daily dose of moclobemide is 300 mg increased after 3
days to 600 mg given in 2 divided doses. Treatment
should be continued for 8 to 12 weeks to assess effica-
cy; patients should be periodically re-evaluated there-
after to determine the need for further treatment. 
Moclobemide should be taken after food. 
Reduced doses should be given in hepatic impairment
(see below) and in patients also taking cimetidine (see
above). 
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Antidepressants, particularly MAOIs, should be with-
drawn gradually to reduce the risk of withdrawal
symptoms.
◊ Reviews.
1. Bonnet U. Moclobemide: therapeutic use and clinical studies.

CNS Drug Rev 2003; 9: 97–140.

Administration in hepatic impairment. UK licensed drug
information states that doses of moclobemide in patients with se-
vere hepatic impairment may need to be reduced to half or one-
third of the recommended dose (see above).

Anxiety disorders. The use of MAOIs in general in the man-
agement of anxiety disorders is discussed under Phenelzine on
p.420. For a discussion of the overall treatment of anxiety disor-
ders, see p.952. 
References.
1. Noyes R, et al. Moclobemide in social phobia: a controlled dose-

response trial. J Clin Psychopharmacol 1997; 17: 247–54. 
2. Neal LA, et al. An open trial of moclobemide in the treatment of

post-traumatic stress disorder. Int Clin Psychopharmacol 1997;
12: 231–7. 

3. Schneier FR, et al. Placebo-controlled trial of moclobemide in
social phobia. Br J Psychiatry 1998; 172: 70–7. 

4. Tiller JW, et al. Moclobemide and fluoxetine for panic disorder.
Eur Arch Psychiatry Clin Neurosci 1999; 249 (suppl 1): S7–S10. 

5. Stein DJ, et al. Moclobemide is effective and well tolerated in
the long-term pharmacotherapy of social anxiety disorder with
or without comorbid anxiety disorder. Int Clin Psychopharmacol
2002; 17: 161–70.

Depression. As discussed on p.373 there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effects.
The traditional MAOIs such as phenelzine are rarely used as
first-choice antidepressants because of the dangers of dietary and
drug interactions. Reversible inhibitors of monoamine oxidase
type A (RIMAs) such as moclobemide offer a safer alternative to
the irreversible non-selective MAOIs and fewer dietary restric-
tions are necessary. 
References.
1. Fitton A, et al. Moclobemide: a review of its pharmacological

properties and therapeutic use in depressive illness. Drugs 1992;
43: 561–96. 

2. Angst J, Stabl M. Efficacy of moclobemide in different patient
groups: a meta-analysis of studies. Psychopharmacology (Berl)
1992; 106 (suppl): S109–S113. 

3. Lonnqvist J, et al. Moclobemide and fluoxetine in atypical de-
pression: a double-blind trial. J Affect Disord 1994; 32: 169–77. 

4. Norman TR, Burrows GD. A risk-benefit assessment of mo-
clobemide in the treatment of depressive disorders. Drug Safety
1995; 12: 46–54. 

5. Roth M, et al. Moclobemide in elderly patients with cognitive
decline and depression: an international double-blind, placebo-
controlled trial. Br J Psychiatry 1996; 168: 149–57. 

6. Lotufo-Neto F, et al. Meta-analysis of the reversible inhibitors of
monoamine oxidase type A moclobemide and brofaromine for
the treatment of depression. Neuropsychopharmacology 1999;
20: 226–47.

Smoking cessation. In a preliminary double-blind, placebo-
controlled parallel-group study in 88 smokers, moclobemide fa-
cilitated smoking cessation (p.2354) in highly dependent smok-
ers.1

1. Berlin I, et al. A reversible monoamine oxidase A inhibitor (mo-
clobemide) facilitates smoking cessation and abstinence in
heavy, dependent smokers. Clin Pharmacol Ther 1995; 58:
444–52.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aurorix†; Austral.: Amira; Arima; Aurorix; Clobemix; Maosig; Mo-
hexal; Austria: Aurobemid; Aurorix; Belg.: Aurorix; Braz.: Aurorix; Ca-
nad.: Manerix; Chile: Aurorix; Inpront; Cz.: Apo-Moclob; Aurorix;
Denm.: Aurorix; Moclostad; Fin.: Aurorix; Fr.: Moclamine; Ger.: Aurorix;
Moclix†; Moclobeta; Moclodura; Moclonorm†; Gr.: Aurorix; Hong Kong:
Aurorix; Hung.: Aurorix; Maorex; Moclopharm; Mocrim; India: Rimarex;
Indon.: Aurorix; Irl.: Manerix; Israel: Mobemide; Malaysia: Aurorix;
Mex.: Aurorex; Feraken; Neth.: Aurorix; Norw.: Aurorix; NZ: Aurorix†;
Philipp.: Aurorix; Pol.: Aurorix; Mobemid; Mocloxil; Moklar; Port.: Au-
rorix; S.Afr.: Aurorix; Clorix; Depnil; Singapore: Aurorix†; Mobemide;
Spain: Manerix; Swed.: Aurorix; Switz.: Aurorix; Moclo A; Thai.: Auror-
ix; Turk.: Aurorix; Lobem; UK: Manerix.

Nefazodone Hydrochloride (BANM, USAN, rINNM)

BMY-13754; Hidrocloruro de nefazodona; MJ-13754-1; Néfazo-
done, Chlorhydrate de; Nefazodoni Hydrochloridum. 2-{3-[4-
(3-Chlorophenyl)piperazin-1-yl]propyl}-5-ethyl-2,4-dihydro-4-
(2-phenoxyethyl)-1,2,4-triazol-3-one monohydrochloride.

Нефазодона Гидрохлорид
C25H32ClN5O2,HCl = 506.5.
CAS — 83366-66-9 (nefazodone); 82752-99-6 (nefazo-
done hydrochloride).
ATC — N06AX06.
ATC Vet — QN06AX06.

(nefazodone)

Pharmacopoeias. In US. 
USP 31 (Nefazodone Hydrochloride). A non-hygroscopic white
powder. Slightly soluble in water and in macrogols; freely solu-
ble in chloroform; soluble in propylene glycol. Store in airtight
containers at a temperature between 15° and 30°.
Adverse Effects and Treatment
The most common adverse effects seen with nefazodone are
weakness, dry mouth, nausea, constipation, somnolence, dizzi-
ness, insomnia, and lightheadedness. Other effects which have
occurred less frequently include chills, fever, orthostatic hypo-
tension, incoordination, vasodilatation, arthralgia, paraesthesia,
confusion, memory impairment, abnormal dreams, ataxia, and
amblyopia and other visual disturbances. Syncope, priapism, and
seizures have occurred rarely and there have been reports of si-
nus bradycardia. Hepatotoxicity has occurred (see below). 
Hyponatraemia, possibly due to inappropriate secretion of anti-
diuretic hormone, has been associated with the use of antidepres-
sants, particularly in the elderly. 
In overdosage, the symptoms that have been reported most fre-
quently include hypotension, dizziness, nausea, vomiting, and
drowsiness. The value of gastric decontamination in the treat-
ment of overdosage is uncertain. Activated charcoal should be
considered if more than 1.5 g (in an adult) or 20 mg/kg (in a
child) has been taken and treatment is within 1 hour of ingestion.
US licensed product information recommends gastric lavage, al-
though this technique is seldom practicable and should not be
attempted unless the airway is protected. Supportive therapy
should be given as necessary. Dialysis, haemoperfusion, ex-
change perfusion, and measures to increase urine production are
considered unlikely to be of benefit.
◊ Reviews.
1. Robinson DS, et al. The safety profile of nefazodone. J Clin Psy-

chiatry 1996; 57 (suppl 2): 31–8.

Effects on the liver. Subfulminant hepatic failure developed in
3 women given nefazodone for depression.1 Two patients re-
quired liver transplantation although this was unsuccessful in one
case and the patient died. Hepatitis, positive on rechallenge, has
also been reported with nefazodone.2 
The original US manufacturer (Bristol-Myers Squibb) of nefazo-
done have stated that rare events of raised liver enzymes, hepati-
tis, hepatic failure and necrosis have been reported since market-
ing but no causal relationship has been established. In the USA,
a reported rate of about 1 case of hepatic failure resulting in death
or transplantation per 250 000 to 300 000 patient years of ne-
fazodone treatment has been estimated by the manufacturer; this
rate is about 3 to 4 times greater than the background rate of he-
patic failure.3 Onset times for such cases ranged from 2 weeks to
6 months. The Canadian manufacturers have indicated4 that as of
June 2001 there had been 109 reports of serious hepatic adverse
events associated with nefazodone from postmarketing surveil-
lance worldwide. These included 23 cases of hepatic failure, of
which 16 led to transplantation and/or death. Most cases oc-
curred within 4 months of beginning treatment although a few
were after continuous use for up to 2 years. After a review5 of the
data available to December 2002, it was decided to withdraw ne-
fazodone from the Canadian market in November 2003. Subse-
quently, one manufacturer (Bristol-Myers Squibb) withdrew ne-
fazodone worldwide.
1. Aranda-Michel J, et al. Nefazodone-induced liver failure: report

of three cases. Ann Intern Med 1999; 130: 285–8. 
2. Schrader GD, Roberts-Thompson IC. Adverse effect of nefazo-

done: hepatitis. Med J Aust 1999; 170: 452. 
3. Jody DM [Bristol-Myers Squibb]. Important drug warning includ-

ing black box information. Available at: http://www.fda.gov/
medwatch/SAFETY/2002/serzone_deardoc.PDF (accessed
24/11/05) 

4. Bristol-Myers Squibb Canada Inc/Linson Pharama Inc. Impor-
tant safety information on nefazodone HCl: severe and serious
hepatic events (issued June 2001). Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/nefazodone_hpc-cps-eng.pdf (accessed 14/08/08) 

5. Bristol-Myers Squibb Canada. Important safety information re-
garding the discontinuation of sales of nefazodone in Canada (is-
sued October 2003). Available at: 
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/bms-nefazodone_hpc-cps-eng.pdf (accessed
14/08/08)

Overdosage. A 27-year-old woman developed no serious tox-
icity after taking 3 g of nefazodone in a suicide attempt.1 Somno-
lence was the most severe effect noted. In another case, a 31-
year-old woman attempted suicide with 16.8 g of nefazodone
and an unknown quantity of verapamil.2 The patient was lethar-
gic, and developed significant bradycardia and hypotension; she
recovered after supportive therapy. The authors reported that

among the 7 cases of overdose occurring during clinical trials,
there were no fatalities or permanent sequelae. 
In a review of 1338 cases of nefazodone-only overdoses reported
to the American Association of Poison Control Centres over a 2-
year period, it was found that the majority of cases were either
asymptomatic or mild in nature with symptoms such as nausea,
vomiting, dizziness, and drowsiness.3 More severe symptoms
were noted in only 2 patients. In one case, an 11-year-old boy
with a history of seizures suffered several seizures after starting
nefazodone at a dose of 100 mg twice daily; the other case in-
volved a 47-year-old man who developed premature ventricular
contractions, bradycardia, agitation, and hypotension after an in-
tentional overdose of an unknown quantity. No deaths were re-
corded in any of the cases where the outcome was known.
1. Gaffney PW, et al. Nefazodone overdose. Ann Pharmacother

1998; 32: 1249–50. 
2. Catalano G, et al. Nefazodone overdose: a case report Clin Neu-

ropharmacol 1999; 22: 63–5. 
3. Benson BE, et al. Toxicities and outcomes associated with ne-

fazodone poisoning: an analysis of 1,338 exposures. Am J Emerg
Med 2000; 18: 587–92.

Precautions
Treatment with nefazodone should not generally be started in pa-
tients with active hepatic disease or elevated baseline serum
transaminases. Patients who develop signs or symptoms of he-
patic impairment such as jaundice, anorexia, abdominal pain, el-
evated transaminase levels, or malaise during treatment should
be evaluated for hepatic damage and the drug withdrawn if nec-
essary. Nefazodone is contra-indicated in patients previously
withdrawn from the drug because of hepatotoxicity. 
Nefazodone should be used with caution in patients with epilep-
sy, or a history of hypomania or mania. It should also be used
with caution in cardiovascular or cerebrovascular disease that
could be exacerbated by hypotension (for example recent history
of myocardial infarction, unstable heart disease, angina, or is-
chaemic stroke), and in any condition such as dehydration or hy-
povolaemia that may predispose patients to hypotension. 
Since nefazodone is structurally related to trazodone which is
known to have caused priapism (see Effects on Sexual Function,
p.425), US licensed product information recommends that any
patient developing inappropriate or prolonged penile erections
should stop nefazodone immediately. 
Patients should be closely monitored during early antidepressant
therapy until significant improvement in depression is observed
because suicide is an inherent risk in depressed patients. For fur-
ther details, see under Depression, p.373. Suicidal thoughts and
behaviour may also develop during early treatment with antide-
pressants for other disorders; the same precautions observed
when treating patients with depression should therefore be ob-
served when treating patients with other disorders. 
Nefazodone may impair performance of skilled tasks and, if af-
fected, patients should not drive or operate machinery. 
Antidepressants should be withdrawn gradually to reduce the
risk of withdrawal symptoms.
Breast feeding. A study1 in 2 nursing mothers receiving ne-
fazodone for postpartum depression indicated that nefazodone,
but not its major active metabolites, was distributed into breast
milk in variable amounts; the quantity present did not seem to be
dose-related. The calculated exposure of the two women’s off-
spring was 2.2% and 0.4% of the maternal dose respectively. An-
other report suggested that even such low exposures might result
in clinically significant effects:2 drowsiness, inability to maintain
normal body temperature, and poor feeding were reported in the
breast-fed infant of a woman receiving nefazodone. After breast
feeding was stopped the symptoms resolved, suggesting an asso-
ciation between the two despite a calculated exposure in the in-
fant of only 0.45% of the maternal dose.
1. Dodd S, et al. Nefazodone in the breast milk of nursing mothers:

a report of two patients. J Clin Psychopharmacol 2000; 20:
717–18. 

2. Yapp P, et al. Drowsiness and poor feeding in a breast-fed infant:
association with nefazodone and its metabolites. Ann Pharmaco-
ther 2000; 34: 1269–72.

Children. US licensed product information considers that the
safety and efficacy of nefazodone have not been established for
the treatment of depression in adolescents and children. In addi-
tion, other antidepressants have been shown to increase the risk
of suicidal thoughts and behaviour in these patients (see Effects
on Mental State, under Fluoxetine, p.392).
Pregnancy. Licensed drug information states that nefazodone
should only be used during pregnancy if the benefits to the moth-
er outweigh the risks to the fetus. 
In a multicentre study of 147 women who took either nefazodone
or trazodone in at least the first trimester of pregnancy there were
121 live births, 20 spontaneous abortions, 6 therapeutic abor-
tions, and 2 reports of major malformations (Hirschsprung dis-
ease and neural tube defect);1 no still-births were recorded. There
were no significant differences in pregnancy outcome in the ne-
fazodone/trazodone group when compared to the 2 control
groups (women with depression taking non-teratogenic antide-
pressants and women taking non-teratogenic drugs). The rate of
spontaneous abortions was non-significantly higher in both the
antidepressant groups than in the other control group. It was sug-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

gested that the rate of major malformations in all 3 groups was
not greater than the baseline rate of 1 to 3%.
1. Einarson A, et al. A multicentre prospective controlled study to

determine the safety of trazodone and nefazodone use during
pregnancy. Can J Psychiatry 2003; 48: 106–10.

Interactions
Nefazodone should not be given to patients receiving MAOIs or
for at least 14 days after they are stopped; it has also been recom-
mended that any drug liable to provoke a serious reaction (e.g.
phenelzine) should not be given within one week of stopping ne-
fazodone therapy. For further details on the combined use of anti-
depressants, see Antidepressants under Interactions of
Phenelzine, p.418. 
Orthostatic hypotension can be a problem with nefazodone, and
therefore caution is required for any patient also on antihyperten-
sive therapy. 
Nefazodone is an inhibitor of the cytochrome P450 isoenzyme
CYP3A4 responsible for the metabolism of some benzodi-
azepines, and consequently it may produce clinically important
increases in their plasma concentrations. Use with astemizole,
cisapride, pimozide, and terfenadine (which are metabolised by
the same isoenzyme) is best avoided because the potential also
exists for increased plasma concentrations of these drugs, with
the risk of inducing ventricular arrhythmias. Other substrates for
this isoenzyme may also interact with nefazodone: atorvastatin,
lovastatin, and simvastatin should be used with caution with ne-
fazodone since there have been rare reports of rhabdomyolysis
with such combinations. Increased serum concentrations of
ciclosporin or tacrolimus, both substrates for CYP3A4, have
been reported in patients also receiving nefazodone. Monitoring
of serum ciclosporin or tacrolimus levels is recommended when
either of these two drugs is given with nefazodone. 
Plasma concentrations of digoxin are increased by nefazodone,
and because of digoxin’s narrow therapeutic index, plasma con-
centrations of digoxin should be monitored if use with nefazo-
done is necessary. 
Caution should be exercised when haloperidol is given with ne-
fazodone as the clearance of haloperidol may be reduced. Plasma
concentrations of carbamazepine are also increased when used
with nefazodone. More importantly, carbamazepine may reduce
nefazodone plasma concentrations to subtherapeutic levels and
therefore use together is not recommended. Giving buspirone
with nefazodone significantly increases the serum concentra-
tions of buspirone; the manufacturers of nefazodone recommend
that the initial dose of buspirone is reduced if these drugs are giv-
en together. 
The potential for interaction between nefazodone and general an-
aesthetics exists and the manufacturer recommends that nefazo-
done should be stopped before elective surgery for as long as
clinically feasible.
Benzodiazepines. For further details of interactions between
nefazodone and benzodiazepines, see Diazepam, p.990.
Pharmacokinetics
Nefazodone is readily absorbed from the gastrointestinal tract
and peak plasma concentrations have been obtained within about
2 hours after oral doses. Absorption is delayed and reduced by
food but this is not considered to be clinically significant. Ne-
fazodone undergoes extensive first-pass metabolism and is more
than 99% bound to plasma proteins; it is widely distributed. It is
extensively metabolised by N-dealkylation and hydroxylation in
the liver to several metabolites, two of which, hydroxynefazo-
done and m-chlorophenylpiperazine, are known to be pharmaco-
logically active. Excretion is mainly as metabolites via the urine
(about 55%) and the faeces (20 to 30%). The plasma elimination
half-life is 2 to 4 hours. Pharmacokinetic parameters are reported
to be non-linear with increasing doses. Nefazodone is distributed
in small amounts into breast milk (see Breast Feeding, above).
◊ Reviews.
1. Greene DS, Barbhaiya RH. Clinical pharmacokinetics of nefazo-

done. Clin Pharmacokinet 1997; 33: 260–75.

Uses and Administration
Nefazodone is a phenylpiperazine antidepressant structurally re-
lated to trazodone (see p.424). It blocks the reuptake of serotonin
at presynaptic neurones and is an antagonist at postsynaptic 5-
HT2 receptors. Unlike trazodone, nefazodone inhibits the re-
uptake of noradrenaline. It blocks α1-adrenoceptors but has no
apparent effect on dopamine receptors. Nefazodone does not ap-
pear to have very significant antimuscarinic properties compared
with tricyclic antidepressants. 
Nefazodone hydrochloride has been given for the treatment of
depression. One manufacturer (Bristol-Myers Squibb) has with-
drawn nefazodone worldwide (see also Effects on the Liver,
above); however, nefazodone remains available in the USA, and
possibly some other countries, as a generic preparation. The usu-
al initial oral dose is 100 mg twice daily increased if necessary,
in increments of 100 to 200 mg at intervals of at least a week, to
a maximum of 300 mg twice daily. Doses are restricted in elderly
patients: a recommended initial dose is 50 mg twice daily. 
Antidepressants should be withdrawn gradually to reduce the
risk of withdrawal symptoms. 
Nefazodone has been tried in anxiety disorders, but other drugs
may now be preferred.

Preparations
USP 31: Nefazodone Hydrochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Deprefax†; Austral.: Serzone†; Braz.: Serzone†; Cz.: Serzone†; Gr.:
Nefirel†; Hong Kong: Serzone†; Israel: Serzonil†; Mex.: Serzone†; NZ:
Serzone†; S.Afr.: Serzone†; Singapore: Serzone†; USA: Serzone†.

Nortriptyline Hydrochloride 

(BANM, USAN, rINNM)

38489; Hidrocloruro de nortriptilina; Nortriptilin-hidroklorid;
Nortriptilino hidrochloridas; Nortriptyliinihydrokloridi; Nortriptyl-
ine, chlorhydrate de; Nortriptylin-hydrochlorid; Nortriptylinhy-
droklorid; Nortriptylini hydrochloridum; Nortryptyliny chlorowo-
dorek. 3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)
propyl(methyl)amine hydrochloride.
Нортриптилина Гидрохлорид
C19H21N,HCl = 299.8.
CAS — 72-69-5 (nortr iptyline); 894-71-3 (nortr iptyline hy-
drochlor ide).
ATC — N06AA10.
ATC Vet — QN06AA10.

(nortr iptyline)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Nortriptyline Hydrochloride). A white or almost
white powder. Sparingly soluble in water; soluble in alcohol and
in dichloromethane. Protect from light. 
USP 31 (Nortriptyline Hydrochloride). A white to off-white
powder having a slight characteristic odour. Soluble 1 in 90 of
water, 1 in 30 of alcohol, 1 in 20 of chloroform, and 1 in 10 of
methyl alcohol; practically insoluble in ether, in benzene, and in
most other organic solvents. pH of a 1% solution in water is
about 5. Store in airtight containers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for tricyclic antidepressants in general (see Am-
itriptyline, p.376).
Breast feeding. For comments on the use of tricyclic antide-
pressants in breast feeding patients, see under Precautions for
Amitriptyline, p.378.
Effects on ventilation. Severe hyperventilation developed in a
61-year-old man with end-stage renal disease after receiving
nortriptyline 125 mg daily;1 mechanical ventilation was neces-
sary to correct severe respiratory alkalosis.
1. Sunderrajan S, et al. Nortriptyline-induced severe hyperventila-

tion. Arch Intern Med 1985; 145: 746–7.

Porphyria. Nortriptyline is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.

Interactions
For interactions associated with tricyclic antidepres-
sants, see Amitriptyline, p.379.

Pharmacokinetics
Nortriptyline is the principal active metabolite of am-
itriptyline (p.381). Nortriptyline has been reported to
have a longer plasma half-life than amitriptyline.
Nortriptyline is subject to extensive first-pass metabo-
lism in the liver to 10-hydroxynortriptyline, which is
active.
Metabolism. Individuals with a poor debrisoquine hydroxyla-
tion phenotype may be at greater risk of confusional states when
taking nortriptyline.1 This was thought to be because the poly-
morphic hydroxylation of debrisoquine and nortriptyline are me-
diated by similar enzymatic mechanisms [the cytochrome P450
isoenzyme CYP2D6], with poor oxidisers having higher plasma
nortriptyline concentrations.2,3 A nonlinear (dose-dependent) re-
lationship between dose and plasma-nortriptyline concentrations
has been observed during therapeutic drug monitoring4 in sub-
jects who were considered to be extensive metabolisers of de-
brisoquine; nonlinearity did not appear to occur in poor metabo-
lisers. There was no significant correlation between
hydroxylation phenotype and amitriptyline concentrations, sug-

gesting that demethylation and hydroxylation of tricyclic antide-
pressants are mediated by different cytochrome P450 isoen-
zymes.5 
The pharmacokinetics and pharmacological actions of 10-hy-
droxynortriptyline, the major active metabolite of nortriptyline,
have been reviewed.3
1. Park BK, Kitteringham NR. Adverse reactions and drug metab-

olism. Adverse Drug React Bull 1987; 122: 456–9. 
2. Nordin C, et al. Plasma concentrations of nortriptyline and its

10-hydroxy metabolite in depressed patients—relationship to the
debrisoquine hydroxylation metabolic ratio. Br J Clin Pharma-
col 1985; 19: 832–5. 

3. Nordin C, Bertilsson L. Active hydroxymetabolites of antide-
pressants: emphasis on E-10-hydroxy-nortriptyline. Clin Phar-
macokinet 1995; 28: 26–40. 

4. Jerling M, Alván G. Nonlinear kinetics of nortriptyline in rela-
tion to nortriptyline clearance as observed during therapeutic
drug monitoring. Eur J Clin Pharmacol 1994; 46: 67–70. 

5. Bertilsson L, et al. Metabolism of various drugs in subjects with
different debrisoquine and sparteine oxidation phenotypes. Br J
Clin Pharmacol 1982; 14: 602P.

Therapeutic plasma concentrations. Nortriptyline appears
to have an optimum antidepressant effect at plasma concentra-
tions between 50 and 150 nanograms/mL. Outside this range,
there is a poor clinical response. Plasma concentration measure-
ments are unequivocally useful in problem patients who do not
respond to usual oral doses or in high-risk patients for whom,
because of age or medical illness, it is especially important to use
the lowest possible effective dose of the drug.1 
It has been suggested2 that within this window of total nortriptyl-
ine concentrations there is a probability of an antidepressant re-
sponse of 68% or more with free concentrations of 7 to
10 nanograms/mL. 
For reference to dose-dependent kinetics of nortriptyline ob-
served in individuals with an extensive debrisoquine hydroxyla-
tion phenotype, see under Metabolism, above.
1. Task Force on the Use of Laboratory Tests in Psychiatry. Tricy-

clic antidepressants—blood level measurements and clinical
outcome: an APA task force report. Am J Psychiatry 1985; 142:
155–62. 

2. Perry PJ, et al. The relationship of free nortriptyline levels to
antidepressant response. Drug Intell Clin Pharm 1984; 18: 510.

Uses and Administration
Nortriptyline is a dibenzocycloheptadiene tricyclic
antidepressant with actions and uses similar to those of
amitriptyline (p.381). It is the principal active metabo-
lite of amitriptyline. Nortriptyline is one of the less se-
dating tricyclics and its antimuscarinic effects are mild. 
Nortriptyline is given orally as the hydrochloride al-
though doses are expressed in terms of the base;
nortriptyline hydrochloride 113.8 mg is equivalent to
about 100 mg of nortriptyline. In the treatment of de-
pression a low starting dose is given gradually increas-
ing to the equivalent of 75 to 100 mg daily in 3 or 4
divided doses. Up to a maximum of 150 mg daily may
be required in patients with severe depression. Li-
censed drug information recommends that plasma con-
centrations of nortriptyline should be monitored when
doses above 100 mg daily are given; however, the BNF
considers that the evidence of any practical value is un-
certain. Adolescents and the elderly may be given 30 to
50 mg daily in divided doses. Since nortriptyline has a
prolonged half-life, once-daily dosage regimens are
also suitable, usually given at night. 
Nortriptyline is also used for the treatment of noctur-
nal enuresis in children in whom organic pathology
has been excluded. However, drug therapy for noctur-
nal enuresis should be reserved for those in whom oth-
er methods have failed and should preferably only be
given to cover periods away from home; tricyclic anti-
depressants are not recommended in children under 6
years of age (the BNF recommends that they should
not be given until 7 years of age). Suggested doses are: 
• 10 mg for children aged 6 to 7 years (20 to 25 kg) 
• 10 to 20 mg for children aged 8 to 11 years (25 to

35 kg) 
• 25 to 35 mg for children aged over 11 years (35 to

54 kg) 
The dose should be given 30 minutes before bedtime
and treatment, including a period of gradual withdraw-
al, should not continue for longer than 3 months. A full
physical examination is recommended before a further
course. 
Nortriptyline should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
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Pain. Antidepressants, usually amitriptyline or another tricyclic,
are useful in alleviating some types of pain (see Choice of Anal-
gesic, p.2). Nortriptyline has also been tried and may produce
fewer adverse effects than amitriptyline. An initial oral dose of
10 to 25 mg at night has been suggested by the BNF for the man-
agement of neuropathic pain. 
References to the use of nortriptyline.
1. Atkinson JH, et al. A placebo-controlled randomized clinical tri-

al of nortriptyline for chronic low back pain. Pain 1998; 76:
287–96. 

2. Watson CP, et al. Nortriptyline versus amitriptyline in posther-
petic neuralgia: a randomized trial. Neurology 1998; 51:
1166–71.

Smoking cessation. For reference to the use of nortriptyline in
management of smoking cessation, see under Amitriptyline,
p.382.

Preparations
BP 2008: Nortriptyline Capsules; Nortriptyline Tablets; 
USP 31: Nortriptyline Hydrochloride Capsules; Nortriptyline Hydrochlo-
ride Oral Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Ateben†; Austral.: Allegron; Austria: Nortrilen; Belg.: Nortrilen;
Braz.: Nortrip; Pamelor; Canad.: Aventyl; Norventyl†; Cz.: Nortrilen;
Denm.: Noritren; Fin.: Noritren; Ger.: Nortrilen; Gr.: Nortrilen; Hong
Kong: Nortrilen; India: Sensival; Israel: Nortylin; Ital.: Noritren; Neth.:
Nortrilen; Norw.: Noritren; NZ: Norpress; Port.: Norterol; Spain: Nor-
fenazin; Paxtibi; Swed.: Sensaval; Switz.: Nortrilen; Thai.: Norline;
Nortrilen; Nortyline; Ortrip; UK: Allegron; USA: Aventyl; Pamelor.
Multi-ingredient: Arg.: Karile; Chile: Motitrel; Indon.: Motival; Irl.: Mo-
tival; Ital.: Dominans; Mex.: Motival; S.Afr.: Motival; Spain: Tropargal;
Thai.: Cetavol; UK: Motival†.

Opipramol Hydrochloride (BANM, USAN, rINNM)

G-33040; Hidrocloruro de opipramol; Opipramol, Chlorhydrate
d’; Opipramol Hidroklorür; Opipramoli Dihydrochloridum; Opi-
pramoli Hydrochloridum; Opipramolu dichlorowodorek. 2-[4-
(3-5H-Dibenz[b,f]azepin-5-ylpropyl)piperazin-1-yl]ethanol dihy-
drochloride.
Опипрамола Гидрохлорид
C23H29N3O,2HCl = 436.4.
CAS — 315-72-0 (opipramol); 909-39-7 (opipramol dihy-
drochloride).
ATC — N06AA05.
ATC Vet — QN06AA05.

(opipramol)

Pharmacopoeias. In Pol.
Profile
Opipramol hydrochloride is a dibenzazepine tricyclic antidepres-
sant (see Amitriptyline, p.376) given in oral doses of 50 to
300 mg daily in the treatment of depression. 
It should be withdrawn gradually to reduce the risk of withdraw-
al symptoms.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Insidon; Ger.: Insidon; Israel: Oprimol; Pol.: Pramolan; Switz.:
Insidon; Turk.: Deprenil; Insidon; Insomin; Inzeton; Opridon; Oprimol.

Oxitriptan (rINN)

5-HTP; L-5-Hydroxytryptophan; Oxitriptán; Oxitriptanum; Ro-
0783/B. L-2-Amino-3-(5-hydroxy-1H-indol-3-yl)propionic acid.
Окситриптан
C11H12N2O3 = 220.2.
CAS — 4350-09-8 (oxitr iptan); 56-69-9 (DL-5-hydrox-
ytr yptophan).
ATC — N06AX01.
ATC Vet — QN06AX01.

Profile
Oxitriptan is the L form of 5-hydroxytryptophan, a precursor of
serotonin. Like tryptophan (p.427) it is used in the treatment of
depression; it is given in oral doses of up to 600 mg daily. 
Oxitriptan is also used in doses of up to 1 g daily in myoclonic
disorders, especially posthypoxic myoclonus (p.470). It has also
been used in neurological conditions including migraine, pain
syndromes, and sleep disorders, and as an adjunct in epilepsy and
parkinsonism. 
DL-Oxitriptan has also been used as an antidepressant.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Tript-OH; Fr.: Levotonine; Ger.: Levothym†; Ital.: Tript-OH; Port.:
Cincofarm; Spain: Cincofarm; Switz.: Tript-OH.
Multi-ingredient: Indon.: Deprex; Menose.

Paroxetine (BAN, USAN, rINN)

BRL-29060; FG-7051; Paroksetiini; Paroxetin; Paroxetina; Par-
oxétine; Paroxetinum. (−)-trans-5-(4-p-Fluorophenyl-3-piperidyl-
methoxy)-1,3-benzodioxole.
Пароксетин
C19H20FNO3 = 329.4.
CAS — 61869-08-7.
ATC — N06AB05.
ATC Vet — QN06AB05.

Paroxetine Hydrochloride (BANM, rINNM)

BRL-29060A; Hidrocloruro de paroxetina; Paroksetiinihy-
drokloridihemihydraatti; Paroksetin Hidroklorür; Paroksetino
hidrochloridas hemihidratas; Paroksetyny chlorowodorek; Parox-
etin hydrochlorid; Paroxétine, chlorhydrate de; Paroxétine (chlo-
rhydrate de) hémihydraté; Paroxetine Hydrochloride Hemihy-
drate; Paroxetinhydrokloridhemihydrat; Paroxetini hydrochlori-
dum; Paroxetini hydrochloridum hemihydricum.
Пароксетина Гидрохлорид
C19H20FNO3,HCl, ⁄ H2O = 374.8.
CAS — 78246-49-8 (anhydrous paroxetine hydrochlor ide);
110429-35-1 (paroxetine hydrochlor ide hemihydrate).
Pharmacopoeias. In Eur. (see p.vii) and US, which permit the
anhydrous and hemihydrate forms. 
Ph. Eur. 6.2 (Paroxetine Hydrochloride, Anhydrous). A white or
almost white, hygroscopic, crystalline powder. It exhibits poly-
morphism. Slightly soluble in water; sparingly soluble in dehy-
drated alcohol and in dichloromethane; freely soluble in methyl
alcohol. Store in airtight containers at a temperature not exceed-
ing 25°. 
Ph. Eur. 6.2 (Paroxetine Hydrochloride Hemihydrate). A white
or almost white, crystalline powder. It exhibits pseudopolymor-
phism. Slightly soluble in water; sparingly soluble in alcohol and
in dichloromethane; freely soluble in methyl alcohol. Protect
from light. 
USP 31 (Paroxetine Hydrochloride). It is anhydrous or contains
one-half molecule of water of hydration. A white to off-white
solid. Slightly soluble in water; soluble in alcohol and in methyl
alcohol. Store the anhydrous form in airtight containers.

Paroxetine Mesilate (BANM, rINNM)

Mesilato de paroxetina; Paroxétine, Mésilate de; Paroxetine Me-
sylate (USAN); Paroxetini Mesilas.
Пароксетина Мезилат
C19H20FNO3,CH4O3S = 425.5.
CAS — 217797-14-3.
ATC — N06AB05.
ATC Vet — QN06AB05.

Adverse Effects, Treatment, and Precau-
tions
As for SSRIs in general (see Fluoxetine, p.391). 
Extrapyramidal reactions (including orofacial dysto-
nias) and withdrawal symptoms associated with parox-
etine have been reported to the UK CSM more com-
monly than with other SSRIs. For further details, see

Extrapyramidal Effects under Adverse Effects of
Fluoxetine, p.393 and Withdrawal under Precautions,
p.396.
Breast feeding. For comments on the use of SSRIs in breast
feeding patients, see under Precautions for Fluoxetine, p.394.
Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State in Fluoxetine, p.392.
Pregnancy. For discussion of the risks of SSRIs during preg-
nancy, and whether paroxetine is associated with a greater tera-
togenic risk than other SSRIs, see under Fluoxetine, p.395.

Interactions
For interactions associated with SSRIs, see Fluoxetine,
p.396.

Pharmacokinetics
Paroxetine is readily absorbed from the gastrointesti-
nal tract with peak plasma concentrations occurring
within about 5 hours of ingestion. It undergoes exten-
sive first-pass metabolism in the liver. The main meta-
bolic pathway is oxidation followed by methylation
and formation of glucuronide and sulfate conjugates.
The cytochrome P450 isoenzyme CYP2D6 is partly
responsible for the metabolism of paroxetine. Paroxet-
ine is widely distributed throughout body tissues and is
about 95% bound to plasma proteins. The elimination
half-life of paroxetine is reported to be about 21 hours.
Excretion is via the urine (about 64%) and the faeces
(about 36%), mainly as metabolites in both cases. Par-
oxetine is distributed into breast milk (see Breast Feed-
ing under Precautions in Fluoxetine, p.394).
◊ References.
1. Dalhoff K, et al. Pharmacokinetics of paroxetine in patients with

cirrhosis. Eur J Clin Pharmacol 1991; 41: 351–4. 
2. Hiemke C, Härtter S. Pharmacokinetics of selective serotonin re-

uptake inhibitors. Pharmacol Ther 2000; 85: 11–28.

Uses and Administration
Paroxetine, a phenylpiperidine derivative, is an SSRI
with actions and uses similar to those of fluoxetine
(p.397). It is given orally usually as paroxetine hydro-
chloride, as a single dose in the morning; it is also giv-
en as the mesilate. Doses are expressed in terms of the
base; paroxetine hydrochloride 22.8 mg or paroxetine
mesilate 25.8 mg are each equivalent to about 20 mg of
paroxetine. The doses given below refer to prepara-
tions containing paroxetine hydrochloride; similar dos-
es are also used when paroxetine is given as the mesi-
late. 
In the treatment of depression, the usual dose of par-
oxetine is 20 mg daily, increased gradually, if neces-
sary, in weekly increments of 10 mg to a maximum of
50 mg daily (but see Administration, below). 
In the treatment of generalised anxiety disorder, the
initial dose is 20 mg daily; further increases in incre-
ments of 10 mg at intervals of at least one week to a
maximum of 50 mg have been given (but see Admin-
istration, below). 
The initial dose in obsessive-compulsive disorder is
20 mg daily increased weekly in 10-mg increments to
a usual maintenance dose of 40 mg daily; some pa-
tients may require up to 60 mg daily (but see Adminis-
tration, below). 
In the treatment of panic disorder with or without ag-
oraphobia, the initial dose is 10 mg daily increased
weekly in 10-mg increments according to response; the
usual recommended maintenance dose is 40 mg daily,
although some patients may benefit from 60 mg daily
(but see Administration, below). 
The recommended starting dose for the treatment of
post-traumatic stress disorder is 20 mg daily. If nec-
essary this may be increased in increments of 10 mg at
intervals of at least one week to a maximum of 50 mg
daily (but see Administration, below). 
The initial dose for the treatment of social anxiety dis-
order is 20 mg daily increased after several weeks, if
necessary, by increments of 10 mg to a maximum of 50
or 60 mg daily (but see Administration, below). 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

A suggested maximum daily dose in elderly or debili-
tated patients is 40 mg; US licensed product informa-
tion also recommends a starting dose of 10 mg daily in
such patients. Reduced doses should be given to pa-
tients with hepatic or renal impairment, see below. 
A modified-release preparation (as the hydrochloride)
is also available in the USA for the treatment of depres-
sion, panic disorder, and social anxiety disorder; the
maximum doses with this preparation may be slightly
greater than those recommended with the immediate-
release preparation. The modified-release preparation
may also be used in the treatment of premenstrual
dysphoric disorder. The initial dose is 12.5 mg once
daily, usually in the morning, which may be increased
to 25 mg once daily, if necessary, after an interval of at
least one week. Treatment may be given throughout
the menstrual cycle or limited to the luteal phase. 
Paroxetine should be withdrawn gradually to reduce
the risk of withdrawal symptoms. For further details,
see Withdrawal under Precautions of Fluoxetine,
p.396.
◊ Reviews.
1. Wagstaff AJ, et al. Paroxetine: an update of its use in psychiatric

disorders in adults. Drugs 2002; 62: 655–703. Correction. ibid.;
1461.

Administration. Although paroxetine is licensed in the UK at
higher doses the UK CSM considers that there is a lack of evi-
dence from clinical trials of additional efficacy with paroxetine
when given above the following daily doses: 
• depression, generalised anxiety disorder, social anxiety disor-

der, post-traumatic stress disorder: 20 mg 
• obsessive-compulsive disorder, panic disorder: 40 mg
1. CSM/MCA Paroxetine prescribing advice. Current Problems

2004; 30: 3. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON007448&
RevisionSelectionMethod= LatestReleased (accessed 14/08/08)

Administration in hepatic or renal impairment. In the
USA the recommended initial oral dose of paroxetine in patients
with severe renal or hepatic impairment is the equivalent of
10 mg daily, increased to a maximum of 40 mg daily as neces-
sary. UK licensed drug information recommends that doses in
such patients are limited to the lower end of the range.
Anxiety disorders. Paroxetine is used in anxiety disorders in-
cluding generalised anxiety disorder (p.952), obsessive-compul-
sive disorder (p.952), panic disorder (p.952), post-traumatic
stress disorder (p.953), and social anxiety disorder (see under
Phobic Disorders, p.953). It has also been tried for adult night
terrors (see under Sleep-associated Movement Disorders, p.958). 
References.
1. Oehrberg S, et al. Paroxetine in the treatment of panic disorder:

a randomised, double-blind, placebo-controlled study. Br J Psy-
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Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant

drugs, and choice is often made on the basis of adverse effect
profile. SSRIs such as paroxetine are widely used as an alterna-
tive to the older tricyclics as they have fewer adverse effects and
are safer in overdosage. 
References.
1. Leyman S, et al. Paroxetine: post-marketing experience on 4024

depressed patients in Belgium. Eur J Clin Res 1995; 7: 287–96. 
2. Rodríguez-Ramos P, et al. Effects of paroxetine in depressed ad-

olescents. Eur J Clin Res 1996; 8: 49–61. 
3. Franchini L, et al. Dose-response efficacy of paroxetine in pre-

venting depressive recurrences: a randomized, double-blind
study. J Clin Psychiatry 1998; 59: 229–32. 

4. Williams JW, et al. Treatment of dysthymia and minor depres-
sion in primary care: a randomized controlled trial in older
adults. JAMA 2000; 284: 1519–26. 

5. Golden RN, et al. Efficacy and tolerability of controlled-release
and immediate-release paroxetine in the treatment of depression.
J Clin Psychiatry 2002; 63: 577–84. 

6. Rapaport MH, et al. Efficacy of controlled-release paroxetine in
the treatment of late-life depression. J Clin Psychiatry 2003; 64:
1065–74. 

7. Misri S, et al. The use of paroxetine and cognitive-behavioral
therapy in postpartum depression and anxiety: a randomized
controlled trial. J Clin Psychiatry 2004; 65: 1236–41. 

8. Trivedi MH, et al. Effectiveness of low doses of paroxetine con-
trolled release in the treatment of major depressive disorder. J
Clin Psychiatry 2004; 65: 1356–64. 

9. Dunner DL, et al. Efficacy and tolerability of controlled-release
paroxetine in the treatment of severe depression: post hoc analy-
sis of pooled data from a subset of subjects in four double-blind
clinical trials. Clin Ther 2005; 27: 1901–11.

Hot flushes. Some SSRIs, including paroxetine, have been
tried in the treatment of hot flushes; for further details see under
Fluoxetine, p.398.
Hypochondriasis. For mention of the use of SSRIs, including
paroxetine, in hypochondriasis, see under Fluoxetine, p.398.
Premenstrual syndrome. Paroxetine (as a modified-release
preparation) is used to control both the psychological and somat-
ic symptoms of premenstrual syndrome (p.2099). 
References.
1. Cohen LS, et al. Paroxetine controlled release for premenstrual

dysphoric disorder: a double-blind, placebo-controlled trial. Psy-
chosom Med 2004; 66: 707–13.

Pruritus. Paroxetine has produced some benefit in the relief of
non-dermatological pruritus.1
1. Zylicz Z, et al. Paroxetine in the treatment of severe non-derma-

tological pruritus: a randomized, controlled trial. J Pain Symp-
tom Manage 2003; 26: 1105–12.

Sexual dysfunction. Impotence or ejaculatory problems have
been reported as adverse effects of SSRIs; for the potential use of
these effects in the management of premature ejaculation see
Fluoxetine, p.399.

Preparations
BP 2008: Paroxetine Tablets; 
USP 31: Paroxetine Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Afenexil; Aropax; Datevan; Meplar; Neurotrox; Olane; Pamoxet; Pax-
il; Psicoasten; Sicopax; Sicotral; Sostel; Tiarix; Xilanic; Austral.: Aropax; Ex-
tine; Oxetine; Paxtine; Austria: Allenopar; Aparo†; Ennos; Glaxopar; Palux-
etil†; Parocetan; Paroglax; Paroxat; Seroxat; Belg.: Aropax; Seroxat; Braz.:
Aropax; Benepax; Cebrilin; Parox; Paxtrat; Pondera; Roxetin; Canad.: Paxil;
Chile: Aroxat; Bectam; Pamax; Posivyl; Seretran; Traviata; Cz.: Apo-Parox;
Arketis; Parolex; Remood; Seroxat; Denm.: Oxetine†; Serodur; Seroxat;
Fin.: Optipar ; Seroxat; Fr.: Deroxat; Divarius; Ger.: Euplix; Oxet†;
ParoLich; Paroxat; Paroxedura; Seroxat; Tagonis; Gr.: Noprilex; Seroxat;
Taberil; Hong Kong: Seroxat; Hung.: Apodepi; Paretin; Parogen; Paroxat;
Rexetin; Seroxat; India: Pari; Parotin; Xet; Indon.: Seroxat; Irl.: Meloxat;
Paroser ; Parox; Paxt; Seroxat; Israel: Paxxet; Seroxat; Ital.: Daparox;
Dropaxin; Eutimil; Serestill; Sereupin; Seroxat; Stiliden; Jpn: Paxil; Malaysia:
Seroxat; Mex.: Apo-Oxpar; Aropax; Paxil; Neth.: Seroxat; Norw.: Serox-
at; NZ: Aropax; Loxamine; Philipp.: Seroxat; Pol.: Deprozel; Paromerck;
Paxeratio; Paxtin; Rexetin; Seroxat; Xetanor; Port.: Denerval; Oxepar†;
Paxetil; Seroxat; Rus.: Paxil (Паксил); Rexetin (Рексетин); S.Afr.: Aropax;
Deparoc; Parax; Paxil; Sedarin; Serrapress; Xet; Singapore: Seroxat;
Spain: Casbol; Frosinor; Motivan; Paratonina; Parotur†; Seroxat; Xetin;
Swed.: Euplix†; Paroxiflex; Seroxat; Switz.: Deroxat; Dexantol; Parexat;
Paronex; Paroxetop; Thai.: Seroxat; Turk.: Paxil; Seroxat; UK: Seroxat;
USA: Paxil; Pexeva; Venez.: Paxil.

Phenelzine Sulfate (pINNM)

Phénelzine, Sulfate de; Phenelzine Sulphate (BANM); Phenelzini
Sulfas; Sulfato de fenelzina. Phenethylhydrazine hydrogen sul-
phate.
Фенельзина Сульфат
C8H12N2,H2SO4 = 234.3.
CAS — 51-71-8 (phenelzine); 156-51-4 (phenelzine sul-
fate).
ATC — N06AF03.
ATC Vet — QN06AF03.

(phenelzine)

Pharmacopoeias. In Br. and US. 
BP 2008 (Phenelzine Sulphate). A white powder or pearly plate-
lets with a pungent odour. Freely soluble in water; practically in-
soluble in alcohol, in chloroform, and in ether. Protect from light. 
USP 31 (Phenelzine Sulfate). A white to yellowish-white pow-
der having a characteristic odour. Freely soluble in water; practi-
cally insoluble in alcohol, in chloroform, and in ether. pH of a 1%
solution in water is between 1.4 and 1.9. Store in airtight contain-
ers. Protect from heat and light.

Adverse Effects
Adverse effects commonly associated with phenelzine
and other MAOIs include orthostatic hypotension and
attacks of dizziness. Other common adverse effects in-
clude headache, dry mouth, constipation and other gas-
trointestinal disturbances (including nausea and vomit-
ing), and oedema. Drowsiness, weakness, and fatigue
are reported frequently although CNS stimulation may
also occur and symptoms include agitation, nervous-
ness, euphoria, restlessness, insomnia, and convul-
sions. Psychotic episodes, with hypomania or mania,
confusion, hallucinations, or toxic delirium, may be in-
duced in susceptible persons. 
Sweating and muscle tremors, twitching, or hyper-
reflexia may occur, which in overdosage may present
as extreme hyperpyrexia and neuromuscular irritabili-
ty. Other reported reactions include blurred vision, nys-
tagmus, urinary retention or difficulty in micturition,
arrhythmias, skin rashes, leucopenia, sexual distur-
bances, and weight gain with inappropriate appetite.
Jaundice has been reported with hydrazine MAOIs
and, on rare occasions, fatal progressive hepatocellular
necrosis. Peripheral neuropathies associated with the
hydrazine derivatives may be caused by pyridoxine de-
ficiency. Hyponatraemia, possibly due to inappropriate
secretion of antidiuretic hormone, has been associated
with the use of antidepressants, particularly in the eld-
erly. 
Symptoms of overdosage may be minor at first and
progress over the ensuing 24 to 48 hours. After mild
overdosage and symptomatic and supportive therapy,
recovery may occur in 3 to 4 days, but after massive
overdosage symptoms may persist for up to 2 weeks.
CNS depression and drowsiness have been observed
with overdosage, but CNS stimulation is more com-
mon, with irritability, hyperactivity, agitation, halluci-
nations, or convulsions. Respiratory depression and
coma may ultimately occur. Cardiovascular effects in-
clude hypertension, sometimes with severe headache,
although hypotension is more frequently observed;
cardiac arrhythmias and peripheral collapse can also
develop. Profuse sweating, hyperpyrexia, and neu-
romuscular excitation with hyperreflexia are also
prominent features of overdosage. 
MAOIs have been the most commonly implicated
drugs in the serotonin syndrome (see below). A severe
hypertensive crisis, sometimes fatal, may occur if an
MAOI is taken with some other drugs or certain foods
(see Interactions, below). These reactions are charac-
terised by severe headache and a rapid and sometimes
prolonged rise in blood pressure followed by intracra-
nial haemorrhage or acute cardiac failure. 
For the adverse effects of reversible inhibitors of
monoamine oxidase type A (RIMAs), see Mo-
clobemide, p.411.
Incidence of adverse effects. A suspicion that the reported
adverse effects of MAOIs were both exaggerated and overem-
phasised prompted a comparative study in patients receiving
phenelzine or imipramine.1 The report noted that the dosages of
phenelzine used were at the upper end of the usual therapeutic
range (mean 77 mg daily) while those of imipramine were in the
middle of the usual therapeutic range (mean 139 mg daily). A
very similar profile of adverse effects in the two groups was ob-
served. With the exception of significantly increased incidence
of drowsiness in the phenelzine-treated group, the 2 groups did
not differ in the frequency of autonomic, CNS, cardiovascular, or
psychological adverse effects. However, a significantly greater
number of phenelzine-treated patients had to stop their treatment
because of the severity of the adverse effects. Nonetheless it was
considered that phenelzine was reasonably well-tolerated when
compared with imipramine. 
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Others have also studied the adverse effect profile of phenelzine
and made comparisons with tranylcypromine and imipramine.2,3

A retrospective review involving 198 patients concluded that al-
though phenelzine was more likely than the other two drugs to
induce adverse effects, drug withdrawal because of adverse ef-
fects was less likely to occur. This was probably because
phenelzine showed clear-cut clinical efficacy resulting in pre-
scribers being reluctant to stop therapy.
1. Evans DL, et al. Early and late side effects of phenelzine. J Clin

Psychopharmacol 1982; 2: 208–10. 
2. Rabkin J, et al. Adverse reactions to monoamine oxidase inhibi-

tors. Part I: a comparative study. J Clin Psychopharmacol 1984;
4: 270–8. 

3. Rabkin JG, et al. Adverse reactions to monoamine oxidase inhib-
itors. Part II: treatment correlates and clinical management. J
Clin Psychopharmacol 1985; 5: 2–9.

Effects on the cardiovascular system. MAOIs are generally
considered to be relatively free of adverse cardiovascular effects.
The hypertensive reaction that may follow interactions of MAO-
Is with foods or other drugs is well known (see Interactions, be-
low) but orthostatic hypotension may also occur when these
drugs are used on their own. 
In a study1 involving 14 patients it was found that phenelzine
produced both a significant decrease in systolic blood pressure
while lying down, and significant orthostatic hypotension; in 2
patients these effects on blood pressure meant treatment had to
be altered. Differences between the effects of phenelzine and
those reported for the tricyclic antidepressants were noted. Tricy-
clics were not known to affect lying systolic blood pressure and
although both tricyclics and phenelzine could cause orthostatic
hypotension, with the tricyclics it typically reaches a maximum
within the first week of treatment whereas with phenelzine the
maximum effect was noted after 4 weeks. Additionally, the study
provided some indication that the blood pressure effects of
phenelzine may attenuate with time, a phenomenon that is not
known to occur with the tricyclics.
1. Kronig MH, et al. Blood pressure effects of phenelzine. J Clin

Psychopharmacol 1983; 3: 307–10.

Effects on the endocrine system. MAOIs may induce
hyperprolactinaemia1 and this has led to galactorrhoea in wom-
en.2 Occasionally, MAOIs may cause dilutional hyponatraemia
due to a reduction in the renal excretion of free water mediated
by both enhanced vasopressin release and increased antidiuretic
action on the renal tubule.3 The UK CSM, commenting on
reports4 it had received of hyponatraemia with antidepressants
(fluoxetine, paroxetine, lofepramine, clomipramine, and imi-
pramine), considered that it was likely to occur with any antide-
pressant and usually involved elderly patients.
1. Slater SL, et al. Elevation of plasma-prolactin by monoamine-

oxidase inhibitors. Lancet 1977; ii: 275–6. 
2. Segal M, Heys RF. Inappropriate lactation. BMJ 1969; 4: 236. 
3. Baylis PH. Drug-induced endocrine disorders. Adverse Drug Re-

act Bull 1986; No 116: 432–5. 
4. CSM/MCA. Antidepressant-induced hyponatraemia. Current

Problems  1994;  20:  5–6 .  Also  ava i lab le  a t :  h t tp : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015616&RevisionSelectionMethod=
LatestReleased (accessed 05/08/08)

Effects on the liver. Published case reports of hepatotoxic re-
actions to MAOIs have included jaundice in 4 patients1 and he-
patic failure progressing to encephalopathy in 2 patients;2 this
latter reaction was attributed to a hypersensitivity reaction. 
Of 91 cases of hepatitis associated with antidepressants reported
to French pharmacovigilance centres from 1977 to 1983, an
MAOI (iproniazid) was implicated in 11. These 11 cases were
associated with cytolytic reactions and 5 patients died.3 
Two cases of fulminant hepatic failure have been reported4 after
use of phenelzine for 4 months; all other causes of acute liver
damage were ruled out. Both patients recovered after emergency
liver transplantation.
1. Holdsworth CD, et al. Hepatitis caused by the newer amine-ox-

idase-inhibiting drugs. Lancet 1961; ii: 621–3. 
2. Wilkinson SP, et al. Frequency and type of renal and electrolyte

disorders in fulminant hepatic failure. BMJ 1974; 1: 186–9. 
3. Lefebure B, et al. Hépatites aux antidépresseurs. Therapie 1984;

39: 509–16. 
4. Gómez-Gil E, et al. Phenelzine-induced fulminant hepatic fail-

ure. Ann Intern Med 1996; 124: 692–3.

Effects on the nervous system. MAOIs produce a variety of
effects on the nervous system. Drowsiness is frequently reported
but symptoms of CNS stimulation, including agitation, nervous-
ness, and euphoria may also occur; psychotic episodes may be
induced in susceptible individuals. Further adverse neurological
reactions are described under Epileptogenic Effect and Extrapy-
ramidal Effects, below. 
Peripheral neuropathies, sometimes associated with a document-
ed pyridoxine deficiency, have been reported in patients receiv-
ing phenelzine.1,2 In most of the patients the neuropathies devel-
oped 6 weeks to 4 months after starting phenelzine,2 although in
one case symptoms did not occur for 11 years.1 The symptoms
also generally disappeared when pyridoxine was given with con-
tinued phenelzine therapy.2 The possibility that the dietary re-
strictions imposed on persons taking phenelzine might have con-
tributed to a low pyridoxine intake was considered unlikely. The
most probable mechanism for the induced pyridoxine deficiency
was combination of the hydrazine moiety with the pyridoxal
form of the vitamin to form an inactive compound. 

Many drugs can inhibit transmission at the myoneural junction
under experimental conditions and it has been said that
phenelzine may cause postoperative respiratory depression, pos-
sibly through a combined action with neuromuscular blockers.3
For further details, see Anaesthesia under Precautions, below.
1. Heller CA, Friedman PA. Pyridoxine deficiency and peripheral

neuropathy associated with long-term phenelzine therapy. Am J
Med 1983; 75: 887–8. 

2. Stewart JW, et al. Phenelzine-induced pyridoxine deficiency. J
Clin Psychopharmacol 1984; 4: 225–6. 

3. Lane RJM, Routledge PA. Drug-induced neurological disorders.
Drugs 1983; 26: 124–47.

Effects on sexual function. MAOIs such as phenelzine and
tranylcypromine have been implicated in producing both impo-
tence and failure of ejaculation.1,2 Priapism has been reported
with phenelzine.3 There have also been several reports of female
anorgasmia attributed to MAOIs, an effect which appears to be
dose-related.4 Loss of libido and impotence are common symp-
toms of depression, often making the role of drugs in producing
sexual dysfunction difficult to assess.
1. Simpson GM, et al. Effects of anti-depressants on genito-urinary

function. Dis Nerv Syst 1965; 26: 787–9. 
2. Wyatt RJ, et al. Treatment of intractable narcolepsy with a

monoamine oxidase inhibitor. N Engl J Med 1971; 285: 987–91. 
3. Yeragani VK, Gershon S. Priapism related to phenelzine therapy.

N Engl J Med 1987; 317: 117–18. 
4. Shen WW, Sata LS. Inhibited female orgasm resulting from psy-

chotropic drugs: a clinical review. J Reprod Med 1983; 28:
497–9.

Epileptogenic effect. Licensed product information indicates
that convulsions represent one of the less common adverse ef-
fects of MAOIs; they may be a feature of overdosage. 
A typical grand-mal seizure with tonic-clonic convulsions has
been reported in a patient with no history of epilepsy or predis-
posing factors shortly after the start of phenelzine therapy.1 The
point was made that phenelzine-induced seizures had rarely been
observed.
1. Bhugra DK, Kaye N. Phenelzine induced grand mal seizure. Br

J Clin Pract 1986; 40: 173–4.

Extrapyramidal effects. A parkinsonian syndrome developed
in a patient about 5 weeks after the start of therapy with
phenelzine. Symptoms gradually resolved over 10 days after the
withdrawal of phenelzine. The mechanisms by which phenelzine
could have induced these effects were discussed.1
1. Gillman MA, Sandyk R. Parkinsonism induced by a monoamine

oxidase inhibitor. Postgrad Med J 1986; 62: 235–6.

Hyponatraemia. See Effects on the Endocrine System, above.
Lupus. A reversible lupus-like reaction has been reported in a
patient who had been taking phenelzine sulfate for 8 months.1
1. Swartz C. Lupus-like reaction to phenelzine. JAMA 1978; 239:

2693.

Overdosage. MAOIs in overdose rarely produce severe hyper-
tension; the blood pressure may be high or low, or may alternate
between the two. More commonly the patient gradually develops
widespread muscle spasms, trismus, and opisthotonus with
widely dilated pupils and a hot and sweating skin. About 16 to 24
hours after ingestion potentially fatal hyperthermia may develop;
temperatures of 42.1 to 43.8° have been recorded immediately
before death. Disseminated intravascular coagulation, rhab-
domyolysis, and acute tubular necrosis can also occur.1
1. Henry JA. Specific problems of drug intoxication. Br J Anaesth

1986; 58: 223–33.

Serotonin syndrome. The serotonin syndrome is a drug-in-
duced excess in serotonergic activity at central receptors.1-10 It is
characterised by the development of at least three of the follow-
ing clinical features after a recent change in a treatment regimen
involving serotonergic drugs:1 
• agitation 
• ataxia 
• diaphoresis 
• diarrhoea 
• fever 
• hyperreflexia 
• myoclonus 
• shivering 
• changes in mental status 
Strict application of these criteria may not identify early, mild, or
subacute cases of serotonin syndrome and a simpler diagnostic
approach focusing on neuromuscular features has also been sug-
gested.10 The syndrome should be distinguished from the hyper-
tensive crises produced by the interaction between MAOIs and
tyramine (see Interactions of MAOIs with Foods, below), and
from the neuroleptic malignant syndrome (see p.972).3,8-10 
The onset of the syndrome is often within minutes of altering the
regimen,10 although some cases have occurred as much as sever-
al weeks later.2 The occurrence and severity of the syndrome do
not appear to be dose-related,2 but to depend on the extent and
duration of the rise in intrasynaptic serotonin.5 
The serotonin syndrome is relatively uncommon and symptoms
are usually mild. However, severe complications, including dis-
seminated intravascular coagulation, severe hyperthermia, respi-
ratory failure, and seizures have been reported; there have also
been fatalities. 

The serotonin syndrome may follow exposure to a single sero-
tonergic drug or, more commonly, a combination of such
drugs.2,8-10 In the past, MAOIs have been the most commonly
implicated drugs in this syndrome, particularly when taken with
other antidepressants such as the tricyclics, SSRIs, serotonin and
noradrenaline reuptake inhibitors (SNRIs) including venlafax-
ine, trazodone, lithium, and tryptophan. (The use of combination
therapy with serotonergic antidepressant drugs is discussed un-
der Interactions of MAOIs with other Drugs, below.) MAOIs
combined with the opioids dextromethorphan and pethidine
have also produced the serotonin syndrome. The interaction can
occur with both irreversible and reversible MAOIs, and with
those selective for monoamine oxidase type A such as
moclobemide as well as with non-selective MAOIs.11 The selec-
tive inhibitor of monoamine oxidase type B, selegiline, may also
pose problems at high doses as its selectivity starts to diminish. 
As usage of the SSRIs has increased, so too has the number of
reports of adverse reactions when these drugs have been com-
bined with other serotonergic drugs, including the herbal prepa-
ration St John’s wort. 
Other drugs that may potentially cause serotonin syndrome in
certain circumstances include antiemetics such as ondansetron,
buspirone, carbamazepine, dihydroergotamine, methylenedi-
oxyamfetamine, sibutramine, selective serotonin (5-HT1) ago-
nists such as sumatriptan, and tramadol.5,8-10 
Serotonergic potentiation may also occur if one serotonergic
drug is used after another without allowing a sufficient drug-free
interval after stopping the first. This is a particular problem
when the first drug is an irreversible MAOI or a drug with a long
half-life such as the SSRI fluoxetine. 
Most cases of serotonin syndrome resolve within 24 hours after
withdrawal of the offending drugs and giving supportive
therapy,1-4,8-10 including appropriate management of fever and
hyperthermia (p.10). Benzodiazepines may be of value to control
agitation, myoclonus, and seizures. The non-specific serotonin
antagonist cyproheptadine may be useful in more severe cases
although its efficacy has not been established;8,10 methysergide
has also been used with some success.2,3,6 Other drugs that have
been tried include propranolol, chlorpromazine, and
dantrolene2,3,6,8-10 although adverse effects may limit their use-
fulness.
1. Sternbach H. The serotonin syndrome. Am J Psychiatry 1991;

148: 705–13. 
2. Sporer KA. The serotonin syndrome: implicated drugs, patho-

physiology and management. Drug Safety 1995; 13: 94–104. 
3. Corkeron MA. Serotonin syndrome—a potentially fatal compli-

cation of antidepressant therapy. Med J Aust 1995; 163: 481–2. 
4. Brown TM, et al. Pathophysiology and management of the se-

rotonin syndrome. Ann Pharmacother 1996; 30: 527–33. 
5. Gillman PK. Serotonin syndrome: history and risk. Fundam

Clin Pharmacol 1998; 12: 482–91. 
6. Gillman PK. The serotonin syndrome and its treatment. J Psy-

chopharmacol 1999; 13: 100–109. 
7. Mason PJ, et al. Serotonin syndrome. Presentation of 2 cases

and review of the literature. Medicine (Baltimore) 2000; 79:
201–9. 

8. Birmes P, et al. Serotonin syndrome: a brief review. Can Med
Assoc J 2003; 168: 1439–42. 

9. Bilj D. The serotonin syndrome. Neth J Med 2004; 62: 309–13. 
10. Boyer EW, Shannon M. The serotonin syndrome. N Engl J Med

2005; 352: 1112–20. 
11. Livingston MG. Interactions with selective MAOIs. Lancet

1995; 345: 533–4. Correction. ibid. 2007; 356: 2437.

Treatment of Adverse Effects
In cases of overdosage with MAOIs the benefit of gas-
tric decontamination is uncertain; however, in patients
who present within 1 hour activated charcoal may be
given by mouth, or, in potentially life-threatening cas-
es, the stomach may be emptied by lavage. Manage-
ment then largely involves intensive symptomatic and
supportive therapy with particular attention being giv-
en to CNS effects, raised body temperature (which
may develop into malignant hyperthermia), and cardio-
vascular effects. Delayed effects may develop some
time after the overdose even in patients who are initial-
ly asymptomatic, and therefore prolonged monitoring
is warranted. Other drugs taken with an overdose of
MAOIs may complicate the features and result in the
need for an even longer period of monitoring. Special
care should be observed with any drug therapy used in
the management of MAOI overdosage in view of the
many known interactions which occur with this class
of drugs. 
Muscle spasm, agitation, and convulsions should be
treated with diazepam. Severe neuromuscular irritabil-
ity may call for the use of a competitive neuromuscular
blocker such as pancuronium and intubation with as-
sisted ventilation. Hyperthermia may be a particular
problem; if simple antipyretics such as paracetamol
and external cooling measures fail a competitive neu-
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romuscular blocker has often been advocated; dantro-
lene has also been suggested. 
Hypotension, which is a fairly common feature, should
be managed by intravenous fluid therapy and volume
expansion; vasopressors should be avoided. Converse-
ly, a hypertensive crisis may occasionally occur after
an overdose with MAOIs and can be managed with
phentolamine given by slow intravenous injection. A
short-acting beta blocker such as esmolol or metopro-
lol has also been advocated for persistent tachycardia
and hypertension.

Precautions
Phenelzine and other MAOIs should not be given to
patients with liver disease or a history of abnormal liver
function tests, or, because of their effects on blood
pressure, to patients with congestive heart failure, cer-
ebrovascular disease, or phaeochromocytoma. (Blood
pressure should be monitored in all patients.) MAOIs
should be avoided or only used with great caution in
patients with blood disorders or cardiovascular disease,
and in elderly or agitated patients who may be particu-
larly susceptible to their adverse effects. They should
be given with caution to epileptic patients. Caution has
also been advised in diabetic patients because of con-
flicting evidence whether glucose metabolism is al-
tered or requirements for hypoglycaemics changed.
MAOIs should be used with caution in patients with
hyperthyroidism because of increased sensitivity to
pressor amines. 
Patients should be closely monitored during early anti-
depressant therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour
may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be observed when treating patients with other
disorders. 
Mania may be precipitated if MAOIs are used for the
depressive component of bipolar disorder, and they are
not usually indicated; similarly psychotic symptoms
may be aggravated if they are used for a depressive
component of schizophrenia. 
MAOIs have a prolonged action so patients should not
take any of the foods or drugs known to cause reactions
(see Interactions, below) for at least 14 days after stop-
ping treatment. A similar drug-free period has been ad-
vised before any patient undergoes surgery since it may
involve the use of drugs that can interact with MAOIs,
although not all agree that this is necessary; caution has
been advised in patients requiring MAOIs with ECT;
for further details see under Anaesthesia, below. Pa-
tients should carry cards giving details of their MAOI
therapy; they and their relatives should be fully conver-
sant with the implications of food and drug interactions
and the precautions to be taken. 
Patients liable to take charge of vehicles or other ma-
chinery should be warned that MAOIs may modify be-
haviour and state of alertness. Patients affected by
drowsiness should not drive or operate machinery. 
MAOIs should be withdrawn gradually to reduce the
risk of withdrawal symptoms (see below). 
For the precautions to be observed with reversible in-
hibitors of monoamine oxidase A (RIMAs), see Mo-
clobemide, p.411.
Anaesthesia. The considerations given to patients receiving tri-
cyclic antidepressants before receiving anaesthesia for ECT or
surgery (see Amitriptyline, p.378) are also generally applicable
to patients being treated with MAOIs; licensed drug information
for phenelzine also warns that transient respiratory and cardio-
vascular depression following ECT have been reported. The in-
teractions of other drugs with MAOIs may be more numerous or
more severe than those with tricyclics and the interaction with
pethidine should not be forgotten. 
A review1 of the potential problems of anaesthesia in patients
receiving MAOIs considered that stopping MAOIs about 2
weeks before anaesthesia was unreasonable, as there was a wide

range of safe and suitable anaesthetics available, although the
dangers of sympathetic overactivity must always be remem-
bered. This view, that it is safe to continue MAOIs throughout
the period of anaesthesia, ECT, and surgery, is also held by
others2-4 although some disagree.5 
Regardless of any decision, the anaesthetist should be informed
of all drugs that the patient is or has been taking; this is particu-
larly important when emergency surgery is required in a patient
receiving MAOI therapy. 
• It has been stated1 that the interaction between MAOIs and

opioid analgesics has two distinct forms: an excitatory form
[serotonin syndrome—see above]; and a depressive form con-
sisting of respiratory depression, hypotension, and coma as a
result of the inhibition of hepatic microsomal enzymes by the
MAOI leading to accumulation of free opioid analgesic.
Pethidine use during anaesthesia has elicited the excitatory re-
sponse, which has frequently been severe and often fatal. For
this reason, pethidine should never be given to patients receiv-
ing MAOIs. Morphine does not block neuronal serotonin up-
take but its narcotic effects may be potentiated in the presence
of MAOIs and a single case report of the depressive type of
reaction has been described. Thus, morphine is the opioid an-
algesic of choice but must be given in reduced dosage and the
dosage carefully titrated against clinical response. Papavere-
tum would appear to have no advantage over morphine. Al-
though interactions of MAOIs with pentazocine have oc-
curred in animals, it is not clear if this occurs in man.
Methadone has been used in a patient without mishap and
there is also anecdotal evidence to support the safety of fenta-
nyl. A case report6 described the successful use of alfentanil
(with propofol and atracurium) mentioning that this was the
first report of such use in patients receiving MAOIs. A further
case report7 has also described the safe use of alfentanil (with
propofol and suxamethonium) for anaesthesia during ECT in
2 patients taking phenelzine. Remifentanil has also been used
safely as part of an anaesthetic regimen (with sevoflurane, ve-
curonium, and isoflurane) in a patient also taking phenelzine.8
In another case9 a patient underwent successful anaesthesia
with sufentanil (with thiopental, lidocaine, and vecuronium)
while continuing to take an MAOI (tranylcypromine) as well
as a tricyclic antidepressant (imipramine) and lorazepam. 

• With regard to induction agents,1 the use of ketamine in pa-
tients receiving MAOIs should be avoided on theoretical
grounds, although no interactions have been reported. Poten-
tiation of barbiturates may be expected. 

• With neuromuscular blockers, phenelzine has been shown to
decrease plasma cholinesterase concentrations and there have
been case reports of a prolonged effect with suxamethonium;
additionally this prolongation of the effect of suxamethonium
may lead to apnoea and modification of the convulsion during
ECT. However, a small case series of 4 patients taking tranyl-
cypromine while undergoing ECT treatment (with suxame-
thonium as the neuromuscular blocker) found no difference in
seizure length when compared to previous ECT courses when
the patients were not taking an MAOI.4 There may be a theo-
retical hazard with pancuronium since it releases stored adren-
aline (although its use has been advocated in the treatment of
symptoms of overdosage with MAOIs, see above), but al-
curonium, atracurium, or vecuronium would all appear to be
suitable alternatives.1 

• Enflurane, halothane, isoflurane, and nitrous oxide are all safe
in the presence of MAOIs, although there is a theoretical pos-
sibility of an increased risk of hepatic damage with halothane. 

• Indirect-acting sympathomimetics pose the risk of a serious
and possibly lethal hypertensive interaction but direct-acting
sympathomimetics, such as adrenaline, isoprenaline, and no-
radrenaline, are reliable vasopressors in the presence of
MAOIs although great care should be taken with their use be-
cause of enhanced receptor sensitivity.

1. Stack CG, et al. Monoamine oxidase inhibitors and anaesthesia:
a review. Br J Anaesth 1988; 60: 222–7. 

2. Hirshman CA, Lindeman K. MAO inhibitors: must they be dis-
continued before anesthesia? JAMA 1988; 260: 3507–8. 

3. Hirshman CA, Lindeman KS. Anesthesia and monoamine oxi-
dase inhibitors. JAMA 1989; 261: 3407–8. 

4. Dolenc TJ, et al. Electroconvulsive therapy in patients taking
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1989; 261: 3407. 

6. Powell H. Use of alfentanil in a patient receiving monoamine
oxidase inhibitor therapy. Br J Anaesth 1990; 64: 528. 
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for electroconvulsive therapy in patients receiving monoamine
oxidase inhibitors. J ECT 2004; 20: 120–2. 
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Children. Phenelzine is not recommended for the treatment of
depression in children and adolescents less than 16 years of age.
In addition, other antidepressants have been shown to increase
the risk of suicidal thoughts and behaviour in such patients (see
Effects on Mental State, under Fluoxetine, p.392).
Driving. While affective disorders probably impair driving
skill,1,2 treatment with antidepressant drugs may also be hazard-

ous,1 although patients may be safer drivers with medication than
without.2 Impairment of performance is largely related to seda-
tive properties and some MAOIs can adversely affect psychomo-
tor performance.1,2 
In the UK, the Driver and Vehicle Licensing Authority (DVLA)
considers that all drugs acting on the CNS can impair alertness,
concentration, and driving performance, particularly at the start
of treatment or when the dose is increased;3 driving must cease if
patients are adversely affected. Patients with severe depressive
illnesses complicated by significant memory or concentration
problems, agitation, behavioural disturbances or suicidal
thoughts should cease driving pending the outcome of medical
enquiry.
1. Ashton H. Drugs and driving. Adverse Drug React Bull 1983;

98: 360–3. 
2. Cremona A. Mad drivers: psychiatric illness and driving per-

formance. Br J Hosp Med 1986; 35: 193–5. 
3. Driver and Vehicle Licensing Agency. For medical practitioners: at

a glance guide to the current medical standards of fitness to drive
(updated February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08)

ECT. For comments concerning the precautions to be observed
in patients receiving ECT, see under Anaesthesia, above.
Porphyria. Phenelzine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Surgery. For comments regarding the precautions to be ob-
served in patients undergoing surgery, see under Anaesthesia,
above.
Withdrawal. Suddenly stopping antidepressant therapy after
regular use for 8 weeks or more can precipitate withdrawal
symptoms which may be very severe. 
Symptoms associated with withdrawal of MAOIs1,2 include gas-
trointestinal disturbances and generalised somatic symptoms
such as nausea and vomiting, anorexia, chills, headache, and gid-
diness; sleep disturbances characterised by insomnia, severe
nightmares, and somnolence; and a range of CNS symptoms in-
cluding panic, anxiety, restlessness, agitation, cognitive impair-
ment, mood swings, depression and suicidal ideation, hypoma-
nia, delusions, and hallucinations. Some of the above may be
controlled by restarting the MAOI in low doses, but the best
management is considered to be prevention by gradually stop-
ping the drug.2 The BNF recommends reducing the dose over a
period of 4 weeks, or as much as 6 months in patients who have
been receiving long-term maintenance therapy. 
The pathophysiology of the MAOI withdrawal syndrome is not
fully known, although it has been hypothesised that some of the
symptoms represent adrenergic hyperactivity1 produced by the
release of excessive amounts of dopamine and noradrenaline.2 
With the exception of tranylcypromine, the withdrawal syn-
drome of MAOIs is not a consequence of drug dependence.1 Tra-
nylcypromine has been reported to produce dependence and tol-
erance in patients receiving high doses irrespective of whether or
not they had a history of substance abuse. Tranylcypromine is
similar in structure to amfetamine, which may be responsible for
its addictive properties.1
1. Anonymous. Problems when withdrawing antidepressives. Drug

Ther Bull 1986; 24: 29–30. 
2. Dilsaver SC. Withdrawal phenomena associated with antidepres-

sant and antipsychotic agents. Drug Safety 1994; 10: 103–14.

Interactions of MAOIs with Foods
A major disadvantage of MAOIs such as phenelzine is
that by inhibiting monoamine oxidase they cause an
accumulation of amine neurotransmitters. This means
that the pressor effects of tyramine, which occurs in a
number of common foods and is also metabolised by
monoamine oxidase, can be dangerously enhanced.
Reactions to foods rich in pressor amines such as
tyramine can therefore occur in patients being treated
with MAOIs, producing hypertensive crises. Cheese,
especially aged or matured cheeses, meat or yeast ex-
tracts, pickled herrings, sauerkraut, dry sausage,
smoked foods, and broad bean pods have caused such
reactions. Patients should be warned not to eat any of
these foods while being treated with an MAOI and for
at least 14 days after its discontinuation. Some foods
will only cause a reaction if large amounts are eaten,
and foods may vary in tyramine content depending
upon methods of manufacture and storage. Any pro-
tein-containing food such as meat, fish, or game sub-
ject to hydrolysis, fermentation, pickling, smoking, or
spoilage could contain tyramine derived from tyrosine
as a result of these processes or of deterioration. Pa-
tients taking MAOIs should therefore be advised to eat
protein-containing foods only if fresh. 
Alcoholic beverages, including wines, beers, and
drinks that are de-alcoholised or are low in alcohol,
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contain variable amounts of tyramine and are best
avoided. 
The above dietary restrictions that need to be observed
with MAOIs may be less stringent for reversible inhib-
itors of monoamine oxidase type A (RIMAs) such as
moclobemide (see p.411), although licensed drug in-
formation recommends that since some patients may
be especially sensitive to tyramine, consumption of
large amounts of tyramine-rich food should be avoid-
ed.
◊ MAOIs can, when taken with certain foodstuffs, cause a poten-
tially fatal hypertensive reaction. This effect is accepted and well
documented and has led to the publication of many lists of pro-
hibited foods and drinks. Some workers consider that the dangers
of the interaction may have been slightly overemphasised or ex-
aggerated and that the published lists may have been overinclu-
sive;1-3 this may have led to reduced compliance in a number of
patients. 
A review and discussion1 of the MAOI interaction with tyramine
made the following observations and recommendations: 
• the hyperadrenergic state resulting from this interaction con-

sisted of three syndromes although significant overlap be-
tween them existed: paroxysmal headache of great severity;
cardiovascular symptoms with paroxysmal hypertension; and
intracerebral haemorrhage and death 

• the most common offending drug reported had been tranylcy-
promine at doses of 20 to 50 mg daily although a few reports
had involved phenelzine 

• only 4 foodstuffs clearly warranted total prohibition: aged
cheese, pickled herring or fish, concentrated yeast extracts,
and broad bean pods 

• the ingestion of cheese was said to have been associated with
80% of all case reports and with virtually all fatalities. It was
agreed that aged cheese should not be permitted, although cot-
tage and cream cheese required no restriction. There was less
agreement concerning dairy products such as yogurt and sour
cream and it was suggested that limited amounts were permis-
sible 

• pickled herring or smoked fish were to be avoided because of
several well-documented cases of hypertensive crisis as well
as detection of high levels of tyramine. Any meat may become
dangerous unless consumed while fresh as tyramine is formed
from bacterial protein degradation 

• concentrated yeast extracts have a significant tyramine con-
tent and yeast vitamin supplements may also constitute a haz-
ard; baker’s yeast was considered to be safe 

• broad bean pods contain dopamine although the beans them-
selves were stated to have little pressor activity and carried no
prohibition 

• other foods which had been reported to have caused a hyper-
tensive reaction but for which these authors considered that
there was insufficient evidence to warrant dietary restriction
were chocolate and caffeine-containing beverages, soy sauce,
fresh fish, wild game, and fruits although caution was neces-
sary with avocados and bananas. 

Other reviews of foods2,4,5 give broadly similar recommenda-
tions. 
The consumption of alcoholic beverages, and in particular Chi-
anti wine, has frequently been advised against. However, sources
have differed on whether particular types of drink (white wine,
red wine, spirits, or beer) are safe or not. A study6 demonstrated
no significant differences in mean free tyramine concentration
between white wine, red wine, Chianti, and beer although within
each category of wine there could be up to a fiftyfold variation
even if from the same grape stock. Mention has also been
made7,8 that alcohol-free or low-alcohol beers are likely to con-
tain similar amounts of tyramine to alcoholic beers. The con-
sumption of alcoholic drinks with MAOIs still appears to be con-
troversial with some advocating total abstinence while others
permit a modest intake.
1. Brown C, et al. The monoamine oxidase inhibitor-tyramine in-

teraction. J Clin Pharmacol 1989; 29: 529–32. 
2. Lippman SB, Nash K. Monoamine oxidase inhibitor update: po-

tential adverse food and drug interactions. Drug Safety 1990; 5:
195–204. 

3. Folks DG. Monoamine oxidase inhibitors: reappraisal of dietary
considerations. J Clin Psychopharmacol 1983; 3: 249–52. 

4. Anonymous. Foods interacting with MAO inhibitors. Med Lett
Drugs Ther 1989; 31: 11–12. 

5. Gardner DM, et al. The making of a user friendly MAOI diet. J
Clin Psychiatry 1996; 57: 99–104. 

6. Hannah P, et al. Tyramine in wine and beer. Lancet 1988; i: 879. 
7. Sandler M. Monoamine oxidase inhibitors and low alcohol or

alcohol free drinks. BMJ 1990; 300: 1527. 
8. Beswick DT, Rogers ML. Monoamine oxidase inhibitors and

low alcohol or alcohol free drinks. BMJ 1990; 301: 179–80.

Interactions of MAOIs with other Drugs
MAOIs inhibit the metabolism of some amine drugs
(notably indirect-acting sympathomimetics), which
can lead to dangerous enhancement of their pressor ef-
fects. MAOIs also inhibit other drug-metabolising en-

zymes and are therefore responsible for a large number
of other drug interactions. Moreover, they have an ad-
ditive effect with serotonergic drugs which may result
in the serotonin syndrome (see under Adverse Effects,
above). As in the case of foods, the danger of an inter-
action persists for at least 14 days after treatment with
an MAOI has been stopped. 
Severe hypertensive reactions due to enhancement of
pressor activity have followed the use of sympathomi-
metics such as amfetamines, dopamine, ephedrine, levo-
dopa, phenylephrine, phenylpropanolamine, and pseu-
doephedrine. Reactions may also follow the use of
anorectics and stimulants with sympathomimetic ac-
tivity such as fenfluramine, methylphenidate, pemo-
line, and phentermine. There have been case reports of
fatalities in patients who took cough preparations con-
taining dextromethorphan. There is no clinical evi-
dence of dangerous interactions between local anaes-
thetic preparations containing adrenaline and MAOIs
although they could occur if the preparation was acci-
dentally given into a vein. Significant rises in blood
pressure have been reported after the use of buspirone
with MAOIs. 
Inhibition of drug-metabolising enzymes by MAOIs
may enhance the effects of barbiturates and possibly
other hypnotics, hypoglycaemics, and possibly an-
timuscarinics. Alcohol metabolism may be altered and
its effects enhanced; see also under Interactions of
MAOIs with Foods, above. Licensed drug information
suggests that the effects of various classes of antihy-
pertensives may be enhanced by MAOIs, including
ACE inhibitors, beta blockers, calcium-channel block-
ers and thiazides, with the potential for hypotension,
although published evidence for most of these seems to
be scanty. Some antihypertensives with direct actions
on the sympathetic nervous system, such as guanethi-
dine, indoramin, methyldopa, and, historically, reser-
pine, are suggested to be contra-indicated or used with
great caution; both hypotensive and hypertensive reac-
tions have been suggested. 
Giving pethidine and possibly other opioid analgesics
to patients taking an MAOI has also been associated
with very severe and sometimes fatal reactions. When
it is considered essential to use an opioid analgesic a
test dose of morphine should be given. It has been sug-
gested that the test dose should be one-tenth to one-
fifth of the normal dose and if this produces no unto-
ward reaction, the dose of morphine can be gradually
and carefully increased over a period of 2 to 3 hours.
The use of opioid analgesics and other drugs used dur-
ing general anaesthesia in patients continuing to take
MAOIs is discussed in Anaesthesia under Precautions,
above. 
Clozapine may enhance the CNS effects of MAOIs. 
Although different antidepressants have been used to-
gether under expert supervision in refractory cases of
depression, severe adverse reactions may occur.
MAOIs should not generally be given to patients re-
ceiving tricyclic antidepressants, SSRIs, serotonin and
noradrenaline reuptake inhibitors (SNRIs), bupropion,
mirtazapine, nefazodone, reboxetine, or trazodone. An
appropriate drug-free interval should elapse between
stopping one type of antidepressant and starting anoth-
er. An MAOI should not be started until at least 1 or 2
weeks after stopping a tricyclic antidepressant. For the
tricyclic antidepressants clomipramine and imi-
pramine a drug-free interval of 3 weeks should be al-
lowed. For an SSRI, an SNRI, reboxetine, nefazodone,
trazodone, or any related antidepressant the drug-free
interval should be at least one week; in the case of bu-
propion, mirtazapine, and the SSRI sertraline, the inter-
val is extended to 2 weeks, and for fluoxetine, at least
5 weeks because of their longer half-lives. Conversely,
2 weeks should elapse between stopping MAOI thera-
py and starting patients on a tricyclic antidepressant (3
weeks in the case of clomipramine or imipramine), an
SSRI, an SNRI, bupropion, mirtazapine, reboxetine, or
any related antidepressant. For further warnings on the

combined use of antidepressants, see below. Interac-
tions can also occur between MAOIs themselves. 
For details of the less severe interactions associated
with reversible inhibitors of monoamine oxidase A
(RIMAs), see Interactions of Moclobemide, p.411.
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Antidepressants. Combination therapy with differing classes
of antidepressants may result in interactions or enhanced adverse
reactions such as the serotonin syndrome (see under Adverse Ef-
fects, above), and is therefore considered unsuitable or contro-
versial by some authorities. Despite these drawbacks certain
combinations of drugs have been found to be beneficial in the
treatment of drug-resistant depression, although others are con-
sidered unsuitable; absence of information documenting unsuit-
ability or hazard does not necessarily imply that the two drugs
may be used safely together but may merely reflect an untried
combination. Because combination therapy poses increased risks
it should be used only under expert supervision. 
• MAOIs have been used fairly frequently under expert super-

vision with tricyclics in refractory depression and it has been
stated1 that the risk of serious problems in combining tricyclic
antidepressant and MAOI antidepressant therapy is almost ex-
clusively limited to sequential prescribing, in particular the
addition of a tricyclic to established treatment with an MAOI.
The recommended procedure was said to be to allow a drug-
free interval of at least one week and then to start both drugs
together at a low dosage. The dosage of both drugs is then
gradually increased to around half that normally prescribed
for the drugs when given on their own. The dietary restrictions
for MAOIs alone apply equally to the combined antidepres-
sant regimen. 
Amitriptyline and trimipramine were considered to be the tri-
cyclics least likely to produce adverse effects with MAOIs,
while phenelzine and isocarboxazid were the safest MAOIs.
In contrast, clomipramine (a tricyclic with serotonin reuptake
inhibiting activity) and imipramine are unsuitable for such
use.2,3 The combination of clomipramine with tranylcy-
promine is particularly dangerous. Symptoms suggestive of
the serotonin syndrome occurred in an elderly patient due to
an interaction between clomipramine and moclobemide, a re-
versible inhibitor of monoamine oxidase type A (RIMA).4
Two fatalities due to serotonin syndrome have been reported
after overdosage with clomipramine and moclobemide.5 The
syndrome has also developed when a patient was switched
from clomipramine to moclobemide with no suitable drug-
free interval.6 A 39-year-old woman developed the serotonin
syndrome while taking imipramine with moclobemide, al-
though it was suggested that an excessive dose of the tricyclic
may have been ingested accidentally.7 

• The UK CSM has warned8 that enhanced serotonergic effects
may result from using SSRIs with MAOIs or other antidepres-
sants. Although such an enhancement may be beneficial in
some instances it can produce a life-threatening serotonin syn-
drome. Such reactions were later reported in patients taking
sertraline with MAOIs.9-11 Three fatalities due to serotonin
syndrome have been reported after overdosage with citalo-
pram and moclobemide.5 A case of serotonin syndrome has
been reported after switching from fluoxetine to moclobemide
with no suitable drug-free interval.6 Some authors12 have re-
ported good efficacy and tolerability with combinations of
moclobemide and SSRIs. However, others13 reported a high
rate of adverse events although, as significant improvement in
depressive symptoms was observed in some patients, it was
suggested that giving moclobemide with SSRIs deserved con-
sideration as an option for the treatment of refractory depres-
sion. 

• Combination therapy with a tricyclic antidepressant and an
SSRI has sometimes been used to treat resistant depression.
Fluvoxamine14 and fluoxetine15 have been reported to in-
crease plasma concentrations of the tricyclic, although to var-
ying degrees. Fluoxetine has been reported to produce three-
to fourfold increases in plasma concentrations of desipramine
and imipramine. Fluvoxamine has a minimal effect on
desipramine plasma levels but produces a three- to fourfold
increase in concentrations of imipramine.16 Plasma-
desipramine concentrations are elevated threefold by paroxe-
tine but increases of only 30% are produced by sertraline.16

However, an inadequate interval of one day between stopping
desipramine and starting paroxetine resulted in a case of sero-
tonin syndrome.6 Serotonin syndrome has also been
reported17 in a patient who received paroxetine and imi-
pramine and in another given sertraline and amitriptyline.18 A
threefold increase in concentrations of trimipramine resulting
in sedation and orthostatic hypotension has been reported19 in
2 patients also given paroxetine. Additionally, norfluoxetine,
the active metabolite of fluoxetine, has a long half-life and is
responsible for the continuing interaction with tricyclics for
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several days or weeks after fluoxetine has been withdrawn.
Citalopram was reported to have no effect on plasma-tricyclic
concentrations in a patient although antidepressant effects
were augmented.20 

• Lithium and tryptophan have been used to augment the effect
of other antidepressants in refractory depression. Phenelzine
has been used successfully with lithium and tryptophan21 in
patients with treatment-resistant chronic depression although
such a regimen has probably been used less since the reports
of the eosinophilia-myalgia syndrome associated with tryp-
tophan (see p.427). There have, however, been several case
reports of reactions similar to the serotonin syndrome in pa-
tients receiving MAOIs with tryptophan.22,23 
Although lithium is often added to tricyclic antidepressant
therapy in patients with refractory depression, epileptic sei-
zures have been reported in a patient receiving amitriptyline
when lithium was added.24 Serotonin syndrome has been
reported25 in a patient given clomipramine and lithium. Se-
vere neurotoxicity has been reported26,27 in some patients re-
ceiving lithium and tricyclic or tetracyclic antidepressants; ad-
verse effects included tremor, memory impairment,
disorganised thinking, and auditory hallucinations. One man-
ufacturer of lithium preparations also reports symptoms of ne-
phrogenic diabetes in patients receiving these combinations. 
By 1989 the CSM had received 19 reports of adverse reactions
in patients treated with fluvoxamine and lithium; 5 reports
concerned convulsions and 1 hyperthermia.8 Tremor has been
reported when lithium was given with paroxetine,28 and in
general the risk of CNS toxicity is increased when lithium is
given with fluoxetine, fluvoxamine, paroxetine, or sertraline.
There has been a report29 of a fatality when fluoxetine was
replaced by tranylcypromine and tryptophan with no drug-
free period; the patient was also receiving other drugs concur-
rently. 

• Use of the serotonin and noradrenaline reuptake inhibitor
(SNRI) venlafaxine with tricyclic antidepressants has been as-
sociated with increased antimuscarinic adverse effects.30,31

Seizures have also been reported with venlafaxine and
trimipramine32 and serotonin syndrome developed in a patient
given amitriptyline, venlafaxine, and pethidine.33 Similar an-
timuscarinic adverse effects have occurred in patients given
venlafaxine and the SSRI fluoxetine;31 serotonin syndrome
has been reported in a patient who received venlafaxine and
paroxetine.6 The use of venlafaxine with MAOIs is contra-in-
dicated by the manufacturers of venlafaxine because of the
risk of life-threatening adverse reactions. Serious adverse re-
actions have been reported when venlafaxine was combined
with isocarboxazid,34 moclobemide,6 phenelzine,35 or tranyl-
cypromine.36 

• Trazodone is chemically unrelated to other antidepressants but
does have serotonergic actions. Serotonin syndrome has been
reported when trazodone was combined with the SSRI parox-
etine.37 

• Serotonin syndrome has been reported38 in a patient who took
nefazodone with fluoxetine. There has been a similar report39

in a patient who received paroxetine 2 days after finishing
gradual withdrawal from over 6 months of treatment with ne-
fazodone. 

• Symptoms resembling serotonin syndrome have occurred in a
patient taking the noradrenergic and specific serotonergic
antidepressant, mirtazapine with fluvoxamine;40 another
report41 suggests that the plasma concentrations of mirtazap-
ine may be increased as much as fourfold by fluvoxamine. 

• Raised nortriptyline levels were noted in a patient also taking
bupropion; the effect recurred on rechallenge.42 

• In a report43 of an interaction between St John’s wort and par-
oxetine, a 50-year-old woman was found incoherent, groggy,
and slow-moving after self-administering a single dose of par-
oxetine while taking St John’s wort; recovery was uneventful.
Use of St John’s wort with the SSRIs may potentiate their se-
rotonergic effects and increase the incidence of adverse reac-
tions. The CSM has advised that patients should stop taking St
John’s wort if treatment with an SSRI is necessary.44 Symp-
toms of serotonin syndrome have also been reported when St
John’s wort and nefazodone were taken.45
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Antiepileptics. Antidepressants may antagonise the activity of
antiepileptics by lowering the convulsive threshold. 
Licensed UK drug product information states that car-
bamazepine should be avoided with or within 2 weeks of a
MAOI because of structural similarities with the tricyclic antide-
pressants; however, published evidence of adverse interactions is
lacking. There is also a theoretical possibility of a similar inter-
action with oxcarbazepine.
Antimigraine drugs. For the effect of MAOIs on serotonin (5-
HT1) agonists, see under Sumatriptan, p.626.
Antineoplastics. For the effect when MAOIs are used with al-
tretamine, see p.678.
Dopaminergics. For the effect of MAOIs with amantadine,
see p.793, with levodopa, see p.807, and with selegiline, see
p.817.

General anaesthetics. The problems that may occur when pa-
tients receiving MAOIs are also given general anaesthetics are
discussed under Anaesthesia in Precautions, above.
Ginseng. There have been 2 reports1,2 of adverse effects, includ-
ing headaches, insomnia, tremulousness, and irritability when
ginseng was taken with phenelzine.
1. Shader RI, Greenblatt DJ. Phenelzine and the dream machine—

ramblings and reflections. J Clin Psychopharmacol 1985; 5: 65. 
2. Jones BD, Runikis AM. Interaction of ginseng with phenelzine.

J Clin Psychopharmacol 1987; 7: 201–2.

Insulin. For the effect of MAOIs on insulin, see p.449.
Neuromuscular blockers. For the effects of MAOIs on sux-
amethonium, see p.1912. Problems that may be encountered
with MAOIs and neuromuscular blockers used during anaesthe-
sia are discussed under Anaesthesia in Precautions, above.
Opioid analgesics. The problems that may occur with MAOIs
and opioid analgesics used during anaesthesia are discussed un-
der Anaesthesia in Precautions, above.
Respiratory stimulants. For the effect of MAOIs on doxa-
pram, see p.2155.

Pharmacokinetics
Phenelzine is readily absorbed from the gastrointesti-
nal tract reaching peak plasma concentrations 2 to 4
hours after ingestion. It is metabolised in the liver and
is excreted in the urine almost entirely in the form of
metabolites.

Uses and Administration
Monoamine oxidase inhibitors (MAOIs) inhibit the ac-
tion of monoamine oxidase, the enzyme responsible
for the metabolism of several biogenic amines.
Monoamine oxidase exists in two forms, type A and
type B. Monoamine oxidase type A preferentially de-
aminates adrenaline, noradrenaline, and serotonin
whereas monoamine oxidase type B preferentially me-
tabolises benzylamine and phenylethylamine;
dopamine and tyramine are de-aminated by both forms
of the enzyme. 
• The traditional MAOIs such as phenelzine, iproni-

azid, isocarboxazid, and tranylcypromine are inhibi-
tors of both types; apart from tranylcypromine,
which produces a less prolonged inhibition of the en-
zyme than phenelzine, all are hydrazine derivatives
and bind irreversibly. 

• Selective inhibitors include selegiline (p.817), an
irreversible inhibitor of monoamine oxidase type B
used in the treatment of Parkinson’s disease and de-
pression. Clorgiline, an irreversible selective type A
inhibitor, was investigated for use as an antidepres-
sant. 

• Reversible inhibitors of monoamine oxidase type A
(RIMAs) include brofaromine and moclobemide. 

Antidepressant activity appears to reside mainly with
inhibition of monoamine oxidase type A although the
mode of action of these drugs in depression is not fully
understood. Selective inhibitors are claimed to have
fewer or less severe adverse effects than non-selective
inhibitors. As tyramine is de-aminated by both
monoamine oxidase types A and B, inhibiting only one
of the enzymes allows for continued, albeit reduced,
de-amination. Thus the dietary precautions that need to
be observed with non-selective inhibitors are less strin-
gent with the selective inhibitors. 
Phenelzine and other antidepressant MAOIs are used
in the treatment of atypical depression, particularly
where phobic features or associated anxiety are
present, or in patients who have not responded to other
antidepressants. However, the risks associated with
irreversible non-selective MAOIs usually mean that
other antidepressants are preferred. Up to a month may
elapse before an antidepressant response is obtained
with MAOIs. After a response has been obtained main-
tenance therapy may need to be continued for at least 4
to 6 months (12 months in the elderly) to avoid relapse
on stopping therapy. Patients with a history of recurrent
depression should continue to receive maintenance
treatment for at least 5 years and possibly indefinitely.
Care should be taken in elderly patients because of an
increased susceptibility to adverse effects. Moreover,
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therapy with the non-selective inhibitors is particularly
unsuitable for patients considered unable to adhere to
the strict dietary requirements necessary for safe usage.
(For contra-indication in children, see under Precau-
tions, above). 
Phenelzine is given orally as the sulfate although doses
are expressed in terms of the base. Phenelzine sulfate
25.8 mg is equivalent to about 15 mg of phenelzine.
The usual initial dose is equivalent to phenelzine
15 mg three times daily; if no response has been ob-
tained after 2 weeks the dosage may be increased to
15 mg four times daily; severely depressed patients in
hospital may be given up to 30 mg three times daily.
Once a response has been obtained the dosage may be
gradually reduced for maintenance therapy; some pa-
tients may continue to respond to 15 mg on alternate
days. 
Phenelzine should be withdrawn gradually to reduce
the risk of withdrawal symptoms.
Anxiety disorders. MAOIs have been used in the treatment of
anxiety disorders. MAOIs appear to be effective in panic disor-
der (p.952). They also appear to be effective in social anxiety
disorder (see under Phobic Disorders, p.953) and can improve
anticipatory anxiety and functional disability. The main treat-
ment for post-traumatic stress disorder (p.953) is psychotherapy
but MAOIs are one of the alternatives that can help to reduce
traumatic recollections and nightmares, and to repress flash-
backs. 
References.
1. Buigues J, Vallejo J. Therapeutic response to phenelzine in pa-

tients with panic disorder and agoraphobia with panic attacks. J
Clin Psychiatry 1987; 48: 55–9. 

2. Frank JB, et al. A randomized clinical trial of phenelzine and
imipramine for posttraumatic stress disorder. Am J Psychiatry
1988; 145: 1289–91. 

3. Heimberg RG, et al. Cognitive behavioural group therapy vs
phenelzine therapy for social phobia: 12 week outcome. Arch
Gen Psychiatry 1998; 55: 1133–41. 

4. Aarre TF. Phenelzine efficacy in refractory social anxiety disor-
der: a case series. Nord J Psychiatry 2003; 57: 313–15.

Depression. As discussed on p.373 there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effects.
MAOIs are rarely used as first-choice antidepressants because of
the dangers of dietary and drug interactions. Even in depressed
patients with atypical, hypochondriacal, hysterical, or phobic
features, for which MAOIs are particularly effective, it is often
recommended that another antidepressant type should be tried
first. Reversible inhibitors of monoamine oxidase type A (RI-
MAs) offer an alternative to the MAOIs and less strict dietary
restrictions are necessary. They may be effective in a wide range
of depressive disorders, although their relative efficacy in atypi-
cal depression remains to be established. 
Combination therapy with differing classes of antidepressants,
including the MAOIs, has been used in the treatment of drug-
resistant depression. However, such therapy may result in en-
hanced adverse reactions or interactions and is considered un-
suitable or controversial by some. For further details, see Antide-
pressants under Interactions, above.
Hyperactivity. When drug therapy is required for attention def-
icit hyperactivity disorder (p.2148), initial treatment is usually
with a central stimulant. MAOIs have been used successfully but
problems with dietary restriction and potential drug interactions
have limited their use.
Migraine. A number of drugs have been used for the prophylax-
is of migraine (p.616), although propranolol is generally pre-
ferred. Antidepressants such as the tricyclics can be useful alter-
natives when these drugs are ineffective or unsuitable. MAOIs
are best reserved for severe cases refractory to other forms of
prophylactic treatment.

Preparations
BP 2008: Phenelzine Tablets; 
USP 31: Phenelzine Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Nardil; Belg.: Nardelzine; Canad.: Nardil; Irl.: Nardil; NZ: Nar-
dil; UK: Nardil; USA: Nardil.

Pipofezine Hydrochloride (rINNM)

Hidrocloruro de pipofezina; Pipofézine, Chlorhydrate de;
Pipofezine Dihydrochloride; Pipofezini Hydrochloridum. 5-Me-
thyl-3-(4-methyl-1-piperazinyl)-5H-pyridazino[3,4-b][1,4]ben-
zoxazine dihydrochloride.
Пипофезина Гидрохлорид
C16H19N5O,2HCl = 370.3.
CAS — 24886-52-0 (pipofezine); 24853-80-3 (pipofezine
hydrochloride).

(pipofezine)

Profile
Pipofezine is a tricyclic antidepressant (see Amitriptyline,
p.376). 
In the treatment of depression (p.373) pipofezine is usually given
orally as the hydrochloride although doses are expressed in terms
of the base; pipofezine hydrochloride 31.1 mg is equivalent to
about 25 mg of pipofezine. An initial dose is 25 mg given four
times daily, increased to an optimum total daily dose of 150 to
200 mg; if necessary up to a maximum of 500 mg may be given
daily in divided doses. For maintenance a modified-release prep-
aration providing pipofezine 150 mg may be given once or twice
daily. 
Pipofezine should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Azaphen (Азафен).

Pirlindole (rINN)

Pirlindol; Pirlindolum. 2,3,3a,4,5,6-Hexahydro-8-methyl-1H-
pyrazino[3,2,1-jk]carbazole.
Пирлиндол
C15H18N2 = 226.3.
CAS — 60762-57-4.

Profile
Pirlindole has been given by mouth in the treatment of depres-
sion.
Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Implementor; Rus.: Pyrazidol (Пиразидол).

Protriptyline Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de protriptilina; MK-240; Protriptyline, chlorhy-
drate de; Protriptylini hydrochloridum. 3-(5H-Dibenzo[a,d]cy-
clohept-5-enyl)propyl(methyl)amine hydrochloride.
Протриптилина Гидрохлорид
C19H21N,HCl = 299.8.
CAS — 438-60-8 (protr iptyline); 1225-55-4 (protr iptyline
hydrochloride).
ATC — N06AA11.
ATC Vet — QN06AA11.

(protr iptyline)

Pharmacopoeias. In Br. and US. 
BP 2008 (Protriptyline Hydrochloride). A white to yellowish-
white, odourless or almost odourless, powder. Freely soluble in
water, in alcohol, and in chloroform; practically insoluble in
ether. A 1% solution in water has a pH of 5.0 to 6.5. 
USP 31 (Protriptyline Hydrochloride). A white to yellowish
powder. Is odourless or has not more than a slight odour. Soluble
1 in 2 of water, 1 in 3.5 of alcohol, and 1 in 2.5 of chloroform;
practically insoluble in ether. pH of a 1% solution in water is be-
tween 5.0 and 6.5.
Adverse Effects, Treatment, and Precautions
As for tricyclic antidepressants in general (see Amitriptyline,
p.376). 

Since protriptyline may have some stimulant properties anxiety
and agitation can occur more frequently; cardiovascular effects
such as tachycardia and orthostatic hypotension may also be
more frequent than with other tricyclics. Photosensitivity rashes
have been noted more often with protriptyline than with other
tricyclic antidepressants and patients taking it should avoid direct
sunlight.
Interactions
For interactions associated with tricyclic antidepressants, see
Amitriptyline, p.379.
Pharmacokinetics
Protriptyline is well but slowly absorbed after oral doses: li-
censed drug information states that peak plasma concentrations
are achieved only after 8 to 12 hours. 
Paths of metabolism of protriptyline include N-oxidation and hy-
droxylation. Protriptyline is excreted in the urine, mainly in the
form of its metabolites, either free or in conjugated form. 
Protriptyline is widely distributed throughout the body and ex-
tensively bound to plasma and tissue protein. Protriptyline has
been estimated to have a very prolonged elimination half-life
ranging from 55 to 198 hours, which may be further prolonged
in overdosage.
Uses and Administration
Protriptyline is a dibenzocycloheptatriene tricyclic antidepres-
sant with actions and uses similar to those of amitriptyline
(p.381). It is considerably less sedative than other tricyclics and
may have a stimulant effect, thus making it particularly suitable
for apathetic and withdrawn patients; its antimuscarinic effects
are moderate. 
In the treatment of depression, protriptyline hydrochloride is giv-
en in oral doses of 5 to 10 mg three or four times daily. It has been
suggested that, because of its potential stimulant activity, any
dosage increases should be added to the morning dose first and if
insomnia occurs the last dose should be given no later than mid-
afternoon. Higher doses of up to 60 mg daily may be required in
severely depressed patients. A suitable initial dose for adoles-
cents and the elderly is 5 mg three times daily; close monitoring
of the cardiovascular system has been recommended if the dose
exceeds a total of 20 mg daily in elderly subjects. 
Protriptyline should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
Preparations
BP 2008: Protriptyline Tablets; 
USP 31: Protriptyline Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Vivactil.

Reboxetine Mesilate (BANM, rINNM)

FCE-20124 (reboxetine or reboxetine mesilate); Mesilato de re-
boxetina; PNU-155950E; Réboxétine, Mésilate de; Reboxetine
Mesylate (USAN); Reboxetini Mesilas. (±)-(2RS)-2-[(αRS)-α-(2-
Ethoxyphenoxy)benzyl]morpholine methanesulphonate.
Ребоксетина Мезилат
C19H23NO3,CH4O3S = 409.5.
CAS — 71620-89-8; 98769-81-4 (both reboxetine);
98769-82-5; 98769-84-7 (both reboxetine mesilate).
ATC — N06AX18.
ATC Vet — QN06AX18.

(reboxetine)

Adverse Effects
Adverse effects most commonly seen with reboxetine
include insomnia, dry mouth, constipation, and in-
creased sweating. Disturbance of visual accommoda-
tion, loss of appetite, vertigo, tachycardia, palpitations,
vasodilatation, orthostatic hypotension, urinary hesi-
tancy or retention (mainly in men), and erectile dys-
function including ejaculatory delay are also reported
as being common adverse reactions. There have been
reports of allergic dermatitis, convulsions, aggressive
behaviour, cold extremities, and nausea and vomiting.
Reduced plasma-potassium concentrations have been
seen in elderly patients after prolonged use. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Hyponatraemia, possibly as a result of inappropriate
secretion of antidiuretic hormone, has been associated
with the use of antidepressants, particularly in the eld-
erly.
Effects on the CNS. Episodes of sleepwalking (somnam-
bulism) were seen in an 18-year-old woman several weeks after
starting reboxetine (at an initial dose of 2 mg daily gradually in-
creased to 8 mg daily).1 The patient had a history of childhood
somnambulism that had resolved spontaneously; these particular
episodes ceased after the dose of reboxetine was reduced to 4 mg
daily.
1. Künzel HE, et al. Sleepwalking associated with reboxetine in a

young female patient with major depression: a case report. Phar-
macopsychiatry 2004; 37: 307–8.

Effects on the endocrine system. Hyponatraemia thought to
be associated with reboxetine therapy and to be due to the syn-
drome of inappropriate antidiuretic hormone secretion, has been
reported in an elderly patient.1
1. Ranieri P, et al. Reboxetine and hyponatremia. N Engl J Med

2000; 342: 215–16.

Effects on sexual function. The Australian Adverse Drug Re-
actions Advisory Committee has received 130 reports of adverse
reactions associated with reboxetine use;1 of these, 22 described
male sexual dysfunction including ejaculation disorder (7), erec-
tile dysfunction (4), and testicular pain or swelling (10). In addi-
tion there were 2 reports of increased libido in women.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Geni-

tourinary symptoms with reboxetine. Aust Adverse Drug React
Bull 2005; 24: 10. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr0506.pdf (accessed 24/11/05)

Effects on the urinary system. The Australian Adverse Drug
Reactions Advisory Committee has received 26 reports of uri-
nary symptoms such as hesitancy, reduced urine flow, and reten-
tion in patients taking reboxetine.1 Although the majority of cas-
es occurred in male patients, 6 reports mentioned such symptoms
in women.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Geni-

tourinary symptoms with reboxetine. Aust Adverse Drug React
Bull 2005; 24: 10. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr0506.pdf (accessed 24/11/05)

Treatment of Adverse Effects
Symptomatic and supportive therapy should be given
as required; activated charcoal may be given to adults
who have ingested more than 40 mg of reboxetine, and
to children, if they present within 1 hour of ingestion.
Heart rhythm should be monitored if changes in blood
pressure occur.
Genito-urinary disorders. Tamsulosin has been used suc-
cessfully in the treatment of urinary hesitancy and painful ejacu-
lation associated with reboxetine (see p.2197).

Precautions
Reboxetine should be used with caution in patients
with renal or hepatic impairment. It should also be used
under close supervision in patients with bipolar disor-
der, urinary retention, benign prostatic hyperplasia,
glaucoma, or a history of epilepsy or cardiac disorders. 
Patients should be closely monitored during early ther-
apy until significant improvement in depression is ob-
served because suicide is an inherent risk in depressed
patients. For further details, see under Depression,
p.373. Suicidal thoughts and behaviour may also de-
velop during early treatment with antidepressants for
other disorders; the same precautions observed when
treating patients with depression should therefore be
observed when treating patients with other disorders. 
Ability to perform tasks requiring motor or cognitive
skills or judgement may be impaired by reboxetine and
patients, if affected, should not drive or operate ma-
chinery.
Children. Reboxetine has not been studied for the treatment of
depression in children and consequently its use in such patients
is not recommended by UK licensed product information. In ad-
dition, other antidepressants have been shown to increase the risk
of suicidal thoughts and behaviour in children and adolescents
(see Effects on Mental State, under Fluoxetine, p.392).
The elderly. Reboxetine is not recommended by UK licensed
product information for use in elderly patients, because of a lack
of experience in this patient group. However, reboxetine 2 mg
twice daily by mouth was well tolerated in a study in 16 elderly
patients (mean age 77.5 years) with post-stroke depression.1
1. Rampello L, et al. An evaluation of efficacy and safety of rebox-

etine in elderly patients affected by "retarded" post-stroke de-
pression: a random, placebo-controlled study. Arch Gerontol
Geriatr 2005; 40: 275–85.

Interactions
Reboxetine should not be taken with, or within 2 weeks
of stopping, an MAOI; at least one week should elapse
after stopping reboxetine therapy before starting any
drug liable to provoke a serious reaction (e.g.
phenelzine). Caution should be exercised when rebox-
etine is given with other drugs that lower blood pres-
sure because orthostatic hypotension has occurred with
reboxetine. However, the use of reboxetine with ergot
derivatives may cause an increase in blood pressure.
The possibility of hypokalaemia if reboxetine is given
with potassium-depleting diuretics should also be con-
sidered. 
Reboxetine is primarily metabolised by the cyto-
chrome P450 isoenzyme CYP3A4 and potent inhibi-
tors of this isoenzyme may limit the elimination of re-
boxetine. Consequently, reboxetine should not be
given with drugs known to inhibit CYP3A4 such as
azole antifungals (e.g. ketoconazole), macrolide anti-
bacterials (e.g. erythromycin) or fluvoxamine. Rebox-
etine in high concentrations has also been shown in vit-
ro to inhibit CYP3A4 and CYP2D6; however studies
in vivo have suggested that interactions with drugs me-
tabolised by these isoenzymes are unlikely.
Antifungals. Plasma levels of reboxetine were significantly in-
creased when given with ketoconazole.1 The interaction was said
to have involved the inhibition of the cytochrome P450 isoen-
zyme CYP3A4 by ketoconazole.
1. Herman BD, et al. Ketoconazole inhibits the clearance of the

enantiomers of the antidepressant reboxetine in humans. Clin
Pharmacol Ther 1999; 66: 374–9.

Pharmacokinetics
Reboxetine is well absorbed from the gastrointestinal
tract with peak plasma levels occurring after about 2
hours. Plasma protein binding is about 97% (92% in
elderly subjects). In-vitro studies indicate that reboxet-
ine is metabolised by the cytochrome P450 isoenzyme
CYP3A4; the main metabolic pathways identified are
dealkylation, hydroxylation, and oxidation followed
by glucuronide or sulfate conjugation. Elimination is
mainly via urine (78%) with 10% excreted as un-
changed drug. The plasma elimination half-life is 13
hours. Data from animal studies indicate that reboxet-
ine crosses the placenta and is distributed into breast
milk.
◊ References.
1. Dostert P, et al. Review of the pharmacokinetics and metabolism

of reboxetine, a selective noradrenaline reuptake inhibitor. Eur
Neuropsychopharmacol 1997; 7 (suppl 1): S23–S35. 

2. Fleishaker JC. Clinical pharmacokinetics of reboxetine, a selec-
tive norepinephrine reuptake inhibitor for the treatment of pa-
tients with depression. Clin Pharmacokinet 2000; 39: 413–27. 

3. Coulomb F, et al. Pharmacokinetics of single-dose reboxetine in
volunteers with renal insufficiency. J Clin Pharmacol 2000; 40:
482–7. 

4. Poggesi I, et al. Pharmacokinetics of reboxetine in elderly pa-
tients with depressive disorders. Int J Clin Pharmacol Ther
2000; 38: 254–9.

Uses and Administration
Reboxetine is a selective and potent inhibitor of the re-
uptake of noradrenaline; it also has a weak effect on
serotonin reuptake. Reboxetine has no significant af-
finity for muscarinic receptors. It is given orally as the
mesilate for the treatment of depression with doses ex-
pressed as the base. Reboxetine mesilate 5.2 mg is
equivalent to about 4 mg of reboxetine. The dose of re-
boxetine is 4 mg twice daily, which may be increased
after 3 to 4 weeks, if necessary, to 10 mg daily; the
maximum daily dose should not exceed 12 mg. Re-
duced doses should be given in hepatic or renal impair-
ment, see below. Reboxetine is not recommended for
use in elderly patients (see under Precautions, above). 
Antidepressants should be withdrawn gradually to re-
duce the risk of withdrawal symptoms.
Administration in hepatic or renal impairment. Lower
initial oral doses equivalent to 2 mg of reboxetine twice daily are
recommended by UK licensed product information in hepatic or
renal impairment; doses may be increased thereafter according to
tolerance.
Anxiety disorders. Reboxetine has been tried with some ben-
efit in panic disorder (p.952) although it may be less effective
than the SSRIs. 

References.
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Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. Reboxetine, a selective inhibitor of noradrenaline re-
uptake, has a slightly different biochemical profile from both the
tricyclics and the SSRIs; however, like the SSRIs, reboxetine ap-
pears to have fewer unpleasant adverse effects and to be safer in
overdosage in comparison with the older tricyclics. 
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7. Montgomery S, et al. The antidepressant efficacy of reboxetine
in patients with severe depression. J Clin Psychopharmacol
2003; 23: 45–50.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Prolift†; Austral.: Edronax; Austria: Edronax; Belg.: Edronax; Braz.:
Prolift; Chile: Prolift; Cz.: Edronax†; Denm.: Edronax; Fin.: Edronax; Ger.:
Edronax; Solvex; Hung.: Edronax; India: Narebox; Irl.: Edronax; Israel:
Edronax; Ital.: Davedax; Edronax; Mex.: Edronax; Norw.: Edronax; NZ:
Edronax; Pol.: Edronax; Port.: Edronax; S.Afr.: Edronax; Spain: Irenor;
Norebox; Swed.: Edronax; Switz.: Edronax; Turk.: Edronax; UK: Edronax;
Venez.: Prolift†.

Sertraline Hydrochloride 

(BANM, USAN, rINNM)

CP-51974-01; CP-51974-1; Hidrocloruro de sertralina; Sertra-
line, chlorhydrate de; Sertralini hydrochloridum. (1S,4S)-4-(3,4-
Dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthyl(methyl)amine
hydrochloride.
Сертралина Гидрохлорид
C17H17Cl2N,HCl = 342.7.
CAS — 79617-96-2 (sertraline); 79559-97-0 (sertraline
hydrochloride).
ATC — N06AB06.
ATC Vet — QN06AB06.

(sertraline)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of sertraline: 
Z’s; Zloft; Zoomers.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Sertraline Hydrochloride). A white or almost
white, crystalline powder. It exhibits polymorphism. Slightly
soluble in water; freely soluble in anhydrous alcohol; slightly
soluble in acetone and in isopropyl alcohol. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for SSRIs in general (see Fluoxetine, p.391). Men-
strual irregularities and, rarely, erythema multiforme
and pancreatitis have also been reported. 
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Sertraline should be used with caution in patients with
hepatic or renal impairment; reduced doses should be
considered in patients with hepatic impairment.
Breast feeding. For comments on the use of SSRIs in breast
feeding patients, see under Precautions for Fluoxetine, p.394.
Children. SSRIs are associated with an increased risk of poten-
tially suicidal behaviour when used for the treatment of depres-
sion in children and adolescents under 18 years old; for further
details, see under Effects on Mental State in Fluoxetine, p.392.

Interactions
For interactions associated with SSRIs, see Fluoxetine,
p.396.

Pharmacokinetics
Sertraline is slowly absorbed from the gastrointestinal
tract with peak plasma concentrations occurring about
4.5 to 8.4 hours after ingestion. It undergoes extensive
first-pass metabolism in the liver. The main pathway is
demethylation to inactive N-desmethylsertraline, a
process that appears to involve multiple cytochrome
P450 isoenzymes; further metabolism and glucuronide
conjugation occurs. Sertraline is widely distributed
throughout body tissues and is about 98% bound to
plasma proteins. The plasma elimination half-life of
sertraline is reported to be about 26 hours; steady-state
concentrations are achieved after about one week with
regular oral doses. Sertraline is excreted in about equal
amounts in the urine and faeces, mainly as metabolites.
Sertraline is distributed into breast milk (see Breast
Feeding under Precautions in Fluoxetine, p.394).
◊ References.
1. Preskorn SH, ed. Sertraline: a pharmacokinetic profile. Clin

Pharmacokinet 1997; 32 (suppl 1): 1–55. 
2. Hiemke C, Härtter S. Pharmacokinetics of selective serotonin re-

uptake inhibitors. Pharmacol Ther 2000; 85: 11–28. 
3. Wang J-H, et al. Pharmacokinetics of sertraline in relation to ge-

netic polymorphism of CYP2C19. Clin Pharmacol Ther 2001;
70: 42–7. 

4. DeVane CL, et al. Clinical pharmacokinetics of sertraline. Clin
Pharmacokinet 2002; 41: 1247–66. 

5. Obach RS, et al. Sertraline is metabolized by multiple cyto-
chrome P450 enzymes, monoamine oxidases, and glucuronyl
transferases in human: an in vitro study. Drug Metab Dispos
2005; 33: 262–70.

Uses and Administration
Sertraline, a naphthaleneamine derivative, is an SSRI
with actions and uses similar to those of fluoxetine
(p.397). It is given orally as sertraline hydrochloride as
a single dose in the morning or evening. Doses are ex-
pressed in terms of the base; sertraline hydrochloride
56 mg is equivalent to about 50 mg of sertraline. 
In the treatment of depression, the usual initial dose of
sertraline is 50 mg daily increased, if necessary, in
increments of 50 mg at intervals of at least a week to a
maximum of 200 mg daily. 
The usual initial dose of sertraline in obsessive-com-
pulsive disorder is 50 mg daily. In the treatment of
panic disorder with or without agoraphobia, social
anxiety disorder, and post-traumatic stress disor-
der, the usual initial dose is 25 mg daily increased after
one week to 50 mg daily. Thereafter, doses in all these
disorders may be increased, if necessary, in increments
of 50 mg at intervals of at least a week to a maximum
of 200 mg daily. 
Sertraline is also given for the treatment of obsessive-
compulsive disorder in children and adolescents aged
6 years and over. In children aged 6 to 12 years the usu-
al initial dose is 25 mg once daily; adolescents may be
started on 50 mg once daily. Increases in doses, if nec-
essary, are similar to those in adults; however, the low-
er body-weights of children should be considered in or-
der to avoid excessive doses. 
In the treatment of premenstrual dysphoric disorder,
sertraline is given in an initial dose of 50 mg daily ei-
ther throughout the menstrual cycle or during the luteal
phase only, as appropriate. Doses may be increased by
50 mg each menstrual cycle up to a maximum of
150 mg daily for continuous dosing or 100 mg daily
when dosing during the luteal phase only. Those pa-
tients who require 100 mg daily during luteal phase-
only dosing should initially be given 50 mg daily for
the first 3 days of each luteal phase dosing period. 

Once the optimal therapeutic response is obtained dos-
age should be reduced to the lowest effective level for
maintenance. 
Reduced doses are recommended in patients with he-
patic impairment, see below. 
Sertraline should be withdrawn gradually to reduce the
risk of withdrawal symptoms.
Administration in hepatic impairment. The clearance of
sertraline was reduced in patients with liver cirrhosis, in a single-
dose pharmacokinetic study.1 US licensed product information
states that in a small group of patients with chronic mild impair-
ment (Child-Pugh scores of 5 to 8), given 50 mg daily for 21
days, exposure to sertraline was about 3 times that found in sub-
jects with normal hepatic function. It also states that the effects
of sertraline have not been studied in moderate and severe im-
pairment. If sertraline is to be used in patients with hepatic im-
pairment, it suggests that the drug should be used with caution
and given at a lower dose or less frequently. UK product infor-
mation considers sertraline to be contra-indicated in significant
hepatic impairment, because of insufficient clinical experience.
1. Démolis J-L, et al. Influence of liver cirrhosis on sertraline phar-

macokinetics. Br J Clin Pharmacol 1996; 42: 394–7.

Anxiety disorders. Sertraline has been given in a variety of
anxiety disorders (p.952) including obsessive-compulsive disor-
der (p.952), panic disorder (p.952), social anxiety disorder (see
under Phobic Disorders, p.953), and post-traumatic stress disor-
der (p.953). 
References.
1. March JS, et al. Sertraline in children and adolescents with ob-

sessive-compulsive disorder: a multicenter randomized control-
led trial. JAMA 1998; 280: 1752–6. 

2. Londborg PD, et al. Sertraline in the treatment of panic disorder.
A multi-site, double-blind, placebo-controlled, fixed-dose in-
vestigation. Br J Psychiatry 1998; 173: 54–60. 

3. Brady K, et al. Efficacy and safety of sertraline treatment of
posttraumatic stress disorder: a randomized controlled trial.
JAMA 2000; 283: 1837–44. 

4. Walker JR, et al. Prevention of relapse in generalized social
phobia: results of a 24-week study in responders to 20 weeks of
sertraline treatment. J Clin Psychopharmacol 2000; 20: 636–44. 

5. Rynn MA, et al. Placebo-controlled trial of sertraline in the
treatment of children with generalized anxiety disorder. Am J
Psychiatry 2001; 158: 2008–14. 

6. Rapaport MH, et al. Sertraline treatment of panic disorder: re-
sults of a long-term study. Acta Psychiatr Scand 2001; 104:
289–98. 

7. Rapaport MH, et al. Posttraumatic stress disorder and quality of
life: results across 64 weeks of sertraline treatment. J Clin Psy-
chiatry 2002; 63: 59–65. 

8. Koran LM, et al. Efficacy of sertraline in the long-term treat-
ment of obsessive-compulsive disorder. Am J Psychiatry 2002;
159: 88–95. 

9. Zohar J, et al. Double-blind placebo-controlled pilot study of
sertraline in military veterans with posttraumatic stress disorder.
J Clin Psychopharmacol 2002; 22: 190–5. 

10. Liebowitz MR, et al. Efficacy of sertraline in severe generalized
social anxiety disorder: results of a double-blind, placebo-con-
trolled study. J Clin Psychiatry 2003; 64: 785–92. 

11. Allgulander C, et al. Efficacy of sertraline in a 12-week trial for
generalized anxiety disorder. Am J Psychiatry 2004; 161:
1642–9.

Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. SSRIs such as sertraline are widely used as an alternative
to the older tricyclics as they have fewer adverse effects and are
safer in overdosage. 
References.
1. Stowe ZN, et al. Sertraline in the treatment of women with post-

partum major depression. Depression 1995; 3: 49–55. 
2. Keller MB, et al. Maintenance phase efficacy of sertraline for

chronic depression: a randomized controlled trial. JAMA 1998;
280: 1665–72. 

3. Baca E, et al. Sertraline is more effective than imipramine in the
treatment of non-melancholic depression: results from a multi-
centre, randomized study. Prog Neuropsychopharmacol Biol
Psychiatry 2003; 27: 493–500. 

4. Lepine JP, et al. A randomized, placebo-controlled trial of sertra-
line for prophylactic treatment of highly recurrent major depres-
sive disorder. Am J Psychiatry 2004; 161: 836–42. 

5. Moscovitch A, et al. A placebo-controlled study of sertraline in
the treatment of outpatients with seasonal affective disorder.
Psychopharmacology (Berl) 2004; 171: 390–7.

Headache. For reference to the use of SSRIs, including sertra-
line, in the management of various types of headache, see under
Fluoxetine, p.398.
Premenstrual syndrome. Sertraline throughout the menstru-
al cycle has produced beneficial effects in controlling both the
psychological and somatic symptoms of women with premen-
strual syndrome (p.2099).1-3 Giving sertraline solely during the
luteal phase was also of benefit.3-6

1. Yonkers KA, et al. Sertraline in the treatment of premenstrual
dysphoric disorder. Psychopharmacol Bull 1996; 32: 41–6. 

2. Yonkers KA, et al. Symptomatic improvement of premenstrual
dysphoric disorder with sertraline treatment: a randomized con-
trolled trial. JAMA 1997; 278: 983–8. 

3. Freeman EW, et al. Continuous or intermittent dosing with ser-
traline for patients with severe premenstrual syndrome or pre-
menstrual dysphoric disorder. Am J Psychiatry 2004; 161:
343–51. 

4. Young SA, et al. Treatment of premenstrual dysphoric disorder
with sertraline during the luteal phase: a randomized, double-
blind, placebo-controlled crossover trial. J Clin Psychiatry 1998;
59: 76–80. 

5. Jermain DM, et al. Luteal phase sertraline treatment for premen-
strual dysphoric disorder: results of a double-blind, placebo-con-
trolled, crossover study. Arch Fam Med 1999; 8: 328–32. 

6. Halbreich U, et al. Efficacy of intermittent, luteal phase sertra-
line treatment of premenstrual dysphoric disorder. Obstet Gyne-
col 2002; 100: 1219–29.

Sexual dysfunction. Impotence or ejaculatory problems have
been reported as adverse effects of SSRIs; for the use of these
effects as a potential form of management for premature ejacula-
tion see Fluoxetine, p.399.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Anilar; Atenix; Bicromil; Celonfex; Deprecalm; Insertec; Irradial; Serli-
na; Servantax; Vunot; Zoloft; Austral.: Eleva; Setrona; Xydep; Zoloft; Aus-
tria: Gladem; Sertrex; Tresleen; Belg.: Serlain; Braz.: Assert; Novativ; Ser-
cerin†; Serenata; Seronip†; Tolrest; Zoloft; Canad.: Zoloft; Chile: Altruline;
Deprax; Eleval; Emergen; Implicane; Lowfin; Sedoran; Serivo; Seronex; Sert-
ac; Tralinser; Cz.: Adjuvin; Apo-Sertral; Asentra; Serlift; Setaloft; Stimuloton;
Zoloft; Denm.: Zoloft; Fin.: Zoloft; Fr.: Zoloft; Ger.: Gladem; Sertra;
Zoloft; Gr.: Certorun; Enidap; Neurosedine; Zoloft; Zolotrin; Hong Kong:
Stimuloton; Zoloft; Hung.: Asentra; Gerotralin; Serlift; Serlosane; Sertade-
pi; Sertagen; Sertwin; Stimuloton; Zoloft; India: Inosert; Serdep; Serta;
Xsert; Indon.: Antipres; Deptral; Fatral; Fridep; Nudep; Serlof; Sernade;
Zerlin; Zoloft; Irl.: Depreger; Lusert; Lustral; Serimel; Serlan; Sertraniche;
Israel: Lustral; Ital.: Tatig; Zoloft; Malaysia: Serlift; Zoloft; Mex.: Aleval;
Altruline; Aluprex; Deptral; Prosertin; Serolux; Sertex; Neth.: Asentra;
Zoloft; Norw.: Zoloft; NZ: Zoloft; Philipp.: Serenata; Zoloft; Pol.: Asen-
tra; Luxeta; Sertahexal; Setaloft; Setaratio; Stimuloton; Zoloft; Zotral; Port.:
Zoloft; Rus.: Asentra (Асентра); Serenata (Серената); Stimuloton
(Стимулотон); Torin (Торин); Zoloft (Золофт); S.Afr.: Serdep; Serlife;
Sertzol; Zoloft; Singapore: Zoloft; Spain: Altisben; Aremis; Besitran; De-
pesert; Sealdin†; Swed.: Zoloft; Switz.: Gladem; Zoloft; Thai.: Zoloft;
Turk.: Lustral; Selectra; Seralin; Serdep; UK: Lustral; USA: Zoloft; Venez.:
Conexine; Lusedan; Satil; Serline; Serolux; Tialin; Zoloft.
Multi-ingredient: India: Restyl Forte; Restyl Plus.

Setiptiline (rINN)

Setiptilina; Sétiptiline; Setiptilinum; Teciptiline. 2,3,4,9-Tetrahydro-
2-methyl-1H-dibenzo[3,4:6,7]cyclohepta[1,2-c]pyridine.
Сетиптилин
C19H19N = 261.4.
CAS — 57262-94-9 (setiptiline); 85650-57-3 (setiptiline
maleate).

Profile
Setiptiline is an antidepressant that has been used as the maleate
in the treatment of depression.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Tecipul.

St John’s Wort
Hipérico; Hiperikum; Hyperici herba; Hypericum; Johannesört;
Johanniskraut; Jonažolių žolė; Mäkikuisma; Millepertuis; Orbánc-
fű; Třezalková nat’; Ziele dziurawca.
CAS — 548-04-9 (hypericin).

(hypericin)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Eur. also includes a form for homoeopathic preparations. 
Swiss also includes monographs for hypericum (fresh flowering
tops) and hypericum oil. 
Ph. Eur. 6.2 (St. John’s Wort). The whole or cut, dried flowering
tops of Hypericum perforatum gathered during flowering. It con-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tains not less than 0.08% of total hypericins, expressed as hyper-
icin (C30H16O8 = 504.4) calculated with reference to the dried
drug. Protect from light. 
Ph. Eur. 6.2 (Hypericum for Homoeopathic Preparations; Hy-
pericum Perforatum ad Praeparationes Homoeopathicas). The
whole, fresh plant of Hypericum perforatum, at the beginning of
the flowering period. Protect from light. 
USP 31 (St. John’s Wort). The dried flowering tops or aerial
parts of Hypericum perforatum (Hypericaceae), gathered shortly
before or during flowering. It contains not less than 0.04% of the
combined total of hypericin (C30H16O8 = 504.4) and pseudohy-
pericin (C30H16O9 = 520.4) and not less than 0.6% of hyperforin
(C35H52O4 = 536.8). Store in airtight containers. Protect from
light.
Adverse Effects and Precautions
Adverse effects reported with St John’s wort have included gas-
trointestinal symptoms, dizziness, headache, confusion, urinary
frequency, allergic reactions, and fatigue. Photosensitivity has
also been reported; hypericin and pseudohypericin are the con-
stituents of St John’s wort thought to be responsible for this reac-
tion.
Effects on the nervous system. Subacute polyneuropathy
after sun exposure developed in a woman who had taken St
John’s wort for mild depression; she improved after drug with-
drawal.1 Seizures and confusion occurred in a 16-year-old girl
after an overdose of St John’s wort.2 She had taken large daily
doses for 2 weeks and an overdose just before presentation.
1. Bove GM. Acute neuropathy after exposure to sun in a patient

treated with St John’s Wort. Lancet 1998; 352: 1121–2. 
2. Karalapillai DC, Bellomo R. Convulsions associated with an

overdose of St John’s wort. Med J Aust 2007; 186: 213–14.

Effects on the skin. In addition to photosensitivity reactions
associated with St John’s wort use,1 there has been a report of
severe erythroderma in a patient who supplemented his regular
antidepressant medication (dosulepin) with St John’s wort.2 The
reaction was seen on both light-exposed and non-exposed areas,
and was thought to be due to the St John’s wort although there
remained a possibility that it was due to an interaction between
the 2 drugs.
1. Lane-Brown MM. Photosensitivity associated with herbal prep-

arations of St John’s wort (Hypericum perforatum). Med J Aust
2000; 172: 302. 

2. Holme SA, Roberts DL. Erythroderma associated with St John’s
wort. Br J Dermatol 2000; 143: 1127–8.

Mania. There have been a number of cases of mania or hypoma-
nia associated with the use of St John’s wort.1-3

1. Neirenberg AA, et al. Mania associated with St John’s wort. Biol
Psychiatry 1999; 46: 1707–8. 

2. Fahmi M, et al. A case of mania induced by hypericum. World J
Biol Psychiatry 2002; 3: 58–9. 

3. Stevinson C, Ernst E. Can St John’s wort trigger psychoses? Int
J Clin Pharmacol Ther 2004; 42: 473–80.

Withdrawal. A 58-year-old woman developed symptoms such
as nausea, anorexia, dizziness, dry mouth, thirst, chills, and fa-
tigue the day after stopping St John’s wort;1 she had taken the
drug for 32 days. The symptoms, which the authors considered
suggestive of a withdrawal syndrome, resolved within 8 days.
1. Dean AJ, et al. Suspected withdrawal syndrome after cessation

of St John’s wort. Ann Pharmacother 2003; 37: 150.

Interactions
St John’s wort has been shown to induce several drug metabolis-
ing enzymes including some cytochrome P450 isoenzymes (in
particular CYP3A4) and the transport protein P-glycoprotein.
Clinically important interactions resulting in decreased plasma
concentrations of the interacting drug have been reported with
ciclosporin, digoxin, HIV-protease inhibitors, NNRTIs, oral con-
traceptives, tacrolimus, theophylline, and warfarin. There is also
a possibility of an interaction between St John’s wort and antiep-
ileptics. In addition, stopping St John’s wort may result in in-
creased, and possibly toxic, concentrations of the interacting
drug. 
In many countries, including the UK and USA, preparations of
St John’s wort are not required to be licensed as medicines, and
the amount of active ingredient may vary widely between prep-
arations. Changing preparations may therefore alter the degree of
enzyme induction. 
Use of St John’s wort with drugs known to act on serotonergic
neurotransmitters may result in synergistic interactions and an
increased risk of adverse effects may also occur. Examples in-
clude the SSRIs and nefazodone (see Antidepressants, p.418)
and the selective serotonin (5-HT1) agonists (see under Su-
matriptan, p.626) used to treat migraine.
◊ References.
1. Roby CA, et al. St John’s Wort: effect on CYP3A4 activity. Clin

Pharmacol Ther 2000; 67: 451–7. 
2. CSM/MCA. Reminder: St John’s Wort (Hypericum perforatum)

interactions. Current Problems 2000; 26: 6–7. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelect ionMethod=
LatestReleased (accessed 24/11/05) 

3. Dürr D, et al. St John’s Wort induces intestinal p-glycopro-
tein/MDR1 and intestinal and hepatic CYP3A4. Clin Pharmacol
Ther 2000; 68: 598–604. 

4. Wang Z, et al. The effects of St John’s wort (Hypericum perfora-
tum) on human cytochrome P450 activity. Clin Pharmacol Ther
2001: 70: 317–26. 

5. Hennessy M, et al. St John’s Wort increases expression of P-
glycoprotein: implications for drug interactions. Br J Clin Phar-
macol 2002 53: 75–82. 

6. Henderson L, et al. St John’s wort (Hypericum perforatum): drug
interactions and clinical outcomes. Br J Clin Pharmacol 2002;
54: 349–56. 

7. Mills E, et al. Interaction of St John’s wort with conventional
drugs: systematic review of clinical trials. BMJ 2004; 329:
27–30. 

8. Mannel M. Drug interactions with St John’s wort: mechanisms
and clinical implications. Drug Safety 2004; 27: 773–97. 

9. Whitten DL, et al. The effect of St John’s wort extracts on
CYP3A: a systematic review of prospective clinical trials. Br J
Clin Pharmacol 2006; 62: 512–26.

Analgesics. For details of a possible interaction between St
John’s wort and the opioid analgesic methadone, see p.84.
Anticoagulants. For mention of a possible interaction between
St John’s wort and warfarin, see p.1432.
Antiepileptics. There is a possibility of an interaction between
St John’s wort and antiepileptics such as carbamazepine (see
p.474), phenobarbital (see p.493), and phenytoin (see p.498).
Antineoplastics. St John’s wort may interact with some antin-
eoplastics; examples include aminolevulinic acid (see p.679),
imatinib (see p.734), and irinotecan (see p.737).
Antivirals. For details of a possible interaction between St
John’s wort and HIV-protease inhibitors such as indinavir, see
p.883.
Cardiac glycosides. For details of a possible interaction be-
tween St John’s wort and digoxin, see p.1261.
Immunosuppressants. For details of possible interactions be-
tween St John’s wort and ciclosporin or tacrolimus, see p.1826
and p.1845, respectively.
Oral contraceptives. For reports of a possible interaction be-
tween St John’s wort and oral contraceptives, see p.2068.
Verapamil. For details of a possible interaction between St
John’s wort and verapamil, see p.1423.
Xanthines. For details of a possible interaction between St
John’s wort and theophylline, see p.1143.
Uses and Administration
Herbal preparations containing St John’s wort are used, frequent-
ly for self-medication, in the treatment of depression. Such prep-
arations are also promoted for the treatment of other nervous dis-
orders such as insomnia and anxiety, particularly if associated
with the menopause. St John’s wort oil has also been used as an
astringent. Hypericin, a major constituent of St John’s wort, has
been investigated as an antiviral in the treatment of HIV infection
and AIDS (but see Antiviral Action, below). 
The amount of active constituents can vary between different
preparations and doses depend on the preparation being used. 
Homoeopathy. St John’s wort has been used in homoeopathic
medicines under the following names: Hypericum; Hypericum
perforatum; Hypericum perforatum ex herba; Hypericum, herba;
Hyper.
◊ References.
1. McIntyre M. A review of the benefits, adverse events, drug in-

teractions, and safety of St John’s Wort (Hypericum perforatum):
the implications with regard to the regulation of herbal medi-
cines. J Altern Complement Med 2000; 6: 115–24.

Antiviral action. A study involving 30 HIV-infected patients
suggested that hypericin, given intravenously or by mouth, pro-
duced significant phototoxicity and had no effect on virological
markers or CD4 cell count.1
1. Gulick RM, et al. Phase I studies of hypericin, the active com-

pound in St John’s Wort, as an antiretroviral agent in HIV-infect-
ed adults. Ann Intern Med 1999; 130: 510–14.

Depression. St John’s wort extracts are widely used in some
countries for the treatment of depression (p.373). 
Two systematic reviews1,2 of randomised controlled studies
found St John’s wort extracts to be more effective than placebo
in the treatment of mild to moderate depressive disorders. How-
ever, the results of the more recent review2 also suggested that St
John’s wort extracts were only of minor benefit in patients with
major depression and probably of no benefit in those with a pro-
longed history of the condition; in addition, there was no evi-
dence of effectiveness in severe depression. The authors of this
review commented that recent placebo-controlled studies tended
to show less favourable results for St John’s wort than older stud-
ies. It was considered that the heterogeneous findings were due
partly to overestimation of effects in some smaller, older studies,
and partly to the variable efficacy of St John’s wort extracts in
different patient populations; non-publication of negative studies
was not thought to have played a major role. 
The efficacy of St John’s wort compared with standard antide-
pressants has also been reviewed and found to be comparable.2
However, this finding should be interpreted with caution, not
least because doses of the standard antidepressants used were at
the lower end of the range in some studies. 
The mechanism of action of St John’s wort extracts in the treat-
ment of depression remains unclear. Extracts contain at least 10
active principles. Hypericin, one of the major constituents of St
John’s wort, was first thought responsible for the antidepressant
effect since it had an inhibitory action on monoamine oxidase in

vitro. However it was later shown that this action was, at best,
weak and it is now generally believed that monoamine oxidase
inhibition is not responsible for the antidepressant effect of St
John’s wort. More recent studies have suggested that hyperforin
may be one of the major constituents responsible for the antide-
pressant effect.3 Although the evidence is mainly from in vitro
studies, hyperforin inhibits the reuptake of several major neuro-
transmitters including serotonin, dopamine, and noradrenaline.4
1. Stevinson C, Ernst E. Hypericum for depression: an update of the

clinical evidence. Eur Neuropsychopharmacol 1999; 9: 501–5. 
2. Linde K, et al. St John’s wort for depression. Available in The

Cochrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2005 (accessed 24/11/05). 

3. Laakmann G, et al. St. John’s Wort in mild to moderate depres-
sion: the relevance of hyperforin for the clinical efficacy. Phar-
macopsychiatry 1998: 31 (suppl.): 54–9. 

4. Chatterjee SS, et al. Hyperforin as a possible antidepressant
component of hypericum extracts. Life Sci 1998; 63: 499–510.

Preparations
Ph. Eur.: St John’s Wort Dry Extract, Quantified.
Proprietary Preparations (details are given in Part 3)
Arg.: Amenicil; Felis†; Herbaccion Motivante†; Hipax; Hiperinat; Remotiv†;
Austral.: Bioglan Stress-Relax; Hyperiforte†; Remotiv; Austria: Esbericum;
Felis†; Helarium; Hyperiforce; Jarsin; Johanicum; Johni; Kira; Lunare; Perikan;
Psychotonin; Remotiv; Solaguttae; Belg.: Hyperiplant; Milperinol; Perika;
Braz.: Adprex†; Ciperico; Emotival†; Equilibra†; Fiotan; Fitovital; Hiperex;
Hipericin; Hiperico; Hiperifarma†; Hiperil†; Hipersac; Hyperico†; Hyperi-
green; Iperisan; Jarsin†; Motiven; Prazen; Remotiv; Triativ; Canad.: Kira;
Movana†; Chile: Anxium; Ciplazin†; Edual†; Remotiv†; Cz.: Cesradyston†;
Deprim†; Esbericum†; Felisio; Helarium; Hyperikan; Jarsin; Kira†; Laif;
Lubovnik†; Nat Trezalky; Psychotonin Forte†; Remotiv; Trezalka v Nal-
evovych Sacchich; Trezalkova Nat; Trezalkovy Caj; Turineurin†; Fr.: Bains
Romains; Dermum†; Mildac; Procalmil; Ger.: aar brain N†; Aristo; Aristofo-
rat; Cesradyston; dysto-lux; Esbericum; Felis; Helarium; Herbaneurin†;
Hewepsychon uno; Hyperforat; Hypericaps†; Hyperimerck; Hyperpur ;
Jarsin; Jo-Sabona†; Kira; Kytta-Modal†; Laif; Libertin†; Lomahypericum†;
Nervei; Neuroplant; Neurosporal; Neurovegetalin; Psychotonin; Psychot-
onin M†; Remotiv; Sedovegan†; Syxal†; Texx; Tonizin; Turineurin; Viviplus†;
Gr.: Neukan; Hung.: Helarium; Hyperikan; Klosterfrau Sedinal; Myrall; Re-
motiv; Indon.: Preso; Israel: Remotiv; Ital.: Nervaxon; Proserem; Quiens;
Remotive; Mex.: Hiperikan; Nutegen H†; Procalm†; Remotiv; Pol.: Apati-
nac; Deprim; Hyperherba; Hyperosedat; Perhip; Remotiv; Silenil; Port.: Ala-
cre; Rus.: Deprim (Деприм); Doppelherz Nervotonik (Доппельгерц
Нервотоник); Helarium (Гелариум); Negrustin (Негрустин); Novo-Passit
(Ново-Пассит); S.Afr.: Remotiv†; Spain: Animic; Arkocapsulas Hiperico;
Hiperico; Hyneurin; Perika; Quetzal; Vitalium; Switz.: Hyperforat†; Hyper-
icettes†; Hyperiforce; HyperiMed; Hyperiplant; Hyperval; Jarsin; Libertin†;
Lucilium; ReBalance; Remotiv; Solevita; Yakona; Turk.: Felis; UK: Hyperi-
Calm; Kira; Venez.: Hyperikan; Kira†; Qual†.
Multi-ingredient: Austral.: Bioglan 3B Beer Belly Buster ; Cimicifuga
Compound; Feminine Herbal Complex; Infant Tonic†; Joint & Muscle
Cream; Nappy Rash Relief Cream; Nevaton; Skin Healing Cream†; Austria:
Eryval; Magentee St Severin; Nerventee St Severin; Remifemin plus; Species
nervinae; Vulpuran; Wechseltee St Severin; Cz.: Alvisan Neo; Cajova Smes
pri Redukcni Diete†; Cicaderma; Eugastrin†; Fytokliman Planta; Naturi-
dent†; Novo-Passit; Species Nervinae Planta; Stomaran; Zaludecni Cajova
Smes; Fr.: Cicaderma; Ger.: Allya†; anabol-loges; Anisan†; Arthrodynat P†;
Befelka-Oel; Cheiranthol†; Dolo-cyl; Gastritol; Gastrol S†; Gutnacht†;
Hewepsychon duo†; Hyperesa; Hyperforat-forte†; JuDorm†; JuViton†;
Marianon†; Me-Sabona plus†; Neurapas; Oxacant N†; Phytogran†; Presse-
lin Arterien K 5 P†; Presselin Nerven K 1 N†; Psychotonin-sed; Remifemin
plus; Rhoival†; Sedariston Konzentrat; Sedariston plus; Venacton†; Hung.:
Remifemin Plus; Ital.: Controller; Hiperogyn; Mithen; Skab 2; Malaysia:
Gyno-Plus; Mex.: Nordimenty; Pol.: Cholesol; Diges-Tonic; Fortestoma-
chicae; Gastrobonisol; Guttae Stomachicae; Herbogastrin; Krople Zolad-
kowe; Melisal; Melissed; Nervomix; Perfocrat; Prostapol; Psychotonisol; Se-
domix; Uroprost; Port.: Cicaderma; Rus.: Prostanorm (Простанорм);
Sibectan (Сибектан); Spain: Natusor Gastrolen†; Natusor Somnisedan†;
Switz.: Gel a la consoude; Huile de millepertuis A. Vogel (huile de St. Jean);
Hyperiforce comp; Keppur; Kytta Gel†; Malvedrin; Saltrates Rodell†; Salt-
rates†; The a l’avoine sauvage de Vollmer; Yakona N†; Ziegella; UK: St
Johnswort Compound; Tranquil; Venez.: Biomicovo†.

Tianeptine Sodium (rINNM)

Natrii Tianeptinum; Taneptinum Natricum; Tianeptiininatrium;
Tianeptin sodná sůl; Tianeptin Sodyum; Tianeptina sódica;
Tianeptine sodique; Tianeptinnatrium; Tianeptin-nátrium;
Tianeptino natrio druska; Tianeptinum natricum. The sodium salt
of 7-[(3-chloro-6,11-dihydro-6-methyldibenzo[c,f][1,2]thiazepin-
11-yl)amino]heptanoic acid S,S-dioxide.
Натрий Тианептин
C21H24ClN2NaO4S = 458.9.
CAS — 66981-73-5 (tianeptine).
ATC — N06AX14.
ATC Vet — QN06AX14.

(tianeptine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tianeptine Sodium). A white or yellowish, very
hygroscopic, powder. Freely soluble in water, in dichlorometh-
ane, and in methyl alcohol. Store in airtight containers.
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Tianeptine sodium is an antidepressant reported to act by increas-
ing (rather than inhibiting) the presynaptic reuptake of serotonin.
It is given in oral doses of 12.5 mg three times daily in the treat-
ment of depression (p.373). Doses should be reduced to a total of
25 mg daily in elderly patients; for details of dosage in those with
renal impairment, see below. 
Isolated cases of hepatitis have been reported during treatment
with tianeptine.

Abuse. Reports of misuse of tianeptine.1,2

1. Leterme L, et al. Usage détourné de tianeptine: à propos de cinq
cas de surconsommation. Ann Med Interne (Paris) 2003; 154:
2S58–2S63. 

2. Kisa C, et al. Is it possible to be dependent to tianeptine, an anti-
depressant? A case report. Prog Neuropsychopharmacol Biol
Psychiatry 2007; 31: 776–8.

Administration in renal impairment. Licensed product in-
formation recommends that oral doses of tianeptine sodium
should not exceed a total of 25 mg daily in patients with renal
impairment.

Asthma. Tianeptine has been reported to improve symptoms in
patients with asthma.1 It was thought that reduction of raised lev-
els of free serotonin found in such patients contributed to the ben-
eficial effect of tianeptine.
1. Lechin F, et al. The serotonin uptake-enhancing drug tianeptine

suppresses asthmatic symptoms in children: a double-blind,
crossover, placebo-controlled study. J Clin Pharmacol 1998; 38:
918–25.

Depression. References to the use of tianeptine in patients with
depression (p.373) are given below.
1. Wilde MI, Benfield P. Tianeptine: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic efficacy
in depression and coexisting anxiety and depression. Drugs
1995; 49: 411–39. 

2. Ginestet D. Efficacy of tianeptine in major depressive disorders
with or without melancholia. Eur Neuropsychopharmacol 1997;
7 (suppl 3): S341–S345. 

3. Wagstaff AJ, et al. Tianeptine: a review of its use in depressive
disorders. CNS Drugs 2001; 15: 231–59. 

4. Kasper S, Olie JP. A meta-analysis of randomized controlled tri-
als of tianeptine versus SSRI in the short-term treatment of de-
pression. Eur Psychiatry 2002; 17 (suppl 3): 331–40. 

5. Waintraub L, et al. Efficacy and safety of tianeptine in major
depression: evidence from a 3-month controlled clinical trial
versus paroxetine. CNS Drugs 2002; 16: 65–75. 

6. Nickel T, et al. Clinical and neurobiological effects of tianeptine
and paroxetine in major depression. J Clin Psychopharmacol
2003; 23: 155–68.

Pharmacokinetics. References.
1. Royer RJ, et al. Tianeptine and its main metabolite: pharmacok-

inetics in chronic alcoholism and cirrhosis. Clin Pharmacokinet
1989; 16: 186–91. 

2. Carlhant D, et al. Pharmacokinetics and bioavailability of
tianeptine in the elderly. Drug Invest 1990; 2: 167–72. 

3. Demotes-Mainard F, et al. Pharmacokinetics of the antidepres-
sant tianeptine at steady state in the elderly. J Clin Pharmacol
1991; 31: 174–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Stablon; Austria: Stablon; Braz.: Stablon; Cz.: Coaxil; Fr.: Stablon;
Hung.: Coaxil; India: Stablon; Indon.: Stablon; Malaysia: Stablon; Mex.:
Stablon; Philipp.: Stablon; Pol.: Coaxil; Port.: Stablon; Rus.: Coaxil
(Коаксил); Singapore: Stablon; Thai.: Stablon; Turk.: Stablon; Venez.:
Stablon.

Tranylcypromine Sulfate (rINNM)

SKF-385; Sulfato de tranilcipromina; Transamine Sulphate; Tran-
ylcypromine, Sulfate de; Tranylcypromine Sulphate (BANM); Tran-
ylcypromini Sulfas. (±)-trans-2-Phenylcyclopropylamine sulphate.

Транилципромина Сульфат
(C9H11N)2,H2SO4 = 364.5.
CAS — 155-09-9 (tranylcypromine); 13492-01-8 (tranyl-
cypromine sulfate).
ATC — N06AF04.
ATC Vet — QN06AF04.

(tranylcypromine)

Pharmacopoeias. In Br. 
BP 2008 (Tranylcypromine Sulphate). A white or almost white
crystalline powder; odourless or with a faint odour of cinnamal-
dehyde. Soluble in water; very slightly soluble in alcohol and in
ether; insoluble in chloroform.

Adverse Effects, Treatment, and Precautions
As for MAOIs in general (see Phenelzine, p.415). 

Tranylcypromine has a stimulant action and insomnia is a com-
mon adverse effect if it is taken in the evening. 
Hypertensive reactions are more likely to occur with tranylcy-
promine than with other MAOIs, but severe liver damage occurs
less frequently.

Dependence. Dependence on tranylcypromine with tolerance
has been reported in patients receiving high doses with or with-
out a history of previous substance abuse. For further details, see
Withdrawal under Precautions in Phenelzine, p.417.

Effects on the cardiovascular system. Although orthostatic
hypotension is more common, hypertension can occur with
MAOIs. A hypertensive crisis has been described in 2 patients
after only one dose of tranylcypromine.1,2 In the first case it was
thought possible that an autointeraction may have occurred be-
tween tranylcypromine and amfetamine to which it is partly me-
tabolised. In the second case the provocation of hypertension led
to the finding of a previously undiagnosed phaeochromocytoma
and it was suggested this may have been a possibility in previous
reports of hypertension induced by MAOIs.
1. Gunn J, et al. Hypertensive crisis and broad complex bradycar-

dia after a single dose of monoamine oxidase inhibitor. BMJ
1989; 298: 964. 

2. Cook RF, Katritsis D. Hypertensive crisis precipitated by a
monoamine oxidase inhibitor in a patient with phaeochromocy-
toma. BMJ 1990; 300: 614.

Porphyria. Tranylcypromine is considered to be unsafe in pa-
tients with porphyria because it has been shown to be porphyrin-
ogenic in animals.

Interactions
For interactions associated with MAOIs, see Phenelzine, p.417. 
The use of clomipramine with tranylcypromine is particularly
hazardous.

Pharmacokinetics
Tranylcypromine is readily absorbed from the gastrointestinal
tract with peak plasma concentrations occurring about 1 to 3
hours after ingestion. It is excreted in the urine mainly in the form
of metabolites. Tranylcypromine has a reported plasma elimina-
tion half-life of about 2.5 hours.

◊ In 9 depressed patients, tranylcypromine absorption was rapid
after oral dosing.1 Absorption was biphasic in 7. Elimination was
also rapid, with an elimination half-life of 1.54 to 3.15 hours.
From 2 to 7 hours after dosing, standing systolic and diastolic
blood pressures were lowered, and standing pulse was raised.
The onset of the effect on standing systolic blood pressure corre-
lated with the time of peak plasma tranylcypromine concentra-
tion. Maximum orthostatic drop of blood pressure and rise in
pulse rate occurred 2 hours after dosing. Mean plasma-tranylcy-
promine concentrations correlated with mean orthostatic drop of
systolic blood pressure and rise of pulse rate. Patients experienc-
ing clinically significant hypotensive reactions to tranylcy-
promine may benefit from changes in their dose regimen aimed
at minimising peak concentrations.
1. Mallinger AG, et al. Pharmacokinetics of tranylcypromine in pa-

tients who are depressed: relationship to cardiovascular effects.
Clin Pharmacol Ther 1986; 40: 444–50.

Uses and Administration
Tranylcypromine, a cyclopropylamine derivative, is an MAOI
with actions and uses similar to those of phenelzine (p.419). It
produces a less prolonged inhibition of the enzymes than
phenelzine. 
Tranylcypromine is used in the treatment of depression, but as
discussed on p.373 the risks associated with traditional non-se-
lective MAOIs such as tranylcypromine usually mean that other
antidepressants are preferred. It is given orally as the sulfate al-
though doses are expressed in terms of the base. Tranylcy-
promine sulfate 13.7 mg is equivalent to about 10 mg of tranyl-
cypromine. 
The usual initial dose is equivalent to tranylcypromine 10 mg in
the morning and 10 mg in the afternoon; if the response is inad-
equate after a week, the afternoon dose may be increased to
20 mg or alternatively, 10 mg may be given additionally at mid-
day. A dosage of 30 mg daily should only be exceeded with cau-
tion, although in the USA a maximum dose of 60 mg daily is
allowed. Once a satisfactory response has been obtained the dos-
age may be gradually reduced for maintenance; some patients
may continue to respond to 10 mg daily. 
Tranylcypromine should be withdrawn gradually to reduce the
risk of withdrawal symptoms.

Preparations
BP 2008: Tranylcypromine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Parnate†; Austral.: Parnate; Braz.: Parnate; Canad.: Parnate; Cz.:
Parnate†; Ger.: Jatrosom N; Irl.: Parnate; NZ: Parnate; S.Afr.: Parnate;
Spain: Parnate; USA: Parnate.

Multi-ingredient: Arg.: Cuait D; Stelapar; Braz.: Stelapar†; Ital.: Parmo-
dalin.

Trazodone Hydrochloride 

(BANM, USAN, rINNM)

AF-1161; Hidrocloruro de trazodona; Trazodon Hidroklorür;
Trazodone, Chlorhydrate de; Trazodoni Hydrochloridum. 2-[3-
(4-m-Chlorophenylpiperazin-1-yl)propyl]-1,2,4-triazolo[4,3-
a]pyridin-3(2H)-one hydrochloride.

Тразодона Гидрохлорид
C19H22ClN5O,HCl = 408.3.

CAS — 19794-93-5 (trazodone); 25332-39-2 (trazodone
hydrochloride).
ATC — N06AX05.
ATC Vet — QN06AX05.

(trazodone)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of trazodone hydrochlo-
ride: 
Sleepeasy.
Pharmacopoeias. In Br. and US. 
BP 2008 (Trazodone Hydrochloride). A white or almost white
crystalline powder. Soluble in water; sparingly soluble in alco-
hol; practically insoluble in ether. A 1% solution in water has a
pH of 3.9 to 4.5. Store in airtight containers. Protect from light. 
USP 31 (Trazodone Hydrochloride). A white to off-white crys-
talline powder. Sparingly soluble in water and in chloroform.
Store in airtight containers. Protect from light.

Adverse Effects and Treatment
Trazodone has sedative properties although drowsi-
ness usually disappears on continuing treatment. Other
adverse effects occasionally reported include dizzi-
ness, headache, nausea and vomiting, weakness,
weight loss, tremor, dry mouth, bradycardia or tachy-
cardia, orthostatic hypotension, oedema, constipation,
diarrhoea, blurred vision, restlessness, confusional
states, insomnia, and skin rash. Although some of these
effects are typical of antimuscarinic activity it is report-
ed that trazodone has little antimuscarinic activity
compared with tricyclic antidepressants. Animal stud-
ies have also indicated that trazodone is less cardiotox-
ic than the tricyclics. Priapism has been reported on a
number of occasions. 
Agranulocytosis, thrombocytopenia, and anaemia
have been reported rarely. Adverse effects on hepatic
function, including jaundice and hepatocellular dam-
age, which may be severe, have also been reported
rarely. There have been occasional reports of serotonin
syndrome. Neuroleptic malignant syndrome has oc-
curred rarely. 
Hyponatraemia possibly due to inappropriate secretion
of antidiuretic hormone has been associated with the
use of antidepressants, particularly in the elderly. 
Symptoms of overdosage include drowsiness, dizzi-
ness, vomiting, priapism, respiratory arrest, seizures,
and ECG changes. The value of gastric decontamina-
tion after overdosage is uncertain. However, activated
charcoal may be considered in adults who have taken
more than 1 g (children more than 150 mg) and present
within 1 hour; gastric lavage may also be considered in
adults in life-threatening overdoses. Thereafter, symp-
tomatic and supportive therapy should be given as ap-
propriate.
Effects on the cardiovascular system. Although trazodone
is considered to cause fewer adverse cardiovascular reactions
than the tricyclic antidepressants, they have, nevertheless, been
reported in individual patients. In therapeutic doses it has been
associated with heart block in a patient with pre-existing cardio-
vascular disease,1 as well as in a patient with no ECG abnormal-
ities.2 Similarly, ventricular arrhythmias have been associated
with therapeutic doses of trazodone both in patients with a histo-
ry of cardiac problems,3,4 and with no history of cardiac abnor-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

malities.5 Atrial fibrillation has been reported in a patient with
ischaemic heart disease.6
1. Rausch JL, et al. Complete heart block following a single dose

of trazodone. Am J Psychiatry 1984; 141: 1472–3. 
2. Lippmann S, et al. Trazodone cardiotoxicity. Am J Psychiatry

1983; 140: 1383. 
3. Janowsky D, et al. Ventricular arrhythmias possibly aggravated

by trazodone. Am J Psychiatry 1983; 140: 796–7. 
4. Vlay SC, Friedling S. Trazodone exacerbation of VT. Am Heart

J 1983; 106: 604. 
5. Johnson BA. Trazodone toxicity. Br J Hosp Med 1985; 33: 298. 
6. White WB, Wong SHY. Rapid atrial fibrillation associated with

trazodone hydrochloride. Arch Gen Psychiatry 1985; 42: 424.

Effects on the eyes. A patient receiving clomipramine and tra-
zodone orally noted excessive blinking whenever the dose of tra-
zodone exceeded or equalled that of clomipramine.1 When trazo-
done, but not clomipramine, was withdrawn, blinking became
normal within 3 weeks.
1. Cooper MA, Dening TR. Excessive blinking associated with

combined antidepressants. BMJ 1986; 293: 1243.

Effects on the liver. A mixed hepatocellular-cholestatic liver
enzyme pattern has been reported in a patient after about 3 weeks
of treatment with trazodone in doses of up to 500 mg daily.1 The
enzyme abnormalities returned to normal 4 weeks after trazo-
done was stopped but it was suggested that liver enzyme values
should be monitored during the first 4 weeks of therapy. A simi-
lar case apparently presenting as obstructive jaundice and hepa-
tocellular inflammation, in which the patient had only been re-
ceiving 50 mg daily for 2 weeks, has also been described.2 It was
believed that the patient suffered an idiosyncratic drug reaction
to trazodone. Further reports of trazodone-induced liver injury
include an elderly patient who developed chronic active hepatitis
after receiving trazodone 150 mg daily for about 8 months.3 A
case of fatal hepatic necrosis reported in another elderly patient
was considered to be due to treatment with trazodone and antip-
sychotics.4 The authors of the report4 noted that up to August
1991 the UK CSM had received 14 reports of adverse effects on
the liver associated with trazodone including one episode of fatal
hepatic necrosis. In one of 2 later reports of trazodone-induced
hepatotoxicity,5 a female patient with rheumatoid arthritis devel-
oped jaundice 18 months after trazodone was added to her exist-
ing medications. All drugs were stopped and the patient im-
proved; however, an inadvertent rechallenge with trazodone
(without any other medication) led to a recurrence of her symp-
toms which again resolved following trazodone withdrawal. The
second case6 involved a HIV-positive male who was started on
methadone, clonidine, and trazodone as part of a detoxification
programme; 4 days later acute hepatitis and cholestasis was not-
ed and trazodone and clonidine were withdrawn with subsequent
resolution of symptoms. The authors considered that trazodone
was probably the causative agent.
1. Chu AG, et al. Trazodone and liver toxicity. Ann Intern Med

1983; 99: 128–9. 
2. Sheikh KH, Nies AS. Trazodone and intrahepatic cholestasis.

Ann Intern Med 1983; 99: 572. 
3. Beck PL, et al. Chronic active hepatitis associated with trazo-

done therapy. Ann Intern Med 1993; 118: 791–2. 
4. Hull M, et al. Fatal hepatic necrosis associated with trazodone

and neuroleptic drugs. BMJ 1994; 309: 378. 
5. Fernandes NF, et al. Trazodone-induced hepatotoxicity: a case

report with comments on drug-induced hepatotoxicity. Am J
Gastroenterol 2000; 95: 532–5. 

6. Rettman KS, McClintock C. Hepatotoxicity after short-term tra-
zodone therapy. Ann Pharmacother 2001; 35: 1559–61.

Effects on mental state. There have been reports of mania,1,2

and psychosis with hallucinations3,4 associated with the use of
trazodone in depressed patients; delirium5 in patients with bulim-
ia nervosa and possible psychosis or hypomania6 in a patient re-
ceiving trazodone-tryptophan treatment for aggression have also
been reported.
1. Warren M, Bick PA. Two case reports of trazodone-induced ma-

nia. Am J Psychiatry 1984; 141: 1103–4. 
2. Arana GW, Kaplan GB. Trazodone-induced mania following

desipramine-induced mania in major depressive disorders. Am J
Psychiatry 1985; 142: 386. 

3. Kraft TB. Psychosis following trazodone administration. Am J
Psychiatry 1983; 140: 1383–4. 

4. Mizoguchi Y, Monji A. Low-dose-trazodone-induced disorgan-
ized type psychosis. J Neuropsychiatr Clin Neurosci 2005; 17:
253–4. 

5. Damlouji NF, Ferguson JM. Trazodone-induced delirium in
bulimic patients. Am J Psychiatry 1984; 141: 434–5. 

6. Patterson BD, Srisopark MM. Severe anorexia and possible psy-
chosis or hypomania after trazodone-tryptophan treatment of ag-
gression. Lancet 1989; i: 1017.

Effects on sexual function. Trazodone is notable for the
number of reports of priapism associated with its use.1,2 In most
cases, priapism occurred during treatment with standard doses
after 1 to 3 weeks of therapy. Several patients required surgery
and recovery was not always complete.1 A review3 of priapism
induced by psychotropic drugs proposed that the effect was relat-
ed to blockade of alpha-adrenoceptors in the absence of suffi-
cient antimuscarinic activity, criteria fulfilled by the pharmaco-
logical profile of trazodone. 
Inhibition of ejaculation,4 and an increase in libido in women5

and men6 have also been reported with trazodone therapy. There

have also been reports of trazodone-associated priapism of the
clitoris.7,8

1. CSM. Priapism and trazodone (Molipaxin). Current Problems 13
1984. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024420&
RevisionSelectionMethod=LatestReleased (accessed 05/08/08) 

2. Anonymous. Priapism with trazodone (Desyrel). Med Lett Drugs
Ther 1984; 26: 35. 

3. Patel AG, et al. Priapism associated with psychotropic drugs. Br
J Hosp Med 1996; 55: 315–19. 

4. Jones SD. Ejaculatory inhibition with trazodone. J Clin Psy-
chopharmacol 1984; 4: 279–81. 

5. Gartrell N. Increased libido in women receiving trazodone. Am J
Psychiatry 1986; 143: 781–2. 

6. Sullivan G. Increased libido in three men treated with trazodone.
J Clin Psychiatry 1988; 49: 202–3. 

7. Pescatori ES, et al. Priapism of the clitoris: a case report follow-
ing trazodone use. J Urol (Baltimore) 1993; 149: 1557–9. 

8. Medina CA. Clitoral priapism: a rare condition presenting as a
cause of vulvar pain. Obstet Gynecol 2002; 100: 1089–91.

Effects on the skin. Individual reports of adverse dermatolog-
ical reactions to trazodone have included leucocytoclastic vascu-
litis,1 erythema multiforme,2 and exacerbation of psoriasis.3
1. Mann SC, et al. Leukocytoclastic vasculitis secondary to trazo-

done treatment. J Am Acad Dermatol 1984; 10: 699–70. 
2. Ford HE, Jenike MA. Erythema multiforme associated with tra-

zodone therapy: case report. J Clin Psychiatry 1985; 46: 294–5. 
3. Barth JH, Baker H. Generalized pustular psoriasis precipitated

by trazodone in the treatment of depression. Br J Dermatol 1986;
115: 629–30.

Epileptogenic effect. Tonic-clonic seizures related to trazo-
done therapy have been reported in 2 patients1,2 with no history
of seizure disorders.
1. Bowdan ND. Seizure possibly caused by trazodone hydrochlo-

ride. Am J Psychiatry 1983; 140: 642. 
2. Lefkowitz D, et al. Seizures and trazodone therapy. Arch Gen

Psychiatry 1985; 42: 523.

Overdosage. Reviews have indicated that the incidence of se-
rious toxicity from trazodone overdose alone was low compared
with tricyclic antidepressant overdose.1-4 
In a review covering 149 overdose cases,1 only 10 deaths had
been reported and in only 1 case was trazodone the sole agent
reported to be ingested; in this case autopsy revealed an acute
myocardial infarction after the patient was stable. The remaining
9 patients also had histories of ingestion of unknown quantities
of alcohol, benzodiazepines, or other sedative-hypnotics that
may have contributed to their demise. In the surviving 139 pa-
tients, 2 cases of respiratory arrest, 2 cases of right bundle branch
block, and one case each of priapism, seizure, atrioventricular
block, and T-wave inversion were reported. The remaining pa-
tients had minor CNS-depressant effects. 
In a second review2 of 88 cases of overdose, no fatalities oc-
curred in the 39 cases where trazodone alone was ingested. How-
ever 9 deaths occurred in the remaining 49 cases where trazo-
done was ingested with other drugs or alcohol. 
For a discussion of choice of antidepressant with respect to tox-
icity in overdosage, see under Depression, p.373.
1. Hassan E, Miller DD. Toxicity and elimination of trazodone after

overdose. Clin Pharm 1985; 4: 97–100. 
2. Gamble DE, Peterson LG. Trazodone overdose: four years of ex-

perience from voluntary reports. J Clin Psychiatry 1986; 47:
544–6. 

3. Crome P, Ali C. Clinical features and management of self-poi-
soning with newer antidepressants. Med Toxicol 1986; 1:
411–20. 

4. Gallant DM. Antidepressant overdose: symptoms and treatment.
Psychopathology 1987; 20 (suppl 1): 75–81.

Precautions
Trazodone should be used with caution in patients with
cardiovascular disorders, such as ischaemic heart dis-
ease, and its use is not recommended in the immediate
recovery phase after myocardial infarction. Similarly,
it should be used with caution in patients with epilepsy
and severe hepatic or renal impairment. Trazodone
should be stopped immediately if patients develop
signs of hepatic dysfunction or blood dyscrasias. Pa-
tients developing inappropriate or prolonged penile
erections should also stop trazodone immediately. 
Patients should be closely monitored during early anti-
depressant therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour
may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be observed when treating patients with other
disorders. 
Drowsiness often occurs at the start of trazodone ther-
apy and patients, if affected, should not drive or operate
machinery. 
As with other antidepressants, trazodone therapy
should be withdrawn gradually.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of trazodone on breast-fed infants is
unknown, its use by mothers during breast feeding may be of
concern since antidepressant drugs do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term. 
A study of 6 women each given a single 50-mg dose of trazodone
concluded that the exposure of infants to trazodone via breast
milk was very small.2 However, trazodone has been reported to
form an active metabolite and it was not known to what extent
this metabolite distributed into breast milk.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 24/11/05) 

2. Verbeeck RK, et al. Excretion of trazodone in breast milk. Br J
Clin Pharmacol 1986; 22: 367–70.

Porphyria. Trazodone hydrochloride is considered to be unsafe
in patients with porphyria because it has been shown to be por-
phyrinogenic in animals.
Pregnancy. UK licensed drug information states that trazodone
should be avoided during pregnancy; that for the USA indicates
that trazodone should only be used if the benefits to the mother
outweigh the risks to the fetus. 
For details of outcome in a multicentre study on the use of trazo-
done during pregnancy, see under Nefazodone, p.412.

Interactions
Trazodone should not be given to patients receiving
MAOIs or for at least 14 days afterwards. It has also
been recommended that any drug liable to provoke a
serious reaction (e.g. phenelzine) should not be given
within one week of stopping trazodone therapy. For
further details of combination antidepressant therapy,
see Antidepressants under Interactions of Phenelzine,
p.418. 
It is considered unlikely that trazodone will alter the
effects of antihypertensives such as guanethidine;
some interaction may, however, occur with clonidine.
The dose of other antihypertensives may need to be re-
duced if used with trazodone. 
The sedative effects of trazodone may be enhanced by
alcohol or other CNS depressants. The potential for in-
teraction between trazodone and general anaesthetics
or muscle relaxants exists and some licensed product
information recommends that trazodone should be
stopped before elective surgery for as long as clinically
feasible. 
Trazodone may increase plasma concentrations of dig-
oxin or phenytoin and some product information rec-
ommends monitoring their serum concentrations if
used with trazodone. 
Trazodone is metabolised by the cytochrome P450
isoenzyme CYP3A4 and inhibitors of this isoenzyme
may limit the elimination of trazodone. Consequently,
trazodone may need to be given in reduced doses with
drugs known to be potent inhibitors of CYP3A4 such
as the azole antifungals itraconazole and ketoconazole,
and the HIV-protease inhibitors. CYP3A4 inducers
such as carbamazepine may reduce the plasma concen-
trations of trazodone.
Anticoagulants. For the effect of trazodone on warfarin, see
p.1428.
Antiepileptics. Antidepressants may antagonise the activity of
antiepileptics by lowering the convulsive threshold. 
Trazodone may increase plasma concentrations of car-
bamazepine (see p.474) and phenytoin (see p.498). Some li-
censed product information recommends monitoring concentra-
tions of phenytoin if used with trazodone.
Antivirals. In a small study in 10 subjects, the use of low-dose
ritonavir (200 mg twice daily for 2 days) with trazodone (50 mg
once daily) more than halved the clearance of trazodone resulting
in significant increases in its peak plasma concentrations.1 Ad-
verse reactions were noted in 3 subjects and included dizziness,
nausea, hypotension, and syncope.
1. Greenblatt DJ, et al. Short-term exposure to low-dose ritonavir

impairs clearance and enhances adverse effects of trazodone. J
Clin Pharmacol 2003; 43: 414–22.

Ginkgo biloba. Coma, reversible by flumazenil, developed in
an 80-year-old woman with Alzheimer’s disease 3 days after
starting to take a preparation of ginkgo biloba with trazodone.1
1. Galluzzi S, et al. Coma in a patient with Alzheimer’s disease

taking low dose trazodone and gingko biloba. J Neurol Neuro-
surg Psychiatry 2000; 68: 679–80.
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Pharmacokinetics
Trazodone is readily absorbed from the gastrointestinal
tract although absorption is affected by food. When tra-
zodone is taken shortly after a meal there may be an
increase in the amount absorbed, a decrease in the
maximum concentration, and a lengthening in the time
to maximum concentration compared with the fasting
state; peak plasma concentrations occur about one hour
after a dose when taken on an empty stomach and after
about 2 hours when taken with food. Protein binding is
reported to be about 89 to 95%. 
Trazodone is extensively metabolised in the liver and
paths of metabolism include N-oxidation and hydroxy-
lation. It is metabolised to its active metabolite m-chlo-
rophenylpiperazine via the cytochrome P450 isoen-
zyme CYP3A4. Trazodone is excreted mainly in the
urine almost entirely in the form of its metabolites, ei-
ther in free or in conjugated form: some is excreted in
the faeces via biliary elimination. The elimination of
trazodone from the plasma is biphasic, with a terminal
elimination half-life of 5 to 9 hours. 
Small amounts of trazodone are distributed into breast
milk.
◊ References.
1. Bayer AJ, et al. Pharmacokinetic and pharmacodynamic charac-

teristics of trazodone in the elderly. Br J Clin Pharmacol 1983;
16: 371–6. 

2. Nilsen OG, Dale O. Single dose pharmacokinetics of trazodone
in healthy subjects. Pharmacol Toxicol 1992; 71: 150–3. 

3. Nilsen OG, et al. Pharmacokinetics of trazodone during multiple
dosing to psychiatric patients. Pharmacol Toxicol 1993; 72:
286–9.

Uses and Administration
Trazodone is a triazolopyridine antidepressant chemi-
cally unrelated to other classes of antidepressants. It
blocks the reuptake of serotonin at presynaptic neu-
rones and has an action at 5-HT1 receptors. Trazodone
is also an antagonist at 5-HT2A/2C receptors. Unlike the
tricyclic antidepressants, trazodone does not inhibit the
peripheral reuptake of noradrenaline, although it may
indirectly facilitate neuronal release. Trazodone blocks
central α1-adrenoceptors and appears to have no effect
on the central reuptake of dopamine. It does not appear
to have very significant antimuscarinic properties, but
has a marked sedative action. 
For the treatment of depression trazodone hydrochlo-
ride is given in oral doses of 150 mg daily initially; to-
tal daily dosage may be increased by 50 mg every 3 or
4 days up to 300 to 400 mg daily if necessary. The daily
dosage may be divided throughout the day after food or
be given as a single dose at night. Divided daily dosag-
es of up to 600 mg may be given in severe depression
in hospitalised patients. A suggested initial dose in eld-
erly and other susceptible patients is 100 mg daily, and
total daily doses above 300 mg are unlikely to be need-
ed in these patients. 
In the treatment of anxiety (p.952), trazodone hydro-
chloride is given in an initial oral dose of 75 mg daily
increasing to 300 mg daily if necessary. 
As with other antidepressants, trazodone should be
withdrawn gradually.
Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. Trazodone has a different biochemical profile from both
the tricyclics and the SSRIs. 
References.
1. Weisler RH, et al. Comparison of bupropion and trazodone for

the treatment of major depression. J Clin Psychopharmacol
1994; 14: 170–9.

Disturbed behaviour. Trazodone has produced beneficial
results1-3 when tried in various disorders for the control of symp-
toms such as agitation, aggression, and disruptive behaviour (see
p.954). Some4 also consider that, in the management of demen-
tia, trazodone might be worth trying in nonpsychotic patients
with disturbed behaviour, especially those with mild symptoms
or those intolerant of or unresponsive to antipsychotics. Howev-
er, the evidence for such use is poor; a systematic review on the
use of trazodone in the treatment of behavioural and psycholog-
ical symptoms of dementia found that the evidence from ran-
domised, placebo-controlled studies was insufficient for any rec-
ommendations to be made.5 The risk of adverse effects such as

sedation and orthostatic hypotension, which may be particularly
problematic in the elderly, should also be considered.4

1. Pasion RC, Kirby SG. Trazodone for screaming. Lancet 1993;
341: 970. 

2. Lebert F, et al. Behavioral effects of trazodone in Alzheimer’s
disease. J Clin Psychiatry 1994; 55: 536–8. 

3. Sultzer DL, et al. A double-blind comparison of trazodone and
haloperidol for treatment of agitation in patients with dementia.
Am J Geriatr Psychiatry 1997; 5: 60–9. 

4. Rabins PV, et al. APA Work Group on Alzheimer’s Disease and
other Dementias. Steering Committee on Practice Guidelines.
American Psychiatric Association practice guideline for the
treatment of patients with Alzheimer’s disease and other demen-
tias. Second edition. Am J Psychiatry 2007; 164 (12 suppl):
5–56. Also available at: http://www.psychiatryonline.com/
pracGuide/loadGuidelinePdf.aspx?file=AlzPG101007 (ac-
cessed 23/07/08) 

5. Martinon-Torres G, et al. Trazodone for agitation in dementia.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2004 (accessed 24/11/05).

Sexual dysfunction. Priapism can occur as an adverse effect of
trazodone (see Effects on Sexual Function in Adverse Effects,
above) and this has led to trials of oral trazodone for the treatment
of erectile dysfunction (p.2179). Positive responses have been re-
ported, both with yohimbine1 and alone.2 However, there appear
to have been few controlled studies and a systematic review3

considered some of these to be either small, brief, or methodo-
logically weak. Meta-analysis3 of data from 6 studies did not find
trazodone to be superior to placebo but subgroup analysis possi-
bly suggested a better outcome in patients with psychogenic
erectile dysfunction and in those given doses of 150 to 200 mg
daily.
1. Montorsi F, et al. Effect of yohimbine-trazodone on psychogenic

impotence: a randomized, double-blind, placebo-controlled
study. Urology 1994; 44: 732–6. 

2. Lance R, et al. Oral trazodone as empirical therapy for erectile
dysfunction: a retrospective review. Urology 1995; 46: 117–20. 

3. Fink HA, et al. Trazodone for erectile dysfunction: a systematic
review and meta-analysis. BJU Int 2003; 92: 441–6.

Substance dependence. The antidepressant, anxiolytic, and
sedative properties of trazodone have been reported to have been
useful when tried in patients having withdrawal syndromes from
a variety of substances including alcohol (p.1626),1 cocaine
(p.1860),2 and benzodiazepines (p.987).3-5

1. Le Bon O, et al. Double-blind, placebo-controlled study of the
efficacy of trazodone in alcohol post-withdrawal syndrome:
polysomnographic and clinical evaluations. J Clin Psychophar-
macol 2003; 23: 377–83. 

2. Small GW, Purcell JJ. Trazodone and cocaine abuse. Arch Gen
Psychiatry 1985; 42: 524. 

3. Ansseau M, De Roeck J. Trazodone in benzodiazepine depend-
ence. J Clin Psychiatry 1993; 54: 189–91. 

4. Rickels K, et al. Trazodone and valproate in patients discontinu-
ing long-term benzodiazepine therapy: effects on withdrawal
symptoms and taper outcome. Psychopharmacology (Berl)
1999; 141: 1–5. 

5. Petrovic M, et al. A programme for short-term withdrawal from
benzodiazepines in geriatric hospital inpatients: success rate and
effect on subjective sleep quality. Int J Geriatr Psychiatry 1999;
14: 754–60.

Preparations
USP 31: Trazodone Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Taxagon; Austria: Trittico; Belg.: Nestrolan; Trazolan; Braz.: Don-
aren; Canad.: Desyrel; Trazorel†; Chile: Diapresan; Trant; Trittico; Tronsa-
lan; Cz.: Trittico AC; Fin.: Azona; Ger.: Thombran; Gr.: Trittico; Hong
Kong: Trittico; Hung.: Depsan†; Trittico; Irl.: Molipaxin; Israel: Depyrel†;
Trazodil; Trittico; Ital.: Trittico; Mex.: Sideril; Neth.: Trazolan; Pol.: Trittico;
Port.: Trazone; Triticum; Rus.: Trittico (Триттико); S.Afr.: Molipaxin; Sin-
gapore: Trittico; Spain: Deprax; Switz.: Trittico; Thai.: Desirel; Trazo;
Turk.: Desyrel; UK: Molipaxin; USA: Desyrel†; Venez.: Trittico.

Trimipramine (BAN, USAN, rINN)

IL-6001; 7162-RP; Trimeprimine; Trimipramiini; Trimipramin;
Trimipramina; Trimipraminum. Dimethyl{3-(10,11-dihydro-5H-
dibenz[b,f]azepin-5-yl-2-methyl)propyl}amine.

Тримипрамин
C20H26N2 = 294.4.
CAS — 739-71-9.
ATC — N06AA06.
ATC Vet — QN06AA06.

Trimipramine Maleate (BANM, USAN, rINNM)

Maleato de trimipramina; Trimipramiinimaleaatti; Trimipramin
maleinát; Trimipramine Hydrogen Maleate; Trimipramine,
maléate de; Trimipramini maleas; Trimipraminmaleat; Trimi-
pramin-maleát; Trimipramino maleatas.

Тримипрамина Малеат
C20H26N2,C4H4O4 = 410.5.
CAS — 521-78-8.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Trimipramine Maleate). A white or almost white
crystalline powder. Slightly soluble in water and in alcohol. Pro-
tect from light. 
USP 31 (Trimipramine Maleate). A white to almost white crys-
talline powder. Slightly soluble in water and in alcohol. Store in
airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for tricyclic antidepressants in general (see Am-
itriptyline, p.376).
Porphyria. Trimipramine is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.

Interactions
For interactions associated with tricyclic antidepres-
sants, see Amitriptyline, p.379.

Pharmacokinetics
Trimipramine is readily absorbed after oral doses, peak
plasma concentrations being obtained in 2 hours. It is
metabolised in the liver to its major metabolite des-
methyltrimipramine, which is active. Trimipramine is
excreted in the urine mainly in the form of its metabo-
lites. It is about 95% bound to plasma proteins. The
plasma elimination half-life is reported to be about 23
hours.
◊ References.
1. Maurer H. Metabolism of trimipramine in man. Arzneimittelfor-

schung 1989; 39: 101–3. 
2. Musa MN. Nonlinear kinetics of trimipramine in depressed pa-

tients. J Clin Pharmacol 1989; 29: 746–7.

Uses and Administration
Trimipramine is a dibenzazepine tricyclic antidepres-
sant with actions and uses similar to those of am-
itriptyline (p.381). It has marked antimuscarinic and
sedative properties. 
Trimipramine is given orally as the maleate although
doses are expressed in terms of the base. Trimipramine
maleate 34.9 mg is equivalent to about 25 mg of trimi-
pramine. In the treatment of depression, the usual ini-
tial dose is the equivalent of trimipramine 50 to 75 mg
daily, gradually increased as necessary to 150 to
300 mg daily. The recommended initial dose for the
elderly in the UK is 30 to 75 mg daily, gradually in-
creased as necessary. In the USA, the elderly and ado-
lescents may be given 50 mg daily initially followed
by gradual increments as necessary up to a maximum
of 100 mg daily. Trimipramine may be given in divid-
ed doses during the day, but since it has a prolonged
half-life, once-daily dosage regimens are also suitable
and usually given at night. 
Trimipramine has also been given orally as the hydro-
chloride and the mesilate; the mesilate has also been
given intramuscularly. 
Trimipramine should be withdrawn gradually to re-
duce the risk of withdrawal symptoms.
Preparations
BP 2008: Trimipramine Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Surmontil; Canad.: Apo-Trimip; Novo-Tripramine†; Rhotrimine;
Surmontil†; Denm.: Surmontil; Fin.: Surmontil; Fr.: Surmontil; Ger.: El-
doral†; Herphonal; Stangyl; Trimidura; Trimineurin; Hong Kong: Surmontil;
Hung.: Sapilent; India: Surmontil†; Irl.: Surmontil; Israel: Surmontil; Ital.:
Surmontil; Neth.: Surmontil†; Norw.: Surmontil; NZ: Surmontil; Tripress;
Philipp.: Surmontil; Port.: Surmontil; S.Afr.: Surmontil; Tydamine; Spain:
Surmontil; Swed.: Surmontil; Switz.: Surmontil; Trimine; UK: Surmontil;
USA: Surmontil; Venez.: Surmontil†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tryptophan (USAN, rINN)

Triptofán; Triptofanas; Triptófano; Tryptofaani; Tryptofan; L-Tryp-
tophan; Tryptophane; Tryptophanum; W. L-2-Amino-3-(indol-3-
yl)propionic acid.
Триптофан
C11H12N2O2 = 204.2.
CAS — 73-22-3.
ATC — N06AX02.
ATC Vet — QN06AX02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Tryptophan). A white or almost white crystalline
or amorphous powder. Sparingly soluble in water; slightly solu-
ble in alcohol; dissolves in dilute mineral acids and in dilute so-
lutions of alkali hydroxides. Protect from light. 
USP 31 (Tryptophan). White to slightly yellowish-white crys-
tals or crystalline powder. Soluble in hot alcohol and in dilute hy-
drochloric acid. pH of a 1% solution in water is between 5.5 and
7.0.
Adverse Effects
Tryptophan-containing products have been associated with the
eosinophilia-myalgia syndrome; for further details, see below. 
Other adverse effects that have been reported include nausea,
headache, lightheadedness, and drowsiness. 
An increased incidence of bladder tumours has been reported in
mice given L-tryptophan orally as well as in cholesterol pellets
embedded in the bladder lumen. However, there was no increase
in tumour incidence when only high-dose, oral tryptophan was
given.
Eosinophilia-myalgia syndrome. In late 1989 the first notifi-
cation linking the eosinophilia-myalgia syndrome with the use of
tryptophan-containing products was made in the USA.1 There
followed a number of similar published case reports from the
USA, Europe, and Japan. Reviews of tryptophan-associated
eosinophilia-myalgia syndrome have noted that by early 1990
over 1500 cases were known in the USA.2,3 
In early 1990 the CDC in the USA summarised the features and
known reports concerning the syndrome.4 As the name implies
the characteristic features are an intense eosinophilia together
with disabling fatigue and muscle pain, although multisystem or-
gan involvement and inflammatory disorders affecting the joints,
skin, connective tissue, lungs, heart, and liver have also been re-
corded. Symptoms have generally developed over several weeks
and the syndrome has occurred in patients who had been receiv-
ing tryptophan for many years previously with no untoward ef-
fect. In most patients slow and gradual improvement in the de-
gree of eosinophilia and other clinical manifestations has
followed the withdrawal of tryptophan, but in some patients the
disease has progressed despite withdrawal and there have been
fatalities.5-7 The inflammatory condition has necessitated the use
of corticosteroids in some patients. 
The eosinophilia-myalgia syndrome has been reported in pa-
tients taking both tryptophan-containing prescription products
for depression and non-prescription dietary supplements for a
number of disorders including insomnia, the premenstrual syn-
drome, and stress; it does not appear to have occurred in patients
receiving amino-acid preparations containing tryptophan as part
of total parenteral nutrition regimens. The recognition of this
syndrome led to the withdrawal of tryptophan-containing prod-
ucts or severe restrictions being imposed upon their use in many
countries during 1990. 
Various theories were proposed as to the reason for the associa-
tion of tryptophan with this syndrome. Confusion existed be-
cause the reports implicated a very wide range of products from
different manufacturers. However, later evidence appeared to
have confirmed that contaminated tryptophan had originated
from a single manufacturer in Japan.8-10 Bulk tryptophan was im-
ported from Japan for manufacture into finished pharmaceutical
dosage forms and it was noted in one of these reports9 that a sin-
gle product was often found to contain two or more lots of pow-
dered tryptophan that were blended together during the produc-
tion of tablets or capsules. Many trace contaminants have been
found in batches of tryptophan associated with the syndrome.11

One contaminant has been identified as 1,1′-ethylidenebis(tryp-
tophan).12 Its inclusion in bulk tryptophan powder appeared to
coincide with alterations in the manufacturing conditions that in-
volved a change in the strain of Bacillus amyloliquefaciens used
in the fermentation process and a reduction in the amount of
charcoal used for purification.9 Other investigations indicated the
presence of bacitracin-like peptides in batches of the contaminat-
ed tryptophan.13 However, further work14 has provided only
weak support for an association between the syndrome and any
one particular contaminant and the causative agent remains to be
confirmed. Nonetheless, since the syndrome only appeared to be

associated with tryptophan from one manufacturer, tryptophan
preparations were reintroduced in the UK in 1994 for restricted
use under carefully monitored conditions.15 In January 2005, the
UK requirement for patient registration and monitoring was re-
moved.
1. Anonymous. Eosinophilia-myalgia syndrome—New Mexico.

MMWR 1989; 38: 765–7. 
2. Troy JL. Eosinophilia-myalgia syndrome. Mayo Clin Proc

1991; 66: 535–8. 
3. Milburn DS, Myers CW. Tryptophan toxicity: a pharmacoepide-

miologic review of eosinophilia-myalgia syndrome. DICP Ann
Pharmacother 1991; 25: 1259–62. 

4. Kilbourne EM, et al. Interim guidance on the eosinophilia-my-
algia syndrome. Ann Intern Med 1990; 112: 85–6. 

5. Anonymous. Eosinophilia-myalgia syndrome associated with
ingestion of -tryptophan—United States, through August 24,
1990. JAMA 1990; 264: 1655. 

6. Kaufman LD, et al. Clinical follow-up and immunogenetic
studies of 32 patients with eosinophilia-myalgia syndrome.
Lancet 1991; 337: 1071–4. 

7. Hertzman PA, et al. The eosinophilia-myalgia syndrome: status
of 205 patients and results of treatment 2 years after onset. Ann
Intern Med 1995; 122: 851–5. 

8. Slutsker L, et al. Eosinophilia-myalgia syndrome associated
with exposure to tryptophan from a single manufacturer. JAMA
1990; 264: 213–17. 

9. Belongia EA, et al. An investigation of the cause of the eosi-
nophilia-myalgia syndrome associated with tryptophan use. N
Engl J Med 1990; 323: 357–65. 

10. Varga J, et al. The cause and pathogenesis of the eosinophilia-
myalgia syndrome. Ann Intern Med 1992; 116: 140–7. 

11. Hill RH, et al. Contaminants in L-tryptophan associated with
eosinophilia myalgia syndrome. Arch Environ Contam Toxicol
1993; 25: 134–42. 

12. Mayeno AN, et al. Characterization of "peak E", a novel amino
acid associated with eosinophilia-myalgia syndrome. Science
1990; 250: 1707–8. 

13. Barnhart ER, et al. Bacitracin-associated peptides and contami-
nated -tryptophan. Lancet 1990; 336: 742. 

14. Philen RM, et al. Tryptophan contaminants associated with
eosinophilia-myalgia syndrome. Am J Epidemiol 1993; 138:
154–9. 

15. CSM/MCA. L-Tryptophan (Optimax): limited availability for re-
sistant depression. Current Problems 1994; 20: 2. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024457&RevisionSelectionMethod=
LatestReleased (accessed 05/08/08)

Precautions
Tryptophan has been associated with eosinophilia-myalgia syn-
drome (see above); caution is advised in patients receiving the
drug who develop some, but not all, of the symptoms of this syn-
drome. It should not be used in those with a history of eosi-
nophilia-myalgia syndrome associated with tryptophan treat-
ment. 
Patients taking tryptophan may experience drowsiness and, if af-
fected, they should not drive or operate machinery. For further
details of the effects of antidepressant therapy on driving see un-
der Amitriptyline, p.379. 
Abnormal metabolism of tryptophan may occur in patients with
pyridoxine deficiency and tryptophan is thus sometimes given
with pyridoxine supplements.
Interactions
Although tryptophan has been given to patients receiving MAO-
Is in the belief that clinical efficacy may be improved, it should
be noted that the adverse effects may also be potentiated. For fur-
ther details, see Antidepressants under Interactions of
Phenelzine, p.418. 
Use of tryptophan with drugs that inhibit the reuptake of seroton-
in may exacerbate the adverse effects of the latter and precipitate
the serotonin syndrome (p.416). 
There have been occasional reports of sexual disinhibition in pa-
tients taking tryptophan with phenothiazines or benzodiazepines. 
For a report of tryptophan reducing blood concentrations of lev-
odopa, see Nutritional Agents under Interactions of Levodopa,
p.808.
Pharmacokinetics
Tryptophan is readily absorbed from the gastrointestinal tract.
Tryptophan is extensively bound to plasma albumin. It is metab-
olised in the liver by tryptophan pyrrolase and tryptophan hy-
droxylase. Metabolites include hydroxytryptophan, which is
then converted to serotonin, and kynurenine derivatives. Some
tryptophan is converted to nicotinic acid and nicotinamide. Pyri-
doxine and ascorbic acid are cofactors in the decarboxylation and
hydroxylation, respectively, of tryptophan; pyridoxine apparent-
ly prevents the accumulation of the kynurenine metabolites.
◊ References.
1. Green AR, et al. The pharmacokinetics of -tryptophan follow-

ing its intravenous and oral administration. Br J Clin Pharmacol
1985; 20: 317–21.

Uses and Administration
Tryptophan is an amino acid that is an essential constituent of the
diet. Tryptophan and DL-tryptophan have been used as dietary
supplements. 
Tryptophan is a precursor of serotonin. Because CNS depletion
of serotonin is considered to be involved in depression, tryp-
tophan has been used in its treatment. Although it has been given
alone, evidence of effectiveness is scant and tryptophan has gen-
erally been used as adjunctive therapy in depression. It has some-
times been given with pyridoxine and ascorbic acid, which are
involved in its metabolism to serotonin (see Pharmacokinetics,
above). 

In many countries preparations containing tryptophan have ei-
ther been withdrawn from the market or their availability severe-
ly restricted or limited because of its association with the eosi-
nophilia-myalgia syndrome. In the UK, tryptophan is restricted
to use as an adjunct to other antidepressant medication or in pa-
tients who have failed to respond to an adequate trial of standard
antidepressant drug treatment. Therapy should be started by hos-
pital specialists; thereafter tryptophan may be prescribed in the
community. 
In the treatment of depression the usual oral dose of tryptophan
is 1 g given three times daily, but some patients may require up
to 6 g daily in divided doses. Lower doses may be required in the
elderly especially those with renal or hepatic impairment.
Depression. Evidence of benefit for tryptophan when given
alone for depression (p.373) is lacking, though there is some sug-
gestion of a weak antidepressant effect.1 It has therefore mainly
been used with other antidepressants in the belief that it would
potentiate their effects. Although beneficial effects have been re-
ported in some patients given tryptophan with SSRIs, tricyclic
antidepressants, or MAOIs, either alone or with lithium, evi-
dence of efficacy is mainly limited to case reports and small con-
trolled studies.2-4 
After the publication of reports linking the use of tryptophan with
the eosinophilia-myalgia syndrome (see under Adverse Effects,
above) preparations containing tryptophan for depression were
withdrawn from the market or their use restricted. For details of
UK restrictions see Uses and Administration, above.
1. Shaw K, et al. Tryptophan and 5-hydroxytryptophan for depres-

sion. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2002 (accessed
24/11/05). 

2. Barker WA, et al. The Newcastle chronic depression study: re-
sults of a treatment regime. Int Clin Psychopharmacol 1987; 2:
261–72. 

3. Smith S. Tryptophan in the treatment of resistant depression—a
review. Pharm J 1998; 261: 819–21. 

4. Levitan RD, et al. Preliminary randomized double-blind place-
bo-controlled trial of tryptophan combined with fluoxetine to
treat major depressive disorder: antidepressant and hypnotic ef-
fects. J Psychiatry Neurosci 2000; 25: 337–46.

Dietary supplementation. The use of tryptophan as a dietary
supplement has been reviewed.1 However, because of its associ-
ation with the eosinophilia-myalgia syndrome (see under Ad-
verse Effects, above), the addition of tryptophan to food intended
for human consumption is prohibited in some countries.
1. Li Wan Po A, Maguire T. Tryptophan: useful dietary supplement

or a health hazard? Pharm J 1990; 244: 484–5.

Insomnia. Tryptophan, sometimes in the form of dietary sup-
plements, has enjoyed some popularity for the treatment of in-
somnia (p.957). However, in comparison with other hypnotics
such as the benzodiazepines, the effects of tryptophan have been
difficult to substantiate, and enthusiasm for tryptophan has
waned considerably amongst sleep researchers.1 It should also be
noted that since the publication of reports linking the use of tryp-
tophan with the eosinophilia-myalgia syndrome (see under Ad-
verse Effects, above) preparations indicated for insomnia have
been withdrawn from the market in many countries.
1. Lahmeyer HW. Tryptophan for insomnia. JAMA 1989; 262:

2748.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Kalma; Canad.: Tryptan; Ger.: Ardeydorm; Ardeytropin; Kalma;
UK: Optimax.
Multi-ingredient: Fr.: Vita-Dermacide; Ital.: Brioplus; Fisioreve; USA:
PDP Liquid Protein.
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Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Venlafaxine Hydrochloride). A white or almost
white powder. It exhibits polymorphism. Freely soluble in water
and in methyl alcohol; soluble in dehydrated alcohol; slightly
soluble or practically insoluble in acetone.

Adverse Effects and Treatment
Adverse effects that have been reported most frequent-
ly with venlafaxine include nausea, headache, insom-
nia, somnolence, dry mouth, dizziness, constipation,
sexual dysfunction, asthenia, sweating, and nervous-
ness. Other common adverse effects have included an-
orexia, diarrhoea, dyspepsia, abdominal pain, anxiety,
urinary frequency, visual disturbances, mydriasis, vaso-
dilatation, vomiting, tremor, paraesthesia, hypertonia,
chills or fever, palpitations, weight gain or loss, in-
creased serum-cholesterol, agitation, abnormal
dreams, confusion, arthralgia, myalgia, tinnitus, pruri-
tus, dyspnoea, yawning, and skin rashes. Dose-related
increases in blood pressure have also been observed in
some patients. 
Less common effects have included reversible increas-
es in liver enzymes, orthostatic hypotension, syncope,
arrhythmias, tachycardia, mucous membrane bleeding,
ecchymosis, hallucinations, bruxism, muscle spasm,
myoclonus, alopecia, altered taste, urinary retention,
menorrhagia, angioedema, and photosensitivity reac-
tions. 
Convulsions, galactorrhoea, haemorrhage including
gastrointestinal bleeding, anaphylaxis, hepatitis, ery-
thema multiforme, Stevens-Johnson syndrome, ataxia,
dysarthria, extrapyramidal disorders including psycho-
motor restlessness and akathisia, and activation of ma-
nia or hypomania have been reported rarely. Other rare
adverse effects include blood dyscrasias such as agran-
ulocytosis, aplastic anaemia, neutropenia, pancytope-
nia, and thrombocytopenia, prolongation of the QT in-
terval and torsade de pointes, ventricular tachycardia or
fibrillation, rhabdomyolysis, delirium, pancreatitis,
and pulmonary eosinophilia. 
Aggressive behaviour has developed with venlafaxine
treatment particularly at the start and when stopping
therapy. Suicidal ideation has been reported, particular-
ly in children (see under Effects on Mental State, be-
low). 
Hyponatraemia possibly due to inappropriate secretion
of antidiuretic hormone has been associated with the
use of antidepressants, particularly in the elderly. 
In overdosage, symptoms such as sweating, dizziness,
somnolence, ECG changes, cardiac arrhythmias, and
seizures may be noted. Treatment of overdosage in-
cludes consideration of the use of activated charcoal if
more than 12.5 mg/kg has been ingested and the pa-
tient presents within 1 hour; this should be followed by
symptomatic and supportive therapy. Dialysis, haemo-
perfusion, exchange perfusion, and measures to in-
crease urine production are considered unlikely to be
of benefit.
Effects on the endocrine system. The syndrome of inappro-
priate antidiuretic hormone secretion (SIADH) with hyponatrae-
mia may be more likely to occur with serotonergic antidepres-
sants such as venlafaxine than with other antidepressants; for
further details, see under Fluoxetine p.392.

Effects on the eyes. Acute angle-closure glaucoma developed
in a 45-year-old woman 3 days after starting venlafaxine;1 she
recovered after iridotomy. In another case, a 35-year-old man
presented with bilateral acute angle-closure glaucoma 10 days
after starting venlafaxine.2 The patient had also experienced vis-
ual disturbances while on mirtazapine and sertraline.
1. Ng B, et al. Venlafaxine and bilateral acute angle closure glau-

coma. Med J Aust 2002; 176: 241. 
2. de Guzman MHP, et al. Bilateral acute angle closure caused by

supraciliary effusions associated with venlafaxine intake. Med J
Aust 2005; 182: 121–2.

Effects on the hair. Hair loss has been described in 3 women
given venlafaxine. The effect was noticed by the patients within
a few weeks1 to 5 months2 after starting treatment. One patient
who noticed hair loss within 1 week of starting venlafaxine had
experienced the same problem during previous fluoxetine treat-
ment.3 In all 3 cases, hair loss abated soon after stopping venla-
faxine. In 2 cases hair regrowth was reported within a few

weeks,2,3 but the third report was unclear as to whether regrowth
occurred.1
1. Pitchot W, Ansseau M. Venlafaxine-induced hair loss. Am J Psy-

chiatry 2001; 158: 1159–60. 
2. Pereira CE, Goldman-Levine JD. Extended-release venlafaxine-

induced alopecia. Ann Pharmacother 2007; 41: 1084. 
3. O’Bryan EC, Albanese RP. A case report of fluoxetine- and ven-

lafaxine-induced hair loss. Prim Care Companion J Clin Psychi-
atry 2004; 6: 181.

Effects on the liver. Acute hepatitis developed in a 44-year-old
woman about 6 months after starting venlafaxine;1 she recovered
once venlafaxine was withdrawn. In another report,2 acute hepa-
titis developed in a 78-year-old man about a month after venla-
faxine was added to therapy. Again, symptoms resolved when
the drug was stopped. Hepatitis was noted in a 60-year-old wom-
an about a month after starting low-dose venlafaxine (75 mg dai-
ly); symptoms resolved when the drug was stopped and recurred
on rechallenge.3 Hepatitis has also been attributed to low-dose
venlafaxine (37.5 mg daily) in a patient with chronic hepatitis B;
other causes of hepatitis and relapse of viral hepatitis were ex-
cluded.4 
For a report of hepatotoxicity in patients taking venlafaxine sub-
sequent to an attempted overdose with sertraline, see p.392.
1. Horsmans Y, et al. Venlaxafine-associated [sic] hepatitis. Ann In-

tern Med 1999; 130: 944. 
2. Cardona X, et al. Venlafaxine-associated hepatitis. Ann Intern

Med 2000; 132: 417. 
3. Phillips BB, et al. Hepatitis associated with low-dose venlafax-

ine for postmenopausal vasomotor symptoms. Ann Pharmacoth-
er 2006; 40: 323–7. 

4. Sencan I, et al. Low-dose venlafaxine-associated liver toxicity in
chronic hepatitis. Ann Pharmacother 2004; 38: 352–3.

Effects on mental state. An expert working group was con-
vened in May 2003 by the UK CSM to consider the ongoing
safety concerns of the SSRIs and, in particular, the risk of suicid-
al behaviour in children; the safety of venlafaxine (another sero-
tonergic antidepressant) was also considered. An interim report
issued in September 2003 concluded that data from trials re-
ceived by the CSM failed to show that venlafaxine was effective
in the treatment of depressive illness in children under 18 years
old and indicated that the risk of harmful outcome including self-
harm and suicidal ideation was increased in those receiving ven-
lafaxine when compared with placebo.1 The CSM recommended
that venlafaxine should not be used to treat depressive illness in
children under 18 years old. Similar warnings have also been is-
sued in Canada,2 the EU,3 and the USA. (The final report4 of the
CSM’s expert working group was published in December 2004.) 
The risk of suicide and suicide-related events with antidepressant
treatment in adults including young adults is discussed under
Fluoxetine, p.392.
1. MHRA. Safety of venlafaxine in children and adolescents under

18 years in the treatment of depressive illness. Epinet message
from Professor G Duff, Chairman of Committee on Safety of
Medicines (issued 19th September, 2003). Available at:
ht tp://www.mhra.gov.uk/home/groups/pl-p/documents/
websiteresources/con019501.pdf (accessed 14/08/08) 

2. Wyeth Canada. Important safety information regarding the use
of Effexor (venlafaxine HCl) tablets and Effexor XR (venlafax-
ine HCl) capsules in children and adolescents (issued 10th Sep-
tember, 2003). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/effexor_hpc-cps-eng.pdf
(accessed 14/08/08) 

3. European Medicines Agency. European Medicines Agency finalis-
es review of antidepressants in children and adolescents (issued
25th April, 2005). Available at: http://www.emea.europa.eu/pdfs/
human/press/pr/12891805en.pdf (accessed 14/08/08) 

4. Weller IVD. Report of the CSM expert working group on the
safety of selective serotonin reuptake inhibitor antidepressants.
London: The Stationery Office, 2005. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON019472&RevisionSelect ionMethod=
LatestReleased (accessed 14/08/08)

Effects on the skin. Stevens-Johnson syndrome developed in
a patient 12 days after beginning treatment with venlafaxine for
recurrent depression.1 She had also been taking several other
drugs for at least 6 months. Symptoms resolved on withdrawal of
all medication and treatment with an intravenous corticosteroid.
1. Weiss NT, et al. A possible case of venlafaxine-induced Stevens-

Johnson syndrome. J Clin Psychiatry 2004; 65: 1431–3.

Overdosage. Rare serious events including seizures and ECG
changes1-3 have occurred after venlafaxine overdoses; in some
cases, death has ensued.4,5 Symptoms suggestive of serotonin
toxicity may also develop.6,7 
Venlafaxine may not be as safe in overdose as some other sero-
tonergic antidepressants. A review8 of UK data recording the
number of deaths due to acute poisoning by a single drug, with
or without alcohol, found the number of fatalities per million pre-
scriptions (the fatal toxicity index) was higher for venlafaxine
than for other serotonergic antidepressants, and was similar to
that for some of the less toxic tricyclic antidepressants.
1. White CM, et al. Seizure resulting from a venlafaxine overdose.

Ann Pharmacother 1997; 31: 178–80. 
2. Coorey AN, Wenck DJ. Venlafaxine overdose. Med J Aust 1998;

168: 523. 
3. Blythe D, Hackett LP. Cardiovascular and neurological toxicity

of venlafaxine. Hum Exp Toxicol 1999; 18: 309–13. 
4. Banham NDG. Fatal venlafaxine overdose. Med J Aust 1998;

169: 445, 448. 
5. Mazur JE, et al. Fatality related to a 30-g venlafaxine overdose.

Pharmacotherapy 2003; 23: 1668–72. 

6. Oliver JJ, et al. Venlafaxine poisoning complicated by a late rise
in creatine kinase: two case reports. Hum Exp Toxicol 2002; 21:
463–6. 

7. Whyte IM, et al. Relative toxicity of venlafaxine and selective
serotonin reuptake inhibitors in overdose compared to tricyclic
antidepressants. QJM 2003; 96: 369–74. 

8. Buckley NA, McManus PR. Fatal toxicity of serotoninergic and
other antidepressant drugs: analysis of United Kingdom mortal-
ity data. BMJ 2002: 325: 1332–3.

Serotonin syndrome. The serotonin syndrome (p.416) is
most often due to the additive adverse effects of two or more
drugs that enhance serotonin activity at central receptors; rarely,
a single serotonergic drug may cause the syndrome. One such
case1 was reported to have occurred in a 29-year-old woman who
developed symptoms suggestive of serotonin syndrome 3 days
after starting low-dose venlafaxine. However, this patient had
been switched to venlafaxine the day after stopping imipramine
treatment; it is usually recommended that at least 3 weeks should
elapse after stopping imipramine before starting another drug
with serotonergic properties.
1. Pan J-J, Shen WW. Serotonin syndrome induced by low-dose

venlafaxine. Ann Pharmacother 2003; 37: 209–11.

Precautions
Venlafaxine should not be used in patients with an
identified very high risk of a serious ventricular ar-
rhythmia or uncontrolled hypertension. Caution is ad-
vised in those with a recent history of myocardial inf-
arction or whose condition might be exacerbated by an
increase in heart rate. Due to the risk of dose-related
increases in blood pressure, blood pressure measure-
ment should be performed regularly during therapy.
Measurement of serum-cholesterol levels should also
be considered with long-term treatment. 
Venlafaxine should be used with caution in patients
with moderate to severe hepatic or renal impairment
and dosage adjustment may be necessary. It should
also be used with caution in patients with a history of
epilepsy and avoided in those with unstable disease; it
should be stopped in any patient developing a seizure
or if there is an increase in seizure frequency. Caution
is also advised in patients with a history of bleeding
disorders or of hypomania or mania. Patients with
raised intra-ocular pressure or at risk of angle-closure
glaucoma should be monitored closely. Patients who
develop a rash, urticaria, or related allergic reaction
with venlafaxine should be advised to contact their
doctor. 
Patients should be closely monitored during early anti-
depressant therapy until a significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Depression, p.373. Suicidal thoughts and behaviour
may also develop during early treatment with antide-
pressants for other disorders; the same precautions ob-
served when treating patients with depression should
therefore be observed when treating patients with other
disorders. 
As with other antidepressants, venlafaxine may impair
performance of skilled tasks and, if affected, patients
should not drive or operate machinery. Patients, espe-
cially the elderly, should be warned of the risk of dizzi-
ness or unsteadiness due to orthostatic hypotension. 
Symptoms reported on abrupt withdrawal or dose re-
duction of venlafaxine include fatigue, somnolence,
headache, nausea, vomiting, anorexia, palpitations,
dizziness, dry mouth, diarrhoea, insomnia, agitation,
anxiety, nervousness, confusion, hypomania, paraes-
thesia, sweating, and vertigo. It is therefore recom-
mended that venlafaxine should be withdrawn gradual-
ly over at least one week after more than one week’s
therapy; patients receiving high-dose venlafaxine for
longer than 6 weeks should be tapered over at least 2
weeks. All patients should also be monitored to mini-
mise the risk of withdrawal reactions.
Abuse. A patient had an amfetamine-like "high" after taking
crushed modified-release tablets of venlafaxine in doses of up to
3600 mg daily.1 He continued to ingest increasing amounts of
venlafaxine until a 4050-mg dose produced chest pain. On eval-
uation he had a raised pulse and blood pressure but these returned
to normal within a few days.
1. Sattar SP, et al. A case of venlafaxine abuse. N Engl J Med 2003;

348: 764–5.
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Breast feeding. Licensed product information recommends
that venlafaxine should not be used in women who are breast
feeding. 
Venlafaxine and its metabolite O-desmethylvenlafaxine were
both detected in breast milk in significant quantities in 3 wom-
en;1 there were also measurable concentrations of desmethylven-
lafaxine in the infants’ plasma. In another study2 by the same
group the mean milk-to-plasma ratio in 6 breast-feeding women
was calculated to be 2.5 for venlafaxine and 2.74 for O-desmeth-
ylvenlafaxine. Detectable plasma concentrations of venlafaxine
were found only in 1 of 7 breast-fed infants while 4 had detecta-
ble O-desmethylvenlafaxine levels; no adverse effects were re-
ported in the infants. Nonetheless, the authors recommended
caution when giving venlafaxine to breast-feeding women par-
ticularly for those feeding premature or very young neonates.
The distribution of venlafaxine into breast milk and the presence
of O-desmethylvenlafaxine in the serum of a further 5 breast-fed
infants has also been reported.3,4 There were no detectable ad-
verse effects in the infants, and the authors of 1 report4 suggested
that women being treated for postpartum depression should not
be generally discouraged from breast feeding. It has been sug-
gested that venlafaxine in breast milk might alleviate a with-
drawal syndrome in the neonate (see Pregnancy, below).
1. Ilett KF, et al. Distribution and excretion of venlafaxine and O-

desmethylvenlafaxine in human milk. Br J Clin Pharmacol
1998; 45: 459–62. 

2. Ilett KF, et al. Distribution of venlafaxine and its O-desmethyl
metabolite in human milk and their effects in breastfed infants.
Br J Clin Pharmacol 2002; 53: 17–22. 

3. Hendrick V, et al. Venlafaxine and breast-feeding. Am J Psychi-
atry 2001; 158: 2089–90. 

4. Berle JØ, et al. Breastfeeding during maternal antidepressant
treatment with serotonin reuptake inhibitors: infant exposure,
clinical symptoms, and cytochrome P450 genotypes. J Clin Psy-
chiatry 2004; 65: 1228–34.

Children. Venlafaxine is associated with an increased risk of
potentially suicidal behaviour when used for the treatment of de-
pression in children and adolescents under 18 years old; for fur-
ther details, see under Effects on Mental State, above. 
US licensed product information also refers to studies that sug-
gest that venlafaxine may adversely affect weight and height
changes in children. In particular, the difference between the ob-
served and the expected growth rate was larger for those children
under 12 years of age than for older children.
Pregnancy. Licensed product information recommends that
venlafaxine should not be used during pregnancy unless clearly
necessary. 
In a study of 150 women who took venlafaxine in the first trimes-
ter of pregnancy there were 125 live births, 18 spontaneous abor-
tions, 7 therapeutic abortions, and 2 reports of major malforma-
tions (hypospadias and neural tube defect with club foot).1
Although the rate of spontaneous abortions was non-significant-
ly higher in the venlafaxine group than in historical controls, the
rate of major malformations was not greater than the baseline
rate of 1 to 3%. 
A neonatal withdrawal syndrome developed in the infant of a
mother who had taken venlafaxine throughout her pregnancy;2
symptoms included restlessness, hypertonia, irritability, and poor
feeding. The infant recovered within 8 days. Seizures have been
described in 2 neonates whose mothers were taking venlafaxine.3
Lip smacking and extensor limb posturing began at 30 minutes
of age in 1 case, and multifocal myoclonic seizures occurred at
24 hours of age in the other; both recovered and were well at 1
year of age. Serum-venlafaxine concentrations had not been
measured and the authors were unsure whether the adverse ef-
fects in the neonates were due to withdrawal or toxicity. In a ret-
rospective study4 of women who had taken SSRIs or venlafaxine
during the third trimester (9 had taken venlafaxine), there were
reports of adverse effects on the CNS and respiratory tract in the
neonates, such as abnormal movements, tonus abnormalities, ir-
ritability, insomnia, indrawing, apnoea/bradycardia, and tachyp-
noea. The signs usually appeared on the first day of life and last-
ed for about 3 days in full-term neonates and about 5 days in
those born prematurely. 
Venlafaxine and its metabolite O-desmethylvenlafaxine are dis-
tributed into breast milk (see Breast Feeding, above), and it has
been suggested that breast feeding might have helped to alleviate
symptoms of a withdrawal syndrome in a neonate whose mother
took venlafaxine throughout her pregnancy.5
1. Einarson A, et al. Pregnancy outcome following gestational ex-

posure to venlafaxine: a multicenter prospective controlled
study. Am J Psychiatry 2001; 158: 1728–30. 

2. de Moor RA, et al. Withdrawal symptoms in a neonate following
exposure to venlafaxine during pregnancy. Ned Tijdschr Ge-
neeskd 2003; 147: 1370–2. 

3. Pakalapati RK, et al. Neonatal seizures from in utero venlafaxine
exposure. J Paediatr Child Health 2006; 42: 737–8. 

4. Ferreira E, et al. Effects of selective serotonin reuptake inhibi-
tors and venlafaxine during pregnancy in term and preterm ne-
onates. Pediatrics 2007; 119: 52–9. 

5. Koren G, et al. Can venlafaxine in breast milk attenuate the nore-
pinephrine and serotonin reuptake neonatal withdrawal syn-
drome? J Obstet Gynaecol Can 2006; 28: 299–301.

Renal impairment. The mean terminal disposition half-life of
venlafaxine was prolonged from a mean of 3.8 hours in 18
healthy subjects to 5.8 hours in 12 patients with mild to moderate
renal impairment (creatinine clearance 10 to 70 mL/minute) and

10.6 hours in patients requiring haemodialysis;1 corresponding
values for O-desmethylvenlafaxine, the active major metabolite
of venlafaxine, were 11.8, 16.8, and 28.5 hours, respectively. Be-
cause of the large intersubject variability, the change in disposi-
tion for venlafaxine and its active metabolite was evident only in
patients with a creatinine clearance of less than 30 mL/minute;
drug clearance in these patients was reduced by about 55% and
half-life more than doubled. It was calculated that for these pa-
tients half the usual daily dose could be given once daily. 
Similar recommendations are made in licensed drug informa-
tion, see under Uses and Administration, below.
1. Troy SM, et al. The effect of renal disease on the disposition of

venlafaxine. Clin Pharmacol Ther 1994; 56: 14–21.

Surgery. Serotonergic antidepressants such as venlafaxine may
be associated with an increased risk of blood loss during surgery;
for further details, see under Fluoxetine, p.396.
Withdrawal. Withdrawal reactions may be more common with
venlafaxine than with some other serotonergic antidepressants;
for further details, see under Fluoxetine, p.396. Withdrawal reac-
tions may also be seen in neonates after maternal venlafaxine
use, see under Pregnancy above. 
Some cases1,2 of withdrawal reactions to venlafaxine have been
reported.
1. Anonymous. Venlafaxine withdrawal reactions. Med J Aust

1998; 169: 91–2. 
2. Johnson H, et al. Withdrawal reaction associated with venlafax-

ine. BMJ 1998; 317: 787.

Interactions
Although different antidepressants have been used to-
gether under expert supervision in refractory cases of
depression, severe adverse reactions including the se-
rotonin syndrome (see p.416) may occur. Sequential
prescribing of different types of antidepressant may
also produce adverse reactions, and an appropriate
drug-free interval should elapse between stopping one
type of antidepressant and starting another. Venlafax-
ine should not be used with MAOIs and at least 14 days
should elapse between stopping an MAOI and starting
treatment with venlafaxine. At least 7 days should
elapse between stopping venlafaxine and starting any
drug liable to provoke a serious reaction (e.g.
phenelzine). For further details, see Antidepressants
under Interactions of Phenelzine, p.418. Adverse ef-
fects such as the serotonin syndrome may also occur
when venlafaxine is given with other drugs known to
act on the same neurotransmitter, a consequence of
synergistic interaction. 
Venlafaxine has occasionally been associated with
bleeding disorders and other effects on the blood; cau-
tion is advised when giving venlafaxine with other
drugs known to affect platelet function. 
Although cimetidine inhibits the first-pass hepatic me-
tabolism of venlafaxine, it has no effect on the active
metabolite O-desmethylvenlafaxine, which is present
in the plasma in much greater concentrations. Licensed
product information therefore considers that when ci-
metidine and venlafaxine are used together, clinical
monitoring may only be necessary in elderly patients
and in those with hepatic impairment or pre-existing
hypertension.
◊ Conversion of venlafaxine to its equally active metabolite O-
desmethylvenlafaxine is mediated by the cytochrome P450
isoenzyme CYP2D6. Therefore the potential exists for drugs that
inhibit or act as a substrate for this enzyme to affect plasma con-
centrations of venlafaxine and its active metabolite. However,
the US product information indicates that, as the total amount of
active compounds is unaffected, no dosage adjustment is usually
necessary for venlafaxine. Venlafaxine is also metabolised by
CYP3A4 to the less active metabolite N-desmethylvenlafaxine.
This is a relatively minor pathway and the potential for clinically
significant interactions between venlafaxine and CYP3A4 inhib-
itors is considered to be small. However, potent inhibitors of
CYP3A4 or drugs that inhibit both CYP2D6 and CYP3A4 could
significantly increase venlafaxine concentrations in patients who
are poor CYP2D6 metabolisers; such combinations should
therefore be used with caution. 
Venlafaxine itself is considered to be a relatively weak inhibitor
of CYP2D6.
Antiarrhythmics. Psychosis with raised serum concentrations
of venlafaxine and its metabolite O-desmethylvenlafaxine devel-
oped when propafenone therapy was started in a 67-year-old
woman. There was improvement when venlafaxine was stopped
and restarted at a reduced dose; 50 mg daily was sufficient to
maintain therapeutic serum concentrations.1
1. Pfeffer F, Grube M. An organic psychosis due to a venlafaxine-

propafenone interaction. Int J Psychiatry Med 2001; 31: 427–32.

Antibacterials. Tingling in the tip of the tongue, intense par-
aesthesia in the fingers, severe abdominal cramps, profuse diar-
rhoea, cold sweats, and uncontrolled shivering and tremor oc-
curred when co-amoxiclav was started in a man taking
venlafaxine.1 The reaction lasted for about 6 hours. It occurred
again 2 months later after a single dose of co-amoxiclav. The pa-
tient reported that he had taken co-amoxiclav in the past without
any reaction at a time when he was not taking venlafaxine. The
mechanism for an interaction between venlafaxine and co-amox-
iclav causing this serotonin syndrome is unknown. The author
also suggested that many patients must have taken this combina-
tion without adverse effect, and found no other reports. 
Serotonin syndrome has been reported in an elderly patient tak-
ing venlafaxine, after 20 days of antibacterial treatment includ-
ing linezolid.2 In another report, serotonin syndrome developed
8 days after starting treatment with intravenous linezolid in a pa-
tient taking venlafaxine.3
1. Connor H. Serotonin syndrome after single doses of co-amoxi-

clav during treatment with venlafaxine. J R Soc Med 2003; 96:
233–4. 

2. Jones SL, et al. Serotonin syndrome due to co-administration of
linezolid and venlafaxine. J Antimicrob Chemother 2004; 54:
289–90. 

3. Bergeron L, et al. Serotonin toxicity associated with concomi-
tant use of linezolid. Ann Pharmacother 2005; 39: 956–61.

Antimigraine drugs. There have been rare reports of seroton-
in syndrome associated with the use of serotonin and noradrena-
line reuptake inhibitors (SNRIs) with serotonin (5-HT1) agonists
such as sumatriptan (see p.626).
Antipsychotics. For mention of neuroleptic malignant syn-
drome developing in patients who received venlafaxine with an-
tipsychotics see under Interactions in Chlorpromazine, p.974.
Gastrointestinal drugs. Signs suggestive of the serotonin
syndrome that occurred after intravenous metoclopramide were
attributed to an interaction with venlafaxine.1 The 32-year-old
woman experienced confusion, agitation, generalised shaking,
myoclonus, facial twitching, diaphoresis, horizontal nystagmus,
and dilated pupils, that resolved within 2 days after stopping both
drugs and treatment with diazepam.
1. Fisher AA, Davis MW. Serotonin syndrome caused by selective

serotonin reuptake-inhibitors–metoclopramide interaction. Ann
Pharmacother 2002; 36: 67–71.

Selegiline. Although it is generally recommended that venla-
faxine should not be started for at least 14 days after stopping an
MAOI, there is a report1 of serotonin syndrome developing when
a patient began venlafaxine treatment 15 days after stopping sel-
egiline, an MAO type B inhibitor.
1. Gitlin MJ. Venlafaxine, monoamine oxidase inhibitors, and the

serotonin syndrome. J Clin Psychopharmacol 1997; 17: 66–7.

Pharmacokinetics
Venlafaxine is readily absorbed from the gastrointesti-
nal tract. After oral doses it undergoes extensive first-
pass metabolism in the liver mainly to the active me-
tabolite O-desmethylvenlafaxine; formation of O-des-
methylvenlafaxine is mediated by the cytochrome
P450 isoenzyme CYP2D6. The isoenzyme CYP3A4 is
also involved in the metabolism of venlafaxine. Other
metabolites include N-desmethylvenlafaxine and N,O-
didesmethylvenlafaxine. Peak plasma concentrations
of venlafaxine and O-desmethylvenlafaxine appear
about 2 and 4 hours after a dose, respectively. Venla-
faxine is 27% and O-desmethylvenlafaxine 30%
bound to plasma proteins. The mean elimination half-
life of venlafaxine and O-desmethylvenlafaxine is
about 5 and 11 hours, respectively. Venlafaxine is ex-
creted mainly in the urine, mainly in the form of its me-
tabolites, either free or in conjugated form; about 2% is
excreted in the faeces. Venlafaxine and O-desmethyl-
venlafaxine have been detected in amniotic fluid and
umbilical cord blood, and are distributed into breast
milk.
◊ References.
1. Troy SM, et al. The pharmacokinetics of venlafaxine when given

in a twice-daily regimen. J Clin Pharmacol 1995; 35: 404–9. 
2. Troy SM, et al. Pharmacokinetics and effect of food on the bio-

availability of orally administered venlafaxine. J Clin Pharma-
col 1997; 37: 954–61. 

3. Ball SE, et al. Venlafaxine: in vitro inhibition of CYP2D6 de-
pendent imipramine and desipramine metabolism; comparative
studies with selected SSRIs, and effects on human hepatic
CYP3A4, CYP2C9 and CYP1A2. Br J Clin Pharmacol 1997;
43: 619–26.

Pregnancy. Venlafaxine and its metabolite, O-desmethylvenla-
faxine, have been detected in amniotic fluid1,2 and umbilical cord
blood.1,3 For adverse effects that have occurred in neonates of
women who were taking venlafaxine during the third trimester,
see Pregnancy, under Precautions, above.
1. Hostetter A, et al. Amniotic fluid and umbilical cord blood con-

centrations of antidepressants in three women. Biol Psychiatry
2000; 48: 1032–4. 
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2. Loughhead AM, et al. Antidepressants in amniotic fluid: another

route of fetal exposure. Am J Psychiatry 2006; 163: 145–7. 

3. Rampono J, et al. A pilot study of newer antidepressant concen-
trations in cord and maternal serum and possible effects in the
neonate. Int J Neuropsychopharmacol 2004; 7: 329–34.

Uses and Administration
Venlafaxine, a phenylethylamine derivative, is a serot-
onin and noradrenaline reuptake inhibitor (SNRI); it
also weakly inhibits dopamine reuptake. It is reported
to have little affinity for muscarinic, histaminergic, or
α1-adrenergic receptors in vitro. Venlafaxine is given
orally as the hydrochloride although doses are ex-
pressed in terms of the base; venlafaxine hydrochloride
28.3 mg is equivalent to about 25 mg of venlafaxine. 

Venlafaxine is used in the treatment of depression. The
initial daily dose is equivalent to venlafaxine 75 mg in
two or three divided doses with food. In the USA, it is
suggested that some patients may be best started on
37.5 mg daily for the first 4 to 7 days before increasing
the dose to 75 mg daily. The dose may be increased, if
necessary, after several weeks to 150 mg daily. Further
increases, to a maximum daily dose of 375 mg, may be
made in increments of up to 75 mg at intervals of at
least 2 to 4 days. Such doses may be required in severe-
ly depressed or hospitalised patients and should be
gradually reduced to the minimum effective dose.
Modified-release preparations are available for once-
daily dosing. 

Venlafaxine is also used, as a modified-release prepa-
ration, in the treatment of generalised anxiety disor-
der. The recommended initial dose is 75 mg once dai-
ly. In the USA it is suggested that some patients may be
best begun with 37.5 mg daily for 4 to 7 days initially;
dosage may subsequently be adjusted in increments of
up to 75 mg, at intervals of at least 4 days, to a maxi-
mum of 225 mg daily. Venlafaxine should be with-
drawn gradually if there is no response after 8 weeks. 

In the USA, modified-release venlafaxine is licensed
for the treatment of social anxiety disorder in doses
similar to those used for generalised anxiety disorder.
It is also licensed in the USA for panic disorder with
or without agoraphobia in doses of 37.5 mg once daily
for the first 7 days, then increasing to 75 mg daily. Sub-
sequent increases in increments of up to 75 mg may be
made at intervals of at least 7 days, to a maximum dose
of 225 mg daily. 

Reduced doses may need to be given in hepatic or renal
impairment, see below. 

Venlafaxine should be withdrawn gradually to reduce
the risk of withdrawal symptoms (see Precautions,
above).

Administration in hepatic impairment. UK licensed prod-
uct information considers that patients with mild hepatic impair-
ment do not require a change in dose of venlafaxine. For those
with moderate impairment, the dose should be reduced by half
and given once daily. There are insufficient data to make any rec-
ommendations for patients with severe impairment.

Administration in renal impairment. The UK licensed
product information states that, based on glomerular filtration
rate (GFR), patients with mild renal impairment (GFR above
30 mL/minute) do not require a change in dose of venlafaxine.
For those with moderate impairment (GFR 10 to 30 mL/minute),
the dose should be reduced by 50% and once-daily dosage may
be appropriate. There are insufficient data to make any recom-
mendations for patients with severe impairment (GFR less than
10 mL/minute). 

In the USA, it is recommended that patients with a GFR of 10 to
70 mL/minute reduce the dose of immediate-release venlafaxine
by 25% and of modified-release venlafaxine by 25 to 50%; re-
gardless of preparation, in those undergoing haemodialysis, the
dose should be reduced by 50% and withheld until the dialysis is
completed.

Anxiety disorders. Venlafaxine is used in the treatment of
generalised anxiety disorder and social anxiety disorder (see un-
der Phobic Disorders, p.953); it may also be of use in a variety of
other types of anxiety disorders (p.952) including the treatment
of obsessive-compulsive disorder (p.952), panic disorder
(p.952), and post-traumatic stress disorder (p.953). 
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15. Ferguson JM, et al. Relapse prevention of panic disorder in
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Depression. As discussed on p.373, there is very little differ-
ence in efficacy between the different groups of antidepressant
drugs, and choice is often made on the basis of adverse effect
profile. In December 2004 the UK CSM recommended that, be-
cause of the risk of adverse cardiovascular effects and toxicity in
overdosage (see above), venlafaxine treatment should be begun
and maintained under specialist supervision only. After an as-
sessment of further safety evidence, these restrictions were re-
vised in May 2006 and specialist supervision was considered
only necessary when starting venlafaxine treatment in severely
depressed or hospitalised patients who require doses of 300 mg
daily or above. However, it was also advised that venlafaxine
should be considered a second-line treatment, after the SSRIs. 
The O-desmethyl metabolite of venlafaxine, desvenlafaxine
(p.388), is also used in depression. 
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Hot flushes. For the reference to the use of venlafaxine in the
treatment of hot flushes, see under Fluoxetine, p.398.
Hyperactivity. When drug therapy is indicated for attention
deficit hyperactivity disorder (p.2148) initial treatment is usually
with a central stimulant. Antidepressants may be used for pa-
tients who fail to respond to, or who are intolerant of, central
stimulants; in open studies venlafaxine has been reported to be
effective in both adults1-3 and children4,5 although in one study4

some patients experienced a worsening of symptoms.
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Migraine. Retrospective analysis1 in patients with tension-type
headache (p.617) or migraine (p.616) indicated that venlafaxine,

as a modified-release preparation, had potential for headache
prophylaxis. A more recent randomised placebo-controlled
study2 also supports the use of modified-release venlafaxine in
the prophylaxis of migraine.
1. Adelman LC, et al. Venlafaxine extended release (XR) for the
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tive study in a clinical setting. Headache 2000; 40: 572–80. 
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Pain. Venlafaxine may be of benefit in the treatment of neuro-
pathic pain syndromes (p.8)1,2 including painful diabetic neurop-
athy (p.6).3-5 It has also shown some promise in the treatment of
fibromyalgia (see Soft-tissue Rheumatism, p.13).6
1. Sumpton JE, Moulin DE. Treatment of neuropathic pain with

venlafaxine. Ann Pharmacother 2001; 35: 557–9. 
2. Grothe DR, et al. Treatment of pain syndromes with venlafaxine.

Pharmacotherapy 2004; 24: 621–9. 
3. Davis JL, Smith RL. Painful peripheral diabetic neuropathy

treated with venlafaxine HCl extended release capsules. Diabe-
tes Care 1999; 22: 1909–10. 

4. Kiayias JA, et al. Venlafaxine HCl in the treatment of painful
peripheral diabetic neuropathy. Diabetes Care 2000; 23: 699. 

5. Rowbotham MC, et al. Venlafaxine extended release in the treat-
ment of painful diabetic neuropathy: a double-blind, placebo-
controlled study. Pain 2004; 110: 697–706. Correction. ibid.
2005; 113: 248. 

6. Sayar K, et al. Venlafaxine treatment of fibromyalgia. Ann Phar-
macother 2003; 37: 1561–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Efexor; Elafax; Ganavax; Mezine; Quilarex; Sesaren; Austral.: Efexor;
Austria: Efectin; Belg.: Efexor; Braz.: Efexor; Venlaxin; Venlift; Canad.:
Effexor; Chile: Depurol; Efexor; Nervix; Norpilen; Senexon; Sentidol; Ses-
aren; Subelan; Venlax; Cz.: Argofan; Convalemin; Efectin; Elify; Faxiprol; La-
faxon; Mollome; Olvexya; Velaxin; Denm.: Efexor; Fin.: Efexor; Fr.: Effex-
or ; Ger.: Trevilor ; Gr.: Arvifax; Efexor; Hong Kong: Efexor ; Hung.:
Efectin; Olwexya; Velaxin; India: Flavix; Venlor; Vexor; Indon.: Efexor; Irl.:
Efexor; Israel: Efexor; Venla; Viepax; Ital.: Efexor; Faxine; Malaysia: Efex-
or; Mex.: Efexor; Odven SBK; Neth.: Efexor; Norw.: Efexor; NZ: Efexor;
Philipp.: Efexor; Pol.: Efectin; Velafax; Velaxin; Port.: Desinax; Efexor;
Genexin; Venxin; Xapnev; Zarelix; Rus.: Efevelone (Эфевелон); Velafax
(Велафакс); Velaxin (Велаксин); S.Afr.: Efexor; Venlor; Singapore: Efexor;
Spain: Dobupal; Vandral; Swed.: Efexor; Switz.: Efexor; Thai.: Efexor;
Turk.: Efexor; UK: Efexor; USA: Effexor; Venez.: Efexor; Idoxen; Sesaren.

Viloxazine Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de viloxazina; ICI-58834; Viloxazine, Chlorhydrate
de; Viloxazini Hydrochloridum. 2-(2-Ethoxyphenoxymethyl)
morpholine hydrochloride.
Вилоксазина Гидрохлорид
C13H19NO3,HCl = 273.8.
CAS — 46817-91-8 (viloxazine); 35604-67-2 (viloxazine
hydrochloride).
ATC — N06AX09.
ATC Vet — QN06AX09.

(viloxazine)

Profile
Viloxazine is a bicyclic antidepressant. Like the tricyclic antide-
pressants (see Amitriptyline, p.376), viloxazine is an inhibitor of
the reuptake of noradrenaline; it may also enhance the release of
serotonin from neuronal stores. However, it does not have
marked antimuscarinic, cardiotoxic, or sedative properties. 
Viloxazine is given for the treatment of depression (p.373) as the
hydrochloride although doses are expressed in terms of
viloxazine; viloxazine hydrochloride 57.7 mg is equivalent to
about 50 mg of viloxazine. The usual oral dose is equivalent to
viloxazine 200 to 300 mg daily in 2 or 3 divided doses. This may
be increased, if necessary, to 600 mg daily as tolerated. The ini-
tial dose for the elderly or patients with hepatic or renal impair-
ment is 100 mg daily cautiously increased if necessary. A modi-
fied-release preparation is also available for once daily use.
Viloxazine hydrochloride has also been given by intravenous in-
fusion. 
Viloxazine should be withdrawn gradually to reduce the risk of
withdrawal symptoms.
Porphyria. Viloxazine hydrochloride is considered to be unsafe
in patients with porphyria because it has been shown to be por-
phyrinogenic in animals.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Vivalan†; Cz.: Vivalan†; Fr.: Vivalan†; Ger.: Vivalan†; Port.: Vivalan†.

N
H

O
O

O CH3



Antidiabetics

431

This chapter describes diabetes mellitus and its man-
agement with antidiabetics. The oral drugs included in
this chapter are classified in Table 1, below. Insulin,
which is given parenterally, is discussed on p.443 and
classified in Table 2, p.444. The adjunct pramlintide
given subcutaneously, is described on p.457, and the
incretin mimetic, exenatide, on p.439.

Diabetes mellitus
Diabetes mellitus is a group of disorders of carbohydrate
metabolism in which the action of insulin is diminished or
absent through altered secretion, decreased insulin activi-
ty, or a combination of both factors. It is characterised by
hyperglycaemia. As the disease progresses tissue or vascu-
lar damage ensues leading to severe complications such as
retinopathy, nephropathy, neuropathy, cardiovascular dis-
ease, and foot ulceration. 
Diabetes mellitus may be categorised into several types
but the two major types are type 1 (insulin-dependent dia-
betes mellitus; IDDM) and type 2 (non-insulin-dependent
diabetes mellitus; NIDDM). The term juvenile-onset dia-
betes has sometimes been used for type 1 and maturity-
onset diabetes for type 2. Malnutrition-related diabetes is
no longer considered a separate entity (see Effects of Cas-
sava, under Adverse Effects of Starch, p.1968). 
Type 1 diabetes mellitus is present in patients who have
little or no endogenous insulin secretory capacity and who
therefore require exogenous insulin therapy for survival.
This form of the disease has an auto-immune basis in most
cases, and usually develops before adulthood. The associ-
ated hypoinsulinaemia and hyperglucagonaemia put such
patients at risk of ketosis and ketoacidosis. 
In type 2 diabetes mellitus the disease typically develops
in later life. Insulin secretion may appear normal or even
excessive (and type 2 patients are thus less prone to keto-
sis) but it is insufficient to compensate for insulin resist-
ance (p.449). Obesity is present in the majority of type 2
patients; non-obese patients tend to have low insulin secre-
tory capacity (although not as low as in type 1 diabetes)
rather than appreciable insulin resistance. It is closely as-
sociated with cardiovascular disease, and the 2 may arise
from a common antecedent described as the metabolic
syndrome. 
Diagnosis of diabetes mellitus. Diagnosis is based upon
blood-glucose concentrations exceeding set values under
specified conditions.1-4 Diagnostic values for measure-
ments in venous whole blood are greater than or equal to
6.1 mmol/litre for the fasting state and 10.0 mmol/litre af-
ter a glucose load. The corresponding values for capillary
whole blood are 6.1 and 11.1 mmol/litre, and for venous
plasma 7.0 and 11.1 mmol/litre.1 If there are accompany-
ing symptoms of increased thirst and urine volume, recur-
rent infections and weight loss, then a plasma-glucose con-
centration in excess of 11.1 mmol/litre in a single random
sample is considered diagnostic. If symptoms are absent, a
fasting plasma-glucose of 7.0 mmol/litre or more, repeated

on a subsequent day, can be used to confirm the diagnosis.
Alternatively, diagnosis can be confirmed with the oral
glucose tolerance test (OGTT). This test consists of an
overnight fast followed by measurement of the fasting
blood-glucose concentration, then the administration of a
75-g oral glucose load (in children 1.75 g/kg up to a max-
imum of 75 g), and further measurement of the blood-
glucose concentration two hours later. There has been
some confusion at an international level as to whether the
glucose load should be 75 g of the anhydrous form or the
monohydrate. Sources at WHO have therefore suggested
that the form should be standardised as 75 g of anhydrous
glucose (anhydrous dextrose), which would be equivalent
to 82.5 g of the monohydrate (Glucose BP; dextrose
monohydrate). The threshold for the diagnosis of diabetes
was lowered in the late 1990s from an earlier fasting plas-
ma glucose concentration of 7.8 mmol/litre,5 to reflect an
increased risk of microvascular disease in patients with
concentrations of 7.0 mmol/litre or more. Patients with ab-
normal blood sugar who do not reach the defined threshold
for overt diabetes may be considered to have impaired
fasting glucose or impaired glucose tolerance.6 
Measurement of glycosylated haemoglobin (HbA1c) is not
recommended for routine diagnosis.6 Similarly, other indi-
cators, such as measurement of autoantibodies (to insulin
or islet cells, for example) are not routinely used for diag-
nosis. 
Once the presence of diabetes has been confirmed the dis-
tinction between type 1 and type 2 is made on clinical
grounds. 
Management of diabetes mellitus. 
• DIETARY MODIFICATION. Dietary control is important in

both type 1 and type 2 diabetes.6-10 The goals of dietary
modification are to maintain glucose concentrations in
the normal range or as close to normal as possible, and
a lipid and lipoprotein profile and blood pressure that
reduce the risk of macrovascular disease (see Diabetic
Complications, below). Correction of obesity is desira-
ble in all patients, and weight loss in patients with type
2 diabetes can decrease insulin resistance, improve gly-
caemic and lipid measures, and reduce blood pressure.
Anorectic drugs are not appropriate in these patients,11

although orlistat, a gastric and pancreatic lipase inhibi-
tor, can be used as an adjunctive treatment to reduce
weight and improve blood glucose control in over-
weight patients with type 2 diabetes.12-14 A high fibre
intake may also lower blood-glucose concentrations and
additional fibre is sometimes taken in the form of guar
gum (see p.443). The influence of diet on diabetes is
such that all diabetic patients need to be aware of the
composition of foods and to be able to make adjust-
ments to their diet, especially to counteract treatment-
induced hypoglycaemia. However, neither protein re-
striction nor very low calorie diets are recommended. 

• EXERCISE. All diabetic patients should be encouraged to
exercise, according to their age and physical capabili-
ty.5,6,8,10 Exercise improves carbohydrate metabolism,
insulin sensitivity,15,16 and cardiovascular function.17 It
is also a useful component of any weight reduction pro-
gramme although diet may be more effective in promot-
ing weight loss and metabolic control.11 

• ORAL ANTIDIABETICS. If patients with type 2 diabetes
have not achieved suitable control after about 3 months
of dietary modification and increased physical activity,
then oral antidiabetics (oral hypoglycaemics) may be
tried. The two major classes are the sulfonylureas and
the biguanides. Sulfonylureas act mainly by increasing
endogenous insulin secretion, while biguanides act
chiefly by decreasing hepatic gluconeogenesis and in-
creasing peripheral utilisation of glucose. Both types
function only in the presence of some endogenous insu-
lin production. More recently developed classes of oral
antidiabetics include the alpha-glucosidase inhibitors,
the meglitinides, and the thiazolidinediones (see Table
1, above). Alpha-glucosidase inhibitors act by delaying
the absorption of glucose from the gastrointestinal tract;
meglitinides increase endogenous insulin secretion; and
thiazolidinediones appear to increase insulin sensitivity. 
Most patients with type 2 diabetes are overweight, and
are preferably treated with the biguanide metformin
rather than with a sulfonylurea (which can cause weight
gain). Results from the UK Prospective Diabetes Study

(UKPDS) have suggested that the use of metformin to
provide intensive blood-glucose control in overweight
diabetic patients substantially reduced the risk of diabe-
tes-related end-points such as myocardial infarction,
stroke, amputation, renal failure, blindness, and death.18

Metformin is as effective as the sulfonylureas in terms
of blood-glucose control and is less likely to cause hy-
poglycaemia,18 but has a rare tendency to cause lactic
acidosis in patients with renal impairment, in whom it
should not be used. 
Oral treatment of type 2 diabetes in patients who are not
overweight may be begun with a sulfonylurea. Chlor-
propamide and glibenclamide have long half-lives and
hence an increased tendency to cause hypoglycaemia,
although a large study19 reported that hypoglycaemic
episodes were less frequent with chlorpropamide than
glibenclamide. These 2 drugs are best avoided in the
elderly; a sulfonylurea with a short half-life, such as gli-
clazide or tolbutamide, should be used instead. 
There is evidence that the use of low-dose sulfonylurea
therapy in patients with diagnosed type 2 diabetes but
near-normoglycaemia due to early remission (the so-
called honeymoon period) can delay the onset of hyper-
glycaemia.20 
Drug treatment may also involve an alpha-glucosidase
inhibitor such as acarbose or miglitol.21 These have a
small but significant effect in lowering blood glucose
and do not cause hypoglycaemia when used alone, but
they can cause intolerable gastrointestinal effects. Meg-
litinides such as repaglinide and nateglinide are a new
chemical class of antidiabetics which act similarly to
sulfonylureas; repaglinide has a rapid onset and short
duration of action and is given with meals. The thiazoli-
dinediones, such as pioglitazone or rosiglitazone, ap-
pear to increase insulin sensitivity and have been the
subject of much interest for type 2 diabetes and insulin
resistance. 
Should treatment with one of the oral antidiabetics fail
then a different type or in some instances combinations
of different types may produce improvement. Alarming
evidence18 of an increased risk of death in UKPDS pa-
tients given intensive therapy with metformin plus a sul-
fonylurea was not borne out by further analysis, and this
combination is widely used. In patients in whom such
combinations fail or are contra-indicated, pioglitazone
or rosiglitazone may be combined with metformin or a
sulfonylurea as an alternative to progressing to insulin.
Triple therapy, combining a sulfonylurea, metformin,
and either rosiglitazone22 or pioglitazone23 has also
been shown to be effective. Biguanides may also be
added to meglitinide therapy. Alpha-glucosidase inhibi-
tors may improve diabetes control when used as an ad-
junct to sulfonylureas or biguanides. Guar gum may
also be used as an adjunct to any of the oral hypoglycae-
mics to enhance the improvement in blood-glucose con-
trol. 
Patients with type 2 diabetes who cannot be controlled
adequately by oral therapy and diet need insulin either
in addition to or in place of oral therapy. Type 2 diabetes
is a progressive disease, and about 30% of those on sul-
fonylureas will be transferred to insulin treatment within
4 years, a change which now tends to be made earlier
owing to increasingly strict criteria for glycaemic con-
trol (tight control of blood glucose has now been shown
to decrease the risk of complications, see Diabetic Com-
plications, below). However, as insulin therapy is asso-
ciated with more hypoglycaemic episodes and a greater
tendency to weight gain it remains reasonable to begin
with oral therapy in type 2 diabetes before proceeding to
insulin.24 Combination of a single insulin injection at
bedtime (morning injection is less effective) with oral
hypoglycaemics (either a sulfonylurea, metformin, or
both) is as effective as insulin alone, and if metformin is
used, is associated with less weight gain.25 In general, as
the disease progresses, the majority of patients need
multiple therapies to achieve glycaemic control.26

Biguanides and alpha-glucosidase inhibitors may also
be combined with insulin. There is increasing interest in
the use of metformin and other oral hypoglycaemics as
potential adjuncts to insulin therapy in patients with type
1 diabetes.27 

Table 1. Classification of oral antidiabetics.
Aldose Reductase Inhibitors

Epalrestat

Alpha-glucosidase Inhibitors
Acarbose
Miglitol
Voglibose

Biguanides
Buformin
Metformin
Phenformin

Dipeptidylpeptidase-4 inhibitors
Sitagliptin
Vildagliptin

Meglitinides
Nateglinide
Repaglinide

Miscellaneous
Glybuzole
Guar Gum

Sulfonylureas
Acetohexamide
Carbutamide
Chlorpropamide
Glibenclamide
Glibornuride
Gliclazide
Glimepiride
Glipizide
Gliquidone
Glisentide
Glisolamide
Glisoxepide
Glycyclamide
Tolazamide
Tolbutamide

Thiazolidinediones
Pioglitazone
Rosiglitazone
Troglitazone

The symbol † denotes a preparation no longer actively marketed
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Insulin is also substituted for oral treatment to provide
cover during periods of severe stress, as in severe infec-
tion, trauma, or major surgery. Type 2 patients who be-
come pregnant should also be switched from oral thera-
py to insulin (see Pregnancy, below). 

• INSULIN THERAPY. While insulin may not be a necessary
part of the treatment of type 2 diabetes, it is essential in
the treatment of patients with type 1, since they have lit-
tle or no endogenous insulin secretory capacity.8,28 
The aim of insulin therapy is to achieve the best possible
control of blood-glucose concentrations without the risk
of the hypoglycaemia that can occur if too fine a degree
of control is attempted. Tight control of blood-glucose
concentrations can reduce the long-term complications
of diabetes such as retinopathy, nephropathy, and neu-
ropathy (see Diabetic Complications, below) but in
some patients (such as the elderly, or those who lack
motivation) it may be better merely to alleviate symp-
toms rather than attempt tight control. Exercise and die-
tary discipline are necessary to maintain normal sensi-
tivity to insulin. 
Insulin may be of beef or pork origin, or it may be hu-
man insulin produced by gene technology or by modifi-
cation of porcine insulin. Human and porcine insulin are
less immunogenic than bovine insulin and where possi-
ble most newly diagnosed type 1 patients are now given
human insulin. Modified insulin analogues such as insu-
lin lispro, insulin aspart, insulin detemir, and insulin
glargine are now available. 
Insulin is available in preparations offering a short, in-
termediate, or long action. It may be given intramuscu-
larly but the subcutaneous route is usually preferred.
Soluble insulin can also be given intravenously. More
recently, products delivering insulin for absorption
through the buccal mucosa or lungs have been devel-
oped. Details of insulin routes are given on p.450. Insu-
lin dosage schedules make use of the varying durations
of action, for example by incorporating a short-acting
and intermediate-acting insulin into a daily schedule.
Most patients with type 1 diabetes require two or three
injections of insulin daily, or with intensive regimens
even more. A once-daily regimen can be used if the pa-
tient is simply to be kept asymptomatic; this may also be
successful in patients with type 2 diabetes not satisfac-
torily controlled by oral antidiabetics. 

• IMMUNOSUPPRESSION. Many patients with type 1 diabe-
tes have a temporary improvement in pancreatic beta-
cell function soon after initial treatment with insulin.
This produces a period of partial remission known as the
honeymoon period, during which a small dose of insulin
(0.5 units/kg or less daily) is sufficient to maintain good
control. Attempts to prolong the honeymoon period
have included tight control immediately following diag-
nosis and also, given the probable auto-immune nature
of the condition, use of an immunosuppressant.8 How-
ever, results have been at best ambiguous. 

• PANCREATIC TRANSPLANTATION. Transplantation of the
whole pancreas in patients with type 1 diabetes poorly
controlled by insulin therapy has led to insulin inde-
pendence, and has usually been carried out with kidney
transplantation (see also Pancreatic Transplantation,
p.1816).29 Transplantation of pancreatic islet cells has
been investigated as an alternative. Since the introduc-
tion of the so-called ‘Edmonton Protocol’ and related
regimens for immunosuppression, and improvements in
techniques for harvesting and preparing islet cells, more
experienced centres are now reporting some success in
achieving insulin independence,29,30 and development
of new immunosuppressive regimens continues.31,32

However, at present successful patients exchange life-
long insulin therapy for life-long immunosuppression.
The induction of tolerance, less toxic immunosuppres-
sion, and enhanced islet engraftment remain the focus of
investigation.30 Results in animals have suggested that a
reasonable degree of glycaemic control may be achiev-
able long term without immunosuppression, using a
vascularised ‘artificial pancreas’ containing allogeneic
or even xenogeneic islet cells.33 The use of stem cells as
potential sources of islet cells is also under investiga-
tion.34 

• OTHER DRUG TREATMENTS. Other drugs have been tried
for diabetes mellitus, particularly when conventional
therapy has proved unsuccessful. Addition of the amy-
lin analogue pramlintide to insulin therapy has
improved glycaemic control in patients with type 1 and
type 2 diabetes.35,36 Other approaches under investiga-

tion include inhibition of fatty acid oxidation or the
use of β3-adrenoceptor agonists (selective agonists of
β-receptors thought to be associated with lipolysis and
thermogenesis) to stimulate energy expenditure.37 
Mecasermin (insulin-like growth factor I; IGF-I) has
been shown to improve metabolic control in patients
with type 1 diabetes and insulin resistance (and in some
type 2 patients).38,39 The incretin hormone glucagon-
like peptide 1 (GLP-1; insulinotropin) plays a role in
glucose homoeostasis, and when given therapeutically
improves glycaemic control in type 2 patients.40,41 In-
cretin mimics such as exenatide (synthetic exendin-4)
and liraglutide,42-44 and inhibitors of the incretin-
degrading enzyme dipeptidylpeptidase-4 (such as sita-
gliptin and vildagliptin),43,44 are also under investigation
or have been licensed for use in type 2 diabetes. Im-
provements in insulin sensitivity have also been seen in
insulin-resistant type 2 patients treated with a haemodi-
alysate of calf blood,45 while in other studies improved
insulin sensitivity was seen after treatment with the va-
nadium salt, vanadyl sulfate.46,47 Adjunctive chromium
supplementation may reduce serum-glucose in type 2
diabetes, but high doses may be required and long-term
safety and efficacy have not been established.48 

• PROPHYLAXIS. Because overt diabetes is the culmination
of a prolonged process, methods to delay or prevent its
development are being investigated, either by modify-
ing risk factors in populations or groups, or by targeting
individuals thought to be at high risk. Strategies under
consideration for the prevention of type 1 diabetes in-
clude avoidance of cows’ milk proteins (thought to be a
possible environmental trigger) during infancy;49 giving
free radical scavengers such as nicotinamide;50 prophy-
lactic insulin51-53 (or possibly oral antidiabetics) to al-
low ‘beta cell rest’; encouraging the development of an-
tigen tolerance, for example by taking oral antigens such
as insulin, glutamic acid decarboxylase, or heat shock
protein52,54,55 (a similar approach using subcutaneous
antigen has apparently extended the honeymoon period
in animal studies56); or by immunosuppression (see
above) or immunomodulation with agents such as BCG
vaccine,57 although some have found the latter ineffec-
tive.58 Preventive strategies for insulin resistance and
type 2 diabetes have tended to focus on weight loss, di-
etary modification, and exercise. However, prophylactic
drug therapy may be possible. A systematic review con-
cluded that there was good evidence for a reduced inci-
dence of diabetes in patients treated with metformin,
acarbose, orlistat, and troglitazone, although the attrition
rates were high with the latter 2 drugs; evidence of ben-
efit from statins, oestrogen, and various antihyperten-
sive drugs (including ACE inhibitors) was more equiv-
ocal. It was considered likely that some of the benefits
were indirect, due to drug-induced weight loss, and in
no case was the benefit definitive enough that the drug
could be recommended for diabetes prevention.59 Stud-
ies are ongoing with drugs including ramipril, telmisar-
tan, valsartan, nateglinide, rosiglitazone, and insulin
glargine.59-61 Guidelines62 for the prevention of type 2
diabetes recommend that individuals with pre-diabetes
(impaired fasting glucose or impaired glucose toler-
ance) should be counselled on weight loss and exercise,
and that drug therapy should not be routinely used until
more information becomes available. Screening for dia-
betes has been encouraged, particularly for those pa-
tients with risk factors.63 

Monitoring of therapy. Monitoring of therapy is an inte-
gral part of the management of the diabetic patient.64 De-
tection of urinary glucose has generally been superseded
by the monitoring of blood glucose (see Glucose Tests,
p.2314). For adequate diabetic control, the aim is to reduce
fasting blood-glucose concentrations to within the range
3.3 to 5.6 mmol/litre of venous whole blood, and postpran-
dial concentrations to below 10 mmol/litre.5 Many pa-
tients monitor their blood-glucose concentrations regular-
ly at home and this is essential for intensified insulin
regimens when tight control is required. Although the val-
ue of self-monitoring of blood-glucose concentrations in
type 2 patients is less clear, the results of a large cohort
study65 suggest that such monitoring can improve glycae-
mic control in these patients. Detection of urinary ketones
is useful in diabetics prone to ketosis; this is usually done
in clinics. Diabetic clinics also measure the degree of hae-
moglobin glycosylation (HbA1 or HbA1c) as an indicator
of longer term blood-glucose control and hence the risk of
complications (see Diabetic Complications, below). UK

guidelines9 recommend that a general target of 6.5 to 7.5%
should be set for HbA1c in individuals with type 2 diabetes.
In the USA,6 a target of HbA1c below 7.0% has been rec-
ommended for diabetes patients in general. The advanced
glycation end-product (AGE) of haemoglobin has also
been found to be a useful indicator of long-term blood glu-
cose control.66 Measurement of glycated serum proteins,
particularly albumin, is also used to give an indication of
glucose control, but for a shorter period than haemoglobin.
Other techniques that have been developed for monitoring
blood-glucose concentrations include continuous monitor-
ing by a subcutaneous system, and a minimally invasive
device that uses reverse iontophoresis through the skin. 
Pregnancy. Adverse pregnancy outcomes, including
spontaneous abortion and congenital malformation, are
more common in diabetic than in nondiabetic women. Im-
proved management of the pregnant diabetic patient, par-
ticularly in early pregnancy, lessens the incidence of such
events,67,68 but an increased risk still exists.69 Diabetic
women are advised to plan their pregnancies so that gly-
caemic control can be improved before conception.70

Some may need to avoid pregnancy (most commonly be-
cause of renal disease),71 but management has improved
sufficiently for this to be rare.68 
Insulin is the preferred treatment in pregnancy,72 even in
women with type 2 diabetes; patients taking oral antidia-
betics should therefore be switched to insulin. However,
there is increasing evidence to suggest that metformin
might be used safely during pregnancy, and NICE73 has
suggested that it may be used either as an adjunct or alter-
native to insulin if the likely benefits from improved gly-
caemic control outweigh the potential for harm. Insulin
regimens are similar to those in nonpregnant patients, the
dose being adjusted according to regular blood-glucose
measurements. Insulin requirements may decrease during
the first trimester but they increase during the latter two,
reaching about twice pre-pregnancy requirements at term;
they then fall once labour has begun and fall again after
delivery.72 
Pregnant diabetic patients are at risk of nocturnal hypogly-
caemia owing to continued fetal glucose consumption
while the mother is in a relatively fasting state. They are
also prone to diabetic ketoacidosis which must be treated
with great urgency because of the high risk of fetal loss. 
Gestational diabetes mellitus is defined as glucose intoler-
ance with onset or first recognition during pregnancy.74-76

Many women with gestational diabetes can be managed
by diet alone or, if necessary, also with insulin. Some sug-
gest giving prophylactic insulin even to women who could
be managed by diet alone, in view of the metabolic effects
of insulin.77 Insulin analogues such as insulin lispro and
insulin aspart have been investigated.76 Dietary manage-
ment of gestational diabetes can improve maternal and fe-
tal outcomes, and insulin therapy reduces fetal macro-
somia and perinatal morbidity.75 NICE73 also considers
that metformin or glibenclamide may be considered as an
adjunct or alternative to insulin. There has been much de-
bate about the benefits of screening for gestational diabe-
tes, and both universal74 and selective screening based on
risk factors75 have been promoted. 
Surgery. Insulin-dependent diabetics who require surgery
may be managed with a continuous intravenous insulin in-
fusion.78 Insulin is given as normal the night before opera-
tion, and switched to either a variable rate infusion via a
syringe pump, with a 5 or 10% glucose drip (with potassi-
um chloride, provided the patient is not hyperkalaemic), or
to a combined insulin-glucose infusion, on the day of op-
eration. (Many anaesthetists prefer insulin and a sodium
chloride infusion if blood glucose is already high.79) Sub-
sequent conversion back to subcutaneous insulin should
be undertaken before breakfast, giving the first subcutane-
ous dose 30 minutes before stopping continuous infusion.
Non-insulin-dependent patients should have any oral treat-
ment omitted on the day of operation, and may be given
insulin by a similar regimen if control is poor or deterio-
rates as can happen with major surgery.
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Diabetic complications
Much of the increased mortality and morbidity seen in di-
abetic patients is the result of complications that develop
with increasing duration of disease, particularly when gly-
caemic control is poor. Such complications may originate
from increased glycation of proteins and other biological
macromolecules in the hyperglycaemic environment,
pathological activation of protein kinase C, or from in-
creased accumulation of sorbitol and other polyols via the
aldose reductase pathway,1 but other factors play an im-
portant role in determining susceptibility. At the macro-
vascular level, diabetics are prone to hypertension and is-
chaemic heart disease, and heart disease is a major cause
of death; control of blood pressure is now seen as being as
important as glycaemic control in patients with type 2 dia-
betes. Microvascular tissue damage is an important factor
in the development of diabetic nephropathy and retinopa-
thy; it may also contribute to the other major complication,
diabetic neuropathy. Collagen abnormalities are also seen.
Diabetics with poor glycaemic control also have an in-
creased liability to severe bacterial or fungal infection.
Sometimes several factors may interact; thus neuropathy,
infection, and impaired blood flow due to macro- or mi-
crovascular disease may all play a role in the development
of diabetic foot disease, a complication which can ulti-
mately lead to amputation. 
Prevention of diabetic complications. Much attention
has been focused on whether strict or tight glycaemic con-
trol can modify the development or progression of diabetic
complications. In general, the longer-term studies have
provided more encouraging results than initial results indi-
cated, and meta-analysis of such studies2 has suggested
that intensive regimens may prevent microvascular com-
plications. 
The Diabetes Control and Complications Trial (DCCT)3

confirmed this view in type 1 diabetes. It compared in se-
lected patients the effects of conventional insulin therapy
with those of continuous subcutaneous insulin infusion or
multiple-injection regimens, on the development and pro-
gression of complications. The intensive treatment was
aimed at keeping preprandial blood-glucose concentra-
tions between 3.9 and 6.7 mmol/litre, postprandial con-
centrations at less than 10 mmol/litre, a weekly 3 a.m.
measurement at greater than 3.6 mmol/litre, and the
monthly glycosylated haemoglobin measurement at less
than 6.05%. Intensive insulin therapy reduced the develop-
ment and progression of retinopathy; it also reduced the
occurrence of microalbuminuria, albuminuria, and clinical
neuropathy. The major disadvantage of intensive insulin
therapy was a threefold greater risk of hypoglycaemia;
weight gain was also significantly greater. 
While it is accepted that some patients will benefit from
intensive insulin regimens, this approach requires caution
in patients at risk of hypoglycaemia. Also such intensive
treatment may not always be necessary, for example in pa-
tients known to maintain good control by conventional
dosage schedules, or where improvement can be obtained
by setting achievable targets and improving patient educa-
tion.4 However, intensive therapy can help sustain endog-
enous insulin secretion in type 1 diabetes, which is associ-
ated with improved metabolic control;5 this would favour
starting intensive insulin therapy at an early stage. After
the DCCT finished the patients returned to their own
health care providers for diabetes care, but were followed
in a cohort study for a further 11 years.6 Although more
than 90% of all patients went on to use intensive therapy,
and glycosylated haemoglobin values became very similar
for both groups during this time, there were fewer cardio-
vascular events and less microalbuminuria and albuminu-
ria in the group that had received intensive treatment dur-
ing the original DCCT, showing that the beneficial effects
of intensive therapy were maintained long term. 
The reports of the UK Prospective Diabetes Study
(UKPDS) have provided similar evidence in patients with
type 2 diabetes. This study has examined the benefits of
intensive therapy, using a variety of drugs with diet and
exercise. Intensive therapy, which aimed at producing fast-
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ing plasma-glucose concentrations of below 6 mmol/litre,
substantially decreased the risk of microvascular compli-
cations (particularly retinopathy). There was no difference
in benefit between intensive therapy with sulfonylureas
and with insulin.7 Metformin also produced benefit in the
overweight patients who received it.8 The UKPDS did not
provide unequivocal evidence of a reduction in macrovas-
cular disease with improved glycaemic control, although
there was some suggestion of a reduction in risk of myo-
cardial infarction (in line with a small earlier Japanese
study9). However, it did show that vigorous control of
blood pressure, using captopril or atenolol as the first-line
drugs, reduced the risk of both macrovascular and micro-
vascular complications,10,11 suggesting that this should
have a high priority in the treatment of type 2 diabetes. A
subsequent study has confirmed the importance of a mul-
tifactorial approach in reducing cardiovascular events.12 It
has been suggested that thiazolidinediones may have ben-
eficial effects in addition to their hypoglycaemic effect,
and a study13 in patients with type 2 diabetes and extensive
macrovascular disease found that pioglitazone improved
cardiovascular outcome and reduced the need to add insu-
lin. There has, however, been some concern about possible
adverse cardiovascular effects of rosiglitazone (see p.459). 
Diabetic eye disease. Diabetic patients are prone to poten-
tially blinding eye disease, usually in the form of cataract
or diabetic retinopathy. Cataract generally requires surgi-
cal extraction, particular care being taken to avoid infec-
tion. Diabetic retinopathy may take a ‘background’, non-
proliferative form, or become a more serious proliferative
retinopathy associated with neovascularisation, vitreous
haemorrhage and retinal detachment. Macular oedema,
characterised by retinal thickening from leaky blood ves-
sels, can develop at any stage.14,15 
Aggressive glycaemic and blood pressure control are the
main methods of prevention.15,16 However, once prolifer-
ative retinopathy has developed, glycaemic control is not
adequate to prevent worsening.17 Moreover, transient ear-
ly worsening may occur in patients transferred to more in-
tensive glycaemic regimens.18 
Once severe nonproliferative or proliferative retinopathy
has developed, photocoagulation using an argon laser or a
xenon arc is effective in limiting progression, while vitrec-
tomy may be helpful for vitreous haemorrhage and retinal
detachment.19 
Numerous drugs have been tried for the prevention or re-
tardation of diabetic eye disease, mostly with indifferent
results.15,16 Aldose reductase inhibitors such as sorbinil,
aspirin, statins, oxygen (and conversely, the antoxidant vi-
tamin E), ACE inhibitors, angiotensin II receptor antago-
nists such as losartan, interferon alfa-2a, and the matrix
metalloproteinase inhibitor prinomastat, have all produced
either minor benefit or no benefit at all, while the non-spe-
cific kinase inhibitor PKC-412 has produced some benefit
but accompanied by significant adverse effects.16 Other
drugs for which benefit has been claimed include ticlopi-
dine,20 epoetin,21 and danaparoid sodium.22 Ongoing stud-
ies include those with the somatostatin analogue octre-
otide, the specific protein kinase C inhibitor ruboxistaurin
mesilate, and the growth factor antagonist pegaptanib.16

Intravitreal injection of the corticosteroid triamcinolone
acetonide may be useful for diabetic macular oedema.23 
Diabetic nephropathy. Nephropathic changes associated
with microvascular disease develop in up to 30% of pa-
tients with type 1 diabetes and up to 40% of those with
type 2 disease; diabetic nephropathy, of which the first
clinical sign is albuminuria, is one of the major causes of
end-stage renal disease (see Chronic Renal Failure,
p.1672). 
Results from the DCCT indicate that strict glycaemic con-
trol reduces the incidence of microalbuminuria in type 1
diabetes,3 (with long-term renal benefits24) and a smaller
reduction was seen in the UKPDS in patients with type 2
diabetes.7 However, while good control may prevent de-
velopment of the initial lesion, it is not clear whether it can
prevent progression in patients who are already microalbu-
minuric. Some studies, including the DCCT, have suggest-
ed that this is the case;3,9 others have failed to confirm it.25 
Dietary protein restriction (see Renal Failure, p.1923),
which appears from a number of small studies to have a
beneficial, although small, effect on disease progres-
sion,26,27 has been recommended in patients with overt ne-
phropathy.28 
The most important approach to slowing the progression
of diabetic nephropathy is aggressive antihypertensive
control.10,28-30 Although most patients will require combi-

nation therapy, first-line use of ACE inhibitors has been
particularly recommended,28,30 as they have been suggest-
ed to reduce proteinuria to a greater extent than other anti-
hypertensives. However, results from the UKPDS showed
no difference between the effects of an ACE inhibitor and
a beta blocker in reducing microalbuminuria in type 2 dia-
betics with hypertension,11 and a systematic review31

found limited evidence to support a specific renoprotective
action in diabetics, independent of their effect on blood
pressure. Another systematic review32 found ACE inhibi-
tors to be effective for the primary prevention of develop-
ing microalbuminuria. The authors noted that although
data were limited this effect appeared independent of base-
line blood pressure, renal function, and type of diabetes.
Beneficial effects have also been reported when ACE in-
hibitors are given to patients with microalbuminuria but
without hypertension,33-35 and it has been recommended
that such patients receive ACE inhibitors, initially in small
doses, to slow the progression of renal disease.36 Some
consider that small decreases in blood pressure associated
with such therapy may be responsible for the benefit.11

ACE inhibition also had a modest renal protective effect in
normotensive diabetics with normal urinary albumin ex-
cretion,37 and such use requires further study. 
Angiotensin II receptor antagonists have also been shown
to reduce the progression of renal disease in type 2 patients
with both microalbuminuria and macroalbuminuria, and
US recommendations consider them an equal first choice
with ACE inhibitors;28 UK guidelines suggest they may be
used in those unable to tolerate ACE inhibitors.30 Al-
though a systematic review failed to find evidence that the
two classes were equivalent in their effects on survival,38

their effects on progression of nephropathy appear equiva-
lent.38,39 
The aldose reductase inhibitors have been investigated for
their effects on nephropathy, but results have been, at best,
ambiguous; a study in microalbuminuric patients given
tolrestat (now withdrawn worldwide) did show a decrease
in urinary albumin excretion but there was also a decrease
in the (initially raised) glomerular filtration rate.40 Pimage-
dine, which inhibits the formation of glycosylated end
products, is also under investigation. 
Diabetic neuropathy. Peripheral neuropathies are com-
mon complications of diabetes mellitus. The intensity and
extent of neurological abnormalities are proportional to
the degree and duration of hyperglycaemia. Neuropathic
symptoms include symmetrical sensory loss, particularly
in the feet and lower limbs; features of autonomic neurop-
athy such as gastroparesis, orthostatic hypotension, erec-
tile dysfunction, and gustatory sweating; pain and cranial
nerve palsy associated with mononeuropathies; and acute,
painful, sensory neuropathy.41,42 
Results from the DCCT indicated that strict glycaemic
control could substantially reduce the occurrence of clini-
cal neuropathy in patients with type 1 diabetes,3,43 a result
which was not duplicated in the UKPDS in patients with
type 2 diabetes.7 
Although some studies have suggested that aldose reduct-
ase inhibitors such as epalrestat44 can reduce the severity
of diabetic neuropathy, larger scale analysis has apparently
failed to show any benefit. However, studies with some
newer members of the class such as fidarestat are still on-
going.42 Interesting preliminary results have suggested
that ACE inhibitors may also have benefits in diabetic neu-
ropathy.45 An analysis46 of 4 studies using the antoxidant
thioctic acid found variable results, but an overall benefit,
in symptomatic diabetic polyneuropathy. Results from an-
other study47 have suggested some improvement in cardi-
ac autonomic neuropathy. Inhibition of protein kinase C
with ruboxistaurin is also under investigation.42 
Other management of diabetic neuropathy is essentially
symptomatic.41,42 The pain, which can be severe, may be
managed with tricyclic antidepressants; duloxetine, mexil-
etine, antiepileptics including carbamazepine, and topical
capsaicin or lidocaine may also be tried, as discussed on
p.6. 
Diabetic gastroparesis may respond to prokinetic drugs
such as metoclopramide, cisapride, domperidone, or
erythromycin,41,42,48 but their effects can be variable and
long-term use may be limited by adverse effects. Endo-
scopic or surgical interventions may be needed when
symptoms cannot be controlled. Diarrhoea may respond to
tetracycline (see below), while orthostatic hypotension
should be managed conventionally (see under Fludrocorti-
sone, p.1530) although care may be required in the use of

elastic stockings in patients with impaired blood flow to
the feet. For the management of erectile dysfunction, see
p.2179. 
Diarrhoea. Diabetic patients may develop intermittent
bouts of watery diarrhoea, sometimes alternating with
constipation; autonomic neuropathy and abnormalities of
digestion and bowel flora may play a role.49 Clonidine has
been suggested for severe cases,41 and octreotide has been
tried,50,51 but conventional management with antidiar-
rhoeal drugs (p.1694) is otherwise used; a broad spectrum
antibacterial (especially tetracycline) may also be effec-
tive. The mechanism of action of tetracycline in diabetic
diarrhoea is uncertain, but it has been suggested that one or
two doses of tetracycline should be the first line of treat-
ment.52 
Foot disease. Peripheral arterial disease, neuropathy, col-
lagen changes, and increased susceptibility to infection
may contribute to the foot lesions to which diabetics are
prone. Ulceration and tissue necrosis at pressure-points
may be followed by infection, gangrene, and sepsis. Man-
agement involves drainage and debridement of dead and
infected tissue, and the use of antibacterials if necessary:53

broad spectrum cover should be given intravenously if
there is severe infection, and adapted once the results of
bacteriological culture are available.54 Local antiseptic
therapy may be helpful, especially for infections with
Pseudomonas or Proteus spp. Neuropathic skin ulcers of
the lower extremities have responded to a platelet-derived
growth factor, becaplermin.55 Granulocyte colony-stimu-
lating factors have been used as adjunctive therapy with
antibacterials in severe foot infections.56 Strict control of
blood glucose is important and insulin should be given as
required. Effective pain relief and bed rest may be needed,
and surgical reconstruction to improve blood supply may
be helpful in some cases. Ultimately, some patients require
amputation of all or part of the foot. Preventive care, with
regular visits to a chiropodist, is therefore particularly im-
portant. 
Heart disease. Cardiovascular disease (heart failure, is-
chaemic heart disease, and stroke) is a major cause of mor-
bidity and death in patients with diabetes, who are at great-
ly increased risk of such disorders, often have a worse
prognosis when they occur, and who may be undertreated
for cardiovascular complications.57-59 Conventional risk
factors such as obesity, hypertension, and hyperlipid-
aemias tend to be common in diabetic patients, but other
factors, including hyperglycaemia itself (and particularly
postprandial hyperglycaemia60), may play a role. 
Management of cardiovascular disease in diabetic patients
should be essentially the same as in other patients; there
have been concerns about the use of individual drug
classes—beta blockers, aspirin (which may need to be giv-
en in higher than usual doses61), and calcium-channel
blockers62—but in general the benefits of intensive treat-
ment are seen to outweigh the risks.57-59 Treatment should
also include strict glycaemic control: it has been shown
that insulin-glucose infusion after myocardial infarction,
followed by subcutaneous insulin for at least 3 months, im-
proves long-term survival in patients with both type 1 and
type 2 diabetes.63 
Primary prevention of cardiovascular disease with lipid-
lowering drugs (see also Hyperlipidaemias, below) is an
increasingly important part of management in high-risk
patients.64,65 It has proved hard to demonstrate that good
glycaemic control also plays a role in reducing cardiovas-
cular risk (see Prevention of Complications, above); how-
ever, there is evidence from a study in patients with im-
paired glucose tolerance but not diabetes that decreasing
postprandial hyperglycaemia with acarbose reduced the
risk of hypertension and cardiovascular events such as my-
ocardial infarction.66 
Diabetics may also develop a form of restrictive cardiomy-
opathy in the absence of ischaemic heart disease. Again,
the condition is managed similarly to cardiomyopathy in
non-diabetic patients (see p.1163). 
Cardiac autonomic neuropathy has been reported to be im-
proved by thioctic acid (see Diabetic Neuropathy, above). 
Hyperlipidaemias. Insulin plays an important role in lipid
metabolism and deficient insulin action means that diabet-
ics are prone to hypertriglyceridaemia and have a blood-
lipid profile associated with an increased risk of athero-
sclerosis, and hence of macrovascular complications (see
also Cardiovascular Risk Reduction, p.1164 and Hyperli-
pidaemias, p.1169). The American Diabetes Association
recommends that LDL cholesterol concentrations should
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be below 2.6 mmol/litre, HDL cholesterol concentrations
more than 1.15 mmol/litre, and triglyceride concentrations
less than 1.7 mmol/litre.67 
Where drug therapy is needed, statins, in at least moderate
doses, are the lipid-lowering drugs of choice for both sec-
ondary and primary prevention of cardiovascular events in
type 2 diabetes; studies have shown benefit with atorvas-
tatin, fluvastatin, lovastatin, pravastatin, and simvastatin,
and there is no clear evidence to favour one statin over an-
other in these patients.68 Fibrates such as gemfibrozil may
be an alternative,67 particularly for secondary prevention
in patients with low levels of both LDL and HDL choles-
terol.68 Nicotinic acid has been used to raise HDL choles-
terol concentrations,69 but high doses can have an adverse
effect on glycaemic control.67 
Hypertension. Hypertension is twice as common in the
diabetic as in the non-diabetic population, and is associat-
ed with both macrovascular complications and microvas-
cular disease (especially diabetic nephropathy). Manage-
ment of hypertension in diabetics follows the same
principles as in the general population, but it should be
treated aggressively with a view to retarding development
of complications,10,30,70,71 and the threshold for drug treat-
ment and the treatment goal are lower than in non-diabetic
patients (see Hypertension, p.1171). All of the main
groups of antihypertensive drugs may be used although an
ACE inhibitor,72,73 such as ramipril,74 an angiotensin II re-
ceptor antagonist,73 or a beta blocker may be effective in
reducing complications.10,11 Low-dose diuretic therapy
has also been shown to be beneficial.75 Results with calci-
um-channel blockers have been variable, and there has
even been a suggestion that they may increase cardiovas-
cular adverse effects (see Diabetes Mellitus under Precau-
tions of Nifedipine, p.1352). However, a review of ran-
domised studies concluded that they were safe and
effective in this population, although possibly less so than
other antihypertensive drugs.62 In the UK, guidelines rec-
ommend that long-acting calcium-channel blockers may
be used as second-line treatment or as part of combination
therapy.30
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Diabetic emergencies
Hypoglycaemia. The most frequent complication of insu-
lin therapy is hypoglycaemia and patients taking insulin
need to be educated about its cause, symptoms, and treat-
ment. Most patients can recognise the early warning signs
of hypoglycaemia and by taking sugar immediately can
prevent more serious symptoms developing. Comatose
patients need to be given intravenous glucose or, if this is
not practicable, subcutaneous, intramuscular, or intrave-
nous glucagon (although glucose is still required if there is
no response within 10 minutes). Hypoglycaemia can also
develop in patients taking oral antidiabetics, notably the
sulfonylureas. 
Some patients report loss of the warning signs of hypogly-
caemia after transferring from animal to human insulin
and these patients, if appropriate, may need to be trans-
ferred back to animal insulin. However, the most signifi-
cant factor in loss of hypoglycaemic warning signs may be
exposure to hypoglycaemia itself; a study found that total
avoidance of hypoglycaemic episodes for 3 weeks while
maintaining glycaemic control restored awareness.1 Loss
of hypoglycaemic awareness, which appears to be due to
an adaptive conservation of glucose uptake in the brain,2 is
liable to be a particular problem in patients receiving inten-
sive therapy. There is limited data to suggest that caffeine
can improve awareness of hypoglycaemia.3,4 



436   Antidiabetics

For further details on the treatment of insulin-induced hy-
poglycaemia, see p.447. 
Diabetic ketoacidosis is caused by an absolute or relative
lack of insulin and commonly occurs after noncompliance
or failure to adjust insulin dosage in the presence of factors
such as infection that increase insulin requirements (see
Precautions for Insulin, p.447). Failure of an insulin pump
can be a cause.5 Also pregnant diabetic women are more
prone to development of diabetic ketoacidosis. 
Diabetic ketoacidosis is characterised by hyperglycaemia,
hyperketonaemia, and acidaemia, with subsequent dehy-
dration and electrolyte abnormalities. Onset may be rapid,
or insidious over many days. Initial presenting symptoms
such as thirst, polyuria, fatigue, and weight loss are those
of any newly presenting type 1 diabetic; they then progress
to nausea, vomiting, abdominal pain, and impaired con-
sciousness or coma, and, if untreated, death.5,6 
Diabetic ketoacidosis is a medical emergency and should
be treated immediately with fluid replacement and insu-
lin.5-8 Fluid requirements depend on the needs of the indi-
vidual; overvigorous fluid replacement without severe de-
hydration carries the risk of precipitating cerebral
oedema.6-8 
Soluble insulin should also be given immediately. Large
doses were formerly thought necessary, but lower dose
regimens accompanied by adequate hydration have since
been shown to be preferable.5 Insulin resistance in diabetic
ketoacidosis is generally exacerbated by hyperosmolarity
and other confounding factors, and insulin therapy is
therefore most effective when preceded or accompanied
by adequate fluid and electrolyte replacement.5 In the UK,
the BNF considers that insulin should preferably be given
by intravenous infusion, with the intramuscular route used
if facilities for intravenous infusion are not available.
However, in the USA some consider that an intravenous
bolus followed by subcutaneous injection may be appro-
priate in certain patients.5 Intramuscular or subcutaneous
injection are not appropriate in patients with hypovolae-
mic shock, due to poor tissue perfusion.5 Where the re-
sponse to insulin is inadequate the intravenous route is
generally required5 and the rate of infusion may be dou-
bled on an hourly basis until an appropriate response is
seen. A case report has suggested that mecasermin may be
useful if there is insulin resistance.9 
When the blood-glucose concentration has fallen to about
12.5 mmol/litre the dose of insulin may be reduced by
about half and glucose given intravenously,5 usually in a
strength of 5% with saline although in rare cases a glucose
strength of 10% may be necessary.5 The use of glucose en-
ables insulin to be continued in order to clear ketone bod-
ies without inducing hypoglycaemia. Once glucose con-
centrations have been controlled and acidosis has
completely cleared, subcutaneous injections of insulin can
begin;6 but intravenous insulin should not be stopped until
subcutaneous dosage has begun. 
Total body stores of potassium are depleted in patients
with diabetic ketoacidosis. Insulin deficiency appears to be
the main initiating factor for hyperkalaemia in diabetic ke-
toacidosis.10 Although patients may present with raised,
normal, or decreased serum-potassium concentrations, the
concentrations will start to fall with the correction of aci-
dosis. Potassium is added to the infusion fluid after initial
fluid expansion and once insulin therapy has begun.5 In
hyperkalaemic patients, potassium is given once serum
concentrations have fallen to within normal limits.5,6 In the
rare patient presenting with hypokalaemia potassium re-
placement should be begun before insulin therapy and the
latter withheld until potassium concentrations have risen
to normal values.5 
Intravenous bicarbonate is now generally reserved for pa-
tients with severe acidaemia; a common practice5,6 is to
give isotonic bicarbonate to those with a pH of less than
7.0 with the aim of raising the pH to 7.1. 
Phosphate concentrations are affected in a similar manner
to potassium concentrations in the ketoacidotic state, but
there is less agreement on the need for routine doses of
phosphate. Phosphate concentrations should be monitored
and phosphate given if clinically significant hypophospha-
taemia occurs.5,6 
The precipitating cause of diabetic ketoacidosis should
also be identified and managed appropriately. 
Hyperosmolar hyperglycaemic state or hyperosmolar
hyperglycaemic nonketotic coma (HONK) occurs mainly
in elderly patients with type 2 diabetes and though much

less common than diabetic ketoacidosis it carries a higher
mortality. Patients may present in coma with severe hyper-
glycaemia but with minimal ketosis; dehydration and renal
impairment are common.5 Treatment is similar to that of
diabetic ketoacidosis (see above), although potassium re-
quirements are lower and large amounts of fluid and less
insulin may be required; some suggest the use of hypoton-
ic fluid if necessary.11 There is an increased likelihood of
thrombotic events, so prophylactic anticoagulation should
be considered.
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Acarbose (BAN, USAN, rINN)

Acarbosa; Acarbosum; Akarboosi; Akarbos; Akarbosa; Akarboz;
Akarbozė; Bay-g-5421. O-{4-Amino-4,6-dideoxy-N-[(1S,4R,5S,6S)-
4,5,6-trihydroxy-3-hydroxymethylcyclohex-2-enyl]-α-D-gluco-
pyranosyl}-(1→4)-O-α-D-glucopyranosyl-(1→4)-D-glucopyranose.

Акарбоза
C25H43NO18 = 645.6.
CAS — 56180-94-0.
ATC — A10BF01.
ATC Vet — QA10BF01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Acarbose). A white or yellowish, amorphous, hy-
groscopic powder. Very soluble in water; practically insoluble in
dichloromethane; soluble in methyl alcohol. A 5% solution in
water has a pH of 5.5 to 7.5. Store in airtight containers. 
USP 31 (Acarbose). Produced by certain strains of Actinoplanes
utahensis. Store in airtight containers.

Adverse Effects
Acarbose often causes gastrointestinal disturbances,
particularly flatulence due to bacterial action on non-
absorbed carbohydrate in the colon. Abdominal disten-
sion, diarrhoea, and pain may occur. Ileus has been
rarely reported. A decrease in dosage and improved di-
etary habits may reduce these adverse effects. Hepato-
toxicity may occur and may necessitate a reduction in
dosage or withdrawal of the drug. Skin reactions have
occurred rarely. Very rarely oedema has been reported.
Incidence of adverse effects. The manufacturers reported
that adverse effects of acarbose were rarer in a postmarketing
surveillance study than in previous clinical trials;1 this was held
to represent better tailoring of individual doses to patient tolera-
bility.
1. Spengler M, Cagatay M. The use of acarbose in the primary-care

setting: evaluation of efficacy and tolerability of acarbose by
postmarketing surveillance study. Clin Invest Med 1995; 18:
325–31.

Effects on the liver. Hepatocellular liver damage, with jaun-
dice and elevated serum aminotransferases, have been reported
in patients receiving acarbose.1-3 Symptoms resolved on stop-
ping the drug.
1. Andrade RJ, et al. Hepatic injury caused by acarbose. Ann Intern

Med 1996; 124: 931. 
2. Carrascosa M, et al. Acarbose-induced acute severe hepatotox-

icity. Lancet 1997; 349: 698–9. 
3. Fujimoto Y, et al. Acarbose-induced hepatic injury. Lancet 1998;

351: 340.

Effects on the skin. Generalised erythema multiforme and
eosinophilia occurred in a male diabetic patient 13 days after
starting acarbose.1 The hypersensitivity reaction was confirmed
by rechallenge.
1. Kono T, et al. Acarbose-induced generalised erythema multi-

forme. Lancet 1999; 354: 396–7.

Precautions
Acarbose is contra-indicated in inflammatory bowel
disease, particularly where there is associated ulcera-
tion, and in gastrointestinal obstruction or patients pre-
disposed to it. It should be avoided in patients with
chronic intestinal diseases that significantly affect di-
gestion or absorption, and in conditions which may de-
teriorate as a result of increased gas formation, such as
hernia. 
Acarbose is also contra-indicated in patients with he-
patic impairment and liver enzyme values should be
monitored, particularly at high doses. 
If hypoglycaemia should develop in a patient receiving
acarbose it needs to be treated with glucose, since the
action of acarbose inhibits the hydrolysis of disaccha-
rides.
Breast feeding. In the absence of evidence, licensed product
information recommends that acarbose should be avoided during
breast feeding.

Interactions
Acarbose may enhance the effects of other antidiabet-
ics, including insulin, and a reduction in their dosage
may be needed. Use with gastrointestinal adsorbents
and digestive enzyme preparations can diminish the ef-
fects of acarbose and should be avoided. Neomycin
and colestyramine may enhance the effects of acarbose
and a reduction in its dosage may be required. Acar-
bose may inhibit the absorption of digoxin (see Anti-
diabetics, under Interactions of Digoxin, p.1261).

Pharmacokinetics
After ingestion of acarbose, the majority of active
unchanged drug remains in the lumen of the gastroin-
testinal tract to exert its pharmacological activity and is
metabolised by intestinal enzymes and by the microbi-
al flora. Ultimately about 35% of a dose is absorbed in
the form of metabolites. Acarbose is excreted in the
urine and faeces.

Uses and Administration
Acarbose is an inhibitor of alpha glucosidases, espe-
cially sucrase. This slows the digestion and absorption
of carbohydrates in the small intestine and hence re-
duces the increase in blood-glucose concentrations af-
ter a carbohydrate load. It is given in the treatment of
type 2 diabetes mellitus (p.431) either alone or with a
sulfonylurea, biguanide, or insulin. Acarbose treatment
may be started with a low oral dose of 25 or 50 mg dai-
ly to minimise gastrointestinal disturbance. It is then
gradually increased to a usual dose of 25 or 50 mg
three times daily, immediately before food. Doses up to
100 to 200 mg three times daily may be given if neces-
sary. Some benefit has also been found when acarbose
is used to supplement insulin therapy in type 1 diabetes
mellitus. 
Acarbose has also been studied for the treatment of re-
active hypoglycaemia, the dumping syndrome, and
certain types of hyperlipoproteinaemia.
◊ References.
1. Chiasson J-L, et al. The efficacy of acarbose in the treatment of

patients with non-insulin-dependent diabetes mellitus: a multi-
center controlled clinical trial. Ann Intern Med 1994; 121:
928–35. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)
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ticenter postmarketing study in patients with type 2 diabetes.
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22: 960–4. 

10. Riccardi G, et al. Efficacy and safety of acarbose in the treat-
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11. Chiasson J-L, et al. Acarbose for prevention of type 2 diabetes
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Impaired glucose tolerance. A prospective study of patients
with impaired glucose tolerance concluded that acarbose signif-
icantly reduced the incidence of cardiovascular disease and hy-
pertension.1

1. Chiasson J-L, et al. Acarbose treatment and the risk of cardio-
vascular disease and hypertension in patients with impaired glu-
cose tolerance: the STOP-NIDDM trial. JAMA 2003; 290:
486–94.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Glucobay; Austral.: Glucobay; Austria: Glucobay; Belg.: Glucobay;
Braz.: Aglucose; Glucobay; Canad.: Prandase; Chile: Glucobay; Cz.: Glu-
cobay; Denm.: Glucobay; Fr.: Glucor; Ger.: Glucobay; Gr.: Glucobay;
Hong Kong: Glucobay; Hung.: Glucobay; India: Acarbay; Asucrose; Glu-
bose; Glucar; Glucobay; Indon.: Glucobay; Irl.: Glucobay; Israel: Prandase;
Ital.: Glicobase; Glucobay; Malaysia: Dibose; Glucar; Glucobay; Precose;
Mex.: Glucobay; Incardel; Sincrosa; Neth.: Glucobay; Norw.: Glucobay;
NZ: Glucobay; Philipp.: Glucobay; Gluconase; Pol.: Glucobay; Port.: Glu-
cobay; Rus.: Glucobay (Глюкобай); S.Afr.: Glucobay; Singapore: Glu-
cobay; Spain: Glucobay; Glumida; Swed.: Glucobay; Switz.: Glucobay;
Thai.: Glucobay; Turk.: Glucobay; Glynose; UK: Glucobay; USA: Precose;
Venez.: Glucobay.

Acetohexamide (BAN, USAN, rINN)

Acetohexamid; Acetohexamida; Acétohexamide; Acetohexam-
idum; Asetoheksamidi; Compound 33006. 1-(4-Acetylbenz-
enesulphonyl)-3-cyclohexylurea.

Ацетогексамид
C15H20N2O4S = 324.4.
CAS — 968-81-0.
ATC — A10BB31.
ATC Vet — QA10BB31.

Pharmacopoeias. In Jpn and US. 
USP 31 (Acetohexamide). A white, practically odourless, crys-
talline powder. Practically insoluble in water and in ether; solu-
ble 1 in 230 of alcohol and 1 in 210 of chloroform; soluble in py-
ridine and in dilute solutions of alkali hydroxides.

Profile
Acetohexamide is a sulfonylurea antidiabetic (p.460). Its dura-
tion of action is 12 hours or more. It has been given orally in the
treatment of type 2 diabetes mellitus (p.431) in a usual initial
dose of 250 mg daily before breakfast. The daily dose may then
be increased by 250 to 500 mg at intervals of 5 to 7 days, to a
maintenance dose of up to 1.5 g daily; increasing the dose above
1.5 g does not usually lead to further benefit. Doses in excess of
1 g daily may be taken in 2 divided doses, before the morning
and evening meals.
Preparations
USP 31: Acetohexamide Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Dymelor†.

Biguanide Antidiabetics
Antidiabéticos biguanídicos.

Adverse Effects
Gastrointestinal adverse effects including anorexia,
nausea, vomiting, and diarrhoea may occur with bigua-
nides; patients may experience taste disturbance and
there may be weight loss. Absorption of various sub-
stances including vitamin B12 may be impaired. Skin
reactions have been reported rarely. 
Hypoglycaemia is rare with a biguanide given alone,
although it may occur if other contributing factors or
drugs are present. 
Lactic acidosis, sometimes fatal, has occurred with
biguanides, primarily with phenformin. When it has
occurred with metformin most cases have been in pa-
tients whose condition contra-indicated the use of the
drug, particularly those with renal impairment. 
Phenformin has been implicated in the controversial
reports of excessive cardiovascular mortality associat-
ed with oral hypoglycaemic therapy (see under Sulfo-
nylureas, Effects on the Cardiovascular System,
p.461).
◊ Reviews.
1. Paterson KR, et al. Undesired effects of biguanide therapy. Ad-

verse Drug React Acute Poisoning Rev 1984; 3: 173–82. 
2. Howlett HCS, Bailey CJ. A risk-benefit assessment of metform-

in in type 2 diabetes mellitus. Drug Safety 1999; 20: 489–503.

Effects on the blood. Megaloblastic anaemia has occurred
with biguanide therapy (see Malabsorption, under Effects on the
Gastrointestinal Tract, below). A few cases of metformin-
induced haemolysis resulting in hyperbilirubinaemia and jaun-
dice have also been described.1,2

1. Lin K-D, et al. Metformin-induced hemolysis with jaundice. N
Engl J Med 1998; 339: 1860–1. 

2. Meir A, et al. Metformin-induced hemolytic anemia in a patient
with glucose-6-phosphate dehydrogenase deficiency. Diabetes
Care 2003; 26: 956–7.

Effects on the gastrointestinal tract. DIARRHOEA. In a ret-
rospective survey,1 30 of 265 diabetic patients reported diar-
rhoea or alternating diarrhoea and constipation, comprising:
11 of 54 taking metformin; 9 of 45 taking metformin with a
sulfonylurea; 3 of 53 taking a sulfonylurea only; 5 of 78 on
insulin therapy; 2 of 35 on diet alone. Among 150 nondiabetic
controls 12 reported diarrhoea. Chronic diarrhoea described
as watery, often explosive, and frequently causing faecal in-
continence, has been reported as an adverse effect of late on-
set in patients receiving metformin. Some patients had been
on stable metformin therapy for several years before the onset
of diarrhoea. Symptoms ceased upon withdrawal of metform-
in, and recurred in cases of rechallenge.2,3

1. Dandona P, et al. Diarrhea and metformin in a diabetic clinic.
Diabetes Care 1983; 6: 472–4. 

2. Raju B, et al. Metformin and late gastrointestinal complications.
Am J Med 2000; 109: 260–1. 

3. Foss MT, Clement KD. Metformin as a cause of late-onset
chronic diarrhea. Pharmacotherapy 2001; 21: 1422–4.

MALABSORPTION. Megaloblastic anaemia due to vitamin B12
malabsorption in a 58-year-old woman was associated with
long-term treatment with metformin.1 
In a survey of diabetic patients receiving biguanide therapy,2
malabsorption of vitamin B12 was observed in 14 of 46 diabetics
taking metformin or phenformin; metformin was more common-
ly to blame. Withdrawal of the drug resulted in normal absorp-
tion in only 7 of the 14. In a series of 10 patients3 with vitamin
B12 deficiency associated with metformin, vitamin B12 concen-
trations and blood count abnormalities were reported to have
been corrected within 3 months of starting treatment with intra-
muscular or oral cyanocobalamin; 2 patients were transferred to
treatment with other antidiabetic agents.
1. Callaghan TS, et al. Megaloblastic anaemia due to vitamin B

malabsorption associated with long-term metformin treatment.
BMJ 1980; 280: 1214–15. 

2. Adams JF, et al. Malabsorption of vitamin B  and intrinsic fac-
tor secretion during biguanide therapy. Diabetologia 1983; 24:
16–18. 

3. Andrès E, et al. Metformin-associated vitamin B  deficiency.
Arch Intern Med 2002; 162: 2251–2.

Effects on the liver. Severe cholestatic hepatitis attributed to
metformin has been reported.1
1. Babich MM, et al. Metformin-induced acute hepatitis. Am J Med

1998; 104: 490–2.

Effects on the pancreas. Acute pancreatitis is more common-
ly associated with phenformin.1,2 However, there have also been
a few cases of pancreatitis associated with metformin, in which
renal failure may have precipitated metformin toxicity.3,4

1. Wilde H. Pancreatitis and phenformin. Ann Intern Med 1972; 77:
324. 

2. Chase HS, Mogan GR. Phenformin-associated pancreatitis. Ann
Intern Med 1977; 87: 314–15. 

3. Mallick S. Metformin induced acute pancreatitis precipitated by
renal failure. Postgrad Med J 2004; 80: 239–40. 

4. Fimognari FL, et al. Metformin-induced pancreatitis: a possible
adverse drug effect during acute renal failure. Diabetes Care
2006; 29: 1183.

Hypersensitivity. Vasculitis and pneumonitis in a 59-year-old
woman was associated with use of metformin.1 Symptoms im-
proved on withdrawal of metformin, but reappeared on its re-
introduction. Cutaneous vasculitis in a 33-year-old woman also
resolved on withdrawal of metformin and recurred with its re-
introduction.2
1. Klapholz L, et al. Leucocytoclastic vasculitis and pneumonitis

induced by metformin. BMJ 1986; 293: 483. 
2. Salem CB, et al. Rare case of metformin-induced leukocytoclas-

tic vasculitis. Ann Pharmacother 2006; 40: 1685–7.

Hypoglycaemia. UK licensed product information for met-
formin states that hypoglycaemia does not occur with metformin
alone, even in overdosage, although it may occur if given with
alcohol or other hypoglycaemics. Interim results from the UK
Prospective Diabetes Study,1 however, indicate that metformin
therapy was associated with fewer hypoglycaemic episodes than
sulfonylurea or insulin treatment, but more than with diet alone.
One or more hypoglycaemic episodes were reported in 6% of the
patients receiving the biguanide in this study, although only 1 pa-
tient had a severe episode.
1. United Kingdom Prospective Diabetes Study Group. United

Kingdom prospective diabetes study (UKPDS) 13: relative effi-
cacy of randomly allocated diet, sulphonylurea, insulin, or met-
formin in patients with newly diagnosed non-insulin dependent
diabetes followed for 3 years. BMJ 1995; 310: 83–8.

Lactic acidosis. There is a small but definite risk of lactic aci-
dosis associated with use of biguanide antidiabetics. Most early
reports involved phenformin, which was consequently removed
from the market in many countries although cases of phenform-
in-associated lactic acidosis still occur.1-3 There has therefore
been concern about the risks of lactic acidosis with metformin,
which is still in wide use. However, lactic acidosis with metform-
in appears to be much less common: a review suggested that the
incidence was of the order of 3 cases per 100 000 patient years,
which was 20 times less frequent than with phenformin.4 This
concurs with the findings of the FDA after the introduction of
metformin to the US market: in the year after the marketing of
metformin in the USA, the FDA had received reports of met-
formin-associated lactic acidosis in 66 patients,5 the diagnosis
being confirmed in 47. This represented a rate of about 5 cases
per 100 000. Most patients who do develop lactic acidosis with
metformin have one or more precipitating risk factors such as
renal impairment, congestive heart failure, or other conditions
predisposing to hypoxaemia or acute renal failure, including sep-
ticaemia, acute hepatic decompensation, alcohol abuse, acute
myocardial infarction, and shock.4 A systematic review,6 which
considered results comprising nearly 48 000 patient years of
treatment with metformin, concluded that provided metformin
was prescribed taking into account the proper contra-indications,
there was no evidence of an increased risk of lactic acidosis.
Nonetheless, there have been a few reports of lactic acidosis de-
veloping in metformin-treated patients without apparent risk fac-
tors.4
1. Rosand J, et al. Fatal phenformin-associated lactic acidosis. Ann

Intern Med 1997; 127: 170. 
2. Enia G, et al. Lactic acidosis induced by phenformin is still a

public health problem in Italy. BMJ 1997; 315: 1466–7. 
3. Kwong SC, Brubacher J. Phenformin and lactic acidosis: a case

report and review. J Emerg Med 1998; 16: 881–6. 
4. Chan NN, et al. Metformin-associated lactic acidosis: a rare or

very rare clinical entity? Diabet Med 1999; 16: 273–81. 
5. Misbin RI, et al. Lactic acidosis in patients with diabetes treated

with metformin. N Engl J Med 1998; 338: 265–6. 
6. Salpeter S, et al. Risk of fatal and nonfatal lactic acidosis with

metformin use in type 2 diabetes mellitus. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2006 (accessed 02/05/06).

Treatment of Adverse Effects
Acute poisoning with biguanides may lead to the de-
velopment of lactic acidosis (see Metabolic Acidosis,
p.1667) and calls for intensive supportive therapy. Glu-
cose or glucagon may be required for hypoglycaemia,
the general management of which is outlined in Insu-
lin, p.447.

Precautions
Biguanides are inappropriate for patients with diabetic
coma and ketoacidosis, or for those with severe infec-
tion, trauma, or other severe conditions where the
biguanide is unlikely to control the hyperglycaemia;
insulin should be used in such situations. Biguanides
should not be given to patients with even mild renal
impairment, as it may predispose patients to lactic aci-
dosis, and renal function should be monitored through-
out therapy. Dehydration may contribute to renal im-
pairment. Conditions associated with hypoxia, such as
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acute heart failure, recent myocardial infarction, or
shock, may increase the risk of lactic acidosis. Other
conditions that may also predispose to lactic acidosis in
a patient taking a biguanide include excessive alcohol
intake and hepatic impairment. Biguanides should be
temporarily stopped for examinations using contrast
media (see under Interactions, below). 
Insulin is preferred for the treatment of diabetes in
pregnancy. 
Owing to the possibility of decreased vitamin B12 ab-
sorption, annual monitoring of vitamin B12 concentra-
tions is advisable during long-term treatment.
Driving. In the UK, patients with diabetes mellitus treated with
insulin or oral hypoglycaemics are required to notify their condi-
tion to the Driver and Vehicle Licensing Agency, who then assess
their fitness to drive. Patients treated with oral hypoglycaemics
are generally allowed to retain standard driving licences; those
treated with insulin receive restricted licences which must be re-
newed (with appropriate checks) every 1 to 3 years. Patients
should be warned of the dangers of hypoglycaemic attacks while
driving, and should be counselled in appropriate management of
the situation (stopping driving as soon as it is safe to do so, taking
carbohydrate immediately, and quitting the driving seat and re-
moving the ignition key from the car) should such an event oc-
cur. Patients who have lost hypoglycaemic awareness, or have
frequent hypoglycaemic episodes, should not drive. In addition,
eyesight must be adequate (field of vision of at least 120°) for a
licence to be valid. Patients treated with diet or oral hypoglycae-
mics are normally allowed to hold vocational driving licences for
heavy goods vehicles or passenger carrying vehicles; those treat-
ed with insulin may not drive such vehicles, and are restricted in
driving some other vehicles such as small lorries and minibuses. 
References.
1. British Diabetic Association (Diabetes UK). Information sheet:

driving and diabetes: May 2008. Available at: 
http://www.diabetes.org.uk/Documents/catalogue/driving_and_
diabetes-may_08.pdf (accessed 20/08/08) 

2. Driver and Vehicle Licensing Agency. For medical practitioners:
at a glance guide to the current medical standards of fitness to
drive (February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08)

Interactions
Use of a biguanide with other drugs that lower blood-
glucose concentrations increases the risk of hypogly-
caemia, while drugs that increase blood glucose may
reduce the effect of biguanide therapy. 
In general fewer drug interactions have been reported
with biguanides than with sulfonylureas. Alcohol may
increase the risk of lactic acidosis as well as of hy-
poglycaemia. Care should be taken if biguanides are
given with drugs that may impair renal function.
Anticoagulants. For the effect of metformin on phenprocou-
mon activity, see Antidiabetics, p.1428.

Antivirals. Fatal lactic acidosis has been reported1 in a patient
given metformin with didanosine, stavudine, and tenofovir.
1. Worth L, et al. A cautionary tale: fatal lactic acidosis complicat-

ing nucleoside analogue and metformin therapy. Clin Infect Dis
2003; 37: 315–16.

Cimetidine. Cimetidine increased plasma-metformin concen-
trations in 7 healthy subjects.1 The renal clearance of metformin
was reduced; competition for proximal tubular secretion was
considered responsible. A reduction in metformin dosage may be
required in patients taking metformin and cimetidine, in order to
reduce the risk of lactic acidosis.
1. Somogyi A, et al. Reduction of metformin renal tubular secre-

tion by cimetidine in man. Br J Clin Pharmacol 1987; 23:
545–51.

Contrast media. Biguanides should be temporarily stopped
for examinations using iodinated contrast media and withheld af-
ter the examination until normal renal function is confirmed, be-
cause of the risk of contrast media-induced renal impairment
leading to biguanide toxicity and associated lactic acidosis. Li-
censed product information for some contrast media prepara-
tions warns that biguanides should be temporarily stopped 48
hours before the examination, and withheld for at least 48 hours
after and until normal renal function is confirmed. 
A number of guidelines on the use of iodinated contrast media
give advice for the management of patients taking metformin.
Some suggest that, in general, metformin can be stopped at the
time of the examination.1,2 Others are more detailed, suggesting
that if serum-creatinine is normal metformin may be stopped at
the time of the examination, but that if it is raised metformin
should be stopped 48 hours before giving the contrast medium.3,4

They all agree that metformin should be withheld for 48 hours
after the examination and until normal renal function is con-

firmed, although one suggests that no special precaution is need-
ed for patients with normal serum-creatinine who are to be given
a low volume of iodinated contrast medium (up to 100 mL).3
1. Committee on Drugs and Contrast Media, Commission on Gen-

eral and Pediatric Radiology of the American College of Radiol-
ogy. Manual on contrast media, 5th ed. Available at: http://
www.acr.org/SecondaryMainMenuCategories/quality_safety/
contrast_manual.aspx (accessed 26/06/07) 

2. Benko A, et al. Canadian Association of Radiologists: consensus
guidelines for the prevention of contrast-induced nephropathy.
Can Assoc Radiol J 2007; 58: 79–87. Correction available at:
http://www.car.ca/Files%5CNephropathy.pdf (accessed
20/08/08) [correct version] 

3. Board of the Faculty of Clinical Radiology; The Royal College
of Radiologists. Standards for iodinated intravascular contrast
agent administration to adult patients (issued November 2005).
Available at: http://www.rcr.ac.uk/docs/radiology/pdf/
IVcontrastPrintFinal.pdf (accessed 26/06/07) 

4. European Society of Urogenital Radiology. ESUR guidelines on
contrast media (version 6.0, issued February 2007). Available at:
http://www.esur.org/fileadmin/Guidelines/ESUR_2007_
Guideline_6_Kern_Ubersicht.pdf (accessed 26/06/07)

Ketotifen. Platelet counts in 10 diabetic patients receiving
biguanides fell (markedly in 3 patients) when they were also giv-
en ketotifen.1 Counts returned to normal a few days after the end
of ketotifen therapy. However, the investigators did not consider
the effect clinically significant.
1. Doleček R. Ketotifen in the treatment of diabetics with various

allergic conditions. Pharmatherapeutica 1981; 2: 568–74.

Sulfonylureas. For reference to an apparent increase in mortal-
ity with an intensive regimen of metformin plus a sulfonylurea,
see p.462.

Uses and Administration
The biguanide antidiabetics are a class of oral antidia-
betic drugs used in the treatment of type 2 diabetes
mellitus (p.431). They are given to supplement treat-
ment by diet modification when such modification has
not proved effective on its own. In addition, because
biguanides are not associated with weight gain they are
preferred in obese patients. Although sulfonylureas
(p.460) may be preferred in non-obese patients, a
biguanide is often added or given instead to patients
who are not responding to a sulfonylurea. 
The mode of action of biguanides is not clear. They do
not stimulate insulin release but require that some insu-
lin be present in order to exert their antidiabetic effect.
Possible mechanisms of action include delay in the ab-
sorption of glucose from the gastrointestinal tract, an
increase in insulin sensitivity and glucose uptake into
cells, and inhibition of hepatic gluconeogenesis.
Biguanides do not usually lower blood-glucose con-
centrations in non-diabetic subjects.
Hyperlipidaemias. The effect of biguanides on lipid metabo-
lism is unclear, although some studies have shown a beneficial
effect on serum-lipid profiles in both obese and lean patients with
type 2 diabetes, hypertension, and/or hyperlipidaemia.1 Reduc-
tions in concentrations of total cholesterol, low-density and very
low-density-lipoprotein cholesterol have been reported, as well
as modest increases in high-density-lipoprotein cholesterol.
Some studies have also reported a reduction in serum-triglycer-
ide levels. Such effects may be beneficial in the long-term treat-
ment of type 2 diabetes mellitus with concomitant lipid disor-
ders.
1. Dunn CJ, Peters DH. Metformin: a review of its pharmacological

properties and therapeutic use in non-insulin-dependent diabetes
mellitus. Drugs 1995; 49: 721–49.

Polycystic ovary syndrome. For discussion of the potential of
metformin in polycystic ovary syndrome, see p.454.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Azucaps†.
Multi-ingredient: Mex.: Glinorboral.

Buformin (USAN, pINN)

Buformina; Buformine; Buforminum; DBV; W-37. 1-Butylbigua-
nide.
Буформин
C6H15N5 = 157.2.
CAS — 692-13-7 (buformin); 1190-53-0 (buformin hydro-
chlor ide).
ATC — A10BA03.
ATC Vet — QA10BA03.

Profile
Buformin is a biguanide antidiabetic (p.437). It has been given
orally in the treatment of type 2 diabetes mellitus (p.431) in doses
of up to 300 mg daily. Buformin is also used as the hydrochlo-
ride.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Adebit†; Silubin†; Hung.: Adebit; Spain: Silubin†; Switz.: Silubin†.

Carbutamide (BAN, rINN)

BZ-55; Ca-1022; Carbutamida; Carbutamidum; Glybutamide;
Karbutamid; Karbutamidi; U-6987. 1-Butyl-3-sulphanilylurea.
Карбутамид
C11H17N3O3S = 271.3.
CAS — 339-43-5.
ATC — A10BB06.
ATC Vet — QA10BB06.

Profile
Carbutamide is a sulfonylurea antidiabetic (p.460). It is given
orally in the treatment of type 2 diabetes mellitus (p.431) in sin-
gle daily doses of 0.5 to 1 g, but is more toxic than chlorpropa-
mide.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Glucidoral.

Chlorpropamide (BAN, rINN)

Chloropropamid; Chlorpropamid; Chlorpropamidas; Chlo-
rpropamidum; Clorpropamida; Klooripropamidi; Klórpropamid;
Klorpropamid. 1-(4-Chlorobenzenesulphonyl)-3-propylurea.
Хлорпропамид
C10H13ClN2O3S = 276.7.
CAS — 94-20-2.
ATC — A10BB02.
ATC Vet — QA10BB02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Chlorpropamide). A white or almost white, crys-
talline powder. It exhibits polymorphism. Practically insoluble in
water; soluble in alcohol; freely soluble in acetone and in dichlo-
romethane; dissolves in dilute solutions of alkali hydroxides.
Protect from light. 
USP 31 (Chlorpropamide). A white crystalline powder having
a slight odour. Practically insoluble in water; soluble in alcohol;
sparingly soluble in chloroform.

Adverse Effects and Treatment
As for sulfonylureas in general, p.460. 
Chlorpropamide may be more likely than other sulfo-
nylureas to induce a syndrome of inappropriate secre-
tion of antidiuretic hormone characterised by water re-
tention, hyponatraemia, and CNS effects. Patients
receiving chlorpropamide may develop facial flushing
after drinking alcohol.

Precautions
As for sulfonylureas in general, p.461. 
Chlorpropamide should be avoided in the elderly and
in renal or hepatic impairment because its long half-life
increases the risk of hypoglycaemia. The antidiuretic
effect of chlorpropamide may cause problems in pa-
tients with conditions associated with fluid retention.
Fasting. For the view that although some sulfonylurea antidia-
betics may be able to be used with caution in fasting Muslim pa-
tients during Ramadan, chlorpropamide is contra-indicated, see
under Precautions of Insulin, p.448.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Porphyria. Chlorpropamide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Thyroid disorders. Some manufacturers recommend that
chlorpropamide should not be used in patients with impaired thy-
roid function, but see under Sulfonylureas, p.461.

Interactions
As for sulfonylureas in general, p.461. 
Chlorpropamide may produce profound facial flushing
associated with alcohol ingestion.

Pharmacokinetics
Chlorpropamide is readily absorbed from the gastroin-
testinal tract and is extensively bound to plasma pro-
teins. The half-life is about 35 hours. About 80% of a
dose is metabolised in the liver; metabolites and
unchanged drug are excreted in the urine. Chlorpropa-
mide crosses the placenta and has been detected in
breast milk.

Uses and Administration
Chlorpropamide is a sulfonylurea antidiabetic (p.460).
It has a duration of action of at least 24 hours, and is
given orally in the treatment of type 2 diabetes melli-
tus (p.431) in an initial daily dose of 250 mg as a single
dose with breakfast. After 5 to 7 days the dose may be
adjusted, in steps of 50 to 125 mg at intervals of 3 to 5
days, to achieve an optimum maintenance dose which
is usually in the range 100 to 500 mg daily. Increasing
the dose above 500 mg daily is unlikely to produce fur-
ther benefit, and doses above 750 mg daily should be
avoided. Although a reduced dose range has been pro-
posed for the elderly, use of chlorpropamide is inadvis-
able in this group. 
Chlorpropamide, though not the other sulfonylureas, is
also sometimes used in cranial diabetes insipidus
(p.2179). It has been reported to act by sensitising the
renal tubules to antidiuretic hormone. The dose has to
be carefully adjusted to minimise the risk of hypogly-
caemia. An initial dose of 100 mg daily, adjusted if
necessary to a maximum of 350 mg daily has been rec-
ommended, although doses of up to 500 mg daily have
been used.
Diabetes mellitus. Patients with type 2 diabetes whose blood
glucose is adequately controlled at first by sulfonylureas often
eventually have treatment failure and loss of diabetic control. Re-
sults from the UK Prospective Diabetes Study1 have suggested
that the 6-year failure rate was higher in patients treated with
glibenclamide (48%) than in those given chlorpropamide (40%).
This difference was equivalent to delaying the requirement for
additional therapy for a year in chlorpropamide-treated patients.
1. Matthews DR, et al. UKPDS 26: sulphonylurea failure in non-

insulin-dependent diabetic patients over six years. Diabet Med
1998; 15: 297–303.

Preparations
BP 2008: Chlorpropamide Tablets; 
USP 31: Chlorpropamide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Diabinese; Idle†; Trane; Belg.: Diabinese†; Braz.: Clorpromini†; Clor-
zin†; Diabecontrol; Diabinese; Glicoben; Glicorp; Pramidalin; Canad.:
Novo-Propamide; Chile: Diabinese; Gr.: Diabinese; Hong Kong: Diab-
inese; India: Copamide†; Indon.: Diabinese; Israel: Diabinese†; Diabitex;
Ital.: Diabemide; Malaysia: Anti-D†; Diabinese†; Propamide; Mex.: Ap-
oprod; Diabiclor; Diabinese; Insogen; Philipp.: Diabinese; S.Afr.: Diab-
inese; Hypomide; Singapore: Anti-D; Chlomide†; Diabinese†; Propamide;
Spain: Diabinese; Thai.: Diabeedol; Diabinese; Dibecon; Glycemin; Propa-
mide; Turk.: Diabinese; USA: Diabinese; Venez.: Dabinese.
Multi-ingredient: India: Chlorformin†; Ital.: Bidiabe; Pleiamide; Mex.:
Insogen Plus; Mellitron; Obinese; Switz.: Diabiformine.

Epalrestat (rINN)

Épalrestat; Epalrestatum; ONO-2235. 5-[(Z,E)-β-Methylcin-
namylidene]-4-oxo-2-thioxo-3-thiazolidineacetic acid.
Эпалрестат
C15H13NO3S2 = 319.4.
CAS — 82159-09-9.

Profile
Epalrestat inhibits the enzyme aldose reductase which catalyses
the conversion of glucose to sorbitol. It has been suggested that
accumulation of sorbitol in certain cells, occurring only in condi-
tions of hyperglycaemia and resulting in a hyperosmotic effect,
may be involved in the pathogenesis of some diabetic complica-
tions. Aldose reductase inhibitors have no influence on blood-
glucose concentrations. Epalrestat is given orally for the treat-
ment of diabetic complications including neuropathy (p.433), in
a usual dose of 50 mg three times daily before meals.
◊ References.
1. Goto Y, et al. A placebo-controlled double-blind study of epalr-

estat (ONO-2235) in patients with diabetic neuropathy. Diabet
Med 1993; 10 (suppl 2): 39S–43S. 

2. Uchida K, et al. Effect of 24 weeks of treatment with epalrestat,
an aldose reductase inhibitor, on peripheral neuropathy in pa-
tients with non-insulin-dependent diabetes mellitus. Clin Ther
1995; 17: 460–6. 

3. Hotta N, et al. Clinical investigation of epalrestat, an aldose re-
ductase inhibitor, on diabetic neuropathy in Japan: multicenter
study. J Diabetes Complications 1996; 10: 168–72. 

4. Ikeda T, et al. Long-term effect of epalrestat on cardiac autonom-
ic neuropathy in subjects with non-insulin dependent diabetes
mellitus. Diabetes Res Clin Pract 1999; 43: 193–8. 

5. Iso K, et al. Long-term effect of epalrestat, an aldose reductase
inhibitor, on the development of incipient diabetic nephropathy
in type 2 diabetic patients. J Diabetes Complications 2001; 15:
241–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Kinedak.

Exenatide (BAN, USAN, rINN)

AC-2993; AC-002993; AC-2993A; Exenatida; Exénatide; Ex-
enatidum; LY-2148568; Synthetic Exendin-4.
Эксенатид
C184H282N50O60S = 4186.6.
CAS — 141758-74-9 (exenatide); 141732-76-5 (exendin-4).
ATC — A10BX04.
ATC Vet — QA10BX04.

Adverse Effects and Precautions
Hypoglycaemia can occur in patients given exenatide,
particularly when given with a sulfonylurea (see also
Interactions, below). Exenatide commonly causes mild
to moderate nausea, which is dose-dependent and
tends to decrease with continued therapy in most pa-
tients. Other adverse effects include vomiting, diar-
rhoea, nervousness, dizziness, headache, and dyspep-
sia. Less frequent reports include asthenia, decreased
appetite, gastro-oesophageal reflux, and hyperhidrosis.
Rashes and hypersensitivity reactions have occurred
rarely. Acute pancreatitis has been reported, and in
such cases exenatide should be stopped permanently. 
Exenatide should not be used in type 1 diabetes melli-
tus or for the treatment of diabetic ketoacidosis. Use is
not recommended in patients with severe renal impair-
ment, in whom clearance is reduced and adverse gas-
trointestinal effects have been reported.
Effects on the pancreas. A 69-year-old man developed pan-
creatitis within a few days of starting exenatide therapy. Serum-
lipase concentrations returned to normal and abdominal pain re-
solved rapidly when exenatide was stopped.1 The FDA has also
reviewed 30 reports of acute pancreatitis in patients treated with
exenatide.2 In 27 cases there was at least one other risk factor for
acute pancreatitis such as gallstones, severe hypertriglyceridae-
mia, and alcohol use. Improvement after stopping exenatide was
confirmed in 22 reports, and in 3 cases of rechallenge there was
a return of symptoms of acute pancreatitis. The FDA subse-
quently reported3 in August 2008 that they had received reports
of 6 cases of haemorrhagic or necrotising pancreatitis associated
with exenatide; all patients required hospitalisation and 2 died. It
was recommended that exenatide therapy should be stopped if
signs or symptoms of pancreatitis develop and should not be re-
started if pancreatitis is confirmed. Other antidiabetic drugs
should be considered for those with a history of pancreatitis.
1. Denker PS, Dimarco PE. Exenatide (exendin-4)-induced pancre-

atitis: a case report. Diabetes Care 2006; 29: 471. 

2. FDA. Information for healthcare professionals: exenatide (mar-
keted as Byetta) (issued October 2007). Available at: http://
www.fda.gov/cder/drug/InfoSheets/HCP/exenatideHCP.htm
(accessed 17/10/07) 

3. FDA. Information for healthcare professionals: exenatide (mar-
keted as Byetta) (issued August 2008). 
Available at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
exenatide2008HCP.htm (accessed 20/08/08)

Interactions
A reduction in the sulfonylurea dose may be required
when exenatide is added to therapy, because of an in-
creased risk of hypoglycaemia with this combination.
No increase in hypoglycaemia occurs when exenatide
is used with metformin or a thiazolidinedione. The ex-
tent and rate of absorption of oral drugs may be re-
duced by exenatide. Where such an interaction would
be undesirable, the oral medication should be given at
least 1 hour before exenatide. If the oral medication is
to be taken with food, where possible, it should be with
a meal or snack when exenatide is not used.

Pharmacokinetics
After subcutaneous injection, peak plasma concentra-
tions of exenatide are reached in about 2 hours. It is
eliminated through the kidneys by glomerular filtration
followed by proteolytic degradation, with a terminal
half-life of about 2.4 hours. Clearance is reduced in pa-
tients receiving dialysis for end-stage renal disease.
◊ References.
1. Kolterman OG, et al. Pharmacokinetics, pharmacodynamics, and

safety of exenatide in patients with type 2 diabetes mellitus. Am
J Health-Syst Pharm 2005; 62: 173–81. 

2. Linnebjerg H, et al. Effect of renal impairment on the pharma-
cokinetics of exenatide. Br J Clin Pharmacol 2007; 64: 317–27.

Uses and Administration
Exenatide is a synthetic form of exendin-4, a 39-amino
acid peptide isolated from the venom of the Gila mon-
ster lizard (Heloderma suspectum, Helodermatidae).
The drug is an incretin mimic that acts as an agonist at
the glucagon-like peptide 1 receptor to enhance insulin
secretion in the presence of raised glucose concentra-
tions; it also suppresses inappropriate glucagon secre-
tion and slows gastric emptying. Exenatide is used as
adjunctive therapy in type 2 diabetes mellitus (p.431)
in patients who do not have adequate glycaemic con-
trol with metformin, a sulfonylurea, a thiazolidinedi-
one, or dual therapy with metformin plus a sulfonyl-
urea or thiazolidinedione. It is given by subcutaneous
injection in an initial dose of 5 micrograms twice daily
within 60 minutes before the morning and evening
meals. The dose of exenatide may be increased after 1
month to 10 micrograms twice daily if required.
◊ References.
1. Fineman MS, et al. Effectiveness of progressive dose-escalation

of exenatide (exendin-4) in reducing dose-limiting side effects
in subjects with type 2 diabetes. Diabetes Metab Res Rev 2004;
20: 411–17. 

2. Buse JB, et al. Effects of exenatide (exendin-4) on glycemic
control over 30 weeks in sulfonylurea-treated patients with type
2 diabetes. Diabetes Care 2004; 27: 2628–35. 

3. Kendall DM, et al. Effects of exenatide (exendin-4) on glycemic
control over 30 weeks in patients with type 2 diabetes treated
with metformin and a sulfonylurea. Diabetes Care 2005; 28:
1083–91. 

4. DeFronzo RA, et al. Effects of exenatide (exendin-4) on glyc-
emic control and weight over 30 weeks in metformin-treated pa-
tients with type 2 diabetes. Diabetes Care 2005; 28: 1092–1100. 

5. Heine RJ, et al. Exenatide versus insulin glargine in patients
with suboptimally controlled type 2 diabetes: a randomized tri-
al. Ann Intern Med 2005; 143: 559–69. 

6. Yoo BK, et al. Exenatide: a new option for the treatment of type
2 diabetes. Ann Pharmacother 2006; 40: 1777–84. 

7. Ratner RE, et al. Long-term effects of exenatide therapy over 82
weeks on glycaemic control and weight in over-weight met-
formin-treated patients with type 2 diabetes mellitus. Diabetes
Obes Metab 2006; 8: 419–28. 

8. Nauck MA, et al. A comparison of twice-daily exenatide and
biphasic insulin aspart in patients with type 2 diabetes who were
suboptimally controlled with sulfonylurea and metformin: a
non-inferiority study. Diabetologia 2007; 50: 259–67. 

9. Zinman B, et al. The effect of adding exenatide to a thiazolidin-
edione in suboptimally controlled type 2 diabetes: a randomized
trial. Ann Intern Med 2007; 146: 477–85. Correction. ibid.; 896. 

10. Cvetković RS, Plosker GL. Exenatide: a review of its use in pa-
tients with type 2 diabetes mellitus (as an adjunct to metformin
and/or a sulfonylurea). Drugs 2007; 67: 935–54.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Byetta; Austral.: Byetta; Braz.: Byetta; Cz.: Byetta; Port.: Byetta; UK:
Byetta; USA: Byetta.
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Glibenclamide (BAN, rINN)

Glibenclamida; Glibenclamidum; Glibenklamid; Glibenklamidas;
Glibenklamidi; Glybenclamide; Glybenzcyclamide; Glyburide (US-
AN); HB-419; U-26452. 1-{4-[2-(5-Chloro-2-methoxybenzami-
do)ethyl]benzenesulphonyl}-3-cyclohexylurea.
Глибенкламид
C23H28ClN3O5S = 494.0.
CAS — 10238-21-8.
ATC — A10BB01.
ATC Vet — QA10BB01.

NOTE. The name glibornuride has frequently but erroneously
been applied to glibenclamide.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Glibenclamide). A white or almost white, crystal-
line powder. Practically insoluble in water; slightly soluble in al-
cohol and in methyl alcohol; sparingly soluble in dichlorometh-
ane. 
USP 31 (Glyburide). Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for sulfonylureas in general, p.460.
◊ For a suggestion that the failure rate in type 2 diabetics treated
with glibenclamide may be higher than that for those treated with
chlorpropamide, see Diabetes Mellitus under Uses and Adminis-
tration of Chlorpropamide, p.439.
Effects on the blood. References.
1. Nataas OB, Nesthus I. Immune haemolytic anaemia induced by

glibenclamide in selective IgA deficiency. BMJ 1987; 295:
366–7. 

2. Israeli A, et al. Glibenclamide causing thrombocytopenia and
bleeding tendency: case reports and a review of the literature.
Klin Wochenschr 1988; 66: 223–4. 

3. Meloni G, Meloni T. Glyburide-induced acute haemolysis in a
G6PD-deficient patient with NIDDM. Br J Haematol 1996; 92:
159–60. 

4. Noto H, et al. Glyburide-induced hemolysis in myelodysplastic
syndrome. Diabetes Care 2000; 23: 129.

Hypoglycaemia. Severe hypoglycaemia may occur in any pa-
tient given any sulfonylurea (see p.461); glibenclamide which
has a relatively prolonged duration of action, may cause severe
hypoglycaemia more often than shorter-acting sulfonylureas. 
In a 1983 review1 of 57 instances of hypoglycaemia associated
with glibenclamide the median age of patients affected was 70
years; only one was less than 60 years old. Median daily dosage
was 10 mg. Coma or disturbed consciousness was seen in 46 pa-
tients. Ten of these remained comatose despite alleviation of
their hypoglycaemia and died up to 20 days after presentation.
The authors noted that, including their series of 57 cases, there
had been published reports on 101 cases of severe hypoglycae-
mia with glibenclamide, 14 with a fatal outcome. 
There has been a report2 of hypoglycaemic coma associated with
the inhalation of glibenclamide by a worker at a pharmaceutical
plant.
1. Asplund K, et al. Glibenclamide-associated hypoglycaemia: a

report on 57 cases. Diabetologia 1983; 24: 412–17. 
2. Albert F, et al. Hypoglycaemia by inhalation. Lancet 1993; 342:

47–8.

Porphyria. Glibenclamide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
As for sulfonylureas in general, p.461.

Pharmacokinetics
Glibenclamide is readily absorbed from the gastroin-
testinal tract, peak plasma concentrations usually oc-
curring within 2 to 4 hours, and is extensively bound to
plasma proteins. Absorption may be slower in hyper-
glycaemic patients and may differ according to the par-
ticle size of the preparation used. It is metabolised, al-
most completely, in the liver, the principal metabolite

being only very weakly active. About 50% of a dose is
excreted in the urine and 50% via the bile into the fae-
ces.
◊ References.
1. Coppack SW, et al. Pharmacokinetic and pharmacodynamic

studies of glibenclamide in non-insulin dependent diabetes mel-
litus. Br J Clin Pharmacol 1990; 29: 673–84. 

2. Jaber LA, et al. The pharmacokinetics and pharmacodynamics of
12 weeks of glyburide therapy in obese diabetics. Eur J Clin
Pharmacol 1993; 45: 459–63. 

3. Hoffman A, et al. The effect of hyperglycaemia on the absorp-
tion of glibenclamide in patients with non-insulin-dependent di-
abetes mellitus. Eur J Clin Pharmacol 1994; 47: 53–5. 

4. Rydberg T, et al. Concentration-effect relations of glibenclamide
and its active metabolites in man: modelling of pharmacokinet-
ics and pharmacodynamics. Br J Clin Pharmacol 1997; 43:
373–81.

Uses and Administration
Glibenclamide is a sulfonylurea antidiabetic (p.460). It
is given orally in the treatment of type 2 diabetes mel-
litus (p.431) and has a duration of action of up to 24
hours. 
The usual initial dose of conventional formulations in
type 2 diabetes mellitus is 2.5 to 5 mg daily with break-
fast, adjusted every 7 days in steps of 2.5 or 5 mg daily
up to 15 mg daily. Although increasing the dose above
15 mg is unlikely to produce further benefit, doses of
up to 20 mg daily have been given. Doses greater than
10 mg daily may be given in 2 divided doses. Because
of the relatively long duration of action of glibencla-
mide, it is best avoided in the elderly. 
In some countries micronised preparations of gliben-
clamide are available, in which the drug is formulated
with a smaller particle size, and which have enhanced
bioavailability. The usual initial dose of one such prep-
aration (Glynase PresTab; Pharmacia Upjohn, USA) is
1.5 to 3 mg daily, adjusted every 7 days in steps of
1.5 mg, up to a usual maximum of 12 mg daily. Doses
greater than 6 mg daily may be given in 2 divided dos-
es.
Action. Proceedings of a symposium on the mechanism of ac-
tion of glibenclamide.1
1. Gavin JR, ed. Glyburide: new insights into its effects on the beta

cell and beyond. Am J Med 1990; 89 (suppl 2A): 1–53S.

EFFECTS ON THE HEART. A reduced incidence of ventricular fi-
brillation has been reported in diabetics treated with gliben-
clamide who develop myocardial infarction, compared with
those receiving other treatments or with nondiabetic patients
with myocardial infarction.1 However, some evidence has
also suggested that sulfonylureas may impair the adaptive re-
sponses of the heart to ischaemia—see p.461.
1. Lomuscio A, et al. Effects of glibenclamide on ventricular fibril-

lation in non-insulin-dependent diabetes with acute myocardial
infarction. Coron Artery Dis 1994; 5: 767–71.

Preparations
BP 2008: Glibenclamide Tablets; 
USP 31: Glyburide and Metformin Hydrochloride Tablets; Glyburide Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Arg.: Agobilina; Benclamid; Daonil; Diabe Pass; Diabemin; Euglucon; Gardo-
ton; Glentor; Glibediab†; Glibemida; Glidanil; Gliptid; Glitral; GON; Pira;
Siruc; Austral.: Daonil; Glimel; Semi-Daonil; Austria: Daonil; Dia-Eptal;
Euglucon; Gilemal; Glucobene; Glucostad; Normoglucon; Semi-Euglucon;
Belg.: Bevoren; Daonil; Euglucon; Braz.: Aglucil; Benclamin; Clamiben;
Daonil; Diaben; Diabetty’s†; Diabexil; Euglucon; Gliben†; Glibenclamon;
Glibendiab; Glibexil†; Glicamin; Glionil; Lisaglucon; Uni Gliben†; Canad.:
DiaBeta; Euglucon; Gen-Glybe; Chile: Daonil; Euglusid; Mezalit; Cz.: Betan-
ase†; Glibenhexal†; Glucobene; Humedia†; Maninil; Denm.: Daonil;
Hexaglucon; Regulin†; Fin.: Daonil†; Euglamin; Euglucon; Origlucon; Semi-
Euglucon; Fr.: Daonil; Euglucan; Hemi-Daonil; Miglucan; Ger.: Azuglucon†;
Bastiverit†; duraglucon N; Euglucon N; Glib; Glib-ratiopharm; Gliben; Glib-
en-Azu†; Gliben-Puren N†; Glibenbeta; Glibendoc; Glibenhexal; Glimidsta-
da†; Glucoremed†; Glukoreduct†; Glukovital; glycolande N†; Humedia;
Jutaglucon†; Maninil; Praeciglucon†; Semi-Euglucon N; Gr.: Daonil; Deroc-
tyl; Diabefar†; Hong Kong: Calabren†; Clamide; Daonil; Euglucon; Gliben;
Gliboral; Glimel; Glitisol; Marglucon; Semi-Daonil†; Semi-Euglucon; Xeltic;
Hung.: Gilemal; Glucobene; Maninil; India: Daonil; Euglucon; Glinil; Gly-
bovin; Semi-Daonil; Semi-Euglucon; Indon.: Condiabet; Daonil; Glidanil;
Glimel; Gluconic; Glulo; Glyamid; Libronil; Prodiabet; Prodiamel; Renabetic;
Semi-Daonil; Tiabet; Trodeb; Irl.: Daonil; Semi-Daonil; Israel: Daonil†;
Glibetic; Gluben; Ital.: Daonil; Euglucon; Gliben; Gliboral; Jpn: Euglucon;
Malaysia: Claben†; Daonil; Debtan†; Dibelet; Gliben; Glibesyn; Glimide;
Mex.: Abuglib; Apogly; Biostin; Daonil; Dibetid; Diglexol; Euglucon;
Gadinor; Glemicid; Glibenil; Glibenval; Glicavin; Glicoxem; Glifarcal; Glihex-
al; Glikeyer†; Glipar; Glucal; Glucoven; Insusym; Mibeclag; Nadib†; Norbo-
ral; Ocrix; Reglusan; Neth.: Daonil; Hemi-Daonil†; Norw.: Daonil†; NZ:
Gliben; Philipp.: Amecladin; Daonil; Diabitor; Euglucon; Eundin; Gluban;
Glymod; Insol; Lodulce; Orabetic; Semi-Euglucon; Sentionyl; Sucron; Pol.:
Euclamin; Port.: Daonil; Euglucon; Semi-Daonil; Semi-Euglucon†; Rus.: Be-
tanase (Бетаназ); Glibamide (Глибамид)†; Glibex (Глибекс); Glidanil
(Глиданил); Maninil (Манинил); S.Afr.: Daonil; Diacare; Euglucon†; Gly-
comin; Singapore: Clamide; Daonil; Dibelet; GBN†; Glibemid†; Glibesyn;
Glimel; Glimide; Spain: Daonil; Euglucon; Glucolon; Norglicem; Swed.:
Daonil; Euglucon; Switz.: Daonil; Euglucon; gli-basan; Glibenorme; Glibesi-
far ; Melix; Semi-Daonil; Semi-Euglucon†; Thai.: Benclamin; BNIL; Cyta-
gon†; Daonil; Daono; Debtan; Diabenol; Dibelet; Diclanil; Euglucon; Glen-

camide†; Gliben†; Glibetic; Glibic; Gluconil; Gluzo; Locose; Manoglucon;
Med-Glionil†; Semi-Euglucon†; Sugril; Unil; Xeltic; Turk.: Dianorm; Diya-
ben; Gliben; UAE: Glynase; Mini-Glynase; UK: Daonil; Diabetamide†;
Euglucon†; Semi-Daonil†; USA: DiaBeta; Glynase; Micronase; Venez.:
Daonil; Euglucon; Gliciron.
Multi-ingredient: Arg.: DBI Duo; Glucovance; Isloglib; Medobis G; Met-
formin Duo; Austral.: Glucovance; Belg.: Glucovance; Braz.: Glucovance;
Chile: Bi-Euglucon M; Diaglitab Plus; Glifortex-G; Glimet; Glucovance; Glu-
kaut; Hipoglucin DA; Cz.: Glibomet; Glucovance; Fr.: Glucovance; Gr.:
Daopar†; Normell; Hong Kong: Glucovance; India: Diaforte; Glinil M; In-
don.: Glucovance; Ital.: Bi-Euglucon M; Bi-Euglucon†; Gliben F; Glibomet;
Gliconorm; Glicorest; Gliformin; Glucomide; Suguan M; Suguan†; Malay-
sia: Glucovance; Mex.: Apometglu; Bi-Dizalon; Bi-Euglucon M; Bi-Pradia;
Duo-Anglucid; Glinorboral; Glucotec; Glucovance; Imalet; Insusym-Forte;
Maviglin; Midapharma; Mifelar-C; Nadib-M; Norfaben M; Sibet-C; Sil-Nor-
boral; Wadil; Neth.: Glucovance; Philipp.: Euglo Plus; Glucovance; Port.:
Glucovance; Rus.: Glibomet (Глибомет); Glucovance (Глюкован); S.Afr.:
Glucovance; Singapore: Glucovance; Switz.: Glucovance; USA: Diofen;
Glucovance; Glybofen; Venez.: Bi-Euglucon; Diaformina Plus; Glucovance.

Glibornuride (BAN, USAN, rINN)

Glibornurid; Glibornurida; Glibornuridi; Glibornuridum; Ro-6-
4563. 1-[(2S,3R)-2-Hydroxyborn-3-yl]-3-tosylurea; 1-[(2S,3R)-2-
Hydroxyborn-3-yl]-3-p-tolylsulphonylurea.
Глиборнурид
C18H26N2O4S = 366.5.
CAS — 26944-48-9.
ATC — A10BB04.
ATC Vet — QA10BB04.

NOTE. The name glibornuride has frequently but erroneously
been applied to glibenclamide.
Profile
Glibornuride is a sulfonylurea antidiabetic (p.460). It is given
orally in the treatment of type 2 diabetes mellitus (p.431) in doses
of 12.5 to 75 mg daily. Daily doses of 50 mg or more are given
in 2 divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Glutril; Fr.: Glutril; Ger.: Gluborid†; Glutril†; Switz.: Gluborid†;
Glutril; Turk.: Glutril.

Gliclazide (BAN, rINN)

Gliclazida; Gliclazidum; Gliklatsidi; Gliklazid; Gliklazidas; Glyclazide;
SE-1702. 1-(3-Azabicyclo[3.3.0]oct-3-yl)-3-tosylurea; 1-(3-Aza-
bicyclo[3.3.0]oct-3-yl)-3-p-tolylsulphonylurea.
Гликлазид
C15H21N3O3S = 323.4.
CAS — 21187-98-4.
ATC — A10BB09.
ATC Vet — QA10BB09.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Gliclazide). A white or almost white powder. Prac-
tically insoluble in water; slightly soluble in alcohol; sparingly
soluble in acetone; freely soluble in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
As for sulfonylureas in general, p.460. 
The BNF suggests that gliclazide may be suitable for
use in patients with renal impairment, but that careful
monitoring of blood-glucose concentration is essential.
UK licensed product information recommends that it
should not be used in patients with severe renal impair-
ment.

Interactions
As for sulfonylureas in general, p.461.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
Gliclazide is readily absorbed from the gastrointestinal
tract. It is extensively bound to plasma proteins. The
half-life is about 10 to 12 hours. Gliclazide is exten-
sively metabolised in the liver to metabolites that have
no significant hypoglycaemic activity. Metabolites and
a small amount of unchanged drug are excreted in the
urine.
◊ References.
1. Kobayashi K, et al. Pharmacokinetics of gliclazide in healthy

and diabetic subjects. J Pharm Sci 1984; 73: 1684–7.

Uses and Administration
Gliclazide is a sulfonylurea antidiabetic (p.460). It is
given orally in the treatment of type 2 diabetes mellitus
(p.431) and has a duration of action of 12 to 24 hours.
Because its effects are less prolonged than those of
chlorpropamide or glibenclamide it may be more suit-
able for elderly patients, who are prone to hypoglycae-
mia with longer-acting sulfonylureas. The usual initial
dose is 40 to 80 mg daily, gradually increased, if neces-
sary, up to 320 mg daily. Doses of more than 160 mg
daily are given in 2 divided doses. A modified-release
tablet is also available: the usual initial dose is 30 mg
once daily, increased if necessary up to a maximum of
120 mg daily.
◊ References.
1. Palmer KJ, Brogden RN. Gliclazide: an update of its pharmaco-

logical properties and therapeutic efficacy in non-insulin-de-
pendent diabetes mellitus. Drugs 1993; 46: 92–125. 

2. Mailhot J. Efficacy and safety of gliclazide in the treatment of
non-insulin-dependent diabetes mellitus: a Canadian multicenter
study. Clin Ther 1993; 15: 1060–8. 

3. Ziegler O, Drouin P. Hemobiological properties of gliclazide. J
Diabetes Complications 1994; 8: 235–9. 

4. Jennings PE. Vascular benefits of gliclazide beyond glycemic
control. Metabolism 2000; 49 (suppl 2): 17–20. 

5. Crepaldi G, Fioretto P. Gliclazide modified release: its place in
the therapeutic armamentarium. Metabolism 2000; 49 (suppl 2):
21–5. 

6. McGavin JK, et al. Gliclazide modified release. Drugs 2002; 62:
1357–64.

Preparations
BP 2008: Gliclazide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aglucide; Diamicron; Unava; Austral.: Diamicron; Glyade; Nidem;
Oziclide; Austria: Diamicron; Belg.: Diamicron; Uni Diamicron; Braz.:
Azukon; Diamicron; Glicaron; Canad.: Diamicron; Chile: Dianormax; Cz.:
Diabrezide†; Diaprel; Denm.: Diamicron; Fr.: Diamicron; Ger.: Diamicron;
Gr.: Diamicron; Hong Kong: CP-Gliz; Diamicron; Diamitex; Dianorm;
Glimicron; Glucozide; Glupozide; Glyzyl; Licla; Marclazide; Nidem; Qualiz-
ide; Suclear; Sun-Glizide; Hung.: Diaprel; Gluctam; India: Diamicron; Gliza;
Glizid; Glycigon; Glycinorm; Glygard; Lycazid; Semi-Glycigon; Indon.:
Diamicron; Fredam; Glicab; Glidabet; Glucodex; Glucored; Glukolos; Glyca-
for; Linodiab; Meltika; Nufamicron; Pedab; Tiaglib; Xepabet; Zumadiac; Irl.:
Diabrezide; Diaclide; Diamicron; Ital.: Cronemet; Diabrezide; Diamicron;
Dramion; Galtes; Glucobloc; Malaysia: Diacron†; Diamicron; Dianid;
Glimicron; Glucozide; Glyade; Medoclazide; Melicron†; Opglucon; Reclide;
Sun-Glizide; Mex.: Diamicron; Neth.: Diamicron; NZ: Diamicron; Glizon;
Philipp.: Clibite; Clizid; Diaclid; Diamicron; Dianorm; Glubitor; Gluconil;
Glucoprime; Pol.: Diabezidum; Diabrezide; Diaprel; Diazidan; Glazide;
Glinormax; Norsulin; Port.: Diamicron; Rus.: Diabest (Диабест); Diabe-
ton (Диабетон); Diabinax (Диабинакс); Diatica (Диатика); Glucostabil
(Глюкостабил); Glydiab (Глидиаб); Reclide (Реклид); S.Afr.: Diaglucide;
Diamicron; Glucomed; Glycron; Glygard; Ziclin; Singapore: Diamicron; Di-
anorm; Glimicron; Glizide; Glucozide; Medoclazide; Melicron†; Spain:
Diamicron; Uni Diamicron; Switz.: Diamicron; Thai.: Cadicon; Diabeside;
Diaclaron†; Diamaze†; Diamexon; Diamicron; Dianid; Glicron; Glucocron;
Glucozide; Glycon; Medoclazide; Serviclazide; Turk.: Betanorm; Diamicron;
Glazid; Glumikron; Oramikron; UAE: Glyzide; UK: Diaglyk; Diamicron;
Venez.: Diamicron; Glidan; Reclide†.
Multi-ingredient: India: Exermet GZ; Gliclamet; Glizid-M; Glycigon-M;
Glycinorm M; Glygard M; Glyroz.

Glimepiride (BAN, USAN, rINN)

Glimepirid; Glimepirida; Glimépiride; Glimepiridi; Glimepiridum;
Glimepiryd; Hoe-490. 1-({p-[2-(3-Ethyl-4-methyl-2-oxo-3-pyr-
roline-1-carboxamido)ethyl]phenyl}sulfonyl)-3-(trans-4-methyl-
cyclohexyl)urea.
Глимепирид
C24H34N4O5S = 490.6.
CAS — 93479-97-1.
ATC — A10BB12.
ATC Vet — QA10BB12.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Glimepiride). A white to almost white powder. It
exhibits polymorphism. Practically insoluble in water; slightly
soluble in dichloromethane; soluble in dimethylformamide; very
slightly soluble in methyl alcohol. 
USP 31 (Glimepiride). A white to almost white powder. Practi-
cally insoluble in water; sparingly soluble in dichloromethane;
soluble in dimethylformamide; slightly soluble in methyl alco-
hol. It dissolves in dilute alkali hydroxides and in dilute acids.
Store at a temperature not exceeding 25°.

Adverse Effects, Treatment, and Precautions
As for sulfonylureas in general, p.460. In some countries hepatic
and haematological monitoring is recommended in patients re-
ceiving glimepiride; in the UK the BNF considers the practical
value of such monitoring unproven.

Fasting. Glimepiride, given in unchanged doses but with the
time of the single daily dose switched from morning to just be-
fore breaking fast after sunset, was used in Muslim patients dur-
ing Ramadan without causing an increased incidence of hy-
poglycaemic episodes.1 
For further advice on the management of diabetes mellitus in
fasting Muslim patients during Ramadan see under Precautions
of Insulin, p.448.
1. The Glimepiride in Ramadan (GLIRA) Study Group. The effica-

cy and safety of glimepiride in the management of type 2 diabe-
tes in Muslim patients during Ramadan. Diabetes Care 2005; 28:
421–2.

Interactions
As for sulfonylureas in general, p.461.

Pharmacokinetics
Glimepiride is completely absorbed from the gastrointestinal
tract. Peak plasma concentrations occur in 2 to 3 hours, and it is
highly protein bound. The drug is extensively metabolised to two
main metabolites, a hydroxy derivative and a carboxy derivative.
The half-life after multiple doses is about 9 hours. About 60% of
a dose is eliminated in the urine and 40% in the faeces.

Uses and Administration
Glimepiride is a sulfonylurea antidiabetic (p.460). It is given
orally for the treatment of type 2 diabetes mellitus (p.431). Initial
doses of 1 to 2 mg daily may be increased if necessary to 4 mg
daily for maintenance. The maximum recommended dose is
6 mg in the UK and 8 mg in the USA.

◊ References.
1. Langtry HD, Balfour JA. Glimepiride: a review of its use in the

management of type 2 diabetes mellitus. Drugs 1998; 55:
563–84. 

2. Campbell RK. Glimepiride: role of a new sulfonylurea in the
treatment of type 2 diabetes mellitus. Ann Pharmacother 1998;
32: 1044–52. 

3. McCall AL. Clinical review of glimepiride. Expert Opin Phar-
macother 2001; 2: 699–713. 

4. Massi-Benedetti M. Glimepiride in type 2 diabetes mellitus: a
review of the worldwide therapeutic experience. Clin Ther 2003;
25: 799–816. 

5. Weitgasser R, et al. Effects of glimepiride on HbA(1c) and body
weight in type 2 diabetes: results of a 1.5-year follow-up study.
Diabetes Res Clin Pract 2003; 61: 13–19. 

6. Feinbock C, et al. Prospective multicentre trial comparing the
efficacy of, and compliance with, glimepiride or acarbose treat-
ment in patients with type 2 diabetes not controlled with diet
alone. Diabetes Nutr Metab 2003; 16: 214–21.

Preparations

USP 31: Glimepiride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Adiuvan; Amaryl; Endial; Glemaz; Gluceride; Glucopirida; Islopir ; Lom-
et; Next Step; Austral.: Amaryl; Aylide; Diapride; Dimirel; Austria: Amaryl;
Belg.: Amarylle; Braz.: Amaryl; Azulix; Bioglic; Diamellitis; Glimepibal;
Glimepil; Glimeprid†; Glimeran; Glimesec†; Hipomeril; Canad.: Amaryl;
Chile: Amaryl; Glemaz; Glucomet; Cz.: Amarwin; Amaryl; Amyx; Apo-
Glimep; Eglymad; Glemid; GlimTek; Glymexan; Melyd; Metis; Oltar; Denm.:
Amaryl; Fin.: Amaryl; Fr.: Amarel; Ger.: Amaryl; Glimegamma; Glimerid;
Gr.: Dialosa; Glimepiron; Glimespes; Glimexin; Gliperin; Mepirid; Penoza;
Pharlecon; Saccharofar; Solosa; Sucryl; Tipo II; Toremol; Hong Kong: Am-
aryl; Diapride; Hung.: Amaryl; Dialosa; Glempid; GlimeWin; Glindia;
Gliprex; Limeral; Meglimid; Melyd; Sintecal; India: Amaryl; Betaglim†; Di-
aglim; Euglim; Glimcip; Glimiprex; Glimitab; Glimulin; Glyree; Glyree M;
Karmelitos; Indon.: Amadiab; Amaryl; Anpiride; Glamarol; Glimexal; Glu-
vas; Mapryl; Metrix; Relide; Irl.: Amaryl; Israel: Amaryl; Ital.: Amaryl; So-
losa; Malaysia: Amaryl; Diapride; Glimaryl; Glimin; Glimulin; Miaryl; Mex.:
Amaryl; Glupropan; Zukedib; Neth.: Amaryl; Norw.: Amaryl; NZ: Amaryl;
Philipp.: Imerid; Norizec; Solosa; Pol.: Amaryl; Amyx; Avaron; Betaglid;
Diaril; Glemid; Glibetic; Glibezid; Glidiamid; Glimehexal; Glimesan; Glipid;
Limeral; Melyd; Oltar; Pemidal; Symglic; Port.: Amaryl; Diapiride; Glimial;
Gludon; Rus.: Amaryl (Амарил); Glemaz (Глемаз); S.Afr.: Amaryl;
Glamaryl; Singapore: Amaryl; Diapride; Spain: Amaryl; Roname; Swed.:
Amaryl; Switz.: Amaryl; Thai.: Amaryl; Turk.: Amaryl; Diameprid; Glimax;
UK: Amaryl; Niddaryl; USA: Amaryl; Venez.: Amaryl; Dimavyl; Glimerid.

Multi-ingredient: Cz.: Avaglim; Tandemact; Fr.: Avaglim; Tandemact;
Gr.: Avaglim; Hung.: Avaglim; India: Betaglim M†; Exermet GM; Glimiprex
MF; Glimulin-MF†; Indon.: Avandaryl; Mex.: Glimetal; Port.: Avaglim; Tan-
demact; USA: Avandaryl; Duetact.

Glipizide (BAN, USAN, pINN)

CP-28720; Glipitsidi; Glipizid; Glipizida; Glipizidas; Glipizidum; Gl-
ipizyd; Glydiazinamide; K-4024. 1-Cyclohexyl-3-{4-[2-(5-methyl-
pyrazine-2-carboxamido)ethyl]benzenesulphonyl}urea.
Глипизид
C21H27N5O4S = 445.5.
CAS — 29094-61-9.
ATC — A10BB07.
ATC Vet — QA10BB07.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Glipizide). A white or almost white crystalline
powder. Practically insoluble in water and in alcohol; very slight-
ly soluble in acetone and in dichloromethane. It dissolves in di-
lute solutions of alkali hydroxides. 
USP 31 (Glipizide). Store in airtight containers. Protect from
light.

Adverse Effects, Treatment, and Precau-
tions
As for sulfonylureas in general, p.460.
Porphyria. Glipizide has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for sulfonylureas in general, p.461.
Antacids. Magnesium hydroxide and sodium bicarbonate have
been reported to increase the rate of absorption, although not the
total amount absorbed, of a dose of glipizide in healthy sub-
jects.1,2 No such effect was seen with aluminium hydroxide.2
1. Kivisto KT, Neuvonen PJ. Enhancement of absorption and effect

of glipizide by magnesium hydroxide. Clin Pharmacol Ther
1991; 49: 39–43. 

2. Kivisto KT, Neuvonen PJ. Differential effects of sodium bicar-
bonate and aluminium hydroxide on the absorption and activity
of glipizide. Eur J Clin Pharmacol 1991; 40: 383–6.

Pharmacokinetics
Glipizide is readily absorbed from the gastrointestinal
tract with peak plasma concentrations occurring 1 to 3
hours after a single dose. It is extensively bound to
plasma proteins and has a half-life of about 2 to 4
hours. It is metabolised mainly in the liver and excreted
chiefly in the urine, largely as inactive metabolites.

Uses and Administration
Glipizide is a sulfonylurea antidiabetic (p.460). It is
given orally in the treatment of type 2 diabetes mellitus
(p.431) and has a duration of action of up to 24 hours.
The usual initial dose is 2.5 to 5 mg daily given as a
single dose about 30 minutes before breakfast. Dosage
may be adjusted at intervals of several days by
amounts of 2.5 to 5 mg daily, to a maximum of 20 mg
daily. Doses up to 40 mg daily have been used, but see
below. Doses larger than 15 mg daily are given in two
divided doses before meals. Modified-release formula-
tions of glipizide are available in some countries; one
such preparation (Glucotrol XL; Pfizer, USA) is given
in doses of 5 to 10 mg daily as a single dose with break-
fast.
Administration. Although glipizide may be given in doses up
to a maximum of 40 mg daily, evidence for the benefits of high
doses is scanty. A small study in patients with type 2 diabetes
mellitus found that not only did increases in glipizide doses to
more than 10 mg daily produce little or no benefit, but that the
higher doses were associated with reduced rises in plasma-
insulin concentrations and a lesser reduction in plasma-glucose
concentrations.1 There is, however, some evidence that glycae-
mic control and insulin sensitivity can be improved by the use of
a modified-release rather than a conventional formulation of gli-
pizide.2,3

1. Stenman S, et al. What is the benefit of increasing the sulfonylu-
rea dose? Ann Intern Med 1993; 118: 169–72. 

2. Berelowitz M, et al. Comparative efficacy of once-daily control-
led-release formulation of glipizide and immediate-release glip-
izide in patients with NIDDM. Diabetes Care 1994; 17: 1460–4. 

3. Leaf E, King JO. Patient outcomes after formulary conversion
from immediate-release to extended-release glipizide tablets. Am
J Health-Syst Pharm 1999; 56: 454–6.

N
H

N

O

H C

H C

O
S

N
H

N
H

OO O
CH

N

N
N
H

O

H3C

S
N
H

N
H

OO O



442   Antidiabetics

Preparations
BP 2008: Glipizide Tablets; 
USP 31: Glipizide and Metformin Hydrochloride Tablets; Glipizide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Minodiab; Austral.: Melizide; Minidiab; Austria: Glibenese; Minidiab;
Belg.: Glibenese; Minidiab; Braz.: Glipgen†; Minidiab; Chile: Minidiab;
Xiprine; Cz.: Antidiab†; Glucotrol†; Mediab†; Minidiab; Denm.: Glibenese;
Mindiab; Fin.: Apamid†; Glibenese; Melizid; Mindiab; Fr.: Glibenese; Minid-
iab; Ozidia; Gr.: Glibenese; Minodiab†; Hong Kong: Diasef; Glucotrol; Mi-
nidiab; Sunglucon; Hung.: Minidiab; India: Diaglip; Glez; Glide; Glipicontin†;
Glucolip; Glynase; Glyzip; Indon.: Aldiab; Glucotrol; Glyzid; Irl.: Glibenese;
Israel: Gluco-Rite; Ital.: Minidiab; Malaysia: Dibizide†; Dipazide; Glix;
Melizide; Minidiab; Mex.: Glupitel†; Luditec; Minodiab; Pigloss; Singloben;
Neth.: Glibenese†; Norw.: Apamid; Mindiab; NZ: Glipid†; Minidiab;
Philipp.: Glix; Minidiab; Pol.: Antidiab; Glibenese; Port.: Minidiab; Rus.:
Glibenese (Глибенез); Minidiab (Минидиаб)†; S.Afr.: Minidiab; Singa-
pore: Beapizide; Diactin; Diasef; Melizide; Minidiab; Spain: Glibenese†; Mi-
nodiab; Swed.: Apamid†; Glipiscand†; Mindiab; Switz.: Glibenese; Thai.:
Apamid†; Depizide; Diasef; Dipazide; Gipzide; Glipimed; Glizide; Glucodiab;
Glygen; GP-Zide; Melizide; Minibit; Minidiab; Namedia; Pezide; Turk.: Glu-
cotrol; Minidiab; UK: Glibenese; Minodiab; USA: Glucotrol; Venez.: Minid-
iab.

Multi-ingredient: India: Diaglip M; Metaglez; USA: Metaglip.

Gliquidone (BAN, rINN)

ARDF-26; Glikidon; Glikidoni; Gliquidona; Gliquidonum. 1-Cy-
clohexyl-3-{4-[2-(3,4-dihydro-7-methoxy-4,4-dimethyl-1,3-di-
oxo-2(1H)-isoquinolyl)ethyl]benzenesulphonyl}urea.

Гликвидон

C27H33N3O6S = 527.6.
CAS — 33342-05-1.
ATC — A10BB08.
ATC Vet — QA10BB08.

Pharmacopoeias. In Br. and Chin. 
BP 2008 (Gliquidone). A white or almost white powder. Practi-
cally insoluble in water; slightly soluble in alcohol and in methyl
alcohol; soluble in acetone; freely soluble in dimethylforma-
mide.

Adverse Effects, Treatment, and Precautions
As for sulfonylureas in general, p.460.

Interactions
As for sulfonylureas in general, p.461.

Pharmacokinetics
Gliquidone is readily absorbed from the gastrointestinal tract. It
is extensively bound to plasma proteins and has a half-life of
about 1.5 hours. It is extensively metabolised in the liver, the
metabolites having no significant hypoglycaemic effect, and is
eliminated chiefly in the faeces via the bile; only about 5% of a
dose is excreted in the urine.

Uses and Administration
Gliquidone is a sulfonylurea antidiabetic (p.460). It has been giv-
en orally in the treatment of type 2 diabetes mellitus (p.431) in a
usual initial dosage of 15 mg daily given as a single dose up to
30 minutes before breakfast. Dosage may be adjusted by incre-
ments of 15 mg to a usual dose of 45 to 60 mg daily in 2 or 3
unequally divided doses, the largest dose being taken in the
morning with breakfast. Single doses above 60 mg and daily
doses above 180 mg are not recommended.

Preparations
BP 2008: Gliquidone Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Glurenorm; Belg.: Glurenorm; Cz.: Glurenorm; Ger.:
Glurenorm; Gr.: Devotan; Hung.: Glurenorm; Indon.: Glurenorm; Ital.:
Glurenor ; Pol.: Glurenorm; Port.: Glurenor†; Rus.: Glurenorm
(Глюренорм); Spain: Glurenor; Thai.: Glurenor; Turk.: Glurenorm; UK:
Glurenorm†.

Glisentide (rINN)

Glipentide; Glisentida; Glisentidum. 1-Cyclopentyl-3-[p-(2-o-ani-
samidoethyl)benzenesulphonyl]urea.

Глизентид

C22H27N3O5S = 445.5.
CAS — 32797-92-5.

Profile
Glisentide is a sulfonylurea antidiabetic (p.460). It is given orally
in the treatment of type 2 diabetes mellitus (p.431) in doses of 2.5
to 20 mg daily.

Preparations

Proprietary Preparations (details are given in Part 3)
Spain: Staticum.

Glisolamide (rINN)

Glisolamida; Glisolamidum. 1-Cyclohexyl-3-{p-[2-(5-methylisox-
azole-3-carboxamido)ethyl]benzenesulphonyl}urea.

Глизоламид

C20H26N4O5S = 434.5.
CAS — 24477-37-0.

Profile
Glisolamide is a sulfonylurea antidiabetic (p.460). It has been
given in the treatment of type 2 diabetes mellitus.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: Diabenor†.

Glisoxepide (BAN, rINN)

Bay-b-4231; FBB-4231; Glisoxepid; Glisoxepida; Glisoxépide;
Glisoxepidum; RP-22410. 1-(Perhydroazepin-1-yl)-3-{4-[2-(5-
methylisoxazole-3-carboxamido)ethyl]benzenesulphonyl}urea.

Глизоксепид

C20H27N5O5S = 449.5.
CAS — 25046-79-1.
ATC — A10BB11.
ATC Vet — QA10BB11.

Profile
Glisoxepide is a sulfonylurea antidiabetic (p.460). It has been
given in the treatment of type 2 diabetes mellitus.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Pro-Diaban†.

Glybuzole (rINN)

AN-1324; Désaglybuzole; Glibuzol; Glybuzolum; RP-7891. N-(5-
tert-Butyl-1,3,4-thiadiazol-2-yl)benzenesulphonamide.

Глибузол
C12H15N3O2S2 = 297.4.
CAS — 1492-02-0.

Profile
Glybuzole is an oral antidiabetic with a structure distinct from
that of the sulfonylureas, biguanides, or sulfonamidopyrimi-
dines.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Gludiase.

Glycyclamide (rINN)

Gliciclamida; Gliciclamide; Glycyclamidum; K-38; K-386; Tolcycla-
mide. 1-Cyclohexyl-3-tosylurea; 1-Cyclohexyl-3-p-tolylsulphonyl-
urea.

Глицикламид
C14H20N2O3S = 296.4.
CAS — 664-95-9.

Profile
Glycyclamide is a sulfonylurea antidiabetic (p.460). It is given
by mouth in the treatment of type 2 diabetes mellitus.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Diaborale.

Guar Gum
Cyamopsidis seminis pulvis; E412; Goma guar; Guar; Guar Flour;
Guar Galactomannan; Guar, galactomannane du; Guar galacto-
mannanum; Guar galaktomanan; Guar galaktomannan; Guaras;
Guárbab galaktomannán; Guárbabmag-por; Guargalaktoman-
naani; Guargalaktomannan; Guaro galaktomananas; Jaguar Gum.
CAS — 9000-30-0.
ATC — A10BX01.
ATC Vet — QA10BX01.

Pharmacopoeias. In Eur. (see p.vii). Also in USNF. 
Ph. Eur. 6.2 (Guar). Guar is obtained by grinding the en-
dosperms of the seeds of Cyamopsis tetragonolobus. It consists
mainly of guar galactomannan. Guar is a white or almost white
powder, yielding a mucilage of variable viscosity when dis-
solved in water. Practically insoluble in alcohol. 
Ph. Eur. 6.2 (Guar Galactomannan). A yellowish-white powder.
It is soluble in cold and hot water; practically insoluble in organic
solvents. Its main components are polysaccharides composed of
D-galactose and D-mannose at molecular ratios of 1:1.4 to 1:2.
The molecules consist of a linear main chain of β-(1→4)-glyco-
sidically linked mannopyranoses and single α-(1→6)-glycosidi-
cally linked galactopyranoses. 
USNF 26 (Guar Gum). A gum obtained from the ground en-
dosperms of Cyamopsis tetragonolobus (Leguminosae). It con-
sists chiefly of a high-molecular-weight hydrocolloidal polysac-
charide, a galactomannan, composed of galactan and mannan
units combined through glycosidic linkages. It is a white to yel-
lowish-white, practically odourless, powder. Dispersible in hot
or cold water forming a colloidal solution.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
Guar gum can cause gastrointestinal disturbance with
flatulence, diarrhoea, or nausea, particularly at the start
of treatment. 

Because guar gum swells on contact with liquid it
should always be washed down carefully with water
and should not be taken immediately before going to
bed. It should not be used in patients with dysphagia,
oesophageal disease, or intestinal obstruction.

Interactions
Guar gum may retard the absorption of other drugs;
where this is likely to pose a problem the other drug
should be taken at least an hour before guar gum.

Uses and Administration
Guar gum is used in diabetes mellitus (p.431) as an ad-
junct to treatment with diet, insulin, or oral antidiabet-
ics since it results in some reduction in both postpran-
dial and fasting blood-glucose concentrations. It is
given with or immediately before meals in doses of 5 g
usually 3 times daily. Adverse gastrointestinal effects
may be reduced by using a lower initial dose of 5 g
once daily before breakfast for 1 week, then increasing
to 5 g twice daily, then 3 times daily, as required. Each
dose of guar gum granules should be taken stirred in
about 200 mL of a cold drink. Alternatively it can be
sprinkled over or mixed with food which must be taken
with about 200 mL of fluid. 

Guar gum is also used to slow gastric emptying in
some patients with the dumping syndrome (p.1695). It
is also used as an adjunct in the treatment of hyperlipi-
daemias. 

Guar gum is also used as a thickening and suspending
agent, and as a tablet binder. It has been incorporated
into processed foods.

◊ Guar gum is an example of a soluble fibre.1 On contact with
water it forms a highly viscous gel, the viscosity of which varies
with such factors as its plant source or the form in which it is
given.2 

Fibres such as guar gum reduce postprandial and fasting blood-
glucose concentrations as well as plasma-insulin concentrations
in healthy subjects and diabetic patients.1,3,4 Such reductions in
blood-glucose concentrations and in glycosylated haemoglobin
have been demonstrated in both type 1 and type 2 diabetes, but
they have generally been small.3 Possible mechanisms for these
effects of guar gum include a delay in gastric emptying,1,3-5 de-
creased small-bowel motility,1,4 decreased glucose absorption re-
sulting from increased viscosity of the contents of the gastroin-
testinal tract,1,3 or inhibition of gastrointestinal hormones.3 

Guar gum also lowers serum total cholesterol and low-density-
lipoprotein (LDL) cholesterol concentrations; high-density-lipo-
protein (HDL) cholesterol and triglyceride concentrations appear
to be unaffected.4 The most likely mechanism is binding of bile
acids, reducing their enterohepatic circulation in a similar way to
bile-acid sequestrants.3,4 When used alone in patients with hy-
percholesterolaemia guar gum has generally produced a modest
reduction in plasma-cholesterol and LDL-cholesterol concentra-
tions although some studies have been unable to demonstrate an
effect. A few studies have suggested that the cholesterol-lower-
ing effect is attenuated after 8 to 12 weeks of treatment but a
long-term study observed a 17% decrease in total serum choles-
terol that was maintained for 24 months.6 Some studies have
shown further reductions in cholesterol and LDL-cholesterol
concentrations on addition of guar gum to therapy with other li-
pid regulating drugs.4 The usual treatment of hyperlipidaemias is
discussed on p.1169. 

There have been suggestions that guar gum reduces appetite by
promoting a feeling of fullness, but a meta-analysis has indicated
that it is not effective for reducing body-weight.7 Products con-
taining guar gum have, however, been promoted as slimming
aids. Their use cannot be advocated because of the risk of tablets
swelling before reaching the stomach and causing oesophageal
obstruction.

1. Hockaday TDR. Fibre in the management of diabetes 1: natural
fibre useful as part of total dietary prescription. BMJ 1990; 300:
1334–6. 

2. Ellis PR, et al. Guar gum: the importance of reporting data on its
physico-chemical properties. Diabet Med 1986; 3: 490–1. 

3. Anonymous. Guar gum: of help to diabetics? Drug Ther Bull
1987; 25: 65–7. 

4. Todd PA, et al. Guar gum: a review of its pharmacological prop-
erties, and use as a dietary adjunct in hypercholesterolaemia.
Drugs 1990; 39: 917–28. 

5. Tattersall R, Mansell P. Fibre in the management of diabetes 2:
benefits of fibre itself are uncertain. BMJ 1990; 300: 1336–7. 

6. Salenius J-P, et al. Long term effects of guar gum on lipid metab-
olism after carotid endarterectomy. BMJ 1995; 310: 95–6. 

7. Pittler MH, Ernst E. Guar gum for body weight reduction: meta-
analysis of randomized trials. Am J Med 2001; 110: 724–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Regudig†; Austral.: Benefiber†; Braz.: Benefiber†; Biofiber†; Fin.:
Guarem; Ger.: Figur-Verlan; Guar Verlan; Hong Kong: Guarem†; Irl.:
Guarem†; Ital.: Novafibra; NZ: Guarcol; Spain: Fibraguar; Plantaguar;
Switz.: Leiguar; UK: Resource Benefiber; USA: Benefiber.
Multi-ingredient: Fr.: Carres Parapsyllium; Moxydar; Mucipulgite; Mulk-
ine; Seroxydar; Ital.: Cruscasohn; Resource Gelificata; Switz.: Mucipulg-
ite†.

Insulin ⊗ 
Insuliini; Insülin; Insulina; Insuline; Insulinin; Insulinum.
CAS — 9004-10-8 (insulin; neutral insulin); 11070-73-8
(bovine insulin); 12584-58-6 (porcine insulin); 11061-68-
0 (human insulin); 8063-29-4 (biphasic insulin); 9004-21-
1 (globin zinc insulin); 68859-20-1 (insulin argine); 8049-
62-5 (insulin zinc suspensions); 53027-39-7 (isophane in-
sulin); 9004-17-5 (protamine zinc insulin); 116094-23-6
(insulin aspart); 9004-12-0 (dalanated insulin); 51798-
72-2 (bovine insulin defalan); 11091-62-6 (porcine insulin
defalan); 160337-95-1 (insulin glargine); 133107-64-9
(insulin lispro).
ATC — A10AB01 (human); A10AB02 (beef); A10AB03
(pork); A10AB04 (lispro); A10AB05 (aspart); A10AB06
(glulisine); A10AC01 (human); A10AC02 (beef); A10AC03
(pork); A10AC04 (lispro); A10AE01 (human); A10AE02
(beef); A10AE03 (pork); A10AE04 (glargine); A10AE05
(detemir).
ATC Vet — QA10AB01 (human); QA10AB02 (beef);
QA10AB03 (pork); QA10AB04 (lispro); QA10AB05 (as-
part); QA10AB06 (glulisine); QA10AC01 (human);
QA10AC02 (beef); QA10AC03 (pork); QA10AC04 (lispro);
QA10AD01 (human); QA10AD02 (beef); QA10AD03
(pork); QA10AD04 (lispro); QA10AD05 (aspart);
QA10AE01 (human); QA10AE02 (beef); QA10AE03
(pork); QA10AE04 (glargine); QA10AE05 (detemir);
QA10AF01 (human).

(human)

Pharmacopoeias. Most pharmacopoeias have monographs
for insulin and a variety of insulin preparations. 
Ph. Eur. 6.2 (Insulin, Bovine). The natural antidiabetic principle
obtained from beef pancreas and purified. A white or almost
white powder. Practically insoluble in water and in dehydrated
alcohol. It dissolves in dilute mineral acids and, with decompo-
sition, in dilute solutions of alkali hydroxides. Store in airtight
containers. Protect from light. It should be stored at −20° until re-
leased by the manufacturer. When thawed, insulin may be stored
at 2° to 8° and used for manufacturing purposes within a short
period of time. To avoid absorption of humidity from the air dur-
ing weighing, the insulin must be at room temperature. 
Ph. Eur. 6.2 (Insulin, Porcine). The natural antidiabetic principle
obtained from pork pancreas and purified. A white or almost
white powder. Practically insoluble in water and in dehydrated
alcohol. It dissolves in dilute mineral acids and, with decompo-
sition, in dilute solutions of alkali hydroxides. Store in airtight
containers. Protect from light. It should be stored at −20° until re-
leased by the manufacturer. When thawed, insulin may be stored
at 2° to 8° and used for manufacturing purposes within a short
period of time. To avoid absorption of humidity from the air dur-
ing weighing, the insulin must be at room temperature. 
Ph. Eur. 6.2 (Insulin, Human). A protein having the structure of
the antidiabetic hormone produced by the human pancreas. It is
produced either by enzymatic modification and suitable purifica-
tion of insulin obtained from the pancreas of the pig or by a meth-
od based on recombinant DNA (rDNA) technology. A white or
almost white powder. Practically insoluble in water and in alco-

hol. It dissolves in dilute mineral acids and, with decomposition,
in dilute solutions of alkali hydroxides. Store in airtight contain-
ers. Protect from light. It should be stored at or below −18° or be-
low until released by the manufacturer. When thawed, insulin is
stored at 2° to 8° and used for manufacturing preparations within
a short period of time. To avoid absorption of humidity from the
air during weighing, the insulin must be at room temperature. 
Ph. Eur. 6.2 (Insulin Aspart; Insulinum Aspartum). It is a 2-chain
peptide containing 51 amino acids. The A-chain is composed of
21 amino acids and the B-chain is composed of 30 amino acids.
It is identical in primary structure to human insulin, except that it
has aspartic acid instead of proline at position 28 of the B-chain.
As in human insulin, insulin aspart contains 2 interchain di-
sulfide bonds and 1 intrachain disulfide bond. It is produced by a
method based on recombinant DNA (rDNA) technology. A
white or almost white powder. Practically insoluble in aqueous
solutions with a pH around 5.1. In aqueous solutions below pH
3.5 or above pH 6.5, the solubility is greater than or equal to
25 mg/mL. Store in airtight containers. Protect from light. It
should be stored at or below −18° until released by the manufac-
turer. When thawed, insulin aspart may be stored at 2° to 8° and
used for manufacturing purposes within a short period of time.
To avoid absorption of humidity from the air during weighing,
insulin aspart must be at room temperature before opening the
container. 
Ph. Eur. 6.2 (Insulin Lispro; Insulinum Lisprum). It is a 2-chain
peptide containing 51 amino acids. The A-chain is composed of
21 amino acids and the B-chain is composed of 30 amino acids.
It is identical in primary structure to human insulin, only differ-
ing in amino acid sequence at positions 28 and 29 of the B-chain.
Human insulin is Pro(B28), Lys(B29), whereas insulin lispro is
Lys(B28), Pro(B29). As in human insulin, insulin lispro contains
2 interchain disulfide bonds and 1 intrachain disulfide bond. It is
produced by a method based on recombinant DNA (rDNA) tech-
nology. A white or almost white powder. Practically insoluble in
water and in alcohol. It dissolves in dilute mineral acids and with
decomposition in dilute solutions of alkali hydroxides. Store in
airtight containers. Protect from light. It should be stored at or be-
low −18°. When thawed, insulin lispro is used for manufacturing
purposes within a short period of time. To avoid absorption of
humidity from the air during weighing, insulin aspart must be at
room temperature before opening the container. 
USP 31 (Insulin). A protein that affects the metabolism of glu-
cose obtained from the pancreas of healthy bovine or porcine an-
imals, or both, used for food by humans. White or practically
white crystals. Soluble in solutions of dilute acids and alkalis.
Store in airtight containers. Protect from light. It should be stored
at −10° to −25°. 
USP 31 (Insulin Human). A protein corresponding to the active
principle elaborated in the human pancreas that affects the me-
tabolism of carbohydrate (particularly glucose), fat, and protein.
It is derived by enzymatic modification of insulin from pork pan-
creas in order to change its amino acid sequence appropriately, or
produced by microbial synthesis via a recombinant DNA proc-
ess. Store in airtight containers. Protect from light. It should be
stored at −10° to −25°. 
USP 31 (Insulin Lispro). Insulin Lispro is identical in structure to
Insulin Human, except that it has lysine and proline at positions
28 and 29, respectively, of chain B, whereas this sequence is re-
versed in Insulin Human. It is produced by microbial synthesis
via a recombinant DNA process. White or practically white crys-
tals. Soluble in solutions of dilute acids and alkalis. Store in air-
tight containers. Protect from light. It should be stored at −10° to
−25°.

Definitions and Terminology
Insulin is a hormone produced by the beta cells of the
islets of Langerhans of the pancreas and consists of 2
chains of amino acids, the A and B chains, connected
by 2 disulfide bridges. Insulin produced by different
species conforms to the same basic structure but has
different sequences of amino acids in the chains. Por-
cine insulin (C256H381N65O76S6 = 5777.5) differs from
human insulin (C257H383N65O77S6 = 5807.6) in only
one amino acid in the B chain, whereas bovine insulin
(C254H377N65O75S6 = 5733.5) differs from human in-
sulin not only in this same amino acid in the B chain
but also in 2 amino acids in the A chain. 
The precursor of insulin in the pancreas is proinsulin
which is a single polypeptide chain incorporating both
the A and B chains of insulin connected by a peptide
termed the C-peptide (or connecting-peptide). Al-
though the insulins of various species may be similar in
composition the proinsulins are not, in that the se-
quence and number of amino acids in the C-peptide
may vary considerably. 
Early commercial insulins were obtained by extraction
from bovine or porcine or mixed bovine and porcine
pancreases and were purified by recrystallisation only.
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Table 2. Ph. Eur., BP, and USP insulin preparations.

Type 
Ph. Eur./BP/USP

Title
Synonyms Description pH

Common 
classification

Approximate action profile after 
subcutaneous administration

Onset Time to Duration
peak

Soluble insulins 
(also known as reg-
ular or unmodified 
insulin)

Soluble Insulin Injection 
(Ph. Eur. 6.2)

Neutral Insulin
Neutral Insulin Injection
Soluble Insulin
Insulin Injection

Solution of bovine, porcine, or 
human insulin

6.9 to 7.8

Insulin Injection (USP 31) Solution of bovine or porcine, 
or a mixture of bovine and por-
cine, insulin

7.0 to 7.8 Short-acting 30 minutes 2 to 5 6 to 8
to 1 hour hours hours

Insulin Human Injection 
(USP 31)

Solution of human insulin 7.0 to 7.8

Insulin analogues, 
rapid

Insulin Aspart Injection (BP 
2008)

Solution of insulin aspart 6.9 to 7.8

Insulin Lispro Injection (BP 
2008)

Solution of insulin lispro 6.9 to 7.8 Short-acting 5 to 20 1 to 3 2 to 5
minutes hours hours

Insulin Lispro Injection 
(USP 31)

Solution of insulin lispro 7.0 to 7.8

Biphasic insulins Biphasic Insulin Injection 
(Ph. Eur. 6.2)

Biphasic Insulin Suspension of crystals contain-
ing bovine insulin in a solution 
of porcine insulin

6.6 to 7.2

Biphasic Isophane Insulin 
Injection (Ph. Eur. 6.2)

Biphasic Isophane Insulin Buffered suspension of porcine 
insulin or human insulin com-
plexed with protamine sulfate 
or other suitable protamine, in a 
solution of porcine insulin or 
human insulin respectively.

6.9 to 7.8

Human Insulin Isophane 
Suspension and Human 
Insulin Injection (USP 31)

Buffered suspension of human 
insulin complexed with pro-
tamine sulfate, in a solution of 
human insulin

7.0 to 7.8

Insulin suspensions Isophane Insulin Injection 
(Ph. Eur. 6.2)

Isophane Insulin
Isophane Insulin (NPH)
Isophane Protamine Insulin

Injection

Suspension of bovine, porcine, 
or human insulin complexed 
with protamine sulfate or 
another suitable protamine.
Contains 300 to 
600 micrograms of protamine 
sulfate per 100 units of insulin

6.9 to 7.8

Isophane Insulin Suspension 
(USP 31)

Buffered aqueous suspension 
of zinc-insulin (bovine or por-
cine) crystals and protamine 
sulfate, combined in a manner 
such that the solid phase of the 
suspension consists of crystals 
composed of insulin, pro-
tamine, and zinc

7.0 to 7.8
Intermediate-
acting

Within 2 4 to 12 Up to 24
hours hours hours

Isophane Insulin Human
Suspension (USP 31)

Buffered aqueous suspension 
of zinc-insulin human crystals 
and protamine sulfate, com-
bined in such a manner that the 
solid phase of the suspension 
consists of crystals composed 
of insulin human, protamine, 
and zinc

7.0 to 7.5

Insulin Zinc Injectable Sus-
pension (Amorphous)
(Ph. Eur. 6.2)

Amorph. I.Z.S.
Insulin Semilente
Insulin Zinc Suspension

(Amorphous)

Suspension of bovine, porcine, 
or human insulin complexed 
with a suitable zinc salt; the 
insulin is in a form practically 
insoluble in water

6.9 to 7.8
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Insulin suspensions 
cont

Prompt Insulin Zinc 
Suspension (USP 31)

Buffered aqueous suspension 
of bovine or porcine, or a mix-
ture of bovine and porcine, 
insulin modified by the addi-
tion of a suitable zinc salt in a 
manner such that the solid 
phase is amorphous

7.0 to 7.8

Insulin Zinc Injectable Sus-
pension (Ph. Eur. 6.2)

Insulin Lente
I.Z.S.
I.Z.S. (Mixed)
Insulin Zinc Suspension

(Mixed)
Insulin Zinc Suspension

Suspension of bovine or por-
cine, or a mixture of bovine and 
porcine, or human insulin with 
a suitable zinc salt; the insulin 
is in a form practically insolu-
ble in water. It may be pro-
duced by mixing Insulin Zinc 
Injectable Suspension (Amor-
phous) (Ph. Eur. 6.2) and Insu-
lin Zinc Injectable Suspension 
(Crystalline) (Ph. Eur. 6.2) in a 
ratio of 3 to 7

6.9 to 7.8

Insulin Zinc Suspension 
(USP 31)

Insulin Zinc Buffered aqueous suspension 
of bovine or porcine, or a mix-
ture of bovine and porcine, 
insulin modified by the addi-
tion of a suitable zinc salt in a 
manner such that the solid 
phase of the suspension con-
sists of a mixture of approxi-
mately 3 parts of amorphous 
insulin to 7 parts of crystalline 
insulin

7.0 to 7.8

Intermediate 
or long-acting

2 to 3 6 to 15 Up to 30
hours hours hours

Insulin Human Zinc
Suspension (USP 31)

Buffered aqueous suspension 
of human insulin modified by 
the addition of a suitable zinc 
salt in a manner such that the 
solid phase of the suspension 
consists of a mixture of approx-
imately 3 parts of amorphous 
insulin to 7 parts of crystalline 
insulin

7.0 to 7.8

Insulin Zinc Injectable Sus-
pension (Crystalline)
(Ph. Eur. 6.2)

Cryst. I.Z.S.
Insulin Ultralente
Insulin Zinc Suspension

(Crystalline)

Suspension of bovine, porcine, 
or human insulin complexed 
with a suitable zinc salt; the 
insulin is in a form practically 
insoluble in water

6.9 to 7.8

Protamine Zinc Insulin 
Injection (BP 2008)

Protamine Zinc Insulin Buffered suspension of bovine, 
porcine, or human insulin com-
plexed with protamine sulfate 
or another suitable protamine 
and zinc chloride or another 
suitable zinc salt

6.9 to 7.8

Extended Insulin Zinc
 Suspension (USP 31)

Buffered aqueous suspension 
of bovine or porcine, or a mix-
ture of bovine and porcine, 
insulin modified by the addi-
tion of a suitable zinc salt in a 
manner such that the solid 
phase is predominantly crystal-
line

7.0 to 7.8 Long-acting 4 hours 10 to Up to 36
20 hours hours

Extended Insulin Human 
Zinc Suspension (USP 31)

Buffered aqueous suspension 
of human insulin modified by 
the addition of a suitable zinc 
salt in a manner such that the 
solid phase of the suspension is 
predominantly crystalline

7.0 to 7.8

Table 2. Ph. Eur., BP, and USP insulin preparations.

Type 
Ph. Eur./BP/USP

Title
Synonyms Description pH

Common 
classification

Approximate action profile after 
subcutaneous administration

Onset Time to Duration
peak
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Insulins obtained by such methods were often termed
‘conventional insulins’ to distinguish them from
insulins which have undergone further purification
processes. An extract which has been recrystallised
only once can be separated into 3 components or frac-
tions termed the ‘a’, ‘b’, and ‘c’ components. The ‘a’
component consists of high molecular weight sub-
stances and is only usually found in very impure prep-
arations since repeated recrystallisation will remove
most of it. The ‘b’ component consists largely of proin-
sulin and insulin dimers, and the ‘c’ component con-
sists of insulin, insulin esters, arginine insulin, and de-
samidoinsulin. Other pancreatic peptides such as
glucagon, pancreatic polypeptide, somatostatin, and
vasoactive intestinal peptide are also usually found in
products which have not undergone further purifica-
tion. Gel filtration will substantially reduce the content
of proinsulin but will not significantly reduce the con-
tent of insulin derivatives or pancreatic peptides; prod-
ucts purified by gel filtration are often termed ‘single-
peak insulins’. Addition of ion-exchange chromatog-
raphy to the purification methods will further reduce
the proinsulin content and also reduce the contamina-
tion by insulin derivatives and pancreatic peptides. In
the UK ‘highly purified insulins’ and ‘monocompo-
nent insulins’ are terms sometimes applied to insulins
which have undergone both gel filtration and ion-ex-
change chromatography. In the USA the FDA has des-
ignated the term ‘purified insulins’ for preparations
similarly prepared and containing less than 10 ppm of
proinsulin. 
Much of the insulin now produced has an amino-acid
sequence identical to that of human insulin. Human
insulin (emp) is produced by the enzymatic modifica-
tion of insulin obtained from the porcine pancreas; it is
also sometimes called semisynthetic human insulin.
The term human insulin (crb) is used for insulin pro-
duced by the chemical combination of A and B chains
which have been obtained from bacteria genetically
modified by recombinant DNA technology. Human
insulin (prb) is produced from proinsulin obtained
from bacteria genetically modified by recombinant
DNA technology. Human insulin (pyr) is insulin pro-
duced from a precursor obtained from a yeast geneti-
cally modified by recombinant DNA technology. Hu-
man insulin obtained by recombinant DNA technology
is sometimes termed biosynthetic human insulin. 
Insulin or human insulin is supplied in a variety of
forms in solution or suspension for injection (see Table
2, p.444). Crystalline insulin may be prepared for ther-
apeutic use merely by making a solution, either of acid-
ic or neutral pH. Soluble insulin or ‘neutral insulin’
is a short-acting preparation that can be given intrave-
nously if necessary to cover emergencies. Soluble for-
mulations are sometimes referred to as ‘regular insu-
lin’ or ‘unmodified insulin’; these names reflect the
fact that the preparation has not been formulated in or-
der to prolong the duration of action of the insulin. 
In order to prolong the duration of action of insulin,
preparations may be formulated as suspensions in 2
general ways. The first involves complexing insulin
with a protein from which it is slowly released; exam-
ples are protamine zinc insulin, which contains an ex-
cess of protamine, and isophane insulin (NPH insu-
lin), which contains equimolecular amounts of insulin
and protamine. The second method of prolonging the
action of insulin is to modify the particle size and the
various insulin zinc suspensions are in this category. 
Biphasic insulins are mixtures providing for both im-
mediate and prolonged action. 
Chemical modification of the insulin molecule has re-
sulted in insulins such as dalanated insulin (prepared
by the removal of the C-terminal alanine from the B
chain of insulin), insulin defalan (prepared by the re-
moval of the terminal phenylalanine), and sulfated in-
sulin, but these insulins have not been widely used. 
More recently, recombinant DNA technology has ena-
bled production of insulin analogues with altered phar-

macokinetic profiles. Insulin lispro is one such ana-
logue, in which the B28 and B29 amino acid residues
of human insulin are replaced with lysine and proline.
It is available as a rapidly acting alternative to soluble
insulin and as an intermediate-acting complex with
protamine. Insulin aspart and insulin glulisine are
other rapidly acting analogues. Insulin glargine is a
long-acting form for once-daily use, and insulin de-
temir is used once or twice daily. Further information
on these can be found under the heading Insulin Ana-
logues and Proinsulin, in Uses, below.
Stability and Storage
Both the Ph. Eur. 6.2 and the USP 31 recommend that insulin
preparations be stored in a refrigerator at 2° to 8° and not be al-
lowed to freeze. The Ph. Eur. 6.2 directs that insulin preparations
should be protected from light, and the USP 31 that they should
be protected from sunlight. It is recognised that patients may not
follow such stringent storage guidelines and most manufacturers
of commercial insulin preparations consider that storage by the
patient at a temperature of up to 25° would be acceptable for up
to one month. Patients should still be advised not to expose their
vials or cartridges to excessive heat or sunlight. 
It is advisable to shake suspensions gently before a dose is with-
drawn. 
Insulin in powder form should be stored in airtight containers and
protected from light. Storage at a low temperature is also recom-
mended. The Ph. Eur. 6.2 advises storage at a temperature of
−20° for bovine and porcine insulin and at −18° or below for Hu-
man Insulin, and for Insulin Aspart and Insulin Lispro; the USP
31 requires storage at −10° to −25° for all types of insulin. It is
stressed that this temperature is for the powder and not for the
preparations; preparations should not be subjected to storage
conditions that lead to freezing.
Adsorption. The adsorption of insulin onto glass and plastics
used in giving sets has been decreased by the addition of albumin
or polygeline to insulin solutions but it has been stated1,2 that in
practice this was unnecessary since insulin adsorption was not a
major problem. However, in studies of insulin infusions used in
neonatal hyperglycaemia, various methods have been investigat-
ed and found to reduce the amount of insulin lost by adsorption
to the giving set. These included flushing3 or priming4 the system
with the insulin infusion, or using a concentrated insulin solution
to prime the tubing.5 A study6 that compared different methods
found wide variation in insulin delivery depending on solution
concentration, flow rate, addition of albumin, catheter type, and
priming or flushing of the system.
1. Alberti KGMM. Diabetic emergencies. Br Med Bull 1989; 45:

242–63. 
2. Sanson TH, Levine SN. Management of diabetic ketoacidosis.

Drugs 1989; 38: 289–300. 
3. Simeon PS, et al. Continuous insulin infusions in neonates: phar-

macologic availability of insulin in intravenous solutions. J
Pediatr 1994; 124: 818–20. 

4. Avent M, Whitfield J. Insulin infusions in extremely low birth
weight infants. Pediatrics 2000; 105: 915. 

5. Fuloria M, et al. Effect of flow rate and insulin priming on the
recovery of insulin from microbore infusion tubing. Pediatrics
1998; 102: 1401–6. 

6. Hewson MP, et al. Insulin infusions in the neonatal unit: delivery
variation due to adsorption. J Paediatr Child Health 2000; 36:
216–20.

Aggregation. For discussion of the problems of insulin aggre-
gation, see Intensive Administration Regimens under Uses, be-
low.

Units
One unit of bovine insulin is contained in 0.03891 mg
of the first International Standard (1986). One unit of
porcine insulin is contained in 0.03846 mg of the first
International Standard (1986). One unit of human insu-
lin is contained in 0.03846 mg of the first International
Standard (1986).

Adverse Effects
The most frequent complication of insulin therapy is
hypoglycaemia, the speed of onset and duration of
which may vary according to the type of preparation
and the route used. It is usually associated with an ex-
cessive dosage of insulin, the omission of a meal by the
patient, or increased physical activity. Patients, espe-
cially the elderly or those with tightly controlled diabe-
tes or diabetes of long standing, may not experience the
typical early warning symptoms of a hypoglycaemic
attack. There have been reports of hypoglycaemia,
sometimes with decreased warning symptoms, in pa-
tients changing from animal (especially bovine) to hu-
man insulin (see under Hypoglycaemia, below).
Symptoms of hypoglycaemia resulting from increased
sympathetic activity include hunger, pallor, sweating,

palpitations, anxiety, and tremulousness. Other symp-
toms include headache, visual disturbances such as
blurred or double vision, slurred speech, paraesthesia
of the mouth and fingers, alterations in behaviour, and
impaired mental or intellectual ability. If untreated, hy-
poglycaemia may lead to convulsions and coma which
should not be confused with hyperglycaemic coma. 
Insulin, given subcutaneously, may cause either lipoat-
rophy or lipohypertrophy. Lipoatrophy appears to oc-
cur less frequently with purified insulins than with con-
ventional insulins; if it has occurred, it may be reversed
by the injection of a purer animal insulin or human in-
sulin into and around the atrophied site. Lipohypertro-
phy is usually associated with repeated injections at the
same site and may usually be overcome by rotating the
site of injection, although absorption of insulin may
vary from different anatomical areas. Prolonged insu-
lin therapy may result in weight gain. 
Insulin occasionally causes local or systemic hypersen-
sitivity reactions. Local reactions, characterised by ery-
thema and pruritus at the injection site, usually disap-
pear with continued use. Generalised hypersensitivity
may produce urticaria, angioedema, and very rarely
anaphylactic reactions; if continued therapy with insu-
lin is essential hyposensitisation may be needed.
Again, hypersensitivity reactions occur less frequently
with purified than with conventional insulins and por-
cine insulin is less immunogenic than bovine insulin.
Although hypersensitivity reactions have been report-
ed in patients transferred from animal to human insu-
lins, there are only isolated reports of such reactions in
patients treated exclusively with human insulin. 
Many patients treated with insulin, either animal or hu-
man insulin, develop antibodies but the clinical signif-
icance of this is not entirely clear.
◊ Of patients who received intensive insulin therapy for type 1
diabetes as part of the Diabetes Control and Complications Trial,
those who experienced the greatest weight gain also had in-
creased blood concentrations of triglycerides and low-density-
lipoprotein cholesterol, and lowered high-density-lipoprotein
cholesterol.1 These lipid changes, with higher blood pressure, in-
creased waist-to-hip ratio, and greater insulin requirements, were
held to be similar to the symptoms of insulin resistance and to
indicate a possible increased risk of macrovascular disease. Re-
sults from the UK Prospective Diabetes Study indicated that type
2 diabetic patients treated with insulin had greater weight gain
than those managed with other therapies,2 but demonstrated no
evidence of harmful cardiovascular effects. 
For discussion of some of the specific problems associated with
continuous infusion of insulin, see Intensive Administration
Regimens under Uses, below.
1. Purnell JQ, et al. Effect of excessive weight gain with intensive

therapy of type 1 diabetes on lipid levels and blood pressure:
results from the DCCT. JAMA 1998; 280: 140–6. Correction.
ibid.; 1484. 

2. UK Prospective Diabetics Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). Lancet 1998; 352: 837–53.
Correction. ibid. 1999; 354: 602.

Carcinogenicity. Primary lung malignancies have been found
in a few patients receiving inhaled insulin; for further details, see
Administration Routes, p.450.

Effects on the liver. For a report of hepatomegaly occurring
after insulin overdosage, see under Abuse, in Precautions, below.

Effects on the skin. Delayed pressure urticaria, in the form of
large wheals occurring 4 to 6 hours after prolonged pressure, and
lasting for up to 24 hours, was seen in a patient with type 1 dia-
betes within 6 months of changing from animal to human insu-
lin.1 The condition improved after a switch back to insulin of an-
imal origin, and grew worse again after a second attempt to
switch to human insulin. Intermittent urticaria simultaneously af-
fecting previous injection sites was reported in a child receiving
human insulin, who had never received animal insulin.2

1. Payne CMER, et al. True delayed pressure urticaria induced by
human Monotard insulin. Br J Dermatol 1996; 134: 184. 

2. Sackey AH. Recurrent generalised urticaria at insulin injection
sites. BMJ 2000; 321: 1449.

Hypersensitivity. Hypersensitivity reactions to insulin prepa-
rations may be caused not only by the insulin itself, but also by
other components of the formulation such as zinc1-3 or pro-
tamine.4-9 Hypersensitivity reactions and lipoatrophy (which is
also thought to have an immune basis) have become rare since
the introduction of highly purified and human insulins.10 Al-
though insulin analogues have been used successfully in patients
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with a history of hypersensitivity to human insulin,11,12 there are
also reports of both local and generalised reactions to insulin an-
alogues.13-15 
See also Adverse Effects, above and under Precautions, below.
1. Feinglos MN, Jegasothy BV. "Insulin" allergy due to zinc. Lan-

cet 1979; i: 122–4. 
2. Bruni B, et al. Case of generalized allergy due to zinc and pro-

tamine in insulin preparation. Diabetes Care 1986; 9: 552. 
3. Gin H, Aubertin J. Generalized allergy due to zinc and pro-

tamine in insulin preparation treated with insulin pump. Diabe-
tes Care 1987; 10: 789–90. 

4. Sánchez MB, et al. Protamine as a cause of generalised allergic
reactions to NPH insulin. Lancet 1982; i: 1243. 

5. Hulshof MM, et al. Granulomatous hypersensitivity to pro-
tamine as a complication of insulin therapy. Br J Dermatol
1992; 127: 286–8. 

6. Kim R. Anaphylaxis to protamine masquerading as an insulin
allergy. Del Med J 1993; 65: 17–23. 

7. Dykewicz MS, et al. Immunologic analysis of anaphylaxis to
protamine component in neutral protamine Hagedorn human in-
sulin. J Allergy Clin Immunol 1994; 93: 117–25. 

8. Blanco C, et al. Anaphylaxis to subcutaneous neutral protamine
Hagedorn insulin with simultaneous sensitization to protamine
and insulin. Allergy 1996; 51: 421–4. 

9. Bollinger ME, et al. Protamine allergy as a complication of in-
sulin hypersensitivity: a case report. J Allergy Clin Immunol
1999; 104: 462–5. 

10. Schernthaner G. Immunogenicity and allergenic potential of an-
imal and human insulins. Diabetes Care 1993; 16 (suppl 3):
155–65. 

11. Airaghi L, et al. The insulin analog aspart: a safe alternative in
insulin allergy. Diabetes Care 2001; 24: 2000. 

12. Yasuda H, et al. Human insulin analog insulin aspart does not
cause insulin allergy. Diabetes Care 2001; 24: 2008–9. 

13. Takata H, et al. The human insulin analogue aspart is not the
almighty solution for insulin allergy. Diabetes Care 2003; 26:
253–4. 

14. Durand-Gonzalez K-N, et al. Glargine insulin is not an alterna-
tive in insulin allergy. Diabetes Care 2003; 26: 2216. 

15. JiXiong X, et al. The human insulin analog aspart can induce
insulin allergy. Diabetes Care 2004; 27: 2084–5.

HYPOSENSITISATION. After failure of standard hyposensitisa-
tion measures in a patient with cutaneous hypersensitivity to
insulin, hyposensitisation was attempted by giving insulin by
mouth.1 Aspirin 1.3 g three times daily by mouth was also
given to antagonise vascular mediators of the reaction. After
one week subsequent hyposensitisation using insulin by in-
jection was successful. When the patient stopped taking aspi-
rin after 6 months the original hypersensitivity reactions re-
curred; aspirin was then given permanently in a dose of 1.3 g
twice daily.
1. Holdaway IM, Wilson JD. Cutaneous insulin allergy responsive

to oral desensitisation and aspirin. BMJ 1984; 289: 1565–6.

Hypoglycaemia. Hypoglycaemia is the major adverse effect of
insulin treatment, with severe hypoglycaemic episodes occurring
in up to a third of all insulin-treated patients at some point in their
lives. Moves towards more intensive insulin therapy, in order to
reduce the development of diabetic complications, increase the
risk of hypoglycaemic episodes.1,2 Patients maintaining strict
glycaemic control are prone to ‘hypoglycaemia unawareness’ in
which the normal adrenergic counter-response to hypoglycaemia
(characterised by symptoms such as pallor, sweating, and trem-
or) is reduced or lost,3 so that hypoglycaemia can develop with-
out warning. Such a loss of awareness of impending hypoglycae-
mia also seems to develop as duration of diabetes increases.4 One
of the main reasons for reduced awareness of hypoglycaemia is
that repeated hypoglycaemic episodes seem to trigger an adap-
tive conservation of glucose concentrations in the brain, resulting
in higher central than peripheral blood glucose values;5 avoid-
ance of hypoglycaemia helps restore awareness. 
When recombinant human insulin became generally available in
the late 1980s a number of patients complained of a loss of
awareness of impending hypoglycaemia after transfer to human
insulin,6,7 and there were reports of severe or even fatal hypogly-
caemia occurring in patients who had been well stabilised on an-
imal insulins.6-8 
This was, and remains, a somewhat controversial area. Despite
some small studies suggesting a problem, others failed to find
evidence of a difference between animal and human insulins, and
a systematic review9 concluded that the available evidence did
not support the suggestion that human insulin increased the fre-
quency or severity of hypoglycaemia, or affected the symptoms
of hypoglycaemia, compared with animal insulins. However,
most commentators appear to consider that patients should con-
tinue to have access to animal insulins if desired, and that those
well maintained on animal insulin should not be transferred to
human insulin without appropriate clinical grounds,4,8,10-12 and
then only with careful monitoring. 
There has also been concern about possible long-term sequelae
of hypoglycaemic episodes on the CNS. However, a report on
patients participating in the Diabetes Control and Complications
Trial (DCCT) suggested that the increased risk of hypoglycae-
mia seen with intensive therapy was not associated with neu-
ropsychological impairment.13 
For the treatment of insulin-induced hypoglycaemia, see below.
1. The Diabetes Control and Complications Trial Research Group.

The effect of intensive treatment of diabetes on the development
and progression of long-term complications in insulin-depend-
ent diabetes mellitus. N Engl J Med 1993; 329: 977–86. 

2. Egger M, et al. Risk of adverse effects of intensified treatment
in insulin-dependent diabetes mellitus: a meta-analysis. Diabet
Med 1997; 14: 919–28. 

3. Widom B, Simonson DC. Glycemic control and neuropsycho-
logic function during hypoglycemia in patients with insulin-de-
pendent diabetes mellitus. Ann Intern Med 1990; 112: 904–12. 

4. Everett J, Kerr D. Changing from porcine to human insulin.
Drugs 1994; 47: 286–96. 

5. Cranston I, et al. Restoration of hypoglycaemia awareness in
patients with long-duration insulin-dependent diabetes. Lancet
1994; 344: 283–7. 

6. Teuscher A, Berger WG. Hypoglycaemia unawareness in dia-
betics transferred from beef/porcine insulin to human insulin.
Lancet 1987; ii: 382–5. 

7. Pickup J. Human insulin: problems with hypoglycaemia in a
few patients. BMJ 1989; 299: 991–3. 

8. Gale EAM. Hypoglycaemia and human insulin. Lancet 1989; ii:
1264–6. 

9. Airey CM, et al. Hypoglycaemia induced by exogenous insulin
- ‘human’ and animal insulin compared. Diabet Med 2000; 17:
416–32. 

10. Gerich JE. Unawareness of hypoglycaemia and human insulin.
BMJ 1992; 305: 324–5. 

11. Williams G, Patrick AW. Human insulin and hypoglycaemia:
burning issue or hot air? BMJ 1992; 305: 355–7. 

12. Teuscher A, Kiln MR. Patient-empowerment and free insulin
market. Lancet 1994; 344: 1299–1300. 

13. The Diabetes Control and Complications Trial Research Group.
Effects of intensive diabetes therapy on neuropsychological
function in adults in the Diabetes Control and Complications
Trial. Ann Intern Med 1996; 124: 379–88.

Oedema. Severe, acute oedema is a rare adverse effect of insu-
lin treatment, occurring most often when starting therapy.1-4 It
should be distinguished from chronic and subacute forms of
oedema which may be complications of the diabetic disease
process.2,3 Possible mechanisms of acute oedema are sodium re-
tention resulting from a direct action of insulin on the renal tu-
bule or an effect of insulin on vascular permeability.1,3 The oede-
ma is usually self-limiting,2,4 but does respond to a decrease in
insulin dosage, or diuretic therapy.1,3

1. Bleach NR, et al. Insulin oedema. BMJ 1979; 2: 177–8. 
2. Lawrence JR, Dunnigan MG. Diabetic (insulin) oedema. BMJ

1979; 2: 445. 
3. Evans DJ, et al. Insulin oedema. Postgrad Med J 1986; 62:

665–8. 
4. Hirshberg B, et al. Natural course of insulin edema. J Endocrinol

Invest 2000; 23: 187–8.

Treatment of Insulin-induced 
Hypoglycaemia
In the conscious and cooperative patient hypoglycae-
mia is treated by eating a readily absorbable form of
carbohydrate, such as sugar lumps or a glucose-based
drink; all diabetics should always carry a suitable sugar
source by way of precaution. 
If the patient is drowsy or unconscious, then glucose
must be given parenterally. Doses of 50 mL of a 20%
solution of glucose or 25 to 50 mL of glucose 50% can
be given intravenously; the higher concentration is
more viscous and irritant to the veins. Lower concen-
trations are equally effective, and carry less risk of irri-
tant effects, but larger volumes are required, e.g. up to
500 mL of glucose 5%, or 250 mL of 10%, titrated to
patient response. Smaller quantities (e.g. 5 to 10 mL/kg
of a 10% solution) are required in children. Bolus dos-
es may need to be repeated, or a maintenance infusion
started, to prevent persistent hypoglycaemia. If the pa-
tient has not regained consciousness within a few min-
utes after a bolus dose of glucose, the possibility of cer-
ebral oedema should be considered. 
In situations where giving intravenous glucose is
impractical or not feasible, glucagon 1 mg for adults
and children above 25 kg or 0.5 mg for children below
25 kg by subcutaneous, intramuscular, or intravenous
injection may arouse the patient sufficiently to allow
oral glucose to be given. If the patient fails to respond
to glucagon within about 10 to 15 minutes, then glu-
cose has to be given intravenously despite any imprac-
ticalities. 
After a return to consciousness, oral carbohydrates
may need to be given until the action of insulin has
ceased, which for preparations with a relatively long
duration of action such as isophane insulin, some insu-
lin zinc suspensions, and protamine zinc insulin, may
be several hours.
Carbohydrate. A comparative study1 of 7 different prepara-
tions of oral carbohydrate for the treatment of hypoglycaemia in
the conscious patient found no significant difference in effective-
ness between glucose or sucrose in solution or tablet form; a hy-
drolysed polysaccharide solution containing glucose, maltose,

and various more complex saccharides (Glucidex 19) was also
roughly comparable. However, a glucose gel and orange juice
were each less effective than the other formulations in treating
hypoglycaemia.
1. Slama G, et al. The search for an optimized treatment of hy-

poglycemia: carbohydrates in tablets, solution, or gel for the cor-
rection of insulin reactions. Arch Intern Med 1990: 150: 589–93.

Glucagon. A discussion of the relative merits of parenteral glu-
cose and glucagon in unconscious hypoglycaemic patients1 sug-
gested that glucagon should be encouraged as first-line treat-
ment, although in practice (see above) parenteral glucose is
usually preferred. The effect of glucagon relies upon the patient
having adequate liver glycogen stores, which may not always be
the case.
1. Gibbins RL. Treating hypoglycaemia in general practice. BMJ

1993; 306: 600–601.

Overdose. The requirements for glucose are greater and more
prolonged when hypoglycaemia is caused by insulin overdosage
rather than therapeutic doses.1 Correction of insulin-induced hy-
pokalaemia may also be required. Surgical excision of tissue at
the site of injection has been used for massive overdose of a long-
acting insulin.2,3

1. Roberge RJ, et al. Intentional massive insulin overdosage: rec-
ognition and management. Ann Emerg Med 1993; 22: 228–34. 

2. Campbell IW, Ratcliffe JG. Suicidal insulin overdose managed
by excision of insulin injection site. BMJ 1982; 285: 408–9. 

3. Levine DF, Bulstrode C. Managing suicidal insulin overdose.
BMJ 1982; 285: 974–5.

Precautions
Dosage requirements of insulin may be altered by
many factors. Increased doses are usually necessary
during infection, emotional stress, accidental or surgi-
cal trauma, puberty, and the latter two trimesters of
pregnancy. Decreased doses are usually necessary in
patients with impaired renal or hepatic function or dur-
ing the first trimester of pregnancy. On first stabilising
therapy in newly diagnosed diabetic patients, a tempo-
rary decrease in requirements may also occur (the so-
called honeymoon period). 
Because of the possibility of differing responses to in-
sulins from different species, inadvertent change from
insulin of one species to another should be avoided.
Reduction in insulin dosage may be required on trans-
fer from animal (especially bovine) to human insulin.
Hypoglycaemic problems associated with a change to
human insulin are discussed under Adverse Effects,
above. Care is also necessary during excessive exer-
cise; hypoglycaemia caused by metabolic effects and
increased insulin absorption is the usual response, but
hyperglycaemia may sometimes occur. 
The use of insulin requires monitoring of therapy, such
as testing blood or urine for glucose concentrations and
the urine for ketones, by the patient. 
Drugs which have an effect on blood-glucose concen-
trations may alter glycaemic control with consequent
need for a change in insulin dose (see Interactions, be-
low). 
CAUTION. Biphasic insulin, insulin zinc suspensions, isophane
insulin, protamine zinc insulin, insulin detemir, and insulin
glargine should never be given intravenously and they are not
suitable for the emergency treatment of diabetic ketoacidosis.

Abuse. Transient recurrent hepatomegaly associated with hy-
poglycaemia was associated with the surreptitious injection of
additional insulin doses in an insulin-dependent diabetic. In-
creased storage of glycogen in the liver resulting from insulin
excess was considered responsible for the hepatomegaly.1 
Decreased plasma C-peptide concentrations or the presence of
anti-insulin antibodies may be used to confirm insulin abuse as a
cause of hypoglycaemia in patients who have never been treated
with insulin medically.2 Insulin has been abused by bodybuilders
and other sportspersons;3,4 severe brain damage after prolonged
neuroglycopenia has resulted.3 There are rare reports of the mis-
use of insulin to induce mind-altering effects of hypoglycaemia.5

1. Asherov J, et al. Hepatomegaly due to self-induced hyperin-
sulinism. Arch Dis Child 1979; 54: 148–9. 

2. Grunberger G, et al. Factitious hypoglycemia due to surreptitious
administration of insulin: diagnosis, treatment, and long-term
follow-up. Ann Intern Med 1988; 108: 252–7. 

3. Elkin SL, et al. Bodybuilders find it easy to obtain insulin to help
them in training. BMJ 1997; 314: 1280. 

4. Honour JW. Misuse of natural hormones in sport. Lancet 1997;
349: 1786. 

5. Cassidy EM, et al. Insulin as a substance of misuse in a patient
with insulin dependent diabetes mellitus. BMJ 1999; 319:
1417–18.
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Accelerated absorption. Factors such as a hot bath, sauna, or
use of a sunbed have been reported to accelerate the absorption
of subcutaneous injection, presumably by an increase in skin
blood flow.1-4 There may, therefore, be a risk of hypoglycaemia.4
1. Koivisto VA. Sauna-induced acceleration in insulin absorption

from subcutaneous injection site. BMJ 1980; 280: 1411–13. 
2. Cüppers HJ, et al. Sauna-induced acceleration in insulin absorp-

tion? BMJ 1980; 281: 307. 
3. Koivisto VA. Sauna-induced acceleration in insulin absorption.

BMJ 1980; 281: 621–2. 
4. Husband DJ, Gill GV. "Sunbed seizures": a hypoglycaemic haz-

ard for insulin-dependent diabetics. Lancet 1984; ii: 1477.

Adrenocortical insufficiency. Recurrent severe hypoglycae-
mia, which occurred in 2 patients with type 1 diabetes, persisted
despite a reduction in insulin doses and proved to be due to Ad-
dison’s disease.1 Insulin requirements rose again in both patients
after replacement therapy with fludrocortisone and hydrocorti-
sone.
1. Armstrong L, Bell PM. Addison’s disease presenting as reduced

insulin requirement in insulin dependent diabetes. BMJ 1996;
312: 1601–2.

Driving. In the UK, patients with diabetes mellitus treated with
insulin or oral hypoglycaemics are required to notify their condi-
tion to the Driver and Vehicle Licensing Agency, who then assess
their fitness to drive. Patients treated with oral hypoglycaemics
are generally allowed to retain standard driving licences; those
treated with insulin receive restricted licences which must be re-
newed (with appropriate checks) every 1 to 3 years. Patients
should be warned of the dangers of hypoglycaemic attacks while
driving, and should be counselled in appropriate management of
the situation (stopping driving as soon as it is safe to do so, taking
carbohydrate immediately, and quitting the driving seat and re-
moving the ignition key from the car) should such an event oc-
cur. Patients who have lost hypoglycaemic awareness, or have
frequent hypoglycaemic episodes, should not drive. In addition,
eyesight must be adequate (field of vision of at least 120°) for a
licence to be valid. Patients treated with diet or oral hypoglycae-
mics are normally allowed to hold vocational driving licences for
heavy goods vehicles or passenger carrying vehicles; those treat-
ed with insulin may not drive such vehicles, and are restricted in
driving some other vehicles such as small lorries and minibus-
es.1,2 
Regulations in other countries differ widely.3
1. British Diabetic Association (Diabetes UK). Information sheet:

driving and diabetes: May 2008. Available at: 
http://www.diabetes.org.uk/Documents/catalogue/driving_and_
diabetes-may_08.pdf (accessed 20/08/08) 

2. Driver and Vehicle Licensing Agency. For medical practitioners:
at a glance guide to the current medical standards of fitness to
drive (February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08) 

3. DiaMond Project Group on Social Issues. Global regulations on
diabetics treated with insulin and their operation of commercial
motor vehicles. BMJ 1993; 307: 250–3.

Exercise. Discussions1,2 of the metabolic effects of exercise and
the precautions to be taken by the exercising type 1 diabetic.
1. Greenhalgh PM. Competitive sport and the insulin-dependent di-

abetic patient. Postgrad Med J 1990; 66: 803–6. 
2. American Diabetes Association. Physical activity/exercise and

diabetes. Diabetes Care 2004; 27 (suppl 1): S58–S62. Also
available at: http://care.diabetesjournals.org/cgi/reprint/27/
suppl_1/s58.pdf (accessed 08/07/04)

Fasting. Reduction in food intake or alteration in the pattern of
meal times may affect insulin requirements and predispose to the
development of hypoglycaemia (above). Muslim patients who
are receiving antidiabetic therapy and who fast during Ramadan
have been shown to be at increased risk of severe hypoglycaemic
episodes during this month.1 A study in 17 fasting patients with
type 1 diabetes recommended reduction of the total insulin dose
to 85% of that before the fasting period, and supplying 70% as
long-acting ultralente insulin and 30% as a rapidly acting soluble
insulin; the daily dose was divided into 2 equal portions given
before sunrise and after sunset.2 Others have made similar rec-
ommendations: 2 daily injections of an intermediate- or long-act-
ing insulin, given before the predawn and sunset meals, together
with a short-acting insulin at the meal itself; or possibly a single
daily injection of insulin glargine, or twice-daily insulin detemir,
plus a rapidly acting analogue just before the meal.3 
Patients with type 2 diabetes maintained on insulin may be man-
aged similarly, by judicious use of intermediate or long-acting
insulin plus a short-acting insulin given before meals. A single
injection of a long-acting analogue such as insulin glargine, or
two injections of isophane or lente insulin or insulin detemir be-
fore the sunset and predawn meals, may provide adequate cover-
age provided the dosage is appropriately individualised. Howev-
er, most patients will still require a short-acting insulin to be
added at the sunset meal to cover the large caloric load. Many
will also require an additional dose of short-acting insulin at
predawn.3 Studies have suggested that insulin lispro may pro-
duce good blood sugar control in fasting patients with type 2 di-
abetes during Ramadan.4,5 
Care is also required in patients with type 2 diabetes being treated
with oral antidiabetic drugs. Patients being treated with metform-
in or insulin sensitisers such as the glitazones have a low risk of
hypoglycaemia, although it has been suggested that the timing of
metformin doses be altered so that two-thirds of the daily dose is
taken just before the sunset meal and the other third before the

predawn meal. Short-acting secretagogues such as repaglinide or
nateglinide can also be taken twice daily before the sunset and
predawn meals. However, sulfonylureas should be used with
caution, and the use of chlorpropamide may be contra-indicated
because of the high risk of prolonged and unpredictable hypogly-
caemia.3
1. Salti I, et al. A population-based study of diabetes and its char-

acteristics during the fasting month of Ramadan in 13 countries:
results of the epidemiology of diabetes and Ramadan 1422/2001
(EPIDIAR) study. Diabetes Care 2004; 27: 2306–11. 

2. Kassem HS, et al. Insulin therapy during Ramadan fast for type
1 diabetes patients. J Endocrinol Invest 2005; 28: 802–5. 

3. Al-Arouj M, et al. Recommendations for management of diabe-
tes during Ramadan. Diabetes Care 2005; 28: 2305–11. 

4. Akram J, De Verga V. Ramadan Study Group. Insulin lispro
(Lys(B28), Pro(B29)) in the treatment of diabetes during the
fasting month of Ramadan. Diabet Med 1999; 16: 867–74. 

5. Mattoo V, et al. A comparison of insulin lispro Mix25 and human
insulin 30/70 in the treatment of type 2 diabetes during Ram-
adan. Diabetes Res Clin Pract 2003; 59: 137–43.

Hypersensitivity to protamine. Retrospective surveys have
indicated that patients receiving isophane insulin, which contains
protamine, have an increased risk of severe anaphylactoid reac-
tions when protamine is used to reverse systemic heparinisation
after cardiac catheterisation or cardiac surgery. The degree of in-
crease in risk is unclear, however, as it has been reported as both
large1 and small.2,3 A review of the literature suggested that sur-
gical patients may be at greater risk because of a higher rate of
prior sensitisation to protamine and the larger doses used.3 A
mechanism involving IgE and IgG antibodies to protamine has
been proposed.4 
See also Hypersensitivity under Adverse Effects, above.
1. Stewart WJ, et al. Increased risk of severe protamine reactions in

NPH insulin-dependent diabetics undergoing cardiac catheteri-
zation. Circulation 1984; 70: 788–92. 

2. Levy JH, et al. Evaluation of patients at risk for protamine reac-
tions. J Thorac Cardiovasc Surg 1989; 98: 200–204. 

3. Vincent GM, et al. Protamine allergy reactions during cardiac
catheterization and cardiac surgery: risk in patients taking pro-
tamine-insulin preparations. Cathet Cardiovasc Diagn 1991; 23:
164–8. 

4. Weiss ME, et al. Association of protamine IgE and IgG antibod-
ies with life-threatening reactions to intravenous protamine. N
Engl J Med 1989; 320: 886–92.

Infections. Decreased requirements of insulin, added to the di-
alysate, occurred in 6 diabetic patients undergoing continuous
ambulatory peritoneal dialysis for chronic renal failure during
episodes of severe bacterial peritonitis.1 This was contrary to the
increased insulin requirements of most diabetic patients during
severe infections and probably resulted from increased absorp-
tion of insulin due to mesothelial damage.
1. Henderson IS, et al. Decreased intraperitoneal insulin require-

ments during peritonitis on continuous ambulatory peritoneal di-
alysis. BMJ 1985; 290: 1474.

Menstruation. Changes in glycaemic control associated with
the menstrual cycle have been recorded in women with type 1
diabetes mellitus. In a retrospective review of 124 women,1 61%
reported perimenstrual changes in glucose concentrations and
36% made adjustments to their insulin dose, usually a small in-
crease in the premenstrual insulin dose followed by a small de-
crease at the onset of menstruation. Based on mean glycosylated
haemoglobin measurements, there was no evidence of improved
glycaemic control in women adjusting their insulin dose com-
pared with those leaving it unchanged despite changes in capil-
lary glucose measurements. Changes in appetite and food con-
sumption associated with the menstrual cycle may affect
variations in glucose concentrations and insulin requirements.
1. Lunt H, Brown LJ. Self-reported changes in capillary glucose

and insulin requirements during the menstrual cycle. Diabet Med
1996; 13: 525–30.

Morning hyperglycaemia. Morning hyperglycaemia may be
the result of mere waning of subcutaneously injected insulin. It
may also be rebound hyperglycaemia (posthypoglycaemic hy-
perglycaemia or the Somogyi phenomenon) occurring after an
episode of nocturnal hypoglycaemia. Morning hyperglycaemia
has also been observed without antecedent hypoglycaemia even
during constant intravenous infusion of insulin, when the waning
of previously injected insulin would not be a factor and this is
commonly referred to as the dawn phenomenon. Clinically, it is
important to distinguish between the dawn phenomenon, simple
waning of previously injected insulin, and rebound hyperglycae-
mia as a cause of early-morning hyperglycaemia because their
treatment differs. Management of the dawn phenomenon and in-
sulin waning generally consists of adjusting the evening dose of
insulin to provide additional coverage between 4 a.m. and 7 a.m.
Management of rebound hyperglycaemia consists of reducing
insulin doses or providing additional late-evening carbohydrate,
or both, to avoid nocturnal hypoglycaemia. Mistaking rebound
hyperglycaemia for the dawn phenomenon or mere waning of
injected insulin could result in more serious nocturnal hypogly-
caemia, if evening doses of insulin were increased.1
1. Cryer PE, Gerich JE. Glucose counterregulation, hypoglycemia,

and intensive insulin therapy in diabetes mellitus. N Engl J Med
1985; 313: 232–41.

Pregnancy. For discussion of the precautions necessary in the
management of diabetes mellitus during pregnancy, see p.431. 
There has been a report of 2 cases of fetal malformation in the
offspring of well-controlled diabetic women who received insu-

lin lispro.1 However, the incidence of fetal malformation is in-
creased in infants of women with diabetes. At that time the man-
ufacturers were aware of 19 live births among women treated
with insulin lispro, 1 of which exhibited a congenital abnormali-
ty.2 Since then, a number of retrospective studies3-7 have looked
at the rates of fetal malformations in the offspring of women
treated with insulin lispro, for either pre-existing diabetes melli-
tus or gestational diabetes. These have included groups ranging
in size from 62 to 496 women, and none have found any evi-
dence of an increase in the incidence of abnormalities with insu-
lin lispro compared with rates published for women treated with
other insulins. 
There is less information available about the use of other insulin
analogues, but a few cases and studies of insulin glargine use
during pregnancy have been described. It was started in one
woman8 during the fourteenth week of gestation, and continued
until delivery with no apparent adverse effect on the baby. In an-
other report,9 insulin glargine was inadvertently continued by 5
women during the first 6 to 12 weeks of unplanned pregnancies.
In these cases, therapy was changed from insulin glargine to iso-
phane insulin, and no fetal malformations were detected. The use
of insulin glargine during the entire pregnancy, without adverse
effect, has also been described,10 and successful pregnancies
were reported in 4 women given insulin glargine for gestational
diabetes.11 Furthermore, a small case-control study12 found no
significant difference in neonatal outcomes for insulin glargine
and human insulin in women with type 1 or gestational diabetes,
and another study13 found no unexpected adverse effects in the
babies of 115 women given insulin glargine. A single-dose study
has reported14 that insulin aspart was effective in reducing post-
prandial glucose concentration in gestational diabetes. Ran-
domised studies in women with type 1 diabetes15 or gestational
diabetes16 have also found no indication of an increase in con-
genital malformations with insulin aspart compared with human
insulin.
1. Diamond T, Kormas N. Possible adverse fetal effect of insulin

lispro. N Engl J Med 1997; 337: 1009. 
2. Anderson JH, et al. Possible adverse fetal effect of insulin lis-

pro. N Engl J Med 1997; 337: 1010. 
3. Bhattacharyya A, et al. Insulin lispro and regular insulin in

pregnancy. Q J Med 2001; 94: 255–60. 
4. Garg SK, et al. Insulin lispro therapy in pregnancies complicat-

ed by type 1 diabetes: glycemic control and maternal and fetal
outcomes. Endocr Pract 2003; 9: 187–93. 

5. Masson EA, et al. Pregnancy outcome in type 1 diabetes melli-
tus treated with insulin lispro (Humalog). Diabet Med 2003; 20:
46–50. 

6. Wyatt JW, et al. Congenital anomaly rate in offspring of moth-
ers with diabetes treated with insulin lispro during pregnancy.
Diabet Med 2005; 22: 803–7. 

7. Lapolla A, et al. Outcome of pregnancy in type 1 diabetic pa-
tients treated with insulin lispro or regular insulin: an Italian ex-
perience. Acta Diabetol 2008; 45: 61–6. 

8. Devlin JT, et al. Use of insulin glargine during pregnancy in a
type 1 diabetic woman. Diabetes Care 2002; 25: 1095–6. 

9. Di Cianni G, et al. Use of insulin glargine during the first weeks
of pregnancy in five type 1 diabetic women. Diabetes Care
2005; 28: 982–3. 

10. Caronna S, et al. Pregnancy and the long-acting insulin ana-
logue: a case study. Acta Biomed 2006; 77: 24–6. 

11. Graves DE, et al. The use of insulin glargine with gestational
diabetes mellitus. Diabetes Care 2006; 29: 471–2. 

12. Price N, et al. Use of insulin glargine during pregnancy: a case-
control pilot study. BJOG 2007; 114: 453–7. 

13. Gallen IW, et al. Survey of glargine use in 115 pregnant women
with type 1 diabetes. Diabet Med 2008; 25: 165–9. 

14. Pettitt DJ, et al. Comparison of an insulin analog, insulin aspart,
and regular human insulin with no insulin in gestational diabe-
tes mellitus. Diabetes Care 2003; 26: 183–6. 

15. Hod M, et al. Fetal and perinatal outcomes in type 1 diabetes
pregnancy: a randomized study comparing insulin aspart with
human insulin in 322 subjects. Am J Obstet Gynecol 2008; 198:
186.e1–186.e7. 

16. Pettitt DJ, et al. Efficacy, safety and lack of immunogenicity of
insulin aspart compared with regular human insulin for women
with gestational diabetes mellitus. Diabet Med 2007; 24:
1129–35.

Prion disease transmission. Studies of cattle with proven bo-
vine spongiform encephalopathy (BSE) have not detected infec-
tivity in the pancreas, from which bovine insulin is derived.1
1. Wickham EA. Potential transmission of BSE via medicinal prod-

ucts. BMJ 1996; 312: 988–9.

Renal impairment. See under Infections, above.
Smoking. Smoking has been reported to decrease the absorp-
tion of insulin and dosage adjustment may be necessary, al-
though glycaemic control does not seem to be significantly af-
fected.1
1. Zevin S, Benowitz NL. Drug interactions with tobacco smoking:

an update. Clin Pharmacokinet 1999; 36: 425–38.

Surgery. For a discussion of the management of diabetes melli-
tus during surgery, see p.431.
Travelling. Advice for the diabetic patient when travelling, in-
cluding adjustment of insulin dosage when crossing time
zones.1-3 Since insulin solution or suspension must not be frozen,
it should not be carried in the luggage hold of an aircraft.
1. Barry M, Bia F. Advice for the traveling diabetic. JAMA 1989;

261: 1799. 
2. Sane T, et al. Adjustment of insulin doses of diabetic patients

during long distance flights. BMJ 1990; 301: 421–2. 
3. Dewey CM, Riley WJ. Have diabetes, will travel. Postgrad Med

1999; 105: 111–13, 117–18, 124–6.
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Interactions
Many drugs have an effect on blood-glucose concen-
trations and may alter insulin requirements. Drugs with
hypoglycaemic activity or which may decrease insulin
requirements include ACE inhibitors, alcohol, anabol-
ic steroids, aspirin, beta blockers (which may also
mask the warning signs of hypoglycaemia), disopyra-
mide, fenfluramine, guanethidine, some MAOIs, me-
bendazole, octreotide, some tetracyclines, and the tri-
cyclic antidepressant amitriptyline. 
On the other hand, increased requirements of insulin
may possibly be seen with chlordiazepoxide, chlorpro-
mazine, some calcium-channel blockers such as
diltiazem or nifedipine, corticosteroids, diazoxide, lith-
ium, thiazide diuretics, and thyroid hormones. 
Both increased and decreased requirements may occur
with cyclophosphamide, isoniazid, and oral contracep-
tives.
ACE inhibitors. Although ACE inhibitors are favoured for use
in diabetic patients with hypertension or evidence of incipient
nephropathy or both, they may increase insulin sensitivity and
thus decrease insulin requirements.1,2 A study3 of hospital admis-
sions found that ACE inhibitors increased the risk of severe hy-
poglycaemia in patients receiving insulin. However, an analysis
of pharmacovigilance data4 and a case-control study5 have both
found no such increase in risk.
1. Ferriere M, et al. Captopril and insulin sensitivity. Ann Intern

Med 1985; 102: 134–5. 
2. McMurray J, Fraser DM. Captopril, enalapril, and blood glu-

cose. Lancet 1986; i: 1035. 
3. Morris AD, et al. ACE inhibitor use is associated with hospital-

ization for severe hypoglycemia in patients with diabetes. Dia-
betes Care 1997; 20: 1363–7. 

4. Moore N, et al. Reports of hypoglycaemia associated with the
use of ACE inhibitors and other drugs: a case/non-case study in
the French pharmacovigilance system database. Br J Clin Phar-
macol 1997; 44: 513–8. 

5. Thamer M, et al. Association between antihypertensive drug use
and hypoglycemia: a case-control study of diabetic users of in-
sulin or sulfonylureas. Clin Ther 1999; 21: 1387–1400.

Alcohol. Severe hypoglycaemic episodes have been reported in
type 1 diabetics after heavy drinking episodes.1,2 Alcohol inhibits
gluconeogenesis, and its effects are therefore likely to be greatest
if taken without food; however, it seems to be generally agreed
that diabetics need not abstain from a moderate alcohol intake
with meals.
1. Arky RA, et al. Irreversible hypoglycemia. JAMA 1968; 206:

575–8. 
2. Potter J, et al. Insulin induced hypoglycaemia in an accident and

emergency department: the tip of an iceberg. BMJ 1982; 285:
1180–2.

Aspirin. Aspirin produces a modest decrease in blood-glucose
concentrations but a significant interaction at conventional anal-
gesic doses appears to be unlikely. One study in children with
type 1 diabetes found an average 15% decrease in blood glucose
values following treatment with aspirin 1.2 to 2.4 g daily for 3
days, but there were no significant changes in insulin require-
ments.1 However, high doses of aspirin can reduce or even re-
place the insulin dose required.2 Other salicylates might be ex-
pected to have similar properties.
1. Kaye R, et al. Antipyretics in patients with juvenile diabetes

mellitus. Am J Dis Child 1966; 112: 52–5. 
2. Reid J, Lightbody TD. The insulin equivalence of salicylate.

BMJ 1959; 1: 897.

Beta blockers. There are a few reports of severe hypoglycae-
mia in patients, including insulin-treated diabetics, who were
given propranolol or pindolol;1-3 there is also a report of an inter-
action with timolol given as eye drops.4 Some evidence exists of
an interaction with metoprolol,5 but little evidence for some of
the more selective beta blockers. Because of the effects of beta
blockers on the sympathetic nervous system the usual premoni-
tory signs of hypoglycaemia may not occur, allowing a severe
episode to develop before the patient is aware and able to counter
it.
1. Kotler MN, et al. Hypoglycaemia precipitated by propranolol.

Lancet 1966; ii: 1389–90. 
2. McMurtry RJ. Propranolol, hypoglycemia, and hypertensive cri-

sis. Ann Intern Med 1974; 80: 669–70. 
3. Samii K, et al. Severe hypoglycaemia due to beta-blocking drugs

in haemodialysis patients. Lancet 1976; i: 545–6. 
4. Angelo-Nielsen K. Timolol topically and diabetes mellitus.

JAMA 1980; 244: 2263. 
5. Newman RJ. Comparison of propranolol, metoprolol, and acebu-

tolol on insulin-induced hypoglycaemia. BMJ 1976; 2: 447–9.

Calcium-channel blockers. Diabetes worsened in an insulin-
treated diabetic when given diltiazem.1 The resultant intractable
hyperglycaemia improved when the drug was withdrawn, and
recurred, although at a more manageable level, when diltiazem
was restarted at a lower dose. There are also reports of a diabe-
togenic effect of nifedipine.2,3 However, reports of significant
disturbances of metabolic control appear to be uncommon.
1. Pershadsingh HA, et al. Association of diltiazem therapy with

increased insulin resistance in a patient with type I diabetes mel-
litus. JAMA 1987; 257: 930–1. 

2. Bhatnagar SK, et al. Diabetogenic effects of nifedipine. BMJ
1984; 289: 19. 

3. Heyman SN, et al. Diabetogenic effect of nifedipine. DICP Ann
Pharmacother 1989; 23: 236–7.

Interferons. Markedly increased insulin requirements devel-
oped in a previously well controlled diabetic after treatment with
interferon alfa 2a.1 Insulin requirements rapidly fell once inter-
feron therapy was stopped.
1. Campbell S, et al. Rapidly reversible increase in insulin require-

ment with interferon. BMJ 1996; 313: 92.

Oral contraceptives. Both increases and decreases (mainly
the former) in insulin requirements have been reported in insulin-
dependent diabetics given various oral contraceptives.1 Howev-
er, it appears that in most cases the effects of a hormonal contra-
ceptive on diabetic control are modest or insignificant: limited
data suggest that progestogen-only and combined oral contra-
ceptives in general have little effect.2,3

1. Zeller WJ, et al. Verträglichkeit von hormonalen Ovulation-
skemmern bei Diabetikerinnen. Arzneimittelforschung 1974; 24:
351–7. 

2. Rådberg T, et al. Oral contraception in diabetic women: diabetes
control, serum and high density lipoprotein lipids during low-
dose progestogen, combined oestrogen/progestogen and non-
hormonal contraception. Acta Endocrinol (Copenh) 1981; 98:
246–51. 

3. Lunt H, Brown LJ. Self-reported changes in capillary glucose
and insulin requirements during the menstrual cycle. Diabet Med
1996; 13: 525–30.

Pharmacokinetics
Insulin has no hypoglycaemic effect when given by
mouth since it is inactivated in the gastrointestinal
tract. 
It is fairly rapidly absorbed from subcutaneous tissue
on injection and although the half-life of unmodified
insulin in blood is very short (being only a matter of
minutes), the duration of action of most preparations is
considerably longer because of their formulation (for
further details see Uses and Administration, below).
The rate of absorption from different anatomical sites
depends on local blood flow, with absorption from the
abdomen being faster than that from the arm, and that
from the arm faster than from buttock or thigh. Absorp-
tion may also be increased by exercise. The absorption
of insulin after intramuscular injection is more rapid
than that after subcutaneous doses. Human insulin may
be absorbed slightly faster from subcutaneous tissue
than porcine or bovine insulin. 
Insulin is rapidly metabolised, mainly in the liver but
also in the kidneys and muscle tissue. In the kidneys it
is reabsorbed in the proximal tubule and either returned
to venous blood or metabolised, with only a small
amount excreted unchanged in the urine.

◊ For discussion of factors which may affect the absorption of
insulin, see under Precautions, Accelerated Absorption, above,
and Uses, Administration Routes, below.

Resistance to Insulin
The term insulin resistance has traditionally been used
to describe a state in which diabetic patients exhibit
considerably increased insulin requirements. It is now
used in a much wider sense, and is for instance also
applied to patients in whom a subnormal biological re-
sponse to insulin can be demonstrated, although many
of these patients do not apparently present difficulties
in their clinical management. Insulin resistance is
found particularly in obese patients; resistance to en-
dogenous insulin is thought to be linked to the develop-
ment of type 2 diabetes in such patients. Insulin resist-
ance is frequently associated with lipid disorders,
hypertension, and ischaemic heart disease, a complex
sometimes described as the metabolic syndrome. In
women, it may also be linked to polycystic ovary syn-
drome. 
Insulin resistance of the type manifested by greatly in-
creased insulin requirements may be due to factors in-
cluding antibody formation and inadequate absorption
of insulin from subcutaneous sites. A few patients with
severe insulin resistance have responded to insulin lis-
pro (see Insulin Analogues and Proinsulin under Uses,
below). 

Mecasermin (insulin-like growth factor I) has been ob-
served to improve insulin sensitivity in insulin resist-
ance (see p.1808).
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Uses and Administration
Insulin is a hormone that plays a key role in regulating
carbohydrate, protein, and fat metabolism. The main
stimulus for its secretion is glucose, although many
other factors including amino acids, catecholamines,
glucagon, and somatostatin, are involved in its regula-
tion. The secretion of insulin is not constant and peaks
occur in response to the intake of food. 
The major effects of insulin on carbohydrate homoeo-
stasis follow its binding to specific cell-surface recep-
tors on insulin-sensitive tissues, notably the liver, mus-
cles, and adipose tissue. It inhibits hepatic glucose pro-
duction and enhances peripheral glucose disposal
thereby reducing blood-glucose concentration. It also
inhibits lipolysis thereby preventing the formation of
ketone bodies. 
Therapy with insulin is essential for the long-term sur-
vival of all patients with type 1 diabetes mellitus. It
may also be necessary in some patients with type 2 dis-
ease. The management of diabetes mellitus and the role
of insulin in type 1 and type 2 disease is discussed on
p.431. Insulin is generally the treatment chosen for all
types of diabetes mellitus during pregnancy. 
Choice of insulin. The different types of insulin and
their formulations are described under Definitions,
above. In some countries including the UK the com-
mercially available preparations have been standard-
ised to a single strength containing 100 units/mL; a
strength of 40 units/mL is still available in some other
countries, and in others concentrated injections
(500 units/mL) are available to enable high doses to be
given subcutaneously in a small volume. All formula-
tions can be given by subcutaneous injection, most by
intramuscular injection, but only soluble insulins can
be given by the intravenous route. The long-term man-
agement of diabetic patients usually involves the sub-
cutaneous route. Syringes and needles for subcutane-
ous injection are preferably disposable. Pen-injector
devices which hold the insulin in cartridge form and
meter the required dose are becoming increasingly
popular. Soluble insulin is often given by the intraperi-
toneal route to patients on continuous ambulatory peri-
toneal dialysis. More recently, products supplying
short-acting insulin by inhalation have been devel-
oped. 
The various formulations of insulin are classified, ac-
cording to their duration of action after subcutaneous
injection, as short-, intermediate-, or long-acting. The
exact duration of action for any particular preparation,
however, is variable and may depend upon factors such
as interindividual variation, the patient’s antibody sta-
tus, whether the insulin is of human or animal origin,
the dose, and the site of injection. Short-acting insulins
are the soluble insulins, which have an onset after
about 30 minutes to 1 hour, a peak activity at about 2 to
5 hours, and a duration of about 6 to 8 hours. Some
analogues, such as insulins lispro and aspart, are also
short-acting, with a faster onset and shorter duration of
action than soluble insulin and are sometimes known
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as rapid-acting insulins. Intermediate-acting insulins
include biphasic insulins, isophane insulins, and amor-
phous insulin zinc suspensions. In general these have
an onset within about 2 hours, peak activity after about
4 to 12 hours, and a duration of up to 24 hours. Com-
mercially available mixtures of soluble insulins and
isophane insulins have activities which would normal-
ly place them within the intermediate-acting category.
Mixed insulin zinc suspensions may be classified as ei-
ther intermediate- or long-acting as the duration of ac-
tion may be up to 30 hours; the onset of action is gen-
erally 2 to 3 hours and the time to peak activity 6 to 15
hours. Long-acting insulins include crystalline insulin
zinc suspensions and protamine zinc insulins. These
generally have an onset after about 4 hours, a peak ac-
tivity at about 10 to 20 hours, and a duration of up to 36
hours. The insulin analogues insulin glargine and insu-
lin detemir are also long-acting. After intramuscular in-
jection, the onset of action of all insulins is generally
more rapid and the duration of action shorter. 
The type of formulation, its dose, and the frequency of
administration are chosen to suit the needs of the indi-
vidual patient. Whatever the formulation, human insu-
lin is generally used for all newly diagnosed diabetics. 
Control. The dosage of insulin must be determined for
each patient and although a precise dose range cannot
be given a total dose in excess of about 80 units daily
would be unusual and may indicate the presence of a
form of insulin resistance. The dose should be adjusted
as necessary according to the results of regular moni-
toring of blood concentrations (or occasionally urine
concentrations) of glucose by the patient. 
The WHO has recommended that the glucose concen-
tration of venous whole blood under fasting conditions
should be kept within the range of 3.3 to 5.6 mmol/litre
(60 to 100 mg per 100 mL) and after meals should not
be allowed to exceed 10 mmol/litre (180 mg per
100 mL); blood-glucose concentrations should not be
allowed to fall below 3 mmol/litre (55 mg per
100 mL). In practice it seems to be generally accepta-
ble for patients to aim for blood-glucose concentrations
between 4 and 10 mmol/litre, with the understanding
that occasional variations outside this range may occur.
It should be remembered that the glucose concentra-
tions in venous plasma, venous whole blood, and cap-
illary whole blood may be slightly different. Control
may also be determined by monitoring of glycosylated
haemoglobin concentrations; ideally the aim is an
HbA1c level of less than 7% or an HbA1 of less than
8.8%, compared with normal ranges of 4 to 6% and 5
to 7.5% respectively. Insulin requirements may be al-
tered by various factors (see Precautions, above). The
aim of any regimen should be to achieve the best pos-
sible control of blood glucose by attempting to mimic
as closely as possible the pattern of optimum endog-
enous insulin secretion. Many regimens involve the
use of a short-acting soluble insulin with an intermedi-
ate-acting insulin, such as isophane insulin or mixed
insulin zinc suspension, often given twice daily. It may
sometimes be necessary, though, to give 3 or 4 injec-
tions daily to achieve good control and this typically
involves giving a soluble insulin before meals and an
intermediate- or long-acting insulin in the evening. A
once-daily injection of an intermediate- or long-acting
insulin is now generally considered to be acceptable
only for those patients with type 2 diabetes mellitus
who still retain some endogenous insulin secretion but
nevertheless require insulin therapy, or for those pa-
tients with type 1 disease unable to cope satisfactorily
with more intensive regimens. If a more intensive reg-
imen is desired, continuous subcutaneous infusion
may be employed using soluble insulin in an infusion
pump. This delivers a constant basal infusion of insulin
supplying about half of the total daily requirements, the
remainder being provided by patient-activated bolus
doses before each meal. The technique has a limited
place in the management of diabetes; patients using it
need to be well-motivated, reliable, and able to monitor

their own blood glucose, and must have access to ex-
pert advice at all times. Formulations in which the in-
sulin is in suspension are not suitable for continuous
subcutaneous infusion and some brands of soluble in-
sulin are unsuitable for this purpose because of the risk
of precipitation in the pump catheter. 
Ketoacidosis. Insulin is also an essential part of the
emergency management of diabetic ketoacidosis. Only
short-acting soluble insulins should be used. Treatment
includes adequate fluid replacement, usually by infus-
ing sodium chloride 0.9% initially, and the use of po-
tassium salts to prevent or correct hypokalaemia. Insu-
lin should be given by continuous intravenous infusion
if possible, although other routes have also been
used—for details of regimens see Diabetic Emergen-
cies, under Diabetes Mellitus, below. Since insulin nor-
mally corrects hyperglycaemia before ketosis it is usu-
ally necessary to continue giving insulin once
normoglycaemia has been achieved but to change the
rehydration fluid to glucose-saline so that the addition-
al glucose prevents the development of hypoglycae-
mia.
◊ General reviews of insulin and its use.1-5 It has been suggested
that the plethora of insulin preparations available might sensibly
be reduced,2 although others dispute this.6
1. MacPherson JN, Feely J. Insulin. BMJ 1990; 300: 731–6. 
2. Anonymous. Insulin preparations—time to rationalise. Drug
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tes Care 2004; 27 (suppl 1): S106–S109. Also available at:
http://care.diabetesjournals.org/cgi/reprint/27/suppl_1/s106.pdf
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starting insulin therapy. Ann Intern Med 2006; 145: 125–34. 

5. Bell DSH. Insulin therapy in diabetes mellitus: how can the cur-
rently available injectable insulins be most prudently and effica-
ciously utilised? Drugs 2007; 67: 1813–27. 

6. von Kriegstein E, et al. Need for many types of insulin. Lancet
1996; 347: 1045.

Administration. ADMINISTRATION ROUTES. The long-term
management of diabetic patients usually involves injection by
the subcutaneous route. The advice to diabetics has been to
inject their insulin using a full-depth perpendicular injection.1
In many non-obese patients, however, such a technique can
result in inadvertent intramuscular injection.1,2 Since insulin
is absorbed more rapidly after intramuscular than subcutane-
ous injection, this may lead to greater day-to-day variability
in blood-glucose control. In particular, overnight control may
be inadequate if intermediate-acting preparations such as iso-
phane insulin are used.1 Some therefore consider that extend-
ed-action insulins should be injected at an angle into a raised
skin fold. Although injection of soluble insulin into muscle
may produce a more physiological action profile, until more
data are available a technique that ensures subcutaneous in-
jection may be prudent with soluble insulins as well.1 
The anatomic site of subcutaneous insulin injection is usually ro-
tated in an attempt to decrease local adverse effects (see Adverse
Effects, above). However, the rate of absorption varies between
sites and such a practice may also contribute to day-to-day vari-
ability in blood-glucose concentrations.3 For example, large var-
iations in blood-glucose concentrations have been reported on
subcutaneous injection into the thigh.4 Some have suggested ro-
tation of injection sites within an anatomic region, or possibly
use of the same anatomic region for injections given at a specific
time of day.3 
Jet injectors deliver insulin at high pressure across the skin into
the subcutaneous tissue without use of a needle.5,6 The greater
dispersion obtained gives more rapid absorption of short- and
intermediate-acting insulins and consequently reduces the total
duration of action.5 Mild pain, bruising, and bleeding may be a
problem.5-7 Despite having been available for some years, there
is little information about their benefits and risks and they are not
widely used.6 However, results in a small study in women with
gestational diabetes have suggested that jet injection may be as-
sociated with less variation in postprandial blood-glucose con-
centration and a lower incidence of insulin antibodies.8 
Insulin preparations may also be given by intramuscular injec-
tion. Absorption is more rapid than from a subcutaneous injec-
tion. However, exercise may produce considerable variations in
insulin absorption after intramuscular injection.1 Soluble insulins
may be given intravenously; this route is used in diabetic ke-
toacidosis, and also in surgery and labour.9 Intermittent pulsed
intravenous insulin therapy added to a conventional subcutane-
ous regimen has been reported to improve symptoms of orthos-
tatic hypotension10 and hypertension.11 
The subcutaneous and intravenous routes, and, rarely, the intra-
muscular route have all been used for the continuous administra-
tion of insulin (see Intensive Administration Regimens, below). 
Formulations of insulin for intranasal use are under investiga-
tion.7,12,13 They have been tried in both type 1 and type 2 diabe-
tes, but bioavailability is low and variable. Absorption enhancers

have been used to facilitate uptake of insulin from the nasal mu-
cosa and local adverse effects are dependent, in part, on their ir-
ritancy. Similarly, buccal formulations are under investigation,7
and have become available in some countries. 
Devices for delivering insulin to the lungs via oral inhalation
have been developed.7,14,15 Inhaled insulin is effective in main-
taining glycaemic control in both type 1 and type 2 diabetes,16-19

although there is some evidence from longer-term studies that it
is slightly less effective than subcutaneous injection; however,
patient acceptability is higher.16 It is given before meals as a
short-acting insulin in patients also receiving intermediate or
long-acting subcutaneous insulins or oral antidiabetics; in type 2
diabetes it has also been used alone. UK recommendations from
NICE are that it should be reserved for patients who are unable
to start or intensify subcutaneous insulin therapy because of a
marked, persistent fear of injections or severe difficulties with
injection sites (for example, due to lipoatrophy).17 Data regard-
ing the long-term safety of inhaled insulin also need to be collect-
ed, given reports of pulmonary effects and higher levels of insu-
lin antibodies in people with type 1 diabetes. A few cases of
primary lung malignancies have occurred in clinical trials of in-
haled insulin, at a higher incidence than in comparator-treated
patients. However, the number of cases was too small to deter-
mine whether these events were related to inhaled insulin, and all
affected patients had a history of cigarette smoking. 
Endogenous insulin is delivered into the portal venous system,
and then passes immediately to the liver where a large fraction of
the insulin is extracted. The above routes of administration all
deliver insulin into the peripheral circulation, with the risk of
peripheral hyperinsulinaemia which has been considered a risk
factor for atherosclerotic complications.20 Giving insulin via the
intraperitoneal or oral routes may overcome this problem to
some extent. Peritoneal insulin is used routinely in diabetics un-
dergoing chronic ambulatory peritoneal dialysis, but has also
been used for continuous administration (see Intensive Adminis-
tration Regimens, below). Various formulations of insulin for
oral delivery are also under investigation.7,13,21 Rectal13 or
transdermal7 insulin has also been tried.
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INSULIN ANALOGUES AND PROINSULIN. Recombinant-DNA
technology has enabled the production of insulin analogues
with altered pharmacokinetic profiles.1,2 Most of the insulin
in pharmaceutical preparations is in the form of hexamers,
which require time to dissociate before absorption from a sub-
cutaneous site. Substitution of amino-acid residues at the
monomer-monomer interface has produced monomeric insu-
lin analogues that retain the biological activity of insulin. 
Good results have been reported with an analogue, insulin lis-
pro, in which the B28 and B29 residues are replaced with lysine



Insulin    451

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

and proline. This analogue is commercially available and has
been widely reviewed.3-7 In comparative studies of insulin lispro
versus soluble insulin given before meals to patients also receiv-
ing a long-acting insulin, insulin lispro was reported to result in
good glycaemic control, and could be given immediately before
meals (5 to 15 minutes) rather than 20 to 40 minutes before as
with soluble insulin. There is a suggestion that it may result in
fewer severe hypoglycaemic episodes in such regimens.8 How-
ever, an analysis of 10 clinical trials did not find any difference
between insulin lispro and neutral insulin (Humulin R) with re-
spect to overall adverse effects or development of long-term dia-
betic complications.9 (See also insulin aspart, below.) A few cas-
es of response to insulin lispro in patients with severe insulin
resistance have been reported.10,11 Insulin lispro has been com-
plexed with protamine to produce an intermediate-acting form,
which is available as a biphasic preparation. 
Insulin aspart is another short-acting insulin analogue, with as-
partic acid substituted for proline at position B28.12-15 It is also
used immediately before meals and controls postprandial blood
glucose concentrations at least as well as regular human insulin,
and may cause fewer hypoglycaemic episodes. A meta-analysis
involving 42 studies of insulin lispro or insulin aspart versus reg-
ular insulin found that there was evidence of a minor benefit of
the analogues in improving HbA1c values in adult patients with
type 1 diabetes; no superiority could be shown in patients with
type 2 diabetes.16 
Insulin glulisine is another insulin analogue, with asparagine at
position B3 replaced by lysine, and lysine at B29 replaced by
glutamic acid. It also has a rapid onset and short duration of ac-
tion.17,18 
Recombinant-DNA technology has also been used to produce a
long-acting basal insulin analogue, insulin glargine, suitable for
once-daily use.19-23 It is available as a solution at pH 4; on subcu-
taneous injection and neutralisation by tissue buffering process-
es, microprecipitates are formed that slowly release insulin
glargine over 24 hours with no pronounced peak in concentration
or in metabolic activity. Controlled studies have reported insulin
glargine to be more effective than human isophane insulin in pro-
ducing glycaemic control as part of a basal-bolus regimen, and to
be associated with fewer hypoglycaemic episodes. 
Insulin detemir is another long-acting insulin analogue that may
have some benefit over isophane insulin. It is a neutral soluble
human insulin analogue in which the terminal amino acid at B30
has been replaced by a 14-carbon fatty acid chain. This allows
insulin detemir to bind reversibly to albumin, producing slow ab-
sorption and a prolonged and consistent metabolic effect for up
to 24 hours. It appears to be at least as effective as isophane insu-
lin in maintaining overall glycaemic control but with less intra-
patient variability, a similar or lower risk of hypoglycaemia, and
less body-weight gain.24 
Proinsulin (the natural precursor of insulin) appears to be more
active than insulin in suppressing the hepatic production rather
than the peripheral uptake of glucose.25,26 It has therefore been
studied particularly in patients with type 2 diabetes mellitus.
However, development by some manufacturers has been sus-
pended because of a higher rate of adverse cardiac effects in pa-
tients treated with proinsulin than in controls.25
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INTENSIVE ADMINISTRATION REGIMENS. Intensive insulin regi-
mens aim to mimic more closely the physiological insulin
pattern in which a basal insulin concentration is supplement-
ed by a preprandial boost of insulin. Such intensive regimens
are used to provide tight control in an attempt to avoid long-
term complications (see p.433). 
Intensified insulin regimens have the advantage of improving the
patient’s lifestyle and allowing flexibility in timing of meals.
However, careful dietary control must still be maintained and
regular monitoring of blood-glucose concentrations is an impor-
tant component of such regimens. Therefore patients must be
well-motivated, reliable, and able to monitor their own blood
glucose, and must have access to expert 24-hour help. Although
there are reports of success with intensive regimens in brittle (la-
bile) diabetics,1 these patients are generally unlikely to benefit
from such regimens. 
In multiple-injection regimens, the basal insulin is provided by
an injection of intermediate- or long-acting insulin given usually
at night, and soluble insulin is given before each main meal. Sys-
tems for continuous administration may be designed on an
open-loop or closed-loop delivery system. Open-loop systems
comprise an infusion pump with the infusion rate programmed
or controlled manually according to manual blood-glucose mon-
itoring. Closed-loop systems (the ‘artificial pancreas’) consist of
an insulin pump, a glucose sensor, and a computer for analysis of
blood-glucose data. Systems for continuous administration have
most commonly used the subcutaneous route, but intraperito-
neal, intravenous, or intramuscular infusion have also been used. 
The most extensively used open-loop system is continuous sub-
cutaneous insulin infusion (CSII) using an external pump. A
battery-powered pump infuses soluble insulin via a subcutane-
ous catheter which is resited every 2 to 3 days. A background
infusion is given at a predetermined rate, and preprandial bolus
doses given using an override switch or manual drive.2 CSII pro-
vides better glycaemic control than conventional injection thera-
py, but may be only slightly more effective than optimised mul-
tiple daily injection therapy.3 Complications include erythema,
abscess, or cellulitis at the injection site and, rarely, contact der-
matitis to components of the giving set, pump malfunction, or
precipitation of insulin and catheter obstruction.2 Pump therapy
increases the risk of ketoacidosis and intensive regimens are as-
sociated with decreased hypoglycaemic awareness and more se-
vere hypoglycaemic episodes compared with conventional ther-
apy,4 although there is some suggestion that CSII might reduce
the risk of severe hypoglycaemia compared with multiple daily
injection therapy.2 If the pump fails or there is an acute increase
in insulin requirements, the onset of ketoacidosis may be more
rapid and more likely to be associated with dangerous hyperka-
laemia than with conventional regimens because there is no de-
pot of insulin.2,5 
Further development of open-loop delivery systems has been in
the design of implantable insulin pumps. The first pumps deliv-
ered insulin at a constant basal rate, but variable rate models are
now available. Studies6,7 have shown that intravenous or intra-
peritoneal delivery of insulin from an implantable pump can pro-
duce excellent glycaemic control, and fewer episodes of severe
hypoglycaemia than are associated with intensive subcutaneous
multiple-injection regimens. The main problems associated with
such therapy are pump slow-down or catheter obstruction due to
aggregation of insulin within the device; these can normally be
corrected by procedures to flush the pump and catheter,7,8 al-
though alternative insulin formulations (e.g. with poloxamer)
have been investigated. Other problems may include fibrinous
obstruction of the catheter or local intolerance of the pump.8 
Closed-loop continuous infusion systems are generally confined
to research and experimental work because glucose sensors suit-
able for implantation are still being developed.8 However, results
in animals have suggested that an alternative to such systems
may be a vascularised artificial pancreas containing islet cells.9
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MIXING OF INSULINS. Mixtures of insulin with differing dura-
tions of action may be used in order to produce a more normal
pattern of blood glucose variation than can be achieved with
a single insulin. However, physicochemical changes in the
mixture may occur, either immediately on mixing or over
time, and the physiological response to the mixture may
therefore be different than if the components were given sep-
arately. An early review1 suggested that insulins from differ-
ent manufacturers should not be mixed, since formulation dif-
ferences might render them incompatible. It is important that
a consistent routine is followed in preparing and using such
mixtures, and manufacturers advise that the shorter-acting in-
sulin should be drawn into the syringe first, to avoid contam-
ination of the vial with the longer-acting component. Pre-
prepared mixtures are available from many manufacturers
and may be preferable provided that the proportions are suited
to the patient’s needs. 
The American Diabetes Association has issued guidelines2 for
mixing of insulins, including: 
• patients well controlled on a particular mixed regimen should

maintain their standard procedure for preparing doses 
• no other medication or diluent should be mixed with insulin

unless approved by the prescriber 
• insulin glargine should not be mixed with other forms of insu-

lin because of the low pH of its diluent 
• currently available isophane and short-acting insulin formula-

tions when mixed may be used immediately or stored for fu-
ture use 

• rapid-acting insulins (insulin aspart, insulin lispro) can be
mixed with isophane, lente, and ultralente insulins. Ultralente
insulins do not affect the onset of action of the rapid-acting
component; a slight decrease in absorption rate but not bioa-
vailability is seen if rapid-acting insulins are mixed with iso-
phane insulin but postprandial blood-glucose response is sim-
ilar to that seen with mixtures of rapid-acting and ultralente
insulin 

• mixtures of rapid-acting insulin with an intermediate- or long-
acting insulin should be injected within 15 minutes before a
meal 

• mixing of short-acting (soluble) and lente or ultralente insulin
is not recommended, as zinc ions present in the lente insulin
may bind with the short-acting insulin and delay its effects.
The degree and rate of binding vary with the insulins used, and
may not reach equilibrium for 24 hours; if such mixtures are
used the patient should standardise the interval between mix-
ing and injection 

• phosphate-buffered insulins (e.g. isophane insulin) should not
be mixed with zinc-containing (lente or ultralente) insulins, as
zinc phosphate may be precipitated, and the longer acting in-
sulin may be partially and unpredictably converted to a short-
acting form 

Insulin formulations may change and the manufacturers should
be consulted if their recommendations differ from those in the
guidelines.
1. Fisher BM. Choosing an insulin. Prescribers’ J 1988; 28:

138–43. Correction. ibid.; 169. 
2. American Diabetes Association. Insulin administration. Diabe-

tes Care 2004; 27 (suppl 1): S106–S109. Also available at:
http://care.diabetesjournals.org/cgi/reprint/27/suppl_1/s106.pdf
(accessed 08/07/04)

Diabetes mellitus. Insulin is the mainstay of the treatment of
type 1 diabetes mellitus. For a discussion of the treatment of
diabetes mellitus, including the contexts in which insulin is used,
see p.431. The possible role of tight glycaemic control with insu-
lin to prevent the development of microvascular and macrovas-
cular complications in patients with type 1 diabetes is discussed
on p.433, while further discussion of specific regimens and ap-
proaches to insulin therapy is given under Administration,
above.
DIABETIC EMERGENCIES.  As discussed on p.435, diabetic
ketoacidosis and hyperosmolar hyperglycaemic state are
medical emergencies and should be treated immediately with
fluid replacement and insulin. Potassium, and possibly phos-
phate, replacement may also be required, but bicarbonate
should not be given unless acidaemia is very severe. In the
UK the BNF recommends that insulin be given by intravenous
infusion for diabetic ketoacidosis, as a solution of soluble in-
sulin 1 unit/mL via an infusion pump. An infusion rate of
6 units/hour in adults and 0.1 units/kg per hour in children is
recommended initially, with the rate doubled or quadrupled if
the blood glucose concentration fails to decrease by about
5 mmol/litre per hour. When blood glucose concentrations
have fallen to 10 mmol/litre the infusion rate can be reduced
to 3 units/hour in adults or about 0.05 units/kg per hour in
children, and continued, with glucose 5% to prevent hypogly-
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caemia, until the patient is ready to take food by mouth. The
insulin infusion should not be stopped before subcutaneous
insulin has been started. Potassium chloride is included in the
infusion as appropriate to prevent insulin-induced hypokalae-
mia. If facilities for intravenous infusion are not available the
insulin is given by intramuscular injection: in adults an initial
loading dose of 20 units intramuscularly is followed by
6 units intramuscularly every hour until the blood glucose
concentration falls to 10 mmol/litre, when the dose is given
every 2 hours. Late hypoglycaemia due to insulin accumula-
tion should be watched for and managed appropriately. 
In the USA the intramuscular or the subcutaneous route have
been used as alternatives to intravenous insulin, with other ap-
propriate management. One successful set of protocols for insu-
lin dosage in diabetic ketoacidosis is as follows:1 an initial intra-
venous bolus of 0.15 units/kg is followed by infusion of
0.1 units/kg per hour; if blood glucose does not fall by about 2.5
to 3.5 mmol/litre in the first hour the infusion rate is doubled eve-
ry hour until this rate of decline is achieved. (A similar insulin
regimen has proved effective in patients with hyperosmolar hy-
perglycaemic state.1) When given by the intramuscular or subcu-
taneous routes an initial bolus of 0.4 units/kg is divided and giv-
en half by the intravenous route and half either intramuscularly
or subcutaneously as appropriate. This is followed by
0.1 units/kg every hour intramuscularly or subcutaneously; if re-
sponse is inadequate it is replaced by an intravenous bolus of
10 units until blood glucose falls by 2.5 to 3.5 mmol/litre. In chil-
dren intravenous infusion of 0.1 units/kg per hour is recommend-
ed, or if intravenous infusion is impractical an initial intramuscu-
lar bolus of 0.1 units/kg followed by 0.1 units/kg per hour either
intramuscularly or subcutaneously. Treatment is continued at this
rate until a serum-glucose concentration of about 12.5 mmol/litre
is reached (or about 15 mmol/litre for hyperosmolar hypergly-
caemic state), when the rate is decreased to 0.05 to 0.1 units/kg
per hour until acidosis is controlled and subcutaneous insulin re-
placement treatment can be started.
1. American Diabetes Association. Hyperglycemic crises in diabe-

tes. Diabetes Care 2004; 27 (suppl 1): S94–S102. Also available
at: http://care.diabetesjournals.org/cgi/reprint/27/suppl_1/
s94.pdf (accessed 26/05/04)

TYPE 2 DIABETES MELLITUS. Traditionally the use of insulin in
patients with type 2 diabetes has tended to be reserved for
those who cannot be controlled by diet and oral antidiabetics
alone.1,2 Given the possible association between circulating
insulin and atherosclerotic cardiovascular symptoms3 there
has been some concern about the use of exogenous insulin in
insulin-resistant patients who are already hyperinsulinaemic.
Furthermore, patients switched to insulin tend to gain weight2
which is undesirable in a frequently obese patient group. 
Insulin is nonetheless being used more frequently in type 2 pa-
tients. This is largely because of a trend toward more intensive
regimens designed to produce tighter glycaemic control, on the
hypothesis that, as in patients with type 1 disease, this will reduce
the development and progression of diabetic complications. Re-
sults from the UK Prospective Diabetes Study,4-6 show that insu-
lin is an effective option in type 2 diabetes, and confirm both the
value of intensive therapy in retarding microvascular complica-
tions,6 and that oral therapy should be used before insulin in pa-
tients with primary diet failure.7 
In order to minimise the dose of insulin required, and any risks it
may entail, it has been suggested that insulin therapy in type 2
diabetes should be combined with other measures including oral
hypoglycaemic drugs.8 There has long been debate about the val-
ue of combined therapy, but a meta-analysis indicated that gly-
caemic control was better, and insulin requirements lower, in
type 2 diabetics who received insulin with a sulfonylurea.9 For
evidence that the insulin analogues insulin lispro and insulin as-
part have no advantage over regular insulin in type 2 patients see
Insulin Analogues, above. 
For further discussion of the management of type 2 diabetes mel-
litus see p.431.
1. Tattersall RB, Scott AR. When to use insulin in the maturity on-

set diabetic. Postgrad Med J 1987; 63: 859–64. 
2. Taylor R. Insulin for the non-insulin dependent? BMJ 1988; 296:

1015–16. 
3. Stern MP. Do non-insulin-dependent diabetes mellitus and cardi-

ovascular disease share common antecedents? Ann Intern Med
1996; 124 (suppl): 110–16. 

4. United Kingdom Prospective Diabetes Study Group. United
Kingdom prospective diabetes study (UKPDS) 13: relative effi-
cacy of randomly allocated diet, sulphonylurea, insulin, or met-
formin in patients with newly diagnosed non-insulin-dependent
diabetes followed for three years. BMJ 1995; 310: 83–8. 

5. Turner R, et al. United Kingdom Prospective Diabetes Study 17:
a 9-year update of a randomized, controlled trial on the effect of
improved metabolic control on complications in non-insulin-de-
pendent diabetes mellitus. Ann Intern Med 1996; 124 (suppl):
136–45. 

6. UK Prospective Diabetes Study Group. Intensive blood-glucose
control with sulphonylureas or insulin compared with conven-
tional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998; 352: 837–53. Correction.
ibid. 1999; 354: 602. 

7. United Kingdom Prospective Diabetes Study Group. United
Kingdom Prospective Diabetes Study 24: a 6-year, randomized,
controlled trial comparing sulfonylurea, insulin, and metformin
therapy in patients with newly diagnosed type 2 diabetes that
could not be controlled with diet therapy. Ann Intern Med 1998;
128: 165–75. 

8. Henry RR. Glucose control and insulin resistance in non-insulin-
dependent diabetes mellitus. Ann Intern Med 1996; 124 (suppl):
97–103. 

9. Johnson JL, et al. Efficacy of insulin and sulfonylurea combina-
tion therapy in type II diabetes: a meta-analysis of the rand-
omized placebo-controlled trials. Arch Intern Med 1996; 156:
259–64.

Diagnosis and testing. PITUITARY FUNCTION.  Insulin-
induced hypoglycaemia has been used to provide a stressful
stimulus in order to assess hypothalamic-pituitary function.
The insulin stress or insulin-tolerance test has been used as a
standard test for assessment of growth hormone or corticotro-
pin deficiency. However, it is unpleasant, expensive, and not
without risk, and is contra-indicated in patients with angina,
heart failure, cerebrovascular disease, or epilepsy; some rec-
ommend its use only when results of alternative tests are
equivocal,1-3 and it should only be performed in specialist
units under strict surveillance.4
1. Clayton RN. Diagnosis of adrenal insufficiency. BMJ 1989; 298:

271–2. 
2. Stewart PM, et al. A rational approach for assessing the hypoth-

alamic-pituitary-adrenal axis. Lancet 1988; 1: 1208–10. 
3. Lindholm J. The insulin hypoglycaemia test for the assessment

of the hypothalamic–pituitary–adrenal function. Clin Endocrinol
(Oxf) 2001; 54: 283–6. 

4. Hindmarsh PC, Swift PGF. An assessment of growth hormone
provocation tests. Arch Dis Child 1995; 72: 362–8.

Hyperkalaemia. Insulin promotes the intracellular uptake of
potassium. It is therefore used in the management of moderate to
severe hyperkalaemia, when it is given with glucose (see
p.1669).
Liver disorders. There have been reports1,2 of benefit from the
use of insulin and glucagon in the treatment of liver disorders,
based on their reported hepatotrophic effect. However, ran-
domised studies have found no benefit from insulin and gluca-
gon infusions in fulminant hepatic failure3 and acute alcoholic
hepatitis.4
1. Baker AL, et al. A randomized clinical trial of insulin and gluca-

gon infusion for treatment of alcoholic hepatitis: progress report
in 50 patients. Gastroenterology 1981; 80: 1410–14. 

2. Jaspan JB, et al. Insulin and glucagon infusion in the treatment
of liver failure. Arch Intern Med 1984; 144: 2075–8. 

3. Harrison PM, et al. Failure of insulin and glucagon infusion to
stimulate liver regeneration in fulminant hepatic failure. J Hepa-
tol 1990; 10: 332–6. 

4. Bird G, et al. Insulin and glucagon infusion in acute alcoholic
hepatitis: a prospective randomized controlled trial. Hepatology
1991; 14: 1097–1101.

Myocardial infarction. Discussions on the effects of insulin
with glucose and potassium in the ischaemic heart, including its
effect in reducing blood free fatty acids, have emphasised its po-
tential benefits in left ventricular failure and cardiogenic
shock.1,2 A meta-analysis3 of randomised controlled studies per-
formed before the widespread use of thrombolytics found a re-
duction in mortality in recipients of glucose-insulin-potassium
solutions. However, although a pilot study4 that included patients
undergoing reperfusion (thrombolysis or percutaneous coronary
intervention) reported benefit, this was not confirmed in larger
randomised studies using standard glucose-insulin-potassium in-
fusions.5,6 A further study7 found that routine use of such infu-
sions in patients undergoing reperfusion had no effect on myo-
cardial salvage, although some improvement was reported in
diabetics. 
Intensive glucose control, with insulin-glucose infusion followed
by multiple daily subcutaneous insulin injections has been re-
ported to reduce mortality in diabetics who suffered a myocardial
infarction.8,9 A similar study10 of treatment after myocardial inf-
arction included only patients with type 2 diabetes mellitus who
were treated with routine care, or insulin-glucose infusion fol-
lowed by either long-term subcutaneous insulin or standard glu-
cose control. The study was stopped early due to slow patient
recruitment, but results did suggest that although glucose con-
centration was a strong independent predictor of long-term mor-
tality, the use of long-term insulin treatment did not improve sur-
vival compared with conventional treatment at similar levels of
glucose control. An observational study11 in non-diabetics with
hyperglycaemia suggested that intensive glucose control also im-
proved outcomes in this population, but another study12 found no
benefit. However, the glucose control achieved in this study was
similar in both the intensive and the conventional treatment
groups and an analysis based on blood glucose concentrations
suggested that strict glucose control was beneficial.12 
For the conventional management of myocardial infarction, see
p.1175.
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insulin treatment on long term survival after acute myocardial
infarction in patients with diabetes mellitus. BMJ 1997; 314:
1512–15. 

10. Malmberg K, et al. Intense metabolic control by means of insu-
lin in patients with diabetes mellitus and acute myocardial inf-
arction (DIGAMI 2): effects on mortality and morbidity. Eur
Heart J 2005; 26: 650–61. 

11. Weston C, et al. Early impact of insulin treatment on mortality
for hyperglycaemic patients without known diabetes who
present with an acute coronary syndrome. Heart 2007; 93:
1542–6. 

12. Cheung NW, et al. The Hyperglycemia: Intensive Insulin Infu-
sion in Infarction (HI-5) study: a randomized controlled trial of
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Care 2006; 29: 765–70.

Neonatal hyperglycaemia. Hyperglycaemia is common in
very immature neonates because of delayed or reduced insulin
production. It can be treated by glucose restriction until glucose
tolerance improves. However, this may not provide enough glu-
cose to meet basal metabolic needs, and the use of an insulin in-
fusion can allow sufficient glucose to be given. It has been sug-
gested that insulin is best given intravenously in a separate, easily
titratable solution because of the frequent fluctuations of require-
ment in these infants.1
1. Ditzenberger GR, et al. Continuous insulin intravenous infusion

therapy for VLBW infants. J Perinat Neonatal Nurs 1999; 13:
70–82.

Overdosage with calcium-channel blockers. High-dose
insulin, with glucose and potassium as required to maintain nor-
mal plasma concentrations of these, has been reported to be of
value in the treatment of overdosage with calcium-channel
blockers that has not been adequately managed with convention-
al therapy (which is described under Treatment of Adverse Ef-
fects under Nifedipine, p.1352). A review1 of 13 reported cases
found that various dosage regimens had been tried. These includ-
ed bolus doses of insulin 10 to 20 units, and continuous infusions
of 0.1 to 1 unit/kg per hour. The authors of one report2 have pro-
posed a regimen that includes an initial intravenous bolus dose of
insulin 1 unit/kg, followed by a continuous infusion of
0.5 units/kg per hour; this may be increased to 1 unit/kg per hour
if necessary.
1. Shepherd G, Klein-Schwartz W. High-dose insulin therapy for

calcium-channel blocker overdose. Ann Pharmacother 2005; 39:
923–30. 

2. Boyer EW, et al. Hyperinsulinemia/euglycemia therapy for cal-
cium channel blocker poisoning. Pediatr Emerg Care 2002; 18:
36–7.

Preparations
BP 2008: Insulin Aspart Injection; Insulin Lispro Injection; Protamine Zinc
Insulin Injection; 
Ph. Eur.: Biphasic Insulin Injection; Biphasic Isophane Insulin Injection; Insulin
Zinc Injectable Suspension; Insulin Zinc Injectable Suspension (Amor-
phous); Insulin Zinc Injectable Suspension (Crystalline); Isophane Insulin In-
jection; Soluble Insulin Injection; 
USP 31: Extended Insulin Human Zinc Suspension; Extended Insulin Zinc
Suspension; Human Insulin Isophane Suspension and Human Insulin Injec-
tion; Insulin Human Injection; Insulin Human Zinc Suspension; Insulin Injec-
tion; Insulin Lispro Injection; Insulin Zinc Suspension; Isophane Insulin Hu-
man Suspension; Isophane Insulin Suspension; Prompt Insulin Zinc
Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Actrapid HM; Actrapid MC†; Apidra; Biohulin C; Biohulin N; Densulin;
Humalog; Humalog Mix 25; Humulin 70/30; Humulin L†; Humulin NPH;
Humulin R; Humulin U†; Insulatard HM; Insulatard MC†; Insuman N; In-
suman R; Lantus; Levemir; Mixtard 30 HM; Monotard HM†; Monotard
MC†; NovoMix 30; NovoRapid; Austral.: Actrapid; Apidra; Humalog; Hu-
malog Mix 25; Humulin 30/70; Humulin L†; Humulin NPH; Humulin R; Hu-
mulin UL†; Hypurin Isophane; Hypurin Neutral; Lantus; Levemir; Mixtard
20/80, 30/70, 50/50; Monotard†; NovoMix 30; NovoRapid; Protaphane; Ul-
tratard†; Austria: Actrapid HM; Humalog; Humalog Mix 25 and 50; Hu-
minsulin Basal; Huminsulin Long; Huminsulin Normal; Huminsulin Profil II
and III; Huminsulin Ultralong; Insulatard HM; Insuman Basal; Insuman Comb
15, 25, and 50; Insuman Infusat; Insuman Rapid; Mixtard HM 10/90, 20/80,
30/70, 40/60, and 50/50; Monotard HM; Ultratard HM; Belg.: Actrapid
HM; Humaject 30/70†; Humaject NPH†; Humaject Regular†; Humalog;
Humalog Mix 25 and 50; Humuline 30/70, 50/50; Humuline Long†; Hu-
muline NPH; Humuline Regular; Humuline Ultralong†; Insulatard; Lantus;
Levemir; Mixtard 10, 20, 30, 40, 50; Monotard HM†; NovoMix 30; Novo-
Rapid; Ultratard†; Velosulin; Braz.: Actrapid MC†; Biohulin 70/30, 80/20,
and 90/10†; Biohulin Lenta†; Biohulin NPH; Biohulin Regular; Biohulin Ult-
ralenta†; Exubera; Humalog; Humalog Mix 25; Humulin 70/30; Humulin
Lenta; Humulin NPH; Humulin Regular ; Insuman Comb 85N/15R and
75N/25R; Insuman N; Insuman R; Lantus; Levemir; Monotard MC†; Novo-
lin 70/30; Novolin L†; Novolin N; Novolin R; Novolin U†; NovoRapid; Pro-
taphane MC†; Canad.: Humalog; Humalog Mix 25; Humulin 20/80, 30/70;
Humulin L; Humulin N; Humulin R; Humulin U; Hypurin NPH; Hypurin
Regular; Iletin II Pork Lente; Iletin II Pork NPH; Iletin II Pork Regular; Lantus;
Novolin 10/90, 20/80, 30/70, 40/60, 50/50; Novolin Lente†; Novolin NPH;
Novolin Toronto; Novolin Ultralente†; NovoRapid; Chile: Actrapid HM;
Actrapid†; Humalog; Humalog Mix 25; Humulin 70/30†; Humulin L†; Hu-
mulin N†; Humulin R†; Insulatard HM; Insulatard†; Insuman N; Insuman R;
Lantus; Lenta†; Mixtard 30 HM; Monotard HM†; NovoMix 30; NovoRapid;
Wosulin 30/70; Wosulin-N; Wosulin-R; Cz.: Actraphane; Actrapid; Exu-
bera; Humalog; Humalog Mix 25 and 50; Humalog NPL; Humulin L†; Hu-
mulin M3; Humulin N; Humulin R; Humulin U†; Hypurin Bovine Isophane†;
Hypurin Bovine Protamin Zink Sulfat†; Hypurin Porcin Neutral†; Insulatard;
Insuman Basal; Insuman Comb 15, 25, and 50; Insuman Infusat; Insuman
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Rapid; Lantus; Levemir; Liprolog; Liprolog Mix 25 and 50; Mixtard 10, 20,
30, 40, and 50; Monotard HM†; NovoMix 30, 50, and 70; NovoRapid; Op-
tisulin; Ultratard HM†; Velosulin; Denm.: Actrapid; Apidra; Humalog; Hum-
alog Mix 25 and 50; Humulin Mix 30/70; Humulin NPH; Humulin Regular;
Insulatard; Insuman Basal; Insuman Comb 25; Insuman Rapid; Lantus; Lev-
emir; Mixtard 10, 20, 30, 40, and 50; Monotard; NovoMix 30; NovoRapid;
Velosulin; Fin.: Actrapid; Humalog; Humalog Mix 25 and 50; Humulin NPH;
Humulin Regular; Humutard†; Insulin Lyhyt†; Insulin Pitka†; Insuman Basal;
Insuman Comb 25; Insuman Infusat; Insuman Rapid; Lantus; Levemir; Mix-
tard 10, 20, 30, and 50; Monotard; NovoMix 30; NovoRapid; Protaphane;
Ultratard†; Velosulin†; Fr.: Actrapid; Apidra; Exubera; Humalog; Humalog
Mix 25 and 50; Insulatard; Insuman Basal; Insuman Comb 15, 25, and 50;
Insuman Infusat; Insuman Rapid; Insuplant; Lantus; Levemir; Lillypen Rap-
ide†; Mixtard 10, 20, 30, 40, and 50; Monotard†; NovoMix 30; NovoRapid;
Ultratard†; Umuline NPH; Umuline Profil 30; Umuline Rapide; Umuline
Zinc Compose†; Umuline Zinc†; Velosulin†; Ger.: Actraphane 10, 20, 30,
40, 50; Actrapid; Apidra; B-Insulin†; Berlinsulin H 30/70; Berlinsulin H Basal;
Berlinsulin H Normal; Depot-Insulin S†; Depot-Insulin†; H-Tronin†; Huma-
log; Humalog Mix 25 and 50; Huminsulin Basal; Huminsulin Normal; Hu-
minsulin Profil III; Insulatard Human†; Insulin Basal; Insulin Comb 30/70; In-
sulin Monotard HM†; Insulin Novo Semilente MC; Insulin Rapid; Insulin S†;
Insulin SNC†; Insuman Basal; Insuman Comb 15, 25, and 50; Insuman Infu-
sat; Insuman Rapid; Komb-Insulin S†; Komb-Insulin†; Lantus; Levemir; Lipro-
log; Liprolog Mix 25 and 50; Mixtard 30/70†; Monotard; NovoMix 30; Nov-
oRapid; Protaphane; Semilente†; Ultratard; Velosulin; Gr.: Actraphane
HM†; Actrapid; Apidra; Exubera; Humalog; Humalog Mix 25 and 50; Hum-
alog NPL; Humulin Lente; Humulin M2, M3; Humulin NPH; Humulin Reg-
ular; Humulin Utralente; Lantus; Levemir; Mixtard 10, 20, 30, 40, and 50;
Monotard; NovoMix 30; NovoRapid; PenMix 10, 20, 30, 40, or 50†; Pro-
taphane; Ultratard; Hong Kong: Actrapid HM; Actrapid MC†; Humalog;
Humulin 70/30; Humulin L; Humulin N; Humulin R; Insulatard MC†; Lantus;
Mixtard 30 HM; Monotard HM; Monotard MC†; NovoMix 30; NovoRapid;
Protaphane HM; Ultratard HM; Hung.: Actrapid; Apidra; Humalog; Hum-
alog Mix25 and Mix50; Humulin L†; Humulin M3; Humulin N; Humulin R;
Humulin U†; Insulatard; Insulin Monotard†; Insulin Semilente†; Insulin Ultr-
atard†; Lantus; Levemir; Mixtard 10, 20, 30, 40, and 50; Monotard MC†;
NovoMix 30; NovoRapid; India: Actrapid; Human Actrapid; Human Insul-
tard; Human Mixtard 30 and 50; Human Monotard; Insuman Rapid; In-
suman 25/75 and 50/50; Lantus; Lentard; Mixulin; Rapidica; Rapimix; Wosu-
lin Biphasic 30/70 and 50/50; Wosulin-N; Wosulin-R; Zinulin; Indon.:
Actrapid HM; Apidra; Humalog; Humalog Mix 25; Humulin 30/70; Humulin
N; Humulin R; Insulatard HM; Lantus; Mixtard 30 HM; Monotard HM; Irl.:
Actrapid; Apidra; Humalog; Humalog Mix 25 and 50; Humulin I; Humulin
Lente†; Humulin M3; Humulin S; Humulin Zn†; Insulatard; Insuman Basal;
Insuman Comb 15, 25, and 50; Insuman Rapid; Lantus; Levemir; Mixtard 10
, 20, 30, 40, and 50; Monotard†; NovoMix 30; NovoRapid; Ultratard†; Is-
rael: Humalog; Humalog Mix 25; Humulin 70/30; Humulin N; Humulin R;
Humulin U†; Lantus; Levemir; NovoMix 30; NovoRapid; Ital.: Actraphane
10, 20, 30, 40, 50; Actrapid; Apidra; Bio-Insulin 30/70 and 50/50†; Bio-Insu-
lin I†; Bio-Insulin L†; Bio-Insulin R†; Bio-Insulin U†; Humalog; Humalog Mix
25 and 50; Humulin 30/70 and 50/50; Humulin I; Humulin L†; Humulin R;
Humulin U†; Lantus; Levemir; Monotard; NovoMix 30; NovoRapid; Pro-
taphane; Ultratard; Jpn: Humacart 3/7; InnoLet 10R, 20R, 30R, 40R, and
50R; InnoLet N; InnoLet R; Monotard†; NovoLet 10R,20R, 30R, 40R, 50R†;
NovoLet N†; NovoLet R†; Novolin 10R, 20R, 30R, 40R, and 50R; Novolin
N; Novolin R; Novolin U†; NovoRapid; NovoRapid 30 Mix chu; Penfill N;
Penfill R; Penfill 10R, 20R, 30R, 40R, 50R; Velosulin; Malaysia: Actrapid HM;
Humalog; Humulin 30/70; Humulin L†; Humulin N; Humulin R; Insulatard;
Lantus; Levemir; Mixtard 30 HM; Monotard HM†; NovoMix; NovoRapid;
Ultratard HM†; Mex.: Glinux 70/30; Glinux-N; Humalog; Humalog Mix 25;
Humanilusin; Humulin 70/30, 80/20; Humulin L; Humulin N; Humulin R;
Insulex; Insuman 100N; Insuman 15R/85N, 25R/75N, and 50R/50N; In-
suman R; Lantus; Levemir; Novolin 30/70; Novolin L†; Novolin N; Novolin
R; NovoMix 30; NovoRapid; Prodiabin-N; Neth.: Actraphane 10, 20, 30,
40, 50; Actrapid; Apidra; Humalog; Humalog Mix 25 and 50; Humalog NPL;
Humuline; Humuline 30/70; Humuline NPH; Insulatard; Insuman Basal; In-
suman Comb 15, 25, and 50; Insuman Infusat; Insuman Rapid; Isuhuman
Infusat†; Lantus; Levemir; Liprolog; Liprolog Mix 25 and 50; Mixtard 10, 20,
30, 40, and 50; Monotard; NovoMix 30, 50, and 70; NovoRapid; Optisulin;
Protaphane; Ultratard; Velosulin; Norw.: Actrapid; Humalog; Humalog Mix
25; Humulin NPH; Insulatard; Insuman Basal; Insuman Comb 25; Insuman
Infusat; Insuman Rapid; Lantus; Levemir; Mixtard 10, 20, 30, 40, and 50;
Monotard†; NovoMix 30; NovoRapid; Ultratard†; Velosulin†; NZ: Actrap-
id; Humalog; Humalog Mix 25 and 50; Humulin 70/30; Humulin L†; Humulin
NPH; Humulin R; Humulin U†; Insulatard MC; Lantus; Levemir; Mixtard 30
or 50; Monotard; NovoRapid; PenMix 10, 20, 30, 40, or 50; Protaphane;
Ultratard; Velosulin HM; Velosulin MC; Philipp.: Actrapid HM; Biosulidd L;
Humalog; Humulin 70/30; Humulin N (NPH); Humulin R (Regular); Insula-
tard HM; Lantus; Mixtard 30 HM; NovoMix 30; SciLin M30; SciLin N; SciLin
R; Pol.: Actrapid; Apidra; Gensulin N; Gensulin R; Gensulin M10, M20,
M30, M40, or M50; Humaject M3 (30/70)†; Humaject R†; Humalog; Hum-
alog Mix 25 and 50; Humulin M3 (30/70); Humulin N; Humulin R; Insulatard;
Insulinum Lente; Insulinum Maxirapid; Insulinum Semilente; Insulinum Ultral-
ente; Insuman Basal; Insuman Comb 25; Insuman Rapid; Lantus; Levemir;
Mixtard 10, 20, 30, 40, and 50; NovoMix 30; NovoRapid; Polhumin Mix-3;
Polhumin N; Polhumin R; Ultratard HM; Port.: Actrapid; Apidra; Exubera;
Humalog; Humulin Lenta†; Humulin M3; Humulin NPH; Humulin Regular;
Humulin Ultralenta†; Insulatard; Isuhuman Basal†; Isuhuman Comb 25†; Is-
uhuman Rapid†; Lantus; Levemir; Liprolog; Liprolog Mix 25 and 50; Mixtard
10 , 20, 30, 40, and 50 HM; Monotard†; NovoMix 30, 50, and 70; Novo-
Rapid; Optisulin; Protaphane; Ultratard†; Velosulin; Rus.: Actrapid HM
(Актрапид НМ); Actrapid MC (Актрапид MC); Biosulin N (Биосулин Н);
Biosulin R (Биосулин Р); Humalog (Хумалог); Humalog Mix 25 (Хумалог
Микс 25); Humulin M3 (Хумулин М3); Humulin NPH (Хумулин НПХ);
Humulin Regular (Хумулин Регуляр); Insulidd L (Инсулидд Л); Insulidd N
(Инсулидд Н)†; Insulidd R (Инсулидд Р)†; Insulin Lt (Инсулин Лт); Insulin
Maxirapid (Инсулин Максирапид); Insuman Basal (Инсуман Базал); In-
suman Comb 25 (Инсуман Комб 25); Insuman Rapid (Инсуман Рапид);
Lantus (Лантус); Levemir (Левемир); Levulin L (Левулин Л); Levulin N
(Левулин Н)†; Levulin R (Левулин Р)†; Mixtard 30 HM (Микстард 30
НМ); Monotard MC (Монотард Нм); NovoMix 30 (НовоМикс 30); Nov-
oRapid (Новорапид); Protaphane HM (Протафан НМ); S.Afr.: Actrap-
hane HM; Actrapid HM; Apidra; Humalog; Humalog Mix 25; Humulin
30/70; Humulin L†; Humulin N; Humulin R; Lantus; Levemir ; Mixtard
20/80†; Monotard HM†; NovoMix 30; NovoRapid; Protaphane HM; Ultra-
tard HM†; Singapore: Actrapid HM; Humalog; Humalog Mix 25; Humulin
30/70; Humulin L†; Humulin N; Humulin R; Insulatard HM; Lantus; Levemir;
Mixtard 30 or 50; Monotard HM†; NovoMix 30; NovoRapid; Ultratard
HM†; Spain: Actrapid; Humalog; Humalog Mix 25 and 50; Humalog NPL;
Humaplus 30/70†; Humaplus NPH†; Humaplus Regular†; Humulina 30:70;
Humulina Lenta†; Humulina NPH; Humulina Regular; Humulina Ultralen-
ta†; Insulatard; Insulatard NPH†; Lantus; Levemir ; Mixtard 30; Mixtard
30/70†; Monotard†; NovoMix 30; NovoRapid; Ultratard†; Swed.: Actrapid;
Apidra; Humalog; Humalog Mix 25 and 50; Humulin Mix 30/70; Humulin
NPH; Humulin Regular; Insulatard; Insuman Basal; Insuman Comb 25; In-

suman Infusat; Insuman Rapid; Lantus; Levemir; Mixtard 10, 20, 30, 40, and
50; Monotard; NovoMix 30; NovoRapid; Ultratard; Velosulin†; Switz.: Ac-
trapid HM; Actrapid MC; Apidra; Humalog; Huminsulin Basal (NPH); Hu-
minsulin Long; Huminsulin Normal; Huminsulin Profil III; Huminsulin Ul-
tralong; Hypurin 30/70 Mix; Hypurin Isophane; Hypurin Neutral; Insulatard
HM; Insulatard MC; Insuman Basal; Insuman Comb 25; Insuman Infusat; In-
suman Rapid; Lantus; Lente MC†; Levemir; Mixtard 30 MC; Mixtard HM 10,
20, 30, 40, 50; Monotard HM; NovoMix 30; NovoRapid; Semilente MC;
Ultratard HM; Velosulin HM†; Thai.: Actrapid HM; Humalog; Humalog Mix
25; Humulin 70/30; Humulin N; Humulin R; Insulatard; Lantus; Mixtard HM;
Monotard HM†; NovoMix 30; NovoRapid; Turk.: Humalog; Humalog Mix
25 and 50; Humulin M 70/30 and 80/20; Humulin N; Humulin R; Insulatard;
Lantus; Mixtard 10, 20, 30, 40, and 50; NovoMix 30; NovoRapid; Orgasulin
Mix 30/70; UAE: Jusline 70/30; Jusline N; Jusline R; UK: Actrapid; Apidra;
Exubera†; Humaject S†; Humalog; Humalog Mix 25 and 50; Humulin I; Hu-
mulin Lente†; Humulin M3; Humulin S; Humulin Zn†; Hypurin 30/70; Hy-
purin Isophane; Hypurin Lente; Hypurin Neutral; Hypurin Protamine Zinc;
Insulatard; Insuman Basal; Insuman Comb 15, 25, and 50; Insuman Rapid;
Lantus; Levemir; Mixtard 30; Monotard†; NovoMix 30; NovoRapid; Pork
Actrapid†; Pork Insulatard†; Pork Mixtard 30†; Ultratard†; Velosulin†; USA:
Apidra; Exubera; Humalog; Humalog Mix 75/25 and 50/50; Humulin 70/30,
50/50; Humulin L†; Humulin N; Humulin R; Humulin U Ultralente†; Lantus;
Lente; Lente Iletin II; Levemir; Novolin 70/30; Novolin N; Novolin R; Novo-
Log; NovoLog Mix 70/30; NPH Iletin II†; Regular Iletin II; Ultralente; Velosu-
lin Human BR†; Venez.: Humalog; Humalog Mix 25; Humulin 70/30; Hu-
mulin L†; Humulin N; Humulin R; Insuman N; Insuman R; Lantus; Novolin
70/30†; Novolin L†; Novolin N†; Novolin R†.

Metformin Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de metformina; LA-6023 (metformin or metform-
in hydrochloride); Metformiinihydrokloridi; Metformin Hid-
roklorür; Metformin hydrochlorid; Metformine, chlorhydrate de;
Metformin-hidroklorid; Metforminhydroklorid; Metformini hy-
drochloridum; Metformino hidrochloridas. 1,1-Dimethylbigua-
nide hydrochloride.

Метформина Гидрохлорид

C4H11N5,HCl = 165.6.

CAS — 657-24-9 (metformin); 1115-70-4 (metformin hy-
drochlor ide).

ATC — A10BA02.

ATC Vet — QA10BA02.

(metformin)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Metformin Hydrochloride). White or almost white
crystals. Freely soluble in water; slightly soluble in alcohol; prac-
tically insoluble in acetone and in dichloromethane. 
USP 31 (Metformin Hydrochloride). A white crystalline pow-
der. Freely soluble in water; slightly soluble in alcohol; practical-
ly insoluble in acetone and in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
As for biguanides in general, p.437.

Breast feeding. Based on animal studies the UK and US li-
censed product information warns that metformin may be dis-
tributed into breast milk, and that the possible effects on the in-
fant should be considered if women wish to breast feed while
receiving the drug. However, a study in 7 breast-feeding women
receiving metformin at a median dose of 1.5 g daily found the
concentrations in milk to be about a third of those in maternal
plasma, resulting in a mean calculated dose to the infants of
40 micrograms/kg daily. Blood samples were taken from 4 of the
infants: metformin concentrations were undetectable in 2, and
were very low (10 to 15% of maternal values) in the others. Giv-
en these results the authors considered that women receiving
metformin need not be discouraged from breast feeding.1 Similar
results from 3 other studies2,3 that included 13 women have pro-
vided further evidence that metformin is distributed into breast
milk, that concentrations in milk are less than those in maternal
plasma, and that breast-fed infants would be exposed to a very
small percentage of the maternal dose. Six infants were breast-
fed with no adverse effects that could be attributed to metformin.
A prospective study4 of weight, height, and motor-social devel-
opment over 6 months, in infants of women taking metformin
(1.5 to 2.55 g daily) for polycystic ovary syndrome, found no dif-
ference between 61 infants who were breast-fed and 50 who
were formula-fed.
1. Hale TW, et al. Transfer of metformin into human milk. Diabet-

ologia 2002; 45: 1509–14. 

2. Gardiner SJ, et al. Transfer of metformin into human milk. Clin
Pharmacol Ther 2003; 73: 71–7. 

3. Briggs GG, et al. Excretion of metformin into breast milk and the
effect on nursing infants. Obstet Gynecol 2005; 105: 1437–41. 

4. Glueck CJ, et al. Growth, motor, and social development in
breast- and formula-fed infants of metformin-treated women
with polycystic ovary syndrome. J Pediatr 2006; 148: 628–32.

Fasting. For the view that metformin could be used with little
risk of hypoglycaemia in fasting Muslim patients during Ram-
adan, and suggestions for modifying the timing of doses, see un-
der Precautions of Insulin, p.448.
Pregnancy. Insulin is generally preferred for treatment of dia-
betes during pregnancy. However, there are limited data to sug-
gest that metformin does not increase the risk of congenital
abnormalities1,2 and does not adversely affect pregnancy out-
come in diabetic women.2 A controlled study comparing insulin
with metformin in gestational diabetes is underway.3 
The use of metformin to improve ovulation in polycystic ovary
syndrome (PCOS) is increasing. There is growing evidence to
suggest that metformin used before and during pregnancy in
these women does not increase the risk of congenital abnormali-
ties,1,4-6 and may reduce first trimester spontaneous abortion,4,6

which is common in women with PCOS.
1. Gilbert C, et al. Pregnancy outcome after first-trimester expo-

sure to metformin: a meta-analysis. Fertil Steril 2006; 86:
658–63. 

2. Hughes RCE, Rowan JA. Pregnancy in women with type 2 dia-
betes: who takes metformin and what is the outcome? Diabet
Med 2006; 23: 318–22. 

3. Brown FM, et al. Metformin in pregnancy: its time has not yet
come. Diabetes Care 2006; 29: 485–6. 

4. Glueck CJ, et al. Pregnancy outcomes among women with poly-
cystic ovary syndrome treated with metformin. Hum Reprod
2002; 17: 2858–64. 

5. Glueck CJ, et al. Height, weight, and motor-social development
during the first 18 months of life in 126 infants born to 109 moth-
ers with polycystic ovary syndrome who conceived on and con-
tinued metformin through pregnancy. Hum Reprod 2004; 19:
1323–30. 

6. Thatcher SS, Jackson EM. Pregnancy outcome in infertile pa-
tients with polycystic ovary syndrome who were treated with
metformin. Fertil Steril 2006; 85: 1002–9.

Interactions
As for biguanides in general, p.438.

Pharmacokinetics
Metformin hydrochloride is slowly and incompletely
absorbed from the gastrointestinal tract; the absolute
bioavailability of a single 500-mg dose is reported to
be about 50 to 60%, although this is reduced somewhat
if taken with food. Once absorbed, protein binding in
plasma is negligible; the drug is excreted unchanged in
the urine. The plasma elimination half-life is reported
to range from about 2 to 6 hours after oral doses. Met-
formin crosses the placenta and is distributed into
breast milk in small amounts.
◊ References.
1. Scheen AJ. Clinical pharmacokinetics of metformin. Clin Phar-

macokinet 1996; 30: 359–71. 
2. Sambol NC, et al. Pharmacokinetics and pharmacodynamics of

metformin in healthy subjects and patients with noninsulin-de-
pendent diabetes mellitus. J Clin Pharmacol 1996; 36: 1012–21. 

3. Charles B, et al. Population pharmacokinetics of metformin in
late pregnancy. Ther Drug Monit 2006; 28: 67–72.

Uses and Administration
Metformin hydrochloride is a biguanide antidiabetic
(p.437). It is given orally in the treatment of type 2 di-
abetes mellitus (p.431), and is the drug of first choice
in overweight patients. Initial dosage is 500 mg two or
three times daily or 850 mg once or twice daily with or
after meals, gradually increased if necessary, at inter-
vals of at least 1 week, to 2 to 3 g daily; doses of 3 g
daily are associated with an increased incidence of gas-
trointestinal adverse effects. Gastrointestinal effects
are also common on beginning therapy, and the BNF
recommends starting therapy more gradually with
500 mg at breakfast for at least 1 week, then increasing
to 500 mg twice daily for at least 1 week, with further
increases as required, up to a usual maximum of 2 g
daily in 3 divided doses with meals. A modified-re-
lease preparation is also available, which is given in an
initial dose of 500 mg once daily and may be increased
in increments of 500 mg, at intervals of at least 1 week,
to a maximum of 2 g once daily with the evening meal.
If glycaemic control is not adequate the dose may be
divided to give 1 g twice daily with meals. If doses
above 2 g daily are required, they should be given as
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N
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the standard preparation. For doses used in children
and adolescents, see below. 
Metformin is also used as the chlorophenoxyacetate
and as the embonate.
◊ General references.
1. Dunn CJ, Peters DH. Metformin: a review of its pharmacological

properties and therapeutic use in non-insulin-dependent diabetes
mellitus. Drugs 1995; 49: 721–49. 

2. Anonymous. Metformin for non-insulin-dependent diabetes
mellitus. Med Lett Drugs Ther 1995; 37: 41–2. 

3. Bailey CJ, Turner RC. Metformin. N Engl J Med 1996; 334:
574–9. 

4. Melchior WR, Jaber LA. Metformin: an antihyperglycemic
agent for treatment of type II diabetes. Ann Pharmacother 1996;
30: 158–64. 

5. Davidson MB, Peters AL. An overview of metformin in the
treatment of type 2 diabetes mellitus. Am J Med 1997; 102:
99–110. 

6. Klepser TB, Kelly MW. Metformin hydrochloride: an antihyper-
glycemic agent. Am J Health-Syst Pharm 1997; 54: 893–903.
Correction. ibid.; 1335. 

7. Kirpichnikov D, et al. Metformin: an update. Ann Intern Med
2002; 137: 25–33. 

8. Hundal RS, Inzucchi SE. Metformin: new understandings, new
uses. Drugs 2003; 63: 1879–94.

Action. A review of the action of metformin1 considered that
although a number of possible mechanisms have been suggested
(see Uses and Administration of Biguanide Antidiabetics,
p.438), the major action of metformin lay in increasing glucose
transport across the cell membrane in skeletal muscle. There is
also some evidence in vitro that it can inhibit the formation of
advanced glycosylation end-products.2
1. Klip A, Leiter LA. Cellular mechanism of action of metformin.

Diabetes Care 1990; 13: 696–704. 
2. Tanaka Y, et al. Inhibitory effect of metformin on formation of

advanced glycation end products. Curr Ther Res 1997; 58:
693–7.

Administration in children. In children aged 10 years and
older with type 2 diabetes mellitus, oral metformin hydrochlo-
ride may be used in a starting dose of 500 mg or 850 mg once
daily, or 500 mg twice daily, given with or after a meal. It may be
gradually increased if needed, at intervals of at least 1 week, to a
maximum of 2 g daily given in 2 or 3 divided doses. Modified-
release preparations are generally not licensed for use in chil-
dren. 
Although rare, the incidence of type 2 diabetes is increasing in
children and adolescents, related in part to the increase in obesity
occurring particularly in westernised countries. A small placebo-
controlled study1 of patients aged 10 to 17 years with type 2 dia-
betes found that metformin improved glycaemic control and that
adverse effects were similar to those in adults. In obese children
and adolescents with hyperinsulinaemia, who are at risk of de-
veloping type 2 diabetes, small studies2,3 of metformin use have
reported improvements in body composition and fasting insulin
concentrations. There has also been some interest in the use of
metformin as an adjunct to insulin in adolescents with type 1 di-
abetes; improvements in glycaemic control4,5 and reductions in
insulin doses4 have been reported.
1. Jones KL, et al. Effect of metformin in pediatric patients with

type 2 diabetes: a randomized controlled trial. Diabetes Care
2002; 25: 89–94. 

2. Freemark M, Bursey D. The effects of metformin on body mass
index and glucose tolerance in obese adolescents with fasting hy-
perinsulinemia and a family history of type 2 diabetes. Abstract:
Pediatrics 2001; 107: 763–4. Full version: 
http://pediatrics.aappublications.org/cgi/content/full/107/4/e55
(accessed 25/06/07) 

3. Srinivasan S, et al. Randomized, controlled trial of metformin
for obesity and insulin resistance in children and adolescents:
improvement in body composition and fasting insulin. J Clin En-
docrinol Metab 2006; 91: 2074–80. 

4. Hamilton J, et al. Metformin as an adjunct therapy in adolescents
with type 1 diabetes and insulin resistance: a randomized con-
trolled trial. Diabetes Care 2003; 26: 138–43. 

5. Särnblad S, et al. Metformin as additional therapy in adolescents
with poorly controlled type 1 diabetes: randomised placebo-con-
trolled trial with aspects on insulin sensitivity. Eur J Endocrinol
2003; 149: 323–9.

Diabetes mellitus. Results of the United Kingdom Prospec-
tive Diabetes Study (UKPDS) showed that intensive blood glu-
cose control with metformin reduces the risk of diabetic compli-
cations and death in overweight patients with type 2 diabetes.1
The study also generated some concern regarding intensive ther-
apy with metformin plus a sulfonylurea (see under Interactions,
p.462) but this was not borne out on further analysis and such
combinations are widely used. Metformin is also used with the
thiazolidinediones,2-5 or with insulin6 in patients requiring com-
bined or more intensive therapy. Metformin has also been inves-
tigated for the prevention of type 2 diabetes in patients at high
risk. Although metformin treatment for an average 2.8 years re-
duced the incidence of type 2 diabetes by 31% in a study7 of pa-
tients with impaired glucose tolerance, intensive lifestyle modi-
fication was actually more effective (58% reduction). Lifestyle
modification was also more effective than metformin in reducing
cardiovascular risk factors8 and the development of the metabol-
ic syndrome.9 The durability of these effects is unknown but
follow-up of this study is ongoing. 
There is some interest in using oral hypoglycaemics as adjuncts
to insulin therapy in patients with type 1 diabetes. Short-term re-

sults from small studies have suggested that metformin may be
beneficial, in this context, in adolescents with pubertal insulin
resistance (see also Administration in Children, above) and per-
haps in adults who are overweight or otherwise at risk of reduced
insulin sensitivity.10

1. UK Prospective Diabetes Study Group. Effect of intensive
blood-glucose control with metformin on complications in over-
weight patients with type 2 diabetes (UKPDS 34). Lancet 1998;
352: 854–65. 

2. Fonseca V, et al. Effect of metformin and rosiglitazone combi-
nation therapy in patients with type 2 diabetes mellitus: a rand-
omized controlled trial. JAMA 2000; 283: 1695–1702. Correc-
tion. ibid.; 284: 1384. 

3. Einhorn D, et al. Pioglitazone hydrochloride in combination
with metformin in the treatment of type 2 diabetes mellitus: a
randomized, placebo-controlled study. Clin Ther 2000; 22:
1395–1409. 

4. Wellington K. Rosiglitazone/metformin. Drugs 2005; 65:
1581–92. 

5. Deeks ED, Scott LJ. Pioglitazone/metformin. Drugs 2006; 66:
1863–77. 

6. Avilés-Santa L, et al. Effects of metformin in patients with poor-
ly controlled, insulin-treated type 2 diabetes mellitus: a rand-
omized, double-blind, placebo-controlled trial. Ann Intern Med
1999; 131: 182–88. 

7. Diabetes Prevention Program Research Group. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or met-
formin. N Engl J Med 2002; 346: 393–403. 

8. The Diabetes Prevention Program Research Group. Impact of
intensive lifestyle and metformin therapy on cardiovascular dis-
ease risk factors in the Diabetes Prevention Program. Diabetes
Care 2005; 28: 888–94. 

9. Orchard TJ, et al. The effect of metformin and intensive life-
style intervention on the metabolic syndrome: the Diabetes Pre-
vention Program randomized trial. Ann Intern Med 2005; 142:
611–19. 

10. Jefferies CA, et al. Potential adjunctive therapies in adolescents
with type 1 diabetes mellitus. Treat Endocrinol 2004; 3:
337–43.

Polycystic ovary syndrome. It has been suggested that hyper-
insulinism may play a pathogenetic role in stimulating the abnor-
mal androgen production from the ovary seen in women with
polycystic ovary syndrome (PCOS, p.2080). Most early studies
of metformin in PCOS were small, observational, and of short
duration, with mixed results. Although there were reports of re-
duced insulin levels, increased insulin sensitivity, and improved
androgen concentrations, other studies failed to confirm these ef-
fects.1 Later randomised studies were also small, but some were
of longer duration. These reported weight reductions of obese
patients,2 reductions in insulin levels2-4 and increased sensitivi-
ty,5 improved androgen and other hormonal measures,2,3,5 im-
proved menstrual patterns,2,4,5 and reduced hirsutism,2 but again,
not consistently. Metformin has also been reported to increase
the rate of spontaneous ovulation,6,7 and may improve the out-
come of IVF procedures.8 Combination of metformin with clo-
mifene appeared to improve ovulatory response, compared with
clomifene alone, in studies of women with PCOS,6,9 though
there is also a report of no apparent benefit.10 Furthermore, 2
large, placebo-controlled studies have found that metformin, ei-
ther alone or with clomifene, did not improve the rate of ovula-
tion, pregnancy, or live births in women with polycystic ovary
syndrome.11,12 
Some consider that current evidence supports a trial of metform-
in in patients with anovulation, androgen excess, and vascular
risk factors, but because of the lack of data on long-term safety
such use should be supervised by an endocrinologist or a physi-
cian with suitable expertise.1
1. Norman RJ, et al. Metformin and intervention in polycystic ova-

ry syndrome. Med J Aust 2001; 174: 580–3. 
2. Pasquali R, et al. Effect of long-term treatment with metformin

added to hypocaloric diet on body composition, fat distribution,
and androgen and insulin levels in abdominally obese women
with and without the polycystic ovary syndrome. J Clin Endo-
crinol Metab 2000; 85: 2767–74. 

3. Nestler JE, Jakubowicz DJ. Decreases in ovarian cytochrome
P450c17α activity and serum free testosterone after reduction of
insulin secretion in polycystic ovary syndrome. N Engl J Med
1996; 335: 617–23. 

4. Morin-Papunen LC, et al. Endocrine and metabolic effects of
metformin versus ethinyl estradiol-cyproterone acetate in obese
women with polycystic ovary syndrome: a randomized study. J
Clin Endocrinol Metab 2000; 85: 3161–8. 

5. Moghetti P, et al. Metformin effects on clinical features, endo-
crine and metabolic profiles, and insulin sensitivity in polycyst-
ic ovary syndrome: a randomized, double-blind, placebo-con-
trolled 6-month trial, followed by open, long-term clinical
evaluation. J Clin Endocrinol Metab 2000; 85: 139–46. 

6. Nestler JE, et al. Effects of metformin on spontaneous and clo-
miphene-induced ovulation in the polycystic ovary syndrome. N
Engl J Med 1998; 338: 1876–80. 

7. Fleming R, et al. Ovarian function and metabolic factors in
women with oligomenorrhea treated with metformin in a rand-
omized double blind placebo-controlled trial. J Clin Endocrinol
Metab 2002; 87: 569–74. 

8. Stadtmauer LA, et al. Metformin treatment of patients with
polycystic ovary syndrome undergoing in vitro fertilization im-
proves outcomes and is associated with modulation of the insu-
lin-like growth factors. Fertil Steril 2001; 75: 505–9. 

9. Kocak M, et al. Metformin therapy improves ovulatory rates,
cervical scores, and pregnancy rates in clomiphene citrate-re-
sistant women with polycystic ovary syndrome. Fertil Steril
2002; 77: 101–6. 

10. Sturrock NDC, et al. Metformin does not enhance ovulation in-
duction in clomiphene resistant polycystic ovary syndrome in
clinical practice. Br J Clin Pharmacol 2002; 53: 469–73. 

11. Moll E, et al. Effect of clomifene citrate plus metformin and
clomifene citrate plus placebo on induction of ovulation in
women with newly diagnosed polycystic ovary syndrome: ran-
domised double blind clinical trial. Abridged version: BMJ
2006; 332: 1485–8. Full version: http://www.bmj.com/cgi/
reprint/332/7556/1485 (accessed 17/06/08) Correction availa-
ble at: http://www.bmj.com/cgi/content/full/336/7643/0-b (ac-
cessed 17/06/08) 

12. Legro RS, et al. Cooperative Multicenter Reproductive Medi-
cine Network. Clomiphene, metformin, or both for infertility in
the polycystic ovary syndrome. N Engl J Med 2007; 356:
551–66.

Preparations
BP 2008: Metformin Tablets; 
USP 31: Glipizide and Metformin Hydrochloride Tablets; Glyburide and
Metformin Hydrochloride Tablets; Metformin Hydrochloride Extended-Re-
lease Tablets; Metformin Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Baligluc; DBI AP; Diab Dos; Glucaminol; Glucogood; Glucophage; Isl-
otin; Mectin; Medobis; Metforal; Metfori†; Oxemet; Redugluc; Austral.: Di-
abex; Diaformin; Glucohexal; Glucomet; Glucophage; Novomet; Austria:
Clonarol; Desugar; Diabetex; Glucomin; Glucophage; Meglucon; Orabet†;
Belg.: Glucophage; Metformax; Braz.: Diaformin; Dimefor ; Formet†;
Formyn; Glicefor; Glifage; Glucoformin; Metfordin†; Metformed; Teutofor-
min; Canad.: Glucophage; Glumetza; Glycon†; Chile: Diaglitab; Fintaxim;
Glafornil; Glicenex; Glidanil; Glifortex; Glucophage; Hipoglucin; Menarini-
Metforal†; Cz.: Adimet; Diaphage; Glucomerck; Glucophage; Gluformin;
Glumetsan; Langerin; Metfirex; Metfogamma; Siofor; Stadamet; Denm.:
Glucophage; Orabet; Fin.: Diformin; Glucophage; Metforem; Oramet; Fr.:
Diabamyl†; Glucophage; Stagid; Ger.: Biocos; Diabesin; Diabetase†; espa-
formin†; Glucobon; Glucophage; Juformin; Mediabet; Meglucon; Mescorit;
Met; Metfodoc; Metfogamma; Metfor†; Metform†; MetSurrir ; Siofor; Thia-
bet; Gr.: Glucofree; Glucophage; Metforil; Sukontrol; Hong Kong: CP-Met-
form; Diabetmin; Diaformin; Glucomet; Glucophage; Glumet; Guamet;
Melbin; Hung.: Adimet; Gluformin; Maformin†; Meforal; Meglucon; Merck-
formin; Metfogamma; Metrivin†; Stadamet; India: Bigomet†; Emfor; Em-
norm; Exermet; Formin†; Glumet; Glyciphage; Glyree M; Insumet; Metlong;
Walaphage; X-Met; Indon.: Benofomin; Diabex; Eraphage; Forbetes;
Formell; Gliformin; Glucofor; Glucophage; Glucotika; Gludepatic; Glufor;
Glumin; Gradiab; Methormyl; Methpica; Metphar ; Reglus; Tudiab; Zu-
mamet; Irl.: Glucophage; Israel: Apophage; Glucomin; Glucophage; Glu-
for; Ital.: Glucophage; Metbay; Metfonorm; Metforal; Metiguanide; Jpn:
Glycoran; Melbin; Malaysia: Diabemet†; Diabetmin; Glucomet; Glu-
cophage; Glumet; Riomet; Xmet; Mex.: Aglumet; Anglucid; Apozemia; Da-
bex; Debeone; Dimefor; Dinamel; Ficonax; Forlucyl; Glucophage; Gluno-
vag; Harbamind; Ifor ; Meglubet; Melbexa; Mifelar ; Pharmafet; Pre-Dial;
Neth.: Diabex; Dianorm†; Finormet†; Glucophage; Glumeff; Niformina;
Norw.: Glucophage; NZ: Glucomet; Glucophage†; Metomin; Philipp.: Di-
afat; Diazen; Euform; Fornidd; Glucare; Glucoform; Glucomed; Glucophage;
Glumet; Glyformin; Horsulin; Humamet; I-Max; Insunex; Neoform; Nidcor;
Sucranorm; Vimetrol; Xmet; Pol.: Glucophage†; Gluformin; Metfogamma;
Metformax; Metifor; Siofor; Port.: Diabex; Glucophage; Mekoll; Risidon;
Stagid; Rus.: Bagomet (Багомет); Formin (Формин Плив); Gliformin
(Глиформин); Glucophage (Глюкофаж); Metfogamma (Метфогамма); Sio-
for (Сиофор); S.Afr.: Glucophage; Metforal; Singapore: Diabetmin; Di-
amin†; Glucophage; Glycomet; Glycoran†; Metforal; Spain: Dianben;
Swed.: Glucophage; Switz.: Gluconormine; Glucophage; Metfin; Thai.:
Ammiformin; Deson; Diamet; Formin; Gluco; Glucoles-500; Glucolyte; Glu-
comet†; Glucono; Glucophage; Gluformin; Glustress†; Glutabloc; Gluzolyte;
Macromin†; Maformin; ME-F†; Meformed; Metfor ; Metfron; Miformin;
Pocophage; Poli-Formin; Prophage; Serformin; Siamformet; Turk.: Glifor;
Glucophage; Gluformin; Glukofen; UAE: Dialon; UK: Glucophage; Metsol;
USA: Fortamet; Glucophage; Glumetza; Riomet; Venez.: Diaformina;
Dimefor†; Glafornil; Glucaminol; Glucofage.
Multi-ingredient: Arg.: Avandamet; DBI Duo; Glucovance; Gludex Plus;
Isloglib; Medobis G; Metformin Duo; Rosiglit-Met; Austral.: Avandamet;
Glucovance; Belg.: Avandamet; Glucovance; Braz.: Glucovance; Starform;
Canad.: Avandamet; Chile: Avandamet; Bi-Euglucon M; Diaglitab Plus; Gli-
fortex-G; Glimet; Glucovance; Glukaut; Hipoglucin DA; Cz.: Avandamet;
Competact; Eucreas; Glibomet; Glubrava; Glucovance; Denm.: Avan-
damet; Fin.: Avandamet; Fr.: Avandamet; Competact; Eucreas; Glucovance;
Ger.: Avandamet; Gr.: Avandamet; Normell; Hong Kong: Avandamet;
Glucovance; Hung.: Avandamet; India: Betaglim M†; Diaforte; Diaglip M;
Exermet GM; Exermet GZ; Exermet P; Gliclamet; Glimiprex MF; Glimulin-
MF†; Glinil M; Glizid-M; Glycigon-M; Glycinorm M; Glygard M; Metaglez; P-
Glitz M; Piomed M; Piosafe MF; Roglin-M; Rosicon MF; Indon.: Avandamet;
Glucovance; Irl.: Avandamet; Israel: Avandamet; Ital.: Avandamet; Bi-
Euglucon M; Glibomet; Gliconorm; Glicorest; Glucomide; Pleiamide; Suguan
M; Malaysia: Avandamet; Glucovance; Mex.: Apometglu; Avandamet; Bi-
Dizalon; Bi-Euglucon M; Bi-Pradia; Duo-Anglucid; Glimetal; Glucotec; Glu-
covance; Imalet; Insogen Plus; Insusym-Forte; Maviglin; Mellitron; Midaphar-
ma; Mifelar-C; Nadib-M; Norfaben M; Obinese; Sibet-C; Sil-Norboral;
Wadil; Neth.: Avandamet; Glucovance; Norw.: Avandamet; Philipp.:
Avandamet; Euglo Plus; Glucovance; Pol.: Avandamet; Port.: Avandamet;
Competact; Glucovance; Rus.: Glibomet (Глибомет); Glucovance
(Глюкован); S.Afr.: Glucovance; Singapore: Avandamet; Glucovance;
Spain: Avandamet; Swed.: Avandamet; Switz.: Avandamet; Diabiformine;
Glucovance; Thai.: Avandamet; UK: Avandamet; Competact; Eucreas;
USA: Actoplus Met; Avandamet; Diofen; Glucovance; Glybofen; Janumet;
Metaglip; Venez.: Avandamet; Bi-Euglucon; Diaformina Plus; Glucovance;
Starform.

Miglitol (BAN, USAN, pINN)

Bay-m-1099; Miglitoli; Miglitolum. (2R,3R,4R,5S)-1-(2-Hydroxye-
thyl)-2-(hydroxymethyl)piperidine-3,4,5-triol.
Миглитол
C8H17NO5 = 207.2.
CAS — 72432-03-2.
ATC — A10BF02.
ATC Vet — QA10BF02.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
As for alpha-glucosidase inhibitors in general (see Acarbose,
p.436). Skin rash may occur. Miglitol should be used with cau-
tion in patients with renal impairment.

Interactions
As for alpha-glucosidase inhibitors in general (see Acarbose,
p.436). Miglitol may reduce the bioavailability of propranolol
and ranitidine.

Pharmacokinetics
Miglitol is completely absorbed at a dose of 25 mg, but only 50
to 70% is absorbed at a dose of 100 mg. It is not metabolised, and
is excreted unchanged in the urine with a plasma elimination
half-life of about 2 hours.

Uses and Administration
Miglitol is an alpha-glucosidase inhibitor similar in action to
acarbose (p.436). It is given orally in the management of type 2
diabetes mellitus (p.431), alone or with a sulfonylurea. Usual in-
itial doses are 25 mg three times daily with meals, increased if
necessary to a maximum of 100 mg three times daily.

◊ References.
1. Campbell LK, et al. Miglitol: assessment of its role in the treat-

ment of patients with diabetes mellitus. Ann Pharmacother
2000; 34: 1291–1301. 

2. Scott LJ, Spencer CM. Miglitol: a review of its therapeutic po-
tential in type 2 diabetes mellitus. Drugs 2000; 59: 521–49. 

3. Standl E, et al. Improved glycaemic control with miglitol in in-
adequately-controlled type 2 diabetics. Diabetes Res Clin Pract
2001; 51: 205–13. 

4. Chiasson JL, et al. The synergistic effect of miglitol plus met-
formin combination therapy in the treatment of type 2 diabetes.
Diabetes Care 2001; 24: 989–94. 

5. Van Gaal L, et al. Miglitol combined with metformin improves
glycaemic control in type 2 diabetes. Diabetes Obes Metab 2001;
3: 326–31. 

6. Drent ML, et al. Dose-dependent efficacy of miglitol, an alpha-
glucosidase inhibitor, in type 2 diabetic patients on diet alone:
results of a 24-week double-blind placebo-controlled study. Di-
abetes Nutr Metab 2002; 15: 152–9.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Diastabol; Cz.: Diastabol; Fr.: Diastabol; Ger.: Diastabol; Hung.:
Diastabol; India: Diamig; Mignar†; Mex.: Diastabol; Neth.: Diastabol; Pol.:
Diastabol; Port.: Diastabol; Limarcan; Spain: Diastabol; Plumarol; Swed.:
Diastabol†; Switz.: Diastabol; USA: Glyset.

Mitiglinide (rINN)

Mitiglinida; Mitiglinidum. (−)-(2S,3a,7a-cis)-α-Benzylhexahydro-γ-
oxo-2-isoindolinebutyric acid.

Митиглинид

C19H25NO3 = 315.4.

CAS — 145375-43-5 (mitiglinide); 145525-41-3 (anhy-
drous mitiglinide calcium); 207844-01-7 (mitiglinide calci-
um dihydrate).

Profile
Mitiglinide is a meglitinide antidiabetic that is under investiga-
tion in the treatment of type 2 diabetes mellitus.

◊ References.
1. Yoshihara T, et al. Therapeutic efficacy of mitiglinide combined

with once daily insulin glargine after switching from multiple
daily insulin regimen of aspart insulin and glargine in patients
with type 2 diabetes mellitus. Endocr J 2006; 53: 67–72.

Muraglitazar (USAN, rINN)

BMS-298585; Muraglitazarum. {[(4-Methoxyphenoxy)carbon-
yl]{4-[2-(5-methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy]benzyl}ami-
no}acetic acid.

Мураглитазар

C29H28N2O7 = 516.5.

CAS — 331741-94-7.

Profile
Muraglitazar is a dual alfa/gamma peroxisome proliferator-
activated receptor (PPAR) activator. It has been investigated in
the treatment of type 2 diabetes mellitus.

Adverse effects. A review of data from 5 studies suggested
that muraglitazar may be associated with an increased risk of ad-
verse cardiovascular events and heart failure.1

1. Nissen SE, et al. Effect of muraglitazar on death and major ad-
verse cardiovascular events in patients with type 2 diabetes mel-
litus. JAMA 2005; 294: 2581–6.

Nateglinide (USAN, rINN)

A-4166; AY-4166; DJN-608; Nateglinid; Nateglinida; Natéglinide;
Nateglinidi; Nateglinidum; SDZ-DJN-608; Senaglinide; YM-026.
(−)-N-[(trans-4-Isopropylcyclohexyl)carbonyl]-D-phenylalanine.

Натеглинид

C19H27NO3 = 317.4.

CAS — 105816-04-4.

ATC — A10BX03.

ATC Vet — QA10BX03.

Adverse Effects and Precautions
As for Repaglinide, p.457.
Overdosage. A blood-glucose concentration of 2.0 mmol/litre
was measured 1 hour after ingestion of nateglinide 3.42 g in a 30-
year-old woman.1 She was able to walk unaided, but seemed
drowsy. The hypoglycaemic effect of nateglinide lasted for 6
hours and was treated with intravenous glucose (total dose
100 g).
1. Nakayama S, et al. Hypoglycemia following a nateglinide over-

dose in a suicide attempt. Diabetes Care 2005; 28: 227–8.

Renal impairment. A single-dose pharmacokinetic study1

found that moderate to severe renal impairment (creatinine clear-
ance 15 to 50 mL/minute per 1.73 m2) and haemodialysis did not
significantly affect the pharmacokinetics of nateglinide. Howev-
er, the metabolite M1 has been found to accumulate in patients
with renal impairment requiring haemodialysis after repeated
doses of nateglinide, but it may be removed by haemodialysis.2
M1 is a major metabolite that has modest hypoglycaemic activity
compared with nateglinide. An analysis3 of pooled study data
found that efficacy and tolerability of nateglinide in elderly dia-
betic patients were not significantly affected by renal impairment
(mean creatinine clearance 50.9 mL/minute per 1.73 m2). Never-
theless, a 56-year-old diabetic woman whose renal failure was
managed with haemodialysis experienced severe hypoglycae-
mia with nateglinide; the reaction was attributed to the accumu-
lation of M1.4 Licensed product information in the UK and USA
suggest that no dosage adjustment is necessary in renal impair-
ment, although UK information suggests that dose adjustment
might be required in patients on haemodialysis.
1. Devineni D, et al. Pharmacokinetics of nateglinide in renally im-

paired diabetic patients. J Clin Pharmacol 2003; 43: 163–70. 
2. Inoue T, et al. Pharmacokinetics of nateglinide and its metabo-

lites in subjects with type 2 diabetes mellitus and renal failure.
Clin Nephrol 2003; 60: 90–5. 

3. Del Prato S, et al. Treatment of patients over 64 years of age with
type 2 diabetes: experience from nateglinide pooled database ret-
rospective analysis. Diabetes Care 2003; 26: 2075–80. 

4. Nagai T, et al. Hypoglycemia due to nateglinide administration
in diabetic patient with chronic renal failure. Diabetes Res Clin
Pract 2003; 59: 191–4.

Interactions
As with other oral antidiabetics, the efficacy of nateg-
linide may be affected by drugs independently increas-
ing or decreasing blood glucose concentrations (see
Sulfonylureas, p.461).
◊ Reviews.
1. Scheen AJ. Drug-drug and food-drug pharmacokinetic interac-

tions with new insulinotropic agents repaglinide and nateglinide.
Clin Pharmacokinet 2007; 46: 93–108.

Antibacterials. In a study1 of healthy subjects, rifampicin re-
duced the plasma concentrations and half-life of nateglinide,
probably by induction of its metabolism by the cytochrome P450
isoenzyme CYP2C9. The glucose-lowering effect of nateglinide
was not affected, but there was a marked interindividual varia-
tion in the pharmacokinetic changes, and the authors suggested
that some diabetic patients could be affected.
1. Niemi M, et al. Effect of rifampicin on the pharmacokinetics and

pharmacodynamics of nateglinide in healthy subjects. Br J Clin
Pharmacol 2003; 56: 427–32.

Antifungals. In a study1 of healthy subjects, fluconazole raised
the plasma concentrations and prolonged the half-life of nategli-
nide, probably by inhibition of its metabolism by the cytochrome
P450 isoenzyme CYP2C9. The glucose-lowering effect of nate-
glinide was not affected, but a low dose of nateglinide had been
used and the authors suggested that in diabetic patients flucona-
zole may enhance and prolong the effects of nateglinide.
1. Niemi M, et al. Effect of fluconazole on the pharmacokinetics

and pharmacodynamics of nateglinide. Clin Pharmacol Ther
2003; 74: 25–31.

Lipid regulating drugs. A study1 investigating the effects of
the gemfibrozil and itraconazole combination on the pharmaco-
kinetics of nateglinide showed only a limited interaction. Nateg-
linide plasma concentrations were raised moderately and the
blood glucose response to nateglinide was not significantly
changed. This is in contrast to the substantial interaction of gem-
fibrozil with repaglinide (p.458).
1. Niemi M, et al. Coadministration of gemfibrozil and itracona-

zole has only a minor effect on the pharmacokinetics of the
CYP2C9 and CYP3A4 substrate nateglinide. Br J Clin Pharma-
col 2005; 60: 208–17.

Pharmacokinetics
Nateglinide is rapidly absorbed after oral doses, with
peak plasma concentrations occurring within one hour
and an absolute bioavailability of 73%. Nateglinide is
98% bound to plasma proteins. It is mainly metabo-
lised by cytochrome P450 isoenzyme CYP2C9, and to
a lesser extent by CYP3A4. Major metabolites include
M1 which is less potent than nateglinide. The parent
drug and metabolites are mainly excreted in the urine
but about 10% is eliminated in the faeces. The elimina-
tion half-life is about 1.5 hours.
◊ References.
1. Choudhury S, et al. Single-dose pharmacokinetics of nateglinide

in subjects with hepatic cirrhosis. J Clin Pharmacol 2000; 40:
634–40. 

2. Devineni D, et al. Pharmacokinetics of nateglinide in renally im-
paired diabetic patients. J Clin Pharmacol 2003; 43: 163–70. 

3. McLeod JF. Clinical pharmacokinetics of nateglinide: a rapidly-
absorbed, short-acting insulinotropic agent. Clin Pharmacokinet
2004; 43: 97–120.

Uses and Administration
Nateglinide, like repaglinide (p.458), is a meglitinide
antidiabetic used in the treatment of type 2 diabetes
mellitus (p.431). It is given within the 30 minutes be-
fore meals in oral doses of 60 or 120 mg three times
daily. This may be increased to 180 mg three times dai-
ly if necessary. Nateglinide is also given in similar dos-
es with metformin or a thiazolidinedione in type 2 dia-
betes not adequately controlled by these drugs alone. 
Although dose adjustment is not generally required in
renal impairment, hypoglycaemia has been attributed
to accumulation of the metabolite M1 (see above).
◊ References.
1. Dunn CJ, Faulds D. Nateglinide. Drugs 2000; 60: 607–15. 
2. Hanefeld M, et al. Rapid and short-acting mealtime insulin se-

cretion with nateglinide controls both prandial and mean glyc-
emia. Diabetes Care 2000; 23: 202–7. 

3. Horton ES, et al. Nateglinide alone and in combination with met-
formin improves glycemic control by reducing mealtime glucose
levels in type 2 diabetes. Diabetes Care 2000; 23: 1660–5. 
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4. Levien TL, et al. Nateglinide therapy for type 2 diabetes melli-

tus. Ann Pharmacother 2001; 35: 1426–34. 
5. Fonseca V. et al. Addition of nateglinide to rosiglitazone mono-

therapy suppresses mealtime hyperglycemia and improves over-
all glycemic control. Diabetes Care 2003; 26: 1685–90. 

6. Campbell IW. Nateglinide—current and future role in the treat-
ment of patients with type 2 diabetes mellitus. Int J Clin Pract
2005; 59: 1218–28.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nateglin; Starlix; Braz.: Starlix; Canad.: Starlix; Chile: Gluconol; Star-
lix; Cz.: Starlix; Trazec; Denm.: Starlix†; Fin.: Starlix; Ger.: Starlix; Gr.: Star-
lix; Hong Kong: Starlix†; Hung.: Starlix; India: Glinate; Indon.: Starlix; Irl.:
Starlix; Jpn: Starsis; Malaysia: Starlix; Mex.: Starlix; Neth.: Starlix; Trazec;
Norw.: Starlix; NZ: Starlix†; Philipp.: Starlix; Port.: Starlix; Trazec; Rus.:
Starlix (Старликс); S.Afr.: Starlix; Singapore: Starlix; Spain: Starlix;
Swed.: Starlix; Switz.: Starlix; Turk.: Starlix; UK: Starlix; USA: Starlix; Ven-
ez.: Starlix.

Multi-ingredient: Braz.: Starform; Venez.: Starform.

Phenformin Hydrochloride (BANM, pINNM)

Fenformina Cloridrato; Hidrocloruro de fenformina; Phenform-
ine, Chlorhydrate de; Phenformini Hydrochloridum. 1-
Phenethylbiguanide hydrochloride.

Фенформина Гидрохлорид
C10H15N5,HCl = 241.7.
CAS — 114-86-3 (phenformin); 834-28-6 (phenformin hy-
drochloride).
ATC — A10BA01.
ATC Vet — QA10BA01.

(phenformin)

Pharmacopoeias. In Chin.

Profile
Phenformin hydrochloride is a biguanide antidiabetic (p.437).
Although it is generally considered to be associated with an
unacceptably high incidence of lactic acidosis, often fatal, it is
still available in some countries for the treatment of type 2 diabe-
tes mellitus. 
Phenformin was implicated in the controversial reports of excess
cardiovascular mortality associated with oral hypoglycaemic
therapy (see under Sulfonylureas, Effects on the Cardiovascular
System, p.461).
Preparations
Proprietary Preparations (details are given in Part 3)
Gr.: Informin; India: DBI†; Port.: Debeina†.

Multi-ingredient: Gr.: Daopar†; India: Chlorformin†; Ital.: Bi-Euglu-
con†; Bidiabe; Gliben F; Gliformin; Suguan†.

Pimagedine (rINN)

Pimagedina; Pimagédine; Pimagedinum. Aminoguanidine.

Пимагедин
CH6N4 = 74.09.
CAS — 79-17-4.

Pimagedine Hydrochloride (USAN, rINNM)

GER-11; Hidrocloruro de pimagedina; Pimagédine, Chlorhydrate
de; Pimagedini Hydrochloridum. Aminoguanidine monohydro-
chloride.

Пимагедина Гидрохлорид
CH6N4,HCl = 110.5.
CAS — 1937-19-5.

Profile
Pimagedine reportedly inhibits the formation of glycosylated
proteins (advanced glycosylation end-products) and has other
actions including inhibition of aldose reductase. It has been in-
vestigated for the prevention of diabetic complications (p.433).

◊ References.
1. Corbett JA, et al. Aminoguanidine, a novel inhibitor of nitric ox-

ide formation, prevents diabetic vascular dysfunction. Diabetes
1992; 41: 552–6. 

2. Wolffenbuttel BHR, Huijberts MSP. Aminoguanidine, a poten-
tial drug for the treatment of diabetic complications. Neth J Med
1993; 42: 205–8. 

3. Abdel-Rahman E, Bolton WK. Pimagedine: a novel therapy for
diabetic nephropathy. Expert Opin Invest Drugs 2002; 11:
565–74. 

4. Thornalley PJ. Use of aminoguanidine (pimagedine) to prevent
the formation of advanced glycation endproducts. Arch Biochem
Biophys 2003; 419: 31–40.

Pioglitazone Hydrochloride 

(BANM, USAN, rINNM)

AD-4833 (pioglitazone); Hidrocloruro de pioglitazona; Pioglita-
zone, Chlorhydrate de; Pioglitazoni Hydrochloridum; U-72107A;
U-72107E (pioglitazone). (±)-5-{p-[2-(5-Ethyl-2-pyridyl)-
ethoxy]benzyl}-2,4-thiazolidinedione hydrochloride.

Пиоглитазона Гидрохлорид
C19H20N2O3S,HCl = 392.9.
CAS — 111025-46-8 (pioglitazone); 112529-15-4 (piogl-
itazone hydrochlor ide).
ATC — A10BG03.
ATC Vet — QA10BG03.

(pioglitazone)

Adverse Effects and Precautions
As for Rosiglitazone Maleate, p.458. The effects of pi-
oglitazone on serum lipid concentrations appear to dif-
fer from those of rosiglitazone, see below. Other ad-
verse effects reported include upper respiratory-tract
infections, haematuria, and visual disturbances. Liver
function should be monitored periodically as there
have been isolated reports of liver dysfunction, and the
drug should be used with caution in patients with he-
patic impairment (see below). 
An increased incidence of bladder cancer has been
seen in rats but not in mice treated with pioglitazone. 
Use is contra-indicated in patients with diabetic ke-
toacidosis. For precautions and contra-indications to
the use of thiazolidinediones in heart failure see Effects
on the Heart, under Rosiglitazone Maleate, p.459.
Effects on lipids. Thiazolidinediones are reported to affect se-
rum concentrations of lipids. Compared with placebo,1,2 piogli-
tazone has been found to reduce triglycerides, increase high-den-
sity lipoprotein (HDL)-cholesterol, and have little or no effect on
low-density lipoprotein (LDL)- and total cholesterol. In a study3

of patients being transferred from troglitazone to either pioglita-
zone or rosiglitazone, there were decreases in concentrations of
triglycerides, LDL- and total cholesterol, and an increase in
HDL-cholesterol in those patients on pioglitazone, whereas the
opposite occurred for rosiglitazone. Whether these effects of pi-
oglitazone reduce cardiovascular risk in patients with type 2 dia-
betes is yet to be fully established, but the large prospective
PROactive study did suggest that it could reduce the risk of mac-
rovascular events in patients with evidence of macrovascular dis-
ease, although the risk of heart failure appears to be increased
(see Diabetic Complications, below, and Effects on the Heart,
under Rosiglitazone Maleate, p.459).
1. Kipnes MS, et al. Pioglitazone hydrochloride in combination

with sulfonylurea therapy improves glycemic control in patients
with type 2 diabetes mellitus: a randomized, placebo-controlled
study. Am J Med 2001; 111: 10–17. 

2. Rosenblatt S, et al. The impact of pioglitazone on glycemic con-
trol and atherogenic dyslipidemia in patients with type 2 diabetes
mellitus. Coron Artery Dis 2001; 12: 413–23. 

3. Gegick CG, Altheimer MD. Comparison of effects of thiazolid-
inediones on cardiovascular risk factors: observations from a
clinical practice. Endocr Pract 2001; 7: 162–9.

Effects on the liver. There have been isolated reports of hepato-
cellular injury in patients receiving pioglitazone.1-5 
The UK and US licensed product information recommends that
liver enzymes should be checked before starting therapy with pi-
oglitazone; patients with aminotransferase (ALT) concentrations
more than 2.5 times the upper limit of normal should not be given
pioglitazone. ALT concentrations should then be monitored
periodically during treatment. If ALT concentrations rise to more
than 3 times the upper limit of normal and remain so after retest-

ing then treatment with pioglitazone should be stopped; treat-
ment should also be stopped if jaundice develops.
1. Maeda K. Hepatocellular injury in a patient receiving pioglita-

zone. Ann Intern Med 2001; 135: 306. 
2. May LD, et al. Mixed hepatocellular-cholestatic liver injury af-

ter pioglitazone therapy. Ann Intern Med 2002; 136: 449–52. 
3. Pinto AG, et al. Severe but reversible cholestatic liver injury af-

ter pioglitazone therapy. Ann Intern Med 2002; 137: 857. 
4. Chase MP, Yarze JC. Pioglitazone-associated fulminant hepatic

failure. Am J Gastroenterol 2002; 97: 502–3. 
5. Farley-Hills E, et al. Fatal liver failure associated with pioglita-

zone. BMJ 2004; 329: 429.

Interactions
When pioglitazone was given with gemfibrozil, an in-
hibitor of the cytochrome P450 isoenzyme CYP2C8,
there was a threefold increase in the area under the con-
centration-time curve (AUC) of pioglitazone, and a de-
crease in pioglitazone dose may be needed if it is given
with gemfibrozil or similar CYP2C8 inhibitors. Equal-
ly, rifampicin, a potent inducer of cytochrome P450,
halves the AUC of pioglitazone when both are given,
and pioglitazone dose may need to be increased.
Antibacterials. For a report of hypoglycaemia when gati-
floxacin was given to a patient already receiving oral hypogly-
caemics such as pioglitazone, see p.281.

Pharmacokinetics
Pioglitazone is rapidly absorbed after oral doses. Peak
plasma concentrations occur within 2 hours and bioa-
vailability exceeds 80%. Pioglitazone is more than
99% bound to plasma proteins. It is extensively metab-
olised, primarily by the cytochrome P450 isoenzyme
CYP2C8 to both active and inactive metabolites. It is
excreted in urine and faeces and has a plasma half-life
of up to 7 hours. The active metabolites have a half-life
of up to 24 hours.

Uses and Administration
Pioglitazone is a thiazolidinedione oral antidiabetic
similar to rosiglitazone (p.458). It is used in the man-
agement of type 2 diabetes mellitus (p.431). It is given
as pioglitazone hydrochloride but doses are expressed
in terms of the base; pioglitazone hydrochloride
1.1 mg is equivalent to about 1 mg of pioglitazone. It is
given orally as monotherapy, particularly in patients
who are overweight and for whom metformin is con-
tra-indicated or not tolerated. Pioglitazone may also be
added to metformin or a sulfonylurea or both, or to in-
sulin, when single-agent therapy is inadequate (but see
Administration, below). The usual dose is 15 or 30 mg
once daily. This may be increased to a maximum of
45 mg once daily if necessary. Pioglitazone may be
taken with or without food.
◊ References.
1. Gillies PS, Dunn CJ. Pioglitazone. Drugs 2000; 60: 333–43. 
2. Anonymous. Pioglitazone and rosiglitazone for diabetes. Drug

Ther Bull 2001; 39: 65–8. 
3. Parulkar AA, et al. Nonhypoglycemic effects of thiazolidinedi-

ones. Ann Intern Med 2001; 134: 61–71. 
4. O’Moore-Sullivan TM, Prins JB. Thiazolidinediones and type 2

diabetes: new drugs for an old disease. Med J Aust 2002; 176:
381–6. Correction. ibid.; 177: 396. 

5. Diamant M, Heine RJ. Thiazolidinediones in type 2 diabetes
mellitus: current clinical evidence. Drugs 2003; 63: 1373–1405. 

6. Yki-Järvinen H. Thiazolidinediones. N Engl J Med 2004; 351:
1106–18. 

7. Waugh J, et al. Pioglitazone: a review of its use in type 2 diabetes
mellitus. Drugs 2006; 66: 85–109. Correction. ibid.; 340–1. 

8. Richter B, et al. Pioglitazone for type 2 diabetes mellitus. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2006 (accessed 21/03/07).

Administration. Although pioglitazone is licensed for use
with other antidiabetic drugs, the specifics of licensing and use
may vary from country to country. In the UK, use of pioglitazone
with insulin was originally considered to be contra-indicated, be-
cause of an increased risk of heart failure, although this was sub-
sequently amended to permit dual therapy in patients who could
not be given insulin plus metformin. Furthermore, although pi-
oglitazone is licensed for use with metformin or a sulfonylurea
(or both if necessary) in patients who do not respond to these
drugs, NICE recommends this only in patients unsuited to com-
bination therapy with metformin plus a sulfonylurea.1 However,
in the USA, pioglitazone has always been licensed for use with
insulin (with appropriate monitoring), metformin, or a sulfonyl-
urea in any patient in whom single agent therapy is inadequate.
1. NICE. Guidance on the use of glitazones for the treatment of

type 2 diabetes (issued August 2003). 
Available at: http://www.nice.org.uk/nicemedia/pdf/TA63_
Glitazones_Review_Guidance.pdf (accessed 20/08/08)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Diabetic complications. It has been suggested that, in addi-
tion to their hypoglycaemic effect, thiazolidinediones may have
beneficial effects in the prevention of macrovascular diabetic
complications (p.433). Studies1,2 in patients with type 2 diabetes
mellitus have shown that pioglitazone may slow the progression
of carotid intima-media thickness, an indicator for cardiovascu-
lar risk. A study3 of secondary prevention found that, compared
with placebo (in addition to usual medications for glucose con-
trol), pioglitazone reduced death from any cause, myocardial in-
farction, and stroke. There was also a reduced need to add insulin
for glucose control. However, there was no significant difference
between the groups when the end-point was broader and also in-
cluded acute coronary syndrome, leg amputation, and coronary
or leg revascularisation. Subgroup analysis4 also found that pi-
oglitazone reduced the risk of fatal and non-fatal myocardial in-
farction and acute coronary syndrome in patients with a history
of myocardial infarction. A meta-analysis5 that included the re-
sults of this study with cardiovascular outcome data from studies
of glycaemic control found that pioglitazone significantly re-
duced the risk of death, myocardial infarction, and stroke in a
diverse population of patients with type 2 diabetes. However, the
risk of serious heart failure was increased (see also Effects on the
Heart, p.459). 
It is unclear whether other thiazolidinediones might have similar
effects and whether patients at lower risk might benefit.6 Rosi-
glitazone and pioglitazone are known to have different effects on
lipids (above) and there is some evidence that rosiglitazone may
have adverse cardiovascular effects (p.459).
1. Langenfeld MR, et al. Pioglitazone decreases carotid intima-me-

dia thickness independently of glycemic control in patients with
type 2 diabetes mellitus: results from a controlled randomized
study. Circulation 2005; 111: 2525–31. 

2. Mazzone T, et al. Effect of pioglitazone compared with glimepir-
ide on carotid intima-media thickness in type 2 diabetes: a rand-
omized trial. JAMA 2006; 296: 2572–81. 

3. Dormandy JA, et al. Secondary prevention of macrovascular
events in patients with type 2 diabetes in the PROactive Study
(PROspective pioglitAzone Clinical Trial In macroVascular
Events): a randomised controlled trial. Lancet 2005; 366:
1279–89. 

4. Erdmann E, et al. The effect of pioglitazone on recurrent myo-
cardial infarction in 2,445 patients with type 2 diabetes and pre-
vious myocardial infarction: results from the PROactive
(PROactive 05) Study. J Am Coll Cardiol 2007; 49: 1772–80. 

5. Lincoff AM, et al. Pioglitazone and risk of cardiovascular events
in patients with type 2 diabetes mellitus: a meta-analysis of ran-
domized trials. JAMA 2007; 298: 1180–8. 

6. Rizza R, et al. Commentary on the results and clinical implica-
tions of the PROactive study. Diabetes Care 2005; 28: 2965–7.

Hepatitis. A small proof-of-concept study has suggested that
pioglitazone 45 mg daily with a hypocaloric diet for 6 months
produces greater metabolic and histological improvement in pa-
tients with nonalcoholic steatohepatitis than diet alone.1

1. Belfort R, et al. A placebo-controlled trial of pioglitazone in sub-
jects with nonalcoholic steatohepatitis. N Engl J Med 2006; 355:
2297–2307.

Malignant neoplasms. For references to the experimental use
of pioglitazone with rofecoxib and trofosfamide as anti-ang-
iogenic therapy for malignant neoplasms see Trofosfamide,
p.783.

Psoriasis. It has been suggested that by binding to peroxisome
proliferator-activated receptor gamma, pioglitazone may have an
anti-inflammatory effect in conditions such as chronic plaque
psoriasis (p.1583) and psoriatic arthritis (see Spondyloarthropa-
thies, p.13). In a small open-label study,1 oral doses of 30 mg dai-
ly were reported to improve moderate chronic plaque psoriasis in
4 of 5 patients, with definite improvement seen 1 to 3 months
after starting therapy. Treatment was stopped in 1 other patient
because of fluid retention. In a double-blind study,2 70 patients
with moderate to severe disease were treated for 10 weeks with
daily doses of pioglitazone 15 mg, 30 mg, or placebo. Greater
improvements were reported with pioglitazone than with place-
bo, and the dose of 30 mg appeared to be slightly more effective
than 15 mg. There has also been a report3 of improvements in
tender and swollen joints in a small group of patients with psori-
atic arthritis who were given a high dose of pioglitazone (30 mg
twice daily) for 12 weeks. Fluid retention was also reported.
1. Robertshaw H, Friedmann PS. Pioglitazone: a promising therapy

for psoriasis. Br J Dermatol 2005; 152: 189–91. 
2. Shafiq N, et al. Pilot trial: pioglitazone versus placebo in patients

with plaque psoriasis (the P6). Int J Dermatol 2005; 44: 328–33. 
3. Bongartz T, et al. Treatment of active psoriatic arthritis with the

PPARγ ligand pioglitazone: an open-label pilot study. Rheuma-
tology (Oxford) 2005; 44: 126–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Actos; Cereluc; Higlucem; Pioglit; Piotamax; Austral.: Actos; Austria:
Actos; Belg.: Actos; Braz.: Actos; Canad.: Actos; Chile: Actos†; Diabes-
tat†; Tiazac; Cz.: Actos; Glustin; Denm.: Actos; Fin.: Actos; Fr.: Actos;
Ger.: Actos; Gr.: Actos; Hong Kong: Actos; India: Diaglit; G-Tase; Glita;
Glizone; Opam; P-Glitz; Pepar; Piomed; Piosafe; Piozulin; Indon.: Actos;
Deculin; Ital.: Actos; Jpn: Actos; Malaysia: Actos; Mex.: Zactos; Neth.:
Actos; Glustin; Norw.: Actos; NZ: Actos; Philipp.: Actos; Prialta; Zypi;
Port.: Actos; Glustin; Rus.: Actos (Актос); S.Afr.: Actos; Spain: Actos;

Swed.: Actos; Switz.: Actos; Thai.: Actos; UK: Actos; USA: Actos; Ven-
ez.: Actos.
Multi-ingredient: Cz.: Competact; Glubrava; Tandemact; Fr.: Comp-
etact; Tandemact; India: Exermet P; P-Glitz M; Piomed M; Piosafe MF;
Port.: Competact; Tandemact; UK: Competact; USA: Actoplus Met; Du-
etact.

Pramlintide (BAN, USAN, rINN)

AC-137; AC-0137 (pramlintide or pramlintide acetate); Pram-
lintida; Pramlintidum; Tripro-amylin.
Прамлинтид
C171H267N51O53S2 = 3949.4.
CAS — 151126-32-8.

Pramlintide Acetate (BANM, USAN, rINNM)

AC-0137 (pramlintide or pramlintide acetate); Acetato de pram-
lintida; Pramlintide, Acétate de; Pramlintidi Acetas. 25-L-Proline-
28-L-proline-29-L-prolineamylin (human) acetate hydrate.
Прамлинтида Ацетат
C171H267N51O53S2, xC2H4O2, yH2O.
CAS — 196078-30-5.

Incompatibility. Pramlintide should not be mixed in the same
syringe with insulin because of reported changes in the pharma-
cokinetic parameters of pramlintide.
Adverse Effects and Precautions
Pramlintide alone does not cause hypoglycaemia, but increases
the risk associated with insulin use, particularly in type 1 diabetes
mellitus; severe hypoglycaemia may occur within 3 hours of
pramlintide injection. Blood-glucose concentrations must be
closely monitored, both before and after meals, and the dose of
insulin should be halved when pramlintide therapy is started (see
Uses and Administration, below). 
Other adverse effects of pramlintide include nausea, vomiting,
anorexia, headache, reactions at the injection site, and hypersen-
sitivity. Nausea commonly occurs at the beginning of therapy
and decreases with time; incidence and severity are reduced if
pramlintide is gradually titrated to the maintenance dose. Pram-
lintide is contra-indicated in patients with gastroparesis.
Interactions
Pramlintide has the potential to delay the absorption of oral med-
ication; in cases where the rapid onset of action from an oral drug
is critical, it should be given at least 1 hour before or 2 hours after
pramlintide. Also, pramlintide may interfere with drugs given to
alter gastrointestinal motility or absorption. 
Pramlintide increases the risk of insulin-induced hypoglycaemia
(see Adverse Effects and Precautions, above).
Pharmacokinetics
The bioavailability of pramlintide is about 30 to 40% from a sub-
cutaneous injection. It is metabolised by the kidneys and has a
half-life of about 48 minutes in healthy subjects.
Uses and Administration
Pramlintide is a synthetic analogue of amylin, a pancreatic pep-
tide hormone thought to play a role in the regulation of glucose
homoeostasis. It differs from amylin by replacement with proline
at positions 25 (alanine), 28 (serine), and 29 (serine). Pramlintide
slows the rate of gastric emptying, prevents the postprandial rise
in glucagon concentrations, and reduces appetite. It is used in the
management of diabetes mellitus (p.431) that is not adequately
controlled by mealtime insulin therapy. Pramlintide is given as
the acetate, but doses are expressed in terms of the base. 
In patients with type 1 diabetes mellitus, an initial dose of pram-
lintide 15 micrograms is given subcutaneously immediately be-
fore major meals. The dose of any rapid-acting or short-acting
insulins given before meals should be halved. The pramlintide
dose may be increased in increments of 15 micrograms to a
maintenance dose of 30 or 60 micrograms when no clinically
significant nausea has occurred for at least 3 days. Once the
maintenance dose of pramlintide has been achieved, the dose of
insulin should be further adjusted for optimum glycaemic con-
trol. 
In patients with type 2 diabetes mellitus who are using insulin,
the initial dose of pramlintide is 60 micrograms, subcutaneously,
immediately before major meals. The dose may be increased to
120 micrograms when no nausea has occurred for 3 to 7 days.
The dose of insulin therapy should be adjusted as described for
patients with type 1 diabetes mellitus (above).
◊ References.
1. Thompson RG, et al. Pramlintide, a synthetic analog of human

amylin, improves the metabolic profile of patients with type 2
diabetes using insulin. Diabetes Care 1998; 21: 987–93. 

2. Whitehouse F, et al. A randomized study and open-label exten-
sion evaluating the long-term efficacy of pramlintide as an ad-
junct to insulin therapy in type 1 diabetes. Diabetes Care 2002;
25: 724–30. 

3. Ratner RE, et al. Adjunctive therapy with the amylin analogue
pramlintide leads to a combined improvement in glycemic and
weight control in insulin-treated subjects with type 2 diabetes.
Diabetes Technol Ther 2002; 4: 51–61. 

4. Hollander PA, et al. Pramlintide as an adjunct to insulin therapy
improves long-term glycemic and weight control in patients with
type 2 diabetes: a 1-year randomized controlled trial. Diabetes
Care 2003; 26: 784–90. 

5. Kleppinger EL, Vivian EM. Pramlintide for the treatment of di-
abetes mellitus. Ann Pharmacother 2003; 37: 1082–9. 

6. Kruger DF, Gloster MA. Pramlintide for the treatment of insulin-
requiring diabetes mellitus: rationale and review of clinical data.
Drugs 2004; 64: 1419–32. 

7. Ratner RE, et al. Amylin replacement with pramlintide as an ad-
junct to insulin therapy improves long-term glycaemic and
weight control in type 1 diabetes mellitus: a 1-year, randomized
controlled trial. Diabet Med 2004; 21: 1204–12. 

8. Ryan GJ, et al. Pramlintide in the treatment of type 1 and type 2
diabetes mellitus. Clin Ther 2005; 27: 1500–12.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Symlin.

Repaglinide (BAN, USAN, rINN)

AG-EE-6232W; AG-EE-623-ZW; Repaglinid; Repaglinida; Repa-
glinidas; Répaglinide; Repaglinidi; Repaglinidum. (+)-2-Ethoxy-α-
{[(S)-α-isobutyl-o-piperidinobenzyl]carbamoyl}-p-toluic acid; (S)-
2-Ethoxy-4-{[1-(o-piperidinophenyl)-3-methylbutyl]carbamoyl-
methyl}benzoic acid.
Репаглинид
C27H36N2O4 = 452.6.
CAS — 135062-02-1.
ATC — A10BX02.
ATC Vet — QA10BX02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Repaglinide). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; freely sol-
uble in dichloromethane and in methyl alcohol. Protect from
light. 
USP 31 (Repaglinide). A white to off-white solid. Soluble in me-
thyl alcohol. Store in airtight containers.

Adverse Effects and Precautions
Repaglinide may cause gastrointestinal adverse effects
including abdominal pain, diarrhoea, constipation,
nausea, and vomiting. Hypoglycaemia (usually mild),
back and joint pain, hypersensitivity reactions includ-
ing pruritus, rashes and urticaria, and elevated liver en-
zyme values may occur. There have been rare cases of
transient visual disturbances attributed to changes in
blood glucose concentrations associated with starting
repaglinide treatment. There have also been rare re-
ports of myocardial infarction in patients who were
treated with repaglinide and isophane insulin; the com-
bination is not recommended. 
Precautions are similar to those which apply with the
shorter-acting sulfonylurea hypoglycaemics (p.461).
Repaglinide should be given with caution to patients
with hepatic impairment (consideration should be giv-
en to extending the interval between doses), and possi-
bly avoided in severe impairment.
Effects on the liver. Hepatotoxic reactions have been reported
for repaglinide1,2 including cholestatic hepatitis and jaundice
with pruritus.
1. Nan DN, et al. Acute hepatotoxicity caused by repaglinide. Ann

Intern Med 2004; 141: 823. 
2. López-García F, et al. Cholestatic hepatitis associated with repa-

glinide. Diabetes Care 2005; 28: 752–3.

Fasting. For mention that nateglinide or repaglinide can proba-
bly be used with low risk of hypoglycaemia in fasting Muslim
patients during Ramadan see under Precautions of Insulin, p.448.
Hypoglycaemia. Mild hypoglycaemia has been reported in pa-
tients receiving repaglinide,1 although in a study comparing flex-
ible repaglinide dosing with fixed glibenclamide dosing, all hy-
poglycaemic events recorded were in the glibenclamide group.2
Other studies have found rates of hypoglycaemia in patients re-
ceiving repaglinide to be less than, or similar to, sulfonylureas.3
The risk of hypoglycaemia may be reduced as patients can omit
a dose of repaglinide if a meal is missed.
1. Moses RG, et al. Flexible meal-related dosing with repaglinide

facilitates glycemic control in therapy-naive type 2 diabetes. Di-
abetes Care 2001; 24: 11–15. 
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2. Damsbo P, et al. A double-blind randomized comparison of

meal-related glycemic control by repaglinide and glyburide in
well-controlled type 2 diabetic patients. Diabetes Care 1999; 22:
789–94. 

3. Culy CR, Jarvis B. Repaglinide: a review of its therapeutic use
in type 2 diabetes mellitus. Drugs 2001; 61: 1625–60.

Pregnancy. Insulin is generally preferred to oral antidiabetics in
the treatment of diabetes mellitus during pregnancy. Repaglinide
has been used in 3 women during the first 6 to 7 weeks of gesta-
tion;1,2 treatment was then changed to insulin for the rest of the
pregnancy. Their babies were delivered at term, with adequate
weight for birth age and no congenital malformations.
1. Napoli A, et al. Use of repaglinide during the first weeks of preg-

nancy in two type 2 diabetic women. Diabetes Care 2006; 29:
2326–7. 

2. Mollar-Puchades MA, et al. Use of repaglinide on a pregnant
woman during embryogenesis. Diabetes Obes Metab 2007; 9:
146–7.

Interactions
As with other oral antidiabetics, the efficacy of repagli-
nide may be affected by drugs independently increas-
ing or decreasing blood glucose concentrations (see
Sulfonylureas, p.461). 
Drugs that affect the cytochrome P450 isoenzymes
CYP2C8 and CYP3A4 may alter the metabolism of
repaglinide. Use of repaglinide with the CYP2C8 in-
hibitor gemfibrozil has resulted in marked reduction in
repaglinide clearance, and severe hypoglycaemia; UK
licensed product information contra-indicates concom-
itant use.
◊ References.
1. Hatorp V, Thomsen MS. Drug interaction studies with repagli-

nide: repaglinide on digoxin or theophylline pharmacokinetics
and cimetidine on repaglinide pharmacokinetics. J Clin Pharma-
col 2000; 40: 184–92. 

2. Hatorp V, et al. Influence of drugs interacting with CYP3A4 on
the pharmacokinetics, pharmacodynamics, and safety of the
prandial glucose regulator repaglinide. J Clin Pharmacol 2003;
43: 649–60. 

3. Scheen AJ. Drug-drug and food-drug pharmacokinetic interac-
tions with new insulinotropic agents repaglinide and nateglinide.
Clin Pharmacokinet 2007; 46: 93–108.

Antibacterials. A study1 in healthy subjects found that the
plasma concentration of a single dose of repaglinide was re-
duced, and its half-life shortened, when it was given 12.5 hours
after the last dose of a 5-day course of rifampicin. This effect was
attributed to the induction of the cytochrome P450 isoenzyme
CYP3A4 by rifampicin. In another study2 repaglinide was given
either with the last dose of a 7-day course of rifampicin or 24
hours later, and the effects on repaglinide were found to be great-
er on day 8 than day 7. The authors suggested that rifampicin
acted as both an inducer and an inhibitor of CYP3A4 and possi-
bly CYP2C8, and that after rifampicin was stopped its inductive
effect lasted longer, thereby having a greater effect 24 hours later. 
A study3 in healthy subjects reported that clarithromycin can in-
crease the plasma concentrations and prolong the elimination
half-life of repaglinide, probably by inhibition of CYP3A4. Tel-
ithromycin, another inhibitor of CYP3A4, also increased plasma
concentrations of repaglinide in a study of healthy subjects, al-
though the elimination half-life of repaglinide was not signifi-
cantly affected.4 Trimethoprim5 can have a similar effect by the
inhibition of CYP2C8. 
For a report of hypoglycaemia when gatifloxacin was given to a
patient already receiving repaglinide, see p.281.
1. Niemi M, et al. Rifampin decreases the plasma concentrations

and effects of repaglinide. Clin Pharmacol Ther 2000; 68:
495–500. 

2. Bidstrup TB, et al. Rifampicin seems to act as both an inducer
and an inhibitor of the metabolism of repaglinide. Eur J Clin
Pharmacol 2004; 60: 109–14. 

3. Niemi M, et al. The cytochrome P4503A4 inhibitor clarithromy-
cin increases the plasma concentrations and effects of repagli-
nide. Clin Pharmacol Ther 2001; 70: 58–65. 

4. Kajosaari LI, et al. Telithromycin, but not montelukast, increases
the plasma concentrations and effects of the cytochrome P450
3A4 and 2C8 substrate repaglinide. Clin Pharmacol Ther 2006;
79: 231–42. 

5. Niemi M, et al. The CYP2C8 inhibitor trimethoprim increases
the plasma concentrations of repaglinide in healthy subjects. Br
J Clin Pharmacol 2004; 57: 441–7.

Ciclosporin. Ciclosporin markedly increased plasma concen-
trations of repaglinide in healthy subjects;1 there is a possibly in-
creased risk of hypoglycaemia if these 2 drugs are taken together.
1. Kajosaari LI, et al. Cyclosporine markedly raises the plasma

concentrations of repaglinide. Clin Pharmacol Ther 2005; 78:
388–99.

Grapefruit juice. Grapefruit juice increased the bioavailability
of repaglinide in a study of healthy subjects.1 The half-life of
repaglinide was not affected, suggesting that grapefruit juice in-
hibited its presystemic metabolism by the cytochrome P450
isoenzyme CYP3A4 in the gut wall. Blood-glucose concentra-
tions were not affected.
1. Bidstrup TB, et al. The impact of CYP2C8 polymorphism and

grapefruit juice on the pharmacokinetics of repaglinide. Br J
Clin Pharmacol 2006; 61: 49–57.

Lipid regulating drugs. A study1 in healthy subjects found
that gemfibrozil significantly increased the plasma concentra-
tions of repaglinide and enhanced and prolonged its glucose-
lowering effect. Use of this combination should be avoided. An-
other study2 in healthy subjects found, however, that repaglinide
was not affected by bezafibrate or fenofibrate.
1. Niemi M, et al. Effects of gemfibrozil, itraconazole, and their

combination on the pharmacokinetics and pharmacodynamics of
repaglinide: potentially hazardous interaction between gemfi-
brozil and repaglinide. Diabetologia 2003; 46: 347–51. 

2. Kajosaari LI, et al. Lack of effect of bezafibrate and fenofibrate
on the pharmacokinetics and pharmacodynamics of repaglinide.
Br J Clin Pharmacol 2004; 58: 390–6.

Pharmacokinetics
Repaglinide is rapidly absorbed from the gastrointesti-
nal tract, with peak plasma concentrations occurring
within 1 hour. The mean bioavailability is about 60%.
Repaglinide is highly bound to plasma proteins, and
has a plasma elimination half-life of about 1 hour. It
undergoes almost complete hepatic metabolism in-
volving the cytochrome P450 isoenzymes CYP2C8
and CYP3A4. The metabolites, which are inactive, are
excreted in the bile. Higher plasma concentrations and
prolonged half-life of repaglinide may occur in patients
with renal impairment (creatinine clearance less than
40 mL/minute) or chronic liver disease.
◊ References.
1. Hatorp V, et al. Single-dose pharmacokinetics of repaglinide in

subjects with chronic liver disease. J Clin Pharmacol 2000; 40:
142–52. 

2. Hatorp V. Clinical pharmacokinetics and pharmacodynamics of
repaglinide. Clin Pharmacokinet 2002; 41: 471–83. 

3. Bidstrup TB, et al. CYP2C8 and CYP3A4 are the principal en-
zymes involved in the human in vitro biotransformation of the
insulin secretagogue repaglinide. Br J Clin Pharmacol 2003; 56:
305–14.

Uses and Administration
Repaglinide is a meglitinide antidiabetic used for the
treatment of type 2 diabetes mellitus (p.431). It has a
chemical structure different from that of the sulfonyl-
ureas, but appears to have a similar mode of action. 
Repaglinide is given up to 30 minutes before meals, in
usual initial oral doses of 0.5 mg; initial doses of 1 or
2 mg are usually given to patients who have had previ-
ous hypoglycaemic treatment. The dose may be adjust-
ed, at intervals of 1 to 2 weeks, up to a maximum of
4 mg before meals; a total of 16 mg daily should not be
exceeded. Repaglinide is also given with metformin or
a thiazolidinedione in type 2 diabetes not adequately
controlled by monotherapy.
◊ References.
1. Anonymous. Repaglinide for type 2 diabetes mellitus. Med Lett

Drugs Ther 1998; 40: 55–6. 
2. Moses R, et al. Effect of repaglinide addition to metformin mon-

otherapy on glycemic control in patients with type 2 diabetes.
Diabetes Care 1999; 22: 119–24. 

3. Wolffenbuttel BH, Landgraf R. A 1-year multicenter randomized
double-blind comparison of repaglinide and glyburide for the
treatment of type 2 diabetes. Diabetes Care 1999; 22: 463–7. 

4. Moses RG, et al. Flexible meal-related dosing with repaglinide
facilitates glycemic control in therapy-naive type 2 diabetes. Di-
abetes Care 2001; 24: 11–15. 

5. Dornhorst A. Insulinotropic meglitinide analogues. Lancet 2001;
358: 1709–16. 

6. Culy CR, Jarvis B. Repaglinide: a review of its therapeutic use
in type 2 diabetes mellitus. Drugs 2001; 61: 1625–60. 

7. Moses R. Repaglinide in combination therapy. Diabetes Nutr
Metab 2002; 15 (suppl): 33–8. 

8. Derosa G, et al. Comparison between repaglinide and glimepir-
ide in patients with type 2 diabetes mellitus: a one-year, rand-
omized, double-blind assessment of metabolic parameters and
cardiovascular risk factors. Clin Ther 2003; 25: 472–84. 

9. Raskin P, et al. Combination therapy for type 2 diabetes: repagli-
nide plus rosiglitazone. Diabet Med 2004; 21: 329–35.

Administration in renal impairment. Although repaglinide
is cleared mainly by hepatic metabolism, small pharmacokinetic
studies have reported that exposure to repaglinide may be in-
creased in patients with renal impairment.1,2 A larger open-label
study3 that included 151 patients with normal renal function and
130 patients with varying degrees of renal impairment found that
the incidence of adverse effects was not influenced by renal func-
tion. However, at the end of the 3-month maintenance treatment
period, there was a trend towards lower effective doses of repa-
glinide with increasing degree of renal impairment.
1. Marbury TC, et al. Pharmacokinetics of repaglinide in subjects

with renal impairment. Clin Pharmacol Ther 2000; 67: 7–15. 
2. Schumacher S, et al. Single- and multiple-dose pharmacokinet-

ics of repaglinide in patients with type 2 diabetes and renal im-
pairment. Eur J Clin Pharmacol 2001; 57: 147–52. 

3. Hasslacher C. Safety and efficacy of repaglinide in type 2 diabet-
ic patients with and without impaired renal function. Diabetes
Care 2003; 26: 886–91.

Preparations
USP 31: Repaglinide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Glukenil; NovoNorm; Sestrine; Austral.: NovoNorm; Austria:
NovoNorm; Belg.: NovoNorm; Braz.: Gluconorm; NovoNorm; Prandin;
Canad.: Gluconorm; Chile: Hipover; NovoNorm; Cz.: NovoNorm; Pran-
din; Denm.: NovoNorm; Fin.: NovoNorm; Fr.: NovoNorm; Ger.:
NovoNorm; Gr.: NovoNorm; Hong Kong: NovoNorm; Hung.:
NovoNorm; India: Rapilin; Irl.: NovoNorm; Israel: NovoNorm; Ital.:
NovoNorm; Malaysia: NovoNorm; Mex.: NovoNorm; Neth.:
NovoNorm; Prandin; Norw.: NovoNorm; NZ: NovoNorm; Philipp.:
NovoNorm; Pol.: NovoNorm; Port.: NovoNorm; Prandin; Rus.:
NovoNorm (НовоНорм); S.Afr.: NovoNorm; Singapore: NovoNorm;
Spain: NovoNorm; Prandin; Swed.: NovoNorm; Switz.: NovoNorm;
Thai.: NovoNorm; Turk.: NovoNorm; UK: Prandin; USA: Prandin.

Rosiglitazone Maleate 

(BANM, USAN, rINNM)

BRL-49653-C; Maleato de rosiglitazona; Rosiglitazone, Maléate
de; Rosiglitazoni Maleas; Roziglitazon Maleat. (±)-5-{p-[2-(Me-
thyl-2-pyridylamino)ethoxy]benzyl}-2,4-thiazolidinedione
maleate (1:1).
Розиглитазона Малеат
C18H19N3O3S,C4H4O4 = 473.5.
CAS — 122320-73-4 (rosiglitazone); 155141-29-0 (ros-
iglitazone maleate); 316371-84-3 (rosiglitazone potassi-
um).
ATC — A10BG02.
ATC Vet — QA10BG02.

(rosiglitazone)

Adverse Effects and Precautions
Rosiglitazone may cause hypoglycaemia, headache,
weight gain, and anaemia. It may also cause dizziness,
gastrointestinal disturbances, muscle cramps and my-
algia, dyspnoea, paraesthesia, pruritus, and hypercho-
lesterolaemia. Very rarely angioedema and urticaria
have been reported. Rosiglitazone can also increase the
risk of bone fracture in women. 
Rosiglitazone can cause oedema, which may worsen
or precipitate heart failure. It should therefore be used
with caution in patients with oedema, and should not
be used in those with a history of heart failure (see also
below). Renal impairment may increase the risk of flu-
id retention and heart failure. There have been very rare
reports of new onset and worsening diabetic macular
oedema with decreased visual acuity (see Effects on
the Eyes, below). There is some evidence to suggest
that rosiglitazone might increase the risk of myocardial
ischaemia; until further data become available, UK li-
censed product information advises that rosiglitazone
is not recommended in patients with ischaemic heart
disease or peripheral arterial disease (see also below).
Liver function should be monitored periodically as
there have been isolated reports of liver dysfunction,
and the drug should be used with caution in patients
with hepatic impairment (see Effects on the Liver, be-
low). 
In women who are anovulatory because of insulin re-
sistance, rosiglitazone therapy may result in a resump-
tion of ovulation.
Effects on the bones. Use of thiazolidinediones such as pio-
glitazone or rosiglitazone has been associated with decreases in
bone mineral density and increased risk of fractures in female
patients. Analysis of data from a comparative study1 of glycae-
mic control with rosiglitazone, metformin, or glibenclamide in-
volving 4360 randomised patients found that the risk of fracture
in female patients in these 3 groups was 9.3%, 5.1%, and 3.5%
respectively;2 the risk in male patients was not significantly dif-
ferent in the 3 groups at around 3.4 to 3.95%. Analysis of data
from another large ongoing study was also consistent with an in-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

creased fracture risk with rosiglitazone,2 and data from the man-
ufacturer of pioglitazone involving over 8100 treated patients
also revealed an increased risk of fracture in women given the
drug;3 the excess risk was calculated to be 0.8 per 100 patient
years of use. The pattern of fractures seems to differ from that
associated with postmenopausal osteoporosis, being mainly in
the upper arm, hand, or foot, rather than hip or spine, but an ob-
servational study has suggested that thiazolidinedione use is as-
sociated with ongoing loss of whole-body bone mineral density.4
1. Kahn SE, et al. Glycemic durability of rosiglitazone, metformin,

or glyburide monotherapy. N Engl J Med 2006; 355: 2427–43.
Correction. ibid. 2007; 356: 1387–8. 

2. GSK, Canada. Increased incidence of fractures in female pa-
tients who received long-term treatment with Avandia  (rosigli-
tazone maleate) tablets for type 2 diabetes mellitus (23rd Febru-
ary 2007). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/avandia_hpc-cps_3-eng.pdf
(accessed 20/08/08) 

3. Takeda, USA. Re observation of an increased incidence of frac-
tures in female patients who received long-term treatment with
Actos  (pioglitazone HCl) tablets for type 2 diabetes mellitus
(March 2007). Available at: http://www.fda.gov/medwatch/
safety/2007/Actosmar0807.pdf (accessed 21/03/07) 

4. Schwartz AV, et al. Thiazolidinedione use and bone loss in older
diabetic adults. J Clin Endocrinol Metab 2006; 91: 3349–54.

Effects on the cardiovascular system. It has been suggested
that, in addition to their hypoglycaemic effect, thiazolidinediones
may have beneficial effects in the prevention of macrovascular
diabetic complications, and there is some evidence that pioglita-
zone may improve some cardiovascular outcomes (see Diabetic
Complications, p.457). However, a meta-analysis1 of 42 studies
found that, compared with either placebo or other antidiabetic
drugs, rosiglitazone was associated with a significant increase in
the risk of myocardial infarction, and an increase of borderline
significance in death from cardiovascular causes. There were
limitations to this analysis as the studies were not primarily in-
tended to examine cardiovascular outcomes, and many were
small and short-term. Another meta-analysis2 that was restricted
to 4 long-term studies (at least 12 months of treatment) that had
specified an intention to evaluate cardiovascular adverse effects
also found an increased risk of myocardial infarction with rosi-
glitazone use, without a significant increase in the risk of cardio-
vascular mortality. 
Studies with no recorded cardiovascular events were excluded
from the larger meta-analysis,1 and this has been questioned. An
alternative analysis3 that incorporated these excluded studies,
with appropriate analysis adjustment, found odds ratios for my-
ocardial infarction and cardiovascular death that were not statis-
tically significant, and concluded that neither increased nor de-
creased risk could be established. 
In response to concerns raised by the initial meta-analysis, an un-
planned interim analysis of an ongoing open-label study de-
signed to assess cardiovascular outcomes has been published
(rosiglitazone added to either metformin or a sulfonylurea com-
pared with metformin plus a sulfonylurea).4 The data, however,
were insufficient to determine whether there was an increased
risk of myocardial infarction, and the findings were inconclusive
regarding any effect on overall risks of hospitalisation or death
from cardiovascular causes. 
For the risks of heart failure associated with thiazolidinediones,
see Effects on the Heart, below.
1. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myo-

cardial infarction and death from cardiovascular causes. N Engl
J Med 2007; 356: 2457–71. Correction. ibid.; 357: 100. 

2. Singh S, et al. Long-term risk of cardiovascular events with ros-
iglitazone: a meta-analysis. JAMA 2007; 298: 1189–95. 

3. Diamond GA, et al. Uncertain effects of rosiglitazone on the risk
for myocardial infarction and cardiovascular death. Ann Intern
Med 2007; 147: 578–81. 

4. Home PD, et al. RECORD Study Group. Rosiglitazone evaluat-
ed for cardiovascular outcomes—an interim analysis. N Engl J
Med 2007; 357: 28–38.

Effects on the eyes. The manufacturers in the USA and Can-
ada (GSK) have received postmarketing reports of the develop-
ment or worsening of diabetic macular oedema in patients treat-
ed with rosiglitazone-containing products; in most cases the
patients also reported peripheral oedema or fluid retention.1,2 In
some cases visual impairment improved or resolved after stop-
ping the drug. Rosiglitazone should be used with caution in pa-
tients with pre-existing diabetic retinopathy or macular oedema,
and should be stopped, and ophthalmological consultation
sought, if visual impairment develops while using the drug.2
1. GSK, USA. Avandia (rosiglitazone maleate), Avandamet (rosigl-

itazone maleate/metformin HCl): letter to healthcare profession-
als (issued December 2005). 
Available at: http://www.fda.gov/medwaTCH/safety/2006/
Avandia_DHCPletter.pdf (accessed 03/05/06) 

2. GSK, Canada. Association of Avandia  and Avandamet  with
new onset and/or worsening of macular edema (issued 19th De-
cember, 2005). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/avandia_avandamet_
hpc-cps-eng.pdf (accessed 20/08/08)

Effects on the heart. Both pioglitazone and rosiglitazone can
cause peripheral and pulmonary oedema, which can worsen or
precipitate heart failure; a number of cases have been de-
scribed.1-6 A large retrospective cohort study7 also found that the
use of thiazolidinediones increased the risk of heart failure. The
incidence of peripheral oedema with monotherapy has been
reported8 to range from 3 to 5%, and this increases slightly when

a thiazolidinedione is used with another oral antidiabetic. The in-
cidence is about 15% when a thiazolidinedione is used with in-
sulin. The incidence of heart failure is generally lower, but has
been reported to be 2 to 3% when a thiazolidinedione is used
with insulin; however, a large prospective study,9 which was in-
tended to examine the cardiovascular benefits of pioglitazone in
preventing secondary macrovascular events in diabetic patients
with pre-existing macrovascular disease, reported a 6% inci-
dence of heart failure, compared with 4% in the placebo group.
Mortality rates from heart failure did not differ between groups.
These figures were confirmed on re-analysis.10 
The American Heart Association and American Diabetes Asso-
ciation have recommended8 that patients with risk factors for
heart disease or a depressed ejection fraction but without symp-
toms, and patients with NYHA class I or II heart failure, should
start with a low dose of a thiazolidinedione that is only increased
gradually as necessary and with careful monitoring. Patients with
more severe heart failure (class III and IV) should not receive
these drugs. These recommendations are reflected in US licensed
product information. UK licensed product information contra-
indicates the use of pioglitazone or rosiglitazone in patients with
heart failure or any history of heart failure, even of class I or II. 
For restrictions on combination therapy see Administration, be-
low.
1. Page RL, et al. Possible heart failure exacerbation associated

with rosiglitazone: case report and literature review. Pharmaco-
therapy 2003; 23: 945–54. 

2. Kermani A, Garg A. Thiazolidinedione-associated congestive
heart failure and pulmonary edema. Mayo Clin Proc 2003; 78:
1088–91. 

3. Bell DSH. Unilateral edema due to a thiazolidinedione. Diabe-
tes Care 2003; 26: 2700. 

4. Shah M, et al. Pioglitazone-induced heart failure despite normal
left ventricular function. Am J Med 2004; 117: 973–4. 

5. CSM/MHRA. Reminder: thiazolidinediones (glitazones) con-
traindications. Current Problems 2004; 30: 8. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON007448&RevisionSelectionMethod=
LatestReleased (accessed 02/06/06) 

6. Cheng AYY, Fantus IG. Thiazolidinedione-induced congestive
heart failure. Ann Pharmacother 2004; 38: 817–20. 

7. Delea TE, et al. Use of thiazolidinediones and risk of heart fail-
ure in people with type 2 diabetes: a retrospective cohort study.
Diabetes Care 2003; 26: 2983–9. 

8. Nesto RW, et al. Thiazolidinedione use, fluid retention, and con-
gestive heart failure: a consensus statement from the American
Heart Association and American Diabetes Association. Circula-
t ion  2003;  108:  2941–8.  Also  ava i lab le  a t :  h t tp : / /
circ.ahajournals.org/cgi/reprint/108/23/2941.pdf (accessed
26/03/07) Also published in Diabetes Care 2004; 27: 256–63.
Also available at: http://care.diabetesjournals.org/cgi/reprint/
27/1/256 (accessed 26/03/07) 

9. Dormandy JA, et al. Secondary prevention of macrovascular
events in patients with type 2 diabetes in the PROactive Study
(PROspective pioglitAzone Clinical Trial In macroVascular
Events): a randomised controlled trial. Lancet 2005; 366:
1279–89. 

10. Rydén L, et al. Adjudication of serious heart failure in patients
from PROactive. Lancet 2007; 369: 189–90.

Effects on lipids. Rosiglitazone and pioglitazone have different
effects on serum lipids—see p.456.
Effects on the liver. Several cases of hepatotoxicity have been
described1-5 in patients receiving rosiglitazone. Most of these oc-
curred within a few weeks or months of starting rosiglitazone
therapy. However, the causality of some of these cases has been
debated6,7 because of coexisting disease and concomitant medi-
cation. 
Licensed product information recommends that liver enzymes
should be checked before starting therapy with rosiglitazone; pa-
tients with aminotransferase (ALT) concentrations more than 2.5
times the upper limit of normal should not be given rosiglitazone.
ALT concentrations should then be monitored periodically. If
ALT concentrations rise to more than 3 times the upper limit of
normal and remain so after retesting then treatment with rosigli-
tazone should be stopped; treatment should also be stopped if
jaundice develops.
1. Forman LM, et al. Hepatic failure in a patient taking rosiglita-

zone. Ann Intern Med 2000; 132: 118–21. 
2. Al-Salman J, et al. Hepatocellular injury in a patient receiving

rosiglitazone: a case report. Ann Intern Med 2000; 132: 121–4. 
3. Ravinuthala RS, Nori U. Rosiglitazone toxicity. Ann Intern Med

2000; 133: 658. 
4. Hachey DM, et al. Isolated elevation of alkaline phosphatase

level associated with rosiglitazone. Ann Intern Med 2000; 133:
752. 

5. Gouda HE, et al. Liver failure in a patient treated with long-term
rosiglitazone therapy. Am J Med 2001; 111: 584–5. 

6. Freid J, et al. Rosiglitazone and hepatic failure. Ann Intern Med
2000; 132: 164. 

7. Isley WL, Oki JC. Rosiglitazone and liver failure. Ann Intern
Med 2000; 133: 393.

Fasting. For mention that glitazones can probably be used with
low risk of hypoglycaemia in fasting Muslim patients during Ra-
madan see under Precautions of Insulin, p.448.

Interactions
Gemfibrozil, ketoconazole, and trimethoprim, can in-
crease plasma concentrations of rosiglitazone. Con-
versely, rifampicin can reduce rosiglitazone concentra-
tions. These drugs should be given with caution to

patients taking rosiglitazone, and glycaemic control
should be monitored. 
Use of NSAIDs or insulin with rosiglitazone may in-
crease the risk of oedema and heart failure (see also Ef-
fects on the Heart, above, and Administration, below).
Antibacterials. Rifampicin significantly reduced the plasma
concentration and elimination half-life of rosiglitazone in
studies1,2 of healthy subjects, probably by induction of the cyto-
chrome P450 isoenzyme CYP2C8. Conversely, trimethoprim
can inhibit CYP2C8, and was found to increase the concentra-
tion and half-life of rosiglitazone modestly.2,3

1. Park J-Y, et al. Effect of rifampin on the pharmacokinetics of
rosiglitazone in healthy subjects. Clin Pharmacol Ther 2004; 75:
157–62. 

2. Niemi M, et al. Effects of trimethoprim and rifampin on the
pharmacokinetics of the cytochrome P450 2C8 substrate rosigl-
itazone. Clin Pharmacol Ther 2004; 76: 239–49. 

3. Hruska MW, et al. The effect of trimethoprim on CYP2C8 medi-
ated rosiglitazone metabolism in human liver microsomes and
healthy subjects. Br J Clin Pharmacol 2005; 59: 70–9.

Antifungals. In a study1 of healthy subjects, ketoconazole in-
creased the plasma concentration and elimination half-life of ros-
iglitazone, probably by inhibition of the cytochrome P450 isoen-
zyme CYP2C8 and to a lesser extent CYP2C9.
1. Park J-Y, et al. Effect of ketoconazole on the pharmacokinetics

of rosiglitazone in healthy subjects. Br J Clin Pharmacol 2004;
58: 397–402.

Lipid regulating drugs. Gemfibrozil increased the plasma
concentration and about doubled the half-life of rosiglitazone in
a study1 of healthy subjects, probably by inhibiting its metabo-
lism. The authors suggested that these drugs should not be used
together, or that the dose of rosiglitazone should be at least
halved if gemfibrozil treatment is started.
1. Niemi M, et al. Gemfibrozil considerably increases the plasma

concentrations of rosiglitazone. Diabetologia 2003; 46:
1319–23.

Pharmacokinetics
Rosiglitazone is well absorbed from the gastrointesti-
nal tract after oral dosing. Peak plasma concentrations
occur within 1 hour and the bioavailability is 99%. It is
99.8% bound to plasma proteins. Rosiglitazone is ex-
tensively metabolised, almost exclusively by the cyto-
chrome P450 isoenzyme CYP2C8. It is excreted in the
urine and faeces, and has a half-life of 3 to 4 hours.
◊ References.
1. Baldwin SJ, et al. Characterization of the cytochrome P450 en-

zymes involved in the in vitro metabolism of rosiglitazone. Br J
Clin Pharmacol 1999; 48: 424–32. 

2. Chapelsky MC, et al. Pharmacokinetics of rosiglitazone in pa-
tients with varying degrees of renal insufficiency. J Clin Phar-
macol 2003; 43: 252–9.

Uses and Administration
Rosiglitazone is a thiazolidinedione oral antidiabetic
that improves insulin sensitivity and is used for the
treatment of type 2 diabetes mellitus (p.431). It is usu-
ally given as rosiglitazone maleate but doses are ex-
pressed in terms of the base; rosiglitazone maleate
1.32 mg is equivalent to about 1 mg of rosiglitazone.
The potassium salt is used in some countries. Rosigli-
tazone is given orally as monotherapy, particularly in
patients who are overweight and for whom metformin
is contra-indicated or not tolerated. It may also be add-
ed to metformin, a sulfonylurea (or a combination of
the two), or to insulin, when such therapy is inadequate
(but see Administration, below). The usual initial dose
is 4 mg daily, given in a single dose or two divided dos-
es. The dose may be increased to a maximum of 8 mg
daily if necessary after 8 to 12 weeks in patients receiv-
ing monotherapy or combination oral therapy. Rosigli-
tazone may be taken with or without food.
◊ References.
1. Nolan JJ, et al. Rosiglitazone taken once daily provides effec-

tive glycaemic control in patients with type 2 diabetes mellitus.
Diabet Med 2000; 17: 287–94. 

2. Fonseca V, et al. Effect of metformin and rosiglitazone combi-
nation therapy in patients with type 2 diabetes mellitus: a rand-
omized controlled trial. JAMA 2000; 283: 1695–1702. Correc-
tion. ibid.; 284: 1384. 

3. Lebovitz HE, et al. Rosiglitazone monotherapy is effective in
patients with type 2 diabetes. J Clin Endocrinol Metab 2001;
86: 280–8. 

4. Anonymous. Pioglitazone and rosiglitazone for diabetes. Drug
Ther Bull 2001; 39: 65–8. 

5. Parulkar AA, et al. Nonhypoglycemic effects of thiazolidinedi-
ones. Ann Intern Med 2001; 134: 61–71. 

6. Raskin P, et al. A randomized trial of rosiglitazone therapy in
patients with inadequately controlled insulin-treated type 2 dia-
betes. Diabetes Care 2001; 24: 1226–32. 

7. O’Moore-Sullivan TM, Prins JB. Thiazolidinediones and type 2
diabetes: new drugs for an old disease. Med J Aust 2002; 176:
381–6. Correction. ibid.; 177: 396. 
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8. Wagstaff AJ, Goa KL. Rosiglitazone: a review of its use in the

management of type 2 diabetes mellitus. Drugs 2002; 62:
1805–37. 

9. Diamant M, Heine RJ. Thiazolidinediones in type 2 diabetes
mellitus: current clinical evidence. Drugs 2003; 63: 1373–1405. 

10. Yki-Järvinen H. Thiazolidinediones. N Engl J Med 2004; 351:
1106–18. 

11. Dailey GE, et al. Glycemic control with glyburide/metformin
tablets in combination with rosiglitazone in patients with type 2
diabetes: a randomized, double-blind trial. Am J Med 2004; 116:
223–9. 

12. Czoski-Murray C, et al. Clinical effectiveness and cost-effec-
tiveness of pioglitazone and rosiglitazone in the treatment of
type 2 diabetes: a systematic review and economic evaluation.
Health Technol Assess 2004; 8: 1–91. 

13. Wellington K. Rosiglitazone/metformin. Drugs 2005; 65:
1581–92. 

14. Deeks ED, Keam SJ. Rosiglitazone : a review of its use in type
2 diabetes mellitus. Drugs 2007; 67: 2747–79.

Administration. Although rosiglitazone is licensed for use
with other antidiabetic drugs the specifics of licensing and use
may vary from country to country. In both the UK and USA, ros-
iglitazone (Avandia; GSK) is licensed for use with metformin or
a sulfonylurea, or both if necessary, in patients in whom single or
dual agent therapy is inadequate. In the UK, however, NICE rec-
ommends dual therapy only in patients who cannot be given
combination therapy with metformin plus a sulfonylurea.1 
The combination of rosiglitazone with insulin is now generally
avoided because of an increased risk of heart failure and other
cardiac adverse events (see also Effects on the Heart, above), al-
though licensed product information may not necessarily contra-
indicate the combination. In the UK, licensed product informa-
tion for rosiglitazone warns that insulin should only be added to
established rosiglitazone therapy in exceptional cases and under
close supervision. In the USA, the combination of rosiglitazone
and insulin is not recommended.
1. NICE. Guidance on the use of glitazones for the treatment of

type 2 diabetes (issued August 2003). Available at: http://
www.nice.org.uk/pdf/TA63_Glitazones_Review_Guidance.pdf
(accessed 17/03/05)

Inflammatory bowel disease. There is some evidence1 to
suggest that drugs such as rosiglitazone that act as ligands to per-
oxisome proliferator-activated receptor γ (PPARγ) may offer a
novel therapeutic approach to management of inflammatory
bowel disease (p.1697).
1. Lewis JD, et al. Rosiglitazone for Ulcerative Colitis Study

Group. Rosiglitazone for active ulcerative colitis: a randomized
placebo-controlled trial. Gastroenterology 2008; 134: 688–95.

Polycystic ovary syndrome. Insulin resistance is a feature of
polycystic ovary syndrome (p.2080) and the use of rosiglitazone
is under investigation.1-3

1. Baillargeon J-P, et al. Effects of metformin and rosiglitazone,
alone and in combination, in nonobese women with polycystic
ovary syndrome and normal indices of insulin sensitivity. Fertil
Steril 2004; 82: 893–902. 

2. Dereli D, et al. Endocrine and metabolic effects of rosiglitazone
in non-obese women with polycystic ovary disease. Endocr J
2005; 52: 299–308. 

3. Yilmaz M, et al. The effects of rosiglitazone and metformin on
menstrual cyclicity and hirsutism in polycystic ovary syndrome.
Gynecol Endocrinol 2005; 21: 154–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Avandia; Diaben; Gaudil; Glimide; Gliximina; Gludex; Rosiglit; Aus-
tral.: Avandia; Belg.: Avandia; Braz.: Avandia; Canad.: Avandia; Chile:
Avandia; Cz.: Avandia; Denm.: Avandia; Fin.: Avandia; Fr.: Avandia; Ger.:
Avandia; Gr.: Avandia; Hong Kong: Avandia; Hung.: Avandia; India: Re-
zult†; Roglin; Rosicon; Indon.: Avandia; Irl.: Avandia; Israel: Avandia; Ital.:
Avandia; Malaysia: Avandia; Mex.: Avandia; Neth.: Avandia; Norw.:
Avandia; NZ: Avandia; Philipp.: Avandia; Pol.: Avandia; Port.: Avandia;
Rus.: Avandia (Авандия); Roglit (Роглит); S.Afr.: Avandia; Singapore:
Avandia; Spain: Avandia; Swed.: Avandia; Switz.: Avandia; Thai.: Avandia;
Turk.: Avandia; UK: Avandia; USA: Avandia; Venez.: Avandia.

Multi-ingredient: Arg.: Avandamet; Gludex Plus; Rosiglit-Met; Austral.:
Avandamet; Belg.: Avandamet; Canad.: Avandamet; Chile: Avandamet;
Cz.: Avaglim; Avandamet; Denm.: Avandamet; Fin.: Avandamet; Fr.:
Avaglim; Avandamet; Ger.: Avandamet; Gr.: Avaglim; Avandamet; Hong
Kong: Avandamet; Hung.: Avaglim; Avandamet; India: Glyroz; Roglin-M;
Rosicon MF; Indon.: Avandamet; Avandaryl; Irl.: Avandamet; Israel: Avan-
damet; Ital.: Avandamet; Malaysia: Avandamet; Mex.: Avandamet;
Neth.: Avandamet; Norw.: Avandamet; Philipp.: Avandamet; Pol.: Avan-
damet; Port.: Avaglim; Avandamet; Singapore: Avandamet; Spain: Avan-
damet; Swed.: Avandamet; Switz.: Avandamet; Thai.: Avandamet; UK:
Avandamet; USA: Avandamet; Avandaryl; Venez.: Avandamet.

Ruboxistaurin (rINN)

LY-333531; LY-341684 (ruboxistaurin mesilate); Ruboxistaurina;
Ruboxistaurine; Ruboxistaurinum. (9S)-9-[(Dimethylamino)me-
thyl]-6,7,10,11-tetrahydro-9H,19H-5,21:12,17-dimethenodiben-
zo[e,k]pyrrolo[3,4-h][1,4,13]oxadiazacyclohexadecene-18,20-di-
one.

Рубоксистаурин
C28H28N4O3 = 468.5.
CAS — 169939-94-0 (ruboxistaurin); 169939-93-9
(ruboxistaurin hydrochlor ide); 202260-21-7 (ruboxistaurin
mesilate).

Profile
Ruboxistaurin is an oral inhibitor of the β-isoform of the enzyme
protein kinase C, which is thought to play a role in the develop-
ment of diabetic microvascular complications (p.433). It is under
investigation as an adjunct in the treatment of diabetic retinopa-
thy.

◊ References.
1. Joy SV, et al. Ruboxistaurin, a protein kinase C β inhibitor, as an

emerging treatment for diabetes microvascular complications.
Ann Pharmacother 2005; 39: 1693–9. 

2. Vinik A. The protein kinase C-β inhibitor, ruboxistaurin, for the
treatment of diabetic microvascular complications. Expert Opin
Invest Drugs 2005; 14: 1547–59. 

3. The PKC-DRS Study Group. The effect of ruboxistaurin on vis-
ual loss in patients with moderately severe to very severe non-
proliferative diabetic retinopathy: initial results of the Protein
Kinase C β Inhibitor Diabetic Retinopathy Study (PKC-DRS)
multicenter randomized clinical trial. Diabetes 2005; 54:
2188–97.

Sitagliptin Phosphate (USAN, rINNM)

Fosfato de sitagliptina; MK-431; MK-0431; Ono-5435; Sitaglip-
tine, Phosphate de; Sitagliptini Phosphas. 7-[(3R)-3-Amino-4-
(2,4,5-trifluorophenyl)butanoyl]-3-(trifluoromethyl)-5,6,7,8-tetra-
hydro-1,2,4-triazolo[4,3-a]pyrazinemonophosphate monohy-
drate.

Ситаглиптина Фосфат

C16H15F6N5O,H3O4P,H2O = 523.3.

CAS — 486460-32-6 (sitagliptin); 654671-78-0 (sitaglip-
tin phosphate); 654671-77-9 (sitagliptin phosphate
monohydrate).

(sitagliptin)

Profile
Like vildagliptin (p.464), sitagliptin is an inhibitor of the enzyme
dipeptidylpeptidase-4, an enzyme responsible, among other
roles, for the degradation of the incretin hormone glucagon-like
peptide-1 (GLP-1; insulinotropin), which plays a role in regulat-
ing insulin secretion. It is used in the treatment of type 2 diabetes
mellitus (p.431), as monotherapy or as dual therapy with met-
formin, a sulfonylurea, or a thiazolidinedione. Triple therapy us-
ing sitagliptin with metformin and a sulfonylurea may be given
if dual therapy is inadequate. Sitagliptin is given as the phos-
phate, but doses are in terms of the base; 128.5 mg of sitagliptin
phosphate is equivalent to about 100 mg of sitagliptin. The usual
oral dose is the equivalent of 100 mg of sitagliptin once daily, as
monotherapy or in combination. When given with metformin in
a combination preparation, sitagliptin may be given in 2 divided
doses. The dose of sulfonylurea may need to be lowered when
used with sitagliptin. Sitagliptin may be taken with or without
food. Dosage should be adjusted in patients with renal impair-
ment (see below). 

Adverse effects reported with sitagliptin include upper respirato-
ry-tract infections, headache, and nasopharyngitis. Hypersensi-
tivity reactions including anaphylaxis, angioedema, urticaria,
rash, and Stevens-Johnson syndrome have also been reported.

◊ References.
1. Herman GA,et al. Pharmacokinetics and pharmacodynamics of

sitagliptin, an inhibitor of dipeptidyl peptidase IV, in healthy
subjects: results from two randomized, double-blind, placebo-
controlled studies with single oral doses. Clin Pharmacol Ther
2005; 78: 675–88. 

2. Bergman AJ, et al. Pharmacokinetic and pharmacodynamic
properties of multiple oral doses of sitagliptin, a dipeptidyl
peptidase-IV inhibitor: a double-blind, randomized, placebo-
controlled study in healthy male volunteers. Clin Ther 2006; 28:
55–72. 

3. Aschner P, et al. Effect of the dipeptidyl peptidase-4 inhibitor
sitagliptin as monotherapy on glycemic control in patients with
type 2 diabetes. Diabetes Care 2006; 29: 2632–7. 

4. Charbonnel B, et al. Efficacy and safety of the dipeptidyl pepti-
dase-4 inhibitor sitagliptin added to ongoing metformin therapy
in patients with type 2 diabetes inadequately controlled with
metformin alone. Diabetes Care 2006; 29: 2638–43. 

5. Rosenstock J, et al. Efficacy and safety of the dipeptidyl pepti-
dase-4 inhibitor sitagliptin added to ongoing pioglitazone ther-
apy in patients with type 2 diabetes: a 24-week, multicenter, ran-
domized, double-blind, placebo-controlled, parallel-group
study. Clin Ther 2006; 28: 1556–68. 

6. Brazg R, et al. Effect of adding sitagliptin, a dipeptidyl pepti-
dase-4 inhibitor, to metformin on 24-h glycaemic control and
beta-cell function in patients with type 2 diabetes. Diabetes
Obes Metab 2007; 9: 186–93. 

7. Nauck MA, et al. Efficacy and safety of the dipeptidyl pepti-
dase-4 inhibitor, sitagliptin, compared with the sulfonylurea, gl-
ipizide, in patients with type 2 diabetes inadequately controlled
on metformin alone: a randomized, double-blind, non-inferiori-
ty trial. Diabetes Obes Metab 2007; 9: 194–205. 

8. Scott R, et al. Efficacy and tolerability of the dipeptidyl pepti-
dase-4 inhibitor sitagliptin as monotherapy over 12 weeks in pa-
tients with type 2 diabetes. Int J Clin Pract 2007; 61: 171–80. 

9. Deacon CF. Dipeptidyl peptidase 4 inhibition with sitagliptin: a
new therapy for type 2 diabetes. Expert Opin Invest Drugs 2007;
16: 533–545. 

10. Lyseng-Williamson KA. Sitagliptin. Drugs 2007; 67: 587–97.

Administration in renal impairment. US licensed product
information suggests the following oral doses of sitagliptin in pa-
tients with renal impairment, based on creatinine clearance (CC): 
• mild impairment (CC 50 mL/minute or more): no adjustment

necessary, 100 mg daily 
• moderate impairment (CC 30 to less than 50 mL/minute):

50 mg daily 
• severe impairment (CC less than 30 mL/minute): 25 mg daily.

It may be given without regard to the timing of haemodialysis
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Januvia; Braz.: Januvia; Cz.: Januvia; Tesavel; Xelevia; Fr.: Januvia;
Gr.: Januvia; Xelevia; Malaysia: Januvia; Mex.: Januvia; Port.: Januvia; Te-
savel; Xelevia; UK: Januvia; USA: Januvia.

Multi-ingredient: USA: Janumet.

Sulfonylurea Antidiabetics
Antidiabéticos sulfonilureas; Sulphonylurea Antidiabetics.

Adverse Effects
Gastrointestinal disturbances such as nausea, vomit-
ing, heartburn, anorexia, diarrhoea, and a metallic taste
may occur with sulfonylureas and are usually mild and
dose-dependent; increased appetite and weight gain
may occur. Skin rashes and pruritus may occur and
photosensitivity has been reported. Rashes are usually
hypersensitivity reactions and may progress to more
serious disorders (see below). Facial flushing may de-
velop in patients receiving sulfonylureas, particularly
chlorpropamide, when alcohol is consumed (see under
Interactions, below). 
Mild hypoglycaemia may occur; severe hypoglycae-
mia is usually an indication of overdosage and is rela-
tively uncommon. Hypoglycaemia is more likely with
long-acting sulfonylureas such as chlorpropamide and
glibenclamide, which have been associated with se-
vere, prolonged, and sometimes fatal hypoglycaemia. 
Other severe effects may be manifestations of a hyper-
sensitivity reaction. They include altered liver enzyme
values, hepatitis and cholestatic jaundice, leucopenia,
thrombocytopenia, aplastic anaemia, agranulocytosis,
haemolytic anaemia, erythema multiforme or the Ste-
vens-Johnson syndrome, exfoliative dermatitis, and
erythema nodosum. 
The sulfonylureas, particularly chlorpropamide, occa-
sionally induce a syndrome of inappropriate secretion
of antidiuretic hormone (SIADH) characterised by wa-
ter retention, hyponatraemia, and CNS effects. Howev-
er, some sulfonylureas, such as glibenclamide, glipiz-
ide, and tolazamide are also stated to have mild diuretic
actions. 

H
NO O

N N

O

H

N
H3C

CH3

N

OH NH2

F

F

F N
N

N

CF3



Ruboxistaurin/Sulfonylurea Antidiabetics    461

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Work on tolbutamide has suggested that the sulfonyl-
ureas might be associated with an increase in cardio-
vascular mortality; this has been the subject of consid-
erable debate (see Effects on the Cardiovascular Sys-
tem, below).
◊ Reviews.
1. Paice BJ, et al. Undesired effects of the sulphonylurea drugs. Ad-

verse Drug React Acute Poisoning Rev 1985; 4: 23–36. 
2. Harrower ADB. Comparative tolerability of sulphonylureas in

diabetes mellitus. Drug Safety 2000; 22: 313–20.

Effects on the cardiovascular system. A multicentre study
carried out under the University Group Diabetes Program
(UGDP) reported an increased incidence in mortality from cardi-
ovascular complications in diabetic patients given tolbutamide as
compared with those treated with diet alone or insulin;1 a similar
increase was also noted in patients given phenformin.2 The re-
ports from the UGDP aroused prolonged controversy which was
not entirely settled by detailed reassessment of relevant studies.3
Eventually in 1984 the FDA made it a requirement that sulfonyl-
urea oral antidiabetics be labelled with a specific warning about
the possibility of increased cardiovascular mortality associated
with the use of these drugs.4 Subsequently the cardiovascular ef-
fects of the sulfonylureas were reviewed.5 It has been hypothe-
sised that the action of the sulfonylureas in preventing the open-
ing of ATP-sensitive potassium channels in the myocardium may
abolish adaptive changes (ischaemic preconditioning) that pro-
tect the heart against ischaemic insult.6 A recent retrospective co-
hort study has also found that, among patients newly treated for
type 2 diabetes, sulfonylurea monotherapy was associated with
an increased mortality compared with metformin therapy.7 How-
ever, results from the UK Prospective Diabetes Study did not
demonstrate any adverse cardiovascular effects associated with
sulfonylurea therapy.8
1. University Group Diabetes Program. Effects of hypoglycemic

agents on vascular complications in patients with adult-onset di-
abetes III: clinical implications of UGDP results. JAMA 1971;
218: 1400–10. 

2. University Group Diabetes Program. Effects of hypoglycemic
agents on vascular complications in patients with adult-onset di-
abetes IV: a preliminary report on phenformin results. JAMA
1971; 217: 777–84. 

3. Report of the Committee for the Assessment of Biometric As-
pects of Controlled Trials of Hypoglycemic Agents. JAMA 1975;
231: 583–600. 

4. FDA. Class labeling for oral hypoglycemics. FDA Drug Bull
1984; 14: 16–17. 

5. Huupponen R. Adverse cardiovascular effects of sulphonylurea
drugs: clinical significance. Med Toxicol 1987; 2: 190–209. 

6. Yellon DM, et al. Angina reassessed: pain or protector? Lancet
1996; 347: 1159–62. 

7. Simpson SH, et al. Dose-response relation between sulfonylurea
drugs and mortality in type 2 diabetes mellitus: a population-
based cohort study. Can Med Assoc J 2006; 174: 169–74. 

8. UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in patients
with type 2 diabetes (UKPDS 33). Lancet 1998; 352: 837–53.
Correction. ibid. 1999; 354: 602.

Effects on the eyes. When a diabetic patient who had experi-
enced bilateral visual loss for several months and who had been
taking chlorpropamide for one year stopped treatment, visual
acuity improved and colour vision rapidly returned.1 A 5-day
challenge with chlorpropamide resulted in a mild decrease in
acuity followed by return to baseline values when treatment was
again stopped. Drug-induced optic neuropathy was considered to
have occurred. There is also a report of a patient with type 2 dia-
betes mellitus who developed myopia two days after starting
treatment with glibenclamide 10 mg daily.2 Visual difficulties re-
solved a few days after stopping glibenclamide.
1. Wymore J, Carter JE. Chlorpropamide-induced optic neuropa-

thy. Arch Intern Med 1982; 142: 381. 
2. Teller J, et al. Accommodation insufficiency induced by glyben-

clamide. Ann Ophthalmol 1989; 21: 275–6.

Effects on the kidneys. The nephrotic syndrome has been re-
ported in a patient treated with chlorpropamide.1 Serological
testing and renal biopsy showed that the glomerular lesions were
of an immune-complex nature. Both the nephrotic syndrome and
the glomerulonephritis resolved after treatment was stopped. The
patient also developed a skin eruption, hepatitis, and eosino-
philia.
1. Appel GB, et al. Nephrotic syndrome and immune complex

glomerulonephritis associated with chlorpropamide therapy. Am
J Med 1983; 74: 337–42.

Effects on the liver. Chlorpropamide was implicated1 in 8 of
53 cases of drug-induced acute liver disease admitted to a hospi-
tal in Jamaica over the years 1973 to 1988. Hepatocanalicular
cholestasis occurred in 5 cases and diffuse necrosis in 3. One pa-
tient with massive hepatic necrosis died. Intrahepatic cholesta-
sis,2-4 an acute hepatitis-like syndrome,5 and a combination of
both6 have been described in patients receiving glibenclamide.
1. Lee MG, et al. Drug-induced acute liver disease. Postgrad Med

J 1989; 65: 367–70. 
2. Wongpaitoon V, et al. Intrahepatic cholestasis and cutaneous

bullae associated with glibenclamide therapy. Postgrad Med J
1981; 57: 244–6. 

3. Krivoy N, et al. Fatal toxic intrahepatic cholestasis secondary to
glibenclamide. Diabetes Care 1996; 19: 385–6. 

4. Tholakanahalli VN, et al. Glibenclamide-induced cholestasis.
West J Med 1998; 168: 274–7. 

5. Goodman RC, et al. Glyburide-induced hepatitis. Ann Intern
Med 1987; 106: 837–9. 

6. Petrogiannopoulos C, Zacharof A. Glibenclamide and liver dis-
ease. Diabetes Care 1997; 20: 1215.

Effects on the thyroid. See under Precautions, below.

Hypoglycaemia. Severe hypoglycaemia may occur in any pa-
tient treated with any sulfonylurea; this potentially life-threaten-
ing complication requires prolonged and energetic treatment.1
Sulfonylureas with a prolonged duration of action such as chlo-
rpropamide and glibenclamide appear to cause severe hypogly-
caemia more often than shorter-acting drugs such as tolbutamide.
Experience with newer drugs is limited. 
A review of 1418 cases of drug-induced hypoglycaemia reported
since 1940 showed that sulfonylureas (especially chlorpropa-
mide and glibenclamide), either alone or with a second antidia-
betic or potentiating agent, accounted for 63% of all cases.2 A
study of sulfonylurea use in nearly 14,000 patients aged 65 years
or older confirmed that chlorpropamide and glibenclamide were
associated with hypoglycaemia. However, glipizide caused sig-
nificantly fewer cases than glibenclamide.3 
An analysis,4 of 185 children reported to 10 regional poison cen-
tres in the USA after ingesting sulfonylureas found that hypogly-
caemia developed only in 56. A lack of hypoglycaemia during
the first 8 hours after ingestion was predictive of a benign out-
come, and it was recommended that suspected cases be observed
for 8 hours with frequent blood glucose monitoring. Children
who developed signs of hypoglycaemia, or in whom blood glu-
cose fell below 3.3 mmol/litre could be given intravenous glu-
cose if necessary. 
See also under Abuse, below.
1. Ferner RE, Neil HAW. Sulphonylureas and hypoglycaemia. BMJ

1988; 296: 949–50. 
2. Seltzer HS. Drug-induced hypoglycaemia. Endocrinol Metab

Clin North Am 1989; 18: 163–83. 
3. Shorr RI, et al. Individual sulfonylureas and serious hypoglyc-

emia in older people. J Am Geriatr Soc 1996; 44: 751–5. 
4. Spiller HA, et al. Prospective multicenter study of sulfonylurea

ingestion in children. J Pediatr 1997; 131: 141–6.

Treatment of Adverse Effects
In acute poisoning with sulfonylureas, if the patient is
conscious and presents within 1 hour of ingestion, the
stomach should be emptied and/or activated charcoal
given. Hypoglycaemia should be treated with urgency;
the general management of hypoglycaemia is de-
scribed under insulin (see p.447). The patient should be
observed over several days in case hypoglycaemia re-
curs. Octreotide has been used in the treatment of se-
vere refractory cases of sulfonylurea-induced hypogly-
caemia.
◊ References.
1. Spiller HA. Management of antidiabetic medication in overdose.

Drug Safety 1998; 19: 411–24. 
2. McLaughlin SA, et al. Octreotide: an antidote for sulfonylurea-

induced hypoglycemia. Ann Emerg Med 2000; 36: 133–8. 
3. Carr R, Zed PJ. Octreotide for sulfonylurea-induced hypoglyc-

emia following overdose. Ann Pharmacother 2002; 36:
1727–32.

Precautions
Sulfonylureas should not be used in type 1 diabetes
mellitus. Use in type 2 diabetes mellitus is contra-indi-
cated in patients with ketoacidosis and in those with
severe infection, trauma, or other severe conditions
where the sulfonylurea is unlikely to control the hyper-
glycaemia; insulin should be used in such situations. 
Insulin is also preferred for therapy during pregnancy. 
Sulfonylureas with a long half-life such as chlorpropa-
mide or glibenclamide are associated with an increased
risk of hypoglycaemia. They should therefore be
avoided in patients with impairment of renal or hepatic
function, and a similar precaution would tend to apply
in other groups with an increased susceptibility to this
effect, such as the elderly, debilitated or malnourished
patients, and those with adrenal or pituitary insufficien-
cy. Irregular mealtimes, missed meals, changes in diet,
or prolonged exercise may also provoke hypoglycae-
mia. Where a sulfonylurea needs to be used in patients
at increased risk of hypoglycaemia, a short-acting drug
such as tolbutamide or gliclazide may be preferred;
these 2 sulfonylureas, being principally inactivated in

the liver, are perhaps particularly suitable in renal
impairment, although careful monitoring of blood-
glucose concentration is essential.
Abuse. Severe hypoglycaemia, at first thought to be due to in-
sulinoma but later found to be due to nesidioblastosis [prolifera-
tion of the islet cells], was reported in a woman covertly taking
chlorpropamide.1
1. Rayman G, et al. Hyperinsulinaemic hypoglycaemia due to chlo-

rpropamide-induced nesidioblastosis. J Clin Pathol 1984; 37:
651–4.

Administration. It has been suggested that continuously high
plasma concentrations of sulfonylureas may lead to the develop-
ment of tolerance, and that therefore the maximum recommend-
ed doses should be reduced.1
1. Melander A, et al. Is there a concentration-effect relationship for

sulphonylureas? Clin Pharmacokinet 1998; 34: 181–8.

Breast feeding. Some sulfonylureas are distributed into breast
milk and the class of drugs should be avoided during breast feed-
ing.
Driving. In the UK, patients with diabetes mellitus treated with
insulin or oral hypoglycaemics are required to notify their condi-
tion to the Driver and Vehicle Licensing Agency, who then assess
their fitness to drive. Patients treated with oral hypoglycaemics
are generally allowed to retain standard driving licences; those
treated with insulin receive restricted licences which must be re-
newed (with appropriate checks) every 1 to 3 years. Patients
should be warned of the dangers of hypoglycaemic attacks while
driving, and should be counselled in appropriate management of
the situation (stopping driving as soon as it is safe to do so, taking
carbohydrate immediately, and quitting the driving seat and re-
moving the ignition key from the car) should such an event oc-
cur. Patients who have lost hypoglycaemic awareness, or have
frequent hypoglycaemic episodes, should not drive. In addition,
eyesight must be adequate (field of vision of at least 120°) for a
licence to be valid. Patients treated with diet or oral hypoglycae-
mics are normally allowed to hold vocational driving licences for
heavy goods vehicles or passenger carrying vehicles; those treat-
ed with insulin may not drive such vehicles, and are restricted in
driving some other vehicles such as small lorries and minibuses. 
References.
1. British Diabetic Association (Diabetes UK). Information sheet:

driving and diabetes: May 2008. Available at: http://
www.diabetes.org.uk/Documents/catalogue/driving_and_
diabetes-may_08.pdf (accessed 20/08/08) 

2. Driver and Vehicle Licensing Agency. For medical practitioners:
at a glance guide to the current medical standards of fitness to
drive (February 2008). Available at: http://www.dvla.gov.uk/
media/pdf/medical/aagv1.pdf (accessed 14/08/08)

Fasting. For the suggestion that sulfonylureas should be used
with caution in fasting Muslim patients during Ramadan, and
that chlorpropamide is contra-indicated in this group, see under
Precautions of Insulin, p.448.
Porphyria. Sulfonylureas have been associated with acute at-
tacks of porphyria and are considered unsafe in porphyric pa-
tients.
Thyroid disorders. There are conflicting reports concerning
the effects of sulfonylureas on thyroid function, with some stud-
ies suggesting an increased incidence of thyroid dysfunction in
patients treated with tolbutamide or chlorpropamide,1 while oth-
er suggest no antithyroid action.2,3 Some licensed product infor-
mation consequently recommends that chlorpropamide should
be avoided in patients with impaired thyroid function. Changes
in thyroid function may conversely affect glycaemic control—
for mention of the possible effects of thyroid hormones on anti-
diabetic drug requirements see under Interactions, below.
1. Hunton RB, et al. Hypothyroidism in diabetics treated with

sulphonylurea. Lancet 1965; ii: 449–51. 
2. Burke G, et al. Effect of long-term sulfonylurea therapy on thy-

roid function in man. Metabolism 1967; 16: 651–7. 
3. Feely J, et al. Antithyroid effect of chlorpropamide? Hum Toxi-

col 1983; 2: 149–53.

Interactions
Many interactions have been reported with the sulfo-
nylureas, largely representing either pharmacokinetic
interactions (due to the displacement of the antidiabetic
from plasma proteins or alteration in its metabolism or
excretion) or pharmacological interactions with drugs
having an independent effect on blood glucose. In the
former class most reports concern older sulfonylureas
such as chlorpropamide and tolbutamide, although the
possibility of such reactions with newer drugs should
be borne in mind. 
A diminished hypoglycaemic effect, possibly requir-
ing an increased dose of sulfonylurea, has been seen or
might be expected on theoretical grounds with adrena-
line, aminoglutethimide, chlorpromazine, corticoster-
oids, diazoxide, oral contraceptives, rifamycins, thi-
azide diuretics, and thyroid hormones. 
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An increased hypoglycaemic effect has occurred or
might be expected with ACE inhibitors, alcohol, allo-
purinol, some analgesics (notably azapropazone, phe-
nylbutazone, and the salicylates), azole antifungals
(fluconazole, ketoconazole, and miconazole), chlo-
ramphenicol, cimetidine, clofibrate and related com-
pounds, coumarin anticoagulants, fluoroquinolones,
heparin, MAOIs, octreotide (although this may also
produce hyperglycaemia), ranitidine, sulfinpyrazone,
sulfonamides (including co-trimoxazole), tetracy-
clines, and tricyclic antidepressants. 

Beta blockers have been reported both to increase hy-
poglycaemia and to mask the typical sympathetic
warning signs. There are sporadic and conflicting re-
ports of a possible interaction with calcium-channel
blockers, but overall any effect seems to be of little
clinical significance. 

In addition to producing hypoglycaemia alcohol can
interact with chlorpropamide to produce an unpleasant
flushing reaction. Such an effect is rare with other sul-
fonylureas and alcohol.

◊ General references.
1. O’Byrne S, Feely J. Effects of drugs on glucose tolerance in non-

insulin-dependent diabetics (part I). Drugs 1990; 40: 6–18. 
2. O’Byrne S, Feely J. Effects of drugs on glucose tolerance in non-

insulin-dependent diabetics (part II). Drugs 1990; 40: 203–19. 
3. Girardin E, et al. Hypoglycémies induites par les sulfamides hy-

poglycémiants. Ann Med Interne (Paris) 1992; 143: 11–17.

ACE inhibitors. There are sporadic reports of marked hypogly-
caemia developing in patients taking a sulfonylurea who are giv-
en an ACE inhibitor (mainly captopril or enalapril),1-3 and 2
case-control studies have indicated that the combination is asso-
ciated with an increased risk of developing severe hypoglycae-
mia.4,5 However, other studies have failed to find much evidence
of a problem.6-9

1. McMurray J, Fraser DM. Captopril, enalapril, and blood glu-
cose. Lancet 1986; i: 1035. 

2. Rett K, et al. Hypoglycemia in hypertensive diabetic patients
treated with sulfonylureas, biguanides, and captopril. N Engl J
Med 1988; 319: 1609. 

3. Arauz-Pacheco C, et al. Hypoglycemia induced by angiotensin-
converting enzyme inhibitors in patients with non-insulin-de-
pendent diabetes receiving sulfonylurea therapy. Am J Med
1990; 89: 811–13. 

4. Herings RMC, et al. Hypoglycaemia associated with use of in-
hibitors of angiotensin converting enzyme. Lancet 1995; 345:
1195–8. 

5. Morris AD, et al. ACE inhibitor use is associated with hospital-
ization for severe hypoglycemia in patients with diabetes. Dia-
betes Care 1997; 20: 1363–7. 

6. Ferriere M, et al. Captopril and insulin sensitivity. Ann Intern
Med 1985; 102: 134–5. 

7. Passa P, et al. Enalapril, captopril, and blood glucose. Lancet
1986; i: 1447. 

8. Winocour P, et al. Captopril and blood glucose. Lancet 1986; ii:
461. 

9. Shorr RI, et al. Antihypertensives and the risk of serious hy-
poglycemia in older persons using insulin or sulfonylureas.
JAMA 1997; 278: 40–3.

Alcohol. Sulfonylurea-induced alcohol intolerance is seen
mainly but not exclusively with chlorpropamide; this is similar
to the disulfiram-alcohol interaction, although it is not clear
whether the mechanism is the same. Since the main symptom of
the reaction (facial flushing) appears to occur more commonly in
diabetic than non-diabetic subjects, it has been proposed that this
symptom could be used as a diagnostic test for a certain subset of
patients with type 2 diabetes mellitus.1,2 However, some have not
considered the test to be sufficiently specific3-6 and despite a
great deal having been published on the chlorpropamide-alcohol
flushing test (CPAF), its value remains poorly defined. Alcohol,
as well as provoking a flushing reaction with chlorpropamide,
has been reported both to increase and to decrease the half-life of
tolbutamide depending on whether the alcohol administration
was acute or chronic.7 Alcohol may also have a variable effect of
its own on blood-glucose concentrations; there is a general ten-
dency to increased hypoglycaemia when alcohol and sulfonyl-
ureas are taken concurrently.6

1. Leslie RDG, Pyke DA. Chlorpropamide-alcohol flushing: a dom-
inantly inherited trait associated with diabetes. BMJ 1978; 2:
1519–21. 

2. Pyke DA, Leslie RDG. Chlorpropamide-alcohol flushing: a def-
inition of its relation to non-insulin-dependent diabetes. BMJ
1978; 2: 1521–2. 

3. de Silva NE, et al. Low incidence of chlorpropamide-alcohol
flushing in diet-treated, non-insulin-dependent diabetes. Lancet
1981; i: 128–31. 

4. Fui SNT, et al. Epidemiological study of prevalence of chlo-
rpropamide alcohol flushing in insulin dependent diabetes, non-
insulin dependent diabetics, and non-diabetics. BMJ 1983; 287:
1509–12. 

5. Fui SNT, et al. Test for chlorpropamide-alcohol flush becomes
positive after prolonged chlorpropamide treatment in insulin-de-
pendent and non-insulin-dependent diabetics. N Engl J Med
1983; 309: 93–6. 

6. Lao B, et al. Alcohol tolerance in patients with non-insulin-de-
pendent (type 2) diabetes treated with sulphonylurea derivatives.
Arzneimittelforschung 1994; 44: 727–34. 

7. Sellers EM, Holloway MR. Drug kinetics and alcohol ingestion.
Clin Pharmacokinet 1978; 3: 440–52.

Analgesics. Phenylbutazone1,2 and related drugs such as
azapropazone3 have been associated with acute hypoglycaemic
episodes when given to patients receiving sulfonylureas (in most
reports, tolbutamide). Other analgesics may enhance the hy-
poglycaemic effect of sulfonylureas, including indobufen,4 fen-
clofenac,5 and the salicylates.6,7 Although a study in healthy sub-
jects found no interaction,7 there has been a report of
hypoglycaemia with ibuprofen in a diabetic patient who had been
stabilised on glibenclamide.8
1. Tannenbaum H, et al. Phenylbutazone-tolbutamide drug interac-

tion. N Engl J Med 1974; 290: 344. 
2. Dent LA, Jue SG. Tolbutamide-phenylbutazone interaction.

Drug Intell Clin Pharm 1976; 10: 711. 
3. Andreasen PB, et al. Hypoglycaemia induced by azapropazone-

tolbutamide interaction. Br J Clin Pharmacol 1981; 12: 581–3. 
4. Elvander-Ståhl E, et al. Indobufen interacts with the sulphonylu-

rea, glipizide, but not with the β-adrenergic receptor antagonists,
propranolol and atenolol. Br J Clin Pharmacol 1984; 18: 773–8. 

5. Allen PA, Taylor RT. Fenclofenac and thyroid function tests.
BMJ 1980; 281: 1642. 

6. Richardson T, et al. Enhancement by sodium salicylate of the
blood glucose lowering effect of chlorpropamide—drug interac-
tion or summation of similar effects? Br J Clin Pharmacol 1986;
22: 43–8. 

7. Kubacka RT, et al. Effects of aspirin and ibuprofen on the phar-
macokinetics and pharmacodynamics of glyburide in healthy
subjects. Ann Pharmacother 1996; 30: 20–6. 

8. Sone H, et al. Ibuprofen-related hypoglycemia in a patient re-
ceiving sulfonylurea. Ann Intern Med 2001; 134: 344.

Antibacterials. Chloramphenicol markedly inhibits the metab-
olism of tolbutamide and increases its half-life,1 which can result
in hypoglycaemia. Sulfonamides,2 including co-trimoxazole,3-5

may also enhance the hypoglycaemic effects of the sulfonyl-
ureas. There have been rare reports of elevated glibenclamide
concentrations and hypoglycaemia when ciprofloxacin was giv-
en to patients who were on stable glibenclamide therapy.6 For
reports of hypoglycaemia when gatifloxacin was given to pa-
tients already receiving a sulfonylurea (glimepiride in one case,
and glibenclamide plus pioglitazone in another), see p.281.
There have also been a few cases of severe hypoglycaemia when
clarithromycin was added to glibenclamide or glipizide; renal
impairment may have played a role in these cases.7 Rifampicin
(and probably other rifamycins) can enhance the metabolism and
decrease the effect of tolbutamide, chlorpropamide,8,9 and
glibenclamide10 and dosage of the hypoglycaemic drug may
need to be increased. The effects on glipizide10 and glimepiride11

appear to be less pronounced.
1. Christensen LK, Skovsted L. Inhibition of drug metabolism by

chloramphenicol. Lancet 1969; ii: 1397–9. 
2. Soeldner JS, Steinke J. Hypoglycemia in tolbutamide-treated di-

abetes: report of two cases with measurement of serum insulin.
JAMA 1965; 193: 148–9. 

3. Wing LMH, Miners JO. Cotrimoxazole as an inhibitor of oxida-
tive drug metabolism: effects of trimethoprim and sulphameth-
oxazole separately and combined on tolbutamide disposition. Br
J Clin Pharmacol 1985; 20: 482–5. 

4. Johnson JF, Dobmeier ME. Symptomatic hypoglycemia sec-
ondary to a glipizide-trimethoprim/sulfamethoxazole drug in-
teraction. DICP Ann Pharmacother 1990; 24: 250–1. 

5. Abad S, et al. Possible interaction between gliclazide, flucona-
zole and sulfamethoxazole resulting in severe hypoglycaemia.
Br J Clin Pharmacol 2001; 52: 456–7. 

6. Roberge RJ, et al. Glyburide-ciprofloxacin interaction with re-
sistant hypoglycemia. Ann Emerg Med 2000; 36: 160–3. 

7. Bussing R, Gende A. Severe hypoglycemia from clarithromy-
cin-sulfonylurea drug interaction. Diabetes Care 2002; 25:
1659–61. 

8. Syvälahti EKG, et al. Rifampicin and drug metabolism. Lancet
1974; ii: 232–3. 

9. Self TH, Morris T. Interaction of rifampin and chlorpropamide.
Chest 1980; 77: 800–1. 

10. Niemi M, et al. Effects of rifampin on the pharmacokinetics and
pharmacodynamics of glyburide and glipizide. Clin Pharmacol
Ther 2001; 69: 400–406. 

11. Niemi M, et al. Effect of rifampicin on the pharmacokinetics
and pharmacodynamics of glimepiride. Br J Clin Pharmacol
2000; 50: 591–5.

Anticoagulants. Dicoumarol increases serum concentrations
and therefore the hypoglycaemic effects of tolbutamide, and pos-
sibly chlorpropamide. In addition, sulfonylureas may affect anti-
coagulant function (p.1428).
Antiepileptics. For references to phenytoin toxicity when
tolbutamide or tolazamide was given, see under Phenytoin
p.498.
Antifungals. Increased plasma concentrations of tolbutamide
have been reported when fluconazole was given,1 but there was
no evidence of hypoglycaemia, and no hypoglycaemic symp-
toms were seen in 29 women receiving gliclazide or glibencla-
mide who were given fluconazole or clotrimazole for vul-

vovaginitis.2 A study in healthy subjects found that fluconazole
increased plasma concentrations of glimepiride, but again there
was no significant effect on glucose concentrations.3 However,
there are reports of hypoglycaemia in a patient who took flucon-
azole with glipizide,4 and another who took fluconazole and co-
trimoxazole with gliclazide.5 Similar interactions have been re-
ported for ketoconazole (with tolbutamide, in healthy subjects)6

and miconazole (with tolbutamide, in a diabetic),7 suggesting
that such combinations should be regarded with caution.
1. Lazar JD, Wilner DK. Drug interactions with fluconazole. Rev

Infect Dis 1990; 12 (suppl 3): S327–S333. 
2. Rowe BR, et al. Safety of fluconazole in women taking oral hy-

poglycaemic agents. Lancet 1992; 339: 255–6. 
3. Niemi M, et al. Effects of fluconazole and fluvoxamine on the

pharmacokinetics and pharmacodynamics of glimepiride. Clin
Pharmacol Ther 2001; 69: 194–200. 

4. Fournier JP, et al. Coma hypoglycémique chez une patiente
traitée par glipizide et fluconazole: une possible interaction?
Therapie 1992; 47: 446–7. 

5. Abad S, et al. Possible interaction between gliclazide, flucona-
zole and sulfamethoxazole resulting in severe hypoglycaemia.
Br J Clin Pharmacol 2001; 52: 456–7. 

6. Krishnaiah YSR, et al. Interaction between tolbutamide and ke-
toconazole in healthy subjects. Br J Clin Pharmacol 1994; 37:
205–7. 

7. Meurice JC, et al. Interaction miconazole et sulfamides hypogly-
cémiants. Presse Med 1983; 12: 1670.

Ciclosporin. For the effect of glibenclamide on blood concen-
trations of ciclosporin see Hypoglycaemic Drugs, p.1828.
Metformin. Results apparently suggesting increased mortality
in patients who received intensive drug therapy with metformin
and a sulfonylurea were reported by the UK Prospective Diabe-
tes Study.1 This was considered to be artefactual, since it was not
confirmed by epidemiological analysis, and such combinations
are widely used in practice, but some concern remains and fur-
ther study is needed.
1. UK Prospective Diabetes Study Group. Effect of intensive

blood-glucose control with metformin on complications in over-
weight patients with type 2 diabetes (UKPDS 34). Lancet 1998;
352: 854–65. Correction. ibid.; 1558.

Thyroid hormones. It has been suggested that starting thyroid
replacement therapy may increase the requirement for insulin or
oral antidiabetic drugs in diabetic patients, which would not
seem unreasonable given the stimulant effects of thyroid hor-
mones on metabolic function. For a discussion of the mooted ef-
fects of sulfonylureas on thyroid function, see under Precautions,
above.

Pharmacokinetics
◊ Reviews.
1. Marchetti P, Navalesi R. Pharmacokinetic-pharmacodynamic re-

lationships of oral hypoglycaemic agents: an update. Clin Phar-
macokinet 1989; 16: 100–28. 

2. Marchetti P, et al. Pharmacokinetic optimisation of oral hypogly-
caemic therapy. Clin Pharmacokinet 1991; 21: 308–17. 

3. Harrower AD. Pharmacokinetics of oral antihyperglycaemic
agents in patients with renal insufficiency. Clin Pharmacokinet
1996; 31: 111–19.

Uses and Administration
The sulfonylurea antidiabetics are a class of oral anti-
diabetic drugs used in the treatment of type 2 diabetes
mellitus (p.431). They are given to supplement treat-
ment by diet modification when such modification has
not proved effective on its own, although metformin is
preferred in patients who are obese. 
Sulfonylureas appear to have several modes of action,
apparently mediated by inhibition of ATP-sensitive
potassium channels. Initially, secretion of insulin by
functioning islet beta cells is increased. However, insu-
lin secretion subsequently falls again but the hypogly-
caemic effect persists and may be due to inhibition of
hepatic glucose production and increased sensitivity to
any available insulin; this may explain the observed
clinical improvement in glycaemic control. The dura-
tion of action of sulfonylureas is variable; drugs such
as tolbutamide are relatively short-acting (about 6 to 12
hours) while chlorpropamide has a prolonged action
(over 24 hours). 
Sulfonylurea therapy may be combined with metform-
in or other oral hypoglycaemics in patients who fail to
respond to a single type of drug; such combination
therapy is usually tried (in the absence of contra-
indications) before considering the addition of, or
transfer to, insulin therapy.
◊ Reviews.
1. Rendell M. The role of sulphonylureas in the management of

type 2 diabetes mellitus. Drugs 2004; 64: 1339–58.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tolazamide (BAN, USAN, rINN)

NSC-70762; Tolatsamidi; Tolazamid; Tolazamida; Tolazamidum;
U-17835. 1-(Perhydroazepin-1-yl)-3-tosylurea; 1-(Perhydro-
azepin-1-yl)-3-p-tolylsulphonylurea.

Толазамид
C14H21N3O3S = 311.4.
CAS — 1156-19-0.
ATC — A10BB05.
ATC Vet — QA10BB05.

Pharmacopoeias. In Br., Jpn, and US. 
BP 2008 (Tolazamide). A white or almost white, odourless or al-
most odourless, crystalline powder. Very slightly soluble in wa-
ter; slightly soluble in alcohol; soluble in acetone; freely soluble
in chloroform. 
USP 31 (Tolazamide). A white or off-white crystalline powder,
odourless or having a slight odour. Very slightly soluble in water;
slightly soluble in alcohol; soluble in acetone; freely soluble in
chloroform.

Adverse Effects, Treatment, and Precautions
As for sulfonylureas in general, p.460.

Porphyria. Tolazamide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for sulfonylureas in general, p.461.

Pharmacokinetics
Tolazamide is slowly absorbed from the gastrointestinal tract,
peak plasma concentrations occurring 4 to 8 hours after a dose by
mouth, and is extensively bound to plasma proteins. It has a half-
life of about 7 hours. It is metabolised in the liver to metabolites
with some hypoglycaemic activity. About 85% of an oral dose is
excreted in the urine, chiefly as metabolites.

Uses and Administration
Tolazamide is a sulfonylurea antidiabetic (p.460). It is given oral-
ly in the treatment of type 2 diabetes mellitus (p.431) and has a
duration of action of at least 10 hours and sometimes up to 20
hours. The usual initial dose is 100 to 250 mg daily given as a
single dose with breakfast. Dosage may be increased if necessary
at weekly intervals by 100 to 250 mg, usually to a maximum of
1 g daily; no further benefit is likely to be gained with higher
doses. Doses of more than 500 mg daily may be given in divided
doses.

Preparations
BP 2008: Tolazamide Tablets; 
USP 31: Tolazamide Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Tolinase†.

Tolbutamide (BAN, rINN)

Butamidum; Tolbutamid; Tolbutamida; Tolbutamidas; Tolbuta-
midi; Tolbutamidum; Tolglybutamide. 1-Butyl-3-tosylurea; 1-
Butyl-3-p-tolylsulphonylurea.

Тольбутамид
C12H18N2O3S = 270.3.

CAS — 64-77-7 (tolbutamide); 473-41-6 (tolbutamide so-
dium).
ATC — A10BB03; V04CA01.
ATC Vet — QA10BB03; QV04CA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Tolbutamide). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol and in
acetone. It dissolves in dilute solutions of alkali hydroxides. 
USP 31 (Tolbutamide). A white or practically white, practically
odourless, crystalline powder. Practically insoluble in water; sol-
uble in alcohol and in chloroform.

Adverse Effects, Treatment, and Precau-
tions
As for sulfonylureas in general, p.460. Tolbutamide
was implicated in the controversial reports of excess
cardiovascular mortality associated with oral hypogly-
caemic therapy (see under Sulfonylureas, Effects on
the Cardiovascular System, p.461). 
Thrombophlebitis with thrombosis has occurred after
the intravenous injection of tolbutamide sodium, but
this is usually painless and the vein gradually recovers.
Rapid injection may cause a transient mild pain or sen-
sation of heat in the vein. 
The BNF has suggested that tolbutamide may be suita-
ble for use in patients with renal impairment, but that
careful monitoring of blood-glucose concentration is
essential. UK licensed product information recom-
mends that it should not be used in patients with severe
renal impairment.
Breast feeding. Tolbutamide is distributed into breast milk in
relatively low quantities.1 The American Academy of Pediatrics2

states that, although usually compatible with breast feeding, use
of tolbutamide by breast-feeding mothers may possibly result in
jaundice in the infant.
1. Moiel RH, Ryan JR. Tolbutamide orinase in human breast milk.

Clin Pediatr (Phila) 1967; 6: 480. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/07/04)

Porphyria. Tolbutamide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for sulfonylureas in general, p.461.

Pharmacokinetics
Tolbutamide is readily absorbed from the gastrointesti-
nal tract and is extensively bound to plasma proteins;
the half-life is generally within the range of 4 to 7 hours
but may be considerably longer. Tolbutamide is metab-
olised in the liver by hydroxylation mediated by the cy-
tochrome P450 isoenzyme CYP2C9. It is excreted in
the urine chiefly as metabolites with little hypoglycae-
mic activity. Tolbutamide has been detected in breast
milk.

Uses and Administration
Tolbutamide is a sulfonylurea antidiabetic (p.460). It is
given orally in the treatment of type 2 diabetes mellitus
(p.431) and has a duration of action of about 10 hours. 
The usual initial dose in type 2 diabetes mellitus may
range from 1 to 2 g daily, given either as a single dose
with breakfast or, more usually, in divided doses.
Maintenance doses usually range from 0.25 to 2 g dai-
ly. Although it is unlikely that the response will be im-
proved by increasing the dose further, daily doses of
3 g have been given. 
Tolbutamide sodium (C12H17N2NaO3S = 292.3) has
sometimes been used in the diagnosis of insulinoma as
well as other pancreatic disorders including diabetes
mellitus. The equivalent of 1 g of tolbutamide is given
by intravenous injection as a 5% solution usually over
2 to 3 minutes. Tolbutamide sodium 1.08 g is equiva-
lent to about 1 g of tolbutamide.
Diagnosis and testing. References.
1. McMahon MM, et al. Diagnostic interpretation of the intrave-

nous tolbutamide test for insulinoma. Mayo Clin Proc 1989; 64:
1481–8. 

2. Marks V. Diagnosis and differential diagnosis of hypoglycemia.
Mayo Clin Proc 1989; 64: 1558–61.

Preparations
BP 2008: Tolbutamide Tablets; 
USP 31: Tolbutamide for Injection; Tolbutamide Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Rastinon; Cz.: Dirastan; Denm.: Arcosal; Ger.: Orabet; Hong
Kong: Diatol; Israel: Orsinon; Mex.: Artosin; Bioglusil†; Dabetil; Diatelan;
Diaval; Flusan; Ifumelus†; Rastinon; NZ: Diatol; Pol.: Diabetol; S.Afr.: Tyda-
dex; Singapore: Tolmide; USA: Orinase; Orinase Diagnostic.

Troglitazone (BAN, USAN, rINN)

CI-991; CS-045; GR-92132X; Troglitazona; Troglitazonum. (±)-
all-rac-5-{p-[(6-Hydroxy-2,5,7,8-tetramethyl-2-chromanyl)meth-
oxy]benzyl}-2,4-thiazolidinedione.
Троглитазон
C24H27NO5S = 441.5.
CAS — 97322-87-7.
ATC — A10BG01.
ATC Vet — QA10BG01.

Adverse Effects and Precautions
Troglitazone has been associated with severe hepatic reactions,
sometimes fatal, which has led to its withdrawal in most coun-
tries. Regular monitoring of liver function during therapy, and
withdrawal of the drug in any patient who develops jaundice or
signs of liver dysfunction, is required. It should not be given to
patients with pre-existing moderate or severe elevations of liver
enzyme values, or active liver disease. Increased plasma volume
has been reported in healthy subjects given troglitazone: it
should be used with caution in patients with heart failure. Other
adverse effects reported in patients receiving troglitazone include
dizziness, headache, fatigue, musculoskeletal pain, and nausea
and vomiting. There is no evidence of hypoglycaemia associated
with the use of troglitazone alone.
Effects on the liver. The UK CSM1 was aware of over 130
cases of hepatic reactions to troglitazone worldwide as of De-
cember 1997, although only 1 had been in the UK. There had
been 6 deaths. The average time to the onset of the reaction was
3 months, but the frequency of these reactions, and the existence
of risk factors predisposing to them, were unclear. The manufac-
turers had voluntarily withdrawn the drug in the UK. 
The US manufacturer and the FDA recommended2 a schedule
for routine monitoring of liver function in November 1997 and
revised this again in December 1997. It was estimated that 2% of
patients treated with troglitazone would have elevated liver en-
zyme values necessitating discontinuation of the drug. The FDA3

had received 560 reports of troglitazone-associated hepatotoxic-
ity by June 1998. There were 24 cases of hepatic failure which
were likely to have been caused by the drug; 21 patients died and
3 patients received transplants. More intensive liver function
monitoring recommendations were made by the US manufactur-
er again in July 1998 and in June 1999. Subsequently the manu-
facturer withdrew the drug in Australia, Japan, and the USA in
March 2000. The clinical details of 94 cases of liver failure asso-
ciated with troglitazone, which were reported to the FDA, have
been reviewed.4
1. CSM/MCA. Troglitazone (Romozin) withdrawn. Current Prob-

lems 1997; 23: 13. Also available at: http://www.mhra.gov.uk/
h o m e / i d c p l g ? I d c S e r v i c e = G E T _ F I L E & d D o c N a m e =
CON2023238&RevisionSelectionMethod=LatestReleased (ac-
cessed 02/06/06) 

2. Anonymous. Troglitazone and liver injury. WHO Drug Inf 1998;
12: 13. 

3. Misbin RI. Troglitazone-associated hepatic failure. Ann Intern
Med 1999; 130: 330. 

4. Graham DJ, et al. Troglitazone-induced liver failure: a case
study. Am J Med 2003; 114: 299–306.

Interactions
Troglitazone may enhance the hypoglycaemic effects of sulfonyl-
ureas; dosage adjustment may be necessary. There is a possibility
that troglitazone may enhance the metabolism of drugs metabo-
lised by cytochrome P450 isoenzyme CYP3A4, including some
oral contraceptives and terfenadine.
Ciclosporin. For the effect of troglitazone on blood concentra-
tions of ciclosporin see Hypoglycaemic Drugs, p.1828.
Colestyramine. Colestyramine markedly impaired the absorp-
tion of troglitazone.1
1. Young MA, et al. Concomitant administration of cholestyramine

influences the absorption of troglitazone. Br J Clin Pharmacol
1998; 45: 37–40.

Pharmacokinetics
Troglitazone is rapidly absorbed after oral doses, with peak plas-
ma concentrations 1 to 3 hours after a dose. Bioavailability is
about 53%; absorption is markedly increased in the presence of
food. In the body, troglitazone is more than 99% bound to plasma
albumin. It is extensively metabolised in the liver and excreted
largely in faeces as metabolites; small amounts of metabolites
are excreted in urine. Plasma elimination half-life ranges from 10
to 39 hours.
◊ Reviews.
1. Loi C-M, et al. Clinical pharmacokinetics of troglitazone. Clin

Pharmacokinet 1999; 37: 91–104.
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Uses and Administration
Troglitazone is a thiazolidinedione oral antidiabetic (see Rosi-
glitazone Maleate, p.458). It has been given orally for the treat-
ment of type 2 diabetes mellitus (p.431) although as mentioned
above it has been withdrawn in most countries owing to hepato-
toxicity.

◊ Reviews.
1. Plosker GL, Faulds D. Troglitazone: a review of its use in the

management of type 2 diabetes mellitus. Drugs 1999; 57:
409–38. 

2. Parulkar AA, et al. Nonhypoglycemic effects of thiazolidinedi-
ones. Ann Intern Med 2001; 134: 61–71.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Rezulin†.

Vildagliptin (rINN)

LAF-237; NVP-LAF-237; Vildagliptina; Vildagliptine; Vildaglipti-
num. (2S)-{[(3-Hydroxyadamantan-1-yl)amino]acetyl}pyrrolid-
ine-2-carbonitrile.

Вильдаглиптин
C17H25N3O2 = 303.4.
CAS — 274901-16-5.
ATC — A10BH02.
ATC Vet — QA10BH02.

Profile
Vildagliptin is an inhibitor of the enzyme dipeptidylpeptidase-4,
an enzyme responsible, among other roles, for the degradation of
the incretin hormone glucagon-like peptide-1 (GLP-1; insulino-
tropin), which plays a role in regulating insulin secretion. Vilda-
gliptin is used in the treatment of type 2 diabetes mellitus (p.431);
it may be added to metformin, a sulfonylurea, or a thiazolidine-
dione, when monotherapy with these is insufficient. It is given
orally in a dose of 50 mg twice daily when given with metformin
or a thiazolidinedione, and in a dose of 50 mg once daily in the
morning when given with a sulfonylurea. A total daily dose of
more than 100 mg of vildagliptin is not recommended, and in
patients taking a combination of vildagliptin with a sulfonylurea,
a dose of vildagliptin 100 mg daily is no more effective than vil-
dagliptin 50 mg daily. Vildagliptin may be given with or without
food. 
Adverse effects of vildagliptin may include dizziness, headache,
peripheral oedema, constipation, nasopharyngitis, upper respira-
tory-tract infection, and arthralgia. Rare cases of hepatic dys-
function, including hepatitis, have been reported. Vildagliptin
should not be used in patients with hepatic impairment; liver
function should be tested before starting the drug, and monitored
during therapy (every 3 months in the first year and periodically
thereafter). Vildagliptin should be stopped if there is a persistent
increase of 3 or more times the upper limit of normal in alanine
aminotransferase (ALT) or aspartate aminotransferase (AST), or
if the patient develops jaundice or other signs of liver dysfunc-
tion; in such cases, it should not be restarted.

◊ Reviews.
1. Kleppinger EL, Helms K. The role of vildagliptin in the manage-

ment of type 2 diabetes mellitus. Ann Pharmacother 2007; 41:
824–32. 

2. Henness S, Keam SJ. Vildagliptin. Drugs 2006; 66: 1989–2001.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Galvus; Fr.: Galvus; Port.: Galvus; UK: Galvus.

Multi-ingredient: Cz.: Eucreas; Fr.: Eucreas; UK: Eucreas.

Voglibose (USAN, rINN)

A-71100; AO-128; Voglibosa; Voglibosum. 3,4-Dideoxy-4-{[2-
hydroxy-1-(hydroxymethyl)ethyl]amino}-2-C-(hydroxymethyl)-
D-epi-inositol.
Воглибоза
C10H21NO7 = 267.3.
CAS — 83480-29-9.
ATC — A10BF03.
ATC Vet — QA10BF03.

Pharmacopoeias. In Jpn.
Profile
Voglibose is an alpha-glucosidase inhibitor with general proper-
ties similar to those of acarbose (p.436). It is used in the treatment
of diabetes mellitus (p.431) in oral doses of 200 to
300 micrograms three times daily before meals.
Hepatic encephalopathy. Voglibose has been investigated1 in
the management of hepatic encephalopathy (p.1697).
1. Uribe M, et al. Beneficial effect of carbohydrate maldigestion

induced by a disaccharidase inhibitor (AO-128) in the treatment
of chronic portal systemic encephalopathy: a double-blind, ran-
domized controlled trial. Scand J Gastroenterol 1998; 33:
1099–1106.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Basen; Philipp.: Basen; Thai.: Basen.OH
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Antiepileptics
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Epilepsy, p.465 
Epilepsy and breast feeding, p.467 
Epilepsy, cognition, and mood, p.468 
Epilepsy and driving, p.468 
Epilepsy and pregnancy, p.468 

Status epilepticus, p.469 
Other convulsive disorders, p.470 

Alcohol withdrawal syndrome, p.470 
Eclampsia and pre-eclampsia, p.470 
Febrile convulsions, p.470 
Myoclonus, p.470 
Neonatal seizures, p.471 
Porphyria, p.471

This chapter describes drugs whose chief use is in the
management of epilepsy, status epilepticus, and other
convulsive disorders.

Epilepsy
Epilepsy is a common neurological disorder. An individu-
al’s lifetime risk of developing epilepsy is between 3 and
5%; neonates, children, and the elderly are at the highest
risk of developing the disorder. 
Definitions and classification. An epileptic seizure has
been defined as a paroxysmal discharge of cerebral neu-
rones accompanied by clinical phenomena apparent to the
patient or to an observer. The phenomena can be motor,
sensory, or autonomic and there may also be impairment
or complete loss of consciousness. Motor disturbances
may include convulsions—which are involuntary, violent,
and spasmodic—or prolonged contraction of skeletal mus-
cles. The word ‘fit’ is often used colloquially to describe
an epileptic seizure. Epilepsy is defined as a condition
characterised by a recurrence of such seizures. A patient
should not be described as having epilepsy until a second
non-febrile seizure occurs. 
The following is a broad account of the classification of
seizures, epilepsies, and epileptic syndromes based on the
views of the International League Against Epilepsy
(ILAE) in 19811 and 1989.2 A later proposed revision of
the classification3 does not yet seem to have been widely
adopted. 
• Partial seizures or focal seizures (localisation-related

seizures) are epileptic seizures in which the initial neu-
ronal discharges are localised in one area of the brain.
The phenomena associated with such a seizure depend
on the site of origin of the discharge. If there is no loss
of consciousness, the seizure has been known as a sim-
ple partial seizure and includes Jacksonian epilepsy,
which may be associated with motor or sensory distur-
bances. If there is impaired consciousness the seizure
has been referred to as a complex partial seizure. Partial
seizures were formerly referred to as psychomotor epi-
lepsy or temporal lobe epilepsy, but the terms are not
synonymous and should be avoided. Partial seizures
may become secondarily generalised seizures if the
neuronal discharge spreads to involve the entire brain 

• Generalised seizures are characterised by neuronal dis-
charges involving both cerebral hemispheres simultane-
ously from the outset. Subclassifications are based on
the presence or absence of different types of convul-
sions. 
Absences (petit mal) are generalised seizures, usually
occurring in children, characterised by a sudden loss of
consciousness lasting for a few seconds. There is usual-
ly accompanying motor activity which may vary in de-
gree from eyelid blinking to more extensive clonic body
movements. Atypical absence seizures are those with a
slower onset and longer duration. 
Myoclonic seizures are epileptic seizures in which the
motor manifestation is myoclonus (see below). 
Clonic seizures are characterised by loss of conscious-
ness, autonomic symptoms, and rhythmic clonic con-
tractions of all muscles. 
Tonic seizures are also associated with loss of con-
sciousness and autonomic symptoms accompanied by
tonic contractions of the limbs. Tonic-clonic seizures
(grand mal) are characterised by disordered contraction
of muscles. During the tonic phase, all the muscles go
into spasm followed up to a minute later by rhythmic
clonic contractions. Finally, the patient enters a deep
stupor followed by a period of confusion as conscious-
ness is regained. 
Atonic seizures are characterised by loss of postural
tone; the head sags or the patient falls down. 

Within the categories of partial and generalised epilepsies,
seizures have also been classified as idiopathic, sympto-
matic (in which the seizures are associated with diagnos-
able underlying disorders), or cryptogenic or probably
symptomatic (in which the epilepsies are known or sus-
pected to be symptomatic but the cause is not clear). 
Partial syndromes include Rolandic and occipital epilep-
sies (both idiopathic), while generalised idiopathic syn-
dromes include childhood absence epilepsies, juvenile
myoclonic epilepsy, and the cryptogenic or symptomatic
generalised syndromes include infantile spasms (as for ex-
ample in West’s syndrome), Lennox-Gastaut syndrome,
and epilepsy with myoclonic absences. A third unclassi-
fied category covers undetermined epilepsies and epileptic
syndromes. Special syndromes include conditions such
as febrile convulsions (see below) in which seizures are
related to specific situations. 
It has been suggested that classification based on seizure
type is the most useful in choice of antiepileptic drug
whereas the syndrome classification has more benefits in
deciding an overall therapeutic strategy and assessing
long-term prognosis. 
Status epilepticus has previously been defined as a sei-
zure lasting more than 30 minutes or several distinct epi-
sodes without restoration of consciousness in between (but
see below). 
Other convulsive disorders include alcohol withdrawal
syndrome, eclampsia and pre-eclampsia, myoclonus, neo-
natal seizures, and porphyria, and are discussed below. 
Starting antiepileptic therapy. A single seizure does not
constitute epilepsy and therefore does not necessarily war-
rant immediate treatment with antiepileptics. The decision
to start antiepileptic therapy should be based on whether
the risks of further seizures outweigh the risks of treat-
ment. 
• Starting antiepileptic therapy too early means that the

patient may be unnecessarily exposed to the adverse ef-
fects of the drugs used, and may have social implica-
tions if erroneously diagnosed, such as the loss of a pa-
tient’s driving licence 

• However, the implications of delaying treatment must
also be considered. Although there has long been con-
cern that seizures may damage the brain and intellectual
capabilities, or even cause death, there are insufficient
data to support these claims. Status epilepticus, rather
than individual or frequent seizures, may be the factor
associated with brain injury or death, but the risks of a
newly diagnosed epileptic patient developing status epi-
lepticus are unknown. The most compelling reasons for
treatment are risk of personal injury or causing injury to
others during a seizure, and the psychosocial conse-
quences of untreated epilepsy such as low self-esteem,
anxiety, and domestic and employment difficulties 

There has been a long-held belief that seizures beget sei-
zures. This is not necessarily borne out by epidemiological
studies,4 and there is evidence in children5 and adults6 that
the risk of recurrence after a first unprovoked seizure may
be 50% or less. Furthermore, a decelerating disease proc-
ess with successively longer intervals between seizures
has been shown7 in untreated children with newly diag-
nosed tonic-clonic seizures followed up for 2 years. Re-
sults from another study8 suggested that seizure control or
the prospects for and success of eventual withdrawal of
therapy is little influenced by the number of pretreatment
seizures up to 10 seizures; above this number there was a
reduced chance of completely controlling seizures. Simi-
larly, although patients treated immediately after a first sei-
zure have a lower 2-year risk of recurrence than patients
whose treatment is deferred, immediate treatment does not
affect the probability of achieving longer-term seizure
control.6,9,10 
However, epilepsy is a heterogeneous disorder and there is
some experimental evidence11 that certain seizure types
can have a detrimental effect on prognosis. Differences in
reported risks in seizure recurrence may be attributable to
differences in methodology as well as different important
risk factors in the populations studied; also, few studies
have followed up patients for more than 2 to 4 years. 
Whether antiepileptic therapy should be started early to
improve prognosis or delayed or avoided altogether there-
fore remains contentious.12-14 Some neurologists do not
advise treatment of a first seizure but prefer to wait for ev-

idence of recurrence unless clinical features such as more
than one seizure type or a neurological deficit predispose
to poor seizure control. However, a first non-convulsive
seizure may go undetected.14 Furthermore, as single par-
tial seizures appear to occur less frequently than single
generalised tonic-clonic seizures, many neurologists as-
sume that the first detected attack of a non-convulsive sei-
zure is in fact one of multiple seizures and begin treatment.
UK guidelines15,16 suggest that antiepileptic therapy
should be offered to patients after a first tonic-clonic sei-
zure if a previous myoclonic, absence, or partial seizure
has occurred, if the EEG shows unequivocal epileptic dis-
charges, if congenital neurological deficits are present, or
if the risk of recurrence is unacceptable to the patient. 
Choice of antiepileptic. Once a decision to treat has been
made, the choice of antiepileptic is determined mainly by
its effectiveness against the type of seizures experienced
and its potential adverse effects.15-28 
In recent years many newer drugs have been licensed and
added to the classical treatments for epilepsy. The role of
these drugs relative to the classical agents is only slowly
becoming established, and evidence of relative efficacy on
which to base a choice is limited. Many new drugs have
been promoted on the basis of superior tolerance and qual-
ity of life for epileptic patients, but even this is not always
well established, and will, in any case, vary from patient to
patient, as individuals will differ in the symptoms they find
intolerable. In consequence, guidelines have often re-
served their use for situations in which the older drugs are
less suitable. 
Certain principles of management are, however, well es-
tablished. 
• monotherapy is preferable to a multiple-drug regimen

and treatment is therefore begun with a single drug, in-
creasing the dose gradually until seizures are brought
under control or adverse effects become unacceptable 

• if treatment with the first drug fails, it is preferable to try
alternative single first-line antiepileptics before giving
combinations of drugs. It has been suggested that for
practical purposes a patient should be considered to
have refractory epilepsy if seizure control is not ob-
tained with consecutive trials of 2 well tolerated
antiepileptics26 

• the change-over from one antiepileptic to another
should be made cautiously, withdrawing the first drug
only when the new regimen has been largely established 

• if combinations are necessary in intractable cases, regi-
mens should avoid the inclusion, where possible, of se-
dating drugs such as the barbiturates or benzodiazepines 

• drugs with different modes of action should be selected
for combined therapy, to reduce the risk that adverse ef-
fects will be additive 

• many antiepileptics interact with each other through
complex mechanisms and dosage adjustments may be
necessary to maintain plasma concentrations within the
therapeutic range; plasma monitoring may be advisable
with combination therapy. (UK guidelines16 recom-
mend regular monitoring of antiepileptic drug concen-
trations only when clinically indicated, e.g. to manage
pharmacokinetic interactions, or in cases of suspected
toxicity or non-adherence) 

• if trials of combination therapy do not produce worth-
while benefits, treatment should revert to the regimen
(monotherapy or combination) that has provided the
most acceptable balance of seizure control and adverse
effects 

Around 60% of patients with newly diagnosed epilepsy
will respond to monotherapy with the first- or second-
choice antiepileptic without developing intolerable ad-
verse effects. The remaining 30 to 40% will have epilepsy
that is difficult to control from the start, although some of
these patients will respond to combination therapy.26 Pa-
tients who fail to respond to adequate medical treatment
may be considered for resective surgery; vagus nerve stim-
ulation by means of an implanted device has also proved
effective in those with severe intractable epilepsy who ex-
perience an aura before the onset of a seizure.17,18 UK
guidelines recommend consideration of the adjunctive use
of vagus nerve stimulation in patients refractory to drug
therapy but unsuitable for resective surgery.15,16 

The symbol † denotes a preparation no longer actively marketed
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Partial seizures with or without secondary generalisa-
tion may be treated with carbamazepine or valproate, or
with the newer drugs lamotrigine or oxcarbazepine.15,16,29

Topiramate is also used, as monotherapy or as an adjunct
to other treatments (in the UK, it is considered a first-line
option in some circumstances16,22). Other second-line
drugs are phenytoin, clobazam, or the newer antiepileptics
gabapentin, levetiracetam, tiagabine, or zonisa-
mide,16,23,29 but whether these are recommended for mono-
therapy or adjunctive treatment may vary from country to
country. Other drugs that have been used16 include aceta-
zolamide, clonazepam, and the barbiturates phenobarbital
or primidone, although the latter in particular are little used
now because of the problems of sedation. Vigabatrin is li-
censed in the UK for adjunctive use in patients in whom all
other combinations have failed. 
The response rate is somewhat lower for partial seizures
than for tonic-clonic seizures associated with primary gen-
eralised epilepsy (see below). There is some evidence in
favour of carbamazepine rather than valproate in the treat-
ment of partial seizures.30 More recently, some evidence
was found in favour of lamotrigine rather than car-
bamazepine,31,32 and of oxcarbazepine rather than pheny-
toin,33 in terms of tolerability and time to treatment failure.
However, there is no evidence of any significant difference
between phenytoin and carbamazepine34 or valproate35 in
partial seizures. 
Calcium-channel blockers such as flunarizine have been
studied with equivocal results in patients with refractory
epilepsy, particularly those with partial seizures.36 
The drugs used most often to treat generalised tonic-clon-
ic seizures are carbamazepine, lamotrigine, or valproate.
For tonic-clonic seizures as part of the syndrome of prima-
ry generalised epilepsy, valproate is the drug of choice, al-
though systematic reviews were unable to establish evi-
dence for this.30,35 Topiramate is also considered a first
choice in patients in whom the other older drugs are
unsuitable or ineffective.16,22 More recently, valproate was
found to be better tolerated than topiramate and more ef-
fective than lamotrigine in generalised and unclassified
epilepsy.37 Second-line drugs in UK guidelines are cloba-
zam, levetiracetam, and oxcarbazepine, while other drugs
that may be considered include acetazolamide, clon-
azepam, phenobarbital, phenytoin, or primidone.16 Tia-
gabine or vigabatrin should be avoided as they may wors-
en the seizures.16 
The drugs of choice for absence seizures are ethosux-
imide, valproate, or, where these are unsuitable, lamotrig-
ine,16,23,38 although the evidence base to support this use is
weak.39 Second-choice drugs include clobazam, clon-
azepam, and topiramate, but carbamazepine, gabapentin,
oxcarbazepine, phenytoin, tiagabine, and vigabatrin
should be avoided as they may worsen seizures.16,38 Since
absence seizures occur primarily in children the precau-
tions concerning valproate hepatotoxicity apply. However,
where absence seizures are associated with tonic-clonic
seizures valproate is the drug of choice since it is effective
in both conditions; valproate is also preferred for atypical
absence seizures. Levetiracetam may be used as an alter-
native for the syndrome of juvenile absence epilepsy.16 
Valproate is normally the drug of choice for myoclonic
seizures, including those associated with juvenile myo-
clonic epilepsy.40,41 Lamotrigine may also be used in juve-
nile myoclonic epilepsy,16,41 although some forms of myo-
clonus may be exacerbated;16,40 topiramate may be con-
sidered, particularly for severe myoclonic epilepsy of
infancy (in which stiripentol may also be effective), and
second-line drugs also include clobazam and clonazepam,
and adjunctive levetiracetam or piracetam . 1 6

Zonisamide41 has also been used, as has ethosuximide. 
The classical antiepileptics may not be particularly effec-
tive for atonic or tonic seizures, which are often associat-
ed with specific epileptic syndromes or with cerebral dam-
age or mental retardation. UK guidelines suggest
valproate or lamotrigine as first-line drugs; clobazam,
clonazepam, levetiracetam, or topiramate are possible
second-line drugs, and others that have been tried include
acetazolamide and the barbiturates such as phenobarbital,
while phenytoin may be considered for tonic seizures.16 
In catamenial epilepsy (epilepsy associated with men-
struation) seizures can be predicted and intermittent thera-
py with clobazam may be useful. Hormonal manipulation
has also been tried using progestogens, gonadorelin ana-
logues, and clomifene.42 
The Lennox-Gastaut syndrome begins in early child-
hood and is particularly difficult to treat because multiple

seizure types co-exist; seizures rarely remit entirely. Val-
proate is most frequently used43 because of its broad spec-
trum of activity; UK guidelines consider lamotrigine or
topiramate as alternative first-line drugs if valproate is
unsuitable; second-line choices include clobazam, clon-
azepam, ethosuximide, or levetiracetam.16 Felbamate has
also been used. The optimum treatment remains uncertain,
but monotherapy with any drug has not been shown to be
particularly effective.44 
The classical antiepileptics are often ineffective in infan-
tile spasms (as for example in West’s syndrome).45 UK
guidelines recommend treatment with corticotropin or a
corticosteroid, or else with vigabatrin;16 in the USA, how-
ever, the American Academy of Neurology considers that
the evidence does not support the use of corticosteroids,
although corticotropin or vigabatrin appear to be of bene-
fit.46 Vigabatrin is effective either as adjunctive treatment
or monotherapy. Many consider that, despite the risk of
visual field defects,47 it should replace corticotropin or cor-
ticosteroids as the treatment of choice,48-54 although others
disagree.55,56 However, vigabatrin may offer the best first
option in the treatment of infantile spasms due to tuberous
sclerosis.54,57,58 In some countries, valproate, alone or with
clonazepam and/or pyridoxine, has been tried for initial
management of infantile spasms.59 Other second-line
drugs include clobazam and topiramate;16 nitrazepam,16,48

felbamate,45,60 and lamotrigine45,60 have also been used. It
is unclear to what extent treatment improves long-term
outcome.38,46,58 
Choice of antiepileptics in children. The use of antiepi-
leptics in general in children has been reviewed.38,60-67

Again, appropriate treatment depends on seizure type, but
there is a lack of evidence to support many therapeutic
choices,62,67-69 in part because of the difficulties in under-
taking studies in this population. In addition, children may
be particularly susceptible to some adverse effects, includ-
ing effects on behaviour, cognition, and development; be-
havioural problems have been associated particularly with
phenobarbital.67,70 Nonetheless the principles of pharma-
cological management are similar to those in adults
(above) although UK guidelines recommend that treat-
ment should only be begun by a specialist.16 Dietary mod-
ification (the ketogenic diet) may also be tried.67,71-74 
Withdrawal of antiepileptic therapy. Concern over the
potential adverse effects of antiepileptic therapy clearly
makes withdrawal attractive in patients who achieve pro-
longed seizure-free periods; however, the practical and so-
cial consequences of seizure recurrence may be consider-
able (for example, loss of driving licence and restricted
employment prospects). The incidence of relapse after
withdrawal has been variously estimated to range from
12% to over 60%.75,76 Many studies have been carried out
in children; data in adults is more scanty and given the dif-
ferences between the populations, extrapolation of results
in children to adults may be invalid.75 A meta-analysis77

that included 25 studies and 5354 patients (children and
adults) found the overall rate of relapse in seizure-free pa-
tients after stopping antiepileptic therapy was 25% at 1
year and 29% at 2 years. There was a higher risk for re-
lapse in adolescent- and adult-onset epilepsy compared
with childhood-onset epilepsy. A more recent longitudinal
population-based study78 following 148 patients long-
term from the onset of epilepsy in childhood found that of
90 patients in whom antiepileptic therapy was stopped, 33
relapsed and although in most cases relapse took place
within 3 years, in one case it occurred 28 years after with-
drawal. 
Although these findings indicate that it is often possible to
withdraw therapy successfully, it is more difficult to offer
an individual prognosis. It has been suggested that adult
patients whose livelihood or lifestyle depends on being
seizure-free would be generally ill advised to contemplate
drug withdrawal.79 Several strategies for predicting the
likely outcome after withdrawal of antiepileptic therapy in
individuals have been published.80-82 Recognising that ep-
ilepsy is a heterogeneous disorder, scoring systems to al-
low for various risk factors have been devised.80,81 
Prognostic risk factors (some of which are likely to be sur-
rogate measures for the underlying condition) may in-
clude: 
• the aetiology of the condition.75,83 Patients classified as

having symptomatic or cryptogenic epilepsy generally
fare less well than those with idiopathic epilepsy with
regard to seizure control, and withdrawal is less likely to
be successful 

• the seizure type and syndrome.75,76,83 A number of stud-
ies have identified an increased risk of relapse in pa-
tients with particular seizure types; in particular, patients
with partial, generalised tonic-clonic, and mixed seizure
types seem to be at increased risk. However, it has been
pointed out that increased risk has been associated with
almost all seizure types other than generalised absence
seizures, which seem to have a favourable prognosis;
the context in which the seizure arises, such as the asso-
ciated epilepsy syndrome and the aetiology, is more im-
portant than the type alone when considering withdraw-
al.75 Examples of syndromes associated with a
favourable outcome for withdrawal include benign
childhood epilepsy with centrotemporal spikes, child-
hood absence epilepsy, and benign neonatal convul-
sions. However, withdrawal is inappropriate in juvenile
myoclonic epilepsy, despite its good response to treat-
ment, as relapse occurs in over 90% of patients 

• the presence of accompanying neurological or mental
deficits.75 Some studies have suggested that mental re-
tardation or other neurological deficits are associated
with a poorer prognosis on withdrawal; these are proba-
bly surrogate markers for symptomatic epilepsy. How-
ever, mental retardation is not a contra-indication to
withdrawal, and these patients may benefit from the
elimination of any sedative effects if other risk factors
are absent75 

• the age at onset.75,76,83 Several studies have identified a
markedly increased risk of relapse on withdrawal in pa-
tients with seizure onset in adolescence or adulthood,
whereas those with onset before 10 to 12 years of age
have a generally more favourable prognosis. This is
probably a surrogate marker for particular epileptic syn-
dromes or aetiologies 

• the duration of remission.75,76,83,84 There is evidence in
children that waiting for at least 2 seizure-free years be-
fore attempting withdrawal is associated with less risk
of relapse than doing so earlier. However, the 2-year
period was chosen arbitrarily, and the true optimum tim-
ing is unknown.84 There is little evidence to guide the
timing of withdrawal in adults.84 However, in practice
most support a requirement of at least 2 years free from
seizures before drug withdrawal75,76,83 

• the response to therapy.75 Refractory epilepsy, as indi-
cated by the occurrence of seizures once therapy has
been begun, or the need for adjunctive or combination
therapy to control seizures, is a poor prognostic sign for
withdrawal. Patients with a history of multiple seizures
before beginning therapy are also at increased risk on
withdrawal 

There is less agreement about the prognostic significance
of some other factors: 
• it is unclear whether the type of drug used to control sei-

zures affects the risk of recurrence on withdrawal. It has
been suggested that patients taking phenobarbital or
benzodiazepines may be at increased risk of relapse, but
there is little supportive evidence.75 A poorer prognosis
for patients taking valproate has also been reported;85 a
study in patients given combination therapy noted an in-
creased risk when the carbamazepine component of the
regimen was withdrawn.86 It should be borne in mind
that withdrawal of an enzyme-inducing antiepileptic
may alter the serum concentrations of other drugs in the
regimen87 

• there is also controversy about the prognostic value of
the EEG for the success of withdrawal.75-77,83 Although
an abnormal EEG before withdrawal was a negative
prognostic factor in many studies, EEG abnormalities
are not present in all epileptic patients, and some antie-
pileptic drugs suppress EEG abnormalities and can lead
to false-negative results75 

When a decision to withdraw is made, it is agreed that the
withdrawal regimen should be gradual to reduce the risk of
provoking withdrawal seizures. Drugs should be with-
drawn one at a time but there is no agreement on the order
or the optimum rate of withdrawal for individual drugs. It
has been suggested that tapering therapy over less than 6
months increases the relapse rate.75 However, one study in
children indicated no significant difference in seizure re-
currence rate when various antiepileptics, including bar-
biturates, were withdrawn over 6 weeks or 9 months.88

Nonetheless, it has been pointed out that relapses tended to
occur earlier in the group tapered more rapidly, and in
practice it is rarely necessary to withdraw medication more
rapidly than over a 6-month period.75 It may be possible to
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withdraw phenytoin or valproate quickly (over a few days
in hospital) if necessary. 
If seizures recur on withdrawal it is almost always possible
to restore good control by re-instituting therapy, and mor-
bidity, mortality, and incidence of status epilepticus are re-
ported to be low in the setting of prescribed antiepileptic
drug withdrawal.75 However, in a very small number of
patients intractable seizures may develop.89
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Epilepsy and breast feeding. Antiepileptics are gen-
erally distributed into breast milk (although this informa-
tion is not always known for the newer ones), but for most
of the older established drugs, the concentrations are lower
than in maternal plasma, and breast feeding is considered
to be safe for these antiepileptics when given in usual dos-
es.1-9 The American Academy of Pediatrics10 also consid-
ers that most of the older antiepileptics, specifically car-
bamazepine, ethosuximide, phenytoin, and valproate, are
usually compatible with breast feeding; however, they also
recommend that phenobarbital and primidone should be
used with caution as significant adverse effects have oc-
curred in nursing infants. Problems of neonatal sedation
may occur with the benzodiazepines and barbiturates (in-
cluding primidone).1 Ethosuximide is distributed in signif-
icant amounts into breast milk; hyperexcitability and poor
suckling have been reported in the infant. There is little
data for the new antiepileptics regarding breast feeding
(the manufacturers and the UK Drugs in Lactation Advi-
sory Service11 generally recommend that breast feeding
should be avoided). Lamotrigine may accumulate in
breast-fed infants, as the metabolic pathway for lamotrigi-
ne may not be fully developed in newborns;5,12 the Amer-
ican Academy of Pediatrics10 considers that the use of
lamotrigine during breast feeding may be of concern.
Gabapentin,13 levetiracetam,14 and topiramate15 are trans-
ferred into breast milk in significant amounts, but serum
concentrations in breast-fed infants are very low.
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Epilepsy, cognition, and mood. Patients with epilep-
sy are at increased risk of cognitive and behavioural def-
icits. These are often multifactorial in origin: the disease
itself and its underlying pathology, psychosocial and envi-
ronmental factors, and the effects of antiepileptic treatment
may all play a role.1-8 Children are particularly vulnerable:
recurrent seizures in the immature brain appear to have an
adverse effect on the development of brain structure and
function;8 furthermore, behavioural and cognitive deficits
may not be detected for a long time, while imposing detri-
mental effects on development and learning.4,6 Because of
the multifactorial nature of the problem, and the difficul-
ties of assessing often subtle changes in cognition, it has
proved difficult to study appropriately, and evidence is of-
ten scanty. Many studies have been small, and have had
methodological flaws.4,6 In addition, there is a need for
studies in patient populations at greater risk, such as chil-
dren.5,6 
There is particular interest in assessing the risks associated
with antiepileptic treatment, since it is perhaps the most
readily modifiable factor. Strategies such as avoiding
unnecessary polytherapy, using the lowest effective dose
of an antiepileptic, keeping drug concentrations in thera-
peutic ranges, and slow titration when doses are increased,
have been associated with fewer cognitive adverse effects.
However, it should also be borne in mind that appropriate
treatment and good seizure control may offset the negative
cognitive effects.4 (There is an interesting suggestion that
suppression of interictal discharges in the EEG with lamo-
trigine may be associated with an improvement in behav-
iour in children with epilepsy and behavioural problems.9) 
The most common cognitive effects seem to be sedation,
somnolence, distractibility, memory impairment, insom-
nia, and dizziness; adult patients often experience depres-
sion (below), whereas in children hyperactivity and ag-
gression may occur.5 More subtle effects on cognitive
function and neuropsychological variables also occur. It
has proved difficult, for the reasons mentioned above, to
establish the comparative severity of cognitive effects be-
tween different antiepileptics. However, it seems to be
generally agreed that barbiturate antiepileptics such as
phenobarbital, and (particularly in the elderly) benzodi-
azepines such as clobazam and clonazepam, have the
worst profiles, including decreased arousal and deteriora-
tion in most areas of cognitive performance;4 in children,
phenobarbital may decrease IQ and impair academic
achievement.5-7 Other standard antiepileptics such as
phenytoin, carbamazepine, and valproate seem to have
more modest, and broadly comparable, effects.2,4-6 Most
of the newer antiepileptics appear to be better tolerated;
however, topiramate, and to some extent zonisamide, do
produce impairment. There is also limited evidence that
gabapentin, lamotrigine, and vigabatrin may enhance
cognitive function. However, further data are required for
the newer antiepileptics before a definitive assessment can
be made.1-7 
In view of the potential effect of antiepileptics on cogni-
tion, the recommendations of the Committee on Drugs of
the American Academy of Pediatrics10 include: 
• the relative influence of each antiepileptic on cognitive

and behavioural function should be considered along
with all other potential adverse effects 

• the child’s behaviour and academic progress should be
monitored through routine questioning of parents and
teachers as well as by the physician’s own observations
of cognitive function, mood, and behaviour 

• should behavioural or cognitive changes occur in rela-
tion to starting antiepileptic therapy, the need for medi-
cation and/or possible alteration of medication must be
reassessed 

For comment on the potential effects of maternal antiepi-
leptic therapy on fetal neurodevelopment, see Epilepsy
and Pregnancy, below. 
Epilepsy is also associated with a greater prevalence of
mood disorders, particularly depression, than is seen in
the general population.11-14 There have been concerns that
antiepileptic drugs may play a significant role in exacer-

bating these. A review15 has suggested that the commoner
antiepileptics could be classified by the risk of associated
depression as follows: 
• highest risk (about 10% of patients): 

• barbiturate antiepileptics such as phenobarbital 
• topiramate 
• vigabatrin 
• zonisamide (associated with mood disorders in about

7% of those taking high doses) 
• intermediate risk (4% or less): 

• felbamate 
• levetiracetam 
• tiagabine 

• lower risk (less than 1%; some might actually have pos-
itive effects on mood): 
• carbamazepine 
• ethosuximide 
• gabapentin 
• lamotrigine 
• oxcarbazepine 
• phenytoin 
• pregabalin 
• valproate 

In January 2008, the FDA issued an alert16 after analysis of
199 placebo-controlled studies of antiepileptic drugs in the
management of not only epilepsy but also psychiatric dis-
orders (including bipolar disorder and depression) and oth-
er conditions such as migraine and neuropathic pain. This
analysis, which involved 27 863 drug-treated patients and
16 029 controls, found that the risk of suicidal ideation or
behaviour was about twice as great in the drug treatment
groups (0.43%) as in those given placebo (0.22%). The
relative risk was greater in patients with epilepsy than in
those with other disorders. Drugs implicated by this analy-
sis were carbamazepine, felbamate, gabapentin, lamotrig-
ine, levetiracetam, oxcarbazepine, pregabalin, tiagabine,
topiramate, valproate, and zonisamide. However, the FDA
considered that the increased risk was a class effect that
would be shared by all antiepileptics. It was recommended
that prescribers and patients and their families should be
aware of the risk, and should be alert for behavioural
changes and other warning signs that might signal suicidal
ideation. Similar advice has been issued in the EU.17
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Epilepsy and driving. Driving by patients with epilepsy
is generally regulated1,2 and restricted to those whose sei-
zures are adequately controlled. Also, antiepileptic drugs
may produce CNS-related adverse effects, including dizzi-
ness and drowsiness, that could impair a patient’s ability to
drive a vehicle or operate machinery, particularly during
the initial stages of therapy. 

In the UK,3 patients suffering from epilepsy may drive a
motor vehicle (but not a heavy goods or public service ve-
hicle) provided that they have had a seizure-free period of
1 year, or, if subject to attacks only while asleep, have es-
tablished a 3-year period without awake attacks. It is rec-
ommended that patients should not drive during withdraw-
al of antiepileptic drugs, or for 6 months afterwards.
1. Berg AT, Engel J. Restricted driving for people with epilepsy.

Neurology 1999; 52: 1306–7. 
2. Ooi WW, Gutrecht JA. International regulations for automobile
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Epilepsy and pregnancy. The management of epilepsy
during pregnancy may present problems for both the
mother and the fetus.1-9 
The outcome of pregnancy in women with epilepsy is gen-
erally recognised to be poorer than that in the general pop-
ulation. Still-births and neonatal loss are increased, and
maternal deaths are more common;5,7 there is also an in-
creased incidence of preterm delivery and low birth-
weight at term.6 In addition, there is a clearly increased risk
of fetal malformation. The factors responsible for this
poorer outcome are complex, and may include the disease
itself, seizure frequency during pregnancy, and socio-eco-
nomic factors, as well as the effects of antiepileptic
drugs.1-3,5-7,10-12 
A single generalised seizure does not usually pose clinical
problems for the fetus, but both mother and fetus are at risk
of serious trauma from maternal falls, and intra-uterine
deaths have been reported. It is widely considered that sta-
tus epilepticus is associated with significant mortality in
mother and fetus. 
The frequency of seizures may increase during pregnancy
in some women; this might be related to hormonal or other
factors such as lack of sleep, but one of the main reasons is
likely to be decreased plasma-antiepileptic concentrations
due to changes in drug clearance and binding as pregnancy
progresses (and some13,14 have recommended therapeutic
drug monitoring in at-risk patients). However, analysis15

of 1956 pregnancies of 1882 epileptic women recorded in
an international antiepileptic drugs and pregnancy registry
(EURAP) found that 58.3% were seizure-free throughout
pregnancy. Seizures occurred during delivery in 3.5%,
most commonly in those who had seizures earlier during
pregnancy, and status epilepticus occurred in 1.8%, with
one case of still-birth and none of miscarriage or maternal
mortality. The authors noted that publication bias favoured
the reporting of adverse outcomes in pregnancy. 
As with many other aspects of epilepsy, it is difficult to
disentangle the potential adverse effects of therapy from
those of the disease. However, although the risk of major
malformations such as congenital heart defects, neural
tube defects, urogenital defects, and orofacial clefts is
somewhat increased in offspring of all women with epilep-
sy,3,7 there is clear evidence that in children of women
treated with antiepileptic drugs it is 2 to 3 times that in the
general population, and the risk is higher in women taking
multiple drugs or in those who take antiepileptics during
the first trimester.7 
Despite this, evidence linking specific drugs with particu-
lar patterns of malformation is limited and often unclear.
There appears to be strong evidence for a dose-related in-
creased risk of major malformation with val-
proate,7,10-12,16-20 and increased risk has been reported for
carbamazepine, phenobarbital, and primidone.7,10,11 The
rate of major abnormality with phenytoin does not seem to
be higher than in the general population.7 However, a well
established fetal antiepileptic syndrome (FAS) has been
reported with phenytoin, as with other antiepileptic drugs,6
including some older drugs such as trimethadione. Al-
though early reports associated syndromes with specific
drugs, such as fetal hydantoin syndrome (phenytoin), or
fetal valproate syndrome, there is considerable overlap in
the reported effects and recent reviews consider these as
manifestations of a single condition, FAS.6,11 The dysmor-
phic facial changes characteristic of FAS can be quite sub-
tle, and may become less apparent as the child grows.7 
Evidence for any effect of the newer antiepileptics on the
fetus is particularly scanty. It is unclear if oxcarbazepine is
associated with an increased risk in major malformation,7
and limited data have not so far suggested a significant in-
crease in risk with lamotrigine11,19,21 and levetiracetam.22

There are reports suggestive of an increased risk with
topiramate7 and licensed product information for this
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drug, and also pregabalin and zonisamide advises against
use in pregnancy on the basis of animal studies and lack of
human data. Caution is also advised with tiagabine and vi-
gabatrin. There appears to be little evidence of teratogenic
potential for felbamate or gabapentin in animal studies to
date, although cases of malformation have been seen in
pregnancies exposed to gabapentin.7 
In a study23 of the UK Epilepsy and Pregnancy Register,
which examined the outcome of 3607 pregnancies in
mothers with epilepsy, the overall rate of major congenital
malformations was 3.5% in those untreated with antiepi-
leptics and 4.2% in those given antiepileptics during preg-
nancy, with rates of 3.7% and 6.0% in those given mono-
therapy or polytherapy respectively. For monotherapy the
malformation rates for individual drugs were topiramate
(7.1%), valproate (6.2%), phenytoin (3.7%), gabapentin
(3.2%), lamotrigine (3.2%), and carbamazepine (2.2%).
For polytherapy, those regimens containing valproate had
a significantly higher risk of major congenital malforma-
tions than valproate-free combinations. For monotherapy
a relationship between malformations and dose was seen
for lamotrigine and although the trend with valproate dos-
age did not reach statistical significance infants exposed to
more than 1000 mg valproate daily had the highest rate of
malformations for any monotherapy. The authors also
noted that for lamotrigine the risk with doses more than
200 mg daily was no different to that associated with
1000 mg or less of valproate daily. 
There is evidence that antiepileptic therapy is associated
with lower birth-weight at term, presumably due to drug-
induced intra-uterine growth retardation; the effect
may be seen largely in women taking multiple antiepilep-
tic drugs.7 
Additional problems that may occur in the immediate
post-partum period include the potential for neonatal seda-
tion and dependence with drugs such as phenobarbital or
benzodiazepines, if given close to term. Evidence of with-
drawal symptoms has also been reported in infants ex-
posed to sodium valproate or phenytoin. Some antiepilep-
tics induce hepatic enzymes and may also increase the risk
of vitamin K deficiency and neonatal bleeding.6,7 
There is also increasing concern about the possibility of
long-term impairment of neurodevelopment in children
exposed to antiepileptic drugs in utero.5,7,10,11,24,25 A pop-
ulation-based cohort study26 in young men with epileptic
mothers found lower IQ scores and shorter adult heights
than in those born to mothers without epilepsy, although
information on fetal exposure to individual antiepileptic
drugs was unavailable. Again, most evidence implicates
valproate;7,10,11 some consider that there is also evidence
for phenytoin and carbamazepine,7,10,11 and perhaps phe-
nobarbital,10 although a systematic review could not find
evidence to implicate any individual antiepileptic,24 and a
study involving 182 children exposed to carbamazepine
monotherapy could not find evidence of a reduction in ver-
bal and nonverbal IQ scores.27 
Patients with epilepsy should be offered pre-conception
advice and treatment should be individualised.1,3,4,6,7

Women should be advised to plan their pregnancies, and
informed of the potential risks of seizures to mother and
baby as well as the risks of antiepileptics;7 fatalities have
been associated with the mother stopping her antiepileptic
regimen inappropriately.5 It should be borne in mind that
some antiepileptics may reduce the effectiveness of oral
contraception and increase the risk of unplanned pregnan-
cy.6,11 Equally, there is some evidence that a degree of sex-
ual dysfunction and impaired fertility may occur in both
women6,11 and men28,29 with epilepsy. 
In women with epilepsy who intend to become pregnant,
certain guidelines and principles are widely followed. 
• Withdrawal of antiepileptic therapy may be an option if

the patient has been seizure-free for at least 2 years (for
further details of drug withdrawal, see above); resump-
tion of therapy may be considered after the end of the
first trimester. 

• If antiepileptics are to be continued throughout pregnan-
cy, monotherapy is preferred using the lowest possible
effective dose, although doses may have to be increased
in response to changes in drug disposition during preg-
nancy, with the necessary readjustments being made af-
ter delivery. 

• High daily doses of valproate (more than 1 g daily)
should be avoided if possible, and peak plasma concen-
trations may be reduced by dividing the daily dose into
3 or 4 parts or by giving a modified-release preparation. 

• Since there is a risk of fetal malformations with all the
established antiepileptics, and a lack of data for the new-
er ones, it is generally considered that as long as there is
good seizure control there is little to be gained from
changing a pregnant patient’s antiepileptic. 

For those patients who first present when already preg-
nant there is probably little to be gained in altering poten-
tially teratogenic antiepileptics as the time for intervention
has almost certainly passed.3,4,7 If a patient becomes preg-
nant while taking carbamazepine, phenytoin, or valproate
she should be counselled regarding the risk of neural tube
and other defects and should be offered antenatal screen-
ing. Adequate supplementation of folic acid is advised be-
fore pregnancy and during the first trimester to counteract
the risk of neural tube defects; it has been suggested that
women taking antiepileptics should be given folic acid in
similar doses to those used in women who have previously
given birth to an infant with neural tube defects (for further
details, see Neural Tube Defects under Folic Acid,
p.1942). Although folic acid can reduce serum-phenytoin
concentrations this does not appear to be a problem in
practice (see Vitamins, p.500). 
To counteract the risk of neonatal bleeding associated with
enzyme-inducing antiepileptics it is particularly important
that the neonate be given vitamin K after delivery6-8 (for
further details, see under Vitamin K deficiency bleeding,
p.1997). Some have advocated oral doses for the mother in
the last 4 weeks of pregnancy,6 but the justification of pro-
phylactic maternal dosage has been challenged30 in the
face of available evidence. 
Patients with epilepsy have also a higher risk of preterm
delivery and antenatal corticosteroid therapy may, there-
fore, be warranted. High doses of corticosteroid may be
required in those women receiving enzyme-inducing
antiepileptics.3 
Status epilepticus during pregnancy should be treated in
the same way as for the general population (see below).
First seizures occurring during the second half of pregnan-
cy may be part of eclampsia (see below) and should be
differentiated from epilepsy.
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Status epilepticus
Although status epilepticus has been defined as continuous
or repeated seizure activity lasting 30 minutes or more
without any regaining of normal consciousness, current
definitions generally consider it to be any continuous sei-
zure of more than 5 minutes, or 2 or more seizures without
regaining normal consciousness.1-8 Although status may
occur with any seizure type, generalised convulsive status
is the most common clinical presentation,4 with an esti-
mated mortality rate of about 20%; it is most frequent in
young children and the elderly.2,3,9 It is a medical emergen-
cy, and the longer seizures continue, the more difficult they
are to control and the higher the morbidity and mortality;
permanent neuronal damage can occur after 30 minutes of
seizure activity.7 
Management of status epilepticus varies slightly between
centres and countries, but the general principles seem to be
fairly well established.1-11 
• In initial management, it is important to secure the air-

way and give oxygen as required, assess cardiac and res-
piratory function, and establish intravenous access.
Blood glucose should be assessed and any hypoglycae-
mia corrected with glucose; intravenous thiamine
should be given if there is any suggestion of alcohol
abuse or inadequate nutrition.3-6,8,11 

• Initial antiepileptic treatment is usually with a benzodi-
azepine. Although diazepam has been widely used in
the past, intravenous lorazepam is now preferred for
first-line treatment in most protocols,1-6,8-12 as it appears
to be more effective and has a longer duration of antiep-
ileptic action.6,8,12 Rectal diazepam or buccal mida-
zolam may be used in the home setting or where intra-
venous access is not available.4,5,13 (Rectal diazepam
may also have a role in this setting to treat acute repeti-
tive seizures,14 which may evolve into status epilepti-
cus.) Both midazolam15,16 and lorazepam17 have also
been given intranasally 

• For sustained control in patients with established epilep-
sy their usual antiepileptic regimen may be given orally
or by nasogastric tube once immediate control is estab-
lished, or if necessary, for those drugs with an intrave-
nous formulation, parenterally.4,5 

• In other patients, or in patients with established status
not abolished by the benzodiazepine, additional treat-
ment with one of several first-line antiepileptics is nor-
mally required. The choice is usually between intrave-
nous phenytoin, fosphenytoin, or phenobarbital,3-5,7,8 all
of which are effective. Repeat doses may need to be giv-
en. Although there is some evidence that phenobarbital
is more effective than phenytoin in abolishing sei-
zures,18 many favour the use of the barbiturate only in
patients who do not respond to phenytoin or fospheny-
toin,1-3,9,10 because of the risk of severe respiratory de-
pression. ECG monitoring is required in patients given
intravenous phenytoin or fosphenytoin.4 

• Other antiepileptics have been used for established sta-
tus. Some have found intravenous valproate to be useful
in this situation,7,19-21 and have incorporated it into local
protocols. Other alternatives have included paraldehyde
rectally or by deep intramuscular injection, and intrave-
nous clomethiazole edisilate was formerly available.
The BNF notes that rectal paraldehyde causes little



470   Antiepileptics

respiratory depression and may therefore be useful
where facilities for resuscitation are poor. Another op-
tion is to give lidocaine intravenously.3 Pyridoxine may
be tried in children under 3 years of age with established
convulsive status epilepticus, in case the seizures are py-
ridoxine dependent or responsive.1 

• Once seizures have continued for 60 to 90 minutes de-
spite treatment with a benzodiazepine and one of the
first-line antiepileptics, the patient is considered to have
refractory status epilepticus.3,5 At this point general
anaesthesia should be instituted. The usual choice is be-
tween treatment with propofol, midazolam, or a short-
acting barbiturate anaesthetic such as pentobarbital or
thiopental.3-10,22 The anaesthetic should be continued
for 12 to 24 hours after the last clinical or electrographic
seizure and the dose then gradually reduced.5 Some con-
sider that all patients unresponsive to first-line therapy
with a benzodiazepine should be considered refractory
and proceed to treatment with propofol or midazolam.6 

• Other drugs tried in refractory status include the inhala-
tional anaesthetics desflurane and isoflurane.23 Tiagab-
ine and ketamine have also been suggested,6 as has val-
proate,7,22 and there are a few reports of responses to
levetiracetam24 and topiramate.25-27 

Evidence to support the management of nonconvulsive
forms of status epilepticus (NCSE) is scanty. The BNF rec-
ommends that usual oral antiepileptics should initially be
continued or restarted in patients with incomplete loss of
awareness. Otherwise, it has been suggested that manage-
ment should be as for convulsive status,6 albeit less aggres-
sive,28 with intravenous benzodiazepines the first choice
for initial management.4-6,11,28 Subsequent management
will probably be influenced by the drugs known to be ef-
fective in the given seizure type. The prognosis depends on
the aetiology and level of consciousness: comatose pa-
tients with refractory NCSE have a poorer prognosis and
general anaesthesia may be appropriate.6 Conscious pa-
tients generally have a more favourable outcome and ter-
mination of status is considered less urgent; general anaes-
thetics should thus be used more cautiously.11,28
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Other convulsive disorders
Disorders that feature convulsions or epileptic seizures but
are not considered to be forms of epilepsy are described
below.

Alcohol withdrawal syndrome. For a discussion of
the management of seizures associated with alcohol with-
drawal syndrome, see p.1626.

Eclampsia and pre-eclampsia. Pre-eclampsia is a hy-
pertensive disorder occurring in pregnancy that entails in-
creased blood pressure together with proteinuria, and
sometimes abnormal coagulation, liver dysfunction, and
oedema; rarely the disorder may progress to eclampsia,
which is a convulsive phase. It is difficult to identify those
patients who will have eclamptic seizures. The treatment
of pre-eclampsia and eclampsia is primarily aimed at re-
ducing hypertension (see Hypertension in Pregnancy, un-
der Hypertension, p.1171) and treating or preventing re-
sultant seizures. However, the treatment of the
hypertension alone may not be sufficient to prevent the
progression of pre-eclampsia to eclampsia. 
Eclampsia in the UK was traditionally treated with di-
azepam, clomethiazole, or phenytoin. ‘Lytic cocktails’
consisting of chlorpromazine, pethidine, and/or prometh-
azine have also been used in some countries in the man-
agement of pre-eclampsia and imminent eclampsia but
they result in heavy sedation and the use of phenothiazines
is generally not recommended late in pregnancy. Magnesi-
um sulfate is now the drug of choice for the treatment of
eclampsia;1-3 it has been the preferred treatment of ec-
lampsia in the USA for many years, on the grounds that it
is more effective and causes fewer adverse effects than
other antiepileptics. A meta-analysis4 of 9 randomised
studies involving 2390 patients with pre-eclampsia and
1743 patients with eclampsia concluded that magnesium
sulfate was more effective than phenytoin or no therapy in
prevention of seizures in pre-eclamptic patients. In ec-
lamptic patients, magnesium sulfate was superior to
phenytoin, diazepam, or a lytic cocktail in terms of seizure
recurrence, a result that was confirmed in subsequent sys-
tematic reviews.5-7 
Until recently there has been insufficient evidence to es-
tablish the benefits and hazards of antiepileptics in the pre-
vention of eclampsia in pre-eclamptic patients although it
was considered that magnesium sulfate was the best
choice if an antiepileptic was needed.8,9 Some commenta-
tors suggested,10 in the light of evidence of possible neo-
natal toxicity, that magnesium sulfate should be restricted
to use in more severe pre-eclampsia or eclampsia. Howev-
er, the significant benefits of magnesium sulfate in the pre-
vention of eclampsia were confirmed in a large, interna-
tional trial,11 and follow-up studies found that magnesium
sulfate was not associated with an increased risk of death
or disability in the children at 18 months12 and in the moth-
ers at 2 years.13
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Febrile convulsions. Febrile convulsions have been
defined1 as epileptic seizures occurring between the ages
of 6 months to 5 years and associated with a fever arising
from an infectious illness outside the CNS. They usually
occur during the rising phase of fever early in the course of
the infection and are not considered to be a form of epilep-
sy.2,3 
Febrile convulsions are considered to be benign if limited
to a single tonic or tonic-clonic seizure lasting less than 15
minutes without any focal characteristics.2 About one-
third of children who have a benign febrile convulsion will
have a recurrence.1,2,4 Risk factors for recurrence include a
young onset age, a history of epilepsy or febrile seizures in
a first-degree relative, subsequent episodes of fever, and a
first complex febrile seizure.4 The risk of developing epi-
lepsy is low, but nevertheless it is 2 to 3 times greater than
the risk in the population as a whole.2 Unless they are re-
current, benign febrile convulsions need only simple treat-
ment to lower body temperature1,2 such as that described
under Fever and Hyperthermia, p.10. 
Prolonged febrile convulsions lasting longer than 15 min-
utes and associated with some focal characteristics are not
considered to be benign and further increase the risk of de-
veloping epilepsy.2,3 When they are prolonged or recurrent
they are treated with diazepam intravenously, or as a rectal
solution, to prevent possible brain damage resulting from
continued seizure activity, although any such effect ap-
pears to be rare.5 
The prophylactic use of antiepileptics in children thought
to be at risk of recurrence of febrile convulsions remains
controversial. Many consider that even if recurrences can
be prevented there is no evidence that the risk of develop-
ing epilepsy is reduced.1,2,4 A working group of the Royal
College of Physicians and the British Paediatric Associa-
tion considered that pooled analyses of studies of the pro-
phylactic use of phenobarbital or sodium valproate
showed that long-term prophylaxis was rarely indicated.1
Although some have found that intermittent prophylaxis
with phenobarbital or diazepam6 given at the onset of and
during fever could prevent recurrence of febrile convul-
sions, the working group did not recommend their routine
use in this way.1 Other workers have found that giving pa-
racetamol as an antipyretic and diazepam for intermittent
prophylaxis failed to prevent recurrences of febrile con-
vulsions.7 A later meta-analysis8 concluded that neither
continuous nor intermittent prophylaxis could be recom-
mended as the benefits did not outweigh the potential ad-
verse effects, a view endorsed by the American Academy
of Pediatrics.9
1. Joint Working Group of the Research Unit of the Royal College

of Physicians and the British Paediatric Association. Guidelines
for the management of convulsions with fever. BMJ 1991; 303:
634–6. Also available at: http://www.pubmedcentral.nih.gov/
picrender.fcgi?artid=1671115&blobtype=pdf (accessed 09/06/08) 

2. Smith MC. Febrile seizures: recognition and management.
Drugs 1994; 47: 933–44. 

3. Sadleir LG, Scheffer IE. Febrile seizures. BMJ 2007; 334:
307–11. 

4. Knudsen FU. Febrile seizures: treatment and prognosis. Epilep-
sia 2000; 41: 2–9. 

5. Verity CM. Do seizures damage the brain? The epidemiological
evidence. Arch Dis Child 1998; 78: 78–84. 

6. Rosman NP, et al. A controlled trial of diazepam administered
during febrile illnesses to prevent recurrence of febrile seizures.
N Engl J Med 1993; 329: 79–84. 

7. Uhari M, et al. Effect of acetaminophen and of low intermittent
doses of diazepam on prevention of recurrences of febrile sei-
zures. J Pediatr 1995; 126: 991–5. 

8. Rantala H, et al. A meta-analytic review of the preventative
treatment of recurrences of febrile seizures. J Pediatr 1997; 131:
922–5. 

9. American Academy of Pediatrics. Practice parameter: long-term
treatment of the child with simple febrile seizures. Pediatrics
1999; 103: 1307–9. Also available at:
h t t p : / / a a p p o l i c y. a a p p u b l i c a t i o n s . o rg / c g i / r e p r i n t /
pediatrics;103/6/1307.pdf (accessed 09/06/08)

Myoclonus. Myoclonus consists of brief, involuntary,
jerky movements of sudden onset which may be focal,
segmental, or generalised, and are caused by muscular
contractions (positive myoclonus) or inhibitions/pauses
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(negative myoclonus). The term ‘myoclonus’ is non-spe-
cific and classification is important in order to decide on
treatment:1-4 
• physiological (in normal subjects) 
• essential (no known cause) 
• epileptic (seizures dominate) 
• symptomatic (encephalopathy dominates—causes in-

clude storage diseases, neurodegenerative syndromes,
toxic and drug-induced syndromes, and hypoxia) 

In epileptic myoclonus, epileptic seizures (myoclonic sei-
zures in which the motor manifestation is myoclonus)
dominate. Their treatment is discussed under Epilepsy,
above. Essential myoclonus may benefit from clon-
azepam. Botulinum toxin has been used successfully for
spasmodic movements in some forms of myoclonus. 
Myoclonus may also be subdivided into cortical, reticular,
or spinal forms. Cortical myoclonus is considered to be a
subset of epilepsy and responds best to antiepileptics, usu-
ally valproate and/or clonazepam; piracetam or levetira-
cetam are also used, usually as adjunctive therapy. Reticu-
lar myoclonus is usually caused by anoxia or acute
encephalopathy and may be treated with clonazepam; se-
rotonin or serotonergic agonists have also been tried. Post-
hypoxic myoclonus occurring after hypoxic coma may re-
spond to oxitriptan or serotonin combined with carbidopa;
antiepileptics may help.
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Neonatal seizures. Neonatal seizures differ from epi-
lepsy, and the definitions in the 1989 international classifi-
cation of epilepsy and epileptic syndromes (see above)
may be of little value; (a study1 has suggested that the pro-
posed 2001 classification may be more helpful). They are
frequently subtle and difficult to recognise.2 Causes in-
clude asphyxia, glucose or electrolyte imbalance, infec-
tion, CNS or cerebrovascular lesions, inborn errors of me-
tabolism, and drug withdrawal or intoxication.3-5 
Neonatal seizures represent a neurological emergency in
the newborn and rapid diagnosis and treatment is essen-
tial.3-7 Infusion of glucose or electrolytes may be of bene-
fit.4,5 Current practice involves giving antiepileptic drugs
to control seizures, although there is no consensus on, nor
good evidence for, their use.2,7 Phenobarbital and pheny-
toin are the most widely used.3-6 Traditionally, phenobar-
bital has been considered to be the mainstay of treatment
for all types of seizures in neonates; however response
rates are variable.6-8 If seizures persist, phenytoin may be
added to therapy.8 Other drugs that have been tried include
carbamazepine, levetiracetam,9 benzodiazepines,3-5,8,10,11

lidocaine,3,8,10 and primidone.4,5 Pyridoxine-dependent
seizures can be abolished by regular large doses of the
vitamin4,5 (see p.1979).
1. Mastrangelo M, et al. Epileptic seizures, epilepsy and epileptic

syndromes in newborns: a nosological approach to 94 new cases
by the 2001 proposed diagnostic scheme for people with epilep-
tic seizures and with epilepsy. Seizure 2005; 14: 304–11. 

2. Rennie J, Boylan G. Treatment of neonatal seizures. Arch Dis
Child Fetal Neonatal Ed 2007; 92: F148–F150. 

3. Evans D, Levene M. Neonatal seizures. Arch Dis Child Fetal
Neonatal Ed 1998; 78: F70–F75. 

4. Hill A. Neonatal seizures. Pediatr Rev 2000; 21: 117–21. 
5. Painter MJ, Alvin J. Neonatal seizures. Curr Treat Options Neu-

rol 2001; 3: 237–48. 
6. Painter MJ, et al. Phenobarbital compared with phenytoin for

the treatment of neonatal seizures. N Engl J Med 1999; 341:
485–9. 

7. Booth D, Evans DJ. Anticonvulsants for neonates with seizures.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2004 (accessed 09/06/08). 

8. Boylan GB, et al. Second-line anticonvulsant treatment of neo-
natal seizures: a video-EEG monitoring study. Neurology 2004;
62: 486–8. 

9. Shoemaker MT, Rotenberg JS. Levetiracetam for the treatment
of neonatal seizures. J Child Neurol 2007; 22: 95–8. 

10. Shany E, et al. Comparison of continuous drip of midazolam or
lidocaine in the treatment of intractable neonatal seizures. J
Child Neurol 2007; 22: 255–9. 

11. Castro Conde JR, et al. Midazolam in neonatal seizures with no
response to phenobarbital. Neurology 2005; 64: 876–9.

Porphyria. Convulsions may occur at the peak of an at-
tack of acute porphyria (p.1448) but usually disappear as
the attack resolves and therapy should be aimed at the un-
derlying disease. However, some patients continue to have
convulsions while in remission and their management pos-
es a major therapeutic problem as all the first-line antiepi-
leptics have been associated with acute attacks.1,2 Barbitu-
rates (phenobarbital, primidone), hydantoins (phenytoin,
ethotoin), and carbamazepine are considered unsafe, as is

sultiame. There is limited evidence that the benzodi-
azepines, sodium valproate, and probably valpromide are
porphyrinogenic but status epilepticus has been treated
successfully with intravenous diazepam. Seizure prophy-
laxis may be undertaken as a calculated risk using val-
proate or clonazepam if considered essential. Magnesium
sulfate is safe. Clomethiazole is also probably safe.
Gabapentin and vigabatrin have each been tried in a few
patients without ill-effect, although there has been a report
of a bullous skin eruption in a patient with porphyria cuta-
nea tarda given vigabatrin.3 Of the other newer antiepilep-
tics, oxcarbazepine was used successfully in one patient
whilst lamotrigine was associated with an acute porphyric
attack in another; tiagabine and topiramate have been
found to increase hepatic and urinary porphobilinogen
concentrations.2 Other antiepileptics such as the succinim-
ides (ethosuximide, mesuximide, phensuximide) and oxa-
zolidinediones (trimethadione) are considered to be
unsafe.
1. Gorchein A. Drug treatment in acute porphyria. Br J Clin Phar-

macol 1997; 44: 427–34. 
2. Solinas C, Vajda FJ. Epilepsy and porphyria: new perspectives.

J Clin Neurosci 2004; 11: 356–61. 
3. Hommel L, et al. Acute bullous skin eruption after treatment

with vigabatrine. Dermatology 1995; 191: 181.

4-Amino-3-hydroxybutyric Acid
Ácido 4-amino-3-hidroxibutírico; γ-Amino-β-hydroxybutyric ac-
id; Buxamin; Gabob; Gamma-amino-beta-hydroxybutyric acid.
4-Амино-3-оксимасляная Кислота
C4H9NO3 = 119.1.
CAS — 352-21-6.

Profile
Aminohydroxybutyric acid has been claimed to be of value in a
variety of neurological disorders including use as an adjunct in
the treatment of epilepsy. It has also been promoted as a dietary
supplement for its supposed beneficial effects on the CNS and
growth hormone. It should be distinguished from its isomer 3-
amino-4-hydroxybutyric acid (GOBAB), which is reported to
possess anti-inflammatory and antifungal activity.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gabimex; Braz.: Gamibetal†; Ital.: Gamibetal; Mex.: Gamibetal;
Port.: Gabomade; Gamibetal†.
Multi-ingredient: Arg.: Gabimex Plus; Braz.: Gamibetal Complex†;
Ital.: Gamibetal Complex; Gamibetal Plus; Parvisedil; Mex.: Gamibetal
Complex; Port.: Gabisedil†; Gamibetal Compositum†; Spain: Cefabol;
Dorken; Gamalate B6; Redutona.

Barbexaclone (rINN)

Barbeksaklon; Barbexaclona; Barbexaclonum. Compound of (−)-
N,α-Dimethylcyclohexaneethylamine with 5-ethyl-5-phenylbar-
bituric acid .
Барбексаклон
C12H12N2O3,C10H21N = 387.5.
CAS — 4388-82-3.
ATC — N03AA04.
ATC Vet — QN03AA04.

Profile
Barbexaclone is a compound of levopropylhexedrine (see under
Propylhexedrine, p.2163) with phenobarbital (p.492). It is used
in the treatment of various types of epilepsy (p.465). Usual adult
doses are 200 to 400 mg daily given by mouth in divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Maliasin; Braz.: Maliasin; Gr.: Maliasin; Ital.: Maliasin; Switz.: Ma-
liasin; Turk.: Maliasin.

Benzobarbital (rINN)

Benzobarbitalum; Benzobarbitone; Benzonal; Benzonalum. 1-
Benzoyl-5-ethyl-5-phenylbarbituric acid.
Бензобарбитал
C19H16N2O4 = 336.3.
CAS — 744-80-9.

NOTE. The name benzonal has also been used as a proprietary
name for benzonatate (p.1552).
Pharmacopoeias. In Int.
Profile
Benzobarbital is a barbiturate used in the treatment of epilepsy.

Brivaracetam (USAN, rINN)

Brivaracétam; Brivaracetamum; UCB-34714. (2S)-2-[(4R)-2-
Oxo-4-propylpyrrolidin-1-yl]butanamide.
Бриварацетам
C11H20N2O2 = 212.3.
CAS — 357336-20-0.

Profile
Brivaracetam is under investigation for the treatment of various
types of epilepsy including progressive myoclonic epilepsy and
refractory partial seizures.
◊ References.
1. Sargentini-Maier ML, et al. The pharmacokinetics, CNS phar-

macodynamics and adverse event profile of brivaracetam after
single increasing oral doses in healthy males. Br J Clin Pharma-
col 2007; 63: 680–8. 

2. Rolan P, et al. The pharmacokinetics, CNS pharmacodynamics
and adverse event profile of brivaracetam after multiple increas-
ing oral doses in healthy men. Br J Clin Pharmacol 2008; 66:
71–5. 

3. Malawska B, Kulig K. Brivaracetam: a new drug in development
for epilepsy and neuropathic pain. Expert Opin Invest Drugs
2008; 17: 361–9.

Carbamazepine (BAN, USAN, rINN)

Carbamazepina; Carbamazépine; Carbamazepinum; G-32883;
Karbamatsepiini; Karbamazepin; Karbamazepinas; Karbamazepi-
num. 5H-Dibenz[b,f]azepine-5-carboxamide.
Карбамазепин
C15H12N2O = 236.3.
CAS — 298-46-4.
ATC — N03AF01.
ATC Vet — QN03AF01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Carbamazepine). A white or almost white crystal-
line powder. It exhibits polymorphism. Very slightly soluble in
water; sparingly soluble in alcohol and in acetone; freely soluble
in dichloromethane. Store in airtight containers. 
USP 31 (Carbamazepine). A white or off-white powder. Practi-
cally insoluble in water; soluble in alcohol and in acetone. Store
in airtight containers.
Incompatibility. Carbamazepine suspension should be mixed
with an equal volume of diluent before nasogastric use as undi-
luted suspension is adsorbed onto PVC nasogastric tubes.1 
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The FDA have received a report of a patient who passed an
orange rubbery mass in his faeces the day after taking a car-
bamazepine suspension (Tegretol; Novartis, USA) followed im-
mediately by chlorpromazine solution (Thorazine; GSK, USA).
Subsequent testing showed that mixing the same carbamazepine
suspension with a thioridazine hydrochloride solution (Mellaril;
Novartis, USA) also resulted in the precipitation of a rubbery
orange mass.
1. Clark-Schmidt AL, et al. Loss of carbamazepine suspension

through nasogastric feeding tubes. Am J Hosp Pharm 1990; 47:
2034–7.

Stability. FDA studies indicate that carbamazepine tablets
could lose up to one-third of their effectiveness if stored in humid
conditions.1 This appears to be due to formation of a dihydrate
form which leads to hardening of the tablet and poor dissolution
and absorption.2,3 As the dihydrate has also been detected after
storage under ambient conditions some suggest that storage with
silica gel sachets may be necessary to avoid physical deteriora-
tion of carbamazepine tablets.2
1. Anonymous. Moisture hardens carbamazepine tablets, FDA

finds. Am J Hosp Pharm 1990; 47: 958. 
2. Lowes MMJ. More information on hardening of carbamazepine

tablets. Am J Hosp Pharm 1991; 48: 2130–1. 
3. Wang JT, et al. Effects of humidity and temperature on in vitro

dissolution of carbamazepine tablets. J Pharm Sci 1993; 82:
1002–5.

Adverse Effects
Fairly common adverse effects of carbamazepine, par-
ticularly in the initial stages of therapy, include dizzi-
ness, drowsiness, and ataxia. Gastrointestinal distur-
bances, such as nausea and vomiting, and mild skin
reactions are also common. These effects may be min-
imised by starting therapy with a low dose. Drowsiness
and disturbances of cerebellar and oculo-motor func-
tion (with ataxia, nystagmus, and diplopia) are also
symptoms of excessive plasma concentrations of car-
bamazepine, and may disappear spontaneously with
continued treatment or at reduced or divided dosage. 
Although rare, generalised erythematous rashes can be
severe and treatment may have to be withdrawn. Pho-
tosensitivity reactions, urticaria, alopecia, exfoliative
dermatitis, toxic epidermal necrolysis, erythema multi-
forme and Stevens-Johnson syndrome, and SLE (but
see below) have also been reported. 
Transient leucopenia is common and usually resolves
with continued therapy; however, rarer blood disorders
reported include agranulocytosis, aplastic anaemia,
eosinophilia, persistent leucopenia, leucocytosis,
thrombocytopenia, and purpura. Lymphadenopathy,
splenomegaly, pneumonitis, abnormalities of liver and
kidney function, hepatitis, and cholestatic jaundice
have occurred. Some or all of these symptoms as well
as fever and rashes may represent a generalised hyper-
sensitivity reaction to carbamazepine. 
Gastrointestinal symptoms reported to be less common
include dry mouth, abdominal pain, anorexia, and diar-
rhoea or constipation. Hyponatraemia, and sometimes
oedema, have occurred. Other adverse effects reported
include paraesthesia, headache, arrhythmias and heart
block, heart failure, impotence, male infertility, gynae-
comastia, galactorrhoea, and dystonias and dyskinesias
with asterixis. Rectal use has resulted in local irritation. 
Overdosage may be manifested by many of the ad-
verse effects listed above, especially those on the CNS,
and may result in stupor, coma, convulsions, respirato-
ry depression, and death. 
In rare cases, carbamazepine has been reported to ex-
acerbate seizures in patients suffering from mixed-type
epilepsy—see Precautions, below. 
Congenital malformations have been reported in
infants born to women given carbamazepine during
pregnancy.
Effects on the blood. Occasional reports of fatal haematolog-
ical reactions associated with carbamazepine led the manufactur-
ers to recommend extensive blood monitoring during therapy.
However, because of the rarity of such reactions these recom-
mendations were questioned and the manufacturers subsequent-
ly modified their guidelines (see Precautions, below). 
Case reports and studies of carbamazepine’s haematological ef-
fects have been reviewed.1 The incidence of haematological re-
actions to carbamazepine has been estimated to range between
1:10 800 and 1:38 000 per year while one group reported the rate
of bone marrow suppression to be between 1:10 000 and
1:50 000 cases. The incidence of aplastic anaemia has been cal-

culated to be 1:200 000 per year. Another investigator indicated
that 2.2 deaths per million exposures were associated with aplas-
tic anaemia and agranulocytosis. However, of 27 reports of
aplastic anaemia (16 fatal) associated with carbamazepine many
were found to have had co-incidental disease or were receiving
multiple-drug therapy. Benign or clinically insignificant leuco-
penia has occurred, usually during the first 3 months of treat-
ment, in about 12% of children and 7% of adults but in most
patients this resolved despite continuation of therapy. Mild tran-
sient thrombocytopenia has occurred in about 2% of patients;
transient eosinophilia has also occurred. 
The reviewers1 suggested that all patients should have blood and
platelet counts before treatment. Patients with low white cell and
neutrophil counts were at risk of developing leucopenia and
should be monitored every 2 weeks for the first 1 to 3 months. If
counts fell further the dose should be reduced or treatment
stopped. It should be noted that the BNF doubts the practical val-
ue of routine monitoring: in particular, aplastic anaemia, agranu-
locytosis, and thrombocytopenia have a rapid onset and are best
monitored by instructing the patient to report warning symptoms
(see Precautions, below). 
For a discussion of the effects of antiepileptics, including car-
bamazepine, on serum folate, see Folic Acid Deficiency, under
Phenytoin, p.495.
1. Sobotka JL, et al. A review of carbamazepine’s hematologic re-

actions and monitoring recommendations. DICP Ann Pharmaco-
ther 1990; 24: 1214–19.

Effects on bone. For the effects of antiepileptics including car-
bamazepine on bone and on calcium and vitamin D metabolism,
see under Phenytoin, p.496.
Effects on electrolytes. There have been reports of hyponat-
raemia or water intoxication in patients receiving car-
bamazepine.1-7 One review8 states that although hyponatraemia
occurs in 10 to 15% of patients taking carbamazepine, it is sel-
dom symptomatic or severe enough to cause fluid retention.
However, care should be taken to distinguish the confusion, diz-
ziness, nausea and headache of water intoxication from the cen-
tral and gastrointestinal effects of the drug.2 The mechanism is
uncertain; although some studies suggest an increase in secretion
of antidiuretic hormone in subjects given carbamazepine,3,4,6

others indicate the reverse,5,9 and the fact that the hyponatraemic
effects of carbamazepine can be partly reversed by
demeclocycline5 is cited as evidence for an effect on the kidney,
either directly upon the distal tubule or by increasing sensitivity
to the effects of antidiuretic hormone. Risk factors for develop-
ing carbamazepine-induced hyponatraemia include age of over
40 years, use of sodium-depleting drugs, and low pre-treatment
plasma-sodium concentrations; it is unclear whether this adverse
effect is dose-related.7
1. Henry DA, et al. Hyponatraemia during carbamazepine treat-

ment. BMJ 1977; 1: 83–4. 
2. Stephens WP, et al. Water intoxication due to carbamazepine.

BMJ 1977; 1: 754–5. 
3. Ashton MG, et al. Water intoxication associated with car-

bamazepine treatment. BMJ 1977; 1: 1134–5. 
4. Smith NJ, et al. Raised plasma arginine vasopressin concentra-

tion in carbamazepine-induced water intoxication. BMJ 1977; 2:
804. 

5. Ballardie FW, Mucklow JC. Partial reversal of carbamazepine-
induced water intolerance by demeclocycline. Br J Clin Pharma-
col 1984; 17: 763–5. 

6. Sørensen PS, Hammer M. Effects of long-term carbamazepine
treatment on water metabolism and plasma vasopressin concen-
tration. Eur J Clin Pharmacol 1984; 26: 719–22. 

7. Kuz GM, Manssourian A. Carbamazepine-induced hyponatrem-
ia: assessment of risk factors. Ann Pharmacother 2005; 39:
1943–6. 

8. Mucklow J. Selected side-effects 2: carbamazepine and hyponat-
raemia. Prescribers’ J 1991; 31: 61–4. 

9. Stephens WP, et al. Plasma arginine vasopressin concentrations
and antidiuretic action of carbamazepine. BMJ 1978; 1: 1445–7.

Effects on the endocrine system. Carbamazepine may re-
duce serum concentrations of thyroid hormones through enzyme
induction—see under Interactions of Levothyroxine, p.2172. 
For mention of the effects of antiepileptics on sexual function in
male epileptic patients, see under Phenytoin, p.496.
Effects on the eyes. On rare occasions lenticular opacities
have been associated with carbamazepine.1 Retinotoxicity asso-
ciated with long-term carbamazepine use has been reported2 in 2
patients. After stopping the drug visual function and retinal mor-
phological changes improved. A review3 of the effect of antiepi-
leptics on the eyes noted that despite reports of colour vision dis-
turbances and impaired contrast sensitivity associated with
carbamazepine therapy, studies in healthy subjects had shown
conflicting results.
1. Anonymous. Adverse ocular effects of systemic drugs. Med Lett

Drugs Ther 1976; 18: 63–4. 
2. Nielsen NV, Syversen K. Possible retinotoxic effect of car-

bamazepine. Acta Ophthalmol (Copenh) 1986; 64: 287–90. 
3. Hilton EJR, et al. The effect of antiepileptic drugs on visual per-

formance. Seizure 2004; 13: 113–28.

Effects on the heart. A review1 of reports of cardiac effects
associated with carbamazepine revealed that patients could be
divided into 2 distinct groups based on their symptoms. One
group consisted mainly of young patients with non life-threaten-
ing sinus tachycardia after carbamazepine overdosage while the
other group was composed of older female patients with poten-

tially life-threatening bradycardia or AV block associated with
therapeutic or modestly raised blood concentrations of car-
bamazepine. However, there has been a report of fatal syncope,
probably due to ventricular asystole, in a 20-year-old patient.2
Carbamazepine should be avoided in patients who develop con-
duction abnormalities, or who have conditions such as myotonic
dystrophy in which conduction abnormalities are likely.1 
Elevation of ventricular and atrial stimulation thresholds was re-
ported in a 59-year-old man with a permanent dual-chamber
pacemaker, 5 days after starting carbamazepine for mania.3 
For a report of carbamazepine producing fatal eosinophilic myo-
carditis, see under Hypersensitivity, below.
1. Kasarkis EJ, et al. Carbamazepine-induced cardiac dysfunction:

characterization of two distinct clinical syndromes. Arch Intern
Med 1992; 152: 186–91. 

2. Stone S, Lange LS. Syncope and sudden unexpected death attrib-
uted to carbamazepine in a 20-year-old epileptic. J Neurol Neu-
rosurg Psychiatry 1986; 49: 1460–1. 

3. Ambrosi P, et al. Carbamazepine and pacing threshold. Lancet
1993; 342: 365.

Effects on the immune system. There have been reports of
hypogammaglobulinaemia associated with carbamazepine.1-4

The authors of one report2 stated that this was a recognised but
rare adverse effect of carbamazepine and noted that the UK CSM
had 9 reports on file of hypogammaglobulinaemia or gamma-
globulin abnormalities related to the use of carbamazepine.
1. Moschione Castro APB, et al. Secondary hypogammaglobiline-

mia after use of carbamazepine: case report and review. Rev
Hosp Clin Fac Med Sao Paulo 2001; 56: 189–92. 

2. Hayman G, Bansal A. Antibody deficiency associated with car-
bamazepine. BMJ 2002; 325: 1213. 

3. Rice CM, et al. Recurrent herpes simplex virus encephalitis sec-
ondary to carbamazepine induced hypogammaglobulinaemia. J
Neurol Neurosurg Psychiatry 2007; 78: 1011–12. 

4. Tamada T, et al. Secondary bronchiolitis obliterans organising
pneumonia in a patient with carbamazepine-induced hypogam-
maglobulinemia. Thorax 2007; 62: 100.

Effects on the liver. A report in 1990 commented that of 499
reports of unwanted effects of carbamazepine on the liver about
half comprised only abnormal results from liver function tests;1
however, deaths have occurred from liver failure1,2 or hepatic
necrosis.3 Reversible vanishing bile duct syndrome has been as-
sociated with long-term use of carbamazepine.4 
Hepatotoxicity may form part of the antiepileptic hypersensitiv-
ity syndrome reported with carbamazepine (see below).
1. Hadžić N, et al. Acute liver failure induced by carbamazepine.

Arch Dis Child 1990; 65: 315–17. 
2. Zucker P, et al. Fatal carbamazepine hepatitis. J Pediatr 1977;

91: 667–8. 
3. Smith DW, et al. Fatal hepatic necrosis associated with multiple

anticonvulsant therapy. Aust N Z J Med 1988; 18: 575–81. 
4. Ramos AMO, et al. Reversible vanishing bile duct syndrome in-

duced by carbamazepine. Eur J Gastroenterol Hepatol 2002; 14:
1019–22.

Effects on mental function. Carbamazepine therapy has been
associated in a few patients with the development of acute psy-
chotic and paranoid symptoms1-3 and with phobias2 and mood
disturbances, including mania4 and melancholia.5 One case of
acute paranoid psychosis was associated with the addition of car-
bamazepine to long-term sodium valproate therapy in a patient
subsequently diagnosed as having a schizotypal personality.3 For
nonconvulsive status epilepticus associated with carbamazepine
presenting as psychiatric disorders, see under Effects on the
Nervous System, below. The problems of antiepileptic therapy
adversely affecting cognition and the risk of mood disorders, in-
cluding suicidal ideation, are discussed on p.468.
1. Berger H. An unusual manifestation of Tegretol  (car-

bamazepine) toxicity. Ann Intern Med 1971; 74: 449–50. 
2. Mathew G. Psychiatric symptoms associated with car-

bamazepine. BMJ 1988; 296: 1071. 
3. McKee RJW, et al. Acute psychosis with carbamazepine and so-

dium valproate. Lancet 1989; i: 167. 
4. Reiss AL, O’Donnell DJ. Carbamazepine-induced mania in two

children: case report. J Clin Psychiatry 1984; 45: 272–4. 
5. Gardner DL, Cowdry RW. Development of melancholia during

carbamazepine treatment in borderline personality disorder. J
Clin Psychopharmacol 1986; 6: 236–9.

Effects on the nervous system. ASEPTIC MENINGITIS. Asep-
tic meningitis has developed in a patient with Sjögren’s syn-
drome given carbamazepine. It abated when the drug was
withdrawn and symptoms recurred on rechallenge.1 Aseptic
meningitis has also been associated with carbamazepine in
patients without Sjögren’s syndrome.2-4

1. Hilton E, Stroh EM. Aseptic meningitis associated with admin-
istration of carbamazepine. J Infect Dis 1989; 159: 363–4. 

2. Simon LT, et al. Carbamazepine-induced aseptic meningitis. Ann
Intern Med 1990; 112: 627–8. 

3. Hemet C, et al. Aseptic meningitis secondary to carbamazepine
treatment of manic-depressive illness. Am J Psychiatry 1994;
151: 1393. 

4. Dang CT, Riley DK. Aseptic meningitis secondary to car-
bamazepine therapy. Clin Infect Dis 1996; 22: 729–30.

ENCEPHALOPATHY. Carbamazepine-induced encephalopathy
with symptoms resembling Creutzfeldt-Jakob disease was re-
ported in a 71-year-old man; the cognitive decline, bradyki-
nesia, tremor, and abnormal EEG improved on stopping car-
bamazepine.1
1. Horvath J, et al. Carbamazepine encephalopathy masquerading

as Creutzfeldt-Jakob disease. Neurology 2005; 65: 650–1.
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EXTRAPYRAMIDAL EFFECTS. Although carbamazepine has been
associated with extrapyramidal adverse effects,1-4 it has also
been tried in the treatment of movement disorders—see under
Uses and Administration, below.
1. Schwartzman MJ, Leppik IE. Carbamazepine-induced dyski-

nesia and ophthalmoplegia. Cleve Clin J Med 1990; 57: 367–72. 
2. Soman P, et al. Dystonia—a rare manifestation of carbamazepine

toxicity. Postgrad Med J 1994; 70: 54–5. 
3. Lee JW. Persistent dystonia associated with carbamazepine ther-

apy: a case report. N Z Med J 1994; 107: 360–1. 
4. Stryjer R, et al. Segmental dystonia as the sole manifestation of

carbamazepine toxicity. Gen Hosp Psychiatry 2002; 24: 114–15.

STATUS EPILEPTICUS. Nonconvulsive status epilepticus, misdi-
agnosed as behavioural and psychiatric disorders, was
reported1 to have been precipitated by carbamazepine in 2 pa-
tients; seizure control and behaviour improved when car-
bamazepine was stopped and replaced with valproate.
1. Marini C, et al. Nonconvulsive status epilepticus precipitated by

carbamazepine presenting as dissociative and affective disorders
in adolescents. J Child Neurol 2005; 20: 693–6.

Effects on the skin. Rashes occurring with carbamazepine
may form part of an antiepileptic hypersensitivity syndrome (see
below). In a report,1 erythema multiforme occurred when a ge-
neric formulation was given instead of a proprietary brand of car-
bamazepine. Skin lesions resolved when the patient stopped tak-
ing the generic formulation and did not recur when the
proprietary brand was restarted. In another report, a 6-year-old
boy developed Stevens-Johnson syndrome 5 weeks after car-
bamazepine was added to valproic acid, which he had been tak-
ing as sole antiepileptic therapy for several weeks.2 Car-
bamazepine was stopped and the patient eventually made a full
recovery; valproic acid was continued because it was not thought
to be the causative agent (but see under Valproate, p.509). Fatal
toxic epidermal necrolysis has been seen when carbamazepine
was given to a patient who had previously had Stevens-Johnson
syndrome during carbamazepine treatment.3 Pseudo mycosis
fungoides with lymphoid cell infiltration of the dermis and raised
liver enzymes has been reported4 in a 54-year-old man who was
taking carbamazepine for seizures; symptoms resolved within
about 2 weeks of stopping therapy. 
For a warning that severe skin reactions may be more likely in
patients of certain genotypes, see Skin Reactions, under Precau-
tions, below. For the relative incidence of skin reactions to differ-
ent antiepileptics, see under Phenytoin, p.496.
1. Busch RL. Generic carbamazepine and erythema multiforme:

generic-drug nonequivalency. N Engl J Med 1989; 321: 692–3. 
2. Keating A, Blahunka P. Carbamazepine-induced Stevens-John-

son syndrome in a child. Ann Pharmacother 1995; 29: 538–9. 
3. Huang L-Y, et al. Fatal toxic epidermal necrolysis induced by

carbamazepine treatment in a patient who previously had car-
bamazepine-induced Stevens-Johnson syndrome. J Formos Med
Assoc 2007; 106: 1032–7. 

4. Gül Ü, et al. Carbamazepine-induced pseudo mycosis fungoides.
Ann Pharmacother 2003; 37: 1441–3.

Hypersensitivity. An antiepileptic hypersensitivity syndrome,
comprising fever, rash, and lymphadenopathy and less common-
ly hepatosplenomegaly and eosinophilia, has been associated
with some antiepileptic drugs including carbamazepine.1-3 Al-
though a literature search1 was only able to find 20 published
cases to 1986, 22 cases had been reported to the Australian Ad-
verse Drug Reactions Advisory Committee between 1975 and
1990. Some have estimated the incidence at 1 in 1000 to 1 in
10 000 new exposures to aromatic anticonvulsants,2,3 but the true
incidence is uncertain due to variations in presentation and re-
porting. Most reactions occurred within 30 days of the start of
carbamazepine treatment,1 although symptoms may occur any-
where between 1 and 8 weeks after exposure.2 In previously sen-
sitised individuals the reactions may occur within 1 day of re-
challenge. The potential for cross-reactivity between
carbamazepine, phenobarbital, and phenytoin is approximately
75%, and patients who develop the syndrome, and their close rel-
atives, should be warned of the risk associated with use of these
antiepileptics.2 
Carbamazepine antibodies were detected in an 8-year-old child
who developed symptoms of serum sickness including fever,
skin rash, oedema, and lymphadenopathy during treatment with
carbamazepine.4 Hypersensitivity to carbamazepine with multi-
system effects clinically resembling a mononucleosis syndrome
was reported in a 15-year-old boy 2 weeks after starting mono-
therapy with carbamazepine;5 all symptoms resolved on stop-
ping carbamazepine and giving prednisone. There have been
other cases6-8 of an infectious mononucleosis syndrome associ-
ated with hypersensitivity to carbamazepine, leading the authors
to suggest that reactivation of human herpesvirus 6 or 7 infection
is a cofactor and an early manifestation of carbamazepine hyper-
sensitivity syndrome; however, further studies are warranted. 
A hypersensitivity reaction producing fatal eosinophilic myocar-
ditis has been reported in a 13-year-old patient; initial symptoms
mimicked scarlet fever.9 A 21-year-old woman developed fatal
fulminant hepatic failure after taking carbamazepine for about 2
months; she had presented with initial symptoms of fever,
breathlessness, bloody diarrhoea, and a spreading rash.10 
Generalised erythroderma with renal, hepatic, and bone-marrow
failure (characterised by hypercellularity and dyserythropoiesis)
has been reported11 in an 81-year-old man 50 days after starting
carbamazepine therapy. Symptoms recurred following an inad-
vertent rechallenge. The presence of underlying lymphoprolifer-

ative disease may have potentiated the severe drug-induced reac-
tion. 
If the antiepileptic hypersensitivity syndrome develops, immedi-
ate withdrawal of carbamazepine is recommended. In most cases
this is all that is required and does not seem to precipitate an in-
crease in seizures, compared with gradual withdrawal.12 
Successful desensitisation to carbamazepine was reported13 in a
12-year-old boy who was sensitive to carbamazepine, sodium
valproate, and phenytoin. Starting with a low dose of car-
bamazepine 100 micrograms daily the dose was doubled, gener-
ally every 2 days, up to 100 mg daily. The dose was then gradu-
ally increased over 4 weeks to a maintenance dose of 200 mg
twice daily. The same technique was used to desensitise 7 pa-
tients, all of whom developed dramatic skin rashes when first ex-
posed to carbamazepine.14 Carbamazepine therapy in full doses
was achieved without problem in about 6 weeks. Some2 consider
that desensitisation is not to be recommended in patients with
full-blown antiepileptic hypersensitivity syndrome.
1. Anonymous. Anticonvulsants and lymphadenopathy. WHO

Drug Inf 1991; 5: 11. 
2. Knowles SR, et al. Anticonvulsant hypersensitivity syndrome:

incidence, prevention and management. Drug Safety 1999; 21:
489–501. 

3. Bessmertny O, et al. Antiepileptic hypersensitivity syndrome in
children. Ann Pharmacother 2001; 35: 533–8. 

4. Hosoda N, et al. Anticarbamazepine antibody induced by car-
bamazepine in a patient with severe serum sickness. Arch Dis
Child 1991; 66: 722–3. 

5. Merino N, et al. Multisystem hypersensitivity reaction to car-
bamazepine. Ann Pharmacother 1994; 28: 402–3. 

6. Zeller A, et al. Drug hypersensitivity syndrome to car-
bamazepine and human herpes virus 6 infection: case report and
literature review. Infection 2003; 31: 254–6. 

7. Aihara Y, et al. Carbamazepine-induced hypersensitivity syn-
drome associated with transient hypogammaglobulinaemia and
reactivation of human herpesvirus 6 infection demonstrated by
real-time quantitative polymerase chain reaction. Br J Dermatol
2003; 149: 165–9. 

8. Oskay T, et al. Association of anticonvulsant hypersensitivity
syndrome with Herpesvirus 6, 7. Epilepsy Res 2006; 70: 27–40. 

9. Salzman MB, et al. Carbamazepine and fatal eosinophilic myo-
carditis. N Engl J Med 1997; 336: 878–9. 

10. Syn W-K, et al. Carbamazepine-induced acute liver failure as
part of the DRESS syndrome. Int J Clin Pract 2005; 59:
988–91. Correction. ibid.; 1371. 

11. Lombardi SM, et al. Severe multisystemic hypersensitivity re-
action to carbamazepine including dyserythropoietic anemia.
Ann Pharmacother 1999; 33: 571–5. 

12. Pirmohamed M, et al. Hypersensitivity to carbamazepine and
lamotrigine: clinical considerations. Br J Clin Pharmacol 2000;
49: 519P–520P. 

13. Smith H, Newton R. Adverse reactions to carbamazepine man-
aged by desensitisation. Lancet 1985; i: 753. 

14. Eames P. Adverse reactions to carbamazepine managed by de-
sensitisation. Lancet 1989; i: 509–10.

Sudden unexplained death in epilepsy. Sudden unex-
plained death in epilepsy (SUDEP), a common cause of seizure-
related mortality in patients with chronic epilepsy, has been re-
viewed.1,2 Risk factors may include early onset of epilepsy, fre-
quent generalised tonic-clonic seizures, intractability, frequent
medication changes, and polytherapy. Carbamazepine use has
also been implicated but the evidence was considered to be ten-
uous although frequent dose change resulting in plasma-car-
bamazepine levels outside the therapeutic range was found to be
an independent risk factor. Although the FDA in the USA had
required data about the specific risk of SUDEP to be included in
the prescribing information for the newer antiepileptic drugs
gabapentin, lamotrigine, tiagabine, topiramate, and zonisamide,
some commentators3 consider that none of these antiepileptics
have shown an associated change in the risk of SUDEP. It has
been suggested2,3 that the incidence of SUDEP is related to the
disease rather than a specific drug effect.
1. Walczak T. Do antiepileptic drugs play a role in sudden unex-

pected death in epilepsy? Drug Safety 2003; 26: 673–83. 
2. Nashef L, et al. Risk factors in sudden death in epilepsy

(SUDEP): the quest for mechanisms. Epilepsia 2007; 48:
859–71. 

3. Lathers CM, Schraeder PL. Clinical pharmacology: drugs as a
benefit and/or risk in sudden unexpected death in epilepsy? J
Clin Pharmacol 2002; 42: 123–36.

Systemic lupus erythematosus. A review1 of 80 cases of
SLE-like syndromes associated with carbamazepine that had
been reported to the manufacturer suggested that the frequency
of reports (less than 0.001%) was below that for idiopathic lupus.
There have been subsequent reports2-4 of late-onset SLE occur-
ring after up to 8 years of carbamazepine therapy without previ-
ous adverse effects. The symptoms due to carbamazepine usual-
ly resolved on stopping treatment.
1. Jain KK. Systemic lupus erythematosus (SLE)-like syndromes

associated with carbamazepine therapy. Drug Safety 1991; 6:
350–60. 

2. Toepfer M, et al. Drug-induced systemic lupus erythematosus
after 8 years of treatment with carbamazepine. Eur J Clin Phar-
macol 1998; 54: 193–4. 

3. Pelizza L, et al. Drug-induced systemic lupus erythematosus af-
ter 7 years of treatment with carbamazepine. Acta Biomed 2006;
77: 17–19. 

4. Amerio P, et al. Drug-induced cutaneous lupus erythematosus
after 5 years of treatment with carbamazepine. Eur J Dermatol
2006; 16: 281–3.

Treatment of Adverse Effects
In the treatment of carbamazepine overdosage repeat-
ed doses of activated charcoal may be given orally to
adults and children who have ingested more than
20 mg/kg; the aim is not only to prevent absorption but
also to aid elimination. Gastric lavage may be consid-
ered if undertaken within 1 hour of ingestion. Support-
ive and symptomatic therapy alone may then suffice,
with particular attention to correcting hypoxia and hy-
potension; haemoperfusion has been suggested for se-
vere poisoning. If there is doubt about the diagnosis, or
if multiple-dose oral activated charcoal is being con-
sidered, then monitoring plasma-carbamazepine con-
centration can be useful; it may also help determine
when carbamazepine therapy should be restarted. See
also Overdosage, below.
Hypersensitivity reactions. For reference to successful de-
sensitisation in patients sensitive to carbamazepine, see Hyper-
sensitivity under Adverse Effects, above.
Overdosage. Carbamazepine poisoning and its management
has been reviewed.1 Management is primarily supportive, with
prompt attention to airway management and seizure control. Ac-
tivated charcoal should be given; although multiple-dose activat-
ed charcoal has been recommended for carbamazepine overdos-
age, care must be taken to protect the airway since carba-
mazepine inhibits intestinal motility and there is a significant risk
of aspiration. In patients with seizures unresponsive to benzodi-
azepines phenobarbital should be used; phenytoin is not a drug
of choice in this situation. Hypotension is rare, and should be
managed with fluid and vasopressor support; hypotension with
refractory seizures should be treated aggressively as it has led to
permanent neurological disability and death. 
Haemodialysis or haemoperfusion may be warranted in patients
with unstable cardiac status or status epilepticus complicated by
bowel hypomotility and unresponsive to more conventional ther-
apy. However, a report2 of the use of plasmapheresis in the treat-
ment of an acute overdose of carbamazepine concluded that plas-
mapheresis removed a very small percentage of the total body
load of carbamazepine and could not be recommended. As car-
bamazepine is highly protein-bound, albumin-enhanced contin-
uous venovenous haemodialysis was tried and found to be effec-
tive in the treatment of a 10-year-old child after ingestion of 1.4 g
of carbamazepine.3 
For a further review of the features and management of poison-
ing with some antiepileptics, including carbamazepine, see un-
der Phenytoin, p.497.
1. Spiller HA. Management of carbamazepine overdose. Pediatr

Emerg Care 2001; 17: 452–6. 
2. Kale PB, et al. Evaluation of plasmapheresis in the treatment of

an acute overdose of carbamazepine. Ann Pharmacother 1993;
27: 866–70. 

3. Askenazi DJ, et al. Management of a severe carbamazepine
overdose using albumin-enhanced continuous venovenous he-
modialysis. Pediatrics 2004; 113: 406–9.

Precautions
Carbamazepine should be avoided in patients with AV
conduction abnormalities. It should not be given to pa-
tients with a history of bone marrow depression. Car-
bamazepine should be given with caution to patients
with a history of blood disorders or haematological re-
actions to other drugs, or of cardiac, hepatic, or renal
disease. Patients or their carers should be told how to
recognise signs of blood, liver, and skin toxicity and
they should be advised to seek immediate medical at-
tention if symptoms such as fever, sore throat, rash,
mouth ulcers, bruising, or bleeding develop. Car-
bamazepine should be withdrawn, if necessary under
cover of a suitable alternative antiepileptic, if severe,
progressive, or symptomatic leucopenia develops, or if
symptoms suggestive of Stevens-Johnson syndrome or
toxic epidermal necrolysis occur. Licensed product in-
formation recommends blood counts and hepatic and
renal-function tests before starting carbamazepine
therapy and periodically during treatment, but the BNF
considers the evidence of practical value unsatisfacto-
ry. Clinical monitoring is of primary importance
throughout treatment. Some patients of Asian ancestry
may be at increased risk of severe skin reactions; for
recommendations that such patients’ genotype should
be tested before beginning carbamazepine see Skin Re-
actions, below. 
Care is required in identifying patients with mixed sei-
zure disorders that include generalised absence or atyp-
ical absence seizures, who may be at risk of an increase
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in generalised seizures if given carbamazepine. Car-
bamazepine may also exacerbate absence and myo-
clonic seizures. 
Care is required when withdrawing carbamazepine
therapy—see also Uses and Administration, below. 
Since carbamazepine has mild antimuscarinic proper-
ties caution should be observed in patients with glauco-
ma or raised intra-ocular pressure; scattered punctate
lens opacities occur rarely with carbamazepine and it
has been suggested that patients should be examined
periodically for eye changes.
Abuse. Overdosage requiring hospital admission has been re-
ported after abuse of carbamazepine.1
1. Crawford PJ, Fisher BM. Recreational overdosage of car-

bamazepine in Paisley drug abusers. Scott Med J 1997; 42: 44–5.

Breast feeding. The American Academy of Pediatrics
considers1 that carbamazepine is usually compatible with breast
feeding, although there have been reports2 of transient cholestat-
ic hepatitis in breast-fed infants. 
For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 09/06/08) 

2. Frey B, et al. Neonatal cholestatic hepatitis from carbamazepine
exposure during pregnancy and breast feeding. Ann Pharmaco-
ther 2002; 36: 644–7.

Driving. For comment on antiepileptic drugs and driving, see
p.468.
Multiple sclerosis. Exacerbation of symptoms of multiple
sclerosis has been reported1 in 5 patients on starting car-
bamazepine therapy for paroxysmal neurological symptoms and
pain. There was a close temporal association between starting
carbamazepine and worsening of symptoms, followed by resolu-
tion when it was stopped. A 3-year follow-up observational
study2 found that out of 36 multiple sclerosis patients who re-
ceived carbamazepine therapy, 12 developed neurological ad-
verse effects that mimicked a relapse. The authors concluded that
carbamazepine was associated with higher rates of adverse ef-
fects and stopping therapy than gabapentin or lamotrigine.
1. Ramsaransing G, et al. Worsening of symptoms of multiple scle-

rosis associated with carbamazepine. BMJ 2000; 320: 1113. 
2. Solaro C, et al. Antiepileptic medications in multiple sclerosis:

adverse effects in a three-year follow-up study. Neurol Sci 2005;
25: 307–10.

Porphyria. Carbamazepine has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468. 
There is an increased risk of neural tube defects in infants ex-
posed in utero to antiepileptics including carbamazepine; syn-
dromes such as craniofacial and digital abnormalities and, less
commonly, cleft lip and palate have also been described. Expo-
sure to carbamazepine has been calculated to carry a 1% risk of
spina bifida.1 A ‘carbamazepine syndrome’ characterised by fa-
cial dysmorphic features and mild mental retardation has been
described;2 such syndromes are now often seen as aspects of a
single ‘fetal antiepileptic syndrome’. There is also a risk of neo-
natal bleeding.
1. Rosa FW. Spina bifida in infants of women treated with car-

bamazepine during pregnancy. N Engl J Med 1991; 324: 674–7. 
2. Ornoy A, Cohen E. Outcome of children born to epileptic moth-

ers treated with carbamazepine during pregnancy. Arch Dis
Child 1996; 75: 517–20.

Skin reactions. The FDA has issued a warning1 that severe and
potentially fatal skin reactions such as Stevens-Johnson syn-
drome and toxic epidermal necrolysis are significantly more
common in patients with the HLA allele HLA-B*1502, which
occurs almost exclusively in persons of Asian ancestry. They
recommend that patients with such ancestry should be screened
for the presence of this allele before beginning therapy with car-
bamazepine, and if present the risks and benefits of therapy
should be considered with particular care; those who have al-
ready taken carbamazepine for more than a few months without
developing skin reactions are, however, at low risk of them ever
developing, regardless of genotype. Similar recommendations
have since been issued in the UK by the MHRA.2
1. FDA. Information for healthcare professionals: carbamazepine

(marketed as Carbatrol, Equetro, Tegretol, and generics). Issued
12th December, 2007. Available at: http://www.fda.gov/cder/
drug/InfoSheets/HCP/carbamazepineHCP.htm (accessed 09/06/08) 

2. MHRA/CHM. Carbamazepine: genetic testing recommended in
some Asian populations. Drug Safety Update 2008: 1 (9): 5. Available
at: http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON014506&RevisionSelectionMethod=Latest
(accessed 09/06/08)

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are

very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. 
The metabolism of carbamazepine is reported to be
less susceptible to inhibition by other drugs than that of
phenytoin but a few drugs are reported to inhibit its
metabolism by the cytochrome P450 isoenzyme
CYP3A4, resulting in raised plasma concentrations
and associated toxicity. Conversely, drugs that induce
CYP3A4 may increase the metabolism of car-
bamazepine, leading to reduced plasma concentrations
and potentially a decrease in therapeutic effect. Li-
censed product information advises that, in such situa-
tions, the dose of carbamazepine should be adjusted
accordingly and/or the plasma concentrations moni-
tored. 
Carbamazepine is itself a hepatic enzyme inducer, and
induces its own metabolism as well as that of a number
of other drugs including some antibacterials (notably,
doxycycline), anticoagulants, and sex hormones (nota-
bly, oral contraceptives). Carbamazepine and pheny-
toin may also mutually enhance one another’s metabo-
lism. The metabolism of carbamazepine is similarly
enhanced by enzyme inducers such as phenobarbital.
◊ General references.
1. Spina E, et al. Clinically significant pharmacokinetic drug inter-

actions with carbamazepine: an update. Clin Pharmacokinet
1996; 31: 198–214.

Alcohol. Alcohol may exacerbate the CNS adverse effects of
carbamazepine and vice versa.
Analgesics. Dextropropoxyphene has been reported to cause
substantial elevation of serum-carbamazepine concentrations1

and carbamazepine toxicity,1,2 probably due to inhibition of car-
bamazepine metabolism.1 
Use of enzyme-inducing antiepileptics such as carbamazepine
affects the threshold for use of antidote in the treatment of para-
cetamol poisoning, see p.110. 
For the effect of carbamazepine on tramadol, see p.131.
1. Dam M, Christiansen J. Interaction of propoxyphene with car-

bamazepine. Lancet 1977; ii: 509. 
2. Yu YL, et al. Interaction between carbamazepine and dextropro-

poxyphene. Postgrad Med J 1986; 62: 231–3.

Anthelmintics. For the effect of carbamazepine on mebenda-
zole and praziquantel, see p.149 and p.154, respectively.
Antibacterials. The antimycobacterial isoniazid1,2 and
macrolides3 such as clarithromycin, erythromycin, and trolean-
domycin have been reported to cause substantial elevations of se-
rum concentrations of carbamazepine and symptoms of car-
bamazepine toxicity. Clarithromycin has also been reported to
have caused hyponatraemia when added to carbamazepine ther-
apy in a 30-year-old epileptic woman.4 Rifampicin and isoniazid
decreased the serum concentrations of carbamazepine in a 44-
year-old woman being treated for bipolar disorder and suspected
tuberculosis, resulting in hypomania.5 
Use of carbamazepine with isoniazid may increase the risk of
isoniazid-induced hepatotoxicity.
1. Valsalan VC, Cooper GL. Carbamazepine intoxication caused by

interaction with isoniazid. BMJ 1982; 285: 261–2. 
2. Wright JM, et al. Isoniazid-induced carbamazepine toxicity and

vice versa. N Engl J Med 1982; 307: 1325–7. 
3. Pauwels O. Factors contributing to carbamazepine-macrolide in-

teractions. Pharmacol Res 2002; 45: 291–8. 
4. Kanbay M, et al. Hyponatremia due to an additive effect of car-

bamazepine and clarithromycin. South Med J 2007; 100: 222. 
5. Zolezzi M. Antituberculosis agents and carbamazepine. Am J

Psychiatry 2002; 159: 874.

Anticoagulants. For the effect of carbamazepine on warfarin,
see p.1429.
Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of carbamazepine by
lowering the convulsive threshold. 
Antidepressants such as desipramine,1 fluoxetine,2 fluvoxamine,3
nefazodone4 (and perhaps trazodone5), and viloxazine6 increase
plasma concentrations of carbamazepine and may induce car-
bamazepine toxicity. A toxic serotonin syndrome (see p.416) has
been reported in a patient who received fluoxetine with car-
bamazepine.7 Severe neurotoxicity reported during therapy with
lithium and carbamazepine8,9 may be due to a synergistic effect
as reports indicate that either drug was tolerated when not given
with the other and measured plasma concentrations did not indi-
cate overdosage.9 However, toxic serum concentrations of lithi-
um have also been reported, due to carbamazepine-induced acute
renal failure (see p.404). 
Because of the structural similarity to tricyclic antidepressants
licensed product information suggests that carbamazepine
should not be given to patients taking an MAOI or within 14 days
of stopping such treatment. 
St John’s wort has been shown to induce several drug metabolis-
ing enzymes (see p.423) and consequently it has been suggested
that it might reduce the blood concentrations of carbamazepine

leading to an increased risk of seizure.10 However, a multiple-
dose study11 in healthy subjects reported that St John’s wort had
no significant effect on the pharmacokinetics of carbamazepine
or its active epoxide metabolite. 
For the effect of carbamazepine on antidepressants, see Bupropi-
on (p.384), Fluoxetine (p.396), Mianserin (p.409), Nefazodone
(p.413), and Amitriptyline (p.380).
1. Lesser I. Carbamazepine and desipramine: a toxic reaction. J

Clin Psychiatry 1984; 45: 360. 
2. Pearson HJ. Interaction of fluoxetine with carbamazepine. J

Clin Psychiatry 1990; 51: 126. 
3. Fritze J, et al. Interaction between carbamazepine and fluvox-

amine. Acta Psychiatr Scand 1991; 84: 583–4. 
4. Ashton AK, Wolin RE. Nefazodone-induced carbamazepine

toxicity. Am J Psychiatry 1996; 153: 733. 
5. Sánchez Romero A, et al. Interaction between trazodone and

carbamazepine. Ann Pharmacother 1999; 33: 1370. 
6. Scarpello JHB, Cottrell N. Overuse of monitoring of blood con-

centrations of antiepileptic drugs. BMJ 1987; 294: 1355. 
7. Dursun SM, et al. Toxic serotonin syndrome after fluoxetine

plus carbamazepine. Lancet 1993; 342: 442–3. 
8. Andrus PF. Lithium and carbamazepine. J Clin Psychiatry

1984; 45: 525. 
9. Chaudhry RP, Waters BGH. Lithium and carbamazepine inter-

action: possible neurotoxicity. J Clin Psychiatry 1983; 44:
30–1. 

10. Committee on Safety of Medicines/Medicines Control Agency.
Reminder: St John’s wort (Hypericum perforatum) interactions.
Current Problems 2000; 26: 6–7. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelectionMethod=
LatestReleased (accessed 09/06/08) 

11. Burstein AH, et al. Lack of effect of St John’s Wort on car-
bamazepine pharmacokinetics in healthy volunteers. Clin Phar-
macol Ther 2000; 68: 605–12.

Antiepileptics. Interactions of varying degrees of clinical sig-
nificance have been reported between carbamazepine and other
antiepileptics. 
Serum concentrations of carbamazepine are reported to be re-
duced by phenobarbital, but without loss of seizure control;1,2

this reduction is probably due to induction of carbamazepine me-
tabolism. 
The interaction with phenytoin is somewhat more complex and
the consequences vary. There is evidence of a lowering of serum-
carbamazepine concentrations, presumably due to induction of
metabolism by phenytoin;1-3 in return carbamazepine has been
reported both to lower and increase serum phenytoin—see
p.498. Again, these reports do not indicate a loss of seizure con-
trol or toxicity resulting from the interaction, although the possi-
bility presumably exists. Gradually withdrawing phenytoin from
2 patients who had been receiving carbamazepine and phenytoin
resulted in a dramatic increase in plasma-carbamazepine concen-
trations;4 one patient exhibited neurotoxic symptoms. The au-
thors recommended that plasma-carbamazepine monitoring
should be carried out whenever phenytoin is withdrawn in pa-
tients taking these two drugs together. 
Valproic acid produces an increase in serum concentrations of
the active epoxide metabolite of carbamazepine. This is usually
attributed to inhibition of its hydrolysis by epoxide hydrolase,
although an additional proposed mechanism5 is inhibition of the
glucuronidation of carbamazepine-10,11-trans-diol, the com-
pound to which the epoxide is converted under normal circum-
stances. Adverse effects may be a problem if unusually high
epoxide concentrations arise but, in general, this interaction is of
limited clinical significance. However, valpromide, the amide
derivative, is a much more powerful inhibitor of epoxide hydro-
lase than valproic acid,6-8 and therefore produces greater increas-
es in epoxide plasma concentrations with clinical signs of toxic-
ity.7 Switching from sodium valproate to valpromide has resulted
in toxicity in patients also receiving carbamazepine.7 Neither
valproic acid nor valpromide have any significant effect on plas-
ma concentrations of the parent drug, carbamazepine. Valnocta-
mide, an isomer of valpromide, appears to be at least as potent as
valpromide in inhibiting the elimination of the epoxide metabo-
lite of carbamazepine.9 Valnoctamide has been used as an anxio-
lytic, although it does appear to possess some antiepileptic activ-
ity. For a report of acute psychosis associated with the
combination of carbamazepine and sodium valproate, see Ef-
fects on Mental Function under Adverse Effects, above. For the
effects of carbamazepine on valproate, see p.511. 
Of the other antiepileptics stiripentol10,11 has been reported to in-
hibit carbamazepine metabolism, while felbamate causes a sig-
nificant fall in plasma-carbamazepine concentrations which may
require an increase in the dose of carbamazepine.12 However, an-
other study13 has shown a significant increase in plasma-concen-
trations of the active epoxide metabolite, which may counteract
the effect of the decrease in plasma concentrations of the parent
compound. Neurotoxicity has been seen after use of car-
bamazepine with lamotrigine.14 The suggestion that this was due
to raised concentrations of carbamazepine epoxide was not con-
firmed in a controlled study in which the 2 drugs were used to-
gether safely and effectively.15 Toxic epidermal necrolysis
occurred16 when lamotrigine was added to carbamazepine thera-
py in a patient who had been taking carbamazepine for 3 years;
symptoms resolved progressively when both drugs were
stopped. Symptoms of carbamazepine toxicity have been
reported17 when levetiracetam was added to carbamazepine ther-
apy; this interaction appeared to be due to a pharmacodynamic
mechanism as blood levels of carbamazepine and its epoxide
metabolite were not altered. There have also been reports18 of
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carbamazepine toxicity when topiramate was added to car-
bamazepine therapy; symptoms resolved when the dose of car-
bamazepine was reduced. Fulminant liver failure has been
reported19 after an increase in adjunctive topiramate dose in a pa-
tient maintained on carbamazepine for 2 years without any signs
of hepatotoxicity. The GABA agonist progabide has increased
plasma concentrations of the epoxide metabolite, probably due
to inhibition of microsomal epoxide hydrolase.20 Vigabatrin is
reported21 to increase the clearance of carbamazepine by about
35%. 
For the effects of carbamazepine on ethosuximide, see p.480, on
lamotrigine, see p.486, on oxcarbazepine, see p.491, on primi-
done, see p.503, on tiagabine, see p.505, and on topiramate, see
p.506. For interactions with benzodiazepines, see below.
1. Cereghino JJ, et al. The efficacy of carbamazepine combina-

tions in epilepsy. Clin Pharmacol Ther 1975; 18: 733–41. 
2. Rane A, et al. Kinetics of carbamazepine and its 10,11-epoxide

metabolite in children. Clin Pharmacol Ther 1976; 19: 276–83. 
3. Christiansen J, Dam M. Influence of phenobarbital and diphe-

nylhydantoin on plasma carbamazepine levels in patients with
epilepsy. Acta Neurol Scand 1973; 49: 543–6. 
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Antifungals. Malaise, myoclonus, and trembling were
reported1 to have developed in a patient receiving carbamazepine
after the addition of miconazole to therapy. Ketoconazole was as-
sociated with a significant increase in plasma-carbamazepine
concentrations in 8 epileptic patients stabilised on car-
bamazepine;2 plasma concentrations of the epoxide metabolite
were unchanged. A threefold increase in serum-carbamazepine
concentrations, reported3 in a patient after addition of flucona-
zole to carbamazepine therapy, was asymptomatic; however, car-
bamazepine toxicity has been reported4,5 in 2 patients stabilised
on carbamazepine who were given fluconazole. Terbinafine has
also been reported6 to cause possible carbamazepine toxicity. 
For the effect of carbamazepine on itraconazole, see p.537.
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6. Baath NS, et al. Possible carbamazepine toxicity with terbin-
afine. Can J Clin Pharmacol 2006; 13: e228–e231.

Antihistamines. Terfenadine and carbamazepine are both
highly protein bound and therefore may compete for protein
binding sites. An 18-year-old woman receiving carbamazepine
as an antiepileptic experienced symptoms of neurotoxicity short-
ly after starting treatment with terfenadine for rhinitis.1 The con-
centration of free carbamazepine in the plasma was higher than
normal and returned to normal on stopping terfenadine.
1. Hirschfeld S, Jarosinski P. Drug interaction of terfenadine and

carbamazepine. Ann Intern Med 1993; 118: 907–8.

Antimalarials. Chloroquine and mefloquine may antagonise
the antiepileptic activity of carbamazepine by lowering the con-
vulsive threshold.
Antiprotozoals. A patient receiving carbamazepine for bipolar
disorder developed dizziness, diplopia, and nausea 4 days after
the addition of metronidazole for diverticulitis.1
1. Patterson BD. Possible interaction between metronidazole and

carbamazepine. Ann Pharmacother 1994; 28: 1303–4.

Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of carbamazepine by lower-
ing the convulsive threshold. 
Increased plasma concentrations of carbamazepine epoxide have
been reported to occur during therapy with carbamazepine and
loxapine1 or quetiapine,2 possibly due to induction of car-
bamazepine metabolism or inhibition of metabolism of the epox-
ide. Raised serum concentrations of carbamazepine have also
been reported in patients receiving haloperidol.3 
For the effect of carbamazepine on antipsychotics, see under
Chlorpromazine, p.974.
1. Collins DM, et al. Potential interaction between carbamazepine

and loxapine: case report and retrospective review. Ann Pharma-
cother 1993; 27: 1180–3. 

2. Fitzgerald BJ, Okos AJ. Elevation of carbamazepine-10,11-
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dol on plasma carbamazepine levels. Clin Neuropharmacol
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Antivirals. Ritonavir inhibits several microsomal liver enzymes
and therefore may potentially increase plasma concentrations of
carbamazepine. Licensed product information for ritonavir ad-
vises that such combinations may require monitoring. Car-
bamazepine toxicity has been reported1,2 after interaction with
ritonavir. In one report,2 the patient was also taking nelfinavir
and lopinavir, both of which are substrates and inhibitors of
CYP450 isoenzymes. 
For the effect of carbamazepine on HIV-protease inhibitors, see
p.883.
1. Mateu-de Antonio J, Grau S. Ritonavir-induced carbamazepine

toxicity. Ann Pharmacother 2001; 35: 125–6. 
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navir/ritonavir and nelfinavir. Ann Pharmacother 2006; 40:
1190–5.

Anxiolytics. For a discussion of the potential interaction be-
tween carbamazepine and the anxiolytic valnoctamide, an iso-
mer of the antiepileptic valpromide, see Antiepileptics, above. 
See also Benzodiazepines, below.
Benzodiazepines. The metabolism of benzodiazepines may
be enhanced by induction of hepatic drug-metabolising enzymes
in patients who have received long-term therapy with car-
bamazepine; benzodiazepine plasma concentrations are reduced,
half-life is shorter, and clearance is increased1,2 (see also Antiep-
ileptics, under Interactions of Diazepam, p.990). 
Some benzodiazepines may also affect carbamazepine. One
group of workers reported that after addition of clobazam to car-
bamazepine therapy a dose reduction for the latter was required
due to increased blood concentrations.3 In a later study4 it ap-
peared that clobazam could produce a moderate increase in the
metabolism of carbamazepine. The plasma ratio of metabolites
of carbamazepine, including carbamazepine-10,11-epoxide, to
parent compound was increased in patients taking clobazam and
carbamazepine.
1. Dhillon S, Richens A. Pharmacokinetics of diazepam in epileptic

patients and normal volunteers following intravenous adminis-
tration. Br J Clin Pharmacol 1981; 12: 841–4. 

2. Lai AA, et al. Time-course of interaction between car-
bamazepine and clonazepam in normal man. Clin Pharmacol
Ther 1978; 24: 316–23. 

3. Franceschi M, et al. Clobazam in drug-resistant and alcoholic
withdrawal seizures. Clin Trials J 1983; 20: 119–25. 

4. Muñoz JJ, et al. The effect of clobazam on steady state plasma
concentrations of carbamazepine and its metabolites. Br J Clin
Pharmacol 1990; 29: 763–5.

Calcium-channel blockers. Six patients with steady-state
carbamazepine concentrations had symptoms of neurotoxicity
consistent with carbamazepine intoxication within 36 to 96 hours
of the first dose of verapamil.1 In 5 patients, in whom plasma
concentrations were measured, there was a mean increase of
46% in total carbamazepine and 33% in free carbamazepine; no
effect on the plasma protein binding of carbamazepine was seen.
The results suggested that verapamil inhibits the metabolism of
carbamazepine to an extent likely to have important clinical re-
percussions. There has also been a report2 of a patient in whom
diltiazem, but not nifedipine, precipitated carbamazepine neuro-
toxicity. 
For the effect of carbamazepine on dihydropyridine calcium-
channel blockers, see under Nifedipine, p.1353.
1. Macphee GJA, et al. Verapamil potentiates carbamazepine neu-

rotoxicity: a clinically important inhibitory interaction. Lancet
1986; i: 700–703. 

2. Brodie MJ, Macphee GJA. Carbamazepine neurotoxicity precip-
itated by diltiazem. BMJ 1986; 292: 1170–1.

Ciclosporin. For the effect of carbamazepine on ciclosporin,
see p.1826.
Corticosteroids. For the effect of carbamazepine on cortico-
steroids, see p.1494.

Danazol. Use of danazol with carbamazepine has been reported
to increase the half-life and decrease clearance of car-
bamazepine,1 resulting in increases in plasma-carbamazepine
concentrations of up to 100%1,2 and resultant toxicity in a
number of patients.2
1. Krämer G, et al. Carbamazepine-danazol drug interaction: its

mechanism examined by a stable isotope technique. Ther Drug
Monit 1986; 8: 387–92. 

2. Zielinski JJ, et al. Clinically significant danazol-carbamazepine
interaction. Ther Drug Monit 1987; 9: 24–7.

Dermatological drugs. Addition of isotretinoin to regular car-
bamazepine therapy appeared to reduce plasma concentrations
of the latter and its active epoxide metabolite.1 However, no ad-
verse events were noted during a 6-week period of treatment
with isotretinoin. Nonetheless, licensed product information for
carbamazepine recommends that the levels of carbamazepine are
monitored if both are used together.
1. Marsden JR. Effect of isotretinoin on carbamazepine pharma-

cokinetics. Br J Dermatol 1988; 119: 403–4.

Diuretics. There has been a report of symptomatic hyponatrae-
mia associated with use of carbamazepine and a diuretic (hydro-
chlorothiazide or furosemide—see under Interactions of Furo-
semide, p.1293). Carbamazepine serum concentrations are
increased by acetazolamide.1
1. McBride MC. Serum carbamazepine levels are increased by

acetazolamide. Ann Neurol 1984; 16: 393.

Gastrointestinal drugs. Cimetidine is reported to produce a
transient increase in plasma-carbamazepine concentrations, with
a return to pre-cimetidine values within about a week;1 some in-
crease in adverse effects was seen. Ranitidine does not appear to
affect plasma-carbamazepine concentrations.2 Neurotoxicity has
been seen in a patient receiving carbamazepine and metoclopra-
mide.3
1. Dalton MJ, et al. Cimetidine and carbamazepine: a complex drug

interaction. Epilepsia 1986; 27: 553–8. 
2. Dalton MJ, et al. Ranitidine does not alter single-dose car-

bamazepine pharmacokinetics in healthy adults. Drug Intell Clin
Pharm 1985; 19: 941–4. 

3. Sandyk R. Carbamazepine and metoclopramide interaction: pos-
sible neurotoxicity. BMJ 1984; 288: 830.

Grapefruit juice. The bioavailability and plasma concentra-
tions of carbamazepine have been reported1 to be increased by
grapefruit juice.
1. Garg SK, et al. Effect of grapefruit juice on carbamazepine bio-

availability in patients with epilepsy. Clin Pharmacol Ther 1998;
64: 286–8.

Levothyroxine. For the effect of carbamazepine on levothy-
roxine, see p.2172.
Neuromuscular blockers. For the effect of carbamazepine on
suxamethonium, see p.1911 and on competitive neuromuscular
blockers, see under Atracurium, p.1904.
Sex hormones. For the effect of carbamazepine on oral con-
traceptives, see p.2068 and for the possible effect on tibolone,
see p.2134. 
See also Danazol, above
Theophylline. A decrease in serum-carbamazepine concentra-
tions of about 50% was reported1 in an epileptic patient given
theophylline. The patient experienced seizures and the proposed
mechanism was that theophylline had increased the metabolism
of carbamazepine. 
For the effect of carbamazepine on theophylline, see p.1143.
1. Mitchell EA, et al. Interaction between carbamazepine and the-

ophylline. N Z Med J 1986; 99: 69–70.

Vitamins. The plasma concentration of carbamazepine was in-
creased in 2 patients given nicotinamide.1 
For the effect of antiepileptics, including carbamazepine, on vi-
tamin D concentrations, see Effects on Bone under the Adverse
Effects of Phenytoin, p.496.
1. Bourgeois BFD, et al. Interactions between primidone, car-

bamazepine, and nicotinamide. Neurology 1982; 32: 1122–6.

Pharmacokinetics
Carbamazepine is slowly and irregularly absorbed
from the gastrointestinal tract and has a bioavailability
of 85 to 100%. It is extensively metabolised in the liver,
notably by the cytochrome P450 isoenzymes CYP3A4
and CYP2C8. One of its primary metabolites, car-
bamazepine-10,11-epoxide, is also active. Car-
bamazepine is excreted in the urine almost entirely in
the form of its metabolites; some are also excreted in
faeces. Elimination of carbamazepine is reported to be
more rapid in children and accumulation of the active
metabolite may often be higher than in adults. 
Carbamazepine is widely distributed throughout the
body and is about 70 to 80% bound to plasma proteins.
It induces its own metabolism so that the plasma half-
life may be considerably reduced after repeated dos-
age. The mean plasma half-life of carbamazepine on
repeated dosage is about 12 to 24 hours; it appears to
be considerably shorter in children than in adults.
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Moreover, the metabolism of carbamazepine is readily
induced by drugs that induce hepatic microsomal en-
zymes (see Interactions, above). 
Monitoring of plasma concentrations may be per-
formed when clinically indicated and the therapeut-
ic range of total plasma-carbamazepine is usually
quoted as being about 4 to 12 micrograms/mL (17 to
50 micromoles/litre), although this is subject to consid-
erable variation. It has been suggested by some, but not
all investigators, that measurement of free car-
bamazepine concentrations in plasma may prove more
reliable, and concentrations in saliva or tears, which
contain only free carbamazepine, have also been meas-
ured. 
Carbamazepine crosses the placental barrier and is dis-
tributed into breast milk. 
The pharmacokinetics of carbamazepine are affected
by use with other antiepileptics (see under Interactions,
above).
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Uses and Administration
Carbamazepine is a dibenzazepine derivative with
antiepileptic and psychotropic properties. It is used to
control secondarily generalised tonic-clonic seizures
and partial seizures, and in some primary generalised
seizures. Carbamazepine is also used in the treatment
of trigeminal neuralgia and has been tried with variable
success in glossopharyngeal neuralgia and other severe
pain syndromes associated with neurological disorders
such as tabes dorsalis and multiple sclerosis. Another
use of carbamazepine is in the management of bipolar
disorder unresponsive to lithium. 
In the treatment of epilepsy, the dose of carbamaz-
epine should be adjusted to the needs of the individual
patient to achieve adequate control of seizures; this
usually requires total plasma-carbamazepine concen-
trations of about 4 to 12 micrograms/mL (17 to
50 micromoles/litre). A low initial dose of car-
bamazepine is recommended to minimise adverse ef-
fects. The suggested initial oral dose is 100 to 200 mg
once or twice daily gradually increased by increments
of up to 200 mg daily every week to a usual mainte-
nance dose of 0.8 to 1.2 g daily in divided doses; up to
2 g daily may occasionally be necessary. For details of
doses in children, see below. 
Oral carbamazepine is usually given in divided doses 2
to 4 times daily. A twice-daily regimen may be associ-
ated with improved compliance but can produce wide-
ly fluctuating plasma-carbamazepine concentrations
that lead to intermittent adverse effects. Twice-daily
dosage may nonetheless be suitable for patients receiv-
ing carbamazepine monotherapy; modified-release
formulations can minimise fluctuations in plasma con-
centration and may also allow effective twice-daily
use. Different preparations vary in bioavailability and
it may be prudent to avoid changing the formulation. 
The time and manner of taking carbamazepine should
be standardised for the patient since variations might

affect absorption with consequent fluctuations in the
plasma concentrations. 
Carbamazepine may be given by the rectal route in
doses up to a maximum of 250 mg every 6 hours to
patients for whom oral treatment is temporarily not
possible. The dosage should be increased by about
25% when changing from an oral formulation to sup-
positories, and it is recommended that the rectal route
should not be used for longer than 7 days. 
As with other antiepileptics, withdrawal of car-
bamazepine therapy or transition to or from another
type of antiepileptic therapy should be made gradually
to avoid precipitating an increase in the frequency of
seizures. For a discussion on whether or not to with-
draw antiepileptic therapy in seizure-free patients, see
p.465. 
The treatment of trigeminal neuralgia is typically be-
gun with low oral doses, such as 100 mg of car-
bamazepine twice daily (although up to 200 mg twice
daily has been suggested in the UK), and increased
gradually as needed to maintain freedom from pain.
This is usually at maintenance doses of 400 to 800 mg
in divided doses; up to 1.2 g daily is considered stand-
ard maintenance in the USA, while UK licensed prod-
uct information considers that up to 1.6 g daily may be
needed in some patients. When pain relief has been ob-
tained attempts should be made to reduce, and if possi-
ble stop, therapy, until another attack occurs. 
For the management of bipolar disorder, car-
bamazepine is given in an initial oral dose of 400 mg
daily in divided doses, increased gradually as neces-
sary up to a maximum of 1.6 g daily; the usual mainte-
nance dose range is 400 to 600 mg daily.
Administration. A modified-release formulation of car-
bamazepine can reduce fluctuations in carbamazepine concen-
trations,1 and tolerability and seizure control in patients with ep-
ilepsy may be improved.2,3 Such formulations should be
considered in patients receiving high doses who suffer intermit-
tent adverse effects, and might also permit a reduction to twice-
or even, in some patients, once-daily dosage.2,4 However, bioa-
vailability appears to be slightly less than conventional prepara-
tions and dosage adjustments may be required when changing
between formulations.1
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led-release carbamazepine: a double-blind, double-dummy com-
parison in epileptic patients. Br J Clin Pharmacol 1991; 32:
99–104. 
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3. Ryan SW, et al. Slow release carbamazepine in treatment of
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4. McKee PJW, et al. Double dummy comparison between once

and twice daily dosing with modified-release carbamazepine in
epileptic patients. Br J Clin Pharmacol 1993; 36: 257–61.

Administration in children. In the UK, the usual recom-
mended oral dose of carbamazepine for generalised tonic-clonic
and partial seizures in children is 10 to 20 mg/kg daily in divided
doses. Alternatively the daily dose may be given according to
age as follows: 
• up to 1 year: 100 to 200 mg 
• 1 to 5 years: 200 to 400 mg 
• 5 to 10 years: 400 to 600 mg 
• 10 to 15 years: 0.6 to 1 g 
As with adults, children should be started on a low initial dose of
carbamazepine to minimise adverse effects; the BNFC suggests
that those aged 1 month to 12 years may initially be given
5 mg/kg at night or 2.5 mg/kg twice daily, increasing by 2.5 to
5 mg/kg every 3 to 7 days as necessary to a usual maintenance
dose of 5 mg/kg 2 or 3 times daily. Older children may be given
the usual adult dose (see above) although a maximum of 1.8 g
daily has been suggested. 
The BNFC also states that these doses may be used for the treat-
ment of neuropathic pain and some movement disorders, and for
mood stabilisation. 
Carbamazepine may be given rectally to children in whom oral
treatment is temporarily not possible; the BNFC suggests this
route may be used from 1 month of age. Doses should be about
25% greater than the corresponding oral dose, to a maximum of
250 mg, and given up to 4 times daily.
Bipolar disorder. Carbamazepine may be given as an alterna-
tive to lithium or valproate in patients with bipolar disorder
(p.372). Studies of its efficacy have been conflicting; although
clearly effective in some patients, at least one early study sug-
gested that short-term benefit was not sustained in the longer
term.1 More recent results2,3 have suggested that lithium or val-
proate are generally more effective, but that carbamazepine may
conceivably have a role in patients with nonclassical features.
Carbamazepine has also been used with lithium, particularly in

patients unresponsive to either drug alone; although there are
suggestions that the combination may be more effective than
monotherapy, particularly in patients with a history of rapid cy-
cling,4 it is associated with a potential risk of serious neurotoxic-
ity—see Antidepressants, under Interactions, above. While some
commentators have suggested that carbamazepine is falling out
of favour with specialists prescribing for bipolar disorder,5 a
more recent literature review6 concluded that it was still a feasi-
ble treatment option.
1. Frankenburg FR, et al. Long-term response to carbamazepine: a

retrospective study. J Clin Psychopharmacol 1988; 8: 130–2. 
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bamazepine in the prophylaxis of bipolar disorder: results of the
MAP study. Neuropsychobiology 2000; 42 (suppl 1): 2–10. 

3. Vasudev K, et al. Carbamazepine and valproate monotherapy:
feasibility, relative safety and efficacy, and therapeutic drug
monitoring in manic disorder. Psychopharmacology (Berl) 2000;
150: 15–23. 

4. Denicoff KD, et al. Comparative prophylactic efficacy of lithi-
um, carbamazepine, and the combination in bipolar disorder. J
Clin Psychiatry 1997; 58: 470–8. 

5. Ferrier IN. Developments in mood stabilisers. Br Med Bull 2001;
57: 179–92. 

6. Stoner SC, et al. Historical review of carbamazepine for the
treatment of bipolar disorder. Pharmacotherapy 2007; 27:
68–88.

Depression. Carbamazepine has been tried1-3 for the augmen-
tation of antidepressant therapy in the treatment of resistant de-
pression (p.373). However, such combined therapy may lead to
interactions—see also Antidepressants under Interactions,
above.
1. De la Fuente JM, Mendlewicz J. Carbamazepine addition in tri-

cyclic antidepressant-resistant unipolar depression. Biol Psychi-
atry 1992; 32: 369–74. 

2. Otani K, et al. Carbamazepine augmentation therapy in three pa-
tients with trazodone-resistant depression. Int Clin Psychophar-
macol 1996; 11: 55–7. 

3. Ciusani E, et al. Combination therapy with venlafaxine and car-
bamazepine in depressive patients not responding to venlafax-
ine: pharmacokinetic and clinical aspects. J Psychopharmacol
2004; 18: 559–66.

Diabetes insipidus. Cranial diabetes insipidus is usually treat-
ed by replacement therapy with antidiuretic hormone (ADH) in
the form of desmopressin (see p.2179). Carbamazepine is one of
a variety of other drugs that have been tried to promote ADH
secretion, although some consider that it is usually ineffective
and has unwanted effects.1,2 Doses of 200 to 400 mg daily by
mouth have been given. See also Effects on Electrolytes under
Adverse Effects, above.
1. Seckl J, Dunger D. Postoperative diabetes insipidus. BMJ 1989;

298: 2–3. 
2. Singer I, et al. The management of diabetes insipidus in adults.

Arch Intern Med 1997; 157: 1293–1301.

Epilepsy. Carbamazepine is one of the drugs of choice for par-
tial seizures with or without secondary generalisation (see
p.465). It has been used for generalised tonic-clonic seizures (al-
though valproate is the drug of choice where these occur in pri-
mary generalised epilepsy), but it may exacerbate absence and
myoclonic seizures.
Hemifacial spasm. Carbamazepine has been reported to have
been of help in the treatment of hemifacial spasm (p.1892).
Hiccup. For the management of intractable hiccups see under
Chlorpromazine, p.976. Carbamazepine may be of value for the
treatment of neurogenic hiccups such as those that occur in mul-
tiple sclerosis.1 Carbamazepine has also been reported to have
been of benefit in 3 patients with diaphragmatic flutter,2 a rare
disorder associated with involuntary contractions of the dia-
phragm.
1. McFarling DA, Susac JO. Hoquet diabolique: intractable hic-

cups as a manifestation of multiple sclerosis. Neurology 1979;
29: 797–801. 

2. Vantrappen G, et al. High-frequency diaphragmatic flutter:
symptoms and treatment by carbamazepine. Lancet 1992; 339:
265–7.

Hyperactivity. When drugs are indicated for attention deficit
hyperactivity disorder (p.2148) initial treatment is usually with a
central stimulant but meta-analysis of a small number of trials
has provided evidence that carbamazepine may be effective.1
1. Silva RR, et al. Carbamazepine use in children and adolescents

with features of attention-deficit hyperactivity disorder: a meta-
analysis. J Am Acad Child Adolesc Psychiatry 1996; 35: 352–8.

Lesch-Nyhan syndrome. The severe self-mutilation that oc-
curs in patients with Lesch-Nyhan syndrome (p.976) has been
reported to improve in those given antiepileptics such as car-
bamazepine.1
1. Roach ES, et al. Carbamazepine trial for Lesch-Nyhan self-mu-

tilation. J Child Neurol 1996; 11: 476–8.

Movement disorders. Carbamazepine is one of many drugs
that have been tried in the symptomatic treatment of chorea
(p.953); there have been anecdotal reports of benefit in both non-
hereditary1,2 and hereditary choreas.3 Carbamazepine is also
among the drugs that have been tried in the treatment of dysto-
nias that have not responded to levodopa or antimuscarinics
(p.809). Although some patients may benefit from car-
bamazepine, it is not generally recommended because of a rela-
tively low success rate and the possibility of adverse effects.4
Carbamazepine therapy has also been associated with movement
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

disorders—see Effects on the Nervous System: Extrapyramidal
Effects under Adverse Effects, above. 
Carbamazepine has also been used in resistant cases of tardive
dyskinesia (see under Extrapyramidal Disorders, p.971). 
Although not licensed in the UK for movement disorders in chil-
dren, the BNFC suggests that carbamazepine may be tried in dis-
orders such as paroxysmal kinesigenic choreoathetosis in doses
similar to those used for the treatment of epilepsy (see Adminis-
tration in Children, above).
1. Roig M, et al. Carbamazepine: an alternative drug for the treat-

ment of nonhereditary chorea. Pediatrics 1988; 82: 492–5. 
2. García González MM, et al. Corea de Sydenham: presentación

de un caso tratado con carbamazepina con excelente respuesta
clínica. An Pediatr (Barc) 2007; 66: 80–3. 

3. Roulet E, Deonna T. Successful treatment of hereditary domi-
nant chorea with carbamazepine. Pediatrics 1989; 83: 1077. 

4. Anonymous. Dystonia: underdiagnosed and undertreated? Drug
Ther Bull 1988; 26: 33–6.

Neonatal seizures. Carbamazepine has been tried in the man-
agement of neonatal seizures (p.471).

Neuropathic pain. As well as being used to ease the pain of
trigeminal neuralgia (see below) carbamazepine may be of use in
other neuropathic pain including that associated with diabetic
neuropathy (p.6). A systematic review1 concluded that about
two-fifths of patients who take carbamazepine for neuropathic
pain will achieve moderate pain relief, but this was based on
small studies. The authors found no evidence that carbamazepine
was effective for acute pain. 
Carbamazepine has also been tried in an attempt to prevent the
painful sensory neuropathy associated with oxaliplatin treatment
(p.758); results of preliminary studies have been conflicting.2,3 
Although not licensed in the UK for neuropathic pain in children,
the BNFC suggests that carbamazepine may be tried in doses
similar to those used for the treatment of epilepsy (see Adminis-
tration in Children, above).
1. Wiffen PJ, et al. Carbamazepine for acute and chronic pain.

Available in the Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2005 (accessed 09/06/08). 

2. Eckel F, et al. Prophylaxe der Oxaliplatin-induzierten Neuropa-
thie mit Carbamazepin: eine Pilotstudie. Dtsch Med Wochenschr
2002; 127: 78–82. 

3. Wilson RH, et al. Acute oxaliplatin-induced peripheral nerve hy-
perexcitability. J Clin Oncol 2002; 20: 1767–74.

Nocturnal enuresis. Carbamazepine has been reported to be
of benefit in the treatment of primary nocturnal enuresis; a dose
of 200 mg at night for 15 nights markedly decreased the frequen-
cy of bed-wetting episodes in 8 children.1 
For the conventional management of nocturnal enuresis see
p.2180.
1. Al-Waili NS, et al. Effect of carbamazepine on urinary volume

and osmolality, water clearance, and serum osmolality in pa-
tients with primary enuresis. Eur Urol 2006; 50: 844–9.

Psychiatric disorders. Carbamazepine has psychotropic prop-
erties and has been tried in the management of several psychiat-
ric disorders, particularly in patients with bipolar disorder (see
above). Carbamazepine has also been used with mixed results in
various disorders for the control of symptoms such as agitation,
aggression, and rage1-4 (see Disturbed Behaviour, p.954). It may
produce modest benefit when used as an adjunct to antipsychot-
ics in the management of refractory schizophrenia (p.955) but
any improvement appears to be related to its mood stabilising
effect.5 However, a more recent systematic review,6 albeit based
on small studies, found carbamazepine to have no significant
benefit either as monotherapy or as an adjunct to antipsychotics;
the authors considered that further randomised studies may be
warranted. Carbamazepine also has the potential to reduce serum
concentrations of antipsychotics, resulting in clinical deteriora-
tion (see under Interactions for Chlorpromazine, p.974). Car-
bamazepine has also been tried7 in post-traumatic stress disorder
(p.953).
1. Mattes JA. Comparative effectiveness of carbamazepine and

propranolol for rage outbursts. J Neuropsychiatr Clin Neurosci
1990; 2: 159–64. 

2. Gleason RP, Schneider LS. Carbamazepine treatment of agita-
tion in Alzheimer’s outpatients refractory to neuroleptics. J Clin
Psychiatry 1990; 51: 115–18. 

3. Tariot PN, et al. Efficacy and tolerability of carbamazepine for
agitation and aggression in dementia. Am J Psychiatry 1998;
155: 54–61. 

4. Cueva JE, et al. Carbamazepine in aggressive children with con-
duct disorder: a double-blind and placebo-controlled study. J Am
Acad Child Adolesc Psychiatry 1996; 35: 480–90. 

5. Okuma T. Use of antiepileptic drugs in schizophrenia: a review
of efficacy and tolerability. CNS Drugs 1994; 1: 269–84. 

6. Leucht S, et al. Carbamazepine for schizophrenia. Available in
The Cochrane Database of Systematic Reviews; Issue 3. Chich-
ester: John Wiley; 2007 (accessed 09/06/08). 

7. Wolf ME, et al. Posttraumatic stress disorder in Vietnam veter-
ans: clinical and EEG findings; possible therapeutic effects of
carbamazepine. Biol Psychiatry 1988; 23: 642–4.

Restless legs syndrome. The aetiology of restless legs syn-
drome (see Sleep-associated Movement Disorders, p.958) is ob-
scure and treatment has been largely empirical. In a double-blind
study involving 174 patients carbamazepine appeared to be more

effective than placebo.1 Oxcarbazepine has been reported2 to be
of benefit in restless legs syndrome induced by paroxetine.
1. Telstad W, et al. Treatment of the restless legs syndrome with

carbamazepine: a double blind study. BMJ 1984; 288: 444–6. 
2. Öztürk Ö, et al. Oxcarbazepine treatment for paroxetine-induced

restless leg syndrome. Gen Hosp Psychiatry 2006; 28: 264–5.

Tinnitus. Treatment of tinnitus (p.1866) is difficult, and many
drugs have been tried. Although carbamazepine has been report-
ed to be effective in some patients, it is rarely used because of its
adverse effects.

Trigeminal neuralgia. Carbamazepine is the drug of choice in
the treatment of the acute stages of trigeminal neuralgia (p.9).
Satisfactory pain relief may be achieved in 70% or more of pa-
tients, although increasingly larger doses may be required and
adverse effects can be troublesome.

Withdrawal syndromes. Carbamazepine has been tried in the
prophylaxis and treatment of various withdrawal syndromes. Re-
duction in cocaine use associated with carbamazepine treatment
was found in one short-term controlled study,1 although a sys-
tematic review2 of data from later studies concluded that there
was no evidence to support the use of carbamazepine in the treat-
ment of cocaine dependence (p.1860). It has been reported3,4 to
be of benefit in some patients during benzodiazepine withdrawal
but such adjunct therapy is not usually indicated (see p.987). Car-
bamazepine has been shown5,6 to be effective in the treatment of
symptoms of the alcohol withdrawal syndrome (p.1626) but as
there are limited data on its efficacy in preventing associated de-
lirium tremens and seizures it is usually recommended that it
should only be used as an adjunct to benzodiazepine therapy.
Carbamazepine has also been studied7 as an aid in the treatment
of alcohol dependence.
1. Halikas JA, et al. Cocaine reduction in unmotivated crack users

using carbamazepine versus placebo in a short-term, double-
blind crossover design. Clin Pharmacol Ther 1991; 50: 81–95. 

2. Lima Reisser A, et al. Carbamazepine for cocaine dependence.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2002 (accessed 01/09/08). 

3. Schweizer E, et al. Carbamazepine treatment in patients discon-
tinuing long-term benzodiazepine therapy: effects on withdrawal
severity and outcome. Arch Gen Psychiatry 1991; 48: 448–52. 

4. Klein E, et al. Alprazolam withdrawal in patients with panic dis-
order and generalized anxiety disorder: vulnerability and effect
of carbamazepine. Am J Psychiatry 1994; 151: 1760–6. 

5. Malcolm R, et al. Double-blind controlled trial comparing car-
bamazepine to oxazepam treatment of alcohol withdrawal. Am J
Psychiatry 1989; 146: 617–21. 

6. Stuppaeck CH, et al. Carbamazepine versus oxazepam in the
treatment of alcohol withdrawal: a double-blind study. Alcohol
Alcohol 1992; 27: 153–8. 

7. Mueller TI, et al. A double-blind, placebo-controlled pilot study
of carbamazepine for the treatment of alcohol dependence. Alco-
hol Clin Exp Res 1997; 21: 86–92.

Preparations
BP 2008: Carbamazepine Tablets; 
USP 31: Carbamazepine Extended-Release Tablets; Carbamazepine Oral
Suspension; Carbamazepine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Actinerval; Carbagramon; Carbamat; CMP†; Conformal; Elebe; Tegre-
tol; Austral.: Tegretol; Teril; Austria: Deleptin; Neurotop; Sirtal; Tegretol;
Belg.: Tegretol; Braz.: Carmazin; Convulsan; Tegretard; Tegretol; Tegrex;
Tegrezin; Uni Carbamaz; Canad.: Novo-Carbamaz; Tegretol; Chile: Car-
bactol Retard†; Eposal; Tegretal; Cz.: Biston; Neurotop; Tegretol; Timonil;
Denm.: Nordotol†; Tegretol; Trimonil; Fin.: Neurotol; Tegretol; Fr.: Tegre-
tol; Ger.: Carba; Carbabeta; Carbadura; Carbaflux; Carbagamma; Car-
bium†; espa-lepsin; Finlepsin; Fokalepsin; Sirtal; Tegretal; Timonil; Gr.: Tegre-
tol; Hong Kong: Carzepin; CP-Carba; Tegretol; Teril; Hung.: Azepal†;
Finlepsin†; Neurotop; Stazepine; Tegretol; Timonil; India: Carbacontin;
Cizetol; Mazetol; Tegrital; Indon.: Bamgetol; Tegretol; Teril; Irl.: Gericarb;
Tegretol; Temporol†; Israel: Carbi; Tegretol; Teril; Timonil; Ital.: Tegretol;
Malaysia: Taver; Tegretol; Mex.: Adepril†; Apobace†; Bioneuril; Biore-
unil†; Carbalan; Carbasal; Carbaval; Carbazep; Carbazina; Carpin; Clostedal;
Dateril; Neugeron; Neurolep; Sepibest; Tegretol; Trepina; Ultrepyl; Volutol†;
Zepiken; Neth.: Tegretol; Norw.: Tegretol; Trimonil; NZ: Tegretol; Teril;
Philipp.: Carbilepp; Epazin; Epikor ; Tegretol; Pol.: Amizepin; Finlepsin;
Neurotop; Tegretol; Timonil; Port.: Tegretol; Rus.: Carbalepsin
(Карбалепсин); Carbapin (Карбапин); Finlepsin (Финлепсин); Tegretol
(Тегретол); Zeptol (Зептол); S.Afr.: Degranol; Tegretol; Singapore: Car-
batol; Neurotop; Tegretol; Spain: Tegretol; Swed.: Hermolepsin; Tegretol;
Trimonil; Switz.: Carsol; Neurotop; Tegretol; Timonil; Thai.: Antafit; Car-
batol†; Carbazene; Carmapine; Carpine; Carzepine; Mapezine; Panitol; Tav-
er; Tegretol; Zeptol; Turk.: Karazepin; Karbalex; Karbasif; Karberol; Kazepin;
Tegretol; UAE: Fitzecalm; UK: Arbil; Carbagen; Epimaz; Tegretol; Teril†; Ti-
monil†; USA: Atretol†; Carbatrol; Epitol; Equetro; Tegretol; Teril; Venez.:
Convulex; Gabox†; Tanfedin; Tegretol.

Clobazam (BAN, USAN, rINN)

Clobazamum; H-4723; HR-376; Klobatsaami; Klobazam; Kloba-
zamas; LM-2717. 7-Chloro-1,5-dihydro-1-methyl-5-phenyl-1,5-
benzodiazepine-2,4(3H)-dione.

Клобазам
C16H13ClN2O2 = 300.7.

CAS — 22316-47-8.
ATC — N05BA09.
ATC Vet — QN05BA09.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Clobazam). A white or almost white crystalline
powder. Slightly soluble in water; sparingly soluble in alcohol;
freely soluble in dichloromethane.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Breast feeding. Benzodiazepines, such as clobazam, given to
the mother may cause neonatal sedation and breast feeding
should be avoided. For comments on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Effects on menstruation. Occasionally the use of clobazam
before menstruation for catamenial epilepsy appeared to delay
the period.1
1. Feely M. Prescribing anticonvulsant drugs 3: clonazepam and

clobazam. Prescribers’ J 1989; 29: 111–15.

Effects on mental function. For a review of the effects of
antiepileptic therapy, including clobazam, on cognition and
mood, including risk of suicidal ideation, see p.468.
Effects on the skin. Report1 of toxic epidermal necrolysis that
developed in light-exposed areas in a patient being treated with
clobazam.
1. Redondo P, et al. Photo-induced toxic epidermal necrolysis

caused by clobazam. Br J Dermatol 1996; 135: 999–1002.

Porphyria. Clobazam is considered to be unsafe in patients with
porphyria although there is conflicting evidence of porphyrino-
genicity. 
For comments on the use of benzodiazepines in porphyria, see
p.471.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
As for Diazepam, p.989.
Antiepileptics. For reference to the interactions of clobazam
with felbamate and stiripentol, see under Diazepam, p.990.

Pharmacokinetics
Clobazam is well absorbed from the gastrointestinal
tract and peak plasma concentrations are reached 1 to 4
hours after oral doses. It is about 85% bound to plasma
proteins. Clobazam is highly lipophilic and rapidly
crosses the blood-brain barrier. It is metabolised in the
liver by demethylation and hydroxylation but unlike
the 1,4-benzodiazepines such as diazepam, clobazam,
a 1,5-benzodiazepine, is hydroxylated at the 4-position
rather than the 3-position (see also Metabolism under
Diazepam, p.992). Clobazam is excreted unchanged
and as metabolites mainly in the urine. Mean half-lives
of 18 hours and 42 hours have been reported for cloba-
zam and its main active metabolite N-desmethylcloba-
zam, respectively.
◊ References.
1. Greenblatt DJ, et al. Clinical pharmacokinetics of the newer ben-

zodiazepines. Clin Pharmacokinet 1983; 8: 233–52. 
2. Ochs HR, et al. Single and multiple dose kinetics of clobazam,

and clinical effects during multiple dosage. Eur J Clin Pharma-
col 1984; 26: 499–503.

Uses and Administration
Clobazam is a long-acting 1,5-benzodiazepine with
uses similar to those of diazepam (a 1,4-benzodi-
azepine; see p.992). It may be used as an adjunct in the
treatment of epilepsy with other antiepileptics, al-
though its use may be limited by the development of
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tolerance or sedation (but see below). It is also used in
the short-term treatment of acute anxiety. 
As an adjunct in epilepsy usual oral doses in the UK
are 20 to 30 mg daily, increased if necessary to a max-
imum of 60 mg daily. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of clobazam
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.465 and under
Clonazepam, below. 
For the short-term management of acute anxiety usual
oral doses of 10 to 30 mg daily may be taken in divided
doses or as a single dose at night; up to 80 mg daily has
been used in hospitalised patients with severe anxiety
states. Low initial doses and cautious increments to a
usual daily dose of 10 to 20 mg are recommended in
elderly or debilitated patients.
Administration in children. In the UK, clobazam is licensed
for use as an adjunct in epilepsy in children over 3 years of age;
no more than half the adult dose (see above) should be given.
Alternatively, the BNFC suggests the following oral doses ac-
cording to age: 
• 1 month to 12 years: initially 125 micrograms/kg twice daily,

increased every 5 days to a usual maintenance dose of
250 micrograms/kg twice daily. The maximum dose is
500 micrograms/kg twice daily and should not exceed 15 mg
twice daily 

• 12 to 18 years: initially 10 mg twice daily, increased every 5
days to a usual maintenance dose of 10 to 15 mg twice daily.
The dose should not exceed 30 mg twice daily 

The BNFC also suggests that clobazam may be given for cluster
seizures and as monotherapy under specialist supervision for cat-
amenial seizures (usually for 7 to 10 days each month just before
and during menstruation).
Epilepsy. Benzodiazepines are sometimes used in the manage-
ment of epilepsy (p.465), but their long-term use is limited by
problems of sedation, dependence, and tolerance to the antiepi-
leptic effects. 
Clobazam, a 1,5-benzodiazepine, is considered to be somewhat
better tolerated than conventional benzodiazepines, and has been
widely used for adjunctive oral therapy in patients with epilep-
sy.1,2 Clobazam is active against partial and generalised seizures
in epilepsy of widely differing aetiology in patients of all ages
and has also been used for short-term cover in patients with in-
termittent seizures, including in women with catamenial epilepsy
(seizures associated with menstruation) or patients whose epilep-
tic attacks occur in clusters. Clobazam has also been tried with
some success in children, including those with refractory
epilepsy3-5 and epileptic encephalopathy.6 However, a recent
systematic review7 concluded that although clobazam may re-
duce seizure frequency and may be most effective in partial onset
seizures, it was not clear who would best benefit from its use and
over what time-frame.
1. Trimble MR. On the use of tranquillisers in epilepsy. Epilepsia

2002; 43 (suppl 2): 25–7. 
2. Ng Y-T, Collins SD. Clobazam. Neurotherapeutics 2007; 4:

138–44. 
3. Munn R, Farrell K. Open study of clobazam in refractory epilep-

sy. Pediatr Neurol 1993; 9: 465–9. 
4. Sheth RD, et al. Clobazam for intractable pediatric epilepsy. J

Child Neurol 1995; 10: 205–8. 
5. Canadian Study Group for Childhood Epilepsy. Clobazam has

equivalent efficacy to carbamazepine and phenytoin as mono-
therapy for childhood epilepsy. Epilepsia 1998; 39: 952–9. 

6. Silva RC, et al. Clobazam as add-on therapy in children with
epileptic encephalopathy. Can J Neurol Sci 2006; 33: 209–13. 

7. Michael B, Marson AG. Clobazam as an add-on in the manage-
ment of refractory epilepsy. Available in The Cochrane Database
of Systematic Reviews; Issue 2. Chichester: John Wiley; 2008
(accessed 16/06/08).

Neuropathic pain. There has been a mention1 of the complete
relief of phantom limb pain (p.9) refractory to other therapy in an
elderly patient given clobazam 10 mg three times daily.
1. Rice-Oxley CP. The limited list: clobazam for phantom limb

pain. BMJ 1986; 293: 1309.

Preparations
BP 2008: Clobazam Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Karidium; Austral.: Frisium; Austria: Frisium; Belg.: Frisium; Braz.:
Frisium; Urbanil; Canad.: Frisium; Chile: Frisin†; Grifoclobam; Cz.: Frisium;
Denm.: Frisium; Fin.: Frisium; Fr.: Urbanyl; Ger.: Frisium; Gr.: Frisium;
Hong Kong: Frisium; Hung.: Frisium; India: Frisium; Indon.: Asabium;
Clobium; Frisium; Proclozam; Irl.: Frisium; Israel: Frisium; Ital.: Frisium;
Malaysia: Frisium; Mex.: Frisium; Neth.: Frisium; NZ: Frisium; Pol.: Frisi-
um; Port.: Castilium; Urbanil†; S.Afr.: Urbanol; Singapore: Frisium†;
Spain: Noiafren; Switz.: Urbanyl; Thai.: Frisium; UK: Frisium; Venez.: Fri-
sium.

Clonazepam (BAN, USAN, rINN)

Clonazépam; Clonazepamum; Klonatsepaami; Klonazepám;
Klonazepam; Klonazepamas; Ro-5-4023. 5-(2-Chlorophenyl)-
1,3-dihydro-7-nitro-1,4-benzodiazepin-2-one.
Клоназепам
C15H10ClN3O3 = 315.7.
CAS — 1622-61-3.
ATC — N03AE01.
ATC Vet — QN03AE01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of clonazepam: 
K-Pins; Klondike Bars; Klonnies; Klons; La Roche; Pins; R2; R-
2; Roaches; Roachies; Roche.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clonazepam). A slightly yellowish, crystalline
powder. Practically insoluble in water; slightly soluble in alcohol
and in methyl alcohol. Protect from light. 
USP 31 (Clonazepam). A light yellow powder having a faint
odour. Insoluble in water; slightly soluble in alcohol and in ether;
sparingly soluble in acetone and in chloroform. Store in airtight
containers. Protect from light.
Sorption. Significant loss of clonazepam (up to 50% over 24
hours) has been reported1 from solutions infused through PVC
tubing; the effect was concentration dependent. The authors rec-
ommended that non-PVC tubing should always be used.
1. Schneider JJ, et al. Effect of tubing on loss of clonazepam ad-

ministered by continuous subcutaneous infusion. J Pain Symp-
tom Manage 2006; 31: 563–7.

Dependence and Withdrawal
As for Diazepam, p.987.
Withdrawal. A study1 of the withdrawal of clonazepam thera-
py in 40 epileptic children found that 19 had withdrawal symp-
toms of increased seizure frequency, either alone or with other
symptoms but that this effect was transient. Withdrawal seizures
and status might become an obstacle to the removal of useless or
even deleterious therapy with clonazepam because the transient
nature of these effects was not always recognised. Clonazepam
should not be used for more than 3 to 6 months and should be
stopped if clear and lasting therapeutic benefit could not be
shown. 
See also Uses and Administration, below.
1. Specht U, et al. Discontinuation of clonazepam after long-term

treatment. Epilepsia 1989; 30: 458–63.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. 
The principal adverse effect of clonazepam is drowsi-
ness, which occurs in about 50% of all patients when
starting therapy. Salivary or bronchial hypersecretion
may cause respiratory problems in children. Throm-
bophlebitis has been associated with intravenous use
and may be avoided by injection into a large vein at a
rate not exceeding 500 micrograms/minute. Respira-
tion and blood pressure should also be monitored. 
Care is required when withdrawing clonazepam thera-
py—see above.
Breast feeding. Benzodiazepines, such as clonazepam, given
to the mother may cause neonatal sedation and breast feeding
should be avoided. For comments on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Effects on the endocrine system. Precocious development
of secondary sexual characteristics occurred in a 15-month-old
girl 2 months after starting treatment with clonazepam
500 micrograms twice daily for convulsions.1 Symptoms re-
gressed upon withdrawal of clonazepam.
1. Choonara IA, et al. Clonazepam and sexual precocity. N Engl J

Med 1985; 312: 185.

Effects on mental function. For a review of the effects of
antiepileptic therapy, including clonazepam, on cognition and
mood, including the risk of suicidal ideation, see p.468.

Effects on the mouth. A 52-year-old woman developed burn-
ing mouth syndrome after starting clonazepam;1 some improve-
ment was noted when the dose was reduced but symptoms were
still intolerable and clonazepam was withdrawn. Subsequently,
symptoms resolved within 3 weeks.
1. Culhane NS, Hodle AD. Burning mouth syndrome after taking

clonazepam. Ann Pharmacother 2001; 35: 874–6.

Effects on sexual function. Sexual dysfunction was reported1

in 18 of 42 male patients receiving clonazepam for the treatment
of post-traumatic stress disorder; symptoms resolved when ther-
apy was changed to diazepam in 17 patients and lorazepam in the
remaining patient.
1. Fossey MD, Hamner MB. Clonazepam-related sexual dysfunc-

tion in male veterans with PTSD. Anxiety 1994-95; 1: 233–6.

Extrapyramidal disorders. For reference to extrapyramidal
disorders associated with the use of benzodiazepines including
clonazepam, see Effects on the Nervous System in Diazepam,
p.988. However, clonazepam is also used in the treatment of
some extrapyramidal disorders as discussed under Uses and Ad-
ministration, below.
Porphyria. Clonazepam is considered to be unsafe in patients
with porphyria although there is conflicting evidence of porphy-
rinogenicity. 
For comments on the use of benzodiazepines in porphyria, see
p.471.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
As for Diazepam, p.989.
Antiepileptics. For reference to possible interactions between
clonazepam and other antiepileptics, see under Diazepam, p.990
and Benzodiazepines under Interactions of Phenytoin, p.499.

Pharmacokinetics
Clonazepam is quickly absorbed after oral doses with
a bioavailability of about 90%; peak plasma concentra-
tions are reached between 1 and 4 hours after ingestion.
It is extensively metabolised in the liver, its principal
metabolite being 7-aminoclonazepam, which has no
antiepileptic activity; minor metabolites are the 7-
acetamido- and 3-hydroxy-derivatives. It is excreted
mainly in the urine almost entirely as its metabolites in
free or conjugated form. It is about 85% bound to plas-
ma proteins and estimations of its elimination half-life
range from about 20 to 40 hours, and occasionally
more. 
A therapeutic range of plasma concentrations has not
been established. 
Clonazepam crosses the placental barrier and is distrib-
uted into breast milk. 
The pharmacokinetics of clonazepam may be affected
by use with other antiepileptics (see under Interactions,
above).
◊ A single-dose pharmacokinetic study1 in healthy subjects
found that absorption of clonazepam was slower and intersubject
variability was greater after intramuscular injection than after an
oral dose. The pharmacokinetics of a modified-release subcuta-
neous injection have also been studied in healthy subjects;2 plas-
ma-clonazepam concentrations were sustained and elimination
occurred slowly over 13 days.
1. Crevoisier C, et al. Comparative single-dose pharmacokinetics

of clonazepam following intravenous, intramuscular and oral ad-
ministration to healthy volunteers. Eur Neurol 2003; 49: 173–7. 

2. Greenblatt DJ, et al. Clonazepam pharmacokinetics: comparison
of subcutaneous microsphere injection with multiple-dose oral
administration. J Clin Pharmacol 2005; 45: 1288–93.

Bioavailability. It has been suggested, on the basis of anecdotal
evidence,1 that there may be differences in bioavailability, and
hence in clinical effect, between formulations of clonazepam
tablets.
1. Rapaport MH. Clinical differences between the generic and non-

generic forms of clonazepam. J Clin Psychopharmacol 1997;
17: 424.

Uses and Administration
Clonazepam is a benzodiazepine derivative similar to
diazepam (p.992), with marked antiepileptic proper-
ties. 
It may be used in the treatment of all types of epilepsy
and seizures (p.465), including status epilepticus
(p.469), but its usefulness in chronic treatment is some-
times limited by the development of tolerance and by
sedation, and other antiepileptics are often preferred. It
may also be used in myoclonus (p.470) and associated
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

abnormal movements, and for the treatment of panic
disorder (see Psychiatric Disorders, below). 
For epilepsy and myoclonus treatment is started with
small doses that are progressively increased to an opti-
mum dose according to response. Total daily doses
may initially be taken in 3 or 4 divided doses; however,
once the maintenance dose has been reached, the daily
amount may be given as a single dose at night. In the
UK the initial oral dose is 1 mg (500 micrograms in the
elderly) at night for 4 nights gradually increased over 2
to 4 weeks to a usual maintenance dose of 4 to 8 mg
daily; it is recommended that the total dose should not
exceed 20 mg daily. Dosage recommendations in the
USA are generally similar although initial doses of up
to 1.5 mg daily are permitted and dosage increments of
0.5 to 1 mg every 3 days are recommended. There is
little value in routinely monitoring plasma-clonazepam
concentrations. 
Clonazepam may be an alternative to other benzodi-
azepines in the emergency management of status
epilepticus. The usual dose is 1 mg given by slow in-
travenous injection over at least 2 minutes or by intra-
venous infusion, repeated if necessary to a maximum
total dose of 20 mg. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of clon-
azepam therapy or transition to or from another type of
antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. For a discussion on whether or not to withdraw
antiepileptic therapy in seizure-free patients, see p.465
and above. 
In the treatment of panic disorder, clonazepam is giv-
en in an initial oral dose of 250 micrograms twice dai-
ly. This may be increased after 3 days to a total of 1 mg
daily; a few patients may benefit from further increas-
es, up to a maximum of 4 mg daily. In order to mini-
mise drowsiness, clonazepam may be taken as a single
dose at bedtime. Withdrawal should again be gradual.
Administration. Serum concentrations of clonazepam after
buccal, intranasal, or intravenous dosage were measured in a
crossover study1 in 7 healthy males. The results showed that in-
tranasal clonazepam may offer an alternative to buccal use in pa-
tients with serial seizures but the initial concentrations were too
low to recommend its use as an alternative to intravenous clon-
azepam in the management of status epilepticus. The nasal for-
mulation used in this study contained dimethyl-β-cyclodextrin as
a solubiliser and absorption enhancer.
1. Schols-Hendriks MWG, et al. Absorption of clonazepam after

intranasal and buccal administration. Br J Clin Pharmacol 1995;
39: 449–51.

Administration in children. For epilepsy and myoclonus
treatment with clonazepam is started with small doses that are
progressively increased to an optimum dose according to re-
sponse. Total daily doses are taken in 3 divided doses; however,
once the maintenance dose has been reached, the daily amount
may be given as a single dose at night. Alternatively, the BNFC
suggests giving the initial dose at night for 4 nights and gradually
increasing it over 2 to 4 weeks. In the UK, the recommended
initial oral daily dose is up to 250 micrograms for infants and
children aged up to 5 years, or up to 500 micrograms for older
children. The following usual maintenance doses are given ac-
cording to age: 
• neonate to 1 year (although the BNFC recommends a mini-

mum age of 1 month): 0.5 to 1 mg daily 
• 1 to 5 years: 1 to 3 mg daily 
• 5 to 12 years: 3 to 6 mg daily 
Older children may be given the usual adult dose (see above). 
If control of childhood epilepsy ceases to be adequate with clon-
azepam, the dose may be increased, or treatment interrupted for
2 or 3 weeks. The BNFC states that the UK injection formulation
(Rivotril; Roche, UK) can be given orally if necessary; this may
not apply to other injection formulations available elsewhere. 
In the USA, doses may be given according to body weight. In-
fants and children aged up to 10 years or weighing up to 30 kg
may be given an initial daily dose of 10 to 30 micrograms/kg
(maximum 50 micrograms/kg) in 2 or 3 divided doses. This may
be increased by a total of 250 to 500 micrograms every 3 days to
a maintenance dose of 100 to 200 micrograms/kg daily given in
3 divided doses. 
In the emergency management of status epilepticus, clon-
azepam is used as an alternative to other benzodiazepines. The
usual dose in children is 500 micrograms given by slow intrave-
nous injection or by intravenous infusion. Alternatively, the

BNFC suggests giving the following doses by slow intravenous
injection over at least 2 minutes according to age: 
• neonates: 100 micrograms/kg, repeated if necessary after 24

hours 
• 1 month to 12 years: 50 micrograms/kg (maximum 1 mg), re-

peated if necessary 
Older children may be given the usual adult dose. 
In children aged over 1 month, these doses by injection may be
followed by an intravenous infusion of 10 micrograms/kg per
hour, adjusted according to response to a maximum of
60 micrograms/kg per hour.

Extrapyramidal disorders. Clonazepam may be of benefit in
some extrapyramidal disorders. It has been tried in the manage-
ment of patients with tic disorders such as Tourette’s syndrome
(p.954) but evidence of efficacy from controlled studies is limit-
ed.1 Some use clonazepam in preference to haloperidol2 since it
does not carry the risk of tardive dyskinesia associated with such
antipsychotics and a case report3 described the successful use of
clonazepam for haloperidol-induced tardive Tourette’s syn-
drome in an adult patient. There is also limited evidence of ben-
efit with clonazepam in antipsychotic-induced akathisia4,5 and
tardive dyskinesia6,7 (see under Extrapyramidal Disorders,
p.971), and of improvement in dysarthria in a study in patients
with parkinsonism.8

1. Goetz CG. Clonidine and clonazepam in Tourette syndrome. Adv
Neurol 1992; 58: 245–51. 

2. Truong DD, et al. Clonazepam, haloperidol, and clonidine in tic
disorders. South Med J 1988; 81: 1103–5. 

3. Reid SD. Neuroleptic-induced tardive Tourette treated with
clonazepam: a case report and literature review. Clin Neurophar-
macol 2004; 27: 101–4. 

4. Kutcher S, et al. Successful clonazepam treatment of neurolep-
tic-induced akathisia in older adolescents and young adults: a
double-blind, placebo-controlled study. J Clin Psychopharmacol
1989; 9: 403–6. 

5. Pujalte D, et al. A double-blind comparison of clonazepam and
placebo in the treatment of neuroleptic-induced akathisia. Clin
Neuropharmacol 1994; 17: 236–42. 

6. Thaker GK, et al. Clonazepam treatment of tardive dyskinesia: a
practical GABAmimetic strategy. Am J Psychiatry 1990: 147:
445–51. 

7. Shapleske J, et al. Successful treatment of tardive dystonia with
clozapine and clonazepam. Br J Psychiatry 1996; 168: 516–18. 

8. Biary N, et al. A double-blind trial of clonazepam in the treat-
ment of parkinsonian dysarthria. Neurology 1988; 38: 255–8.

Hiccup. For the management of intractable hiccups see under
Chlorpromazine, p.976. Clonazepam may also be of value, espe-
cially in neurogenic hiccups.

Neuropathic pain. The management of phantom limb pain
(p.9) can be difficult, and tricyclic antidepressants and antiepi-
leptics are used for the neuropathic components of the pain. Rap-
id and marked pain relief was achieved in 2 patients with lanci-
nating phantom limb pain after treatment with clonazepam with
or without amitriptyline.1 
Although carbamazepine is the drug of choice in the treatment of
trigeminal neuralgia (p.9), clonazepam may be used in car-
bamazepine-intolerant patients.
1. Bartusch SL, et al. Clonazepam for the treatment of lancinating

phantom limb pain. Clin J Pain 1996; 12: 59–62.

Psychiatric disorders. Although the risk of dependence with
benzodiazepines may outweigh their benefits in panic disorder
(p.952), clonazepam has been used for the treatment of panic dis-
order with or without agoraphobia, and reported benefit in such
patients1 suggests a similar action to alprazolam. A literature
review2 evaluated the use of clonazepam in a range of psychiatric
disorders and found that it may also be effective in the treatment
of social anxiety disorder (see Phobic Disorders, p.953) although
further studies are warranted. There was evidence to suggest that
clonazepam may be useful in acute mania (p.372) and for the
augmentation of antidepressant therapy with SSRIs in depres-
sion (p.373). A study3 found that augmentation was significantly
more effective with a daily dose of 3 mg of clonazepam than
with lower doses.
1. Davidson JRT, Moroz G. Pivotal studies of clonazepam in panic

disorder. Psychopharmacol Bull 1998; 34: 169–74. 
2. Nardi AE, Perna G. Clonazepam in the treatment of psychiatric

disorders: an update. Int Clin Psychopharmacol 2006; 21:
131–42. 

3. Morishita S, Aoki S. Clonazepam in the treatment of prolonged
depression. J Affect Disord 1999; 53: 275–8.

Sleep-associated movement disorders. Treatment of
sleep-associated movement disorders (p.958) including sleep be-
haviour disorder, restless legs syndrome, and periodic limb
movements in sleep is largely empirical, but benzodiazepines
such as clonazepam are often used.1 Small studies have provided
some evidence for benefit with clonazepam therapy in these dis-
orders,2-4 including bruxism.5

1. Schenck CH, Mahowald MW. Long-term, nightly benzodi-
azepine treatment of injurious parasomnias and other disorders
of disrupted nocturnal sleep in 170 adults. Am J Med 1996; 100:
333–7. 

2. Montagna P, et al. Clonazepam and vibration in restless legs syn-
drome. Acta Neurol Scand 1984; 69: 428–30. 

3. Peled R, Lavie P. Double-blind evaluation of clonazepam on pe-
riodic leg movements in sleep. J Neurol Neurosurg Psychiatry
1987; 50: 1679–81. 

4. Saletu M, et al. Restless legs syndrome (RLS) and periodic limb
movement disorder (PLMD): acute placebo-controlled sleep lab-
oratory studies with clonazepam. Eur Neuropsychopharmacol
2001; 11: 153–61. 

5. Saletu A, et al. On the pharmacotherapy of sleep bruxism: place-
bo-controlled polysomnographic and psychometric studies with
clonazepam. Neuropsychobiology 2005; 51: 214–25.

Stiff-man syndrome. Clonazepam has been used as an alter-
native to diazepam in the management of stiff-man syndrome
(see under Muscle Spasm, p.993) and is reported1 to be effective
for familial startle disease, a rare congenital form of stiff-man
syndrome.
1. Ryan SG, et al. Startle disease, or hyperekplexia: response to

clonazepam and assignment of the gene (STHE) to chromosome
5q by linkage analysis. Ann Neurol 1992; 31: 663–8.

Tinnitus. Clonazepam is one of many drugs that have been tried
in tinnitus (p.1866), but although it has been reported to be effec-
tive in some patients it is rarely used because of problems with
adverse effects. 
References.
1. Ganança MM, et al. Clonazepam in the pharmacological treat-

ment of vertigo and tinnitus. Int Tinnitus J 2002; 8: 50–3. 
2. Albertino S, et al. Pulsatile tinnitus: treatment with clonazepam

and propranolol. Rev Bras Otorrinolaringol (Engl Ed) 2005; 71:
111–13.

Preparations
BP 2008: Clonazepam Injection; 
USP 31: Clonazepam Oral Suspension; Clonazepam Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Alerion; Ciclox; Clonabay; Clonagin; Clonax; Clonazen 2; Cloner; Di-
ocam; Edictum; Felanor; Flozepan; Induzepam; Leptic; Miozepam; Neuryl;
Olimer; Placidiax; Riuclonaz; Rivotril; Sedovanon; Sensaton; Solfidin; Aus-
tral.: Paxam; Rivotril; Austria: Rivotril; Belg.: Rivotril; Braz.: Clonotril; Clo-
pan; Epileptil; Navotrax; Rivotril; Uni Clonazepax; Canad.: Clonapam†; Riv-
otril; Chile: Acepran; Clonapam; Clonex; Clozanil; Crismol; Neuryl;
Ravotril; Ropsil; Valpax; Cz.: Antelepsin†; Rivotril; Denm.: Rivotril; Fin.: Ri-
vatril; Fr.: Rivotril; Ger.: Antelepsin; Rivotril; Gr.: Rivotril; Hong Kong: Riv-
otril; Hung.: Clonapam; Clonogal†; Rivotril; India: Epitril; Epizam; Ozepam;
Indon.: Rivotril; Irl.: Rivotril; Israel: Clonex; Rivotril; Ital.: Rivotril; Malay-
sia: Rivotril; Mex.: Kenoket; Kriadex; Rivotril; Zymanta; Neth.: Rivotril;
Norw.: Rivotril; NZ: Paxam; Rivotril; Philipp.: Rivotril; Pol.: Rivotril; Port.:
Rivotril; S.Afr.: Rivotril; Spain: Rivotril; Swed.: Iktorivil; Switz.: Rivotril;
Thai.: Povanil; Rivotril; Turk.: Rivotril; UK: Rivotril; USA: Klonopin; Venez.:
Rivotril.

Ethadione
Etadiona. 3-Ethyl-5,5-dimethyl-2,4-oxazolidinedione.
Этадион
C7H11NO3 = 157.2.
CAS — 520-77-4.
ATC — N03AC03.
ATC Vet — QN03AC03.

Profile
Ethadione is an oxazolidinedione antiepileptic that has been giv-
en orally to treat epilepsy in patients with absence seizures resist-
ant to other therapy.
Preparations

Ethosuximide (BAN, USAN, rINN)

CI-366; CN-10395; Ethosuximid; Éthosuximide; Ethosuximidum;
Etosüksimid; Etosuksimidas; Etosuksimidi; Etosuksymid; Etosux-
imid; Etosuximida; Etoszuximid; NSC-64013; PM-671. 2-Ethyl-2-
methylsuccinimide.
Этосуксимид
C7H11NO2 = 141.2.
CAS — 77-67-8.
ATC — N03AD01.
ATC Vet — QN03AD01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Ethosuximide). A white or almost white powder or
waxy solid. It exhibits polymorphism. Freely soluble in water;
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very soluble in alcohol and in dichloromethane. Protect from
light. 
USP 31 (Ethosuximide). A white to off-white crystalline powder
or waxy solid, having a characteristic odour. Freely soluble in
water and in chloroform; very soluble in alcohol and in ether;
very slightly soluble in petroleum spirit. Store in airtight contain-
ers.

Adverse Effects and Treatment
Gastrointestinal adverse effects including nausea,
vomiting, diarrhoea, anorexia, gastric upset, and ab-
dominal pain occur quite often with ethosuximide.
Other effects that may occur include headache, fatigue,
lethargy, drowsiness, dizziness, ataxia, hiccup, and
mild euphoria. 
More rarely dyskinesias, personality changes, depres-
sion, psychosis, sleep disturbances including night
terrors, skin rashes, erythema multiforme or Stevens-
Johnson syndrome, SLE, photophobia, gum hypertro-
phy, tongue swelling, myopia, increased libido, and
vaginal bleeding have been reported. There are a few
reports of blood disorders including eosinophilia, leu-
copenia, agranulocytosis, thrombocytopenia, pancyto-
penia, and aplastic anaemia; fatalities have occurred. 
Abnormal renal and liver function values have been re-
corded.
Effects on mental function. For the effects of antiepileptic
therapy on cognition and mood, including the risk of suicidal ide-
ation, see p.468.

Precautions
Ethosuximide should be used with caution in patients
with impaired hepatic or renal function. Licensed prod-
uct information recommends regular hepatic and renal-
function tests (and some suggest blood counts) during
treatment with ethosuximide, although the practical
value of such monitoring has been questioned. Patients
or their carers should be told how to recognise signs of
blood toxicity and they should be advised to seek im-
mediate medical attention if symptoms such as fever,
sore throat, mouth ulcers, bruising, or bleeding devel-
op. 
Care is required when withdrawing ethosuximide ther-
apy—see also Uses and Administration, below.
Breast feeding. Ethosuximide is distributed in significant
amounts into breast milk; hyperexcitability and poor suckling
have been reported in the infant. Although licensed product in-
formation recommends that breast feeding should be avoided,
the American Academy of Pediatrics1 considers that ethosux-
imide is usually compatible with breast feeding. 
For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 09/06/08)

Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Porphyria. Ethosuximide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy.
Antibacterials. Isoniazid raises the plasma concentration of
ethosuximide and increases the risk of toxicity. Psychotic behav-
iour has been reported1 in a patient stabilised on ethosuximide
and sodium valproate, after the introduction of isoniazid. Serum-
ethosuximide concentrations rose substantially until both etho-
suximide and isoniazid were stopped.
1. van Wieringen A, Vrijlandt CM. Ethosuximide intoxication

caused by interaction with isoniazid. Neurology 1983; 33:
1227–8.

Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of ethosuximide by
lowering the convulsive threshold.
Antiepileptics. Since ethosuximide has a limited spectrum of
antiepileptic action, patients with mixed seizure syndromes may

require addition of other antiepileptics. Carbamazepine, pheno-
barbital, and phenytoin have all been shown1 to increase the
clearance of ethosuximide and thus reduce plasma concentra-
tions. This interaction is likely to be clinically relevant and higher
ethosuximide dosages may be necessary to achieve therapeutic
drug levels. The effect of valproic acid on ethosuximide concen-
trations is unclear. One study2 showed a marked increase in se-
rum ethosuximide concentrations once valproate was added to
combination therapies; increases in ethosuximide concentrations
have also been noted in healthy subjects when taken with valpro-
ic acid.3 Conversely, other studies have reported reductions4 or
no significant changes in serum ethosuximide concentrations5,6

with valproic acid. For the effect of ethosuximide on valproic ac-
id, see p.511.
1. Giaccone M, et al. Effect of enzyme inducing anticonvulsants on

ethosuximide pharmacokinetics in epileptic patients. Br J Clin
Pharmacol 1996; 41: 575–9. 

2. Mattson RH, Cramer JA. Valproic acid and ethosuximide inter-
action. Ann Neurol 1980; 7: 583–4. 

3. Pisani F, et al. Valproic acid-ethosuximide interaction: a pharma-
cokinetic study. Epilepsia 1984; 25: 229–33. 

4. Battino D, et al. Ethosuximide plasma concentrations: influence
of age and associated concomitant therapy. Clin Pharmacokinet
1982; 7: 176–80. 

5. Fowler GW. Effect of dipropylacetate on serum levels of anti-
convulsants in children. Proc West Pharmacol Soc 1978; 21:
37–40. 

6. Bauer LA, et al. Ethosuximide kinetics: possible interaction with
valproic acid. Clin Pharmacol Ther 1982; 31: 741–5.

Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of ethosuximide by lowering
the convulsive threshold.

Pharmacokinetics
Ethosuximide is readily absorbed from the gastrointes-
tinal tract and extensively hydroxylated in the liver to
its principal metabolite which is reported to be inac-
tive. Ethosuximide is excreted in the urine mainly in
the form of its metabolites, either free or conjugated,
but about 12 to 20% is also excreted unchanged. 
Ethosuximide is widely distributed throughout the
body, but is not significantly bound to plasma proteins.
A half-life of about 40 to 60 hours has been reported
for adults with a shorter half-life of about 30 hours in
children. 
Monitoring of plasma concentrations has been
suggested as an aid in assessing control and the
therapeutic range of ethosuximide is usually quoted as
being 40 to 100 micrograms/mL (about 300 to
700 micromoles/litre); concentrations in saliva and
tears have also been measured. 
Ethosuximide crosses the placental barrier, and is dis-
tributed into breast milk. 
The pharmacokinetics of ethosuximide are affected by
use with other antiepileptics (see under Interactions,
above).

Uses and Administration
Ethosuximide is a succinimide antiepileptic used in the
treatment of absence seizures (below). It may also be
used for myoclonic seizures. Ethosuximide is ineffec-
tive against tonic-clonic seizures and may unmask
them if given alone in mixed seizure types. 
A plasma-ethosuximide concentration of 40 to
100 micrograms/mL (about  300 to
700 micromoles/litre) appears to be generally neces-
sary. The initial dose is 500 mg daily by mouth. The
dosage is then adjusted in steps of 250 mg every 4 to 7
days, according to response. Control of seizures is usu-
ally produced with a daily dose of 1 to 1.5 g, although
some patients may require doses of up to 2 g; strict su-
pervision is necessary when the dose exceeds 1.5 g.
Daily doses at the higher end of the range should be
given in 2 divided doses. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of ethosux-
imide therapy or transition to or from another type of
antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. For a discussion on whether or not to withdraw
antiepileptic therapy in seizure-free patients, see p.465.
Administration in children. Ethosuximide may be used in
the treatment of absence (petit mal) seizures and for myoclonic
seizures in infants and children. In the UK, the following recom-
mended oral doses are given according to age: 

• up to 6 years of age: an initial dose of 250 mg daily, increased
gradually in small steps every few days to a usual dose of
20 mg/kg daily; licensed information for one product (Eme-
side; Chemidex, UK) recommends that the dose should not
exceed 1 g. (Similar dosages are recommended in the USA for
children aged between 3 to 6 years). The BNFC suggests giv-
ing the daily dose as 2, or if necessary 3, divided doses 

• aged 6 years and above: usual adult doses (see above)
Epilepsy. Ethosuximide is a drug of choice in the treatment of
absence seizures; it may also be used for myoclonic, atonic, and
tonic seizures but is ineffective in other forms of epilepsy
(p.465). Ethosuximide may be given with other antiepileptics in
the treatment of mixed-seizure syndromes that include absences.
It has been suggested that ethosuximide may provoke tonic-clon-
ic seizures, but there is not a great deal of evidence for this. One
early report indicated that 22 of 85 patients receiving a regimen
of ethosuximide, mesuximide, and trimethadione for absence
seizures developed tonic-clonic seizures1 and another of similar
vintage reported exacerbation of mixed-seizure types in 7 pa-
tients receiving ethosuximide.2 However, it is recognised that pa-
tients with absence seizures have a high incidence of generalised
tonic-clonic seizures3 and it would presumably be difficult to dis-
tinguish such attacks from any putative effect of ethosuximide.
Furthermore, ethosuximide is not effective against tonic-clonic
seizures, and in patients with mixed-seizure types it might be ex-
pected to unmask the non-absence components of the disease. 
Ethosuximide has also been tried in the management of absence
status epilepticus (p.469).
1. Friedel B, Lempp R. Grand-mal-Provokation bei der Behand-

lung kindlicher petit-mal mit Oxazolidinen oder Succinimiden
und ihre therapeutischen Konsequenzen. Z Kinderheilk 1962;
87: 42–51. 

2. de Haas AML, Kuilman M. Ethosuximide (α-ethyl-α-methylsuc-
cinimide) and grand mal. Epilepsia 1964; 5: 90–6. 

3. Glauser TA. Succinimides: Adverse Effects. In: Levy RG, et al.,
eds. Antiepileptic drugs 5th ed. Philadelphia: Lippincott Wil-
liams & Wilkins, 2002; 658–64.

Preparations
BP 2008: Ethosuximide Capsules; Ethosuximide Oral Solution; 
USP 31: Ethosuximide Capsules; Ethosuximide Oral Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Zarontin; Austral.: Zarontin; Austria: Petinimid; Suxinutin; Belg.:
Zarontin; Canad.: Zarontin; Chile: Suxinutin; Cz.: Petinimid; Suxilep†;
Denm.: Zarondan; Fin.: Suxinutin; Fr.: Zarontin; Ger.: Petnidan; Suxilep;
Suxinutin†; Gr.: Zarontin; Hung.: Petnidan; Suxinutin†; Irl.: Zarontin; Isra-
el: Zarontin†; Ital.: Zarontin; Mex.: Fluozoid; Neth.: Ethymal; Zarontin†;
NZ: Zarontin; Pol.: Petinimid; Rus.: Suxilep (Суксилеп); S.Afr.: Zarontin;
Spain: Zarontin†; Swed.: Suxinutin; Switz.: Petinimid; Suxinutin†; UK:
Emeside; Zarontin; USA: Zarontin.

Ethotoin (BAN, rINN)

Éthotoïne; Ethotoinum; Etotoiini; Etotoin; Etotoína. 3-Ethyl-5-
phenylhydantoin.
Этотоин
C11H12N2O2 = 204.2.
CAS — 86-35-1.
ATC — N03AB01.
ATC Vet — QN03AB01.

Pharmacopoeias. In US. 
USP 31 (Ethotoin). A white crystalline powder. Insoluble in wa-
ter; freely soluble in dehydrated alcohol and in chloroform; sol-
uble in ether. Store in airtight containers.
Profile
Ethotoin is a hydantoin antiepileptic with actions similar to those
of phenytoin (p.495), but it is reported to be both less toxic and
less effective and is not commonly used in epilepsy (p.465). 
Ethotoin is given orally for tonic-clonic and complex partial sei-
zures in initial doses of up to 1 g daily, increased gradually at
intervals of several days to 2 to 3 g daily, given in 4 to 6 divided
doses after meals.
Administration. A study1 of the pharmacokinetics of ethotoin
given at more convenient intervals of every 8 hours.
1. Browne TR, Szabo GK. A pharmacokinetic rationale for three

times daily administration of ethotoin (Peganone). J Clin Phar-
macol 1989; 29: 270–1.

Porphyria. Ethotoin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Preparations
USP 31: Ethotoin Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Peganone.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Felbamate (USAN, rINN)

AD-03055; Felbamato; Felbamatum; W-554. 2-Phenyl-1,3-pro-
panediol dicarbamate.
Фелбамат
C11H14N2O4 = 238.2.
CAS — 25451-15-4.
ATC — N03AX10.
ATC Vet — QN03AX10.

Adverse Effects
The most frequently reported adverse effects with felbamate are
anorexia, weight loss, nausea and vomiting, rash, insomnia,
headache, dizziness, somnolence, and diplopia. Aplastic anae-
mia or acute liver failure, sometimes fatal, have occurred rarely,
and there have been reports of Stevens-Johnson syndrome.
Effects on the kidneys. A 15-year-old boy receiving up to 3 g
of felbamate daily developed urethral obstruction due to forma-
tion of urethral stones composed of felbamate.1 Records revealed
that unidentified urinary crystals had been found in the patient’s
urine 2 years before presentation with acute urolithiasis. 
For reports of crystalluria associated with felbamate overdosage,
see below.
1. Sparagana SP, et al. Felbamate urolithiasis. Epilepsia 2001; 42:

682–5.

Effects on mental function. For the effects of antiepileptic
therapy on cognition and mood, including the risk of suicidal ide-
ation, see p.468
Effects on the skin. Toxic epidermal necrolysis has been
reported1 in a patient 16 days after she started monotherapy with
felbamate for partial complex seizures.
1. Travaglini MT, et al. Toxic epidermal necrolysis after initiation

of felbamate therapy. Pharmacotherapy 1995; 15: 260–4.

Overdosage. A 20-year-old woman presented with slurred
speech and nausea 4 hours after ingesting 18 g of felbamate and
12 to 25 g of sodium valproate.1 Over the next 4 to 5 hours she
became combative, uncooperative, and progressively obtunded
and eventually required endotracheal intubation and assisted
ventilation. Peak plasma concentrations of 200 micrograms/mL
for felbamate and 470 micrograms/mL for sodium valproate oc-
curred 12 and 14 hours respectively after ingestion. Large quan-
tities of macroscopic crystals, identified as containing felbamate,
were noted in the urine 18 hours after ingestion and the patient
developed renal failure. The crystalluria and renal failure re-
sponded to parenteral hydration. In another case report,2 a 3-
year-old child ingested 232 mg/kg of felbamate resulting in atax-
ia, vomiting, crystalluria, haematuria, and mild tachycardia. The
plasma concentration of felbamate 15 hours after ingestion was
138 micrograms/mL. She was successfully treated with an infu-
sion of sodium chloride 0.9% and intravenous metoclopramide;
no renal impairment was seen.
1. Rengstorff DS, et al. Felbamate overdose complicated by mas-

sive crystalluria and acute renal failure. J Toxicol Clin Toxicol
2000; 38: 667–9. 

2. Meier KH, et al. Acute felbamate overdose with crystalluria.
Clin Toxicol 2005; 43: 189–92.

Precautions
Felbamate is contra-indicated in patients with a history of blood
disorders or hepatic impairment. It should be used only in the
treatment of severe epilepsy refractory to other antiepileptics be-
cause of the risk of fatal aplastic anaemia or acute liver failure.
Patients or their carers should be advised of the symptoms of
aplastic anaemia and be told to report immediately should any
such symptoms develop. Complete blood counts should be car-
ried out before the patient starts treatment and regularly during
treatment (but see Epilepsy, under Uses and Administration, be-
low). Aplastic anaemia may occur after felbamate has been
stopped so patients should continue to be monitored for some
time. Liver function tests are also recommended before starting
and regularly (at 1- to 2-week intervals) during treatment. Fel-
bamate should be stopped if there is any evidence of bone mar-
row depression or liver abnormalities. 
Felbamate should be used with caution in patients with renal im-
pairment. Felbamate may cause photosensitivity reactions and
patients should be advised to take protective measures against
exposure to UV radiation. 
Care is required when withdrawing felbamate therapy—see also
Uses and Administration, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.

The elderly. Felbamate may need to be given with care in eld-
erly patients (see Administration in the Elderly, below).
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.
Interactions
There are complex interactions between antiepileptics and toxic-
ity may be enhanced without a corresponding increase in antiep-
ileptic activity. Such interactions are very variable and unpredict-
able and plasma monitoring is often advisable with combination
therapy. The metabolism of felbamate is enhanced by enzyme
inducers such as phenytoin, phenobarbital, or carbamazepine. In
contrast, the half-life of felbamate may be prolonged by gabap-
entin. Felbamate inhibits or enhances the metabolism of several
other antiepileptics and care is required when it is added to ther-
apy.
Anticoagulants. For the effect of felbamate on warfarin, see
p.1429.
Antiepileptics. For some references to the effect of felbamate
on other antiepileptics, see under Carbamazepine, p.474, Pheno-
barbital, p.493, Phenytoin, p.498, and Valproate p.511.
Sex hormones. For the effect of felbamate on oral contracep-
tives see p.2068 and also under Gestodene, p.2105.
Pharmacokinetics
Felbamate is well absorbed from the gastrointestinal tract and
peak plasma concentrations have been reported 1 to 6 hours after
oral doses. Protein binding is reported to be about 22 to 25%. It
is partly metabolised in the liver by hydroxylation and conjuga-
tion to inactive metabolites. Felbamate is excreted mainly in the
urine as metabolites and unchanged drug (40 to 50%); less than
5% appears in the faeces. The terminal half-life is reported to be
between 16 and 23 hours. Felbamate is distributed into breast
milk. 
The pharmacokinetics of felbamate are reported to be linear at
the doses used clinically. Therapeutic plasma concentrations
have been reported to be between 30 and 80 micrograms/mL. 
The pharmacokinetics of felbamate are affected by use with oth-
er antiepileptics (see Interactions, above).
◊ See under Uses and Administration (below) for mention of
pharmacokinetic studies of felbamate in the elderly and in pa-
tients with renal impairment.
Uses and Administration
Felbamate is a carbamate structurally related to meprobamate
(p.1006). It is used in the treatment of epilepsy (see below); how-
ever, because of its toxicity, it should only be used in severe cases
unresponsive to other drugs. 
Felbamate is given orally as monotherapy or adjunctive therapy
for refractory partial seizures with or without secondary general-
isation. It is used in children as adjunctive therapy in controlling
the seizures associated with the Lennox-Gastaut syndrome (see
below). 
The initial dose of felbamate when given as monotherapy is 1.2 g
daily in 3 or 4 divided doses. The daily dose should be increased
gradually under close supervision; increments of 600 mg every 2
weeks are given according to response, up to 2.4 g daily. There-
after doses may be further increased to a maximum of 3.6 g daily
if necessary. 
Similar initial doses are given as adjunctive therapy, but the dos-
es of the other antiepileptics should be decreased as necessary.
This adjunctive dose may be increased by 1.2 g at weekly inter-
vals, up to a maximum of 3.6 g. 
As with other antiepileptics, withdrawal of felbamate therapy or
transition to or from another type of antiepileptic therapy should
be made gradually to avoid precipitating an increase in the fre-
quency of seizures. For a discussion on whether or not to with-
draw antiepileptic therapy in seizure-free patients, see p.465.
◊ References.
1. Pellock JM, et al. Felbamate: consensus of current clinical expe-

rience. Epilepsy Res 2006; 71: 89–101.

Administration in children. As an adjunct in Lennox-Gas-
taut syndrome, the initial oral dose of felbamate in children aged
2 to 14 years is 15 mg/kg daily in 3 to 4 divided doses. This may
be increased gradually in increments of 15 mg/kg at weekly in-
tervals to a maximum of 45 mg/kg daily; the doses of other
antiepileptics should be decreased as necessary. 
Those aged 14 years and over may be given the usual adult dose
(see above) as monotherapy or adjunctive therapy for refractory
partial seizures with or without secondary generalisation.
Administration in the elderly. The elderly may require low-
er initial doses of felbamate and slower dose titration. After
single doses of felbamate, plasma concentrations and half-lives
were greater and mean clearance lower in elderly than in young
subjects, whereas pharmacokinetic parameters after multiple
dosing schedules were similar.1
1. Richens A, et al. Single and multiple dose pharmacokinetics of

felbamate in the elderly. Br J Clin Pharmacol 1997; 44: 129–34.

Administration in renal impairment. A single-dose phar-
macokinetic study1 indicated that in patients with renal impair-
ment the initial dose of felbamate may need to be lower and

increases made more cautiously than in patients with normal
renal function (licensed product information suggests halving
initial and maintenance doses).
1. Glue P, et al. Single-dose pharmacokinetics of felbamate in pa-

tients with renal dysfunction. Br J Clin Pharmacol 1997; 44:
91–3.

Epilepsy. Although felbamate was well tolerated in clinical
studies, rare but serious adverse effects were noted during early
postmarketing use.1,2 Aplastic anaemia and serious hepatotoxic
reactions, sometimes with fatal outcomes, developed in some pa-
tients. Patients taking felbamate should have frequent blood
counts and monitoring of liver enzymes. However there is no ev-
idence that such monitoring will prevent adverse outcomes; in
addition, the risk of aplastic anaemia is thought to decrease after
the first year of therapy, and the need for ongoing blood counts is
still less clear.3 Even if detected early, aplastic anaemia and
hepatic impairment may not be reversible.1 Usage in the USA is
restricted to patients with refractory partial seizures with or with-
out secondary generalisation or for adjunctive therapy for chil-
dren with Lennox-Gastaut syndrome. Guidelines on appropriate
use have been issued.3 
The overall management of epilepsy is discussed on p.465.
1. Dichter MA, Brodie MJ. New antiepileptic drugs. N Engl J Med

1996; 334: 1583–90. 
2. Appleton RE. The new antiepileptic drugs. Arch Dis Child 1996;

75: 256–62. 
3. French J, et al. The use of felbamate in the treatment of patients

with intractable epilepsy. Report of the Quality Standards Sub-
committee of the American Academy of Neurology and the
American Epilepsy Society. Epilepsia 1999; 40: 803–8. Also
available at: http://www3.interscience.wiley.com/cgi-bin/
fulltext/119061174/PDFSTART (accessed 01/09/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Felbamyl; Austria: Taloxa; Belg.: Taloxa; Cz.: Taloxa†; Fr.: Taloxa;
Ger.: Taloxa; Hung.: Taloxa; Ital.: Taloxa; Neth.: Taloxa; Norw.: Taloxa;
Port.: Taloxa; Swed.: Taloxa; Switz.: Taloxa; USA: Felbatol.

Fosphenytoin Sodium (BANM, USAN, rINNM)

ACC-9653; ACC-9653-010; CI-982 (fosphenytoin or fospheny-
toin sodium); Fosfenitoin Sodyum; Fosfenitoína sódica;
Fosphénytoïne Sodique; Natrii Fosphenytoinum; PD-135711-
15B. 5,5-Diphenyl-3-[(phosphonooxy)methyl]-2,4-imidazolidin-
edione disodium; 3-(Hydroxymethyl)-5,5-diphenylhydantoin dis-
odium phosphate; 2,5-Dioxo-4,4-diphenylimidazolidin-1-ylme-
thyl phosphate disodium.
Натрий Фосфенитоин
C16H13N2Na2O6P = 406.2.
CAS — 93390-81-9 (fosphenytoin); 92134-98-0
(fosphenytoin sodium).
ATC — N03AB05.
ATC Vet — QN03AB05.

(fosphenytoin)

Pharmacopoeias. In US. 
USP 31 (Fosphenytoin Sodium). A white to pale yellow solid.
Freely soluble in water. pH of a 7.5% solution in water is be-
tween 8.5 and 9.5. Store in airtight containers.
Stability. References.
1. Fischer JH, et al. Stability of fosphenytoin sodium with intrave-

nous solutions in glass bottles, polyvinyl chloride bags, and
polypropylene syringes. Ann Pharmacother 1997; 31: 553–9.

Adverse Effects and Precautions
As for Phenytoin, p.495. 
Severe cardiovascular reactions, sometimes fatal, have
been reported after intravenous doses of fosphenytoin.
Therefore, continuous monitoring of ECG, blood pres-
sure, and respiratory function is recommended during
the infusion, and the patient should be kept under ob-
servation for at least 30 minutes after the end of the in-
fusion. Hypotension may occur with recommended
doses and rates of infusion; a reduction in the infusion
rate or stopping therapy may be necessary. Fospheny-
toin is contra-indicated in patients with sinus bradycar-
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dia, sino-atrial block, second- or third-degree AV
block, or Stokes-Adams syndrome. 
Burning, itching, and paraesthesia, particularly in the
groin area, have also been reported after intravenous
fosphenytoin; reducing the rate of, or temporarily stop-
ping, the infusion may relieve the discomfort. 
Caution should be exercised when giving fosphenytoin
to patients in whom phosphate restriction is necessary.
The rate of metabolism of fosphenytoin to phenytoin
may be increased in patients with hepatic or renal dis-
ease, or in those with hypoalbuminaemia, and conse-
quently there is an increased risk of adverse effects in
such patients.
Effects on the cardiovascular system. The UK CSM1 stated
in May 2000 that worldwide there had been reports of 21 cases
of asystole, ventricular fibrillation, or cardiac arrest associated
with intravenous use of fosphenytoin. Of these, 5 cases had re-
ceived doses or infusion rates greater than recommended. There
had also been 34 reports of hypotension, 15 of bradycardia, and
10 of varying degrees of heart block. Most reactions had oc-
curred within 30 minutes of the infusion. A review2 of adverse
events associated with fosphenytoin infusion received by the
FDA Adverse Event Reporting System between 1997 and 2002
identified 29 of adverse cardiac events, including 10 fatalities. Of
these reports, 5 were of sinus arrest, 4 of AV block, and 8 of asys-
tole. The authors acknowledged that the majority of patients had
serious confounders including renal failure, stroke, acute cardiac
ischaemia or failure, overdose, or infection. 
ECG changes consistent with hypocalcaemia have occurred in a
patient who received 1500 mg-equivalents of phenytoin over 85
minutes as an intravenous infusion of fosphenytoin.3 The patient
had initially been normocalcaemic and it was suggested that the
effect may have been due to acute inorganic phosphate toxicity.
1. Committee on Safety of Medicines/Medicines Control Agency.

Fosphenytoin sodium (Pro-Epanutin): serious arrhythmias and
hypotension. Current Problems 2000; 26: 1. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelect ionMethod=
LatestReleased (accessed 09/06/08) 

2. Adams BD, et al. Fosphenytoin may cause hemodynamically un-
stable bradydysrhythmias. J Emerg Med 2006; 30: 75–9. 

3. Keegan MT, et al. Hypocalcemia-like electrocardiographic
changes after administration of intravenous fosphenytoin. Mayo
Clin Proc 2002; 77: 584–6.

Porphyria. Phenytoin is considered unsafe in porphyric pa-
tients; it would be prudent to assume that this consideration also
applied to its prodrug, fosphenytoin.

Interactions
As for Phenytoin, p.497.

Pharmacokinetics
Plasma concentrations of fosphenytoin are maximal at
the end of intravenous infusion and about 30 minutes
after intramuscular injection. Protein binding of
fosphenytoin is high (95 to 99%), mainly to albumin,
and is saturable. Fosphenytoin displaces phenytoin
from protein binding sites which increases the fraction
of unbound phenytoin to up to 30% for about half to
one hour post-infusion. Fosphenytoin is rapidly and
completely hydrolysed to phenytoin with a conversion
half-life of about 15 minutes; one mmol of fospheny-
toin yields one mmol of phenytoin, and the same of
phosphate and formate. Metabolites of phenytoin are
excreted in the urine. For the pharmacokinetics of
phenytoin, see p.500.
◊ References.
1. Fischer JH, et al. Fosphenytoin: clinical pharmacokinetics and

comparative advantages in the acute treatment of seizures. Clin
Pharmacokinet 2003; 42: 33–58.

Uses and Administration
Fosphenytoin is a prodrug of phenytoin (p.495) used
similarly as part of the emergency treatment of status
epilepticus (p.469). It is also used for the prevention
and treatment of post-traumatic seizures (p.501) asso-
ciated with neurosurgery or head trauma and as a short-
term parenteral substitute for oral phenytoin in the
management of epilepsy (p.465). 
Fosphenytoin is given as the sodium salt and doses of
fosphenytoin sodium are expressed as phenytoin sodi-
um equivalents (PSE); therefore no adjustment in dos-
age is necessary when substituting fosphenytoin for
phenytoin or vice versa. Fosphenytoin may be given by
intramuscular injection or intravenous infusion; only
the intravenous route is recommended in children. 

The maximum rate of intravenous infusion in PSE is
150 mg/minute and should not be exceeded. Continu-
ous monitoring of ECG, blood pressure, and respirato-
ry function is recommended during intravenous infu-
sion. Patients should also be observed for at least
30 minutes after the end of infusion. 
In the treatment of tonic-clonic status epilepticus a ben-
zodiazepine such as diazepam or lorazepam is usually
given initially intravenously or rectally followed by
fosphenytoin. In the UK, the loading dose in PSE is
15 mg/kg given as a single dose by intravenous infu-
sion at a rate of 100 to 150 mg/minute. The intramus-
cular route is not appropriate for the management of
status epilepticus because peak phenytoin concentra-
tions will not be reached quickly enough. The loading
dose for seizures other than in status epilepticus is 10 to
15 mg/kg given as a single dose by intramuscular in-
jection or by intravenous infusion at a rate of 50 to
100 mg/minute. Initial maintenance doses for status
epilepticus and other seizures are 4 to 5 mg/kg daily
given in 1 or 2 divided doses by intramuscular injection
or by intravenous infusion at a rate of 50 to
100 mg/minute. Subsequent doses are dependent on
patient response and trough plasma-phenytoin concen-
trations. 
Fosphenytoin given intramuscularly or by intravenous
infusion at a rate of 50 to 100 mg/minute may be sub-
stituted for oral phenytoin at the same equivalent total
daily dose for up to 5 days. 
In the USA, loading doses in PSE of up to 20 mg/kg
are permitted, and initial maintenance doses are 4 to
6 mg/kg daily. 
For doses in children, see below. 
A lower loading dose and/or infusion rate, and lower or
less frequent maintenance dosing may be necessary for
elderly patients; UK licensed product information sug-
gests a reduction in dose or rate of 10 to 25%. Similar
reductions are suggested for patients with renal or
hepatic impairment (see also below) or in those with
hypoalbuminaemia, except in the treatment of status
epilepticus.
◊ References.
1. Wilder BJ, et al. Safety and tolerance of multiple doses of intra-

muscular fosphenytoin substituted for oral phenytoin in epilepsy
or neurosurgery. Arch Neurol 1996; 53: 764–8. 

2. Meek PD, et al. Guidelines for nonemergency use of parenteral
phenytoin products: proceedings of an expert panel consensus
process. Arch Intern Med 1999; 159: 2639–44. 

3. Heafield MTE. Managing status epilepticus: new drug offers real
advantages. BMJ 2000: 320: 953–4. 

4. DeToledo JC, Ramsay RE. Fosphenytoin and phenytoin in pa-
tients with status epilepticus: improved tolerability versus in-
creased costs. Drug Safety 2000; 22: 459–66.

Administration in children. In the UK, fosphenytoin sodium
may be given to children over 5 years of age for the emergency
treatment of status epilepticus, the prevention and treatment of
post-traumatic seizures associated with neurosurgery or head
trauma, and as a short-term parenteral substitute for oral pheny-
toin in the management of epilepsy. It is given by intravenous
infusion and doses are expressed as phenytoin sodium equiva-
lents (PSE). 
In the treatment of tonic-clonic status epilepticus, the loading
dose in PSE is 15 mg/kg given as a single dose at a rate of 2 to
3 mg/kg per minute; however, the BNFC allows up to 20 mg/kg.
In the treatment or prophylaxis of seizures other than in status
epilepticus, the loading dose in PSE is 10 to 15 mg/kg given as a
single dose at a rate of 1 to 2 mg/kg per minute. The maximum
rate of infusion of loading doses is 3 mg/kg per minute or
150 mg/minute and should not be exceeded. Initial maintenance
doses in PSE for status epilepticus and other seizures are 4 to
5 mg/kg daily given in 1 to 4 divided doses at a rate of 1 to
2 mg/kg per minute, not exceeding 100 mg/minute. Subsequent
doses are dependent on patient response and trough plasma-
phenytoin concentrations. 
Fosphenytoin given at a rate of 1 to 2 mg/kg per minute, not ex-
ceeding 50 to 100 mg/minute, may be substituted for oral pheny-
toin at equivalent total daily doses for up to 5 days. 
Similar precautions to those in adults apply to the monitoring of
clinical parameters and plasma-phenytoin concentrations in chil-
dren (see above).
Administration in hepatic or renal impairment. The rate
and extent of conversion of fosphenytoin to phenytoin in patients
with hepatic cirrhosis or renal impairment requiring dialysis was
not found to be significantly different from those for healthy con-
trols.1 However, there was a trend towards an increase in
fosphenytoin clearance and a decrease in the time to peak pheny-

toin concentrations in those with hepatic or renal impairment.
Consequently, the authors recommended that fosphenytoin may
need to be given at lower doses or infused more slowly (see
above for the licensed product recommendations).
1. Aweeka FT, et al. Pharmacokinetics of fosphenytoin in patients

with hepatic or renal disease. Epilepsia 1999; 40: 777–82.

Preparations
USP 31: Fosphenytoin Sodium Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Pro-Epanutin†; Austria: Pro-Epanutin; Canad.: Cerebyx;
Denm.: Pro-Epanutin; Fin.: Pro-Epanutin; Fr.: Prodilantin; Gr.: Pro-Epanu-
tin; Irl.: Pro-Epanutin; Neth.: Pro-Epanutin†; Norw.: Pro-Epanutin; Spain:
Cereneu; Swed.: Pro-Epanutin; UK: Pro-Epanutin; USA: Cerebyx.

Gabapentin (BAN, USAN, rINN)

CI-945; Gabapentiini; Gabapentina; Gabapentine; Gabapenti-
num; GOE-3450. 1-(Aminomethyl)cyclohexaneacetic acid.

Габапентин
C9H17NO2 = 171.2.
CAS — 60142-96-3.
ATC — N03AX12.
ATC Vet — QN03AX12.

Pharmacopoeias. In US. 
USP 31 (Gabapentin). A white to off-white, crystalline solid.
Freely soluble in water and in alkaline and acidic solutions. A 2%
solution in water has a pH of 6.5 to 8.0.

Adverse Effects and Precautions
The most commonly reported adverse effects associat-
ed with gabapentin are somnolence, dizziness, ataxia,
and fatigue. Nystagmus, tremor, diplopia, amblyopia,
pharyngitis, rhinitis, dysarthria, nausea and vomiting,
weight gain, oedema, dyspepsia, amnesia, weakness,
paraesthesia, arthralgia, purpura, leucopenia, anxiety,
and urinary-tract infection may occur less frequently.
Rarely, pancreatitis, altered liver function tests, ery-
thema multiforme, Stevens-Johnson syndrome, myal-
gia, headache, and blood glucose fluctuations in dia-
betics have been reported. Common psychiatric effects
include confusion, depression, and nervousness, and,
more rarely, hallucinations and psychoses. Other ad-
verse effects include acute renal failure, allergic reac-
tions, alopecia, angioedema, chest pain, hepatitis, jaun-
dice, movement disorders such as choreoathetosis,
dyskinesia and dystonia, palpitations, thrombocytope-
nia, and tinnitus. 
Gabapentin should be used with caution in patients
with renal impairment and in those undergoing haemo-
dialysis. False positive readings have been reported
with some urinary protein tests in patients taking
gabapentin. 
Care is required when withdrawing gabapentin thera-
py—see also Uses and Administration, below.
Incidence of adverse effects. A postmarketing surveillance
study1 of 3100 patients taking gabapentin identified drowsiness
or sedation as the most frequent adverse effect, occurring in
about 6.7%. The incidences of other adverse effects were: head-
ache, 3.6%; fatigue, 3.5%; nausea and vomiting, 2.6%; and diz-
ziness, 2.4%. Less common adverse events included rash, visual
defect, and ataxia. Overall, adverse effects were reported as the
reason for stopping treatment in about 10% of patients. In the 136
children aged under 12 years whose data were included in the
study, the most frequently reported treatment-related adverse
events were eczema, rash, and vomiting. In this study, none of
the 11 infants born to mothers taking gabapentin throughout
pregnancy had congenital abnormalities.
1. Wilton LV, Shakir S. A postmarketing surveillance study of

gabapentin as add-on therapy for 3,100 patients in England. Ep-
ilepsia 2002; 43: 983–92.

Breast feeding. For mention of the pharmacokinetics of gabap-
entin during pregnancy and breast feeding, see under Pharma-
cokinetics, below. 
For comment on antiepileptic therapy and breast feeding, see
p.467.

H2N COOH



Gabapentin    483

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Carcinogenicity. It had been reported1 that studies on gabapen-
tin had been temporarily stopped in 1990 when pancreatic tu-
mours were seen in rodent studies. However, the tumours were
benign, occurred only with large doses, and were not thought to
relate to humans.
1. Ramsay RE. Clinical efficacy and safety of gabapentin. Neurol-

ogy 1994; 44 (suppl 5): S23–S30.

Driving. For a comment on antiepileptic drugs and driving, see
p.468.

Effects on bone. For the effects of antiepileptics on bone and
on calcium and vitamin D metabolism, see under Phenytoin,
p.496.

Effects on the liver. A report1 of a patient who developed
cholestatic jaundice 2 weeks after starting therapy with gabapen-
tin 300 mg three times daily for diabetic neuropathy. Clinical
symptoms and liver function tests improved on withdrawal of
gabapentin.
1. Richardson CE, et al. Gabapentin induced cholestasis. BMJ

2002; 325: 635.

Effects on mental function. For a review of the effects of
antiepileptic therapy including gabapentin on cognition, and on
mood (including the risk of suicidal ideation), see p.468.

Effects on the skin. For a suggestion that skin reactions are
less common with gabapentin than with some other antiepilep-
tics see under Phenytoin, p.496.

Overdosage. A 16-year-old girl complained of dizziness 6
hours after ingesting 48.9 g of gabapentin and was lethargic but
arousable 2 hours later.1 Her gabapentin plasma concentration
was 62 micrograms/mL 8.5 hours after ingestion. By 18 hours
she was alert and had no further complaints of lethargy or dizzi-
ness. In another report2 a patient with renal failure inadvertently
received inappropriately high doses of gabapentin for 3 weeks
and had a serum gabapentin concentration of 85 micrograms/mL
without serious adverse effects. However, a patient with end-
stage renal disease who twice took extra doses of gabapentin be-
tween haemodialysis sessions developed marked somnolence
and hypoxia severe enough to require intubation on both occa-
sions; haemodialysis produced rapid improvement.3 A prospec-
tive observational study4 of gabapentin exposures reported to 3
poison centers has described a case series of 20 patients who took
from 50 mg to 35 g of gabapentin alone. Of these, 12 experi-
enced clinical symptoms including drowsiness, dizziness, gas-
trointestinal disturbance, hypotension, and mild tachycardia.
These effects developed in under 5 hours and lasted for less than
24 hours; toxicity was generally mild and there were no fatalities.
1. Fischer JH, et al. Lack of serious toxicity following gabapentin

overdose. Neurology 1994; 44: 982–3. 
2. Verma A, et al. A case of sustained massive gabapentin overdose

without serious side effects. Ther Drug Monit 1999; 21: 615–17. 
3. Jones H, et al. Gabapentin toxicity requiring intubation in a pa-

tient receiving long-term hemodialysis. Ann Intern Med 2002;
137: 74. 

4. Klein-Schwartz W, et al. Characterization of gabapentin over-
dose using a poison center case series. J Toxicol Clin Toxicol
2003; 41: 11–15.

Pregnancy. For mention of the pharmacokinetics of gabapentin
during pregnancy and breast feeding, see under Pharmacokinet-
ics, below. 
For comments on the management of epilepsy during pregnancy,
see p.468.

Interactions
The absorption of gabapentin from the gastrointestinal
tract is reduced by antacids containing aluminium with
magnesium; it is recommended that gabapentin is tak-
en at least 2 hours after any such antacid. Morphine has
been reported to reduce the clearance of gabapentin;
patients receiving both drugs should be monitored for
signs of CNS depression and doses should be reduced
accordingly. Cimetidine has also been reported to re-
duce the renal clearance of gabapentin but licensed
product information does not consider this to be of
clinical importance. For references to possible interac-
tions with other antiepileptics, see under Phenytoin,
p.498 and under Felbamate, p.481.

Pharmacokinetics
Gabapentin is absorbed from the gastrointestinal tract
by means of a saturable mechanism. After multiple
dosing peak plasma concentrations are usually
achieved within 2 to 3 hours of a dose and steady state
achieved within 1 to 2 days. Gabapentin is not appreci-
ably metabolised and most of a dose is excreted
unchanged in the urine with the remainder appearing in
the faeces. Gabapentin is widely distributed through-

out the body but binding to plasma proteins is minimal.
The elimination half-life has been reported to be about
5 to 7 hours. Gabapentin is distributed into breast milk.
◊ References.
1. Blum RA, et al. Pharmacokinetics of gabapentin in subjects with

various degrees of renal function. Clin Pharmacol Ther 1994;
56: 154–9. 

2. Elwes RDC, Binnie CD. Clinical pharmacokinetics of newer an-
tiepileptic drugs: lamotrigine, vigabatrin, gabapentin and oxcar-
bazepine. Clin Pharmacokinet 1996; 30: 403–15. 

3. Berry DJ, et al. The absorption of gabapentin following high
dose escalation. Seizure 2003; 12: 28–36.

Children. A study1 of the pharmacokinetics of single doses of
gabapentin in healthy children aged 1 month to 12 years found
that peak plasma concentrations occurred 2 to 3 hours after the
dose in all age groups but that the mean value was higher in those
older than 5 years than in younger children, and the exposure was
calculated to be about 30% less in the younger age group. As a
result it was suggested that the initial dose of gabapentin in stud-
ies of safety and efficacy should be 40 mg/kg daily in children
aged from 1 month up to 5 years, and 30 mg/kg daily in children
aged 5 to 12 years. (For licensed doses, see Administration in
children, below.) A pharmacokinetics study2 in children with
uncontrolled seizures (aged from 3 to about 15 years) also found
a markedly higher mean oral clearance of gabapentin when com-
pared with adults.
1. Haig GM, et al. Single-dose gabapentin pharmacokinetics and

safety in healthy infants and children. J Clin Pharmacol 2001;
41: 507–14. 

2. Tallian KB, et al. Pharmacokinetics of gabapentin in paediatric
patients with uncontrolled seizures. J Clin Pharm Ther 2004; 29:
511–15.

Pregnancy and breast feeding. The pharmacokinetics of
gabapentin were studied1 in 6 women, and in their offspring, dur-
ing pregnancy, delivery, and breast feeding. Findings suggested
that gabapentin is actively transported across the placenta and ac-
cumulates in the fetus although its effect was unclear. All the de-
liveries, including one preterm, were uneventful and all of the
infants were healthy, apart from one who became cyanosed and
mildly hypotonic 8 hours after birth. 
The distribution of gabapentin into breast milk was extensive and
neonates were found to have a lower capacity to eliminate gabap-
entin than adults, with an elimination half-life of about 14 hours.
However, the plasma concentrations in the breast-fed infants ap-
peared to be low and the relative infant dose was estimated to be
1.3 to 3.8% of the mothers’ weight-adjusted dose at 0.2 to
1.3 mg/kg daily. No adverse effects were reported in the infants,
and the authors considered that gabapentin was generally safe
during breast feeding.
1. Öhman I, et al. Pharmacokinetics of gabapentin during delivery,

in the neonatal period, and lactation: does a fetal accumulation
occur during pregnancy? Epilepsia 2005; 46: 1621–4.

Uses and Administration
Gabapentin is an antiepileptic used as monotherapy or
adjunctive therapy in the treatment of partial seizures
with or without secondary generalisation. It is not gen-
erally considered effective for absence seizures. Al-
though gabapentin is an analogue of gamma-aminobu-
tyric acid (GABA), it is neither a GABA agonist nor
antagonist and its mechanism of action is unknown.
Gabapentin is also used in the treatment of neuropathic
pain. 
In the UK, the initial oral dose of gabapentin for the
treatment of epilepsy is 300 mg on the first day of
treatment, 300 mg twice daily on the second day, and
300 mg three times daily on the third day; thereafter the
dose may be increased in increments of 300 mg every
2 to 3 days until effective antiepileptic control is
achieved, which is usually within the range of 0.9 to
3.6 g daily. Higher doses up to a maximum of 4.8 g dai-
ly have been reported to be well tolerated. Similar dos-
es are used in the USA. The total daily dose should be
taken in three equally divided doses and the maximum
dosage interval should not exceed 12 hours. 
For details of doses in children, see below. 
In the treatment of neuropathic pain, doses should be
titrated to a usual maximum of 1.8 g daily in three di-
vided doses, in a similar manner to that recommended
above for the treatment of epilepsy. Higher doses have
sometimes been given. 
As with other antiepileptics, withdrawal of gabapentin
therapy or transition to or from another type of antiepi-
leptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. Li-

censed product information recommends reducing the
dose gradually over at least 7 days. For a discussion on
whether or not to withdraw antiepileptic therapy in sei-
zure-free patients, see p.465. 
Dosage of gabapentin should be reduced in patients
with renal impairment (see below). 
Gabapentin enacarbil (XP-13512) has been investigat-
ed as a prodrug of gabapentin.
Administration in children. In the UK, for the treatment of
partial seizures with or without secondary generalisation, gabap-
entin is licensed for use as adjunctive therapy in children aged 6
years and over and as monotherapy in those aged 12 years and
over. As adjunctive therapy, gabapentin may be given in an ini-
tial oral dose of 10 to 15 mg/kg daily, titrated over a period of
about 3 days until effective antiepileptic control is achieved,
which is usually within the range 25 to 35 mg/kg daily. Higher
doses up to a maximum of 50 mg/kg daily have been reported to
be well tolerated. Although not licensed for use in younger chil-
dren, the BNFC suggests that similar initial doses may be used in
those aged 2 to 12 years; maintenance doses of 10 to 20 mg/kg 3
times daily (up to 900 mg daily for children weighing 36 kg or
under, or 1.2 g daily for those over 36 kg) are also recommended.
Older children may be given the usual adult dosage regimen (see
above) titrated to a maximum of 2.4 g daily. When used as mon-
otherapy, the usual adult dosage regimen is given. 
In the USA, gabapentin is licensed for adjunctive use in children
aged 3 years and over. Initial doses are as for the UK; the main-
tenance dose for children aged 3 to 4 years is 40 mg/kg daily, and
for those aged 5 years and over is 25 to 35 mg/kg daily. Children
aged 12 years and over may be given the usual adult dosage reg-
imen (see above). 
The total daily dose should be taken in 3 equally divided doses
and the maximum dosage interval should not exceed 12 hours. 
For a pharmacokinetic study suggesting that initial doses in
younger children should be proportionately higher than in older
ones, see above.

Administration in renal impairment. Reduced doses of
gabapentin are recommended for patients with renal impairment
or those undergoing haemodialysis. Licensed UK product infor-
mation recommends the following maintenance doses based on
creatinine clearance (CC) and given as 3 divided doses: 
• CC 50 to 79 mL/minute: 600 to 1800 mg daily 
• CC 30 to 49 mL/minute: 300 to 900 mg daily 
• CC 15 to 29 mL/minute: 300 mg on alternate days to 600 mg

daily 
• CC less than 15 mL/minute: 300 mg on alternate days to

300 mg daily 
For those undergoing haemodialysis who have never received
gabapentin, the recommended loading dose is 300 to 400 mg fol-
lowed by 200 to 300 mg after each 4 hours of haemodialysis. On
dialysis-free days no doses of gabapentin should be given (see
also Overdosage, above).

Ciguatera poisoning. Gabapentin has relieved some of the
neurological symptoms associated with ciguatera poisoning (see
Mannitol, p.1331).

Epilepsy. Gabapentin is used in epilepsy (p.465) as adjunctive
therapy for partial seizures with or without secondary generalisa-
tion in patients refractory to standard antiepileptics. In double-
blind placebo-controlled studies1-4 in such patients seizure fre-
quency was reduced when gabapentin was added to treatment.
Long-term efficacy has been encouraging,5-7 and its lack of po-
tential for interactions with other antiepileptics is considered to
make it particularly suitable for adjunctive treatment. Dosage is
adjusted against clinical response rather than by monitoring
blood concentrations. Gabapentin is also used as monotherapy in
partial epilepsy;8-10 its efficacy as adjunctive treatment in gener-
alised seizures remains to be determined. 
Gabapentin has been found to be effective as adjunctive therapy
in children with refractory partial seizures.11

1. UK Gabapentin Study Group. Gabapentin in partial epilepsy.
Lancet 1990; 335: 1114–17. 

2. Sivenius J, et al. Double-blind study of gabapentin in the treat-
ment of partial seizures. Epilepsia 1991; 32: 539–42. 

3. US Gabapentin Study Group. Gabapentin as add-on therapy in
refractory partial epilepsy: a double-blind, placebo-controlled,
parallel-group study. Neurology 1993; 43: 2292–8. 

4. Anhut H, et al. International Gabapentin Study Group. Gabap-
entin (Neurontin) as add-on therapy in patients with partial sei-
zures: a double-blind, placebo-controlled study. Epilepsia 1994;
35: 795–801. 

5. US Gabapentin Study Group. The long-term safety and efficacy
of gabapentin (Neurontin ) as add-on therapy in drug-resistant
partial epilepsy. Epilepsy Res 1994; 18: 67–73. 

6. Sivenius J, et al. Long-term study with gabapentin in patients
with drug-resistant epileptic seizures. Arch Neurol 1994; 51:
1047–50. 

7. Anhut H, et al. Long-term safety and efficacy of gabapentin
(Neurontin) as add-on therapy in patients with refractory partial
seizures. J Epilepsy 1995; 8: 44–50. 

8. Ojemann LM, et al. Long-term treatment with gabapentin for
partial epilepsy. Epilepsy Res 1992; 13: 159–65. 
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9. Beydoun A, et al. Gabapentin monotherapy II: a 26-week, dou-

ble-blind, dose-controlled multicenter study of conversion from
polytherapy in outpatients with refractory complex partial or
secondarily generalized seizures. Neurology 1997; 49: 746–52. 

10. Chadwick DW, et al. A double-blind trial of gabapentin mono-
therapy for newly diagnosed partial seizures. Neurology 1998;
51: 1282–8. 

11. Appleton R, et al. Gabapentin as add-on therapy in children
with refractory partial seizures: a 12-week, multicentre, double-
blind, placebo-controlled study. Epilepsia 1999; 40: 1147–54.

Headache. Benefit has been reported1 from the use of gabapen-
tin in the prophylaxis of migraine (p.616). Gabapentin may also
be effective2,3 in the management of cluster headache (p.616),
and has been tried4 in the prophylaxis of chronic daily headache.
1. Mathew NT, et al. Efficacy of gabapentin in migraine prophylax-

is. Headache 2001; 41: 119–128. 
2. Leandri M, et al. Drug-resistant cluster headache responding to

gabapentin: a pilot study. Cephalalgia 2001; 21: 744–6. 
3. Schuh-Hofer S, et al. The use of gabapentin in chronic cluster

headache patients refractory to first-line therapy. Eur J Neurol
2007; 14: 694–6. 

4. Spira PJ, Beran RG. Australian Gabapentin Chronic Daily Head-
ache Group. Gabapentin in the prophylaxis of chronic daily
headache: a randomized, placebo-controlled study. Neurology
2003; 61: 1753–9.

Hiccup. Gabapentin has been tried1,2 in the treatment of hiccups
(p.976).
1. Hernández JL, et al. Gabapentin for intractable hiccup. Am J

Med 2004; 117: 279–81. 
2. Alonso-Navarro H, et al. Refractory hiccup: successful treat-

ment with gabapentin. Clin Neuropharmacol 2007; 30: 186–7.

Hot flushes. Gabapentin appears to be of benefit in the manage-
ment of hot flushes associated with treatment of breast cancer
(p.661); a study involving 420 women with breast cancer expe-
riencing hot flushes (excluding women on active chemotherapy,
but most of whom were receiving adjuvant endocrine therapy),
found that a dose of 900 mg daily in three divided doses for 8
weeks was effective, although a dose of 300 mg daily was not.1 
There is also evidence of benefit2,3 from gabapentin in the same
dose (900 mg daily) in women experiencing hot flushes as a
symptom of the menopause (p.2077). Another randomised pla-
cebo-controlled study4 found gabapentin 2.4 g daily to be as ef-
fective as conjugated oestrogens 625 micrograms daily in the
treatment of hot flushes in postmenopausal women.
1. Pandya KJ, et al. Gabapentin for hot flashes in 420 women with

breast cancer: a randomised double-blind placebo-controlled tri-
al. Lancet 2005; 366: 818–24. 

2. Guttuso T, et al. Gabapentin’s effects on hot flashes in postmeno-
pausal women: a randomized controlled trial. Obstet Gynecol
2003; 101: 337–45. 

3. Loprinzi CL, et al. Phase III trial of gabapentin alone or in con-
junction with an antidepressant in the management of hot flashes
in women who have inadequate control with an antidepressant
alone: NCCTG N03C5. J Clin Oncol 2007; 25: 308–12. 

4. Reddy SY, et al. Gabapentin, estrogen, and placebo for treating
hot flushes: a randomized controlled trial. Obstet Gynecol 2006;
108: 41–8.

Lesch-Nyhan syndrome. The severe self-mutilation that oc-
curs in patients with Lesch-Nyhan syndrome (p.976) has been
reported to improve in those given antiepileptics such as gabap-
entin.1
1. McManaman J, Tam DA. Gabapentin for self-injurious behavior

in Lesch-Nyhan syndrome. Pediatr Neurol 1999; 20: 381–2.

Motor neurone disease. Interest has been shown in gabapen-
tin as a potential therapy for amyotrophic lateral sclerosis (see
Motor Neurone Disease, p.2380) because it may inhibit glutama-
te formation. Results from an early study1 demonstrated a trend
towards a beneficial effect; however, a randomised trial2 failed to
confirm any benefit from gabapentin on disease progression or
symptoms.
1. Miller RG, et al. Placebo-controlled trial of gabapentin in pa-

tients with amyotrophic lateral sclerosis. Neurology 1996; 47:
1383–8. 

2. Miller RG, et al. Phase III randomized trial of gabapentin in pa-
tients with amyotrophic lateral sclerosis. Neurology 2001; 56:
843–8.

Multiple sclerosis. Gabapentin has been found to control pain,
spasm, and spasticity in patients with multiple sclerosis
(p.892).1-6 It may also be of benefit in acquired nystagmus sec-
ondary to multiple sclerosis.7
1. Mueller ME, et al. Gabapentin for relief of upper motor neuron

symptoms in multiple sclerosis. Arch Phys Med Rehabil 1997;
78: 521–4. 

2. Samkoff LM, et al. Amelioration of refractory dysesthetic limb
pain in multiple sclerosis by gabapentin. Neurology 1997; 49:
304–5. 

3. Solaro C, et al. An open-label trial of gabapentin treatment of
paroxysmal symptoms in multiple sclerosis patients. Neurology
1998; 51: 609–11. 

4. Dunevsky A, Perel AB. Gabapentin for relief of spasticity asso-
ciated with multiple sclerosis. Am J Phys Med Rehabil 1998; 77:
451–4. 

5. Cutter NC, et al. Gabapentin effect on spasticity in multiple scle-
rosis: a placebo-controlled, randomized trial. Arch Phys Med Re-
habil 2000; 81: 164–9. 

6. Solaro C, et al. Gabapentin is effective in treating nocturnal
painful spasms in multiple sclerosis. Multiple Sclerosis 2000; 6:
192–3. 

7. Shery T, et al. The effects of gabapentin and memantine in ac-
quired and congenital nystagmus: a retrospective study. Br J
Ophthalmol 2006; 90: 839–43.

Neuropathic pain. Antiepileptics are among the drugs used to
manage neuropathic pain, which is often insensitive to opioid
analgesics (see Choice of Analgesic, p.2). Although car-
bamazepine appears to be the usual choice, gabapentin is also
given in the treatment of neuropathic pain,1-3 including central
pain4 (see p.6), complex regional pain syndrome (see p.6), post-
herpetic neuralgia5-7 (see p.9), trigeminal neuralgia (see p.9), and
painful diabetic neuropathy8,9 (see p.6).
1. Rose MA, Kam PC. Gabapentin: pharmacology and its use in

pain management. Anaesthesia 2002; 57: 451–62. 
2. Backonja M, Glanzman RL. Gabapentin dosing for neuropathic

pain: evidence from randomized, placebo-controlled clinical tri-
als. Clin Ther 2003; 25: 81–104. 

3. Wiffen PJ, et al. Gabapentin for acute and chronic pain. Availa-
ble in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2005 (accessed 09/06/08). 

4. Schachter SC, Sauter MK. Treatment of central pain with gabap-
entin: case reports. J Epilepsy 1996; 9: 223–5. 

5. Rowbotham M, et al. Gabapentin for the treatment of postherpet-
ic neuralgia: a randomized controlled trial. JAMA 1998; 280:
1837–42. 

6. Rice ASC, Maton S. Gabapentin in postherpetic neuralgia: a ran-
domised, double blind, placebo controlled study. Pain 2001; 94:
215–24. 

7. Singh D, Kennedy DH. The use of gabapentin for the treatment
of postherpetic neuralgia. Clin Ther 2003; 25: 852–89. 

8. Backonja M, et al. Gabapentin for the symptomatic treatment of
painful neuropathy in patients with diabetes mellitus: a rand-
omized controlled trial. JAMA 1998; 280: 1831–6. 

9. Morello CM, et al. Randomized double-blind study comparing
the efficacy of gabapentin with amitriptyline on diabetic periph-
eral neuropathy pain. Arch Intern Med 1999; 159: 1931–7.

Parkinsonism. While some overall ratings of Parkinson’s dis-
ease (p.791) appeared to be improved by gabapentin in a double-
blind study involving 19 patients with advanced parkinsonism,
improvements in individual signs and symptoms were not signif-
icant.1 It was also reported that 5 of 6 other patients with progres-
sive supranuclear palsy had experienced worsening of their dis-
ease when given gabapentin. Another study2 in 15 patients with
motor complications failed to find any clinically significant ben-
efit from gabapentin therapy.
1. Olson WL, et al. Gabapentin for parkinsonism: a double-blind,

placebo-controlled, crossover trial. Am J Med 1997; 102: 60–6. 
2. Van Blercom N, et al. Effects of gabapentin on the motor re-

sponse to levodopa: a double-blind, placebo-controlled, crosso-
ver study in patients with complicated Parkinson disease. Clin
Neuropharmacol 2004; 27: 124–8.

Postoperative pain. There is growing interest in the use of
analgesic adjuvants including antiepileptics such as gabapentin
to modulate opioid dosage and efficacy for postoperative pain
(see p.4).1 A systematic review considered that evidence of ben-
efit for gabapentin in acute pain was lacking, and noted that more
effective analgesics for this indication were available.2 However,
a later systematic review found that perioperative use of gabap-
entin effectively reduced opioid consumption and postoperative
pain; further studies were considered warranted.3 It has been sug-
gested that perioperative use of gabapentin may have other ben-
efits, including pre-operative anxiolysis, attenuation of the
haemodynamic response to intubation, and reduction in postop-
erative nausea and vomiting.4
1. Dahl JB, et al. ’Protective premedication’: an option with gabap-

entin and related drugs? A review of gabapentin and pregabalin
in the treatment of post-operative pain. Acta Anaesthesiol Scand
2004; 48: 1130–6. 

2. Wiffen PJ, et al. Gabapentin for acute and chronic pain. Availa-
ble in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2005 (accessed 09/06/08). 

3. Tiippana EM, et al. Do surgical patients benefit from periopera-
tive gabapentin/pregabalin? A systematic review of efficacy and
safety. Anesth Analg 2007; 104: 1545–56. 

4. Kong VKF, Irwin MG. Gabapentin: a multimodal perioperative
drug? Br J Anaesth 2007; 99: 775–86.

Psychiatric disorders. Gabapentin has psychotropic proper-
ties and has been tried in the management of several psychiatric
disorders, including as an adjunct in the treatment of resistant
depression1 (p.373) and in the treatment of post-traumatic stress
disorder2 (p.953). Although early open studies3 found that
gabapentin may be of benefit in patients with bipolar disorder
(p.372) randomised controlled trials have so far failed to confirm
this effect.4-6 Gabapentin is under investigation for the treatment
of social anxiety disorder (see under Phobic Disorders, p.953).
1. Yasmin S, et al. Adjunctive gabapentin in treatment-resistant de-

pression: a retrospective chart review. J Affect Disord 2001; 63:
243–7. 

2. Malek-Ahmadi P. Gabapentin and posttraumatic stress disorder.
Ann Pharmacother 2003; 37: 664–6. 

3. Maidment ID. Gabapentin treatment for bipolar disorders. Ann
Pharmacother 2001; 35: 1264–9. 

4. Pande AC, et al. Gabapentin in bipolar disorder: a placebo-con-
trolled trial of adjunctive therapy. Bipolar Disord 2000; 2:
249–55. 

5. Frye MA, et al. A placebo-controlled study of lamotrigine and
gabapentin monotherapy in refractory mood disorders. J Clin
Psychopharmacol 2000; 20: 607–14. 

6. Vieta E, et al. A double-blind, randomized, placebo-controlled,
prophylaxis study of adjunctive gabapentin for bipolar disorder.
J Clin Psychiatry 2006; 67: 473–7.

Restless legs syndrome. The aetiology of restless legs syn-
drome (see Sleep-associated Movement Disorders, p.958) is ob-
scure and treatment has been largely empirical. Two small ran-

domised double-blind crossover studies1,2 found 6 weeks of
treatment with gabapentin to produce improvement in symp-
toms; in patients undergoing haemodialysis the effects were seen
with a dose of 300 mg after each of the 3 dialysis sessions per
week,1 although in patients with idiopathic disease the mean ef-
fective dose was 1.855 g daily.2 
A prodrug of gabapentin, gabapentin enacarbil, is reported to be
under investigation for the treatment of restless legs syndrome.
1. Thorp ML, et al. A crossover study of gabapentin in treatment of

restless legs syndrome among hemodialysis patients. Am J Kid-
ney Dis 2001; 38: 104–8. 

2. Garcia-Borreguero D, et al. Treatment of restless legs syndrome
with gabapentin: a double-blind, cross-over study. Neurology
2002; 59: 1573–9.

Soft-tissue rheumatism. Gabapentin may be of benefit in
some patients with fibromyalgia (p.13). In a randomised control-
led study treatment with oral gabapentin 1.2 to 2.4 g daily in 75
patients produced a greater improvement in mean pain score
over 12 weeks than placebo in 75 controls.1 Sleep problems were
also improved, but there was no difference between the groups in
a depression rating scale. The drug was generally well tolerated.
1. Arnold LM, et al. Gabapentin in the treatment of fibromyalgia:

a randomized, double-blind, placebo-controlled, multicenter tri-
al. Arthritis Rheum 2007; 56: 1336–44.

Stiff-man syndrome. Gabapentin may improve the symptoms
of stiff-man syndrome (see under Muscle Spasm in Uses of Di-
azepam, p.993) in patients unable to tolerate benzodiazepine
therapy.

Tremor. A beta blocker is often the first drug used in patients
with essential tremor who require regular treatment (p.1231);
however, gabapentin has also been tried with some success.1-3

1. Gironell A, et al. A randomized placebo-controlled comparative
trial of gabapentin and propranolol in essential tremor. Arch Neu-
rol 1999; 56: 475–80. 

2. Ondo W, et al. Gabapentin for essential tremor: a multiple-dose,
double-blind, placebo-controlled trial. Mov Disord 2000; 15:
678–82. 

3. Faulkner MA, et al. Gabapentin for the treatment of tremor. Ann
Pharmacother 2003; 37: 282–6.

Preparations
USP 31: Gabapentin Capsules; Gabapentin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Abaglin; Alidial; Logistic; Neurontin; Ultraneural; Austral.: Gabaran;
Gantin; Neurontin; Nupentin; Pendine; Austria: Gabarex; Gabatal; Neu-
rontin; Belg.: Neurontin; Braz.: Gabaneurin; Neurontin; Progresse; Ca-
nad.: Neurontin; Chile: Dineurin; Gabex; Gabictal; Neugabin; Normatol;
Ritmenal; Cz.: Apo-Gab; Gabagamma; Gabalept; Gabanox; Gabator ;
Gabenta; Neurontin; Nurabax; Denm.: Neuril; Fin.: Gabrion; Geabatan†;
Neuril; Neurontin; Fr.: Neurontin; Ger.: Gabagamma; GabaLich; Gabax;
Neurontin; Gr.: Gabantin; Gabental; Neurontin; Pentin; Hong Kong: Neu-
rontin; Hung.: Gordius; Neurontin; India: Neurontin; Indon.: Epiven;
Gabexal; Ganin; Nepatic; Neurontin; Irl.: Gabture; Neurontin; Neurostil;
Israel: Neurontin; Ital.: Neurontin; Malaysia: Neurontin; Mex.: Bapex;
Gabantin; Gapridol; Neurontin; Nopatic; Neth.: Neurontin; Norw.: Neu-
rontin; NZ: Neurontin; Nupentin; Philipp.: Neurontin; Pol.: Gabax; Neu-
rontin; Port.: Gabamox; Neurontin; Rus.: Gapentek (Гапентек); Neuront-
in (Нейронтин); Tebantin (Тебантин); S.Afr.: Epleptin; Neurontin;
Singapore: Neurontin; Spain: Equipax†; Gabamerck; Gabatur; Neurontin;
Oxaquin; Swed.: Neurontin; Switz.: Neurontin; Thai.: Neurontin; Turk.:
Neurontin; UK: Neurontin; USA: Gabarone; Neurontin; Venez.: Neuront-
in.

Lacosamide (USAN, rINN)

ADD-234037; Erlosamida; Erlosamide; Erlosamidum; Harko-
seride; Lacosamida; Lacosamidum; SPM-927. (2R)-2-(Acetylami-
no)-N-benzyl-3-methoxypropanamide.

Эрльозамид
C13H18N2O3 = 250.3.
CAS — 175481-36-4.
ATC — N03AX18.
ATC Vet — QN03AX18.

Profile
Lacosamide is an antiepileptic drug that is under investigation
for adjunctive therapy in partial seizures. It is also being studied
for use in diabetic neuropathic pain, fibromyalgia, osteoarthritis,
and migraine.

◊ References.
1. Doty P, et al. Lacosamide. Neurotherapeutics 2007; 4: 145–8. 
2. Rauck RL, et al. Lacosamide in painful diabetic peripheral neu-

ropathy: a phase 2 double-blind placebo-controlled study. Clin J
Pain 2007; 23: 150–8. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

3. Ben-Menachem E, et al. Efficacy and safety of oral lacosamide
as adjunctive therapy in adults with partial-onset seizures. Epi-
lepsia 2007; 48: 1308–17. 

4. Biton V, et al. Intravenous lacosamide as replacement for oral
lacosamide in patients with partial-onset seizures. Epilepsia
2008; 49: 418–24. 

5. Ben-Menachem E. Lacosamide: an investigational drug for ad-
junctive treatment of partial-onset seizures. Drugs Today 2008;
44: 35–40.

Lamotrigine (BAN, USAN, rINN)

BW-430C; Lamotrigiini; Lamotrigin; Lamotrigina; Lamotriginum;
Lamotrijin. 6-(2,3-Dichlorophenyl)-1,2,4-triazine-3,5-diyldiamine.
Ламотригин
C9H7Cl2N5 = 256.1.
CAS — 84057-84-1.
ATC — N03AX09.
ATC Vet — QN03AX09.

Adverse Effects and Treatment
Skin rashes may occur during therapy with lamotrigi-
ne; severe skin reactions including Stevens-Johnson
syndrome and toxic epidermal necrolysis have been re-
ported, especially in children, and usually occur within
8 weeks of starting lamotrigine (see Effects on the
Skin, below). Symptoms such as fever, malaise, flu-
like symptoms, drowsiness, lymphadenopathy, facial
oedema and, rarely, hepatic dysfunction have been re-
ported. Blood dyscrasias such as leucopenia, neutrope-
nia, and thrombocytopenia have also been reported,
sometimes with rashes as part of a hypersensitivity
syndrome. 
Movement disorders such as tics, ataxia, nystagmus,
and tremor have occurred; lamotrigine may worsen
symptoms in patients with pre-existing Parkinson’s
disease. Other adverse effects include angioedema,
photosensitivity, diplopia, blurred vision, conjunctivi-
tis, dizziness, drowsiness, insomnia, headache, tired-
ness, nausea and vomiting, irritability and aggression,
hallucinations, agitation, and confusion. Very rarely,
lupus-like reactions and increases in seizure frequency
have been reported.
◊ Licensed product information states that there have been rare
instances of death after a rapidly progressive illness involving
status epilepticus, multi-organ dysfunction, and disseminated in-
travascular coagulation in patients taking multiple antiepileptics
including lamotrigine, although the role of lamotrigine remains
to be established. It has been suggested1 that multi-organ failure
and disseminated intravascular coagulation, with associated
rhabdomyolysis, are complications of severe convulsive seizures
rather than of lamotrigine therapy. However, there has been a
report2 of a patient with no history of generalised seizures who
developed a syndrome of disseminated intravascular coagula-
tion, rhabdomyolysis, renal failure, maculopapular rash, and
ataxia 14 days after lamotrigine was added to her antiepileptic
regimen. Two cases of disseminated intravascular coagulation
were found in a cohort of 11 316 patients involved in prescrip-
tion-event monitoring of lamotrigine therapy in general prac-
tice.3
1. Yuen AWC, Bihari DJ. Multiorgan failure and disseminated in-

travascular coagulation in severe convulsive seizures. Lancet
1992; 340: 618. 

2. Schaub JEM, et al. Multisystem adverse reaction to lamotrigine.
Lancet 1994; 344: 481. 

3. Mackay FJ, et al. Safety of long-term lamotrigine in epilepsy.
Epilepsia 1997; 38: 881–6.

Effects on the blood. Septic shock secondary to leucopenia
occurred in a patient when lamotrigine was added to therapy with
sodium valproate.1 There has also been a report of agranulocyto-
sis in a child started on high-dose lamotrigine monotherapy.2 The
fall in the blood count was noted several days after lamotrigine
had been stopped due to skin rash. The UK CSM subsequently
reported3 that 7 cases of aplastic anaemia, 12 of bone-marrow
depression, and 20 of pancytopenia associated with lamotrigine
had been received worldwide. Given the extensive usage of
lamotrigine the CSM considered the risk of aplastic anaemia to
be small and routine blood monitoring was not recommended.

However, prescribers were warned to be alert for symptoms and
signs suggestive of bone-marrow depression.
1. Nicholson RJ, et al. Leucopenia associated with lamotrigine.

BMJ 1995; 310: 504. 
2. de Camargo OAK, Bode H. Agranulocytosis associated with

lamotrigine. BMJ 1999; 318: 1179. 
3. Committee on Safety of Medicines/Medicines Control Agency.

Lamotrigine (Lamictal): rare blood dyscrasias. Current Problems
2000; 26: 4. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON007462&
RevisionSelectionMethod=LatestReleased (accessed 09/06/08)

Effects on bone. For the effects of antiepileptics including
lamotrigine on bone and on calcium and vitamin D metabolism,
see under Phenytoin, p.496.
Effects on the liver. Fatal fulminant hepatic failure has been
reported1 in a patient after addition of lamotrigine to antiepileptic
therapy with sodium valproate and carbamazepine. Another fatal
case was reported2 in a patient who was given lamotrigine for
bipolar disorder; she was also taking other drugs for pain and
insomnia. Reversible eosinophilic hepatitis occurred3 as part of a
hypersensitivity syndrome in a patient given lamotrigine for sei-
zures.
1. Makin AJ, et al. Fulminant hepatic failure induced by lamotrig-

ine. BMJ 1995; 311: 292. 
2. Overstreet K, et al. Fatal progressive hepatic necrosis associated

with lamotrigine treatment: a case report and literature review.
Dig Dis Sci 2002; 47: 1921–5. 

3. Fix OK, et al. Eosinophilic hepatitis caused by lamotrigine. Clin
Gastroenterol Hepatol 2006; 4: xxvi.

Effects on the lungs. Interstitial pneumonitis with pulmonary
infiltrates occurred when lamotrigine was added to antiepileptic
therapy in a 57-year-old woman; the condition resolved when
lamotrigine was stopped.1
1. Saravanan N, et al. Interstitial pneumonitis during lamotrigine

therapy. Br J Clin Pharmacol 2005; 60: 666–7.

Effects on mental function. Acute psychosis was reported1 in
6 out of about 1400 patients when lamotrigine was added to
antiepileptic therapy and/or when the dose of lamotrigine was
increased. Symptoms resolved when lamotrigine was stopped,
and recurred in 1 case of rechallenge. 
For a review of the effects of antiepileptic therapy including
lamotrigine on cognition, and on mood (including the risk of su-
icidal ideation), see p.468.
1. Brandt C, et al. Development of psychosis in patients with epi-

lepsy treated with lamotrigine: report of six cases and review of
the literature. Epilepsy Behav 2007; 11: 133–9.

Effects on the nervous system. Of 93 patients with idiopath-
ic generalised epilepsy who were treated with lamotrigine, 5
adults experienced de novo or exacerbated myoclonic jerks.1 In
each case, symptoms resolved when the dose of lamotrigine was
reduced by 25 to 50% or stopped altogether. In another report, a
17-year-old girl with idiopathic Rolandic epilepsy experienced a
sudden increase in seizure frequency when lamotrigine was add-
ed to therapy with sodium valproate; other adverse effects in-
cluded emotional lability, headaches, and drowsiness.2 Again
symptoms resolved when lamotrigine was stopped.2 
Overdose of lamotrigine has been known to cause seizures (see
below).
1. Crespel A, et al. Lamotrigine associated with exacerbation or de

novo myoclonus in idiopathic generalized epilepsies. Neurology
2005; 65: 762–4. 

2. Cerminara C, et al. Lamotrigine-induced seizure aggravation
and negative myoclonus in idiopathic rolandic epilepsy. Neurol-
ogy 2004; 63: 373–5.

Effects on the skin. Rashes account for withdrawal from ther-
apy in about 2% of those given lamotrigine,1,2 and serious skin
reactions including Stevens-Johnson syndrome and toxic epider-
mal necrolysis occur in about 1 in 1000 adult patients.3,4 The ma-
jority of rashes resolve once lamotrigine has been stopped; how-
ever, some patients have developed permanent scarring and there
have been rare reports of fatalities. The main risk factors appear
to be use with valproate, exceeding the recommended initial dose
of lamotrigine or the recommended rate of dose escalation, and a
history of antiepileptic-induced rash. The risk appears to be
greater in children1,4-6 and has been estimated to be between 1 in
300 and 1 in 50. These skin reactions usually occur within 8
weeks of starting therapy with lamotrigine, but onset as early as
the first day and as late as 2 years has been noted.7 After contin-
uing reports of serious skin reactions in children, UK recom-
mended dosage regimens for children have been revised to fur-
ther reduce the risk of such reactions.8 For the relative incidence
of rash with different antiepileptics see under Phenytoin, p.496.
1. Mackay FJ, et al. Safety of long-term lamotrigine in epilepsy.

Epilepsia 1997; 38: 881–6. 
2. Messenheimer J, et al. Safety review of adult clinical trial expe-

rience with lamotrigine. Drug Safety 1998; 18: 281–96. 
3. Committee on Safety of Medicines/Medicines Control Agency.

Lamotrigine (Lamictal) and serious skin reactions. Current
P ro b le m s  19 96 ;  2 2:  1 2 .  A l so  av a i l ab l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015622&RevisionSelectionMethod=
LatestReleased (accessed 09/06/08) 

4. Committee on Safety of Medicines/Medicines Control Agency.
Lamotrigine (Lamictal): increased risk of serious skin reactions
in children. Current Problems 1997; 23: 8. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023230&RevisionSelectionMethod=
LatestReleased (accessed 09/06/08) 

5. Mitchell P. Paediatric lamotrigine use hit by rash reports. Lancet
1997; 349: 1080. 

6. Hirsch LJ, et al. Predictors of lamotrigine-associated rash. Epi-
lepsia 2006; 47: 318–22. 

7. Adverse Drug Reactions Advisory Committee (ADRAC). Lamo-
trigine and severe skin reactions. Aust Adverse Drug React Bull
1997; 16: 3. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr9702.htm (accessed 09/06/08) 

8. Committee on Safety of Medicines/Medicines Control Agency.
Lamotrigine (Lamictal): revised doses for children. Current Prob-
lems 2000; 26: 3. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON007462&
RevisionSelectionMethod=LatestReleased (accessed 09/06/08)

Overdosage. An evaluation1 of 493 cases of lamotrigine-only
overdoses reported to the American Association of Poison Con-
trol Centers over a 2-year period found that 52.1% of patients had
no toxic effects. The most commonly reported adverse effects
were drowsiness, nausea, vomiting, and ataxia. Serious effects
such as seizures, coma, and respiratory depression were reported
in 0.6 to 1.2% of cases; no deaths were reported. 
No serious toxicity was seen in a patient who deliberately took
an overdose of 1.35 g of lamotrigine and was subsequently treat-
ed with gastric lavage and activated charcoal.2 Symptoms at
presentation one hour after ingestion had included nystagmus
and muscle hypertonicity. ECG monitoring had revealed widen-
ing of the QRS interval. Low-grade fever, erythema, and perior-
bital oedema suggestive of a hypersensitivity syndrome devel-
oped in another patient who inadvertently received lamotrigine
2.7 g daily for 4 days.3 The patient recovered after corticosteroid
treatment and stopping lamotrigine. Generalised tonic-clonic sei-
zures, tremor, muscle weakness, ataxia, and hypertonia were
reported4 in a 2-year-old child after ingestion of 800 mg of lamo-
trigine. Symptoms resolved within 24 hours after treatment with
gastric lavage and activated charcoal, midazolam, and fluids.
Plasma-lamotrigine concentrations were in the high adult thera-
peutic range (3.8 micrograms/mL) with a slow elimination rate.
Generalised seizures also occurred5 after an unknown quantity of
lamotrigine was ingested by a 19-month-old child who had no
history of seizures; other presenting symptoms included tachy-
cardia and vomiting. The serum-lamotrigine concentration
measured 1 hour post ingestion was 20.3 mg/L. Symptoms re-
solved within 24 hours after treatment with trimethobenzamide
and activated charcoal. 
For a further review of the features and management of poison-
ing with some antiepileptics, including lamotrigine, see under
Phenytoin, p.497.
1. Lofton AL, Klein-Schwartz W. Evaluation of lamotrigine toxic-

ity reported to poison centers. Ann Pharmacother 2004; 38:
1811–15. 

2. Buckley NA, et al. Self-poisoning with lamotrigine. Lancet
1993; 342: 1552–3. 

3. Mylonakis E, et al. Lamotrigine overdose presenting as anticon-
vulsant hypersensitivity syndrome. Ann Pharmacother 1999; 33:
557–9. 

4. Briassoulis G, et al. Lamotrigine childhood overdose. Pediatr
Neurol 1998; 19: 239–42. 

5. Thundiyil JG, et al. Lamotrigine-induced seizures in a child: case
report and literature review. Clin Toxicol  2007; 45: 169–72.

Precautions
Lamotrigine should be given with caution to patients
with hepatic or renal impairment. All patients should
be warned to see their doctor immediately if rashes or
symptoms associated with hypersensitivity develop.
To minimise the risk of developing serious skin reac-
tions, dosage recommendations should not be exceed-
ed. Particular care is needed in patients also receiving
valproate—see Interactions, below. 
Withdrawal of lamotrigine should be considered if
rash, fever, flu-like symptoms, drowsiness, or worsen-
ing of seizure control occurs. Care is required when
withdrawing lamotrigine therapy—see also under
Uses and Administration, below. Abrupt withdrawal
should be avoided unless serious skin reactions have
occurred. Lamotrigine should not be restarted in pa-
tients with previous hypersensitivity.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that the use of lamotrigine by mothers during breast feeding
may be of concern, since there is the potential for therapeutic se-
rum concentrations to occur in the infant. A report in 4 breast-fed
infants whose mothers were taking lamotrigine found that al-
though serum concentrations of the drug 10 days after birth were
about 30% of maternal concentrations in 3 infants, no short-term
adverse effects were seen; the drug was undetectable in the
fourth.2 A study3 in 6 mothers taking lamotrigine found that the
relative dose in their breast-fed infants was 7.6% (mean absolute
dose: 450 micrograms/kg daily) and infant plasma concentra-
tions were 18% of maternal concentrations; no adverse effects
were reported. The authors also noted that no adverse effects
were reported in 12 previous cases. 
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For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 09/06/08) 

2. Liporace J, et al. Concerns regarding lamotrigine and breast-
feeding. Epilepsy Behav 2004; 5: 102–5. 

3. Page-Sharp M, et al. Transfer of lamotrigine into breast milk.
Ann Pharmacother 2006; 40: 1470–1.

Driving. For a comment on antiepileptic drugs and driving, see
p.468.

Hepatic impairment. The pharmacokinetics of lamotrigine
were not significantly altered in patients with moderate cirrho-
sis;1 however, those with severe cirrhosis showed significantly
lower oral clearance and longer elimination half-lives than those
in healthy subjects. 
The recommended licensed doses in patients with hepatic im-
pairment are given under Uses and Administration, below.
1. Marcellin P, et al. Influence of cirrhosis on lamotrigine pharma-

cokinetics. Br J Clin Pharmacol 2001; 51: 410–14.

Intellectual impairment. Aggressive behaviour has been re-
ported in intellectually impaired patients given lamotrigine.1 Of
19 such patients given lamotrigine, aggressive behaviour devel-
oped in 9; the drug was stopped in 5, and stopped but reintro-
duced in a further 2, together with psychiatric management. One
patient responded to a reduction in lamotrigine dosage.
1. Beran RG, Gibson RJ. Aggressive behaviour in intellectually

challenged patients with epilepsy treated with lamotrigine. Epi-
lepsia 1998; 39: 280–2.

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468. For reference to alteration of lamotrig-
ine pharmacokinetics in pregnancy, see under Pharmacokinetics,
below. 
There is a theoretical risk of teratogenicity with lamotrigine be-
cause, like valproate, it is a folate antagonist. In 2002 the manu-
facturer of lamotrigine, GlaxoSmithKline, reported1 that it had
follow-up information on 395 outcomes of pregnancies exposed
to lamotrigine between September 1992 and September 2001
from the International Lamotrigine Pregnancy Registry. Major
birth defects were found in 13 infants but no distinctive pattern
of abnormalities suggestive of a common cause could be identi-
fied. Of the 168 who had been exposed to lamotrigine mono-
therapy during the first trimester, birth defects were reported in 3
(1.8%). The frequency of major birth defects in pregnancies ex-
posed to polytherapy containing lamotrigine with valproate was
10% compared with 4.3% in lamotrigine polytherapy without
valproate. Although it was considered that the sample sizes were
too small to rule out a small increase in the frequency of major
birth defects, it was noted that the frequency of malformations
after lamotrigine monotherapy did not differ from that reported
in the literature for women with epilepsy receiving antiepileptic
monotherapy. Updated results from 785 pregnancies up to
March 2004 included 414 first-trimester exposures to lamotrigi-
ne monotherapy, of which 12 were associated with a major ab-
normality.2 As of March 2006, the registry had recorded 802
first-trimester exposures to lamotrigine monotherapy with major
abnormalities occurring in 22; there was no evidence to suggest
a dose-response relationship with daily doses of up to 400 mg.3 
In August 2006, the manufacturer4 reported that data from the
North American Antiepileptic Drug Pregnancy Registry sug-
gested an association between lamotrigine and an increased risk
of oral clefts. Of 564 first-trimester exposures to lamotrigine
monotherapy, 5 cases of oral clefts were reported giving an inci-
dence rate of 8.9 per 1000 compared with 0.37 per 1000 in the
reference population. Again, however, no increase in the overall
risk of major malformations was found. Analysis of data from
other pregnancy registries found 4 additional cases of oral clefts
in about 2200 first-trimester exposures to lamotrigine mono-
therapy.
1. Tennis P, Eldridge RR. International Lamotrigine Pregnancy

Registry Scientific Advisory Committee. Preliminary results on
pregnancy outcomes in women using lamotrigine. Epilepsia
2002; 43: 1161–7. 

2. Cunnington M, Tennis P. International Lamotrigine Pregnancy
Registry Scientific Advisory Committee. Lamotrigine and the
risk of malformations in pregnancy. Neurology 2005; 64:
955–60. 

3. Cunnington M, et al. International Lamotrigine Pregnancy Reg-
istry Scientific Advisory Committee. Effect of dose on the fre-
quency of major birth defects following fetal exposure to lamot-
rigine monotherapy in an international observational study.
Epilepsia 2007; 48: 1207–10. 

4. GlaxoSmithKline, Canada. Association of Lamictal® (lamotrigine)
with an increased risk of non-syndromic oral clefts (issued 1st Au-
gust, 2006). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/lamictal_2_hpc-cps-eng.pdf
(accessed 01/09/08)

Renal impairment. Results from a pharmacokinetic study1 in-
dicated that impaired renal function was likely to have little ef-
fect on plasma concentrations of lamotrigine. The drug is mainly
cleared by metabolism and although the glucuronide metabolite

accumulates it is inactive. Nevertheless, there is limited clinical
experience with lamotrigine in such patients and caution was rec-
ommended.
1. Wootton R, et al. Comparison of the pharmacokinetics of lamo-

trigine in patients with chronic renal failure and healthy volun-
teers. Br J Clin Pharmacol 1997; 43: 23–7.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. The
metabolism of lamotrigine is enhanced by the enzyme
inducers carbamazepine, phenytoin, phenobarbital,
and primidone, and inhibited by valproate (see below).
Analgesics. Paracetamol affects the metabolic disposition of
lamotrigine but the clinical significance of this interaction re-
mains to be determined.1 Paracetamol reduced the area under the
plasma concentration-time curve for lamotrigine, reduced lamo-
trigine’s half-life, and increased the percentage of lamotrigine re-
covered in the urine.
1. Depot M, et al. Kinetic effects of multiple oral doses of acetami-

nophen on a single oral dose of lamotrigine. Clin Pharmacol
Ther 1990; 48: 346–55.

Antibacterials. Use with rifampicin significantly increased the
clearance of lamotrigine.1 The total urinary excretion of lamot-
rigine and the amount excreted as glucuronide were significantly
higher compared with placebo.
1. Ebert U, et al. Effects of rifampicin and cimetidine on pharma-

cokinetics and pharmacodynamics of lamotrigine in healthy sub-
jects. Eur J Clin Pharmacol 2000; 56: 299–304.

Antidepressants. An epileptic patient maintained on lamotrig-
ine 200 mg daily complained1 of increasing confusion and cog-
nitive impairment after starting sertraline 25 mg daily for post-
traumatic disorder; after 6 weeks her lamotrigine blood concen-
trations had risen from 2.5 to 5.1 micrograms/mL during this pe-
riod. The adverse effects cleared and blood concentrations of
lamotrigine fell to 3.1 micrograms/mL within 3 weeks of chang-
ing the daily dosage to lamotrigine 100 mg and sertraline 50 mg.
A patient, with poorly controlled epilepsy, who initially had been
taking lamotrigine 450 mg and sertraline 75 mg together daily
for 6 weeks without adverse effects had marked sedation, fa-
tigue, and decreased cognition 6 weeks after the daily dosage of
lamotrigine was increased to 600 mg. Her lamotrigine blood
concentration was 19.3 micrograms/mL. The patient was subse-
quently stabilised on lamotrigine 800 mg and sertraline 50 mg
daily and had less sedation and fatigue and clearer cognition;
blood concentrations of lamotrigine fell to 9.8 micrograms/mL.
1. Kaufman KR, Gerner R. Lamotrigine toxicity secondary to ser-

traline. Seizure 1998; 7: 163–5.

Antiepileptics. Valproate can inhibit the metabolism of lamot-
rigine resulting in increased concentrations of lamotrigine. This
effect can be beneficial in the control of certain seizures, al-
though careful monitoring is required as toxicity may occur. Dis-
abling tremor occurred in 3 patients taking such a combination
which resolved when the dose of lamotrigine or valproate was
reduced.1 Other reports of toxicity, resolving on reduction of the
lamotrigine dose, were marked by sedation, ataxia, and fatigue,2
or delirium.3 Symptoms of neurotoxicity were reported in 3 pa-
tients on lamotrigine therapy who were given valproate, intrave-
nously then orally, for absence status epilepticus. Serum concen-
trations of lamotrigine in these patients were raised about three-
to sevenfold.4 Reversible encephalopathy has been reported5

when sodium valproate was substituted for phenytoin in a patient
also taking lamotrigine, although her clinical condition had been
satisfactory on this new regimen for several months. Symptoms
improved when the doses of both valproate and lamotrigine were
reduced. Pharmacokinetic studies6,7 in healthy adults have at-
tempted to elucidate the mechanism of the interaction between
lamotrigine and valproate. The clearance of lamotrigine was
found to be reduced, and exposure and elimination half-life in-
creased when valproate was also given. Renal elimination was
not affected and the investigators6 suggested that there was
hepatic competition for glucuronidation between valproate and
lamotrigine. However, there was no substantial alteration in the
linear kinetics of lamotrigine in the presence of therapeutic plas-
ma concentrations of valproate.7 Similar observations were
made when lamotrigine was added to existing antiepileptic regi-
mens in children,8 although the clinical relevance of the influ-
ence of age on the pharmacokinetics remains to be determined.
Both young age and use with valproate are risk factors for lamo-
trigine-induced dermatological toxicity—see Effects on the
Skin, above. 
For details of dosage reductions required for lamotrigine used
with valproate, see Uses and Administration, below. 
Other antiepileptics also affect plasma concentrations of lamot-
rigine. In contrast to valproate, carbamazepine, phenytoin, or
phenobarbital all markedly induced the elimination of lamotrig-
ine.9 Others have confirmed a reduction in plasma-lamotrigine
concentrations when given with phenytoin and other enzyme-
inducing antiepileptics,10 but analysis of results from another
study11 suggested that the increase in lamotrigine clearance by

phenytoin and carbamazepine was of minimal clinical signifi-
cance. Oxcarbazepine has also been reported12 to decrease se-
rum-lamotrigine concentrations (although to a lesser extent than
carbamazepine). However, a study13 in healthy subjects found
that oxcarbazepine did not affect the pharmacokinetics of lamo-
trigine, although adverse effects occurred more frequently when
they were used together (for a report of severe toxicity associated
with such use see p.491). Mesuximide was found12,14 to have a
marked inducing effect on the metabolism of lamotrigine. In one
study,14 plasma-lamotrigine concentrations were significantly re-
duced when given together. 
For reports of an interaction between lamotrigine and car-
bamazepine, see p.474. For the effect of lamotrigine on clon-
azepam concentrations, see p.990.
1. Reutens DC, et al. Disabling tremor after lamotrigine with sodi-

um valproate. Lancet 1993; 342: 185–6. 
2. Pisani F, et al. Interaction of lamotrigine with sodium valproate.

Lancet 1993; 341: 1224. 
3. Mueller TH, Beeber AR. Delirium from valproic acid with

lamotrigine. Am J Psychiatry 2004; 161: 1128–9. 
4. Burneo JG, et al. Neurotoxicity following addition of intrave-

nous valproate to lamotrigine therapy. Neurology 2003; 60:
1991–2. 

5. Hennessy MJ, Wiles CM. Lamotrigine encephalopathy. Lancet
1996; 347: 974–5. 

6. Yuen AWC, et al. Sodium valproate acutely inhibits lamotrigine
metabolism. Br J Clin Pharmacol 1992; 33: 511–13. 

7. Anderson GD, et al. Bidirectional interaction of valproate and
lamotrigine in healthy subjects. Clin Pharmacol Ther 1996; 60:
145–56. 

8. Vauzelle-Kervroëdan F, et al. Influence of concurrent antiepi-
leptic medication on the pharmacokinetics of lamotrigine as
add-on therapy in epileptic children. Br J Clin Pharmacol 1996;
41: 325–30. 

9. May TW, et al. Serum concentrations of lamotrigine in epileptic
patients: the influence of dose and comedication. Ther Drug
Monit 1996; 18: 523–31. 

10. Battino D, et al. Lamotrigine plasma concentrations in children
and adults: influence of age and associated therapy. Ther Drug
Monit 1997; 19: 620–7. 

11. Grasela TH, et al. Population pharmacokinetics of lamotrigine
adjunctive therapy in adults with epilepsy. J Clin Pharmacol
1999; 39: 373–84. 

12. May TW, et al. Influence of oxcarbazepine and methsuximide
on lamotrigine concentrations in epileptic patients with and
without valproic acid comedication: results of a retrospective
study. Ther Drug Monit 1999; 21: 175–81. 

13. Theis JGW, et al. Lack of pharmacokinetic interaction between
oxcarbazepine and lamotrigine. Neuropsychopharmacology
2005; 30: 2269–74. 

14. Besag FM, et al. Methsuximide lowers lamotrigine blood lev-
els: a pharmacokinetic antiepileptic drug interaction. Epilepsia
2000; 41: 624–7.

Antipsychotics. An apparent interaction between lamotrigine
and aripiprazole, resulting in Stevens-Johnson syndrome, has
been reported1 in 2 patients with schizophrenia after the intro-
duction of lamotrigine; both patients recovered with supportive
treatment.
1. Shen Y-C, et al. Concomitant use of lamotrigine and aripiprazole

increases risk of Stevens-Johnson syndrome? Int Clin Psychop-
harmacol 2007; 22: 247–8.

Antivirals. A study1 in healthy subjects found that ritonavir-
boosted lopinavir decreased the steady-state minimum plasma
concentration of lamotrigine by about 55%; doubling the dose of
lamotrigine achieved concentrations similar to those with lamo-
trigine alone.
1. van der Lee MJ, et al. Lopinavir/ritonavir reduces lamotrigine

plasma concentrations in healthy subjects. Clin Pharmacol Ther
2006; 80: 159–68.

Sex hormones. Studies in patients taking lamotrigine have in-
dicated that combined oral contraceptives1,2 may halve plasma
concentrations of the antiepileptic. Other studies3,4 have also
found a significant increase in lamotrigine-plasma concentra-
tions within one week of stopping contraceptive therapy; howev-
er, wide interpatient variability was noted in one study.3 Signifi-
cant adjustments in maintenance doses of lamotrigine may be
needed if combined contraceptives are started or stopped (see be-
low), and patients should be warned not to make changes in their
contraceptive therapy without consulting their physician.5 How-
ever, in a study,6 progestogen-only contraceptives did not appear
to affect lamotrigine concentrations. Licensed drug information
recommends that, when starting treatment with combined oral
contraceptives, the dose of lamotrigine may need to be increased
by as much as twofold in those women not taking drugs known
to induce cytochrome P450-mediated metabolism of lamotrigi-
ne; conversely, the dose of lamotrigine may need to be halved
when stopping contraceptive therapy in women not taking en-
zyme inducers. Dosage adjustment may not be necessary when
starting or stopping combined oral contraceptive therapy in
women taking lamotrigine with known enzyme inducers. 
Adjustments may also be needed if other hormonal preparations
are taken with lamotrigine. 
Some reduction in plasma concentrations of levonorgestrel, and
to a lesser extent ethinylestradiol, may also occur with lamotrig-
ine, and there have been reports of breakthrough bleeding and
unexpected pregnancies.5
1. Sabers A, et al. Oral contraceptives reduce lamotrigine plasma

levels. Neurology 2003; 61: 570–1. 
2. Sidhu J, et al. The pharmacokinetic and pharmacodynamic con-

sequences of the co-administration of lamotrigine and a com-
bined oral contraceptive in healthy female subjects. Br J Clin
Pharmacol 2006; 61: 191–9. 
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3. Contin M, et al. Variation in lamotrigine plasma concentrations
with hormonal contraceptive monthly cycles in patients with ep-
ilepsy. Epilepsia 2006; 47: 1573–5. 

4. Christensen J, et al. Oral contraceptives induce lamotrigine me-
tabolism: evidence from a double-blind, placebo-controlled trial
Epilepsia 2007; 48: 484–9. 

5. GlaxoSmithKline, Canada. Important new safety information
concerning the antiepileptic, Lamictal (lamotrigine) (issued Sep-
tember 2004). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/lamictal_hpc-cps-eng.pdf
(accessed 01/09/08) 

6. Reimers A, et al. Ethinyl estradiol, not progestogens, reduces
lamotrigine serum concentrations. Epilepsia 2005; 46: 1414–17.

Pharmacokinetics
Lamotrigine is rapidly absorbed from the gastrointesti-
nal tract with an absolute bioavailability of 98%. Peak
plasma concentrations occur about 2.5 hours after oral
doses. It is widely distributed in the body and is report-
ed to be about 55% bound to plasma proteins. It is ex-
tensively metabolised in the liver and excreted almost
entirely in urine, principally as an inactive glucuronide
conjugate. It slightly induces its own metabolism and
the mean elimination half-life is reported to be 24 to 35
hours. Clearance is reported to be higher in children
aged up to 12 years than in adults, with the highest val-
ues occurring in those under 5 years of age. Lamotrig-
ine is distributed into breast milk. 
The pharmacokinetics of lamotrigine are affected by
other antiepileptics (see Interactions, above).
◊ General references.
1. Rambeck B, Wolf P. Lamotrigine clinical pharmacokinetics. Clin

Pharmacokinet 1993; 25: 433–43. 
2. Elwes RDC, Binnie CD. Clinical pharmacokinetics of newer an-

tiepileptic drugs: lamotrigine, vigabatrin, gabapentin and oxcar-
bazepine. Clin Pharmacokinet 1996; 30: 403–15. 

3. Reimers A, et al. Lamotrigine in children and adolescents: the
impact of age on its serum concentrations and on the extent of
drug interactions. Eur J Clin Pharmacol 2007; 63: 687–92. 

4. Punyawudho B, et al. Population pharmacokinetics of lamotrig-
ine in elderly patients. J Clin Pharmacol 2008; 48: 455–63.

Hepatic impairment. See under Precautions, above.
Pregnancy. Decreased plasma-lamotrigine concentrations have
occurred during pregnancy, with deterioration of seizure control
and a need for dosage adjustment in some patients. 
References
1. Pennell PB, et al. The impact of pregnancy and childbirth on the

metabolism of lamotrigine. Neurology 2004; 62: 292–5. 
2. de Haan G-J, et al. Gestation-induced changes in lamotrigine

pharmacokinetics: a monotherapy study. Neurology 2004; 63:
571–3. 

3. Petrenaite V, et al. Individual changes in lamotrigine plasma
concentrations during pregnancy. Epilepsy Res 2005; 65: 185–8.

Renal impairment. See under Precautions, above.
Therapeutic drug monitoring. A literature review1 conclud-
ed that a clear relationship between lamotrigine concentrations
and toxicity or antiepileptic efficacy has not been demonstrated.
Routine therapeutic drug monitoring was therefore not recom-
mended and clinical end-points rather than plasma concentra-
tions remained the best guide for dosage adjustment of lamotrig-
ine.
1. Chong E, Dupuis LL. Therapeutic drug monitoring of lamotrig-

ine. Ann Pharmacother 2002; 36: 917–20.

Uses and Administration
Lamotrigine, a phenyltriazine compound, is an antiep-
ileptic used mainly for monotherapy or adjunctive
treatment of partial seizures and primary and secondar-
ily generalised tonic-clonic seizures. It may be used for
seizures associated with the Lennox-Gastaut syndrome
and for the maintenance treatment of bipolar disorder. 
The doses given below for the use of lamotrigine in ep-
ilepsy are those licensed in the UK; similar doses are
given in the USA although the use of lamotrigine is
more limited than in the UK. 
• The initial oral dose for use as monotherapy is 25 mg

once daily for 2 weeks followed by 50 mg once daily
for 2 weeks; thereafter the dose is increased by a
maximum of 50 to 100 mg every 1 to 2 weeks to
usual maintenance doses of 100 to 200 mg daily,
given as a single dose or in 2 divided doses. Some
patients have required up to 500 mg daily 

• The initial oral dose of lamotrigine for use as an ad-
junct to therapy with enzyme-inducing antiepileptics
(but not with valproate) is 50 mg once daily for 2
weeks followed by 50 mg twice daily for 2 weeks;
thereafter the dose is increased by a maximum of

100 mg every 1 to 2 weeks to usual maintenance
doses of 200 to 400 mg daily given in 2 divided dos-
es. Some patients have required up to 700 mg daily 

• In those taking valproate the initial oral dose of
lamotrigine is 25 mg every other day for 2 weeks
followed by 25 mg once daily for 2 weeks; thereafter
the dose is increased by a maximum of 25 to 50 mg
every 1 to 2 weeks to usual maintenance doses of
100 to 200 mg daily given as a single dose or in 2
divided doses 

• In those taking oxcarbazepine but no enzyme-induc-
ing or -inhibiting antiepileptics the dosage regimen
of adjunctive lamotrigine is as for monotherapy 

If the potential for interaction with adjunctive antiepi-
leptics is unknown, treatment with lamotrigine should
be started with lower doses such as those used with val-
proate. For comment on the need to modify mainte-
nance doses when starting or stopping oral contracep-
tives see Sex Hormones, under Interactions, above. 
For doses in children, see below. 
In the management of bipolar disorder, the target
dose of lamotrigine is 200 mg daily as monotherapy;
for patients taking valproate the target dose is 100 mg
daily and in those taking enzyme-inducing drugs (but
not with valproate) the target dose is 400 mg daily.
Lamotrigine should be started at a reduced dose and
increased gradually to the target dose in a regimen sim-
ilar to that used in the treatment of epilepsy (see
above). 
Doses should be reduced in patients with hepatic im-
pairment regardless of indication (see below). 
As with other antiepileptics, withdrawal of lamotrigine
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.465. Licensed
drug information recommends that regardless of indi-
cation the withdrawal of lamotrigine should be tapered
over at least 2 weeks.
Administration in children. Lamotrigine is used as an ad-
junct in the treatment of partial seizures and primary and second-
arily generalised tonic-clonic seizures in children aged 2 years
and over; it is used as monotherapy in those over 12 years of age.
Lamotrigine may also be used for seizures associated with the
Lennox-Gastaut syndrome. 
The doses given below are those licensed in the UK; similar dos-
es are given in the USA although the use of lamotrigine is more
limited than in the UK. 
• In those taking enzyme-inducing antiepileptics (but not with

valproate) the initial oral dose of lamotrigine is
600 micrograms/kg daily in 2 divided doses for 2 weeks fol-
lowed by 1.2 mg/kg daily for 2 weeks; thereafter the dose is
increased by a maximum of 1.2 mg/kg every 1 to 2 weeks to
usual maintenance doses of 5 to 15 mg/kg daily given in 2 di-
vided doses 

• In those taking valproate the initial oral dose of lamotrigine is
150 micrograms/kg once daily for 2 weeks followed by
300 micrograms/kg once daily for 2 weeks; thereafter the dose
is increased by a maximum of 300 micrograms/kg every 1 to
2 weeks to usual maintenance doses of 1 to 5 mg/kg daily, giv-
en as a single dose or in 2 divided doses 

• In those taking oxcarbazepine but no enzyme-inducing
or -inhibiting antiepileptics the initial oral dose of lamotri-
gine, given as a single dose or in 2 divided doses, is
300 micrograms/kg daily for 2 weeks, followed by
600 micrograms/kg daily for 2 weeks; thereafter the dose is
increased by a maximum of 600 micrograms/kg every 1 to 2
weeks to usual maintenance doses of 1 to 10 mg/kg daily, to a
maximum of 200 mg daily. 

If the calculated daily dose of lamotrigine lies between 1 and
2 mg, then 2 mg may be given on alternate days for the first 2
weeks of therapy. Lamotrigine should not be given if the calcu-
lated daily dose is less than 1 mg. 
Children over 12 years of age may be given the adult dosage
regimen for monotherapy and adjunctive therapy (see above).

Administration in hepatic impairment. UK licensed prod-
uct information for lamotrigine recommends that doses should
be reduced by about 50% in patients with moderate hepatic im-
pairment (Child-Pugh category B), and by about 75% in severe
impairment (Child-Pugh category C). US licensed product infor-
mation recommends that doses should be reduced by about 25%

in patients with moderate to severe hepatic impairment without
ascites, and by about 50% in those with severe hepatic impair-
ment with ascites.
Anxiety disorders. Small studies have suggested that lamot-
rigine may relieve some of the symptoms of post-traumatic stress
disorder (p.953). 
References.
1. Hertzberg MA, et al. A preliminary study of lamotrigine for the

treatment of posttraumatic stress disorder. Biol Psychiatry 1999;
45: 1226–9. 

2. Hageman I, et al. Post-traumatic stress disorder: a review of psy-
chobiology and pharmacotherapy. Acta Psychiatr Scand 2001;
104: 411–22.

Bipolar disorder. In a multicentre placebo-controlled study in-
volving 195 patients, lamotrigine 50 or 200 mg daily by mouth
produced dose-related improvement in patients with bipolar dis-
order (p.372) experiencing a major depressive episode.1 Further
data from randomised controlled studies2-8 have confirmed ben-
efit for depressive symptoms (although not for mania), and
reviews9-13 have generally favoured its use, although some have
queried the strength of the evidence.14 Guidelines for the treat-
ment of bipolar disorder now recommend lamotrigine as a first-
line option for bipolar depression, and it is licensed for such use
in a number of countries (see also Uses and Administration,
above).
1. Calabrese JR, et al. A double-blind placebo-controlled study of

lamotrigine monotherapy in outpatients with bipolar I depres-
sion. J Clin Psychiatry 1999; 60: 79–88. 

2. Bowden CL, et al. Lamotrigine in the treatment of bipolar de-
pression. Eur Neuropsychopharmacol 1999; 9 (suppl 4):
S113–S117. 
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Clin Psychiatry 2000; 61: 841–50. 
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2000; 12: 5–10. 
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Biol Psychiatry 2002; 51: 253–60. 
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trigine and lithium maintenance treatment in recently manic or
hypomanic patients with bipolar I disorder. Arch Gen Psychia-
try 2003; 60: 392–400. Correction. ibid. 2004; 61: 680. 

7. Calabrese JR, et al. A placebo-controlled 18-month trial of
lamotrigine and lithium maintenance treatment in recently de-
pressed patients with bipolar I disorder. J Clin Psychiatry 2003;
64: 1013–24. 

8. Nierenberg AA, et al. Treatment-resistant bipolar depression: a
STEP-BD equipoise randomized effectiveness trial of antide-
pressant augmentation with lamotrigine, inositol, or risperi-
done. Am J Psychiatry 2006; 163: 210–16. 

9. Engle PM, Heck AM. Lamotrigine for the treatment of bipolar
disorder. Ann Pharmacother 2000; 34: 258–62. 

10. Hurley SC. Lamotrigine update and its use in mood disorders.
Ann Pharmacother 2002; 36: 860–73. 

11. Goldsmith DR, et al. Lamotrigine: a review of its use in bipolar
disorder. Drugs 2003; 63: 2029–50. 

12. Muzina DJ, et al. Lamotrigine and antiepileptic drugs as mood
stabilizers in bipolar disorder. Acta Psychiatr Scand Suppl
2005; 21–8. 

13. Smith LA, et al. Effectiveness of mood stabilizers and antipsy-
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bipolaire stoornissen: een overzicht. Tijdschr Psychiatr 2007;
49: 95–103.

Epilepsy. Lamotrigine is used in the treatment of epilepsy
(p.465). It is used in partial seizures with or without secondary
generalisation, and in generalised tonic-clonic seizures, although
valproate is the drug of choice in the latter where these are asso-
ciated with the syndrome of primary generalised epilepsy. It is
also recommended in absence seizures, although the evidence
base is not particularly strong, and may be used in juvenile myo-
clonic epilepsy and tried in tonic or atonic seizures. 
As monotherapy for partial seizures with or without secondary
generalisation, lamotrigine was found to be better than car-
bamazepine (the established first-line drug) in terms of time to
treatment failure and tolerability.1 In patients with newly-diag-
nosed partial seizures with or without secondary generalisation,
lamotrigine had a similar efficacy to carbamazepine, but again
was better tolerated.2 A systematic review3 of randomised, pla-
cebo-controlled studies concluded that lamotrigine is also effec-
tive in reducing the seizure frequency when added to current
antiepileptic regimens in patients with refractory partial seizures. 
As monotherapy for primary generalised and unclassifiable sei-
zures lamotrigine was found4 to be significantly inferior to val-
proate (the established first-line drug) in terms of seizure control,
with almost twice the failure rate; valproate was also significant-
ly more effective for achieving 12-month remission and prolong-
ing the time to first seizure. Benefit was seen with adjunctive
lamotrigine when compared with placebo in children5 and
adults6 for treatment-resistant primary generalised seizures; it
was also suggested6 that lamotrigine therapy may be appropriate
when determination of the type of epilepsy in these patients is not
possible. 
Lamotrigine appears to be an effective adjunctive treatment in
children with the Lennox-Gastaut syndrome.7,8 
It has also been found to be effective and well tolerated as ad-
junctive therapy in paediatric patients with refractory epilepsy
including those with developmental impairment;9 it was particu-
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larly effective in absence and atypical seizures in this open-label
study. (Evidence for the use of lamotrigine to treat absence sei-
zures, as for the other common alternatives ethosuximide and
valproate, is, however, generally poor.10)
1. Marson AG, et al. SANAD Study Group. The SANAD study of

effectiveness of carbamazepine, gabapentin, lamotrigine, oxcar-
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1000–15. 
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zures. Abstract: Pediatrics 2006; 118: 777–8. Full version:
http://www.pediatrics.org/cgi/content/full/118/2/e371 (ac-
cessed 09/06/08) 

6. Biton V, et al. Double-blind, placebo-controlled study of lamo-
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2005; 65: 1737–43. 

7. Donaldson JA, et al. Lamotrigine adjunctive therapy in child-
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9. Besag FMC, et al. Lamotrigine for the treatment of epilepsy in
childhood. J Pediatr 1995; 127: 991–7. 

10. Posner EB, et al. Ethosuximide, sodium valproate or lamotrigi-
ne for absence seizures in children and adolescents. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2005 (accessed 09/06/08).

Migraine. Case reports1 and open studies2,3 have suggested that
lamotrigine may be of benefit in the prophylaxis of migraine
aura.
1. d’Onofrio F, et al. Basilar-type migraine responsive to lamotrig-

ine: three case reports. Neurol Sci 2007; 28: S239–S241. 
2. Pascual J, et al. Preventing disturbing migraine aura with lamo-

trigine: an open study. Headache 2004; 44: 1024–8. 
3. Lampl C, et al. Lamotrigine reduces migraine aura and migraine

attacks in patients with migraine with aura. J Neurol Neurosurg
Psychiatry 2005; 76: 1730–2.

Motor neurone disease. Lamotrigine has been tried as a po-
tential therapy for amyotrophic lateral sclerosis (see Motor Neu-
rone Disease, p.2380) but with disappointing results.1
1. Ryberg H, et al. A double-blind randomized clinical trial in

amyotrophic lateral sclerosis using lamotrigine: effects on CSF
glutamate, aspartate, branched-chain amino acid levels and clin-
ical parameters. Acta Neurol Scand 2003; 108: 1–8.

Movement disorders. Symptomatic improvement and a trend
towards decreased chorea was reported1 with lamotrigine in a
double-blind, placebo-controlled study of 64 patients with Hunt-
ington’s chorea (p.953) with motor signs of less than 5 years’
duration. There was, however, no clear evidence that lamotrigine
retarded the progression of early Huntington disease over a peri-
od of 30 months.
1. Kremer B, et al. Influence of lamotrigine on progress of early

Huntington disease: a randomized clinical trial. Neurology 1999;
53: 1000–11.

Neuropathic pain. There is growing evidence that lamotrigine
is of use in the management of neuropathic pain.1 It was effective
when used with carbamazepine or phenytoin in the treatment of
refractory trigeminal neuralgia2 (p.9), and has also shown prom-
ise in the treatment of pain associated with HIV-related distal
sensory neuropathy3 (p.857). Some benefit has been found4 in
the treatment of diabetic neuropathy (see p.6). Case reports5 and
a placebo-controlled trial6 have also indicated that lamotrigine
may be effective in central post-stroke pain (p.6). More recently,
the use of lamotrigine in neuropathic pain has been reviewed.7,8

Based on the same studies, one review7 concluded that lamotrig-
ine is an effective treatment for various types of neuropathic pain
and that further studies are warranted while another8 concluded
that it is unlikely to be of benefit and that further studies are prob-
ably not justified.
1. McCleane GJ. Lamotrigine in the management of neuropathic

pain: a review of the literature. Clin J Pain 2000; 16: 321–6. 
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sory neuropathies: a placebo-controlled trial. Neurology 2003;
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505–9. 
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Neurother 2005; 5: 729–35. 

8. Wiffen PJ, Rees J. Lamotrigine for acute and chronic pain. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2007 (accessed 09/06/08).

Schizophrenia. Lamotrigine has been tried as adjunctive ther-
apy in treatment-resistant schizophrenic patients1 and a benefit

has been reported in few studies,2-4 although patient numbers
have been small. However, a systematic review5 of the use of
lamotrigine in schizophrenia concluded that the evidence for its
use was poor, although it was suggestive of a positive effect on
symptoms.
1. Large CH, et al. The potential role of lamotrigine in schizophre-

nia. Psychopharmacology (Berl) 2005; 181: 415–36. 
2. Tiihonen J, et al. Lamotrigine in treatment-resistant schizophre-
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3. Kremer I, et al. Placebo-controlled trial of lamotrigine added to
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Psychiatry 2004; 56: 441–6. 

4. Zoccali R, et al. The effect of lamotrigine augmentation of cloz-
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double-blind, placebo-controlled study. Schizophr Res 2007; 93:
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5. Premkumar TS, Pick J. Lamotrigine for schizophrenia. Available
in the Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2006 (accessed 09/06/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dafex; Epilepax; Lagotran; Lamictal; Lamirax; Lamotril; Latrigin; Aus-
tral.: Elmendos; Lamictal; Lamidus; Lamitrin; Lamogine; Seaze; Austria: Bi-
polam; Gerolamic; Lamictal; Lamotriglax; Belg.: Lambipol; Lamictal; Braz.:
Lamictal; Lamitor; Neural; Neurium; Canad.: Lamictal; Chile: Daksol; Laf-
igin; Lamictal; Lomarin; Meganox; Tradox; Trizol; Cz.: Danoptin; Epimil; Epi-
ral; Lameton; Lamictal; Lamiger; Lamogine; Lamolep; Lamotax; Lamotri;
Lamotrix; Latrigil; Plexxo; Rubimar; Triginet; Denm.: Lamictal; Fin.: Lamic-
tal; Fr.: Lamicstart; Lamictal; Ger.: Elmendos; Lamictal; Lamo; Lamotriax;
Lamotrig; Gr.: Lamictal; Lamotrix; Hong Kong: Lamictal; Hung.: Epitrigine;
Lamictal; Lamitrin; Lamolep; Plexxo; India: Lamepil; Lametec; Indon.: Lam-
ictal; Irl.: Lamictal; Larig; Israel: Lamictal; Lamodex; Lamogine; Ital.: Lamic-
tal; Malaysia: Lamictal; Lamotrix; Mex.: Lamdra; Lamictal; Limatic; Protal-
gine; Neth.: Lamictal; Lamitor; Lamochem†; Lamomont; Lamotifi; Plexxo†;
Symla; Norw.: Lamictal; NZ: Lamictal; Mogine; Philipp.: Lamictal; Pol.:
Danoptin; Epilactal; Lamia; Lamilept; Lamitrin; Lamotrihexal; Lamotrix;
Plexxo; Triginet; Port.: Lamictal; Rus.: Convulsan (Конвульсан); Lamictal
(Ламиктал); Lamitor (Ламитор); Lamolep (Ламолеп); S.Afr.: Epitec; Lam-
ictin; Lamitor; Singapore: Lamictal; Spain: Crisomet; Labileno; Lamictal;
Swed.: Lamictal; Switz.: Lamictal; Thai.: Lamictal; Turk.: Lamictal; UK:
Lamictal; USA: Epitrogine; Lamictal; Venez.: Epifon†; Lamictal.

Levetiracetam (BAN, USAN, rINN)

S-Etiracetam; Lévétiracétam; Levetiracetamum; Levetirasetam;
SIB-S1; UCB-22059; UCB-L059. (S)-2-(2-Oxopyrrolidin-1-yl)bu-
tanamide.
Леветирацетам
C8H14N2O2 = 170.2.
CAS — 102767-28-2.
ATC — N03AX14.
ATC Vet — QN03AX14.

Adverse Effects and Precautions
The most commonly reported adverse effects associat-
ed with levetiracetam are somnolence, weakness, and
dizziness. Anorexia, diarrhoea, dyspepsia, nausea,
weight gain or loss, myalgia, ataxia, headache, amne-
sia, depression, emotional lability, insomnia, nervous-
ness, tremor, vertigo, diplopia, and rash may occur less
frequently. Other adverse effects include paraesthesia,
pancreatitis, hepatic failure, and hepatitis. A raised in-
cidence of mild infections, such as the common cold
and upper respiratory-tract infections, has been report-
ed. Alopecia may also develop; in some cases, stop-
ping levetiracetam has resulted in regrowth of hair. 
Other adverse effects reported include abnormal be-
haviour, aggression, anger, anxiety, confusion, halluci-
nations, irritability, and psychotic disorders; these ad-
verse effects may be more common in children than in
adults. Blood dyscrasias such as neutropenia, pancyto-
penia, and thrombocytopenia may develop. 
Levetiracetam should be used with caution in patients
with renal impairment, and/or severe hepatic impair-
ment. 
Care is required when withdrawing levetiracetam ther-
apy—see also Uses and Administration, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.

Effects on the endocrine system. Hyponatraemia
developed1 in a patient given levetiracetam in whom car-
bamazepine had previously caused the syndrome of inappropri-
ate antidiuretic hormone secretion; symptoms resolved on stop-
ping levetiracetam and recurred on rechallenge.
1. Nasrallah K, Silver B. Hyponatremia associated with repeated

use of levetiracetam. Epilepsia 2005; 46: 972–3.

Effects on the lungs. Diffuse interstitial lung disease
developed1 after a dose increase of levetiracetam in a 9-year-old
girl who had been taking the drug for 2 years. The condition re-
solved when levetiracetam was stopped and treatment with cor-
ticosteroids was given.
1. Newsome SD, et al. Levetiracetam-induced diffuse interstitial

lung disease. J Child Neurol 2007; 22: 628–30.

Effects on mental function. For a review of the effects of
antiepileptic therapy on cognition, and the effects of levetira-
cetam on mood (including the risk of suicidal ideation), see
p.468.

Effects on the skin. For a suggestion that skin reactions are
less common with levetiracetam than with some other antiepi-
leptics see under Phenytoin, p.496.

Movement disorders. Levetiracetam has been associated
with symptoms of parkinsonism including resting tremor, brady-
kinesia, and rigidity when used to treat Huntington’s chorea in a
58-year-old man;1 symptoms resolved within 7 days of stopping
levetiracetam. The patient was also taking a number of other
drugs at the time and the authors suggested that these symptoms
might have been caused by a drug interaction. However, leveti-
racetam has been tried in the treatment of some movement disor-
ders as discussed under Uses and Administration, below.
1. Zesiewicz TA, et al. Levetiracetam-induced parkinsonism in a

Huntington disease patient. Clin Neuropharmacol 2005; 28:
188–90.

Overdosage. A 38-year-old woman who ingested 30 g of
levetiracetam vomited 4 hours later and presented with hypoxia,
hypotension, and respiratory depression 6 hours after inges-
tion; peak plasma-levetiracetam concentration was
400 micrograms/mL.1 The patient recovered without sequelae
over 48 hours with symptomatic treatment.
1. Barrueto F, et al. A case of levetiracetam (Keppra ) poisoning

with clinical and toxicokinetic data. J Toxicol Clin Toxicol 2002;
40: 881–4.

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468. 
The UK Epilepsy and Pregnancy Register1 provided data as of
July 2005 from 117 first-trimester exposures to levetiracetam
with 39 to monotherapy and 78 to adjunctive therapy. In the
former group, 4 infants had a low birth-weight and 4 were born
at 37 weeks of gestation or less. In the latter, 10 had a low birth-
weight, 18 were born at 37 weeks of gestation or less, and 3 had
major congenital malformations.
1. Hunt S, et al. Levetiracetam in pregnancy: preliminary experi-

ence from the UK Epilepsy and Pregnancy Register. Neurology
2006; 67: 1876–9.

Interactions
Evidence of significant interactions between levetira-
cetam and other antiepileptics is mostly lacking. How-
ever, for the effects of levetiracetam on carbamazepine,
see p.474.

Pharmacokinetics
Levetiracetam is readily absorbed from the gastrointes-
tinal tract with a bioavailability of almost 100%; peak
plasma concentrations are usually achieved within 1.3
hours of oral doses and steady state achieved after 2
days. Plasma protein binding is minimal at less than
10%. Levetiracetam is not extensively metabolised;
about 25% of a dose is metabolised by hydroxylation
to inactive metabolites. Around 95% of a dose is ex-
creted as unchanged drug and metabolites in the urine.
The plasma elimination half-life has been reported to
be about 7 hours in adults and children aged 12 years
and over; the half-life may be shorter in younger chil-
dren. Levetiracetam is distributed into breast milk.
◊ References.
1. Radtke RA. Pharmacokinetics of levetiracetam. Epilepsia 2001;

42 (suppl 4): 24–7. 
2. Pellock JM, et al. Pharmacokinetic study of levetiracetam in

children. Epilepsia 2001; 42: 1574–9. 
3. Coupez R, et al. Levetiracetam: relative bioavailability and

bioequivalence of a 10% oral solution (750 mg) and 750-mg tab-
lets. J Clin Pharmacol 2003; 43: 1370–6. 

4. Patsalos PN. Clinical pharmacokinetics of levetiracetam. Clin
Pharmacokinet 2004; 43: 707 24. 

5. Brockmöller J, et al. Pharmacokinetics of levetiracetam in pa-
tients with moderate to severe liver cirrhosis (Child-Pugh classes
A, B, and C): characterization by dynamic liver function tests.
Clin Pharmacol Ther 2005; 77: 529–41. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

6. Glauser TA, et al. Pharmacokinetics of levetiracetam in infants
and young children with epilepsy. Epilepsia 2007; 48: 1117–22. 

7. Tomson T, et al. Pharmacokinetics of levetiracetam during preg-
nancy, delivery, in the neonatal period, and lactation. Epilepsia
2007; 48: 1111–16. 

8. Hirsch LJ, et al. Effect of age and comedication on levetiracetam
pharmacokinetics and tolerability. Epilepsia 2007; 48: 1351–9.

Uses and Administration
Levetiracetam is an analogue of piracetam (p.368). It is
used as an adjunct in the treatment of partial seizures
with or without secondary generalisations in adults and
children aged 4 years and over; in the UK, adults and
adolescents aged 16 years and over may also be given
levetiracetam as monotherapy for this indication. In
addition, levetiracetam is licensed for adjunctive use in
the treatment of myoclonic seizures in adults and chil-
dren aged 12 years and over with juvenile myoclonic
epilepsy. It is also licensed for use as an adjunct in the
treatment of primary generalised tonic-clonic seizures
in adults and children with idiopathic generalised epi-
lepsy; for this indication, in the UK, licensed use is re-
stricted to children aged 12 years and over, whereas in
the USA, it is licensed from 6 years of age. 
The daily oral dose of levetiracetam is given in two di-
vided doses. 
• The initial adult dose when used as an adjunct is 1 g

on the first day of treatment; thereafter, the daily
dose may be increased in steps of 1 g every 2 to 4
weeks until effective antiepileptic control is
achieved, up to a maximum dose of 3 g daily. 
The initial dose in children weighing less than 50 kg
is 20 mg/kg daily which may be increased in steps of
20 mg/kg every 2 weeks to a maximum of 60 mg/kg
daily. 
Children and adolescents weighing 50 kg or more
should be given the usual adult dose (see above). 
When used as monotherapy, the initial dose of leve-
tiracetam is 500 mg daily, increased after 2 weeks to
1 g daily. Further increases may be made in steps of
500 mg every 2 weeks up to a maximum of 3 g daily. 

When oral use is not feasible, levetiracetam may be
given by intravenous infusion over 15 minutes in doses
similar to those used orally; as with the oral formula-
tion, details of licensed uses and ages may vary from
country to country. UK licensed product information
states that there has been no experience with the use of
intravenous levetiracetam for more than 4 days. 
Reduced doses are recommended in renal and severe
hepatic impairment (see below). 
As with other antiepileptics, withdrawal of levetira-
cetam therapy or transition to or from another type of
antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. UK licensed product information recommends
reducing the daily dose in adults by 1 g every 2 to 4
weeks; in children, the dose reduction should not ex-
ceed 20 mg/kg every 2 weeks. For a discussion on
whether or not to withdraw antiepileptic therapy in sei-
zure-free patients, see p.465.
◊ References.
1. De Smedt T, et al. Levetiracetam: the profile of a novel anticon-

vulsant drug—part I: preclinical data. CNS Drug Rev 2007; 13:
43–56. 

2. De Smedt T, et al. Levetiracetam: part II, the clinical profile of a
novel anticonvulsant drug. CNS Drug Rev 2007; 13: 57–78.

Administration in children. Licensed indications and doses
of levetiracetam in children vary from country to country, see
Uses and Administration, above. It is mainly used for partial and
myoclonic seizures, and in idiopathic generalised epilepsy, often
as an adjunct. A retrospective review1 of 122 children aged from
1 month to 2 years given levetiracetam either as monotherapy
(48 patients) or adjunctive therapy (74 patients) found that 70
achieved seizure remission. Of these, a longer duration of remis-
sion was seen in those receiving less than 30 mg/kg daily of lev-
etiracetam. A case series2 of 3 infants aged from 2 days to 3
months reported that levetiracetam 30 mg/kg daily was effective
in the treatment of refractory neonatal seizures.
1. Perry MS, Benatar M. Efficacy and tolerability of levetiracetam

in children younger than 4 years: a retrospective review. Epilep-
sia 2007; 48: 1123–7. 

2. Shoemaker MT, Rotenberg JS. Levetiracetam for the treatment
of neonatal seizures. J Child Neurol 2007; 22: 95–8.

Administration in hepatic impairment. No dose adjust-
ment is needed in patients with mild to moderate hepatic impair-
ment. In patients with severe hepatic impairment, creatinine
clearance (CC) may underestimate concomitant renal impair-
ment, and UK licensed product information recommends that the
usual adult maintenance dose (see above) should be reduced by
50% in those with a CC of less than 70 mL/minute.

Administration in renal impairment. Reduced doses of le-
vetiracetam are recommended for patients with renal impair-
ment. Suitable daily doses according to UK and US licensed
product information, based on creatinine clearance (CC) and giv-
en in 2 divided doses, are: 
• CC 50 to 79 mL/minute: 1 to 2 g 
• CC 30 to 49 mL/minute: 500 mg to 1.5 g 
• CC less than 30 mL/minute: 500 mg to 1 g 
Patients receiving dialysis may be given a loading dose of
750 mg when starting levetiracetam followed by doses of
500 mg to 1 g once daily; a supplemental dose of 250 to 500 mg
is recommended after dialysis. 
Doses may be given orally or intravenously, as necessary. 
See also above for dosage recommendations in those patients
with severe hepatic impairment and concomitant renal impair-
ment.

Epilepsy. Levetiracetam is used in epilepsy (p.465) as an ad-
junct or monotherapy in the management of partial seizures with
or without secondary generalisation.1-6 It is also used as an ad-
junct in myoclonic seizures7-9 and for generalised tonic-clonic
seizures,10 although valproate is the drug of choice in the latter
where these are associated with the syndrome of primary gener-
alised epilepsy. Levetiracetam may be considered as second-line
drug for atonic or tonic seizures, and has been tried in Lennox-
Gastaut syndrome and in juvenile absence epilepsy.11 In chil-
dren, levetiracetam has also been tried as adjunctive therapy for
nonconvulsive status epilepticus,12 in infantile spasms,13 and in
severe myoclonic epilepsy of infancy,14 and as monotherapy in
partial and generalised epilepsy.15

1. Dooley M, Plosker GL. Levetiracetam: a review of its adjunc-
tive use in the management of partial onset seizures. Drugs
2000; 60: 871–93. 

2. Chaisewikul R, et al. Levetiracetam add-on for drug-resistant
localization related (partial) epilepsy. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2001 (accessed 09/06/08). 

3. Welty TE, et al. Levetiracetam: a different approach to the phar-
macotherapy of epilepsy. Ann Pharmacother 2002; 36:
296–304. 

4. Leach JP. Levetiracetam in the management of epilepsy. Hosp
Med 2004; 65: 740–4. 

5. Abou-Khalil B. Benefit-risk assessment of levetiracetam in the
treatment of partial seizures. Drug Safety 2005; 28: 871–90. 

6. Steinhoff BJ, et al. The SKATE  study: an open-label commu-
nity-based study of levetiracetam as add-on therapy for adults
with uncontrolled partial epilepsy. Epilepsy Res 2007; 76: 6–14. 

7. Crest C, et al. Levetiracetam in progressive myoclonic epilepsy:
an exploratory study in 9 patients. Neurology 2004; 62: 640–3. 

8. Specchio LM, et al. Open label, long-term, pragmatic study on
levetiracetam in the treatment of juvenile myoclonic epilepsy.
Epilepsy Res 2006; 71: 32–9. 

9. Noachtar S, et al. Levetiracetam for the treatment of idiopathic
generalized epilepsy with myoclonic seizures. Neurology 2008;
70: 607–16. 

10. Berkovic SF, et al. Placebo-controlled study of levetiracetam in
idiopathic generalized epilepsy. Neurology 2007; 69: 1751–60. 

11. NICE. The epilepsies: the diagnosis and management of the ep-
ilepsies in adults and children in primary and secondary care
(issued October 2004). Available at: http://www.nice.org.uk/
nicemedia/pdf/CG020fullguideline.pdf (accessed 09/06/08) 

12. Trabacca A, et al. Levetiracetam in nonconvulsive status epilep-
ticus in childhood: a case report. J Child Neurol 2007; 22:
639–41. 

13. Mikati MA, et al. Response of infantile spasms to levetiracetam.
Neurology 2008; 70: 574–5. 

14. Striano P, et al. An open-label trial of levetiracetam in severe
myoclonic epilepsy of infancy. Neurology 2007; 69: 250–4. 

15. Khurana DS, et al. Levetiracetam monotherapy in children with
epilepsy. Pediatr Neurol 2007; 36: 227–30.

Movement disorders. Levetiracetam may be of benefit in
some movement disorders. It has been tried in antipsychotic-in-
duced tardive dyskinesia1-3 and with equivocal benefit in levo-
dopa-induced tardive dyskinesia4,5 (see under Extrapyramidal
Disorders on p.971). There is also limited evidence of benefit
with levetiracetam for the treatment of chorea (p.953) in Hunt-
ington’s disease6,7 and in paroxysmal kinesigenic choreoatheto-
sis.8

1. Konitsiotis S, et al. Levetiracetam in tardive dyskinesia: an open
label study. Mov Disord 2006; 21: 1219–21. 

2. Meco G, et al. Levetiracetam in tardive dyskinesia. Clin Neurop-
harmacol 2006; 29: 265–8. 

3. Woods SW, et al. Effects of levetiracetam on tardive dyskinesia:
a randomized, double-blind, placebo-controlled study. J Clin
Psychiatry 2008; 69: 546–54. 

4. Zesiewicz TA, et al. Open-label pilot study of levetiracetam
(Keppra) for the treatment of levodopa-induced dyskinesias in
Parkinson’s disease. Mov Disord 2005; 20: 1205–9. 

5. Lyons KE, Pahwa R. Efficacy and tolerability of levetiracetam in
Parkinson disease patients with levodopa-induced dyskinesia.
Clin Neuropharmacol 2006; 29: 148–53. 

6. Zesiewicz TA, et al. Open-label pilot study of levetiracetam
(Keppra) for the treatment of chorea in Huntington’s disease.
Mov Disord 2006; 21: 1998–2001. 

7. de Tommaso M, et al. Efficacy of levetiracetam in Huntington
disease. Clin Neuropharmacol 2005; 28: 280–4. 

8. Chatterjee A, et al. Levetiracetam in the treatment of paroxysmal
kinesiogenic choreoathetosis. Mov Disord 2002; 17: 614–15.

Muscle spasm. Levetiracetam has been tried with some suc-
cess in Meige’s syndrome,1 and hemifacial spasm.2 For use in
stiff-man syndrome see below.
1. Yardimci N, et al. Levetiracetam in Meige’s syndrome. Acta

Neurol Scand 2006; 114: 63–6. 
2. Deleu D. Levetiracetam in the treatment of idiopathic hemifacial

spasm. Neurology 2004; 62: 2134–5.

Psychiatric disorders. Levetiracetam has psychotropic prop-
erties and has been tried in the management of anxiety disorders1

(p.952) including social anxiety disorder2 (see Phobic Disorders,
p.953), post-traumatic stress disorder3 (p.953), and panic
disorder4 (p.952). There is also limited evidence5 from case re-
ports and small open-label studies that levetiracetam may be of
benefit in the treatment of bipolar disorder (p.372).
1. Kinrys G, et al. Levetiracetam as adjunctive therapy for refracto-

ry anxiety disorders. J Clin Psychiatry 2007; 68: 1010–13. 
2. Simon NM, et al. An open-label study of levetiracetam for the

treatment of social anxiety disorder. J Clin Psychiatry 2004; 65:
1219–22. 

3. Kinrys G, et al. Levetiracetam for treatment-refractory posttrau-
matic stress disorder. J Clin Psychiatry 2006; 67: 211–14. 

4. Papp LA. Safety and efficacy of levetiracetam for patients with
panic disorder: results of an open-label, fixed-flexible dose
study. J Clin Psychiatry 2006; 67: 1573–6. 

5. Muralidharan A, Bhagwagar Z. Potential of levetiracetam in
mood disorders: a preliminary review. CNS Drugs 2006; 20:
969–79.

Restless legs syndrome. Levetiracetam has been reported to
be of benefit in the treatment of refractory restless legs syndrome
(see Sleep-associated Movement Disorders, p.958).1
1. Della Marca G, et al. Levetiracetam can be effective in the treat-

ment of restless legs syndrome with periodic limb movements in
sleep: report of two cases. J Neurol Neurosurg Psychiatry 2006;
77: 566–7.

Status epilepticus. Levetiracetam has been tried, with some
success, in the management of nonconvulsive status epilepticus1

and refractory status epilepticus.2 For the conventional manage-
ment of status epilepticus see p.469.
1. Rupprecht S, et al. Levetiracetam as a treatment option in non-

convulsive status epilepticus. Epilepsy Res 2007; 73: 238–44. 
2. Patel NC, et al. The use of levetiracetam in refractory status ep-

ilepticus. Seizure 2006; 15: 137–41.

Stiff-man syndrome. In a report1 of a patient with stiff-man
syndrome, substitution of levetiracetam for previous valproate
therapy (because of suspected valproate-induced parkinsonism)
resulted in complete suppression of paroxysmal spasms; benefit
was sustained with continued therapy over 2 years of follow-up.
1. Rüegg SJ, et al. Levetiracetam improves paroxysmal symptoms

in a patient with stiff-person syndrome. Neurology 2004; 62:
338.

Tremor. A beta blocker is often the first drug used in patients
with essential tremor who require regular treatment (p.1231);
however, levetiracetam has also been tried with some success.1
Benefit was also reported2 with levetiracetam in the treatment of
tremor secondary to multiple sclerosis.
1. Bushara KO, et al. The effect of levetiracetam on essential trem-

or. Neurology 2005; 64: 1078–80. 
2. Striano P, et al. Levetiracetam for cerebellar tremor in multiple

sclerosis: an open-label pilot tolerability and efficacy study. J
Neurol 2006; 253: 762–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Keppra; Levron; Austral.: Keppra; Belg.: Keppra; Canad.: Keppra;
Chile: Kopodex; Cz.: Keppra; Denm.: Keppra; Fin.: Keppra; Fr.: Keppra;
Ger.: Keppra; Gr.: Keppra; Hong Kong: Keppra; Hung.: Keppra; India:
Levroxa; Indon.: Keppra; Irl.: Keppra; Israel: Keppra; Ital.: Keppra; Ma-
laysia: Keppra; Mex.: Keppra; Neth.: Keppra; Norw.: Keppra; NZ: Kep-
pra; Philipp.: Keppra; Pol.: Keppra; Port.: Keppra; Rus.: Keppra (Кеппра);
S.Afr.: Keppra; Singapore: Keppra; Spain: Keppra; Swed.: Keppra;
Switz.: Keppra; Thai.: Keppra; Turk.: Keppra; UK: Keppra; USA: Keppra.

Losigamone (rINN)

AO-33; Losigamona; Losigamonum. (5R*)-5-[(αS*)-o-Chloro-α-
hydroxybenzyl]-4-methoxy-2(5H)-furanone.
Лозигамон
C12H11ClO4 = 254.7.
CAS — 112856-44-7.
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Profile
Losigamone is an antiepileptic that has been investigated as ad-
junctive therapy in the treatment of partial seizures.
◊ References
1. Bauer J, et al. Losigamone add-on therapy in partial epilepsy: a

placebo-controlled study. Acta Neurol Scand 2001; 103: 226–30. 
2. Baulac M, Klement S. Losigamone Study Group. Efficacy and

safety of losigamone in partial seizures: a randomized double-
blind study. Epilepsy Res 2003; 55: 177–89.

Mephenytoin (BAN, USAN, rINN)

Mefenitoína; Mefenytoiini; Mefenytoin; Mephenetoin; Méphény-
toïne; Mephenytoinum; Methantoin; Methoin; NSC-34652;
Phenantoin. 5-Ethyl-3-methyl-5-phenylhydantoin.
Мефенитоин
C12H14N2O2 = 218.3.
CAS — 50-12-4.
ATC — N03AB04.
ATC Vet — QN03AB04.

Pharmacopoeias. In US. 
USP 31 (Mephenytoin). Store in airtight containers.
Profile
Mephenytoin is a hydantoin antiepileptic with actions similar to
those of phenytoin (p.495), but it is more toxic. Because of its
potential toxicity it is not one of the main drugs used in the treat-
ment of epilepsy (p.465) and is given only to patients unrespon-
sive to other treatment. Some of the adverse effects of mepheny-
toin may be due to the metabolite, 5-ethyl-5-phenylhydantoin
(also termed nirvanol). Like phenytoin the rate of metabolism of
mephenytoin is subject to genetic polymorphism. 
Mephenytoin is given in an initial oral daily dose of 50 to 100 mg
for 1 week; thereafter the daily dose is increased by 50 to 100 mg
at weekly intervals until the optimum dose is reached, which is
usually between 200 and 600 mg daily for an adult and 100 and
400 mg daily for a child; daily maintenance doses are usually
taken in 3 divided doses.
Porphyria. Mephenytoin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Preparations
USP 31: Mephenytoin Tablets.
Proprietary Preparations (details are given in Part 3)
Austria: Epilan; Cz.: Epilan†.

Mesuximide (BAN, rINN)

Mesuksimidi; Mesuximid; Mesuximida; Mésuximide; Mesuximi-
dum; Methsuximide; PM-396. N,2-Dimethyl-2-phenylsuccinim-
ide.
Мезуксимид
C12H13NO2 = 203.2.
CAS — 77-41-8.
ATC — N03AD03.
ATC Vet — QN03AD03.

Pharmacopoeias. In US. 
USP 31 (Methsuximide). A white to greyish-white crystalline
powder. Is odourless or has a slight odour. Soluble 1 in 350 of
water, 1 in 3 of alcohol, 1 in less than 1 of chloroform, and 1 in 2
of ether. Store in airtight containers.
Profile
Mesuximide is a succinimide antiepileptic with actions similar to
those of ethosuximide (p.479) that is used in the treatment of ab-
sence seizures; although it also has some activity in complex par-
tial seizures it is reported to be less well tolerated than ethosux-
imide, and is usually only given to patients unresponsive to other
antiepileptic treatment. It is thought to owe its activity to its
major metabolite N-desmethylmesuximide. 

The usual initial oral dosage is a single dose of 300 mg daily for
the first week, and this is increased by 300 mg at weekly inter-
vals to an optimum dosage, according to response. The suggest-
ed maximum daily dose is 1.2 g in divided doses.

Epilepsy. Mesuximide is used for absence seizures that are re-
fractory to less toxic antiepileptics such as ethosuximide or val-
proate, which are the usual first-line drugs (see p.465). Mesux-
imide has also been tried in complex partial seizures and
myoclonic seizures. 
References.
1. Tennison MB, et al. Methsuximide for intractable childhood sei-

zures. Pediatrics 1991; 87: 186–9. 
2. Sigler M, et al. Effective and safe but forgotten: methsuximide

in intractable epilepsies in childhood. Seizure 2001; 10: 120–4.

Interactions. For the effect of mesuximide on lamotrigine and
valproate, see p.486 and p.511 respectively.

Porphyria. Mesuximide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Preparations

USP 31: Methsuximide Capsules.

Proprietary Preparations (details are given in Part 3)
Austria: Petinutin; Canad.: Celontin; Ger.: Petinutin; Israel: Celontin†;
Neth.: Celontin; Switz.: Petinutin; USA: Celontin.

Methylphenobarbital (BAN, rINN)

Enphenemalum; Mephobarbital; Methylfenobarbital; Méthyl-
phénobarbital; Methylphenobarbitalum; Methylphenobarbitone;
Metilfenobarbitál; Metilfenobarbital; Metilfenobarbitalis; Metylfe-
nobarbital; Metyylifenobarbitaali; Phemitone. 5-Ethyl-1-methyl-5-
phenylbarbituric acid.

Метилфенобарбитал

C13H14N2O3 = 246.3.

CAS — 115-38-8.

ATC — N03AA01.

ATC Vet — QN03AA01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Methylphenobarbital). A white or almost white,
crystalline powder or colourless crystals. Practically insoluble in
water; very slightly soluble in dehydrated alcohol. It forms wa-
ter-soluble compounds with alkali hydroxides and carbonates,
and with ammonia. 
USP 31 (Mephobarbital). A white, odourless, crystalline pow-
der. Slightly soluble in water, in alcohol, and in ether; soluble in
chloroform and in solutions of fixed alkali hydroxides and car-
bonates. Its saturated solution in water is acid to litmus.

Dependence and Withdrawal, Adverse Effects,
Treatment, and Precautions
As for Phenobarbital, p.492.

Interactions
As for Phenobarbital, p.493.

Pharmacokinetics
Methylphenobarbital is incompletely absorbed from the gas-
trointestinal tract. It is demethylated to phenobarbital (p.494) in
the liver.

Uses and Administration
Methylphenobarbital is used similarly to phenobarbital (p.494)
in the treatment of epilepsy (p.465). It is given in oral doses of up
to 600 mg daily. It has also been used as a sedative in a usual dose
of 50 mg 3 or 4 times daily.

Preparations

BP 2008: Methylphenobarbital Tablets; 
USP 31: Mephobarbital Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Prominal†; USA: Mebaral.

Multi-ingredient: Arg.: Cumatil L; Ital.: Dintoinale; Metinal-Idantoina;
Metinal-Idantoina L.

Oxcarbazepine (BAN, USAN, rINN)

GP-47680; KIN-493; Okskarbatsepiini; Okskarbazepin; Oxcar-
bazepin; Oxcarbazepina; Oxcarbazépine; Oxcarbazepinum.
10,11-Dihydro-10-oxo-5H-dibenz[b,f]azepine-5-carboxamide.
Окскарбазепин
C15H12N2O2 = 252.3.
CAS — 28721-07-5.
ATC — N03AF02.
ATC Vet — QN03AF02.

Adverse Effects, Treatment, and Precau-
tions
As for Carbamazepine, p.472. 
Hypersensitivity reactions such as skin rashes (see also
under Carbamazepine, p.473) occur less frequently
with oxcarbazepine than with carbamazepine. Howev-
er, cross-sensitivity does occur and about 25 to 30% of
patients hypersensitive to carbamazepine may experi-
ence such reactions with oxcarbazepine. Reductions in
plasma-sodium levels have also been observed with
oxcarbazepine (see Hyponatraemia, below). Patients
with cardiac insufficiency and secondary heart failure
should be weighed regularly to detect fluid retention.
Oxcarbazepine may, very rarely, impair cardiac con-
duction and patients with pre-existing conduction dis-
orders should be carefully monitored. Very rarely, ox-
carbazepine treatment has been associated with
pancreatitis. 
Dosage reductions are recommended in renal impair-
ment.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Effects on the blood. Although it would appear that oxcar-
bazepine is less likely than carbamazepine to cause blood dyscra-
sias such as leucopenia, individual cases have been reported. In
one such case leucopenia and hyponatraemia developed in a 57-
year-old woman while taking oxcarbazepine;1 she recovered
after treatment with filgrastim. It was noted that the patient
had experienced a similar reaction when taking carbamazepine.
Oxcarbazepine has also been associated with reversible
pancytopenia2 in a 40-year-old woman, and reversible
thrombocytopenia3 in a 63-year-old woman.
1. Ryan M, et al. Hyponatremia and leukopenia associated with ox-

carbazepine following carbamazepine therapy. Am J Health-Syst
Pharm 2001; 58: 1637–9. 

2. Calamaras MR, et al. Pancytopenia associated with the introduc-
tion of oxcarbazepine. J Clin Psychopharmacol 2007; 27:
217–18. 

3. Mahmud J, et al. Oxcarbazepine-induced thrombocytopenia.
Psychosomatics 2006; 47: 73–4.

Effects on mental function. For a review of the effects of
antiepileptic therapy on cognition, and the effects of oxcar-
bazepine on mood (including the risk of suicidal ideation), see
p.468.
Effects on sexual function. For mention of the effects of anti-
epileptics including oxcarbazepine on sexual function in male
epileptic patients, see Effects on the Endocrine System, under
Phenytoin, p.496.
Hyponatraemia. Hyponatraemia appears to be more pro-
nounced at clinical doses of oxcarbazepine than with car-
bamazepine. Hyponatraemia was reported1 in 12 of 15 patients
in whom oxcarbazepine was substituted for carbamazepine ther-
apy. The fall in plasma-sodium concentrations appeared to be re-
lated to the dose of oxcarbazepine. In another report2 hyponat-
raemia occurred in 23% of 350 patients whose serum-sodium
concentrations were monitored. The manufacturers state that in
14 controlled studies sodium levels of less than 125 mmol/litre
occurred in 2.5% of 1524 patients treated with oxcarbazepine
compared to no such patients in the control groups. Most patients
remain asymptomatic but some may experience drowsiness, in-
crease in seizure frequency, and impaired consciousness.3 In a
later study4 in 97 patients taking oxcarbazepine and 451 taking
carbamazepine, hyponatraemia occurred in 29 (12 severe) of the
former and in 61 (13 severe) of the latter. The authors failed to
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find a correlation between high doses of oxcarbazepine and the
occurrence of hyponatraemia. 
It has been suggested that serum-sodium concentrations should
be measured before the start of therapy but routine monitoring,
may be indicated only in elderly patients or if a high dosage is
used.5 Licensed product information recommends that monitor-
ing be considered in those with pre-existing conditions associat-
ed with low sodium levels and in those taking other medications
known to interfere with sodium levels, for example NSAIDs and
diuretics. 
Severe hyponatraemia has been reported6 in a 12-year-old child
during treatment with oxcarbazepine. A review of 48 other chil-
dren who had received oxcarbazepine in the same centre, found
that 9 had hyponatraemia, and the authors suggested that sodium
levels should be monitored in paediatric patients. In another
case,7 a 7-year old boy developed a reversible coma caused by
oxcarbazepine-induced hyponatraemia.
1. Pendlebury SC, et al. Hyponatraemia during oxcarbazepine ther-

apy. Hum Toxicol 1989; 8: 337–44. 
2. Friis ML, et al. Therapeutic experiences with 947 epileptic out-

patients in oxcarbazepine treatment. Acta Neurol Scand 1993;
87: 224–7. 

3. Steinhoff BJ, et al. Hyponatraemic coma under oxcarbazepine
therapy. Epilepsy Res 1992; 11; 67–70. 

4. Dong X, et al. Hyponatremia from oxcarbazepine and car-
bamazepine. Neurology 2005; 65: 1976–8. 

5. Kälviäinen R, et al. Place of newer antiepileptic drugs in the
treatment of epilepsy. Drugs 1993; 46: 1009–24. 

6. Borusiak P, et al. Hyponatremia induced by oxcarbazepine in
children. Epilepsy Res 1998; 30: 241–6. 

7. Paliwal V, et al. Oxcarbazepine induced hyponatremic coma.
Neurol India 2006; 54: 214–15.

Overdosage. A 36-year-old man1 who ingested 30.6 g of ox-
carbazepine showed no serious signs of toxicity. Serum concen-
trations of oxcarbazepine were 31.6 mg/litre 2 hours after inges-
tion; corresponding serum concentrations of the active
monohydroxy metabolite were 37.2 mg/litre, which later peaked
at 59.0 mg/litre 7 hours after ingestion. The patient remained
conscious, though somnolent, and had fully recovered within 2
days.
1. van Opstal JM, et al. Severe overdosage with the antiepileptic

drug oxcarbazepine. Br J Clin Pharmacol 2004; 58: 329–31.

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. Plas-
ma concentrations of the active monohydroxy metabo-
lite of oxcarbazepine may be reduced by strong
inducers of cytochrome P450 isoenzymes, such as car-
bamazepine, phenytoin, or phenobarbital. Oxcar-
bazepine appears to induce hepatic enzymes to a lesser
extent than carbamazepine. However, oxcarbazepine
and its active metabolite do inhibit the cytochrome
P450 isoenzyme CYP2C19, and in high doses may
raise plasma concentrations of phenobarbital or pheny-
toin. Oxcarbazepine and its metabolite also have the
capacity to induce CYP3A4 and CYP3A5 with the
possibility of reducing plasma concentrations of drugs
such as carbamazepine (but see below), dihydropyrid-
ine calcium-channel blockers, and oral contraceptives.
◊ References.
1. Sallas WM, et al. Pharmacokinetic drug interactions in children

taking oxcarbazepine. Clin Pharmacol Ther 2003; 74: 138–49.

Antiepileptics. In a study1 of epileptic patients the area under
the concentration-time curve (AUC) seen with monotherapy of
carbamazepine, phenytoin, or valproate was unchanged when
oxcarbazepine was added to treatment; only carbamazepine af-
fected the pharmacokinetics of oxcarbazepine, producing a re-
duction in the AUC for the active metabolite hydroxycar-
bazepine. It was considered that there was unlikely to be any
clinically relevant pharmacokinetic interaction if oxcarbazepine
was used with any of these antiepileptics, including car-
bamazepine. However, increases in plasma-phenytoin concen-
tration have been reported after use with oxcarbazepine (see
p.498). 
There is a case-report of severe toxicity occurring with concom-
itant use of oxcarbazepine and lamotrigine.2 For the effect of ox-
carbazepine on lamotrigine concentrations, see p.486.
1. McKee PJW, et al. A double-blind, placebo-controlled interac-

tion study between oxcarbazepine and carbamazepine, sodium
valproate and phenytoin in epileptic patients. Br J Clin Pharma-
col 1994; 37: 27–32. 

2. Alving J. Case of severe acute intoxication with oxcarbazepine
combined with lamotrigine. Epilepsia 1994; 35 (suppl 7): 72.

Pharmacokinetics
Oxcarbazepine is completely absorbed from the

gastrointestinal tract. It is rapidly and extensively me-
tabolised in the liver to the principal metabolite 10,11-
dihydro-10-hydroxy-carbamazepine, often referred to
as MHD, which also possesses antiepileptic activity.
The monohydroxy metabolite is widely distributed in
the body and is about 40% bound to plasma proteins,
mainly albumin. The plasma half-life has been report-
ed to be about 2 hours for oxcarbazepine, and about 9
hours for the monohydroxy metabolite; consequently
the latter provides most of the antiepileptic activity.
Clearance of the monohydroxy metabolite is reported
to be about 40% higher in children aged 4 to 12 years,
and about 80% higher in those aged 2 to 4 years, than
in adults. Oxcarbazepine is excreted in the urine main-
ly as metabolites; less than 1% is excreted as un-
changed drug. 
Oxcarbazepine and its monohydroxy metabolite cross
the placental barrier and are distributed into breast
milk. 
The pharmacokinetics of oxcarbazepine and its mono-
hydroxy metabolite are affected by use with other an-
tiepileptics (see Interactions, above).
◊ References.
1. Dickinson RG, et al. First dose and steady-state pharmacokinet-

ics of oxcarbazepine and its 10-hydroxy metabolite. Eur J Clin
Pharmacol 1989; 37: 69–74. 

2. Patsalos PN, et al. Protein binding of oxcarbazepine and its pri-
mary active metabolite, 10-hydroxycarbazepine, in patients with
trigeminal neuralgia. Eur J Clin Pharmacol 1990; 39: 413–15. 

3. Kumps A, Wurth C. Oxcarbazepine disposition: preliminary ob-
servations in patients. Biopharm Drug Dispos 1990; 11: 365–70. 

4. van Heiningen PNM, et al. The influence of age on the pharma-
cokinetics of the antiepileptic agent oxcarbazepine. Clin Phar-
macol Ther 1991; 50: 410–19. 

5. Elwes RDC, Binnie CD. Clinical pharmacokinetics of newer an-
tiepileptic drugs: lamotrigine, vigabatrin, gabapentin and oxcar-
bazepine. Clin Pharmacokinet 1996; 30: 403–15. 

6. May TW, et al. Clinical pharmacokinetics of oxcarbazepine. Clin
Pharmacokinet 2003; 42: 1023–42. 

7. Rey E, et al. Oxcarbazepine pharmacokinetics and tolerability in
children with inadequately controlled epilepsy. J Clin Pharma-
col 2004; 44: 1290–1300. 

8. Flesch G. Overview of the clinical pharmacokinetics of oxcar-
bazepine. Clin Drug Investig 2004; 24: 185–203.

Pregnancy. Clearance of the active monohydroxy metabolite of
oxcarbazepine was reported to increase1,2 during pregnancy and
to decrease2 after delivery; one study1 reported a reduction in
plasma concentrations of about 36% during the third trimester.
However, sample sizes in both studies were small.
1. Christensen J, et al. Oxcarbazepine concentrations during preg-

nancy: a retrospective study in patients with epilepsy. Neurology
2006; 67: 1497–9. 

2. Mazzucchelli I, et al. Changes in the disposition of oxcar-
bazepine and its metabolites during pregnancy and the puerper-
ium. Epilepsia 2006; 47: 504–9.

Uses and Administration
Oxcarbazepine is a derivative of carbamazepine
(p.476) with similar actions. It is used as monotherapy
or adjunctive therapy in the treatment of partial sei-
zures with or without secondary generalisation. The in-
itial oral dose for monotherapy and adjunctive therapy
is 600 mg daily, given in 2 divided doses. The daily
dose may be increased thereafter, if necessary, in max-
imum increments of 600 mg at approximately weekly
intervals until the desired clinical response has been
achieved. Maintenance doses are usually in the range
of 600 mg to 1.2 g daily or up to 2.4 g daily if given as
adjunctive therapy or in refractory patients switched
from other antiepileptics. 
For doses in children, see below. 
Reduced initial doses are recommended in patients
with renal impairment (see below). 
As with other antiepileptics, withdrawal of oxcar-
bazepine therapy or transition to or from another type
of antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. For a discussion on whether or not to withdraw
antiepileptic therapy in seizure-free patients, see p.465.
Administration in children. Oxcarbazepine is used in chil-
dren as monotherapy or adjunctive therapy in the treatment of
partial seizures with or without secondary generalisation. In the
UK, the recommended initial oral dose for monotherapy and ad-
junctive therapy in those aged 6 years and over is 8 to 10 mg/kg
daily, given in 2 divided doses. The daily dose may be increased
thereafter, if necessary, in maximum increments of 10 mg/kg at
approximately weekly intervals to a maximum dose of 46 mg/kg
daily; usual maintenance doses in adjunctive therapy are around

30 mg/kg daily. In the USA, similar doses are recommended for
adjunctive therapy in children aged 2 years and over (the initial
dose may be doubled in those weighing under 20 kg), and for
monotherapy in those aged 4 years and over; a maximum daily
dose of 60 mg/kg is permitted for adjunctive therapy.
Administration in renal impairment. Initial doses of ox-
carbazepine for adult patients with a creatinine clearance of less
than 30 mL/minute should be 300 mg daily (half the usual start-
ing dose, above), increased at weekly intervals or longer.
Bipolar disorder. Like the related drug carbamazepine (p.476),
oxcarbazepine has antimanic properties and has been tried in the
management of patients with bipolar disorder (p.372).
Reviews1,2 have suggested that it may be useful in treating acute
mania and in patients with refractory disease; however, the evi-
dence base is weak3 and further studies are needed.
1. Pratoomsri W, et al. Oxcarbazepine in the treatment of bipolar

disorder: a review. Can J Psychiatry 2006; 51: 540–5. 
2. Popova E, et al. Oxcarbazepine in the treatment of bipolar and

schizoaffective disorders. Expert Rev Neurother 2007; 7:
617–26. 

3. Vasudev A, et al. Oxcarbazepine in the maintenance treatment of
bipolar disorder. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2008 (accessed
09/06/08).

Epilepsy. Oxcarbazepine is used in the treatment of epilepsy
(p.465) and may be a useful alternative in patients unable to tol-
erate carbamazepine. 
In a double-blind study1 involving newly diagnosed adult pa-
tients, oxcarbazepine was of similar efficacy and tolerability to
valproate for partial or generalised tonic-clonic seizures. Oxcar-
bazepine was of similar efficacy to phenytoin, but was better tol-
erated in adults and children with newly diagnosed partial or gen-
eralised tonic-clonic seizures.2,3 Further randomised controlled
studies and 2 small systematic reviews4,5 have also confirmed the
efficacy and tolerability of oxcarbazepine as adjunctive
therapy4,6 or monotherapy5,7-9 in refractory partial seizures in
children and adults.
1. Christe W, et al. A double-blind controlled clinical trial: oxcar-

bazepine versus sodium valproate in adults with newly diag-
nosed epilepsy. Epilepsy Res 1997; 26: 451–60. 

2. Bill PA, et al. A double-blind controlled clinical trial of oxcar-
bazepine versus phenytoin in adults with previously untreated
epilepsy. Epilepsy Res 1997; 27: 195–204. 

3. Guerreiro MM, et al. A double-blind controlled clinical trial of
oxcarbazepine versus phenytoin in children and adolescents with
epilepsy. Epilepsy Res 1997; 27: 205–13. 

4. Castillo S, et al. Oxcarbazepine add-on for drug-resistant partial
epilepsy. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2000 (accessed
09/06/08). 

5. Muller M, et al. Oxcarbazepine versus phenytoin monotherapy
for epilepsy. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2006 (accessed
09/06/08). 

6. Glauser TA, et al. Adjunctive therapy with oxcarbazepine in
children with partial seizures. Neurology 2000; 54: 2237–44. 

7. Beydoun A, et al. Oxcarbazepine monotherapy for partial-onset
seizures: a multicenter, double-blind, clinical trial. Neurology
2000; 54: 2245–51. 

8. Sachdeo R, et al. Oxcarbazepine (Trileptal) as monotherapy in
patients with partial seizures. Neurology 2001; 57: 864–71. 

9. Herranz Fernández JL, et al. Oxcarbacepina en monoterapia en
324 pacientes con crisis parciales (estudio TRINOVA). Rev Neu-
rol 2004; 39: 601–6.

Neuropathic pain. Antiepileptics are among the drugs used to
manage neuropathic pain, which is often insensitive to opioid
analgesics (see Choice of Analgesic, p.2). Carbamazepine ap-
pears to be the antiepileptic most frequently used, but oxcar-
bazepine has also been tried in various neuropathic pain
syndromes1 including painful diabetic neuropathy2-4 (see p.6),
postherpetic neuralgia5,6 (p.9), complex regional pain syndrome7

(p.6), glossopharyngeal neuralgia,8 oxaliplatin-induced
neuropathy9 (see p.758), and trigeminal neuralgia (p.9).
1. Magenta P, et al. Oxcarbazepine is effective and safe in the treat-

ment of neuropathic pain: pooled analysis of seven clinical stud-
ies. Neurol Sci 2005; 26: 218–26. 

2. Dogra S, et al. Oxcarbazepine in painful diabetic neuropathy: a
randomized, placebo-controlled study. Eur J Pain 2005; 9:
543–54. 

3. Grosskopf J, et al. A randomized, placebo-controlled study of
oxcarbazepine in painful diabetic neuropathy. Acta Neurol Scand
2006; 114: 177–80. 

4. Beydoun S, et al. Long-term safety and tolerability of oxcar-
bazepine in painful diabetic neuropathy. Acta Neurol Scand
2007; 115: 284–8. 

5. Criscuolo S, et al. Oxcarbazepine (Trileptal ) monotherapy dra-
matically improves quality of life in two patients with posther-
petic neuralgia refractory to carbamazepine and gabapentin. J
Pain Symptom Manage 2004; 28: 535–6. 

6. Criscuolo S, et al. Oxcarbazepine monotherapy in postherpetic
neuralgia unresponsive to carbamazepine and gabapentin. Acta
Neurol Scand 2005; 111: 229–32. 

7. Lalwani K, et al. Use of oxcarbazepine to treat a pediatric patient
with resistant complex regional pain syndrome. J Pain 2005; 6:
704–6. 

8. Luef G, Poewe W. Oxcarbazepine in glossopharyngeal neuralgia:
clinical response and effect on serum lipids. Neurology 2004; 63:
2447–8. 

9. Argyriou AA, et al. Efficacy of oxcarbazepine for prophylaxis
against cumulative oxaliplatin-induced neuropathy. Neurology
2006; 67: 2253–5.
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Psychiatric disorders. Case reports1,2 in children and adoles-
cents and a randomised, placebo-controlled study3 in adults have
indicated some benefit from oxcarbazepine in the treatment of
aggression and disturbed behaviour(p.954). A retrospective
review4 of 14 children and adolescents with various psychiatric
and behavioural disorders found moderate symptomatic im-
provement in 50% after the addition of oxcarbazepine. Oxcar-
bazepine has also been tried in the treatment of schizophrenia5

(p.955) and post-traumatic stress disorder6 (p.953). For use in
bipolar disorder see above.
1. Kapetanovic S. Oxcarbazepine in youths with autistic disorder

and significant disruptive behaviors. Am J Psychiatry 2007; 164:
832–3. 

2. Gaudino MP, et al. Use of oxcarbazepine for treatment-resistant
aggression. Psychiatr Serv 2003; 54: 1166–7. 

3. Mattes JA. Oxcarbazepine in patients with impulsive aggression:
a double-blind, placebo-controlled trial. J Clin Psychopharma-
col 2005; 25: 575–9. 

4. Staller JA, et al. Oxcarbazepine in the treatment of child psychi-
atric disorders: a retrospective chart review. J Child Adolesc Psy-
chopharmacol 2005; 15: 964–9. 

5. Leweke FM, et al. Oxcarbazepine as an adjunct for schizophre-
nia. Am J Psychiatry 2004; 161: 1130–1. 

6. Malek-Ahmadi P, Hanretta AT. Possible reduction in posttrau-
matic stress disorder symptoms with oxcarbazepine in a patient
with bipolar disorder. Ann Pharmacother 2004; 38: 1852–4.

Withdrawal syndromes and abstinence. Oxcarbazepine
has been tried in the prophylaxis and treatment of various with-
drawal syndromes. Although it was not found1 to be superior to
placebo in the treatment of symptoms of the alcohol withdrawal
syndrome (p.1626), oxcarbazepine has been reported2-4 to be of
benefit in relapse prevention; further studies are considered war-
ranted. It has also been tried5 during benzodiazepine withdrawal
but such adjunct therapy is not usually indicated (see p.987).
1. Koethe D, et al. Oxcarbazepine—efficacy and tolerability during

treatment of alcohol withdrawal: a double-blind, randomized,
placebo-controlled multicenter pilot study. Alcohol Clin Exp Res
2007; 31: 1188–94. 

2. Croissant B, et al. Oxcarbazepine in alcohol relapse prevention:
a case series. Pharmacopsychiatry 2004; 37: 306–7. 

3. Croissant B, et al. A pilot study of oxcarbazepine versus acamp-
rosate in alcohol-dependent patients. Alcohol Clin Exp Res 2006;
30: 630–5. 

4. Martinotti G, et al. High and low dosage oxcarbazepine versus
naltrexone for the prevention of relapse in alcohol-dependent pa-
tients. Hum Psychopharmacol 2007; 22: 149–56. 

5. Croissant B, et al. Scheme-based benzodiazepine detoxification
with oxcarbazepine: a case report. Pharmacopsychiatry 2005;
38: 222–3.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Atoxecar†; Aurene; Oxca; Oxcazen†; Rupox; Trileptal; Austral.: Tri-
leptal; Austria: Trileptal; Belg.: Trileptal; Braz.: Auram; Oleptal; Oxcarb;
Trileptal; Canad.: Trileptal; Chile: Alox†; Oxicodal; Trileptal; Cz.: Trileptal;
Denm.: Apydan; Trileptal; Fin.: Apydan; Trileptal; Fr.: Trileptal; Ger.:
Timox; Trileptal; Gr.: Trileptal; Hong Kong: Trileptal; Hung.: Apydan; Tri-
leptal; India: Oxcarb; Oxrate; Indon.: Barzepin; Prolepsi; Trileptal; Irl.: Tri-
leptal; Israel: Trileptin; Ital.: Tolep; Malaysia: Trileptal; Mex.: Actinium;
Deprectal; Oxetol; Trileptal; Neth.: Trileptal; Norw.: Trileptal; NZ: Trileptal;
Philipp.: Trileptal; Pol.: Apydan; Trileptal; Port.: Epilfarmo; Proaxen; Ziga-
bal; Rus.: Trileptal (Трилептал); S.Afr.: Trileptal; Spain: Trileptal; Swed.:
Trileptal; Switz.: Trileptal; Thai.: Trileptal; Turk.: Trileptal; UK: Trileptal;
USA: Trileptal; Venez.: Trileptal.

Pheneturide (BAN, rINN)

Ethylphenacemide; Feneturida; Phénéturide; Pheneturidum; S-
46. (2-Phenylbutyryl)urea.

Фенетурид

C11H14N2O2 = 206.2.
CAS — 90-49-3.
ATC — N03AX13.
ATC Vet — QN03AX13.

Profile
Pheneturide is an acetylurea antiepileptic used in the treatment of
complex partial seizures with or without secondary generalisa-
tion (p.465). It is given in usual oral daily doses of 300 to 600 mg
in 2 or 3 divided doses, up to a maximum of 1.2 g daily.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Laburide.

Phenobarbital (BAN, rINN)

Ácido feniletilbarbitúrico; Fenobarbitaali; Fenobarbitál; Fenobar-
bital; Fenobarbitalis; Fenobarbitona; Phenemalum; Phénobarbital;
Phenobarbitalum; Phenobarbitone; Phenylethylbarbituric Acid;
Phenylethylmalonylurea. 5-Ethyl-5-phenylbarbituric acid.
Фенобарбитал
C12H12N2O3 = 232.2.
CAS — 50-06-6.
ATC — N03AA02.
ATC Vet — QN03AA02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of phenobarbital: 
Feenies; Phennies; Phenos.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Phenobarbital). A white or almost white, crystal-
line powder or colourless crystals. Very slightly soluble in water;
freely soluble in alcohol. It forms water-soluble compounds with
alkali hydroxides and carbonates, and with ammonia. 
USP 31 (Phenobarbital). White, odourless, glistening, small
crystals or a white crystalline powder. It may exhibit polymor-
phism. Soluble 1 in 1000 of water and 1 in 10 of alcohol; spar-
ingly soluble in chloroform; soluble in ether and in solutions of
fixed alkali hydroxides and carbonates. A saturated solution in
water has a pH of about 5.

Phenobarbital Sodium (BANM, rINN)

Fenobarbitaalinatrium; Fenobarbital sódico; Fenobarbital sodná
sůl; Fenobarbital sodowy; Fenobarbitalio natrio druska; Fenobar-
bitalnatrium; Fenobarbitál-nátrium; Natrii Phenobarbitalum;
Phenemalnatrium; Phénobarbital sodique; Phenobarbitalum na-
tricum; Phenobarbitone Sodium; Sodium Phenylethylbarbiturate;
Soluble Phenobarbitone. Sodium 5-ethyl-5-phenylbarbiturate.
Натрий Фенобарбитал
C12H11N2NaO3 = 254.2.
CAS — 57-30-7.
ATC — N03AA02.
ATC Vet — QN03AA02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Phenobarbital Sodium). A white or almost white,
hygroscopic, crystalline powder. Freely soluble in carbon diox-
ide-free water (a small amount may be insoluble); soluble in al-
cohol; practically insoluble in dichloromethane. A 10% solution
in water has a pH not greater than 10.2. Store in airtight contain-
ers. 
USP 31 (Phenobarbital Sodium). Flaky crystals, or white crys-
talline granules, or a white powder. It is odourless and hygro-
scopic. Very soluble in water; soluble in alcohol; practically in-
soluble in chloroform and in ether. pH of a 10% solution in water
is between 9.2 and 10.2. Solutions decompose on standing. Store
in airtight containers.
Incompatibility. Phenobarbital sodium is incompatible with
many other drugs and phenobarbital may be precipitated from
mixtures containing phenobarbital sodium. This precipitation is
dependent upon the concentration and the pH, and also on the
presence of other solvents.
Stability. Extemporaneous oral preparations of phenobarbital
10 mg/mL in a 1:1 mixture of Ora-Plus and either Ora-Sweet or
Ora-Sweet SF (Paddock, USA) were found1 to be stable for at
least 115 days in amber plastic bottles stored at room tempera-
ture.
1. Cober MP, Johnson CE. Stability of an extemporaneously pre-

pared alcohol-free phenobarbital suspension. Am J Health-Syst
Pharm 2007; 64: 644–6.

Dependence and Withdrawal
As for the barbiturates (see Amobarbital, p.962).

Adverse Effects
The most frequent adverse effect associated with phe-
nobarbital is sedation, but this often becomes less
marked with continued use. Like some of the other an-
tiepileptics, phenobarbital may produce subtle mood
changes and impairment of cognition and memory that
may not be apparent without testing. Depression may
occur. 

Prolonged use can occasionally result in folate defi-
ciency; rarely, megaloblastic anaemia has been report-
ed. There is some evidence that phenobarbital inter-
feres with vitamin D metabolism. 
At high doses nystagmus and ataxia may occur and the
typical barbiturate-induced respiratory depression may
become severe. Overdosage can prove fatal; toxic ef-
fects include coma, severe respiratory and cardiovas-
cular depression, with hypotension and shock leading
to renal failure. Hypothermia may occur, with associat-
ed pyrexia during recovery. Skin blisters (bullae) re-
portedly occur in about 6% of patients with barbiturate
overdose. 
Sodium salts of barbiturates have a very high pH in
solution, and necrosis has followed subcutaneous in-
jection or extravasation. Intravenous injections can be
hazardous and cause hypotension, shock, laryngo-
spasm, and apnoea, especially if given too rapidly. 
Hypersensitivity reactions occur in a small proportion
of patients; skin reactions are reported in 1 to 3% of
patients taking phenobarbital, and are most commonly
maculopapular, morbilliform, or scarlatiniform rashes.
More severe reactions such as exfoliative dermatitis,
Stevens-Johnson syndrome, and toxic epidermal
necrolysis are extremely rare. Hepatitis and disturbanc-
es of liver function have been reported. 
Paradoxical excitement, restlessness, and confusion
may sometimes occur in the elderly, and irritability and
hyperactivity may occur in children. 
Neonatal drug dependence and symptoms resembling
vitamin K deficiency have been reported in infants
born to mothers who received phenobarbital during
pregnancy. Congenital malformations have been re-
ported in children of women who received phenobarbi-
tal during pregnancy but the causal role of the drug is a
matter of some debate.
Effects on the blood. For the effects of antiepileptics includ-
ing phenobarbital on serum folate, see under Phenytoin, p.495.
Effects on bone. For the effects of antiepileptics including phe-
nobarbital on bone and on calcium and vitamin D metabolism,
see under Phenytoin, p.496.
Effects on connective tissue. The use of phenobarbital and
primidone has been associated with the development of
Dupuytren’s contracture, frozen shoulder, Ledderhose’s syn-
drome, Peyronie’s disease, fibromas, and general joint pain.1
1. Mattson RH, et al. Barbiturate-related connective tissue disor-

ders. Arch Intern Med 1989; 149: 911–14.

Effects on the endocrine system. For mention of the effects
of antiepileptics on sexual function in male epileptic patients, see
under Phenytoin, p.496. 
Barbiturates may reduce serum concentrations of thyroid hor-
mones through enzyme induction—see under Interactions of
Levothyroxine, p.2172.
Effects on the liver. For mention of the effects of phenobarbi-
tal on the liver, see under Phenytoin, p.496.
Effects on mental function. For a review of the effects of
antiepileptics, including phenobarbital, on cognition and mood
(including the risk of suicidal ideation), see p.468.
DEPRESSION. Follow-up of 28 patients aged 6 to 16 who had
received phenobarbital or carbamazepine for epilepsy indi-
cated that the rate of major depression was significantly high-
er in those receiving phenobarbital.1 It was recommended that
treatment with phenobarbital should be avoided particularly
in patients with a personal or family history of an affective
disorder; patients who do receive it should be monitored for
symptoms of depression.
1. Brent DA, et al. Phenobarbital treatment and major depressive

disorder in children with epilepsy: a naturalistic follow-up. Pedi-
atrics 1990; 85: 1086–91.

DISTURBED BEHAVIOUR. Disturbed behaviour is a recognised
adverse effect of phenobarbital, especially in children and the
elderly; however, no excess in behavioural adverse effects
was seen1 on follow-up for up to 12 months in 40 children
who took phenobarbital when compared with 45 who took
carbamazepine.
1. Banu SH, et al. Side effects of phenobarbital and carbamazepine

in childhood epilepsy: randomised controlled trial. Abridged
version: BMJ 2007; 334: 1207–10. Full version: http://
www.bmj.com/cgi/reprint/334/7605/1207 (accessed 09/06/08)

Hypersensitivity. An antiepileptic hypersensitivity syndrome,
comprising fever, rash, and lymphadenopathy and less commonly
lymphocytosis, and liver and other organ involvement, has been
associated with some antiepileptics including phenobarbital.1,2

Some have estimated the incidence at 1 in 1000 to 1 in 10 000
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new exposures to aromatic anticonvulsants,1,2 but the true
incidence is unknown due to variations in presentation and re-
porting. The syndrome occurs most frequently on first exposure
to the drug, with initial symptoms starting anywhere between 1
and 8 weeks after exposure. In previously sensitised individuals
the reaction may occur within 1 day of rechallenge. The potential
for cross-reactivity between carbamazepine, phenobarbital, and
phenytoin is about 75%, and patients who develop the syndrome,
and their close relatives, should be warned of the risk associated
with use of these antiepileptics.1
1. Knowles SR, et al. Anticonvulsant hypersensitivity syndrome:

incidence, prevention and management. Drug Safety 1999; 21:
489–501. 

2. Bessmertny O, et al. Antiepileptic hypersensitivity syndrome in
children. Ann Pharmacother 2001; 35: 533–8.

Treatment of Adverse Effects
In the treatment of phenobarbital overdosage repeated
oral doses of activated charcoal may be helpful after
recent ingestion of doses above 10 mg/kg; the aim is
not only to prevent absorption but also aid elimination.
Care should be taken to protect the airway. The prime
objectives of management are then intensive sympto-
matic and supportive therapy with particular attention
being paid to the maintenance of cardiovascular, respi-
ratory, and renal functions and to the maintenance of
electrolyte balance. 
Charcoal haemoperfusion may be considered for pa-
tients with severe refractory poisoning; other methods
aimed at the active removal of phenobarbital include
haemodialysis and urine alkalinisation, although the
latter appears to be less effective than multiple doses of
activated charcoal.

Precautions
Phenobarbital and other barbiturates should be used
with care in children and in elderly or debilitated pa-
tients, in those in acute pain, and in those with depres-
sive disorders. Phenobarbital should be used with cau-
tion in patients with impaired hepatic, renal, or
respiratory function; its use is contra-indicated in those
with severe respiratory depression.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that phenobarbital should be given with caution to breast-
feeding mothers, since there have been significant adverse ef-
fects including sedation and methaemoglobinaemia in nursing
infants. The BNF recommends that phenobarbital should be
avoided where possible during breast feeding. Both authorities
make similar recommendations for primidone. 
For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 09/06/08)

Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Neonates. Care should be taken when giving phenobarbital
orally as the elixir to neonates because regular dosing could re-
sult in alcohol toxicity [the BP 2008 formulation contains
38% v/v alcohol].1 Aqueous preparations are more readily made
using the sodium salt than the acid.2
1. Colquhoun-Flannery W, Wheeler R. Treating neonatal jaundice

with phenobarbitone: the inadvertent administration of signifi-
cant doses of ethyl alcohol. Arch Dis Child 1992; 67: 152. 

2. Leach F. Treating neonatal jaundice with phenobarbitone: the in-
advertent administration of significant doses of ethyl alcohol.
Arch Dis Child 1992; 67: 152.

Porphyria. Phenobarbital has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468. 
Congenital craniofacial and digital abnormalities and, less com-
monly, cleft lip and palate have been described with antiepilep-
tics including phenobarbital. In utero exposure to phenobarbital
might result in neonatal sedation and drug dependence and also
in neonatal bleeding due to vitamin K deficiency.

Interactions
There are complex interactions between antiepileptics,
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. Val-
proate and phenytoin have been reported to cause rises

in phenobarbital (and primidone) concentrations in
plasma. 
The effects of phenobarbital and other barbiturates are
enhanced by other CNS depressants including alcohol. 
Phenobarbital and other barbiturates may reduce the
activity of many drugs by increasing the rate of metab-
olism through induction of drug-metabolising en-
zymes in liver microsomes.
Analgesics. Dextropropoxyphene 65 mg given three times daily
to 4 epileptic patients stabilised on phenobarbital therapy in-
creased serum-phenobarbital concentration by 8 to 29% but this
was not considered of major importance in the light of the nor-
mally accepted therapeutic range for phenobarbital.1 
For the effect of phenobarbital on fenoprofen, methadone, and
pethidine, see p.55, p.84, and p.114, respectively. Enzyme-in-
ducing antiepileptics such as phenobarbital also affect the thresh-
old for the use of antidote in the treatment of paracetamol poi-
soning, see p.110.
1. Hansen BS, et al. Influence of dextropropoxyphene on steady

state serum levels and protein binding of three anti-epileptic
drugs in man. Acta Neurol Scand 1980; 61: 357–67.

Antiarrhythmics. For the effect of phenobarbital on disopyra-
mide, lidocaine, and quinidine, see p.1270, p.1863, and p.1384,
respectively.
Antibacterials. Serum concentrations of phenytoin and pheno-
barbital in a previously stabilised patient were increased when he
took chloramphenicol.1 Subsequent monitoring revealed a simi-
lar effect when chloramphenicol was taken with phenobarbital
alone. In turn, phenobarbital may affect serum concentrations of
chloramphenicol (see p.240). 
Barbiturates such as phenobarbital and primidone may enhance
the metabolism of doxycycline.2
1. Koup JR, et al. Interaction of chloramphenicol with phenytoin

and phenobarbital. Clin Pharmacol Ther 1978; 24: 571–5. 
2. Neuvonen PJ, et al. Effect of antiepileptic drugs on the elimina-

tion of various tetracycline derivatives. Eur J Clin Pharmacol
1975; 9: 147–54.

Anticoagulants. For the effect of barbiturates such as pheno-
barbital and primidone on warfarin and other coumarins, see
p.1429.
Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of phenobarbital by
lowering the convulsive threshold. 
St John’s wort has been shown to induce several drug metabolis-
ing enzymes (see p.423) and so might reduce the blood concen-
trations of phenobarbital, and increase the seizure risk.1 
For the effect of phenobarbital on antidepressants, see under the
monographs for amitriptyline (under Barbiturates, p.380), bu-
propion (p.384), fluoxetine (p.396), lithium (p.404), and mian-
serin (p.409). 
Inhibition of drug-metabolising enzymes by MAOIs may en-
hance the effects of barbiturates.
1. Committee on Safety of Medicines/Medicines Control Agency.

Reminder: St John’s wort (Hypericum perforatum) interactions.
Current Problems 2000; 26: 6–7. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelec t ionMethod=
LatestReleased (accessed 09/06/08)

Antiepileptics. Interactions may occur if phenobarbital is giv-
en with other antiepileptics, of which probably the most signifi-
cant is the interaction with valproate. Valproate increases plas-
ma-phenobarbital concentration by a reported 17 to 48%,1 and it
may be necessary to reduce the dose of phenobarbital in some
patients.1,2 The mechanism for the increase appears to be inhibi-
tion of the metabolism of phenobarbital, resulting in reduced
clearance;2,3 valproate appears to inhibit both the direct N-glu-
cosidation of phenobarbital and the O-glucuronidation of p-hy-
droxyphenobarbital.4 However, phenobarbital reciprocally in-
creases the clearance of valproate, and the valproate dose may
also need to be adjusted.5 
A similarly complex interaction exists between phenobarbital
and phenytoin. Phenytoin can increase plasma concentrations of
phenobarbital in some patients6 since the two drugs compete for
metabolism by the same enzyme system, but other evidence sug-
gests that where this occurs it is rarely of significant magnitude.7
Similarly, although phenobarbital induces the metabolism of
phenytoin it is also, as stated, a competitive inhibitor and in prac-
tice the two effects appear to balance out, with rarely any need
for dose adjustment.7-9 However, dosage adjustment of pheno-
barbital may be crucial for some patients.10 Measurement of se-
rum concentrations of phenytoin and phenobarbital in one
patient10 showed that, in her case, large increases in serum-phe-
nobarbital concentrations resulted from use with phenytoin; the
increases were concentration-dependent. 
The GABA-agonist, progabide has also been reported to cause a
significant increase in phenobarbital concentrations when the
two were given together to healthy subjects.11 
Neurotoxicity, attributed to an increase in plasma concentrations
of phenobarbital, has been seen12 in one patient taking phenobar-
bital and sodium valproate when felbamate was added to treat-
ment. The dosage of phenobarbital had already been reduced be-
fore treatment with felbamate was started. Data from a

pharmacokinetic study13 indicated that the interaction may result
from the inhibition of phenobarbital hydroxylation by felbamate. 
Vigabatrin has been reported to lower plasma concentrations of
phenobarbital in some patients,14 although dosage changes were
not necessary in these patients. 
High dose of oxcarbazepine may increase the plasma concentra-
tions of phenobarbital but this was thought unlikely to be clini-
cally significant;15 conversely phenobarbital may reduce the
plasma concentrations of the active metabolite of oxcarbazepine
(p.491). 
For the effect of phenobarbital on the metabolism of other antie-
pileptics, see under Carbamazepine, p.474, Diazepam, p.990,
Ethosuximide, p.480, Lamotrigine, p.486, Tiagabine, p.505, and
Zonisamide, p.515.
1. Richens A, Ahmad S. Controlled trial of sodium valproate in

severe epilepsy. BMJ 1975; 4: 255–6. 
2. Patel IH, et al. Phenobarbital-valproic acid interaction. Clin

Pharmacol Ther 1980; 27: 515–21. 
3. Kapetanović IM, et al. Mechanism of valproate-phenobarbital

interaction in epileptic patients. Clin Pharmacol Ther 1981; 29:
480–6. 

4. Bernus I, et al. Inhibition of phenobarbitone N-glucosidation by
valproate. Br J Clin Pharmacol 1994; 38: 411–16. 

5. Perucca E, et al. Disposition of sodium valproate in epileptic
patients. Br J Clin Pharmacol 1978; 5: 495–9. 

6. Morselli PL, et al. Interaction between phenobarbital and diphe-
nylhydantoin in animals and in epileptic patients. Ann N Y Acad
Sci 1971; 179: 88–107. 

7. Eadie MJ, et al. Factors influencing plasma phenobarbitone lev-
els in epileptic patients. Br J Clin Pharmacol 1977; 4: 541–7. 

8. Cucinell SA, et al. Drug interactions in man: lowering effect of
phenobarbital on plasma levels of bishydroxycoumarin (Dicu-
marol) and diphenylhydantoin (Dilantin). Clin Pharmacol Ther
1965; 6: 420–9. 

9. Booker HE, et al. Concurrent administration of phenobarbital
and diphenylhydantoin: lack of an interference effect. Neurolo-
gy 1971; 21: 383–5. 

10. Kuranari M, et al. Effect of phenytoin on phenobarbital pharma-
cokinetics in a patient with epilepsy. Ann Pharmacother 1995;
29: 83–4. 

11. Bianchetti G, et al. Pharmacokinetic interactions of progabide
with other antiepileptic drugs. Epilepsia 1987; 28: 68–73. 

12. Gidal BE, Zupanc ML. Potential pharmacokinetic interaction
between felbamate and phenobarbital. Ann Pharmacother 1994;
28: 455–8. 

13. Reidenberg P, et al. Effects of felbamate on the pharmacokinet-
ics of phenobarbital. Clin Pharmacol Ther 1995; 58: 279–87. 

14. Browne TR, et al. A multicentre study of vigabatrin for drug-
resistant epilepsy. Br J Clin Pharmacol 1989; 27 (suppl):
95S–100S. 

15. Hossain M, et al. Drug-drug interaction profile of oxcar-
bazepine in children and adults. Neurology 1999; 52 (suppl 2):
A525.

Antifungals. For the effect of phenobarbital on griseofulvin, see
p.536, and on itraconazole, see p.537.
Antineoplastics. For the effect of phenobarbital on teniposide,
see p.778.
Antiprotozoals. For the effect of phenobarbital on metronida-
zole, see p.838.
Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of phenobarbital by lowering
the convulsive threshold. 
For the effect of phenobarbital on antipsychotics, see under
Chlorpromazine, p.974.
Antivirals. A patient stabilised on phenobarbital 100 mg daily
had an episode of seizures 4 weeks after starting HAART therapy
with abacavir, didanosine, ritonavir-boosted tipranavir, and enfu-
virtide.1 The patient’s phenobarbital plasma concentrations had
fallen from 16 to 8 micrograms/mL and an increase in the phe-
nobarbital dosage to 150 mg daily was required to restore con-
centrations. The tipranavir/ritonavir component of HAART ther-
apy was considered to be responsible. 
For the possible effect of phenobarbital on HIV-protease inhibi-
tors, see p.883.
1. Bonora S, et al. Clinically significant drug interaction between

tipranavir-ritonavir and phenobarbital in an HIV-infected sub-
ject. Clin Infect Dis 2007; 45: 1654–5.

Beta blockers. For the effect of barbiturates on beta blockers,
see Anxiolytics and Antipsychotics under Interactions of Beta
Blockers, p.1228.
Calcium-channel blockers. For the effect of phenobarbital on
dihydropyridine calcium-channel blockers, see under Nifed-
ipine, p.1353, and on verapamil, see p.1422.
Cardiac glycosides. Phenobarbital may greatly accelerate the
metabolism of digitoxin (p.1259).
Ciclosporin. For the effect of phenobarbital on ciclosporin, see
p.1826.
Corticosteroids. For the effect of phenobarbital on corticoster-
oids, see p.1494.
Diuretics. Serum-phenobarbital concentrations were raised in 8
of 10 epileptic patients taking phenobarbital and additional anti-
epileptics when given furosemide 40 mg three times daily for 4
weeks.1 This might have been the cause of drowsiness in 5 of 14
patients, 3 of whom had to stop furosemide.
1. Ahmad S, et al. Controlled trial of frusemide as an antiepileptic

drug in focal epilepsy. Br J Clin Pharmacol 1976; 3: 621–5.

Levothyroxine. For the effects of barbiturates on levothyrox-
ine, see p.2172.
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Montelukast. For the effect of phenobarbital on montelukast,
see p.1126.

Sex hormones. For the effect of phenobarbital on sex hor-
mones in oral contraceptives, see p.2068.

Theophylline. For the effect of phenobarbital on theophylline,
see p.1143.

Vaccines. Influenza vaccination can cause prolonged rises in se-
rum-phenobarbital concentrations in some patients.1
1. Jann MW, Fidone GS. Effect of influenza vaccine on serum an-

ticonvulsant concentrations. Clin Pharm 1986; 5: 817–20.

Vitamins. Pyridoxine reduced serum-phenobarbital concentra-
tions in 5 patients.1 Plasma concentrations of phenobarbital and
primidone are possibly reduced by folic acid and folinic acid. For
the effect of antiepileptics, including phenobarbital, on vitamin D
concentrations, see Effects on Bone under Adverse Effects of
Phenytoin, p.496.
1. Hansson O, Sillanpaa M. Pyridoxine and serum concentration of

phenytoin and phenobarbitone. Lancet 1976; i: 256.

Pharmacokinetics
Like other barbiturates phenobarbital is readily ab-
sorbed from the gastrointestinal tract, although it is rel-
atively lipid-insoluble; peak concentrations are
reached in about 2 hours after oral doses and within 4
hours of intramuscular doses. 
Phenobarbital is about 45 to 60% bound to plasma pro-
teins and is only partly metabolised in the liver. About
25% of a dose is excreted in the urine unchanged at
normal urinary pH. The plasma half-life is about 75 to
120 hours in adults but is greatly prolonged in neo-
nates, and shorter (about 21 to 75 hours) in children.
There is considerable interindividual variation in phe-
nobarbital kinetics. 
Monitoring of plasma concentrations has been
performed as an aid in assessing control and the thera-
peutic range of plasma-phenobarbital has been
quoted as 15 to 40 micrograms/mL or around 60 to
180 micromoles/litre. 
Phenobarbital crosses the placental barrier and is dis-
tributed into breast milk. 
The pharmacokinetics of phenobarbital are affected if
given with other antiepileptics (see under Interactions,
above).

Uses and Administration
Phenobarbital is a barbiturate that may be used as an
antiepileptic to control partial and generalised tonic-
clonic seizures. It is also used as part of the emergency
management of acute seizures including status epilep-
ticus. 
The dose should be adjusted to the needs of the individ-
ual patient to achieve adequate control of seizures;
this usually requires plasma concentrations of
15 to  40 micrograms/mL or  around 60 to
180 micromoles/litre. In the UK, the usual oral dose is
60 to 180 mg daily, taken at night. In the USA, total
daily doses of up to 300 mg have been given. 
Phenobarbital sodium may be given parenterally as
part of the emergency management of acute seizures
including status epilepticus. Doses of 200 mg have
been given by intramuscular injection, repeated after 6
hours if necessary. Doubts have been expressed about
the efficacy of the intramuscular route owing to the de-
lay in achieving adequate blood concentrations, and
the subcutaneous route may cause tissue necrosis. In
the UK, for the control of status epilepticus, doses of
10 mg/kg to a maximum of 1 g may be given intrave-
nously. The BNF recommends that an intravenous in-
jection solution containing 200 mg/mL should be di-
luted 1 in 10 and given at a rate not exceeding
100 mg/minute. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of phenobar-
bital therapy or transition to or from another type of
antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. For a discussion on whether or not to withdraw
antiepileptic therapy in seizure-free patients, see p.465. 

Phenobarbital has also been used as a hypnotic and
sedative but drugs such as the benzodiazepines are pre-
ferred. 
Phenobarbital stimulates the enzymes in hepatic mi-
crosomes responsible for the metabolism of some
drugs and normal body constituents including bili-
rubin, and for this reason it has been used to reduce hy-
perbilirubinaemia in neonatal jaundice. 
Phenobarbital magnesium and phenobarbital diethyl-
amine have also been used. 
Tetrabamate is a complex of phenobarbital, difebar-
bamate, and febarbamate but its use has been associat-
ed with the development of hepatitis.
Administration in children. Phenobarbital may be used in
children as an antiepileptic to control partial and generalised ton-
ic-clonic seizures. It is also used as part of the emergency man-
agement of status epilepticus. The doses given below for all in-
dications are those recommended by the BNFC in the UK. 
For treatment of epilepsy, the following doses are given orally,
unless stated otherwise, according to age: 
• neonates: an initial dose of 20 mg/kg by slow intravenous in-

jection, then 2.5 to 5 mg/kg once daily by slow intravenous
injection or orally, adjusted according to response 

• 1 month to 12 years: an initial dose of 1 to 1.5 mg/kg twice
daily, increased by 2 mg/kg daily if necessary to a usual main-
tenance dose of 2.5 to 4 mg/kg once or twice daily 

• 12 to 18 years: 60 to 180 mg daily 
For status epilepticus, an intravenous injection solution contain-
ing 200 mg/mL should be diluted 1 in 10 and given by intrave-
nous injection over 20 minutes, at a rate not exceeding 1 mg/kg
per minute, in the following doses according to age: 
• neonate to 12 years: an initial dose of 20 mg/kg, followed by

2.5 to 5 mg/kg once or twice daily 
• 12 to 18 years: an initial dose of 20 mg/kg (to a maximum of

1 g), followed by 300 mg twice daily
Alcohol withdrawal syndrome. Phenobarbital is used in
some centres for the management of alcohol withdrawal syn-
drome (p.1626), but has a lower safety profile than benzodi-
azepines (the treatment of choice) and creates the potential for
multiple drug interactions. Additionally, a lack of well-defined
studies make its role difficult to assess.1
1. Rodgers JE, Crouch MA. Phenobarbital for alcohol withdrawal

syndrome. Am J Health-Syst Pharm 1999; 56: 175–8.

Cerebral malaria. Phenobarbital has been used to prevent
convulsions in patients with cerebral malaria (p.594) but a sys-
tematic review1 concluded that, although it was an effective an-
ticonvulsant, it should not be given routinely to patients with cer-
ebral malaria as it might increase mortality. The optimal dose,
particularly in children, has yet to be confirmed. In an early
study2 a single intramuscular injection of phenobarbital sodium
3.5 mg/kg, or 200 mg in patients over 60 kg was effective. A
dose of 10 to 15 mg/kg was later suggested.3 Although a single
intramuscular dose of phenobarbital 20 mg/kg markedly reduced
seizure frequency in young children with cerebral malaria, it was
also associated with a doubling of mortality.4 The frequency of
respiratory arrest was higher in the phenobarbital group than in
controls given placebo, and mortality was greatly increased in
those given phenobarbital who required 3 or more doses of di-
azepam. Intravenous use has also been tried, and a study5 sug-
gested giving a loading dose of phenobarbital 15 mg/kg by intra-
venous infusion followed by 2.5 mg/kg 24 and 48 hours later.
WHO recommends6 that a dose of 20 mg/kg should not be given
without respiratory support but states that it is unknown whether
ventilation would prevent the increase in mortality; it is also
unknown whether lower doses are effective and safer.
1. Meremikwu M, Marson AG. Routine anticonvulsants for treating

cerebral malaria. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 2. Chichester: John Wiley; 2002 (ac-
cessed 09/06/08). 

2. White NJ, et al. Single dose phenobarbitone prevents convul-
sions in cerebral malaria. Lancet 1988; ii: 64–6. 

3. Gilles HM. Management of severe and complicated malaria. Ge-
neva: WHO, 1991. 

4. Crawley J, et al. Effect of phenobarbitone on seizure frequency
and mortality in childhood cerebral malaria: a randomized, con-
trolled intervention study. Lancet 2000; 355: 701–6. 

5. Kokwaro GO, et al. Pharmacokinetics and clinical effect of phe-
nobarbital in children with severe falciparum malaria and con-
vulsions. Br J Clin Pharmacol 2003; 56: 453–7. 

6. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 09/06/08)

Epilepsy. Phenobarbital is used in the treatment of epilepsy
(p.465) for partial seizures with or without secondary generalisa-
tion and for primary generalised tonic-clonic seizures. It may
also be tried for atypical absence, atonic, and tonic seizures but is
not effective in absence seizures. However, the usefulness of
phenobarbital is limited by problems of sedation in adults and
paradoxical excitement in children. There is also concern about
its effects on behaviour and cognition in children. Phenobarbital
is therefore usually reserved for use in cases unresponsive to oth-
er antiepileptics, although some have suggested that its low cost

and broad efficacy make it a suitable first-line drug in developing
countries. 
References.
1. Pal DK, et al. Randomised controlled trial to assess acceptability

of phenobarbital for childhood epilepsy in rural India. Lancet
1998; 351: 19–23. 

2. Kwan P, Brodie MJ. Phenobarbital for the treatment of epilepsy
in the 21st century: a critical review. Epilepsia 2004; 45: 1141–9. 

3. Wilmshurst JM, van Toorn R. Use of phenobarbitone for treating
childhood epilepsy in resource-poor countries. S Afr Med J 2005;
95: 392, 394, 396. 

4. Wang WZ, et al. Efficacy assessment of phenobarbital in epilep-
sy: a large community-based intervention trial in rural China.
Lancet Neurol 2006; 5: 46–52.

Febrile convulsions. Phenobarbital has been used prophylacti-
cally in children thought to be at risk of recurrence of febrile con-
vulsions (p.470), but routine use of antiepileptics is no longer
recommended. 
References.
1. Newton RW. Randomised controlled trials of phenobarbitone

and valproate in febrile convulsions. Arch Dis Child 1988; 63:
1189–91. 

2. Farwell JR, et al. Phenobarbital for febrile seizures: effects on
intelligence and on seizure recurrence. N Engl J Med 1990; 322:
364–9. Correction. ibid. 1992; 326: 144.

Neonatal abstinence syndrome. For reference to the use of
phenobarbital for the treatment of neonates with opioid absti-
nence syndrome, see p.102.
Neonatal intraventricular haemorrhage. Phenobarbital is
one of several drugs that has been tried to prevent the develop-
ment of neonatal intraventricular haemorrhage (p.1050). Initial
studies1-3 of antenatal use in the mother were promising, but a
larger randomised study4 in 610 women failed to show any effect
of antenatal phenobarbital on incidence or severity of intraven-
tricular haemorrhage. An assessment of surviving infants that
could be traced at about 20 months of age also found that antena-
tal phenobarbital had no apparent effect on neurodevelopmental
outcome.5 A systematic review6 of these and other studies con-
cluded that giving phenobarbital before preterm birth cannot be
recommended for routine clinical practice; strategies for future
studies were suggested to improve methodology. Studies of use
in neonates have also shown inconsistent results. A systematic
review7 of studies of phenobarbital for prophylaxis of intraven-
tricular haemorrhage in preterm neonates concluded that postna-
tal use cannot be recommended either, and is associated with an
increased need for mechanical ventilation.
1. Kaempf JW, et al. Antenatal phenobarbital for the prevention of

periventricular and intraventricular hemorrhage: a double-blind,
randomized, placebo-controlled, multihospital trial. J Pediatr
1990; 117: 933–8. 

2. Barnes ER, Thompson DF. Antenatal phenobarbital to prevent or
minimize intraventricular hemorrhage in the low-birthweight ne-
onate. Ann Pharmacother 1993; 27: 49–52. 

3. Thorp JA, et al. Antepartum vitamin K and phenobarbital for
preventing intraventricular hemorrhage in the premature new-
born: a randomized, double-blind, placebo-controlled trial. Ob-
stet Gynecol 1994; 83: 70–6. 

4. Shankaran S, et al. The effect of antenatal phenobarbital therapy
on neonatal intracranial hemorrhage in preterm infants. N Engl J
Med 1997; 337: 466–71. 

5. Shankaran S, et al. Neurodevelopmental outcome of premature
infants after antenatal phenobarbital exposure. Am J Obstet
Gynecol 2002; 187: 171–7. 

6. Crowther CA, Henderson-Smart DJ. Phenobarbital prior to pre-
term birth for preventing neonatal periventricular haemorrhage.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2003 (accessed 09/06/08). 

7. Whitelaw A, Odd D. Postnatal phenobarbital for the prevention
of intraventricular hemorrhage in preterm infants. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2007 (accessed 09/06/08).

Neonatal seizures. Some consider phenobarbital to be the
mainstay of treatment for all types of neonatal seizures (p.471).
In a study1 in 120 neonates with clinical seizure activity of vary-
ing aetiology, 48 were controlled by an initial intravenous load-
ing dose of phenobarbital 15 to 20 mg/kg over 10 to 15 minutes,
and a further 37 were controlled by sequential bolus doses of
phenobarbital 5 to 10 mg/kg every 20 to 30 minutes up to a se-
rum concentration of 40 micrograms/mL. Of the remaining 35
neonates only 7 responded when the serum-phenobarbital con-
centration was increased to 100 micrograms/mL, 13 required ad-
dition of a second antiepileptic (phenytoin or lorazepam) and 4
were controlled by addition of a third drug. Phenobarbital alone
can effectively control seizures in the majority of neonates with
recurrent seizure activity. 
Phenobarbital given prophylactically as a single dose of about
40 mg/kg intravenously over one hour has also been shown to be
effective in reducing the incidence of seizures in 15 infants with
severe perinatal asphyxia compared with a control group who
only received phenobarbital if there was clinical evidence of sei-
zures.2 Subsequent follow-up over 3 years suggested that pro-
phylactic phenobarbital might also improve later neurological
outcome.2 However, a later retrospective cohort study3 found no
significant difference in the rate of seizure recurrence and devel-
opmental outcome between infants who were discharged with
prophylactic phenobarbital (33 patients) and those who were dis-
charged without any antiepileptics (99).
1. Gilman JT, et al. Rapid sequential phenobarbital treatment of ne-

onatal seizures. Pediatrics 1989; 83: 674–8. 
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2. Hall RT, et al. High-dose phenobarbital therapy in term newborn
infants with severe perinatal asphyxia: a randomized, prospec-
tive study with three-year follow-up. J Pediatr 1998; 132:
345–8. 

3. Guillet R, Kwon J. Seizure recurrence and developmental disa-
bilities after neonatal seizures: outcomes are unrelated to use of
phenobarbital prophylaxis. J Child Neurol 2007; 22: 389–95.

Status epilepticus. Phenobarbital given intravenously is an al-
ternative to intravenous phenytoin in the management of status
epilepticus (p.469). It should not be used in patients who have
recently received oral phenobarbital or primidone. 
Although one study1 suggested that phenobarbital might be at
least as effective, safe, and practical as diazepam with phenytoin
for the initial treatment of convulsive status epilepticus, it tends
to be reserved for patients who do not respond to benzodi-
azepines or phenytoin.
1. Shaner DM, et al. Treatment of status epilepticus: a prospective

comparison of diazepam and phenytoin versus phenobarbital and
optional phenytoin. Neurology 1988; 38: 202–7.

Preparations
BP 2008: Paediatric Phenobarbital Oral Solution; Phenobarbital Elixir ; Phe-
nobarbital Injection; Phenobarbital Sodium Tablets; Phenobarbital Tablets; 
USP 31: Phenobarbital Elixir; Phenobarbital Sodium for Injection; Pheno-
barbital Sodium Injection; Phenobarbital Tablets; Theophylline, Ephedrine
Hydrochloride, and Phenobarbital Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alepsal; Gardenal; Luminal; Luminaletas; Neurogabaf; Belg.: Garde-
nal; Braz.: Barbitron; Carbital; Edhanol; Fenocris; Garbital; Gardenal; Unife-
nobarb; Cz.: Gardenal†; Luminal; Phenaemal; Phenaemaletten; Denm.:
Fenemal; Fr.: Aparoxal; Gardenal; Kaneuron; Ger.: Luminal; Luminaletten;
Gr.: Gardenal; Kaneuron; Lumidrops†; Hung.: Sevenal; Sevenaletta; India:
Gardenal; Luminal; Luminalettes†; Phenetone; Indon.: Sibital; Israel: Lumi-
nal†; Ital.: Comizial†; Gardenale; Luminale; Luminalette; Neurobiol†; Mex.:
Alepsal; Fenabbott; Sevenal†; Norw.: Fenemal; NZ: Gardenal†; Philipp.:
Luminal; Pol.: Luminalum; Port.: Bialminal; Luminal; Luminaletas; S.Afr.:
Gardenal†; Lethyl; Spain: Gardenal; Gratusminal; Luminal; Luminaletas;
Swed.: Fenemal; Switz.: Aphenylbarbit; Luminal; Thai.: Gardenal; Meno-
barb; Phenobarb†; Phenotal; Turk.: Luminal; Luminaletten; UK: Gardenal†;
USA: Luminal; Venez.: Gardenal.

Multi-ingredient: Arg.: Cumatil L; Lotoquis; Trixol†; Belg.: Epipropane;
Vethoine; Braz.: Espasmalgon†; Gamibetal Complex†; Vagostesyl; Canad.:
Bellergal; Chile: Abalgin; Baldmin; Bellergal Retardado†; Belupan†; Bufacyl;
Dispasmol†; Ergobelan; Immediat†; Sinpasmon; Valpin; Cz.: Alnagon; Bel-
laspon†; Contraspan†; Sanepil; Spasmoveralgin Neo†; Fr.: Alepsal; Gr.:
Diphenal; Hung.: Atrium†; Germicid-C; Meristin; Radipon; Troparinum; In-
dia: Alergin; Asmapax; Asthmino†; Broncofol†; Cadiphylate; Dilantin with
Phenobarbital; Epilan; Garoin; Indon.: Bellapheen; Ditalin; Piptal; Israel: Pa-
cetal; Philinal; Philinet; Ital.: Gamibetal Complex; Metinal-Idantoina L; Jpn:
Trancolon P†; Mex.: Alepsal Compuesto; Gamibetal Complex; Paliatil;
Pol.: Bellergot; Milocardin; Port.: Anti-Asmatico; Cosmaxil†; Hidantina
Composta†; Prelus†; Rus.: Pentalgin-N (Пенталгин-Н); Sedal-M (Седал-
М); Sedalgin-Neo (Седальгин-Нео); S.Afr.: Adco-Phenobarbitone Vitalet;
Analgen-SA†; Donnatal; Millerspas; Natrophylline Compound; Propain
Forte; Spain: Epilantin†; Equidan†; Redutona; Thai.: Bellergal†; Benera;
Donnatal†; Neuramizone; Turk.: Bellergal; Para-Nox; Pedimat; UAE: Ali-
nal†; USA: Alkabel; Antispasmodic Elixir ; Barbidonna†; Bel-Phen-Ergot S;
Bellacane; Bellamine; Bellatal; Bellergal-S; Donnatal; Folergot-DF; Hy-
osophen; Lufyllin-EPG†; Phenerbel-S; Quadrinal; Susano; Tedrigen; Theod-
rine; Venez.: Ervostal; Fedratal†; Fenopol†; Frevag†; Metilfedrin†; Teofed-
ril†; Traveget; Tropifen†.

Phensuximide (BAN, rINN)

Fensuksimidi; Fensuximid; Fensuximida; Phensuximidum. N-Me-
thyl-2-phenylsuccinimide.

Фенсуксимид
C11H11NO2 = 189.2.
CAS — 86-34-0.
ATC — N03AD02.
ATC Vet — QN03AD02.

Pharmacopoeias. In US. 
USP 31 (Phensuximide). A white to off-white crystalline pow-
der. Is odourless or has not more than a slight odour. Slightly sol-
uble in water; soluble in alcohol; very soluble in chloroform.
Store in airtight containers.

Profile
Phensuximide is a succinimide antiepileptic with actions similar
to those of ethosuximide (p.479), but it is reported to be less ef-
fective.

Porphyria. Phensuximide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Preparations
USP 31: Phensuximide Capsules.

Phenytoin (BAN, USAN, rINN)

Difenilhidantoína; Diphenylhydantoin; Fanantina; Fenantoína;
Fenitoin; Fenitoína; Fenitoinas; Fenytoiini; Fenytoin; Fenytoina;
Phenantoinum; Phénytoïne; Phenytoinum. 5,5-Diphenylhydanto-
in; 5,5-Diphenylimidazolidine-2,4-dione.
Фенитоин
C15H12N2O2 = 252.3.
CAS — 57-41-0.
ATC — N03AB02.
ATC Vet — QN03AB02.

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet. 
Ph. Eur. 6.2 (Phenytoin). A white or almost white, crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol; very slightly soluble in dichloromethane. It dissolves in di-
lute solutions of alkali hydroxides. 
USP 31 (Phenytoin). A white, odourless powder. Practically
insoluble in water; soluble in hot alcohol; slightly soluble in cold
alcohol, in chloroform, and in ether. Store in airtight containers.

Phenytoin Sodium (BANM, rINNM)

Diphenin; Fenitoin Sodyum; Fenitoína sódica; Fenitoin-nátrium;
Fenitoino natrio druska; Fenytoiininatrium; Fenytoin sodná sůl;
Fenytoina sodowa; Fenytoinnatrium; Natrii Phenytoinum; Phény-
toïne sodique; Phenytoinum natricum; Soluble Phenytoin.
Натрий Фенитоин
C15H11N2NaO2 = 274.2.
CAS — 630-93-3.
ATC — N03AB02.
ATC Vet — QN03AB02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Phenytoin Sodium). A white or almost white,
slightly hygroscopic, crystalline powder. Soluble in water and in
alcohol; practically insoluble in dichloromethane. Store in air-
tight containers. 
USP 31 (Phenytoin Sodium). A white, odourless powder. Is
somewhat hygroscopic and on exposure to air gradually absorbs
carbon dioxide. Freely soluble in water, the solution usually be-
ing somewhat turbid due to partial hydrolysis and absorption of
carbon dioxide; soluble in alcohol; practically insoluble in chlo-
roform and in ether. Store in airtight containers.
Incompatibility. Phenytoin sodium only remains in solution
when the pH is considerably alkaline (about 10 to 12) and there
have been reports of loss of clarity or precipitation of phenytoin
crystals when solutions of phenytoin sodium for injection have
been mixed with other drugs1-6 or added to intravenous infusion
fluids,7-10 while binding has been reported after addition to
enteral nutrition solutions.11 A phenytoin precipitate has blocked
implanted central venous access devices after the inadvertent ad-
mixture of phenytoin sodium with glucose 5% or glucose in so-
dium chloride (pH 4);12,13 the blockage can be successfully
cleared by the local instillation of sodium bicarbonate 8.4% to
increase the pH of the medium.
1. Misgen R. Compatibilities and incompatibilities of some intra-

venous solution admixtures. Am J Hosp Pharm 1965; 22: 92–4. 
2. Patel JA, Phillips GL. A guide to physical compatibility of in-

travenous drug admixtures. Am J Hosp Pharm 1966; 23:
409–11. 

3. Klamerus KJ, et al. Stability of nitroglycerin in intravenous ad-
mixtures. Am J Hosp Pharm 1984; 41: 303–5. 

4. Hasegawa GR, Eder JF. Visual compatibility of dobutamine hy-
drochloride with other injectable drugs. Am J Hosp Pharm
1984; 41: 949–51. 

5. Gayed AA, et al. Visual compatibility of diltiazem injection
with various diluents and medications during simulated Y-site
injection. Am J Health-Syst Pharm 1995; 52: 516–20. 

6. Trissel LA, et al. Compatibility of propofol injectable emulsion
with selected drugs during simulated Y-site administration. Am
J Health-Syst Pharm 1997; 54: 1287–92. 

7. Bauman JL, et al. Phenytoin crystallization in intravenous flu-
ids. Drug Intell Clin Pharm 1977; 11: 646–9. 

8. Bauman JL, Siepler JK. Intravenous phenytoin (concluded). N
Engl J Med 1977; 296: 111. 

9. Cloyd JC, et al. Concentration-time profile of phenytoin after
admixture with small volumes of intravenous fluids. Am J Hosp
Pharm 1978; 35: 45–8. 

10. Giacona N, et al. Crystallization of three phenytoin preparations
in intravenous solutions. Am J Hosp Pharm 1982; 39: 630–4. 

11. Miller SW, Strom JG. Stability of phenytoin in three enteral nu-
trient formulas. Am J Hosp Pharm 1988; 45: 2529–32. 

12. Akinwande KI, Keehn DM. Dissolution of phenytoin precipi-
tate with sodium bicarbonate in an occluded central various ac-
cess device. Ann Pharmacother 1995; 29: 707–9. 

13. Tse CST, Abdullah R. Dissolving phenytoin precipitate in cen-
tral venous access device. Ann Intern Med 1998; 128: 1049.

Adverse Effects
Adverse effects are fairly frequent in patients receiving
phenytoin, but some remit with dose reduction or con-
tinued use. Often reported are CNS-related effects
(such as headache, dizziness, tremor, transient nerv-
ousness, and insomnia), and gastrointestinal distur-
bances including nausea, vomiting, and constipation.
Tenderness and hyperplasia of the gums often occur,
particularly in younger patients. Acne, hirsutism, and
coarsening of the facial features may be associated
with phenytoin therapy, and may be particularly unde-
sirable in adolescents and women. 
Phenytoin toxicity may be manifested as a syndrome
of cerebellar, vestibular, and ocular effects, notably
nystagmus, diplopia, slurred speech, and ataxia.
Mental confusion, sometimes severe, may occur, and
dyskinesias and exacerbations of seizure frequency
have been noted. Hyperglycaemia has been associated
with toxic concentrations. 
Overdosage may result in hypotension, coma, and res-
piratory depression. Hypotension and CNS depression
may also follow intravenous dosage, if too rapid, as
may cardiac arrhythmias and impaired cardiac conduc-
tion. Solutions for injection are very alkaline and may
result in irritation at the injection site or phlebitis. A
syndrome of distal limb oedema, discoloration, and
pain (‘purple glove syndrome’) has been reported oc-
casionally. 
Prolonged therapy may produce subtle effects on
mental function and cognition, especially in children.
In addition there is some evidence that phenytoin inter-
feres with vitamin D and folate metabolism. Rickets
and osteomalacia have occurred in a few patients not
exposed to adequate sunlight, although the causal role
of phenytoin is debatable. A proportion of patients de-
velop peripheral neuropathies, usually mild, and occa-
sional cases of megaloblastic anaemia have been seen. 
Mild hypersensitivity reactions are common, with skin
rashes, often morbilliform, sometimes accompanied
by fever. Bullous, exfoliative, or purpuric rashes may
be symptoms of rare but severe reactions such as lupus
erythematosus, erythema multiforme, Stevens-John-
son syndrome, or toxic epidermal necrolysis. Eosin-
ophilia, lymphadenopathy, hepatitis, polyarteritis
nodosa, and blood disorders such as aplastic anaemia,
leucopenia, thrombocytopenia, and agranulocytosis,
have occurred rarely; some of these conditions may
also represent hypersensitivity reactions. 
Hypoprothrombinaemia of the newborn after use of
phenytoin during pregnancy has been reported. Con-
genital malformations have been seen in the offspring
of mothers receiving phenytoin during pregnancy (see
under Precautions, below).
Effects on the blood. AGRANULOCYTOSIS. Fatal agranulocy-
tosis has been reported1 in a patient 17 years after starting
therapy with phenytoin and primidone. In the report it was
stated that since 1963 the UK CSM had received reports of 3
previous cases of fatal agranulocytosis associated with
phenytoin and none associated with primidone. The most
likely cause was considered to be a direct toxic effect of
phenytoin although other possible mechanisms included the
ability of both drugs to produce folate deficiency. For a dis-
cussion of the effect of antiepileptics on serum folate, see be-
low.
1. Laurenson IF, et al. Delayed fatal agranulocytosis in an epileptic

taking primidone and phenytoin. Lancet 1994, 344: 332–3.

FOLIC ACID DEFICIENCY. Antiepileptic therapy has long been
associated with folate deficiency: early studies suggested that
more than half of all patients on long-term therapy with drugs
such as phenytoin, phenobarbital, and primidone had subnor-
mal serum-folate concentrations.1,2 Megaloblastic haemat-
opoiesis is often present,3 but clinical megaloblastic anaemia
appears to be rare. 
The relative importance of individual antiepileptics in causing
folate deficiency and macrocytosis has been difficult to establish,
because of the tendency to use combination regimens; with
greater emphasis on single drug therapy there is evidence that
monotherapy may produce less significant changes.4,5 Despite
suggestions that carbamazepine has relatively little effect on folic
acid concentrations, its effects have been found to be comparable
with those of phenytoin;5 however, valproate had little or no ef-
fect on red cell folate concentrations. 
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The mechanism by which phenytoin and similar antiepileptics
reduce serum folate is uncertain; there is good evidence for a re-
duction in absorption of glutamate both in vitro6 and in vivo,7 but
the drugs associated with subnormal serum folate are all enzyme
inducers and it has been suggested that enzyme induction and
enhanced folate metabolism may also play a role.2,5,8 Adverse
blood changes also result from hypersensitivity (see below).
1. Horwitz SJ, et al. Relation of abnormal folate metabolism to

neuropathy developing during anticonvulsant drug therapy. Lan-
cet 1968; i: 563–5. 

2. Maxwell JD, et al. Folate deficiency after anticonvulsant drugs:
an effect of hepatic enzyme induction? BMJ 1972; 1: 297–9. 

3. Wickramasinghe SN, et al. Megaloblastic erythropoiesis and
macrocytosis in patients on anticonvulsants. BMJ 1975; 4:
136–7. 

4. Dellaportas DI, et al. Chronic toxicity in epileptic patients re-
ceiving single-drug treatment. BMJ 1982; 285: 409–10. 

5. Goggin T, et al. A comparative study of the relative effects of
anticonvulsant drugs and dietary folate on the red cell folate sta-
tus of patients with epilepsy. Q J Med 1987; NS65 (247): 911–9. 

6. Hoffbrand AV, Necheles TF. Mechanism of folate deficiency in
patients receiving phenytoin. Lancet 1968; ii: 528–30. 

7. Rosenberg IH, et al. Impairment of intestinal deconjugation of
dietary folate. Lancet 1968; ii: 530–2. 

8. Kishi T, et al. Mechanism for reduction of serum folate by antie-
pileptic drugs during prolonged therapy. J Neurol Sci 1997; 145:
109–12.

Effects on bone. The effects of phenytoin and other antiepilep-
tics on the skeletal system are a matter of some debate. There are
numerous reports indicating effects on bone and on calcium and
vitamin D metabolism. Therapy with carbamazepine, phenobar-
bital, or phenytoin has been associated with reduction in serum-
calcium concentration to hypocalcaemic values, significant re-
duction in 25-hydroxycholecalciferol concentrations, and elevat-
ed alkaline phosphatase.1 In this study, involving 226 outpatients
with epilepsy, the association was not seen with valproate. The
effects were significantly greater in the group of patients receiv-
ing polytherapy, and there was limited evidence that these bio-
chemical changes were exacerbated by reduced exposure to sun-
light. In contrast, measurements of bone mineral density (BMD)
found that children treated for epilepsy have reduced BMD dur-
ing the first 1 to 5 years of therapy and that this progressively
deteriorates thereafter.2 Studies3-5 of children receiving antiepi-
leptic monotherapy revealed a reduction in density in those tak-
ing valproate; no reduction was found with carbamazepine.3,4

The authors of one study5 concluded that longer duration of ther-
apy and higher doses resulted in lower BMD, and that this effect
appeared to be more prominent in children under 5 years of age.
A study6 in 54 male patients followed for 12 to 29 months re-
vealed that treatment with antiepileptics was associated with
bone loss at the hip in the absence of vitamin D deficiency. There
was no evidence that any particular drug produced more bone
loss than another. Risk factors appear to include treatment dura-
tion of more than 2 years, age of over 40 years, and use of en-
zyme-inducing antiepileptics; the greatest rate of bone loss oc-
curred in those with a combination of risk factors.7 In a large
cohort study8 of women aged 65 years and older, continuous use
of antiepileptics, particularly phenytoin, almost doubled the rate
of bone loss. 
A review9 stated that there have been no significant reports of
altered bone metabolism associated with the newer antiepileptics
(gabapentin, lamotrigine, topiramate, and vigabatrin). Howev-
er, short stature, low BMD, and reduced bone formation have
been reported with long-term lamotrigine treatment, particularly
when used with valproate;10 further study is needed. Oxcar-
bazepine was found to have11 similar effects on bone and vitamin
D metabolism to carbamazepine; both drugs were associated
with a reduction in 25-hydroxycholecalciferol serum concentra-
tions and an increased bone turnover. 
A more recent literature review12 considered that most studies to
date have been limited by factors such as small sample size, pos-
sible selection bias, lack of appropriate controls, and not adjust-
ing for potential confounders. Nevertheless, long-term antiepi-
leptic therapy was found to have an adverse effect on BMD and
to increase fracture risk in some patients; there was little informa-
tion regarding the relative risk with different types of antiepilep-
tics. The authors suggested monitoring indices of bone health,
optimising lifestyle factors, maintaining vitamin D and calcium
status, and preventing falls in patients on long-term therapy. 
Despite these alterations in bone metabolism reports of clinical
osteomalacia associated with antiepileptics are rare.13 A study in
20 epileptic outpatients who had received antiepileptic therapy
for a mean of 14 ⁄  years failed to show any clinical evidence of
osteomalacia although there was some evidence of altered calci-
um metabolism.14 Similarly osteomalacia was seen in only 1 of
19 elderly inpatients in another study,15 a rate similar to that pre-
viously seen in elderly patients with acute illness not receiving
antiepileptic therapy.
1. Gough H, et al. A comparative study of the relative influence of

different anticonvulsant drugs, UV exposure and diet on vitamin
D and calcium metabolism in out-patients with epilepsy. Q J
Med 1986; NS59 (230): 569–77. 

2. Sheth RD, et al. Progressive bone deficit in epilepsy. Neurology
2008; 70: 170–6. 

3. Sheth RD, et al. Effect of carbamazepine and valproate on bone
mineral density. J Pediatr 1995; 127: 256–62. 

4. Kafalı G, et al. Effect of antiepileptic drugs on bone mineral
density in children between ages 6 and 12 years. Clin Pediatr
(Phila) 1999; 38: 93–8. 

5. Öner N, et al. Bone mineral metabolism changes in epileptic
children receiving valproic acid. J Paediatr Child Health 2004;
40: 470–3. 

6. Andress DL, et al. Antiepileptic drug-induced bone loss in
young male patients who have seizures. Arch Neurol 2002; 59:
781–6. 

7. Petty SJ, et al. Effect of antiepileptic medication on bone min-
eral measures. Neurology 2005; 65: 1358–63. 

8. Ensrud KE, et al. Antiepileptic drug use increases rates of bone
loss in older women: a prospective study. Neurology 2004; 62:
2051–7. 

9. Pack AM, Morrell MJ. Adverse effects of antiepileptic drugs on
bone structure: epidemiology, mechanisms and therapeutic indi-
cations. CNS Drugs 2001; 15: 633–42. 

10. Guo C-Y, et al. Long-term valproate and lamotrigine treatment
may be a marker for reduced growth and bone mass in children
with epilepsy. Epilepsia 2001; 42: 1141–7. 

11. Mintzer S, et al. Vitamin D levels and bone turnover in epilepsy
patients taking carbamazepine or oxcarbazepine. Epilepsia
2006; 47: 510–15. 

12. Petty SJ, et al. Anti-epileptic medication and bone health. Oste-
oporos Int 2007; 18: 129–42. 

13. Beghi E, et al. Adverse effects of anticonvulsant drugs: a critical
review. Adverse Drug React Acute Poisoning Rev 1986; 2:
63–86. 

14. Fogelman I, et al. Do anticonvulsant drugs commonly induce
osteomalacia? Scott Med J 1982; 27: 136–42. 

15. Harrington MG, Hodkinson HM. Anticonvulsant drugs and
bone disease in the elderly. J R Soc Med 1987; 80: 425–7.

Effects on the endocrine system and metabolism. Al-
though it may be difficult to separate from the effects of the dis-
ease itself, there is some evidence that antiepileptics can dimin-
ish sexual potency and fertility in male epileptics. Phenytoin is
excreted in human semen in small quantities and might affect
sperm morphology and motility. Reduced plasma concentrations
of free testosterone have been detected in male epileptic patients
receiving one or more of the following: carbamazepine, pheny-
toin, primidone, and sodium valproate.1 There is, however, some
evidence2 that some of the changes in sex hormone concentra-
tions induced by antiepileptics in men and women are reversible.
A higher frequency of sperm abnormalities has been found3 in
men given carbamazepine, oxcarbazepine, or valproate mono-
therapy when compared with healthy controls; those on val-
proate also had reduced testicular volume. Women may also
have altered reproductive function and impaired fertility associ-
ated with antiepileptic therapy, particularly with the enzyme-
inducing antiepileptics and valproate.4 
Gynaecomastia has been reported5 in 5 men receiving long-term
antiepileptic treatment; one also complained of impotence but li-
bido was stated to be normal in all 5. Phenytoin was a component
of therapy in all patients and was the sole drug used in one. 
Phenytoin may cause reversible hyperglycaemia at toxic doses
but it does not appear to produce long-term effects on glucose
tolerance when used in therapeutic doses.6 Paradoxically, pheny-
toin has also been reported to improve insulin resistance in some
patients. There has been a case report7 of severe hypoglycaemia
in a patient who was given intravenous phenytoin for the treat-
ment of status epilepticus; symptoms resolved when glucose 5%
was infused and no further episodes of hypoglycaemia occurred
after phenytoin infusion was stopped. 
Phenytoin may reduce serum concentrations of thyroid hor-
mones through enzyme induction—see under Interactions of
Levothyroxine, p.2172.
1. Dana-Haeri J, et al. Reduction of free testosterone by antiepilep-

tic drugs. BMJ 1982; 284: 85–6. 
2. Lossius MI, et al. Reversible effects of antiepileptic drugs on

reproductive endocrine function in men and women with epilep-
sy—a prospective randomized double-blind withdrawal study.
Epilepsia 2007; 48: 1875–82. 

3. Isojärvi JI, et al. Effect of epilepsy and antiepileptic drugs on
male reproductive health. Neurology 2004; 62: 247–53. 

4. Isojärvi J. Disorders of reproduction in patients with epilepsy:
antiepileptic drug related mechanisms. Seizure 2008; 17:
111–19. 

5. Monson JP, Scott DF. Gynaecomastia induced by phenytoin in
men with epilepsy. BMJ 1987; 294: 612. 

6. Hurel SJ, Taylor R. Drugs and glucose tolerance. Adverse Drug
React Bull 1995; 174: 659–62. 

7. Di Gennaro G, et al. Hypoglycaemia induced by phenytoin treat-
ment for partial status epilepticus. J Neurol Neurosurg Psychia-
try 2002; 73: 349–50.

Effects on the liver. There have been occasional reports of liv-
er damage, probably due to hypersensitivity, associated with
phenobarbital and phenytoin; the authors of an early study sug-
gested that such drugs need not be withdrawn if there were mere-
ly transient elevations in transaminase values,1 but care is needed
to distinguish such effects from the early symptoms of the anti-
epileptic hypersensitivity syndrome (see below).
1. Aiges HW, et al. The effects of phenobarbital and diphenylhy-

dantoin on liver function and morphology. J Pediatr 1980; 97:
22–6.

Effects on the lungs. Pulmonary eosinophilia and acute respi-
ratory failure requiring mechanical ventilation have been
reported1 in a patient receiving phenytoin; other pulmonary
symptoms associated with phenytoin were reviewed.
1. Mahatma M, et al. Phenytoin-induced acute respiratory failure

with pulmonary eosinophilia. Am J Med 1989; 87: 93–4.

Effects on mental function. For a review of the effects of
antiepileptic therapy including phenytoin on cognition and mood
(including the risk of suicidal ideation), see p.468.
Effects on the skin. A retrospective analysis involving 1890
outpatients taking antiepileptics found that rates of skin reactions

associated with treatment varied with different drugs, the risk be-
ing greatest with carbamazepine, lamotrigine, and phenytoin,
and lowest with gabapentin, levetiracetam, and valproate.1 Over-
all, the rate of skin reactions in this study was 2.8%, but as also
mentioned in Hypersensitivity, below (where more details on
phenytoin-associated skin reactions are given), there appeared to
be cross-sensitivity; risk in this study was increased to 8.8% in
those who had previously experienced rash with another antiep-
ileptic drug. 
Rare, but severe reactions such as Stevens-Johnson syndrome
and toxic epidermal necrolysis have also occurred. 
For reference to cutaneous manifestations of zinc deficiency,
possibly due to chelation with phenytoin, see under Valproate,
p.509.
1. Arif H, et al. Comparison and predictors of rash associated with

15 antiepileptic drugs. Neurology 2007; 68: 1701–9.

Gingival hyperplasia. Gingival hyperplasia, characterised by
inflammation and a marked fibrotic response, may affect up to
50% of patients receiving phenytoin. It usually becomes appar-
ent within the first few months of therapy and occurs more fre-
quently in children; there is no increase in alveolar bone loss. The
mechanism underlying its development is unknown, although
the main metabolite of phenytoin, 5-(4-hydroxyphenyl)-5-phe-
nylhydantoin, has been implicated.1-3

1. Ball DE, et al. Plasma and saliva concentrations of phenytoin
and 5-(4-hydroxyphenyl)-5-phenylhydantoin (HPPH) in relation
to gingival overgrowth in epileptic patients. Br J Clin Pharmacol
1995; 39: 539P–588P. 

2. Ieiri I, et al. Effect of 5-(p-hydroxyphenyl)-5-phenylhydantoin
(p-HPPH) enantiomers, major metabolites of phenytoin, on the
occurrence of chronic-gingival hyperplasia: in vivo and in vitro
study. Eur J Clin Pharmacol 1995; 49: 51–6. 

3. Zhou LX, et al. Metabolism of phenytoin by the gingiva of nor-
mal humans: the possible role of reactive metabolites of pheny-
toin in the initiation of gingival hyperplasia. Clin Pharmacol
Ther 1996; 60: 191–8.

Hypersensitivity. An antiepileptic hypersensitivity syndrome,
comprising fever, rash, and lymphadenopathy and less common-
ly lymphocytosis, and liver and other organ involvement, has
been associated with some antiepileptic drugs including pheny-
toin.1-3 Clinical manifestations may include interstitial nephritis,
anaemia, interstitial pulmonary infiltrates, thrombocytopenia,
eosinophilia, myopathy, and diffuse intravascular coagulation.1,2

Some have estimated the incidence at 1 in 1000 to 1 in 10 000
new exposures to aromatic antiepileptics,2,3 but the true inci-
dence is unknown due to variations in presentation and reporting.
The syndrome occurs most frequently on first exposure to the
drug, with initial symptoms starting anywhere between 1 and 8
weeks after exposure. The mean interval to onset is 17 to 21 days
with phenytoin. In previously sensitised individuals the reaction
may occur within 1 day of rechallenge. The potential for cross-
reactivity between carbamazepine, phenobarbital, and phenytoin
is approximately 75%, and patients who develop the syndrome,
and their close relatives, should be warned of the risk associated
with use of these antiepileptics.2 An early review1 of the syn-
drome in patients taking phenytoin commented that it occurred
mainly in black male patients and should not be confused with
more common mild general hypersensitivity reactions. More re-
cent evidence does not suggest that ethnic origin predicts differ-
ences in risk.2 
Most cases resolve spontaneously on withdrawal of the drug and
symptomatic management. The use of corticosteroids in the
management of severe cases remains controversial in the ab-
sence of controlled studies of their effectiveness.1,2 
Phenytoin-induced pseudolymphoma mimicking cutaneous
T-cell lymphoma has also been reported.2,4 In most cases, symp-
toms resolve within 7 to 14 days of stopping the drug, and the
condition is not considered premalignant.2 However, in one
report4 the cutaneous eruption and lymphadenopathy persisted
after withdrawal of phenytoin for one year when the patient
eventually became asymptomatic. 
In a prospective study5 of 306 patients given phenytoin there was
an overall incidence of 8.5% of morbilliform rash, but there was
a marked seasonal incidence with most reactions occurring dur-
ing the summer months. The results did not appear to be due to
photosensitivity and might represent seasonal alterations in the
immune system.
1. Flowers FP, et al. Phenytoin hypersensitivity syndrome. J Emerg

Med 1987; 5: 103–8. 
2. Knowles SR, et al. Anticonvulsant hypersensitivity syndrome:

incidence, prevention and management. Drug Safety 1999; 21:
489–501. 

3. Bessmertny O, et al. Antiepileptic hypersensitivity syndrome in
children. Ann Pharmacother 2001; 35: 533–8. 

4. Harris DWS, et al. Phenytoin-induced pseudolymphoma: a re-
port of a case and review of the literature. Br J Dermatol 1992;
127: 403–6. 

5. Leppik IE, et al. Seasonal incidence of phenytoin allergy unre-
lated to plasma levels. Arch Neurol 1985; 42: 120–2.

Peripheral neuropathies. Electrophysiological abnormalities
after prolonged phenytoin treatment are common, but clinically
significant peripheral neuropathy is rare.1 The neuropathy usual-
ly involves sensory nerves and lesions are generally mild and
asymptomatic.2 Much of the reported clinical neuropathy has
been associated with multiple drug therapy of epilepsy and with
exposure to toxic concentrations of phenytoin.1,3 Although an as-
sociation with folate deficiency has been suggested, a study in 52
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patients on long-term antiepileptic therapy failed to find any con-
vincing evidence of a relationship between serum-folate concen-
tration and peripheral neuropathy.4
1. Bruni J. Phenytoin and other hydantoins: adverse effects. In:

Levy RH, et al., eds. Antiepileptic drugs. 5th ed. Philadelphia:
Lippincott Williams & Wilkins, 2002; 605–10. 

2. Argov Z, Mastaglia FL. Drug-induced peripheral neuropathies.
BMJ 1979; 1: 663–6. 

3. Toth C, Kotecha SA. Prolonged and excessive phenytoin therapy
leading to a severe and partially reversible polyneuropathy. J Pe-
ripher Nerv Syst 2004; 9: 198–9. 

4. Horwitz SJ, et al. Relation of abnormal folate metabolism to
neuropathy developing during anticonvulsant drug therapy. Lan-
cet 1968; i: 563–5.

Treatment of Adverse Effects
Treatment of poisoning with phenytoin tends to be sup-
portive. Repeated doses of activated charcoal may be
given orally to adults and children who have ingested
more than 20 mg/kg; the aim is not only to prevent ab-
sorption but also to aid elimination. Gastric lavage may
be considered if a very large amount has been taken
within 1 hour.
◊ Multiple oral doses of activated charcoal may reduce the ab-
sorption of phenytoin1,2 but the degree of clinical benefit is
unclear.3 The value of charcoal haemoperfusion in the manage-
ment of phenytoin overdosage is debatable. A review of haemo-
perfusion included data from 2 patients who ingested phenytoin4

but, although it was suggested that haemoperfusion should con-
tribute significantly to drug removal, results are difficult to eval-
uate in these patients who had also ingested phenobarbital. An
evaluation in a patient who had also taken primidone5 suggested
that, although initial clearance of phenytoin was promising, the
system rapidly became saturated and there was little overall ben-
efit. A review3 of the features and management of phenytoin poi-
soning concluded that supportive care is the mainstay of treat-
ment. Gastric lavage and multiple-dose activated charcoal
should not be used routinely, although they might be considered
for life-threatening ingestion. They were most effective when
used within 1 hour of ingestion; the airway should be secured
first. Extracorporeal methods of elimination (e.g. haemodialysis,
haemoperfusion, peritoneal dialysis, or plasmapheresis) had not
been shown to be of benefit;3 however, some such procedures
may be beneficial in patients with renal failure3 or
hypoalbuminaemia6 in whom free phenytoin concentrations are
raised.
1. Weidle PJ, et al. Multiple-dose activated charcoal as adjunct

therapy after chronic phenytoin intoxication. Clin Pharm 1991;
10: 711–14. 

2. Dolgin JG, et al. Pharmacokinetic simulation of the effect of
multiple-dose activated charcoal in phenytoin poisoning—report
of two pediatric cases. DICP Ann Pharmacother 1991; 25:
646–9. 

3. Craig S. Phenytoin poisoning. Neurocrit Care 2005; 3: 161–70. 
4. Pond S, et al. Pharmacokinetics of haemoperfusion for drug

overdose. Clin Pharmacokinet 1979; 4: 329–54. 
5. Baehler RW, et al. Charcoal hemoperfusion in the therapy for

methsuximide and phenytoin overdose. Arch Intern Med 1980;
140: 1466–8. 

6. De Schoenmakere G, et al. Phenytoin intoxication in critically ill
patients. Am J Kidney Dis 2005; 45: 189–92.

Precautions
Phenytoin is metabolised in the liver and should be giv-
en with care to patients with impaired liver function.
Caution is also advocated in diabetic patients because
of the potential effects of phenytoin on blood sugar. 
Protein binding may be reduced in certain disease
states such as uraemia, and in certain patient popula-
tions such as neonates, pregnant women, and the elder-
ly. Although phenytoin is extensively protein bound
this may be of little clinical significance in itself, pro-
vided that hepatic function is not impaired, because the
concentration of free (pharmacologically active) drug
in the plasma often remains more or less unchanged,
due to distribution, metabolism, and excretion. Thus,
an alteration in protein binding would not necessarily
require a change in dosage of phenytoin to be made al-
though, when plasma concentrations are being moni-
tored, relatively lower total plasma-phenytoin concen-
trations will be found to be effective since there is less
bound (pharmacologically inactive) phenytoin availa-
ble for measurement. 
Intravenous phenytoin must be given slowly and ex-
travasation and intra-arterial injection must be avoided.
Phenytoin should not be given intravenously to pa-
tients with sinus bradycardia, heart block, or Stokes-
Adams syndrome, and should be used with caution in
patients with hypotension, heart failure, or myocardial

infarction; monitoring of blood pressure and the ECG
is recommended during intravenous use. 
Patients or their carers should be told how to recognise
signs of blood or skin toxicity and they should be ad-
vised to seek immediate medical attention if symptoms
such as fever, sore throat, rash, mouth ulcers, bruising,
or bleeding develop. Phenytoin should be stopped, if
necessary under cover of a suitable alternative antiepi-
leptic, if leucopenia which is severe, progressive, or as-
sociated with clinical symptoms develops. It should
also be stopped if a skin rash develops; in the case of
mild rashes phenytoin may be reintroduced cautiously,
but should be stopped immediately and permanently if
the rash recurs. 
Care is required when withdrawing phenytoin thera-
py—see also Uses and Administration, below. 
Phenytoin may interfere with some tests of thyroid
function as it can reduce free and circulating concentra-
tions of levothyroxine, mainly by enhanced conversion
to tri-iodothyronine, and it may also produce lower
than normal values for dexamethasone and metyra-
pone suppression tests.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that phenytoin is usually compatible with breast feeding, al-
though there had been an early case report of methaemoglobi-
naemia in a breast-fed infant. 
For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 09/06/08)

Driving. For comment on antiepileptic drugs and driving, see
p.468.
Infections. A 52-year-old woman previously well-controlled
on phenytoin 400 mg daily suffered phenytoin toxicity after a vi-
ral infection;1 her plasma-phenytoin concentration had increased
from 16 to 51 micrograms/mL. Six weeks later she had recov-
ered and was re-stabilised on phenytoin 400 mg daily.
1. Levine M, Jones MW. Toxic reaction to phenytoin following a

viral infection. Can Med Assoc J 1983; 128: 1270–1.

AIDS. Renal abnormalities or hypoalbuminaemia associated
with AIDS may increase the risk of elevated free phenytoin
concentrations and subsequent toxicity. Altered protein bind-
ing resulted in marked phenytoin toxicity, with lethargy and
seizure-like activity, in an HIV-positive patient with profound
hypoalbuminaemia and moderate renal insufficiency.1 Thera-
peutic drug monitoring in 21 patients with AIDS indicated
that although total serum concentrations of phenytoin were
lower than in a reference population, the fraction of unbound
drug was higher.2 These changes might be attributed to hy-
poalbuminaemia and it was suggested that free rather than to-
tal phenytoin concentrations should be measured in HIV-in-
fected patients with hypoalbuminaemia. 
Phenytoin itself was associated with reversible hypogamma-
globulinaemia in an HIV-positive patient who previously had
borderline hypergammaglobulinaemia.3
1. Toler SM, et al. Severe phenytoin intoxication as a result of al-

tered protein binding in AIDS. DICP Ann Pharmacother 1990;
24: 698–700. 

2. Burger DM, et al. Therapeutic drug monitoring of phenytoin in
patients with the acquired immunodeficiency syndrome. Ther
Drug Monit 1994; 16: 616–20. 

3. Britigan BE. Diphenylhydantoin-induced hypogammaglobuline-
mia in a patient infected with human immunodeficiency virus.
Am J Med 1991; 90: 524–7.

Porphyria. Phenytoin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468. 
There is an increased risk of neural tube defects in infants ex-
posed in utero to antiepileptics including phenytoin, and a variety
of syndromes such as craniofacial and digital abnormalities and,
less commonly, cleft lip and palate have been described. Specific
syndromes such as the ‘fetal hydantoin syndrome’ with pheny-
toin have been linked to individual antiepileptics. However, there
is overlap between the effects seen with different antiepileptics
and these are now often seen as aspects of a single ‘fetal antiepi-
leptic syndrome’. There is also a risk of neonatal bleeding with
phenytoin.

Interactions
There are complex interactions between antiepileptics,
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. 

Since phenytoin is extensively bound to plasma pro-
teins it can be displaced by drugs competing for pro-
tein-binding sites, thus liberating more free (pharmaco-
logically active) phenytoin into the plasma. However,
elevation of free phenytoin is reported to be of little
clinical significance provided hepatic function is not
impaired (see Precautions, above). A potentially more
serious type of interaction may occur because pheny-
toin metabolism is saturable: toxic concentrations of
phenytoin can develop in patients given drugs that in-
hibit phenytoin metabolism even to quite a minor de-
gree. Phenytoin itself is also a potent enzyme inducer,
and induces the metabolism of a number of drugs, in-
cluding some antibacterials, anticoagulants, corticos-
teroids, quinidine, and sex hormones (notably, oral
contraceptives). 
The hypotensive properties of dopamine and the cardi-
ac depressant properties of drugs such as lidocaine may
be dangerously enhanced by intravenous phenytoin.
◊ General references.
1. Nation RL, et al. Pharmacokinetic drug interactions with pheny-

toin. Clin Pharmacokinet 1990; 18: 37–60 and 131–150.

Anaesthetics. A 10-year-old girl with epilepsy who had been
treated with phenytoin 100 mg three times daily for 5 years and
who had lateral nystagmus developed symptoms of phenytoin
intoxication after anaesthesia with halothane.1 The plasma con-
centration of phenytoin 72 hours after anaesthesia was
41 microgram/mL. It was suggested that temporary liver dys-
function was responsible for impaired metabolism of phenytoin.
1. Karlin JM, Kutt H. Acute diphenylhydantoin intoxication fol-

lowing halothane anesthesia. J Pediatr 1970; 76: 941–4.

Analgesics. Aspirin is reported to displace phenytoin from plas-
ma binding1,2 but there is no evidence of any effect on metabo-
lism and effects are unlikely to be clinically significant.3,4 Para-
cetamol is reported to have no significant effect on serum-
phenytoin concentrations.4 (However, enzyme-inducing antiepi-
leptics such as phenytoin affect the threshold for use of antidote
in the treatment of paracetamol poisoning, see p.110.) Altera-
tions of the pharmacokinetics of phenytoin have been reported
with bromfenac, but it was thought unlikely that a change in
phenytoin dose would be necessary.5 
Other analgesic and anti-inflammatory drugs may have clinically
significant effects. Phenylbutazone has been reported to cause an
initial decrease in serum phenytoin, followed by an increase;4 in
addition to effects on protein binding it inhibits phenytoin
metabolism6 and severe phenytoin toxicity may result.7 Azapro-
pazone appears to be a competitive inhibitor of phenytoin metab-
olism and has also been implicated in interactions resulting in
toxicity.8,9 Substantial increases in serum phenytoin have been
found in healthy subjects given the analgesic and muscle relaxant
fenyramidol,10 indicating a potential for toxicity. There is a single
report of toxicity in a patient receiving ibuprofen with
phenytoin11 but in a study in 9 healthy subjects, ibuprofen had no
effect on the pharmacokinetics of phenytoin.12 In another report,
phenytoin toxicity developed13 in a patient who was also taking
celecoxib. 
The opioid analgesic dextropropoxyphene has also been reported
to affect phenytoin metabolism, with the resultant development
of toxic blood-phenytoin concentrations;14 however, the patient
in this case was taking relatively high doses of dextropropoxy-
phene (650 mg daily). For the effect of phenytoin on methadone
and pethidine, see p.84 and p.114, respectively.
1. Fraser DG, et al. Displacement of phenytoin from plasma bind-

ing sites by salicylate. Clin Pharmacol Ther 1980; 27: 165–9. 
2. Paxton JW. Effects of aspirin on salivary and serum phenytoin

kinetics in healthy subjects. Clin Pharmacol Ther 1980; 27:
170–8. 

3. Leonard RF, et al. Phenytoin-salicylate interaction. Clin Phar-
macol Ther 1981; 29: 56–60. 

4. Neuvonen PJ, et al. Antipyretic analgesics in patients on antie-
pileptic drug therapy. Eur J Clin Pharmacol 1979; 15: 263–8. 

5. Gumbhir-Shah K, et al. Evaluation of pharmacokinetic interac-
tion between bromfenac and phenytoin in healthy males. J Clin
Pharmacol 1997; 37: 160–8. 

6. Andreasen PB, et al. Diphenylhydantoin half-life in man and its
inhibition by phenylbutazone: the role of genetic factors. Acta
Med Scand 1973; 193: 561–4. 

7. Kristensen MB. Drug interactions and clinical pharmacokinet-
ics. Clin Pharmacokinet 1976; 1: 351–72. 

8. Roberts CJC, et al. Anticonvulsant intoxication precipitated by
azapropazone. Postgrad Med J 1981; 57: 191–2. 

9. Geaney DP, et al. Interaction of azapropazone with phenytoin.
BMJ 1982; 284: 1373. 

10. Solomon HM, Schrogie JJ. The effect of phenyramidol on the
metabolism of diphenylhydantoin. Clin Pharmacol Ther 1967;
8: 554–6. 

11. Sandyk R. Phenytoin toxicity induced by interaction with ibu-
profen. S Afr Med J 1982; 62: 592. 

12. Townsend RJ, et al. The effects of ibuprofen on phenytoin phar-
macokinetics. Drug Intell Clin Pharm 1985; 19: 447–8. 

13. Keeling KL, et al. Prolonged elimination half-life of phenytoin
in an elderly patient also on celecoxib. Clin Chem 2002; 48
(suppl): A52–A53. 

14. Kutt H. Interactions between anticonvulsants and other com-
monly prescribed drugs. Epilepsia 1984; 25 (suppl 2):
S118–S131.
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Anthelmintics. For report of an interaction between phenytoin
and levamisole with fluorouracil, see Antineoplastics, below. For
the effect of phenytoin on mebendazole and praziquantel, see
p.149 and p.154, respectively.
Antiarrhythmics. There have been reports of phenytoin toxic-
ity associated with substantial rises in serum-phenytoin concen-
trations after addition of amiodarone to the therapeutic regi-
men.1,2 For the effect of phenytoin on amiodarone, see p.1212. 
For the effect of phenytoin on other antiarrhythmics, see p.1270
(disopyramide), p.1340 (mexiletine), p.1384 (quinidine), and
p.1863 (lidocaine).
1. Gore JM, et al. Interaction of amiodarone and diphenylhydanto-

in. Am J Cardiol 1984; 54: 1145. 
2. McGovern B, et al. Possible interaction between amiodarone and

phenytoin. Ann Intern Med 1984; 101: 650.

Antibacterials. Interactions, some clinically significant, may
occur between phenytoin and various antibacterials. Giving
chloramphenicol with phenytoin has resulted in moderate1 to
marked2 elevation of serum-phenytoin concentrations due to in-
hibition of phenytoin metabolism;2 toxicity has resulted.3,4 In
turn, phenytoin may affect serum concentrations of chloram-
phenicol (see p.240). 
Phenytoin may enhance the metabolism of doxycycline.5 
There is limited evidence that erythromycin decreases phenytoin
clearance6 but this was subject to considerable interindividual
variation and is of unknown clinical significance. Results from
another study7 suggested that clarithromycin might also raise
phenytoin levels. 
The interaction with isoniazid is well documented and potential-
ly significant in slow acetylators of isoniazid who may develop
raised phenytoin concentrations and signs of toxicity;8,9 in at
least one case, death has resulted.10 Plasma-isoniazid concentra-
tions may become sufficiently raised in slow acetylators of isoni-
azid to produce marked inhibition of the hepatic microsomal en-
zymes responsible for the metabolism of phenytoin. 
There have been conflicting reports of the effect of ciprofloxacin
on serum concentrations of phenytoin. While some report no
effect11 others have reported reduced12-16 or increased17,18 con-
centrations of phenytoin in patients given ciprofloxacin. A fall in
serum-phenytoin concentrations, and resultant loss of seizure
control has been reported in a patient in whom nitrofurantoin
was added to therapy.19 The mechanism of this interaction is
unknown although a combination of impaired absorption and in-
creased metabolism of the phenytoin was suggested. Something
similar was reported in a patient given oxacillin in whom plas-
ma-phenytoin concentrations dropped markedly and status epi-
lepticus developed.20 This effect was thought to be due to im-
paired phenytoin absorption. 
Rifampicin can also reduce plasma-phenytoin concentrations
and markedly increase its clearance;21,22 this is in marked con-
trast to the effects of isoniazid, and when given together it over-
rides the effects of isoniazid on phenytoin, even in slow acetyla-
tors.22 
Various sulfonamides are reported to interact with phenytoin, re-
ducing clearance and prolonging half-life: sulfaphenazole is re-
portedly the strongest inhibitor of phenytoin metabolism but sul-
famethizole also inhibits phenytoin metabolism and the latter has
been implicated in producing phenytoin toxicity.23 Co-trimoxa-
zole reportedly inhibits phenytoin metabolism to a modest de-
gree; a case of phenytoin toxicity in a child given co-trimoxazole
has been reported24 but the role of the co-trimoxazole is uncer-
tain since the patient was also receiving sultiame. Fatal acute ful-
minant hepatic failure in a 60-year-old patient was suggested25 to
be due to phenytoin-induced hepatitis exacerbated by addition of
co-trimoxazole to her drug regimen. 
See also Antiprotozoals, below.
1. Koup JR, et al. Interaction of chloramphenicol with phenytoin

and phenobarbital. Clin Pharmacol Ther 1978; 24: 571–5. 
2. Christensen LK, Skovsted L. Inhibition of drug metabolism by

chloramphenicol. Lancet 1969; ii: 1397–9. 
3. Ballek RE, et al. Inhibition of diphenylhydantoin metabolism

by chloramphenicol. Lancet 1973; i: 150. 
4. Rose JQ, et al. Intoxication caused by interaction of chloram-

phenicol and phenytoin. JAMA 1977; 237: 2630–1. 
5. Neuvonen PJ, et al. Effect of antiepileptic drugs on the elimina-

tion of various tetracycline derivatives. Eur J Clin Pharmacol
1975; 9: 147–54. 

6. Bachmann K, et al. Single dose phenytoin clearance during
erythromycin treatment. Res Commun Chem Pathol Pharmacol
1984; 46: 207–17. 

7. Burger DM, et al. Therapeutic drug monitoring of phenytoin in
patients with the acquired immunodeficiency syndrome. Ther
Drug Monit 1994; 16: 616–20. 

8. Brennan RW, et al. Diphenylhydantoin intoxication attendant to
slow inactivation of isoniazid. Neurology 1970; 20: 687–93. 

9. Kutt H, et al. Diphenylhydantoin intoxication: a complication of
isoniazid therapy. Am Rev Respir Dis 1970; 101: 377–84. 

10. Johnson J, Freeman HL. Death due to isoniazid (INH) and
phenytoin. Br J Psychiatry 1976; 129: 511. 

11. Slavich IL, et al. Grand mal epileptic seizures during cipro-
floxacin therapy. JAMA 1989; 261: 558–9. 

12. Dillard ML, et al. Ciprofloxacin-phenytoin interaction. Ann
Pharmacother 1992; 26: 263. 

13. Pollak PT, Slayter KL. Hazards of doubling phenytoin dose in
the face of an unrecognized interaction with ciprofloxacin. Ann
Pharmacother 1997; 31: 61–4. 

14. Brouwers PJ, et al. Ciprofloxacin-phenytoin interaction. Ann
Pharmacother 1997; 31: 498. 

15. McLeod R, Trinkle R. Unexpectedly low phenytoin concentra-
tion in a patient receiving ciprofloxacin. Ann Pharmacother
1998; 32: 1110–11. 

16. Otero M-J, et al. Interaction between phenytoin and cipro-
floxacin. Ann Pharmacother 1999; 33: 251–2. 

17. Schroeder D, et al. Effect of ciprofloxacin on serum phenytoin
concentrations in epileptic patients. Pharmacotherapy 1991;
11: 276. 

18. Hull RL. Possible phenytoin-ciprofloxacin interaction. Ann
Pharmacother 1993; 27: 1283. 

19. Heipertz R, Pilz H. Interaction of nitrofurantoin with diphenyl-
hydantoin. J Neurol 1978; 218: 297–301. 

20. Fincham RW, et al. Use of phenytoin serum levels in a case of
status epilepticus. Neurology 1976; 26: 879–81. 

21. Wagner JC, Slama TG. Rifampin-phenytoin drug interaction.
Drug Intell Clin Pharm 1984; 18: 497. 

22. Kay L, et al. Influence of rifampicin and isoniazid on the kinet-
ics of phenytoin. Br J Clin Pharmacol 1985; 20: 323–6. 

23. Siersbaek-Nielsen K, et al. Sulfamethizole-induced inhibition
of diphenylhydantoin and tolbutamide metabolism in man. Clin
Pharmacol Ther 1973; 14: 148. 

24. Gillman MA, Sandyk R. Phenytoin toxicity and co-trimoxazole.
Ann Intern Med 1985; 102: 559. 

25. Ilario MJ-M, et al. Acute fulminant hepatic failure in a woman
treated with phenytoin and trimethoprim-sulfamethoxazole.
Arch Pathol Lab Med 2000; 124: 1800–3.

Anticoagulants. Serum-phenytoin concentrations have been
reported to be markedly elevated by dicoumarol1,2 and elevated
to a lesser extent by phenprocoumon;2 however, although warfa-
rin has been implicated in a report of phenytoin toxicity,3 other
evidence suggests that it has no effect on serum-phenytoin con-
centrations in most patients.2 
For the effect of phenytoin on anticoagulants such as dicoumarol
and warfarin, see p.1429.
1. Hansen JM, et al. Dicoumarol-induced diphenylhydantoin intox-

ication. Lancet 1966; ii: 265–6. 
2. Skovsted L, et al. The effect of different oral anticoagulants on

diphenylhydantoin and tolbutamide metabolism. Acta Med
Scand 1976; 199: 513–5. 

3. Rothermich NO. Diphenylhydantoin intoxication. Lancet 1966;
ii: 640.

Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of phenytoin by lower-
ing the convulsive threshold. 
Plasma-phenytoin concentrations rose in 2 epileptic patients also
receiving imipramine 75 mg daily for about 3 months for depres-
sion.1 In one patient the concentration gradually increased over
several weeks to more than twice the pretreatment figure and he
showed mild signs of phenytoin intoxication, which remitted af-
ter imipramine was stopped. Increased serum-phenytoin concen-
tration and phenytoin toxicity possibly precipitated by addition
of trazodone has been described;2 licensed product information
for trazodone recommends monitoring serum-phenytoin con-
centrations in patients receiving these two drugs. Elevated plas-
ma-phenytoin concentrations, in some cases accompanied by
signs and symptoms of phenytoin toxicity, have also been report-
ed with fluoxetine,3 fluvoxamine,4,5 sertraline,6 and viloxazine.7
Product information for mianserin also recommends that plasma
concentrations of phenytoin should be monitored carefully when
both are given. 
St John’s wort has been shown to induce several drug metabolis-
ing enzymes (see p.423) and consequently it might reduce the
blood concentrations of phenytoin leading to an increased risk of
seizure.8 Some licensed product information for phenytoin in the
UK therefore recommends that phenytoin should not be used
with St John’s wort and warns that the effects of St John’s wort
may persist for at least 2 weeks after it was last used. 
For the effects of phenytoin on antidepressants, see under Ami-
triptyline (p.380), Fluoxetine (p.396), and Lithium (p.404).
1. Perucca E, Richens A. Interaction between phenytoin and imi-

pramine. Br J Clin Pharmacol 1977; 4: 485–6. 
2. Dorn JM. A case of phenytoin toxicity possibly precipitated by

trazodone. J Clin Psychiatry 1986; 47: 89–90. 
3. Nightingale SL. Fluoxetine labeling revised to identify pheny-

toin interaction and to recommend against use in nursing moth-
ers. JAMA 1994; 271: 1067. 
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7. Pisani F, et al. Elevation of plasma phenytoin by viloxazine in
epileptic patients: a clinically significant interaction. J Neurol
Neurosurg Psychiatry 1992; 55: 126–7. 

8. Committee on Safety of Medicines/Medicines Control Agency.
Reminder: St John’s wort (Hypericum perforatum) interactions.
Current  Problems  2000;  26:  6–7.  Also available  at :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelect ionMethod=
LatestReleased (accessed 09/06/08)

Antidiabetics. Transient rises in the amount of non-protein-
bound phenytoin were observed in 17 patients when tolbutamide
was given in addition to phenytoin, but none developed signs of
intoxication.1 Toxic symptoms were reported in another patient
given phenytoin with tolbutamide, although she had tolerated
this combination on a previous occasion.2 
Symptoms of phenytoin toxicity are known to have occurred1 in
one patient receiving tolazamide and phenytoin.
1. Wesseling H, Mols-Thürkow I. Interaction of diphenylhydantoin

(DPH) and tolbutamide in man. Eur J Clin Pharmacol 1975; 8:
75–8. 

2. Beech E, et al. Phenytoin toxicity produced by tolbutamide. BMJ
1988; 297: 1613–14.

Antiepileptics. Interactions may occur when phenytoin is used
with other antiepileptics, but these are often variable in their ef-
fect and difficult to predict. 
For a discussion of the effect of benzodiazepines on plasma con-
centrations of phenytoin, see Benzodiazepines, below. 
Carbamazepine has been generally reported to lower serum-
phenytoin concentrations,1,2 although reports exist of elevated
serum-phenytoin concentrations when the two were given con-
currently.3 It should be noted that phenytoin also reduces serum-
carbamazepine values—see p.474. These studies have not indi-
cated any loss of seizure control due to this interaction. 
For the effects of phenytoin on ethosuximide, see p.480. 
Felbamate has caused increases in serum-phenytoin concentra-
tions, and in some cases toxicity requiring a reduction in pheny-
toin dose.4,5 
Increased plasma concentrations of phenytoin with symptoms of
toxicity have been reported in a patient receiving phenytoin, car-
bamazepine, and clobazam after gabapentin was added to treat-
ment.6 
Phenytoin reduces plasma concentrations of lamotrigine as de-
scribed on p.486. 
Phenytoin plasma concentrations may be increased by high dos-
es of oxcarbazepine;7 licensed product information for oxcar-
bazepine suggests that doses of phenytoin may need to be re-
duced when high doses of oxcarbazepine are given. 
Phenobarbital both induces the metabolism of phenytoin and
competes with it for metabolism by the same enzyme system; in
practice there is rarely sufficient alteration for a change in pheny-
toin dosage to be necessary.8-10 For the effect of phenytoin on
phenobarbital, see p.493. Phenytoin has also been reported to en-
hance the metabolism of primidone to phenobarbital, see p.503. 
The GABA agonist progabide increased blood-phenytoin
concentrations11 and stiripentol appears to produce a dose-
dependent reduction in phenytoin clearance.12 
Sultiame causes substantial increases in plasma-phenytoin con-
centrations, in some cases resulting in phenytoin toxicity;13 the
dose of phenytoin may therefore require adjustment if these
drugs are given together. 
Modest increases in plasma-phenytoin concentrations have been
observed in some patients when topiramate was added to thera-
py, but it was considered that dosage adjustments were unlikely
to be necessary.14 For the effect of phenytoin on topiramate, see
p.506. 
The interaction between phenytoin and valproate is complex.
Valproate displaces phenytoin from serum binding sites and may
inhibit its metabolism;15 the former effect increases the concen-
tration of free drug but reduces total serum phenytoin.16,17 Most
studies seem to suggest that the dose of phenytoin need only rare-
ly be adjusted, but the possibility of loss of seizure control, or
phenytoin toxicity, does exist.15 Interestingly there is some evi-
dence that the interactions may be affected by circadian varia-
tions in valproate concentrations.18 Total plasma-phenytoin con-
centrations rose significantly in 9 of 11 patients, 2 of whom
developed toxic symptoms, when the formulation of sodium val-
proate that they were taking with phenytoin was changed from a
standard tablet to a slow-release form.19 The authors hypothe-
sised that reduced diurnal fluctuations in plasma-valproate con-
centrations due to the use of slow-release tablets reduced the dis-
placement interaction between phenytoin and valproate, thereby
increasing total plasma-phenytoin concentrations. Phenytoin
may also cause a fall in serum concentrations of valproate—see
p.511. 
Gradual or delayed reductions in plasma-phenytoin concentra-
tions have been seen in several studies in patients given viga-
batrin;20 a review20 states that concentrations have been reduced
by 20 to 30%. The manufacturer of vigabatrin considers that this
is unlikely to be of clinical significance although in a study the
reduction was considered to compromise seizure control.21
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Antifungals. There have been several reports of interactions,
sometimes resulting in phenytoin toxicity, between imidazole
antifungals and phenytoin. The drug most frequently implicated
is miconazole.1-3 The related triazole antifungals fluconazole4-6

and voriconazole7 are also reported to interact with phenytoin,4-6

possibly due to dose-related inhibition of cytochrome P450
isoenzymes by these antifungals.4,7 
Phenytoin can decrease plasma concentrations of azole anti-
fungals such as ketoconazole, voriconazole, and itraconazole.
1. Bourgoin B, et al. Interaction pharmacocinétique possible

phénytoïne-miconazole. Therapie 1981; 36: 347–9. 
2. Loupi E, et al. Interactions médicamenteuses et miconazole.

Therapie 1982; 37: 437–41. 
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parenteral miconazole. BMJ 1983; 287: 1760. 
4. Mitchell AS, Holland JT. Fluconazole and phenytoin: a predict-

able interaction. BMJ 1989; 298: 1315. 
5. Howitt KM, Oziemski MA. Phenytoin toxicity induced by fluco-

nazole. Med J Aust 1989; 151: 603–4. 
6. Cadle RM, et al. Fluconazole-induced symptomatic phenytoin

toxicity. Ann Pharmacother 1994; 28: 191–5. 
7. Purkins L, et al. Coadministration of voriconazole and pheny-

toin: pharmacokinetic interaction, safety, and toleration. Br J
Clin Pharmacol 2003; 56 (suppl 1): 37–44.

Antigout drugs. Licensed product information for sulfinpyra-
zone states that it displaces phenytoin from its protein-binding
sites, and also inhibits microsomal liver enzymes. The net result
is an increase in plasma-phenytoin concentrations and a pro-
longed half-life, which is potentially hazardous. 
Reduced doses of phenytoin were necessary to avoid toxicity
when allopurinol was added to the therapy of a child with the
Lesch-Nyhan syndrome.1 Although the authors thought caution
was advisable in using these two drugs together, they did empha-
sise that overgeneralisation may be dangerous since the child
also received other antiepileptics and the role his disease may
have played was unknown.
1. Yokochi K, et al. Phenytoin-allopurinol interaction: Michaelis-

Menten kinetic parameters of phenytoin with and without allop-
urinol in a child with Lesch-Nyhan syndrome. Ther Drug Monit
1982; 4: 353–7.

Antihistamines. A young woman developed drowsiness, atax-
ia, diplopia, tinnitus, and episodes of occipital headaches associ-
ated with vomiting after taking phenytoin sodium and chlo-
rphenamine.1 Chlorphenamine might have delayed the hepatic
metabolism of phenytoin thereby increasing the plasma concen-
trations.
1. Pugh RNH, et al. Interaction of phenytoin with chlorphe-

niramine. Br J Clin Pharmacol 1975;  2: 173–5.

Antihypertensives. In 2 patients with hypoglycaemia associ-
ated with hyperinsulinism, therapeutic serum-phenytoin concen-
trations could not be achieved while they were also receiving di-
azoxide.1 It was suggested that an increased rate of metabolism,
and possibly a decreased binding, of phenytoin induced by dia-
zoxide might have been responsible.
1. Roe TF, et al. Drug interaction: diazoxide and diphenylhydanto-

in. J Pediatr 1975; 87: 480–4.

Antimalarials. Antimalarials may antagonise the antiepileptic
activity of phenytoin by lowering the convulsive threshold.
Antineoplastics. There have been reports of decreased plas-
ma-phenytoin concentrations associated with cancer chemother-
apy,1-4 resulting in some cases in loss of seizure control.2-4 The
effect appears to be due to impaired absorption of phenytoin aris-
ing from antineoplastic damage to the gastrointestinal mucosa. In
a patient a mean of 32% of an oral dose of phenytoin was ab-
sorbed after therapy with cisplatin, vinblastine, and bleomycin;
this compared with a reported oral bioavailability of 80% or
more.3 Trabectedin may also reduce phenytoin absorption lead-
ing to an exacerbation of seizures. 
Licensed product information for levamisole reports that in-
creased plasma-phenytoin concentrations have been seen in pa-
tients taking phenytoin with levamisole given as an adjuvant to
fluorouracil therapy. Treatment with fluorouracil (alone or with
folinic acid) has also led to phenytoin toxicity in patients on long-
term antiepileptic therapy.5-7 Similar interactions have occurred
with doxifluridine8 and capecitabine7 (both prodrugs of fluorou-

racil), and a combination preparation containing tegafur (a prod-
rug of fluorouracil) with uracil . However, a decrease in pheny-
toin serum concentrations has been seen when such a preparation
was given with folinic acid to a patient receiving the antiepilep-
tic.9 For the effect of phenytoin on busulfan see Effects on the
Nervous System under Adverse Effects of Busulfan, p.690. For
the effect of phenytoin on the use of streptozocin and on tenipo-
side see p.771 and p.778, respectively.
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7. Brickell K, et al. Phenytoin toxicity due to fluoropyrimidines
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with phenytoin. Ann Pharmacother 2002; 36: 831–4. 

9. Veldhorst-Janssen NML, et al. Oral tegafur/folinic acid chemo-
therapy decreases phenytoin efficacy. Br J Cancer 2004; 90:
745.

Antiprotozoals. Conflicting results have been reported with
metronidazole: while one study has suggested only minimal ef-
fects on phenytoin concentrations and metabolism,1 another has
indicated inhibition of the metabolism of phenytoin.2 For the ef-
fect of phenytoin on metronidazole, see p.838.
1. Jensen JC, Gugler R. Interaction between metronidazole and

drugs eliminated by oxidative metabolism. Clin Pharmacol Ther
1985; 37: 407–10. 

2. Blyden GT, et al. Metronidazole impairs clearance of phenytoin
but not of alprazolam or lorazepam. Clin Pharmacol Ther 1986;
39: 181.

Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of phenytoin by lowering the
convulsive threshold. Two cases of phenytoin toxicity and ele-
vated plasma-phenytoin concentrations associated with the phe-
nothiazine thioridazine have been reported;1 but another study
indicated that thioridazine, chlorpromazine, or mesoridazine re-
duced serum-phenytoin concentrations.2 
The non-phenothiazine antipsychotic loxapine has also been im-
plicated as producing a fall in serum-phenytoin concentration.3 
For the effect of phenytoin on antipsychotics in general, see un-
der Chlorpromazine, p.974. For the effect of phenytoin on cloz-
apine, see p.984.
1. Vincent FM. Phenothiazine-induced phenytoin intoxication. Ann

Intern Med 1980; 93: 56–7. 
2. Haidukewych D, Rodin EA. Effect of phenothiazines on serum

antiepileptic drug concentrations in psychiatric patients with sei-
zure disorder. Ther Drug Monit 1985; 7: 401–4. 

3. Ryan GM, Matthews PA. Phenytoin metabolism stimulated by
loxapine. Drug Intell Clin Pharm 1977; 11: 428–9.

Antivirals. Zidovudine may possibly reduce or increase plasma
concentrations of phenytoin. There has been a report1 of marked-
ly decreased serum-phenytoin concentrations resulting in a re-
currence of seizure activity in an epileptic patient after starting
nelfinavir as part of antiretroviral therapy. Serum concentrations
of phenytoin and valproate decreased2,3 in 2 reports in children
after the addition of aciclovir. Ritonavir-boosted lopinavir was
reported4 to increase the clearance of phenytoin in healthy sub-
jects, probably due to hepatic enzyme induction; phenytoin sim-
ilarly increased the clearance of the protease inhibitor. A case
report5 described the inhibition of phenytoin clearance by efa-
virenz resulting in elevated phenytoin plasma concentrations,
and subtherapeutic levels of efavirenz resulting from hepatic en-
zyme induction by phenytoin. 
For the possible effect of phenytoin on HIV-protease inhibitors,
see p.883.
1. Honda M, et al. A generalized seizure following initiation of

nelfinavir in a patient with human immunodeficiency virus type
1 infection, suspected due to interaction between nelfinavir and
phenytoin. Intern Med 1999; 38: 302–3. 

2. Parmeggiani A, et al. Possible interaction between acyclovir and
antiepileptic treatment. Ther Drug Monit 1995; 17: 312–15. 

3. Iglesias Iglesias A-A, et al. Disminución de la concentración
sérica de antiepilépticos durante el tratamiento con aciclovir.
Med Clin (Barc) 2005; 124: 355–6. 

4. Lim ML, et al. Coadministration of lopinavir/ritonavir and
phenytoin results in two-way drug interaction through cyto-
chrome P-450 induction. J Acquir Immune Defic Syndr 2004; 36:
1034–40. 

5. Robertson SM, et al. A potentially significant interaction be-
tween efavirenz and phenytoin: a case report and review of the
literature. Clin Infect Dis 2005; 41: e15–e18.

Anxiolytics. See Benzodiazepines, below.
Benzodiazepines. The metabolism of benzodiazepines may
be enhanced as a result of induction of hepatic drug-metabolising
enzymes after long-term use of phenytoin. In comparison with
healthy subjects, half-lives have been shorter and clearance in-
creased.1,2 
There are sporadic reports of interactions between phenytoin and
benzodiazepines, but the evidence is conflicting. Elevated plas-
ma concentrations of phenytoin have been reported in patients

given diazepam3,4 or chlordiazepoxide3 but, in contrast, another
study suggested that these drugs produced a significant fall in
serum-phenytoin concentrations.5 It has been suggested that
phenytoin intoxication could result from the impaired metabo-
lism associated with the combination3,4,6 but in practice this
seems to be uncommon. There are similar conflicting reports for
clonazepam.7-9
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9. Saavedra IN, et al. Phenytoin/clonazepam interaction. Ther
Drug Monit 1985; 7: 481–4.

Calcium-channel blockers. Raised serum-phenytoin concen-
tration with phenytoin toxicity developed in a patient who had
been taking nifedipine in addition to phenytoin for 3 weeks;1
symptoms resolved completely after nifedipine withdrawal. The
mechanism of interaction appeared to be complex. Similar ef-
fects have been reported with diltiazem2 and isradipine.3 
For the effect of phenytoin on dihydropyridine calcium-channel
blockers, see under Nifedipine, p.1353, and on verapamil, see
p.1422.
1. Ahmad S. Nifedipine-phenytoin interaction. J Am Coll Cardiol

1984; 3: 1582. 
2. Bahls FH, et al. Interactions between calcium channel blockers

and the anticonvulsants carbamazepine and phenytoin. Neurolo-
gy 1991; 41: 740–2. 

3. Cachat F, Tufro A. Phenytoin/isradipine interaction causing se-
vere neurologic toxicity. Ann Pharmacother 2002; 36:
1399–1402.

Cardiac glycosides. For the effect of phenytoin on cardiac gly-
cosides, see under Digoxin, p.1261.
Corticosteroids. Serum concentrations of phenytoin have
been elevated1 or reduced2-4 by dexamethasone and adjustment
of phenytoin dosage may be required.2-4 For the effect of pheny-
toin on corticosteroids, see p.1494.
1. Lawson LA, et al. Phenytoin-dexamethasone interaction: a pre-

viously unreported observation. Surg Neurol 1981; 16: 23–4. 
2. Wong DD, et al. Phenytoin-dexamethasone: a possible drug-

drug interaction. JAMA 1985; 254: 2062–3. 
3. Recuenco I, et al. Effect of dexamethasone on the decrease of

serum phenytoin concentrations. Ann Pharmacother 1995; 29:
935. 

4. Lackner TE. Interaction of dexamethasone with phenytoin.
Pharmacotherapy 1991; 11: 344–7.

Dermatological drugs. For the effect of phenytoin on meth-
oxsalen, see p.1606.
Disulfiram. A well-documented interaction exists between
phenytoin and disulfiram, which may result in clinical phenytoin
toxicity.1,2 The effect appears to be due to non-competitive inhi-
bition of the metabolism of phenytoin by disulfiram,2 which re-
sults in a substantial increase in phenytoin half-life and a de-
crease in its clearance.3
1. Dry J, Pradalier A. Intoxication par la phénytoïne au cours d’une

association thérapeutique avec le disulfirame. Therapie 1973;
28: 799–802. 

2. Taylor JW, et al. Mathematical analysis of a phenytoin-di-
sulfiram interaction. Am J Hosp Pharm 1981; 38: 93–5. 

3. Svendsen TL, et al. The influence of disulfiram on the half-life
and metabolic clearance rate of diphenylhydantoin and tolbuta-
mide in man. Eur J Clin Pharmacol 1976; 9: 439–41.

Diuretics. Severe osteomalacia in 2 previously active young
women taking acetazolamide with phenytoin or primidone and
phenobarbital has been reported.1 
For the effect of antiepileptics such as phenytoin on furosemide,
see p.1293.
1. Mallette LE. Anticonvulsants, acetazolamide and osteomalacia.

N Engl J Med 1975; 293: 668.

Dopaminergics. For the effect of phenytoin on levodopa, see
p.807.
Enteral and parenteral nutrition. Therapeutic plasma con-
centrations of phenytoin may be difficult to achieve in patients
receiving enteral or total parenteral nutrition.1,2 Incompatibility
studies indicate that phenytoin probably binds to components of
the feed (see Incompatibility, above), which might explain this
interaction when both are given together nasogastrically, but the
same effect has also been reported when they were given sepa-
rately by the intravenous route.2 A review3 of case reports and
studies concluded that the exact role of enteral feeding in this
interaction still remained unclear because of a lack of prospec-
tive, randomised, controlled studies performed in patients, rather
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than in healthy subjects. However, because of the amount of lit-
erature describing such a phenomenon, it was considered unlike-
ly to occur just by chance. Monitoring of serum-phenytoin con-
centrations to guide therapy was recommended, and measures
such as staggering phenytoin and enteral feeding might be con-
sidered to minimise the occurrence of this reaction.
1. Summers VM, Grant R. Nasogastric feeding and phenytoin in-

teraction. Pharm J 1989; 243: 181. 
2. Messahel FM, et al. Does total parenteral nutrition lower serum

phenytoin levels? Curr Ther Res 1990; 47: 1017–20. 
3. Au Yeung SC, Ensom MH. Phenytoin and enteral feedings: does

evidence support an interaction? Ann Pharmacother 2000 34:
896–905.

Gastrointestinal drugs. Evidence for an interaction between
phenytoin and antacids is conflicting. Some studies have shown
a decrease in the bioavailability of phenytoin given with various
antacid mixtures1,2 but others have failed to find any evidence of
reduced absorption.3 Furthermore even those studies that record-
ed decreased absorption varied in their results with regard to par-
ticular drugs, suggesting for example that calcium carbonate
both does1 and does not2 reduce phenytoin bioavailability. The
clinical significance of this data is uncertain but it has been sug-
gested that if antacids and phenytoin are both needed, doses
should be spaced several hours apart.4,5 Sucralfate is also report-
ed to reduce phenytoin absorption.6 
A well documented interaction exists between phenytoin and ci-
metidine, which produces a dose-dependent reduction in pheny-
toin clearance7 and a significant elevation of serum-phenytoin
concentration.8 There are reports of phenytoin toxicity when ci-
metidine was given to epileptic patients9,10 including a report of
severe granulocytopenia.11 Although some studies have found
that neither ranitidine12 nor famotidine13 appear to affect the
pharmacokinetics of phenytoin significantly, there have been
isolated reports of raised plasma concentrations of phenytoin as-
sociated with use of ranitidine14-16 or famotidine.17 
Omeprazole 40 mg daily can decrease the plasma clearance of
phenytoin18 and increase the area under the serum-phenytoin
concentration-time curve,19 but one study20 suggests that the dos-
age of 20 mg daily usually used for peptic ulcer disease is unlike-
ly to produce a clinically significant effect on the steady-state
plasma concentrations of phenytoin in patients with epilepsy.
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of clinical importance. Drug Intell Clin Pharm 1987; 21:
607–17. 

6. Smart HL, et al. The effects of sucralfate upon phenytoin ab-
sorption in man. Br J Clin Pharmacol 1985; 20: 238–40. 

7. Bartle WR, et al. Dose-dependent effect of cimetidine on
phenytoin kinetics. Clin Pharmacol Ther 1983; 33: 649–55. 
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administration. Med J Aust 1984; 141: 602. 
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11. Sazie E, Jaffe JP. Severe granulocytopenia with cimetidine and
phenytoin. Ann Intern Med 1980; 93: 151–2. 
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and cimetidine on phenytoin elimination and hepatic blood
flow. Br J Clin Pharmacol 1989; 27: 83–7. 

14. Bramhall D, Levine M. Possible interaction of ranitidine with
phenytoin. Drug Intell Clin Pharm 1988; 22: 979–80. 

15. Tse CST, et al. Phenytoin concentration elevation subsequent to
ranitidine administration. Ann Pharmacother 1993; 27:
1448–51. 

16. Tse CST, Iagmin P. Phenytoin and ranitidine interaction. Ann
Intern Med 1994; 120: 892–3. 

17. Shinn AF. Unrecognized drug interactions with famotidine and
nizatidine. Arch Intern Med 1991; 151: 814. 

18. Gugler R, Jensen JC. Omeprazole inhibits oxidative drug me-
tabolism: studies with diazepam and phenytoin in vivo and 7-
ethoxycoumarin in vitro. Gastroenterology 1985; 89: 1235–41. 

19. Prichard PJ, et al. Oral phenytoin pharmacokinetics during
omeprazole therapy. Br J Clin Pharmacol 1987; 24: 543–5. 

20. Andersson T, et al. A study of the interaction between omepra-
zole and phenytoin in epileptic patients. Ther Drug Monit 1990;
12: 329–33.

Ginkgo biloba. A fatal breakthrough seizure occurred1 in a 55-
year-old man who was taking phenytoin and valproate semi-
sodium for a seizure disorder; he was also taking numerous
non-prescription supplements, such as vitamin preparations and
herbal medicines including ginkgo biloba extract, without the
knowledge of his physician. Autopsy revealed subtherapeutic
plasma concentrations of both antiepileptics. Although the exact
cause was unclear, the authors postulated that hepatic enzyme
induction by ginkgo biloba might have increased the clearance of
phenytoin and valproate semisodium.
1. Kupiec T, Raj V. Fatal seizures due to potential herb-drug inter-

actions with ginkgo biloba. J Anal Toxicol 2005; 29: 755–8.

Immunosuppressants. Increased plasma-phenytoin concen-
trations were reported1 in one patient when tacrolimus was added
to existing therapy. Phenytoin was stopped until values were
within the therapeutic range and then restarted at a lower dose,

tacrolimus therapy continuing throughout; phenytoin levels re-
mained stable thereafter. 
For the effect of phenytoin on ciclosporin, see p.1826.
1. Thompson PA, Mosley CA. Tacrolimus-phenytoin interaction.

Ann Pharmacother 1996; 30: 544.

Levothyroxine. For the effects of phenytoin on levothyroxine,
see p.2172.
Muscle relaxants. An increase in serum concentrations of
phenytoin has been reported1 in a patient when tizanidine was
added to therapy.
1. Ueno K, et al. Phenytoin-tizanidine interaction. DICP Ann Phar-

macother 1991; 25: 1273.

Neuromuscular blockers. For the effect of phenytoin on sux-
amethonium, see p.1911 and on competitive neuromuscular
blockers, see under Atracurium, p.1904.
Sex hormones. For the effect of phenytoin on oral contracep-
tives, see p.2068. Similar effects may also be noted in patients
receiving HRT, see p.2076.
Stimulants and anorectics. Although there has been a report
of elevated phenytoin and primidone serum concentrations in a
5-year-old after addition of methylphenidate to therapy1 there
was no similar elevation in 2 other children receiving phenobar-
bital and phenytoin in the same report, nor in 11 patients of var-
ying ages given methylphenidate with antiepileptic therapy as
part of a controlled study.2 The likelihood of an interaction seems
small in the majority of patients.
1. Garrettson LK, et al. Methylphenidate interaction with both an-

ticonvulsants and ethyl biscoumacetate. JAMA 1969; 207:
2053–6. 

2. Kupferberg HJ, et al. Effect of methylphenidate on plasma anti-
convulsant levels. Clin Pharmacol Ther 1972; 13: 201–4.

Theophylline. Although most reports of an interaction between
phenytoin and theophylline concern effects on theophylline con-
centrations, one study in 14 healthy subjects suggested that treat-
ment with both could lower serum-phenytoin concentrations,
with a subsequent rise in concentration on stopping theophyl-
line.1 The mechanism was suggested to be enzyme induction by
the xanthine resulting in increased phenytoin metabolism. 
For the effect of phenytoin on theophylline, see p.1143.
1. Taylor JW, et al. The interaction of phenytoin and theophylline.

Drug Intell Clin Pharm 1980; 14: 638.

Ticlopidine. Acute phenytoin toxicity has been reported in a
well-stabilised 44-year-old patient on introduction of ticlopidine
to prevent restenosis after placement of a coronary stent.1 The
patient also took metoprolol, aspirin, and for a short period lova-
statin, but inhibition of the cytochrome P450 isoenzyme
CYP2C19 by ticlopidine was considered the most likely cause of
the patient’s elevated serum phenytoin. A later report2 by the
same authors found that ticlopidine inhibited the clearance of
phenytoin in 6 patients on phenytoin monotherapy; the involve-
ment of CYP2C19 was also supported. The authors recommend-
ed that dosage adjustment of phenytoin should be considered if
ticlopidine is also given. 
A similar interaction occurred in a 72-year-old patient,3 and the
authors postulated that, since steady-state plasma concentrations
of ticlopidine are almost twofold higher in elderly patients than
those in younger patients, the higher ticlopidine concentrations
may have played a role in this drug interaction.
1. Donahue SR, et al. Ticlopidine inhibition of phenytoin metabo-

lism mediated by potent inhibition of CYP2C19. Clin Pharma-
col Ther 1997; 62: 572–7. 

2. Donahue S,et al. Ticlopidine inhibits phenytoin clearance. Clin
Pharmacol Ther 1999; 66: 563–8. 

3. Klaassen SL. Ticlopidine-induced phenytoin toxicity. Ann Phar-
macother 1998; 32: 1295–8.

Vaccines. Contradictory results have been reported for the ef-
fects of influenza vaccine on serum-phenytoin concentrations. A
significant elevation in total phenytoin concentration has been
reported1 after vaccination, and was suggested to be due to inter-
feron induction and inhibition of the cytochrome P450 enzyme
system. In contrast, other reports have suggested that any in-
crease in serum-phenytoin concentration was temporary and not
significant overall2 or even that there was a slight fall in serum-
phenytoin concentration.3 One study reported a significant in-
crease in total phenytoin concentration two days after vaccina-
tion, followed by a return to previous values but this was accom-
panied by evidence of a gradual and prolonged fall in free
phenytoin concentrations.4 The possibility of either phenytoin
toxicity or loss of seizure control may exist in some epileptic pa-
tients given influenza vaccine during phenytoin therapy.5
1. Jann MW, Fidone GS. Effect of influenza vaccine on serum an-

ticonvulsant concentrations. Clin Pharm 1986; 5: 817–20. 
2. Levine M, et al. Increased serum phenytoin concentration fol-

lowing influenza vaccination. Clin Pharm 1984; 3: 505–9. 
3. Sawchuk RJ, et al. Effect of influenza vaccination on plasma

phenytoin concentrations. Ther Drug Monit 1979; 1: 285–8. 
4. Smith CD, et al. Effect of influenza vaccine on serum concentra-

tions of total and free phenytoin. Clin Pharm 1988; 7: 828–32. 
5. Grabenstein JD. Drug interactions involving immunologic

agents, part 1. vaccine-vaccine, vaccine-immunoglobulin, and
vaccine-drug interactions. DICP Ann Pharmacother 1990; 24:
67–81.

Vitamins. Pyridoxine given in large doses produced a reduction
in serum-phenytoin concentrations in 7 patients,1 perhaps

reflecting increased activity by pyridoxal phosphate-dependent
enzymes involved in phenytoin metabolism. 
Correction of antiepileptic-associated folate deficiency with folic
acid has been reported to result in a decrease in serum-phenytoin
concentrations and an increase in seizure frequency.2-4 The effect
has been reported to be most marked in subjects with high initial
serum-phenytoin concentrations5 and is associated with an in-
creased phenytoin metabolism.4,6 However, in the majority of
patients the effect is unlikely to assume clinical significance,2,5

and there is some evidence that very low doses of folic acid may
be used to maintain normal serum-folate values without an in-
crease in seizure frequency.3 Information regarding the dual and
interdependent interaction between phenytoin and folic acid has
been reviewed.7 Although limited numbers of patients and
healthy subjects were involved, evaluation of the data suggested
that starting phenytoin and folic acid at the same time prevents
decreased folate levels and steady-state concentrations of pheny-
toin are reached sooner. Plasma concentrations of phenytoin are
also possibly reduced by folinic acid (see also Antineoplastics,
above). 
For the effect of antiepileptics, including phenytoin, on vitamin
D concentrations, see Effects on Bone under Adverse Effects,
above.
1. Hansson O, Sillanpaa M. Pyridoxine and serum concentration of

phenytoin and phenobarbitone. Lancet 1976; i: 256. 
2. Baylis EM, et al. Influence of folic acid on blood-phenytoin lev-

els. Lancet 1971; i: 62–4. 
3. Inoue F. Clinical implications of anticonvulsant-induced folate

deficiency. Clin Pharm 1982; 1: 372–3. 
4. Steinweg DL, Bentley ML. Seizures following reduction in

phenytoin level after orally administered folic acid. Neurology
2005; 64: 1982. 

5. Furlanut M, et al. Effects of folic acid on phenytoin kinetics in
healthy subjects. Clin Pharmacol Ther 1978; 24: 294–7. 

6. Berg MJ, et al. Phenytoin and folic acid interaction: a prelimi-
nary report. Ther Drug Monit 1983; 5: 389–94. 

7. Lewis DP, et al. Phenytoin-folic acid interaction. Ann Pharma-
cother 1995; 29: 726–35.

Pharmacokinetics
Phenytoin is slowly but almost completely absorbed
from the gastrointestinal tract. It is largely insoluble at
the acid pH of the stomach, most being absorbed from
the upper intestine; the rate of absorption is variable
and is reported to be affected by the presence of food.
Absorption after intramuscular injection is slower than
that from the gastrointestinal tract. 
Phenytoin is extensively metabolised in the liver to
inactive metabolites, chiefly 5-(4-hydroxyphenyl)-5-
phenylhydantoin. The rate of metabolism appears to be
subject to genetic polymorphism and may also be in-
fluenced by racial characteristics; it is reported to be
increased during pregnancy and menstruation and to
decrease with age. Phenytoin hydroxylation is satura-
ble and is therefore readily inhibited by drugs that com-
pete for its metabolic pathways; this is also the reason
why small increments in dose may produce large rises
in plasma concentration. Phenytoin undergoes entero-
hepatic recycling and is excreted in the urine, mainly as
its hydroxylated metabolite, in either free or conjugat-
ed form. 
Phenytoin is widely distributed throughout the body. It
is about 90% bound to plasma proteins, although this
may be reduced in certain disease states and in certain
patient populations (see Precautions, above). It has a
very variable, dose-dependent half-life, but the mean
plasma half-life appears to be about 22 hours at steady
state; because phenytoin inhibits its own metabolism it
may sometimes be several weeks before a steady-state
plasma-phenytoin concentration is attained. 
Monitoring of plasma concentrations may be per-
formed as an aid in assessing control, and the therapeu-
tic range of total plasma-phenytoin concentrations is
usually quoted as 10 to 20 micrograms/mL (40 to
80 micromoles/litre); some patients, however, achieve
control at concentrations outside this range. It has been
suggested that, because of differences in protein bind-
ing, measurement of free phenytoin concentrations in
plasma may prove more reliable; measurement of con-
centrations in saliva, which contains only free pheny-
toin, has also been performed. 
Phenytoin crosses the placental barrier and small
amounts are distributed into breast milk. 
The pharmacokinetics of phenytoin are affected by
other antiepileptics (see Interactions, above).
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Uses and Administration
Phenytoin is a hydantoin antiepileptic used to control
partial and generalised tonic-clonic seizures. It is also
used as part of the emergency treatment of status epi-
lepticus and has been used for the prevention and treat-
ment of seizures associated with neurosurgery or se-
vere traumatic injury to the head. Phenytoin has also
been used in the treatment of trigeminal neuralgia. It is
a class Ib antiarrhythmic and has been used to treat car-
diac arrhythmias. 

Doses may be expressed in terms of phenytoin or phenytoin
sodium; although phenytoin 92 mg is equivalent to about
100 mg of phenytoin sodium these molecular equivalents are
not necessarily biologically equivalent. In the UK an oral sus-
pension of phenytoin 90 mg in 15 mL may be considered
about equivalent in therapeutic effect to capsules or tablets
containing phenytoin sodium 100 mg. In the USA a suspen-
sion containing phenytoin 125 mg in 5 mL is available. 

For epilepsy the dose of phenytoin should be adjusted
to the needs of the individual patient to achieve ade-
quate control of seizures, preferably with monitoring
of plasma concentrations; in many patients control re-
quires total plasma-phenytoin concentrations of 10 to
20 micrograms/mL (40 to 80 micromoles/litre), but
some are controlled at concentrations outside this
range. A suggested initial oral dose of phenytoin or
phenytoin sodium given as a single dose or in divided
doses is 3 to 4 mg/kg daily or 150 to 300 mg daily pro-
gressively increased with care to 600 mg daily if nec-
essary; the suggested minimum interval between incre-
ments has ranged from about 7 to 10 days. Particular
care is needed at higher doses, where saturation of
metabolism may mean that a small increment produces
a large rise in plasma concentrations. A usual mainte-
nance dose is 200 to 500 mg daily. 

The practice of starting phenytoin therapy with initial
small doses means that more than a week may be re-
quired before therapeutic plasma concentrations are at-
tained; it has been reported that it may even be several
weeks before a steady-state concentration is estab-
lished. An initial loading dose may therefore be given,
with the usual maintenance dosage being instituted 24
hours after the loading dose. Once the patient is stabi-
lised the long half-life of phenytoin may permit the
total daily dose to be given in two daily divisions or as
a single dose, usually at night. 

Although clinical evidence is lacking, different brands
of phenytoin, as well as different formulations from the
same manufacturer, may vary in their bioavailability
and patients may need to be restabilised in the event of
a change. 

In order to lessen gastric irritation, phenytoin should be
taken with or after food. The time and manner of taking
phenytoin should be standardised for the patient since
variations might affect absorption with consequent
fluctuations in the plasma concentrations. 

As with other antiepileptics, withdrawal of phenytoin
therapy or transition to or from another type of antiepi-
leptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.465. 

Treatment of tonic-clonic status epilepticus is usually
begun with a benzodiazepine such as diazepam or lor-
azepam given intravenously or rectally, and followed
by phenytoin sodium intravenously. A suggested dose
of phenytoin sodium is 10 to 15 mg/kg given by slow
intravenous injection or by intermittent infusion at a
uniform rate of not more than 50 mg/minute. Thereaf-
ter maintenance doses of 100 mg orally or intravenous-
ly are given every 6 to 8 hours; the rate and dose should
be reduced according to body-weight. For doses in
children, see below. 

Deaths have been caused by the over-rapid intravenous
injection of phenytoin sodium and continuous moni-

toring of the ECG and blood pressure is recommended
whenever phenytoin sodium is given intravenously. 
Phenytoin sodium is absorbed slowly and erratically
from the intramuscular site and therefore intramuscular
injections are not appropriate for the emergency arrest
of status epilepticus. They may, however, be used in
certain situations to maintain or establish therapeutic
plasma concentrations of phenytoin in patients who are
unconscious or otherwise unable to take phenytoin
orally. Owing to the slower absorption of phenytoin
from intramuscular sites, patients stabilised on the oral
route require an increase in the intramuscular dose of
about 50%; it is recommended that, if possible, intra-
muscular injections of phenytoin sodium should not be
continued for longer than one week. On transfer back
to the oral route the patient should receive 50% of the
original oral dose for the same period of time as intra-
muscular injections were given, to allow for continued
absorption of the residual phenytoin in the intramuscu-
lar sites. For the prevention and treatment of sei-
zures associated with neurosurgery in patients who
have not previously taken phenytoin sodium, a sug-
gested intramuscular dose is 100 to 200 mg given at 4-
hourly intervals during surgery and continued postop-
eratively for 48 to 72 hours. Thereafter, the dose should
be reduced to a maintenance dose of 300 mg and ad-
justed according to plasma-phenytoin concentrations.
Administration in children. Phenytoin may be given to chil-
dren for the control of partial and generalised tonic-clonic sei-
zures. It is also used as part of the emergency treatment of status
epilepticus and has been used for the prevention and treatment of
seizures associated with neurosurgery or severe traumatic injury
to the head. 
For epilepsy the dose of phenytoin should be adjusted to the
needs of the individual patient to achieve adequate control of sei-
zures, preferably with monitoring of plasma concentrations;
young children may require a higher dose per kg body-weight
than adults due to more rapid metabolism. In many patients con-
trol requires total plasma-phenytoin concentrations of 10 to
20 micrograms/mL (40 to 80 micromoles/litre), but some are
controlled at concentrations outside this range; the BNFC sug-
gests concentrations of 6 to 15 micrograms/mL (25 to
60 micromoles/litre) in neonates and those aged up to 3 months.
The recommended initial oral dose for children is 5 mg/kg daily
in 2 or 3 divided doses up to a maximum of 300 mg daily; the
usual maintenance dose is 4 to 8 mg/kg daily in divided doses.
Alternatively, the BNFC suggests the following doses given ac-
cording to age: 
• neonates: an initial loading dose of 18 mg/kg by slow intrave-

nous injection, over 20 to 30 minutes, followed by oral doses
of 2.5 to 5 mg/kg twice daily adjusted as necessary to a usual
maximum of 7.5 mg/kg twice daily 

• 1 month to 12 years: an initial oral dose of 1.5 to 2.5 mg/kg
twice daily followed by 2.5 to 5 mg/kg twice daily adjusted as
necessary to a usual maximum of 7.5 mg/kg twice daily or
300 mg daily 

• 12 years and older: usual adult doses (see above) 
For status epilepticus and for the prevention and treatment of
seizures associated with neurosurgery or trauma an initial
loading dose of 15 to 20 mg/kg given by slow intravenous injec-
tion may be followed by usual adult doses (see above). Alterna-
tively, the BNFC suggests the following doses given by slow in-
travenous injection or infusion according to age: 
• neonates and children up to 12 years: a loading dose of

18 mg/kg followed by 2.5 to 5 mg/kg twice daily 
• 12 to 18 years: a loading dose of 18 mg/kg followed by up to

100 mg 3 or 4 times daily 
Intravenous injections and infusions of phenytoin should be giv-
en at a rate not exceeding 1 mg/kg per minute (a maximum of
50 mg per minute). 
A comparison of methods1 for the prediction of required pheny-
toin dosage in paediatric patients indicated that all methods pro-
duced a sizeable number of predictions with an error of more
than 10% and that close monitoring of serum concentrations and
clinical status was recommended regardless of the method cho-
sen to adjust dosage. Similar conclusions have been made re-
garding the need to monitor plasma concentrations of phenytoin
in the newborn and young infants.2
1. Yuen GJ, et al. Phenytoin dosage predictions in paediatric pa-

tients. Clin Pharmacokinet 1989; 16: 254–60. 
2. Loughnan PM, et al. Pharmacokinetic observations of phenytoin

disposition in the newborn and young infant. Arch Dis Child
1977; 52: 302–9.

Administration in the elderly. Pharmacokinetic studies in
elderly patients have shown reduced binding to plasma proteins
which was not itself an indication for dosage change,1 but a study

showing a decreased metabolism2 did indicate that elderly pa-
tients may need lower doses of phenytoin than younger adults to
maintain similar serum concentrations.
1. Patterson M, et al. Plasma protein binding of phenytoin in the

aged: in vivo studies. Br J Clin Pharmacol 1982; 13: 423–5. 
2. Bauer LA, Blouin RA. Age and phenytoin kinetics in adult epi-

leptics. Clin Pharmacol Ther 1982; 31: 301–4.

Cardiac arrhythmias. Phenytoin has been given intravenous-
ly in the treatment of ventricular arrhythmias (p.1160), especially
those caused by overdosage with cardiac glycosides. Although
this use now appears to be obsolete, in the UK the licensed dose
of phenytoin sodium is 3.5 to 5 mg/kg given by slow intravenous
injection at a uniform rate of not more than 50 mg/minute, re-
peated once if necessary.

Eclampsia and pre-eclampsia. Phenytoin has been used for
eclampsia but now treatment with magnesium sulfate is pre-
ferred, see p.470.

Epidermolysis bullosa. There have been reports1-3 of a fa-
vourable but variable clinical response to phenytoin in patients
with some variants of epidermolysis bullosa (p.1579), a condi-
tion for the severe forms of which there is no truly effective treat-
ment. However, a double-blind placebo-controlled study4 con-
cluded that phenytoin was not an effective treatment for the
recessive dystrophic variant, and offered no overall benefit when
compared with placebo.
1. Bauer EA, et al. Phenytoin therapy of recessive dystrophic epi-

dermolysis bullosa. N Engl J Med 1980; 303: 776–81. 
2. Cooper TW, Bauer EA. Therapeutic efficacy of phenytoin in re-

cessive dystrophic epidermolysis. Arch Dermatol 1984; 120:
490–5. 

3. Scheinfeld N. Phenytoin in cutaneous medicine: its uses, mech-
anisms and side effects. Dermatol Online J 2003; 9: 6. 

4. Caldwell-Brown D, et al. Lack of efficacy of phenytoin in reces-
sive dystrophic epidermolysis bullosa. N Engl J Med 1992; 327:
163–7.

Epilepsy. Phenytoin has long been used in the treatment of par-
tial seizures with or without secondary generalisation and in pri-
marily generalised tonic-clonic seizures, although other drugs
may be better tolerated and easier to use (see p.465). It is also
effective in other forms of epilepsy with the exception of absence
and myoclonic seizures.

Hiccup. Phenytoin may be of value for the treatment of intrac-
table hiccups,1 especially those of neurogenic origin. For the
management of intractable hiccups see under Chlorpromazine,
p.976.
1. Petroski D, Patel AN. Diphenylhydantoin for intractable hic-

cups. Lancet 1974; i: 739.

Myotonia. A review1 of myotonia congenita, a hereditary mus-
cular disorder characterised by symptoms of muscle stiffness es-
pecially after rest and on starting to move. Where treatment is
necessary it is usually with phenytoin or procainamide, the
former being preferred as being better tolerated.
1. Gutmann L, et al. Myotonia congenita. Semin Neurol 1991; 11:

244–8.

Neonatal seizures. Phenytoin is one of the antiepileptics that
may be used in the management of neonatal seizures (p.471).

Neuropathic pain. Phenytoin is used alone or added to treat-
ment in trigeminal neuralgia (p.9) in patients unresponsive to or
intolerant of carbamazepine. It has also been used in the treat-
ment of painful diabetic neuropathy (p.6).

Post-traumatic seizures. About 12% of patients with severe
traumatic brain injury develop seizures and the rate may be more
than 50% for those with penetrating missile injuries.1 The use of
antiepileptics to treat such seizures is standard but there has been
some debate about prophylactic use. Evidence suggests that
prophylaxis with phenytoin (and perhaps carbamazepine) is ef-
fective in preventing early seizures (arbitrarily defined as those
occurring up to 7 days after trauma), but prophylaxis with these
or other antiepileptics such as phenobarbital valproate, has not
been shown to be effective for preventing late seizures, disability,
or death.1-6 Guidelines and recommendations for such use have
been issued.1,7,8 Children with severe, acute neurotrauma were
found to have markedly altered protein binding and phenytoin
metabolism, and therefore may require increased doses.9
1. Chang BS, Lowenstein DH. Practice parameter: antiepileptic

drug prophylaxis in severe traumatic brain injury. Report of the
Quality Standards Subcommittee of the American Academy of
Neurology. Neurology 2003; 60: 10–16. Also available at: http://
www.neurology.org/cgi/reprint/60/1/10.pdf (accessed 09/06/08) 

2. Schierhout G, Roberts I. Anti-epileptic drugs for preventing sei-
zures following acute traumatic brain injury. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2001 (accessed 09/06/08). 

3. Chadwick D. Seizures and epilepsy after traumatic brain injury.
Lancet 2000; 355: 334–5. 

4. Temkin NR. Antiepileptogenesis and seizure prevention trials
with antiepileptic drugs: meta-analysis of controlled trials. Epi-
lepsia 2001; 42: 515–24. 

5. Agrawal A, et al. Post-traumatic epilepsy: an overview. Clin
Neurol Neurosurg 2006; 108: 433–9. 

6. Beghi E. Overview of studies to prevent posttraumatic epilepsy.
Epilepsia 2003; 44 (suppl 10): 21–6. 

7. Meek PD, et al. Guidelines for nonemergency use of parenteral
phenytoin products. Arch Intern Med 1999; 159: 2639–44. 
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8. Bratton SL, et al. Brain Trauma Foundation, American Association

of Neurological Surgeons, Congress of Neurological Surgeons, and
Joint Section on Neuotrauma and Critical Care, AANS/CNS.
Guidelines for the management of severe traumatic brain injury—
XIII: antiseizure prophylaxis. J Neurotrauma 2007; 24 (suppl 1): S-
83–S-86. Also available at: http://www.braintrauma.org/site/
DocServer/Management_3rd_Edition.pdf?docID=222 (accessed
01/09/08) 

9. Stowe CD, et al. Altered phenytoin pharmacokinetics in children
with severe, acute traumatic brain injury. J Clin Pharmacol
2000; 40: 1452–61.

Status epilepticus. A benzodiazepine is the usual choice to
abort an attack of status epilepticus (p.469). If this fails to control
the seizures or the seizures recur, then intravenous phenytoin
may be given. 
Once seizures have been brought under control, maintenance
antiepileptic therapy may be started.
Syndrome of inappropriate ADH secretion. Phenytoin
has been used occasionally to inhibit pituitary antidiuretic hor-
mone (ADH) secretion in patients with the syndrome of inappro-
priate ADH secretion (SIADH), the management of which is dis-
cussed on p.2182.
Tinnitus. Phenytoin is one of many drugs that have been tried
in tinnitus (p.1866), but although it has been reported to be effec-
tive in some patients it is rarely used because of problems with
adverse effects.
Withdrawal syndromes. Phenytoin has little place in the
management of seizures associated with the alcohol withdrawal
syndrome (p.1626). Prophylaxis with phenytoin has been
shown1,2 to be ineffective for prevention of recurrent alcohol-
related seizures and therefore drugs such as the benzodiazepines
or clomethiazole, which are effective both for the treatment and
prophylaxis of such seizures, are preferred. 
Results from a double-blind study3 indicated that phenytoin was
associated with a reduction in cocaine abuse compared with pla-
cebo. The abuse of cocaine is discussed on p.1858 and treatment
of cocaine withdrawal on p.1860.
1. Chance JF. Emergency department treatment of alcohol with-

drawal seizures with phenytoin. Ann Emerg Med 1991; 20:
520–2. 

2. Rathlev NK, et al. The lack of efficacy of phenytoin in the pre-
vention of recurrent alcohol-related seizures. Ann Emerg Med
1994; 23: 513–8. 

3. Crosby RD, et al. Phenytoin in the treatment of cocaine abuse: a
double-blind study. Clin Pharmacol Ther 1996; 59: 458–68.

Wounds and ulcers. Phenytoin has been used to promote
wound healing (p.1585). Topical application of phenytoin has
produced encouraging results in the healing of various types of
ulcers1-7 and large abscess cavities.8 It has been suggested that
phenytoin may reduce bacterial colonisation by changing the pH
or by a direct antibacterial effect.2 The enhanced wound healing
may also be due to increased fibroblast proliferation and in-
creased collagen content.2 Limited absorption from the wound
site may occur9,10 and patients may need to be monitored for
signs of toxicity. A systematic review,11 which included some of
these studies, found evidence to support the use of phenytoin in
the treatment of leg ulcers, leprosy wounds, chronic wounds, and
diabetic foot ulcers despite the poor methodological quality in
the majority of studies.
1. Muthukumarasamy MG, et al. Topical phenytoin in diabetic foot

ulcers. Diabetes Care 1991; 14: 909–11. 
2. Pendse AK, et al. Topical phenytoin in wound healing. Int J

Dermatol 1993; 32: 214–17. 
3. Anstead GM, et al. Phenytoin in wound healing. Ann Pharma-

cother 1996; 30: 768–75. 
4. Adjei O, et al. Phenytoin in the treatment of Buruli ulcer. Trans

R Soc Trop Med Hyg 1998; 92: 108–9. 
5. Rhodes RS, et al. Topical phenytoin treatment of stage II decu-

bitus ulcers in the elderly. Ann Pharmacother 2001; 35: 675–81. 
6. Bhatia A, et al. Topical phenytoin suspension and normal saline

in the treatment of leprosy trophic ulcers: a randomized, double-
blind, comparative study. J Dermatolog Treat 2004; 15: 321–7. 

7. Younes N, et al. Wound bed preparation with 10 percent pheny-
toin ointment increases the take of split-thickness skin graft in
large diabetic ulcers. Dermatol Online J 2006; 12: 5. Available
at: http://dermatology.cdlib.org/126/pearls/phenytoin/
younes.html (accessed 09/06/08) 

8. Lodha SC, et al. Role of phenytoin in healing of large abscess
cavities. Br J Surg 1991; 78: 105–8. 

9. Gore R, et al. Topical phenytoin. Pharm J 1991; 247: 620. 
10. Lewis WG, Rhodes RS. Systemic absorption of topical pheny-

toin sodium. Ann Pharmacother 1994; 28: 961. 
11. Shaw J, et al. The clinical effect of topical phenytoin on wound

healing: a systematic review. Br J Dermatol 2007; 157:
997–1004.

Preparations
BP 2008: Phenytoin Capsules; Phenytoin Injection; Phenytoin Oral Suspen-
sion; Phenytoin Tablets; 
USP 31: Extended Phenytoin Sodium Capsules; Phenytoin Oral Suspen-
sion; Phenytoin Sodium Injection; Phenytoin Tablets; Prompt Phenytoin So-
dium Capsules.
Proprietary Preparations (details are given in Part 3)
Arg.: Epamin; Etoina; Fenigramon; Fenitenk; Lotoquis Simple; Opliphon;
Austral.: Dilantin; Austria: Epanutin; Epilan-D; Phenhydan; Belg.: Diphan-
toine; Epanutin; Braz.: Dantalin; Epelin; Fenital; Feniton; Hidantal; Unifeni-
toin; Canad.: Dilantin; Chile: Epamin; Cz.: Epanutin; Epilan-D; Phenhy-
dan†; Sodanton†; Fin.: Hydantin; Fr.: Di-Hydan; Dilantin; Ger.: Epanutin†;
Phenhydan; Gr.: Epanutin; Hong Kong: Dilantin; Ditoin; Hung.: Diphedan;
Epanutin; India: Dilantin; Epsolin; Eptoin; Indon.: Dilantin; Ikaphen; Kutoin;
Movileps; Phenilep; Irl.: Epanutin; Israel: Dilantin; Epanutin; Ital.: Aurantin;
Dintoina; Malaysia: Dilantin; Ditoin; Mex.: Biodan; Comvufen; Epamin;
Fenidantoin S; Feniffler; Fenitron; Hidantoina; Nuctane†; Neth.: Diphanto-
ine; Epanutin; Norw.: Epinat; NZ: Dilantin; Philipp.: Dilantin; Epilantin;

Pol.: Epanutin; Port.: Fenitan; Hidantina; S.Afr.: Epanutin; Singapore: Di-
lantin; Spain: Epanutin; Neosidantoina; Sinergina; Swed.: Epanutin; Fenan-
toin; Lehydan; Switz.: Epanutin†; Epilantine†; Phenhydan; Thai.: Dilantin;
Ditoin; Ditomed; Pepsytoin; Utoin; Turk.: Epanutin; Epdantoin; Hidantin;
Phenydan; UK: Epanutin; USA: Dilantin; Phenytek; Venez.: Dantoinal; Di-
lantin; Epamin; Fentoinal.

Multi-ingredient: Arg.: Cumatil L; Lotoquis; Belg.: Vethoine; Braz.: Di-
aludon; Gamibetal Complex†; Taludon†; Cz.: Sanepil; Gr.: Diphenal; India:
Dilantin with Phenobarbital; Epilan; Garoin; Indon.: Ditalin; Ital.: Dintoin-
ale; Gamibetal Complex; Metinal-Idantoina; Metinal-Idantoina L; Mex.:
Alepsal Compuesto; Gamibetal Complex; Port.: Hidantina Composta†;
Spain: Epilantin†; Equidan†; Redutona.

Pregabalin (BAN, USAN, rINN)

CI-1008; PD-144723; Pregabalina; Prégabaline; Pregabalinum.
(S)-3-(Aminomethyl)-5-methylhexanoic acid.
Прегабалин
C8H17NO2 = 159.2.
CAS — 148553-50-8.
ATC — N03AX16.
ATC Vet — QN03AX16.

Adverse Effects and Precautions
The most common adverse effects reported during
therapy with pregabalin are dizziness and somnolence.
Other common adverse effects include blurred vision,
diplopia, increased appetite and weight gain, dry
mouth, constipation, vomiting, flatulence, euphoria,
confusion, reduced libido, erectile dysfunction, irrita-
bility, vertigo, ataxia, tremor, dysarthria, paraesthesia,
fatigue, and oedema. Disturbances of attention, mem-
ory, coordination, and gait also occur frequently. Syn-
cope and congestive heart failure have been reported
less frequently. Reversible renal failure, elevation of
creatine kinase concentration, and rhabdomyolysis
have been reported rarely. Hypersensitivity reactions
have occurred shortly after starting pregabalin therapy;
symptoms include rash, blisters, urticaria, dyspnoea,
and wheezing. Stevens-Johnson syndrome has also
been reported. An increased incidence of haemangi-
osarcoma was observed in mice that had been given
high doses of pregabalin. 
Licensed product information states that care is re-
quired when withdrawing pregabalin therapy, regard-
less of the indication—see also Uses and Administra-
tion, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Effects on mental function. For a review of the effects of
antiepileptic therapy on cognition, and the effects of pregabalin
on mood (including the risk of suicidal ideation), see p.468.
Hypersensitivity reactions. The Australian Adverse Drug
Reactions Advisory Committee1 stated in December 2007 that
13% of all pregabalin adverse reaction reports in its database
were hypersensitivity reactions. Presenting symptoms included
anaphylaxis, skin rash, and angioedema. Of the 22 reports re-
ceived, 6 women developed symptoms within hours of their first
dose and pregabalin was the sole suspected drug in 14.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Re-

ports of hypersensitivity reactions to pregabalin. Aust Adverse
Drug React Bull 2007; 26: 23. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0712.pdf (accessed 09/06/08)

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Pharmacokinetics
Pregabalin is rapidly absorbed after oral doses and
peak plasma concentrations are achieved within 1.5
hours. Oral bioavailability is about 90%. The rate but
not the extent of absorption is reduced if given with
food but this is not clinically significant. Steady state is
achieved after 1 to 2 days. Pregabalin is not bound to
plasma proteins and undergoes negligible metabolism.
About 98% of a dose is excreted in the urine as

unchanged drug. The mean elimination half-life is 6.3
hours. Pregabalin is removed by haemodialysis. 
Distribution into milk has been found in studies in rats.
Renal impairment. References.
1. Randinitis EJ, et al. Pharmacokinetics of pregabalin in subjects

with various degrees of renal function. J Clin Pharmacol 2003;
43: 277–83.

Uses and Administration
Pregabalin is an antiepileptic used as an adjunct in the
treatment of partial seizures with or without secondary
generalisation. It is also used in the treatment of gener-
alised anxiety disorder, neuropathic pain, and fibromy-
algia. 
Pregabalin is given orally in 2 or 3 divided doses daily. 
The initial dose in the treatment of epilepsy is 150 mg
daily increased after 1 week according to response to
300 mg daily and then to 600 mg daily after another
week. 
In the treatment of generalised anxiety disorder, the
initial dose is 150 mg daily; this may be increased at
weekly intervals in steps of 150 mg, to a maximum of
600 mg daily. 
For neuropathic pain the initial dose in the UK is
150 mg daily increased after 3 to 7 days according to
response to 300 mg daily and then to 600 mg daily af-
ter another 7 days. Similar doses are licensed in the
USA for the treatment of neuropathic pain in diabetic
neuropathy and postherpetic neuralgia, although a
maximum daily dose of 300 mg is recommended in di-
abetic neuropathy. 
For fibromyalgia the initial dose is 150 mg daily in-
creased after 1 week according to response to 300 mg
daily and then to 450 mg daily if necessary. 
Dosage of pregabalin should be reduced in patients
with renal impairment (see below). 
As with other antiepileptics, withdrawal of pregabalin
therapy in epilepsy or transition to or from another type
of antiepileptic therapy should be made gradually to
avoid precipitating an increase in the frequency of sei-
zures. For a discussion on whether or not to withdraw
antiepileptic therapy in seizure-free patients, see p.465.
Licensed drug information states that if pregabalin
therapy has to be stopped, this should be done gradual-
ly over a minimum of 1 week, regardless of indication.
◊ References.
1. Shneker BF, McAuley JW. Pregabalin: a new neuromodulator

with broad therapeutic indications. Ann Pharmacother 2005; 39:
2029–37. 

2. Tassone DM, et al. Pregabalin: a novel gamma-aminobutyric
acid analogue in the treatment of neuropathic pain, partial-onset
seizures, and anxiety disorders. Clin Ther 2007; 29: 26–48.

Administration in renal impairment. The dose of pregab-
alin for patients with renal impairment should be reduced accord-
ing to creatinine clearance (CC): 
• CC 30 to less than 60 mL/minute: starting daily dose: 75 mg;

maximum daily dose: 300 mg; daily dose given in 2 or 3 di-
vided doses 

• CC 15 to less than 30 mL/minute: starting daily dose: 25 to
50 mg; maximum daily dose: 150 mg; daily dose given in 2
divided doses or once daily 

• CC less than 15 mL/minute: starting daily dose: 25 mg; max-
imum daily dose: 75 mg; daily dose given as one dose 

• haemodialysis patients should receive in addition to the daily
dose a supplementary dose of 25 to 100 mg immediately after
each 4-hour haemodialysis session

Anxiety disorders. Pregabalin is used for the treatment of gen-
eralised anxiety disorder (p.952); it has also been tried in social
anxiety disorder (see Phobic Disorders, p.953). 
References.
1. Pande AC, et al. Pregabalin in generalized anxiety disorder: a

placebo-controlled trial. Am J Psychiatry 2003; 160: 533–40. 
2. Feltner DE, et al. A randomized, double-blind, placebo-control-

led, fixed-dose, multicenter study of pregabalin in patients with
generalized anxiety disorder. J Clin Psychopharmacol 2003; 23:
240–9. 

3. Pande AC, et al. Efficacy of the novel anxiolytic pregabalin in
social anxiety disorder: a placebo-controlled, multicenter study.
J Clin Psychopharmacol 2004; 24: 141–9. 

4. Rickels K, et al. Pregabalin for treatment of generalized anxiety
disorder: a 4-week, multicenter, double-blind, placebo-control-
led trial of pregabalin and alprazolam. Arch Gen Psychiatry
2005; 62: 1022–30. 

5. Owen RT. Pregabalin: its efficacy, safety and tolerability profile
in generalized anxiety. Drugs Today 2007; 43: 601–10.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Epilepsy. Pregabalin is one of the newer drugs used as adjunc-
tive therapy in patients with partial seizures with or without sec-
ondary generalisation (p.465). It appears to be reasonably well
tolerated. 
References.
1. Miller R, et al. Exposure-response analysis of pregabalin add-on

treatment of patients with refractory partial seizures. Clin Phar-
macol Ther 2003; 73: 491–505. 

2. Arroyo S, et al. Pregabalin add-on treatment: a randomized, dou-
ble-blind, placebo-controlled, dose-response study in adults with
partial seizures. Epilepsia 2004; 45: 20–7. 

3. Elger CE, et al. Pregabalin add-on treatment in patients with par-
tial seizures: a novel evaluation of flexible-dose and fixed-dose
treatment in a double-blind, placebo-controlled study. Epilepsia
2005; 46: 1926–36. 

4. Hamandi K, Sander JW. Pregabalin: a new antiepileptic drug for
refractory epilepsy. Seizure 2006; 15: 73–8. 

5. Lozsadi D, et al. Pregabalin add-on for drug-resistant partial ep-
ilepsy. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2008 (accessed
09/06/08).

Neuropathic pain. Antiepileptics are among the drugs used to
manage neuropathic pain, which is often insensitive to opioid
analgesics (see Choice of Analgesic, p.2). Although car-
bamazepine appears to be the antiepileptic most frequently used,
pregabalin is also given in the treatment of peripheral neuropath-
ic pain1 including postherpetic neuralgia2,3 (p.9) and painful dia-
betic neuropathy4,5 (p.6). Pregabalin may also be used in central
neuropathic pain6,7 (p.6).
1. Blommel ML, Blommel AL. Pregabalin: an antiepileptic agent

useful for neuropathic pain. Am J Health-Syst Pharm 2007; 64:
1475–82. 

2. Sabatowski R, et al. Pregabalin reduces pain and improves sleep
and mood disturbances in patients with post-herpetic neuralgia:
results of a randomised, placebo-controlled clinical trial. Pain
2004; 109: 26–35. 

3. Frampton JE, Foster RH. Pregabalin: in the treatment of posther-
petic neuralgia. Drugs 2005; 65: 111–18. 

4. Rosenstock J, et al. Pregabalin for the treatment of painful dia-
betic peripheral neuropathy: a double-blind, placebo-controlled
trial. Pain 2004; 110: 628–38. 

5. Frampton JE, Scott LJ. Pregabalin: in the treatment of painful
diabetic peripheral neuropathy. Drugs 2004; 64: 2813–20. 

6. Siddall PJ, et al. Pregabalin in central neuropathic pain associat-
ed with spinal cord injury: a placebo-controlled trial. Neurology
2006; 67: 1792–800. 

7. Vranken JH, et al. Pregabalin in patients with central neuropathic
pain: a randomized, double-blind, placebo-controlled trial of a
flexible-dose regimen. Pain 2008; 136: 150–7.

Postoperative pain. There is growing interest in the use of
analgesic adjuvants including antiepileptics such as pregabalin to
modulate opioid dosage and efficacy for postoperative pain (see
p.4). 
References.
1. Dahl JB, et al. ‘Protective premedication’: an option with gabap-

entin and related drugs? A review of gabapentin and pregabalin
in the treatment of post-operative pain. Acta Anaesthesiol Scand
2004; 48: 1130–6. 

2. Tiippana EM, et al. Do surgical patients benefit from periopera-
tive gabapentin/pregabalin? A systematic review of efficacy and
safety. Anesth Analg 2007; 104: 1545–56.

Soft-tissue rheumatism. Three large, multicentre controlled
studies1-3 have shown that pregabalin in oral doses of between
300 and 600 mg daily is effective in reducing pain and other core
symptoms of fibromyalgia (see Soft-tissue Rheumatism, p.13)
such as sleep disturbance and fatigue. The drug was reported to
be generally well tolerated, dizziness and somnolence being the
most common adverse effects. Pain relief appears to be largely
independent of reduction in anxiety or depression scores.4

1. Crofford LJ, et al. Pregabalin 1008-105 Study Group. Pregabalin
for the treatment of fibromyalgia syndrome: results of a rand-
omized, double-blind, placebo-controlled trial. Arthritis Rheum
2005; 52: 1264–73. 

2. Mease PJ, et al. A randomized, double-blind, placebo-control-
led, phase III trial of pregabalin in the treatment of patients with
fibromyalgia. J Rheumatol 2008; 35: 502–14. 

3. Crofford LJ, et al. Fibromyalgia relapse evaluation and efficacy
for durability of meaningful relief (FREEDOM): a 6-month,
double-blind, placebo-controlled trial with pregabalin. Pain
2008; 136: 419–31. 

4. Arnold LM, et al. The effect of anxiety and depression on im-
provements in pain in a randomized, controlled trial of pregaba-
lin for treatment of fibromyalgia. Pain Med 2007; 8: 633–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Lyrica; Austral.: Lyrica; Belg.: Lyrica; Canad.: Lyrica; Chile: Lyrica;
Pregobin; Cz.: Lyrica; Denm.: Lyrica; Fin.: Lyrica; Fr.: Lyrica; Ger.: Lyrica;
Gr.: Lyrica; Hong Kong: Lyrica; Hung.: Lyrica; India: Pregab; Indon.: Lyr-
ica; Irl.: Lyrica; Ital.: Lyrica; Mex.: Lyrica; Neth.: Lyrica; Norw.: Lyrica; NZ:
Lyrica; Philipp.: Lyrica; Pol.: Lyrica; Port.: Lyrica; Rus.: Lyrica (Лирика);
Singapore: Lyrica; Spain: Lyrica; Swed.: Lyrica; Switz.: Lyrica; UK: Lyrica;
USA: Lyrica; Venez.: Lyrica.

Primidone (BAN, rINN)

Desoxifenobarbitona; Hexamidinum; Primaclona; Primaclone;
Primidon; Primidona; Primidonas; Primidoni; Primidonum; Prymi-
don. 5-Ethyl-5-phenylperhydropyrimidine-4,6-dione.
Примидон
C12H14N2O2 = 218.3.
CAS — 125-33-7.
ATC — N03AA03.
ATC Vet — QN03AA03.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Primidone). A white or almost white, crystalline
powder. Very slightly soluble in water; slightly soluble in alco-
hol. It dissolves in alkaline solutions. 
USP 31 (Primidone). A white, odourless, crystalline powder.
Soluble 1 in 2000 of water and 1 in 200 of alcohol; very slightly
soluble in most organic solvents.

Adverse Effects, Treatment, and Precau-
tions
As for Phenobarbital, p.492. 
Adverse effects may be more frequent than with phe-
nobarbital. Most patients rapidly develop tolerance to
the adverse effects of primidone, including ataxia, diz-
ziness, drowsiness, headache, nausea and vomiting,
nystagmus, skin rashes, and visual disturbances. 
Care is required when withdrawing primidone thera-
py—see also Uses and Administration, below.
Effects on the blood. For a report of delayed agranulocytosis
in a patient treated with phenytoin and primidone, see p.495.
Effects on the endocrine system. For mention of the effects
of antiepileptics on sexual function in male epileptic patients, see
under Phenytoin, p.496.
Overdosage. Crystalluria has been reported1 after acute over-
dosage of primidone and 7 other reported cases were also re-
viewed. Based on these few reports, crystalluria appears to be
associated with serum-primidone concentrations in excess of
80 micrograms/mL. There is evidence from 2 reports of renal
damage associated with crystal formation in vivo. Vigorous hy-
dration is recommended in patients at risk, in order to lessen the
potential for renal toxicity and improve elimination.
1. Lehmann DF. Primidone crystalluria following overdose: a re-

port of a case and an analysis of the literature. Med Toxicol 1987;
2: 383–7.

Porphyria. Primidone has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Tremor. It was noted that patients receiving primidone for es-
sential tremor have a high incidence of acute adverse reactions
after small initial doses.1 This could be due to the absence of in-
duced hepatic enzymes in these patients previously not exposed
to antiepileptics.
1. Findley LJ, et al. Primidone in essential tremor of the hands and

head: a double blind controlled clinical study. J Neurol Neuro-
surg Psychiatry 1985; 48: 911–15.

Interactions
Primidone is metabolised in the body in part to pheno-
barbital, and interactions recorded for phenobarbital
(p.493) might potentially occur in patients receiving
primidone. In addition, enzyme-inducing drugs en-
hance this metabolism and have the potential to pro-
duce elevated phenobarbital concentrations.
Antiepileptics. Both phenytoin1 and carbamazepine2 have
been reported to enhance the metabolism of primidone to pheno-
barbital and when primidone was combined with phenytoin there
have been instances of phenobarbital toxicity.3 Vigabatrin has
been reported4 to lower plasma concentrations of primidone in
some patients, although it is unlikely that dosage changes would
be necessary. Valproate may increase plasma concentrations of
primidone and phenobarbital, but patient response seems to be
inconsistent.5-7

1. Reynolds EH, et al. Interaction of phenytoin and primidone.
BMJ 1975; 2: 594–5. 

2. Baciewicz AM. Carbamazepine drug interactions. Ther Drug
Monit 1986; 8: 305–17. 

3. Galdames D, et al. Interacción fenitoína-primidona: intoxicación
por fenobarbital, en un adulto tratado con ambas drogas. Rev
Med Chil 1980; 108: 716–20. 

4. Browne TR, et al. A multicentre study of vigabatrin for drug-
resistant epilepsy. Br J Clin Pharmacol 1989; 27 (suppl 1):
95S–100S. 

5. Windorfer A, et al. Elevation of diphenylhydantoin and primi-
done serum concentration by addition of dipropylacetate, a new
anticonvulsant drug. Acta Paediatr Scand 1975; 64: 771–2. 

6. Bruni J. Valproic acid and plasma levels of primidone and de-
rived phenobarbital. Can J Neurol Sci 1981; 8: 91–2. 

7. Yukawa E, et al. The effect of concurrent administration of sodi-
um valproate on serum levels of primidone and its metabolite
phenobarbital. J Clin Pharm Ther 1989; 14: 387–92.

Pharmacokinetics
Primidone is readily absorbed from the gastrointestinal
tract and is reported to have a plasma half-life ranging
from 10 to 15 hours, which is shorter than those of its
principal metabolites phenylethylmalonamide and
phenobarbital, both of which are active. Therapeutic
plasma concentrations of primidone have been sug-
gested to be between 5 and 12 micrograms/mL. It is
excreted in urine as unchanged drug (40%) and metab-
olites. 
Primidone is widely distributed but is only partially
bound to plasma proteins; it has been suggested that it
exhibits variable binding of up to about 20%. It crosses
the placenta and is distributed into breast milk. 
The pharmacokinetics of primidone may be affected
by use with other antiepileptics (see under Interactions,
above).

Uses and Administration
Primidone is an antiepileptic that is partially metabo-
lised to phenobarbital (p.494), but is also considered to
have some antiepileptic activity in its own right. It may
be given to control partial and generalised tonic-clonic
seizures. Primidone is also used in the management of
essential tremor. 
In the treatment of epilepsy the dose of primidone
should be adjusted according to response; a limited
correlation with plasma concentrations has suggested
that concentrations of 5 to 12 micrograms/mL (23 to
55 micromoles/litre) are usually necessary, but the
BNF recommends monitoring of phenobarbital con-
centrations instead. 
Recommended initial oral doses in the UK are 125 mg
at bedtime increased, if necessary, by 125 mg every 3
days to a total of 500 mg daily given in 2 divided doses.
If necessary, the daily dose may be increased further
every 3 days by 250 mg up to a maximum of 1.5 g dai-
ly given in divided doses. Usual maintenance doses are
0.75 to 1.5 g daily; maintenance doses are usually giv-
en as 2 divided doses. Dosage recommendations in the
USA are generally similar although a maximum daily
dose of 2 g is permitted. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of primidone
or transition to or from another type of antiepileptic
therapy should be made gradually to avoid precipitat-
ing an increase in the frequency of seizures. For a dis-
cussion on whether or not to withdraw antiepileptic
therapy in seizure-free patients, see p.465. 
For essential tremor primidone is usually started at
daily oral doses of 50 mg as the syrup or 62.5 mg as the
tablet, increased gradually over 2 to 3 weeks if neces-
sary, to a maximum of 750 mg daily.
Administration in children. Children may be given primi-
done to control partial and generalised tonic-clonic seizures.
Recommended initial oral doses in the UK are 125 mg at bed-
time, increased if necessary, by 125 mg every 3 days to the fol-
lowing usual maintenance daily doses (given in 2 divided doses)
according to age: 
• up to 2 years: 250 to 500 mg 
• 2 to 5 years: 500 to 750 mg 
• 6 to 9 years: 750 to 1000 mg 
Children aged over 9 years may be given the usual adult dose
(see above). 
In the USA, a lower initial oral dose of 50 mg daily is recom-
mended. This is doubled every 3 days, to reach a usual mainte-
nance dose of 125 to 250 mg 3 times daily (10 to 25 mg/kg daily
in divided doses) after 10 or more days. Children over 8 years of
age may be given the usual adult dose as above.
Epilepsy. Primidone, like its metabolite phenobarbital, is used in
the treatment of epilepsy (p.465) for partial seizures with or
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without secondary generalisation and for primary generalised
tonic-clonic seizures. However, because of problems of sedation,
it is usually reserved for use in cases unresponsive to other
antiepileptics. It has been suggested that it may be suitable for
use in patients with QT-interval prolongation.1
1. Christidis D, et al. Is primidone the drug of choice for epileptic

patients with QT-prolongation? A comprehensive analysis of lit-
erature. Seizure 2006; 15: 64–6.

Neonatal apnoea. Results from a preliminary study suggested
that adjunctive treatment with primidone1 might be of value in
neonatal apnoea resistant to first-line therapy with xanthines
alone, but subsequent confirmatory studies seem to be lacking.
1. Miller CA, et al. The use of primidone in neonates with theo-

phylline-resistant apnea. Am J Dis Child 1993; 147: 183–6.

Neonatal seizures. Primidone has been tried in the manage-
ment of neonatal seizures (p.471).
Tremor. A beta blocker is often the first drug used in patients
with essential tremor who require regular treatment (p.1231) but
primidone1 may also be tried. A high incidence of acute adverse
reactions has been reported after initial doses (see Tremor, under
Adverse Effects, above). There has been concern that long-term
use may produce tolerance to primidone’s effects, although a
small study has found a reduced response in only a few patients.2
A later study3 found a dose of 250 mg daily to be as or more
effective than 750 mg daily without there being evidence of loss
of efficacy during a 12-month follow-up.
1. Koller WC, Royse VL. Efficacy of primidone in essential tremor.

Neurology 1986; 36: 121–4. 
2. Sasso E, et al. Primidone in the long-term treatment of essential

tremor: a prospective study with computerized quantitative anal-
ysis. Clin Neuropharmacol 1990; 13: 67–76. 

3. Serrano-Dueñas M. Use of primidone in low doses (250 mg/day)
versus high doses (750 mg/day) in the management of essential
tremor: double-blind comparative study with one-year follow-
up. Parkinsonism Relat Disord 2003; 10: 29–33.

Preparations
BP 2008: Primidone Oral Suspension; Primidone Tablets; 
USP 31: Primidone Oral Suspension; Primidone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Mysoline; Austral.: Mysoline; Austria: Cyral; Mysoline; Belg.: Myso-
line†; Braz.: Epidona†; Mysoline; Canad.: Mysoline†; Chile: Mysoline†;
Cz.: Liskantin; Denm.: Mysoline†; Fin.: Mysoline†; Fr.: Mysoline†; Ger.:
Liskantin; Mylepsinum; Resimatil; Gr.: Mysoline; Hung.: Sertan; India: Mys-
oline†; Irl.: Mysoline; Israel: Prysoline; Ital.: Mysoline; Mex.: Mysoline;
Neth.: Mysoline; Norw.: Mysoline†; Pol.: Mizodin; Port.: Mysoline; Rus.:
Hexamidin (Гексамидин); S.Afr.: Mysoline; Spain: Mysoline; Swed.: Mys-
oline†; Switz.: Mysoline; Turk.: Mysoline; UK: Mysoline; USA: Mysoline;
Venez.: Mutigan†.

Multi-ingredient: Cz.: Mysoline†.

Rufinamide (BAN, USAN, rINN)

60231/4; CGP-33101; E-2080; RUF-331; Rufinamida; Rufinami-
dum. 1-(2,6-Difluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
Руфинамид
C10H8F2N4O = 238.2.
CAS — 106308-44-5.
ATC — N03AF03.
ATC Vet — QN03AF03.

Adverse Effects and Precautions
The most common adverse effects with rufinamide include head-
ache, dizziness, fatigue, somnolence, nausea, and vomiting. Oth-
er reported adverse effects include anorexia, weight loss, anxiety,
insomnia, vertigo, nystagmus, tremor, dyspepsia, constipation,
and diarrhoea. Convulsions, including status epilepticus, have
occurred. Lymphadenopathy, abnormal liver function tests, and
haematuria, as well as fever and rash, have been reported as part
of a hypersensitivity syndrome. 
Rufinamide can reduce the QT interval and should be used with
caution in those with a shortening of their QT interval or with a
family history of congenital short QT syndrome. 
Care is required when withdrawing rufinamide therapy—see
Uses and Administration, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.
Interactions
There are complex interactions between antiepileptics, and tox-
icity may be enhanced without a corresponding increase in antie-

pileptic activity. Such interactions are very variable and unpre-
dictable and plasma monitoring is often advisable with
combination therapy. Rufinamide plasma concentrations are re-
portedly decreased by carbamazepine, phenobarbital, phenytoin,
vigabatrin, or primidone. In contrast, significant increases in ru-
finamide plasma concentrations can occur with valproate and
dosage adjustments may be necessary (see Uses and Administra-
tion, below). 
Rufinamide induces the cytochrome P450 isoenzyme CYP3A4
and may be expected to decrease plasma concentrations of drugs
metabolised by this route, such as oral contraceptives. Rufina-
mide reportedly increases steady-state plasma concentrations of
phenytoin.

Pharmacokinetics
Rufinamide is well absorbed after oral doses; peak plasma con-
centrations are reached after about 6 hours. Food increases the
bioavailability of rufinamide by about 34 to 40%. It is 34%
bound to serum proteins, mainly to albumin. 
Rufinamide is hydrolysed to an inactive metabolite and has a
plasma elimination half-life of about 6 to 10 hours, although
clearance in children is reported to be slower. It is mainly excret-
ed in urine as the inactive metabolite.
◊ References
1. Cardot JM, et al. The influence of food on the disposition of the

antiepileptic rufinamide in healthy volunteers. Biopharm Drug
Dispos 1998; 19: 259–62.

Uses and Administration
Rufinamide is an antiepileptic used as an adjunct in the treatment
of seizures associated with the Lennox-Gastaut syndrome
(p.465) in patients aged 4 years and over. Rufinamide is given
orally in 2 divided doses daily with food. The initial daily dose in
patients weighing less than 30 kg is 200 mg, increased according
to response in increments of 200 mg every 2 days to a usual max-
imum of 1 g daily; the recommended maximum dose in those
taking valproate is 600 mg daily. In patients weighing more than
30 kg, the initial daily dose is 400 mg, increased according to re-
sponse in increments of 400 mg every 2 days to a maximum
daily dose of 1.8 g in those weighing up to 50 kg, 2.4 g in those
weighing up to 70 kg, and 3.2 g in those over 70 kg. 
As with other antiepileptics, withdrawal of rufinamide therapy or
transition to or from another type of antiepileptic therapy should
be made gradually to avoid precipitating an increase in the fre-
quency of seizures. UK licensed product information recom-
mends reducing the daily dose by about 25% every 2 days. For a
discussion on whether or not to withdraw antiepileptic therapy in
seizure-free patients, see p.465. 
Rufinamide has also been investigated as adjunctive therapy in
the treatment of partial and primary generalised tonic-clonic sei-
zures.
◊ References.
1. Jain KK. An assessment of rufinamide as an anti-epileptic in

comparison with other drugs in clinical development. Expert
Opin Invest Drugs 2000; 9: 829–40. 

2. Pålhagen S, et al. Rufinamide: a double-blind, placebo-control-
led proof of principle trial in patients with epilepsy. Epilepsy Res
2001: 43: 115–24. 

3. Deeks ED, et al. Rufinamide. CNS Drugs 2006; 20: 751–60. 
4. Cheng-Hakimian A, et al. Rufinamide: pharmacology, clinical

trials, and role in clinical practice. Int J Clin Pract 2006; 60:
1497–501. 

5. Glauser T, et al. Rufinamide for generalized seizures associated
with Lennox-Gastaut syndrome. Neurology 2008; 70: 1950–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Inovelon; Port.: Inovelon; UK: Inovelon.

Stiripentol (USAN, rINN)

BCX-2600; Estiripentol; Stiripentolum. 4,4-Dimethyl-1-[(3,4-
methylenedioxy)phenyl]-1-penten-3-ol.
Стирипентол
C14H18O3 = 234.3.
CAS — 49763-96-4.
ATC — N03AX17.
ATC Vet — QN03AX17.

Adverse Effects and Precautions
The most common adverse effects of stiripentol include anorex-
ia, weight loss, insomnia, drowsiness, ataxia, hypotonia, and
dystonia. Other common adverse effects include nausea, vomit-
ing, and aggressiveness, and other mood or behavioural disor-
ders. Neutropenia is also reported to be common; persistent se-
vere neutropenia usually resolves spontaneously when

stiripentol is stopped. Photosensitivity, rash, and urticaria have
occurred. Patients may exhibit altered liver enzyme values. 
Growth rates, blood counts, and hepatic function should be mon-
itored periodically in patients given stiripentol.
Interactions
Stiripentol is a potent inhibitor of several cytochrome P450
isoenzymes, including CYP1A2, CYP2C19, and CYP3A4, and
may markedly reduce clearance of drugs metabolised by these
enzymes. The possibility of an effect on stiripentol metabolism
by other inhibitors or inducers of these enzymes should also be
borne in mind. 
For interactions of stiripentol with other antiepileptics, see under
Carbamazepine, p.474, Diazepam, p.990, and Phenytoin, p.498.
Uses and Administration
Stiripentol is used with clobazam and valproate as adjunctive
therapy in the treatment of refractory generalised tonic-clonic
seizures in severe myoclonic epilepsy in infancy. It is thought to
be less potent than some conventional antiepileptics, but may re-
duce their adverse effects when used adjunctively. 
Stiripentol is given orally and should be started at a low dose,
gradually increased over 3 days, to the recommended dose of
50 mg/kg daily given in 2 or 3 divided doses with food (but not
with dairy products, carbonated drinks, fruit juice, or food and
drinks that contain caffeine or theophylline). After starting ad-
junctive stiripentol therapy, the daily dose of clobazam may be
reduced by 25% every week if there are signs of adverse effects
or overdosage with clobazam. The daily dose of valproate is not
usually adjusted, however, it may be reduced by 30% every week
if there are signs of gastrointestinal adverse effects.
Epilepsy. A 24-week study1 in 10 children found that stiripentol
might be effective as adjunctive therapy for the treatment of
atypical absence seizures (p.465). Further studies suggested ben-
efit from adjunctive use in children with partial epilepsy2 and se-
vere myoclonic epilepsy.2-4

1. Farwell JR, et al. Stiripentol in atypical absence seizures in chil-
dren: an open trial. Epilepsia 1993; 34: 305–11. 

2. Perez J, et al. Stiripentol: efficacy and tolerability in children
with epilepsy. Epilepsia 1999; 40: 1618–26. 

3. Chiron C, et al. Stiripentol in severe myoclonic epilepsy in in-
fancy: a randomised placebo-controlled syndrome-dedicated tri-
al. Lancet 2000; 356: 1638–42. 

4. Chiron C. Stiripentol. Expert Opin Invest Drugs 2005; 14:
905–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Diacomit; Fr.: Diacomit; Port.: Diacomit.

Sultiame (BAN, rINN)

Riker-594; Sulthiame (USAN); Sultiaami; Sultiam; Sultiamo; Sultia-
mum. 4-(Tetrahydro-2H-1,2-thiazin-2-yl)benzenesulphonamide
S,S-dioxide.
Сультиам
C10H14N2O4S2 = 290.4.
CAS — 61-56-3.
ATC — N03AX03.
ATC Vet — QN03AX03.

Pharmacopoeias. In Jpn.
Profile
Sultiame is a carbonic anhydrase inhibitor that has been used as
an antiepileptic in most forms of epilepsy (p.465) except absence
seizures. It has usually been given with other antiepileptics and it
is believed that much of its activity is due to the inhibition of
metabolism of the other drugs. 
Sultiame has been given orally in initial doses of 100 mg twice
daily or 50 mg three times daily gradually increased according to
response to 200 mg three times daily. A dose of 5 to 10 mg/kg
daily, adjusted according to response, has been recommended in
Rolandic epilepsy.
Interactions. For the effect of sultiame on phenytoin, see
p.498.
Porphyria. Sultiame has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ospolot; Austral.: Ospolot; Austria: Ospolot; Cz.: Ospolot; Ger.:
Ospolot; Gr.: Ospolot; Hung.: Ospolot; Israel: Ospolot; Switz.: Ospolot.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tiagabine Hydrochloride 

(BANM, USAN, rINNM)

Abbott-70569.1; ABT-569; Hidrocloruro de tiagabina; NNC-05-
0328; NO-05-0328; Tiagabine, Chlorhydrate de; Tiagabini Hy-
drochloridum. (−)-(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]-
nipecotic acid hydrochloride.
Тиагабина Гидрохлорид
C20H25NO2S2,HCl = 412.0.
CAS — 115103-54-3 (tiagabine); 145821-59-6 (tiagab-
ine hydrochloride).
ATC — N03AG06.
ATC Vet — QN03AG06.

(tiagabine)

Pharmacopoeias. In US. 
USP 31 (Tiagabine Hydrochloride). A white to off-white pow-
der. Sparingly soluble in water; freely soluble in alcohol and
methyl alcohol; soluble in isopropyl alcohol; very slightly solu-
ble in chloroform; practically insoluble in n-heptane. Store in air-
tight containers at a temperature not exceeding 30°. Protect from
light.
Stability. An extemporaneously prepared suspension contain-
ing tiagabine hydrochloride 1 mg/mL in a mixture of simple syr-
up and 1% methylcellulose was found,1 when stored in plastic
amber bottles, to be stable for 6 weeks at 25° or 13 weeks at 4°.
When prepared in a 1:1 mixture of Ora-Plus and Ora-Sweet
(Paddock, USA), the suspension was stable for 10 weeks at 25°
or 13 weeks at 4°.
1. Nahata MC, Morosco RS. Stability of tiagabine in two oral liquid

vehicles. Am J Health-Syst Pharm 2003; 60: 75–7.

Adverse Effects
The most common adverse effects include dizziness,
nervousness, tiredness, somnolence, and tremor. Other
reported adverse effects include irritability, confusion,
depression, psychosis, difficulties in concentration, di-
arrhoea, abdominal pain, nausea, ataxia, emotional la-
bility, and nystagmus. Bruising, rashes, speech diffi-
culties, and a flu-like syndrome of chills, fever,
myalgia, and headache have also been reported. Visual
field defects have been reported rarely and decreased
white blood cell counts have been noted at routine
screenings.
Incidence of adverse effects. A systematic review1 consid-
ered 5 double-blind studies involving about 1000 patients of
whom 675 were receiving tiagabine as adjunctive therapy for re-
fractory partial seizures. Withdrawal due to adverse effects was
infrequent and occurred in 15% of patients receiving tiagabine
compared with 5% receiving placebo. Adverse effects were usu-
ally associated with dose titration, and were generally mild to
moderate in severity, and transient. Another review2 by the same
author on data from all clinical studies (52 studies involving
nearly 3100 patients) reported that in 21% of patients receiving
tiagabine had the drug stopped for adverse effects, mostly during
the first 6 months of therapy. Sub-analysis showed that figures
for placebo-controlled, adjunctive studies were similar to those
of the earlier review.
1. Leppik IE. Tiagabine: the safety landscape. Epilepsia 1995; 36

(suppl 6): S10–S13. 
2. Leppik IE, et al. Safety of tiagabine: summary of 53 trials. Epi-

lepsy Res 1999; 33: 235–46.

Effects on the eyes. Unlike vigabatrin, which is associated
with visual field defects (see p.513), studies of visual function in
patients taking tiagabine, another GABAergic antiepileptic, have
been generally reassuring. However, in a case report1 a 39-year-
old patient was noted to have visual field defects while receiving
long-term tiagabine therapy for bipolar disorder. The defects re-
versed after tiagabine was withdrawn.
1. Kaufman KR, et al. Visual fields and tiagabine: a quandary. Sei-

zure 2001; 10: 525–9.

Effects on mental function. For a review of the effects of
antiepileptic therapy on cognition, and the effects of tiagabine on
mood (including the risk of suicidal ideation) see p.468.
Effects on the nervous system. Acute dystonic reactions oc-
curred in 3 patients when tiagabine was added to their existing
carbamazepine treatment;1 the reactions were associated with an
increase in the dose of tiagabine to 20 mg or more. In all cases

the dystonias disappeared despite continuing tiagabine therapy at
the same dose, although in one patient carbamazepine was with-
drawn. 
There have been case reports of nonconvulsive status epilepti-
cus,2-4 associated with tiagabine. The authors of one such report2
noted that, in placebo-controlled studies, the incidence of such an
event was no higher in the tiagabine group than in the placebo
group. However, a retrospective analysis5 of inpatients with re-
fractory localised epilepsy found that non convulsive status epi-
lepticus occurred more frequently in patients treated with tiagab-
ine (6.7%) than in those who were not (1.1%). 
The FDA has warned of the risk of seizures with tiagabine when
used in non-epileptic patients for unlicensed indications;6 it had
received over 30 reports of new-onset seizures or status epilepti-
cus in such patients. Predisposing factors may include the use of
other drugs known to lower the seizure threshold, and probably
the dose. Although some cases were noted after doses as low as
4 mg daily, licensed doses in patients with epilepsy take into ac-
count the customary use of other enzyme-inducing antiepileptics
which can roughly halve the plasma levels of tiagabine by induc-
ing its metabolism. For reports of status epilepticus occurring in
non-epileptic patients after tiagabine overdosage, see below.
1. Wolańczyk T, Grabowska-Grzyb A. Transient dystonias in three

patients treated with tiagabine. Epilepsia 2001; 42: 944–6. 
2. Fitzek S, et al. Drug-induced nonconvulsive status epilepticus

with low dose of tiagabine. Epileptic Disord 2001; 3: 147–50. 
3. Skardoutsou A, et al. Non-convulsive status epilepticus associ-

ated with tiagabine therapy in children. Seizure 2003; 12:
599–601. 

4. Vinton A, et al. Tiagabine-induced generalised non convulsive
status epilepticus in patients with lesional focal epilepsy. J Clin
Neurosci 2005; 12: 128–33. 

5. Koepp MJ, et al. Status epilepticus and tiagabine therapy revis-
ited. Epilepsia 2005; 46: 1625–32. 

6. Food and Drug Administration. Tiagabine hydrochloride (mar-
keted as Gabitril): seizures in patients without epilepsy (issued
18/02/05). Available at: http://www.fda.gov/cder/drug/
InfoSheets/HCP/TiagabineHCP.pdf (accessed 09/06/08)

Overdosage. A 30-year-old man who took 320 mg of tiagabine
in overdose together with 400 mg of phenytoin showed no seri-
ous signs of toxicity other than significantly depressed levels of
consciousness from which he quickly recovered.1 Plasma con-
centrations of tiagabine measured 4 hours after ingestion were 30
times higher than those seen with therapeutic doses; phenytoin
concentrations just exceeded the therapeutic range. A 46-year-
old woman2 who ingested about 72 mg of tiagabine exhibited fa-
cial grimacing, rigid flexure posturing of the upper extremities,
and dilated pupils. She was uncommunicative and unresponsive
to commands. Treatment with benzodiazepines was given, and
symptoms resolved within 12 hours of admission. 
Seizures, including status epilepticus, are a recognised adverse
effect of tiagabine (see above); there have been reports of status
epilepticus occurring in non-epileptic patients after overdosage,
including non convulsive status epilepticus3 in a 14-year-old girl
who took about 180 mg of tiagabine, and myoclonic status
epilepticus4 in an 18-year-old man who took 120 mg of tiagabine
with 400 mg of lamotrigine. 
A retrospective review5 of 57 overdoses with tiagabine reported
to several poison centres in the USA found that the most com-
mon adverse effects were lethargy (in 56%), seizures (37%, in-
cluding status epilepticus in 5%), agitation (32%), confusion
(30%), and coma (28%). Other adverse effects included tachy-
cardia, respiratory depression, tremor, and hallucinations; no
deaths were reported. The mean onset and duration of symptoms
were 1.3 and 9.1 hours, respectively. The lowest dose associated
with seizures was 96 mg.
1. Leach JP, et al. Deliberate overdose with the novel anticonvul-

sant tiagabine. Seizure 1995; 4: 155–7. 
2. Cantrell FL, et al. Intentional overdose with tiagabine: an unusu-

al clinical presentation. J Emerg Med 2004; 27: 271–2. 
3. Jette N, et al. Tiagabine-induced nonconvulsive status epilepti-

cus in an adolescent without epilepsy. Neurology 2006; 67:
1514–15. 

4. Vollmar C, Noachtar S. Tiagabine-induced myoclonic status ep-
ilepticus in a nonepileptic patient. Neurology 2007; 68: 310. 

5. Spiller HA, et al. Retrospective evaluation of tiagabine over-
dose. Clin Toxicol 2005; 43: 855–9.

Precautions
Hepatic metabolism of tiagabine is reduced in patients
with hepatic impairment, and dosage should therefore
be reduced and/or the intervals between doses in-
creased. It should not be used in patients with severely
impaired hepatic function. 
Use of tiagabine in non-epileptic patients may be asso-
ciated with an increased risk of seizures— see Effects
on the Nervous System, above. 
Care is required when withdrawing tiagabine thera-
py—see Uses and Administration, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For comment on antiepileptic drugs and driving, see
p.468.

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. The
hepatic metabolism of tiagabine is accelerated by anti-
epileptics that induce enzymes of the cytochrome P450
system such as carbamazepine, phenobarbital, pheny-
toin, or primidone. Plasma concentrations of tiagabine
may be reduced up to threefold by use with these
drugs.

Pharmacokinetics
Tiagabine is readily absorbed after oral doses, with a
bioavailability of 89%. Food reduces the rate but not
the extent of absorption. The absorption and elimina-
tion pharmacokinetics of tiagabine are linear within the
therapeutic dosage range. 
Tiagabine is widely distributed throughout the body
and plasma protein binding is 96%. 
Tiagabine is extensively metabolised in the liver and
excreted as metabolites in the faeces or, to a lesser ex-
tent, in the urine; less than 2% of a dose is eliminated
as unchanged drug. The plasma-elimination half-life is
7 to 9 hours, although this may be reduced to 2 to 3
hours by liver enzyme-inducing drugs (see also Inter-
actions, above).
◊ References.
1. Gustavson LE, Mengel HB. Pharmacokinetics of tiagabine, a γ-

aminobutyric acid-uptake inhibitor, in healthy subjects after sin-
gle and multiples doses. Epilepsia 1995; 36: 605–11. 

2. So EL, et al. Pharmacokinetics of tiagabine as add-on therapy in
patients taking enzyme-inducing antiepilepsy drugs. Epilepsy
Res 1995; 22: 221–6. 

3. Snel S, et al. The pharmacokinetics of tiagabine in healthy eld-
erly volunteers and elderly patients with epilepsy. J Clin Phar-
macol 1997; 37: 1015–20. 

4. Cato A, et al. Effect of renal impairment on the pharmacokinet-
ics and tolerability of tiagabine. Epilepsia 1998; 39: 43–7. 

5. Samara EE, et al. Population analysis of the pharmacokinetics of
tiagabine in patients with epilepsy. Epilepsia 1998; 39: 868–73.

Uses and Administration
Tiagabine is a nipecotic acid derivative used in the
treatment of epilepsy (p.465) as adjunctive therapy for
refractory partial seizures with or without secondary
generalisation. It inhibits the uptake of GABA into
neuronal and glial cells, and therefore increases the
availability of GABA at receptor sites. 
UK licensing information states that tiagabine hydro-
chloride is given as the monohydrate, but doses are de-
scribed in terms of tiagabine; dose forms providing the
equivalent of 5, 10, and 15 mg of tiagabine are availa-
ble. In the USA, however, the licensed product is stated
to contain anhydrous tiagabine hydrochloride, and dos-
es are described in terms of this substance; dose forms
providing 2, 4, 12, and 16 mg are available. As a result,
the doses in the UK and US literature may not be di-
rectly comparable. 
In the UK, the initial oral daily dose as adjunctive ther-
apy in adults and children over 12 years of age is the
equivalent of tiagabine 5 to 10 mg as a single dose or
in 2 divided doses, increased weekly as necessary by
increments of 5 to 10 mg. The usual maintenance dose
is 30 to 45 mg daily, in 2 or 3 divided doses, in patients
receiving enzyme-inducing antiepileptics; in patients
not taking enzyme-inducing drugs an initial mainte-
nance dosage of 15 to 30 mg daily is suggested. Lower
initial doses of the hydrochloride are recommended in
the USA. Doses should be taken with food to avoid
rapid rises in plasma concentrations, thereby reducing
the incidence of adverse effects. Reduced doses should
be given in hepatic impairment—see below. 
As with other antiepileptics, withdrawal of tiagabine
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. UK
licensed product information recommends gradual
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withdrawal over a period of 2 to 3 weeks. For a discus-
sion on whether or not to withdraw antiepileptic thera-
py in seizure-free patients, see p.465.
Administration in hepatic impairment. The initial daily
maintenance dosage of tiagabine in patients with mild to moder-
ate hepatic impairment (Child-Pugh score 5 to 9) should be re-
duced to 5 to 10 mg given as a single dose or in 2 divided doses.
Tiagabine should not be given to patients with severe hepatic im-
pairment.

Epilepsy. Tiagabine is one of a number of drugs that may be
used as adjunctive therapy in patients with partial seizures (with
or without secondary generalisation) refractory to standard treat-
ment (p.465). It appears to be reasonably well tolerated. For the
suggestion that it might be tried in refractory status epilepticus,
see p.469. 
References.
1. Leach JP, Brodie MJ. Tiagabine. Lancet 1998; 351: 203–7. 
2. Adkins JC, Noble S. Tiagabine: a review of its pharmacodynam-

ic and pharmacokinetic properties and therapeutic potential in
the management of epilepsy. Drugs 1998; 55: 437–60. 

3. Luer MS, Rhoney DH. Tiagabine: a novel antiepileptic drug.
Ann Pharmacother 1998; 32: 1173–80. 

4. Loiseau P. Review of controlled trials of gabitril (tiagabine): a
clinician’s viewpoint. Epilepsia 1999; 40 (suppl 9): S14–S19. 

5. Anonymous. Tiagabine: add-on treatment for partial seizures.
Drug Ther Bull 2000; 38: 47–8. 

6. Dodrill CB, et al. Tiagabine versus phenytoin and car-
bamazepine as add-on therapies: effects on abilities, adjust-
ment, and mood. Epilepsy Res 2000; 42: 123–32. 

7. Crawford P, et al. Tiagabine: efficacy and safety in adjunctive
treatment of partial seizures. Epilepsia 2001; 42: 531–8. 

8. Biraben A, et al. Comparison of twice- and three times daily
tiagabine for the adjunctive treatment of partial seizures in re-
fractory patients with epilepsy: an open label, randomised, par-
allel-group study. Epileptic Disord 2001; 3: 91–100. 

9. Pereira J, et al. Tiagabine add-on for drug-resistant partial epi-
lepsy. Available in the Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2002 (accessed
09/06/08). 

10. Arroyo S, et al. A randomised open-label study of tiagabine giv-
en two or three times daily in refractory epilepsy. Seizure 2005;
14: 81–4.

Pain. Antiepileptics are among the drugs used to manage pain
(see Choice of Analgesic, p.2); tiagabine has been tried in chron-
ic pain1 and was found to be effective.
1. Todorov AA, et al. Tiagabine and gabapentin for the manage-

ment of chronic pain. Clin J Pain 2005; 21: 358–61.

Psychiatric disorders. Tiagabine has been tried for the treat-
ment of generalised anxiety disorder1,2 (p.952) and major de-
pressive disorder with anxiety3 (p.373), with variable results. It
has also been tried in post-traumatic stress disorder (p.953) with
some success in a case series4 and a small open-label study5 al-
though a later multicentre placebo-controlled study6 found no
significant difference between tiagabine and placebo; further
studies are considered warranted. A preliminary study7 suggest-
ed that tiagabine may be effective and generally well tolerated as
augmentation therapy in patients with anxiety disorders. 
References.
1. Rosenthal M. Tiagabine for the treatment of generalized anxiety

disorder: a randomized, open-label, clinical trial with paroxetine
as a positive control. J Clin Psychiatry 2003; 64: 1245–9. 

2. Pollack MH, et al. The selective GABA reuptake inhibitor tia-
gabine for the treatment of generalized anxiety disorder: results
of a placebo-controlled study. J Clin Psychiatry 2005; 66:
1401–8. 

3. Carpenter LL, et al. Open-label tiagabine monotherapy for major
depressive disorder with anxiety. J Clin Psychiatry 2006; 67:
66–71. 

4. Taylor FB. Tiagabine for posttraumatic stress disorder: a case
series of 7 women. J Clin Psychiatry 2003; 64: 1421–5. 

5. Connor KM, et al. Tiagabine for posttraumatic stress disorder:
effects of open-label and double-blind discontinuation treatment.
Psychopharmacology (Berl) 2006; 184: 21–5. 

6. Davidson JRT, et al. The efficacy and tolerability of tiagabine in
adult patients with post-traumatic stress disorder. J Clin Psy-
chopharmacol 2007; 27: 85–8. 

7. Schwartz TL, et al. An open-label study of tiagabine as augmen-
tation therapy for anxiety. Ann Clin Psychiatry 2005; 17:
167–72.

Stiff-man syndrome. There have been anecdotal reports1 of
improvement of stiff-man syndrome (see under Muscle Spasm in
Uses of Diazepam, p.993) with tiagabine in patients unable to
tolerate benzodiazepine therapy.
1. Murinson BB, Rizzo M. Improvement of stiff-person syndrome

with tiagabine. Neurology 2001; 57: 366.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Gabitril; Austria: Gabitril; Belg.: Gabitril; Cz.: Gabitril; Denm.:
Gabitril; Fin.: Gabitril†; Fr.: Gabitril; Ger.: Gabitril; Gr.: Gabitril; Hung.:
Gabitril; Irl.: Gabitril; Ital.: Gabitril; Mex.: Gabatril†; Pol.: Gabitril; Port.:
Gabitril; Spain: Gabitril; Switz.: Gabitril; UK: Gabitril; USA: Gabitril.

Topiramate (BAN, USAN, rINN)

KW-6485; McN-4853; RWJ-17021; Topiramaatti; Topiramat;
Topiramato; Topiramatum. 2,3:4,5-Di-O-isopropylidene-β-D-fruc-
topyranose sulphamate.
Топирамат
C12H21NO8S = 339.4.
CAS — 97240-79-4.
ATC — N03AX11.
ATC Vet — QN03AX11.

Pharmacopoeias. In US. 
USP 31 (Topiramate). A white to off-white powder. Freely sol-
uble in dichloromethane. Store in airtight containers at a temper-
ature of 20° to 25°, excursions permitted between 15° and 30°.
Protect from light.

Adverse Effects
Adverse effects associated with topiramate therapy in-
clude ataxia, impaired concentration, confusion, dizzi-
ness, fatigue, paraesthesia or hypoaesthesia, drowsi-
ness, and difficulties with memory or cognition.
Agitation, anxiety, nervousness, emotional lability, and
mood disorders may also occur. Other reported adverse
effects include abdominal pain, anorexia, asthenia, di-
plopia, leucopenia, nausea, nystagmus, insomnia, psy-
chomotor retardation, impaired speech, altered taste,
visual disturbances, and weight loss. The risk of devel-
oping renal calculi is increased, especially in predis-
posed patients. Reduced sweating with hyperthermia
has occurred particularly in children. Rare cases of
acute myopia with secondary angle-closure glaucoma
have been reported.
Effects on bone. For the effects of antiepileptics, including
topiramate, on bone and on calcium and vitamin D metabolism,
see under Phenytoin, p.496.
Effects on electrolytes. Metabolic acidosis has been associat-
ed with topiramate treatment. Data from clinical trials estimate
that the incidence of persistently decreased serum bicarbonate
concentrations ranges from 23 to 67% with topiramate compared
with 1 to 10% with placebo;1 children, in particular, may be at a
greater risk than adults.1,2 A retrospective cohort study also
found that 48% of adult patients developed decreased serum bi-
carbonate concentrations while receiving topiramate.3 Generally,
the decreases in serum bicarbonate are mild to moderate and oc-
cur soon after starting topiramate. Clinical signs such as hyper-
ventilation may develop. 
Some sources such as the US licensed product information rec-
ommend that baseline and periodic serum bicarbonate levels
should be monitored during topiramate treatment. If metabolic
acidosis develops or persists, it may be necessary to reduce the
dose or stop topiramate although, in some cases, correcting the
acidosis with alkali therapy may be more appropriate.
1. Janssen-Ortho Canada. Important drug safety information:

Topamax (topiramate) use is associated with metabolic acidosis
(issued 12/01/04). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/topamax_3_hpc-cps-eng.pdf
(accessed 01/09/08) 

2. Philippi H, et al. Topiramate and metabolic acidosis in infants
and toddlers. Epilepsia 2002; 43: 744–7. 

3. Garris SS, Oles KS. Impact of topiramate on serum bicarbonate
concentrations in adults. Ann Pharmacother 2005; 39: 424–6.

Effects on the eyes. There have been rare reports of acute
myopia with or without secondary angle-closure glaucoma in
adults and children receiving topiramate:1-3 as of April 2002 the
UK CSM was aware of 23 cases worldwide occurring with sec-
ondary angle-closure glaucoma.4 Symptoms include decreased
visual acuity and ocular pain which generally appear within one
month of starting treatment; hyperaemia and raised intra-ocular
pressure may be present with or without mydriasis. Choroidal
effusions resulting in anterior displacement of lens and iris have
been reported. Appropriate measures to reduce intra-ocular pres-
sure should be taken, and topiramate stopped as rapidly as is clin-
ically feasible.4 A later review5 of 115 reports of ocular adverse
effects associated with topiramate described 83 cases of bilateral
and 3 cases of unilateral acute angle-closure glaucoma; of these,
7 sustained permanent loss of vision. Onset of glaucoma was be-
tween 1 and 49 days after starting topiramate therapy, with 85%
of cases occurring within the first 2 weeks. Also reported were
cases of acute bilateral myopia (17 patients), suprachoroidal ef-
fusions (9), scleritis (4), blepharospasm (2), oculogyric crisis (2),

and myokymia (1). Diplopia and nystagmus were reported with
daily doses of at least 200 to 400 mg topiramate.
1. Gubbay SS. The occurrence of drug-induced myopia as a tran-

sient side effect of topiramate. Epilepsia 1998; 39: 451. 
2. Sen HA, et al. Topiramate-induced acute myopia and retinal stri-

ae. Arch Ophthalmol 2001; 119: 775–7. 
3. Rhee DJ, et al. Bilateral angle-closure glaucoma and ciliary body

swelling from topiramate. Arch Ophthalmol 2001; 119: 1721–3. 
4. Committee on Safety of Medicines/Medicines Control Agency.

Topiramate (Topamax): acute myopia and raised intraocular
pressure. Current Problems 2002; 28: 4. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007454&RevisionSelec tionMethod=
LatestReleased (accessed 09/06/08) 

5. Fraunfelder FW, et al. Topiramate-associated acute, bilateral,
secondary angle-closure glaucoma. Ophthalmology 2004; 111:
109–11.

Effects on the liver. For reports of hepatotoxicity associated
with the addition of topiramate to antiepileptic therapy with car-
bamazepine or valproate see Interactions, Antiepileptics, on
p.474 and p.511 respectively.
Effects on mental function. For a review of the effects of
antiepileptic therapy including topiramate on cognition and
mood (including the risk of suicidal ideation), see p.468.
Effects on the nervous system. Hyperthermia was reported
in 10.5% of patients taking topiramate compared with 0.15% of
patients taking other antiepileptic drugs in one centre.1 Children
under the age of 6 years, patients on daily doses of 6 mg/kg or
more, and those exposed to high ambient temperatures were
most at risk. Licensed product information recommends that
children should be monitored closely for decreased sweating and
hyperthermia, especially during warm or hot weather. Caution is
also advised when giving topiramate with other drugs known to
cause similar effects, for example, carbonic anhydrase inhibitors
and antimuscarinics. 
Hemiparesis that resolved on withdrawal of topiramate has been
reported2 in 2 patients, although both already had compromised
neurological function.
1. Ziad EK, et al. Age, dose, and environmental temperature are

risk factors for topiramate-related hyperthermia. Neurology
2005; 65: 1139–40. 

2. Stephen LJ, et al. Transient hemiparesis with topiramate. BMJ
1999; 318: 845.

Effects on sexual function. Topiramate has been associated
with sexual dysfunction1,2 in male and female patients; in all cas-
es symptoms resolved with dosage reduction or withdrawal of
the drug.
1. Holtkamp M, et al. Erectile dysfunction with topiramate. Epilep-

sia 2005; 46: 166–7. 
2. Sun C, et al. Reversible anorgasmia with topiramate therapy for

headache: a report of 7 patients. Headache 2006; 46: 1450–3.

Precautions
Topiramate should be used with caution in patients
with renal or hepatic impairment. Adequate hydration
is recommended to reduce the risk of developing renal
calculi, especially in predisposed patients. 
Care is required when withdrawing topiramate thera-
py—see also Uses and Administration, below.
Breast feeding. For comment on antiepileptic therapy and
breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.468.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy.
◊ References.
1. Bialer M, et al. Pharmacokinetic interactions of topiramate. Clin

Pharmacokinet 2004; 43: 763–80.

Antiepileptics. In pharmacokinetic studies hepatic enzyme in-
ducers such as carbamazepine,1-3 phenobarbital,2 and
phenytoin1,2 were reported to decrease the plasma concentration
of topiramate. 
For the effect of topiramate on phenytoin and carbamazepine,
see p.498 and p.474, respectively. For reports of an increased risk
of hepatic impairment in patients taking topiramate with val-
proate, see p.511.
1. Bourgeois BFD. Drug interaction profile of topiramate. Epilep-

sia 1996; 37: (suppl 2): S14–S17. 
2. Contin M, et al. Topiramate therapeutic monitoring in patients

with epilepsy: effect of concomitant antiepileptic drugs. Ther
Drug Monit 2002; 24: 332–7. 

3. Mimrod D, et al. A comparative study of the effect of car-
bamazepine and valproic acid on the pharmacokinetics and met-
abolic profile of topiramate at steady state in patients with epi-
lepsy. Epilepsia 2005; 46: 1046–54.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cardiac glycosides. For the effect of topiramate on digoxin,
see p.1261.
Sex hormones. For the effects of antiepileptics including
topiramate on oral contraceptives, see p.2068.

Pharmacokinetics
Topiramate is readily absorbed after oral doses, with
peak plasma concentrations achieved after about 2
hours. Bioavailability is not affected by the presence of
food. Protein binding is about 9 to 17%. The volume of
distribution in women is about half that in men. Topira-
mate crosses the placental barrier and is distributed into
breast milk. 
In healthy subjects topiramate is not extensively
metabolised; however, up to 50% of a dose may under-
go metabolism in the liver in patients also receiving en-
zyme-inducing drugs. It is eliminated chiefly in urine,
as unchanged drug and metabolites; mean plasma
elimination half-life is about 21 hours. Steady-state
concentrations are achieved after about 4 to 8 days in
patients with normal renal function. Clearance is de-
creased in patients with impaired renal or hepatic func-
tion, and steady-state plasma concentrations may not
be achieved for 10 to 15 days in the former. Children
exhibit a higher clearance and shorter elimination half-
life than adults. 
The pharmacokinetics of topiramate may be affected
by use with other antiepileptics (see under Interactions,
above).
◊ References.
1. Perucca E, Bialer M. The clinical pharmacokinetics of the newer

antiepileptic drugs: focus on topiramate, zonisamide, and tiagab-
ine. Clin Pharmacokinet 1996; 31: 29–46. 

2. Glauser TA, et al. Topiramate pharmacokinetics in infants. Epi-
lepsia 1999; 40: 788–91. 

3. Öhman I, et al. Topiramate kinetics during delivery, lactation,
and in the neonate: preliminary observations. Epilepsia 2002;
43: 1157–60. 

4. Ferrari AR, et al. Influence of dosage, age, and co-medication on
plasma topiramate concentrations in children and adults with se-
vere epilepsy and preliminary observations on correlations with
clinical response. Ther Drug Monit 2003; 25: 700–8. 

5. Battino D, et al. Topiramate pharmacokinetics in children and
adults with epilepsy: a case-matched comparison based on ther-
apeutic drug monitoring data. Clin Pharmacokinet 2005; 44:
407–16.

Uses and Administration
Topiramate, a sulfamate-substituted monosaccharide,
is an antiepileptic used as adjunctive therapy in refrac-
tory partial seizures with or without secondary general-
isation, seizures associated with the Lennox-Gastaut
syndrome, and primary generalised tonic-clonic sei-
zures. It may also be used as monotherapy in patients
with newly diagnosed epilepsy who have generalised
tonic-clonic seizures or partial seizures. Topiramate is
also used for the prophylaxis of migraine. 
In the UK, for both adjunctive and monotherapy of
epilepsy, the initial oral dose of topiramate is 25 mg at
night for 1 week increased thereafter by increments of
25 or 50 mg at intervals of 1 to 2 weeks until the effec-
tive dose is reached. Daily doses of more than 25 mg
should be taken in 2 divided doses. The usual daily
dose for adjunctive therapy is 200 to 400 mg although
some patients may require up to 800 mg daily. When
used as monotherapy, usual doses range from 100 mg
daily to a maximum of 400 mg daily. Similar target
doses are also used in the USA for both adjunctive and
monotherapy although higher initial doses of 50 mg
daily with weekly increases thereafter are recommend-
ed in the licensed product information. 
For doses in children, see below. 
As with other antiepileptics, withdrawal of topiramate
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.465. The UK
product information suggests decreasing the daily dose
by 50 to 100 mg at weekly intervals. 
In the prophylaxis of migraine, topiramate is given
orally in initial doses of 25 mg at night for 1 week,

increased by 25-mg increments every week, to a usual
dose of 50 mg twice daily. UK product information
suggests decreasing the daily dose by 25 to 50 mg at
weekly intervals when withdrawing topiramate thera-
py. 
Smaller increments or longer intervals between incre-
ments may be necessary if patients cannot tolerate the
above regimens; US product information suggests that
doses should be halved in patients with moderate to se-
vere renal impairment regardless of indication (see also
below).
Administration in children. Topiramate is used as adjunctive
therapy in children for refractory partial seizures with or without
secondary generalisation, seizures associated with the Lennox-
Gastaut syndrome, and primary generalised tonic-clonic sei-
zures. It may also be used as monotherapy in those with newly
diagnosed epilepsy who have generalised tonic-clonic seizures
or partial seizures. 
In the UK, the initial oral dose for adjunctive therapy in children
from 2 years of age is 25 mg. This is given as a single dose at
night for 1 week, then increased by 1 to 3 mg/kg every 1 to 2
weeks until the effective dose is reached; these higher daily doses
are divided and given twice daily. About 5 to 9 mg/kg daily is
usually required, although up to 30 mg/kg has been given. 
For monotherapy, in children from 6 years of age, the initial daily
oral dose is 0.5 to 1 mg/kg at night for the first week, increased
thereafter by 0.5 to 1 mg/kg every 1 or 2 weeks, to a usual dose
of 3 to 6 mg/kg daily in 2 divided doses; up to 16 mg/kg daily has
been used. 
The adult dose (above) is recommended in those over 16 years of
age. 
In the USA, licensed doses for adjunctive therapy are similar to
those in the UK; however, monotherapy, which is limited to
those 10 years of age and over, is given at usual adult doses.

Administration in renal impairment. Patients with moder-
ate to severe renal impairment take longer to reach steady-state
plasma concentrations of topiramate than patients with normal
renal function (see Pharmacokinetics, above) and the dosage reg-
imen may need adjusting; US licensed product information rec-
ommends that usual adult doses (see above) be halved in such
patients. 
In patients undergoing haemodialysis a supplemental dose equal
to about one-half of the daily dose should be given in divided
doses (at the start and finish of the procedure).

Alcohol withdrawal and abstinence. Topiramate may be of
use as an adjunct in achieving and maintaining abstinence in pa-
tients with alcohol dependence1,2 (p.1626).
1. Johnson BA, et al. Oral topiramate for treatment of alcohol de-

pendence: a randomised controlled trial. Lancet 2003; 361:
1677–85. 

2. Johnson BA, et al. Topiramate for treating alcohol dependence:
a randomized controlled trial. JAMA 2007; 298: 1641–51.

Bipolar disorder. Mood-stabilising antiepileptics such as car-
bamazepine and valproate are alternatives to lithium in the man-
agement of bipolar disorder (p.372). Topiramate has also been
investigated after favourable case reports,1,2 but randomised con-
trolled studies3,4 have produced disappointing results and a sys-
tematic review5 found insufficient evidence for its use as mono-
therapy or adjunctive therapy.
1. Teter CJ, et al. Treatment of affective disorder and obesity with

topiramate. Ann Pharmacother 2000; 34: 1262–5. 
2. Erfurth A, Kuhn G. Topiramate monotherapy in the maintenance

treatment of bipolar I disorder: effects on mood, weight and se-
rum lipids. Neuropsychobiology 2000; 42 (suppl 1): 50–1. 

3. Kushner SF, et al. Topiramate monotherapy in the management
of acute mania: results of four double-blind placebo-controlled
trials. Bipolar Disord 2006; 8: 15–27. 

4. Chengappa KNR, et al. Adjunctive topiramate therapy in pa-
tients receiving a mood stabilizer for bipolar I disorder: a rand-
omized, placebo-controlled trial. J Clin Psychiatry 2006; 67:
1698–1706. 

5. Vasudev K, et al. Topiramate for acute affective episodes in bi-
polar disorder. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2006 (accessed
09/06/08).

Epilepsy. Topiramate is used1-5 in epilepsy (p.465) for refractory
partial seizures, for primary generalised tonic-clonic seizures,6
and in patients with the Lennox-Gastaut syndrome;7 in the UK,
it may be a first-line option in some circumstances. Starting
topiramate therapy gradually improves tolerability without de-
laying therapeutic response.8 
Topiramate has also been investigated in children with infantile
spasms (as for example in West’s syndrome),9 severe myoclonic
epilepsy,10 and juvenile myoclonic epilepsy;11 it has been tried as
a second-line drug in absence seizures and for tonic or atonic sei-
zures. A retrospective review12 and later studies13,14 of the use of
topiramate in such drug-resistant childhood epilepsies have con-
cluded that it is efficacious and well tolerated. 

Topiramate has also been investigated as an alternative antiepi-
leptic in the management of refractory status epilepticus
(p.469).15,16

1. Lyseng-Williamson KA, Yang LPH. Topiramate: a review of its
use in the treatment of epilepsy. Drugs 2007; 67: 2231–56. 

2. Sachdeo RC, et al. Topiramate: clinical profile in epilepsy. Clin
Pharmacokinet 1998; 34: 335–46. 

3. Garnett WR. Clinical pharmacology of topiramate: a review.
Epilepsia 2000; 41 (suppl 1); S61–S65. 

4. Glauser TA, et al. Topiramate monotherapy in newly diagnosed
epilepsy in children and adolescents. J Child Neurol 2007; 22:
693–9. 

5. Jette NJ, et al. Topiramate add-on for drug-resistant partial epi-
lepsy. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2008 (accessed
27/08/08). 

6. Biton V. A randomized, placebo-controlled study of topiramate
in primary generalized tonic-clonic seizures. Neurology 1999;
52: 1330–7. 

7. Sachdeo RC, et al. A double-blind, randomized trial of topiram-
ate in Lennox-Gastaut syndrome. Neurology 1999; 52: 1882–7. 

8. Biton V, et al. Topiramate titration and tolerability. Ann Phar-
macother 2001; 35: 173–9. 

9. Glauser TA, et al. Long-term response to topiramate in patients
with West syndrome. Epilepsia 2000; 41 (suppl 1): S91–S94. 

10. Nieto-Barrera M, et al. Topiramate in the treatment of severe
myoclonic epilepsy in infancy. Seizure 2000; 9: 590–4. 

11. Biton V, Bourgeois BFD. Topiramate in patients with juvenile
myoclonic epilepsy. Arch Neurol 2005; 62: 1705–8. 

12. Yeung S, et al. Topiramate for drug-resistant epilepsies. Eur J
Paediatr Neurol 2000; 4: 31–3. 

13. Al Ajlouni S, et al. The efficacy and side effects of topiramate
on refractory epilepsy in infants and young children: a multi-
center clinical trial. Seizure 2005; 14: 459–63. 

14. Grosso S, et al. Efficacy and safety of topiramate in refractory
epilepsy of childhood: long-term follow-up study. J Child Neu-
rol 2005; 20: 893–7. 

15. Towne AR, et al. The use of topiramate in refractory status epi-
lepticus. Neurology 2003; 60: 332–4. 

16. Bensalem MK, Fakhoury TA. Topiramate and status epilepticus:
report of three cases. Epilepsy Behav 2003; 4: 757–60.

Headache. Topiramate is used for the prophylaxis of migraine
(p.616). Results from placebo-controlled studies1-5 have shown a
significant reduction in frequency of migraines in those patients
receiving prophylactic topiramate. 
Topiramate has been tried for prophylaxis of cluster headache
attacks6 (p.616) and chronic tension-type headache7 (p.617). It
has also been used to control headache due to raised intracranial
pressure (see p.1181).
1. Storey JR, et al. Topiramate in migraine prevention: a double-

blind, placebo-controlled study. Headache 2001; 41: 968–75. 
2. Brandes JL, et al. Topiramate for migraine prevention: a rand-

omized controlled trial. JAMA 2004; 291: 965–73. 
3. Silberstein SD, et al. Topiramate in migraine prevention: results

of a large controlled trial. Arch Neurol 2004; 61: 490–5. 
4. Silberstein SD, et al. Efficacy and safety of topiramate for the

treatment of chronic migraine: a randomized, double-blind, pla-
cebo-controlled trial. Headache 2007; 47: 170–80. 

5. Diener H-C, et al. Topiramate reduces headache days in chronic
migraine: a randomized, double-blind, placebo-controlled study.
Cephalalgia 2007; 27: 814–23. 

6. Láinez MJA, et al. Topiramate in the prophylactic treatment of
cluster headache. Headache 2003; 43: 784–9. 

7. Lampl C, et al. A prospective, open-label, long-term study of the
efficacy and tolerability of topiramate in the prophylaxis of
chronic tension-type headache. Cephalalgia 2006; 26: 1203–8.

Hyperhidrosis. Reduced sweating has been associated with
topiramate therapy (see Effects on the Nervous System under
Adverse Effects, above). There have been 2 case reports1,2 of the
use of topiramate in the treatment of hyperhidrosis.
1. Owen DB, Meffert JJ. The suppression of primary palmar-

plantar hyperhidrosis by topiramate. Br J Dermatol 2003; 148:
826–7. 

2. Hoehn-Saric R. Facial hyperhidrosis-induced social fear allevi-
ated with topiramate. J Clin Psychiatry 2006; 67: 1157.

Motor neurone disease. Topiramate has been tried as a po-
tential therapy for amyotrophic lateral sclerosis (see Motor Neu-
rone Disease, p.2380) but with disappointing results.1
1. Cudkowicz ME, et al. A randomized, placebo-controlled trial of

topiramate in amyotrophic lateral sclerosis. Neurology 2003; 61:
456–64.

Neuropathic pain. Although carbamazepine is the drug of
choice in the treatment of trigeminal neuralgia (p.9), topiramate
has also been tried successfully.1 It has also been tried2,3 in the
treatment of diabetic neuropathy (p.6) and of phantom limb
pain4 (p.9).
1. Zvartau-Hind M, et al. Topiramate relieves refractory trigeminal

neuralgia in MS patients. Neurology 2000; 55: 1587–8. 
2. Raskin P, et al. Topiramate vs placebo in painful diabetic neurop-

athy: analgesic and metabolic effects. Neurology 2004; 63:
865–73. 

3. Donofrio PD, et al. Safety and effectiveness of topiramate for the
management of painful diabetic peripheral neuropathy in an
open-label extension study. Clin Ther 2005; 27: 1420–31. 

4. Harden RN, et al. Topiramate for phantom limb pain: a time-
series analysis. Pain Med 2005; 6: 375–8.

Obesity. Weight loss has been associated with topiramate ther-
apy (see Adverse Effects, above) and it has been tried as an ad-
junct in the treatment of obesity (p.2149) and in overweight pa-
tients; topiramate appears to be reasonably well tolerated. It has
also been tried in binge eating (see below). 
References.
1. Astrup A, Toubro S. Topiramate: a new potential pharmacologi-

cal treatment for obesity. Obes Res  2004; 12 (suppl):
167S–173S. 
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2. Kirov G, Tredget J. Add-on topiramate reduces weight in overweight

patients with affective disorders: a clinical case series. BMC Psychi-
atry 2005; 5: 19. Available at: http://www.biomedcentral.com/
content/pdf/1471-244X-5-19.pdf (accessed 09/06/08) 

3. Khazaal Y, et al. Long-term topiramate treatment of psychotrop-
ic drug-induced weight gain: a retrospective chart review. Gen
Hosp Psychiatry 2007; 29: 446–9. 

4. Eliasson B, et al. Weight loss and metabolic effects of topiramate
in overweight and obese type 2 diabetic patients: randomized
double-blind placebo-controlled trial. Int J Obes 2007; 31:
1140–7.

Psychiatric disorders. Topiramate has been tried in several
psychiatric disorders, including schizophrenia1 (p.955), dis-
turbed behaviour2 (p.954), post-traumatic stress disorder3

(p.953), and social anxiety disorder4 (see Phobic Disorders,
p.953). It has also been tried in binge eating.5-7 For its use in bi-
polar disorder see above.
1. Tiihonen J, et al. Topiramate add-on in treatment-resistant schiz-

ophrenia: a randomized, double-blind, placebo-controlled,
crossover trial. J Clin Psychiatry 2005; 66: 1012–15. 

2. Nickel MK, et al. Topiramate treatment of aggression in female
borderline personality disorder patients: a double-blind, place-
bo-controlled study. J Clin Psychiatry 2004; 65: 1515–19. 

3. Berlant JL. Prospective open-label study of add-on and mono-
therapy topiramate in civilians with chronic nonhallucinatory
posttraumatic stress disorder. BMC Psychiatry 2004; 4: 24.
Available at: http://www.biomedcentral.com/content/pdf/
1471-244X-4-24.pdf (accessed 09/06/08) 

4. Van Ameringen M, et al. An open trial of topiramate in the treat-
ment of generalized social phobia. J Clin Psychiatry 2004; 65:
1674–8. 

5. Nickel C, et al. Topiramate treatment in bulimia nervosa pa-
tients: a randomized, double-blind, placebo-controlled trial. Int J
Eat Disord 2005; 38: 295–300. 

6. Tata AL, Kockler DR. Topiramate for binge-eating disorder as-
sociated with obesity. Ann Pharmacother 2006; 40: 1993–7. 

7. Claudino AM, et al. Double-blind, randomized, placebo-control-
led trial of topiramate plus cognitive-behavior therapy in binge-
eating disorder. J Clin Psychiatry 2007; 68: 1324–32.

Tremor. A beta blocker is often the first drug used in patients
with essential tremor who require regular treatment (p.1231);
however, topiramate1,2 has also been tried.
1. Galvez-Jimenez N, Hargreave M. Topiramate and essential trem-

or. Ann Neurol 2000; 47: 837–8. 
2. Ondo WG, et al. Topiramate in essential tremor: a double-blind,

placebo-controlled trial. Neurology 2006; 66: 672–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Neutop; Topamac; Topictal; Topirex; Austral.: Topamax; Austria:
Topamax; Belg.: Topamax; Braz.: Topamax; Canad.: Topamax; Chile:
Topamax; Toprel; Cz.: Topamax; Topiragis; Denm.: Epitomax; Topimax;
Fin.: Topimax; Fr.: Epitomax; Ger.: Topamax; Gr.: Topamac; Hong Kong:
Topamax; Hung.: Topamax; India: Topamac; Topamate; Indon.: Topamax;
Irl.: Topamax; Israel: Topamax; Ital.: Topamax; Malaysia: Topamax;
Mex.: Topamax; Neth.: Epitomax; Topamax; Norw.: Topimax; NZ:
Topamax; Philipp.: Topamax; Pol.: Topamax; Port.: Topamax; Toptrix;
Rus.: Topamax (Топамакс); S.Afr.: Topamax; Singapore: Topamax;
Spain: Bipomax; Topamax; Swed.: Topimax; Switz.: Topamax; Thai.:
Topamax; Turk.: Topamax; UK: Topamax; USA: Topamax; Venez.:
Topamax.

Trimethadione (BAN, rINN)

Trimetadion; Trimetadiona; Trimetadionas; Trimetadioni; Tri-
methadion; Triméthadione; Trimethadionum; Trimethinum;
Troxidone. 3,5,5-Trimethyl-1,3-oxazolidine-2,4-dione.
Триметадион
C6H9NO3 = 143.1.
CAS — 127-48-0.
ATC — N03AC02.
ATC Vet — QN03AC02.

Pharmacopoeias. In Eur. (see p.vii), Int., and Jpn. 
Ph. Eur. 6.2 (Trimethadione). Colourless or almost colourless
crystals. Soluble in water; very soluble in alcohol. Protect from
light.
Profile
Trimethadione is an oxazolidinedione antiepileptic that has been
given in the treatment of absence seizures refractory to other an-
tiepileptics. However, because of its potential toxicity, other an-
tiepileptics are preferred (see under Epilepsy, p.465).
Porphyria. Trimethadione has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Characteristic congenital malformations, termed
the fetal trimethadione syndrome, have been associated with the
use of trimethadione in pregnancy. 
For comments on the management of epilepsy during pregnancy,
see p.468.
Preparations

Valproate
Valproato.
Вальпроат

NOTE. Valproate is a generic term applied to valproic acid and its
salts and esters.

Valproic Acid (BAN, USAN, rINN)

Abbott-44089; Acide valproïque; Ácido dipropilacético; Ácido
valproico; Acidum valproicum; Kyselina valproová; Valproiinihap-
po; Valproik Asit; Valproinė ru

_
gštis; Valproinsav; Valproinsyra. 2-

Propylvaleric acid; 2-Propylpentanoic acid.
Вальпроевая Кислота
C8H16O2 = 144.2.
CAS — 99-66-1.
ATC — N03AG01.
ATC Vet — QN03AG01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Valproic Acid). A colourless or very slightly yel-
low, slightly viscous, clear liquid. Very slightly soluble in water;
miscible with alcohol and with dichloromethane. It dissolves in
dilute solutions of alkali hydroxides. Store in airtight containers. 
USP 31 (Valproic Acid). A colourless to pale yellow, slightly vis-
cous, clear liquid having a characteristic odour. Slightly soluble
in water; freely soluble in alcohol, in acetone, in chloroform, in
ether, in methyl alcohol, in benzene, in n-heptane, and in 1N
sodium hydroxide; slightly soluble in 0.1N hydrochloric acid.
Store in airtight glass, stainless steel, or polyethylene containers.

Sodium Valproate (BANM, rINNM)

Abbott-44090; Natrii valproas; Natrio valproatas; Natriumval-
proaatti; Natriumvalproat; Nátrium-valproát; Natrium-valproát;
NIK-240; Sodium, valproate de; Sodyum Valproat; Valproate de
Sodium; Valproate Sodium (USAN); Valproato sódico. Sodium 2-
propylvalerate; Sodium 2-propylpentanoate.
Натрий Вальпроат
C8H15NaO2 = 166.2.
CAS — 1069-66-5.
ATC — N03AG01.
ATC Vet — QN03AG01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn., and US. 
Ph. Eur. 6.2 (Sodium Valproate). A white or almost white, hy-
groscopic, crystalline powder. Very soluble in water; slightly to
freely soluble in alcohol. Store in airtight containers. 
USP 31 (Divalproex Sodium). A white to off-white powder. Sol-
uble in acetone; practically insoluble in acetonitrile; very soluble
in chloroform; freely soluble in ethyl ether and in methyl alcohol.
Store in airtight containers.

Valproate Pivoxil (rINN)

CHF-1504; Valproato de pivoxilo; Valproato pivoxilo; Val-
proatum Pivoxilum. Hydroxymethyl 2-propylvalerate pivalate.
Вальпроат Пивоксил
C14H26O4 = 258.4.
CAS — 77372-61-3.
ATC — N03AG01.
ATC Vet — QN03AG01.

Valproate Semisodium (rINN)

Abbott-50711; Divalproex Sodium (USAN); Semisodium Val-
proate (BAN); Valproate Semisodique; Valproato semisódico; Val-
proatum Seminatricum. 2-Propylvaleric acid—Sodium 2-propyl-
valerate (1:1); Sodium hydrogen bis(2-propylvalerate) oligomer.
Вальпроат Семинатрий
C16H31NaO4 = 310.4.
CAS — 76584-70-8.
ATC — N03AG01.
ATC Vet — QN03AG01.

Valpromide (rINN)

Dipropilacetamida; Dipropylacetamide; Valpromida; Valpromi-
dum. 2-Propylvaleramide.

Вальпромид
C8H17NO = 143.2.
CAS — 2430-27-5.
ATC — N03AG02.
ATC Vet — QN03AG02.

Adverse Effects
The most frequently reported adverse effects associat-
ed with valproate therapy are gastrointestinal distur-
bances, particularly at the start of therapy; enteric-coat-
ed formulations, taking doses with meals, and starting
with low doses may minimise symptoms. There may
be increased appetite, and weight gain is common. 
Less common adverse effects include oedema, head-
ache, reversible prolongation of bleeding time, and
thrombocytopenia. Leucopenia and bone marrow de-
pression have been reported. Neurological adverse ef-
fects including ataxia, tremor, sedation, lethargy, con-
fusion, and more rarely encephalopathy and coma,
have occasionally been reported, although these are of-
ten associated with too high a starting dose, increasing
doses too rapidly, or use with other antiepileptics. Very
rare cases of extrapyramidal symptoms or reversible
dementia associated with cerebral atrophy have been
reported. Increased alertness may occur, which is gen-
erally considered beneficial, but occasionally aggres-
sion, hyperactivity, and behavioural disturbances have
been reported. Hearing loss has been noted. There may
occasionally be rashes, and, rarely, hirsutism, acne,
toxic epidermal necrolysis and Stevens-Johnson syn-
drome or erythema multiforme. Transient hair loss,
sometimes with regrowth of curly hair, has occurred.
Irregular periods, amenorrhoea, and gynaecomastia
have been reported rarely. 
Liver dysfunction including hepatic failure has occa-
sionally been reported, usually in the first few months
of treatment, and requires valproate withdrawal; there
have been fatalities. Elevation of liver enzyme values
is common but normally transient and dose-related.
Hyperammonaemia has occurred, even in the absence
of overt hepatic failure, and is sometimes associated
with neurological symptoms; hyperglycinaemia has
also been reported. Pancreatitis has also been reported
rarely, and fatalities have occurred; plasma amylase
should be measured if there is acute abdominal pain,
although the value of serum amylase as a diagnostic
tool has been questioned—see Effects on the Pancreas,
below. In a few patients there have been reports of re-
versible defects in renal tubular function (Fanconi’s
syndrome). 
Congenital malformations have been reported in
infants born to women who had received antiepileptics
including valproate during pregnancy. 
Inflammatory reactions and pain have been reported at
the injection site after intravenous doses.
Incidence of adverse effects. Adverse effects were present in
71 of 88 children receiving sodium valproate monotherapy1 and,
although average doses in these patients were significantly high-
er than in the 17 with no adverse effects, no difference in the plas-
ma concentrations was observed between the 2 groups. 
• Behavioural alterations seen in 56 included irritability, longer

and deeper sleep, superficial sleep, hyperactivity, being more
alert, lassitude, drowsiness, being more sociable, calmness,
being happier, absent mindedness, being sadder, aggressive-
ness, being more skillful, and docility; it was emphasised that
stimulatory reactions were as frequent as depressant effects 

• Digestive disorders occurred in 43 children with anorexia, ab-
dominal pain, and nausea and vomiting being the most fre-
quent; diarrhoea, constipation, an increase in appetite, and a
gain in weight also occurred. With the exception of a tempo-
rary increase in plasma transaminase concentrations in 2 pa-
tients, hepatic or pancreatic dysfunction was not seen 

• Neurological changes in the form of tremor, paraesthesia, or
ataxia, occurring in only 4 patients, were less frequent than
either behavioural or digestive reactions 

• Miscellaneous reactions including polydipsia, polyuria, dia-
phoresis, enuresis, hair loss, change in hair colour or texture,
and rash were seen in 23 children 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

• Of the 71 children experiencing reactions, therapy continued
unchanged in 56, was changed in 3 either by altering the phar-
maceutical formulation (syrup, tablets, granules), by changing
the frequency of dosing, or by reducing the dose in 6, and in
the remaining 9 children valproate therapy was stopped

1. Herranz JL, et al. Side effects of sodium valproate in monothera-
py controlled by plasma levels: a study in 88 pediatric patients.
Epilepsia 1982; 23: 203–14.

Carnitine deficiency. Carnitine deficiency may occasionally
arise during long-term use of valproate; although it is unclear
whether carnitine supplementation (p.1933) is of value in chil-
dren receiving valproate, some neurologists consider it justified
in selected cases, including those with, or at risk of, valproate-
induced hepatotoxicity.1,2

1. De Vivo DC, et al. -Carnitine supplementation in childhood ep-
ilepsy: current perspectives. Epilepsia 1998; 39: 1216–25. 

2. Lheureux PER, et al. Science review: carnitine in the treatment
of valproic acid-induced toxicity—what is the evidence? Crit
Care 2005; 9: 431–40.

Effects on the blood. A number of reports have implicated
valproate as a cause of occasional neutropenia,1-3 leucopenia,4
and thrombocytopenia.2 A 1-year prospective study involving 45
patients found that absolute neutropenia developed in 12 and
thrombocytopenia in 15, but that the disorders were transient and
self-limiting.2 However, neutropenia has occasionally been suf-
ficiently severe to warrant withdrawal of valproate.5 Red cell
aplasia has also been associated with valproate therapy.6,7 A
study8 involving 30 children indicated that valproate might pro-
duce symptoms similar to those of von Willebrand’s disease; 19
of the 30 had a history of minor haemorrhage during therapy, and
7 had abnormal bleeding times. Factor VIII therapy might need
to be given in patients receiving valproate who underwent sur-
gery or in whom bleeding was severe. 
For a discussion of the effects of antiepileptics, including val-
proate, on serum folate, see under Phenytoin, p.495.
1. Jaeken J, et al. Neutropenia during sodium valproate treatment.

Arch Dis Child 1979; 54: 986–7. 
2. Barr RD, et al. Valproic acid and immune thrombocytopenia.

Arch Dis Child 1982; 57: 681–4. 
3. Vesta KS, Medina PJ. Valproic acid-induced neutropenia. Ann

Pharmacother 2003; 37: 819–21. 
4. Coulter DL, et al. Valproic acid therapy in childhood epilepsy.

JAMA 1980; 244: 785–8. 
5. Symon DNK, Russell G. Sodium valproate and neutropenia.

Arch Dis Child 1983; 58: 235. 
6. MacDougall LG. Pure red cell aplasia associated with sodium

valproate therapy. JAMA 1982; 247: 53–4. 
7. Watts RG, et al. Valproic acid-induced cytopenias: evidence for

a dose-related suppression of hematopoiesis. J Pediatr 1990;
117: 495–9. 

8. Kreuz W, et al. Induction of von Willebrand disease type I by
valproic acid. Lancet 1990; 335: 1350–1.

Effects on bone. For the effects of antiepileptics including val-
proate on bone and on calcium and vitamin D metabolism, see
under Phenytoin, p.496.

Effects on the endocrine system. An early study1 reported
that menstrual disturbances were associated more often with val-
proate than with other antiepileptics among 238 women with ep-
ilepsy; 80% of those treated with valproate before 20 years of age
had polycystic ovaries or hyperandrogenism. A later study2

found that the occurrence of polycystic ovaries in 105 epileptic
women taking carbamazepine or valproate was no greater than
that in the general population, although valproate appeared to in-
crease glucose-stimulated pancreatic insulin secretion. Subse-
quent studies3-5 and reviews6-9 support the association between
valproate therapy and reproductive endocrine disorders and met-
abolic disturbances in female patients with epilepsy. However, a
causal link could not be established since epilepsy itself affects
the endocrine system. Symptoms such as hyperandrogenism,
menstrual disturbances, polycystic ovaries, weight gain, and in-
sulin resistance have been attributed to the development of poly-
cystic ovary syndrome (p.2080) in some patients. Other adverse
effects of valproate on the endocrine system include dyslipidae-
mia, hypocalcaemia, and hypothyroidism. 
For mention of the effects of antiepileptics, including valproate,
on sexual function in male epileptic patients, see under Pheny-
toin, p.496.
1. Isojärvi JIT, et al. Polycystic ovaries and hyperandrogenism in

women taking valproate for epilepsy. N Engl J Med 1993; 329:
1383–8. 

2. Luef G, et al. Polycystic ovaries, obesity and insulin resistance
in women with epilepsy: a comparative study of carbamazepine
and valproic acid in 105 women. J Neurol 2002; 249: 835–41. 

3. Betts T, et al. A study of anticonvulsant medication on ovarian
function in a group of women with epilepsy who have only ever
taken one anticonvulsant compared with a group of women with-
out epilepsy. Seizure 2003; 12: 323–9. 

4. Mikkonen K, et al. Long-term reproductive endocrine health in
young women with epilepsy during puberty. Neurology 2004;
62: 445–50. 

5. Tan H, et al. Valproate-induced insulin resistance in prepubertal
girls with epilepsy. J Pediatr Endocrinol Metab 2005; 18:
985–9. Correction. ibid.; 1134. 

6. Morrell MJ. Reproductive and metabolic disorders in women
with epilepsy. Epilepsia 2003; 44 (suppl 4): 11–20. 

7. Rasgon N. The relationship between polycystic ovary syndrome
and antiepileptic drugs: a review of the evidence. J Clin Psy-
chopharmacol 2004; 24: 322–34. 

8. Verrotti A, et al. Endocrine and metabolic changes in epileptic
patients receiving valproic acid. J Pediatr Endocrinol Metab
2005; 18: 423–30. 

9. Isojärvi J. Disorders of reproduction in patients with epilepsy:
antiepileptic drug related mechanisms. Seizure 2008; 17:
111–19.

Effects on the liver. An early review1 of the hepatotoxicity of
valproate included an analysis of 42 cases with fatal hepatitis, 3
cases with a Reye’s-like syndrome, and 22 instances of hyperam-
monaemia: 
• In 19 studies the incidence of abnormal serum aminotrans-

ferase activity ranged from 0 to 44% with an overall incidence
of 11% in the 1197 patients monitored; in the non-fatal cases
activity was usually between one and three times the upper
limit of normal and was not usually, except in the most severe
cases, accompanied by rises in serum bilirubin or alkaline
phosphatase 

• In the 42 cases of hepatitis with a fatal outcome the age at
presentation ranged from 2.5 months to 34 years with 69%
aged 10 years or less. Below the age of 15 years the proportion
of males was 62.5% but above this age it was 30%; the dispro-
portionate vulnerability of young individuals, particularly
boys, did not appear to be a reflection of prescribing habits in
that age group. In more than two-thirds of these patients with
a fatal outcome, prodromal symptoms comprised anorexia
and vomiting, loss of epilepsy control, impaired conscious-
ness, and ataxia; in about one-third there were signs of liver
damage with fever, jaundice, ascites, peripheral oedema, and
easy bruising. In all of the patients hepatic coma developed. In
36 patients on whom data were available the onset of hepatic
illness in one-third occurred between 1 and 2 months and in
only 2 patients did the onset occur after more than 5 months.
Of these 42 patients with fatal hepatotoxicity 36 were also giv-
en other drugs, mostly antiepileptics 

• The 3 children with a Reye’s-like syndrome all died within 3
weeks of the first occurrence of symptoms as a result of cere-
bral oedema (2) or aspiration pneumonia (1) 

• In the 22 patients with symptomatic hyperammonaemia, char-
acterised usually by impaired consciousness and ataxia, but
without overt liver disease, withdrawal of valproate resulted in
all becoming asymptomatic and biochemical abnormalities
returned to normal. Hyperammonaemia has also been report-
ed in asymptomatic patients 

Hyperammonaemia and encephalopathy may also be precipitat-
ed when valproate is used with certain drugs (see under Antibac-
terials, p.510 and Antiepileptics, p.511, in Interactions). 
Various hypotheses for the cause of valproate hepatotoxicity
have been discussed in detail.2 
Analysis of deaths in the USA attributed to valproate liver toxic-
ity identified a decline in the incidence of fatalities as use in
young children and use with other antiepileptics declined.3 How-
ever, occasional reports still occur in some countries.4
1. Powell-Jackson PR, et al. Hepatotoxicity to sodium valproate: a

review. Gut 1984;  25: 673–81. 
2. Eadie MJ, et al. Valproate-associated hepatotoxicity and its bio-

chemical mechanisms. Med Toxicol 1988; 3: 85–106. 
3. Dreifuss FE, et al. Valproic acid hepatic fatalities: II US experi-

ence since 1984. Neurology 1989; 39: 201–7. 
4. Koenig SA, et al. Valproic acid-induced hepatopathy: nine new

fatalities in Germany from 1994 to 2003. Epilepsia 2006; 47:
2027–31.

Effects on mental function. For a review of the effects of
antiepileptic therapy including valproate on cognition and mood
(including the risk of suicidal ideation), see p.468.
Effects on the nervous system. An extrapyramidal syn-
drome of tremor and rigidity, unresponsive to benzatropine or tri-
hexyphenidyl, developed in a 52-year-old man with schizophre-
nia given a therapeutic trial of sodium valproate 1 to 2 g daily.1
Giving sodium valproate to a man with dystonic movements of
the neck and spine produced a severe subjective and objective
deterioration in his symptoms, which returned to their previous
severity on withdrawal of the drug.2 There have also been
reports3,4 of parkinsonism associated with valproate antiepileptic
therapy; onset was usually insidious and progressive, occurring
after several years of good tolerability. A case series4 also report-
ed cognitive impairment in 6 of 10 patients who developed par-
kinsonism. In most cases symptoms improved on stopping val-
proate. 
Spasmodic dysphonia associated with valproate has been report-
ed;5 symptoms resolved when the dose of valproate was reduced. 
A stuporous state associated with EEG abnormalities has been
described6,7 during valproate therapy for complex partial or
mixed seizure types and it was suggested that in certain forms of
epilepsy valproate may exhibit a paradoxical epileptogenic ef-
fect. Other findings8 have argued against an epileptic origin for
valproate-induced stupor.
1. Lautin A, et al. Extrapyramidal syndrome with sodium val-

proate. BMJ 1979; 2: 1035–6. 
2. Dick DJ, Saunders M. Extrapyramidal syndrome with sodium

valproate. BMJ 1980; 280: 189. 
3. Easterford K, et al. Reversible parkinsonism with normal β-CIT-

SPECT in patients exposed to sodium valproate. Neurology
2004; 62: 1435–7. 

4. Masmoudi K, et al. Parkinsonism and/or cognitive impairment
with valproic acid therapy: a report of ten cases. Pharmacopsy-
chiatry 2006; 39: 9–12. 

5. Oh J, et al. Spasmodic dysphonia induced by valproic acid. Epi-
lepsia 2004; 45: 880–1. 

6. Marescaux C, et al. Stuporous episodes during treatment with
sodium valproate: report of seven cases. Epilepsia 1982; 23:
297–305. 

7. Stecker MM, Kita M. Paradoxical response to valproic acid in a
patient with a hypothalamic hamartoma. Ann Pharmacother
1998; 32: 1168–72. 

8. Aguglia U, et al. Negative myoclonus during valproate-related
stupor: neurophysiological evidence of a cortical non-epileptic
origin. Electroencephalogr Clin Neurophysiol 1995; 94: 103–8.

Effects on the pancreas. An early report of 4 cases of pancre-
atitis associated with valproic acid therapy also reviewed 10 pre-
viously published cases.1 None of the 14 patients, 2 of whom
died, suffered other symptoms of a toxic reaction to valproic
acid. Pancreatitis was not dose-related and had developed as ear-
ly as one week and as late as 4.5 years after the introduction of
therapy. Symptoms recurred on rechallenge in 6 of 7 patients.
However, routine monitoring of serum-amylase concentrations
in asymptomatic patients did not seem necessary. In February
1994 the UK CSM commented2 in a review of drug-induced
pancreatitis that they had received 29 reports of pancreatitis, in-
cluding 2 fatalities, associated with sodium valproate. A later
review3 of 22 children who developed pancreatitis while taking
valproate (2 of whom died) found that duration of therapy, dose,
serum concentrations, and polytherapy were not risk factors. The
authors advised against rechallenge as the rate of relapse is high.
Serum amylase concentrations were found to be nondiagnostic
in 39% of these patients, and the authors considered that serum
lipase concentrations were far more likely to be elevated.
1. Wyllie E, et al. Pancreatitis associated with valproic acid thera-

py. Am J Dis Child 1984; 138: 912–14. 
2. Committee on Safety of Medicines/Medicines Control Agency.

Drug-induced pancreatitis. Current Problems 1994; 20: 2–3.
A l s o  a v a i l a b l e  a t :  h t t p : / / w w w. mh r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON2024457&
RevisionSelectionMethod=LatestReleased (accessed 01/09/08) 

3. Werlin SL, Fish DL. The spectrum of valproic acid-associated
pancreatitis. Pediatrics 2006; 118: 1660–3.

Effects on the skin, hair, and nails. Five of 250 patients de-
veloped curly hair during treatment with sodium valproate 1 g
daily;1 in 3 patients this effect followed temporary alopecia. An-
other report of hair curling in a patient who received sodium val-
proate in doses up to 3 g daily for 30 months commented that her
hair started to revert to the former straight style 9 months after
stopping the drug.2 
Valproate-induced nicotinic-acid deficiency with an associated
pellagra-like syndrome has been reported in a young boy;3 the
condition responded dramatically to treatment with nicotina-
mide. 
Reduced serum-zinc concentrations and cutaneous manifesta-
tions of zinc deficiency were found in 2 patients receiving anti-
epileptic drugs.4 It was thought that deficiency resulted from che-
lation by sodium valproate, and possibly phenytoin, in associa-
tion with malabsorption and that, in one case, malabsorption was
triggered by valproate. 
Cutaneous vasculitis has been reported5 in 2 patients taking sodi-
um valproate. The reaction recurred on rechallenge. 
Very rarely, skin rashes occurring with valproate may form part
of an antiepileptic hypersensitivity syndrome (see below). Val-
proate might share the same order of risk as other antiepileptics
for the development of Stevens-Johnson syndrome and toxic ep-
idermal necrolysis,6 although it had previously been regarded as
safer in this respect. For a suggestion that skin reactions are less
common with valproate than with some other antiepileptics see
under Phenytoin, p.496. 
Reversible yellow nail pigmentation has been reported7 in a
woman who was taking valproate semisodium.
1. Jeavons PM, et al. Valproate and curly hair. Lancet 1977; i: 359. 
2. Gupta AK. ‘Perming’ effects associated with chronic valproate

therapy. Br J Clin Pract 1988; 42: 75–7. 
3. Gillman MA, Sandyk R. Nicotinic acid deficiency induced by

sodium valproate. S Afr Med J 1984; 65: 986. 
4. Lewis-Jones MS, et al. Cutaneous manifestations of zinc defi-

ciency during treatment with anticonvulsants. BMJ 1985; 290:
603–4. 

5. Kamper AM, et al. Cutaneous vasculitis induced by sodium val-
proate. Lancet 1991; 337: 497–8. 

6. Anonymous. Drugs as risk factors in severe cutaneous diseases.
WHO Drug Inf 1996; 10: 33–5. 

7. Buka R, et al. Yellow nail pigmentation following Depakote
therapy. J Drugs Dermatol 2003; 2: 545–7.

Enuresis. Nocturnal enuresis associated with sodium valproate
therapy has been reported1 in 2 children. Remission of the enu-
resis was achieved either by reducing or redistributing the doses.
Several studies have recorded enuresis as an adverse effect of
valproate in children,2 the frequency being between 1 and 7%.
The most likely explanations are that either it is secondary to a
central effect on the thirst centre resulting in polydipsia or it is a
consequence of the increased depth of sleep associated with val-
proate.
1. Panayiotopoulos CP. Nocturnal enuresis associated with sodium

valproate. Lancet 1985; i: 980–1. 
2. Choonara IA. Sodium valproate and enuresis. Lancet 1985; i:

1276.
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Hypersensitivity. An antiepileptic hypersensitivity syndrome,
comprising fever, rash, and lymphadenopathy and less common-
ly lymphocytosis, and liver and other organ involvement, has
been associated with some aromatic antiepileptic drugs; howev-
er, there have also been case reports1-3 associated with valproate,
a non-aromatic compound. In one case1 a patient developed
these symptoms with carbamazepine but they resolved when the
drug was stopped; however, when valproate was started 2 weeks
later the symptoms reappeared. Another report2 described a fatal
case occurring in a 2-year-old girl who developed fulminant hep-
atitis.
1. Arévalo-Lorido JC, et al. Antiepileptic drug hypersensitivity

syndrome in a patient treated with valproate. Br J Clin Pharma-
col 2003; 55: 415–16. 

2. Huang Y-L, et al. Fatal sodium valproate-induced hypersensitiv-
ity syndrome with lichenoid dermatitis and fulminant hepatitis. J
Am Acad Dermatol 2003; 49: 316–19. 

3. Roepke S, et al. Valproic acid and hypersensitivity syndrome.
Am J Psychiatry 2004; 161: 579.

Overdosage. A cohort study1 of valproate poisonings reported
to a regional toxicology centre between January 1991 and Nov-
ember 2001 reported 79 cases. Of these, valproate was the only
drug taken in 15 cases with a median dose of 15 g; symptoms
were mild and included drowsiness (2 patients), vomiting (4),
and tachycardia (5). The authors concluded that overdoses of
more than 400 mg/kg could cause severe, potentially life-threat-
ening toxicity, but these were uncommon. Symptoms of severe
toxicity include significant CNS depression, respiratory insuffi-
ciency, and multi-organ failure; fatalities have been reported.2
Children younger than 2 years of age are considered to be at sig-
nificant risk for developing fatal valproate-induced hepatotoxic-
ity in overdose; there has been a report of a 26-day-old neonate
who died 42 hours after receiving a dose of 75 mg/kg.3
1. Isbister GK, et al. Valproate overdose: a comparative cohort

study of self poisonings. Br J Clin Pharmacol 2003; 55:
398–404. 

2. Eyer F, et al. Acute valproate poisoning: pharmacokinetics, al-
teration in fatty acid metabolism, and changes during therapy. J
Clin Psychopharmacol 2005; 25: 376–80. 

3. Unal E, et al. Fatal valproate overdose in a newborn baby. Hum
Exp Toxicol 2007; 26: 453–6.

Treatment of Adverse Effects
The value of gastric decontamination for overdose is
uncertain since valproic acid and its salts are rapidly
absorbed. Activated charcoal may be given orally to
adults and children who present within 1 hour of in-
gesting more than 100 mg/kg; alternatively gastric
lavage may be considered in adults within 1 hour of a
potentially life-threatening overdose. Supportive ther-
apy alone may then suffice although haemodialysis
should be considered in very severe poisoning.
◊ A variety of active treatments including forced diuresis, whole
bowel irrigation, naloxone, and haemodialysis or haemoper-
fusion have been advocated for valproate overdose;1,2 however,
supportive measures provided sufficient treatment for a patient
who had taken 25 g of sodium valproate.1 For a further review of
the features and management of poisoning with some antiepilep-
tics such as valproate, see under Phenytoin, p.497.
1. Lakhani M, McMurdo MET. Survival after severe self poisoning

with sodium valproate. Postgrad Med J 1986;  62: 409–10. 
2. Sztajnkrycer MD. Valproic acid toxicity: overview and manage-

ment. J Toxicol Clin Toxicol 2002; 40: 789–801. Correction.
ibid. 2003; 41:215.

Precautions
Valproate is contra-indicated in patients with pre-exist-
ing liver disease or a family history of severe hepatic
dysfunction. Children under 3 years of age and those
with congenital metabolic or degenerative disorders,
organic brain disease, or severe seizure disorders asso-
ciated with mental retardation may be at particular risk
of hepatotoxicity and the drug should be used with par-
ticular caution in these groups. Use with other antiepi-
leptics, which may also increase the risks of liver dam-
age, should be avoided if possible. Liver function tests
should be carried out, particularly in those most at risk,
before and during the first 6 months of therapy. Raised
liver enzymes are not uncommon during treatment and
are usually transient or respond to reduction in dosage,
but patients should be reassessed clinically and liver
function, including prothrombin time, monitored until
they return to normal. An abnormally prolonged pro-
thrombin time, particularly in association with other
relevant abnormalities, requires treatment to be
stopped. If given with salicylates, these should also be
stopped. Treatment should also be stopped if pancrea-
titis is diagnosed. 
Patients or their carers should be told how to recognise
signs of blood and liver toxicity or pancreatitis, and

they should be advised to seek immediate medical at-
tention if symptoms develop. 
Patients should be monitored for potential bleeding
complications before major elective surgery; some li-
censed product information suggests regular monitor-
ing before and during therapy. 
Valproate should be used with caution if the patient is
at risk of SLE. 
Patients should be warned of the risk of weight gain
and appropriate strategies adopted to minimise the ef-
fect. 
Care is required when withdrawing valproate thera-
py—see also Uses and Administration, below. 
The protein binding of valproate is saturable and thus
shows concentration dependency; significant increases
in free drug occur at high total plasma concentrations. 
Because valproate is partly excreted in the form of ke-
tone bodies, it may cause false positives in urine tests
for diabetes mellitus. 
Dosage adjustments may be necessary in severe renal
impairment in accordance with free serum valproate
levels.
Breast feeding. Thrombocytopenic purpura and anaemia oc-
curred in a breast-fed infant whose mother was being treated
with valproic acid.1 The baby recovered when breast feeding was
stopped. Low serum-valproate levels were detected2 in 6 breast-
fed infants whose mothers had been taking valproate semiso-
dium post partum; no adverse effects were seen in the infants.
Similar results have previously been obtained for patients taking
sodium valproate3 or valproic acid.4 The American Academy of
Pediatrics considers5 that valproate is, therefore, usually compat-
ible with breast feeding. 
For further comment on antiepileptic therapy and breast feeding,
see p.467.
1. Stahl MMS, et al. Thrombocytopenic purpura and anemia in a

breast-fed infant whose mother was treated with valproic acid. J
Pediatr 1997; 130: 1001–3. 

2. Piontek CM, et al. Serum valproate levels in 6 breastfeeding
mother-infant pairs. J Clin Psychiatry 2000; 61: 170–2. 

3. Alexander FW. Sodium valproate and pregnancy. Arch Dis Child
1979; 54: 240. 

4. von Unruh GE, et al. Valproic acid in breast milk: how much is
really there? Ther Drug Monit 1984; 6: 272–6. 

5. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 09/06/08)

Driving. For a comment on antiepileptic drugs and driving, see
p.468.
HIV infection and AIDS. Limited data from several small in-
vitro studies have found that valproic acid may induce viral rep-
lication of HIV;1 some clinicians have therefore suggested in-
creased monitoring of viral load in HIV-positive patients treated
with valproic acid. For the use of this effect to reduce latent viral
load see under Uses and Administration, below.
1. Jennings HR, Romanelli F. The use of valproic acid in HIV-pos-

itive patients. Ann Pharmacother 1999; 33: 1113–16.

Porphyria. Valproate is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals or in-vitro systems. There is conflicting evidence of the
porphyrinogenicity of valpromide, although it has also been
shown to be porphyrinogenic in in-vitro systems. 
For comments on the use of valproate in porphyria, see p.471.
Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy see p.468. 
There is an increased risk of neural tube defects in infants ex-
posed in utero to antiepileptics including valproate and craniofa-
cial and digital abnormalities and, less commonly, cleft lip and
palate have been described, which may form part of a fetal anti-
epileptic syndrome.1 In an unselected series2 of 17 infants whose
epileptic mothers had received valproate during pregnancy, 9 had
minor abnormalities and of these 5 also had major abnormalities,
including congenital heart defect in 4. In another series,3 involv-
ing 149 women whose offspring were exposed to valproate mono-
therapy in the first trimester, 16 infants with major malforma-
tions were identified (a relative risk calculated at about 7 times
that in the population at large). The abnormalities reported in-
cluded craniosynostosis, spina bifida, and pulmonary atresia. A
population-based study4 of 2350 births to epileptic women be-
tween 1991 and 2000 found that the offspring of mothers who
were given valproate, as mono- or polytherapy, in the first tri-
mester had a fourfold increase in risk for congenital malforma-
tions compared with untreated mothers; the risk was tenfold in
those who were given daily doses of more than 1.5 g. The risk of
malformations was not increased in the offspring of mothers tak-
ing carbamazepine, oxcarbazepine, or phenytoin as mono- or
polytherapy without valproate. 

Neonatal bleeding, attributed to fibrinogen depletion and some-
times fatal, has been reported after exposure in utero to val-
proate.5,6 Hypoglycaemia was recorded7 in 13 of 22 neonates
whose mothers had taken valproate during pregnancy. Valproate-
withdrawal symptoms, including irritability, jitteriness, hyperto-
nia, seizures, and feeding problems were also noted.
1. Genton P, et al. Valproic acid in epilepsy: pregnancy-related is-

sues. Drug Safety 2006; 29: 1–21. 
2. Thisted E, Ebbesen F. Malformations, withdrawal manifesta-

tions, and hypoglycaemia after exposure to valproate in utero.
Arch Dis Child 1993; 69: 288–91. 

3. Wyszynski DF, et al. Increased rate of major malformations in
offspring exposed to valproate during pregnancy. Neurology
2005; 64: 961–5. 

4. Artama M, et al. Antiepileptic drug use of women with epilepsy
and congenital malformations in offspring. Neurology 2005; 64:
1874–8. 

5. Majer RV, Green PJ. Neonatal afibrinogenaemia due to sodium
valproate. Lancet 1987; ii: 740–1. 

6. Bavoux F, et al. Neonatal fibrinogen depletion caused by sodium
valproate. Ann Pharmacother 1994; 28: 1307. 

7. Ebbesen F, et al. Neonatal hypoglycaemia and withdrawal symp-
toms after exposure in utero to valproate. Arch Dis Child Fetal
Neonatal Ed 2000; 83: F124–F129.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. Cau-
tion is recommended when giving valproate with other
drugs liable to interfere with blood coagulation, such as
aspirin or warfarin. Use with other hepatotoxic drugs
should be avoided. Use of highly protein bound drugs
with valproate may increase free valproate plasma con-
centrations.
◊ General references.
1. Levy RH, Koch KM. Drug interactions with valproic acid. Drugs

1982; 24: 543–56.

Analgesics. The free fraction of valproate was increased eight-
fold in a 76-year-old man1 who was also given aspirin 325 mg
daily, resulting in signs of clinical toxicity. Aspirin displaces val-
proate from plasma protein binding sites, as well as inhibiting its
metabolism by inhibition of beta-oxidation. Similarly, the valp-
roic acid free fraction was reported to be increased, as was the
half-life, when aspirin was given in a study in 6 epileptic chil-
dren.2 Furthermore, salicylates have been associated with an in-
creased risk of Reye’s syndrome (p.22) in children, and combi-
nation with another hepatotoxic drug such as valproate is clearly
undesirable. In addition, both aspirin and valproate affect blood
coagulation and platelet function. 
Naproxen has also been reported to produce a slight displace-
ment of protein-bound valproic acid but the effect is probably not
sufficiently marked for it to have a clinical effect.3
1. Sandson NB, et al. An interaction between aspirin and valproate:

the relevance of plasma protein displacement drug-drug interac-
tions. Am J Psychiatry 2006; 163: 1891–6. 

2. Orr JM, et al. Interaction between valproic acid and aspirin in
epileptic children: serum protein binding and metabolic effects.
Clin Pharmacol Ther 1982; 31: 642–9. 

3. Grimaldi R, et al. In vivo plasma protein binding interaction be-
tween valproic acid and naproxen. Eur J Drug Metab Pharma-
cokinet 1984; 9: 359–63.

Antibacterials. Raised valproate blood concentrations and
symptoms consistent with valproate toxicity have been reported
in a patient also given erythromycin.1 
There is a theoretical possibility that carnitine deficiency may be
increased in patients receiving pivampicillin and valproate. Hy-
perammonaemic encephalopathy developed in a 72-year-old
woman who had been taking valproate for 10 months when she
was given pivmecillinam for a urinary-tract infection. It was sug-
gested that valproate’s propensity to produce hyperammonaemia
had been exacerbated by a secondary hyperammonaemia in-
duced by both drugs reducing carnitine concentrations.2 
Decreases in plasma concentrations of valproate to subtherapeu-
tic levels (and sometimes with loss of seizure control) have been
noted in patients during therapy with antibacterial treatment con-
taining ertapenem,3 imipenem,4 or meropenem.4-8 Marked reduc-
tions in valproate concentrations have also been reported in 3
children given panipenem (with betamipron).9 
Increased serum-valproate concentrations resulting in signs of
valproate toxicity occurred in a child after beginning therapy
with isoniazid;10 the child was a slow acetylator of isoniazid and
valproate dosage had to be reduced by about 60% to maintain
satisfactory concentrations. When isoniazid was subsequently
stopped, valproate dosage had to be increased to its previous val-
ue in order to maintain a therapeutic effect.
1. Redington K, et al. Erythromycin and valproate interaction. Ann

Intern Med 1992; 116: 877–8. 
2. Lokrantz C-M, et al. Hyperammonemic encephalopathy in-

duced by a combination of valproate and pivmecillinam. Acta
Neurol Scand 2004; 109: 297–301. 

3. Lunde JL, et al. Acute seizures in a patient receiving divalproex
sodium after starting ertapenem therapy. Pharmacotherapy
2007; 27: 1202–5. 
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4. Llinares Tello F, et al. Interacción farmacocinética entre ácido
valproico y antibióticos carbapenémicos: descripción de tres ca-
sos. Farm Hosp 2003; 27: 258–63. 

5. De Turck BJG, et al. Lowering of plasma valproic acid concen-
trations during concomitant therapy with meropenem and ami-
kacin. J Antimicrob Chemother 1998; 42: 563–4. 

6. Coves-Orts FJ, et al. Acute seizures due to a probable interac-
tion between valproic acid and meropenem. Ann Pharmacother
2005; 39: 533–7. 

7. Fudio S, et al. Epileptic seizures caused by low valproic acid
levels from an interaction with meropenem. J Clin Pharm Ther
2006; 31: 393–6. 

8. Spriet I, et al. Interaction between valproate and meropenem: a
retrospective study. Ann Pharmacother 2007; 41: 1130–6. 

9. Nagai K, et al. Decrease in serum levels of valproic acid during
treatment with a new carbapenem, panipenem/betamipron. J
Antimicrob Chemother 1997; 39: 295–6. 

10. Jonville AP, et al. Interaction between isoniazid and valproate:
a case of valproate overdosage. Eur J Clin Pharmacol 1991; 40:
197–8.

Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of valproate by lower-
ing the convulsive threshold. 
There have been conflicting reports of the effect of fluoxetine on
serum concentrations of valproate. While some reported an in-
crease,1-3 others have reported a decrease4 in valproate-serum
concentrations when the 2 drugs were used together. 
For the effect of valproate on amitriptyline, see p.380.
1. Sovner R, Davis JM. A potential drug interaction between fluox-

etine and valproic acid. J Clin Psychopharmacol 1991; 11: 389. 
2. Lucena MI, et al. Interaction of fluoxetine and valproic acid. Am

J Psychiatry 1998; 155: 575. 
3. Cruz-Flores S, et al. Valproic toxicity with fluoxetine therapy.

Mo Med 1995; 92: 296–7. 
4. Droulers A, et al. Decrease of valproic acid concentration in the

blood when coprescribed with fluoxetine. J Clin Psychopharma-
col 1997; 17: 139–40.

Antiepileptics. The barbiturate antiepileptic phenobarbital is
reported to decrease serum-valproate concentrations when given
together,1 apparently by induction of valproate metabolism.2
This effect is overshadowed, however, by the marked increase in
serum-phenobarbital concentrations caused by valproate inhibi-
tion of phenobarbital metabolism—see p.493. It has been sug-
gested that phenobarbital may also increase the risk of valproate-
induced hyperammonaemic encephalopathy.3 
Carbamazepine and phenytoin are also enzyme-inducing drugs
and, as might be expected, are reported to increase the metabo-
lism and decrease the serum concentration of valproate.4-6 The
effect may be clinically significant.7 The reciprocal effects of
valproate on both drugs are complex, with conflicting effects on
metabolism and protein binding, and the clinical outcome is dif-
ficult to predict. For more details see under Carbamazepine,
p.474 and Phenytoin, p.498. 
Serum concentrations of valproic acid were reduced, with con-
siderable interpatient variability, when ethosuximide8 or
mesuximide9 was added to the antiepileptic therapy of some pa-
tients. 
Raised serum concentrations of valproic acid have been reported
in patients given felbamate.10 
Reversible hepatic impairment has been reported11,12 when
topiramate was added to valproate therapy in patients who had
previously tolerated valproate well. Use of valproate with topira-
mate has also been associated with hyperammonaemia and en-
cephalopathy.13 
Valproate inhibits the metabolism of lamotrigine which may re-
sult in serious toxic reactions—see p.486. There is limited evi-
dence that valproic acid may affect the metabolism of ethosux-
imide in some patients—see p.480. Valproate reduces the half-
life of zonisamide—see p.515. 
For interactions with benzodiazepines, see under Diazepam,
p.990.
1. Perucca E. Pharmacokinetic interactions with antiepileptic

drugs. Clin Pharmacokinet 1982; 7: 57–84. 
2. Levy RH, Koch KM. Drug interactions with valproic acid.

Drugs 1982; 24: 543–56. 
3. Segura-Bruna N, et al. Valproate-induced hyperammonemic en-

cephalopathy. Acta Neurol Scand 2006; 114: 1–7. 
4. Panesar SK, et al. The effect of carbamazepine on valproic acid

disposition in adult volunteers. Br J Clin Pharmacol 1989; 27:
323–8. 

5. Reunanen MI, et al. Low serum valproic acid concentrations in
epileptic patients on combination therapy. Curr Ther Res 1980;
28: 456–62. 

6. Cramer JA, et al. Variable free and total valproic acid concen-
trations in sole- and multi-drug therapy. Ther Drug Monit 1986;
8: 411–15. 

7. Jann MW, et al. Increased valproate serum concentrations upon
carbamazepine cessation. Epilepsia 1988; 29: 578–81. 

8. Sälke-Kellermann RA, et al. Influence of ethosuximide on val-
proic acid serum concentrations. Epilepsy Res 1997; 26: 345–9. 

9. Besag FMC, et al. Methsuximide reduces valproic acid serum
levels. Ther Drug Monit 2001; 23: 694–7. 

10. Wagner ML, et al. The effect of felbamate on valproic acid dis-
position. Clin Pharmacol Ther 1994; 56: 494–502. 

11. Longin E, et al. Topiramate enhances the risk of valproate-asso-
ciated side effects in three children. Epilepsia 2002; 43: 451–4. 

12. Bumb A, et al. Adding topiramate to valproate therapy may
cause reversible hepatic failure. Epileptic Disord 2003; 5:
157–9. 

13. Latour P, et al. Drug induced encephalopathy in six epileptic
patients: topiramate? valproate? or both? Hum Psychopharma-
col 2004; 19: 193–203.

Antimalarials. Low serum concentrations of valproate have
been reported1 in patients taking mefloquine. Also, mefloquine

and chloroquine may antagonise the antiepileptic activity of val-
proate by lowering the convulsive threshold.
1. Anonymous. Mefloquine for malaria. Med Lett Drugs Ther

1990; 32: 13–14.

Antineoplastics. A marked reduction in serum-valproate con-
centration occurred in a 6-year-old child after a high-dose 24-
hour infusion of methotrexate.1
1. Schrøder H, Østergaard JR. Interference of high-dose methotrex-

ate in the metabolism of valproate? Pediatr Hematol Oncol
1994; 11: 445–9.

Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of valproate by lowering the
convulsive threshold. Although a study1 found that risperidone
had no significant effect on the pharmacokinetics of valproate, 2
earlier case reports showed conflicting results; one2 described in-
creased serum-valproate concentrations, and the other3 de-
creased concentrations, when risperidone was added to valproate
therapy. For the effect of valproate on clozapine, see p.984.
1. Ravindran A, et al. Risperidone does not affect steady-state

pharmacokinetics of divalproex sodium in patients with bipolar
disorder. Clin Pharmacokinet 2004; 43: 733–40. 

2. van Wattum PJ. Valproic acid and risperidone. J Am Acad Child
Adolesc Psychiatry 2001; 40: 866–7. 

3. Bertoldo M. Valproic acid and risperidone. J Am Acad Child Ad-
olesc Psychiatry 2002; 41: 632.

Antivirals. There have been 2 reports that describe a reduction
in plasma-valproate concentrations in HIV-positive patients who
were taking valproate for bipolar disorder and were given efa-
virenz in one case1 and ritonavir-boosted lopinavir in another,2
resulting in mania. However, an earlier study3 in a small number
of HIV-positive patients did not find any clinically significant in-
teractions between these drugs and valproic acid. For the effect
of aciclovir on valproate, see under Interactions of Phenytoin,
p.499. 
For the effect of valproate on zidovudine, see p.915.
1. Saraga M, et al. Reduced valproate plasma levels possible after

introduction of efavirenz in a bipolar patient. Bipolar Disord
2006; 8: 415–17. 

2. Sheehan NL, et al. Possible interaction between lopinavir/riton-
avir and valproic acid exacerbates bipolar disorder. Ann Pharma-
cother 2006; 40: 147–50. 

3. DiCenzo R, et al. Effects of valproic acid coadministration on
plasma efavirenz and lopinavir concentrations in human immun-
odeficiency virus-infected adults. Antimicrob Agents Chemother
2004; 48: 4328–31.

Anxiolytics. For interactions between valproate and benzodi-
azepines, see under Diazepam, p.990. For an interaction between
valproate and zolpidem, see p.1038.
Calcium-channel blockers. For the effect of sodium val-
proate on nimodipine, see under Nifedipine, p.1353.
Colestyramine. Colestyramine may decrease the absorption
of valproate.
Gastrointestinal drugs. Use with an antacid (aluminium and
magnesium hydroxides) significantly increased the bioavailabil-
ity of a valproic acid preparation in healthy subjects;1 other ant-
acids in this study (calcium carbonate and an aluminium magne-
sium trisilicate mixture) had a lesser, insignificant effect. 
Cimetidine significantly increased the half-life and decreased the
clearance of sodium valproate in another study;2 ranitidine had
no effect on valproate pharmacokinetics.2 
These interactions have not been reported to be of clinical signif-
icance, although the possibility must exist, particularly in pa-
tients on high-dose therapy.
1. May CA, et al. Effects of three antacids on the bioavailability of

valproic acid. Clin Pharm 1982; 1: 244–7. 
2. Webster LK, et al. Effect of cimetidine and ranitidine on car-

bamazepine and sodium valproate pharmacokinetics. Eur J Clin
Pharmacol 1984; 27: 341–3.

Ginkgo biloba. For a report of a fatal breakthrough seizure oc-
curring when phenytoin and valproate semisodium were used
with ginkgo biloba, see under Phenytoin, p.500.
Sex hormones. A 26-year-old woman who was taking val-
proate for epilepsy and a combined oral contraceptive had lower
serum-valproate concentrations and an increase in seizure fre-
quency during the active pill phase when compared with the
inactive pill phase.1 A subsequent study2 in 9 epileptic women
who were taking valproate and a combined oral contraceptive
found that the apparent oral clearance of total and unbound val-
proic acid increased during contraceptive intake compared with
the pill-free interval; the authors suggested that this effect was
due to the induction of glucuronidation of valproate by ethi-
nylestradiol.
1. Herzog AG, et al. Serum valproate levels with oral contraceptive

use. Epilepsia 2005; 46: 970–1. 
2. Galimberti CA, et al. Increased apparent oral clearance of valp-

roic acid during intake of combined contraceptive steroids in
women with epilepsy. Epilepsia 2006; 47: 1569–72.

Pharmacokinetics
Valproic acid and its salts are rapidly and completely
absorbed from the gastrointestinal tract; the rate, but
not the extent, of absorption is delayed if given with or
after food. 

Valproic acid is extensively metabolised in the liver, a
large part by glucuronidation and the rest by a variety
of complex pathways. It does not appear to enhance its
own metabolism, but metabolism may be enhanced by
other drugs that induce hepatic microsomal enzymes.
It is excreted in the urine almost entirely in the form of
its metabolites; small amounts are excreted in faeces
and expired air. 
Valproic acid is extensively bound to plasma proteins.
The extent of protein binding is concentration depend-
ent and is stated to be about 90 to 95% at total concen-
trations of 50 micrograms/mL, falling to about 80 to
85% at 100 micrograms/mL. Reported half-lives for
valproic acid have ranged from about 5 to 20 hours; the
shorter half-lives have generally been recorded in epi-
leptic patients receiving multiple drug therapy. Clear-
ance is usually higher in children than in adults. 
The ‘target’ range of total plasma-valproic acid is usu-
ally quoted as being 40 to 100 micrograms/mL (280 to
700 micromoles/litre) but routine monitoring of plas-
ma concentrations is not generally considered to be of
use as an aid to assessing control. 
Valproic acid crosses the placental barrier and small
amounts are distributed into breast milk. 
Valpromide is an amide derivative of valproic acid and
its absorption is slower and its bioavailability some-
what less than that of valproic acid. Valpromide is rap-
idly and almost completely metabolised in the liver to
valproic acid. 
The pharmacokinetics of valproate are affected by oth-
er antiepileptics (see under Interactions, above).
◊ References.
1. Zaccara G, et al. Clinical pharmacokinetics of valproic acid—

1988. Clin Pharmacokinet 1988; 15: 367–89. 
2. Bialer M. Clinical pharmacology of valpromide. Clin Pharma-

cokinet 1991; 20: 114–22. 
3. Cloyd JC, et al. Valproic acid pharmacokinetics in children IV:

effects of age and antiepileptic drugs on protein binding and in-
trinsic clearance. Clin Pharmacol Ther 1993; 53: 22–9. 

4. Yukawa E, et al. Population-based investigation of valproic acid
relative clearance using nonlinear mixed effects modeling: influ-
ence of drug-drug interaction and patient characteristics. J Clin
Pharmacol 1997; 37: 1160–7. 

5. Dutta S, et al. Absolute bioavailability and absorption character-
istics of divalproex sodium extended-release tablets in healthy
volunteers. J Clin Pharmacol 2004; 44: 737–42. 

6. Dutta S, et al. Comparative absorption profiles of divalproex so-
dium delayed-release versus extended-release tablets: clinical
implications. Ann Pharmacother 2006; 40: 619–25. 

7. Reed RC, et al. Every-12-hour administration of extended-re-
lease divalproex in patients with epilepsy: impact on plasma val-
proic acid concentrations. Epilepsy Behav 2006; 8: 391–6. 

8. Dutta S, et al. Valproate protein binding following rapid intrave-
nous administration of high doses of valproic acid in patients
with epilepsy. J Clin Pharm Ther 2007; 32: 365–71.

Uses and Administration
Valproate is an antiepileptic used particularly in the
treatment of primary generalised seizures, has notable
benefit in absence and myoclonic seizures, and is also
used for partial seizures. Its actions are complex and its
mode of action in epilepsy is not fully understood. Val-
proate is also used to treat the acute manic phase of bi-
polar disorder and for the prophylaxis of migraine. 
Forms used include the sodium salts (valproate semi-
sodium and sodium valproate), the amide derivative
(valpromide), and valproic acid. Magnesium valproate
has also been tried as has calcium valproate. Valproate
should preferably be taken with or after food. 
In the treatment of epilepsy the dose should be adjust-
ed to the needs of the individual patient to achieve ad-
equate control of seizures. Plasma concentrations of
valproate (see Pharmacokinetics, above) are not con-
sidered to be a useful index of efficacy and thus their
routine monitoring is generally not helpful. 
• A suggested initial oral daily dose of sodium val-

proate is 600 mg given in 2 divided doses. The daily
dose may be increased by 200 mg every 3 days to a
usual range of 1 to 2 g daily (20 to 30 mg/kg daily);
up to a maximum of 2.5 g daily may be necessary if
adequate control has not been achieved. 
When oral dosage is not possible, sodium valproate
may be given intravenously to start therapy or to
continue therapy previously given orally. A suggest-
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ed dose to begin therapy is up to 10 mg/kg by intra-
venous injection over 3 to 5 minutes followed by in-
travenous infusion, as necessary, up to a maximum
of 2.5 g daily. To continue therapy intravenously,
doses are the same as the patient’s previous oral
dose. In the USA, intravenous sodium valproate is
given in doses equivalent to those used orally for val-
proic acid (see below). 

• A suggested initial oral dose of valproic acid is 10 to
15 mg/kg daily increased at one-week intervals by 5
to 10 mg/kg. The maximum recommended dose of
valproic acid in the UK is 30 mg/kg daily whereas in
the USA it is 60 mg/kg daily. Valproic acid may be
given in 2 to 4 divided doses. 

• Valproate semisodium is given orally in doses
equivalent to those used for oral valproic acid (see
above). 

• The amide derivative of valproic acid, valpromide,
is also used in some countries. Usual oral doses have
ranged from 600 mg to 1.8 g daily, in divided doses. 

For details of valproate doses in children, see below. 
As with other antiepileptics, withdrawal of valproate or
transition to or from another type of antiepileptic ther-
apy should be made gradually to avoid precipitating an
increase in the frequency of seizures. For a discussion
on whether or not to withdraw antiepileptic therapy in
seizure-free patients, see p.465. 
In the treatment of acute manic episodes of bipolar
disorder, the initial oral dose of valproate semisodium
is the equivalent of valproic acid 750 mg daily in 2 to 3
divided doses. Thereafter, the dose is increased as rap-
idly as possible to achieve the optimal response, up to
a maximum of 60 mg/kg daily. Patients receiving dos-
es higher than 45 mg/kg daily should be carefully mon-
itored. Valpromide has also been used in some coun-
tries for bipolar disorder in doses similar to those for
epilepsy (see above). 
In the prophylaxis of migraine valproate semisodium
is given orally in a dose equivalent to valproic acid
250 mg twice daily; up to 1 g daily may be necessary
in some patients.

Action. The actions of valproate are complex and not well un-
derstood. As well as enhancing central GABAergic neurotrans-
mission and inhibiting neuronal sodium channels, it affects cel-
lular signalling systems such as the Wnt/β-catenin and
extracellular signal-regulated kinase (ERK) pathways, and has
actions on inositol and arachidonate metabolism. In addition it
has potent effects on transcription of a number of genes, mediat-
ed at least in part by its action as a direct histone deacetylase in-
hibitor. It is probable that its clinical effects in different disorders
depend on a combination of such properties.1

1. Rosenberg G. The mechanisms of action of valproate in neu-
ropsychiatric disorders: can we see the forest for the trees? Cell
Mol Life Sci 2007; 64: 2090–2103.

Administration in children. Valproate is used as an antiepi-
leptic in children in the treatment of primary generalised sei-
zures, notably for absence and myoclonic seizures, and also for
partial seizures. Available forms include the sodium salts (val-
proate semisodium and sodium valproate) or as valproic acid.
The BNFC suggests that sodium valproate may also be used for
infantile spasms. 
A suggested initial oral dose of sodium valproate for children
weighing over 20 kg is 400 mg daily (irrespective of weight) in
2 divided doses. This may be gradually increased to a usual dose
of 20 to 30 mg/kg daily; up to a maximum of 35 mg/kg daily
may be necessary if adequate control has not been achieved.
Children weighing under 20 kg may be given 20 mg/kg daily in
2 divided doses, which may be increased to 40 mg/kg daily or
more if necessary (but see below). Alternatively the BNFC sug-
gests the following oral or rectal doses, given according to age: 
• neonates: initially 20 mg/kg once daily followed by a usual

maintenance dose of 10 mg/kg twice daily 
• 1 month to 12 years: initially 5 to 7.5 mg/kg twice daily fol-

lowed by a usual maintenance dose of 12.5 to 15 mg/kg twice
daily; up to 30 mg/kg twice daily may be given for infantile
spasms (but see below) 

• over 12 years: usual adult doses (see above) 
When used rectally, the BNFC recommends that sodium val-
proate oral solution may be used and retained for 15 minutes;
dilution with water may be required, if necessary. 

When oral dosage is not possible, sodium valproate is licensed
for use intravenously to start therapy or to continue therapy pre-
viously given orally. The usual dose is in the range of 20 to
30 mg/kg daily by intravenous injection over 3 to 5 minutes or by
infusion; up to 40 mg/kg daily or more may be necessary if ade-
quate control is not achieved (but see below). When switching
from oral to intravenous therapy, the intravenous dose should be
the same as the established oral dose. 
Alternatively, the BNFC suggests giving neonates, children, and
adolescents up to 18 years of age 10 mg/kg twice daily by intra-
venous injection; those aged from 1 month to 12 years may also
be given 10 mg/kg initially by intravenous injection, followed by
continuous infusion of 20 to 40 mg/kg daily, and older children
may be given the usual adult doses (see above). 
When a dose over 20 mg/kg daily is given, regardless of route, it
is recommended that plasma-valproate concentrations should be
monitored. If the dose exceeds 40 mg/kg daily, the patient’s clin-
ical chemistry and haematological parameters should also be
monitored. 
The BNFC states that children of all ages may be given valproic
acid in doses as for sodium valproate (see above). In the USA,
valproic acid is only licensed for children aged 10 years and old-
er, who may be given the adult dose. 
In the USA, valproate semisodium may also be given to children
aged 10 years and over in the usual adult doses (see above) for
the treatment of epilepsy.
Bipolar disorder. Valproate, usually as valproate semisodium,
is increasingly being used as an alternative to lithium in patients
with bipolar disorder (p.372).1-9 Most guidelines consider it to be
a first-line alternative to lithium particularly in those who have
rapid cycling disease with 4 or more affective episodes a year or
in those with mixed or dysphoric states. However, a study9 failed
to show particular benefit in rapid cycling disease, and systemat-
ic reviews considered that any shift in prescribing practice in fa-
vour of valproate was not based on reliable evidence of effica-
cy,10 although it was effective in acute mania.8
1. Pope HG, et al. Valproate in the treatment of acute mania: a pla-

cebo-controlled study. Arch Gen Psychiatry 1991; 48: 62–8. 
2. Joffe RT. Valproate in bipolar disorder: the Canadian perspec-

tive. Can J Psychiatry 1993; 38 (suppl 2): S46–S50. 
3. Schaff MR, et al. Divalproex sodium in the treatment of refrac-

tory affective disorders. J Clin Psychiatry 1993; 54: 380–4. 
4. Bowden CL, et al. Efficacy of divalproex vs lithium and placebo

in the treatment of mania. JAMA 1994; 271: 918–24. Correc-
tion. ibid.; 1830. 

5. Stoll AL, et al. Neurologic factors predict a favorable valproate
response in bipolar and schizoaffective disorders. J Clin Psy-
chopharmacol 1994; 14: 311–13. 

6. Swann AC, et al. Depression during mania: treatment response
to lithium or divalproex. Arch Gen Psychiatry 1997; 54: 37–42. 

7. Müller-Oerlinghausen B, et al. Valproate as adjunct to neurolep-
tic medication for the treatment of acute episodes of mania: a
prospective, randomized, double-blind, placebo-controlled,
multicenter study. J Clin Psychopharmacol 2000; 20: 195–203. 

8. Macritchie K, et al. Valproate for acute mood episodes in bipo-
lar disorder. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2003 (accessed
09/06/08). 

9. Calabrese JR, et al. A 20-month, double-blind, maintenance tri-
al of lithium versus divalproex in rapid-cycling bipolar disorder.
Am J Psychiatry 2005; 162: 2152–61. 

10. Macritchie KA, et al. Valproic acid, valproate and divalproex in
the maintenance treatment of bipolar disorder. Available in The
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2001 (accessed 09/06/08).

Cushing’s syndrome. Sodium valproate has been used in the
management of Cushing’s syndrome (p.2344).
Epilepsy. Valproate is one of the drugs of choice in partial sei-
zures, primary generalised tonic-clonic seizures, absence sei-
zures, and myoclonic seizures (see p.465), although evidence for
some of these is lacking. It is also the drug of choice in epileptic
syndromes such as the Lennox-Gastaut syndrome because of its
wide therapeutic spectrum, and it may be useful in tonic or atonic
seizures and infantile spasms. 
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Extrapyramidal disorders. Valproate is one of several drugs
with GABAergic action that has been tried in the management of
tardive dyskinesia (see under Extrapyramidal Disorders on
p.971).
Febrile convulsions. Sodium valproate has been used prophy-
lactically in children thought to be at risk of recurrence of febrile
convulsions (p.470), but routine use of antiepileptics is no longer
recommended. 
References.
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Headache. Valproate, as valproate semisodium, may be used
for the prophylaxis of migraine (p.616) in patients refractory to
drugs such as propranolol.1-7 Valproate has also been shown to be
effective and well-tolerated for the prophylaxis of migraine in
children aged between 7 and 16 years.8,9 Intravenous valproate
has been tried in the treatment of acute migraine but a review10

concluded that its use could not be recommended. To date, pub-
lished studies had mostly been small, open-label, and non-place-
bo controlled and had used variable doses. Valproate had not
been shown to be superior to other antimigraine drugs and had
been inferior to prochlorperazine in one study. 
Valproate has also been tried in the prophylaxis of persistent
chronic daily headache including tension-type headache (p.617)
unresponsive to other drugs.11 
It has also been tried for prevention of cluster headache (p.616).
1. Sørensen KV. Valproate: a new drug in migraine prophylaxis.
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40: 672–6. 
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diatric migraine prophylaxis. Eur J Paediatr Neurol 2005; 9:
333–8. 
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Hiccup. Valproic acid may be of value in the treatment of intrac-
table hiccups,1 especially those of neurogenic origin. For the
management of intractable hiccups see under Chlorpromazine,
p.976.
1. Jacobson PL, et al. Treatment of intractable hiccups with valpro-

ic acid. Neurology 1981; 31: 1458–60.

HIV infection and AIDS. As mentioned under Precautions,
above, valproate appears to induce replication of HIV, and this
effect has been used to reduce latent, and therefore treatment-
resistant, HIV-infection in resting CD4+ T-cells. In a preliminary
study,1 4 HIV-positive patients on HAART were started on the
fusion inhibitor enfuvirtide to intensify their HIV treatment and
prevent viral spread due to valproate; oral valproic acid (500 to
750 mg twice daily) was then introduced a few weeks later and
continued for 3 months. In 3 of these patients, the frequency of
latent infection in resting T-cells significantly declined after en-
fuvirtide and valproate treatment when compared with pretreat-
ment values. However, a later study2 found the levels of latently
infected T-cells in 9 HIV-positive patients receiving HAART and
oral valproic acid for at least 3 months to be similar to those of
patients receiving HAART alone. A case report3 also described
rapid rebound viraemia occurring in a 54-year-old man when
HAART and sodium valproate were stopped after more than 2
years of therapy, suggesting little benefit in eradicating latent in-
fection.
1. Lehrman G, et al. Depletion of latent HIV-1 infection in vivo: a

proof-of-concept study. Lancet 2005; 366: 549–55. 
2. Siliciano JD, et al. Stability of the latent reservoir for HIV-1 in

patients receiving valproic acid. J Infect Dis 2007; 195: 833–6. 
3. Steel A, et al. No change to HIV-1 latency with valproate thera-

py. AIDS 2006; 20: 1681–2.

Malignant neoplasms. Valproate appears to have anti-tumour
activity, thought to be mediated through the inhibition of cellular
histone deacetylase. It has been tried1-6 usually as an adjunct to
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other antineoplastics in the treatment of various malignancies,
with some reported benefit.
1. Bug G, et al. Clinical trial of valproic acid and all-trans retinoic

acid in patients with poor-risk acute myeloid leukemia. Cancer
2005; 104: 2717–25. 

2. Raffoux E, et al. Treatment of elderly acute myeloid leukemia
with valproic acid and all-trans retinoic acid. Haematologica
2005; 90: 986–8. 

3. Pilatrino C, et al. Increase in platelet count in older, poor-risk
patients with acute myeloid leukemia or myelodysplastic syn-
drome treated with valproic acid and all-trans retinoic acid. Can-
cer 2005; 104: 101–9. 

4. Chavez-Blanco A, et al. Histone acetylation and histone deacety-
lase activity of magnesium valproate in tumor and peripheral
blood of patients with cervical cancer: a phase I study. Mol Cancer
2005; 4: 22. Full version: http://www.molecular-cancer.com/
content/pdf/1476-4598-4-22.pdf (accessed 09/06/08) 

5. Münster P, et al. Phase I trial of histone deacetylase inhibition by
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bicin in advanced solid tumors: a clinical and translational study.
J Clin Oncol 2007; 25: 1979–85. 
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tion with valproic acid in acute myeloid leukemia. J Clin Oncol
2007; 25: 3884–91.

Migraine. See under Headache, above.

Muscle spasm. The mainstay of management of spasticity is
physiotherapy and an antispastic drug (see p.1887). Valproate
has been tried for its GABAergic activity and case reports1 of 4
patients with spastic conditions of various aetiologies indicated
that the addition of valproate to the existing regimen of antispas-
tic drugs might produce improvements in spasticity and pain;
further studies are warranted. 
Valproate has also been tried2 in the management of stiff-man
syndrome (see under Muscle Spasm, p.993) unresponsive to di-
azepam.
1. Zachariah SB, et al. Positive response to oral divalproex sodium

(Depakote) in patients with spasticity and pain. Am J Med Sci
1994; 308: 38–40. 

2. Spehlmann R, et al. Improvement of stiff-man syndrome with
sodium valproate. Neurology 1981; 31: 1162–3.

Myoclonus. Valproate is used alone or in combination with
clonazepam for cortical myoclonus (see p.470).

Neuropathic pain. Although carbamazepine is the drug of
choice in the treatment of trigeminal neuralgia (p.9), sodium val-
proate is an alternative antiepileptic that may be used in car-
bamazepine-intolerant patients. Valproate has also been tried,
with some success, in painful diabetic neuropathy1 (p.6), post-
herpetic neuralgia2 (p.9), and neuropathic cancer pain3 (p.5).
However, a placebo-controlled study4 did not find any benefit
with valproate therapy in the treatment of pain in diabetic and
nondiabetic polyneuropathy.
1. Kochar DK, et al. Sodium valproate for painful diabetic neurop-

athy: a randomized double-blind placebo-controlled study. QJM
2004; 97: 33–8. 

2. Kochar DK, et al. Divalproex sodium in the management of
post-herpetic neuralgia: a randomized double-blind placebo-
controlled study. QJM 2005; 98: 29–34. 

3. Hardy JR, et al. A phase II study to establish the efficacy and
toxicity of sodium valproate in patients with cancer-related neu-
ropathic pain. J Pain Symptom Manage 2001; 21: 204–9. 

4. Otto M, et al. Valproic acid has no effect on pain in polyneurop-
athy: a randomized, controlled trial. Neurology 2004; 62: 285–8.

Psychiatric disorders. Valproate has psychotropic properties
and has been used in the management of bipolar disorder (see
above) and in some countries as a mood stabiliser for augmenta-
tion of antidepressant therapy in the treatment of resistant depres-
sion (p.373). Valproate has also been tried in various disorders
for the control of symptoms such as agitation, aggression, and
rage1,2 (see Disturbed Behaviour, p.954). However, a systematic
review of the use of valproate for agitation in dementia found no
convincing evidence of efficacy at low doses, and adverse effects
may be unacceptable at higher doses.3 Valproate has also been
reported4,5 to be efficacious as adjunctive therapy to antipsychot-
ics, but again, systematic review6 has thrown doubt upon its ef-
fectiveness. It has also been tried in anxiety disorders such as
panic disorder7-9 (p.952), and post-traumatic stress disorder10,11

(p.953).
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Status epilepticus. Valproate has been used in absence status
epilepticus once the initial attack has been brought under control
with intravenous benzodiazepines1 and has been considered to
be the drug of choice to prevent its recurrence.2 Its place in the
management of convulsive status epilepticus (p.469) is less clear,
but it has been tried, mainly as a second- or third-line drug in
benzodiazepine-refractory patients,3-12 and some centres have in-
cluded it in management protocols.5
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Adverse Effects, Treatment, and Precau-
tions
About half of all patients experience adverse effects
with vigabatrin. The most common are drowsiness and
fatigue, although in children excitation and agitation
occur more frequently. The incidence of these effects is
generally higher at the start of therapy and decreases
over time. Other CNS-related adverse effects include
dizziness, headache, ataxia, paraesthesia, tremor, im-
paired concentration, confusion, and memory distur-
bances. Other reported adverse effects include weight
gain, gastrointestinal disturbances, oedema, alopecia,
angioedema, urticaria, and skin rash. Haemoglobin and
liver enzyme values may be decreased. Rarely marked
sedation, stupor and confusion, together with other
symptoms suggestive of encephalopathy, have oc-
curred. 
About one-third of all patients receiving vigabatrin
have developed irreversible visual field defects, rang-
ing from mild to severe and usually occurring after
months or years of therapy. Blurred vision, diplopia, or
nystagmus are somewhat less common. Retinal disor-
ders such as peripheral retinal atrophy, or very rarely
optic neuritis or atrophy have also been reported (see
also below). Visual field function should be assessed
before beginning treatment and during routine follow-
up (ideally at 6-month intervals), and patients should
be warned to report any new visual symptoms that de-
velop during therapy. Vigabatrin should not be used in
patients with pre-existing visual field defects. 
Psychiatric reactions such as agitation, aggression, irri-
tability, nervousness, depression, and paranoid reac-
tions have occurred in patients with or without a psy-
chiatric history; psychosis, hypomania, or mania have
been reported rarely. Patients receiving vigabatrin
should be observed carefully for any signs of adverse
effects on neurological function. Caution is warranted
in patients with a history of psychosis, depression, or
behavioural problems. 
Vigabatrin may exacerbate myoclonic or absence sei-
zures. 
Vigabatrin should be given with caution to the elderly
and patients with renal impairment. 
Care is required when withdrawing vigabatrin thera-
py—see also Uses and Administration, below.
Breast feeding. Licensed product information states that breast
feeding is not recommended in women receiving vigabatrin. For
comment on antiepileptic therapy and breast feeding, see p.467.
Driving. For a comment on antiepileptic drugs and driving, see
p.468. 
Particular care should be taken in view of the possible effects of
vigabatrin on visual acuity.
Effects on bone. For the effects of antiepileptics, including vi-
gabatrin, on bone and on calcium and vitamin D metabolism, see
under Phenytoin, p.496.
Effects on the eyes. A report of 3 patients who developed bi-
lateral severely constricted visual fields 2 to 3 years after viga-
batrin was added to their antiepileptic regimens1 prompted pub-
lication of similar anecdotal reports.2-5 Peripheral retinal atrophy
rather than optic nerve damage appeared to be the cause. Symp-
toms showed no improvement on stopping the drug, although
there was no further deterioration. At that time (1997) the manu-
facturers replied6 stating that it was a rare occurrence (less than
0.1%) and was being monitored in further clinical studies. The
UK CSM subsequently stated7 (in March 1998) that it had re-
ceived 41 reports of visual field defects since December 1989,
which persisted in most cases despite stopping treatment. The
evidence suggested that the onset of symptoms varied from 1
month to several years after starting vigabatrin. In most cases,
visual field defects have persisted despite stopping vigabatrin.8,9

Interim results of a Prescription Event Monitoring Study10 in the
UK stated that vigabatrin was considered to be probably or pos-
sibly associated with objective evidence of a visual field defect
in 0.2% of patients. However, subsequent evidence appears to
have confirmed that the incidence of visual field defects is much
higher;11-14 revised product literature issued in late 1999 indicat-
ed that visual field defects occurred in about one-third of all pa-
tients receiving vigabatrin. Male patients appear to be at an in-
creased risk of developing defects.15,16 Whether cumulative dose
may be considered a risk factor remains unclear.16,17 
The CSM considered14 that vigabatrin should only be prescribed
by a specialist, and only where all other combination therapies
have failed. Ophthalmological consultation and visual field as-
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sessment should be undertaken before starting vigabatrin and
visual field screening repeated at 6-monthly intervals during
treatment. Conventional perimetry is unsuitable in patients under
9 years of age, in whom alternative methods should be em-
ployed. Opinion amongst some paediatricians18 was that the risk
of developing visual field defects had to be weighed against the
potential benefit of seizure control. In very young patients, in
whom monitoring of vision was impossible, the benefits of viga-
batrin in the treatment of infantile spasms were felt by some to
outweigh this risk.19 
Vigabatrin should not be used in patients with pre-existing visual
field defects.14,18

1. Eke T, et al. Severe persistent visual field constriction associat-
ed with vigabatrin. BMJ 1997; 314: 180–1. 

2. Wilson EA, Brodie MJ. Severe persistent visual field constric-
tion associated with vigabatrin. BMJ 1997; 314: 1693. 

3. Wong ICK, et al. Severe persistent visual field constriction as-
sociated with vigabatrin. BMJ 1997; 314: 1693–4. 

4. Blackwell N, et al. Severe persistent visual field constriction
associated with vigabatrin. BMJ 1997; 314: 1694. 

5. Harding GFA. Severe persistent visual field constriction associ-
ated with vigabatrin. BMJ 1997; 314: 1694. 

6. Backstrom JT, et al. Severe persistent visual field constriction
associated with vigabatrin. BMJ 1997; 314: 1694–5. 

7. Committee of Safety of Medicines/Medicines Control Agency.
Vigabatrin (Sabril) and visual field defects. Current Problems
1998; 24: 1. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2023232&
RevisionSelectionMethod=LatestReleased (accessed 09/06/08) 

8. Hardus P, et al. Long term changes in the visual fields of pa-
tients with temporal lobe epilepsy using vigabatrin. Br J Oph-
thalmol 2000; 84: 788–90. 

9. Johnson MA, et al. Visual function loss from vigabatrin: effect
of stopping the drug. Neurology 2000; 55: 40–5. 

10. Wilton LV, et al. Interim report on the incidence of visual field
defects in patients on long term vigabatrin therapy. Pharma-
coepidemiol Drug Safety 1999; 8 (suppl): S9–S14. 

11. Wilton LV, et al. Visual field defect associated with vigabatrin:
observational cohort study. BMJ 1999; 319: 1165–6. 

12. Kälviäinen R, et al. Vigabatrin, a gabaergic antiepileptic drug,
causes concentric visual defects. Neurology 1999; 53: 922–6. 

13. Lawden MC, et al. Visual field defects associated with viga-
batrin therapy. J Neurol Neurosurg Psychiatry 1999; 67:
716–22. 

14. Committee on Safety of Medicines/Medicines Control Agency.
Vigabatrin (Sabril): visual field defects. Current Problems
1999; 25: 13. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2023713&
RevisionSelectionMethod=LatestReleased (accessed 09/06/08) 

15. Kälviäinen R, Nousiainen I. Visual field defects with vigabatrin:
epidemiology and therapeutic implications. CNS Drugs 2001;
15: 217–30. 

16. Wild JM, et al. Vigabatrin and epilepsy: lessons learned. Epilep-
sia 2007; 48: 1318–27. 

17. Kinirons P, et al. Vigabatrin retinopathy in an Irish cohort: lack
of correlation with dose. Epilepsia 2006; 47: 311–17. 

18. Appleton RE. Guideline may help in prescribing vigabatrin.
BMJ 1998; 317: 1322. 

19. Harding GFA. Severe persistent visual field constriction associ-
ated with vigabatrin. BMJ 1998; 316: 232–3.

Effects on the liver. Vigabatrin has demonstrated in-vivo and
in-vitro inhibition of plasma-alanine transaminase activity,
which may mask signs of early underlying hepatic disease if only
transaminase levels are evaluated.1
1. Richens A, et al. Evidence for both in vivo and in vitro interac-

tion between vigabatrin and alanine transaminase. Br J Clin
Pharmacol 1997; 43: 163–8.

Effects on mental function. Behavioural disturbances rang-
ing from irritability and confusion to psychotic reactions have
been reported in patients receiving vigabatrin.1-7 An analysis8 of
adverse effect reports from double-blind controlled studies found
that the incidence of psychotic reactions was about 2.5% in viga-
batrin-treated patients; however, the most common psychiatric
reaction was depression, which occurred in 8 to 12% of patients.
Symptoms of psychiatric disturbance were often relatively mild.
Psychiatric reactions are generally reversible when doses are re-
duced or gradually stopped. In 2 patients9,10 psychosis developed
after sudden withdrawal of vigabatrin; mental state improved
when the drug was reinstated. It is not clear whether patients with
a history of previous psychiatric disturbances are at greater risk
when given vigabatrin.8,11 Also, using low doses of vigabatrin to
start therapy did not reduce the incidence of disturbances.11 
The problems of antiepileptic therapy adversely affecting cogni-
tion and mood (including the risk of suicidal ideation) are dis-
cussed on p.468.
1. Sander JWAS, Hart YM. Vigabatrin and behaviour disturbanc-

es. Lancet 1990; 335: 57. 
2. Dam M. Vigabatrin and behaviour disturbances. Lancet 1990;

335: 605. 
3. Betts T, Thomas L. Vigabatrin and behaviour disturbances. Lan-

cet 1990; 335: 605–6. 
4. Johnston SJ. Vigabatrin and behaviour disturbances. Lancet

1990; 335: 606. 
5. Robinson MK, et al. Vigabatrin and behaviour disturbances.

Lancet 1990; 336: 504. 
6. Martínez AC, et al. Vigabatrin-associated reversible acute psy-

chosis in a child. Ann Pharmacother 1995; 29: 1115–17. 
7. Naumann M, et al. Bipolar affective psychosis after vigabatrin.

Lancet 1994; 343: 606–7. 
8. Levinson DF, Devinsky O. Psychiatric adverse events during vi-

gabatrin therapy. Neurology 1999; 53: 1503–11. 
9. Ring HA, Reynolds EH. Vigabatrin and behaviour disturbance.

Lancet 1990; 335: 970. 
10. Brodie MJ, McKee PJW. Vigabatrin and psychosis. Lancet

1990; 335: 1279. 
11. Wong ICK. Retrospective study of vigabatrin and psychiatric

behavioural disturbances. Epilepsy Res 1995; 21: 227–30.

Effects on the nervous system. Two patients developed dis-
turbances of motor behaviour associated with the addition of vi-
gabatrin to therapy for intractable seizures.1 
Acute encephalopathy was reported2 in two patients after starting
vigabatrin in addition to carbamazepine; symptoms of stupor,
dysphoria, and irritability were present in both and their EEG
background activity was slowed. Clinical symptoms could not be
related to intoxication with carbamazepine or its epoxide but it
was not known whether an interaction between carbamazepine
and vigabatrin had caused the acute encephalopathy. Acute en-
cephalopathy was also reported3 when vigabatrin was given to a
6-month-old girl who was also receiving phenobarbital. Symp-
toms resolved when vigabatrin was stopped. In another report4
vigabatrin was associated with the development of encephalopa-
thy in 3 patients already receiving a variety of antiepileptic drugs
other than carbamazepine; withdrawal of vigabatrin led to full
recovery. The authors suggested that acute encephalopathy after
vigabatrin may be related to a pre-existing cerebral abnormality.
Other predisposing factors suggested by licensed product infor-
mation include higher than recommended initial doses, faster
dose increases at greater increments than those recommended,
and renal failure.
1. Jongsma MJ, et al. Reversible motor disturbances induced by

vigabatrin. Lancet 1991; 338: 893. 
2. Sälke-Kellermann A, Baier H. Acute encephalopathy with viga-

batrin. Lancet 1993; 342: 185. 
3. Haas-Lude K, et al. Acute encephalopathy associated with viga-

batrin in a six-month-old girl. Epilepsia 2000; 41: 628–30. 
4. Sharief MK, et al. Acute encephalopathy with vigabatrin. Lancet

1993; 342: 619.

Interference with diagnostic tests. Vigabatrin can cause
changes in the urinary excretion of amino acids which could be
potentially misleading in patients undergoing investigation for
metabolic disorders.1,2

1. Bonham JR, et al. Pyroglutamicaciduria from vigabatrin. Lancet
1989; i: 1452–3. 

2. Shih VE, Tenanbaum A. Aminoaciduria due to vinyl-gaba ad-
ministration. N Engl J Med 1990; 323: 1353.

Overdosage. For a review of the features and management of
poisoning with some antiepileptics such as vigabatrin, see under
Phenytoin, p.497.

Porphyria. For comment on the use of vigabatrin in porphyria,
see p.471.

Pregnancy. For comments on the management of epilepsy in
pregnancy, see p.468. 
Little is known of the effects of newer antiepileptics such as vi-
gabatrin on the fetus, although congenital anomalies have been
reported in the offspring of some mothers using vigabatrin dur-
ing pregnancy.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy.
Antiepileptics. For the effect of vigabatrin on plasma concen-
trations of other antiepileptics, see Carbamazepine, p.474; Phe-
nobarbital, p.493; Phenytoin, p.498; and Primidone, p.503.

Pharmacokinetics
Vigabatrin is well absorbed after oral doses of the rac-
emate; the inactive R(−)-enantiomer is reported to be
present at much higher plasma concentrations than the
active S(+)-enantiomer, perhaps indicating a difference
in bioavailability. About 60 to 80% of an oral dose is
excreted in urine as unchanged drug. The elimination
half-life is reported to be 5 to 8 hours. Vigabatrin is not
significantly bound to plasma proteins. 
There does not appear to be any correlation between
plasma concentrations of vigabatrin and its efficacy or
toxicity. Children exhibit a lower area under the con-
centration-time curve than adults and may need higher
doses to achieve therapeutic plasma concentrations. 
Vigabatrin crosses the placenta and is distributed into
breast milk.
◊ References.
1. Rey E, et al. Vigabatrin: clinical pharmacokinetics. Clin Phar-

macokinet 1992; 23: 267–78. 
2. Hoke JF, et al. Pharmacokinetics of vigabatrin following single

and multiple oral doses in normal volunteers. J Clin Pharmacol
1993; 33: 458–62. 

3. Elwes RDC, Binnie CD. Clinical pharmacokinetics of newer an-
tiepileptic drugs: lamotrigine, vigabatrin, gabapentin and oxcar-
bazepine. Clin Pharmacokinet 1996; 30: 403–15. 

4. Vauzelle-Kervroëdan F, et al. Pharmacokinetics of the individual
enantiomers of vigabatrin in neonates with uncontrolled sei-
zures. Br J Clin Pharmacol 1996; 42: 779–81. 

5. Jacqz-Aigrain E, et al. Pharmacokinetics of the S(+) and R(−)
enantiomers of vigabatrin during chronic dosing in a patient with
renal failure. Br J Clin Pharmacol 1997; 44: 183–5. 

6. Armijo JA, et al. Vigabatrin serum concentration to dosage ratio:
influence of age and associated antiepileptic drugs. Ther Drug
Monit 1997; 19: 491–8. 

7. Tran A, et al. Vigabatrin: placental transfer in vivo and excretion
into breast milk of the enantiomers. Br J Clin Pharmacol 1998;
45: 409–11.

Uses and Administration
Vigabatrin is an analogue of gamma-aminobutyric acid
(GABA) that acts as an irreversible inhibitor of
GABA-transaminase, the enzyme responsible for the
catabolism of GABA. It is used as an adjunctive anti-
epileptic in patients with resistant partial epilepsy with
or without secondary generalisation, unresponsive to
other therapy. It is also used as monotherapy for infan-
tile spasms (as for example in West’s syndrome). 
The recommended initial oral dose of vigabatrin as ad-
junctive therapy is 1 g daily, increased, according to re-
sponse and tolerability, in increments of 500 mg at
weekly intervals to a maximum of 3 g daily. 
Doses may be divided and given twice daily or taken
as a single daily dose. Dosage reductions may be re-
quired in the elderly and in patients with renal impair-
ment, particularly those with a creatinine clearance of
less than 60 mL/minute. 
For details of doses in children, see below. 
As with other antiepileptics, withdrawal of vigabatrin
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.465. Licensed
product information recommends that the dose of viga-
batrin should be gradually reduced over 2 to 4 weeks.
◊ References.
1. Wheless JW, et al. Vigabatrin. Neurotherapeutics 2007; 4:

163–72.

Administration in children. Vigabatrin is used as an adjunc-
tive antiepileptic in children with resistant partial epilepsy with
or without secondary generalisation, unresponsive to other ther-
apy. It is also used as monotherapy for infantile spasms (as for
example in West’s syndrome). 
The recommended initial oral dose of vigabatrin as adjunctive
therapy is 40 mg/kg daily, as a single dose or in 2 divided doses.
Maintenance doses are given according to body-weight as fol-
lows: 
• 10 to 15 kg: 0.5 to 1 g daily 
• 15 to 30 kg: 1 to 1.5 g daily 
• 30 to 50 kg: 1.5 to 3 g daily 
• over 50 kg: 2 to 3 g daily 
Alternatively, the BNFC suggests giving the following oral doses
according to age: 
• neonates to 12 years: initially 15 to 20 mg/kg twice daily, in-

creased over 2 to 3 weeks to a usual maintenance dose of 30
to 40 mg/kg twice daily; maximum 150 mg/kg daily 

• 12 to 18 years: initially 1 g twice daily, increased over 2 to 3
weeks to a usual maintenance dose of 1 to 1.5 g twice daily 

Vigabatrin has been given rectally; in the UK, the BNFC has sug-
gested that children over 1 month old may be given the same
rectal doses, calculated by age, as those used orally (see above).
The commercially available oral powder should be dissolved in
a small amount of water before use. 
For monotherapy in infantile spasms, the recommended initial
oral dose of vigabatrin is 50 mg/kg daily, adjusted according to
response. Up to 150 mg/kg daily has been used. The BNFC sug-
gests starting with 15 to 25 mg/kg twice daily, adjusted accord-
ing to response over 7 days; the usual maintenance dose is 40 to
50 mg/kg twice daily (maximum of 75 mg/kg twice daily) for
neonates and children up to 2 years of age.
Epilepsy. Vigabatrin is used in the treatment of epilepsy (p.465)
as adjunctive therapy for refractory seizures. Reviews1-3 of viga-
batrin have considered it to be most effective in the treatment of
complex partial seizures with or without secondary generalisa-
tion; it may, however, exacerbate myoclonic or absence seizures.
Efficacy as adjunctive therapy in refractory partial seizures was
shown by 2 multicentre studies4,5 involving 228 patients (includ-
ing 46 children) and a study6 involving 52 patients being as-
sessed for epilepsy surgery. However, in a follow-up study7 of
120 patients who had participated in an open-label study of viga-
batrin as adjunctive therapy for refractory epilepsy 6 to 8 years
earlier, it was considered that vigabatrin had had only marginal
benefit on the long-term prognosis of severe refractory epilepsy,
despite favourable results from the original trial. 
Vigabatrin is also of value in infantile spasms (as for example in
West’s syndrome). In an assessment of vigabatrin as monothera-
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py in 192 infants with infantile spasms who were followed up for
an average of 7.6 months,8 there was complete cessation of
spasms in 131 patients, a decrease in cluster frequency in 37, and
no improvement in 24 (including deterioration in 1 infant). A
crossover study comparing vigabatrin with corticotropin in 42
infants found that both drugs produced some benefit;9 a larger
multicentre comparison of treatment with prednisolone and tet-
racosactide versus vigabatrin found that the former produced
better initial control, but that the treatments were equivalent after
more prolonged follow-up to 12 to 14 months of age.10 A review
of the literature suggested that vigabatrin was particularly effec-
tive in infantile spasms associated with tuberous sclerosis;11 the
authors considered that its efficacy might be less in other forms
of infantile spasm.11 A later guideline12 also tentatively conclud-
ed that vigabatrin was effective in the short-term treatment of in-
fantile spasms including those associated with tuberous sclero-
sis.
1. French JA. Vigabatrin. Epilepsia 1999; 40 (suppl 5): S11–S16. 
2. Gidal BE, et al. Vigabatrin: a novel therapy for seizure disor-

ders. Ann Pharmacother 1999; 33: 1277–86. 
3. Lewis H, Wallace SJ. Vigabatrin. Dev Med Child Neurol 2001

43: 833–5. 
4. Dalla Bernadina B, et al. Efficacy and tolerability of vigabatrin

in children with refractory partial seizures: a single-blind dose-
increasing study. Epilepsia 1995; 36: 687–91. 

5. French JA, et al. A double-blind, placebo-controlled study of
vigabatrin three g/day in patients with uncontrolled complex
partial seizures. Neurology 1996; 46: 54–61. 

6. Malmgren K, et al. Cost analysis of epilepsy surgery and of vi-
gabatrin treatment in patients with refractory partial epilepsy.
Epilepsy Res 1996; 25: 199–207. 

7. Walker MC, et al. Long term use of lamotrigine and vigabatrin
in severe refractory epilepsy: audit of outcome. BMJ 1996; 313:
1184–5. 

8. Aicardi J, et al. Sabril IS Investigator and Peer Review Groups.
Vigabatrin as initial therapy for infantile spasms: a European
retrospective survey. Epilepsia 1996; 37: 638–42. 

9. Vigevano F, Cilio MR. Vigabatrin versus ACTH as first-line
treatment for infantile spasms: a randomized, prospective study.
Epilepsia 1997; 38: 1270–4. 

10. Lux AL, et al. The United Kingdom Infantile Spasms Study
(UKISS) comparing hormone treatment with vigabatrin on de-
velopmental and epilepsy outcomes to age 14 months: a multi-
centre randomised trial. Lancet Neurol 2005; 4: 712–17. 

11. Hancock E, Osborne JP. Vigabatrin in the treatment of infantile
spasms in tuberous sclerosis. J Child Neurol 1999; 14: 71–4. 

12. Mackay MT, et al. Practice parameter: medical treatment of in-
fantile spasms—report of the American Academy of Neurology
and the Child Neurology Society. Neurology 2004; 62:
1668–81.

Metabolic disorders. Vigabatrin, an irreversible inhibitor of
GABA-transaminase, has been tried in GABA metabolic disor-
ders, with or without concurrent epilepsy,1-5 with ambivalent re-
sults. Data from 23 case reports of patients with succinic semial-
dehyde dehydrogenase deficiency indicated that vigabatrin was
clinically beneficial in only about one-third of patients.4

1. Jaeken J, et al. Vigabatrin in GABA metabolism disorders. Lan-
cet 1989; i: 1074. 

2. Gibson KM, et al. Vigabatrin therapy in patient with succinic
semialdehyde dehydrogenase deficiency. Lancet 1989; ii:
1105–6. 

3. Stephenson JBP. Vigabatrin for startle-disease with altered cere-
brospinal-fluid free gamma-aminobutyric acid. Lancet 1992;
340: 430–1. 

4. Gibson KM, et al. The clinical phenotype of succinic semialde-
hyde dehydrogenase deficiency (4-hydroxybutyric aciduria):
case reports of 23 new patients. Pediatrics 1997; 99: 567–74. 

5. Leuzzi V, et al. Vigabatrin improves paroxysmal dystonia in suc-
cinic semialdehyde dehydrogenase deficiency. Neurology 2007;
68: 1320–1.

Stiff-man syndrome. There have been anecdotal reports1-3 of
improvement of stiff-man syndrome (see under Muscle Spasm,
p.993) with vigabatrin in patients unable to tolerate benzodi-
azepine therapy.
1. Vermeij FH, et al. Improvement of stiff-man syndrome with vi-

gabatrin. Lancet 1996; 348: 612. 

2. Prevett MC, et al. Improvement of stiff-man syndrome with vi-
gabatrin. Neurology 1997; 48: 1133–4. 

3. Sharoqi IA. Improvement of stiff-man syndrome with viga-
batrin. Neurology 1998; 50: 833–4.

Preparations
BP 2008: Vigabatrin Oral Powder; Vigabatrin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Sabril; Austral.: Sabril; Austria: Sabril; Belg.: Sabril; Braz.: Sabril; Ca-
nad.: Sabril; Chile: Sabril; Cz.: Sabril; Denm.: Sabrilex; Fin.: Sabrilex; Fr.:
Sabril; Ger.: Sabril; Gr.: Sabril; Hong Kong: Sabril; Hung.: Sabril; Irl.: Sabril;
Israel: Sabrilan; Ital.: Sabril; Mex.: Sabril; Neth.: Sabril; Sabrilex; Norw.:
Sabrilex; NZ: Sabril; Pol.: Sabril; Port.: Sabril; S.Afr.: Sabril; Singapore:
Sabril; Spain: Sabrilex; Swed.: Sabrilex; Switz.: Sabril; Turk.: Sabril; UK:
Sabril.

Zonisamide (BAN, USAN, rINN)

AD-810; CI-912; PD-110843; Zonisamida; Zonisamidum. 1-(1,2-
Benzoxazol-3-yl)methanesulphonamide.
Зонизамид
C8H8N2O3S = 212.2.
CAS — 68291-97-4.
ATC — N03AX15.
ATC Vet — QN03AX15.

Adverse Effects
The most common adverse effects with zonisamide
have included anorexia, gastrointestinal disturbances
such as abdominal pain, diarrhoea, and nausea, somno-
lence, dizziness, headache, ataxia, depression, and agi-
tation or irritability. Severe, sometimes fatal, skin reac-
tions including Stevens-Johnson syndrome and toxic
epidermal necrolysis have occurred rarely. There have
been isolated reports of aplastic anaemia, agranulocy-
tosis, thrombocytopenia, leucopenia, pancytopenia,
and leucocytosis. 
Other adverse effects have included renal calculi (see
below), renal impairment, pancreatitis, rhabdomyoly-
sis, abnormal liver function tests, psychosis, psycho-
motor slowing, reduced concentration, speech or lan-
guage difficulties, paraesthesia, nystagmus, diplopia,
weight loss, and fatigue. Reduced sweating with
hyperthermia has occurred in children (see below).
Effects on mental function. For a review of the effects of
antiepileptic therapy including zonisamide on cognition and
mood (including the risk of suicidal ideation), see p.468.
Hyperthermia. Decreased sweating and hyperthermia have
been reported in patients given zonisamide. By the end of Dec-
ember 2001 the manufacturers in the USA were aware of 40 such
cases; of these, 38 had occurred in the first 11 years of marketing
in Japan and 2 in the first year of marketing in the USA. Many
cases were reported after exposure to high ambient temperatures
and some progressed to heat stroke, but none had led to death. 
The manufacturer noted that children appeared to be at an in-
creased risk of developing these adverse reactions and should be
monitored closely for such effects especially during warm or hot
weather. Caution was also advised when zonisamide was given
with other drugs known to cause similar effects, for example,
carbonic anhydrase inhibitors and antimuscarinics.1
1. O’Brien C [Elan Pharmaceuticals]. Important drug warning.

Available at: http://www.fda.gov/medwatch/SAFETY/2002/
Zonegran_deardoc.pdf (accessed 14/05/04)

Renal calculi. Patients treated with zonisamide in the USA and
Europe may have had a higher incidence of renal calculi than
those treated in Japan. In one US study,1 4 of 113 patients (3.5%)
receiving long-term treatment with zonisamide developed renal
calculi, but a familial relationship was found for 2. In pooled
data2 from earlier studies, renal calculi had been reported in 13 of
700 patients (1.9%) treated in the USA and Europe compared
with 2 of 1008 patients (0.2%) in Japan. Another review,3 involv-
ing information from more than 750 patients, considered the risk
of renal calculi in zonisamide-treated patients to be 5 to 9 times
greater than that in the general population. However, a later
study4 that evaluated all safety data available at the time (from
the US and European clinical trial programme and the manufac-
turer’s postmarketing surveillance database) found the preva-
lence of symptomatic renal calculi to be low. There has been a
report5 of 3 patients who developed renal calculi associated with
zonisamide but were able to continue therapy with hydration
and/or citrate supplementation.
1. Patsalos PN, Sander JWAS. Newer antiepileptic drugs: towards

an improved risk-benefit ratio. Drug Safety 1994; 11: 37–67. 
2. Peters DH, Sorkin EM. Zonisamide: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic potential
in epilepsy. Drugs 1993; 45: 760–87. 

3. Bennett WM. Risk of kidney stones in patients treated with
zonisamide. Neurology 2002; 58 (suppl 3): A298–A299. 

4. Wroe S. Zonisamide and renal calculi in patients with epilepsy:
how big an issue? Curr Med Res Opin 2007; 23: 1765–73. 

5. Richards KC, et al. Continued use of zonisamide following de-
velopment of renal calculi. Neurology 2005; 64: 763–4.

Precautions
Zonisamide is a sulfonamide derivative and is there-
fore contra-indicated in patients with a history of hy-
persensitivity to sulfonamides. 

It should be used with care in patients with renal
impairment; there is no data on safety in those with
hepatic impairment. Zonisamide should be used with
caution in patients who have risk factors for nephrolith-
iasis; adequate hydration is recommended to increase
urine output, to try to reduce the risk of developing re-
nal calculi, especially in predisposed patients. 
Pancreatic lipase and amylase levels should be moni-
tored in patients who develop pancreatitis and consid-
eration should be given to withdrawing zonisamide.
Patients who develop severe muscle pain or weakness,
with or without fever, should have their serum creatine
phosphokinase and aldolase levels assessed; if these
are elevated, zonisamide may need to be withdrawn. A
dietary supplement or increased food intake may be ap-
propriate in patients who are losing weight or are un-
derweight with zonisamide; withdrawing zonisamide
may be warranted in those with substantial undesirable
weight loss. Consideration should be given to with-
drawing zonisamide in patients who develop unex-
plained rash. 
Care is required when withdrawing zonisamide thera-
py—see also Uses and Administration below.
Breast feeding. Zonisamide is distributed into breast milk;1 in
view of the potential for serious adverse effects in infants from
zonisamide, licensed product information recommends that it
should only be used in nursing mothers if the benefits outweigh
the risks. It is also recommended that breast feeding must not be
resumed until 1 month after stopping zonisamide therapy. For
comment on antiepileptic therapy and breast feeding, see p.467.
1. Kawada K, et al. Pharmacokinetics of zonisamide in perinatal

period. Brain Dev 2002; 24: 95–7.

Driving. For a comment on antiepileptic drugs and driving, see
p.468.

Pregnancy. Zonisamide crosses the placenta.1 For comments
on the management of epilepsy during pregnancy, see p.468.
1. Kawada K, et al. Pharmacokinetics of zonisamide in perinatal

period. Brain Dev 2002; 24: 95–7.

Interactions
There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy. Use
with drugs that induce or inhibit the cytochrome P450
isoenzyme CYP3A4 may alter plasma concentrations
of zonisamide. Carbamazepine, phenytoin, or pheno-
barbital reduce the half-life of zonisamide; reductions
have also been noted with valproate but to a lesser de-
gree. 
The use of zonisamide with other drugs that cause
nephrolithiasis should be avoided because of the in-
creased risk of developing renal calculi (see under Ad-
verse Effects, above). Caution is advised when zonisa-
mide is used with other drugs known to cause heat-
related disorders because of the increased risk of devel-
oping hyperthermia (see Adverse Effects, above).
◊ References.
1. Sills G, Brodie M. Pharmacokinetics and drug interactions with

zonisamide. Epilepsia 2007; 48: 435–41.

Pharmacokinetics
Zonisamide is almost completely absorbed from the
gastrointestinal tract and peak plasma concentrations
are achieved within 2 to 6 hours of oral doses. Bio-
availability is essentially complete; the presence of
food does not affect the bioavailability of zonisamide
but the time to reach peak plasma concentrations is de-
layed. Steady-state concentrations are achieved within
14 days. It is widely distributed into body tissues. Plas-
ma protein binding is low (40 to 50%) but zonisamide
is extensively bound to erythrocytes. The plasma elim-
ination half-life is about 63 hours. 
Zonisamide undergoes acetylation to N-acetylzonisa-
mide and reduction mediated by the cytochrome P450
isoenzyme CYP3A4 to 2-sulfamoylacetylphenol
(SMAP); both metabolites are inactive. Excretion is
mainly in the urine; about 15 to 30% appearing as
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unchanged drug, 15% as N-acetylzonisamide, and
50% as the glucuronide of SMAP. 
Zonisamide crosses the placenta and is distributed into
breast milk. 
The pharmacokinetics of zonisamide are affected by
use with other antiepileptics (see under Interactions,
above).
◊ References.
1. Kochak GM, et al. Steady-state pharmacokinetics of zonisamide,

an antiepileptic agent for treatment of refractory complex partial
seizures. J Clin Pharmacol 1998; 38: 166–71. 

2. Mimaki T. Clinical pharmacology and therapeutic drug monitor-
ing of zonisamide. Ther Drug Monit 1998; 20: 593–7. 

3. Leppik IE. Zonisamide: chemistry, mechanism of action, and
pharmacokinetics. Seizure 2004; 13 (suppl 1): S5–S9.

Uses and Administration
Zonisamide, a benzisoxazole derivative, is used as an
adjunctive antiepileptic in the treatment of partial sei-
zures, with or without secondary generalisation. 
In the UK, the usual initial oral dose in adults over 18
years of age is 50 mg daily in 2 divided doses, in-
creased after 1 week to 100 mg daily. Thereafter, the
dose may be further increased at weekly intervals by
increments of up to 100 mg, to a usual dose of 300 to
500 mg daily, although some patients may respond to
lower doses. Dose increments at intervals of 2 weeks
should be considered in patients with hepatic or renal
impairment and in patients who are not receiving
CYP3A4 inducers (see also Interactions, above).
Zonisamide may be given as a single dose or in 2 divid-
ed doses after the titration phase. 
In the USA, the usual initial oral dose in patients over
16 years of age is 100 mg daily, increased after at least
2 weeks to 200 mg daily, given as a single dose or in 2
divided doses. Thereafter, if necessary, the dose may be
further increased at intervals of at least 2 weeks by in-
crements of 100 mg, to a dose of 400 mg daily. Doses
up to 600 mg daily have been used, but there is no cur-
rent evidence of an increase in response above 400 mg
daily; many of the adverse effects of zonisamide are

reported to be more frequent at doses of 300 mg daily
and above. 
As with other antiepileptics, withdrawal of zonisamide
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures; UK
licensed product information has suggested that the
dose may be decreased in steps of 100 mg at weekly
intervals. For a discussion on whether or not to with-
draw antiepileptic therapy in seizure-free patients, see
p.465.
Bipolar disorder. Zonisamide may have psychotropic proper-
ties, and has been tried in the management of bipolar disorder
(p.372). 
References.
1. Baldassano CF, et al. Acute treatment of bipolar depression with

adjunctive zonisamide: a retrospective chart review. Bipolar
Disord 2004; 6: 432–4. 

2. Anand A, et al. A preliminary open-label study of zonisamide
treatment for bipolar depression in 10 patients. J Clin Psychiatry
2005; 66: 195–8. 

3. McElroy SL, et al. Open-label adjunctive zonisamide in the
treatment of bipolar disorders: a prospective trial. J Clin Psychi-
atry 2005; 66: 617–24. 

4. Ghaemi SN, et al. An open prospective study of zonisamide in
acute bipolar depression. J Clin Psychopharmacol 2006; 26:
385–8. 

5. Wilson MS, Findling RL. Zonisamide for bipolar depression. Ex-
pert Opin Pharmacother 2007; 8: 111–13.

Epilepsy. Zonisamide is used in the treatment of refractory epi-
lepsy (p.465). Many studies have been conducted in Japan where
clinical experience demonstrated its efficacy mainly in the treat-
ment of partial seizures with or without secondary generalisa-
tion.1,2 Data from studies3-6 conducted outside Japan have con-
firmed the efficacy of zonisamide as an adjunct in the treatment
of partial epilepsies. Efficacy in primary generalised and mixed-
seizure epilepsies appears to be more variable, although it may
be of value in refractory myoclonic seizures7 and absence sei-
zures.8 Retrospective cohort studies9,10 have also found that
zonisamide may have efficacy as monotherapy. Zonisamide
might also be of use in the treatment of epileptic syndromes such
as Lennox-Gastaut syndrome,11 and infantile spasms (as for ex-
ample in West’s syndrome), although only a small number of pa-
tients with the latter condition have been studied.12,13

1. Peters DH, Sorkin EM. Zonisamide: a review of its pharmaco-
dynamic and pharmacokinetic properties, and therapeutic po-
tential in epilepsy. Drugs 1993; 45: 760–87. 

2. Patsalos PN, Sander JWAS. Newer antiepileptic drugs: towards
an improved risk-benefit ratio. Drug Safety 1994; 11: 37–67. 

3. Leppik IE, et al. Efficacy and safety of zonisamide: results of a
multicenter study. Epilepsy Res 1993; 14: 165–73. 

4. Schmidt D, et al. Zonisamide for add-on treatment of refractory
partial epilepsy: a European double-blind trial. Epilepsy Res
1993; 15: 67–73. 

5. Chadwick DW, Marson AG. Zonisamide add-on for drug-resist-
ant partial epilepsy. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2005 (ac-
cessed 09/06/08). 

6. Brodie MJ, et al. Dose-dependent safety and efficacy of zonisa-
mide: a randomized, double-blind, placebo-controlled study in
patients with refractory partial seizures. Epilepsia 2005; 46:
31–41. 

7. Kyllerman M, Ben-Menachen E. Zonisamide for progressive
myoclonus epilepsy: long-term observations in seven patients.
Epilepsy Res 1998; 29: 109–14. 

8. Wilfong A, Schultz R. Zonisamide for absence seizures. Epilep-
sy Res 2005; 64: 31–4. 

9. Tosches WA, Tisdell J. Long-term efficacy and safety of mono-
therapy and adjunctive therapy with zonisamide. Epilepsy Be-
hav 2006; 8: 522–6. 

10. Kothare SV, et al. Efficacy and safety of zonisamide monothera-
py in a cohort of children with epilepsy. Pediatr Neurol 2006;
34: 351–4. 

11. You SJ, et al. Clinical efficacy of zonisamide in Lennox-Gastaut
syndrome: Korean multicentric experience. Brain Dev 2008;
30: 287–90. 

12. Yanai S, et al. Treatment of infantile spasms with zonisamide.
Brain Dev 1999; 21: 157–61. 

13. Lotze TE, Wilfong AA. Zonisamide treatment for symptomatic
infantile spasms. Neurology 2004; 62: 296–8.

Obesity. Anorexia and weight loss have been associated with
zonisamide therapy (see Adverse Effects, above) and it has been
tried, with some success, as an adjunct in the treatment of
obesity1,2 (p.2149); it has also been tried in binge-eating disorder
associated with obesity.3 Combination with bupropion (p.383) is
under investigation.2
1. Gadde KM, et al. Zonisamide for weight loss in obese adults: a

randomized controlled trial. JAMA 2003; 289: 1820–5. 
2. Gadde KM, et al. Combination therapy of zonisamide and bupro-

pion for weight reduction in obese women: a preliminary, rand-
omized, open-label study. J Clin Psychiatry 2007; 68: 1226–9. 

3. McElroy SL, et al. Zonisamide in the treatment of binge eating
disorder with obesity: a randomized controlled trial. J Clin Psy-
chiatry 2006; 67: 1897–1906. Correction. ibid. 2007; 68: 172.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Zonegran; Fr.: Zonegran; Ger.: Zonegran; Hung.: Zonegran; Irl.:
Zonegran; Jpn: Excegran; Neth.: Zonegran; Port.: Zonegran; Spain: Zon-
egran; Swed.: Zonegran; UK: Zonegran; USA: Zonegran.
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Choice of Antifungal, p.517 
Aspergillosis, p.517 
Blastomycosis, p.518 
Candidiasis, p.518 
Chromoblastomycosis, p.518 
Coccidioidomycosis, p.518 
Cryptococcosis, p.519 
Dermatophytoses, p.519 
Endocarditis, p.519 
Eye infections, p.519 
Histoplasmosis, p.519 
Infections in immunocompromised patients, p.520 
Meningitis, p.520 
Mucormycosis, p.520 
Mycetoma, p.520 
Nail infections, p.520 
Paracoccidioidomycosis, p.520 
Peritonitis, p.521 
Pityriasis versicolor, p.521 
Pneumocystis pneumonia, p.521 
Protothecosis, p.521 
Respiratory-tract infections, p.521 
Skin infections, p.521 
Sporotrichosis, p.522 
Tinea, p.522

This chapter describes the drugs that are used mainly in
the treatment and prophylaxis of fungal infections
(mycoses). They include: 
• the azole derivatives, including: 

• imidazoles (such as ketoconazole) 
• triazoles (such as fluconazole, itraconazole, posa-

conazole, and voriconazole) 
• the allylamines (naftifine and terbinafine) 
• the echinocandins (such as caspofungin and mi-

cafungin) 
• several polyene antibiotics (including amphotericin

B and nystatin) 
• other antifungal antibiotics (for example griseoful-

vin) 
• other compounds such as amorolfine, ciclopirox

olamine, flucytosine, haloprogin, tolnaftate, and un-
decenoic acid and its salts.

Choice of Antifungal
Fungi may be classified as yeasts or moulds according
to their appearance and means of growth. Examples of
yeasts are Candida and Cryptococcus spp., while
moulds include Aspergillus spp., the dermatophytes,
and the Mucorales fungi. Some fungi are termed di-
morphic as they appear to be yeast-like in the host, but
grow as moulds in vitro. Blastomycosis, chromoblast-
omycosis, coccidioidomycosis, histoplasmosis, para-
coccidioidomycosis, and sporotrichosis are examples
of diseases caused by dimorphic fungi. 
Most fungi that are pathogenic in humans are sapro-
phytic in nature, but cause infection when airborne
spores reach the lungs or paranasal sinuses or are inoc-
ulated accidentally into the skin or cornea. Most fungal
infections are therefore not transmissible between
patients, with the exception of ringworm of the scalp.
Endemic mycoses such as blastomycosis, coccidioido-
mycosis, histoplasmosis, and paracoccidioidomycosis
are true pathogens and can cause disease in otherwise
healthy persons. Other fungi, such as Aspergillus, Can-
dida, Cryptococcus, and Pneumocystis jirovecii are of
low pathogenicity and require an alteration in the
normal defence mechanisms for disease to occur; such
disease is called opportunistic. Fungal diseases are
classified into 3 groups: the superficial, subcutaneous,
and deep or systemic mycoses. Superficial infections
are confined to the skin, hair, nails, or mucous mem-
branes. Subcutaneous infections are largely limited to
the subcutaneous tissue but may spread to surrounding
bone and skin. Deep or systemic infections may in-
volve organs such as the lung, spleen, or brain, or may
affect the body as a whole, and tend to occur more
frequently in immunocompromised patients. Fungal
infections may also be described as local when they are
restricted to one body area, as invasive when there is

spread into the tissues, or as disseminated when the
infection has spread from the primary site to other or-
gans throughout the body. 
Ideally antifungal treatment should be chosen after the
infecting organism has been identified, but it is often
necessary to start empirical treatment before the patho-
gen can be cultured and identified, especially in immu-
nocompromised patients in whom infections are often
rapidly progressive. 
The choice of treatment for the important fungal dis-
eases is described below.

Aspergillosis
Aspergillosis is an infection caused by fungi of the genus
Aspergillus, usually A. fumigatus, although A. flavus, A.
nidulans, A. niger, and A. terreus may occasionally be en-
countered. Aspergillosis is usually acquired by inhalation
and most commonly causes non-invasive disease of the
respiratory tract. Other sites of infection include the eye
after trauma or cataract surgery. Tissue invasion adjacent
to the site of infection and dissemination to distant organs
may occur, predominantly in immunocompromised pa-
tients. In severely immunocompromised patients aspergil-
losis usually presents as a severe acute rapidly progressive
lung disease. Other organs affected may include the heart
(particularly damaged or prosthetic valves), kidneys, bone,
brain, liver, and skin. 
In general the response of invasive aspergillosis to treat-
ment is poor and starting treatment early is essential. Sur-
gical excision may be necessary. High intravenous doses
of amphotericin B have traditionally been the antifungal of
choice.1 However, the overall response rate to convention-
al amphotericin B is reported to be only 30 to 35%; this
may be improved by the use of liposomal amphotericin
B.2,3 Studies have shown voriconazole to be superior4-6 to
amphotericin B for the treatment of invasive aspergillosis
and comparable7 as empirical therapy for patients with
persistent fever and neutropenia. Favourable responses
with caspofungin have been reported in those with inva-
sive disease8 as well as in patients with persistent fever and
neutropenia.9 Intravenous or oral voriconazole is now the
recommended treatment for invasive pulmonary aspergil-
losis.1,10,11 Drugs that may be used for salvage therapy in-
clude itraconazole, posaconazole, caspofungin, micafun-
gin, and lipid formulations of amphotericin B. Salvage
therapy may also include combination therapy with the in-
itial antifungal drug or combination therapy with antifun-
gal drugs from classes other than that used in the initial
treatment regimen.11 A retrospective review of patients
given salvage therapy with voriconazole plus caspofungin
or voriconazole alone reported that 3-month survival was
greater for the combination than for voriconazole alone.12

Successful treatment for invasive aspergillosis was also
described in 2 patients who received a combination of
caspofungin and itraconazole.13 Treatment for invasive
pulmonary aspergillosis should be given for a minimum of
6 to 12 weeks; in immunosuppressed patients, it should be
continued throughout the period of immunosuppression
and until the lesions have cleared.11 
In neutropenic patients with prolonged fever despite
broad-spectrum antibacterial therapy, empirical treatment
with amphotericin B or its lipid formulations, itraconazole,
voriconazole, or caspofungin is recommended.11 
Antifungal prophylaxis with posaconazole is recommend-
ed for haematopoietic stem cell transplant recipients with
graft-versus-host disease and in patients with acute mye-
loid leukaemia or myelodysplastic syndromes who are at
high risk for invasive aspergillosis. Itraconazole may be
useful, but it is not well tolerated.1,11,14 
Non-invasive forms of aspergillosis include allergic bron-
chopulmonary aspergillosis, a hypersensitivity reaction to
Aspergillus usually occurring in asthmatic patients, and as-
pergilloma, a fungal mass or ball developing within a pre-
existing pulmonary cavity or paranasal sinus. Allergic
bronchopulmonary aspergillosis is usually treated with
corticosteroids and oral itraconazole.11,15 A systematic
review16 has concluded that itraconazole modifies the im-
munological activation associated with allergic bronchop-
ulmonary aspergillosis in asthmatic patients and improves
clinical outcome in the first 4 months of treatment. The
treatment of aspergilloma depends on the severity of

symptoms, and includes conservative management, anti-
fungal therapy, or surgical resection. Treatment with itra-
conazole, voriconazole, and possibly also posaconazole
are considered to have some benefit. Surgical resection
and direct intracavitary instillation of antifungals may also
be useful in selected patients with a single aspergilloma.11 
Chronic necrotising pulmonary aspergillosis (CNPA or
subacute invasive pulmonary aspergillosis)17 is a subacute
infection seen in patients with an underlying lung disease
or systemic risk factors for immunosuppression. Various
antifungals have been tried in the treatment of CNPA. Case
reports have shown amphotericin B to be successful in
about 50% of the patients and clinical benefit has also been
achieved with intracavitary amphotericin B. Flucytosine
has been used with or without amphotericin B. Itracona-
zole has a reported success rate of 70 to 90%. Treatment
needs to be prolonged, so oral antifungals are preferred to
parenteral antifungal therapy. Current evidence supports
the use of itraconazole, with voriconazole and possibly
also posaconazole as alternatives, for the treatment of CN-
PA.11 
Aspergillosis of the eye, like other fungal eye infections, is
difficult to treat; antifungals are generally not well ab-
sorbed after topical application and infections extending
into the vitreous or anterior chamber require subconjuncti-
val, intra-ocular, and/or systemic treatment. Systemic
treatment is necessary for ocular manifestations of dissem-
inated disease. Intravenous and intravitreal amphotericin
B are recommended for the treatment of Aspergillus endo-
phthalmitis; intravitreal or systemic voriconazole may be
given as an alternative. For the management of Aspergillus
keratitis topical antifungal therapy plus systemic antifun-
gal therapy with either amphotericin B, voriconazole, or
itraconazole is recommended.11 For superficial eye infec-
tions a number of drugs including natamycin, amphoter-
icin B, azoles, and sulfadiazine silver have been applied
topically alone or as an adjunct to systemic therapy. Surgi-
cal excision of infected tissue may be necessary in severe
infections.
1. Krishnan-Natesan S, Chandrasekar PH. Current and future ther-

apeutic options in the management of invasive aspergillosis.
Drugs 2008; 68: 265–82. 

2. White MH, et al. Amphotericin B colloidal dispersion vs. am-
photericin B as therapy for invasive aspergillosis. Clin Infect
Dis 1997; 24: 635–42. 

3. Leenders ACAP, et al. Liposomal amphotericin B compared
with amphotericin B deoxycholate in the treatment of docu-
mented and suspected neutropenia-associated invasive fungal
infections. Br J Haematol 1998; 103: 205–12. 

4. Denning DW, et al. Efficacy and safety of voriconazole in the
treatment of acute invasive aspergillosis. Clin Infect Dis 2002;
34: 563–71. 

5. Herbrecht R, et al. Voriconazole versus amphotericin B for pri-
mary therapy of invasive aspergillosis. N Engl J Med 2002; 347:
408–15. 

6. Steinbach WJ, et al. Infections due to Aspergillus terreus: a mul-
ticenter retrospective analysis of 83 cases. Clin Infect Dis 2004;
39: 192–8. 

7. Walsh TJ, et al. Voriconazole compared with liposomal ampho-
tericin B for empirical antifungal therapy in patients with neu-
tropenia and persistent fever. N Engl J Med 2002; 346: 225–34. 

8. Maertens J, et al. Efficacy and safety of caspofungin for treat-
ment of invasive aspergillosis in patients refractory to or intol-
erant of conventional antifungal therapy. Clin Infect Dis 2004;
39: 1563–71. 

9. Walsh TJ, et al. Caspofungin versus liposomal amphotericin B
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Blastomycosis
Blastomycosis (not to be confused with South American
blastomycosis, see Paracoccidioidomycosis, below) is an
infection caused by the fungus Blastomyces dermatitidis,
which is endemic to much of North America. Inhalation of
spores results in pulmonary infection which may be fol-
lowed in 25 to 40% of patients by dissemination; the skin,
skeleton, and genito-urinary system may become infected.
While blastomycosis may affect anyone living in an en-
demic area, disseminated disease (including CNS involve-
ment) is more common in immunocompromised patients. 
Acute pulmonary infection may be mild and self-limiting
in immunocompetent patients, but treatment should be
considered in patients presenting with clinical symptoms.
All patients with moderate to severe pneumonia or dissem-
inated disease, and all immunocompromised patients re-
quire treatment.1 
In immunocompetent patients, mild to moderate disease is
treated with oral itraconazole; the duration of treatment is
at least 6 months for pulmonary disease and 12 months for
bone disease. Ketoconazole or fluconazole are less effec-
tive alternatives (and ketoconazole is more toxic); the role
of voriconazole or posaconazole is not clear, although they
may be effective. Patients unable to tolerate azoles or in
whom disease progresses should be switched to amphoter-
icin B. Life-threatening disease (either pulmonary or ex-
trapulmonary) should be treated intravenously with a lipid
or conventional formulation of amphotericin B; patients
are usually switched to oral itraconazole once stabilised.
All patients with CNS disease should be given a lipid for-
mulation of amphotericin B intravenously for 4 to 6
weeks, followed by an oral azole; the options for the latter
include fluconazole, itraconazole, or voriconazole. Oral
treatment should be continued for at least 12 months and
until resolution of abnormalities in the CSF. 
In patients who are immunosuppressed, the recommended
initial treatment is a lipid formulation of amphotericin B
given intravenously for 1 to 2 weeks, or until improvement
is noted. Once the patient has responded to this initial treat-
ment they may be switched to oral itraconazole, which is
continued until at least 12 months of therapy has been giv-
en. Life-long itraconazole treatment may be needed in pa-
tients in whom immunosuppression cannot be reversed, or
in those who relapse despite appropriate therapy (a well-
documented phenomenon in immunosuppressed patients). 
In pregnant patients presenting with blastomycosis a lipid
formulation of amphotericin B is recommended; azoles
should be avoided because of possible teratogenicity. If the
neonate shows signs of infection, treatment with a conven-
tional (deoxycholate) formulation of amphotericin B is
recommended. Children may be treated with amphotericin
B or oral itraconazole, depending on the severity of infec-
tion; in general, they tolerate conventional amphotericin B
better than adults, and lipid formulations may not be need-
ed.
1. Chapman SW, et al. Clinical practice guidelines for the manage-

ment of blastomycosis: 2008 update by the Infectious Diseases
Society of America. Clin Infect Dis 2008; 46: 1801–12. Also
available at: http://www.journals.uchicago.edu/doi/pdf/10.1086/
588300 (accessed 03/07/08)

Candidiasis
Candida spp. are commensal fungi commonly found in the
gastrointestinal tract, mouth, and vagina; they may be-
come pathogenic when natural defence mechanisms are
impaired. C. albicans is the species most commonly asso-
ciated with infection although infections with other Cand-
ida spp., notably C. glabrata (Torulopsis glabrata), C. kru-
sei, C. lusitaniae, C. parapsilosis, and C. tropicalis, also
occur and together are commonly referred to as non-albi-
cans species. Predisposing factors for candidiasis include
antibacterial therapy, skin or mucosal breach, abdominal
surgery, debility, diabetes mellitus, pregnancy, and neutro-
penia and T-cell immunodeficiency; candidiasis often oc-
curs in patients with HIV infection. 
Candidiasis (or candidosis) may be classified as mucocu-
taneous or superficial, invasive (deep-organ), or dissemi-
nated. Mucocutaneous candidiasis includes infections of
the oropharynx, genital organs, and skin. Oropharyngeal
and vulvovaginal candidiasis are commonly termed
thrush. Most superficial infections may be effectively
treated with topical antifungals, although the rare chronic
mucocutaneous candidiasis syndrome usually requires
systemic treatment. The choice of antifungal should be
guided by the availability of an appropriate formulation for
the site of infection, toxicity, and the duration of treatment. 

Oropharyngeal candidiasis may be treated with topical
clotrimazole, miconazole, or nystatin, or oral fluconazole.
Alternatives are oral itraconazole or amphotericin B. Top-
ical therapy may not be adequate in severely immunocom-
promised patients and oral azole therapy should be consid-
ered in these patients.1-3 Intravenous amphotericin B or
caspofungin are usually effective but only indicated in pa-
tients with refractory disease.1-3 Oral posaconazole was
found to be as effective as oral fluconazole in the treatment
of oropharyngeal candidiasis in HIV-infected persons, but
more effective than fluconazole is sustaining clinical ben-
efit after treatment was stopped.4 
Oesophageal infections are not normally accessible to
topical therapy and oral or intravenous fluconazole or itra-
conazole are considered to be the drugs of choice. Severe
or refractory disease may be treated with voriconazole, ei-
ther intravenously or orally, or intravenous caspofungin or
amphotericin B.1-3,5 
Genital candidiasis responds well to topical antifungal
treatment with creams or pessaries. Uncomplicated vagin-
itis responds to short-course topical therapy with azoles
such as butoconazole, clotrimazole, econazole, fenticona-
zole, isoconazole, miconazole, terconazole, or tiocona-
zole, to topical nystatin, or to oral therapy with fluconazole
or itraconazole.6,7 Complicated disease, which occurs in
up to 10% of cases, requires at least 7 to 14 days of treat-
ment with topical antifungals or an oral dose of flucona-
zole repeated 72 hours later.1,6 Vulvovaginal candidiasis
with non-albicans species may not respond to topical
azoles, in which case topical boric acid or topical flucyto-
sine are often effective.1 In pregnancy, topical azoles are
recommended6,7 and appear to be more effective than nys-
tatin;8 treatment is given for 7 days. Recurrent vaginal can-
didiasis should be treated for at least 6 months.6,7 In the
USA,6 initial treatment with a topical or oral azole is rec-
ommended. Some suggest that the duration of therapy be
increased to 7 to 14 days for the topical products and that
the oral dose of fluconazole may be repeated every 72
hours for a total of 3 doses. Recommended maintenance
therapy is with oral fluconazole once weekly; alternative
regimens are topical clotrimazole 200 mg twice weekly or
500 mg once weekly, or other topical treatments used in-
termittently. UK guidelines7 recommend initial treatment
with fluconazole 150 mg every 72 hours for 3 doses fol-
lowed by maintenance treatment of 150 mg once weekly.
Alternatively initial treatment may be with a topical azole
product for 10 to 14 days, followed by maintenance with
topical clotrimazole 500 mg once weekly, oral fluconazole
100 mg once weekly, or daily oral itraconazole or ketoco-
nazole. Yogurt preparations containing Lactobacillus spp.
have been used in the treatment and prevention of vaginal
candidiasis in an attempt to restore the natural vaginal flora
but evidence to support their use is limited. 
Infection involving the nails and surrounding tissue is dif-
ficult to treat. Chronic paronychia (infection affecting the
tissue around the nails) is often resistant to treatment but
may respond to prolonged application of topical imida-
zoles or nystatin. Onychomycosis (infection affecting the
nail itself) usually only responds to systemic antifungals.
Treatment with oral itraconazole appears to be the most
appropriate, although oral terbinafine has also been used.1 
Primary prophylaxis against mucocutaneous candidiasis is
not recommended for patients with advanced HIV infec-
tion since this may select for resistant Candida spp.9 Due
to similar concerns, secondary prophylaxis in immuno-
compromised patients with mucocutaneous candidiasis is
largely restricted to those with frequent or severe recur-
rences, or those at risk of developing invasive disease, in
which case oral fluconazole or itraconazole may be con-
sidered.1,9 
Invasive and disseminated candidiasis require systemic
antifungal treatment. Intravenous amphotericin B, with or
without flucytosine, has traditionally been regarded as the
standard initial treatment in most infections but flucytosine
is now infrequently used because of concerns over its
bone-marrow toxicity in AIDS patients. Fluconazole,
caspofungin, and a combination of amphotericin B (for 5
to 6 days) and fluconazole have been shown to be effective
and now offer alternatives for initial antifungal therapy.
Fluconazole may be used as first-line for clinically stable
patients with uncomplicated candidaemia who have not
recently received treatment with an azole and is preferred
for infections with C. lusitaniae. Amphotericin B is used
for other non-albicans infections, although there is some
evidence of resistance developing in C. krusei and C. gla-
brata. However, these species are susceptible to voricona-

zole and caspofungin and voriconazole may also be used
as an alternative for fluconazole-resistant invasive Candi-
da infections.1 Neonates with disseminated candidiasis are
usually best treated with amphotericin B, although fluco-
nazole may also be effective.1,10 
Empirical antifungal therapy may be appropriate for neu-
tropenic patients. Drugs that may be considered include
amphotericin B, itraconazole, or voriconazole. Flucona-
zole is unsuitable because of its restricted antifungal spec-
trum. The role of caspofungin is uncertain.1 Treatment
should generally be continued until signs and symptoms
have resolved and the patient is no longer neutropenic. For
empirical antifungal treatment in non-neutropenic pa-
tients, amphotericin B or fluconazole may be considered.1 
Although antifungal prophylaxis is generally not routinely
recommended for non-neutropenic patients, some would
consider it appropriate in patients who are at high risk of
infection such as patients who are critically ill, neutropen-
ic, or receiving solid organ or bone marrow transplants.1,11
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Chromoblastomycosis
Chromoblastomycosis (chromomycosis) is a chronic fun-
gal infection that affects skin and subcutaneous tissue. It
occurs worldwide but is more common in tropical and sub-
tropical climates. Chromoblastomycosis may result from
traumatic inoculation of a number of fungal species in-
cluding Fonsecaea compacta (Phialophora compacta), F.
pedrosoi (P. pedrosoi), Exophiala spinifera, E. jeanselmei,
Phialophora verrucosa, Cladosporium carrionii, and Rhi-
nocladiella aquaspersa. In its early stages, when lesions
are small, surgical excision or cryotherapy are the treat-
ments of choice, although there is some risk of dissemina-
tion during surgery. Many antifungals have been tried but
itraconazole and terbinafine, often in high doses and for
prolonged periods, have been the most successful. Howev-
er, recurrence and drug resistance has been a problem with
monotherapy. Itraconazole and terbinafine (given daily on
alternate weeks or daily concomitantly for up to 9 months)
have been shown to be effective in selected cases of chro-
moblastomycosis that were unresponsive to monotherapy.
Local heat treatment aids healing and may be a useful ad-
junct.

Coccidioidomycosis
Coccidioidomycosis is an infection caused by inhalation
of the spores of Coccidioides immitis, a fungus found in
the soil in arid and semi-desert areas mainly of North, Cen-
tral, and South America. Common names for the infection
include valley fever, desert fever, and desert rheumatism.
In endemic areas, coccidioidomycosis is a common oppor-
tunistic infection in immunocompromised patients. 
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Patients with coccidioidomycosis may experience acute or
chronic lung infections, meningitis, and disseminated dis-
ease although many infections are subclinical. In immuno-
competent individuals, acute pulmonary disease is usually
mild and self-limiting and in 60% of cases resolves with-
out specific chemotherapy. In some patients the infection
progresses to chronic pulmonary coccidioidomycosis with
granulomatous lesions, fibrosis, and cavitation. Less than
1% of patients develop acute progressive pneumonia
(which is commonly fatal if untreated) or disseminated
disease (usually involving the skin, bone, meninges, and
joints). Severe pulmonary and disseminated infections are
more likely in pregnant women, males, certain ethnic
groups, diabetics, and immunocompromised patients. 
Treatment is usually reserved for severe, progressive, or
disseminated infections or for patients with concurrent risk
factors, especially immunosuppression.1,2 If antifungal
therapy is given, it is preferably with an oral azole as initial
therapy or with intravenous amphotericin B;1,3 itracona-
zole and fluconazole are used most often, while voricona-
zole has been reported to be effective in some patients who
have not responded to fluconazole.4 Amphotericin B is
generally used for rapidly progressive disease while azoles
are generally preferred for chronic disease.1,2 Although
combination therapy with an azole and amphotericin B has
been used, there is no evidence that it is superior to a single
antifungal drug.1 Diffuse pneumonia is most often seen in
immunocompromised patients and treatment is initially
with an azole or amphotericin B followed by maintenance
treatment with an azole for a year or more. In immuno-
compromised patients it is advisable to continue treatment
indefinitely.4 Fluconazole is effective in meningeal infec-
tions and is the most frequently recommended antifungal
for this indication,1,2,4 although itraconazole has also pro-
duced beneficial responses; intrathecal amphotericin B
may also be used, especially in aggressive infections.1,2,5

Due to the high incidence of relapse, indefinite suppres-
sive therapy with fluconazole or itraconazole is recom-
mended for patients with coccidioidal meningitis or dif-
fuse pulmonary coccidioidomycosis.1 Patients with HIV
infection and solid organ transplant recipients who have
completed induction therapy should subsequently receive
lifelong suppressive fluconazole or itraconazole.2,6,7 It
may, however, be possible to stop therapy in patients with
CD4+ lymphocyte counts above 250 cells/microlitre (ex-
cept in those with meningitis) if there is clinical evidence
that the coccidioidal infection is controlled.1 Primary
prophylaxis for HIV-infected patients living in coccidioid-
omycosis-endemic areas is not routinely recommended.1,6

However, primary prophylaxis may be considered for sol-
id organ transplant recipients who are at risk of coccidioi-
dal infection.1,7
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Cryptococcosis
Cryptococcosis is an infection caused by inhalation of the
fungus Cryptococcus neoformans. It is rare in immuno-
competent individuals, but is an important life-threatening
disease in immunocompromised patients, especially those
with AIDS, in whom it occurs principally as cryptococcal
meningitis. 
Mild infections in immunocompetent patients may resolve
without treatment, but oral fluconazole is usually effective
if treatment is necessary.1 Itraconazole is a suitable alterna-
tive in patients unable to take fluconazole. In either case,

treatment should continue for several months. For more
severe disease, amphotericin B may be given alone, or, if
there is CNS involvement, with flucytosine. Patients may
be switched to oral fluconazole after 2 weeks of induction
therapy with amphotericin B and flucytosine or may con-
tinue on amphotericin B and flucytosine for 6 to 10
weeks.1 
Cryptococcosis in immunocompromised patients other
than those with HIV infection should be treated as for CNS
infections in immunocompetent patients.1 
HIV-infected patients who develop cryptococcosis always
require treatment. Those with isolated pulmonary or uri-
nary-tract disease may be treated with oral fluconazole or,
if fluconazole is not an option, itraconazole.1 A further al-
ternative is combined treatment with fluconazole and flu-
cytosine for 10 weeks followed by maintenance with flu-
conazole, although the toxicity of this regimen limits its
usefulness. Those with more severe disease may be given
intravenous amphotericin B until symptoms are controlled
and then switched to oral fluconazole.1-3 Patients with HIV
infection who develop cryptococcal meningitis should re-
ceive induction therapy with intravenous amphotericin B
and intravenous flucytosine.1-3 Amphotericin B may be
given alone in patients unable to tolerate flucytosine. In re-
fractory cases, amphotericin B may be given intrathecally
or intraventricularly. Oral fluconazole and intravenous flu-
cytosine is an alternative to the use of amphotericin B but
carries a high risk of toxicity. After induction, oral flucona-
zole should be given as consolidation therapy; if flucona-
zole cannot be given, itraconazole is a suitable though less
effective alternative.1-3 
Immunocompetent patients with CNS disease and immu-
nocompromised patients (without HIV infection) may re-
quire 6 to 12 months of suppressive therapy with oral flu-
conazole after a primary course of antifungal therapy.1
HIV-infected patients should generally receive lifelong
maintenance therapy,1-4 although it may be possible to stop
secondary prophylaxis in patients who exhibit a sustained
response to highly active antiretroviral therapy and who
remain asymptomatic with regard to cryptococcosis. US
guidelines4 recommend restarting secondary prophylaxis
if the CD4+ T lymphocyte count falls below 100 to 200
cells/microlitre. 
Primary prophylaxis in patients with HIV infection is not
generally recommended since it has not been shown to be
more beneficial than treating cryptococcal infections when
they occur and may increase the risk of resistance.4
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Dermatophytoses
See under Skin Infections, below.

Endocarditis
Infective endocarditis caused by fungi such as Aspergillus
or Candida is much less common than that caused by bac-
teria (p.168). 
Mortality due to fungal endocarditis is high. Patients
should be treated with antifungal therapy and in many cas-
es surgical removal of an infected heart valve. Amphoter-
icin B was most commonly used, usually alone but in
some cases combined with flucytosine.1-4 Alternatives for
endocarditis caused by Candida spp. are fluconazole or
caspofungin. Voriconazole may now be the drug of choice
for endocarditis caused by Aspergillus spp.4 Since relapse
rates of up to 40% have been reported after stopping ther-
apy, secondary prophylaxis is recommended with flucona-
zole, itraconazole, posaconazole, or voriconazole (de-
pending on the susceptibilities of the infecting organism)

for a minimum of 2 years and in some cases for life. Life-
long suppressive therapy is also given to patients who are
not suitable candidates for valve replacement.1-3,5
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Eye infections
Fungal infections of the eye are less common than infec-
tions with bacteria or viruses, but are usually severe and
may lead to loss of vision. Diagnosis may be delayed due
to a gradual onset of symptoms and empirical treatment
with antibacterials. Patients with impaired host resistance
such as diabetics or immunocompromised patients are par-
ticularly at risk. The most common fungi causing eye in-
fections are Aspergillus, Candida, and Fusarium; others
include Blastomyces, Cryptococcus, and Sporothrix. Cor-
neal infection (keratitis) occurs most frequently, but the or-
bit, eyelids, lachrymal sacs, conjunctiva, sclera, and intra-
ocular structures may also become infected. Infections of
the orbit rarely occur spontaneously but are more common
with systemic fungal infection or may spread from the ad-
jacent paranasal sinus tissue, as seen in mucormycosis or
aspergillosis.1,2 Ocular fungal infections are difficult to
treat. Diagnosis may be delayed due to a gradual onset of
symptoms and empirical treatment with topical antibacte-
rials or corticosteroids. Topical natamycin is generally
considered the drug of choice for fungal keratitis due to
filamentous fungi, while topical amphotericin B is an al-
ternative. Topical amphotericin B with or without topical
flucytosine, is preferred for yeast infections. Azoles exhib-
it a wide spectrum of activity and clotrimazole, flucona-
zole, itraconazole, ketoconazole, and miconazole are all
used topically. Topical antifungals are not well absorbed
and infections extending into the eye require subconjunc-
tival, intra-ocular, or systemic therapy. Systemic treatment
may also be indicated when there is a poor response to top-
ical agents, for fungal endophthalmitis, or for ocular man-
ifestations of disseminated fungal disease. When systemic
treatment is indicated intravenous amphotericin B is usu-
ally given. Azoles may be given for less severe infections
or as adjunctive therapy in severe infections. Oral flucona-
zole and ketoconazole have better penetration into the cor-
nea, aqueous humour, and vitreous humour than itracona-
zole. Intravitreal injections may be required in infections
unresponsive to systemic antifungals.3,4 Surgical debride-
ment or excision may be necessary if the infection
progresses despite appropriate antifungal therapy.1,2
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Histoplasmosis
Histoplasmosis is a systemic infection caused by Histo-
plasma capsulatum, a fungus found in the soil in endemic
areas, particularly at sites with heavy accumulations of
bird or bat excrement. Infection is by inhalation of spores.
Two types of histoplasmosis occur: 
• American histoplasmosis, due to infection with H. cap-

sulatum var. capsulatum  
• African histoplasmosis, due to infection with H. capsu-

latum var. duboisii 
H. capsulatum var. capsulatum is endemic in the central
USA where 50 to 90% of the population is infected. Mild
infections are generally asymptomatic. However, acute
pulmonary infection can occur. Massive infection can be
fatal. Chronic pulmonary histoplasmosis can result in lung
fibrosis and cavitation. Acute or chronic disseminated in-
fection involving widespread infiltration of the reticuloen-
dothelial system, is mainly seen in immunodeficient or im-
munocompromised patients. 
Histoplasma capsulatum var. duboisii is found in Africa
and may cause a chronic disseminated form of histoplas-
mosis with focal lesions predominantly in skin and bone. 
Antifungal therapy for histoplasmosis is necessary in pa-
tients with severe acute pulmonary infections, chronic pul-
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monary disease, or disseminated infection. Infections
which are not life-threatening but not resolving spontane-
ously may be treated with an oral azole in both immuno-
competent and immunocompromised patients.1,2 Itracona-
zole is the preferred drug.1,2 Ketoconazole is moderately
effective but more toxic. Fluconazole is less effective than
either itraconazole or ketoconazole.2-4 Patients with chron-
ic cavitary pulmonary histoplasmosis should be treated
with oral itraconazole for a minimum of 1 year.1 Patients
with moderately severe to severe acute pulmonary histo-
plasmosis may be treated with intravenous liposomal am-
photericin B for 1 to 2 weeks followed by oral itraconazole
for a total of 12 weeks. Conventional intravenous ampho-
tericin B may be given as an alternative. The same treat-
ment regimen is recommended for those with progressive
disseminated disease; oral itraconazole in these patients
should be continued for 12 months.1 Immunocompro-
mised patients, including those with HIV infection, may
need to continue maintenance therapy indefinitely, with
itraconazole daily or amphotericin B weekly,1-3,5 if immu-
nosuppression cannot be reversed.1 Patients with CNS his-
toplasmosis should be given intravenous liposomal am-
photericin B for 4 to 6 weeks, followed by oral
itraconazole for a minimum of 1 year.1 Primary prophylax-
is with itraconazole is not recommended routinely but may
be considered for patients with advanced AIDS at espe-
cially high risk of infection due to occupational exposure
or residence in a hyperendemic area.5
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Infections in immunocompromised patients
Immunocompromised patients are at increased risk of in-
fections, including those caused by fungi. Fungi most
commonly affecting AIDS patients include Cryptococcus
neoformans, Pneumocystis jirovecii and Candida albicans
while those associated with immunosuppressive therapy
and cancer are mainly Aspergillus and Candida spp. Im-
munocompromised patients are also at increased risk of
endemic mycoses, such as coccidioidomycosis, histoplas-
mosis, and Penicillium marneffei as well as a growing
number of uncommon fungi reported to cause invasive in-
fections, including Fusarium, Scedosporium, and Trichos-
poron species. 
Fungal infections in immunocompromised patients are of-
ten invasive or disseminated and treatment should start as
early as possible. A fungal cause of infection should be
considered in patients with persistent febrile neutropenia
who have not responded to broad spectrum antibacterials.
If the infection has not been identified, empirical treatment
should be started. Conventional intravenous amphotericin
B has been considered first-line empirical therapy and is
no less effective than lipid formulations. Fluconazole, itra-
conazole, voriconazole, and caspofungin appear at least as
effective as amphotericin B. For patients with renal im-
pairment lipid formulation of amphotericin B or voricona-
zole may be given. For patients not responding to an am-
photericin B formulation voriconazole, itraconazole, or
caspofungin are alternatives. Fluconazole may be consid-
ered for low risk patients infected with susceptible Candi-
da species. 
The benefit and role of primary prophylaxis in the man-
agement of fungal infections associated with HIV, cancer,
and organ transplants is controversial as this may select for
resistant isolates and species not susceptible to the antifun-
gals used. This is of particular concern with fluconazole
(see Resistance, p.533 ), one of the drugs most widely used
for this purpose. Fluconazole has been shown to be effec-

tive as primary prophylaxis against invasive candidiasis
but not aspergillosis. Itraconazole or voriconazole are pre-
ferred for patients at risk of invasive aspergillosis, such as
patients being treated for graft-versus-host disease or cy-
tomegalovirus disease. 
Long term suppressive therapy has been recommended for
immunocompromised patients with proven or probable in-
vasive aspergillosis or candidiasis. Secondary prophylaxis
may be stopped when patients are no longer profoundly
neutropenic. 
Antifungals are also used in selective digestive tract de-
contamination (see Intensive Care, p.175). 
Treatment and prophylaxis of specific fungal infections in
immunocompromised patients is discussed under the ap-
propriate headings—see Aspergillosis, Candidiasis, Coc-
cidioidomycosis, Cryptococcosis, and Histoplasmosis
(above), and Pneumocystis Pneumonia (below). 
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Meningitis
Fungal diseases associated with meningitis include as-
pergillosis, candidiasis, coccidioidomycosis, cryptococco-
sis, and histoplasmosis (see above), although many dis-
seminated fungal infections can involve the CNS,
especially in immunocompromised patients. The treat-
ment of each infection is discussed under the appropriate
heading, but in general the initial drug of choice in fungal
meningitis is intravenous amphotericin B, sometimes with
flucytosine.

Mucormycosis
Mucormycosis,1-5 a rare but invasive and rapidly progres-
sive infection caused by Mucorales fungi, is a form of zy-
gomycosis, a term that is sometimes used synonymously.
Mucormycosis usually acquired by inhalation of spores,
although trauma and ingestion may also be routes of infec-
tion. It usually occurs in poorly controlled diabetic patients
or in immunocompromised patients. Patients given desfer-
rioxamine may also be at increased risk of infection (see
p.1440). Infections of the mucosa of the respiratory tract or
gastrointestinal tract, or of abraded skin, usually with Rhiz-
opus or Rhizomucor spp., can result in local invasion of
deeper tissues including bone and the CNS, with extensive
tissue destruction. Disseminated disease may also occur. 
The treatment of mucormycosis includes a combination of
antifungal therapy, surgical debridement when possible,
and management of the underlying disease. The standard
antifungal therapy is relatively high doses of intravenous
amphotericin B or lipid formulations of amphotericin B.
Fluconazole, itraconazole, ketoconazole, voriconazole, or

the echinocandins are not considered to have a role in the
treatment of mucormycosis, although the newer triazoles,
posaconazole and ravuconazole, have reported in-vitro ac-
tivity against zygomycetes and posaconazole has been
tried in patients with refractory disease. Invasive or dis-
seminated disease is difficult to treat and is usually fatal.
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Mycetoma
Mycetoma1-4 has a worldwide distribution, but is most
commonly encountered in the tropics and subtropics. It
may affect subcutaneous tissue, bone, and skin. The foot is
most often affected (70 to 80% of cases), less often hand
(12%), legs, and knee joints. The term Madura foot is used
for mycetoma affecting the foot. Infection mainly results
from trauma to the skin, and may spread locally through
the lymphatic system to surrounding tissues, progressively
destroying connective tissue and bone. Mycetomas caused
by fungi such as Madurella mycetomatis, M. grisea, or
Pseudallescheria boydii are called eumycetomas. Those
caused by the filamentous bacteria, actinomycetes, are
called actinomycetomas and are discussed on p.180.
Eumycetomas do not heal spontaneously and are poorly
responsive to treatment. They often require both surgical
excision and antifungal therapy. Itraconazole or ketocona-
zole are recommended as first-line antifungals for eumyc-
etomas and the duration of treatment depends on the sever-
ity of the infection and ranges from a few months to years.
Itraconazole has resulted in good clinical responses and
low recurrence rates. Treatment with antifungals before
surgery results in lesions that are localised and encapsulat-
ed and easier to excise during surgery.1,2
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Nail infections
See under Skin Infections, below.

Paracoccidioidomycosis
Paracoccidioidomycosis (South American blastomycosis)
is caused by an infection with the fungus Paracoccidioides
brasiliensis. The disease occurs mainly in inhabitants of
Central and South America. Infection is thought to be by
inhalation and may remain dormant for long periods.
While most primary infections are subclinical, some may
be progressive and severe, particularly in immunocompro-
mised patients. Paracoccidioidomycosis usually presents
as a chronic infection affecting the lungs. Disseminated
disease may affect the skin, mucous membranes, gastroin-
testinal tract, reticuloendothelial system, and adrenals, and
may be acute or chronic. Relatively mild cases may be
treated with oral ketoconazole or itraconazole for 6 to 12
months or longer. Itraconazole allows shorter treatment
courses and lower doses than ketoconazole; relapse rates
are also lower. A small open-label study reported that oral
voriconazole was as effective as oral itraconazole for long-
term treatment of paracoccidioidomycosis.1 More severe
infections or those not responding to azoles are treated
with intravenous amphotericin B followed by mainte-
nance azole therapy.2 Sulfonamides are now rarely used
since more effective drugs are available. Terbinafine has
been used successfully when access to azoles was not pos-
sible.3
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7–14. 

3. Ollague JM, et al. Paracoccidioidomycosis (South American
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Peritonitis
Fungal peritonitis may be a complication of continuous
ambulatory peritoneal dialysis, abdominal surgery, or trau-
ma. It is usually caused by yeasts such as Candida and
rarely moulds such as Aspergillus. Amphotericin B is of-
ten used to treat fungal peritonitis;1-3 intravenous dosage
has been preferred to intraperitoneal use since the latter
route is painful,4 but intravenous use may lead to poor pen-
etration into the peritoneum.3 There is some evidence that
early removal of the peritoneal catheter reduces the risk of
death.3 Fluconazole, voriconazole, caspofungin, or flucy-
tosine may also be effective.3,5 Oral continuation therapy
with flucytosine and fluconazole has been given after re-
moval of the catheter.3 However, fungal peritonitis may be
difficult to treat and causes substantial morbidity and mor-
tality.4
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Pityriasis versicolor
See under Skin Infections, below.

Pneumocystis pneumonia
Pneumocystis pneumonia (PCP) is caused by the organism
Pneumocystis jirovecii (previously named Pneumocystis
carinii f. sp. hominis and at one time considered to be a
protozoan). It is an opportunistic pathogen and infection is
acquired by inhalation. In persons with normally function-
ing immune systems infection rarely produces disease, but
in immunocompromised patients it may produce intersti-
tial pneumonia which, if untreated, is almost always fatal.
In patients with AIDS (p.856), Pneumocystis pneumonia
is a common occurrence. 
The treatment of choice for PCP is: 
• intravenous or oral co-trimoxazole1-4 
Alternative regimens are:1-4 
• intravenous pentamidine 
• oral clindamycin and primaquine 
• oral atovaquone 
• oral trimethoprim and dapsone 
• nebulised pentamidine is occasionally suggested for mild to

moderate infection but is now generally reserved for prophylax-
is. 

• intravenous trimetrexate plus folinic acid may be a further op-
tion to intravenous co-trimoxazole or pentamidine in patients
with moderate to severe disease. 

Adjunctive folinic acid with co-trimoxazole has been asso-
ciated with an increased risk of therapeutic failure and
death in AIDS patients.5 Combination therapy with co-tri-
moxazole and pentamidine is not more effective and is po-
tentially more toxic than either drug alone.6 
Adjunctive treatment with glucocorticosteroids should be
given to patients with severe infection1,2 if they are hypox-
ic, and treatment should be started as soon as antimicrobial
treatment is begun. 
Primary prophylaxis is indicated for all HIV-positive ad-
olescents and adults (including pregnant women and pa-
tients on highly active antiretroviral therapy) with CD4+ T
lymphocyte counts lower than 200 cells/microlitre, or a
history of oropharyngeal candidiasis.2,7 Infants are at in-
creased risk to PCP during their first year of life and, in
infants and young children, PCP may occur at higher
CD4+ T lymphocyte counts compared with adults. The
WHO/UNAIDS/UNICEF8 and US guidelines7 recom-
mend that infants under 18 months born to HIV-positive
mothers should be given prophylaxis beginning at 4 to 6
weeks of age. Therapy should continue until breast feeding
is stopped and the infant is confirmed to be HIV-negative,
or for at least 1 year initially. Infants subsequently con-
firmed to be HIV-positive should remain on prophylactic
therapy. In Europe, some clinicians have tended to have a
less aggressive approach and only offer prophylaxis once
HIV infection is confirmed or opportunistic infections oc-
cur.9 Recommendations for primary prophylaxis in pa-

tients without HIV infection suggest that prophylaxis
should be considered for patients with primary immune
deficiency, severe protein malnutrition, organ or stem cell
transplants, persistent CD4+ T lymphocyte counts lower
than 200 cells/microlitre, or patients receiving cytotoxic or
immunosuppressive therapy.2,10,11 Secondary prophylaxis
is given to all patients following successful treatment of
PCP.2 
For both primary and secondary prophylaxis1,4,7 the drug
of choice is: 
• co-trimoxazole 
Alternative prophylactic regimens1,2,4,7 for patients not
able to receive co-trimoxazole are: 
• dapsone (alone or with pyrimethamine) 
• aerosolised pentamidine 
• atovaquone 
Other prophylactic regimens include intermittent parenter-
al administration of pentamidine, pyrimethamine with sul-
fadoxine, clindamycin with primaquine, and trimetrexate,
but are not recommended unless the more usual drugs
cannot be used.7 Co-trimoxazole has the added advantage
of also protecting against bacterial infections and toxoplas-
mosis, a common opportunistic infection in AIDS pa-
tients.7 
In HIV-infected patients, primary and secondary prophy-
laxis may be discontinued in those who attain a CD4+ T
lymphocyte count above 200 cells/microlitre on antiretro-
viral therapy. Primary and secondary prophylaxis should
be restarted in patients whose CD4+ T lymphocyte count
falls to below 200 cells/microlitre, and in those in whom
PCP recurs at a count of greater than 200 cells/microli-
tre.7,12 A study of solid organ transplant recipients13 sug-
gested that lung transplant recipients are at continued risk
of developing PCP and prophylaxis should be continued
indefinitely in this group.
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Protothecosis
Protothecosis is an infection with algae of the Prototheca
spp., usually P. wickerhamii. Infection occurs rarely in hu-
mans but may follow minor trauma or surgery, leading to
a chronic skin lesion and occasionally dissemination. Am-
photericin B appears to be the most effective antifungal,1,2

and has been combined with an oral tetracycline.2 There
are also case reports of itraconazole3,4 being used success-

fully and fluconazole has been of benefit in a case unre-
sponsive to itraconazole,5 but azole therapy has also been
associated with treatment failure in a number of cases.2
Azole antifungals and surgery may be considered for pa-
tients with more localised disease.1
1. Kantrow SM, Boyd AS. Protothecosis. Dermatol Clin 2003; 21:
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Respiratory-tract infections
Pathogenic fungi may enter the body by inhalation and
colonise the respiratory tract. Fungal infections of the res-
piratory tract include aspergillosis, blastomycosis, coccid-
ioidomycosis, cryptococcosis, histoplasmosis, and para-
coccidioidomycosis (see above). Pneumocystis jirovecii is
an important cause of pneumonia in HIV-infected patients
(see above). Other fungi reported to produce respiratory-
tract infections mainly in immunocompromised patients
include Candida spp., Fusarium spp., Penicillium marnef-
fei, Pseudoallescheria boydii, and Zygomycetes such as
Rhizopus arrhizus. Acute pulmonary fungal infections in
immunocompetent individuals are mostly self-limiting
conditions that resolve without treatment. Severe, persist-
ent, or progressive infections, or infections in immuno-
compromised patients, require treatment. Intravenous am-
photericin B is usually the drug of choice but mild to
moderate infection can be treated with an oral azole such
as fluconazole, itraconazole, or ketoconazole. Pulmonary
granulomas may require surgical removal. Chronic sup-
pressive treatment is recommended for patients with ongo-
ing immunosuppression due to HIV infection.

Skin infections
The most common fungal skin infections are the dermato-
phytoses, pityriasis versicolor, and candidiasis. The first
two are described here; for candidiasis, see above. Other
fungal skin infections are discussed under the appropriate
headings: blastomycosis, chromoblastomycosis, myceto-
ma, mucormycosis, protothecosis, and sporotrichosis.
Fungal infections that may involve the skin by dissemina-
tion include aspergillosis, coccidioidomycosis, cryptococ-
cosis, histoplasmosis, and paracoccidioidomycosis. Less
common fungi causing skin infections include Penicillium
marneffei. Sometimes a fungal infection may affect mu-
cous membranes, nails, or subcutaneous tissue, and there
can be spread to deeper tissue and dissemination especially
in immunosuppressed patients. The term superficial fun-
gal infections includes those involving the skin, nails, and
mucous membranes. Antifungal treatment may be topical
or systemic.1,2 
Dermatophytoses (ringworm, tinea) are infections by
dermatophytes, a group of fungi which includes soil-
dwelling organisms and human and animal pathogens
from 3 genera — Epidermophyton, Microsporum, and Tri-
chophyton. Dermatophytoses are encouraged by hot and
humid conditions and poor hygiene and occur throughout
tropical and temperate regions of the world. 
Dermatophytoses are classified according to the body site
affected. They include 
• tinea barbae (beard) 
• tinea capitis (scalp) 
• tinea corporis (body) 
• tinea cruris (groin) 
• tinea manuum (hand) 
• tinea pedis (athlete’s foot) 
• tinea unguium (nail) 
A chronic infection most commonly seen in the tropics is
known as favus (tinea favosa) and a variant of tinea cor-
poris known as tinea imbricata (tokelau) is caused by T.
concentricum and is endemic in parts of the Far East and
Central and South America. A severe form of dermatophy-
tosis caused by animal pathogens with deep, suppurant, in-
flammatory lesions is known as kerion. 
Deep infections may occur rarely in immunocompromised
patients; they can spread to involve lymph nodes, liver,
and brain, and may be fatal. 
Mild localised superficial dermatophytoses of hairless
skin sites will often respond to topical therapy.3-5 Non-spe-
cific agents with a long history of topical use include ben-
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zoic acid, methylrosanilinium chloride, selenium sulfide,
and salicylic acid. Many of these agents are effective, and
while some older preparations such as Compound Benzoic
Acid Ointment may be less cosmetically acceptable than
modern products, they still have a role in the treatment of
minor infections, particularly in the tropics.6 However, the
use of methylrosanilinium chloride is restricted due to
fears over possible carcinogenicity (see p.1653). There are
a number of specific topical antifungals that are active
against dermatophytes. The azoles used topically include
clotrimazole, econazole, ketoconazole, and miconazole.
Ciclopirox olamine7 and the allylamine antifungals nafti-
fine and terbinafine5 are also active, and a systematic
review5 considered that allylamines such as terbinafine
were slightly more effective than azoles in the treatment of
fungal infections of the foot. Chlorphenesin, tolnaftate,
and undecenoic acid salts are all effective in uncomplicat-
ed dermatophytoses, but there are few comparative studies
of their relative efficacy. Amorolfine has also been shown
to be effective in skin infections, although its major appli-
cation is in nail infections (see below). 

Infections of some body sites respond poorly to topical
therapy, as do extensive infections or those in heavily
keratinised areas.4,8 Systemic therapy may be appropriate
in these cases as well as in disseminated disease. Griseof-
ulvin, ketoconazole, and itraconazole have been the drugs
most widely used, although terbinafine has been reported
to be more effective than itraconazole in some forms of
tinea9,10 and also requires only short-duration therapy.11,12

However, efficacy of terbinafine is reported to depend on
the infecting organism.13 Griseofulvin has proved to have
few major toxic effects during long-term therapy and is
useful for tinea capitis, extensive or disseminated infec-
tions, and nail infections in selected patients. However,
since it has a narrow spectrum of activity largely confined
to the dermatophytes, accurate diagnosis is essential, par-
ticularly before embarking on a prolonged treatment
course when no immediate response is anticipated. Keto-
conazole has a broader spectrum of activity, but severe ad-
verse effects can occur on prolonged use. Itraconazole ap-
pears to produce a rapid response and thus requires shorter
treatment periods.4 Other azoles such as fluconazole may
also be effective.14 Selenium sulfide and povidone-iodine
shampoos may be useful adjuncts to oral therapy for tinea
capitis to improve efficacy and limit the spread of infec-
tion.15,16 A suitable topical antifungal is used in individuals
suspected of carrying infection.17 

Infections of the nails (onychomycoses) are notoriously
difficult to treat.18 Infections of the fingernails take up to 6
months to respond to oral griseofulvin and those of the toe-
nails, a year or longer, but about 60% of nail infections fail
to respond or relapse after the initial treatment course. The
oral antifungals terbinafine, itraconazole, and fluconazole
produce persistent antifungal concentrations in the nail
more rapidly than griseofulvin.18,19 Terbinafine and itraco-
nazole have been most widely studied. Both are reported
to produce clinical and mycological cures in a high propor-
tion of patients more quickly than griseofulvin, generally
after 12 weeks of treatment or less. Long-term follow-up
has shown that the response to terbinafine is main-
tained.20-22 Terbinafine has been reported to be more effec-
tive than itraconazole,23-26 although neither is effective in
all patients. Although topical treatments have generally
been ineffective in nail infections, ciclopirox nail lacquer
has been reported to be effective,27 but a systematic
review5 noted that cure rates were poor. Amorolfine as a
5% lacquer has also shown benefit,28 and may be more ef-
fective than ciclopirox although evidence is scanty.5 It has
also been applied in combination with oral itraconazole29

or terbinafine30 with some success. Topical butenafine
may also be of benefit.5 Another approach has been the
dissolution of the nail plate with 40% urea paste, usually in
combination with bifonazole.31 Guidelines for the treat-
ment of onychomycosis have been published in the UK.32 

Pityriasis versicolor (tinea versicolor) is a superficial in-
fection caused by the commensal yeast Malassezia furfur
(Pityrosporum orbiculare). It is more common in tropical
than in temperate latitudes and sun exposure may trigger
the infection. Pityriasis versicolor will often respond to
topical treatment with an azole antifungal or with selenium

sulfide. Topical terbinafine (but not oral) or ciclopirox are
alternatives.33 Immunocompromised patients, including
those receiving corticosteroids, may develop extensive in-
fections. In addition, these fungi have caused septicaemia
in patients receiving parenteral nutrition.34 Severe infec-
tions require oral treatment with an azole.35 Griseofulvin is
not effective. 
Other infections in which Malassezia yeasts are implicated
include seborrhoeic dermatitis (p.1584) and pityrosporum
folliculitis, both of which may present in a more severe
form in patients with AIDS. Topical or systemic azole an-
tifungals are effective in these conditions and are the main
drugs used. However, relapses are common.36
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Sporotrichosis
Sporotrichosis is a disease caused by Sporothrix schenckii,
a fungus found in soil and vegetation. The infection occurs
in the Americas and Africa, and may give rise to cutaneous
or extracutaneous disease. The cutaneous form is the more
common. It probably follows entry of the organism
through skin abrasions and usually presents as a single
skin lesion, although infection may spread along lymphat-
ic channels causing a series of skin lesions. Extracutane-
ous sporotrichosis usually presents as osteoarticular infec-
tion. Pulmonary infections are occasionally seen and,
rarely, CNS and ocular infections. 
Infections rarely heal spontaneously and most patients re-
quire treatment. Oral potassium iodide has traditionally
been used for cutaneous and lymphocutaneous infections
although the mode of action is unclear since potassium io-
dide does not demonstrate antifungal activity in vitro. Oral
itraconazole 200 mg daily for 3 to 6 months is also
effective1-3 and is regarded by some3,4 as the treatment of
choice. The dose of itraconazole may be increased to
200 mg twice daily in non-responders; alternatively pa-
tients may be given oral terbinafine or a saturated potassi-
um iodide solution taken orally. Oral fluconazole should
only be used in patients who cannot tolerate any of the pre-
ferred drugs.4 
For patients with osteoarticular infections, oral itracona-
zole 200 mg twice daily for at least 12 months is recom-
mended, with either liposomal or conventional amphoter-
icin B given intravenously as alternatives. Oral
itraconazole 200 mg twice daily may be given as mainte-
nance therapy once the patient has responded to the am-
photericin B treatment.4 
Patients with life-threatening pulmonary, disseminated, or
meningeal disease should receive treatment for at least 12
months. The drug of choice is intravenous liposomal am-
photericin B with conventional amphotericin B given in-
travenously as an alternative. Oral itraconazole 200 mg
twice daily may be given as maintenance therapy. Oral
itraconazole may be given in non-life-threatening pulmo-
nary infections and for patients who cannot tolerate am-
photericin B.4 
Lifelong maintenance therapy with oral itraconazole
200 mg daily may be beneficial after initial treatment for
meningeal or disseminated sporotrichosis in immunocom-
promised patients, including those with AIDS, if immuno-
suppression cannot be reversed.4
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Tinea
See under Skin Infections, above.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Amorolfine (BAN, USAN, rINN)

Amorolfiini; Amorolfin; Amorolfina; Amorolfinum; Ro-14-
4767/000. (±)-cis-2,6-Dimethyl-4-[2-methyl-3-(p-tert-pentylphe-
nyl)propyl]morpholine.

Аморольфин
C21H35NO = 317.5.
CAS — 78613-35-1.
ATC — D01AE16.
ATC Vet — QD01AE16.

Amorolfine Hydrochloride (BANM, rINNM)

Amorolfine, Chlorhydrate d’; Amorolfini Hydrochloridum; Hid-
rocloruro de amorolfina; Ro-14-4767/002.

Аморольфина Гидрохлорид
C21H35NO,HCl = 354.0.
CAS — 78613-38-4.
ATC — D01AE16.
ATC Vet — QD01AE16.

Adverse Effects
Skin irritation, presenting as erythema, pruritus, or a
burning sensation, and, rarely, more severe skin reac-
tions have been reported after topical application of
amorolfine.

Antimicrobial Action
Amorolfine is a morpholine derivative with antifungal
activity. It appears to act by interfering with the synthe-
sis of sterols essential for the functioning of fungal cell
membranes. 
Amorolfine is active in vitro against a wide variety of
pathogenic and opportunistic fungi including dermato-
phytes, Blastomyces dermatitidis, Candida spp., Histo-
plasma capsulatum, and Sporothrix schenckii. It also
has variable activity against Aspergillus spp. However,
despite its in vitro activity, amorolfine is inactive when
given systemically and this limits its use to topical ap-
plication for superficial infections.

Uses and Administration
Amorolfine is a morpholine derivative applied topical-
ly as the hydrochloride in the treatment of fungal nail
and skin infections (p.521). After topical application,
systemic absorption of amorolfine is negligible. 
For the treatment of nail infections caused by dermato-
phytes, yeasts, and moulds a lacquer containing the
equivalent of 5% amorolfine is painted onto the affect-
ed nail once or sometimes twice weekly until the nail
has regenerated. Treatment generally needs to be con-
tinued for 6 to 12 months. 
For skin infections, including dermatophyte infections,
a cream containing the equivalent of 0.25% amorolfine
is applied once daily for at least 2 to 3 weeks (up to 6
weeks for foot infections) and continued for 3 to 5 days
after clinical cure is achieved.
◊ Reviews.
1. Haria M, Bryson HM. Amorolfine: a review of its pharmacolog-

ical properties and therapeutic potential in the treatment of ony-
chomycosis and other superficial fungal infections. Drugs 1995;
49: 103–20. 

2. Flagothier C, et al. New insights into the effect of amorolfine
nail lacquer. Mycoses 2005; 48: 91–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Loceryl; Locetar†; Micocide A; Austral.: Loceryl; Austria: Loceryl;
Belg.: Loceryl; Braz.: Loceryl; Chile: Loceryl; Cz.: Loceryl; Denm.: Locer-
yl; Fin.: Loceryl; Fr.: Loceryl; Ger.: Loceryl; Gr.: Loceryl; Hong Kong:
Loceryl; Hung.: Loceryl; Irl.: Loceryl; Ital.: Locetar; Jpn: Pekiron; Malay-
sia: Loceryl; Mex.: Loceryl; Norw.: Loceryl; NZ: Loceryl; Philipp.: Loce-
tar; Pol.: Loceryl; Port.: Locetar; Rus.: Loceryl (Лоцерил); S.Afr.: Loceryl;
Singapore: Loceryl; Spain: Locetar ; Odenil; Swed.: Loceryl; Switz.:
Loceryl; UK: Curanail; Loceryl; Venez.: Loceryl.

Amphotericin B (BANM, rINN)

Amfotericin; Amfotericin B; Amfotericina B; Amfotericinas B;
Amfoterisiini; Amfoterisiini B; Amfoterisin; Amfoterisin B; Amfo-
terycyna b; Amphotericin; Amphotéricine B; Amphotericinum;
Amphotericinum B; Anfotericina B.

Амфотерицин B

C47H73NO17 = 924.1.

CAS — 1397-89-3.

ATC — A01AB04; A07AA07; G01AA03; J02AA01.

ATC Vet — QA01AB04; QA07AA07; QG01AA03; 
QJ02AA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Amphotericin B; Amphotericin BP 2008). A mix-
ture of antifungal polyenes produced by the growth of certain
strains of Streptomyces nodosus or by any other means. It con-
sists largely of amphotericin B. It occurs as a yellow or orange
powder. The potency is not less than 750 units per mg with ref-
erence to the dried substance. It contains not more than 10% of
tetraenes, or not more than 5% if intended for use in parenteral
dosage forms. Practically insoluble in water and in alcohol; sol-
uble in dimethyl sulfoxide and in propylene glycol; slightly sol-
uble in dimethylformamide; very slightly soluble in methyl alco-
hol. Amphotericin B is inactivated at low pH values. Store at 2°
to 8° in airtight containers. Protect from light. 
USP 31 (Amphotericin B). A yellow to orange, odourless or
practically odourless, powder. It contains not less than
750 micrograms of C47H73NO17 per mg, and, for material intend-
ed for oral or topical use, not more than 15% of amphotericin A,
both calculated on the dried substance. Insoluble in water, in de-
hydrated alcohol, in ether, in benzene, and in toluene; soluble in
dimethylformamide, in dimethyl sulfoxide, and in propylene
glycol; slightly soluble in methyl alcohol. Store at a temperature
not exceeding 8° in airtight containers. Protect from light.

◊ References.
1. Kintzel PE, Smith GH. Practical guidelines for preparing and ad-

ministering amphotericin B. Am J Hosp Pharm 1992; 49:
1156–64.

Formulation. Conventional formulations of amphotericin B
injection are typically a complex of amphotericin B and deoxy-
cholate with suitable buffers which form a colloidal dispersion
when reconstituted. Nonconventional ‘lipid’ formulations of
amphotericin B for injection include liposomal amphotericin B,
a colloidal dispersion of an amphotericin B and sodium choles-
teryl sulfate complex, and a phospholipid complex.

Incompatibility. Because of the wide range of incompatibili-
ties reported with conventional and lipid formulations of ampho-
tericin B, it is generally advisable not to mix them with any other
drug. Most incompatibilities are caused by precipitation of am-
photericin B due to a change in pH or by the disruption of the
colloidal suspension. Precipitation can occur if amphotericin B is
added to sodium chloride 0.9% or to electrolyte solutions. 
Although heparin is generally reported to be compatible with
conventional amphotericin B injection, care should be taken if
heparin flush solutions, which are diluted with sodium chloride
solution, are used to maintain the patency of intravenous lines in
patients receiving amphotericin B. Flushing the intravenous line
with 5% glucose solution has been suggested. 
Mixtures of conventional amphotericin B in commercial lipid
emulsions have been reported to be unstable,1-3 although others
have reported satisfactory stability.4-6 In one study,6 vigorous ag-
itation of the mixtures enhanced their stability when compared
with gentle mixing.
1. Ericsson O, et al. Amphotericin B is incompatible with lipid

emulsions. Ann Pharmacother 1996; 30: 298. 
2. Ranchère JY, et al. Amphotericin B intralipid formulation: sta-

bility and particle size. J Antimicrob Chemother 1996; 37:
1165–9. 

3. Heide PE. Precipitation of amphotericin B from iv fat emulsion.
Am J Health-Syst Pharm 1997; 54: 1449. 

4. Lopez RM, et al. Stability of amphotericin B in an extemporane-
ously prepared iv fat emulsion. Am J Health-Syst Pharm 1996;
53: 2724–7. 

5. Owens D, et al. Stability of amphotericin B 0.05 and 0.5 mg/mL
in 20% fat emulsion. Am J Health-Syst Pharm 1997; 54: 683–6. 

6. Shadkhan Y, et al. The use of commercially available lipid emul-
sions for the preparation of amphotericin B-lipid admixtures. J
Antimicrob Chemother 1997; 39: 655–8. Correction. ibid. 1998;
42: 413.

Preparation of solutions for injection. Recommendations
from the manufacturers for preparation of amphotericin solu-
tions are: 
• conventional amphotericin B formulations for injection are

prepared by reconstitution of amphotericin B with sterile wa-
ter for injection without preservatives, then dilution with glu-
cose injection 5% with a pH above 4.2 to the desired final con-
centration. 

• liposomal amphotericin B: injections are prepared by recon-
stitution with sterile water for injection without a preservative;
the required reconstituted amount is then withdrawn and in-
jected via a sterile filter into the desired volume of glucose
5%. 

• amphotericin B-sodium cholesteryl sulfate complex: injec-
tions are prepared by rapidly adding the required amount of
water for injection, then further diluting with glucose 5% until
the desired final concentration is reached. 

• amphotericin B-phospholipid complex: before infusion the
suspension concentrate must be diluted to the required final
concentration with glucose 5%. The required amount of con-
centrate is injected via a sterile filter into the glucose 5%. 

CAUTION: Mixture with sodium chloride injection 0.9% would
precipitate amphotericin B.
Stability of oral suspensions. An oral suspension of ampho-
tericin B 100 mg/mL, prepared from powder and a cherry-fla-
voured vehicle and maintained at pH 5.3, was found to be stable
at 22 to 25° for 93 days.1
1. Dentinger PJ, et al. Stability of amphotericin B in an extempora-

neously compounded oral suspension. Am J Health-Syst Pharm
2001; 58: 1021–4.

Adverse Effects
Amphotericin B for intravenous use was originally
only available in a conventional colloidal form; lipid
formulations have been developed to reduce toxicity.
The following adverse effects apply to the convention-
al form. Common adverse effects which occur during
or after intravenous infusion of amphotericin B include
headache, nausea, vomiting, chills, fever, malaise,
muscle and joint pains, anorexia, diarrhoea, and gas-
trointestinal cramp. Hypertension, hypotension, cardi-
ac arrhythmias including ventricular fibrillation and
cardiac arrest, skin rashes, flushing, anaphylactoid re-
actions including bronchospasm and dyspnoea, blurred
vision, tinnitus, hearing loss, vertigo, gastrointestinal
bleeding, liver disorders, peripheral neuropathy, and
convulsions have been reported occasionally. 
Some degree of nephrotoxicity occurs in almost all pa-
tients given amphotericin B intravenously. Both tubu-
lar and glomerular damage occur; there may be im-
provement on cessation of therapy, but there is a risk of
permanent renal impairment, particularly in patients
given large cumulative doses (over 5 g). Renal tubular
acidosis without systemic acidosis may develop. Use
of amphotericin B is associated with increased urinary
excretion of potassium and magnesium resulting in hy-
pokalaemia and hypomagnesaemia respectively. Uric
acid excretion is increased and nephrocalcinosis can
occur. Limited data indicate that renal toxicity may be
associated with sodium depletion; for strategies to im-
prove sodium load see Nephrotoxicity, under Treat-
ment of Adverse Effects, below. 
A reversible, normocytic, normochromic anaemia de-
velops in most patients given amphotericin B, possibly
due to a direct suppressive effect on erythropoietin pro-
duction. There are rare reports of thrombocytopenia,
leucopenia, agranulocytosis, eosinophilia, and coagu-
lation defects. 
Leukoencephalopathy has been reported rarely in pa-
tients also receiving total body irradiation. 
Amphotericin B solutions irritate the venous endothe-
lium and may cause pain and thrombophlebitis at the
injection site. Extravasation may cause tissue damage. 
After intrathecal injection amphotericin B may also
cause irritation of the meninges, neuropathy with pain,
impaired vision, and retention of urine. 
In general, adverse effects of lipid formulations have
been similar to those of conventional amphotericin B,
but are less frequent and less severe. Brief reversible
episodes of renal impairment have been observed but
these formulations have been considered to be safe
enough to use in patients with renal impairment who
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could not be given conventional amphotericin B. Ana-
phylaxis has been reported rarely. 
Amphotericin applied topically may produce local ir-
ritation, pruritus, and skin rash.
Effects on the cardiovascular system. Ventricular arrhyth-
mias in 2 patients, resulting in fatal sudden cardiac arrest in 1,
were associated with both conventional and liposomal formula-
tions of amphotericin B at conventional doses and infusion
rates,1 but cardiac toxicity is more common with high doses or
rapid infusion rates (see Infusion Rate, under Administration, be-
low). Cardiac arrests in 5 infants and children, fatal in 4 cases,
were associated2 with overdoses of conventional amphotericin B
of between 3.8 and 40.8 mg/kg. Fatal cardiac toxicity has also
been reported in an adult who inadvertently received an overdose
(5 mg/kg) of conventional amphotericin B on 2 consecutive
days.3 A case of reversible dilated cardiomyopathy and conges-
tive heart failure has been reported in a 20-year-old male patient
after about 2 months of treatment, initially with conventional am-
photericin B for 30 days and then with amphotericin B phosphol-
ipid complex. Symptoms resolved within 6 weeks of stopping
treatment.4 An increased risk of arrhythmia and cardiac arrest
has been reported in patients with evidence of antimony-induced
myocardial damage who were switched to amphotericin B treat-
ment for visceral leishmaniasis.5 A rest period of at least 10 days
was advised before beginning amphotericin B in such patients. 
Severe hypertension was associated with infusion of phospholi-
pid-amphotericin B complex in 1 patient.6
1. Aguado JM, et al. Ventricular arrhythmias with conventional and

liposomal amphotericin. Lancet 1993; 342: 1239. 
2. Cleary JD, et al. Amphotericin B overdose in pediatric patients

with associated cardiac arrest. Ann Pharmacother 1993; 27:
715–19. 

3. Burke D, et al. Acute amphotericin B overdose. Ann Pharmaco-
ther 2006; 40: 2254–9. 

4. Danaher PJ, et al. Reversible dilated cardiomyopathy related to
amphotericin B therapy. J Antimicrob Chemother 2004; 53:
115–17. 

5. Thakur CP. Sodium antimony gluconate, amphotericin, and my-
ocardial damage. Lancet 1998; 351: 1928–9. 

6. Rowles DM, Fraser SL. Amphotericin B lipid complex (ABLC)-
associated hypertension: case report and review. Clin Infect Dis
1999; 29: 1564–5.

Effects on the eyes. Rapid loss of vision resulting in perma-
nent bilateral blindness occurred in a patient with lupus ery-
thematosus and cryptococcal meningitis after a 1-mg test dose of
amphotericin B.1 Amphotericin B was considered to be the cause
as visual disturbances associated with cryptococcal meningitis
are usually progressive in nature and acute blindness with normal
funduscopic appearance had not previously been reported.
1. Li PKT, Lai KN. Amphotericin B induced ocular toxicity in

cryptococcal meningitis. Br J Ophthalmol 1989; 73: 397–8.

Effects on the liver. Amphotericin B has only rarely been as-
sociated with adverse effects on the liver. Fatal hepatic failure
was reported in a patient after a total dose of 4.82 g given inter-
mittently over 1 year.1 The patient had been given a potentially
incompatible intravenous admixture of amphotericin B and
diphenhydramine. 
There have been a few reports of abnormal liver-function tests
during amphotericin B therapy;2,3 in such cases amphotericin B
should be stopped. Hyperbilirubinaemia associated with ampho-
tericin B has also been reported.4 An episode of reversible hepat-
ic and renal toxicity has been reported in a child with cystic fibro-
sis after a cumulative dose of 84 mg of conventional
amphotericin B and 168 mg of liposomal amphotericin B.5
1. Carnecchia BM, Kurtzke JF. Fatal toxic reaction to amphotericin

B in cryptococcal meningo-encephalitis. Ann Intern Med 1960;
53: 1027–36. 

2. Miller MA. Reversible hepatotoxicity related to amphotericin B.
Can Med Assoc J 1984; 131: 1245–7. 

3. Abajo FJ, Carcas AJ. Amphotericin B hepatotoxicity. BMJ 1986;
293: 1243. 

4. Olin JL, Spooner LM. Amphotericin B-associated hyperbiliru-
binemia: case report and review of the literature. Pharmacother-
apy 2006; 26: 1011–7. 

5. Mohan UR, Bush A. Amphotericin B-induced hepatorenal fail-
ure in cystic fibrosis. Pediatr Pulmonol 2002; 33: 497–500.

Effects on the lungs. Reports implicating use of leucocytes1 or
other blood products2 in the development of pulmonary reactions
in patients receiving amphotericin B have been refuted,3,4 and a
report has indicated that amphotericin B can produce pulmonary
toxicity in the absence of blood products.5 An increased inci-
dence of pulmonary symptoms was noted in patients given am-
photericin B in lipid emulsion,6 including acute respiratory dis-
tress after starting the infusion. Chest discomfort, including
tightness, pain, dyspnoea, and acute hypoxia, has been reported
in 3 patients during one-hour infusions of liposomal amphoter-
icin B. The reactions occurred within 5 to 10 minutes of starting
the infusion and resolved on stopping the infusion. A slower rate
of infusion was subsequently tolerated in 2 patients.7
1. Wright DG, et al. Lethal pulmonary reactions associated with the

combined use of amphotericin B and leukocyte transfusions. N
Engl J Med 1981; 304: 1185–9. 

2. Haber RH, et al. Acute pulmonary decompensation due to am-
photericin B in the absence of granulocyte transfusions. N Engl
J Med 1986; 315: 836. 

3. Forman SJ, et al. Pulmonary reactions associated with amphoter-
icin B and leukocyte transfusions. N Engl J Med 1981; 305:
584–5. 

4. Bow EJ, et al. Pulmonary complications in patients receiving
granulocyte transfusions and amphotericin B. Can Med Assoc J
1984; 130: 593–7. 

5. Roncoroni AJ, et al. Bronchiolis obliterans possibly associated
with amphotericin B. J Infect Dis 1990; 161: 589. 

6. Schöffski P, et al. Safety and toxicity of amphotericin B in glu-
cose 5% or intralipid 20% in neutropenic patients with pneumo-
nia or fever of unknown origin: randomised study. BMJ 1998;
317: 379–84. 

7. Johnson MD, et al. Chest discomfort associated with liposomal
amphotericin B: report of three cases and review of the literature.
Pharmacotherapy 1998; 18: 1053–61.

Effects on potassium homoeostasis. In addition to the hy-
pokalaemia known to be associated with amphotericin B and due
to increased urinary excretion of potassium, hyperkalaemia has
been reported in a patient with severe renal impairment who re-
ceived a rapid infusion of amphotericin B (see Infusion Rate, un-
der Administration, below). Hyperkalaemia also occurred in a 2-
year-old child with chronic renal failure after a two-hour infusion
of conventional amphotericin B. Hyperkalaemia and fatal cardi-
ac arrest were also reported in a 4-year-old child after 3 infusions
of amphotericin B lipid complex.1
1. Barcia JP. Hyperkalemia associated with rapid infusion of con-

ventional and lipid complex formulations of amphotericin B.
Pharmacotherapy 1998; 18: 874–6.

Hypersensitivity. Anaphylactoid reactions have occurred with
conventional amphotericin B, but have also been associated with
liposomal amphotericin B,1-3 including reports of patients who
subsequently tolerated conventional formulations.1,3

1. Laing RBS, et al. Anaphylactic reactions to liposomal amphoter-
icin. Lancet 1994; 344: 682. 

2. Torre I, et al. Anaphylactic reaction to liposomal amphotericin B
in children. Ann Pharmacother 1996; 30: 1036–7. 

3. Vaidya SJ, et al. Anaphylactic reaction to liposomal amphoter-
icin B. Ann Pharmacother 2002; 36: 1480–1.

Red man syndrome. Red man syndrome (see Vancomycin,
p.359) occurred in a patient on 2 occasions after a 1-mg test dose
of amphotericin B.1
1. Ellis ME, Tharpe W. Red man syndrome associated with ampho-

tericin B. BMJ 1990; 300: 1468.

Treatment of Adverse Effects
To reduce febrile reactions antipyretics and antihista-
mines may be given before the intravenous infusion of
conventional amphotericin B. Hydrocortisone given
intravenously before or during amphotericin B infu-
sion may also reduce febrile reactions. However, corti-
costeroids should not be given indiscriminately to pa-
tients given amphotericin B (see Interactions, below)
and dosage should be kept to a minimum. In the UK
the advice is to give antipyretics or hydrocortisone pro-
phylactically, but only to patients who have previously
had acute adverse reactions and in whom continued
treatment with intravenous amphotericin B is essential
(see Prophylaxis, below). Pethidine has been given in-
travenously to treat amphotericin B-induced shaking
chills. Antiemetics may also be required. Amphoter-
icin B is not removed by haemodialysis. Hypokalae-
mia and hypomagnesaemia should be corrected, and
adequate hydration and sodium supplements may re-
duce the severity of renal impairment. Lipid formula-
tions of amphotericin B can be substituted for conven-
tional amphotericin B if the latter cannot be tolerated. 
Heparin has been added to conventional amphotericin
B infusions to reduce the incidence of thrombophlebi-
tis.
Anaemia. Amphotericin B appears to produce a normochro-
mic, normocytic anaemia by suppression of erythropoietin pro-
duction.1,2 Stopping amphotericin B reverses the suppression but
if the anaemia is severe, or treatment with amphotericin B cannot
be stopped, blood transfusions may be required. Recombinant
erythropoietin may prove an alternative to blood transfusions in
patients who need to continue treatment with amphotericin B.
1. MacGregor RR, et al. Erythropoietin concentrations in ampho-

tericin B-induced anemia. Antimicrob Agents Chemother 1978;
14: 270–3. 

2. Lin AC, et al. Amphotericin B blunts erythropoietin response to
anemia. J Infect Dis 1990; 161: 348–51.

Electrolyte disturbances. It has been suggested1 that amilo-
ride could ameliorate the hypokalaemia and hypomagnesaemia
associated with amphotericin B. However, since amiloride may
produce sodium depletion and its own associated renal toxicity
this strategy is potentially hazardous. Another report2 has sug-
gested that spironolactone may be a safe and effective method of
preventing hypokalaemia.
1. Wazny LD, Brophy DF. Amiloride for the prevention of ampho-

tericin B-induced hypokalemia and hypomagnesemia. Ann
Pharmacother 2000; 34: 94–7. 

2. Ural AU. Comment: spironolactone prevents amphotericin B-in-
duced hypokalemia in neutropenic patients. Ann Pharmacother
2000; 34: 1488.

Nephrotoxicity. A review of strategies for limiting the toxicity
of amphotericin B concluded that sodium balance should be
monitored and sodium replacement implemented if necessary
and that, where possible, salt restriction and drugs that potentiate
sodium loss or nephrotoxicity should be avoided.1 Correction of
sodium depletion may reverse amphotericin B-induced nephro-
toxicity.2 However, assessment of sodium status and correction
of deficiency should precede use of amphotericin B.3,4 While
supplementation with 150 mmol sodium has been recommended
for suitable patients,4 routine prophylactic use of sodium is not
advised.5 However, a randomised study in a small number of pa-
tients has suggested that prophylactic sodium supplementation
could be beneficial, but that it enhances potassium loss.6 Diuret-
ics in general should be avoided7 although there have been sug-
gestions that potassium-sparing diuretics such as amiloride or
spironolactone may be useful in preventing hypokalaemia (see
Electrolyte Disturbances, above). Use of mannitol as a protective
agent is controversial and is not recommended.3,4,8 Amphotericin
B is often given on alternate days although this has never been
proven to reduce nephrotoxicity.3,4 
More recently, lipid formulations have been reported to over-
come most problems of chronic nephrotoxicity, even in patients
with renal impairment after previous treatment with convention-
al amphotericin B (see Lipid Formulations, under Administra-
tion, below).
1. Khoo SH, et al. Administering amphotericin B—a practical ap-

proach. J Antimicrob Chemother 1994; 33: 203–13. 
2. Heidemann HT, et al. Amphotericin B nephrotoxicity in humans

decreased by salt repletion. Am J Med 1983; 75: 476–81. 
3. Warda J, Barriere SL. Amphotericin B nephrotoxicity. Drug In-

tell Clin Pharm 1985; 19: 25–6. 
4. Sabra R, Branch RA. Amphotericin B nephrotoxicity. Drug Safe-

ty 1990; 5: 94–108. 
5. Gardner ML, et al. Sodium loading treatment for amphotericin

B-induced nephrotoxicity. DICP Ann Pharmacother 1990; 24:
940–6. 

6. Llanos A, et al. Effect of salt supplementation on amphotericin
B nephrotoxicity. Kidney Int 1991; 40: 302–8. 

7. Fisher MA, et al. Risk factors for amphotericin B-associated ne-
phrotoxicity. Am J Med 1989; 87: 547–52. 

8. Bullock WE, et al. Can mannitol reduce amphotericin B nephro-
toxicity? Double-blind study and description of a new vascular
lesion in kidneys. Antimicrob Agents Chemother 1976; 10:
555–63.

Prophylaxis. The value of prophylaxis against generalised re-
actions to amphotericin B infusion was questioned after a retro-
spective study in 397 patients.1 The most commonly used drugs
were diphenhydramine, corticosteroids, paracetamol, and
heparin. It was concluded that patients who had had an adverse
reaction after amphotericin B should be given appropriate pre-
medication before subsequent amphotericin B infusions, but that
routine premedication was not justified.
1. Goodwin SD, et al. Pretreatment regimens for adverse events re-

lated to infusion of amphotericin B. Clin Infect Dis 1995; 20:
755–61.

Precautions
Although anaphylaxis is rare after intravenous ampho-
tericin B, it is advisable to give a test dose and then to
observe the patient carefully for about 30 minutes be-
fore starting treatment. Patients experiencing acute
toxic reactions in whom treatment is essential may be
given prophylactic treatment, as mentioned in Treat-
ment of Adverse Effects, above, to ameliorate the reac-
tions. To reduce the risk of vein irritation and infusion-
related adverse effects, the rate of intravenous infusion
of conventional amphotericin B should be slow (see In-
fusion Rate, under Administration, below). Patients
given any parenteral form of amphotericin B should be
monitored for changes in renal function, liver function,
serum electrolytes, and haematological status. If the
BUN or creatinine concentrations increase to clinically
significant levels amphotericin B therapy should be in-
terrupted or the dose reduced until renal function im-
proves. Alternatively, a lipid amphotericin B prepara-
tion may be substituted. Treatment should be stopped
if liver function tests are abnormal. Acute pulmonary
reactions have been noted in patients given amphoter-
icin B during or shortly after leucocyte transfusions.
Although the association is contested (see Effects on
the Lungs, above), manufacturers of some amphoter-
icin B products consider it advisable to separate the
two and to monitor pulmonary function in these pa-
tients. 
Care should be taken not to confuse the dosage regi-
mens for individual preparations, and in particular
those of conventional and lipid formulations.
Pregnancy. There are case reports of conventional amphoter-
icin B having been used successfully to treat fungal infections in
pregnant women without any adverse effects on the infant.1-3 A
review4 of the use of antifungal drugs in pregnancy concluded
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that parenteral amphotericin B was the drug of first choice in the
treatment of serious fungal infections in pregnancy. The safety of
the lipid amphotericin formulations in pregnancy is not yet clear,
although there has been a report of a series of 5 pregnant women
with visceral leishmaniasis who were treated in the first or sec-
ond trimester with a short course of liposomal amphotericin B
without adverse effects on the infant.5
1. Ismail MA, Lerner SA. Disseminated blastomycosis in a preg-

nant woman. Am Rev Respir Dis 1982; 126: 350–3. 
2. Peterson CM, et al. Coccidiodal meningitis and pregnancy: a

case report. Obstet Gynecol 1989; 73: 835–6. 
3. Dean JL, et al. Use of amphotericin B during pregnancy: case

report and review. Clin Infect Dis 1994; 18: 364–8. 
4. Sobel JD. Use of antifungal drugs in pregnancy: a focus on safe-

ty. Drug Safety 2000; 23: 77–85. 
5. Pagliano P, et al. Visceral leishmaniasis in pregnancy: a case se-

ries and a systematic review of the literature. J Antimicrob
Chemother 2005; 55: 229–33.

Interactions
Most interactions involving amphotericin B have been
observed during treatment with conventional formula-
tions. Since lipid formulations appear to be less toxic,
it may be anticipated that they will produce fewer seri-
ous interactions. 
Use of nephrotoxic antibacterials, ciclosporin or other
nephrotoxic immunosuppressants, or parenteral penta-
midine may lead to an increased risk of nephrotoxicity.
If possible, amphotericin B should not be given to pa-
tients receiving antineoplastics. Diuretics should gen-
erally be avoided in patients taking amphotericin B. If
a diuretic has to be given then volume and electrolyte
depletion should be monitored carefully. The potassi-
um-depleting effect of amphotericin B may enhance
the effects of neuromuscular blocking drugs and may
increase the toxicity of digitalis glycosides; corticoster-
oids may enhance the depletion of potassium and their
immunosuppressive effects may be detrimental in pa-
tients with severe fungal infections. 
Amphotericin B may increase the toxicity of flucyto-
sine, but the combination is nonetheless used in severe
infections for its synergistic activity. For information
on synergistic and antagonistic effects with other anti-
microbials, see under Antimicrobial Action, below.
Renal excretion of zalcitabine may be reduced by am-
photericin B. 
For an increased risk of cardiac arrhythmias and arrest
when amphotericin B was given to patients with myo-
cardial damage induced by an antimony compound,
see Effects on the Cardiovascular System, under Ad-
verse Effects, above.

Antimicrobial Action
Amphotericin B is a polyene antifungal antibiotic
which appears to act mainly by interfering with the per-
meability of the cell membrane of sensitive fungi by
binding to sterols, chiefly ergosterol. It is reported to be
fungistatic at concentrations achieved clinically. It is
active against Absidia spp., Aspergillus spp., Basidi-
obolus spp., Blastomyces dermatitidis, Candida spp.,
Coccidioides immitis, Conidiobolus spp., Cryptococ-
cus neoformans, Histoplasma capsulatum, Mucor
spp., Paracoccidioides brasiliensis, Rhizopus spp.,
Rhodotorula spp., and Sporothrix schenckii. Other or-
ganisms that have been reported to be sensitive to am-
photericin B include the algal Prototheca spp. and the
protozoa Leishmania and Naegleria spp. It is inactive
against bacteria (including rickettsia) and viruses. 
Some resistant strains of Candida have been isolated
from immunocompromised patients given prolonged
treatment with amphotericin B.
Microbiological interactions. Azoles. Although there have
been occasional reports of synergy between amphotericin B and
the azole antifungals, greater emphasis has been placed on possi-
ble antagonism. Studies in vitro have supported theoretical con-
cerns that the action of amphotericin B (which depends on bind-
ing to ergosterol in the fungal cell membrane) would be
antagonised by azoles (which inhibit ergosterol synthesis).1,2 An-
imal studies appear to have confirmed antagonism between am-
photericin B and the imidazole ketoconazole, but not between
amphotericin B and the triazoles fluconazole or itraconazole.
Available clinical evidence seems to indicate that azoles given
with, or as continuation therapy after, induction therapy with am-
photericin B, are effective in severe infections, although reduced

plasma concentrations of itraconazole have been reported in
some patients while being given amphotericin B.3 However,
strains of Candida albicans resistant to both amphotericin B and
fluconazole have emerged in patients who have received repeat-
ed or prolonged courses of fluconazole.4,5

1. Martin E, et al. Antagonistic effects of fluconazole and 5-fluor-
ocytosine on candidacidal action of amphotericin B in human
serum. Antimicrob Agents Chemother 1994; 38: 1331–8. 

2. Sud IJ, Feingold DS. Effect of ketoconazole on the fungicidal
action of amphotericin B in Candida albicans. Antimicrob Agents
Chemother 1983; 23: 185–7. 

3. Pennick GJ, et al. Concomitant therapy with amphotericin B and
itraconazole: does this combination affect the serum concentra-
tion of itraconazole? Intersci Conf Antimicrob Agents Chemoth-
er 1994; 34: 39 (A34). 

4. Kelly SL, et al. Resistance to fluconazole and amphotericin in
Candida albicans from AIDS patients. Lancet 1996; 348:
1523–4. 

5. Nolte FS, et al. Isolation and characterization of fluconazole-
and amphotericin B-resistant Candida albicans from blood of
two patients with leukemia. Antimicrob Agents Chemother 1997;
44: 196–9.

Pharmacokinetics
There is little or no absorption of amphotericin B from
the gastrointestinal tract. When given intravenously in
the conventional colloidal form and in the usual in-
creasing dosage regimens, peak plasma concentrations
of 0.5 to 4 micrograms/mL have been reported; the av-
erage plasma concentration with maintenance doses of
400 to 600 micrograms/kg daily tends to be
500 nanograms/mL. Amphotericin B is highly bound
to plasma proteins and is widely distributed, but passes
into the CSF only in small quantities. The plasma half-
life is about 24 hours; with long-term use the terminal
half-life increases to 15 days. 
Unchanged amphotericin B is excreted in small
amounts slowly in the urine. Traces are present in the
serum and urine several weeks after completion of
treatment. Amphotericin B is not removed by haemo-
dialysis. 
The pharmacokinetics of the lipid formulations differ
considerably from the conventional formulation and
from each other: 
• at clinical doses of 1 to 7.5 mg/kg, liposomal ampho-

tericin B produces peak plasma concentrations of
around 8 to 80 micrograms/mL, around 20 times
those with conventional formulations 

• after doses of 0.5 to 8 mg/kg, amphotericin B-
sodium cholesteryl sulfate complex produces peak
plasma concentra t ions  of  about  0 .7  to
6.2 micrograms/mL 

• at a dose of 5 mg/kg daily, amphotericin B phosphol-
ipid complex produces maximum plasma concentra-
tions of about 1.7 micrograms/mL 

Studies in animals have shown that concentrations in
the kidney are several times lower after lipid formula-
tions than with conventional ones.
Children and neonates. Serum-amphotericin B concentra-
tions ranged from 0.78 to 10.02 micrograms/mL in 12 children
(many with leukaemia) aged 4 months to 14 years after the intra-
venous infusion of conventional amphotericin B 0.25 to
1.5 mg/kg daily. Serum concentrations did not correlate with
dose. The elimination half-life was 18.1 ± 6.65 hours. There was
an inverse relationship between age and total clearance, suggest-
ing that children older than 9 years may require lower doses.1 
The pharmacokinetics of amphotericin B have also been studied
in a group of 13 neonates with systemic fungal infections.2
Conventional amphotericin B was infused over 4 to 6
hours every 24 hours. Ten of the infants started treatment
with 100 micrograms/kg increased over 4 to 6 days to
500 micrograms/kg. Three infants were started on a dose of 800
to 1000 micrograms/kg reduced to 500 micrograms/kg daily. All
infants were maintained on 500 micrograms/kg daily; total doses
ranged from 17.3 to 28.6 mg/kg. Serum-amphotericin B concen-
trations were measured after the first dose in 3 infants in the first
group and 2 in the second; no serum-amphotericin B could be
detected in the 3 infants who had received 100 micrograms/kg.
After 5 days of treatment peak serum-amphotericin B concentra-
tions ranged from 0.5 to 4.0 micrograms/mL and this was con-
sidered to be the range that could be achieved with the daily
maintenance dose of 500 micrograms/kg. The elimination half-
life was 14.8 hours. Drug elimination between doses was not de-
tected in 4 of the infants; one was in oliguric renal failure and the
other 3 had developed increases in serum-creatinine concentra-
tions. CSF-amphotericin B concentrations in 5 of the neonates
ranged from 40 to 90% of simultaneous serum concentrations. It
was considered that an initial dose of 500 micrograms/kg was

well tolerated and could produce therapeutic serum concentra-
tions more quickly than a regimen which consisted of
100 micrograms/kg on day one increased over 4 to 6 days to
500 micrograms/kg daily. 
A comparative study3 of plasma concentrations of liposomal am-
photericin B in adults, children, and neonates after a dose of
1 mg/kg daily for 28 days, reported peak concentrations in chil-
dren and neonates that were significantly lower than in adults.
Increases in the mean peak plasma concentrations over days 1 to
28 were: adults, 1.02 to 1.66 micrograms/mL; children aged 1 to
12 years, 0.63 to 1.10 micrograms/mL; and neonates, 0.54 to
0.73 micrograms/mL. This was thought to be due to the greater
volume of distribution in the neonates and greater clearance in
older children. 
The pharmacokinetics of amphotericin B lipid complex was
studied in a cohort of 6 paediatric cancer patients with
hepatosplenic candidiasis receiving a dose of 2.5 mg/kg daily for
6 weeks, to a total dosage of 105 mg/kg.4 It was noted that the
mean plasma concentrations over the dosing interval and area
under the curve increased between the first and seventh doses but
were similar between doses 7 and 42, suggesting that a steady
state was achieved within 1 week of therapy. After the final dose
of amphotericin B lipid complex, the mean plasma-amphotericin
concentration was noted to be 0.50 micrograms/mL and the max-
imum concentration in whole blood was 1.69 micrograms/mL.
1. Benson JM, Nahata MC. Pharmacokinetics of amphotericin B in

children. Antimicrob Agents Chemother 1989; 33: 1989–93. 
2. Baley JE, et al. Pharmacokinetics, outcome of treatment, and

toxic effects of amphotericin B and 5-fluorocytosine in neonates.
J Pediatr 1990; 116: 791–7. 

3. Kotwani RN, et al. A comparative study of plasma concentra-
tions of liposomal amphotericin B (L-AMP-LRC-1) in adults,
children and neonates. Int J Pharm 2002; 238: 11–15. 

4. Walsh TJ, et al. Safety, tolerance, and pharmacokinetics of am-
photericin B lipid complex in children with hepatosplenic candi-
diasis. Antimicrob Agents Chemother 1997; 41: 1944–8.

Distribution. Amphotericin B concentrations in various organs
and tissues were determined in 13 cancer patients who had re-
ceived conventional amphotericin B before death.1 Concentra-
tions were determined by high-pressure liquid chromatography
(HPLC) and bioassay. Mean recovery by HPLC reported as a
percentage of total dose given was liver 27.5%, spleen 5.2%,
lungs 3.2%, kidney 1.5%, heart 0.4%, brain 0.3%, and pancreas
0.2%; each organ had a specific accumulation pattern. The mean
total recovery was 38.8%. Reported median bile concentration
was 7.3 micrograms/mL. The drug concentrations obtained by
bioassay were much lower than those measured by HPLC. As
the HPLC-determined concentrations of amphotericin B were
higher than the MICs for the pathogens in patients with candidia-
sis or aspergillosis, the poor clinical outcome in these patients
suggested that amphotericin B in the tissue lacked antifungal ac-
tivity. 
In another study,2 amphotericin B was not detected in the CSF of
4 AIDS patients with cryptococcal meningitis on intravenous
maintenance conventional doses of 350 to 1890 micrograms/kg
given 1 to 7 times weekly. The clinical success of amphotericin
B for this indication could not be explained by measurable CSF
drug concentrations. 
Concentrations of amphotericin B have been measured in fetal-
cord serum in an infant and were 37.5% of maternal serum con-
centration.3
1. Collette N, et al. Tissue concentrations and bioactivity of am-

photericin B in cancer patients treated with amphotericin B-de-
oxycholate. Antimicrob Agents Chemother 1989; 33: 362–8. 

2. Dugoni BM, et al. Amphotericin B concentrations in cerebrospi-
nal fluid of patients with AIDS and cryptococcal meningitis.
Clin Pharm 1989; 8: 220–1. 

3. Ismail MA, Lerner SA. Disseminated blastomycosis in a preg-
nant woman. Am Rev Respir Dis 1982; 126: 350–3.

Half-life. The terminal half-life for amphotericin B was 15 days
in 2 patients on completion of conventional amphotericin B infu-
sion therapy for disseminated histoplasmosis.1 In another study,2
the half-life was 21.5 hours (based on the exponential phase of
disappearance from the blood) in a 65-year-old patient on a
maintenance conventional dose of 500 micrograms/kg infused
over 1 hour every other day. Serum concentrations appeared to
plateau at about 600 nanograms/mL 36 to 48 hours after each
dose. This suggested that alternate-day dosage might be effec-
tive.
1. Atkinson AJ, Bennett JE. Amphotericin B pharmacokinetics in

humans. Antimicrob Agents Chemother 1978; 13: 271–6. 
2. Hoeprich PD. Elimination half-life of amphotericin B. J Infect

1990; 20: 173–5.

Lipid formulations. References.
1. Janknegt R, et al. Liposomal and lipid formulations of amphoter-

icin B: clinical pharmacokinetics. Clin Pharmacokinet 1992; 23:
279–91. 

2. Adedoyin A, et al. Pharmacokinetic profile of ABELCET (am-
photericin B lipid complex injection): combined experience
from phase I and phase II studies. Antimicrob Agents Chemother
1997; 41: 2201–8. 

3. Adedoyin A, et al. A pharmacokinetic study of amphotericin B
lipid complex injection (Abelcet) in patients with definite or
probable systemic fungal infections. Antimicrob Agents Chem-
other 2000; 44: 2900–2. 

4. Bekersky I, et al. Pharmacokinetics, excretion, and mass balance
of liposomal amphotericin B (AmBisome) and amphotericin B
deoxycholate in humans. Antimicrob Agents Chemother 2002;
46: 828–33.
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Uses and Administration
Amphotericin B is a polyene antifungal antibiotic. It is
reported to be fungistatic at concentrations achieved
clinically. Amphotericin B is given by intravenous
infusion in the treatment of severe systemic fungal
infections including aspergillosis, blastomycosis, can-
didiasis, coccidioidomycosis, cryptococcosis, histo-
plasmosis, mucormycosis, paracoccidioidomycosis,
and sporotrichosis, and is the usual treatment of choice
in fungal endocarditis, meningitis, peritonitis, or severe
respiratory-tract infections. Many of these infections
are most likely to occur in immunocompromised pa-
tients. Amphotericin may be given with flucytosine
(p.534) in severe infections. 
Amphotericin B is also used for the local treatment of
superficial candidiasis. It is taken orally for intestinal
candidiasis, sometimes as part of regimens for selec-
tive decontamination of the digestive tract in patients at
special risk of infection, such as those in intensive care
(see p.175). 
The role of amphotericin B in the treatment of the
above systemic and local infections is discussed under
Choice of Antifungal, p.517. 
Amphotericin B also has antiprotozoal activity. It is
used for primary amoebic meningoencephalitis caused
by Naegleria spp. and for the treatment of visceral and
mucocutaneous leishmaniasis. 
Administration and dosage. Amphotericin B is given
by intravenous infusion conventionally as a colloidal
complex with sodium deoxycholate. There is also a li-
posomal form and other complexes of amphotericin B
available for use by infusion when conventional am-
photericin B is contra-indicated because of toxicity, es-
pecially nephrotoxicity. Before starting therapy with
any form of intravenous amphotericin B a test dose is
usually advised and the patient observed carefully for
about 30 minutes. 
Details of intravenous administration and dosage vary
according to the formulation being used. Therapy has
sometimes continued for several months depending on
the infection. Doses are expressed in terms of ampho-
tericin B. 
• Conventional amphotericin B (Fungizone, UK). After an

initial test dose (1 mg infused over 20 to 30 minutes) treat-
ment usually starts with a daily dose of 250 micrograms/kg,
increased gradually to a maximum of 1 mg/kg daily; in se-
riously ill patients up to 1.5 mg/kg daily or on alternate days
may be necessary. If treatment is stopped for longer than 7
days, it should be resumed at a dose of 250 micrograms/kg
daily and increased gradually. The daily dose is infused over
2 to 4 hours at a concentration of 100 micrograms/mL in
glucose 5%. Slower infusion, over up to 6 hours, may be
necessary to reduce the incidence of acute toxic effects. 

• Liposomal amphotericin B (AmBisome, UK). After an ini-
tial test dose (1 mg infused over 10 minutes), the usual dose
is 1 mg/kg daily, increased gradually to 3 mg/kg if neces-
sary. The daily dose is infused over 30 to 60 minutes at a
concentration of 200 to 2000 micrograms/mL in glucose
5%. 

• Amphotericin B-sodium cholesteryl sulfate complex (Am-
phocil, UK). After an initial test dose (2 mg infused over 10
minutes) the usual dose is 1 mg/kg daily, increased gradual-
ly to 3 to 4 mg/kg daily if necessary; doses of up to 6 mg/kg
daily have been given. The daily dose is infused at a rate of
1  to  2 mg/kg per  hour  a t  a  concent ra t ion  of
625 micrograms/mL in glucose 5%. 

• Amphotericin B-phospholipid complex (Abelcet, UK). Af-
ter an initial test dose (1 mg infused over 15 minutes) the
usual dose is 5 mg/kg daily. The daily dose is infused at a
rate of 2.5 mg/kg per hour as a diluted suspension contain-
ing 1 mg/mL in glucose 5%. 

Conventional amphotericin B may be given by intrath-
ecal injection to patients with severe meningitis espe-
cially when intravenous therapy has been ineffective.
Starting with 25 micrograms, the dose is gradually in-
creased to the maximum that can be tolerated without
excessive discomfort. The usual dosage is 0.25 to 1 mg
given two to four times each week. 
Conventional amphotericin B is also used orally as 10-
mg lozenges or as a suspension containing 100 mg/mL

for oral or perioral candidiasis. The suspension is given
in a dose of 1 mL four times daily; it should be retained
in the mouth for as long as possible before swallowing.
The lozenges are intended to be dissolved in the mouth
and are given four times daily, increased to 8 lozenges
daily if necessary. Doses of 100 to 200 mg are given
four times daily as tablets or suspension to suppress in-
testinal Candida. 
Conventional amphotericin B has been given for can-
diduria as a continuous bladder irrigation daily at a
suggested concentration of 50 mg in 1000 mL of ster-
ile water. Intermittent irrigation has also been tried. 
Conventional amphotericin B has also been given into
the lung by nebulised solution, into the eye topically or
by subconjunctival or intravitreal injection, to the skin
by topical application, into body cavities by instilla-
tion, and into joint spaces by intra-articular injection.
Administration. LIPID FORMULATIONS. A number of lipid
formulations of amphotericin B have been developed in an
attempt to minimise renal toxicity and acute toxic reactions.
Three lipid-based formulations of amphotericin B available
commercially in some countries are: 
• liposomes (e.g. AmBisome)1 
• a lipid complex with L-α-dimyristoylphosphatidylcholine and

L-α-dimyristoylphosphatidylglycerol (e.g. Abelcet) 
• a colloidal dispersion with sodium cholesteryl sulfate (e.g.

Amphocil) 
The aim of reducing renal toxicity has largely been achieved, and
in some cases patients unable to tolerate conventional amphoter-
icin B have subsequently been successfully treated with one of
the lipid-based formulations. Experience with these formulations
suggests that they also produce fewer acute toxic reactions. Re-
view articles2-9 on lipid formulations of amphotericin B indicate
that clinical studies have generally been encouraging, and that
although they differ in their pharmacodynamics, pharmacokinet-
ics, and dosage, they appear to be clinically at least as effective
as amphotericin B.5,6

1. Barnes RA, et al., eds. AmBisome: an international workshop. J
Antimicrob Chemother 2002; 49 (suppl S1): 1–86. 

2. Coukell AJ, Brogden RN. Liposomal amphotericin B: therapeu-
tic use in the management of fungal infections and visceral leish-
maniasis. Drugs 1998; 55: 585–612. 

3. Brogden RN, et al. Amphotericin-B colloidal dispersion: a re-
view of its use against systemic fungal infections and visceral
leishmaniasis. Drugs 1998; 56: 365–83. 

4. Johansen HK, Gøtzsche PC. Amphotericin B lipid soluble for-
mulations versus amphotericin B in cancer patients with neutro-
penia. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2000 (accessed
21/06/05). 

5. Dupont B. Overview of the lipid formulations of amphotericin B.
J Antimicrob Chemother 2002; 49 (Suppl 1): 31–6. 

6. Barrett JP, et al. A systematic review of the antifungal effective-
ness and tolerability of amphotericin B formulations. Clin Ther
2003; 25: 1295–320. 

7. Herbrecht R, et al. The lipid formulations of amphotericin B.
Expert Opin Pharmacother 2003; 4: 1277–87. 

8. Fohrer C, et al. Apports des derives lipidiques de l’amphotéri-
cine B dans la prise en charge des infections fongiques. Therapie
2006; 61: 235–42. 

9. Adler-Moore JP, Proffitt RT. Amphotericin B lipid preparations:
what are the differences? Clin Microbiol Infect 2008; 14 (suppl
4): 25–36.

INFUSION RATE. Conventional amphotericin B is licensed for
use by intravenous infusion over at least 2 hours. A long infu-
sion time is inconvenient for outpatients and often impractical
in patients receiving other intravenous medications. This may
be overcome by using one of the lipid formulations that can
be infused over 30 to 120 minutes. Shorter infusion times
have been tried with conventional amphotericin B but al-
though 2 studies1,2 in small numbers of patients without pre-
existing renal impairment found rapid infusion over 1 hour
was generally no more toxic than infusion over 4 hours,
another3 found infusion over 45 minutes to be more toxic than
a 4-hour infusion during the first 5 to 7 days of treatment.
Cardiac toxicity reported in patients receiving rapid infusions
includes atrial fibrillation in a patient with pre-existing cardi-
ac disease,2 ventricular fibrillation associated with hyperka-
laemia in a patient with severe renal impairment,4 and
bradycardia5 and dilated cardiomyopathy6 in patients without
apparent risk factors. Ventricular dysrhythmias were not ob-
served in 27 patients with adequate renal function.7 
Conversely, continuous infusion of amphotericin B over 24
hours has resulted in fewer adverse effects and a significant re-
duction in nephrotoxicity compared with infusion over 4 hours.8
Furthermore, an observational study of 33 patients concluded
that a continuous infusion of amphotericin B deoxycholate, start-
ed at 1 mg/kg daily and gradually escalated to 2 mg/kg daily was
safe and well tolerated by most patients.9
1. Oldfield EC, et al. Randomized, double-blind trial of 1- versus

4-hour amphotericin B infusion durations. Antimicrob Agents
Chemother 1990; 34: 1402–6. 

2. Cruz JM, et al. Rapid intravenous infusion of amphotericin B: a
pilot study. Am J Med 1992; 93: 123–30. 

3. Ellis ME, et al. Double-blind randomized study of the effect of
infusion rates on toxicity of amphotericin B. Antimicrob Agents
Chemother 1992; 36: 172–9. 

4. Craven PC, Gremillion DH. Risk factors of ventricular fibrilla-
tion during rapid amphotericin B infusion. Antimicrob Agents
Chemother 1985; 27: 868–71. 

5. Soler JA, et al. Bradycardia after rapid intravenous infusion of
amphotericin B. Lancet 1993; 341: 372–3. 

6. Arswa EL, et al. Amphotericin B-induced dilated cardiomyopa-
thy. Am J Med 1994; 97: 560–2. 

7. Bowler WA, et al. Risk of ventricular dysrhythmias during 1-
hour infusions of amphotericin B in patients with preserved renal
function. Antimicrob Agents Chemother 1992; 36: 2542–3. 

8. Eriksson U, et al. Comparison of effects of amphotericin B de-
oxycholate infused over 4 or 24 hours: randomised controlled
trial. BMJ 2001; 322: 579–82. 

9. Imhof A, et al. Continuous infusion of escalated doses of ampho-
tericin B deoxycholate: an open-label observational study. Clin
Infect Dis 2003; 36: 943–51.

Administration in children and neonates. Intravenous
doses for conventional and lipid formulations of amphotericin B
similar to those in adults have been found to be safe and effective
in children and neonates with candidiasis. For neonates with se-
vere disease, dose increments of conventional amphotericin B
every 12 hours have been given and daily doses up to 1.5 mg/kg
tolerated. For prophylaxis of neonatal intestinal candidiasis con-
ventional amphotericin B solution 100 mg is given orally once
daily. Although the most appropriate dose of lipid formulations
of amphotericin B for low-birth-weight preterm infants has yet to
be firmly established reports suggest that they may be safe and
effective at doses similar to those used in adults, relative to body-
weight.1-3 
For information on the pharmacokinetics and doses in children
and neonates, see, above.
1. Scarcella A, et al. Liposomal amphotericin B treatment for neo-

natal fungal infections. Pediatr Infect Dis J 1998; 17: 146–8. 
2. Weitkamp J-H, et al. Candida infection in very low birth-weight

infants: outcome and nephrotoxicity of treatment with liposomal
amphotericin B (AmBisome). Infection 1998; 26: 11–15. 

3. Walsh TJ, et al. Amphotericin B lipid complex in pediatric pa-
tients with invasive fungal infections. Pediatr Infect Dis J 1999;
18: 702–8.

Leishmaniasis. The treatment of visceral and mucocutaneous
leishmaniasis including the use of amphotericin B is described
on p.824. 
VISCERAL LEISHMANIASIS. Evidence of declining responsiveness to
pentavalent antimonials has led to the evaluation of intravenous
amphotericin B as an alternative for first-line therapy. WHO has
included liposomal amphotericin B 3 mg/kg daily on each of 5
consecutive days and a sixth dose 6 days later among the regi-
mens suggested for first-line therapy of Mediterranean visceral
leishmaniasis in immunocompetent patients.1 Similar doses are
recommended by licensed product information for one product
(AmBisome; Gilead, USA), which recommends 3 mg/kg daily
for 5 days with further doses on days 14 and 21. Experience with
a short course of 10 mg/kg daily for 2 days was also shown to be
effective in 41 immunocompetent children under 14 years, al-
though 1 subsequently relapsed after 5 weeks.2 Responses to li-
posomal amphotericin B have been reported to be slower in im-
munocompromised patients; relapses occurred in 8 of 11 patients
despite treatment with liposomal amphotericin B 1.38 to
1.85 mg/kg daily for 21 days.3 Increasing the dose to 4 mg/kg
daily given on 10 days over a 38-day period did not improve the
long-term outcome, although initial responses were good4 and
this regimen is now that recommended by the licensed product
information above. Due to frequent relapse in these patients sec-
ondary prophylaxis with intermittent amphotericin B has been
considered. An open-label, multicentre study with amphotericin
B lipid complex in doses of 3 mg/kg every 21 days for 12
months5 was effective in 50% of HIV-infected patients. Another
cohort study6 reported that 80% of HIV-infected patients were
relapse free at 12 months after receiving an initial treatment
course of liposomal amphotericin B in doses of 4 mg/kg daily for
5 consecutive days and then once weekly for 5 weeks, followed
by secondary prophylaxis in doses of 5 mg/kg every 3 weeks.
However, at 24 months about 45% of the patients had experi-
enced relapses. 
Amphotericin B is also being evaluated in other parts of the
world. In India, conventional amphotericin B in modest doses
(500 micrograms/kg on alternate days) produced good responses
both in patients unresponsive to antimonials7,8 and as first-line
therapy.9 Experience with a higher dose of 1 mg/kg daily for 20
days achieved a 99% cure rate in 938 patients10 and a lower dose
regimen of 0.75 mg/kg daily for 15 days was also found to be
effective.11 Liposomal amphotericin B 2 mg/kg daily on 3, 5 or 7
days over a 10-day period all produced clinical cures and mini-
mal toxicity,12 as did single infusions of 7.5 mg/kg or 5 mg/kg, or
once-daily infusion of 1 mg/kg for 5 days.13,14 Amphotericin B
lipid complex 1, 2, or 3 mg/kg daily for 5 days,15 or 5 mg/kg giv-
en once or twice (5 days apart),16 has been used successfully al-
though relapses occurred in some patients taking the lower doses
in these latter studies. In Brazil, colloidal amphotericin B with
sodium cholesteryl sulfate in a dose of 2 mg/kg daily for 5 days
produced cures in 10 patients although 1 subsequently re-
lapsed.17 A study by WHO18 suggested that more intensive
courses of treatment may be needed in Brazil compared with In-
dia and Kenya. 
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MUCOCUTANEOUS LEISHMANIASIS. Amphotericin B is used in mu-
cocutaneous leishmaniasis unresponsive to antimonials. Suc-
cessful treatment with liposomal amphotericin B has been re-
ported in immunocompetent19 and immunocompromised20

patients.
1. Gradoni L, et al. Treatment of Mediterranean visceral leishma-

niasis. Bull WHO 1995; 73: 191–7. 
2. Syriopoulou V, et al. Two doses of a lipid formulation of am-

photericin B for the treatment of Mediterranean visceral leish-
maniasis. Clin Infect Dis 2003; 36: 560–6. 

3. Davidson RN, et al. Liposomal amphotericin B (AmBisome) in
Mediterranean visceral leishmaniasis: a multi-centre trial. Q J
Med 1994; 87: 75–81. 

4. Russo R, et al. Visceral leishmaniasis in HIV infected patients:
treatment with high dose liposomal amphotericin B (AmBi-
some). J Infect 1996; 32: 133–7. 

5. López-Vélez R, et al. Amphotericin B lipid complex versus no
treatment in the secondary prophylaxis of visceral leishmaniasis
in HIV-infected patients. J Antimicrob Chemother 2004; 53:
540–3. 

6. Molina I, et al. Efficacy of liposomal amphotericin B for sec-
ondary prophylaxis of visceral leishmaniasis in HIV-infected
patients. J Antimicrob Chemother 2007; 60: 837–42. 

7. Giri OP. Amphotericin B therapy in kala-azar. J Indian Med As-
soc 1993; 91: 91–3. 

8. Mishra M, et al. Amphotericin versus pentamidine in antimony-
unresponsive kala-azar. Lancet 1992; 340: 1256–7. 

9. Mishra M, et al. Amphotericin versus sodium stibogluconate in
first-line treatment of Indian kala-azar. Lancet 1994; 344:
1599–1600. 

10. Thakur CP, et al. Amphotericin B deoxycholate treatment of
visceral leishmaniasis with newer modes of administration and
precautions: a study of 938 cases. Trans R Soc Trop Med Hyg
1999; 93: 319–23. 

11. Sundar S, et al. Amphotericin B treatment for Indian visceral
leishmaniasis: response to 15 daily versus alternate-day infu-
sions. Clin Infect Dis 2007; 45: 556–61. 

12. Thakur CP, et al. Comparison of three treatment regimens with
liposomal amphotericin B (AmBisome) for visceral leishmani-
asis in India: a randomized dose-finding study. Trans R Soc Trop
Med Hyg 1996; 90: 319–22. 

13. Sundar S, et al. Treatment of Indian visceral leishmaniasis with
single or daily infusions of low dose liposomal amphotericin B:
randomised trial. BMJ 2001; 323: 419–22. 

14. Sundar S, et al. Single-dose liposomal amphotericin B in the
treatment of visceral leishmaniasis in India: a multicenter study.
Clin Infect Dis 2003; 37: 800–4. 

15. Sundar S, et al. Short-course, low-dose amphotericin B lipid
complex therapy for visceral leishmaniasis unresponsive to an-
timony. Ann Intern Med 1997; 127: 133–7. 

16. Sundar S, et al. Treatment of antimony-unresponsive Indian vis-
ceral leishmaniasis with ultra-short courses of amphotericin-B-
lipid complex. Ann Trop Med Parasitol 1998; 92: 755–64. 

17. Dietze R, et al. Treatment of kala-azar in Brazil with Amphocil
(amphotericin B cholesterol dispersion) for 5 days. Trans R Soc
Trop Med Hyg 1995; 89: 309–11. 

18. Berman JD, et al. Efficacy and safety of liposomal amphotericin
B (AmBisome) for visceral leishmaniasis in endemic develop-
ing countries. Bull WHO 1998; 76: 25–32. 
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Primary amoebic meningoencephalitis. Amphotericin B
is active in vitro against Naegleria fowleri and has been recom-
mended for the treatment of primary amoebic meningoencepha-
litis (see Naegleria Infections, p.822) caused by this amoeba.
There have been some case reports1-7 of survival after the use of
intravenous and intrathecal amphotericin B. In all cases ampho-
tericin B was combined with other antimicrobials, notably oral
rifampicin.
1. Anderson K, Jamieson A. Primary amoebic meningoencephali-

tis. Lancet 1972; i: 902–3. 
2. Seidel JS, et al. Successful treatment of primary amebic menin-

goencephalitis. N Engl J Med 1982; 306: 346–8. 
3. Brown RL. Successful treatment of primary amebic meningoen-

cephalitis. Arch Intern Med 1991; 151: 1201–2. 
4. Poungvarin N, Jariya P. The fifth nonlethal case of primary

amoebic meningoencephalitis. J Med Assoc Thai 1991; 74:
112–15. 

5. Loschiavo F, et al. Acute primary meningoencephalitis from en-
tamoeba Naegleria fowleri: report of a clinical case with a fa-
vourable outcome. Acta Neurol (Napoli) 1993; 15: 333–40. 

6. Wang A, et al. Successful treatment of amoebic meningoen-
cephalitis in a Chinese living in Hong Kong. Clin Neurol Neuro-
surg 1993; 95: 249–52. 

7. Jain R, et al. Naegleria meningitis: a rare survival. Neurol India
2002; 50: 470–2.

Preparations
BP 2008: Amphotericin Lozenges; Amphotericin Oral Suspension; 
USP 31: Amphotericin B Cream; Amphotericin B for Injection; Amphoter-
icin B Lotion; Amphotericin B Ointment.
Proprietary Preparations (details are given in Part 3)
Arg.: Abelcet; AmBisome; Amfostat†; Amphotec; Anfogen; Austral.: Abel-
cet; AmBisome; Amphocil; Fungilin; Fungizone; Austria: Abelcet; AmBi-
some; Ampho-Moronal; Amphocil; Belg.: Abelcet; AmBisome; Fungizone;
Braz.: Abelcet; AmBisome†; Amphocil; Anforicin B; Fungi B; Fungizon; Ca-
nad.: Abelcet; AmBisome; Amphotec†; Fungizone; Chile: Fungizon; Cz.:
Abelcet; Amphocil; Denm.: Abelcet; AmBisome; Fungilin†; Fungizone; Fin.:
Abelcet; AmBisome; Fungizone; Fr.: Abelcet; AmBisome; Fungizone; Ger.:
Abelcet; AmBisome; Ampho-Moronal; Gr.: Abelcet; AmBisome; Am-
phiprol; Amphocil; Fungizone; Hong Kong: Abelcet; AmBisome; Am-
phocil†; Fungizone; Hung.: Abelcet; AmBisome; Amphocil; Fungizone; In-
dia: Fungizone; Indon.: Fungizone; Irl.: Abelcet; AmBisome; Amphocil;
Fungizone; Israel: AmBisome; Amphocil; Fungilin†; Fungizone†; Ital.: Abel-
cet; AmBisome; Fungilin; Fungizone; Jpn: AmBisome; Malaysia: Abelcet†;
Amphocil; Fungizone; Mex.: Amfostat; Amphocil; Candipres; Neth.: Abel-
cet; AmBisome; Amphocil; Fungizone; Norw.: Abelcet; AmBisome; Fungi-
zone; NZ: Abelcet; AmBisome; Fungilin; Fungizone; Philipp.: Fungizone;

Pol.: AmBisome; Amphocil; Port.: Abelcet; AmBisome; Amphocil; Fungi-
zone; Rus.: AmBisome (АмБизом); Amphoglucamin (Амфоглюкамин);
S.Afr.: AmBisome; Fungizone; Singapore: Abelcet; AmBisome; Am-
phocil†; Fungizone; Spain: Abelcet; AmBisome; Amphocil; Funganiline†;
Fungizona; Swed.: Abelcet†; AmBisome; Fungizone; Switz.: Abelcet†; Am-
Bisome; Ampho-Moronal; Fungizone; Thai.: AmBisome†; Amphocil; Fung-
izone; Turk.: Abelcet; AmBisome; Fungizone; UK: Abelcet; AmBisome;
Amphocil; Fungilin; Fungizone; USA: Abelcet; AmBisome; Amphotec; Fun-
gizone†; Venez.: Amphotec; Fungizone.

Multi-ingredient: Austria: Mysteclin; Braz.: Anfoterin†; Gino-Teracin;
Novasutin; Talsutin; Tericin AT; Tricocilin B; Vagiklin; Chile: Talseclin†; Fr.:
Amphocycline; Ger.: Mysteclin; Hong Kong: Talsutin; Indon.: Talsutin;
Ital.: Anfocort; Malaysia: Talsutin†; Philipp.: Vagimycin; S.Afr.: Vagmycin;
Spain: Gine Heyden†; Sanicel; Trigon Topico; Venez.: Talsutin†.

Anidulafungin (USAN, rINN)

Anidulafungina; Anidulafungine; Anidulafunginum; LY-303366; V-
Echinocandin. (4R,5R)-4,5-Dihydroxy-N2-{[4″-(pentyloxy)-p-ter-
phenyl-4-yl]carbonyl}-L-ornithyl-L-threonyl-trans-4-hydroxy-L-
prolyl-(S)-4-hydroxy-4-(p-hydroxyphenyl)-L-threonyl-L-threonyl-
(3S,4S)-3-hydroxy-4-methyl-L-proline cyclic (6→1)-peptide; 1-
((4R,5R)-4,5-Dihydroxy-N2-{[4″-(pentyloxy)(1,1′:4′,1″-terphe-
nyl)-4-yl]carbonyl}-L-ornithine)-echinocandin B.

Анидулафунгин
C58H73N7O17 = 1140.2.
CAS — 166663-25-8.
ATC — J02AX06.
ATC Vet — QJ02AX06.

Adverse Effects and Precautions
As for Caspofungin, see p.528. 
Dose adjustments are not required in patients with hepatic or re-
nal impairment.

Interactions
Few drug interactions are expected with anidulafungin, as it is
not metabolised by the hepatic cytochrome P450 system and al-
most no renal clearance occurs.

Antimicrobial Action
As for Caspofungin, see p.528.

Pharmacokinetics
Steady state plasma concentrations of anidulafungin are
achieved after the first loading dose; systemic clearance is about
1 litre/hour and the terminal elimination half-life is 40 to 50
hours. Anidulafungin is 84% bound to plasma proteins and the
volume of distribution is 30 to 50 litres. It is not metabolised, but
undergoes slow chemical degradation to inactive peptide de-
gradants. Less than 10% of the intact drug is eliminated in the
faeces and less than 1% is excreted in the urine.

◊ References.
1. Dowell JA, et al. Population pharmacokinetic analysis of anidu-

lafungin, an echinocandin antifungal. J Clin Pharmacol 2004;
44: 590–8. 

2. Benjamin DK, et al. Safety and pharmacokinetics of intravenous
anidulafungin in children with neutropenia at high risk for inva-
sive fungal infections. Antimicrob Agents Chemother 2006; 50:
632–8.

Uses and Administration
Anidulafungin is an echinocandin antifungal active against As-
pergillus and Candida spp. It is used in the treatment of candi-
daemia, oesophageal candidiasis, and other forms of invasive
candidiasis. 
Anidulafungin is given by intravenous infusion, the rate of which
should not exceed 1.1 mg/minute. For candidaemia and other in-
vasive candidiasis a loading dose of 200 mg is given on the first
day followed by 100 mg daily thereafter. For oesophageal candi-
diasis the loading dose is 100 mg followed by 50 mg daily.

◊ Reviews.
1. Murdoch D, Plosker GL. Anidulafungin. Drugs 2004; 64:

2249–58. 
2. Vazquez JA, Sobel JD. Anidulafungin: a novel echinocandin.

Clin Infect Dis 2006; 43: 215–22.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Ecalta; Port.: Ecalta; UK: Ecalta; USA: Eraxis.

Bifonazole (BAN, USAN, rINN)

Bay-h-4502; Bifonatsoli; Bifonazol; Bifonazolas; Bifonazolum. 1-(α-
Biphenyl-4-ylbenzyl)imidazole.
Бифоназол
C22H18N2 = 310.4.
CAS — 60628-96-8.
ATC — D01AC10.
ATC Vet — QD01AC10.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Bifonazole). A white or almost white crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
sparingly soluble in dehydrated alcohol.
Profile
Bifonazole is an imidazole antifungal with a broad spectrum of
activity; sensitive fungi include dermatophytes, Malassezia fur-
fur, and Candida spp. It also has some antibacterial activity. 
Bifonazole is mainly used by topical application in the treatment
of fungal skin and nail infections (p.521). It is applied once daily
as a 1% cream, powder, solution, or gel. Treatment is usually
continued for 2 to 4 weeks. More prolonged treatment is neces-
sary for nail infections and bifonazole may be applied initially
with a 40% urea paste to soften the nail. 
Local reactions including burning and itching have been report-
ed. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
◊ Reviews.
1. Lackner TE, Clissold SP. Bifonazole: a review of its antimicro-

bial activity and therapeutic use in superficial mycoses. Drugs
1989; 38: 204–25.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bifonal†; Bimicot; Micosol; Mycospor†; Sinamida Plus; Austral.: Can-
esten Once Daily; Mycospor; Austria: Canesten Bifonazol; Fungiderm†;
Belg.: Canestene Derm Bifonazole; Mycospor†; Braz.: Mycospor; Chile:
Biocitronil†; Micotopic†; Multifung; Mycosporan; Cz.: Mycospor; Fr.: Amy-
cor; Ger.: Bifomyk; Bifon; Canesten Extra; Mycospor; Gr.: Aeroderma†;
Bifized; Bifon; Compaser†; Fungiderm; Gloryskin; Helpovion†; Kavaderm;
Myco-flusemidon; Mycospor; Rye; Hong Kong: Mycospor; Hung.: My-
cospor; Indon.: Mycospor; Israel: Agispor; Ital.: Azolmen; Bifazol; Mex.:
Mycospor; Neth.: Mycospor; Pol.: Mycospor; Port.: Mycospor; Topical;
Rus.: Bifosin (Бифосин); Mycospor (Микоспор); S.Afr.: Mycospor; Spain:
Bifokey; Levelina; Moldina†; Mycospor; Swed.: Mycosporan; Turk.: My-
cospor; UK: Canesten AF Once Daily†; Venez.: Mycospor.
Multi-ingredient: Arg.: Empecid Pie; Micatex†; Piecidex NF; Prurisedan
Antimicotico†; Austria: Canesten Bifonazol comp; Fungiderm comp†;
Chile: Mycosporan Onycoset†; Cz.: Mycospor Sada na Nehty; Fr.: Amy-
cor Onychoset; Ger.: Canesten Extra Nagelset; Mycospor Nagelset†; Isra-
el: Agispor Onychoset; Comagis; Keratospor; Mex.: Mycospor Onicoset;
Pol.: Mycospor Onychoset; Port.: Mycospor†; Rus.: Mycospor
(Микоспор); S.Afr.: Mycospor Onycho-set; Spain: Mycospor Onicoset;
Turk.: Mycospor; Venez.: Mycospor Onicoset.

Bromochlorosalicylanilide
Bromchlorsalicylanilidum; Bromisalisyylikloorianilidi; Bromocloro-
salicilanilida; Bromsalicylkloranilid. 5-Bromo-4′-chlorosalicylani-
lide; 5-Bromo-N-(4-chlorophenyl)-2-hydroxybenzamide.
Бромохлоросалициланилин
C13H9BrClNO2 = 326.6.
CAS — 3679-64-9.
ATC — D01AE01.
ATC Vet — QD01AE01.

Profile
Bromochlorosalicylanilide is a bromsalan antifungal that has
been applied topically. Photosensitivity may occur. See also
Bromsalans, p.1632.
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Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Multifungin H†; Multifungin†.

Butenafine Hydrochloride (BANM, USAN, rINNM)

Butenafiinihydrokloridi; Buténafine, Chlorhydrate de; Butenafin-
hydroklorid; Butenafini Hydrochloridum; Hidrocloruro de
butenafina; KP-363. N-(p-tert-Butylbenzyl)-N-methyl-1-naphtha-
lenemethylamine hydrochloride; 4-tert-Butylbenzyl(methyl)(1-
naphthalenemethyl)amine hydrochloride.
Бутенафина Гидрохлорид
C23H27N,HCl = 353.9.
CAS — 101828-21-1 (butenafine); 101827-46-7
(butenafine hydrochloride).
ATC — D01AE23.
ATC Vet — QD01AE23.

(butenafine)

Profile
Butenafine is a benzylamine antifungal with actions similar to
those of the allylamine antifungal terbinafine (p.546). The hydro-
chloride is used topically as a 1% cream for the treatment of su-
perficial dermatophyte infections (see Skin Infections, p.521).
◊ Reviews.
1. McNeely W, Spencer CM. Butenafine. Drugs 1998; 55: 405–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Buticrem†; Ingebut; Austria: Zaxem; Canad.: Scholl Athlete’s Foot†;
Chile: Dermacom; India: Butop†; Fintop; Israel: Mentax; Jpn: Mentax;
Philipp.: Funcid; USA: Lotrimin Ultra; Mentax.

Butoconazole Nitrate (BANM, USAN, rINNM)

Butoconazole, Nitrate de; Butoconazoli Nitras; Nitrato de buto-
conazol; RS-35887; RS-35887-00-10-3. 1-[4-(4-Chlorophenyl)-
2-(2,6-dichlorophenylthio)butyl]imidazole mononitrate.
Бутоконазола Нитрат
C19H17Cl3N2S,HNO3 = 474.8.
CAS — 64872-76-0 (butoconazole); 64872-77-1 (butoco-
nazole nitrate).
ATC — G01AF15.
ATC Vet — QG01AF15.

(butoconazole)

Pharmacopoeias. In US. 
USP 31 (Butoconazole Nitrate). A white to off-white crystalline
powder. Practically insoluble in water; slightly soluble in ace-
tone, in acetonitrile, in dichloromethane, and in tetrahydrofuran;
very slightly soluble in ethyl acetate; sparingly soluble in methyl
alcohol. Protect from light.
Adverse Effects and Precautions
Local reactions including burning and irritation and pelvic or ab-
dominal pain or cramping may occur when butoconazole is ap-
plied vaginally. 
Intravaginal preparations of butoconazole may damage latex
contraceptives and additional contraceptive measures are there-
fore necessary during local application. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Effects on the blood. Severe reversible thrombocytopenia
was associated with treatment with intravaginal butoconazole.1
The patient had previously had a drop in white cell count after
treatment with intravaginal clotrimazole, suggestive of an idio-
syncratic reaction to imidazoles.
1. Maloley PA, et al. Severe reversible thrombocytopenia resulting

from butoconazole cream. DICP Ann Pharmacother 1990; 24:
143–4.

Antimicrobial Action
Butoconazole is an imidazole antifungal with antimicrobial ac-
tivity similar to that of ketoconazole (p.539) including activity
against Candida spp.
Pharmacokinetics
About 5% of a dose of butoconazole is absorbed after vaginal
use. The plasma half-life is 21 to 24 hours.
Uses and Administration
Butoconazole is an imidazole antifungal used locally as the ni-
trate in the treatment of vulvovaginal candidiasis (p.518). It is
given intravaginally as a 100-mg pessary or as 5 g of a 2% cream
for 3 consecutive nights; a single application of the cream has
also been used.
Preparations
USP 31: Butoconazole Nitrate Vaginal Cream.

Proprietary Preparations (details are given in Part 3)
Austral.: Gynazole; Belg.: Gynomyk; Braz.: Gynazole; Canad.: Gynazole;
Fr.: Gynomyk; Hung.: Gynazol; Malaysia: Gynofort; Mex.: Gynafem;
Neth.: Gynomyk; Pol.: Gynazol; Rus.: Gynofort (Гинофорт); Singapore:
Gynofort; USA: Gynazole; Mycelex-3.

Candicidin (BAN, USAN, rINN)

Candicidina; Candicidine; Candicidinum; Kandicidin; Kandisidiini;
NSC-94219.
Кандицидин
CAS — 1403-17-4.
ATC — G01AA04.
ATC Vet — QG01AA04.

(candicidin D)

Profile
Candicidin is a mixture of antifungal heptaenes produced by
Streptomyces griseus. It has been used in the treatment of vaginal
candidiasis.

Caspofungin Acetate (BANM, USAN, rINNM)

Acetato de caspofungina; Caspofungine, Acétate de; Caspofun-
gini Acetas; Kaspofungiiniasetaatti; Kaspofunginacetat; L-743873;
MK-0991. (4R,5S)-5-[(2-Aminoethyl)amino]-N2-(10,12-dimeth-
yltetradecanoyl)-4-hydroxy-L-ornithyl-L-threonyl-trans-4-hydroxy-
L-prolyl-(S)-4-hydroxy-4-(p-hydroxyphenyl)-L-threonyl-threo-3-
hydroxy-L-ornithyl-trans-3-hydroxy-L-proline cyclic (6→1)-peptide
diacetate.
Каспофунгина Ацетат
C52H88N10O15,2C2H4O2 = 1213.4.
CAS — 179463-17-3.
ATC — J02AX04.
ATC Vet — QJ02AX04.

(caspofungin)

Adverse Effects and Precautions
Adverse experiences reported with caspofungin have
included anaemia, diarrhoea, nausea and vomiting,
flushing, headache, fever, tachycardia, and venous
complications around the infusion site. Possible hista-

mine-mediated symptoms have been rash, facial swell-
ing, pruritus, sensation of warmth, or bronchospasm.
Anaphylaxis has occurred. 

Isolated cases of hepatotoxicity have occurred and pa-
tients who develop abnormal liver function tests
should be monitored for deterioration in hepatic func-
tion. Caspofungin may need to be given in reduced
doses to patients with hepatic impairment (see below).

Breast feeding. Caspofungin is excreted in the breast milk of
lactating animals, but the risk to breast-fed infants is suggested to
be low. Recommendations in licensed product information vary:
in the UK it recommends against use in women who are breast
feeding, while in the USA caution is advised.

Pregnancy. Caspofungin has been shown to cross the placenta
in animal studies and was shown to be embryotoxic in rats and
rabbits; it was noted that there were no adequate and well-con-
trolled studies in human pregnancy. Caspofungin is generally
only recommended in pregnancy if the benefits to the mother are
considered to outweigh the risks to the fetus.

Interactions
Although caspofungin is not metabolised by the hepat-
ic cytochrome P450 system, drugs that induce hepatic
enzymes may increase its clearance. Such effects have
been noted with carbamazepine, dexamethasone, efa-
virenz, nevirapine, phenytoin, and rifampicin, and an
increase in the dose of caspofungin should be consid-
ered in patients who are also taking these drugs and
who are not clinically responding (see Uses and Ad-
ministration, below). 

When caspofungin has been given with ciclosporin, an
increase in the area under the concentration-time curve
for caspofungin, as well as increases in hepatic en-
zymes, were observed and use of the two drugs togeth-
er is not recommended. 

Caspofungin has resulted in decreased blood concen-
trations of tacrolimus and therapeutic drug monitoring
and appropriate dosage adjustments to tacrolimus are
recommended.

Antimicrobial Action
Caspofungin inhibits the synthesis of β-1,3-D-glucan,
an essential component of the cell wall of many fungi.
Caspofungin exhibits in-vitro activity against many
Aspergillus spp. and is fungicidal against Candida spp.
including non-albicans strains.

Pharmacokinetics
Plasma concentrations of caspofungin decline in a
polyphasic manner after intravenous infusion. The ini-
tial short α-phase occurs immediately post-infusion
and is followed by a β-phase with a half-life of 9 to 11
hours; an additional longer γ-phase also occurs with a
half-life of 40 to 50 hours. Plasma clearance is depend-
ent on distribution rather than on biotransformation or
excretion. Caspofungin is highly bound to plasma pro-
tein. There is slow metabolism of caspofungin by hy-
drolysis and N-acetylation and excretion in faeces and
urine.

Uses and Administration
Caspofungin is an echinocandin antifungal used in the
treatment of invasive aspergillosis (p.517) in patients
who are refractory to, or intolerant of, other therapy. It
is also used in the treatment of invasive candidiasis and
as empirical therapy for presumed fungal infections in
febrile, neutropenic patients. 

Caspofungin is used as the acetate but doses are ex-
pressed in terms of the base; caspofungin acetate
77.7 mg is equivalent to about 70 mg of caspofungin.
It is given by slow intravenous infusion over about 1
hour. A loading dose of 70 mg is given on the first day
and is followed by 50 mg daily; in adult patients
weighing more than 80 kg, and in patients taking he-
patic-enzyme inducing drugs who fail to respond, a
daily dose of 70 mg is recommended. Doses may need
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

to be reduced in patients with hepatic impairment (see
below).
◊ Reviews.
1. Letscher-Bru V, Herbrecht R. Caspofungin: the first representa-

tive of a new antifungal class. J Antimicrob Chemother 2003; 51:
513–21. 

2. Deresinski SC, Stevens DA. Caspofungin. Clin Infect Dis 2003;
36: 1445–57. 

3. Denning DW. Echinocandin antifungal drugs. Lancet 2003; 362:
1142–51. 

4. McCormack PL, Perry CM. Caspofungin: a review of its use in
the treatment of fungal infections. Drugs 2005; 65: 2049–68. 

5. Morris MI, Villmann M. Echinocandins in the management of
invasive fungal infections, part 1. Am J Health-Syst Pharm 2006;
63: 1693–1703. 

6. Morris MI, Villmann M. Echinocandins in the management of
invasive fungal infections, part 2. Am J Health-Syst Pharm 2006;
63: 1813–20. 

7. Falagas ME, et al. Caspofungin for the treatment of fungal infec-
tions: a systematic review of randomized controlled trials. Int J
Antimicrob Agents 2007; 29: 136–43. 

8. Hope WW, et al. The pharmacology and clinical use of caspofun-
gin. Expert Opin Drug Metab Toxicol 2007; 3: 263–74. 

9. Waters L, Nelson M. The use of caspofungin in HIV-infected in-
dividuals. Expert Opin Invest Drugs 2007; 16: 899–908.

Administration in children. Caspofungin is not licensed for
use in paediatric patients, but has been prescribed.1 A retrospec-
tive study2 of 25 immunocompromised children with a median
age of 9.8 years, given at least one dose of caspofungin, found
that it appeared to be safe and well tolerated. Patients weighing
less than 50 kg had a dose of 0.8 to 1.6 mg/kg daily, while those
over 50 kg were given 50 to 75 mg daily. Another retrospective
review3 of 64 immunocompromised children with a median age
of 11.5 years, reported a success rate of 67.7% with caspofungin
at a median daily maintenance dose of 1.07 mg/kg, either as
monotherapy or with another antifungal. A case series4 of 10 ne-
onates (9 preterm) with invasive candidiasis not responsive to
amphotericin B and/or fluconazole reported that Candida spp.
were cleared from the blood in all patients in a mean of 4.3 days
after starting caspofungin therapy. Nine neonates were given an
initial dose of 1 mg/kg daily for the first 2 days followed by
2 mg/kg daily for 15 to 21 days; the other was given a lower
dose.
1. Lehrnbecher T, Groll AH. Experiences with the use of caspofun-

gin in paediatric patients. Mycoses 2008; 51 (suppl 1): 58–64. 
2. Franklin JA, et al. Retrospective study of the safety of caspofun-

gin in immunocompromised pediatric patients. Pediatr Infect
Dis J 2003; 22: 747–9. 

3. Groll AH, et al. Treatment with caspofungin in immunocompro-
mised paediatric patients: a multicentre survey. J Antimicrob
Chemother 2006; 57: 527–35. 

4. Odio CM, et al. Caspofungin therapy of neonates with invasive
candidiasis. Pediatr Infect Dis J 2004; 23: 1093–7.

Administration in hepatic impairment. Patients with mild
hepatic impairment do not require dosage adjustment. In patients
with moderate hepatic impairment, a daily dose of caspofungin
35 mg should be used after the initial dose of 70 mg; appropriate
doses for patients with severe hepatic impairment have not been
established.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cancidas; Austral.: Cancidas; Belg.: Cancidas; Braz.: Cancidas; Ca-
nad.: Cancidas; Chile: Cancidas; Cz.: Cancidas; Denm.: Cancidas; Fin.:
Cancidas; Fr.: Cancidas; Ger.: Cancidas; Gr.: Cancidas; Hong Kong: Can-
cidas; Hung.: Cancidas; Irl.: Cancidas; Israel: Cancidas; Ital.: Cancidas;
Malaysia: Cancidas; Neth.: Cancidas; Norw.: Cancidas; NZ: Cancidas;
Philipp.: Cancidas; Pol.: Cancidas; Port.: Cancidas; Rus.: Cancidas
(Кансидас); Singapore: Cancidas; Spain: Cancidas; Swed.: Cancidas;
Switz.: Cancidas; Thai.: Cancidas; Turk.: Cancidas; UK: Cancidas; USA:
Cancidas; Venez.: Cancidas.

Chlormidazole Hydrochloride (BANM, rINNM)

Chlormidazole, Chlorhydrate de; Chlormidazoli Hydrochlori-
dum; Clomidazole Hydrochloride; Hidrocloruro de clormidazol.
1-(4-Chlorobenzyl)-2-methylbenzimidazole hydrochloride.
Хлормидазола Гидрохлорид
C15H13ClN2,HCl = 293.2.
CAS — 3689-76-7 (chlormidazole); 54118-67-1 (chlormi-
dazole hydrochloride).
ATC — D01AC04.
ATC Vet — QD01AC04.

(chlormidazole)

Profile
Chlormidazole hydrochloride is an imidazole antifungal used
topically as the hydrochloride in the treatment of fungal infec-
tions of the skin. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Preparations
Proprietary Preparations (details are given in Part 3)
Pol.: Unifungicid.
Multi-ingredient: Austria: Myco-Synalar ; Pol.: Polfungicid; Switz.:
Myco-Synalar†.

Chlorphenesin (BAN, pINN)

Chlorphénésine; Chlorphenesinum; Clorfenesina; Kloorifenesiini;
Klorfenesin. 3-(4-Chlorophenoxy)propane-1,2-diol.
Хлорфенезин
C9H11ClO3 = 202.6.
CAS — 104-29-0.
ATC — D01AE07.
ATC Vet — QD01AE07.

Profile
Chlorphenesin has antifungal and antibacterial properties. It has
been applied locally in mild uncomplicated dermatophyte and
other cutaneous infections and in vaginal infections. 
Chlorphenesin carbamate (p.1894) is used as a skeletal muscle
relaxant.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Mycil†; Ger.: Soorphenesin†; India: Dermicil†.
Multi-ingredient: Austral.: ZSC; Austria: Aleot; Braz.: Oto Betnovate.

Ciclopirox (BAN, USAN, rINN)

Ciclopiroxum; Ciklopiroksas; Ciklopirox; Hoe-296b; Siklopiroksi.
6-Cyclohexyl-1-hydroxy-4-methyl-2-pyridone.
Циклопирокс
C12H17NO2 = 207.3.
CAS — 29342-05-0.
ATC — D01AE14; G01AX12.
ATC Vet — QD01AE14; QG01AX12.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ciclopirox). A white or yellowish-white, crystal-
line powder. Slightly soluble in water; freely soluble in alcohol
and in dichloromethane. Protect from light. 
USP 31 (Ciclopirox). A white to slightly yellowish white, crys-
talline powder. Slightly soluble in water; freely soluble in dehy-
drated alcohol and in dichloromethane; soluble in ether. Store at
a temperature of 15° to 30°. Protect from light.

Ciclopirox Olamine (BANM, USAN, rINNM)

Ciclopirox olamina; Ciclopirox olaminum; Ciclopiroxi Olaminum;
Ciclopiroxolamine; Ciclopiroxum Olaminum; Ciklopiroksas
olaminas; Ciklopirox olamin; Ciklopiroxolamin; Ciklopirox-
olamin; Hoe-296; Siklopiroksiolamiini; Sikloproks Olamin. The 2-
aminoethanol salt of 6-Cyclohexyl-1-hydroxy-4-methyl-2-pyri-
done.
Циклопирокс Оламин
C12H17NO2,C2H7NO = 268.4.
CAS — 41621-49-2.
ATC — D01AE14; G01AX12.
ATC Vet — QD01AE14; QG01AX12.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Ciclopirox Olamine). A white or pale yellow crys-
talline powder. It exhibits polymorphism. Slightly soluble in wa-
ter; very soluble in alcohol and in dichloromethane; slightly sol-
uble in ethyl acetate; practically insoluble in cyclohexane. A 1%

solution in water has a pH of 8.0 to 9.0. Protect from light. 
USP 31 (Ciclopirox Olamine). A white to slightly yellowish-
white, crystalline powder. Slightly soluble in water; very soluble
in alcohol and in dichloromethane; practically insoluble in cy-
clohexane. pH of a 1% solution in water is between 8.0 and 9.0.
Store in airtight containers at a temperature of 5° to 25°. Protect
from light.
Adverse Effects
Irritation and pruritus have been reported after topical applica-
tion of ciclopirox.
Antimicrobial Action
Ciclopirox has a wide spectrum of antifungal activity. It inhibits
most Candida, Epidermophyton, Microsporum, and Trichophy-
ton spp. and is also active against Malassezia furfur. It has some
antibacterial activity.
Uses and Administration
Ciclopirox is an antifungal that is applied topically in the treat-
ment of fungal skin and nail infections, including cutaneous can-
didiasis (p.518), dermatophytosis, pityriasis versicolor (see Skin
Infections, p.521), and seborrhoeic dermatitis (p.1584). It has
also been used in the treatment of vaginal candidiasis. 
It is applied twice daily for skin infections, as a cream, gel, sus-
pension, solution, or powder; both the base and the olamine salt
have been used, with products containing the equivalent of
0.77% ciclopirox base. 
A lacquer containing 8% ciclopirox base is applied once daily for
nail infections. 
A shampoo containing 1% ciclopirox base is used twice weekly
for the treatment of seborrhoeic dermatitis.
◊ References.
1. Gupta AK, Skinner AR. Ciclopirox for the treatment of superfi-

cial fungal infections: a review. Int J Dermatol 2003; 42 (suppl
1): 3–9. 

2. Gupta AK, Nicol KA. Ciclopirox 1% shampoo for the treatment
of seborrheic dermatitis. Int J Dermatol 2006; 45: 66–9.

Preparations
USP 31: Ciclopirox Olamine Cream; Ciclopirox Olamine Topical Suspen-
sion.

Proprietary Preparations (details are given in Part 3)
Arg.: Dermaflor†; Loprox; Micopirox; Stieprox; Austral.: Stieprox; Aus-
tria: Batrafen; Stieprox; Braz.: Fungirox†; Gino Loprox; Loprox; Micolami-
na; Micoliv†; Stiprox; Canad.: Loprox; Penlac; Stieprox; Chile: Batrafen;
Fungopirox; Mikium†; Stiprox; Cz.: Batrafen; Dafnegin; Stieprox; Denm.:
Mycofen; Stieprox; Fin.: Stieprox; Fr.: Mycosquam; Mycoster; Sebiprox; Sti-
prox; Ger.: Batrafen; Ciclopoli; Inimur Myko; Nagel Batrafen; Sebiprox; Gr.:
Candimyc; Dafnegin†; Myclopir ; Mycomycen; Neo-botacreme; Neo-myco-
dermol; Rozolam; Stieprox; Hong Kong: Batrafen; Stieprox; Hung.: Batraf-
en; India: Olamin; Onylac; Indon.: Batrafen; Loprox; Irl.: Batrafen†; Oila-
tum Scalp Treatment; Stieprox; Israel: Batrafen; Cicloderm; Ital.: Batrafen;
Biroxol†; Brumixol; Dafnegin; Miclast; Micomicen; Micoxolamina; Sebiprox;
Stiprox; Malaysia: Stieprox; Mex.: Loprox; Stiprox; Neth.: Loprox; Sebi-
prox; Norw.: Stieprox; NZ: Batrafen; Stieprox; Philipp.: Stieprox; Pol.:
Batrafen; Dafnegin; Hascofungin; Pirolam; Stieprox; Port.: Batrafen; My-
coster; Sebiprox; Rus.: Batrafen (Батрафен); Singapore: Stieprox; Spain:
Batrafen; Ciclochem; Fungowas; Rimafungol†; Sebiprox; Switz.: Batrafen;
Dafnegil Neo; Thai.: Cicloderm†; Loprox; Stieprox; Turk.: Canolen; Nibu-
len; UK: Oilatum Scalp Treatment; USA: Loprox; Penlac; Venez.: Batrafen.

Multi-ingredient: Arg.: Derm’s Shampoo; Stieproxal; Fr.: Novophane;
Novophane S; Stiproxal; India: Flucort-C; Israel: Cicloderm-C; UK: Oila-
tum Scalp Intensive.

Climbazole (BAN, rINN)

Bay-e-6975; Climbazol; Climbazolum; MEB-6401. 1-(p-Chlo-
rophenoxy)-1-imidazol-1-yl-3,3-dimethyl-2-butanone.
Климбазол
C15H17ClN2O2 = 292.8.
CAS — 38083-17-9.

Profile
Climbazole is an azole antifungal included in preparations for the
topical treatment of seborrhoeic dermatitis. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Mencogrin; Micocert; Micodual; Chile: Eucerin
Shampoo Anticaspa; Node DS; Shampoo Anticaspa; Fr.: Item Alphazole;
Node DS; Node P; Sebosquam; Squaphane; Squaphane E; Squaphane
Masque-Creme; Squaphane P; Squaphane S; Ital.: Derman-Shampoo AF†;
Pitiren; Port.: Alphazole†; Efluvium Anti-caspa; Venez.: Node DS; Sensibio
DS.
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Clotrimazole (BAN, USAN, rINN)

Bay-5097; Clotrimazol; Clotrimazolum; FB-5097; Klotrimatsoli;
Klotrimazol; Klotrimazolas; Klotrymazol. 1-(α-2-Chlorotrityl)imi-
dazole.
Клотримазол
C22H17ClN2 = 344.8.
CAS — 23593-75-1.
ATC — A01AB18; D01AC01; G01AF02.
ATC Vet — QA01AB18; QD01AC01; QG01AF02; 
QJ02AB90.

NOTE. Compounded preparations of clotrimazole may be repre-
sented by the following names: 
• Co-climasone (PEN)—clotrimazole and betamethasone di-

propionate.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn,  and US. 
Ph. Eur. 6.2 (Clotrimazole). A white or pale yellow crystalline
powder. Practically insoluble in water; soluble in alcohol and in
dichloromethane. Protect from light. 
USP 31 (Clotrimazole). A white to pale yellow, crystalline pow-
der. Practically insoluble in water; freely soluble in alcohol, in
acetone, in chloroform, and in methyl alcohol. Store in airtight
containers.

Adverse Effects and Precautions
Nausea, vomiting, unpleasant mouth sensations, and
pruritus have been reported after the use of oral clot-
rimazole lozenges. Raised liver enzyme values have
also occurred. Local reactions including irritation and
a burning sensation may occur in patients treated topi-
cally; contact allergic dermatitis has been reported. 
Intravaginal preparations of clotrimazole may damage
latex contraceptives and additional contraceptive
measures are therefore necessary during local applica-
tion. 
Gastrointestinal disturbance, elevation of liver en-
zymes, dysuria, and mental depression have been re-
ported after oral clotrimazole (although this route is no
longer used). For a discussion of the caution needed
when using azole antifungals during pregnancy, see
under Pregnancy in Precautions of Fluconazole, p.532.

Antimicrobial Action
Clotrimazole is an imidazole antifungal with antimi-
crobial activity similar to that of ketoconazole (p.539).

Pharmacokinetics
When applied topically clotrimazole penetrates the ep-
idermis but there is little if any systemic absorption.
Absorption of 3 to 10% of a dose has been reported
after vaginal use. Clotrimazole is metabolised in the
liver to inactive compounds and excreted in the faeces
and urine.

Uses and Administration
Clotrimazole is an imidazole antifungal used topically
in superficial candidiasis (p.518), and in the skin infec-
tions pityriasis versicolor and dermatophytosis (see
Skin Infections, p.521). Clotrimazole may also be used
occasionally for symptomatic relief of the protozoal in-
fection trichomoniasis when other drugs are contra-in-
dicated (see p.827). 
Clotrimazole is applied topically two or three times
daily for 2 to 4 weeks as a 1% cream, lotion, spray, or
solution in the treatment of fungal skin infections; a 1%
powder may be used with the cream or solution and has
been applied to prevent re-infection. The 1% solution
is also used topically for fungal otitis externa. Clotrim-
azole is given as pessaries in dosage regimens of
100 mg for 6 days, 200 mg for 3 days, or a single dose
of 500 mg in the treatment of vulvovaginal candidiasis;

similar doses are given as a 1, 2, or 10% vaginal cream.
It may be necessary to treat balanitis in male partners
concurrently. 
For the treatment of oropharyngeal candidiasis one 10-
mg lozenge of clotrimazole is dissolved in the mouth
five times daily for 14 days. For the prophylaxis of
oropharyngeal candidiasis in patients receiving immu-
nosuppressant therapy the dose is one 10-mg lozenge
three times daily for the duration of the immunosup-
pressant treatment. Clotrimazole has also been given
orally but has now been largely superseded by other
azole drugs.
Sickle-cell disease. Oral clotrimazole has been investigated
for the treatment of sickle-cell disease (p.1044).
1. Brugnara C, et al. Therapy with oral clotrimazole induces inhi-

bition of the Gardos channel and reduction of erythrocyte dehy-
dration in patients with sickle cell disease. J Clin Invest 1996;
97: 1227–34.

Preparations
BP 2008: Clotrimazole Cream; Clotrimazole Pessaries; 
USP 31: Clotrimazole and Betamethasone Dipropionate Cream; Clotrim-
azole Cream; Clotrimazole Lotion; Clotrimazole Lozenges; Clotrimazole
Topical Solution; Clotrimazole Vaginal Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Aflorix; Clotri-Q; Clotrix; Empecid; Eximius; Ikolan†; Klomazole; Livo-
monil; Medifungol; Micoclin; Micomax; Micomazol; Micomazol Deo; Mi-
cosep; Micosep B; Micotrim; Mycanden; Panmicol; Sinfung; Trimazol; Aus-
tral.: Canesten; Chemists Own Clozole; Clofeme; Clonea; Clotreme†;
Femizol; Gyne-Lotrimin†; Tinaderm Extra; Topizol; Austria: Candibene;
Canesten; Myko Cordes; Pedikurol; Belg.: Canestene; Gyno-Canestene†;
Braz.: Antimicotico Martel; Canesten; Clomazen; Clomazol; Clotigen;
Clotren; Clotriderm; Clotrimix†; Clotrizan; Dermobene; Gino-Canesten;
Gino-Clotrimix; Kinasten; Miclonazol; Micosten†; Micotrat; Micotrizol†;
Neo Clotrimazyl; Canad.: Canesten; Clotrimaderm; Chile: Arnela; Axasol;
Canesten; Cestop†; Clotrimin; Cotrisan; Creminem; Funzal; Gynocanesten;
Konifungil; Laboterol†; Novacetol; Telugren; Cz.: Aknecolor ; Baycuten;
Candibene; Canesten; Canifug; Imazol; Jenamazol; Plimycol†; Denm.: Can-
esten; Fin.: Canesten; Ger.: Antifungol; Aru C†; Azutrimazol†; Benzoderm
Myco†; Candazol†; Canesten; Canifug; Cloderm; Clotrigalen; cutistad†; du-
rafungol; Fungiderm; Fungizid; Gilt; Gyno-Canesten†; Holfungin†; Jenama-
zol†; KadeFungin; Mycofug; Myko Cordes; Mykofungin; Mykohaug; Ovis
Neu†; SD-Hermal; Uromykol; Gr.: Canesten; Factodin; Hong Kong: Aris-
ten; Canesten; Clocreme; Clotri-Denk; Clozole; Cotren; Fungizid†; Gyne-
Lotremin; Kamicin; Lotremin; Mycoril; Tricloderm; Warimazol†; Hung.:
Candibene; Canesten; Canifug; India: Candid; Clocip; Clozol; Imidil; Myco-
cid; Mycoderm-C; Surfaz; Indon.: Bernesten; Canesten; Clonitia; Fungi-
derm; Gyne-Lotremin; Kranos; Lotremin; Medisten; Trimadan; Irl.: Can-
esten; Israel: Agisten; Baby Agisten; Clotrimaderm; Myco-Hermal; Oralten
Troche; Ital.: Antimicotico; Canesten; Gyno-Canesten; Malaysia: Canda-
zole; Candid; Canesten; Clomazole; Cotren†; Fungicip; Gyne-Lotremin; Gy-
nostatum†; Loriderm†; Lotremin; Micoter†; Trimazol†; Mex.: Altenal; Bay-
cuten; Candimon; Candiphen; Canesten; Cinabel†; Clocan; Clomacin;
Dermasten; Euroderm; Liferzol; Lomecan V; Lonestin†; Lotrimin; Tenescan;
Neth.: Canesten; Parvemaxol; Norw.: Canesten; NZ: Canesten; Clo-
creme; Clomazol; Clotrihexal; Clotrimaderm; Philipp.: Candid V6; Can-
esten; Cloxy; Gixaderm; Gynesol; Vaff; Pol.: Canesten; Port.: Candid†;
Canesten; Diomicete; Gino-Canesten; Gino-Lotremine; Lotremine; Mico-
lysin; Nalbix; Pan-Fungex; Rus.: Amyclon (Амиклон)†; Antifungol
(Антифунгол); Candibene (Кандибене); Candid (Кандид); Candid V6
(Кандид В6); Canesten (Канестен); S.Afr.: A-Por; Canalba; Candaspor;
Candizole; Canesten; Canex; Closcript; Covospor ; Fungispor ; Gyno-
Trimaze†; Medaspor; Micomisan; Mycoban†; Mycohexal; Normospor; Stie-
mazol; Trimaze; Xeraspor; Singapore: Candazole; Canesten; Cotren; Cris-
tan; Gyne-Lotremin†; Lotremin†; Myco-Hermal; Mycoril; Sastid Anti-Fungal;
Vanesten†; Spain: Canesten; Fungidermo; Gine Canesten; Swed.: Can-
esten; Switz.: Acnecolor; Canestene; Corisol; Eurosan†; Fungotox; Grom-
azol; Gyno-Canestene; Imazol; Undex; Thai.: Caginal; Canadine†; Canazol;
Candazole; Candid; Candinox; Canesten; Chingazol; Clotri†; Clotricin; Co-
mat; Cotren; CST; Defungo; Dermaten; Fango Cream; Fungicon; Fungi-
derm; Gynebo; Kanezin; Klamacin; Manomazole; Mycoderm-C; Mycozole;
Nestic; Taraten; Vamazole; Vanesten; Zema; Turk.: Canesten; Clozol; Fun-
gosten; Gyno-Canesten; UK: Abtrim†; Candiden†; Canesten; Canesten
Combi; Fungederm; Privacom†; USA: Gyne-Lotrimin; Lotrimin; Lotrimin
AF; Mycelex; Mycelex-7; Venez.: Canesten; Clortilen; Clotrizol; Fugolin; Gi-
nolotricomb; Gyno Canesten; Imazol; Ipalat; Lecibis†; Micozol; Oxisol†; Po-
lik.
Multi-ingredient: Arg.: Becortin; Calmurid; Cortispec; Dermovit†; Em-
pecid Cort; Hongal; Lotricomb; Micomazol B; Quadriderm; Quiacort G
Plus; Vagarne†; Vagisan Compuesto; Vitacortil; Austral.: Canesoral Duo;
Hydrozole; Austria: Myko Cordes; Belg.: Lotriderm; Braz.: Baycuten; Ca-
nad.: Lotriderm; Chile: B-Laboterol; Baycuten; Cestop B†; Clotrimin-B;
Creminem-B; Cutanil; Donomix; Locrim; Lotriderm; Novadrel; Novarnela;
Telugren Plus; Tribesona; Cz.: Imacort; Imazol Plus; Lotriderm†; Denm.:
Clotrason; Fr.: Triazol†; Ger.: Antifungol; Baycuten HC; Baycuten†; Can-
esten HC†; Fungidexan; Imazol; Imazol comp; Lotricomb; Myko Cordes
Plus; Hong Kong: Becogem; Canesten HC; Clobeta-G; Clotrinolon; Der-
zid-C; Lozopin; Synco-CFN; Triderm; India: Candibiotic; Candid B; Candid
Ear Drops; Candid-TV; Candiderma +; Candiderma†; Cloben-G; Clocip B;
Clocip NB; Clomycin; Cutinorm†; Fourderm AF; NC-Derm; Neocip FC;
Otek-AC+; Sigmaderm; Sofradex-F; Surfaz; Surfaz-SN; Translipo-Triple; In-
don.: Baycuten-N; Heltiskin; Lotriderm; Irl.: Canesten HC; Lotriderm; Is-
rael: Agisten with Aloe Vera; Clotrisone; Hydroagisten; Polycutan; Tevacu-
tan; Triderm; Ital.: Desamix Effe; Meclon; Malaysia: Baycuten N;
Betamethasone Clo; Candacort; Triderm-C; Mex.: Barmicil Compuesto;
Baycuten N; Beclogen; Betrigen; Clotricina; Gelmicin; Miclobet; Prubagen;
Quadriderm NF; Triderm; Xyloderm; NZ: Lotricomb†; Philipp.: Baycuten;
Candibec; Clotrasone; Triderm; Pol.: Lotriderm; Triderm; Port.: Baycuten;
Beta-Micoter; Flotiran; Quadriderme; Rus.: Akriderm GK (Акридерм ГК);
Candibiotic (Кандибиотик); Candid B (Кандид Б); Metrogyl Plus
(Метрогил Плюс); Triderm (Тридерм); S.Afr.: Lotriderm; Singapore:
Candacort; Canesten HC; Clotrasone†; Combiderm; Gentriderm; Gen-
trisone; Modaderm; Neoderm; Triderm; Spain: Beta Micoter; Clotrasone;
Switz.: Imacort; Imazol; Triderm; Thai.: Bacda-B; Canasone†; Canazol-BE;
Candacort; Clotrasone†; Derzid-C; Fango-B; Fungicon; Fungiderm-B; Gy-
nesten-B; Gynestin; Myda-B; Myrazole-B; Twina; Turk.: Imazol; UK: Can-
esten HC; USA: Lotrisone; Venez.: Baycuten N; Lotricomb; Lotrisone; Tri-
derm.

Cloxiquine (rINN)

5-Chloro-8-hydroxyquinoline; Cloxiquina; Cloxiquinum; Cloxy-
quin (USAN). 5-Chloroquinolin-8-ol.

Клоксихин
C9H6ClNO = 179.6.
CAS — 130-16-5.

Profile
Cloxiquine has been included in preparations used topically for
the treatment of fungal and bacterial skin infections. It is a com-
ponent of halquinol, p.286.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Decoderm trivalent; Indon.: Decoderm 3;
Thai.: Supracortin 3†.

Croconazole Hydrochloride (rINNM)

Cloconazole Hydrochloride; Croconazol, Chlorhydrate de; Cro-
conazoli Hydrochloridum; Hidrocloruro de croconazol; 710674-
S (croconazole). 1-(1-{o-[(m-Chlorobenzyl)oxy]phenyl}vinyl)imi-
dazole hydrochloride.

Кроконазола Гидрохлорид
C18H15ClN2O,HCl = 347.2.
CAS — 77175-51-0 (croconazole).

(croconazole)

Pharmacopoeias. In Jpn.

Profile
Croconazole is an imidazole antifungal used topically in the
treatment of superficial cutaneous candidiasis, dermatophytosis,
and pityriasis versicolor. It is applied as a 1% cream or gel con-
taining the hydrochloride. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Pilzcin; Ger.: Pilzcin; Jpn: Pilzcin.

Eberconazole Nitrate (rINNM)

Éberconazole, Nitrate de; Eberconazoli Nitras; Nitrato de eber-
conazol. (±)-1-(2,4-Dichloro-10,11-dihydro-5H-dibenzo[a,d]cy-
clohepten-5-yl)imidazole nitrate.

Эберконазола Нитрат
C18H14Cl2N2,NO3 = 391.2.
CAS — 128326-82-9 (eberconazole).

(eberconazole)

Profile
Eberconazole nitrate is an imidazole antifungal used topically as
a 1% cream in the treatment of superficial fungal infections of the
skin. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
◊ References.
1. del Palacio A, et al. A double-blind randomized comparative tri-

al: eberconazole 1% cream versus clotrimazole 1% cream twice
daily in Candida and dermatophyte skin infections. Mycoses
2001; 44: 173–80. 

2. Repiso Montero T, et al. Eberconazole 1% cream is an effective
and safe alternative for dermatophytosis treatment: multicenter,
randomized, double-blind, comparative trial with miconazole
2% cream. Int J Dermatol 2006; 45: 600–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Ebernet; Ebertop; Ebesupol.

Econazole (BAN, USAN, rINN)

Econazol; Éconazole; Econazolum; Ekonatsoli; Ekonazol; Ekona-
zolas. 1-[2,4-Dichloro-β-(4-chlorobenzyloxy)phenethyl]imida-
zole.
Эконазол
C18H15Cl3N2O = 381.7.
CAS — 27220-47-9.
ATC — D01AC03; G01AF05.
ATC Vet — QD01AC03; QG01AF05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Econazole). A white or almost white powder. M.p.
88° to 92°. Practically insoluble in water; very soluble in alcohol
and in dichloromethane. Protect from light.

Econazole Nitrate (BANM, USAN, rINNM)

C-C2470; Éconazole, nitrate d’; Econazoli nitras; Ekonatsolini-
traatti; Ekonazolnitrat; Ekonazol-nitrát; Ekonazolo nitratas; Nitra-
to de econazol; R-14827; SQ-13050. (±)-1-[2,4-Dichloro-β-(4-
chlorobenzyloxy)phenethyl]imidazole nitrate.

Эконазола Нитрат
C18H15Cl3N2O,HNO3 = 444.7.
CAS — 24169-02-6 (econazole nitrate); 68797-31-9
((±)-econazole nitrate).
ATC — D01AC03; G01AF05.
ATC Vet — QD01AC03; QG01AF05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Econazole Nitrate). A white or almost white crys-
talline powder. Very slightly soluble in water; slightly soluble in
alcohol; sparingly soluble in dichloromethane; soluble in methyl
alcohol. Protect from light. 
USP 31 (Econazole Nitrate). A white or practically white, crys-
talline powder, with not more than a slight odour. Very slightly
soluble in water and in ether; slightly soluble in alcohol; sparing-
ly soluble in chloroform; soluble in methyl alcohol. Protect from
light.

Adverse Effects and Precautions
Local reactions including burning and irritation may
occur when econazole nitrate is applied topically. Con-
tact dermatitis has been reported rarely. 
Intravaginal preparations of econazole may damage la-
tex contraceptives and additional contraceptive meas-
ures are therefore necessary during local application. 
For a discussion of the caution needed when using
azole antifungals during pregnancy, see under Preg-
nancy in Precautions of Fluconazole, p.532.
Porphyria. Econazole nitrate has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Antimicrobial Action
Econazole is an imidazole antifungal with antimicrobi-
al activity similar to that of ketoconazole (p.539).

Pharmacokinetics
Absorption is not significant when econazole nitrate is
applied to the skin or vagina.

Uses and Administration
Econazole is an imidazole antifungal used topically in
the treatment of superficial candidiasis (see p.518) and
in dermatophytosis and pityriasis versicolor (see Skin
Infections, p.521). 
Econazole nitrate is applied topically up to 3 times dai-
ly as a 1% cream, lotion, powder, or solution in the
treatment of fungal skin infections. Treatment is con-
tinued for 2 to 4 weeks. It is also used in the treatment
of vaginal candidiasis as pessaries of 150 mg once dai-
ly at bedtime for 3 consecutive nights; a single dose of
150 mg in a long-acting formulation has also been
used. Intravaginal use of 5 g of a 1% cream once daily
at night has been given for 2 weeks. A 1% cream may
be used concurrently for the treatment of vulval infec-
tions or for the treatment of balanitis in a male partner. 
In the treatment of fungal infections of the nails, a 1%
cream or lotion is applied once daily and covered with
an occlusive dressing. 
Econazole nitrate has also been used as eye or ear
drops. 
Econazole sulfosalicylate has also been used.
Preparations
BP 2008: Econazole Cream; Econazole Pessaries.

Proprietary Preparations (details are given in Part 3)
Arg.: Dermocitran; Micocide; Micofitex†; Micolis; Micotex; Novo Parami-
con; Sinamida Econazol; Austral.: Dermazole; Pevaryl; Austria: Gyno-Pe-
varyl; Pevaryl; Belg.: Gyno-Pevaryl; Pevaryl; Braz.: Dermazol; Micostyl; Ca-
nad.: Ecostatin; Chile: Micolis; Cz.: Gyno-Pevaryl; Pevaryl; Denm.: Pevaryl;
Fin.: Pevaryl; Fr.: Dermazol; Fongeryl; Gyno-Pevaryl; Mycoapaisyl; Pevaryl;
Ger.: Epi-Pevaryl; Epi-Pevaryl Pv; Gyno-Pevaryl; Gr.: Bismultin; Mycobacter;
Nectarmicin†; Penicomb; Pevaryl; Unifungin; Hong Kong: Dermazole†;
Econite; Ecosone; Gyno-Pevaryl†; Heads Shampoo; Pevaryl†; Hung.:
Gyno-Pevaryl; Pevaryl; India: Ecanol; Irl.: Ecostatin; Gyno-Pevaryl; Pevaryl†;
Israel: Gyno-Pevaryl; Pevaryl; Ital.: Chemionazolo†; Dermazol†; Eccel-
ium†; Eco Mi; Ecodergin; Ecorex; Ecosteril; Ganazolo; Ifenec; Micos; Pevaryl;
Polinazolo; Malaysia: Ecoderm†; Gyno-Pevaryl; Pevaryl†; Zoliderm†;
Mex.: Micostyl; Pevaryl; Neth.: Pevaryl; Norw.: Pevaryl; NZ: Dermazole†;
Ecreme; Gyno-Pevaryl†; Pevaryl; Philipp.: Pevaryl; Pol.: Gyno-Pevaryl; Pe-
varyl; Pevazol; Port.: Gyno-Pevaryl; Pevaryl; Rus.: Ecalin (Экалин); Ecodax
(Экодакс); Ecomikole (Экомикол)†; Gyno-Pevaryl (Гино-Певарил); Ifenec
(Ифенек); S.Afr.: Ecoderm; Econal-C; Gyno-Pevaryl; Pevaryl; Singapore:
Dermazole†; Gyno-Pevaryl; Pevaryl†; Spain: Ecotam; Gyno-Pevaryl; Mi-
coespec; Pevaryl; Swed.: Pevaryl; Switz.: Gyno-Pevaryl; Pevaryl; Sebolith;
Thai.: Econ; UK: Ecostatin; Gyno-Pevaryl; Pevaryl; USA: Spectazole; Ven-
ez.: Gyno-Pevaryl; Gynomiconax†; Miconax; Mizol†; Pevaryl.

Multi-ingredient: Arg.: Diflunazol†; Filoderma Plus; Griseocrem; Griseo-
plus; Novo Bacticort Complex†; Austria: Pevaryl; Pevisone; Belg.: Pevi-
sone; Denm.: Pevisone; Fin.: Pevisone; Fr.: Pevisone; Ger.: Epi-Pevaryl
Heilpaste†; Epipevisone; Gr.: Pevison; Hong Kong: Pevisone; Triconazole;
India: Cobederm-H; Ecodax†; Israel: Pevisone; Ital.: Pevisone; Malaysia:
Ecocort; Econazine; Pevisone†; Norw.: Pevisone; Philipp.: Nizolex; Pevaryl
HP; Pevisone; Pol.: Pevisone; Port.: Pevisone; S.Afr.: Pevisone; Singapore:
Ecocort; Econazine; Pevisone†; Swed.: Pevisone; Switz.: Pevaryl; Pevisone;
Thai.: Ecocort; Ecoderm; Pevisone†; Tricozole; UK: Econacort.

Enilconazole (BAN, USAN, rINN)

Enilconazol; Énilconazole; Enilconazolum; Enilkonatsoli; Enilkona-
zol; R-23979. (±)-1-(β-Allyloxy-2,4-dichlorophenethyl)imidazole.
Энилконазол
C14H14Cl2N2O = 297.2.
CAS — 35554-44-0.
ATC Vet — QD01AC90.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Enilconazole for Veterinary Use; Enilconazole
BP(Vet) 2008). A clear, yellowish, oily liquid or solid mass. Very
slightly soluble in water; freely soluble in alcohol, in methyl al-
cohol, and in toluene. Store in airtight containers. Protect from
light.
Profile
Enilconazole is an imidazole antifungal used topically in veteri-
nary medicine for the treatment of fungal skin infections in cattle,
horses, and dogs. It is also used by inhalation for the treatment of
aspergillosis in ostriches.

Fenticlor (BAN, USAN, rINN)

D-25; Fenticloro; Fenticlorum; HL-1050; NSC-4112; Ph-549; S-
7. 2,2′-Thiobis(4-chlorophenol).

Фентиклор
C12H8Cl2O2S = 287.2.
CAS — 97-24-5.

Profile
Fenticlor is an antifungal that has been applied topically in the
treatment of dermatophyte infections. 
Photosensitivity reactions have been reported.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Spain: Dermisdin†.

Fenticonazole Nitrate (BANM, USAN, rINNM)

Fenticonazole, nitrate de; Fenticonazoli nitras; Fentikonatsolini-
traatti; Fentikonazolnitrat; Fentikonazol-nitrát; Fentikonazolo ni-
tratas; Nitrato de fenticonazol; Rec-15/1476. (±)-1-[2,4-Dichlo-
ro-β-{[p-(phenylthio)benzyl]oxy}phenethyl]imidazole mononi-
trate.

Фентиконазола Нитрат
C24H20Cl2N2OS,HNO3 = 518.4.
CAS — 72479-26-6 (fenticonazole); 73151-29-8 (fentico-
nazole nitrate).
ATC — D01AC12; G01AF12.
ATC Vet — QD01AC12; QG01AF12.

(fenticonazole)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Fenticonazole Nitrate). A white or almost white,
crystalline powder. Practically insoluble in water; sparingly sol-
uble in dehydrated alcohol; freely soluble in dimethylformamide
and in methyl alcohol. Protect from light.

Adverse Effects and Precautions
Burning and itching have been reported after the application of
fenticonazole nitrate. 
Intravaginal preparations of fenticonazole may damage latex
contraceptives and additional contraceptive measures are there-
fore necessary during local application. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

Antimicrobial Action
Fenticonazole is an imidazole antifungal active against a range of
organisms including dermatophyte pathogens, Malassezia furfur,
and Candida albicans.

Uses and Administration
Fenticonazole is an imidazole antifungal used locally as the ni-
trate in the treatment of vulvovaginal candidiasis (p.518). A 200-
mg pessary is inserted into the vagina at bedtime for 3 nights or
a 600-mg pessary is inserted once only at bedtime. Fenticonazole
nitrate is also applied topically as a 2% cream or solution for the
treatment of fungal skin infections.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Lomexin†; Austria: Lomexin; Braz.: Fentizol; Lomexin; Cz.: Lomex-
in; Fr.: Lomexin; Terlomexin; Ger.: Fenizolan; Lomexin; Gr.: Lomexin;
Hung.: Gynoxin; Ital.: Falvin; Fentiderm†; Fentigyn†; Lomexin; Mex.:
Lomexin; Neth.: Gynoxin; Pol.: Gynoxin; Port.: Lomexin; S.Afr.: Lomex-
in†; Singapore: Lomexin†; Spain: Laurimic; Lomexin; Micofulvin; Switz.:
Mycodermil; Turk.: Gyno-Lomexin; UK: Lomexin†; Venez.: Mycofentin.
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Fluconazole (BAN, USAN, rINN)

Fluconazol; Fluconazolum; Flukonatsoli; Flukonazol; UK-49858. 2-
(2,4-Difluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)propan-2-ol.
Флуконазол
C13H12F2N6O = 306.3.
CAS — 86386-73-4.
ATC — D01AC15; J02AC01.
ATC Vet — QD01AC15; QJ02AC01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Fluconazole). A white or almost white, hygroscop-
ic, crystalline powder. It exhibits polymorphism. Slightly soluble
in water; freely soluble in methyl alcohol; soluble in acetone.
Store in airtight containers. 
USP 31 (Fluconazole). A white or almost white, crystalline pow-
der. Slightly soluble in water; soluble in alcohol and in acetone;
sparingly soluble in chloroform and in isopropyl alcohol; freely
soluble in methyl alcohol; very slightly soluble in toluene. Store
in airtight containers at a temperature below 30°.
Incompatibility and stability. References.
1. Lor E, et al. Visual compatibility of fluconazole with commonly

used injectable drugs during simulated Y-site administration. Am
J Hosp Pharm 1991; 48: 744–6. 

2. Couch P, et al. Stability of fluconazole and amino acids in
parenteral nutrient solutions. Am J Hosp Pharm 1992; 49:
1459–62. 

3. Hunt-Fugate AK, et al. Stability of fluconazole in injectable so-
lutions. Am J Hosp Pharm 1993; 50: 1186–7. 

4. Ishisaka DY. Visual compatibility of fluconazole with drugs giv-
en by continuous infusion. Am J Hosp Pharm 1994; 51: 2290 and
2292.

Adverse Effects
Adverse effects reported with fluconazole most com-
monly affect the gastrointestinal tract and include ab-
dominal pain, diarrhoea, flatulence, nausea and vomit-
ing, and taste disturbance. Other adverse effects
include headache, dizziness, leucopenia, thrombocyto-
penia, hyperlipidaemias, and raised liver enzyme val-
ues. Serious hepatotoxicity has been reported in pa-
tients with severe underlying disease such as AIDS or
malignancy. Anaphylaxis and angioedema have been
reported rarely. 
Skin reactions are rare but exfoliative cutaneous reac-
tions such as toxic epidermal necrolysis and Stevens-
Johnson syndrome have occurred, more commonly in
patients with AIDS.
Alopecia. Alopecia has occasionally been reported in patients
receiving fluconazole, especially during prolonged use.1,2

1. Weinroth SE, Tuazon CU. Alopecia associated with fluconazole
treatment. Ann Intern Med 1993; 119: 637. 

2. Pappas PG, et al. Alopecia associated with fluconazole therapy.
Ann Intern Med 1995; 123: 354–7.

Effect on electrolyte balance. Hypokalaemia was associated
with fluconazole in 3 patients with acute myeloid leukaemia.1
1. Kidd D, et al. Hypokalaemia in patients with acute myeloid leu-

kaemia after treatment with fluconazole. Lancet 1989; i: 1017.

Effects on the heart. Prolonged QT interval and torsade de
pointes have been reported rarely in patients receiving flucona-
zole.1-5

1. Wassmann S, et al. Long QT syndrome and torsade de pointes in
a patient receiving fluconazole. Ann Intern Med 1999; 131: 797. 

2. Tholakanahalli VN, et al. Fluconazole-induced torsade de
pointes. Ann Pharmacother 2001; 35: 432–4. 

3. Khazan M, Mathis AS. Probable case of torsades de pointes in-
duced by fluconazole. Pharmacotherapy 2002; 22: 1632–7. 

4. Pham CP, et al. Long QTc interval and torsade de pointes caused
by fluconazole. Ann Pharmacother 2006; 40: 1456–61. 

5. McMahon JH, Grayson ML. Torsades de pointes in a patient re-
ceiving fluconazole for cerebral cryptococcosis. Am J Health-
Syst Pharm 2008; 65: 619–23.

Effects on the liver. Although severe hepatic reactions to flu-
conazole are rare they have been reported, especially in patients
with severe underlying diseases or hepatic dysfunction.1,2 Ele-
vated liver enzymes are commonly found and there have been
reports of jaundice.3,4 Hepatic necrosis has been seen rarely post
mortem in patients with severe underlying disease who had re-
ceived fluconazole. In one such patient, hepatotoxicity was con-
cluded to be dose-dependent.5
1. Wells C, Lever AML. Dose-dependent fluconazole hepatotoxic-

ity proven on biopsy and rechallenge. J Infect 1992; 24: 111–12. 

2. Jacobson MA, et al. Fatal acute hepatic necrosis due to flucona-
zole. Am J Med 1994; 96: 188–90. 

3. Holmes J, Clements D. Jaundice in HIV positive haemophiliac.
Lancet 1989; i: 1027. 

4. Franklin IM, et al. Fluconazole-induced jaundice. Lancet 1990;
336: 565. 

5. Bronstein J-A, et al. Fatal acute hepatic necrosis due to dose-
dependent fluconazole hepatotoxicity. Clin Infect Dis 1997; 25:
1266–7.

Hypersensitivity. Desensitisation has been successfully car-
ried out in a patient with AIDS who exhibited hypersensitivity to
both fluconazole and itraconazole.1 Gradually increasing oral
doses of fluconazole (starting at 5 mg daily) were given over 7
days; thereafter dosage was maintained at 400 mg daily. No ad-
verse reactions were noted during the desensitisation period or in
the 3 months up to the publication of the report.
1. Takahashi T, et al. Desensitization to fluconazole in an AIDS

patient. Ann Pharmacother 2001; 35: 642–3.

Precautions
Fluconazole should be used with caution in patients
with impaired hepatic or renal function. Abnormalities
in haematological, hepatic, and renal-function tests
have been observed in patients with serious underlying
diseases such as AIDS or malignancy. Cases of torsade
de pointes and QT prolongation have been reported
rarely and caution is advised when giving fluconazole
to patients with proarrhythmic conditions. 
Teratogenicity has occurred in animals given high dos-
es of fluconazole and its use is not recommended in
pregnancy (see under Pregnancy, below).
Breast feeding. Fluconazole is distributed into breast milk,
achieving concentrations similar to those found in maternal plas-
ma,1 and its use in women who are breast feeding is not recom-
mended by licensed product information. 
In one report,2 no untoward effects, other than a slight increase in
lactase dehydrogenase level, were seen in an infant who was ex-
posed to fluconazole in breast milk for 6 weeks. 
The American Academy of Pediatrics considers that the use of
fluconazole is usually compatible with breast feeding.3

1. Force RW. Fluconazole concentrations in breast milk. Pediatr
Infect Dis J 1995; 14: 235–6. 

2. Bodley V, Powers D. Long-term treatment of a breastfeeding
mother with fluconazole-resolved nipple pain caused by yeast: a
case study. J Hum Lact 1997; 13: 307–11. 

3. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 21/06/05)

Pregnancy. High (toxic) doses of fluconazole, itraconazole,
and ketoconazole have been reported to be teratogenic in rodents.
Although there is little information about the use of these drugs
in human pregnancy, there is a report of a woman who took flu-
conazole 400 mg daily throughout pregnancy and who gave
birth to an infant with severe craniofacial and limb abnormali-
ties.1 The abnormalities resembled those associated with the
Antley-Bixler syndrome, a genetic disorder, but a teratogenic ef-
fect could not be excluded. Although prescription-event-moni-
toring studies of fluconazole did not reveal adverse effects on the
fetus,2-4 congenital abnormalities have occurred in infants whose
mothers were given high doses of fluconazole for 3 months or
more. Data collected by the manufacturer,5 relating to 198 wom-
en exposed to itraconazole during the first trimester of pregnan-
cy, indicated that the malformation rate for both exposed women
and matched controls was within the expected baseline risk for
the general population. Nevertheless, the manufacturers recom-
mend that fluconazole, itraconazole, and ketoconazole should be
avoided during pregnancy. 
Licensed product information states that doses of voriconazole
equivalent to those used therapeutically have been shown to be
teratogenic and embryotoxic in rodents. It therefore recommends
that voriconazole should be avoided during pregnancy and that
women of child bearing potential should use effective contracep-
tion during treatment. Similar recommendations have been made
for posaconazole. 
Other azole antifungals including butoconazole, clotrimazole,
econazole, miconazole, sulconazole, terconazole, and tiocona-
zole are reported to be embryotoxic but not teratogenic in rodents
given high doses. Many of these drugs are used topically or in-
travaginally and the systemic absorption from these routes of ad-
ministration varies. While these drugs may not necessarily be
contra-indicated in pregnancy, consideration should be given to
these potential risks when choosing antifungal therapy for such
patients.
1. Lee BE, et al. Congenital malformations in an infant born to a

woman treated with fluconazole. Pediatr Infect Dis J 1992; 11:
1062–4. 

2. Rubin PC, et al. Fluconazole and pregnancy: results of a pre-
scription event-monitoring study. Int J Gynecol Obstet 1992; 37
(suppl): 25–7. 

3. Inman W, et al. Safety of fluconazole in the treatment of vaginal
candidiasis: a prescription-event monitoring study, with special
reference to the outcome of pregnancy. Eur J Clin Pharmacol
1994; 46: 115–18. 

4. Sørensen HT, et al. Risk of malformations and other outcomes in
children exposed to fluconazole in utero. Br J Clin Pharmacol
1999; 48: 234–8. 

5. Bar-Oz B, et al. Pregnancy outcome after in utero exposure to
itraconazole: a prospective cohort study. Am J Obstet Gynecol
2000; 183: 617–20.

Renal impairment. For dose adjustments in renal impairment,
see Administration in Renal Impairment, under Uses and Ad-
ministration, below.

Interactions
In general, fewer interactions are considered to occur
with fluconazole than with either itraconazole or keto-
conazole. 
Use of rifampicin with fluconazole results in reduced
plasma concentrations of fluconazole. Use of hydro-
chlorothiazide and fluconazole has resulted in clinical-
ly insignificant increases in plasma-fluconazole con-
centrations. 
Fluconazole may interfere with the metabolism of
some other drugs, mainly through inhibition of the cy-
tochrome P450 isoenzymes CYP3A4 and CYP2C9.
This may account for the reported increases in plasma
concentrations of bosentan, ciclosporin, midazolam,
nevirapine, amitriptyline, nortriptyline, phenytoin, ri-
fabutin, sulfonylurea hypoglycaemics and nateglinide,
selective cyclo-oxygenase-2-inhibitors such as
celecoxib and parecoxib, tacrolimus, triazolam, warfa-
rin, and zidovudine; fluconazole may inhibit the for-
mation of a toxic metabolite of sulfamethoxazole. 
Increases in terfenadine concentrations following high
doses of fluconazole have been associated with ECG
abnormalities. A similar effect may be anticipated with
astemizole. Use of fluconazole with cisapride could re-
sult in increased cisapride concentrations and associat-
ed toxicity. The use of fluconazole with astemizole,
cisapride, or terfenadine should therefore be avoided
because of the risk of cardiac arrhythmias. Syncope at-
tributed to increased amitriptyline concentrations has
occurred when amitriptyline was given with flucona-
zole. 
Fluconazole may also reduce the clearance of theo-
phylline. The concentration of contraceptive steroids
has been reported to be both increased and decreased in
patients receiving fluconazole and the efficacy of oral
contraceptives may be affected. 
For further information on interactions between drugs
metabolised by the cytochrome P450 isoenzyme
CYP3A and azoles, see under Itraconazole, p.537.
Antineoplastics. For the effect of azole antifungals on cyclo-
phosphamide metabolism, see p.703.

Fluoroquinolones. Both levofloxacin and fluconazole can
cause a prolonged QT interval. The simultaneous use of intrave-
nous levofloxacin and fluconazole resulted in an episode of tor-
sade de pointes in a patient on haemodialysis.1

1. Gandhi PJ, et al. Fluconazole- and levofloxacin-induced tor-
sades de pointes in an intensive care unit patient. Am J Health-
Syst Pharm 2003; 60: 2479–83.

Nitrofurans. For a report of pulmonary and hepatic toxicity due
to a possible interaction between nitrofurantoin and fluconazole,
see p.308.

Antimicrobial Action
Fluconazole is a triazole antifungal drug which in sen-
sitive fungi inhibits cytochrome P450-dependent en-
zymes, resulting in impairment of ergosterol synthesis
in fungal cell membranes. It is active against Blastomy-
ces dermatitidis, Candida spp., Coccidioides immitis,
Cryptococcus neoformans, Epidermophyton spp., His-
toplasma capsulatum, Microsporum spp., and Tricho-
phyton spp. 
Resistance has developed in some Candida spp. fol-
lowing long-term prophylaxis with fluconazole, and
cross-resistance with other azoles has been reported.
Microbiological interactions. A synergistic antifungal effect
was seen in vitro with terbinafine and fluconazole against strains
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of Candida albicans.1 For effects on the antifungal activity of
fluconazole when given with amphotericin B, see p.525.
1. Barchiesi F, et al. In vitro activities of terbinafine in combination

with fluconazole and itraconazole against isolates of Candida al-
bicans with reduced susceptibility to azoles. Antimicrob Agents
Chemother 1997; 41: 1812–14.

Resistance. The emergence of strains of Candida spp. resistant
to fluconazole has become increasingly important, particularly in
immunocompromised patients receiving long-term prophylaxis
with fluconazole.1,2 In addition to resistance in C. albicans,3-5 in-
fections with C. dubliniensis,5 C. glabrata, and C. krusei, all of
which may be less sensitive to fluconazole than C. albicans, have
been noted in these patients,6,7 and secondary resistance of C.
glabrata has been reported during fluconazole therapy.8,9 Resist-
ance to fluconazole has been reported to occur more frequently
than resistance to either ketoconazole or itraconazole and may be
related to the widespread use of this drug.4,7 Cross-resistance
with other azoles10,11 and with amphotericin B12,13 has been re-
ported. 
Fluconazole resistance has also been reported in Cryptococcus
neoformans14 and Histoplasma capsulatum.15 Histoplasmosis
developed during treatment with fluconazole in a patient with
HIV infection.16 Fluconazole-resistant C. neoformans has been
isolated from an immunocompetent patient who had not been ex-
posed to azole antifungals previously.17

1. Rex JH, et al. Resistance of Candida species to fluconazole. An-
timicrob Agents Chemother 1995; 39: 1–8. 

2. Brion LP, et al. Risk of resistance associated with fluconazole
prophylaxis: systematic review. J Infect 2007; 54: 521–9. 

3. Sandven P, et al. Susceptibilities of Norwegian Candida albi-
cans strains to fluconazole: emergence of resistance. Antimicrob
Agents Chemother 1993; 37: 2443–8. 

4. Johnson EM, et al. Emergence of azole drug resistance in Can-
dida species from HIV-infected patients receiving prolonged
fluconazole therapy for oral candidosis. J Antimicrob Chemoth-
er 1995; 35: 103–14. 

5. Ruhnke M, et al. Development of simultaneous resistance to
fluconazole in Candida albicans and Candida dubliniensis in a
patient with AIDS. J Antimicrob Chemother 2000; 46: 291–5. 

6. Price MF, et al. Fluconazole susceptibilities of Candida species
and distribution of species recovered from blood cultures over a
5-year period. Antimicrob Agents Chemother 1994; 38: 1422–4. 

7. Odds FC. Resistance of yeasts to azole-derivative antifungals. J
Antimicrob Chemother 1993; 31: 463–71. 

8. Hitchcock CA, et al. Fluconazole resistance in Candida glabra-
ta. Antimicrob Agents Chemother 1993; 37: 1962–5. 

9. Miyazaki H, et al. Fluconazole resistance associated with drug
efflux and increased transcription of a drug transporter gene,
PDH1, in Candida glabrata. Antimicrob Agents Chemother
1998; 42: 1695–1701. 

10. Martinez-Suarez JV, Rodriguez-Tudela JL. Patterns of in vitro
activity of itraconazole and imidazole antifungal agents against
Candida albicans with decreased susceptibility to fluconazole
from Spain. Antimicrob Agents Chemother 1995; 39: 1512–16. 

11. Goldman M, et al. Does long-term itraconazole prophylaxis re-
sult in in vitro azole resistance in mucosal Candida albicans iso-
lates from persons with advanced human immunodeficiency vi-
rus infection? Antimicrob Agents Chemother 2000; 44: 1585–7. 

12. Kelly SL, et al. Resistance to fluconazole and amphotericin in
Candida albicans from AIDS patients. Lancet 1996; 348:
1523–4. 

13. Nolte FS, et al. Isolation and characterization of fluconazole-
and amphotericin B-resistant Candida albicans from blood of
two patients with leukemia. Antimicrob Agents Chemother
1997; 41: 196–9. 

14. Venkateswarlu K, et al. Fluconazole tolerance in clinical iso-
lates of Cryptococcus neoformans. Antimicrob Agents Chem-
other 1997; 41: 748–51. 

15. Wheat J, et al. Hypothesis on the mechanism of resistance to
fluconazole in Histoplasma capsulatum. Antimicrob Agents
Chemother 1997; 41: 410–14. 

16. Pottage JC, Sha BE. Development of histoplasmosis via human
immunodeficiency virus infected patient receiving fluconazole.
J Infect Dis 1991; 164: 622–3. 

17. Omi-Wasserlauf R, et al. Fluconazole-resistant Cryptococcus
neoformans isolated from an immunocompetent patient without
prior exposure to fluconazole. Clin Infect Dis 1999; 29: 1592–3.

Pharmacokinetics
Fluconazole is well absorbed after oral doses, bioavail-
ability from the oral route being 90% or more of that
from the intravenous route. Mean peak plasma concen-
trations of 6.72 micrograms/mL have been reported in
healthy subjects after a 400-mg oral dose. Peak con-
centrations are reached within 1 to 2 hours of oral dos-
es. Plasma concentrations are proportional to the dose
over a range of 50 to 400 mg. Multiple dosing leads to
increases in peak plasma concentrations; steady-state
concentrations are reached in 5 to 10 days but may be
attained on day 2 if a loading dose is given. 
Fluconazole is widely distributed and the apparent vol-
ume of distribution is close to that of total body water.
Concentrations in breast milk, joint fluid, saliva, spu-
tum, vaginal fluids, and peritoneal fluid are similar to
those achieved in plasma. Concentrations in the CSF
range from 50 to 90% of plasma concentrations, even
in the absence of meningeal inflammation. Protein
binding is only about 12%. 
About 80% of a dose is excreted unchanged in the
urine and about 11% as metabolites. The elimination

half-life of fluconazole is about 30 hours and is in-
creased in patients with renal impairment. Fluconazole
is removed by dialysis.
◊ Reviews.
1. Debruyne D, Ryckelynek J-P. Clinical pharmacokinetics of flu-

conazole. Clin Pharmacokinet 1993; 24: 10–27. 
2. Debruyne D. Clinical pharmacokinetics of fluconazole in super-

ficial and systemic mycoses. Clin Pharmacokinet 1997; 33:
52–77. 

3. Pittrow L, Penk A. Special pharmacokinetics of fluconazole in
septic, obese and burn patients. Mycoses 1999; 42 (suppl 2):
87–90. 

4. Silling G. Fluconazole: optimized antifungal therapy based on
pharmacokinetics. Mycoses 2002; 45 (suppl 3): 39–41.

Burns. The mean half-life of fluconazole was decreased to 24.4
hours in 9 patients with burns.1 Fluconazole clearance was
27.5 mL/minute, which was 30% higher than that reported in
healthy subjects.
1. Boucher BA, et al. Fluconazole pharmacokinetics in burn pa-

tients. Antimicrob Agents Chemother 1998; 42: 930–3.

Children and neonates. References.
1. Saxén H, et al. Pharmacokinetics of fluconazole in very low birth

weight infants during the first two weeks of life. Clin Pharmacol
Ther 1993; 54: 269–77. 

2. Nahata MC, Brady MT. Pharmacokinetics of fluconazole after
oral administration in children with human immunodeficiency
virus infection. Eur J Clin Pharmacol 1995; 48: 291–3.

Distribution. Salivary concentrations of fluconazole after oral
doses should be adequate for the treatment of oropharyngeal and
oesophageal candidiasis1,2 even in patients with AIDS who may
have decreased salivation.3 Treatment failures are more likely to
be due to inadequate dosage or resistant organisms than to de-
creased salivary secretion.3 
Pharmacologically active concentrations of fluconazole have
been detected in scalp hair4 and nails5 after oral treatment with
conventional daily doses and with once-weekly dosage.
1. Force RW, Nahata MC. Salivary concentrations of ketoconazole

and fluconazole: implications for drug efficacy in oropharyngeal
and esophageal candidiasis. Ann Pharmacother 1995; 29:
10–15. 

2. Koks CHW, et al. Pharmacokinetics of fluconazole in saliva and
plasma after administration of an oral suspension and capsules.
Antimicrob Agents Chemother 1996; 40: 1935–7. 

3. Garcia-Hermoso D, et al. Fluconazole concentrations in saliva
from AIDS patients with oropharyngeal candidosis refractory to
treatment with fluconazole. Antimicrob Agents Chemother 1995;
39: 656–60. 

4. Yeates R, et al. Accumulation of fluconazole in scalp hair. J Clin
Pharmacol 1998; 38: 138–43. 

5. Faergemann J. Pharmacokinetics of fluconazole in skin and
nails. J Am Acad Dermatol 1999; 40 (suppl): S14–S20.

HIV-infected patients. Plasma clearance of fluconazole may
be lower in patients with HIV infection than in immunocompe-
tent patients, and the half-life may be prolonged.1,2

1. Tett S, et al. Pharmacokinetics and bioavailability of fluconazole
in two groups of males with human immunodeficiency virus
(HIV) infection compared with those in a group of males without
HIV infection. Antimicrob Agents Chemother 1995; 39:
1835–41. 

2. McLachlan AJ, Tett SE. Pharmacokinetics of fluconazole in peo-
ple with HIV infection: a population analysis. Br J Clin Pharma-
col 1996; 41: 291–8.

Uses and Administration
Fluconazole is a triazole antifungal used for superficial
mucosal (oropharyngeal, oesophageal, or vaginal) can-
didiasis and for fungal skin infections. It is also given
for systemic infections including systemic candidiasis,
coccidioidomycosis, and cryptococcosis, and has been
tried in blastomycosis, histoplasmosis, and sporotri-
chosis. The place of fluconazole in the treatment of
fungal infections is discussed in the various sections
under Choice of Antifungal, p.517. 
Fluconazole is given by mouth or intravenous infusion
in similar doses. For intravenous infusion it is given as
a solution containing 2 mg/mL at a rate of 5 to
10 mL/minute (300 to 600 mL/hour). In the USA, a
maximum infusion rate of 100 mL/hour is recom-
mended. 
For superficial mucosal candidiasis (other than geni-
tal candidiasis), the usual dose of fluconazole in the
UK is 50 mg daily by mouth, although 100 mg daily
may be given if necessary. Treatment usually continues
for 7 to 14 days in oropharyngeal candidiasis (except
in severely immunocompromised patients), for 14
days in atrophic oral candidiasis associated with den-
tures, and for 14 to 30 days in other mucosal candidal
infections including oesophagitis. 
Higher doses are recommended in the USA where an
initial dose of fluconazole 200 mg is followed by
100 mg daily and where the minimum treatment peri-
od is 14 days for oropharyngeal infection, or a mini-

mum of 21 days and at least 14 days after resolution of
symptoms for oesophageal infections; doses of up to
400 mg daily may be used for oesophageal candidiasis
if necessary. 
Fluconazole 150 mg as a single oral dose may be used
for genital candidiasis (vaginal candidiasis or candi-
dal balanitis). 
Dermatophytosis, pityriasis versicolor, and Candida
infections of the skin may be treated with fluconazole
50 mg daily by mouth for up to 6 weeks. 
Systemic candidiasis, cryptococcal meningitis, and
other cryptococcal infections may be treated with flu-
conazole orally or by intravenous infusion; the initial
dose is 400 mg followed by 200 to 400 mg daily. Du-
ration of therapy is based on clinical and mycological
response, but is usually at least 6 to 8 weeks in crypto-
coccal meningitis; in the USA, treatment for 10 to 12
weeks after the CSF cultures become negative is rec-
ommended. Fluconazole may also be used in daily
doses of 100 to 200 mg orally or intravenously to pre-
vent relapse after a primary course of antifungal treat-
ment for acute cryptococcal meningitis in patients with
AIDS. 
In immunocompromised patients at risk of fungal in-
fections, fluconazole may be given prophylactically
in a dose of 50 to 400 mg daily orally or by intravenous
infusion, although long-term prophylaxis has been as-
sociated with the emergence of resistant organisms
(see under Intermittent Doses, below). 
Doses for children over 4 weeks of age are 3 mg/kg
daily for superficial infections (a loading dose of
6 mg/kg may be used on the first day if necessary), and
6 to 12 mg/kg daily for systemic infections. For proph-
ylaxis in immunocompromised children, a dose of 3 to
12 mg/kg daily may be given. For infants under 2
weeks of age, all these doses should be given once eve-
ry 72 hours; for those aged between 2 and 4 weeks, the
doses should be given every 48 hours. A maximum
dose of 400 mg daily should not be exceeded in chil-
dren, or 12 mg/kg at appropriate intervals in infants. 
Dosage may need to be reduced in patients with renal
impairment (see below).
◊ Reviews.
1. Grant SM, Clissold SP. Fluconazole: a review of its pharmaco-

dynamic and pharmacokinetic properties, and therapeutic poten-
tial in superficial and systemic mycoses. Drugs 1990; 39:
877–916. Correction. ibid. 40: 862. 

2. Kowalsky SF, Dixon DM. Fluconazole: a new antifungal agent.
Clin Pharm 1991; 10: 179–94. 

3. Goa KL, Barradell LB. Fluconazole: an update of its pharmaco-
dynamic and pharmacokinetic properties and therapeutic use in
major superficial and systemic mycoses in immunocompromised
patients. Drugs 1995; 50: 658–90. 

4. Charlier C, et al. Fluconazole for the management of invasive
candidiasis: where do we stand after 15 years? J Antimicrob
Chemother 2006; 57: 384–410.

Administration. HIGH DOSES. Doses higher than those rec-
ommended by licensed product information for fluconazole
have been tried in patients with life-threatening infections
caused by Candida spp., Cryptococcus neoformans, and Coc-
cidioides immitis. Dose finding studies have found daily dos-
es of 800 to 1000 mg of fluconazole to be effective and well
tolerated.1-3 In a study of 11 HIV-infected patients who re-
ceived fluconazole 800 to 1000 mg daily intravenously for 3
weeks then orally until the CSF culture became negative, 6
patients had responded at 10 weeks and another 2 improved
clinically.1 Daily doses of up to 800 mg have been used in
blastomycosis2 and coccidioidomycosis,3 and doses of
10 mg/kg daily have been tried in disseminated candidiasis.4
1. Menichetti F, et al. High-dose fluconazole therapy for cryptococ-

cal meningitis in patients with AIDS. Clin Infect Dis 1996; 22:
838–40. 

2. Pappas PG, et al. Treatment of blastomycosis with higher doses
of fluconazole. Clin Infect Dis 1997; 25: 200–5. 

3. Galgiani JN, et al. Infectious Diseases Society of America. Prac-
tice guidelines for the treatment of coccidioidomycosis. Clin In-
fect  Dis  2000; 30:  658–61. Also available at: http:/ /
www.journals.uchicago.edu/doi/pdf/10.1086/313747 (accessed
18/07/08) 

4. Graninger W, et al. Treatment of Candida albicans fungaemia
with fluconazole. J Infect 1993; 26: 133–46.

INTERMITTENT DOSES. Concern has been expressed about the
increasingly widespread use of fluconazole1 and, in particu-
lar, about the impact of continuous fluconazole therapy in im-
munocompromised patients on the development of resistance
(see under Antimicrobial Action, above). Nevertheless, fluco-
nazole remains popular for primary and secondary prophylaxis.
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Some investigators have suggested the use of intermittent
doses2,3 although this could further increase the risk of infec-
tions with resistant organisms. 

Once-weekly treatment with fluconazole has been tried in
onychomycosis4 and tinea capitis.5

1. Mangino JE, et al. When to use fluconazole. Lancet 1995; 345:
6–7. 

2. Singh N, et al. Low-dose fluconazole as primary prophylaxis for
cryptococcal infection in AIDS patients with CD4 cell counts of
≤ 100/mm : demonstration of efficacy in a prospective, multi-
center trial. Clin Infect Dis 1996; 23: 1282–6. 

3. Schuman P, et al. Weekly fluconazole for the prevention of mu-
cosal candidiasis in women with HIV infection: a randomized,
double-blind, placebo-controlled trial. Ann Intern Med 1997;
126: 689–96. 

4. Scher RK, et al. Once-weekly fluconazole (150 mg, 300 mg, or
450 mg) in the treatment of distal subungual onychomycosis of
the toenail. J Am Acad Dermatol 1998; 38: S77–S86. 

5. Gupta AK, et al. Once weekly fluconazole is effective in chil-
dren in the treatment of tinea capitis: a prospective, multicentre
study. Br J Dermatol 2000; 142: 965–8.

Administration in renal impairment. Patients with renal
impairment may require dosage reduction. Normal loading or in-
itial doses of fluconazole should be given on the first day of treat-
ment and subsequent doses should be adjusted according to cre-
atinine clearance (CC): 

• CC more than 50 mL/minute: 100% of the standard recom-
mended dose 

• CC less than 50 mL/minute and not receiving dialysis: 50% of
the standard recommended dose 

• patients on regular haemodialysis: 100% of the standard rec-
ommended dose after each dialysis session 

No dosage adjustment is needed in patients with renal impair-
ment given single-dose therapy.

Leishmaniasis. Fluconazole has been tried in the treatment of
cutaneous leishmaniasis (p.824) caused by Leishmania major. In
a randomised, double-blind, placebo-controlled study,1 80 pa-
tients received a six-week course of oral fluconazole 200 mg dai-
ly, of whom 63 had complete healing of lesions after 3 months,
compared with 22 of 65 patients who received placebo. Howev-
er, others2 have reported a response rate not significantly differ-
ent from placebo.
1. Alrajhi AA, et al. Fluconazole for the treatment of cutaneous

leishmaniasis caused by Leishmania major. N Engl J Med 2002;
346: 891–5. 

2. Morizot G, et al. Healing of Old World cutaneous leishmaniasis
in travelers treated with fluconazole: drug effect or spontaneous
evolution? Am J Trop Med Hyg 2007; 76: 48–52. Correction.
ibid.; 791.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Candimicol; Damicol; Femixol; Fluconovag; Fluzol; Fungocina; Fungo-
total; Honguil Plus; Klonazol; Micolis Novo; Mutum; Naxo C; Nifurtox;
Niofen; Periplum; Ponaris; Proseda F; Triflucan; Austral.: Diflucan; Dizole;
Fluzole; Ozole; Austria: Diflucan; Diflucohexal; Difluzol; Fluconabene; Flu-
cosept; Flucozal; Fungata; Belg.: Diflucan; Fungimed; Braz.: Candix; Candi-
zol; Celozol†; Farmazol†; Floltec; Flucanil; Flucanol†; Flucazol; Flucodan; Flu-
coltrix†; Flucomed; Fluconal; Fluconax†; Fluconeo; Flucozen; Flucozix†;
Flunal†; Flunazol†; Flutec†; Fungnon; Glyflucan; Helmicin; Monipax†; Pantec;
Pronazol†; Riconazol; Triazol; Unizol; Zelix; Zolanix; Zolmic; Zolstatin†;
Zoltec; Zoltren; Canad.: Diflucan; Chile: Diflucan; Felsol; Flucoxan; Fluctin;
Fungimax; Ibarin; Micofin†; Microvaccin; Plusgin; Tavor; Cz.: Diflazon; Diflu-
can; Fluco; Forcan; Mycomax; Mycosyst; Mykohexal; Denm.: Conasol; Dif-
lucan; Fungal†; Fin.: Diflucan; Fr.: Beagyne; Triflucan; Ger.: Canex; Diflucan;
Fluc†; Flucobeta; Flucoderm; FlucoLich; Flunazul; Fungata; Gr.: Azoflu; Farvi-
ron; Figalol; Flucocaps; Flucodrug; Fluconapen; Flusenil; Funadel; Fungo; Fun-
gustatin; Fungusteril; Fuxilidin; Gynosant; Hadlinol; Medoflucon; Mycazole;
Rifagen; Stabilanol; Tierlite; Varmec; Zidonil; Hong Kong: Diflucan; Flucoric;
Flucozal; Fludicon; Forcan; Lucon; Nofung; Stalene; Hung.: Dermyc; Difla-
zon†; Diflucan; Flucohexal; Flucoric; Mycosyst; Nofung; India: Flumyc†; Flu-
zon; Forcan; Logican; Nipcan; Syscan; Indon.: Cancid; Candizol; Cryptal;
Diflucan; Flucess; Flucoral; Govazol; Zemyc; Irl.: Diflazole; Diflucan; Flucan-
did; Flucol; Israel: Diflucan; Flucanol; Trican; Triflucan; Ital.: Biozolene†; Di-
flucan; Elazor; Jpn: Diflucan†; Malaysia: Biozole; Diflucan; Flucoric; Flugal;
Fukole; Medoflucon; Stalene; Zolstan; Mex.: Afungil; Bioxel; Candizol; Dif-
lucan; Difusel; Fectrin; Flucoxan; Fludisol; Fluhexal; Flukezol; Fluxes; Fluxicap;
Fluzor; Funser; Lanfluzol; Neofomiral; Ongicil; Oxifungol; Solarisol; Terplex;
Zoldicam; Neth.: Diflucan; Norw.: Diflucan; NZ: Canesten Fluconazole;
Diflucan; Flucazole; Philipp.: Diflucan; Funzela; Syscan; Pol.: Diflucan; Flu-
cofast; Flumycon; Mycomax; Mycosyst; Port.: Azoflune; Diflucan; Fludocel;
Maxflin; Reforce; Supremase; Rus.: Diflazon (Дифлазон); Diflucan
(Дифлюкан); Flucostat (Флюкостат); Flucozan (Флукозан)†; Flumicon
(Флюмикон); Fungolon (Фунголон); Funzole (Фунзол); Medoflucon
(Медофлюкон); Mycoflucan (Микофлюкан); Mycomax (Микомакс); Myc-
osyst (Микосист); Syscan (Цискан); S.Afr.: Diflucan; Difluzole; Flucoric; Flu-
zol; Singapore: Diflucan; Medoflucon; Mycorest; Omastin; Stalene; Spain:
Diflucan; Lavisa; Loitin; Solacap†; Swed.: Diflucan; Switz.: Diflucan; Flucazol;
Fluconax; Flunizol; Mykantol; Thai.: Biozole; Diflucan; Flucozole; Fludizol;
Flunco; Funa; Kyrin; Stalene; Turk.: Biocanol; Candidin; Flucan; Fluzole; Fun-
gan; Kandizol; Lumen; Triflucan; Trizol; Zolax; UK: Canesten Oral; Diflucan;
USA: Diflucan; Venez.: Aflumicort; Albesin; Diflucan; Flucess; Flucon; Flunal;
Fluval; Fugin; Fungomax; Funizol; Micoflux; Mutum; Zolstan†.

Multi-ingredient: Arg.: Gynerium UD; Austral.: Canesoral Duo; India:
Forcan TZ; Orflaz Kit; Safkit; Mex.: Afumix.

Flucytosine (BAN, USAN, rINN)

5-FC; Flucitosina; Flucitozin; Flucitozinas; Flucytosin; Flucytosinum;
Flucytozyna; Flusitozin; Flusytosiini; Ro-2-9915. 5-Fluorocytosine;
4-Amino-5-fluoropyrimidin-2(1H)-one.
Флуцитозин
C4H4FN3O = 129.1.
CAS — 2022-85-7.
ATC — D01AE21; J02AX01.
ATC Vet — QD01AE21; QJ02AX01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Flucytosine). A white or almost white crystalline
powder. Sparingly soluble in water; slightly soluble in dehydrat-
ed alcohol. Protect from light. 
USP 31 (Flucytosine). A white to off-white crystalline powder,
odourless or with a slight odour. Sparingly soluble in water;
slightly soluble in alcohol; practically insoluble in chloroform
and in ether. Store in airtight containers. Protect from light.
Stability. A solution of flucytosine for intravenous infusion
should be stored between 18° and 25°. Precipitation may occur
at lower temperatures and decomposition, with the formation of
fluorouracil, at higher temperatures.

Adverse Effects
Adverse effects of flucytosine include nausea, vomit-
ing, diarrhoea, and skin rashes. Less frequently report-
ed adverse effects include confusion, hallucinations,
convulsions, headache, sedation, and vertigo, and also
allergic reactions, toxic epidermal necrolysis, and car-
diotoxicity. Alterations in liver function tests are gener-
ally dose-related and reversible; hepatotoxicity may
also occur. Hypokalaemia may occur. There have been
a few reports of peripheral neuropathy. 
Bone-marrow depression, especially leucopenia and
thrombocytopenia, is associated with blood concentra-
tions of flucytosine greater than 100 micrograms/mL,
with concurrent use of amphotericin B, and with renal
impairment. Fatal agranulocytosis and aplastic anae-
mia have been reported.
Effects on the blood. Bone marrow toxicity associated with
flucytosine has been attributed to its conversion to fluorouracil,
possibly by intestinal flora.1 A pilot study2 of 6 patients given
intravenous flucytosine found that the amounts of fluorouracil in
serum samples were undetectable, whereas flucytosine could be
detected in the samples. This might be because intravenous dos-
age did not allow the conversion of flucytosine to fluorouracil by
intestinal microflora. However, one patient still developed
thrombocytopenia and another leucocytopenia and the authors
hypothesised that toxicity might be due to flucytosine and not the
metabolite.
1. Pirmohamed M, et al. The role of active metabolites in drug tox-

icity. Drug Safety 1994; 11: 114–44. 
2. Vermes A, et al. 5-fluorocytosine-related bone-marrow depres-

sion and conversion to fluorouracil: a pilot study. Fundam Clin
Pharmacol 2002; 16: 39–47.

Precautions
Flucytosine should be given with great care to patients
with renal impairment, or with blood disorders or bone
marrow depression. Renal and hepatic function and
blood counts should be monitored during therapy (at
least weekly in patients with renal impairment or blood
disorders). In patients with renal impairment, doses
should be reduced and trough blood concentrations of
flucytosine should be checked regularly from blood
samples taken just before an injection of flucytosine
(see under Uses, below). Care should be taken in pa-
tients given radiation therapy or other drugs which de-
press bone marrow. 
Flucytosine is teratogenic in rats.
AIDS. Frequent bone marrow toxicity has been reported in pa-
tients with AIDS during flucytosine therapy.1 However, in a
study in 381 patients, no additional haematotoxicity was reported
in patients given amphotericin B plus flucytosine compared with
those given amphotericin B alone.2 The toxicity could be mini-
mised by monitoring serum concentrations3 and the British Soci-

ety for Antimicrobial Chemotherapy has suggested that these
should be maintained within 25 to 50 micrograms/mL in patients
with AIDS.4
1. Chuck SL, Sande MA. Infections with Cryptococcus neoformans

in the acquired immunodeficiency syndrome. N Engl J Med
1989; 321: 794–9. 

2. van der Horst CM, et al. Treatment of cryptococcal meningitis
associated with the acquired immunodeficiency syndrome. N
Engl J Med 1997; 337: 15–21. 

3. Viviani MA. Flucytosine—what is its future? J Antimicrob
Chemother 1995; 35: 241–4. 

4. British Society for Antimicrobial Chemotherapy Working Party.
Antifungal chemotherapy in patients with acquired immunodefi-
ciency syndrome. Lancet 1992; 340: 648–51.

Pregnancy. Teratogenicity has been reported in some animal
models and licensed product information recommends that flu-
cytosine should only be used if the benefit justifies that possible
risk to the fetus. The congenital defects are thought to be as a
result of the conversion of flucytosine to fluorouracil by the in-
testinal microflora. However, there are some case reports of
pregnant patients receiving flucytosine (with or without ampho-
tericin B) in the second1-4 and third5 trimesters with no reports of
abnormalities in the infants.
1. Philpot CR, Lo D. Cryptococcal meningitis in pregnancy. Med J

Aust 1972; 2: 1005–7. 
2. Schönebeck J, Segerbrand E. Candida albicans septicaemia dur-

ing first half of pregnancy successfully treated with 5-fluorocy-
tosine. BMJ 1973; 4: 337–8. 

3. Curole DN. Cryptococcal meningitis in pregnancy. J Reprod
Med 1981; 26: 317–19. 

4. Chotmongkol V, Siricharoensang S. Cryptococcal meningitis in
pregnancy: a case report. J Med Assoc Thai 1991; 74: 421–2. 

5. Chen C-P, Wang K-G. Cryptococcal meningitis in pregnancy. Am
J Perinatol 1996; 13: 35–6.

Interactions
Flucytosine is commonly used with amphotericin B.
Amphotericin B can cause a deterioration in renal
function, which can result in raised flucytosine blood
concentrations and increased toxicity. However, the
two drugs are generally regarded as having synergistic
antifungal activity. Cytarabine has been claimed to re-
duce blood concentrations of flucytosine and to antag-
onise its antifungal activity, although the evidence is
limited.

Antimicrobial Action
Flucytosine is a fluorinated pyrimidine antifungal. In
susceptible fungi it is converted by cytosine deaminase
to fluorouracil which is then incorporated in place of
uracil into fungal RNA and disrupts protein synthesis.
The activity of thymidilate synthetase is also inhibited
and this effect interferes with fungal DNA synthesis. 
Flucytosine is active against Candida spp., Cryptococ-
cus neoformans, Cladosporium spp., and Fonsecaea
spp. Some Aspergillus spp. have also been reported to
be sensitive. There is synergy between flucytosine and
amphotericin B against Candida spp. and Cryptococ-
cus neoformans. 
There is a high incidence of primary resistance to flu-
cytosine among isolates of Candida spp. and Crypto-
coccus neoformans. Resistance also develops during
treatment with flucytosine and has been reported rarely
from combination therapy with flucytosine and am-
photericin B.

Pharmacokinetics
Flucytosine is absorbed rapidly and almost com-
pletely from the gastrointestinal tract. Bioavailabili-
ty is 78 to 89%. After oral doses of 37.5 mg/kg every
6 hours, peak plasma concentrations of 70 to
80 micrograms/mL have been achieved within 2
hours; similar concentrations have been achieved but
more rapidly, after an intravenous dose. The plasma-
flucytosine concentration for optimum response is 25
to 50 micrograms/mL. Flucytosine is widely distribut-
ed through the body tissues and fluids; concentrations
in the CSF are 65 to 90% of those in serum. About 2 to
4% of flucytosine is protein bound. 
About 90% of a dose is excreted unchanged by
glomerular filtration; a small amount of flucytosine
may be metabolised to fluorouracil. The small amount
of an oral dose of flucytosine not absorbed from the
gastrointestinal tract is eliminated unchanged in the
faeces. The elimination half-life is 2.5 to 6 hours in pa-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tients with normal renal function but increases with de-
creasing renal function. Flucytosine is removed by
haemodialysis or peritoneal dialysis.

◊ References1-3 to the pharmacokinetics of flucytosine. A study3

reviewing flucytosine concentrations in serum, blood, or plasma
from 233 patients, including 33 neonates, found that they were
within the therapeutic range in only about 20% of cases; of the
remainder, 40% were low (5% undetectable) and 40% were ex-
cessive (potentially toxic in about 10% of the samples). The re-
sults emphasised the importance of therapeutic drug monitoring.
1. Daneshmend TK, Warnock DW. Clinical pharmacokinetics of

systemic antifungal agents. Clin Pharmacokinet 1983;  8: 17–42. 
2. Baley JE, et al. Pharmacokinetics, outcome of treatment, and

toxic effects of amphotericin B and 5-fluorocytosine in neonates.
J Pediatr 1990; 116: 791–7. 

3. Pasqualotto AC, et al. Flucytosine therapeutic monitoring: 15
years experience from the UK. J Antimicrob Chemother 2007;
59: 791–3.

Uses and Administration
Flucytosine is a fluorinated pyrimidine antifungal used
in the treatment of systemic fungal infections, the treat-
ments for which are discussed under Choice of Anti-
fungal, p.517. It is mainly used with amphotericin B or
fluconazole in the treatment of severe systemic candi-
diasis and cryptococcal meningitis. It has also been
tried in other infections due to susceptible fungi includ-
ing chromoblastomycosis. 
Flucytosine is given by intravenous infusion as a 1%
solution over 20 to 40 minutes. The usual dose is
200 mg/kg daily in 4 divided doses; a dose of 100 to
150 mg/kg daily may be sufficient in some patients.
Dosage should be adjusted to produce trough plasma
concentrations of 25 to 50 micrograms/mL. This is
particularly important in patients with AIDS who are at
increased risk of bone marrow toxicity. Parenteral
treatment is rarely given for more than 7 days, except
for cryptococcal meningitis when it is continued for at
least 4 months. For intravenous doses to be used in pa-
tients with renal impairment, see below. 
Flucytosine is given orally in usual doses of 50 to
150 mg/kg daily in 4 divided doses. Again, blood con-
centrations should be monitored and dosage adjusted
in patients with renal impairment to avoid accumula-
tion of the drug (see below). 
Flucytosine has been used topically for azole-refracto-
ry vaginitis caused by Candida spp., but such use may
increase problems of resistance.

◊ Reviews.
1. Viviani MA. Flucytosine—what is its future? J Antimicrob

Chemother 1995; 35: 241–4. 
2. Summers KK, et al. Therapeutic drug monitoring of systemic

antifungal therapy. J Antimicrob Chemother 1997; 40: 753–64. 
3. Vermes A, et al. Flucytosine: a review of its pharmacology, clin-

ical indications, pharmacokinetics, toxicity and drug interac-
tions. J Antimicrob Chemother 2000; 46: 171–9.

Administration in renal impairment. Flucytosine is mainly
excreted by the kidneys and the dose must be adjusted in patients
with renal impairment. 
Dose intervals for intravenous flucytosine should be adjusted ac-
cording to creatinine clearance (CC): 
For intravenous use, 
• CC 20 to 40 mL/minute: 50 mg/kg every 12 hours 
• CC 10 to 20 mL/minute: 50 mg/kg every 24 hours 
• CC less than 10 mL/minute: 50 mg/kg then further doses

should be based on plasma concentrations which should not
exceed 80 micrograms/mL 

Initial oral doses should be at the lower end of the recommended
range (see above) and dosage should be adjusted subsequently to
avoid accumulation.

Preparations
BP 2008: Flucytosine Tablets; 
USP 31: Flucytosine Capsules; Flucytosine Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Ancotil; Austral.: Ancotil; Austria: Ancotil; Denm.: Ancotil; Fr.: An-
cotil; Ger.: Ancotil; Gr.: Ancotil; Hong Kong: Ancotil; Irl.: Ancotil; Ital.:
Ancotil; Malaysia: Ancotil†; Neth.: Ancotil; NZ: Alcobon†; Ancotil; Pol.:
Ancotil; Rus.: Ancotyl (Анкотил); Singapore: Ancotil†; Swed.: Ancotil;
Switz.: Ancotil; UK: Ancotil; USA: Ancobon.

Flutrimazole (BAN, rINN)

Flutrimatsoli; Flutrimazol; Flutrimazolas; Flutrimazolum; UR-4056.
1-[o-Fluoro-α-(p-fluorophenyl)-α-phenylbenzyl]imidazole; (RS)-
1-(2,4′-Difluorotrityl)imidazole.

Флутримазол

C22H16F2N2 = 346.4.
CAS — 119006-77-8.
ATC — D01AC16; G01AF18.
ATC Vet — QD01AC16; QG01AF18.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flutrimazole). A white or almost white powder.
Practically insoluble in water; soluble in methyl alcohol; freely
soluble in tetrahydrofuran. Protect from light.

Profile
Flutrimazole is an imidazole antifungal used topically as a 1%
cream, gel, powder, or solution in the treatment of superficial
fungal infections. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Flusporan†; Austria: Micetal; Braz.: Micetal; Chile: Micetal; Cz.: Mi-
cetal; Gr.: Topiderm; Hung.: Micetal; Ital.: Micetal; Mex.: Micetal; Pol.:
Micetal; Port.: Flutrim; Spain: Flusporan; Funcenal; Micetal.

Fosfluconazole (BAN, rINN)

Fosfluconazol; Fosfluconazolum; UK-292663. 1-(2,4-Difluoroph-
enyl)-2-(1H-1,2,4-triazol-1-yl)-1-[(1H-1,2,4-triazol-1-yl)me-
thyl]ethyl dihydrogen phosphate.

Фосфлуконазол

C13H13F2N6O4P = 386.3.
CAS — 194798-83-9.

Profile
Fosfluconazole is a phosphate prodrug of fluconazole that is used
for the treatment of systemic fungal infections, including oral
candidiasis and recurrent cryptococcal meningitis in AIDS pa-
tients.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Prodif.

Griseofulvin (BAN, rINN)

Curling Factor; Griseofulviini; Griseofulvina; Griséofulvine; Grise-
ofulvinum; Grizeofulvin; Grizeofulvinas; Gryzeofulwina. (2S,4′R)-
7-Chloro-2′,4,6-trimethoxy-4′-methylspiro[benzofuran-
2(3H),3′-cyclohexene]-3,6′-dione.

Гризеофульвин

C17H17ClO6 = 352.8.

CAS — 126-07-8.

ATC — D01AA08; D01BA01.

ATC Vet — QD01AA08; QD01BA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Griseofulvin). An antifungal substance produced
by the growth of certain strains of Penicillium griseofulvum, or
by any other means. It is a white or yellowish-white powder. The
particles of the powder are generally up to 5 micrometres in max-
imum dimension, though larger particles, which may occasional-
ly exceed 30 micrometres, may be present. It contains 97 to
102% of C17H17ClO6, calculated on the dried substance. 
Practically insoluble in water; slightly soluble in dehydrated al-
cohol and in methyl alcohol; freely soluble in dimethylforma-
mide and in tetrachloroethane. 
USP 31 (Griseofulvin). A white to creamy-white, odourless
powder, in which particles of the order of 4 micrometres in
diameter predominate. It has a potency of not less than
900 micrograms of C17H17ClO6 per mg. Very slightly soluble in
water; sparingly soluble in alcohol; soluble in acetone, in chloro-
form, and in dimethylformamide. Store in airtight containers.

Adverse Effects
Adverse effects are usually mild and transient and con-
sist of headache, skin rashes and urticaria, dry mouth,
an altered sensation of taste, and gastrointestinal distur-
bances. Angioedema, erythema multiforme, toxic epi-
dermal necrolysis, proteinuria, leucopenia and other
blood dyscrasias, oral candidiasis, peripheral neuropa-
thy, photosensitisation, and severe headache have been
reported occasionally. Depression, confusion, dizzi-
ness, impaired coordination, insomnia, and fatigue
have also been reported. Griseofulvin may precipitate
or aggravate systemic lupus erythematosus. 
There have been a few reports of hepatotoxicity attrib-
uted to griseofulvin.
Effects on the skin. Fatal toxic epidermal necrolysis in a 19-
year-old woman1 was attributed to griseofulvin that she had tak-
en for 6 days; she had also taken metronidazole for 1 day. There
are also reports2,3 of erythema multiforme in 4 patients occurring
within 10 days of starting griseofulvin. The precipitation or ag-
gravation of systemic lupus erythematosus is a known complica-
tion of griseofulvin. Most cases are said to be characterised by
prominent skin manifestations and absence of renal disease al-
though the nephrotic syndrome has been described4 in a 16-year-
old male after 2 single doses of griseofulvin taken 3 weeks apart.
1. Mion G, et al. Fatal toxic epidermal necrolysis after griseofulvin.

Lancet 1989; ii: 1331. 
2. Rustin MHA, et al. Erythema multiforme due to griseofulvin. Br

J Dermatol 1989; 120: 455–8. 
3. Thami GP, et al. Erythema multiforme due to griseofulvin with

positive re-exposure test. Dermatology 2001; 203: 84–5. 
4. Bonilla-Felix M, et al. Nephrotic syndrome related to systemic

lupus erythematosus after griseofulvin therapy. Pediatr Nephrol
1995; 9: 478–9.

Hypersensitivity. A serum sickness-like reaction has been re-
ported in a 5-year-old child being treated for tinea capitis with
griseofulvin.1 About 3 weeks after starting treatment the child
developed fever, rash on his legs and back, swelling of his toes
and fingers, and leg pain. Symptoms resolved after griseofulvin
was stopped.
1. Colton RL, et al. Serum sickness-like reaction associated with

griseofulvin. Ann Pharmacother 2004; 38: 609–11.

Precautions
Griseofulvin is contra-indicated in patients with severe
liver disease or systemic lupus erythematosus. 
Griseofulvin is embryotoxic and teratogenic in rats
and there have been isolated cases of conjoined twins
after its use during the first trimester of pregnancy. It is
therefore contra-indicated in pregnancy and women
should not become pregnant during, or within 1 month
of stopping therapy. Griseofulvin may reduce the ef-
fectiveness of oral contraceptives and additional con-
traceptive precautions should be used during treat-
ment. Data from in-vitro and in-vivo studies using
mammalian cells, which showed aneuploidy, have led
to the warning that men taking griseofulvin should not
father children within 6 months of treatment. 
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Griseofulvin may impair the ability to drive or operate
machinery, and has been reported to enhance the ef-
fects of alcohol.

Porphyria. Griseofulvin has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
Phenobarbital has been reported to decrease the gas-
trointestinal absorption of griseofulvin. Plasma con-
centrations of griseofulvin have also been reported to
be reduced by drugs that induce metabolising en-
zymes. 

Griseofulvin may increase the rate of metabolism and
diminish the effects of some drugs such as coumarin
anticoagulants and oral contraceptives. 

Griseofulvin may enhance the effects of alcohol.

Alcohol. In addition to reports of griseofulvin enhancing the ef-
fects of alcohol, a severe disulfiram-like reaction to alcohol has
been reported in a patient taking griseofulvin.1

1. Fett DL, Vukov LF. An unusual case of severe griseofulvin-alco-
hol interaction. Ann Emerg Med 1994; 24: 95–7.

Bromocriptine. For a report that griseofulvin can block the re-
sponse to bromocriptine, see p.800.

Salicylates. Griseofulvin has been reported to reduce plasma
concentrations of salicylate in a patient taking aspirin, see p.23.

Antimicrobial Action
Griseofulvin is a fungistatic antibiotic that inhibits fun-
gal cell division by disruption of the mitotic spindle
structure. It may also interfere with DNA production.
It is active against the common dermatophytes, includ-
ing some species of Epidermophyton, Microsporum, or
Trichophyton.

Pharmacokinetics
Absorption of griseofulvin from the gastrointestinal
tract is variable and incomplete, but is enhanced by re-
ducing the particle size or when given with a fatty
meal. Peak plasma concentrations are reached within 4
hours and are maintained for 10 to 20 hours. 

Griseofulvin is about 84% bound to plasma proteins. It
is deposited in keratin precursor cells and is concentrat-
ed in the stratum corneum of the skin and in the nails
and hair, thus preventing fungal invasion of newly
formed cells. Concentrations of 12 to 25 micrograms/g
are maintained in skin during long-term use, while
plasma concentrations remain at about 1 to
2 micrograms/mL. Griseofulvin has an elimination
half-life of 9 to 24 hours, and is metabolised by the liv-
er mainly to 6-demethylgriseofulvin and its glucuro-
nide conjugate which are excreted in the urine. A large
amount of a dose of griseofulvin of reduced particle
size appears unchanged in the faeces; less than 1% is
excreted unchanged in the urine; some is excreted in
the sweat.

Uses and Administration
Griseofulvin is an antifungal used orally in the treat-
ment of dermatophyte infections. It is generally given
when such infections involve the scalp, hair, nails, and
skin and do not respond to topical treatment (see Skin
Infections, p.521); infections of the soles of the feet, the
palms of the hands, and the nails respond slowly. 

The usual dose of griseofulvin has been 0.5 to 1 g daily
in single or divided doses; children have been given
10 mg/kg daily. These doses are for preparations of gri-
seofulvin of reduced particle size, sometimes known as
microcrystalline or microsize griseofulvin. Doses have
been reduced by about one-quarter when preparations,
available in some countries, containing ultramicrocrys-
talline or ultramicrosize griseofulvin are used. Griseof-
ulvin should be given with or after meals. 

The duration of treatment depends on the thickness of
the keratin layer: 2 to 8 weeks for infections of the hair
and skin, up to 6 months for infections of the finger-
nails, and 12 months or more for infections of the toe-
nails. 
Griseofulvin is also used as a 1% topical spray in tinea
pedis.
◊ Reviews.
1. Fleece D, et al. Griseofulvin versus terbinafine in the treatment

of tinea capitis: a meta-analysis of randomized, clinical trials.
Pediatrics 2004; 114: 1312–15. 

2. Gupta AK, et al. Meta-analysis: griseofulvin efficacy in the
treatment of tinea capitis. J Drugs Dermatol 2008; 7: 369–72.

Non-infective skin disorders. Lichen planus is usually treat-
ed with corticosteroids or retinoids (see p.1580) but griseofulvin
has been suggested as an alternative to topical corticosteroids in
erosive disease.1 However, some researchers have found it to be
of no value.2 
Dramatic responses of pigmented purpuric dermatoses to grise-
ofulvin 500 to 750 mg daily have been reported in 5 patients.3
1. Lamey P-J, Lewis MAO. Oral medicine in practice: white patch-

es. Br Dent J 1990; 168: 147–52. 
2. Bagan JV, et al. Treatment of lichen planus with griseofulvin.

Oral Surg Oral Med Oral Pathol 1985; 60: 608–10. 
3. Tamaki K, et al. Successful treatment of pigmented purpuric der-

matosis with griseofulvin. Br J Dermatol 1995; 132: 159–60.

Preparations
BP 2008: Griseofulvin Tablets; 
USP 31: Griseofulvin Capsules; Griseofulvin Oral Suspension; Griseofulvin
Tablets; Ultramicrosize Griseofulvin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Grisovin; Austral.: Griseostatin†; Grisovin; Austria: Griseomed†;
Grisovin; Braz.: Fulcin; Sporostatin; Canad.: Fulvicin†; Chile: Fulvistatin
P/G†; Fr.: Grisefuline; Ger.: Fulcin S†; Gricin; Griseo; Likuden M; India:
Grisactin; Walavin; Indon.: Fulcin; Fungistop; Griseofort; Mycostop; Irl.: Ful-
cin†; Israel: Grifulin; Ital.: Fulcin; Grisovina FP; Malaysia: Grisuvin; Grivin;
Krisovin; Medofulvin†; Myconil†; Mex.: Fulcin; Fulsivin; Fulvina†; Grisovin;
Philipp.: Grisovin; Port.: Fulcin†; Grisomicon†; Grisovin; S.Afr.: Microcid-
al; Singapore: Grivin†; Krisovin; Medofulvin†; Spain: Fulcin; Greosin†;
Switz.: Grisol†; Thai.: Aofen; Grifulvin; Grisflavin; Grivin; Neofulvin; Trivan-
ex; Turk.: Gefulvin; Grisovin; UK: Grisol; Grisovin†; USA: Gris-PEG; Ven-
ez.: Fulvin†; Grisovin.
Multi-ingredient: Arg.: Griseoplus.

Isoconazole (BAN, USAN, rINN)

Isoconazol; Isoconazolum; Isokonatsoli; Isokonazol; Izokonazol;
Izokonazolas. 1-[2,4-Dichloro-β-(2,6-dichlorobenzyloxy)phene-
thyl]imidazole.
Изоконазол
C18H14Cl4N2O = 416.1.
CAS — 27523-40-6.
ATC — D01AC05; G01AF07.
ATC Vet — QD01AC05; QG01AF07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Isoconazole). A white or almost white powder.
Practically insoluble in water; freely soluble in alcohol; very sol-
uble in methyl alcohol. Protect from light.

Isoconazole Nitrate (BANM, rINNM)

Isoconazole, bitrate d’; Isoconazole, Nitrate d’; Isoconazoli nitras;
Isokonatsolinitraatti; Isokonazolnitrat; Isokonazol-nitrát; Izokona-
zol Nitrat; Izokonazol-nitrát; Izokonazolo nitratas; Nitrato de iso-
conazol; R-15454.
Изоконазола Нитрат
C18H14Cl4N2O,HNO3 = 479.1.
CAS — 24168-96-5 (isoconazole mononitrate); 40036-
10-0 (isoconazole nitrate).
ATC — D01AC05; G01AF07.
ATC Vet — QD01AC05; QG01AF07.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Isoconazole Nitrate). A white or almost white
powder. Very slightly soluble in water; slightly soluble in alco-
hol; soluble in methyl alcohol. Protect from light.
Adverse Effects and Precautions
Local reactions including burning or itching may occur after ap-
plication of isoconazole. 
Intravaginal preparations of azole antifungals may damage latex
contraceptives and additional contraceptive measures are there-
fore necessary during local application. 

For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Antimicrobial Action
Isoconazole is an imidazole antifungal active against a wide
spectrum of fungi including Candida spp., dermatophytes, and
Malassezia furfur. It is also active against some Gram-positive
bacteria.
Uses and Administration
Isoconazole is an imidazole antifungal used locally as the nitrate
in the treatment of vaginal mycoses, particularly due to Candida
spp. (p.518) and in fungal skin infections (p.521). For vaginal
infections it is usually given as pessaries in a single dose of
600 mg or 300 mg daily for 3 days, or as a 1% vaginal cream
daily for 7 days. For skin infections a 1% or 2% cream or other
topical formulation has been used.
Preparations
BP 2008: Isoconazole Pessaries.
Proprietary Preparations (details are given in Part 3)
Arg.: Isomicot; Mupaten; Austria: Gyno-Travogen; Travogen; Belg.: Travo-
gen; Braz.: Gino Monipax†; Gino-Isomax; Ginotrax; Gyno Icaden; Gyno-
Mycel†; Gynoplus†; Icaden; Isomax; Micaden; Mycel Gyno; Neo Isocaden;
Chile: Ufarin; Fr.: Fazol; Fazol G; Ger.: Travogen†; Gr.: Travogen; Hong
Kong: Gyno-Travogen†; Travogen; Israel: Isogen; Ital.: Isogyn; Travogen;
Malaysia: Travogen; Mex.: Icaden; Nocazin; Philipp.: Travogen; Pol.:
Gyno-Travogen; Travogen; Port.: Gino-Travogen; Rus.: Gyno-Travogen
(Гино-травоген); Travogen (Травоген); Singapore: Gyno-Travogen; Tra-
vogen; Switz.: Gyno-Travogen; Travogen; Thai.: Nacozil†; Travogen;
Turk.: Gyno-Travogen; Travogen; Venez.: Icaden; Noginox.
Multi-ingredient: Arg.: Scheriderm; Austria: Travocort; Belg.: Travo-
cort; Ger.: Bi-Vaspit†; Travocort; Gr.: Travocort; Hong Kong: Travocort;
Indon.: Travocort; Irl.: Travocort; Israel: Isocort; Tevaderm; Ital.: Travo-
cort; Malaysia: Isoradin; Travocort; Mex.: Scheriderm; Philipp.: Travo-
cort; Pol.: Travocort; Port.: Travocort; Rus.: Travocort (Травокорт);
S.Afr.: Travocort; Singapore: Travocort; Switz.: Travocort; Thai.: Travo-
cort; Turk.: Travazol; Travocort.

Itraconazole (BAN, USAN, rINN)

Itraconazol; Itraconazolum; Itrakonatsoli; Itrakonazol; Itrakonazo-
las; Oriconazole; R-51211. (±)-2-sec-Butyl-4-[4-(4-{4-[(2R*,4S*)-
2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-diox-
olan-4-ylmethoxy]phenyl}-piperazin-1-yl)phenyl]-2,4-dihydro-
1,2,4-triazol-3-one.
Итраконазол
C35H38Cl2N8O4 = 705.6.
CAS — 84625-61-6.
ATC — J02AC02.
ATC Vet — QJ02AC02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Itraconazole). A white or almost white powder.
Practically insoluble in water; very slightly soluble in alcohol;
freely soluble in dichloromethane; sparingly soluble in tetrahy-
drofuran. Protect from light.

Adverse Effects
The most common adverse effects associated with itra-
conazole include dyspepsia, abdominal pain, nausea,
vomiting, constipation, diarrhoea, headache, and dizzi-
ness. Others include allergic reactions such as pruritus,
rash, urticaria, and angioedema. Isolated cases of the
Stevens-Johnson syndrome have been associated with
itraconazole. 
An increase in liver enzyme values has occurred in
some patients and cases of hepatitis and cholestatic
jaundice have been observed, especially in those treat-
ed for more than one month. There have been rare cas-
es of liver failure and death. 
Heart failure and pulmonary oedema have been report-
ed rarely and serious cardiovascular events including
arrhythmias and sudden death have been attributed to
drug interactions in patients receiving itraconazole (see
Interactions, below). 
Alopecia, oedema, and hypokalaemia have also been
associated with prolonged use. Menstrual disorders
and peripheral neuropathy have been reported in a few
patients.
Incidence of adverse effects. Itraconazole 50 to 400 mg daily
for a median of 5 months was considered to be well tolerated in
189 patients with systemic fungal infections.1 Of 86 patients with
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

underlying disease, including 49 with AIDS, 16 with diabetes,
and 23 with malignancy, nausea and vomiting occurred in 19 pa-
tients, hypertriglyceridaemia in 16, hypokalaemia in 11, and ele-
vated liver enzyme values in 13. The role of itraconazole in
hypertriglyceridaemia could not be assessed because all the sam-
ples were not drawn in the fasting state and hypertriglyceridae-
mia is a complication of HIV infection. Gynaecomastia occurred
in 2 patients, 1 of whom also took spironolactone. Rash occurred
in 4 patients. 
Of 49 patients taking itraconazole 100 to 400 mg daily for up to
39 months, 23 did not experience adverse effects during treat-
ment,2 while 6 had nausea and vomiting, 5 developed oedema,
and 2 developed hypertension; 3 of the patients who developed
oedema and 1 who became hypertensive were diabetic. Three
patients stopped itraconazole, 1 due to vomiting, 1 to leucopenia,
and 1 to nephrotic syndrome. The patient with nephrotic syn-
drome had pre-existing oedema and hypertension; the syndrome
cleared when itraconazole was stopped.
1. Tucker RM, et al. Adverse events associated with itraconazole in

189 patients on chronic therapy. J Antimicrob Chemother 1990;
26: 561–6. 

2. Graybill JR, et al. Itraconazole treatment of coccidioidomycosis.
Am J Med 1990; 89: 282–90.

Effects on the heart. Between September 1992, when itraco-
nazole was approved in the USA, and April 2001, the FDA had
received 58 reports of potential cases of heart failure associated
with itraconazole.1 There had been 28 patients admitted to hos-
pital, and 13 had died. However, a causal relationship was diffi-
cult to prove. Overall, 43 patients had risk factors or diseases
which might confound an association between the use of itraco-
nazole and development of heart failure. Unpublished studies in
dogs and humans had suggested a negative inotropic effect with
intravenous itraconazole. 
In August 2001, the UK CSM published a similar alert.2 By this
time, about 67 million patients worldwide had received itracona-
zole and there had been 75 spontaneously reported cases of sus-
pected heart failure and an additional 63 reports of oedema sug-
gestive of heart failure associated with oral formulations; there
had been only 1 report of suspected heart failure in the UK. The
CSM considered that the risk of heart failure with itraconazole
was low, especially in young healthy patients receiving short
courses of treatment (e.g. for vulvovaginal candidiasis). Howev-
er, the risks appeared to be higher for older patients, patients with
pre-existing heart disease or risk factors for heart failure, and for
those receiving high doses and longer treatment courses (e.g. for
onychomycosis). 
The CSM2 therefore advised caution when prescribing itracona-
zole to patients at risk of heart failure, whereas the FDA1 contra-
indicated it for the treatment of onychomycosis in patients with
evidence of ventricular dysfunction.
1. Ahmad SR, et al. Congestive heart failure associated with itraco-

nazole. Lancet 2001; 357: 1766–7. 
2. Committee on Safety of Medicines. Cardiodepressant effect of

itraconazole (Sporanox). Current Problems 2001; 27: 11–12.
A l s o  a v a i l a b l e  a t :  h t t p : / / w w w. m h r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON007456&
RevisionSelectionMethod=LatestReleased (accessed 04/06/06)

Precautions
Itraconazole has caused abnormalities in fetal develop-
ment in rodents and is therefore contra-indicated in
pregnancy. For further information, see Pregnancy, un-
der Precautions of Fluconazole, p.532. 
Itraconazole should be avoided in patients with hepatic
impairment. Liver function should be monitored if
treatment lasts more than one month or if there are
symptoms suggestive of hepatitis. Treatment should be
stopped if abnormal liver function is detected. Plasma-
itraconazole concentrations should be monitored in pa-
tients with active liver disease and the dosage adjusted
if necessary. 
Dose adjustments may also be required in some pa-
tients with renal impairment. Licensed product infor-
mation warns that the use of intravenous preparations
of itraconazole formulated with hydroxypropylbetadex
is contra-indicated in patients with a creatinine clear-
ance of less than 30 mL/minute. 
Itraconazole should be stopped if neuropathy develops. 
Itraconazole should not be used for the treatment of
less severe fungal infections such as onychomycosis in
patients with evidence of, or a history of, ventricular
dysfunction such as heart failure. 
Hypochlorhydria, which may be present in patients
with AIDS, can reduce absorption of itraconazole. In
this case absorption may be improved by giving itraco-
nazole with an acidic drink, such as a cola beverage.
Breast feeding. Breast feeding while receiving itraconazole is
not recommended by the manufacturer although only small
amounts of itraconazole are distributed into breast milk.

Interactions
Enzyme-inducing drugs such as carbamazepine, isoni-
azid, nevirapine, phenobarbital, phenytoin, rifabutin,
or rifampicin may decrease plasma concentrations of
itraconazole sufficiently to reduce its effectiveness.
Conversely, enzyme inhibitors such as clarithromycin,
erythromycin, HIV-protease inhibitors, including
ritonavir-boosted HIV-protease inhibitors, may in-
crease plasma concentrations of itraconazole. Use of
drugs that reduce stomach acidity, such as antimus-
carinics, antacids, proton pump inhibitors, and hista-
mine H2-receptor antagonists, may reduce the absorp-
tion of itraconazole. Like other triazole antifungals,
itraconazole is a potent inhibitor of the cytochrome
P450 isoenzyme CYP3A4, and may increase plasma
concentrations of other drugs reliant upon it for their
metabolism. This increases the risk of adverse effects
and such combinations should be given with caution
and careful monitoring, if at all. Drugs so affected may
include: 
• antiarrhythmics such as dofetilide and quinidine 
• antiepileptics such as carbamazepine (which in turn

decreases the concentration of the antifungal, see
above) 

• antihistamines such as astemizole and terfenadine 
• the antimycobacterial rifabutin (which again also

decreases antifungal concentrations) 
• antineoplastics such as busulfan, docetaxel, and the

vinca alkaloids 
• antipsychotics such as pimozide and sertindole 
• anxiolytics and sedatives such as buspirone 
• benzodiazepines such as alprazolam, diazepam, mi-

dazolam, and triazolam 
• calcium channel blockers such as verapamil, and the

dihydropyridines felodipine, nifedipine, and nisol-
dipine (see also below) 

• cardiac glycosides such as digoxin 
• some corticosteroids such as budesonide, dexameth-

asone, fluticasone and methylprednisolone 
• the coumarin anticoagulant warfarin 
• ergot alkaloids such as dihydroergotamine, er-

gometrine, ergotamine, and methylergometrine 
• the gastrointestinal prokinetic cisapride 
• HIV-protease inhibitors such as indinavir, ritonavir,

and saquinavir (concentrations of the antifungal may
be increased in turn by indinavir, ritonavir, or co-for-
mulated lopinavir-ritonavir, but not by saquinavir) 

• immunosuppressants such as ciclosporin, sirolimus,
and tacrolimus 

• opioids such as alfentanil and levacetylmethadol 
• some oral hypoglycaemics 
• the phosphodiesterase inhibitors sildenafil and var-

denafil 
• statins (HMG Co-A reductase inhibitors) such as

atorvastatin, lovastatin, and simvastatin 
Where drugs metabolised via CYP3A4 also prolong
the QT interval, the risk of serious cardiovascular ef-
fects such as torsade de pointes means that the combi-
nation should be avoided; this includes astemizole, cis-
apride, dofetilide, levacetylmethadol, pimozide,
quinidine, sertindole, and terfenadine. Care is also re-
quired with calcium channel blockers, which may in-
crease the risk of congestive heart failure if given to-
gether, and nisoldipine in particular is considered
contra-indicated. Use with the statins is also best
avoided because of the risk of muscle damage.
◊ Reviews of drug interactions with azole antifungals.
1. Baciewicz AM, Baciewicz FA. Ketoconazole and fluconazole

drug interactions. Arch Intern Med 1993; 153: 1970–6. 
2. Lomaestro BM, Piatek MA. Update on drug interactions with

azole antifungal agents. Ann Pharmacother 1998; 32: 915–28. 
3. Venkatakrishnan K, et al. Effects of the antifungal agents on ox-

idative drug metabolism: clinical relevance. Clin Pharmacokinet
2000; 38: 111–80.

Immunosuppressants. Fatal hepatitis occurred in a 68-year-
old woman1 after 2 months of use of itraconazole and lefluno-
mide. The authors suggested that the combined hepatotoxicity of
both drugs might have accounted for this.
1. Legras A, et al. Fatal hepatitis with leflunomide and itracona-

zole. Am J Med 2002; 113: 352–3.

Metal ions. Didanosine in a formulation containing aluminium
and magnesium ion buffering agents could reduce the absorption
of itraconazole due to the resultant increase in gastric pH.1
1. Moreno F, et al. Itraconazole-didanosine excipient interaction.

JAMA 1993; 269: 1508.

Antimicrobial Action
Itraconazole is a triazole antifungal drug that in sensi-
tive fungi inhibits cytochrome P450-dependent en-
zymes resulting in impairment of ergosterol synthesis
in fungal cell membranes. It has a slightly wider spec-
trum of activity than ketoconazole. It is active against
Aspergillus spp., Blastomyces dermatitidis, Candida
spp., Coccidioides immitis, Cryptococcus neoformans,
Epidermophyton spp., Histoplasma capsulatum,
Malassezia furfur, Microsporum spp., Paracoccidio-
ides brasiliensis, Sporothrix schenckii, and Trichophy-
ton spp. Itraconazole also has some antiprotozoal ac-
tivity against Leishmania spp. 
Acquired resistance to itraconazole is rare but ketoco-
nazole-resistant strains of Candida albicans have been
found to be cross resistant to itraconazole.
Microbiological interactions. Synergistic antifungal effects
were seen in vitro with terbinafine and itraconazole against
strains of Candida albicans1 and Scedosporium prolificans.2 For
effects on the antifungal activity of azoles when given with am-
photericin B, see p.525.
1. Barchiesi F, et al. In vitro activities of terbinafine in combination

with fluconazole and itraconazole against isolates of Candida al-
bicans with reduced susceptibility to azoles. Antimicrob Agents
Chemother 1997; 41: 1812–14. 

2. Meletiadis J, et al. In vitro interaction of terbinafine with itraco-
nazole against clinical isolates of Scedosporium prolificans. An-
timicrob Agents Chemother 2000; 44: 470–2.

Resistance. For a discussion of increasing resistance of Candi-
da spp. to azoles, see under Antimicrobial Action of Flucona-
zole, p.533. Decreased susceptibility to itraconazole and cross-
resistance to fluconazole has been reported in C. albicans isolat-
ed from patients with AIDS given long-term prophylaxis with
itraconazole.1 Aspergillus fumigatus resistant to itraconazole has
also been seen.2,3

1. Goldman M, et al. Does long-term itraconazole prophylaxis re-
sult in in vitro azole resistance in mucosal Candida albicans iso-
lates from persons with advanced human immunodeficiency vi-
rus infection? Antimicrob Agents Chemother 2000; 44: 1585–7. 

2. Denning DW, et al. Itraconazole resistance in Aspergillus fumi-
gatus. Antimicrob Agents Chemother 1997; 41: 1364–8. 

3. Dannaoui E, et al. Acquired itraconazole resistance in Aspergil-
lus fumigatus. J Antimicrob Chemother 2001; 47: 333–340.

Pharmacokinetics
Itraconazole is absorbed from the gastrointestinal tract
when given orally either as capsules containing itraco-
nazole coated onto sugar spheres or as an oral liquid
formulated with hydroxypropylbetadex. Absorption
from the capsule formulation is enhanced by an acidic
gastric environment and is greatest when doses are tak-
en with food; absorption from the oral liquid is not de-
pendent on an acid environment, and absorption is
greatest in the fasting state. Peak plasma concentra-
tions are achieved between 1.5 and 5 hours after a dose
of either formulation, and steady state is reached within
15 days during daily dosing. Peak plasma concentra-
tions at steady state of about 2 micrograms/mL have
been reported after daily doses of 200 mg. 
Bioavailability increases with doses of 100 to 400 mg
in such a manner as to suggest that itraconazole under-
goes saturable metabolism. Itraconazole is highly pro-
tein bound; only 0.2% circulates as free drug. Itracona-
zole is widely distributed but only small amounts
diffuse into the CSF. Concentrations attained in the
skin, sebum, pus, and many organs and tissues are sev-
eral times higher than simultaneous plasma concentra-
tions. Therapeutic concentrations of itraconazole re-
main in the skin and mucous membranes for 1 to 4
weeks after the drug is stopped. Small amounts are dis-
tributed into breast milk. 
Itraconazole is metabolised in the liver mainly by cyto-
chrome P450 isoenzyme CYP3A4. The major metab-
olite, hydroxyitraconazole, has antifungal activity
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comparable with that of itraconazole. Itraconazole is
also excreted as inactive metabolites in the bile or
urine; 3 to 18% is excreted in the faeces as unchanged
drug. Small amounts are eliminated in the stratum cor-
neum and hair. Itraconazole is not removed by dialysis. 

The elimination half-life following a single 100-mg
dose has been reported as 20 hours, increasing to 30 to
40 hours with continued use.

Uses and Administration
Itraconazole is a triazole antifungal given orally for the
treatment of oropharyngeal and vulvovaginal candidia-
sis, for pityriasis versicolor, for dermatophytoses unre-
sponsive to topical treatment, for onychomycosis, and
for systemic infections including aspergillosis, blasto-
mycosis, candidiasis, chromoblastomycosis, coccidio-
idomycosis, cryptococcosis, histoplasmosis, paracoc-
cidioidomycosis, and sporotrichosis. It is also given for
the prophylaxis of fungal infections in immunocom-
promised patients. The place of itraconazole in the
treatment of fungal infections is discussed in the vari-
ous sections under Choice of Antifungal, p.517. 

Doses of itraconazole oral liquid and capsules are not
equivalent and may not be used interchangeably. 

In the UK, itraconazole oral liquid is licensed for use
in oral and oesophageal candidiasis in a dose of
200 mg daily for 1 week; it may be taken as a single
daily dose, or, preferably, in 2 divided doses, the liquid
being retained in the mouth for 20 seconds before
swallowing. If there is no response after a week, treat-
ment may be continued for a further week. In the USA,
a similar regimen is licensed for oropharyngeal candi-
diasis, but in oesophageal candidiasis an alternative
regimen of 100 mg daily for at least 3 weeks is pre-
ferred, although the dose may be increased to 200 mg
daily if necessary. 

For patients with fluconazole-resistant infections the
dose in the UK is 100 to 200 mg twice daily for 2
weeks; if there is no response, 100 mg twice daily may
be given for a further 2 weeks. In the USA the recom-
mended dose is 100 mg twice daily. 

Itraconazole oral liquid is also licensed in the UK for
prophylaxis of susceptible fungal infections in immu-
nocompromised patients, in doses of 5 mg/kg daily, in
2 divided doses. 

The following oral doses all apply to itraconazole cap-
sules. The dose in oropharyngeal candidiasis is 100 mg
(or 200 mg in patients with AIDS or neutropenia) daily
for 15 days. Vulvovaginal candidiasis may be treated
with itraconazole 200 mg twice daily for 1 day. Pityr-
iasis versicolor may be treated with itraconazole
200 mg daily for 7 days. For dermatophytoses the dose
is 100 mg daily for 15 days or 200 mg daily for 7 days
in tinea corporis or tinea cruris; doses are 100 mg daily
for 30 days or 200 mg twice daily for 7 days in tinea
pedis or tinea manuum. For nail infections the dose is
200 mg daily for 3 months or pulse therapy with
200 mg twice daily for 7 days repeated once (for fin-
gernails) or twice (for toenails) after drug-free intervals
of 21 days. 

For systemic infections, itraconazole capsules are giv-
en in usual doses of 100 to 200 mg once daily, in-
creased to 200 mg twice daily for invasive or dissemi-
nated infections, including cryptococcal meningitis. In
life-threatening infections a loading dose of 200 mg
three times daily for 3 days has been given. A dose of
200 mg daily is used for primary or secondary prophy-
laxis in neutropenic patients or those with AIDS. Ab-
sorption may be impaired in these patients and moni-
toring of plasma concentrations is advised with an
increase in dose to 200 mg twice daily if necessary.
This higher dose is recommended routinely by some
authorities in the USA such as the Centers for Disease
Control and Prevention. 

Itraconazole may also be given by intravenous infu-
sion in a dose of 200 mg given twice daily over 1 hour
for two days, then 200 mg daily thereafter.
◊ Reviews.
1. Haria M, et al. Itraconazole: a reappraisal of its pharmacological

properties and therapeutic use in the management of superficial
fungal infections. Drugs 1996; 51: 585–620. 

2. Pierard GE, et al. Itraconazole. Expert Opin Pharmacother
2000; 1: 287–304. 

3. Stevens DA (ed). Managing fungal infections in the 21st century:
focus on itraconazole. Drugs 2001; 61 (suppl 1): 1–56. 

4. Slain D, et al. Intravenous itraconazole. Ann Pharmacother
2001; 35: 720–9. 

5. Boogaerts M, Maertens J. Clinical experience with itraconazole
in systemic fungal infections. Drugs 2001; 61 (suppl 1): 39–47. 

6. Maertens J, Boogaerts M. The place for itraconazole in treat-
ment. J Antimicrob Chemother 2005; 56 (suppl 1): i33–i38. 

7. Potter M. Strategies for managing systemic fungal infection and
the place of itraconazole. J Antimicrob Chemother 2005; 56
(suppl 1): i49–i54.

Administration. HIGH DOSES. Doses of itraconazole 600 mg
daily in two divided doses for 3 to 16 months were used in 8
patients with systemic mycoses resistant to conventional ther-
apy.1 Two patients with AIDS and cryptococcal meningitis
failed to respond and 2 who responded initially later relapsed
or developed progressive disease when the dose was reduced.
The main adverse effects were hypokalaemia, hypertension,
and oedema possibly associated with adrenal suppression. 
In a patient with cerebral aspergillosis, itraconazole 800 mg daily
for 5 months then 400 mg daily for a further 4 ⁄  months produced
complete resolution of cerebral lesions.2
1. Sharkey PK, et al. High-dose itraconazole in the treatment of

severe mycoses. Antimicrob Agents Chemother 1991; 35:
707–13. 

2. Sánchez C, et al. Treatment of cerebral aspergillosis with itraco-
nazole: do high doses improve the prognosis? Clin Infect Dis
1995; 21: 1485–7.

Administration in children and neonates. Itraconazole has
been used in children in the treatment of tinea capitis.1 Doses
were 50 mg daily by mouth for those below 20 kg and 100 mg
daily for those weighing 20 kg or more. 
A review of the use of itraconazole in children2 considered oral
itraconazole to be safe and effective against most fungal organ-
isms causing superficial infections. 
Itraconazole was given to 2 premature infants with disseminated
candidiasis in a dose of 10 mg/kg daily in two divided doses for
3 or 4 weeks without adverse effects.3 Treatment was successful
in both infants. 
Although itraconazole oral liquid is not licensed for use in chil-
dren in the UK, and the capsules are only licensed from 12 years
of age, the BNFC suggests the following daily oral doses, given
as a single dose (unless otherwise specified): 
for oropharyngeal candidiasis: 
• 1 month to 12 years of age, 3 to 5 mg/kg (to a maximum of

100 mg) daily for 15 days; up to 200 mg daily may be given
to patients with neutropenia or AIDS 

• 12 to 18 years of age, 100 mg (200 mg in those with neutrope-
nia or AIDS) daily for 15 days 

for dermatophyte infections: 
• 1 month to 12 years of age, 3 to 5 mg/kg daily; this is given to

a maximum of 200 mg daily for 7 days (pityriasis versicolor),
to a maximum of 100 mg daily for 15 days (tinea corporis and
tinea cruris), or to a maximum of 100 mg daily for 30 days
(tinea pedis and tinea manuum) 

• 12 to 18 years of age, 200 mg daily for 7 days (pityriasis ver-
sicolor); 100 mg daily for 15 days or as in pityriasis (tinea cor-
poris and tinea cruris); or 100 mg daily for 30 days or 200 mg
twice daily for 7 days (tinea pedis and tinea manuum) 

for onychomycosis, from 1 year of age: 
• 1 to 12 years, courses of 5 mg/kg daily for 7 days, repeated

after intervals of 21 days to a total of 2 courses for infections
of the fingernails and 3 courses for toenail infections 

• 12 to 18 years, either 200 mg daily for 3 months, or courses of
200 mg twice daily for 7 days, repeated after intervals of 21
days to a total of 2 courses for infections of the fingernails and
3 courses for toenail infections 

for histoplasmosis or for systemic fungal infections such as as-
pergillosis, candidiasis, and cryptococcosis (including crypto-
coccal meningitis) where other antifungal drugs are inappropri-
ate or ineffective: 
• from 1 month of age to 18 years, 5 mg/kg (to a maximum of

200 mg) once or twice daily; the twice daily dose should be
used in invasive or disseminated disease or cryptococcal men-
ingitis. For intravenous doses see below 

for maintenance in AIDS patients to prevent relapse of under-
lying fungal infection, or for prophylaxis in neutropenia when
standard therapy is inappropriate: 
• from 1 month of age to 18 years, 5 mg/kg (to a maximum of

200 mg) daily, increased to twice daily if plasma-itraconazole
concentrations are low 

for prophylaxis in haematological malignancy or bone-mar-
row transplantation (in patients expected to become neutropen-
ic), where standard therapy is inappropriate the oral liquid may
be given as follows: 

• from 1 month of age to 18 years, 2.5 mg/kg twice daily, start-
ing before transplantation or chemotherapy and continued un-
til the neutrophil count recovers 

Like the oral liquid the intravenous product is not licensed in
children in the UK; the BNFC suggests the following intrave-
nous doses by infusion in children with systemic fungal infec-
tions: 

• from 1 month of age to 18 years, 2.5 mg/kg (to a maximum of
200 mg) every 12 hours for 2 days, then the same dose once
daily for a maximum of 12 days. Doses should be given by
diluting 250 mg as the intravenous concentrate in 50 mL of
sodium chloride 0.9% and infusing over 60 minutes

1. Möhrenschlager M, et al. Optimizing the therapeutic approach in
tinea capitis of childhood with itraconazole. Br J Dermatol 2000;
143: 1011–15. 

2. Gupta AK, et al. Efficacy and safety of itraconazole use in chil-
dren. Dermatol Clin 2003; 21: 521–35. 

3. Bhandari V, Narang A. Oral itraconazole therapy for disseminat-
ed candidiasis in low birth weight infants. J Pediatr 1992; 120:
330.

Amoebic infections. Itraconazole has been suggested for
Acanthamoeba keratitis (p.822), when it is given orally with top-
ical miconazole.

Leishmaniasis. When systemic therapy is required for the treat-
ment of leishmaniasis (p.824), pentavalent antimonials are most
commonly used. The successful use of itraconazole has been re-
ported in a few patients1-4 with cutaneous disease but infections
with Leishmania aethiopica may not respond.5 Although a pilot
study6 in patients with mucocutaneous leishmaniasis reported
benefit with itraconazole this was not confirmed in another
study7 where the response was only transient in the majority of
patients. Similarly, itraconazole with terbinafine has been found
to be ineffective in post kala-azar dermal leishmaniasis.8

1. Albanese G, et al. Cutaneous leishmaniasis: treatment with itra-
conazole. Arch Dermatol 1989; 125: 1540–2. 

2. Pialoux G, et al. Cutaneous leishmaniasis in an AIDS patient:
cure with itraconazole. J Infect Dis 1990; 162: 1221–2. 

3. Dogra J, Saxena VN. Itraconazole and leishmaniasis: a ran-
domised double-blind trial in cutaneous disease. Int J Parasitol
1996; 26: 1413–15. 

4. Consigli J, et al. Cutaneous leishmaniasis: successful treatment
with itraconazole. Int J Dermatol 2006; 45: 46–9. 

5. Akuffo H, et al. The use of itraconazole in the treatment of leish-
maniasis caused by Leishmania aethiopica. Trans R Soc Trop
Med Hyg 1990; 84: 532–4. 

6. Amato VS, et al. Use of itraconazole in the treatment of muco-
cutaneous leishmaniasis: a pilot study. Int J Infect Dis 2000; 4:
153–7. 

7. Calvopina M, et al. Itraconazole in the treatment of New World
mucocutaneous leishmaniasis. Int J Dermatol 2004; 43: 659–63. 

8. Khalil EAG, et al. Failure of a combination of two antifungal
drugs, terbinafine plus itraconazole, in Sudanese post kala-azar
dermal leishmaniasis. Trans R Soc Trop Med Hyg 1996; 90:
187–8.

Trypanosomiasis. Itraconazole, alone or with allopurinol, may
produce beneficial responses in American trypanosomiasis
(p.827).

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: ITC†; Itrac; Micotenk; Nitridazol; Panastat; Salimidin; Sporanox; Aus-
tral.: Sporanox; Austria: Itrabene; Sporanox; Belg.: Sporanox; Braz.: Es-
tiranox; Fungonax; Itracotan; Itrahexal†; Itranax†; Itraspor; Itrazol; Neo
Itrax; Sporanox; Spozol; Tracnox†; Traconal; Traconax†; Tracozon; Trana-
zol†; Tratzol; Traxonol†; Canad.: Sporanox; Chile: Itodal; Sporanox;
Teramic; Cz.: Cladostad; Prokanazol; Sporanox; Denm.: Niddazol; Sporan-
ox; Fin.: Sporanox; Fr.: Sporanox; Ger.: Canifug Itra; Itracol; Sempera;
Siros; Gr.: Assosept-S; Bevonazole; Brovicton; Deratil; Etrel; Flunol; Idranox;
Isoflon; Itrabest; Itracon; Itraconal; Itralfa; Itraviron; Itrazol; Laverio; Lorenzol;
Mesmor; Micronazol; Prominox; Soprazon; Sporanox; Sporizole; Stas;
Sterginox; Zetilox; Hong Kong: Aranox; Quali-itrazole; Sporanox; Hung.:
Cladostad; Omicral; Orungal; India: Candistat; Canditral; Itracan; Indon.:
Forcanox; Fungitrazol; Furolnok; Itzol; Nufatrac; Sporacid; Sporanox; Spyro-
con; Trachon; Unitrac; Zitrazol; Irl.: Sporanox; Israel: Itranol; Sporanox;
Ital.: Sporanox; Trazer; Triasporin; Jpn: Itrizole; Malaysia: Canditral; Inox;
Sporanox; Unitrac; Mex.: Carexan; Conamed; Congox; Derusil; Ergosphar-
ma; Fitocyd; Fulzoltec†; Fuzoltec; Imazol; Iqcona; Isoporum; Isox; Itranax;
Lozartil; Rixtal; Seritral; Silicsan; Sinozol; Solmavin; Sporanox; Steitraz; Trax;
Z-Fin; Zolken; Neth.: Trisporal; Norw.: Sporanox; NZ: Sporanox;
Philipp.: Sporanox; Pol.: Orungal; Trioxal; Port.: Sporanox; Rus.: Irunine
(Ирунин); Orungal (Орунгал); Orungamin (Орунгамин); Orunit
(Орунит); Rumycoz (Румикоз); S.Afr.: Adco-Sporozole; Sporanox; Singa-
pore: Canditral†; Sporanox; Spain: Canadiol; Hongoseril; Oromic; Sporan-
ox; Swed.: Sporanox; Switz.: Sporanox; Thai.: Canditral; Icona; Itra; Itra-
con; Norspor; Spazol; Sporal; Sporlab; Spornar ; Turk.: Funit; Itraspor;
Sporex; UK: Sporanox; USA: Sporanox; Venez.: Fungosin; Sporanox.

Multi-ingredient: Mex.: Sepia; Sporasec; Venez.: Sporasec.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Ketoconazole (BAN, USAN, rINN)

Ketoconazol; Kétoconazole; Ketoconazolum; Ketokonatsoli; Ke-
tokonazol; Ketokonazolas; R-41400. (±)-cis-1-Acetyl-4-{4-[2-
(2,4-dichlorophenyl)-2-imidazol-1-ylmethyl-1,3-dioxolan-4-yl-
methoxy]phenyl}piperazine.
Кетоконазол
C26H28Cl2N4O4 = 531.4.
CAS — 65277-42-1.
ATC — D01AC08; G01AF11; J02AB02.
ATC Vet — QD01AC08; QG01AF11; QJ02AB02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int.,  and US. 
Ph. Eur. 6.2 (Ketoconazole). A white or almost white powder.
Practically insoluble in water; sparingly soluble in alcohol; freely
soluble in dichloromethane; soluble in methyl alcohol. Protect
from light.

Adverse Effects
Gastrointestinal disturbances are the most frequently
reported adverse effect after the oral use of ketocona-
zole. Nausea and vomiting have been reported in about
3% of patients, and abdominal pain in about 1%. These
adverse effects are dose-related and may be minimised
by giving ketoconazole with food. Asymptomatic,
transient elevations in serum concentrations of liver
enzymes may occur in about 10% of patients. Hepatitis
has been reported and the risk appears to increase if
treatment with ketoconazole is continued for longer
than 2 weeks; it is usually reversible on stopping keto-
conazole but fatalities have occurred. Ketoconazole in-
terferes with steroid biosynthesis and adverse endo-
crine effects include gynaecomastia, oligospermia,
menstrual irregularities, and adrenal cortex suppres-
sion, especially at high doses. 
Other adverse effects include allergic reactions such as
urticaria and angioedema, and rare cases of anaphylax-
is after the first dose have been reported. Pruritus, rash,
alopecia, headache, dizziness, impotence, and somno-
lence may also occur. Thrombocytopenia, paraesthe-
sia, raised intracranial pressure, and photophobia have
been reported rarely. 
After topical use of ketoconazole, irritation, dermatitis,
or a burning sensation has occurred.
Effects on the blood. A case of fatal aplastic anaemia was
reported1 in a 23-year-old woman who had taken ketoconazole
for 4 days for the treatment of vaginal discharge.
1. Duman D, et al. Fatal aplastic anemia during treatment with ke-

toconazole. Am J Med 2001; 111: 737.

Effects on endocrine function. Oral ketoconazole blocks tes-
tosterone synthesis and adrenal response to corticotropin, result-
ing in azospermia and oligospermia, gynaecomastia, impotence
and decreased libido, and adrenal insufficiency.1-8 As an inhibitor
of steroid production, ketoconazole is valuable in controlling hy-
percortisolism and is used therapeutically in some endocrine dis-
orders and prostatic cancer. For further discussion see under Uses
and Administration, below.
1. DeFelice R, et al. Gynecomastia with ketoconazole. Antimicrob

Agents Chemother 1981; 19: 1073–4. 
2. Pont A, et al. High-dose ketoconazole therapy and adrenal and

testicular function in humans. Arch Intern Med 1984; 144:
2150–3. 

3. White MC, Kendall-Taylor P. Adrenal hypofunction in patients
taking ketoconazole. Lancet 1985; i: 44–5. 

4. Dandona P, et al. Non-suppression of cortisol secretion by long
term treatment with ketoconazole in patients with acute leukae-
mia. J Clin Pathol 1985; 38: 677–8. 

5. Pillans PI, et al. Hyponatraemia and confusion in a patient taking
ketoconazole. Lancet 1985; i: 821–2. 

6. McCance DR, et al. Acute hypoadrenalism and hepatotoxicity
after treatment with ketoconazole. Lancet 1987; i: 573. 

7. Best TR, et al. Persistent adrenal insufficiency secondary to low-
dose ketoconazole therapy. Am J Med 1987; 82: 676–80. 

8. Khosla S, et al. Adrenal crisis in the setting of high-dose ketoco-
nazole therapy. Arch Intern Med 1989; 149: 802–4.

Effects on the liver. Hepatic adverse reactions to oral ketoco-
nazole are well known.1-4 Transient minor elevations of liver en-
zymes without clinical signs or symptoms of hepatic disease oc-
cur in about 10% of patients and may occur at any stage of
treatment. Although this reaction is not usually clinically impor-

tant it may signal the onset of more serious hepatic injury and
indicates the need for close monitoring of liver function. Symp-
tomatic hepatic reactions are much rarer (less than 0.1% of pa-
tients) but are potentially fatal. There is usually a hepatocellular
pattern of damage and sometimes cholestasis. Patients at in-
creased risk of hepatic injury include those with a history of liver
disease, those aged over 50, especially women, and those requir-
ing prolonged treatment. It is important to monitor liver function
during treatment as well as to limit the length of treatment. If
liver enzyme values continue to rise or jaundice or hepatitis oc-
cur, ketoconazole should be withdrawn immediately since fatal-
ities have occurred in patients who continued treatment after
signs of hepatic injury developed.
1. Janssen PA, Symoens JE. Hepatic reactions during ketoconazole

treatment. Am J Med 1983; 74: 80–5. 
2. Lewis JH, et al. Hepatic injury associated with ketoconazole

therapy. Gastroenterology 1984; 86: 503–13. 
3. Lake-Bakaar G, et al. Hepatic reactions associated with ketoco-

nazole in the United Kingdom. BMJ 1987; 294: 419–21. 
4. García Rodríguez LA, et al. A cohort study on the risk of acute

liver injury among users of ketoconazole and other antifungal
drugs. Br J Clin Pharmacol 1999; 48: 847–52.

Precautions
Since ketoconazole has been reported to cause hepato-
toxicity it should not be given to patients with pre-ex-
isting liver disease. Patients given ketoconazole should
be monitored for symptoms of hepatitis; also, liver
function tests should be performed before starting oral
treatment with ketoconazole lasting for more than 14
days and then at least monthly throughout therapy. 
Ketoconazole has been shown to be teratogenic in an-
imal studies and its use is generally not recommended
during pregnancy. For a discussion of the caution need-
ed when using azole antifungals during pregnancy, see
under Pregnancy in Precautions of Fluconazole, p.532. 
Hypochlorhydria, which may be present in patients
with AIDS, can reduce absorption of ketoconazole. In
this case absorption may be improved by giving keto-
conazole with an acidic drink, such as a cola beverage.
Breast feeding. Ketoconazole is excreted in breast milk and
licensed product information states that oral use should be avoid-
ed during breast feeding. However, no adverse effects were seen
in a breast-fed infant whose mother was receiving ketoconazole;1
it was calculated that the infant was exposed to about 0.4% of the
usual therapeutic dose of ketoconazole for this age group. The
American Academy of Pediatrics considers2 that use of ketoco-
nazole is therefore usually compatible with breast feeding.
1. Moretti ME, et al. Disposition of maternal ketoconazole in breast

milk. Am J Obstet Gynecol 1995; 173: 1625–6. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/06/05)

Porphyria. Ketoconazole is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
Use of drugs that reduce stomach acidity, such as an-
timuscarinics, antacids, histamine H2-antagonists, and
proton pump inhibitors, may reduce the absorption of
ketoconazole. Absorption of ketoconazole may also be
reduced by sucralfate. Enzyme-inducing drugs such as
rifampicin, isoniazid, efavirenz, nevirapine, or pheny-
toin may reduce plasma-ketoconazole concentrations.
Concentrations of isoniazid and rifampicin may also be
reduced by ketoconazole. 
Ketoconazole inhibits certain hepatic oxidase en-
zymes, especially the cytochrome P450 isoenzyme
CYP3A4, in a similar way to itraconazole (p.537) and
similar care should be taken to avoid adverse effects
due to increased plasma concentrations of the interact-
ing drugs. 
A disulfiram-like reaction may occur in patients taking
ketoconazole after drinking alcohol. The efficacy of
oral contraceptives may be reduced.
◊ For reviews of drug interactions with azole antifungals, see
Itraconazole, p.537.

Antimicrobial Action
Ketoconazole is an imidazole antifungal that interferes
with ergosterol synthesis and therefore alters the per-
meability of the cell membrane of sensitive fungi. It is
reported to be fungistatic at concentrations achieved
clinically. Ketoconazole has a wide spectrum of anti-

microbial activity including activity against Blastomy-
ces dermatitidis, Candida spp., Coccidioides immitis,
Epidermophyton floccosum, Histoplasma capsulatum,
Malassezia spp., Microsporum canis, Paracoccidio-
ides brasiliensis, Trichophyton mentagrophytes, and T.
rubrum. Some strains of Aspergillus spp., Cryptococ-
cus neoformans, and Sporothrix schenckii are sensi-
tive. 
Ketoconazole has activity against some Gram-positive
bacteria and some antiprotozoal activity against Leish-
mania spp. 
There are rare reports of Candida albicans acquiring
resistance to ketoconazole.
Microbiological interactions. For the effect of imidazoles
and amphotericin B on each other’s antimicrobial activity, see
Amphotericin B, p.525.
Resistance. For a discussion of increasing resistance of Candi-
da spp. to azoles see Fluconazole, Antimicrobial Action, p.533.

Pharmacokinetics
The absorption of ketoconazole from the gastrointesti-
nal tract is variable and increases with decreasing
stomach pH. Mean peak plasma concentrations of
about 3.5 micrograms/mL have been obtained 2 hours
after an oral dose of 200 mg. Systemic absorption after
topical or vaginal application in healthy subjects is
minimal. Ketoconazole is more than 90% bound to
plasma proteins, mainly albumin. It is widely distribut-
ed and appears in breast milk. Penetration into the CSF
is poor. The elimination of ketoconazole is reported to
be biphasic, with an initial half-life of 2 hours and a
terminal half-life of about 8 hours. 
Ketoconazole is metabolised in the liver to inactive
metabolites. It is excreted as metabolites and un-
changed drug chiefly in the faeces; some is excreted in
the urine.
◊ References.
1. Daneshmend TK, Warnock DW. Clinical pharmacokinetics of

ketoconazole. Clin Pharmacokinet 1988; 14: 13–34. 
2. Lelawongs P, et al. Effect of food and gastric acidity on absorp-

tion of orally administered ketoconazole. Clin Pharm 1988; 7:
228–35. 

3. Lake-Bakaar G, et al. Gastropathy and ketoconazole malabsorp-
tion in the acquired immunodeficiency syndrome (AIDS). Ann
Intern Med 1988; 109: 471–3. 

4. Daneshmend TK. Diseases and drugs but not food decrease ke-
toconazole ‘bioavailability’. Br J Clin Pharmacol 1990; 29:
783–4. 

5. Hurwitz A, et al. Gastric function in the elderly: effects on ab-
sorption of ketoconazole. J Clin Pharmacol 2003; 43: 996–1002.

Uses and Administration
Ketoconazole is an imidazole antifungal used topically
or orally. It is given orally in chronic mucocutaneous or
vaginal candidiasis, in fungal infections of the gas-
trointestinal tract, in dermatophyte infections of the
skin and fingernails not responding to topical treat-
ment, and in systemic infections including blastomy-
cosis, candidiasis, coccidioidomycosis, histoplasmo-
sis, and paracoccidioidomycosis. It has been given for
the prophylaxis of fungal infections in immunocom-
promised patients, although fluconazole or itracona-
zole are usually preferred. It has been recommended
that, because of its erratic absorption and slow thera-
peutic response, ketoconazole should not be used for
the treatment of life-threatening fungal infections, in-
cluding fungal meningitis, or for severe infections in
immunocompromised patients. Also, because of the
risk of hepatotoxicity the use of ketoconazole in
nonsystemic fungal infections tends to be restricted to
serious infections resistant to other treatment. 
The place of ketoconazole in the treatment of fungal
infections is discussed in the various sections under
Choice of Antifungal, p.517. 
The usual oral dose for treatment and prophylaxis of
fungal infections is 200 mg once daily taken with food.
This may be increased to 400 mg daily if an adequate
response is not obtained; in some infections even high-
er doses have been used. Children may be given about
3 mg/kg daily, or 50 mg for those aged 1 to 4 years and
100 mg for children aged 5 to 12 years. Treatment
should usually be continued for 14 days and for at least
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one week after symptoms have cleared and cultures
have become negative. Some infections may require
several months of treatment and giving ketoconazole
for such prolonged periods may increase the risk of
hepatotoxicity. 
A dose of 400 mg once daily for 5 days is used for the
treatment of chronic vaginal candidiasis. 
Ketoconazole is applied topically as a 2% cream in the
treatment of candidal or dermatophyte infections of the
skin, or in the treatment of pityriasis versicolor. It is
used once or twice daily and continued for at least a
few days after the disappearance of symptoms. A foam
containing 2% ketoconazole applied twice daily for 4
weeks may be used in the treatment of seborrhoeic der-
matitis. A shampoo containing 1 or 2% ketoconazole is
also used; it is applied twice weekly for 2 to 4 weeks
(or occasionally longer) in the treatment of dandruff or
seborrhoeic dermatitis. The 2% shampoo is used once
daily for up to 5 days in pityriasis versicolor. For
prophylaxis of seborrhoeic dermatitis the 2% shampoo
is used once every 1 to 2 weeks; for prophylaxis of pit-
yriasis versicolor it may be used once daily for a max-
imum of 3 days before exposure to sunshine.
Acanthamoeba infections. Although there is currently no es-
tablished treatment for granulomatous amoebic encephalitis, ke-
toconazole may have some activity against the Acanthamoeba
spp. responsible for this infection and has been applied topically
to skin lesions. Ketoconazole has also been suggested for Acan-
thamoeba keratitis (p.822), when it has been given orally with
topical miconazole.

Acute respiratory distress syndrome. In two small double-
blind, controlled trials,1,2 the development of acute respiratory
distress syndrome (ARDS—p.1498) and mortality rates were
lower in high-risk patients given ketoconazole than in those giv-
en placebo. An accompanying editorial3 commented that ade-
quate blood concentrations appeared to be essential. The mode of
action could be associated with inhibition of leukotriene and
thromboxane synthesis.2,3 Nevertheless, in a study in 234 pa-
tients,4 ketoconazole failed to reduce mortality or improve clini-
cal outcomes when given early in the course of ARDS. Some
centres have developed guidelines for ketoconazole prophylaxis
in patients at risk of ARDS.5
1. Slotman GJ, et al. Ketoconazole prevents acute respiratory fail-

ure in critically ill surgical patients. J Trauma 1988; 28: 648–54. 
2. Yu M, Tomasa G. A double-blind, prospective, randomized trial

of ketoconazole, a thromboxane synthetase inhibitor, in the
prophylaxis of the adult respiratory distress syndrome. Crit Care
Med 1993; 21: 1635–42. 

3. Slotman GJ. Ketoconazole: maybe it isn’t the magic potion, but
... Crit Care Med 1993; 21: 1642–4. 

4. The ARDS Network Authors. Ketoconazole for early treatment
of acute lung injury and acute respiratory distress syndrome: a
randomized controlled trial. JAMA 2000; 283: 1995–2002. 

5. Sinuff T, et al. Development, implementation, and evaluation of
a ketoconazole practice guideline for ARDS prophylaxis. J Crit
Care 1999; 14: 1–6.

Blastomycosis. Ketoconazole has largely been replaced by
itraconazole as the azole of choice in the treatment of blastomy-
cosis (p.518) because of its higher incidence of adverse effects,
and lower efficacy. If used as an alternative it is given in doses of
400 to 800 mg daily.1
1. Chapman SW, et al. Clinical practice guidelines for the manage-

ment of blastomycosis: 2008 update by the Infectious Diseases
Society of America. Clin Infect Dis 2008; 46: 1801–12. Also
available at: http://www.journals.uchicago.edu/doi/pdf/
10.1086/588300 (accessed 03/07/08)

Endocrine disorders and malignant neoplasms. Ketoco-
nazole has been reported to impair steroid hormone synthesis1

and to blunt the response of cortisone to adrenocorticotrophic
hormone (ACTH)2 and has been tried in the management of a
number of endocrine disorders. 
In Cushing’s syndrome (p.2344), ketoconazole in doses of up to
1200 mg daily has been used successfully as an alternative or ad-
juvant to definitive therapies such as surgery or radiotherapy.3-6 
Treatment of hirsutism is usually with an anti-androgen (see un-
der Cyproterone, p.2089), but ketoconazole has been tried in
small numbers of women at a dose of 300 mg daily7 or 400 mg
daily,8,9 with variable results. 
Ketoconazole has been reported to produce a beneficial response
in some forms of precocious puberty (p.2081) that do not gen-
erally respond to gonadorelin analogues; cessation of menstrua-
tion and regression of pubertal signs in girls10 and reduced testo-
sterone secretion and increase in adult height in boys11-13 has
been noted in small numbers of patients studied. 
The anti-androgenic effects of ketoconazole have also been
found useful in the management of prostatic cancer (p.671) in
selected patients,14-18 although there have been some concerns
about its tolerability,17 and it is not generally used as a first-line
treatment. 

Ketoconazole was ineffective in suppressing postoperative
erection in patients undergoing penile reconstructive surgery.19

1. Pont A, et al. Ketoconazole blocks adrenal steroid synthesis.
Ann Intern Med 1982; 97: 370–2. 

2. White MC, Kendall-Taylor P. Adrenal hypofunction in patients
taking ketoconazole. Lancet 1985; i: 44–5. 

3. Winquist EW, et al. Ketoconazole in the management of parane-
oplastic Cushing’s syndrome secondary to ectopic adrenocorti-
cotropin production. J Clin Oncol 1995; 13: 157–64. 

4. Estrada J, et al. The long-term outcome of pituitary irradiation
after unsuccessful transsphenoidal surgery in Cushing’s disease.
N Engl J Med 1997; 336: 172–7. 

5. Berwaerts JJ, et al. Corticotropin-dependent Cushing’s syn-
drome in older people: presentation of five cases and therapeu-
tical use of ketoconazole. J Am Geriatr Soc 1998; 46: 880–4. 

6. Chou SC, Lin JD. Long-term effects of ketoconazole in the
treatment of residual or recurrent Cushing’s disease. Endocr J
2000; 47: 401–6. 

7. Venturoli S, et al. A prospective randomized trial comparing
low dose flutamide, finasteride, ketoconazole, and cyproterone
acetate-estrogen regimens in the treatment of hirsutism. J Clin
Endocrinol Metab 1999; 84: 1304–10. 

8. Sonino N, et al. Low-dose ketoconazole treatment in hirsute
women. J Endocrinol Invest 1990; 13: 35–40. 

9. Venturoli S, et al. Ketoconazole therapy for women with acne
and/or hirsutism. J Clin Endocrinol Metab 1990; 71: 335–9. 

10. Syed FA, Chalew SA. Ketoconazole treatment of gonadotropin
independent precocious puberty in girls with McCune-Albright
syndrome: a preliminary report. J Pediatr Endocrinol Metab
1999; 12: 81–3. 

11. Bertelloni S, et al. Long-term outcome of male-limited gonado-
tropin-independent precocious puberty. Horm Res 1997; 48:
235–9. 

12. Soriano-Guillén L, et al. Adult height after ketoconazole treat-
ment in patients with familial male-limited precocious puberty.
J Clin Endocrinol Metab 2005; 90: 147–51. 

13. Almeida MQ, et al. Long-term treatment of familial male-limit-
ed precocious puberty (testotoxicosis) with cyproterone acetate
or ketoconazole. Clin Endocrinol (Oxf) 2008; 69: 93–98. 

14. Lowe FC, Bamberger MH. Indications for use of ketoconazole
in management of metastatic prostate cancer. Urology 1990; 36:
541–5. 

15. Mahler C, et al. Ketoconazole and liarozole in the treatment of
advanced prostatic cancer. Cancer 1993; 71: 1068–73. 

16. Small EJ, et al. Ketoconazole retains activity in advanced pros-
tate cancer patients with progression despite flutamide with-
drawal. J Urol (Baltimore) 1997; 157: 1204–7. 

17. Bok RA, Small EJ. The treatment of advanced prostate cancer
with ketoconazole: safety issues. Drug Safety 1999; 20: 451–8. 

18. Pettaway CA, et al. Neoadjuvant chemotherapy and hormonal
therapy followed by radical prostatectomy: feasibility and pre-
liminary results. J Clin Oncol 2000; 18: 1050–7. 

19. DeCastro BJ, et al. Oral ketoconazole for prevention of postop-
erative penile erection: a placebo controlled, randomized, dou-
ble-blind trial. J Urol (Baltimore) 2008; 179: 1930–2.

Hypercalcaemia. Ketoconazole has been used1,2 in the treat-
ment of hypercalcaemia (p.1668). It acts to reduce 1,25-dihy-
droxycholecalciferol concentrations by inhibiting cytochrome
P450-dependent 1α-hydroxylation of vitamin D.
1. Yavuz H. Familiar drugs for the treatment of hypercalcemia. J

Pediatr 1998; 133: 311. 
2. Young C, et al. Hypercalcaemia in sarcoidosis. Lancet 1999;

353: 374.

Leishmaniasis. As discussed on p.824, ketoconazole has been
tried as an alternative to conventional first- and second-line ther-
apy for visceral leishmaniasis,1,2 although reports of treatment
have not all been favourable.3,4 
It has also been tried in cutaneous leishmaniasis. A cure rate of
70% was reported in over 100 patients with Leishmania major
infections treated with oral ketoconazole 200 to 400 mg daily for
4 to 6 weeks. Ketoconazole was not considered to be effective in
infections due to L. tropica, L. aethiopica,5 or L. guyanensis.6
Ketoconazole 600 mg daily for 28 days has produced similar re-
sults to sodium stibogluconate intramuscularly for 20 days in pa-
tients with cutaneous leishmaniasis due to L. panamensis.7 A fur-
ther comparative study8 of 96 patients being treated for
cutaneous leishmaniasis, caused mainly by L. major or L. tropi-
ca, found ketoconazole given in doses of 600 mg in adults or
10 mg/kg in children for 30 days to be more effective than 6 to 8
bi-weekly intralesional injections of meglumine antimonate. In
another study,9 ketoconazole was less effective than sodium sti-
bogluconate when cutaneous leishmaniasis was due to L. bra-
ziliensis, but more effective when L. mexicana was the cause.
1. Wali JP, et al. Ketoconazole in treatment of visceral leishmania-

sis. Lancet 1990; 330: 810–11. 
2. Wali JP, et al. Ketoconazole in the treatment of antimony- and

pentamidine-resistant Kala-azar. J Infect Dis 1992; 166: 215–16. 
3. Sundar S, et al. Ketoconazole in visceral leishmaniasis. Lancet

1990; 336: 1582–3. 
4. Rashid JR, et al. The efficacy and safety of ketoconazole in vis-

ceral leishmaniasis. East Afr Med J 1994; 71: 392–5. 
5. Weinrauch L, et al. Ketoconazole in cutaneous leishmaniasis. Br

J Dermatol 1987; 117: 666–7. 
6. Dedet J-P, et al. Failure to cure Leishmania braziliensis guyan-

ensis cutaneous leishmaniasis with oral ketoconazole. Trans R
Soc Trop Med Hyg 1986; 80: 176. 

7. Saenz RE, et al. Efficacy of ketoconazole against Leishmania
braziliensis panamensis cutaneous leishmaniasis. Am J Med
1990; 89: 147–55. 

8. Salmanpour R, et al. Comparative study of the efficacy of oral
ketoconazole with intra-lesional meglumine antimoniate (Glu-
cantime) for the treatment of cutaneous leishmaniasis. J Derma-
tol Treat 2001; 12: 159–62. 

9. Navin TR, et al. Placebo-controlled clinical trial of sodium sti-
bogluconate (Pentostam) versus ketoconazole for treating cuta-
neous leishmaniasis in Guatemala. J Infect Dis 1992; 165:
528–34.

Preparations
USP 31: Ketoconazole Oral Suspension; Ketoconazole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: C-86; Cetonil; Eumicel; Faction; Fangan; Fitonal; Fungicil†; Grenfung;
Keduo; Ketogel†; Ketolef; Ketonazol; Ketozol†; Krol†; Micoespec K; Micoral;
Orifungal; Perative; Quadion; Socosep; Tersoderm Plus†; Tikl; Triatop†;
Austral.: Daktagold†; Hexal Konazol Shampoo; Nizoral; Sebizole; Austria:
Fungoral; Nizoral; Belg.: Docketoral; Nizoral; Braz.: Aciderm; Arcolan;
Candiderm; Candoral; Cetocona†; Cetoconalab; Cetohexal†; Cetomed;
Cetomicoss†; Cetomizol; Cetonax; Cetoneo; Cetonil; Cetonin; Cetozan;
Cetozaz†; Cetozol; Fungoral†; Ketomicol†; Ketonan†; Ketonazol; Lozan; Mi-
conan; Micoral; Nizoral; Nizoretic; Noriderm; Noronal; Sioconazol†; Tona-
zox†; Zanoc; Zolmicol; Canad.: Ketoderm; Nizoral; Chile: Arcolane; Bio-
gel; Eprofil†; Fungarest; Fungium; Ketonil†; Soridermal; TKC; Cz.: Asquam;
Nizoral; Orozanol†; Denm.: Kezoral; Nizoral; Fin.: Nizoral; Fr.: Ketoderm;
Ketolium; Nizoral; Ger.: Nizoral; Terzolin; Gr.: Abba; Adenosan; Aquarius;
Botaderm; Cezolin; Ebersept; Flidaphen; Fungoral; Ilgem; Libroman; Myco-
febrin; Neo-egmol; Nyoxep; Scalpin; Sostatin; Vafluson†; Hong Kong: Dia-
zon; Fluzoral; Fungazol; Ketozol; Ketozole; Larry; Nizoral; Pristine; Pristinex;
Sebizole†; Stada K; Synizoral; Hung.: Ketospor; Nizoral; India: Arcolane;
Danfree; Danruf; Funazole; Fungicide; Hyphoral; Keto; Indon.: Anfuhex;
Dermaral; Dexazol; Dysfungal; Fexazol; Formyco; Funet; Fungasol; Fungoral;
Interzol; Ketomed; Lusanoc; Micoticum; Muzoral; Mycoderm; Mycoral; My-
cozid; Nizol; Nizoral; Nofung; Picamic; Profungal; Solinfec; Sporex; Thicazol;
Wizol; Zoloral; Zoralin; Zumazol; Irl.: Nizoral; Israel: Nizoral; Ital.: Nizoral;
Triatop; Malaysia: Dezor; Fungazol; Funginox; Ketozole†; Kezoral; Larry;
Nizoral; Pristine†; Pristinex†; Sebizole†; Sunazol†; Yucomy; Ziconal†; Mex.:
Akorazol; Apo-Kesol†; Biozoral; Conazol; Cremosan; Ergomicon; Eurolat;
Fungipar; Fungoral; Fungosine; Honzil; Keprobiozol†; Kestomicol†; Ketofar;
Ketomed; Ketomizol; Ketoril; Konaderm; Konaturil; Lemyken†; Lizovag; Lor-
nazol†; Messelzol; Mi-Ke-Sons; Micoser; Micozol; Mycodib; Nastil; Nazol-
farm; Nazoltec; Nizoral; Onofin-K; Prenalon; Remecon; Strizole; Termizol;
Tiniasil; Tiniazol; Tocomizol†; Toconal; Tolcrem; Tomiko; Triatop; Neth.: Ni-
zoral; Norw.: Fungoral; Konazal; NZ: Daktagold; Ketopine; Nizoral; Sebi-
zole; Philipp.: Ketovid; Nizoral; Pol.: Fungores; Nizoral; Noell; Port.: Far-
morol; Frisol†; Frisolac; Micopar ; Nizale; Nizoral; Rapamic; Tedol; Rus.:
Livarole (Ливарол); Mycosoral (Микозорал); Nizoral (Низорал); S.Afr.:
Adco-Dermed; Ketazol; Kez; Nizcreme; Nizoral; Nizorelle; Nizovules; Niz-
shampoo; Singapore: Antanazol; Beatoconazole; Dezor; Dezoral†; Dia-
zon; Ketozole; Kezoral; Nicozone; Nitozol; Nizoral; Pristine; Pristinex; Pro-
fungal†; Sebizole; Yucomy; Spain: Fungarest; Fungo Farmasierra; Fungo
Zeus; Keto-Cure; Ketoderma; Ketoisdin; Medezol; Micoticum; Panfungol;
Swed.: Fundan; Fungoral; Ketoson; Switz.: Ketozol; Nizoral; Terzolin;
Thai.: AC-FA; Chintaral; Dezor; Diazon; Fungazol; Fungiderm-K; Funginox;
Kara†; Katsin; Kazinal; Kenalyn; Kenazol; Kenazole†; Kenoral; Ketazol†; Keta-
zon; Ketocine; Ketolan; Ketomed; Ketonazole; Ketoral†; Ketosil; Ketozal; Ke-
zon; Konazol†; Lama; Larry; Manoketo; Masarol; Mizoron; Mycella; Myco;
Mycoral; Ninazol; Nizoral; Nora†; Pasalen; Sporaxyl; Sporoxyl; Triatop†;
Turk.: Fungoral; Ketoral; Konazol; Nizoral; UK: Daktarin Gold; Dandrazol;
Dandrid; Nizoral; USA: Extina; Nizoral; Xolegel; Venez.: Arcolane; Dan-
free†; Freetop; Kenazol; Ketazol; Ketocoval†; Ketomed; Napox†; Nizoral;
Noractin†; Topstar†.

Multi-ingredient: Arg.: Aeromicrosona C†; Bactisona; Ciprocort; Der-
cotex; Duo Minoxi†; Gentacler; Gynerium; Ketohair†; Linfol Dermico; Mi-
cozol Compuesto†; Microsona C; Ovogin; Prurisedan Biotic†; Start NP†;
Torgyn Duo; Tricur; Tridermal; Triefect†; Braz.: Betazol Cort; Candicort;
Capel; Celocort; Cetobeta; Cetocort; Cetocorten; Cimecort; Emscort;
Naderm; Novacort; Trok; Trok-N; Chile: KPL†; India: Hyphoral; Scalpe;
Ital.: Keto Z; Ketomousse; Malaysia: Ketoplus; Mex.: Femisan; Gynoclin-
V; Trexen Duo; Philipp.: Scalpex; Rus.: Keto Plus (Кето Плюс); USA:
Xolegel Duo.

Lanoconazole (rINN)

Lanoconazol; Lanoconazolum; Latoconazole; NND-318; TJN-
318. (±)-α-[(E)-4-(o-Chlorophenyl)-1,3-dithiolan-2-ylidene]imi-
dazole-1-acetonitrile.

Ланоконазол
C14H10ClN3S2 = 319.8.
CAS — 101530-10-3.

Profile
Lanoconazole is an imidazole antifungal used topically in the
treatment of fungal skin infections as a 1% cream, ointment, or
solution, applied once daily. For a discussion of the caution need-
ed when using azole antifungals during pregnancy, see under
Pregnancy in Precautions of Fluconazole, p.532.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Astat; Port.: Micoder.

Liranaftate (rINN)

Liranaftato; Liranaftatum; M-732; Piritetrate. O-5,6,7,8-Tetrahy-
dro-2-naphthyl 6-methoxy-N-methylthio-2-pyridinecarbamate.

Лиранафтат
C18H20N2O2S = 328.4.
CAS — 88678-31-3.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Liranaftate is an antifungal related to tolnaftate (p.548) and is ap-
plied once daily as a 2% cream or solution in the treatment of
superficial dermatophyte infections (p.521).

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Zefnart.

Mepartricin (BAN, USAN, rINN)

Mepartricina; Mépartricine; Mepartricinum; Methylpartricin; SN-
654; SPA-S-160.

Мепартрицин

CAS — 11121-32-7.

ATC — A01AB16; D01AA06; G01AA09; G04CX03.

ATC Vet — QA01AB16; QD01AA06; QG01AA09; 
QG04CX03.

Profile
Mepartricin is a mixture of the methyl esters of 2 related polyene
antibiotics that may be obtained from a strain of Streptomyces
aureofaciens. It has antifungal and antiprotozoal activity and has
been used in vaginal candidiasis and trichomoniasis as pessaries
or as a vaginal cream. A cream is also available for the treatment
of superficial candidiasis. An oral form of mepartricin sodium
laurilsulfate is also used. Oral mepartricin 40 mg daily is used in
the treatment of some prostate disorders.

Prostate disorders. Studies1,2 have shown that mepartricin
given by mouth is effective in the treatment of benign prostatic
hyperplasia (see p.2178 for the more usual treatments); a dose of
40 mg daily is commonly used.2 Mepartricin is thought to reduce
cholesterol, oestrogen, and androgen binding to the prostate.
Similarly, another study3 has shown that the same dose of mepar-
tricin provides symptomatic improvement in the management of
chronic prostatitis/chronic pelvic pain syndrome (see Prostatitis,
p.2181).
1. Tosto A, et al. A double-blind study of the effects of mepartricin

in the treatment of obstruction due to benign prostatic hyperpla-
sia. Curr Ther Res 1995; 56: 1270–75. 

2. Denis L, et al. Double-blind, placebo-controlled trial to assess
the efficacy and tolerability of mepartricin in the treatment of
BPH. Prostate 1998; 37: 246–52. 

3. De Rose AF, et al. Role of mepartricin in category III chronic
nonbacterial prostatitis/chronic pelvic pain syndrome: a rand-
omized prospective placebo-controlled trial. Urology 2004; 63:
13–16.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Iperplasin; Prostec; Belg.: Tricandil†; Braz.: Montricin†; Chile:
Normoprost†; Cz.: Ipertrofan; Ital.: Ipertrofan; Tricandil; Philipp.: Ipertro-
fan; Pol.: Ipertrofan; Port.: Iperplasin; Ipertrofan; Tricandil.

Multi-ingredient: Braz.: Tricangine†.

Micafungin Sodium (USAN, rINNM)

FK-463; Micafungina sódica; Micafungine Sodique; Natrii Micafungi-
num. 5-((1S,2S)-2-{(2R,6S,9S,11R,12R,14aS,15S,16S,20S,23S,25aS)-
20-[(1R)-3-Amino-1-hydroxy-3-oxopropyl]-2,11,12,15-tetrahy-
droxy-6-[(1R)-1-hydroxyethyl]-16-methyl-5,8,14,19,22,25-hex-
aoxo-9-[(4-{5-[4-(pentyloxy)phenyl]isoxazol-3-yl}benzoyl)ami-
no]tetracosahydro-1H-dipyrrolo[2,1-c:2′,1′-l][1,4,7,10,13,16]hex-
aazacyclohenicosin-23-yl}-1,2-dihydroxyethyl)-2-hydroxyphenyl
sodium sulfate.

Натрий Микафунгин

C56H70N9NaO23S = 1292.3.
CAS — 235114-32-6 (micafungin); 208538-73-2 (mi-
cafungin sodium).

ATC — J02AX05.

ATC Vet — QJ02AX05.

Adverse Effects
As for Caspofungin, p.528. Isolated cases of renal dysfunction or
acute renal failure have also occurred in patients taking micafun-
gin.

Precautions
Patients who develop abnormal liver or renal function tests while
taking micafungin should be monitored for deterioration in he-
patic or renal function respectively.

Interactions
Micafungin may increase the area under the concentration-time
curve for nifedipine and sirolimus.

Antimicrobial Action
As for Caspofungin, p.528.

Pharmacokinetics
Micafungin is absorbed from the gastrointestinal tract after oral
doses. It is more than 99% bound to plasma proteins, mainly al-
bumin. 
Micafungin is metabolised by arylsulfatase to its catechol form
and further metabolised to the methoxy form by catechol-O-
methyltransferase. Some hydroxylation to micafungin via cyto-
chrome P450 isoenzymes also occurs. 
After 28 days about 71% of a dose is recovered in the faeces and
12% in the urine. Mean half-lives of 14.0 to 17.2 hours have been
reported.

Uses and Administration
Micafungin is an echinocandin antifungal with general proper-
ties similar to those of caspofungin (p.528). It is used for the
treatment and prophylaxis of candidiasis and also in the treat-
ment of aspergillosis. It is given as the sodium salt by intravenous
infusion in doses of 50 mg once daily for candidiasis. For the
treatment of oesophageal candidiasis the recommended dose is
150 mg daily. For aspergillosis 50 to 150 mg is given once daily.
Doses up to 300 mg daily have been used in severe or refractory
disease. A dose of 50 mg daily is used for prophylaxis of candi-
diasis in patients undergoing haematopoietic stem cell transplan-
tation.

◊ Reviews.
1. Denning DW. Echinocandin antifungal drugs. Lancet 2003; 362:

1142–51. 
2. Jarvis B, et al. Micafungin. Drugs 2004; 64: 969–84. 
3. Carver PL. Micafungin. Ann Pharmacother 2004; 38: 1707–21. 
4. van Burik JA, et al. Micafungin versus fluconazole for prophy-

laxis against invasive fungal infections during neutropenia in pa-
tients undergoing hematopoietic stem cell transplantation. Clin
Infect Dis 2004; 39: 1407–16. 

5. Chandrasekar PH, Sobel JD. Micafungin: a new echinocandin.
Clin Infect Dis 2006; 42: 1171–8. 

6. Fritz JM, et al. Micafungin for the prophylaxis and treatment of
Candida infections. Expert Rev Anti Infect Ther 2008; 6: 153–62.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Funguard; UK: Mycamine; USA: Mycamine.

Miconazole (BAN, rINN)

Miconazol; Miconazolum; Mikonatsoli; Mikonazol; Mikonazolas;
R-18134. 1-[2,4-Dichloro-β-(2,4-dichlorobenzyloxy)phene-
thyl]imidazole.

Миконазол

C18H14Cl4N2O = 416.1.

CAS — 22916-47-8.

ATC — A01AB09; A07AC01; D01AC02; G01AF04;
J02AB01; S02AA13.

ATC Vet — QA01AB09; QA07AC01; QD01AC02;
QG01AF04; QJ02AB01; QS02AA13.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Miconazole). A white or almost white powder. It
exhibits polymorphism. M.p. 83° to 87°. Very slightly soluble in
water; soluble in alcohol; freely soluble in methyl alcohol. Pro-
tect from light. 
USP 31 (Miconazole). A white to pale cream powder. It may ex-
hibit polymorphism. M.p. 78° to 88°. Insoluble in water; soluble
1 in 9.5 of alcohol, 1 in 2 of chloroform, 1 in 15 of ether, 1 in 4
of isopropyl alcohol, 1 in 5.3 of methyl alcohol, and 1 in 9 of pro-
pylene glycol; freely soluble in acetone and in dimethylforma-
mide. Store at a temperature of 25°, excursions permitted be-
tween 15° and 30°. Protect from light.

Miconazole Nitrate (BANM, USAN, rINNM)

Miconazole, nitrate de; Miconazoli nitras; Mikonatsolinitraatti;
mikonazol Nitrat; Mikonazolnitrat; Mikonazol-nitrát; Mikonazolo
nitratas; Mikonazolu azotan; Nitrato de miconazol; R-14889.

Миконазола Нитрат

C18H14Cl4N2O,HNO3 = 479.1.

CAS — 22832-87-7.

ATC — A01AB09; A07AC01; D01AC02; G01AF04;
J02AB01; S02AA13.

ATC Vet — QA01AB09; QA07AC01; QD01AC02;
QG01AF04; QJ02AB01; QS02AA13.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Miconazole Nitrate). A white or almost white pow-
der. Very slightly soluble in water; slightly soluble in alcohol;
sparingly soluble in methyl alcohol. Protect from light. 
USP 31 (Miconazole Nitrate). A white or practically white, crys-
talline powder, with not more than a slight odour. Soluble 1 in
6250 of water, 1 in 312 of alcohol, 1 in 75 of methyl alcohol, 1 in
525 of chloroform, 1 in 1408 of isopropyl alcohol, 1 in 119 of
propylene glycol; freely soluble in dimethyl sulfoxide; soluble in
dimethylformamide; insoluble in ether. Protect from light.

Adverse Effects
After oral use of miconazole, nausea and vomiting
have been reported, and also diarrhoea (usually on
long-term treatment). There have been allergic reac-
tions, rarely, and isolated reports of hepatitis. 

Local irritation and sensitivity reactions may occur
when miconazole nitrate is used topically; contact der-
matitis has been reported. 

After the intravenous infusion of miconazole, phlebi-
tis, nausea, vomiting, diarrhoea, anorexia, pruritus,
rash, febrile reactions, flushes, drowsiness, and hy-
ponatraemia have been reported. Other effects include
hyperlipidaemia, aggregation of erythrocytes, anae-
mia, and thrombocytosis. Transient tachycardia and
other cardiac arrhythmias have followed the rapid in-
travenous injection of miconazole (but see also Effects
on the Heart, below). Rare adverse effects include
acute psychosis, arthralgia, and anaphylaxis. Many of
these adverse effects have been associated with the in-
jection vehicle, which contains polyoxyl castor oil
(p.1918).

Effects on the heart. Bradycardia, progressing to fatal ven-
tricular fibrillation and cardiac arrest, occurred in a heart trans-
plant patient during intravenous infusion of miconazole for an
invasive fungal infection.1

1. Coley KC, Crain JL. Miconazole-induced fatal dysrhythmia.
Pharmacotherapy 1997; 17: 379–82.

Overdosage. A report1 of a generalised tonic-clonic convul-
sion that occurred in an infant 10 to 15 minutes after the inadvert-
ent infusion of miconazole 500 mg instead of 50 mg.

1. Coulthard K, et al. Convulsions after miconazole overdose. Med
J Aust 1987; 146: 57–8.
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Precautions
Miconazole oral gel should be avoided in patients with
hepatic impairment. 
Intravaginal preparations of miconazole may damage
latex contraceptives and additional contraceptive
measures are therefore necessary during local applica-
tion. 
Miconazole has been fetotoxic at high doses in animals
and its use is generally not recommended during preg-
nancy. For a discussion of the caution needed when us-
ing azole antifungals during pregnancy, see under
Pregnancy in Precautions of Fluconazole, p.532.

Porphyria. Miconazole is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
Miconazole can inhibit the metabolism of drugs me-
tabolised by the cytochrome P450 isoenzymes
CYP3A4 and CYP2C9, and may thus have effects sim-
ilar to those of fluconazole (p.532). Miconazole may
enhance the activity of oral anticoagulants, sulfonylu-
rea hypoglycaemics, or phenytoin. Adverse effects
have been reported when miconazole was given with
carbamazepine. 
There is a risk of cardiac arrhythmias if miconazole is
used with astemizole, cisapride, or terfenadine and
such combinations should be avoided.

Anticoagulants. The anticoagulant activity of coumarin anti-
coagulants can be potentiated by miconazole given orally,1 intra-
vaginally,2 or topically.3 As of December 2002 the Australian
Adverse Drug Reactions Advisory Committee had received 18
reports of significant increases in the INR of patients previously
stabilised on warfarin within 1 to 2 weeks of starting treatment
with miconazole oral gel.4

1. Ortín M, et al. Miconazole oral gel enhances acenocoumarol an-
ticoagulant activity: a report of three cases. Ann Pharmacother
1999; 33: 175–7. 

2. Lansdorp D, et al. Potentiation of acenocoumarol during vaginal
administration of miconazole. Br J Clin Pharmacol 1999; 47:
225–26. 

3. Devaraj A, et al. Interaction between warfarin and topical mico-
nazole cream. BMJ 2002; 325: 77. 

4. Australian Adverse Drug Reactions Advisory Committee
(ADRAC). Miconazole oral gel elevates INR—a reminder. Aust
Adverse Drug React Bull 2002; 21: 14. Available at: http://
www.tga.gov.au/adr/aadrb/aadr0212.pdf (accessed 28/06/05)

Antimicrobial Action
Miconazole is an imidazole antifungal with similar an-
timicrobial activity to that of ketoconazole (p.539). It
also has some activity against Aspergillus spp., Crypto-
coccus neoformans, Pseudallescheria boydii, and
some Gram-positive bacteria including staphylococci
and streptococci.

◊ References.
1. Barasch A, Griffin AV. Miconazole revisited: new evidence of

antifungal efficacy from laboratory and clinical trials. Future
Microbiol 2008; 3: 265–9.

Microbiological interactions. A study in vitro indicating an-
timicrobial synergism of miconazole and benzoyl peroxide
against Staphylococcus spp. and Propionibacterium acnes.1 

For the effect on antifungal activity of giving azoles and ampho-
tericin B together, see p.525.
1. Vanden Bossche H, et al. Synergism of the antimicrobial agents

miconazole and benzoyl peroxide. Br J Dermatol 1982; 107:
343–8.

Pharmacokinetics
Miconazole is incompletely absorbed from the gas-
trointestinal tract. Peak plasma concentrations of
1 microgram/mL are achieved about 4 hours after a
dose of 1 g daily. Over 90% is reported to be bound to
plasma proteins. 
Miconazole is metabolised in the liver to inactive me-
tabolites. From 10 to 20% of an oral dose is excreted in
the urine, mainly as metabolites, within 6 days. About
50% of an oral dose may be excreted unchanged in the
faeces. The elimination pharmacokinetics of micona-

zole have been described as triphasic, with a biological
half-life of about 24 hours. 

Very little miconazole is removed by haemodialysis. 

There is little absorption through skin or mucous mem-
branes when miconazole nitrate is applied topically.

◊ Reviews.

1. Daneshmend TK, Warnock DW. Clinical pharmacokinetics of
systemic antifungal drugs. Clin Pharmacokinet 1983; 8: 17–42.

Uses and Administration
Miconazole is an imidazole antifungal used as micona-
zole base or nitrate in the treatment of superficial can-
didiasis (p.518), and of the skin infections dermatophy-
tosis and pityriasis versicolor (p.521). It has also been
given intravenously by infusion in the treatment of dis-
seminated fungal infections, but other azoles are now
more commonly used. 

Miconazole may be given orally as a gel containing
20 mg/g (24 mg/mL) for the treatment of oropharyn-
geal and intestinal candidiasis. The usual adult dose is
5 to 10 mL four times daily (equivalent to a total of
about 15 mg/kg daily). Children under the age of 2
years may be given the oral gel in a dose of 2.5 mL
twice daily; those aged between 2 and 6 years, 5 mL
twice daily; and those aged over 6 years, 5 mL four
times daily. For the treatment of oral lesions the oral gel
is applied directly. 

Miconazole nitrate is usually applied twice daily as a
2%  cream, lotion, or powder in the treatment of fungal
infections of the skin including candidiasis, dermato-
phytosis, and pityriasis versicolor. In the treatment of
vaginal candidiasis, 5 g of a 2%  intravaginal cream is
inserted into the vagina once daily for 10 to 14 days or
twice daily for 7 days. Miconazole nitrate pessaries
may be inserted in dosage regimens of 100 mg once
daily for 7 or 14 days, 100 mg twice daily for 7 days,
200 or 400 mg daily for 3 days, or in a single dose of
1200 mg.

Acanthamoeba keratitis. Miconazole has been applied topi-
cally in Acanthamoeba keratitis (p.822) in combination with sys-
temic treatment with either ketoconazole or itraconazole.

Skin disorders. Topical preparations containing an imidazole
such as ketoconazole or miconazole, usually with hydrocorti-
sone, are used in the management of seborrhoeic dermatitis
(p.1584). A cream containing miconazole nitrate 2% and ben-
zoyl peroxide 5% has been used topically in the treatment of
acne (p.1577).

Preparations

BP 2008: Miconazole and Hydrocortisone Acetate Cream; Miconazole
and Hydrocortisone Cream; Miconazole and Hydrocortisone Ointment;
Miconazole Cream; Miconazole Oromucosal Gel; 
USP 31: Miconazole Injection; Miconazole Nitrate Cream; Miconazole Ni-
trate Topical Powder; Miconazole Nitrate Vaginal Suppositories.

Proprietary Preparations (details are given in Part 3)
Arg.: Daktarin; Deralbine; Gynotran; Miconol; Micotgez; Micotral; Micotrim
P; Micotrim S†; Monizol; Nedis; Salicrem Miconazol†; Austral.: Daktarin;
Eulactol Antifungal†; Hairscience Anti-Dandruff; Monistat†; Resolve; Re-
solve Thrush; Austria: Daktarin; Gyno-Daktarin; Belg.: Daktar†; Daktarin;
Gyno-Daktarin; Zimycan; Braz.: Anfugitarin; Biodol†; Ciconazol; Daknax†;
Daktarin; Daktazol; Ginedak; Gino-Daczol; Ginotarin; Gyno-Daktarin; Mi-
cofim; Micogyn; Micotarin; Micozen; Mycosin; Vodol; Canad.: Micatin; Mi-
cozole; Monazole†; Monistat; Chile: Daktarin; Fungos†; ZeaSorb AF; Cz.:
Daktarin†; Denm.: Brenazol†; Brentan; Fin.: Daktarin; Gyno-Daktarin;
Medizol†; Fr.: Daktarin; Gyno-Daktarin; Ger.: Amykon†; Castellani mit Mi-
conazol; Daktar ; Decomyk; Derma-Mykotral; Fungur M; Gyno-Daktar ;
Gyno-Mykotral; InfectoSoor; Micobeta; Micotar; Mykoderm; Mykoderm
Mund-Gel; Mykotin; Vobamyk; Gr.: Daktarin; Fantersol; Medacter; Mezoli-
tan; Untano; Hong Kong: Daktarin; Dermon; Funga; Fungo†; Gyno-Dak-
tarin†; India: Daktarin; Gyno-Daktarin; Micogel; Zole; Indon.: Daktarin;
Fungares; Micoskin; Micrem; Moladerm; Mycorine; Sporend; Zolagel; Irl.:
Daktarin; Gyno-Daktarin; Israel: Daktarin; Fungiderm; Gyno-Daktarin; Pitri-
on; Ital.: Daktarin; Miconal; Micotef; Miderm; Nizacol; Pivanozolo; Prilagin;
Jpn: Florid; Malaysia: Antifungal; Becarin; Daktarin; Decozol; Fungo†; Re-
solve; Setarin†; Uniderm†; Zarin†; Mex.: Aloid; Biodantyl-C; Daktarin; Der-
mifun; Falernol; Fucoderm; Fungicrem; Fungiquim; Ginazol; Gyno-Daktarin;
Hipo Femme; K-Mizol; Lotrimin AF; Micoffen; Mindosan V†; Nacomic; Ne-
omicol; Nimicon; Niscamil; Oz Crema; Piat†; Vigasil; Neth.: Daktarin; Der-
macure; Gyno-Daktarin; Kruidvat Antischimmelcreme; Zimycan; Norw.:
Daktar ; NZ: Daktarin; Fungo; Hairscience Antidandruff†; Micozole;
Micreme; Monistat; Philipp.: Daktarin; De-Ol; Defungin; Fungtopic; Moni-
stat; Pol.: Daktarin; Gyno-Femidazol; Miconal; Port.: Daktarin; Gyno-Dak-
tarin; Micane; Zimycan; Rus.: Daktarin (Дактарин); Gynezol (Гинезол);
S.Afr.: Covarex; Daktarin; Dermazole; Gyno-Daktarin; Gynospor; Singa-
pore: Antifungal; Daktarin; Decozol; Fungo†; Hairscience†; Liconar; Micon;
Minazol; Mycoban; Resolve; Zarin; Spain: Daktarin; Fungisdin; Pasedon;

Tremix; Swed.: Daktar ; Switz.: Daktarin; Dumicoat†; Monistat; Thai.:
Daktarin; Dermon; Funcort†; Fungi-M; Fungisil; Liconar†; Micazin; Misone†;
Mysocort; Nikarin; Noxraxin; Podakrin; Ranozol; Skindure; Tara; Turk.: Fun-
gucit; Miko-Penetran; UAE: Gyno-Mikozal; Mikozal; UK: Daktarin; Gyno-
Daktarin; Loramyc; USA: Absorbine Antifungal Foot Powder†; Breezee
Mist Antifungal†; Femizol-M; Fungoid; Lotrimin AF; M-Zole; Maximum
Strength Desenex Antifungal†; Micatin; Monistat; Neosporin AF; Podactin;
Prescription Strength Desenex; Ting; Vagistat-3; ZeaSorb AF; Venez.: Ca-
nidazol†; Daktarin; Drinax†; Gyno-Daktarin.

Multi-ingredient: Arg.: Adenil; Betacort Plus; Blamy; Ciprocort; Cuta
Crema; Daktozin; Delisan; Denvercrem; Dermizol Trio; Dermosona; Factor
Dermico; Gentasol; Ginal Cent; Ginkan; Gynormal; Hifamonil Crema; La-
dylen; Lazar-Cort Complex; Linfol Cicatrizante; Macril; Mailen; Miklogen;
Monizol Cort; Monizol Cort Crema; Ovumix; Pentol; Protiderm; Septigyn;
Tribiocort; Triliver; Triplex; Vagicural Plus; Austral.: Daktozin; Resolve; Re-
solve Plus; Resolve Tinea; Austria: Acne Plus; Belg.: Acneplus; Daktacort;
Daktozin; Braz.: Amplium-G; Anfugine; Daktozin; Facyl M; Gino Pletil; Gi-
nosutin M; Tizonil M†; Trinizol M†; Chile: Doxifen; Famidal; Famidal Ad†;
Ginecopast; Ginecopast Dual; Ginedazol; Ginedazol Dual; Medidos; Mizo-
nase; Cz.: Daktozin†; Klion-D; Mycosolon†; Denm.: Brentacort; Fin.: Dak-
tacort; Fr.: Squaphane; Squaphane E; Squaphane Masque-Creme; Sq-
uaphane P; Squaphane S; Ger.: Acne Plus; Decoderm tri; InfectoSoor;
Micotar ZP; Vobaderm; Gr.: Antimycotic; Catrigel; Combi; Conazol; Dakto-
dor; Domycotin; Edmudo; Expectein; Feminella; Finicort; Flenazole; Fluni-
prol; Flunovon; Fosemyk; Fumicon; Micoflup; Micogen; Mifler; Oxigon; Pan-
derm; Panmyk; Sarmel; Verdal; Hong Kong: Conazole; Daktacort; Fungo
Soothing Balm; Hydro-Funga; Micosone; Hung.: Klion-D; Mycosolon; In-
dia: Betamil-GM; Betamil-M; Betnederm GM; Betnovate-GM; Betnovate-
M; Candizole-T; Cloderm GM; Daktacort; Eumosone-M; Flucort-MZ; Flu-
creme NM; Lobate-GM; Lobate-M; Micogel F; Stecort-NM; Tenovate M;
Valbet; Zole-F; Indon.: Benoson M; Brentan; Daktarin Diaper; Thecort;
Zolacort; Irl.: Daktacort; Israel: Daktacort; Ital.: Acnidazil; Malaysia: Be-
cacort†; Daktacort; Decocort; Miconazole H†; Neo-Penotran; Setarin H†;
Zaricort†; Mex.: Bebektin; Daktacort; Gynotran; Neth.: Acnecare; Acne-
cure†; Acnidazil†; Daktacort; Norw.: Daktacort; NZ: Daktacort; Dak-
tozin†; Fungocort†; Micreme H; Philipp.: Acne Plus; Daktacort; Neo-
Penotran; Pol.: Daktacort†; Mycosolon; Port.: Daktacort; Zacne; Rus.:
Klion-D (Клион-Д); Mycosolon (Микозолон); Neo-Penotran (Нео-
Пенотран); S.Afr.: Acneclear; Acnidazil; Daktacort; Trialone; Singapore:
Conazole; Daktacort; Decocort; Micon-H; Neo-Penotran; Tri-Micon; Zari-
cort; Spain: Bexicortil; Blastoestimulina; Brentan; Dermisdin†; Nutracel;
Swed.: Cortimyk; Daktacort; Switz.: Acne Creme Plus; Daktacort; Deco-
derm bivalent; Thai.: Daktacort; Decocort; Fungisil-T; Kelaplus; Ladocort;
Tara-Plus; Timi; Trimicon; Turk.: Neo-Penotran; Nidazol-M; UK: Acorvio
Plus; Daktacort; Daktacort HC; USA: Fungoid HC; Venez.: Daktozin.

Naftifine Hydrochloride (BANM, USAN, rINNM)

AW-105-843; Hidrocloruro de naftifina; Naftifin Hidroklorür;
Naftifine, Chlorhydrate de; Naftifini Hydrochloridum; Naftifungin
Hydrochloride; SN-105-843 (naftifine). (E)-N-Cinnamyl-N-me-
thyl(1-naphthylmethyl)amine hydrochloride.

Нафтифина Гидрохлорид

C21H21N,HCl = 323.9.
CAS — 65472-88-0 (naftifine); 65473-14-5 (naftifine hy-
drochlor ide).
ATC — D01AE22.
ATC Vet — QD01AE22.

(naftifine)

Pharmacopoeias. In US. 
USP 31 (Naftifine Hydrochloride). Store in airtight containers.

Profile
Naftifine hydrochloride is an allylamine derivative (see Terbin-
afine, p.546) which is fungicidal against dermatophytes, but only
fungistatic against Candida spp. 
Naftifine hydrochloride 1% is applied topically once or twice
daily for fungal skin infections, particularly dermatophytosis
(see Skin Infections, p.521). 
Local reactions such as burning or stinging may occur.

◊ Reviews.
1. Gupta AK, et al. Naftifine: a review. J Cutan Med Surg 2008; 12:

51–8.

Preparations
USP 31: Naftifine Hydrochloride Cream; Naftifine Hydrochloride Gel.

Proprietary Preparations (details are given in Part 3)
Austria: Benecut; Exoderil; Canad.: Naftin; Cz.: Exoderil; Ger.: Exoderil;
Hong Kong: Exoderil; Hung.: Exoderil; Indon.: Exoderil; Israel: Exoderil;
Ital.: Suadian; Malaysia: Exoderil; Pol.: Exoderil; Rus.: Exoderil
(Экзодерил); Singapore: Exoderil†; Spain: Micosona; Turk.: Exoderil;
USA: Naftin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Natamycin (BAN, USAN, pINN)

Antibiotic A-5283; CL-12625; E235; Natamicina; Natamycine;
Natamycinum; Natamycyna; Natamysiini; Pimaricin; Pimarisin.

Натамицин

C33H47NO13 = 665.7.
CAS — 7681-93-8.
ATC — A01AB10; A07AA03; D01AA02; G01AA02;
S01AA10.
ATC Vet — QA01AB10; QA07AA03; QD01AA02;
QG01AA02; QS01AA10.

Pharmacopoeias. In Jpn, Pol., and US. 
USP 31 (Natamycin). An off-white to cream-coloured powder.
It may contain up to 3 moles of water. Practically insoluble in wa-
ter; soluble in glacial acetic acid and in dimethylformamide;
slightly soluble in methyl alcohol. A 1% suspension in water has
a pH of 5.0 to 7.5. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
Gastrointestinal disturbances have occurred after oral use of na-
tamycin. Local application has sometimes produced irritation.

Porphyria. Natamycin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Antimicrobial Action
Natamycin is a polyene antifungal active against Candida and
Fusarium spp. In addition it is active against the protozoan Tri-
chomonas vaginalis.

Pharmacokinetics
Natamycin is poorly absorbed from the gastrointestinal tract. It is
not absorbed through the skin or mucous membranes when ap-
plied topically. After ocular use, natamycin is present in thera-
peutic concentrations in corneal stroma but not in intra-ocular
fluid; systemic absorption does not usually occur.

Uses and Administration
Natamycin is a polyene antifungal antibiotic produced by the
growth of Streptomyces natalensis. It is used for the local treat-
ment of candidiasis (p.518) and fungal keratitis (see Eye Infec-
tions, p.519). It has also been used in vaginal trichomoniasis
(p.827). 
A 5% ophthalmic suspension or a 1% ointment of natamycin is
used in the treatment of blepharitis, conjunctivitis, or keratitis
due to susceptible fungi, including Fusarium solani. 
Natamycin lozenges are used for the treatment of oral candidiasis
in a dose of 10 mg every 4 to 6 hours. Tablets have been given
orally for the treatment of intestinal candidiasis. Natamycin has
also been used topically for fungal skin infections and for candi-
dal and trichomonal infections of the vagina.

Preparations
USP 31: Natamycin Ophthalmic Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Natacyn; Cz.: Pimafucin; Fin.: Pimafucin; Ger.: Deronga Heilpaste†;
Pima Biciron N; Pimafucin; Hung.: Pimafucin; India: Natadrops; Indon.:
Fukricin; Ital.: Natafucin†; Malaysia: Natacyn; Mex.: Miconacina; Neth.:
Pimafucin; Pol.: Pimafucin; Rus.: Piamfucin (Пимафуцин)†; Pimafucin
(Пимафуцин); S.Afr.: Natacyn; Singapore: Natacyn; Thai.: Natacyn;
Turk.: Pimafucin; USA: Natacyn.

Multi-ingredient: Cz.: Pimafucort; Fin.: Pimafucort; Hung.: Pimafucort;
Neth.: Pimafucort; NZ: Pimafucort; Pol.: Pimafucort; Port.: Pimafucort;
Rus.: Pimafucort (Пимафукорт).

Neticonazole Hydrochloride (rINNM)

Hidrocloruro de neticonazol; Néticonazole, Chlorhydrate de;
Neticonazoli Hydrochloridum; SS-717. (E)-1-{2-(Methylthio)-1-
[o-(pentyloxy)phenyl]vinyl}imidazole hydrochloride.

Нетиконазола Гидрохлорид

C17H22N2OS,HCl = 338.9.
CAS — 130726-68-0 (neticonazole); 130773-02-3 (neti-
conazole hydrochloride).

(neticonazole)

Profile
Neticonazole is an imidazole antifungal that has been used topi-
cally as the hydrochloride in the treatment of superficial fungal
infections.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Atolant.

Nystatin (BAN, USAN, rINN)

Fungicidin; Nistatin; Nistatina; Nistatinas; Nisztatin; Nystatiini;
Nystatine; Nystatinum; Nystatyna.

Нистатин
CAS — 1400-61-9.
ATC — A07AA02; D01AA01; G01AA01.
ATC Vet — QA07AA02; QD01AA01; QG01AA01.

(nystatin A1)

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet. 
Ph. Eur. 6.2 (Nystatin). An antifungal substance obtained by
fermentation using certain strains of Streptomyces noursei. It
contains mainly tetraenes, the principal component being nysta-
tin A1. The potency is not less than 4400 units/mg and not less
than 5000 units/mg if intended for oral use, calculated with ref-
erence to the dried substance. It is a yellow or slightly brownish
hygroscopic powder. Practically insoluble in water and in alco-
hol; freely soluble in dimethylformamide and in dimethyl sulfox-
ide; slightly soluble in methyl alcohol. Store in airtight contain-
ers. Protect from light. 
USP 31 (Nystatin). A substance, or a mixture of two or more
substances, produced by the growth of Streptomyces noursei
(Streptomycetaceae). It has a potency of not less than
4400 units/mg, or, where intended for use in extemporaneous
preparation of oral suspensions, not less than 5000 units/mg. A
yellow to light tan, hygroscopic powder, with an odour sugges-
tive of cereals; it is affected by long exposure to light, heat, and
air. Practically insoluble in water and in alcohol; insoluble in
chloroform and in ether; freely soluble in dimethylformamide
and in dimethyl sulfoxide; slightly to sparingly soluble in methyl
alcohol, in n-butyl alcohol, and in n-propyl alcohol. A 3% sus-
pension in water has a pH of 6.0 to 8.0. Store in airtight contain-
ers. Protect from light.

Adverse Effects
Nausea, vomiting, and diarrhoea have occasionally
been reported after oral use of nystatin. Oral irritation
or sensitisation may occur. Rashes, including urticaria,
have occurred and Stevens-Johnson syndrome has
been reported rarely. Irritation may occur rarely after
the topical use of nystatin.
Effects on the skin. Generalised pustular eruptions were re-
ported in 3 patients after oral nystatin.1 Subsequent sensitivity
testing revealed delayed (type IV) hypersensitivity to nystatin.
1. Küchler A, et al. Acute generalized exanthematous pustulosis

following oral nystatin therapy: a report of three cases. Br J Der-
matol 1997; 137: 808–11.

Precautions
Some intravaginal preparations of nystatin may dam-
age latex contraceptives and additional contraceptive
precautions may be necessary during treatment.

Antimicrobial Action
Nystatin is a polyene antifungal antibiotic that inter-
feres with the permeability of the cell membrane of
sensitive fungi by binding to sterols, chiefly ergosterol.
Its main action is against Candida spp.

Pharmacokinetics
Nystatin is poorly absorbed from the gastrointestinal
tract. It is not absorbed through the skin or mucous
membranes when applied topically.

Uses and Administration
Nystatin is a polyene antifungal antibiotic used for the
prophylaxis and treatment of candidiasis of the skin
and mucous membranes (see p.518). It has been used
with antibacterials in various regimens to suppress the
overgrowth of gastrointestinal flora and as part of se-
lective decontamination regimens (see Intensive Care,
p.175). 
For the treatment of intestinal or oesophageal candidia-
sis, nystatin is given in oral doses of 500 000 or
1 000 000 units, as a tablet or capsule, 3 or 4 times dai-
ly. In infants and children a dosage of 100 000 units or
more may be given 4 times daily, as an oral suspension. 
For the treatment of lesions of the mouth, pastilles or a
suspension may be given in a dosage of 100 000 units
4 times daily. Higher doses of, for example,
500 000 units 4 times daily, may be needed in immu-
nocompromised patients (but see also Candidiasis, be-
low). The formulation should be kept in contact with
the affected area for as long as possible, and patients
should avoid taking food or drink for one hour after a
dose. In the USA, doses of 400 000 to 600 000 units 4
times daily of the suspension, or 200 000 to
400 000 units 4 or 5 times daily as lozenges, are used. 
For prophylaxis of intestinal candidiasis in patients
given broad-spectrum antibacterials, tablets to a total
dose of 1 000 000 units daily may be given. A prophy-
lactic dose for infants born to mothers with vaginal
candidiasis is 100 000 units daily of the oral suspen-
sion. 
For the treatment of vaginal infections, nystatin is giv-
en in a dosage of 100 000 to 200 000 units daily for 14
days or longer as pessaries or vaginal cream. For cuta-
neous lesions, ointment, gel, cream, or dusting powder
containing 100 000 units/g may be applied 2 to 4 times
daily. 
A liposomal formulation of nystatin for parenteral use
is under investigation.
Candidiasis. A systematic review1 of 14 studies (12 of prophy-
laxis, 2 of treatment) considered that nystatin could not be rec-
ommended for prophylaxis or treatment of Candida infections in
patients with immunosuppression. In practice, fluconazole is
usually preferred in such patients (see p.518).
1. Gøtzsche PC, Johansen HK. Nystatin prophylaxis and treatment

in severely immunodepressed patients. Available in The Co-
chrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2002 (accessed 28/06/05).

Preparations
BP 2008: Nystatin Ointment; Nystatin Oral Suspension; Nystatin Pastilles;
Nystatin Pessaries; Nystatin Tablets; 
USP 31: Nystatin and Triamcinolone Acetonide Cream; Nystatin and Tri-
amcinolone Acetonide Ointment; Nystatin Cream; Nystatin for Oral Sus-
pension; Nystatin Lotion; Nystatin Lozenges; Nystatin Ointment; Nystatin
Oral Suspension; Nystatin Tablets; Nystatin Topical Powder; Nystatin Vagi-
nal Suppositories; Nystatin Vaginal Tablets; Nystatin, Neomycin Sulfate,
Gramicidin, and Triamcinolone Acetonide Cream; Nystatin, Neomycin Sul-
fate, Gramicidin, and Triamcinolone Acetonide Ointment; Oxytetracycline
and Nystatin Capsules; Oxytetracycline and Nystatin for Oral Suspension;
Tetracycline Hydrochloride and Nystatin Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Candermil; Candidias; Dipni; Micostatin; Neostatin; Nistagrand; Nis-
tamed; Nistat; Austral.: Mycostatin; N-Statin†; Nilstat; Austria: Candio;
Mycostatin; Nystaderm; Belg.: Nilstat; Sterostatine†; Braz.: Albistin; Can-
distatin†; Canditrat; Hidrotiazida†; Inofungin; Kandistat; Kolpazol†; Micostal;
Micostalab; Micostatin; Neo Mistatin; Neostatin; Nicostat; Nidazolin; Nifa-
tin†; Nistagen†; Nistagyn; Nistanil†; Nistatin; Nistaval; Nistax†; Nistomic;
Tricocet; Canad.: Candistatin; Mycostatin; Nadostine†; Nilstat†; Nyaderm;
Chile: Micostatin; Nistoral; Cz.: Fungicidin; Denm.: Mycostatin; Fin.: My-
costatin; Fr.: Mycostatine; Ger.: Adiclair ; Biofanal; Candio; Fungireduct†;
Lederlind; Moronal; Mykoderm Heilsalbe; MykoPosterine N†; Mykundex;
Mykundex mono; Nystaderm; Gr.: Mycostatin; Nystamont†; Nystamysyn;
Hong Kong: Lystin; Mycostatin; India: Mycostatin; Indon.: Candistin; Enys-
tin; Fungatin; Kandistatin; Mycostatin; Nymiko; Irl.: Mycostatin; Ital.: Mycos-
tatin; Malaysia: Mikostat; Mycostatin; Uphastatin†; Mex.: Aponistan V;
Bistatin V; Mibesan-S; Micostatin; Nistan; Nistaquim; Nizin-V; Norw.: My-
costatin; NZ: Mycostatin; Nilstat; Philipp.: Afunginal; Mycostatin;
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544   Antifungals
Port.: Mycostatin; S.Afr.: Candacide; Canstat; Mycostatin; Nystacid; Singa-
pore: Mycostatin†; Spain: Mycostatin; Swed.: Mycostatin; Switz.: Mycos-
tatine; Thai.: Lystin†; Mycostatin; Turk.: Fungostatin; Mikostatin; UAE:
Mikostat; UK: Nystamont†; Nystan; USA: Mycostatin; Nilstat; Nystop; Pedi-
Dri; Venez.: Micostatin; Nistafesa†; Romalina†.

Multi-ingredient: Arg.: Bacticort Complex; Bexon; Biotaer Gamma†; Bi-
otaer Nebulizable; Dermadex NN; Farm-X Duo; Fasigyn Nistatina; Flagys-
tatin; Kenacomb; Linfol; Min O; Naxo TV; Neocolpoben†; Nistinol; O-Biol;
O-Biol P; Pelvicillin NF; Polygynax; Terra-Cortril Nistatina†; Tratomax; Aus-
tral.: Kenacomb; Otocomb Otic; Austria: Mycostatin V; Mycostatin-
Zinkoxid; Topsym polyvalent; Belg.: Eoline†; Mycolog; Polygynax†; Braz.:
Benzevit; Bio-Vagin; Colpagex N; Colpatrin; Colpist; Colpistar; Colpistatin;
Colpolase; Dermodex; Dermokin; Donnagel; Flagyl Nistatina; Fungimax; Gi-
nec†; Ginestatin; Gynax-N; Londerm-N; Minegyl C/Nistatina†; Mud; Nax-
ogin Composto; Neolon-D; Nistazol†; Omcilon A M; Onciplus; Oxyderme;
Poliginax; Tricolpex; Tricomax; Trivagel N; Vagi Biotic; Vagimax; Vagitrin-N;
Canad.: Flagystatin; Kenacomb†; ratio-Triacomb; Triacomb†; Viaderm-KC;
Chile: Multilind; Naxogin Compositum; Naxogin Dos†; Nistaglos; Cz.:
Macmiror Complex; Polygynax; Denm.: Kenalog Comp med Mycostatin;
Fin.: Flagyl Comp; Fr.: Auricularum; Mycolog†; Polygynax; Polygynax Virgo;
Tergynan; Ger.: Aureomycin N†; Candio-Hermal Plus; Halog Tri†; Jellin
polyvalent†; Lokalison-antimikrobiell Creme N; Moronal V; Multilind; Myko-
proct sine; Mykundex Heilsalbe; Nystaderm comp; Nystalocal; Penanyst;
Polygynax†; Topsym polyvalent; Volonimat Plus N; Gr.: Kenacomb; Hong
Kong: Kenacomb; Macmiror Complex; Polygynax; Triacomb; India: Kena-
comb; Indon.: Fasigyn-Nystatin; Fladystin; Flagystatin; Gynoxa; Myco-Z;
Naxogin Complex; New Kenacomb; Trichostatic; Vagistin; Irl.: Kenacomb;
Nystaform-HC†; Nystaform†; Timodine; Tinaderm-M; Israel: Auricularum;
Dermacombin; Kenacomb†; Ital.: Assocort; Fasigin N; Macmiror Complex;
Malaysia: Kenacomb; Mex.: Acenil; Bidrozil; Decadron con Nistatina;
Dermalog-C; Flagystatin V; Kenacomb; Macmiror Complex V; Metrofur; Mi-
costatin Baby; Novageon; Nysmosons-V; Promibasol-Plus; Vagitrol-V;
Neth.: Mycolog; NZ: Kenacomb; Viaderm-KC; Philipp.: Dermovate-NN;
Flagystatin; Kenacomb; Lidex NGN; Pol.: Macmiror Complex; Triacomb;
Port.: Dafnegil; Dermovate-NN†; Kenacomb; Rus.: Macmiror Complex
(Макмирор Комплекс); Polygynax (Полижинакс); Tergynan (Тержинан);
S.Afr.: Duoderm†; Hiconcil-NS; Kenacomb; Riostatin; Tetrex-F; Singa-
pore: Flagystatin; Kenacomb†; Polygynax; Spain: Interderm; Intradermo
Cort Ant Fung†; Milrosina Nistatina; Positon; Swed.: Kenacombin Novum;
Switz.: Dermovate-NN; Multilind; Mycolog N; Mycolog†; Nystacortone†;
Nystalocal; Topsym polyvalent; Thai.: Dermacombin; Gynecon; Gynecon-
T; Gynoco; Gynova; Gyracon; Kenacomb; Nystin; Quinradon-N; Vagicin;
UAE: Mikostat Baby Ointment; Panderm; UK: Dermovate-NN; Grego-
derm†; Nystaform; Nystaform-HC; Timodine; Tinaderm-M; Tri-Adcortyl;
Trimovate; USA: Myco-Biotic II; Myco-Triacet II; Mycogen II; Mycolog-II; My-
conel; Mytrex†; NGT; Tri-Statin II; Venez.: Halcicomb; Kenacomb.

Omoconazole Nitrate (USAN, rINNM)

10-80-07; Nitrato de omoconazol; Omoconazole, Nitrate d’;
Omoconazoli Nitras. (Z)-1-{2,4-Dichloro-β-[2-(p-chlorophe-
noxy)ethoxy]-α-methylstyryl}imidazole nitrate.

Омоконазола Нитрат

C20H17Cl3N2O2,HNO3 = 486.7.

CAS — 74512-12-2 (omoconazole); 83621-06-1 (omoco-
nazole nitrate).

ATC — D01AC13; G01AF16.

ATC Vet — QD01AC13; QG01AF16.

(omoconazole)

Profile
Omoconazole is an imidazole antifungal used locally for fungal
skin infections (p.521) and for vaginal candidiasis (p.518). It is
applied topically as the nitrate as a 1% cream, powder, or solu-
tion in the treatment of cutaneous candidiasis, dermatophytosis,
and pityriasis versicolor. For vaginal candidiasis, omoconazole
nitrate is given as pessaries in doses of 150 mg daily for 6 days,
300 mg daily for 3 days, or 900 mg as a single dose. 

Intravaginal preparations of azoles may damage latex contracep-
tives. 

For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Afongan; Fr.: Fongamil; Fongarex; Gr.: Fongamil; Hung.: Mikogal;
Mex.: Afongan; Port.: Afongan†; Fongamil; Rus.: Mikogal (Микогал).

Oxiconazole Nitrate (BANM, USAN, rINNM)

Nitrato de oxiconazol; Oxiconazole, Nitrate d’; Oxiconazoli Ni-
tras; Ro-13-8996; Ro-13-8996/001; Ro-13-8996/000 (oxicona-
zole); SGD-301-76; ST-813. 2′,4′-Dichloro-2-imidazol-1-ylace-
tophenone (Z)-O-(2,4-dichlorobenzyl)oxime mononitrate.

Оксиконазола Нитрат

C18H13Cl4N3O,HNO3 = 492.1.

CAS — 64211-45-6 (oxiconazole); 64211-46-7 (oxicona-
zole nitrate).

ATC — D01AC11; G01AF17.

ATC Vet — QD01AC11; QG01AF17.

(oxiconazole)

Profile
Oxiconazole is an imidazole antifungal applied topically as the
nitrate as a cream, solution, or powder equivalent to oxiconazole
1% in the treatment of fungal infections of the skin (p.521). It is
also given as a pessary in a single dose equivalent to 600 mg of
oxiconazole in the treatment of vaginal candidiasis (p.518). 

Local reactions including burning and itching have been report-
ed. Intravaginal preparations of azoles may damage latex contra-
ceptives. 

For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

◊ Reviews.
1. Jegasothy BV, Pakes GE. Oxiconazole nitrate: pharmacology, ef-

ficacy, and safety of a new imidazole antifungal agent. Clin Ther
1991; 13: 126–41.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Oxistat; Austria: Gyno-Liderman; Liderman; Oceral; Braz.: Micotin;
Oceral; Oxipelle; Oxitrat†; Canad.: Oxizole†; Cz.: Gyno-Myfungar†; My-
fungar; Fr.: Fonx; Ger.: Myfungar; Oceral GB†; Mex.: Gyno-Myfungar†;
Myfungar; Oxistat; Rus.: Myfungar (Мифунгар); Spain: Salongo; Switz.:
Oceral; Turk.: Oceral; USA: Oxistat.

Multi-ingredient: India: Zoderm.

Parconazole Hydrochloride (USAN, rINNM)

Hidrocloruro de parconazol; Parconazole, Chlorhydrate de; Par-
conazoli Hydrochloridum; R-39500. cis-1-{[2-(2,4-Dichlorophe-
nyl)-4-[(2-propynyloxy)methyl]-1,3-dioxolan-2-yl]methyl}-1H-
imidazole hydrochloride.

Парконазола Гидрохлорид

C17H16Cl2N2O3. HCl = 403.7.

CAS — 61400-59-7 (parconazole); 68685-54-1 (parco-
nazole); 62973-77-7 (parconazole hydrochloride).

(parconazole)

Profile
Parconazole is an antifungal that has been used as the hydrochlo-
ride in the treatment of gastrointestinal candidiasis in veterinary
medicine.

Pentamycin
Fungichromin; Lagosin; Pentamicina.

Пентамицин
C35H58O12 = 670.8.
CAS — 6834-98-6.
ATC — G01AA11.
ATC Vet — QG01AA11.

Profile
Pentamycin is a polyene antifungal antibiotic obtained from
Streptomyces pentaticus. It has been used in the treatment of vag-
inal candidiasis and for the protozoal infection trichomoniasis.

Posaconazole (BAN, USAN, rINN)

Posaconazol; Posaconazolum; Sch-56592. 4-{p-[4-(p-{[(3R,5R)-
5-(2,4-Difluorophenyl)tetrahydro-5-(1H-1,2,4-triazol-1-ylme-
thyl)-3-furyl]methoxy}phenyl)-1-piperazinyl]phenyl}-1-[(1S,2S)-
1-ethyl-2-hydroxypropyl]-Δ2-1,2,4-triazolin-5-one.

Позаконазол
C37H42F2N8O4 = 700.8.

CAS — 171228-49-2.
ATC — J02AC04.
ATC Vet — QJ02AC04.

Adverse Effects
The most commonly reported adverse effects with
posaconazole are headache and nausea. Other common
adverse effects include abdominal pain, anorexia,
asthenia, back pain, diarrhoea, dyspepsia, dizziness,
dry mouth, dry skin, fatigue, fever, flatulence, hot
flushes, insomnia, neutropenia, paraesthesia, pruritus,
rash, somnolence, and vomiting. An increase in liver
enzyme values has occurred in some patients, especial-
ly in those with serious underlying disease. Hypersen-
sitivity and allergic reactions, including Stevens-John-
son syndrome, have occurred rarely.

Precautions
Some azoles have been associated with QT interval
prolongation and licensed product information there-
fore advises that posaconazole should be used with
caution in patients with potentially proarrhythmic con-
ditions. Patients who develop abnormal liver function
tests while being treated with posaconazole should be
routinely monitored for the development of more seri-
ous liver injury.
Breast feeding. Breast feeding while taking posaconazole is
not recommended by licensed product information.

Pregnancy. Posaconazole has been shown to be teratogenic and
embryotoxic in animal studies and its use is generally not recom-
mended during pregnancy. For a discussion of the caution need-
ed when using azole antifungals during pregnancy, see under
Pregnancy in Precautions of Fluconazole, p.532. Licensed prod-
uct information recommends that women of child-bearing poten-
tial should use effective contraception during treatment with
posaconazole.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Interactions
Posaconazole is metabolised by the uridine diphos-
phate glucuronosyltransferase UGT1A4, and is a sub-
strate for p-glycoprotein. The use of drugs that either
inhibit (for example, clarithromycin, erythromycin,
ciclosporin, and verapamil) or induce (see below)
enzymes in this pathway may increase or decrease
plasma-posaconazole concentrations, respectively.
Rifabutin and phenytoin have been shown to decrease
plasma-posaconazole concentrations and a similar ef-
fect may be expected with rifampicin, carbamazepine,
primidone, and phenobarbital. Concentrations of posa-
conazole are reduced by cimetidine possibly due to re-
duced absorption of posaconazole as a result of de-
creased acid production and reduced posaconazole
concentrations may also be expected with other H2-an-
tagonists and proton pump inhibitors. 

Posaconazole is an inhibitor of the cytochrome P450
isoenzyme CYP3A4 and concentrations of other drugs
that are metabolised by this enzyme pathway may be
increased by posaconazole. Increased plasma concen-
trations of astemizole, cisapride, halofantrine, pimoz-
ide, quinidine, and terfenadine could be expected and
concomitant use is contra-indicated because of the risk
of cardiac arrhythmias including torsade de pointes.
Use with ergot alkaloids such as ergotamine and dihy-
droergotamine is also contra-indicated because of the
possible risk of ergotism. HMG-CoA reductase inhibi-
tors such as atorvastatin, lovastatin, and simvastatin are
contra-indicated as concomitant use as been associated
with rhabdomyolysis. Increased plasma concentrations
of sirolimus and tacrolimus have been noted; doses of
sirolimus and tacrolimus may need to be reduced and
concentrations monitored. Similarly, dose reduction
with monitoring is recommended for ciclosporin.
Close monitoring of blood glucose is necessary if posa-
conazole is used with oral hypoglycaemics such as the
sulfonylureas. Dose reductions may be needed for cal-
cium-channel blockers, digoxin, vinca alkaloids, and
some benzodiazepines (such as alprazolam, mida-
zolam, and triazolam). It is expected that posaconazole
will increase the concentrations of HIV-protease inhib-
itors and NNRTIs. 

Interactions may occur where both posaconazole and
the other drug are affected. Examples are ciclosporin
(where concentrations of both posaconazole and
ciclosporin are increased) and rifabutin (where concen-
trations of posaconazole are reduced but those of rifab-
utin are increased). 

For further information on interactions between drugs
metabolised by the cytochrome P450 isoenzyme
CYP3A and azoles, see under Itraconazole, p.537.

◊ For reviews of drug interactions with azole antifungals, see
Itraconazole, p.537.

Antimicrobial Action
Posaconazole is a triazole antifungal drug that in sensi-
tive fungi inhibits the enzyme lanosterol 14α-demeth-
ylase (CYP51) resulting in the impairment of ergoster-
ol synthesis in fungal cell membranes. Posaconazole
has activity against Candida spp., Aspergillus spp.,
Coccidioides immitis, Fonsecaea pedrosoi, and some
species of Fusarium and zygomycetes.

Pharmacokinetics
Posaconazole exhibits linear pharmacokinetics after
single and multiple doses with a high fat meal. No fur-
ther increases in plasma concentration are seen with
doses above 800 mg daily. It is slowly absorbed from
the gastrointestinal tract and has a large volume of dis-
tribution. Peak plasma concentrations occur about 5
hours after an oral dose. Steady state plasma-posacona-
zole concentrations occur after 7 to 10 days of multiple
dosage. Plasma protein binding is over 98%. 

Metabolism plays only a minor role in the elimination
of posaconazole; most circulating metabolites are glu-

curonide conjugates with only small amounts of oxida-
tive metabolites. Posaconazole is slowly eliminated
with a mean elimination half-life of 35 hours. The main
elimination route of posaconazole is via the faeces
(77%) where 66% of a dose is excreted unchanged.
About 14% of a dose is excreted in the urine with only
trace amounts excreted unchanged.
◊ Reviews.
1. Courtney R, et al. Pharmacokinetics, safety, and tolerability of

oral posaconazole administered in single and multiple doses in
healthy adults. Antimicrob Agents Chemother 2003; 47:
2788–95.

Uses and Administration
Posaconazole is an oral triazole antifungal used in the
treatment of severe oropharyngeal candidiasis. It is
also indicated in the treatment of invasive aspergillosis,
chromoblastomycosis, coccidioidomycosis, fusariosis,
or mycetoma infections in patients who are resistant to,
or intolerant of, other antifungals. Posaconazole is also
given for the prophylaxis of fungal infections in pa-
tients who are at high risk for invasive fungal disease
due to prolonged neutropenia. 
Posaconazole is given orally as a suspension; doses
should be given with a meal, or a nutritional supple-
ment in those who cannot tolerate food, in order to en-
hance oral absorption and ensure adequate exposure. 
For the treatment of oropharyngeal candidiasis posa-
conazole is given in a loading dose of 200 mg on the
first day, followed by 100 mg daily for 13 days. In pa-
tients with oropharyngeal candidiasis refractory to itra-
conazole and/or fluconazole, posaconazole is given at
a dose of 400 mg twice daily. 
In patients with refractory invasive systemic fungal
infections, it is given at a dose of 400 mg twice daily.
Patients not tolerating food or nutritional supplements
should take 200 mg four times daily. 
In the prophylaxis of invasive fungal infections, the
recommended dose is 200 mg three times daily. Treat-
ment is continued until recovery from neutropenia or
immunosuppression. In patients undergoing cytotoxic
chemotherapy for haematological malignancies, or
haematopoietic stem-cell transplantation, treatment
should begin several days before the anticipated onset
of neutropenia and continue for 7 days after the neu-
trophil count rises above 500 cells/mm3.
◊ References.
1. Herbrecht R. Posaconazole: a potent, extended-spectrum triazole

anti-fungal for the treatment of serious fungal infections. Int J
Clin Pract 2004; 58: 612–24. 

2. Segal BH, et al. Posaconazole as salvage therapy in patients with
chronic granulomatous disease and invasive filamentous fungal
infection. Clin Infect Dis 2005; 40: 1684–8. 

3. Keating GM. Posaconazole. Drugs 2005; 65: 1553–67. 
4. Raad II, et al. Safety of long-term oral posaconazole use in the

treatment of refractory invasive fungal infections. Clin Infect Dis
2006; 42: 1726–34. 

5. Nagappan V, Deresinski S. Posaconazole: a broad-spectrum tri-
azole antifungal agent. Clin Infect Dis 2007; 45: 1610–7. 

6. Frampton JE, Scott LJ. Posaconazole : a review of its use in the
prophylaxis of invasive fungal infections. Drugs 2008; 68:
993–1016.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Noxafil; Cz.: Noxafil; Fr.: Noxafil; Gr.: Noxafil; Neth.: Noxafil;
NZ: Noxafil; Pol.: Noxafil; Swed.: Noxafil; UK: Noxafil; USA: Noxafil.

Propionic Acid
E280; E283 (potassium propionate); Kwas propionowy; Propa-
noico, ácido. Propanoic acid.
Пропионовая Кислота
C2H5.CO2H = 74.08.
CAS — 79-09-4.

Pharmacopoeias. In Fr. Also in USNF. 
USNF 26 (Propionic Acid). An oily liquid having a slight pun-
gent, rancid odour. Miscible with water, with alcohol, and with
various other organic solvents. Store in airtight containers.

Calcium Propionate

E282. Calcium propanoate.

Пропионат Кальция

(C3H5O2)2Ca = 186.2.

CAS — 4075-81-4 (anhydrous calcium propionate);
56744-45-7 (calcium propionate monohydrate).

Sodium Propionate

E281; Natrii propionas; Natrio propionatas; Natriumpropionaat-
ti; Natriumpropionat; Nátrium-propionát; Propionan sodný; Pro-
pionato de sodio; Sodium, propionate de. Sodium propanoate.

Пропионат Натрия

C3H5NaO2 = 96.06.

CAS — 137-40-6 (anhydrous sodium propionate); 6700-
17-0 (sodium propionate hydrate).

ATC — S01AX10.

ATC Vet — QA16QA02; QS01AX10.

Pharmacopoeias. In Eur. (see p.vii). Also in USNF. 
Ph. Eur. 6.2 (Sodium Propionate). Slightly hygroscopic colour-
less crystals or white or almost white powder. Freely soluble in
water; sparingly soluble in alcohol; practically insoluble in
dichloromethane. A 2% solution in water has a pH of 7.8 to 9.2.
Store in airtight containers. 
USNF 26 (Sodium Propionate). Colourless transparent crystals
or a granular crystalline powder; odourless or with a faint acetic-
butyric odour. Deliquescent in moist air. Soluble 1 in 1 of water,
1 in 0.65 of boiling water, and 1 in 24 of alcohol; practically in-
soluble in chloroform and in ether. Store in airtight containers.

Profile
Propionic acid and its salts are antifungals. Calcium and sodium
propionate have been used topically, usually with other antimi-
crobials for the treatment of dermatophyte infections. Eye drops
containing sodium propionate have also been used. 

Propionic acid and its calcium, sodium, and potassium salts are
used in the baking industry as inhibitors of moulds.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: Propionat.

Multi-ingredient: Arg.: Cicatrol; Farm-X; Fungicida†; Hipoglos Cicatri-
zante; Novo Miconol; Piecidex†; Plusderm†; Austral.: Mycoderm; Austria:
Dermowund; Braz.: Andriodermol; Colpagex N; Gynax-N; Micotox†;
Vagitrin-N; Canad.: Amino-Cerv; Chile: Fittig; Fr.: Dermacide; Otoralgyl a
la phenylephrine†; Hong Kong: Mycoderm; Indon.: Decyline; Israel: Ot-
omycin; Malaysia: Mycoderm; S.Afr.: Neopan; USA: Amino-Cerv; Pro-
phyllin; Venez.: Diodonato†.

Pyrrolnitrin (USAN, rINN)

52230; NSC-107654; Pirrolnitrina; Pyrrolnitrine; Pyrrolnitrinum.
3-Chloro-4-(3-chloro-2-nitrophenyl)pyrrole.

Пирролнитрин

C10H6Cl2N2O2 = 257.1.

CAS — 1018-71-9.

ATC — D01AA07.

ATC Vet — QD01AA07.

Pharmacopoeias. In Jpn.

Profile
Pyrrolnitrin is an antifungal antibiotic isolated from Pseu-
domonas pyrrocinia and applied topically in the treatment of su-
perficial fungal infections.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: Micutrin.

Multi-ingredient: Ital.: Micutrin Beta†; Port.: Pirrolfungin†.
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Ravuconazole (pINN)

BMS-207147; ER-30346; Ravuconazol; Ravuconazolum. 4-{2-
[(1R,2R)-2-(2,4-Difluorophenyl)-2-hydroxy-1-methyl-3-(1H-
1,2,4-triazol-1-yl)propyl]-4-thiazolyl}-benzonitrile.

Равуконазол

C22H17F2N5OS = 437.5.

CAS — 182760-06-1.

Profile
Ravuconazole is a triazole antifungal said to possess a broader
spectrum of activity than fluconazole or itraconazole. It is under
investigation for the treatment of systemic fungal infections.

Sertaconazole Nitrate (BANM, rINNM)

Nitrato de sertaconazol; Sertaconazole, nitrate de; Sertaconazoli
nitras; Sertakonatsolinitraatti; Sertakonazol Nitrat; Sertakonazol-
nitrat; Sertakonazol-nitrát; Sertakonazolo nitratas; Szertakona-
zol-nitrát. (±)-1-{2,4-Dichloro-β-[(7-chlorobenzo[b]thien-3-yl)-
methoxy]phenethyl}imidazole nitrate.

Сертаконазола Нитрат

C20H15Cl3N2OS,HNO3 = 500.8.

CAS — 99592-32-2 (sertaconazole); 99592-39-9 (serta-
conazole nitrate).

ATC — D01AC14.

ATC Vet — QD01AC14.

(sertaconazole)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Sertaconazole Nitrate). A white or almost white
powder. Practically insoluble in water; sparingly soluble in alco-
hol and in dichloromethane; soluble in methyl alcohol. Protect
from light.

Profile
Sertaconazole is an imidazole antifungal used topically as the ni-
trate as a 2% cream, gel, solution, or powder in the treatment of
superficial candidiasis, dermatophytosis, seborrhoeic dermatitis,
and pityriasis versicolor. In the treatment of vaginal candidiasis
it is used as a 2% vaginal cream daily for 7 or 8 days or as a single
dose of a 300-mg or 500-mg pessary. 

For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Zalain†; Austria: Zalain†; Braz.: Gyno Zalain; Zalain; Chile: Trom-
derm; Zalain; Cz.: Zalain†; Ger.: Mykosert; Zalain; Gr.: Fuganol†; Hong
Kong: Zalain; Hung.: Zalain; Indon.: Dermofix; Ital.: Sertacream; Serta-
derm; Sertadie; Sertagyn; Zalain†; Malaysia: Zalain†; Philipp.: Zalain;
Port.: Dermofix; Sertopic; Rus.: Zalain (Залаин); Singapore: Zalain;
Spain: Dermofix; Dermoseptic; Gine Zalain; Ginedermofix; Zalain; Thai.:
Zalain; Turk.: Zalain; USA: Ertaczo; Venez.: Zalain.

Siccanin (rINN)

Sicanina; Siccanine; Siccaninum. (13aS)-1,2,3,4,4aβ,-
5,6,6a,11bβ,13bβ-Decahydro-4-4-6aβ,9-tetramethyl-13H-ben-
zo[a]furo[2,3,4-mn]xanthen-11-ol.
Сикканин
C22H30O3 = 342.5.
CAS — 22733-60-4.

Pharmacopoeias. In Jpn.
Profile
Siccanin is obtained from Helminthosporium siccans, a parasitic
organism of rye grass It has antifungal activity and is used topi-
cally as a 1% ointment for dermatophyte infections.

Sodium Parachlorobenzoate
Sodium p-Chlorobenzoate.
Натрий Парахлорбензоат
C7H4ClNaO2 = 178.5.
CAS — 3686-66-6.

Profile
Sodium parachlorobenzoate has antifungal activity and is used as
a 4% powder in the treatment of fungal skin infections (p.521).
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hung.: Mycosid.

Sulconazole Nitrate (BANM, USAN, rINNM)

Nitrato de sulconazol; RS-44872; RS-44872-00-10-3; Sulcona-
zole, Nitrate de; Sulconazoli Nitras; Sulkonazol Nitrat. 1-[2,4-
Dichloro-β-(4-chlorobenzyl)thiophenethyl]imidazole nitrate.
Сульконазола Нитрат
C18H15Cl3N2S,HNO3 = 460.8.
CAS — 61318-90-9 (sulconazole); 61318-91-0 (sulcona-
zole nitrate).
ATC — D01AC09.
ATC Vet — QD01AC09.

(sulconazole)

Pharmacopoeias. In Fr. and US. 
USP 31 (Sulconazole Nitrate). A white to off-white crystalline
powder. Soluble 1 in 3333 of water, 1 in 100 of alcohol, 1 in 130
of acetone, 1 in 333 of chloroform, 1 in 286 of dichloromethane,
1 in 2000 of dioxan, 1 in 71 of methyl alcohol, 1 in 10 of pyrid-
ine, and 1 in 2000 of toluene. Protect from light.
Adverse Effects and Precautions
Local reactions including blistering, burning, itching, and ery-
thema have been reported after sulconazole use. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Antimicrobial Action
Sulconazole is an imidazole antifungal with activity against der-
matophytes, Candida spp., and Malassezia furfur.
Uses and Administration
Sulconazole is an imidazole antifungal used topically as the ni-
trate once or twice daily as a 1% cream or solution in the treat-
ment of fungal skin infections including dermatophyte infections
and pityriasis versicolor (p.521), and candidiasis (p.518).
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Antifungal; Minot†; Belg.: Myk-1; Fr.: Myk; Irl.: Exelderm†; Neth.:
Myk-1; Turk.: Exelderm; UK: Exelderm; USA: Exelderm.

Terbinafine (BAN, USAN, rINN)

SF-86-327; SF-86327; Terbinafiini; Terbinafin; Terbinafina; Terbin-
afinum. (E)-6,6-Dimethylhept-2-en-4-ynl(methyl)-(1-naphthyl-
methyl)amine.
Тербинафин
C21H25N = 291.4.
CAS — 91161-71-6.
ATC — D01AE15; D01BA02.
ATC Vet — QD01AE15; QD01BA02.

Terbinafine Hydrochloride (BANM, rINNM)

Hidrocloruro de terbinafina; Terbinafiinihydrokloridi; Terbinafin
Hidroklorür; Terbinafine, chlorhydrate de; Terbinafin-hydrochlo-
rid; Terbinafinhydroklorid; Terbinafini hydrochloridum; Terbinafiny
chlorowodorek.
Тербинафина Гидрохлорид
C21H26ClN = 327.9.
CAS — 78628-80-5.
ATC — D01AE15; D01BA02.
ATC Vet — QD01AE15; QD01BA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Terbinafine Hydrochloride). A white or almost
white powder. Very slightly or slightly soluble in water; freely
soluble in dehydrated alcohol and in methyl alcohol; slightly sol-
uble in acetone. Protect from light. 
USP 31 (Terbinafine Hydrochloride). A white or off-white pow-
der. Very slightly or slightly soluble in water; freely soluble in de-
hydrated alcohol and in methyl alcohol; slightly soluble in ace-
tone; Protect from light.

Adverse Effects
The most frequent adverse effects after oral use of ter-
binafine hydrochloride are gastrointestinal disturbanc-
es such as nausea, diarrhoea, and mild abdominal pain.
Loss or disturbance of taste may occur and occasional-
ly may be severe enough to lead to anorexia and weight
loss. Other frequent adverse effects include headache
and skin reactions, including rash or urticaria, some-
times with arthralgia or myalgia. Severe skin reactions
including angioedema, photosensitivity, Stevens-John-
son syndrome, and toxic epidermal necrolysis have oc-
curred rarely. Liver dysfunction with isolated reports of
cholestasis, hepatitis, and jaundice, has occurred and
there have also been rare cases of hepatic failure, some-
times leading to death or needing liver transplantation,
in patients both with and without pre-existing liver dis-
ease. Other rare adverse effects include paraesthesia,
hypoaesthesia, dizziness, malaise, fatigue, and alo-
pecia. Haematological disorders including neutrope-
nia, thrombocytopenia, and agranulocytosis, psychiat-
ric disturbances such as depression and anxiety, and
precipitation or exacerbation of cutaneous and system-
ic lupus erythematosus have been reported very rarely. 
There may be local reactions after topical use of terbin-
afine.
Incidence of adverse effects. Postmarketing surveillance of
about 10 000 patients1 suggested the following incidences of ad-
verse effects to oral terbinafine: gastrointestinal symptoms,
4.7%; dermatological effects, 3.3%; CNS symptoms (commonly
headache), 1.8%; taste disturbances, 0.6%; and transient distur-
bances in liver function, 0.1%. Serious adverse effects possibly
or probably related to terbinafine included angioedema, bron-
chospasm, erythema multiforme, extended stroke, and unilateral
leg oedema. Combined data from 25 884 patients from this and
3 further studies2 generally confirmed these results. Overall, ad-
verse effects were reported in 10.5% of patients and caused treat-
ment to be stopped in 5.3%. Serious adverse effects probably or
possibly related to terbinafine occurred in 12 patients (0.046%).
1. O’Sullivan DP, et al. Postmarketing surveillance of oral terbin-

afine in the UK: report of a large cohort study. Br J Clin Phar-
macol 1996; 42: 559–65. 

2. O’Sullivan DP. Terbinafine: tolerability in general medical prac-
tice. Br J Dermatol 1999; 141 (suppl 56): 21–5.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the blood. Up to August 2006, the Australian Ad-
verse Drug Reactions Advisory Committee had received 16 re-
ports of blood dyscrasias attributed to oral terbinafine including
agranulocytosis (7 reports), neutropenia (7), and pancytopenia
(2).1 The reactions generally occurred within 4 to 6 weeks of
starting therapy. Eleven patients recovered, 4 within one week of
stopping treatment. However, a 79-year-old patient who devel-
oped agranulocytosis about 2 months after starting terbinafine
died from septic shock.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Life

threatening blood dyscrasias with oral terbinafine. Aust Adverse
Drug React Bull 2006; 25: 15. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0608.htm (accessed 02/05/08)

Effects on the eyes. The US manufacturer has noted that
changes in the lens and retina of the eye have sometimes been
associated with oral terbinafine, although the significance of
these changes is not known.
Effects on the salivary glands. Bilateral parotid swelling was
associated with terbinafine in a 38-year-old man.1 Information
from the manufacturer and the UK CSM indicated that this effect
had occurred in other patients but was very rare. More recently,
severe sialadenitis as a complication of drug reaction with eosi-
nophilia and systemic complications (DRESS—a type of hyper-
sensitivity reaction) was reported in an 80-year-old woman treat-
ed with terbinafine.2 She also had severe xerostomia, lachrymal
gland swelling, dry eyes, and keratitis.
1. Torrens JK, McWhinney PH. Parotid swelling and terbinafine.

BMJ 1998; 316: 440–1. 
2. Abecassis S, et al. Severe sialadenitis: a new complication of

drug reaction with eosinophilia and systemic symptoms. J Am
Acad Dermatol 2004; 51: 827–30.

Effects on the skin. Serious skin reactions are occasionally re-
ported in patients receiving terbinafine and have included ery-
thema multiforme,1,2 erythroderma,1 severe urticaria,1 pityriasis
rosea,1 worsening of pre-existing psoriasis,1,3 acrodermatitis
continua of Hallopeau,4 bullous pemphigoid,5 acute generalised
exanthematous pustulosis,6 and lupus erythematosus.7-10 Several
of these patients had a history of auto-immune disease2,9 and it
has been suggested that this could be a risk factor for developing
severe reactions.2
1. Gupta AK, et al. Cutaneous adverse effects associated with ter-

binafine therapy: 10 case reports and a review of the literature.
Br J Dermatol 1998; 138: 529–32. 

2. Goeteyn V, et al. Is systemic autoimmune disease a risk factor
for terbinafine-induced erythema multiforme? Br J Dermatol
2000; 142: 578–9. 

3. Wilson NJE, Evans S. Severe pustular psoriasis provoked by
oral terbinafine. Br J Dermatol 1998; 139: 168. 

4. Nishiwaki F, et al. Acrodermatitis continua of Hallopeau due to
oral terbinafine. Br J Dermatol 2007; 157: 1073–4. 

5. Aksakal BA, et al. Oral terbinafine-induced bullous pemphig-
oid. Ann Pharmacother 2003; 37: 1625–7. 

6. Beltraminelli HS, et al. Acute generalized exanthematous pus-
tulosis induced by the antifungal terbinafine: case report and re-
view of the literature. Br J Dermatol 2005; 152: 780–3. 

7. Murphy M, Barnes L. Terbinafine-induced lupus erythemato-
sus. Br J Dermatol 1998; 138: 708–9. 

8. Brooke R, et al. Terbinafine-induced subacute cutaneous lupus
erythematosus. Br J Dermatol 1998; 139: 1132–3. 

9. Holmes S, Kemmett D. Exacerbation of systemic lupus ery-
thematosus induced by terbinafine. Br J Dermatol 1998; 139:
1133. 

10. Hill VA, et al. Subacute lupus erythematosus-like eruption due
to terbinafine: report of three cases. Br J Dermatol 2003; 148:
1056.

Effects on taste. Disturbance and loss of taste have been re-
ported in about 0.6% of patients taking terbinafine. While this
usually resolves gradually once the drug is withdrawn, persistent
impairment of taste has been reported.1,2

1. Bong JL, et al. Persistent impairment of taste resulting from ter-
binafine. Br J Dermatol 1998; 139: 747–8. 

2. Duxbury AJ, et al. Persistent impairment of taste associated with
terbinafine. Br Dent J 2000; 188: 295–6.

Precautions
Terbinafine should not be used in patients with existing
liver disease and liver function tests should be per-
formed in all patients before starting oral therapy. Ter-
binafine should be stopped if clinical or biochemical
evidence of hepatotoxicity develops. It should also be
stopped if any progressive skin rash occurs and should
be used with caution in patients with psoriasis. 
Terbinafine should be given in reduced doses to pa-
tients with renal impairment (see Administration in
Renal Impairment, under Uses and Administration, be-
low).
Breast feeding. Terbinafine is excreted in breast milk and li-
censed product information states that it should be avoided dur-
ing breast feeding.

Interactions
Plasma concentrations of terbinafine may be increased
by drugs that inhibit its metabolism by cytochrome
P450, such as cimetidine, and decreased by drugs that
induce cytochrome P450 enzymes, such as rifampicin.

Menstrual disturbances including breakthrough bleed-
ing have been reported in patients taking oral contra-
ceptives and terbinafine. 
Terbinafine has been shown in vitro to inhibit metabo-
lism mediated by the cytochrome P450 isoenzyme
CYP2D6. Hence it may affect the plasma concentra-
tions of drugs predominantly metabolised by this en-
zyme such as tricyclic antidepressants, beta blockers,
SSRIs, and type B MAOIs. 
For the effects of terbinafine on some other drugs, see
carbamazepine (p.475), ciclosporin (p.1826),
nortriptyline (p.380), and warfarin (p.1429).

Antimicrobial Action
Terbinafine is an allylamine derivative reported to have
a broad spectrum of antifungal activity. It is considered
to act through inhibition of fungal sterol synthesis. Ter-
binafine is fungicidal against dermatophytes, moulds,
and certain dimorphic fungi and some yeasts.
Microbiological interactions. Additive and synergistic activ-
ity was reported with terbinafine plus fluconazole or itraconazole
against strains of Candida albicans that had reduced susceptibil-
ity to azoles in vitro.1 Terbinafine was also reported to enhance
the activity of azoles against Scedosporium prolificans2 and
against the protozoan Leishmania braziliensis.3
1. Barchiesi F, et al. In vitro activities of terbinafine in combination

with fluconazole and itraconazole against isolates of Candida al-
bicans with reduced susceptibility to azoles. Antimicrob Agents
Chemother 1997; 41: 1812–14. 

2. Meletiadis J, et al. In vitro interaction of terbinafine with itraco-
nazole against clinical isolates of Scedosporium prolificans. An-
timicrob Agents Chemother 2000; 44: 470–2. 

3. Rangel H, et al. Naturally azole-resistant Leishmania brazilien-
sis promastigotes are rendered susceptible in the presence of ter-
binafine: comparative study with azole-susceptible Leishmania
mexicana promastigotes. Antimicrob Agents Chemother 1996;
40: 2785–91. Correction. ibid. 1997; 41: 496.

Pharmacokinetics
Terbinafine hydrochloride is well absorbed from the
gastrointestinal tract. The bioavailability is about 40%
because of first-pass hepatic metabolism. Mean peak
plasma concentrations of about 1 microgram/mL oc-
cur within 2 hours of a single oral dose of 250 mg.
Steady state concentrations are about 25% higher than
those seen after a single dose and are reached in 10 to
14 days. Terbinafine is extensively bound to plasma
proteins. Terbinafine is distributed into the stratum cor-
neum of the skin, the nail plate, and hair where it reach-
es concentrations considerably higher than those found
in plasma. It appears in breast milk. 
Terbinafine is metabolised in the liver to inactive me-
tabolites which are excreted mainly in the urine. A
plasma elimination half-life varying from 17 to 36
hours has been reported and a terminal elimination
half-life of up to 400 hours in patients given prolonged
therapy, probably representing elimination from skin
and adipose tissue. Fungicidal concentrations in nails
are maintained for several weeks after therapy is
stopped. The elimination rate may be altered in patients
with liver or kidney disease. Less than 5% of a topical
dose of terbinafine hydrochloride is absorbed.
◊ References.
1. Kovarik JM, et al. Multiple-dose pharmacokinetics and distribu-

tion in tissue of terbinafine and metabolites. Antimicrob Agents
Chemother 1995; 39: 2738–41.

Uses and Administration
Terbinafine is an allylamine antifungal given by mouth
as the hydrochloride in the treatment of dermatophyte
infections of the skin and nails (p.521). Oral doses are
stated in terms of the base. Terbinafine hydrochloride
1.13 g is equivalent to about 1 g of terbinafine. It is also
applied, as the hydrochloride, to the skin in dermato-
phytoses, in pityriasis versicolor (see Skin Infections,
p.521), and in cutaneous candidiasis (p.518). 
An oral dose of 250 mg is given once daily for 2 to 4
weeks for tinea cruris; treatment may be continued for
up to 6 weeks for tinea pedis infections; a 4-week
course is used in tinea corporis infections. A cream,
gel, or solution containing 1% terbinafine hydrochlo-
ride is applied once or twice daily for 1 to 2 weeks to
treat tinea corporis and tinea cruris; a 1-week course is

recommended for tinea pedis. A 2-week course of
treatment is used in cutaneous candidiasis and pityria-
sis versicolor. 
Dermatophyte infections of the nails are treated with
the equivalent of terbinafine 250 mg orally once daily
for 6 to 12 weeks although longer treatment may be
necessary in toe-nail infections. 
Dosage should be reduced in patients with renal im-
pairment (see below).
◊ References.
1. Balfour JA, Faulds D. Terbinafine: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic potential
in superficial mycoses. Drugs 1992; 43: 259–84. 

2. Abdel-Rahman SM, Nahata MC. Oral terbinafine: a new antifun-
gal agent. Ann Pharmacother 1997; 31: 445–56. 

3. McClellan KJ, et al. Terbinafine: an update of its use in superfi-
cial mycoses. Drugs 1999; 58: 179–202. 

4. Darkes MJ, et al. Terbinafine: a review of its use in onychomy-
cosis in adults. Am J Clin Dermatol 2003; 4: 39–65. 

5. Fleece D, et al. Griseofulvin versus terbinafine in the treatment
of tinea capitis: a meta-analysis of randomized, clinical trials.
Pediatrics 2004; 114: 1312–15. 

6. Gupta AK, et al. The use of terbinafine in the treatment of ony-
chomycosis in adults and special populations: a review of the
evidence. J Drugs Dermatol 2005; 4: 302–8. 

7. Revankar SG, et al. Use of terbinafine in rare and refractory my-
coses. Future Microbiol 2008; 3: 9–17.

Administration in children. Although terbinafine is not cur-
rently licensed in the UK for use in children, the BNFC suggests
the following oral doses for the treatment of tinea capitis in chil-
dren over 1 year of age: 
• in those weighing 10 to 20 kg: the equivalent of terbinafine

62.5 mg once daily 
• in those weighing 20 to 40 kg: 125 mg once daily 
• in those weighing over 40 kg: 250 mg once daily Treatment is

usually given for 4 weeks for tinea capitis, 2 to 4 weeks for
tinea cruris, 4 weeks for tinea corporis, and may be continued
for up to 6 weeks in tinea pedis. Infections of the nails are
treated for 6 weeks to 3 months, although longer treatment
may occasionally be required for toe-nail infections. 

Similar regimens have been reported in the literature.1,2 A review
on the use of terbinafine in children considered it both safe and
effective in the management of tinea capitis and onychomyco-
sis.3
1. Jones TC. Overview of the use of terbinafine (Lamisil) in chil-

dren. Br J Dermatol 1995; 132: 683–9. 
2. Fuller LC, et al. A randomized comparison of 4 weeks of terbin-

afine vs 8 weeks of griseofulvin for the treatment of tinea capitis.
Br J Dermatol 2001; 144: 321–7. 

3. Gupta AK, et al. The efficacy and safety of terbinafine in chil-
dren. J Eur Acad Dermatol Venereol 2003; 17: 627–40.

Administration in renal impairment. The UK licensed
product information recommends that in patients with renal im-
pairment (creatinine clearance less than 50 mL/minute or serum
creatinine greater than 300 micromol/litre) usual oral doses
should be halved to the equivalent of 125 mg of terbinafine daily.
Leishmaniasis. An inadvertent beneficial response has been
reported1 in an HIV-positive patient with cutaneous leishmania-
sis (p.824) who was taking terbinafine 250 mg daily for tinea
corporis and onychomycosis. Beneficial results were also report-
ed in a pilot study2 in which patients with cutaneous leishmania-
sis took either terbinafine 125 mg twice daily (those aged 5 to 15
years), or terbinafine 250 mg twice daily (those over 15 years),
for 4 weeks.
1. González-Rupérez J, et al. Remission of localized cutaneous

leishmaniasis in a HIV-positive patient using systemic terbin-
afine. Dermatology 1997; 194: 85–6. 

2. Bahamdan KA, et al. Terbinafine in the treatment of cutaneous
leishmaniasis: a pilot study. Int J Dermatol 1997; 36: 59–60.

Non-dermatophyte fungal infections. Beneficial responses
to oral terbinafine have been reported in candidal infections of
the nails and mouth,1-3 aspergillosis, chromoblastomycosis,
paracoccidioidomycosis, and sporotrichosis.3
1. Nolting S, et al. Terbinafine in onychomycosis with involvement

by non-dermatophytic fungi. Br J Dermatol 1994; 130 (suppl
43): 16–21. 

2. Segal R, et al. Treatment of Candida nail infection with terbin-
afine. J Am Acad Dermatol 1996; 35: 958–61. 

3. Pérez A. Terbinafine: broad new spectrum of indications in sev-
eral subcutaneous and systemic and parasitic diseases. Mycoses
1999; 42 (suppl 2): 111–4.

Seborrhoeic dermatitis. Terbinafine has been tried in the
treatment of seborrhoeic dermatitis (p.1584). In one study, 60 pa-
tients were randomised to receive oral terbinafine 250 mg daily
or a placebo cream applied twice daily for 4 weeks.1 Clinical im-
provement, maintained 8 weeks after completing treatment, in
the terbinafine group led the investigators to conclude that oral
terbinafine is an effective treatment for seborrhoeic dermatitis,
and to suggest that this might be due to its activity against Malas-
sezia ovalis (Pityrosporum ovale) as well as to some anti-inflam-
matory action. However, the methodology of this study has been
questioned2 and further investigation is needed. A further, un-
controlled, study3 of 661 patients who received oral terbinafine
250 mg daily for 12 days each month for 3 months concluded
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that intermittent oral terbinafine could be effective for seborrhoe-
ic dermatitis, at least in severe or recalcitrant forms. It has also
been tried topically as a 1% cream.4
1. Scaparro E, et al. Evaluation of the efficacy and tolerability of

oral terbinafine (Daskil ) in patients with seborrhoeic dermati-
tis: a multicentre, randomized, investigator-blinded, placebo-
controlled trial. Br J Dermatol 2001; 144: 854–7. 

2. Faergemann J. Treatment of seborrhoeic dermatitis with oral ter-
binafine? Lancet 2001; 358: 170. 

3. Cassano N, et al. Oral terbinafine for the treatment of seborrheic
dermatitis in adults. Int J Dermatol 2002; 41: 821–2. 

4. Gündüz K, et al. Efficacy of terbinafine 1% cream on seborrhoe-
ic dermatitis. J Dermatol 2005; 32: 22–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fungueal; Lamisil; Maditez; Piecidex NF; Tacna; Terbi-Derm; Terekol;
Terfin; Austral.: Lamisil; SolvEasy; Tamsil; Zabel; Austria: Daskil; Lamisil;
Belg.: Lamisil; Braz.: Binafin†; Finex†; Funtyl; Lamisil; Micosil; Canad.: Lam-
isil; Chile: Dermoxyl; Dicil; Elater; Finex; Lamisil; Micoset; Micostop†; Terfex;
Cz.: Atifan; Brinaf†; Lamisil; Mycodekan; Onychon; Tefine; Terbihexal; Ter-
bisil; Terbistad; Terfimed; Verbinaf; Denm.: Lamisil; Fin.: Lamisil; Fr.: Lamisil;
Lamisilate; LamisilDermgel; Ger.: Amiada; Dermatin; Lamisil; Myconormin;
Onymax; Terbiderm; Terbigalen; Gr.: Anaplas; Chemiderm; Demsil; Droge-
nil; Ealk; Flixid; Frezylin; Fungitherapy; Lamigen; Lamisil; Mycutol; Optimus;
Pavlinox; Pro-Misil; Romiver; Seralon; Soluteb; Terbafin; Terbigram; Terbin;
Terbiprol; Terbiskin; Terbisol; Terfinil; Terfinor; Termisil; Thateron; Vifaderm;
Hong Kong: Lamisil; Terbifin; Hung.: Lamisil; Terbigen; Terbisil; Terfin; Tine-
al; India: Exifine; Lamisil†; Terbifin; Indon.: Interbi; Lamisil; Termisil; Irl.: Fun-
gafine; Fungasil; Lamisil; Lanafine; Nailderm; Ternaf; Israel: Lamisil; Ital.:
Daskil; Lamisil; Malaysia: Dermafin; Exifine; Lamisil; Lisim; Mex.: Binafex;
Erbitrax; Fyterdin; Lamisil; Losil-T; Mycelvan; Unasal; Xilatril; Neth.: Bina-
nidda; Finanidda; Finavita†; Fungitif; Lamisil; Niddafin; Niddavita; Terbiderm;
Terbinavita; Terfungin; Tiebinafin; Vitabin; Norw.: Lamisil; NZ: Lamisil†; Ter-
bafin; Philipp.: Lamifen; Lamisil; Pol.: Afugin; Lamisil; Lamisilatt; Myconafine;
Onymax; Tenasil; Terbiderm; TerbiGen; Terbisil; Port.: Daskyl; Lamisil; Rus.:
Binafin (Бинафин); Exifine (Экзифин); Fungoterbine (Фунготербин); Lami-
can (Ламикан); Lamisil (Ламизил); Medofloran (Медофлоран); Terbinox
(Тербинокс); Terbisil (Тербизил); Termicon (Термикон); S.Afr.: Dermax;
Lamisil; Terbicil; Singapore: Lamisil; Spain: Lamicosil; Lamisil; Swed.: Lam-
isil; Switz.: Lamisil; Myconormin; Onymax; Terbifil; Tineafine; Thai.: EU
2000; Lamisil; Turk.: Lamisil; Mycocur; Terafin; Terbin; Terbisil; Tigal; UK:
Lamisil; USA: DesenexMax; Lamisil; Venez.: Exifine†; Funtopic†; Lamisil;
Nafina; Terfex.

Terconazole (BAN, USAN, rINN)

R-42470; Terconazol; Terconazolum; Terkonatsoli; Terkonazol;
Terkonazolas; Triaconazole. 1-{4-[[2-(2,4-Dichlorophenyl)-r-2-
(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-c-4-yl]methoxy]phe-
nyl}-4-isopropylpiperazine.

Терконазол
C26H31Cl2N5O3 = 532.5.
CAS — 67915-31-5.
ATC — G01AG02.
ATC Vet — QG01AG02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Terconazole). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; sparingly
soluble in alcohol; soluble in acetone; freely soluble in dichlo-
romethane. Protect from light.

Adverse Effects
Local reactions including burning and itching have been reported
with vaginal use of terconazole. Other adverse effects have in-
cluded dysmenorrhoea and genital, body, and abdominal pain. A
flu-like syndrome with headache, fever, chills, and hypotension
has been reported in some patients and may be more prevalent
with vaginal pessaries providing doses larger than 80 mg.

Flu-like syndrome. References.
1. Moebius UM. Influenza-like syndrome after terconazole. Lancet

1988; ii: 966–7.

Precautions
Intravaginal preparations of terconazole may damage latex con-
traceptives and additional contraceptive measures are therefore
necessary during local application. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.

Antimicrobial Action
Terconazole is a triazole derivative that is thought to disrupt nor-
mal fungal cell membrane permeability. Terconazole is active in
vitro against Candida spp. and other fungi. It has some antibac-
terial activity in vitro but not against usual vaginal flora such as
lactobacilli.

Pharmacokinetics
After intravaginal use, 5 to 16% of terconazole is absorbed. Sys-

temically absorbed drug is metabolised by the liver and excreted
in urine and faeces.
Uses and Administration
Terconazole is a triazole antifungal used in the local treatment of
vulvovaginal candidiasis (p.518). Intravaginal dosage regimens
are terconazole 40 mg (as 0.8% vaginal cream) or 80 mg (as a
pessary) at bedtime for 3 nights or 20 mg (as 0.4% cream) at bed-
time for 7 nights.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Gyno-Terazol†; Braz.: Ginconazol†; Gyno-Fungix; Canad.: Terazol;
Mex.: Fungistat; S.Afr.: Terazol; Switz.: Gyno-Terazol; USA: Terazol; Za-
zole; Venez.: Fungistat.

Tioconazole (BAN, USAN, rINN)

Tioconazol; Tioconazolum; Tiokonatsoli; Tiokonazol; Tiokonazo-
las; UK-20349. 1-[2,4-Dichloro-β-(2-chloro-3-thenyloxy)phene-
thyl]imidazole.
Тиоконазол
C16H13Cl3N2OS = 387.7.
CAS — 65899-73-2.
ATC — D01AC07; G01AF08.
ATC Vet — QD01AC07; QG01AF08.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Tioconazole). A white or almost white crystalline
powder. Very slightly soluble in water; freely soluble in alcohol;
very soluble in dichloromethane. Protect from light. 
USP 31 (Tioconazole). Store in airtight containers.
Adverse Effects and Precautions
Local reactions to tioconazole including burning, itching, and
erythema have been reported. 
Intravaginal preparations of tioconazole may damage latex con-
traceptives and additional contraceptive measures are therefore
necessary during local application. 
For a discussion of the caution needed when using azole antifun-
gals during pregnancy, see under Pregnancy in Precautions of
Fluconazole, p.532.
Hypersensitivity. Tioconazole, an imidazole antifungal widely
used in Finland, appeared to be an important cause of contact
allergy in that country, since an incidence of more than 1% was
reported in patients undergoing routine patch testing.1 There may
be cross-reactivity with other commonly used imidazole deriva-
tives.
1. Heikkilä H, et al. A study of 72 patients with contact allergy to

tioconazole. Br J Dermatol 1996; 134: 678–80.

Antimicrobial Action
Tioconazole is an imidazole antifungal with a broad spectrum of
activity including action against dermatophytes, Malassezia fur-
fur, and Candida albicans. Tioconazole is active in vitro against
some Gram-positive bacteria.
Uses and Administration
Tioconazole is an imidazole antifungal used in the treatment of
superficial candidiasis (p.518), and dermatophytoses and pityria-
sis versicolor (see Skin Infections, p.521). 
For vaginal candidiasis it is used as pessaries or vaginal ointment
usually as a single 300-mg dose. 
It has been used topically as a 1% cream, lotion, or powder in the
treatment of superficial fungal infections. Tioconazole has also
been used for nail infections as a 28% w/w topical solution, al-
though systemic treatment is generally preferred.
Preparations
BP 2008: Tioconazole Cream; Tioconazole Nail Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Honguil; Niofen; Tiomicol; Trosyd; Austria: Trosyd; Braz.: Gino Co-
nazol; Gino Tralen; Neo Tionazol; Tioconax; Tionazen; Tralen; Canad.:
Gynecure†; Trosyd†; Chile: Telset; Fin.: Gyno-Trosyd; Trosyd; Fr.: Gyno-
Trosyd; Trosyd; Ger.: Mykontral; Gr.: Cotinazin; Hong Kong: Gyno-
Trosyd; Trosyd; Indon.: Prodermal; Trosyd; Irl.: Trosyl; Ital.: Gino-Trosyd†;
Trosyd; Malaysia: Gyno-Trosyd; Trosyd; NZ: Gyno-Trosyd†; Philipp.:
Trosyd; Port.: Gino-Trosyd; Trosyd; S.Afr.: Gyno-Trosyd; Trosyd; Singa-
pore: Gyno-Trosyd; Trosyd; Spain: Trosderm; Trosid; Switz.: Gyno-
Trosyd; Trosyd; Thai.: Trosyd; Turk.: Dermo-Rest; Dermo-Trosyd; Gyno-
Trosyd; Tiocan; Tiocell; UK: Trosyl; USA: Vagistat-1; Venez.: Gino-Tralen;
Tralen.

Multi-ingredient: Braz.: Cartrax; Duozol; Gynomax; Gynopac; Seczol;
Takil; Travogyn; Fin.: Trosycort; Mex.: Fasigyn VT; Switz.: Trosyd†.

Tolciclate (USAN, rINN)

K-9147; KC-9147; Tolciclato; Tolciclatum. O-(1,2,3,4-Tetrahydro-
1,4-methano-6-naphthyl) m,N-dimethylthiocarbanilate.

Тольциклат

C20H21NOS = 323.5.
CAS — 50838-36-3.
ATC — D01AE19.
ATC Vet — QD01AE19.

Profile
Tolciclate is an antifungal with activity against Epidermophyton,
Microsporum, and Trichophyton spp. It is used topically as a 1%
cream or lotion, or as a 0.5% powder in the treatment of various
dermatophyte infections and in pityriasis versicolor.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Tolmicol†; Ger.: Fungifos†; Gr.: Tolmicil†; Ital.: Tolmicen†; Mex.:
Kilmicen†; NZ: Tolmicen; Port.: Tolmicen†.

Tolnaftate (BAN, USAN, rINN)

Sch-10144; Tolnaftaatti; Tolnaftát; Tolnaftat; Tolnaftatas; Tolnafta-
to; Tolnaftatum. O-2-Naphthyl m,N-dimethylthiocarbanilate.

Тольнафтат

C19H17NOS = 307.4.
CAS — 2398-96-1.
ATC — D01AE18.
ATC Vet — QD01AE18.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Tolnaftate). A white or yellowish-white powder.
Practically insoluble in water; very slightly soluble in alcohol;
freely soluble in acetone and in dichloromethane. Protect from
light. 
USP 31 (Tolnaftate). A white to creamy-white, fine powder,
with a slight odour. Practically insoluble in water; slightly solu-
ble in alcohol; freely soluble in acetone and in chloroform; spar-
ingly soluble in ether. Store in airtight containers.

Adverse Effects
Skin reactions occur rarely with tolnaftate and include irritation
and contact dermatitis.

Antimicrobial Action
Tolnaftate inhibits the growth of the dermatophytes Epidermo-
phyton, Microsporum, Trichophyton spp., and Malassezia furfur,
but is not active against Candida spp. or bacteria.

Uses and Administration
Tolnaftate is an antifungal used topically as a 1% gel, solution,
powder, ointment, or cream in the treatment or prophylaxis of
superficial dermatophyte infections and of pityriasis versicolor
(see Skin Infections, p.521). Tolnaftate is applied twice daily for
2 to 6 weeks. Repeat treatment may be required.

Preparations
USP 31: Tolnaftate Cream; Tolnaftate Gel; Tolnaftate Topical Aerosol; Tol-
naftate Topical Powder; Tolnaftate Topical Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Athletes Foot†; Tinaderm†; Austral.: Antifungal Foot Deodorant†;
Curatin; Ringworm Ointment; Tinaderm; Tineafax; Canad.: Absorbine Jr
Antifungal; Footworks; Pitrex; Scholl Athlete’s Foot; Tinactin; ZeaSorb AF;
Chile: Tinaderm; Fr.: Sporiline†; Ger.: Tinatox; Tonoftal; Hong Kong: Af-
tate; Hung.: Athletes Foot†; Chinofungin; Digifungin; India: Tinaderm; Tol-
naderm; Indon.: Naftate; Irl.: Mycil; Tinaderm†; Israel: Athletes Foot;
Pitrex; Tinasol; Ital.: Tinaderm†; Malaysia: Dermoplex Antifungal; Myco-
Aid; Tinaderm†; Tolnaderm; Mex.: Excelsior†; Tinaderm; Tinoxal; NZ:
Tinaderm†; Philipp.: Tinactin; Tolnaderm; Port.: Tinaderme; S.Afr.: Tina-
derm; Singapore: Tinaderm†; Spain: Micoisdin†; Tinaderm; Thai.: Ezon-
T; Tono; Turk.: Mikoderm; UK: Mycil; Scholl Athlete’s Foot; Tinaderm;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

USA: Aftate; Blis-To-Sol; Dr Scholl’s Athlete’s Foot; Genaspor; Lamisil AF
Defense; Podactin; Quinsana Plus; Tinactin; Venez.: Tinaderm; Tolnaftan.

Multi-ingredient: Arg.: Bacticort Complex; Cevaderm; Quadriderm†;
Austral.: Mycil Healthy Feet; Braz.: Cremederme; Permut; Poliderms;
Quadriderm; Quadrikin; Quadrilon; Quadriplus; Qualiderm; Tetraderm;
Hong Kong: Alber T†; Dermafacte; Mycil; Quadriderm; Triditol-G; India:
Fourderm; Quiss; Irl.: Mycil; Tinaderm-M; Israel: Phytoderm Compositum;
Malaysia: Elan-Forte; Philipp.: Quadriderm; Quadrotopic; S.Afr.: Duo-
derm†; Quadriderm; Singapore: Quadriderm†; Spain: Cuatroderm;
Switz.: Quadriderm; Thai.: Alber T; Ezon-T; UK: Mycil; Tinaderm-M;
USA: Absorbine Athletes Foot Care; Dermasept Antifungal.

Triacetin (rINN)

E1518; Glicerin-triacetát; Glycerol Triacetate; Glycerolum Triace-
tas; Glyceryl Triacetate; Triacetina; Triacetinas; Triacétine; Triacet-
inum; Triacetyna; Triasetiini. 1,2,3-Propanetriol triacetate.

Триацетин

C9H14O6 = 218.2.
CAS — 102-76-1.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Triacetin). A clear, colourless, slightly viscous, oily
liquid. Soluble in water; miscible with dehydrated alcohol and
with toluene. Store in well-filled containers. 
USP 31 (Triacetin). A colourless, somewhat oily liquid with a
slight, fatty odour. Soluble in water; slightly soluble in carbon di-
sulfide; miscible with alcohol, with chloroform, and with ether.
Store in airtight containers.

Profile
Triacetin is reported to possess fungistatic properties based on
the liberation of acetic acid. It has been applied topically in the
treatment of superficial dermatophyte infections. It has also been
used as a plasticiser in oral preparations. 
Triacetin may destroy rayon fabric. It should not come into con-
tact with metals.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Micosan†; Hong Kong: Alber T†; Thai.: Alber
T; Ezon-T.

Trimetrexate Glucuronate (BANM, USAN, rINNM)

CI-898 (trimetrexate); Glucuronato de trimetrexato; JB-11 (tri-
metrexate); NSC-352122; NSC-249008 (trimetrexate); NSC-
328564 (trimetrexate); Trimétrexate, Glucuronate de; Trime-
trexati Glucuronatum. 5-Methyl-6-(3,4,5-trimethoxyanilinome-
thyl)quinazolin-2,4-diyldiamine mono-D-glucuronate.

Триметрексата Глюкуронат

C19H23N5O3,C6H10O7 = 563.6.
CAS — 52128-35-5 (tr imetrexate); 82952-64-5 (tr ime-
trexate glucuronate).
ATC — P01AX07.

(tr imetrexate)

Incompatibility. Trimetrexate is reported to be incompatible
with foscarnet. Trimetrexate should not be mixed with folinic
acid or chloride ions, since precipitation occurs instantly.

Adverse Effects, Treatment, and Precautions
Trimetrexate is a dihydrofolate reductase inhibitor and therefore
adverse effects and precautions are similar to those of methotrex-
ate, p.745. It must be given with folinic acid, which should be
continued for 72 hours after the last dose of trimetrexate.

Interactions
Studies in animals suggest that cimetidine and imidazole anti-
fungals such as clotrimazole and ketoconazole may inhibit trime-
trexate metabolism, and there is a risk of possible interactions
with all drugs that affect hepatic cytochrome P450 systems.

Antimicrobial Action
Trimetrexate is an inhibitor of dihydrofolate reductase and con-
sequently prevents formation of the active coenzyme tetrahydro-
folate and production of DNA and RNA precursors, leading to
cell death. At therapeutic doses the selective transport of trime-
trexate, but not folinic acid, into Pneumocystis jirovecii allows
folinic acid to protect normal host cells from the cytotoxicity of
trimetrexate without inhibiting its antifungal activity. In-vitro
trimetrexate has shown dose-related inhibition of growth of the
trophozoite stage of P. jirovecii.

Pharmacokinetics
The pharmacokinetics of intravenous trimetrexate have been de-
scribed as both biphasic and triphasic, with a terminal elimina-
tion half-life of about 16 to 18 hours. After use with folinic acid
a biphasic disposition with a terminal half-life of 11 hours has
also been reported. It is extensively protein bound; reports sug-
gest that it is 95 to 98% bound at low serum concentrations, but
that binding is saturable, with free fraction increasing at plasma
concentrations above 1 microgram/mL. Trimetrexate is excreted
mainly in the urine, as unchanged drug and metabolites, some of
which may be active. The major metabolic pathway appears to
be oxidative O-demethylation followed by conjugation to the
sulfate or glucuronide.

Uses and Administration
Trimetrexate is a dihydrofolate reductase inhibitor with general
properties similar to those of methotrexate (p.749). It is used in
the management of moderate to severe pneumocystis pneumonia
in immunocompromised patients, notably patients with AIDS,
where other therapy has proved ineffective (see also p.521). It
has also been tried as an antineoplastic in the management of var-
ious solid tumours. 
Trimetrexate is given as the glucuronate but doses are stated in
terms of trimetrexate. Trimetrexate glucuronate 1.53 mg is
equivalent to about 1 mg of trimetrexate. It is given by intrave-
nous infusion, over 60 to 90 minutes. The schedule in pneumo-
cystis pneumonia is 45 mg/m2 daily for 21 days, in association
with folinic acid rescue for 24 days. The dosage of trimetrexate
and folinic acid should be adjusted according to the results of
blood tests, which should be performed at least twice a week dur-
ing therapy. Renal and hepatic function and haemoglobin values
should also be monitored. Treatment with zidovudine and other
myelosuppressive drugs should be interrupted to allow full doses
of trimetrexate to be given.

◊ Reviews.
1. Fulton B, et al. Trimetrexate: a review of its pharmacodynamic

and pharmacokinetic properties and therapeutic potential in the
treatment of Pneumocystis carinii pneumonia. Drugs 1995; 49:
563–76.

Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Neutrexin†; Irl.: Neutrexin†; Spain: Neutrexin†; Thai.:
Neutrexin†; USA: Neutrexin†.

Undecenoic Acid
Acide Undécylénique; Acidum undecylenicum; 10-Hendecenoic
Acid; Kyselina undecylenová; Undecilénico, ácido; Undecileno
ru
_
gštis; Undecilénsav; Undecylenic Acid; Undecylensyra; Un-

desenoatlar ; Undesilenatlar; Undesyleenihappo. Undec-10-enoic
acid.

Ундеценовая Кислота

C11H20O2 = 184.3.
CAS — 112-38-9.
ATC — D01AE04.
ATC Vet — QD01AE04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Undecylenic Acid; Undecenoic Acid BP 2008). A
colourless or pale yellow liquid or a white or very pale yellow
crystalline mass. Practically insoluble in water; freely soluble in
alcohol and in fatty and essential oils. Store in nonmetallic con-
tainers. Protect from light. 
USP 31 (Undecylenic Acid). A clear, colourless to pale yellow
liquid with a characteristic odour. Practically insoluble in water;
miscible with alcohol, with chloroform, with ether, with ben-
zene, and with fixed and volatile oils. Store in airtight containers.
Protect from light.

Calcium Undecenoate
Calcium Undecylenate (USAN); Undecilenato de calcio. Calcium
di(undec-10-enoate).

Ундециленат Кальция

(C11H19O2)2Ca = 406.6.
ATC — D01AE04.
ATC Vet — QD01AE04.

Pharmacopoeias. In US. 
USP 31 (Calcium Undecylenate). A fine white powder with a
characteristic odour and no grit. Practically insoluble in water, in
cold alcohol, in acetone, in chloroform, and in ether; slightly sol-
uble in hot alcohol.

Zinc Undecenoate
Cinko undecilenatas; Çinko Undesilenat; Cink-undecilenát; Sink-
kiundesylenaatti; Undecilenato de zinc; Undecilinato de Zinco;
Undecylenan zinečnatý; Zinc Undecylenate; Zinc, undécylénate
de; Zinci undecylenas; Zinkundecylenat. Zinc di(undec-10-
enoate).

Ундециленат Цинка

(C11H19O2)2Zn = 431.9.
CAS — 557-08-4.
ATC — D01AE04.
ATC Vet — QD01AE04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Zinc Undecylenate; Zinc Undecenoate BP 2008).
A fine white or almost white powder. Practically insoluble in wa-
ter and in alcohol. Protect from light. 
USP 31 (Zinc Undecylenate). A fine, white powder. Practically
insoluble in water and in alcohol.

Adverse Effects
Irritation may rarely occur after the topical application of unde-
cenoic acid or its salts.

Antimicrobial Action
Undecenoic acid and its derivatives are active against some path-
ogenic fungi, including the dermatophytes Epidermophyton, Tri-
chophyton, and Microsporum spp.

Uses and Administration
Undecenoic acid and its zinc salt are applied topically in the
prophylaxis and treatment of superficial dermatophytoses, par-
ticularly tinea pedis (p.521). Typical concentrations are undece-
noic acid 2 to 5% and zinc undecenoate 20%. They are used in
creams, ointments, solutions, or powders, often with each other.
Calcium undecenoate is used as a 10 or 15% powder. 
Several other salts and derivatives of undecenoic acid including
methyl, phenyl, and propyl undecenoate, disodium sulfosucci-
nated undecenoic acid monoethanolamide, and undecenoic acid
monoethanolamide and diethanolamide have been used similar-
ly.

◊ A systematic review1 of topical treatments for fungal skin or
nail infections considered undecenoates to be effective, although
comparative studies with other classes of topical antifungal were
largely lacking.
1. Crawford F, Hollis S. Topical treatments for fungal infections of

the skin and nails of the foot. Available in The Cochrane Data-
base of Systematic Reviews; Issue 3. Chichester: John Wiley;
2007 (accessed 07/07/08).

Preparations
USP 31: Compound Undecylenic Acid Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: Bentophyto; Sinamida Pies; Umasam; Austria: Crino Cordes; May-
fung; Pelsana Med; Canad.: Desenex; Cz.: Mykoseptin; Fr.: Mycodecyl;
Hung.: Lubex; Indon.: Decyline; Topix; Undecyl; Irl.: Caldesene; Desenex;
Israel: Undecyl; Mex.: Derman; Pol.: Mykodermina; Unguentum Unde-
cylenicum; Rus.: Mykoseptin (Микосептин); S.Afr.: Mycota; Switz.: Fun-
gex; Lubex; Turexan Creme; Turexan Douche; Turk.: Undo-Pate; Utalk;
UK: Mycota; USA: Blis-To-Sol; Caldesene; Cruex; Decylenes; Desenex;
Elon Dual Defense; Protectol; Undelenic.

Multi-ingredient: Arg.: Bacteroskin†; Bentophyto; Bifena; Champuacid;
Cicatrol; Clevosan; Dettonjab; Farm-X; Fungicida†; Fungocop; Hipoglos Cic-
atrizante; Laurinol Plus; LB Jabon con Purcelin†; Novo Miconol; Novofarma
Champu; Piecidex†; Plusderm†; Tersoderm Anticaspa†; Austral.: Myco-
derm†; Pedoz; Sebitar; Seborrol†; Austria: Dequafungan; Mycopol; Pelsana
Med; Salvyl; Braz.: Andriodermol; Micosan†; Micotox†; Micoz†; Chile: Fit-
tig; Hansaplast Footcare†; Lady Fittig†; NP-27; Cz.: Hexadecyl†; Fr.: Paps;
Ger.: Gehwol Fungizid†; Gehwol Nagelpilz†; Skinman Soft; Gr.: Ekzegam-
ma†; Hong Kong: Acnederm; Fungifax†; Mycoderm†; Sebitar ; Hung.:
Squa-med; Indon.: Decyline; Mikorex; Skintex; Irl.: Ceanel†; Israel: Fungi-
mon; Pedisol; Pitrisan; Ital.: Balta Intimo†; Foot Zeta; Genisol; Micofoot;
Propast; Malaysia: Acnederm†; Sebitar; Mex.: Micotex; NZ: Acnederm†;
Egomycol†; Grans Remedy; Sebitar; Seborrol†; Pol.: Undofen; Port.: Ed-
oltar†; Micaveen; S.Afr.: AF; Mycota†; Singapore: Sebitar; Switz.: Criman-
ex; Ederphyt; Fungex; Pelsano; Pruri-med; Sebo Shampooing; Trosyd†;
Turexan Emulsion†; Turk.: Fungecyl; Undo-Talk; UK: Ceanel; Healthy Feet;
Monphytol†; Mycota; USA: Breezee Mist Foot Powder; Dermasept Anti-
fungal; Gordochom; Phicon-F; Venez.: Diodonato†.
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Voriconazole (BAN, USAN, rINN)

UK-109496; Voriconazol; Voriconazolum; Vorikonazol. (2R,3S)-
2-(2,4-Difluorophenyl)-3-(5-fluoropyrimidin-4-yl)-1-(1,2,4-tria-
zol-1-yl)butan-2-ol.
Вориконазол
C16H14N5F3O = 349.3.
CAS — 137234-62-9.
ATC — J02AC03.
ATC Vet — QJ02AC03.

Adverse Effects
The most commonly reported adverse effects with vor-
iconazole are visual disturbances, fever, rashes, nau-
sea, vomiting, diarrhoea, abdominal pain, headache,
sepsis, respiratory disorders, and peripheral oedema.
There have been some serious hepatic reactions includ-
ing fatalities. Skin reactions have included rare cases of
erythema multiforme, Stevens-Johnson syndrome, and
toxic epidermal necrolysis. Photosensitivity reactions
may occur and are more likely during long-term treat-
ment. 
Other adverse effects reported as being common dur-
ing treatment with voriconazole include: chills, flu-like
syndrome, asthenia, back pain, chest pain, injection
site reactions, facial oedema, hypotension, sinusitis, al-
tered liver function tests, jaundice, cheilitis, blood dis-
orders, hypokalaemia, hypoglycaemia, dizziness, hal-
lucinations, confusion, depression, anxiety, tremor,
agitation, paraesthesia, pruritus, alopecia, exfoliative
dermatitis, acute renal failure, and haematuria. Hyper-
sensitivity reactions, including anaphylaxis, have oc-
curred rarely.
Effects on the blood. Fever and leucocytosis with eosi-
nophilia in one patient has been attributed to voriconazole treat-
ment.1
1. Vishnubhotla P, et al. Fever and eosinophilia associated with

voriconazole. Ann Pharmacother 2004; 38: 900–901.

Effects on the heart. Bradycardia with a prolonged QT inter-
val and asymptomatic episodes of torsade de pointes occurred in
a 15-year-old patient, after 3 weeks of voriconazole therapy at
usual doses.1 All drug treatment was stopped but the effects re-
curred on rechallenge with a small dose of voriconazole.
1. Alkan Y, et al. Voriconazole-induced QT interval prolongation

and ventricular tachycardia: a non-concentration-dependent ad-
verse effect. Clin Infect Dis 2004; 39: e49–e52.

Effects on mental function. There have been reports1,2 of pa-
tients experiencing hallucinations (auditory or visual) during
treatment with voriconazole. In one study 18 of 415 patients
(4.3%) given voriconazole had visual hallucinations compared
with 2 of 422 (0.5%) given amphotericin B.1
1. Walsh TJ, et al. Voriconazole compared with liposomal ampho-

tericin B for empirical antifungal therapy in patients with neutro-
penia and persistent fever. N Engl J Med 2002; 346: 225–34. 

2. Agrawal AK, Sherman LK. Voriconazole-induced musical hallu-
cinations. Infection 2004; 32: 293–5.

Precautions
Acute renal failure may occur with voriconazole and
renal function should be monitored during treatment.
Liver function should also be monitored before and
during treatment with voriconazole. It should be used
with caution in patients with hepatic impairment and
doses may need to be adjusted (see under Uses and Ad-
ministration, below). Patients should avoid sunlight
during treatment as photosensitivity reactions have
been reported. Visual disturbances may occur and pa-
tients affected should not drive or operate hazardous
machinery. In addition, all patients, whether affected
by visual disturbances or not, should not drive at night,
and should have their visual function monitored if they

are receiving voriconazole for more than 28 days. Vor-
iconazole has been associated with QT interval prolon-
gation and should therefore be given with caution to
patients with potentially pro-arrhythmic conditions. 

Voriconazole has been shown to be teratogenic and
embryotoxic in animal studies and its use is generally
not recommended during pregnancy. For a discussion
of the caution needed when using azole antifungals
during pregnancy, see under Pregnancy in Precautions
of Fluconazole, p.532. Licensed product information
recommends that women of child-bearing potential
should use effective contraception during treatment
with voriconazole.

Interactions
Voriconazole is metabolised by cytochrome P450
isoenzymes CYP2C19, CYP2C9, and CYP3A4. Use
of drugs that either inhibit or induce these isoenzymes
may increase or decrease plasma concentrations of
voriconazole, respectively. Rifampicin has been shown
to decrease voriconazole plasma concentrations and a
similar effect may be expected with carbamazepine or
phenobarbital; use of voriconazole with these drugs is
therefore not recommended. 

Concentrations of other drugs that are metabolised by
CYP2C19, CYP2C9, or CYP3A4 may be increased by
voriconazole. Increased plasma concentrations of
astemizole, cisapride, pimozide, quinidine, and ter-
fenadine could be expected and concomitant use is
contra-indicated because of the risk of cardiac arrhyth-
mias including torsade de pointes. Use with ergot alka-
loids such as ergotamine and dihydroergotamine is also
contra-indicated because of the possible risk of ergot-
ism. Increased plasma concentrations of sirolimus and
tacrolimus have been noted; use with sirolimus is con-
tra-indicated, although tacrolimus may be used provid-
ing its dose is reduced and concentrations monitored.
Similarly, reduced dose with monitoring is recom-
mended for ciclosporin. Likewise, monitoring and pos-
sible dose reductions of methadone are recommended
during concomitant use. Concentrations of oral antico-
agulants may be affected and increased prothrombin
time has occurred with warfarin; monitoring should
therefore be carried out. Close monitoring of blood
glucose is necessary if voriconazole is used with oral
hypoglycaemics such as the sulfonylureas. Dose re-
ductions may be needed for some statins, calcium-
channel blockers, vinca alkaloids, and some benzodi-
azepines (such as midazolam and triazolam) if their
plasma concentrations are increased. 

Interactions may occur where both voriconazole and
the other drug are affected. Examples are phenytoin
and rifabutin (where concentrations of voriconazole
are reduced but those of phenytoin or rifabutin are in-
creased). If it is essential to give either drug with vori-
conazole, then an increase in the dose of voriconazole
is recommended. With omeprazole, the plasma con-
centration of both drugs may be increased and a re-
duced dose of omeprazole is recommended. 

Voriconazole may inhibit metabolism of non-nucleo-
side reverse transcriptase inhibitors and they in turn
may either inhibit the metabolism of voriconazole (e.g.
delavirdine and efavirenz) or induce the metabolism of
voriconazole (e.g. efavirenz and nevirapine). Co-ad-
ministration of voriconazole and efavirenz is contra-in-
dicated. Similarly, voriconazole may inhibit metabo-
lism of HIV-protease inhibitors (e.g. saquinavir,
amprenavir, and nelfinavir) while they may in turn in-
hibit the metabolism of voriconazole. High doses of
ritonavir (400 mg twice daily) significantly decrease
plasma concentrations of voriconazole and co-admin-
istration is contra-indicated. Similar effects have been
seen with low doses of ritonavir (100 mg twice daily)
and use with voriconazole should be avoided where
possible. Indinavir, however, does not appear to inter-
act with voriconazole. 

For further information on interactions between drugs
metabolised by the cytochrome P450 isoenzyme
CYP3A and azoles, see under Itraconazole, p.537.
◊ For reviews of drug interactions with azole antifungals, see
Itraconazole, p.537.

Antimicrobial Action
Voriconazole is a triazole antifungal that in sensitive
fungi inhibits cytochrome P450-dependent enzymes
resulting in the impairment of ergosterol synthesis in
fungal cell membranes. Voriconazole has a broad spec-
trum of activity against all Candida species, including
fluconazole-resistant strains, as well as Aspergillus
spp., Scedosporium spp., and Fusarium spp.
◊ Reports of breakthrough zygomycosis and other fungal infec-
tions in immunocompromised patients treated empirically or
prophylactically with voriconazole.1-5

1. Marty FM, et al. Breakthrough zygomycosis after voriconazole
treatment in recipients of hematopoietic stem-cell transplants. N
Engl J Med 2004; 350: 950–2. 

2. Siwek GT, et al. Invasive zygomycosis in hematopoietic stem
cell transplant recipients receiving voriconazole prophylaxis.
Clin Infect Dis 2004; 39: 584–7. 

3. Imhof A, et al. Breakthrough fungal infections in stem cell trans-
plant recipients receiving voriconazole. Clin Infect Dis 2004; 39:
743–6. 

4. Oren I. Breakthrough zygomycosis during empirical voricona-
zole therapy in febrile patients with neutropenia. Clin Infect Dis
2005; 40: 770–1. 

5. Vigouroux S, et al. Zygomycosis after prolonged use of vorico-
nazole in immunocompromised patients with hematologic dis-
ease: attention required. Clin Infect Dis 2005; 40: e35-e37.

Pharmacokinetics
Voriconazole exhibits non-linear pharmacokinetics
due to saturable metabolism. It is rapidly and almost
completely absorbed from the gastrointestinal tract.
Peak plasma concentrations occur about 1 to 2 hours
after an oral dose. Plasma protein binding of voricona-
zole is about 58%. Voriconazole diffuses into CSF. 
Voriconazole is metabolised by hepatic cytochrome
P450 isoenzyme CYP2C19; the major metabolite is
the inactive N-oxide. Metabolism via isoenzymes
CYP2C9 and CYP3A4 has also been demonstrated in
vitro. About 80% of voriconazole is excreted in the
urine.
◊ References.
1. Purkins L, et al. Pharmacokinetics and safety of voriconazole

following intravenous- to oral-dose escalation regimens. Antimi-
crob Agents Chemother 2002; 46: 2546–53. 

2. Johnston A. The pharmacokinetics of voriconazole. Br J Clin
Pharmacol 2003; 56 (suppl 1): 1. 

3. Walsh TJ, et al. Pharmacokinetics and safety of intravenous vor-
iconazole in children after single- or multiple-dose administra-
tion. Antimicrob Agents Chemother 2004; 48: 2166–72. 

4. Theuretzbacher U, et al. Pharmacokinetic/pharmacodynamic
profile of voriconazole. Clin Pharmacokinet 2006; 45: 649–63.

Uses and Administration
Voriconazole is a triazole antifungal used mainly in
immunocompromised patients for the treatment of
invasive aspergillosis (p.517), candidaemia (p.518) in
non-neutropenic patients, fluconazole-resistant serious
invasive candidiasis, oesophageal candidiasis, and
serious fungal infections due to Scedosporium and
Fusarium spp. 
Voriconazole may be given orally or intravenously. 
Oral doses as film-coated tablets should be taken at
least 1 hour before, or 1 hour after, a meal; oral suspen-
sions should be taken at least 1 hour before, or 1 to 2
hours after, a meal. The oral suspension may be pre-
ferred in children. 
The following oral loading doses of voriconazole are
given every 12 hours for the first 24 hours: 
• adults and adolescents weighing more than 40 kg:

400 mg 
• under 40 kg: 200 mg 
• children aged 2 to 12 years: no loading dose 
Subsequent oral maintenance doses are: 
• adults and adolescents over 40 kg: 200 mg twice dai-

ly, increased to 300 mg twice daily if the response is
inadequate 

• under 40 kg: 100 mg twice daily, increased to
150 mg twice daily if the response is inadequate 

• children aged 2 to 12 years: 200 mg twice daily 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

US licensed product information does not suggest a
loading dose for oesophageal candidiasis; oral mainte-
nance doses are as above and treatment should be giv-
en for a minimum of 14 days and continued for at least
7 days after resolution of symptoms. 
Intravenous loading doses of voriconazole are: 
• adults and adolescents: 6 mg/kg every 12 hours for

the first 24 hours 
• children aged 2 to 12 years: no loading dose 
Intravenous maintenance doses are: 
• adults and adolescents: 4 mg/kg twice daily; a lower

dose of 3 mg/kg twice daily may be suitable for can-
didaemia in non-neutropenic patients or for deep tis-
sue Candida infections, or for patients unable to tol-
erate the higher dose 

• children aged 2 to 12 years: 7 mg/kg twice daily;
4 mg/kg twice daily may be used in those unable to
tolerate the higher dose 

Intravenous infusions should be given at a maximum
rate of 3 mg/kg per hour over 1 to 2 hours. UK licensed

product information recommends that intravenous
therapy should not be given for longer than 6 months. 
Doses of voriconazole should be modified in patients
with hepatic or renal impairment (see below). For a
suggested dose in patients taking the NNRTI efavirenz
see Interactions, Antifungals, p.873.
◊ Reviews.
1. Muijsers RBR, et al. Voriconazole: in the treatment of invasive

aspergillosis. Drugs 2002; 62: 2655–64. 
2. Johnson LB, Kauffman CA. Voriconazole: a new triazole anti-

fungal agent. Clin Infect Dis 2003; 36: 630–7. 
3. Pearson MM, et al. Voriconazole: a new triazole antifungal

agent. Ann Pharmacother 2003; 37: 420–32. 
4. Gothard P, Rogers TR. Voriconazole for serious fungal infec-

tions. Int J Clin Pract 2004; 58: 74–80. 
5. Donnelly JP, De Pauw BE. Voriconazole—a new therapeutic

agent with an extended spectrum of antifungal activity. Clin
Microbiol Infect 2004; 10 (suppl 1): 107–17. 

6. Scott LJ, Simpson D. Voriconazole: a review of its use in the
management of invasive fungal infections. Drugs 2007; 67:
269–98.

Administration in hepatic impairment. No dosage adjust-
ment is necessary when voriconazole is given to patients with
acute hepatic impairment but doses should be modified in pa-
tients with chronic disease. Patients with mild to moderate hepat-
ic cirrhosis (Child-Pugh category A and B) should receive the

standard loading doses of voriconazole (see above) but mainte-
nance doses should be halved. Doses for patients with severe he-
patic cirrhosis (Child-Pugh category C) have not been estab-
lished.

Administration in renal impairment. No dose adjustment
is needed for oral voriconazole in patients with renal impairment.
Patients with a creatinine clearance less than 50 mL/minute
should receive oral voriconazole instead of intravenous vorico-
nazole, as accumulation of the intravenous vehicle, sulfobutyl
ether beta-cyclodextrin sodium (SBECD), may occur. When in-
travenous voriconazole is considered justified in such patients,
serum creatinine should be closely monitored and consideration
given to changing to the oral route if increases occur. 
Although voriconazole is haemodialysed, no dose adjustment is
required for patients on haemodialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Vfend; Austral.: Vfend; Austria: Vfend; Belg.: Vfend; Braz.: Vfend;
Canad.: Vfend; Chile: Vfend; Cz.: Vfend; Denm.: Vfend; Fin.: Vfend; Fr.:
Vfend; Ger.: Vfend; Gr.: Vfend; Hong Kong: Vfend; Hung.: Vfend; Indon.:
Vfend; Irl.: Vfend; Israel: Vfend; Ital.: Vfend; Malaysia: Vfend; Mex.:
Vfend; Neth.: Vfend; Norw.: Vfend; NZ: Vfend; Pol.: Vfend; Port.: Vfend;
S.Afr.: Vfend; Singapore: Vfend; Spain: Vfend; Swed.: Vfend; Switz.:
Vfend; Thai.: Vfend; UK: Vfend; USA: Vfend; Venez.: Vorcum.
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This chapter deals with the treatment of gout and hype-
ruricaemia and the drugs used mainly for these disor-
ders.

Gout and hyperuricaemia
Uric acid is the final product of the metabolism of endog-
enous and exogenous purine in man. An excess of uric
acid, measured in the plasma as sodium urate, constitutes
hyperuricaemia. This excess may be caused by an over-
production or underexcretion of urate. It is influenced by
genetic and environmental factors and may be classified as
primary (mainly idiopathic) or secondary. An increase in
urate production may be caused by excessive dietary pu-
rine intake, certain cancers or their treatment, or, more
rarely, enzyme defects of purine metabolism. Reduced
urate excretion may be caused by renal disease, hyperten-
sion, or the intake of certain drugs such as thiazide diuret-
ics. Other factors contributing to hyperuricaemia include
hyperlipidaemia, obesity, alcohol consumption, and lead
exposure. 
A patient is usually considered to be hyperuricaemic when
plasma-urate concentrations exceed 0.42 mmol/litre (7 mg
per 100 mL) in men and postmenopausal women or
0.36 mmol/litre (6 mg per 100 mL) in premenopausal
women. At these high concentrations there is a risk of crys-
tals of monosodium urate monohydrate being formed and
deposited in synovial fluid and various tissues. However,
some subjects may have supersaturated plasma-urate con-
centrations without any crystal deposits, while others may
suffer from deposits in the absence of apparent hyperuri-
caemia. 
The presence of urate crystals in the synovial fluid leads to
an inflammatory response in the affected joint, commonly
at the base of the big toe (podagra). The ensuing exquisite
pain, tenderness, erythema, and swelling constitute the
clinical manifestations of acute inflammatory gouty
arthritis. Repeated acute attacks may be associated with a
visible or palpable build up of crystal deposits (tophi) at
various sites including in and around the affected joint.
Tophi release urate crystals into the synovial fluid after
various stimuli and so cause further acute attacks, leading
to chronic tophaceous gout. Intra-articular and peri-artic-
ular tophi may cause gradual joint erosion, which, without
treatment, results in disabling chronic gouty arthritis.
Rarely, the kidney can be affected by urate deposits pro-
ducing a gouty nephropathy or by uric acid calculi or
stones (uric acid nephrolithiasis or urolithiasis). 
Treatment aims to alleviate the acute attack, prevent fu-
ture attacks, and lower plasma-urate concentration. 
Plasma-urate concentrations may be reduced by control of
obesity and modification of diet and alcohol intake. Drug
treatment can relieve the pain of acute attacks but more
prolonged therapy for hyperuricaemia is generally only
considered if there are recurrent attacks of gout or there is
renal involvement (see under Chronic Gout, below). 
Acute gout. An attack of acute inflammatory gouty arthri-
tis is best treated as soon as possible with an NSAID. As-
pirin or other salicylates are not suitable since they may
increase plasma-urate concentrations. Treatment is started
with high doses of an NSAID, the doses being reduced as
the patient responds. Usually treatment can be withdrawn
within 1 to 2 weeks. Colchicine is an effective alternative;
it may be used alone, or with an NSAID. Patients who do
not respond to NSAIDs or colchicine, or for whom these
drugs are contra-indicated, may be treated with a systemic
corticosteroid. Intra-articular corticosteroids are effective
in acute monoarticular gout, or when used adjunctively in
patients with polyarticular gout; infection of joints should
be excluded prior to injection. Intravenous, intramuscular,
or subcutaneous corticotropin has been reported to allevi-
ate pain and inflammation in acute gout. It may be used
alone or adjunctively, and may be a useful alternative in
patients with renal and gastrointestinal contra-indications
to other therapies. Other therapies for acute gout include
adjunctive analgesics and topical ice. Drugs used for
chronic gout (allopurinol or the uricosurics) should not be
started during an acute attack since they can exacerbate
and prolong it (see below). 
Chronic gout. If the patient suffers frequent acute attacks
or develops tophaceous gout, or has renal complications as
a result of urate overproduction, then long-term treatment

of hyperuricaemia may be needed. Such urate-lowering
therapy should not be started during an acute attack, or for
2 to 3 weeks thereafter, as fluctuations in urate concentra-
tion may prolong the existing attack or initiate a new one.
Treatment involves inhibiting the production of uric acid
or enhancing its urinary excretion, in order to maintain a
serum urate concentration at or below 0.3 or
0.36 mmol/litre. Hyperuricaemia due to overproduction of
urate is treated with allopurinol which inhibits the enzyme
xanthine oxidase, involved in purine metabolism. Hyperu-
ricaemia associated with underexcretion of uric acid can
be treated with either allopurinol or a uricosuric such as
benzbromarone, probenecid or sulfinpyrazone. Allopuri-
nol is most commonly given as first-line therapy, but may
be combined with or replaced by uricosurics if treatment
fails. Allopurinol should also be used for patients with re-
nal urate deposits or with uric acid renal calculi as it reduc-
es urolithiasis. Febuxostat is an alternative xanthine oxi-
dase inhibitor under investigation. 
With either treatment there is mobilisation of urate crystals
from established tophi, as the plasma-urate concentration
falls, which can trigger further acute attacks of gout. Pa-
tients are thus also given prophylaxis with an NSAID or
colchicine from the start of urate-lowering treatment until
at least a month after the plasma-urate has been reduced to
an acceptable concentration; up to 6 months of prophylactic
cover has been recommended. 
Once the hyperuricaemia is corrected, the patient contin-
ues to receive therapy with allopurinol or uricosurics in-
definitely. If an acute attack occurs during such mainte-
nance therapy, this therapy should be continued to avoid
fluctuations in urate concentration, and the acute attack
treated in its own right. 
Surgery may have to be considered for patients severely
affected by chronic tophaceous gout. 
References1-18 to gout and its management are given be-
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Allopurinol (BAN, USAN, rINN)

Allopürinol; Allopurinoli; Allopurinolum; Allopurynol; Alopurinol;
Alopurinolis; BW-56-158; HPP; NSC-1390.
Аллопуринол
C5H4N4O = 136.1.
CAS — 315-30-0 (allopur inol); 17795-21-0 (allopurinol
sodium).
ATC — M04AA01.
ATC Vet — QM04AA01.

Description. Allopurinol is a tautomeric mixture of 1H-pyra-
zolo[3,4-d]pyrimidin-4-ol and 1,5-dihydro-4H-pyrazolo[3,4-
d]pyrimidin-4-one.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Allopurinol). A white or almost white powder.
Very slightly soluble in water and in alcohol; dissolves in dilute
solutions of alkali hydroxides. 
USP 31 (Allopurinol). A fluffy white to off-white powder having
only a slight odour. Very slightly soluble in water and in alcohol;
practically insoluble in chloroform and in ether; soluble in solu-
tions of potassium and sodium hydroxides.

Incompatibility. Allopurinol sodium as a 3 mg/mL solution in
0.9% sodium chloride was visually incompatible with amikacin
sulfate, amphotericin B, carmustine, cefotaxime sodium, chlor-
methine hydrochloride, chlorpromazine hydrochloride, cimeti-
dine hydrochloride, clindamycin phosphate, cytarabine, dacar-
bazine, daunorubicin hydrochloride, diphenhydramine hydro-
chloride, doxorubicin hydrochloride, doxycycline hyclate,
droperidol, floxuridine, gentamicin sulfate, haloperidol lactate,
hydroxyzine hydrochloride, idarubicin hydrochloride, imipenem
with cilastatin sodium, methylprednisolone sodium succinate,
metoclopramide hydrochloride, minocycline hydrochloride, nal-
buphine hydrochloride, netilmicin sulfate, ondansetron hydro-
chloride, pethidine hydrochloride, prochlorperazine edisilate,
promethazine hydrochloride, sodium bicarbonate, streptozocin,
tobramycin sulfate, and vinorelbine tartrate.1

1. Trissel LA, Martinez JF. Compatibility of allopurinol sodium
with selected drugs during simulated Y-site administration. Am J
Hosp Pharm 1994; 51: 1792–9.

Adverse Effects
The most common adverse effect of allopurinol is skin
rash. Rashes are generally maculopapular or pruritic,
sometimes purpuric, but more serious hypersensitivity
reactions may occur and include exfoliative rashes, the
Stevens-Johnson syndrome, and toxic epidermal
necrolysis. It is therefore recommended that allopuri-
nol be withdrawn immediately if a rash occurs (see
Precautions, below). Further symptoms of hypersensi-
tivity include fever and chills, lymphadenopathy, leu-
copenia or leucocytosis, eosinophilia, arthralgia, and
vasculitis leading to renal and hepatic damage and,
very rarely, seizures. These hypersensitivity reactions
may be severe, even fatal, and patients with hepatic or
renal impairment are at special risk. 
Hepatotoxicity and signs of altered liver function may
also be found in patients who are not hypersensitive.
Haematological effects include thrombocytopenia,
aplastic anaemia, agranulocytosis, and haemolytic
anaemia. 
Many other adverse effects have been noted rarely and
include paraesthesia, peripheral neuropathy, alopecia,
gynaecomastia, hypertension, taste disturbances, nau-
sea, vomiting, abdominal pain, diarrhoea, headache,
malaise, drowsiness, vertigo, and visual disturbances. 
Patients with gout may have an increase in acute at-
tacks on beginning treatment with allopurinol, al-
though attacks usually subside after several months.

Incidence of adverse effects. A Boston Collaborative Drug
Surveillance Program involving 29 524 hospitalised patients
found that, with the exception of skin reactions, 33 of 1835 pa-
tients treated with allopurinol (1.8%) had adverse effects. These
effects were dose-related and the most frequent were haemato-
logical (11 patients, 0.6%), diarrhoea (5 patients, 0.3%), and drug
fever (5 patients, 0.3%). Hepatotoxicity was reported in 3 pa-
tients (0.2%). Two patients developed possible hypersensitivity
reactions to allopurinol.1 
A further analysis involving 1748 outpatients indicated no in-
stances of acute blood disorders, skin diseases, or hypersensitiv-
ity that warranted hospital treatment. Liver disease, although
found, was not considered to be associated with allopurinol.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

There were only 2 patients in whom renal disease could possibly
have been caused by allopurinol.2
1. McInnes GT, et al. Acute adverse reactions attributed to allopu-

rinol in hospitalised patients. Ann Rheum Dis 1981; 40: 245–9. 
2. Jick H, Perera DR. Reactions to allopurinol. JAMA 1984; 252:

1411.

Effects on the blood. In addition to the haematological abnor-
malities of leucopenia, thrombocytopenia, haemolytic anaemia,
and clotting abnormalities noted in the Boston Collaborative
Drug Surveillance Program,1 aplastic anaemia has also been re-
ported, sometimes in patients with renal impairment.2 Pure red
cell aplasia has also been reported.3,4

1. McInnes GT, et al. Acute adverse reactions attributed to allopu-
rinol in hospitalised patients. Ann Rheum Dis 1981; 40: 245–9. 

2. Anonymous. Allopurinol and aplastic anaemia. WHO Drug Inf
1989; 3: 26. 

3. Lin Y-W et al. Acute pure red cell aplasia associated with allop-
urinol therapy. Am J Hematol 1999; 61: 209–11. 

4. Chao S-C, et al. Hypersensitivity syndrome and pure red cell
aplasia following allopurinol therapy in a patient with chronic
kidney disease. Ann Pharmacother 2005; 39: 1552–6.

Effects on the eyes. Some case reports have suggested an as-
sociation between allopurinol use and the development of cata-
racts,1 but a detailed ophthalmological survey involving 51 pa-
tients who had taken allopurinol failed to confirm this.2

However, a large retrospective case-control study in elderly pa-
tients concluded that long-term, or high-dose, allopurinol thera-
py did increase the risk of cataract extraction.3
1. Fraunfelder FT, et al. Cataracts associated with allopurinol ther-

apy. Am J Ophthalmol 1982; 94: 137–40. 
2. Clair WK, et al. Allopurinol use and the risk of cataract forma-

tion. Br J Ophthalmol 1989; 73: 173–6. 
3. Garbe E, et al. Exposure to allopurinol and the risk of cataract

extraction in elderly patients. Arch Ophthalmol 1998; 116:
1652–6.

Effects on the skin. Skin reactions are the most common ad-
verse effects of allopurinol. 
One report calculated that of 215 adverse effects noted over a 16-
year period 188 (87.4%) were related to the skin or mucous
membranes.1 An analysis by the Boston Collaborative Drug Sur-
veillance Program of data on 15 438 patients hospitalised be-
tween 1975 and 1982 detected 6 allergic skin reactions attributed
to allopurinol among 784 recipients of the drug.2 Desensitisation
protocols3 and alternative drugs4 have been used after cutaneous
reactions to allopurinol. 
Serious skin reactions to allopurinol may occur as part of a gen-
eralised hypersensitivity reaction. A review of the literature be-
tween 1970 and the end of 1990 revealed 101 cases of allopuri-
nol hypersensitivity syndrome, 94 of which involved the skin.5
Skin reactions included erythema multiforme, Stevens-Johnson
syndrome, toxic epidermal necrolysis, or a diffuse maculopapu-
lar or exfoliative dermatitis; 27 of the 101 patients died. The rel-
ative risk of toxic epidermal necrolysis or Stevens-Johnson syn-
drome occurring with allopurinol was high (calculated to be 5.5)
in a case-control study including 13 patients with these cutane-
ous reactions who had received allopurinol.6 This risk was not
constant over time, being higher during the first 2 months of
treatment. During these 2 months the estimated excess risk was
1.5 cases per million users per week. Another case-control
study,7 involving 379 patients with Stevens-Johnson syndrome
or toxic epidermal necrolysis, found that allopurinol was the drug
most frequently associated with these reactions. The risk again
appeared to be restricted to short-term use (less than 8 weeks)
and was greater in patients taking 200 mg or more daily.
1. Vinciullo C. Allopurinol hypersensitivity. Med J Aust 1984; 141:

449–50. 
2. Bigby M, et al. Drug-induced cutaneous reactions. JAMA 1986;

256: 3358–63. 
3. Fam AG, et al. Efficacy and safety of desensitization to allopuri-

nol following cutaneous reactions. Arthritis Rheum 2001; 44:
231–8. 

4. Fam AG. Difficult gout and new approaches for control of hype-
ruricemia in the allopurinol-allergic patient. Curr Rheumatol
Rep 2001; 3: 29–35. 

5. Arellano F, Sacristán JA. Allopurinol hypersensitivity syn-
drome: a review. Ann Pharmacother 1993; 27: 337–43. 

6. Roujeau J-C, et al. Medication use and the risk of Stevens-John-
son syndrome or toxic epidermal necrolysis. N Engl J Med 1995;
333: 1600–1607. 

7. Halevy S, et al. EuroSCAR Study Group. Allopurinol is the most
common cause of Stevens-Johnson syndrome and toxic epider-
mal necrolysis in Europe and Israel. J Am Acad Dermatol 2008;
58: 25–32.

Precautions
Allopurinol should not be used for the treatment of an
acute attack of gout; additionally, allopurinol therapy
should not be begun for any purpose during an acute
attack. However, allopurinol is continued when acute
attacks occur in patients already receiving the drug,
and the acute attack is treated separately. 
Treatment should be stopped immediately if any skin
reactions or other signs of hypersensitivity develop. A
cautious reintroduction at a low dose may be attempted
when mild skin reactions have cleared (see Effects on
the Skin, above); allopurinol should not be reintro-
duced in those patients who have experienced other

forms of hypersensitivity reaction. Dosage should be
reduced in renal or hepatic impairment. Care is advised
in patients being treated for hypertension or cardiac in-
sufficiency, who may also have renal impairment. 
To reduce the risk of renal xanthine deposition an ade-
quate fluid intake (2 to 3 litres daily) is required. In ad-
dition, a neutral or slightly alkaline urine may be desir-
able.
Breast feeding. Allopurinol and its metabolite, oxipurinol, are
distributed into breast milk, and licensed product information
recommends that allopurinol should be used with caution in
breast-feeding women. Although oxipurinol was detected in the
plasma of a breast-fed infant, no adverse effects were noted in the
infant during 6 weeks of maternal treatment with allopurinol.1
The American Academy of Pediatrics noted that there had been
no documented problems with allopurinol and considered its use
to be usually compatible with breast feeding.2
1. Kamilli I, Gresser U. Allopurinol and oxypurinol in human

breast milk. Clin Investig 1993; 71: 161–4. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / ful l /
pediatrics%3b108/3/776 (accessed 26/05/04)

Interactions
Drugs that can increase uric acid concentrations may
decrease the efficacy of allopurinol. Aspirin and the
salicylates possess this activity and should generally be
avoided in hyperuricaemia and gout. An increase in
hypersensitivity reactions, and possibly also other ad-
verse effects, has been reported in patients taking allop-
urinol with ACE inhibitors or thiazide diuretics, partic-
ularly in patients with renal impairment. 
The metabolism of azathioprine and mercaptopurine is
inhibited by allopurinol and their doses should be
markedly reduced when either of them is given with
allopurinol to avoid potentially life-threatening toxici-
ty. There have also been reports of allopurinol enhanc-
ing the activity of, and possibly increasing the toxicity
of, a number of other drugs including some antibacte-
rials, some anticoagulants, some other antineoplastics,
ciclosporin, some sulfonylurea antidiabetics, theophyl-
line, and vidarabine.
ACE inhibitors. An apparent interaction between allopurinol
and captopril has been reported in patients with chronic renal
failure. In one patient it was suggested that the development of
fatal Stevens-Johnson syndrome after the introduction of allopu-
rinol was due to potentiation by captopril.1 In the second patient
hypersensitivity, characterised by fever, arthralgia, and myalgia,
occurred and was believed to be due to captopril, or one of its
metabolites, potentiated by the addition of allopurinol.2 Care is
advised if allopurinol is used with captopril, especially in patients
with chronic renal failure.
1. Pennell DJ, et al. Fatal Stevens-Johnson syndrome in a patient on

captopril and allopurinol. Lancet 1984; i: 463. 
2. Samanta A, Burden AC. Fever, myalgia, and arthralgia in a pa-

tient on captopril and allopurinol. Lancet 1984; i: 679.

Antacids. Allopurinol failed to reduce blood-uric-acid concen-
trations when given at the same time as aluminium hydroxide in
3 patients on chronic haemodialysis. However, if allopurinol was
given 3 hours before aluminium hydroxide the expected de-
crease in uric acid concentration did occur.1
1. Weissman I, Krivoy N. Interaction of aluminium hydroxide and

allopurinol in patients on chronic hemodialysis. Ann Intern Med
1987; 107: 787.

Antibacterials. Although an increased incidence of skin rashes
has been noted when allopurinol has been used with ampicillin
or amoxicillin, data currently available are insufficient to confirm
whether this is due to allopurinol or not. For further details, see
Ampicillin, p.204.
Anticoagulants. For the effect of allopurinol on dicoumarol,
phenprocoumon, or warfarin, see Warfarin, p.1429.
Antiepileptics. For a report of allopurinol possibly inhibiting
the metabolism of phenytoin, see under Antigout Drugs, p.499.
Antigout drugs. Uricosuric drugs are likely to increase the re-
nal elimination of oxipurinol (the major active metabolite of al-
lopurinol). For example, benzbromarone lowered plasma con-
centrations of oxipurinol by about 40% when used with
allopurinol, although plasma concentrations of allopurinol itself
were not affected.1 The interaction was not of concern, since the
combination was more effective than allopurinol alone in lower-
ing serum concentrations of uric acid. Licensed product informa-
tion recommends reassessing the dosage of allopurinol on an in-
dividual basis when a uricosuric drug is added. 
Probenecid has been reported to decrease the clearance of oral
allopurinol riboside.2 In a pharmacokinetic study in healthy sub-
jects,3 giving allopurinol and probenecid together significantly

reduced oxipurinol concentrations; however, this combination
had a greater hypouricaemic effect than either drug given alone.
1. Müller FO, et al. The effect of benzbromarone on allopurinol/ox-

ypurinol kinetics in patients with gout. Eur J Clin Pharmacol
1993; 44: 69–72. 

2. Were JBO, Shapiro TA. Effects of probenecid on the pharmacok-
inetics of allopurinol riboside. Antimicrob Agents Chemother
1993; 37: 1193–6. 

3. Stocker SL, et al. Pharmacokinetic and pharmacodynamic inter-
action between allopurinol and probenecid in healthy subjects.
Clin Pharmacokinet 2008; 47: 111–18.

Antineoplastics. Allopurinol inhibits the metabolism of mer-
captopurine and marked dosage reduction of this drug to one-
quarter to one-third of the usual dose is required if it is used with
allopurinol. There are also reports of interactions between allop-
urinol and other antineoplastics. Mild chronic allopurinol-
induced hepatotoxicity has been reported in a male patient to
have been exacerbated by tamoxifen.1 Hypersensitivity vasculitis
resulting in the death of a patient receiving allopurinol and pen-
tostatin has been described. Although it could not be ascertained
whether this effect was due to one of the drugs alone or to an
interaction it was believed that this combination should not be
used.2 
For a report of an increased incidence of bone-marrow toxicity in
patients given allopurinol with cyclophosphamide, see p.703.
1. Shah KA, et al. Allopurinol hepatotoxicity potentiated by

tamoxifen. N Y State J Med 1982; 82; 1745–6. 
2. Steinmetz JC, et al. Hypersensitivity vasculitis associated with

2-deoxycoformycin and allopurinol therapy. Am J Med 1989; 86:
499.

Antivirals. For the effect of allopurinol on didanosine, see
p.871.
Immunosuppressants. Allopurinol inhibits the metabolism
of mercaptopurine, the metabolite of azathioprine, and marked
dosage reduction of azathioprine to one-quarter to one-third of
the usual dose is required if it is used with allopurinol. Similar
caution is also required with mercaptopurine itself (see Antineo-
plastics, above). The effects of allopurinol on ciclosporin con-
centrations (a marked increase) are reported on p.1826.
Xanthines. For the effect of allopurinol on the pharmacokinet-
ics of caffeine and theophylline, see p.1117 and p.1144 respec-
tively.

Pharmacokinetics
Up to 90% of an oral dose of allopurinol is rapidly ab-
sorbed from the gastrointestinal tract; its plasma half-
life is about 1 to 2 hours. Allopurinol’s major metabo-
lite is oxipurinol (alloxanthine), which is also an inhib-
itor of xanthine oxidase with a plasma half-life of about
15 or more hours in patients with normal renal func-
tion, although this is greatly prolonged by renal impair-
ment. Both allopurinol and oxipurinol are conjugated
to form their respective ribonucleosides. Allopurinol
and oxipurinol are not bound to plasma proteins. 
Excretion is mainly through the kidney, but it is slow
since oxipurinol undergoes tubular reabsorption.
About 70% of a daily dose may be excreted in the urine
as oxipurinol and up to 10% as allopurinol; prolonged
use may alter these proportions, as allopurinol inhibits
its own metabolism. The remainder of the dose is ex-
creted in the faeces. Allopurinol and oxipurinol have
also been detected in breast milk.
◊ References.
1. Murrell GAC, Rapeport WG. Clinical pharmacokinetics of allop-

urinol. Clin Pharmacokinet 1986;  11: 343–53. 
2. Turnheim K, et al. Pharmacokinetics and pharmacodynamics of

allopurinol in elderly and young subjects. Br J Clin Pharmacol
1999; 48: 501–9. 

3. Day RO, et al. Clinical pharmacokinetics and pharmacodynam-
ics of allopurinol and oxypurinol. Clin Pharmacokinet 2007; 46:
623–44.

Uses and Administration
Allopurinol is used to treat hyperuricaemia (p.552) as-
sociated with chronic gout, acute uric acid nephropa-
thy, recurrent uric acid stone formation, certain enzyme
disorders, or cancer and its treatment (see Tumour
Lysis Syndrome, p.639). It is not used for asymptomat-
ic hyperuricaemia. Allopurinol is also used in the man-
agement of renal calculi caused by the deposition of
calcium oxalate (in the presence of hyperuricosuria)
and of 2,8-dihydroxyadenine (see Renal Calculi, be-
low). It may have the potential to reduce oxidative
stress by blocking the production of free radicals and is
an ingredient of kidney preservation solutions. In addi-
tion allopurinol has antiprotozoal activity and has been
used in leishmaniasis and American trypanosomiasis. 
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Allopurinol is used in gout and hyperuricaemia to in-
hibit the enzyme xanthine oxidase, thus preventing the
oxidation of hypoxanthine to xanthine and xanthine to
uric acid. The urinary purine load, normally almost en-
tirely uric acid, is thereby divided between hypoxan-
thine, xanthine, and uric acid, each with its independ-
ent solubility. This results in the reduction of urate and
uric acid concentrations in plasma and urine, ideally to
such an extent that deposits of monosodium urate
monohydrate or uric acid are dissolved or prevented
from forming. At low concentrations allopurinol acts
as a competitive inhibitor of xanthine oxidase and at
higher concentrations as a non-competitive inhibitor.
However, most of its activity is due to the metabolite
oxipurinol which is a non-competitive inhibitor of xan-
thine oxidase. 

Allopurinol is used in chronic gout to correct hyperuri-
caemia, reduce the likelihood of acute attacks, and pre-
vent the sequelae of chronic gout. Initially, it may in-
crease plasma-concentrations of urate and uric acid by
dissolving deposits. This can trigger or exacerbate
acute attacks, hence allopurinol should not be started
until an acute attack has completely subsided, and
treatment should be started with a low dose increased
gradually; an NSAID (but not aspirin or salicylates) or
colchicine should also be given for at least 1 month af-
ter hyperuricaemia is corrected, usually 3 months. It
may take several months to deplete the uric acid level
sufficiently to control acute attacks. 

A suggested oral starting dose of allopurinol is 100 mg
daily, gradually increased by 100 mg for example at
weekly intervals until the concentration of urate in
plasma is reduced to 0.36 mmol/litre (6 mg per
100 mL) or less. A daily dose range of 100 to 300 mg
may be adequate for those with mild gout and up to
600 mg for those with moderately severe tophaceous
gout. The maximum recommended daily dose is
800 mg in the USA and 900 mg in the UK. Up to
300 mg may be taken as a single daily dose; larger
amounts should be taken in divided doses to reduce the
risk of gastric irritation. Taking allopurinol after food
will also minimise gastric irritation. Patients should
maintain an adequate fluid intake to prevent renal xan-
thine deposition. 

Doses of allopurinol should be reduced in patients with
renal impairment (see below) 

When used for the prevention of uric acid nephropathy
associated with cancer therapy 600 to 800 mg may be
given daily, generally for 2 or 3 days before starting the
cancer treatment. A high fluid intake is essential. In hy-
peruricaemia secondary to cancer or cancer chemo-
therapy, maintenance doses of allopurinol are similar
to those used in gout and are given according to the
response. 

The main use of allopurinol in children is for hyperuri-
caemia associated with cancer or cancer chemotherapy
or with enzyme disorders. The dosage used may vary:
in the UK a dose of 10 to 20 mg/kg daily up to a max-
imum of 400 mg daily is recommended for children
under 15 years of age, while in the USA the dose is
150 mg daily for children under 6 years of age and
300 mg daily for those aged 6 to 10 years, adjusted if
necessary after 48 hours. 

Allopurinol sodium has been given by intravenous in-
fusion in sodium chloride 0.9% or glucose 5% to pa-
tients (usually cancer patients) unable to take allopuri-
nol orally. The recommended dose in adults is the
equivalent of allopurinol 200 to 400 mg/m2 daily up to
a maximum of 600 mg daily. Allopurinol sodium
116.2 mg is equivalent to 100 mg of allopurinol.

Administration in renal impairment. Excretion of allopu-
rinol and its active metabolite oxipurinol is primarily via the kid-
neys and therefore the dosage should be reduced in renal impair-
ment according to creatinine clearance (CC). 

In the USA the following doses are suggested for oral and intra-
venous use: 
• CC 10 to 20 mL/minute: 200 mg daily 
• CC less than 10 mL/minute: no more than 100 mg daily 
• CC less than 3 mL/minute: consider also a longer dosage in-

terval 
In the UK a maximum initial oral daily dosage of 100 mg is rec-
ommended for those with renal impairment, increased only if the
response is inadequate. Doses less than 100 mg daily or 100 mg
at intervals longer than 1 day are recommended for those with
severe renal insufficiency. Because of the imprecision of low cre-
atinine clearance values, it is suggested that, if facilities are avail-
able for monitoring, the allopurinol dose should be adjusted to
maintain plasma-oxipurinol concentrat ions below
100 micromoles/litre (15.2 micrograms/mL). A suggested alter-
native dose for patients requiring dialysis two or three times
weekly is 300 to 400 mg allopurinol immediately after dialysis
only. 
The difficulties of maintaining an appropriate dose in such pa-
tients were illustrated by a study1 in New Zealand involving 227
allopurinol-treated patients. The guidelines used suggested
maintenance doses based on CC as follows: 
• less than 10 mL/minute: 100 mg every 3 days 
• 10 mL/minute: 100 mg every 2 days 
• 20 mL/minute: 100 mg daily 
• 40 mL/minute: 150 mg daily 
• 60 mL/minute: 200 mg daily 
The recommended dose or less was used in the majority of cases
(183 of 227). However, of 214 patients for whom serum-uric
acid concentrations were available, only 48 achieved values of
0.36 mmol/litre or less. The proportion of patients achieving ac-
ceptable serum-uric acid concentrations was higher (38%) in pa-
tients given higher than recommended doses than in those on
doses recommended by the guidelines (19%). Although guide-
lines might be useful for initial dosing, longer term use could
lead to inadequate control of hyperuricaemia.
1. Dalbeth N, et al. Dose adjustment of allopurinol according to

creatinine clearance does not provide adequate control of hyper-
uricemia in patients with gout. J Rheumatol 2006; 33: 1646–50.

Diagnosis and testing. Deficiency of the enzyme ornithine
carbamoyltransferase can result in severe CNS dysfunction or
even in death, and identification of women at risk of being carri-
ers of this genetic enzyme deficiency has been described.1 The
enzyme deficiency causes carbamoyl phosphate to accumulate,
which stimulates the synthesis of orotidine. The test relies on giv-
ing a single dose of allopurinol, which will, in carriers, greatly
increase the urinary excretion of orotidine. However, mutation
analysis is now more usually used to establish the diagnosis.
1. Hauser ER, et al. Allopurinol-induced orotidinuria. N Engl J

Med 1990; 322: 1641–5. Correction. ibid. 1997; 336: 1335.

Duchenne muscular dystrophy. Controlled studies of the
use of allopurinol in an attempt to increase muscle ATP in Duch-
enne muscular dystrophy (p.1507) failed to show any benefit
from treatment.1-3

1. Stern LM, et al. The progression of Duchenne muscular dystro-
phy: clinical trial of allopurinol therapy. Neurology 1981; 31:
422–6. 

2. Hunter JR, et al. Effects of allopurinol in Duchenne’s muscular
dystrophy. Arch Neurol 1983; 40: 294–9. 

3. Bertorini TE, et al. Chronic allopurinol and adenine therapy in
Duchenne muscular dystrophy: effects on muscle function, nu-
cleotide degradation, and muscle ATP and ADP content. Neurol-
ogy 1985; 35: 61–5.

Epilepsy. Reduction in the frequency of seizures has been de-
scribed in some patients with severe or intractable epilepsy
(p.465) when allopurinol was added to their existing antiepileptic
therapy.1-4 Although the mode of action was not known it was
noted that the patients were not hyperuricaemic and that allopu-
rinol did not affect plasma concentrations of existing antiepilep-
tics.1 However, others5 have seen no benefit.
1. DeMarco P, Zagnoni P. Allopurinol and severe epilepsy. Neurol-

ogy 1986; 36: 1538–9. 
2. Tada H, et al. Clinical effects of allopurinol on intractable epi-

lepsy. Epilepsia 1991; 32: 279–83. 
3. Zagnoni PG, et al. Allopurinol as an add-on therapy in refractory

epilepsy—a double-blind placebo-controlled randomised study.
Epilepsia 1994; 35: 107–12. 

4. Togha M, et al. Allopurinol as adjunctive therapy in intractable
epilepsy: a double-blind and placebo-controlled trial. Arch Med
Res 2007; 38: 313–16. 

5. Coppola G, Pascotto A. Double-blind, placebo-controlled, cross-
over trial of allopurinol as add-on therapy in childhood refracto-
ry epilepsy. Brain Dev 1996; 18: 50–2.

Organ and tissue transplantation. Allopurinol 25 mg on al-
ternate days has been added to the immunosuppressive treatment
for renal transplantation,1 and is reported to reduce the frequency
of acute rejection. One possible explanation for this effect is al-
lopurinol’s ability to suppress the production of free radicals (see
Oxidative Stress, below). Organ and tissue transplantation, and
the more usual drugs used in immunosuppressive regimens are
discussed on p.1810. It should be noted that allopurinol interacts
with azathioprine (see Immunosuppressants, under Interactions,
above) and ciclosporin (p.1826).
1. Chocair P, et al. Low-dose allopurinol plus azathioprine/cy-

closporin/prednisolone, a novel immunosuppressive regimen.
Lancet 1993; 342: 83–4.

Oxidative stress. Allopurinol, through its inhibition of xan-
thine oxidase, can block the development of superoxide free rad-
icals during reperfusion after an ischaemic episode. Consequent-
ly, the ability of allopurinol to reduce oxidative stress has been
investigated in a number of clinical situations. 
In a small study1 of patients with idiopathic dilated cardiomyop-
athy, short-term intracoronary allopurinol improved myocardial
efficiency by decreasing the oxygen demand of left ventricular
contraction. 
In patients undergoing coronary artery bypass graft surgery, peri-
operative allopurinol reduced hospital mortality, the incidence of
arrhythmias, the number of ischaemic events, and the need for
inotropic support, although the findings were not consistent in all
studies.2 
Improved endothelial dysfunction has been found in patients
with chronic heart failure given allopurinol.3,4 
A large study5 in neonates undergoing cardiac surgery found that
allopurinol caused a reduction in seizures and cardiac events in
those with hypoplastic left heart syndrome. No benefit was found
in neonates with less severe forms of congenital heart disease,
considered to be at lower risk of adverse surgical outcome or
reperfusion injury. Allopurinol also failed to reduce the incidence
of periventricular leucomalacia (thought to represent ischaemic
infarction of the developing brain) in preterm infants compared
with placebo in a large study.6 Similarly, allopurinol did not re-
duce the incidence of infarct extension in patients with acute my-
ocardial infarction.7 
The possibility that allopurinol limits the production of free rad-
icals has also led to allopurinol sodium being included as an in-
gredient of the University of Wisconsin solution [UW Solution;
Belzer UW Solution (commercially available as Viaspan)],
which is used for the preservation of organs for transplantation.8 
A pilot study using allopurinol showed a beneficial effect on free
radical formation, cerebral blood volume, and electrical brain ac-
tivity in severely asphyxiated newborns.9 However, a systematic
review10 of this and 2 other studies in such infants was unable to
determine whether allopurinol produced clinically important
benefits.
1. Cappola TP, et al. Allopurinol improves myocardial efficiency

in patients with idiopathic dilated cardiomyopathy. Circulation
2001; 104: 2407–11. 

2. Weimert NA, et al. Allopurinol as a cardioprotectant during cor-
onary artery bypass graft surgery. Ann Pharmacother 2003; 37:
1708–11. 

3. Doehner W, et al. Effects of xanthine oxidase inhibition with
allopurinol on endothelial function and peripheral blood flow in
hyperuricaemic patients with chronic heart failure: results from
2 placebo-controlled studies. Circulation 2002; 105: 2619–24. 

4. Farquharson CAJ, et al. Allopurinol improves endothelial dys-
function in chronic heart failure. Circulation 2002; 106: 221–6. 

5. Clancy RR, et al. Allopurinol neurocardiac protection trial in
infants undergoing heart surgery using deep hypothermic circu-
latory arrest. Pediatrics 2001; 108: 61–70. 

6. Russell GAB, Cooke RWI. Randomised controlled trial of al-
lopurinol prophylaxis in very preterm infants. Arch Dis Child
Fetal Neonatal Ed 1995; 73: F27–F31. 

7. Parmley LF, et al. Allopurinol therapy of ischemic heart disease
with infarct extension. Can J Cardiol 1992; 8: 280–6. 

8. Southard JH, Belzer FO. Organ preservation. Annu Rev Med
1995; 46: 235–47. 

9. Van Bel F, et al. Effect of allopurinol on postasphyxial free rad-
ical formation, cerebral haemodynamics, and electrical brain
activity. Pediatrics 1998; 101: 185–93. 

10. Chaudhari T, McGuire W. Allopurinol for preventing mortality
and morbidity in newborn infants with suspected hypoxic-is-
chaemic encephalopathy. Available in The Cochrane Database
of Systematic Reviews; Issue 2. Chichester: John Wiley; 2008
(accessed 14/07/08).

Prostatitis. Although allopurinol has been reported to be of
benefit1 in a small study in patients with chronic prostatitis
(p.2181), a systematic review2 found no other satisfactory evi-
dence of benefit, and considered that the clinical relevance of the
original study results was unclear.
1. Persson BE, et al. Ameliorative effect of allopurinol on nonbac-

terial prostatitis: a parallel double-blind controlled study. J Urol
(Baltimore) 1996; 155: 961–4. 

2. McNaughton Collins M, Wilt T. Allopurinol for chronic prosta-
titis. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2002 (accessed
18/05/06).

Protozoal infections. Allopurinol has been widely used as an
adjunct to pentavalent antimonials in the treatment1,2 of Old
World visceral leishmaniasis (p.824), particularly where resist-
ance to antimony alone is likely, although the degree of benefit
has been called into question.3 It has also been used with other
drugs such as pentamidine4 or azole antifungals5-8, including in
transplant patients7 or those with AIDS,5 or in whom antimonials
were otherwise poorly tolerated.8 Allopurinol has also been tried
alone9,10 or with other drugs in both Old World11 and New
World12-14 cutaneous or mucocutaneous leishmaniasis; results,
particularly in the latter, have been variable. 
Some beneficial results have been noted15-17 in indeterminate
and chronic Chagas’ disease (American trypanosomiasis, p.827),
although it may be less effective than itraconazole. 
The selective antiparasitic action of allopurinol is believed to be
due to its incorporation into the protozoal, but not the mammali-
an, purine salvage pathway. This leads to the formation of 4-ami-
nopyrazolopyrimidine ribonucleotide triphosphate, a highly tox-
ic analogue of adenosine triphosphate, that is incorporated into
ribonucleic acid. This action of allopurinol is shared by allopuri-
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nol riboside, one of the minor metabolites in man, but not by ox-
ipurinol, the major human metabolite. Thus, some studies have
been conducted with allopurinol riboside, rather than allopurinol,
in an attempt to enhance activity by avoiding host-mediated in-
activation.18

1. di Martino L, et al. Low dosage combination of meglumine an-
timoniate plus allopurinol as first choice treatment of infantile
visceral leishmaniasis in Italy. Trans R Soc Trop Med Hyg 1990;
84: 534–5. 

2. Gradoni L, et al. Treatment of Mediterranean visceral leishma-
niasis. Bull WHO 1995; 73: 191–7. 

3. Singh NKP, et al. Combination therapy in kala-azar. J Assoc
Physicians India 1995; 43: 319–20. 

4. Das VNR, et al. A randomized clinical trial of low dosage com-
bination of pentamidine and allopurinol in the treatment of an-
timony unresponsive cases of visceral leishmaniasis. J Assoc
Physicians India 2001; 49: 609–13. 

5. Raffi F, et al. Use of an itraconazole/allopurinol combination for
the treatment of visceral leishmaniasis in a patient with AIDS.
Clin Infect Dis 1995; 21: 1338–9. 

6. Torrus D, et al. Fluconazole plus allopurinol in treatment of vis-
ceral leishmaniasis. J Antimicrob Chemother 1996; 37: 1042–3. 

7. Hueso M, et al. The renal transplant patient with visceral leish-
maniasis who could not tolerate meglumine antimoniate-cure
with ketoconazole and allopurinol. Nephrol Dial Transplant
1999; 14: 2941–3. 

8. Kuyucu N, et al. Successful treatment of visceral leishmaniasis
with allopurinol plus ketoconazole in an infant who developed
pancreatitis caused by meglumine antimoniate. Pediatr Infect
Dis J 2001; 20: 455–7. 

9. Halbert AR, et al. Allopurinol for Old World cutaneous leish-
maniasis. Pediatr Dermatol 1995; 12: 287–8. 

10. D’Oliveira A, et al. Evaluating the efficacy of allopurinol for
the treatment of cutaneous leishmaniasis. Int J Dermatol 1997;
36: 938–40. 

11. Esfandiarpour I, Alavi A. Evaluating the efficacy of allopurinol
and meglumine antimoniate (Glucantime) in the treatment of
cutaneous leishmaniasis. Int J Dermatol 2002; 41: 521–4. 

12. Velez I, et al. Inefficacy of allopurinol as monotherapy for Co-
lombian cutaneous leishmaniasis: a randomized, controlled tri-
al. Ann Intern Med 1997; 126: 232–6. 

13. Martinez S, et al. Treatment of cutaneous leishmaniasis with al-
lopurinol and stibogluconate. Clin Infect Dis 1997; 24: 165–9. 

14. Llanos-Cuentas A, et al. Efficacy of sodium stibogluconate
alone and in combination with allopurinol for treatment of mu-
cocutaneous leishmaniasis. Clin Infect Dis 1997; 25: 677–84. 

15. Apt W, et al. Treatment of chronic Chagas’ disease with itraco-
nazole and allopurinol. Am J Trop Med Hyg 1998; 59: 133–8. 

16. Amato Neto V. Etiological treatment for infection by Trypano-
soma cruzi. Rev Inst Med Trop Sao Paulo 1999; 41: 211–3. 

17. Apt W, et al. Itraconazole or allopurinol in the treatment of
chronic American trypanosomiasis: the regression and preven-
tion of electrocardiographic abnormalities during 9 years of fol-
low-up. Ann Trop Med Parasitol 2003; 97: 23–9. 

18. Shapiro TA, et al. Pharmacokinetics and metabolism of allopu-
rinol riboside. Clin Pharmacol Ther 1991; 49: 506–14.

Renal calculi. In conjunction with a reduced dietary purine in-
take, high fluid intake, and potassium citrate, allopurinol may be
used to prevent the recurrence of calcium oxalate renal calculi
(p.2181) in patients with hyperuricosuria.1,2 The recommended
oral dose of allopurinol is 200 to 300 mg daily adjusted on the
basis of subsequent 24-hour urinary urate excretion. Allopurinol
is also advocated for the management of 2,8-dihydroxyadenine
(2,8-DHA) renal stones associated with deficient activity of the
enzyme adenine phosphoribosyltransferase.
1. Ettinger B, et al. Randomized trial of allopurinol in the preven-

tion of calcium oxalate calculi. N Engl J Med 1986; 315: 1386–9. 
2. Sorensen CM, Chandhoke PS. Hyperuricosuric calcium nephro-

lithiasis. Endocrinol Metab Clin North Am 2002; 31: 915–25.

Sarcoidosis. Although corticosteroids remain the mainstay of
drug therapy for sarcoidosis (p.1512), and other drugs are very
much second line, there are reports1-3 of benefit in cutaneous dis-
ease from the use of allopurinol.
1. Brechtel B, et al. Allopurinol: a therapeutic alternative for dis-

seminated cutaneous sarcoidosis. Br J Dermatol 1996; 135:
307–9. 

2. Antony F, Layton AM. A case of cutaneous acral sarcoidosis
with response to allopurinol. Br J Dermatol 2000; 142: 1052–3. 

3. Bregnhoej A, Jemec GB. Low-dose allopurinol in the treatment
of cutaneous sarcoidosis: response in four of seven patients. J
Dermatol Treat 2005; 16: 125–7.

Schizophrenia. Involvement of purinergic neurotransmission
has been hypothesised to play some role in schizophrenia
(p.955), and allopurinol has been investigated as a possible ad-
junctive treatment, with some evidence of benefit, especially in
patients with refractory positive symptoms.1

1. Buie LW, et al. Allopurinol as adjuvant therapy in poorly respon-
sive or treatment refractory schizophrenia. Ann Pharmacother
2006; 40: 2200–4.

Skin disorders. Reactive perforating collagenosis (RPC) is a
condition in which altered collagen is eliminated through the epi-
dermis; it may be inherited or acquired. In 3 of 4 patients with
RPC refractory to antibacterials and oral and topical corticoster-
oids, significant improvement was seen with allopurinol, in
terms of reduction of new lesions, improvement of existing le-
sions, and reduction of pruritus. The fourth patient died from
unrelated causes before review.1

1. Hoque SR, et al. Acquired reactive perforating collagenosis:
four patients with a giant variant treated with allopurinol. Br J
Dermatol 2006; 154: 759–62.

Preparations
BP 2008: Allopurinol Tablets; 
USP 31: Allopurinol Oral Suspension; Allopurinol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alfadiman; Alloboxal†; Gotir†; Puritenk; Austral.: Allohexal; Allorin†;
Allosig; Capurate†; Progout; Zyloprim; Austria: Allostad; Allotyrol†; Apu-
rin†; Gewapurol; Gichtex; Purinol; Urosin; Zyloric; Belg.: Alpuric; Docal-
lopu; Zyloric; Braz.: Labopurinol†; Lopurax; Uricemil†; Zilopur; Zyloric;
Canad.: Novo-Purol; Zyloprim; Chile: Talol; Urogotan A; Zyloric; Cz.:
Apurol†; Milurit; Purinol; Denm.: Abopur; Apurin; Hexanurat; Fin.: Allon-
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Tipuric; Zyloric; Israel: Alloril; Zylol; Zyloric†; Ital.: Allurit; Uricemil†; Zy-
loric; Malaysia: Harpagin†; Uritab†; Zyloric; Mex.: Acyprin; Apo-Tinole†;
Atisuril; Aurigen†; Bionol; Darzune; Etindrax; Unizuric; Zyloprim; Neth.:
Apurin; Zyloric; Norw.: Allopur; Arturic; Zyloric; NZ: Allohexal; Allorin;
Progout; Philipp.: Allurase; Alpurase; Elavil; Llanol; Lopric; Loricid; Purinase;
Purispec; Puristen; Synol; Trianol; Xanurace; Zyloprim; Pol.: Allupol; Milurit;
Zyloric; Port.: Alosfar; Uriprim; Zurim; Zyloric; Rus.: Purinol (Пуринол);
S.Afr.: Lonol; Puricos; Redurate; Urinol; Zyloprim; Singapore: Erloric†;
Progout; Valeric†; Zyloric; Spain: Zyloric; Swed.: Zyloric; Switz.: allo-bas-
an†; Allopur; Cellidrine; Mephanol; Sigapurol N†; Uriconorme; Zyloric;
Thai.: Alinol; Allopin; Apnol; Apurol; Loporic†; Medoric; Puricin†; Puride;
Uricad; Valeric†; Xanol; Zyloric; Turk.: Allo-Urik; Allogut; Urikoliz; UK: Ca-
plenal; Cosuric; Rimapurinol; Xanthomax†; Zyloric; USA: Aloprim; Zylo-
prim; Venez.: Aluprol†; Aluron; Zyloric.

Multi-ingredient: Arg.: Artrex; Colpuril; Xuric-A; Austria: Allobenz;
Duovitan; Gichtex plus; Belg.: Comburic; Ger.: Allo.comp.; Allomaron†;
Harpagin; Ital.: Uricodue; Philipp.: Allomaron; Port.: Acifugan†; S.Afr.:
Allomaron†; Spain: Acifugan†; Facilit†; Thai.: Allomaron.

Benzbromarone (BAN, USAN, rINN)

Bensbromaron; Bentsbromaroni; Benzbromaron; Benzbromaro-
na; Benzbromaronas; Benzbromaronum; L-2214; MJ-10061. 3,5-
Dibromo-4-hydroxyphenyl 2-ethylbenzofuran-3-yl ketone.

Бензбромарон

C17H12Br2O3 = 424.1.
CAS — 3562-84-3.
ATC — M04AB03.
ATC Vet — QM04AB03.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Benzbromarone). A white or almost white crystal-
line powder. Practically insoluble in water; sparingly soluble in
alcohol; freely soluble in acetone and in dichloromethane. Pro-
tect from light.

Adverse Effects
Benzbromarone may cause gastrointestinal adverse effects, es-
pecially diarrhoea. It may precipitate an acute attack of gout and
cause uric acid renal calculi and renal colic. Hepatotoxicity has
occurred and monitoring of liver function has been recommend-
ed.

Effects on the liver. Benzbromarone-induced liver damage
has been reported.1-4

1. Van Der Klauw MM, et al. Hepatic injury caused by benzbro-
marone. J Hepatol 1994; 20: 376–9. 

2. Anonymous. Benzbromarone and hepatitis. WHO Drug Inf
2000; 14: 29. 

3. Wagayama H, et al. Fatal fulminant hepatic failure associated
with benzbromarone. J Hepatol 2000; 32: 874. 

4. Arai M, et al. Fulminant hepatic failure associated with benzbro-
marone treatment: a case report. J Gastroenterol Hepatol 2002;
17: 625–6.

Precautions
Benzbromarone should be avoided in patients with moderate or
severe renal impairment, in those with uric acid renal calculi, and
in those with urinary uric acid excretion rates of greater than
700 mg per 24 hours. Like other uricosurics, treatment with benz-
bromarone should not be started during an acute attack of gout.
Similarly, an adequate fluid intake should be maintained to re-
duce the risk of uric acid renal calculi; additionally, alkalinisation
of the urine may be considered.

Porphyria. Benzbromarone is considered to be unsafe in pa-
tients with porphyria because it has been shown to be porphyrin-
ogenic in in-vitro systems.

Interactions
Aspirin and other salicylates antagonise the effect of benzbro-
marone. Benzbromarone may increase the anticoagulant activity
of coumarin oral anticoagulants (see under Interactions of War-
farin, p.1429).

Antigout drugs. For mention of the effects of benzbromarone
on the clearance of oxipurinol, the major active metabolite of al-
lopurinol, and the view that this was not clinically significant, see
under Interactions of Allopurinol, p.553.

Pharmacokinetics
Benzbromarone is only partially absorbed from the gastrointesti-
nal tract, reaching peak plasma concentrations about 2 to 4 hours
after an oral dose. Benzbromarone is extensively bound to plas-
ma proteins. It is metabolised in the liver, and is excreted mainly
in the faeces; a small amount appears in the urine.

◊ References.
1. Maurer H, Wollenberg P. Urinary metabolites of benzbromarone

in man. Arzneimittelforschung 1990; 40: 460–2. 
2. Walter-Sack I, et al. Variation of benzbromarone elimination in

man—a population study. Eur J Clin Pharmacol 1990; 39:
173–6.

Uses and Administration
Benzbromarone is a uricosuric drug that reduces plasma concen-
trations of uric acid by blocking renal tubular reabsorption. It has
been suggested that benzbromarone may also increase the intes-
tinal elimination of uric acid. It has been used to treat hyperuri-
caemia including that associated with chronic gout (p.552) al-
though it has been withdrawn in many countries due to reports of
hepatotoxicity. 
Benzbromarone is not used to treat acute attacks of gout and may
exacerbate and prolong them if given during an attack; treatment
should not start therefore until an acute attack has subsided. 
The usual oral dose has been 50 to 200 mg daily. An NSAID or
colchicine should be given initially to reduce the risk of precipi-
tating acute gout. An adequate fluid intake should be maintained.
Lower doses of benzbromarone (20 mg) have also been used in
the form of a combination product with allopurinol.

◊ References.
1. Hanvivadhanakul P, et al. Efficacy of benzbromarone compared

to allopurinol in lowering serum uric acid level in hyperuricemic
patients. J Med Assoc Thai 2002; 85 (suppl 1): S40–S47. 

2. Kumar S, et al. Benzbromarone therapy in management of re-
fractory gout. N Z Med J 2005; 118: U1528.

Preparations
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Arg.: Max Uric†; Austria: Uricovac; Belg.: Desuric†; Braz.: Narcaricina†;
Ger.: Narcaricin†; Hung.: Harpagin†; Jpn: Urinorm; Malaysia: Harpagin†;
Mex.: Desuric†; Neth.: Desuric; S.Afr.: Minuric†; Singapore: Narcaricin†;
Spain: Urinorm; Switz.: Desuric†; Obaron†; Thai.: Narcaricin†.

Multi-ingredient: Austria: Allobenz; Duovitan; Gichtex plus; Belg.:
Comburic; Ger.: Allo.comp.; Allomaron†; Harpagin; Philipp.: Allomaron;
Port.: Acifugan†; S.Afr.: Allomaron†; Spain: Acifugan†; Facilit†; Thai.: Al-
lomaron.

Benziodarone (BAN, rINN)

Benciodarona; Bentsiodaroni; Benziodaron; Benziodaronum; L-
2329. 2-Ethylbenzofuran-3-yl 4-hydroxy-3,5-di-iodophenyl ke-
tone.

Бензйодарон
C17H12I2O3 = 518.1.
CAS — 68-90-6.
ATC — C01DX04.
ATC Vet — QC01DX04.

Profile
Benziodarone is a uricosuric drug structurally related to benzbro-
marone (see above) that has been given orally to reduce hyperuri-
caemia in chronic gout. 
Benziodarone has been associated with jaundice and thyroid dis-
orders.
Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Dilafurane†.

Multi-ingredient: Ital.: Uricodue.
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Colchicine
Colchicina; Colchicinum; Kolchicin; Kolchicinas; Kolkicin; Kolkisiini;
Kolşisin. (S)-N-(5,6,7,9-Tetrahydro-1,2,3,10-tetramethoxy-9-ox-
obenzo[α]heptalen-7-yl)acetamide.
Колхицин
C22H25NO6 = 399.4.
CAS — 64-86-8.
ATC — M04AC01.
ATC Vet — QM04AC01.

Description. Colchicine is an alkaloid obtained from various
Colchicum spp.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Chin. also has a monograph for colchicine amide. 
Ph. Eur. 6.2 (Colchicine). A yellowish-white amorphous or
crystalline powder. Very soluble in water, rapidly recrystallising
from concentrated solutions as the sesquihydrate; freely soluble
in alcohol and in chloroform. Protect from light. 
USP 31 (Colchicine). An alkaloid obtained from various Colchi-
cum spp. and other genera. Pale yellow to pale greenish-yellow
amorphous scales, or powder or crystalline powder. Is odourless
or nearly so, and darkens on exposure to light. Soluble 1 in 25 of
water and 1 in 220 of ether; freely soluble in alcohol and in chlo-
roform. Store in airtight containers. Protect from light.

Adverse Effects and Treatment
The most frequent adverse effects of oral colchicine are
those involving the gastrointestinal tract and may be
associated with its antimitotic action. Diarrhoea, nau-
sea, vomiting, and abdominal pain are often the first
signs of toxicity and are usually an indication that col-
chicine therapy should be stopped or the dose reduced.
Larger doses may cause profuse diarrhoea, gastrointes-
tinal haemorrhage, skin rashes, and renal and hepatic
damage. 
Rarely, bone marrow depression with agranulocytosis,
thrombocytopenia, and aplastic anaemia have occurred
on prolonged treatment as have peripheral neuropathy,
myopathy, rashes, and alopecia. 
Adverse effects after intravenous use include cardiac
arrhythmias and local reactions such as thrombophle-
bitis and neuritis. Extravasation may cause tissue
necrosis. 
Symptoms of acute overdosage with oral colchicine
often do not appear for 2 to 12 hours. The first signs of
toxicity are nausea, vomiting, and diarrhoea; a burning
sensation of the throat, stomach, and skin may also oc-
cur. The diarrhoea may be severe and haemorrhagic
and, coupled with vascular damage or paralytic ileus
can lead to dehydration, hypotension, and shock. Mul-
tiple organ failure may occur, manifest as CNS toxicity
(confusion, delirium, sometimes coma), bone marrow
depression, hepatocellular damage, muscle damage,
neuropathy, respiratory distress, myocardial depres-
sion, and renal damage. A toxic epidermal necrolysis-
like reaction has also been reported. Death may be due
to respiratory depression, cardiovascular collapse, or
sepsis after pancytopenia. In surviving patients, alo-
pecia, rebound leucocytosis, and stomatitis may occur
about 10 days after the acute overdose. The lethal dose
varies: 7 mg of colchicine has caused death, yet recov-
ery has occurred after much larger doses. 
When treating colchicine overdosage or acute poison-
ing patients should be carefully monitored for some
time to take account of the delayed onset of symptoms.
The stomach may be emptied by lavage in adults with-
in 1 hour of acute poisoning; multiple dose activated
charcoal should be given to adults and children who
have ingested more than 300 micrograms/kg of colch-
icine provided vomiting has not started. Treatment is

primarily symptomatic and supportive with attention
being given to the control of respiration, maintenance
of blood pressure and the circulation, and correction of
fluid and electrolyte imbalance.
Effects on the neuromuscular system. Colchicine-induced
myoneuropathy may be a common but unrecognised condition
in patients with reduced renal function who receive usual doses
of colchicine.1 Although both skeletal muscles and peripheral
nerves are affected, myopathy is most prominent and associated
axonal neuropathy is mild. The condition usually presents with
proximal muscle weakness and is always accompanied by eleva-
tions in serum creatine kinase concentrations. Withdrawal of col-
chicine leads to spontaneous remission of these symptoms with-
in a few weeks but resolution of the polyneuropathy is slow.
Examination of proximal muscles shows marked abnormal
spontaneous activity and, because of the features of the condi-
tion, it is often initially misdiagnosed as probable polymyositis
or uraemic myopathy. A literature review2 identified renal im-
pairment as the primary risk factor for the development of colch-
icine-induced myopathy; dosage adjustment is advised in these
patients. 
There have been reports suggesting colchicine-induced myopa-
thy may develop in patients who have normal renal function. 
A patient with normal renal function but chronic alcohol-induced
liver disease developed an unusual form of myoneuropathy after
receiving only a short course of colchicine. This patient was also
taking tolbutamide, the microsomal enzyme-inhibiting activity
of which may have exacerbated the toxicity of colchicine.3 A
teenager with familial Mediterranean fever who had normal re-
nal and hepatic function developed toxic myopathy due to colch-
icine use. Myopathy improved after colchicine was stopped and
recurred when it was restarted at a lower dose.4 
Rhabdomyolysis has also been reported.5,6

1. Kuncl RW, et al. Colchicine myopathy and neuropathy. N Engl J
Med 1987; 316: 1562–8. 

2. Wilbur K, Makowsky M. Colchicine myotoxicity: case reports
and literature review. Pharmacotherapy 2004; 24: 1784–92. 

3. Besana C, et al. Colchicine myoneuropathy. Lancet 1987; ii:
1271–2. 

4. Sayarlioglu M, et al. Colchicine-induced myopathy in a teenager
with familial Mediterranean fever. Ann Pharmacother 2003; 37:
1821–4. 

5. Chattopadhyay I, et al. Colchicine induced rhabdomyolysis.
Postgrad Med J 2001; 77: 191–2. 

6. Boomershine KH. Colchicine induced rhabdomyolysis. Ann
Pharmacother 2002; 36: 824–6.

Effects on the reproductive system. UK licensing informa-
tion states that colchicine may adversely affect spermatogenesis
under certain conditions of therapy. Animal data has shown that
colchicine in high doses may arrest spermatogenesis and lead to
azoospermia. However, in clinical practice male infertility does
not seem to be common in patients given colchicine, and may be
related in some cases to the underlying disease rather than the
drug.1 Similarly, although colchicine is not recommended in the
first trimester of pregnancy, it may improve fertility in women
with familial Mediterranean fever, and results in women who
have been taking colchicine at conception and during pregnancy
have been relatively reassuring1 (see also under Pregnancy, be-
low).
1. Mijatovic V, et al. Familial Mediterranean fever and its implica-

tions for fertility and pregnancy. Eur J Obstet Gynecol Reprod
Biol 2003; 108: 171–6.

Inappropriate administration. Intravenous use of colchicine
is associated with a risk of severe or fatal adverse effects (see
Administration, below). Although unlicensed either orally or
parenterally for use in back pain, intravenous colchicine has ap-
parently been used in alternative medicine for this indication. As
of February 2008, the FDA had received reports of 50 adverse
events, including 23 deaths, associated with the unapproved use
of intravenous colchicine. Three of the reported deaths were as-
sociated with compounded colchicine that, due to preparation er-
rors, was 8 times more potent than the amount stated on the label.
Potentially fatal effects include neutropenia, thrombocytopenia,
pancytopenia, acute renal failure, and congestive heart failure.1,2

1. FDA. FDA takes action to stop the marketing of unapproved in-
jectable drugs containing colchicine (issued 6th February 2008).
Available at: http://www.fda.gov/bbs/topics/NEWS/2008/
NEW01791.html (accessed 21/04/08) 

2. FDA. Questions and answers about FDA’s enforcement action
against unapproved injectable colchicine products (issued 6th
February 2008). Available at: http://www.fda.gov/cder/drug/
unapproved_drugs/colchicine_qa.htm (accessed 21/04/08)

Overdosage. References.
1. McIntyre IM, et al. Death following colchicine poisoning. J Fo-

rensic Sci 1994; 39: 280–6. 
2. Hood RL. Colchicine poisoning. J Emerg Med 1994; 12: 171–7. 
3. Baud FJ, et al. Brief report: treatment of severe colchicine over-

dose with colchicine-specific Fab fragments. N Engl J Med
1995; 332: 642–5. 

4. Critchley JAJH, et al. Granulocyte-colony stimulating factor in
the treatment of colchicine poisoning. Hum Exp Toxicol 1997;
16: 229–32. 

5. Milne ST, Meek PD. Fatal colchicine overdose: report of a case
and review of the literature. Am J Emerg Med 1998; 16: 603–8. 

6. Kubler PA. Fatal colchicine toxicity. Med J Aust 2000; 172:
498–9. 

7. Harris R, et al. Colchicine-induced bone marrow suppression:
treatment with granulocyte colony-stimulating factor. J Emerg
Med 2000; 18: 435–40. 

8. Mullins ME, et al. Fatal cardiovascular collapse following acute
colchicine ingestion. J Toxicol Clin Toxicol 2000; 38: 51–4. 

9. Arroyo MP, et al. Toxic epidermal necrolysis-like reaction sec-
ondary to colchicine overdose. Br J Dermatol 2004; 150:
581–8. 

10. Ataş B, et al. Four children with colchicine poisoning. Hum Exp
Toxicol 2004; 23: 353–6. 

11. Miller MA, et al. Colchicine-related death presenting as an un-
known case of multiple organ failure. J Emerg Med 2005; 28:
445–8. 

12. Borras-Blasco J, et al. Acute renal failure associated with an
accidental overdose of colchicine. Int J Clin Pharmacol Ther
2005; 43: 480–4.

Precautions
Colchicine should be given with great care to elderly or
debilitated patients who may be particularly suscepti-
ble to cumulative toxicity. It should also be used with
caution in patients with cardiac, hepatic, renal, or gas-
trointestinal disease. Colchicine should be avoided in
patients with blood disorders. It should also generally
be avoided in pregnancy since it is known to be tera-
togenic in animals and there have also been some sug-
gestions of a risk of fetal chromosome damage in hu-
mans. 
Colchicine should not be given by subcutaneous or in-
tramuscular injection as it causes severe local irritation.
Breast feeding. Colchicine is distributed into breast milk,1-3

and some have recommended waiting for 8 hours2 or 12 hours3

after a dose before breast feeding to minimise exposure of the
infant. However, since no adverse effects on the infant have been
noted in these reports, the American Academy of Pediatrics con-
sidered its use to be usually compatible with breast feeding.4
1. Milunsky JM, Milunsky A. Breast-feeding during colchicine

therapy for familial Mediterranean fever. J Pediatr 1991; 119:
164. 

2. Guillonneau M, et al. Colchicine is excreted at high concentra-
tions in human breast milk. Eur J Obstet Gynecol Reprod Biol
1995; 61: 177–8. 

3. Ben-Chetrit E, et al. Colchicine in breast milk of patients with
familial Mediterranean fever. Arthritis Rheum 1996; 39:
1213–17. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/05/04)

Pregnancy. Colchicine is contra-indicated in pregnancy be-
cause of animal teratogenicity. However, it has been used during
pregnancy in women with familial Mediterranean fever (see un-
der Uses, below). There was no increase in abnormality rate of
the newborns and no problems were detected in 130 offspring.1
1. Rabinovitch O, et al. Colchicine treatment in conception and

pregnancy: two hundred thirty-one pregnancies in patients with
familial Mediterranean fever. Am J Reprod Immunol 1992; 28:
245–6.

Interactions
Use of colchicine with clarithromycin, erythromycin,
or tolbutamide may cause colchicine toxicity. Thiazide
diuretics may increase serum uric acid and interfere
with the activity of colchicine. Muscle disorders have
been reported when colchicine is used with
ciclosporin. Colchicine may impair the absorption of
vitamin B12.
Cardiovascular drugs. Acute myopathy has been reported in
patients with chronic renal impairment given colchicine with
simvastatin.1,2 Similar effects have been seen in patients with re-
nal impairment given colchicine with fluvastatin3, or pravasta-
tin.4 Since many statins are metabolised by the cytochrome P450
isoenzyme CYP3A4, as is colchicine, this has been proposed as
one possible mechanism.3,4 However, fluvastatin and pravastatin
are cleared through different isoenzymes. Alternative proposed
mechanisms are synergistic myopathy2,3 or interference with
transport mediated by P-glycoprotein.4 Tetraparesis developed in
a patient who took colchicine with verapamil; this was consid-
ered to be due to a pharmacokinetic interaction which increased
serum and CSF concentrations of colchicine.5
1. Hsu W-C, et al. Colchicine-induced acute myopathy in a patient

with concomitant use of simvastatin. Clin Neuropharmacol
2002; 25: 266–8. 

2. Baker SK, et al. Cytoskeletal myotoxicity from simvastatin and
colchicine. Muscle Nerve 2004; 30: 799–802. 

3. Atasoyu EM, et al. Possible colchicine rhabdomyolysis in a flu-
vastatin-treated patient. Ann Pharmacother 2005; 39: 1368–9. 

4. Alaylı G, et al. Acute myopathy in a patient with concomitant use
of pravastatin and colchicine. Ann Pharmacother 2005; 39:
1358–61. 

5. Tröger U, et al. Tetraparesis associated with colchicine is proba-
bly due to inhibition by verapamil of the P-glycoprotein efflux
pump in the blood-brain barrier. BMJ 2005; 331: 613. Correc-
tion. ibid. 2006; 332: 882.

Ciclosporin. There is a need for caution if colchicine is used
with ciclosporin. Myopathies or rhabdomyolysis1 may be a prob-
lem, especially in transplant patients2 or those with renal impair-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ment.3 In addition, increased blood-ciclosporin concentrations
and nephrotoxicity developed in a renal transplant patient after
the introduction of colchicine therapy.4
1. Arellano F, Krupp P. Muscular disorders associated with cy-

closporin. Lancet 1991; 337: 915. 
2. Simkin PA, Gardner GC. Colchicine use in cyclosporine treated

transplant recipients: how little is too much? J Rheumatol 2000;
27: 1334–7. 

3. Rumpf KW, Henning HV. Is myopathy in renal transplant pa-
tients induced by cyclosporin or colchicine? Lancet 1990; 335:
800–1. 

4. Menta R, et al. Reversible acute cyclosporin nephrotoxicity in-
duced by colchicine administration. Nephrol Dial Transplant
1987; 2: 380–1.

Macrolides. Life-threatening colchicine toxicity has been de-
scribed after use for 2 weeks with erythromycin in a patient with
hepatic and renal impairment.1 In a patient with end-stage renal
disease, but no hepatic impairment, fatal colchicine toxicity de-
veloped after 4 days of clarithromycin therapy.2 A patient with
moderate chronic renal impairment developed acute but non-
fatal colchicine intoxication on day 4 of a 7-day Helicobacter
pylori treatment course containing clarithromycin.3 A retrospec-
tive study in 116 patients given both drugs concluded that clari-
thromycin increased the risk of colchicine toxicity, especially in
those patients with renal impairment, and that the two drugs
should not be used together.4
1. Caraco Y, et al. Acute colchicine intoxication—possible role of

erythromycin administration. J Rheumatol 1992; 19: 494–6. 
2. Dogukan A, et al. Acute fatal colchicine intoxication in a patient

on continuous ambulatory peritoneal dialysis (CAPD): possible
role of clarithromycin administration. Clin Nephrol 2001; 55:
181–2. 

3. Rollot F, et al. Acute colchicine intoxication during clarithromy-
cin administration. Ann Pharmacother 2004; 38: 2074–7. 

4. Hung IFN, et al. Fatal interaction between clarithromycin and
colchicine in patients with renal insufficiency: a retrospective
study. Clin Infect Dis 2005; 41: 291–300.

Tolbutamide. For a suggestion that tolbutamide may have ex-
acerbated the toxicity of colchicine in a patient with liver disease,
see under Effects on the Neuromuscular System, above.

Pharmacokinetics
Peak plasma concentrations of colchicine are reached
within 2 hours of oral use. Colchicine is partially
deacetylated in the liver and the unchanged drug and its
metabolites are excreted in the bile and undergo intes-
tinal reabsorption. Colchicine is found in high concen-
trations in leucocytes, kidneys, the liver, and spleen.
Most of the drug is excreted in the faeces but 10 to 20%
is excreted in the urine and this proportion rises in pa-
tients with liver disorders. Colchicine is distributed
into breast milk.
◊ References.
1. Rochdi M, et al. Pharmacokinetics and absolute bioavailability

of colchicine after iv and oral administration in healthy human
volunteers and elderly subjects. Eur J Clin Pharmacol 1994; 46:
351–4. 

2. Ferron GM, et al. Oral absorption characteristics and pharma-
cokinetics of colchicine in healthy volunteers after single and
multiple doses. J Clin Pharmacol 1996; 36: 874–83.

Uses and Administration
Colchicine is used for the relief of acute gout (p.552)
and for the prophylaxis of acute attacks, particularly
during the first few months of treatment with allopuri-
nol or uricosurics. Colchicine produces a dramatic re-
sponse in acute gout, probably by reducing the inflam-
matory reaction to urate crystals; this effect might be
due to several actions including decreased leucocyte
mobility. It is not an analgesic and has no effect on
blood concentrations of uric acid, or on the excretion of
uric acid. Colchicine also has an antimitotic action. 
Colchicine has also been used in several other condi-
tions including amyloidosis, Behçet’s syndrome,
familial Mediterranean fever, idiopathic thrombocyto-
penic purpura, pericarditis, primary biliary cirrhosis,
and pyoderma gangrenosum. 
If colchicine is used for acute attacks of gout, then
treatment should be started as soon as possible and an
effect may be expected within 12 hours. The recom-
mended oral dose in the UK is 1 mg initially, then
500 micrograms every 2 to 3 hours until pain relief is
obtained or gastrointestinal adverse effects occur (but
see also Administration, below). Although some li-
censed products allow doses up to a maximum of
10 mg, the BNF considers that the total dose should not
exceed 6 mg. At least 3 days should elapse before an-
other course is given. In the USA the oral dose is 1 to

1.2 mg initially; this may be repeated every 2 hours, or
500 or 600 micrograms may be taken every hour (or
even every 2 or 3 hours if sufficient), until pain is re-
lieved or gastrointestinal adverse effects occur. The
maximum total dose for an acute attack should not ex-
ceed 8 mg. 
Colchicine has sometimes been given intravenously in
a dose of 1 or 2 mg over 2 to 5 minutes with additional
doses of 0.5 or 1 mg every 6 hours as required to a total
dose of not more than 4 mg in 24 hours; once this
amount of colchicine has been given further doses
should not then be given by any route for at least 7
days. For the view that the intravenous route should be
avoided, see Administration, below. 
When used for the prophylaxis of gout oral doses are
500 or 600 micrograms once daily; some patients may
require doses up to 1.8 mg daily. 
Consideration should be given to using reduced dosag-
es in patients with renal impairment, see below.
◊ References.
1. Lange U, et al. Current aspects of colchicine therapy: classical

indications and new therapeutic uses. Eur J Med Res 2001; 6:
150–60. 

2. Schlesinger N, et al. Colchicine for acute gout. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2006 (accessed 21/04/08).

Administration. Although colchicine 1 mg orally, followed by
500 micrograms every 2 to 3 hours, is recommended in the UK
for the treatment of acute gout, many rheumatologists consider
this excessive; a low-dose regimen of 500 micrograms no more
than 3 times daily has been advocated in preference.1 It has also
been suggested that intravenous colchicine, although undoubted-
ly effective, should not be used because of the risk of severe or
fatal adverse effects.2 For reports of fatalities with intravenous
colchicine during unlicensed use, see Inappropriate Administra-
tion, above.
1. Morris I, et al. Colchicine in acute gout. BMJ 2003; 327:

1275–6. 
2. Morris I, et al. Colchicine in acute gout. BMJ 2004; 328: 289.

Administration in renal impairment. Some licensed prod-
uct information in the UK recommends that the dose of colchi-
cine given orally should be reduced by up to 50% in patients with
mild to moderate renal impairment, and that it should not be used
in those with severe impairment. Similar recommendations have
been made by various sources in the USA; for example, the
American Hospital Formulary Service notes that some recom-
mend the prophylactic oral dose should not exceed
600 micrograms daily in patients with a serum creatinine of
1.6 mg per 100 mL or greater, or with a creatinine clearance
(CC) of 50 mL/minute or less. Some patients may only need
600 micrograms every alternate day. The intravenous dose
should be reduced by 50% in patients with a CC of between 10
and 50 mL/minute, and it is contra-indicated in those patients
with a CC less than 10 mL/minute.

Amyloidosis. Colchicine is well known to have a useful role in
amyloidosis (p.743) secondary to familial Mediterranean fever,
where results have suggested the possibility of reversing nephro-
pathic changes due to renal amyloid deposition (see below).
However, combination therapy with melphalan and prednisone
was found to be more effective than colchicine alone in primary
amyloidosis,1 and a later study2 found no benefit in adding col-
chicine to the standard therapy. The mechanism of the anti-
amyloid effect of colchicine is not clear.
1. Skinner M, et al. Treatment of 100 patients with primary amy-

loidosis: a randomised trial of melphalan, prednisone, and colch-
icine versus colchicine only. Am J Med 1996; 100: 290–8. 

2. Kyle RA, et al. A trial of three regimens for primary amyloido-
sis: colchicine alone, melphalan and prednisone, and melphalan,
prednisone, and colchicine. N Engl J Med 1997; 336: 1202–7.

Behçet’s syndrome. Behçet’s syndrome (p.1499) has been
treated with numerous drugs. Where possible, topical treatment
of local lesions should be tried before starting systemic therapy.
Corticosteroids are favoured for systemic treatment in many
countries, but colchicine has also been widely used. Beneficial
responses have been described for most of the symptoms includ-
ing the arthritic, ocular, and cutaneous manifestations, although
a systematic review has questioned colchicine’s efficacy.1 The
mechanism of action in this condition is believed to be based on
the effect on polymorphonuclear leucocytes and other cellular ef-
fects.2 Colchicine has also been used with corticosteroids for
acute exacerbations, followed by colchicine maintenance;3 col-
chicine with aspirin has also been recommended in acute dis-
ease,4 and colchicine with benzathine benzylpenicillin has been
tried.5
1. Saenz A, et al. Pharmacotherapy for Behcet’s syndrome. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 1998 (accessed 27/04/05). 

2. Schattner A. Colchicine—expanding horizons. Postgrad Med J
1991; 67: 223–6. 

3. Rakover Y, et al. Behcet disease: long-term follow-up of three
children and review of the literature. Pediatrics 1989; 83:
986–92. 

4. Wechsler B, Piette JC. Behçet’s disease. BMJ 1992; 304:
1199–1200. 

5. Çalgüneri M, et al. Effect of prophylactic benzathine penicillin
on mucocutaneous symptoms of Behçet’s disease. Dermatology
1996; 192: 125–8.

Diffuse parenchymal lung disease. Colchicine is a potential
alternative to corticosteroid therapy in patients with cryptogenic
fibrosing alveolitis (see Diffuse Parenchymal Lung Disease,
p.1502). However the degree of benefit, if any, is unclear al-
though colchicine does appear to be safer and better tolerated
than corticosteroid therapy.1
1. Davies HR, et al. Immunomodulatory agents for idiopathic pul-

monary fibrosis. Available in The Cochrane Database of System-
atic Reviews; Issue 2. Chichester: John Wiley; 2003 (accessed
27/04/05).

Familial Mediterranean fever. Familial Mediterranean fever
(recurrent or paroxysmal polyserositis; periodic disease) is an in-
herited disorder that primarily affects Sephardic Jews or persons
of Arab, Armenian, or Turkish ancestry.1,2 It is characterised by
attacks of acute abdominal pain, fever, and signs of peritonitis,
which resolve spontaneously, usually in 24 to 48 hours. Pleuritic
chest pain, arthritis, skin rash, pericarditis, and headache may oc-
cur. The most dangerous complication, however, is type AA
amyloidosis (see also p.743), which can lead to nephrotic syn-
drome, renal failure, and death. 
Familial Mediterranean fever is managed with colchicine.1-3

Colchicine cannot stop an established attack, but, given prophy-
lactically in oral adult doses of 1 to 3 mg daily, it reduces the
frequency of attacks, prevents amyloidosis and reverses pro-
teinuria. An initial daily dose of 500 micrograms or less has been
suggested for children younger than 5 years of age, 1 mg for
those aged 5 to 10 years, and 1.5 mg for children aged over 10
years; doses may be increased in a stepwise fashion to a maxi-
mum of 2 mg daily if needed.3 Attacks are usually treated with
NSAIDs2,3 or, in severe cases, opioids.3 Anecdotal evidence has
suggested that prazosin may also be of benefit,4 but initial reports
of improvement with interferon alfa have not been borne out.2
Anakinra has also been investigated.5
1. Ben-Chetrit E, Levy M. Familial Mediterranean fever. Lancet

1998; 351: 659–63. 
2. Drenth JPH, van der Meer JWM. Hereditary periodic fever. N

Engl J Med 2001; 345: 1748–57. 
3. Kallinich T, et al. Colchicine use in children and adolescents

with familial Mediterranean fever: literature review and consen-
sus statement. Pediatrics 2007; 119: e474–e483. Also available
at: http://pediatrics.aappublications.org/cgi/reprint/119/2/e474
(accessed 21/04/08) 

4. Kataoka H, et al. Treating familial Mediterranean fever with pra-
zosin hydrochloride. Ann Intern Med 1998; 129: 424–5. 

5. Roldan R, et al. Anakinra: new therapeutic approach in children
with Familial Mediterranean Fever resistant to colchicine. Joint
Bone Spine 2008; 75: 504–5.

Idiopathic thrombocytopenic purpura. In idiopathic
thrombocytopenic purpura (p.1505), refractory to standard ther-
apy, a few patients have had partial or complete response to
colchicine1,2 and further studies have been suggested.2,3

1. Strother SV, et al. Colchicine therapy for refractory idiopathic
thrombocytopenic purpura. Arch Intern Med 1984; 144:
2198–2200. 

2. Bonnotte B, et al. Efficacy of colchicine alone or in combination
with vinca alkaloids in severe corticoid-resistant thrombocyto-
penic purpura: six cases. Am J Med 1999; 107: 645–6. 

3. McMillian R. Therapy for adults with refractory chronic immune
thrombocytopenic purpura. Ann Intern Med 1997; 126: 307–14.

Pericarditis. Mild cases of recurrent pericarditis may be treated
with colchicine, as an adjunct to NSAID therapy.1-3 It may also
provide effective prophylaxis, allowing the tapering of corticos-
teroids, which are usually reserved for the treatment of severe
acute attacks.2,3 The drug has also been used successfully in chil-
dren.4 In an open-label study, colchicine added to conventional
therapy with aspirin or prednisone significantly decreased the re-
currence rate in patients with a first episode of recurrent pericar-
ditis, compared with conventional therapy alone.5 Another open-
label study had similar results using adjunctive colchicine for the
first episode of acute pericarditis.6 In patients with two or more
relapses of acute pericarditis, colchicine was found to be highly
effective in preventing recurrence.7 The proportion of patients
with relapses during or after colchicine therapy was significantly
higher, and the duration of colchicine therapy significantly long-
er, in those who had pre-treatment with corticosteroids.
1. Millaire A, et al. Treatment of recurrent pericarditis with colch-

icine. Eur Heart J 1994; 15: 120–4. 
2. Adler Y, et al. Colchicine treatment for recurrent pericarditis: a

decade of experience. Circulation 1998; 97: 2183–5. 
3. Oakley CM. Myocarditis, pericarditis and other pericardial dis-

eases. Heart 2000; 84: 449–54. 
4. Yazigi A, et al. Colchicine for recurrent pericarditis in children.

Acta Paediatr Scand 1998; 87: 603–4. 
5. Imazio M, et al. Colchicine as first-choice therapy for recurrent

pericarditis: results of the CORE (COlchicine for REcurrent
pericarditis) trial. Arch Intern Med 2005; 165: 1987–91. 

6. Imazio M, et al. Colchicine in addition to conventional therapy
for acute pericarditis: results of the COlchicine for acute PEri-
carditis (COPE) trial. Circulation 2005; 112: 2012–16. 

7. Artom G, et al. Pretreatment with corticosteroids attenuates the
efficacy of colchicine in preventing recurrent pericarditis: a mul-
ti-centre all-case analysis. Eur Heart J 2005; 26: 723–7.
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Peyronie’s disease. Beneficial effects have been reported with
colchicine in men with Peyronie’s disease. Small studies show
colchicine to be most effective in reducing pain during penile
erection.1 A combination of vitamin E and colchicine has also
been suggested as an alternative in early disease.2
1. Kadioğlu A, et al. Treatment of Peyronie’s disease with oral col-

chicine: long-term results and predictive parameters of success-
ful outcome. Int J Impot Res 2000; 12: 169–75. 

2. Prieto Castro RM, et al. Combined treatment with vitamin E and
colchicine in the early stages of Peyronie’s disease. BJU Int
2003; 91: 522–4.

Primary biliary cirrhosis. Primary biliary cirrhosis (p.2408)
is a chronic progressive liver disease with no specific treatment,
and in general drug therapy has been poor or largely ineffective.
Reviewers have noted1-3 that several studies have been conduct-
ed with colchicine, and, although biochemical parameters were
improved, a beneficial effect on clinical symptoms or liver his-
tology was not found. A comparative study of colchicine and
methotrexate showed that while both drugs improved biochemi-
cal test results and symptoms, the response to methotrexate was
greater.4 Some consider that combination therapy with colchi-
cine, methotrexate, and ursodeoxycholic acid may be more
promising than monotherapy.2
1. Heathcote EJ. Evidence-based therapy of primary biliary cirrho-

sis. Eur J Gastroenterol Hepatol 1999; 11: 607–15. 
2. Holtmeier J, Leuschner U. Medical treatment of primary biliary

cirrhosis and primary sclerosing cholangitis. Digestion 2001; 64:
137–50. 

3. Gong Y, Gluud C. Colchicine for primary biliary cirrhosis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2004 (accessed 27/04/05). 

4. Kaplan MM, et al. A prospective trial of colchicine and meth-
otrexate in the treatment of primary biliary cirrhosis. Gastroen-
terology 1999; 117: 1173–80.

Pyoderma gangrenosum. Pyoderma gangrenosum (p.1583)
associated with inflammatory bowel disease has been success-
fully treated with colchicine in 2 patients.1,2 Colchicine was also
of benefit in 3 patients with pyoderma associated with familial
Mediterranean fever.3 Other isolated reports include the use of
low-dose colchicine in idiopathic pyoderma gangrenosum.4
1. Paolini O, et al. Treatment of pyoderma gangrenosum with col-

chicine. Lancet 1995; 345: 1057–8. 
2. Rampal P, et al. Colchicine in pyoderma gangrenosum. Lancet

1998; 351: 1134–5. 
3. Lugassy G, Ronnen M. Severe pyoderma associated with famil-

ial Mediterranean fever: favourable response to colchicine in
three patients. Am J Med Sci 1992; 304: 29–31. 

4. Kontochristopoulos GJ, et al. Treatment of pyoderma gangreno-
sum with low-dose colchicine. Dermatology 2004; 209: 233–6.

Preparations
BP 2008: Colchicine Tablets; 
USP 31: Colchicine Injection; Colchicine Tablets; Probenecid and Colchi-
cine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Xuric; Austral.: Colgout; Lengout; Braz.: Cixin; Colchin; Colchis;
Hong Kong: Colcina; Colgout; CP-Colchi; Hung.: Colchicum-Dispert; In-
dia: Goutnil; Indon.: Recolfar; Malaysia: Goutnil†; Mex.: Colchiquim;
Sixol; Ticolcin; NZ: Colgout; Thai.: Cochic; Colchily; Colcine; Goutichine;
Prochic; Tolchicine; Turk.: Colchicum-Dispert; Kolsin.

Multi-ingredient: Arg.: Artrex; Colpuril; Xuric-A; Fr.: Colchimax; Mex.:
Butayonacol; Spain: Colchimax; USA: ColBenemid.

Colchicum
Colchico; Colchique.
Безвременник

Profile
Colchicum, the dried ripe seeds or dried corm of the meadow
saffron, Colchicum autumnale, contains colchicine (p.556) and
has been used similarly for the prophylaxis and relief of acute
gout. 
It is also included in several herbal preparations. 
Homoeopathy. Colchicum has been used in homoeopathic
medicines under the following names: Colchicinum; Colchicum
autumnale; Colchicum, tuber; Colch. at.
Poisoning. Colchicum autumnale is quite similar to a species of
garlic Allium ursinum, especially in leaf appearance, and both
plants grow in the same areas at the same time of year. There are
reports of colchicine poisoning, some of them fatal, after acci-
dental ingestion of C. autumnale.1-6 Colchicine poisoning should
be considered in patients with gastroenterocolitis after a wild
plant meal.
1. Brnčić N, et al. Accidental plant poisoning with Colchicum au-

tumnale: report of two cases. Croat Med J 2001; 42: 673–5. 
2. Sannohe S, et al. Colchicine poisoning resulting from accidental

ingestion of meadow saffron (Colchicum autumnale). J Forensic
Sci 2002; 47: 1391–6. 

3. Gabrscek L, et al. Accidental poisoning with autumn crocus. J
Toxicol Clin Toxicol 2004; 42: 85–8. 

4. Brvar M, et al. Case report: fatal poisoning with Colchicum au-
tumnale. Crit Care 2004; 8: R56–R59. 

5. Brvar M, et al. Acute poisoning with autumn crocus (Colchicum
autumnale L.). Wien Klin Wochenschr 2004; 116: 205–8. 

6. Sundov Z, et al. Fatal colchicine poisoning by accidental inges-
tion of meadow saffron-case report. Forensic Sci Int 2005; 149:
253–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Colchysat.
Multi-ingredient: Ger.: Unguentum lymphaticum; Venez.: Linfoderm.

Febuxostat (USAN, rINN)

Febuxostatum; TMX-67. 2-[3-Cyano-4-(2-methylpropoxy)phe-
nyl]-4-methylthiazole-5-carboxylic acid.
Фебуксостат
C16H16N2O3S = 316.4.
CAS — 144060-53-7.
ATC — M04AA03.
ATC Vet — QM04AA03.

Profile
Febuxostat is a non-purine, selective inhibitor of xanthine oxi-
dase, and is under investigation for the treatment of hyperuricae-
mia in patients with chronic gout.
◊ References.
1. Mayer MD, et al. Pharmacokinetics and pharmacodynamics of

febuxostat, a new non-purine selective inhibitor of xanthine ox-
idase in subjects with renal impairment. Am J Ther 2005; 12:
22–34. 

2. Schumacher HR. Febuxostat: a non-purine, selective inhibitor of
xanthine oxidase for the management of hyperuricaemia in pa-
tients with gout. Expert Opin Invest Drugs 2005; 14: 893–903. 

3. Becker MA, et al. Febuxostat compared with allopurinol in pa-
tients with hyperuricemia and gout. N Engl J Med 2005; 353:
2450–61. Correction. ibid. 2006; 354: 1533. 

4. Khosravan R, et al. The effect of mild and moderate hepatic im-
pairment on pharmacokinetics, pharmacodynamics, and safety
of febuxostat, a novel nonpurine selective inhibitor of xanthine
oxidase. J Clin Pharmacol 2006; 46: 88–102. 

5. Khosravan R, et al. Pharmacokinetics, pharmacodynamics and
safety of febuxostat, a non-purine selective inhibitor of xanthine
oxidase, in a dose escalation study in healthy subjects. Clin
Pharmacokinet 2006; 45: 821–41. 

6. Bruce SP. Febuxostat: a selective xanthine oxidase inhibitor for
the treatment of hyperuricemia and gout. Ann Pharmacother
2006; 40: 2187–94.

Probenecid (BAN, rINN) ⊗ 
Probenecidas; Probénécide; Probenecidum; Probenesid; Probe-
nesidi. 4-(Dipropylsulphamoyl)benzoic acid.
Пробенецид
C13H19NO4S = 285.4.
CAS — 57-66-9.
ATC — M04AB01.
ATC Vet — QM04AB01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Probenecid). A white or almost white crystalline
powder or small crystals. Practically insoluble in water; sparing-
ly soluble in dehydrated alcohol; soluble in acetone. 
USP 31 (Probenecid). A white or practically white, fine, practi-
cally odourless, crystalline powder. Practically insoluble in water
and in dilute acids; soluble in alcohol, in acetone, in chloroform,
and in dilute alkali.

Adverse Effects and Treatment
Probenecid may cause nausea, vomiting, anorexia,
headache, sore gums, flushing, alopecia, dizziness,
anaemia, and urinary frequency. Hypersensitivity reac-
tions, with fever, dermatitis, pruritus, urticaria, and,
rarely, anaphylaxis, and Stevens-Johnson syndrome
have occurred. There have been reports of leucopenia,
hepatic necrosis, nephrotic syndrome, and aplastic
anaemia. Haemolytic anaemia has also occurred, and
may be associated with G6PD deficiency. 
When used in chronic gout, and particularly during the
first few months of therapy, probenecid may precipitate

acute attacks. Uric acid renal calculi, with or without
haematuria, costovertebral pain and renal colic may
occur. 
In massive overdosage probenecid causes stimulation
of the CNS, with convulsions and death from respira-
tory failure. Severe overdosage should be managed by
lavage and symptomatic treatment.

Precautions
Probenecid therapy should not be started during an
acute attack of gout; however treatment is usually con-
tinued when acute attacks occur in patients already re-
ceiving the drug, and the acute attack is treated sepa-
rately. Probenecid is also unsuitable for the control of
hyperuricaemia secondary to cancer or cancer chemo-
therapy. Probenecid should not be given to patients
with a history of uric acid renal calculi or blood disor-
ders. It should be used with caution in patients with a
history of peptic ulceration. Probenecid should not be
used as an antibacterial adjunct in patients with known
renal impairment, and it is ineffective in gout in pa-
tients with severe renal impairment. 
To reduce the risk of uric acid renal calculi in patients
with gout an adequate fluid intake (2 to 3 litres daily) is
required, and, if necessary, especially during the first
few months of treatment, sodium bicarbonate or potas-
sium citrate may be given to render the urine alkaline. 
A reducing substance has been found in the urine of
some patients taking probenecid, and may give false
positive results with some tests for glucose in the urine.
Probenecid reduces the excretion of some iodinated
contrast media and may interfere with laboratory tests
by decreasing the excretion of aminohippuric acid,
phenolsulfonphthalein, and sulfobromophthalein.
Abuse. It has been alleged that some athletes using banned an-
abolic steroids have taken probenecid in an attempt to inhibit the
urinary excretion of steroid metabolites in order to avoid detec-
tion by urine screening tests.1
1. Anonymous. Does probenecid mask steroid use? Pharm J 1987;

239: 299.

Porphyria. Probenecid is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.

Interactions
The dose of probenecid may need to be increased if pa-
tients are also given drugs, such as diuretics or pyrazin-
amide, that increase the blood concentration of uric
acid. Salicylates, including aspirin, and probenecid are
mutually antagonistic and should not be given together. 
Probenecid may also affect many other drugs. By in-
hibiting renal tubular secretion, it has the potential to
increase the toxicity and/or to enhance the therapeutic
efficacy of drugs excreted by that route. In some in-
stances a reduction in dose is essential to counteract an
increase in toxicity, as is the case with methotrexate.
Some combinations, such as that with ketorolac,
should be avoided. Conversely, probenecid may be
given with some antibacterials such as the penicillins
and cephalosporins to increase their effects. 
Altered excretion may also increase serum concentra-
tions of other antibacterials (aminosalicylic acid, con-
jugated sulfonamides, dapsone, meropenem, some
quinolones, rifampicin), some antivirals (aciclovir,
ganciclovir, zalcitabine, zidovudine, and possibly fam-
ciclovir), some benzodiazepines (adinazolam, lo-
razepam, and nitrazepam), some ACE inhibitors (cap-
topril and enalapril), some NSAIDs (diflunisal,
indometacin, ketoprofen, meclofenamate, naproxen),
paracetamol, and sulfonylurea hypoglycaemic drugs.
The clinical significance of such interactions is not en-
tirely clear although the possibility of the need for a
reduction in dosage of these drugs should be borne in
mind. 
It has been reported that patients receiving probenecid
require lower doses of thiopental for induction of an-
aesthesia. Probenecid may increase the speed of induc-
tion of anaesthesia with midazolam. 

O

CH3

CH3

S

N

HO

O

H3C

N

H3C

N
H3C S

COOH

O O



Colchicum/Sulfinpyrazone    559

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Reducing the urinary concentration of some drugs
could diminish their activity in certain diseases as
might happen with nitrofurantoin or some quinolones
in urinary-tract infections and penicillamine in cystin-
uria.
Allopurinol. Probenecid may increase the clearance of allopu-
rinol despite an increased hypouricaemic effect when these 2
drugs are given together (see Antigout Drugs, under Allopurinol,
p.553).

Pharmacokinetics
Probenecid is completely absorbed from the gastroin-
testinal tract with peak plasma concentrations achieved
2 to 4 hours after a dose. It is extensively bound to plas-
ma proteins (85 to 95%). The plasma half-life is dose-
dependent and ranges from less than 5 to more than 8
hours. Probenecid crosses the placenta. It is metabo-
lised by the liver, and excreted in the urine mainly as
metabolites. Excretion of unchanged probenecid is in-
creased in alkaline urine.

Uses and Administration
Probenecid is a uricosuric drug used to treat hyperuri-
caemia (p.552) associated with chronic gout; it has also
been used to treat hyperuricaemia caused by diuretic
therapy. It is also used as an adjunct to some antibacte-
rials to reduce their renal tubular excretion and is given
with the antiviral cidofovir to reduce nephrotoxicity. 
Probenecid is used in chronic gout and hyperuricae-
mia to inhibit the renal tubular reabsorption of uric acid
so increasing the urinary excretion of uric acid, lower-
ing plasma-urate concentrations, and eventually reduc-
ing urate deposits in the tissues. Probenecid is therefore
of value in hyperuricaemia caused by decreased uric
acid excretion rather than increased urate production,
and is not used for hyperuricaemia associated with can-
cer or cancer therapy. 
Probenecid has no analgesic or anti-inflammatory ac-
tion and is of no value in acute gout. Initially it may
increase plasma concentrations of urate and uric acid
by dissolving deposits. This can trigger or exacerbate
acute attacks, hence probenecid should not be started
until an acute attack has completely subsided, and an
NSAID or colchicine may be given during the first few
months. 
It is usual to start treatment for gout with oral doses of
250 mg twice daily increased after a week to 500 mg
twice daily and later, if the therapeutic effects are inad-
equate, by increments of 500 mg every 4 weeks, up to
2 g daily. Probenecid may not be effective in chronic
renal impairment particularly when the glomerular fil-
tration rate is less than 30 mL/minute. An adequate flu-
id intake is required to reduce the risk of uric acid renal
calculi. 
When the patient has been free from acute attacks for
at least 6 months, and provided that the plasma-urate
concentration is within acceptable limits, the daily dose
may be gradually reduced, by 500 mg every 6 months,
to the lowest effective maintenance dose which is then
given indefinitely. 
Probenecid may also be used as an adjunct to antibac-
terial therapy particularly when treating severe or re-
sistant infections. It reduces the tubular excretion of
penicillins and most cephalosporins and may increase
their plasma concentrations up to fourfold. The usual
dosage for reducing tubular excretion of penicillins and
cephalosporins is 500 mg four times daily, or less in
elderly patients with suspected renal impairment.
When renal impairment is sufficient to retard the excre-
tion of antibacterials, probenecid should not be given. 
The dosage for children over 2 years of age and weigh-
ing less than 50 kg is 25 mg/kg (700 mg/m2) initially,
followed by 10 mg/kg (300 mg/m2) every 6 hours. 
Single oral doses of probenecid 1 g are given with a
suitable oral antibacterial, or at least 30 minutes before
an injected antibacterial, in the single-dose treatment of
gonorrhoea (p.191). 

Doses of probenecid to be used with cidofovir are giv-
en on p.868.

Preparations
BP 2008: Probenecid Tablets; 
USP 31: Ampicillin and Probenecid for Oral Suspension; Probenecid and
Colchicine Tablets; Probenecid Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Pro-Cid; Canad.: Benuryl; Fin.: Probecid†; Fr.: Benemide; Gr.:
Benemid; India: Bencid; Mex.: Benecid; Norw.: Probecid; S.Afr.: Proben;
Swed.: Probecid; Thai.: Benacid; Bencid; Benemid†; USA: Benemid.

Multi-ingredient: USA: ColBenemid.

Used as an adjunct in: Braz.: Emicilin; Gonol; Spain: Blenox.

Sulfinpyrazone (BAN, rINN)

G-28315; Sulfinpirazona; Sulfinpirazonas; Sulfinpyratsoni; Sulfin-
pyrazon; Sulfinpyrazonum; Sulphinpyrazone; Sulphoxyphenyl-
pyrazolidine; Szulfinpirazon. 1,2-Diphenyl-4-(2-phenylsulphinyl-
ethyl)pyrazolidine-3,5-dione.

Сульфинпиразон
C23H20N2O3S = 404.5.
CAS — 57-96-5.
ATC — M04AB02.
ATC Vet — QM04AB02.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sulfinpyrazone). A white or almost white powder.
Very slightly soluble in water; sparingly soluble in alcohol; dis-
solves in dilute solutions of alkali hydroxides. Protect from light. 
USP 31 (Sulfinpyrazone). A white to off-white powder. Practi-
cally insoluble in water and in petroleum spirit; soluble in alco-
hol and in acetone; sparingly soluble in dilute alkali.

Adverse Effects and Treatment
The most frequent adverse effects of sulfinpyrazone in-
volve the gastrointestinal tract, and include nausea,
vomiting, diarrhoea and abdominal pain. It may cause
gastric bleeding or aggravate existing peptic ulcers.
Skin rashes have been reported, and may be associated
with a hypersensitivity reaction. Aplastic anaemia,
agranulocytosis, leucopenia, and thrombocytopenia
have been reported rarely as have raised liver enzyme
values, jaundice, and hepatitis, renal impairment, salt
and water retention, and acute renal failure. 
When used in chronic gout, particularly during the first
few months of treatment, sulfinpyrazone may precipi-
tate acute attacks and there is a risk of uric acid renal
calculi developing. 
Symptoms of overdosage include hypotension, acute
renal failure, arrhythmias, respiratory disorders, con-
vulsions, and coma, as well as gastrointestinal effects.
Treatment of overdose may involve activated charcoal
if a substantial amount has been ingested within 1 hour
of presentation, followed by symptomatic and support-
ive therapy.
Effects on the kidneys. Although renal failure has been re-
ported occasionally in patients receiving sulfinpyrazone for
gout1 many of the cases have occurred in those given the drug for
myocardial infarction.2,3 Acute renal failure may also occur after
overdose or in patients with intravascular volume depletion.4,5

1. Durham DS, Ibels LS. Sulphinpyrazone-induced acute renal fail-
ure. BMJ 1981; 282: 609. 

2. Boelaert J, et al. Sulphinpyrazone-induced decrease in renal
function: a review of reports with discussion of pathogenesis.
Acta Clin Belg 1982; 37: 368–75. 

3. Lijnen P, et al. Decrease in renal function due to sulphinpyrazone
treatment early after myocardial infarction. Clin Nephrol 1983;
19: 143–6. 

4. Florkowski CM, et al. Acute non-oliguric renal failure second-
ary to sulphinpyrazone overdose. J Clin Pharm Ther 1992; 17:
71. 

5. Walls M, et al. Acute renal failure due to sulfinpyrazone. Am J
Med Sci 1998; 315: 319–21.

Precautions
Sulfinpyrazone should not be started during an acute
attack of gout; however, treatment is usually continued
when acute attacks occur in patients already receiving
the drug, and the acute attack is treated separately.
Sulfinpyrazone is not suitable for the control of hyper-
uricaemia associated with cancer or cancer chemother-
apy. 
Sulfinpyrazone should be given with care to patients
with renal impairment or heart failure and is contra-
indicated in those with severe renal or hepatic impair-
ment. It is also contra-indicated in patients with blood
dyscrasias or blood coagulation disorders, and in pa-
tients with uric acid renal calculi or peptic ulcer disease
or a history of such disorders. 
Sulfinpyrazone should not be given to patients hyper-
sensitive to it or to other pyrazole derivatives such as
phenylbutazone; nor should it be given to patients in
whom hypersensitivity reactions (including bronchos-
pastic reactions in asthmatics) have been provoked by
aspirin or by other drugs with prostaglandin-synthetase
inhibiting activity. 
To reduce the risk of uric acid renal calculi an adequate
fluid intake (2 to 3 litres daily) is required; alkalinising
the urine with sodium bicarbonate or potassium citrate
may also be considered. It is recommended that patients
have periodic full blood counts to detect any haem-
atological abnormalities. 
Renal-function tests involving aminohippuric acid or
phenolsulfonphthalein may be invalidated.
Porphyria. Sulfinpyrazone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
Doses of sulfinpyrazone may need to be increased if it
is given with other drugs, such as diuretics or pyrazina-
mide, that increase uric acid concentrations. Sulfin-
pyrazone and salicylates including aspirin are mutually
antagonistic and should not be used together. There
may also be an increased risk of bleeding when sulfin-
pyrazone is used with other drugs such as aspirin that
inhibit platelet function. 
Sulfinpyrazone’s renal tubular secretion is inhibited by
probenecid although with little clinical effect. Since
sulfinpyrazone, like probenecid, inhibits the tubular se-
cretion of weak organic acids, interactions can be ex-
pected with penicillins although the effect is not con-
sidered to be clinically useful. 
Sulfinpyrazone can potentiate the action of some
drugs. The most significant interaction of this type in-
volves warfarin, acenocoumarol, and possibly other
coumarin anticoagulants (p.1429). Patients receiving
sulfinpyrazone and such an anticoagulant should have
their prothrombin times monitored and the anticoagu-
lant dosage reduced as appropriate. Similarly, sulfin-
pyrazone may potentiate the effects of phenytoin (see
Antigout Drugs, p.499), and possibly some sulfona-
mides and sulfonylureas. 
In contrast, sulfinpyrazone may increase the metabo-
lism of theophylline (p.1144) and diminish its activity.

Pharmacokinetics
Sulfinpyrazone is readily absorbed from the gastroin-
testinal tract. It is about 98% bound to plasma proteins
and has a plasma half-life of about 2 to 4 hours. Sulfin-
pyrazone is partly metabolised in the liver and some of
the metabolites are active. On long-term therapy,
sulfinpyrazone induces its own metabolism.
Unchanged drug and metabolites are mainly excreted
in the urine.
◊ References.
1. Bradbrook ID, et al. Pharmacokinetics of single doses of sul-

phinpyrazone and its major metabolites in plasma and urine. Br
J Clin Pharmacol 1982; 13: 177–85. 

2. Schlicht F, et al. Pharmacokinetics of sulphinpyrazone and its
major metabolites after a single dose and during chronic treat-
ment. Eur J Clin Pharmacol 1985; 28: 97–103.
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Uses and Administration
Sulfinpyrazone is a uricosuric drug used to treat hype-
ruricaemia associated with chronic gout (p.552). It also
has some antiplatelet activity. 
Sulfinpyrazone is used in chronic gout to inhibit the re-
nal tubular reabsorption of uric acid so increasing the
urinary excretion of uric acid, lowering plasma-urate
concentrations, and eventually reducing urate deposits
in the tissues. It is therefore of value in hyperuricaemia
caused by decreased uric acid excretion rather than in-
creased urate production and is not used for hyperuric-
aemia associated with cancer or cancer therapy. 
Sulfinpyrazone has little analgesic or anti-inflammato-
ry action and is of no value in acute gout. Initially, it
may increase plasma concentrations of urate and uric
acid by dissolving deposits. This can trigger or exacer-
bate acute attacks, hence sulfinpyrazone should not be
given until an acute attack has completely subsided,
and an NSAID or colchicine may be given during the
first few months. 
The initial oral dose of sulfinpyrazone in the UK is 100
to 200 mg daily (the USA allows up to 200 mg twice
daily), taken with meals or milk. This may be gradually
increased over 1 to 3 weeks until a daily dosage of
600 mg is reached; up to 800 mg daily may be given if
necessary. After the plasma-urate concentration has
been controlled, the daily maintenance dose may be re-
duced to as low as 200 mg. An adequate fluid intake is
required to prevent formation of uric acid renal calculi.
Antiplatelet therapy. Sulfinpyrazone inhibits platelet func-
tion, thereby inhibiting thrombosis. A meta-analysis of studies,
conducted by the Antiplatelet Trialists’ Collaboration, has shown
that it reduces the risk of myocardial infarction, stroke, or vascu-
lar death in patients at high risk of occlusive vascular disease1

and also reduces the risk of occlusion in patients undergoing ar-
terial reperfusion and revascularisation procedures.2 However,
aspirin is the most widely used antiplatelet therapy, as discussed
under Cardiovascular Risk Reduction, on p.1164.
1. Antiplatelet Trialists’ Collaboration. Collaborative overview of

randomised trials of antiplatelet therapy—I: prevention of death,
myocardial infarction, and stroke by prolonged antiplatelet ther-
apy in various categories of patients. BMJ 1994; 308: 81–106. 

2. Antiplatelet Trialists’ Collaboration. Collaborative overview of
randomised trials of antiplatelet therapy—II: maintenance of
vascular graft or arterial patency by antiplatelet therapy. BMJ
1994; 308: 159–68.

Preparations
BP 2008: Sulfinpyrazone Tablets; 
USP 31: Sulfinpyrazone Capsules; Sulfinpyrazone Tablets.
Proprietary Preparations (details are given in Part 3)
Ital.: Enturen; Port.: Sulfinona†; UK: Anturan; USA: Anturane.

Tisopurine (rINN)

MPP; Thioallopurinol; Thiopurinol; Tisopurina; Tisopurinum. 1H-
Pyrazolo[3,4-d]pyrimidine-4-thiol.
Тизопурин
C5H4N4S = 152.2.
CAS — 5334-23-6.
ATC — M04AA02.
ATC Vet — QM04AA02.

Profile
Tisopurine, an analogue of allopurinol, is an inhibitor of uric acid
synthesis. It is used orally in the treatment of disorders associated
with hyperuricaemia (p.552), including gout, in doses of 100 to
400 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Exuracid.

Urate Oxidase
CB-8129; Uricasa; Uricase.
Уратоксидаза
CAS — 9002-12-4.
ATC — M04AX01.
ATC Vet — QM04AX01.

Rasburicase (BAN, USAN, rINN)

Rasburicasa; Rasburicasum; Rasburikaasi; Rasburikas; Rasburikaz;
SR-29142.
Разбуриказа
CAS — 134774-45-1.
ATC — V03AF07.
ATC Vet — QV03AF07.

Description. Rasburicase is a recombinant form of the enzyme
urate oxidase.

Adverse Effects
The most serious adverse effects of rasburicase involve
hypersensitivity reactions, including anaphylaxis,
rashes, bronchospasm, rhinitis, urticaria, hypotension,
dyspnoea, and chest pain and tightness. Haemolysis
and methaemoglobinaemia have also been reported.
Other adverse effects are nausea, vomiting, abdominal
pain, constipation, diarrhoea, headache, fever, respirat-
ory distress, sepsis, neutropenia, and mucositis.

Precautions
Treatment with rasburicase should be immediately and
permanently stopped if hypersensitivity reactions,
methaemoglobinaemia, or haemolysis develop. Ras-
buricase is contra-indicated in patients with G6PD de-
ficiency or other cellular metabolic disorders known to
cause haemolytic anaemia; hydrogen peroxide, which
is produced during oxidation of uric acid to allantoin,
can induce haemolytic anaemia in these patients. Pa-
tients at higher risk of having G6PD deficiency should
be screened before receiving rasburicase.

Uses and Administration
Rasburicase is a recombinant form of the enzyme urate
oxidase, which oxidises uric acid to allantoin. It is used
in the treatment and prophylaxis of severe hyperuricae-
mia (p.552) associated with the treatment of malignan-
cy. It is given by intravenous infusion before and dur-
ing the start of chemotherapy, in a dose of 150 or
200 micrograms/kg daily over 30 minutes. Duration of
treatment may vary from 5 to 7 days. 
The native form of urate oxidase has also been used.
Gout. Rasburicase has been used successfully to treat gout in
patients allergic to allopurinol.1,2

1. Vogt B. Urate oxidase (rasburicase) for treatment of severe
tophaceous gout. Nephrol Dial Transplant 2005; 20: 431–3. 

2. Richette P, Bardin T. Successful treatment with rasburicase of a
tophaceous gout in a patient allergic to allopurinol. Nat Clin
Pract Rheumatol 2006; 2: 338–42.

Tumour lysis syndrome. The tumour lysis syndrome (p.639)
represents a biochemical disturbance after massive release of cel-

lular breakdown products from tumour cells sensitive to therapy;
hyperuricaemia is a cardinal feature. Rasburicase was effective
in the prophylaxis or treatment of hyperuricaemia in children and
young adults with leukaemia or lymphoma who either presented
with abnormally high plasma concentrations of uric acid or had
large tumour cell burdens.1 Treatment was mostly well tolerated;
one patient developed nausea and vomiting and one experienced
bronchospasm and hypoxaemia 3 hours after infusion. Antibod-
ies to rasburicase were seen in 17 of 121 assessable patients.
Safety and efficacy were confirmed in further studies of
children2 and adults2,3 considered to be at particularly high risk
of tumour lysis syndrome. In children4 with haematologic malig-
nancies at high risk for tumour lysis, rasburicase given intrave-
nously achieved more rapid control and lower levels of plasma
uric acid than oral allopurinol. No antibodies to rasburicase were
detected at day 14. In 3 children with acute lymphoblastic leu-
kaemia, hyperuricaemia was reportedly controlled with oral al-
lopurinol and a single dose of rasburicase, although subclinical
tumour lysis was apparent.5 Rasburicase has also been used for
tumour lysis syndrome in neonates. One infant was given a sin-
gle dose of rasburicase after 2 days of induction chemotherapy
for neuroblastoma, started on day 21 of life; serum urate normal-
ised and chemotherapy was completed without further incident.
A second infant, with acute lymphoblastic leukaemia and renal
dysfunction, presented with tumour lysis syndrome, and had 6
doses of intravenous rasburicase plus aggressive supportive ther-
apy, but died of complications on day 7 of life.6 Reviews7,8 have
concluded that rasburicase is highly effective at decreasing uric
acid concentrations rapidly and thoroughly; there is some sug-
gestion that shorter durations of treatment (between 1 and 3 days
as opposed to 5 days) may be sufficient even in high-risk pa-
tients.

1. Pui C-H, et al. Recombinant urate oxidase for the prophylaxis or
treatment of hyperuricemia in patients with leukaemia or lym-
phoma. J Clin Oncol 2001; 19: 697–704. 

2. Pui C-H, et al. Recombinant urate oxidase (rasburicase) in the
prevention and treatment of malignancy-associated hyperuri-
cemia in pediatric and adult patients: results of a compassionate-
use trial. Leukemia 2001; 15: 1505–9. 

3. Coiffier B, et al. Efficacy and safety of rasburicase (recombinant
urate oxidase) for the prevention and treatment of hyperuricemia
during induction chemotherapy of aggressive non-Hodgkin’s
lymphoma: results of the GRAAL1 (Groupe d’Etude des Lym-
phomes de l’Adulte Trial on Rasburicase Activity in Adult Lym-
phoma) study. J Clin Oncol 2003; 21: 4402–6. 

4. Goldman SC, et al. A randomized comparison between rasburi-
case and allopurinol in children with lymphoma or leukemia at
high risk for tumor lysis. Blood 2001; 97: 2998–3003. 

5. Lee ACW, et al. Treatment of impending tumor lysis with single-
dose rasburicase. Ann Pharmacother 2003; 37: 1614–17. 

6. McNutt DM, et al. Rasburicase for the management of tumor
lysis syndrome in neonates. Ann Pharmacother 2006; 40:
1445–50. 

7. Bessmertny O, et al. Rasburicase: a new approach for preventing
and/or treating tumor lysis syndrome. Curr Pharm Des 2005; 11:
4177–85. 

8. Oldfield V, Perry CM. Rasburicase: a review of its use in the
management of anticancer therapy-induced hyperuricaemia.
Drugs 2006; 66: 529–45.

Preparations

Proprietary Preparations (details are given in Part 3)

Austral.: Fasturtec; Belg.: Fasturtec; Braz.: Fasturtec; Canad.: Fasturtec;
Chile: Fasturtec†; Cz.: Fasturtec; Denm.: Fasturtec; Fin.: Fasturtec; Fr.:
Fasturtec; Ger.: Fasturtec; Gr.: Fasturtec; Hong Kong: Fasturtec; Hung.:
Fasturtec; Irl.: Fasturtec; Ital.: Fasturtec; Uricozyme†; Neth.: Fasturtec;
Norw.: Fasturtec; NZ: Fasturtec; Pol.: Fasturtec; Port.: Fasturtec; Singa-
pore: Fasturtec; Spain: Fasturtec; Swed.: Fasturtec; Switz.: Fasturtec;
UK: Fasturtec; USA: Elitek; Venez.: Fasturtec.
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The peripheral effects of histamine are chiefly mediat-
ed by 2 sets of receptors termed H1 and H2. Effects me-
diated by the H1 receptors include the contraction of
smooth muscle and the dilatation and increased perme-
ability of the capillaries. The effects of histamine on
vascular smooth muscle are mediated by H2 as well as
H1 receptors. Other effects that are mediated by H2 re-
ceptors include cardiac accelerating effects and, in par-
ticular, the stimulating action of histamine on the secre-
tion of gastric acid. An H3 receptor has also been
identified in a number of systems including the CNS
and peripheral nerves. It is thought that H3 receptors
are involved in the autoregulation of the release of his-
tamine and other neurotransmitters from neurones. 

The term ‘antihistamines’ is normally reserved for his-
tamine H1-antagonists and this is the convention used
in Martindale. H2-antagonists, typified by cimetidine
(p.1716), are described in the chapter on Gastrointesti-
nal Drugs. H3-antagonists are under investigation. 

The older antihistamines are associated with trouble-
some sedative and antimuscarinic effects, and are often
termed ‘sedating antihistamines’. The newer antihista-
mines, which are essentially devoid of these effects, are
correspondingly termed ‘non-sedating antihistamines’
and include acrivastine, astemizole, cetirizine, lorata-
dine, and terfenadine. 

On the basis of their chemical structure most antihista-
mines can be classified into one of 6 groups: 

• Alkylamines: drugs within this group typically pos-
sess significant sedative actions, although paradoxi-
cal stimulation can occur, especially in children.
They are highly potent H1-antagonists. Bromphe-
niramine and chlorphenamine are typical
alkylamines; acrivastine is a non-sedating
alkylamine antihistamine. 

• Monoethanolamines: monoethanolamine deriva-
tives have pronounced sedative and antimuscarinic
actions but a low incidence of gastrointestinal ef-
fects. Examples include clemastine and diphenhy-
dramine. 

• Ethylenediamines: these antihistamines are selective
H1-antagonists. They cause moderate sedation (de-
spite having weak CNS effects), gastric disturbanc-
es, and skin sensitisation. Antazoline and
mepyramine are examples. 

• Phenothiazines: phenothiazine antihistamines have
significant sedative, and pronounced antiemetic and
antimuscarinic effects. Photosensitivity reactions
have occurred. Promethazine is a typical phenothi-
azine. 

• Piperazines: this group of antihistamines possesses
moderate sedative and significant antiemetic ac-
tions. Piperazine derivatives include cetirizine, cy-
clizine, and hydroxyzine. Cetirizine causes less se-
dation than other members of this group. 

• Piperidines: piperidines cause moderate or low se-
dation and are highly selective for H1 receptors. Ex-
amples include azatadine, cyproheptadine, and the
non-sedating antihistamines astemizole, loratadine,
and terfenadine. 

Although characteristic pharmacological properties
have been described for members of each group it
should be noted that many of the effects of antihista-
mines vary as much with each patient as with each drug
and that, in particular, some of the newer non-sedating
antihistamines may share the chemical structure of a
group in which the other members have sedative ef-
fects.
◊ References.
1. Hill SJ, et al. International Union of Pharmacology. XIII. Clas-

sification of histamine receptors. Pharmacol Rev 1997; 49:
253–78. 

2. Leurs R, et al. Therapeutic potential of histamine H  receptor
agonists and antagonists. Trends Pharmacol Sci 1998; 19:
177–83.

Hypersensitivity. Hypersensitivity may be defined as
an exaggerated or inappropriate immune response causing
tissue damage. Hypersensitivity reactions are generally
classified into 4 types (types I to IV) although this may be
considered an over simplification and more than one type
can often be postulated for a patient’s hypersensitivity. In
each of the 4 types, prior sensitisation of the patient to the
specific antigen is required. The term ‘allergy’ by defini-
tion originally covered all types of hypersensitivity reac-
tions as well as the induction of immunity in an individual.
Nowadays, the term is more commonly applied to type I
hypersensitivity reactions. 
Type I, immediate hypersensitivity reactions occur after
exposure to an antigen (the allergen) in a sensitised sub-
ject; that is, one in whom the initial exposure to the antigen
has caused the production of specific antibodies, mainly
IgE (immunoglobulin E), which are bound to the surface
of mast cells and basophils. At subsequent exposure, anti-
gen binds to antibody resulting in degranulation of mast
cells and basophils with release of mediators. These in-
clude preformed mediators such as histamine and chemo-
tactic factors, and newly synthesised mediators such as
leukotrienes, platelet-activating factor, and prostaglandins.
Although type I reactions are usually described as being
acute and short-lived, clinically there may often also be a
late-phase and more prolonged reaction affecting the skin
and bronchi. Examples of type I hypersensitivity reactions
discussed below include allergic conjunctivitis, allergic
rhinitis, urticaria and angioedema, and anaphylactic shock. 
Type II, cell-surface hypersensitivity reactions are caused
by the interaction of circulating antibodies, mainly IgG
(immunoglobulin G) and IgM (immunoglobulin M), with
antigens that are on the surface of specific cells or tissues.
This interaction results in activation of complement and of
phagocytic and killer cells leading to cell damage or lysis.
Type II reactions are responsible for blood transfusion re-
actions, some drug-induced blood disorders, and many
auto-immune disorders. 
Type III, immune complex hypersensitivity reactions, are
caused by the interaction of fixed or circulating antigens
with circulating antibodies, mainly IgG and IgM (either
soluble or particulate), resulting in formation of immune
complexes. The immune complexes trigger a variety of in-
flammatory processes including complement activation,
mediator release from mast cells and basophils, and plate-
let aggregation. Examples of type III reactions include se-
rum sickness, some auto-immune and neoplastic disor-
ders, type 2 lepra reactions (see Leprosy, p.176), and
reactions, particularly in the lung, to some particulate anti-
gens such as micro-organisms. 
Type IV, cell-mediated or delayed hypersensitivity reac-
tions, are caused by interaction of an antigen with sensi-
tised T-lymphocytes; lymphokines are released by T-lym-
phocytes and inflammation ensues. Type IV reactions
usually occur at least 24 hours after contact with the anti-
gen. A type IV reaction is responsible for tuberculin reac-
tions used for sensitivity testing, contact dermatitis, and
some reactions to chronic infectious disease for example
type 1 lepra reactions (p.176). 
An anaphylactoid (pseudoallergic) reaction produces
similar symptoms to those of anaphylaxis (see below), but

is caused by direct release of histamine provoked by an
unclear, non-immune mechanism. There is thus no re-
quirement for prior exposure to the triggering factor, com-
monly a drug.

Adverse Effects of Antihistamines
The most common adverse effect of the sedating anti-
histamines is CNS depression, with effects varying
from slight drowsiness to deep sleep, and including las-
situde, dizziness, and incoordination (although para-
doxical stimulation may occasionally occur, especially
at high doses and in children or the elderly). These sed-
ative effects, when they occur, may diminish after a
few days of treatment. A major advantage of the non-
sedating antihistamines is that they generally cause lit-
tle or no drowsiness (but see Sedation, below). 
Other adverse effects that are more common with the
sedating antihistamines include headache, psychomo-
tor impairment, and antimuscarinic effects, such as dry
mouth, thickened respiratory-tract secretions, blurred
vision, urinary difficulty or retention, constipation, and
increased gastric reflux. Another major advantage of
the non-sedating antihistamines is that most have little
or no antimuscarinic effect. 
Occasional gastrointestinal adverse effects of antihista-
mines include nausea, vomiting, diarrhoea, or epigas-
tric pain. Those with antiserotonin actions, such as cy-
proheptadine, may cause an increase in appetite with
resultant weight gain, whereas anorexia has been re-
ported with some other antihistamines. 
Palpitations and arrhythmias have been reported occa-
sionally with most antihistamines, but a major disad-
vantage of the non-sedating antihistamines astemizole
and terfenadine is the rare occurrence of hazardous
ventricular arrhythmias which has led to important re-
strictions on their use (see Precautions, below). 
Antihistamines sometimes cause rashes and hypersen-
sitivity reactions (including bronchospasm, angioede-
ma, and anaphylaxis) and cross-sensitivity to related
drugs may occur. Photosensitivity can be a problem,
particularly with the phenothiazine antihistamines. 
Blood disorders, including agranulocytosis, leucope-
nia, haemolytic anaemia, and thrombocytopenia, al-
though rare, have been reported. Jaundice has also
been observed, particularly with the phenothiazine an-
tihistamines. 
Other adverse effects that have been reported with the
antihistamines include convulsions, sweating, myal-
gia, paraesthesias, extrapyramidal effects, tremor,
sleep disturbances, depression, confusion, tinnitus, hy-
potension, and hair loss. 
Despite reports suggesting a possibility of human fetal
abnormalities resulting from the use of some antihista-
mines, especially the piperazine derivatives, a causal
relationship has largely been rejected; for details see
Pregnancy, under Precautions, below. 
Some antihistamines have been abused for their CNS
effects. 
Antihistamines available as preparations for applica-
tion to the skin may occasionally cause skin sensitisa-
tion; systemic adverse effects have been reported after
topical application to large areas of the skin. 
Overdosage with sedating antihistamines is associat-
ed with antimuscarinic, extrapyramidal, and CNS ef-
fects. When CNS stimulation predominates over CNS
depression, which is more likely in children or the eld-
erly, it causes ataxia, excitement, tremors, psychoses,
hallucinations, and convulsions; hyperpyrexia may
also occur. Deepening coma and cardiorespiratory col-
lapse may follow. In adults, CNS depression is more
common with drowsiness, coma, and convulsions, pro-
gressing to respiratory failure and cardiovascular col-
lapse. In the case of the non-sedating antihistamines,
antimuscarinic effects are less marked, but hazardous

The symbol † denotes a preparation no longer actively marketed
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ventricular arrhythmias (below) may be a special prob-
lem with astemizole and terfenadine, even in modest
overdoses, and have led to restrictions on their use.
◊ Reviews.
1. Simons FER. H -receptor antagonists: comparative tolerability

and safety. Drug Safety 1994; 10: 350–80. 
2. Horak F, Stübner UP. Comparative tolerability of second gener-

ation antihistamines. Drug Safety 1999; 20: 385–401.

Arrhythmias. Ventricular arrhythmias have been reported rare-
ly with astemizole and terfenadine particularly in association
with increased blood concentrations. For full details and specific
warnings see under Astemizole, p.567, and Terfenadine, p.590. 
The suspicion that such life-threatening arrhythmias may be a
class effect of the non-sedating antihistamines has so far proven
unfounded. Data1 from the WHO adverse drug reaction database
showed that cardiac events had been reported with the 5 most
widely prescribed non-sedating antihistamines at that time
(acrivastine, astemizole, cetirizine, loratadine, and terfenadine),
and an attempt to quantify the risk2 suggested that use of these
drugs was associated overall with a fourfold increase in likeli-
hood of developing ventricular arrhythmias, although the abso-
lute risk remained low. However, other centres3 have argued that
definitive causality has only been proven for astemizole and ter-
fenadine. In addition, a possible mechanism for drug-induced
cardiac toxicity has only been found with astemizole and terfena-
dine;4 both drugs have been shown to block cardiac potassium
channels in vitro, a phenomenon that results in prolongation of
the QT interval, which is a risk factor for developing ventricular
arrhythmias. Studies5 with loratadine and cetirizine have found
that neither drug blocked potassium channels in vitro, and a sim-
ilar lack of activity might be expected with desloratadine and lev-
ocetirizine; however, there is some evidence that mizolastine can
block potassium channels at high concentrations in vitro6 (al-
though a small study in healthy subjects noted no adverse effects
on cardiac conduction at doses up to 4 times those normally giv-
en).7 A case report8 of arrhythmias in a patient with pre-existing
QT-prolongation given fexofenadine, did not appear to be asso-
ciated with blocking of potassium channels.9
1. Lindquist M, Edwards IR. Risks of non-sedating antihistamines.

Lancet 1997; 349: 1322. Correction. ibid.; 1482. 
2. de Abajo FJ, García Rodrígues LA. Risk of ventricular arrhyth-

mias associated with nonsedating antihistamine drugs. Br J Clin
Pharmacol 1999; 47: 307–13. 

3. Himmel MH, et al. Dangers of non-sedating antihistamines.
Lancet 1997; 350: 69. 

4. Salata JJ, et al. Cardiac electrophysiological actions of the hista-
mine H -receptor antagonists astemizole and terfenadine com-
pared with chlorpheniramine and pyrilamine. Circ Res 1995; 76:
110–19. 

5. Woosley RL. Cardiac actions of antihistamines. Ann Rev Phar-
macol Toxicol 1996; 36: 233–52. 

6. Taglialatela M, et al. Inhibition of HERG1 K  channels by the
novel second-generation antihistamine mizolastine. Br J Clin
Pharmacol 2000; 131: 1081–8. 

7. Chaufour S, et al. Study of cardiac repolarization in healthy vol-
unteers performed with mizolastine, a new H -receptor antago-
nist. Br J Clin Pharmacol 1999; 47: 515–20. 

8. Pinto YM, et al. QT lengthening and life-threatening arrhythmi-
as associated with fexofenadine. Lancet 1999; 353: 980. 

9. Scherer CR, et al. The antihistamine fexofenadine does not af-
fect I  currents in a case report of drug-induced cardiac arrhyth-
mia. Br J Clin Pharmacol 2002; 137: 892–900.

Reye’s syndrome. For criticism of a suggested link in children
between antihistamines and Reye’s syndrome, see p.22.
Sedation. CNS depression is a common adverse effect of the
sedating antihistamines and sedative effects can range from
slight drowsiness to deep sleep. Daytime sedation can be a prob-
lem especially for those who have to drive or operate machinery.
When sedative effects do occur they are most apparent at the start
of treatment and often diminish after a few days despite contin-
ued use. Sedation caused by alcohol or other CNS depressants is
enhanced. Many studies have attempted to quantify and compare
the sedative effects of the older antihistamines, but results vary
widely and classifications are difficult to make. Theoretically, the
onset, degree, and persistence of sedation depend on factors such
as penetration of the blood-brain barrier and on the relative affin-
ity for central and peripheral histamine H1 receptors. In general,
antihistamines of the monoethanolamine and phenothiazine
classes cause the most sedation. 
In view of these problems, non-sedating antihistamines have
been developed. These compounds have poor penetration into
the CNS and/or higher affinity for peripheral rather than central
histamine H1 receptors. Studies with acrivastine,1 astemizole,2
fexofenadine,3 loratadine,4 and terfenadine5 have generally indi-
cated a lower incidence of sedation and related CNS effects than
that observed with older antihistamines and comparable with that
of placebo; prescription-event monitoring suggested that seda-
tion was lower with fexofenadine and loratadine than with
acrivastine or cetirizine, although the risk was low with all 4
drugs.6 In a study7 to compare the effects of acrivastine, terfena-
dine, and diphenhydramine on driving performance, terfenadine
had no significant effect on driving performance. Acrivastine’s
effects were dose-related, but with little effect at the normal ther-
apeutic dose, whereas diphenhydramine profoundly impaired all
the measures of driving performance. In another study,8 the ef-
fects of fexofenadine on driving performance were comparable

with placebo. Studies with terfenadine5 suggest that the inci-
dence of sedation does not increase significantly with increased
dose or duration of administration. Cetirizine appears to be more
sedating than loratadine or terfenadine but less sedating than old-
er antihistamines; the effect appears to be dose dependent.9 Lim-
ited data with azelastine10 indicate a similar incidence of drowsi-
ness to that with terfenadine. An incidence of sedation
comparable with that caused by terfenadine has also been seen
for mequitazine when given in the recommended dosage of 5 mg
twice daily.5 Sedation has, however, occurred after doses of
10 mg twice daily.11 Other newer antihistamines claimed to pro-
duce no troublesome sedation include ebastine, epinastine, mizo-
lastine, and setastine. A review12 of studies in drivers divided an-
tihistamines into: 
• first-generation (such as clemastine, diphenhydramine, and

triprolidine), which produced significant impairment of driv-
ing ability 

• second-generation (acrivastine, cetirizine, ebastine, emedas-
tine, loratadine, mizolastine, and terfenadine), which pro-
duced more modest degrees of impairment; higher doses than
normal produced significant impairment 

• third-generation (levocetirizine, fexofenadine), which seemed
to produce little or no impairment 

A number of studies have indicated that the non-sedating antihis-
tamines do not seem to enhance the effects of alcohol and other
CNS depressants. 
A few patients treated with non-sedating antihistamines have ex-
perienced drowsiness. Therefore it is prudent to exercise caution
before driving or operating machinery; the effect of a drug on a
particular patient can be ascertained after the first few doses.
1. Bojkowski CJ, et al. Acrivastine in allergic rhinitis: a review of

clinical experience. J Int Med Res 1989; 17 (suppl 2): 54B–68B. 
2. Anonymous. Astemizole—another non-sedating antihistamine.

Med Lett Drugs Ther 1989; 31: 43–4. 
3. Hindmarch I, et al. A double-blind, placebo-controlled investi-

gation of the effects of fexofenadine, loratadine and promethaz-
ine on cognitive and psychomotor function. Br J Clin Pharma-
col 1999; 48: 200–206. 

4. Clissold SP, et al. Loratadine: a preliminary review of its phar-
macodynamic properties and therapeutic efficacy. Drugs 1989;
37: 42–57. 

5. McTavish D, et al. Terfenadine: an updated review of its phar-
macological properties and therapeutic efficacy. Drugs 1990;
39: 552–74. 

6. Mann RD, et al. Sedation with “non-sedating” antihistamines:
four prescription-event monitoring studies in general practice.
BMJ 2000; 320: 1184–6. 

7. Ramaekers JG, O’Hanlon JF. Acrivastine, terfenadine and
diphenhydramine effects on driving performance as a function
of dose and time after dosing. Eur J Clin Pharmacol 1994; 47:
261–6. 

8. Weiler JM, et al. Effects of fexofenadine, diphenhydramine, and
alcohol on driving performance: a randomized, placebo-control-
led trial in the Iowa driving simulator. Ann Intern Med 2000;
132: 354–63. 

9. Spencer CM, et al. Cetirizine: a reappraisal of its pharmacolog-
ical properties and therapeutic use in selected allergic disorders.
Drugs 1993; 46: 1055–80. 

10. McTavish D, Sorkin EM. Azelastine: a review of its pharmaco-
dynamic and pharmacokinetic properties, and therapeutic po-
tential. Drugs 1989; 38: 778–800. 

11. Brandon ML. Newer non-sedating antihistamines: will they re-
place older agents? Drugs 1985; 30: 377–81. 

12. Verster JC, Volkerts ER. Antihistamines and driving ability: ev-
idence from on-the-road driving studies during normal traffic.
Ann Allergy Asthma Immunol 2004; 92: 294–303. Corrections.
ibid.; 675 and ibid. 2005; 94: 409–10.

Precautions for Antihistamines
Drowsiness is a major problem with the sedating anti-
histamines and those affected should not drive or oper-
ate machinery; alcohol should be avoided. In the case
of non-sedating antihistamines, although drowsiness is
rare, it can occur and may affect the performance of
skilled tasks. 
Because of their antimuscarinic actions the sedating
antihistamines should be used with care in conditions
such as angle-closure glaucoma, urinary retention, pro-
static hyperplasia, or pyloroduodenal obstruction; an-
timuscarinic adverse effects are not a significant prob-
lem with the non-sedating antihistamines. 
Occasional reports of convulsions in patients taking
antihistamines suggest a need for caution in patients
with epilepsy. 
Many antihistamines are excreted in the urine in the
form of active metabolites so that dosage reduction
may be necessary in renal impairment (see individual
monographs for specific advice). Caution is also need-
ed in hepatic impairment, notably with phenothiazine
antihistamines (for further details, see Effects on the
Liver, under Chlorpromazine, p.971) and, above all,
with the non-sedating antihistamines, astemizole and
terfenadine (hazardous ventricular arrhythmias may
occur in the presence of excessive blood concentra-

tions). Other important cautions for astemizole and ter-
fenadine include avoidance of use with drugs liable to
interfere with their hepatic metabolism or otherwise in-
crease the risk of arrhythmias, and contra-indication in
patients with cardiac disease, known or suspected pro-
longation of the QT interval, or hypokalaemia or other
electrolyte imbalances. For full details see under
Astemizole, p.567, and Terfenadine, p.590. 
Antihistamines should not be given to neonates be-
cause the latter are more susceptible to antimuscarinic
effects. It has also been recommended that antihista-
mines should be avoided in young children (see Chil-
dren, below, and under Promethazine, p.589, and Ali-
memazine, p.566). Elderly patients are also more sus-
ceptible to many of the adverse effects of antihista-
mines and, in particular, their inappropriate use for pos-
tural giddiness should be avoided (see Vertigo, below). 
Topical preparations containing antihistamines should
not be used on broken or eczematous skin. 
A number of large studies have failed to find any strong
associations between fetal abnormalities and antihista-
mines taken during pregnancy (see under Pregnancy,
below).
Asthma. Antihistamines are not considered effective in the
management of asthma1 and their use has often been contra-indi-
cated in patients with asthma because of fears that they may
cause airway obstruction. However, antihistamine-induced air-
way obstruction has rarely been noted clinically and many pa-
tients with asthma tolerate concurrent treatment with antihista-
mines without obvious adverse effects. Therefore the American
Academy of Allergy and Immunology has recommended that
antihistamines are not contra-indicated in patients with asthma,
unless an adverse reaction has previously been demonstrated,
and the FDA no longer warns against the use of over-the-counter
antihistamines by people with asthma.2

1. Meltzer EO. To use or not to use antihistamines in patients with
asthma. Ann Allergy 1990; 64: 183–6. 

2. FDA. Cold, cough, allergy, bronchodilator, and antiasthmatic
drug products for over-the-counter human use: final monograph
for OTC antihistamine drug products: final rule. Fed Regist
1992; 57: 58369–70.

Children. In 2004, the FDA1 reviewed all reports that it had re-
ceived, between 1969 and 2003, of serious adverse events in
children (aged from birth to 16 years) given promethazine. Of
125 reports there were 38 cases of respiratory depression, ap-
noea, or cardiac arrest; 29 cases of extrapyramidal dystonic reac-
tions; 24 cases of other CNS reactions; 15 cases of seizures or
seizure-like activity; 12 cases of dermatological reactions; and 5
cases of neuroleptic malignant syndrome. These reports included
22 cases of respiratory depression in patients aged 1.5 months to
2 years, 7 of which were fatal. Doses received in these 22 cases
ranged from 0.45 to 6.4 mg/kg. Serious outcomes occurred with
all routes of administration (oral, rectal, and parenteral). US li-
censed product information for promethazine hydrochloride now
contra-indicates its use in children under 2 years of age because
of the potential for fatal respiratory depression; a strengthened
warning regarding use in children aged 2 years and older advises
use of the lowest effective dose and to avoid concomitant use of
other drugs with respiratory depressant effects. UK licensed
product information for phenothiazine antihistamines, such as
promethazine and alimemazine, also warns that these should not
be given to children under 2 years of age, and the BNFC advises
that sedating antihistamines such as these should not be given to
children under 2 years of age, except on specialist advice, be-
cause safety has not been established. 
Concern has also been expressed about the safety in children of
cough and cold preparations that contain antihistamines, cough
suppressants, expectorants, and sympathomimetic decongest-
ants, either alone or in combination. A systematic review2 has
also found no good evidence for or against the effectiveness of
over-the-counter preparations in acute cough. In early 2008, the
FDA3 and MHRA4 both advised that over-the-counter cough and
cold preparations should not be given to children under 2 years
of age. They warn of the potential for serious and potentially life-
threatening adverse effects and that such preparations provide
only symptomatic relief, at best. If these products are used in
children older than 2 years of age, the recommended dose should
be followed carefully and measured accurately, and only one
preparation should be used to avoid overdosage of the same drug
or similar drugs. A review by the FDA of the use of such prepa-
rations in older children (2 to 11 years of age) is ongoing. For the
MHRA’s suggested management of the symptoms of coughs and
colds, see Cough, p.1547. 
An association between phenothiazine antihistamines and sud-
den infant death syndrome has also been investigated—see
p.588.
1. Starke PR, et al. Boxed warning added to promethazine labeling

for pediatric use. N Engl J Med 2005; 352: 2653. 
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2. Smith SM, et al. Over-the-counter medications for acute cough
in children and adults in ambulatory settings. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2008 (accessed 15/04/08). 

3. FDA. FDA releases recommendations regarding use of over-the-
counter cough and cold products (issued 17th January, 2008). Avail-
able  a t :  h t tp : / /www.fda .gov/bbs/ topics /NEWS/2008/
NEW01778.html (accessed 15/04/08) 

4. MHRA/CHM. Updated advice—over-the-counter cough and
cold medicines for children. Drug Safety Update 2008; 1 (9): 9.
Avai lable  a t :  h t tp : / /www.mhra .gov.uk/home/idcplg?
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Pregnancy. Antihistamines have been used for antiemetic ther-
apy during pregnancy, but considerable anxiety has surrounded
such use and its potential for risk to the fetus. The most widely
studied preparation was Debendox which contained doxylamine,
dicycloverine, and pyridoxine, and was known as Bendectin in
some countries. Dicycloverine was removed from the prepara-
tion in 1976 in the USA and subsequently in other countries, and
the product was withdrawn from the market in 1983 because of
threatened litigation.1 By that time Debendox had been used for
over 27 years and in over 33 million pregnancies worldwide.1 
Initial concern came from anecdotal reports of malformations in
infants whose mothers had taken Debendox during pregnancy.2,3

Evidence was found4 of an association between prenatal expo-
sure to the 3-component formulation of Bendectin and an in-
creased risk of pyloric stenosis and possibly also defective heart
valves in a study of 1369 malformed infants and 2968 healthy
control cases. Other studies have suggested an increased inci-
dence of oral clefts,5 gastrointestinal atresia,6 and genital tract
disorders,7 but generally such increases have been small. No
overall pattern of malformations appears to have emerged, and
many large studies have failed to confirm an association between
doxylamine use and congenital malformations.8-13 
A prospective study of 11 481 pregnancies found no increased
incidence of either severe congenital abnormalities or perinatal
mortality rates in women who had been prescribed prochlorper-
azine, meclozine, cyclizine, or Bendectin during pregnancy, al-
though there was some evidence of an excess number of congen-
ital abnormalities in patients taking trimethobenzamide.14 
The Collaborative Perinatal Project15 monitored the mothers of
50 282 children between 1958 and 1965. Of these, 5401 were
exposed to antihistamines and 1309 to phenothiazines during the
first 4 months of pregnancy. There was no evidence to suggest
that exposure to these drugs was related to malformations, al-
though there were slight suggestions of associations between res-
piratory malformations and pheniramine, inguinal hernia and
meclozine, inguinal hernia or genito-urinary malformations and
diphenhydramine, and cardiovascular deformities and phenothi-
azines. A report16 on the same study found no effects of pheno-
thiazines on perinatal mortality, birth-weight, or IQ scores at the
age of 4 years. The Collaborative Perinatal Project also noted a
relationship between cardiovascular defects and inguinal hernia
and dimenhydrinate exposure.15 
Both the UK CSM17 and the FDA in the USA18 reviewed the
literature in 1981 and concluded that while the scientific evi-
dence did not show an increase in birth defects with Debendox,
the risk of teratogenicity could not be completely excluded. A
subsequent review19 by the FDA in 1999 into the reasons for
withdrawal stated that the evidence supported the conclusion that
the combination had not been withdrawn from the market for
reasons of safety or efficacy. In some countries a combination
preparation of doxylamine and pyridoxine remains available for
the treatment of nausea and vomiting in pregnancy. There has
been a study indicating that vomiting itself is not teratogenic.20 
A number of other studies have been carried out on meclozine
prompted by reports of fetal abnormalities in 10 patients associ-
ated with a preparation of meclozine and pyridoxine;21 these
studies have not supported the original reports.22-24
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Interactions of Antihistamines
Sedating antihistamines may enhance the sedative ef-
fects of CNS depressants including alcohol, barbitu-
rates, hypnotics, opioid analgesics, anxiolytic seda-
tives, and antipsychotics. Sedative interactions apply to
a lesser extent with the non-sedating antihistamines;
they do not appear to potentiate the effects of alcohol,
but it should be avoided in excess. 
Sedating antihistamines have an additive antimus-
carinic action with other antimuscarinic drugs, such as
atropine and some antidepressants (both tricyclics and
MAOIs). 
Potentially hazardous ventricular arrhythmias have oc-
curred when the non-sedating antihistamines astemi-
zole and terfenadine have been given with drugs liable
to interfere with their hepatic metabolism, with other
potentially arrhythmogenic drugs including those that
prolong the QT interval, or with those likely to cause
electrolyte imbalance. For full details see under
Astemizole, p.567, and Terfenadine, p.591. 
It has been suggested that some sedating antihista-
mines could mask the warning signs of damage caused
by ototoxic drugs such as aminoglycoside antibiotics. 
Antihistamines may suppress the cutaneous histamine
response to allergen extracts and should be stopped
several days before skin testing.

Uses of Antihistamines
Histamine H1-antagonists (termed ‘antihistamines’ in
Martindale) diminish or abolish the major actions of
histamine in the body by competitive, reversible block-
ade of histamine H1-receptor sites on tissues; they do
not inactivate histamine or prevent its synthesis, nor, in
most cases, its release (although some are claimed to
have mast-cell stabilising properties). Histamine H1 re-
ceptors are responsible for vasodilatation, increased
capillary permeability, flare and itch reactions in the
skin, and to some extent for contraction of smooth
muscle in the bronchi and gastrointestinal tract. 
Many of the sedating antihistamines also possess
antimuscarinic, adrenaline-antagonising, serotonin-
antagonising, and local anaesthetic effects. Some have
calcium-channel blocking activity. 
Antihistamines are used primarily for the alleviation of
conditions such as urticarial rashes and nasal allergy
that are characterised by type I hypersensitivity (see
above), but by virtue of their associated pharmacolog-
ical actions they are also used to alleviate the symp-
toms of a wide range of other conditions (such as pru-
ritus and nausea and vomiting). 
The antihistamines can improve or relieve the symp-
toms of seasonal allergic rhinitis (‘hay fever’) in
many patients. They alleviate rhinorrhoea and sneez-
ing (and ocular symptoms such as conjunctivitis) but
may be less effective for nasal congestion. The relief
obtained is dependent on the severity and nature of the
symptoms, being greater in the milder stages. The

non-sedating antihistamines are preferred for daytime
control, but a sedating antihistamine may be preferred
at night. Antihistamines may also be of value in vaso-
motor rhinitis, despite the fact that this is not primarily
an allergic condition. Sedating antihistamines are wide-
ly marketed, often with a decongestant, in compound
preparations for the symptomatic treatment of coughs
and colds although there is little evidence of value. 
Antihistamines are of value in preventing urticaria
and are used to treat urticarial rashes and mild
angioedema. They are also used as adjuncts to adren-
aline in the emergency treatment of anaphylaxis and
severe angioedema. However, the use of an antihista-
mine is not appropriate for the control of blood transfu-
sion reactions caused by ABO incompatibility. 
The sedating antihistamines are of value in the allevia-
tion of pruritus both of allergic and of non-allergic or-
igin; they have a major role in pruritus associated with
atopic eczema. The non-sedating antihistamines do not
alleviate pruritus of non-allergic origin owing to their
poor penetration of the blood-brain barrier. 
Sedating antihistamines have marked antiemetic activ-
ity and are used to control nausea and vomiting
caused by a variety of vestibular disorders. In the case
of motion sickness a sedating antihistamine, such as di-
menhydrinate or promethazine, is used if severe drow-
siness (or even sleep) is not considered undesirable, but
generally a less sedative antihistamine, such as cy-
clizine, cinnarizine, or meclozine may be preferred.
Sedating antihistamines are similarly used to control
the vertigo and nausea associated with Ménière’s dis-
ease and related conditions, with cinnarizine promoted
as a specific treatment. Sedating antihistamines also
have an important role in the alleviation of the nausea
and vomiting of migraine, and buclizine or cyclizine
are marketed in some countries in a combination prep-
aration for this purpose; cyproheptadine, which has se-
rotonin antagonist and calcium-channel blocking ac-
tivity, may be of value in the prophylaxis of migraine.
Sedating antihistamines have a very limited role in the
short-term management of vomiting of pregnancy but
are no longer considered appropriate for nausea alone.
Sedating antihistamines have also been widely used
for premedication in anaesthetic practice and still
have a major role in the prevention of postoperative
nausea and vomiting. 
Some of the antihistamines with very pronounced sed-
ative effects, such as diphenhydramine and promethaz-
ine, have been marketed for treatment of occasional
insomnia but their long duration of action can cause
hangover effects. Some antihistamines are also availa-
ble as preparations for topical application for the alle-
viation of insect bites, but there is little evidence of any
real value and such use may be associated with sensiti-
sation.
◊ General references.
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Anaesthesia
Phenothiazine antihistamines have been used for anaes-
thetic premedication (p.1780) and to relieve anxiety during
surgical and obstetric procedures, but benzodiazepines are
now used more routinely. However, sedating antihista-
mines such as promethazine and cyclizine do have a role
in the control of postoperative vomiting (below). Al-
imemazine is licensed for premedication in children, al-
though when given alone it may cause postoperative rest-
lessness if pain is present.

Anaphylaxis
Anaphylaxis is commonly a type I (immediate) hypersen-
sitivity reaction (see above) to various allergens such as
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drugs, foods, and insect venoms. A clinically identical re-
action can, however, be provoked by some other immune
mechanisms, or by non-immune mechanisms (an anaphy-
lactoid reaction). Symptoms of anaphylaxis and anaphy-
lactoid reactions include erythema, pruritus, urticaria, and
angioedema; respiratory obstruction may result from
oedema of the larynx or epiglottis. Gastrointestinal distur-
bances, bronchospasm, hypotension, and coma can occur
in severe reactions. 
Patients with severe anaphylactic or anaphylactoid reac-
tions should be given immediate treatment with adrenaline
(see Anaphylaxis and Anaphylactic Shock, p.1205). Addi-
tion of a parenteral antihistamine such as chlorphenamine
maleate or diphenhydramine hydrochloride and a corticos-
teroid such as hydrocortisone after the acute episode may
decrease the duration and severity of symptoms and pre-
vent relapse. The use of antihistamines in treating the
symptoms of milder forms of anaphylaxis is discussed un-
der individual symptoms such as Pruritus (below) and Ur-
ticaria and Angioedema (below).

Angioedema
See under Urticaria and Angioedema, below.

Asthma
Antihistamines appear to have no place in the treatment of
asthma (p.1108). A meta-analysis1 of double-blind ran-
domised placebo-controlled studies published since 1980
did not support the use of antihistamines in the treatment
of asthma, although the quality of the studies was general-
ly considered to be poor.
1. Van Ganse E, et al. Effects of antihistamines in adult asthma: a

meta-analysis of clinical trials. Eur Respir J 1997; 10: 2216–24.

Conjunctivitis
Allergic conjunctivitis is a type I hypersensitivity reaction
(above). It is usually seasonal but perennial attacks due to
allergens such as house dust mites can occur. Itching, tears,
and burning are common symptoms and frequently rhinitis
(below) will co-exist. Conjunctivitis can also be caused by
pathogenic micro-organisms (see Eye Infections, p.171). 
Avoidance of unnecessary exposure to aeroallergens is of
prime importance in the management of allergic conjunc-
tivitis. Since a large number of inflammatory mediators
are involved in its pathogenesis no single drug will be
completely effective. Systemic sedating and non-sedating
antihistamines are effective in reducing allergic symptoms
and preventing attacks; the choice of drug depends on the
degree of sedation required. Ophthalmic antihistamine
preparations such as antazoline, azelastine, emedastine,
levocabastine, and olopatadine may also be used for acute
attacks. Ophthalmic corticosteroids may reduce inflam-
mation, but should be restricted to severe cases only and
limited to 5 to 7 days of use because of the risk of local
adverse effects such as cataract or raised intra-ocular pres-
sure. Mast-cell stabilisers including ketotifen, lodoxamide,
nedocromil, and sodium cromoglicate have been widely
used for prophylaxis; some antihistamines also have mast-
cell stabilising properties. Diclofenac and ketorolac eye
drops are available for the treatment of allergic conjuncti-
vitis. Combined preparations of astringents such as zinc
sulfate and sympathomimetics or other conjunctival de-
congestants such as naphazoline may also be used for
symptomatic relief. 
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Coughs and colds
Sedating antihistamines are frequently used in combina-
tion preparations for the treatment of coughs and colds
(p.1547 and p.850 respectively). The mechanism of their
antitussive action may involve reduction in cholinergic
nerve transmission or may simply result from their seda-
tive effects; reduction of nasal secretions may be of value
in treating cough caused by postnasal drip. Antihistamines
should not be used to treat productive coughs because re-
duction in bronchial secretions may cause formation of

viscid mucus plugs. The sedative effects of antihistamines
may prove troublesome for daytime use but may be a
short-term advantage for night coughs. 
Antihistamines may be useful in the management of chil-
dren with an acute allergic cough in the pollen season.
They may also be used, with allergen avoidance and intra-
nasal corticosteroids, in children with a chronic throat
clearing type of cough and signs of allergic rhinitis.1
1. Shields MD, et al. British Thoracic Society Cough Guideline

Group. Recommendations for the assessment and management of
cough in children. Thorax 2008; 63 (suppl III): iii1–iii15. Also
available at: http://www.brit-thoracic.org.uk/Portals/0/
Clinical%20Information/Cough/Guidelines/cough_in_children.pdf
(accessed 01/08/08)

Food allergy
The term food allergy (food hypersensitivity) should be re-
served for instances in which an immune mechanism for
the reaction is proven, as may occur, for example, with
nuts; food intolerance is used to describe a non-immune
reaction. Food allergy may be the result of a type I (imme-
diate), or possibly a type III (immune complex), hypersen-
sitivity reaction (see above). Management revolves around
the identification of the provoking food allergen and its
subsequent avoidance. Individualised diets are designed
and patients are educated about possible hidden sources of
the allergen. Drug therapy has a very limited role in the
prevention of food allergy; oral sodium cromoglicate has
been used but efficacy has not been unequivocally estab-
lished. 
Inadvertent exposure to an allergen resulting in anaphylac-
tic shock (p.1205) requires immediate treatment with
adrenaline. Milder symptoms may be controlled by anti-
histamines and corticosteroids. Allergen immunotherapy
(p.2251) plays no role in the routine management of food
allergy. 
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Hay fever
Hay fever is a seasonal form of allergic rhinitis in which
symptoms of conjunctivitis are also present. Management
is symptomatic and therapies used are discussed under
Conjunctivitis, above and Rhinitis, below.

Insomnia
Some of the older sedating antihistamines including
diphenhydramine and promethazine, have been promoted
to the public for occasional insomnia (p.957), although
their long duration of action may cause hangover effects.
Promethazine was formerly popular for children but the
use of hypnotics in this age group is not usually justified.
Moreover a possible association between phenothiazines
and sudden infant death syndrome (see under the Adverse
Effects of Promethazine, p.588) contributed to the recom-
mendation that such antihistamines should not be used in
young children.

Ménière’s disease
Ménière’s disease is a disorder of the labyrinth (the inner
ear) characterised by recurrent attacks of vertigo, progres-
sive hearing loss, and worsening tinnitus (p.1866). It usu-
ally presents in middle age and may equally affect men and
women. The main pathological feature is an excess of en-
dolymph fluid producing an increase in pressure in the
membranous labyrinth (endolymphatic hydrops). Attacks
occur in clusters over a few weeks with periods of remis-
sion lasting weeks or months. 
The aims of treatment are to alleviate symptoms and pre-
serve hearing if possible. It is therefore important to assess
how far the disease has progressed, particularly in terms of

hearing loss. In addition to conventional hearing tests, co-
chlear dysfunction may be assessed pharmacologically.
Hypertonic glycerol has been given orally to reduce the
endolymphatic fluid volume by osmotic diuresis, any tem-
porary improvement in hearing indicating reversible im-
pairment. However, this test is associated with adverse ef-
fects that some consider unacceptable. Urea has been used
as an alternative to glycerol. Intravenous acetazolamide
has been used diagnostically to increase endolymphatic
pressure temporarily in order to produce transient hearing
loss in patients in the reversible stages of the disease. 
Acute attacks of vertigo in the early stages may be treated
with the same drugs used for vertigo of any cause (see be-
low). 
Vasodilators have been advocated for maintenance treat-
ment because ischaemia of the labyrinth has been postulat-
ed as a factor in the aetiology. Betahistine, a histamine an-
alogue, is used. Restriction of dietary sodium and
administration of diuretics, such as chlortalidone, furo-
semide, and hydrochlorothiazide, has also been used tradi-
tionally to reduce the amount of fluid in the endolymphatic
spaces. 
As the disease progresses, vestibular ablation with
aminoglycosides may be indicated. Systemic streptomy-
cin has been used but the risk of further hearing loss and
other serious adverse effects has limited its use. Intratym-
panic use of gentamicin is now preferred, and can improve
vertigo in up to 90% of patients, although exacerbation of
hearing loss is still a risk, albeit at a lower incidence than
that with systemic streptomycin. 
Surgical treatment remains an option for patients with
Ménière’s disease refractory to medical interventions. 
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Med 2005; 66: 508–10.

Migraine
Antihistamines have a number of uses in the management
of migraine (p.616). Those with antiemetic activity such as
buclizine and cyclizine are used to alleviate the nausea and
vomiting associated with migraine; they are common in-
gredients of compound analgesic preparations given for
the initial treatment of migraine. 
Those antihistamines with antiserotonin actions, including
cyproheptadine and flunarizine, have been used for the
prophylaxis of migraine.

Nausea and vomiting
The management of various types of nausea and vomiting
is discussed in detail on p.1700. 
The older antihistamines such as cinnarizine, cyclizine, di-
menhydrinate, meclozine, and promethazine are among
the principal drugs used for motion sickness. They are all
of similar efficacy but may differ in onset and duration of
action and in the extent of adverse effects such as drowsi-
ness. If a sedative effect is desired dimenhydrinate and
promethazine are useful, otherwise a slightly less sedating
antihistamine such as cinnarizine, cyclizine, or meclozine
may be preferred. The aim is prevention of motion sick-
ness since antiemetics are more effective for prophylaxis
than for treatment; intramuscular promethazine may be ef-
fective as a treatment if injection is feasible. Antihista-
mines may be slightly less effective against motion sick-
ness than the antimuscarinic hyoscine (p.1733), but are
often better tolerated. Non-sedating antihistamines such as
terfenadine, which penetrate poorly into the CNS, do not
appear to be effective against motion sickness. 
Diphenhydramine has been included in antiemetic regi-
mens for the control of nausea and vomiting associated
with cancer chemotherapy to reduce the extrapyramidal
reactions associated with metoclopramide; it may also im-
prove overall antiemetic control. Cyclizine is used as an
antiemetic in palliative care. 
Cyclizine is given as a supplement to opioids for premed-
ication and has been effective prophylactically as well as
in established postoperative nausea and vomiting. Pro-
methazine has also been used for the prevention and treat-



Antihistamines    565

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ment of postoperative nausea and vomiting, but has
marked sedative effects. Dimenhydrinate is also effective
for prophylaxis. 
Nausea in the first trimester of pregnancy does not require
drug therapy, but on rare occasions if vomiting is severe an
antihistamine such as promethazine may be required pend-
ing specialist advice. See under Precautions for Antihista-
mines, above, for a discussion of the risks of antiemetic
therapy during pregnancy.

Otitis media
Acute otitis media (p.182) and otitis media with effusion
may resolve without treatment although antibacterials are
often given. Antihistamines and decongestants, alone or in
combination, have been widely given to children for
symptomatic management of acute otitis media and asso-
ciated respiratory symptoms, but studies have failed to
show benefit and their use is not recommended.1 Indeed in
one study,2 adjunctive treatment with chlorphenamine was
found to prolong the duration of middle ear effusion.
1. Griffin GH, et al. Antihistamines and/or decongestants for otitis

media with effusion (OME) in children. Available in The Co-
chrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2006 (accessed 07/03/07). 

2. Chonmaitree T, et al. A randomized, placebo-controlled trial of
the effect of antihistamine or corticosteroid treatment in acute
otitis media. J Pediatr 2003; 143: 377–85.

Pruritus
The sedating antihistamines are commonly used to relieve
pruritus (itching) (p.1582) from a variety of causes. They
are effective in relieving pruritus associated with urticaria
(below) but are also used for itching associated with derm-
atoses such as atopic eczema (p.1579), where the degree of
benefit is less certain. They are given in the latter to control
nocturnal itching and for severe pruritus associated with
relapse. 
The exact pathophysiology of itching remains unclear.1-3

Although histamine release is associated with itching in at-
opic eczema different inflammatory mediators are in-
volved in other dermatoses. The CNS is also thought to
play a part in the perception of itch. Hence, the relative
roles of CNS sedation and peripheral histamine-receptor
blockade in the mode of action of antihistamines in these
conditions is a matter of debate. Although sedation has
generally been considered the more important, the benefits
of sedating antihistamines appear to be less in eczema than
in urticaria. In addition, clemastine has been reported to
provide no antipruritic benefit, yet it induces significant se-
dation. Studies with non-sedating antihistamines have
been inconclusive; most found no benefit in pruritus asso-
ciated with atopic eczema, although one early study has
shown a slight benefit from the addition of acrivastine or
terfenadine to treatment with a topical corticosteroid and
an emollient.4 Some have questioned whether any antihis-
tamine offers much benefit in pruritus.5
1. Krause L, Shuster S. Mechanism of action of antipruritic drugs.

BMJ 1983; 287: 1199–1200. 
2. Advenier C, Queille-Roussel C. Rational use of antihistamines

in allergic dermatological conditions. Drugs 1989; 38: 634–44. 
3. Greaves MW, Wall PD. Pathophysiology of itching. Lancet

1996; 348: 938–40. 
4. Doherty V, et al. Treatment of itching in atopic eczema with an-

tihistamines with a low sedative profile. BMJ 1989; 298: 96. 
5. Anonymous. Oral antihistamines for allergic disorders. Drug

Ther Bull 2002; 40: 59–62. Correction. ibid.; 2003; 41: 24.

Rhinitis
Rhinitis may be allergic or non-allergic in origin. Allergic
rhinitis is a type I hypersensitivity reaction (see above);
both early (sneezing, rhinorrhoea, and nasal congestion)
and late (nasal congestion) reactions may be provoked. It
may be seasonal (as in hay fever) or perennial and, in some
patients, will frequently co-exist with conjunctivitis
(above). Non-allergic rhinitis may be divided into eosi-
nophilic non-allergic rhinitis or non-eosinophilic non-al-
lergic rhinitis. The term vasomotor rhinitis has been used
to describe the latter although its use is best avoided since
no vasomotor dysfunction has been clearly identified. 
In the management of allergic rhinitis, avoidance of un-
necessary exposure to aeroallergens is of prime impor-
tance. However, in most sufferers this is not possible and
some form of drug therapy will be necessary. A large
number of inflammatory mediators are involved in the
pathogenesis of rhinitis and no single drug is completely
effective in the alleviation of symptoms. 
• Some antihistamines may nonetheless be useful in re-

ducing secretions, nasal itching, sneezing, and ocular

symptoms such as conjunctivitis, but are less effective
for relief of nasal congestion. Non-sedating antihista-
mines such as acrivastine, cetirizine, ebastine, fexofena-
dine, loratadine, and mizolastine are now considered the
first-choice treatment for mild and/or intermittent aller-
gic rhinitis. They are also used for the management of
breakthrough symptoms in those sufferers using pro-
phylactic intranasal corticosteroids or sodium cromogli-
cate (see below). Since the maximum effect of antihis-
tamines occurs several hours after peak serum
concentrations have been obtained, they should be giv-
en in anticipation of a reaction to achieve the maximum
response. Most antihistamines are unsuitable for topical
use in the nose or eye since they are generally ineffec-
tive at the concentrations suitable for local therapy; also
there is the potential for sensitisation. However, the an-
tazoline salts, azelastine and levocabastine have been
used topically in the nose for control of symptoms. Such
preparations are considered less effective than intra-na-
sal corticosteroids but probably more effective than cro-
moglicate. 

• The actions of topical corticosteroids in allergic rhinitis
include relief of inflammation, a decrease in capillary
permeability and in mucus production, and vasocon-
striction; they inhibit both the early and late response to
allergen exposure. Corticosteroids are first-line treat-
ment for the prophylaxis of moderate and/or persistent
allergic rhinitis. In seasonal allergic rhinitis, they should
be started at least 2 weeks before the pollen season and
taken regularly throughout the season. Those applied in-
tranasally include beclometasone, budesonide, flu-
nisolide, fluticasone, mometasone, and triamcinolone.
At recommended dosage, local adverse effects are mild
and transient, and systemic effects are not a risk; aque-
ous sprays may cause less local effects than pressurised
aerosols. Treatment of allergic rhinitis with oral or
parenteral corticosteroids has been reserved for short-
term treatment in special circumstances only, although
some have contested even this practice. 

• Mast-cell stabilisers such as ketotifen, nedocromil, and
sodium cromoglicate are thought to act primarily by
preventing release of inflammatory mediators from sen-
sitised mast cells through stabilisation of mast-cell
membranes. They are an alternative to corticosteroids in
the prophylactic treatment of allergic rhinitis and may
be preferred for therapy in children. They may also be
useful in controlling mild to moderate symptoms. 

• The leukotriene receptor antagonist montelukast has
produced benefits comparable to those seen with anti-
histamines, and is licensed in some countries for man-
agement of seasonal allergic rhinitis. 

• Intranasal sympathomimetics such as phenylephrine,
naphazoline, oxymetazoline, and xylometazoline may
be useful for short-term treatment of allergic rhinitis to
relieve severe nasal congestion which can be painful
and may impede delivery of sodium cromoglicate or a
corticosteroid to the mucosal surfaces. Oral sympatho-
mimetic decongestants such as pseudoephedrine and
phenylpropanolamine are less effective than topical
sympathomimetics and adverse effects may be trouble-
some. 

• Ipratropium bromide given intranasally may be useful
as adjunctive therapy in patients with rhinorrhoea as it
has a localised parasympathetic blocking action which
reduces watery hypersecretion from nasal mucosa. 

Allergen immunotherapy (p.2251) is generally only indi-
cated in severe allergic rhinitis when sensitivity testing
demonstrates sensitivity to one allergen and when expo-
sure to the allergen is unavoidable or symptomatic treat-
ment has failed. 

The management of non-allergic rhinitis is similar to that
of allergic rhinitis despite different mechanisms being in-
volved in its aetiology. Topical corticosteroids are often
first-line therapy especially if nasal congestion is a domi-
nant feature. The role of antihistamines is more limited;
sedating antihistamines are useful in reducing nasal secre-
tions because of their antimuscarinic actions; however,
non-sedating antihistamines are relatively ineffective. In
patients in whom rhinorrhoea is a particular problem, in-
tranasal ipratropium is of value. Although intranasal sym-
pathomimetics have also been used they should generally
be avoided because of the risk of rebound congestion. Oral
sympathomimetics are largely ineffective. 

Other therapies tried include topical capsaicin, to induce
local desensitisation, and nasal douching with a saline and
sodium bicarbonate solution. 
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Urticaria and angioedema
Most patients with urticaria or angioedema (p.1584) de-
rive some benefit from oral antihistamines, especially in
relief of pruritus. However, patients who are severely af-
fected, particularly those with laryngeal oedema, are aller-
gic emergencies and require immediate treatment with
adrenaline (see Anaphylaxis and Anaphylactic Shock,
p.1205). Also, large doses of antihistamines are sometimes
required and urticarias with a type I immunological origin
and iatrogenic urticarias respond better than physical urti-
carias. If attacks of urticaria are frequent, antihistamines
may be given prophylactically. Sedating antihistamines
such as chlorphenamine and diphenhydramine have been
widely used in the treatment of urticaria but non-sedating
antihistamines are now generally preferred. Hydroxyzine
has been used particularly in dermographism and choliner-
gic urticaria. Cyproheptadine has generally been consid-
ered the drug of choice for cold urticaria, although appetite
stimulation may be a problem. 
Some drugs with both H1-antagonist and mast-cell stabil-
ising actions, such as ketotifen, oxatomide, and azatadine
have shown efficacy in the treatment of urticaria; the role
of mast-cell stabilisation is unknown. 
Topical treatment is rarely effective except for cases of
mild urticaria; topical antihistamines carry a risk of sensi-
tisation. 
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Vertigo
Vertigo is a symptom of vestibular disorders. It is charac-
terised by a sensation of rotation of the surroundings or of
movement of static objects. Dizziness is considered to be
a wider term, although some use it as a synonym for verti-
go. 
A variety of disorders may affect the vestibular system and
produce vertigo, including cerebrovascular disorders, epi-
lepsy, head injury, malignant neoplasms, Ménière’s dis-
ease, migraine, multiple sclerosis, and infections. Motion
sickness can induce vertigo. Ototoxic drugs may also
cause vestibular damage and precipitate vertigo. 
Patients suffering from vertigo should undergo thorough
investigations to identify any underlying cause. Simple
measures to improve the integration of sensory input from
visual, proprioceptive, and vestibular receptors may prove
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effective, especially in the elderly, in whom the inappropri-
ate prescribing of drugs for postural instability needs to be
avoided. Such measures include improving visual acuity,
balance exercises, and the use of walking aids. 
The most widely used drugs for acute vertigo are the anti-
histamines. They may have a direct action on the inner ear
besides acting centrally. Antimuscarinic actions may con-
tribute to their activity; antimuscarinics, especially hyos-
cine, have a long history of use in vertigo. Antihistamines
used in the treatment of vertigo include buclizine, cy-
clizine, dimenhydrinate, diphenhydramine, meclozine,
and promethazine. Cinnarizine and flunarizine are also
used for vertigo although they are devoid of any signifi-
cant antimuscarinic actions; their activity may be due to
calcium-channel blockade. Phenothiazines such as
prochlorperazine are also used to control any associated
vomiting. Benzodiazepines including diazepam have been
given in acute severe attacks. However their prolonged use
in those with chronic symptoms is of questionable value. 
Vasodilators may be of benefit in the treatment of vertigo
of vascular aetiology. Parenteral or sublingual histamine
was formerly widely used, and betahistine is still advocat-
ed especially for vertigo associated with Ménière’s dis-
ease. Nicotinyl alcohol has also been used. 
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Acrivastine (BAN, USAN, rINN)

Acrivastin; Acrivastina; Acrivastinum; Akrivastiini; Akrivastin; BW-
825C. (E)-3-{6-[(E)-3-Pyrrolidin-1-yl-1-p-tolylprop-1-enyl]-2-py-
ridyl}acrylic acid.

Акривастин
C22H24N2O2 = 348.4.

CAS — 87848-99-5.
ATC — R06AX18.
ATC Vet — QR06AX18.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general,
p.561. Acrivastine should be given with care in renal
impairment; UK licensed product information recom-
mends that it should not be given to patients with sig-
nificant renal impairment, while product information
in other countries, such as Switzerland for example,
contra-indicates its use in those with a creatinine clear-
ance of less than 50 mL/minute. Acrivastine should not
be used in patients hypersensitive to triprolidine.
Sedation. For a discussion of the sedative effects of antihista-
mines see p.562.

Interactions
As for the non-sedating antihistamines in general,
p.563.

Pharmacokinetics
Acrivastine is well absorbed from the gastrointestinal
tract; peak plasma concentrations are achieved in about
1.5 hours. The plasma half-life of acrivastine is about
1.5 hours and the drug does not appear to cross the
blood-brain barrier to a significant extent. Acrivastine
along with an active metabolite is excreted principally
in the urine.

Uses and Administration
Acrivastine is a non-sedating antihistamine structurally
related to triprolidine. It does not have any significant
sedative or antimuscarinic actions. It is used for the
symptomatic relief of allergic conditions such as rhini-
tis (p.565) and various types of urticaria (p.565) when
it is given in oral doses of 8 mg three times daily. It is
also used with a decongestant such as pseudoephedrine
hydrochloride.

Administration in renal impairment. See Precautions,
above

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Semprex; Cz.: Semprex†; Denm.: Benadryl; Fin.: Benadryl; Sem-
prex†; Hong Kong: Semprex; Ital.: Semprex; Malaysia: Semprex;
Neth.: Semprex; Philipp.: Semprex; Rus.: Semprex (Семпрекс); S.Afr.:
Semprex; Singapore: Semprex; Swed.: Semprex; Switz.: Semprex; Thai.:
Semprex†; Turk.: Semprex; UK: Benadryl Allergy Relief.

Multi-ingredient: Austria: Duact; Denm.: Duact; Fin.: Duact; Turk.:
Duact; UK: Benadryl Plus; USA: Semprex-D.

Alimemazine Tartrate (BANM, rINNM)

Alimémazine, Tartrate d’; Alimemazini Tartras; Tartrato de al-
imemazina; Trimeprazine Tartrate. NN-Dimethyl-2-methyl-3-
(phenothiazin-10-yl)propylamine tartrate.

Алимемазина Тартрат

(C18H22N2S)2,C4H6O6 = 747.0.

CAS — 84-96-8 (alimemazine); 4330-99-8 (alimemazine
tartrate).

ATC — R06AD01.

ATC Vet — QR06AD01.

(alimemazine)

Pharmacopoeias. In Br., Fr., Jpn, and US. 
BP 2008 (Alimemazine Tartrate). A white or slightly cream
powder. It darkens on exposure to light. Freely soluble in water;
sparingly soluble in alcohol; very slightly soluble in ether. A 2%
solution in water has a pH of 5.0 to 6.5. Protect from light. 
USP 31 (Trimeprazine Tartrate). A white to off-white, odour-
less, crystalline powder. Soluble 1 in 2 of water, 1 in 20 of alco-
hol, 1 in 5 of chloroform, and 1 in 1800 of ether; very slightly sol-
uble in benzene. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.

Children. There have been reports of adverse effects in children
given alimemazine tartrate orally. Fatal malignant hyperthermia1

and severe cardiovascular depression2 have occurred after its use
for premedication, and severe respiratory and CNS depression3

after use as a postoperative sedative. Doses in these 3 reports
ranged from 2.4 to 4.4 mg/kg. Although unconfirmed, a possible
association between phenothiazine sedatives and sudden infant
death syndrome has also been suggested (see Promethazine Hy-
drochloride, p.588). Alimemazine tartrate is no longer licensed
in the UK for short-term sedation in children and it is recom-
mended that it should not be used in infants less than 2 years of
age (but see below). The maximum recommended oral dose for
premedication of children aged 2 to 7 years is 2 mg/kg. There has
been a warning4 that the use of alimemazine for deep sedation in
diagnostic and therapeutic procedures in children is associated
with prolonged drowsiness and that standards of monitoring,
starvation, and postprocedural care should be similar to those
with general anaesthesia.
1. Moyes DG. Malignant hyperpyrexia caused by trimeprazine. Br

J Anaesth 1973; 45: 1163–4. 
2. Loan WB, Cuthbert D. Adverse cardiovascular response to oral

trimeprazine in children. BMJ 1985; 290: 1548–9. 
3. Mann NP. Trimeprazine and respiratory depression. Arch Dis

Child 1981; 56: 481–2. 
4. Cray SH, Hinton W. Sedation for investigations: prolonged ef-

fect of chloral and trimeprazine. Arch Dis Child 1994; 71: 179.

Pregnancy. For a discussion of the use of antihistamines in
pregnancy, including studies involving phenothiazines, see
p.563.

Interactions
As for the sedating antihistamines in general, p.563.

Uses and Administration
Alimemazine, a phenothiazine derivative, is a sedating
antihistamine with antiemetic activity and pronounced
sedative effects. It also has some antimuscarinic ac-
tions. It is used mainly for the relief of urticaria (p.565)
and pruritus (p.565), and, in the UK, for pre-operative
medication in children. Alimemazine may also be used
in compound preparations for the symptomatic treat-
ment of coughs (p.564). 
Alimemazine tartrate is given orally; doses in the UK
are given as the amount of alimemazine tartrate, while
those in some other countries are expressed in terms of
the equivalent amount of alimemazine. Alimemazine
tartrate 25 mg is equivalent to about 20 mg of ali-
memazine. 
• The adult dose of alimemazine tartrate used for the

relief of urticaria and pruritus in the UK is 10 mg
two or three times daily; up to 100 mg daily has been
given in refractory cases. Elderly patients are given
10 mg once or twice daily and children over 2 years
of age 2.5 to 5 mg three or four times daily. Despite
the view that alimemazine should not be given to
younger children (see above), and although not
licensed in the UK, the BNFC suggests that
250 micrograms/kg (maximum of 2.5 mg) three or
four times daily may be given to those aged 6
months to 2 years for the relief of urticaria and pru-
ritus, but only under specialist care. 

• Doses used in the USA have been lower, even allow-
ing for them being expressed in terms of ali-
memazine. The adult dose was the equivalent of ali-
memazine 2.5 mg four times daily. Children in the
USA 3 years of age and over have been given 2.5 mg
at night or three times daily. However, it appears that
proprietary preparations are no longer available in
the USA. 

• The usual recommended dose in the UK for pre-
medication in children aged 2 to 7 years is up to
2 mg/kg given about one to two hours before the op-
eration.

Anaesthesia. Alimemazine tartrate may be used for anaesthetic
premedication (see p.563) in children if the oral route is preferred
to the more usual parenteral route of other phenothiazine antihis-
tamines. Adverse effects have, however, been reported in chil-
dren (see under Adverse Effects and Precautions, above), and in
the UK alimemazine tartrate is not licensed for use in infants less
than 2 years of age.

Insomnia. Antihistamines such as alimemazine tartrate have
been used as alternatives to benzodiazepines for the short-term
treatment of insomnia (p.564), particularly for children. Howev-
er, their antimuscarinic side-effects may prove troublesome. 
Regimens involving a short course of alimemazine tartrate in
high dosage were tried in order to alter the sleep pattern of chil-
dren with sleeping difficulties.1,2 Adverse effects have, however,
been reported in children (see under Adverse Effects and Precau-
tions, above). The UK product is no longer indicated for short-
term sedation in children and should not be used in infants less
than 2 years of age.
1. Valman HB. ABC of 1 to 7 (revised): sleep problems. BMJ 1987;

294: 828–30. 
2. Anonymous. What can be done for night waking in children?

Lancet 1987; ii: 948–9.

Preparations
BP 2008: Alimemazine Tablets; Paediatric Alimemazine Oral Solution;
Strong Paediatric Alimemazine Oral Solution; 
USP 31: Trimeprazine Tartrate Syrup; Trimeprazine Tartrate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Chemists Own Peetalix†; Vallergan; Belg.: Theralene; Canad.:
Panectyl; Fr.: Theralene; Ger.: Repeltin†; Irl.: Vallergan; Neth.: Nedeltran;
Norw.: Vallergan; NZ: Vallergan; S.Afr.: Vallergan; Spain: Variargil; Swed.:
Theralen; UK: Vallergan.

Multi-ingredient: Fr.: Sirop Teyssedre; Theralene Pectoral Nourrisson†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Antazoline (BAN, rINN)

Antatsoliini; Antazolin; Antazolina; Antazolinum. N-Benzyl-N-(2-
imidazolin-2-ylmethyl)aniline.
Антазолин
C17H19N3 = 265.4.
CAS — 91-75-8.
ATC — R01AC04; R06AX05.
ATC Vet — QR01AC04; QR06AX05.

Antazoline Hydrochloride (BANM, rINNM)

Antatsoliinihydrokloridi; Antazolin hydrochlorid; Antazoline,
chlorhydrate d’; Antazolin-hidroklorid; Antazolinhydroklorid; An-
tazolini Hydrochloricum; Antazolini hydrochloridum; Antazolin-
ium Chloride; Antazolino hidrochloridas; Antazoliny chlorowo-
dorek; Hidrocloruro de antazolina; Imidamine Hydrochloride;
Phenazolinum.
Антазолина Гидрохлорид
C17H19N3,HCl = 301.8.
CAS — 2508-72-7.
ATC — R01AC04; R06AX05.
ATC Vet — QR01AC04; QR06AX05.
Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Antazoline Hydrochloride). A white or almost
white crystalline powder. Sparingly soluble in water; soluble in
alcohol; slightly soluble in dichloromethane.

Antazoline Mesilate (BANM, rINNM)

Antazoline, Mésilate d’; Antazoline Mesylate; Antazoline Meth-
anesulphonate; Antazolini Mesilas; Antazoliny mezylan; Imidam-
ine Mesylate; Mesilato de antazolina.
Антазолина Мезилат
C17H19N3,CH3SO3H = 361.5.
CAS — 3131-32-6.
ATC — R01AC04; R06AX05.
ATC Vet — QR01AC04; QR06AX05.
Pharmacopoeias. In Pol.

Antazoline Phosphate (BANM, rINNM)

Antazolin Fosfat; Antazoline, Phosphate d’; Antazolini Phosphas;
Fosfato de antazolina; Imidamine Phosphate.
Антазолина Фосфат
C17H19N3,H3PO4 = 363.3.
CAS — 154-68-7.
ATC — R01AC04; R06AX05.
ATC Vet — QR01AC04; QR06AX05.
Pharmacopoeias. In US. 
USP 31 (Antazoline Phosphate). A white to off-white crystalline
powder. Soluble in water; practically insoluble in ether and in
benzene; sparingly soluble in methyl alcohol. pH of a 2% solu-
tion in water is between 4.0 and 5.0. Store in airtight containers.

Antazoline Sulfate (rINNM)

Antazoline, Sulfate d’; Antazoline Sulphate (BANM); Antazolini Sul-
fas; Imidamine Sulphate; Sulfato de antazolina.
Антазолина Сульфат
(C17H19N3)2H2SO4,2H2O = 664.8.
CAS — 24359-81-7 (anhydrous antazoline sulfate).
ATC — R01AC04; R06AX05.
ATC Vet — QR01AC04; QR06AX05.

NOTE. The above molecular formula is that provided in the It. P.
Other sources give a molecular formula of C17H19N3,H2SO4.
Pharmacopoeias. In It.
Adverse Effects and Precautions
As for the antihistamines in general, p.561.
Hypersensitivity. Reports of acute interstitial pneumonitis
(with fever, rash, and dyspnoea)1 and of immune thrombocyto-
penic purpura2 were attributed to hypersensitivity reactions after
the oral use of antazoline.
1. Pahissa A, et al. Antazoline-induced allergic pneumonitis. BMJ

1979; 2: 1328. 
2. Nielsen JL, et al. Immune thrombocytopenia due to antazoline

(Antistina). Allergy 1981; 36: 517–19.

Uses and Administration
Antazoline, an ethylenediamine derivative, is an antihistamine
used topically for the treatment of allergic conjunctivitis (p.564).

It is used as the hydrochloride, phosphate, or sulfate in eye drops,
most commonly in a concentration of 0.5%; the mesilate has also
been used. Antazoline salts are often used with a vasoconstrictor
such as naphazoline hydrochloride or nitrate or xylometazoline
hydrochloride. 
The hydrochloride and sulfate salts of antazoline have been used
topically for the treatment of minor skin irritations, but as with
other antihistamines there is a risk of sensitisation. The hydro-
chloride has also been given by mouth.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Albalon-A; Antistine-Privine; In A Wink Al-
lergy†; Austria: Histophtal; Belg.: Zincfrin Antihistaminicum†; Canad.: Al-
balon-A; Vasocon-A†; Zincfrin-A; Chile: Albasol A†; Bacitopic Compuesto;
Nasomin; Oftalirio; Red Off Plus; Rinobanedif; Spersallerg; Cz.: Sanorin-
Analergin; Spersallerg; Denm.: Ansal; Antistina-Privin; Sesal; Fin.: Antistin-
Privin†; Zincfrin-A†; Ger.: Allergopos N; Antistin-Privin; Spersallerg; Gr.:
Spersallerg; Hong Kong: Spersallerg; Hung.: Spersallerg; Indon.: Indofrin-
A; Irl.: Otrivine-Antistin; RBC; Israel: Antistin-Privin†; Ital.: Antistin-Privina;
Malaysia: Alergoftal; Napha A; Spersallerg; Mex.: Midazol Ofteno; Ofta-
lirio†; Zincfrin-A; Norw.: Spersallerg; NZ: Albalon-A†; Otrivine-Antistin;
Philipp.: Spersallerg; Pol.: Dermophenazol; Oftophenazol; Rhinophena-
zol; Spersallerg; Port.: Alergiftalmina; Rus.: Sanorin-Analergin (Санорин-
аналергин); Spersallerg (Сперсаллерг); S.Afr.: Albalon-A†; Antistin-Privin;
Covosan; Gemini; Oculerge; Safyr Bleu Antihistamine†; Spersallerg; Zinc-
frin-A; Singapore: Antistin-Privin; Spersallerg; Spain: Alergoftal; Swed.:
Antasten-Privin; Switz.: Antistin-Privin; Spersallerg; Thai.: Antazallerge;
Histaoph; Opsa-His†; Opsil-A; Spersallerg; Turk.: Alergoftal; Sulfarhin; UK:
Otrivine-Antistin; USA: Antazoline-V; Vasocon-A.

Astemizole (BAN, USAN, rINN)

Astemitsoli; Astemizol; Astemizolas; Astémizole; Astemizolum;
Asztemizol; MJD-30. 1-(4-Fluorobenzyl)-2-{[1-(4-methoxy-
phenethyl)-4-piperidyl]amino}benzimidazole.

Астемизол

C28H31FN4O = 458.6.
CAS — 68844-77-9.
ATC — R06AX11.
ATC Vet — QR06AX11.

NOTE. The code R-43512 has been used to describe both astemi-
zole and its metabolite tecastemizole (norastemizole).
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Astemizole). A white or almost white powder.
Practically insoluble in water; soluble in alcohol; freely soluble
in dichloromethane and in methyl alcohol. Protect from light. 
USP 31 (Astemizole). Store in airtight containers.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general, p.561. In-
creased appetite and weight gain have been reported with astem-
izole. 
Ventricular arrhythmias, including torsade de pointes, have oc-
curred rarely with astemizole, particularly in association with
raised blood concentrations (see Arrhythmias below) and as a re-
sult the drug has been withdrawn from the market in most coun-
tries. To reduce the risk of developing such arrhythmias recom-
mendations were that licensed doses should not be exceeded,
and that it should be avoided in patients with cardiac or signifi-
cant hepatic disease, with hypokalaemia or other electrolyte im-
balance, or with known or suspected prolonged QT interval. Use
with drugs liable to interfere with the hepatic metabolism of
astemizole, other potentially arrhythmogenic drugs including
those that prolong the QT interval, and drugs likely to cause elec-
trolyte imbalance, is contra-indicated (see Interactions below).

Arrhythmias. Although severe life-threatening cardiovascular
effects including torsade de pointes and other ventricular ar-
rhythmias were initially reported mainly after substantial over-
doses of astemizole, such reactions have also occurred rarely
with doses as low as 20 to 30 mg daily and even as low as 10 mg
daily in those with possible predisposing factors. There has been
a report1 of astemizole-induced torsade de pointes in a 15-year-
old girl who claimed to have taken 10 mg daily for 10 weeks but
pharmacokinetic data were more consistent with acute ingestion
of higher doses. There have also been several reports of cardio-
toxicity after accidental overdosage with astemizole in chil-
dren.2-4 
Although the drug is now withdrawn in the UK, recommenda-
tions were made by the UK CSM to reduce the risk of developing
serious arrhythmias5-7 (see Adverse Effects above for details). It
was considered that astemizole should be stopped immediately
in patients who experience syncope, and appropriate clinical

evaluation including ECG monitoring instituted, because synco-
pe has preceded or accompanied severe arrhythmias in some cas-
es. Convulsions in patients taking astemizole may also be related
to cardiovascular effects.8 
Studies have suggested that astemizole induces ventricular ar-
rhythmias by inhibiting cardiac potassium channels which re-
sults in prolongation of the QT interval, a risk factor for develop-
ing arrhythmias.9 For further discussion, see p.562.
1. Simons FER, et al. Astemizole-induced torsade de pointes. Lan-

cet 1988; ii: 624. 
2. Hoppu K, et al. Accidental astemizole overdose in young chil-

dren. Lancet 1991; 338: 538–40. 
3. Tobin JR, et al. Astemizole-induced cardiac conduction distur-

bances in a child. JAMA 1991; 266: 2737–40. 
4. Wiley JF, et al. Cardiotoxic effects of astemizole overdose in

children. J Pediatr 1992; 120: 799–802. 
5. CSM. Ventricular arrhythmias due to terfenadine and astemizole.

C u r re n t  P ro b l e m s  3 5  1 9 9 2 .  A l s o  a v a i l a b l e  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024453&RevisionSelectionMethod=
LatestReleased (accessed 14/07/08) 

6. CSM/MCA. Drug-induced prolongation of the QT interval. Cur-
re n t  P ro b l e m s  1 9 9 6 ;  2 2 :  2 .  A l s o  a v a i l a b l e  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024458&RevisionSelectionMethod=
LatestReleased (accessed 14/07/08) 

7. CSM/MCA. Astemizole (Hismanal): only available on prescrip-
tion. Current Problems 1999; 25: 2. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023233&RevisionSelectionMethod=
LatestReleased (accessed 19/05/06) 

8. Clark A, Love H. Astemizole-induced ventricular arrhythmias:
an unexpected cause of convulsions. Int J Cardiol 1991; 33:
165–7. 

9. Rankin AC. Non-sedating antihistamines and cardiac arrhyth-
mia. Lancet 1997; 350: 1115–16.

Overdosage. Severe cardiac events have been associated with
astemizole overdosage (see Arrhythmias, above); management
is mainly supportive. The absorption of astemizole from the gas-
trointestinal tract can be prevented by giving activated charcoal1
but because astemizole is rapidly absorbed it would need to be
given as soon as possible after poisoning. Haemodialysis does
not appear to increase the clearance of astemizole.
1. Laine K, et al. The effect of activated charcoal on the absorption

and elimination of astemizole. Hum Exp Toxicol 1994; 13:
502–5.

Porphyria. Astemizole is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Sedation. For discussion of the sedative effects of antihista-
mines see p.562.

Interactions
As for the non-sedating antihistamines in general, p.563. 
Astemizole should not be given with drugs that inhibit its hepatic
metabolism because of the increased risk of serious ventricular
arrhythmias. These drugs include the imidazole and triazole an-
tifungals such as ketoconazole and itraconazole, and the mac-
rolide antibacterials clarithromycin, erythromycin, troleandomy-
cin, and possibly other macrolides. Others, similarly to
terfenadine (p.591), may include serotonin reuptake inhibitors,
HIV-protease inhibitors, NNRTIs, and zileuton. The metabolism
of astemizole may also be inhibited by grapefruit juice and use
together should be avoided. 
Use with other potentially arrhythmogenic drugs (including
those that prolong the QT interval) such as antiarrhythmics, tri-
cyclic antidepressants, the antimalarials halofantrine and qui-
nine, antipsychotics, cisapride, and the beta blocker sotalol
should be avoided, as should diuretics that cause electrolyte im-
balances such as hypokalaemia. The use of terfenadine and
astemizole together is not recommended.

Pharmacokinetics
Absorption of astemizole from the gastrointestinal tract is rapid
and is reduced by food. First-pass metabolism is extensive, there-
fore plasma concentrations of unchanged drug are very low. The
plasma concentration of astemizole plus metabolites takes about
4 to 8 weeks to reach steady state. The metabolism of astemizole
is mediated through the cytochrome P450 enzyme system by the
isoenzymes CYP3A4, CYP2D6, and CYP2A6. The elimination
half-life of astemizole and its metabolites at steady state is about
19 days. Unchanged astemizole is highly bound to plasma pro-
teins and does not appear to cross the blood-brain barrier to a
significant extent. Desmethylastemizole, the major metabolite of
astemizole, has histamine H1-receptor-blocking activity; te-
castemizole (norastemizole) is another active metabolite. The
metabolites of astemizole are excreted slowly in the urine and
faeces, and undergo enterohepatic recycling. Virtually none of an
oral dose is excreted as unchanged drug.

Uses and Administration
Astemizole, a piperidine derivative, is a non-sedating antihista-
mine with a very long duration of action. It does not have signif-
icant sedative or antimuscarinic actions. Astemizole has been
used for the symptomatic relief of allergic conditions including
rhinitis (p.565) and conjunctivitis (p.564), and skin disorders
such as urticaria (p.565). Preparations of astemizole have now
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been withdrawn from the market in most countries because of the
risk of adverse effects. 
Astemizole has been given in an oral dose of 10 mg once daily,
or 5 mg daily in children aged 6 to 12 years. These doses must
not be exceeded because of the risk of cardiac arrhythmias with
higher doses. 
The active metabolite of astemizole, tecastemizole (norastemi-
zole) has been investigated for the treatment of allergic rhinitis.

Preparations

USP 31: Astemizole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alermizol†; Astezol†; Cezane†; Mudantil†; Cz.: Hismanal†; Gr.:
Mibiron†; Tulipe-R†; Tyrenol†; Waruzol†; India: Astizole; Stemiz†; Mex.:
Adistan†; Alerfur; Alerken; Alermi; Aleztem; Anerzol; Antagon 1; Astemina;
Astesen; Aztemin; Aztil; Aztrolen; Biostan; Dexodin; Emdar; Emizol; Farmi-
dal S; Fustermizol; Ginomizol†; Histalino; Histaser; Novasten; Practizol; Ul-
coid-Zol†; Urtigen; Port.: Perifer H1†; Spain: Alermizol†; Esmacen†; Hu-
bermizol†; Narvizol†; Rifedot†; Simprox†; Urdrim†; Venez.: Asemin†;
Corexan†; Histalong†; Prevan†.

Multi-ingredient: Arg.: Bio Cabal†; Bronco Biotaer†; Dallamizol-D†;
Gentiabron†; Muco Cortos†; Predual Descongestivo†; Wilpan C†.

Azatadine Maleate (BANM, USAN, rINNM)

Atsatadiinimaleaatti; Azatadine, Maléate d’; Azatadini Maleas;
Azatadinmaleat; Maleato de azatadina; Sch-10649. 6,11-Dihy-
dro-11-(1-methyl-4-piperidylidene)-5H-benzo[5,6]cyclohep-
ta[1,2-b]pyridine dimaleate.

Азатадина Малеат

C20H22N2,2C4H4O4 = 522.5.
CAS — 3964-81-6 (azatadine); 3978-86-7 (azatadine
maleate).
ATC — R06AX09.
ATC Vet — QR06AX09.

(azatadine)

Pharmacopoeias. In US. 
USP 31 (Azatadine Maleate). A white to light cream-coloured,
odourless powder. Freely soluble in water, in alcohol, in chloro-
form, and in methyl alcohol; practically insoluble in ether and in
benzene.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.

Extrapyramidal effects. An acute dystonic reaction was re-
ported in a patient who had taken azatadine maleate 20 to 30 mg
orally over a 24-hour period.1 The condition was reversed by in-
travenous injection of benzatropine 2 mg.
1. Joske DJL. Dystonic reaction to azatadine. Med J Aust 1984;

141: 449.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Azatadine maleate is readily absorbed from the gastrointestinal
tract and is partly metabolised. Peak plasma concentrations are
achieved in about 4 hours. The elimination half-life has been re-
ported to be 9 to 12 hours. Excretion of unchanged drug and me-
tabolites is via the urine.

Uses and Administration
Azatadine maleate is a piperidine derivative closely related to cy-
proheptadine. It is a sedating antihistamine with a long duration
of action; it also has antimuscarinic and antiserotonin properties. 
Azatadine maleate is used for the symptomatic relief of allergic
conditions including rhinitis (p.565) and urticaria (p.565); it is
also used for other pruritic skin disorders as well as reactions to
insect bites and stings. It is given in usual oral doses of 1 mg
twice daily; if necessary 2 mg twice daily may be given. Chil-
dren aged 6 to 12 years may be given 0.5 to 1 mg twice daily. 
It is also used with a decongestant such as pseudoephedrine sul-
fate.

Preparations
USP 31: Azatadine Maleate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Zadine; Canad.: Optimine; Hong Kong: Zadine†; Malaysia:
Zadine†; Mex.: Idulamine†; NZ: Zadine†; Singapore: Zadine†; Spain:
Lergocil.

Multi-ingredient: Braz.: Cedrin; Canad.: Trinalin; Mex.: Trinalin†;
Spain: Atiramin; Idulanex; USA: Rynatan†; Trinalin†.

Azelastine Hydrochloride 

(BANM, USAN, rINNM)

A-5610 (azelastine or azelastine hydrochloride); Atselastiinihy-
drokloridi; Azelastin Hidroklorür; Azélastine, chlorhydrate d’;
Azelastin-hydrochlorid; Azelastinhydroklorid; Azelastini hydro-
chloridum; Azelastino hidrochloridas; E-0659 (azelastine or aze-
lastine hydrochloride); Hidrocloruro de azelastina; W-2979M
(azelastine or azelastine hydrochloride). 4-(p-Chlorobenzyl)-2-
(hexahydro-1-methyl-1H-azepin-4-yl)-1(2H)-phthalazinone
monohydrochloride.

Азеластина Гидрохлорид
C22H24ClN3O,HCl = 418.4.

CAS — 58581-89-8 (azelastine); 79307-93-0 (azelastine
hydrochloride).
ATC — R01AC03; R06AX19; S01GX07.
ATC Vet — QR01AC03; QR06AX19; QS01GX07.

(azelastine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Azelastine Hydrochloride). A white or almost
white, crystalline powder. Sparingly soluble in water; soluble in
dehydrated alcohol and in dichloromethane.

Adverse Effects and Precautions
As for the antihistamines in general, p.561. 
When given intranasally, irritation of the nasal mucosa
and taste disturbances have been reported; somno-
lence, headache, and dry mouth have also been noted
in some patients. Taste disturbance can occur after use
in the eye.

Pharmacokinetics
About 40% of an intranasal dose of azelastine reaches
the systemic circulation. Elimination is via hepatic me-
tabolism with excretion mainly in the faeces.
◊ Azelastine is rapidly and almost completely absorbed when
given orally, peak plasma concentrations being achieved in 4 to
5 hours. Azelastine undergoes hepatic metabolism; the major
metabolite, demethylazelastine, has antihistamine activity. The
elimination half-life of azelastine is about 25 hours, increasing to
35.5 hours after multiple oral doses, possibly as a result of accu-
mulation of the demethyl metabolite. Azelastine and its metabo-
lites are excreted predominantly in the faeces and also in urine.

Uses and Administration
Azelastine hydrochloride is an antihistamine that, in
addition to its histamine H1-receptor-blocking activity,
appears to inhibit the release of inflammatory media-
tors from mast cells. It is used topically in the sympto-
matic relief of allergic conditions including rhinitis
(p.565) and conjunctivitis (p.564). It is also used in the
treatment of non-allergic rhinitis. 
In the treatment of allergic rhinitis in adults and chil-
dren aged 5 years and over, the usual dose in the UK is
140 micrograms by nasal spray into each nostril twice
daily. In the USA, however, 2 sprays of a similar prep-
aration (supplying 137 micrograms per spray) may be
given into each nostril twice daily; children aged 5
years and over may be given 1 spray into each nostril
twice daily. In the USA, azelastine is also used in the

treatment of non-allergic rhinitis in adults and children
aged 12 years and over. The dose is 2 sprays into each
nostril twice daily. In the treatment of conjunctivitis,
azelastine is licensed in the UK for the treatment of
seasonal allergic conjunctivitis in adults and children
aged 4 years and over and for the treatment of perenni-
al allergic conjunctivitis in adults and children aged 12
years and over. In the USA, it is licensed for the treat-
ment of allergic conjunctivitis in adults and children
aged 3 years and over. Regardless of the age and indi-
cation, a 0.05% solution is instilled into each eye twice
daily; this may be increased to four times daily in se-
vere conditions. 
Azelastine hydrochloride has also been given by
mouth.
◊ References.
1. Wober W, et al. Efficacy and tolerability of azelastine nasal spray

in the treatment of allergic rhinitis: large scale experience in
community practice. Curr Med Res Opin 1997; 13: 617–26. 

2. McNeely W, Wiseman LR. Intranasal azelastine: a review of its
efficacy in the management of allergic rhinitis. Drugs 1998; 56:
91–114. 

3. Lenhard G, et al. Double-blind, randomised, placebo-controlled
study of two concentrations of azelastine eye drops in seasonal
allergic conjunctivitis or rhinoconjunctivitis. Curr Med Res Opin
1997; 14: 21–8. 

4. Sabbah A, Marzetto M. Azelastine eye drops in the treatment of
seasonal allergic conjunctivitis or rhinoconjunctivitis in young
children. Curr Med Res Opin 1998; 14: 161–70. 

5. Duarte C, et al. Treatment of severe seasonal rhinoconjunctivitis
by a combination of azelastine nasal spray and eye drops: a dou-
ble-blind, double-placebo study. J Investig Allergol Clin Immu-
nol 2001; 11: 34–40. 

6. Canonica GW, et al. Topical azelastine in perennial allergic con-
junctivitis. Curr Med Res Opin 2003; 19: 321–9. 

7. Lee TA, Pickard AS. Meta-analysis of azelastine nasal spray for
the treatment of allergic rhinitis. Pharmacotherapy 2007; 27:
852–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alager; Allergodil; Brixia; Xanaes; Austral.: Azep; Austria: Allergodil;
Allergospray; Lasticom; Oculastin; Belg.: Allergodil; Otrivine Anti-Allergie;
Braz.: Azelast†; Rino-Azetin†; Rino-Lastin; Chile: Allergodil†; Az Ofteno;
Brixia; Cz.: Allergodil; Denm.: Allergodil; Fin.: Lastin; Fr.: Alerdual; Aller-
godil; Prorhinite; Ger.: Allergodil; Loxin; Vividrin akut Azelastin; Gr.: Afluon;
Hong Kong: Azep; Hung.: Allergodil; India: Azep; Irl.: Rhinolast; Israel:
Optilast; Rhinolast; Ital.: Allergodil; Lasticom; Malaysia: Azep†; Mex.:
Astelin; AZ Ofteno; Neth.: Allergodil; Oculastin; Otrivin neusallergie aze-
lastine; Norw.: Azelvin; Lastin; NZ: Eyezep; Philipp.: Azelone; Azep; Pol.:
Allergodil; Port.: Allergodil; Azep; Oculastin; Rus.: Allergodil
(Аллергодил); S.Afr.: Rhinolast; Singapore: Azep†; Spain: Afluon; Corifi-
na; Swed.: Azelvin; Lastin; Switz.: Allergodil; Oculastin; Otrivin rhume des
foins; Thai.: Azep†; Turk.: Allergodil; UK: Aller-Eze; Optilast; Rhinolast;
USA: Astelin; Optivar; Venez.: Alergot; Allergodil; AZ; Brixia.

Multi-ingredient: India: Duonase.

Bamipine (BAN, rINN)

Bamipiini; Bamipin; Bamipina; Bamipinum. N-Benzyl-N-(1-methyl-
4-piperidyl)aniline.

Бамипин
C19H24N2 = 280.4.
CAS — 4945-47-5.
ATC — D04AA15; R06AX01.
ATC Vet — QD04AA15; QR06AX01.

Profile
Bamipine is a sedating antihistamine (p.561) with pronounced
sedative effects. 
Bamipine and its salts are used mainly for the symptomatic relief
of allergic conditions such as urticaria (p.565) and in pruritic skin
disorders. Bamipine hydrochloride has been given by mouth.
Bamipine, bamipine lactate, and bamipine salicylate have all
been applied topically.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Soventol; Ger.: Soventol; Gr.: Soventol†; Neth.: Soventol; Pol.:
Soventol.

Multi-ingredient: India: Multifungin H†; Multifungin†; Soventol†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Bepotastine (rINN)

Bepotastina; Bépotastine; Bepotastinum; Betotastine. (+)-4-{[(S)-
p-Chloro-α-2-pyridylbenzyl]oxy}-1-piperidinebutyric acid.
Бепотастин
C21H25ClN2O3 = 388.9.
CAS — 125602-71-3; 190786-43-7.

Bepotastine Besilate (rINNM)

Bépotastine, Bésilate de; Bepotastini Besilas; Besilato de be-
potastina; Betotastine Besilate; TAU-284.
Бепотастина Безилат
C21H25ClN2O3, C6H6O3S = 547.1.
CAS — 190786-44-8.

Profile
Bepotastine is an antihistamine (p.561) used as the besilate in the
treatment of allergic rhinitis. It is also used for the symptomatic
relief of urticaria and pruritic skin disorders. The usual oral dose
is 10 mg of bepotastine besilate twice daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Talion.

Bisulepin
4-[3-(Dimethylamino)propylidene]-4,9-dihydrothienol[2,3-
b]benzo[e]thiepin.
C17H19NS2 = 301.5.
CAS — 5802-61-9 (bisulepin); 1154-12-7 (bisulepin hy-
drochloride).

Profile
Bisulepin is given orally as an antihistamine; the hydrochloride
salt is used similarly.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Dithiaden; Hung.: Dithiaden†.

Bromazine Hydrochloride (BANM, rINNM)

Bromazine, Chlorhydrate de; Bromazini Hydrochloridum; Bro-
modiphenhydramine Hydrochloride; Hidrocloruro de bromazi-
na. 2-(4-Bromobenzhydryloxy)-NN-dimethylethylamine hydro-
chloride.
Бромазина Гидрохлорид
C17H20BrNO,HCl = 370.7.
CAS — 118-23-0 (bromazine); 1808-12-4 (bromazine hy-
drochloride).
ATC — R06AA01.
ATC Vet — QR06AA01.

(bromazine)

Pharmacopoeias. In US. 
USP 31 (Bromodiphenhydramine Hydrochloride). A white to
pale buff-coloured, crystalline powder having no more than a

faint odour. Soluble 1 in less than 1 of water, 1 in 2 of alcohol and
of chloroform, 1 in 3500 of ether, and 1 in 31 of isopropyl alco-
hol; insoluble in petroleum spirit. Store in airtight containers.
Profile
Bromazine hydrochloride, a monoethanolamine derivative, is a
sedating antihistamine (p.561) with antimuscarinic and marked
sedative actions. It is used in combination preparations for the
symptomatic treatment of coughs and the common cold (p.564)
in an oral dose of 12.5 to 25 mg every 4 to 6 hours. The recom-
mended maximum dose in such preparations is 150 mg daily.
Children over 6 years of age may be given 6.25 to 12.5 mg every
6 hours.
Preparations
USP 31: Bromodiphenhydramine Hydrochloride and Codeine Phosphate
Oral Solution; Bromodiphenhydramine Hydrochloride Elixir.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: USA: Ambenyl Cough Syrup; Amgenal Cough; Bro-
motuss with Codeine.

Brompheniramine Maleate 

(BANM, rINNM)

Bromfeniramin Maleat; Bromfeniraminmaleat; Brómfeniramin-
maleát; Bromfeniramin-maleinát; Bromfeniramino maleatas; Bro-
mifeniramiinimaleaatti; Bromphéniramine, maléate de; Bromphe-
niramini maleas; Maleato de bromfeniramina; Parabromdylamine
Maleate. (±)-3-(4-Bromophenyl)-NN-dimethyl-3-(2-pyridyl)pro-
pylamine hydrogen maleate.
Бромфенирамина Малеат
C16H19BrN2,C4H4O4 = 435.3.
CAS — 86-22-6 (brompheniramine); 980-71-2 (bromphe-
niramine maleate).
ATC — R06AB01.
ATC Vet — QR06AB01.

(brompheniramine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Brompheniramine Maleate). A white or almost
white, crystalline powder. Soluble in water; freely soluble in al-
cohol, in dichloromethane, and in methyl alcohol. A 1% solution
in water has a pH of 4.0 to 5.0. Protect from light. 
USP 31 (Brompheniramine Maleate). A white, odourless, crys-
talline powder. Soluble 1 in 5 of water, 1 in 15 of alcohol and of
chloroform; slightly soluble in ether and in benzene. pH of a 1%
solution in water is between 4.0 and 5.0. Store in airtight contain-
ers. Protect from light.
Incompatibility. Brompheniramine maleate has been reported
to be incompatible with some amidotrizoate, adipiodone, and io-
talamate salts.

Dexbrompheniramine Maleate (BANM, rINNM)

Dexbromphéniramine, Maléate de; Dexbrompheniramini
Maleas; Maleato de dexbromfeniramina.
Дексбромфенирамина Малеат
CAS — 2391-03-9.
ATC — R06AB06.
ATC Vet — QR06AB06.

(dexbrompheniramine)

Pharmacopoeias. In US. 
USP 31 (Dexbrompheniramine Maleate). A white, odourless,
crystalline powder. It exists in two polymorphic forms, one melt-
ing between 106° and 107°, and the other between 112° and
113°; a mixture of the two forms may melt between 105° and

113°. Soluble 1 in 1.2 of water, 1 in 2.5 of alcohol, 1 in 2 of chlo-
roform, and 1 in 3000 of ether. pH of a 1% solution in water is
about 5. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Breast feeding. The American Academy of Pediatrics1 states
that, although usually compatible with breast feeding, prepara-
tions used by breast-feeding mothers which contain dex-
brompheniramine maleate with pseudoephedrine have resulted
in crying, irritability, and poor sleep patterns in the infant.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 08/04/04)

Effects on the blood. A report1 that agranulocytosis in a 34-
year-old alcoholic man was possibly associated with bromphe-
niramine therapy.
1. Hardin AS, Padilla F. Agranulocytosis during therapy with a

brompheniramine-medication. J Arkansas Med Soc 1978; 75:
206–8.

Extrapyramidal disorders. Facial dyskinesias have been
reported1,2 after use of antihistamines including bromphe-
niramine or dexbrompheniramine maleate.
1. Thach BT, et al. Oral facial dyskinesia associated with prolonged

use of antihistaminic decongestants. N Engl J Med 1975; 293:
486–7 (brompheniramine maleate, chlorpheniramine maleate,
and phenindamine tartrate). 

2. Barone DA, Raniolo J. Facial dyskinesia from overdose of an
antihistamine. N Engl J Med 1980; 303: 107 (dexbromphe-
niramine maleate).

Withdrawal. Withdrawal symptoms have been reported1 after
stopping long-term therapy with brompheniramine maleate. A
patient had been taking 48 mg almost every day for 20 years and
developed tremor, nausea, depression, and apyrexial sweating
within 48 hours of stopping treatment; symptoms resolved over
the following weeks.
1. Kavanagh GM, et al. Withdrawal symptoms after discontinua-

tion of long-acting brompheniramine maleate. Br J Dermatol
1994; 131: 913–14.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Brompheniramine maleate appears to be well absorbed
from the gastrointestinal tract after oral doses. Peak
plasma concentrations are achieved within about 5
hours. An elimination half-life of about 25 hours has
been reported. Unchanged drug and metabolites are
excreted primarily in the urine.
◊ References.
1. Simons FER, et al. The pharmacokinetics and antihistaminic ef-

fects of brompheniramine. J Allergy Clin Immunol 1982; 70:
458–64. 

2. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-
tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97.

Uses and Administration
Brompheniramine maleate, an alkylamine derivative,
is a sedating antihistamine with antimuscarinic and
moderate sedative actions. 
Brompheniramine is a racemic mixture; dexbromphe-
niramine, the dextrorotatory isomer, has about twice
the activity of brompheniramine by weight. Bromphe-
niramine maleate and dexbrompheniramine maleate
are used for the symptomatic relief of allergic condi-
tions, mainly rhinitis (p.565) and conjunctivitis
(p.564). They are common ingredients of compound
preparations for the symptomatic treatment of coughs
and the common cold (p.564). However, such prepara-
tions should be used with caution in children, and gen-
erally avoided in those under 2 years of age (see p.562).
Brompheniramine tannate has been used similarly. 
Brompheniramine maleate is given in usual oral doses
of 4 to 8 mg three or four times daily. Children up to 3
years of age are given 0.4 to 1 mg/kg over 24 hours in
four divided doses. Children aged 3 to 6 years are given
1 to 2 mg three or four times daily and those aged 6 to
12 years 2 to 4 mg three or four times daily. 
Brompheniramine maleate has also been given by sub-
cutaneous, intramuscular, or slow intravenous injec-
tion; the dose is usually 10 mg every 8 to 12 hours as
necessary and the total parenteral dose should not ex-
ceed 40 mg in 24 hours. 
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Dexbrompheniramine maleate is normally given as an
ingredient of decongestant preparations containing
pseudoephedrine. The dose of dexbrompheniramine
maleate by mouth in these combinations is 2 mg up to
four times daily. Children over 6 years can be given
1 mg up to four times daily. 
Modified-release oral preparations of bromphe-
niramine maleate or dexbrompheniramine maleate are
available in some countries; dosage is specific to a par-
ticular formulation.
Preparations
BP 2008: Brompheniramine Tablets; 
USP 31: Brompheniramine Maleate Elixir ; Brompheniramine Maleate In-
jection; Brompheniramine Maleate Tablets; Dexbrompheniramine Maleate
and Pseudoephedrine Sulfate Oral Solution.

Proprietary Preparations (details are given in Part 3)
Fr.: Dimegan; Malaysia: Bomex; Singapore: Bomex†; Thai.: Babycold;
Bomine; Dimetane; UK: Dimotane†; USA: Bidhist; Dimetane†; J-Tan; Lo-
drane 12; Lodrane 24; Oraminic II; P-Tex.
Multi-ingredient: Arg.: Factus; Austral.: Dimetapp; Dimetapp DM;
Braz.: Bialerge; Decongex Plus; Decongex Plus Expectorante†; Dimetapp;
Winter AP; Canad.: Dimetane Expectorant C; Dimetane Expectorant DC;
Dimetapp Cold; Dimetapp DM Cough & Cold; Dimetapp Oral Infant Cold
& Fever Drops; Dimetapp Oral Infant Drops; Dimetapp-C; Drixoral; Drix-
oral Day/Night; Chile: Disofrin†; Cz.: Disophrol; Fin.: Disofrol†; Fr.: Dime-
tane Expectorant Enfant†; Martigene†; Gr.: Dimetapp New†; Hong Kong:
Brom-PP; Brom-Ramine Compound; Bromhexine Compound; Bromphen-
ex; DF Multi-Symptom; Dimaxin†; Dimeta-2; Dimetapp; Drixoral; Eascold;
ENT†; Eurotapp; Unihist; Vidatapp; Vidatapp Forte; Hung.: Disophrol†; In-
don.: Alco Plus; Alco Plus DMP; Drixoral; Irl.: Dimotane Co; Malaysia:
Drixoral†; Rinafort; Mex.: Afrinex; Cripofen; Dimetapp; NZ: Dimetapp;
Dimetapp DM Cold & Cough; Philipp.: Dimerrin; Dimetapp; Hisdec; Na-
satapp; Nostero; Penbrosol; PPB; Rhinodec; Rhinotapp; Snizee; Zeditapp;
Pol.: Disophrol; Port.: Constipal; Ilvico N; S.Afr.: Dimetapp; Ilvico; Singa-
pore: Dimetapp; Drixoral†; Rinafort; Spain: Disofrol; Ilvico; Swed.: Disof-
rol; Switz.: Disofrol; Rupton†; Thai.: Asiatapp; Bepeno; Bepeno-G; Bluco;
Bromavon; Bromesep Elixir ; Bromesep Expectorant; Bromped; Bromtussia;
Bromtussia DC†; Brontus; Centapp; Daminate; Dimetapp; Meditapp; Med-
itapp Expectorant; MEXY; Minra†; Nartap; Nasorest†; Pharfed; Polamine;
Polydine; Polydrop; Postap; Postap Expectorant; Rhinadine; Rhinophen-C†;
Unihist; Turk.: Disophrol; UK: Dimotane Co; Dimotane Expectorant; Di-
motane Plus†; USA: 12 Hour Antihistamine Nasal Decongestant; 12 Hour
Cold; Accuhist; Accuhist DM Pediatric; Accuhist PDX; Alacol DM; Allent;
Anaplex DM; Anaplex HD; Andehist DM†; Andehist†; Brofed; Bromadine-
DM; Bromarest DX; Bromatan-DM; Bromatane DX; Bromfed; Bromfed-
DM; Bromfed-PD; Bromfenex; Bromhist; Bromhist PDX; Bromhist-DM;
Bromhist-NR; Bromphen DX Cough; Brompheniramine Cough; Brovex
PD; C-Tan D; Carbodex DM; Coldec DM; Comtrex Acute Head Cold;
CPB WC; Cytuss-HC NR; Dallergy DM; DEKA; Dexaphen-SA; Dimetane
Decongestant†; Dimetapp; Dimetapp Cold & Fever ; Dimetapp DM;
Dimetapp Nighttime Flu; Disobrom; Disophrol; Dristan Allergy; Dristan
Cold Maximum Strength Multi-symptom Formula; Drixomed; Drixoral;
Drixoral Cold & Allergy; Drixoral Cold & Flu; Drixoral Plus; Drocon-CS;
Endafed; Histacol DM; Histussin HC; Iofed; Lodrane; Lodrane 12D; Lodrane
D; Lortuss DM; M-END WC; Maximum Strength Dristan Cold; Myphetane
DX; Nalex AC; Neo DM; P-Hist DM; PBM Allergy; Pediahist DM; Q-Tapp
DM; Respahist; Resperal-DM; Rondamine-DM; Rondec; Seradex-LA; Sil-
dec-DM; Sinadrin Plus; Touro A & H; Touro Allergy; Tusdec-DM; Tusnel-
HC; Tussall; ULTRAbrom; VaZol-D; Vazotab; Vazotan; Vazotuss HC; Zotex-
PE; Venez.: Dimetapp; Ilvico; Metorfedrin.

Buclizine Hydrochloride (BANM, USAN, rINNM)

Buclizine, Chlorhydrate de; Buclizini Hydrochloridum; Buklizin
Hidroklorür; Hidrocloruro de buclizina; NSC-25141; UCB-4445.
(RS)1-(4-tert-Butylbenzyl)-4-(4-chlorobenzhydryl)piperazine di-
hydrochloride.
Буклизина Гидрохлорид
C28H33ClN2,2HCl = 505.9.
CAS — 82-95-1 (buclizine); 129-74-8 (buclizine hydro-
chloride).
ATC — R06AE01.
ATC Vet — QR06AE01.

(buclizine)

Pharmacopoeias. In Br. 
BP 2008 (Buclizine Hydrochloride). A white or slightly yellow-
ish, crystalline powder. Practically insoluble in water; very
slightly soluble in alcohol; sparingly soluble in chloroform and
in propylene glycol.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Buclizine hydrochloride, a piperazine derivative, is a sedating
antihistamine with antimuscarinic and moderate sedative ac-

tions. It is used mainly for its antiemetic action, particularly in the
prevention of motion sickness (p.564) and with analgesics in the
treatment of migraine (p.616). In some countries it is given in the
management of allergic conditions and in pruritic skin disorders
(p.565). Buclizine has also been used in the treatment of vertigo
(p.565) associated with disorders of the vestibular system, al-
though its value in these conditions remains to be established. 
To prevent motion sickness, buclizine hydrochloride is given at
least 30 minutes before travelling in an oral dose of 25 or 50 mg,
which may be repeated, if necessary, after 4 to 6 hours. The usual
dose to alleviate nausea is 25 or 50 mg daily up to 100 mg daily
in divided doses; in severe cases up to 150 mg daily has been
given. 
In the treatment of migraine, buclizine hydrochloride is given in
usual doses of 12.5 mg at the start of an attack or when one is
known to be imminent; children aged 10 to 14 years may be giv-
en 6.25 mg and older children the usual adult dose. 
In pruritic skin disorders the usual dose of buclizine hydrochlo-
ride is 25 to 50 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Longifene; Braz.: Buclina; Postafen; Fr.: Aphilan; Hong Kong:
Longifene†; India: Longifene; Malaysia: Buchzine†; Longifene†;
Longimin†; Port.: Buclina; Postafeno†; S.Afr.: Longifene; Singapore:
Longifene†; Panzimine†; Turk.: Longifene; USA: Bucladin-S Softab.
Multi-ingredient: Braz.: Apetibe†; Apetil; Buclamin†; Buclifen-Vit†; Bu-
climax; Bucliplex†; Carnabol; Complevit; Klizin; Nutri-Ped†; Nutrimaiz SM;
Pepsivit†; Pondusvitam; Profol; Propan†; Vitaler†; Ger.: Migralave N†; Irl.:
Migraleve; Israel: Migraleve; Philipp.: Appebon; Appebon with Iron; App-
etason; Biotermin AS; Ferlette; Medifortan-AS; Pediafortan-AS; Propan;
Propan with Iron; Regeron-E Plus; Port.: Migraleve; S.Afr.: Vomifene;
Spain: Migraleve; Switz.: Migraleve; UK: Migraleve; Venez.: Dexapostafen.

Carbinoxamine Maleate (BANM, rINNM)

Carbinoxamine, Maléate de; Carbinoxamini Maleas; Karbinok-
samin Maleat; Maleato de carbinoxamina. 2-[4-Chloro-α-(2-pyri-
dyl)benzyloxy]-NN-dimethylethylamine hydrogen maleate.
Карбиноксамина Малеат
C16H19ClN2O,C4H4O4 = 406.9.
CAS — 486-16-8 (carbinoxamine); 3505-38-2 (carbinox-
amine maleate).
ATC — R06AA08.
ATC Vet — QR06AA08.

(carbinoxamine)

Pharmacopoeias. In US. 
USP 31 (Carbinoxamine Maleate). A white, odourless, crystal-
line powder. Soluble 1 in less than 1 of water, 1 in 1.5 of alcohol
and of chloroform, and 1 in 8300 of ether. pH of a 1% solution in
water is between 4.6 and 5.1. Store in airtight containers. Protect
from light.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Carbinoxamine maleate, a monoethanolamine derivative, is a se-
dating antihistamine with antimuscarinic, significant sedative,
and serotonin antagonist effects. Carbinoxamine maleate is used
for the relief of allergic conditions such as rhinitis (p.565), and is
a common ingredient of compound preparations for symptomat-
ic treatment of coughs and the common cold (p.564). 
Dose recommendations for carbinoxamine maleate may vary be-
tween preparations. Licensed US product information suggests a
usual oral dose of carbinoxamine maleate in adults of 4 to 8 mg
given 3 or 4 times daily. Children of 2 to 3 years of age may be
given a dose of 2 mg three or four times daily, children aged 3 to
6 years given 2 to 4 mg three or four times daily, and those above
6 years given 4 to 6 mg three or four times daily. Lower doses,
sometimes less than half these licensed in the US, may be used
in other countries. Carbinoxamine polistirex has also been given
by mouth.
Preparations
USP 31: Carbinoxamine Maleate Tablets; Pseudoephedrine Hydrochlo-
ride, Carbinoxamine Maleate, and Dextromethorphan Hydrobromide
Oral Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Omega 100; Mon.: Allergefon; Thai.: Histin; Sinumine†; USA: Car-
boxine†; Histex CT; Histex I/E; Histex PD; Palgic; Pediatex.
Multi-ingredient: Arg.: Aseptobron C; Cobenzil Compuesto†; Omega
100 Expectorante†; Rondec Compositum†; Rondec†; Torfan H†; Austria:

Rhinopront; Belg.: Rhinopront†; Braz.: Afebrin†; Gegrip†; Iodeto de Po-
tassio Composto†; Naldecon; Naldecon Pediatrico; Nasaliv; Neolefrin; Ne-
olefrin Baby; Resprin; Chile: Matinor; Rhinopront†; Rinofrim†; Cz.: Rhino-
pront†; Rhinotussal†; Ger.: Rhinopront†; Rhinotussal†; Gr.: Rhinopront-S†;
Rhinopront†; Rondec; Hong Kong: Became; Coritussal; Metoplex; Rhino-
pront; Hung.: Rhinopront†; India: Clistin; Indon.: Kenantist; Israel: Rhino-
vis†; Malaysia: Became; Rhinopront†; Mex.: Lentostamin; Prindex; Sin-
gapore: Became; Rhinopront†; Spain: Rinomax; Rinoretard†; Switz.:
Rhinopront†; Rhinotussal; Thai.: Rhinar; Rhinohist; Rhinopront†; Rondec-
DM†; Turk.: Rhinopront; Rhinotussal; UAE: Fluzal†; USA: Andehist DM†;
Andehist†; Aridex; Carbinoxamine Compound†; Carbiset; Carbodec; Car-
bodec DM; Carbodex DM; Carboxine-PSE; Coldec D; Cordron-D;
Cordron-DM; Cydec DM†; Cydec†; Dacex-A; Decahist-DM†; DMax; His-
tex HC; Nacon; Norel LA; Palgic DS; Palgic-D; Pediatex-D; Pediatex-DM;
Pseudo-Car DM; Rondec; Sildec-DM; Trituss-A; XiraHist DM; Venez.: Au-
rimel†; Resprin; Rhinopront†; Rondec†; Sondinal†.

Cetirizine Hydrochloride 

(BANM, USAN, rINNM)

Cetirizin-dihidroklorid; Cetirizin-dihydrochlorid; Cetirizindihy-
droklorid; Cétirizine, Chlorhydrate de; Cétirizine, dichlorhydrate
de; Cetirizini dihydrochloridum; Cetirizini Hydrochloridum; Ceti-
rizino dihidrochloridas; Cetyryzyny dichlorowodorek; Hidro-
cloruro de cetirizina; P-071; Setiritsiinidihydrokloridi; Setirizin
Hidroklorür; UCB-P071. The dihydrochloride of 2-[4-(4-chlo-
robenzhydryl)piperazin-1-yl]ethoxyacetic acid.

Цетиризина Гидрохлорид

C21H25ClN2O3,2HCl = 461.8.

CAS — 83881-51-0 (cetir izine); 83881-52-1 (cetir izine
hydrochloride).

ATC — R06AE07.

ATC Vet — QR06AE07.

(cetir izine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Cetirizine Dihydrochloride; Cetirizine Hydrochlo-
ride BP 2008). A white or almost white powder. Freely soluble in
water; practically insoluble in acetone and in dichloromethane. A
5% solution in water has a pH of 1.2 to 1.8. Protect from light.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general,
p.561. Reduced dosage is recommended for patients
with hepatic or renal impairment (see under Uses and
Administration, below).

Arrhythmias. The ECG effects of cetirizine were studied1 in
normal subjects; doses of up to six times the usual recommended
dose did not prolong the QT interval. Additionally, the FDA2 in
the USA and representatives of the manufacturers3 in Belgium
did not find any association between cetirizine and the develop-
ment of ventricular arrhythmias. However, there has been a sub-
sequent report4 of torsade de pointes after overdosage with ceti-
rizine in a hypokalaemic patient undergoing haemodialysis for
chronic renal failure. See also p.562.
1. Sale ME, et al. The electrocardiographic effects of cetirizine in

normal subjects. Clin Pharmacol Ther 1994; 56: 295–301. 
2. Himmel MH, et al. Dangers of non-sedating antihistamines.

Lancet 1997; 350: 69. 
3. Coulie P, et al. Non-sedating antihistamines and cardiac arrhyth-

mias. Lancet 1998; 351: 451. 
4. Renard S, et al. Torsades de pointes induites par surdosage en

cétirizine. Arch Mal Coeur Vaiss 2005; 98: 157–61.

Effects on the liver. Life-threatening hepatitis developed in a
23-year-old man who had been taking cetirizine long-term for
atopic dermatitis.1 He recovered after treatment with prednisolo-
ne. 
There has been a report of recurrent acute hepatitis associated
with the short-term use of cetirizine for seasonal allergic rhinitis
in a 26-year-old man.2

1. Watanabe M, et al. Severe hepatitis in a patient taking cetirizine.
Ann Intern Med 2001; 135: 142–3. 

2. Pompili M, et al. Recurrent acute hepatitis associated with use of
cetirizine. Ann Pharmacother 2004; 38: 1844–7.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Hypersensitivity. Hypersensitivity reactions manifesting as
urticaria1,2 and fixed drug eruptions3 have been reported with ce-
tirizine.
1. Karamfilov T, et al. Cetirizine-induced urticarial reaction. Br J

Dermatol 1999; 140: 979–80. 
2. Calista D, et al. Urticaria induced by cetirizine. Br J Dermatol

2001; 144: 196. 
3. Inamadar AC, et al. Multiple fixed drug eruptions due to ceti-

rizine. Br J Dermatol 2002; 147: 1025–6.

Sedation. For discussion of the sedative effects of antihista-
mines see p.562.

Interactions
As for the non-sedating antihistamines in general,
p.563. However, some interactions are less likely with
cetirizine than with non-sedating antihistamines such
as astemizole and terfenadine, since cetirizine appears
to have low hepatic metabolism and little arrhyth-
mogenic potential (see Arrhythmias, above).
Anticoagulants. For a report of an interaction between ceti-
rizine and acenocoumarol, see under Interactions in Warfarin,
p.1429.

Pharmacokinetics
Cetirizine is rapidly absorbed from the gastrointestinal
tract after oral doses, peak plasma concentrations being
attained within about an hour. Food delays the time to
peak plasma concentrations but does not decrease the
amount of drug absorbed. Cetirizine is highly bound to
plasma proteins and has an elimination half-life of
about 10 hours. It has been detected in breast milk. Ce-
tirizine is excreted primarily in the urine mainly as un-
changed drug. It does not appear to cross the blood-
brain barrier to a significant extent.
◊ References.
1. Awni WM, et al. Effect of haemodialysis on the pharmacokinet-

ics of cetirizine. Eur J Clin Pharmacol 1990; 38: 67–9. 
2. Desager JP, et al. A pharmacokinetic evaluation of the second-

generation H -receptor antagonist cetirizine in very young chil-
dren. Clin Pharmacol Ther 1993; 53: 431–5. 

3. Pitsiu M, et al. Retrospective population pharmacokinetic anal-
ysis of cetirizine in children aged 6 months to 12 years. Br J Clin
Pharmacol 2004; 57: 402–11. 

4. Hussein Z, et al. Retrospective population pharmacokinetics of
levocetirizine in atopic children receiving cetirizine: the ETAC
study. Br J Clin Pharmacol 2005; 59: 28–37.

Uses and Administration
Cetirizine hydrochloride, a piperazine derivative and
metabolite of hydroxyzine (p.581), is described as a
long-acting non-sedating antihistamine with some
mast-cell stabilising activity. It appears to have a low
potential for drowsiness in usual doses and to be virtu-
ally free of antimuscarinic activity. It is used for the
symptomatic relief of allergic conditions including
rhinitis (p.565) and chronic urticaria (p.565). 
In adults and children aged 6 years and over, cetirizine
hydrochloride is given in an oral dose of 10 mg once
daily or 5 mg twice daily. Children aged 2 to 5 years
may be given cetirizine 5 mg once daily or 2.5 mg
twice daily. In the USA, children aged 6 months to 2
years may be given a dose of 2.5 mg once daily, in-
creased to a maximum of 2.5 mg twice daily in those
aged 12 months and over, for the treatment of perennial
allergic rhinitis and chronic urticaria. 
It is also used with a decongestant such as pseudoephe-
drine hydrochloride. 
Dosage of cetirizine should be reduced in patients with
hepatic or renal impairment, see below.
◊ References.
1. Curran MP, et al. Cetirizine: a review of its use in allergic disor-

ders. Drugs 2004; 64: 523–61.

Administration in hepatic or renal impairment. In pa-
tients with hepatic impairment, US licensed product information
recommends that the dosage of cetirizine may need to be reduced
to half the usual oral daily dose (see above). Similarly in patients
with renal impairment, both the UK and US product information
recommends a dosage reduction to half the usual daily dose.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cabal; Cetidac; Cetizine; Cetriler; Salvalerg; Stopaler; Zyrtec; Aus-
tral.: Alzene; Zyrtec; Austria: Alerid; Cetiderm; Cetirhexal; Cetiristad; Ce-

tyrol†; ratioAllerg; Reactine; Rigix; Tirizin; Virlix; Zirtek†; Zyrtec; Belg.: His-
timed; Reactine; Zyrtec; Braz.: Aletir ; Cetihexal†; Cetrizin; Zetalerg†;
Zetir ; Zinetrin; Zyrtec; Canad.: Allergy Relief; Reactine; Chile: Alertop;
Coolips; Findaler ; Histalen; Histax; Remitex; Rigotax; Sanaler ; Sixacina;
Zyrtec; Cz.: Alerid; Analergin; Cerex; Letizen; Parlazin; Reactine; Virlix†;
Zodac; Zyrtec; Denm.: Alnok; Asytec; Benaday; Cidron; Gardex; Virlix†;
Zyrtec; Fin.: Alzyr ; Cidron†; Gardex; Heinix; Histec; Senirex; Siterin;
Zyrtec; Fr.: Humex Rhinite Allergique†; Reactine; Virlix; Zyrtec; Ger.:
Alerid†; Cetalerg†; Ceterifug†; Ceti-Puren; Ceti†; Cetiderm; Cetidura†; Ce-
til; CetiLich; Cetirigamma; Cetirlan†; Reactine; Zetir ; Zyrtec; Gr.: Agelmin;
Alenstran; Alergoxal; Arzedyn; Bebexin; Blezamont; Cetialfa; Cetiram; Ce-
tirgen; Ceziren†; Cirizine; Dermizin; Enahimine; Gentiran; Habitek; Hamil-
tosin; Histafren; Kilsol; Lambeta; Ralizon; Remezine; Rezerc; Spatanil; Tasker;
Telarix; Vitinelin; Zeda; Zepholin; Ziptek; Zirtek†; Znupril; Hong Kong:
Adezio; Cetihis; Cetirin; Cety; Histacet; Histazine; Marizine; Rhinil; Ryvel;
Simtec; Vick-Zyrt; Zertine; Zicet; Zyrtec; Hung.: Alerid; Cetigen; Cetrin;
Cetripharm; Merzin; Parlazin; Zyrtec; India: Alerid; Cetcip; Ceticad; Cetri-
wal; Cetrizet; Cetrizine; CTZ; ELG Nil; LGNil; Rinitrin; Zyrtec; Indon.: Be-
tarhin; Cerini; Cetrixal; Cetryn; Cetymin; Estin; Falergi; Histrine; Incidal-OD;
Ozen; Risina; Rydian; Ryvel; Ryzen; Ryzo; Tiriz; Zenriz; Irl.: Cetrine; Histek;
Zirpine; Zirtek; Zynor; Israel: Histazine; Zyllergy; Ital.: Formistin; Virlix†;
Zirtec; Jpn: Zyrtec; Malaysia: Adezio; Ceritec; Simtec; Zicet; Zyrtec;
Mex.: Apoliz; Cethexal; Kenicet; Reactine; Trizinet; Virlix; Zyrtec; Neth.:
Reactine; Revalintabs; Zyrtec; Norw.: Acura; Reactine; Virlix†; Zyrtec; NZ:
Razene; Zyrtec; Philipp.: Brellercet; Cet-10; Cetimin; Prixlae; Unizef; Virlix;
Zinex; Zyrrigin; Zyrtec; Pol.: Acer; Alermed; Alerzina; Allertec; Amertil;
Ceratio; CetAlergin; Cetrivax; Cetrizen; Cetyryzyna; Letizen; Virlix; Zyrtec;
Zyx; Port.: Cetix; Cinaz; Rinoliber; Virlix; Zyrtec; Rus.: Alerza (Алерза);
Allertec (Аллертек); Analergin (Аналергин); Cetirinax (Цетиринак); Ce-
trine (Цетрин); Letizen (Летизен); Parlazin (Парлазин); Zetrinal
(Зетринал); Zodac (Зодак); Zyncet (Зинцет); Zyrtec (Зиртек); S.Afr.: Al-
lecet; Allermine; Texa; Zetop; Zyrtec; Singapore: Adezio; Agelmin†;
Allertec†; Alzytec; Cetihis; Cetrine; Rhizin†; Sancotec; Terizin; Zyrtec;
Spain: Alercina; Alerlisin; Coulergin; Reactine Plus; Reactine†; Virdox†; Vir-
lix; Voltric†; Zyrtec; Swed.: Acura; Alerid; Cidron; Reactine; Zyrlex; Switz.:
Cerzine; Cet eco; Cetallerg; Cetrine; Histatec; Tobin; Zyrtec; Thai.: Aller-
cet; Cetihis; Cetrimed; Cetrine; Cetrizet; Cetrizin; Ceza; Cistamine; Cyzine;
Fatec; Histica; Incidal-OD†; Rentrex; Setin; Sutac; Terzine; Tizine; Triz; Uni-
cet; Zensil; Zermed; Zertine; Zittec; Zymed; Zyrac; Zyrazine; Zyrcon;
Zyrex; Zyrtec; Turk.: Allerset; Cetryn; Hitrizin; Ressital; Setiral; Virlix; Yen-
izin; Zyrtec; UAE: Cetralon; UK: AllerTek; Benadryl Allergy Oral Solution;
Benadryl One A Day; Cetirocol†; Hayfever & Allergy Relief; Hayfever Relief;
Piriteze; Pollenshield; Zirtek; USA: Zyrtec; Venez.: Celay; Cetirex; Ce-
tirivax; Cetral; Cetrine†; Talzic; Virlix†; Zyrtec.

Multi-ingredient: Arg.: Cabal-D; Cetriler D; Zyrtec-D; Austria: Cirrus;
Belg.: Cirrus; Reactine Pseudoephedrine; Braz.: Zyrtec-D; Canad.: Reac-
tine Allergy & Sinus; Chile: Alertop-D; Findaler-D; Histalen D; Remitex D;
Rigotax-D; Sanaler-D; Zyrtec-D†; Cz.: Pronose†; Fin.: Cirrus; Fr.: Actifed-
duo; Humex Rhinite Allergique; Ger.: Reactine duo; Zyrtec Duo†; Hong
Kong: Cirrus; Zyrtec-D; Hung.: Zyrtec-D; India: Alerid Cold; Alerid D;
Amcold; Cheston Cold; Indon.: Cirrus; Ital.: Naristar; Pronose†; Reactine;
Malaysia: Cirrus; Zyrtec-D; Mex.: Virlix-D; Zyrtec-D; NZ: Zyrtec De-
congestant; Pol.: Cirrus; Zyrtec D; Port.: Cirrus; Singapore: Cirrus†;
Spain: Naristar†; Stopcold; Virlix Plus; Thai.: Zyrtec-D; Turk.: Cirrus;
USA: Zyrtec-D; Venez.: Cetirivax D; Zyrtec-D.

Chlorcyclizine Hydrochloride (BANM, rINNM)

Chlorciklizino hidrochloridas; Chlorcyclizine, chlorhydrate de;
Chlorcyclizini hydrochloridum; Chlorcyclizinium Chloride; Chlo-
rcyklizin-hydrochlorid; Hidrocloruro de clorciclizina; Kloorisyklit-
siinihydrokloridi; Klórciklizin-hidroklorid; Klorcyklizinhydroklorid.
1-(4-Chlorobenzhydryl)-4-methylpiperazine hydrochloride.

Хлорциклизина Гидрохлорид

C18H21ClN2,HCl = 337.3.
CAS — 82-93-9 (chlorcyclizine); 1620-21-9 (chlorcyclizine
hydrochloride).
ATC — R06AE04.
ATC Vet — QR06AE04.

(chlorcyclizine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Chlorcyclizine Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water and in dichlo-
romethane; soluble in alcohol. A 1% solution in water has a pH
of 5.0 to 6.0. Protect from light.

Profile
Chlorcyclizine hydrochloride, a piperazine derivative, is a sedat-
ing antihistamine (p.561). It has been given orally for the symp-
tomatic relief of hypersensitivity reactions; it has also been used
as an antiemetic. It has been used in topical preparations, al-
though as with other antihistamines, there is a risk of sensitisa-
tion. 
Chlorcyclizine dibunate (naftoclizine) has been used as a cough
suppressant similarly to sodium dibunate (p.1573).

Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Trihistan†; Norw.: Trihistan†.

Multi-ingredient: Fin.: Anervan; Israel: Temigran; Neth.: Primatour;
Norw.: Anervan; Spain: Diminex Antitusigeno; Swed.: Anervan; Exolyt.

Chloropyramine Hydrochloride (BANM, rINNM)

Chloropyramine, Chlorhydrate de; Chloropyramini Hydrochlori-
dum; Halopyramine Hydrochloride; Hidrocloruro de cloro-
piramina. N-(4-Chlorobenzyl)-N′N′-dimethyl-N-(2-pyridyl)ethyl-
enediamine hydrochloride.

Хлоропирамина Гидрохлорид

C16H20ClN3,HCl = 326.3.
CAS — 59-32-5 (chloropyramine); 6170-42-9 (chloro-
pyramine hydrochlor ide).
ATC — D04AA09; R06AC03.
ATC Vet — QD04AA09; QR06AC03.

(chloropyramine)

Profile
Chloropyramine hydrochloride, an ethylenediamine derivative,
is an antihistamine (p.561). It has been given orally and by injec-
tion.

Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Suprastin; Mex.: Avapena; Rus.: Suprastin (Супрастин).

Chlorphenamine Maleate 

(BANM, rINNM)

Chlorfenamin-maleinát; Chlorfenamino maleatas; Chlorofenam-
iny maleinian; Chlorphénamine, maléate de; Chlorphenamini
maleas; Chlorpheniramine Maleate; Chlorprophenpyridamine
Maleate; Kloorifenamiinimaleaatti; Klorfenaminmaleat; Klór-
fenamin-maleát; Maleato de clorfenamina. (±)-3-(4-Chlorophe-
nyl)-NN-dimethyl-3-(2-pyridyl)propylamine hydrogen maleate.

Хлорфенамина Малеат
C16H19ClN2,C4H4O4 = 390.9.

CAS — 132-22-9 (chlorphenamine); 113-92-8 (chlo-
rphenamine maleate).

ATC — R06AB04.
ATC Vet — QR06AB04.

(chlorphenamine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Chlorphenamine Maleate). A white or almost
white, crystalline powder. Freely soluble in water; soluble in al-
cohol. Protect from light. 
USP 31 (Chlorpheniramine Maleate). A white, odourless, crys-
talline powder. Soluble 1 in 4 of water and 1 in 10 of alcohol and
of chloroform; slightly soluble in ether and in benzene. Its solu-
tions in water have a pH between 4 and 5. Store in airtight con-
tainers. Protect from light.

Incompatibility. Chlorphenamine maleate has been reported to
be incompatible with calcium chloride, kanamycin sulfate, no-
radrenaline acid tartrate, pentobarbital sodium, and meglumine
adipiodone.
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Dexchlorpheniramine Maleate (BANM, rINNM)

Dekschlorfeniramino maleatas; Dekskloorifeniramiinimaleaatti;
Dexchlorfeniramin-maleinát; Dexchlorphenamine Maleate; Dex-
chlorphéniramine, Maléate de; Dexchlorpheniramini maleas;
Dexklorfeniraminmaleat; Dexklórfeniramin-maleát; Maleato de
dexclorfeniramina.
Дексхлорфенирамина Малеат
CAS — 25523-97-1 (dexchlorpheniramine); 2438-32-6
(dexchlorpheniramine maleate).
ATC — R06AB02.
ATC Vet — QR06AB02.

(dexchlorpheniramine)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Dexchlorpheniramine Maleate). A white or almost
white, crystalline powder. Very soluble in water; freely soluble in
alcohol, in dichloromethane, and in methyl alcohol. A 1% solu-
tion in water has a pH of 4.5 to 5.5. Protect from light. 
USP 31 (Dexchlorpheniramine Maleate). A white, odourless,
crystalline powder. Soluble 1 in 1.1 of water, 1 in 2 of alcohol, 1
in 1.7 of chloroform, and 1 in 2500 of ether; slightly soluble in
benzene. pH of a 1% solution in water is between 4.0 and 5.0.
Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Exfoliative dermatitis may develop. Injections may be
irritant and cause transient hypotension or stimulation
of the CNS.
Effects on the blood. There are several old and isolated re-
ports of blood dyscrasias after use of chlorphenamine maleate;
these include agranulocytosis,1,2 thrombocytopenia,3 pancytope-
nia,4 and aplastic anaemia.5 Haemolytic anaemia has occurred
after use of dexchlorpheniramine maleate.6 The association with
antihistamine use has been questioned in some of these cases.7
1. Shenfield G, Spry CJF. Unusual cause of agranulocytosis. BMJ

1968; ii: 52–3. 
2. Hardin AS. Chlorpheniramine and agranulocytosis. Ann Intern

Med 1988; 108: 770. 
3. Eisner EV, et al. Chlorpheniramine-dependent thrombocytope-

nia. JAMA 1975; 231: 735–6. 
4. Deringer PM, Maniatis A. Chlorpheniramine-induced bone-mar-

row suppression. Lancet 1976; i: 432. 
5. Kanoh T, et al. Aplastic anaemia after prolonged treatment with

chlorpheniramine. Lancet 1977; i: 546–7. 
6. Duran-Suarez JR, et al. The I antigen as an immune complex

receptor in a case of haemolytic anaemia induced by an antihis-
taminic agent. Br J Haematol 1981; 49: 153–4. 

7. Spry CJF. Chlorpheniramine-induced bone-marrow suppression.
Lancet 1976; i: 545.

Effects on the senses. Chlorphenamine has been reported to
affect the senses of smell and taste.1
1. Schiffman SS. Taste and smell in disease. N Engl J Med 1983;

308: 1275–9.

Extrapyramidal disorders. Facial dyskinesias have been
reported1,2 after oral doses of chlorphenamine maleate.
1. Thach BT, et al. Oral facial dyskinesia associated with prolonged

use of antihistaminic decongestants. N Engl J Med 1975; 293:
486–7. 

2. Davis WA. Dyskinesia associated with chronic antihistamine
use. N Engl J Med 1976; 294: 113.

Interactions
As for the sedating antihistamines in general, p.563.
Antiepileptics. For a report of the effect of chlorphenamine on
phenytoin, see p.499.

Pharmacokinetics
Chlorphenamine maleate is absorbed relatively slowly
from the gastrointestinal tract, peak plasma concentra-
tions occurring about 2.5 to 6 hours after oral doses.
Bioavailability is low, values of 25 to 50% having been
reported. Chlorphenamine appears to undergo consid-
erable first-pass metabolism. About 70% of chlorphen-
amine in the circulation is bound to plasma proteins.
There is wide interindividual variation in the pharma-
cokinetics of chlorphenamine; values ranging from 2
to 43 hours have been reported for the half-life. Chlo-

rphenamine is widely distributed in the body, and en-
ters the CNS. 
Chlorphenamine maleate is extensively metabolised.
Metabolites include desmethyl- and didesmethylchlo-
rphenamine. Unchanged drug and metabolites are ex-
creted primarily in the urine; excretion is dependent on
urinary pH and flow rate. Only trace amounts have
been found in the faeces. 
A duration of action of 4 to 6 hours has been reported;
this is shorter than may be predicted from pharmacok-
inetic parameters. 
More rapid and extensive absorption, faster clearance,
and a shorter half-life have been reported in children.
◊ References.
1. Rumore MM. Clinical pharmacokinetics of chlorpheniramine.

Drug Intell Clin Pharm 1984; 18: 701–7. 
2. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-

tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97. 

3. Yasuda SU, et al. The roles of CYP2D6 and stereoselectivity in
the clinical pharmacokinetics of chlorpheniramine. Br J Clin
Pharmacol 2002; 53: 519–25.

Uses and Administration
Chlorphenamine maleate, an alkylamine derivative, is
a sedating antihistamine that causes a moderate degree
of sedation; it also has antimuscarinic activity. 
Chlorphenamine is a racemic mixture; the dextrorota-
tory isomer, dexchlorpheniramine, has about twice the
activity of chlorphenamine by weight. 
Chlorphenamine maleate and dexchlorpheniramine
maleate are used for the symptomatic relief of allergic
conditions including urticaria and angioedema (p.565),
rhinitis (p.565), and conjunctivitis (p.564), and in pru-
ritic skin disorders (p.565). They are common ingredi-
ents of compound preparations for symptomatic treat-
ment of coughs and the common cold (p.564).
However, such preparations should be used with cau-
tion in children, and generally avoided in those under 2
years of age (see p.562). Chlorphenamine may be giv-
en intravenously as an adjunct in the emergency treat-
ment of anaphylactic shock (p.563). 
Chlorphenamine maleate is given in oral doses of 4 mg
every 4 to 6 hours up to a maximum of 24 mg daily.
Doses for children, according to age, are: 1 to 2 years,
1 mg twice daily; 2 to 5 years, 1 mg every 4 to 6 hours
(maximum 6 mg daily); 6 to 12 years, 2 mg every 4 to
6 hours (maximum 12 mg daily). Although not li-
censed in the UK, the BNFC suggests that children
aged 1 month and over may be given 1 mg twice daily. 
Chlorphenamine maleate may be given by intramuscu-
lar, by subcutaneous, or by slow intravenous injection
over a period of 1 minute. The usual dose is 10 to
20 mg and the total dose given by these routes in 24
hours should not normally exceed 40 mg. For children,
doses of 87.5 micrograms/kg subcutaneously four
times daily have been suggested. The following
parenteral doses may also be used in children: the usual
dose  in  those  aged 1  month  to  1  year  i s
250 micrograms/kg; those aged 1 to 5 years may be
given a dose of 2.5 to 5 mg and those aged 6 to 12
years, 5 to 10 mg. Alternatively, children and adoles-
cents aged 1 to 18 years may be given a dose of
200 micrograms/kg. The BNFC suggests that doses for
children may be repeated if necessary up to 4 times in
24 hours. 
Dexchlorpheniramine maleate is given in oral doses of
2 mg every 4 to 6 hours up to a maximum of 12 mg
daily. Children aged 2 to 5 years may be given 0.5 mg
every 4 to 6 hours (maximum 3 mg daily), and those
aged 6 to 12 years, 1 mg every 4 to 6 hours (maximum
6 mg daily). 
Modified-release oral preparations of chlorphenamine
maleate or dexchlorpheniramine maleate are available
in some countries; dosage is specific to a particular for-
mulation. 
Dexchlorpheniramine maleate has been applied topi-
cally in some countries, although as with other antihis-
tamines there is a risk of sensitisation. Chlorphenamine

polistirex (a sulfonated diethenylbenzene-ethenylben-
zene copolymer complex), chlorphenamine tannate,
and dexchlorpheniramine tannate are given orally and
are used similarly to the maleate.
Malaria. Chlorphenamine may be tried in patients with malaria
who have chloroquine-induced pruritus (see Effects on the Skin,
p.600), but additionally it has been shown to have some promise
as an adjunct in the treatment of chloroquine-resistant malaria
itself. Early studies indicated that chlorphenamine was only one
of a number of drugs that reversed chloroquine resistance in vitro
in isolates of Plasmodium falciparum. Later clinical studies in
children in Nigeria showed enhanced efficacy when chlorphen-
amine was given with chloroquine.1-5 The overall management
of malaria is discussed on p.594.
1. Sowunmi A, et al. Enhanced efficacy of chloroquine-chlorphe-

niramine combination in acute uncomplicated falciparum malar-
ia in children. Trans R Soc Trop Med Hyg 1997; 91: 63–7. 

2. Sowunmi A, Oduola AMJ. Comparative efficacy of chloro-
quine/chlorpheniramine combination and mefloquine for the
treatment of chloroquine-resistant Plasmodium falciparum ma-
laria in Nigerian children. Trans R Soc Trop Med Hyg 1997; 91:
689–93. 

3. Sowunmi A, et al. Comparative efficacy of chloroquine plus
chlorpheniramine and pyrimethamine/sulfadoxine in acute un-
complicated falciparum malaria in Nigerian children. Trans R
Soc Trop Med Hyg 1998; 92: 77–81. 

4. Sowunmi A, et al. Comparative efficacy of chloroquine plus
chlorpheniramine and halofantrine in acute uncomplicated falci-
parum malaria in Nigerian children. Trans R Soc Trop Med Hyg
1998; 92: 441–5. 

5. Okonkwo CA, et al. Effect of chlorpheniramine on the pharma-
cokinetics of and response to chloroquine of Nigerian children
with falciparum malaria. Trans R Soc Trop Med Hyg 1999; 93:
306–11.

Preparations
BP 2008: Chlorphenamine Injection; Chlorphenamine Oral Solution; Chlo-
rphenamine Tablets; 
USP 31: Acetaminophen, Chlorpheniramine Maleate, and Dextromethor-
phan Hydrobromide Tablets; Chlorpheniramine Maleate and Phenylpropa-
nolamine Hydrochloride Extended-release Capsules; Chlorpheniramine
Maleate and Phenylpropanolamine Hydrochloride Extended-release Tab-
lets; Chlorpheniramine Maleate and Pseudoephedrine Hydrochloride Ex-
tended-release Capsules; Chlorpheniramine Maleate and Pseudoephedrine
Hydrochloride Oral Solution; Chlorpheniramine Maleate Extended-release
Capsules; Chlorpheniramine Maleate Injection; Chlorpheniramine Maleate
Syrup; Chlorpheniramine Maleate Tablets; Dexchlorpheniramine Maleate
Syrup; Dexchlorpheniramine Maleate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Afeme; Alergidryl†; Alergitrat; Isomerine†; Qura Plus; Austral.: Polar-
amine; Austria: Polaramin; Belg.: Polaramine†; Braz.: Alergonil; Alergov-
alle†; Alergyo; Alermine†; Deflux†; Dexclor†; Dexlerg; Dexmin†; Ex-
pectamin F; Histamin; Hystin; Polamin†; Polaramine; Polaren; Polaryn;
Canad.: Chlor-Tripolon; Novo-Pheniram; Chile: Asafen Nueva Formula†;
Clorprimeton; Nipolen; Prodel; Scadan; Denm.: Polaramin; Fr.: Polaramine;
Ger.: Polaronil; Gr.: Istamex; Polaramine†; Hong Kong: Allermin; Apomin;
Chlorpyrimine; Dapriton; Kenyamine; Medifen†; Pirimat; Piriton†; Polara-
mine; Rhiniramine; Sprinsol†; Synchloramin; Uni-Ramine; India: Cofton; In-
don.: Chlorphenon; Cohistan; CTM; Orphen; Pehachlor; Polamec; Polara-
mine; Polarist; Polofar ; Irl.: Piriton; Israel: Ahiston; Anaphyl†; Ital.:
Polaramin; Trimeton; Malaysia: Chloramine†; Chlormine; Chlorpyrimine;
D-Antihist†; Dex-Antihist†; Dexchloramine; Polamine†; Polaramine; Somin;
Mex.: Alerdil; Antadex-H; Blendox; Cloro-Trimeton; Cronal; Docsi; Hi-
erbal; Histadryl; Polaramine†; Neth.: Polaramine; Norw.: Phenamin; Polar-
amin; NZ: Histafen; Polaramine; Philipp.: Antamin; Barominic; Chlor-Tri-
meton; Valemine; Virgomine; Port.: Trenelone; S.Afr.: Allergex; Chlor-
Trimeton†; Chlorhist†; Polaramine†; Rhineton; Singapore: Allerphen†;
Chloramine; Chlorpyrimine; Dexchloramine; Dextramine; Piriton; Polara-
mine; Rhiniramine; Somin; Spain: Antihistaminico; Polaramine; Swed.: Po-
laramin; Switz.: Polaramine; Thai.: Allergin†; Chlorleate; Chlorpheno;
Chlorpyrimine; Cohistan; Histatab; Histatapp; Icolid Plus; Kloramin; Na-
samine†; Piriton†; UAE: Chlorohistol; UK: Allercalm; Allergy Relief; Allerief;
Calimal; Hayleve; Piriton; Pollenase Antihistamine; USA: Aller-Chlor; Aller-
gy; Allergy Relief; Chlo-Amine; Chlor-Pro; Chlor-Trimeton; ChlorTan; Ed-
Chlor-Tan; Efidac 24 Chlorpheniramine; PediaCare Allergy Formula; Pedia-
tan; Pediox-S; QDALL AR; TanaHist PD; Teldrin; Venez.: Clorotrimeton;
Inquiramin†; Liramin.
Multi-ingredient: numerous preparations are listed in Part 3.

Chlorphenoxamine Hydrochloride (BANM, rINNM)

Chlorphénoxamine, Chlorhydrate de; Chlorphenoxamini Hy-
drochloridum; Hidrocloruro de clorfenoxamina; Klorfenoksamin
Hidroklorür. 2-(4-Chloro-α-methylbenzhydryloxy)-NN-dimeth-
ylethylamine hydrochloride.
Хлорфеноксамина Гидрохлорид
C18H22ClNO,HCl = 340.3.
CAS — 77-38-3 (chlorphenoxamine); 562-09-4 (chlorphe-
noxamine hydrochloride).
ATC — D04AA34; R06AA06.
ATC Vet — QD04AA34; QR06AA06.

(chlorphenoxamine)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Chlorphenoxamine, a congener of diphenhydramine (p.577), has
antimuscarinic and antihistaminic properties. It has been used in
nausea, vomiting, and vertigo, and was formerly used in the
symptomatic treatment of parkinsonism. Chlorphenoxamine has
also been used in hypersensitivity reactions.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Systral; Hong Kong: Systral†; Indon.: Systral; Philipp.: Systral;
Port.: Systral; Thai.: Systral; Turk.: Sistral; Systral.
Multi-ingredient: Austria: Spirbon; Ger.: Systral C†; S.Afr.: Analgen-
SA†.

Cinnarizine (BAN, USAN, rINN)

Cinarizin; Cinarizina; Cinarizinas; Cinnarizin; Cinnarizinum; Cy-
naryzyna; 516-MD; R-516; R-1575; Sinarizin; Sinnaritsiini. 1-Ben-
zhydryl-4-cinnamylpiperazine; (E)-1-(Diphenylmethyl)-4-(3-phe-
nylprop-2-enyl)piperazine.
Циннаризин
C26H28N2 = 368.5.
CAS — 298-57-7.
ATC — N07CA02.
ATC Vet — QN07CA02.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Cinnarizine). A white or almost white powder.
Practically insoluble in water; slightly soluble in alcohol and in
methyl alcohol; soluble in acetone; freely soluble in dichlo-
romethane. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. 
There have been rare reports of extrapyramidal symp-
toms after taking cinnarizine, sometimes associated
with depressive feelings. 
High doses of cinnarizine should be used with caution
in patients with hypotension because of the possibility
of decreasing blood pressure further.
Extrapyramidal disorders. For reference to extrapyramidal
disorders associated with the use of cinnarizine, see Flunarizine,
p.580.
Hypersensitivity. Immunologically-defined lichen planus
pemphigoides has been reported1 in a 72-year-old woman taking
cinnarizine. Lesions began to clear when treatment was stopped
but challenge with cinnarizine provoked severe itching and reac-
tivation of pigmented lesions. Another case2 has also been de-
scribed.
1. Miyagawa S, et al. Lichen planus pemphigoides-like lesions in-

duced by cinnarizine. Br J Dermatol 1985; 112: 607–13. 
2. Ramallal M, et al. Lichenoid eruption associated with cinnar-

izine use. Pharm World Sci 2002; 24: 215–16.

Porphyria. Cinnarizine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Tinnitus. The Spanish System of Pharmacovigilance had re-
ceived reports1 of tinnitus associated with calcium-channel
blockers; some of the reports, including the one relating to cin-
narizine, were in patients also receiving other ototoxic drugs.
WHO was said to have additional reports of tinnitus associated
with calcium-channel blockers including cinnarizine.
1. Narváez M, et al. Tinnitus with calcium-channel blockers. Lan-

cet 1994; 343: 1229–30.

Weight gain. There has been a report1 of weight gain in 4 pa-
tients who had taken cinnarizine for 1 to 2 years; in all cases the
weight gain was associated with increased appetite.
1. Navarro-Badenes J, et al. Weight-gain associated with cinnar-

izine. Ann Pharmacother 1992; 26: 928–30.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Cinnarizine is absorbed from the gastrointestinal tract,
peak plasma concentrations occurring 2 to 4 hours after
oral doses. It undergoes metabolism and has a half-life

of 3 to 6 hours. Cinnarizine is excreted in the faeces
mainly as unchanged drug, and in the urine predomi-
nantly as metabolites.

Uses and Administration
Cinnarizine is a piperazine derivative with antihista-
mine, sedative, and calcium-channel blocking activity.
It is used for the symptomatic treatment of nausea and
vertigo caused by Ménière’s disease and other vestibu-
lar disorders (see Vertigo, p.565) and for the prevention
and treatment of motion sickness (p.564). It is also
used in the management of various peripheral and cer-
ebral vascular disorders. 
In the UK, the usual oral dose for vertigo and vestibular
disorders is 30 mg three times daily. For motion sick-
ness a dose of 30 mg is taken 2 hours before the start of
the journey and 15 mg every 8 hours during the jour-
ney if necessary. Children aged 5 to 12 years are given
half the adult dose for both indications. In other Euro-
pean countries, a dose of 75 mg once or twice daily has
been given for vertigo and vestibular disorders. Doses
of 75 mg have also been given 1 to 3 times daily for
cerebrovascular disorders and 2 or 3 times daily for pe-
ripheral vascular disorders.
◊ References.
1. Shupak A, et al. Cinnarizine in the prophylaxis of seasickness:

laboratory vestibular evaluation and sea study. Clin Pharmacol
Ther 1994; 55: 670–80.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dismaren; Fabracin; Folcodal; Iroplex†; Natropas; Stugeron; Austria:
Cinnabene; Pericephal; Stutgeron; Belg.: Stugeron; Braz.: Antigeron; Ci-
naran; Cinarivert†; Cinarix†; Cinazin†; Cinazon; Civertim; Cronogeron;
Fluxon; Laberitin†; Labigeron; Nerizina†; Stugerina†; Stugeron; Vertigeron;
Verzum; Vessel†; Chile: Cinergil; Siridone; Stugeron; Cz.: Cinedil†; Cinna-
bene; Stugeron; Denm.: Sepan; Gr.: Derozin; Stugeron; Hong Kong: Ce-
lenid†; Medozine; Stugeron; Hung.: Stugeron; India: Avidazine; Cintigo;
Diziron; Stugeron; Vertiron; Indon.: Merron; Nariz; Perifas; Stugeron; Ver-
tizine; Irl.: Stugeron; Israel: Stunarone; Ital.: Cinazyn; Stugeron; Toliman;
Malaysia: Celenid†; Cereron†; Cinna; Cinnaron; Stugeron; Uphageron;
Mex.: Bulasan; Cisaken; Dilateron-F; Dilper-INA; Karilex; Oblant; Stugeron;
Venoxil; Winpar ; Philipp.: Dizzinon; Niziran; Stugeron; Vertisin; Port.:
Cinon; Stugeron; Rus.: Phezam (Фезам); Stugeron (Структум); S.Afr.:
Purazine; Stugeron; Singapore: Celenid; Cinna; Cinnar ; Cinnaron;
Stugeron†; Urizine†; Spain: Stugeron; Switz.: Cerepar; Cinnageron; Cin-
named†; Stugeron; Thai.: C-Pela†; Celenid; Cenai; Cerebroad; Ceremin;
Cinerine; Cinna; Cinnar; Cinnaza; Cinrizine; CN-25†; Linazine; Manoron;
Med-Circuron†; Medozine; Siarizine; Silicin; Sorebral; Stugeron; Stugin; Stu-
no; Urizine; Vernarin; Turk.: Sefal; UK: Arlevert; Cinaziere†; Stugeron; Ven-
ez.: Cinaren; Cinarin; Sinver; Stugeron; Vericin.
Multi-ingredient: Arg.: Cadencial Plus; Cinacris; Difusil; Ribex; Vasodu-
al†; Austria: Cinnarplus; Belg.: Touristil; Braz.: Coldrin; Exit; Forgrip†;
Sureptil; Cz.: Arlevert; Fin.: Rinomar; Ger.: Arlevert; Hong Kong: C-Sik†;
Hung.: Arlevert; India: Vertigil; Neth.: Primatour ; Rus.: Omaron
(Омарон); Piracezine (Пирацезин); Spain: Clinadil; Clinadil Compositum;
Diclamina; Swed.: Rinomar.

Clemastine Fumarate 

(BANM, USAN, rINNM)

Clémastine, fumarate de; Clemastini fumaras; Fumarato de clem-
astina; HS-592 (clemastine); Klemastiinifumaraatti; Klemastin fu-
marát; Klemastin Hidrojen Fumarat; Klemastinfumarat; Klemasti-
no fumaratas; Klemastyny fumaran; Klemasztin-fumarát; Meclas-
tine Fumarate; Mecloprodine Fumarate. (+)-(2R)-2-{2-[(R)-4-
Chloro-α-methylbenzhydryloxy]ethyl}-1-methylpyrrolidine hy-
drogen fumarate.
Клемастина Фумарат
C21H26ClNO,C4H4O4 = 460.0.
CAS — 15686-51-8 (clemastine); 14976-57-9 (clemas-
tine fumarate).
ATC — D04AA14; R06AA04.
ATC Vet — QD04AA14; QR06AA04.

(clemastine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clemastine Fumarate). A white or almost white,
crystalline powder. Very slightly soluble in water; sparingly sol-
uble in alcohol (70%); slightly soluble in alcohol (50%) and in

methyl alcohol. A 10% suspension in water has a pH of 3.2 to
4.2. 
USP 31 (Clemastine Fumarate). A colourless to faintly yellow,
odourless, crystalline powder. Very slightly soluble in water;
very slightly soluble in chloroform; slightly soluble in methyl al-
cohol. pH of a 10% suspension in water is between 3.2 to 4.2.
Store in airtight containers at a temperature not exceeding 25°.
Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that clemastine should be given with caution to breast-feed-
ing mothers, since it has been associated with adverse effects in
the infant. Drowsiness, irritability, a high-pitched cry, neck stiff-
ness, and refusal to feed in a 10-week-old breast-fed baby oc-
curred 12 hours after her mother started treatment with clemas-
tine.2 Clemastine was detected in the mother’s breast milk. The
baby recovered and was feeding normally on the day after the
drug was stopped.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 08/04/04) 

2. Kok THHG, et al. Drowsiness due to clemastine transmitted in
breast milk. Lancet 1982; i: 914–15.

Porphyria. Clemastine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Clemastine fumarate is rapidly and almost completely
absorbed from the gastrointestinal tract; peak plasma
concentrations are achieved in 2 to 4 hours. Unchanged
drug and metabolites are excreted principally in the
urine. An elimination half-life of about 21 hours has
been reported. Clemastine is distributed into breast
milk.
◊ References.
1. Schran HF, et al. The pharmacokinetics and bioavailability of

clemastine and phenylpropanolamine in single-component and
combination formulations. J Clin Pharmacol 1996; 36: 911–22.

Uses and Administration
Clemastine fumarate, a monoethanolamine derivative,
is a sedating antihistamine with antimuscarinic and
moderate sedative properties. It has been reported to
have a duration of action of about 10 to 12 hours. It is
used for the symptomatic relief of allergic conditions
including urticaria and angioedema (p.565), rhinitis
(p.565) and conjunctivitis (p.564), and in pruritic skin
disorders (p.565). 
Clemastine is given as the fumarate although doses are
expressed in terms of the base. Clemastine fumarate
1.34 mg is equivalent to about 1 mg of clemastine
base. The usual oral dose is 1 mg twice daily. Up to
6 mg daily has been given, particularly for urticaria and
angioedema. Children aged 1 to 3 years may be given
250 to 500 micrograms twice daily; those aged 3 to 6
years, 500 micrograms twice daily; and those aged 6 to
12 years, 0.5 to 1 mg twice daily. 
Clemastine fumarate may be given by intramuscular or
slow intravenous injection in a total daily dose equiva-
lent to 4 mg of clemastine for acute allergic reactions;
for prophylaxis 2 mg is given by intravenous injection.
The dose for children is 25 micrograms/kg daily in two
divided doses by intramuscular injection. 
Clemastine fumarate has also been used topically, al-
though as with other antihistamines, there is a risk of
sensitisation.
Preparations
BP 2008: Clemastine Oral Solution; Clemastine Tablets; 
USP 31: Clemastine Fumarate Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Tavegyl; Braz.: Agasten; Canad.: Tavist; Cz.: Tavegyl; Denm.: Tav-
egyl; Ger.: Tavegil; India: Clamist; Indon.: Tavegyl; Ital.: Tavegil†; Mex.:
Tavist; Neth.: Tavegil; Philipp.: Marsthine; Tavegyl; Tavist; Port.: Tavegyl;
Tavist; Rus.: Tavegyl (Тавегил); S.Afr.: Tavegyl; Spain: Tavegil; Swed.: Tav-
egyl; Switz.: Tavegyl; Turk.: Tavegyl; UK: Tavegil; USA: Contac 12 Hour
Allergy; Dayhist-1; Tavist Allergy.
Multi-ingredient: Braz.: Emistin; Ger.: Corto-Tavegil†; Mex.: Tavist-D†;
Spain: Dexa Tavegil.
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Clemizole Hydrochloride (BANM, rINNM)

AL-20; Clémizole, Chlorhydrate de; Clemizoli Hydrochloridum;
Hidrocloruro de clemizol. 1-(4-Chlorobenzyl)-2-(pyrrolidin-1-yl-
methyl)benzimidazole hydrochloride.

Клемизола Гидрохлорид

C19H20ClN3,HCl = 362.3.

CAS — 442-52-4 (clemizole); 1163-36-6 (clemizole hy-
drochloride).

(clemizole)

Profile
Clemizole hydrochloride is a sedating antihistamine (p.561). It
has been used for the symptomatic relief of allergic conditions,
in pruritic skin disorders, and in combination preparations for the
treatment of symptoms of the common cold. Clemizole has also
been applied topically as the hexachlorophene, the sodium sul-
fate, and the undecylate derivatives in topical and rectal prepara-
tions combined with corticosteroids and local anaesthetics, al-
though as with other antihistamines, there is a risk of
sensitisation. 

See p.251 for the use of clemizole penicillin.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Arg.: Apracur†; Braz.: Ultraproct; Hong Kong: Ul-
traproct†; Indon.: Ultraproct; Thai.: Apracur; Scheriproct†.

Clocinizine Hydrochloride (rINNM)

Chlorcinnazine Dihydrochloride; Clocinizine, Chlorhydrate de;
Clocinizini Hydrochloridum; Hidrocloruro de clonizina. 1-(4-
Chlorobenzhydryl)-4-cinnamylpiperazine dihydrochloride.

Клоцинизина Гидрохлорид

C26H27ClN2,2HCl = 475.9.

CAS — 298-55-5 (clocinizine).

(clocinizine)

Profile
Clocinizine hydrochloride, a piperazine derivative, is an antihis-
tamine (p.561) given by mouth in combination preparations for
the symptomatic treatment of upper respiratory-tract disorders,
often with a decongestant.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Fr.: Denoral†; Ital.: Denoral†; Spain: Senioral.

Cyclizine (BAN, rINN)

Ciclizina; Cyclizinum; Cyklizin; Siklizin; Syklitsiini. 1-Benzhydryl-4-
methylpiperazine.
Циклизин
C18H22N2 = 266.4.
CAS — 82-92-8.
ATC — R06AE03.
ATC Vet — QR06AE03.

Pharmacopoeias. In Br. 
BP 2008 (Cyclizine). A white or creamy white, crystalline pow-
der. Practically insoluble in water. It dissolves in most organic
solvents and in dilute acids. M.p. about 107°. A saturated solu-
tion in water has a pH of 7.6 to 8.6.

Cyclizine Hydrochloride (BANM, rINNM)

Ciklizin-hidroklorid; Ciklizino hidrochloridas; Cyclizine, chlorhy-
drate de; Cyclizini hydrochloridum; Cyklizin hydrochlorid; Cykliz-
inhydroklorid; Hidrocloruro de ciclizina; Syklitsiinihydrokloridi.
Циклизина Гидрохлорид
C18H22N2,HCl = 302.8.
CAS — 303-25-3.
ATC — R06AE03.
ATC Vet — QR06AE03.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Cyclizine Hydrochloride). A white or almost white,
crystalline powder. Slightly soluble in water and in alcohol. A
2% solution in alcohol 2 vol. and water 3 vol. has a pH of 4.5 to
5.5. Protect from light. 
USP 31 (Cyclizine Hydrochloride). A white, odourless, crystal-
line powder or small colourless crystals. Soluble 1 in 115 of wa-
ter and of alcohol and 1 in 75 of chloroform; insoluble in ether.
pH of a 2% solution in alcohol 2 vol. and water 3 vol. is between
4.5 and 5.5. Store in airtight containers. Protect from light.

Cyclizine Lactate (BANM, rINNM)

Cyclizine, Lactate de; Cyclizini Lactas; Lactato de ciclizina.
Циклизина Лактат
C18H22N2,C3H6O3 = 356.5.
CAS — 5897-19-8.
ATC — R06AE03.
ATC Vet — QR06AE03.
Pharmacopoeias. Br. includes an injection of cyclizine lac-
tate.
Incompatibility. Cyclizine lactate is reported to be incompati-
ble with oxytetracycline hydrochloride, chlortetracycline hydro-
chloride, benzylpenicillin, and solutions with a pH of 6.8 or
more.

Cyclizine Tartrate (BANM, rINNM)

Cyclizine, Tartrate de; Cyclizini Tartras; Tartrato de ciclizina.
Циклизина Тартрат
C18H22N2,C4H6O6 = 416.5.
ATC — R06AE03.
ATC Vet — QR06AE03.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Cyclizine may aggravate severe heart failure. Hypo-
tension may occur on injection.
Abuse. Cyclizine tablets have been abused either alone or with
opioids for their euphoric effects.1-7 They have been taken by
mouth or used to make injections. It has been suggested that cy-
clizine dependence may occur when it is used with opioids in the
treatment of chronic pain.8
1. Gott PH. Cyclizine toxicity—intentional drug abuse of a propri-

etary antihistamine. N Engl J Med 1968; 279: 596. 
2. Kahn A, Harvey GJ. Increasing misuse of cyclizine. Pharm J

1985; 235: 706. 
3. Atkinson MK. Misuse of cyclizine. Pharm J 1985; 235: 773. 
4. Halpin D. Misuse of cyclizine. Pharm J 1985; 235: 773. 
5. Council of the Pharmaceutical Society of Great Britain. Sales of

preparations containing cyclizine. Pharm J 1985; 235: 797. 
6. Ruben SM, et al. Cyclizine abuse among a group of opiate de-

pendents receiving methadone. Br J Addict 1989; 84: 929–34. 
7. Bassett KE, et al. Cyclizine abuse by teenagers in Utah. Am J

Emerg Med 1996; 14: 472–4. 
8. Hughes AM, Coote J. Cyclizine dependence. Pharm J 1986;

236: 130.

Effects on the blood. Agranulocytosis occurred in a patient
after 6 weeks of treatment with cyclizine 50 mg three times dai-
ly.1 The blood count returned to normal once cyclizine was with-
drawn.
1. Collier PM. Agranulocytosis associated with oral cyclizine. BMJ

1986; 292: 174.

Effects on the heart. In a study1 of 11 patients with severe
heart failure, cyclizine produced detrimental haemodynamic ef-
fects including increased systemic and pulmonary artery pres-
sures and ventricular filling pressures, and negated the vasodila-
tor effects of diamorphine. It was suggested that the use of
cyclizine should be avoided in patients with acute myocardial in-
farction or severe heart failure.
1. Tan LB, et al. Detrimental haemodynamic effects of cyclizine in

heart failure. Lancet 1988; i: 560–1.

Effects on the liver. An 8-year-old girl developed jaundice on
2 occasions after taking cyclizine hydrochloride 25 mg daily by
mouth. ‘Hypersensitivity hepatitis’ was considered responsible.1
1. Kew MC, et al. “Hypersensitivity hepatitis” associated with ad-

ministration of cyclizine. BMJ 1973; 2: 307.

Pregnancy. For discussion of the use of antihistamines in preg-
nancy, including studies involving cyclizine, see p.563.

Interactions
As for the sedating antihistamines in general, p.563.
Cyclizine may counteract the haemodynamic benefits
of opioids (see Effects on the Heart, above) and this
should be considered before using preparations that
contain a combination of cyclizine and an opioid anal-
gesic.
General anaesthetics. For a possible interaction between cy-
clizine premedication and barbiturate anaesthetics see under
Thiopental, p.1795.

Pharmacokinetics
Cyclizine is absorbed from the gastrointestinal tract
and has an onset of action within 2 hours. The duration
of action is reported to be about 4 hours. Cyclizine is
metabolised in the liver to the relatively inactive me-
tabolite, norcyclizine. Both cyclizine and norcyclizine
have plasma elimination half-lives of 20 hours. Less
than 1% of the total oral dose is eliminated in the urine
in 24 hours.

Uses and Administration
Cyclizine, a piperazine derivative, is a sedating antihis-
tamine with antimuscarinic activity, although the seda-
tive effects are not marked. 
It is used as an antiemetic in the management of nausea
and vomiting (p.564) including motion sickness, post-
operative nausea and vomiting, after radiotherapy, and
in drug-induced nausea and vomiting. It is included as
an antiemetic with some opioids, and in combination
preparations for the treatment of migraine attacks
(p.616). Cyclizine is also used for the symptomatic
treatment of vertigo (p.565) caused by Ménière’s dis-
ease and other vestibular disturbances. 
In the management of nausea and vomiting, cyclizine
hydrochloride is given in a usual oral dose of 50 mg up
to three times daily, although up to 200 mg may be giv-
en in 24 hours if necessary. For the prevention of mo-
tion sickness, the first dose should be given about 30
minutes before travelling. Children aged 6 to 12 years
may be given 25 mg up to three times daily. Although
not licensed in the UK, the BNFC suggests that those
aged 1 month to 6 years may be given 0.5 to 1 mg/kg
(maximum of 25 mg) up to 3 times daily. 
Cyclizine is given intramuscularly or intravenously as
the lactate. Doses of cyclizine lactate are similar to
those of cyclizine hydrochloride given orally. For the
prevention of postoperative nausea and vomiting the
first dose of cyclizine lactate should be given about 20
minutes before the anticipated end of surgery. 
Although not licensed in the UK, cyclizine is also
available as suppositories on a named-patient basis.
The BNFC suggests that children aged 2 to 6 years may
be given rectal doses of 12.5 mg; those aged 6 to 12
years, 25 mg; and those aged 12 to 18 years, 50 mg.
Doses may be given up to 3 times daily. 
Cyclizine salts are used as antiemetics in combination
with morphine or dipipanone; the use of such fixed-
combination opioid preparations is considered to be
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

unsuitable for the prolonged treatment that may be re-
quired in palliative care. See also under Interactions,
above.

Preparations
BP 2008: Cyclizine Injection; Cyclizine Tablets; Dipipanone and Cyclizine
Tablets; 
USP 31: Cyclizine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Echnatol; Denm.: Marzine; Fin.: Marzine; Hong Kong: Marzine†;
Valoid†; India: Medazine; Irl.: Valoid; Neth.: Kruidvat Reistabletten;
Norw.: Marzine; NZ: Marzine; Nausicalm; Valoid; S.Afr.: Aculoid; Cov-
amet; Emitex†; Medazine; Nauzine; Norizine†; Triazine; Valoid; Singapore:
Marzine†; Swed.: Marzine†; Switz.: Marzine; UK: Valoid; USA: Bonine for
Kids; Marezine.

Multi-ingredient: Austria: Echnatol B ; Migril; Fin.: Vertipam; Hong
Kong: Migril†; Wellconal†; Irl.: Cyclimorph; Diconal†; Migril†; Neth.: Ercy-
cof†; S.Afr.: Cyclimorph; Migril; Wellconal; UK: Cyclimorph; Diconal; Migril.

Cyproheptadine Hydrochloride 

(BANM, rINNM)

Ciproheptadin-hidroklorid; Ciproheptadino hidrocloridas; Cy-
proheptadine, chlorhydrate de; Cyproheptadin-hydrochlorid
seskvihydrát; Cyproheptadinhydroklorid; Cyproheptadini hydro-
chloridum; Cyproheptadini Hydrochloridum Sesquihydricum;
Hidrocloruro de ciproheptadina; Siproheptadin Hidroklorür;
Syproheptadiinihydrokloridi. 4-(5H-Dibenzo[a,d]cyclohepten-5-
ylidene)-1-methylpiperidine hydrochloride sesquihydrate.

Ципрогептадина Гидрохлорид

C21H21N,HCl,1 ⁄ H2O = 350.9.

CAS — 129-03-3 (cyproheptadine); 969-33-5 (anhydrous
cyproheptadine hydrochloride); 41354-29-4 (cyprohepta-
dine hydrochloride sesquihydrate).

ATC — R06AX02.

ATC Vet — QR06AX02.

(cyproheptadine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Cyproheptadine Hydrochloride). A white or slight-
ly yellow, crystalline powder. Slightly soluble in water; sparingly
soluble in alcohol; freely soluble in methyl alcohol. Protect from
light. 
USP 31 (Cyproheptadine Hydrochloride). A white to slightly
yellow, odourless or practically odourless, crystalline powder.
Soluble 1 in 275 of water, 1 in 35 of alcohol, 1 in 26 of chloro-
form, and 1 in 1.5 of methyl alcohol; practically insoluble in
ether.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. In-
creased appetite and weight gain may occur with cy-
proheptadine.
Abuse. Dependence developed in a patient who took about
180 mg of cyproheptadine daily by mouth for 5 years.1

1. Craven JL, Rodin GM. Cyproheptadine dependence associated
with an atypical somatoform disorder. Can J Psychiatry 1987;
32: 143–5.

Effects on the nervous system. Antimuscarinic toxicity
manifest by hallucinations and agitation developed in a 9-year-
old child taking cyproheptadine 4 mg twice daily for migraine
prophylaxis.1

1. Watemberg NM, et al. Central anticholinergic syndrome on ther-
apeutic doses of cyproheptadine. Pediatrics 1999; 103: 158–60.

Interference with diagnostic tests. Cyproheptadine re-
duced hypoglycaemia-induced growth hormone secretion by be-
tween 5 and 97% in 8 healthy subjects.1 It was suggested that if
patients receiving cyproheptadine were given a pituitary function
test that used growth hormone response to insulin-induced hy-
poglycaemia, then cyproheptadine therapy should be stopped be-
fore the test. 

UK licensed product information states that cyproheptadine may
cause a false positive test result for tricyclic antidepressants in
urine.
1. Bivens CH, et al. Inhibition of hypoglycaemia-induced growth

hormone secretion by the serotonin antagonists cyproheptadine
and methysergide. N Engl J Med 1973; 289: 236–9.

Interactions
As for the sedating antihistamines in general, p.563.
Antidepressants. For reports suggesting that cyproheptadine
can reduce the effectiveness of SSRIs, see under Fluoxetine,
p.396.

Pharmacokinetics
After absorption from the gastrointestinal tract, cypro-
heptadine hydrochloride undergoes almost complete
metabolism. Metabolites are excreted principally in the
urine as conjugates, and also in the faeces.

Uses and Administration
Cyproheptadine, a piperidine derivative, is a sedating
antihistamine with antimuscarinic, serotonin-antago-
nist, and calcium-channel blocking actions. It is used as
the hydrochloride for the symptomatic relief of allergic
conditions including urticaria and angioedema (p.565),
rhinitis (p.565) and conjunctivitis (p.564), and in pru-
ritic skin disorders (p.565). Other uses include the
management of migraine (p.564). Cyproheptadine hy-
drochloride is given as the sesquihydrate although dos-
es are expressed in terms of the anhydrous substance.
Anhydrous cyproheptadine hydrochloride 10 mg is
equivalent to about 11 mg of cyproheptadine hydro-
chloride sesquihydrate. 
For allergic conditions and pruritus the oral dose in
adults is initially 4 mg three times daily, adjusted as
necessary. The average dose requirement is 12 to
16 mg daily in three or four divided doses, but up to
32 mg daily may occasionally be necessary. The dose
for children aged 2 to 6 years is 2 mg two or three times
daily increasing to a maximum of 12 mg daily and for
children aged 7 to 14 years, 4 mg two or three times
daily up to a maximum of 16 mg daily. Cyprohepta-
dine is not recommended in debilitated elderly pa-
tients. 
A dose of 4 mg is used for both prophylaxis and treat-
ment of migraine and other vascular headaches and
may be repeated after 30 minutes; patients who re-
spond usually obtain relief with 8 mg, and this dose
should not be exceeded within a 4- to 6-hour period. A
maintenance dose of 4 mg may be given every 4 to 6
hours. 
Other cyproheptadine salts that have been given orally
include the acetylaspartate, aspartate, cyclamate, oro-
tate, acefyllinate (7-theophyllineacetate), and the pyri-
doxal phosphate salt (dihexazine).
Abdominal migraine. Cyproheptadine has been tried in the
prophylactic treatment of children with abdominal migraine (see
Pizotifen, p.624).

Angina pectoris. Cyproheptadine was used successfully to
treat 2 patients with Prinzmetal’s angina (p.1157) refractory to
standard treatment with calcium-channel blockers and nitrates.1
Serotonin is an important endocrine mediator of coronary vasos-
pasm and the beneficial effects of cyproheptadine were attributed
to its activity as a serotonin antagonist.
1. Schecter AD, et al. Refractory Prinzmetal angina treated with

cyproheptadine. Ann Intern Med 1994; 121: 113–14.

Appetite disorders. Cyproheptadine has been widely used as
an appetite stimulant, including for anorexia nervosa and cachex-
ia (see under Megestrol, p.2115), but in the long-term appears to
have little value in producing weight gain and such use is no
longer generally recommended. There has been concern that cy-
proheptadine was being promoted and used inappropriately as an
appetite stimulant in some developing countries.1
1. Anonymous. Cyproheptadine: no longer promoted as an appetite

stimulant. WHO Drug Inf 1994; 8: 66.

Carcinoid syndrome. The management of carcinoid tumours
(p.643) is largely symptomatic. Cyproheptadine hydrochloride, a
serotonin antagonist, has had limited success in relieving symp-
toms such as diarrhoea but somatostatin analogues may now be
preferred.1 It has been used successfully with fenclonine, apro-
tinin, methylprednisolone, and antibacterials to prevent compli-
cations arising from release of tumour metabolites during hepatic

embolisation, a procedure sometimes used to relieve the symp-
toms of carcinoid syndrome.2 There have been a few reports of
tumour regression, in addition to symptomatic control, after
treatment of carcinoid tumours with cyproheptadine.3,4

1. Caplin ME, et al. Carcinoid tumour. Lancet 1998; 352: 799–805. 
2. Maton PN, et al. Role of hepatic arterial embolisation in the car-

cinoid syndrome. BMJ 1983; 287: 932–5. Correction to dosage.
ibid.; 1664. 

3. Harris AL, Smith IE. Regression of carcinoid tumour with cy-
proheptadine. BMJ 1982; 285: 475. 

4. Leitner SP, et al. Partial remission of carcinoid tumor in response
to cyproheptadine. Ann Intern Med 1989; 111: 760–1.

Serotonin syndrome. Cyproheptadine has been successfully
used to treat the serotonin syndrome (p.416) in patients who have
developed the syndrome after overdoses involving serotonergic
drugs or who have had their antidepressant therapy changed
without an adequate wash-out period.1,2

1. Lappin RI, Auchincloss EL. Treatment of the serotonin syn-
drome with cyproheptadine. N Engl J Med 1994; 331: 1021–2. 

2. McDaniel WW. Serotonin syndrome: early management with cy-
proheptadine. Ann Pharmacother 2001; 35: 870–3.

Sexual dysfunction. Cyproheptadine has been tried in the
management of sexual dysfunction induced by SSRIs (see Ef-
fects on Sexual Function under Fluoxetine, p.393) but may pos-
sibly reduce the effectiveness of the SSRI.

Preparations
BP 2008: Cyproheptadine Tablets; 
USP 31: Cyproheptadine Hydrochloride Syrup; Cyproheptadine Hydro-
chloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Periactin; Austria: Periactin; Belg.: Periactin; Braz.: Periatin;
Preptin†; Chile: Viternum; Cz.: Peritol; Denm.: Periactin†; Fr.: Periactine;
Ger.: Peritol; Hong Kong: Cyprogin; Hung.: Peritol; India: Apenorm†;
Ciplactin; Peritol; Practin; Indon.: Alphahist; Apeton; Cydifar; Cylat; En-
namax; Esprocy; Glocyp; Heptasan; Lexahist; Poncohist; Profut; Prohessen;
Pronicy; Sinapdin; Irl.: Periactin; Ital.: Periactin; Mex.: Viternum; Neth.:
Periactin; NZ: Periactin; Pol.: Peritol; Port.: Trimetabol†; Viternum; Rus.:
Peritol (Перитол); S.Afr.: Cipla-Actin; Periactin; Singapore: Cyprotin;
Spain: Klarivitina†; Periactin; Viternum; Swed.: Periactin; Switz.: Periactin†;
Thai.: Cyheptine; Cyprogin; Cyprono; Cyprosian; Cyprotec; Hepdine; Peri-
actin; Polytab; Turk.: Prakten; Sipraktin; UK: Periactin; Venez.: Cyprodin;
Eptacor†; Periactin†.

Multi-ingredient: Arg.: Apeplus; Apetitol Forte; Ciprocort; Ciprovit Cal-
cio; Ciprovit Energizante; Ciprovit Magnesico; Mikesan; Nipiol†; Potencil;
Sudevil Vita; Braz.: Apetivit BC; Apetiviton BC; Apevitin BC; Apmed; Bona-
petit†; Cobactin; Cobaglobal; Cobavit; Cobavital; Polivitam†; Trimetabol;
Chile: Apetrol; Grisetin Con Carnitina†; Orodina; Peracon; Revil; Rodepan;
Viternum Vitaminado; Hong Kong: Petina Compound; Tres Orix Forte;
Ital.: Carpantin†; Mex.: Cipro-Dexol†; Ciprolisina; Pangavit Pediatrico; Ro-
cavit; Spain: Anti Anorex Triple; Childrevit†; Covitasa B12; Desarrol;
Enoton; Glotone; Medenorex; Pantobamin; Pranzo; Stolina; Tonico Juven-
tus; Tres Orix Forte†; Trimetabol; Troforex Pepsico; Vita Menal; Venez.:
Cipromet†; Cyprodex.

Deptropine Citrate (BANM, rINNM)

Citrato de deptropina; Deptropiinisitraatti; Deptropincitrat;
Deptropin-citrát; Deptropine, citrate de; Deptropini citras; Dep-
tropino citratas; Dibenzheptropine Citrate. (1R,3r,5S)-3-(10,11-
Dihydro-5H-dibenzo[a,d]cyclohepten-5-yloxy)tropane dihydro-
gen citrate.
Дептропина Цитрат
C23H27NO,C6H8O7 = 525.6.
CAS — 604-51-3 (deptropine); 2169-75-7 (deptropine ci-
trate).
ATC — R06AX16.
ATC Vet — QR06AX16.

(deptropine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Deptropine Citrate). A white or almost white, mi-
crocrystalline powder. Very slightly soluble in water and in dehy-
drated alcohol; practically insoluble in dichloromethane. A satu-
rated solution in water has a pH of 3.7 to 4.5. Protect from light.
Profile
Deptropine citrate is a sedating antihistamine (p.561) with a
marked antimuscarinic action. It was given by mouth mainly in
the treatment of respiratory-tract disorders.
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Desloratadine (BAN, USAN, rINN)

Descarboethoxyloratadine; Desloratadin; Desloratadina; Deslor-
atadinum; Sch-34117. 8-Chloro-6,11-dihydro-11-(4-piperidyl-
idene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine.

Дезлоратадин
C19H19ClN2 = 310.8.
CAS — 100643-71-8.
ATC — R06AX27.
ATC Vet — QR06AX27.

Profile
Desloratadine, the major, active metabolite of loratadine (p.583),
is a non-sedating antihistamine. Desloratadine is used in the
symptomatic relief of allergic conditions including rhinitis
(p.565) and urticaria (p.565). 
Desloratadine is given in an oral dose of 5 mg once daily. 
It is also used with a decongestant such as pseudoephedrine sul-
fate. 
For dosage in children, and in hepatic or renal impairment, see
below.

◊ References.
1. McClellan K, Jarvis B. Desloratadine. Drugs 2001; 61: 789–96. 
2. Simons FER, ed. Desloratadine: clinical pharmacokinetics of a

novel H  receptor antagonist. Clin Pharmacokinet 2002; 41 (sup-
pl 1): 1–44. 

3. Limon L, Kockler DR. Desloratadine: a nonsedating antihista-
mine. Ann Pharmacother 2003; 37: 237–46. Correction. ibid.;
454. 

4. Murdoch D, et al. Desloratadine: an update of its efficacy in the
management of allergic disorders. Drugs 2003; 63: 2051–77. 

5. Berger WE. The safety and efficacy of desloratadine for the man-
agement of allergic disease. Drug Safety 2005; 28: 1101–18. 

6. Canonica GW, et al. Efficacy of desloratadine in the treatment of
allergic rhinitis: a meta-analysis of randomized, double-blind,
controlled trials. Allergy 2007; 62: 359–66.

Administration in children. In the UK, desloratadine is li-
censed for use in children aged 1 year and over in the treatment
of allergic rhinitis and urticaria; in the USA, it may be given to
those aged 6 months and over for perennial allergic rhinitis and
urticaria and to those aged 2 years and over for seasonal allergic
rhinitis. 
Regardless of indication, oral doses of desloratadine are as fol-
lows: 
• children aged 6 to 11 months: 1 mg once daily 
• those aged 1 to 5 years: 1.25 mg once daily 
• those aged 6 to 11 years: 2.5 mg once daily.

Administration in hepatic or renal impairment. US li-
censed product information recommends that patients with he-
patic or renal impairment should be given desloratadine 5 mg
orally on alternate days initially.

Breast feeding. Desloratadine is distributed into breast milk
and consequently UK and US licensed product information does
not recommend its use during breast feeding. For a discussion of
the use of loratadine in breast feeding, see under Adverse Effects
and Precautions, p.583.

Pregnancy. Desloratadine was not teratogenic in animal stud-
ies; however, product information recommends it should be used
with caution, if at all, in pregnant women. 
For a discussion of the use of loratadine in pregnancy, see under
Adverse Effects and Precautions, p.583.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aerius; Azomyr†; Frenaler; Hexaler; Novo Alerpriv; Austral.: Clara-
max; Austria: Aerius; Belg.: Aerius; Braz.: Desalex; Canad.: Aerius;
Chile: Aerius; Mailen; Neo Larmax; Neoclaritine; Neohysticlar ; Rinaid;
Rinofilax; Cz.: Aerius; Azomyr; Neoclarityn; Denm.: Aerius; Fin.: Aerius;
Fr.: Aerius; Ger.: Aerius; Gr.: Aerius; Neoclarityn†; Hong Kong: Aerius;
Hung.: Aerius; India: D-Loratin; Des-OD; Deslor; Indon.: Aerius; Irl.:
Neoclarityn; Israel: Aerius; Ital.: Aerius; Azomyr; Malaysia: Aerius;
Mex.: Aviant; Azomyr ; Neth.: Aerius; Azomyr ; Neoclarityn; Norw.:
Aerius; NZ: Aerius; Claramax; Philipp.: Aerius; Pol.: Aerius; Port.: Aerius;
Azomyr; Neoclarityn; Rus.: Aerius (Эриус); S.Afr.: Deselex; Singapore:
Aerius; Desalex†; Spain: Aerius; Azomyr; Swed.: Aerius; Switz.: Aerius;
Thai.: Aerius; Turk.: Aerius; UK: Neoclarityn; USA: Clarinex; Venez.:
Aerius; Desalex; Deslorat; Esparflin; Mailen.

Multi-ingredient: Cz.: Aerinaze; USA: Clarinex-D.

Dimebolin
Dimebol; Dimeboline; Dimebon; Dimebone. 2,3,4,5-Tetrahydro-
2,8-dimethyl-5-[2-(6-methyl-3-pyridinyl)ethyl]-1H-pyrido[4,3-
b]indole.

Димеболин
C21H25N3 = 319.4.
CAS — 3613-73-8 (dimebolin); 14292-23-0 (dimebolin x-
hydrochloride).

Profile
Dimebolin is an antihistamine that is reported to also have neu-
roprotective effects. It is under investigation as the dihydrochlo-
ride in the treatment of Alzheimer’s disease and Huntington’s
disease.

◊ References.
1. Doody RS, et al. Effect of dimebon on cognition, activities of

daily living, behaviour, and global function in patients with
mild-to-moderate Alzheimer’s disease: a randomised, double-
blind, placebo-controlled study. Lancet 2008; 372: 207–15.

Dimenhydrinate (BAN, rINN)

Chloranautine; Dimenhidrinát; Dimenhidrinat; Dimenhidrinatas;
Dimenhidrinato; Dimenhydramina; Dimenhydrinaatti; Dimenhy-
drinát; Dimenhydrinat; Diménhydrinate; Dimenhydrinatum;
Diphenhydramine Teoclate; Diphenhydramine Theoclate. The
diphenhydramine salt of 8-chlorotheophylline .

Дименгидринат
C17H21NO,C7H7ClN4O2 = 470.0.
CAS — 523-87-5.
ATC — R06AA02.
ATC Vet — QR06AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Dimenhydrinate). A white or almost white, crys-
talline powder or colourless crystals. M.p. 102° to 106°. Slightly
soluble in water; freely soluble in alcohol. A saturated solution in
water has a pH of 7.1 to 7.6. 
USP 31 (Dimenhydrinate). A white, odourless, crystalline pow-
der. Slightly soluble in water; freely soluble in alcohol and in
chloroform; sparingly soluble in ether.

Incompatibility. Dimenhydrinate has been reported to be in-
compatible in solution with a wide range of compounds; those
most likely to be encountered include: aminophylline, glycopyr-
ronium bromide, hydrocortisone sodium succinate, hydroxyzine
hydrochloride, meglumine adipiodone, some phenothiazines,
and some soluble barbiturates.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Effects on the eyes. Dimenhydrinate 100 mg, given at 4-hour-
ly intervals for 3 doses, was found to affect colour discrimina-
tion, night vision, reaction time, and stereopsis.1
1. Luria SM, et al. Effects of aspirin and dimenhydrinate

(Dramamine) on visual processes. Br J Clin Pharmacol 1979; 7:
585–93.

Porphyria. Dimenhydrinate has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Pregnancy. For discussion of the use of antihistamines in preg-
nancy, including a suggestion of a relationship between cardio-
vascular defects or inguinal hernia and dimenhydrinate expo-
sure, see p.563.

Interactions
As for the sedating antihistamines in general, p.563.

Uses and Administration
Dimenhydrinate, a monoethanolamine derivative, is a
sedating antihistamine with antimuscarinic and signif-
icant sedative effects. It is used mainly as an antiemetic
in the prevention and treatment of motion sickness
(p.564). It is also used for the symptomatic treatment of
nausea and vertigo caused by Ménière’s disease and
other vestibular disturbances (see Vertigo, p.565). 
The usual oral dose of dimenhydrinate is 50 to 100 mg,
given 3 or 4 times daily. For the prevention of motion
sickness, the first dose should be given at least 30
minutes before travelling. Typical doses for children,
according to age, are: 2 to up to 6 years, 12.5 to 25 mg
every 6 to 8 hours to a maximum of 75 mg daily (in
some countries lower doses of 6.25 to 12.5 mg are giv-
en two or three times daily); 6 to 12 years, 25 to 50 mg
every 6 to 8 hours to a maximum of 150 mg daily
(again lower doses are used in some countries). 
Dimenhydrinate may be given parenterally in usual
doses of 50 mg, a concentration of 5% being used for
intramuscular injection and 0.5% for slow intravenous
injection (usually over 2 minutes). Children have been
given dimenhydrinate by intramuscular or slow intra-
venous injection in a dose of 1.25 mg/kg four times
daily to a maximum of 300 mg daily. 
Dimenhydrinate has also been given by the rectal
route.
Preparations
BP 2008: Dimenhydrinate Tablets; 
USP 31: Dimenhydrinate Injection; Dimenhydrinate Syrup; Dimenhydri-
nate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Dr Amin; Dramamine; Marine†; Austral.: Dramamine; Austria: Em-
edyl; Nausex; Travel-Gum; Vertirosan; Belg.: Paranausine; Vagomine†;
Braz.: Dimedril†; Dramamine; Dramavit†; Dramin; Emebrid†; Neodrin;
Canad.: Anti-Nauseant; Childrens Motion Sickness Liquid; Dinate; Gravol;
Nauseatol; Novo-Dimenate; Travamine†; Travel Aid†; Chile: Mareamin;
Cz.: Travel-Gum; Denm.: Anautin; Fr.: Dramamine; Nausicalm; Ger.: Di-
men†; Reisegold†; Reisetabletten; Rodavan S; RubieMen†; Superpep; Verti-
go-Vomex; Vomacur; Vomex A; Gr.: Dravom†; Drimen; Travelgum; Vomex
A; Hong Kong: Dimate; Dimenate; Garcol; Gravol; Novomin; Hung.:
Daedalon; Daedalonetta; India: Dramnate; Gravol; Indon.: Dramamine;
Stopmun; Irl.: Dramamine†; Israel: Dramamine†; Travamin; Ital.: Lomarin;
Motozina; Travelgum; Valontan; Xamamina; Malaysia: Dimenate;
Dramamine; Driminate; Hydrinate; Novomin†; Setmenate†; Mex.: Apo-
Mina; Dimetin-F†; Dimicaps; Dramamine; Unitril†; Vomisin; NZ:
Dramamine; Philipp.: Gravol; Pol.: Aviomarin; Port.: Dramamine†;
Draminal; Enjomin; Viabom; Vomidrine; Rus.: Dramina (Драмина); Singa-
pore: Dimenate; Dramamine†; Spain: Biodramina; Cinfamar; Contramar-
eo; Travel Well; Swed.: Amosyt; Switz.: Antemin; Dramamine†; Trawell;
Thai.: Denim; Dimeno; Dimin†; Dramamine; Gravol; Motivan; Nausamine;
Navamin; Phrachedi; Vominar†; Turk.: Anti-Em; Dramamine; Xamamine;
UAE: Dizinil; UK: Arlevert; USA: Calm-X; Dimetabs; Dinate; Dramamine;
Dramanate; Dymenate; Hydrate†; Triptone; Venez.: Dramamine†; Viaje-
san.
Multi-ingredient: Austral.: Travacalm; Austria: Neo-Emedyl; Synkap-
ton; Vertirosan Vitamin B ; Braz.: Dramavit B6†; Dramin B-6; Dramin B-6
DL; Nausicalm; Nausilon B6; Canad.: Gravergol†; Cz.: Arlevert; Migrae-
flux; Fr.: Mercalm; Ger.: Arlevert; Migraeflux N; Migraeflux orange N; Gr.:
Vertigo-Vomex; Hong Kong: Gravergol†; Rhinocap; Hung.: Arlevert; In-
don.: Dramasine; Mex.: Bomine; Spain: Acetuber; Biodramina Cafeina;
Cinfamar Cafeina; Saldeva; Salvarina; Sin Mareo x 4; Switz.: Agorhino†; An-
temin compositum; Dramamine-compositum†; Gem Voyage Dragees con-
tre les maux de voyage; Rhinocap; Trawell compositum; Thai.: Roxine.

Dimetindene Maleate (BANM, rINNM)

Dimethindene Maleate (USAN); Dimethpyrindene Maleate;
Dimethylpyrindene Maleate; Dimetindeenimaleaatti; Dimetinden
Maleat; Dimétindène, maléate de; Dimetindeni maleas;
Dimetindenmaleat; Dimetindén-maleát; Dimetinden-maleinát;
Dimetindeno maleatas; Maleato de dimetindeno; NSC-107677;
Su-6518. NN-Dimethyl-2-{3-[1-(2-pyridyl)ethyl]-1H-inden-2-
yl}ethylamine hydrogen maleate.
Диметиндена Малеат
C20H24N2,C4H4O4 = 408.5.
CAS — 5636-83-9 (dimetindene); 3614-69-5
(dimetindene maleate).
ATC — D04AA13; R06AB03.
ATC Vet — QD04AA13; QR06AB03.

(dimetindene)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dimetindene Maleate). A white to almost white,
crystalline powder. Slightly soluble in water; soluble in methyl
alcohol. Protect from light.
Profile
Dimetindene maleate, an alkylamine derivative, is a sedating an-
tihistamine (p.561); it is mildly sedative and is reported to have
mast-cell stabilising properties. It is used for the symptomatic re-
lief of allergic conditions including urticaria and angioedema
(p.565) and rhinitis (p.565), and in pruritic skin disorders (p.565).
It is also used in compound preparations for the symptomatic
treatment of coughs and the common cold (p.564). 
Dimetindene maleate is given in an oral dose of 1 to 2 mg three
times daily; modified-release preparations are also available. It
may also be given by the intravenous route. Dimetindene
maleate is applied topically as a 0.1% gel or lotion although, as
with other antihistamines, there is a risk of sensitisation. It is used
in a strength of 0.025% in compound nasal preparations.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Fenistil; Belg.: Fenistil; Cz.: Fenistil; Ger.: Fenistil; Gr.: Fenistil;
Hung.: Fenistil; India: Foristal; Indon.: Fenistil; Israel: Fenistil; Ital.: Fenistil;
Neth.: Fenistil; Norw.: Fenistil†; Philipp.: Fenistil; Pol.: Fenistil; Port.: Fen-
istil; Neostil; Rus.: Fenistil (Фенистил); Spain: Fenistil; Switz.: Fenistil;
Thai.: Fenistil; Turk.: Fenistil; Venez.: Fenistil†.
Multi-ingredient: Arg.: Vibragel; Austria: Trimedil; Vibrocil; Belg.: Vi-
brocil; Braz.: Gripen; Trimedal; Cz.: Vibrocil; Ger.: Vibrocil†; Gr.: Vibrocil-
S; Hong Kong: Vibrocil†; Hung.: Otrivin Allergia; Vibrocil; Israel: Vibrocil;
Ital.: Vibrocil; Pol.: Otrivin Allergy; Port.: Vibrocil; Rus.: Vibrocil
(Виброцил); S.Afr.: Vibrocil; Vibrocil-S; Switz.: Vibrocil.

Dimetotiazine Mesilate (BANM, rINNM)

Dimethothiazine Mesylate; Dimétotiazine, Mésilate de; Dimeto-
tiazini Mesilas; Fonazine Mesylate (USAN); IL-6302 (dimetotiazine);
Mesilato de dimetotiazina; 8599-RP (dimetotiazine). 10-(2-
Dimethylaminopropyl)-NN-dimethylphenothiazine-2-sulphona-
mide methanesulphonate.
Диметотиазина Мезилат
C19H25N3O2S2,CH3SO3H = 487.7.
CAS — 7456-24-8 (dimetotiazine); 7455-39-2 (dimeto-
tiazine mesilate).
ATC — N02CX05.
ATC Vet — QN02CX05.

(dimetotiazine)

Profile
Dimetotiazine mesilate, a phenothiazine derivative, is a sedating
antihistamine (p.561). It has been used for the symptomatic relief
of hypersensitivity reactions, in pruritic skin disorders, and in the
management of headaches including migraine.
Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Migristene; Mex.: Migristene.

Diphenhydramine (BAN, rINN)

Benzhydramine; Difenhidramina; Difenhydramiini; Difenhy-
dramin; Diphénhydramine; Diphenhydraminum. 2-Benzhydry-
loxy-NN-dimethylethylamine.
Дифенгидрамин
C17H21NO = 255.4.
CAS — 58-73-1.
ATC — D04AA32; R06AA02.
ATC Vet — QD04AA32; QR06AA02.

Pharmacopoeias. In Jpn.

Diphenhydramine Citrate (BANM, rINNM)

Benzhydramine Citrate; Citrato de difenhidramina; Diphénhy-
dramine, Citrate de; Diphenhydramini Citras.
Дифенгидрамина Цитрат
C17H21NO,C6H8O7 = 447.5.
CAS — 88637-37-0.
ATC — D04AA32; R06AA02.
ATC Vet — QD04AA32; QR06AA02.
Pharmacopoeias. In US. 
USP 31 (Diphenhydramine Citrate). Store in airtight containers.
Protect from light.

Diphenhydramine Di(acefyllinate) (rINNM)

Benzhydramine Di(acefyllinate); Bietanautine; Di(acefilinato) de
difenhidramina; Diphénhydramine Diacéfylline; Diphenhy-
dramine Di(acephyllinate); Diphenhydramini Diacefyllinas.
Diphenhydramine bis(theophyllin-7-ylacetate).
Дифенгидрамина Диацефиллинат
C17H21NO,2C9H10N4O4 = 731.8.
CAS — 6888-11-5.
ATC — D04AA32; R06AA02.
ATC Vet — QD04AA32; QR06AA02.

NOTE. The name Etanautine has been applied both to diphenhy-
dramine monoacefyllinate and to ethylbenzhydramine, an an-
timuscarinic formerly used in the symptomatic treatment of par-
kinsonism.

Diphenhydramine Hydrochloride (BANM, rINNM)

Benzhydramine Hydrochloride; Difenhidramin Hidroklorür;
Difenhidramin-hidroklorid; Difenhidramino hidrochloridas;
Difenhydramiinihydrokloridi; Difenhydramin-hydrochlorid; Difen-
hydraminhydroklorid; Difenhydraminy chlorowodorek; Dime-
drolum; Diphénhydramine, chlorhydrate de; Diphenhydramini
hydrochloridum; Diphenhydraminium Chloride; Hidrocloruro
de difenhidramina.
Дифенгидрамина Гидрохлорид
C17H21NO,HCl = 291.8.
CAS — 147-24-0.
ATC — D04AA32; R06AA02.
ATC Vet — QD04AA32; QR06AA02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Jpn also includes Diphenhydramine Tannate. 
Ph. Eur. 6.2 (Diphenhydramine Hydrochloride). A white or al-
most white, crystalline powder. Very soluble in water; freely sol-
uble in alcohol. A 5% solution in water has a pH of 4.0 to 6.0.
Protect from light. 
USP 31 (Diphenhydramine Hydrochloride). A white, odourless,
crystalline powder. It slowly darkens on exposure to light. Solu-
ble 1 in 1 of water, 1 in 2 of alcohol and of chloroform, and 1 in
50 of acetone; very slightly soluble in ether and in benzene. Its
solutions are neutral to litmus. Store in airtight containers. Pro-
tect from light.
Incompatibility. Diphenhydramine hydrochloride has been re-
ported to be incompatible with amphotericin B, cefmetazole so-
dium, cefalotin sodium, hydrocortisone sodium succinate, some
soluble barbiturates, some contrast media, and solutions of alka-
lis or strong acids.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Abuse. Reports of the abuse of diphenhydramine hydrochlo-
ride.
1. Anonymous. Is there any evidence that Benylin syrup is addic-

tive? BMJ 1979; 1: 459. 
2. Smith SG, Davis WM. Nonmedical use of butorphanol and

diphenhydramine. JAMA 1984; 252: 1010. 
3. Feldman MD, Behar M. A case of massive diphenhydramine

abuse and withdrawal from use of the drug. JAMA 1986; 255:
3119–20. 

4. de Nesnera AP. Diphenhydramine dependence: a need for aware-
ness. J Clin Psychiatry 1996; 57: 136–7. 

5. Dinndorf PA, et al. Risk of abuse of diphenhydramine in children
and adolescents with chronic illnesses. J Pediatr 1998; 133:
293–5.

Extrapyramidal disorders. Reports of dystonic extrapyrami-
dal reactions to diphenhydramine.
1. Lavenstein BL, Cantor FK. Acute dystonia: an unusual reaction

to diphenhydramine. JAMA 1976; 236: 291. 
2. Santora J, Rozek S. Diphenhydramine-induced dystonia. Clin

Pharm 1989; 8: 471. 
3. Roila F, et al. Diphenhydramine and acute dystonia. Ann Intern

Med 1989; 111: 92–3.

Overdosage. In an evaluation of 136 cases, one fatal, of intox-
ication with diphenhydramine, the plasma concentration was
correlated with frequency or extent of symptoms.1 The most
common symptom was impaired consciousness; psychosis, sei-
zures, antimuscarinic symptoms such as mydriasis, tachycardia,
and tachyarrhythmias, and respiratory failure were also ob-
served. The positive association between dose and frequency and
severity of symptoms was confirmed in a more recent study;2 it
was also found that severe symptoms were more likely to occur
when 1 g or more of diphenhydramine had been taken. 

There have been reports3,4 of rhabdomyolysis as an effect of oral
diphenhydramine overdosage. The liberal application of a lotion
containing diphenhydramine produced acute delirium with visu-
al and auditory hallucinations in a 9-year-old boy5 and similar
effects were seen in 3 children with varicella-zoster infection fol-
lowing the topical application of diphenhydramine (2 of these
children also received oral diphenhydramine).6
1. Köppel C, Tenczer J. Clinical symptomatology of diphenhy-

dramine overdose: an evaluation of 136 cases in 1982 to 1985.
Clin Toxicol 1987; 25: 53–70. 

2. Radovanovic D, et al. Dose-dependent toxicity of diphenhy-
dramine overdose. Hum Exp Toxicol 2000; 19: 489–95. 

3. Hampel G, et al. Myoglobinuric renal failure due to drug-in-
duced rhabdomyolysis. Hum Toxicol 1983; 2: 197–203. 

4. Haas CE, et al. Rhabdomyolysis and acute renal failure follow-
ing an ethanol and diphenhydramine overdose. Ann Pharmaco-
ther 2003; 37: 538–42. 

5. Filloux F. Toxic encephalopathy caused by topically applied
diphenhydramine. J Pediatr 1986; 108: 1018–20. 

6. Chan CYJ, Wallander KA. Diphenhydramine toxicity in three
children with varicella-zoster infection. DICP Ann Pharmacoth-
er 1991; 25: 130–2.

Porphyria. Diphenhydramine has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Pregnancy. A pregnant woman who was receiving diphenhy-
dramine hydrochloride 150 mg daily for a pruritic rash gave birth
to an infant who developed diarrhoea and generalised tremulous-
ness 5 days later.1 The delay in appearance of withdrawal symp-
toms was considered to be due to reduced activity of glucuronyl
conjugating enzymes in the first few days of life. 
For discussion of the use of antihistamines in pregnancy, includ-
ing a suggestion of a relationship between inguinal hernia or gen-
ito-urinary malformations and diphenhydramine exposure, see
p.563. See also under Interactions, below, for a report of perinatal
death possibly associated with temazepam and diphenhy-
dramine.
1. Parkin DE. Probable Benadryl withdrawal manifestations in a

new-born infant. J Pediatr 1974; 85: 580.

Interactions
As for the sedating antihistamines in general, p.563.
Diphenhydramine inhibits the cytochrome P450 isoen-
zyme CYP2D6 that is partly responsible for the metab-
olism of some beta blockers including metoprolol and
the antidepressant venlafaxine.
Benzodiazepines. There has been a report1 suggesting that a
reduction in temazepam metabolism caused by diphenhy-
dramine may have contributed to perinatal death after ingestion
of these drugs by the mother.
1. Kargas GA, et al. Perinatal mortality due to interaction of

diphenhydramine and temazepam. N Engl J Med 1985; 313:
1417–18.

Pharmacokinetics
Diphenhydramine hydrochloride is well absorbed
from the gastrointestinal tract, although high first-pass
metabolism appears to affect systemic availability.
Peak plasma concentrations are achieved about 1 to 4
hours after oral doses. Diphenhydramine is widely dis-
tributed throughout the body including the CNS. It
crosses the placenta and has been detected in breast
milk. Diphenhydramine is highly bound to plasma pro-
teins. Metabolism is extensive. Diphenhydramine is
excreted mainly in the urine as metabolites; little is ex-
creted as unchanged drug. The elimination half-life has
been reported to range from 2.4 to 9.3 hours.
◊ References.
1. Glazko AJ, et al. Metabolic disposition of diphenhydramine.

Clin Pharmacol Ther 1974; 16: 1066–76. 
2. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-

tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97. (includes studies indicating a correlation between
plasma concentrations and both antihistaminic and sedative ef-
fects). 

3. Simons KJ, et al. Diphenhydramine: pharmacokinetics and phar-
macodynamics in elderly adults, young adults, and children. J
Clin Pharmacol 1990; 30: 665–71. 

4. Scavone JM, et al. Pharmacokinetics and pharmacodynamics of
diphenhydramine 25 mg in young and elderly volunteers. J Clin
Pharmacol 1998; 38: 603–9.

Uses and Administration
Diphenhydramine, a monoethanolamine derivative, is
a sedating antihistamine with antimuscarinic and pro-
nounced sedative properties. It is used for the sympto-
matic relief of allergic conditions including urticaria
and angioedema (p.565), rhinitis (p.565) and conjunc-
tivitis (p.564), and in pruritic skin disorders (p.565). It
is also used for its antiemetic properties in the treat-
ment of nausea and vomiting (p.564), particularly in
the prevention and treatment of motion sickness (when
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it should be given at least 30 minutes before travelling),
and in the treatment of vertigo of various causes
(p.565). Diphenhydramine is used for its antimuscarin-
ic properties in the control of parkinsonism (p.791) and
drug-induced extrapyramidal disorders (p.971) (al-
though the possibility that diphenhydramine itself may
cause extrapyramidal symptoms should be remem-
bered). Diphenhydramine has pronounced central sed-
ative properties and may be used as a hypnotic in the
short-term management of insomnia (p.564). It is a
common ingredient of compound preparations for
symptomatic treatment of coughs and the common
cold (p.564). However, such preparations should be
used with caution in children, and generally avoided in
those under 2 years of age (see p.562). It may also be
given in combination preparations containing analge-
sics, particularly paracetamol. Diphenhydramine may
be used parenterally as an adjunct in the emergency
treatment of anaphylactic shock (p.563) or when oral
therapy is not feasible. 
For most indications, diphenhydramine hydrochloride
is given in usual oral doses of 25 to 50 mg three or four
times daily. The dose for children is 6.25 to 25 mg
three or four times daily, or a total daily dose of
5 mg/kg may be given in divided doses. The maximum
dose in adults and children is about 300 mg daily. A
dose of 20 to 50 mg may be used as a hypnotic in adults
and children over 12 years old. 
When oral therapy is not feasible, diphenhydramine
hydrochloride may be given by deep intramuscular in-
jection or by intravenous injection using concentra-
tions of 1% or 5%. Usual doses are 10 to 50 mg, al-
though doses of 100 mg have been given. No more
than 400 mg should be given in 24 hours. Children
may be given 5 mg/kg daily in divided doses to a max-
imum of 300 mg in 24 hours. Diphenhydramine hydro-
chloride is applied topically, usually in preparations
containing 1 to 2% although, as with other antihista-
mines, there is a risk of sensitisation. 
Diphenhydramine citrate is given orally in a dose of
76 mg at night in combination preparations for its hyp-
notic action. Diphenhydramine di(acefyllinate) is giv-
en as an antiemetic for the prevention and treatment of
motion sickness. The usual oral dose is 90 to 135 mg,
which may be repeated if necessary at intervals of at
least 6 hours, to a maximum of 540 mg daily. Other
diphenhydramine salts that have been used include the
polistirex, the salicylate, and the tannate by mouth, the
methylbromide rectally, and the metilsulfate applied
topically. 
Dimenhydrinate (p.576) is diphenhydramine teoclate
and mefenidramium metilsulfate is diphenhydramine
methylsulfomethylate.

Preparations
BP 2008: Diphenhydramine Oral Solution; 
USP 31: Acetaminophen and Diphenhydramine Citrate Tablets; Acetami-
nophen, Diphenhydramine Hydrochloride, and Pseudoephedrine Hydro-
chloride Tablets; Diphenhydramine and Pseudoephedrine Capsules;
Diphenhydramine Hydrochloride Capsules; Diphenhydramine Hydrochlo-
ride Elixir ; Diphenhydramine Hydrochloride Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Alermina; Amodormin; Benadryl; Benadryl Antialergico†; Caladryl D;
Drepatil†; Fabolergic; Histaler; Klonadryl; Mudantos H†; Austral.: Snuzaid;
Unisom; Austria: Calmaben; Dermodrin; Dibondrin; Histaxin; Noctor;
Sleepia†; Belg.: Azaron; Benylin; Diphamine; Nuicalm†; Nustasium; R Calm;
Braz.: Difenidrin; Canad.: Aller-Aide; Allerdryl; Allergy Caplets; Allergy
Elixir ; Allergy Formula; Allernix; Benadryl; Calmex; Children’s Allergy For-
mula; Dormex; Dormiphen; Insomnal; Jack & Jill Bedtime; Jack & Jill Thin
Strips Cough & Cold; Neo Citran Nighttime Cough; Nytol; Simply Sleep;
Sleep Aid; Sleep-Eze D; Sominex; Triaminic Thin Strips Nighttime Cough &
Runny Nose; Unisom; Chile: Jaquedryl; Pasifen†; Somol; Cz.: Benadryl N†;
Psilo-Balsam; Fr.: Butix; Nautamine; Ger.: Benadryl N†; Betadorm D;
Dolestan; Dormutil N†; Emesan; Halbmond†; Hevert-Dorm; Moradorm;
nervo OPT N; ratioAllerg†; S.8; Sedativum-Hevert; Sediat; Sedopretten;
Sleepia†; Vivinox Sleep; Gr.: Benadryl; Hong Kong: Benadryl†; Calox†; Hy-
dramine Cream†; Unisom; Hung.: Psilo-Balsam; India: Benadryl; Cofryl;
Dimiril†; Indon.: Arcodryl; Benadryl; Otede; Paradryl; Recodryl; Sidiadryl;
Israel: Nytol; Ital.: Aliserin; Allergan; Nytol†; Mex.: Benadryl; Bionaryl; Bo-
nanoti; Drafen; Glicodril; Histadryl; Indumir; Lurispan; Nytol; Tzoali†; Ulcoid;
Unisom†; NZ: Unisom; Philipp.: Allerin AH; Benadryl Antihistamine;
Benaxil; Dramelin; Port.: Benaderma; Benergina; Codilergi; Nytol†; Rus.:
Psilo-Balsam (Псило-Бальзам); S.Afr.: Betasleep; Sleepeze-PM; Singa-
pore: Benocten; Paxidorm; Spain: Benadryl; Neosayomol; Nytol; Sono-
dor; Swed.: Desentol; Switz.: Bedorma; Benocten; Comprimes somniferes
"S"; Dobacen†; Sleepia†; Thai.: Benadryl; Turk.: Allenik; Allerjin; Benison;
Fenotral; UAE: Amydramine II; UK: Adult Chesty Cough; Child Chesty
Cough; Dreemon; Histergan; Mandalyn Paediatric; Nightcalm; Nytol; Paxi-

dorm; Sleep Aid; Sleepeaze; USA: 40 Winks; Aler-Dryl; AllerMax; Altaryl
Childrens Allergy; Banophen Allergy; Ben-Tann; Benadryl; Benadryl Allergy;
Benadryl Childrens Allergy; Benadryl Itch; Childrens PediaCare Nighttime
Cough; Compoz Night-time Sleep Aid; Dermamycin; Diphen AF; Diphen-
hist; Dormin; Dytan; Dytuss; Genahist; Maximum Strength Sleepinal; Maxi-
mum Strength Unisom SleepGels; Miles Nervine; MouthKote P/R†; Nytol;
Scot-Tussin Allergy; Siladryl; Silphen; Simply Sleep; Sleep-Ettes D; Sleepwell
2-nite; Snooze Fast; Sominex; Triaminic Cough & Runny Nose; Tusstat; Twi-
lite; Venez.: Benadryl; Di-Fedril†; Ystal†.

Multi-ingredient: numerous preparations are listed in Part 3.

Diphenylpyraline Hydrochloride (BANM, rINNM)

Diphénylpyraline, Chlorhydrate de; Diphenylpyralini Hydrochlo-
ridum; Hidrocloruro de difenilpiralina. 4-Benzhydryloxy-1-meth-
ylpiperidine hydrochloride.
Дифенилпиралина Гидрохлорид
C19H23NO,HCl = 317.9.
CAS — 147-20-6 (diphenylpyraline); 132-18-3 (diphe-
nylpyraline hydrochloride).
ATC — R06AA07.
ATC Vet — QR06AA07.

(diphenylpyraline)

Pharmacopoeias. In Br. 
BP 2008 (Diphenylpyraline Hydrochloride). A white or almost
white, odourless or almost odourless powder. Freely soluble in
water, in alcohol, and in chloroform; practically insoluble in
ether.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Interactions
As for the sedating antihistamines in general, p.563.
Pharmacokinetics
◊ References.
1. Graham G, Bolt AG. Half-life of diphenylpyraline in man. J

Pharmacokinet Biopharm 1974; 2: 191–5 (ranged from 24 to 40
hours).

Uses and Administration
Diphenylpyraline hydrochloride, a piperidine derivative, is a se-
dating antihistamine with antimuscarinic and significant sedative
properties. 
It has been given for the symptomatic relief of allergic conditions
including rhinitis (p.565), and in pruritic skin disorders (p.565).
It has also been used in compound preparations for the sympto-
matic treatment of coughs and the common cold (p.564). 
Diphenylpyraline hydrochloride has been given in an oral dose
of up to 6 mg daily in 3 or 4 divided doses. Diphenylpyraline and
diphenylpyraline hydrochloride have been applied topically al-
though, as with other antihistamines, there is a risk of sensitisa-
tion. 
Diphenylpyraline teoclate is piprinhydrinate (p.588).
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Arbid N†.

Multi-ingredient: Austria: Arbid; Astronautal; Eucillin; Prurimix; Tropo-
derm; Belg.: Bicold†; Rhini-San; Braz.: Ornatrol†; Canad.: Creo-Rectal;
Vito Bronches†; Cz.: Proctospre†; Prurimix†; Ger.: Perdiphen†; Proctos-
pre†; Tempil N; Hong Kong: Phenahist; India: Eskold Expectorant†; Es-
kold†; Mex.: Flumil; S.Afr.: Actophlem; Eskornade; Solphyllex; Theophen
Comp; Switz.: Arbid.

Doxylamine Succinate (BANM, rINNM)

Doksilamin Süksinat; Doksilamino-vandenilio sukcinatas; Doksy-
lamiinivetysuksinaatti; Doxilamin-hidrogén-szukcinát; Doxy-
lamine Hydrogen Succinate; Doxylamine, hydrogénosuccinate
de; Doxylamine, Succinate de; Doxylamin-hydrogen-sukcinát;
Doxylamini hydrogenosuccinas; Doxylamini Succinas; Doxy-
laminium Succinate; Doxylaminvätesuccinat; Histadoxylamine
Succinate; Succinato de doxilamina. NN-Dimethyl-2-[α-methyl-
α-(2-pyridyl)benzyloxy]ethylamine hydrogen succinate.
Доксиламина Суксинат
C17H22N2O,C4H6O4 = 388.5.
CAS — 469-21-6 (doxylamine); 562-10-7 (doxylamine
succinate).
ATC — R06AA09.
ATC Vet — QR06AA09.

(doxylamine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Doxylamine Hydrogen Succinate; Doxylamine Suc-
cinate BP 2008). A white or almost white powder. Very soluble in
water; freely soluble in alcohol. 
USP 31 (Doxylamine Succinate). A white or creamy-white pow-
der having a characteristic odour. Soluble 1 in 1 of water, 1 in 2
of alcohol and of chloroform, and 1 in 370 of ether; very slightly
soluble in benzene. Protect from light.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. The contro-
versy surrounding the use in pregnancy of combination products
of doxylamine is discussed on p.563.
Overdosage. In an evaluation of 109 cases of intoxication with
doxylamine,1 no correlation was found between the amount in-
gested or plasma concentration and the frequency or extent of
symptoms. The most common symptom was impaired con-
sciousness. Psychotic behaviour, seizures, and antimuscarinic
symptoms such as tachycardia and mydriasis were also ob-
served. Rhabdomyolysis occurred in one patient and was accom-
panied by transient impairment of renal function. The same
group commented2 that rhabdomyolysis had been noted in 7 of
442 cases of doxylamine overdosage, with an associated rise in
plasma creatine kinase and myoglobinuria, and suggested that
doxylamine has a direct toxic effect on striated muscle.
1. Köppel C, et al. Poisoning with over-the-counter doxylamine

preparations: an evaluation of 109 cases. Hum Toxicol 1987; 6:
355–9. 

2. Köppel C, et al. Rhabdomyolysis in doxylamine overdose. Lan-
cet 1987; i: 442–3.

Interactions
As for the sedating antihistamines in general, p.563.
Pharmacokinetics
After oral doses of doxylamine succinate peak plasma concentra-
tions occur after 2 to 3 hours. An elimination half-life of about 10
hours has been reported.
◊ References.
1. Friedman H, et al. Clearance of the antihistamine doxylamine:

reduced in elderly men but not in elderly women. Clin Pharma-
cokinet 1989; 16: 312–16.

Uses and Administration
Doxylamine succinate, a monoethanolamine derivative, is a se-
dating antihistamine with antimuscarinic and pronounced seda-
tive effects. 
Doxylamine succinate is given for the symptomatic relief of hy-
persensitivity reactions, in pruritic skin disorders (p.565), as a
hypnotic in the short-term treatment of insomnia (p.564), and as
an ingredient of compound preparations for symptomatic treat-
ment of coughs and the common cold (p.564). 
In general it is no longer used in the management of nausea and
vomiting of early pregnancy (see p.563 for the controversy that
has surrounded the use in pregnancy of combination products of
doxylamine). 
Oral doses of up to 25 mg of doxylamine succinate have been
given every 4 to 6 hours to a maximum of 150 mg daily. The
usual hypnotic dose is 25 mg orally at night.
Preparations
USP 31: Acetaminophen, Dextromethorphan Hydrobromide, Doxy-
lamine Succinate, and Pseudoephedrine Hydrochloride Oral Solution;
Doxylamine Succinate Syrup; Doxylamine Succinate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Dozile; Restavit; Canad.: Unisom-2; Chile: Calmex; Dorminoctil;
Nocpaz; Trimepaz†; Zarcop; Cz.: Hoggar N†; Fr.: Donormyl; Lidene; Noc-
tyl; Ger.: Gittalun; Hewedormir doxyl intens†; Hoggar Night; Mereprine;
Munleit†; SchlafTabs; Sedaplus; India: Rest-Aid; Israel: Sleep Aid; Unisom;
NZ: Dozile; Philipp.: Unisom; Port.: Dormidina; S.Afr.: Equi-Sleep†; Rest-
wel; Somnil; Spain: Dormidina; Switz.: Sanalepsi N; Turk.: Unisom; USA:
Aldex AN; Unisom SleepTabs.

Multi-ingredient: Austral.: Analgesic/Calmative; Codalgin Plus;
Dimetapp Cold, Cough & Flu; Dolased Analgesic Calmative; Dolased
Day/Night Pain Relief; Fiorinal; Mersyndol; Ordov Migradol†; Panadeine
Plus; Panalgesic; Austria: Wick Erkaltungs-Saft fur die Nacht; Wick Husten-
saft; Belg.: Pholco-Mereprine; Braz.: Broncolex†; EMS Expectorante; Hy-
tos Plus; Revenil; Revenil Dospan; Revenil Expectorante; Silencium; Silomat
Plus†; Canad.: Dalmacol; Diclectin; Mersyndol with Codeine; Neo Citran
Cold & Flu†; Nighttime; Nighttime Cold & Flu; Nyquil Sinus; NyQuil†; ratio-
Calmydone; Regular Strength Sinus Medication; Tylenol Sinus (Nighttime
Relief); Vicks Nyquil Cold & Flu; Cz.: Wick Medinait†; Fr.: DolirhumePro;
Ger.: Paedisup; Wick Medinait; India: Doxinate; Vominate; Indon.: Dex-
molex; Siladex; Irl.: Syndol; Ital.: Vicks Medinait; NZ: Dimetapp Cold,
Cough & Flu Day & Night†; Mersyndol; Pryndette†; Pol.: Tabcin Impakt;
Port.: Nausefe; S.Afr.: Abflex; Acurate; Adco-Dol; Asic; B-Dol; Betapyn;
Cepacol; Codoxol; Doxsyn; Forpyn†; Lenapain; Nethaprin Dospan; Neth-
aprin Expectorant; Nomopain; Paxidal; Pynclear†; Pynstop; Sedapain; Sedi-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

nol; Syndol; Tensopyn; Vicks Medinite; Xerotens†; Spain: Cariban; Medi-
nait; Vicks Medinait†; Switz.: Vicks Medinait; Turk.: Vicks MediNait; UK:
Painex; Propain Plus; Syndol; Vicks Medinite; USA: Alka-Seltzer Plus Night-
Time Cold; All-Nite Cold Formula; Genite; Night Time Cold/Flu Relief; Nite
Time Cold Formula; NyQuil Hot Therapy; NyQuil Nighttime Cold/Flu;
Nytcold Medicine; Vicks NyQuil LiquiCaps; Vicks NyQuil Multi-Symptom
Cold Flu Relief; Vicks NyQuil Sinus; Venez.: Mercindol.

Ebastine (BAN, USAN, rINN)

Ebastiini; Ebastin; Ebastina; Ebastinas; Ébastine; Ebastinum; LAS-
W-090; W-090. 4′-tert-Butyl-4-[4-(diphenylmethoxy)piperidi-
no]butyrophenone.
Эбастин
C32H39NO2 = 469.7.
CAS — 90729-43-4.
ATC — R06AX22.
ATC Vet — QR06AX22.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Ebastine). A white or almost white crystalline
powder. M.p. about 86°. Practically insoluble in water; very sol-
uble in dichloromethane; sparingly soluble in methyl alcohol.
Protect from light.
Profile
Ebastine, a piperidine derivative, is a non-sedating antihistamine
(p.561) with a long duration of action. It does not have significant
sedative or antimuscarinic actions. 
Ebastine is given for the symptomatic relief of allergic conditions
including rhinitis (p.565) and in pruritic skin disorders (p.565).
The usual oral dose is 10 to 20 mg daily. It is also used with a
decongestant such as pseudoephedrine hydrochloride.
◊ References.
1. Luria X. Comparative clinical studies with ebastine: efficacy and

tolerability. Drug Safety 1999; 21 (suppl 1): 63–7. 
2. Hurst M, Spencer CM. Ebastine: an update of its use in allergic

disorders. Drugs 2000; 59: 981–1006. 
3. Lasseter KC, et al. Pharmacokinetics and safety of ebastine in

patients with impaired hepatic function compared with healthy
volunteers: a phase I open-label study. Clin Pharmacokinet
2004; 43: 121–9. 

4. Noveck RJ, et al. Pharmacokinetics and safety of ebastine in
healthy subjects and patients with renal impairment. Clin Phar-
macokinet 2007; 46: 525–34.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ebastel†; Belg.: Estivan; Braz.: Ebastel; Chile: Ebastel†; Cz.: Kestine†;
Denm.: Kestine; Fin.: Kestine; Fr.: Kestin; Ger.: Ebastel; Gr.: Kestine; Hong
Kong: Kestine; Ital.: Clever; Kestine; Jpn: Ebastel; Mex.: Evastel; Neth.:
Kestine; Netan; Norw.: Kestine; Philipp.: Aleva; Port.: Estivan; Kestine;
Rus.: Kestine (Кестин); S.Afr.: Kestine; Singapore: Kestine; Spain: Bactil;
Busidril†; Ebastel; Swed.: Kestine; Venez.: Ebastel.

Multi-ingredient: Arg.: Ebastel D†; Braz.: Ebastel D; Mex.: Evastel-D;
Spain: Rino Ebastel; Rinobactil.

Embramine Hydrochloride (BANM, rINNM)

Embramine, Chlorhydrate d’; Embramini Hydrochloridum; Em-
braminium Chloratum; Hidrocloruro de embramina; Mebroph-
enhydramine Hydrochloride; Mebrophenhydraminium Chlora-
tum. 2-(4-Bromo-α-methylbenzhydryloxy)-NN-dimethylethyl-
amine hydrochloride.
Эмбрамина Гидрохлорид
C18H22BrNO,HCl = 384.7.
CAS — 3565-72-8 (embramine); 13977-28-1 (em-
bramine hydrochloride); 21661-63-2 (embramine teo-
clate).

(embramine)

Profile
Embramine hydrochloride, a monoethanolamine derivative, is a
sedating antihistamine (p.561). Embramine hydrochloride and
embramine teoclate have been given orally for their antihista-
mine and antiemetic properties.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Medrin; India: Mebryl.

Emedastine Fumarate (BANM, rINNM)

AL-3432A; Emedastiinidifumaraatti; Emedastin difumarát; Eme-
dastin Fumarat; Emedastindifumarat; Emedastine Difumarate (US-
AN); Émédastine, difumarate d’; Émédastine, Fumarate d’; Eme-
dastini difumaras; Emedastini Fumaras; Emedastyny difumaran;
Fumarato de emedastina; KB-2413; KG-2413; LY-188695. 1-(2-
Ethoxyethyl)-2-(hexahydro-4-methyl-1H-1,4-diazepin-1-yl)benz-
imidazole fumarate (1:2).

Эмедастина Фумарат
C17H26N4O,2C4H4O4 = 534.6.
CAS — 87233-61-2 (emedastine); 87233-62-3 (emedas-
tine fumarate).
ATC — S01GX06.
ATC Vet — QS01GX06.

(emedastine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Emedastine Difumarate). A white or yellowish
powder. It exhibits polymorphism. Soluble in water; sparingly
soluble in dehydrated alcohol; very slightly soluble in acetone. A
0.2% solution in water has a pH of 3.0 to 4.5. Protect from light. 
USP 31 (Emedastine Difumarate). A white to faintly yellow
crystalline powder. Soluble in water. pH of a 0.2% solution in
water is between 3.0 and 4.5. Store in airtight containers. Protect
from light.

Adverse Effects and Precautions
As for the antihistamines in general, p.561. 
Ocular corneal infiltrates, local irritation, photophobia,
rhinitis, and headaches have been reported after use of
emedastine eye drops. Treatment should be stopped if
corneal infiltrates develop.

Pharmacokinetics
Emedastine is absorbed from the gastrointestinal tract,
peak plasma concentrations being attained about 3
hours after an oral dose. It is mainly metabolised in the
liver to two primary metabolites 5- and 6-hydroxyem-
edastine which are excreted in the urine along with a
small amount of unchanged drug. Small amounts of
emedastine are absorbed after application to the eye.
The elimination half-life is reported to be 7 hours after
an oral dose and 10 hours following topical use.

Uses and Administration
Emedastine is an antihistamine. It is instilled twice dai-
ly as the fumarate as eye drops containing the equiva-
lent of 0.05% of emedastine for the symptomatic relief
of allergic conjunctivitis (p.564). It is also given orally
in usual doses of 2 to 4 mg of the fumarate daily in two
divided doses for allergic rhinitis (p.565), urticaria
(p.565), and pruritic skin disorders (p.565).
Preparations
USP 31: Emedastine Ophthalmic Solution.

Proprietary Preparations (details are given in Part 3)
Austria: Emadine; Belg.: Emadine; Braz.: Emadine; Canad.: Emadine;
Cz.: Emadine; Denm.: Emadine; Fin.: Emadine; Fr.: Emadine; Ger.: Ema-
dine; Gr.: Emadine; Hong Kong: Emadine; Hung.: Emadine; Irl.: Emadine;
Israel: Emadine; Ital.: Emadine; Jpn: Daren; Remicut; Malaysia: Emadine;
Neth.: Emadine; Norw.: Emadine; Pol.: Emadine; Port.: Emadine; S.Afr.:
Emadine; Spain: Emadine; Swed.: Emadine; Switz.: Emadine; Thai.: Ema-
dine; Turk.: Emadine; UK: Emadine; USA: Emadine.

Epinastine Hydrochloride (rINNM)

Épinastine, Chlorhydrate d’; Epinastine, chlorhydrate d’; Epinastini
hydrochloridum; Hidrocloruro de epinastina; WAL-801-Cl. 3-
Amino-9,13b-dihydro-1H-dibenz[c,f]imidazo[1,5-a]azepine hy-
drochloride.
Эпинастина Гидрохлорид
C16H15N3,HCl = 285.8.
CAS — 80012-43-7 (epinastine).
ATC — R06AX24; S01GX10.
ATC Vet — QR06AX24; QS01GX10.

(epinastine)

Profile
Epinastine hydrochloride is an antihistamine (p.561) reported to
have no significant sedative activity. It has been given orally in
the management of allergic rhinitis and pruritic skin disorders. It
is also used twice daily as eye drops, usually in a concentration
of 0.05%, in the symptomatic relief of allergic conjunctivitis.
◊ References.
1. Sarashina A, et al. Population pharmacokinetics of epinastine, a

histamine H  receptor antagonist, in adults and children. Br J
Clin Pharmacol 2005; 59: 43–53.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alket; Flurinol; Belg.: Relestat; Braz.: Talerc; Chile: Flurinol; Cz.: Pu-
rivist; Fr.: Purivist; Ger.: Relestat; Gr.: Relestat; Hung.: Relestat; Irl.: Reles-
tat; Ital.: Relestat; Jpn: Alesion; Mex.: Flurinol; Neth.: Relestat; Pol.: Re-
lestat; Port.: Relestat; Spain: Relestat; Swed.: Relestat; Switz.: Relestat;
UK: Relestat; USA: Elestat; Venez.: Flurinol.
Multi-ingredient: Arg.: Flurinol D; Mex.: Flurinol D.

Fexofenadine Hydrochloride 

(BANM, USAN, rINNM)

Feksofenadiinihydrokloridi; Feksofenadin Hidroklorür; Fexoféna-
dine, chlorhydrate de; Fexofenadinhydroklorid; Fexofenadini hy-
drochloridum; Hidrocloruro de fexofenadina; MDL-16455A;
Terfenadine Carboxylate Hydrochloride. (±)-p-{1-Hydroxy-4-[4-
(hydroxydiphenylmethyl)-piperidino]butyl}-α-methylhydratrop-
ic acid hydrochloride.
Фексофенадина Гидрохлорид
C32H39NO4,HCl = 538.1.
CAS — 138452-21-8.
ATC — R06AX26.
ATC Vet — QR06AX26.

(fexofenadine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Fexofenadine Hydrochloride). A white or almost
white powder. Slightly soluble in water; freely soluble in methyl
alcohol; very slightly soluble in acetone. It exhibits polymor-
phism. 
USP 31 (Fexofenadine Hydrochloride). Store at a temperature of
20° to 25°, excursions permitted between 15° and 30°. Protect
from light.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general,
p.561.
Arrhythmias. A 67-year-old man suffered syncope after taking
fexofenadine 180 mg daily for 2 months.1 His ECG showed an
abnormally prolonged QT interval which shortened once fex-
ofenadine was stopped, although the interval tended to be long
even without drug therapy. Nonetheless rechallenge was posi-
tive. The manufacturers of fexofenadine have commented2 that
the patient was at risk of developing arrhythmias before taking
the drug. 
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580   Antihistamines
The ECG effects of fexofenadine have been studied3 in normal
subjects and doses of up to 480 mg daily [4 times the recom-
mended dose for seasonal allergic rhinitis] did not prolong the
QT interval. See also p.562.
1. Pinto YM, et al. QT lengthening and life-threatening arrhythmi-

as associated with fexofenadine. Lancet 1999; 353: 980. 
2. Giraud T. QT lengthening and arrhythmias associated with fex-

ofenadine. Lancet 1999; 353: 2072. 
3. Pratt CM, et al. Cardiovascular safety of fexofenadine HCl. Am

J Cardiol 1999; 83: 1451–4.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving fexofenadine, and the
American Academy of Pediatrics1 considers that it is therefore
usually compatible with breast feeding. 
See also under Adverse Effects and Precautions, in Terfenadine,
p.590.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/04/04)

Psoriasis. Exacerbation of psoriasis has been reported1 in asso-
ciation with the use of fexofenadine.
1. Saraswat A, Saraswat M. Pustular exacerbation of psoriasis due

to fexofenadine. Clin Exp Dermatol 2006; 31: 477–8.

Interactions
As for the non-sedating antihistamines in general,
p.563. 
Plasma concentrations of fexofenadine have been in-
creased when given with erythromycin or ketocona-
zole, but, unlike terfenadine, licensed product informa-
tion states that this was not associated with adverse
effects on the QT interval. 
Antacids containing aluminium and magnesium hy-
droxide have reduced the absorption of fexofenadine.
Fruit juices including grapefruit may reduce the bioa-
vailability of fexofenadine and use together should be
avoided.
◊ References.
1. Dresser GK, et al. Effect of grapefruit juice volume on the reduc-

tion of fexofenadine bioavailability: possible role of organic an-
ion transporting polypeptides. Clin Pharmacol Ther 2005; 77:
170–7.

Pharmacokinetics
Fexofenadine is rapidly absorbed after oral doses with
peak plasma concentrations being reached in 2 to 3
hours. It is about 60 to 70% bound to plasma proteins.
About 5% of the total dose is metabolised, mostly by
the intestinal mucosa, with only 0.5 to 1.5% of the dose
undergoing hepatic biotransformation by the cyto-
chrome P450 system. Elimination half-life of about 14
hours has been reported although this may be pro-
longed in patients with renal impairment. Excretion is
mainly in the faeces with only 10% being present in the
urine. Fexofenadine does not appear to cross the blood-
brain barrier. 
Fexofenadine is a metabolite of terfenadine and as such
has been detected in breast milk after the administra-
tion of terfenadine.
◊ References.
1. Russell T, et al. Pharmacokinetics, pharmacodynamics, and tol-

erance of single- and multiple-dose fexofenadine hydrochloride
in healthy male volunteers. Clin Pharmacol Ther 1998; 64:
612–21.

Uses and Administration
Fexofenadine, an active metabolite of terfenadine
(p.590), is a non-sedating antihistamine. It does not
possess significant sedative or antimuscarinic actions.
Fexofenadine is used as the hydrochloride in the symp-
tomatic relief of allergic conditions including seasonal
allergic rhinitis (p.565) and chronic urticaria (p.565). 
In the UK a dose of fexofenadine hydrochloride
120 mg once daily is given orally in the treatment of
seasonal allergic rhinitis; the recommended dose in
chronic idiopathic urticaria is 180 mg once daily. US
licensed product information suggests a dose of 60 mg
twice daily or 180 mg once daily for both indications. 
Fexofenadine is also used with a decongestant such as
pseudoephedrine hydrochloride. 

For doses in children or in patients with renal impair-
ment, see below.
◊ References.
1. Markham A, Wagstaff AJ. Fexofenadine. Drugs 1998; 55:

269–74. 
2. Simpson K, Jarvis B. Fexofenadine: a review of its use in the

management of seasonal allergic rhinitis and chronic idiopathic
urticaria. Drugs 2000; 59: 301–21. 

3. Kawashima M, et al. Review of fexofenadine in the treatment of
chronic idiopathic urticaria. Int J Dermatol 2002; 41: 701–6. 

4. Meeves SG, Appajosyula S. [Aventis, USA]. Efficacy and safety
profile of fexofenadine HCl: a unique therapeutic option in H1-
receptor antagonist treatment. J Allergy Clin Immunol 2003; 112
(suppl): S69–S77. 

5. Mansfield LE. Once-daily immediate-release fexofenadine and
sustained-release pseudoephedrine combination: a new treat-
ment option for allergic rhinitis. Expert Opin Pharmacother
2006; 7: 941–51.

Administration in children. Fexofenadine hydrochloride is
used in children for the treatment of seasonal allergic rhinitis in
an oral dose of 30 mg twice daily; in the UK it is licensed for use
in children aged 6 to 11 years whereas in the USA it may be used
in children as young as 2 years. 
In the USA, fexofenadine is also licensed for use in paediatric
chronic idiopathic urticaria. The dose in children aged 6 months
to less than 2 years is 15 mg twice daily; older children may be
given 30 mg twice daily. 
For suggested doses in children with renal impairment see below.
Administration in renal impairment. US licensed product
information recommends that initial oral doses of fexofenadine
hydrochloride in adults with renal impairment should be reduced
to 60 mg once daily. In children with renal impairment, the initial
dose should be reduced to 30 mg once daily in patients aged 2 to
11 years, and to 15 mg once daily in children aged 6 months to
less than 2 years. 
UK product information advises that fexofenadine should be
given with caution to patients with renal impairment; however, it
also states that dose adjustment is not considered to be necessary
in such patients.

Preparations
USP 31: Fexofenadine Hydrochloride and Pseudoephedrine Hydrochlo-
ride Extended-Release Tablets; Fexofenadine Hydrochloride Capsules; Fex-
ofenadine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alerfedine; Allegra; Fexofen†; Austral.: Fexotabs; Telfast; Xergic; Aus-
tria: Telfast; Belg.: Telfast; Braz.: Allegra; Altiva; Canad.: Allegra; Chile:
Aerodan; Alexia; Allegra; Fenax; Cz.: Afexil; Ewofex; Telfast; Denm.: Telfast;
Fin.: Telfast; Fr.: Telfast; Ger.: Telfast; Hong Kong: Telfast; Hung.: Altiva;
Telfast; India: Alernex†; Allegra; Fexigra; Fexofen; Fexova; Odifex; Indon.:
Telfast; Irl.: Telfast; Israel: Telfast; Ital.: Kalicet†; Telfast; Malaysia: Telfast;
Mex.: Allegra; Neth.: Telfast; Norw.: Telfast; NZ: Telfast; Xergic; Philipp.:
Telfast; Pol.: Telfast; Port.: Telfast; Rus.: Fexadin (Фексадин); Telfast
(Телфаст); S.Afr.: Telfast; Singapore: Telfast; Spain: Telfast; Swed.: Telfast;
Switz.: Telfast; Thai.: Fenafex; Telfast; Turk.: Fexadyne; Fexofen; Telfast;
UK: Telfast; USA: Allegra; Venez.: Allegra; Fexidine; Fexoril; Rinolast.

Multi-ingredient: Arg.: Alerfedine D; Allegra-D; Austral.: Telfast De-
congestant; Braz.: Allegra-D; Canad.: Allegra-D; Chile: Alexia D; Allegra-
D; Hong Kong: Telfast-D; Indon.: Telfast Plus; Malaysia: Altiva-D; Telfast-
D; Mex.: Allegra-D; NZ: Telfast Decongestant†; Singapore: Telfast-D;
USA: Allegra-D; Venez.: Allegra-D; Rinolast D.

Flunarizine Hydrochloride (BANM, USAN, rINNM)

Flunaritsiinidihydrokloridi; Flunarizin-dihydrochlorid; Flunarizindi-
hydroklorid; Flunarizine, Chlorhydrate de; Flunarizine, dichlorhy-
drate de; Flunarizini dihydrochloridum; Flunarizini Hydrochlori-
dum; Flunarizino dihidrochloridas; Hidrocloruro de flunarizina; R-
14950. trans-1-Cinnamyl-4-(4,4′-difluorobenzhydryl)piperazine
dihydrochloride.
Флунаризина Гидрохлорид
C26H26F2N2,2HCl = 477.4.
CAS — 52468-60-7 (flunarizine); 30484-77-6 (flunar-
izine hydrochloride).
ATC — N07CA03.
ATC Vet — QN07CA03.

(flunarizine)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Flunarizine Dihydrochloride). A white or almost
white hygroscopic powder. Slightly soluble in water, in alcohol,
and in dichloromethane; sparingly soluble in methyl alcohol.
Store in airtight containers. Protect from light.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. Adverse ef-
fects also seen with flunarizine include weight gain, extrapyram-
idal symptoms (sometimes associated with depression), and,
rarely, galactorrhoea.
Extrapyramidal disorders. Extrapyramidal motor signs (in-
cluding parkinsonism, orofacial tardive dyskinesia, and aka-
thisia) have been reported in 12 patients given flunarizine 10 to
40 mg daily for between 3 weeks and 15 months; 11 also had
mental depression.1 Partial or complete improvement of symp-
toms occurred after withdrawal of flunarizine. There have been
other reports of similar effects,2-5 but the association with fluna-
rizine has not always been certain. Some workers have com-
mented that flunarizine is often used in patients at increased risk
of depression (migraine and geriatric patients) or extrapyramidal
symptoms (geriatric patients)2,6 or that flunarizine may unmask
subclinical idiopathic Parkinson’s disease.6,7 
Extrapyramidal signs, including parkinsonism, have also been
associated with the related drug, cinnarizine.3-5 It has been sug-
gested that such effects may be less likely to occur with cinnar-
izine than with flunarizine because of its shorter half-life and
lower lipophilicity.3
1. Chouza C, et al. Parkinsonism, tardive dyskinesia, akathisia, and

depression induced by flunarizine. Lancet 1986; i: 1303–4. 
2. Meyboom RHB, et al. Parkinsonism, tardive dyskinesia, aka-

thisia, and depression induced by flunarizine. Lancet 1986; ii:
292. 

3. Laporte J-R, Capella D. Useless drugs are not placebos: lessons
from flunarizine and cinnarizine. Lancet 1986; ii: 853–4. 

4. Laporte J-R, Capella D. Useless drugs are not placebos. Lancet
1987; i: 1324. 

5. Teive HAG, et al. Flunarizine and cinnarizine-induced parkin-
sonism: a historical and clinical analysis. Parkinsonism Relat
Disord 2004; 10: 243–5. 

6. Amery W. Side-effects of flunarizine. Lancet 1986; i: 1497. 
7. Benvenuti F, et al. Side-effects of flunarizine. Lancet 1986; ii:

464.

Porphyria. Flunarizine hydrochloride is considered to be unsafe
in patients with porphyria because it has been shown to be por-
phyrinogenic in in-vitro systems.
Interactions
As for the sedating antihistamines in general, p.563. 
Hepatic enzyme inducers such as carbamazepine, phenytoin, and
valproate may interact with flunarizine by increasing its metabo-
lism; an increase in dosage of flunarizine may be required.
Pharmacokinetics
Flunarizine hydrochloride is well absorbed from the gastrointes-
tinal tract, peak plasma concentrations occurring 2 to 4 hours af-
ter oral doses. Flunarizine hydrochloride is very lipophilic and is
more than 90% bound to plasma proteins. It appears to undergo
extensive metabolism; metabolites are excreted principally in the
bile. Flunarizine hydrochloride has an elimination half-life of
about 18 days.
Uses and Administration
Flunarizine is the difluorinated derivative of cinnarizine. It has
antihistamine, sedative, and calcium-channel blocking activity.
Flunarizine hydrochloride is used for migraine prophylaxis, for
vertigo and vestibular disorders, and for peripheral and cerebral
vascular disorders. It has also been used as adjunctive antiepilep-
tic therapy in patients refractory to standard regimens. 
Flunarizine is given orally as the hydrochloride although doses
are expressed in terms of the base. Flunarizine hydrochloride
11.8 mg is equivalent to about 10 mg of flunarizine. The usual
dose is 5 to 10 mg daily, usually given at night to minimise the
effects of drowsiness.
Epilepsy. A number of drugs with calcium-channel blocking ac-
tivity have been investigated as adjuncts in epilepsy (p.465), in-
cluding flunarizine. Some individual studies have reported ben-
efit, but a systematic review1 concluded that although flunarizine
might have a weak effect on seizure frequency the evidence was
not convincing, and the withdrawal rate was significant, proba-
bly because of poor tolerability; it should therefore not be recom-
mended as adjunctive antiepileptic therapy. The pharmacokinet-
ic profile of flunarizine may in any case be too complex for
clinical use as an antiepileptic.2
1. Chaisewikul R, et al. Calcium antagonists as an add-on therapy

for drug-resistant epilepsy. Available in The Cochrane Database
of Systematic Reviews; Issue 4. Chichester: John Wiley; 2001
(accessed 13/06/05). 

2. Hoppu K, et al. Flunarizine of limited value in children with in-
tractable epilepsy. Pediatr Neurol 1995; 13: 143–7.

Migraine. Flunarizine reduces the frequency of migraine at-
tacks in both adult and paediatric patients and is used for the
prophylaxis of migraine (p.616) in some countries. Its effects are
comparable with several other prophylactic antimigraine drugs,
including the generally preferred propranolol,1-4 but it is more
likely to be reserved for use when first-line drugs have proved to
be ineffective or unsuitable. Its mode of action in migraine is un-
clear; possible mechanisms are inhibition of vasospasm induced
by mediators such as serotonin and prostaglandins, inhibition of
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

cellular hypoxia, and improved blood viscosity and erythrocyte
deformability. Calcium-channel blocking activity might have a
role, but evidence for the efficacy of other calcium-channel
blockers in migraine prophylaxis (see Nifedipine, p.1355) is less
convincing than for flunarizine. 
Case reports have indicated benefit with flunarizine in the proph-
ylaxis of the rare disorder of alternating hemiplegia in
childhood5,6 but a subsequent study7 in 12 children did not pro-
duce conclusive findings. A later long-term study8 reported that
7 of 9 children given flunarizine for up to 5 years for hemiplegia
showed a reduction in the duration of attacks, and 3 had a reduc-
tion in frequency, but only 1 of these obtained a complete cessa-
tion of episodes. 
The role of antihistamines in general in the management of mi-
graine is discussed briefly on p.564.
1. Todd PA, Benfield P. Flunarizine: a reappraisal of its pharmaco-

logical properties and therapeutic use in neurological disorders.
Drugs 1989; 38: 481–99. 

2. Andersson K-E, Vinge E. β-Adrenoceptor blockers and calcium
antagonists in the prophylaxis and treatment of migraine. Drugs
1990; 3: 355–73. 

3. Soelberg Sørensen P, et al. Flunarizine versus metoprolol in mi-
graine prophylaxis: a double-blind, randomized parallel group
study of efficacy and tolerability. Headache 1991; 31: 650–7. 

4. Gawel MJ, et al. Comparison of the efficacy and safety of fluna-
rizine to propranolol in the prophylaxis of migraine. Can J Neu-
rol Sci 1992; 19: 340–5. 

5. Casaer P, Azou M. Flunarizine in alternating hemiplegia in child-
hood. Lancet 1984; ii: 579. 

6. Curatolo P, Cusmai R. Drugs for alternating hemiplegic mi-
graine. Lancet 1984; ii: 980. 

7. Casaer P. Flunarizine in alternating hemiplegia in childhood. An
international study in 12 children. Neuropediatrics 1987; 18:
191–5. 

8. Silver K, Andermann F. Alternating hemiplegia of childhood: a
study of 10 patients and results of flunarizine treatment. Neurol-
ogy 1993; 43: 36–41.

Tourette’s syndrome. A small unblinded study1 involving 7
patients has suggested that flunarizine is more effective than pla-
cebo in the treatment of Tourette’s syndrome (see Tics, p.954).
1. Micheli F, et al. Treatment of Tourette’s syndrome with calcium

antagonists. Clin Neuropharmacol 1990; 13: 77–83.

Vertigo. Antihistamines are the mainstay of the treatment of
vertigo (p.565). However, their antimuscarinic adverse effects
may prove troublesome, particularly in the elderly, and they pro-
duce central sedation. Flunarizine is devoid of antimuscarinic
properties, although it may produce central sedation.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bercetina; Coromert; Flufenal; Mondus; Niflucan; Sibelium; Vascu-
loflex†; Austria: Amalium; Flunarium; Sibelium; Belg.: Flunarimed; Fluna-
top; Kelamigra; Sibelium; Braz.: Flunarin; Fluvert; Fluzix; Sibelium; Vertigium;
Vertix; Canad.: Sibelium; Chile: Flerox; Fluxus; Irrigor; Sibelium; Zentralin;
Cz.: Sibelium; Denm.: Sibelium; Fr.: Sibelium; Ger.: Flunavert; Natil-N; Si-
belium; Gr.: Sibelium; Hong Kong: Fludan; Sibelium†; Hung.: Sibelium; In-
dia: Migarid; Nomigrain; Indon.: Bartolium; Cevadil; Degrium; Dizilium;
Frego; Sibelium; Siberid; Silum; Sinral; Unalium; Xepalium; Irl.: Sibelium;
Ital.: Flugeral; Flunagen; Fluxarten; Gradient; Issium; Sibelium; Vasculene;
Malaysia: Fludan; Forknow; Migarid; Sibelium; Mex.: Axilin; Fasolan;
Nafluryl; Sibelium; Neth.: Sibelium; Philipp.: Sibelium; Port.: Sibelium; Va-
silium; Zinasen; S.Afr.: Sibelium; Singapore: Forknow; Narizine†; Sibel-
ium†; Spain: Flerudin; Flurpax; Sibelium; Switz.: Sibelium; Thai.: Cede-
late†; Finelium†; Floxin; Fludan; Flulium; Flunarium; Flunaza†; Flunazine†;
Fluricin; Hexilium; Liberal; Medilium; Poli-Flunarin; Seabell†; Sibelium; Si-
moyiam; Sobelin; Vanid; Vertilium; Zelium; Turk.: Sibelium; Venez.: Fludil;
Sibelium.

Multi-ingredient: Arg.: Angiolit†; CCK Flunarizina†; Sibelium Plus; Braz.:
Vertizine D.

Homochlorcyclizine Hydrochloride (BANM, rINNM)

Hidrocloruro de homoclorciclizina; Homochlorcyclizine, Chlo-
rhydrate d’; Homochlorcyclizini Hydrochloridum. 1-(4-Chlo-
robenzhydryl)perhydro-4-methyl-1,4-diazepine dihydrochloride.

Гомохлорциклизина Гидрохлорид
C19H23ClN2,2HCl = 387.8.
CAS — 848-53-3 (homochlorcyclizine); 1982-36-1 (homo-
chlorcyclizine hydrochloride).

(homochlorcyclizine)

Pharmacopoeias. In Jpn.

Profile
Homochlorcyclizine hydrochloride, a piperazine derivative, is a
sedating antihistamine (p.561) with antimuscarinic and moderate
sedative properties. It is used for the symptomatic relief of aller-
gic conditions including urticaria (p.565) and rhinitis (p.565),
and in pruritic skin disorders (p.565). It is given in oral doses of
10 to 20 mg three times daily.

Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Homoclomin; Indon.: Homoclomin; Jpn: Homoclomin;
Thai.: Homoclomin.

Hydroxyzine (BAN, rINN)

Hidroxizina; Hydroksitsiini; Hydroxizin; Hydroxyzinum. (RS)-2-{2-
[4-(p-Chloro-α-phenylbenzyl)piperazin-1-yl]ethoxy}ethanol.

Гидроксизин
C21H27ClN2O2 = 374.9.

CAS — 68-88-2.
ATC — N05BB01.
ATC Vet — QN05BB01.

Hydroxyzine Embonate (BANM, rINNM)

Embonato de hidroxizina; Hydroxyzine, Embonate d’; Hydrox-
yzine Pamoate; Hydroxyzini Embonas; Pamoato de hidroxizina.
2-{2-[4-(4-Chlorobenzhydryl)piperazin-1-yl]ethoxy}ethanol
4,4′-methylenebis(3-hydroxy-2-naphthoate).

Гидроксизина Эмбонат
C21H27ClN2O2,C23H16O6 = 763.3.
CAS — 10246-75-0.
ATC — N05BB01.
ATC Vet — QN05BB01.

Pharmacopoeias. In Jpn and US. 
USP 31 (Hydroxyzine Pamoate). A light yellow, practically
odourless powder. Soluble 1 in more than 1000 of water, of chlo-
roform, and of ether, 1 in 700 of alcohol, 1 in 10 of dimethylfor-
mamide, and 1 in 3.5 of 10M sodium hydroxide solution; practi-
cally insoluble in methyl alcohol. Store in airtight containers.

Hydroxyzine Hydrochloride (BANM, rINNM)

Hidrocloruro de hidroxizina; Hidroksizin Hidroklorür; Hidrok-
sizino hidrochloridas; Hidroxizin-hidroklorid; Hydroksitsiinihy-
drokloridi; Hydroxizinhydroklorid; Hydroxyzin dihydrochlorid;
Hydroxyzine, chlorhydrate d’; Hydroxyzini Dihydrochloridum;
Hydroxyzini hydrochloridum.

Гидроксизина Гидрохлорид
C21H27ClN2O2,2HCl = 447.8.
CAS — 2192-20-3.
ATC — N05BB01.
ATC Vet — QN05BB01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Hydroxyzine Hydrochloride). A white or almost
white, crystalline, hygroscopic powder. Freely soluble in water
and in alcohol; very slightly soluble in acetone. Store in airtight
containers. Protect from light. 
USP 31 (Hydroxyzine Hydrochloride). A white, odourless, pow-
der. Soluble 1 in 1 of water, 1 in 4.5 of alcohol, and 1 in 13 of
chloroform; slightly soluble in acetone; practically insoluble in
ether. Store in airtight containers.

Incompatibility. Hydroxyzine hydrochloride has been report-
ed to be incompatible with aminophylline, benzylpenicillin salts,
chloramphenicol sodium succinate, dimenhydrinate, doxoru-
bicin hydrochloride (in a liposomal formulation), thioridazine,
and some soluble barbiturates.

Stability. A mixture of hydroxyzine hydrochloride, chlorpro-
mazine hydrochloride, and pethidine hydrochloride stored in
glass or plastic syringes was found1 to be stable for 366 days at
4° and 25°.
1. Conklin CA, et al. Stability of an analgesic-sedative combina-

tion in glass and plastic single-dose syringes. Am J Hosp Pharm
1985; 42: 339–42.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. 
Intramuscular injection of hydroxyzine has been re-
ported to cause marked local discomfort. Intravenous
use has been associated with haemolysis.
Amputation. Accidental intra-arterial injection of hydroxyzine
has led to necrosis of the extremity requiring amputation of the
digits of the affected limb.1
1. Hardesty WH. Inadvertent intra-arterial injection. JAMA 1970;

213: 872.

Arrhythmias. ECG abnormalities, particularly alterations in T-
waves, were associated with anxiolytic doses of hydroxyzine hy-
drochloride and were similar to those produced by thioridazine
and tricyclic antidepressants.1
1. Hollister LE. Hydroxyzine hydrochloride: possible adverse car-

diac interactions. Psychopharmacol Comm 1975; 1: 61–5.

Effects on sexual function. A 32-year-old man had prolonged
penile erections (priapism) after taking two separate doses of hy-
droxyzine for a skin rash.1 It was suggested that the effect might
be due to a hydroxyzine metabolite that was found to be structur-
ally similar to a metabolite of trazodone, a drug known to induce
penile erections.
1. Thavundayil JX. et al. Prolonged penile erections induced by hy-

droxyzine: possible mechanism of action. Neuropsychobiology
1994; 30: 4–6.

Effects on the skin. Four children given hydroxyzine hydro-
chloride for restlessness developed a fixed drug eruption of the
penis.1 All recovered on drug withdrawal and subsequently had
positive rechallenges.
1. Cohen HA, et al. Fixed drug eruption of the penis due to hydrox-

yzine hydrochloride. Ann Pharmacother 1997; 31: 327–9.

Liver disorders. A study1 has suggested that hydroxyzine
should only be given once daily for the relief of pruritus in pa-
tients with primary biliary cirrhosis. The mean serum elimination
half-lives of hydroxyzine and its metabolite cetirizine in 8 pa-
tients with primary biliary cirrhosis were 36.6 and 25.0 hours re-
spectively.
1. Simons FER, et al. The pharmacokinetics and pharmacodynam-

ics of hydroxyzine in patients with primary biliary cirrhosis. J
Clin Pharmacol 1989; 29: 809–15.

Porphyria. Hydroxyzine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Hydroxyzine is rapidly absorbed from the gastrointes-
tinal tract and is metabolised. Metabolites include ceti-
rizine (p.570), which has antihistaminic activity. An
elimination half-life of about 20 hours has been report-
ed.
◊ References.
1. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-

tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97.

Liver disorders. For reference to a prolonged half-life of hy-
droxyzine in patients with primary biliary cirrhosis, see under
Adverse Effects and Precautions, above.

Uses and Administration
Hydroxyzine, a piperazine derivative, is a sedating an-
tihistamine with antimuscarinic and significant seda-
tive properties; it is also an antiemetic. Its main use is
as an anxiolytic (p.952) but see Anxiety Disorders be-
low. It is also used as an adjunct to pre- and postopera-
tive medication (see Anaesthesia, p.563) and in the
management of pruritus (p.565) and urticaria (p.565)
and has been used as an adjunct to opioid analgesia in
the management of cancer pain (p.5). 
Hydroxyzine may be given orally as the hydrochloride
or the embonate; doses are expressed in terms of the
hydrochloride. Hydroxyzine embonate 170 mg is
equivalent to about 100 mg of hydroxyzine hydrochlo-
ride. 
The usual oral doses in adults are: 50 to 100 mg four
times daily for the short-term management of anxiety;
for pruritus an initial dose of 25 mg given at night, in-
creased if necessary to 25 mg three or four times daily;
and 50 to 100 mg for pre- or postoperative sedation.
For pruritus in children over 6 years of age the initial
dose is 15 to 25 mg daily increased if necessary to 50
to 100 mg daily in divided doses; for children 6 months
to 6 years old the initial dose is 5 to 15 mg daily in-
creased if necessary to 50 mg daily in divided doses.

Cl

N

N

CH3

N

N
O

OH
Cl



582   Antihistamines

Alternatively, 1 mg/kg daily may be given in divided
doses, to a maximum of 2.5 mg/kg daily in children
aged 1 to 6 years, and to a maximum of 2 mg/kg daily
in those aged 6 years and over. The pre- or postopera-
tive sedative dose in children is 600 micrograms/kg.
Dosage should be reduced in patients with hepatic or
renal impairment, see below. 
Hydroxyzine hydrochloride may also be given by deep
intramuscular injection. For prompt control of anxiety
or agitation in adults 50 to 100 mg is injected intramus-
cularly initially, and the dose may be repeated every
four to six hours as required. For other indications
when oral dosage is not practical, the intramuscular
dose is 25 to 100 mg for adults and 1.1 mg/kg for chil-
dren. Hydroxyzine should not be given by intravenous
injection since haemolysis may result.
Administration in hepatic or renal impairment. In pa-
tients with hepatic impairment, UK licensed product information
recommends a 33% reduction in the total oral daily dose of hy-
droxyzine. In patients with moderate or severe renal impairment,
a dose reduction of 50% is recommended.

Anxiety disorders. Although hydroxyzine is used in the man-
agement of anxiety, there is little evidence to support its efficacy
in anxious patients,1 and the BNF considers that use of antihista-
mines solely for their sedative effect in anxiety is not appropriate.
1. Ballenger JC, et al. Consensus statement on generalized anxiety

disorder from the International Consensus Group on Depression
and Anxiety. J Clin Psychiatry 2001; 62 (suppl 11): 53–8. Avail-
able at: http://www.psychiatrist.com/private/supplenet/v62s11/
v62s1108.pdf (accessed 15/08/08)

Preparations
USP 31: Hydroxyzine Hydrochloride Injection; Hydroxyzine Hydrochlo-
ride Syrup; Hydroxyzine Hydrochloride Tablets; Hydroxyzine Pamoate
Capsules; Hydroxyzine Pamoate Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Ataraxone; Hidroxina†; Hyderax; Austria: Atarax; Belg.: Atarax;
Braz.: Hixizine; Prurizin; Canad.: Atarax; Chile: Dalun; Fasarax; Nexit†;
Cz.: Atarax; Denm.: Atarax; Fin.: Atarax; Fr.: Atarax; Ger.: AH 3 N;
Atarax; Elroquil N; Gr.: Atarax; Iremofar; Hong Kong: Atarax; Qualidro-
zine; Hung.: Atarax; India: Atarax; Indon.: Bestalin; Iterax; Israel: Otarex;
Ital.: Atarax; Malaysia: Atarax; Mex.: Atarax; Neth.: Atarax; Navicalm†;
Norw.: Atarax; NZ: Serecid; Philipp.: Iterax; Pol.: Atarax; Port.: Atarax;
Coraphene; Rus.: Atarax (Атаракс); S.Afr.: Aterax; Neurax; Singapore:
Atarax; Hizin; Phymorax†; Spain: Atarax; Swed.: Atarax; Switz.: Atarax;
Thai.: Abacus; Allerax; Antizine; Atano; Atarax; Cerax; Darax†; Drazine;
Hadarax; Histan; Hizin; Honsa; Hydroxin†; Katrax; Masarax†; Med-
Xyzarax†; Polizine†; Postarax†; R-Rax; Taraxin; Trandrozine; Unamine;
Turk.: Atarax; Validol; UK: Atarax; Ucerax; USA: Atarax†; Vistaril; Vis-
tazine†.

Multi-ingredient: Austria: Diligan; Braz.: Marax; Ger.: Diligan†; India:
Marax; Port.: Diligan†; Vesparax†; S.Afr.: Geratar ; Spain: Calmoplex;
Dolodens; USA: Hydrophed; Marax; Theomax DF; Venez.: Marax†.

Isothipendyl Hydrochloride (BANM, rINNM)

Hidrocloruro de isotipendil; Isothipendyl, Chlorhydrate d’; Isothi-
pendyli Hydrochloridum. NN-Dimethyl-1-(pyrido[3,2-
b][1,4]benzothiazin-10-ylmethyl)ethylamine hydrochloride.

Изотипендила Гидрохлорид
C16H19N3S,HCl = 321.9.
CAS — 482-15-5 (isothipendyl); 1225-60-1 (isothipendyl
hydrochloride).
ATC — D04AA22; R06AD09.
ATC Vet — QD04AA22; QR06AD09.

(isothipendyl)

Profile
Isothipendyl hydrochloride, an azaphenothiazine derivative, is
an antihistamine (p.561) that has been applied topically for hy-
persensitivity and pruritic skin disorders although as with any an-
tihistamine there is a risk of sensitisation. It has also been given
orally and by the rectal route.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Actapront; Braz.: Andantol; Fr.: Sedermyl; Indon.: Andantol; Israel:
Thiodantol; Ital.: Calmogel; Mex.: Andantol.

Ketotifen Fumarate (BANM, USAN, rINNM)

Fumarato de ketotifeno; HC-20511 (ketotifen); Ketotifeenivety-
fumaraatti; Ketotifen Hydrogen Fumarate; Kétotifène, Fumarate
de; Kétotifène, hydrogénofumarate de; Ketotifen-fumarát; Keto-
tifén-hidrogén-fumarát; Ketotifeni Fumaras; Ketotifeni hydrog-
enofumaras; Ketotifeno-vandenilio fumaratas; Ketotifenvätefu-
marat. 4-(1-Methylpiperidin-4-ylidene)-4H-benzo[4,5]cyclohep-
ta-[1,2-b]thiophen-10(9H)-one hydrogen fumarate.
Кетотифена Фумарат
C19H19NOS,C4H4O4 = 425.5.
CAS — 34580-13-7 (ketotifen); 34580-14-8 (ketotifen fu-
marate).
ATC — R06AX17; S01GX08.
ATC Vet — QR06AX17; QS01GX08.

(ketotifen)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Ketotifen Hydrogen Fumarate; Ketotifen Fumarate
BP 2008). A white to brownish-yellow, fine crystalline powder.
Sparingly soluble in water; very slightly soluble in acetonitrile;
slightly soluble in methyl alcohol.
Adverse Effects and Precautions
As for the antihistamines in general, p.561; drowsiness may be a
problem, and dry mouth and dizziness may occur at the begin-
ning of treatment but usually resolve with continued use. Weight
gain and CNS stimulation have been reported. Isolated cases of
severe skin reactions, cystitis, and hepatitis have been reported.
Irritation, pain, and punctate keratitis are commonly reported af-
ter topical application to the eye. 
For precautions to be observed in asthmatic patients, see Sodium
Cromoglicate, p.1136. Ketotifen may take several weeks to exert
its full effect; existing anti-asthma treatment should not be
abruptly withdrawn after starting ketotifen therapy. It should not
be used for the treatment of acute asthma attacks.
Overdosage. Overdoses of ketotifen ranging from 10 to
120 mg were reported in 8 patients.1 Symptoms included drow-
siness, confusion, dyspnoea, bradycardia or tachycardia, disori-
entation, and convulsions. Gastric lavage was performed in 6 pa-
tients, and all 8 recovered within 12 hours after supportive
treatment. 
In an overview of 21 cases of overdosage (including those re-
ported above) the manufacturers stated that no serious signs or
symptoms had been reported with doses below 20 mg, and there
had been no fatalities.2 The most serious effects reported had in-
cluded unconsciousness, convulsions, bradycardia and tachycar-
dia, and a severe hypotensive reaction. Management is essential-
ly supportive and symptomatic.
1. Jefferys DB, Volans GN. Ketotifen overdose: surveillance of the

toxicity of a new drug. BMJ 1981; 282: 1755–6. 
2. Le Blaye I, et al. Acute ketotifen overdosage: a review of present

clinical experience. Drug Safety 1992; 7: 387–92.

Interactions
As for the sedating antihistamines in general, p.563. 
A reversible fall in the platelet count has been seen in a few pa-
tients receiving ketotifen with oral antidiabetics and it has been
suggested that this combination should therefore be avoided.
Pharmacokinetics
Ketotifen fumarate is almost completely absorbed from the gas-
trointestinal tract after oral doses, but bioavailability is reported
to be only about 50% due to hepatic first-pass metabolism. Peak
plasma concentrations occur 2 to 4 hours after an oral dose. It is
mainly excreted in the urine as inactive metabolites with a small
amount of unchanged drug; the terminal elimination half-life is
about 21 hours.
Uses and Administration
Ketotifen is a sedating antihistamine (p.563) that also has a sta-
bilising action on mast cells analogous to that of sodium cromo-
glicate (p.1137). It is used in the treatment of allergic conditions
such as rhinitis (p.565) and conjunctivitis (p.564). Ketotifen has
also been used in the prophylactic management of asthma, when
it may take several weeks to exert its full effect; it should not be
used to treat acute asthma attacks. 
Ketotifen is given as the fumarate, but doses are expressed in
terms of the base; ketotifen fumarate 1.38 mg is equivalent to
about 1 mg of ketotifen. 

Ketotifen fumarate is taken in oral doses equivalent to 1 mg of
ketotifen twice daily with food, increased if necessary to 2 mg
twice daily; 0.5 to 1 mg at night may be preferable for the first
few days of treatment if drowsiness is likely to be a problem. 
Ketotifen fumarate has also been applied topically, as eye drops
equivalent to 0.025% ketotifen, used twice daily. 
For children’s doses, see below.
Action. It has been suggested that the anti-allergic action of ke-
totifen was independent of its antihistaminic properties.1 This
might be due to its effect on responses to platelet-activating fac-
tor (PAF).2 However, the significance of PAF in the pathogenesis
of asthma has been questioned.
1. Greenwood C. The pharmacology of ketotifen. Chest 1982; 82

(suppl): 45S–8S. 
2. Morley J, et al. Effects of ketotifen upon responses to platelet

activating factor: a basis for asthma prophylaxis. Ann Allergy
1986; 56: 335–40.

Administration in children. Ketotifen fumarate can be given
to children for the treatment of allergic conditions such as rhinitis
(p.565) or conjunctivitis (p.564), and has been used in the pro-
phylactic management of asthma. Oral doses equivalent to 1 mg
of ketotifen twice daily with food may be used from 3 years of
age. A dose equivalent to 500 micrograms ketotifen twice daily
has been suggested in children between 6 months and 3 years of
age. 
Ketotifen fumarate has also been applied topically twice daily, as
eye drops equivalent to 0.025% ketotifen, in children from 3
years of age.
Asthma. Results of studies on the effectiveness of ketotifen in
the treatment of asthma (p.1108) have been conflicting; although
some have found it effective in reducing symptoms1-4 and in en-
abling a reduction in use of other anti-asthmatic drugs,2,4 others
have reported no significant benefits,5,6 and UK guidelines on the
management of asthma consider ketotifen to be ineffective.7 A
systematic review8 found that it was of benefit in improving con-
trol of asthma and wheezing in children with mild to moderate
disease, but noted that the high prevalence of atopy in several of
the studies reviewed meant that the results might not be general-
isable to children with asthma in general. A study in children de-
scribed as ‘preasthmatic’ (that is, being at high risk of developing
asthma) suggested that long-term therapy with ketotifen de-
creased the risk of asthma onset.9
1. Paterson JW, et al. Evaluation of ketotifen (HC20-511) in bron-

chial asthma. Eur J Clin Pharmacol 1983; 25: 187–93. 
2. Tinkelman DG, et al. A multicenter trial of the prophylactic ef-

fect of ketotifen, theophylline, and placebo in atopic asthma. J
Allergy Clin Immunol 1985; 76: 487–97. 

3. Miraglia Del Giudice M, et al. Study of the efficacy of ketotifen
treatment in asthmatic children under 3 years of age. Curr Ther
Res 1986; 40: 685–93. 

4. Rackham A, et al. A Canadian multicenter study with Zaditen
(ketotifen) in the treatment of bronchial asthma in children aged
5 to 17 years. J Allergy Clin Immunol 1989; 84: 286–96. 

5. White MP, et al. Ketotifen in the young asthmatic—a double-
blind placebo-controlled trial. J Int Med Res 1988; 16: 107–13. 

6. Volovitz B, et al. Efficacy and safety of ketotifen in young chil-
dren with asthma. J Allergy Clin Immunol 1988; 81: 526–30. 

7. Scottish Intercollegiate Guidelines Network/British Thoracic
Society. British guideline on the management of asthma: a na-
tional clinical guideline. Revised edition May 2008. Available
at: http://www.sign.ac.uk/pdf/sign101.pdf (accessed 23/06/08) 

8. Bassler D, et al. Ketotifen alone or as additional medication for
long-term control of asthma and wheeze in children. Available in
The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 2004 (accessed 14/04/08). 

9. Bustos GJ, et al. Prevention of asthma with ketotifen in preasth-
matic children: a three-year follow-up study. Clin Exp Allergy
1995; 25: 568–73.

Conjunctivitis. References.
1. Martín AP, et al. The effect of ketotifen on inflammatory mark-

ers in allergic conjunctivitis: an open, uncontrolled study. BMC
O p h t h a l m o l  2 0 0 3 ;  3 :  2 .  Av a i l a b l e  a t :  h t t p : / /
www.biomedcentral.com/1471-2415/3/2 (accessed 14/04/08) 

2. Kidd M, et al. Efficacy and safety of ketotifen eye drops in the
treatment of seasonal allergic conjunctivitis. Br J Ophthalmol
2003; 87: 1206–11. 

3. Ganz M, et al. Ketotifen fumarate and olopatadine hydrochloride
in the treatment of allergic conjunctivitis: a real-world compari-
son of efficacy and ocular comfort. Adv Therapy 2003; 20:
79–91. 

4. Abelson MB, et al. Efficacy and safety of single- and multiple-
dose ketotifen fumarate 0.025% ophthalmic solution in a pediat-
ric population. Pediatr Allergy Immunol 2004; 15: 551–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Antilerg; Bilozen; Biomira; Ketocev; Ketokid†; Respimex; Zaditen;
Austral.: Zaditen; Austria: Ketotisan; Zaditen; Belg.: Zaditen; Braz.: As-
dron; Asmalergin; Asmanon; Asmax; Asmen; Asmifen; Asmofen; Biatos;
Broncoten†; Profilasmim-Ped†; Uni Cetotifen†; Zaditen; Zetitec†; Canad.:
Zaditen; Zaditor; Chile: Ketotisin; Oftaler; Zaditen; Cz.: Ketof; Zaditen;
Denm.: Zaditen; Fin.: Zaditen; Fr.: Zaditen; Ger.: Astifat†; Ketof; Padiat-
ifen†; Zaditen; Zatofug†; Gr.: Dovidin; Ecradin; Eucycline; Fental; Frenasma;
Isocaren; K-Drops; Kathricol; Klevistamin; Labelphen; Lavoptik; Nostimex†;
Noxtor; Orpidix; Pellexeme; Urpem; Zaditen; Zeoklamin; Zethrinal; Zid-
ofen; Hong Kong: Amitone; Asmafen; Asmaten; Astifen; Dhatifen; Ketifen;
Vidatifen; Zaditen; Hung.: Zaditen; India: Ketasma; Indon.: Astifen; Intifen;
Nortifen; Prevas; Profilas; Scanditen; Zaditen; Irl.: Zaditen; Israel: Profiten;
Zaditen; Ital.: Alleal; Allerket; Bentifen; Chetofen; Ketoftil; Sosefen; Stam-
ifen; Zaditen; Malaysia: Asmafen; Asumalife; Denerel; Dhatifen; Ketifen;
Licoften; Xidanef†; Zaden†; Zaditen; Mex.: Asmaral-K; Biotifen; Cantel;
Kasmal; Kedrop; Keraffler; Ketaxal†; Nemodine; Nomotec; Osaten; Pretifen;
Saluket-H1; Ventisol; Zaditen; Neth.: Bentifen; Zaditen; Norw.: Zaditen;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

NZ: Asmafen; Zaditen; Philipp.: Zadec; Zaditen; Pol.: Zaditen; Port.:
Bentifen; Cipanfeno; Quefeno†; Zaditen; Rus.: Zaditen (Задитен); Zetifen
(Зетифен); S.Afr.: Ketohexal; Zaditen; Zetofen; Singapore: Asmafen†; As-
umalife; Beatifen; Dhatifen; Erliten†; Tofen†; Zaditen; Spain: Ketasma†; Za-
diten; Zasten; Swed.: Zaditen; Switz.: Zaditen; Thai.: Asmanoc†; Dener-
el†; Ibis; Katifen; Kenefen; Keten; Ketifen; Keto; Ketofen; Medkofen;
Medotifen†; Politifen; Sykofen; Xidanef†; Zadino; Zaditen; Zytofen; Turk.:
Astafen; Zaditen; UAE: Asmafort; UK: Zaditen; USA: Alaway; Zaditor;
Venez.: Cosolve; Ketoptic; Ketotisin; Musibon†; Zaditen.

Multi-ingredient: Arg.: Airbronal†; Fatigan Bronquial†; Hyalcrom NF; In-
astmol†; Mex.: Hyalcrom NF.

Levocabastine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de levocabastina; Lévocabastine, chlorhydrate de;
Levocabastini hydrochloridum; Levokabastiinihydrokloridi; Lev-
okabastin-hydrochlorid; Levokabastinhydroklorid; Levokabastino
hidrochloridas; Levokabasztin-hidroklorid; R-50547. (−)-trans-1-
[cis-4-Cyano-4-(p-fluorophenyl)cyclohexyl]-3-methyl-4-phenyl-
isonipecotic acid hydrochloride.

Левокабастина Гидрохлорид
C26H29FN2O2,HCl = 457.0.
CAS — 79516-68-0 (levocabastine); 79547-78-7 (levoca-
bastine hydrochlor ide); 79449-98-2 (cabastine).
ATC — R01AC02; S01GX02.
ATC Vet — QR01AC02; QS01GX02.

(levocabastine)

NOTE. Cabastine (rINN) is the racemate of levocabastine.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Levocabastine Hydrochloride). A white or almost
white powder. Practically insoluble in water; slightly soluble in
alcohol and in a 0.2% solution of sodium hydroxide; sparingly
soluble in methyl alcohol. Protect from light. 
USP 31 (Levocabastine Hydrochloride). Protect from light.

Adverse Effects and Precautions
As for the antihistamines in general, p.561. The most
common adverse effects reported with levocabastine
eye drops are transient stinging and burning of the
eyes, urticaria, dyspnoea, drowsiness, and headache.
With nasal use headache, nasal irritation, somnolence,
and fatigue have been noted. The use of levocabastine
nasal spray is not recommended in those with signifi-
cant renal impairment.

Pharmacokinetics
Levocabastine is absorbed after both nasal and ocular
use. Systemic availability has been estimated at 60 to
80% after nasal doses and 30 to 60% after ocular use.
However absolute peak plasma concentrations are low.
Plasma protein binding is about 55%. An elimination
half-life of 35 to 40 hours has been reported for all
routes of delivery. Elimination of levocabastine is pri-
marily renal with 70% excreted as unchanged drug and
10% as an inactive acetylglucuronide metabolite; the
remaining 20% is excreted unchanged in the faeces. 
Trace amounts of levocabastine have been found in
breast milk after ocular and nasal use.
◊ References.
1. Heykants J, et al. The pharmacokinetic properties of topical lev-

ocabastine: a review. Clin Pharmacokinet 1995; 29: 221–30.

Uses and Administration
Levocabastine, a piperidine derivative, is a long-acting
and potent antihistamine with a rapid onset of action.
Levocabastine hydrochloride equivalent to 0.05% levo-
cabastine is used topically twice daily as eye drops or
as a nasal spray in the treatment of allergic conjunctivi-
tis (p.564) and rhinitis (p.565), respectively, in adults
and children aged 9 years and over. The frequency of
the dose in both conditions may be increased to 3 or 4

times daily if necessary. In conjunctivitis it is recom-
mended that treatment should be stopped if there is no
improvement within 3 days.
◊ References.
1. Noble S, McTavish D. Levocabastine: an update of its pharma-

cology, clinically efficacy and tolerability in the topical treat-
ment of allergic rhinitis and conjunctivitis. Drugs 1995; 50:
1032–49. 

2. Doughty MJ. Levocabastine, a topical ocular antihistamine
available as a pharmacy medicine – a literature review. Pharm J
2002; 268: 367–70.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Histimet; Austral.: Livostin; Austria: Livostin; Belg.: Livostin; Braz.:
Livostin; Canad.: Livostin; Cz.: Livostin; Denm.: Livostin; Fin.: Livostin; Fr.:
Levophta; Ger.: Levophta†; Livocab; Gr.: Livostin; Hung.: Livostin†; Israel:
Livostin; Ital.: Levostab; Livocab; Livostin; Jpn: Livostin; Mex.: Livostin;
Neth.: Livocab; Norw.: Livostin; NZ: Livostin; Port.: Livostin; S.Afr.: Livos-
tin; Spain: Bilina; Livocab; Swed.: Livostin; Switz.: Livostin; Thai.: Livostin†;
Turk.: Livostin; UK: Livostin; USA: Livostin†; Venez.: Livostin.
Multi-ingredient: Chile: Livostin.

Levocetirizine (BAN, USAN, rINN)

Levocetirizina; Lévocétirizine; Levocetirizinum. (2-{4-[(R)-p-
Chloro-α-phenylbenzyl]-1-piperazinyl}ethoxy)acetic acid.
Левоцетиризин
C21H25ClN2O3 = 388.9.
CAS — 130018-77-8.
ATC — R06AE09.
ATC Vet — QR06AE09.

Levocetirizine Hydrochloride (BANM, rINNM)

Hidrocloruro de levocetirizina; Lévocétirizine, Chlorhydrate de;
Levocetirizine Dihydrochloride (USAN); Levocetirizini Hydrochlo-
ridum; UCB-28556.
Левоцетиризина Гидрохлорид
C21H25ClN2O3,2HCl = 461.8.
CAS — 130018-87-0.
ATC — R06AE09.
ATC Vet — QR06AE09.

Profile
Levocetirizine is the R-enantiomer of cetirizine (p.570) and is
used similarly, as the hydrochloride, for the symptomatic relief
of allergic conditions including rhinitis (p.565) and chronic urti-
caria (p.565). The usual oral dose of levocetirizine hydrochloride
is 5 mg once daily. US licensed product information suggests
that the dose should be given in the evening, and that a dose of
2.5 mg may be adequate in some patients. 
For doses in children or in patients with renal impairment, see
below.
◊ References.
1. Scheinfeld N. The new antihistamines—desloratadine and lev-

ocetirizine: a review. J Drugs Dermatol 2002; 1: 311–16. 
2. Tillement JP, et al. Compared pharmacological characteristics in

humans of racemic cetirizine and levocetirizine, two histamine
H1-receptor antagonists. Biochem Pharmacol 2003; 66: 1123–6. 

3. Horak F, et al. Levocetirizine has a longer duration of action on
improving total nasal symptoms score than fexofenadine after
single administration. Br J Clin Pharmacol 2005; 60: 24–31. 

4. Nettis E, et al. Levocetirizine in the treatment of chronic idio-
pathic urticaria: a randomized, double-blind, placebo-controlled
study. Br J Dermatol 2006; 154: 533–8. 

5. Hair PI, Scott LJ. Levocetirizine: a review of its use in the man-
agement of allergic rhinitis and skin allergies. Drugs 2006; 66:
973–96.

Administration in children. Levocetirizine hydrochloride
may be given orally to children for the symptomatic relief of al-
lergic rhinitis and chronic idiopathic urticaria, although licensed
doses may vary between countries. In the UK, children aged 2 to
6 years may be given a dose of 2.5 mg daily in 2 divided doses,
and those older than 6 years may be given the adult dose of 5 mg
daily. In the USA, however, levocetirizine hydrochloride is not
recommended for children under 6 years of age. In those aged 6
to 11 years, a dose of 2.5 mg once daily in the evening may be
given, and the adult dose of 5 mg daily only given to children
aged 12 years and older. 
For doses in children with renal impairment, see below.
Administration in renal impairment. The dose of levoceti-
rizine hydrochloride should be reduced in patients with renal im-
pairment according to creatinine clearance (CC), although rec-
ommendations can vary between countries. The following oral

doses have been suggested for adults in the UK and for adults
and adolescents aged 12 years and over in the USA: 
• CC 50 to 79 mL/minute: 5 mg once daily in the UK; 2.5 mg

once daily in the USA 
• CC 30 to 49 mL/minute: 5 mg every other day in the UK;

2.5 mg every other day in the USA 
• CC 10 to 29 mL/minute: 5 mg once every 3 days in the UK;

2.5 mg once every 3 or 4 days in the USA 
• CC less than 10 mL/minute and patients undergoing dialysis:

contra-indicated in both the UK and USA 
Data are lacking for the use of levocetirizine in children with re-
nal impairment. UK licensed product information suggests that
the dose should be adjusted on an individual basis, taking into
account the patient’s renal clearance and body-weight.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Levomine; Supraler; Austria: Xyzall; Belg.: Xyzall; Braz.: Zyxem;
Chile: Degraler; Neo Alertop; Cz.: Xyzal; Denm.: Xyzal; Fin.: Xyzal; Fr.:
Xyzall; Ger.: Xusal; Gr.: Xozal; Hong Kong: Xyzal; Hung.: Xyzal; India: L-
Cetridoc†; Leset; Levorid; Teczine; Indon.: Xyzal; Irl.: Xyzal; Ital.: Xyzal;
Malaysia: Xyzal; Mex.: Xuzal; Zyxem; Neth.: Sopras; Virdos; Xyzal;
Norw.: Xyzal; Philipp.: Xyzal; Pol.: Xyzal; Port.: Levrix; Xyzal; Rus.: Xyzal
(Ксизал); S.Afr.: Xyzal; Singapore: Xyzal; Spain: Muntel; Sopras; Xazal;
Switz.: Xyzal; Thai.: Xyzal; UK: Xyzal; USA: Xyzal.
Multi-ingredient: India: Levorid D.

Loratadine (BAN, USAN, rINN)

Loratadiini; Loratadin; Loratadina; Loratadinum; Loratadyna; Sch-
29851. Ethyl 4-(8-chloro-5,6-dihydro-11H-benzo[5,6]cyclohep-
ta[1,2-b]pyridin-11-ylidene)piperidine-1-carboxylate.
Лоратадин
C22H23ClN2O2 = 382.9.
CAS — 79794-75-5.
ATC — R06AX13.
ATC Vet — QR06AX13.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Loratadine). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
freely soluble in acetone and in methyl alcohol. 
USP 31 (Loratadine). A white to off-white powder. Insoluble in
water; freely soluble in acetone, in chloroform, in methyl alco-
hol, and in toluene.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general,
p.561.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving loratadine, and the
American Academy of Pediatrics1 considers that it is therefore
usually compatible with breast feeding. However, UK licensed
product information recommends that loratadine should not be
used in breast-feeding mothers. 
A study2 in 6 women reported that about 0.03% of a single
40-mg oral dose of loratadine was distributed into breast milk
over 48 hours as loratadine and its active metabolite, deslorata-
dine.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 08/04/04) 

2. Hilbert J, et al. Excretion of loratadine in human breast milk. J
Clin Pharmacol 1988; 28: 234–9.

Effects on the liver. Two patients1 developed severe necroin-
flammatory liver injury after receiving loratadine 10 mg daily for
allergic rhinitis. Although both recovered after drug withdrawal,
one patient required a liver transplantation and recovery was pro-
longed. 
The product information notes that abnormal hepatic function in-
cluding jaundice, hepatitis, and hepatic necrosis has been report-
ed rarely.
1. Schiano TD, et al. Subfulminant liver failure and severe hepato-

toxicity caused by loratadine use. Ann Intern Med 1996; 125:
738–40.

Pregnancy. UK product information does not recommend the
use of loratadine in pregnancy. 
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Analysis of data collected by the Swedish Medical Birth Regis-
try between 1994 and 2001 revealed 15 cases of hypospadias
among a cohort of 2780 newborns exposed to loratadine during
the first trimester of pregnancy.1 The authors noted that the indi-
vidual risk for having an infant with hypospadias after loratadine
use is small (less than 1%) and the attributive risk of extra cases
in the population is low. The US CDC has also analysed data
from the National Birth Defects Prevention study;2 they found no
increase in the risk of second- or third-degree hypospadias in the
infants of women who used loratadine in early pregnancy. In ad-
dition, an earlier prospective multicentre study3 in 161 women
taking a median dose of loratadine 10 mg daily in the first trimes-
ter of pregnancy suggested that its use was not associated with a
significant risk of major congenital malformations.
1. Källén B, Olausson PO. Monitoring of maternal drug use and

infant congenital malformations: does loratadine cause hypospa-
dias? Int J Risk Safety Med 2001; 14: 115–19. 

2. CDC. Evaluation of an association between loratadine and hyp-
ospadias — United States, 1997-2001. MMWR 2004; 53:
219–21. Also available at: http://www.cdc.gov/mmwr/PDF/wk/
mm5310.pdf (accessed 11/05/04) 

3. Moretti ME, et al. Fetal safety of loratadine use in the first tri-
mester of pregnancy: a multicenter study. J Allergy Clin Immu-
nol 2003; 111: 479–83.

Sedation. For discussion of the sedative effects of antihista-
mines see p.562.

Interactions
As for the non-sedating antihistamines in general,
p.563. 
Loratadine is metabolised by cytochrome P450 isoen-
zymes CYP3A4 and CYP2D6. Therefore use with oth-
er drugs that inhibit or are metabolised by these hepatic
enzymes may result in changes in plasma concentra-
tions of either drug and, possibly, adverse effects.
Drugs known to inhibit one or other of these enzymes
include cimetidine, erythromycin, ketoconazole, quini-
dine, fluconazole, and fluoxetine.
Antibacterials. Data held on file by the manufacturer show
that erythromycin can inhibit the metabolism of loratadine. How-
ever, even when given in large doses loratadine does not appear
to cause the cardiac conduction disorders associated with the
non-sedating antihistamines astemizole (see p.567) and terfena-
dine (see p.590).1 Similarly, clarithromycin seemed to inhibit the
metabolism of loratadine and its active metabolite deslorata-
dine.2
1. Affrime MB, et al. Three month evaluation of electrocardio-

graphic effects of loratadine in humans. J Allergy Clin Immunol
1993; 91: 259. 

2. Carr RA, et al. Steady-state pharmacokinetics and electrocardi-
ographic pharmacodynamics of clarithromycin and loratadine
after individual or concomitant administration. Antimicrob
Agents Chemother 1998; 42: 1176–80.

Antifungals. Ketoconazole also appears to be able to inhibit the
metabolism of loratadine and at therapeutic doses, is about 3
times more inhibitory than erythromycin.1 However, the concen-
trations of ketoconazole required are reported to be much higher
than those required to inhibit the metabolism of astemizole or
terfenadine. Clearance of the active metabolite desloratadine is
also reduced.
1. Brannan MD, et al. Effects of various cytochrome P450 inhibi-

tors on the metabolism of loratadine. Clin Pharmacol Ther 1995;
57: 193.

Gastrointestinal drugs. Cimetidine appears to have an inhib-
itory effect on the metabolism of loratadine and also attenuates
the clearance of its active metabolite desloratadine although no
clinically significant consequences have been seen.1
1. Brannan MD, et al. Effects of various cytochrome P450 inhibi-

tors on the metabolism of loratadine. Clin Pharmacol Ther 1995;
57: 193.

Pharmacokinetics
Loratadine is rapidly absorbed from the gastrointesti-
nal tract after oral doses, peak plasma concentrations
being attained in about 1 hour. Bioavailability is in-
creased and time to peak plasma concentrations is de-
layed when taken with food. Loratadine undergoes ex-
tensive metabolism. The major metabolite,
desloratadine (p.576), has potent antihistaminic activi-
ty. Reported mean elimination half-lives for loratadine
and desloratadine are 8.4 and 28 hours, respectively.
Loratadine is about 98% bound to plasma proteins;
desloratadine is less extensively bound. Loratadine and
its metabolites have been detected in breast milk, but
do not appear to cross the blood-brain barrier to a sig-
nificant extent. Most of a dose is excreted equally in the
urine and faeces, mainly in the form of metabolites.
Renal impairment. The disposition of loratadine does not ap-
pear to be significantly altered in patients with severe renal im-
pairment and haemodialysis does not appear to be an effective

means of removing loratadine or its metabolite desloratadine
from the body.1

1. Matzke GR, et al. Pharmacokinetics of loratadine in patients
with renal insufficiency. J Clin Pharmacol 1990; 30: 364–71.

Uses and Administration
Loratadine, a piperidine derivative related to azatadine,
is a long-acting, non-sedating antihistamine with no
significant antimuscarinic activity. It is used for the
symptomatic relief of allergic conditions including
rhinitis (p.565) and chronic urticaria (p.565). 
Loratadine is given in an oral dose of 10 mg once daily.
Children aged 2 to 5 years may be given 5 mg once
daily and those aged 6 to 12 years may be given 10 mg
once daily for seasonal allergic rhinitis and chronic id-
iopathic urticaria. 
It is also used with a decongestant such as pseudoephe-
drine sulfate. 
For dosage in hepatic or renal impairment, see below.
◊ References.
1. Haria M, et al. Loratadine: a reappraisal of its pharmacological

properties and therapeutic use in allergic disorders. Drugs 1994;
48: 617–37.

Administration in hepatic or renal impairment. US
product information recommends that patients with hepatic fail-
ure or renal impairment (glomerular filtration rate less than
30 mL/minute) should be given an initial oral dose of loratadine
10 mg on alternate days.

Preparations
USP 31: Loratadine Oral Solution; Loratadine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aerotina; Alergipan; Alermuc; Alerpriv; Algistop; Aseptobron
Descongestivo; Bedix; Benadryl 24; Biloina; Bioaler†; Clarityne; Devedryl;
Hisplex; Lertamine†; Lisaler; Loisan; Loratex†; Loratine; Loremex Antialer-
gico; Nastizol Antialergico†; Negalerg L†; Niltro; Novo Vagran†; Nularef;
Omega 100 L; Pulmosan Aller; Sinaler; Tabcin Alergia; Vagran; Vixidone L;
Austral.: Alledine; AllerEze; Claratyne; Lorano; Lorastyne†; Austria: Aller-
non; Clarityn; Lictyn; Lorano; Loratyn; Belg.: Claritine; Rupton; Sanelor;
Braz.: Alergaliv; Atinac†; Clarilerg†; Claritin; Clistin†; Histadin; Histamix†;
Loradine; Loralerg; Loranil; Lorasc†; Loratamed; Loremix; Loritil; Neo Lo-
ratadin; Canad.: Claritin; Chile: Alergan; Alledryl; Clarityne; Frenaler ;
Histaplus†; Hysticlar; Larmax†; Lontadex; Cz.: Claritine; Erolin; Flonidan;
Loranol; Roletra; Denm.: Clarityn; Geklimon†; Loritin; Mildin; Oratyn; Ver-
sal†; Fin.: Clarityn; Geklimon†; Tuulix; Fr.: Clarityne; Ger.: Lisino; Livotab†;
Lobeta; Lora; Lora-Lich; Lora-Puren; Loraclar†; Loraderm; Loragalen; Lora-
lerg†; Lorano; Loratadura; Loratagamma; Loravis; Vividrin Loratadin†; Gr.:
Allerdrug; Allergofact; Biliranin†; Bollinol; Clarityne; Difmedol; Helporigin;
Horestyl; Igir ; Latoren; Lora; Loratab; Novacloxab; Ralinet; Ristotadin; Tir-
lor; Utel; Zelmar; Hong Kong: Allertyn; Ambrace; Carin; Clarityne; CP-
Loradine; Erolin; Ezede; Loradin; Loraton; Lotadine; Lotin; Marlora; Rinityn;
Rotifar; Voratadine; Hung.: Claritine; Erolin; Flonidan; Lorano; Roletra; In-
dia: Awayke†; Loratin; Lorfast; Loridin; Lorin; Indon.: Alernitis; Allohex;
Alloris; Anhissen; Anlos; Clarihis; Claritin; Clatatin; Cronitin; Folerin; Hislo-
rex; Histaritin; Imunex; Inclarin; Klinset; Lergia; Lesidas; Lolergi; Loran; Lorap-
harm; Lorihis; Nosedin; Prohistin; Pylor; Rahistin; Rihest; Safetin; Sohotin;
Tinnic; Winatin; Irl.: Clarityn†; Histaclar; Israel: Lorastine; Loratrim; Ital.:
Alorin†; Clarityn; Fristamin; Jpn: Claritin; Malaysia: Carin; Clarityne;
Ezede†; Loradine; Lorastyne†; Loratyn†; Ridamin; Roletra; Tirlor; Mex.:
Alerfin; Aludix; Antilergal; Biolorat; Clarityne; Curyken; Dimegan; Dissen;
Ditana; Doralan; Dotagil; Dymaten; Efectine; Fartadin; Grimeral; Histina;
Histox; Inigrin; Laritol; Lertamine; Lictyn; Liferamin; Lotan; Lovarin; Neoalex-
il; Nidatar; Quimtadine; Rodakin; Rokadin†; Sensibit; Serralsina; Sitinir; Vin-
cidal; Neth.: Allerfre; Claritine; Kruidvat Hooikoortstabletten; Lorastad; Ot-
rivin neusallergie loratadine; Sanelor ; Norw.: Clarityn; Versal†; NZ:
Claratyne; Lora-Tabs; Philipp.: Allerta; Claritin; Lergicyl; Loradex; Lorahist;
Lorano; Loratyne; Lordam; Lordane; Onemin; Rinityn; Zylohist; Pol.: Aler-
fan; Aleric; Claritine; Flonidan; Lorahexal; Loram; Loratan; Loratine; Nal-
ergine; Rotadin; Port.: Alertrin; Claritine; Evertine; Histadin; Profenox;
Zolargene; Rus.: Alerpriv (Алерприв); Clargotil (Кларготил); Clarisens
(Кларисенс); Claritine (Кларитин); Clarotadine (Кларотадин); Erolin
(Эролин); Klallergine (Клаллергин); Klarfast (Кларфаст); Klaridol
(Кларидол); Lomilan (Ломилан); Lorahexal (Лорагексал); Lorid (Лорид);
Loridin (Лоридин); S.Afr.: Clarinese; Clarityne; Demazin Anti-Allergy†;
Laura; Lorahist; Lorano; Loratyne†; Polaratyne†; Pollentyme; Rhinigine; Sin-
gapore: Allertyn; Ardin; Carin; Clarityne; Ezede; Histalor; Lorfast; Loridin;
Lotadine; Ridamin; Rinityn; Roletra; Tirlor; Spain: Civeran; Clarityne; Fadi-
na†; Optimin†; Velodan; Swed.: Clarityn; Versal; Switz.: Claritine; Thai.:
Aller-Tab; Allerdine; Allersil; Caradine; Carinose†; Clalodine; Clarid; Clarit-
yne; Halodin; Hisracon; Klaryne; Lindine; Loracine; Loradine; Loranox; Lor-
din; Lorin; Lorita; Lorityne†; Lorsedin; Lortadine; Ridamin; Rityne; Roletra;
Tiradine; Tirlor; Turk.: Alarin; Claritine; Histadin; Loradif; Lorantis; Loritine;
Ritin; UAE: Loratin; UK: Clarityn; USA: Alavert; Claritin; Clear-Atadine;
Non-Drowsy Allergy; Tavist ND; Venez.: Alerdina; Alertidine†; Biolorat;
Clarityne; Loradin†; Lorat; Loraval; Lorex; Loriden; Lotal; Polaramine Refor-
mulado; Proactin†; Tirlor.

Multi-ingredient: Arg.: Alerpriv D; Bedix-D; Benadryl 24 D; Celes-
tamine-L; Ciprocort D; Ciprocort L; Clarifriol; Clarityne Cort; Clarityne D;
Cortistamin L; Decidex Plus; Dexaprof D; Histamino Corteroid L; Ideogrip;
Lertamine D†; Lisaler Beta; Loisan-D; Loremex Descongestivo; Nastizol-L;
Negalerg†; Novo Vagran D†; Novo-Nastizol†; Nularef Cort; Nularef-D; Pa-
racetamol Grip NF; Pulmonix Grip; Pulmonix Plus; Sinaler B; Toraxan; Va-
gran D; Vixidone LB; Austral.: Clarinase; Sinease†; Austria: Clarinase;
Belg.: Clarinase; Braz.: Claritin-D; Cloratadd D; Histadin D; Loralerg-D;
Loranil D; Loremix D; Neofedrin; Canad.: Chlor-Tripolon ND; Claritin Al-
lergy & Sinus; Claritin Extra†; Liberato; Chile: Alledryl D; Clarinase; Frenal-
er-D; Larmax D; Lertamine; Lertamine Extra; Lontadex D†; Rinomex; Cz.:
Clarinase; Denm.: Clarinase; Fin.: Clarinase; Fr.: Clarinase; Gr.: Clarityne
D; Hong Kong: Clariflu; Clarinase; Rhinos; Hung.: Clarinase; India: Loratin
D; Lorfast-D; Loridin-D; Indon.: Aldisa; Clarinase; Glanos; Rhinos; Israel:
Clarinase; Malaysia: Carinox; Clarinase; Mex.: Alerfin Ex; Alvium†; Alviu-

mito†; Alviumthe†; Bisincof; Bramin; Bronar; Broquixol; Celestamine NS;
Claricort†; Clariflu; Clarifriol; Clarinase†; Clarityne D; Coricidin Expec;
Dimegan D; Doralan-Ax; Efectine D; Farmalor; Fluxibit; Gralddep; Laritol D;
Laritol Ex; Laritol G; Lertamine D; Linfarden; Lovarin P†; Lyrsedin; Neoalexil
P†; Quimtadine DSQ; Quimtafriol; Sensibit D; Sensibit XP; Sibilex; Tadinar-
C; Tamex; Tavexyl; TheraFlu 24; TheraFlu N 12; TheraFlu TD; NZ: Clari-
nase†; Demazin Non-Drowsy†; Philipp.: Claricort; Clarinase; Rhinase;
Pol.: Clarinase; Port.: Claridon; S.Afr.: Clarityne D; Demazin NS; Polara-
tyne D†; Singapore: Clarinase; Spain: Narine; Thai.: Clarinase; Turk.:
Clarinase; USA: Alavert Allergy & Sinus D; Claritin-D; Venez.: Ambroclar;
Celestamincort; Claricort; Claridex; Claridexultra; Clariflu; Clarigrip; Clari-
nase†; Fedyclar; Lokarin; Loracert; Rinase†.

Mebhydrolin (BAN, rINN)

Mebhidrolina; Mebhydroline; Mebhydrolinum. 5-Benzyl-1,2,3,4-
tetrahydro-2-methyl-γ-carboline.
Мебгидролин
C19H20N2 = 276.4.
CAS — 524-81-2.
ATC — R06AX15.
ATC Vet — QR06AX15.

Mebhydrolin Napadisilate (BANM, rINNM)

Diazolinum; Mebhydrolin Napadisylate; Mebhydrolin Naphtha-
lenedisulphonate; Mebhydroline, Napadisilate de; Mebhydrolini
Napadisilas; Napadisilato de mebhidrolina. Mebhydrolin naph-
thalene-1,5-disulphonate.
Мебгидролина Нападизилат
(C19H20N2)2,C10H8O6S2 = 841.0.
CAS — 6153-33-9.
ATC — R06AX15.
ATC Vet — QR06AX15.

Profile
Mebhydrolin, an ethylenediamine derivative, is a sedating anti-
histamine (p.561) with antimuscarinic and sedative properties. It
has been given orally as the base or as the napadisilate salt for the
symptomatic relief of allergic conditions including urticaria and
rhinitis, and in pruritic skin disorders. Granulocytopenia and
agranulocytosis have been reported.
Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Biolergy; Gabiten; Histapan; Incitin; Interhistin; Tralgi; Zoline; Israel:
Cidalin; Rus.: Diazolin (Диазолин); S.Afr.: Fabahistin; Thai.: Dalhis; Day-
hist; Manocidal; Manoeidai; Posidol.

Meclozine Hydrochloride 

(BANM, pINNM)

Hidrocloruro de meclozina; Meclizine Hydrochloride; Meclizin-
ium Chloride; Méclozine, chlorhydrate de; Meclozini Dihydro-
chloridum; Meclozini hydrochloridum; Meklotsiinihydrokloridi;
Meklozin Hidroklorür; Meklozin-dihydrochlorid; Meklozin-hid-
roklorid; Meklozinhydroklorid; Meklozino hidrochloridas; Mek-
lozyny chlorowodorek; Parachloramine Hydrochloride. 1-(4-
Chlorobenzhydryl)-4-(3-methylbenzyl)piperazine dihydrochlo-
ride.
Меклозина Гидрохлорид
C25H27ClN2,2HCl = 463.9.
CAS — 569-65-3 (meclozine); 1104-22-9 (anhydrous
meclozine hydrochloride); 31884-77-2 (meclozine hydro-
chlor ide monohydrate).
ATC — R06AE05.
ATC Vet — QR06AE05.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
US specifies the monohydrate. 
Ph. Eur. 6.2 (Meclozine Hydrochloride). A yellow or yellowish-
white, crystalline powder. Slightly soluble in water; soluble in al-
cohol and in dichloromethane. Store in airtight containers. 
USP 31 (Meclizine Hydrochloride). The monohydrate is white or
slightly yellowish crystalline powder that has a slight odour.
Practically insoluble in water and in ether; freely soluble in chlo-
roform, in pyridine, and in acid-alcohol-water mixtures; slightly
soluble in dilute acids and in alcohol. Store in airtight containers.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
For reports of the use of antihistamines, including
meclozine, in pregnancy, see p.563.

Interactions
As for the sedating antihistamines in general, p.563.

Uses and Administration
Meclozine hydrochloride, a piperazine derivative, is a
sedating antihistamine with antimuscarinic and moder-
ate sedative properties. It is mainly used for its an-
tiemetic action, which may last for up to 24 hours.
Meclozine hydrochloride is used in the prevention and
treatment of nausea and vomiting associated with a va-
riety of conditions including motion sickness (p.564)
and for the symptomatic treatment of vertigo (p.565)
caused by Ménière’s disease and other vestibular disor-
ders. Meclozine hydrochloride has also been used for
the symptomatic relief of hypersensitivity reactions
and pruritic skin disorders (p.565). 
The usual oral dose of meclozine hydrochloride for
motion sickness is 25 to 50 mg taken about one hour
before travelling and repeated every 24 hours if neces-
sary; up to 100 mg daily in divided doses has been giv-
en for the treatment of vertigo and vestibular disorders.
In the prevention and treatment of motion sickness in
children aged 6 to 12 years, 12.5 mg is given once dai-
ly; for children aged 2 to 6 years the dose is 6.25 mg
once daily. 
Both meclozine hydrochloride and meclozine base
have been given by the rectal route; doses are similar to
those given orally.
Preparations
USP 31: Meclizine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Belg.: Agyrax; Postafene; Braz.: Meclin; Canad.: Bonamine; Chile: Bon-
amina; Cz.: Postafen†; Denm.: Postafen; Fin.: Postafen; Fr.: Agyrax; Ger.:
Peremesin N†; Peremesin†; Postadoxin N; Postafen†; Gr.: Emetostop;
Postafene†; Hong Kong: Postafene; Mex.: Chiclida; Marenin; Neth.: Su-
primal; Norw.: Peremesin; Postafen; NZ: Sea-Legs; Philipp.: Bonamine;
Postadoxine; Port.: Navicalm; Rus.: Bonine (Бонин); Spain: Chiclida;
Dramine; Navicalm†; Swed.: Postafen; Switz.: Duremesan; Turk.: Posta-
doxine; UK: Sea-Legs; USA: Antiver t; Antrizine; Bonine; Dizmiss;
Dramamine II; Meni-D; Vergon†.

Multi-ingredient: Austria: Contravert B ; Diligan; Ger.: Diligan†; Hong
Kong: Navidoxine; India: Diligan; Pregnidoxin; Malaysia: Becoloxin†;
Navidoxine†; Mex.: Bonadoxina; Bonalen; Bonazin; Emediba; Liatriz; Mecl-
ifar ; Meclison; Pidoxina; Vo-Remi; Neth.: Emesafene; Port.: Diligan†;
S.Afr.: Geratar; Singapore: Navidoxine†; Switz.: Duremesan; Itinerol B ;
UK: Traveleeze; Venez.: Bonadoxina; Etizil†; Mebax†.

Mepyramine (BAN, rINN)

Mepiramina; Mepyramiini; Mepyramin; Mépyramine; Mepyrami-
num; Pyranisamine; Pyrilamine. 2-(N-p-Anisyl-N-2-pyridylami-
no)ethyldimethylamine.
Мепирамин
C17H23N3O = 285.4.
CAS — 91-84-9.
ATC — D04AA02; R06AC01.
ATC Vet — QD04AA02; QR06AC01.

Mepyramine Hydrochloride (BANM, rINNM)

Hidrocloruro de mepiramina; Mépyramine, Chlorhydrate de;
Mepyramini Hydrochloridum; Pyranisamine Hydrochloride; Py-
rilamine Hydrochloride.
Мепирамина Гидрохлорид
C17H23N3O,HCl = 321.8.
CAS — 6036-95-9.
ATC — D04AA02; R06AC01.
ATC Vet — QD04AA02; QR06AC01.

Mepyramine Maleate (BANM, rINNM)

Maleato de mepiramina; Mepiramin Maleat; Mepiramin-maleát;
Mepiramino maleatas; Mepyramiinimaleaatti; Mepyramin
maleinát; Mépyramine, maléate de; Mepyramini maleas;
Mepyraminmaleat; Pyranisamine Maleate; Pyrilamine Maleate.
Mepyramine hydrogen maleate.

Мепирамина Малеат
C17H23N3O,C4H4O4 = 401.5.
CAS — 59-33-6.
ATC — D04AA02; R06AC01.
ATC Vet — QD04AA02; QR06AC01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Mepyramine Maleate). A white or slightly yellow-
ish, crystalline powder. Very soluble in water; freely soluble in
alcohol. M.p. 99° to 103°. A 2% solution in water has a pH of 4.9
to 5.2. Protect from light. 
USP 31 (Pyrilamine Maleate). A white crystalline powder usual-
ly having a faint odour. Soluble 1 in 0.5 of water, 1 in 3 of alco-
hol, 1 in 15 of dehydrated alcohol, and 1 in 2 of chloroform;
slightly soluble in ether and in benzene. Its solutions are acid to
litmus. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.

Interactions
As for the sedating antihistamines in general, p.563.

Uses and Administration
Mepyramine, an ethylenediamine derivative, is a se-
dating antihistamine with antimuscarinic and sedative
properties. Mepyramine maleate is used for the symp-
tomatic relief of hypersensitivity reactions and in pru-
ritic skin disorders (p.565). Mepyramine maleate is
also a common ingredient of compound preparations
for the symptomatic treatment of coughs and the com-
mon cold (p.564). 
Mepyramine maleate has been given in an oral dose of
50 mg at night as a hypnotic in the short-term manage-
ment of insomnia (p.564). 
A cream containing 2% mepyramine maleate is used
locally for insect bites or stings, and for hypersensitiv-
ity and pruritic skin conditions but, as with any antihis-
tamine, there is a risk of sensitisation. It has also been
used in eye drops. 
In some countries mepyramine maleate is available for
parenteral use. Mepyramine hydrochloride has also
been given parenterally or by the rectal route.
Mepyramine tannate and mepyramine acefyllinate
have been used orally.
Preparations
BP 2008: Mepyramine Tablets; 
USP 31: Pyrilamine Maleate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Relaxa-Tabs; Braz.: Alergitanil; Hong Kong: Anthisan; Irl.: An-
thisan; NZ: Anthisan; S.Afr.: Anthisan; Antihist; Mepyraderm; Mepyrimal;
Spain: Fluidasa; UK: Anthisan; USA: Pyrlex.

Multi-ingredient: Arg.: Bajumol†; Drynisan; Everfem; Fadanasal; Piracala-
mina; Polipectol†; Rynatanic†; Austral.: Neo-Diophen†; Belg.: Nortussine;
Braz.: Alergitrat†; Alergo Glucalbet†; Beclase; Benistina†; Benzomel†; Co-
nidrin; Expectussin†; Ginometrim Oral†; Gripanil†; Gripsay; Killgrip†; Narid-
rin; Nariflux; Nasogrip; Posdrink; Canad.: Extra Strength Multi-Symptom
PMS Relief†; Hycomine; Jack and Jill; Midol Extra Strength; Midol PMS Extra
Strength; Pamprin; Prefrin A; ratio-Theo-Bronc; Relievol PMS; Trendar
PMS†; Tylenol Menstrual; Chile: Alerzona; Kitadol Periodo Menstrual; Min-
faden; Predual; Rinolergan; Tapsin Periodo Menstrual; Fr.: Nortussine;
Hong Kong: Easiko†; Israel: Aforinol; Alnase; Phenyphrine-Azol†; Ital.:
Balsamina Kroner; Triaminic; Vasofen; Malaysia: Prefrin A†; Mex.: Femse-
din Kutz; Lentostamin; Pol.: Kato-Nasal; Pro-Miss; Port.: Antigrippine;
Naso-Prieulina†; Profrin-A†; Solpic†; S.Afr.: Antiflu†; Bronchiflu†; Codef;
Codomill†; Colcaps; Coughcod; Docsed; Expectotussin C†; Flucol; Histo-
dor; Medituss†; Metaxol; Sinu-Flu†; Singapore: Prefrin A†; Spain: Ampli-
dermis; Pectobal Dextro†; Switz.: Calpred; Demostan N; Escogripp sans
codeine; Euceta Pic; Histacyl Compositum†; Histacylettes†; Stilex; Thai.:
Antergan†; Turk.: Peditus; Stilex; UAE: Profinal FM; UK: Anthisan Plus;
Wasp-Eze; USA: 4-Way Fast Acting; AlleRx; C-Tanna 12D; Calamycin; Co-
dal-DH; Codal-DM; Codimal DM; Codimal PH; Conal; De-Chlor MR; Der-
ma-Pax; Duonate; Gelhist; HC Derma-Pax; Midol Maximum Strength Multi-

Symptom Menstrual; Midol Pre-Menstrual Syndrome; Myci-Spray; MyHist-
DM; MyHist-PD; Nalex-A 12; ND-Gesic; P-Hist; P-Tanna; Pamprin; Poly-
Histine†; Premsyn PMS; Pro-Red; Pyrlex CB; R-Tanna; R-Tannamine; R-Tan-
nate; R-Tannic-S†; Rectagene Medicated Rectal Balm; Resperal; Rhinatate;
Robitussin Night Relief; Ryna-12; Soothaderm; Tanoral; Tri-Tannate; Tri-
codene Cough & Cold; Triotann; Triplex AD; Tritan; Tussi-12 D; Tussi-12D
S; Tussplex; Viravan; Viravan-DM; Z-Xtra; Venez.: Fesanol†; Metilcodin†;
Metilfedrin†; Pi-Fedrin; Pinazo.

Mequitazine (BAN, rINN)

LM-209; Mekitatsiini; Mekitazin; Mequitazina; Méquitazine;
Mequitazinum. 10-(Quinuclidin-3-ylmethyl)phenothiazine.
Мехитазин
C20H22N2S = 322.5.
CAS — 29216-28-2.
ATC — R06AD07.
ATC Vet — QR06AD07.

Pharmacopoeias. In Jpn.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Sedation. For discussion of the sedative effects of antihista-
mines, see p.562. When mequitazine is given in the recommend-
ed dosage of 5 mg twice daily the incidence of sedation appears
comparable with that of terfenadine. Sedation has, however, oc-
curred after doses of 10 mg twice daily.
Interactions
As for the sedating antihistamines in general, p.563.
Antibacterials. For a report of torsade de pointes in a patient
taking spiramycin and mequitazine, see Cytochrome P450
Isoenzymes under Interactions of Spiramycin, p.333.
Pharmacokinetics
After absorption from the gastrointestinal tract, mequitazine is
metabolised. Unchanged drug and metabolites are excreted prin-
cipally in the bile.
Uses and Administration
Mequitazine, a phenothiazine derivative, is a sedating antihista-
mine with antimuscarinic and mild sedative properties. 
Mequitazine is used for the symptomatic relief of allergic condi-
tions including urticaria (p.565), rhinitis (p.565) and conjunctivi-
tis (p.564), and in pruritic skin disorders (p.565). It has been giv-
en in usual oral doses of 5 mg twice daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Primalan; Chile: Mircol; Fr.: Primalan; Quitadrill; Ger.: Metaplexan;
Ital.: Primalan†; Mex.: Primalan; Philipp.: Primalan; Port.: Primalan; Rus.:
Primalan (Прималан); Spain: Mircol.

Methdilazine (BAN, rINN)

Metdilatsiini; Metdilazin; Metdilazina; Methdilazinum; Metodilazi-
na. 10-(1-Methylpyrrolidin-3-ylmethyl)phenothiazine.
Метдилазин
C18H20N2S = 296.4.
CAS — 1982-37-2.
ATC — R06AD04.
ATC Vet — QR06AD04.

Methdilazine Hydrochloride (BANM, rINNM)

Hidrocloruro de metodilazina; Methdilazine, Chlorhydrate de;
Methdilazini Hydrochloridum.
Метдилазина Гидрохлорид
C18H20N2S,HCl = 332.9.
CAS — 1229-35-2.
ATC — R06AD04.
ATC Vet — QR06AD04.
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Pharmacopoeias. In US. 
USP 31 (Methdilazine Hydrochloride). A light tan crystalline
powder having a slight characteristic odour. Soluble 1 in 2 of wa-
ter and of alcohol, 1 in 6 of chloroform, and 1 in 1 of 0.1N hydro-
chloric acid and of 0.1N sodium hydroxide solution; practically
insoluble in ether. pH of a 1% solution in water is between 4.8
and 6.0. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.

Interactions
As for the sedating antihistamines in general, p.563.

Uses and Administration
Methdilazine, a phenothiazine derivative, is a sedating antihista-
mine with antimuscarinic and sedative activity. Methdilazine is
also reported to have serotonin-antagonist properties. 
Methdilazine hydrochloride is used for the symptomatic relief of
hypersensitivity reactions and particularly for the control of pru-
ritic skin disorders (p.565). An oral dose of 8 mg has been given
2 to 4 times daily. Methdilazine base has been used in similar
doses. For children’s doses, see below.

Administration in children. Methdilazine hydrochloride has
been used in children for symptomatic relief of hypersensitivity
reactions and particularly for the control of pruritic skin disor-
ders. Oral doses of 4 mg given 2 to 4 times daily have been used
in children aged 3 to 12 years. However, lower daily doses have
also been used: children aged 3 to 6 years may be given
300 micrograms/kg daily (maximum 8 mg daily) and those aged
6 to 12 years, 4 mg twice daily.

Preparations

USP 31: Methdilazine Hydrochloride Syrup; Methdilazine Hydrochloride
Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Dilosyn†; Denm.: Tacryl†; India: Dilosyn.

Multi-ingredient: India: Dilosyn Expectorant.

Mizolastine (BAN, rINN)

Mitsolastiini; Mizolastin; Mizolastina; Mizolastinum; SL-85.0324-
00. 2-{1-[1-(4-Fluorobenzyl)-1H-benzimidazol-2-yl]-4-piperi-
dyl(methyl)amino}pyrimidin-4(1H)-one.

Мизоластин

C24H25FN6O = 432.5.

CAS — 108612-45-9.

ATC — R06AX25.

ATC Vet — QR06AX25.

Adverse Effects and Precautions
As for the non-sedating antihistamines in general,
p.561. Mizolastine has only a weak potential to pro-
long the QT interval (see also Arrhythmias, p.562) and
has not been associated with arrhythmias. However,
the manufacturers have warned against the use of mi-
zolastine in patients with significant cardiac or hepatic
disease, with hypokalaemia or other electrolyte imbal-
ance, or with known or suspected QT prolongation.
Use with drugs liable to interfere with the hepatic me-
tabolism of mizolastine or with other potentially ar-
rhythmogenic drugs should also be avoided (see under
Interactions, below).

Interactions
As for the non-sedating antihistamines in general,
p.563. Moderate increases in plasma concentrations of
mizolastine have been reported with erythromycin and
ketoconazole; use with macrolide antibacterials or sys-

temic imidazole antifungals is contra-indicated by the
manufacturer. They also advise against use of mizolas-
tine with drugs known to prolong the QT interval, such
as class I and III antiarrhythmics. 
Other potent inhibitors of or substrates for the hepatic
metabolism of mizolastine include cimetidine,
ciclosporin, and nifedipine; caution is advised if given
together.

Pharmacokinetics
Mizolastine is rapidly absorbed from the gastrointesti-
nal tract with peak plasma concentrations being
reached after about 1.5 hours. Plasma protein binding
is about 98%. The mean elimination half-life is about
13 hours. Mizolastine is mainly metabolised by glu-
curonidation although other metabolic pathways are
involved, including metabolism by the cytochrome
P450 isoenzyme CYP3A4, with the formation of inac-
tive hydroxylated metabolites.

◊ References.
1. Rosenzweig P, et al. Pharmacodynamics and pharmacokinetics

of mizolastine (SL 85.0324), a new nonsedative H  antihista-
mine. Ann Allergy 1992; 69: 135–9. 

2. Lebrun-Vignes B, et al. Clinical pharmacokinetics of mizolas-
tine. Clin Pharmacokinet 2001; 40: 501–7.

Uses and Administration
Mizolastine is a non-sedating antihistamine with a long
duration of action. It does not have significant antimus-
carinic actions; it is reported to have mast-cell stabilis-
ing properties. Mizolastine is used for the symptomatic
relief of allergic conditions including rhinitis (p.565),
conjunctivitis (p.564), and skin disorders such as urti-
caria (p.565). The oral dose is 10 mg daily.

◊ References.
1. Leynadier F, et al. Efficacy and safety of mizolastine in seasonal

allergic rhinitis. Ann Allergy Asthma Immunol 1996; 76: 163–8. 
2. Brostoff J, et al. Efficacy of mizolastine, a new antihistamine,

compared with placebo in the treatment of chronic idiopathic ur-
ticaria. Allergy 1996; 51: 320–5. 

3. Stern MA, et al. Can an antihistamine delay appearance of hay-
fever symptoms when given prior to pollen season? Allergy
1997; 52: 440–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Mistamine†; Austria: Mizollen; Belg.: Mistamine†; Mizollen; Chile:
Mistamine†; Cz.: Mizollen†; Denm.: Mizollen; Fin.: Mizollen†; Fr.: Mizollen;
Ger.: Mizollen; Zolim; Gr.: Mizollen; Oriens; Hung.: Mizollen†; India: Elina;
Irl.: Mistamine†; Israel: Mizollen; Ital.: Mizollen; Zolistam; Mex.: Mista-
mine; Neth.: Mizollen; Pol.: Mizollen; Port.: Mistamine†; Mizollen; Zolis-
tam; S.Afr.: Mizollen; Spain: Mistamine†; Mizolen; Zolistan; Swed.: Mizol-
len; Switz.: Mistamine†; Mizollen; UK: Mizollen.

Moxastine Teoclate (rINNM)

Mephenhydramine Theoclate; Mephenhydrinate; Moxastine,
Téoclate de; Moxastine Theoclate; Moxastini Teoclas; Teoclato
de moxastina. 2-(1,1-Diphenylethoxy)-N,N-dimethylethylamine
8-chlorotheophyllinate.

Моксастина Теоклат

C18H23NO,C6H7ClN4O2 = 472.0.

CAS — 3572-74-5 (moxastine); 21661-62-1 (moxastine
teoclate).

(moxastine)

Profile
Moxastine teoclate is an antihistamine with antiemetic proper-
ties. It is used to treat nausea and vertigo associated with
Ménière’s disease and other vestibular disorders, and for the pre-
vention and treatment of motion sickness.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Kinedryl.

Multi-ingredient: Cz.: Nokinal†.

Niaprazine (rINN)

1709-CERM; Niaprazina; Niaprazinum. N-[3-(4-p-Fluorophenyl-
piperazin-1-yl)-1-methylpropyl]nicotinamide.

Ниапразин
C20H25FN4O = 356.4.
CAS — 27367-90-4.
ATC — N05CM16.
ATC Vet — QN05CM16.

Profile
Niaprazine, a piperazine derivative, is an antihistamine (p.561)
used in children for its sedative and hypnotic properties. The usu-
al oral dose is 1 mg/kg at night.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Nopron; Ital.: Nopron.

Olopatadine Hydrochloride (BANM, USAN, pINNM)

ALO-4943A; Hidrocloruro de olopatadina; KW-4679; Olopata-
din Hidroklorür; Olopatadine, Chlorhydrate d’; Olopatadini Hy-
drochloridum. 11-[(Z)-3-(Dimethylamino)propylidene]-6,11-di-
hydrodibenz[b,e]oxepin-2-acetic acid hydrochloride.

Олопатадина Гидрохлорид
C21H23NO3,HCl = 373.9.
CAS — 113806-05-6 (olopatadine); 140462-76-6 (ol-
opatadine hydrochloride).
ATC — R01AC08; S01GX09.
ATC Vet — QS01GX09.

(olopatadine)

Adverse Effects and Precautions
As for the antihistamines in general, p.561. Headache and sting-
ing or burning of the eye have occurred after ocular use.

Uses and Administration
Olopatadine hydrochloride is an antihistamine with mast-cell
stabilising properties. It is used twice daily as eye drops contain-
ing the equivalent of 0.1% of olopatadine base in the treatment
of allergic conjunctivitis (p.564) in adults and children aged three
years and over.

◊ References.
1. Anonymous. Olopatadine for allergic conjunctivitis. Med Lett

Drugs Ther 1997; 39: 108–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Patanol; Austral.: Patanol; Belg.: Opatanol; Braz.: Patanol; Canad.:
Patanol; Chile: Patanol; Cz.: Opatanol; Denm.: Opatanol; Fin.: Opatanol;
Fr.: Opatanol; Ger.: Opatanol; Gr.: Opatanol; Hong Kong: Patanol;
Hung.: Opatanol; Indon.: Patanol; Irl.: Opatanol; Israel: Patanol; Ital.:
Opatanol; Jpn: Allelock; Malaysia: Patanol; Mex.: Patanol; Neth.: Opata-
nol; Norw.: Opatanol; NZ: Patanol; Philipp.: Patanol; Port.: Opatanol;
Rus.: Opatanol (Опатанол); S.Afr.: Patanol; Singapore: Patanol; Spain:
Opatanol; Swed.: Opatanol; Switz.: Opatanol; Thai.: Patanol; Turk.: Pata-
nol; UK: Opatanol; USA: Pataday; Patanol; Venez.: Patanol.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Oxatomide (BAN, USAN, rINN)

Oksatomidi; Oxatomid; Oxatomida; Oxatomidum; R-35443. 1-
[3-(4-Benzhydrylpiperazin-1-yl)propyl]benzimidazolin-2-one.
Оксатомид
C27H30N4O = 426.6.
CAS — 60607-34-3.
ATC — R06AE06.
ATC Vet — QR06AE06.

Profile
Oxatomide, a piperazine derivative, is a sedating antihistamine
(p.561) that has also been reported to have mast-cell stabilising
properties. It is used for the symptomatic relief of allergic condi-
tions including urticaria (p.565), rhinitis (p.565), and conjuncti-
vitis (p.564). Oxatomide is given as the anhydrous substance or
as the monohydrate; doses are expressed as the anhydrous sub-
stance. Oxatomide monohydrate 1.04 mg is equivalent to about
1 mg of anhydrous oxatomide. The usual oral dose is 30 mg
twice daily. The hydrate has also been applied topically but, as
with other antihistamines, there is a risk of sensitisation.
Effects on the nervous system. Acute dystonic reactions and
long-lasting impaired consciousness were associated with oxato-
mide therapy in 6 children.1 Impaired consciousness varied from
lethargy and somnolence to a clinical picture resembling en-
cephalitis and persisted for 2 days or more in 3 patients. Plasma-
oxatomide concentrations were measured in 3 patients and found
to be high, although 2 of these had been given the recommended
dose.
1. Casteels-Van Daele M, et al. Acute dystonic reactions and long-

lasting impaired consciousness associated with oxatomide in
children. Lancet 1986; i: 1204–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cenacert†; Fensedyl; Tinset; Austria: Tinset; Belg.: Tinset†; Chile:
Tinset; Fr.: Tinset; Gr.: Tinset; Hong Kong: Tinset†; Indon.: Oxtin; Tinset;
Ital.: Tinset; Jpn: Celtect; Mex.: Tinset; Neth.: Tinset; Port.: Tinset;
S.Afr.: Tinset; Spain: Cobiona; Oxatokey; Thai.: Tinset.
Multi-ingredient: Arg.: Causalon Bronquial; Causalon Grip; Letondal.

Oxomemazine (rINN)

Oxomemazina; Oxomémazine; Oxomemazinum; RP-6847; Tri-
meprazine SS-Dioxide. 10-(3-Dimethylamino-2-methylpro-
pyl)phenothiazine 5,5-dioxide.
Оксомемазин
C18H22N2O2S = 330.4.
CAS — 3689-50-7.
ATC — R06AD08.
ATC Vet — QR06AD08.

Oxomemazine Hydrochloride (rINNM)

Hidrocloruro de oxomemazina; Oxomémazine, Chlorhydrate
d’; Oxomemazini Hydrochloridum.
Оксомемазина Гидрохлорид
C18H22N2O2S,HCl = 366.9.
CAS — 4784-40-1.
ATC — R06AD08.
ATC Vet — QR06AD08.
Pharmacopoeias. In Fr.
Profile
Oxomemazine, a phenothiazine derivative, is a sedating antihis-
tamine (p.561) used for the symptomatic relief of hypersensitiv-
ity reactions and in pruritic skin disorders (p.565). It is also an

ingredient of compound preparations for the symptomatic treat-
ment of coughs and the common cold (p.564). 
Oxomemazine has been given orally in doses ranging from about
5 to 13 mg daily in divided doses. It has also been given by the
rectal route. Oxomemazine hydrochloride has been used similar-
ly by mouth.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Toplexil; Neth.: Toplexil.
Multi-ingredient: Belg.: Toplexil; Braz.: Expec; Iodesin; Iodeto de Potas-
sium Composto†; KI-Expectorante; Tiratosse†; Toplexil; Tussol†; Indon.:
Comtusi; Toplexil; Israel: Oxacatin; Toplexil; Switz.: Toplexil.

Phenindamine Tartrate (BANM, USAN, rINNM)

Phenindamine Acid Tartrate; Phénindamine, Tartrate de; Phenin-
damini Tartras; Phenindaminium Tartrate; Tartrato de fenindami-
na. 1,2,3,4-Tetrahydro-2-methyl-9-phenyl-2-azafluorene hydro-
gen tartrate; 2,3,4,9-Tetrahydro-2-methyl-9-phenyl-1H-inde-
no[2,1-c]pyridine hydrogen tartrate.
Фениндамина Тартрат
C19H19N,C4H6O6 = 411.4.
CAS — 82-88-2 (phenindamine); 569-59-5 (phenindam-
ine tartrate).
ATC — R06AX04.
ATC Vet — QR06AX04.

(phenindamine)

Pharmacopoeias. In Br. 
BP 2008 (Phenindamine Tartrate). A white or almost white,
odourless or almost odourless, voluminous powder. Sparingly
soluble in water; slightly soluble in alcohol; practically insoluble
in chloroform and in ether. A 1% solution in water has a pH of
3.4 to 3.9. Protect from light.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. Phenindam-
ine tartrate may have a stimulant effect in certain individuals; to
avoid the possibility of insomnia patients may be advised to take
the last dose of the day several hours before retiring.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Phenindamine, a piperidine derivative, is a sedating antihista-
mine; however it may be mildly stimulating in certain individu-
als. It is used as the tartrate for the symptomatic relief of allergic
conditions including urticaria (p.565) and rhinitis (p.565), and as
an ingredient of compound preparations for coughs and the com-
mon cold (p.564). 
Phenindamine tartrate is given in oral doses of 25 mg every 4 to
6 hours, up to a maximum of 150 mg daily. Children over 6 years
of age have been given half these doses.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Nolahist.
Multi-ingredient: USA: P-V-Tussin.

Pheniramine (BAN, rINN)

Feniramiini; Feniramin; Feniramina; Phéniramine; Pheniraminum;
Prophenpyridamine. NN-Dimethyl-3-phenyl-3-(2-pyridyl)pro-
pylamine.
Фенирамин
C16H20N2 = 240.3.
CAS — 86-21-5.
ATC — R06AB05.
ATC Vet — QR06AB05.

Pheniramine Aminosalicylate (BANM, rINNM)

Aminosalicilato de feniramina; Pheniramine p-Aminosalicylate;
Pheniramine 4-Aminosalicylate; Phéniramine, Aminosalicylate
de; Pheniramine Para-aminosalicylate; Pheniramini Aminosalicy-
las. Pheniramine 4-amino-2-hydroxybenzoate.
Фенирамина Аминосалисилат
C16H20N2,C7H7NO3 = 393.5.
CAS — 3269-83-8.
ATC — R06AB05.
ATC Vet — QR06AB05.

Pheniramine Maleate (BANM, USAN, rINNM)

Feniramiinimaleaatti; Feniramin Hidrojen Maleat; Feniramin
Maleat; Feniramin maleinát; Feniraminmaleat; Feniramin-maleát;
Feniramino maleatas; Maleato de feniramina; Phéniramine,
maléate de; Pheniramini maleas; Pheniraminium Maleate; Proph-
enpyridamine Maleate. Pheniramine hydrogen maleate.
Фенирамина Малеат
C16H20N2,C4H4O4 = 356.4.
CAS — 132-20-7.
ATC — R06AB05.
ATC Vet — QR06AB05.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pheniramine Maleate). A white or almost white,
crystalline powder. Very soluble in water; freely soluble in alco-
hol, in dichloromethane, and in methyl alcohol. M.p. 106° to
109°. A 1% solution in water has a pH of 4.5 to 5.5. Protect from
light. 
USP 31 (Pheniramine Maleate). A white crystalline powder hav-
ing a faint amine-like odour. Soluble in water and in alcohol. pH
of a 1% solution in water is between 4.5 and 5.5.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Abuse. References to the abuse of oral pheniramine.
1. Jones IH, et al. Pheniramine as an hallucinogen. Med J Aust

1973; 1: 382–6. 
2. Csillag ER, Landauer AA. Alleged hallucinogenic effect of a

toxic overdose of an antihistamine preparation. Med J Aust 1973;
1: 653–4. 

3. Buckley NA, et al. Pheniramine—a much abused drug. Med J
Aust 1994; 160: 188–92.

Pregnancy. For discussion of the use of antihistamines, includ-
ing pheniramine, in pregnancy, see p.563.
Interactions
As for the sedating antihistamines in general, p.563.
Pharmacokinetics
◊ The pharmacokinetics of pheniramine and its metabolites, N-
desmethylpheniramine and N-didesmethylpheniramine, were in-
vestigated in 6 healthy subjects.1 After oral doses of pheniramine
aminosalicylate, peak-plasma pheniramine concentrations were
reached in 1 to 2.5 hours. The terminal half-life ranged between
8 and 17 hours after intravenous doses (pheniramine maleate)
and 16 and 19 hours after oral doses. The total recovery of phe-
niramine as unchanged drug and metabolites from the urine was
68 to 94% of the intravenous dose and 70 to 83% of the oral dose.
1. Witte PU, et al. Pharmacokinetics of pheniramine (Avil ) and

metabolites in healthy subjects after oral and intravenous admin-
istration. Int J Clin Pharmacol Ther Toxicol 1985; 23: 59–62.

Uses and Administration
Pheniramine, an alkylamine derivative, is a sedating antihista-
mine with antimuscarinic and moderate sedative properties. 
It is used as the maleate for the symptomatic relief of allergic
conditions including urticaria and angioedema (p.565), rhinitis
(p.565), and conjunctivitis (p.564), and in pruritic skin disorders
(p.565). It has also been used for its antiemetic properties in the
prevention and control of motion sickness (p.564). Pheniramine
maleate is used as an ingredient of compound preparations for
the symptomatic treatment of coughs and the common cold
(p.564). It is also used in combination with a decongestant in eye
and nasal preparations. 
Pheniramine maleate is given as a syrup in usual oral doses of 15
to 30 mg two or three times daily. It may also be given as a tablet
in doses up to about 45 mg three times daily. In some countries
pheniramine maleate has been given parenterally. 
The aminosalicylate, the hydrochloride, and the tannate have
also been used.
Preparations
USP 31: Naphazoline Hydrochloride and Pheniramine Maleate Ophthal-
mic Solution.
Proprietary Preparations (details are given in Part 3)
Austral.: Avil; Fenamine†; Austria: Avil; India: Avil; Indon.: Avil; Ital.: In-
histon†; Mex.: Histatex†; NZ: Avil†; Turk.: Avil; UAE: Histol.
Multi-ingredient: Arg.: Mira Klonal; Mirus; Refenax Colirio; Austral.:
Avil Decongestant; Naphcon-A; Visine Allergy with Antihistamine; Austria:
Neo Citran; Belg.: Naphcon-A; Braz.: Claril; Canad.: Ak Vernacon;
Calmylin Ace; Citron Chaud DM; Diopticon A; Diorouge; Dristan; Hot
Lemon; Hot Lemon Cough and Colds Relief DM; Hot Lemon Relief; Hot
Lemon Relief for Cough and Cold; Naphcon-A; Neo Citran A†; Neo Citran
Calorie Reduced†; Neo Citran Colds & Flu; Neo Citran DM; Neo Citran
Extra Strength; Neo Citran†; Opcon-A; Pulmorphan; Pulmorphan Pedi-
atrique; Robitussin AC; Robitussin with Codeine†; Visine Advance Allergy;
Chile: Clarimir F; Dessolets; Miral; Mirus†; Naphcon-A; Cz.: Fervex; Fr.:
Fervex; Ger.: Konjunktival Thilo†; Rhinosovil†; Hong Kong: Konjunktival†;
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Naphcon-A; Opcon-A; Hung.: Fervex; Neo Citran; India: Avil Expecto-
rant; Cosavil; Dristan Nasal Drops; Indon.: Flamergi; Isotic Azora; Naph-
con-A; Israel: Tussosedan; Ital.: Nafcon A†; Senodin-AN; Stillergy; Te-
tramil; Triaminic; Triaminicflu; Malaysia: Naphcon-A; Mex.: Eyrasil; Istasol;
Mirus; Opcon-A; Solutina; NZ: Naphcon-A; Visine Allergy; Philipp.: Deco-
con A; Naphcon-A; Optaphen; Pol.: Fervex; Theraflu ExtraGRIP; Rus.:
Rinzasip (Ринзасип); TheraFlu Flu and Cold (ТераФлю от Гриппа и
Простуды Экстра); S.Afr.: Calasthetic; Coff-Up; Degoran; Dristan Decon-
gestant Nasal Mist; Singapore: Naphcon-A; Switz.: Neo Citran
Grippe/refroidissement; Thai.: Naphcon-A; Turk.: Antibeksin; UAE: Histol
Exp; USA: Dristan Nasal Spray; Nafazair A†; Naphazoline Plus; Naphcon-
A; Naphoptic-A; Ocuhist; Opcon-A; Poly-Histine†; Scot-Tussin Original 5-
Action; TheraFlu Cold & Cough; Tussirex; Visine-A; Venez.: Robitessin
AC†; Soluclear; Tempragrip.

Phenyltoloxamine Citrate (BANM, rINNM)

C-5581H (phenyltoloxamine); Citrato de feniltoloxamina; Phé-
nyltoloxamine, Citrate de; Phenyltoloxamini Citras; Phenyltoly-
loxamine Citrate; PRN (phenyltoloxamine). 2-(2-Benzylphe-
noxy)-NN-dimethylethylamine dihydrogen citrate.

Фенилтолоксамина Цитрат
C17H21NO,C6H8O7 = 447.5.
CAS — 92-12-6 (phenyltoloxamine); 1176-08-5 (phenyl-
toloxamine citrate).

(phenyltoloxamine)

Pharmacopoeias. In US. 
USP 31 (Phenyltoloxamine Citrate). A white crystalline powder.
Very soluble in boiling water; slightly soluble in cold water and
in alcohol; practically insoluble in cold acetone, in solvent ether,
and in toluene. pH of a 1% solution in water is between 3.2 and
4.2.

Profile
Phenyltoloxamine citrate, a monoethanolamine derivative, is a
sedating antihistamine (p.561). It is usually given orally in com-
bination preparations with a decongestant or analgesic. Phenyl-
toloxamine citrate has been used in nasal preparations. Phenyl-
toloxamine polistirex has also been given orally.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Codipront; Braz.: Afebrin†; Setux; Setux Ex-
pectorante; Canad.: Omni-Tuss†; Tussionex; Chile: Codipront†; Matinor;
Rinofrim†; Sinutab; Tossin†; Cz.: Codipront†; Fr.: Biocidan; Netux†; Ger.:
Codipront†; Hong Kong: Codipront; Indon.: Codipront; Codipront cum
Expectorant; Israel: Codivis; Ital.: Codipront†; Philipp.: Sinutab; Port.:
Codipront; S.Afr.: Adco-Sinal Co; Dequa-Flu; Pholtex Linctus; Sinustop; Si-
nustop with Codeine; Sinutab; Sinutab with Codeine; Suncodin; Singa-
pore: Codipront†; Spain: Codipront†; Switz.: Codipront; Codipront cum
Expectorans†; Thai.: Codipront†; Turk.: Benzoleks; USA: Aceta-Gesic;
Anabar; Be-Flex Plus; BP Poly-650; By-Ache; Cafgesic Forte; Chlorex-A;
Combiflex; Combiflex ES; Comhist LA; Durabac Forte; Duraxin; Flextra;
Hyflex; Lagesic; Levacet; Lobac; Major-gesic; Mobigesic; Momentum; Nalex-
A; Pain-gesic; Percogesic; Phenylgesic; Poly-Histine†; Relagesic; Staflex; Tet-
ra-Mag; Venez.: Codipront; Efoxamina†.

Pimethixene (rINN)

BP-400; Piméthixène; Pimethixenum; Pimetixene; Pimetixeno. 9-
(1-Methyl-4-piperidylidene)thioxanthene.

Пиметиксен
C19H19NS = 293.4.
CAS — 314-03-4.
ATC — R06AX23.
ATC Vet — QR06AX23.

Profile
Pimethixene is reported to be a sedating antihistamine (p.561)
and an inhibitor of serotonin. It is given to children in usual oral
doses of about 1.8 to 5.5 mg daily for coughs. It has been used as
a sedative and for the treatment of respiratory disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Ansiotex; Muricalm; Sonin†; Fr.: Calmixene.
Multi-ingredient: Braz.: Santussal.

Piprinhydrinate (BAN, rINN)

Diphenylpyraline Teoclate; Diphenylpyraline Theoclate; Piprin-
hidrinato; Piprinhydrinatum. The diphenylpyraline salt of 8-chlo-
rotheophylline; 4-Benzhydryloxy-1-methylpiperidine salt of 8-
chlorotheophylline.
Пипрингидринат
C19H23NO,C7H7ClN4O2 = 496.0.
CAS — 606-90-6.

Profile
Piprinhydrinate, a piperidine derivative, is an antihistamine
(p.561) given orally as an ingredient of compound preparations
for the symptomatic relief of coughs and the common cold.
Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Plokon†; Thai.: Plokon.
Multi-ingredient: Austria: Waldheim Influvidon; Ger.: Kolton grippale
N†.

Promethazine (BAN, rINN)

Prometatsiini; Prometazin; Prometazina; Prométhazine; Promet-
hazinum. Dimethyl (1-methyl-2-phenothiazin-10-ylethyl)amine.
Прометазин
C17H20N2S = 284.4.
CAS — 60-87-7.
ATC — D04AA10; R06AD02.
ATC Vet — QD04AA10; QR06AD02.

Promethazine Hydrochloride (BANM, rINNM)

Diprazinum; Hidrocloruro de prometazina; Proazamine Chlo-
ride; Prometatsiinihydrokloridi; Prometazin Hidroklorür; Pro-
metazin-hidroklorid; Prometazinhydroklorid; Prometazino hidro-
chloridas; Prometazyny chlorowodorek; Prométhazine, chlorhy-
drate de; Promethazin-hydrochlorid; Promethazini hydrochlori-
dum; Promethazinium Chloride.
Прометазина Гидрохлорид
C17H20N2S,HCl = 320.9.
CAS — 58-33-3.
ATC — D04AA10; R06AD02.
ATC Vet — QD04AA10; QR06AD02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Promethazine Hydrochloride). A white or faintly
yellowish, crystalline powder. Very soluble in water; freely solu-
ble in alcohol and in dichloromethane. A 10% solution in water
has a pH of 4.0 to 5.0. Protect from light. 
USP 31 (Promethazine Hydrochloride). A white to faint yellow,
practically odourless, crystalline powder. Slowly oxidises and
acquires a blue colour on prolonged exposure to air. Freely solu-
ble in water, in hot dehydrated alcohol, and in chloroform; prac-
tically insoluble in acetone, in ether, and in ethyl acetate. pH of a
5% solution in water is between 4.0 to 5.0. Store in airtight con-
tainers. Protect from light.
Adsorption. The adsorption of promethazine hydrochloride
onto various glass and plastic containers and infusion systems

has been studied.1-4 Factors affecting the degree of adsorption in-
cluded the particular material tested and the pH of the solution.
1. Kowaluk EA, et al. Interactions between drugs and polyvinyl

chloride infusion bags. Am J Hosp Pharm 1981; 38: 1308–14. 
2. Kowaluk EA, et al. Interactions between drugs and intravenous

delivery systems. Am J Hosp Pharm 1982; 39: 460–7. 
3. Rhodes RS, et al. Stability of meperidine hydrochloride, promet-

hazine hydrochloride, and atropine sulfate in plastic syringes.
Am J Hosp Pharm 1985; 42: 112–5. 

4. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73.

Incompatibility. Solutions of promethazine hydrochloride are
incompatible with alkaline substances, which precipitate the in-
soluble promethazine base. Compounds reported to be incom-
patible with promethazine hydrochloride include aminophylline,
barbiturates, benzylpenicillin salts, carbenicillin sodium, chlo-
ramphenicol sodium succinate, chlorothiazide sodium, cefmeta-
zole sodium, cefoperazone sodium, cefotetan disodium, dimen-
hydrinate, doxorubicin hydrochloride (in a liposomal
formulation), furosemide, heparin sodium, hydrocortisone sodi-
um succinate, meticillin sodium, morphine sulfate, nalbuphine
hydrochloride, and some contrast media and parenteral nutrient
solutions.

Promethazine Teoclate (BAN, rINN)

Prométhazine, Téoclate de; Promethazine Theoclate; Prometh-
azini Teoclas; Teoclato de prometazina. The promethazine salt of
8-chlorotheophylline .
Прометазина Теоклат
C17H20N2S,C7H7ClN4O2 = 499.0.
CAS — 17693-51-5.
ATC — D04AA10; R06AD02.
ATC Vet — QD04AA10; QR06AD02.
Pharmacopoeias. In Br. 
BP 2008 (Promethazine Teoclate). A white or almost white,
odourless or almost odourless powder. Very slightly soluble in
water; sparingly soluble in alcohol; freely soluble in chloroform;
practically insoluble in ether. Protect from light.

Adverse Effects
As for the sedating antihistamines in general, p.561. 
Cardiovascular adverse effects are more commonly
seen after injection, and bradycardia, tachycardia, tran-
sient minor increases in blood pressure, and occasional
hypotension have all been reported with promethazine
hydrochloride. Jaundice and blood dyscrasias have
been reported, and extrapyramidal effects may occur at
high doses. 
Venous thrombosis has been reported at the site of in-
travenous injections, and arteriospasm and gangrene
may follow inadvertent intra-arterial injection.
Overdosage. A toxic neurological syndrome, which included
CNS depression, acute excitomotor manifestations, ataxia and
visual hallucinations, plus peripheral antimuscarinic effects de-
veloped in 2 children aged 44 months and 16 months after topical
application of a 2% promethazine cream providing between 12.9
and 26 mg/kg.1 The older child had also received hydroxyzine
10 mg orally 1 hour earlier.
1. Shawn DH, McGuigan MA. Poisoning from dermal absorption

of promethazine. Can Med Assoc J 1984;  130: 1460–1.

Sudden infant death syndrome. Although some early re-
ports raised the possibility of an association between the use of
phenothiazine antihistamines and the sudden infant death syn-
drome (SIDS) this has not been confirmed. Following an initial
report that 4 of 7 infants with SIDS had been given alimemazine
before death and that a series of severe apnoeic crises had been
observed in the twin of a SIDS victim given promethazine,1 the
same workers studied 52 SIDS victims, 36 near-miss infants
(those who had experienced severe unexplained episodes of cy-
anosis or pallor during sleep), and 175 control subjects to inves-
tigate the role of nasopharyngitis and phenothiazines in this syn-
drome.2 They found that there was no difference in the incidence
of nasopharyngitis between the 3 groups, but the proportion of
infants given phenothiazines was higher in both the SIDS group
(23%) and the near-miss group (22%) than in the control group
(2%). In a subsequent study,3 they found that the incidence of
central and obstructive sleep apnoeas was increased in 4 healthy
infants given promethazine for 3 days, although the duration of
the attacks was unaltered and generally short, with a range of 3
to 10 seconds. A report on behalf of the European Commission,4
stated that no link between sudden deaths in infants and drug use
had been confirmed by national drug monitoring centres. It was
likely that the risk of apnoea was associated with all sedative
drugs, especially in overdose.4 Previously, phenothiazine-in-
duced hyperthermia had been proposed as a contributory factor
in SIDS.5 
For general precautions regarding the use of antihistamines in
children, see p.562.
1. Kahn A, Blum D. Possible role of phenothiazines in sudden in-

fant death. Lancet 1979; ii: 364–5. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Kahn A, Blum D. Phenothiazines and sudden infant death syn-
drome. Pediatrics 1982; 70: 75–8. 

3. Kahn A, et al. Phenothiazine-induced sleep apneas in normal in-
fants. Pediatrics 1985; 75: 844–7. 

4. Cockfield. Phenergan, Theralene, Algotropyl—drugs responsi-
ble for the death of new-born babies. Off J EC 1986; 29:
C130/25–6. 

5. Stanton AN. Sudden infant death syndrome and phenothiazines.
Pediatrics 1983; 71: 986–7.

Precautions
As for the sedating antihistamines in general, p.562. 
Intravenous injections of promethazine hydrochloride
must be given slowly and extreme care must be taken
to avoid extravasation or inadvertent intra-arterial in-
jection, because of the risk of severe irritation. Intra-
muscular injection may be painful, and it should not be
given by subcutaneous injection. 
False negative and positive results have been reported
with some pregnancy tests.
Anaesthesia. In 8 healthy subjects promethazine 25 mg intra-
venously decreased lower oesophageal sphincter pressure and
increased the incidence of gastro-oesophageal reflux.1 It might,
therefore, increase the risk of regurgitation and aspiration of gas-
tric contents during induction of and recovery from anaesthesia.
The effect was attributed to the antimuscarinic properties of pro-
methazine.
1. Brock-Utne JG, et al. The action of commonly used antiemetics

on the lower oesophageal sphincter. Br J Anaesth 1978; 50:
295–8.

Children. A possible association between phenothiazine seda-
tives and sudden infant death syndrome has been suggested, but
has not been confirmed (see under Adverse Effects, above). The
current view in the UK and USA is that promethazine should not
be given to children under 2 years of age.
Porphyria. Promethazine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.
Pregnancy. For discussion of the use of antihistamines in preg-
nancy, including studies involving phenothiazines, see p.563.
Renal impairment. Phenothiazine-induced toxic psychosis
occurred in a patient with chronic renal failure who had been giv-
en promethazine.1
1. McAllister CJ, et al. Toxic psychosis induced by phenothiazine

administration in patients with chronic renal failure. Clin Neph-
rol 1978; 10: 191–5.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
Promethazine is well absorbed after oral or intramus-
cular doses. Peak plasma concentrations have been
seen 2 to 3 hours after a dose by these routes, although
there is low systemic bioavailability after oral doses,
due to high first-pass metabolism in the liver. Promet-
hazine crosses the blood-brain barrier and the placenta,
and is distributed into breast milk. Values ranging from
76 to 93% have been reported for plasma-protein bind-
ing. Promethazine undergoes extensive metabolism,
predominantly to promethazine sulfoxide, and also to
N-desmethylpromethazine. It is excreted slowly via the
urine and bile, chiefly as metabolites. Elimination half-
lives of 5 to 14 hours have been reported.
◊ References.
1. Taylor G, et al. Pharmacokinetics of promethazine and its sul-

phoxide metabolite after intravenous and oral administration to
man. Br J Clin Pharmacol 1983; 15: 287–93. 

2. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-
tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97. 

3. Stavchansky S, et al. Bioequivalence and pharmacokinetic pro-
file of promethazine hydrochloride suppositories in humans. J
Pharm Sci 1987; 76: 441–5. 

4. Strenkoski-Nix LC, et al. Pharmacokinetics of promethazine hy-
drochloride after administration of rectal suppositories and oral
syrup to healthy subjects. Am J Health-Syst Pharm 2000; 57:
1499–1505.

Uses and Administration
Promethazine, a phenothiazine derivative, is a sedating
antihistamine with antimuscarinic, significant seda-
tive, and some serotonin-antagonist properties. It is
usually given as the hydrochloride or teoclate. Promet-
hazine embonate and promethazine maleate have also
been given orally. Promethazine dioxide (dioxopro-
methazine) has been used as the hydrochloride in eye
and nasal drops. The antihistamine action has been re-
ported to last for between 4 and 12 hours. 

Promethazine hydrochloride is used for the sympto-
matic relief of allergic conditions including urticaria
and angioedema (p.565), rhinitis (p.565) and conjunc-
tivitis (p.564), and in pruritic skin disorders (p.565). It
may be given intravenously as an adjunct in the emer-
gency treatment of anaphylactic shock (p.563). 
Promethazine hydrochloride and promethazine teo-
clate are used for their antiemetic action in the preven-
tion and treatment of nausea and vomiting in condi-
tions such as motion sickness, drug-induced vomiting,
and postoperative vomiting (p.564). They are also used
for the symptomatic treatment of nausea and vertigo
caused by Ménière’s disease and other vestibular disor-
ders (see Vertigo, p.565). Promethazine hydrochloride
is also employed pre- and postoperatively in surgery
and obstetrics for its sedative effects and for the relief
of apprehension (see Anaesthesia, p.563); it is often
given with pethidine hydrochloride. Promethazine hy-
drochloride may be used for night-time sedation (see
Insomnia, p.564). 
Promethazine hydrochloride is a common ingredient
of compound preparations for the symptomatic treat-
ment of coughs and the common cold (p.564). 
The following doses have been given orally. 
• For the treatment of allergic conditions promethaz-

ine hydrochloride is usually given in a dose of 25 mg
at night increased to 25 mg twice daily if necessary;
owing to its pronounced sedative effect it is prefera-
bly given at night but an alternative dose is 10 to
20 mg two or three times daily. 

• Promethazine hydrochloride is given in doses of 20
to 50 mg at night for the short-term management of
insomnia although its prolonged duration of action
can lead to considerable drowsiness the following
day. 

• For the prevention of motion sickness promethazine
hydrochloride can be given in a dose of 20 or 25 mg
the night before travelling followed by a similar dose
the following morning if necessary. The teoclate is
used similarly. For the prevention of motion sickness
the dose of promethazine teoclate is 25 mg at night
or 25 mg one to two hours before travelling. 

• For nausea and vomiting arising from causes such as
labyrinthitis a dose of promethazine teoclate 25 mg
at night is usually adequate; this may be increased to
50 or 75 mg at night or to 25 mg two or three times
daily if necessary to a maximum of 100 mg daily. 

• For severe vomiting in pregnancy the BNF recom-
mends a dose of promethazine teoclate 25 mg at
night, increased if necessary to a maximum of
100 mg. 

In children the following oral doses of promethazine
hydrochloride have been recommended. 
• For allergic conditions: 2 to 5 years, 5 to 15 mg daily

in one or two divided doses; 5 to 10 years, 10 to
25 mg daily in one or two divided doses. 

• For night sedation or premedication: 2 to 5 years, 15
to 20 mg; 5 to 10 years, 20 to 25 mg. 

• For the prevention of motion sickness the following
doses of promethazine hydrochloride may be given
the night before the journey and repeated on the fol-
lowing morning if necessary: 2 to 5 years, 5 mg; 5 to
10 years, 10 mg. Promethazine teoclate may also be
given to children aged 5 to 10 years for the preven-
tion of motion sickness in a dose of 12.5 mg daily,
starting either on the night before travelling for long
journeys or one to two hours before short journeys. 

• Children aged 5 to 10 years may also receive pro-
methazine teoclate for nausea and vomiting from
causes such as labyrinthitis in a dose of 12.5 to
37.5 mg daily. 

Promethazine hydrochloride is also given by the rectal
route as suppositories. Doses are similar to those given
orally. 
Promethazine hydrochloride is given parenterally by
deep intramuscular injection as a solution of 25 or
50 mg/mL. It may also be given by slow intravenous

injection or injected into the tubing of a freely running
infusion in a concentration of not more than
25 mg/mL, although it is usually diluted to 2.5 mg/mL.
The rate of infusion should not exceed 25 mg/minute.
The usual parenteral dose for all indications apart from
nausea and vomiting is 25 to 50 mg; a dose of 100 mg
should not be exceeded. Doses of 12.5 to 25 mg, re-
peated at intervals of not less than 4 hours, may be giv-
en for the treatment of nausea and vomiting, although
not more than 100 mg is usually given in 24 hours. 
Children aged 5 to 10 years may be given 6.25 to
12.5 mg of promethazine hydrochloride by deep intra-
muscular injection. 
Promethazine has been used topically to provide relief
in hypersensitivity disorders of the skin and for burns
but, as with other antihistamines, it may produce skin
sensitisation.
Sedation. For reference to the use of lytic cocktails of chlorpro-
mazine, promethazine, and pethidine, and the view that alterna-
tives should be considered in children, see under Pethidine,
p.115.

Preparations
BP 2008: Promethazine Hydrochloride Tablets; Promethazine Injection;
Promethazine Oral Solution; Promethazine Teoclate Tablets; 
USP 31: Promethazine Hydrochloride Injection; Promethazine Hydrochlo-
ride Suppositories; Promethazine Hydrochloride Syrup; Promethazine Hy-
drochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Fenergan; Austral.: Avomine; Gold Cross Antihistamine Elixir†; In-
somn-Eze†; Nyal Plus+ Allergy Relief†; Phenergan; Belg.: Phenergan;
Braz.: Alergiderm; Alergosan†; Fenergan; Pamergan; Profergan; Prometa-
zol; Canad.: Histantil; Phenergan†; Cz.: Prothazin; Denm.: Phenergan; Fr.:
Phenergan; Ger.: Atosil; Closin; Eusedon mono†; Promethawern†; Prone-
urin; Prothanon; Gr.: Phenergan; Titanox; Hong Kong: Anvomin; Fenazin;
Synvomin; Hung.: Pipolphen; India: Avomine; Emin; Phenergan; Indon.:
Nufapreg; Phenergan; Irl.: Phenergan; Israel: Prothiazine; Ital.: Allerfen†;
Fargan; Farganesse; Fenazil; Malaysia: Prothazine†; Norw.: Phenergan;
NZ: Allersoothe; Avomine; Phenergan; Philipp.: Zinmet; Pol.: Diphergan;
Port.: Fenergan; Rus.: Pipolphen (Пипольфен); S.Afr.: Avomine; Bruna-
zine; Daralix; Lenazine; Phenergan; Prohist; Receptozine; Spain: Fenergan
Topico; Frinova; Swed.: Lergigan; Thai.: Meta; Phenergan; Titanox†; UAE:
Histaloc; UK: Avomine; Phenergan; Sominex; Ziz; USA: Phenadoz; Phener-
gan; Promethegan; Venez.: Diven†; Fenergan†.
Multi-ingredient: Austral.: Painstop; Painstop Night-Time Pain Reliever;
Panquil; Phensedyl†; Tixylix Nightime; Braz.: Dorilen; Doriless; Fenergan
Expectorante; Lisador; Canad.: Promatussin DM†; Cz.: Coldrex Nite; Fr.:
Algotropyl†; Fluisedal; Rhinathiol Promethazine; Transmer†; Tussisedal;
Ger.: Prothazin; Hong Kong: Dhasedyl; Ephedyl; Fendyl; Marsedyl; Meth-
orsedyl; PEC; Phensedyn; Procodine†; Promethazine Compound Linctus†;
Rhinathiol Promethazine; Super Cough†; Tripe P; Hung.: Tardyl†; India:
Tixylix; Indon.: Berlifed; Fludexin; Halmezin; Neo Davenol; Phenadex;
Prome; Promedex; Promethazine Ikapharmindo; Irl.: Night Nurse; Israel:
Promethazine Expectorants; Prothiazine Expectorant; Ital.: Bronconait†;
Nuleron; Tachinotte; Malaysia: Axcel Dextrozine; Dextrodyl; Dex-
tromethorphan Compound; Dhasedyl DM; Hosedyl DM; Mucoease Plus;
Phensedyl Dry Cough; Phensedyl†; Promedyl†; Rhinathiol Promethazine;
Russedyl Plus; Russedyl†; SCMC Promethazine†; Sedilix DM†; Sedilix†; Tix-
ylix†; NZ: Phensedyl Dry Family Cough†; Tixylix; Rus.: Prothiazine Expec-
torant (Протиазин Экспекторант); S.Afr.: Acustop; Adco-Kiddipayne;
Antipyn†; Ban Pain; Brunacod; Colcaps; Dequa-Coff; Fevapar ; Go-Pain;
Goldgesic†; Histodor; Infacet; Infapain Forte; Kid-Eeze; Lenazine Forte; Len-
togesic; Lesspain†; Medipyn; Megapyn; Mepromol; Painagon; Pedpain;
Phensedyl; Propain†; Pynmed; Salterpyn; Stilpane; Stopayne; Tenston; Tixy-
lix; Vacudol; Xeramax†; Singapore: Beacodyl; Cophadyl; Cophadyl-E;
Dhasedyl; Dhasedyl DM; PCL†; Phensedyl†; Procodin; Promedyl†; Rhinath-
iol Promethazine; Sedilix; Sedilix DM; Unisedyl†; Spain: Actithiol Antihist;
Antihemorroidal†; Fenergan Expectorante; Psicosoma Solucion; Swed.:
Lergigan comp; Switz.: Linervidol†; Lysedil; Nardyl; Rhinathiol Promethaz-
ine; Thai.: Decos; Nordyl; Nortuss; Phencodin; Phensedyl†; Poly-Cof;
Teradyl; Turk.: Artu; UAE: Flukit; UK: Day & Night Nurse; Night Nurse;
Pamergan P100; Tixylix Night-Time; USA: Pentazine VC with Codeine;
Phenameth DM; Pherazine DM; Pherazine VC; Pherazine VC with Co-
deine; Pherazine with Codeine; Prometh VC Plain; Prometh with Dex-
tromethorphan; Promethazine VC with Codeine; Venez.: Preveral con Co-
deina; Preveral con Dextrometorfano.

Propiomazine (BAN, USAN, rINN)

CB-1678 (propiomazine or propiomazine maleate); Propiomat-
siini; Propiomazin; Propiomazina; Propiomazinum; Wy-1359
(propiomazine or propiomazine maleate). 1-[10-(2-Dimethyl-
aminopropyl)phenothiazin-2-yl]propan-1-one.
Пропиомазин
C20H24N2OS = 340.5.
CAS — 362-29-8.
ATC — N05CM06.
ATC Vet — QN05CM06.
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Propiomazine Hydrochloride (BANM, rINNM)

Hidrocloruro de propiomazina; Propiomazine, Chlorhydrate de;
Propiomazini Hydrochloridum.
Пропиомазина Гидрохлорид
C20H24N2OS,HCl = 376.9.
CAS — 1240-15-9.
ATC — N05CM06.
ATC Vet — QN05CM06.

Propiomazine Maleate (BANM, rINNM)

CB-1678 (propiomazine or propiomazine maleate); Maleato de
propiomazina; Propiomazine Hydrogen Maleate; Propiomazine,
Maléate de; Propiomazini Maleas; Wy-1359 (propiomazine or
propiomazine maleate).
Пропиомазина Малеат
C20H24N2OS,C4H4O4 = 456.6.
CAS — 3568-23-8.
ATC — N05CM06.
ATC Vet — QN05CM06.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. Local irrita-
tion may occur at the site of intravenous injection of propi-
omazine hydrochloride and there may be thrombophlebitis.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Propiomazine, a phenothiazine derivative, is a sedating antihista-
mine that has been used for its sedative and antiemetic properties
in insomnia (p.564) and nausea and vomiting (p.564). 
Propiomazine is given as the maleate but doses are expressed in
terms of the base; propiomazine maleate 1.3 mg is equivalent to
about 1 mg of propiomazine. Doses equivalent to 25 to 50 mg
orally at night have been given as a hypnotic. 
Propiomazine hydrochloride has been given parenterally.
Preparations
Proprietary Preparations (details are given in Part 3)
Swed.: Propavan.

Quifenadine Hydrochloride (rINNM)

Hidrocloruro de quifenadina; Quifénadine, Chlorhydrate de;
Quifenadini Hydrochloridum. α,α-Diphenyl-3-quinuclidinemeth-
anol hydrochloride.
Хифенадина Гидрохлорид
C20H23NO,HCl = 329.9.
CAS — 10447-39-9 (quifenadine); 10447-38-8 (quifena-
dine hydrochloride).

(quifenadine)

Profile
Quifenadine is an antihistamine given orally as the hydrochlo-
ride.

Rupatadine (rINN)

Rupatadina; Rupatadinum; UR-12592 (rupatadine fumarate). 8-
Chloro-6,11-dihydro-11-{1-[(5-methyl-3-pyridyl)methyl]-4-pip-
eridylidene}-5H-benzo[5,6]cyclohepta[1,2-b]pyridine.
Рупатадин
C26H26ClN3 = 416.0.
CAS — 158876-82-5 (rupatadine); 182349-12-8 (rupat-
adine fumarate).
ATC — R06AX28.
ATC Vet — QR06AX28.

Profile
Rupatadine is an antihistamine with platelet-activating factor
(PAF) antagonist activity that is used for the treatment of allergic
rhinitis (p.565) and chronic idiopathic urticaria (p.565). It is giv-
en as the fumarate although doses are expressed in terms of the
base; rupatadine fumarate 12.8 mg is equivalent to about 10 mg
of rupatadine. The usual oral dose is the equivalent of 10 mg
once daily of rupatadine.

◊ References.
1. Izquierdo I, et al. Rupatadine: a new selective histamine H1 re-

ceptor and platelet-activating factor (PAF) antagonist: a review
of pharmacological profile and clinical management of allergic
rhinitis. Drugs Today 2003; 39: 451–68. 

2. Keam SJ, Plosker GL. Rupatadine: a review of its use in the man-
agement of allergic disorders. Drugs 2007; 67: 457–74.

Preparations

Proprietary Preparations (details are given in Part 3)
Braz.: Rupafin; Cz.: Tamalis; Gr.: Rupafin; Port.: Rinialer; Spain: Alergolib-
er; Rinialer; Rupafin.

Sequifenadine (rINN)

Bicarphene (sequifenadine or sequifenadine hydrochloride);
Bikarfen (sequifenadine or sequifenadine hydrochloride); Se-
quifenadina; Séquifénadine; Sequifenadinum. α,α-Di-o-tolyl-3-
quinuclidinemethanol.

Сехифенадин

C22H27NO = 321.5.

CAS — 57734-69-7.

Profile
Sequifenadine is an antihistamine used in a wide range of allergic
conditions. A usual dose is 50 to 100 mg given orally 2 or 3 times
daily. Sequifenadine is reported also to have antiserotonin prop-
erties.

Setastine Hydrochloride (rINNM)

EGIS-2062; EGYT-2062; Hidrocloruro de setastina; Sétastine,
Chlorhydrate de; Setastini Hydrochloridum. 1-{2-[(p-Chloro-α-
methyl-α-phenylbenzyl)oxy]ethyl}hexahydro-1H-azepine hydro-
chloride.

Сетастина Гидрохлорид

C22H28ClNO,HCl = 394.4.

CAS — 64294-95-7 (setastine).

(setastine)

Profile
Setastine hydrochloride, a derivative of clemastine, is an antihis-
tamine (p.561) claimed to have no sedative activity. It has been
given orally for the symptomatic relief of hypersensitivity disor-
ders.

Terfenadine (BAN, USAN, rINN)

MDL-9918; RMI-9918; Terfenadiini; Terfenadin; Terfenadina; Ter-
fenadinas; Terfénadine; Terfenadinum. 1-(4-tert-Butylphenyl)-4-
[4-(α-hydroxybenzhydryl)piperidino]butan-1-ol.
Терфенадин
C32H41NO2 = 471.7.
CAS — 50679-08-8.
ATC — R06AX12.
ATC Vet — QR06AX12.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Terfenadine). A white or almost white, crystalline
powder. It shows polymorphism. Very slightly soluble in water
and in dilute hydrochloric acid; freely soluble in dichlorometh-
ane; soluble in methyl alcohol. Protect from light.
Adverse Effects and Precautions
As for the non-sedating antihistamines in general, p.561. Ery-
thema multiforme and galactorrhoea have also been reported. 
Ventricular arrhythmias, including torsade de pointes, have oc-
curred rarely with terfenadine, particularly in association with
raised blood concentrations (see Arrhythmias, below). To reduce
the risk of developing such arrhythmias the recommended dose
should not be exceeded and terfenadine should be avoided in
patients with cardiac or significant hepatic disease, with hypoka-
laemia or other electrolyte imbalance, or with known or suspect-
ed prolonged QT interval. Use with drugs liable to interfere with
the hepatic metabolism of terfenadine, other potentially arrhyth-
mogenic drugs including those that prolong the QT interval, and
drugs likely to cause electrolyte imbalance is contra-indicated
(see under Interactions, below). If palpitations, dizziness, synco-
pe, or convulsions occur terfenadine should be withdrawn and
the patient investigated for potential arrhythmias.
Alopecia. Hair loss was associated with use of terfenadine in a
24-year-old patient.1 Regrowth occurred when treatment was
stopped.
1. Jones SK, Morley WN. Terfenadine causing hair loss. BMJ

1985; 291: 940.

Arrhythmias. Ventricular arrhythmias including torsade de
pointes have occurred with terfenadine at doses greater than
those recommended1 and also at normal doses in patients whose
metabolism of terfenadine is impaired by drugs or by liver dis-
ease. Generalised convulsions and a quinine-like effect on the
ECG have also been reported after a presumed overdose of ter-
fenadine.2 Consequently a number of recommendations have
been made to reduce the risk of developing serious arrhythmias
(see Adverse Effects and Precautions, above, for details), includ-
ing those from the UK CSM.3,4 Terfenadine should be stopped
immediately, and the patient evaluated for potential arrhythmias,
in those who experience syncope, palpitations, dizziness, or con-
vulsions after taking terfenadine. 
Studies5 have suggested that the ventricular arrhythmias are due
to terfenadine itself rather than its active metabolite fexofenadine
(p.579). Terfenadine has been shown to inhibit cardiac potassium
channels, which results in prolongation of the QT interval, a risk
factor for developing arrhythmias, while the non-sedating anti-
histamines cetirizine, fexofenadine, and loratadine have had no
demonstrable effect5,6 (see also p.562).
1. MacConnell TJ, Stanners AJ. Torsades de pointes complicating

treatment with terfenadine. BMJ 1991; 302: 1469. 
2. Davies AJ, et al. Cardiotoxic effect with convulsions in terfena-

dine overdose. BMJ 1989; 298: 325. 
3. CSM. Ventricular arrhythmias due to terfenadine and astemizole.

C u r re n t  P ro b l e m s  3 5  1 9 9 2 .  A l s o  a v a i l a b l e  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024453&RevisionSelectionMethod=
LatestReleased (accessed 14/07/08) 

4. CSM/MCA. Drug-induced prolongation of the QT interval. Cur-
re n t  P ro b l e m s  1 9 9 6 ;  2 2 :  2 .  A l s o  a v a i l a b l e  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024458&RevisionSelectionMethod=
LatestReleased (accessed 14/07/08) 

5. Woolsey RL, et al. Mechanism of the cardiotoxic actions of ter-
fenadine. JAMA 1993; 269: 1532–6. 

6. Rankin AC. Non-sedating antihistamines and cardiac arrhyth-
mia. Lancet 1997; 350: 1115–16.

Breast feeding. No adverse effects have been observed in
breast-fed infants whose mothers were receiving terfenadine,
and the American Academy of Pediatrics1 considers that it is
therefore usually compatible with breast feeding. 
In a study2 of 4 healthy lactating women given 60 mg of terfena-
dine every 12 hours for 48 hours, terfenadine was undetected in
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

breast milk; its active metabolite, fexofenadine, was excreted in
limited amounts.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 08/04/04) 

2. Lucas BD, et al. Terfenadine pharmacokinetics in breast milk in
lactating women. Clin Pharmacol Ther 1995; 57: 398–402.

Effects on the liver. Three episodes of acute hepatitis with
jaundice occurred in a patient taking terfenadine intermittently
over a period of 17 months.1 Liver function tests returned to nor-
mal after the drug was stopped. Two further cases2 of cholestatic
hepatitis associated with terfenadine have been reported. Again,
liver function tests returned to normal after drug withdrawal. A
study3 by the Boston Collaborative Drug Surveillance Program
of 210 683 patients who had received prescriptions for terfena-
dine concluded that the use of terfenadine was rarely associated
with important idiopathic liver disease. The investigators found
only 3 cases of acute liver disease where a causal connection to
terfenadine could not be ruled out; all these patients had also re-
ceived a hepatotoxic drug and had made a full recovery.
1. Larrey D, et al. Terfenadine and hepatitis. Ann Intern Med 1985;

103: 634. 
2. Sahai A, Villeneuve JP. Terfenadine-induced cholestatic hepati-

tis. Lancet 1996; 348: 552–3. 
3. Myers MW, Jick H. Terfenadine and risk of acute liver disease.

Br J Clin Pharmacol 1998; 46: 251–3.

Effects on the nervous system. Non-sedating effects on the
CNS have been reported after a single dose of terfenadine;1 these
have included anxiety, palpitations, and insomnia. The UK man-
ufacturers commented that clinical studies suggest that the inci-
dence of such effects is similar to that seen after placebo.2 
Workers who had described a generalised tonic-clonic seizure in
a patient taking terfenadine3 later reported that the patient had
subsequently had a second unprovoked seizure4 and now consid-
ered that terfenadine may not have been the cause of his original
seizure. Convulsions have been reported after overdosage with
terfenadine (see under Arrhythmias, above). 
The sedative effects of the older antihistamines and the lack of
such effects with the non-sedating antihistamines including ter-
fenadine are discussed under Sedation on p.562.
1. Napke E, Biron P. Nervous reactions after first dose of terfena-

dine in adults. Lancet 1989; ii: 615–16. 
2. Masheter HC. Nervous reactions to terfenadine. Lancet 1989; ii:

1034. 
3. Tidswell P, d’Assis-Fonseca A. Generalised seizure due to ter-

fenadine. BMJ 1993; 307: 241. 
4. Tidswell P, d’Assis-Fonseca A. Generalised seizure due to ter-

fenadine. BMJ 1993; 307: 736.

Hypersensitivity. Terfenadine use was associated with 108 re-
ports of skin reactions, including rashes, urticaria, angioedema,
photosensitivity reactions and peeling of the skin of the hands or
feet.1
1. Stricker BHCh, et al. Skin reactions to terfenadine. BMJ 1986;

293: 536.

Porphyria. Terfenadine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for the non-sedating antihistamines in general, p.563. 
Terfenadine should not be given with drugs that inhibit its hepat-
ic metabolism because of the increased risk of serious ventricular
arrhythmias. These drugs include the triazole and imidazole an-
tifungals such as itraconazole and ketoconazole, the macrolide
antibacterials including clarithromycin, erythromycin, josamy-
cin, and troleandomycin, the streptogramin antibacterial quinu-
pristin/dalfopristin, the serotonin reuptake inhibitors citalopram,
fluoxetine, fluvoxamine, nefazodone, and paroxetine, the HIV-
protease inhibitors, the NNRTIs delavirdine and efavirenz, and
zileuton. The metabolism of terfenadine may also be inhibited by
grapefruit juice and use together should be avoided. 
Use with other potentially arrhythmogenic drugs (including
those that prolong the QT interval) such as antiarrhythmics, tri-
cyclic antidepressants, the antimalarials halofantrine and qui-
nine, antipsychotics, cisapride, probucol, pentamidine isetionate,
and the beta blocker sotalol should be avoided as should diuretics
that cause electrolyte imbalances especially hypokalaemia. The
use of terfenadine and astemizole together is not recommended.

◊ General references.
1. Kivistö KT, et al. Inhibition of terfenadine metabolism: pharma-

cokinetic and pharmacodynamic consequences. Clin Pharma-
cokinet 1994; 27: 1–5.

Antibacterials. Pharmacokinetic studies have shown that the
macrolide antibiotics erythromycin1 and clarithromycin2 inter-
fere with the metabolism of terfenadine leading to its accumula-
tion. A high plasma-terfenadine concentration is associated with
prolongation of the QT interval, and arrhythmias such as torsade
de pointes have been reported in patients given terfenadine with
erythromycin3 or troleandomycin.4
1. Honig PK, et al. Changes in the pharmacokinetics and electro-

cardiographic pharmacodynamics of terfenadine with concomi-
tant administration of erythromycin. Clin Pharmacol Ther 1992;
52: 231–8. 

2. Honig P, et al. Effect of erythromycin, clarithromycin and azi-
thromycin on the pharmacokinetics of terfenadine. Clin Pharma-
col Ther 1993; 53: 161. 

3. Biglin KE, et al. Drug-induced torsades de pointes: a possible
interaction of terfenadine and erythromycin. Ann Pharmacother
1994; 28: 282. 

4. Fournier P, et al. Une nouvelle cause de torsades de pointes: as-
sociation terfenadine et troleandomycine. Ann Cardiol Angeiol
(Paris) 1993; 42: 249–52.

Antidepressants. Cardiac abnormalities have been reported in
2 patients taking fluoxetine with terfenadine.1,2 Similarly, the use
of nefazodone with terfenadine has resulted in prolongation of
the QT interval.3
1. Swims MP. Potential terfenadine-fluoxetine interaction. Ann

Pharmacother 1993; 27: 1404–5. 
2. Marchiando RJ, Cook MD. Probable terfenadine-fluoxetine-as-

sociated cardiac toxicity. Ann Pharmacother 1995; 29: 937–8. 
3. Abernethy DR, et al. Loratadine and terfenadine interaction with

nefazodone: both antihistamines are associated with QTc prolon-
gation. Clin Pharmacol Ther 2001; 69: 96–103.

Antiepileptics. For reference to an interaction between terfena-
dine and carbamazepine, see p.475.
Antifungals. Pharmacokinetic studies have shown that
itraconazole1 and ketoconazole2 interfere with the metabolism of
terfenadine leading to its accumulation. A high plasma-terfena-
dine concentration is associated with prolongation of the QT in-
terval, and arrhythmias such as torsade de pointes have been re-
ported in patients given terfenadine with ketoconazole3 or
itraconazole.1,4 While there has been a pharmacokinetic study5

that suggested that the interaction between terfenadine and fluco-
nazole might not be clinically significant, as the mechanism of
the interaction appeared to involve the metabolite of terfenadine
and did not lead to accumulation of the cardiotoxic parent com-
pound, this may not always be the case. Studies in a small group
of patients who had abnormal patterns of terfenadine metabolism
found increases in terfenadine concentrations associated with
ECG abnormalities when terfenadine was given with high doses
of fluconazole.6
1. Pohjola-Sintonen S, et al. Itraconazole prevents terfenadine me-

tabolism and increases risk of torsades de pointes ventricular
tachycardia. Eur J Clin Pharmacol 1993; 45: 191–3. 

2. Honig PK, et al. Terfenadine-ketoconazole interaction: pharma-
cokinetic and electrocardiographic consequences. JAMA 1993;
269: 1513–18. 

3. Monahan BP, et al. Torsades de pointes occurring in association
with terfenadine use. JAMA 1990; 264: 2788–90. 

4. Crane JK, et al. Syncope and cardiac arrhythmia due to an inter-
action between itraconazole and terfenadine. Am J Med 1993;
95: 445–6. 

5. Honig PK, et al. The effect of fluconazole on the steady-state
pharmacokinetics and electrocardiographic pharmacodynamics
of terfenadine in humans. Clin Pharmacol Ther 1993; 53: 630–6. 

6. Cantilena LR, et al. Fluconazole alters terfenadine pharmacoki-
netics and electrocardiographic pharmacodynamics. Clin Phar-
macol Ther 1995; 57: 185.

Calcium-channel blockers. For reference to an interaction
between terfenadine and nifedipine, see p.1353.
Grapefruit juice. A study1 in healthy subjects given terfena-
dine and grapefruit juice for 7 days found raised plasma-terfena-
dine concentrations and prolongation of the QT interval. These
effects were less pronounced when terfenadine was given 2
hours before grapefruit juice, but were nevertheless quantifiable
in some subjects. In another study QT interval changes were not
found in healthy subjects given single doses of terfenadine and
grapefruit juice.2 However, the highly variable pharmacokinetics
between individuals led the authors to conclude that prolonga-
tion of the QT interval was possible following single doses. The
probable mechanism of the interaction is inhibition of the metab-
olism of terfenadine by the cytochrome P450 isoenzyme
CYP3A4.
1. Benton RE, et al. Grapefruit juice alters terfenadine pharmacok-

inetics, resulting in prolongation of repolarization on the electro-
cardiogram. Clin Pharmacol Ther 1996; 59: 383–8. 

2. Rau SE, et al. Grapefruit juice-terfenadine single-dose interac-
tion: magnitude, mechanism, and relevance. Clin Pharmacol
Ther 1997; 61: 401–9.

Pharmacokinetics
Terfenadine is rapidly absorbed from the gastrointestinal tract;
peak plasma concentrations are achieved within about 2 hours. It
is a prodrug and undergoes extensive first-pass metabolism in the
liver to its active metabolite the carboxylic acid derivative fex-
ofenadine (p.579). The other main metabolite is an inactive pip-
eridine-carbinol derivative. About 97% of terfenadine is bound
to plasma proteins; fexofenadine is reported to be less extensive-
ly bound. Terfenadine does not appear to cross the blood-brain
barrier to a significant extent; limited amounts of fexofenadine,
but not the parent drug, have been detected in breast milk. An
elimination half-life of 16 to 23 hours has been reported for ter-
fenadine. The metabolites, and traces of unchanged drug, are ex-
creted in the urine and the faeces.
◊ References.
1. Eller MG, et al. Pharmacokinetics of terfenadine in healthy eld-

erly subjects. J Clin Pharmacol 1992; 32: 267–71.

Uses and Administration
Terfenadine, a piperidine derivative, is a non-sedating antihista-
mine. It does not have significant antimuscarinic actions. It is
used for the symptomatic relief of allergic conditions including

rhinitis (p.565) and conjunctivitis (p.564) and skin disorders such
as urticaria (p.565). 
The maximum oral dose of terfenadine is 120 mg daily given ei-
ther as 60 mg twice daily or 120 mg in the morning; a starting
dose of 60 mg daily in a single dose or in two divided doses is
recommended for rhinitis and conjunctivitis. Children who are
over 12 years of age and weigh more than 50 kg may receive the
usual adult dosage. 
For dosage in renal impairment see below.
Administration in renal impairment. Half the usual oral
daily dose of terfenadine has been suggested for patients with
creatinine clearance less than 40 mL/minute.
Preparations
BP 2008: Terfenadine Oral Suspension; Terfenadine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Terfemax†; Cz.: Lotanax†; Tergal†; Teridin†; Denm.: Teldanex†;
Tenadin†; Terfin†; Ger.: Hisfedin†; Terfedura†; Terfemundin†; Hong Kong:
Fenason†; Hisdane†; Histafen; Tamagon; Vida Fenadine†; India: Trexyl†; In-
don.: Alpenaso; Histastop; Terfin; Ital.: Allerzil†; Malaysia: Neutramine†;
Tamagon†; Mex.: Teldane†; Norw.: Teldanex†; Port.: Triludan†; S.Afr.:
Fendin; Triludan†; Spain: Cyater; Rapidal†; Ternadin; Swed.: Teldanex†;
Turk.: Teradin; Venez.: Terfanil†; Tetram†; Tirfen†.
Multi-ingredient: Arg.: Cortaler Novo†; Cortistamin NF†; Sinlergia†;
Terfenadina DG†; Vixidone T†; India: Alpha-Zedex†; Teguphen†; Tusant†;
Indon.: Rhinofed; Malaysia: Trexydin†; Mex.: Teldane D†; Venez.: Rino-
drina†; Rinotirfen†.

Thenyldiamine Hydrochloride (BANM, rINNM)

Hidrocloruro de tenildiamina; Thényldiamine, Chlorhydrate de;
Thenyldiamini Hydrochloridum; Thenyldiaminium Chloride. NN-
Dimethyl-N′-(2-pyridyl)-N′-(3-thenyl)ethylenediamine hydro-
chloride.
Тенилдиамина Гидрохлорид
C14H19N3S,HCl = 297.8.
CAS — 91-79-2 (thenyldiamine); 958-93-0 (thenyldi-
amine hydrochloride).

(thenyldiamine)

Profile
Thenyldiamine hydrochloride, an ethylenediamine derivative, is
an antihistamine (p.561). It is given by mouth as an ingredient of
compound preparations for the symptomatic treatment of coughs
and the common cold.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ital.: NTR.

Thiethylperazine (BAN, USAN, rINN)

Thiéthylpérazine; Thiethylperazinum; Tietilperazina; Tietylper-
azin; Tietyyliperatsiini. 2-Ethylthio-10-[3-(4-methylpiperazin-1-
yl)-propyl]phenothiazine.
Тиэтилперазин
C22H29N3S2 = 399.6.
CAS — 1420-55-9.
ATC — R06AD03.
ATC Vet — QR06AD03.

Thiethylperazine Malate (BANM, rINNM)

Malato de tietilperazina; Thiéthylpérazine, Malate de; Thiethylp-
erazini Malas.
Тиэтилперазина Малат
C22H29N3S2,2C4H6O5 = 667.8.
CAS — 52239-63-1.
ATC — R06AD03.
ATC Vet — QR06AD03.
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Thiethylperazine Maleate (BANM, USAN, rINNM)

GS-95; Maleato de tietilperazina; NSC-130044; Thiethylperazine
Dimaleate; Thiéthylpérazine, Maléate de; Thiethylperazini
Maleas.
Тиэтилперазина Малеат
C22H29N3S2,2C4H4O4 = 631.8.
CAS — 1179-69-7.
ATC — R06AD03.
ATC Vet — QR06AD03.
Pharmacopoeias. In Swiss and US. 
USP 31 (Thiethylperazine Maleate). A yellowish granular pow-
der, odourless or has not more than a slight odour. Soluble 1 in
1700 of water and 1 in 530 of alcohol; practically insoluble in
chloroform and in ether; slightly soluble in methyl alcohol. pH of
a 0.1% solution in water is between 2.8 and 3.8. Store in airtight
containers. Protect from light.
Incompatibility. Incompatibility has been reported between in-
jections of thiethylperazine maleate and nalbuphine hydrochlo-
ride.1
1. Jump WG, et al. Compatibility of nalbuphine hydrochloride with

other preoperative medications. Am J Hosp Pharm 1982; 39:
841–3.

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Thiethylperazine, a phenothiazine derivative with a piperazine
side-chain, is a sedating antihistamine used as an antiemetic for
the control of nausea and vomiting (p.564) associated with surgi-
cal procedures and cancer therapy. It has also been used for the
management of vertigo (p.565) and motion sickness although
there is some doubt over its efficacy for these indications. 
Thiethylperazine is given as the maleate or malate and doses are
expressed in terms of the appropriate salt. Thiethylperazine
maleate 10 mg is equivalent to about 10.53 mg of thiethylpera-
zine malate. 
Thiethylperazine maleate is given in usual oral doses of 10 mg
up to three times daily; the maleate has also been given rectally.
Where oral dosage is impractical similar doses of the malate may
be given by deep intramuscular injection. Thiethylperazine is not
recommended for use in children.
Preparations
USP 31: Thiethylperazine Maleate Suppositories; Thiethylperazine Maleate
Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Torecan; Chile: Torecan; Cz.: Torecan; Hung.: Torecan; Ital.:
Torecan; Mex.: Torecan; Pol.: Torecan; Rus.: Torecan (Торекан); Spain:
Torecan; Swed.: Torecan; Switz.: Torecan; USA: Torecan.

Thonzylamine Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de tonzilamina; Thonzylamine, Chlorhydrate de;
Thonzylamini Hydrochloridum. N-p-Anisyl-N′N′-dimethyl-N-(py-
rimidin-2-yl)ethylenediamine hydrochloride.
Тонзиламина Гидрохлорид
C16H22N4O,HCl = 322.8.
CAS — 91-85-0 (thonzylamine); 63-56-9 (thonzylamine
hydrochloride).
ATC — D04AA01; R01AC06; R06AC06.
ATC Vet — QD04AA01; QR01AC06; QR06AC06.

(thonzylamine)

Profile
Thonzylamine hydrochloride, an ethylenediamine derivative, is
an antihistamine (p.561) given for the symptomatic relief of hy-
persensitivity disorders in oral doses of 50 to 100 mg daily; a
0.1% nasal solution and 2.5% ointment are also available. As
with other antihistamines, there is a risk of skin sensitisation with
the ointment. It is also used in eye drops with a vasoconstrictor
such as naphazoline nitrate for allergic conjunctivitis.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Tonamil.
Multi-ingredient: Ital.: Ascotodin; Collirio Alfa Antistaminico; Imidazyl
Antistaminico; Iristamina; Narlisim; Pupilla Antistaminico; Port.: Narizima;
Spain: Normo Nar†.

Trimethobenzamide Hydrochloride (rINNM)

Hidrocloruro de trimetobenzamida; Triméthobenzamide, Chlo-
rhydrate de; Trimethobenzamidi Hydrochloridum; Trimetobenz-
amid Hidroklorür. N-[4-(2-Dimethylaminoethoxy)benzyl]-3,4,5-
trimethoxybenzamide hydrochloride.
Триметобензамида Гидрохлорид
C21H28N2O5,HCl = 424.9.
CAS — 138-56-7 (tr imethobenzamide); 554-92-7 (tr i-
methobenzamide hydrochloride).

(tr imethobenzamide)

Pharmacopoeias. In US. 
USP 31 (Trimethobenzamide Hydrochloride). A white crystal-
line powder having a slight phenolic odour. Soluble 1 in 2 of wa-
ter, 1 in 59 of alcohol, 1 in 67 of chloroform, and 1 in 720 of
ether; insoluble in benzene.
Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561. 
Pain at the site of intramuscular injection and local irritation after
rectal use have been noted.
Pregnancy. For discussion of the use of antihistamines in preg-
nancy, including some evidence of an excess number of congen-
ital abnormalities in infants born to mothers exposed to trimeth-
obenzamide, see p.563.
Interactions
As for the sedating antihistamines in general, p.563.
Uses and Administration
Trimethobenzamide hydrochloride, a monoethanolamine deriv-
ative, is a sedating antihistamine used as an antiemetic in the con-
trol of nausea and vomiting (p.564) including postoperative nau-
sea and vomiting. 
The usual dose is 250 or 300 mg orally or 200 mg by deep intra-
muscular injection or rectally three or four times daily. Children
weighing more than about 15 kg have been given 100 to 200 mg
three or four times daily by the oral or rectal route. Children
weighing less than this have been given 100 mg three or four
times daily by the rectal route.
Preparations
USP 31: Trimethobenzamide Hydrochloride Capsules; Trimethobenza-
mide Hydrochloride Injection.

Proprietary Preparations (details are given in Part 3)
Turk.: Ametik; Anti-Vomit; Emedur; Vomet; Vomitin; USA: T-Gen†; Te-
bamide†; Ticon; Tigan; Trimazide†.
Multi-ingredient: Turk.: Emedur; USA: Emergent-Ez; Tigan†; Triban†.

Tripelennamine Citrate (BANM, rINNM)

Citrato de tripelenamina; Tripélennamine, Citrate de; Tripelen-
namini Citras; Tripelennaminium Citrate. N-Benzyl-N′N′-dime-
thyl-N-(2-pyridyl)ethylenediamine dihydrogen citrate.
Трипеленнамина Цитрат
C16H21N3,C6H8O7 = 447.5.
CAS — 91-81-6 (tr ipelennamine); 6138-56-3 (tr ipelen-
namine citrate).
ATC — D04AA04; R06AC04.
ATC Vet — QD04AA04; QR06AC04.

(tr ipelennamine)

Tripelennamine Hydrochloride (BANM, rINNM)

Hidrocloruro de tripelenamina; Tripélennamine, Chlorhydrate
de; Tripelennamini Hydrochloridum; Tripelennaminium Chlo-
ride.
Трипеленнамина Гидрохлорид
C16H21N3,HCl = 291.8.
CAS — 154-69-8.
ATC — D04AA04; R06AC04.
ATC Vet — QD04AA04; QR06AC04.

Pharmacopoeias. In US. 
USP 31 (Tripelennamine Hydrochloride). A white crystalline
powder. It slowly darkens on exposure to light. Soluble 1 in 1 of
water, 1 in 6 of alcohol and of chloroform, and 1 in 350 of ace-
tone; insoluble in ether, in ethyl acetate, and in benzene. Its solu-
tions are practically neutral to litmus. Protect from light.

Profile
Tripelennamine, an ethylenediamine derivative, is a sedating an-
tihistamine (p.561) with antimuscarinic and moderate sedative
properties. It has been used for the symptomatic relief of hyper-
sensitivity reactions. It may also be used in compound prepara-
tions for the symptomatic treatment of coughs and the common
cold (p.564). 
Tripelennamine has been given orally as the citrate or the hydro-
chloride. Tripelennamine hydrochloride has also been applied
topically to the skin, although, as with other antihistamines, there
is a risk of sensitisation.

Abuse. References to the intravenous abuse of tripelennamine
alone1 or with pentazocine in the combination known as T’s and
blues.2-4

1. Addington J, el-Guebaly N. Intravenous tripelennamine abuse in
schizophrenia. Can J Psychiatry 1996; 41: 63. 

2. Showalter CV. T’s and blues: abuse of pentazocine and tripelen-
namine. JAMA 1980; 244: 1224–5. 

3. von Almen WF, Miller JM. “Ts and Blues” in pregnancy. J Re-
prod Med 1986; 31: 236–9. 

4. McGwier BW, et al. Acute myocardial infarction associated with
intravenous injection of pentazocine and tripelennamine. Chest
1992; 101: 1730–2.

Overdosage. A severe toxic reaction, including agitation, hal-
lucinations, and myoclonic jerks occurred in an 8-year-old child
who was sprayed over the trunk and extremities with tripelen-
namine hydrochloride 2.1375 g in the treatment of severe poison
ivy poisoning.1 It was likely that inhalation of the fine mist of the
aerosol spray contributed to the reaction but in this patient the
initial reaction began 3 hours after exposure suggesting that per-
cutaneous absorption through the multiple skin lesions probably
contributed significantly. The original reaction was inadvertently
prolonged by subsequent treatment with diphenhydramine hy-
drochloride and promethazine hydrochloride.
1. Schipior PG. An unusual case of antihistamine intoxication. J

Pediatr 1967; 71: 589–91.

Preparations
USP 31: Tripelennamine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Azaron; Cz.: Azaron†; Fin.: Etono; Ger.: Azaron; Fenistil†; In-
don.: Tripel; Neth.: Azaron; Spain: Azaron; USA: Vaginex.

Multi-ingredient: Arg.: Quemicetina Nasal Compuesta; Braz.: Alergi-
trat†; Ital.: Anticorizza†; Pol.: Viosept; USA: Di-Delamine.

Triprolidine Hydrochloride 

(BANM, rINNM)

Hidrocloruro de triprolidina; Triprolidine, Chlorhydrate de;
Triprolidini Hydrochloridum. (E)-2-[3-(Pyrrolidin-1-yl)-1-p-tolyl-
prop-1-enyl]pyridine hydrochloride monohydrate.

Трипролидина Гидрохлорид
C19H22N2,HCl,H2O = 332.9.
CAS — 486-12-4 (tr iprolidine); 550-70-9 (anhydrous
tr iprolidine hydrochlor ide); 6138-79-0 (tr iprolidine hydro-
chlor ide monohydrate).
ATC — R06AX07.
ATC Vet — QR06AX07.

(tr iprolidine)

Pharmacopoeias. In Br. and US. 
BP 2008 (Triprolidine Hydrochloride). A white, odourless or al-
most odourless, crystalline powder. Freely soluble in water and
in alcohol; very soluble in chloroform; practically insoluble in
ether. 
USP 31 (Triprolidine Hydrochloride). A white crystalline pow-
der, having no more than a slight, but unpleasant, odour. Soluble
1 in 2.1 of water, 1 in 1.8 of alcohol, 1 in 1 of chloroform, and 1
in 2000 of ether. Its solutions are alkaline to litmus. Store in air-
tight containers. Protect from light.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
As for the sedating antihistamines in general, p.561.
UK product information for acrivastine has warned
that acrivastine should not be used in patients hyper-
sensitive to triprolidine.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving triprolidine, and the
American Academy of Pediatrics1 considers that it is therefore
usually compatible with breast feeding. 
In a study2 in 3 women of the excretion of triprolidine and pseu-
doephedrine, taken orally in a combined preparation, triprolidine
was found to reach concentrations in breast milk similar to those
found in plasma in one subject, and slightly lower than in plasma
in the others. It was calculated that 0.06 to 0.2% of the ingested
dose was distributed into breast milk over 24 hours. Concentra-
tions of pseudoephedrine in breast milk exceeded those in plas-
ma in all 3 women.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 30/01/04) 

2. Findlay JWA, et al. Pseudoephedrine and triprolidine in plasma
and breast milk of nursing mothers. Br J Clin Pharmacol 1984;
18: 901–6.

Interactions
As for the sedating antihistamines in general, p.563.

Pharmacokinetics
After absorption from the gastrointestinal tract, tripro-
lidine is metabolised; a carboxylated derivative ac-
counts for about half the dose excreted in the urine. Re-
ported half-lives vary from 3 to 5 hours or more.
Triprolidine is distributed into breast milk.
◊ General references.
1. Paton DM, Webster DR. Clinical pharmacokinetics of H -recep-

tor antagonists (the antihistamines). Clin Pharmacokinet 1985;
10: 477–97. 

2. Miles MV, et al. Pharmacokinetics of oral and transdermal
triprolidine. J Clin Pharmacol 1990; 30: 572–5.

Uses and Administration
Triprolidine hydrochloride, an alkylamine derivative,
is a sedating antihistamine with antimuscarinic and
mild sedative effects. It is used for the symptomatic re-
lief of allergic conditions including urticaria (p.565)

and rhinitis (p.565), and in pruritic skin disorders
(p.565). It is often used in combination with pseu-
doephedrine hydrochloride for rhinitis and in other
compound preparations for the symptomatic treatment
of coughs and the common cold (p.564). 
It is given orally, the usual dose for adults being 2.5 mg
up to four times daily. 
Triprolidine tannate has been used similarly. 
Triprolidine hydrochloride has also been applied topi-
cally to the skin although, as with other antihistamines,
there is a risk of sensitisation.
Preparations
BP 2008: Triprolidine Tablets; 
USP 31: Triprolidine and Pseudoephedrine Hydrochlorides Syrup; Tripro-
lidine and Pseudoephedrine Hydrochlorides Tablets; Triprolidine Hydro-
chloride Syrup; Triprolidine Hydrochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Israel: Pro-Actidil†; Ital.: Actidil†; Spain: Pro-Actidil†; UAE: Sedofan T;
USA: Zymine.
Multi-ingredient: Arg.: Actifedrin; Austral.: Actifed; Actifed CC Junior;
Codral Original Day & Night Cold & Flu; Sudafed Sinus Day & Night Relief;
Sudafed Sinus Pain & Allergy Relief; Belg.: Actifed; Braz.: Actifedrin; Trife-
drin; Canad.: Actifed; Actifed Plus; CoActifed; Covan†; ratio-Cotridin; ra-
tio-Cotridin Expectorant; Chile: Actifedrin; Actifedrin Antitusivo; Cz.:
Trifed Expectorant†; Trifed†; Fr.: Actifed; Actifed Toux Seche†; Ger.: Rhi-
nopront Kombi; Hong Kong: Actifed; Actifed Compound; Actifed DM†;
Actihist-Co†; Antifort; Cough-EN†; Fedac; Fedac Compound; Prolifed; Set-
prodine†; Syncofit; Uni-Fedra Compound; Vidalidine; India: Actifed DM†;
Actifed Plus†; Actifed†; Actiflu; Actiflu Plus; Ascoril-D+; Deletus; Deletus D;
Nocold Plus; Indon.: Actifed; Actifed DM; Actifed Expectorant; Actigesic;
Alerfed; Crofed; Eflin; Flutrop; Lapifed; Lapifed DM; Lapifed Expectorant;
Nasafed; Nasafed Plus; Nichofed; Nostel; Protifed; Stop Cold; Tremenza;
Trifed; Trifedrin; Valved; Valved DM; Irl.: Actifed; Actifed Chesty†; Actifed
Compound†; Benylin Childrens Cough and Cold; Benylin Dual Action Dry;
Israel: Actifed Compound†; Actifed DM†; Actifed Expectorant†; Actifed†;
Histafed; Histafed Comp; Histafed Expectorant; Sinufed Kid Night†; Ital.:
Actifed; Actifed Composto; Actigrip; Malaysia: Actifed; Actifed DM; Ac-
tifed Expectorant; Actihist; Actihist Expectorant; Actihist-Co; Axcel Tridine;
Beatafed; Beatafed Compound†; Cough-EN; Decol; Fedac; Pabron Cold &
Flu; Pabron Cough & Sinus; Pabron Cough-D; Peace; Pseudoephedrine T;
Rhynacol; Mex.: Actifed; Actifed DM; Giparlix; NZ: Actifed; Codral Day-
time/Nightime; Sudafed Day/Nightime Relief; Sudafed Sinus Pain & Allergy
Relief; Pol.: Actifed; Actitrin; Port.: Actifed; Dinaxil; S.Afr.: Actifed; Actifed
Cold & Fever; Actifed Dry Cough Regular; Actifed Dry Cough Sugar Free;
Acuflu P; Acugest; Acugest Co; Acugest DM; Acugest Expect; Acutussive;
Adco-Flupain; Adco-Tussend; Betafed; Coff-Rest†; Coryx; Endcol Cough
Linctus†; Endcol DM†; Endcol Expectorant†; Fludactil Co; Fludactil Expec-
torant†; Fludactil†; Linctifed; Medifed; Merck-Cough Linctus; Merck-Expec-
torant; Merck-Fed; Neofed†; Sinuclear; Tixylix Flu; Trifen; Singapore: 3P†;
Actifed; Actifed Compound; Actifed DM; Actifed Expectorant; Beactafed;
Beactafed Co; Cough-EN; Fedac; Fedac Compound; Peacef; Trodrine†;
Unitifed†; Spain: Iniston Antitusivo y Descongestivo; Iniston Desconges-
tivo; Iniston Expectorante y Descongestivo; Thai.: Actifed; Actifed Com-
pound†; Actifed DM; Actil; Actiplex; Clinikold; Cofed; Consudine; Hiscifed;

Med-Actigen†; Medofed; Milafed; Nanafed†; Nasolin†; Nostrilet; Policol;
Policold; Polyfed; Pondactil; Profed; Prophedin; Sinusaid; Sufed; Trifed; Tri-
ofed; Tripo; Triprodrine; Vefed†; Vesprolid-HCL; Turk.: A-ferin; Actidem;
Actifed; UAE: Sedofan; Sedofan DM; UK: Benylin Childrens Coughs &
Colds; Multi-Action Actifed; Multi-Action Actifed Chesty Coughs Expecto-
rant; Multi-Action Actifed Dry Coughs; Sudafed Plus; USA: Actagen; Acta-
gen-C Cough; Actifed; Actifed Cold & Allergy; Actifed Cold & Sinus; Actifed
Plus; Allercon; Allerfrim; Allerfrim with Codeine; Allerphed; Aprodine;
Aprodine with Codeine; Bayer Select Night Time Cold; Cenafed Plus;
Genac; Silafed; Trifed-C Cough; Triofed; Tripohist D; Triposed; Zymine HC;
Zymine-D; Venez.: Actifed†.

Tritoqualine (rINN)

L-554; Tritocualina; Tritoqualinum. 7-Amino-4,5,6-triethoxy-3-
(5,6,7,8-tetrahydro-4-methoxy-6-methyl-1,3-dioxolo[4,5-g]iso-
quinolin-5-yl)phthalide.
Тритоквалин
C26H32N2O8 = 500.5.
CAS — 14504-73-5.
ATC — R06AX21.
ATC Vet — QR06AX21.

Profile
Tritoqualine is stated to inhibit histidine decarboxylase which ca-
talyses the conversion of histidine to histamine. It has no action
on histamine H1-receptors and at therapeutic doses has no seda-
tive or antimuscarinic effects. It has the uses of antihistamines
(p.563) and has been given orally in usual doses of 200 to
600 mg daily in 2 or 3 divided doses for the symptomatic relief
of hypersensitivity reactions including allergic rhinitis and urti-
caria.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Hypostamin; Fr.: Hypostamine; Ger.: Inhibostamin†.
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This chapter describes the main drugs used in the treat-
ment and prophylaxis of malaria, one of the most seri-
ous protozoal infections in man. An estimated 40% of
the world’s population may be at risk of malaria; more
than 500 million develop clinical infection, which is
often very severe, and 1 to 3 million die each year.
WHO produces guidelines for its strategic control and
the management of malaria is under constant review.
Measures to control malaria include protection from
mosquito bites, prophylaxis with antimalarial drugs,
and prompt treatment of any infection that develops.
They also involve vector control; it is now recognised
that for many countries vector eradication is an unreal-
istic aim.

Malaria
Malaria is a serious and potentially fatal disease, particu-
larly in the case of falciparum malaria (see below) and es-
pecially in non-immune individuals (patients are classified
as non-immune if they have not previously or recently
been exposed to Plasmodium infection and as semi-im-
mune or immune if they have a history of prolonged expo-
sure). It is such a problem in many parts of the world that
a global partnership named Roll Back Malaria1 has been
founded by WHO, United Nations Development Pro-
gramme, UNICEF, and the World Bank with the aim of
significantly reducing the world’s malaria burden and
halving the number of deaths due to malaria by 2010.
Prompt diagnosis and effective treatment of malaria are
crucial.2,3 
Malaria is caused by infection by any of 4 species of Plas-
modium protozoa. P. falciparum causes falciparum (malig-
nant tertian or subtertian) malaria, which is the most seri-
ous form and can be rapidly fatal in non-immune
individuals if not treated promptly. The other 3 species
cause what are often termed ‘benign’ malarias: P. vivax
causes vivax (benign tertian) malaria, which is widespread
but rarely fatal, although symptoms during the primary at-
tack can be severe; P. malariae causes quartan malaria,
which is generally mild, but can cause fatal nephrosis; and
P. ovale causes ovale (ovale tertian) malaria, which is the
least common type of malaria and produces clinical fea-
tures similar to P. vivax.4 
The life cycle of Plasmodium is complex, comprising a
sexual phase (sporogony) in the mosquito (vector) and an
asexual phase (schizogony) in man (see Figure 1, below). 
• Infection in man is usually caused by sporozoites from

the bite of an infected female anopheline mosquito. It
may rarely be acquired in other ways, congenitally via

the placenta, or through blood transfusion, needlestick
injuries, or organ transplantation. 

• After an infected mosquito bite, sporozoites rapidly en-
ter liver parenchymal cells, where they undergo exo-
erythrocytic or pre-erythrocytic schizogony forming tis-
sue schizonts which mature and release thousands of
merozoites into the blood on rupture of the cell. 

• Merozoites enter erythrocytes where they transform
into trophozoites. These produce blood schizonts which,
as they mature, rupture and release merozoites into the
circulation, which can infect other erythrocytes. 
This is termed the erythrocytic cycle and it is this peri-
odic release of merozoites that is responsible for the
characteristic periodicity of the fever in malaria. 

• After several erythrocytic cycles, depending on the type
of malaria, some erythrocytic forms develop into sexual
gametocytes. Ingestion of infected blood containing
gametocytes by a biting female mosquito allows the life
cycle to be completed with the sexual phase in the mos-
quito. 

• In P. vivax and P. ovale infections, some of the sporo-
zoites entering the liver cells enter a latent tissue stage in
the form of hypnozoites which are responsible for recur-
rence of malaria caused by these organisms. 

Recurrences resulting from the persistence of latent tissue
forms are often referred to as relapses while renewed at-
tacks caused by persistent residual erythrocytic forms are
termed recrudescences. True relapses do not occur with
falciparum or quartan malarias. 
CLINICAL MANIFESTATIONS OF MALARIA 
The clinical symptoms of malaria are varied and non-spe-
cific; they usually include fever, fatigue, malaise, head-
ache, myalgia, and sweating. Vomiting occurs in about
20% of patients, and mild diarrhoea in less than 5%. As the
infection progresses, the spleen enlarges and the patient
may develop anaemia and thrombocytopenia. The progno-
sis worsens with increasing parasite counts, more mature
parasites, and more neutrophils containing malaria pig-
ment.5 Severe falciparum malaria may be complicated by
acute renal failure, pulmonary oedema, and cerebral dys-
function. Since none of the clinical features of malaria are
diagnostic, a definitive diagnosis depends upon the dem-
onstration of parasites in stained blood films. However,
antimalarial drug treatment should not be withheld in the
absence of positive blood films if there is clinical suspicion
of malaria. Any patient who has been in a malaria area in
the previous two months should be considered to have ma-
laria until proved otherwise. 
ANTIMALARIAL DRUGS 
Antimalarial drugs can be classified by the stage of the
parasitic life cycle they affect. Thus: 

Blood schizontocides act on the erythrocytic stages of the
parasite that are directly responsible for the clinical symp-
toms of the disease. They can produce a clinical cure or
suppression of infection by susceptible strains of all 4 spe-
cies of malaria parasite but, since they have no effect on
exoerythrocytic forms, do not produce a radical cure of
ovale or vivax malarias. 
Tissue schizontocides act on the exoerythrocytic stages of
the parasite and are used for causal prophylaxis to prevent
invasion of the blood cells, or as anti-relapse drugs to pro-
duce radical cures of vivax and ovale malarias. 
Gametocytocides destroy the sexual forms of the parasite
to interrupt transmission of the infection to the mosquito
vector. 
Sporontocides have no direct effect on the gametocytes in
the human host but prevent sporogony in the mosquito. 
Antimalarial drugs can also be classified by the chemical
group to which they belong, which in turn determines the
stage of the life cycle they affect. The principal antimalar-
ial drugs, classified according to drug group and activity,
are listed in Table 1 p.595. 
The naphthyridine derivative pyronaridine is under inves-
tigation for its use as an antimalarial. The quinolone anti-
bacterials, and the 4-piperazinoquinoline derivatives, pip-
eraquine and hydroxypiperaquine, have also been studied
for their antimalarial activity. The 9-aminoacridines, such
as mepacrine, are no longer used in the treatment of malar-
ia. 
The differing mechanisms of action of antimalarial drugs
sometimes allow the use of combinations of antimalarials
to improve efficacy. Such combinations are usually de-
signed to potentiate each other, for instance by acting at
sequential steps in the parasite’s folic acid pathway (e.g.
pyrimethamine with sulfadoxine or dapsone). Alternative-
ly, a combination may be complementary, when the drugs
involved act against different stages in the life cycle of the
parasite (e.g. the use of chloroquine with primaquine to
produce radical cure of P. vivax or P. ovale infections). The
rationale behind the use of such combinations may be to
enhance efficacy, particularly when drug resistance is a
problem (see below), or it may be an attempt to delay the
development of resistance to one or more of the drugs con-
cerned. 
Resistance. 
Resistance to antimalarials has been documented for P. fal-
ciparum, P. vivax, and P. malariae and is seen with all
classes of antimalarials except artemisinin and its deriva-
tives.3 Chloroquine resistance in P. falciparum now occurs
virtually everywhere that P. falciparum malaria is trans-
mitted, with the exception of certain parts of Central
America and the Caribbean.3,6 Resistance in P. falciparum
to proguanil and pyrimethamine is apparent in many en-
demic areas. Cross-resistance between proguanil and py-
rimethamine may also occur. Resistance in P. falciparum
to the combination pyrimethamine-sulfadoxine (Fansid-
ar) has spread rapidly in South-East Asia, but also occurs
in other parts of the world including parts of South Amer-
ica, southern China, and Africa.3,6 Mefloquine resistance
is frequent in some areas of South-East Asia and migrant
workers are thought to have spread mefloquine resistance
to India and Bangladesh. Resistance has also occurred in
the Amazon region of South America and, sporadically, in
Africa, but generally, clinical mefloquine resistance out-
side South-East Asia is rare.3,6 Resistance to quinine and
halofantrine has also been noted. Cross-resistance between
halofantrine and mefloquine may occur, as evidenced by
reduced responses to halofantrine in some patients who
have experienced treatment failure with mefloquine.6 The
emergence of multidrug resistance in P. falciparum makes
the selection of effective prophylaxis and treatment diffi-
cult. 
Multidrug resistance is defined as resistance to three or
more antimalarial compounds from different chemical
classes, of which two of the classes are the 4-aminoquino-
lines (e.g. chloroquine) and diaminopyrimidines (e.g. py-
rimethamine-sulfadoxine (Fansidar)). Multidrug resist-
ance occurs in South-East Asia (particularly along the
borders of Thailand with Burma and Cambodia) and in the
Amazon basin.3 
P. vivax has developed resistance rapidly to pyrimeth-
amine-sulfadoxine (Fansidar) in many areas and resist-
ance to chloroquine and primaquine has also been reported
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Figure 1. Life cycle of the malaria parasite Plasmodium.
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in several parts of the world.3,6 However, it remains sensi-
tive to chloroquine in South-East Asia, the Indian subcon-
tinent, the Korean peninsula, the Middle East, north-east
Africa, and most of South and Central America.3 Resist-
ance of P. malariae to chloroquine was seen recently in
Indonesia.3 
A knowledge of the geographical distribution and degree
of resistance is important for the selection of appropriate
control measures and for the development of policies for
the rational use of antimalarial drugs. Resistance can be
prevented, or slowed considerably, by selecting effective
drugs and drug combinations according to local patterns of
resistance, combining antimalarials with different mecha-
nisms of action, preventing indiscriminate and uncon-
trolled use, and ensuring very high cure rates through full
compliance with the correct antimalarial dose regimens.
Malaria control strategies also need to involve other meas-
ures such as vector control and health education.3,7 
TREATMENT OF MALARIA 
Malaria is treated with a blood schizontocide, selected
with due regard to the prevalence of specific patterns of
drug resistance in the area of infection. In the case of vivax
and ovale malarias (see below) subsequent treatment with
a tissue schizontocide is needed where it is considered ap-
propriate to prevent relapse. 
Antimalarials are generally given orally, although in order
to obtain a rapid response in patients with severe or com-
plicated falciparum malaria (see below) it may be neces-
sary to start with parenteral therapy, the patient being
transferred to oral therapy when feasible.3 Where there are
only minimal health care facilities and parenteral therapy
is not possible or may be delayed, artemisinin or artesunate
suppositories may be given. 
Treatment of falciparum malaria. 
In most parts of the world P. falciparum is now resistant to
chloroquine and therefore, apart from the rare circum-
stance of exposure in one of the few remaining areas of
chloroquine sensitivity, chloroquine is not suitable for
treatment. Resistance to pyrimethamine-sulfadoxine
(Fansidar) has also occurred in most countries where it
was used in place of chloroquine.4 
In uncomplicated falciparum malaria (symptomatic
malaria without signs of severity or evidence of vital organ
dysfunction) combination drug therapy is recommended
by WHO3 for treatment in all malaria endemic areas ex-
periencing resistance to monotherapy with chloroquine,
amodiaquine, or pyrimethamine-sulfadoxine (Fansidar).
Drugs with differing mechanisms of action but with simi-

lar half-lives should be used to avoid exposure of the par-
asite to a single drug for a prolonged period and to prevent
the emergence and spread of drug-resistant parasites. Py-
rimethamine-sulfadoxine (Fansidar) and atovaquone-pro-
guanil (Malarone) rely on synergy between the 2 compo-
nents and are operationally considered single products;
they should not be considered combination therapy when
used alone. The most widely recommended combinations
are those that include an artemisinin-based drug as one of
the components (ACT). Recommended ACTs are: 

• artemether-lumefantrine (Riamet) 
• artesunate and amodiaquine (in areas where resist-

ance to amodiaquine is low) 
• artesunate and pyrimethamine-sulfadoxine (Fansid-

ar) (in areas where pyrimethamine-sulfadoxine effi-
cacy is still high) 

• artesunate and mefloquine (should only be used in ar-
eas of low transmission) 

• amodiaquine and pyrimethamine-sulfadoxine (Fan-
sidar) is still an effective option for some areas in
West Africa where susceptibility remains high and for
those countries unable to supply ACTs 

In non-endemic areas the British Infection Society8 and
the Health Protection Agency Advisory Committee on
Malaria Prevention in UK Travellers9 recommend treating
uncomplicated falciparum malaria or mixed infections
with one of the following: 

• oral quinine sulfate plus follow-on treatment with ei-
ther doxycycline or clindamycin 

• atovaquone-proguanil (Malarone) 
• artemether-lumefantrine (Riamet) 

In the USA, the CDC10 recommends that uncomplicated
falciparum malaria acquired in a chloroquine-sensitive
area may be treated with oral chloroquine. Hydroxychlo-
roquine may be used as an alternative. Malaria acquired in
chloroquine-resistant areas is treated with one of the fol-
lowing: 

• quinine sulfate plus doxycycline, tetracycline, or clin-
damycin 

• atovaquone-proguanil (Malarone) 
• mefloquine (although it should only be considered as

a treatment option in patients who cannot use quinine
sulfate or atovaquone-proguanil (Malarone) due to a
higher rate of severe neuropsychiatric events associ-
ated with treatment doses) 

In severe or complicated falciparum malaria including
cerebral malaria, parenteral treatment is required to pro-

duce adequate blood concentrations as quickly as possi-
ble.3 Patients need to be closely monitored while undergo-
ing parenteral therapy and treatment is changed to an oral
antimalarial as soon as the patient’s condition permits. 
In malaria endemic areas that are chloroquine-resistant, or
where sensitivity to chloroquine is not known, quinine is
usually given intravenously, starting with a loading dose.
Intramuscular artemether is an alternative to intravenous
quinine. In areas of low transmission intravenous artesuna-
te is the recommended first choice. Intramuscular artemo-
til should only be used if other above alternatives are not
available and intravenous quinidine should only be used if
parenteral quinine or artemisinin derivatives are not avail-
able. Where there are only minimal health care facilities or
when parenteral therapy is not possible or may be delayed,
artemisinin, artesunate, artemether, or arterimol supposito-
ries may be given3; the nasogastric route may also be used.
Follow-on treatment is with either doxycycline or clin-
damycin (in pregnant women and in children) for 7 days. 
In non-endemic areas intravenous quinine plus either oral
doxycycline or oral clindamycin are recommended by au-
thorities in the UK;8,9 intravenous artesunate may be avail-
able on a named patient basis for the most severe cases if
they are not responding to quinine therapy, are possibly in-
fected with quinine-resistant falciparum, or quinine is con-
tra-indicated. In the USA,10 intravenous quinidine gluco-
nate is used in place of intravenous quinine and
intravenous artesunate is under investigation. 
Supportive therapy in patients with severe or complicated
malaria needs to be directed at reducing hyperpyrexia,
controlling convulsions, maintaining fluid balance, and
correcting hypoglycaemia. Severe malaria is associated
with rapid development of anaemia, and blood transfu-
sions are recommended for children with a haemoglobin
concentration of less than 5 g per 100 mL (haematocrit
less than 15%) living in areas of high transmission or for
those with a haemoglobin level of 7 g per 100 mL (haema-
tocrit threshold of 20%) living in an area of low transmis-
sion.3 Although the benefit of exchange transfusion has
not been proven in comparative studies,UK and US guide-
lines recommend that it be considered for patients with a
parasite density of more than 10% or if the patient has cere-
bral malaria, renal complications, or non-volume overload
pulmonary oedema.9,10 Prophylactic use of anticonvul-
sants is not recommended and the use of intravenous or
intramuscular phenobarbital resulted in increased mortali-
ty due to respiratory arrest.3 Since iron might be involved
in the pathogenesis of cerebral malaria, the iron chelator
desferrioxamine has been tried in addition to standard anti-
malarial therapy, but any benefit is yet to be established
and WHO advises against its use.3 Anecdotal reports of the
value of corticosteroids in cerebral malaria have not been
substantiated by controlled studies and they have no place
in the management of this condition.3,11 Other approaches
such as the use of hyperimmune serum or monoclonal
antibody to tumour necrosis factor have also been unsuc-
cessful. 
Treatment of benign malarias. Benign malarias, which
are usually caused by P. vivax or, less commonly, by P.
ovale or P. malariae, can be debilitating but are usually
less severe than falciparum malaria. Treatment for P. vivax
and P. ovale includes a radical cure: that is, cure of both
the blood and liver stage infections in order to prevent re-
lapse and recrudescence. Treatment of P. malariae does
not include radical cure as no hypnozoites are formed dur-
ing infection. Chloroquine is still generally the drug of
choice (but chloroquine-resistant vivax infection has been
reported from some areas—notably Papua New Guinea,
Indonesia, Myanmar, and Vanuatu). Chloroquine alone is
adequate for P. malariae infections; for those caused by P.
vivax or P. ovale a tissue schizontocide, usually pri-
maquine, is added for radical cure.3,8-10 In areas where
ACTs are being used as first-line treatment for P. falci-
parum malaria, they may be given with primaquine for P.
vivax infection as an alternative to chloroquine, with the
exception of artesunate and pyrimethamine-sulfadoxine
(Fansidar) as P. vivax resistance to pyrimethamine-sulf-
adoxine (Fansidar) is rapidly developing.3 WHO3 recom-
mends that chloroquine-resistant P. vivax may be treated
with amodiaquine followed by primaquine, while the
CDC10 recommends that patients not responding to chlo-
roquine monotherapy or those with chloroquine-resistant
infections should be given quinine sulfate plus doxycy-
cline (or tetracycline) followed by primaquine; an alterna-
tive is mefloquine followed by primaquine. UK9 guide-
lines recommend that resistant vivax malaria be treated

Table 1. Principal antimalarial drugs.
Antimalarial groups Principal drugs Activity
4-Aminoquinolines Chloroquine

Hydroxychloroquine
Amodiaquine

Rapid-acting blood schizontocides. Some gametocytocidal activity.

8-Aminoquinolines Primaquine
Tafenoquine

Tissue schizontocide. Also gametocytocidal activity and some activity at 
other stages of the parasite’s life-cycle.

Artemisinin and its 
derivatives
(Sesquiterpene lactones)

Artemether
Artesunate

Blood schizontocide.

Biguanides Proguanil
Chlorproguanil

Tissue schizontocides and slow-acting blood schizontocides. Some 
sporontocidal activity. Dihydrofolate reductase inhibitors. 

Diaminopyrimidines Pyrimethamine Tissue schizontocide and slow-acting blood schizontocide. Some 
sporontocidal activity. Dihydrofolate reductase inhibitor. Usually used 
with antimalarials that inhibit different stages of folate synthesis 
(sulfonamides or sulfones) to form synergistic combinations.

Dichlorobenzylidines Lumefantrine Blood schizontocide.
Hydroxynaphthoquinones Atovaquone Blood schizontocide. Usually given in combination with proguanil.
Lincosamides Clindamycin Blood schizontocides. Some tissue schizontocidal activity.
4-Methanolquinolines Cinchona alkaloids

Quinine 
Quinidine

Mefloquine

Rapid-acting blood schizontocides. Some gametocytocidal activity. 

Blood schizontocide.
9-Phenanthrenemethanols Halofantrine Blood schizontocide.
Sulfonamides Sulfadoxine

Sulfametopyrazine
Blood schizontocides. Dihydropteroate and folate synthesis inhibitors. 
Usually given in combination with pyrimethamine.

Sulfones Dapsone Blood schizontocide. Folate synthesis inhibitor. Usually given in 
combination with pyrimethamine

Tetracyclines Doxycycline
Tetracycline

Blood schizontocides. Some tissue schizontocidal activity..
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with one of the 3 regimens used for the treatment of un-
complicated falciparum malaria (see above). Radical cure
is inappropriate for patients living within an endemic area
since re-infection is likely and therefore WHO3 recom-
mends that it should be limited to patients resident in areas
where transmission is very low or absent, and it may be
attempted during an epidemic; other patients should sim-
ply be treated with a further course of chloroquine in the
event of relapse or re-infection. Severe vivax malaria
should be treated the same way as severe and complicated
falciparum malaria (see above).3 
Treatment of malaria during pregnancy. Malaria is es-
pecially dangerous during pregnancy and the seriousness
of the disease usually outweighs any potential risk from
treatment. Malaria infection during pregnancy can result in
maternal anaemia, hypoglycaemia, pulmonary oedema,
miscarriage, premature birth, congenital malaria infection,
low birth-weight, and neonatal death.10,12 Pregnant
women living in areas where malaria transmission is low
or unstable have little or no acquired immunity and are 2
to 3 times more likely to develop severe disease than non-
pregnant women living in the same area;3,10 however,
those living in endemic areas where malaria transmission
is high have often acquired partial immunity. 
For pregnant women living in endemic areas quinine plus
follow-on treatment with clindamycin may be given for
treatment of uncomplicated falciparum malaria in the first
trimester. Data regarding the use of artemisinin derivatives
in the first trimester is at present limited; however, ACTs
may be given if no other effective treatment is available. In
the second or third trimester ACTs, artesunate, or quinine
may be given, plus follow-on treatment with clindamy-
cin.3 For the treatment of severe malaria in the first trimes-
ter quinine or artesunate may be used;2,3 however, care
should be taken that patients given quinine do not become
hypoglycaemic. Artemisinin derivatives (particularly
artesunate) are the drugs of choice for treatment of severe
malaria in the second and third trimesters.2,3 
In non-endemic areas it is recommended that falciparum
malaria in pregnancy be treated with quinine plus follow-
on treatment with clindamycin.8-10 Atovaquone-proguanil
(Malarone) or mefloquine may be given as alternatives
where first-line treatment is not tolerated or no other treat-
ment options are available.10 Although fetal abnormalities
have been associated with the use of high doses of chloro-
quine, extensive clinical experience suggests it is safe; its
value is limited, however, due to resistance. The CDC rec-
ommends oral chloroquine for pregnant women with ma-
laria infections acquired in chloroquine-sensitive areas and
with non-falciparum malaria, although chloroquine-resist-
ant P. vivax should be treated with quinine.10 Radical cure
for patients with vivax or ovale malaria during pregnancy
should be postponed until after delivery due to the risk of
intravascular haemolysis in the mother and fetus;10,12

weekly chloroquine can be given during the remaining
weeks of pregnancy. WHO recommends chloroquine or
amodiaquine for pregnant women with P. vivax malaria.2 
There may be difficulty if other drugs are required as opin-
ion varies over their suitability. The tetracyclines are con-
tra-indicated due to adverse effects on bone growth and
teeth. 
Treatment of splenomegaly syndrome. A few individu-
als infected with Plasmodium develop chronic hyperreac-
tive malarial splenomegaly syndrome, an aberrant immu-
nological response formerly known as the tropical
splenomegaly syndrome. Traditionally, patients have first
received a full course of antimalarial chemotherapy appro-
priate to the causative species followed by lengthy and
probably lifelong chemoprophylaxis; however, a study in
312 patients suggested that pyrimethamine given with fo-
linic acid for 30 days could produce a rapid reduction of
splenomegaly which persisted for at least 3 months.13 

PROPHYLAXIS OF MALARIA 
Chemoprophylaxis of malaria may refer to absolute pre-
vention of infection (causal prophylaxis) or to suppression
of parasitaemia and its symptoms (clinical prophylaxis).
Causal prophylaxis is provided by tissue schizontocides
which destroy the exoerythrocytic forms of the parasite.
Clinical prophylaxis is provided by blood schizontocides
which, if continued until all exoerythrocytic forms of the
parasite are destroyed, will ultimately produce a suppres-
sive cure. In P. falciparum infections this would be
achieved by about a month after the last infected bite, but
relapses with P. vivax and P. ovale may still occur after

standard clinical prophylactic regimens due to the pres-
ence of latent exoerythrocytic forms (hypnozoites). 
The continuing increase in the prevalence of strains of P.
falciparum resistant to chloroquine and other antimalar-
ials, along with growing evidence of toxicity of some reg-
imens, make recommendations for malaria prophylaxis in-
creasingly difficult. Absolute protection cannot be
guaranteed by any chemoprophylactic regimen currently
in use and the importance and effectiveness of methods of
avoiding bites from infected mosquitoes, such as the use of
protective clothing, bed netting, insect repellents, and in-
secticides must be stressed.2,7 WHO recommends the fol-
lowing measures to protect against mosquito bites: 
• application of an effective insect repellent to exposed

skin, especially between dusk and dawn when mosqui-
toes commonly bite 

• accommodation in buildings with screens over doors
and windows 

• use of mosquito nets at night, preferably impregnated
with pyrethroid insecticides such as permethrin or del-
tamethrin 

• and use of anti-mosquito sprays or insecticide dispens-
ers, or mosquito coils in bedrooms at night 

Studies have shown that insecticide-impregnated mosqui-
to nets can reduce mortality substantially.14 In addition to
these measures, travellers should be advised, even if
chemoprophylaxis has been taken regularly, to regard any
fever after the first week (especially within 3 months) and
for up to 1 year following possible exposure as being
caused by malaria and to seek medical advice immediate-
ly. Some authorities advise that travellers should also have
antimalarial drugs ready for emergency self-treatment
(standby treatment) when prompt medical attention is not
available (see below). 
Chemoprophylaxis should be reserved for those at high
risk, notably non-immune visitors; widespread chemo-
prophylaxis in immune or semi-immune populations is no
longer recommended except for women who are pregnant.
For the elderly, pregnant women, and children, careful
consideration should be given as to whether travel to areas
where falciparum malaria occurs is absolutely necessary.
WHO specifically advises pregnant women not to travel to
areas where transmission of P. falciparum occurs and also
advises against taking babies and young children to malar-
ious areas (particularly where there is transmission of P.
falciparum).2 Advice on chemoprophylaxis must be based
on a knowledge of the occurrence and susceptibility of
Plasmodium strains in specific geographical areas. Local
variations due to altitude, seasonal variations in tempera-
ture and rainfall, the degree of urbanisation, and many oth-
er factors further complicate the issue. WHO collates in-
formation provided by national health administrations and
regularly publishes this information to assist in advising
international travellers on the current situation; similar in-
formation is provided at national level by local institutes
specialising in tropical diseases. However, the situation is
so complex that advice differs. Recommendations issued
by various authorities are usually for short-term stays and
expert advice should be sought if long-term cover is re-
quired. 
It is generally recommended that chemoprophylaxis
should start about 1 week (or longer for mefloquine) be-
fore exposure to malaria, or if this is not possible at the
earliest opportunity up to 1 or 2 days before exposure; this
is partly to ensure that the patient is able to tolerate the
drug. Chemoprophylaxis should continue throughout ex-
posure and for at least 4 weeks after leaving the malarious
area, with the exception of atovaquone-proguanil (Malar-
one) which may be stopped one week after leaving. 
Prophylactic regimens. 
Depending upon the risk of infection and the availability
and standard of local medical care, WHO2 has made rec-
ommendations on chemoprophylaxis and/or standby treat-
ment for non-immune travellers: 
• in areas where there is limited risk of any malaria trans-

mission no chemoprophylaxis is needed; measures to
protect against mosquito bites should be used 

• in areas where P. falciparum is absent or still sensitive to
chloroquine, or there is a risk of P. vivax, travellers can
take chloroquine for prophylaxis 

• in areas with a risk of P. vivax and P. falciparum, as well
as emerging resistance to chloroquine, travellers can
take chloroquine plus proguanil 

• in areas of high risk of P. falciparum and where there is
multidrug resistance, or in areas of low to moderate risk
of P. falciparum but high levels of multidrug resistance,
mefloquine, doxycycline, or atovaquone-proguanil
(Malarone) is recommended. These recommendations
are subject to the local patterns of drug resistance 

WHO2 also recommends that for the small number of trav-
ellers who would be unable to obtain prompt medical at-
tention when malaria is suspected (within 24 hours of the
onset of symptoms), it may be necessary to provide for a
course of self-treatment (standby treatment). Clear in-
structions must be given and persons taking standby med-
ication must seek medical advice as soon as possible and
resume any prophylaxis on completing the course. The ba-
sis upon which the choice of prophylaxis is made (as de-
tailed above) in turn broadly determines the appropriate
choice of standby treatment. Thus one of the following
treatment regimens can be used: 
• artemether-lumefantrine 
• atovaquone-proguanil 
• quinine plus doxycycline or clindamycin 
In each instance, prophylaxis should be resumed 1 week
after the first standby treatment dose, except for meflo-
quine prophylaxis which should be resumed at least 12
hours after the last treatment dose of quinine. 
In the USA, recommendations for prophylaxis are provid-
ed by the CDC.15 For chloroquine-sensitive malaria, chlo-
roquine alone is advised; hydroxychloroquine is suggested
as an alternative. Travellers unable to take either of these 2
options should take atovaquone-proguanil (Malarone),
doxycycline, or mefloquine. For all areas with chloro-
quine-resistant malaria, 3 alternatives are available, meflo-
quine, doxycycline, or atovaquone-proguanil (Malarone).
Atovaquone-proguanil (Malarone) is recommended for
emergency standby treatment. The use of primaquine is
also advocated during the last 2 weeks of prophylaxis to
prevent relapses due to P. vivax or P. ovale in persons re-
turning from prolonged exposure in areas where relapsing
malaria is endemic. 
UK experts16 have also published guidelines for the proph-
ylaxis of malaria. In areas where P. falciparum is sensitive
to chloroquine, travellers can either take chloroquine or
proguanil for prophylaxis. In areas of little chloroquine re-
sistance travellers can take chloroquine plus proguanil,
while travellers to areas of high infection risk or where
there is chloroquine resistance may take mefloquine, doxy-
cycline, or atovaquone-proguanil (Malarone) as prophy-
laxis. Standby treatment with chloroquine is recommend-
ed for travellers to chloroquine-sensitive areas who do not
take any prophylaxis or who take proguanil as prophylax-
is. Atovaquone-proguanil (Malarone), artemether-lume-
fantrine (Riamet), or quinine plus doxycycline are recom-
mended in areas with chloroquine resistance. 
Malaria vaccines are under development and several are
currently undergoing clinical evaluation (see p.2221). 
Prophylaxis during pregnancy. The choice of drugs for
prophylaxis during pregnancy is limited and whenever
possible women who are pregnant or likely to become so
should avoid travelling to malarious areas (see also
above). In pregnant women who cannot avoid travelling to
endemic areas, chloroquine may be given alone for proph-
ylaxis in the few areas where P. falciparum is sensitive to
chloroquine, or with proguanil where resistance exists.2
Folate supplements (folic acid 5 mg daily) need to be taken
with proguanil. Mefloquine is normally avoided during the
first trimester but may be given during the second and third
trimesters and CDC15 and UK16 guidelines consider that it
may be used with caution in the first trimester, especially
in areas where there is a high risk of acquiring falciparum
malaria. Doxycycline, atovaquone-proguanil (Malarone),
or primaquine are contra-indicated in pregnant women by
most experts; the BNF considers that atovaquone-pro-
guanil (Malarone) should be avoided during pregnancy
unless there is no suitable alternative. In non-pregnant
women of child-bearing potential, pregnancy needs to be
avoided for 3 months after completing mefloquine prophy-
laxis and for one week following doxycycline prophylaxis. 
For those living in endemic areas, WHO7 recommends
that, in areas of stable transmission of P. falciparum malar-
ia, pregnant women and their newborn should sleep under
insecticide-treated nets; pregnant women should also be
given intermittent preventative treatment (IPT) with an
antimalarial drug, usually pyrimethamine-sulfadoxine
(Fansidar). The first dose should be given after quicken-
ing in the second trimester and further doses should be giv-
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en at intervals at least one month apart. For maximum ben-
efit 2 to 3 doses of IPT should be given. For further
information on the use of pyrimethamine in pregnancy, see
under Precautions for Pyrimethamine, p.611. In areas of
low or unstable malaria transmission, where pregnant
women have low immunity to malaria, use of insecticide-
treated nets and prompt case management of pregnant
women with fever and malarial illness is recommended. In
addition, all pregnant women should take iron and folate
supplements. 
Prophylaxis during breast feeding. It is generally ac-
cepted for most antimalarials that the amounts distributed
into breast milk and consumed by nursing infants are too
small to be harmful, although they are also too small to
provide protection.2,15 However, doxycycline is contra-in-
dicated during breast feeding, and advice regarding
atovaquone-proguanil varies: in the UK it is contra-indi-
cated, though it may be used if no suitable alternative is
available,16 but in the USA it may be given once the infant
weighs over 5 kg.15 Although there has been concern that
infants given prophylaxis with mefloquine who also in-
gested the drug from breast milk might be receiving exces-
sive quantities,15 mefloquine is probably safe to use in
breast-feeding mothers.16 
Prophylaxis in children. Chloroquine and proguanil may
be given in scaled down doses to children of all ages but
the choice of alternative drugs may be restricted, especial-
ly in very young children, and consideration should be giv-
en to whether their travel to malarious areas is absolutely
necessary (see also above). Mefloquine is an option for use
in children and infants weighing 5 kg or more if travelling
to areas with chloroquine-resistant P. falciparum and
atovaquone-proguanil (Malarone) may be given to chil-
dren weighing 11 kg or more; the CDC considers that it
may be used in infants weighing at least 5 kg. Doxycycline
is contra-indicated in children less than 8 years of age, and
higher age limits may apply in some countries such as the
UK.2,15,16 
Prophylaxis in epilepsy. In subjects with a history of epi-
lepsy, the UK guidelines16 advise that both chloroquine
and mefloquine are unsuitable for prophylaxis. In areas
without chloroquine resistance, proguanil alone is recom-
mended. In areas with a high risk of chloroquine resist-
ance, atovaquone-proguanil (Malarone) or doxycycline
may be considered, but the metabolism of doxycycline
may be influenced by antiepileptics. Dapsone with py-
rimethamine (Maloprim) was considered to have been of
particular value in travellers with epilepsy, especially chil-
dren, but is no longer available in the UK. 
Prophylaxis in HIV-infected travellers. HIV-infected
travellers may take chloroquine routinely for antimalarial
prophylaxis but its potential immunosuppressive effects
should be recognised; proguanil, mefloquine, or doxycy-
cline can also be used. Although patients with AIDS may
be at increased risk of adverse effects to sulfonamides, a
combination such as pyrimethamine-sulfadoxine (Fansid-
ar) can be used for standby treatment if an alternative is
not available.
1. WHO. Roll Back Malaria: a global partnership. Available at:

http://www.rollbackmalaria.org (accessed 26/04/06) 
2. WHO. International travel and health. 2008 ed. Available at:

http://www.who.int/ith/en (accessed 04/03/08) 
3. WHO. Guidelines for the treatment of malaria. Geneva: WHO,

2006. Available at: http:/ /www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 19/05/06) 

4. Greenwood BM, et al. Malaria. Lancet 2005; 365: 1487–98. 
5. White NJ. The treatment of malaria. N Engl J Med 1996; 335:

800–806. 
6. Bloland PB. Drug resistance in malaria. Geneva: WHO, 2001.

Available at: http://www.who.int/entity/csr/resources/
publications/drugresist/malaria.pdf (accessed 17/06/08) 

7. WHO. Strategic orientation paper on prevention and control of
malaria; for national and international programme officers in-
volved in malaria control at country level; first edition. Geneva:
WHO, 2005. Available at: http://www.who.int/malaria/docs/
trainingcourses/NPOreport.pdf (accessed 19/05/06) 

8. British Infection Society. Algorithm for initial assessment and
management of malaria in adults (issued February 2007). Avail-
able at: http://www.britishinfectionsociety.org/documents/
MalariaAlgorithm07.pdf (accessed 28/09/07) 

9. Lalloo DG, et al.. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. UK malaria treatment guidelines. J Infect
2007; 54: 111–21. 

10. CDC. Treatment guidelines: treatment of malaria (guidelines for
clinicians) (issued 28th June 2004, updated 24th May 2007).
Available at: http://www.cdc.gov/malaria/pdf/clinicalguid-
ance.pdf (accessed 28/09/07) 

11. Prasad K, Garner P. Steroids for treating cerebral malaria. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 1999 (accessed 17/05/05). 

12. Orton L, Garner P. Drugs for treating uncomplicated malaria in
pregnant women. Available in The Cochrane Database of Sys-
temic Reviews; Issue 3. Chichester: John Wiley; 2005 (accessed
19/05/06). 

13. Manenti F, et al. Treatment of hyperreactive malarial splenom-
egaly syndrome. Lancet 1994; 343: 1441–2. 

14. Lengeler C. Insecticide-treated bed nets and curtains for pre-
venting malaria. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 2. Chichester: John Wiley; 2004 (ac-
cessed 18/08/05). 

15. CDC. Malaria. In: The Yellow Book: CDC Health Information
for International Travel; 2008. Available at: 
http://wwwn.cdc.gov/travel/yellowBookCh4-Malaria.aspx (ac-
cessed 28/09/07) 

16. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at:
ht tp: / /www.hpa.org.uk/web/HPAwebFile/HPAweb_C/
1203496943523 (accessed 17/06/08)

Amodiaquine (BAN, rINN)

Amodiaquina; Amodiaquinum. 4-(7-Chloro-4-quinolylamino)-2-
(diethylaminomethyl)phenol.
Амодиахин
C20H22ClN3O = 355.9.
CAS — 86-42-0.
ATC — P01BA06.

Pharmacopoeias. In Int. and US. 
USP 31 (Amodiaquine). Very pale yellow to light tan-yellow,
odourless, powder. Practically insoluble in water; slightly solu-
ble in alcohol; sparingly soluble in 1.0N hydrochloric acid. Store
in airtight containers.

Amodiaquine Hydrochloride (BANM, rINNM)

Amodiaquine, Chlorhydrate d’; Amodiaquini Hydrochloridum;
Hidrocloruro de amodiaquina. 4-(7-Chloro-4-quinolylamino)-2-
(diethylaminomethyl)phenol dihydrochloride dihydrate.
Амодиахина Гидрохлорид
C20H22ClN3O,2HCl,2H2O = 464.8.
CAS — 69-44-3 (anhydrous amodiaquine hydrochloride);
6398-98-7 (amodiaquine hydrochloride dihydrate).
ATC — P01BA06.
Pharmacopoeias. In Fr., Int., and US. 
USP 31 (Amodiaquine Hydrochloride). A yellow, odourless,
crystalline powder. Soluble 1 in 25 of water and 1 in 78 of alco-
hol; very slightly soluble in chloroform, in ether, and in benzene.
Store in airtight containers.
Sorption. For reference to loss of amodiaquine hydrochloride
from solutions during membrane filtration, see Chloroquine,
p.599.
Adverse Effects and Precautions
As for Chloroquine, p.599, although amodiaquine was associat-
ed with hepatitis and a much higher incidence of agranulocytosis
when it was used for the prophylaxis of malaria.
Incidence of adverse effects. Early isolated reports of severe
neutropenia with amodiaquine usually concerned use in anti-in-
flammatory doses for rheumatoid arthritis, but there was a cluster
of cases in 1986 associated with its use in malaria prophylaxis.1
In all, 23 cases of agranulocytosis, 7 of which were fatal, were
reported in the UK, USA, and Switzerland during a 12-month
period ending March 1986. Nearly all of these patients had used
the drug at a dosage of 400 mg weekly and the periods of expo-
sure ranged from 3 to 24 weeks.1 Some of these patients also had
evidence of liver damage1 and there have been other reports of
hepatotoxicity associated with the prophylactic use of amodi-
aquine.2 Examination of data submitted to the UK CSM3 sug-
gested that the frequency of adverse reactions to amodiaquine
was about 1 in 1700 for serious reactions, 1 in 2200 for blood
disorders, 1 in 15 650 for serious hepatic disorders, and 1 in
15 650 for fatal reactions. In contrast the frequency of agranulo-
cytosis in users in France4 has been estimated to be 1 in 25 000.
Worldwide4 the risk of severe reactions appears to be between 1
in 1000 and 1 in 5000. The manufacturers reportedly had 42 cas-
es of serious adverse effects during amodiaquine prophylaxis,
between 1985 and 1991; there were 28 cases of agranulocytosis
(9 deaths) and 14 of hepatitis (3 deaths).5 Whether there was sig-
nificantly less risk when amodiaquine was given for treatment of
malaria rather than prophylaxis was not certain.6 
It has been suggested that an immunological reaction to amodi-
aquine quinone imine, which can be produced by autoxidation
among other processes, may partially account for amodiaquine’s
greater tendency to induce agranulocytosis compared with chlo-
roquine.7,8 
The acute toxicity of amodiaquine appears to differ from that of
chloroquine in that there have been no reports of cardiovascular
symptoms after overdosage with amodiaquine9 but intoxication
with amodiaquine is also far less frequent than chloroquine poi-

soning. However, large doses of amodiaquine have been report-
ed to produce syncope, spasticity, convulsions, and involuntary
movements.9
1. Anonymous. Amodiaquine and agranulocytosis. WHO Drug Inf

1987; 1: 5–6. 
2. Larrey D, et al. Amodiaquine-induced hepatitis. Ann Intern Med

1986; 104: 801–3. 
3. Phillips-Howard PA, West LJ. Serious adverse drug reactions to

pyrimethamine–sulphadoxine, pyrimethamine–dapsone and to
amodiaquine in Britain. J R Soc Med 1990; 83: 82–5. 

4. Anonymous. Development of recommendations for the protec-
tion of short-stay travellers to malaria endemic areas: memoran-
dum from two WHO meetings. Bull WHO 1988; 66: 177–96. 

5. Olliaro P, et al. Systematic review of amodiaquine treatment in
uncomplicated malaria. Lancet 1996; 348: 1196–1201. 

6. White NJ. Can amodiaquine be resurrected? Lancet 1996; 348:
1184–5. 

7. Winstanley PA, et al. The toxicity of amodiaquine and its princi-
pal metabolites towards mononuclear leucocytes and granulo-
cyte/monocyte colony forming units. Br J Clin Pharmacol 1990;
29: 479–85. 

8. Park BK, Kitteringham NR. Drug–protein conjugation and its
immunological consequences. Drug Metab Rev 1990; 22:
87–144. 

9. Jaeger A, et al. Clinical features and management of poisoning
due to antimalarial drugs. Med Toxicol 1987; 2: 242–73.

Pregnancy. A study1 to assess the safety and efficacy of amodi-
aquine or amodiaquine plus sulfadoxine-pyrimethamine in 900
pregnant women (in their second or third trimester) reported that
PCR-corrected parasitological failure by day 28 was 14%, 11%,
3%, and 0% in those given chloroquine, sulfadoxine-pyrimeth-
amine, amodiaquine alone, and amodiaquine plus sulfadoxine-
pyrimethamine, respectively. No serious adverse effects were re-
ported. 
WHO considers that amodiaquine may be an alternative to chloro-
quine for treatment of malaria due to P. vivax during pregnancy
(see Treatment of Malaria during Pregnancy, under Malaria,
p.594).
1. Tagbor H, et al. Efficacy, safety, and tolerability of amodiaquine

plus sulphadoxine-pyrimethamine used alone or in combination
for malaria treatment in pregnancy: a randomised trial. Lancet
2006; 368: 1349–56.

Pharmacokinetics
Amodiaquine hydrochloride is readily absorbed from the gas-
trointestinal tract. Amodiaquine is rapidly converted in the liver
to the active metabolite desethylamodiaquine, only a negligible
amount of amodiaquine being excreted unchanged in the urine.
The plasma elimination half-life of desethylamodiaquine has
varied from 1 to 10 days or more. Amodiaquine and desethyl-
amodiaquine have been detected in the urine several months af-
ter use.
◊ References.
1. Winstanley P, et al. The disposition of amodiaquine in man after

oral administration. Br J Clin Pharmacol 1987; 23: 1–7. 
2. White NJ, et al. Pharmacokinetics of intravenous amodiaquine.

Br J Clin Pharmacol 1987; 23: 127–35. 
3. Winstanley PA, et al. The disposition of amodiaquine in Zam-

bians and Nigerians with malaria. Br J Clin Pharmacol 1990; 29:
695–701. 

4. Krishna S, White NJ. Pharmacokinetics of quinine, chloroquine
and amodiaquine: clinical implications. Clin Pharmacokinet
1996; 30: 263–99.

Uses and Administration
Amodiaquine is a 4-aminoquinoline antimalarial with an action
similar to that of chloroquine (p.602). It is as effective as chloro-
quine against chloroquine-sensitive strains of Plasmodium falci-
parum and is also effective against some chloroquine-resistant
strains, although resistance to amodiaquine has developed and
there may be partial cross-resistance between amodiaquine and
chloroquine. To prevent the emergence and spread of drug resist-
ant parasites WHO recommends that amodiaquine be given with
an artemisinin derivative, such as artesunate, for the treatment of
falciparum malaria. Amodiaquine is not recommended for the
prophylaxis of malaria because of resistance and the risk of ma-
jor toxicity. 
Amodiaquine is given orally as the hydrochloride, but doses are
expressed in terms of amodiaquine base; amodiaquine hydro-
chloride 260 mg is equivalent to about 200 mg of amodiaquine
base. For the treatment of falciparum malaria and uncomplicated
chloroquine-resistant vivax malaria a total dose of 30 mg/kg is
given over 3 days (10 mg/kg daily for 3 days). Treatment of
vivax malaria must be followed by radical cure with primaquine. 
A fixed-dose combination product of amodiaquine and artesuna-
te (ASAQ) has been developed in order to improve patient adher-
ence and avoid monotherapy, thereby decreasing the risk of ac-
quired drug resistance, and is available in some countries.
◊ References.
1. Olliaro P, Mussano P. Amodiaquine for treating malaria. Availa-

ble in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2003 (accessed 17/05/05). 

2. McIntosh HM, Jones KL. Chloroquine or amodiaquine com-
bined with sulfadoxine-pyrimethamine for treating uncomplicat-
ed malaria. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2005 (accessed
18/07/06). 

3. Bukirwa H, Critchley J. Sulfadoxine-pyrimethamine plus artesu-
nate versus sulfadoxine-pyrimethamine plus amodiaquine for
treating uncomplicated malaria. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2006 (accessed 18/07/06).
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Preparations
USP 31: Amodiaquine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Fr.: Flavoquine; India: Basoquin; Camoquin; Ipcaquin†.

Multi-ingredient: Belg.: Amonate; China: Artemodi; India: Larimal†.

Artemisinin Derivatives
Artemisinina, derivados.

Artemether (BAN, rINN)

Artemeetteri; Artemeter; Artemetero; Artéméther; Artemeth-
erum; Dihydroartemisinin Methyl Ether; Dihydroqinghaosu Me-
thyl Ether; o-Methyldihydroartemisinin; SM-224. (3R,5aS,-
6R,8aS,9R,10S,12R,12aR)-Decahydro-10-methoxy-3,6,9-trime-
thyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin.

Артеметер

C16H26O5 = 298.4.
CAS — 71963-77-4.
ATC — P01BE02.

Pharmacopoeias. In Chin. and Int.

Artemisinin (rINN)

Arteannuin; Artemisinina; Artémisinine; Artemisinine; Artemisi-
ninum; Huanghuahaosu; Qinghaosu. (3R,5aS,6R,8aS,9R,12S,12aR)-
Octahydro-3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-
benzodioxepin-10(3H)-one.

Артемизинин

C15H22O5 = 282.3.
CAS — 63968-64-9.
ATC — P01BE01.

Pharmacopoeias. In Chin., Int., and Viet.

Artemotil (rINN)

Artémotil; Artemotilo; Artemotilum; Beta-arteether; Dihy-
droartemisinin Ethyl Ether; Dihydroqinghaosu Ethyl Ether; SM-
227. (3R,5aS,6R,8aS,9R,10S,12R,12aR)-Decahydro-10-ethoxy-
3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodiox-
epin.

Артемотил

C17H28O5 = 312.4.
CAS — 75887-54-6.
ATC — P01BE04.

Pharmacopoeias. In Int.

Artenimol (USAN, rINN)

Arténimol; Artenimolum; Dihydroartemisinin; Dihydroqinghao-
su. (3R,5aS,6R,8aS,9R,10S,12R,12aR)-Decahydro-3,6,9-trimethyl-
3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin-10-ol.
Артенимол
C15H24O5 = 284.3.
CAS — 81496-81-3.
ATC — P01BE05.

Pharmacopoeias. In Chin. and Int.

Artesunate (BAN, USAN, rINN)

Artésunate; Artesunato; Artesunatum. (3R,5aS,6R,8aS,9R,10S,-
12R,12aR)-Decahydro-3,6,9-trimethyl-3,12-epoxy-12H-pyrano-
[4,3-j]-1,2-benzodioxepin-10-ol hydrogen succinate.
Артезунат
C19H28O8 = 384.4.
CAS — 83507-69-1; 88495-63-0; 182824-33-5.
ATC — P01BE03.

Pharmacopoeias. In Int. and Viet.

Sodium Artesunate (BANM, rINNM)

Artésunate de Sodium; Artesunato sódico; Dihydroartemisinin
Hemisuccinate Sodium; Dihydroqinghaosu Hemisuccinate Sodium;
Natrii Artesunatum; SM-804. (3R,5aS,6R,8aS,9R,10S,12R,12aR)-
Decahydro-3,6,9-trimethyl-3,12-epoxy-12H-pyrano-[4,3-j]-1,2-
benzodioxepin-10-ol hydrogen succinate sodium.
Натрий Артезунат
C19H27O8Na = 406.4.

Adverse Effects and Precautions
Artemisinin and its derivatives appear to be generally
well tolerated, although there have been reports of mild
gastrointestinal disturbance (including nausea, vomit-
ing, diarrhoea, and abdominal pain), dizziness, head-
ache, tinnitus, neutropenia, elevated liver enzyme val-
ues, and ECG abnormalities including prolongation of
the QT interval. 
Evidence of severe neurotoxicity has been seen in ani-
mals given high doses.
◊ General references to adverse effects associated with artemisi-
nin derivatives.
1. Price R, et al. Adverse effects in patients with acute falciparum

malaria treated with artemisinin derivatives. Am J Trop Med Hyg
1999; 60: 547–55.

Effects on the blood. For a report of severe haemolytic anae-
mia occurring in patient after taking artemether-lumefantrine,
see p.605.
Effects on the heart. Bradycardia was reported in 10 of 34
patients who received artemether orally for 4 days.1
1. Karbwang J, et al. Comparison of oral artemether and meflo-

quine in acute uncomplicated falciparum malaria. Lancet 1992;
340: 1245–8.

Effects on the nervous system. Neurotoxicity has been re-
ported in animals given artemotil or artemether.1 An in-vitro
study2 has shown that artenimol (dihydroartemisinin), the
metabolite common to all artemisinin derivatives currently used,
is neurotoxic. There has been a report3 of acute cerebellar dys-

function manifesting as ataxia and slurred speech in a patient
who took a 5-day course of artesunate by mouth.
1. Brewer TG, et al. Neurotoxicity in animals due to arteether and

artemether. Trans R Soc Trop Med Hyg 1994; 88 (suppl 1): 33–6. 
2. Wesche DL, et al. Neurotoxicity of artemisinin analogs in vitro.

Antimicrob Agents Chemother 1994; 38: 1813–19. 
3. Miller LG, Panosian CB. Ataxia and slurred speech after artesu-

nate treatment for falciparum malaria. N Engl J Med 1997; 336:
1328.

Pregnancy. Artesunate or artemether was used to treat multid-
rug-resistant falciparum malaria in 83 pregnant women in Thai-
land; of 73 pregnancies resulting in live births none showed evi-
dence of any congenital abnormality.1 Sixteen of the women
were given artesunate during the first trimester; of these, 12 had
normal deliveries, 1 was lost to study, and 3 had spontaneous
abortions. 
No undue adverse effects on the neonates occurred in a study2

involving 45 women treated for multidrug-resistant malaria dur-
ing their second or third trimester of pregnancy with either arte-
mether or artemether plus mefloquine. Intramuscular artemether
was also used to treat chloroquine/quinine-resistant falciparum
malaria in 28 pregnant women in eastern Sudan. Artemether was
given to 1 woman during the first trimester, to 12 during the sec-
ond trimester, and to 15 during the third trimester. One baby was
delivered at 32 weeks but died 6 hours later; all the other babies
were delivered at full term and there were no reports of congen-
ital abnormalities.3 
WHO4 recommends that, where available, artesunate is the first
option, and artemether is the second, for the parenteral treatment
of severe falciparum malaria during the second and third trimes-
ters. In the first trimester, until more evidence becomes available,
artesunate may be considered as an option.
1. McGready R, et al. Artemisinin derivatives in the treatment of

falciparum malaria in pregnancy. Trans R Soc Trop Med Hyg
1998; 92: 430–3. 

2. Sowunmi A, et al. Randomised trial of artemether versus arte-
mether and mefloquine for the treatment of chloroquine/suf-
adoxine[sic]-pyrimethamine-resistant falciparum malaria during
pregnancy. J Obstet Gynaecol 1998; 18: 322–7. 

3. Adam I, et al. Artemether in the treatment of falciparum malaria
during pregnancy in eastern Sudan. Trans R Soc Trop Med Hyg
2004; 98: 509–13. 

4. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 21/06/06)

Interactions
Use of artemisinin derivatives with drugs that prolong
the QT interval should be avoided if possible; caution
is advised when artemisinin derivatives are given with
other antimalarials that have this propensity.
Grapefruit juice. The oral bioavailability of artemether may be
increased if taken with grapefruit juice.1
1. van Agtmael MA, et al. The effect of grapefruit juice on the

time-dependent decline of artemether plasma levels in healthy
subjects. Clin Pharmacol Ther 1999; 66: 408–14.

Pharmacokinetics
Peak plasma concentrations have been achieved in
about 3 hours after oral doses of artemether, in about 6
hours after intramuscular injection of artemether, and
in about 11 hours after rectal artemisinin. Artemisinin
derivatives (but not artemisinin) are rapidly hydrolysed
to various extents to the active metabolite arterimol (di-
hydroartemisinin). Reported elimination half-lives
have been about 45 minutes after intravenous doses of
artesunate, about 4 hours after rectal artemisinin, and
about 4 to 11 hours after intramuscular or oral arte-
mether. There are very few published data on the phar-
macokinetics of artemotil, but its elimination half-life
appears to be longer than that of artemether.
◊ Reviews.
1. White NJ, et al. Clinical pharmacokinetics and pharmacodynam-

ics of artemether-lumefantrine. Clin Pharmacokinet 1999; 37:
105–25. 

2. Navaratnam V, et al. Pharmacokinetics of artemisinin-type com-
pounds. Clin Pharmacokinet 2000; 39: 255–70.

Uses and Administration
Artemisinin is a sesquiterpene lactone isolated from
Artemisia annua, a herb that has traditionally been
used in China for the treatment of malaria. It is a potent
and rapidly acting blood schizontocide active against
Plasmodium vivax and against both chloroquine-sensi-
tive and chloroquine-resistant strains of P. falciparum. 
Artemisinin has been given orally or rectally in the
treatment of malaria; regimens were often empirical
with typical rectal doses ranging from 10 to 40 mg/kg
daily over a variable number of days. However, it has
largely been replaced in practice by its derivatives such
as artemether and artesunate. 
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The following doses are recommended by WHO for
the treatment of uncomplicated falciparum malaria. 
Artesunate, when used with other antimalarials (amo-
diaquine, mefloquine, or pyrimethamine-sulfadoxine),
is given orally to adults and children in a dose of
4 mg/kg daily, as a single dose, for 3 days. 
Artemether is given orally with lumefantrine; 6 doses
in total are given, the first at diagnosis and repeated af-
ter 8, 24, 36, 48, and 60 hours. Each dose is: 
• adults and children weighing over 34 kg, artemether

80 mg with lumefantrine 480 mg 
• children 5 to 14 kg, artemether 20 mg with lumefan-

trine 120 mg 
• children 15 to 24 kg, artemether 40 mg with lume-

fantrine 240 mg 
• children 25 to 34 kg, artemether 60 mg with lume-

fantrine 360 mg 
For parenteral use in severe malaria, WHO recom-
mends: 
• for adults or children, artesunate 2.4 mg/kg intrave-

nously or intramuscularly, repeated after 12 and 24
hours and then once daily thereafter 

• as an alternative in children, artemether 3.2 mg/kg
intramuscularly, followed by 1.6 mg/kg daily there-
after. For both drugs the patient should be transferred
to oral therapy as soon as possible 

A fixed-dose combination product containing artesu-
nate and amodiaquine (ASAQ) has been developed in
order to improve patient adherence and avoid mono-
therapy, thereby decreasing the risk of acquired drug
resistance, and is available in some countries. 
Other derivatives of artemisinin, such as artemotil and
alpha-beta arteether, are under investigation or com-
mercial development (see Administration of Artemisi-
nin Derivatives, below).
◊ Reviews.
1. McIntosh HM, Olliaro P. Artemisinin derivatives for treating un-

complicated malaria. Available in The Cochrane Database of
Systematic Reviews; Issue 2. Chichester: John Wiley; 1999 (ac-
cessed 17/05/05). 

2. McIntosh HM, Olliaro P. Artemisinin derivatives for treating se-
vere malaria. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
17/05/05). 

3. Olliaro PL, Taylor WR. Developing artemisinin based drug com-
binations for the treatment of drug resistant falciparum malaria:
a review. J Postgrad Med 2004; 50: 40–4. 

4. Ashley EA, White NJ. Artemisinin-based combinations. Curr
Opin Infect Dis 2005; 18: 531–6. 

5. Davis TME, et al. Artemisinin-based combination therapies for
uncomplicated malaria. Med J Aust 2005; 182: 181–5. 

6. Bukirwa H, Critchley J. Sulfadoxine-pyrimethamine plus artesu-
nate versus sulfadoxine-pyrimethamine plus amodiaquine for
treating uncomplicated malaria. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2006 (accessed 18/07/06). 

7. Aweeka FT, German PI. Clinical pharmacology of artemisinin-
based combination therapies. Clin Pharmacokinet 2008; 47:
91–102.

Administration of artemisinin derivatives. To overcome
the poor solubility of artemisinin in water a number of dosage
forms and routes have been tried. Also, several more potent de-
rivatives with more suitable pharmaceutical properties have been
developed, notably the methyl ether derivative, artemether, and
the ethyl ether derivative, artemotil, which are more lipid solu-
ble; the sodium salt of the hemisuccinate ester, sodium artesuna-
te, which is soluble in water but appears to have poor stability in
aqueous solutions; and sodium artelinate, which is both soluble
and stable in water. Other derivatives that have been studied in-
clude arteflene. 
Several preparations of artemisinin derivatives are available ei-
ther commercially or for studies organised by bodies such as
WHO. These include oral formulations of artemether, artesunate,
artemisinin itself, and artenimol; intramuscular formulations of
artemotil, artemether, and artesunate; intravenous formulations
of artelinic acid and artesunate; and suppositories of artemisinin,
artesunate, and artinimol.
Malaria. The overall management of malaria and the place of
artemisinin derivatives in current recommendations are dis-
cussed on p.594. In an attempt to delay the development of resist-
ance to these compounds, WHO at one time recommended that
their use be restricted to the treatment of malaria in areas of doc-
umented multidrug resistance and that they should not be used at
all for prophylaxis. However, the development of resistance to
conventional treatment has now led WHO to recommend the use
in such circumstances of combination therapies containing ar-
temisinin derivatives (artemisinin-based combination therapies,

also known as ACTs). The following combination therapies are
recommended: 
• artemether-lumefantrine 
• artesunate plus amodiaquine 
• artesunate plus pyrimethamine-sulfadoxine (Fansidar) 
• artesunate plus mefloquine 
Artemether-lumefantrine is now also recommended in the UK as
an alternative to quinine-based therapy for uncomplicated falci-
parum malaria. 
In acute uncomplicated malaria artemisinin derivatives are usu-
ally given by mouth. Those used have been artemisinin, arte-
mether, or artesunate. Parenteral therapy is generally necessary
in severe malaria and WHO recommends1 artesunate intrave-
nously or intramuscularly in adults and children, or artemether
intramuscularly in children, as alternatives to quinine for severe
malaria. A systematic review2 has suggested that intravenous
artesunate should be the drug of choice in adults with severe ma-
laria, particularly if acquired in Asia. Rectal artesunate has been
successful and is recommended by WHO1 if parenteral therapy
is not possible.
1. WHO. Guidelines for the treatment of malaria. Geneva: WHO,

2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 21/06/06) 

2. Jones KL, et al. Artesunate versus quinine for treating severe
malaria. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2007 (accessed
05/06/08).

Schistosomiasis. Findings of a reduced intensity of Schisto-
soma mansoni infection in patients treated with sodium artesuna-
te for malaria1 prompted further investigation into the use of arte-
misinin derivatives for the control of schistosomiasis (p.138). A
double-blind placebo-controlled study2 in children negative for
S. mansoni found a significantly lower incidence of infection in
those given artemether orally. There was also a significant reduc-
tion in the prevalence of Plasmodium falciparum infection. A
number of studies in China have confirmed the benefits of arte-
mether or artesunate, often with praziquantel, against S. japoni-
cum.3
1. De Clercq D, et al. Efficacy of artesunate against Schistosoma

mansoni infections in Richard Toll, Senegal. Trans R Soc Trop
Med Hyg 2000; 94: 90–1. 

2. Utzinger J, et al. Oral artemether for prevention of Schistosoma
mansoni infection: randomised controlled trial. Lancet 2000;
355: 1320–5. 

3. Xiao S-H. Development of antischistosomal drugs in China, with
particular consideration to praziquantel and the artemisinins.
Acta Trop 2005; 96: 153–67.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Arinate; Artesiane; Braz.: Paluther; Plasmotrim; China: Cotecxin;
India: Betamotil; E Mal; Falcigo; Falcinil; Larinate; Larither; Mosether; Rap-
ither-AB; Neth.: Artecef; Thai.: Plasmotrim†.
Multi-ingredient: Austral.: Riamet; Austria: Riamet; Belg.: Amonate;
Co-Arinate; Co-Artesiane; China: Artemodi; Duo-Cotecxin; Cz.: Riamet;
Fr.: Riamet; Ger.: Riamet; Gr.: Riamet; Hong Kong: Riamet†; India: Arte-
mal†; Larimal†; Neth.: Riamet; Norw.: Riamet†; Port.: Riamet; S.Afr.:
Coartem; Swed.: Riamet; Switz.: Riamet; Thai.: Coartem; UK: Riamet.

Chloroquine (BAN, rINN)

Chloroquinum; Cloroquina; Klorokiini; Klorokin. 4-(7-Chloro-4-
quinolylamino)pentyldiethylamine; 7-Chloro-4-(4-diethylamino-
1-methylbutylamino)quinoline.
Хлорохин
C18H26ClN3 = 319.9.
CAS — 54-05-7.
ATC — P01BA01.

Pharmacopoeias. In US. 
USP 31 (Chloroquine). A white or slightly yellow, odourless,
crystalline powder. M.p. 87° to 92°. Very slightly soluble in wa-
ter; soluble in chloroform, in ether, and in dilute acids. Store at a
temperature of 25°, excursions permitted between 15° and 30°.

Chloroquine Hydrochloride (BANM, rINNM)

Chloroquine, Chlorhydrate de; Chloroquini Hydrochloridum;
Hidrocloruro de cloroquina.
Хлорохина Гидрохлорид
C18H26ClN3,2HCl = 392.8.
CAS — 3545-67-3.
ATC — P01BA01.
Pharmacopoeias. US includes an injection.

Chloroquine Phosphate (BANM, rINNM)

Chingaminum; Chlorochin-difosfát; Chlorochinium Phosphori-
cum; Chlorochinum Diphosphoricum; Chlorochiny fosforan;
Chlorokvino fosfatas; Chloroquine, phosphate de; Chloroquini
Diphosphas; Chloroquini phosphas; Fosfato de cloroquina; Klor-
okiinifosfaatti; Klorokinfosfat; Klorokin-foszfát; Quingamine; SN-
7618.
Хлорохина Фосфат
C18H26ClN3,2H3PO4 = 515.9.
CAS — 50-63-5.
ATC — P01BA01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Chloroquine Phosphate). A white or almost white,
hygroscopic, crystalline powder. It exists in two forms, one melt-
ing at about 195° and the other at about 218°. Freely soluble in
water; very slightly soluble in alcohol and in methyl alcohol. A
10% solution in water has a pH of 3.8 to 4.3. Store in airtight con-
tainers. Protect from light. 
USP 31 (Chloroquine Phosphate). A white, odourless, crystal-
line powder, which slowly discolours on exposure to light. It ex-
ists in two polymorphic forms, one melting between 193° and
195° and the other between 210° and 215°; mixture of the two
forms melts between 193° and 215°. Freely soluble in water;
practically insoluble in alcohol, in chloroform, and in ether. Its
solutions have a pH of about 4.5.

Chloroquine Sulfate (rINNM)

Chlorochin-sulfát monohydrát; Chlorochiny siarczan; Chlo-
rokvino sulfatas; Chloroquine, sulfate de; Chloroquine Sulphate
(BANM); Chloroquini sulfas; Chloroquini Sulfas Monohydricus;
Chloroquini Sulphas; Klorokiinisulfaatti; Klorokinsulfat; Klorokin-
szulfát; RP-3377; Sulfato de cloroquina.
Хлорохина Сульфат
C18H26ClN3,H2SO4,H2O = 436.0.
CAS — 132-73-0 (anhydrous chloroquine sulfate).
ATC — P01BA01.
Pharmacopoeias. In Eur. (see p.vii) and Int. 
Ph. Eur. 6.2 (Chloroquine Sulphate). A white or almost white
crystalline powder. Freely soluble in water and in methyl alco-
hol; very slightly soluble in alcohol. An 8% solution in water has
a pH of 4.0 to 5.0. Store in airtight containers. Protect from light.
Sorption. Studies using low concentrations of chloroquine
phosphate or chloroquine sulfate indicate that chloroquine exhib-
its pH-dependent binding to several materials used in medical
equipment and membrane filters, including soda glass and vari-
ous plastics such as cellulose acetate, cellulose propionate, meth-
acrylate butadiene styrene, polypropylene, PVC, ethylvinyl ace-
tate, and polyethylene.1-3 Although this effect may not be of
relevance at doses used clinically,4 laboratory workers undertak-
ing assays and sensitivity testing must recognise that significant
reductions in concentrations can occur when chloroquine is pre-
pared or stored in equipment made from these materials.2,3 As
the effect of borosilicate glass or polystyrene appears to be min-
imal, it has been suggested that they may be suitable for use in
such procedures.2,3 
Similar sorption has also been reported during membrane filtra-
tion of solutions of amodiaquine hydrochloride, mefloquine hy-
drochloride, or quinine sulfate.1
1. Baird JK, Lambros C. Effect of membrane filtration of antima-

larial drug solutions on in vitro activity against Plasmodium fal-
ciparum. Bull WHO 1984; 62: 439–44. 

2. Yahya AM, et al. Binding of chloroquine to glass. Int J Pharma-
ceutics 1985; 25: 217–23. 

3. Yahya AM, et al. Investigation of chloroquine binding to plastic
materials. Int J Pharmaceutics 1986; 34: 137–43. 

4. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73.

Adverse Effects
Adverse effects experienced with dosage regimens of
chloroquine used in the treatment and prophylaxis of
malaria are generally less common and less severe than
those associated with the higher doses used for pro-
longed periods in rheumatoid arthritis. 
Frequent adverse effects of chloroquine include head-
ache, various skin eruptions, pruritus, and gastrointes-
tinal disturbances such as nausea, vomiting, and diar-
rhoea. More rarely, mental changes including psy-
chotic episodes, agitation, and personality changes
may occur. Convulsions have been reported. 
Visual disturbances such as blurred vision and difficul-
ties in focusing have occurred but these are more com-
mon with higher doses, when they may be associated
with keratopathy or retinopathy, as discussed under Ef-
fects on the Eyes, below. Keratopathy usually occurs in
the form of corneal opacities and is normally reversible
when chloroquine is withdrawn. Retinopathy is the
most serious adverse effect of chloroquine on the eyes
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and it can result in severe visual impairment. Changes
may be irreversible and can even progress after chloro-
quine is stopped. Those taking high doses of chloro-
quine for prolonged periods appear to be at greatest
risk of developing retinopathy. 
Other uncommon adverse effects from prolonged use
include loss of hair, bleaching of hair pigment, bluish-
black pigmentation of the mucous membranes and
skin, photosensitivity, tinnitus, reduced hearing, nerve
deafness, neuromyopathy, and myopathy, including
cardiomyopathy. 
Blood disorders have been reported rarely. They in-
clude aplastic anaemia, reversible agranulocytosis,
thrombocytopenia, and neutropenia. 
There have also been rare reports of changes in liver
function, including hepatitis and abnormal liver func-
tion tests. 
Parenteral therapy with chloroquine can be hazardous
and rapid intravenous dosage or the use of high doses
can result in cardiovascular toxicity and other symp-
toms of acute overdosage. 
Acute overdosage with chloroquine is extremely dan-
gerous and death can occur within a few hours. Initial
effects include headache, gastrointestinal disturbances,
drowsiness, and dizziness. Hypokalaemia may occur
within a few hours of ingestion of chloroquine. Visual
disturbances may be dramatic with a sudden loss of vi-
sion. However, the main effect of overdosage with
chloroquine is cardiovascular toxicity with hypoten-
sion and cardiac arrhythmias progressing to cardiovas-
cular collapse, convulsions, cardiac and respiratory ar-
rest, coma, and death.
Effects on the blood. Aplastic anaemia was associated with
the use of chloroquine in 3 patients.1 Two patients had received
treatment over several months and one of these was later found
to have acute myeloblastic leukaemia after receiving chloro-
quine treatment initially for discoid lupus erythematosus, and lat-
er for cerebral malaria. In the third patient aplastic anaemia de-
veloped 3 weeks after a short course of chloroquine for malaria.
1. Nagaratnam N, et al. Aplasia and leukaemia following chloro-

quine therapy. Postgrad Med J 1978; 54: 108–12.

Effects on the eyes. The main adverse effects of chloroquine
and hydroxychloroquine on the eye are keratopathy and retinop-
athy. 
Keratopathy, characterised by corneal deposits, may occur with-
in a few weeks of starting treatment. However, patients are often
asymptomatic and fewer than 50% of affected patients complain
of visual symptoms such as photophobia, haloes around lights, or
blurred vision. Keratopathy is completely reversible on with-
drawal of treatment and is not usually considered to be a contra-
indication to continued treatment.1 
Retinopathy is potentially more serious. The outcome on stop-
ping treatment is unpredictable and changes may be irreversible
or may even progress.2,3 Delayed-onset retinopathy has also been
reported in patients many years after cessation of treatment.4 The
reported incidence of retinopathy varies according to the meth-
odology and criteria used.1,5,6 From studies in patients on long-
term antimalarial treatment, it was reported1 that an accumula-
tion of 100 g of chloroquine [phosphate] (250 mg daily for 1
year) might cause retinopathy; the risk was significantly in-
creased as the total dosage exceeded 300 g. Experience in rheu-
matology also indicates that the incidence of retinal toxicity is
dose-related. While the total cumulative dose, the duration of
treatment, and the age of the patient might all affect the incidence
of retinal toxicity,7,8 the daily dose might be the most important
factor.9 It has been suggested that the risk of retinal damage is
small with daily doses of up to 4.0 mg of chloroquine phosphate
per kg body-weight (= chloroquine base approximately 2.5 mg
per kg daily) or up to 6.5 mg of hydroxychloroquine sulfate per
kg.9 In obese patients, excessive dosage should be avoided by
calculating dosage on the basis of lean body-weight. It appears
that retinopathy is rarely, if ever, associated with the weekly dos-
ages of chloroquine recommended for the prophylaxis of malar-
ia.10,11 
In the UK, a review group12 convened by the Royal College of
Ophthalmologists made recommendations regarding use by
rheumatologists and dermatologists. Chloroquine should only be
used if hydroxychloroquine or other preferred drugs have failed
as there is inadequate data to advise on a safe maximum dose;
thus the following recommendations relate only to hydroxychlo-
roquine as no guidelines have been published for chloroquine. 
• Baseline assessment before treatment with hydroxychloro-

quine is commenced (maximum daily dosage 6.5 mg/kg lean
body-weight) should consist of checking renal and hepatic
function, questioning the patient about visual impairment not
corrected by glasses, and recording near visual acuity. 

• Thereafter, patients should be monitored annually with en-
quiry about visual symptomatology, rechecking of acuity, and
assessment for blurred vision. 

• Patients should be referred to an ophthalmologist if problems
are detected either before or during treatment. 

• Those taking long-term hydroxychloroquine should be sub-
ject to occasional ophthalmological review after 5 years’ con-
tinuous treatment. 

UK licensed product information for chloroquine recommends
ophthalmic examination at 3 to 6 monthly intervals in patients
receiving continuous high doses for more than a year, or weekly
treatment for more than 3 years, or for those in whom total con-
sumption exceeds 100 g or 1.6 g/kg.
1. Bernstein HN. Ophthalmologic considerations and testing in pa-

tients receiving long-term antimalarial therapy. Am J Med 1983;
75 (suppl 1A): 25–34. 

2. Ogawa S, et al. Progression of retinopathy long after cessation
of chloroquine therapy. Lancet 1979; i: 1408. 

3. Easterbrook M. Ocular effects and safety of antimalarial agents.
Am J Med 1988; 85 (suppl 4A): 23–9. 

4. Ehrenfeld M, et al. Delayed-onset chloroquine retinopathy. Br J
Ophthalmol 1986; 70: 281–3. 

5. Finbloom DS, et al. Comparison of hydroxychloroquine and
chloroquine use and the development of retinal toxicity. J Rheu-
matol 1985; 12: 692–4. 

6. Morsman CDG, et al. Screening for hydroxychloroquine retinal
toxicity: is it necessary? Eye 1990; 4: 572–6. 

7. Elman A, et al. Chloroquine retinopathy in patients with rheu-
matoid arthritis. Scand J Rheumatol 1976; 5: 161–6. 

8. Marks JS, Power BJ. Is chloroquine obsolete in treatment of
rheumatic disease? Lancet 1979; i: 371–3. 

9. Mackenzie AH. Dose refinements in long-term therapy of rheu-
matoid arthritis with antimalarials. Am J Med 1983; 75 (suppl
1A): 40–5. 

10. Breckenridge A. Risks and benefits of prophylactic antimalarial
drugs. BMJ 1989; 299: 1057–8. 

11. Lange WR, et al. No evidence for chloroquine-associated retin-
opathy among missionaries on long-term malaria chemoproph-
ylaxis. Am J Trop Med Hyg 1994; 51: 389–92. 

12. Buckley R, et al. Royal College of Ophthalmologists, British
Association of Dermatologists, and British Society for Rheuma-
tology. Ocular toxicity and hydroxychloroquine: guidelines for
screening 2004 (replacing The Royal College of Ophthalmolo-
gists Guidelines 1998). Available at: 
http://www.bad.org.uk/healthcare/guidelines/Ocular_toxicity_
and_hydroxychloroquine_guidelines_for_screening_20041.pdf
(accessed 09/06/05)

Effects on glucose metabolism. While hypoglycaemia has
occurred with quinine (see p.613), it was not generally thought to
be associated with chloroquine; however, there has been a report
of its occurrence in a patient with reactive hypoglycaemia.1
1. Abu-Shakra M, Lee P. Hypoglycemia: an unusual adverse reac-

tion to chloroquine. Clin Exp Rheumatol 1994; 12: 95.

Effects on the heart. Studies in patients with malaria1 and in
healthy subjects2 indicate that the acute cardiovascular toxicity
that may be associated with parenteral use of chloroquine is re-
lated to transiently high plasma concentrations produced during
the early part of the distribution phase; these findings appear to
confirm that the dosage rate is a major determinant of this toxic-
ity. Cardiac conduction abnormalities, including heart block,
have also occurred in patients receiving long-term oral therapy
with chloroquine,3 including use in lupus erythematosus,4,5 as
well as after chloroquine overdosage or abuse.6 Histological
changes in endomyocardial biopsy specimens from 2 patients
with cardiomyopathy associated with chloroquine or hydroxy-
chloroquine therapy were found to be virtually identical to those
seen in the skeletal muscle of patients with chloroquine-induced
myopathy7 (see also Effects on the Muscles, below).
1. White NJ, et al. Parenteral chloroquine for treating falciparum

malaria. J Infect Dis 1987; 155: 192–201. 
2. Looareesuwan S, et al. Cardiovascular toxicity and distribution

kinetics of intravenous chloroquine. Br J Clin Pharmacol 1986;
22: 31–6. 

3. Ogola ESN, et al. Chloroquine related complete heart block with
blindness: case report. East Afr Med J 1992; 69: 50–2. 

4. Piette J-C, et al. Chloroquine cardiotoxicity. N Engl J Med 1987;
317: 710–11. 

5. Baguet J-P, et al. Chloroquine cardiomyopathy with conduction
disorders. Heart 1999; 81: 221–3. 

6. Ihenacho HNC, Magulike E. Chloroquine abuse and heart block
in Africans. Aust N Z J Med 1989; 19: 17–21. 

7. Ratliff NB, et al. Diagnosis of chloroquine cardiomyopathy by
endomyocardial biopsy. N Engl J Med 1987; 316: 191–3.

Effects on mental function. Serious psychotic effects (deper-
sonalisation and anxiety) developed in a healthy subject who
took a standard 3-day course of oral chloroquine for the treat-
ment of Plasmodium falciparum malaria, as part of a clinical
study. Three weeks after completing the course she still had seri-
ous concentration problems and her symptoms gradually re-
solved over the next 4 months.1
1. Telgt DS, et al. Serious psychiatric symptoms after chloroquine

treatment following experimental malaria infection. Ann Phar-
macother 2005; 39: 551–4.

Effects on the muscles. The myopathy induced by chloro-
quine is characterised by progressive weakness and atrophy of
proximal muscles and can develop insidiously after periods of
therapy ranging from a few weeks to a few years.1 There are of-
ten mild sensory changes, depression of tendon reflexes, and ab-
normal nerve conduction studies suggestive of an associated pe-
ripheral neuropathy. The myopathy is reversible on withdrawal
of treatment but recovery may take several months. Cardiomy-

opathy may also occur (see under Effects on the Heart, above).
Similar effects have been reported with hydroxychloroquine.2 In
a retrospective review of 4405 patients with rheumatic disorders,
214 had received chloroquine or hydroxychloroquine and, of
these, 3 developed myopathy.3
1. Mastaglia FL. Adverse effects of drugs on muscle. Drugs 1982;

24: 304–21. 
2. Estes ML, et al. Chloroquine neuromyotoxicity. Am J Med 1987;

82: 447–55. 
3. Avina-Zubieta JA, et al. Incidence of myopathy in patients treat-

ed with antimalarials: a report of three cases and a review of the
literature. Br J Rheumatol 1995; 34: 166–70.

Effects on the nervous system. Apart from neuropathies
(see Effects on the Muscles, above) other adverse effects of chlo-
roquine on the nervous system have included isolated reports of
extrapyramidal symptoms and other involuntary movements1,2

(in patients being treated for malaria), nystagmus3 (in a patient on
prolonged treatment for rheumatoid arthritis), and convulsions4,5

and nonconvulsive status epilepticus6 (in patients on malaria
prophylaxis).
1. Umez-Eronini EM, Eronini EA. Chloroquine induced involun-

tary movements. BMJ 1977; 1: 945–6. 
2. Singhi S, et al. Chloroquine-induced involuntary movements.

BMJ 1977; 2: 520. 
3. Marks JS. Motor polyneuropathy and nystagmus associated with

chloroquine phosphate. Postgrad Med J 1979; 55: 569. 
4. Fish DR, Espir MLE. Convulsions associated with prophylactic

antimalarial drugs: implications for people with epilepsy. BMJ
1988; 297: 526–7. 

5. Fish DR, Espri MLE. Malaria prophylaxis and epilepsy. BMJ
1988; 297: 1267. 

6. Mülhauser P, et al. Chloroquine and nonconvulsive status epilep-
ticus. Ann Intern Med 1995; 123: 76–7.

Effects on the skin. Pruritus is common in patients given chlo-
roquine for the treatment of malaria and it may become so severe
as to compromise treatment. Itching starts a few hours after use
but usually remits spontaneously within 72 hours. Although an-
tihistamines are generally thought ineffective,1,2 a few patients
may obtain some relief.3 The incidence of pruritus is purported
to be higher in black patients, but this may only reflect the greater
number of black patients surveyed. The aetiology of this reaction
is unknown, but this apparent higher incidence has prompted
suggestions that it may have a genetic basis4 or be related to the
affinity of chloroquine for melanin.2 Chloroquine’s main metab-
olite, monodesethylchloroquine, has been implicated,5 although
there is also some evidence suggesting that patients with pruritus
metabolise chloroquine more slowly.6 A survey1 in Nigeria
found that, of 1100 patients, 74% had pruritus during antimalar-
ial therapy; 61% of these reacted to chloroquine, 30% reacted to
amodiaquine, 2.5% to Fansidar (pyrimethamine-sulfadoxine),
and, 6.5% reacted to all three. In another study in Nigeria,4 the
incidence of pruritus was reported to be 14% (8 of 56 patients)
for chloroquine, 27% (14 of 52) for amodiaquine, and 13% (7 of
53) for halofantrine; none of 58 patients receiving quinine or 82
patients receiving mefloquine had pruritus. In contrast, in a study
in Thailand only 1.9% of 1189 chloroquine-treated patients re-
ported pruritus.7 
There have been rare reports of more severe cutaneous reactions
associated with chloroquine, including toxic epidermal necroly-
sis,8,9 erythema multiforme,10 and Stevens-Johnson syndrome,11

although the causal role of chloroquine is not always clear as
some of these patients also received other antimalarials, some-
times at an inappropriate dosage. In a more recent case of toxic
epidermal necrolysis,12 chloroquine given alone for malaria
prophylaxis was the probable cause. A young patient receiving
radiotherapy developed a localised bullous eruption and rapid
progressive moist desquamation on the third day of treatment
with oral chloroquine for malaria.13 For a discussion including
the possible effect of chloroquine on the incidence of erythema
multiforme in patients taking pyrimethamine with sulfadoxine,
see Adverse Effects with Sulfonamides, under Pyrimethamine,
p.610.
1. Ajayi AA, et al. Epidemiology of antimalarial-induced pruritus

in Africans. Eur J Clin Pharmacol 1989; 37: 539–40. 
2. Osifo NG. Chloroquine-induced pruritus among patients with

malaria. Arch Dermatol 1984; 120: 80–2. 
3. Okor RS. Responsiveness of chloroquine-induced pruritus to

antihistamine therapy—clinical survey. J Clin Pharm Ther
1990; 15: 147–50. 

4. Sowunmi A, et al. Pruritus and antimalarial drugs in Africans.
Lancet 1989; ii: 213. 

5. Essien EE, et al. Chloroquine disposition in hypersensitive and
non-hypersensitive subjects and its significance in chloroquine-
induced pruritus. Eur J Drug Metab Pharmacokinet 1989; 14:
71–7. 

6. Ademowo OG, et al. The disposition of chloroquine and its main
metabolite desethylchloroquine in volunteers with and without
chloroquine-induced pruritus: evidence for decreased chloro-
quine metabolism in volunteers with pruritus. Clin Pharmacol
Ther 2000; 67: 237–41. 

7. Bussaratid V, et al. Frequency of pruritus in Plasmodium vivax
malaria patients treated with chloroquine in Thailand. Trop Doct
2000; 30: 211–14. 

8. Kanwar AJ, Singh OP. Toxic epidermal necrolysis—drug in-
duced. Indian J Dermatol 1976; 21: 73–7. 

9. Phillips-Howard PA, Warwick Buckler J. Idiosyncratic reaction
resembling toxic epidermal necrolysis caused by chloroquine
and Maloprim. BMJ 1988; 296: 1605. 

10. Steffen R, Somaini B. Severe cutaneous adverse reactions to
sulfadoxine-pyrimethamine in Switzerland. Lancet 1986; i:
610. 
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11. Bamber MG, et al. Fatal Stevens-Johnson syndrome associated
with Fansidar and chloroquine. J Infect 1986; 13: 31–3. 

12. Boffa MJ, Chalmers RJG. Toxic epidermal necrolysis due to
chloroquine phosphate. Br J Dermatol 1994; 131: 444–5. 

13. Rustogi A, et al. Unexpected skin reaction induced by radiother-
apy after chloroquine use. Lancet Oncol 2006; 7: 608–9.

Overdosage. For adverse effects associated with chloroquine
overdosage, see Treatment of Adverse Effects, below.

Treatment of Adverse Effects
Acute overdosage with chloroquine can be rapidly le-
thal and intensive symptomatic supportive treatment
should be started immediately. The first steps should be
to maintain adequate respiration and to correct any car-
diovascular disturbances. Early use of adrenaline with
diazepam (see below) may minimise the cardiotoxicity
of chloroquine and control arrhythmias. Activated
charcoal may be given orally to adults or children who
present within 1 hour of ingesting more than the equiv-
alent of 15 mg/kg of chloroquine base; activated char-
coal may be left in the stomach to limit any further ab-
sorption. Intravenous sodium bicarbonate should be
given to correct metabolic acidosis. Other methods to
increase the elimination of chloroquine, such as dialy-
sis, are probably of little use.
◊ Chloroquine overdosage is the most severe and frequent cause
of intoxication with antimalarial drugs and chloroquine is often
used for suicide attempts. Severe toxic manifestations may occur
within 1 to 3 hours and fatal outcomes usually occur within 2 to
3 hours of drug ingestion. The major clinical symptoms are of
neurological, respiratory, and cardiovascular toxicity;1 death is
usually due to cardiac arrest related to the direct effect of chloro-
quine on the myocardium.2 Chloroquine has a low safety margin:
doses of 20 mg/kg are considered toxic and 30 mg/kg may be
lethal. The mortality rate in some published studies has ranged
from 10 to 30%.1 If gastric lavage is attempted it should be pre-
ceded by correction of severe cardiovascular disturbances and
institution of artificial ventilation because insertion of the stom-
ach tube may induce sudden cardiac arrest or convulsions; induc-
tion of emesis is contra-indicated because of the risk of lung as-
piration. Activated charcoal has been recommended to limit
absorption of chloroquine that may be left in the gut.3 There is no
evidence to indicate that attempts to increase chloroquine elimi-
nation such as acidification of the urine, haemodialysis, perito-
neal dialysis, or exchange transfusion, are effective in overdos-
age. Elimination in the urine is more dependent on
haemodynamic status than on infusion of osmotic solutions or
acidification. Any clearance achieved by haemoperfusion or
haemodialysis is low in comparison with the normal total body
clearance.1 
It is not clear if correction of hypokalaemia is essential, but giv-
ing potassium should be avoided in the initial phases of intoxica-
tion when conduction disturbances still exist. The degree of
hypokalaemia may be correlated with the severity of chloroquine
intoxication and might be useful diagnostically.4 However,
chloroquine-induced hypokalaemia may be due to a transport-
dependent mechanism rather than to true potassium depletion
and overzealous correction could result in hyperkalaemia.4 
Since there had been no effective treatment for severe chloro-
quine poisoning, one group of workers tried using early mechan-
ical ventilation, together with adrenaline and high doses of di-
azepam, both given intravenously, to counteract cardiotoxicity,
with encouraging results.2 Diazepam had earlier been shown to
decrease the cardiotoxicity of chloroquine in animal studies and
there had been several clinical reports of beneficial responses. It
was considered that routine use of adrenaline before the onset of
cardiac arrhythmia might be beneficial in the treatment of severe
chloroquine poisoning.2 UK licensed product information for
chloroquine suggests giving adrenaline by intravenous infusion
in a dose of 250 nanograms/kg per minute initially, with incre-
ments of 250 nanograms/kg per minute until adequate systolic
blood pressure is restored, and diazepam by intravenous infusion
in a dose of 2 mg/kg over 30 minutes as a loading dose, followed
by 1 to 2 mg/kg per day for up to 2 to 4 days. 
Overdosage with hydroxychloroquine has responded to meas-
ures similar to those used in the management of chloroquine
overdosage.5
1. Jaeger A, et al. Clinical features and management of poisoning

due to antimalarial drugs. Med Toxicol 1987; 2: 242–73. 
2. Riou B, et al. Treatment of severe chloroquine poisoning. N Engl

J Med 1988; 318: 1–6. 
3. Neuvonen PJ, et al. Prevention of chloroquine absorption by ac-

tivated charcoal. Hum Exp Toxicol 1992; 11: 117–20. 
4. Clemessy J-L, et al. Hypokalaemia related to acute chloroquine

ingestion. Lancet 1995; 346: 877–80. 
5. Jordan P, et al. Hydroxychloroquine overdose: toxicokinetics

and management. J Toxicol Clin Toxicol 1999; 37: 861–4.

Precautions
Excessive doses of chloroquine and hydroxychloro-
quine are associated with retinal or visual field changes

and the precautions to be taken in order to minimise
such toxicity are discussed under Effects on the Eyes in
Adverse Effects, above. There may be a temporary ef-
fect on visual accommodation. 
Care is necessary when giving chloroquine to patients
with hepatic or renal impairment, or to those with se-
vere gastrointestinal disorders, a history of psoriasis, or
neurological disorders, especially a history of epilepsy
(see below for advice not to use for malaria prophylax-
is). Chloroquine should be used with caution in pa-
tients with myasthenia gravis as it may aggravate the
condition. Patients with G6PD deficiency should be
observed for haemolytic anaemia during chloroquine
treatment. Full blood counts should be performed at
regular intervals during extended treatment with chlo-
roquine. Although there have been reports of fetal ab-
normalities associated with the use of chloroquine dur-
ing pregnancy, the risks of malaria are considered to be
greater and there appears to be no justification for with-
holding chloroquine for the treatment or prophylaxis of
malaria. 
It is important that if chloroquine is given intravenous-
ly it should be by slow infusion (typically around 0.8 to
1.25 mg/kg per hour) otherwise severe cardiotoxicity
may develop.
Breast feeding. Chloroquine is distributed into breast milk, but
not in an amount adequate to provide chemoprophylaxis against
malaria for the infant (see under Pharmacokinetics, below). Fur-
thermore, no adverse effects have been seen in breast-feeding in-
fants whose mothers were receiving chloroquine, and the Amer-
ican Academy of Pediatrics considers1 that it is therefore usually
compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 16/04/04)

Epilepsy. After reports1,2 of convulsions associated with the use
of chloroquine for malaria prophylaxis in 4 previously healthy
patients and in 2 patients with a history of seizures, it has been
suggested that prospective travellers who have a history of epi-
lepsy should be warned of the risk. Although it was initially
considered3 that this should not restrict the use of chloroquine,
UK malaria experts have recommended that it should be avoided
for malaria prophylaxis in patients with epilepsy.4
1. Fish DR, Espir MLE. Convulsions associated with prophylactic

antimalarial drugs: implications for people with epilepsy. BMJ
1988; 297: 526–7. 

2. Fish DR, Espir MLE. Malaria prophylaxis and epilepsy. BMJ
1988; 297: 1267. 

3. Hellgren U, Rombo L. Malaria prophylaxis and epilepsy. BMJ
1988; 297: 1267. 

4. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at: 
h t tp : / /www.hpa.org.uk/web/HPAwebFile/HPAweb_C/
1203496943523 (accessed 17/06/08)

Porphyria. Although chloroquine is probably safe in porphyric
patients, some authorities consider its use to be contentious.
Pyrimethamine is also probably safe in porphyric patients. Other
drugs used for prophylaxis, such as dapsone and sulfadoxine and
combinations containing them, are definitely contra-indicated in
porphyric patients. Quinine is of proven safety in patients with
porphyria and cell-culture tests have suggested that proguanil
and mefloquine may also be safe. 
Chloroquine has been tried in the treatment of porphyria cutanea
tarda, but this may be associated with hepatotoxicity (see under
Uses, below).

Pregnancy. There has been concern about the potential tera-
togenic effects of chloroquine because of a few case reports in-
cluding defects in hearing and vision.1 Two of 169 infants, born
to women given chloroquine 300 mg weekly throughout preg-
nancy, had birth defects compared with 4 of 454 control infants
whose mothers had not received antimalarials; the difference
was not significant. The data suggested that chloroquine in the
recommended prophylactic doses is not a strong teratogen and
that its proved antimalarial benefits outweigh any possible risk of
low-grade teratogenicity. Also it has been reported that chloro-
quine prophylaxis during pregnancy did not affect the birth-
weight of neonates, compared with a control group.2
1. Wolfe MS, Cordero JF. Safety of chloroquine in chemosuppres-

sion of malaria during pregnancy. BMJ 1985; 290: 1466–7. 
2. Cot M, et al. Effect of chloroquine chemoprophylaxis during

pregnancy on birth weight: results of a randomized trial. Am J
Trop Med Hyg 1992; 46: 21–7.

Psoriatic arthritis. It is recommended that chloroquine and
hydroxychloroquine should not be used in the treatment of pso-
riatic arthritis as exacerbations of skin lesions can occur. Some
patients may go on to develop generalised erythroderma with

subsequent exfoliative dermatitis.1 However, there has been con-
troversy over the reported incidence of this adverse effect.2,3

1. Slagel GA, James WD. Plaquenil-induced erythroderma. J Am
Acad Dermatol 1985; 12: 857–62. 

2. Luzar MJ. Hydroxychloroquine in psoriatic arthropathy: exacer-
bations of psoriatic skin lesions. J Rheumatol 1982; 9: 462–4. 

3. Sayers ME, Mazanec DJ. Use of antimalarial drugs for the treat-
ment of psoriatic arthritis. Am J Med 1992; 93: 474–5.

Renal impairment. Although the elimination of chloroquine
is prolonged in renal impairment no dosage adjustment is re-
quired in the treatment of malaria. Similarly, dosage reduction is
not required for chloroquine prophylaxis except in those with se-
vere renal impairment. Doses tend to be reduced when it is given
for longer periods to patients with renal impairment.

Interactions
There is an increased risk of inducing ventricular ar-
rhythmias if chloroquine is used with halofantrine (see
p.604) or other arrhythmogenic drugs such as amiodar-
one and moxifloxacin. There is an increased risk of
convulsions when chloroquine is given with meflo-
quine. The absorption of chloroquine can be reduced
by antacids or kaolin and its metabolism may be inhib-
ited by cimetidine.
Agalsidase. For the effect of using chloroquine with agalsidase
alfa or beta, see p.2252.
Antiepileptics. Chloroquine may antagonise the antiepileptic
activity of carbamazepine and valproate by lowering the convul-
sive threshold.
Antimalarials. Chloroquine should not be used with halofan-
trine since the latter prolongs the QT interval and therefore there
is an increased potential to induce arrhythmias (see p.604). Use
of chloroquine with mefloquine increases the risk of convulsions.
Also use of chloroquine with proguanil may increase the inci-
dence of proguanil-associated mouth ulceration.1 The activity of
chloroquine may be affected when it is given with other antima-
larials. Quinine and chloroquine when used together may be an-
tagonistic.2 Mixtures of chloroquine with quinine, mefloquine,
amodiaquine, artemisinin, or pyrimethamine-sulfadoxine were
antagonistic in vitro against Plasmodium falciparum.3
1. Drysdale SF, et al. Proguanil, chloroquine, and mouth ulcers.

Lancet 1990; 335: 164. 
2. Hall AP. Quinine and chloroquine antagonism in falciparum ma-

laria. Trans R Soc Trop Med Hyg 1973; 67: 425. 
3. Stahel E, et al. Antagonism of chloroquine with other antimalar-

ials. Trans R Soc Trop Med Hyg 1988; 82: 221.

Antimicrobials. A woman who had previously tolerated chlo-
roquine alone had acute dystonic reactions when also given met-
ronidazole.1 Chloroquine may also reduce the gastrointestinal
absorption of ampicillin (see p.204).
1. Achumba JI, et al. Chloroquine-induced acute dystonic reactions

in the presence of metronidazole. Drug Intell Clin Pharm 1988;
22: 308–10.

Ciclosporin. Chloroquine has been reported to increase plasma
concentrations of ciclosporin (see p.1826).
Digoxin. Hydroxychloroquine has been reported to increase
plasma concentrations of digoxin (see p.1262).
Gastrointestinal drugs. Patients often wish to take chloro-
quine with food, antacids, or other gastrointestinal drugs to alle-
viate gastrointestinal irritation. Dosage with food may be benefi-
cial as it appears to improve the absorption of chloroquine.1,2

However, antacids or kaolin can reduce the absorption of chlo-
roquine and it is therefore recommended that they should be giv-
en at least 4 hours apart.3,4 
Cimetidine and chloroquine should be used with caution as cime-
tidine can significantly reduce the metabolism and elimination of
chloroquine and increase its volume of distribution;5 ranitidine,
however, appears to have little effect on the pharmacokinetics of
chloroquine.6
1. Tulpule A, Krishnaswamy K. Effect of food on bioavailability of

chloroquine. Eur J Clin Pharmacol 1982; 23: 271–3. 
2. Lagrave M, et al. The influence of various types of breakfast on

chloroquine levels. Trans R Soc Trop Med Hyg 1985; 79: 559. 
3. McElnay JC, et al. In vitro experiments on chloroquine and py-

rimethamine absorption in the presence of antacid constituents
or kaolin. J Trop Med Hyg 1982; 85: 153–8. 

4. McElnay JC, et al. The effect of magnesium trisilicate and kaolin
on the in vivo absorption of chloroquine. J Trop Med Hyg 1982;
85: 159–63. 

5. Ette EI, et al. Chloroquine elimination in humans: effect of low-
dose cimetidine. J Clin Pharmacol 1987; 27: 813–16. 

6. Ette EI, et al. Effect of ranitidine on chloroquine disposition.
Drug Intell Clin Pharm 1987; 21: 732–4.

Levothyroxine. For a report of a possible interaction of chloro-
quine with levothyroxine, see p.2172.
Praziquantel. For a report of possible reduced bioavailability
of praziquantel when given with chloroquine, see p.154.
Vaccines. Although chloroquine has been reported to reduce the
antibody response to human diploid rabies vaccine (see p.2234),
the immune response to other vaccines used in routine immuni-
sation schedules (tetanus, diphtheria, measles, poliomyelitis, ty-
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phoid, and BCG) has not been found to be altered by chloroquine
prophylaxis.1,2

1. Greenwood BM. Chloroquine prophylaxis and antibody re-
sponse to immunisation. Lancet 1984; ii: 402–3. 

2. Wolfe MS. Precautions with oral live typhoid (Ty 21a) vaccine.
Lancet 1990; 336: 631–2.

Pharmacokinetics
Chloroquine is rapidly and almost completely ab-
sorbed from the gastrointestinal tract when given oral-
ly. Absorption is also rapid after intramuscular or sub-
cutaneous use. It is widely distributed into body tissues
and has a large apparent volume of distribution. It ac-
cumulates in high concentrations in some tissues, such
as the kidneys, liver, lungs, and spleen and is strongly
bound in melanin-containing cells such as those in the
eyes and the skin. It also crosses the placenta. Chloro-
quine is eliminated very slowly from the body and it
may persist in tissues for months or even years after
stopping therapy. 
Chloroquine is extensively metabolised in the liver,
mainly to monodesethylchloroquine with smaller
amounts of bisdesethylchloroquine (didesethylchloro-
quinine) and other metabolites being formed. Monode-
sethylchloroquine has been reported to have some ac-
tivity against Plasmodium falciparum. Chloroquine
and its metabolites are excreted in the urine, with about
half of a dose appearing as unchanged drug and about
10% as the monodesethyl metabolite. Chloroquine and
its monodesethyl metabolite are both distributed into
breast milk.
◊ General references.
1. Krishna S, White NJ. Pharmacokinetics of quinine, chloroquine

and amodiaquine; clinical implications. Clin Pharmacokinet
1996; 30: 263–99. 

2. Ducharme J, Farinotti R. Clinical pharmacokinetics and metab-
olism of chloroquine: focus on recent advancements. Clin Phar-
macokinet 1996; 31: 257–74.

◊ Chloroquine is rapidly absorbed from the gastrointestinal tract
but peak plasma concentrations after oral doses can vary consid-
erably.1 A mean peak plasma concentration of 76 nanograms/mL
has been obtained in healthy adults a mean of 3.6 hours after giv-
ing the equivalent of 300 mg of chloroquine base orally as tab-
lets.2 In children with uncomplicated malaria given the equiva-
len t  of  10 mg/kg peak  plasma concent ra t ions  of
250 nanograms/mL have been reached after 2 hours;3 a mean
peak of 134 nanograms/mL has been obtained after 5 hours in
healthy children given a similar dose.4 Nasogastric use has also
produced therapeutic concentrations in children with severe fal-
ciparum malaria.5 
Oral bioavailability is increased if chloroquine is taken with
food6,7 and some beverages8 and may also be affected by the
state of health of the patient; mean values have ranged from
about 70% in patients with malaria9 to 78 or 89% in healthy
adults.2 Although oral bioavailability appears to be unaltered in
moderately undernourished adults10 it has been reported that it
may be significantly reduced in children with kwashiorkor.4 
Preliminary studies with chloroquine suppositories indicated
that, although rectal bioavailability is less than half of that of oral
chloroquine, sustained therapeutic concentrations may be
achieved.11 
Absorption is also rapid after subcutaneous or intramuscular in-
jection and mean peak plasma concentrations of chloroquine
have been obtained within about 30 minutes.5,9,12 
Chloroquine has a large apparent volume of distribution. A mul-
ticompartmental model appears to be necessary to describe the
distribution kinetics of chloroquine.2,13 After intravenous dosage
there is a multi-exponential decline in plasma concentrations as
chloroquine distributes out of a central compartment that has
been estimated to be several orders of magnitude smaller than the
total volume of distribution.5,14 This slow distribution out of the
central compartment produces transiently high cardiotoxic con-
centrations of chloroquine if the overall rate of parenteral deliv-
ery is not carefully controlled. 
Reported mean values for protein binding have ranged from
about 58 to 64%.15,16 Chloroquine is also bound to platelets and
granulocytes so that the plasma concentration is only 10 to 15%
of that in whole blood.17 If these cells are not removed by gentle
centrifugation during analysis, erroneously high plasma concen-
trations will be reported. Furthermore, as chloroquine concentra-
tions determined in serum are higher than those in plasma, prob-
ably due to release of chloroquine from platelets during
coagulation, it is crucial to state whether analysis has been done
on whole blood, serum, or properly separated plasma. 
About 50% of a dose of chloroquine is metabolised in the liver,
mainly to the N-dealkylated metabolite monodesethylchloro-
quine; smaller amounts of bisdesethylchloroquine, 7-chloro-4-
aminoquinoline, and N-oxidation products are formed. Some of
these metabolites may contribute to the cardiotoxicity associated
with chloroquine. In one study, peak plasma concentrations of

7-chloro-4-aminoquinoline were found to be twice those of
unchanged chloroquine despite the fact that only relatively small
amounts are formed; this appears to be due to its fast rate of for-
mation and long elimination half-life.18 
A mean of 42 to 47% of a dose has been reported to be excreted
in the urine as unchanged chloroquine and 7 to 12% as monode-
sethylchloroquine.2 Various estimates of the terminal elimination
half-life of chloroquine range from several days to up to 2
months, but its slow release from tissues ensures that small
amounts may still be detected after a year.18,19

1. Hellgren U, et al. On the question of interindividual variations
in chloroquine concentrations. Eur J Clin Pharmacol 1993; 45:
383–5. 

2. Gustafsson LL, et al. Disposition of chloroquine in man after
single intravenous and oral doses. Br J Clin Pharmacol 1983;
15: 471–9. 

3. Adelusi SA, et al. Kinetics of the uptake and elimination of
chloroquine in children with malaria. Br J Clin Pharmacol
1982; 14: 483–7. 

4. Walker O, et al. Single dose disposition of chloroquine in
kwashiorkor and normal children—evidence for decreased ab-
sorption in kwashiorkor. Br J Clin Pharmacol 1987; 23:
467–72. 

5. White NJ, et al. Chloroquine treatment of severe malaria in chil-
dren: pharmacokinetics, toxicity, and new dosage recommenda-
tions. N Engl J Med 1988; 319: 1493–1500. 

6. Tulpule A, Krishnaswamy K. Effect of food on bioavailability
of chloroquine. Eur J Clin Pharmacol 1982; 23: 271–3. 

7. Lagrave M, et al. The influence of various types of breakfast on
chloroquine levels. Trans R Soc Trop Med Hyg 1985; 79: 559. 

8. Mahmoud BM, et al. Significant reduction in chloroquine bioa-
vailability following coadministration with the Sudanese bever-
ages aradaib, karkadi and lemon. J Antimicrob Chemother 1994;
33: 1005–9. 

9. White NJ, et al. Parenteral chloroquine for treating falciparum
malaria. J Infect Dis 1987; 155: 192–201. 

10. Tulpule A, Krishnaswamy K. Chloroquine kinetics in the under-
nourished. Eur J Clin Pharmacol 1983; 24: 273–6. 

11. WHO. Severe and complicated malaria. 2nd ed. Trans R Soc
Trop Med Hyg 1990; 84 (suppl 2): 1–65. 

12. Phillips RE, et al. Divided dose intramuscular regimen and sin-
gle dose subcutaneous regimen for chloroquine: plasma concen-
trations and toxicity in patients with malaria. BMJ 1986; 293:
13–16. 

13. Frisk-Holmberg M, et al. The single dose kinetics of chloro-
quine and its major metabolite desethylchloroquine in healthy
subjects. Eur J Clin Pharmacol 1984; 26: 521–30. 

14. Looareesuwan S, et al. Cardiovascular toxicity and distribution
kinetics of intravenous chloroquine. Br J Clin Pharmacol 1986;
22: 31–6. 

15. Walker O, et al. Characterization of chloroquine plasma protein
binding in man. Br J Clin Pharmacol 1983; 15: 375–7. 

16. Ofori-Adjei D, et al. Protein binding of chloroquine enantiom-
ers and desethylchloroquine. Br J Clin Pharmacol 1986; 22:
356–8. 

17. Gustafsson LL, et al. Pitfalls in the measurement of chloroquine
concentrations. Lancet 1983; i: 126. 

18. Ette EI, et al. Pharmacokinetics of chloroquine and some of its
metabolites in healthy volunteers: a single dose study. J Clin
Pharmacol 1989; 29: 457–62. 

19. Gustafsson LL, et al. Chloroquine excretion following malaria
prophylaxis. Br J Clin Pharmacol 1987; 24: 221–4.

Distribution into breast milk. Studies1,2 have suggested that
it is safe for mothers to breast feed when they are receiving chlo-
roquine for treatment of malaria. Although chloroquine and its
monodesethyl metabolite are distributed into breast milk, it has
been estimated that the amount that would be consumed by an
infant is well below the therapeutic range and separate chemo-
prophylaxis for the infant is required. 
There appears to be no data on the excretion of hydroxychloro-
quine in milk after doses appropriate for the prevention or treat-
ment of malaria, but hydroxychloroquine has been detected in
breast milk from 2 mothers receiving doses of 400 mg daily for
SLE or rheumatoid arthritis.3,4 One group of workers estimated
that, calculated on a body-weight basis, a 9-month-old infant
could receive about 2% of a maternal dose via breast feeding.3
1. Ogunbona FA, et al. Excretion of chloroquine and desethylchlo-

roquine in human milk. Br J Clin Pharmacol 1987; 23: 473–6. 
2. Akintonwa A, et al. Placental and milk transfer of chloroquine in

humans. Ther Drug Monit 1988; 10: 147–9. 
3. Nation RL, et al. Excretion of hydroxychloroquine in human

milk. Br J Clin Pharmacol 1984; 17: 368–9. 
4. Østensen M, et al. Hydroxychloroquine in human breast milk.

Eur J Clin Pharmacol 1985; 28: 357.

Uses and Administration
Chloroquine is a 4-aminoquinoline antimalarial used
in the treatment and prophylaxis of malaria. It has also
been used in the treatment of hepatic amoebiasis, lupus
erythematosus, light-sensitive skin eruptions, and
rheumatoid arthritis. 
Chloroquine is used for the prophylaxis and treatment
of malaria due to susceptible strains of Plasmodium
ovale, P. vivax, and P. malariae. It has also been used
for susceptible strains of P. falciparum but in most of
the world P. falciparum is now resistant to chloroquine,
which should not therefore be given for treatment.
Chloroquine is a rapid-acting blood schizontocide with
some gametocytocidal activity against P. ovale, P.
vivax, P. malariae, and immature gametocytes of P. fal-
ciparum. Since it has no activity against exoerythro-
cytic forms, it does not produce a radical cure of vivax

or ovale malarias. The mechanism of action of chloro-
quine against blood schizonts remains unclear, but it
may influence haemoglobin digestion by raising intra-
vesicular pH in malaria parasite cells. It also interferes
with synthesis of nucleoproteins by the parasite. 
Chloroquine may be given as the phosphate, sulfate, or
hydrochloride. Doses are normally expressed in terms
of chloroquine base, and as a general guide: 
• chloroquine base 300 mg is equivalent to about chlo-

roquine phosphate 500 mg or chloroquine sulfate
400 mg 

• chloroquine base 40 mg is equivalent to about chlo-
roquine hydrochloride 50 mg 

Oral bioavailability is increased when chloroquine is
taken with food. 
For the treatment of malaria caused by P. vivax, P.
ovale, P. malariae, and the few remaining strains of
chloroquine-sensitive P. falciparum, the usual total oral
dose for adults and children is the equivalent of a total
of about 25 mg of chloroquine base per kg body-
weight given over 3 days. This total dose has been giv-
en in a variety of ways. One way is to give 10 mg/kg,
followed after 6 to 8 hours by 5 mg/kg, then 5 mg/kg
daily for the next 2 days; alternatively, 10 mg/kg may
be given daily for the first 2 days and 5 mg/kg on the
third day. Sometimes the adult doses are not expressed
in terms of body-weight but as 600 mg followed after
6 to 8 hours by 300 mg, then 300 mg daily for the next
2 days. 
In severe and complicated malaria when the patient is
unable to take oral medication, if chloroquine is to be
used it can be given by injection. The intravenous route
is preferred and a slow rate of infusion is essential, the
required dose of 25 mg/kg being given in several infu-
sions over 30 to 32 hours. Should the patient recover
sufficiently to be able to take chloroquine orally then
the intravenous regimen should be halted and oral ther-
apy started. 
For prophylaxis of malaria in areas where P. falci-
parum is absent or in one of the few remaining areas
where it is still sensitive to chloroquine, a dose equiva-
lent to 300 mg of chloroquine base is given once each
week, beginning about one week before exposure and
continuing throughout, and for at least 4 weeks after,
exposure. For children, a weekly dose of 5 mg/kg has
been recommended (but see also under Malaria, be-
low). In areas of chloroquine-resistant malaria, but
with a low risk of infection, chloroquine is given with
proguanil; where there is a high risk of infection alter-
native antimalarial regimens are recommended. 
In the treatment of hepatic amoebiasis, chloroquine is
used with an intestinal amoebicide. The usual dose is
the equivalent of 600 mg of chloroquine base daily for
2 days then 300 mg daily for 2 or 3 weeks. A dose of
6 mg/kg daily up to a maximum of 300 mg daily has
been suggested for children. 
When chloroquine is used for long-term therapy in
conditions such as rheumatoid arthritis or lupus ery-
thematosus, the dosage in obese patients should be cal-
culated on the basis of lean body-weight in order to
avoid excessive dosage. 
In rheumatoid arthritis, response to treatment may
not be apparent for up to 6 months, but if there is no
improvement by then treatment should be stopped. The
usual dose is the equivalent of chloroquine base
150 mg daily (maximum 2.5 mg/kg daily) or up to
3 mg/kg daily in children. For precautions and guide-
lines concerning use by rheumatologists see under Ef-
fects on the Eyes, above. 
In discoid and systemic lupus erythematosus chloro-
quine is used in a dose equivalent to 150 mg (maxi-
mum 2.5 mg/kg) of base daily; children are given a
dose of up to 3 mg/kg daily. 
In the management of light-sensitive skin eruptions,
adults may be given the equivalent of 150 to 300 mg of
chloroquine base daily during periods of intense light
exposure; children may be given up to 3 mg/kg.
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Amoebiasis. For a discussion of the treatment of amoebiasis
with mention of chloroquine for hepatic amoebiasis, see p.822.
Inflammatory disorders. Chloroquine and hydroxychloro-
quine possess anti-inflammatory properties and they have been
tried or used with some benefit in a range of inflammatory con-
ditions which often have an immunological basis, although they
rarely constitute first-line therapy in these disorders. Such condi-
tions include rheumatoid arthritis and SLE (see under Hydroxy-
chloroquine, p.604), ulcerative colitis,1 infantile interstitial pneu-
monitis,2,3 asthma,4 giant cell arteritis,5 and various skin
disorders (see below). The mode of action in these conditions is
unclear. Results of studies have been conflicting but it does ap-
pear that chloroquine and hydroxychloroquine might have some
immunosuppressive effects.6,7

1. Mayer L, Sachar DB. Efficacy of chloroquine in the treatment of
inflammatory bowel disease. Gastroenterology 1988; 94: A293. 

2. Springer C, et al. Chloroquine treatment in desquamative inter-
stitial pneumonia. Arch Dis Child 1987; 62: 76–7. 

3. Kerem E, et al. Sequential pulmonary function measurements
during treatment of infantile chronic interstitial pneumonitis. J
Pediatr 1990; 116: 61–7. 

4. Charous BL. Open study of hydroxychloroquine in the treatment
of severe symptomatic or corticosteroid-dependent asthma. Ann
Allergy 1990; 65: 53–8. 

5. Le Guennec P, et al. Management of giant cell arteritis: value of
synthetic antimalarial agents: a retrospective study of thirty six
patients. Rev Rhum 1994; 61: 423–8. 

6. Bygbjerg IC, Flachs H. Effect of chloroquine on human lym-
phocyte proliferation. Trans R Soc Trop Med Hyg 1986; 80:
231–5. 

7. Prasad RN, et al. Immunopharmacology of chloroquine. Trans R
Soc Trop Med Hyg 1987; 81: 168–9.

Malaria. The overall treatment and prophylaxis of malaria and
the place of chloroquine in current recommendations are dis-
cussed on p.594. 
TREATMENT. In the treatment of patients with chloroquine-sensi-
tive falciparum malaria studies have found chloroquine to be at
least as effective as quinine in both uncomplicated and severe
infections. However, very few areas exist where Plasmodium
falciparum remains sensitive to chloroquine. There are also re-
ports of resistance to chloroquine in P. vivax.1 
Treatment with chloroquine is usually by mouth, adults and chil-
dren being given the equivalent of 25 mg of chloroquine base per
kg body-weight over 3 days. Any chloroquine lost through vom-
iting needs to be replaced by additional doses.2 
Intravenous therapy has been used if the infection is severe or
oral dosage is not possible. There should be close monitoring for
hypotension and other signs of cardiovascular toxicity. The intra-
muscular or subcutaneous routes have been used if intravenous
dosage is not possible. Patients should be transferred to oral ther-
apy as soon as possible and treatment continued until a total dose
equivalent to 25 mg of the base per kg has been given. 
If injections cannot be given a chloroquine suspension or syrup
appears to be well absorbed when given by nasogastric tube even
in comatose patients. Rectal use in young children has also pro-
duced beneficial responses.3,4 
PROPHYLAXIS. The widespread prevalence of strains of P. falci-
parum resistant to chloroquine has considerably diminished the
value of chloroquine for malaria chemoprophylaxis and has
made recommendations increasingly complex (see p.594). If
chloroquine is used for prophylaxis it is usually given with pro-
guanil. For adults a dose equivalent to 300 mg of chloroquine
base is given by mouth once each week, beginning about one
week before exposure and continuing throughout, and for at least
4 weeks after, exposure. Some countries advise the use of
100 mg daily for 6 days a week. For children, a weekly dose of
chloroquine base 5 mg/kg has been recommended, although UK
malaria experts5 have suggested the following prophylactic
doses for children based on fractions of the adult dose of 300 mg
weekly: 
• under 6.0 kg (0 to 12 weeks of age), one-eighth the adult dose 
• 6.0 to 9.9 kg (3 to 11 months), one-quarter the adult dose 
• 10.0 to 15.9 kg (1 year to 3 years 11 months), three-eighths the

adult dose 
• 16.0 to 24.9 kg (4 years to 7 years 11 months), half the adult

dose 
• 25.0 to 44.9 kg (8 years to 12 years 11 months), three-quarters

the adult dose 
• over 45 kg (13 years and over), the adult dose 
They noted that body-weight was a better guide to dosage than
age for children over 6 months.
1. Whitby M. Drug resistant Plasmodium vivax malaria. J Antimi-

crob Chemother 1997; 40: 749–52. 
2. WHO. WHO model formulary. Geneva: WHO, 2004. 
3. Westman L, et al. Rectal administration of chloroquine for treat-

ment of children with malaria. Trans R Soc Trop Med Hyg 1994;
88: 446. 

4. Antia-Obong OE, et al. Chloroquine phosphate suppositories in
the treatment of childhood malaria in Calabar, Nigeria. Curr
Ther Res 1995; 56: 928–35. 

5. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at:
ht tp: / /www.hpa.org .uk/web/HPAwebFile /HPAweb_C/
1203496943523 (accessed 17/06/08)

Porphyria cutanea tarda. Chloroquine and hydroxychloro-
quine have been used with some benefit in the treatment of por-

phyria cutanea tarda (p.1448) and low doses (such as chloro-
quine phosphate 125 mg or hydroxychloroquine sulfate 200 mg
given twice weekly) have been considered by some to be useful
in patients unsuitable for phlebotomy.1-4 However, the acute in-
crease in urinary porphyrins and fall in hepatic porphyrin content
produced by these drugs have been associated with a variable
degree of hepatotoxicity5,6 and others prefer to use desferriox-
amine.7

1. Grossman ME, et al. Porphyria cutanea tarda. Am J Med 1979;
67: 277–86. 

2. Cainelli T, et al. Hydroxychloroquine versus phlebotomy in the
treatment of porphyria cutanea tarda. Br J Dermatol 1983; 108:
593–600. 

3. Ashton RE, et al. Low-dose oral chloroquine in the treatment of
porphyria cutanea tarda. Br J Dermatol 1984; 111: 609–13. 

4. Stölzel U, et al. Hemochromatosis (HFE) gene mutations and re-
sponse to chloroquine in porphyria cutanea tarda. Arch Dermatol
2003; 139: 309–13. 

5. Scholnick PL, et al. The molecular basis of the action of chloro-
quine in porphyria cutanea tarda. J Invest Dermatol 1973; 61:
226–32. 

6. Rossmann-Ringdahl I, Olsson R. Porphyria cutanea tarda: ef-
fects and risk factors for hepatotoxicity from high-dose chloro-
quine treatment. Acta Derm Venereol 2007; 87: 401–5. 

7. Rocchi E. Treatment of porphyria cutanea tarda. Br J Dermatol
1987; 116: 139–40.

Rheumatoid arthritis. For reference to the use of chloroquine
in the treatment of rheumatoid arthritis, see under Hydroxychlo-
roquine, p.604.

Sarcoidosis. Chloroquine and hydroxychloroquine have been
tried in the management of sarcoidosis (p.1512) as alternatives or
adjuncts to corticosteroid therapy. 
References.
1. O’Leary TJ, et al. The effects of chloroquine on serum 1,25-di-

hydroxyvitamin D and calcium metabolism in sarcoidosis. N
Engl J Med 1986; 315: 727–30. 

2. Adams JS, et al. Effective reduction in the serum 1,25-dihydrox-
yvitamin D and calcium concentration in sarcoidosis-associated
hypercalcemia with short-course chloroquine therapy. Ann In-
tern Med 1989; 111: 437–8. 

3. DeSimone DP, et al. Granulomatous infiltration of the talus and
abnormal vitamin D and calcium metabolism in a patient with
sarcoidosis: successful treatment with hydroxychloroquine. Am
J Med 1989; 87: 694–6. 

4. Jones E, Callen JP. Hydroxychloroquine is effective therapy for
control of cutaneous sarcoidal granulomas. J Am Acad Dermatol
1990; 23: 487–9. 

5. Zic JA, et al. Treatment of cutaneous sarcoidosis with chloro-
quine: review of the literature. Arch Dermatol 1991; 127:
1034–40. 

6. Baltzan M, et al. Randomized trial of prolonged chloroquine
therapy in advanced pulmonary sarcoidosis. Am J Respir Crit
Care Med 1999; 160: 192–7.

Skin disorders. In addition to their use in lupus erythematosus
hydroxychloroquine and chloroquine have been tried in a
number of other skin disorders including polymorphic light
eruptions1 (see Photosensitivity Disorders, p.1581), lichen
planus2,3 (p.1580), cutaneous symptoms of dermatomyositis
(p.1510), erythema nodosum,4,5 and recurrent erythema multi-
forme (p.1580). It has also been tried in mild type 2 lepra reac-
tions (erythema nodosum leprosum, see p.176).
1. Murphy GM, et al. Hydroxychloroquine in polymorphic light

eruption: a controlled trial with drug and visual sensitivity mon-
itoring. Br J Dermatol 1987; 116: 379–86. 

2. Mostafa WZ. Lichen planus of the nail: treatment with antima-
larials. J Am Acad Dermatol 1989; 20: 289–90. 

3. De Argila D, et al. Isolated lichen planus of the lip successfully
treated with chloroquine phosphate. Dermatology 1997; 195:
284–5. 

4. Alloway JA, Franks LK. Hydroxychloroquine in the treatment of
chronic erythema nodosum. Br J Dermatol 1995; 132: 661–2. 

5. Jarrett P, Goodfield MJD. Hydroxychloroquine and chronic ery-
thema nodosum. Br J Dermatol 1996; 134: 373.

Systemic lupus erythematosus. For reference to the use of
chloroquine in cutaneous and systemic lupus erythematosus, see
Hydroxychloroquine, p.605.

Preparations
BP 2008: Chloroquine Phosphate Tablets; Chloroquine Sulphate Injection;
Chloroquine Sulphate Tablets; 
USP 31: Chloroquine Hydrochloride Injection; Chloroquine Phosphate
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Nivaquine; Austral.: Chlorquin; Austria: Resochin; Belg.: Nivaquine;
Braz.: Clopirim†; Diclokin; Quinacris; Canad.: Aralen†; Cz.: Delagil;
Denm.: Malarex; Fin.: Heliopar; Fr.: Nivaquine; Ger.: Resochin; Weimer-
quin; Hong Kong: Syncoquin; Hung.: Delagil; India: Clo-Kit; Emquin; Lar-
iago; Maliago; Melubrin; Nivaquine-P; Resochin; Indon.: Avloclor; Malarex;
Mexaquin; Resochin; Riboquin; Irl.: Avloclor ; Israel: Avloclor ; Mex.:
Aralen; Maclorex; Paluken†; Neth.: Nivaquine; NZ: Chlorquin; Nivaquine;
Philipp.: Aralen; Chlorofoz; Pol.: Arechin; Port.: Resochina; Rus.: Delagil
(Делагил); S.Afr.: Daramal; Mirquin; Nivaquine; Plasmoquine; Spain: Res-
ochin; Switz.: Chlorochin; Nivaquine; Thai.: Diroquine; Genocin; Mali-
aquine; P-Roquine†; UK: Avloclor; Malarivon; Malaviron; Nivaquine; USA:
Aralen.

Multi-ingredient: Arg.: Tri-Emcortina†; Fr.: Savarine; S.Afr.: Daramal-
Paludrine†.

Chlorproguanil Hydrochloride (BANM, rINNM)

Chlorproguanil, Chlorhydrate de; Chlorproguanili Hydrochlori-
dum; Hidrocloruro de clorproguanil; M-5943. 1-(3,4-Dichlo-
rophenyl)-5-isopropylbiguanide hydrochloride.
Хлорпрогуанила Гидрохлорид
C11H15Cl2N5,HCl = 324.6.
CAS — 537-21-3 (chlorproguanil); 15537-76-5 (chlorpro-
guanil hydrochloride).

(chlorproguanil)

Profile
Chlorproguanil is a biguanide antimalarial used for malaria
prophylaxis similarly to proguanil (p.609). It is sometimes given
with dapsone. Combination with both dapsone and artesunate is
also being investigated for malaria treatment.
◊ Reviews.
1. Bukirwa H, et al. Chlorproguanil-dapsone for treating uncompli-

cated malaria. Available in The Cochrane Database of Systemat-
ic Reviews; Issue 4. Chichester: John Wiley; 2004 (accessed
17/05/05).

Halofantrine Hydrochloride (BANM, USAN, rINNM)

Halofantriinihydrokloridi; Halofantrin hydrochlorid; Halofantrine,
Chlorhydrate d’; Halofantrine, chlorhydrate de; Halofantrin-hid-
roklorid; Halofantrinhydroklorid; Halofantrini hydrochloridum;
Halofantrino hidrochloridas; Hidrocloruro de halofantrina; WR-
171669. (RS)-3-Dibutylamino-1-(1,3-dichloro-6-trifluoromethyl-
9-phenanthryl)propan-1-o1 hydrochloride; 1,3-Dichloro-α-[2-
(dibutylamino)ethyl]-6-trifluoromethyl-9-phenanthrene-metha-
nol hydrochloride.
Галофантрина Гидрохлорид
C26H30Cl2F3NO,HCl = 536.9.
CAS — 69756-53-2 (halofantr ine); 36167-63-2 (halofan-
tr ine hydrochloride); 66051-63-6 (±-halofantr ine).
ATC — P01BX01.

(halofantr ine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Halofantrine Hydrochloride). A white or almost
white powder. It exhibits polymorphism. Practically insoluble in
water; sparingly soluble in alcohol; freely soluble in methyl alco-
hol. Protect from light.
Adverse Effects and Precautions
Adverse effects associated with halofantrine include diarrhoea,
abdominal pain, nausea, vomiting, pruritus, and skin rash. Tran-
sient elevation of serum transaminases, intravascular haemoly-
sis, and hypersensitivity reactions have also been reported. 
Halofantrine can adversely affect the heart particularly by pro-
longing QT interval. Serious ventricular arrhythmias have been
reported and fatalities have occurred. As a result it is contra-indi-
cated in patients known to have a prolonged QT interval or those
with cardiac disease or a family history of congenital QT prolon-
gation, and also in those with unexplained syncopal attacks, thi-
amine deficiency, or electrolyte disturbances, or taking other ar-
rhythmogenic drugs (see also Effects on the Heart, below, and
Interactions, below). 
Halofantrine is not recommended during pregnancy or breast
feeding. It should not be taken on a full stomach since this in-
creases its bioavailability and thus the risk of toxicity; after tak-
ing halofantrine, fatty food should be avoided for 24 hours.
Effects on the blood. Halofantrine has been associated with
acute intravascular haemolysis.1,2

1. Vachon F, et al. Halofantrine and acute intravascular haemolysis.
Lancet 1992; 340: 909–10. 

2. Mojon M, et al. Intravascular haemolysis following halofantrine
intake. Trans R Soc Trop Med Hyg 1994; 88: 91.

Effects on the heart. Prolonged PR1,2 and QT1-5 intervals
have been reported in patients given halofantrine and there are
individual reports of fatal cardiac arrest1,5 and of torsade de
pointes.4 In 1994, the UK CSM6 noted that QT interval prolon-
gation occurred at recommended doses of halofantrine in the ma-
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jority of patients and that worldwide there had been 14 reports of
cardiac arrhythmias associated with halofantrine; 8 patients were
known to have died. To reduce the risk of arrhythmias they
stressed that halofantrine should not be taken with meals, with
other drugs that may induce arrhythmias (e.g. quinine, chloro-
quine, and mefloquine; tricyclic antidepressants; antipsychotics;
certain antiarrhythmics; and the antihistamines terfenadine and
astemizole), or with drugs causing electrolyte disturbances. They
also stated that it should not be given to patients known to have
prolongation of the QT interval or with any form of cardiac dis-
ease associated with QT interval prolongation or ventricular ar-
rhythmia (e.g. coronary heart disease, cardiomyopathy, or con-
genital heart disease). Some workers2 have suggested ECG
screening of all patients before starting treatment with halofan-
trine. Others7 found pretreatment ECGs to be poorly predictive
of QT lengthening during treatment. Children may experience
serious cardiac effects at standard doses.8
1. Nosten F, et al. Cardiac effects of antimalarial treatment with

halofantrine. Lancet 1993; 341: 1054–6. 
2. Monlun E, et al. Cardiac complications of halofantrine: a pro-

spective study of 20 patients. Trans R Soc Trop Med Hyg 1995;
89: 430–3. 

3. Castot A, et al. Prolonged QT interval with halofantrine. Lancet
1993; 341: 1541. 

4. Monlun E, et al. Prolonged QT interval with halofantrine. Lancet
1993; 341: 1541–2. 

5. Anonymous. Halofantrine: revised data sheet. WHO Drug Inf
1993; 7: 66–7. 

6. Committee on Safety of Medicines/Medicines Control Agency.
Cardiac arrhythmias with halofantrine (Halfan). Current Problems
1994; 20: 6. Available at: http://www.mhra.gov.uk/Publications/
Safetyguidance/CurrentProblemsinPharmacovigilance/
CON2023215 (accessed 18/06/08) 

7. Matson PA, et al. Cardiac effects of standard-dose halofantrine
therapy. Am J Trop Med Hyg 1996; 54: 229–31. 

8. Sowunmi A, et al. Cardiac effects of halofantrine in children suf-
fering from acute uncomplicated falciparum malaria. Trans R
Soc Trop Med Hyg 1998; 92: 446–8.

Effects on the skin. For a comparison of the incidence of pru-
ritus associated with halofantrine and other antimalarials, see Ef-
fects on the Skin under Adverse Effects of Chloroquine, p.600.
Interactions
Halofantrine prolongs the QT interval and should not be used
with other drugs that have the potential to induce cardiac arrhyth-
mias, in particular the antimalarials mefloquine, chloroquine,
and quinine, and also tricyclic antidepressants, phenothiazine
antipsychotics, some antiarrhythmics (including amiodarone,
disopyramide, flecainide, procainamide, quinidine, and the beta
blocker sotalol), cisapride, and the antihistamines astemizole and
terfenadine. Also, halofantrine should not be given with drugs
that cause electrolyte disturbances (such as diuretics) or with
HIV-protease inhibitors.
Grapefruit juice. In a study in 12 healthy patients, the bioavail-
ability of halofantrine was reported to be increased when taken
with grapefruit juice and this was found to accentuate halofan-
trine-associated QT prolongation.1 It was suggested that grape-
fruit juice should be contra-indicated during use of halofantrine.
1. Charbit B, et al. Pharmacokinetic and pharmacodynamic interac-

tion between grapefruit juice and halofantrine. Clin Pharmacol
Ther 2002; 72: 514–23.

Tetracycline. Plasma concentrations of halofantrine were in-
creased in 8 healthy subjects who were also given tetracycline.1
1. Bassi PU, et al. Effects of tetracycline on the pharmacokinetics

of halofantrine in healthy volunteers. Br J Clin Pharmacol 2004;
58: 52–5.

Pharmacokinetics
Halofantrine is slowly and erratically absorbed after oral dosage,
although it appears in the circulation within about 1 hour, peak
concentrations occurring in 3 to 7 hours. Bioavailability of halo-
fantrine is increased when given with or after food, particularly
food high in fat content, and it must therefore be taken on an
empty stomach because of the risk of cardiac toxicity. The elim-
ination half-life of halofantrine varies considerably between in-
dividuals, but is generally about 1 to 2 days. Halofantrine is me-
tabolised in the l iver,  i ts major metaboli te  being
desbutylhalofantrine, which appears to be as active as the parent
compound. Excretion of halofantrine is primarily via the faeces.
◊ References.
1. Karbwang J, Na Bangchang K. Clinical pharmacokinetics of

halofantrine. Clin Pharmacokinet 1994; 27: 104–19. 
2. Watkins WM, et al. Halofantrine pharmacokinetics in Kenyan

children with non-severe and severe malaria. Br J Clin Pharma-
col 1995; 39: 283–7. 

3. Ohrt C, et al. Pharmacokinetics of an extended-dose halofantrine
regimen in patients with malaria and in healthy volunteers. Clin
Pharmacol Ther 1995; 57: 525–32.

Uses and Administration
Halofantrine is a 9-phenanthrenemethanol antimalarial that has
been used in the treatment of uncomplicated chloroquine-resist-
ant falciparum and of chloroquine-resistant vivax malaria. Halo-
fantrine is a blood schizontocide but has no activity against exo-
erythrocytic forms. Its value is limited by its unpredictable
bioavailability and by cardiotoxicity. It should not be used where
mefloquine has been used for prophylaxis (for cardiac hazard,
see Effects on the Heart, above). Halofantrine should also not be
used for malaria prophylaxis and is no longer recommended for
standby treatment. 

In the treatment of malaria, halofantrine hydrochloride has been
given orally as 3 doses of 500 mg at intervals of 6 hours, on an
empty stomach. Dosage for children is based on 24 mg/kg divid-
ed into 3 doses. The following doses have been recommended:
23 to 31 kg body-weight, 3 doses of 250 mg at intervals of 6
hours; 32 to 37 kg, 3 doses of 375 mg at intervals of 6 hours; over
37 kg, adult dose. A second course should be given after a week
to patients with little or no previous exposure to malaria.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Halfan†; Fr.: Halfan; Ger.: Halfan†; Port.: Halfan; S.Afr.: Halfan;
Spain: Halfan; Switz.: Halfan†.

Hydroxychloroquine Sulfate (rINNM)

Hydroxychloroquine, Sulfate d’; Hydroxychloroquine Sulphate
(BANM); Hydroxychloroquini Sulfas; Oxichlorochin Sulphate; Sul-
fato de hidroxicloroquina; Win-1258-2. 2-{N-[4-(7-Chloro-4-
quinolylamino)pentyl]-N-ethylamino}ethanol sulphate.

Гидроксихлорохина Сульфат
C18H26ClN3O,H2SO4 = 434.0.

CAS — 118-42-3 (hydroxychloroquine); 747-36-4 (hy-
droxychloroquine sulfate).
ATC — P01BA02.

(hydroxychloroquine)

Pharmacopoeias. In Br. and US. 
BP 2008 (Hydroxychloroquine Sulphate). A white or almost
white, odourless or almost odourless, crystalline powder. Freely
soluble in water; practically insoluble in alcohol, in chloroform,
and in ether. A 1% solution in water has a pH of 3.5 to 5.5. Pro-
tect from light. 
USP 31 (Hydroxychloroquine Sulfate). A white or practically
white, odourless, crystalline powder. It exists in two forms, the
usual form melting at about 240° and the other form at about
198°. Freely soluble in water; practically insoluble in alcohol, in
chloroform, and in ether. Its solutions in water have a pH of about
4.5. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Chloroquine, p.599.
Breast feeding. Hydroxychloroquine has been detected in hu-
man breast milk1,2 but no adverse effects have been seen in
breast-fed infants and the American Academy of Pediatrics
considers3 that it is therefore usually compatible with breast feed-
ing.
1. Nation RL, et al. Excretion of hydroxychloroquine in human

milk. Br J Clin Pharmacol 1984; 17: 368–9. 
2. Østensen M, et al. Hydroxychloroquine in human breast milk.

Eur J Clin Pharmacol 1985; 28: 357. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 19/04/04)

Effects on the eyes. The main adverse effects of chloroquine
and hydroxychloroquine on the eye are keratopathy and retinop-
athy. With respect to retinopathy, precautions should be taken in
patients undergoing long-term treatment, as described under
Chloroquine on p.600.

Pregnancy. In a study1 of 133 pregnancies in 90 women treated
with hydroxychloroquine, no statistical difference in pregnancy
outcome was found compared with a control group consisting of
70 pregnancies in 53 women. It was concluded that the findings
supported preliminary evidence for the safety of hydroxychloro-
quine treatment in pregnancy, and that treatment should probably
therefore be maintained during pregnancy in patients with SLE.
1. Costedoat-Chalumeau N, et al. Safety of hydroxychloroquine in

pregnant patients with connective tissue diseases: a study of one
hundred thirty-three cases compared with a control group. Ar-
thritis Rheum 2003; 48: 3207–11.

Interactions
As for Chloroquine, p.601.

Pharmacokinetics
The pharmacokinetics of hydroxychloroquine are sim-
ilar to those of chloroquine (see p.602).
◊ References.
1. Tett SE, et al. Bioavailability of hydroxychloroquine tablets in

healthy volunteers. Br J Clin Pharmacol 1989; 27: 771–9. 
2. Miller DR, et al. Steady-state pharmacokinetics of hydroxychlo-

roquine in rheumatoid arthritis. DICP Ann Pharmacother 1991;
25: 1302–5. 

3. Ducharme J, et al. Enantioselective disposition of hydroxychlo-
roquine after a single oral dose of the racemate to healthy sub-
jects. Br J Clin Pharmacol 1995; 40: 127–33.

Uses and Administration
Hydroxychloroquine sulfate is a 4-aminoquinoline
antimalarial with actions similar to those of chloro-
quine (p.602), but is mainly used in the treatment of
systemic and discoid lupus erythematosus and rheuma-
toid arthritis. It is also used in the treatment of light-
sensitive skin eruptions. 
Hydroxychloroquine sulfate is given orally. 
In lupus erythematosus and rheumatoid arthritis,
response to treatment may not be apparent for up to 6
months but if there is no improvement by then, treat-
ment should be stopped. In the UK, treatment is usual-
ly started with 400 mg daily in divided doses with
meals. In the USA, recommended initial doses are 400
to 600 mg daily for rheumatoid arthritis and 400 mg
once or twice daily for lupus erythematosus. Doses are
reduced to the minimum effective dose for mainte-
nance; this is usually 200 to 400 mg daily but should
not exceed 6.5 mg/kg daily (or 400 mg daily whichev-
er is the smaller). To avoid excessive dosage in obese
patients, special care is needed to calculate the dosage
on the basis of lean body-weight. For further details,
see under Effects on the Eyes in Chloroquine, p.600. In
children, the minimum effective dose should be used
up to a maximum of 6.5 mg/kg daily (or 400 mg daily
whichever is the smaller). 
Hydroxychloroquine sulfate is also used in similar dos-
es for the treatment of light-sensitive skin eruptions,
but treatment should only be given during periods of
maximum exposure to light. 
Hydroxychloroquine sulfate may be used in malaria
both for treatment and prophylaxis, when chloroquine
is not available, with the same limitations as for chlo-
roquine. In the USA, a licensed dose for prophylaxis of
malaria is 400 mg every 7 days; children may be given
a weekly prophylactic dose of 6.5 mg/kg (up to a max-
imum of 400 mg). In treating an acute malarial attack,
a dose of 800 mg has been used, followed after 6 to 8
hours by 400 mg and a further 400 mg on each of the 2
following days; alternatively, a single dose of 800 mg
has been given. In children, an initial dose of 13 mg/kg
may be given, followed by 6.5 mg/kg after 6 hours and
again on the second and third days.
Inflammatory disorders. For the use of hydroxychloroquine
and chloroquine in a range of inflammatory conditions, see under
Chloroquine, p.603 and under Rheumatoid Arthritis, below.
Malaria. The role of chloroquine and potentially therefore of
hydroxychloroquine in the treatment and prophylaxis of malaria
is discussed on p.594.
Porphyria cutanea tarda. For reference to the use of hydrox-
ychloroquine in the treatment of porphyria cutanea tarda, see un-
der the Uses and Administration of Chloroquine, p.603.
Rheumatoid arthritis. Hydroxychloroquine and chloroquine
are used orally as disease-modifying antirheumatic drugs
(DMARDs) in the management of rheumatoid arthritis (p.11)
in an attempt to suppress the rate of cartilage erosion or alter the
course of the disease.1 They are considered to be less effective
than the other DMARDs but they are usually better tolerated and
so may be preferred in patients with milder forms of the disease.2
Additional benefit has been obtained using antimalarials with
other DMARDs especially methotrexate and sulfasalazine,3-5 al-
though adverse effects may be more common. For reference to
precautions to reduce the incidence of retinopathy, see under Ef-
fects on the Eyes in Adverse Effects of Chloroquine, p.600. 
Generally the lowest effective dose should be used for mainte-
nance to minimise toxicity; for hydroxychloroquine sulfate this
should not exceed 6.5 mg/kg lean body-weight daily. Daily dos-
es of 200 or 400 mg are commonly used but one study indicates
that there is little advantage in using the higher dose.6 
Experience with antimalarials to treat juvenile idiopathic
arthritis (p.10) is limited and the results have been variable.7,8 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Chloroquine and hydroxychloroquine have also been reported to
be of use in palindromic rheumatism.9-11

1. Suarez-Almazor ME, et al. Antimalarials for treating rheuma-
toid arthritis. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
17/05/05). 

2. HERA Study Group. A randomized trial of hydroxychloroquine
in early rheumatoid arthritis: the HERA study. Am J Med 1995;
98: 156–68. 

3. Clegg DO, et al. Safety and efficacy of hydroxychloroquine as
maintenance therapy for rheumatoid arthritis after combination
therapy with methotrexate and hydroxychloroquine. J Rheuma-
tol 1997; 24: 1896–1902. 

4. O’Dell JR. Triple therapy with methotrexate, sulfasalazine, and
hydroxychloroquine in patients with rheumatoid arthritis.
Rheum Dis Clin North Am 1998; 24: 465–77. 

5. O’Dell JR, et al. Treatment of rheumatoid arthritis with meth-
otrexate and hydroxychloroquine, methotrexate and sulfasala-
zine, or a combination of the three medications: results of a two-
year, randomized, double-blind, placebo-controlled trial. Ar-
thritis Rheum 2002; 46: 1164–70. 

6. Pavelka K, et al. Hydroxychloroquine sulphate in the treatment
of rheumatoid arthritis: a double blind comparison of two dose
regimens. Ann Rheum Dis 1989; 48: 542–6. 

7. Brewer EJ, et al. Penicillamine and hydroxychloroquine in the
treatment of severe juvenile rheumatoid arthritis. N Engl J Med
1986; 314: 1269–76. 

8. Grondin C, et al. Slow-acting antirheumatic drugs in chronic
arthritis of childhood. Semin Arthritis Rheum 1988; 18: 38–47. 

9. Richardson MR, Zalin AM. Treatment of palindromic rheuma-
tism with chloroquine. BMJ 1987; 294: 741. 

10. Hanonen P, et al. Treatment of palindromic rheumatism with
chloroquine. BMJ 1987; 294: 1289. 

11. Youssef W, et al. Palindromic rheumatism: a response to chlo-
roquine. J Rheumatol 1991; 18: 35–7.

Sarcoidosis. Chloroquine and hydroxychloroquine have been
tried in the management of sarcoidosis (p.1512) as alternatives or
adjuncts to corticosteroid therapy. For references to the use of
hydroxychloroquine, see under Chloroquine, p.603.
Skin disorders. For reference to the use of hydroxychloroquine
in a variety of skin disorders, see under Chloroquine, p.603.
Systemic lupus erythematosus. Antimalarials have been
widely used in the treatment of lupus erythematosus (p.1513),
particularly its cutaneous manifestations, although much of the
evidence is based on case series and reports.1 Hydroxychloro-
quine is most widely used, as it is thought to have fewer adverse
effects than chloroquine, although any benefit with chloroquine
generally starts to become evident within several weeks of start-
ing treatment, whereas it may take up to 2 months for any effect
of hydroxychloroquine to be seen. For extracutaneous disease,
antimalarials are often combined with other drugs; treatment
may be continued for many years. For reference to precautions to
reduce the risk of retinopathy see Effects on the Eyes, under Ad-
verse Effects of Chloroquine, p.600.
1. Wozniacka A, McCauliffe DP. Optimal use of antimalarials in

treating cutaneous lupus erythematosus. Am J Clin Dermatol
2005; 6: 1–11.

Venous thromboembolism. Standard prophylaxis for surgi-
cal patients at high risk of venous thromboembolism (p.1189) is
usually with an anticoagulant. Hydroxychloroquine has been de-
scribed by some as an antiplatelet agent1 and although its mech-
anism of action is uncertain the incidence of fatal pulmonary em-
bolism has been reduced in patients given hydroxychloroquine
prophylactically after total hip replacement;2 the usual daily di-
vided oral dose was about 800 mg from the day before surgery
until discharge; larger doses had been used.
1. Antiplatelet Trialists’ Collaboration. Collaborative overview of

randomised trials of antiplatelet therapy—III: reduction in ve-
nous thrombosis and pulmonary embolism by antiplatelet proph-
ylaxis among surgical and medical patients. BMJ 1994; 308:
235–46. 

2. Loudon JR. Hydroxychloroquine and postoperative thromboem-
bolism after total hip replacement. Am J Med 1988; 85: (suppl
4A): 57–61.

Preparations
BP 2008: Hydroxychloroquine Tablets; 
USP 31: Hydroxychloroquine Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Axokine; Evoquin; Metirel; Narbon; Plaquenil; Polirreumin; Austral.:
Plaquenil; Austria: Plaquenil; Belg.: Plaquenil; Braz.: Plaquinol; Reuquinol;
Canad.: Apo-Hydroxyquine; Plaquenil; Chile: Plaquinol; Cz.: Plaquenil;
Denm.: Ercoquin; Plaquenil; Fin.: Oxiklorin; Plaquenil†; Fr.: Plaquenil; Ger.:
Quensyl; Gr.: Plaquenil; Hong Kong: Plaquenil; India: HCQS; Irl.: Plaque-
nil; Israel: Plaquenil; Ital.: Plaquenil; Malaysia: Plaquenil; Mex.: Plaquenil;
Neth.: Plaquenil; Norw.: Plaquenil; NZ: Plaquenil; Philipp.: Plaquenil;
Port.: Plaquinol; Rus.: Plaquenil (Плаквенил); Singapore: Plaquenil;
Spain: Dolquine; Swed.: Plaquenil; Switz.: Plaquenil; Thai.: Hydroquin;
Plaquenil; UK: Plaquenil; USA: Plaquenil; Venez.: Plaquinol.

Lumefantrine (BAN, rINN)

Benflumelol; Benflumetol; Lumefantrina; Luméfantrine; Lumefan-
trinum. 2,7-Dichloro-9-[(4-chlorophenyl)methylene]-α-[(dib-
utylamino)methyl]-9H-fluorene-4-methanol.

Лумефантрин
C30H32Cl3NO = 528.9.
CAS — 82186-77-4.

Pharmacopoeias. In Chin.

Adverse Effects and Precautions
Adverse effects associated with lumefantrine in combi-
nation with artemether commonly include headache,
dizziness, sleep disturbance, palpitations, gastrointesti-
nal disturbances, anorexia, pruritus, rash, cough, ar-
thralgia, myalgia, and fatigue. Lumefantrine-artemeth-
er should be given with caution in severe hepatic or
renal impairment and ECG and blood potassium mon-
itored.
Effects on the blood. Severe haemolytic anaemia necessitat-
ing corticosteroid treatment, blood transfusion, and haemodialy-
sis occurred in a patient after taking 8 lumefantrine-artemether
tablets after a malarial attack.1 It was considered that, given its
molecular similarity to other antimalarials known to cause
haemolysis, the causative drug was probably lumefantrine.
1. Mérat S, et al. Case report: combination artemether-lumefantrine

and haemolytic anaemia following a malarial attack. Trans R Soc
Trop Med Hyg 2003; 97: 433–4.

Pharmacokinetics
The bioavailability of lumefantrine after oral doses is
variable; absorption begins after a lag-time of up to 2
hours and bioavailability is substantially increased
when given with food, particularly meals high in fat.
Peak plasma concentrations occur after about 6 to 8
hours. Lumefantrine is almost completely protein
bound. It is considered to be metabolised mainly in the
liver and is excreted in the faeces. The elimination half-
life is reported to be between 4 to 6 days in patients
with malaria.
◊ References.
1. White NJ, et al. Clinical pharmacokinetics and pharmacodynam-

ics of artemether-lumefantrine. Clin Pharmacokinet 1999; 37:
105–25. 

2. Ezzet F, et al. Pharmacokinetics and pharmacodynamics of
lumefantrine (benflumetol) in acute falciparum malaria. Antimi-
crob Agents Chemother 2000; 44: 697–704.

Uses and Administration
Lumefantrine is a dichlorobenzylidine derivative given
by mouth in combination with artemether (p.598) for
the treatment of uncomplicated falciparum malaria. It
is a blood schizontocide with a relatively slow onset of
action but it has a longer duration of action than arte-
mether. 
The following doses are recommended by WHO; 6
doses in total are given, starting at diagnosis and re-
peated after 8, 24, 36, 48, and 60 hours. Each dose is: 
• adults and children weighing over 34 kg, lumefan-

trine 480 mg with artemether 80 mg 
• children 5 to 14 kg, lumefantrine 120 mg with arte-

mether 20 mg 
• children 15 to 24 kg, lumefantrine 240 mg with arte-

mether 40 mg 
• children 25 to 34 kg, lumefantrine 360 mg with arte-

mether 60 mg
◊ References.
1. Omari AAA, et al. Artemether-lumefantrine (six-dose regimen)

for treating uncomplicated falciparum malaria. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2005 (accessed 19/07/06). 

2. Omari AAA, et al. Artemether-lumefantrine (four-dose regimen)
for treating uncomplicated falciparum malaria. Available in The
Cochrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2006 (accessed 19/07/06). 

3. Kokwaro G, et al. Artemether/lumefantrine in the treatment of
uncomplicated falciparum malaria. Expert Opin Pharmacother
2007; 8: 75–94.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Riamet; Austria: Riamet; Belg.: Co-Arte-
siane; Cz.: Riamet; Fr.: Riamet; Ger.: Riamet; Gr.: Riamet; Hong Kong:
Riamet†; Neth.: Riamet; Norw.: Riamet†; Port.: Riamet; S.Afr.: Coartem;
Swed.: Riamet; Switz.: Riamet; Thai.: Coartem; UK: Riamet.

Mefloquine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de mefloquina; Meflochin-hydrochlorid; Meflokiini-
hydrokloridi; Meflokin-hidroklorid; Meflokinhydroklorid; Me-
flokvino hidrochloridas; Méfloquine, chlorhydrate de; Mefloquini
hydrochloridum; Ro-21-5998 (mefloquine); Ro-21-5998/001
(mefloquine hydrochloride); WR-142490 (mefloquine). (RS)-
[2,8-Bis(trifluoromethyl)-4-quinolyl]-(SR)-(2-piperidyl)methanol
hydrochloride.

Мефлохина Гидрохлорид
C17H16F6N2O,HCl = 414.8.
CAS — 53230-10-7 (mefloquine); 51773-92-3 (meflo-
quine hydrochlor ide).
ATC — P01BC02.

(mefloquine)

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Mefloquine Hydrochloride). A white or slightly
yellow, crystalline powder. It shows polymorphism. Very slight-
ly soluble in water; soluble in alcohol; freely soluble in methyl
alcohol. Protect from light. 
USP 31 (Mefloquine Hydrochloride). A white or slightly yellow,
crystalline powder. It exhibits polymorphism. Very slightly solu-
ble in water; soluble in alcohol; freely soluble in methyl alcohol.
Store in airtight containers at a temperature between 15° and 30°.
Protect from light.

Sorption. For reference to loss of mefloquine hydrochloride
from solutions during membrane filtration, see Chloroquine,
p.599.

Stability. A report of the photolytic degradation of mefloquine
hydrochloride in water.1
1. Tønnesen HH, Grislingaas A-L. Photochemical stability of bio-

logically active compounds II: photochemical decomposition of
mefloquine in water. Int J Pharmaceutics 1990; 60: 157–62.

Adverse Effects
Since mefloquine has a long elimination half-life, ad-
verse effects may occur or persist up to several weeks
after the last dose. 
The most frequent adverse effects of mefloquine are
nausea, diarrhoea, vomiting, abdominal pain, anorexia,
headache, dizziness, loss of balance, somnolence, and
sleep disorders, notably insomnia and abnormal
dreams. 
Neurological or psychiatric disturbances have also
been reported with mefloquine and include sensory
and motor neuropathies, tremor, ataxia, visual distur-
bances, tinnitus and hearing impairment, convulsions,
anxiety, depression, confusion, hallucinations, panic
attacks, emotional instability, aggression and agitation,
and acute psychosis. There have been rare reports of
suicidal ideation. 
Other adverse effects include skin rashes, pruritus and
urticaria, hair loss, muscle weakness, myalgia, liver
function disturbances, and very rarely thrombocytope-
nia and leucopenia. There have been rare occurrences
of erythema multiforme and Stevens-Johnson syn-
drome. Anaphylaxis has occurred rarely. Cardiovascu-
lar effects have included hypotension, hypertension,
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tachycardia or palpitations, bradycardia, QT prolonga-
tion, and other minor ECG changes. There have been
isolated cases of atrioventricular block.
Incidence of adverse effects. The frequencies of adverse ef-
fects reported1 in 134 soldiers given mefloquine hydrochloride
250 mg weekly for malaria chemoprophylaxis were: diarrhoea
(48%), nausea (13%), vomiting (2%), headache (13%), and diz-
ziness (7%). All of 7 healthy subjects who received a dose of
mefloquine hydrochloride 15 mg/kg had symptoms that includ-
ed vertigo, nausea, dizziness, and lightheadedness.2 The manu-
facturers reported that dizziness occurred in 24% of patients with
malaria treated with 750 mg of mefloquine, in 38% treated with
1000 mg, and in 96% treated with 1500 mg; splitting a dose into
two doses given 8 hours apart can reduce the incidence of dizzi-
ness.3 A prospective study involving 3673 patients found that an-
orexia, nausea, vomiting, dizziness, and sleep disorders were 1.1
to 1.4 times more frequent in patients receiving mefloquine
25 mg/kg for treatment of malaria than in those receiving
15 mg/kg, and that vomiting could be reduced by 40% if the
higher dose was split and given as 15 mg/kg followed by a fur-
ther 10 mg/kg after 16 to 24 hours.4 The frequency of adverse
effects is reported to be higher in subjects who become dehydrat-
ed.5 
There has been concern that the adverse effects of mefloquine,
especially neuropsychiatric reactions, might limit its use for the
prophylaxis of malaria but, as discussed under Effects on the
Nervous System, below, the incidence of adverse effects does not
appear to be greater than with other prophylactic schedules.
1. Arthur JD, et al. Mefloquine prophylaxis. Lancet 1990; 335:

972. 
2. Patchen LC, et al. Neurologic reactions after a therapeutic dose

of mefloquine. N Engl J Med 1989; 321: 1415. 
3. Stürchler D, et al. Neuropsychiatric side effects of mefloquine.

N Engl J Med 1990; 322: 1752–3. 
4. ter Kuile FO, et al. Mefloquine treatment of acute falciparum

malaria: a prospective study of non-serious adverse effects in
3673 patients. Bull WHO 1995; 73: 631–42. 

5. Perry IC. Malaria prophylaxis. BMJ 1995; 310: 1673.

Effects on the blood. Agranulocytosis was reported1 in a pa-
tient with malaria 48 hours after treatment with a 1250-mg
course of mefloquine. The patient had previously taken 250 mg
of mefloquine weekly for 7 weeks without side-effects. Throm-
botic thrombocytopenic purpura has been reported2 in a patient
after taking two standard weekly doses of mefloquine for malaria
prophylaxis. Symptoms improved after plasmapheresis.
1. Hennequin C, et al. Agranulocytosis during treatment with me-

floquine. Lancet 1991; 337: 984. 
2. Fiaccadori E, et al. Thrombotic-thrombocytopenic purpura fol-

lowing malaria prophylaxis with mefloquine. J Antimicrob
Chemother 2006; 57: 160–1.

Effects on the liver. Acute fatty liver was reported1 in a patient
who had recently received mefloquine 250 mg weekly for 5
weeks for malaria prophylaxis. Symptoms resolved with fluid,
electrolyte, and albumin replacement, after stopping mefloquine.
In another report,2 acute elevation of liver transaminases, associ-
ated with severe acute hepatitis, occurred in a patient with pre-
existing mild hepatic impairment following a 6-week course of
mefloquine 250 mg weekly.
1. Grieco A, et al. Acute fatty liver after malaria prophylaxis with

mefloquine. Lancet 1999; 353: 295–6. 
2. Gotsman I, et al. Mefloquine-induced acute hepatitis. Pharma-

cotherapy 2000; 20: 1517–19.

Effects on the nervous system. Neuropsychiatric reactions
have been associated with the use of mefloquine although vari-
ous figures have been reported for their frequency. The UK CSM
has quoted1 figures of 1 in 10 000 to 1 in 20 000 for severe reac-
tions to prophylactic doses and similarly the manufacturers re-
port that 1 in 10 000 patients given mefloquine prophylaxis will
have serious problems. Others consider that the incidence of se-
rious reactions is extremely low,2 with a frequency of about 1 in
80 000. The manufacturers have also reported that most reac-
tions in patients taking mefloquine for prophylaxis appear to oc-
cur after the first dose and have suggested that monitoring after
the first dose could identify 40% of those at risk of neuropsychi-
atric effects.3 Some authorities consider that over 75% of such
reactions to mefloquine are apparent by the third dose.4 This may
allow for tolerability problems with mefloquine prophylaxis to
be identified before travel. There has been much discussion on
the comparative tolerability of antimalarials used for chemo-
prophylaxis. The incidence of adverse events, including neu-
ropsychiatric events, was comparable for mefloquine and chlo-
roquine in 2 uncontrolled questionnaire studies, one in tourists5

and one in US Peace Corps volunteers.6 However, in a more re-
cent questionnaire in travellers,7 although the incidence of re-
ported adverse events was similar for mefloquine and chloro-
quine plus proguanil, neuropsychiatric adverse events were
significantly more common in mefloquine recipients. In two ran-
domised controlled studies,8,9 both in military personnel, there
was no difference between CNS symptoms in those given week-
ly mefloquine and those receiving chloroquine (with or without
proguanil). In one of these studies,9 a subgroup receiving a load-
ing dose of mefloquine daily for 3 days initially had a higher in-
cidence of CNS events. A review10 of 10 controlled studies
found no significant difference in the rates of withdrawal and
overall incidence of adverse effects for mefloquine and alterna-
tive prophylactic regimens, but mefloquine was more likely than

other drugs to cause insomnia and fatigue. Women may be at
greater risk of adverse effects than men, and WHO has com-
mented that the occurrence of such adverse effects may mean
that only highly motivated occupational subgroups or individu-
als at high risk of infection with chloroquine-resistant malaria
will be willing to continue with mefloquine prophylaxis.11 
Neuropsychiatric reactions are more frequent after the higher
doses of mefloquine used for treatment than those used for
prophylaxis. Some workers have estimated that overall 1 in 8000
mefloquine users have such reactions, with the incidence 60
times higher after treatment than after prophylaxis.12 Other
workers who have used mefloquine in nearly 14 000 treatments
calculated that the overall frequency of serious neuropsychiatric
reactions was 1 per 1754 treatments; it therefore appeared that
serious neuropsychiatric reactions were 10 times more probable
after treatment than with prophylactic use of mefloquine.13 
A severe neurological syndrome associated with mefloquine
treatment, with agitation, delirium, stupor, hyperpyrexia, my-
driasis, and generalised rigors responded rapidly to treatment
with physostigmine, suggesting a central anticholinergic aetiolo-
gy.14 
A discrete post-malaria neurological syndrome (including an
acute confusional state or acute psychosis, convulsions, and
tremor) has been seen on recovery from falciparum malaria and
there appeared to be a strong association with mefloquine al-
though it was not the only risk factor.15 Nevertheless the risk was
considered unacceptable and the recommendation made15 that,
where there was an effective alternative drug, mefloquine should
not be used after initial treatment of severe malaria. 
Emergence delirium during recovery from general anaesthesia
after mefloquine prophylaxis has been reported in 3 cases.16

1. Committee on Safety of Medicines. Mefloquine (Lariam) and
neuropsychiatric reactions. Current Problems 1996; 22: 6.
Avai lab le  a t :  h t tp : / /www.mhra .gov.uk/Publ ica t ions /
Safetyguidance/CurrentProblemsinPharmacovigilance/
CON2023214 (accessed 18/06/08) 

2. Croft AMJ, World MJ. Neuropsychiatric reactions with meflo-
quine chemoprophylaxis. Lancet 1996; 347: 326. 

3. Stürchler D, et al. Neuropsychiatric side effects of mefloquine.
N Engl J Med 1990; 322: 1752–3. 

4. Bradley DJ, Bannister B. Guidelines for malaria prevention in
travellers from the United Kingdom for 2003. Commun Dis
Publ ic  Heal th  2003;  6:  180–99.  Also  avai lab le  a t :
h t tp : / /www.hpa .org.uk/cdph/ i ssues /CDPHvol6 /No3/
6(3)p180-99.pdf (accessed 06/07/06) 

5. Steffen R, et al. Mefloquine compared with other malaria che-
moprophylactic regimens in tourists visiting East Africa. Lancet
1993; 341: 1299–1303. 

6. Lobel HO, et al. Long-term malaria prophylaxis with weekly
mefloquine. Lancet 1993; 341: 848–51. 

7. Barrett PJ, et al. Comparison of adverse events associated with
use of mefloquine and combination of chloroquine and pro-
guanil as antimalarial prophylaxis: postal and telephone survey
of travellers. BMJ 1996; 313: 525–8. Correspondence. ibid.;
1552–4. 

8. Croft AMJ, et al. Side effects of mefloquine prophylaxis for ma-
laria: an independent randomized controlled trial. Trans R Soc
Trop Med Hyg 1997; 91: 199–203. 

9. Boudreau E, et al. Tolerability of prophylactic Lariam regimens.
Trop Med Parasitol 1993; 44: 257–65. 

10. Croft A, Garner P. Mefloquine to prevent malaria: a systematic
review of trials. BMJ 1997; 315: 1412–16. Correspondence.
ibid. 1998; 316: 1980–1. 

11. Anonymous. Mefloquine effectiveness impaired by high with-
drawal rates. WHO Drug Inf 1998; 12: 7–8. 

12. Weinke T, et al. Neuropsychiatric side effects after the use of
mefloquine. Am J Trop Med Hyg 1991; 45: 86–91. 

13. Luxemburger C, et al. Mefloquine for multidrug-resistant ma-
laria. Lancet 1991; 338: 1268. 

14. Speich R, Haller A. Central anticholinergic syndrome with the
antimalarial drug mefloquine. N Engl J Med 1994; 331: 57–8. 

15. Mai NTH, et al. Post-malaria neurological syndrome. Lancet
1996; 348: 917–21. 

16. Gullahorn GM, et al. Anaesthesia emergence delirium after me-
floquine prophylaxis. Lancet 1993; 341: 632.

Effects on the oesophagus. Oesophageal ulceration in one
patient and discomfort in another 4 was attributed to swallowing
mefloquine tablets with insufficient fluid.1
1. Phillips M. Antimalarial mefloquine. Med J Aust 1994; 161:

227–8.

Effects on the skin. Isolated cases of Stevens-Johnson syn-
drome,1 severe facial lesions,2 exfoliative dermatitis,3 toxic epi-
dermal necrolysis,4 and cutaneous vasculitis5 have been associ-
ated with use of mefloquine for malaria prophylaxis. 
For a comparison of the incidence of pruritus induced by various
antimalarials, see under Chloroquine, p.600.
1. Van den Enden E, et al. Mefloquine-induced Stevens-Johnson

syndrome. Lancet 1991; 337: 683. 
2. Shlim DR. Severe facial rash associated with mefloquine. JAMA

1991; 266: 2560. 
3. Martin GJ, et al. Exfoliative dermatitis during malarial prophy-

laxis with mefloquine. Clin Infect Dis 1993; 16: 341–2. 
4. McBride SR, et al. Fatal toxic epidermal necrolysis associated

with mefloquine antimalarial prophylaxis. Lancet 1997; 349:
101. 

5. White AC, et al. Cutaneous vasculitis associated with meflo-
quine. Ann Intern Med 1995; 123: 894.

Overdosage. Cardiac, hepatic, and neurological symptoms
have been reported in a patient who inadvertently received 5.25 g
of mefloquine over 6 days.1 All symptoms disappeared rapidly
when mefloquine was stopped.
1. Bourgeade A, et al. Intoxication accidentelle à la méfloquine.

Presse Med 1990; 19: 1903.

Precautions
Tasks requiring fine coordination such as driving
should not be undertaken during treatment with meflo-
quine or for at least 3 weeks afterwards; in the case of
prophylactic use, care should be exercised while taking
mefloquine and for at least 3 weeks after stopping it.
The use of mefloquine for malaria prophylaxis is con-
tra-indicated in patients with a history of psychiatric
(including depression) or convulsive disorders. In-
creased plasma concentrations may occur in patients
with hepatic impairment. Mefloquine should be
stopped should symptoms suggestive of psychiatric
disturbance occur during prophylaxis, and an alterna-
tive antimalarial substituted. Mefloquine is teratogenic
in animals and its use during pregnancy is best avoid-
ed; however, in areas of chloroquine-resistant Plasmo-
dium falciparum, WHO states that mefloquine may
normally be taken for malaria prophylaxis during the
second and third trimesters of pregnancy. It is recom-
mended that women should also avoid becoming preg-
nant during, and for 3 months after, mefloquine use and
that mothers should not breast feed while taking meflo-
quine. Mefloquine should be used with caution in pa-
tients with renal impairment and in those with cardiac
conduction disorders.
Porphyria. For a discussion of the problems of the use of anti-
malarials in patients with porphyria and a comment that meflo-
quine may be safe for use in such patients, see under Precautions
for Chloroquine, p.601.
Pregnancy. Licensed product information for mefloquine re-
ports that it is teratogenic in rodents. There is limited information
on its effects in humans. One study in Thailand cited by WHO1

found no difference between mefloquine and quinine in pregnan-
cy outcome, but the numbers of treated patients who were in their
first trimester were very small and its use should be kept to a
minimum in that stage of pregnancy. Further spontaneous reports
of exposure to mefloquine during the first trimester of pregnancy
collected by the manufacturer revealed 24 fetal abnormalities
and 17 spontaneous or missed abortions in 358 pregnancies, al-
though a causal relationship was not established,2 and a later
study by the manufacturer involving 1627 reports of exposure
during pregnancy appeared to show a similar incidence of con-
genital malformation to that in offspring of unexposed women.3
In 53 army service women who inadvertently used mefloquine in
pregnancy, and for whom pregnancy outcome was known, there
were 17 elective abortions, 12 spontaneous abortions, one molar
pregnancy, and 23 healthy live births, with no major congenital
malformations.4 The rate of spontaneous abortions was consid-
ered high.4 A prospective cohort study involving 236 pregnant
women who received an antimalarial in the first trimester did not
find an increased risk of spontaneous abortion or anomaly in
women who took mefloquine compared with other antimalarials,
and the rate of spontaneous abortion was comparable with back-
ground rates.5 
Confidence in the safety of mefloquine has increased, and WHO
now considers mefloquine suitable for malaria prophylaxis in the
second and third trimesters;6 WHO has stated its use is not rec-
ommended in the first trimester because of limited information
on its safety. Authorities in the UK consider that use may some-
times be justified in the first trimester in areas of high risk of
acquiring falciparum malaria; inadvertent use is not an indication
to terminate pregnancy.7 
Pregnancy should be avoided during and for 3 months after pro-
phylactic use.
1. WHO. Practical chemotherapy of malaria: report of a WHO sci-

entific group. WHO Tech Rep Ser 805 1990. Also available at:
http://libdoc.who.int/trs/WHO_TRS_805.pdf (accessed
18/06/05) 

2. Palmer KJ, et al. Mefloquine: a review of its antimalarial activi-
ty, pharmacokinetic properties and therapeutic efficacy. Drugs
1993; 45: 430–75. 

3. Vanhauwere B, et al. Post-marketing surveillance of prophylac-
tic mefloquine (Lariam ) use in pregnancy. Am J Trop Med Hyg
1998; 58: 17–21. 

4. Smoak BL, et al. The effects of inadvertent exposure of meflo-
quine chemoprophylaxis on pregnancy outcomes and infants of
US Army service women. J Infect Dis 1997; 176: 831–3. 

5. Phillips-Howard PA, et al. Safety of mefloquine and other anti-
malarial agents in the first trimester of pregnancy. J Travel Med
1998; 5: 121–6. 

6. WHO. International travel and health. 2008 ed. Available at:
http://www.who.int/ith/ (accessed 18/06/08) 

7. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at:
h t tp : / /www.hpa.org .uk/web/HPAwebFile /HPAweb_C/
1203496943523 (accessed 17/06/08)

Interactions
Halofantrine should not be given with or after meflo-
quine because of the increased potential to induce haz-
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ardous cardiac arrhythmias, as discussed under Effects
on the Heart on p.603. There is an increased risk of
convulsions when mefloquine is used with chloro-
quine, quinidine, or quinine.
Alcohol. There has been a case report1 of a patient who had neu-
ropsychiatric disturbances after consuming a large quantity of al-
cohol with mefloquine; subsequent abstinence from alcohol led
to complete reversal of the reactions.
1. Wittes RC, Saginur R. Adverse reaction to mefloquine associat-

ed with ethanol ingestion. Can Med Assoc J 1995; 152: 515–17.

Antibacterials. Studies in healthy subjects have indicated that
ampicillin1 or tetracycline2 could increase blood concentrations
of mefloquine. Convulsions have been precipitated in 3 non-ep-
ileptic patients who were given mefloquine and the quinolone
antibacterials ciprofloxacin, ofloxacin, or sparfloxacin.3
1. Karbwang J, et al. Effect of ampicillin on mefloquine pharma-

cokinetics in Thai males. Eur J Clin Pharmacol 1991; 40: 631–3. 
2. Karbwang J, et al. Effect of tetracycline on mefloquine pharma-

cokinetics in Thai males. Eur J Clin Pharmacol 1992; 43: 567–9. 
3. Mangalvedhekar SS, et al. Convulsions in non-epileptics due to

mefloquine-fluoroquinolone co-administration. Natl Med J In-
dia 2000; 13: 47.

Antidepressants. Licensed product information for meflo-
quine states that in patients taking tricyclic antidepressants use of
mefloquine may theoretically contribute to prolongation of the
QT interval.
Antiepileptics. Licensed product information states that mef-
loquine may reduce seizure control by lowering the plasma con-
centration of antiepileptics, including carbamazepine, phenobar-
bital, and phenytoin. For the effect of mefloquine on valproate,
see p.511. For its effect on carbamazepine, see p.475.
Antihistamines. Giving mefloquine with antihistamines may
theoretically contribute to the prolongation of QT intervals; how-
ever, this is not considered to be an absolute contra-indication.
Antimalarials. It is well established that the use of halofantrine
with or after mefloquine is contra-indicated because of the risk of
hazardous cardiac arrhythmias. Mefloquine and other related
compounds such as quinine, quinidine, and chloroquine may be
given together only under close medical supervision because of
possible additive cardiac toxicity; there is also an increased risk
of convulsions. 
A study in healthy subjects indicated that use of primaquine
could increase blood concentrations of mefloquine and might in-
crease the incidence of adverse effects due to mefloquine,1 but
others reported no such interaction.2
1. MacLeod CM, et al. Interaction of primaquine with mefloquine

in healthy males. J Clin Pharmacol 1990; 30: 841. 
2. Karbwang J, et al. Pharmacokinetics of mefloquine in the pres-

ence of primaquine. Eur J Clin Pharmacol 1992; 42: 559–60.

Antipsychotics. The use of mefloquine with phenothiazines or
pimozide may theoretically contribute to prolonged QT intervals,
although this is not considered to be an absolute contra-indica-
tion.
Cardiovascular drugs. It has been recommended that meflo-
quine should be used with extreme caution in patients also taking
antiarrhythmics, beta blockers, calcium-channel blockers, or
digitalis, until more was known about the risks of cardiotoxicity,
since theoretically these drugs might contribute to prolongation
of the QT interval. An increased risk of ventricular arrhythmias
has been reported when mefloquine is given with amiodarone. 
Cardiopulmonary arrest has occurred after a single dose of me-
floquine in a patient who was taking propranolol.1
1. Anonymous. Mefloquine for malaria. Med Lett Drugs Ther

1990; 32: 13–14.

Metoclopramide. Use with metoclopramide may increase
plasma concentrations of mefloquine.1
1. Na Bangchang K, et al. The effect of metoclopramide on meflo-

quine pharmacokinetics. Br J Clin Pharmacol 1991; 32: 640–1.

Vaccines. Unfortunately, conflicting advice has been issued
concerning the use of mefloquine after typhoid vaccination, for
details see p.2241.

Pharmacokinetics
The pharmacokinetics of mefloquine may be altered
by malaria infection in a manner similar to those of qui-
nine, the main effects being reductions in both its vol-
ume of distribution and its overall clearance. 
Mefloquine is well absorbed from the gastrointestinal
tract but there is marked interindividual variation in the
time required to achieve peak plasma concentrations.
Mefloquine is about 98% bound to plasma proteins and
high concentrations have been reported in red blood
cells. It is widely distributed throughout the body. Mef-
loquine has a long elimination half-life; mean values of
about 21 days have been reported for some patients,
although like other pharmacokinetic data on meflo-
quine there is considerable variation in reported fig-
ures. Subtherapeutic concentrations of mefloquine

may persist in the blood for several months. Meflo-
quine is metabolised in the liver. Little of a dose is ex-
creted in the urine and animal studies suggest excretion
of mefloquine and its metabolites is mainly in the bile
and faeces. 
Mefloquine is distributed into breast milk in small
amounts.
◊ Reviews of pharmacokinetic studies of mefloquine reveal con-
siderable interindividual variation for several pharmacokinetic
parameters and some evidence that there might be pharmacoki-
netic differences between ethnic groups.1,2 Mefloquine is well
absorbed by healthy subjects and by patients with uncomplicated
malaria after oral doses.3,4 In patients with complicated malaria
adequate blood concentrations have been obtained by the na-
sogastric route but this route cannot be relied upon for seriously
ill patients5 as absorption may be incomplete.1 Mefloquine has a
large apparent volume of distribution but this is reduced in the
presence of malaria.6,7 In children given mefloquine with sulf-
adoxine and pyrimethamine as tablets crushed and mixed with a
glucose syrup, maximum blood-mefloquine concentrations were
higher and reached in a shorter time compared with equivalent
doses in adults.8 In pregnant women with uncomplicated malaria
blood concentrations were lower than in non-pregnant women
and the apparent volume of distribution was larger.9 Once-week-
ly prophylactic doses of mefloquine resulted in steady-state con-
ditions at about 10 doses with no evidence of subsequent accu-
mulation.10 
Mefloquine is metabolised in the liver11 largely into 2,8-bis(trif-
luoromethyl)-4-quinoline carboxylic acid [Ro-21-5104]12 but
this metabolite appears to be inactive against Plasmodium falci-
parum.13 Only a small percentage of a dose is excreted in the
urine14 and animal studies suggest excretion of mefloquine and
its metabolites is mainly in the bile and faeces.1 Mefloquine has
an extremely long plasma elimination half-life; again there is
considerable interindividual variation and mean values ranging
from 13.9 to 27.5 days have been quoted, the smaller figure of
the range referring to a formulation that did not provide as good
absorption as the preparation now in use.1 
Mefloquine is distributed into breast milk, but a single dose study
in 2 women15 indicated that the concentration of mefloquine in
milk was only a small proportion of that seen in plasma.
1. Karbwang J, White NJ. Clinical pharmacokinetics of meflo-

quine. Clin Pharmacokinet 1990; 19: 264–79. 
2. Palmer KJ, et al. Mefloquine: a review of its antimalarial activ-

ity, pharmacokinetic properties and therapeutic efficacy. Drugs
1993; 45: 430–75. 

3. Karbwang J, et al. The pharmacokinetics of mefloquine when
given alone or in combination with sulphadoxine and pyrimeth-
amine in Thai male and female subjects. Eur J Clin Pharmacol
1987; 32: 173–7. 

4. Looareesuwan S, et al. Studies of mefloquine bioavailability
and kinetics using a stable isotope technique: a comparison of
Thai patients with falciparum malaria and healthy caucasian
volunteers. Br J Clin Pharmacol 1987; 24: 37–42. 

5. Chanthavanich P, et al. Intragastric mefloquine is absorbed rap-
idly in patients with cerebral malaria. Am J Trop Med Hyg 1985;
34: 1028–36. 

6. Juma FD, Ogeto JO. Mefloquine disposition in normals and in
patients with severe Plasmodium falciparum malaria. Eur J
Drug Metab Pharmacokinet 1989; 14: 15–17. 

7. Karbwang J, et al. A comparison of the pharmacokinetics of me-
floquine in healthy Thai volunteers and in Thai patients with
falciparum malaria. Eur J Clin Pharmacol 1988; 35: 677–80. 

8. Singhasivanon V, et al. Pharmacokinetic study of mefloquine in
Thai children aged 5-12 years suffering from uncomplicated fal-
ciparum malaria treated with MSP or MSP plus primaquine. Eur
J Drug Metab Pharmacokinet 1994; 19: 27–32. 

9. Na Bangchang K, et al. Mefloquine pharmacokinetics in preg-
nant women with acute falciparum malaria. Trans R Soc Trop
Med Hyg 1994; 88: 321–3. 

10. Pennie RA, et al. Steady state pharmacokinetics of mefloquine
in long-term travellers. Trans R Soc Trop Med Hyg 1993; 87:
459–62. 

11. WHO. Severe and complicated malaria. 2nd ed. Trans R Soc
Trop Med Hyg 1990; 84 (suppl 2): 1–65. 

12. Panisko DM, Keystone JS. Treatment of malaria—1990. Drugs
1990; 39: 160–89. 

13. Håkanson A, et al. Comparison of the activity in vitro of meflo-
quine and two metabolites against Plasmodium falciparum.
Trans R Soc Trop Med Hyg 1990; 84: 503–4. 

14. Schwartz DE, et al. Urinary excretion of mefloquine and some
of its metabolites in African volunteers at steady state. Chemo-
therapy 1987; 33: 305–8. 

15. Edstein MD, et al. Excretion of mefloquine in human breast
milk. Chemotherapy 1988; 34: 165–9.

Uses and Administration
Mefloquine is a 4-methanolquinoline antimalarial re-
lated to quinine. It is a blood schizontocide effective
against all forms of malaria including chloroquine- or
multidrug-resistant strains of Plasmodium falciparum,
although some strains are naturally resistant to meflo-
quine. It is used for the treatment of uncomplicated fal-
ciparum malaria and chloroquine-resistant vivax ma-
laria, and also for malaria prophylaxis. Mefloquine is

also used after treatment with an artemisinin derivative
for acute uncomplicated malaria, to reduce the risk of
recrudescence. 
Mefloquine is given orally as the hydrochloride but
variation in the way doses are expressed could lead to
confusion. In the UK and elsewhere, doses are ex-
pressed in terms of the base and a dose of 250 mg base
is equivalent to about 274 mg of mefloquine hydro-
chloride. In the USA, doses are expressed in terms of
the hydrochloride and a dose of 250 mg is therefore
equivalent to only about 228 mg of mefloquine base.
Doses in the USA could therefore be about 10% less
than elsewhere. 
Doses recommended in the UK are as follows. 
• For the treatment of malaria, mefloquine base 20 to

25 mg/kg (up to a maximum of 1.5 g) as a single
dose or preferably in 2 or 3 divided doses 6 to 8
hours apart 

• For the prophylaxis of malaria, a dose of mefloquine
base 250 mg once weekly in adults and children over
45 kg. Children weighing 5 to 19 kg may be given
one-quarter the adult dose; those weighing 20 to
30 kg, half the adult dose; and those weighing 31 to
45 kg three-quarters the adult dose 
Prophylaxis should be started 1 to 3 weeks before
exposure and continued for 4 weeks after leaving the
malarious area 

For other dosage recommendations, see under Malaria,
below.
Malaria. The overall treatment and prophylaxis of malaria and
the place of mefloquine in current recommendations are dis-
cussed on p.594. 
TREATMENT. Clinical studies have shown mefloquine to be effec-
tive in the treatment of chloroquine- or multidrug-resistant falci-
parum malaria. It is also effective in benign malarias, but is not
normally required since they usually respond to chloroquine. 
Mefloquine has been widely used as an alternative to regimens
using quinine for the treatment of chloroquine-resistant or multi-
drug-resistant strains of Plasmodium falciparum. It is now also
used with an artemisinin derivative in multidrug resistance (see
p.599). 
As there is no parenteral formulation of mefloquine currently
available it can only be used in patients who can take oral medi-
cation and is therefore unsuitable for sole treatment in severe in-
fections. Mefloquine has produced adequate blood concentra-
tions by the nasogastric route, but this route cannot be relied
upon in seriously ill patients.1 If mefloquine is given to patients
after parenteral doses of quinine, it is recommended that a period
of 12 hours should be allowed after the last dose of quinine to
avoid toxicity. 
In the UK, the recommended dose for the treatment of malaria is
the equivalent of 20 to 25 mg of mefloquine base per kg body-
weight, as a single dose or preferably in two or three divided dos-
es 6 to 8 hours apart, to a maximum of 1.5 g. The manufacturers
recommend a lower dose of 15 mg/kg for the partially immune.
In the USA, the manufacturers recommend 1250 mg of meflo-
quine hydrochloride given as a single dose. WHO2 recommends
a dose of mefloquine base of 25 mg/kg given over 2 or 3 days
(15 mg/kg followed by 10 mg/kg a day later, or 8.3 mg/kg daily
for 3 days). 
WHO3 considers that drugs used for the treatment of uncompli-
cated falciparum malaria may in principle be carried as a standby
for use in similar doses for the emergency self-treatment of
malaria, although mefloquine is not recommended by WHO as a
first-line regimen.
PROPHYLAXIS. It had been hoped that mefloquine could be re-
served for the treatment of malaria, but increasing drug resist-
ance to chemoprophylactic regimens has led to it being widely
used for malaria prophylaxis. WHO recommends3 that meflo-
quine should be used where there is a high risk of falciparum
malaria and drug resistance or a moderate to low risk but with
high drug resistance. For adults the equivalent of 250 mg of me-
floquine base is given every week, starting 1 to 3 weeks before
departure, and continuing throughout the period of exposure and
for 4 weeks after leaving the malarious area. Starting mefloquine
prophylaxis 2 to 3 weeks before exposure allows for detection of
possible adverse effects before travelling (see Effects on the
Nervous System, above, for concerns about neurotoxicity). It is
now considered that mefloquine prophylaxis can be given for
periods of up to one year instead of the previous limit of 3
months. 
Mefloquine is considered to be suitable3 for prophylaxis in the
second and third trimesters of pregnancy. Pregnancy should be
avoided during and for 3 months after stopping the drug. 
Recommended dosages of mefloquine for prophylaxis in chil-
dren are generally based on 5 mg/kg as a single weekly dose in
children weighing over 5 kg.3 The doses now usually used in the
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UK4 for infants and children from 6 kg body-weight and above
3 months of age are as follows: 
• 6 to 15.9 kg (3 months to 3 years 11 months), one-quarter the

adult dose 
• 16 to 24.9 kg (4 years to 7 years 11 months), half the adult dose 
• 25 to 44.9 kg (8 years to 12 years 11 months), three-quarters

the adult dose 
• 45 kg and over (13 years or more), the adult dose 
In the event of breakthrough malaria during malaria prophylaxis
there may be a delay of up to several months before the onset of
symptoms in contrast to that seen with other forms of prophylax-
is.5 Mefloquine should not be used for treatment if it has been
used for prophylaxis.
1. Chanthavanich P, et al. Intragastric mefloquine is absorbed rap-

idly in patients with cerebral malaria. Am J Trop Med Hyg 1985;
34: 1028–36. 

2. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 05/06/06) 

3. WHO. International travel and health. 2008 ed. Available at:
http://www.who.int/ith/ (accessed 18/06/08) 

4. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-
tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at:
ht tp: / /www.hpa.org .uk/web/HPAwebFile/HPAweb_C/
1203496943523 (accessed 17/06/08) 

5. Day JH, Behrens RH. Delay in onset of malaria with mefloquine
prophylaxis. Lancet 1995; 345: 398.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tropicur; Austral.: Lariam; Austria: Lariam; Belg.: Lariam; Braz.:
Mephaquin; Canad.: Lariam; Chile: Lariam; Cz.: Lariam; Mephaquin†;
Denm.: Lariam; Fin.: Lariam; Fr.: Lariam; Ger.: Lariam; Gr.: Lariam; Hong
Kong: Lariam; Mephaquin; Hung.: Lariam; India: Larimef; Mefliam; Mefloc;
Meflotas; Irl.: Lariam; Israel: Lariam; Mephaquin; Ital.: Lariam; Malaysia:
Lariam; Mephaquin; Neth.: Lariam; Norw.: Lariam; NZ: Lariam; Philipp.:
Lariam; Port.: Mephaquin; S.Afr.: Lariam; Mefliam; Singapore: Lariam;
Mephaquin; Swed.: Lariam; Switz.: Lariam; Mephaquine; Thai.:
Mephaquin†; Mequin; UK: Lariam; USA: Lariam.
Multi-ingredient: Switz.: Fansimef†.

Piperaquine Phosphate
Piperaquina, fosfato de; Piperaquini Phosphas; 13228-RP. 1,3-
Bis[1-(7-chloro-4-quinolyl)-4′-piperazinyl]propane.
C29H32Cl2N6,4H3PO4,4H2O = 999.6.
CAS — 85547-56-4.

(piperaquine)

Pharmacopoeias. In Chin.
Profile
Piperaquine phosphate is a 4-piperazinoquinoline derivative
which has been studied in the treatment and prophylaxis of falci-
parum malaria. Combined treatment with artenimol is also being
investigated. A combination of piperaquine, artinimol, and tri-
methoprim (Artecom) is available in some countries.
◊ References.
1. Davis TME, et al. Piperaquine: a resurgent antimalarial drug.

Drugs 2005; 65: 75–87.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: China: Duo-Cotecxin.

Primaquine Phosphate (BANM, rINNM)

Difosfato de Primaquina; Fosfato de primaquina; Primachin difos-
fát; Primachina Fosfato; Primachini Phosphas; Primakiinidifosfaatti;
Primakindifosfat; Primakin-difoszfát; Primakvino difosfatas; Pri-
maquine Diphosphate; Primaquine, diphosphate de; Primaquine,
Phosphate de; Primaquini diphosphas; Primaquini Phosphas; Pri-
maquinum Phosphoricum; SN-13,272. (RS)-8-(4-Amino-1-
methylbutylamino)-6-methoxyquinoline diphosphate.
Примахина Фосфат
C15H21N3O,2H3PO4 = 455.3.
CAS — 90-34-6 (pr imaquine); 63-45-6 (primaquine phos-
phate).
ATC — P01BA03.

(primaquine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Primaquine Diphosphate). An orange crystalline
powder. Soluble in water; practically insoluble in alcohol. Pro-
tect from light. 
USP 31 (Primaquine Phosphate). An orange-red, odourless,
crystalline powder. Soluble 1 in 15 of water; insoluble in chloro-
form and in ether. Its solutions are acid to litmus. Protect from
light.

Adverse Effects
Adverse effects with therapeutic doses of primaquine
are usually minimal but abdominal pain and gastric
distress are more common if taken on an empty stom-
ach. Larger doses may cause nausea and vomiting.
Methaemoglobinaemia may occur occasionally.
Haemolytic anaemia can occur in persons with G6PD
deficiency (see below). Other uncommon effects in-
clude mild anaemia and leucocytosis. Hypertension
and cardiac arrhythmias have been reported on rare oc-
casions. Primaquine may rarely produce leucopenia or
agranulocytosis, usually after overdosage. Other ef-
fects associated with overdosage include gastrointesti-
nal symptoms, haemolytic anaemia, and methaemo-
globinaemia with cyanosis.
◊ Many adverse effects have been reported after use of
primaquine1 but some, including pruritus and disturbances of
visual accommodation, are considered to be inadequately docu-
mented or doubtfully attributed to the drug. 
Acute intravascular haemolysis is the most serious toxic hazard
of primaquine, especially in people with G6PD deficiency, other
defects of the erythrocytic pentose phosphate pathway of glucose
metabolism, or some types of haemoglobinopathy. In individuals
with G6PD deficiency the severity of haemolysis is directly re-
lated to the degree of deficiency and to the quantity of pri-
maquine given. In patients with the African variant the standard
course of primaquine generally produces a moderate and self-
limiting anaemia, while in those with the Mediterranean and re-
lated Asian variants, haemolysis can result in progressive hae-
moglobinaemia and haemoglobinuria which can be fatal. When-
ever possible, therapy with primaquine should be delayed until
the acute stage of malaria has been brought under control by a
blood schizontocide because of the risk of inducing haemolysis
and compromising the gastrointestinal tolerance of therapy.
1. Clyde DF. Clinical problems associated with the use of pri-

maquine as a tissue schizontocidal and gametocytocidal drug.
Bull WHO 1981; 59: 391–5.

Precautions
Primaquine should be used cautiously in acutely ill pa-
tients with any serious systemic disease characterised
by a tendency to granulocytopenia such as rheumatoid
arthritis or lupus erythematosus. It should also be used
with care in patients with G6PD deficiency. Pri-
maquine should be withdrawn if signs of haemolysis or
methaemoglobinaemia occur and the blood count
should be monitored periodically.
Pregnancy. Radical cure of vivax or ovale malarias with pri-
maquine should be delayed in pregnant women until after deliv-
ery.1

1. Panisko DM, Keystone JS. Treatment of malaria—1990. Drugs
1990; 39: 160–89.

Interactions
Primaquine should not be used with drugs liable to in-
duce haemolysis or bone marrow depression. Theoret-
ically, mepacrine may increase the plasma concentra-
tions of primaquine resulting in a higher risk of
toxicity, and it has been recommended that these drugs
should not be used together.
Antimalarials. The pharmacokinetics of primaquine were not
altered by mefloquine in healthy subjects,1 although the effect of
primaquine on mefloquine pharmacokinetics is uncertain (see

under Mefloquine, p.607). In a study in patients with malaria,
quinine reduced the plasma concentrations of primaquine, al-
though the clinical importance of the interaction was unclear.1
1. Edwards G, et al. Interactions among primaquine, malaria infec-

tion and other antimalarials in Thai subjects. Br J Clin Pharma-
col 1993; 35: 193–8.

Pharmacokinetics
Primaquine is readily absorbed from the gastrointesti-
nal tract. Peak plasma concentrations occur about 1 to
2 hours after a dose is taken and then rapidly diminish
with a reported elimination half-life of 3 to 6 hours. It
is widely distributed into body tissues. 
Primaquine is rapidly metabolised in the liver, its major
metabolite being carboxyprimaquine, and little un-
changed drug is excreted in the urine. Carboxypri-
maquine accumulates in the plasma on repeated dos-
age.
◊ References.
1. Fletcher KA, et al. Studies on the pharmacokinetics of pri-

maquine. Bull WHO 1981; 59: 407–12. 
2. White NJ. Clinical pharmacokinetics of antimalarial drugs. Clin

Pharmacokinet 1985; 10: 187–215. 
3. Mihaly GW, et al. Pharmacokinetics of primaquine in man, I:

studies of the absolute bioavailability and effects of dose size. Br
J Clin Pharmacol 1985; 19: 745–50. 

4. Ward SA, et al. Pharmacokinetics of primaquine in man, II: com-
parison of acute vs chronic dosage in Thai subjects. Br J Clin
Pharmacol 1985; 19: 751–5. 

5. Bhatia SC, et al. Pharmacokinetics of primaquine in patients
with P. vivax malaria. Eur J Clin Pharmacol 1986; 31: 205–10. 

6. Rønn A, Bygbjerg I. Unexpected high primaquine concentra-
tions in acutely ill malaria patients. Lancet 1993; 341: 305.

Uses and Administration
Primaquine is an 8-aminoquinoline antimalarial that is
effective as a tissue schizontocide against intrahepatic
forms of all types of malaria parasite and is used to pro-
duce radical cure of vivax and ovale malarias. 
Primaquine phosphate is given orally and doses may
be expressed in terms of the base; primaquine phos-
phate 26.4 mg is equivalent to about 15 mg of pri-
maquine base. 
When used for radical cure of vivax or ovale malaria,
a course of treatment with a blood schizontocide must
be given first to kill any erythrocytic parasites. Pri-
maquine phosphate is then given orally, usually in a
dose equivalent to 15 mg of the base daily for 14 days
but higher doses or longer courses may be required to
overcome resistance in some strains of P. vivax (see be-
low); WHO has advised that for uncomplicated malar-
ia in travellers, infections acquired south of the equator
should be treated with primaquine 500 micrograms/kg
daily for 14 days and those acquired north of the equa-
tor with 250 micrograms/kg daily for 14 days. A dose
for children is 250 micrograms/kg daily for 14 days. 
For patients with G6PD deficiency the use of up to
45 mg (children 750 micrograms/kg) once every 7
days for 8 weeks has been suggested to minimise
haemolysis (but see under Adverse Effects, above). 
Primaquine is also gametocytocidal and a single dose
of 750 micrograms/kg (to a maximum of 45 mg) has
been suggested to prevent transmission of falciparum
malaria particularly in areas where there is potential for
re-introduction of malaria. 
Primaquine is also used with clindamycin in the treat-
ment of pneumocystis pneumonia in AIDS patients
(below).
Malaria. The overall treatment and prophylaxis of malaria and
the place of primaquine in current recommendations are de-
scribed on p.594. 
Despite the generally successful use of oral primaquine for radi-
cal cure of benign malarias,1 there has been a report2 of a patient
weighing 84 kg who had relapse of vivax malaria after treatment
including primaquine 15 mg given daily for 21 days; no further
symptoms occurred after a second course of 15 mg given daily
for 3 months. It was suggested that a daily dose of 15 mg might
be inadequate for patients weighing more than 50 kg and that pa-
tients with vivax malaria who have relapsed after the standard
course of primaquine, and possibly those with vivax malaria ac-
quired in South-East Asia or Melanesia, should receive a total
dose of 6 mg/kg in daily doses of 15 to 22.5 mg. A report from
Thailand,3 where primaquine-resistant strains of Plasmodium
vivax are increasing, showed that a dose of primaquine 22.5 mg
daily for 14 days was safe and more effective in preventing re-
lapses than 15 mg daily in patients with an average body-weight
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of about 51 kg. There have been several other reports of pri-
maquine-resistant P. vivax,4-7 and the suggestion has been made
that higher doses of primaquine (15 mg twice daily for 14 days,
to give a total dose of 6 mg/kg assuming a body-weight of 70 kg)
should be considered wherever the vivax malaria was ac-
quired.7,8 A systematic review9 concluded that when used with
chloroquine, a 14-day course of primaquine 15 mg daily was
more effective than a 5-day course in preventing relapses of
vivax malaria. The 5-day course of primaquine plus chloroquine
appeared to be no better than chloroquine alone. 
Variable responses to primaquine in the Amazonian region were
attributed to considerable variation in the content of primaquine
both between and within batches of tablets; primaquine content
ranged from 19 to 168% of the labelled content.10 
In the USA, the CDC11 have suggested the use of primaquine at
the end of prophylaxis to prevent relapses due to P. vivax or P.
ovale in persons returning from prolonged exposure in areas
where relapsing malaria is endemic. In those who have taken
chloroquine, doxycycline, or mefloquine as prophylaxis, pri-
maquine is usually given during the last 2 weeks of prophylaxis,
but may also be taken immediately after prophylaxis is complet-
ed. When atovaquone plus proguanil is taken as prophylaxis, pri-
maquine may be given either during the last 7 days and then for
an additional 7 days, or for 14 days after atovaquone plus pro-
guanil prophylaxis is completed. The recommended daily dose
of primaquine for terminal prophylaxis is 30 mg for adults and
600 micrograms/kg for children. 
Primaquine has also been tried for prophylaxis of falciparum and
vivax malaria; use for a year produced effective cover and was
well tolerated by Javanese men without G6PD deficiency.12 It
was also effective for prophylaxis in Colombian military person-
nel; it was noted that primaquine prophylaxis could be stopped 1
week after departing the endemic area.13

1. Molyneux M, Fox R. Diagnosis and treatment of malaria in Brit-
ain. BMJ 1993; 306: 1175–80. 

2. Luzzi GA, et al. Treatment of primaquine-resistant Plasmodium
vivax malaria. Lancet 1992; 340: 310. 

3. Bunnag D, et al. High dose of primaquine in primaquine resist-
ant vivax malaria. Trans R Soc Trop Med Hyg 1994; 88: 218–19. 

4. Collins WE, Jeffrey GM. Primaquine resistance in Plasmodium
vivax. Am J Trop Med Hyg 1996; 55: 243–9. 

5. Signorini L, et al. Short report: primaquine-tolerant Plasmodi-
um vivax in an Italian traveler from Guatemala. Am J Trop Med
Hyg 1996; 55: 472–3. 

6. Smoak BL, et al. Plasmodium vivax infections in US Army
troops: failure of primaquine to prevent relapse in studies from
Somalia. Am J Trop Med Hyg 1997; 56: 231–4. 

7. Doherty JF, et al. Treatment of Plasmodium vivax malaria—
time for a change? Trans R Soc Trop Med Hyg 1997; 91: 76. 

8. Baird JK, Hoffman SL. Primaquine therapy for malaria. Clin
Infect Dis 2004; 39: 1336–45. 

9. Galappaththy GNL, et al. Primaquine for preventing relapses in
people with Plasmodium vivax malaria. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2007 (accessed 14/03/08). 

10. Petralanda I. Quality of antimalarial drugs and resistance to
Plasmodium vivax in Amazonian region. Lancet 1995; 345:
1433. 

11. CDC. Malaria. In: The Yellow Book: CDC Health Information
for International Travel; 2008. Available at: 
http://wwwn.cdc.gov/travel/yellowBookCh4-Malaria.aspx (ac-
cessed 10/03/08) 

12. Fryauff DJ, et al. Randomised placebo-controlled trial of pri-
maquine for prophylaxis of falciparum and vivax malaria. Lan-
cet 1995; 346: 1190–3. 

13. Soto J, et al. Primaquine prophylaxis against malaria in nonim-
mune Colombian soldiers: efficacy and toxicity. Ann Intern Med
1998; 129: 241–4.

Pneumocystis pneumonia. Primaquine with clindamycin is
used in the treatment of pneumocystis pneumonia as an alterna-
tive to co-trimoxazole1 (see p.521). Treatment has usually lasted
3 weeks, with primaquine being given by mouth in daily doses
equivalent to 30 mg of the base, and clindamycin usually being
given intravenously in doses of 600 mg four times daily or 300
to 450 mg four times daily by mouth.2 The BNF suggests clin-
damycin 600 mg by mouth every 8 hours with primaquine
30 mg daily by mouth for mild to moderate disease. 
A randomised multicentre study3 compared this latter regimen
(primaquine 30 mg daily and clindamycin 600 mg three times
daily) with co-trimoxazole and with a combination of dapsone
and trimethoprim in 181 AIDS patients who had confirmed mild
to moderate pneumocystis pneumonia. Primaquine-clindamycin
was as effective as the other two regimens, although the authors
suggested that the combination might be best avoided in patients
with severe myelosuppression. 
Primaquine with clindamycin is not normally recommended for
prophylaxis although there are reports of it being tried.4 A retro-
spective examination5 of the records of patients who had re-
ceived prophylaxis found that clindamycin with primaquine was
less effective than co-trimoxazole or dapsone, although this
could have been due in part to underdosing.
1. Benfield T, et al. Second-line salvage treatment of AIDS-associ-

ated Pneumocystis jirovecii pneumonia: a case series and sys-
tematic review. J Acquir Immune Defic Syndr 2008; 48: 63–7. 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter 2007. 

3. Safrin S, et al. Comparison of three regimens for treatment of
mild to moderate Pneumocystis carinii pneumonia in patients
with AIDS: a double-blind, randomized trial of oral trimetho-
prim-sulfamethoxazole, dapsone-trimethoprim, and clindamy-
cin-primaquine. Ann Intern Med 1996; 124: 792–802. 

4. Kay R, DuBois RE. Clindamycin/primaquine therapy and sec-
ondary prophylaxis against Pneumocystis carinii pneumonia in
patients with AIDS. South Med J 1990; 83: 403–4. 

5. Barber BA, et al. Clindamycin/primaquine as prophylaxis for
Pneumocystis carinii pneumonia. Clin Infect Dis 1996; 23:
718–22.

Preparations
USP 31: Primaquine Phosphate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Primacin; Braz.: Primakinder; India: Malirid; PMQ-INGA; Pri-
macip.

Proguanil Hydrochloride (BANM, rINNM)

Bigumalum; Chloriguane Hydrochloride; Chloroguanide Hydro-
chloride; Hidrocloruro de proguanil; Proguanide Hydrochloride;
Proguaniilihydrokloridi; Proguanil, chlorhydrate de; Proguanil hy-
drochlorid; Proguanil-hidroklorid; Proguanilhydroklorid; Pro-
guanili hydrochloridum; Proguanilo hidrochloridas; RP-3359; SN-
12,837. 1-(4-Chlorophenyl)-5-isopropylbiguanide hydrochloride.
Прогуанила Гидрохлорид
C11H16ClN5,HCl = 290.2.
CAS — 500-92-5 (proguanil); 637-32-1 (proguanil hydro-
chlor ide).
ATC — P01BB01.

(proguanil)

Pharmacopoeias. In Eur. (see p.vii) and Int. 
Ph. Eur. 6.2 (Proguanil Hydrochloride). A white or almost white,
crystalline powder. Slightly soluble in water; sparingly soluble in
dehydrated alcohol; practically insoluble in dichloromethane.
Protect from light.
Stability. Although the Ph. Eur. 6.2 directs that proguanil hydro-
chloride should be protected from light, stability studies1,2 sug-
gest that it is a very stable compound with only small amounts of
its major decomposition product 4-chloroaniline being formed
during thermal and photochemical stress.
1. Owoyale JA, Elmarakby ZS. Effect of sunlight, ultraviolet irra-

diation and heat on proguanil. Int J Pharmaceutics 1989; 50:
219–21. 

2. Taylor RB, et al. A chemical stability study of proguanil hydro-
chloride. Int J Pharmaceutics 1990; 60: 185–90.

Adverse Effects and Precautions
Apart from mild gastric intolerance, diarrhoea, and
some reports of aphthous ulceration there appear to be
few adverse effects associated with usual doses of pro-
guanil hydrochloride. There have been rare reports of
hypersensitivity reactions including urticaria and angio-
edema. Rare cases of seizures and psychotic events
have also been reported. Haematological changes have
been reported in patients with severe renal impairment.
Overdosage may produce epigastric discomfort, vom-
iting, and renal irritation leading to haematuria. 
Proguanil should be used with caution in patients with
renal impairment; dosage should be reduced accord-
ingly (see under Uses and Administration, below). 
Proguanil may be taken during pregnancy, but UK
guidelines recommend that folate supplements (folic
acid 5 mg daily) should also be given; however, the
combination of proguanil with atovaquone should be
avoided as data regarding the safety of atovaquone are
lacking.
◊ Until 1985 proguanil was generally taken in a dose of 100 mg
daily for malaria prophylaxis with few adverse effects. Although
there was no increase in serious adverse effects when the dose
was increased to 200 mg daily, and it began to be used with chlo-
roquine, there were an increasing number of reports of reversible
aphthous ulceration.1 Chloroquine may exacerbate this effect.2
There has also been a report of reversible alopecia in women and
scaling of the skin in both men and women using proguanil.3 
Megaloblastic anaemia and pancytopenia were associated with
proguanil accumulation in 2 patients with renal failure.4 
Stevens-Johnson syndrome has been reported5 in a patient taking
proguanil with atovaquone.
1. Peto TEA. Toxicity of antimalarial drugs. J R Soc Med 1989; 82

(suppl 17): 30–4. 
2. Drysdale SF, et al. Proguanil, chloroquine, and mouth ulcers.

Lancet 1990; 335: 164. 

3. Hanson SN, et al. Hairloss and scaling with proguanil. Lancet
1989; i: 225. 

4. Boots M, et al. Megaloblastic anemia and pancytopenia due to
proguanil in patients with chronic renal failure. Clin Nephrol
1982; 18: 106–8. 

5. Emberger M, et al. Stevens-Johnson syndrome associated with
Malarone antimalarial prophylaxis. Abstract: Clin Infect Dis
2003; 37: 158. Full version: http://www.journals.uchicago.edu/
doi/pdf/10.1086/375073 (accessed 17/06/08)

Porphyria. For a discussion of the problems of the use of anti-
malarials in patients with porphyria and a comment that pro-
guanil may be safe for use in such patients, see under Precautions
for Chloroquine, p.601.

Interactions
Fluvoxamine. Fluvoxamine can virtually abolish1 the metabo-
lism of proguanil to its active metabolite cycloguanil via an in-
hibitory effect on the cytochrome P450 isoenzyme CYP2C19.
1. Jeppesen U, et al. The CYP2C19 catalyzed bioactivation of pro-

guanil is abolished during fluvoxamine intake. Eur J Clin Phar-
macol 1997; 52 (suppl): A134.

Warfarin. For a report of haematuria and high prothrombin ra-
tio in a patient stabilised on warfarin who took proguanil for ma-
laria prophylaxis, see p.1429.

Pharmacokinetics
Proguanil is readily absorbed from the gastrointestinal
tract after oral doses, peak plasma concentrations oc-
curring within about 4 hours. Proguanil is metabolised
in the liver to the active metabolite cycloguanil. Peak
plasma concentrations of cycloguanil occur approxi-
mately 1 hour after those of the parent drug. The elim-
ination half-lives of both proguanil and cycloguanil are
about 20 hours. About 40 to 60% of proguanil is elim-
inated in the urine, of which 60% is unchanged and
30% cycloguanil. There is also some elimination via
the faeces. Proguanil is distributed into breast milk in
small amounts (which are not adequate to provide chemo-
prophylaxis for the infant).
◊ Early studies found proguanil to be well absorbed from the gas-
trointestinal tract with peak plasma concentrations occurring af-
ter about 4 hours.1 In more recent studies, peak plasma concen-
trations of proguanil have been achieved within 2 to 4 hours.2-4

Plasma protein binding for proguanil is 75%.5 Proguanil is
metabolised in the liver3 to the active metabolite cycloguanil and
to p-chlorophenylbiguanide which is inactive. Peak plasma con-
centrations of cycloguanil occur about 5.3 hours after doses of
proguanil.4 Unlike proguanil and p-chlorophenylbiguanide, cyc-
loguanil is not concentrated in erythrocytes and thus concentra-
tions of cycloguanil in plasma and whole blood are similar.4 The
elimination half-lives for proguanil and cycloguanil are about 20
hours.3,4 A review of early studies states that 40 to 60% of a dose
of proguanil is excreted in the urine, 60% of this as the un-
changed drug, 30% as cycloguanil, and 8% as p-chlorophenyl-
biguanide.1 About 10% of a dose is excreted in the faeces.1 How-
ever, these values can vary greatly and wide interindividual
variations in the ability to metabolise proguanil to cycloguanil
have been reported.3,6,7 Malaria prophylaxis with proguanil
might be less effective in poor metabolisers although this has not
been proved conclusively8 and, anyway, other factors such as
lack of protection against mosquitoes and sensitivity of the ma-
laria parasite might be more important.9 
Plasma concentrations of cycloguanil may be reduced in the
third trimester of pregnancy.10

1. White NJ. Clinical pharmacokinetics of antimalarial drugs. Clin
Pharmacokinet 1985; 10: 187–215. 

2. Kelly JA, et al. The kinetics of proguanil during prophylaxis.
Trans R Soc Trop Med Hyg 1986; 80: 338. 

3. Watkins WM, et al. Variability in the metabolism of proguanil
to the active metabolite cycloguanil in healthy Kenyan adults.
Trans R Soc Trop Med Hyg 1990; 84: 492–5. 

4. Wattanagoon Y, et al. Single dose pharmacokinetics of pro-
guanil and its metabolites in healthy subjects. Br J Clin Phar-
macol 1987; 24: 775–80. 

5. Jaeger A, et al. Clinical features and management of poisoning
due to antimalarial drugs. Med Toxicol 1987; 2: 242–73. 

6. Ward SA, et al. Inter-subject variability in the metabolism of
proguanil to the active metabolite cycloguanil in man. Br J Clin
Pharmacol 1989; 27: 781–7. 

7. Helsby NA, et al. The multiple dose pharmacokinetics of pro-
guanil. Br J Clin Pharmacol 1993; 35: 653–6. 

8. Mberu EK, et al. Japanese poor metabolizers of proguanil do
not have an increased risk of malaria chemoprophylaxis break-
through. Trans R Soc Trop Med Hyg 1995; 89: 658–9. 

9. Skjelbo E, et al. Chloroguanide metabolism in relation to the
efficacy in malaria prophylaxis and the S-mephenytoin oxida-
tion in Tanzanians. Clin Pharmacol Ther 1996; 59: 304–11. 

10. Wangboonskul J, et al. Single dose pharmacokinetics of pro-
guanil and its metabolites in pregnancy. Eur J Clin Pharmacol
1993; 44: 247–51.

Uses and Administration
Proguanil is a biguanide compound that has little anti-
malarial activity until metabolised in the body to the
active antimalarial drug cycloguanil. Cycloguanil, like
pyrimethamine, inhibits plasmodial dihydrofolate re-

NH

H
N

NH

H
N

CH3

H
N CH3

Cl



610   Antimalarials

ductase and thus disrupts synthesis of nucleic acids in
the parasite. Cycloguanil is active against pre-erythro-
cytic forms and is a slow-acting blood schizontocide. It
also has some sporontocidal activity, rendering the
gametocytes non-infective to the mosquito vector. 
The value of proguanil is limited by the rapid develop-
ment of resistance. 
Proguanil is used orally as the hydrochloride for the
chemoprophylaxis of malaria, with chloroquine or
atovaquone. The schizontocidal activity of cycloguanil
on erythrocytic forms is too slow for cycloguanil or
proguanil to be used alone for the treatment of malaria,
but proguanil hydrochloride is given combined with
atovaquone for the treatment of uncomplicated falci-
parum malaria. 
For prophylaxis of malaria in combination with chloro-
quine, the usual adult daily dose of proguanil hydro-
chloride is 200 mg taken after food. For prophylaxis in
combination with atovaquone 250 mg, the daily dose
of proguanil hydrochloride is 100 mg. It is generally
recommended that chemoprophylaxis for travellers
should start 1 week before exposure to malaria, but if
this is not possible it can be started 1 to 2 days prior to
travel. Use should continue throughout exposure and
for at least 4 weeks (1 week when proguanil is given
with atovaquone) after leaving a malarious area. 
In the treatment of uncomplicated falciparum malaria,
adult doses are proguanil hydrochloride 400 mg
together with atovaquone 1 g, each orally as a single
dose for 3 consecutive days. 
For children’s doses in the prophylaxis and treatment
of malaria, see below. 
Cycloguanil was also formerly given by intramuscular
injection as an oily suspension of the embonate.
◊ Reviews.
1. McKeage K, Scott LJ. Atovaquone/proguanil: a review of its use

for the prophylaxis of Plasmodium falciparum malaria. Drugs
2003; 63: 597–623. 

2. Marra F, et al. Atovaquone-proguanil for prophylaxis and treat-
ment of malaria. Ann Pharmacother 2003; 37: 1266–75. 

3. Nakato H, et al. A systematic review and meta-analysis of the
effectiveness and safety of atovaquone proguanil (Malarone) for
chemoprophylaxis against malaria. J Antimicrob Chemother
2007; 60: 929–36.

Administration in children. Dosage recommendations for
proguanil with chloroquine for malaria prophylaxis in chil-
dren have varied. UK malaria experts1 have suggested the fol-
lowing prophylactic oral doses for children based on fractions of
the adult dose of 200 mg daily: 
• under 6.0 kg (0 to 12 weeks of age): one-eighth the adult dose 
• 6 to 9.9 kg (3 to 11 months): one-quarter the adult dose 
• 10 to 15.9 kg (1 year to 3 years 11 months): three-eighths the

adult dose 
• 16 to 24.9 kg (4 years to 7 years 11 months): half the adult

dose 
• 25 to 44.9 kg (8 years to 12 years 11 months): three-quarters

the adult dose 
• 45 kg and over (13 years or more): the adult dose 
They noted that body-weight was a better guide to dosage than
age for children over 6 months. 
Children may be given proguanil with atovaquone for the
prophylaxis of malaria in the following doses, based on the adult
dose of 100 mg of proguanil hydrochloride daily: 
• children weighing 11 to 20 kg: one-quarter the adult dose 
• 21 to 30 kg: half the adult dose 
• 31 to 40 kg: three-quarters the adult dose 
• over 40 kg: the adult dose 
Doses of proguanil with atovaquone for the treatment of malar-
ia, based on the adult dose of 400 mg of proguanil hydrochloride
daily, are: 
• children weighing 5 to 8 kg: one-eighth the adult dose 
• 9 to 10 kg: three-sixteenths the adult dose 
• 11 to 20 kg: one-quarter the adult dose 
• 21 to 30 kg: half the adult dose 
• 31 to 40 kg: three-quarters the adult dose 
• 40 kg and over: the adult dose
1. Chiodini P, et al. HPA Advisory Committee on Malaria Preven-

tion in UK Travellers. Guidelines for malaria prevention in trav-
ellers from the United Kingdom (issued 01/07). Available at:
ht tp: / /www.hpa.org .uk/web/HPAwebFile/HPAweb_C/
1203496943523 (accessed 17/06/08)

Administration in renal impairment. Proguanil is excreted
by the kidneys and should be given in reduced dosage or avoided

in patients with renal impairment. The following oral doses have
been recommended based on creatinine clearance (CC): 
• CC 20 to 59 mL/minute: 100 mg daily 
• CC 10 to 19 mL/minute: 50 mg every other day 
• CC less than 10 mL/minute: 50 mg once weekly

Preparations
BP 2008: Proguanil Tablets.
Proprietary Preparations (details are given in Part 3)
Austral.: Paludrine; Austria: Paludrine; Belg.: Paludrine; Denm.:
Paludrine; Fin.: Paludrine†; Fr.: Paludrine; Ger.: Paludrine; India: Laveran;
Irl.: Paludrine; Israel: Paludrine; Ital.: Paludrine; Malaysia: Paludrine†;
Neth.: Paludrine; Norw.: Paludrine; Port.: Paludrine; S.Afr.: Paludrine†;
Swed.: Paludrine; Switz.: Paludrine; UK: Paludrine.
Multi-ingredient: Austral.: Malarone; Austria: Malarone; Promal; Belg.:
Malarone; Canad.: Malarone; Cz.: Malarone; Denm.: Malarone; Fr.: Ma-
larone; Savarine; Ger.: Malarone; Gr.: Malarone; Hong Kong: Malarone;
Hung.: Malarone; Irl.: Malarone; Israel: Malarone; Ital.: Malarone; Ma-
laysia: Malarone; Neth.: Malarone; Norw.: Malarone; NZ: Malarone; Pol.:
Malarone; S.Afr.: Daramal-Paludrine†; Malanil; Singapore: Malarone;
Spain: Malarone; Swed.: Malarone; Switz.: Malarone; UK: Malarone;
USA: Malarone.

Pyrimethamine (BAN, rINN)

BW-50-63; Pirimetamin; Pirimetamina; Pirimetaminas; Pirymeta-
mina; Pyrimetamiini; Pyrimetamin; Pyrimethamin; Py-
riméthamine; Pyrimethaminum; RP-4753. 5-(4-Chlorophenyl)-6-
ethylpyrimidine-2,4-diyldiamine.
Пириметамин
C12H13ClN4 = 248.7.
CAS — 58-14-0.
ATC — P01BD01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Pyrimethamine). An almost white crystalline pow-
der or colourless crystals. Practically insoluble in water; slightly
soluble in alcohol. Protect from light. 
USP 31 (Pyrimethamine). A white, odourless, crystalline pow-
der. Practically insoluble in water; soluble 1 in 200 of alcohol and
1 in 125 of chloroform; slightly soluble in acetone. Store in air-
tight containers. Protect from light.

Adverse Effects and Treatment
Use of pyrimethamine for prolonged periods, as used
to be the case when it was given alone for the prophy-
laxis of malaria, can cause depression of haematopoie-
sis due to interference with folic acid metabolism. Skin
rashes and hypersensitivity reactions also occurred. 
Larger doses, such as those used in the treatment of
toxoplasmosis, may cause gastrointestinal symptoms
such as atrophic glossitis, abdominal pain, and vomit-
ing; haematological effects such as megaloblastic
anaemia, leucopenia, thrombocytopenia, and pancyto-
penia are also more likely to occur. CNS effects includ-
ing headache, dizziness, and insomnia have also been
reported. 
Pulmonary eosinophilia has been reported in patients
taking pyrimethamine with other antimalarials. Se-
vere and sometimes fatal reactions have occurred when
pyrimethamine has been used with sulfadoxine (Fan-
sidar), including erythema multiforme and the Ste-
vens-Johnson syndrome, and toxic epidermal necroly-
sis; there have also been isolated reports of
hepatotoxicity. Agranulocytosis occurs more frequent-
ly when pyrimethamine is used with dapsone (Malo-
prim) and fatalities have been reported. 
Acute overdosage with pyrimethamine can cause gas-
trointestinal effects and CNS stimulation with vomit-
ing, excitability, and convulsions. Tachycardia, respi-
ratory depression, circulatory collapse, and death may
follow. Treatment of overdosage is symptomatic.
Adverse effects with dapsone. Between 1972 and 1988, the
UK CSM received 76 reports of reactions that were attributed to
the use of pyrimethamine with dapsone (Maloprim), of which 40
(53%) were considered to be serious, including 6 deaths.1 The
incidence was estimated to be 1 in 9100 for serious reactions and
1 in 60 200 for fatalities. Serious blood disorders including
agranulocytosis, granulocytopenia, or leucopenia occurred in 15

patients (estimated incidence of 1 in 20 000), five of whom died.
The other death was in a patient with myocarditis. Three patients
had cyanosis due to methaemoglobinaemia. Respiratory disor-
ders such as pulmonary eosinophilia, flu-like syndrome, and dys-
pnoea occurred in 6 patients. In 4 patients skin disorders were the
principal effect and included epidermal necrolysis, angioedema,
and bullous eruptions. Hepatic disorders were also reported in 4
patients. Three women using pyrimethamine-dapsone during
pregnancy delivered malformed babies, one of them being still-
born. Other effects in 4 patients included convulsions, exacerbat-
ed epilepsy, pancreatitis, or a generalised allergic reaction. 
A review2 of 21 cases of agranulocytosis associated with py-
rimethamine-dapsone concluded that, although agranulocytosis
can occur very rarely in patients taking pyrimethamine or dap-
sone alone, agranulocytosis due to the combination appears to be
caused by an idiosyncratic reaction to dapsone exacerbated by
pyrimethamine. Of the 18 individuals for whom dosage was cer-
tain, 12 had been taking one tablet of pyrimethamine-dapsone
twice weekly, twice the recommended dose of one tablet once
weekly. Of the 9 patients who died, 6 had been taking one tablet
twice weekly and one patient had taken one tablet once weekly;
the dosage was uncertain in the remaining patients. The time of
onset of symptoms had been 7 to 9 weeks after starting therapy
in 16 of 19 of the patients. 
Some consider that pyrimethamine with dapsone may produce
some degree of immunosuppression and render users more sus-
ceptible to common infections. A higher incidence of non-spe-
cific upper respiratory-tract infections occurred in military re-
cruits taking the combination than in those not given antimalarial
prophylaxis.3 
Pulmonary eosinophilia has also occurred in patients taking py-
rimethamine with dapsone but, as there have also been similar
reports of pulmonary toxicity in patients taking pyrimethamine
with sulfadoxine (see below) or pyrimethamine with chloro-
quine, it has been suggested that pyrimethamine is probably the
causative agent.4
1. Phillips-Howard PA, West LJ. Serious adverse drug reactions to

pyrimethamine–sulphadoxine, pyrimethamine–dapsone and to
amodiaquine in Britain. J R Soc Med 1990; 83: 82–5. 

2. Hutchinson DBA, et al. Agranulocytosis associated with Malo-
prim: review of cases. Hum Toxicol 1986; 5: 221–7. 

3. Lee PS, Lau EYL. Risk of acute non-specific upper respiratory
tract infections in healthy men taking dapsone–pyrimethamine
for prophylaxis against malaria. BMJ 1988; 296: 893–5. 

4. Davidson AC, et al. Pulmonary toxicity of malaria prophylaxis.
BMJ 1988; 297: 1240–1.

Adverse effects with sulfonamides. Severe and potentially
fatal cutaneous reactions such as erythema multiforme, Stevens-
Johnson syndrome, and toxic epidermal necrolysis have been as-
sociated with the combined use of pyrimethamine with sulfadox-
ine (Fansidar) for malaria prophylaxis. The reported incidence
of these reactions has varied with surveys in the UK,1 USA,2 and
Sweden3 yielding similar results and a survey from Switzerland4

finding a much lower incidence. The overall rate of serious reac-
tions to pyrimethamine-sulfadoxine in the UK has been estimat-
ed to be 1 in 2100. The estimates for severe cutaneous reactions
were 1 in 4900 in the UK, 1 in 5000 to 1 in 8000 in the USA, 1
in 10 000 in Sweden, and 1 in 150 000 in Switzerland, and the
death rates were 1 in 11 100 in the UK, 1 in 11 000 to 1 in 25 000
in the USA, and 1 in 35 000 in Sweden; no fatalities were report-
ed in Switzerland. Workers on the Swiss survey had suggested
that the high incidence of cutaneous reactions reported in the
USA might have been due to concurrent therapy with chloro-
quine but this has been disputed.5 The authors of the UK survey1

suggested that the lower incidence reported in Switzerland may
have been due to the different methods used to estimate the
amount of drug usage. Whether this toxicity is due to the com-
bined use of pyrimethamine and sulfadoxine is unclear as the es-
timated frequency of fatal reactions associated with the use of
sulfadoxine alone in Mozambique6 was 1 in 50 000. 
There have been isolated reports of other severe or life-threaten-
ing reactions associated with the use of pyrimethamine-sulf-
adoxine when used alone or with chloroquine, including
hepatotoxicity7-9 (estimated incidence of 1 in 11 100 in the UK1),
fatal multisystem toxicity,10 drug fever and photodermatitis,11

agranulocytosis,11 and erythroderma resembling Sézary syn-
drome.12 Severe pulmonary reactions have also occurred3,13 but,
as similar reactions have also been reported when pyrimeth-
amine has been used with other antimalarials, including dapsone,
it has been suggested that pyrimethamine is the causative agent
(see Adverse Effects with Dapsone, above). Hyperammonaemia
and carnitine deficiency with deterioration in mental status has
been reported in a patient given pyrimethamine and sulfadiazine
for the treatment of toxoplasmosis.14 
Severe megaloblastic anaemia in a patient taking pyrimethamine
and sulfadiazine for toxoplasmosis of the CNS15 was treated by
withdrawing pyrimethamine and giving folinic acid orally, to-
gether with a single platelet infusion. 
For a comparison of the incidence of pruritus induced by various
antimalarials including pyrimethamine with sulfadoxine, see Ef-
fects on the Skin under Chloroquine, p.600.
1. Phillips-Howard PA, West LJ. Serious adverse drug reactions to

pyrimethamine–sulphadoxine, pyrimethamine–dapsone and to
amodiaquine in Britain. J R Soc Med 1990; 83: 82–5. 

2. Miller KD, et al. Severe cutaneous reactions among American
travelers using pyrimethamine–sulfadoxine (Fansidar ) for ma-
laria prophylaxis. Am J Trop Med Hyg 1986; 35: 451–8. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

3. Hellgren U, et al. Adverse reactions to sulphadoxine–pyrimeth-
amine in Swedish travellers: implications for prophylaxis. BMJ
1987; 295: 365–6. 

4. Steffen R, Somaini B. Severe cutaneous adverse reactions to
sulfadoxine–pyrimethamine in Switzerland. Lancet 1986; i:
610. 

5. Rombo L, et al. Does chloroquine contribute to the risk of seri-
ous adverse reactions to Fansidar? Lancet 1985; ii: 1298–9. 

6. Hernborg A. Stevens-Johnson syndrome after mass prophylaxis
with sulfadoxine for cholera in Mozambique. Lancet 1985; ii:
1072–3. 

7. Lazar HP, et al. Fansidar and hepatic granulomas. Ann Intern
Med 1985; 102: 722. 

8. Wejstal R, et al. Liver damage associated with Fansidar. Lancet
1986; i: 854–5. 

9. Zitelli BJ, et al. Fatal hepatic necrosis due to pyrimeth-
amine–sulfadoxine (Fansidar). Ann Intern Med 1987; 106:
393–5. 

10. Selby CD, et al. Fatal multisystemic toxicity associated with
prophylaxis with pyrimethamine and sulfadoxine (Fansidar).
BMJ 1985; 290: 113–14. 

11. Olsen VV, et al. Serious reactions during malaria prophylaxis
with pyrimethamine–sulfadoxine. Lancet 1982; ii: 994. 

12. Langtry JAA, et al. Erythroderma resembling Sézary syndrome
after treatment with Fansidar and chloroquine. BMJ 1986; 292:
1107–8. 

13. Svanbom M, et al. Unusual pulmonary reaction during short
term prophylaxis with pyrimethamine–sulfadoxine (Fansidar).
BMJ 1984; 288: 1876. 

14. Sekas G, Harbhajan PS. Hyperammonemia and carnitine defi-
ciency in a patient receiving sulfadiazine and pyrimethamine.
Am J Med 1993; 95: 112–13. 

15. Chute JP, et al. Severe megaloblastic anemia complicating py-
rimethamine therapy. Ann Intern Med 1995; 122: 884–5.

Overdosage. Reports of overdosage with pyrimethamine in in-
fants.
1. Akinyanju O, et al. Pyrimethamine poisoning. BMJ 1973; 4:

147–8. 
2. Elmalem J, et al. Les accidents graves lors de la prescription de

pyriméthamine chez les nourrissons traités pour une toxoplas-
mose. Therapie 1985; 40: 357–9.

Precautions
Pyrimethamine may aggravate subclinical folic acid
deficiency and it should not be given to patients with
conditions associated with folate deficiency such as
megaloblastic anaemia. Blood counts are required with
prolonged treatment, and when large doses of py-
rimethamine are used, as in the treatment of toxoplas-
mosis, blood counts should be checked twice weekly.
Folinic acid, which does not interfere with the action of
pyrimethamine against malaria or toxoplasmosis, has
been given to prevent haematological toxicity due to
pyrimethamine and its use is especially recommended
if pyrimethamine is given during pregnancy. (Folic
acid may be used as an alternative to folinic acid in ma-
laria, but it interferes with the action of pyrimethamine
against toxoplasmosis). For further information con-
cerning use during pregnancy, see below. 
Pyrimethamine should be given with caution to pa-
tients with renal or hepatic impairment. When patients
with convulsive disorders need to receive large doses,
as in the treatment of toxoplasmosis, it is recommend-
ed that small starting doses should be used. 
When pyrimethamine is used with sulfonamides or
dapsone, the general precautions applicable to those
drugs should also be taken (see under Sulfamethoxa-
zole, p.340 and under Dapsone, p.262) and treatment
should be stopped immediately if any skin reactions,
sore throat, or shortness of breath occurs.
Breast feeding. Pyrimethamine is distributed into breast milk1

but as no adverse effects have been reported in breast-fed infants,
the American Academy of Pediatrics considers breast feeding to
be compatible with the use of pyrimethamine for malaria proph-
ylaxis.2 However, exposure of the infant to other folate antago-
nists should be avoided. The large doses of pyrimethamine used
for treating toxoplasmosis may distribute into breast milk in suf-
ficient quantities to interfere with folic acid metabolism in nurs-
ing infants.
1. Edstein MD, et al. Excretion of chloroquine, dapsone and py-

rimethamine in human milk. Br J Clin Pharmacol 1986; 22:
733–5. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 19/04/04)

Porphyria. For a discussion of the problems of the use of anti-
malarials in patients with porphyria and a comment that py-
rimethamine is probably safe for use in such patients, see under
Precautions for Chloroquine, p.601.
Pregnancy. There have been concerns over the use of pyrimeth-
amine during pregnancy as it has been shown to be teratogenic in
animal studies.1 In one report, severe congenital defects in a still-
born infant were attributed to the use of pyrimethamine in early
pregnancy,2 but the association was considered to be questiona-

ble.3 Other instances of congenital malformations with py-
rimethamine and dapsone are given under Adverse Effects with
Dapsone, above. 
Others4 suggest that intermittent preventive therapy for malaria
with pyrimethamine-sulfadoxine has a favourable safety profile
in pregnancy. WHO considers that pyrimethamine combinations
may be used after the first trimester of pregnancy in the treatment
of toxoplasmosis,5 and that pyrimethamine-sulfadoxine may be
used in all trimesters for treatment in high-risk malaria-endemic
regions.6
1. Anonymous. Pyrimethamine combinations in pregnancy. Lancet

1983; ii: 1005–7. Correction. ibid.; 1378. 
2. Harpey J-P, et al. Teratogenicity of pyrimethamine. Lancet 1983;

ii: 399. 
3. Smithells RW, Sheppard S. Teratogenicity of Debendox and py-

rimethamine. Lancet 1983; ii: 623–4. 
4. Peters PJ, et al. Safety and toxicity of sulfadoxine/pyrimeth-

amine: implications for malaria prevention in pregnancy using
intermittent preventive treatment. Drug Safety 2007; 30:
481–501. 

5. WHO. WHO model formulary. Geneva: WHO, 2004. 
6. WHO. Guidelines for the treatment of malaria. Geneva: WHO,

2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 16/06/06)

Interactions
Use of pyrimethamine with other folate antagonists
such as co-trimoxazole, trimethoprim, methotrexate,
or phenytoin may exacerbate bone marrow depression.
Lorazepam. Signs of mild liver toxicity in 2 of 5 subjects who
received lorazepam and pyrimethamine appeared to confirm ear-
lier suspicions that giving these drugs together could cause hepa-
totoxicity. Both patients tolerated each drug when given sepa-
rately.1
1. Briggs M, Briggs M. Pyrimethamine toxicity. BMJ 1974; 1: 40.

Zidovudine. Studies in vitro and in animals suggest that zido-
vudine could reduce the effectiveness of pyrimethamine in the
treatment of toxoplasmic encephalitis.1 Furthermore, the dose of
zidovudine may need to be altered if these drugs are used togeth-
er as there has been a report that pyrimethamine with sulfadoxine
(Fansidar) prolonged the serum half-life of zidovudine.2
1. Israelski DM, et al. Zidovudine antagonizes the action of py-

rimethamine in experimental infection with Toxoplasma gondii.
Antimicrob Agents Chemother 1989; 33: 30–4. 

2. Klein RS. Prophylaxis of opportunistic infections in individuals
infected with HIV. AIDS 1989; 3 (suppl 1): S161–S173.

Pharmacokinetics
Pyrimethamine is almost completely absorbed from
the gastrointestinal tract and peak plasma concentra-
tions of about 200 nanograms/mL are obtained 2 to 6
hours after a dose of 25 mg orally. It is mainly concen-
trated in the kidneys, lungs, liver, and spleen and about
80 to 90% is bound to plasma proteins. 
It is metabolised in the liver and slowly excreted via the
kidney, the average half-life in plasma being about 4
days. Several metabolites have been detected in the
urine. Pyrimethamine crosses the placenta. It is distrib-
uted into breast milk (see under Breast Feeding in Pre-
cautions, above).
◊ References.
1. White NJ. Clinical pharmacokinetics of antimalarial drugs. Clin

Pharmacokinet 1985; 10: 187–215. 
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laria prophylaxis. Trans R Soc Trop Med Hyg 1986; 80:
897–901. 

3. Weiss LM, et al. Pyrimethamine concentrations in serum and
cerebrospinal fluid during treatment of acute toxoplasma en-
cephalitis in patients with AIDS. J Infect Dis 1988; 157: 580–3. 
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malaria prophylaxis for two years. Trans R Soc Trop Med Hyg
1991; 85: 356–7. 

5. Winstanley PA, et al. The disposition of oral and intramuscular
pyrimethamine/sulphadoxine in Kenyan children with high par-
asitaemia but clinically non-severe falciparum malaria. Br J
Clin Pharmacol 1992; 33: 143–8. 

6. Newton CRJC, et al. A single dose of intramuscular sulfadox-
ine-pyrimethamine as an adjunct to quinine in the treatment of
severe malaria: pharmacokinetics and efficacy. Trans R Soc
Trop Med Hyg 1993; 87: 207–10. 

7. Jacobson JM, et al. Pyrimethamine pharmacokinetics in human
immunodeficiency virus-positive patients seropositive for Tox-
oplasma gondii. Antimicrob Agents Chemother 1996; 40:
1360–5. 

8. Klinker H, et al. Plasma pyrimethamine concentrations during
long-term treatment for cerebral toxoplasmosis in patients with
AIDS. Antimicrob Agents Chemother 1996; 40: 1623–7. 

9. Trenque T, et al. Human maternofoetal distribution of pyrimeth-
amine-sulphadoxine. Br J Clin Pharmacol 1998; 45: 179–80. 

10. Trenque T, et al. Population pharmacokinetics of pyrimeth-
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sis. Br J Clin Pharmacol 2004; 57: 735–41. 
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in malaria: pediatric dosing implications. Clin Pharmacol Ther
2006; 80: 582–96.

Uses and Administration
Pyrimethamine is a diaminopyrimidine antimalarial
used with a sulfonamide in the treatment of malaria
and toxoplasmosis. Pyrimethamine with sulfadoxine
has been tried in the treatment of actinomycetoma and
for prophylaxis of pneumocystis pneumonia. Py-
rimethamine alone or with sulfadoxine has also been
tried in the treatment of isosporiasis. 
Pyrimethamine exerts its antimalarial activity by inhib-
iting plasmodial dihydrofolate reductase, thus indirect-
ly blocking the synthesis of nucleic acids in the malaria
parasite. It is active against pre-erythrocytic forms and
is also a slow-acting blood schizontocide. It also has
some sporontocidal activity; it does not prevent the for-
mation of gametocytes but renders them non-infective
to the mosquito vector. It is mainly effective against
Plasmodium falciparum but has some activity against
P. vivax. 
The development of plasmodial resistance has ren-
dered obsolete the use of pyrimethamine on its own in
malaria. Combinations of pyrimethamine with long-
acting sulfonamides, such as sulfadoxine or sulfameto-
pyrazine, are now used, although resistance has also
developed to them. 
For the treatment of uncomplicated falciparum malaria,
pyrimethamine is given orally with sulfadoxine in a
fixed dose ratio of 1 to 20 (Fansidar). WHO recom-
mends that a single dose of pyrimethamine-sulfadox-
ine be used with artesunate given for 3 days; in areas of
susceptibility and where artesunate is unavailable,
amodiaquine may be used with pyrimethamine-sulf-
adoxine. The following doses of pyrimethamine-sulf-
adoxine are recommended: 
• adults and children aged over 13 years, pyrimeth-

amine 75 mg with sulfadoxine 1.5 g 
• infants 5 to 11 months, pyrimethamine 12.5 mg with

sulfadoxine 250 mg 
• children 1 to 6 years, pyrimethamine 25 mg with sul-

fadoxine 500 mg 
• children 7 to 13 years, pyrimethamine 50 mg with

sulfadoxine 1 g 
A combination of pyrimethamine with sulfametopyra-
zine has been used similarly. 
Pyrimethamine and pyrimethamine combinations are
no longer recommended for prophylaxis of malaria.
Combined preparations of pyrimethamine with sulf-
adoxine (Fansidar), and with dapsone in a fixed ratio
of 1 to 8 (Maloprim), have been used in areas of chlo-
roquine or multidrug resistance, although other anti-
malarials are now preferred. 
Pyrimethamine given with a sulfonamide such as sul-
fadiazine is used in the treatment of toxoplasmosis.
Alternatively, pyrimethamine may be given with clin-
damycin in AIDS patients with toxoplasmosis unable
to tolerate a sulfonamide. For details of dosage regi-
mens used, see below.
Isosporiasis. Isosporiasis (p.824) usually responds well to treat-
ment with co-trimoxazole, but there is a high incidence of recur-
rence in immunocompromised patients, such as those with
AIDS, and some form of maintenance therapy is generally re-
quired. Oral therapy with co-trimoxazole 960 mg given three
times weekly or pyrimethamine 25 mg with sulfadoxine 500 mg
given weekly were found to be equally effective maintenance
regimens.1 Pyrimethamine given alone in daily doses of 50 to
75 mg with folate therapy may be of use in the treatment of pa-
tients sensitive to sulfonamides.2
1. Pape JW, et al. Treatment and prophylaxis of Isospora belli in-

fection in patients with the acquired immunodeficiency syn-
drome. N Engl J Med 1989; 320: 1044–7. 

2. Weiss LM, et al. Isospora belli infection: treatment with py-
rimethamine. Ann Intern Med 1988; 109: 474–5.

Malaria. The overall treatment and prophylaxis of malaria and
the place of pyrimethamine-sulfadoxine (Fansidar) in current
recommendations are discussed on p.594.
Mycetoma. For reference to the use of pyrimethamine as part
of the treatment of actinomycetoma, see under Mycetoma,
p.180.
Pneumocystis pneumonia. For a mention of pyrimethamine
with either dapsone or sulfadoxine for the prophylaxis of pneu-
mocystis pneumonia, and a discussion of conventional prophy-
laxis and treatment, see p.521.
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Toxoplasmosis. Pyrimethamine is given, usually with sulfadi-
azine or another appropriate sulphonamide, in the treatment of
toxoplasmosis (p.826). Folinic acid is also given to counteract
the megaloblastic anaemia associated with these drugs. 
Oral doses suggested by WHO1 are: 
• in pregnancy (second and third trimesters), pyrimethamine

25 mg daily for 3 to 4 weeks with sulfadiazine 3 g daily in 4
divided doses 

• in neonates, pyrimethamine 1 mg/kg daily, with sulfadiazine
85 mg/kg daily in 2 divided doses; treatment should be given
for 6 months if there is overt neonatal disease, or for 4 weeks
to those without overt disease but whose mother was infected
during pregnancy 

• in immunodeficiency, pyrimethamine 200 mg in divided doses
on the first day, then 75 to 100 mg daily for at least 6 weeks,
followed by a suppressive dose of 25 to 50 mg daily; sulfadi-
azine is also given in a dose of 4 to 6 g daily in 4 divided doses
for at least 6 weeks, followed by a suppressive dose of 2 to 4 g
daily 

• in chorioretinitis, pyrimethamine 75 mg daily for 3 days, then
25 mg daily for 4 weeks, followed in unresponsive patients by
50 mg daily for a further 4 weeks; sulfadiazine is also given in
a dose of 2 g daily in 4 divided doses 

Pyrimethamine with clindamycin is an alternative in patients
unable to tolerate a sulfonamide. 
Other drugs that have been tried with pyrimethamine include azi-
thromycin,2 clarithromycin,3 and doxycycline.4,5 
Alternative regimens tried for long-term maintenance therapy in
patients with AIDS have included pyrimethamine plus sulfadi-
azine given twice weekly6,7 or pyrimethamine alone in doses of
25 mg or 50 mg daily or 50 mg three times weekly.8-10 However,
results from a study involving 396 patients suggested that the
mortality rate was higher in those receiving pyrimethamine
25 mg three times weekly for primary prophylaxis than in those
receiving placebo.11 Pyrimethamine with dapsone given once a
week can provide effective prophylaxis but was not well tolerat-
ed.12 Pyrimethamine with sulfadoxine, also given once weekly,
was of benefit in bone-marrow transplant recipients.13

1. WHO. WHO model formulary. Geneva: WHO, 2004. 
2. Saba J, et al. Pyrimethamine plus azithromycin for treatment of

acute toxoplasmic encephalitis in patients with AIDS. Eur J
Clin Microbiol Infect Dis 1993; 12: 853–6. 

3. Fernandez-Martin J, et al. Pyrimethamine-clarithromycin com-
bination therapy of acute Toxoplasma encephalitis in patients
with AIDS. Antimicrob Agents Chemother 1991; 35: 2049–52. 

4. Morris JT, Kelly JW. Effective treatment of cerebral toxoplas-
mosis with doxycycline. Am J Med 1992; 93: 107–8. 

5. Hagberg L, et al. Doxycycline and pyrimethamine for toxoplas-
mic encephalitis. Scand J Infect Dis 1993; 25: 157–60. 

6. Pedrol E, et al. Central nervous system toxoplasmosis in AIDS
patients: efficacy of an intermittent maintenance therapy. AIDS
1990; 4: 511–17. 

7. Podzanczer D, et al. Twice-weekly maintenance therapy with
sulfadiazine-pyrimethamine to prevent recurrent toxoplasmic
encephalitis in patients with AIDS. Ann Intern Med 1995; 123:
175–80. 

8. Murphy K, et al. Pyrimethamine alone as long-term suppressive
therapy in cerebral toxoplasmosis. Am J Med 1994; 96: 95–6. 

9. de Gans J, et al. Pyrimethamine alone as maintenance therapy
for central nervous system toxoplasmosis in 38 patients with
AIDS. J Acquir Immune Defic Syndr Hum Retrovirol 1992; 5:
137–42. 

10. Leport C, et al. Pyrimethamine for primary prophylaxis of tox-
oplasmic encephalitis in patients with human immunodeficien-
cy virus infection: a double-blind, randomized trial. J Infect Dis
1996; 173: 91–7. 

11. Jacobson MA. et al. Primary prophylaxis with pyrimethamine
for toxoplasmic encephalitis in patients with advanced human
immunodeficiency virus disease: results of a randomized trial. J
Infect Dis 1994; 169: 384–94. 

12. Opravil M, et al. Once-weekly administration of dapsone/py-
rimethamine vs. aerosolized pentamidine as combined prophy-
laxis for Pneumocystis carinii pneumonia and toxoplasmic en-
cephalitis in human immunodeficiency virus-infected patients.
Clin Infect Dis 1995; 20: 531–41. 

13. Foot ABM, et al. Prophylaxis of toxoplasmosis infection with
pyrimethamine/sulfadoxine (Fansidar) in bone marrow trans-
plant recipients. Bone Marrow Transplant 1994; 14: 241–5.

Preparations
BP 2008: Pyrimethamine Tablets; 
USP 31: Pyrimethamine Tablets; Sulfadoxine and Pyrimethamine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Daraprim; Austral.: Daraprim; Austria: Daraprim; Belg.: Daraprim;
Braz.: Daraprin; Canad.: Daraprim; Chile: Daraprim; Fr.: Malocide; Ger.:
Daraprim; Irl.: Daraprim†; Israel: Daraprim†; Malaysia: Fansidar; Mex.:
Daraprim; Neth.: Daraprim; Pol.: Daraprim; S.Afr.: Daraprim; Spain:
Daraprim; Switz.: Daraprim; Thai.: Daraprim†; UK: Daraprim; USA: Dar-
aprim.

Multi-ingredient: Austral.: Fansidar; Maloprim; Belg.: Co-Arinate; Daf-
rafin; Malastop†; Braz.: Fansidar; Canad.: Fansidar†; Denm.: Fansidar†;
Fr.: Fansidar; India: Artemal†; Laridox; Pyralfin; Pyramet; Rimodar; Indon.:
Fansidar; Suldox; Irl.: Fansidar; Maloprim†; Israel: Fansidar; Ital.: Metakelf-
in; Malaysia: Madomine; Philipp.: Fansidar; S.Afr.: Fansidar; Maloprim†;
Singapore: Madomine†; Pyrisone; Switz.: Fansidar ; Fansimef†; Thai.:
Vivaxine†; UK: Fansidar; USA: Fansidar.

Pyronaridine Phosphate (rINNM)

Fosfato de pironaridina; Malaridine Phosphate; Pyronaridine,
Phosphate de; Pyronaridini Phosphas. 7-Chloro-2-methoxy-10-
[3,5-bis(pyrrolidinomethyl)-4-hydroxyanilino]benzo-[b]-1,5-
naphthyridine phosphate.
Пиронаридина Фосфат
C29H32ClN5O2,4H3PO4 = 910.0.
CAS — 74847-35-1 (pyronar idine); 76748-86-2 (pyronar-
idine phosphate).

(pyronaridine)

Pharmacopoeias. In Chin.
Profile
Pyronaridine is a naphthyridine derivative used in China in the
treatment of vivax malaria and chloroquine-resistant falciparum
malaria. Its use has also been investigated in Africa and in Thai-
land. Combination of pyronaridine with artesunate is also being
investigated. Pyronaridine has been given as the phosphate by
mouth or by intramuscular or intravenous injection.
◊ References.
1. Shao B-R. A review of antimalarial drug pyronaridine. Chin Med

J 1990; 103: 428–34. 
2. Shao B-R, et al. A 5-year surveillance of sensitivity in vivo of

Plasmodium falciparum to pyronaridine/sulfadoxine/pyrimeth-
amine in Diaoluo area, Hainan province. Southeast Asian J Trop
Med Public Health 1991; 22: 65–7. 

3. Chen C, et al. Studies on a new antimalarial compound: pyron-
aridine. Trans R Soc Trop Med Hyg 1992; 86: 7–10. 

4. Winstanley P. Pyronaridine: a promising drug for Africa? Lancet
1996; 347: 2–3. 

5. Ringwald P, et al. Randomised trial of pyronaridine versus chlo-
roquine for acute uncomplicated falciparum malaria in Africa.
Lancet 1996; 347: 24–8. 

6. Looareesuwan S, et al. Pyronaridine. Lancet 1996; 347:
1189–90. 

7. Anonymous. Pyronaridine: yet another promising antimalarial
substance from China. WHO Drug Inf 1996; 10: 9–10. 

8. Looareesuwan S, et al. Clinical study of pyronaridine for the
treatment of acute uncomplicated falciparum malaria in Thai-
land. Am J Trop Med Hyg 1996; 54: 205–9. 

9. Ringwald P, et al. Efficacy of oral pyronaridine for the treatment
of acute uncomplicated falciparum malaria in African children.
Clin Infect Dis 1998; 26: 946–53.

Quinine (BAN)

Chinina; Chininum; Kiniini; Kinin; Quinina. (8S,9R)-6′-Methoxycin-
chonan-9-ol; (αR)-α-(6-Methoxy-4-quinolyl)-α-[(2S,4S,5R)-(5-vi-
nylquinuclidin-2-yl)]methanol.
C20H24N2O2 = 324.4.
CAS — 130-95-0 (anhydrous quinine).
ATC — P01BC01.

Description. Quinine is the chief alkaloid of various species of
Cinchona (Rubiaceae). It is an optical isomer of quinidine.

Quinine Bisulfate
Chininum Bisulfuricum; Neutral Quinine Sulphate; Quinina, bisul-
fato de; Quinine Acid Sulphate; Quinine Bisulphate (BANM);
Quinini Bisulfas.
C20H24N2O2,H2SO4,7H2O = 548.6.
CAS — 549-56-4 (anhydrous quinine bisulfate).
ATC — P01BC01.

Pharmacopoeias. In Br., Int., and Viet. 
BP 2008 (Quinine Bisulphate). Colourless crystals or a white
crystalline powder. It effloresces in dry air. Freely soluble in wa-
ter; sparingly soluble in alcohol. A 1% solution in water has a pH
of 2.8 to 3.4. Protect from light.

Quinine Dihydrochloride (BANM)

Chinini Dihydrochloridum; Neutral Quinine Hydrochloride;
Quinina, dihidrocloruro de; Quinine Acid Hydrochloride; Quinini
Dihydrochloridum.
C20H24N2O2,2HCl = 397.3.
CAS — 60-93-5.
ATC — P01BC01.
Pharmacopoeias. In Br., Chin., and Int. 
Viet. includes the injection. 
BP 2008 (Quinine Dihydrochloride). A white or almost white
powder. Very soluble in water; soluble in alcohol. A 3% solution
in water has a pH of 2.0 to 3.0. Protect from light.

Quinine Etabonate
Euquinina; Euquinine; Quinina, etilcarbonato de; Quinine Ethyl
Carbonate.
C23H28N2O4 = 396.5.
CAS — 83-75-0.
ATC — P01BC01.
Pharmacopoeias. In Jpn.

Quinine Hydrobromide (BANM)

Basic Quinine Hydrobromide; Chinini Bromidum; Quinina, hid-
robromuro de; Quinine Monohydrobromide.
C20H24N2O2,HBr,H2O = 423.3.
CAS — 549-49-5 (anhydrous quinine hydrobromide).
ATC — P01BC01.
Pharmacopoeias. In Fr.

Quinine Hydrochloride (BANM)

Basic Quinine Hydrochloride; Chinin hydrochlorid dihydrát;
Chinini hydrochloridum; Chininii Chloridum; Chininium Chlora-
tum; Chinino hidrochloridas; Chininum Hydrochloricum; Chininy
chlorowodorek; Kiniinihydrokloridi; Kinin-hidroklorid; Kininhy-
droklorid; Quinina, hidrocloruro de; Quinine, chlorhydrate de;
Quinine Monohydrochloride; Quinini Hydrochloridum; Quinini
Hydrochloridum Dihydricum.
C20H24N2O2,HCl,2H2O = 396.9.
CAS — 130-89-2 (anhydrous quinine hydrochloride);
6119-47-7 (quinine hydrochloride dihydrate).
ATC — P01BC01.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and Viet. 
Ph. Eur. 6.2 (Quinine Hydrochloride). White or almost white, or
colourless, fine, silky needles, often grouped in clusters. Soluble
in water; freely soluble in alcohol. A 1% solution in water has a
pH of 6.0 to 6.8. Protect from light.

Quinine Sulfate
Basic Quinine Sulphate; Chinin sulfát dihydrát; Chinini sulfas;
Chinino sulfatas; Chininum Sulfuricum; Chininy siarczan; Kiniini-
sulfaatti; Kininsulfat; Kinin-szulfát; Quinina, sulfato de; Quinine, sul-
fate de; Quinine Sulphate (BANM); Quinini Sulfas; Quinini Sulfas
Dihydricus.
(C20H24N2O2)2,H2SO4,2H2O = 782.9.
CAS — 804-63-7 (anhydrous quinine sulfate); 6119-70-6
(quinine sulfate dihydrate).
ATC — P01BC01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Quinine Sulphate). A white or almost white, crys-
talline powder or fine, colourless needles. Slightly soluble in wa-
ter; sparingly soluble in boiling water and in alcohol. A 1% sus-
pension in water has a pH of 5.7 to 6.6. Protect from light. 
USP 31 (Quinine Sulfate). It is the sulfate of an alkaloid obtained
from the bark of species of Cinchona. White, odourless, fine nee-
dle-like crystals, usually lusterless, making a light and readily
compressible mass. It darkens on exposure to light. Soluble 1 in
500 of water and 1 in 120 of alcohol; sparingly soluble in water
at 100°; slightly soluble in chloroform; freely soluble in alcohol
at 80° and in a mixture of 2 parts of chloroform and one part of
dehydrated alcohol; very slightly soluble in ether; Its saturated
solution in water is neutral or alkaline to litmus. Protect from
light.
Sorption. For reference to loss of quinine sulfate from solutions
during membrane filtration, see Chloroquine, p.599.

Adverse Effects
Quinine or its salts given in usual therapeutic doses
may give rise to a train of symptoms known as cin-
chonism, characterised in its mild form by tinnitus, im-
paired hearing, headache, nausea, and disturbed vision,
with, in its more severe manifestations, vomiting, ab-
dominal pain, diarrhoea, and vertigo. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cinchonism may also occur after small doses in pa-
tients hypersensitive to quinine, but urticaria and flush-
ing of the skin with intense pruritus are the most fre-
quent reactions seen in these patients. Other effects
include fever, skin rashes, and dyspnoea. Angioedema
may also occur and asthma can be precipitated. Throm-
bocytopenia and other blood disorders have been re-
ported. Thrombocytopenic purpura has been associat-
ed with quinine hypersensitivity. Haemoglobinuria
occurs rarely. 
Other adverse effects of quinine include hypoglycae-
mia, hypoprothrombinaemia, and renal failure. 
The main symptoms of overdosage, which can be fatal,
include gastrointestinal effects, oculotoxicity, CNS
disturbances, and cardiotoxicity. Visual disturbances
including sudden blindness are usually slowly reversi-
ble but there may be residual damage. Overdosage is
discussed in detail below. Quinine can produce cardio-
vascular toxicity similar to that seen with quinidine, in-
cluding conduction disturbances, arrhythmias, anginal
symptoms, and hypotension leading to cardiac arrest
and circulatory failure. Severe or even fatal cardiovas-
cular toxicity can result from rapid intravenous dosage
of quinine. 
Large amounts of quinine can induce abortion; con-
genital malformations, particularly of the optic and au-
ditory nerves, have been reported after failure to induce
abortion with quinine. However, quinine should not be
withheld from pregnant women with life-threatening
malaria (see also under Pregnancy in Precautions, be-
low). 
Intramuscular injections of quinine can be irritant and
have caused pain, focal necrosis, and abscess forma-
tion; tetanus has developed in some patients (see under
Malaria in Uses and Administration, below).
Effects on the blood. Between 1966 and 1975 the Swedish
Adverse Drug Reaction Committee received 43 reports of
thrombocytopenia attributable to quinine or quinidine1 and the
Boston Collaborative Drug Surveillance Program had 11 similar
reports in patients studied between 1972 and 1981.2 The FDA in
the USA subsequently received details of 2 fatalities due to qui-
nine-induced thrombocytopenia.3 Up to October 2004, there had
also been 228 cases of thrombocytopenia reported to the Austral-
ian Adverse Drug Reactions Advisory Committee, including 6
fatalities.4 Quinine-induced thrombocytopenia appears to be a
hypersensitivity reaction and beverages containing quinine as a
bitter in concentrations as low as 20 micrograms/mL have pre-
cipitated thrombocytopenic purpura in previously sensitised in-
dividuals.5 
Although quinine can cause haemolysis, there is some doubt
over the traditional view that irregular dosage with quinine pre-
disposes patients with malaria to blackwater fever, a syndrome of
severe haemolytic anaemia, haemoglobinuria, oliguria, and renal
failure.6 Some of the patients affected may have had G6PD defi-
ciency.6 Haemolytic-uraemic syndrome7-9 and pancytopenia
with coagulopathy and renal impairment10,11 have also been as-
sociated with the use of quinine. 
There have also been reports of disseminated intravascular co-
agulation, including one fatality, after use of quinine by patients
with quinine hypersensitivity.12-14 In one case14 the hypersensi-
tivity reaction closely mimicked septic shock. 
There have been isolated reports of agranulocytosis due to qui-
nine.15
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Effects on the ears. Although ototoxicity such as tinnitus or
deafness is known to be a possible adverse effect of quinine, re-
versible hearing loss may also occur. While one group of
workers1 found the reduction in auditory acuity to be greatest at
higher frequencies, another group2 have found that hearing loss
was generally equal across the range of frequencies tested and
appeared to be related to the plasma concentration of quinine.
1. Roche RJ, et al. Quinine induces reversible high-tone hearing

loss. Br J Clin Pharmacol 1990; 29: 780–2. 
2. Karlsson KK, et al. Audiometry as a possible indicator of qui-

nine plasma concentration during treatment of malaria. Trans R
Soc Trop Med Hyg 1990; 84: 765–7.

Effects on the eyes. Oculotoxicity after overdosage with qui-
nine is well recognised (see below), but there has also been a
report of blindness in two patients occurring during supposedly
routine therapy.1
1. Waddell K. Blindness from quinine as an antimalarial. Trans R

Soc Trop Med Hyg 1996; 90: 331–2.

Effects on glucose metabolism. Hypoglycaemia is now rec-
ognised to be a frequent complication encountered in falciparum
malaria and it is often associated with a poor prognosis. Children,
pregnant women, and patients with severe disease appear to be
particularly at risk. It is important to recognise that hypoglycae-
mia rather than cerebral malaria may be the cause of coma. Hy-
poglycaemia may also be induced by antimalarial therapy; first
episodes of hypoglycaemia have been detected after patients re-
ceived quinine1-3 or quinidine4 intravenously, although others
have not found that quinine led to the development of hypogly-
caemia.5,6 
Quinine has also been reported to induce hypoglycaemia during
treatment for leg cramps.7
1. White NJ, et al. Severe hypoglycemia and hyperinsulinemia in

falciparum malaria. N Engl J Med 1983; 309: 61–6. 
2. Okitolonda W, et al. High incidence of hypoglycaemia in Afri-

can patients treated with intravenous quinine for severe malaria.
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3. Looareesuwan S, et al. Quinine and severe falciparum malaria in
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5. Taylor TE, et al. Blood glucose levels in Malawian children be-
fore and during the administration of intravenous quinine for se-
vere falciparum malaria. N Engl J Med 1988; 319: 1040–7. 

6. Kawo NG, et al. The metabolic effects of quinine in children with
severe and complicated Plasmodium falciparum malaria in Dar
es Salaam. Trans R Soc Trop Med Hyg 1991; 85: 711–13. 

7. Limburg PJ, et al. Quinine-induced hypoglycemia. Ann Intern
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Effects on the heart. Cardiotoxicity after overdosage with
quinine is well recognised, and prolongation of the QT interval
has been noted with therapeutic doses. There has also been a
report1 of fatal ventricular fibrillation with QT prolongation in an
elderly patient who received standard doses of quinine by slow
intravenous infusion for falciparum malaria. It was noted that the
patient had some prolongation of the QT interval before starting
quinine and also that her free quinine concentrations were unu-
sually high despite total quinine concentrations considered to be
within the therapeutic range.
1. Bonington A, et al. Fatal quinine cardiotoxicity in the treatment

of falciparum malaria. Trans R Soc Trop Med Hyg 1996; 90:
305–7.

Effects on the kidneys. See Effects on the Blood, above.
Effects on the liver. Although hepatitis has been associated
with quinidine therapy (see p.1383), there appear to be few re-
ports of hepatotoxicity due to quinine usage. Granulomatous
hepatitis has been reported in 2 patients taking quinine,1,2 but the
diagnosis in the first of these cases was challenged as the histo-
logical findings were considered to be more indicative of non-
specific reactive hepatitis.3 Hepatotoxicity due to quinine hyper-
sensitivity has been reported in another patient.4 Symptoms of
hepatotoxicity occurred within 24 hours in a further patient tak-
ing quinine for nocturnal leg cramps.5
1. Katz B, et al. Quinine-induced granulomatous hepatitis. BMJ

1983; 286: 264–5. 
2. Mathur S, et al. Quinine induced granulomatous hepatitis and

vasculitis. BMJ 1990; 300: 613. 
3. Nirodi NS. Quinine induced granulomatous hepatitis. BMJ 1983;
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4. Punukollu RC, et al. Quinine hepatotoxicity: an underrecognized

or rare phenomenon? Arch Intern Med 1990; 150: 1112–13. 
5. Farver DK, Lavin MN. Quinine-induced hepatotoxicity. Ann

Pharmacother 1999; 33: 32–4.

Effects on the skin. Urticaria, cutaneous flushing, various skin
rashes, and pruritus are the commonest symptoms of hypersensi-
tivity reactions to quinine. 
Topical contact with quinine may cause contact as well as photo-
contact allergy, but quinine can also induce photosensitivity re-
actions after systemic dosage.1,2 Photosensitivity associated with
quinine intake from excessive consumption of tonic water has
been reported.3 There have also been reports of eczematous der-

matitis,1 oedema and erythema,4 and lichen planus.4 Both
phototoxic4 and photoallergic1 mechanisms have been suggest-
ed. Fatal cutaneous vasculitis related to quinine treatment for
nocturnal cramps has been reported.5 
For a comparison of the incidence of pruritus induced by various
antimalarials, see under Chloroquine, p.600.
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matol 1994; 131: 734–5. 
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5. Price EJ, et al. Quinine-induced cutaneous vasculitis. Br J Clin
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Hypersensitivity. For reference to hypersensitivity reactions
associated with quinine, see Effects on the Blood, Effects on the
Liver, and Effects on the Skin, above.
Overdosage. Cinchonism may occur with therapeutic doses of
quinine and symptoms include nausea, vomiting, tinnitus, deaf-
ness, headache, vasodilatation, and slightly disturbed vision.
These symptoms may also occur in acute overdosage, but the
visual disorders may be severe and there may be CNS distur-
bances and cardiotoxicity. A lethal dose or lethal plasma-quinine
concentration has not been established but fatalities have been
reported1 in adults after doses of 2 to 8 g and in children after 1 g. 
An analysis2 of 165 cases of acute quinine poisoning revealed
that: 21% had no symptoms, nausea with or without vomiting
occurred in 47%, visual disturbances in 42%, tinnitus in 38%,
other auditory disturbances in 23%, sinus tachycardia in 23%,
and other ECG abnormalities in 8%. Mild impairment of con-
sciousness was reported in 14% of the patients while 7 (4%) pa-
tients had deeper grades of coma. Of the 5 patients who died, 4
developed intractable ventricular arrhythmias and the fifth had a
Jacksonian fit followed by cardiac arrest. 
The effects of oculotoxicity may include blurred vision, defec-
tive colour perception, visual field constriction, and total blind-
ness.2,3 The onset of symptoms may vary from a few hours to a
day or more after ingestion.2,3 Suggested mechanisms for the oc-
ulotoxicity of quinine include an action on the retinal vasculature
to produce ischaemia or a direct toxic effect on the retina.1 Visual
loss in one group of patients3 was associated with plasma-qui-
nine concentrations in excess of 10 micrograms/mL. However,
in another group plasma-quinine concentrations were considered
to be an imprecise guide to predicting visual disturbances.2 The
speed and degree of visual recovery varies. Of 70 patients with
visual disturbances after quinine poisoning, 39 subsequently had
a period of total blindness.2 Permanent visual deficits remained
in 19 of these but no patient had permanent bilateral blindness.
All of the 31 patients who had had blurred vision recovered full
visual acuity. 
It is considered that the actions of quinine on the myocardium are
similar to those of quinidine but that it is less potent.1 Sinus tach-
ycardia and minor ECG changes are the most common cardio-
vascular effects. Conduction abnormalities and ventricular dys-
rhythmias may occur with severe poisoning. Ventricular
tachycardia is mostly associated with cardiogenic shock or circu-
latory collapse. Hypokalaemia may also occur.1
1. Jaeger A, et al. Clinical features and management of poisoning

due to antimalarial drugs. Med Toxicol 1987; 2: 242–73. 
2. Boland ME, et al. Complications of quinine poisoning. Lancet

1985; i: 384–5. 
3. Dyson EH, et al. Death and blindness due to overdose of quinine.

BMJ 1985; 291: 31–3.

Treatment of Adverse Effects
In acute overdosage with quinine or its salts multiple
doses of activated charcoal may be given to adults or
children who present within one hour of ingesting
more than the equivalent of 30 mg/kg of quinine base
or any amount in a child under 2 years of age; gastric
lavage may also be considered for use in adults. Other
measures aimed at enhancing the elimination of qui-
nine are largely ineffective. Treatment is mostly symp-
tomatic with attention being given to maintaining
blood pressure, respiration, and renal function, and to
treating arrhythmias. 
Vasodilators and stellate ganglion block have been
used to prevent or reverse visual impairment but there
is little evidence to support their use.
◊ It has been suggested that, as quinine has antimuscarinic ef-
fects, gastric emptying may be delayed and considerable
amounts of drug might be removed from the stomach beyond the
usual 4 hours.1 Others consider that gastric lavage is of doubtful
value as quinine is rapidly absorbed and vomiting has often oc-
curred before admission.2 However, studies in healthy subjects
and poisoned patients suggest that oral activated charcoal may
increase the elimination of quinine.3,4 Other methods of increas-
ing elimination are probably ineffective. In a study involving 16
patients with quinine poisoning forced acid diuresis, haemodial-
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ysis, haemoperfusion, or plasma exchange were all found to be
ineffective in increasing quinine elimination.5 
Stellate ganglion block has been recommended to prevent or re-
verse retinal damage, the rationale being that quinine-induced
oculotoxicity might arise from retinal arteriolar constriction.
However, clinical studies have failed to find sufficient improve-
ment to justify its use.6,7 Intravenous nitrates produced beneficial
responses in 2 patients.8
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propriate? J Toxicol Clin Toxicol 1985–6; 23: 571–8. 
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Precautions
Quinine and its salts are contra-indicated in patients
with a history of hypersensitivity to quinine or quini-
dine and in patients with tinnitus or optic neuritis. They
should not be used in the presence of haemolysis. They
should be used with caution in patients with atrial fi-
brillation, cardiac conduction defects, or heart block.
Quinine should be avoided in patients with myasthenia
gravis as it may aggravate their condition. 
Pregnancy in a patient with malaria is not generally re-
garded as a contra-indication to the use of quinine. 
As quinine has been implicated in precipitating black-
water fever it is generally contra-indicated in patients
who have already suffered an attack. Quinine may also
cause haemolysis in some types of G6PD deficiency
and should be used with care. 
It is important that when quinine is given intravenously
it should be given by slow infusion and the patient ob-
served closely for signs of cardiotoxicity. Blood-glu-
cose concentrations should also be monitored. Prob-
lems that have been associated with intramuscular use
are discussed under Malaria in Uses and Administra-
tion, below.
Breast feeding. Although quinine is distributed into breast
milk in small amounts,1 the American Academy of Pediatrics
considers that the use of quinine is probably compatible with
breast feeding.2
1. Phillips RE, et al. Quinine pharmacokinetics and toxicity in

pregnant and lactating women with falciparum malaria. Br J Clin
Pharmacol 1986; 21: 677–83. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 19/04/04)

Liver disease. See under Pharmacokinetics, below.
Porphyria. For a discussion of the problems of the use of anti-
malarials in patients with porphyria and a comment that quinine
is considered to be safe for use in such patients, see under Pre-
cautions for Chloroquine, p.601.
Pregnancy. The use of quinine in large doses as an abortifacient
in the past has led to concern over its use during pregnancy, but
no evidence of an oxytocic effect was found when it was used to
treat severe falciparum malaria in women in the third trimester of
pregnancy.1 
Congenital abnormalities including damage to the auditory and
optic nerves have been seen, usually after attempted abortions,
but WHO2 considers quinine to be safe when used in normal
therapeutic doses during pregnancy (although the problem of hy-
poglycaemia in the second and third trimesters may mean that
artemisinin derivatives are preferred). Jitteriness attributed to
quinine withdrawal has been reported in an infant whose mother
had drunk large quantities of tonic water containing quinine dur-
ing the last 17 weeks of pregnancy.3 
As malaria is potentially serious during pregnancy and poses a
threat to the mother and fetus, there appears to be little justifica-
tion for withholding treatment in the absence of a suitable alter-
native. However, pregnant patients treated for malaria are at spe-
cial risk from hypoglycaemia exacerbated or caused by quinine-
induced hyperinsulinaemia (see under Effects on Glucose Me-
tabolism in Adverse Effects, above) and should be managed ap-
propriately.
1. Looareesuwan S, et al. Quinine and severe falciparum malaria in

late pregnancy. Lancet 1985; ii: 4–8. 

2. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 07/07/06) 

3. Evans ANW, et al. The ingestion by pregnant women of sub-
stances toxic to the foetus. Practitioner 1980; 224: 315–19.

Renal impairment. See under Pharmacokinetics, below.

Interactions
As quinine shares many of the actions of quinidine, in-
teractions seen between quinidine and other drugs (see
p.1384) might also occur with quinine. Both have ac-
tions on skeletal muscle and may potentiate the effects
of drugs with neuromuscular-blocking activity (see un-
der Antiarrhythmics on p.1903). There is an increased
risk of inducing ventricular arrhythmias if quinine is
given with halofantrine (see p.604) or other arrhyth-
mogenic drugs such as amiodarone, the antihistamines
astemizole and terfenadine, cisapride, and the antipsy-
chotic pimozide. There may be an increased risk of
convulsions when quinine is given with mefloquine.
Amantadine. For a report of quinine reducing renal clearance
of amantadine, see Antiarrhythmics, p.793.

Anticoagulants. Quinine can cause hypoprothrombinaemia
and thereby enhance the effect of anticoagulants. In one report,
reductions in warfarin dosage were necessary after ingestion of
large amounts of tonic water containing quinine (see p.1429).

Antimalarials. Quinine and chloroquine may be antagonistic
when used for falciparum malaria (see p.601). For a report of
quinine reducing plasma concentrations of primaquine, see
p.608.

Ciclosporin. For a report of quinine decreasing plasma concen-
trations of ciclosporin, see p.1826.

Digoxin. Quinidine has been reported to increase serum-digox-
in concentrations (see Quinidine under Antiarrhythmics, p.1261)
and quinine has reduced total body clearance of digoxin (see
Antimalarials, p.1262).

Flecainide. For a report of quinine inhibiting the metabolism of
flecainide, see p.1289.

Histamine H2-antagonists. Cimetidine has been reported to
reduce the clearance of quinine and prolong its elimination half-
life in a study in healthy subjects; no significant effect was seen
with ranitidine.1

1. Wanwimolruk S, et al. Effects of cimetidine and ranitidine on the
pharmacokinetics of quinine. Br J Clin Pharmacol 1986; 22:
346–50.

Rifampicin. Elimination of quinine has been reported to in-
crease in patients also receiving rifampicin.1

1. Wanwimolruk S, et al. Marked enhancement by rifampicin and
lack of effect of isoniazid on the elimination of quinine in man.
Br J Clin Pharmacol 1995; 40: 87–91.

Tobacco smoking. A single-dose study in healthy subjects has
suggested that blood concentrations of quinine are lower in
heavy smokers than in non-smokers, potentially impairing effi-
cacy.1

1. Wanwimolruk S, et al. Cigarette smoking enhances the elimina-
tion of quinine. Br J Clin Pharmacol 1993; 36: 610–14.

Pharmacokinetics
The pharmacokinetics of quinine are altered signifi-
cantly by malaria infection, the major effects being re-
ductions in both its apparent volume of distribution and
its clearance. 
Quinine is rapidly and almost completely absorbed
from the gastrointestinal tract and peak concentrations
in the circulation are attained about 1 to 3 hours after
oral doses of the sulfate or bisulfate. Plasma protein
binding is about 70% in healthy subjects and rises to
90% or more in patients with malaria. Quinine is wide-
ly distributed throughout the body. Concentrations at-
tained in the CSF of patients with cerebral malaria have
been reported to be about 2 to 7% of those in the plas-
ma. 
Quinine is extensively metabolised in the liver and rap-
idly excreted mainly in the urine. Estimates of the pro-
portion of unchanged quinine excreted in the urine
vary from less than 5 to 20%. Excretion is increased in
acid urine. The elimination half-life is about 11 hours
in healthy subjects but may be prolonged in patients
with malaria. Small amounts of quinine also appear in
the bile and saliva. 

Quinine crosses the placenta and is distributed into
breast milk (see Breast Feeding, above).
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Administration in liver disease. Reduced clearance of qui-
nine and prolonged elimination half-life have been reported in
patients with acute hepatitis B given a single intravenous dose.1
The results suggested that quinine accumulation after multiple
doses could be greater in patients with hepatitis, even once hepat-
ic function had returned to normal. In another study2 patients
with moderate chronic liver disease were given quinine orally;
the half-life was prolonged but total clearance was not affected.
1. Karbwang J, et al. The pharmacokinetics of quinine in patients

with hepatitis. Br J Clin Pharmacol 1993; 35: 444–6. 
2. Auprayoon P, et al. Pharmacokinetics of quinine in chronic liver

disease. Br J Clin Pharmacol 1995; 40: 494–7.

Administration in renal impairment. As urinary clearance
comprises only 20% of total clearance of quinine, it appears that
high plasma concentrations reported in patients with severe fal-
ciparum malaria and acute renal failure may be related more to
the severity of the malaria, and associated pharmacokinetic
changes, rather than to any reduction in the glomerular filtration
rate.1 There were significant changes in the pharmacokinetics of
quinine in 6 patients with chronic renal failure after a single oral
dose.2 The changes included a prolonged half-life, but there was
no clear relationship between severity of renal failure and the de-
gree of impairment of quinine clearance.
1. White NJ. Clinical pharmacokinetics of antimalarial drugs. Clin

Pharmacokinet 1985; 10: 187–215. 
2. Rimchala P, et al. Pharmacokinetics of quinine in patients with

chronic renal failure. Eur J Clin Pharmacol 1996; 49: 497–501.

Uses and Administration
Quinine is a cinchona alkaloid and a 4-methanolquino-
line antimalarial that is a rapid-acting blood schizonto-
cide with activity against Plasmodium falciparum, P.
vivax, P. ovale, and P. malariae. It is active against the
gametocytes of P. malariae and P. vivax, but not
against mature gametocytes of P. falciparum. The pre-
cise mechanism of action of quinine is unclear but it
may interfere with lysosome function or nucleic acid
synthesis in the malaria parasite. Since it has no activi-
ty against exoerythrocytic forms, quinine does not pro-
duce a radical cure in vivax or ovale malarias. The in-
creasing spread of resistance to chloroquine has been
responsible for the re-emergence of quinine as an im-
portant drug in the treatment of falciparum malaria.
Quinine is not generally used for malaria prophylaxis. 
Quinine is also used to treat the protozoal infection
babesiosis and for the relief of nocturnal leg cramps. 
Quinine has mild analgesic and antipyretic properties
and is sometimes included in preparations used for the
symptomatic relief of the common cold and influenza;
additional salts that have been used for this purpose in-
clude the camsilate and the gluconate. 
Quinine is also used as a bitter and a flavour. 
Quinine is given as a number of salts and 100 mg of
anhydrous quinine is equivalent to about: 
• 169 mg of quinine bisulfate 
• 122 mg of quinine dihydrochloride 
• 122 mg of quinine etabonate 
• 130 mg of quinine hydrobromide 
• 122 mg of quinine hydrochloride 
• 121 mg of quinine sulfate 
For the treatment of malaria quinine is given orally,
usually as the sulfate, hydrochloride, or dihydrochlo-
ride, or parenterally as the dihydrochloride; quinine
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

etabonate is sometimes used orally because unlike oth-
er quinine salts, which are intensely bitter, it is taste-
less. They all contain about the same amount of qui-
nine and any of them can be used when the dose is cited
in terms of “quinine salt”; this is not the case for the
bisulfate, which contains a correspondingly smaller
amount of quinine. Quinine formate is sometimes giv-
en parenterally. 
A course of treatment with quinine for falciparum ma-
laria usually lasts 7 days and in uncomplicated infec-
tions treatment should preferably be given by the oral
route. The usual oral dose is 600 mg of quinine salt
given every 8 hours for 7 days. For children, a dose of
10 mg of quinine salt per kg body-weight given every
8 hours for 7 days is recommended. 
In severe or complicated falciparum malaria, or when
the patient is unable to take oral medication, quinine
should be given parenterally by slow intravenous infu-
sion, but this can be hazardous and patients generally
need monitoring, particularly for signs of cardiotoxici-
ty. Therapy should be changed to the oral route as soon
as possible to complete the course. To obtain therapeu-
tic concentrations rapidly with parenteral therapy, qui-
nine is often given in an initial loading dose followed
by maintenance doses. A recommended intravenous
dosage regimen suggested by WHO is an initial load-
ing dose of 20 mg of quinine dihydrochloride per kg
(up to a maximum of 1.4 g) given over 4 hours with
maintenance infusions being started 8 hours later, cal-
culated from the start of the previous infusion. Alterna-
tively, in intensive care units, an initial loading dose of
7 mg/kg may be given over 30 minutes followed im-
mediately by the first of the maintenance infusions.
Maintenance infusions consist of 10 mg/kg (up to a
maximum of 700 mg) given over 4 hours every 8
hours. A loading dose should not be given if the patient
has received quinine, quinidine, mefloquine, or halo-
fantrine, during the previous 24 hours. If parenteral
therapy is required for more than 48 hours the mainte-
nance dose of quinine dihydrochloride should be re-
duced to 5 to 7 mg/kg. 
If intravenous infusion is not possible, quinine dihy-
drochloride has been given intramuscularly. Doses, in-
cluding the loading dose, are the same as those used
intravenously; the drug should be diluted in sodium
chloride 0.9% to a concentration of 60 to 100 mg of the
dihydrochloride per mL, and the total dose divided be-
tween two injection sites, preferably each anterior
thigh (not the buttock). However, intramuscular injec-
tion can be irritant and there have been concerns re-
garding its safety and efficacy (see under Malaria, be-
low). 
When used for the relief of nocturnal leg cramps, qui-
nine is given at night in an oral dose of 200 to 300 mg
of the sulfate or bisulfate. Quinine benzoate has also
been used.
Babesiosis. Although there is no established specific treatment
for babesiosis (p.823), a combination of quinine and clindamycin
has been used for Babesia microti infections.1,2 For suggested
doses see under Clindamycin, p.253. Quinine with azithromycin
was reported to be effective in a patient who had not responded
to quinine with clindamycin.3
1. Abramowicz M., ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter. 2007. 
2. Wormser GP, et al. The clinical assessment, treatment, and pre-

vention of Lyme disease, human granulocytic anaplasmosis, and
babesiosis: clinical practice guidelines by the Infectious Diseas-
es Society of America. Clin Infect Dis 2006; 43: 1089–1134.
Also available at: http://www.journals.uchicago.edu/doi/pdf/
10.1086/508667 (accessed 17/06/08) 

3. Shaio MF, Yang KD. Response of babesiosis to a combined reg-
imen of quinine and azithromycin. Trans R Soc Trop Med Hyg
1997; 91: 214–15.

Flavouring. The Joint FAO/WHO Expert Committee on Food
Additives concluded that quinine levels in soft drinks of up to
100 mg/litre (as quinine base) were not of toxicological con-
cern.1 However, because of the possibility of hypersensitivity re-
actions in some individuals, the committee recommended that
consumers be informed of the presence of quinine in food or bev-
erages.
1. FAO/WHO. Evaluation of certain food additives and contami-

nants: forty-first report of the joint FAO/WHO expert committee
on food additives. WHO Tech Rep Ser 837 1993.

Malaria. Quinine has had an important role in the treatment of
falciparum malaria (see p.594) being used where there is chloro-
quine or multidrug Plasmodium falciparum resistance,1-4 and
also (in view of the widespread problem of P. falciparum resist-
ance) where the infective species is not known, or if the infection
is mixed. Treatment should be with one of the quinine salts given
orally, with a dose of 600 mg of quinine salt for adults, or
10 mg/kg for children, every 8 hours for 7 days. The dose of qui-
nine salt applies to the hydrochloride, dihydrochloride, sulfate,
and etabonate, but not to the bisulfate. Any quinine lost through
vomiting within one hour of an oral dose should be replaced by
additional doses.1 
The oral route may not provide effective treatment in severe in-
fection and in such cases quinine should be given as the dihydro-
chloride by slow intravenous infusion, with the patient being ob-
served closely, particularly for any signs of cardiotoxicity.4
Loading doses of quinine are often used to obtain therapeutic
blood concentrations as soon as possible in severely ill patients
but they should not be given to patients who have received qui-
nine, quinidine, mefloquine, or halofantrine, within the previous
24 hours. 
WHO3,4 has given recommendations for intravenous regimens
comprising an initial loading dose and maintenance infusions
(for details see Uses and Administration, above). Patients are
transferred to oral therapy as soon as possible, and treatment con-
tinued until a total of at least 7 days of therapy has been given. If
intravenous formulations of quinine are unavailable quinidine
may be used as an alternative; for further details, see under the
Uses and Administration of Quinidine, p.1385. 
If facilities for intravenous infusion, including monitoring, are
not available quinine may be given by deep intramuscular injec-
tion.4 A loading dose of quinine dihydrochloride 20 mg/kg is
given by injection in divided sites followed by injections of
10 mg/kg every 8 hours;4 a dose interval of 12 hours has also
been used. Patients should be transferred to oral therapy as soon
as possible. The use of the intramuscular route has been contro-
versial because of concerns over safety and efficacy. However,
some studies have shown that it can safely be used in adults and
children with severe infections.5-8 Intramuscular injections of
quinine can be irritant and have caused pain, focal necrosis, and
abscess formation; fatal tetanus has developed in some patients.9
It has been suggested that some such reactions may be related to
the use of preparations formulated in urethane or other irritant
substances. Diluted solutions of quinine dihydrochloride
60 mg/mL adjusted to neutral pH appear to be less painful than
the usual undiluted preparation of 300 mg/mL. 
If facilities do not exist to give quinine parenterally then patients
with severe malaria should receive quinine by mouth or nasogas-
tric tube. 
Quinine as formerly standardised used to contain a higher con-
centration of cinchona alkaloids and there might be synergy be-
tween mixtures of these alkaloids.10 In practice no advantage has
been shown by such mixtures over quinine alone in the treatment
of chloroquine-resistant falciparum malaria.11

1. WHO. WHO model formulary. Geneva: WHO, 2004. 
2. Molyneux M, Fox R. Diagnosis and treatment of malaria in Brit-

ain. BMJ 1993; 306: 1175–80. 
3. WHO. Management of severe malaria: a practical handbook.

Geneva: WHO, 2000. Available at: http://www.who.int/malaria/
docs/hbsm_toc.htm (accessed 16/07/07) 

4. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 05/06/06) 

5. Wattanagoon Y, et al. Intramuscular loading dose of quinine for
falciparum malaria: pharmacokinetics and toxicity. BMJ 1986;
293: 11–13. Correction. ibid.; 362. 

6. Mansor SM, et al. The safety and kinetics of intramuscular qui-
nine in Malawian children with moderately severe falciparum
malaria. Trans R Soc Trop Med Hyg 1990; 84: 482–7. 

7. Waller D, et al. The pharmacokinetic properties of intramuscu-
lar quinine in Gambian children with severe falciparum malaria.
Trans R Soc Trop Med Hyg 1990; 84: 488–91. 

8. Schapira A, et al. Comparison of intramuscular and intravenous
quinine for the treatment of severe and complicated malaria in
children. Trans R Soc Trop Med Hyg 1993; 87: 299–302. 

9. Yen LM, et al. Role of quinine in the high mortality of intramus-
cular injection tetanus. Lancet 1994; 344: 786–7. 

10. Druilhe P, et al. Activity of a combination of three cinchona
bark alkaloids against Plasmodium falciparum in vitro. Antimi-
crob Agents Chemother 1988; 32: 250–4. 

11. Bunnag D, et al. A combination of quinine, quinidine and cin-
chonine (LA 40221) in the treatment of chloroquine resistant
falciparum malaria in Thailand: two double-blind trials. Trans R
Soc Trop Med Hyg 1989; 83: 66.

Muscle spasm. Quinine (usually as quinine sulfate or bisulfate)
has traditionally been used for nocturnal cramps (p.1887) but
there has been concern over its efficacy and potential for adverse
effects, especially in the elderly. In the USA, for example, the
FDA ruled that quinine products should no longer be used for the
management of nocturnal cramps.1,2 A similar ban has been im-
posed in Australia.3 Meta-analyses4,5 concluded that although
quinine was effective in the treatment of nocturnal cramps in am-
bulatory patients the risk of serious adverse effects should be
borne in mind. It was recommended that patients should be
closely monitored while the efficacy of quinine is assessed over
a period of at least 4 weeks. Some6 have recommended that treat-
ment be stopped every 3 months to see whether it is still needed. 

Haemodialysis-induced cramp (p.1671) has been reported to re-
spond to treatment with quinine7,8 but similar concerns apply.
1. FDA. Drug products for the treatment and/or prevention of noc-

turnal leg muscle cramps for over-the-counter human use. Fed
Regist 1994; 59: 43234–52. 

2. Nightingale SL. Quinine for nocturnal leg cramps. ACP J Club
1995; 123: 86. 

3. Adverse Drug Reactions Advisory Committee (ADRAC). Qui-
nine indications—cramps deleted. Aust Adverse Drug React Bull
2004; 23: 20. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr0410.htm (accessed 01/11/04) 

4. Man-Son-Hing M, Wells G. Meta-analysis of efficacy of quinine
for treatment of nocturnal leg cramps in elderly people. BMJ
1995; 310: 13–17. 

5. Man-Son-Hing M, et al. Quinine for nocturnal leg cramps: a
meta-analysis including unpublished data. J Gen Intern Med
1998; 13: 600–606. 

6. Anonymous. Quinine for nocturnal leg cramps? Drug Ther Bull
1996; 34: 7–8. 

7. Kaji DM, et al. Prevention of muscle cramps in haemodialysis
patients by quinine sulphate. Lancet 1976; ii: 66–7. 

8. Roca AO, et al. Dialysis leg cramps; efficacy of quinine versus
vitamin E. ASAIO J 1992; 38: M481–M485.

Preparations
BP 2008: Quinine Bisulphate Tablets; Quinine Dihydrochloride Intravenous
Infusion; Quinine Sulphate Tablets; 
USP 31: Quinine Sulfate Capsules; Quinine Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Circonyl; Austral.: Biquinate; Myoquin†; Quinate; Quinbisul; Quinoc-
tal†; Quinsul; Braz.: Palukin; Paluquina†; Denm.: Kinin; Fr.: Quinoforme†;
Surquina; Ger.: Limptar N; Gr.: Kinin†; India: Cinkona; Quinarsol; Quinin-
ga; NZ: Q200; Q300; Swed.: Kinin; Thai.: Genin; USA: Qualaquin.
Multi-ingredient: Austria: Dilatol-Chinin; Iromin-Chinin-C; Limptar ;
Seltoc; Braz.: Monotrean; Monotrean B6; Fin.: Crampiton; Relapamil; Fr.:
Dinacode†; Hexaquine; Okimus; Quinimax; Ger.: Limptar†; Togal Classic;
Irl.: Anadin; Ital.: Monotrean†; Neth.: Aflukin C; NZ: Nicobrevin; Port.:
Broncosil†; Rectopulmo Adultos†; Rus.: Analgin-Chinin (Анальгин-
Хинин); S.Afr.: Ilvico; Spain: Brota Rectal Balsamico; UK: Nicobrevin.

Tafenoquine (BAN, rINN)

Tafenoquina; Tafénoquine; Tafenoquinum; WR-238605. (±)-8-
[(4-Amino-1-methylbutyl)amino]-2,6-dimethoxy-4-methyl-5-
[(α,α,α-trifluoro-m-tolyl)oxy]quinoline; (RS)-N4-[2,6-Dimethoxy-
4-methyl-5-(3-trifluoromethylphenoxy)quinolin-8-yl]pentane-
1,4-diamine.
Тафенохин
C24H28F3N3O3 = 463.5.
CAS — 106635-80-7.

Profile
Tafenoquine is an 8-aminoquinoline antimalarial. It acts as a tis-
sue schizontocide and is under investigation as the succinate for
the radical cure and prevention of relapse in vivax malaria. It
may also have a role in the prophylaxis of falciparum malaria.
◊ References.
1. Walsh DS, et al. Randomized dose-ranging study of the safety

and efficacy of WR 238605 (tafenoquine) in the prevention of
relapse of Plasmodium vivax malaria in Thailand. J Infect Dis
1999; 180: 1282–7. 

2. Lell B, et al. Malaria chemoprophylaxis with tafenoquine: a ran-
domised study. Lancet 2000; 355: 2041–5. 

3. Shanks GD, et al. A new primaquine analogue, tafenoquine (WR
238605), for prophylaxis against Plasmodium falciparum malar-
ia. Clin Infect Dis 2001; 33: 1968–74. 

4. Nasveld P, et al. Comparison of tafenoquine (WR238605) and
primaquine in the post-exposure (terminal) prophylaxis of vivax
malaria in Australian Defence Force personnel. Trans R Soc Trop
Med Hyg 2002; 96: 683–4. 

5. Hale BR, et al. A randomized, double-blind, placebo-controlled,
dose-ranging trial of tafenoquine for weekly prophylaxis against
Plasmodium falciparum. Clin Infect Dis 2003; 36: 541–9. 

6. Walsh DS, et al. Randomized trial of 3-dose regimens of tafeno-
quine (WR238605) versus low-dose primaquine for preventing
Plasmodium vivax malaria relapse. Clin Infect Dis 2004; 39:
1095–1103. 

7. Walsh DS, et al. Efficacy of monthly tafenoquine for prophylaxis
of Plasmodium vivax and multidrug-resistant P. falciparum ma-
laria. J Infect Dis 2004; 190: 1456–63.
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This chapter reviews the management of headache, in
particular migraine and cluster headache, and the drugs
used mainly for their treatment. The mechanisms of
head pain or headache are not fully understood but may
involve neurovascular changes (as in migraine and
cluster headache), muscle contraction (tension head-
ache), nerve lesions (neuralgias), direct head injury, in-
fection (meningitis), or referred pain (sinusitis, tooth-
ache, eye disorders). Headache is also an adverse effect
of many drugs including, paradoxically, those used to
treat it. The International Headache Society has pub-
lished guidelines to aid the diagnosis of the various
headache types. Patients may have more than one
headache disorder simultaneously and require separate
treatment for each.
◊ References.
1. Headache Classification Subcommittee of the International

Headache Society. The international classification of headache
disorders: 2nd edition. Cephalalgia 2004; 24 (suppl 1): 9–160.
Also available at: http://216.25.100.131/ihscommon/guidelines/
pdfs/ihc_II_main_no_print.pdf (accessed 01/10/04)

Cluster headache
Cluster headache (migrainous neuralgia, histaminic ce-
phalalgia, Horton’s syndrome) is of unknown aetiology
but may be neurovascular in origin.1-5 Patients experience
one or more short-lived attacks of intense unilateral head
pain, usually at the same time of day (often at night). These
are associated with autonomic symptoms such as conjunc-
tival injection or lachrymation, miosis or ptosis, nasal con-
gestion or rhinorrhoea, forehead or facial sweating, and
eyelid oedema. Restlessness during the attacks is charac-
teristic. The period during which attacks occur is called a
cluster period; it may last several weeks or months. In the
typical episodic form of cluster headache, cluster periods
are followed by periods of remission lasting for months or
years but in the more rare chronic form, patients may have
cluster periods lasting for more than a year, or with short
periods of remission in between. Substances such as alco-
hol, histamine, or glyceryl trinitrate can precipitate head-
ache attacks during cluster periods, but not during periods
of remission. There is speculation that sleep-disordered
breathing6 and increased body heat7 may also trigger clus-
ter headaches. 
The treatment of individual acute attacks during a cluster
period is difficult because the headache is short-lived and
oral analgesics are unlikely to be absorbed fast enough to
produce much benefit.1,3,4 Inhalation of 100% oxygen is
rapid and effective in aborting attacks, but has practical
difficulties; inhaled ergotamine has also been used. Some
consider subcutaneous sumatriptan to be the acute therapy
of choice in cluster attacks.4,5 Dihydroergotamine is also
effective but generally has to be given by injection and is
usually reserved for use in emergency settings. Intranasal
dihydroergotamine and intranasal sumatriptan have also
been used.1,4 Oral zolmitriptan may be considered for pa-
tients who cannot tolerate subcutaneous or intranasal su-
matriptan and oxygen, or who prefer oral medication.4 In-
tranasal instillation of lidocaine has been reported to be of
some benefit but most patients do not obtain complete pain
relief.1,3,4 
Since individual attacks are difficult to treat it is probably
more effective to manage cluster headache by prophylax-
is once a cluster period has started. Ergotamine may be
used for prevention in episodic cluster headache; it is given
by mouth or rectally for limited periods of up to 2 weeks.
It is often given for only 5 to 6 days in each week, which
allows the patient to assess whether the cluster period has
ended. Other drugs that have been used, either alone or
with ergotamine, include verapamil, lithium carbonate,
and prednisolone. Some consider verapamil to be the pre-
ventive therapy of choice1,4,8 particularly in patients with
chronic long-lasting cluster periods.5 Lithium may also be
useful for the chronic form of the disorder. Methysergide
and corticosteroids are considered by some to be the drugs
of choice in those with short-lasting cluster periods (less
than 2 months).5 Pizotifen and valproate have also been

tried;1,3,5 other drugs under investigation include gabapen-
tin, melatonin, and topiramate.4 
Paroxysmal hemicrania is a rare variant of cluster head-
ache and differs mainly in the high frequency and shorter
duration of individual attacks. One of its features, which
may be diagnostic, is its invariable response to indomet-
acin.
1. Dodick DW, Capobianco DJ. Treatment and management of

cluster headache. Curr Pain Headache Rep 2001; 5: 83–91. 
2. Zakrzewska JM. Cluster headache: review of literature. Br J

Oral Maxillofac Surg 2001; 39: 103–13. 
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4. Matharu MS, et al. Management of trigeminal autonomic ce-

phalgias and hemicrania continua. Drugs 2003; 63: 1637–77. 
5. May A. Cluster headache: pathogenesis, diagnosis, and manage-

ment. Lancet 2005; 366: 843–55. 
6. Chervin RD, et al. Sleep disordered breathing in patients with

cluster headache. Neurology 2000; 54: 2302–6. 
7. Blau JN, Engel HO. A new cluster headache precipitant: in-

creased body heat. Lancet 1999; 354: 1001–2. 
8. British Association for the Study of Headache. Guidelines for all

healthcare professionals in the diagnosis and management of mi-
graine, tension-type, cluster and medication-overuse headache. 3rd
edn. (issued 18th January 2007). Available at : http:/ /
216.25.100.131/upload/NS_BASH/BASH_guidelines_2007.pdf
(accessed 22/08/08)

Medication-overuse headache
Overuse of drugs such as ergotamine, triptans, and analge-
sics (including opioids and combination preparations con-
taining caffeine or butalbital) to treat headache or migraine
can lead to dependence and paradoxical chronic daily
headache in headache-prone patients.1-3 Such headaches
do not appear to occur with regular use of analgesics to
treat other disorders except occasionally in patients with a
history of migraine.1 Medication-overuse headaches, also
referred to as rebound, analgesic abuse, or analgesic-in-
duced headaches, can be difficult to treat and are relieved
by withdrawal of the offending drug, but the primary head-
ache may still persist and revert to its previous pattern of
occurrence. Furthermore, stopping abruptly can exacer-
bate headache and produce other symptoms of withdraw-
al. This may then lead the patient to resume treatment to
relieve the headache thereby setting up a vicious circle. 
Options for outpatient treatment include either abrupt4 or
gradual withdrawal of the overused drug. Substitution
with long-acting NSAID or intramuscular dihydroergot-
amine has been tried in withdrawal from ergotamine or an-
algesics;4-6 prednisolone has also been used.4 However,
withdrawal symptoms may persist for up to 2 weeks and
detoxification from ergotamine or analgesics may require
hospitalisation; intravenous metoclopramide and repeti-
tive intravenous dihydroergotamine may be required to
control nausea and vomiting and intractable headache, re-
spectively.5 Although withdrawal from triptans has been
reported to be of shorter duration with no intensive with-
drawal symptoms, triptan overuse produces headaches at a
faster rate and at lower dosages compared with ergotamine
and analgesics, and is associated with an increase in mi-
graine attack frequency.1 General advice on the prevention
of medication-overuse headache has included limiting the
frequency of use of such drugs,1,3,5 and starting prophylac-
tic therapy in migraine patients having more than 2 head-
ache days a week.3,4
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healthcare professionals in the diagnosis and management of mi-
graine, tension-type, cluster and medication-overuse headache. 3rd
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5. Silberstein SD, Young WB. Analgesic rebound headache. Drug
Safety 1995; 13: 133–44. 
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Migraine
Migraine is characterised by recurrent attacks of headache
which typically last 4 to 72 hours. Attacks persisting for
longer than 72 hours are referred to as status migrainosus.

The headache is usually a unilateral pulsating pain that is
aggravated by movement and is usually of sufficient sever-
ity to disturb or prevent daily activities. It is frequently ac-
companied by nausea, vomiting, or other gastrointestinal
disturbances and there may be photophobia and phono-
phobia. Migraine with aura (classic migraine) is character-
ised by an aura consisting of visual or sensory symptoms
that lasts less than an hour. The headache usually follows
the aura directly, or within 1 hour, but may begin simulta-
neously with the aura. In addition, aura can occur without
headache. Migraine without aura (common migraine) is
the more common form occurring in about 75% of patients
with migraine. Premonitory symptoms may occur before a
migraine attack (with or without aura). Familial hemiple-
gic migraine is a rare syndrome in which migraine with
aura may be preceded or accompanied by dysphasia, con-
fusion, and hemiparesis. Basilar-type migraine is another
rare form of migraine with aura in which there may be dis-
turbances of the brain stem or occipital lobes accompanied
by symptoms such as decreased level of consciousness,
vertigo, ataxia, dysarthria, and diplopia. 
Migraine is described as a neurovascular headache. Tradi-
tionally, intracranial vasoconstriction was considered re-
sponsible for the aura and extracranial vasodilatation for
the headache. However, it appears that vascular events
may be secondary to neuropathic changes and the libera-
tion of vasoactive substances including serotonin (5-HT),
catecholamines, histamine, kinins, neuropeptides such as
calcitonin gene-related peptide (CGRP), and prostagland-
ins. 
There are several factors that may precipitate migraine at-
tacks. These include anxiety, physical and emotional
stress, a change in sleep pattern, bright lights, fasting, some
foods, and menstruation. Menstrual migraine has no spe-
cific definition, but it is believed to occur around the time
of menstruation and to be characterised by attacks without
aura. Migraine may also be precipitated by drugs including
combined oral contraceptives and oestrogens, and glyceryl
trinitrate. The frequency of migraine attacks can be re-
duced if such precipitating factors can be identified and
avoided. Quiet, darkness, and sleep can ease an attack,
with sleep heralding recovery. 
Treatment. There is evidence that therapy tailored to the
severity of individual disease from the outset (stratified
care) is preferable to beginning with simple analgesics and
adjusting treatment subsequently according to response
(step strategy). 
Simple analgesics (paracetamol or aspirin and other
NSAIDs) are effective if taken at the earliest signs of an
attack. Weak opioid analgesics such as codeine are some-
times included in oral compound analgesic preparations.
However, many consider that opioids are best avoided, es-
pecially in patients who experience frequent headaches, to
decrease the risk of medication-overuse headaches. Other
drugs used with analgesics in antimigraine preparations
have included caffeine and the sympathomimetic vaso-
constrictor isometheptene. 
If the initial treatment of migraine is delayed, absorption of
oral drugs may be compromised by development of gastric
stasis and nausea and vomiting; antiemetics such as bu-
clizine and cyclizine, and the prokinetic drugs metoclo-
pramide and domperidone are often included in compound
antimigraine preparations. Prokinetic drugs also have the
advantage of promoting gastric emptying and normal per-
istalsis. Dispersible and effervescent analgesic prepara-
tions are preferable because of their more rapid absorption.
If nausea and vomiting are prominent rectal administration
may be necessary. 
Attacks not responding to simple analgesics or NSAIDs
may be treated with specific antimigraine drugs such as the
selective serotonin (5-HT1) agonists (e.g. sumatriptan) or
the ergot derivatives ergotamine and dihydroergotamine;
poor absorption and adverse effects limit the use of ergot
derivatives and selective serotonin (5-HT1) agonists are
generally preferred. 
Serotonin (5-HT1) agonists are highly effective in reliev-
ing the pain and nausea of a migraine attack. There are a
number of triptans available; patient characteristics and
preferences vary in response to use and can sometimes be
unpredictable. Some patients experience recurrence of the
headache within 24 to 48 hours and often respond to a sec-
ond dose. Finding the best triptan to suit the individual pa-
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tient may involve trial and error. Triptans should not be
used in patients with major risk factors for, or suffering
from, cardiovascular disease. The main concern with all
triptans is their potential for coronary vasoconstriction and
no triptan appears to be safer than the others. 

If ergotamine is used it should be given at the first warn-
ing of an attack; the earlier it is given, the more effective
the treatment. Since its oral bioavailability is poor and may
be reduced further during a migraine attack, ergotamine
has sometimes been given in sublingual or rectal prepara-
tions. Ergotamine can also exacerbate nausea and vomit-
ing; metoclopramide or domperidone, or in severe cases
the phenothiazines chlorpromazine or prochlorperazine,
may be given. Dihydroergotamine may be of use if
parenteral treatment is required; it can also be given intra-
nasally but there is less experience with this route. 

Patients who rapidly develop severe migraine may be giv-
en parenteral dihydroergotamine or sumatriptan. Some
consider parenteral metoclopramide to be suitable first-
line treatment. If there is no response to these drugs,
dopamine antagonists such as chlorpromazine or prochlo-
rperazine given parenterally may be effective in relieving
the pain of acute migraine attacks. Prolonged attacks (sta-
tus migrainosus) may require intravenous administration
of dihydroergotamine with metoclopramide. 

Other drugs that may be given alone or in combination
include corticosteroids or pethidine. Lidocaine has been
given intravenously for the emergency treatment of mi-
graine; intranasal lidocaine has also been tried. The opioid
agonist-antagonist butorphanol, given by nasal spray, has
been advocated, but its place in therapy, if any, remains to
be established. Other drugs under investigation include
botulinum A toxin and CGRP antagonists; intravenous
valproic acid has also shown promise in aborting acute at-
tacks. 

Guidelines have been issued for the treatment of migraine
in children and adolescents. For acute treatment, ibupro-
fen and paracetamol were found to be effective in children
aged 6 years and over; sumatriptan nasal spray should be
considered in those aged 12 years and over. 

Prophylactic treatment should be considered for patients
in whom abortive measures are ineffective or migraine at-
tacks occur frequently, or for those with less frequent but
severe or prolonged attacks. Some recommend prophylax-
is if attacks occur more often than once or twice a month.
Prophylaxis can reduce the severity and/or frequency of
attacks but does not eliminate them completely and pa-
tients still need additional abortive or symptomatic treat-
ment. Drugs suggested for prophylaxis have a range of ac-
tions which reflects uncertainty over the pathogenesis of
migraine. It is important to give prophylactic drugs for an
adequate period before assessing their efficacy. Once an
optimum effect has been achieved the need for continuing
prophylaxis should be reviewed at intervals of about 3 to 6
months. 

The main prophylactic drugs are beta blockers, tricyclic
antidepressants, and the antiepileptics, topiramate and
valproate. Propranolol is considered by many to be the
prophylactic drug of choice. Lethargy appears to be the
most common adverse effect. Other beta blockers reported
to be effective are those that, like propranolol, possess no
intrinsic sympathomimetic activity, which include aten-
olol, metoprolol, nadolol, and timolol. The potential for
beta blockers to interact with some serotonin (5-HT1) agon-
ists and ergotamine should be borne in mind. Tricyclic
antidepressants, particularly amitriptyline, given in gradu-
ally increasing doses at night are useful for preventing mi-
graine, especially in patients who also have depression or
tension-type headache, although antimuscarinic adverse
effects may occur. Valproate is also used for preventing
migraine. Nausea appears to be the most common adverse
effect. Topiramate is the main alternative to valproate.
Weight loss and paraesthesia are commonly reported ad-
verse effects. Topiramate and valproate are particularly
useful in patients who also have epilepsy or bipolar disor-
der. 

Other drugs have been used for the prophylaxis of mi-
graine: pizotifen, an antihistamine and serotonin antago-
nist, has been widely used but evidence for its efficacy is
limited; it may be tried in children. Of the drugs with cal-
cium-channel blocking activity, flunarizine appears to be
effective, and has been suggested for use in children, and
verapamil may be useful, but evidence for the efficacy of

other calcium-channel blockers such as diltiazem, nifed-
ipine, or nimodipine is less convincing; NSAIDs may be
worth trying. The use of methysergide, a potent serotonin
antagonist, has declined because of serious adverse effects,
in particular retroperitoneal fibrosis. MAOIs such as
phenelzine have been used occasionally but are best re-
served for severe cases refractory to other forms of pro-
phylactic treatment. Cyproheptadine, an antihistamine and
serotonin antagonist, has been used for migraine prophy-
laxis, particularly in children. Other drugs used for the
prophylaxis of migraine have included butterbur, cloni-
dine, cyclandelate, indoramin, feverfew, and the ergot de-
rivative metergoline. Positive results have been seen with
magnesium and riboflavin. Other drugs still under investi-
gation, which have shown potential for prevention of mi-
graine attacks are: baclofen, botulinum A toxin, cande-
sartan, gabapentin, lisinopril, and venlafaxine. 
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Post-dural puncture headache
For the management of headache associated with lumbar
puncture or spinal anaesthesia, see Post-dural Puncture
Headache under Local Anaesthetics, p.1851.

Tension-type headache
Tension-type headaches, also referred to as muscle-con-
traction headaches, are probably the commonest form of
headache. They are characterised by bilateral pain, which
unlike migraine is continuous and non-pulsatile. The pain

is often described by the patient as feeling like a tight band
pressed around the head. Headaches of this type may be
precipitated by many factors including psychosocial stress
or muscular stress. Many patients also have associated
symptoms of anxiety or depression. Tension-type head-
aches and migraine often co-exist and may then be referred
to as combination or mixed headaches. Some patients only
experience isolated acute attacks of tension-type headache
(episodic tension-type headache), but others may develop
chronic tension-type headache which is difficult to treat. 
Treatment is aimed at removing the underlying causes
where these can be identified. Simple massage may help if
muscle contraction is a prominent component of the pain.
Non-opioid analgesics, such as aspirin or other NSAIDs
and paracetamol, may be tried for individual acute attacks
of headache, but analgesic overuse must be avoided as this
can lead to chronic headache resistant to other measures
(see Medication-overuse Headache, above). Opioids alone
or in combination preparations with other analgesics
should also be avoided. Hypnotics or sedatives have some-
times been used in combination preparations with analge-
sics in the management of tension-type headache that dis-
rupts sleep but, because of the potential for abuse, they
should be avoided in chronic headaches. Muscle relaxants
appear to have little place in the management of tension-
type headache; although some patients may respond, re-
sults are generally disappointing. Other drugs that have
been tried include valproate and botulinum A toxin.
Prophylaxis is preferable to regular short-term use of an-
algesics in controlling chronic tension-type headache. Tri-
cyclic antidepressants, particularly amitriptyline, are gen-
erally considered as first choice, although benefit is rarely
complete. The mode of action is unclear and appears to be
independent of any antidepressant action. In most cases,
improvement is seen with low doses, but full antidepres-
sant doses are necessary in the presence of underlying de-
pression. Addition of a beta blocker such as propranolol
may sometimes be of benefit for patients with some mi-
graine features. 
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Almotriptan Malate (BANM, USAN, rINNM)

Almotriptan, Malate d’; Almotriptani Malas; LAS-31416 (almot-
riptan); Malato de almotriptán; PNU-180638E (almotriptan
malate). 1-[({3-[2-(Dimethylamino)ethyl]indol-5-yl}methyl)sulfo-
nyl]pyrrolidine malate (1:1).

Альмотриптана Малат
C17H25N3O2S,C4H6O5 = 469.6.
CAS — 154323-57-6 (almotr iptan); 181183-52-8 (almo-
tr iptan malate).
ATC — N02CC05.
ATC Vet — QN02CC05.
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Adverse Effects and Precautions
As for Sumatriptan, p.625. 
Almotriptan should not be used in patients with severe
hepatic impairment since clearance is likely to be
markedly impaired, and should be given with caution,
and in reduced doses, to patients with mild to moderate
hepatic impairment. The dose of almotriptan should
also be reduced in patients with severe renal impair-
ment. 
Patients with hypersensitivity to sulfonamides may
theoretically exhibit a similar reaction to almotriptan.
Incidence of adverse effects. Results from studies involving
more than 2500 patients with migraine suggested that adverse
effects of almotriptan were infrequent.1 The commonest adverse
effects reported were dizziness, nausea and vomiting, headache,
paraesthesia, fatigue, and drowsiness, all of which occurred in
less than 3% of patients. The incidence of chest symptoms was
0.2% in 2 large phase III studies.
1. Dodick DW. Oral almotriptan in the treatment of migraine: safe-

ty and tolerability. Headache 2001; 41: 449–55.

Interactions
As for Sumatriptan, p.626.

Pharmacokinetics
After oral doses, peak plasma-almotriptan concentra-
tions are obtained in about 1 to 3 hours, with a bioavail-
ability of about 70%. Protein binding is about 35%. Al-
motriptan is metabolised, mainly by monoamine
oxidase type A to the inactive indole acetic acid deriv-
ative and to a lesser extent by cytochrome P450 isoen-
zymes CYP3A4 and CYP2D6 to the inactive gamma-
aminobutyric acid derivative. More than 75% of an
oral dose is excreted in the urine and the remainder in
faeces. About 40 to 50% of the dose in the urine and
5% in the faeces is excreted as unchanged drug. The
plasma elimination half-life is about 3.5 hours in
healthy subjects, increasing to about 7 hours in severe
renal impairment. 
Distribution into milk has been found in studies in rats.
◊ References.
1. Jansat JM, et al. Absolute bioavailability, pharmacokinetics, and

urinary excretion of the novel antimigraine agent almotriptan in
healthy male volunteers. J Clin Pharmacol 2002; 42: 1303–10. 

2. McEnroe JD, Fleishaker JC. Clinical pharmacokinetics of almo-
triptan, a serotonin 5-HT  receptor agonist for the treatment
of migraine. Clin Pharmacokinet 2005; 44: 237–46.

Uses and Administration
Almotriptan malate is a selective serotonin (5-HT1)
agonist with actions and uses similar to those of su-
matriptan (p.627). It is used for the acute treatment of
the headache phase of migraine attacks. It should not
be used for prophylaxis. Almotriptan is given orally as
the malate, and doses are expressed in terms of the
base; almotriptan malate 8.75 mg is equivalent to
about 6.25 mg of almotriptan. 
The usual dose of almotriptan is 12.5 mg in the UK and
6.25 or 12.5 mg in the USA. If this is ineffective, a sec-
ond dose should not be taken for the same attack. If
symptoms recur within 24 hours after an initial re-
sponse, a second dose may be taken after an interval of
at least 2 hours. No more than 2 doses should be taken
in a 24-hour period. For doses in hepatic and renal im-
pairment see below.
◊ References.
1. Holm KJ, Spencer CM. Almotriptan. CNS Drugs 1999; 11:

159–64. 
2. Keam SJ, et al. Almotriptan: a review of its use in migraine.

Drugs 2002; 62: 387–414.

Administration in hepatic or renal impairment. In pa-
tients with hepatic or severe renal impairment, no more than
12.5 mg of almotriptan should be taken in 24 hours; a starting
dose of 6.25 mg may be used. Almotriptan is contra-indicated in
patients with severe hepatic disease.
Migraine. For comparison of the relative benefits of different
triptans in migraine, see under Sumatriptan, p.627. 
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Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Almogran; Canad.: Axert; Denm.: Almogran; Fin.: Almogran; Fr.:
Almogran; Ger.: Almogran; Irl.: Almogran; Ital.: Almogran; Almotrex;
Neth.: Almogran; Norw.: Almogran; Port.: Almogran; Amignul; Spain:
Almogran; Amignul; Swed.: Almogran; UK: Almogran; USA: Axert.

Alpiropride (rINN)

Alpiroprida; Alpiropridum. (±)-N-[(1-Allyl-2-pyrrolidinyl)me-
thyl]-4-amino-5-(methylsulfamoyl)-o-anisamide.
Альпироприд
C17H26N4O4S = 382.5.
CAS — 81982-32-3.

Profile
Alpiropride is a dopamine antagonist that has been given orally
for the treatment and prophylaxis of migraine.
Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Rivistel†.

Dihydroergotamine (BAN, rINN)

Dihidroergotamina; Dihydroergotamiini; Dihydroergotamin; Di-
hydroergotaminum. (5′S,8R)-5′-Benzyl-9,10-dihydro-12′-hy-
droxy-2′-methyl-3′,6′,18-trioxoergotaman.
Дигидроэрготамин
C33H37N5O5 = 583.7.
CAS — 511-12-6.
ATC — N02CA01.
ATC Vet — QN02CA01.

Dihydroergotamine Mesilate (BANM, rINNM)

Dihidroergotamin-mezilát; Dihidroergotamino mesilatas; Dihy-
droergotamiinimesilaatti; Dihydroergotamine, mésilate de; Dihy-
droergotamine Mesylate (USAN); Dihydroergotamine Meth-
anesulphonate; Dihydroergotamini mesilas; Dihydroergotamin-
mesilat; Dihydroergotamin-mesylát; Dihydroergotaminy mezy-
lan; Mesilato de dihidroergotamina.
Дигидроэрготамина Мезилат
C33H37N5O5,CH4O3S = 679.8.
CAS — 6190-39-2.
ATC — N02CA01.
ATC Vet — QN02CA01.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Dihydroergotamine Mesilate). Colourless crystals
or a white or almost white crystalline powder. Slightly soluble in

water and in alcohol; sparingly soluble in methyl alcohol. A
0.1% solution in water has a pH of 4.4 to 5.4. Protect from light. 
USP 31 (Dihydroergotamine Mesylate). A white to slightly yel-
lowish powder, or off-white to faintly red powder, having a faint
odour. Soluble 1 in 125 of water, 1 in 90 of alcohol, 1 in 175 of
chloroform, and 1 in 2600 of ether. pH of a 0.1% solution in wa-
ter is between 4.4 and 5.4. Protect from light.

Dihydroergotamine Tartrate (BANM, rINNM)

Dihidroergotamino tartratas; Dihidroergotamin-tartarát; Dihy-
droergotamiinitartraatti; Dihydroergotamine, tartrate de; Dihy-
droergotamini tartras; Dihydroergotamin-tartarát; Dihydroer-
gotamintartrat; Tartrato de dihidroergotamina.
Дигидроэрготамина Тартрат
(C33H37N5O5)2,C4H6O6 = 1317.4.
CAS — 5989-77-5.
ATC — N02CA01.
ATC Vet — QN02CA01.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dihydroergotamine Tartrate). Colourless crystals
or a white or almost white crystalline powder. Very slightly sol-
uble in water; sparingly soluble in alcohol. A 0.1% suspension in
water has a pH of 4.0 to 5.5. Protect from light.

Adverse Effects and Treatment
As for Ergotamine Tartrate, p.620, although vasocon-
striction may be less pronounced and the frequency of
nausea and vomiting lower with dihydroergotamine
mesilate than with ergotamine tartrate. Dihydroergot-
amine does not appear to produce physical depend-
ence.
Effects on the cardiovascular system. There are conflicting
reports on the risk of vasospasm in patients given dihydroergot-
amine with heparin for thromboembolism prophylaxis. Vasos-
pastic or necrotic reactions have been reported on several occa-
sions during such therapy.1-4 In an Austrian study of 147 290
patients given drug prophylaxis for thromboembolism, compli-
cations attributable to ergotism were seen in 142 of 61 092
(0.23%) who received dihydroergotamine and heparin.5 Others,6
however, observed only 1 case of vasospasm in 5100 trauma pa-
tients (0.02%) given the combination. In 1989 the Swedish Ad-
verse Drug Reactions Advisory Committee reported7 that up to
the end of September 1987 the manufacturer had received 201
reports of vasospastic reactions associated with the use of Or-
stanorm (dihydroergotamine + lidocaine) with heparin. Perma-
nent damage occurred in 59% of these patients. Vasospastic re-
actions had occurred more frequently in patients who had
undergone surgery for trauma and the prognosis for such patients
was generally poorer than for others. Since the risk of permanent
damage appeared to be related to treatment length the Committee
recommended that this preparation should not be given for more
than 7 days. The possibility of such reactions and the contra-in-
dications of dihydroergotamine should be borne in mind when
using this form of prophylaxis (see Venous Thromboembolism,
under Uses, below).
1. van den Berg E, et al. Ergotism leading to threatened limb am-

putation or to death in two patients given heparin-dihydroergot-
amine prophylaxis. Lancet 1982; i: 955–6. 

2. van den Berg E, et al. Vascular spasm during thromboembolism
prophylaxis with heparin-dihydroergotamine. Lancet 1982; ii:
268–9. 

3. Monreal M, et al. Skin and muscle necrosis during heparin-dihy-
droergotamine prophylaxis. Lancet 1984; ii: 820. 

4. Kilroy RA, et al. Vascular spasm during heparin-dihydroergot-
amine prophylaxis. Clin Pharm 1987; 6: 575–7. 

5. Gatterer R. Ergotism as complication of thromboembolic proph-
ylaxis with heparin and dihydroergotamine. Lancet 1986; ii:
638–9. 

6. Schlag G, et al. Risk/benefit of heparin-dihydroergotamine
thromboembolic prophylaxis. Lancet 1986; ii: 1465. 

7. Swedish Adverse Drug Reaction Advisory Committee. Dihydro-
ergotamine + lidocaine – vasospasm. Bull Swed Adverse Drug
React Advisory Committee 1989; (54): 1.

Fibrosis. For reference to fibrosis associated with the adminis-
tration of dihydroergotamine, see Methysergide Maleate, p.623.

Precautions
As for Ergotamine Tartrate, p.620.
Cardiovascular disorders. For specific contra-indications
and precautions in cardiovascular disorders, see under Ergot-
amine, p.621.
Porphyria. Dihydroergotamine has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.

Interactions
As for Ergotamine (p.621). 
Use with other vasoconstrictive drugs, including sup-
plementary antimigraine treatment with ergotamine or
sumatriptan, should be avoided.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
Peak plasma-dihydroergotamine concentrations have
been attained within about 1 to 2 hours after oral doses,
about 30 minutes after intramuscular injection, about
15 to 45 minutes after subcutaneous injection, and
about 45 to 55 minutes after intranasal doses. However,
the bioavailability of dihydroergotamine after oral dos-
es is very low; values ranging from less than 0.1 to
1.5% have been reported. Although dihydroergot-
amine is incompletely absorbed from the gastrointesti-
nal tract, the low bioavailability is considered to be de-
termined primarily by extensive first-pass hepatic
metabolism. Bioavailability after intranasal doses is
43%. Dihydroergotamine is 90 to 95% bound to plas-
ma proteins. 
Dihydroergotamine undergoes extensive metabolism,
the major metabolite, 8′-β-hydroxydihydroergotamine,
being active. Plasma concentrations of this metabolite
are greater than those of dihydroergotamine. A further
oxidation step produces 8′,10′-dihydroxydihydroer-
gotamine, which is also active. Other metabolites are
also formed. Most of a dose is excreted as metabolites,
mainly in the bile; 5 to 10% is excreted in the urine of
which only trace amounts are of unchanged drug. The
elimination of dihydroergotamine is biphasic; half-
lives of about 1 to 2 hours and 22 to 32 hours have been
reported for the 2 phases, respectively.

◊ References.
1. Little PJ, et al. Bioavailability of dihydroergotamine in man. Br

J Clin Pharmacol 1982; 13: 785–90. 
2. Müller-Schweinitzer E. Pharmacological actions of the main me-

tabolites of dihydroergotamine. Eur J Clin Pharmacol 1984; 26:
699–705. 

3. de Marées H, et al. Relationship between the venoconstrictor ac-
tivity of dihydroergotamine and its pharmacokinetics during
acute and chronic oral dosing. Eur J Clin Pharmacol 1986; 30:
685–9. 

4. Humbert H, et al. Human pharmacokinetics of dihydroergot-
amine administered by nasal spray. Clin Pharmacol Ther 1996;
60: 265–75.

Uses and Administration
Dihydroergotamine is a semisynthetic ergot alkaloid
that has weaker oxytocic and vasoconstrictor effects
than ergotamine (p.621). Its activity as a 5-HT1 agonist
is believed to contribute to its antimigraine action. It is
used in the treatment of migraine and cluster headache,
and in the treatment of orthostatic hypotension. It has
also been used for the prophylaxis of venous throm-
boembolism (see below). 
Dihydroergotamine is commonly used as the mesilate
by subcutaneous, intramuscular, or intravenous injec-
tion, although it may also be given as a nasal spray or
orally. 
For the treatment of migraine and to terminate an acute
attack of cluster headache, dihydroergotamine mesilate
is usually given by subcutaneous or intramuscular in-
jection in doses of 1 mg repeated, if necessary, after 30
to 60 minutes up to a maximum daily dose of 3 mg. If
a more rapid effect is desired it may be given intrave-
nously in doses of 0.5 or 1 mg up to a maximum daily
dose of 2 mg. The total weekly dose given by any route
of injection should not exceed 6 mg. The usual nasal
dose of dihydroergotamine mesilate for an acute attack
of migraine is 500 micrograms sprayed into each nos-
tril as a 0.4% solution followed after 15 minutes by an
additional 500 micrograms in each nostril. A total in-
tranasal dose of 2 mg per attack should not be exceed-
ed. In the USA, the maximum dose in 24 hours is 3 mg
and in a 7-day period is 4 mg, while maximum daily
doses of up to 4 mg with a maximum dose of 12 mg in
a 7-day period have been given in other countries. In
some countries it is given orally; up to 10 mg daily has
been given orally for the treatment of acute attacks of
migraine. Lower oral doses have been given in some
countries for migraine prophylaxis. 
Dihydroergotamine mesilate has also been used alone
or with etilefrine hydrochloride (p.1284) in the treat-
ment of orthostatic hypotension, in usual oral doses of

up to 10 mg daily in divided doses. Doses of up to 40
to 60 mg have been used in some patients. 
Dihydroergotamine tartrate has been used for indica-
tions similar to those of the mesilate.
Medication-overuse headache. Dihydroergotamine may be
used in the treatment of medication-overuse headache (p.616),
including symptoms of ergotamine withdrawal.

Migraine and cluster headache. Although sumatriptan is of-
ten the treatment of choice to abort acute attacks of migraine
(p.616) that do not respond to simple analgesic preparations,
parenteral dihydroergotamine, especially with an antiemetic, is
an alternative for patients who develop severe or refractory mi-
graine.1-3 Preparations for intranasal4,5 use are also available; in
some countries, it is given orally. In a comparative study, relief of
migraine was slower after subcutaneous dihydroergotamine than
after subcutaneous sumatriptan, but headache recurred less of-
ten.6 In other studies, intranasal dihydroergotamine was not as
effective as subcutaneous5 or intranasal7 sumatriptan. 
Dihydroergotamine is also used in the treatment of cluster head-
ache (p.616), usually in emergency settings, where it is given to
abort individual headache attacks.
1. Scott AK. Dihydroergotamine: a review of its use in the treat-

ment of migraine and other headaches. Clin Neuropharmacol
1992; 15: 289–96. 

2. Silberstein SD, Young WB. Safety and efficacy of ergotamine
tartrate and dihydroergotamine in the treatment of migraine and
status migrainosus. Neurology 1995; 45: 577–84. 

3. Colman I, et al. Parenteral dihydroergotamine for acute migraine
headache: a systematic review of the literature. Ann Emerg Med
2005; 45: 393–401. 

4. Ziegler D, et al. Dihydroergotamine nasal spray for the acute
treatment of migraine. Neurology 1994; 44: 447–53. 

5. Touchon J, et al. A comparison of subcutaneous sumatriptan and
dihydroergotamine nasal spray in the acute treatment of mi-
graine. Neurology 1996; 47: 361–5. 

6. Winner P, et al. A double-blind study of subcutaneous dihydro-
ergotamine vs subcutaneous sumatriptan in the treatment of
acute migraine. Arch Neurol 1996; 53: 180–4. 

7. Boureau F, et al. A clinical comparison of sumatriptan nasal
spray and dihydroergotamine nasal spray in the acute treatment
of migraine. Int J Clin Pract 2000; 54: 281–6.

Orthostatic hypotension. Dihydroergotamine may be of use
in patients with refractory orthostatic hypotension (p.1530). It is
sometimes used in preparations with sympathomimetics such as
etilefrine. After parenteral dihydroergotamine, standing blood
pressure is increased, but total peripheral resistance and supine
blood pressure are also increased.1 It does not prevent postpran-
dial hypotension, presumably because it does not constrict the
splanchnic veins, although use with caffeine may overcome this
problem. The main disadvantage of dihydroergotamine, howev-
er, is that it is ineffective, or at best weakly effective, when given
by mouth, although there has been some evidence that oral ergot-
amine tartrate may be of value. 
Dihydroergotamine has been suggested for use in the prevention
of hypotension associated with epidural2 or spinal anaesthesia,3
the usual management of which is discussed in Treatment of Ad-
verse Effects of Local Anaesthetics, p.1851. It has also been tried
in the management of hypotension associated with haemodialy-
sis.4

1. Anonymous. Management of orthostatic hypotension. Lancet
1987; i: 197–8. 

2. Mattila M, et al. Dihydroergotamine in the prevention of hypo-
tension associated with extradural anaesthesia. Br J Anaesth
1985; 57: 976–82. 

3. Critchley LAH, Woodward DK. Haemodynamic effects of three
doses of dihydroergotamine during spinal anaesthesia. Br J
Anaesth 2001; 87: 499–501. 

4. Milutinovic S. Dihydroergotamin in der Behandlung von Pa-
tienten mit symptomatischer Hypotonie während Dauerhämodi-
alyse. Arzneimittelforschung 1987; 37: 554–6.

Venous thromboembolism. Standard prophylaxis for surgi-
cal patients at high risk of venous thromboembolism is usually
with heparin or low-molecular-weight heparin (p.1189). Dihy-
droergotamine can reduce venous stasis by vasoconstriction of
capacitance vessels and has enhanced postoperative prophylaxis
when used with heparin.1 Doses of dihydroergotamine mesilate
500 micrograms with heparin 5000 units, both given subcutane-
ously 2 hours before surgery, have been used. This regimen has
then been given every 8 to 12 hours for 5 to 14 days depending
on the risk of thrombosis. The use of dihydroergotamine with
low-molecular-weight heparin has been shown to be of similar
efficacy to dihydroergotamine with heparin2,3 but might offer a
more convenient dosing schedule. However, although dihydro-
ergotamine might enhance the effect of heparin, a US National
Institutes of Health consensus conference warned of the potential
risk associated with its vasoconstrictive effects, and the contra-
indications to its use.4 In 1989 the Swedish Adverse Drug Reac-
tions Advisory Committee recommended that dihydroergot-
amine with heparin should not be given for more than 7 days (see
Effects on the Cardiovascular System, under Adverse Effects,
above).
1. Lindblad B. Prophylaxis of postoperative thromboembolism

with low dose heparin alone or in combination with dihydroer-
gotamine: a review. Acta Chir Scand 1988; (suppl 543): 31–42. 

2. Sasahara AA, et al. Low molecular weight heparin plus dihydro-
ergotamine for prophylaxis of postoperative deep vein thrombo-
sis. Br J Surg 1986; 73: 697–700. 

3. Haas S, et al. Prophylaxis of deep vein thrombosis in high risk
patients undergoing total hip replacement with low molecular
weight heparin plus dihydroergotamine. Arzneimittelforschung
1987; 37: 839–43. 

4. NIH Consensus Development. Prevention of venous thrombosis
and pulmonary embolism. JAMA 1986; 256: 744–9.

Preparations
USP 31: Dihydroergotamine Mesylate Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Dihydergot; Austria: Detemes; DHE; Dihydergot; Divegal; Er-
gont; Ergovasan; Migranal; Belg.: Diergo; Dihydergot; Dystonal; Braz.: Di-
hydergot†; Canad.: Migranal; Cz.: Clavigrenin†; Dihydergot; Fin.: Or-
stanorm; Fr.: Ikaran; Seglor; Tamik; Ger.: Agit; Angionorm; Clavigrenin†;
DET MS; DET MS spezial†; DHE; Dihydergot†; Dihytamin; Erganton†; Er-
gomimet†; Ergont†; ergotam; Verladyn; Gr.: Dihydergot; Pervone†; Verte-
blan†; Hong Kong: Tamik†; India: Dihydergot†; Migranil; Indon.: Dihyder-
got; Ital.: Diidergot; Ikaran; Migranal†; Seglor; Mex.: Dihydergot; Port.:
Dihydergot†; Seglor; Spain: Dihydergot; Swed.: Migranal†; Orstanorm;
Switz.: Dihydergot; Ergotonine; Ikaran†; Thai.: Poligot†; USA: DHE; Mi-
granal; Venez.: Dihydergot.

Multi-ingredient: Arg.: Parsel†; Polper Vascular; Austria: Agilan; Deflui-
na; Dihydergot; Effortil comp; Hypodyn; Tonopan; Troparin compositum;
Venotop; Braz.: Cefalium; Cefaliv; Enxak; Migraliv; Parcel; Tonopan; Chile:
Emagrip; Migratapsin; Migrax; Parsel†; Fr.: Diergospray; Ger.: Agit plus†;
Dihydergot plus; Effortil plus; Embolex NM†; Ergo-Lonarid PD†; Ergolefrin;
Ergomimet plus†; Optalidon special NOC†; Mex.: Parsel; Tonopan; Spain:
Tonopan; Switz.: Dihydergot; Dihydergot plus; Effortil plus; Tonopan†;
Venez.: Brudol; Difen; Dol; Ivagan; Letydol; Parsel; Tainol†.

Eletriptan Hydrobromide 

(BANM, USAN, rINNM)

Eletriptaanihydrobromidi; Élétriptan, Bromhydrate d’; Eletriptan-
hydrobromid; Eletriptani Hydrobromidum; Hidrobromuro de
eletriptán; UK-116044-04. 3-{[(R)-1-Methyl-2-pyrrolidinyl]me-
thyl}-5-[2-(phenylsulfonyl)ethyl]indole hydrobromide.
Элетриптана Гидробромид
C22H26N2O2S,HBr = 463.4.
CAS — 143322-58-1 (eletr iptan); 177834-92-3 (elet-
r iptan hydrobromide).
ATC — N02CC06.
ATC Vet — QN02CC06.

(eletr iptan)

Adverse Effects and Precautions
As for Sumatriptan, p.625. 
Eletriptan should not be used in patients with severe
hepatic or severe renal impairment. Blood pressure ef-
fects of eletriptan are increased in renal impairment
and therefore the dose should be reduced in patients
with mild to moderate renal impairment. No dosage
adjustment is needed in mild or moderate hepatic im-
pairment.
Breast feeding. Eletriptan is distributed into breast milk and
the manufacturer has suggested that infant exposure can be min-
imised by avoiding breast feeding for 24 hours after treatment.

Interactions
As for Sumatriptan, p.626. 
Eletriptan should not be given with potent inhibitors of
the cytochrome P450 isoenzyme CYP3A4 such as
erythromycin and ketoconazole; increased plasma lev-
els of eletriptan have been noted after such combina-
tions. It is recommended that eletriptan should not be
taken within at least 72 hours of treatment with such
drugs.

Pharmacokinetics
After oral doses eletriptan is rapidly and well absorbed
(at least 81%) and has a bioavailability of about 50%.
Peak plasma concentrations are attained within 1.5
hours. Eletriptan is about 85% protein bound. It is pri-
marily metabolised by the hepatic cytochrome P450
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isoenzyme CYP3A4. Non-renal clearance accounts for
about 90% of the elimination of eletriptan and the plas-
ma elimination half-life is about 4 hours. A small
amount is distributed into breast milk.
◊ References.
1. Shah AK, et al. Pharmacokinetics and safety of oral eletriptan

during different phases of the menstrual cycle in healthy volun-
teers. J Clin Pharmacol 2001; 41: 1339–44. 

2. Shah AK, et al. The pharmacokinetics and safety of single esca-
lating oral doses of eletriptan. J Clin Pharmacol 2002; 42:
520–7. 

3. Milton KA, et al. Pharmacokinetics, pharmacodynamics, and
safety of the 5-HT  agonist eletriptan following intravenous
and oral administration. J Clin Pharmacol 2002; 42: 528–39.

Uses and Administration
Eletriptan hydrobromide is a selective serotonin (5-
HT1) agonist with actions and uses similar to those of
sumatriptan (p.627). It is used for acute treatment of the
headache phase of migraine attacks. It should not be
used for prophylaxis. Eletriptan is given orally as the
hydrobromide, but doses are expressed in terms of the
base; eletriptan hydrobromide 24.2 mg is equivalent to
about 20 mg of eletriptan. 
The usual dose is 40 mg; if this is ineffective, a second
dose should not be taken for the same attack. If symp-
toms recur within 24 hours after an initial response, a
second dose may be taken after an interval of at least 2
hours. Doses of 80 mg may be used in subsequent at-
tacks, but should not be repeated within a 24-hour pe-
riod. For doses in renal impairment, see below.
Administration in renal impairment. In the UK, a dose of
20 mg of eletriptan is recommended in patients with mild to
moderate renal impairment. The maximum daily dose should not
exceed 40 mg. Eletriptan should not be used in severe impair-
ment.
Migraine. For comparison of the relative benefits of different
triptans in migraine, see under Sumatriptan, p.627. 
Further references.
1. Mathew NT, et al. Tolerability and safety of eletriptan in the

treatment of migraine: a comprehensive review. Headache 2003;
43: 962–74. 

2. Takiya L, et al. Safety and efficacy of eletriptan in the treatment
of acute migraine. Pharmacotherapy 2006; 26: 115–28. 

3. McCormack PL, Keating GM. Eletriptan: a review of its use in
the acute treatment of migraine. Drugs 2006; 66: 1129–49.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Relpax; Belg.: Relert; Canad.: Relpax; Chile: Relpax; Cz.: Rel-
pax; Denm.: Relpax; Fin.: Relert; Fr.: Relpax; Ger.: Relpax; Gr.: Relpax;
Hung.: Relpax; Israel: Relert; Ital.: Relpax; Mex.: Relpax; Neth.: Relpax;
Norw.: Relpax; Pol.: Relpax; Port.: Relert; Rus.: Relpax (Релпакс); S.Afr.:
Relpax; Singapore: Relpax; Spain: Relert; Relpax; Swed.: Relpax; Switz.:
Relpax; Turk.: Relpax; UK: Relpax; USA: Relpax.

Ergotamine Tartrate (BANM, rINNM)

Ergotamiinitartraatti; Ergotamin Tartarat; Ergotamin Tartrat; Er-
gotamine, tartrate d’; Ergotamini tartras; Ergotamino tartratas;
Ergotamin-tartarát; Ergotamintartrat; Ergotaminy winian; Tartra-
to de ergotamina. (5′S)-12′-Hydroxy-2′-methyl-5′-benzylergota-
man-3′,6′,18-trione tartrate; (5′S)-12′-Hydroxy-2′-methyl-
3′,6′,18-trioxo-5-benzylergotaman (+)-tartrate.
Эрготамина Тартрат
(C33H35N5O5)2,C4H6O6 = 1313.4.
CAS — 113-15-5 (ergotamine); 379-79-3 (ergotamine
tartrate).
ATC — N02CA02.
ATC Vet — QN02CA02.

(ergotamine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Ergotamine Tartrate). Slightly hygroscopic, col-
ourless crystals or a white or almost white crystalline powder. It
may contain 2 molecules of methanol of crystallisation. Slightly
soluble in alcohol. Aqueous solutions slowly become cloudy ow-
ing to hydrolysis; this may be prevented by the addition of tartar-
ic acid. A 0.25% suspension in water has a pH of 4.0 to 5.5. Store
in airtight glass containers at a temperature of 2° to 8°. Protect
from light. 
USP 31 (Ergotamine Tartrate). Colourless odourless crystals or
a white or yellowish-white crystalline powder. Soluble 1 in about
3200 of water, but soluble 1 in about 500 of water in the presence
of a slight excess of tartaric acid; soluble 1 in 500 of alcohol.
Store at a temperature not exceeding 8°. Protect from light.

Stability in solution. References.
1. Kreilgård B, Kisbye J. Stability of ergotamine tartrate in aqueous

solution. Arch Pharm Chemi (Sci) 1974; 2: 1–13 and 38–49.

Adverse Effects
The adverse effects of ergotamine may be attributed
either to its effects on the CNS, or to vasoconstriction
of blood vessels and possible thrombus formation. 
After therapeutic doses nausea and vomiting common-
ly occur as a result of the direct emetogenic effect of
ergotamine; some patients may also experience ab-
dominal pain. Weakness and muscle pains in the ex-
tremities and numbness and tingling of the fingers and
toes may occur. There may occasionally be localised
oedema and itching in hypersensitive patients. Treat-
ment should be stopped if symptoms of vasoconstric-
tion develop. Susceptible patients, especially those
with sepsis, liver disease, kidney disease, or occlusive
peripheral vascular disease, may show signs of acute or
chronic poisoning with normal doses of ergotamine. 
Symptoms of acute overdosage include nausea, vomit-
ing, diarrhoea, extreme thirst, coldness, tingling, and
itching of the skin, a rapid and weak pulse, hyperten-
sion or hypotension, shock, confusion, convulsions,
and unconsciousness; fatalities have been reported.
Further symptoms of peripheral vasoconstriction or of
cardiovascular disturbances, as seen in chronic ergot-
amine poisoning, may also occur but may be delayed. 
In chronic poisoning or ergotism, resulting from thera-
peutic overdosage or the use of ergotamine in suscepti-
ble patients, severe circulatory disturbances may de-
velop. The extremities, especially the feet and legs,
become numb, cold, tingling, and pale or cyanotic,
with muscle pain; there may be no pulse in the affected
limb. Eventually gangrene develops in the toes and
sometimes the fingers. Anginal pain, tachycardia or
bradycardia, and hypertension or hypotension have
been reported. Myocardial infarction has occurred
rarely. Pleural and peritoneal fibrosis may occur with
excessive use and there have been rare cases of fibrosis
of the cardiac valves. Chronic, intractable headache
(rebound headache) may occur and is also a major
withdrawal symptom following the development of er-
gotamine dependence (see under Precautions, below).
Other adverse effects include confusion and convul-
sions. On rare occasions symptoms of vasoconstriction
of blood vessels in the brain, eye, intestines, and kid-
neys occur. Anorectal ulceration, sometimes leading to
rectal necrosis and stenosis or rectovaginal fistula, has
been reported after excessive use of suppositories con-
taining ergotamine.
Effects on the cardiovascular system. Reports1-9 of adverse
cardiovascular effects associated with ergotamine, including
mention of fatalities.
1. Joyce DA, Gubbay SS. Arterial complications of migraine treat-

ment with methysergide and parenteral ergotamine. BMJ 1982;
285: 260–1. 

2. Corrocher R, et al. Multiple arterial stenoses in chronic ergot
toxicity. N Engl J Med 1984; 310: 261. 

3. Fisher PE, et al. Ergotamine abuse and extra-hepatic portal hy-
pertension. Postgrad Med J 1985; 61: 461–3. 

4. Deviere J, et al. Ischemic pancreatitis and hepatitis secondary to
ergotamine poisoning. J Clin Gastroenterol 1987; 9: 350–2. 

5. Galer BS, et al. Myocardial ischemia related to ergot alkaloids:
a case report and literature review. Headache 1991; 31: 446–50. 

6. Redfield MM, et al. Valve disease associated with ergot alkaloid
use: echocardiographic and pathologic correlations. Ann Intern
Med 1992; 117: 50–2. 

7. Lazarides MK, et al. Severe facial ischaemia caused by ergotism.
J Cardiovasc Surg 1992; 33: 383–5. 

8. Hillis W, MacIntyre PD. Drug reactions: sumatriptan and chest
pain. Lancet 1993; 341: 1564–5. Correction. ibid.; 342: 1310. 

9. Zavaleta EG, et al. St. Anthony’s fire (ergotamine induced leg
ischemia)—a case report and review of the literature. Angiology
2001; 52: 349–56.

Fibrosis. For reference to fibrosis associated with the use of er-
gotamine tartrate, see Methysergide Maleate, p.623.

Treatment of Adverse Effects
Treatment of acute poisoning with ergotamine is symp-
tomatic. Although the benefit of gastric decontamina-
tion is uncertain, activated charcoal may be given to
patients who present within 1 hour of ingesting a toxic
dose (more than 125 micrograms/kg in adults) or any
amount in a child or adult with peripheral vascular
disease, ischaemic heart disease, severe infection, or
hepatic or renal impairment. Alternatively, gastric lav-
age may be considered in adults within 1 hour of in-
gesting a potentially life-threatening overdose. In
chronic poisoning, withdrawal of ergotamine may be
all that is required in some patients. 
In both acute and chronic poisoning, attempts must be
made to maintain an adequate circulation to the affect-
ed parts of the body in order to prevent the onset of
gangrene. In severe arterial vasospasm vasodilators
such as sodium nitroprusside by intravenous infusion
have been given; heparin and dextran 40 have also
been advocated to minimise the risk of thrombosis.
Analgesics may be required for severe ischaemic pain.
Cardiovascular effects. Sodium nitroprusside has been used
in severe ergotamine poisoning for its vasodilating and hypoten-
sive actions; it should, however, be used with care if hypotension
is a symptom of poisoning. It is usually given by intravenous
infusion1-4 although there have also been reports of intra-arterial
infusion for ergotamine-induced ischaemia;5,6 for details of pre-
cautions to be observed, see p.1397. 
Many other drugs have been used in the treatment of circulatory
disturbances induced by ergotamine. These include captopril by
mouth,7 alprostadil by intra-arterial infusion,8,9 and glyceryl trin-
itrate by intravenous infusion.10,11

1. Carliner NH, et al. Sodium nitroprusside treatment of ergot-
amine-induced peripheral ischemia. JAMA 1974; 277: 308–9. 

2. Andersen PK, et al. Sodium nitroprusside and epidural blockade
in the treatment of ergotism. N Engl J Med 1977; 296: 1271–3. 

3. Eurin B, et al. Ergot and sodium nitroprusside. N Engl J Med
1978; 298: 632–3. 

4. Carr P. Self-induced myocardial infarction. Postgrad Med J
1981; 57: 654–5. 

5. O’Dell CW, et al. Sodium nitroprusside in the treatment of er-
gotism. Radiology 1977; 124: 73–4. 

6. Whitsett TL, et al. Nitroprusside reversal of ergotamine-in-
duced ischemia. Am Heart J 1978; 96: 700. 

7. Zimran A, et al. Treatment with captopril for peripheral ischae-
mia induced by ergotamine. BMJ 1984; 288: 364. 

8. Levy JM, et al. Prostaglandin E  for alleviating symptoms of
ergot intoxication: a case report. Cardiovasc Intervent Radiol
1984; 7: 28–30. 

9. Horstmann R, et al. Kritische Extremitätenischämie durch Er-
gotismus: Behandlung mit intraarterieller Prostaglandin-E -In-
fusion. Dtsch Med Wochenschr 1993; 118: 1067–71. 

10. Husum B, et al. Nitroglycerin infusion for ergotism. Lancet
1979; ii: 794–5. 

11. Tfelt-Hansen P, et al. Nitroglycerin for ergotism: experimental
studies in vitro and in migraine patients and treatment of an
overt case. Eur J Clin Pharmacol 1982; 22: 105–9.

Precautions
Ergotamine tartrate is contra-indicated in patients with
severe or uncontrolled hypertension, shock, severe or
persistent sepsis, peripheral vascular disease, ischae-
mic heart disease, temporal arteritis, hyperthyroidism,
or hepatic or renal impairment. It is also contra-indicat-
ed in those with basilar or hemiplegic migraine. Ergot-
amine tartrate should be used with care in patients with
anaemia. It is contra-indicated in pregnancy because of
its oxytocic effect (see also below). 
Patients should be warned to keep within the recom-
mended dosage. Some symptoms of overdosage may
mimic those of migraine. Numbness or tingling of the
extremities generally indicates that ergotamine should
be stopped. Although ergotamine is used for limited
periods in the prevention of episodic cluster headache,
it should not be given prophylactically in other circum-
stances, as prolonged use may give rise to gangrene.
Dependence has occurred with regular use of ergot-
amine tartrate even if dosage recommendations are ad-
hered to (see below). 
Dizziness and feelings of anxiety have been reported;
if affected, patients should avoid driving or operating
machinery.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Breast feeding. Although the American Academy of Pediat-
rics includes ergotamine among those drugs that may be given
with caution to breast-feeding mothers,1 it notes that maternal
use in doses equivalent to those given for the treatment of mi-
graine has been associated with vomiting, diarrhoea, and convul-
sions in nursing infants. UK licensed product information rec-
ommends that ergotamine tartrate should be avoided during
breast feeding; the distribution of unchanged drug and metabo-
lites into breast milk presents a risk of ergotism in the infant and
repeated doses of ergotamine may impair lactation.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/06/04)

Cardiovascular disorders. In the USA, dihydroergotamine is
contra-indicated in patients with ischaemic heart disease and oth-
er cardiovascular disorders such as hypertension, peripheral arte-
rial disease, or coronary artery vasospasm and it is also recom-
mended that it should not be given to those with a family history
of ischaemic heart disease, to postmenopausal women or men
aged over 40, or to those with other ischaemic risk factors such
as hypertension, hypercholesterolaemia, smoking, diabetes, or
obesity, unless cardiovascular evaluation to exclude such disease
has been carried out. Similar precautions and contra-indications,
which resemble those that apply to serotonin (5-HT1) agonists
such as sumatriptan (p.626), may be applicable to other ergot de-
rivatives used in migraine such as ergotamine. 
In other countries, warnings concerning the use of ergot deriva-
tives in patients with risk factors for myocardial ischaemia ap-
pear to be less stringent, although caution is clearly advisable.
Dependence. Dependence can develop insidiously when er-
gotamine tartrate is used for more than 2 days each week, even if
total daily or weekly dosage recommendations are observed.1 In-
dividual reports indicate a state of addiction characterised by a
predictable and irresistible pattern of drug usage, the develop-
ment of tolerance to adverse effects, and a syndrome of with-
drawal on stopping the drug. Ergotamine-dependent patients suf-
fer from daily, or almost daily, migraine headaches, often
referred to as medication-overuse headaches or ‘rebound head-
aches’, which are only alleviated by ergotamine. Intensifying
headache with autonomic disturbances occurs within 24 to 48
hours of withdrawal of ergotamine and may continue for 72
hours or longer. As with other medication-overuse headaches
(p.616), supportive and symptomatic measures should be taken
to treat the withdrawal syndrome.
1. Saper JR. Ergotamine dependency—a review. Headache 1987;

27: 435–8.

Porphyria. Ergotamine tartrate has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Pregnancy. Ergotamine is contra-indicated in pregnancy be-
cause of its oxytocic effect. Accidental dosage of ergotamine in
the form of a Cafergot suppository (ergotamine tartrate 2 mg and
caffeine 100 mg) to a patient at 39 weeks of pregnancy caused
uterine contractions and fetal tachycardia.1 An emergency cae-
sarean section was undertaken because of suspected placental
abruption but no clear signs of retroplacental haemorrhage were
found. The neonate recovered quickly after delivery and had de-
veloped normally during the next 10 years. 
Jejunal atresia has been reported2 in an infant born prematurely
to a woman who had taken ergotamine tartrate 6 to 8 mg daily, as
Cafergot tablets, throughout her pregnancy. Two cases of Mö-
bius syndrome (a condition characterised by facial paralysis as a
result of hypoplasia of cranial nerve nuclei) have been associated
with exposure to ergotamine during the first trimester of preg-
nancy.3,4 In the first report3 the mother had inadvertently been
given three Cafergot suppositories within a period of 1 to 2 hours
and at the time had experienced uterine cramping and a bloody
vaginal discharge. The second mother4 had used 2-mg ergot-
amine suppositories on a regular basis during the first 8 weeks of
pregnancy.
1. de Groot ANJA, et al. Ergotamine-induced fetal stress: review of

side effects of ergot alkaloids during pregnancy. Eur J Obstet
Gynecol Reprod Biol 1993; 51: 73–7. 

2. Graham JM, et al. Jejunal atresia associated with Cafergot inges-
tion during pregnancy. Clin Pediatr (Phila) 1983; 22: 226–8. 

3. Graf WD, Shepard TH. Uterine contraction in the development
of Möbius syndrome. J Child Neurol 1997; 12: 225–7. 

4. Smets K, et al. Ergotamine as a possible cause of Möbius se-
quence: additional clinical observation. J Child Neurol 2004; 19:
398.

Interactions
The vasoconstrictor effects of ergotamine are en-
hanced by sympathomimetics such as adrenaline.
There is also an increased risk of peripheral vasocon-
striction during use of ergotamine with beta blockers. 
Ergotamine is metabolised by the cytochrome P450
isoenzyme CYP3A4 and consequently it should not be
given with potent inhibitors of this isoenzyme; elevat-
ed ergotamine concentrations sufficient to cause ergot-
ism may occur with azole antifungals, macrolide anti-

bacterials such as erythromycin and clarithromycin,
and HIV-protease inhibitors including indinavir and
ritonavir. Use of tetracycline with ergotamine may also
increase the risk of ergotism and should be avoided. 
Ergotamine should not be used with or given until sev-
eral hours after stopping a serotonin (5-HT1) agonist,
since there is an additional risk of prolonged vasospas-
tic reactions; at least 6 hours is advised for almotriptan,
rizatriptan, sumatriptan, and zolmitriptan, and at least
24 hours for eletriptan and frovatriptan. Conversely, a
delay is advised before starting a serotonin agonist in
patients who have been receiving ergotamine: almot-
riptan, eletriptan, frovatriptan, rizatriptan, sumatriptan,
or zolmitriptan should not be given until at least 24
hours after stopping the use of preparations containing
ergotamine.
Antibacterials. Acute reactions ranging from minor ergotism1

to severe vasospasm2 have been reported in patients given eryth-
romycin in addition to ergotamine. There are also reports of acute
ergotism in patients receiving ergotamine tartrate and
clarithromycin3,4 or troleandomycin.5 The theoretical possibility
exists that there may be a similar interaction with azithromycin.
Ergotism has also been reported in patients receiving
erythromycin6 or troleandomycin7 with dihydroergotamine.
1. Lagier G, et al. Un cas d’ergotisme mineur semblant en rapport

avec une potentialisation de l’ergotamine par l’éthylsuccinate
d’érythromycine. Therapie 1979; 34: 515–21. 

2. Ghali R, et al. Erythromycin-associated ergotamine intoxication:
arteriographic and electrophysiologic analysis of a rare cause of
severe ischemia of the lower extremities and associated ischemic
neuropathy. Ann Vasc Surg 1993; 7: 291–6. 

3. Horowitz RS, et al. Clinical ergotism with lingual ischemia in-
duced by clarithromycin-ergotamine interaction. Arch Intern
Med 1996; 156: 456–8. 

4. Ausband SC, Goodman PE. An unusual case of clarithromycin
associated ergotism. J Emerg Med 2001; 21: 411–13. 

5. Matthews NT, Havill JH. Ergotism with therapeutic doses of er-
gotamine tartrate. N Z Med J 1979; 89: 476–7. 

6. Leroy F, et al. Dihydroergotamine-erythromycin-induced ergot-
ism. Ann Intern Med 1988; 109: 249. 

7. Franco A, et al. Ergotisme aigu par association dihydroergot-
amine-triacétyloléandomycine. Nouv Presse Med 1978; 7: 205.

Antidepressants. There have been isolated case reports1 of the
serotonin syndrome (p.416) in patients receiving dihydroergot-
amine with amitriptyline, imipramine, paroxetine, or sertraline.
1. Mathew NT, et al. Serotonin syndrome complicating migraine

pharmacotherapy. Cephalalgia 1996; 16: 323–7.

Antimigraine drugs. Arterial occlusion has been reported1 in
2 patients given methysergide with a high parenteral dosage of
ergotamine for cluster headache; the combination should be
avoided. Use of ergotamine as supplementary antimigraine med-
ication in patients receiving dihydroergotamine is not recom-
mended. 
For reports of arterial vasoconstriction in patients taking beta
blockers and antimigraine drugs, see below. See also Interac-
tions, above for a comment on the risk of vasospastic reactions
with serotonin (5-HT1) agonists such as sumatriptan.
1. Joyce DA, Gubbay SS. Arterial complications of migraine treat-

ment with methysergide and parenteral ergotamine. BMJ 1982;
285: 260–1.

Antivirals. There have been reports of ergotism in patients who
received ergotamine and combination antiviral treatment for
HIV infection. It was suggested that the ergotism might have
been caused by inhibition of ergotamine metabolism by ritonavir
in 4 cases,1-4 indinavir in one,5 and nelfinavir6 in another. One of
the patients receiving ritonavir,4 who had taken three 1-mg tab-
lets of ergotamine tartrate over the 4 days before presentation,
also developed signs of cerebrovascular involvement and even-
tually went into an irreversible coma. 
The metabolism of ergot alkaloids may be inhibited by delavird-
ine or efavirenz.
1. Caballero-Granado FJ, et al. Ergotism related to concurrent ad-

ministration of ergotamine tartrate and ritonavir in an AIDS pa-
tient. Antimicrob Agents Chemother 1997; 41: 1207. 

2. Montero A, et al. Leg ischemia in a patient receiving ritonavir
and ergotamine. Ann Intern Med 1999; 130: 329–30. 

3. Liaudet L, et al. Severe ergotism associated with interaction be-
tween ritonavir and ergotamine. BMJ 1999; 318: 771. 

4. Pardo Rey C, et al. Irreversible coma, ergotamine, and ritonavir.
Clin Infect Dis 2003; 37: e72–e73. 

5. Rosenthal E, et al. Ergotism related to concurrent administration
of ergotamine tartrate and indinavir. JAMA 1999; 281: 987. 

6. Mortier E, et al. Ergotism related to interaction between nelfina-
vir and ergotamine. Am J Med 2001; 110: 594.

Beta blockers. Peripheral vasoconstriction was reported in a
patient with migraine after addition of propranolol to regular use
of Cafergot (ergotamine and caffeine) suppositories twice daily.1
This combination has been used without complication by others,
who suggested that excessive dosage of ergotamine tartrate, rath-
er than an interaction between ergotamine and propranolol, was
responsible.2 However, arterial vasoconstriction has been report-

ed after use of methysergide with propranolol and oxprenolol
with ergotamine.3 Such combinations should therefore be used
with caution.
1. Baumrucker JF. Drug interaction—propranolol and Cafergot. N

Engl J Med 1973; 288: 916–17. 
2. Diamond S. Propranolol and ergotamine tartrate. N Engl J Med

1973; 289: 159. 
3. Venter CP, et al. Severe peripheral ischaemia during concomitant

use of beta blockers and ergot alkaloids. BMJ 1984; 289: 288–9.

Glyceryl trinitrate. Glyceryl trinitrate has been reported to in-
crease the oral bioavailability and plasma concentrations of dihy-
droergotamine in patients with orthostatic hypotension.1
1. Bobik A, et al. Low oral bioavailability of dihydroergotamine

and first-pass extraction in patients with orthostatic hypotension.
Clin Pharmacol Ther 1981; 30: 673–9.

Tacrolimus. Ergotamine may inhibit the metabolism of tac-
rolimus by cytochrome P450 isoenzymes (see p.1845).

Pharmacokinetics
Absorption of ergotamine from the gastrointestinal
tract is poor and may be further decreased by the occur-
rence of gastric stasis during migraine attacks. Bioa-
vailability is also diminished by a high first-pass hepat-
ic metabolism. Ergotamine has been given rectally or
by inhalation in an attempt to overcome these effects,
with some improvement in absorption, but bioavaila-
bility is still about 5% or less. Absorption of sublingual
ergotamine is very poor. There is considerable interin-
dividual variation in the bioavailability of ergotamine,
regardless of the route. Caffeine is sometimes included
in oral and rectal preparations of ergotamine to im-
prove the latter’s absorption, although whether it does
so is not clear. Drugs such as metoclopramide are
sometimes given with the aim of alleviating gastric sta-
sis and thus improve the absorption of ergotamine. 
Plasma protein binding is about 93 to 98%. Ergotamine
is metabolised extensively in the liver via the cyto-
chrome P450 isoenzyme CYP3A4; the majority of
metabolites are excreted in the bile. About 4% of a
dose is excreted in the urine. Some of the metabolites
are pharmacologically active. The elimination of ergot-
amine is biphasic; half-lives of about 2 and 21 hours
have been reported for the 2 phases, respectively. Er-
gotamine or its metabolites have been detected in
breast milk.
◊ References.
1. Schmidt R, Fanchamps A. Effect of caffeine on intestinal absorp-

tion of ergotamine in man. Eur J Clin Pharmacol 1974; 7:
213–16. 

2. Eadie MJ. Ergotamine pharmacokinetics in man: an editorial.
Cephalalgia 1983; 3: 135–8. 

3. Perrin VL. Clinical pharmacokinetics of ergotamine in migraine
and cluster headache. Clin Pharmacokinet 1985; 10: 334–52.

Uses and Administration
Ergotamine is an alkaloid derived from ergot (p.2010).
It has marked vasoconstrictor effects, and a partial ag-
onist action at serotonin (5-HT) receptors; it also has a
powerful oxytocic action on the uterus, although less
so than ergometrine (p.2009). It is used in migraine and
cluster headache, and has been tried in orthostatic hy-
potension. 
Ergotamine is commonly used as the tartrate. It is usu-
ally given orally, but has also been given sublingually,
rectally, and by oral inhalation. It was formerly given
by subcutaneous or intramuscular injection. Caffeine is
sometimes given with ergotamine tartrate with the in-
tention of improving the latter’s absorption, although
whether it does so is not clear. Antiemetics such as cy-
clizine hydrochloride are sometimes included in com-
bination preparations with ergotamine tartrate. 
Ergotamine is used in migraine unresponsive to non-
opioid analgesics. However, its adverse effects limit its
use and prevent use for prophylaxis. It is most effective
when given as early as possible in a migraine attack,
preferably during the prodromal phase. 
The usual oral dose is 1 to 2 mg of ergotamine tartrate,
repeated, if necessary, half an hour later. Usually not
more than 6 mg should be given in 24 hours, although
some manufacturers recommend not more than 4 mg
in 24 hours and others not more than 8 mg per attack.
The recommended minimum interval between succes-
sive 24-hour courses is 4 days, and the total weekly
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dose is limited to a maximum of 12 mg, although again
some manufacturers recommend a lower weekly limit
of 8 mg. It is also recommended that patients should
receive no more than 2 courses per month. Similar dos-
es may be given sublingually. 
Ergotamine tartrate may also be given rectally as sup-
positories, especially if the oral route is not effective or
not practicable. The rectal dose of ergotamine tartrate
is 2 mg repeated, if necessary, one hour later. Usually,
not more than 4 mg should be given in 24 hours and not
more than 8 mg in one week with an interval of at least
4 days between successive 24-hour courses. 
A more rapid onset of action may be achieved by oral
inhalation. One dose containing 360 micrograms of er-
gotamine tartrate has been inhaled at the onset of the
attack and repeated, if necessary, at 5-minute intervals.
Not more than 6 inhalation doses should be taken in 24
hours and not more than 12 in one week, with an inter-
val of at least 4 days between successive 24-hour
courses. 
Ergotamine is used in patients with cluster headache to
treat individual attacks of headache but since such at-
tacks are short-lived oral inhalation may be preferable
to oral, sublingual, or rectal routes. Doses used are sim-
ilar to those given to treat migraine. It has also been
used to prevent headache attacks during cluster peri-
ods, when it is usually given daily in low doses for up
to 2 weeks, either orally or rectally (see below).
Migraine and cluster headache. Ergotamine was formerly
one of the main drugs used to treat acute attacks of migraine
(p.616) unresponsive to non-opioid analgesics, but triptan serot-
onin (5-HT1) agonists such as sumatriptan are now preferred.
Since ergotamine may exacerbate the nausea and vomiting that
commonly develops as a migraine attack progresses it is often
necessary to give an antiemetic as well. Poor oral bioavailability
may be reduced further during a migraine attack and ergotamine
has sometimes been given sublingually, rectally, or by inhalation.
Adverse effects limit the dose that can be used for an individual
attack and prevent the long-term use that would be required for
migraine prophylaxis. 
Ergotamine may be used similarly in cluster headache (p.616) to
treat individual headaches during a cluster period. Ergotamine is
also used in low doses given by mouth or rectally for limited pe-
riods of up to 2 weeks in the prophylaxis of headache attacks
during a cluster period. Regimens that have been tried for such
prophylaxis include 1 to 2 mg of ergotamine tartrate given 1 to 2
hours before an expected attack or 1 to 2 hours before bedtime
for nocturnal attacks. The total maximum dose of ergotamine tar-
trate that may be given weekly for the prevention of cluster head-
ache is less well established than for the treatment of migraine.
Ergotamine is often given for only 5 to 6 days in each week,
which allows the patient to assess whether the cluster period has
ended. 
References.
1. Silberstein SD, Young WB. Safety and efficacy of ergotamine

tartrate and dihydroergotamine in the treatment of migraine and
status migrainosus. Neurology 1995; 45: 577–84. 

2. Tfelt-Hansen P, et al. Ergotamine in the acute treatment of mi-
graine: a review and European consensus. Brain 2000; 123:
9–18.

Orthostatic hypotension. Ergotamine and dihydroergot-
amine may be of use in patients with refractory orthostatic hypo-
tension (p.1530). Ergotamine is believed1 to be less selective
than dihydroergotamine (p.619) in its actions and affects both ve-
nous capacitance and peripheral resistance.2,3 However, the oral
bioavailability of ergotamine is greater2 than that of dihydroer-
gotamine and there have also been some reports of successful
treatment with inhaled3,4 or rectal5 ergotamine.
1. Anonymous. Management of orthostatic hypotension. Lancet

1987; i: 197–8. 
2. Ahmad RAS, Watson RDS. Treatment of postural hypotension:

a review. Drugs 1990; 39: 74–85. 
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Preparations
BP 2008: Ergotamine Sublingual Tablets; 
USP 31: Ergotamine Tartrate and Caffeine Suppositories; Ergotamine Tar-
trate and Caffeine Tablets; Ergotamine Tartrate Inhalation Aerosol; Ergot-
amine Tartrate Injection; Ergotamine Tartrate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Ergodryl Mono†; Austria: Ergokapton; Chile: Jaquedryl; Ger.:
ergo sanol spezial N; Ergo-Kranit Migrane; Migrexa†; Hung.: Ergam; Ital.:
Ergotan; Philipp.: Avamigran; Thai.: Ergosia; Gynaemine; USA: Ergomar.

Multi-ingredient: Arg.: Cafergot; Cefalex; Ibu-Tetralgin; Ibumar Migra†;
Ibupirac Migra; Integrobe Plus; Jaquedryl†; Migra Dioxadol; Migra Dorixina;

Migral; Migral Compositum; Migral II; Mikesan; Solacil; Tetralgin; Tetralgin
Novo; Zilactin-E†; Austral.: Cafergot; Ergodryl†; Austria: Avamigran;
Cafergot; Migril; Secokapton; Synkapton; Belg.: Cafergot; Braz.: Migrane;
Neogrein; Ormigrein; Canad.: Bellergal; Cafergot; Cafergot-PB†; Ergodryl;
Gravergol†; Chile: Bellergal Retardado†; Cafergot-PB†; Cefalmin; Cinabel;
Clonalgin Compuesto; Ergobelan; Ergonef; Fredol; Migra-Nefersil; Migrage-
sic; Migranol; Migratam; Ultrimin; Cz.: Bellaspon†; Denm.: Ergokoffin; Gyn-
ergen Comp; Fin.: Anervan; Fr.: Gynergene Cafeine; Ger.: Avamigran N†;
Cafergot N†; Ergo-Kranit†; Ergoffin†; Migratan S†; RubieNex spezial†; Gr.:
Cafergot; Hong Kong: Cafergot; Gravergol†; Migril†; Hung.: Kefalgin; In-
dia: Migranil; Indon.: Bellapheen; Cafergot; Ericaf; Irl.: Migranat; Migril†;
Israel: Cafergot; Temigran; Ital.: Cafergot; Virdex; Malaysia: Cafergot;
Mex.: Cafergot; Caftar; Ergocaf; Optium; Sydolil; Trinergot; Neth.: Cafer-
got; Ercycof†; Norw.: Anervan; NZ: Cafergot; Pol.: Bellergot; Coffecorn;
Port.: Avamigran†; Migretil; S.Afr.: Cafergot; Cafergot-PB†; Migril; Singa-
pore: Cafergot; Spain: Cafergot; Cafergot-PB†; Hemicraneal; Swed.: An-
ervan; Cafergot; Switz.: Bellagotin†; Cafergot; Cafergot-PB; Thai.: Avami-
gran; Bellergal†; Benera; Cafergot; Degran; Neuramizone; Poligot-CF;
Polygot; Tofago; Turk.: Avmigran; Bellergal; Cafergot; Ergafein; UK: Cafer-
got; Migril; USA: Bel-Phen-Ergot S; Bellamine; Bellergal-S; Cafatine; Cafa-
tine-PB; Cafergot; Ercaf; Folergot-DF; Phenerbel-S; Wigraine†; Venez.:
Cafergot†; Ervostal; Migradorixina; Traveget.

Feverfew

Camomille, grande; Matricaria; Mattram; Nat’ kopretiny řimbaby;
Őszi margitvirág; Reunuspäivänkakkara; Tanaceti parthenii herba;
Vaistinių skaistenių žolė.

Pharmacopoeias. In Eur. (see p.vii) and in US. US also de-
scribes Powdered Feverfew. 
Ph. Eur. 6.2 (Feverfew). The dried, whole or fragmented aerial
parts of Tanacetum parthenium. It contains not less than 0.2% of
parthenolide (C15H20O3 = 248.3), calculated with reference to
the dried drug. It has a camphoraceous odour. Protect from light. 
USP 31 (Feverfew). It consists of the dried leaves of Tanacetum
parthenium (Asteraceae), collected when the plant is in flower.
Store in a dry place. Protect from light.

Adverse Effects and Precautions
Mouth ulceration and soreness have been reported following in-
gestion of feverfew, and may be due to sensitisation; if they occur
feverfew should be withdrawn. Contact dermatitis has been re-
ported. Feverfew is reputed to have abortifacient properties and
it is suggested that preparations should not be used in pregnancy.

Effects on the blood. There have been suggestions that fever-
few may increase the risk of bleeding during surgery or in pa-
tients taking anticoagulants. However, although inhibition of
platelet aggregation has been reported in vitro or in animals a
review1 of clinical studies noted that feverfew did not appear to
affect haematological safety parameters.
1. Pittler MH, Ernst E. Feverfew for preventing migraine. Availa-

ble in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2004 (accessed 27/04/05).

Interactions
It has been suggested that feverfew may enhance the effects of
anticoagulants (but see Effects on the Blood, above).

Uses and Administration
Feverfew consists of the dried leaves of the plant Tanacetum
parthenium (Asteraceae). It is a traditional herbal remedy used in
the prophylaxis of migraine. Its effects have been attributed to
the plant’s content of sesquiterpene lactones, notably partheno-
lide. A preparation of the dried leaf powder, which has been
standardised to provide a minimum of 0.2% parthenolide, is
available in some countries. A suggested oral dose is 250 mg dai-
ly; a lower dose of 100 mg daily has also been given..

Migraine. Feverfew is a traditional herbal remedy used in the
prophylaxis of migraine (p.616). Studies of standardised prepa-
rations of the freeze-dried powdered leaf have produced variable
results in preventing or ameliorating migraine attacks, and sys-
tematic reviews1,2 suggest that its effectiveness in preventing mi-
graine remains to be established.
1. Vogler BK, et al. Feverfew as a preventive treatment for mi-

graine: a systematic review. Cephalalgia 1998; 18: 704–8. 
2. Pittler MH, Ernst E. Feverfew for preventing migraine. Availa-

ble in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2004 (accessed 27/04/05).

Rheumatoid arthritis. Feverfew has been used as a herbal
medicine for the treatment of arthritis but although it has anti-
inflammatory activity in vitro, a clinical trial1 found it to be inef-
fective in rheumatoid arthritis.
1. Pattrick M, et al. Feverfew in rheumatoid arthritis: a double

blind, placebo controlled study. Ann Rheum Dis 1989; 48:
547–9.

Preparations

Proprietary Preparations (details are given in Part 3)
Austral.: Herbal Headache Relief†; Braz.: Tanaceto; Tenliv; Canad.: Tan-
acet; UK: Migraherb; Tanacet.

Multi-ingredient: Austral.: Albizia Complex; Extralife Arthri-Care; Ex-
tralife Migrai-Care; Guaiacum Complex†; Ital.: Neuralta Migren.

Frovatriptan (BAN, rINN)

Frovatriptaani; Frovatriptán; Frovatriptanum; SB-209509AX (fro-
vatriptan or frovatriptan succinate); VML-251 (frovatriptan or
frovatriptan succinate). (6R)-5,6,7,8-Tetrahydro-6-methylamino-
carbazole-3-carboxamide.

Фроватриптан
C14H17N3O = 243.3.
CAS — 158747-02-5.
ATC — N02CC07.
ATC Vet — QN02CC07.

Frovatriptan Succinate (BANM, USAN, rINNM)

Frovatriptan, Succinate de; Frovatriptani Succinas; SB-209509AX
(frovatriptan or frovatriptan succinate); Succinato de frovatriptán;
VML-251 (frovatriptan or frovatriptan succinate).

Фроватриптана Суксинат
C14H17N3O,C4H6O4,H2O = 379.4.
CAS — 158930-17-7.
ATC — N02CC07.
ATC Vet — QN02CC07.

Adverse Effects and Precautions
As for Sumatriptan, p.625. 
Frovatriptan should not be used in patients with severe
hepatic impairment. No dosage adjustment is needed
in mild or moderate hepatic impairment.

Interactions
As for Sumatriptan, p.626. 
Fluvoxamine is a potent inhibitor of the cytochrome
P450 isoenzyme CYP1A2 and has been shown to in-
crease the blood levels of frovatriptan by 27 to 49%.

Pharmacokinetics
After oral doses, peak plasma-frovatriptan concentra-
tions are attained in 2 to 4 hours, and bioavailability is
about 20% in men and 30% in women. Food may de-
lay the time to peak plasma concentrations by about 1
hour. Frovatriptan is 15% protein bound. It is primarily
metabolised by the hepatic cytochrome P450 isoen-
zyme CYP1A2. About 32% of an oral dose is excreted
in the urine and 62% in faeces. The plasma elimination
half-life of frovatriptan is about 26 hours. 
Distribution into milk has been found in studies in rats.
◊ References.
1. Buchan P, et al. Clinical pharmacokinetics of frovatriptan. Head-

ache 2002; 42 (suppl 2): S54–S62. 
2. Elkind AH, et al. Pharmacokinetics of frovatriptan in adolescent

migraineurs. J Clin Pharmacol 2004; 44: 1158–65.

Uses and Administration
Frovatriptan is a selective serotonin (5-HT1) agonist
with actions and uses similar to those of sumatriptan
(p.627). It is used for the acute treatment of the head-
ache phase of migraine attacks. It should not be used
for prophylaxis. Frovatriptan is given orally as the suc-
cinate although doses are expressed in terms of the
base; frovatriptan succinate 3.9 mg is equivalent to
about 2.5 mg of frovatriptan. 
The recommended dose is 2.5 mg; if this is ineffective,
a second dose should not be taken for the same attack.
If symptoms recur after an initial response, the dose
may be repeated after an interval of at least 2 hours.
The maximum dose of frovatriptan in 24 hours is 5 mg
in the UK although, in the USA, a maximum daily dose
of 7.5 mg is allowed.
◊ References.
1. Goldstein J. Frovatriptan: a review. Expert Opin Pharmacother

2003; 4: 83–93.
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Migraine. For comparison of the relative benefits of different
triptans in migraine, see under Sumatriptan, p.627. 
Further references.
1. Rapoport A, et al. Dose range-finding studies with frovatriptan

in the acute treatment of migraine. Headache 2002; 42 (suppl 2):
S74–S83. 

2. Ryan R, et al. Clinical efficacy of frovatriptan: placebo-control-
led studies. Headache 2002; 42 (suppl 2): S84–S92. 

3. Poolsup N, et al. Efficacy and tolerability of frovatriptan in acute
migraine treatment: systematic review of randomized controlled
trials. J Clin Pharm Ther 2005; 30: 521–32.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Eumitan; Cz.: Fromen; Recur; Fin.: Migard; Fr.: Tigreat; Ger.: Al-
legro; Gr.: Migard; Migralin; Irl.: Frovex; Ital.: Auradol; Rilamig; Neth.:
Fromirex; Migard; Port.: Dorlise; Migard; Spain: Forvey; Perlic; Switz.: Me-
namig; UK: Migard; USA: Frova.

Iprazochrome (rINN)

Ipratsokromi; Iprazochromum; Iprazocromo; Iprazokrom. 3-Hy-
droxy-1-isopropyl-5,6-indolinedione 5-semicarbazone.
Ипразохром
C12H16N4O3 = 264.3.
CAS — 7248-21-7.
ATC — N02CX03.
ATC Vet — QN02CX03.

Profile
Iprazochrome is a serotonin antagonist used in the prophylaxis of
migraine (p.616) and in the management of diabetic retinopathy.
It has been given in usual oral doses of 2.5 to 5 mg three times
daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Divascan†; Hung.: Divascan; Pol.: Divascan.

Methysergide (BAN, USAN, rINN)

1-Methyl-D-lysergic Acid Butanolamide; Méthysergide; Methy-
sergidum; Metisergida; Metysergid; Metysergidi. N-[1-(Hy-
droxymethyl)propyl]-1-methyl-D-lysergamide; 9,10-Didehydro-
N-[1-(hydroxymethyl)propyl]-1,6-dimethylergoline-8β-carboxa-
mide.
Метизергид
C21H27N3O2 = 353.5.
CAS — 361-37-5.
ATC — N02CA04.
ATC Vet — QN02CA04.

Methysergide Maleate (BANM, rINNM)

Maleato de metisergida; Méthysergide, Maléate de; Methysergidi
Maleas.
Метизергида Малеат
C21H27N3O2,C4H4O4 = 469.5.
CAS — 129-49-7.
ATC — N02CA04.
ATC Vet — QN02CA04.
Pharmacopoeias. In Br. and US. 
BP 2008 (Methysergide Maleate). A white or almost white crys-
talline powder which may have a yellow or pink tinge; odourless
or almost odourless. Slightly soluble in water and in methyl alco-
hol; practically insoluble in chloroform and in ether. A 0.2% so-
lution in water has a pH of 3.7 to 4.7. Store at a temperature of 2°
to 8°. Protect from light. 

USP 31 (Methysergide Maleate). A white to yellowish-white or
reddish-white, crystalline powder. Is odourless or has not more
than a slight odour. Soluble 1 in 200 of water and 1 in 165 of al-
cohol; soluble 1 in 3400 of chloroform; practically insoluble in
ether. pH of a 1 in 500 solution is between 3.7 and 4.7. Store in
airtight containers at a temperature of 2° to 8°. Protect from light.

Adverse Effects
Gastrointestinal effects such as nausea, vomiting, heartburn, and
abdominal pain are common on initial treatment with methy-
sergide maleate, as are dizziness and drowsiness. Other CNS ef-
fects reported include ataxia, insomnia, weakness, restlessness,
lightheadedness, euphoria, and hallucinations. Peripheral or lo-
calised oedema, leg cramps, and weight gain have occurred and
there have been occasional reports of skin rashes, loss of hair,
joint and muscle pain, neutropenia, and eosinophilia. Orthostatic
hypotension and tachycardia have been observed. There have
been isolated reports of myocardial infarction particularly in pa-
tients with ischaemic heart disease or when given with other va-
soconstrictive drugs, both of which are contra-indications for
methysergide therapy. 
Arterial spasm has occurred in some patients, and may present as
paraesthesia of the extremities or anginal pain, as with ergot-
amine (p.620); if such symptoms occur methysergide should be
withdrawn, although rebound headaches may be experienced if
it is withdrawn suddenly. Vascular insufficiency of the lower
limbs may represent arterial spasm or fibrotic changes. Treat-
ment should be stopped at the first signs of impaired peripheral
circulation. Retroperitoneal fibrosis, with obstruction of abdom-
inal blood vessels and ureters, pleuropulmonary fibrosis, and fi-
brotic changes in heart valves have occurred in patients on long-
term treatment. Methysergide must be withdrawn immediately if
fibrosis occurs. Retroperitoneal fibrosis is usually reversible, but
other fibrotic changes are less readily reversed.

Fibrosis. Fibrosis has been associated with the long-term use of
methysergide maleate. In one early report1 in 27 patients retro-
peritoneal fibrosis was attributed to use of methysergide for peri-
ods of 9 to 54 months in doses ranging from 2 to 28 mg daily.
There was partial or complete regression of fibrosis in 13 of the
patients whose treatment was withdrawn. Improvement usually
began within a few days, in some cases with the aid of pred-
nisone. The other 14 patients were treated by surgery; those few
who continued taking methysergide had difficult postoperative
courses. Cardiac murmurs occurred in 7 patients, and regressed
wholly or partially in 3 after therapy was stopped. Fibrotic
changes affecting the aorta, heart valves, and pulmonary tissues
occurred in a few of the patients. Others have reported the devel-
opment of endocardial fibrosis indicated by cardiac murmurs in
48 patients receiving methysergide.2 The murmurs gradually re-
gressed in 27 when methysergide was stopped. Retroperitoneal
fibrosis was present in 9 patients and pleuropulmonary fibrosis
in 2. A patient with fibrosis of the iliac vein has been described.3 
A few cases of retroperitoneal fibrosis associated with ergot-
amine tartrate or dihydroergotamine have also been noted.1
These 2 drugs have also been implicated in a few other cases of
retroperitoneal fibrosis or other fibrotic disorders in patients tak-
ing high doses for long periods.4-7

1. Graham JR, et al. Fibrotic disorders associated with methy-
sergide therapy for headache. N Engl J Med 1966; 274: 359–68. 

2. Bana DS, et al. Cardiac murmurs and endocardial fibrosis asso-
ciated with methysergide therapy. Am Heart J 1974; 88: 640–55. 

3. Bucci JA, Manoharan A. Methysergide-induced retroperitoneal
fibrosis: successful outcome and two new laboratory features.
Mayo Clin Proc 1997; 72: 1148–50. 

4. Lepage-Savary D, Vallières A. Ergotamine as a possible cause of
retroperitoneal fibrosis. Clin Pharm 1982; 1: 179–80. 

5. Robert M, et al. Fibrotic processes associated with long-term er-
gotamine therapy. N Engl J Med 1984; 311: 601 and 602. 

6. Damstrup L, Jensen TT. Retroperitoneal fibrosis after long-term
daily use of ergotamine. Int Urol Nephrol 1986; 18: 299–301. 

7. Malaquin F, et al. Pleural and retroperitoneal fibrosis from dihy-
droergotamine. N Engl J Med 1989; 321: 1760.

Treatment of Adverse Effects
As for Ergotamine Tartrate, p.620. 
Methysergide maleate should be withdrawn immediately if fi-
brosis develops. Corticosteroids have been used to treat fibrosis,
although surgery may be required.

Precautions
As for Ergotamine Tartrate, p.620. 
In addition, methysergide maleate is contra-indicated in valvular
heart disease, pulmonary and collagen diseases, diseases of the
urinary tract, phlebitis and cellulitis of the lower extremities, and
debilitated states. It should be used with caution in patients with
peptic ulcer disease because it may increase gastric acidity. Pa-
tients should be closely supervised. Methysergide should not be
given continuously for more than 6 months and should normally
be withdrawn gradually (see Uses and Administration, below).
However, it should be withdrawn immediately if symptoms of
fibrosis or arterial spasm develop.

Porphyria. Methysergide is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.

Interactions
Interactions involving those ergot alkaloids used primarily in the
management of migraine are discussed under ergotamine
(p.621). References specific to methysergide may be found there
under the headings Antimigraine Drugs and Beta Blockers.

Pharmacokinetics
Methysergide maleate is rapidly absorbed from the gastrointesti-
nal tract with maximum plasma concentrations being obtained
within about one hour of ingestion. It is 66% bound to plasma
proteins. Methysergide undergoes extensive first-pass hepatic
metabolism to methylergometrine (p.2011). About 50% of an
oral dose is excreted in the urine as unchanged drug and metab-
olites. The elimination of methysergide is biphasic; half-lives of
about 2.7 hours and 10 hours have been reported for the 2 phases
respectively.

◊ References.
1. Bredberg U, et al. Pharmacokinetics of methysergide and its me-

tabolite methylergometrine in man. Eur J Clin Pharmacol 1986;
30: 75–7.

Uses and Administration
Methysergide maleate is a semisynthetic ergot alkaloid. It is a
potent serotonin antagonist and, compared with ergotamine, has
only weak vasoconstrictor and oxytocic effects. It may be used
to prevent severe recurrent migraine (p.616) and headache at-
tacks during cluster periods (p.616), although its use has declined
because of adverse effects. It is ineffective in the treatment of
acute attacks. 
Methysergide is given orally as the maleate but doses are often
expressed in terms of the base; 1.33 mg of methysergide maleate
is equivalent to about 1 mg of methysergide. A usual dosage is 2
to 6 mg daily given in divided doses with meals. It is suggested
that treatment should be started with 1 mg at bedtime and doses
increased gradually over about 2 weeks; the minimum effective
dose should be used. In some other countries doses are expressed
in terms of the maleate, a usual dose of which is 4 to 8 mg daily.
Careful and regular observation of the patient is essential be-
cause of the high incidence of adverse effects and it is recom-
mended that treatment should only be carried out under hospital
supervision. If treatment still proves to be ineffective after 3
weeks, further use is unlikely to be of benefit. Treatment should
not be continued for more than 6 months, after which it should be
gradually withdrawn over 2 or 3 weeks and then stopped for at
least a month for reassessment. Some have considered that treat-
ment courses should not exceed 3 months without a break. 
Methysergide maleate has also been used to control diarrhoea as-
sociated with carcinoid syndrome (p.643) in high doses equiva-
lent to 12 to 20 mg of methysergide daily. 
As a serotonin antagonist, methysergide might be expected to
help reverse the serotonin syndrome (p.416).
Preparations
BP 2008: Methysergide Tablets; 
USP 31: Methysergide Maleate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Deseril; Belg.: Deseril; Braz.: Deserila; Canad.: Sansert; Fr.: De-
sernil; Ger.: Deseril†; Neth.: Deseril; S.Afr.: Deseril†; Switz.: Deseril†;
UK: Deseril.

Naratriptan Hydrochloride 

(BANM, USAN, rINNM)

GR-85548A; GR-85548X (naratriptan); Hidrocloruro de nar-
atriptán; Naratriptan, Chlorhydrate de; Naratriptani Hydrochlo-
ridum. N-Methyl-3-(1-methyl-4-piperidyl)indole-5-ethanesulfon-
amide hydrochloride.

Наратриптана Гидрохлорид
C17H25N3O2S,HCl = 371.9.
CAS — 121679-13-8 (naratr iptan); 121679-19-4 (nar-
atr iptan hydrochloride); 143388-64-1 (naratr iptan hydro-
chlor ide).
ATC — N02CC02.
ATC Vet — QN02CC02.

(naratr iptan)

Pharmacopoeias. In US. 
USP 31 (Naratriptan Hydrochloride). A white to pale yellow
solid. Soluble in water. Store in airtight containers at a tempera-
ture not exceeding 30°.
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Adverse Effects and Precautions
As for Sumatriptan, p.625. 
Naratriptan should not be used in patients with severe
hepatic or renal impairment (creatinine clearance less
than 15 mL/minute) and should be used with caution in
mild or moderate renal or hepatic impairment. Patients
with hypersensitivity to sulfonamides may theoretical-
ly exhibit a similar reaction to naratriptan.
Medication-overuse headache. For a report of an associa-
tion between naratriptan and medication-overuse headache, see
under Adverse Effects of Sumatriptan, p.626.

Interactions
As for Sumatriptan, p.626.

Pharmacokinetics
After oral doses, peak plasma-naratriptan concentra-
tions occur at 2 to 3 hours, and bioavailability is report-
ed to be 63% in men and 74% in women. Plasma pro-
tein binding is about 29%. Naratriptan undergoes some
hepatic metabolism by a wide range of cytochrome
P450 isoenzymes. It is mainly excreted in the urine
with 50% of a dose being recovered as unchanged drug
and 30% as inactive metabolites. The elimination half-
life is 6 hours, and is significantly prolonged in patients
with renal or hepatic impairment. 
Distribution into milk has been found in studies in rats.

Uses and Administration
Naratriptan is a selective serotonin (5-HT1) agonist
with actions and uses similar to those of sumatriptan
(p.627). It is used for the acute treatment of the head-
ache phase of migraine attacks. It should not be used
for prophylaxis. It is given orally as the hydrochloride,
and doses are expressed in terms of the base; nar-
atriptan hydrochloride 1.11 mg is equivalent to about
1 mg of naratriptan. 
The recommended dose of naratriptan in the UK is
2.5 mg, and in the USA it is 1 or 2.5 mg. If no response
is obtained with the initial dose, a second dose should
not be taken for the same attack. If symptoms recur af-
ter an initial response, the dose may be repeated after
an interval of 4 hours, to a maximum of 5 mg in any
24-hour period. For doses in hepatic or renal impair-
ment see below.
Administration in hepatic or renal impairment. Nar-
atriptan is contra-indicated in patients with severe hepatic or se-
vere renal impairment (creatinine clearance less than
15 mL/minute). In patients with mild to moderate hepatic or re-
nal impairment, the recommended maximum dose in 24 hours is
2.5 mg and a lower starting dose should be considered.

Migraine. For comparison of the relative benefits of different
triptans in migraine, see under Sumatriptan, p.627. 
Further references.
1. Ashcroft DM, Millson D. Naratriptan for the treatment of acute

migraine: meta-analysis of randomised controlled trials. Phar-
macoepidemiol Drug Safety 2004; 13: 73–82.

Preparations
USP 31: Naratriptan Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Naramig; Austral.: Naramig; Austria: Antimigrin; Naramig; Belg.:
Naramig; Braz.: Naramig; Canad.: Amerge; Chile: Miragran; Naramig;
Cz.: Naramig; Denm.: Naragran; Fin.: Naramig; Fr.: Naramig; Ger.: Nar-
amig; Gr.: Naramig; Hung.: Naramig†; Israel: Naramig; Mex.: Naramig;
Neth.: Naramig; Norw.: Naramig; NZ: Naramig; Port.: Naramig; Rus.:
Naramig (Нарамиг); S.Afr.: Naramig; Singapore: Naramig; Spain: Cola-
tan†; Naramig; Swed.: Naramig; Switz.: Naramig; Thai.: Naramig†; Turk.:
Naramig; UK: Naramig; USA: Amerge.

Oxetorone Fumarate (USAN, rINNM)

Fumarato de oxetorona; L-6257; Oxétorone, Fumarate d’; Ox-
etoroni Fumaras. 3-(6,12-Dihydrobenzofuro[3,2-c][1]benzox-
epin-6-ylidene)-NN-dimethylpropylamine hydrogen fumarate.

Оксеторона Фумарат
C21H21NO2,C4H4O4 = 435.5.
CAS — 26020-55-3 (oxetorone); 34522-46-8 (oxetorone
fumarate).
ATC — N02CX06.
ATC Vet — QN02CX06.

(oxetorone)

Profile
Oxetorone fumarate is an antihistamine and serotonin antagonist
used orally in the treatment of migraine (p.616) and cluster head-
ache (p.616) in doses of up to 180 mg daily. Oxetorone was re-
ported to have induced hyperplastic changes in breast tissue and
the uterine endometrium of rodents.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Nocertone; Cz.: Nocertone†; Fr.: Nocertone.

Pizotifen (BAN, rINN)

BC-105; Pitsotifeeni; Pizotifène; Pizotifeno; Pizotifenum; Pizotyl-
ine (USAN). 9,10-Dihydro-4-(1-methylpiperidin-4-ylidene)-4H-
benzo[4,5]cyclohepta[1,2-b]thiophene.

Пизотифен
C19H21NS = 295.4.
CAS — 15574-96-6.
ATC — N02CX01.
ATC Vet — QN02CX01.

Pharmacopoeias. In Chin.

Pizotifen Malate (BANM, rINNM)

Malato de pizotifeno; Pizotifen Hydrogen Malate; Pizotifène,
Malate de; Pizotifeni Malas; Pizotyline Malate.

Пизотифена Малат
C19H21NS,C4H6O5 = 429.5.
CAS — 5189-11-7.
ATC — N02CX01.
ATC Vet — QN02CX01.

Pharmacopoeias. In Br. 
BP 2008 (Pizotifen Malate). A white or slightly yellowish-white,
odourless or almost odourless, crystalline powder. Very slightly
soluble in water; slightly soluble in alcohol and in chloroform;
sparingly soluble in methyl alcohol. Protect from light.

Adverse Effects and Precautions
As for the sedating antihistamines in general, see
p.561. 
Increased appetite and weight gain may occur with piz-
otifen. Drowsiness may be troublesome.
Incidence of adverse effects. Adverse effects were noted in
22 of 47 patients with severe migraine given pizotifen 1 to 2 mg
daily.1 These reactions included weight increase (15), muscle
pain or cramps (3), heavy or restless legs (3), fluid retention (3),
drowsiness (2), more frequent milder headaches (2), facial flush-
ing (1), reduced libido (1), exacerbation of epilepsy (1), and
dreaming (2). Adverse effects necessitating withdrawal occurred
in 11 patients.
1. Peet KMS. Use of pizotifen in severe migraine: a long-term

study. Curr Med Res Opin 1977; 5: 192–9.

Interactions
As for the sedating antihistamines in general, see
p.563.
Antihypertensives. After a report1 of loss of blood pressure
control when treatment with pizotifen was started in a patient re-
ceiving debrisoquine the manufacturer suggested that since piz-

otifen had a similar chemical structure to the tricyclic antidepres-
sants it might antagonise the actions of adrenergic neurone
blockers in a similar manner.
1. Bailey RR. Antagonism of debrisoquine sulphate by pizotifen

(Sandomigran). N Z Med J 1976; 1: 449.

Pharmacokinetics
Pizotifen is well absorbed from the gastrointestinal
tract, peak plasma concentrations occurring about 5
hours after a single oral dose. Over 90% is bound to
plasma proteins. Pizotifen undergoes extensive metab-
olism. Over half of a dose is excreted in the urine,
chiefly as metabolites; a significant proportion is ex-
creted in the faeces. The primary metabolite of pizo-
tifen (N-glucuronide conjugate) has a long elimination
half-life of about 23 hours. 
Distribution into milk has been found in animal stud-
ies.

Uses and Administration
Pizotifen is a sedating antihistamine (p.561) that has
strong serotonin antagonist and weak antimuscarinic
properties. It also antagonises the action of tryptamine.
Pizotifen is used, usually as the malate, for the prophy-
laxis of migraine and for the prevention of headache
attacks during cluster periods. It is not effective in
treating an acute attack. Doses of pizotifen malate are
expressed in terms of the base; pizotifen malate
1.45 mg is equivalent to about 1 mg of pizotifen. 
The usual adult oral dose is 1.5 mg daily either in three
divided doses or as a single dose at night; children aged
over 2 years may also be given up to 1.5 mg daily, al-
though the maximum single dose (at night) should not
exceed 1 mg. Gradual increase from an initial dose of
500 micrograms may help to avoid undue drowsiness.
Doses in adults may vary from 500 micrograms up to
a maximum of 4.5 mg daily; not more than 3 mg
should be given as a single dose. 
Pizotifen hydrochloride has also been used in the man-
agement of migraine.
Abdominal migraine. Abdominal migraine is a recurrent dis-
order seen mainly in children and characterised by episodic mid-
line abdominal pain lasting for up to 72 hours. The pain is severe
enough to disrupt normal activities and may be associated with
pallor, anorexia, nausea, and vomiting.1,2 Sleep, and sometimes
vomiting, terminate the attack. 
Pizotifen was found to be effective for the prophylaxis of abdom-
inal pain in children with abdominal migraine.3 Prophylactic
treatment with propranolol or cyproheptadine may also be of
benefit.4
1. Headache Classification Subcommittee of the International

Headache Society. The international classification of headache
disorders: 2nd edition. Cephalalgia 2004; 24 (suppl 1): 9–160.
Also available at: http://216.25.100.131/ihscommon/guidelines/
pdfs/ihc_II_main_no_print.pdf (accessed 01/10/04) 

2. Russell G, et al. The child with recurrent abdominal pain: is it
abdominal migraine? Br J Hosp Med 2007; 68: M110–M113. 

3. Symon DNK, Russell G. Double blind placebo controlled trial of
pizotifen syrup in the treatment of abdominal migraine. Arch Dis
Child 1995; 72: 48–50. 

4. Worawattanakul M, et al. Abdominal migraine: prophylactic
treatment and follow-up. J Pediatr Gastroenterol Nutr 1999; 28:
37–40.

Migraine and cluster headache. Pizotifen has been widely
used for the prophylaxis of migraine (p.616) but evidence for its
efficacy is limited. It has also been tried in the management of
cluster headache (p.616) to prevent headache attacks during a
cluster period. 
References.
1. Cleland PG, et al. Studies to assess if pizotifen prophylaxis im-

proves migraine beyond the benefit offered by acute sumatriptan
therapy alone. Eur Neurol 1997; 38: 31–8. 

2. Barnes N, Millman G. Do pizotifen or propranolol reduce the
frequency of migraine headache? Arch Dis Child 2004; 89:
684–5.

Preparations
BP 2008: Pizotifen Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Sandomigran; Austral.: Sandomigran; Belg.: Sandomigran; Braz.:
Sandomigran; Canad.: Sandomigran; Cz.: Sandomigran; Denm.: Sandomi-
grin; Fr.: Sanmigran; Ger.: Mosegor†; Gr.: Mosegor†; Hong Kong: San-
domigran; Hung.: Sandomigran†; Indon.: Lysagor; Irl.: Sanomigran; Ital.:
Sandomigran; Malaysia: Sandomigran; Neth.: Sandomigran; NZ: San-
domigran; Philipp.: Litec; Mosegor; Pol.: Polomigran; S.Afr.: Sandomigran;
Spain: Mosegor; Sandomigran; Swed.: Sandomigrin; Switz.: Mosegor;
Thai.: Anorsia; Mosegor; Moselar; Pizomed; Zofen; Turk.: Sandomigran;
UK: Sanomigran; Venez.: Sandomiran†.
Multi-ingredient: Philipp.: Appetens; Mosegor Vita.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Rizatriptan Benzoate (BANM, USAN, pINNM)

Benzoato de rizatriptán; MK-0462; MK-462; Rizatriptan, Ben-
zoate de; Rizatriptani Benzoas. 3-[2-(Dimethylamino)ethyl]-5-
(1H-1,2,4-triazol-1-ylmethyl)indole monobenzoate; Dimethyl{2-
[5-(1H-1,2,4-triazol-1-ylmethyl)indol-3-yl]ethyl}amine
monobenzoate.
Ризатриптана Бензоат
C15H19N5,C7H6O2 = 391.5.
CAS — 144034-80-0 (r izatr iptan); 145202-66-0 (r iza-
tr iptan benzoate).
ATC — N02CC04.
ATC Vet — QN02CC04.

(r izatr iptan)

Adverse Effects and Precautions
As for Sumatriptan, p.625. Toxic epidermal necrolysis
has also been reported with rizatriptan. 
Rizatriptan should not be used in patients with severe
hepatic or renal impairment and should be given with
caution to patients with mild or moderate hepatic or re-
nal impairment.

Interactions
As for Sumatriptan, p.626. 
Propranolol increases plasma-rizatriptan concentra-
tions and it is recommended that lower doses of riza-
triptan should be used in patients receiving both drugs
(see Uses and Administration, below).

Pharmacokinetics
After oral doses, peak plasma-rizatriptan concentra-
tions are obtained in about 1 to 1.5 hours or 1.6 to 2.5
hours depending on the formulation. Bioavailability is
about 40 to 45%. Food may delay the time to peak plas-
ma concentrations of the tablet formulation by about 1
hour. Plasma protein binding is low (14%). 
Rizatriptan is metabolised primarily by monoamine
oxidase type A to the inactive indole acetic acid deriv-
ative. The active metabolite N-monodesmethyl-riza-
triptan is formed to a minor degree; other minor metab-
olites are also produced. About 14% of an oral dose is
excreted in the urine as unchanged rizatriptan, 51% as
the indole acetic acid metabolite, and 1% as N-mono-
desmethyl-rizatriptan. The plasma half-life is about 2
to 3 hours. 
Distribution into milk has been found in studies in rats.
◊ References.
1. Lee Y, et al. Pharmacokinetics and tolerability of oral rizatriptan

in healthy male and female volunteers. Br J Clin Pharmacol
1999; 47: 373–8. 

2. Goldberg MR, et al. Rizatriptan, a novel 5-HT  agonist for
migraine: single- and multiple-dose tolerability and pharmacok-
inetics in healthy subjects. J Clin Pharmacol 2000; 40: 74–83. 

3. Vyas KP, et al. Disposition and pharmacokinetics of the antimi-
graine drug, rizatriptan, in humans. Drug Metab Dispos 2000;
28: 89–95. 

4. Swan SK, et al. Pharmacokinetic profile of rizatriptan 10-mg
tablet and 10-mg orally disintegrating tablet administered with
or without water in healthy subjects: an open-label, randomized,
single-dose, 3-period crossover study. J Clin Pharmacol 2006;
46: 172–8.

Uses and Administration
Rizatriptan is a selective serotonin (5-HT1) agonist
with actions and uses similar to those of sumatriptan
(p.627). It is used for the acute treatment of the head-
ache phase of migraine attacks. It should not be used
for prophylaxis. Rizatriptan is given as the benzoate,
and doses are expressed in terms of the base; rizatriptan
benzoate 14.53 mg is equivalent to about 10 mg of
rizatriptan. 
The usual dose in the UK of rizatriptan is 10 mg orally.
If this is ineffective, a second dose should not be taken

for the same attack. If symptoms recur after an initial
response, a further dose of 10 mg may be taken after an
interval of at least 2 hours. In the USA a dose of 5 or
10 mg is used. The recommended maximum dose in
24 hours is 20 mg in the UK and 30 mg in the USA. A
reduced dose of 5 mg is recommended in patients also
receiving propranolol, with the maximum dose in 24
hours reduced to 10 mg in the UK and 15 mg in the
USA. It is also recommended that doses of the 2 drugs
should be separated by at least 2 hours. For doses in
hepatic or renal impairment, see below.
Administration in hepatic or renal impairment. In pa-
tients with mild to moderate hepatic or renal impairment, the
dose of rizatriptan should be reduced to 5 mg. If the headache
recurs following an initial response, a further dose of 5 mg may
be taken after an interval of at least 2 hours. The recommended
maximum dose in 24 hours in these patients is 10 mg in the UK.
Rizatriptan should not be used in patients with severe hepatic or
renal impairment.
Migraine. For comparison of the relative benefits of different
triptans in migraine, see under Sumatriptan, p.627. 
Further references.
1. Dooley M, Faulds D. Rizatriptan: a review of its efficacy in the

management of migraine. Drugs 1999; 58: 699–723. Correction.
ibid. 2000; 59: 179. 

2. Wellington K, Plosker GL. Rizatriptan: an update of its use in the
management of migraine. Drugs 2002; 62: 1539–74. 

3. Pascual J. A review of rizatriptan, a quick and consistent 5-
HT1B/1D agonist for the acute treatment of migraine. Expert
Opin Pharmacother 2004; 5: 669–77. 

4. Ahonen K, et al. A randomized trial of rizatriptan in migraine
attacks in children. Neurology 2006; 67: 1135–40.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Maxalt†; Austria: Maxalt; Rizalief; Belg.: Maxalt; Braz.: Maxalt; Ca-
nad.: Maxalt; Chile: Maxalt; Cz.: Maxalt†; Denm.: Maxalt; Fin.: Maxalt;
Ger.: Maxalt; Gr.: Maxalt; Modinol†; Hung.: Maxalt†; India: Rizact; Israel:
Rizalt; Ital.: Maxalt; Rizaliv; Mex.: Maxalt; Neth.: Maxalt; Rizatan; Norw.:
Maxalt; NZ: Maxalt; Pol.: Maxalt; Port.: Maxalt; Migrof; S.Afr.: Maxalt;
Spain: Maxalt; Swed.: Maxalt; Switz.: Maxalt; UK: Maxalt; USA: Maxalt;
Venez.: Maxalt.

Sumatriptan (BAN, rINN)

GR-43175X; Sumatriptaani; Sumatriptán; Sumatriptanum. 3-(2-
Dimethylaminoethyl)indol-5-yl-N-methylmethanesulfonamide.
Суматриптан
C14H21N3O2S = 295.4.
CAS — 103628-46-2.
ATC — N02CC01.
ATC Vet — QN02CC01.

Pharmacopoeias. In Br. and US. 
BP 2008 (Sumatriptan). A white to pale yellow powder. Very
slightly soluble in water. Protect from light. 
USP 31 (Sumatriptan). A white to pale yellow powder. Very
slightly soluble in water. Store in airtight containers at below 30°.
Do not allow to freeze. Protect from light.

Sumatriptan Succinate (BANM, USAN, rINNM)

GR-43175C; Succinato de sumatriptán; Sumatriptaanisuksinaatti;
Sumatriptan, succinate de; Sumatriptani Succcinas; Sumatriptani
succinas; Sumatriptano sukcinatas; Sumatriptansuccinat; Su-
matriptan-sukcinát; Sumatriptanum Succinas; Sumatryptanu
bursztynian; Szumatriptánszukcinát.
Суматриптана Суксинат
C14H21N3O2S,C4H6O4 = 413.5.
CAS — 103628-47-3 (sumatriptan hemisuccinate);
103628-48-4 (sumatr iptan succinate).
ATC — N02CC01.
ATC Vet — QN02CC01.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Sumatriptan Succinate). A white or almost white
powder. Freely soluble in water; practically insoluble in dichlo-
romethane; sparingly soluble in methyl alcohol. A 1% solution in
water has a pH of 4.5 to 5.3. Protect from light. 
USP 31 (Sumatriptan Succinate). A white or almost white pow-
der. Freely soluble in water; sparingly soluble in methyl alcohol;
practically insoluble in dichloromethane. Store in airtight con-
tainers at a temperature not exceeding 30°. Do not allow to
freeze. Protect from light.

Stability. Oral liquid preparations of sumatriptan 5 mg/mL pre-
pared from crushed sumatriptan succinate tablets in 3 different
syrups were stable for at least 21 days when stored at 4° and pro-
tected from light.1
1. Fish DN, et al. Stability of sumatriptan succinate in extempora-

neously prepared oral liquids. Am J Health-Syst Pharm 1997; 54:
1619–22.

Adverse Effects
The most commonly reported adverse effects of serot-
onin (5-HT1) agonists such as sumatriptan include diz-
ziness, flushing, weakness, drowsiness, and fatigue.
Nausea and vomiting may occur. Dyspnoea and senso-
ry disturbance including paraesthesia and hypoaesthe-
sia have been reported. Pain or sensations of heaviness,
heat or cold, pressure, or tightness have also been com-
monly reported, can affect any part of the body includ-
ing the throat and chest, and may be intense. These
symptoms may be due to vasospasm, which on rare oc-
casions has resulted in severe cardiovascular events in-
cluding cardiac arrhythmias, myocardial ischaemia, or
myocardial infarction. There have been isolated re-
ports of associated cerebrovascular events in patients
receiving sumatriptan. Transient increases in blood
pressure may occur soon after treatment. Hypotension,
bradycardia or tachycardia, palpitations, Raynaud’s
syndrome, and ischaemic colitis have been reported.
Visual disturbances have also occurred. 
Medication-overuse headache has been reported with
sumatriptan and may necessitate withdrawal of the
drug. Sumatriptan has occasionally been associated
with minor disturbances in liver function. There have
also been rare reports of seizures with sumatriptan. Hy-
persensitivity reactions ranging from skin rashes to,
more rarely, anaphylaxis have occurred. 
Transient pain at the injection site is common after sub-
cutaneous sumatriptan injections; stinging, burning,
erythema, bruising, and bleeding have also been re-
ported. Irritation of the nasal mucosa and throat and
epistaxis have been reported after intranasal use.
Incidence of adverse effects. In a Dutch postmarketing
survey1 completed by 1187 patients the most common adverse
reactions attributed to sumatriptan were paraesthesia (reported
by 11.7% of patients), dizziness (8.1%), feeling of heaviness
(8.0%), chest pain (7.9%), nausea and/or vomiting (7.3%), drow-
siness/sedation (7.0%), flushing (5.1%), fatigue (4.6%), pressure
in throat (3.3%), headache (3.1%), injection site reaction (3.0%),
palpitations (2.8%), abdominal pain (2.6%), muscle pain (2.4%),
and dyspnoea (2.2%). 
The safety and tolerability of the triptans have been reviewed.2
1. Ottervanger JP, et al. Adverse reactions attributed to su-

matriptan: a postmarketing study in general practice. Eur J Clin
Pharmacol 1994; 47: 305–9. 

2. Nappi G, et al. Tolerability of the triptans: clinical implications.
Drug Safety 2003; 26: 93–107.

Effects on the cardiovascular system. About 10 months af-
ter sumatriptan injection had been made available commercially,
the UK CSM noted that it had received 34 reports of pain or
tightness in the chest and 2 reports of myocardial ischaemia.1
The Netherlands Centre for Monitoring of Adverse Reactions to
Drugs declared about the same time that it had received 12 re-
ports of chest or anginal pain mostly associated with oral su-
matriptan.2 A later postmarketing survey based on data from
Dutch general practitioners identified chest pain in 1.3% of 1727
patients,3 a figure considered to be lower than that seen in earlier
studies, but in a subsequent questionnaire completed by 1187 of
these patients 7.9% reported chest pain.4 The Australian Adverse
Drug Reactions Advisory Committee (ADRAC)5 stated in De-
cember 1994 that it had received 114 reports of chest pain since
sumatriptan had been marketed in mid 1992. Most patients had
recovered quickly but 2 had died. The first developed a fatal my-
ocardial infarction after coronary artery dissection but the causal
relation with sumatriptan was unclear. The second patient who
had hypertrophic obstructive cardiomyopathy developed ven-
tricular fibrillation a few hours after the onset of chest pain and
this led to fatal cardiac arrest. 
One group of workers6 who studied the effect of sumatriptan
16 mg given subcutaneously suggested that the symptoms of
chest pain might be due to an effect of sumatriptan on oesopha-
geal function, but others have argued against this suggestion.7
ADRAC5 considered that the reaction in the 28 reports of throat
tightness they had received by December 1994 was a different
reaction to that of chest pain, and probably resulted from changes
in oesophageal motility. 
Several reports have provided details of individual cases of the
adverse cardiovascular effects of sumatriptan including arrhyth-
mias (ventricular tachycardia,8 ventricular fibrillation,8,9 or atrial
fibrillation10), acute myocardial infarction,11-15 and unstable an-
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gina.16 Most of these reports concerned subcutaneous su-
matriptan, but myocardial infarction occurred in 1 case,13 and fa-
tal cardiac arrhythmia in another,9 after oral use. Acute
myocardial infarction11 and cardiac arrhythmias9 have been re-
ported in patients with no predisposing factors. 
A review17 of published reports on chest pain as well as relevant
data held by the UK manufacturer considered that the risk of my-
ocardial ischaemia following vasoconstriction induced by su-
matriptan was small. However, the contra-indications and cau-
tions given under Precautions, below, should be observed. A
recent study18 of over 63 500 migraine patients in the UK Gen-
eral Practice Research Database failed to find an increased risk
of cardiovascular death in those patients treated with serotonin
agonists.
1. CSM. Sumatriptan (Imigran) and chest pain. Current Problems

34 1992. Also available at: http:// www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024452&
RevisionSelectionMethod=LatestReleased (accessed 22/08/08) 

2. Stricker BHC. Coronary vasospasm and sumatriptan. BMJ
1992; 305: 118. 

3. Ottervanger JP, et al. Postmarketing study of cardiovascular ad-
verse reactions associated with sumatriptan. BMJ 1993; 307:
1185. 

4. Ottervanger JP, et al. Adverse reactions attributed to su-
matriptan: a postmarketing study in general practice. Eur J Clin
Pharmacol 1994; 47: 305–9. 

5. Boyd IW, Rohan AP. Sumatriptan-induced chest pain. Lancet
1994; 344: 1704–5. 

6. Houghton LA, et al. Is chest pain after sumatriptan oesophageal
in origin? Lancet 1994; 344: 985–6. 

7. Hood S, et al. Sumatriptan-induced chest pain. Lancet 1994;
344: 1500–1. 

8. Curtin T, et al. Cardiorespiratory distress after sumatriptan giv-
en by injection. BMJ 1992; 305: 713–14. 

9. Laine K, et al. Fatal cardiac arrhythmia after oral sumatriptan.
Headache 1999; 39: 511–12. 

10. Morgan DR, et al. Atrial fibrillation associated with su-
matriptan. BMJ 2000; 321: 275. 

11. Ottervanger JP, et al. Transmural myocardial infarction with su-
matriptan. Lancet 1993; 341: 861–2. 

12. Kelly KM. Cardiac arrest following use of sumatriptan. Neurol-
ogy 1995; 45: 1211–13. 

13. O’Connor P, Gladstone P. Oral sumatriptan-associated transmu-
ral myocardial infarction. Neurology 1995; 45: 2274–6. 

14. Mueller L, et al. Vasospasm-induced myocardial infarction with
sumatriptan. Headache 1996; 36: 329–31. 

15. Main ML, et al. Cardiac arrest and myocardial infarction imme-
diately after sumatriptan injection. Ann Intern Med 1998; 128:
874. 

16. Walton-Shirley M, et al. Unstable angina pectoris associated
with Imitrex therapy. Cathet Cardiovasc Diagn 1995; 34: 188. 

17. Hillis WS, MacIntyre PD. Drug reactions: sumatriptan and
chest pain. Lancet 1993; 341: 1564–5. Correction. ibid.; 342:
1310. 

18. Hall GC, et al. Triptans in migraine: the risks of stroke, cardio-
vascular disease, and death in practice. Neurology 2004; 62:
563–8.

Effects on the cerebrovascular system. Adverse cerebrov-
ascular effects have been reported after the use of subcutaneous
sumatriptan including hemiparesis,1 stroke,2,3 and intracerebral
haemorrhage.4 Cerebral vasospasm has also been reported5 with
the use of oral sumatriptan. However, a study6 of over 63 500
migraine patients in the UK General Practice Research Database
failed to find an increased risk of stroke in those patients treated
with serotonin agonists.
1. Luman W, Gray RS. Adverse reactions associated with su-

matriptan. Lancet 1993; 341: 1091–2. 
2. Cavazos J, et al. Sumatriptan-induced stroke in sagittal sinus

thrombosis. Lancet 1994; 343: 1105–6. 
3. Meschia JF, et al. Reversible segmental cerebral arterial vasos-

pasm and cerebral infarction: possible association with excessive
use of sumatriptan and Midrin. Arch Neurol 1998; 55: 712–14. 

4. Edwards KR, et al. Intracerebral hemorrhage associated with su-
matriptan. Headache 1995; 35: 309. 

5. Dash S, et al. Cerebral vasospasm from sumatriptan. Neurology
2004; 63: 2128. 

6. Hall GC, et al. Triptans in migraine: the risks of stroke, cardio-
vascular disease, and death in practice. Neurology 2004; 62:
563–8.

Effects on the gastrointestinal tract. Ischaemic colitis and
mesenteric ischaemia have been reported in a few patients re-
ceiving sumatriptan,1-3 including repeated episodes in 2 pa-
tients,2 each within hours of a dose; some of these episodes were
associated with doses above the recommended daily maximum.2 
Oesophageal constriction or throat tightness has been reported in
some patients taking sumatriptan and may be due to a direct ef-
fect on the oesophagus (see Effects on the Cardiovascular Sys-
tem, above).
1. Knudsen JF, et al. Ischemic colitis and sumatriptan use. Arch In-

tern Med 1998; 158: 1946–8. 
2. Liu JJ, Ardolf JC. Sumatriptan-associated mesenteric ischemia.

Ann Intern Med 2000; 132: 597. 
3. Naik M, et al. Sumatriptan-associated ischemic colitis. Dig Dis

Sci 2002; 47: 2015–16.

Effects on the respiratory system. See Asthma under Pre-
cautions, below.

Hypersensitivity. Reactions to sumatriptan such as skin rashes
and, more rarely, anaphylaxis have been noted by the manufac-
turer. Published reports include angioedema occurring in a pa-

tient 5 minutes after subcutaneous sumatriptan,1 and urticaria oc-
curring 20 to 24 hours after oral or subcutaneous sumatriptan in
another patient.2
1. Dachs R, Vitillo J. Angioedema associated with sumatriptan ad-

ministration. Am J Med 1995; 99: 684–5. 
2. Pradalier A, et al. Delayed urticaria with sumatriptan. Cephala-

lgia 1996; 16: 280–1.

Medication-overuse headache. Sumatriptan may have a
similar risk of misuse to that associated with analgesics and er-
gotamine compounds in patients with medication-overuse head-
ache (p.616). There have been reports1-3 of patients using one or
more daily doses of sumatriptan to control migraine. Many of the
patients had a history of abuse of other antimigraine drugs and
were using sumatriptan to prevent recurrence of headache.
Whether misuse of sumatriptan was due to addiction or rebound
headache as seen with ergotamine, is unknown. A postmarketing
study in 952 patients receiving sumatriptan found that 36 of the
patients (4%) used sumatriptan daily or more than 10 times each
week. This overuse was related to poor efficacy and not to re-
bound headache.4 One study5 and an anecdotal report6 suggest
that, rather than producing euphoria or other effects associated
with drugs of abuse such as morphine, sumatriptan is more likely
to be associated with dysphoria and apathetic sedation. 
The development of medication-overuse headache has also been
reported with naratriptan and zolmitriptan.7
1. Osborne MJ, et al. Is there a problem with long term use of su-

matriptan in acute migraine? BMJ 1994; 308: 113. 
2. Kaube H, et al. Sumatriptan. BMJ 1994; 308: 1573–4. 
3. Gaist D, et al. Misuse of sumatriptan. Lancet 1994; 344: 1090. 
4. Ottervanger JP, et al. Pattern of sumatriptan use and overuse in

general practice. Eur J Clin Pharmacol 1996; 50: 353–5. 
5. Sullivan JT, et al. Psychoactivity and abuse potential of su-

matriptan. Clin Pharmacol Ther 1992; 52: 635–42. 
6. Bakshi R, Yan-Go FL. Prolonged marijuana-like dysphoria after

subcutaneous sumatriptan. Ann Pharmacother 1996; 30: 683. 
7. Limmroth V, et al. Headache after frequent use of serotonin ag-

onists zolmitriptan and naratriptan. Lancet 1999; 353: 378.

Precautions
Sumatriptan and other serotonin (5-HT1) agonists
should only be used where there is a clear diagnosis of
migraine or cluster headache and care should be taken
to exclude other potentially serious neurological condi-
tions. They should not be used for prophylaxis and
should not be given to patients with basilar, hemiple-
gic, or ophthalmoplegic migraine. 
Serotonin (5-HT1) agonists are contra-indicated in pa-
tients with uncontrolled hypertension, ischaemic heart
disease (coronary artery disease), a history of myocar-
dial infarction, coronary vasospasm (Prinzmetal’s an-
gina), peripheral vascular disease, or a previous cere-
brovascular accident or transient ischaemic attack.
Unrecognised cardiovascular disease should be ex-
cluded before the use of serotonin (5-HT1) agonists in
postmenopausal women, men over 40 years of age,
and those with risk factors for ischaemic heart disease.
If chest pain and tightness occur during use, appropri-
ate investigations should be performed. Sumatriptan
should not be used intravenously because of the in-
creased risk of producing coronary vasospasm. 
Drowsiness may occur after treatment with serotonin
(5-HT1) agonists and patients thus affected should not
drive or operate machinery. 
Sumatriptan should be used with caution in patients
with hepatic or renal impairment, and should generally
be avoided if impairment is severe. 
There have been rare reports of seizures after use of
sumatriptan and it should therefore be used with cau-
tion in patients with a history of epilepsy or other con-
ditions predisposing to seizures. Patients with hyper-
sensitivity to sulfonamides may exhibit a similar
reaction to sumatriptan.
Asthma. The manufacturers reviewed data from more than 75
clinical studies of sumatriptan involving 12 701 patients and
reported1 that the incidence of adverse events related to asthma
did not differ between patients with or without the condition.
Earlier there had been concern over the safety of sumatriptan in
patients with asthma after 2 reports of bronchospasm and a report
of a patient with asthma who died during a study of sumatriptan
although the patient had not received sumatriptan in the month
before her death.
1. Lloyd DK, Pilgrim AJ. The safety of sumatriptan in asthmatic

migraineurs. Cephalalgia 1993; 13: 201–4.

Breast feeding. No adverse effects have been observed in
breast-feeding infants whose mothers were receiving suma-
triptan, and the American Academy of Pediatrics considers that
it is therefore usually compatible with breast feeding.1 However,

the manufacturers have suggested that infant exposure can be
minimised by avoiding breast feeding for 12 hours after treat-
ment. 
The distribution of sumatriptan into breast milk after a 6-mg sub-
cutaneous dose has been studied in 5 lactating mothers.2 The
mean total recovery of sumatriptan in breast milk was estimated
to be 14.4 micrograms or 0.24% of the dose. It was calculated
that on a weight-adjusted basis an infant could receive a maxi-
mum of 3.5% of the maternal dose.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/06/04) 

2. Wojnar-Horton RE, et al. Distribution and excretion of su-
matriptan in human milk. Br J Clin Pharmacol 1996; 41:
217–21.

Cerebrovascular disorders. A patient with a superior sagittal
sinus thrombosis who presented with headache and was misdiag-
nosed as having migraine variant developed a cortical stroke
within minutes of a second 6-mg subcutaneous injection of su-
matriptan.1 The importance of establishing a diagnosis of typical
migraine or cluster headache before using sumatriptan was em-
phasised and caution given against its use in any patient who may
have unstable cerebrovascular disease or raised intracranial pres-
sure. Additionally, there was no clinical evidence that a second
injection would relieve a headache when the initial injection had
been ineffective.
1. Cavazos J, et al. Sumatriptan-induced stroke in sagittal sinus

thrombosis. Lancet 1994; 343: 1105–6.

Pregnancy. Sumatriptan crosses the placenta; however, only a
very small quantity reaches the fetus. A literature review con-
cluded that exposure to sumatriptan in pregnancy posed no addi-
tional risk of birth defects compared with that in the general pop-
ulation,1 but as for other drugs sumatriptan should only be used
in pregnancy when the benefit justifies the potential risk to the
fetus.
1. Hilaire ML, et al. Treatment of migraine headaches with su-

matriptan in pregnancy. Ann Pharmacother 2004; 38: 1726–30.

Interactions
Sumatriptan and other serotonin (5-HT1) agonists
should not be given with ergotamine or related com-
pounds (including methysergide) since there is an in-
creased risk of vasospastic reactions. In addition, a de-
lay is advised before starting a serotonin (5-HT1)
agonist in patients who have been receiving ergot-
amine or related compounds: sumatriptan, almotriptan,
eletriptan, frovatriptan, rizatriptan, or zolmitriptan
should not be given until at least 24 hours after stop-
ping the use of preparations containing ergotamine.
Conversely, ergotamine should not be given until 6
hours after stopping these drugs or at least 24 hours in
the case of eletriptan and frovatriptan. Serotonin (5-
HT1) agonists should not be given together. 
Sumatriptan or rizatriptan should not be used with, and
for 2 weeks after stopping, an MAOI. Use with the se-
lective monoamine oxidase type B inhibitor selegiline
is thought unlikely to provoke an interaction, but see
p.817. Opinion varies on the concomitant use of zol-
mitriptan and inhibitors of monoamine oxidase type A
such as moclobemide. In the UK licensed product in-
formation recommends that the maximum dose of zol-
mitriptan should be reduced when used with inhibitors
of monoamine oxidase type A whereas in the USA it
contra-indicates such combinations. There have been
rare reports of serotonin syndrome associated with the
use of triptan serotonin (5-HT1) agonists with SSRIs or
serotonin and noradrenaline reuptake inhibitors (SN-
RIs), but see also under Antidepressants, below.
◊ Oral sumatriptan appeared to delay gastric emptying and might
affect the absorption of other drugs, as judged by its delaying
effect on paracetamol absorption in migraine patients.1
1. Rani PU, et al. Sumatriptan delays paracetamol absorption in mi-

graine patients. Clin Drug Invest 1996; 11: 300–304.

Antidepressants. Sumatriptan and rizatriptan are metabolised
mainly by monoamine oxidase type A and licensed product in-
formation advises that patients taking MAOIs, including reversi-
ble selective type A inhibitors such as moclobemide, should not
be given triptan serotonin (5-HT1) agonists. Clearance of zol-
mitriptan was decreased after moclobemide and in the UK a re-
duced dose of zolmitriptan is advised if the drug is used with an
inhibitor of monoamine oxidase type A; in the USA, the use of
these drugs together is contra-indicated. SSRIs such as fluoxetine
may also interact with serotonin (5-HT1) agonists with an in-
creased risk of serotonin syndrome (p.416), and it has been sug-
gested that lithium and sumatriptan may interact similarly. How-
ever, a review of the use of sumatriptan with MAOIs, SSRIs, or
lithium found little evidence of an increased risk of serotonin
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syndrome.1 It was concluded that most patients tolerate the com-
bination of sumatriptan and an SSRI or lithium without incident.
However, it was suggested that the use of sumatriptan with an
MAOI should continue to be avoided until further data support-
ing safety becomes available. As there have since been rare re-
ports of serotonin syndrome associated with the use of triptans
with SSRIs or serotonin and noradrenaline reuptake inhibitors
(SNRIs), licensed product information for the triptans states that
when such use is clinically warranted, appropriate observation of
the patient is advised, particularly when starting treatment, with
dose increases, or with addition of another serotonergic drug.
Product information for zolmitriptan also advises a reduction in
dosage if it is given with fluvoxamine as the latter may inhibit
zolmitriptan metabolism through its effects on the cytochrome
P450 isoenzyme CYP1A2. 
Increased serotonergic effects with increased incidence of ad-
verse effects have been reported following the use of St John’s
wort with triptans.2 Patients should be advised to stop taking St
John’s wort if treatment with a serotonin (5-HT1) agonist is nec-
essary.
1. Gardner DM, Lynd LD. Sumatriptan contraindications and the

serotonin syndrome. Ann Pharmacother 1998; 32: 33–8. 
2. CSM/MCA. Reminder: St John’s wort (Hypericum perforatum)

interactions. Current Problems 2000; 26: 6–7. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007462&RevisionSelect ionMethod=
LatestReleased (accessed 16/06/06)

Antimigraine drugs. Although the efficacy and tolerability of
subcutaneous sumatriptan in the acute treatment of migraine did
not appear to be affected in patients already taking dihydroergot-
amine orally for migraine prophylaxis,1 the bioavailability of
oral dihydroergotamine is low and it could not be assumed that it
was safe to use parenteral dihydroergotamine with sumatriptan.2
Licensed product information for sumatriptan contra-indicates
its use with ergotamine or other related compounds and also rec-
ommend that it should not be given until at least 24 hours after
stopping ergotamine or related compounds (see Interactions,
above). 
Acute myocardial infarction has been reported3 in a premeno-
pausal woman with controlled hypertension and no known coro-
nary artery disease after subcutaneous use of sumatriptan within
a few hours of taking methysergide by mouth.
1. Henry P, et al. Subcutaneous sumatriptan in the acute treatment

of migraine in patients using dihydroergotamine as prophylaxis.
Headache 1993; 33: 432–5. 

2. Campbell JK. [Editor’s comment]. Headache 1993; 33: 435. 
3. Liston H, et al. The association of the combination of su-

matriptan and methysergide in myocardial infarction in a pre-
menopausal woman. Arch Intern Med 1999; 159: 511–13.

Antipsychotics. For reference to a potential interaction be-
tween sumatriptan and loxapine, see Chlorpromazine, p.974.

Pharmacokinetics
Sumatriptan is rapidly but incompletely absorbed
when given orally and undergoes first-pass metabo-
lism, resulting in a low absolute bioavailability of
about 14%. Peak plasma concentrations after oral dos-
es are achieved in about 2 hours. Bioavailability is
much higher (96%) after subcutaneous doses with
peak concentrations occurring within 25 minutes. Bio-
availability after intranasal doses is 16% of that
achieved subcutaneously, with peak concentrations oc-
curring in about 1.5 hours. Plasma protein binding is
low at about 14 to 21%. 
The elimination half-life of sumatriptan is about 2
hours. Sumatriptan is extensively metabolised in the
liver predominantly by monoamine oxidase type A and
is excreted mainly in the urine as the inactive indole
acetic acid derivative and its glucuronide. Sumatriptan
and its metabolites also appear in the faeces. Small
amounts of sumatriptan are distributed into breast milk
(see Breast Feeding, above).
◊ Reviews.
1. Scott AK. Sumatriptan clinical pharmacokinetics. Clin Pharma-

cokinet 1994; 27: 337–44. 
2. Lacey LF, et al. Single dose pharmacokinetics of sumatriptan in

healthy volunteers. Eur J Clin Pharmacol 1995; 47: 543–8. 
3. Fuseau E, et al. Clinical pharmacokinetics of intranasal su-

matriptan. Clin Pharmacokinet 2002; 41: 801–11. 
4. Moen MD, Keating GM. Sumatriptan fast-disintegrating/rapid-

release tablets. Drugs 2006; 66: 883–90.

Uses and Administration
Sumatriptan is a selective serotonin agonist that acts at
5-HT1 receptors and produces vasoconstriction of cra-
nial arteries. Drugs like sumatriptan, which are com-
monly known as triptans, are believed to act mainly at
5-HT1B and 5-HT1D subtype receptors and are there-
fore sometimes referred to as 5HT1B/1D-receptor ago-
nists. 

Sumatriptan is used for the acute treatment of migraine
attacks and of cluster headache. It should not be used
for prophylaxis. It may be given orally or subcutane-
ously as the succinate and intranasally as the base. Dos-
es are expressed in terms of the base; sumatriptan suc-
cinate 70 mg is equivalent to about 50 mg of
sumatriptan. 
For the acute treatment of migraine sumatriptan
should be used as soon as possible after the onset of the
headache phase, but efficacy is independent of the du-
ration of the attack before starting treatment. If no re-
sponse is obtained with the initial dose by any route, a
second dose should not be given for the same attack. 
• It is given orally to adults aged 18 years and over; the

recommended dose in the UK is 50 mg, although
some patients may require 100 mg. A clinical re-
sponse can be expected after about 30 minutes. If
symptoms recur after an initial response, further dos-
es may be given provided that there is a minimum
interval of 2 hours between doses and that not more
than 300 mg is taken in any 24-hour period. In the
USA a lower dose of 25 mg may be used, although
some patients require 50 or 100 mg. This may be fol-
lowed by a second dose of up to 100 mg if the head-
ache returns or the patient has a partial response pro-
vided that the total daily dose does not exceed the
recommended maximum of 200 mg. A minimum
interval of 2 hours is recommended between doses.
For oral doses in children and hepatic impairment,
see below. 

• When used intranasally a clinical response can be
expected in 15 minutes. In the UK, patients aged 18
years and over may be given a single dose of 20 mg
into one nostril, although 10 mg may be effective in
some patients. In the USA, a dose of 5, 10, or 20 mg
may be used. If symptoms recur, a second dose may
be given at least 2 hours after the first dose. Not more
than 40 mg should be used in a 24-hour period. For
intranasal doses in adolescents, see below. 

• In patients aged 18 years and over sumatriptan may
be self-administered by subcutaneous injection in a
single dose of 6 mg; a clinical response may be ex-
pected after 10 to 15 minutes. If symptoms recur, a
second dose of 6 mg may be injected at least one
hour after the first dose; not more than 12 mg should
be given in a 24-hour period. In the USA, it may also
be used in single doses of 4 mg if adverse effects are
dose-limiting. 

For the acute treatment of cluster headache, su-
matriptan succinate is given by subcutaneous injection
in similar doses to those used for migraine.
Administration in children. Sumatriptan may be given for
the treatment of acute migraine in children and adolescents. Al-
though not licensed for oral paediatric use in the UK, the BNFC
suggests that a single oral dose of 25 mg may be given to chil-
dren aged 6 to 10 years and 50 mg to those aged 10 to 12 years,
repeated once after at least 2 hours if symptoms recur after an
initial response; older children may be given the usual adult dose
(see above). 
In the UK, intranasal sumatriptan is licensed for use in adoles-
cents aged 12 to 17 years in a dose of 10 mg into one nostril; the
dose may be repeated after at least 2 hours if symptoms recur
within 24 hours although not more than 20 mg should be used
within a 24-hour period. The BNFC suggests that either this dose
or an unlicensed dose equivalent to the usual adult dose (see
above) may be used in those aged 12 years and over. 
If no response is obtained with the initial dose by any route, a
second dose should not be given for the same attack.

Administration in hepatic impairment. Sumatriptan
should be used with caution in patients with hepatic impairment.
A dose of up to 50 mg by mouth is considered suitable. It should
not be given to patients with severe impairment.

High-altitude disorders. Sumatriptan has been tried with
some success in a small study1 for the prevention of symptoms
of acute mountain sickness (p.1168).
1. Jafarian S, et al. Sumatriptan for prevention of acute mountain

sickness: randomized clinical trial. Ann Neurol 2007; 62: 273–7.

Migraine and cluster headache. The use of sumatriptan and
other triptans in the treatment of cluster headache (p.616) and
migraine (p.616) has been reviewed.1-8 

In migraine serotonin (5-HT1) agonists are preferred to ergot-
amine for the treatment of acute attacks unresponsive to non-opi-
oid analgesics. 
There are several different triptans clinically available. In a meta-
analysis of 53 trials (involving 24 089 patients) and a separate
analysis of all direct comparative trials of 5 of the triptans and
sumatriptan, all were found to be more effective than placebo.5
At the marketed doses, all oral triptans (almotriptan, eletriptan,
naratriptan, rizatriptan, sumatriptan, and zolmitriptan) were ef-
fective and well tolerated. Almotriptan, eletriptan, or rizatriptan
were considered to provide the highest likelihood of consistent
success. A review of the efficacy of the 5 triptans available in the
USA also showed pain relief at 2 hours was comparable for all.6
Almotriptan 12.5 mg offered high tolerability and good efficacy;
eletriptan 80 mg provided high efficacy and low recurrence; and
rizatriptan 10 mg was associated with consistent and rapid free-
dom from pain.5 Frovatriptan was not included in the analyses,
but publicly available data suggested lower efficacy. Only su-
matriptan, though, has parenteral formulations and the 6-mg sub-
cutaneous formulation is still the fastest and most effective acute
treatment.5 
About 21 to 57% of patients who initially respond to sumatriptan
have a recurrence of their headache within 24 to 48 hours; this
may be related in part to its short half-life. Such recurrences usu-
ally respond to a second dose9,10 but if a first dose is ineffective
subsequent doses for the same attack are of no benefit and should
not be given. Sumatriptan is considered11 to be effective when
given at any time once the headache phase of migraine has start-
ed but giving it during migraine aura appears to be of little benefit
since it does not affect the aura or prevent or delay the develop-
ment of headache.12 Repeated or long-term use does not appear
to be associated with reduced efficacy.13,14 For reports of an as-
sociation between sumatriptan and medication-overuse head-
ache, see under Adverse Effects, above. 
Sumatriptan’s effectiveness appears to be maintained in menstru-
al migraine, a condition which is considered to be less respon-
sive to treatment than nonmenstrual migraine.15 Frovatriptan,16

rizatriptan,17 and zolmitriptan18 have also been found to be effec-
tive in menstrual migraine. 
Experience of subcutaneous use in children has been reported.19

Results of a randomised, placebo-controlled study20 of intranasal
sumatriptan in adolescents aged 12 to 17 years showed evidence
of efficacy, tolerability, and safety in this age group; it was felt
that the nasal spray might be particularly well suited for adoles-
cent use. Intranasal sumatriptan has also been tried in younger
children (aged 8 years and over) with some success.21 
Subcutaneous sumatriptan has also been shown to be effective in
relieving acute attacks of headache in patients with cluster head-
ache. In studies about 75% of patients have obtained relief with-
in 15 minutes of a 6-mg subcutaneous injection;22,23 the use of
higher doses was found to be of no advantage. Long term effica-
cy appears to be maintained24 but the significance of the transient
increase in the frequency of attacks seen in some patients re-
mains to be determined.25 It does not appear to be effective for
the prevention of headache during cluster periods.26 Another
triptan found to be effective in the treatment of episodic cluster
headache is zolmitriptan.27

1. Fullerton T, Gengo FM. Sumatriptan: a selective 5-hydrox-
ytryptamine receptor agonist for the acute treatment of mi-
graine. Ann Pharmacother 1992; 26: 800–8. 

2. Hsu VD. Sumatriptan: a new drug for vascular headache. Clin
Pharm 1992; 11: 919–29. 

3. Bateman DN. Sumatriptan. Lancet 1993; 341: 221–4. 
4. Perry CM, Markham A. Sumatriptan: an updated review of its

use in migraine. Drugs 1998; 55: 889–922. 
5. Ferrari MD, et al. Oral triptans (serotonin 5-HT  agonists) in

acute migraine treatment: a meta-analysis of 53 trials. Lancet
2001; 358: 1668–75. 

6. Jamieson DG. The safety of triptans in the treatment of patients
with migraine. Am J Med 2002; 112: 135–40. 

7. Rapoport AM, Tepper SJ. Triptans are all different. Arch Neurol
2001; 58: 1479–80. 

8. McCrory DC, Gray RN. Oral sumatriptan for acute migraine.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2003 (accessed 27/04/05). 

9. Ferrari MD, et al. Oral sumatriptan: effect of a second dose, and
incidence and treatment of headache recurrences. Cephalalgia
1994; 14: 330–8. 

10. Dahlöf C. Headache recurrence after subcutaneous sumatriptan
and early treatment. Lancet 1992; 340: 909. 

11. Ferrari MD. Sumatriptan in the treatment of migraine. Neurolo-
gy 1993; 43 (suppl 3): S43–S47. 

12. Bates D, et al. Sumatriptan Aura Study Group. Subcutaneous
sumatriptan during the migraine aura. Neurology 1994; 44:
1587–92. 

13. Cady RK, et al. Efficacy of subcutaneous sumatriptan in repeat-
ed episodes of migraine. Neurology 1993; 43: 1363–8. 

14. Tansey MJB, et al. Long-term experience with sumatriptan in
treatment of migraine. Eur Neurol 1993; 33: 310–15. 

15. Solbach MP, Waymer RS. Treatment of menstruation-associated
migraine headache with subcutaneous sumatriptan. Obstet
Gynecol 1993; 82: 769–72. 

16. Silberstein SD, et al. A randomized trial of frovatriptan for the
intermittent prevention of menstrual migraine. Neurology 2004;
27: 261–9. 

17. Silberstein SD, et al. Rizatriptan in the treatment of menstrual
migraine. Obstet Gynecol 2000; 96: 237–42. 

18. Loder E, et al. Efficacy and tolerability of oral zolmitriptan in
menstrually associated migraine: a randomized, prospective,
parallel-group, double-blind, placebo-controlled study. Head-
ache 2004; 44:120–30. 

19. Linder SL. Subcutaneous sumatriptan in the clinical setting: the
first 50 consecutive patients with acute migraine in a pediatric
neurology office practice. Headache 1996; 36: 419–22. 



628   Antimigraine Drugs
20. Winner P, et al. A randomized, double-blind, placebo-controlled

study of sumatriptan nasal spray in the treatment of acute mi-
graine in adolescents. Pediatrics 2000; 106: 989–997. 

21. Ahonen K, et al. Nasal sumatriptan is effective in treatment of
migraine attacks in children: a randomized trial. Neurology
2004; 62: 883–7. 

22. The Sumatriptan Cluster Headache Study Group. Treatment of
acute cluster headache with sumatriptan. N Engl J Med 1991;
325: 322–6. 

23. Ekbom K, et al. Subcutaneous sumatriptan in the acute treat-
ment of cluster headache: a dose comparison study. Acta Neurol
Scand 1993; 88: 63–9. 

24. Ekbom K, et al. Cluster headache attacks treated for up to three
months with subcutaneous sumatriptan (6 mg). Cephalalgia
1995; 15: 230–6. 

25. Hardebo JE. Subcutaneous sumatriptan in cluster headache: a
time study of the effect on pain and autonomic symptoms.
Headache 1993; 33: 18–21. 

26. Monstad I, et al. Preemptive oral treatment with sumatriptan
during a cluster period. Headache 1995; 35: 607–13. 

27. Bahra A, et al. Oral zolmitriptan is effective in the acute treat-
ment of cluster headache. Neurology 2000; 54: 1832–39.

Preparations
BP 2008: Sumatriptan Injection; Sumatriptan Nasal Spray; Sumatriptan
Tablets; 
USP 31: Sumatriptan Nasal Spray; Sumatriptan Succinate Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Imigran; Imitrex†; Micranil; Migraneitor; Austral.: Imigran; Sumatab;
Suvalan; Austria: Glaxotriptan; Imigran; Belg.: Imitrex; Braz.: Imigran;
Sumax; Canad.: Imitrex; Chile: Imigran; Liotrex†; Somatran; Cz.: Cinie;
Dolorstad; Imigran; Rosemig; Sumamigren; Sumigra; Denm.: Imigran; Fin.:
Imigran; Fr.: Imigrane; Imiject; Ger.: Imigran; Gr.: Imigran; Sutriptan; Hong
Kong: Imigran; Hung.: Cinie; Illument; Imigran; India: Suminat; Indon.:
Cetatrex; Imitrex; Triptagic; Irl.: Imigran; Israel: Imitrex; Ital.: Imigran; Sum-
igrene†; Malaysia: Imigran; Mex.: Imigran; Sumitrex; Tebegran; Neth.: Im-
igran; Norw.: Imigran; NZ: Imigran; Sumagran; Philipp.: Imigran; Pol.:
Cinie; Imigran; Sumamigren; Sumigra; Port.: Diletan†; Imigran; Rus.: Ami-
grenin (Амигренин); Imigran (Имигран); S.Afr.: Imigran; Singapore: Imi-
gran; Spain: Arcoiran; Dolmigral†; Imigran; Swed.: Imigran; Switz.: Imigran;
Thai.: Imigran; Turk.: Imigran; Sumatran; UK: Imigran; USA: Imitrex; Ven-
ez.: Imigran; Migraval.

Zolmitriptan (BAN, USAN, rINN)

311C90; Tsolmitriptaani; Zolmitriptán; Zolmitriptanum. (S)-4-{3-
[2-(Dimethylamino)ethyl]indol-5-ylmethyl}-1,3-oxazolidin-2-
one.
Золмитриптан
C16H21N3O2 = 287.4.
CAS — 139264-17-8.
ATC — N02CC03.
ATC Vet — QN02CC03.

Adverse Effects and Precautions
As for Sumatriptan, p.625. 
Zolmitriptan should also be avoided in patients with
Wolff-Parkinson-White syndrome or arrhythmias as-
sociated with accessory cardiac conduction pathways.
It should be given with caution in patients with moder-
ate to severe hepatic impairment.
Ischaemia. A spinal cord lesion related to the use of zol-
mitriptan has been reported in a 50-year-old woman;1 clinical
features suggested that the lesion was an ischaemic infarct.
1. Vijayan N, Peacock JH. Spinal cord infarction during use of zol-

mitriptan: a case report. Headache 2000; 40: 57–60.

Medication-overuse headache. For a report of an associa-
tion between zolmitriptan and medication-overuse headache, see
under Adverse Effects of Sumatriptan, p.626.

Interactions
As for Sumatriptan, p.626. 
It is recommended that the maximum dose of zol-
mitriptan in 24 hours should be reduced in patients re-

ceiving cimetidine (see Uses and Administration, be-
low). A similar reduction in zolmitriptan dosage is
anticipated if it is given with drugs, such as fluvoxam-
ine and ciprofloxacin, that inhibit the cytochrome P450
isoenzyme CYP1A2. Opinion varies on the use of zol-
mitriptan with inhibitors of monoamine oxidase type A
such as moclobemide. In the UK licensed product in-
formation recommends that the maximum dose of zol-
mitriptan should be reduced when used with inhibitors
of monoamine oxidase type A (see Uses and Adminis-
tration, below), whereas in the USA such combinations
are contra-indicated.
◊ References.
1. Dixon R, et al. The metabolism of zolmitriptan: effects of an

inducer and an inhibitor of cytochrome P450 on its pharmacoki-
netics in healthy volunteers. Clin Drug Invest 1998; 15: 515–22.

Beta blockers. Propranolol increased plasma-zolmitriptan
concentrations in a study in 12 healthy subjects, but the changes
were not thought to be clinically important enough to warrant
dosage adjustment during concomitant use.1
1. Peck RW, et al. The interaction between propranolol and the

novel antimigraine agent zolmitriptan (311C90). Br J Clin Phar-
macol 1997; 44: 595–9.

Pharmacokinetics
The absolute bioavailability of zolmitriptan after oral
and intranasal doses is about 40%, and peak plasma
concentrations are achieved in about 1.5 to 3 hours af-
ter oral doses, depending on the formulation, and in
about 3 hours with the intranasal spray. Plasma protein
binding is about 25%. Zolmitriptan undergoes hepatic
metabolism, principally to the indole acetic acid, and
also the N-oxide and N-desmethyl analogues. The N-
desmethyl metabolite (183C91) was more active than
the parent compound in animal studies, and would be
expected to contribute to the therapeutic effect of zol-
mitriptan. The primary metabolism of zolmitriptan is
mediated mainly by the cytochrome P450 isoenzyme
CYP1A2 while monoamine oxidase type A is respon-
sible for further metabolism of the N-desmethyl metab-
olite. Over 60% of a dose is excreted in the urine, main-
ly as the indole acetic acid, and about 30% appears in
the faeces, mainly as unchanged drug. The elimination
half-life is 2.5 to 3 hours, and is prolonged in patients
with liver disease. 
Distribution into milk has been found in studies in rats.
◊ References.
1. Dixon R, et al. The pharmacokinetics and effects on blood pres-

sure of multiple doses of the novel anti-migraine drug zol-
mitriptan (311C90) in healthy volunteers. Br J Clin Pharmacol
1997; 43: 273–81. 

2. Seaber E, et al. The absolute bioavailability and metabolic dis-
position of the novel antimigraine compound zolmitriptan
(311C90). Br J Clin Pharmacol 1997; 43: 579–87. 

3. Peck RW, et al. The pharmacodynamics and pharmacokinetics of
the 5HT -agonist zolmitriptan in healthy young and elderly
men and women. Clin Pharmacol Ther 1998; 63: 342–53. 

4. Dixon R, et al. A comparison of the pharmacokinetics and toler-
ability of the novel antimigraine compound zolmitriptan in ado-
lescents and adults. J Child Adolesc Psychopharmacol 1999; 9:
35–42. 

5. Yates R, et al. Pharmacokinetics, dose proportionality, and toler-
ability of single and repeat doses of a nasal spray formulation of
zolmitriptan in healthy volunteers. J Clin Pharmacol 2002; 42:
1244–50.

Uses and Administration
Zolmitriptan is a selective serotonin (5-HT1) agonist
with actions and uses similar to those of sumatriptan
(p.627). It is used for the acute treatment of migraine
attacks. Zolmitriptan should not be used for prophylax-
is. 
The recommended dose in the UK is 2.5 mg orally. A
clinical response can be expected within 1 hour. If
symptoms persist or return within 24 hours, a second

dose may be taken not less than 2 hours after the first
dose. If a patient does not achieve satisfactory relief
with a dose of 2.5 mg, subsequent attacks may be treat-
ed with doses of 5 mg. The maximum dose of zol-
mitriptan in 24 hours is 10 mg. Recommended doses in
the USA are somewhat lower; the dose is 1.25 or
2.5 mg with a maximum dose of 10 mg in 24 hours. 
When used intranasally a clinical response can be ex-
pected in 15 minutes. The usual dose is 5 mg as a single
dose into one nostril. If symptoms persist or return
within 24 hours, a second dose may be given after at
least 2 hours, up to a maximum of 10 mg daily. 
Dose reductions are recommended in patients taking
certain other drugs. The maximum dose of zol-
mitriptan in 24 hours should be 5 mg in those receiving
cimetidine or an inhibitor of monoamine oxidase type
A (although use with inhibitors of monoamine oxidase
type A is contra-indicated in the USA). A similar re-
duction is also recommended in those taking drugs,
such as fluvoxamine and ciprofloxacin, that inhibit the
cytochrome P450 isoenzyme CYP1A2. 
For dosage in hepatic or renal impairment see below.
Administration in hepatic impairment. A study1 has indi-
cated that while there is no need to reduce the size of the initial
dose of zolmitriptan in patients with moderate or severe hepatic
impairment, accumulation may occur with repeated doses in pa-
tients with severe impairment and their total daily dosage should
be reduced. 
A maximum oral dose of 5 mg in 24 hours is recommended by
licensed product information in the UK in patients with moderate
to severe impairment. A dose of less than 2.5 mg is recommend-
ed in the USA.
1. Dixon R, et al. Effect of hepatic impairment on the pharmacoki-

netics of zolmitriptan. J Clin Pharmacol 1998; 38: 694–701.

Administration in renal impairment. Although renal clear-
ance of zolmitriptan and its metabolites was reduced in patients
with moderate to severe impairment,1 the resulting effect was
unlikely to be of clinical importance and adjustment of zol-
mitriptan dosage in patients with renal impairment was consid-
ered unnecessary.
1. Gillotin C, et al. No need to adjust the dose of 311C90 (zol-

mitriptan), a novel anti-migraine treatment in patients with renal
failure not requiring dialysis. Int J Clin Pharmacol Ther 1997;
35: 522–6.

Migraine and cluster headache. For comparison of the rela-
tive benefits of different triptans in migraine, see under Su-
matriptan, p.627. 
Further references.
1. Spencer CM, et al. Zolmitriptan: a review of its use in migraine.

Drugs 1999; 58: 347–74. 
2. Bahra A, et al. Oral zolmitriptan is effective in the acute treat-

ment of cluster headache. Neurology 2000; 54: 1832–9. 
3. Dowson AJ, Charlesworth B. Review of zolmitriptan and its

clinical applications in migraine. Expert Opin Pharmacother
2002; 3: 993–1005. 

4. Charlesworth BR, et al. Speed of onset and efficacy of zol-
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versus zolmitriptan tablet. CNS Drugs 2003; 17: 653–67. 

5. Dowson AJ, et al. Tolerability and consistency of effect of zol-
mitriptan nasal spray in a long-term migraine treatment trial.
CNS Drugs 2003; 17: 839–51. 

6. Lewis DW, et al. Adolescent Migraine Steering Committee. Ef-
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atrics 2007; 120: 390–6. 

7. Rapoport AM, et al. Zolmitriptan nasal spray in the acute treat-
ment of cluster headache: a double-blind study. Neurology 2007;
69: 821–6. Correction. ibid.; 2029.
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Proprietary Preparations (details are given in Part 3)
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This chapter includes those drugs used for their
anticholinesterase action in the treatment of myasthe-
nia gravis and related neuromuscular disorders. Other
groups of drugs playing an important role in the man-
agement of myasthenia are the corticosteroids (p.1490)
and some drugs with immunosuppressant actions dis-
cussed in the chapters on Antineoplastics (p.635) and
Immunosuppressants (p.1810).

Eaton-Lambert myasthenic syndrome
Eaton-Lambert myasthenic syndrome is a rare auto-im-
mune disease of the neuromuscular junction. Unlike
myasthenia gravis (below), in which autoantibodies affect
acetylcholine receptors, antibodies in Eaton-Lambert syn-
drome act presynaptically to reduce release of acetylcho-
line. Weakness mostly affects the proximal muscles, par-
ticularly those of the limbs; respiratory and ocular muscles
are usually spared. Autonomic symptoms including dry
mouth, constipation, and impotence are common. Over
half of patients also have small cell carcinoma of the lung.
Successful treatment of the tumour often leads to some im-
provement in symptoms. 
The symptomatic treatment of Eaton-Lambert syndrome
involves the use of drugs that increase the availability of
acetylcholine at the neuromuscular junction. Response to
treatment with anticholinesterases alone is poor and treat-
ment with amifampridine, which increases acetylcholine
release, appears to be more effective, particularly when
given with an anticholinesterase such as pyridostigmine.
The use of similar drugs such as guanidine and fampridine
is limited by severe adverse effects. Low-dose guanidine
has been tried with pyridostigmine where amifampridine
is not readily available. Although there has been some im-
provement with the combination, the incidence of adverse
effects, especially gastrointestinal reactions, is still high.
Immunosuppressants including azathioprine and corticos-
teroids are also used, and unlike in treatment for myasthe-
nia gravis, corticosteroids do not appear to induce an initial
exacerbation of symptoms. Plasma exchange or high-dose
intravenous normal immunoglobulin have been tried in pa-
tients with severe weakness. 
References.
1. Newsom-Davis J. Myasthenia gravis and the Lambert-Eaton

myasthenic syndrome. Prescribers’ J 1993; 33: 205–12. 
2. Oh SJ, et al. Low-dose guanidine and pyridostigmine: relatively

safe and effective long-term symptomatic therapy in Lambert-
Eaton myasthenic syndrome. Muscle Nerve 1997; 20: 1146–52. 

3. Seneviratne U, de Silva R. Lambert-Eaton myasthenic syn-
drome. Postgrad Med J 1999; 75: 516–20. 

4. Pascuzzi RM. Myasthenia gravis and Lambert-Eaton syndrome.
Ther Apher 2002; 6: 57–68. 

5. Sanders DB. Lambert-Eaton myasthenic syndrome: diagnosis
and treatment. Ann N Y Acad Sci 2003; 998: 500–8. 

6. Newsom-Davis J. Lambert-Eaton myasthenic syndrome. Rev
Neurol (Paris) 2004; 160: 177–80. 

7. Maddison P, Newsom-Davis J. Treatment for Lambert-Eaton
myasthenic syndrome. Available in The Cochrane Database of
Systematic Reviews; Issue 2. Chichester: John Wiley; 2005 (ac-
cessed 15/02/06).

Myasthenia gravis
Myasthenia gravis is an auto-immune disorder character-
ised by defective neuromuscular transmission and conse-
quent muscular weakness. It is caused by the formation of
autoantibodies to elements of the neuromuscular junction.
In most patients, antibodies to the nicotinic acetylcholine
receptor are present. However, about 10 to 15% of patients
have so-called ‘seronegative myasthenia’, in whom anti-
bodies to other elements such as muscle-specific tyrosine
kinase (MuSK) may be present instead; the proportion of
such patients is much higher among those with ocular
myasthenia (disease confined to the extra-ocular muscles).
The thymus appears to be involved in many patients and
some have a thymoma. Classifications of the disease may
be based on the distribution and severity of symptoms, on
the age of onset, and on the presence or absence of thymo-
ma. Other types of myasthenia include transient neonatal
myasthenia due to transplacental passage of receptor anti-
bodies, which may persist for 1 to 6 weeks in the infants of
myasthenic mothers, penicillamine-induced myasthenia,
and congenital myasthenia (see under Amifampridine,
p.630). 
Diagnosis of myasthenia gravis. 
Antibody testing remains the gold standard for diagnosis
of myasthenia gravis. Patients may often be tested first for

their reaction to an anticholinesterase. Intravenous edro-
phonium preceded by atropine (Tensilon test) is the most
commonly used anticholinesterase test because of its rapid
onset and short duration of action. Severe adverse effects
can occasionally occur so testing should only be undertak-
en when facilities for endotracheal intubation and control-
led ventilation are immediately available. A positive result
is considered to be a rapid but temporary increase in mus-
cle strength. Repetitive nerve stimulation is also used as a
diagnostic test but, like the anticholinesterase test, is not
specific for myasthenia gravis. Computed tomography or
magnetic resonance imaging may be used to detect thymo-
ma. 
Treatment of myasthenia gravis. 
• Symptomatic treatment is with an anticholinesterase;

pyridostigmine and neostigmine are those most com-
monly used. Most patients prefer pyridostigmine as it
produces less muscarinic adverse effects and has a long-
er duration of action, although the quicker onset of ac-
tion of neostigmine may offer an advantage at the begin-
ning of the day. The dose must be adjusted to give the
optimum therapeutic response but muscle strength may
not be restored to normal and some patients must live
with a degree of disability. The effect may vary for dif-
ferent muscles and the dosage should be adjusted so that
the bulbar and respiratory muscles receive optimum
treatment. Generally, anticholinesterases only provide
partial remission and their effects tend to diminish with
continued treatment. Overdosage may lead to a ‘cholin-
ergic crisis’ (see Adverse Effects of Neostigmine,
p.631). Edrophonium may be employed to establish
whether the patient is underdosed or overdosed. 

• Corticosteroids are the main immunosuppressive drugs
used for treatment. They are also useful in patients with
ocular myasthenia, who as a group respond poorly to
anticholinesterases and to thymectomy, provided that
their disability is severe enough to warrant long-term
corticosteroid treatment with its attendant adverse ef-
fects. Many start with low doses such as 5 to 20 mg of
prednisolone daily or on alternate days, to reduce the
risk of steroid-induced exacerbations of weakness, and
increase the dose slowly thereafter according to re-
sponse; an improvement is usually seen after a few
weeks. Others use more aggressive regimens to obtain a
more rapid response and start with large doses such as
60 to 80 mg of prednisolone daily. Whichever method is
used, once clinical benefit has been obtained the regi-
men should be modified to alternate-day dosage, with
the dose being slowly tapered when the patient is in re-
mission. Patients taking corticosteroids require less
anticholinesterase therapy and, if the dosage of the anti-
cholinesterase is not reduced, an initial deterioration in
the myasthenia may occur in the first few weeks of treat-
ment (see also under Interactions of Neostigmine,
p.632). It is rarely possible to withdraw corticosteroids
completely but some patients may be maintained satis-
factorily on as little as 10 mg on alternate days. If remis-
sion cannot be maintained on low-dose prednisolone,
addition of azathioprine at a dosage of 2 to 3 mg/kg
daily may be considered. 

• Addition of azathioprine to treatment may allow a re-
duction in the dose of both corticosteroids and anti-
cholinesterases. Azathioprine may also be of use when
corticosteroids are contra-indicated or when response to
corticosteroids alone is insufficient, but it has a much
slower onset of action than corticosteroids and is not
usually used alone. Ciclosporin is effective in some pa-
tients unresponsive to standard combinations but seri-
ous adverse effects including nephrotoxicity may limit
its use; the time to response is similar to that with corti-
costeroids. Other drugs such as cyclophosphamide and
methotrexate have also been tried and benefit has been
reported with mycophenolate mofetil and tacrolimus.
However, a recent systematic review has found that only
a small number of randomised controlled studies have
been conducted on the use of immunosuppressive drugs
for myasthenia gravis and most have been short-term.
The review of this limited evidence concluded that,
apart from cyclophosphamide used alone or ciclosporin
used alone or with corticosteroids, there was no clear ev-
idence of benefit from use of other immunosuppres-
sants. 

• Plasma exchange provides a dramatic but short-lived
improvement and is useful as a short-term measure in
myasthenic crisis to improve ill patients while other
therapies take effect, but there is no evidence that repeat-
ed plasma exchange combined with immunosuppres-
sion is superior to immunosuppression alone. A similar
short-term benefit has been seen from the use of high-
dose intravenous normal immunoglobulins; however, a
systematic review considered further study to be war-
ranted. 

• Thymectomy may be offered to all patients sufficiently
fit to undergo surgery unless they have minimal symp-
toms, purely ocular disease, or late onset or seronegative
disease. Thymectomy is usually avoided in prepubertal
children because of concern over the effect on growth
and the developing immune system; it has been suggest-
ed that symptomatic treatment with anticholinesterases
should be continued until adolescence, when the disease
often improves spontaneously. After thymectomy, re-
mission or improvement may be expected in about 80%
of patients without thymomas, although this may take
some years; the response is poorer in those with thymo-
mas. 
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Ambenonium Chloride (BAN, rINN)

Ambenonii Chloridum; Ambénonium, Chlorure d’; Ambenon-
iumklorid; Ambenoniumkloridi; Ambestigmini Chloridum; Cloru-
ro de ambenonio; Win-8077. N,N′-Oxalylbis(N-2-aminoethyl-N-
2-chlorobenzyldiethylammonium) dichloride.
Амбенония Хлорид
C28H42Cl4N4O2 = 608.5.
CAS — 7648-98-8 (ambenonium); 115-79-7 (anhydrous
ambenonium chloride); 52022-31-8 (ambenonium chlo-
r ide tetrahydrate).
ATC — N07AA30.
ATC Vet — QN07AA30.

Pharmacopoeias. In Jpn.
Adverse Effects, Treatment, and Precautions
As for Neostigmine, p.631. 
Ambenonium produces fewer muscarinic adverse effects than
neostigmine. As there is only slight warning of overdosage, rou-
tine use of atropine with ambenonium is contra-indicated be-
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cause the muscarinic symptoms of overdosage may be
suppressed leaving only the more serious nicotinic effects (fas-
ciculation and paralysis of voluntary muscle).

Pharmacokinetics
Ambenonium chloride is poorly absorbed from the gastrointesti-
nal tract. It does not appear to be hydrolysed by cholinesterases.

Uses and Administration
Ambenonium is a quaternary ammonium compound that is a re-
versible inhibitor of cholinesterase activity with actions similar
to those of neostigmine (p.632), but of longer duration. Ambeno-
nium chloride is given orally in the treatment of myasthenia
gravis (p.629) in usual doses of 5 to 25 mg three or four times
daily, adjusted according to response. It may be of value in pa-
tients who cannot tolerate neostigmine or pyridostigmine.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Mytelase; Fr.: Mytelase; Gr.: Mytelase; Hung.: Mytelase; Pol.: Mytela-
se; Swed.: Mytelase; USA: Mytelase.

Amifampridine (rINN)

Amifampridina; Amifampridinum; 3,4-Diaminopyridine. Pyridine-
3,4-diamine.

Амифампридин
C5H7N3 = 109.1.
CAS — 54-96-6.
ATC — N07XX05.
ATC Vet — QN07XX05.

Profile
Amifampridine has similar actions and uses to fampridine
(p.631) but is reported to be more potent in enhancing the release
of acetylcholine from nerve terminals. It is used in the Eaton-
Lambert myasthenic syndrome (below) and other myasthenic
conditions. It has been tried in multiple sclerosis and in botulism.
There have been isolated reports of seizures and amifampridine
is therefore contra-indicated in patients with epilepsy.

Congenital myasthenia. Congenital or hereditary myasthenia
is a heterogeneous group of rare disorders associated with vari-
ous defects in neuromuscular transmission including presynaptic
impairment of acetylcholinesterase release, postsynaptic abnor-
mality of acetylcholine receptors, or a deficiency of acetylcho-
linesterase.1 Symptoms may be similar to those of myasthenia
gravis (p.629) but there are no immunological abnormalities. Al-
though some forms may respond to anticholinesterases, therapy
is usually unsatisfactory. Experience in 16 patients2 has suggest-
ed that amifampridine used alone or with anticholinesterases
may be of benefit. Clinical improvement was seen in 5 of 11 pa-
tients with congenital myasthenia who were given amifamprid-
ine as part of a placebo-controlled study; 3 of the 11 responded
to placebo.3 There have also been reports of benefit from the use
of quinidine sulfate in patients with the slow-channel congenital
myasthenic syndrome.4

1. Engel AG. Congenital myasthenic syndromes. Neurol Clin North
Am 1994; 12: 401–37. 

2. Palace J, et al. 3,4-Diaminopyridine in the treatment of congen-
ital (hereditary) myasthenia. J Neurol Neurosurg Psychiatry
1991; 54: 1069–72. 

3. Anlar B, et al. 3,4-Diaminopyridine in childhood myasthenia:
double-blind, placebo-controlled trial. J Child Neurol 1996; 11:
458–61. 

4. Harper CM, Engel AG. Quinidine sulfate therapy for the slow-
channel congenital myasthenic syndrome. Ann Neurol 1998; 43:
480–4.

Eaton-Lambert myasthenic syndrome. Daily doses of up
to 100 mg of amifampridine by mouth have been found1 to be
effective in the treatment of both the motor and autonomic defi-
cits of patients with Eaton-Lambert syndrome (p.629). A usual
starting dose of 10 mg given three or four times daily increasing
if necessary to a maximum of 20 mg given five times daily has
been used.2 However, some workers have recommended limit-
ing the dose to 80 mg daily because of the increased risk of sei-
zures with higher doses.3 Adverse effects appear to be mainly
mild and dose related,1 although there is a report of cardiac arrest
following toxicity.4 Most patients experience some form of par-
aesthesia up to 60 minutes after a dose.1-3 Amifampridine can
produce mild excitatory effects and some patients may experi-
ence difficulty in sleeping.
1. McEvoy KM, et al. 3,4-Diaminopyridine in the treatment of

Lambert-Eaton myasthenic syndrome. N Engl J Med 1989; 321:
1567–71. 

2. Newsom-Davis J. Myasthenia gravis and the Lambert-Eaton
myasthenic syndrome. Prescribers’ J 1993; 33: 205–212. 

3. Sanders DB, et al. A randomized trial of 3,4-diaminopyridine in
Lambert-Eaton myasthenic syndrome. Neurology 2000; 54:
603–7. 

4. Boerma CE, et al. Cardiac arrest following an iatrogenic 3,4-
diaminopyridine intoxication in a patient with Lambert-Eaton
myasthenic syndrome. J Toxicol Clin Toxicol 1995; 33: 249–51.

Multiple sclerosis. Amifampridine has been tried in the man-
agement of multiple sclerosis (p.892). In a crossover study1 in-
volving 36 patients with multiple sclerosis, amifampridine given
in a dosage of up to 100 mg daily improved symptoms of leg
weakness to a greater extent than placebo but paraesthesia and
abdominal pain which occurred in most patients were dose-lim-
iting in some. A systematic review2 of the use of aminopyridines
for symptomatic management of multiple sclerosis was unable to
come to any conclusion, and commented on the problem of pub-
lication bias in this area.
1. Bever CT, et al. Treatment with oral 3,4-diaminopyridine im-

proves leg strength in multiple sclerosis patients: results of a ran-
domized, double-blind, placebo-controlled, crossover trial. Neu-
rology 1996; 47: 1457–62. 

2. Solari A, et al. Aminopyridines for symptomatic treatment in
multiple sclerosis. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2002 (ac-
cessed 15/02/06).

Distigmine Bromide (BAN, rINN)

BC-51; Bispyridostigmine Bromide; Bromuro de distigmina;
Distigmiinibromidi; Distigminbromid; Distigmine, Bromure de;
Distigmini Bromidum; Hexamarium Bromide. 3,3′-[N,N′-Hex-
amethylenebis(methylcarbamoyloxy)]bis(1-methylpyridinium
bromide).

Дистигмина Бромид
C22H32Br2N4O4 = 576.3.
CAS — 15876-67-2.
ATC — N07AA03.
ATC Vet — QN07AA03.

Pharmacopoeias. In Jpn.

Adverse Effects, Treatment, and Precautions
As for Neostigmine, p.631. The anticholinesterase action of
distigmine, and hence its adverse effects, may be prolonged, and
if treatment with atropine is required it should be maintained for
at least 24 hours. Distigmine may stimulate uterine contractions
and UK licensed product information has advised that it should
be avoided in pregnancy.

Interactions
As for Neostigmine, p.632.

Pharmacokinetics
Distigmine is poorly absorbed from the gastrointestinal tract.

Uses and Administration
Distigmine is a quaternary ammonium compound that is a re-
versible inhibitor of cholinesterase activity with actions similar
to those of neostigmine (p.632) but more prolonged. Maximum
inhibition of plasma cholinesterase occurs 9 hours after a single
intramuscular dose, and persists for about 24 hours. 
Although it is rarely used, distigmine bromide may be given oral-
ly with short-acting parasympathomimetics for the treatment of
myasthenia gravis (p.629); patients being treated with parasym-
pathomimetics tend to prefer pyridostigmine. The initial dose is
5 mg daily before breakfast, increased at intervals of 3 to 4 days
if necessary to a maximum of 20 mg daily; children may be giv-
en up to 10 mg daily according to age. 
Distigmine is one of several drugs that have been used in the pre-
vention and treatment of postoperative gastrointestinal atony
(see Decreased Gastrointestinal Motility, p.1694). It has also
been used in postoperative urinary retention (p.2180), al-
though it has been superseded by catheterisation. A dose of
500 micrograms of distigmine bromide was injected intramuscu-
larly about 24 to 72 hours after surgery and repeated at intervals
of 1 to 3 days until normal function was restored. Alternatively it
has been given orally in a dose of 5 mg daily thirty minutes be-
fore breakfast. A similar oral dose, given daily or on alternate
days, has been used in the management of neurogenic bladder.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ubretid; Cz.: Ubretid; Fin.: Ubretid†; Ger.: Ubretid; Gr.: Ubretid;
Hong Kong: Ubretid; Hung.: Ubretid†; Neth.: Ubretid; Pol.: Ubretid;
Port.: Tonus†; Rus.: Ubretid (Убретид); Singapore: Ubretid; Switz.:
Ubretid; UK: Ubretid.

Edrophonium Chloride (BAN, rINN)

Cloruro de edrofonio; Edrofonio chloridas; Edrofonium-chlorid;
Edrofoniumklorid; Edrofoniumkloridi; Edrofonyum Klorür; Edro-
phonii chloridum; Édrophonium, chlorure d’. Ethyl(3-hydroxy-
phenyl)dimethylammonium chloride.
Эдрофония Хлорид
C10H16ClNO = 201.7.
CAS — 312-48-1 (edrophonium); 116-38-1 (edrophonium
chlor ide).

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Edrophonium Chloride). A white or almost white
crystalline powder. Very soluble in water; freely soluble in alco-
hol; practically insoluble in dichloromethane. A 10% solution in
water has a pH of 4.0 to 5.0. Protect from light. 
USP 31 (Edrophonium Chloride). A white odourless crystalline
powder. Soluble 1 in 0.5 of water and 1 in 5 of alcohol; insoluble
in chloroform and in ether. A 10% solution in water is practically
colourless and the pH is between 4.0 and 5.0.

Adverse Effects, Treatment, and Precau-
tions
As for Neostigmine, p.631.

Interactions
As for Neostigmine, p.632.

Uses and Administration
Edrophonium is a quaternary ammonium compound
that is a reversible inhibitor of cholinesterase activity. It
has actions similar to those of neostigmine (p.632) but
its effect on skeletal muscle is claimed to be particular-
ly prominent. It has a rapid onset but short duration of
action. In patients with myasthenia gravis, there is im-
mediate subjective improvement and muscle strength
increases. This effect usually lasts only for about 5 to
15 minutes, after which time the typical signs and
symptoms return; because of its brief action the drug is
not suitable for the routine treatment of myasthenia
gravis. 
Edrophonium chloride is used in myasthenia gravis
(p.629) both diagnostically and to distinguish between
under- or over-treatment with other anticholinesteras-
es. 
• The usual diagnostic procedure is to inject 2 mg in-

travenously and, if no adverse reaction occurs within
30 to 45 seconds, to continue with the injection of a
further 8 mg. In the UK the recommended total dose
for children is 100 micrograms/kg, one-fifth of the
dose being given initially, followed 30 seconds later
by the remainder if no adverse effects develop; the
BNFC suggests that this dose may be given to those
aged from 1 month to 12 years. In the USA a total
dose of 5 mg for children weighing less than 34 kg
and 10 mg for heavier children is recommended,
with one-fifth of the dose being given initially fol-
lowed by increments of 1 mg every 30 to 45 sec-
onds; the recommended total dose for infants is
500 micrograms. 
When intravenous injection is difficult edrophonium
chloride may be given by intramuscular injection;
the usual dose in adults is 10 mg while children be-
low 34 kg in weight may be given 2 mg and heavier
children 5 mg; a suggested dose for infants is 0.5 to
1 mg given intramuscularly or subcutaneously.
Atropine should always be available when the test is
carried out in order to treat any severe muscarinic
reactions that may occur. 

• To detect under- or over-treatment, test doses of 1 to
2 mg of edrophonium chloride are given intrave-
nously to distinguish severe symptoms of myasthe-
nia gravis due to inadequate therapy from the effects
of overdosage with anticholinesterase drugs. If treat-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ment has been inadequate, edrophonium chloride
will produce an immediate amelioration of symp-
toms, whereas in cholinergic crises due to over-treat-
ment the symptoms will be temporarily aggravated.
In the UK, the BNFC recommends that edrophoni-
um chloride may be used in children aged from 1
month to 12 years to detect under- or over-treatment
in a dose of 20 micrograms/kg. Licensed product in-
formation suggests testing one hour after the last
dose of treatment but the BNF and the BNFC recom-
mend testing just before the next dose is due. Testing
should only be undertaken when facilities for en-
dotracheal intubation and controlled ventilation are
immediately available. 

Edrophonium chloride was originally introduced for
the reversal of neuromuscular blockade in anaesthe-
sia. In the UK, the recommended dose in adults and
children for the reversal of the effects of competitive
neuromuscular blockers is 500 to 700 micrograms/kg
given by intravenous injection over several minutes
either with or after atropine sulfate 7 micrograms/kg;
the BNFC suggests that this dose may be given to chil-
dren as young as 1 month of age. In the USA, a dose of
10 mg of edrophonium chloride is given over 30 to 45
seconds and repeated as required up to a maximum of
40 mg. The brevity of its action limits its value. Pro-
longed apnoea may occur in patients treated with a de-
polarising neuromuscular blocker, such as suxametho-
nium; to determine if this is caused by a phase II block
(see p.1912), edrophonium chloride 10 mg may be giv-
en intravenously with atropine. 
Edrophonium bromide has been used similarly to edro-
phonium chloride.
Reversal of neuromuscular blockade. For a discussion of
whether edrophonium might be more suitable than neostigmine
for reversal of residual block after the use of the shorter-acting
competitive neuromuscular blockers, see under Uses and
Administration of Neostigmine, p.633.
Snake bite. For the use of anticholinesterases in the treatment
of snake bite, see under Uses and Administration of Neostig-
mine, p.633.
Tetrodotoxin poisoning. Management of poisoning due to
tetrodotoxin, a heat stable neuromuscular blocking toxin found
in various marine animals, such as puffer fish, is mainly sympto-
matic and supportive. Reports1,2 on the effectiveness of intrave-
nous anticholinesterases such as edrophonium or neostigmine in
reversing muscle weakness in tetrodotoxin poisoning have been
conflicting. Although it appears that anticholinesterases may
only be effective during partial block produced by tetrodotoxin,
some consider3 that, as there is no specific antidote, any measure
that brings about improvement may be tried.
1. Chew SK, et al. Anticholinesterase drugs in the treatment of tet-

rodotoxin poisoning. Lancet 1984; ii: 108. 
2. Tibballs J. Severe tetrodotoxic fish poisoning. Anaesth Intensive

Care 1988; 16: 215–17. 
3. Karalliedde L. Management of puffer fish poisoning. Br J

Anaesth 1995; 75: 500.

Preparations
BP 2008: Edrophonium Injection; 
USP 31: Edrophonium Chloride Injection.

Proprietary Preparations (details are given in Part 3)
Canad.: Enlon; Gr.: Anticude; Spain: Anticude; USA: Enlon-Plus†; Enlon†;
Reversol; Tensilon.

Fampridine (USAN, rINN)

EL-970; Fampridina; Fampridinum. 4-Aminopyridine; 4-Pyridi-
namine.
Фампридин
C5H6N2 = 94.11.
CAS — 504-24-5.

Profile
Fampridine enhances the release of acetylcholine from nerve ter-
minals and has been used intravenously to reverse the effects of
competitive neuromuscular blockers. It has also been tried orally

and intravenously in the management of neurological disorders
such as Eaton-Lambert myasthenic syndrome (p.629), Guillain-
Barré syndrome (p.2228), multiple sclerosis (p.892), spinal cord
injury, and Alzheimer’s disease (see Dementia, p.362), and for
the reversal of neuromuscular blockade in patients with botulism
(p.2207). Typical oral doses appear to be around 30 to 50 mg dai-
ly. 
Fampridine has also been considered as a specific antidote in poi-
soning with calcium-channel blockers (see Overdosage under
Treatment of Adverse Effects of Nifedipine, p.1352). 
Adverse effects seen in clinical trials include insomnia, seizures,
paraesthesia, dizziness, and nausea; these effects, especially sei-
zures, may limit its use.
◊ References.
1. Ter Wee PM, et al. 4-Aminopyridine and haemodialysis in the

treatment of verapamil intoxication. Hum Toxicol 1985; 4:
327–9. 

2. Davidson M, et al. 4-Aminopyridine in the treatment of Alzhe-
imer’s disease. Biol Psychiatry 1988; 23: 485–90. 

3. Hansebout RR, et al. 4-Aminopyridine in chronic spinal cord in-
jury: a controlled, double-blind, crossover study in eight pa-
tients. J Neurotrauma 1993; 10: 1–18. 

4. Hayes KC, et al. Pharmacokinetics of an immediate-release oral
formulation of fampridine (4-aminopyridine) in normal subjects
and patients with spinal cord injury. J Clin Pharmacol 2003; 43:
379–85.

Multiple sclerosis. Fampridine has potassium-channel block-
ing activity and has been tried in the treatment of multiple scle-
rosis to improve conduction in demyelinated fibres. Improve-
ments have been reported in walking, dexterity, and vision, but
only small numbers of patients have been studied. A systematic
review1 was unable to come to a conclusion about its safety and
efficacy, noting that publication bias posed a problem in this area.
1. Solari A, et al. Aminopyridines for symptomatic treatment in

multiple sclerosis. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2002 (ac-
cessed 15/02/06).

Overdosage. An 8-month-old boy experienced dramatic
opisthotonic posturing and vermiform tongue fasciculations after
ingestion of up to 20 mg of fampridine;1 the child was also noted
to be tachycardic and tachypnoeic. His symptoms resolved after
treatment with benzodiazepines.
1. Velez L, et al. Opisthotonic posturing with neuromuscular irrita-

bility attributable to 4-aminopyridine ingestion by a healthy
pediatric patient. Abstract: Pediatrics 2003; 111: 192–3. Full
version: http://pediatrics.aappublications.org/cgi/content/full/
111/1/e82 (accessed 15/02/06)

Ipidacrine (rINN)

Amiridin (base or hydrochloride); Ipidacrina; Ipidacrinum; NIK-
247 (hydrochloride). 9-Amino-2,3,5,6,7,8-hexahydro-1H-cy-
clopenta[b]quinoline.
Ипидакрин
C12H16N2 = 188.3.
CAS — 62732-44-9 (ipidacrine); 90043-86-0 (ipidacr ine
hydrochloride); 118499-70-0 (ipidacrine hydrochloride
monohydrate).

Profile
Ipidacrine, an analogue of tacrine (p.370), is a cholinesterase in-
hibitor. It is used in the management of various neurological dis-
orders including CNS and peripheral nervous system disorders,
demyelinating disease, myasthenia gravis (p.629) and other
myasthenic syndromes, Alzheimer’s disease (see Dementia,
p.362), and gastrointestinal atony. For myasthenic syndromes an
oral dose of 20 to 40 mg has been given up to 5 times daily. A
usual dosage in Alzheimer’s disease is 10 to 20 mg given 2 or 3
times daily but this may be increased gradually up to 200 mg
daily given in divided doses. 
Ipidacrine has also been given by injection as the hydrochloride.
Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Axamon (Аксамон).

Neostigmine (BAN)

Neostigmiini; Neostigmin; Neostigmina; Neostigminum. 3-
(Dimethylcarbamoyloxy)trimethylanilinium ion.
C12H19N2O2 = 223.3.
CAS — 59-99-4.
ATC — N07AA01; S01EB06.
ATC Vet — QA03AB93; QN07AA01; QS01EB06.

Neostigmine Bromide (BANM, pINN)

Bromuro de neostigmina; Neostig. Brom.; Neostigmiinibromidi;
Neostigminbromid; Néostigmine, bromure de; Neostigmini bro-
midum; Neostigminii Bromidum; Neostigminium-bromid; Ne-
ostigmino bromidas; Neostigminum Bromatum; Neosztigmin-
bromid; Synstigminium Bromatum.
Неостигмина Бромид
C12H19BrN2O2 = 303.2.
CAS — 114-80-7.
ATC — N07AA01; S01EB06.
ATC Vet — QN07AA01; QS01EB06.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Neostigmine Bromide). Hygroscopic, colourless
crystals or a white or almost white, crystalline powder. Very sol-
uble in water; freely soluble in alcohol. Protect from light. 
USP 31 (Neostigmine Bromide). Store in airtight containers.
Stability. References.
1. Porst H, Kny L. Kinetics of the degradation of neostigmine bro-

mide in aqueous solution. Pharmazie 1985;  40: 713–17.

Neostigmine Metilsulfate (BANM)

Neostig. Methylsulph.; Neostigmiinimetilsulfaatti; Neostigmina,
metilsulfato de; Neostigmine Methylsulfate; Neostigmine Methyl-
sulphate; Néostigmine, métilsulfate de; Neostigmini metilsulfas;
Neostigminii Metilsulfas; Neostigminium-methylsulfát; Neostig-
minmetilsulfat; Neostigminmetylsulfat; Neostigmino metilsulfatas;
Neostygminy metylosiarczan; Neosztigmin-metilszulfát; Proseri-
num.
C13H22N2O6S = 334.4.
CAS — 51-60-5.
ATC — N07AA01; S01EB06.
ATC Vet — QN07AA01; QS01EB06.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Neostigmine Metilsulfate). Hygroscopic, colour-
less crystals or a white or almost white, crystalline powder. Very
soluble in water; freely soluble in alcohol. Store in airtight con-
tainers. Protect from light. 
USP 31 (Neostigmine Methylsulfate). Store in airtight contain-
ers.

Adverse Effects
The adverse effects of neostigmine are chiefly due to
excessive cholinergic stimulation and most commonly
include increased salivation, nausea and vomiting, ab-
dominal cramps, and diarrhoea. Allergic reactions
have been reported; rashes have been associated with
the use of the bromide salt. Neostigmine penetrates the
blood-brain barrier poorly and CNS effects are usually
only seen with high doses. 
Overdosage may lead to a ‘cholinergic crisis’, charac-
terised by both muscarinic and nicotinic effects. These
effects may include excessive sweating, lachrymation,
increased peristalsis, involuntary defaecation and uri-
nation or desire to urinate, miosis, ciliary spasm, nys-
tagmus, bradycardia and other arrhythmias, hypoten-
sion, muscle cramps, fasciculations, weakness and
paralysis, tight chest, wheezing, and increased bronchi-
al secretion combined with bronchoconstriction. CNS
effects include ataxia, convulsions, coma, slurred
speech, restlessness, agitation, and fear. Death may re-
sult from respiratory failure, due to a combination of
the muscarinic, nicotinic, and central effects, or cardiac
arrest. 
It has been reported that a paradoxical increase in
blood pressure and heart rate may result from nicotinic
stimulation of sympathetic ganglia, especially where
atropine has been given to reverse the muscarinic ef-
fects (see Treatment of Adverse Effects, below). 
In patients with myasthenia gravis, in whom other
symptoms of overdosage may be mild or absent, the
major symptom of cholinergic crisis is increased mus-
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cular weakness, which must be differentiated from the
muscular weakness caused by an exacerbation of the
disease itself (myasthenic crisis). 
The adverse effects of parasympathomimetics applied
topically for their miotic action are discussed under
Pilocarpine on p.1885.

Treatment of Adverse Effects
If a life-threatening amount of neostigmine has been
taken by mouth and the patient presents within 1 hour,
the stomach may be emptied by lavage; giving activat-
ed charcoal to decrease absorption should also be con-
sidered. When necessary maintenance of respiration
should take priority. Atropine sulfate should be given
in usual doses of 1 to 2 mg, preferably intravenously, or
else intramuscularly and repeated as necessary to con-
trol the muscarinic effects; doses of up to 4 mg have
been suggested. Nicotinic effects, including muscle
weakness and paralysis, are not antagonised by atro-
pine; small doses of a competitive neuromuscular
blocker have been suggested for the control of muscle
twitching. Use of the cholinesterase reactivator pral-
idoxime as an adjunct to atropine has also been sug-
gested (see p.1460). Further supportive treatment
should be given as required.

Precautions
Neostigmine is contra-indicated in patients with me-
chanical gastrointestinal or urinary-tract obstruction, or
peritonitis. It should be used with extreme caution in
patients who have undergone recent intestinal or blad-
der surgery and in patients with bronchial asthma. It
should be used with caution in patients with cardiovas-
cular disorders including arrhythmias, bradycardia, re-
cent myocardial infarction, and hypotension, as well as
in patients with vagotonia, epilepsy, hyperthyroidism,
parkinsonism, renal impairment, or peptic ulcer dis-
ease. When neostigmine is given by injection, atropine
should always be available to counteract any excessive
muscarinic reactions; atropine may also be given be-
fore, or with, neostigmine to prevent or minimise mus-
carinic adverse effects but this may mask the initial
symptoms of overdosage and lead to cholinergic crisis. 
UK licensed product information states that as the se-
verity of myasthenia gravis often fluctuates considera-
bly during pregnancy, particular care is needed to avoid
cholinergic crisis caused by overdosage; it has also
been reported that neonatal myasthenia may follow
large doses during pregnancy. The amount of neostig-
mine distributed into breast milk is very small but
breast-fed infants need to be monitored. 
Large oral doses of neostigmine should be avoided in
conditions where there may be increased absorption
from the gastrointestinal tract. It should be avoided in
patients known to be hypersensitive to neostigmine;
the bromide ion from neostigmine bromide may con-
tribute to any allergic reaction. 
The precautions of parasympathomimetics applied
topically for their miotic action are discussed under Pi-
locarpine on p.1885.
Neuromuscular disorders. Residual non-depolarising neu-
romuscular block in a patient with dystrophia myotonica was
only partly reversed by neostigmine and atropine, and following
a second dose of both drugs complete neuromuscular block de-
veloped.1 In a second patient, with a history of progressive mus-
cle dystrophy, the use of neostigmine to reverse residual non-de-
polarising blockade gave rise to a tonic response in the indirectly
stimulated muscle. The type and degree of the response to ne-
ostigmine, and probably other anticholinesterases, cannot be pre-
dicted in patients with neuromuscular disease. 
A patient with sero-negative ocular myasthenia gravis had exag-
gerated responses to both vecuronium and neostigmine.2 The
dose of neuromuscular blockers and their antagonists used in pa-
tients with myasthenia gravis should be titrated carefully regard-
less of the severity of the condition.
1. Buzello W, et al. Hazards of neostigmine in patients with neu-

romuscular disorders: report of two cases. Br J Anaesth 1982;
54: 529–34. 

2. Kim J-M, Mangold J. Sensitivity to both vecuronium and ne-
ostigmine in a sero-negative myasthenic patient. Br J Anaesth
1989; 63: 497–500.

Interactions
Drugs with neuromuscular blocking activity, such as
the aminoglycosides, clindamycin, colistin, cyclopro-
pane, and the halogenated inhalational anaesthetics,
may antagonise the effects of neostigmine. Those such
as quinine, chloroquine, hydroxychloroquine, quini-
dine, procainamide, propafenone, lithium, and the beta
blockers, that have the potential to aggravate myasthe-
nia gravis, can reduce the effectiveness of treatment
with parasympathomimetics. Prolonged bradycardia
has also occurred in patients receiving beta blockers
when given neostigmine. Anticholinesterases, such as
neostigmine, can inhibit the metabolism of suxametho-
nium and enhance and prolong its action; combined
use is not recommended. 
Ophthalmic use of anticholinesterases, such as ecothi-
opate, should be undertaken with care in patients re-
ceiving neostigmine systemically for myasthenia
gravis, because of possible additive toxicity. 
Antimuscarinics such as atropine antagonise the mus-
carinic effects of neostigmine.
Beta blockers. There have been several reports of bradycardia
and hypotension when neostigmine or physostigmine were given
to patients receiving beta blockers1-4 but no significant changes
in heart rate were noted in a study of pyridostigmine given to 8
patients taking beta blockers.5 Beta blockers have the potential to
aggravate the symptoms of myasthenia gravis and may therefore
reduce the effectiveness of parasympathomimetic treatment.
1. Sprague DH. Severe bradycardia after neostigmine in a patient

taking propranolol to control paroxysmal atrial tachycardia. An-
esthesiology 1975; 42: 208–10. 

2. Seidl DC, Martin DE. Prolonged bradycardia after neostigmine
administration in a patient taking nadolol. Anesth Analg 1984;
63: 365–7. 

3. Baraka A, Dajani A. Severe bradycardia following physostig-
mine in the presence of beta-adrenergic blockade: a case report.
Middle East J Anesthesiol 1984; 7: 291–3. 

4. Eldor J, et al. Prolonged bradycardia and hypotension after ne-
ostigmine administration in a patient receiving atenolol. Anaes-
thesia 1987; 42: 1294–7. 

5. Arad M, et al. Safety of pyridostigmine in hypertensive patients
receiving beta blockers. Am J Cardiol 1992; 69: 518–22.

Calcium-channel blockers. Use of calcium-channel blockers
such as verapamil with neuromuscular blockers may produce an
enhanced muscle block which is resistant to reversal with
neostigmine1 but which can be reversed by edrophonium.2
1. van Poorten JF, et al. Verapamil and reversal of vecuronium neu-

romuscular blockade. Anesth Analg 1984; 63: 155–7. 
2. Jones RM, et al. Verapamil potentiation of neuromuscular block-

ade: failure of reversal with neostigmine but prompt reversal
with edrophonium. Anesth Analg 1985; 64: 1021–5.

Corticosteroids. Although use of glucocorticoids alone may
improve strength in myasthenic patients, use of methylpred-
nisolone in patients receiving neostigmine or pyridostigmine has
exacerbated symptoms and produced profound weakness need-
ing assisted ventilation.1 Since the adverse effects of combined
therapy usually occur before any expected benefits it has been
suggested that the glucocorticoid should be given on alternate
days in small doses which are increased gradually until the opti-
mal effect is achieved.2
1. Brunner NG, et al. Corticosteroids in management of severe,

generalized myasthenia gravis: effectiveness and comparison
with corticotrophin therapy. Neurology 1972; 22: 603–10. 

2. Jubiz W, Meikle AW. Alterations of glucocorticoid actions by
other drugs and disease states. Drugs 1979; 18: 113–21.

Pharmacokinetics
Neostigmine is a quaternary ammonium compound
and, as the bromide, is poorly absorbed from the gas-
trointestinal tract. After parenteral doses as the metil-
sulfate, neostigmine is rapidly eliminated and is excret-
ed in the urine both as unchanged drug and
metabolites. Neostigmine undergoes hydrolysis by
cholinesterases and is also metabolised in the liver.
Protein binding to human serum albumin is reported to
range from 15 to 25%. Penetration into the CNS is
poor. Neostigmine crosses the placenta and very small
amounts are distributed into breast milk.
◊ Neostigmine appears to be poorly and variably absorbed when
given orally. In 3 myasthenic patients peak plasma concentra-
tions were obtained 1 to 2 hours after a single 30-mg dose by
mouth and the mean plasma half-life was 0.87 hours; bioavaila-
bility was estimated to be 1 to 2%.1 Mean plasma half-lives of
0.89 and 1.20 hours have been obtained after intravenous1 and
intramuscular2 injections of neostigmine metilsulfate, respec-
tively, although again only a few patients were studied. Metabo-
lism and biliary excretion may play significant roles in the elim-
ination of neostigmine.2 About 80% of a dose may be excreted in
the urine within 24 hours: about 50% of a dose as unchanged
drug and 15% as 3-hydroxyphenyltrimethylammonium.2 Mean

plasma elimination half-lives for neostigmine have been found to
be shorter in infants (0.65 hours) and children (0.80 hours) com-
pared with adults (1.12 hours) but this does not appear to be re-
lated to its duration of effect in antagonising neuromuscular
blockade.3 For the half-life in anephric patients, see Administra-
tion in Renal Impairment, below.
1. Aquilonius S-M, et al. A pharmacokinetic study of neostigmine

in man using gas chromatography–mass spectrometry. Eur J Clin
Pharmacol 1979; 15: 367–71. 

2. Somani SM, et al. Kinetics and metabolism of intramuscular ne-
ostigmine in myasthenia gravis. Clin Pharmacol Ther 1980; 28:
64–8. 

3. Fisher DM, et al. The neuromuscular pharmacology of neostig-
mine in infants and children. Anesthesiology 1983; 59: 220–5.

Uses and Administration
Neostigmine is a quaternary ammonium compound
that inhibits cholinesterase activity and thus prolongs
and intensifies the physiological actions of acetylcho-
line (p.1877). It probably also has direct effects on
skeletal muscle fibres. The anticholinesterase actions
of neostigmine are reversible. 
Neostigmine is used in the treatment of myasthenia
gravis, and has been used as an alternative to edropho-
nium in the diagnosis of myasthenia gravis (p.629). It
is used in anaesthesia to reverse the neuromuscular
blockade produced by competitive neuromuscular
blockers (see below). It is also used in the management
of paralytic ileus. Neostigmine has been used in the
management of postoperative urinary retention
(p.2180) but has generally been superseded by cathe-
terisation. It has also been used to lower intra-ocular
pressure in the management of glaucoma and to reduce
rises in intra-ocular pressure associated with ophthal-
mic surgery, although other parasympathomimetics are
usually used when such miotics are required. 
Neostigmine is given as the bromide and as the metil-
sulfate. Neostigmine bromide is given orally and has
been used topically as eye drops; the metilsulfate is
given by intramuscular, intravenous, or subcutaneous
injection. 
Licensed product  informat ion  s ta tes  tha t
500 micrograms of neostigmine metilsulfate by intra-
venous injection is equivalent in effect to about 1 to
1.5 mg of neostigmine metilsulfate by intramuscular or
subcutaneous injection, or 15 mg of neostigmine bro-
mide orally. 
In the treatment of myasthenia gravis, neostigmine
bromide is given orally in a total daily dose usually be-
tween 75 and 300 mg, divided throughout the day, and
if necessary the night, according to response; larger
portions of the total dose may be given at times of
greater fatigue. The maximum daily dose that most pa-
tients can tolerate is 180 mg. A usual total daily oral
dose in children is 15 to 90 mg. In patients in whom
oral therapy is impractical neostigmine metilsulfate
may be given in doses of 0.5 to 2.5 mg by intramuscu-
lar or subcutaneous injection at intervals, giving a total
daily dose usually in the range 5 to 20 mg. Single doses
in children have ranged from 200 to 500 micrograms. 
In the treatment of neonatal myasthenia gravis doses in
the range 50 to 250 micrograms of the metilsulfate by
intramuscular or subcutaneous injection, or 1 to 5 mg
of the bromide orally, have been given usually every 4
hours (30 minutes before feeds); treatment is rarely
needed beyond 8 weeks of age. 
To reverse neuromuscular blockade produced by
competitive neuromuscular blockers, the usual adult
dose in the UK is 50 to 70 micrograms/kg given by in-
travenous injection over a period of 60 seconds; in the
USA lower doses of 0.5 to 2 mg are used. Additional
neostigmine may be given until the muscle power is
normal but a total of 5 mg should not be exceeded.
Similar doses may be used in children; the BNFC rec-
ommends a dose of 50 to 80 micrograms/kg in ne-
onates and children, to a maximum of 2.5 mg in those
under 12 years of age. The patient should be well ven-
tilated until complete recovery of normal respiration is
assured. To counteract any muscarinic effects in adults
0.6 to 1.2 mg of atropine sulfate is given by intrave-
nous injection with or before the dose of neostigmine;
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neonates and children up to 18 years of age may be giv-
en 20 micrograms/kg of atropine sulfate (to a maxi-
mum of 600 micrograms in those aged 1 month and
over). It has been suggested that in the presence of
bradycardia atropine sulfate should be given several
minutes before neostigmine. Glycopyrronium bromide
has been used as an alternative to atropine sulfate. 
In the treatment of paralytic ileus and postoperative
urinary retention, oral doses of 15 to 30 mg of the
bromide, or more usually 500 micrograms of the metil-
sulfate by subcutaneous or intramuscular injection,
have been used.
Administration in renal impairment. The dosage of neo-
stigmine may need to be adjusted in patients with renal impair-
ment. The mean serum elimination half-life of 79.8 minutes ob-
tained in patients with normal renal function was found to be pro-
longed to 181.1 minutes in anephric patients.1
1. Cronnelly R, et al. Renal function and the pharmacokinetics of

neostigmine in anesthetized man. Anesthesiology 1979; 51:
222–6.

Decreased gastrointestinal motility. Parasympathomimet-
ics enhance gastric contractions and increase intestinal motility
and have been used in conditions associated with decreased gas-
trointestinal motility (p.1694). Good results have been reported
with intravenous neostigmine in the treatment of acute colonic
pseudo-obstruction,1,2 a condition that appears to be due to para-
sympathomimetic dysfunction. These results have been con-
firmed in a randomised double-blind study.3 It has therefore been
suggested that parasympathomimetics should be tried before co-
lonic decompression or surgery when conservative management
has failed or a rapid resolution is required.3 Neostigmine has also
been used in the treatment of severe constipation due to disrupted
intestinal motility.4,5

1. Hutchinson R, Griffiths C. Acute colonic pseudo-obstruction: a
pharmacological approach. Ann R Coll Surg Engl 1992; 74:
364–7. 

2. Stephenson BM, et al. Parasympathomimetic decompression of
acute colonic pseudo-obstruction. Lancet 1993; 342: 1181–2. 

3. Ponec RJ, et al. Neostigmine for the treatment of acute colonic
pseudo-obstruction. N Engl J Med 1999; 341: 137–41. 

4. Miller LS. Neostigmine for severe constipation with spinal cord
lesions. Ann Intern Med 1984; 101: 279. 

5. Thurtle OA, et al. Intractable constipation in malignant phaeo-
chromocytoma: combined treatment with adrenergic blockade
and cholinergic drugs. J R Soc Med 1984; 77: 327–8.

Local anaesthesia. Intrathecal neostigmine has been added to
spinal local anaesthetics or opioids as an adjunct to prolong re-
gional analgesia and improve haemodynamic stability. A sys-
tematic review1 of studies of such use found that although neo-
stigmine in doses up to 500 micrograms produced a very modest
increase in analgesia in the perioperative and peripartum setting,
it did not appear to improve haemodynamic stability and the in-
cidence of adverse effects was greatly increased, even at low dos-
es. The disadvantages were felt to outweigh whatever benefits
such therapy might have.
1. Ho, KM, et al. Use of intrathecal neostigmine as an adjunct to

other spinal medications in perioperative and peripartum analge-
sia: a meta-analysis. Anaesth Intensive Care 2005; 33: 41–53.

Reversal of neuromuscular blockade. Anticholinesterases
have often been used after surgery to antagonise residual neu-
romuscular block induced by long-acting competitive neuromus-
cular blockers. However, there has been continuing debate1-3 on
whether anticholinesterases can be used in reduced doses or even
omitted for intermediate-acting blockers such as atracurium and
vecuronium and shorter-acting blockers such as mivacurium. 
Decreasing the anticholinesterase dose may reduce adverse ef-
fects. Although it is not clear whether omitting neostigmine re-
versal reduces nausea and vomiting,3,4 it avoids any adverse ef-
fects neostigmine may have on gut anastomoses. One
commentator1 considered that the wide variation in recovery
time with aminosteroid blockers such as rocuronium was an in-
dication for always using at least a small dose of anticholineste-
rase when these drugs were used. However, it was suggested
that, if the block was being carefully monitored and recovery was
established, a reduced dose of 1.25 mg of neostigmine might be
preferable after a benzylisoquinolinium blocker such as atracuri-
um or mivacurium. In children, smaller doses of an anti-
cholinesterase could be used, even after an aminosteroid blocker,
and after a blocker such as mivacurium, they might not be need-
ed at all. 
Others have preferred to reserve neostigmine reversal for cases
where it was deemed clinically necessary: in a study4 using such
a protocol, 68% of those receiving rocuronium were given neo-
stigmine, against 10% of those receiving mivacurium. 
It has been suggested that because of its shorter duration of action
edrophonium might be more suitable than neostigmine to antag-
onise residual block for neuromuscular blockers with shorter ac-
tions and in particular, that edrophonium might be more appro-
priate than neostigmine for use with mivacurium. Neostigmine
inhibits the plasma cholinesterase responsible for the metabolism
of mivacurium and its use can in theory delay rather than speed
recovery, although in practice there is considered to be little evi-

dence for such an effect.1 Edrophonium also has lesser effects on
the vagus, a more rapid onset of action, and may be associated
with a lower incidence of nausea and vomiting than neostig-
mine.5 Neostigmine can cause clinically significant neuromuscu-
lar blockade if it is given to a patient who has already recovered
a large degree of neuromuscular function6,7 but edrophonium ap-
pears not to have this effect.8 However, the antagonism produced
by edrophonium is not adequately and reliably sustained espe-
cially after profound block.9,10

1. Hunter JM. Is it always necessary to antagonize residual neu-
romuscular block? Do children differ from adults? Br J Anaesth
1996; 77: 707–9. 

2. Fawcett WJ. Neuromuscular block in children. Br J Anaesth
1997; 78: 627. 

3. Fuchs-Buder T, Mencke T. Use of reversal agents in day care
procedures (with special reference to postoperative nausea and
vomiting). Eur J Anaesthesiol 2001; 18 (suppl 23): 53–9. 

4. Joshi GP, et al. The effects of antagonizing residual neuromus-
cular blockade by neostigmine and glycopyrrolate on nausea
and vomiting after ambulatory surgery. Anesth Analg 1999; 89:
628–31. 

5. Watcha MF, et al. Effect of antagonism of mivacurium-induced
neuromuscular block on postoperative emesis in children. An-
esth Analg 1995; 80: 713–17. 

6. Hughes R, et al. Neuromuscular blockade by neostigmine. Br J
Anaesth 1979; 51: 568P. 

7. Payne JP, et al. Neuromuscular blockade by neostigmine in
anaesthetized man. Br J Anaesth 1980; 52: 69–75. 

8. Astley BA, et al. Electrical and mechanical responses after neu-
romuscular blockade with vecuronium, and subsequent antago-
nism with neostigmine or edrophonium. Br J Anaesth 1987; 59:
983–8. 

9. Caldwell JE, et al. Antagonism of profound neuromuscular
blockade induced by vecuronium or atracurium: comparison of
neostigmine with edrophonium. Br J Anaesth 1986; 58: 1285–9. 

10. Mirakhur RK, et al. Antagonism of vecuronium-induced neu-
romuscular blockade with edrophonium or neostigmine. Br J
Anaesth 1987; 59: 473–7.

Snake bite. The general management of snake bites is dis-
cussed on p.2239. Numerous reports from India have claimed
benefit for anticholinesterases in the treatment of neurotoxic
snake bites but failure to distinguish between cobra and krait
bites, lack of controls, and inadequate information about other
therapy weaken the claims.1 However, edrophonium has been
shown in 2 double-blind studies to be more effective than
placebo2 and antivenom3 in the treatment of snake bite due to the
Philippine cobra (Naja naja philippinensis). Neostigmine has
also been reported4 to have been effective in reversing paralysis
in 2 patients bitten by Micrurus frontalis (a coral snake). Similar-
ly, another patient made a remarkable recovery when treated
with neostigmine after being bitten by an Asiatic cobra (Naja
naja kaouthia).5 Anticholinesterases would be expected to be of
little value for bites from snakes whose venom contains neuro-
toxins which act presynaptically, including the Asian krait, the
Australian tiger snake, and the taipan6 and, although beneficial
results have been reported in individual patients,7 overall results
are considered to be inconsistent.2,8 However, it is recommended
that a test dose of edrophonium preceded by atropine should be
given to patients with neurological signs after a snake bite by any
species and if improvement occurs, a longer acting anti-
cholinesterase such as neostigmine can be given.2,3

1. Reid HA. Venoms and antivenoms. Trop Dis Bull 1983; 80: 23. 
2. Watt G, et al. Positive response to edrophonium in patients with

neurotoxic envenoming by cobras (Naja naja philippinensis). N
Engl J Med 1986; 315: 1444–8. 

3. Watt G, et al. Comparison of Tensilon  and antivenom for the
treatment of cobra-bite paralysis. Trans R Soc Trop Med Hyg
1989; 83: 570–3. 

4. Vital Brazil O, Vieira RJ. Neostigmine in the treatment of snake
accidents caused by Micrurus frontalis: report of two cases. Rev
Inst Med Trop Sao Paulo 1996; 38: 61–7. 

5. Gold BS. Neostigmine for the treatment of neurotoxicity follow-
ing envenomation by the Asiatic cobra. Ann Emerg Med 1996;
28: 87–9. 

6. Brophy T, Sutherland SK. Use of neostigmine after snake bite.
Br J Anaesth 1979; 51: 264–5. 

7. Warrell DA, et al. Severe neurotoxic envenoming by the Malay-
an krait Bungarus candidus (Linnaeus): response to antivenom
and anticholinesterase. BMJ 1983; 286: 678–80. 

8. Trevett AJ, et al. Failure of 3,4-diaminopyridine and edrophoni-
um to produce significant clinical benefit in neurotoxicity fol-
lowing the bite of Papuan taipan (Oxyuranus scutellatus carini).
Trans R Soc Trop Med Hyg 1995; 89: 444–6.

Tetrodotoxin poisoning. For reference to the use of neostig-
mine in the treatment of tetrodotoxin poisoning caused by eating
puffer fish, see under Uses and Administration of Edrophonium
Chloride, p.631.

Preparations
BP 2008: Neostigmine Injection; Neostigmine Tablets; 
USP 31: Neostigmine Bromide Tablets; Neostigmine Methylsulfate Injec-
tion.

Proprietary Preparations (details are given in Part 3)
Arg.: Fadastigmina; Prostigmin; Austral.: Prostigmin; Austria: Normastig-
min; Prostigmin; Belg.: Prostigmine; Robinul-Neostigmine; Braz.: Normas-
tig; Prostigmine; Canad.: Prostigmin; Chile: Prostigmine†; Cz.: Syntostig-
min; Denm.: Robinul-Neostigmin; Fin.: Glycostigmin; Robinul-Neostigmin;
Fr.: Prostigmine; Ger.: Neostig; Gr.: Prostigmine; Hong Kong: Prostigmin†;
Hung.: Stigmosan; India: Tilstigmin; Indon.: Prostigmin; Israel: Prostig-
mine†; Ital.: Intrastigmina; Prostigmina; Malaysia: Prostigmin†; Mex.:

Prostigmine; Neth.: Prostigmin; Norw.: Robinul-Neostigmin; Philipp.:
Prostigmin; Pol.: Polstigminum; Port.: Intrastigmina; Prostigmine; Spain:
Prostigmine; Swed.: Robinul-Neostigmin; Switz.: Prostigmin; Robinul-Ne-
ostigmine; Thai.: Prostigmin; UK: Robinul-Neostigmine; USA: Neostig-
mine Min-I-Mix; Prostigmin.

Multi-ingredient: Austria: Normastigmin mit Pilocarpin; Pilostigmin
Puroptal; Ger.: Syncarpin-N†.

Pyridostigmine Bromide (BAN, rINN)

Bromuro de piridostigmina; Piridostigmin Bromür; Piridostigmi-
no bromidas; Piridosztigmin-bromid; Pyridostig. Brom.; Pyri-
dostigmiinibromidi; Pyridostigminbromid; Pyridostigmine, bro-
mure de; Pyridostigmini bromidum; Pyridostigminii Bromidum;
Pyridostigminium-bromid. 3-Dimethylcarbamoyloxy-1-methyl-
pyridinium bromide.
Пиридостигмина Бромид
C9H13BrN2O2 = 261.1.
CAS — 155-97-5 (pyr idostigmine); 101-26-8 (pyridostig-
mine bromide).
ATC — N07AA02.
ATC Vet — QN07AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Pyridostigmine Bromide). A white or almost white
deliquescent crystalline powder. Very soluble in water and in al-
cohol. Store in airtight containers. Protect from light. 
USP 31 (Pyridostigmine Bromide). A white or practically white,
hygroscopic, crystalline powder, having an agreeable character-
istic odour. Freely soluble in water, in alcohol, and in chloroform;
practically insoluble in ether; slightly soluble in petroleum spirit.
Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Neostigmine, p.631. It has been stated that mus-
carinic adverse effects occur less frequently with pyri-
dostigmine treatment than with neostigmine.
Breast feeding. Pyridostigmine was present in the breast milk
of 2 nursing mothers, receiving maintenance therapy for
myasthenia gravis, in a concentration between 36 and 113% of
that in maternal plasma,1 but in both cases the dose ingested per
kg body-weight by the nursing infant was 0.1% or less of that
ingested by the mother. Maternal medication with pyridostig-
mine should be no obstacle to breast feeding, at least with doses
in the range of 180 to 300 mg daily. 
On the basis of this study, the American Academy of Pediatrics
considers2 that pyridostigmine is usually compatible with breast
feeding.
1. Hardell L-I, et al. Pyridostigmine in human breast milk. Br J

Clin Pharmacol 1982; 14: 565–7. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 15/02/06)

Effects on the joints. Several years after starting oral pyri-
dostigmine bromide 60 mg five times daily, a middle-aged wom-
an had episodes of bilateral arthralgia and hyperalgesia of her
hips, knees, toes, and shoulders.1 Symptoms resolved when py-
ridostigmine was stopped and rechallenge was positive on sever-
al occasions.
1. Rostedt A, Stålberg E. Joint pain and hyperalgesia due to pyri-

dostigmine bromide in a patient with myasthenia gravis. Neurol-
ogy 2004; 62: 835–6.

Psychosis. Postoperative psychosis in a patient with myasthenia
gravis who received large doses of pyridostigmine bromide was
attributed to bromide intoxication,1 but this diagnosis has been
challenged.2
1. Rothenberg DM, et al. Bromide intoxication secondary to pyri-

dostigmine bromide therapy. JAMA 1990; 263: 1121–2. 
2. Senecal P-E, Osterloh J. Confusion from pyridostigmine bro-

mide: was there bromide intoxication? JAMA 1990; 264: 454–5.

Renal impairment. During use of pyridostigmine for the re-
versal of neuromuscular blockade produced by competitive neu-
romuscular blockers, pyridostigmine kinetics were not signifi-
cantly different after renal transplantation in 5 patients compared
with those in 5 patients with normal renal function. However, in
4 anephric patients the elimination half-life was significantly in-
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creased and the plasma clearance significantly decreased.1 It ap-
peared that about 75% of the plasma clearance of pyridostigmine
depended on renal function.
1. Cronnelly R, et al. Pyridostigmine kinetics with and without re-

nal function. Clin Pharmacol Ther 1980; 28: 78–81.

Interactions
As for Neostigmine, p.632.

Pharmacokinetics
Pyridostigmine bromide is poorly absorbed from the
gastrointestinal tract. It undergoes hydrolysis by
cholinesterases and is also metabolised in the liver.
Pyridostigmine is excreted mainly in the urine as
unchanged drug and metabolites. Pyridostigmine
crosses the placenta and very small amounts are dis-
tributed into breast milk (see Breast Feeding, above).
Penetration into the CNS is poor.
◊ It has been suggested1 that data from pharmacokinetic studies
of pyridostigmine might have varied because of the analytical
methods used or inappropriate storage conditions of plasma sam-
ples; it was recommended that samples should be acidified and
stored at −75°. Mean terminal elimination half-life was 200 min-
utes in 11 healthy subjects given 60 mg of pyridostigmine by
mouth; maximum plasma concentrations were obtained 1 to 5
hours after dosing. The mean terminal elimination half-life after
a 4-mg intravenous infusion in 10 of these subjects was 97 min-
utes.1 Oral bioavailability was calculated to vary from 11.5 to
18.9%. In an earlier study food did not appear to affect bioavail-
ability but did delay the time taken to achieve peak plasma con-
centrations.2 It appears that 75% of the plasma clearance of pyri-
dostigmine depends on renal function.3 3-Hydroxy-N-
methylpyridinium has been identified as one of the 3 metabolites
isolated from the urine of patients taking pyridostigmine.4

1. Breyer-Pfaff U, et al. Pyridostigmine kinetics in healthy subjects
and patients with myasthenia gravis. Clin Pharmacol Ther 1985;
37: 495–501. 

2. Aquilonius S-M, et al. Pharmacokinetics and oral bioavailability
of pyridostigmine in man. Eur J Clin Pharmacol 1980; 18:
423–8. 

3. Cronnelly R, et al. Pyridostigmine kinetics with and without re-
nal function. Clin Pharmacol Ther 1980: 28: 78–81. 

4. Somani SM, et al. Pyridostigmine in man. Clin Pharmacol Ther
1972; 13: 393–9.

Uses and Administration
Pyridostigmine is a quaternary ammonium compound
that is a reversible inhibitor of cholinesterase activity
with actions similar to those of neostigmine (p.632),
but is slower in onset and of longer duration. It is given
as the bromide. 
Pyridostigmine is mainly used in the treatment of
myasthenia gravis (p.629) although its use in neonatal
myasthenia has declined in favour of neostigmine. It
has also been used in the treatment of paralytic ileus.
Pyridostigmine is sometimes used to reverse the neu-
romuscular blockade produced by competitive neu-
romuscular blockers but is generally considered less
satisfactory than neostigmine. It has also been used as
prophylaxis against the neuromuscular effects of nerve
gas poisoning (below). Pyridostigmine has been used
in the management of postoperative urinary retention
(p.2180) but has generally been superseded by cathe-
terisation. 
For myasthenia gravis, total daily oral doses in the
UK may range from 300 mg to 1.2 g; however, the
BNF states that daily doses of 450 mg should not be
exceeded in order to avoid receptor downregulation. It
also notes that patients receiving pyridostigmine in
doses over 360 mg daily may need more aggressive
therapy. In the USA, licensed doses are somewhat
higher, ranging up to 1.5 g daily. 

The dose should be divided throughout the day and, if
necessary, the night, according to response; larger por-
tions of the total daily dose may be given at times of
greater fatigue. 
A suggested oral dose in the USA for children is
7 mg/kg daily in 5 or 6 divided doses. An alternative
regimen used in the UK is an initial dose of 30 mg for
children under 6 years or 60 mg for those aged 6 to 12
years. This is increased gradually by increments of 15
to 30 mg daily until a satisfactory response is obtained,
which is usually within the dosage range of 30 to
360 mg daily. 
Pyridostigmine has also been given as modified-re-
lease tablets, usually once or twice daily but these offer
less flexibility of dosage. If necessary it has also been
given by intramuscular injection or in severe cases by
very slow intravenous injection. However, the intrave-
nous route is hazardous and, if used, atropine must be
available to counteract any severe muscarinic reac-
tions. 
In the treatment of neonatal myasthenia doses in the
range of 50 to 150 micrograms/kg by intramuscular in-
jection or 5 to 10 mg orally (30 to 60 minutes before
feeds) have been given every 4 to 6 hours. Alternative-
ly, oral doses may be based on neonatal weight: in the
UK, the BNFC recommends an initial dose of 1 to
1.5 mg/kg, increased gradually to a maximum of
10 mg and repeated throughout the day. Treatment is
rarely needed beyond 8 weeks of age. 
To reverse neuromuscular blockade produced by
competitive neuromuscular blockers, doses of 10 to
20 mg have been given intravenously, with or preceded
by atropine sulfate 0.6 to 1.2 mg to counteract any
muscarinic effects. Glycopyrronium bromide has been
used as an alternative to atropine. 
In the USA pyridostigmine is licensed for prophylaxis
against the neuromuscular effects of the nerve gas poi-
son soman in military combat use only; the recom-
mended oral dose is 30 mg every 8 hours started at
least several hours before exposure to soman. If nerve
gas poisoning occurs, pyridostigmine should be
stopped and the patient should be treated with atropine
and pralidoxime immediately. 
In the treatment of paralytic ileus and postoperative
urinary retention pyridostigmine bromide has been
given in oral doses of 60 to 240 mg.
Decreased gastrointestinal motility. Parasympathomimet-
ics such as pyridostigmine enhance gastric contractions and in-
crease intestinal motility; they have been used in conditions as-
sociated with decreased gastrointestinal motility (p.1694). 
Pyridostigmine, generally in doses of 60 mg up to 3 times daily,
has been used to relieve severe constipation in patients with im-
paired intestinal motility due to Parkinson’s disease.1
1. Sadjadpour K. Pyridostigmine bromide and constipation in Par-

kinson’s disease. JAMA 1983; 249: 1148.

Growth hormone deficiency. Although the value of stimu-
lated growth hormone secretion tests in children has been ques-
tioned (see Growth Retardation, p.1798), pyridostigmine with
somatorelin has been found to be a potent and reproducible test
for distinguishing adults with severe growth hormone deficiency
from normal subjects.1 However, the combination is not effective
in patients over 55 years of age,2 and somatorelin with arginine
is generally preferred where an alternative to the gold standard of
the insulin-tolerance test is required.1
1. Ghigo E, et al. Diagnostic and therapeutic uses of growth hor-

mone-releasing substances in adult and elderly subjects. Bail-
lieres Clin Endocrinol Metab 1998; 12: 341–58. 

2. Vierhapper H, et al. The use of the pyridostigmine growth hor-
mone-releasing hormone stimulation test to detect growth hor-
mone deficiency in patients with pituitary adenomas. Metabo-
lism 2002; 51: 34–7.

Nerve gas poisoning. Pyridostigmine has been used prophy-
lactically to protect soldiers against attack with nerve gas agents
(p.2351) that inhibit acetylcholinesterase.1 Pyridostigmine binds
reversibly to acetylcholinesterase and provides a protected store
from which acetylcholinesterase is later released.1-3 Prophylaxis
with pyridostigmine greatly enhances the efficacy of treatment
with atropine and pralidoxime against exposure to soman but it
is not effective alone and may not be uniformly effective against
other nerve agents.1 Giving 30 mg of pyridostigmine every 8
hours provides the optimum level of protection2 and, although
adverse effects are common at this dosage, the performance of
military duties is not impaired.4 However, neurological symp-
toms in veterans suffering the so-called Gulf War Syndrome ap-
pear to be more common in those who reported exposure to a
range of potentially toxic substances which include pyridostig-
mine.5 It has been suggested that these symptoms may be evi-
dence of organophosphate-induced polyneuropathy resulting
from exposure to a combination of organophosphorus com-
pounds and other cholinesterase inhibitors such as pyridostig-
mine.6 A study in hens7 (a species susceptible to anticholineste-
rases) has also found symptoms of enhanced neurotoxicity when
pyridostigmine, the insect repellent diethyltoluamide, and the
pyrethroid insecticide permethrin were used together.
1. United States Army. Medical management of chemical casual-

ties handbook, 3rd ed. Aberdeen, Maryland: Medical Research
Institute of Chemical Defense; 1999. Also available at:
http://www.brooksidepress.org/Products/OperationalMedicine/
D ATA / o p e r a t i o n a l m e d / M a n u a l s / R e d H a n d b o o k /
001TitlePage.htm (accessed 15/02/06) 

2. Ministry of Defence. Medical manual of defence against chemi-
cal agents. London: HMSO, 1987. (JSP312). 

3. Anonymous. Prevention and treatment of injury from chemical
warfare agents. Med Lett Drugs Ther 2002; 44: 1–4. 

4. Keeler JR, et al. Pyridostigmine used as a nerve agent pretreat-
ment under wartime conditions. JAMA 1991; 266: 693–5. 

5. The Iowa Persian Gulf Study Group. Self-reported illness and
health status among gulf war veterans: a population-based study.
JAMA 1997; 277: 238–45. 

6. Haley RW, Kurt TL. Self-reported exposure to neurotoxic chem-
ical combinations in the gulf war: a cross-sectional epidemiolog-
ic study. JAMA 1997; 277: 231–7. 

7. Abou-Donia MB, et al. Neurotoxicity resulting from coexposure
to pyridostigmine bromide, DEET, and permethrin: implications
of gulf war chemical exposure. J Toxicol Environ Health 1996;
48: 35–56.

Orthostatic hypotension. Pyridostigmine has been investi-
gated in the treatment of orthostatic hypotension (p.1530). A
review1 of 4 single-dose studies and a follow-up survey (involv-
ing a total of 106 patients and generally reporting an improve-
ment in haemodynamic measurements) concluded that there was
insufficient long-term data to support the routine use of pyri-
dostigmine in the treatment of orthostatic hypotension.
1. Gales BJ, Gales MA. Pyridostigmine in the treatment of orthos-

tatic intolerance. Ann Pharmacother 2007; 41: 314–18.

Post-poliomyelitis syndrome. Although pyridostigmine has
been reported1 in some patients to reduce fatigue associated with
post-poliomyelitis syndrome a double-blind placebo-controlled
study failed to find any benefit.2 Doses used3 have included
30 mg daily increased gradually to about 60 mg three times daily
but adverse effects are common.
1. Trojan DA, Cashman NR. Anticholinesterases in post-poliomy-

elitis syndrome. Ann N Y Acad Sci 1995; 753: 285–95. 
2. Trojan DA, et al. A multicenter, randomized, double-blinded tri-

al of pyridostigmine in postpolio syndrome. Neurology 1999; 53:
1225–33. 

3. Thorsteinsson G. Management of postpolio syndrome. Mayo
Clin Proc 1997; 72: 627–38.

Preparations
BP 2008: Pyridostigmine Tablets; 
USP 31: Pyridostigmine Bromide Injection; Pyridostigmine Bromide Syrup;
Pyridostigmine Bromide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Mestinon; Piridos; Austral.: Mestinon; Austria: Mestinon; Belg.:
Mestinon; Braz.: Mestinon; Canad.: Mestinon; Chile: Mestinon; Cz.: Mes-
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non; Swed.: Mestinon; Switz.: Mestinon; Thai.: Mestinon; Turk.: Mesti-
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Antineoplastic drugs are used in the treatment of ma-
lignant neoplasms when surgery or radiotherapy is not
possible or has proved ineffective, as an adjunct to sur-
gery or radiotherapy, or, as in leukaemia, as the initial
treatment. Therapy with antineoplastics is notably suc-
cessful in a few malignant conditions and may be used
to palliate symptoms and prolong life in others. 
The two main groups of cytotoxic drugs used in the
treatment of malignant disease are the alkylating
agents and the antimetabolites. Nitrogen mustards, ethy-
leneimine compounds, and alkyl sulfonates are the
main alkylating agents. Other compounds with an
alkylating action are the various nitrosoureas. Cisplatin
and dacarbazine appear to act similarly. 
The antimetabolites may be subdivided into folic ac-
id, purine, or pyrimidine antagonists. 
Several natural products, or their derivatives, are used
for their actions as mitotic inhibitors; they include the
vinca alkaloids and the taxanes. Other drugs act as
topoisomerase inhibitors, interfering with the coiling
and uncoiling of DNA during replication. Drugs
thought to act in this way include the podophyllotoxin
derivatives such as etoposide, and camptothecin deriv-
atives such as irinotecan and topotecan. 
Some antibiotics such as the anthracyclines, bleomy-
cin, and mitomycin C, also interfere with nucleic acids
and are effective as antineoplastics. 
Further described in this section are other drugs that
act by various routes to affect the growth and prolifer-
ation of malignant cells. Better understanding of the bi-
ology of tumour cells has led to the development of
new classes of these, including tyrosine kinase inhib-
itors such as imatinib. Some neoplasms express recep-
tors to endogenous sex hormones, and various hor-
mone antagonists, including, notably, the aromatase
inhibitors are used in their management. 
In recent years considerable interest has focused on im-
munological approaches to the treatment of malignant
disease and a number of monoclonal antibodies have
been, or are being, developed. The use of biological re-
sponse modifiers such as interleukins continues to be
the subject of investigation and attempts to develop
vaccines against individual neoplasms also continue. 
Glucocorticoids (see Corticosteroids, p.1495) are used
with antineoplastics in the treatment of malignant dis-
ease, especially in acute leukaemias and lymphomas.
Other agents used in antineoplastic therapy include sex
hormones (p.2058) and radiopharmaceuticals
(p.2052).

Adverse Effects
The acute effects of antineoplastic drugs often include
nausea and vomiting, sometimes extremely severe. In
addition, many of these compounds are irritant or vesi-
cant, and produce local pain, irritation, and inflamma-

tion at the administration site; extravasation may lead
to ulceration and necrosis. Hypersensitivity reactions
may also occur. 
Many of the adverse effects of antineoplastics are an
extension of their therapeutic action, which is not
selective for malignant cells but affects all rapidly-
dividing cells: antineoplastic therapy is made possible
only by increased sensitivity or less effective recovery
of malignant cells compared with normal cells, and
dosage is carefully controlled and timed, and, where
possible, localised, to maximise the differences. 
In consequence, adverse effects may be expected from
most antineoplastics in tissues where normal cell divi-
sion is fairly rapid, e.g. the bone marrow, lymphoretic-
ular tissue, gastrointestinal mucosa, skin, and gonads,
as well as in the fetus. The effects may not manifest for
days or weeks, depending both on the drugs used and
the rate of division in the tissue concerned, and may
sometimes be cumulative. Perhaps the most common
serious effect, and one which has often limited the dos-
es that can be given, is bone-marrow depression. Be-
cause of their effects on the various types of white
blood cell many antineoplastics also cause profound
suppression of normal immunity, and patients may be
at greatly increased risk of severe and disseminated in-
fection. 
The rapid destruction of large numbers of cells during
antineoplastic therapy of certain highly sensitive tu-
mours, and the consequent release of breakdown prod-
ucts, may also lead to problems with hyperuricaemia
and acute renal failure due to uric acid nephropathy
(the ‘tumour lysis syndrome’). 
Additionally, some drugs may have specific toxicities
that are not necessarily related to their therapeutic ac-
tion, such as cardiotoxicity due to anthracycline antibi-
otics, nephrotoxicity with cisplatin, or the effects of
bleomycin on the lung. Again these can be cumulative,
and may limit the total lifetime dose that can be given. 
In the very long term, patients who have undergone
successful antineoplastic chemotherapy may develop
secondary malignancies, suggesting that antineoplas-
tics may themselves be carcinogenic. In addition, most
are potentially mutagenic and teratogenic, and use in
pregnancy, particularly in the first trimester, may lead
to fetal abortion, stunting, or malformation.
Carcinogenicity. There is clear evidence that some antineo-
plastic drugs may themselves be carcinogenic, although it is dif-
ficult to control for the possible effects of primary disease, com-
bination chemotherapy, and combined treatment with
radiotherapy.1 
Most convincingly associated with secondary malignancies are
the various alkylating agents2-5 including the nitrosoureas, and
the topoisomerase II inhibitor podophyllotoxin derivatives
such as etoposide and teniposide.2,3,5,6 Leukaemias, particularly
acute myeloid leukaemia, are the most common forms of sec-
ondary disease.1-3 Leukaemia associated with alkylating agents

usually occurs about 5 to 7 years after treatment, and is often
preceded by a preleukaemic myelodysplasia.2,3 The nitrosoureas
are associated with a relatively high frequency of secondary leu-
kaemia, and busulfan and melphalan are considered to be more
leukaemogenic than cyclophosphamide.3 Leukaemia associated
with the podophyllotoxin derivatives has a shorter latency period
of 2 to 3 years, with sudden onset and no myelodysplastic
phase.2,3 Solid tumours can also occur as secondary malignan-
cies and include bladder cancer associated with cyclophospha-
mide used to treat non-Hodgkin’s lymphoma,4 and bone sarco-
mas, and breast and lung cancers after the use of various
alkylating agents.4,7 
There is little evidence of carcinogenicity associated with
antimetabolites such as methotrexate, although it has been sug-
gested that they may act as co-carcinogens.8 Fludarabine therapy
has been reported to be associated with the development of my-
elodysplasia and acute myeloid leukaemias,9 although a review
of the purine nucleoside analogues, cladribine and fludarabine,
concluded that no significant increase in the risk of secondary
malignancy had been shown, but also that long-term follow-up
of patients was needed.10 Immunosuppression caused by antime-
tabolites including methotrexate, cladribine, and fludarabine,
may also allow the development of Epstein-Barr virus-related
lymphoma.10,11 Platinum derivatives such as carboplatin and
cisplatin have been found in large cohort studies12,13 to have a
dose-response relationship with the development of secondary
leukaemia. Combinations that may also be associated with leu-
kaemias include cisplatin with doxorubicin,14 and other anthra-
cycline-based regimens.15 Another drug that has been associated
with the development of secondary malignancies is procar-
bazine.3,4,16,17 
Estimates of risk have varied very widely between studies, and
have been calculated in various ways, making direct comparison
impossible. Factors influencing the incidence of secondary ma-
lignancy include the use of combination chemotherapy regi-
mens, combined treatment modalities, exposure to environmen-
tal carcinogens, predisposing genetic risk factors, ethnicity, age
at time of treatment, gender, and spontaneous occurrence.2,3 
The risk of secondary acute myeloid leukaemia appears to be as-
sociated primarily with the cumulative dose of antineoplastics.2
Of patients at risk for secondary leukaemias, those with Hodg-
kin’s disease have been most extensively studied. The cumula-
tive 10-year incidence of secondary myeloid leukaemia has been
reported to range from less than 1% up to 10%.2,3 The highest
risk is associated with the use of MOPP (chlormethine, vincris-
tine, procarbazine, prednisone) and relative risk increases with
cumulative dose of chlormethine.2,3 Splenectomy or radiation of
the spleen doubles the risk of leukaemia, as does an age of more
than 45 years at the time of treatment.2 Secondary solid tumours,
such as lung cancer, in patients with Hodgkin’s disease have also
been attributed to the use of regimens such as MOPP.4 The risk
of secondary acute myeloid leukaemia, in patients treated with
adjuvant chemotherapy for breast cancer, increases with cumula-
tive doses of melphalan and cyclophosphamide, and high-dose
regimens of doxorubicin with cyclophosphamide.2,3 In patients
treated for multiple myeloma, the increased risk of secondary
leukaemia has been attributed to the prolonged use of melpha-
lan.2,3 Patients treated for testicular cancer appear to be at in-
creased risk of secondary leukaemia associated with cumulative
doses of podophyllotoxin derivatives (more than 2 g/m2 etopo-
side), and the addition of high cisplatin doses may increase this
risk.2,3 Another review18 of studies using etoposide or teniposide
for various cancers found no relationship between the cumula-
tive dose of these and secondary leukaemia, and suggested that
other drugs used in treatment regimens had a greater effect on the
development of secondary malignancy. There is growing evi-
dence that the use of high-dose therapy with alkylating agents
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and/or anthracyclines, followed by autologous stem cell trans-
plantation, is associated with an increased risk of secondary my-
elodysplasias and leukaemias, and a cumulative incidence of
about 9% at 5 years.2 However, it is unclear whether this is due
to the high-dose therapy or to previous chemotherapy that has
caused bone-marrow damage.2,3 
Radiotherapy is an established cause of secondary malignancy. It
remains unclear, however, to what extent the use of chemothera-
py combined with radiotherapy could have an additive effect
on the risk of secondary leukaemias, and how dose and treatment
regimen influence this effect.3 Similarly, the role of combined
modality treatment in the development of secondary solid tu-
mours has not been defined, even though the radiation-enhanc-
ing effect of some antineoplastics is known and used in chemo-
radiation regimens for this reason.4 
In many cases the risk of secondary malignancy is far less than
that of undertreating, or of failing to treat, the primary disease.2,4

However, secondary malignancies may be more resistant to
treatment and more aggressive than primary disease,3,19 and the
risk of inducing malignant neoplasia is certainly a consideration
in the use of alkylating agents and podophyllotoxin derivatives
to treat non-malignant disease,3 and is an increasing challenge in
the design of suitable treatment regimens for primary neoplastic
disease.
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EFFECTS ON CHROMOSOMES.  Visible chromosome gaps,
breaks, and structural rearrangements are found in blood lym-
phocytes from patients who have received substantial doses
of combination chemotherapy, and the changes persist for
years after the end of treatment. A more sensitive, if transient,
measure of genetic damage is the increased rate of sister chro-
matid exchange (SCE) that occurs with even quite small dos-
es of cytotoxic drugs.1 Evidence from a study2 in patients giv-
en chlorambucil suggests that as the dose increases so the
capacity of the cells to cope with induced genetic damage is
progressively exceeded, and thus SCE frequency reflects cu-
mulative toxicity throughout the course of treatment. 
In patients who develop acute myeloid leukaemia after alkylat-
ing agent therapy, the most common chromosomal losses in-
volve deletions of chromosome 13, loss of the entire chromo-
somes 5 and 7, or deletions of part or the whole long arm of
chromosomes 5 and 7. Molecular alterations of the suppressor
gene p53 have also been found.3 Balanced translocations, usually
involving chromosomes 11 and 21, are associated with treatment
using topoisomerase II inhibitors.3,4 
See also under Effects on Reproductive Potential, below.
1. Anonymous. Drugs that can cause cancer. Lancet 1984; i: 261–2. 
2. Palmer RG, et al. Chlorambucil-induced chromosome damage to

human lymphocytes is dose-dependent and cumulative. Lancet
1984; i: 246–9. 

3. Leone G, et al. Therapy related leukemias: susceptibility, preven-
tion and treatment. Leuk Lymphoma 2001; 41: 255–76. 

4. Rowley JD, Olney HJ. International workshop on the relation-
ship of prior therapy to balanced chromosome aberrations in
therapy-related myelodysplastic syndromes and acute leukemia:
overview report. Genes Chromosomes Cancer 2002; 33:
331–45.

Effects on the bladder. Cyclophosphamide (p.702) and ifos-
famide (p.731) are the antineoplastics most frequently associated
with adverse effects on the bladder, but see also Busulfan, p.690,
Chlorambucil, p.696, and Mitomycin, p.752.
Effects on the blood. BONE-MARROW DEPRESSION. Bone-
marrow depression, or myelosuppression, is common to the
majority of cytotoxic antineoplastics, and is probably the sin-
gle most important dose-limiting adverse effect, although its
significance has been somewhat reduced in recent years by
improvements in supportive care, including the availability of
colony-stimulating factors and the development of techniques
such as peripheral blood stem cell transfusion. 
The formation and development of blood cells takes place in the
bone marrow. A common progenitor, the pluripotent stem cell,
gives rise to 3 major cell lines from which red cells, white cells,
and platelets are derived (see Haematopoiesis, p.1042). All the
cellular elements of blood may be affected by antineoplastic
therapy, resulting in pancytopenia, but in many cases the toxicity
appears to be greater for particular cell types. In addition, the dif-
ferent cell types have very different half-lives in the circulation.
White blood cells and platelets tend to have the shortest half-
lives in circulation. Hence the most usual manifestation of bone-
marrow depression is leucopenia, leading to an increased risk of
infection; thrombocytopenia is also fairly common. Erythrocytes
have the longest life (about 120 days) and anaemia is somewhat
less frequent, and may be associated with megaloblastic changes
in the bone marrow. 
The onset, duration, and severity of bone-marrow depression
vary considerably with different antineoplastics. Relatively mild
myelosuppression at worst seems to occur with conventional
regimens of bleomycin (p.687), mitotane (p.753), streptozocin
(p.771), and vincristine (p.787). Megaloblastic anaemia occur-
ring with hydroxycarbamide (p.729) may be treatable by blood
transfusions, if necessary, without interrupting therapy. 
Many of the alkylating agents are associated with severe and
sometimes irreversible bone-marrow depression, particularly at
high doses. Busulfan (p.690) and the nitrosoureas such as car-
mustine (p.694) pose a particular problem because the nadir of
white-blood cell and platelet counts may not be reached for up to
6 weeks after a dose. These drugs affect both resting and actively
cycling stem cells. 
Many antimetabolites are also associated with myelosuppression
and some such as cytarabine (p.705) may produce megaloblastic
anaemia in addition to leucopenia and thrombocytopenia. Cy-
tarabine has a biphasic effect on granulocytes, producing an ini-
tial nadir about 7 to 9 days after a dose, and a second and more
severe one after 15 to 24 days. Unlike alkylating agents, antime-
tabolites affect actively proliferating, but not resting, stem cells.
Cladribine (p.701) and fludarabine (p.721) produce a prolonged
and profound lymphopenia. 
Of the other drugs mitomycin (p.752) and procarbazine (p.765)
in particular have both been associated with prolonged, delayed
myelosuppression. Recovery from the bone-marrow toxicity of
mitomycin may take months and about 25% of cases do not re-
cover. Cisplatin (p.698) and anthracyclines such as doxorubicin
(p.712) can cause severe myelosuppression, although other toxic
effects may be more important in determining dose; myelosup-
pression is dose-limiting with carboplatin (p.693). Cisplatin-
induced renal toxicity may lead to anaemia by decreasing eryth-
ropoietin production. Bone-marrow depression is also a signifi-
cant adverse effect of vinblastine (p.786) vindesine, and vinorel-
bine, although the effects of vincristine on the bone marrow are
much less marked, as mentioned above. Neutropenia is common
with the camptothecin derivatives irinotecan (p.737) and topote-
can (p.780) and can be dose-limiting. The monoclonal antibody
alemtuzumab (p.677) and the conjugated antibody gemtuzumab
ozogamicin (p.728) also produce severe and prolonged myelo-
suppression. 
For further details, see under the individual monographs. For the
management of bone-marrow depression, including discussion
of the appropriate thresholds for treatment, see under Treatment
of Adverse Effects, below. 
See also Effects on Immune Response, below.
Effects on body-weight. Although the effects of antineoplas-
tics on the gastrointestinal tract (below) may lead to anorexia,
malabsorption, and malnutrition, and hence to weight loss, anti-
neoplastic therapy for breast cancer has also been associated with
weight gain, sometimes dramatic.1 Weight gain appeared to be
more likely in premenopausal women, in those receiving multi-
drug regimens, and in those treated for longer periods of time. A
study of premenopausal women found that reduced physical ac-
tivity may be a contributing factor to the development of this
form of weight gain.2 A subsequent small study has suggested
that adjuvant regimens based on doxorubicin and cyclophospha-
mide, with or without a taxane, may not be associated with sig-
nificant weight gain, although patients may undergo unfavoura-
ble changes in body-mass composition.3 Weight gain has also

been noted after long-term follow-up of paediatric leukaemia pa-
tients.4,5 Causes include cranial irradiation and corticosteroid
therapy,6 although some have suggested that weight gain de-
pends more on inherent characteristics of the patients than the
treatment given.7 
Concurrent use of corticosteroids may also lead to weight gain.
1. Demark-Wahnefried W, et al. Why women gain weight with ad-

juvant chemotherapy for breast cancer. J Clin Oncol 1993; 11:
1418–29. 

2. Demark-Wahnefried W, et al. Changes in weight, body compo-
sition, and factors influencing energy balance among premeno-
pausal breast cancer patients receiving adjuvant chemotherapy. J
Clin Oncol 2001; 19: 2381–9. 

3. Freedman RJ, et al. Weight and body composition changes dur-
ing and after adjuvant chemotherapy in women with breast can-
cer. J Clin Endocrinol Metab 2004; 89: 2248–53. 

4. Birkebæk NH, Clausen N. Height and weight pattern up to 20
years after treatment for acute lymphoblastic leukaemia. Arch
Dis Child 1998; 79: 161–4. 

5. Nysom K, et al. Degree of fatness after treatment for acute lym-
phoblastic leukaemia in childhood. J Clin Endocrinol Metab
1999; 84: 4591–6. 

6. Dickerman JD. The late effects of childhood cancer therapy.
Pediatrics 2007; 119: 554–68. Correction. ibid.; 1045. 

7. Razzouk BI, et al. Obesity in survivors of childhood acute lym-
phoblastic leukemia and lymphoma. J Clin Oncol 2007; 25:
1183–9.

Effects on bones and joints. Osteoporosis occurs as both an
acute1 and late complication of chemotherapy, but as multicom-
ponent regimens are used and because the pathogenesis of oste-
oporosis is likely to be multifactorial, it is difficult to assess the
impact of individual drugs.2 However, chemotherapy that causes
hypogonadism will decrease bone mineral density in the majori-
ty of patients.2 This includes regimens for a variety of neoplasms,
including breast, prostate and testicular cancers, lymphomas, and
haematological malignancies. In particular, regimens containing
cyclophosphamide, chlormethine, busulfan, or procarbazine
may cause ovarian insufficiency and therefore have the potential
to lead to osteoporosis in females. Males may be protected from
the effects of pronounced hypogonadism, as the cells that pro-
duce testosterone only replicate slowly.2 
In addition, several drugs may exert direct effects on the bone.
Methotrexate has been found to increase bone resorption and in-
hibit bone formation to produce a massive uncoupling of bone
turnover.2 Other drugs, including doxorubicin, have been shown
to be toxic to bone in animals.2 High-dose conditioning regimens
used for bone marrow transplantation may have a direct dose-
dependent toxicity on bone marrow osteoprogenitor cells, con-
tributing to osteopenia.3 
Corticosteroids are believed to cause bone loss by decreasing os-
teoblast activity, an effect which may be alleviated by chloram-
bucil. Surprisingly, corticosteroids have not been implicated in
bone loss for most chemotherapy regimens, perhaps because the
duration of treatment is short.2 Nevertheless, osteoporosis and
fractures have occurred in young patients with acute lymphob-
lastic leukaemia, treated with regimens containing high total dos-
es of corticosteroids.4,5 However, the disease itself, other chem-
otherapy, and radiotherapy are also likely to be contributory
factors in the development of osteopenia in these patients. Os-
teonecrosis has also been reported with high doses of corticoster-
oids used in the treatment of leukaemias and solid tumours in
adults and children.4,6,7 Adolescent patients may be at increased
risk because their bones are in the process of maturation.4,6 
A study in children with leukaemia has suggested that the effects
of chemotherapy on gastrointestinal and renal handling of nutri-
ents may lead to alterations in calcium and magnesium homoe-
ostasis and hence to abnormal turnover of bone mineral.8 Renal
phosphate loss following damage to the renal tubule caused by
ifosfamide can lead to osteomalacia.2
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Effects on the cardiovascular system. THROMBOEMBO-

LISM. Patients with cancer are at increased risk of thromboem-
bolic disease, and thrombosis can be the earliest clinical sign
of malignancy.1 The risk of thromboembolism may be further
increased by the use of antineoplastics. Deep-vein thrombosis
and pulmonary embolism have been reported with a variety of
chemotherapeutic regimens. Studies in patients with breast
cancer have found that adjuvant chemotherapy can signifi-
cantly increase the risk of venous thromboembolism.2 An in-
crease in venous thromboembolism, including CNS thrombo-
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ses, has also been found with the use of asparaginase in the
treatment of acute lymphoblastic leukaemia2 (see also Effects
on the Blood, under Asparaginase, p.682). Regimens that in-
clude bevacizumab, lenalidomide, or thalidomide have also
reported high rates of venous thromboembolism.3 Arterial
thrombosis, including acute myocardial infarction, angina,
stroke, and peripheral artery thrombosis, has also been report-
ed with various regimens.2 Mechanisms proposed for the pos-
sible role of antineoplastics in these effects include activation
of coagulation, suppression of anticoagulant proteins and fi-
brinolysis, and a direct toxic effect on vascular endotheli-
um.1,2 
Several reports of arterial and venous thromboembolism have
implicated combinations of bleomycin with cisplatin and another
drug such as a vinca alkaloid or etoposide.4-6 Such combinations,
widely used for testicular cancer, have also been implicated in
producing vasospastic reactions including angina7 and Ray-
naud’s syndrome,8,9 although there is no evidence of a relation-
ship between thromboembolism and vasospasm.4 
In men with germ cell cancer there is some evidence that those
with liver metastases, or receiving high-dose dexamethasone as
antiemetic therapy, are at increased risk of thromboembolic com-
plications.10 
Treatment of venous thrombosis usually consists of low-molec-
ular-weight or unfractionated heparin therapy and long-term sec-
ondary prophylaxis with warfarin,11 but patients with cancer may
be at greater risk of recurrent thrombosis. A multicentre, ran-
domised study found that a low-molecular-weight heparin was
more effective than an oral anticoagulant in reducing the risk of
recurrent venous thromboembolism without increasing the risk
of bleeding,12 and many now recommend low-molecular-weight
heparin therapy for both initial and continuing treatment of can-
cer patients with venous thromboembolism.3,11 Patients with ar-
terial thrombosis may require heparin and warfarin, or anti-plate-
let therapy.13 
Thromboembolic complications may also be associated with the
indwelling catheters used to provide vascular access for antineo-
plastic therapy.14,15 Prophylaxis with low-dose warfarin or a low-
molecular-weight heparin may reduce the risk.15 
For a discussion of the cardiotoxicity of antineoplastics see Ef-
fects on the Heart, below.
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Effects on electrolytes. Fluid and electrolyte disturbances are
common in patients with cancer.1,2 These can be caused by the
disease process, or adverse effects of treatment such as surgery,
chemotherapy, antibacterials and diuretics. Mechanisms of
chemotherapy-induced electrolyte disturbances include loss of
appetite, gastrointestinal electrolyte loss due to vomiting and di-
arrhoea, impaired intestinal absorption due to mucosal damage,
direct nephrotoxicity causing renal electrolyte loss, and a syn-
drome of inappropriate antidiuretic hormone secretion or a con-
dition resembling it. Hypoparathyroidism, which may be a com-
plication of neck surgery, also affects electrolyte balance and is
associated with hyperphosphataemia and hypocalcaemia. As
well as the acute signs and symptoms of electrolyte disturbances,
changes in electrolyte homoeostasis may result in abnormal bone
turnover (see Effects on Bones and Joints, above). Release of the

contents of cells destroyed by chemotherapy is well-known to be
associated with hyperuricaemia, hyperphosphataemia, hyperka-
laemia, and hypocalcaemia (see Tumour Lysis Syndrome, be-
low). 
Disturbances of electrolyte homoeostasis have been reported
particularly with cisplatin (p.699), cyclophosphamide (p.702),
and ifosfamide (see Effects on the Kidneys, p.731).
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Effects on the gastrointestinal tract. Apart from anorexia,
and nausea and vomiting (see below), many antineoplastics pro-
duce gastrointestinal disturbances. Mucosal inflammation (mu-
cositis), notably as stomatitis and sometimes proctitis, is quite
common, as are mucosal cellular changes, xerostomia, impaired
absorption, and diarrhoea. In some cases gastrointestinal damage
may progress to ulceration, haemorrhage, and perforation. 
Antimetabolites affecting pyrimidine metabolism, such as cy-
tarabine (p.705) and fluorouracil (p.722), and the antifolates such
as methotrexate (p.745), seem to be particularly associated with
severe gastrointestinal effects, especially at high doses, but there
appear to be few antineoplastics that do not cause some degree of
gastrointestinal disturbance. Irinotecan (p.737) can produce both
an initial transient diarrhoea related to cholinergic stimulation,
and more severe prolonged diarrhoea with a delayed onset,
which may be dose-limiting and potentially fatal. 
Use with radiotherapy may increase the toxicity of some drugs
on the gastrointestinal tract. The neutropenia induced by many
antineoplastic regimens can also lead to secondary gastrointesti-
nal effects, such as stomatitis and gastrointestinal inflammation,
associated with infection.
CLOSTRIDIUM DIFFICILE INFECTION. Antineoplastic therapy has
occasionally been associated with the development of
Clostridium difficile-induced gastrointestinal disease, even in
the absence of concomitant antibacterial therapy.1 Most pa-
tients had received multiple drug regimens. Methotrexate,
fluorouracil, cyclophosphamide, and doxorubicin have all
been associated with a number of cases but this may simply
reflect the frequency of their use. A retrospective analysis2 of
a group of patients treated for acute leukaemia or receiving
bone marrow transplantation found that predictive variables
for C. difficile diarrhoea included the use of low intensity
chemotherapy, but speculated that patients receiving high in-
tensity chemotherapy may be subjected to more strict isola-
tion and infection control procedures, thereby reducing the
risk of nosocomial transmission. Another review3 of 875
courses of myelosuppressive chemotherapy found 61 epi-
sodes of C. difficile diarrhoea, and that in 36% of those epi-
sodes the patients had received high-dose cytarabine. In 35 of
the 61 episodes, patients had also received prior intravenous
antibacterials. 
For discussion of the treatment of such disease, see Antibiotic-
associated Colitis, p.171
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MUCOSITIS. The suffering associated with oral mucositis is by
far the worst part of treatment for many patients undergoing
curative chemotherapy or bone marrow transplantation, and
for those undergoing oral radiotherapy.1-3 Apart from pain
and dysphagia the ulcerated mucosa provides a portal of entry
for infection; loss of weight and malnutrition can further im-
pair immune function, and if symptoms are severe enough the
treatment cycle may have to be interrupted. Before the patient
starts any intensive chemotherapy or local or systemic radio-
therapy the oral cavity must be assessed with a view to elim-
inating sources of infection and chronic irritation. For com-
ment on the prophylaxis and treatment of mucositis, see under
Treatment of Adverse Effects, below.
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1995–2025.

NAUSEA AND VOMITING. Nausea and vomiting are common ad-
verse effects of antineoplastic therapy, and for many patients,
represent a major drawback to treatment. Once experienced,
anticipatory vomiting may occur at the sight of medical staff,
or a needle. The problem may be severe enough in some cases
to hinder or completely prevent further treatment. 
Antineoplastic or cytotoxic drugs may induce vomiting by both
a central action on the chemoreceptor trigger zone and a periph-
eral action on the gastrointestinal tract. Several neurotransmitters
have been implicated over the years including acetylcholine, his-

tamine, enkephalins, dopamine, and serotonin or 5-hydroxytryp-
tamine (5-HT). The cerebral cortex is probably responsible for
anticipatory vomiting. Antineoplastics may not all induce emesis
by a common pathway, but 5-HT3-receptor mechanisms are
clearly important in the pathogenesis of acute cisplatin-associat-
ed vomiting. This was suspected when the antiemetic metoclo-
pramide, a dopamine antagonist, was found to have serotonin (5-
HT) antagonist activity at the high doses used against cisplatin
emesis and confirmed when specific 5-HT3 antagonists such as
ondansetron proved to be effective. Different mechanisms are
probably involved in delayed emesis since 5-HT3 antagonists are
less effective. 
Some patients are more susceptible to emesis than others. The
emetic potential of antineoplastics also varies in terms of severity
and incidence, and may depend to some extent on the dose, route,
and schedule of administration. Some combination therapy has
resulted in a higher incidence of vomiting than would be expect-
ed from the constituents. 
• Vomiting may be very severe with cisplatin, dacarbazine, dac-

tinomycin, chlormethine, high-dose cyclophosphamide, and
streptozocin, and occurs in most patients. 

• Moderate vomiting is likely with the taxanes, doxorubicin,
more modest doses of cyclophosphamide, and high-dose
methotrexate. 

• Vinca alkaloids, fluorouracil, lower doses of methotrexate,
chlorambucil, bleomycin, and etoposide have low emetogenic
potential. 

The onset and duration of vomiting also varies from drug to
drug. With cisplatin the onset may be between 4 and 8 hours after
a dose, while the duration may be up to 48 hours or occasionally
even longer; a persistent feeling of nausea, and sometimes vom-
iting, lasting for several days may also occur. After chlormethine,
vomiting may begin within a half to 2 hours, whereas after cyclo-
phosphamide there may be a latent interval of 9 to 18 hours, but
in both cases vomiting is generally less prolonged than with cis-
platin. Acute emesis (that occurring within 24 hours) has gener-
ally been easier to control than delayed emesis (that occurring
more than 24 hours after chemotherapy) or anticipatory emesis. 
The management of chemotherapy-induced nausea and vomit-
ing is discussed on p.1700.
Effects on the heart. The cardiotoxicity of antineoplastics has
been reviewed.1-3 Cardiotoxicity is the major dose-limiting tox-
icity with anthracyclines such as doxorubicin and daunorubicin,
manifesting most seriously as drug-induced cardiomyopathy,
which is frequently fatal, and for which no specific treatment ex-
ists. Some of the newer anthracycline analogues such as epiru-
bicin or idarubicin were developed to be less toxic to the heart,
although this has not always been easy to prove in controlled
studies. Dexrazoxane may prevent heart damage in patients tak-
ing anthracyclines, but has no effect on survival.4 Cardiotoxicity
has also been associated with other antineoplastics, although less
frequently. High-dose cyclophosphamide or ifosfamide may
produce myocarditis, arrhythmias, and congestive heart failure,
sometimes delayed by up to 2 weeks, while fluorouracil has been
associated with angina pectoris and myocardial infarction, per-
haps due to a combination of vasospastic effects and activation
of coagulation. Amsacrine has been associated with arrhythmias,
sometimes fatal. As well as cardiac effects associated with a cap-
illary leak syndrome, arrhythmias can occur with interleukin-2.
Trastuzumab use can be associated with cardiomyopathy result-
ing in heart failure. Occasional reports of cardiotoxicity associat-
ed with busulfan, carmustine, cisplatin, cytarabine, etoposide,
mitomycin, paclitaxel, pentostatin, and vincristine also exist.
Newer drugs that have been associated with cardiotoxicity in-
clude bevacizumab, sorafenib, and sunitinib. 
For a discussion of the thromboembolic events seen with antine-
oplastics see Effects on the Cardiovascular System, above.
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Effects on immune response. Lymphocytes are produced by
stem cells in the bone marrow and at other sites, including the
thymus, and are involved in humoral and cell-mediated immuni-
ty. Most antineoplastics have a depressant effect on bone marrow
(see Effects on the Blood, above) and many have immunosup-
pressant properties although the degree of suppression varies
considerably and may depend on the dose and schedule used. Im-
munosuppression decreases the patient’s resistance to infection
and has been implicated in the development of malignancies. Re-
sponse to vaccines may also be reduced, and there is a possibility
of generalised infections with live viral vaccines (see Interac-
tions, p.2202). 
For a discussion on the effects of immunosuppressant therapy on
the immune response and the infections associated with it, see
Corticosteroids, p.1492.
Effects on the kidneys. Nephrotoxicity is well-recognised as
an adverse effect of cisplatin (p.699), ifosfamide (p.731), and
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methotrexate (p.746), but renal toxicity may occur with other an-
tineoplastics including the nitrosoureas, mitomycin (due to
haemolytic-uraemic syndrome), azacitidine, gemcitabine, and
pentostatin.1
1. Kintzel PE. Anticancer drug-induced kidney disorders: inci-

dence, prevention and management. Drug Safety 2001; 24:
19–38.

Effects on the liver. Occasional reports of hepatotoxicity exist
for many antineoplastics including aminoglutethimide (p.679),
busulfan (p.690), dacarbazine (p.707), dactinomycin (p.707),
doxorubicin (p.713), floxuridine (p.720), flutamide (p.725),
gemtuzumab, (p.728), hydroxycarbamide (p.729), imatinib
(p.733), methotrexate (p.746), mitomycin (p.752), mitoxantrone
(p.754), oxaliplatin (p.758), tamoxifen (p.773), and tioguanine
(p.779). However, the relationship of the drug to the adverse ef-
fect is not always easy to establish. 
An early but detailed review suggested that methotrexate, mer-
captopurine, cytarabine, carmustine, streptozocin, asparaginase,
and plicamycin could probably be classified as hepatotoxic.
There was considered to be insufficient evidence to classify
fluorouracil, cyclophosphamide, busulfan, dacarbazine, the an-
thracyclines, the vinca alkaloids, and the podophyllum deriva-
tives as hepatotoxic, although this classification was not defini-
tive.1 Hepatic veno-occlusive disease has occurred after the use
of high doses of chemotherapy for conditioning regimens before
bone marrow transplantation.2 Chemotherapy used in combina-
tion or with radiotherapy may also increase the risk of hepatotox-
icity.2 Liver toxicity may not be confined to patients: one report
described 3 cases of liver damage in nurses working on an oncol-
ogy ward.3
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Effects on the lungs. Lung injury leading to pulmonary fibro-
sis occurs in about 10% of all patients who receive bleomycin,
being fatal in 1 to 2%. Clinically, the reaction usually presents
several months after completion of therapy as non-productive
cough and dyspnoea. The reaction is dose-related, being more
likely at total doses over 400 000 international units
(400 USP units), although it has occurred at much lower doses,
and is more common in elderly patients. Injury may be exacer-
bated by the use of combination chemotherapy regimens and ra-
diotherapy, and supplemental oxygen given even years after the
use of bleomycin may precipitate pulmonary oedema.1 Hyper-
sensitivity pneumonitis, which is more amenable to treatment,
has also been reported.2 
Pulmonary damage has also been reported with an increasing
number of antineoplastics apart from bleomycin.1,3,4 Among the
alkylating agents cyclophosphamide has been reported to pro-
duce lung injury in less than 1% of cases, although this may be
increased where it is a component of combination regimens or
given with radiotherapy. Busulfan may produce lung toxicity in-
cluding insidious pulmonary fibrosis in as many as 4% of pa-
tients, usually developing several years after initiation of therapy,
and with increased risk the longer that therapy lasts. A few re-
ports exist of interstitial pneumonitis and fibrosis associated with
chlorambucil and melphalan, but these appear to be extremely
rare. The prognosis in patients with alkylating-agent-induced fi-
brosis is often poor, with mortality rates of 50% or more. 
The antimetabolite methotrexate can produce symptoms similar
to hypersensitivity pneumonitis in up to 7% of patients, some-
times with pleuritis and acute respiratory failure due to pulmo-
nary oedema, but it is not clear whether a true hypersensitivity
mechanism is involved, and symptoms are usually reversible
even without stopping therapy. High-dose cytarabine has also
been associated with pulmonary oedema. Gemcitabine (p.727)
has been associated with interstitial pneumonitis and potentially
life-threatening symptoms have occurred when given with tho-
racic radiotherapy. 
Other antineoplastics known to be associated with pulmonary
toxicity include mitomycin (usually in less than 10% of patients
though the incidence may be much higher in combination regi-
mens); the vinca alkaloids (generally in combination, and usually
producing acute respiratory failure); chlorozotocin; procar-
bazine; and possibly teniposide. The nitrosoureas, and particular-
ly carmustine, have also emerged as pulmonary toxins. Carmus-
tine has been associated with an insidious chronic pulmonary
fibrosis, which in some early studies occurred in as many as 30%
of patients and had a high mortality. Symptoms are associated
particularly with cumulative doses in excess of about 1.4 g/m2,
although toxicity has occurred at cumulative doses as low as
240 mg/m2. The onset of symptoms may be very delayed: some
workers reported fibrosis occurring up to 17 years after treatment
in patients who received carmustine as children.5 Pneumonia and
fibrosis have also been reported in patients receiving rituximab
(p.767), and fatal lung disease has occurred in patients given ge-
fitinib (p.727).
1. Abid SH, et al. Radiation-induced and chemotherapy-induced

pulmonary injury. Curr Opin Oncol 2001; 13: 242–8. 
2. Holoye PY, et al. Bleomycin hypersensitivity pneumonitis. Ann

Intern Med 1978; 88: 47–9. 
3. Twohig KJ, Matthay RA. Pulmonary effects of cytotoxic agents

other than bleomycin. Clin Chest Med 1990; 11: 31–54. 

4. Fennell DA, Rudd RM. Pulmonary toxicity and cancer treat-
ment. Hosp Med 2004; 65: 462–5. 

5. O’Driscoll BR, et al. Active lung fibrosis up to 17 years after
chemotherapy with carmustine (BCNU) in childhood. N Engl J
Med 1990; 323: 378–82.

Effects on mental function. Combination chemotherapy has
been associated with psychiatric morbidity (anxiety, depression,
behavioural changes) in both adults1 and children.2 It has been
pointed out that patients receiving cancer chemotherapy inevita-
bly suffer emotional distress, associated in part with the adverse
effects of treatment. Patients should be fully informed of aims
and likely outcomes of treatment, and adverse effects minimised,
in order to keep emotional distress to a minimum.3 Chemothera-
py can also cause cognitive impairment,4,5 affecting functions
such as memory, reasoning, concentration, and language skills.
Drugs may have direct central neurological toxic effects, or may
indirectly affect brain function through adverse effects such as
anaemia. Most studies have examined cognitive impairment in
women being treated with chemotherapy for breast cancer, but
many other cancer patients experience cognitive impairment,
which they describe as ‘chemo-brain’ or ‘chemo-fog’. 
A number of individual antineoplastics have been associated
with mental symptoms, including methotrexate (p.746), mito-
tane (p.753), and the vinca alkaloids (see Vinblastine, p.786). In
many cases such symptoms can be attributed to direct central
neurotoxicity (see also under Effects on the Nervous System, be-
low).
1. Maguire GP, et al. Psychiatric morbidity and physical toxicity

associated with adjuvant chemotherapy after mastectomy. BMJ
1980; 281: 1179–80. 

2. Dolgin MJ, et al. Behavioral distress in pediatric patients with
cancer receiving chemotherapy. Pediatrics 1989; 84: 103–10. 

3. Brinkley D. Emotional distress during cancer chemotherapy.
BMJ 1983; 286: 663–4. 

4. Tannock IF, et al. Cognitive impairment associated with chemo-
therapy for cancer: report of a workshop. J Clin Oncol 2004; 22:
2233–9. 

5. Minisini A, et al. What is the effect of systemic anticancer treat-
ment on cognitive function? Lancet Oncol 2004; 5: 273–82.

Effects on the nervous system. Neurotoxic effects have
been reported for many antineoplastics, including altretamine
(p.678), asparaginase (p.682), busulfan (p.690), carboplatin (see
under Incidence of Adverse Effects, p.693), carmustine (p.694),
chlorambucil (p.696), chlormethine (p.697), cisplatin (p.698),
cladribine (p.701), cytarabine (p.705), etanidazole (p.718),
etoposide (p.718), fludarabine (p.721), fluorouracil (p.723),
gemcitabine (p.728), hydroxycarbamide (p.729), ifosfamide
(p.732), lomustine (p.741), methotrexate (p.746), mitotane
(p.753), mitoxantrone (p.754), oxaliplatin (p.758), paclitaxel
(p.759), pentostatin (p.763), procarbazine (p.765), tegafur
(p.776), vinblastine (p.786), vincristine (p.787), and vindesine
(p.788). In some cases these effects may be associated with par-
ticular routes such as the intrathecal. See under the individual
monographs for further details. Radiotherapy can also cause
damage to the nervous system so combination of the two modal-
ities may lead to additive effects. 
Reviews.
1. Verstappen CCP, et al. Neurotoxic complications of chemother-

apy in patients with cancer: clinical signs and optimal manage-
ment. Drugs 2003; 63: 1549–63. 

2. Lee JJ, Swain SM. Peripheral neuropathy induced by microtu-
bule-stabilizing agents. J Clin Oncol 2006; 24: 1633–42.

EFFECTS ON THE EARS. Several antineoplastics have been asso-
ciated with ototoxicity,1 including vincristine and vinblastine,
but cisplatin in particular is associated with high-frequency
hearing loss and tinnitus. In addition, agents such as the nitro-
gen mustards and bleomycin are potentially ototoxic.
1. Seligmann H, et al. Drug-induced tinnitus and other hearing dis-

orders. Drug Safety 1996; 14: 198–212.

Effects on reproductive potential. CHROMOSOMES. If pa-
tients are fertile after treatment with antineoplastics, no sig-
nificant increase has been seen in fetal chromosome damage,
fetal abnormality, or the miscarriage rate. A review1 of reports
of survivors of childhood cancers found that adverse preg-
nancy outcomes were limited to particular groups of survi-
vors. Female survivors of Wilms’ tumours who had been
treated with abdominal radiation, with or without chemother-
apy, appeared to be at increased risk of complications includ-
ing miscarriage, low birth-weight neonates, and neonatal
death. After treatment of childhood Hodgkin’s disease using
both radiotherapy and chemotherapy, female survivors and
partners of male survivors might be at increased risk of mis-
carriage; however, treatment with radiotherapy or chemother-
apy alone did not increase this risk. For other cancers, data
were more limited, but suggested that the risk of adverse
pregnancy outcomes was not increased in survivors. 
Regarding the risk of congenital abnormalities in the offspring of
survivors of childhood cancers, most studies have shown no ex-
cess of major or minor malformations.1,2 There was also no evi-
dence that the risk of cancer is increased in the offspring. How-
ever, because of the small numbers in many studies and
heterogeneity regarding treatments used, it is possible that effects
of individual drugs could have been masked. Long-term follow-
up is needed as increasing numbers of children survive to adult-
hood after successful chemotherapy. 
For adult patients, there is also a lack of evidence of adverse
pregnancy outcomes and congenital abnormalities in offspring

after chemotherapy. In a large series3 of women treated with
methotrexate, alone or in combination, for gestational tropho-
blastic tumours, there was no evidence of an increase in adverse
outcomes or abnormalities, although women who had received
three or more drugs in combination were less likely to have a live
birth. A large case-control study carried out in Canada, and in-
volving over 85 000 parents of children with congenital anoma-
lies, also has failed to confirm a higher incidence of congenital
abnormality in the offspring of patients treated with radiotherapy
or alkylating agents.4 However, despite these generally reassur-
ing results, it has been suggested that women should delay con-
ception for a year after cessation of chemotherapy to allow ma-
ture ova that might have been damaged to be eliminated,5 and
that monitoring outcomes in patients who become pregnant
shortly after exposure to cytotoxic drugs is desirable.2 
See also Effects on Chromosomes under Carcinogenicity, above.
1. Blatt J. Pregnancy outcome in long-term survivors of childhood
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2. Meirow D, Schiff E. Appraisal of chemotherapy effects on repro-
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GONADS. The effects of cytotoxic drugs on the gonads have
been reviewed.1-7 In male patients, antineoplastic drugs may
damage the seminiferous tubules, resulting in testicular atro-
phy with decreased sperm count and motility. Testosterone
secretion may also be reduced after damage to Leydig cells.
In women, cytotoxic drugs act on the ovary to produce loss of
primordial follicles with failure of ovulation, oligomenor-
rhoea or amenorrhoea, and failure of endocrine function re-
sulting in loss of libido and menopausal symptoms. The de-
gree of damage and its reversibility depend on the drug and its
dose and the age and sex of the patient. Age is particularly
important for women at the time of treatment, with older
women (35 to 40 or over) being more sensitive, probably a
reflection of the decrease in oocyte numbers with age. 
Although dose also plays a role, estimates of the toxicity of var-
ious antineoplastics (as single agents) have been published.4-6

The risk of gonadal dysfunction is high with alkylating agents
(busulfan, chlorambucil, chlormethine, cyclophosphamide, ifos-
famide, melphalan), nitrosoureas (carmustine, lomustine), and
procarbazine. Medium risk drugs include carboplatin, cisplatin,
and doxorubicin. Low risk drugs include bleomycin, dactinomy-
cin, fluorouracil, mercaptopurine, methotrexate, vinblastine, and
vincristine. 
Severe gonadal dysfunction in both men and women has been
associated with combination chemotherapy regimens for Hodg-
kin’s disease. Chlormethine and procarbazine are thought to be
mainly responsible for the infertility produced. There is some ev-
idence that currently favoured regimens such as ABVD (doxoru-
bicin, bleomycin, vinblastine, and dacarbazine) result in less
damage to gonadal cells than the earlier MOPP regimen (chlor-
methine, vincristine, procarbazine, and prednisone). Prolonged
gonadal dysfunction has also been seen in patients given combi-
nation chemotherapy for acute lymphoblastic leukaemia; girls
appear to be at less risk than boys, especially if treated in the pre-
pubertal period. 
Techniques for fertility preservation have been reviewed.3-6 Es-
tablished methods with the highest likelihood of success are
sperm cryopreservation (sperm banking) for men and IVF with
embryo cryopreservation for women. Other methods for women,
for which there is less experience and investigation is underway,
include oocyte cryopreservation for future IVF, gonadal tissue
cryopreservation for autologous transplantation, and ovarian
suppression using oral contraceptives or gonadotrophin-releas-
ing hormone analogues. Such techniques are of little benefit for
the preservation of fertility in patients treated as young children,
however, because of gonadal immaturity.
1. Goldman S, Johnson FL. Effects of chemotherapy and irradia-
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SEXUAL FUNCTION. Loss of libido and decline in sexual per-
formance seem to be relatively common in men receiving
combination chemotherapy,1,2 and may persist after chemo-
therapy has ended.1 However, it may sometimes be difficult
to distinguish the effects of chemotherapy from those of the
disease and the patient’s reaction to it: at least one study has
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shown that gonadal function is disturbed in patients with
Hodgkin’s disease before treatment.2 Erectile dysfunction can
also result from local damage caused by pelvic surgery or ir-
radiation.3 Evidence for decreased libido in women is harder
to find, but failure of endocrine function after chemotherapy
may lead to loss of libido and menopausal symptoms.4
1. Chapman RM, et al. Cyclical combination chemotherapy and

gonadal function: retrospective study in males. Lancet 1979; i:
285–9. 

2. Chapman RM, et al. Male gonadal dysfunction in Hodgkin’s dis-
ease: a prospective study. JAMA 1981; 245: 1323–8. 

3. Costabile RA. Cancer and male sexual dysfunction. Oncology
(Huntingt) 2000; 14: 195–205. 

4. Shalet SM. Effects of cancer chemotherapy on gonadal function
of patients. Cancer Treat Rev 1980; 7: 141–52.

Effects on the skin and nails. Alopecia occurs with many an-
tineoplastics, and may be severe with doxorubicin and other an-
thracyclines, cyclophosphamide, ifosfamide, etoposide, or teni-
poside, the taxanes docetaxel and paclitaxel, and topotecan. The
alkylating agents and some antibiotic antineoplastics are often
associated with hyperpigmentation, most commonly of skin, al-
though pigmentation of nails, hair, and teeth has occurred. Some
drugs, such as the taxanes, cause dystrophic changes in the nails.
Certain drugs may interact with UV light or x-ray radiation to
enhance its effects on the skin and may cause radiation recall,
photosensitivity, or, in the case of methotrexate, reactivation of
UV light burns. Hypersensitivity to antineoplastics may produce
cutaneous reactions including allergic rashes, angioedema, and
pruritus. In addition to the above there may be local reactions to
irritant and vesicant drugs after extravasation. Finally, certain
drugs are associated with specific dermatological reactions: ac-
neform follicular rashes have been reported with cetuximab, ble-
omycin may produce hyperkeratotic and sclerotic lesions, dac-
tinomycin is associated with an erythematous papular or pustular
rash mimicking septic emboli, fluorouracil may produce inflam-
mation of solar keratoses, and plicamycin is associated with a
distinctive flushing phenomenon. A palmar-plantar erythrodys-
esthesia syndrome has been seen with a number of antineoplas-
tics (see below). 
See also Local Toxicity, below. References may also be found
under individual monographs.
PALMAR-PLANTAR ERYTHRODYSESTHESIA SYNDROME. Palmar-
plantar erythrodysesthesia (PPE; hand-foot syndrome) asso-
ciated with chemotherapy1 usually presents as a tingling sen-
sation in the palms and soles, which progresses in a few days
to burning pain and well-defined swelling and erythema. In
severe cases there is desquamation, ulceration, blistering, and
severe pain. The reaction appears to be caused by a direct tox-
ic effect and seems to be dose-dependent, affected by both
peak drug concentration and total cumulative dose. The drugs
most often associated with PPE or similar syndromes are cy-
tarabine (p.705), docetaxel (p.711), doxorubicin (p.712), and
fluorouracil (p.723). PPE also occurs with the tyrosine kinase
inhibitors, such as lapatinib (p.739), sorafenib (p.770), and
sunitinib (p.771). It has also been reported for bevacizumab
(p.684), capecitabine (p.692), cisplatin (see under Hypersen-
sitivity, p.699), cyclophosphamide (p.702), and methotrexate
(p.746). PPE is usually managed by reducing the drug dose,
increasing the dosage interval, or withdrawing the drug, along
with symptomatic treatment and wound care. Systemic corti-
costeroids and pyridoxine have been used in prophylaxis and
treatment. Topical dimethyl sulfoxide has been used for PPE
caused by liposomal doxorubicin.
1. Nagore E, et al. Antineoplastic therapy-induced palmar plantar

erythrodysesthesia (‘hand-foot’) syndrome: incidence, recogni-
tion and management. Am J Clin Dermatol 2000; 1: 225–34.

Hyperuricaemia. Overproduction of purines is a known com-
plication of antineoplastic therapy and may result in hyperuricae-
mia (p.552). Hyperuricaemia is also an important part of the tu-
mour lysis syndrome—see below.
Local toxicity. Local toxicity due to intravenous cancer chem-
otherapy may include local irritation, extravasation necrosis, and
hypersensitivity. Venous irritation, presenting as vasospasm
and pain or endothelial chemical burn of the vessel, resulting in
a painful, streaky, long-lasting sterile phlebitis, may be due to the
drug, or, as with carmustine, due to the diluent (alcohol). Irrita-
tion and phlebitis have been reported particularly with fluorour-
acil, carmustine, vinorelbine, and chlormethine. 
Up to 6% of patients treated with peripheral intravenous chemo-
therapy experience extravasation (see below), usually with
pain, erythema, and swelling at the site of injection. Severe
necrosis requiring surgical intervention can develop, particularly
with antibiotic antineoplastics such as doxorubicin. 
Local hypersensitivity reactions, usually self-limiting, must be
distinguished from extravasation. In hypersensitivity reactions
there is no swelling at the injection site, and pain is felt as a dull
ache along the course of the vein, as opposed to the stinging com-
monly noted after extravasation.
Tumour lysis syndrome. The tumour lysis syndrome repre-
sents a biochemical disturbance due to massive release of cellu-
lar breakdown products from tumour cells sensitive to therapy.
The amount of breakdown products is sufficient to overwhelm
normal excretory and metabolic mechanisms for their clearance,
and the cardinal features of the syndrome are hyperkalaemia,

hyperuricaemia, and hyperphosphataemia accompanied by
hypocalcaemia. Clinical symptoms may include urate nephropa-
thy or nephrocalcinosis leading to renal impairment, and cardiac
arrhythmias associated with the potassium abnormalities. The
syndrome is seen particularly when bulky chemosensitive dis-
ease is present, and may be more likely in patients with pre-
existing renal impairment or hyperuricaemia. It is most frequent
in patients with Burkitt’s or lymphoblastic lymphoma, or an
acute leukaemia. Of patients with solid tumours, reports have im-
plicated those with germ-cell tumours, small-cell lung cancer, or
neuroblastoma although, surprisingly, the syndrome has also
been reported in patients with breast cancer, which is normally
less rapidly responsive to chemotherapy. For comment on pre-
vention and treatment, see under Treatment of Adverse Effects,
below. 
References.
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Treatment of Adverse Effects
Intensive supportive care may be necessary to prevent
or control the adverse effects of antineoplastic therapy.
Antiemetic therapy should be given to reduce, and if
possible prevent, nausea and vomiting, since once ex-
perienced it may become a conditioned response, and
may not respond to antiemetics. Intensive oral care is
desirable to minimise the effects of stomatitis (see also
Mucositis, below), while corticosteroids, and if neces-
sary nutritional supplements, may be of some help in
patients with anorexia. Chemotherapy-induced diar-
rhoea may also require treatment (see below). 
Techniques attempting to prevent the occurrence of
alopecia have met with varying success (see below).
Scalp tourniquets and local hypothermia have been
used to minimise concentrations of antineoplastics in
the scalp after intravenous injection. However, such
methods may allow the development of a cancer-cell
sanctuary and should not be used in patients with leu-
kaemia or other conditions with circulating malignant
cells. 
Of particular importance is the management of bone-
marrow depression. Colony-stimulating factors and
epoetins can be used to promote the formation of re-
placement blood elements (see Anaemia, below). Ac-
tive measures may be necessary to combat infection
and bleeding. Transfusions of blood products may be
required; granulocyte transfusions have been given for
infections unresponsive to antibiotics, although their
value is a matter of debate, while transfusion of blood
platelets or use of growth factors such as oprelvekin
(interleukin-11) may be of value in preventing throm-
bocytopenia-induced bleeding. 
Extravasation of antineoplastics can pose serious prob-
lems. Infusion should be stopped immediately once ex-
travasation is noticed and any drug remaining at the
site aspirated if possible but the details of treatment are
controversial (see below). If ulceration occurs plastic
surgery may be required. 
Hyperuricaemia secondary to tumour lysis in patients
with leukaemias or lymphomas can be prevented by
the addition of allopurinol or rasburicase to treatment
schedules, and by adequate hydration and, if necessary,
alkalinisation of the urine (see Tumour Lysis Syn-
drome, below). Good hydration is also important to
minimise the nephrotoxic effects of drugs such as cis-
platin and methotrexate. 
Specific treatments exist for the toxicity of certain an-
tineoplastics (for example the use of calcium folinate to
reduce methotrexate toxicity, or mesna to control the
bladder toxicity of cyclophosphamide or ifosfamide).
For further details of the treatment of specific adverse
effects see under the individual monographs.
Alopecia. Attempts to prevent or reduce chemotherapy-in-
duced alopecia have relied on either restriction of scalp blood
flow with a tourniquet or the use of local hypothermia.1 Both of
these techniques have been based on the rationale that a tempo-
rary decrease in blood flow to the scalp will decrease the expo-
sure of hair follicles to the antineoplastic. Therefore, most benefit

would be expected for alopecia caused by drugs with a short half-
life and for which both active drug and metabolites are rapidly
cleared from the circulation. 
Studies of scalp tourniquets carried out in the 1970s found head
discomfort to be the main side-effect. They used different chem-
otherapy regimens, definitions for success, and tourniquet tech-
niques, making conclusions difficult, and tourniquets were large-
ly replaced by local hypothermia techniques. 
Most studies of local hypothermia have attempted to prevent
doxorubicin-induced alopecia. Again, chemotherapy regimens,
devices used, and exposure times have varied between studies.
Varying degrees of efficacy have been reported, but hypothermia
has generally been of benefit, particularly with single-agent
chemotherapy. The dose of chemotherapy may be relevant, with
hypothermia being less effective at doxorubicin doses above
50 mg. Headache and cold intolerance may occur, but scalp hy-
pothermia is generally well tolerated. 
Despite the successes there is concern that this technique may
provide a sanctuary for circulating malignant cells, with the po-
tential risk of metastasis, and there are reports of scalp metastases
after the use of hypothermia.1,2 One reviewer suggested that the
use of scalp hypothermia might therefore be restricted to patients
receiving single-agent chemotherapy with a palliative intent, or
those with solid tumours that rarely metastasise to the scalp.1 The
technique should probably be avoided in patients with leukaemi-
as.2 
In the USA commercial distribution of cooling caps designed to
produce localised scalp hypothermia was halted by the FDA in
1990 because of concerns about their effectiveness and their po-
tential to create sanctuary sites and interfere with drug distribu-
tion elsewhere in the head. However, they continue to be availa-
ble in many countries. 
For reference to the use of minoxidil to decrease the duration of
alopecia after doxorubicin-containing chemotherapy, see p.1343.
1. Dorr VJ. A practitioner’s guide to cancer-related alopecia. Semin

Oncol 1998; 25: 562–70. 
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Lancet 2001; 357: 1134.

Bone-marrow depression. Bone-marrow depression in pa-
tients receiving chemotherapy may require a modification of the
dose regimen in subsequent cycles, either by delaying or reduc-
ing doses, although it is recognised that this may sometimes re-
duce efficacy. 
Licensed drug information for a number of myelosuppressive
antineoplastics recommends that if neutropenia or thrombocyto-
penia occurs subsequent doses should be withheld until white
cell counts have returned to 3000 to 3500 cells/mm3 or more, and
blood platelets to about 100 000 cells/mm3. In practice, however,
improved supportive care means that many expert centres rou-
tinely give treatment at lower blood counts than these. The val-
ues at which it is acceptable to treat will be influenced by wheth-
er the regimen is likely to result in further significant falls, and
whether the intent is curative (in which case maintaining treat-
ment intensity is particularly important) or palliative (when
avoiding toxicity becomes a prime consideration); local proto-
cols may contain further guidance and should be consulted
where available. However, it has been suggested1 that with ap-
propriate management treatment is usually possible at neutrophil
counts of 1500 cells/mm3 and platelet counts above
100 000 cells/mm3. 
For guidelines on the use of haematopoietic growth factors in the
management of anaemia, neutropenia, and thrombocytopenia,
see below.
1. Summerhayes M, Daniels S. Practical chemotherapy: a multi-

disciplinary guide. Oxford: Radcliffe Medical Press, 2003.

ANAEMIA. Chemotherapy-induced anaemia can be managed
with transfusion of red cells (p.1078), or treatment with epo-
etin (p.1061) or darbepoetin (p.1058).1-4 Iron supplementa-
tion may be of benefit in anaemic cancer patients receiving
erythropoietic therapy, even in those who are iron-replete.4 
Guidelines for the use of epoetins and darbepoetin have been is-
sued jointly by the American Society of Clinical Oncology and
the American Society of Hematology,5 and guidelines have also
been issued by the US National Comprehensive Cancer Net-
work.3 In the treatment of chemotherapy-induced anaemia, the
use of epoetins or darbepoetin can improve haemoglobin con-
centration and reduce the need for transfusion of red cells, but
whether this improves symptoms and quality of life requires fur-
ther study. The use of epoetins or darbepoetin is recommended
when haemoglobin has fallen to 10 g per 100 mL or less. For pa-
tients with a concentration between 10 and 12 g per 100 mL, the
decision to use epoetins depends on clinical circumstances, and
may be considered for patients at a higher risk of adverse effects
related to anaemia, including elderly patients with limited cardi-
opulmonary reserve, or patients with underlying coronary artery
disease and symptomatic angina. In the UK, the use of epoetins
or their analogues is not generally recommended4 for chemother-
apy-related anaemia except, in combination with intravenous
iron, in patients in whom anaemia is profound and likely to affect
survival, and who cannot be given blood transfusions, or in
women given platinum-based chemotherapy for ovarian cancer
in whom haemoglobin has fallen to 8 g per 100 mL or less.
1. Littlewood TJ. Management options for cancer therapy-related

anaemia. Drug Safety 2002; 25: 525–35. 
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NEUTROPENIA.  Use of granulocyte or granulocyte-macro-
phage colony-stimulating factors (G-CSF or GM-CSF), alone
or with autologous bone marrow transplants or peripheral
blood stem-cells, can markedly reduce the period of neutro-
penia after high-dose chemotherapy regimens (see Filgrastim,
p.1070, and Molgramostim, p.1073). 
The American Society of Clinical Oncology has issued detailed
guidelines for the use of colony-stimulating factors (CSFs) in pa-
tients receiving chemotherapy.1 These point out that in current
practice infectious mortality resulting from febrile neutropenia is
rare, and that the incidence with common chemotherapy regi-
mens seldom exceeds 20% in previously untreated patients;
however, episodes of febrile neutropenia prolong hospital stay,
expose the patient to further interventions, and may result in de-
lay or dose-reduction of further chemotherapy cycles. Unfortu-
nately, although colony-stimulating factors can markedly reduce
the incidence of febrile neutropenia, there was little evidence of
improved clinical outcomes from the use of CSFs in most situa-
tions. 
• Use of colony-stimulating factors for primary prophylaxis in

previously untreated patients should not normally be consid-
ered except where the risk of febrile neutropenia was 20% or
more, or where the risk was less than 20% but bone-marrow
compromise or comorbidity indicated a patient at high risk
(and even here the evidence for improved clinical outcome
was modest). 

• There was no evidence of clinical benefit from the use of col-
ony-stimulating factors in secondary prophylaxis. In patients
with a previous episode of febrile neutropenia the usual option
(except where it would compromise the chances of cure) was
dose reduction of the chemotherapy regimen. 

• For adjunctive treatment of episodes of neutropenia, it was
recommended that CSFs should not be routinely used for pa-
tients who were afebrile; there was also strong and consistent
evidence against routine use for uncomplicated fever and neu-
tropenia in febrile patients. Use might be considered in high-
risk patients with febrile neutropenia. 

• Although CSFs could permit increased dose-density or
dose-intensity of chemotherapy, this was considered only jus-
tified within the context of a clinical study, since the limited
data suggest survival benefit from dose-dense regimens with
CSF support in only a few specific settings. Use in patients
receiving combined chemoradiotherapy was not recom-
mended. 

• In patients with haematological malignancies, CSFs should
be considered after induction chemotherapy in patients with
acute myeloid leukaemias (patients aged over 55 may be most
likely to benefit), after consolidation chemotherapy, and after
initial induction or postremission chemotherapy in patients
with acute lymphoblastic leukaemia; a subset of patients with
myelodysplastic syndrome, severe neutropenia, and recurrent
infection, might also benefit, but use in patients with refracto-
ry or relapsed myeloid leukaemia was not thought to be of
benefit. 

• CSFs were recommended as adjuncts to progenitor cell
transplantation to help mobilise peripheral blood stem cells
and to speed autologous engraftment. 

• As older patients treated with curative chemotherapy for dif-
fuse aggressive lymphoma are at increased risk of febrile neu-
tropenia and infections, and dose reduction strategies have
been associated with a reduced response rate and survival,
prophylactic CSF was recommended for such patients aged
65 and older. 

• Although the guidelines in adults were held to be generally
applicable to children, it was noted that the potential for sec-
ondary myeloid leukaemia or myelodysplastic syndrome as-
sociated with CSFs was of concern in children with acute lym-
phoblastic leukaemia. 

Guidelines issued by the US National Comprehensive Cancer
Network2 adopt a similar attitude to the use of CSFs, and suggest
that they should be used for prophylaxis in all patients with a
more than 20% risk of febrile neutropenia or neutropenia suffi-
cient to compromise treatment, and may be considered in pa-
tients in whom this risk is judged to be between 10 and 20%.
Factors that contribute to risk categorisation include the type of

chemotherapy regimen and patient risk factors such as age, type
of disease, disease stage, general health, and performance status. 
For details on the management of infections in neutropenic pa-
tients, see Infections in Immunocompromised Patients, p.174.
1. Smith TJ, et al. 2006 Update of recommendations for the use of

white blood cell growth factors: an evidence-based clinical prac-
tice guideline. J Clin Oncol 2006; 24: 3187–3205. Also available
at: http://www.jco.org/cgi/reprint/24/19/3187 (accessed 16/07/08) 

2. National Comprehensive Cancer Network. Clinical practice
guidelines in oncology: myeloid growth factors (version
1.2008). Available at: http://www.nccn.org/professionals/
physician_gls/PDF/myeloid_growth.pdf (accessed 16/07/08)

THROMBOCYTOPENIA. Chemotherapy-induced thrombocyto-
penia can be managed with transfusion of platelets (p.1076).
Recombinant thrombopoietin1 (p.1080), interleukin-3
(p.1073), and interleukin-6 have been evaluated for their abil-
ity to increase platelet numbers in vivo. Interleukin-11 has
also been studied and is now available as oprelvekin (p.1074),
which can reduce chemotherapy-induced thrombocytope-
nia.2,3 Interleukin-1 (p.2325) has also been investigated in the
prevention or treatment of thrombocytopenia. 
The American Society of Clinical Oncology has issued guide-
lines for the use of platelet transfusion.4 They recommend that
prophylactic platelet transfusion be given for thrombocytopenia
resulting from impaired bone-marrow function to reduce the risk
of haemorrhage when the platelet count falls below a predefined
threshold. This threshold will vary depending on the patient’s di-
agnosis, clinical condition, and treatment modality. A threshold
of 10 000 cells/mm3 has been recommended for patients being
treated for acute leukaemia, with haematopoietic stem cell trans-
plantation, or for solid tumours. A higher threshold of 20 000
cells/mm3 may need to be considered for patients with signs of
haemorrhage, high fever, rapid fall of platelet count, coagulation
abnormalities, patients receiving aggressive therapy for bladder
tumours, or those with necrotic solid tumours who are at in-
creased risk of bleeding from these sites.
1. Vadhan-Raj S, et al. Recombinant human thrombopoietin atten-

uates carboplatin-induced severe thrombocytopenia and the need
for platelet transfusions in patients with gynecologic cancer. Ann
Intern Med 2000; 132: 364–8. 

2. Gordon MS, et al. A phase I trial of recombinant human inter-
leukin-11 (Neumega rhIL-11 growth factor) in women with
breast cancer receiving chemotherapy. Blood 1996; 87:
3615–24. 

3. Isaacs C, et al. Randomized placebo-controlled study of recom-
binant human interleukin-11 to prevent chemotherapy-induced
thrombocytopenia in patients with breast cancer receiving dose-
intensive cyclophosphamide and doxorubicin. J Clin Oncol
1997; 15: 3368–77. 

4. Schiffer CA, et al. Platelet transfusion for patients with cancer:
clinical practice guidelines of the American Society of Clinical
Oncology. J Clin Oncol 2001; 19: 1519–38. Also available at:
http://www.jco.org/cgi/reprint/19/5/1519.pdf (accessed 04/04/06)

Diarrhoea. Patients receiving chemotherapy should be moni-
tored for onset, duration, and severity of diarrhoea. Uncomplicat-
ed mild to moderate diarrhoea may be managed conservatively
with dietary modification and loperamide. Severe diarrhoea, and
mild to moderate cases that are complicated by moderate to se-
vere cramping, nausea and vomiting, decreased performance sta-
tus, fever, sepsis, neutropenia, frank bleeding, or dehydration,
may require more aggressive management including intravenous
fluids, octreotide, and antibacterials.1
1. Benson AB, et al. Recommended guidelines for the treatment of

cancer treatment-induced diarrhea. J Clin Oncol 2004; 22:
2918–26.

Extravasation. Extravasation is the leakage of a drug into sub-
cutaneous tissue during parenteral dosage. Extravasation injuries
can range from mild erythema to ulceration, and severe necrosis
in some cases if not dealt with promptly. Antineoplastics vary in
their propensity to cause extravasation injury:1 
• vesicant antineoplastics cause pain, inflammation and blister-

ing of the local skin, tissue death and necrosis; they include
amsacrine, the anthracyclines (doxorubicin and its deriva-
tives), carmustine, dacarbazine, dactinomycin, mitomycin,
chlormethine, paclitaxel, plicamycin, streptozocin, and the
vinca alkaloids 

• exfoliants can cause inflammation and exfoliation, but are less
likely to cause tissue death, and include cisplatin, docetaxel,
mitoxantrone, oxaliplatin, and topotecan 

• carboplatin, irinotecan, and the podophyllotoxin derivatives
(etoposide and teniposide) are examples of irritant drugs
which may cause inflammation and irritation, but rarely cause
breakdown of tissue. Fluorouracil, methotrexate, and ralti-
trexed can cause mild to moderate inflammation of local tissue. 

Measures to prevent the occurrence of extravasation include giv-
ing vesicant or irritant drugs via a central line, or peripherally via
a recently sited cannula; vesicants are generally given by intrave-
nous injection into a fast-running infusion. Glyceryl trinitrate
patches applied distally to the cannula may be used to dilate
veins where venous access is a problem. The site of administra-
tion should be regularly checked, and the patient asked to report
any untoward sensations. 
If extravasation should occur the infusion should be stopped im-
mediately and as much as possible of the infiltrating drug re-
moved by aspiration. Beyond this, however, the management of
extravasation is not well standardised and there has been disa-
greement as to the most appropriate course; there is little data

from controlled studies and much practice is based on anecdotal
reports and individual experience. Intravenous and subcutaneous
injection of a corticosteroid (usually hydrocortisone) has been
suggested, although some consider it ineffective or possibly even
disadvantageous. Topical application of a 1% hydrocortisone
cream to inflamed skin has also been suggested, and antihista-
mines and, if necessary, analgesics, may be given orally. In most
cases application of a cold dressing or ice pack is appropriate.
However, after extravasation of the taxanes, vinca alkaloids, or
cisplatin, the use of warm packs with hyaluronidase to enhance
uptake from the skin has been recommended; a similar procedure
has been suggested for large volume extravasations of the podo-
phyllotoxin derivatives. 
The use of specific antidotes is a particularly contentious area,
since few are clinically validated and some (such as the use of
sodium bicarbonate 8.4% for anthracycline extravasations) may
do more harm than good. Brief infiltration of a less concentrated
(2.1%) sodium bicarbonate solution, followed after a few min-
utes by aspiration, is still, however, advocated by some in the
management of extravasations of the anthracyclines, carmustine,
and plicamycin. Better accepted in the management of anthracy-
cline and mitomycin extravasation is the topical application of
dimethyl sulfoxide about every 6 hours, sometimes alternated
with hydrocortisone 1% cream. Dexrazoxane is also used for the
management of anthracycline extravasation. Sodium thiosulfate
3 or 4% has been used to infiltrate the site of extravasations of
cisplatin, dactinomycin, or chlormethine. 
The role of surgery is also important. It is unequivocally neces-
sary in cases where other methods have failed to prevent evolv-
ing tissue damage, but there is some dispute as to the role of early
surgery to remove drug-laden tissue and prevent the develop-
ment of more serious ulceration and necrosis. Techniques of sa-
line flushout and liposuction have been developed for removing
drug and non-viable tissue while preserving overlying skin. 
Some references to the management of extravasation are given
below.1-6

1. Stanley A. Managing complications of chemotherapy adminis-
tration. In: Allwood M, et al., eds. The Cytotoxics Handbook. 4th
ed. Oxford: Radcliffe Medical Press, 2002: 119–93. 

2. Dorr RT. Antidotes to vesicant chemotherapy extravasations.
Blood Rev 1990; 4: 41–60. 

3. Gault DT. Extravasation injuries. Br J Plast Surg 1993; 46: 91–6. 
4. Bertelli G. Prevention and management of extravasation of cyto-

toxic drugs. Drug Safety 1995; 12: 245–55. 
5. Kassner E. Evaluation and treatment of chemotherapy extravasa-

tion injuries. J Pediatr Oncol Nurs 2000; 17: 135–48. 
6. Ener RA, et al. Extravasation of systemic hemato-oncological

therapies. Ann Oncol 2004; 15: 858–62.

Hypersensitivity. Desensitisation protocols have been de-
scribed for cancer patients with hypersensitivity reactions to
chemotherapy, including taxanes, platinum agents, and mono-
clonal antibodies.1
1. Castells M. Rapid desensitization for hypersensitivity reactions

to chemotherapy agents. Curr Opin Allergy Clin Immunol 2006;
6: 271–7.

Mucositis. Many drugs have been tried for the prophylaxis of
mucositis caused by antineoplastic therapy, by modifying expo-
sure of the oral mucosa to chemotherapy, modifying epithelial
proliferation, or reducing the potential for infection and inflam-
matory complications of mucositis.1 Some drugs showed limited
evidence of benefit in small studies, including benzydamine, bet-
acarotene, granulocyte-macrophage colony-stimulating factor,
povidone-iodine, propantheline bromide, vitamin E, and tretin-
oin. There are conflicting reports of benefit from studies of su-
cralfate and chlorhexidine. Other options that have been tried
with less success include aciclovir, allopurinol, dinoprostone,
glutamine, misoprostol, pentoxifylline, and bacterial and fungal
decontamination. 
A large systematic review2 considered many of these and found
that some drugs showed evidence of benefit, albeit weak, includ-
ing amifostine, benzydamine, calcium phosphate, honey, hydro-
lytic enzymes, iseganan, and zinc sulfate; local cooling with ice
chips and Chinese medicinal herb mixtures also showed some
benefit. Practice guidelines3 also suggested that local cooling
may prevent oral mucositis associated with bolus fluorouracil or
edatrexate; that ranitidine or omeprazole may prevent epigastric
pain after treatment with cyclophosphamide, methotrexate, and
fluorouracil, or after fluorouracil with or without folinic acid; and
that amifostine may reduce oesophagitis associated with chemo-
radiotherapy for non-small cell lung cancer. Palifermin may pre-
vent oral mucositis in patients with haematological neoplasms
given high-dose chemotherapy and total body irradiation before
autologous stem cell transplantation. Local cooling may be used
in patients given high-dose melphalan. 
There will be some overlap between measures for prophylaxis
and treatment of mucositis, and another systematic review4 of
treatment strategies found that there was some evidence that top-
ical allopurinol or granulocyte-macrophage colony-stimulating
factor might improve chemotherapy-induced oral mucositis, but
the evidence was weak and unreliable. Given the number of var-
iables involved in the development of mucositis it is unlikely that
any one prophylactic or treatment regimen will prove suitable for
all patients.
1. Knox JJ, et al. Chemotherapy-induced oral mucositis: preven-

tion and management. Drugs Aging 2000; 17: 257–67. 
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2. Worthington HV, et al. Interventions for preventing oral mucosi-
tis for patients with cancer receiving treatment. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2007 (accessed 16/07/08). 

3. Keefe DM, et al. The Multinational Association of Supportive
Care in Cancer and the International Society for Oral Oncology.
Updated clinical practice guidelines for the prevention and treat-
ment of mucositis. Cancer 2007; 109: 820–31. Also available at:
ht tp: / /www3.interscience.wiley.com/cgi-bin /ful l text /
114078093/PDFSTART (accessed 16/07/08) 

4. Clarkson JE, et al. Interventions for treating oral mucositis for
patients with cancer receiving treatment. Available in The Co-
chrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2007 (accessed 16/07/08).

Nausea and vomiting. For a detailed discussion of the man-
agement of chemotherapy-induced nausea and vomiting, see
p.1700.
Osteoporosis. For a detailed discussion on the management of
osteoporosis, see p.1084. 
Further references.
1. Michaud LB, Goodin S. Cancer-treatment-induced bone loss,

part 1. Am J Health-Syst Pharm 2006; 63: 419–30. 
2. Michaud LB, Goodin S. Cancer-treatment-induced bone loss,

part 2. Am J Health-Syst Pharm 2006; 63: 534–46.

Tumour lysis syndrome. Management of tumour lysis syn-
drome is based on hydration, correction of metabolic abnormal-
ities, and supportive treatment of renal failure.1-3 Aggressive hy-
dration with isotonic sodium chloride reduces concentrations of
uric acid, phosphate, and potassium, and should be considered in
all patients at risk of the syndrome, except those at risk of volume
overload. Management of acute hyperkalaemia may include car-
diac membrane stabilisation with calcium gluconate, intracellu-
lar shift of potassium using insulin (with glucose) or inhaled
beta2 agonists, and increased excretion of potassium by diuretics
or dialysis. In the management of hyperuricaemia1,3,4 allopurinol
may be given prophylactically to reduce the formation of uric
acid, and rasburicase may be used for both prophylaxis and treat-
ment by increasing uric acid oxidation. Adequate hydration,
sometimes with urinary alkalinisation using sodium bicarbonate,
also improves the solubility and hence renal excretion of uric ac-
id.
1. Davidson MB, et al. Pathophysiology, clinical consequences,

and treatment of tumor lysis syndrome. Am J Med 2004; 116:
546–54. 

2. Cairo MS, Bishop M. Tumour lysis syndrome: new therapeutic
strategies and classification. Br J Haematol 2004; 127: 3–11. 

3. Coiffier B, et al. Guidelines for the management of pediatric and
adult tumor lysis syndrome: an evidence-based review. J Clin
Oncol 2008; 26: 2767–78. 

4. Holdsworth MT, Nguyen P. Role of i.v. allopurinol and rasburi-
case in tumor lysis syndrome. Am J Health-Syst Pharm 2003; 60:
2213–24.

Precautions
In view of their severe toxicity and possible carcino-
genicity these drugs should generally be reserved for
severe or life-threatening disease, and it is widely sug-
gested that their use should be confined to experienced
staff in specialised centres. 
Immunosuppression and bone-marrow depression are
features of many of these drugs and their use is associ-
ated with an increased risk of infections caused by
pathogenic or opportunistic micro-organisms, and a re-
duced capacity to cope with them. Where possible, im-
munosuppressant drugs should not be given to patients
with acute infections, and dosage reduction or with-
drawal should be considered if infection develops, un-
til the infection has been controlled. For cautions re-
garding the use of vaccines in patients receiving these
drugs see Interactions, below. For discussion of the
treatment of infections in immunosuppressed patients,
see p.174. Special care is necessary in debilitated pa-
tients. 
Blood counts and measurement of haemoglobin con-
centrations should be carried out routinely to help pre-
dict the onset of bone-marrow depression. Great cau-
tion is needed when the marrow is already depressed
from radiotherapy or therapy with other antineoplas-
tics, and modification of dosage regimens may be re-
quired. The blood counts below which treatment is
contra-indicated will vary depending on the regimen to
be used and the therapeutic intent of that treatment (see
Bone-Marrow Depression, above); local protocols, in-
cluding those for the use of colony-stimulating factors,
should always be consulted. 
Although positive evidence of teratogenicity in hu-
mans is not available for all antineoplastics, pregnancy
should be avoided in women receiving them: in partic-
ular they should not be given, if possible, during the

first trimester. Mothers receiving antineoplastic thera-
py should not breast feed. Because some regimens may
result in permanent infertility, the storage of semen
samples for male patients, and embryos for females be-
fore such therapy may be desirable. 
Many antineoplastics are vesicant or irritant. Care must
be taken to avoid extravasation since severe pain and
tissue damage may ensue. They must be handled with
great care and contact with skin and eyes avoided; they
should not be inhaled. In many countries official or
professional guidelines on precautions for the safe han-
dling of cytotoxic drugs have been issued. 
For precautions specific to particular drugs, see under
the individual monographs.
Administration in the elderly. The use of antineoplastics in
the elderly should take into consideration age-related physiolog-
ical changes including decline in renal and hepatic function, re-
duced haematopoietic reserve, and reduced gastrointestinal and
cardiac function. Other factors to consider are comorbid condi-
tions and potential drug interactions with associated medica-
tions.1-4 Neoplastic disorders in the elderly have been undertreat-
ed because of an impression that these diseases are less
aggressive,5 and the effects of chemotherapy more likely to be
severe.1,2,5,6 Elderly patients have often been excluded from clin-
ical trials for reasons that included physician bias, protocol eligi-
bility criteria with restrictions on comorbidities, and poor patient
functional status.7 There is evidence, however, that healthy older
patients can tolerate chemotherapy as well as younger patients.1,2

However, there have been few studies of chemotherapy specifi-
cally in elderly patients,4,5 and selection of a suitable dosage reg-
imen is more difficult as a consequence, although there is in-
creasing effort to address this lack of data.2,5,6 Old people vary as
much as any other group in their response to drugs, and the con-
sensus is that they should not be excluded from any form of treat-
ment on the grounds of age alone.
1. Kimmick GG, et al. Cancer chemotherapy in older adults: a tol-

erability perspective. Drugs Aging 1997; 10: 34–49. 
2. Lichtman SM, Skirvin JA. Pharmacology of antineoplastic

agents in older cancer patients. Oncology (Huntingt) 2000; 14:
1743–55. 

3. Wildiers H, et al. Pharmacology of anticancer drugs in the elder-
ly population. Clin Pharmacokinet 2003; 42: 1213–42. 

4. Lichtman SM, et al. International Society of Geriatric Oncology
Chemotherapy Taskforce: evaluation of chemotherapy in older
patients—an analysis of the medical literature. J Clin Oncol
2007; 25: 1832–43. 

5. Balducci L, Beghe’ C. Cancer and age in the USA. Crit Rev On-
col Hematol 2001; 37: 137–45. 

6. Muss HB. Older age—not a barrier to cancer treatment. N Engl
J Med 2001; 345: 1128–9. 

7. Townsley CA, et al. Systematic review of barriers to the recruit-
ment of older patients with cancer onto clinical trials. J Clin On-
col 2005; 23: 3112–24.

Administration at home. Outpatients taking oral antineo-
plastic therapy at home do not receive the same level of monitor-
ing as inpatients, and should be cautioned to report any adverse
effects, since such treatments may still produce severe toxicity.
Contraception. The BNF recommends that intra-uterine de-
vices for contraception be used with caution in patients with
drug- or disease-induced immunosuppression, because of the
risk of infection; such devices are contra-indicated in marked im-
munosuppression.
Handling and disposal. Many antineoplastics are potent and
potentially highly toxic drugs that must be handled with due care.
In many countries official or professional guidelines are availa-
ble for the handling, reconstitution, and disposal of antineoplas-
tics, and most centres or institutions in which these drugs are
used will have individual handling policies based on these.1 
Recommendations generally include: 
• that these drugs be reconstituted by trained personnel; 
• that reconstitution take place in designated areas, designed to

protect personnel and the environment—for example, the use
of safety cabinets; 

• that protective clothing be worn, including gloves, eye protec-
tion, and masks if necessary (it should be noted that gloves
may vary in their resistance to penetration, depending upon
their thickness, the material of which they are made, and the
drug in question1,2); 

• that waste should be disposed of carefully in suitable separate
containers, clearly labelled as to their contents (it should be
noted that the patient’s body fluids and excreta may contain
appreciable amounts of antineoplastic agents and it has been
suggested that they and materials such as bed linen contami-
nated with them should also be treated as hazardous waste3,4); 

• that adequate procedures should be in place for accidental
contamination due to spillages; 

• that staff exposure to antineoplastic agents be recorded and
monitored; 

• that pregnant staff should avoid handling these drugs if possi-
ble.

1. Allwood M, et al. eds. The Cytotoxics Handbook. 4th ed. Ox-
ford: Radcliffe Medical Press, 2002. 

2. Connor TH. Permeability of nitrile rubber, latex, polyurethane,
and neoprene gloves to 18 antineoplastic drugs. Am J Health-
Syst Pharm 1999; 56: 2450–3. 

3. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91. 

4. Cass Y, Musgrave CF. Guidelines for the safe handling of excreta
contaminated by cytotoxic agents. Am J Hosp Pharm 1992; 49:
1957–8.

Pregnancy. Antineoplastics may be used during pregnancy for
their immunosuppressant properties in auto-immune disease,
and for the treatment of cancer, which can complicate 1 in 1000
pregnancies.1-3 Although the use of potentially teratogenic drugs
would normally be avoided during pregnancy, the risk to the
mother of inadequate treatment may outweigh whatever risks ex-
ist of abnormality in the fetus.1 
The highest incidence of adverse effects appears to occur after
exposure during the first trimester:1-4 about 10 to 20% of fetuses
exposed to cytotoxics during this period have major malforma-
tions, compared with 3% in the general population.1 Malforma-
tions reflect the gestational age at exposure. The fetus is particu-
larly vulnerable when exposed during organogenesis (weeks 2 to
8 after conception), and the heart, neural tube, and limbs are af-
fected earlier than the palate and ear; after organogenesis, the
eyes, genitalia, haematopoietic system, and CNS remain vulner-
able to continued exposure.3 
The risk of fetal malformations after exposure during the second
and third trimesters is probably no higher than the background
rate, but there may still be an increased risk of still-birth, fetal
growth restriction, premature birth, and maternal or fetal myelo-
suppression.1-3 
The delayed effects of antineoplastics on development have not
been well-documented. Despite concerns that premature birth
and low birth-weight could contribute to retardation of growth,
development, and intellect,5 long-term follow-up of a limited
number of children has not shown any evidence of abnormali-
ties.3-5 Similarly, although maternal antineoplastic therapy has
been implicated in a case of childhood neuroblastoma and papil-
lary thyroid cancer, the child’s fraternal twin, exposed to the
same drugs in utero, was healthy.3 There have been no reports of
secondary leukaemias in exposed offspring, but the longer term
risk is unknown.3 
The teratogenicity of any drug depends on the timing of expo-
sure, the dose, and the characteristics affecting placental trans-
fer,3 as well as the actions of the drug. Of the antineoplastics, the
greatest risk seems to be associated with alkylating agents and
antimetabolites, in particular aminopterin, fluorouracil, and
methotrexate.1,2,6 The vinca alkaloids and doxorubicin (but not
epirubicin or idarubicin) may entail less risk,2,3 although the
former have produced malformations in animals.1 Other drugs
reported to be teratogenic or potentially teratogenic include bu-
sulfan,1 chlorambucil,1,6 chlormethine,1 cyclophosphamide,1,6

cytarabine,1 mercaptopurine,6 and the podophyllotoxin deriva-
tives.1 The problems with thalidomide and its congeners are well
known. 
There are no specific dosage recommendations for the use of an-
tineoplastics during pregnancy, but physiological changes occur-
ring in the mother can alter the pharmacokinetics of drugs.1-3

This could potentially increase the toxicity of the antineoplastic,
or decrease its efficacy.2 Anecdotal evidence suggests that ad-
verse effects may be less marked during pregnancy, perhaps re-
flecting reduced peak or free-drug concentrations in the blood.3
Myelosuppressive chemotherapy should be avoided 3 weeks be-
fore the anticipated delivery so that the mother is neither neutro-
penic nor thrombocytopenic.1-3 For the same reason, chemother-
apy should be avoided after 35 weeks of gestation, when
spontaneous delivery is more likely to occur.3 The timing of de-
livery is also critical for the neonate, as chemotherapy given
shortly before delivery may not be eliminated through the pla-
centa, prolonging exposure in the newborn.1,3 
There has also been concern that long-term occupational expo-
sure to antineoplastics might have an adverse effect on the fetus
of pregnant healthcare workers: a study in 650 Finnish nurses
found that women who experienced fetal loss were more than
twice as likely to have had first trimester exposure to antineo-
plastic drugs as women who successfully gave birth.7 These re-
sults have been criticised on the grounds that such results are not
generally seen in cancer patients,8,9 who presumably are exposed
to much higher doses of antineoplastics. However, similar results
were seen in a cross-sectional analysis of 7094 pregnancies in-
volving 2815 nursing and pharmacy staff.10 Another study11 has
suggested that the rate of ectopic pregnancy may be increased in
nurses occupationally exposed to antineoplastics, but the small
number of ectopic pregnancies involved (15 in 734 pregnancies)
means that the association with antineoplastics may be due to
chance. A further, larger, case-control study12 by the same inves-
tigators found no evidence of an increased rate of ectopic preg-
nancy, and suggested that occupational exposure to higher levels
of antineoplastics in the past possibly explained the earlier find-
ings. Again, such an effect does not appear to have been reported
in women treated with antineoplastics. 
See also Effects on Reproductive Potential, above.
1. Buekers TE, Lallas TA. Chemotherapy in pregnancy. Obstet

Gynecol Clin North Am 1998; 25: 323–9. 
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1173–8. 

8. Kalter H. Antineoplastic drugs and spontaneous abortion in
nurses. N Engl J Med 1986; 314: 1048–9. 

9. Mulvihill JJ, Stewart KR. Antineoplastic drugs and spontaneous
abortion in nurses. N Engl J Med 1986; 314: 1049. 

10. Valanis B, et al. Occupational exposure to antineoplastic agents:
self-reported miscarriages and stillbirths among nurses and
pharmacists. J Occup Environ Med 1999; 41: 632–8. 
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Interactions
Because of their effects on the gastrointestinal mucosa
antineoplastics have the potential to interfere with the
absorption of drugs given orally. Antineoplastics that
have an immunosuppressant effect may reduce the re-
sponse to vaccines, and there is a possibility of gener-
alised infection with live vaccines. Use with live vac-
cines should generally be avoided. 
Many antineoplastics are inhibitors of certain isoen-
zymes of cytochrome P450 and some antineoplastics
are also metabolised by these enzymes, and in conse-
quence the possibility of interactions between antineo-
plastics, or between antineoplastics and other medica-
tion, cannot be discounted. 
Interactions affecting specific drugs are covered under
the individual monographs.
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Antiepileptics. Retrospective review of outcomes in children
treated for acute lymphoblastic leukaemia indicated that long-
term antiepileptic therapy increased the clearance of several an-
tileukaemic drugs and reduced the efficacy of therapy.1
1. Relling MV, et al. Adverse effect of anticonvulsants on efficacy

of chemotherapy for acute lymphoblastic leukaemia. Lancet
2000; 356: 285–90.

Antivirals. The potential for interaction between antiretrovirals
and antineoplastics has been reviewed.1 Although clinical evi-
dence of interactions is scanty, various HIV-protease inhibitors
and NNRTIs can inhibit or induce cytochrome P450 isoenzymes,
and thus have the potential to interact with a number of antineo-
plastics including taxanes, vinca alkaloids, and cyclophospha-
mide.
1. Antoniou T, Tseng AL. Interactions between antiretrovirals and

antineoplastic drug therapy. Clin Pharmacokinet 2005; 44:
111–45.

Effects on other drugs. Antineoplastics have been reported to
affect a number of drugs including: 
• digoxin (reduced absorption, see p.1262) 
• oral anticoagulants (increased or decreased effect, see Warfa-

rin, p.1429) 
• phenytoin (increased or decreased effect, see p.499) 
• suxamethonium (prolonged effect, see p.1911) 
• vaccines (decreased response, see p.2202).
Herbal medicines. The potential for interactions between an-
tineoplastics and herbal medicines has been reviewed.1 There is
a general lack of information and reports, and warnings are large-
ly based on theory and extrapolation from herbal interactions
with other drugs.
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tential adverse interactions with anticancer agents. J Clin Oncol
2004; 22: 2489–2503.

Pharmacokinetics
Many antineoplastics have intra- and interindividual
pharmacokinetic variability that can be influenced by a
number of factors. Patient age, disease state, and drug
interactions can affect drug absorption, distribution,
metabolism, and excretion. Genetic polymorphisms
also affect drug disposition and are under investigation,
but the clinical use of such information is currently
limited. Various methods have been tried or are being
investigated as ways of tailoring initial drug dosage
and therapeutic drug monitoring for individual patients
in order to improve treatment efficacy and minimise
toxicity. Such methods include population pharmaco-
kinetic modelling and individual pharmacogenetic typ-
ing; examples include carboplatin dosing based on
glomerular filtration rate (p.693) and genotyping of pa-
tients thought to be at increased risk of irinotecan tox-
icity (p.737).
◊ Reviews.
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Action
Much of the development of cancer chemotherapy has
been based on an understanding of the way in which
tumour cells grow, and the way in which the drugs af-
fect this growth. 
After cell division the daughter cells enter a period of
growth, G1, which lasts for different lengths of time in
different tissues. This is followed by a period of DNA
synthesis, S, in which the amount of chromosomal ma-
terial is doubled, then a postsynthetic, or premitotic,
phase, G2, then finally by mitotic cell division, M. As
an alternative to re-entering the cycle, the products of
cell division may enter a kinetically-dormant, nonpro-
liferative stage, G0, although it is not exactly clear what
recruits such ‘resting’ cells back into the cell cycle. 
The rate of cell division varies for different tumours;
the doubling time for Burkitt’s lymphoma and acute
lymphoblastic leukaemia is less than 5 days, whereas
the mean doubling time for seminoma is about 20 days,
that for small-cell lung cancer about 50 days, and those
for colon cancer and advanced breast cancer about 100
and 150 days respectively. The range of reported dou-
bling times may also vary widely for a particular tu-
mour type. Most common cancers increase very slow-
ly in size in comparison with sensitive normal tissues,
including those from which they derive, and the rate
may decrease further in large tumours. This difference
allows normal cells to recover more quickly than ma-
lignant ones from chemotherapy, and is the rationale
behind cyclic dosage schedules. The lethal body tu-
mour burden is reached when the tumour cell mass ap-
proaches or exceeds 1 × 1012 cells, equivalent to about
1 kg of tissue, and representing about 40 doublings. 
Cell killing by cytotoxic agents is generally a first order
process, so a given dose or course of antineoplastic
kills a fixed percentage of tumour cells rather than a
fixed number. Thus a drug that killed 99% of tumour
cells would leave behind 1010 cells from a tumour con-
taining 1012 cells, but only 102 cells from one contain-
ing 104, reinforcing the importance of treating malig-
nant neoplasms as early as possible. 

Cytotoxic drugs act to damage the reproductive integ-
rity of cells. Some are active at a particular stage of the
cell cycle. The antimetabolites interfere with DNA
synthesis, as does hydroxycarbamide, and are thus ac-
tive against cells in S phase, while the vinca alkaloids
inhibit microtubular function and act on cells in phase
M. Other drugs such as the alkylating agents, the an-
thracyclines, and cisplatin are not phase-specific, but
since their actions are dependent at least in part on
damaging DNA they are more effective against prolif-
erating cells, particularly in S phase. It is now thought
that many antineoplastics exert their ultimate effect by
inducing cellular apoptosis (programmed cell death).
Some drugs, such as bleomycin or vinblastine also
have the property of arresting the cycle in a particular
phase, and attempts have been made to synchronise tu-
mour cell division in this way, to maximise the number
of cells in a sensitive phase when a particular drug is
used. However, in practice this approach has been less
successful than early experimental results suggested. 
Some drugs used in the treatment of neoplasms do not
attack the tumour cells directly but are given in order to
increase cell vulnerability to other modalities: these in-
clude radiosensitisers (which have proved of only lim-
ited benefit to date), and photosensitisers such as por-
fimer sodium, used in photodynamic therapy (PDT). 
Apart from attacking cell division, increased under-
standing of the molecular biology of tumour cells has
begun to open the possibility of other approaches to the
treatment of malignant neoplasms. Some monoclonal
antibodies are designed to bind to specific cell-surface
proteins or receptors, enabling the immune system to
recognise and attack tumour cells (targeted therapy).
Control of tumour growth through inhibition of angio-
genesis is also being used. Other areas of investigation
include inducing tumour cells to differentiate into non-
malignant forms, manipulation of cellular apoptosis
and signal transduction, inhibiting the expression of
abnormal growth factors, telomerases and other onco-
gene products (including the use of ribozymes or of
‘antisense’ compounds which inhibit oncogenic mes-
senger RNA), and prevention or inhibition of metasta-
sis. Gene therapy (p.2310) is another form of treatment
under consideration. However, such approaches re-
main largely experimental.
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Resistance
Resistance to antineoplastics is one of the greatest lim-
itations to the use of chemotherapy in malignant dis-
ease. Resistance may be intrinsic to the tumour or may
be acquired during chemotherapy, which effectively
acts to select resistant cells from a heterogeneous pop-
ulation; the latter is one reason that relapses, or malig-
nancies in heavily-pretreated patients, may be particu-
larly difficult to treat. 
The mechanisms of resistance in cancer cells are com-
plex and imperfectly understood, but appear to include: 
• hypoxia and imperfect drug penetration in the centre

of large, solid tumours 
• the small proportion of cells actively dividing and

thus vulnerable to antineoplastics (particularly in
slow-growing tumours) 

• decreased cellular uptake or increased efflux of anti-
neoplastic 

• increased metabolic breakdown or decreased activa-
tion of antineoplastic 

• increased expression of target enzymes 
• metabolism via alternative biochemical pathways to

those blocked by the antineoplastic 
• more efficient repair of damaged DNA 
• possibly the expression of genes which inhibit drug-

induced apoptosis. 
Several of these mechanisms may be in operation at
one time. Much interest has been expressed in the po-
tential use of drugs which can modulate or inhibit
mechanisms of resistance, and in particular in com-
pounds such as valspodar, verapamil, quinidine, and
ciclosporin, which have the ability to block the action
of p-glycoprotein, a membrane glycoprotein which
acts as an efflux pump for a range of cytotoxic sub-
stances and which is responsible for the multi-drug re-
sistant (MDR) phenotype. However, for sustained ben-
efit it seems likely that several drugs would be
required, each to overcome a different mechanism of
resistance, and it would be necessary to ensure that tox-
icity of antineoplastics to normal cells was not also en-
hanced. 
If the emergence of heritable resistant phenotypes is a
natural part of tumour-cell biology (the Goldie-Cold-
man hypothesis) it implies that the larger and older the
tumour, the more likely is resistance to occur. This
would confirm the benefits of surgery and radiotherapy
to shrink the primary tumour, and of starting chemo-
therapy as soon as possible after (a preferably early)
diagnosis.
Antiresistance agents. Some drugs have been reported to par-
tially abolish multidrug resistance to antineoplastics in vitro.1,2

These include: 
• verapamil, its enantiomers and analogues such as Ro-11-2933 
• other calcium-channel blockers including prenylamine,

diltiazem, nifedipine analogues such as nicardipine and bepri-
dil 

• various phenothiazines and thioxanthenes including trifluo-
perazine and the trans-isomer of flupentixol 

• structural analogues of the anthracyclines and vinca alkaloids 
• progesterone and other steroid hormones, as well as, to some

extent, anti-oestrogens such as tamoxifen 
• ciclosporin and various of its nonimmunosuppressive ana-

logues (such as valspodar) 
• miscellaneous drugs including amiodarone, quinidine, pro-

pranolol, reserpine, yohimbine, dipyridamole, erythromycin,
cefoperazone, and ceftriaxone 

However, despite reported effects on resistance in vitro clinical
results may be less impressive: studies in which verapamil was
added to therapy for small cell lung cancer3 or multiple
myeloma4 failed to show any benefit, and second-generation P-
glycoprotein inhibitors such as valspodar have unpredictable

pharmacokinetic interactions with cytotoxics.5 Nevertheless,
there is ongoing development of P-glycoprotein inhibitors, and
drugs such as tariquidar are undergoing clinical studies.5 It has
been suggested that tumour growth may rely on a malignant
equivalent of stem cells, with innate multi-drug resistance, and
that this may make overcoming resistance without damaging
normal stem cells particularly difficult.6
1. Ford JM, Hait WN. Pharmacology of drugs that alter multidrug

resistance in cancer. Pharmacol Rev 1990; 42: 155–99. 
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cer 1995; 75: 815–20. 
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tein. Cancer Control 2003; 10: 159–65. 
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col 2005; 45: 872–7.

Choice of Antineoplastic
The following section describes the treatment of some
of the major malignant neoplasms, and in particular the
role of combination chemotherapy with antineoplas-
tics. 
Table 1 (p.644) lists published initial doses for some
well-known combination chemotherapy regimens.
Doses may be modified (particularly in subsequent cy-
cles) to allow for patient status and toxic effects, al-
though in some cases this may be at the expense of ef-
ficacy. Regimens can also vary slightly between
institutions, or may be modified as part of the ongoing
evolution of cancer chemotherapy; such therapy
should preferably take place only in expert centres. The
same acronym has sometimes been used for regimens
containing different drugs, or using the same drugs in
different doses or in different ways, and the reader
should consult the literature for further details.

Role of chemotherapy
In 1999, in an update of a previous consultation document
on cancer chemotherapy,1 WHO listed those drugs it con-
sidered essential for the rational management of malignant
neoplasms. 
The list divides drugs into 3 categories [note: drugs in ital-
ics in this list were not in the previous 1994 list]: 
• 17 essential drugs that are used to treat curable cancers

or cancers for which the cost-benefit ratio clearly fa-
vours drug treatment (bleomycin, chlorambucil, cispla-
tin, cyclophosphamide, cytarabine, dactinomycin, dau-
norubicin, doxorubicin, etoposide, fluorouracil,
mercaptopurine, methotrexate, prednisolone, procar-
bazine, tamoxifen, vinblastine, and vincristine) 

• 12 drugs that may have advantages in certain clinical sit-
uations (busulfan, carboplatin, flutamide, folinic acid,
gonadorelin analogues, interferon alfa, melphalan,
megestrol, mitomycin, mitoxantrone, paclitaxel, and
vinorelbine) 

• 13 drugs judged as not essential for the effective deliv-
ery of cancer care (aminoglutethimide, anastrozole, al-
tretamine, carmustine, dacarbazine, docetaxel, epiru-
bicin, gemcitabine, ifosfamide, irinotecan, lomustine,
raltitrexed, and topotecan). 

WHO considers that for some tumours such as hepatocel-
lular carcinoma and lung cancer the development of effec-
tive prevention programmes through hepatitis B immuni-
sation and tobacco control is currently of greater priority
than therapy.1 
Despite the real benefits achieved in selected conditions,
reassessment of the role and value of chemotherapy for
malignant neoplasms led a number of oncologists in the
1980s and 90s to express the view that it had not lived up
to its promise. Braverman2 suggested in 1991 that for
many or most patients medical management should be
confined to symptom management and enrolment in a hos-
pice programme, with a considerable reduction in the pre-
scription of antineoplastics and a confinement of studies to
drugs with novel mechanisms of action, or refinement of
regimens known to be effective, a view he subsequently
re-iterated.3 Similar views were expressed by others,

pointing out the failure of treatment for most common
adult tumours,4 and suggesting that widespread use of
chemotherapy was not justified outside clinical trials or
specialised centres.5,6 Bailar and Smith, in a statistical re-
view in 1986, suggested that the ‘war against cancer’ was
being lost, and that concentration on prevention rather than
treatment might produce more promising results.7 Despite
acknowledging some areas of progress, an update of this
review including data up to the end of 1994 came to the
same conclusion.8 Others also pointed out the failure to ad-
equately address methods for cancer prevention.9 
Such views naturally provoked controversy, and others
considered that developments in the use of adjuvant and
intensive regimens, as well as the continuing development
of new agents, were significant and should not be denigrat-
ed.10-14 However, the frequent reference to the hoped-for
benefits of a greatly-improved knowledge of the molecu-
lar biology of cancer, and in particular the use of biological
response modifiers,11,15 or gene therapy,16 did seem to con-
cede that chemotherapeutic regimens could be improved.
Whether dose intensification is one appropriate route for
improvement is a matter of some debate,17,18 and, so far,
clear evidence of effectiveness has been reported only for
certain leukaemias and lymphomas.1 
It has been suggested that perhaps attempts to destroy can-
cer cells are based on a false analogy between oncology
and microbiology, and that a more appropriate goal would
be the restoration of mechanisms of cellular control, ena-
bling the patient to live with their cancer. Understanding of
malignancy as a process, involving complex interactions
between the malignant cell and its environment, in which
intervention may be feasible to restore regulation of cellu-
lar growth, offers a potentially useful approach to cancer
treatment. Although such an approach remains largely the-
oretical at present,9,19,20 some drugs currently available,
such as imatinib and trastuzumab, offer glimpses of its po-
tential.
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Management of malignant disease

Carcinoid tumours and other secretory neo-
plasms. All neoplastic cells have some abnormalities of
metabolism, and many secrete characteristic metabolic
products. Where the substance secreted has hormonal or
pharmacological properties profound clinical effects may
result, particularly since secretion is generally unregulated
by normal homoeostatic mechanisms. Examples of syn-
dromes associated with such secretory neoplasms include
acromegaly (p.1798), Cushing’s syndrome (p.2344), hy-
perprolactinaemia (p.2079), and other endocrine disorders
associated with pituitary adenomas; phaeochromocytoma
(p.1179); and carcinoid syndrome and the various syn-
dromes associated with pancreatic endocrine tumours.
Multiple endocrine neoplasia type 1 (MEN1) and type 2
(MEN2) are inherited conditions in which many tumours
occur in often more than one endocrine organ; tumours in
this disorder are often secretory.1,2 
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Table 1. Common chemotherapy regimens for malignant disease.

Regimen Drugs and Administration Cycle Typically used for References

ABCM

Doxorubicin 30 mg/m2 iv day 1;
carmustine 30 mg/m2 iv day 1;
cyclophosphamide 100 mg/m2 oral days 22–25; and
melphalan 6 mg/m2 oral days 22–25.

42 days Multiple myeloma 1

ABVD

Doxorubicin 25 mg/m2 iv days 1, 15; 
bleomycin 10 000 IU/m2 iv(b) days 1, 15;
vinblastine 6 mg/m2 iv days 1, 15; and
dacarbazine 375 mg/m2 iv days 1, 15.

28 days Lymphomas 2, 3

AC
Doxorubicin 60 mg/m2 iv day 1 and
cyclophosphamide 600 mg/m2 iv day 1.

21 days (for 4 
cycles; some 
studies used up 
to 8 cycles)

Breast cancer 4–6

AC + paclitaxel
As above, then followed by 
paclitaxel 175 mg/m2 iv day 1.

21 days (further 
4 cycles)

Breast cancer 7

AC + trastuzumab
Doxorubicin 60 mg/m2 iv day 1;
cyclophosphamide 600 mg/m2 iv day 1; and
trastuzumab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week.

21 days (for 6 
cycles)

Breast cancer (HER2 
overexpressing)

8

ACE
Doxorubicin 45 mg/m2 iv day 1;
cyclophosphamide 1 g/m2 iv day 1; and 
etoposide 50 mg/m2 iv days 1–5.

21 days Small cell lung cancer 9

AT 
Doxorubicin 60 mg/m2 iv day 1 and
paclitaxel 200 mg/m2 iv day 1.

21 days (for 4 
cycles)

Breast cancer 4

AT
Doxorubicin 50 mg/m2 iv day 1 and 
docetaxel 75 mg/m2 iv day 1.

21 days (for up 
to 8 cycles)

Breast cancer (metastatic) 5

BEAM (Mini-
BEAM)

Carmustine 60 mg/m2 iv day 1;
etoposide 75 mg/m2 iv days 2–5;
cytarabine 100 mg/m2 twice daily iv days 2–5; and
melphalan 30 mg/m2 iv day 6.

usually 28 to 42 
days

Lymphomas (salvage) 10

BEP
Bleomycin 30 000 IU iv(b) days 2,  9, 16;
etoposide 100 mg/m2 iv days 1–5; and
cisplatin 20 mg/m2 iv days 1–5.

21 days (for 4 
cycles)

Testicular cancer 11

CAF
Cyclophosphamide 500 mg/m2 iv day 1;
doxorubicin 50 mg/m2 iv day 1; and
fluorouracil 500 mg/m2 iv day 1.

21 days Breast cancer 12

CAP
Cyclophosphamide 750 mg/m2 iv day 1;
doxorubicin 50 mg/m2 iv day 1; and
prednisone 40 mg/m2 oral days 1–5.

28 days Chronic lymphocytic leukaemia 13

CAP

Cyclophosphamide 500 mg/m2 iv day 1;
doxorubicin 50 mg/m2 iv day 1; and
cisplatin 50 mg/m2 iv day 1 (these doses are optimised from the original 

600 mg/m2, 45 mg/m2, and 50 mg/m2 respectively).

21 days (for 6 
cycles)

Ovarian cancer 14, 15

CAV
Cyclophosphamide 900 mg/m2 iv day 1;
doxorubicin 45 mg/m2 iv day 1; and
vincristine 2 mg iv day 1. 

21 days (for 6 
cycles)

Small cell lung cancer 16

CHOP

Cyclophosphamide 750 mg/m2 iv day 1;
doxorubicin 50 mg/m2 iv day 1;
vincristine 1.4 mg/m2 (max. 2 mg) iv day 1; and
prednisone 100 mg oral days 1–5.

21 days (for 6 to 
8 cycles)

Lymphomas, chronic lymphocytic 
leukaemia

17, 18

CMF
Cyclophosphamide 100 mg/m2 oral days 1–14;
methotrexate 40 mg/m2 iv days 1, 8; and
fluorouracil 600 mg/m2 iv days 1, 8.

28 days Breast cancer 6, 19

Key to abbreviations: hrs – hours; im – intramuscular; iv – intravenous
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CMF 
Cyclophosphamide 600 mg/m2 iv day 1;
methotrexate 40 mg/m2 iv day 1; and
fluorouracil 600 mg/m2 iv day 1.

21 days Breast cancer 20

CMF 
Cyclophosphamide 750 mg/m2 iv day 1;
methotrexate 40 mg/m2 iv days 1, 8; and
fluorouracil 600 mg/m2 iv days 1, 8.

28 days Breast cancer 6

CMV
Cisplatin 100 mg/m2 iv day 2;
methotrexate 30 mg/m2 iv days 1, 8; and
vinblastine 4 mg/m2 iv days 1, 8.

21 days Bladder cancer 21

COP (CVP)
Cyclophosphamide 800 mg/m2 iv day 1;
vincristine 2 mg iv day 1; and
prednisone 60 mg/m2 oral days 1–5, then tapered over days 6–8.

21 days (for 6 
cycles)

Lymphomas (the original report of 
this regimen used a 14-day cycle)

22

CP

Cisplatin 100 mg/m2 iv day 1 and
cyclophosphamide 600 mg/m2 iv day 1

or
carboplatin 300 mg/m2 iv day1 and
cyclophosphamide 600 mg/m2 iv day 1.

28 days (for 6 
cycles)

Ovarian cancer 23

CYVADIC

Cyclophosphamide 500 mg/m2 iv day 1;
vincristine 1.5 mg/m2 iv(a) days 1, 5;
doxorubicin 50 mg/m2 iv day 1; and
dacarbazine 250 mg/m2 iv days 1–5.

21 days

Sarcoma (alternative versions of 
this regimen using vincristine on 
day 1 only have also been 
reported)

24

Dartmouth regimen

Dacarbazine 220 mg/m2 iv days 1–3, 22–24;
cisplatin 25 mg/m2 iv days 1–3, 22–24;
carmustine 150 mg/m2 iv day 1; and
tamoxifen 10 mg oral twice daily.

42 days Melanoma (metastatic) 25, 26

DHAP
Dexamethasone 40 mg oral or iv days 1–4;
cytarabine 2 g/m2 iv over 3 hrs, repeated after 12 hrs, day 2; and
cisplatin 100 mg/m2 iv over 24 hrs, day 1.

21–28 days Lymphomas (salvage) 27

EAP
Etoposide 120 mg/m2 iv days 4–6;
doxorubicin 20 mg/m2 iv days 1, 7; and
cisplatin 40 mg/m2 iv days 2, 8.

21–28 days Stomach cancer 28, 29

EC
Etoposide 100 mg/m2 iv days 1–3 and
carboplatin 450 mg/m2 iv day 1.

28 days Small cell lung cancer 30

EC
Etoposide 100 mg/m2 iv days 1–3 and
carboplatin 325 mg/m2 iv day 1.

21 days Non-small cell lung cancer 31

ECF
Epirubicin 50 mg/m2 iv day 1;
cisplatin 60 mg/m2 iv day 1; and
fluorouracil 200 mg/m2 daily continuous iv.

21 days (for up 
to 8 cycles)

Stomach cancer 32

EDAP

Etoposide 100–200 mg/m2 continuous iv, days 1–4;
dexamethasone 40 mg oral or iv days 1–5;
cytarabine 1 g/m2 iv day 5; and
cisplatin 20 mg/m2 continuous iv, days 1–4.

21–28 days
Multiple myeloma (salvage), 
lymphomas

33

EMA-CO
(or EMA-EP)

Etoposide 100 mg/m2 iv days 1, 2;
methotrexate 300 mg/m2 iv over 12 hrs, day 1;
folinic acid 15 mg oral or im, twice daily for 4 doses, starting day 2; and 
dactinomycin 500 micrograms iv days 1, 2.

with
cyclophosphamide 600 mg/m2 iv day 8 and
vincristine 1 mg/m2 iv(a) day 8.

or
etoposide 150 mg/m2 iv day 8 and
cisplatin 75 mg/m2 iv day 8.

14 days Gestational trophoblastic tumours 34

EP (PE)
Etoposide 80 mg/m2 iv days 1–3 and
cisplatin 80 mg/m2 iv day 1.

21 days
Small cell lung cancer (standard 
dose – other versions exist)

35
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EP (PE)
Etoposide 80 mg/m2 iv days 1–5 and
cisplatin 27 mg/m2 iv days 1–5.

21 days Small cell lung cancer (high dose) 35

EP (PE)
Etoposide 100 mg/m2 iv day 1, then 200 mg/m2 oral days 2–4 and
cisplatin 75 mg/m2 iv day 1.

21 days Small cell lung cancer 36

EPOCH

Etoposide 50 mg/m2 continuous iv days 1–4;
vincristine 400 micrograms/m2 continuous iv(a) days 1–4;
doxorubicin 10 mg/m2 continuous iv days 1–4;
cyclophosphamide 750 mg/m2 iv day 5; and
prednisone 60 mg/m2 oral days 1–5.

21 days Lymphomas (salvage) 37

ESHAP

Etoposide 40 mg/m2 iv days 1–4;
methylprednisolone 250–500 mg iv days 1–5;
cisplatin 25 mg/m2 continuous iv days 1–4; and
cytarabine 2 g/m2 iv day 5.

21–28 days (for 
up to 8 cycles)

Lymphomas (salvage) 38

FAM
Fluorouracil 600 mg/m2 iv days 1, 8, 29, 36;
doxorubicin 30 mg/m2 iv days 1, 29; and
mitomycin 10 mg/m2 iv day 1.

56 days Stomach cancer, pancreatic cancer 39–41

FAMTX

Fluorouracil 1.5 g/m2 iv day 1;
doxorubicin 30 mg/m2 iv day 15;
methotrexate 1.5 g/m2 iv day 1, 1 hour before fluorouracil; and
folinic acid 15 mg/m2 oral every 6 hrs for 3 days, starting 24 hrs after methotrexate.

28 days Stomach cancer 29, 32

FOLFIRI

Irinotecan 180 mg/m2 iv day 1;
folinic acid 200 mg/m2 iv day 1;
fluorouracil 400 mg/m2 iv bolus day 1, then 2.4 g/m2 continuous iv infusion 

(increased to 3 g/m2 from cycle 3 if tolerated) over 46 hours.

14 days Colorectal cancer 69

FOLFOX4
Oxaliplatin 85 mg/m2 iv day 1;
folinic acid 200 mg/m2 iv days 1, 2;
fluorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv infusion, days 1, 2.

14 days

Colorectal cancer (in addition to 
FOLFOX6, below, other variants 
of the FOLFOX regimen exist; 
combination with bevacizumab or 
cetuximab is also being tried)

70

FOLFOX6

Oxaliplatin 100 mg/m2 iv day 1;
folinic acid 200 mg/m2 iv day 1;
fluorouracil 400 mg/m2 iv bolus day 1, then 2.4 g/m2 continuous iv infusion 

(increased to 3 g/m2 from cycle 3 if tolerated) over 46 hours.

14 days Colorectal cancer 69

5FU/Folinic acid 
Fluorouracil 370 mg/m2 iv days 1–5 and
folinic acid 200 mg/m2 iv days 1–5.

28–35 days Colorectal cancer 42

5FU/Folinic acid 
(Mayo regimen, 
Poon regimen)

Fluorouracil 425 mg/m2 iv days 1–5 and
folinic acid 20 mg/m2 iv day 1–5.

28–35 days Stomach cancer, colorectal cancer 42, 43

5FU/Folinic acid 
(de Gramont 
regimen)

Fluorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv infusion, days 1, 2 
and

folinic acid 200 mg/m2 iv days 1, 2.
14 days Colorectal cancer 44

Gemcitabine + 
cisplatin

Gemcitabine 1 g/m2 iv days 1, 8, 15 and
cisplatin 70 mg/m2 iv day 2.

28 days Bladder cancer (metastatic) 45

ICE (ICbE)
Ifosfamide 5 g/m2 iv over 24 hrs, day 1 (with mesna);
carboplatin 400 mg/m2 iv day 1; and
etoposide 100 mg/m2 iv days 1–3.

28 days (for 6 
cycles)

Small cell lung cancer 46

IFL
(Douillard 1-week 

regimen)

Irinotecan 80 mg/m2 iv, day 1;
fluorouracil 2.3 g/m2 continuous iv infusion, day 1;
folinic acid 500 mg/m2 iv, day 1.

7 days Colorectal cancer 71

IFL
(Douillard 2-week 

regimen)

Irinotecan 180 mg/m2 iv, day 1;
fluorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv infusion, days 1, 2;
folinic acid 200 mg/m2 iv, days 1, 2.

14 days Colorectal cancer 71
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IFL
(Saltz regimen)

Irinotecan 125 mg/m2 iv;
fluorouracil 500 mg/m2 iv; and
folinic acid 20 mg/m2 iv
all once a week for 4 weeks.

42 days Colorectal cancer 47

Hyper-CVAD

Course A:
Cyclophosphamide 300 mg/m2 iv every 12 hrs, days 1–3;
doxorubicin 50 mg/m2 iv day 4;
vincristine 2 mg iv days 4, 11; and
dexamethasone 40 mg iv or oral, days 1–4, 11–14.

CNS prophylaxis
Methotrexate 12 mg intrathecal, day 2 and
cytarabine 100 mg intrathecal, day 8.

Course B:
Methotrexate 200 mg/m2 iv over 2 hrs, then 800 mg/m2 iv over 24 hrs, day 1;
folinic acid 15 mg iv every 6 hrs for 8 doses, from 24 hrs after methotrexate 

(increased to 50 mg iv every 6 hrs if methotrexate levels are high);
methylprednisolone 50 mg iv every 12 hrs, days 1–3; and
cytarabine 3 g/m2 every 12 hrs, days 2, 3.

4 cycles of A 
alternated with 4 
cycles of B, 
given over as 
short a period as 
possible; the 
number of A 
cycles in which 
CNS 
prophylaxis is 
given varies 
with expected 
risk of CNS 
disease

Lymphomas, adult acute 
lymphoblastic  leukaemia (some 
variants of this regimen exist, 
including the substitution of 
daunorubicin 60mg/m2 for 
doxorubicin in course A, the 
omission of methylprednisolone 
and addition of oral bicarbonate in 
course B, and simplification of 
methotrexate and folinic acid 
dosing; mesna, which was given 
in course A of the original 
regimen, is usually omitted)

48

M2

Vincristine 30 micrograms/kg iv(a) day 1;
carmustine 500 micrograms/kg iv day 1;
cyclophosphamide 10 mg/kg iv day 1;
melphalan 250 micrograms/kg oral days 1–4 or 100 micrograms/kg oral days 1–7 

or 1–10; and
prednisone 1 mg/kg oral, days 1–7, then taper and discontinue by day 21 unless 

hypercalcaemia or bone disease persist.

35 days Multiple myeloma 49

MACOP-B

Methotrexate 400 mg/m2 iv days 8, 36, 64 (as 100 mg/m2 iv bolus, then 300 mg/m2 
iv over 4 hrs);

folinic acid 15 mg oral every 6 hrs for 6 doses, from 24 hrs after methotrexate;
doxorubicin 50 mg/m2 iv days 1, 15, 29, 43, 57, 71;
cyclophosphamide 350 mg/m2 iv days 1, 15, 29, 43, 57, 71;
vincristine 1.4 mg/m2 iv(a) days 8, 22, 36, 50, 64, 78;
bleomycin 10 000 IU/m2 iv(b) days 22, 50, 78; and
prednisone 75 mg oral, daily for 10 weeks then tapered over 15 days.

12 weeks Lymphomas 50

MIC
Mitomycin 6 mg/m2 iv day 2;
ifosfamide 3 g/m2 iv day 2; and
cisplatin 120 mg/m2 iv day 1.

21 days Non-small cell lung cancer 51

MIC
Mitomycin 6 mg/m2 iv day 1;
ifosfamide 3 g/m2 iv day 1; and
cisplatin 50 mg/m2 iv day 1.

21 days Non-small cell lung cancer 52

MOPP

Chlormethine 6 mg/m2 iv days 1, 8;
vincristine 1.4 mg/m2 (max. 2 mg), days 1, 8;
procarbazine 100 mg/m2 oral days 1–14; and
prednisone 40 mg/m2 oral days 1–14, cycles 1, 4.

28 days (for 6 
cycles)

Lymphomas, Hodgkin’s disease 3, 53

M-VAC

Methotrexate 30 mg/m2 iv days 1, 15, 22;
vinblastine 3 mg/m2 iv days 2, 15, 22;
doxorubicin 30 mg/m2 iv day 2; and
cisplatin 70 mg/m2 iv day 2.

usually 28 days Bladder cancer 45, 54, 55

MVP

Mitomycin 8 mg/m2 iv day 1,  cycles 1 and 2, day 15 cycle 3;
vinblastine 4 mg/m2 iv day 1, cycle 1

2 mg/m2 iv day 8, cycle 1
4.5 mg/m2 iv days 15, 22, cycle 1
4.5 mg/m2 iv days 1, 15, cycle 2 and later; and

cisplatin 120 mg/m2 iv day 1

28 days
Non-small cell lung cancer 
(neoadjuvant)

56

MVP

Mitomycin 8 mg/m2 iv day 1,  cycles 1 and 2, day 15 cycle 3;
vindesine 3 mg/m2 iv days 1, 8, 15, 22, day 1 of cycle 2, then every 2 weeks until 

the 15th week; and
cisplatin 120 mg/m2 iv day 1, for 3 cycles.

28 days
Non-small cell lung cancer 
(neoadjuvant)

56, 57
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MVP
Mitomycin 8 mg/m2 iv day 1,  cycles 1 and 2, day 15 cycle 3;
vinorelbine 25 mg/m2 iv once a week for 16 weeks; and
cisplatin 120 mg/m2 iv day 1, for 3 cycles.

28 days
Non-small cell lung cancer 
(neoadjuvant)

57

PAC
Cisplatin 50 mg/m2 iv day 1;
doxorubicin 50 mg/m2 iv day 1; and
cyclophosphamide 500 mg/m2 iv day 1.

21 days (for up 
to 8 cycles)

Thymoma 58

Paclitaxel and 
carboplatin

Paclitaxel 175 mg/m2 iv day 1 and
carboplatin – adjust dose to AUC of 7.5 mg/mL/minute by Calvert formula, 

iv day 1.

21 days (for 6 
cycles)

Ovarian cancer 59

Paclitaxel and 
cisplatin

Paclitaxel 135 mg/m2 continuous iv over 24 hrs, day 1 and
cisplatin 75 mg/m2 iv day 1.

21 days (for 6 
cycles)

Ovarian cancer 60

Paclitaxel (standard) 
and trastuzumab

Paclitaxel 175 mg/m2 iv on day 1 and 
trastuzumab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week.

21 days
Breast cancer (HER2 
overexpressing)

8

Paclitaxel (weekly) 
and trastuzumab

Paclitaxel 90 mg/m2 iv on day 1 and 
trastuzumab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week.

7 days
Breast cancer (HER2 
overexpressing)

61

PCV
Procarbazine 60 mg/m2 oral days 8–21;
lomustine 110 mg/m2 oral day 1; and
vincristine 1.4 mg/m2 iv(a) days 8, 29.

42–56 days Gliomas (adjuvant) 62

PE See EP

ProMACE-
CytaBOM

Prednisone 60 mg/m2 oral days 1–14;
doxorubicin 25 mg/m2 iv day 1;
cyclophosphamide 650 mg/m2 iv day 1;
etoposide 120 mg/m2 iv day 1;
cytarabine 300 mg/m2 iv day 8;
bleomycin 5000 IU/m2 iv(b) day 8;
vincristine 1.4 mg/m2 iv(a) day 8;
methotrexate 120 mg/m2 iv day 8; and
folinic acid 25 mg/m2 oral every 6 hrs for 4 doses, from 24 hrs after methotrexate.

21 days Lymphomas 63

PVB See VBP

SMF
Streptozocin 1 g/m2 iv days 1, 8, 29, 36;
mitomycin 10 mg/m2 iv day 1; and
fluorouracil 600 mg/m2 iv days 1, 8, 29, 36.

56 days Pancreatic cancer 41

Stanford V regimen

Doxorubicin 25 mg/m2 iv days 1, 15;
vinblastine 6 mg/m2 iv days 1, 15;
chlormethine 6 mg/m2 iv day 1;
vincristine 1.4 mg/m2 iv (max 2mg) days 8, 22;
bleomycin 5000 IU/m2 iv(b) days 8, 22;
etoposide 60 mg/m2 iv days 15, 16;
prednisone 40 mg/m2 oral on alternate days for 10 weeks then tapered by 10 mg on 

alternate days.

28 days (for 3 
cycles)

Hodgkin’s disease 64

VAD
Vincristine 400 micrograms iv days 1–4;
doxorubicin 9 mg/m2 iv days 1–4; and
dexamethasone 40 mg oral days 1–4, 9–12, 17–20.

28 days (usually 
for 4 cycles)

Multiple myeloma 65

VBAP

Vincristine 1 mg iv day 1;
carmustine 30 mg/m2 iv day 1;
doxorubicin 30 mg/m2 iv day 1; and
prednisone 60 mg/m2 oral or parenteral (may be rounded to 100 mg oral) days 1–4.

21 or 28 days Multiple myeloma 66, 67

VBP
Vinblastine 150 micrograms/kg iv days 1, 2;
bleomycin 30 000 IU iv(b) days 2, 9, 16; and
cisplatin 20 mg/m2 iv days 1–5.

21 days
Germ-cell (ovarian, testicular) 
cancer

11

VCMP

Vincristine 1 mg iv day 1;
melphalan 9 mg/m2 oral days 1–4;
cyclophosphamide 500 mg/m2 iv day 1; and
prednisone 60 mg/m2 oral or parenteral, days 1–4.

28 days Multiple myeloma 67
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VeIP
Vinblastine 110 micrograms/kg iv days 1, 2;
ifosfamide 1.2 g/m2 iv days 1–5 (with mesna); and
cisplatin 20 mg/m2 iv days 1–5.

21 days (for 4 
cycles)

Germ-cell (especially testicular) 
cancer

68

VIP
Etoposide 75mg/m2 iv days 1–5;
ifosfamide 1.2 g/m2 iv days 1–5 (with mesna); and
cisplatin 20mg/m2 iv days 1–5.

21 days (for 4 
cycles)

Germ-cell (especially testicular) 
cancer

68

Table 1. Common chemotherapy regimens for malignant disease.(Continued)
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(a) Although not always reflected in the original papers it is now generally accepted that the total dose of vincristine should not exceed 2 mg, in order to minimise neurotoxicity
(b) Doses of bleomycin have been given in international units (IU) in this table, but doses in the original papers may be quoted in mg-potency or USP units. One mg-potency or one USP unit 

is equivalent to 1000 international units
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Carcinoid syndrome. Carcinoid tumours (also known as
gastroenteropancreatic neuroendocrine tumours) occur
mainly in the gastrointestinal tract or lungs (bronchi), al-
though they occasionally arise in other organs with a com-
mon embryological origin. Although they are relatively
common, accounting for about 30% of all small bowel tu-
mours, symptomatic carcinoid syndrome is rare, both be-
cause the tumours vary in their behaviour depending on
their embryological origin and because the liver is capable
of metabolising those tumour products which are secreted
into the portal circulation; only if the carcinoid tumour se-
cretes into the systemic circulation, notably after metasta-
sis to the liver, do symptoms occur. Tumours of embryo-
logical fore-gut origin, usually found in the lung or
stomach, predominantly secrete histamine or serotonin (5-
HT); mid-gut tumours, with a usual primary site in the
small intestine, are the most likely to metastasise and pro-
duce carcinoid syndrome, and predominantly secrete sero-
tonin; hind-gut tumours, in the distal colon or rectum, are
commonly benign, and do not secrete active substances. 
The characteristic symptoms of carcinoid syndrome in-
clude episodic flushing of the face and upper trunk (which
may be provoked by alcohol, food, or stress), secretory di-
arrhoea, wheezing and dyspnoea, weight loss, pellagra,
painful hepatomegaly, and right-sided valvular heart dis-
ease, which sometimes progresses to right heart failure and
death.3,4 
The management of carcinoid tumours usually involves
surgical resection,3,4 and this can be curative, particularly
if the primary tumour has not metastasised.2,5-7 Antineo-
plastic chemotherapy has limited benefit,2,5 except per-
haps in patients with atypical variants of carcinoid tu-
mours.6 There is some evidence that treatment with
interferon alfa can stabilise the disease or occasionally pro-
duce tumour regression,7 but its value has not been borne
out in practice4 and adverse effects have limited its use.6
Hepatic arterial occlusion by ligation or embolisation to
destroy the blood supply of hepatic metastases has pro-
duced symptomatic palliation, but its effects are tempo-
rary,5,6 and do not improve survival.4 Results may be better
in combination with systemic chemotherapy in selected
patients.8 Antineoplastics such as doxorubicin have also
been given into the hepatic artery for treating hepatic me-
tastases.6 There is growing interest in the use of radiola-
belled somatostatin analogues for the management of tu-
mours that express high levels of somatostatin
receptors;3,4,9 promising results have been reported with
palliative use in inoperable or metastatic disease.2 Newer
therapies such as gefitinib and bevacizumab are also being
tried.4 Radiofrequency ablation is also under investiga-
tion.2 
For symptomatic relief of carcinoid syndrome somatosta-
tin analogues such as octreotide or lanreotide are highly
effective4,10 and are the treatment of choice.2,5-7 The avail-
ability of depot intramuscular preparations has simplified
treatment, removing the need for multiple daily subcutane-
ous injections. However, with prolonged use a few patients
develop resistance even to the highest doses.5 Octreotide is
also used in the perioperative management of these pa-
tients to treat or prevent carcinoid crisis, when it may be
given intravenously.2,5,11 Other drugs that reduce the ef-
fects of serotonin have been tried, including cyprohepta-
dine, ondansetron, ketanserin, and methysergide.4,5 
Apart from such specific pharmacological therapies, anti-
diarrhoeals such as codeine and loperamide are sometimes
helpful in controlling diarrhoea. Wheezing (bronchocon-
striction) and heart failure are managed conventionally.
Supplementation with nicotinamide is advisable to prevent
pellagra. It is also important to avoid provocative factors
such as stress, alcohol, and particular foods.4,5 
Pancreatic endocrine tumours. Neoplasms of the pan-
creatic islet cells (pancreatic endocrine tumours) are
uncommon compared with those of the exocrine pancreas
(see Malignant Neoplasms of the Pancreas, p.671). Pan-
creatic endocrine tumours, whether benign or malignant,
often secrete clinically significant amounts of hormone;
the hormone secreted, and hence the resultant clinical syn-
drome, depends on which of the several types of hormone-
secreting islet cells is the origin of the tumour (for exam-
ple, insulinomas arise in islet beta cells).12 Primary therapy
for solitary pancreatic endocrine tumours is surgical resec-
tion;3 metastatic tumours may require a combination of
symptomatic drug therapy, chemotherapy, radiotherapy,
and surgical debulking. The most frequently used antineo-
plastic is streptozocin, either alone or with other drugs
such as fluorouracil or doxorubicin.12-14 Chlorozotocin is

also active.13 As with carcinoid tumours, hepatic metastas-
es may be treated with hepatic artery embolisation.7,8,12

Improved results have been reported with the combination
of hepatic artery embolisation and chemotherapy.2 Soma-
tostatin analogues and interferon alfa may be used to con-
trol symptoms of pancreatic endocrine tumours.7 Other
therapies depend on the specific tumour type. In patients
with insulinoma (tumours originating in the islet beta
cells) excessive insulin secretion results in hypoglycae-
mia. Where surgical resection is not feasible or not suc-
cessful diazoxide may be used to control hypoglycae-
mia.2,3 Beneficial results have also been achieved with
octreotide. Intake of frequent small meals containing com-
plex carbohydrates is also important.12 Up to 90% of in-
sulinomas are benign and do not metastasise. In glucagon-
oma the primary neoplasm derives from the alpha cell12

and the clinical syndrome (a characteristic skin rash
known as necrolytic migratory erythema, diabetes mellitus
or glucose intolerance, weight loss, and anaemia) results
from excessive glucagon secretion. Surgical resection is
indicated for localised disease but 50 to 80% of cases have
metastasised at presentation. Octreotide usually decreases
glucagon secretion and improves symptoms. Another
well-characterised syndrome results from tumours which
release vasoactive intestinal polypeptide (VIP). Such
VIPomas result in profound but intermittent secretory di-
arrhoea, with consequent hypokalaemia and acidosis;12 the
syndrome is sometimes known as pancreatic cholera. Met-
abolic imbalances should be corrected by fluid and electro-
lyte supplementation. Octreotide controls the secretory di-
arrhoea, and it may be useful for symptom control before
surgery as well as for palliation in metastatic disease.
About 80% of vipomas are malignant.12 
Of the other pancreatic endocrine tumours gastrinoma is
the commonest: it results in Zollinger-Ellison syndrome,
the treatment of which is discussed on p.1704. Rarer tu-
mours include somatostatinoma and PPoma (secreting
pancreatic polypeptide).12
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Gestational trophoblastic tumours. The gestation-
al trophoblastic diseases arise from the trophoblast, the
first tissue to differentiate in the early embryo: they are as-
sociated with conception and pregnancy and affect women
of reproductive age. They may be divided into molar preg-
nancy (complete or partial hydatidiform mole), invasive
mole (chorioadenoma destruens), choriocarcinoma, and
placental site trophoblastic tumour. A persistent gestation-
al trophoblastic tumour (invasive mole or choriocarcino-
ma) may develop in about 25% of women after evacuation
of a complete molar pregnancy, and about 2 to 4% after a
partial molar pregnancy.1 Choriocarcinoma may also oc-
cur after normal delivery, abortion, or ectopic pregnancy. 
All these tumours secrete human chorionic gonadotrophin
(hCG), and measurement of the urinary or serum concen-
trations, which are generally proportional to the total

tumour mass, is important in diagnosis of disease and
monitoring of treatment. 
The trophoblastic tumours vary in aggressiveness but
some, such as choriocarcinoma, are highly invasive and
rapidly fatal if untreated; however, appropriate treatment,
based on the perceived risk category, can result in an excel-
lent prognosis. Prognostic factors for increased risk in-
clude high titres of hCG, liver or brain metastases, and fail-
ure of previous single-agent chemotherapy as well as,
perhaps, greater age. With current treatment, including
local irradiation for metastases, virtually 100% of patients
with localised disease should be cured, as are over 70% of
patients with more advanced stages. 
Prophylactic chemotherapy has been used in women con-
sidered at particular risk of persistent gestational trophob-
lastic tumour after evacuation of a complete molar preg-
nancy, but the practice is controversial.1,2 
In patients who develop low- or moderate-risk choriocar-
cinoma or invasive mole, the treatment of choice is single-
agent chemotherapy with methotrexate or dactinomy-
cin.1-7 The combination EMA-CO (etoposide, methotrex-
ate, dactinomycin, cyclophosphamide, and vincristine) is
probably the current preferred treatment in high-risk pa-
tients.1,2,4,5,7-9 Methotrexate, dactinomycin, and etoposide
is also used.5,7 A combination of methotrexate, dactinomy-
cin, and either cyclophosphamide or chlorambucil was the
preferred combination in the past. Comparative studies are
lacking.9 In refractory disease, the salvage regimen EMA-
EP uses etoposide and cisplatin in place of cyclophospha-
mide and vincristine in EMA-CO. Other regimens have
used etoposide and cisplatin with either bleomycin or ifos-
famide.8 
Brain metastases are generally treated by local irradiation,
given with chemotherapy. Modified EMA-CO, using a
higher dose of systemic methotrexate and adding intrathe-
cal methotrexate, is also used.7 Liver metastases have been
treated with irradiation, local chemoembolisation, or sur-
gical resection.2,7,8 
Patients with placental site trophoblastic tumour, which is
relatively insensitive to chemotherapy, may be best treated
by hysterectomy in the early stages.1,2 In high-risk pa-
tients, a platinum-based regimen is preferred to EMA-
CO.4
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Histiocytic syndromes. Histiocytic syndromes cover a
broad range of proliferative disorders of histiocytes (mac-
rophages and dendritic cells), for which the classification
and diagnostic criteria are evolving.1 Langerhans-cell his-
tiocytosis (histiocytosis X) is one such disorder character-
ised by proliferation of CD1 positive Langerhans cells (a
form of dendritic cell).1 Terms that were formerly used for
different clinical manifestations of Langerhans-cell histio-
cytosis include eosinophilic granuloma, Hand-Schüller-
Christian disease, and Letterer-Siwe syndrome,1-4 but
these are now considered obsolete.1 Langerhans-cell histi-
ocytosis mainly presents in childhood, and is of uncertain
aetiology: it is not clear whether it should be considered a
malignancy.4,5 
The clinical presentation of Langerhans-cell histiocytosis
is highly variable.2,3,6,7 The classic feature is single or mul-
tiple bone lesions, and skin lesions may also occur (single
system, localised, or restricted disease).3-5,7 The disorder
may also involve lymph nodes or visceral organs, ulti-
mately causing dysfunction of the liver, lungs, or bone
marrow (extensive or multisystem disease).4,5 Sequelae to
the disease include diabetes insipidus, growth failure, and
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orthopaedic handicap.3,6 The morbidity and prognosis de-
pends upon the number of organ systems involved, and
whether normal function of these organs is affected. Pa-
tients with restricted disease have a generally benign
course, and single lesions often regress spontaneously.
However, if a bone lesion does not resolve, or risks causing
fracture or deformity before it resolves, or is causing disa-
bling symptoms, it may be treated with curettage, intrale-
sional corticosteroids, or radiotherapy.3-5,7 Systemic chem-
otherapy may be suitable in some patients with multifocal
bone disease; vinblastine with prednisone or prednisolone
is a suggested regimen.4 Similarly, single skin lesions may
be allowed to resolve without treatment or treated with
surgery, topical corticosteroids, methoxsalen plus UV light
(PUVA), or topical chlormethine.4,5 
In more extensive disease the prognosis is not as good,
mainly due to organ dysfunction.3,6,7 Systemic chemother-
apy has been widely used, because the disease tends to be
progressive in these patients, but its degree of benefit is
uncertain.2,3,6,7 Corticosteroids and vinblastine for about 6
to 12 months are the most commonly used drugs; 6-mer-
captopurine and methotrexate have also been used with re-
ports of efficacy.4 A comparative study in children with
multisystem disease found treatment with vinblastine or
etoposide for 6 months to be equally effective.8 The over-
all response rate was 62%, but about half of the patients
had switched to the alternate arm or other therapy during
the drug treatment period. Half of those patients who be-
came disease-free did have a reactivation, but these were
generally milder than the original disease. Patients who
failed to respond within the first 6 weeks of therapy were
at increased risk for treatment failure. Subsequent study
showed that vinblastine with etoposide was not superior to
vinblastine alone (when combined with corticosteroids
and 6-mercaptopurine).4 Systemic corticosteroids have
also been used for recalcitrant skin disease or multisystem
disease in children9 and for pulmonary Langerhans-cell
histiocytosis in adults.10 In patients who have not respond-
ed to combination chemotherapy, a number of treatments
may be considered including ciclosporin,4,7 the nucleoside
analogues cladribine or pentostatin,11 thalidomide,9 and
bone marrow transplantation.4,6,7 Anti-CD1 monoclonal
antibodies5 may offer improved therapeutic or diagnostic
options in the future.
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Leukaemias, acute. The acute leukaemias are malig-
nancies affecting haematopoietic precursor cells. They are
relatively rare (about 1 to 3 cases per 100 000 of popula-
tion), and of uncertain cause in the majority of cases, al-
though radiation, carcinogenic substances, or oncogenic
retroviruses have been implicated in some types, and cer-
tain individuals appear to have a genetic predisposition to
these diseases. 
After the initiating event or events the progeny of the af-
fected cell do not differentiate normally but proliferate in
an uncontrolled fashion. The result is the accumulation in
the blood and bone marrow of immature cell types (blasts)
at the expense of normal functional blood cells. 
The acute leukaemias may be broadly divided into acute
lymphoblastic leukaemia (ALL), in which the neoplastic
proliferation affects lymphoid cell lines, and the acute my-
eloid leukaemias (AML), variously known as acute mye-
logenous leukaemias or acute non-lymphoblastic leukae-
mias, which affect myeloid cell lines. These broad groups

can be divided in various ways. ALL is subdivided by an
immunophenotypic classification that distinguishes dis-
ease of B- and T-cell lineage; it was formerly divided mor-
phologically into L1, L2, and L3 subtypes. For AML the
French-American-British (FAB) classification has been
widely used. This distinguishes, by lineage and estimated
degree of differentiation: 
• M0, undifferentiated AML 
• M1, AML with minimal maturation 
• M2, AML with maturation 
• M3, acute promyelocytic leukaemia 
• M4, acute myelomonocytic leukaemia 
• M5, acute monocytic leukaemia 
• M6, erythroid leukaemia 
• M7, megakaryocytic leukaemia. 
However, knowledge of the genotype, via cytogenetic or
molecular analysis, is becoming increasingly important in
the treatment of leukaemia. Consequently, a revised classi-
fication system has been proposed under the auspices of
WHO, which uses a combination of morphology, immu-
nophenotype, genetic, biological, and clinical features. In
this classification,1,2 AML is divided into 4 main groups: 
• AML with recurrent cytogenic translocations 
• AML with myelodysplasia-related features 
• AML, therapy-related 
• AML not otherwise specified. 
The terms de novo and secondary AML are widely used
but are without standardised definitions. It has been pro-
posed that de novo AML should refer to AML in patients
with no clinical history of myelodysplastic syndrome, my-
eloproliferative disorder, or exposure to potentially leu-
kaemogenic agents; secondary AML should refer to pa-
tients with AML secondary to these disorders or proven
leukaemogenic exposure.3 
In the WHO classification of lymphoid neoplasms, the Re-
vised European-American Lymphoma (REAL) classifica-
tion has been adopted, in which acute lymphoblastic leu-
kaemias and lymphoblastic lymphomas are considered to
be a single disease with different presentations.1 
Acute leukaemia usually presents with fatigue, anaemia,
infection (due to granulocytopenia), and easy bruisability
or bleeding (mainly due to thrombocytopenia). Onset is
usually rapid with ALL, although AML may be preceded
by myelodysplasia lasting months or years. Bone pain, and
enlargement of liver, spleen and lymph nodes due to infil-
tration of leukaemic cells may occur. Other organs may
also be affected, and various metabolic disturbances, in-
cluding hyperuricaemia, hyponatraemia, and hypokalae-
mia may be present. 
If untreated the acute leukaemias are normally fatal, usual-
ly within months. However, these malignancies are among
those in which medical treatment can make a substantial
difference to life expectancy, and in some cases a perma-
nent remission may be effected.
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ACUTE LYMPHOBLASTIC LEUKAEMIA.  With current
chemotherapy regimens, long-term disease free surviv-
al can be achieved in over 80% of children and 30 to
40% of adults with acute lymphoblastic leukaemia
(ALL).1 While there is a lack of consensus on some
prognostic factors, it is generally accepted that age less
than 1 year or greater than 10 years, and high white cell
count at the time of diagnosis indicate patients at higher
risk of relapse.2 These factors probably reflect the pres-
ence of specific genotypes. Chromosomal transloca-
tions that activate specific genes are a defining charac-
teristic of ALL; although genetic abnormalities do not
entirely account for treatment outcome they do provide
prognostic information. In general, patients with chang-
es such as hyperdiploidy, TEL-AML1 fusion, or
t(1;19)/E2A-PBX1 fusion have the most favourable
outcome, whereas those with t(9;22)/BCR-ABL fusion
(the Philadelphia chromosome) or t(4;11)/MLL-AF4
fusion have a poorer outcome. More than 50% of cases
of T-cell ALL have activating mutations that involve

NOTCH1, a gene encoding a receptor that regulates
normal T-cell development.2 
Standard treatment regimens for T-cell and precursor B-
cell ALL generally consist of 2 to 3 years of therapy divid-
ed into several phases: a short remission-induction phase;
an intensification (consolidation) phase; therapy for
prophylaxis of CNS disease, starting during the induction
phase, and sometimes continuing for an extended period;
and a prolonged continuation (maintenance) phase, some-
times including re-induction therapy.1-3 Treatment for ma-
ture B-cell ALL (Burkitt cell leukaemia or lymphoma, see
Burkitt’s Lymphoma, below) is different in terms of the
drugs used, and the maintenance phase is not required.1,2 
The aim of induction therapy is to induce complete re-
mission, and a slow early response to this therapy has been
reported to be an indicator of poor prognosis.4 Measure-
ment of minimal residual disease at completion of induc-
tion therapy is particularly useful in determining progno-
sis.3 
Standard induction regimens include vincristine and a cor-
ticosteroid (prednisolone or prednisone, or dexametha-
sone), plus asparaginase in children and an anthracycline
such as doxorubicin in adults. However, it is now accepted
that better remission rates and more prolonged remissions
can be achieved with more intensive induction therapy us-
ing 4 to 5 drugs—often vincristine, a corticosteroid, aspar-
aginase, and an anthracycline, with or without cyclophos-
phamide.3 The use of imatinib in Philadelphia
chromosome-positive ALL has greatly enhanced remis-
sion-induction rates and duration of disease-free survival.2 
The use of dexamethasone, rather than prednisolone, in the
induction regimen appears to yield improved event-free
survival and a lower incidence of CNS relapse,5 and in-
creasing its dose may result in a greater marrow blast re-
sponse.6 However, some have reported a higher incidence
of fatal sepsis with the use of dexamethasone.7 There was
some suggestion that use of asparaginase derived from Es-
cherichia coli may be associated with better event-free
survival than that derived from Erwinia chrysanthemi,8
and that pegaspargase may be more effective than aspara-
ginase.9 However, the dose intensity and duration of aspar-
aginase treatment appears to be more important than the
type of asparaginase used.2 
For mature B-cell ALL, a short-term intensive regimen of
cyclophosphamide, high-dose methotrexate, and cytarab-
ine is commonly used,2 sometimes with the addition of
ifosfamide and/or etoposide.4 
About 60% of children and 35% of adults who achieve an
initial remission will subsequently relapse with meningeal
involvement unless CNS therapy directed at the sanctu-
ary sites in the meninges is undertaken. Effective prophy-
laxis can reduce the incidence of CNS relapse to around 2
to 5%.4,5 Standard therapy consisted of cranial irradiation
and intrathecal methotrexate. However, concerns regard-
ing the neurotoxicity of cranial irradiation and its ability to
cause secondary brain tumours have led to the investiga-
tion of chemotherapy alone, particularly in children.3,5,10

Regimens include intrathecal methotrexate combined with
high-dose systemic methotrexate, and triple intrathecal
chemotherapy with methotrexate, cytarabine and a corti-
costeroid. These regimens are started during induction
therapy and continued intermittently for an extended peri-
od. Early intensification of triple intrathecal chemotherapy
may be important in the prevention of CNS relapse, and
successful CNS therapy may in turn prevent bone-marrow
relapse.11 Cranial irradiation may still be required in high-
risk patients.2,5 
Intensification (consolidation) therapy involves continua-
tion of intensive chemotherapy regimens after the achieve-
ment of complete remission. Although the importance of
this phase is rarely disputed, consensus is lacking on the
best regimens and duration of treatment.2 Drugs used in
intensification regimens include high-dose cytarabine,
etoposide, teniposide, high-dose methotrexate, mercap-
topurine, tioguanine, and the antineoplastics used in induc-
tion regimens; often 4- to 5-drug combinations are used.
The UKALL Trial X showed that addition of intensifica-
tion therapy at 5 and 20 weeks from the beginning of in-
duction, (using cytarabine, etoposide, tioguanine, and dau-
norubicin), produced 5-year disease-free survival of 71%
compared with 57% in those who received only mainte-
nance therapy.10 Benefit was seen even in children consid-
ered at low risk of treatment failure. Further intensification
may benefit those children with a slow response to initial
therapy and high-risk of relapse.12 
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Continuation (maintenance) therapy is generally given
for some 2 to 3 years after remission;1-3,10 three years rath-
er than two years of maintenance therapy is associated
with a lower risk of relapse but not a markedly different
survival rate.13 The standard combination of drugs consists
of daily mercaptopurine and weekly methotrexate.2 Many
protocols provide for periods of re-induction therapy (re-
peating induction therapy),2 and such intensive therapy is
associated with an absolute improvement of about 4% in
long-term survival.13 It has been suggested that individual-
isation of methotrexate dosage to take account of the pa-
tient’s ability to clear the drug can improve the outcome.14 
It is generally agreed that patients who maintain remission
for 4 years after the end of maintenance therapy are at little
risk of relapse and may be regarded as effectively cured. 
Patients who relapse after stopping treatment can usually
be brought to second remission, often by a repeat of their
original induction therapy. However, if relapse occurs dur-
ing treatment the prognosis is poor, and chemotherapy is
unlikely to bring lasting benefit. However, clofarabine
monotherapy can induce remission in some children with
refractory or relapsed ALL.15 Newer drugs that have been
investigated with promising initial results include nelarab-
ine, sphingosomal vincristine, and novel BCR-ABL inhib-
itors.1 
The role of stem cell transplantation (p.1811) in the treat-
ment of ALL is a matter of some controversy. Compari-
sons between transplantation and intensive chemotherapy
have yielded inconsistent results.2 Consequently, alloge-
neic transplantation is usually reserved for high-risk pa-
tients such as those who do not have a complete remission
with induction therapy, and those with Philadelphia-posi-
tive ALL (who remain at high-risk even when treated with
a tyrosine kinase inhibitor).2 The lack of suitable HLA-
matched family donors has led to the investigation of au-
tologous purged marrow, or the use of marrow from mis-
matched family donors; however, generally neither of
these options has proved more effective than chemothera-
py.16 Studies suggest that matched unrelated donors or
cord-blood transplantation have results comparable with
those obtained with matched related donors.2
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ACUTE MYELOID LEUKAEMIAS. Treatment of acute my-
eloid leukaemias (AML) is problematic because normal
stem-cell precursors are sensitive to the drugs used, and
therapy aimed at myeloid leukaemic clones results in
destruction of part of the normal stem-cell pool. Wher-
ever possible, treatment of AML should be in the con-
text of clinical studies.1-3 
Induction of remission is usually possible with intensive
chemotherapy. Complete remission has been stated to be

achievable in up to 80% of younger patients and about
50% of older patients (who form the majority of those with
AML), but patients suffer severe neutropenia during in-
duction and remission rate is to some extent dependent
upon the standard of supportive care. Remission rates are
lower in those with adverse prognostic factors such as poor
performance status, AML secondary to myelodysplasia or
antineoplastics, high white cell count, features of multi-
drug resistance, and unfavourable cytogenetics.4,5 Estab-
lished regimens are based on cytarabine with the anthracy-
cline daunorubicin.1-4,6,7 Although idarubicin may be pre-
ferred to daunorubicin,8 especially in younger adult
patients,9 in children it is no more effective but may be as-
sociated with more toxicity.10 Mitoxantrone is another al-
ternative to daunorubicin,8 and there is little evidence1,4,8

that one anthracycline is better than another for induction
protocols. Addition of etoposide or tioguanine to induction
protocols of cytarabine and daunorubicin appears to be
equally effective in younger adults and children,11,12 but in
older patients an induction regimen which added tiogua-
nine was found to be more effective than one with etopo-
side.13 
As in acute lymphoblastic leukaemia (see above) there is a
trend towards the use of more intensive induction regi-
mens.6,12 Use of high-dose cytarabine compared with
standard doses potentially improves survival in younger
patients with favourable cytogenetics, but in the elderly
neurotoxicity outweighs any benefit;8 a combination of
cytarabine with fludarabine may be an alternative in these
patients.5 The use of haematopoietic growth factors is con-
troversial; some allow for their use as an optional adjunct
to intensive chemotherapy,2 while others recommend
against their routine use in AML.1 
Once remission is induced, consolidation or postremis-
sion therapy is essential in preventing relapse.1,6,8 Options
include further chemotherapy, or allogeneic or autologous
bone marrow transplantation (see Haematopoietic Stem
Cell Transplantation, p.1811).1,2,7 There is no consensus
on the best postremission therapy.2,7 Some advocate the
use of high-dose cytarabine in those with favourable or in-
termediate risk; others are candidates for allogeneic stem
cell transplantation.2,7 
Patients who relapse or who fail to achieve complete re-
mission will require salvage therapy. Standard salvage
regimens can include high-dose cytarabine or fludarabine
plus cytarabine.7 Allogeneic stem cell transplantation can
also be used for salvage therapy or for those in second or
subsequent remission.2,7 Investigational therapy is also an
option.7 Gemtuzumab ozogamicin may be useful in elder-
ly patients.1 Non-myeloablative chemotherapy with allo-
geneic transplantation may be an alternative in older pa-
tients.5,7,14 Low-dose maintenance chemotherapy (with
cytarabine and tioguanine) may improve disease-free sur-
vival but not overall survival,4 and prolonged maintenance
therapy is generally considered unnecessary in patients
with AML.1,6,12 Where debility or other medical condi-
tions make standard or investigational therapy impossible
in the elderly, palliative treatment with oral hydroxycar-
bamide, is often given; low-dose cytarabine may also be of
benefit.1,3,7 Good results have been reported with a combi-
nation of idarubicin and etoposide in elderly patients.5 
Acute promyelocytic leukaemia (APL) is a subtype of
AML accounting for 10% of AML cases in adults. It is
important to distinguish APL from other forms since,
unlike other subtypes, standard therapy is tretinoin differ-
entiation therapy. Although most patients with APL can
achieve complete remission after treatment with tretinoin
alone, remission durations are short and most patients re-
lapse.15 Induction therapy with tretinoin and chemothera-
py (an anthracycline and cytarabine) improved event-free
survival compared with chemotherapy alone, and has be-
come routine in APL,16 although there is good evidence
that cytarabine can be omitted.8,15,17 Anthracycline-based
consolidation therapy is mandatory,16 and, again, although
most studies have included cytarabine, the role of high-
dose cytarabine has been questioned.15,17 Although main-
tenance therapy with tretinoin alone has been reported to
be of benefit,17,18 resistance has developed with continu-
ous treatment,19 and retinoic acid syndrome is a major tox-
icity.15,17 Prolonged maintenance therapy (intermittent
tretinoin plus continuous mercaptopurine and methotrex-
ate for 2 years) also appears to reduce the rate of relapse in
APL.19 The synthetic retinoid, tamibarotene (AM-80), has
been used to induce remission in patients who relapsed af-
ter successful remission induction with tretinoin.20 Low
doses of arsenic trioxide have also been effective in induc-

ing complete remission in patients with APL who have re-
lapsed,17,21 although fatalities have been reported with its
use.15 Arsenic trioxide has been successfully combined
with tretinoin for induction and consolidation.8 It has also
been used alone as first-line therapy, but current recom-
mendations tend to restrict such use to patients for whom
chemotherapy is contra-indicated.16 Autologous and allo-
geneic stem cell transplantation have also been tried as sal-
vage therapy.16,22 
The efficacy of tretinoin appears to be achievable only be-
cause the characteristic chromosomal abnormalities in
APL result in an abnormal retinoic acid receptor. The de-
velopment of drugs that can effect differentiation in other
forms of AML, and indeed in other neoplasms, seems like-
ly to be a long and difficult task. 
Other experimental therapies under investigation for AML
include clofarabine,3,7,23 azacitidine, imatinib,12 and decit-
abine.3 The ciclosporin analogue valspodar, an inhibitor of
multidrug resistance, has been investigated, but was asso-
ciated with excessive early mortality.24
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Leukaemias, chronic. The chronic leukaemias may be
broadly divided into those in which the neoplastic prolifer-
ation affects lymphoid cell lines, and those affecting the
myeloid cell lines. 
Chronic leukaemias affecting the lymphoid cell lines in-
clude chronic lymphocytic leukaemia (CLL), which is B-
cell in about 95% of cases and T-cell in about 5%, and
hairy-cell leukaemia, which affects B-cells. The revised
European-American lymphoma classification,1 and a pro-
posed WHO classification of haematologic malignancies,2
consider lymphoid leukaemias and lymphomas of the
same cell type to be one disease with different clinical
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presentations. Thus B-cell CLL is the same disease as B-
cell small lymphocytic lymphoma. 
Chronic neoplasms affecting the myeloid cell lines include
the myeloproliferative disorders chronic myeloid leukae-
mia (CML), polycythaemia vera, and primary (essential)
thrombocythaemia, and the myelodysplastic syndromes.
All of these may undergo transformation to acute myeloid
leukaemia.
1. Harris NL, et al. A revised European-American classification of
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CHRONIC LYMPHOCYTIC LEUKAEMIA.  Chronic lym-
phocytic leukaemia (CLL) typically occurs in people
over 60 years of age, and accounts for about 30% of
leukaemias in the West although it is rarer in the Far
East. Stages of CLL are defined according to the Amer-
ican Rai system or the European Binet system, with
both having prognostic value.1-6 The clinical course is
variable: low-risk patients (Rai stage O; Binet stage A)
have a median survival of about 10 years, while high-
risk patients (Rai stage III/IV; Binet stage C) have a me-
dian survival of about 1.5 years; median survival in the
intermediate stages is about 6 years.1,2 The mutational
status of the immunoglobulin IGHV gene also affects
prognosis; attempts to use surrogate markers of this sta-
tus included CD38 and ZAP-70, and these have assisted
in further risk stratification.6-9 
In patients at low risk and those at intermediate risk with
indolent disease cytotoxic chemotherapy is usually de-
ferred until signs and symptoms of disease progression oc-
cur.1,2,4-7 In these patient groups, trials of immediate versus
deferred chemotherapy for early-stage CLL have shown
no significant advantage, or disadvantage, for immediate
chemotherapy in terms of 10-year survival.10 Patients with
high-risk or progressive disease are usually treated with
immediate chemotherapy. 
When therapy is required, it is essentially symptomatic
and palliative. Continuous or intermittent chlorambucil
has been most widely used, and is given for as long as the
patient responds; response rates range from about 40 to
70%.2,3,7 Fludarabine is also used as initial therapy, and
while response rates have been found to be higher than
with chlorambucil,11 there appears to be no overall advan-
tage in terms of survival.1,2,4,5,7,12 Compared with chlor-
ambucil, the increased incidence of opportunistic infec-
tions is a disadvantage of fludarabine treatment.4 The or-
der in which alkylating agents and purine analogues are
given is not thought important, provided patients who re-
lapse on one treatment then receive the other.9 
Although chlorambucil is often used with a corticosteroid
(prednisone or prednisolone), there is some doubt as to
whether this has a real advantage over chlorambucil
alone.1,2,10 Corticosteroid therapy is, however, the treat-
ment of choice where patients present with cytopenias due
to an immune mechanism.1 The most commonly used
combination chemotherapy is with cyclophosphamide and
prednisone or prednisolone plus either vincristine (COP or
CVP) or doxorubicin (CAP), or both (CHOP).1-3 Howev-
er, combination chemotherapy does not appear to offer any
advantage over chlorambucil alone.10 Similarly, compari-
sons of fludarabine with CAP and CHOP found fludarab-
ine gave better response rates in patients with advanced
disease, but similar survival-times.1,2,5,8 The combination
of fludarabine and cyclophosphamide may be synergis-
tic,13 and produced good overall response rates,12 although
overall survival did not differ compared with fludarabine
alone.6 However, consistent benefit from this combination
in terms of progression-free survival has led some to con-
sider it the first-line treatment of choice,7,14 except for
poor-risk patients, in whom response is unlikely.14 Cladri-
bine with or without corticosteroids has also been used in
previously untreated patients; results were comparable
with single-agent fludarabine.8 Cladribine may also be
used for CLL refractory to alkylating agents. Compared
with chlorambucil and prednisone, cladribine and pred-
nisone gave higher response rates but increased toxicity,
and overall survival was not statistically different.15 Pento-
statin has also been investigated.1 Pentostatin with cyclo-
phosphamide was well-tolerated and produced good over-
all response rates in a small group of patients refractory to
fludarabine.7,12 
In patients who fail treatment with conventional therapy,
the monoclonal antibodies alemtuzumab and rituximab

have produced encouraging results.3,6,12,16-18 Combina-
tions of these antibodies with other drugs have been stud-
ied in CLL,4,5,7,8,19 and the use of rituximab with fludarab-
ine especially has shown marked clinical efficacy.6,7,9,20

Alemtuzumab may be used as first-line therapy in patients
with certain cytogenetic abnormalities associated with a
poor prognosis, or as consolidation therapy after fludarab-
ine-based induction therapy.7 It is also effective in refrac-
tory patients with high-risk disease.7 
Treatment of relapses depends upon response to initial
therapy.6,8 After long remissions, patients will usually re-
spond again to induction treatment.6 Alternative agents, or
combination chemotherapy with or without monoclonal
antibodies may then be tried.6,8 
Haematopoietic stem cell transplantation (HSCT) has
been investigated for CLL.6 Autologous HSCT is unlikely
to provide a cure8 and relapse is inevitable.7 The principles
of allogeneic HSCT include the graft-versus-leukaemia ef-
fect and the absence of stem cell contamination.8 Howev-
er, transplant-related mortality has been high. Non-myelo-
ablative conditioning protocols are under investigation.6-8

Allogeneic HSCT is suggested for younger patients with
non-response or early relapse after purine analogues, or
those who relapse within 2 years of an initial response with
purine-analogue based therapy or autologous HSCT, or in
patients with certain cytogenetic abnormalities with a poor
prognosis.7 
Other drugs that have been investigated for CLL include
bortezomib,7 denileukin diftitox,7 lenalidomide,6,7,21 lumi-
liximab,6,7 oblimersen sodium,7 ofatumumab,6 and thalid-
omide.21
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CHRONIC MYELOID LEUKAEMIA. Chronic myeloid (my-
elogenous) or chronic granulocytic leukaemia (CML) is
a rare disease, occurring usually in older patients, and
representing about 15% of all adult leukaemias. It is as-
sociated in over 90% of cases with the presence in
blood cells of an abnormal chromosome, the Philadel-
phia chromosome (Ph), which results from a reciprocal
translocation between the long arms of chromosomes 9

and 22, with the fusion of the BCR gene and the ABL
gene. The product of this gene, the protein BCR-ABL,
is leukaemogenic. Ph-negative disease (atypical CML)
carries a worse prognosis, and some classification sys-
tems consider it to be a separate disease.1-3 
CML occurs in 3 different phases. It is usually diagnosed
in the chronic phase, which may last for several years,
which when untreated, progresses to an advanced phase;
this consists of an often rapidly fatal blastic phase (blast
crisis), which is often preceded by a transition period, the
accelerated phase.1,3-7 
The development of imatinib, an inhibitor of the BCR-
ABL protein tyrosine kinase, constituted a revolutionary
change in the management of CML.1-5,8,9 The Internation-
al Randomized Study of Interferon and STI571 (IRIS),
found imatinib to be better than interferon alfa with low-
dose cytarabine for newly diagnosed CML in chronic
phase.10,11 Follow-up study found responses to be durable
in a high proportion of patients.12 The optimal dose has not
been determined, and high-dose imatinib is under investi-
gation.4,8 However, since relapse is common after stop-
ping imatinib, therapy should be continued indefinitely in
responsive patients.1,8 Resistance may also be a prob-
lem.2,3,5,7-9,13-15 For patients who do not respond to initial
therapy with imatinib, or are in haematological relapse,
options include increasing the dose of imatinib, the use of
second-generation tyrosine kinase inhibitors such as dasat-
inib or nilotinib, considering allogeneic haematopoietic
stem cell transplantation (HSCT), or investigational thera-
py.1,3,6,7 For patients unable to tolerate imatinib or other ty-
rosine kinase inhibitors, interferon alfa (with or without
low-dose cytarabine) or hydroxycarbamide may be rea-
sonable alternatives.1,2,4,8 
Early allogeneic HSCT (p.1811) has the potential to cure
CML due to a graft-versus-leukaemia effect, but it is still
associated with appreciable morbidity and mortality, in-
cluding graft-versus-host disease,9 and results with imat-
inib have challenged the role of HSCT as first-line therapy
for chronic phase CML.1 While HSCT is still an option in
suitable patients such as younger patients with HLA-iden-
tical sibling donors,4,5 or those with high-risk disease and
low transplantation risk,2 most recommend an initial peri-
od of therapy with imatinib since the response can either
reinforce or weaken the indication for HSCT.6,8,9 Ongoing
advances in alternative donor sources (such as the use of
HLA-matched unrelated donors and cord blood), im-
proved HLA typing techniques, and less toxic non-myelo-
ablative regimens are broadening the use of HSCT.1,5 Au-
tologous HSCT has also been investigated, but no
advantage over interferon-based regimens has been
shown.8 Options in patients who relapse after HSCT in-
clude the use of donor lymphocyte infusions, tyrosine ki-
nase inhibitors, or interferon alfa.1,2 
Although now no longer a first-line treatment, in most pa-
tients, interferon alfa is associated with improved survival
compared with busulfan or hydroxycarbamide,16 and the
addition of low-dose cytarabine to interferon alfa im-
proves response rates but increases toxicity compared with
interferon alfa alone.17 Hydroxycarbamide is somewhat
more effective, and better tolerated, than busulfan.18 
Occasionally, patients present in advanced phase. Those
in early blast crisis may be treated initially with imatinib or
other tyrosine kinase inhibitors, and then proceed to allo-
geneic HSCT.4,8 A longer trial of imatinib is possible for
patients diagnosed in accelerated phase.8 For those who
progress to advanced disease while on imatinib, options
include dasatinib or nilotinib, HSCT, or investigational
therapy.1 
Investigational therapies for CML include omacetaxine
mepesuccinate, farnesyl transferase inhibitors such as
lonafarnib and tipifarnib, hypomethylating agents such as
azacitidine and decitabine, histone deacetylase inhibitors,
and vaccines.5,15 Combinations of imatinib with other
drugs are also under investigation.2
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HAIRY-CELL LEUKAEMIA. Hairy-cell leukaemia is a rare,
chronic, B-cell lymphoproliferative disorder marked by
the presence of white blood cells with prominent cyto-
plasmic villi, pancytopenia, and splenomegaly. Many
patients are asymptomatic and there is no clear advan-
tage to early treatment before symptoms appear.1-3

When treatment is required, splenectomy was formerly
used as initial therapy, but response duration tended to
be short. Interferon alfa-2a or -2b given for one year
produces at least a partial response in most cases but
patients have a tendency to relapse once therapy is
stopped,1,2,4 although maintenance therapy with low-
dose interferon alfa may prolong remission.4 
Better results have been reported with the purine ana-
logues cladribine and pentostatin, and these have now
emerged as first-line treatments for this disease.1,2,4-6 Du-
rable complete remission rates of 50% or more are seen
after relatively short courses of therapy.4,7-9 Toxicity is
generally acceptable.4,8 They do not appear to show cross-
resistance; cladribine has been used successfully in pa-
tients resistant to, or intolerant of, pentostatin,2,4 and
others6 have used pentostatin in patients who do not re-
spond to cladribine. For patients who relapse, re-treatment
with initial therapy is advocated, although interferon alfa is
an option in those patients relapsing after treatment with a
purine analogue.2 There are reports of remission after use
of rituximab in patients with refractory disease,2,4,10,11 and
it has been suggested for use in those who fail cladribine
and pentostatin.6 Other immunotherapy under investiga-
tion for hairy-cell leukaemia includes the recombinant im-
munotoxins LMB-212 and BL22.13
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MYELODYSPLASTIC SYNDROMES. Myelodysplastic syn-
dromes are low-grade neoplasms of haematopoietic

stem cells characterised by ineffective haematopoiesis
that results in anaemia, neutropenia, or thrombocytope-
nia in various combinations. They have been described
as smouldering leukaemia or preleukaemia, and trans-
formation to acute myeloid leukaemia (AML) occurs in
some patients. 
The clinical course of myelodysplastic syndromes is vari-
able, and a precise individual determination of prognostic
score is important in planning treatment.1-3 In the few
younger patients with suitable HLA-matched siblings, allo-
geneic haematopoietic stem cell transplantation (HSCT)
has curative potential.1,2,4-6 As most patients are older,
with medical conditions precluding the use of standard
conditioning regimens, novel transplant conditioning reg-
imens of reduced intensity are being investigated.6,7 
Patients who are likely to have an indolent course are best
treated conservatively with observation and supportive
care (transfusions, antibacterials, or epoetins plus colony-
stimulating factors).1-5,7 Iron chelation therapy may be
needed in patients who develop iron overload (p.1442)
from blood transfusions.3,7 Azacitidine, decitabine, or le-
nalidomide may be considered where a low serum-eryth-
ropoietin concentration does not respond to epoetins (with
or without colony-stimulating factors). Patients with se-
rum-erythropoietin above 500 mU/mL and a good proba-
bility of response to immunosuppressive therapy should
be given antilymphocyte immunoglobulins with or with-
out ciclosporin, or possibly ciclosporin alone.3,7 Those
likely to have a poor response to immunosuppressants
should be given treatment with azacitidine, decitabine, le-
nalidomide, investigational agents, or considered for allo-
geneic HSCT.3 Azacitidine or decitabine are also treat-
ment options for patients with serious cytopenias; if not
responsive, immunosuppressive therapy, investigational
agents, or allogeneic HSCT can be tried.3 Lenalidomide is
effective for patients with chromosome 5q deletions,8-10

and is recommended as first-line therapy in these pa-
tients.3,7 
The treatment of progressive or advanced myelodysplastic
syndromes or those that have transformed to AML may
involve intensive chemotherapy similar to that for AML
(see p.652), but remission rates are lower,1,2,4,5 and relapse
common.7 However, many patients are elderly with poor
performance status, and are unable to tolerate intensive
chemotherapy. They may be treated with supportive care
and haematopoietic growth factors alone.7 Low-intensity
chemotherapy such as azacitidine or decitabine may be
tried in such patients,3 but has had limited success.2,4 Other
antineoplastics and immunomodulating agents investigat-
ed for use in myelodysplastic syndromes include amifos-
tine, arsenic trioxide, thalidomide, and topotecan.2,4-7,11

Attempts to induce cellular differentiation have generally
been disappointing.4
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POLYCYTHAEMIA VERA.  Polycythaemia vera (poly-
cythaemia rubra vera) is a Philadelphia-negative chron-
ic myeloproliferative disorder,1 associated in about
95% of patients with a mutation in the Janus kinase 2
(JAK2) gene.1-3 It is characterised by an increased red
cell mass and packed cell volume, and is often associat-
ed with increases in white cell and platelet counts and
splenomegaly.1,4 It is a disease of later life, with a me-
dian age at presentation of about 60 years.4 The symp-
toms are related to hyperviscosity due to the increased
number of cells in the blood, with the most common
features being fatigue, headache, visual disturbances,

paraesthesia, pruritus (characteristically exacerbated by
warmth), and erythromelalgia (burning pain and ery-
thema of the hands and feet). More serious symptoms
include intermittent claudication, angina pectoris, and
transient ischaemic attacks.1 Patients often present with
either arterial or venous thrombosis (cerebrovascular
accident, myocardial infarction, pulmonary embolism)
or occasionally, with haemorrhage, particularly involv-
ing the skin and gastrointestinal tract; splenic pain or
gout may also be presenting features.1,4 
Untreated, the disease is associated with a high risk of
morbidity and mortality, and patients can undergo mye-
lofibrotic transformation into blast crisis and acute mye-
loid leukaemia.1,4 The aims of treatment are therefore to
reduce the risk of thrombosis and haemorrhage, minimise
transformation risk, and manage complications, or preg-
nancy.4 
The mainstay of treatment is periodic phlebotomy to main-
tain the haematocrit within normal values,5,6 along with
aspirin in low doses (40 to 100 mg daily)1 sufficient to re-
duce thrombosis without increasing the risk of major
bleeding.7 This may be all that is required in younger pa-
tients at low risk of thrombosis. In patients at high risk of
thrombosis, including those who have a high phlebotomy
requirement, some form of myelosuppressive therapy may
also be considered. Chlorambucil, which was formerly
used for this purpose, has largely been stopped because of
a high incidence of leukaemia in patients so treated.4-6 In
patients with a life expectancy of less than 10 years, radio-
active phosphorus-32 is probably appropriate, and produc-
es good results with few immediate adverse effects.5,8

However, like the alkylating agents it is associated with an
increased risk of secondary malignancies.6 In younger pa-
tients hydroxycarbamide,1,4,6,8 busulfan,5,6 or in some
countries pipobroman,5,9 have been preferred because they
were considered to have lower risk of inducing leukaemia.
However, there is some evidence9,10 that they too may
have leukaemogenic potential, especially when used in
combination,11 and some recommend that busulfan and
pipobroman be reserved for elderly patients.1,4 Non-cyto-
toxic therapies that have been shown to be effective in-
clude interferon alfa.1,4-6,10,12 This may be preferred in
younger patients requiring treatment.4,5,8 Anagrelide, an-
other antiplatelet drug, has also been tried in polycythae-
mia vera. It is effective in controlling the platelet count, but
does not control progression of polycythaemia vera, and
its adverse effects may make it difficult for some patients
to tolerate.4
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PRIMARY THROMBOCYTHAEMIA.  Primary thrombo-
cythaemia (essential thrombocythaemia) is a rare Phil-
adelphia-negative myeloproliferative disorder in which
abnormal platelet production results in elevated platelet
counts.1,2 The Janus kinase 2 (JAK2) genetic mutation
occurs in about 50 to 60% of patients.3 The disorder oc-
curs mainly during later life and unlike other myelopro-
liferative disorders, is associated with generally near-
normal life expectancy.1 However, microvascular
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occlusion marked by conditions such as erythromelalgia
(burning pain and erythema of the hands and feet), par-
aesthesia, or migraine, and arterial or venous thrombo-
sis (e.g. cerebrovascular accident, myocardial infarc-
tion, pulmonary embolism) may occur. The risk for
thrombosis is highest in patients with a history of
thrombosis and in those aged over 60 years. In less than
10% of patients the disease eventually enters a spent
phase marked by fibrosis and marrow hypoplasia, or
transforms to acute leukaemia. 
Asymptomatic patients and those at low risk of thrombosis
are generally not treated, but when to begin treatment is
controversial.1,4-6 Some consider that primary antithrom-
botic prophylaxis seems rational even in asymptomatic pa-
tients if there are no contra-indications to this therapy.
Low-dose aspirin (40 to 100 mg daily) is considered to be
effective, without increasing the risk of major bleeding.
Acute microvascular symptoms may be managed with
higher doses of aspirin (100 to 300 mg daily).2 In patients
at risk of thrombosis, drugs that lower platelet counts are
used, including cytotoxics.1,2,4,6,7 Phosphorus-32 and
alkylating agents such as busulfan or pipobroman are little
used now because of their known potential to induce leu-
kaemia.2,7,8 Hydroxycarbamide can reduce thrombotic
events,7,9 and has tended to be preferred because it was
thought to have lower risk of inducing leukaemia, but it
too appears to have leukaemogenic potential.6-11 The in-
creased risk of leukaemia from therapy is particularly rel-
evant in younger patients, for whom non-cytotoxic drugs
may be preferred. Some non-cytotoxic therapies have also
been shown to reduce platelet counts. Anagrelide8,10 is of-
ten substituted for hydroxycarbamide,2,6,7,9 but its value
has been questioned by a comparison12 of 2 regimens us-
ing aspirin with either anagrelide or hydroxycarbamide.
Although the reductions in platelet count were similar for
both groups, patients taking anagrelide were found to be at
greater risk of arterial thrombosis, serious haemorrhage,
and transformation to myelofibrosis (but the rate of venous
thromboembolism was lower). Interferon alfa can also ef-
fectively reduce platelet counts;6,7,10 it is a good alternative
for younger patients who face lifelong treatment,2 and is
the treatment of choice in pregnant women.2,6,8,9 Haemat-
opoietic stem cell transplantation may be considered in
younger patients who have advanced, complicated dis-
ease.6
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Lymphomas. The malignant lymphomas are neoplastic
disorders of the lymphoreticular cells. These cells are pri-
marily located in the lymph nodes, but because of their
wide distribution in the body lymphomas may arise in ex-
tranodal and extralymphatic tissues such as lung, gastroin-
testinal tract, and skin. 
The term covers a heterogeneous group of diseases, com-
prising two main subgroups: Hodgkin’s disease, and the
non-Hodgkin’s lymphomas (NHL). The cellular origin of
Hodgkin’s disease is uncertain; the NHL are monoclonal
malignancies arising from B cells in about 80% of cases,
with the remainder from cells of T lineage and from undif-
ferentiated cells. 
Management of patients with malignant lymphoma is
largely determined by interpretation of histological fea-
tures, and, especially for NHL, by an allocation of subtype
and grade. Various classification systems have been pro-

posed for NHL of which the National Cancer Institute
Working Formulation has been widely used.1 Under the
Working Formulation, NHL are divided into: 
• low grade, including small lymphocytic, follicular small

cleaved cell, and follicular mixed small cleaved and
large cell lymphoma 

• intermediate grade, including follicular large cell, dif-
fuse large cell, diffuse small cleaved cell, and diffuse
mixed types 

• high grade, including large cell immunoblastic, lym-
phoblastic, and small non-cleaved cell (including
Burkitt’s) lymphomas 

The International Lymphoma Study Group has proposed a
revised European-American lymphoma (REAL) classifi-
cation,2 and this has subsequently also been published un-
der the auspices of WHO.3 It is based on a division into B-
cell, T-cell and natural killer cell, and Hodgkin’s neo-
plasms. In this classification, B-cell lymphomas include
B-cell small lymphocytic lymphoma, MALT lymphoma,
follicular lymphoma (35% of adult NHL, rare in children),
diffuse large B-cell lymphoma (30% of adult NHL, 5% of
NHL in children), and Burkitt’s lymphoma (rare in adults;
30% of NHL in children) and Waldenström’s macroglob-
ulinaemia (lymphoplasmacytic lymphoma). Plasma-cell
myeloma (multiple myeloma) is also a B-cell neoplasm. T-
cell lymphomas include precursor T-cell lymphoblastic
lymphoma (rare in adults; 45% of NHL in children) and
mycosis fungoides; and Hodgkin’s lymphoma is subdivid-
ed into nodular lymphocyte-predominant and classical
(nodular sclerosis and mixed cellularity) forms.
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HODGKIN’S DISEASE. Hodgkin’s disease (Hodgkin’s
lymphoma) is characterised histologically by the pres-
ence of a particular type of giant cell, the Reed-Stern-
berg cell. It is more common in males than in females,
and in the West is seen particularly in young adults and
in the elderly, although the age distribution differs else-
where. 
It usually presents as painless enlargement of one or more
lymph nodes, particularly in the neck or axillae. About a
third of all patients also have constitutional symptoms of
fever, weight loss, and night sweats, which indicate poorer
prognosis. In advanced disease, signs of organ infiltration
may occur, as may infectious complications. The mass of
the tumour may result in compression of vital organs. 
Hodgkin’s disease can be treated by radiotherapy or chem-
otherapy or both, and the choice of treatment depends on
the volume and histological subtype of the tumour, the age
of the patient, and, particularly, the stage of the disease.1-3

The Ann Arbor classification (with Cotswold modifica-
tions) recognises 4 stages: 
• Stage I, with involvement of a single lymph node region

or extralymphatic site 
• Stage II, in which spread is restricted to lymph nodes

and sites on one side of the diaphragm only 
• Stage III, involving spread on both sides of the dia-

phragm with possible splenic and extralymphatic in-
volvement 

• Stage IV, where the patient has diffuse or disseminated
disease in one or more extralymphatic organs or tissues. 

Stages are subclassified A or B according to the absence or
presence respectively of the aforementioned constitutional
symptoms. X indicates bulky disease and E the involve-
ment of single extranodal sites. Survival rates after treat-
ment for Hodgkin’s disease are generally excellent, and
there is increasing emphasis on tailoring therapy to de-
crease early and late treatment-related morbidity while not
compromising survival.1,2 For prognostic and therapeutic
considerations, patients are grouped into early stage fa-
vourable, early stage unfavourable or intermediate, and
advanced stage disease. 
In the treatment of early stage disease (stages I, II, and II-
IA), radiotherapy alone was standard therapy for adult pa-
tients with limited disease, especially in those with good
prognosis. However, there have been concerns about re-
lapse rates and an increased risk of secondary malignancy
after radiotherapy. Adjuvant chemotherapy (combined
modality treatment) has been investigated in order to im-
prove disease-free survival, reduce doses and volumes of

radiotherapy, and avoid the need for surgical staging. A
comprehensive meta-analysis of adjuvant chemotherapy
in patients with early stage disease found a reduced risk of
resistant or recurrent disease, but this did not translate to a
significant improvement in 10-year survival.4 A systemat-
ic review5 came to the same conclusion. Most patients in
the meta-analysis received the MOPP regimen (see below)
and extended field radiotherapy, and some feel that the
ABVD regimen (see below) and involved field radiother-
apy may prove more effective in terms of toxicity and sur-
vival.6 Combined modality treatment is now the preferred
treatment for favourable early stage disease,3,6-9 although
the optimal chemotherapy regimen and radiation dose
have yet to be determined. It is also generally accepted as
the treatment of choice in those with unfavourable early
stage disease, using the ABVD regimen.3,6-9 Combined
modality treatment is also preferred in children,2,10 al-
though evidence to support this is scanty.11 
Chemotherapy alone is generally considered to be the
treatment of choice in advanced disease (stages IIIB and
IV), although the value of adding radiotherapy has still
been debated. Meta-analyses or systematic reviews of
combined modality therapy in advanced disease have
found no survival benefit from additional radiotherapy, al-
though it may have a role in initial bulky or residual dis-
ease.5,12 
There are several 4-drug standard regimens available and
the choice lies between one of these, alternating cycles of
2 different regimens, or a hybrid cycle that involves giving
7 or 8 drugs in the same course of treatment. However, the
single most important factor governing the outcome of
chemotherapy is thought to be dose intensity of the drugs
given. 
The earliest of the successful 4-drug regimens was combi-
nation chemotherapy with chlormethine, vincristine, pro-
carbazine, and prednisone or prednisolone (MOPP). A
number of MOPP-variant regimens exist which may be as
effective and less toxic; these include substitution of chlor-
ambucil or cyclophosphamide for chlormethine (LOPP or
COPP, respectively), vinblastine for vincristine (MVPP),
and both chlorambucil and vinblastine substituted in one
regimen (ChlVPP). However, an alternative to the MOPP-
based regimens, a non-cross resistant combination of dox-
orubicin, bleomycin, vinblastine, and dacarbazine (AB-
VD) was found to be as effective as MOPP with a reduced
risk of inducing sterility or secondary leukaemia. Better re-
sults were later reported with ABVD alone, or with
MOPP/ABVD, than with MOPP alone, and ABVD has
become the basis of standard treatment for advanced stage
Hodgkin’s disease.3,10,13,14 
Attempts to improve the results of ABVD or MOPP have
centred on dose intensified hybrid regimens. The German
Hodgkin’s Lymphoma study group found improved re-
sults with a hybrid regimen of bleomycin, etoposide, dox-
orubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone (BEACOPP) compared with COPP/AB-
VD; overall survival was highest with an increased dose of
BEACOPP, although toxicity was increased.15 The Stan-
ford V regimen (doxorubicin, vinblastine, chlormethine,
vincristine, bleomycin, etoposide and prednisone, with
consolidative radiotherapy) is also used,3,14 although a ran-
domised study16 comparing ABVD, Stanford V, and a
MOPP-hybrid regimen found Stanford V to be inferior in
terms of response and survival rates. Further comparative
studies of ABVD versus BEACOPP or Stanford V are un-
derway.3,17 
Salvage treatment options for patients who relapse depend
on the initial treatment and the interval between treatment
and relapse. Patients who are candidates for salvage thera-
py can be divided into 4 groups: 
• those initially treated with radiotherapy who have a re-

currence, in whom standard chemotherapy regimens are
effective 

• those who never achieve complete remission with
standard chemotherapy, in whom prognosis is very
poor, and who are candidates for an intensive salvage
chemotherapy regimen with autologous haematopoietic
stem cell transplantation (HSCT) 

• those whose original remission lasted for over a year, of
whom some will respond to re-treatment with standard
therapy, but in whom intensive salvage chemotherapy
regimens with HSCT may be considered 

• and those whose remission is short, less than one year,
in whom standard chemotherapy may be used to reduce
tumour volume before intensive salvage chemotherapy
and HSCT.8,18 
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A common intensive salvage regimen consists of carmus-
tine, etoposide, cytarabine, and melphalan (BEAM). Al-
though intensive chemotherapy and HSCT is considered
by some8,14 to be the treatment of choice in relapsed pa-
tients, others5 note that benefit on overall survival remains
to be established. 
Immunotherapies under investigation for Hodgkin’s dis-
ease include the anti-CD20 monoclonal antibody rituxi-
mab,6 and other monoclonal antibodies, some radiola-
belled, to CD25 and CD30.10 Gemcitabine is also being
studied in refractory disease.10

1. Wolf J, et al. Issues in the treatment of Hodgkin’s disease. Curr
Opin Oncol 1998; 10: 396–402. 

2. Hudson MM, Donaldson SS. Treatment of pediatric Hodgkin’s
lymphoma. Semin Hematol 1999; 36: 313–23. 

3. National Comprehensive Cancer Network. Clinical practice
guidelines in oncology: Hodgkin disease/lymphoma (version
2.2008). Available at: http://www.nccn.org/professionals/
physician_gls/PDF/hodgkins.pdf (accessed 06/06/08) 

4. Specht L, et al. Influence of more extensive radiotherapy and
adjuvant chemotherapy on long-term outcome of early-stage
Hodgkin’s disease: a meta-analysis of 23 randomized trials in-
volving 3888 patients. J Clin Oncol 1998; 16: 830–43. 

5. Brandt L, et al. A systematic overview of chemotherapy effects
in Hodgkin’s disease. Acta Oncol 2001; 40: 185–97. 

6. Connors JM, et al. Hodgkin’s lymphoma: basing the treatment
on the evidence. Hematology (Am Soc Hematol Educ Program)
2001; 1: 178–93. 

7. Josting A, Diehl V. Early-stage Hodgkin’s disease. Curr Oncol
Rep 2001; 3: 279–84. 

8. Fung HC, Nademanee AP. Approach to Hodgkin’s lymphoma in
the new millennium. Hematol Oncol 2002; 20: 1–15. 

9. Jost LM, Stahel RA. ESMO Guidelines Task Force. ESMO min-
imum clinical recommendations for diagnosis, treatment and
follow-up of Hodgkin’s disease. Ann Oncol 2005; 16 (suppl 1):
i54–i55. 

10. Yung L, Linch D. Hodgkin’s lymphoma. Lancet 2003; 361:
943–51. 

11. Louw G, Pinkerton CR. Interventions for early stage Hodgkin’s
disease in children. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 2. Chichester: John Wiley; 2002 (ac-
cessed 12/05/05). 

12. Loeffler M, et al. Meta-analysis of chemotherapy versus com-
bined modality treatment trials in Hodgkin’s disease. J Clin On-
col 1998; 16: 818–29. 

13. Tesch H, et al. Treatment of advanced stage Hodgkin’s disease.
Oncology 2001; 60: 101–9. 

14. Connors JM. State-of-the-art therapeutics: Hodgkin’s lympho-
ma. J Clin Oncol 2005; 23: 6400–8. 

15. Diehl V, et al. Standard and increased-dose BEACOPP chemo-
therapy compared with COPP-ABVD for advanced Hodgkin’s
disease. N Engl J Med 2003; 348: 2386–95. Correction. ibid.
2005; 353: 744. 

16. Chisesi T, et al. ABVD versus Stanford V versus MEC in unfa-
vourable Hodgkin’s lymphoma: results of a randomised trial.
Ann Oncol 2002; 13 (suppl 1): 102–6. 

17. Hehn ST, Miller TP. What is the treatment of choice for ad-
vanced-stage Hodgkin’s lymphoma: ABVD, Stanford V, or
BEACOPP? Curr Hematol Rep 2004; 3: 17–26. 

18. Glossmann J-P, et al. New treatments for Hodgkin’s disease.
Curr Treat Options Oncol 2002; 3: 283–90.

NON-HODGKIN’S LYMPHOMAS.  The non-Hodgkin’s
lymphomas are a heterogeneous group of malignancies
that vary considerably in their behaviour, prognosis,
and management.1 Classifications have grouped them
by grade (low, intermediate, or high) or cellular origin
(B-cell or T-cell), and histology (see Lymphomas,
above). The most recent WHO classification, while still
separating B- and T-cell lymphoid neoplasms, does not
group the non-Hodgkin’s lymphomas into a distinct
clinical framework.2 The non-Hodgkin’s lymphomas
include Burkitt’s lymphoma, MALT lymphoma, and
mycosis fungoides, all of which are discussed separate-
ly. 
The usual presentation of lymphomas is lymphadenopa-
thy, which in low-grade lymphoma may develop insidi-
ously over a long period. There may be constitutional
symptoms of fever, night sweats, and weight loss. Extran-
odal involvement may occur, as may symptoms due to
organ compression by the tumour mass. Lymphomas of
T-cell origin have a worse prognosis than B-cell lympho-
mas of the same type, and excess tumour bulk, involve-
ment of bone marrow or gastrointestinal tract, and elevated
serum-lactic dehydrogenase concentrations are also ad-
verse prognostic factors. Staging is of somewhat less im-
portance as a determinant of treatment and prognosis than
in Hodgkin’s disease. 
About 40% of all lymphomas seen in North America and
western Europe are indolent and of low grade; follicular
lymphoma is the commonest form.3 Follicular lympho-
mas may be subclassified histologically into 3 grades ac-
cording to the number of centroblasts, and grade 3, which
is more aggressive, should be treated as for diffuse large B-
cell lymphoma2,4 (see below). The approach to therapy of
other follicular lymphoma differs dramatically in patients
with localised or disseminated (advanced) disease.2 
In the few patients with limited disease at presentation, ra-
diotherapy is potentially curative,1,5-8 with most patients
achieving long-term freedom from disease, and low rates

of relapse.1 The addition of chemotherapy to radiotherapy
does not convincingly prolong remission or improve over-
all survival.2,6 Patients who do relapse after therapy should
be treated as those with more disseminated disease.2 Even
in more advanced disease, which is rarely curable,1,5,7 fol-
licular lymphoma may follow a fairly chronic course, with
a median survival of 8 or more years4,5,8 although transfor-
mation to more aggressive forms may occur.1 
Treatment in advanced disease has not been shown to af-
fect survival, and a conservative approach of withholding
treatment until symptoms require it is considered via-
ble.2,3,5,6,8,9 The choice of first-line chemotherapy for ad-
vanced disease is controversial.4 Single-agent therapy with
chlorambucil or cyclophosphamide, sometimes with a cor-
ticosteroid such as prednisone in the initial stages, may be
preferred.5,6,9 However, others2 recommend this only for
elderly or infirm patients, and then only after rituximab,
which is the preferred first-line treatment in these patients.
Patients treated with combination chemotherapy tend to
have remission earlier but the remissions do not last longer
than those achieved more slowly with single-agent thera-
py,1 and overall survival has not improved.5,6 Nonetheless,
because intensification of chemotherapy has improved re-
sponse rates, combination therapy such as CHOP (cyclo-
phosphamide, doxorubicin, vincristine, and prednisolone)
has become widely used.5 Some9 consider this regimen
too toxic for indolent lymphomas unless rapid tumour de-
bulking is required. CVP (cyclophosphamide, vincristine,
and prednisone) has also been used.4 The addition of ritux-
imab to combination chemotherapy has increased overall
response rate, response duration, and progression-free sur-
vival and hence some recommend rituximab either alone
or with other regimens (chemoimmunotherapy) as first-
line options; caution is advised in patients with hepatitis
B.2 The use of interferon alfa with chemotherapy for first-
line treatment has produced conflicting results. However,
when interferon alfa was used with anthracycline-contain-
ing regimens, improvements in response rate and pro-
longed remission were reported;5,9 prolonged survival has
not been proven.6 Interferon alfa as maintenance therapy
appears to improve disease-free survival, but only if com-
plete remission has been obtained with initial chemothera-
py.1,5 Overall, a meta-analysis10 of 10 studies found that
the ability of interferon alfa to prolong remission duration
and survival may depend on it being used with relatively
intensive chemotherapy and given in unit doses of at least
5 million units (at least 36 million units/month). Results
using the purine analogues, fludarabine and cladribine, for
initial therapy have been promising, with high remission
rates.5 
Relapse of indolent lymphomas is generally inevitable.
Although further remissions can be achieved with repeat
of the initial alkylating agent, or an alternative alkylator,
response rates and duration of remission tend to decrease.6
Fludarabine and cladribine have shown responses in about
half of those relapsing or refractory to initial chemothera-
py.5,6 Pentostatin has also been tried, with less response,
but most studies were in patients refractory to the purine
analogues, which show cross-resistance.5 Radioimmuno-
therapy with radiolabelled monoclonal antibodies such as
tositumomab and ibritumomab are alternative options for
relapsed or refractory follicular lymphoma,2,11 although
myelosuppression may be a problem8,11 and there may be
practical difficulties to their use. High-dose chemotherapy
followed by autologous12,13 or allogeneic14,15 haematopoi-
etic stem cell transplantation (HSCT) may be an appropri-
ate option for relapsed patients.2,4,6 In those candidates
considered for autologous HSCT, initial therapy should
not be excessively myelotoxic, and in the case of alloge-
neic HSCT, nonmyeloablative approaches may be consid-
ered.2 
Intermediate- to high-grade lymphomas, of which diffuse
large B-cell lymphoma (DLCL) is the most common
form,2,16 are aggressive, and survival is measured in
months in untreated patients. However, unlike indolent
lymphomas, they are potentially curable with intensive
therapy.7 DLCL occurs most often in patients aged 50 to
60 years, but also occurs in children. As with follicular
lymphoma, approach to therapy differs in patients with lo-
calised or advanced disease.2 Up to 20% of patients with
aggressive lymphomas have localised disease at presenta-
tion, and combined modality treatment with a brief course
of CHOP (see above) and rituximab followed by involved
field radiotherapy is the treatment of choice.2,4 Combina-
tion chemotherapy is also the treatment of choice in ad-
vanced aggressive lymphomas: cure can be achieved in

about 35% of patients. Many of the regimens used have
included the vinca alkaloids and doxorubicin with alkylat-
ing agents: CHOP and CVP (cyclophosphamide, vincris-
tine, and prednisone) have been widely used.3,16 More in-
tensive second and third generation regimens such as
MACOP-B (an intensive 12-week programme of cyclic
methotrexate, doxorubicin, cyclophosphamide, vincris-
tine, prednisone, and bleomycin), m-BACOD (with dex-
amethasone rather than prednisone), and ProMACE-
CytaBOM (prednisone, doxorubicin, cyclophosphamide,
etoposide, cytarabine, bleomycin, vincristine, and metho-
trexate), were then developed, and showed initial promis-
ing results. However, randomised studies failed to show
any advantage for these second and third generation regi-
mens over the less toxic and simpler CHOP regimen,9,16,17

and many consider CHOP plus rituximab to be the stand-
ard for care.2,4,18,19 High-dose chemotherapy with autolo-
gous HSCT has been tried for initial therapy in patients
with diffuse aggressive non-Hodgkin’s lymphoma, but re-
mains investigational.2,9,12,17 
On relapse, patients are treated with salvage chemotherapy
regimens such as miniBEAM, (carmustine, etoposide, cy-
tarabine, melphalan), DHAP (dexamethasone, cytarabine,
and cisplatin), ICE (ifosfamide, carboplatin, etoposide),
ESHP or ESHAP (etoposide, methylprednisolone, cytara-
bine, cisplatin), or MINE (mitoxantrone, ifosfamide, mes-
na, etoposide); all these regimens may be given with or
without rituximab.2,16 Patients are then evaluated for high-
dose chemotherapy and autologous HSCT, which is con-
sidered the treatment of choice in suitable patients who re-
spond to the salvage regimens.1,2,16 In a randomised study,
it was found to be superior to further courses of DHAP.20

However, in disease resistant to salvage chemotherapy, its
role has not been established,16 and patients whose disease
progresses are considered not likely to benefit from cur-
rently available standard therapy.2 
High-grade lymphomas such as precursor T-lymphob-
lastic lymphoma (T-LBL) and Burkitt’s lymphoma (see
below) are highly aggressive and untreated patients sur-
vive only weeks. They occur mainly in children and young
adults, and are often widely disseminated with bone mar-
row, peripheral blood, and CNS involvement. In children
with lymphoblastic lymphoma, good results have been
seen with protocols based on those used for acute lym-
phoblastic leukaemia (see above), including the use of
CNS prophylaxis.21 It is unclear whether a similar ap-
proach would be beneficial in adults with lymphoblastic
leukaemia: CHOP continues to be widely used, with gen-
erally poor results.21 HSCT is an option in lymphoblastic
lymphoma.12
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AIDS-related lymphomas. Non-Hodgkin’s lymphoma is of-
ten a late complication of AIDS,1 and its incidence in HIV-
infected individuals is about 60 times greater than in the
general population.1-3 Histologically, it is usually diffuse
large cell lymphoma (see Non-Hodgkin’s Lymphomas,
above) or small non-cleaved lymphoma (Burkitt’s lym-
phoma—see below).1,2,4 About 50% of these are associat-
ed with the presence of Epstein-Barr virus. The other com-
mon HIV-associated lymphoma is primary CNS
lymphoma, which is invariably associated with Epstein-
Barr virus.1,4 More recently, primary effusion lymphoma
or body cavity-based lymphoma has been identified,1,2,4

which is associated with human herpes virus 8. Although
Hodgkin’s disease (see above) is not considered an AIDS-
defining illness, epidemiological studies have shown it to
be associated with HIV infection.5 The introduction of
HAART for HIV infection (p.856) may reduce the risk of
lymphomas by improving immune function,2,4,6 but, con-
versely, may increase the incidence by allowing patients to
survive long enough for lymphoma to develop.1,2 The in-
cidence of primary CNS lymphoma has decreased with the
advent of HAART.1,6 There is some evidence of tumour
response when antiretroviral therapy is started in a patient
who already has a lymphoma.4 
A few patients with AIDS-related non-Hodgkin’s lympho-
mas present with localised disease, and may benefit from
radiotherapy, but most have disseminated disease, often
extranodal, at presentation.1,2,4 Optimal management is
not established.7 The common chemotherapy regimens
used are similar to those used in non-HIV infected
patients, combining cyclophosphamide, vincristine,
doxorubicin, and corticosteroids (CHOP), and sometimes
additional drugs such as bleomycin and methotrexate
(m-BACOD).1,3,4,6,7 However, although standard dose or
even intensive chemotherapy regimens have been used
successfully in selected patients, in general patients with
AIDS tolerate chemotherapy poorly, and intensive regi-
mens may even shorten their survival. The addition of
rituximab has been investigated, but results have been dis-
appointing and there is an increased risk of neutropenic
sepsis and death in these patients.6 A low-dose modifica-
tion of m-BACOD has produced responses and survival
comparable to standard dose m-BACOD,8 and low-dose
chemotherapy is likely to be preferred in patients with rel-
atively poor immune function (CD4 cell count less than
200 cells/microlitre3).3 Results of trials using cyclophos-
phamide, doxorubicin, and etoposide (CDE), sometimes
with didanosine, have been promising.1 A dose-adjusted
regimen of etoposide, prednisone, vincristine, cyclophos-
phamide, and doxorubicin (EPOCH) has also been stud-
ied,6 and has been given with HAART.1 The use of colony-
stimulating factors with chemotherapy has reduced neu-
tropenia and febrile episodes, but there has been no effect
on remission rates or overall survival.1 Most studies used
granulocyte-macrophage colony-stimulating factor, but
this may increase HIV-1 replication.1 The prognosis for
patients with poor immune status remains poor, and medi-
an survival remains only about 4 to 8 months.3 
Primary CNS lymphoma has a very poor prognosis in pa-
tients with HIV infection, with a median survival of 3
months. Palliative radiotherapy is commonly used,2,4 and
may be combined with chemotherapy,1,3 but it remains
uncertain whether therapy improves survival.6 Intrathecal
cytarabine or methotrexate may be used to treat the men-
ingitis associated with primary CNS lymphoma.1 
Patients with Hodgkin’s disease are more likely to present
with B symptoms, at an advanced stage, with extranodal
disease, and concomitant Epstein-Barr virus infection.
Bone marrow involvement may be found in more than
50% of patients. Before HAART, patients with Hodgkin’s
disease and infected with HIV had a median survival of 1
to 2 years. Outcomes in the HAART era may be improv-
ing, although optimal treatment is undecided. Regimens
that have been tried include the BEACOPP (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone) and Stanford V regimens.5
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Burkitt’s lymphoma. Burkitt’s lymphoma is a small non-
cleaved cell lymphoma (SNCL) of B-cell origin, which is
highly aggressive and is seen particularly in children; the
rare cases in adults are most often associated with immun-
odeficiency such as AIDS. There is an endemic form in
equatorial Africa, which is associated with Epstein-Barr
virus and often involves the jaws and other facial bones. 
The main treatment for Burkitt’s lymphoma is chemother-
apy. Regimens are generally based on high-dose cyclo-
phosphamide, in various combinations with high-dose
methotrexate, high-dose cytarabine, vincristine, doxoru-
bicin, etoposide, and prednisone or prednisolone. Ifosfa-
mide may be substituted for cyclophosphamide.1-3 Cytara-
bine and methotrexate are also given intrathecally for CNS
prophylaxis.1,4 Although some groups have used an initial
phase of low-intensity chemotherapy to reduce the risk of
tumour lysis syndrome,1 others3 have shown that shorter
duration, dose-intensive chemotherapy has resulted in im-
proved survival. 
In children complete remission is common and prognosis
good: probability of long-term disease-free survival is usu-
ally greater than 80%.3 Prognosis has been less good in
adults, but with the increasing use of more intensive regi-
mens similar to those used in children, is improving.
About half of all adult cases are reported to be curable with
intensive chemotherapy regimens.2,4 It is possible that in-
tensive regimens coupled with haematopoietic stem cell
transplantation or monoclonal antibodies such as rituxi-
mab may improve results further.2
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MALT lymphoma. Marginal zone B-cell lymphomas of mu-
cosa-associated lymphoid tissue (MALT) occur most
commonly in the stomach, but may also occur in the sali-
vary gland, breast, thyroid, eye, or lung. They tend to be
indolent and remain localised for long periods of time, but
can transform to a more aggressive type. 
Most gastric MALT lymphomas are associated with Heli-
cobacter pylori infection.1,2 The bacterium stimulates the
formation of MALT in the stomach, which normally lacks
organised lymphoid tissue, and there is evidence that it in-
directly stimulates tumour growth. Eradication of H. py-
lori infection using antibacterial and antisecretory therapy,
as described in Peptic Ulcer Disease, p.1702, has been
shown to result in regression of gastric MALT lymphoma
in a number of patients.1-4 Increasing experience of the use
of H. pylori eradication indicates that the lymphoma re-
gression after eradication can take up to 14 months; eradi-
cation suppresses but does not necessarily eradicate the ne-
oplastic clone; only lymphomas limited to the mucosa or
submucosa regress after eradication; and that lymphoma
can recur.5 Thus, patients who are H. pylori-positive with
early stage primary gastric MALT lymphomas may be
treated solely with H. pylori eradication regimens and
long-term endoscopic follow-up.2,6 The best treatment for
patients without H. pylori infection, those whose tumours
do not respond to eradication, and those with more ad-
vanced tumour stage at presentation remains to be estab-
lished. Surgery has been widely used, but radiation therapy
is the treatment of choice for localised disease.2,6 Rituxi-
mab monotherapy may be considered for early stage dis-
ease if radiation therapy is contra-indicated; single-agent
or combination chemotherapy is recommended in ad-
vanced disease.2 
It has been suggested that screening for and eradication of
H. pylori is worth investigating as a means of preventing
gastric cancer.7 

Non-gastrointestinal low-grade MALT lymphomas have
been treated with surgery or radiation therapy if localised,
and with single-agent or combination chemotherapy (sim-
ilar to that used for other low-grade non-Hodgkin’s lym-
phomas—see above) if advanced.2,6,8
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Mantle cell lymphoma. Mantle cell lymphoma is a rare, ag-
gressive lymphoma of B-cell origin. Patients are often eld-
erly and more often male. Most patients present with ad-
vanced stage disease. Clinical features include fever,
weight loss, drenching night sweats, and gastrointestinal
symptoms.1 
There is no established standard of care for mantle cell
lymphoma.2 For the few patients presenting with localised
disease, radiotherapy significantly improves progression-
free survival, and is recommended first-line, with or with-
out chemotherapy.1,2 Systemic combination chemothera-
py, although non-curative, is recommended in advanced
disease.1,2 Rituximab plus chemotherapy is recommended
first-line.1-3 Chemotherapy options include CHOP (cyclo-
phosphamide, doxorubicin, vincristine, and prednisone),
HyperCVAD/MA (cyclophosphamide, vincristine, doxo-
rubicin, and dexamethasone alternating with high-dose
methotrexate and cytarabine), and EPOCH (etoposide,
prednisone, vincristine, cyclophosphamide, doxoru-
bicin).1-3 An alternative first-line treatment in suitable pa-
tients is high-dose radiochemotherapy and autologous
haematopoietic stem cell transplantation (HSCT).1-3 Allo-
geneic HSCT may be curative, but only a few patients are
suitable and it is associated with considerable morbidity
and mortality; it may be considered in suitable patients
with relapsed disease after first-line therapy.1 For patients
who cannot tolerate more intensive therapy, some recom-
mend CHOP with or without rituximab2 or anthracycline-
or fludarabine-containing regimens.1 Patients who relapse
after initial therapy or with progressive disease may be
treated with bendamustine (with or without rituximab),
bortezomib, purine analogue-containing regimens (with or
without rituximab), or thalidomide (alone or with rituxi-
mab).1-3 Radioimmunotherapy, with radiolabelled mono-
clonal antibodies ibritumomab and tositumomab, has also
been investigated for relapsed or refractory disease.1,3
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Mycosis fungoides. Mycosis fungoides is the most common
of the cutaneous T-cell lymphomas. It is considered to
have 3 stages: a premycotic erythematous or patch phase,
characterised by a pruritic rash resembling psoriasis,
which may persist for years or even decades; an infiltrative
or plaque phase, in which some patches become thickened,
darker plaques with marked T-cell infiltration; and a tu-
mour phase where lesions enlarge and ulcerate. Ultimately
there may be visceral involvement or potentially fatal sep-
sis secondary to skin breakdown. A variant of mycosis
fungoides presents as widespread pruritic erythroderma,
accompanied by abnormal T-cells in the blood, and is
known as the Sézary syndrome. 
There are many therapeutic options for mycosis fungoides,
but few have been evaluated in controlled trials. Treatment
depends on disease stage and spread.1-7 Patients with lim-
ited and slowly progressive patch phase disease have a
good prognosis (median survival similar to age-matched
controls) and may be managed with topical and local ther-
apies. Topical therapies include emollients, corticoster-
oids, chlormethine, carmustine, or bexarotene. Photother-
apy, using UV B light, or a psoralen plus UV A light
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(PUVA), is a useful alternative when topical treatments are
ineffective or not tolerated. Mycosis fungoides is very ra-
diosensitive, and for clearly localised patches, or isolated
patches that have failed to respond to other treatments, lo-
cal x-ray or electron beam radiotherapy may be used. 
The initial therapy for patients with widespread
patch/plaque phase disease is also topical, using chlorme-
thine or PUVA. Topical retinoids are not recommended for
generalised skin involvement, as they can cause irritation.7
Patients who fail to respond to a single drug may be treated
with combinations such as chlormethine with either PUVA
or electron beam therapy,1 or PUVA with interferon alfa.1,4

Total skin electron beam therapy may be used, but it may
not be widely available and is usually only given once; it
is generally used for thickened plaques or for disease that
has not responded to other local therapies. 
In the tumour phase, combination therapy as described
above is often used initially. Alternatively, systemic retin-
oids (such as bexarotene, isotretinoin, or tretinoin), inter-
ferons, vorinostat, denileukin diftitox, or low-dose meth-
otrexate may be tried.7 Systemic chemotherapy may be
used for palliation in recalcitrant disease and advanced dis-
ease with extracutaneous involvement, but responses are
often of short duration. Options include single-agent lipo-
somal doxorubicin, gemcitabine, chlorambucil, pentosta-
tin, etoposide, cyclophosphamide, and temozolomide.7
Combination regimens include CHOP (cyclophospha-
mide, doxorubicin, vincristine, prednisone), CVP (CHOP
without doxorubicin), or CAVE (cyclophosphamide, dox-
orubicin, vincristine, etoposide).1 
Mycosis fungoides with erythrodermic features is treated
similarly except that skin irradiation tends to be avoided or
used in very low doses as it causes severe desquamation.1
Extracorporeal photopheresis may be useful for disease
with erythrodermic features.1,4,6,7 
Therapies for persistent or recurrent mycosis fungoides
include denileukin diftitox, bexarotene, and vorinos-
tat.2,3,5,6,8-11 Allogeneic haematopoietic stem cell trans-
plant may be considered for patients with advanced dis-
ease that is progressive or refractory to multiple treatment
options.7
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Waldenström’s macroglobulinaemia. Waldenström’s mac-
roglobulinaemia (primary macroglobulinaemia) is a clini-
cal syndrome associated with lymphoplasmacytic lym-
phoma in which the abnormal lymphocytes secrete a
monoclonal serum paraprotein of immunoglobulin M type
resulting in increased plasma viscosity. Patients are mainly
elderly, and more often male. Although often asymptomat-
ic, patients can present with weakness and fatigue, anae-
mia, hepatosplenomegaly, and lymphadenopathy. Some
develop the hyperviscosity syndrome (characterised by
oronasal bleeding, visual disturbances and retinal haemor-
rhage, neurological disturbances such as headache, verti-
go, peripheral neuropathy, and hearing loss, and, rarely,
heart failure). 
Asymptomatic patients require no treatment and may re-
main stable for some years. Where treatment is required, it
has usually been with alkylating agents such as chloram-
bucil (with or without prednisone, or prednisolone) or,
more recently, with cladribine or fludarabine.1-8 Single-
agent oral cyclophosphamide has also been used.3,8,9

Rituximab is also recommended by some as a reasonable
first choice, although patients should be closely monitored

for symptoms of hyperviscosity;5-8,10 plasmapheresis may
be performed to reduce plasma viscosity.3,4,6-10 Data on the
use of rituximab are limited, and others consider its role
has yet to be defined.4,9 
When disease stabilises, treatment may be stopped and be-
gun again on relapse, with either the same drug, or an al-
ternative first-line agent.3,10 Autologous haematopoietic
stem cell transplantation (HSCT) may be considered for
relapsed disease, although studies are limited and com-
plete response rare;3,4,8 it is recommended that exposure to
alkylating agents or nucleoside analogues be limited if
HSCT is considered.5,6,9,10 Although there are few studies,
combination chemotherapy does not appear to produce
better responses than single-agent chlorambucil;1,2,4 com-
bination therapy with newer drugs remains investigation-
al.9,10 However, cyclophosphamide-containing regimens10

are recommended in relapsed or refractory disease, if the
re-use of a first-line drug is not feasible. 
High-dose corticosteroids may be used to treat systemic
vasculitis arising from deposition of paraproteins.9,10

Splenectomy, although rarely indicated, may be used to
manage painful splenomegaly and hypersplenic syn-
dromes.4,9,10 Small studies have reported benefit with tha-
lidomide (with or without dexamethasone and/or clarithro-
mycin),3-6,8-10 high-dose dexamethasone,10 or interferon
alfa.3,5,9,10
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PLASMA CELL NEOPLASMS. Multiple myeloma. Multiple
myeloma (myelomatosis) is a lymphoproliferative dis-
order of B-cell origin, involving the development of an
abnormal plasma-cell precursor. It occurs mainly in the
elderly, and accounts for only 1% or less of all malig-
nancies. It is more common in black than in white pa-
tients and in men than in women. 
The proliferation of the abnormal clone tends to suppress
normal haematopoiesis, resulting in anaemia and immuno-
suppression, with an increased risk of serious infection.
Perhaps the most characteristic complication, however, is
skeletal destruction, apparently due to release of an osteo-
clast stimulating factor, resulting in osteoporosis, lytic le-
sions and fractures, and bone pain, as well as consequent
hypercalcaemia. In addition, the plasma cells release large
quantities of monoclonal immunoglobulins, known as par-
aproteins, which can produce a hyperviscosity syndrome
and in some cases may interfere with platelet function. Re-
nal failure of various causes and neurological problems
due to compression are also common. 
Multiple myeloma is not curable with presently-available
treatment, and therapy is concerned with prolongation of
survival and alleviation of symptoms.1-3 Those patients
with stable, indolent or smouldering myeloma, or benign
monoclonal gammopathy, are followed carefully but not
treated until overt progressive disease occurs. Early treat-
ment may inhibit disease progression, but overall survival
and response rates are not affected.4 
In patients with overt disease some form of haematopoiet-
ic stem cell transplantation (HSCT) may now be the
treatment of choice.5,6 If a syngeneic transplant (from an
identical twin) is unavailable, high-dose chemotherapy
combined with autologous peripheral blood stem cell (PB-
SC) transplantation improves response rate, event-free
survival, and overall survival compared with standard
chemotherapy. Evidence for these benefits is strongest for
patients younger than 55 years old.7 Although some8 con-

sider standard-dose chemotherapy to be the preferred ini-
tial treatment in patients older than 70 years, other
reviews5,6 have concluded that autologous PBSC trans-
plantation is safe for the majority of patients older than 65
years, and guidelines have suggested its consideration in
this group3 if they have good functional status and limited
co-morbidity. With tandem transplantation, patients re-
ceive a second planned autologous HSCT,9 since it was
shown that patients who did not enter remission after one
transplant could achieve remission after another.10 Some
recommend tandem transplants in those who do not have
at least a very good partial response after the first,11 and as
such, some centres routinely collect enough stem cells for
two transplants.9,12 Allogeneic HSCT has been used for
multiple myeloma, sometimes after autologous HSCT, but
few patients are suitable, and transplant-related morbidity
and mortality are high with conventional myeloablative
chemotherapy regimens; non-myeloablative regimens
(miniallogeneic HSCT) are under investigation.9-12 
Patients may be treated with vincristine, doxorubicin, and
dexamethasone (VAD) for 3 to 4 months before transplan-
tation,11,12 although dexamethasone alone, or with thalido-
mide, has become a standard induction therapy.2,9 Lipo-
somal doxorubicin has been substituted for standard
doxorubicin in the VAD regimen.2 Some recommend le-
nalidomide with dexamethasone as standard induction
therapy,11 and other options include bortezomib-based reg-
imens.2,9,11 Oral induction with cyclophosphamide, idaru-
bicin, and dexamethasone has also been tried.13 Peripheral
stem cells are collected after giving high-dose cyclophos-
phamide and granulocyte colony-stimulating factor.5,8 Al-
though some suggest the use of alkylating agents and inter-
feron alfa after stem cell collection,8 earlier alkylator
therapy interferes with stem cell mobilisation,2,9,11,12 and
can result in poor engraftment.6,7 The standard condition-
ing regimen before transplantation is considered to be
high-dose melphalan.3,5,6,8,9,12 Total body irradiation is no
longer recommended, as combined with lower dose mel-
phalan, it resulted in higher toxicity and no significant sur-
vival benefit compared with high-dose melphalan alone.5-7

Similarly, stem cells are not purged of contaminating my-
eloma cells as a randomised study14 showed no benefit. 
Where transplantation is infeasible or inappropriate,
chemotherapy may be given to induce remission and pro-
long survival. The standard first-line regimen has long
been a combination of oral melphalan and corticosteroids,
usually prednisolone or prednisone.1,3,6,9,10,12 This MP
regimen produces an objective response in about half of all
patients, and prolongs median survival to between 2 and 3
years.1,6 The contribution of corticosteroids to the regimen
has been controversial although a trend towards increased
survival was noted5 compared with melphalan alone, and
high-dose dexamethasone given alone has been reported
to be effective in producing remissions.6 Cyclophospha-
mide is active,5 and has been substituted for melphalan.1,3

The addition of thalidomide to melphalan and prednisone
has led to better response rates and progression-free sur-
vival, and it is recommended as standard induction for eld-
erly patients ineligible for HSCT; however, toxicity is
higher than with the MP regimen.11,15 More intensive first-
line combination regimens have also been used, particular-
ly in younger, fitter patients. Examples include the ABCM
regimen (doxorubicin, carmustine, cyclophosphamide,
and melphalan), alternating combinations of VMCP (vin-
cristine, melphalan, cyclophosphamide, and prednisone)
with VBAP (vincristine, carmustine, doxorubicin, and
prednisone), the VAD regimen (vincristine, doxorubicin,
and dexamethasone), and the M2 or VBMCP protocol
(vincristine, carmustine, melphalan, cyclophosphamide,
and prednisolone).1,6 However, although response rates
are higher, meta-analysis16 has not shown these combina-
tion regimens to be more effective than melphalan and
prednisone in terms of survival. The use of interferon alfa
as induction therapy is controversial, although a systemat-
ic review5 found it improved progression-free survival.
The combination of thalidomide and dexamethasone has
also shown promise for initial therapy in advanced disease,
although toxicity may limit its use.2 
Maintenance chemotherapy has not been shown convinc-
ingly to improve total duration of remissions or survival,1
and although progression-free survival improved with in-
terferon alfa treatment, overall survival benefit was con-
sidered to be minimal.5 A study17 found prednisone given
on alternate days to be effective maintenance treatment in
those patients responding to induction therapy. Some rec-
ommend no maintenance therapy for standard risk patients
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except within investigational studies; high-risk patients
may be given thalidomide and prednisone as maintenance
if not previously treated with thalidomide.11 Thalidomide
has also been used as maintenance after autologous
HSCT,2 and may be offered to patients not achieving a
very good partial response after tandem HSCT.15 Lenalid-
omide and bortezomib are under investigation as mainte-
nance therapies.2 
In patients who fail to respond to initial treatment, or who
subsequently relapse, various regimens have been tried. A
systematic review found no particular regimen to be more
effective than another.5 Salvage regimens for progressive
disease include VAD with the addition of cyclophospha-
mide, EDAP (etoposide, dexamethasone, cytarabine, and
cisplatin), and high-dose cyclophosphamide.1,2 About 60
to 70% of patients who relapse more than 6 months after
stopping first-line therapy will respond to re-use of the in-
itial regimen.1,9 Thalidomide, with or without dexametha-
sone, has been shown to be effective in refractory myelo-
ma.2,3,5,18 Good responses have been reported with
bortezomib2,3,19,20 in relapsed, refractory myeloma, and
there is some suggestion of an additive response with dex-
amethasone. Bortezomib is also used with liposomal dox-
orubicin, as is lenalidomide, with or without dexametha-
sone.2 
Although chemotherapy aimed at the myelomatous clone
will produce symptomatic relief as disease is brought un-
der control, supportive and symptomatic care is also im-
portant. Bisphosphonates such as clodronate, pamidro-
nate, and zoledronate have been found to be effective in
reducing skeletal complications,21,22 and are recommend-
ed in those patients with bone disease.2,3,23 Some recom-
mend that bisphosphonate therapy be stopped after 2 years
in patients with responsive or stable disease.23,24 Radio-
therapy is used for impending fracture or impending spinal
cord compression, and is often effective in relieving
uncontrolled bone pain.2,6 Erythropoietin therapy can im-
prove anaemia and reduce the need for transfusion.1,2,5,6,8

A high fluid intake is essential in patients with renal dys-
function or hypercalcaemia (for the appropriate manage-
ment of the latter, see p.1668). Vigorous antibacterial treat-
ment may be needed if infection occurs (see Infections in
Immunocompromised Patients, p.174) and plasma ex-
change may alleviate the hyperviscosity syndrome.2,8,9 
Drugs under investigation for the treatment of multiple
myeloma include oblimersen, and arsenic trioxide.12
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Malignant effusions. The amount of interstitial fluid is
normally regulated by a complex equilibrium between
capillary filtration, osmotic pressure, and physical hydro-
static or hydraulic forces. Malignant neoplasms can dis-
turb this equilibrium by obstruction of capillary or lym-
phatic drainage as well as causing active exudation of
additional fluid after metastatic implantation. Malignant
effusions are associated most often with lung, breast, and
ovarian malignancies and lymphomas. Symptoms vary,
and the fluid build-up may be asymptomatic; both pleural
and pericardial effusions can produce cough, pleuritic
chest pain, and dyspnoea and pericardial effusions may
progress to cardiac tamponade. Peritoneal effusions may
lead to malignant ascites. The main aim of treatment for
malignant effusions is effective palliation of symptoms,
and depends in part on the tumour type, patient perform-
ance status, and prognosis.1-7 If the tumour is chemosensi-
tive, systemic chemotherapy may resolve the effusion.
Simple fluid drainage (thoracentesis or pericardiocentesis)
will relieve symptoms until fluid build-up recurs, and in
patients with very poor prognosis (life expectancy less
than 1 month), may suffice for palliation. 
In malignant ascites, paracentesis is usually effective tem-
porarily; evidence for the value of diuretics is weak, but
spironolactone may be of benefit in some patients, either
alone or with a loop diuretic. In other patients with refrac-
tory tumours, fluid drainage followed by sclerotherapy is
likely to be preferred. The principle involved is the instil-
lation of an irritant agent into the pleural or pericardial cav-
ity to promote inflammatory and fibrotic changes which
result in the membranes adhering together and abolition of
the space between the membranes in which fluid accumu-
lates. When this is done to treat pleural effusions (pleurod-
esis) success of sclerotherapy is dependent on adequate
fluid drainage beforehand and full re-expansion of the lung
to bring the pleural surfaces together. Intrapleural throm-
bolytics such as streptokinase have been used to improve
fluid drainage in cases of loculation of the effusion.6,7 
Many drugs have been used for sclerotherapy, and the
most common are a tetracycline (doxycycline or tetracy-
cline), bleomycin, or talc. The choice between these three
remains controversial, and opinions on the preferred op-
tion differ.1,4-8 However, a systematic review9 found talc to
be the sclerosant of choice for malignant pleural effusions.
Other sclerosants that have been used, with varying report-
ed rates of success, include interferon alfa, mepacrine, mi-
toxantrone, picibanil, povidone-iodine, silver nitrate, Co-
rynebacterium parvum, and Staphylococcus aureus
superantigen.8 Following drainage of the effusions the
sclerosant is instilled in a small volume (20 to 50 mL) of
liquid through the drainage tube. Talc may also be given as
a powder insufflation (rather than slurry), but this involves
a surgical procedure under general anaesthesia. Sclero-
therapy results in painful inflammation, and local anaes-
thetics or analgesics should be given. For patients who fail
sclerotherapy, or for whom this is not considered suitable,
there are various surgical options to manage effusions.1-7,10
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Malignant neoplasms of the bladder. Cancer of the
bladder is the fourth or fifth most common cancer in Eu-
rope and the USA, where over 90% of bladder cancers are
transitional cell in type. About two-thirds of all cases occur
in men, and the median age at diagnosis is 65 years.
Known risk factors include smoking and exposure to ani-
line dyes. In countries where it is endemic, schistosomiasis
is an important cause of squamous cell bladder cancer.
Most patients present with haematuria; there may also be
urinary frequency or dysuria. 
Urothelial tumours fall into 3 major groups, non-invasive,
invasive, and metastatic, which differ in prognosis and
management.1 About 70% of cases are non-muscle-inva-
sive (superficial), 25% are muscle-invasive, and 5% are
metastatic.2 
Of the non-muscle invasive tumours, about 70% are low-
grade transitional cell carcinomas confined to the mucosa
(Ta), and have a low risk of progression to muscle invasive
disease and a 50% chance of recurrence. Most of the re-
mainder are higher-grade transitional cell carcinomas that
have invaded the submucosa (T1), and a small percentage
are high-grade carcinoma in situ (CIS). These high-grade
tumours have a high risk of progression to muscle invasive
disease, and a 50 to 90% chance of recurrence. The stand-
ard initial treatment for primary or recurrent superficial
disease is surgery, in the form of transurethral resection. In
an attempt to prolong remission and reduce the recurrence
rate antineoplastics have been instilled into the bladder af-
ter complete resection (prophylactic or adjuvant intravesi-
cal therapy).2 Effective agents include doxorubicin, epiru-
bicin, mitomycin, and thiotepa. These increase the disease-
free interval, but do not reduce the risk of progression to
invasive disease, nor prolong survival.3 Good results have
also been reported with intravesical BCG,2,4 and meta-
analyses5,6 have found it to produce lower recurrence rates
than mitomycin. A single dose of intravesical chemother-
apy may be given within 24 hours of resection in patients
with primary resected low-grade tumours.1 Adjuvant in-
travesical therapy with an antineoplastic (usually mitomy-
cin) or BCG is recommended for patients with recurrent Ta
tumours or primary higher grade T1, and BCG is generally
preferred to antineoplastics in primary CIS.1,7 Mainte-
nance intravesical BCG therapy for CIS is recommended
for those showing a complete response. Those with recur-
rent or persistent disease can be given a second course of
BCG or mitomycin. If residual disease is still present, cys-
tectomy should be considered; intravesical therapy with a
different agent (mitomycin, valrubicin, interferon alfa, or
BCG plus interferon alfa) is an alternative to cystectomy.
Radical cystectomy is recommended if disease progress-
es.1 Photodynamic therapy using porfimer sodium or 5-
aminolevulinic acid has also been investigated.8 
Management of muscle-invasive bladder cancer that has
not yet metastasised is a matter of some controversy, but
conventional therapy has revolved around radical sur-
gery.1,2 However, such conventional therapy offers a 5-
year survival rate of only about 50%.9 Alternatives include
systemic chemotherapy before or after cystectomy,1,7 or
bladder-sparing options such as chemotherapy with radio-
therapy.1 The optimal regimen remains to be defined but
regimens incorporating cisplatin and methotrexate, such as
M-VAC (methotrexate, vinblastine, doxorubicin, and cis-
platin), appear to be widely used. These can delay recur-
rence of disease, but evidence for improved survival has
been conflicting. For example, a large study comparing neo-
adjuvant therapy using CMV (cisplatin, methotrexate, and
vinblastine) before cystectomy or radiotherapy, found this
regimen to result in a higher response rate, but not to sig-
nificantly prolong survival.10 Although another study11

has reported that neoadjuvant M-VAC provides a survival
benefit over cystectomy alone, the strength of these results
has been questioned.12,13 A meta-analysis14 that included
both these studies concluded that neoadjuvant platinum-
based combination chemotherapy did improve survival.
However, the benefit was only modest, and there was no
evidence of benefit for single-agent platinum therapy. 
Patients with unresectable or metastatic disease, or who
subsequently develop metastatic disease, are usually treat-
ed with systemic chemotherapy or radiotherapy.1 For pa-
tients with good prognosis, a combination regimen such as
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M-VAC or CMV may be used. Various combinations of
gemcitabine, taxanes, and cisplatin have shown clinical
benefit,1 and gemcitabine plus cisplatin has been shown to
provide similar survival advantage to M-VAC with better
tolerability: some now consider that it should be the pre-
ferred regimen in advanced disease.1,9,15,16
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Malignant neoplasms of the bone. Solid cancers of-
ten metastasise to the skeleton and metastatic bone disease
is a common problem with cancers of the breast, prostate,
and lung. Bone metastases are often responsible for cancer
pain (the general management of which is discussed on
p.5) and also result in immobility, bone fractures, bone-
marrow failure, spinal cord compression, and hypercalcae-
mia.1 The most common sites of metastasis are the spine,
hip, and femur. Primary bone malignancies are rare, and
are usually sarcomas. Multiple myeloma (see Plasma Cell
Neoplasms, p.658) also produces bone involvement. 
Management of bone metastases is essentially palliative
since cure is rarely possible.1,2 External beam radiotherapy
is the best treatment for localised metastatic bone pain,
with responses occurring in over 70% of patients. Radia-
tion delivered by bone seeking isotopes such as samarium-
153 or strontium-89 is an alternative.3-6 Bisphosphonates
are of benefit in patients with severe bone pain that is too
widespread for local use of radiotherapy and does not re-
spond to other analgesics.2,7 
Structural weakness due to extensive bone loss may re-
quire structural support.1,2 Surgical fixation or stabilisation
can treat or prevent fractures. Surgical excision and recon-
struction with methylmethacrylate bone cement may also
be required. 
Bone metastases cause local osteolysis and various inhibi-
tors of bone resorption have been tried, not only to correct
hypercalcaemia of malignancy (p.1083), but also to relieve
bone pain and reduce the risk of fractures. Several ran-
domised studies in patients with metastatic bone disease
from breast cancer or multiple myeloma have shown 25 to
50% reductions in skeletal events with the use of the bis-
phosphonates, clodronate or pamidronate.2,8 Similar re-
sults have also been reported for zoledronate.9,10 Ibandro-

nate is also used.11,12 A systematic review13 concluded that
bisphosphonates significantly decrease skeletal morbidity,
except for spinal cord compression. Various organisations
have produced guidelines to suggest which patients are
best treated with bisphosphonates.2,14,15 The clearest evi-
dence is in patients who already have lytic destruction of
bone. Treatment should start when bone metastases are di-
agnosed and continue until no longer clinically relevant;
they do not affect survival.13 Benefits in terms of skeletal
events are only seen after about 6 months of treatment.12

There is much interest in the use of bisphosphonates to
prevent the development of bone metastases. However,
preliminary evidence of their efficacy is conflicting,16 and
further large controlled studies are considered warrant-
ed.2,15 
Systemic antineoplastic therapy should also be given if the
primary tumour is chemosensitive. Endocrine treatment is
usually preferred for patients with breast and prostatic can-
cers, and can produce useful control of symptoms from
bone metastases.1,2 Patients who also have visceral metas-
tases or who have hormone resistant tumours should prob-
ably be treated with cytotoxic antineoplastics.2 
New drugs under investigation include denosumab and at-
rasentan.11
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Malignant neoplasms of the brain. Most primary
brain malignancies are gliomas, such as astrocytoma and
glioblastoma multiforme. The frequency and natural histo-
ry of brain tumours differ between children and adults.
Low-grade astrocytomas, and medulloblastomas are the
commonest primary brain tumours in children and ana-
plastic astrocytomas and glioblastoma multiforme are the
most common in adults. However, metastatic brain cancer
is the most common cause of intracranial tumours in
adults, being up to ten times more common than primary
brain tumours. The cancers that most often metastasise to
the brain are lung cancer, breast cancer, and melanoma.
CNS involvement in patients with acute leukaemia (see
Acute Lymphoblastic Leukaemia, p.651) or lymphoma
(see Non-Hodgkin’s Lymphomas, p.656) is also quite
common. 
The symptoms of primary and metastatic cranial neo-
plasms are those of local pressure and damage to the brain
(such as focal seizures and visual field defects), of dis-
placement of brain structures (like oculomotor paresis
with tentorial herniation), and of raised intracranial pres-
sure (such as impaired consciousness and papilloedema).

The single most frequent symptom is headache, which is
seen in about 60% of cases. 
The mainstay of treatment for most primary brain tumours
is surgery to relieve compression and cerebral oedema, es-
tablish diagnosis, and where feasible resect as much of the
tumour as possible.1-7 High-dose corticosteroids and com-
puted tomography have reduced the morbidity of surgery,
both for biopsy and excision. For benign tumours (such as
pilocytic astrocytomas) resection may be curative; for ma-
lignant tumours (such as anaplastic astrocytomas, glio-
blastoma multiforme, and medulloblastomas) there is
some evidence that extensive resection prolongs survival,
but this may be biased by the selection of younger fitter
patients for surgery. Adjuvant radiotherapy is widely used
after surgical resection for malignant tumours in adults and
children. Surgery alone or with radiotherapy is also used
for single brain metastases.8 For multiple brain metastases,
most patients are treated with radiotherapy and corticoster-
oids. Radiosurgery is an investigational technique devel-
oped to reduce the radiation dose received by normal brain
tissue. Radioactive implants (brachytherapy) are also be-
ing investigated. 
The role of adjuvant chemotherapy for primary brain ma-
lignancies has been less certain, in part because of the dif-
ficulty in finding drugs that can cross the blood-brain bar-
rier; until the advent of temozolomide, treatment was
usually based on nitrosoureas such as carmustine and
lomustine. The PCV regimen, in which procarbazine,
lomustine, and vincristine are given, has often been pre-
ferred in the treatment of gliomas after surgical resection
and radiation therapy.2 The value of this regimen was
called into question by a large randomised trial of adjuvant
PCV plus radiotherapy versus radiotherapy alone in high-
grade astrocytoma, in which PCV provided no additional
survival benefit.9 However, a meta-analysis including this
and 11 smaller studies found that giving some form of ad-
juvant chemotherapy (usually based on nitrosoureas)
modestly improved survival in adults with high-grade gli-
oma.10 Temozolomide, an oral alkylating agent, is also be-
ing used for the treatment of recurrent gliomas.11 Its use
during and after radiotherapy in newly diagnosed glioblas-
toma, usually after debulking surgery, has improved sur-
vival,12 and it has increasingly replaced the nitrosoureas in
the management of glioma.7,13-15 
In young children chemotherapy may be used as a stopgap
measure to delay, or reduce the frequency of, radiotherapy,
which can cause neurodevelopmental damage.1,3 Studies
in children under 3 years of age given combination chem-
otherapy regimens (often including cyclophosphamide,
vincristine, cisplatin or carboplatin, and etoposide or meth-
otrexate), after surgical resection of tumour found that ra-
diotherapy could be safely delayed in most and that a few
children might never require it.3 Adjuvant chemotherapy
(for example, vincristine and lomustine with or without
cisplatin) has also been used to allow a reduction in radia-
tion therapy in children aged between 3 and 10 years.3 This
chemotherapy regimen has also been used in children with
poor-risk medulloblastoma. 
Since present regimens for primary brain tumours are far
from optimal, alternatives continue to be tried.7 Newer an-
tineoplastics include bevacizumab and irinotecan.7,13,15

Newer delivery techniques include implantation of biode-
gradable polymers impregnated with carmustine (which
has been shown to improve survival in patients with ma-
lignant glioma),7 and the transient disruption of the blood-
brain barrier to allow cytotoxics to cross. Other treatments
investigated include single or multitargeted kinase inhibi-
tors, ligand-toxin conjugates, antisense oligonucleotides,
and gene therapy. 
Whole-brain radiation therapy is the common choice for
most patients with brain metastases. Surgery may be suit-
able for those with a single brain metastasis, especially if
prognosis is favourable and systemic disease controlled.16 
The value of chemotherapy in cerebral metastatic disease
remains to be defined:8,17 the primary tumour may be in-
trinsically resistant to chemotherapy, or metastasis may
develop despite treatment of the primary tumour, which
will encourage the selection of resistant species. Further-
more, although the blood-brain barrier may not be com-
pletely intact in these patients, allowing some passage of
antineoplastics into the brain, drug delivery of the less lip-
id-soluble drugs to cerebral metastases may not be suffi-
cient, or sufficiently consistent, to produce a response.
Nonetheless cerebral metastases of some chemosensitive
primary tumours may respond to therapy. Temozolomide
with or without radiotherapy is under investigation, as are
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other agents such as topotecan, paclitaxel, gefitinib, and
radiosensitisers.16 
A brain cancer vaccine (DCVax®-Brain) is also being in-
vestigated.
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Malignant neoplasms of the breast. Cancer of the
breast is the most common malignant neoplasm in women.
The disease is rare under the age of 25, and increases in
incidence with age, although the rate of increase slows af-
ter the menopause. Risk factors include a family history
(women with inherited BRCA1 or BRCA2 mutations are
at higher risk), and reproductive hormonal factors such as
early menarche, late menopause, nulliparity, and older age
at birth of first child. Oral contraceptives and postmeno-
pausal HRT are also associated with a small excess risk
(see Carcinogenicity, Breast, on p.2059 and p.2071 respec-
tively). 
Ductal carcinoma in situ (DCIS) is a tumour localised to
the breast ducts with no evidence of invasion. Invasive
breast cancer can be divided into three main groups: 
• early breast cancer (operable, primary, stage I/II) 
• locally advanced disease (inoperable local, stage III) 
• advanced disease (metastatic; stage IV) 
Breast cancer is an extremely heterogeneous disorder, and
the clinical course is consequently very variable; such fac-
tors as patient age and menopausal status, tumour size and
grade, involvement of axillary lymph nodes or skin, and
presence of hormone receptors within the tumour may be
a guide to the extent and aggressiveness of disease, and
hence have prognostic significance for treatment.1-3 Early
testing for overexpression of HER2 (human epidermal
growth factor receptor-2) is increasingly important, since
it is of value in determining response to certain treat-
ments.3 
Up to 20% of all cancers of the breast detected by mam-
mographic screening are ductal carcinoma in situ
(DCIS),4-7 the management of which still has some areas
of controversy. Most patients with DCIS will be offered
breast-conserving surgery,3,6,8 although mastectomy,
which was historically preferred, is still the treatment of
choice in high-risk patients.3-7 Radiotherapy is usually rec-
ommended after successful breast-conserving surgery,3,6,8

as it reduces the rate of recurrence and the risk of develop-
ing invasive disease (although it does not affect survival);
there may be a subgroup of women in whom it is unneces-
sary, but there is controversy as to how to define the group.
In the USA the use of adjuvant tamoxifen is also suggest-
ed,3-5 but studies have produced conflicting reports of ben-
efit on recurrence,5,7 and again, there is no proven effect on
survival; French guidelines suggest that the use of adju-
vant hormonal therapy be confined to clinical trials.6 Ad-
juvant use of newer oestrogen modulators such as anastro-
zole is also under investigation.5,7 

In patients with early disease (stage I or II; a relatively
small tumour with no or limited nodal involvement) the
prognosis is fairly good. Primary treatment is surgical.1,3,9

Breast-conserving surgery followed by postoperative radi-
otherapy has been shown to have equivalent local recur-
rence rates and 10-year survival (about 60%) to mastecto-
my.10 The use of postoperative radiotherapy after breast-
conserving surgery reduces local recurrence rates, but does
not appear to affect overall survival.10,11 Radiotherapy is
not usually used after mastectomy, but there are some stud-
ies indicating that it may have additional benefits in pa-
tients at high risk of recurrence.12,13 
Further adjuvant therapy with cytotoxic chemotherapy or
hormonal manipulations such as tamoxifen and ovarian
ablation by surgery, radiotherapy, or gonadorelin ana-
logues has been given to try to eradicate the micrometas-
tases which cause relapses. Overviews of a large number
of trials by the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) have confirmed the benefits of adju-
vant therapy and attempted to determine which women de-
rive most benefit and which regimens are most effec-
tive.14-18 Analyses from these18 and the National Surgical
Adjuvant Breast and Bowel Project (NSABP) B-14 and B-
20 trials19 permitting up to 15 years of follow-up have
shown that: 
• all women with early-stage breast cancer benefit from

adjuvant therapy (although the size of the benefit varies) 
• the benefit continues to increase with time, suggesting

that adjuvant therapy is curative in a proportion of wom-
en who would otherwise relapse 

• about 6 months of anthracycline-based chemotherapy
reduces the annual death rate due to breast cancer by
about 38% in women under 50 years of age at diagnosis,
and about 20% in those aged 50 to 69 at diagnosis (too
few women over 70 were given chemotherapy to esti-
mate benefit in this group) 

• this survival advantage occurs largely independent of
oestrogen receptor (ER) status, nodal status, or other tu-
mour characteristics 

• adjuvant regimens including an anthracycline are more
effective than those without a drug of this class 

• in women with ER-positive disease, about 5 years of
treatment with adjuvant tamoxifen reduces the annual
death rate due to breast cancer by around 31%, largely
independent of age, other tumour characteristics, or the
use of chemotherapy 

• combined chemotherapy and tamoxifen therefore in-
creases the survival benefit further: for middle-aged
women with ER-positive disease the breast-cancer mor-
tality rate over 15 years would be approximately halved
by 6 months of anthracycline-based chemotherapy fol-
lowed by 5 years of adjuvant tamoxifen 

• ovarian ablation (by surgery or irradiation) or ovarian
suppression with a gonadorelin analogue also appear to
reduce the mortality due to breast cancer, but that the
advantage only applies where other adjuvant therapies
are not given 

Although these data help in making therapeutic decisions,
the size of the benefit will always be less in patients with
good prognosis; in the most favourable cases (small tu-
mours with no involved nodes) the incremental benefit
may be too small to warrant adjuvant treatment.3 Tailoring
systemic adjuvant therapy to the patient is important, and
age and clinical characteristics alone are not adequate
grounds to make the judgement: appropriate prognostic
markers should be considered.19,20 
The large analyses have led to the widespread adoption of
anthracycline-based regimens for adjuvant chemotherapy,
replacing earlier historical regimens such as CMF (cyclo-
phosphamide, methotrexate, and fluorouracil) with those
such as FAC or CAF (cyclophosphamide, doxorubicin,
fluorouracil), AC (doxorubicin plus cyclophosphamide),
and their many variants. However, they do not take ac-
count of more recent developments in molecular profiling
of the tumour, nor of newer drugs that have become avail-
able for adjuvant therapy. 
The EBCTCG analysis could not show any difference in
effectiveness between anthracycline regimens,18 but regi-
mens based on epirubicin have gained in popularity in
many centres, since its lower cardiotoxicity compared
with doxorubicin means that higher doses can be given.
Addition of a taxane (docetaxel or paclitaxel) to an anthra-
cycline-based regimen appears to improve disease-free
and overall survival.21,22 There is evidence that HER2-re-
ceptor status is prognostic for response to anthracycline-

based regimens.3 There is also increasing interest in the
early use of trastuzumab in women with HER2-overex-
pressing tumours. Studies of adjuvant trastuzumab have
shown significant improvements in disease-free survival
and overall survival,3,23-26 although there are concerns
about cardiotoxicity.27 The benefits of trastuzumab are in-
dependent of ER status.3 
Reducing dose intensity of chemotherapy results in poorer
survival, and this has led to the hypothesis that higher dos-
es may offer more benefit, particularly in patients at high
risk of recurrence. However, despite some positive reports
of high-dose chemotherapy with stem-cell support, ran-
domised studies have largely failed to show any benefit of
high-dose over standard-dose therapy.28,29 
The results of the analyses above established 5 years of
tamoxifen as the standard of care for adjuvant hormonal
therapy in ER-positive disease (it is now accepted that it
should not be given to women with ER-negative tu-
mours,1,3,9 in whom it is of little value). However, some
guidelines now suggest that aromatase inhibitors should be
substituted for, or added to, tamoxifen, in postmenopausal
women with ER-positive disease,3,30 an area that is still be-
ing intensively studied.31 There is evidence that 5 years of
anastrozole is an effective alternative to tamoxifen,31,32

and 2 years of treatment with letrozole was found to fur-
ther reduce the risk of recurrence compared with
tamoxifen.33 Two to 3 years of tamoxifen followed by an
aromatase inhibitor (anastrozole, exemestane, or letrozole)
has also been investigated and appears promising.31,34-36 In
addition, although extending tamoxifen beyond 5 years is
not advocated, there may be significant benefits to follow-
ing a full course of tamoxifen with extended therapy with
an aromatase inhibitor;31 the optimum length of such ther-
apy has yet to be determined. US guidelines allow for 5
years of letrozole after a full course of tamoxifen.3 The rel-
ative efficacy of the different aromatase inhibitors availa-
ble (and whether steroidal and nonsteroidal inhibitors vary
in their effects and could beneficially be combined) is also
under investigation.31 
Aromatase inhibitors are not effective for hormonal thera-
py in premenopausal women with ER-positive disease,3
although combination of ovarian suppression with a gona-
dorelin analogue (or ovarian ablation by surgery or irradi-
ation) and aromatase inhibitor therapy is being studied.37 
The optimum sequencing of surgery, radiotherapy, and
chemotherapy/hormonal therapy continues to be investi-
gated. Concurrent chemo- and radiotherapy is not feasible
with current regimens because of toxicity; on the basis of
limited data,38,39 radiotherapy given after chemotherapy is
preferred,3 as it appears to be more effective. Whether
tamoxifen should be given concurrently or sequentially
with radiotherapy remains unclear, despite several studies
addressing the question.39 Where both chemotherapy and
hormonal therapy are given, it is recommended that chem-
otherapy should precede hormonal therapy.3 The use of
neoadjuvant chemotherapy before surgery in locally ad-
vanced disease (see below) has led to its investigation in
early disease. While studies have shown its use allows an
increase in breast-conserving surgery, there is no clear ev-
idence of an improvement in disease-free or overall sur-
vival.40 
In locally advanced breast cancer (stage III) the few pa-
tients for whom initial surgery is feasible may be treated as
those with high-risk early breast cancer (see above). How-
ever, most patients begin with anthracycline-based neoad-
juvant chemotherapy, which usually results in sufficient
tumour shrinkage to allow surgical management, as well
as allowing assessment of the responsiveness of the tu-
mour to subsequent treatment.3,8 Radiotherapy and adju-
vant chemotherapy are used after surgery, and tamoxifen is
also added if the disease is oestrogen-receptor positive.3 
The aims of therapy in advanced disease (stage IV) are
palliation and prolongation of life; cure is generally not
possible with current regimens,1,3 and it is often appropri-
ate to select therapy on the basis of its adverse effects, to
achieve optimal risk/benefit ratios.41 In women with ER-
positive, limited, or asymptomatic disease, hormonal ther-
apy is preferred: US guidelines advocate an aromatase in-
hibitor (anastrozole, letrozole, or exemestane), or an anti-
oestrogen (usually tamoxifen) for first-line hormonal ther-
apy in postmenopausal patients; second-line therapy op-
tions include fulvestrant, toremifene, progestogens such as
megestrol, androgens such as fluoxymesterone, or oestro-
gens such as ethinylestradiol.3,36 Premenopausal women
should undergo ovarian ablation (by surgery or irradiation)
or suppression with a gonadorelin analogue, and then be



662   Antineoplastics

treated as for postmenopausal women. Initial hormonal
therapy is continued until disease progression or unaccept-
able adverse effects occur at which point up to 2 further
hormonal regimens may be tried. If these fail, or sympto-
matic visceral disease develops, the patient is a candidate
for chemotherapy. 
A number of drugs have some activity in chemotherapy of
metastatic breast cancer. The taxanes, and in particular do-
cetaxel (which is considered the reference drug in meta-
static breast cancer42) are acknowledged to be effective,43

and anthracyclines (doxorubicin, epirubicin, and the relat-
ed drug mitoxantrone) are also widely used, although a
systematic review suggested that their benefits in terms of
tumour response did not extend to improved survival.44

The benefits of platinum-based therapy have not been es-
tablished.45 Capecitabine, gemcitabine, and vinorelbine
are active agents.3 
There is considerable uncertainty as to whether combina-
tion regimens offer any substantial benefit over sequential
use of single drugs.3,42,46 Although a systematic review of
older regimens suggested benefit from combination chem-
otherapy,46 and this is the usual standard of care where
therapy has curative intent,42 some do not consider the ev-
idence of benefit from combination therapy persuasive,3
and toxicity is likely to be increased. Nonetheless, estab-
lished combination regimens, including CMF and various
anthracycline- and taxane-based regimens are in use,3,8

along with newer combinations, such as gemcitabine plus
paclitaxel, vinorelbine plus epirubicin, or paclitaxel plus
bevacizumab.3 Ixabepilone with or without capecitabine,
is another option.3,47 In patients with HER2-overexpress-
ing tumours, trastuzumab may be added to chemothera-
py:3 the combination is markedly more effective in this
group than chemotherapy alone,42 although use with an-
thracyclines may be problematic because of the increased
risk of cardiotoxicity.3 
Higher response rates have been achieved by intensive
regimens, combined with autologous bone marrow trans-
plants or stem cells in some studies. However, the results
of randomised trials have been disappointing, and a sys-
tematic review found no improvement in overall survival
with the use of stem-cell supported high-dose therapy in
metastatic breast cancer.48 
The use of bisphosphonates in women with bone metastas-
es reduces bone pain and skeletal complications such as
fracture, spinal cord compression, and hypercalcaemia
(see Malignant Neoplasms of the Bone, above). Radio-
therapy is also used for bone pain, and for the treatment of
brain metastases (see Malignant Neoplasms of the Brain,
above).
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PROPHYLAXIS OF BREAST CANCER. The recognition of
factors increasing the risk of breast cancer, and particu-
larly the identification of specific genes that confer a

high risk, has spurred the search for effective ways of
preventing the disease. Current options, other than reg-
ular screening to detect the cancer at early stages, in-
clude surgery (prophylactic mastectomy and/or
oophorectomy), drug therapy (below), and possibly
some life-style modifications.1-3 
Treatment with tamoxifen as part of the adjuvant manage-
ment of early breast cancer is associated with a reduced
risk of developing cancer in the other breast (see above).
This led to the suggestion that prophylactic tamoxifen
might prevent the development of breast cancer in women
at risk, and to trials to test this hypothesis. These studies
were not without controversy, since the risk/benefit for
tamoxifen use in healthy women differed from that in
women with breast cancer. The first study to be reported
was the US National Surgical Adjuvant Breast and Bowel
Project (NSABP) P-1 study,4 which randomised 13 388
women to 5 years of treatment with tamoxifen or placebo.
Participants were either aged 60 years or older, had a his-
tory of lobular carcinoma in situ, or had a 5-year predicted
risk of developing breast cancer of greater than 1.66% (as
assessed by number of first-degree relatives with breast
cancer, number of previous breast biopsies, presence of
atypical hyperplasia, and reproductive factors). In this
study there was a highly significant 49% reduction in the
occurrence of invasive breast cancer in women given
tamoxifen (21.4 cancers prevented per 1000 women treat-
ed). The incidence of non-invasive breast cancer was re-
duced to a similar extent. Tamoxifen reduced the incidence
of oestrogen-receptor positive, but not oestrogen-receptor
negative, tumours. Adverse effects of tamoxifen included
a modest increase in the risk of endometrial cancer and
vascular events (stroke and pulmonary embolism). Al-
though this study was prematurely unblinded, and all
women were offered a 5-year course of tamoxifen, follow-
up continued for 7 years and the incidence of breast cancer
remained relatively constant for the 2 years after
tamoxifen therapy was stopped.5 Preliminary results from
2 smaller randomised European studies did not confirm
the benefit of tamoxifen in breast cancer prevention. The
Italian study6 was in hysterectomised women with no par-
ticular risk for breast cancer, and because of its size may
not have been sufficiently powered to detect an effect of
tamoxifen. The full follow-up7 of 5 years of treatment in
this study found no difference in breast cancer incidence
between tamoxifen and placebo groups. A subgroup anal-
ysis of women at high risk of oestrogen-receptor positive
breast cancer did find a protective effect from tamoxifen,
and there was an apparent protective effect for women in
this group who used HRT. However, this group was not
identified at randomisation of the study and these results
need to be confirmed. The British study8 of 8 years of
tamoxifen or placebo was in women with a first-degree
family history of breast cancer, and their median age was
younger than in the US study. Although preliminary re-
sults showed no benefit from tamoxifen, follow-up for a
median of about 13 years did find a reduction in the risk of
oestrogen-receptor positive tumours.9 This reduced risk
also appeared to improve with longer follow-up. Initial re-
sults of a further placebo-controlled study (IBIS-I)10 of
women at increased risk of breast cancer found that during
5 years of tamoxifen use, the risk of all breast cancers was
reduced by 32%. As in other studies, the reduction oc-
curred in oestrogen-receptor positive tumours. Similar ad-
verse effects were found with tamoxifen use, but there was
also an unexpected increase in deaths from all causes in
tamoxifen users. This may be associated with the excess in
thromboembolic events reported, although statistical vari-
ability could not be ruled out. Extended follow-up11 for a
further median of 8 years found that the beneficial effect of
tamoxifen was maintained, and that reduction in the risk of
oestrogen-receptor positive tumours increased with longer
follow-up. However, the rate of adverse effects of
tamoxifen reduced after treatment stopped. A retrospec-
tive analysis12 of the NSABP P-1 data for women who had
developed invasive breast cancer found that in carriers of
the oncogene BRCA2, but not BRCA1 carriers, there was
a reduction in breast cancer similar to the reduction in oes-
trogen-receptor positive cancer among all women in the
study. The numbers available, however, were too small to
be statistically significant, and it is therefore still not
known if tamoxifen can reduce the risk of breast cancer in
patients with these mutations. 
Another anti-oestrogen, raloxifene, has reportedly shown
a reduction in breast cancer risk while its effects on oste-
oporosis were being studied.13 A further large placebo-
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controlled study14 that included the incidence of breast
cancer as a primary outcome also found a reduction with
about 5 years of raloxifene use. There was a 55% lower
risk of invasive oestrogen-receptor positive cancer (abso-
lute risk reduction of 1.2 cancers per 1000 women treated
for 1 year), but there was no effect on oestrogen-receptor
negative disease. The effect of raloxifene has also been di-
rectly compared with tamoxifen in women with a predict-
ed increased risk of breast cancer.15 After up to 5 years of
use, the incidence of invasive disease was similar in both
groups, suggesting that raloxifene is as effective as
tamoxifen in reducing the risk of developing invasive
breast cancer in this group of women. The aromatase in-
hibitors, anastrozole and exemestane, are also under inves-
tigation.16 
From these studies, tamoxifen prophylaxis has been
shown to reduce the incidence of oestrogen-receptor breast
cancer in women at increased risk, but there are limited
data for women with BRCA1 and 2 mutations. Although
the follow-up studies to date suggest that a course of
tamoxifen is not merely delaying the development of
breast cancer during treatment, it is not known whether
this is a life-long effect; it is also not known whether over-
all survival will be improved. Long-term follow-up of
large placebo-controlled studies is needed to provide an-
swers to these questions. Until then, it is likely there will
be continued disagreement on whether tamoxifen should
be used for primary prevention, and if so, in whom, and for
how long. Nevertheless, the use of tamoxifen for 5 years
has been recommended for women who meet specified
criteria for increased risk.2,17 Raloxifene has been pro-
posed by some as an alternative for women who are post-
menopausal,2 but others17 do not recommend its use for
breast cancer prevention. Surgery is often considered for
women at high risk associated with genetic factors such as
BRCA1 and 2 mutations,2,3 and women with a history of
lobular carcinoma in situ or thoracic radiation.2 
Other candidates for the prevention of breast cancer in-
clude plant oestrogens (phytoestrogens) such as those in
soya. Epidemiological evidence suggests that diets high in
these compounds may be protective, but there are many
confounding factors and inconsistencies in the data availa-
ble.18 It was thought that retinoids might also be protec-
tive, but a secondary prevention trial of fenretinide failed
to show any benefit.19 
Epidemiological data suggests that life-style modifications
have the potential to reduce breast cancer risk. These in-
clude weight loss, increase in exercise, and dietary fac-
tors.1,2 They may be proposed as part of an approach to a
healthy life-style, but their real value in reducing breast
cancer risk is unproven.
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MALIGNANT NEOPLASMS OF THE MALE BREAST. Breast
cancer can occur in men, although it has a much lower
incidence than in women. Risk factors are not well un-
derstood, but it may sometimes be associated with
abnormalities of sex hormone metabolism, including
those acquired through liver disease or testicular trau-
ma. In addition, the inherited mutation BRCA2, which
is associated with an increased risk of breast cancer in
women, also increases the risk of breast cancer in men.
Breast cancer in men occurs at a slightly older median
age than in women (60 to 70 years), and is more likely
to be oestrogen-receptor positive. Survival by stage ap-
pears to be similar to that in women, with an overall 5-
year survival about 40 to 65%. 
Treatment is similar to that for women.1-5 Primary man-
agement is mastectomy and axillary lymph node dissec-
tion. Because of the rarity of the disease large controlled
trials are lacking but studies in limited numbers of men and
extrapolation from results in women suggest that adjuvant
therapy should be considered on the same basis as for
women. Radiotherapy may be used to reduce the rate of
local recurrence in those considered at high risk. Adjuvant
tamoxifen or chemotherapy may also be used, with
tamoxifen being the most common. Chemotherapy is
probably more appropriate in those with oestrogen-recep-
tor negative tumours, locally advanced disease, or positive
nodes. Adjuvant trastuzumab should be considered for
men with high-risk HER2-positive disease. In advanced
metastatic disease tamoxifen is generally the first choice
treatment although there is evidence of benefit from aro-
matase inhibitors such as anastrozole or letrozole. Combi-
nation chemotherapy is reserved for unresponsive or re-
lapsing disease; regimens that have been used include
cyclophosphamide, methotrexate, and fluorouracil
(CMF), cyclophosphamide, doxorubicin, and fluorouracil
(CAF), or doxorubicin and vincristine. Hormonal ablation
by adrenalectomy or orchidectomy is also effective, but
has become less popular since the advent of tamoxifen.
Any role of trastuzumab or bevacizumab in men with met-
astatic breast cancer has yet to be established.
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Malignant neoplasms of the cervix. Cancer of the
uterine cervix is one of the most common cancers in wom-
en, accounting for about 12% of all female malignancies.
It is associated with vaginal intercourse and the presence
of human papillomavirus (HPV); high-risk types of the vi-
rus (HPV-16 and 18) that produce proteins E6 and E7
inactivate host tumour suppressor proteins and thus en-
courage malignant transformation. Smoking and long-
term use of oral contraceptives (p.2060) may also be risk
factors. Widespread screening has meant that in many
women the disease has been detected in the preinvasive or
early stages, when the prognosis is excellent to good. 
Preinvasive cervical lesions (cervical intraepithelial neo-
plasia; CIN) may resolve spontaneously if low-grade, and
may be monitored by repeat screening.1 High-grade CIN
(cervical dysplasia) and cervical carcinoma in situ may
progress to invasive carcinoma and are usually excised us-
ing diathermy or laser techniques. Conisation of the cervix
(cone biopsy) may be used to rule out the presence of in-
vasive disease. Investigational therapies include photody-
namic therapy, and topical fluorouracil. 
Invasive cervical cancers are mostly squamous cell in or-
igin (80 to 90%), with 10 to 20% being adenocarcinoma.
Invasive cervical cancers may be divided into early-stage
(I and IIA), locally advanced (stages IIB to IVA), and met-

astatic (IVB). The earliest stage of invasive cervical cancer
may be treated by conisation of the cervix (which main-
tains fertility) or simple hysterectomy.1-3 Other early-stage
cancers may be treated by surgery (radical hysterectomy)
or by radiotherapy.3 Some patients treated with surgery
may require adjuvant radiotherapy. Early-stage patients
with poor prognostic factors have better survival if both
chemotherapy and radiotherapy are given after surgery
(adjuvant chemoradiotherapy).2,4 Most regimens include
cisplatin alone or combined with fluorouracil.3,5,6 Hydrox-
ycarbamide has also been used by some centres, but is less
effective than cisplatin.5 Patients with locally advanced
cervical cancer are usually treated with primary chemora-
diotherapy using cisplatin-based regimens.2,4-7 The evi-
dence for chemotherapy is stronger for stage IIB than for
stages III/IVA. Neoadjuvant chemotherapy has been tried
and although there is some indication that its use before
surgery might be of benefit, no survival advantage has
been shown; it does not appear to be beneficial before ra-
diotherapy.8 For local recurrence of disease, treatment op-
tions include radiotherapy if it has not already been used,
more extensive surgery, or cisplatin-based chemoradio-
therapy.2,3,9 Treatment for metastatic disease consists of
palliative radiotherapy, chemotherapy, or chemoradiother-
apy.2 Cisplatin, carboplatin, paclitaxel, or topotecan may
all be considered for first-line therapy; if cisplatin has pre-
viously been used as a radiosensitiser a combination regi-
men of cisplatin with paclitaxel, topotecan, or gemcitab-
ine, or carboplatin with paclitaxel, may be favoured.3
Drugs that have been tried for second-line treatment in-
clude docetaxel, epirubicin, fluorouracil, ifosfamide, iri-
notecan, mitomycin, and vinorelbine.3,9 Combination
chemotherapy has been investigated and many regimens
have shown higher response rates and improvements in
progression-free survival but not overall survival; howev-
er, cisplatin plus topotecan has shown an improvement in
overall survival.10 Scottish guidelines7 recommend offer-
ing treatment with cisplatin plus topotecan (in cisplatin-
naïve patients), or cisplatin plus paclitaxel, to all women
with stage IVB or recurrent disease. 
An HPV vaccine has been developed to prevent cervical
cancer.11
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Malignant neoplasms of the endometrium. Can-
cer of the endometrium is a disease primarily of postmen-
opausal women, and is more common in developed than
developing countries. Most of the risk factors for endome-
trial cancer are associated with increased oestrogen expo-
sure. Factors resulting in increased endogenous exposure
include obesity, anovulatory infertility, early menarche,
and late menopause. Exogenous factors include use of oes-
trogens without progestogens for hormone replacement
therapy (p.2072), and tamoxifen therapy (see Carcino-
genicity, p.773). Postmenopausal vaginal bleeding is the
most common sign of endometrial cancer, and allows the
disease to be diagnosed at an early stage when the progno-
sis is good (80% of women have early stage disease at
presentation). In menopausal or premenopausal women,
diagnosis may be delayed because abnormal bleeding pat-
terns may not be so obvious. Most endometrial cancers are
adenocarcinomas. A small percentage are clear-cell or se-
rous carcinomas, which are highly aggressive and have a
poorer prognosis. Endometrial hyperplasia is generally re-
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garded as a precancerous lesion; endometrial hyperplasia
with cytological atypia, in particular, is associated with
progression to adenocarcinoma. 
Surgery is the primary therapy for endometrial cancers that
are stage I to III;1-5 oophorectomy is performed, as well as
total abdominal hysterectomy, because of the significant
incidence of ovarian metastases. No further treatment is
required in women with stage I disease who are at low risk
of recurrence. In those with stage I disease and a higher
risk of recurrence, adjuvant brachytherapy or pelvic irradi-
ation are used. In all other women, adjuvant radiotherapy
is given, the field being tailored depending on the disease
stage. Adjuvant progestogen therapy has not been shown
to be effective.6 There are a few studies of adjuvant chem-
otherapy in women at high risk of recurrence, but further
data from randomised trials are required to assess its role.7
For women with advanced disease (stage IV), systemic
therapy with progestogens or cytotoxic chemotherapy can
be considered, although response rates are only up to
30%,1,3 and evidence for a survival benefit is questiona-
ble.8 Progestogens are likely to be preferred because of
their better tolerability. Tamoxifen also produces minor
benefit; alternation with progestogens may prolong the re-
sponse to hormonal therapy.5 Well-differentiated tumours,
long disease-free interval, and positive hormone receptor
status are factors that suggest increased response to pro-
gestogens. When progestogens are ineffective, chemother-
apy may be tried. The drugs of choice are probably doxo-
rubicin, cisplatin or carboplatin, paclitaxel, and
cyclophosphamide.5,8,9 The combination of carboplatin
and paclitaxel has become standard in many centres in the
management of advanced or recurrent endometrial can-
cer.5,9 Investigational therapies include dactinomycin, go-
nadorelin analogues such as goserelin, and anastrozole.3
1. Rose PG. Endometrial carcinoma. N Engl J Med 1996; 335:

640–9. Correction. ibid. 1997; 336: 1335. 
2. Semple D. Endometrial cancer. Br J Hosp Med 1997; 57: 260–2. 
3. Chen L-M, et al. Endometrial cancer: recent developments in

evaluation and treatment. Oncology (Huntingt) 1999; 13:
1665–70. 

4. Southcott BM. Carcinoma of the endometrium. Drugs 2001; 61:
1395–1405. 

5. Amant F, et al. Endometrial cancer. Lancet 2005; 366: 491–505. 
6. Martin-Hirsch PL, et al. Progestagens for endometrial cancer.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 1999 (accessed 16/05/05). 

7. Pustilnik T, Burke TW. Adjuvant chemotherapy for high-risk en-
dometrial cancer. Semin Radiat Oncol 2000; 10: 23–8. 

8. Polyzos NP, et al. Randomized evidence on chemotherapy and
hormonal therapy regimens for advanced endometrial cancer: an
overview of survival data. Eur J Cancer 2006; 42: 319–26. 

9. Fleming GF. Systemic chemotherapy for uterine carcinoma:
metastatic and adjuvant. J Clin Oncol 2007; 25: 2983–90. Cor-
rection. ibid.; 5048.

Malignant neoplasms of the eye. Tumours of the or-
bit of the eye in adults are most commonly metastases
from primary lesions elsewhere in the body, usually in the
breast or lung, and local radiotherapy (external beam radi-
ation or plaque radiotherapy) may be required for control
of visual symptoms unresponsive to chemotherapeutic
treatment of primary disease.1 
Primary eye tumours are rare. In children, the most com-
mon intra-ocular tumour is retinoblastoma (see below),
and the most common orbital tumour is rhabdomyosarco-
ma (see Soft-tissue Sarcomas, below). In adults, primary
CNS lymphoma can originate in the eye (ocular lympho-
ma), and is treated with radiotherapy to the globe. Howev-
er, the most common primary ocular cancer in adults is
intra-ocular melanoma (posterior uveal melanoma),
which accounts for 80% of all primary ocular cancers.
Treatment options for small ocular melanomas include ob-
servation or local treatment (radiation, brachytherapy, cry-
otherapy, local resection, photocoagulation, or hyperther-
mia).2,3 Large melanomas are treated by removal of the
eye (enucleation). Treatment of medium-sized tumours is
controversial, with some preferring treatments that pre-
serve vision, and some enucleation. At present there are no
good data to support the use of adjuvant chemotherapy. In
the few patients with metastatic uveal melanoma, resec-
tion and intra-arterial chemotherapy or chemoembolisa-
tion may be used for isolated hepatic metastases.2 Most of
the combination chemotherapy regimens for palliative
therapy have included dacarbazine.2 
Ocular surface neoplasms (lesions of the conjunctival or
corneal epithelium) are usually treated with local excision.
Where surgery is not feasible, topical application of mito-
mycin (0.04%) or fluorouracil (1%) has been tried.4
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Malignant neoplasms of the gastrointestinal
tract. Considered as a whole (and excluding skin cancers,
which are often poorly registered) the gastrointestinal tract
is the most frequent site of malignancies worldwide, al-
though the frequencies of the various types of gastrointes-
tinal cancer vary greatly from country to country. Direct
exposure to various environmental carcinogens is thought
to play an important role in many of these cancers. Treat-
ment may include surgery, radiotherapy, and chemothera-
py, but the prognosis in most forms of gastrointestinal can-
cer is not encouraging. 
Gastrointestinal cancers vary in their management de-
pending on the site. Discussed in more detail below are: 
• oesophageal cancer 
• stomach cancer 
• colorectal cancerand its prophylaxis 
• anal cancer 
Other cancers may sometimes manifest in the gastrointes-
tinal tract, including the various endocrine neoplasms re-
sponsible for carcinoid syndrome (p.643), and MALT
lymphomas (p.657).
MALIGNANT NEOPLASMS OF THE OESOPHAGUS.
Oesophageal cancer has perhaps the greatest variation
in incidence between different geographical regions of
any cancer, and is endemic in many parts of the world.
The two major histological types are squamous cell car-
cinoma and adenocarcinoma.1-3 Squamous cell carcino-
ma is strongly associated with tobacco and alcohol use,
and may occur as a second primary tumour in patients
with tumours of the upper aerodigestive tract (see Ma-
lignant Neoplasms of the Head and Neck, below). Ade-
nocarcinoma is more common in non-endemic regions,
including many developed countries,2 and is associated
with Barrett’s oesophagus (see Gastro-oesophageal Re-
flux Disease, p.1696). Oesophageal cancer usually de-
velops as a growth or ulcerative lesion of the oesopha-
gus with extensive infiltration of the mucosa and
invasion of neighbouring structures. Lymphatic and
blood-borne metastasis occurs at a relatively early
stage. Symptoms of pain and dysphagia due to obstruc-
tion occur late, and overall, more than half of all pa-
tients have unresectable or metastatic disease at initial
presentation. Metastatic disease is associated with a
median survival of less than 1 year.1 
Patients with stages I to III disease may be offered either
surgical resection or a combination of chemotherapy (with
cisplatin and fluorouracil) and radiotherapy.2-4 Surgical
patients who are node-positive, or otherwise considered to
be at higher risk, may be given postoperative chemothera-
py with radiotherapy.2 The 5-year survival rate varies with
the stage of the disease at initial presentation, from about
50 to 80% in the few with stage I disease, to 10 to 15% in
those with stage III disease.1 In consequence, there has
been great interest in adjuvant treatment (pre-operative or
postoperative).5 
There is no clear evidence that pre-operative radiotherapy
alone improves survival.1,3,6 However, there has been con-
flicting evidence on the value of chemoradiotherapy or
chemotherapy used before surgery, with some trials show-
ing improved survival, and others no additional benefit.1,3

A systematic review7 found that pre-operative chemoradi-
otherapy significantly improved the 3-year mortality rates
compared with surgery alone, and a later meta-analysis8

found a significant survival benefit for neoadjuvant chem-
oradiotherapy (versus surgery alone) in patients with
oesophageal adenocarcinoma or squamous cell carcino-
ma. Pre-operative chemoradiotherapy has thus become a
common approach for patients with resectable oesopha-
geal cancer.2,4 Meta-analysis8 also suggested some surviv-
al benefit of neoadjuvant chemotherapy without radiother-
apy in those with adenocarcinoma, but not for those with
squamous cell carcinoma. A systematic review9 found that
pre-operative chemotherapy may offer a survival advan-
tage compared with surgery alone, although the evidence
was considered to be inconclusive. However, some do not
recommend the use of chemotherapy, either pre- or post-
operatively, as standard of care.2 
In half to two-thirds of patients the disease is too advanced
at presentation for anything but palliation. Those with poor
performance status should be offered supportive care.2

This may include brachytherapy, laser therapy, stent place-
ment, or photodynamic therapy with photosensitisers such
as porfimer sodium to relieve obstruction.2 Brachytherapy
may be a better primary therapy for obstruction than a
stent.10 In those patients with good performance status,
chemotherapy may also offer some palliation of the dis-
ease. Standard options include cisplatin-based, fluoropyri-
midine-based, irinotecan-based, oxaliplatin-based or tax-
ane-based combinations.2,5,11 Chemoradiotherapy may
also be used.5
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MALIGNANT NEOPLASMS OF THE STOMACH. Cancer of
the stomach is one of the most common cancers world-
wide, with particularly high incidence in the Far East,
Russia, and parts of Latin America, although the inci-
dence is declining almost everywhere. (In contrast the
incidence of cancers at the gastro-oesophageal junction
appears to be increasing.1) Over 90% of malignant gas-
tric neoplasms are adenocarcinomas. Less frequent gas-
tric neoplasms include lymphomas (see MALT lym-
phoma, above) and carcinoid tumours (see above).
Dietary factors, such as high consumption of salted or
smoked foods, are thought to play a role in the develop-
ment of gastric cancer. Helicobacter pylori infection,
and resultant gastritis, plays a role in gastric lympho-
mas, and may also be a factor in gastric cancer. Howev-
er, it is not yet clear if elimination of Helicobacter py-
lori infection will prove useful in preventing the
development of gastric cancer.2,3 
Early disease is relatively asymptomatic or produces non-
specific gastrointestinal symptoms such as dyspepsia.
There is concern that the use of antisecretory drugs for
these symptoms may delay the diagnosis of gastric cancer
(see Gastric Carcinoma, under Omeprazole Precautions,
p.1754). Gastric epithelial dysplasia is a premalignant con-
dition, and warrants follow-up and possible surgical inter-
vention. Similarly, persistent gastric ulcers may be malig-
nant. More advanced disease, which is the norm at
presentation in most western countries, may produce dis-
comfort or pain, anaemia, weight loss, and anorexia; ob-
struction, haemorrhage, and perforation may develop. Ex-
tension to the liver and pancreas, and lymphatic and blood-
borne (portal) metastases may occur. 
Surgery is the mainstay of treatment for locoregional dis-
ease.4,5 There is some uncertainty, however, about the ap-
propriate extent of surgery and associated lymph-node dis-
section.1,5,6 Typical 5-year survival rates in western
patients have ranged from about 50 to 80% in those with
stage I disease to 13% in those with stage III;6,7 although
much higher survival rates (over 96% in stage I disease
and nearly 45% in stage III) have been reported in Japan,6
Japanese and western patients may not be equivalent, a
fact that has made comparisons difficult. 
Because of the poorer survival rates in patients with more
advanced locoregional disease, adjuvant treatments have
been tried.1,6,7 Postoperative radiotherapy has not been
shown to produce a survival benefit, and the value of pre-
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operative radiotherapy is uncertain. However, there has
been considerable interest in the possible value of pre- or
postoperative chemotherapy or chemoradiotherapy.1,6,7

Postoperative (adjuvant) chemotherapy has failed to show
a significant survival benefit, except for results with te-
gafur (plus gimestat and potassium oxonate: S-1) in a Jap-
anese population;5,8 it has not become standard practice in
western countries.8 Perioperative chemotherapy with pre-
operative and postoperative cycles of epirubicin, cisplatin,
and fluorouracil (ECF) has, however, improved progres-
sion-free and overall survival in patients with operable ad-
enocarcinomas.9 This strategy is recommended for centres
with a multi-disciplinary approach.5,8 A large US study10

found that median survival was improved from 27 to 36
months in patients given postoperative chemoradiotherapy
(using a fluorouracil and folinic acid regimen), and this
strategy is recommended for centres where surgery is used
as the primary therapy.5,8 Chemoradiotherapy is also an
option for primary treatment of inoperable locoregional
disease.5 Palliative chemotherapy with any of the regi-
mens used for metastatic disease is also an option in these
patients.5 
Treatment for advanced disease is purely palliative, and
options include supportive care with or without chemo-
therapy.5 Supportive care includes the relief of luminal ob-
struction with, for example, stent placement, laser surgery,
or photodynamic therapy. Chemotherapy may have sub-
stantial palliative effect and modest survival gains, and
may be considered in those with good performance status.
There is no gold standard regimen, although combination
therapy is preferred to single-agent therapy for pallia-
tion.5,11 A systematic review12 found that combination reg-
imens including fluorouracil, anthracyclines, and cisplatin
produced significant survival benefits; ECF was consid-
ered the regimen of choice since it was best tolerated, and
it is considered standard therapy in some countries.11

Fluorouracil, doxorubicin, and mitomycin (FAM) has
been widely used;5 other combinations include the substi-
tution of methotrexate for mitomycin, or cisplatin for dox-
orubicin, in the FAM regimen (FAMTX, and MFC, re-
spectively),5,11 and the use of docetaxel instead of
epirubicin in ECF (DCF).5 However, ECF has shown bet-
ter response and median survival than FAMTX.5,11 Inves-
tigational drugs include docetaxel, paclitaxel, gemcitab-
ine, irinotecan, raltitrexed, and oral drugs such as
capecitabine, etoposide, oxaliplatin, and rubitecan. Beva-
cizumab is also under investigation.5,7,11
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MALIGNANT NEOPLASMS OF THE COLON AND REC-
TUM. Colorectal cancers are very common in developed
areas such as the USA and western Europe, but rare
among African and Asian populations. Genetic and di-
etary factors are thought to be related to development of
the disease.1 Inherited predisposition syndromes in-
clude familial adenomatous polyposis and hereditary
non-polyposis colorectal cancer.2,3 Most large bowel
cancers arise within pre-existing intestinal polyps. Over
50% occur in the rectum and about 20% in the sigmoid
colon. There may be direct invasion of neighbouring
structures and metastatic spread to the lymph nodes,

and to lungs, bone, and in particular, liver. Signs and
symptoms include blood in the stools, altered bowel
habit, anaemia, and weight loss; there may be local ob-
struction (depending on location) or perforation. 
The first-line treatment for early-stage and locally-
advanced disease (stages I to III; Dukes A to C) is sur-
gery.4,5 Survival in early-stage disease is good: published
5-year overall survival rates are 80 to 95% in patients with
stage I disease, but fall to 25 to 60% (depending on prog-
nostic factors such as nodal involvement and degree of tu-
mour invasiveness) in those with stage III disease.2 Adju-
vant or neoadjuvant therapies have thus been widely
investigated and incorporated into treatment.4,5 
US guidelines for colon cancer4 consider adjuvant therapy
unnecessary in stage I disease, but recommend adjuvant
chemotherapy in most patients with resectable stage II or
stage III disease. 
There is good evidence that fluorouracil-based adjuvant
therapy improves survival in stage III disease,6-10 and it
has been regarded as the standard of care.2,9,11,12 Recent
results with the FOLFOX regimen (infusional fluorour-
acil, folinic acid, and oxaliplatin) have suggested that it can
improve disease-free (but not overall) survival in this
group.13 Oral fluoropyrimidines have also been shown to
improve survival after resection;14 guidelines suggest that
intravenous fluorouracil plus folinic acid, FOLFOX, or
oral capecitabine are all suitable adjuvant regimens.4 Re-
sults with the IFL regimen, which adds irinotecan to bolus
fluorouracil and folinic acid, have not proved satisfactory
because of its toxicity,2,10,12 and FOLFIRI (infusional
fluorouracil with folinic acid and irinotecan) has not been
shown to be superior to fluorouracil/folinic acid in the ad-
juvant setting.4 
In contrast, the evidence in favour of adjuvant therapy in
patients with stage II colon cancer is much weaker:12,15 US
guidelines recommend its consideration, particularly in
patients with poor prognostic features and within the con-
text of a clinical study,4 but its routine use is not advised:16

such therapy would not improve survival by more than
5%. 
Neoadjuvant therapy and radiotherapy seem to play little
role in the management of early colon cancer, and the latter
is not generally recommended,2 although it may be consid-
ered where there is tumour penetration of fixed structures.4
In contrast, in the management of early stage rectal cancer
they play an important role. Local recurrence is common
with rectal cancer, and radiotherapy or chemoradiotherapy
can help reduce this. US guidelines suggest that surgery
alone may be considered in patients with stage I disease.5
Traditionally, adjuvant chemoradiotherapy was consid-
ered the standard of care for patients with stage II or stage
III rectal cancer, but more recently neoadjuvant (pre-oper-
ative) treatment has been advocated on the basis of better
local tumour control and lower morbidity:2 it decreases tu-
mour volume and thus enhances sphincter preservation.5
A meta-analysis17 found that adjuvant radiotherapy re-
duced the risk of local recurrence; the risk of death from
rectal cancer may have been reduced, particularly for pre-
operative radiotherapy but there was little impact on over-
all survival. A subsequent large randomised study also
found that pre-operative chemoradiotherapy (fluorouracil
infusion plus fractionated pelvic radiotherapy) improved
local control and was associated with less toxicity than
postoperative treatment, but did not improve overall sur-
vival.18 
US guidelines recommend pre-operative chemoradiother-
apy with fluorouracil, alone or with folinic acid, as the
chemotherapy component in most patients with stage II or
III disease;5 it is suggested that oral capecitabine may be a
valid alternative to fluorouracil. After surgery, adjuvant
chemotherapy with a fluorouracil regimen, FOLFOX, or
capecitabine is recommended, although the latter 2 options
are extrapolations from results in colon cancer; a com-
bined chemoradiotherapy regimen may be used in some
patients. 
Palliative treatments for advanced colorectal cancer
(stage IV; metastatic disease) include surgery, radiothera-
py, and chemotherapy.1,2,4,5,10,19,20 Metastasis usually oc-
curs first to the liver: about 20 to 25% of patients have de-
tectable liver metastases at initial diagnosis in the UK, and
a further 40 to 50% develop metastases within 3 years of
primary surgery. Somewhat under 10% of these cases are
localised and resectable,19 and surgery offers a chance of
prolonged survival.2,19 Systemic neoadjuvant chemothera-
py can reduce tumour volume and render some previously
unresectable metastases suitable candidates for surgery.2,4

Another potential approach is the adjuvant use of intrapor-
tal chemotherapy directed at the liver. In a meta-analysis of
10 studies,21 the reduction in hepatic metastases with in-
traportal vein chemotherapy given for about 1 week after
surgery was not significant, although there was a trend to-
wards increased 5-year survival. It was concluded that ad-
ditional trial evidence was required.21 
Conventional palliative chemotherapy is based on the use
of fluorouracil, and has been shown to produce modest
survival benefits.22 Adding folinic acid improves the effi-
cacy,23 and the combination has long been regarded as
standard. Although it has been suggested that regimens
based on continuous infusion of fluorouracil are more ef-
fective than those using bolus dosage,2,24 others consider
that although response rates are improved, median surviv-
al is similar, and that differences in toxicity and conven-
ience of administration are more significant in making the
choice.20 Oral fluorouracil prodrugs such as capecitabine,
or tegafur with uracil, are considered a valid alternative to
intravenous fluorouracil.3,25,26 
Several newer drugs have now been shown to improve re-
sponse rates and survival when used for chemotherapy in
these patients. In particular, regimens including irinotecan
or oxaliplatin, such as FOLFIRI or FOLFOX, are now
considered options for first-line management of metastatic
colorectal cancer.3-5,11,27,28 There is also evidence for both
improved response and survival when bevacizumab (an
antagonist of vascular endothelial growth factor) is added
to chemotherapy.29-31 Similarly, cetuximab, a blocker of
the epidermal growth factor receptor, appears to improve
response rate and decrease the rate of progression if given
with irinotecan,32 and preliminary results suggest that it is
effective when combined with a FOLFOX regimen.28 US
guidelines currently recommend combining bevacizumab
with one of the first-line regimens—FOLFOX, FOLFIRI,
a fluorouracil/folinic acid regimen, or Cape Ox (capecitab-
ine plus oxaliplatin)—in patients with metastatic disease
who are able to tolerate intensive therapy,4,5 although the
data to support some of these combinations are not yet
available. An alternative regimen (without the bevacizum-
ab), or cetuximab plus irinotecan, or monotherapy with a
drug not included in the original regimen (such as irinote-
can, cetuximab, or panitumumab), may be tried in those
who fail to respond. Capecitabine, or fluorouracil/folinic
acid with or without bevacizumab, are options in those
unable to tolerate the more intensive regimens.4,5,11 
Other drugs and regimens continue to be investigated. Im-
munological therapies under investigation include mono-
clonal antibodies, and vaccination with autologous tumour
cells or against tumour-associated antigens; gene therapy
is another area of research.33
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Prophylaxis of cancer of the colon and rectum. Various drugs
and dietary factors have been shown in epidemiological
studies to be associated with a reduced risk of colorectal
cancer, and some of these have been investigated in pro-
spective randomised trials.1-3 
• Aspirin and NSAIDs are the most widely studied.1-10 In

short-term randomised trials, both sulindac and celecox-
ib have reduced the size and number of colonic polyps
in patients with familial adenomatous polyposis.4 How-
ever, prophylactic surgical removal of the colon is still
considered the standard of care for these patients.1,11

Furthermore, despite significant reductions in adenoma
formation in high-risk patients, cyclo-oxygenase-2
(COX-2) inhibitors have also been associated with car-
diovascular toxicity.12 There is some evidence of a dose-
response effect, since the greatest prophylactic effect of
aspirin in average-risk populations appears to be associ-
ated with doses substantially greater than those required
for prevention of cardiovascular disease.5,6,8,13 The ef-
fect of aspirin may depend on COX-2 expression: it ap-
pears only to reduce the risk of colorectal cancers that
overexpress COX-2.14 

• Calcium supplementation has shown a moderate reduc-
tion in the formation of new adenomas in patients with
a history of colorectal adenomas,15 and is well tolerated,
but the evidence is not strong enough to recommend
general supplementation to prevent colorectal cancer. 

• Despite the epidemiological evidence for dietary fibre, a
number of large randomised studies of fibre supple-
ments or high-fibre diets have not found any reduction
in the formation of new adenomas in patients with a his-
tory of colorectal adenomas.1,2,16 

• Antoxidant vitamins have also been investigated, but
evidence for their benefit is conflicting (see Prophylaxis
of Malignant Neoplasms, p.1927). 

• Epidemiological evidence17 suggests that long-term use
of statins is associated with a marked reduction in the
risk of colorectal cancer. Prospective studies are re-
quired to confirm these results. A meta-analysis18 did
not support this hypothesis, although a modest reduction
in risk or an effect with higher doses of statins could not
be ruled out. 

• Other potential chemopreventive agents on the basis of
epidemiological evidence include folic acid, selenium,
and menopausal HRT.1-3 For the suggestion that folate
may have dual modulatory effects on carcinogenesis,
see Carcinogenicity, under Folic Acid, p.1940. 

An important component of the care of patients with inher-
ited predisposition or other risk factors for colon cancer is
regular screening.2,11,19 Various screening methods are
also under investigation for use in normal risk individu-
als.20,21
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MALIGNANT NEOPLASMS OF THE ANUS. Cancers of the
anal canal mucosa are most commonly squamous cell
carcinomas. Risk factors include immunosuppression,
genital human papillomavirus infection, and sexual ac-
tivity. Combined chemotherapy and radiotherapy is the
usual primary treatment.1,2 Fluorouracil with mitomy-
cin is often used, and the combination of fluorouracil
and cisplatin is also used in locally advanced disease.
For patients who do not respond, or who subsequently
relapse, surgical resection with the formation of a colos-
tomy is preferred, possibly with further fluorouracil and
cisplatin therapy. There is no standard therapy for met-
astatic disease,1 although platinum-based regimens
may be preferable.2
1. Ryan DP, et al. Carcinoma of the anal canal. N Engl J Med 2000;

342: 792–800. 
2. National Comprehensive Cancer Network. Clinical practice

guidelines in oncology: anal carcinoma (version 1.2008). Avail-
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anal.pdf (accessed 24/06/08)

Malignant neoplasms of the head and neck. Can-
cers of the head and neck are classically defined as those
of the mucosal surfaces of the upper aerodigestive tract
and include neoplasms of the oral cavity (accounting for
40%), pharynx (15%), and larynx (25%). Most are squa-
mous cell carcinomas, and the highest incidence is in men
aged over 50 years. Overall, cancers of the head and neck
account for about 5% of all malignant neoplasms in the
West, but are the most common causes in other parts of the
world. The major risk factor for these cancers is the use of
tobacco (whether chewed, inhaled, or smoked). Alcohol
acts synergistically with tobacco to increase the risk. Hu-
man papillomavirus infection appears to be a risk factor for

some squamous cancers of the oropharynx. Endemic na-
sopharyngeal cancer in parts of India, China, and North
Africa is associated with Epstein-Barr virus and the con-
sumption of salt-cured fish. 
Premalignant lesions include leucoplakia and erythropla-
kia, and these can progress to invasive cancer. About one-
third of cancers are diagnosed at early stages (I and II), and
the rest are usually locally advanced (stage III and IVA).
Although early-stage disease can be successfully treated,
there is a high incidence of second primary cancers in the
head and neck, lung, or oesophagus. Therefore, there is in-
terest in the development of chemopreventive drugs to re-
duce this risk. Fewer than 30% of patients with locally ad-
vanced disease are cured. The treatment of head and neck
cancer is complex, and is affected by the site and extent of
disease, pathological findings, lymph node involvement,
the patient’s functional status, and comorbidities; the expe-
rience and skill of the team carrying out surgery and radi-
otherapy will also influence treatment recommendations.1 
In early-stage resectable cancers, such as those of the oral
cavity and oropharynx, surgery or radiotherapy (external
beam irradiation or brachytherapy) are the mainstays of
treatment.1,2 Postoperative chemoradiotherapy may be
used when extracapsular nodal spread or positive margins
are found.1 For anatomically unresectable early-stage dis-
ease, such as in the nasopharynx, radiotherapy alone is
generally used, but primary chemoradiotherapy should be
considered for patients with adverse prognostic factors
such as nodal spread.1 
Locally advanced disease is usually treated with combina-
tion therapy. Resectable disease is managed with surgery
and adjuvant radiotherapy.1 The addition of chemotherapy
has been studied in resectable disease, but induction chem-
otherapy (given before surgery and radiotherapy) has not
been found to consistently improve survival rates.3 Post-
operative chemoradiotherapy has produced inconsistent
results, and there is insufficient evidence that it has any ad-
vantage over adjuvant radiotherapy.3 In unresectable local-
ly advanced disease, and in resectable disease when the
aim is to avoid the need for surgery and thereby allow or-
gan preservation, chemotherapy with radiotherapy is gen-
erally used, and different regimens have been tried. Con-
current chemoradiotherapy, without surgery, has increased
survival compared with radiotherapy alone,3,4 and concur-
rent treatment appears to improve overall survival more
than radiotherapy with either neoadjuvant or adjuvant
chemotherapy.5 Induction chemotherapy followed by con-
current chemoradiotherapy has also been studied; limited
data suggest that it may reduce distant failure rates and im-
prove survival.3 Some therefore recommend concurrent
chemoradiotherapy as the most effective treatment for
cancers of the nasopharynx1,6 and larynx.1 
Palliative chemotherapy is used in metastatic or recurrent
disease.1,3,6 Salvage surgery or a repeat course of radio-
therapy are other options, depending on previous treat-
ment. Drugs used for single-agent treatment include cispl-
atin, carboplatin, paclitaxel, docetaxel, fluorouracil,
methotrexate, ifosfamide, bleomycin, cetuximab, and
gemcitabine (for nasopharyngeal cancer). Combination
regimens such as cisplatin and fluorouracil are commonly
used and produce more responses, but no clear improve-
ment in survival. Other common combinations include
cisplatin or carboplatin with a taxane, and cisplatin plus
cetuximab. The choice of best supportive care or single-
agent or combination chemotherapy should be dictated by
the patient’s performance status, as the benefits of chemo-
therapy are limited.1 
A local injection of cisplatin in a gel formulation contain-
ing adrenaline has been investigated in recurrent and re-
fractory head and neck cancer.7 Photodynamic therapy
(see under Porfimer Sodium, p.764) using temoporfin is a
more recent development for palliative management.
Head and neck cancers have high levels of p53 gene mu-
tations, and gene therapy is under investigation.8 Chemo-
prevention by treatment of pre-malignant disease is also
under investigation (see Leucoplakia, p.688).
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Malignant neoplasms of the kidney. Cancer of the
kidney is relatively uncommon. About 80% of such can-
cers in adults are renal cell carcinoma, with the remainder
mostly cancer of the renal pelvis. The disease is about
twice as common in men as in women. Risk factors in-
clude smoking, obesity, hypertension, and phenacetin use.
Disease is often clinically silent; there may however be
haematuria, flank and back pain, and a palpable mass in
the flank or abdomen. About 45% of patients have early-
stage disease at presentation (I and II), 25% have locally
advanced disease (stage III), and 30% metastatic disease
(stage IV). The most common sites for metastases are the
lung, liver, and bone, although unusual sites for metastases
are a known feature of renal cancer. 
Radical nephrectomy is the main treatment for early-stage
disease although partial nephrectomy may be considered
in some patients.1-4 Minimally invasive procedures such as
radiofrequency ablation and cryotherapy are under inves-
tigation for treatment of small tumours.4,5 Radical
nephrectomy is also used in selected patients with stage III
disease. After radical nephrectomy 20 to 30% of patients
with localised tumours will relapse, usually at distant
sites.3 This suggests that adjuvant therapy could be useful
in reducing the risk of relapse.1 However, radiotherapy is
not beneficial, and no systemic therapy has been shown to
reduce relapse (interferon alfa or interleukin-2 are not ef-
fective).1,3,4 Standard care therefore remains close obser-
vation.3 
In metastatic disease, nephrectomy may be considered in a
few patients for palliation of symptoms. In addition,
nephrectomy and surgical removal of solitary metastases
may be appropriate in some patients.3,6,7 In patients with
minimal disease volume and good performance status, cy-
tokine therapy with interleukin-2 or interferon alfa may be
considered.1,3,8 These cytokines have resulted in overall
response rates of 10 to 20%, with a few long-term respons-
es.6,9 Higher response rates have been reported with high-
dose interleukin-2 than low-dose therapy,3,10 although
overall survival is not improved.11 A modest survival ben-
efit has been suggested for interferon alfa.11 Two
studies12,13 of nephrectomy before interferon alfa therapy
compared with interferon alone, in patients with good per-
formance status, found that although overall response rates
were similar there was a small survival benefit from
nephrectomy. Attempts have been made to improve the re-
sponse rates to interleukin-2 and interferon alfa by com-
bining them, or adding antineoplastics or retinoids, but re-
sponses have generally been poor or toxicity significant.6,9

There are also attempts to improve the tolerability of inter-
leukin-2 by the use of continuous infusion, lower doses
given by the subcutaneous route,1,2,9,14 and inhalation.9,14

Renal cell carcinoma is largely resistant to chemotherapy
with conventional antineoplastics, and hormonal therapy
with progestogens or anti-oestrogens has also had poor
success.1,2,9 The most extensively studied antineoplastics
are vinblastine, fluorouracil, and floxuridine. However, re-
views of up to 83 studies involving thousands of patients
and over 70 different drugs found that only floxuridine and
fluorouracil appeared to have even modest activity.6,15 No
antineoplastic can be considered standard in the treatment
of metastatic disease,2,9,16 and supportive care remains a
mainstay of therapy.3 
Because of the treatment resistance of renal cell carcino-
ma, there is an urgent need to develop innovative ap-
proaches. Targeted therapies block angiogenesis and can
induce tumour shrinkage and/or tumour necrosis;8 there is
evidence of efficacy with the tyrosine kinase inhibitors
sorafenib and sunitinib, and promising results have been
seen with temsirolimus and bevacizumab.3,4,8,17,18 Evolv-
ing therapies include vaccination therapy with autologous
or allogeneic dendritic cell vaccines, or peptides, and allo-
geneic haematopoietic stem cell transplantation.4,10,19,20
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WILMS’ TUMOUR. In children most cases of renal tu-
mours are due to Wilms’ tumour (nephroblastoma).
This is one of the most frequent solid tumours in child-
hood with a peak incidence between 1 and 5 years of
age and accounting for about 6% of all childhood ma-
lignancies. The usual presentation is an asymptomatic
abdominal mass; abdominal pain is less frequent and
haematuria occurs only in about a quarter of patients.
Metastasis in advanced disease is usually to the lungs
and liver. Most primary tumours occur in one kidney,
but some 5% involve both kidneys. 
Unlike other forms of renal cancer Wilms’ tumour re-
sponds well to chemotherapy. The basis of treatment is
surgery, combined with chemotherapy, and if necessary ra-
diotherapy. Management varies with disease stage and
also varies between different study groups.1-7 The US Na-
tional Wilms’ Tumour Study (NWTS) group and some
other groups recommend initial surgery (nephrectomy) to
confirm diagnosis and perform precise staging.1,2 Postop-
erative chemotherapy regimens and radiotherapy are
based on stage and histology.5,7 Others, including the Eu-
ropean Société Internationale d’Oncologie Pédiatrique
(SIOP), use neoadjuvant chemotherapy to reduce the tu-
mour size and make surgery easier.4,5,7 Although there
continues to be controversy about the relative merits of the
two approaches,7 overall survival for patients treated by ei-
ther approach is very similar, being more than 90% for pa-
tients with favourable histology. The aim of the various
study protocols has been to identify low-risk children who
require less intensive therapy, and those with poor progno-
sis who require more intensive therapy or alternative in-
vestigative regimens. 
Current SIOP neoadjuvant chemotherapy consists of 4
weeks of dactinomycin and vincristine for clinically local-
ised disease, and 6 weeks of dactinomycin, vincristine, and
epirubicin for metastatic disease.3,4 Adjuvant chemothera-
py regimens for disease with favourable histology are
broadly similar between NWTS and SIOP.2-4 In early dis-
ease, chemotherapy consists of vincristine combined with
dactinomycin; in more advanced disease radiotherapy, and
an anthracycline (doxorubicin or epirubicin) are added.
Patients with unfavourable histology and stage I disease
are treated the same as those with favourable histology ear-
ly-stage disease.3 Combination adjuvant chemotherapy
regimens for patients with unfavourable histology and a
poorer prognosis add drugs such as etoposide, carboplatin,
and an alkylating agent (cyclophosphamide or ifosfa-
mide), which may be combined with an anthracycline or
vincristine; radiotherapy may also be used.2-4 The duration
of adjuvant chemotherapy is dependent on the disease
stage. In children with recurrent disease, survival is usually
poor: salvage rates of about 20 to 30% have been reported
for those with favourable histology. A regimen of cyclo-
phosphamide, carboplatin, and etoposide is being investi-
gated.3 Treatment with high-dose chemotherapy and au-

tologous haematopoietic stem-cell rescue has shown
promising results.5 Bilateral Wilms’ tumour is not usually
treated with primary bilateral nephrectomy because of the
need to retain renal function. It may be biopsied to assess
histology and stage and then treated with neoadjuvant
chemotherapy.2,3,5 Surgery is then performed, preserving
as much of the kidneys as is possible. Survival has been
reported to be comparable with that in other patients.2 Be-
cause of these results, some have suggested the use of par-
tial nephrectomy in patients with small unilateral tu-
mours.2 However, most tumours are too large or too
centrally located for partial nephrectomy to be routinely
indicated.5
1. Green DM, et al. The treatment of Wilms tumor: results of the

National Wilms Tumor Studies. Hematol Oncol Clin North Am
1995; 9: 1267–74. 

2. Haase GM, Ritchey ML. Nephroblastoma. Semin Pediatr Surg
1997; 6: 11–16. 

3. Suryanarayan K, Marina N. Wilms’ tumour: optimal treatment
strategies. Drugs 1998; 56: 597–605. 

4. Graf N, et al. The role of preoperative chemotherapy in the man-
agement of Wilms’ tumor: the SIOP studies. Urol Clin North Am
2000; 27: 443–54. 

5. Kalapurakal JA, et al. Management of Wilms’ tumour: current
practice and future goals. Lancet Oncol 2004; 5: 37–46. 

6. Green DM. The treatment of Stages I-IV favorable histology
Wilms’ tumor. J Clin Oncol 2004; 22: 1366–72. 

7. Green DM. Controversies in the management of Wilms tumour -
immediate nephrectomy or delayed nephrectomy? Eur J Cancer
2007; 43: 2453–6.

Malignant neoplasms of the liver. Hepatocellular
carcinoma (hepatoma) accounts for more than 90% of pri-
mary liver cancers. It is relatively uncommon in northern
Europe and America but is the most common cancer
among men in large parts of Africa and Asia. The inci-
dence in men ranges from 2 to 8 times that in women.
Chronic infection with hepatitis B or hepatitis C virus is by
far the most important factor associated with development
of liver cancer, although other risk factors include inges-
tion of foodstuffs contaminated with aflatoxins (see
p.2249), alcoholic liver disease, haemochromatosis, and
the long-term use of anabolic steroids (see Effects on the
Liver, under Testosterone, p.2130) and, rarely, combined
oral contraceptives, (see p.2060). Over 70% of patients
with hepatocellular carcinoma have cirrhosis of the liver. 
Clinical manifestations of liver cancer include increasing
obstructive jaundice, pain, malaise, and the presence of an
epigastric mass; there may be metastasis to the lungs, kid-
ney, bones, brain or other sites, or invasion of local struc-
tures. 
Although diagnosis of early disease may be improved by
screening at-risk groups, few patients have their tumours
identified at a stage allowing prolongation of survival with
surgical resection or liver transplantation.1-3 Liver trans-
plantation (p.1815) may be considered in those patients
with very small tumours (stage I) and who have advanced
cirrhosis and are therefore not suitable for surgical resec-
tion.1,4 Patients with larger tumours or more advanced
stages of disease are not candidates for transplantation be-
cause of the high rates of recurrence in the transplanted liv-
er.2,3 Surgical resection is considered in patients with no
cirrhosis or mild liver impairment whose tumours are con-
sidered resectable (stages I to III). However, recurrence
rates are high, and 5-year survival is only about 30%.1,3,5 
As a result, adjuvant or neoadjuvant chemotherapy has
been investigated in early-stage disease. Hepatocellular
carcinoma is relatively resistant to chemotherapy, and a re-
view of 8 studies concluded that none of the regimens of
adjuvant or neoadjuvant therapy examined produced im-
provement in survival or disease-free survival.6 However,
a later review7 of 21 studies found that chemotherapy in-
jected into the hepatic artery after curative resection, usu-
ally with embolisation (see below), did improve survival
and decrease recurrence. Neoadjuvant therapy may be
considered to  reduce  tumour burden before
transplantation5 or to permit resection.8 In patients who
have small tumours and are not candidates for surgery or
transplantation, percutaneous intratumoral alcohol injec-
tion is an option.1,3-5,8,9 Other ablative therapies include ra-
diofrequency ablation and cryosurgery.5,9,10 
Most patients present with advanced stage cancer and sig-
nificant liver impairment. Options in unresectable disease
include palliative medical treatments or supportive
care.1-3,5 Systemic chemotherapy has been tried, but has
no standard role. Treatment with doxorubicin alone has
been associated with a response rate of 3 to 30% and no
increase in survival,1,3,11 and this has not been bettered by
combination chemotherapy. More recently, a significant
survival benefit in selected patients has been seen with
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sorafenib.10 Doxorubicin has also been given by intra-arte-
rial infusion into the hepatic artery, as have fluorouracil,
floxuridine, and other drugs such as cisplatin and mitomy-
cin.1,3 Transcatheter arterial chemoembolisation com-
bines intra-arterial chemotherapy with temporary occlu-
sion of the artery (embolisation) using substances such as
gelatine foam or iodised oil; this prolongs the duration of
contact between drug and tumour, and attempts to induce
tumour necrosis by ischaemia.1,3,5 Although use of these
techniques has given higher response rates than systemic
therapy, there has been no evidence of an improvement in
survival.1-3,11 However, repeated chemoembolisation was
shown to improve survival compared with conservative
treatment without chemotherapy in a study of selected
patients with small unresectable tumours.12 Systematic
review13 confirmed a survival benefit with chemoemboli-
sation, using doxorubicin or cisplatin, and suggested this
method as standard therapy for selected patients with small
unresectable tumours, and well-preserved liver function.
Other options that have been tried include interferon alfa
and tamoxifen.1,3-5,11 Despite some initial positive data for
tamoxifen, large randomised clinical trials failed to show
any survival benefit for therapy at conventional doses,14,15

and meta-analyses13,16 confirmed this. Adoptive immuno-
therapy, using activated T-cells cultured with interleukin-2
and a monoclonal anti-CD3 antibody, has been reported to
lower recurrence after resection.17 Trials of octreotide
have produced conflicting results.4 
In contrast to the poor response of hepatocellular carcino-
ma to therapy, better progress has been made in strategies
for its prevention. Neonatal vaccination against hepatitis
B has dramatically decreased the incidence of chronic in-
fection in children in Taiwan, and reduced the incidence of
hepatocellular carcinoma. This may be a more promising
approach in areas where the disease is common.2 There is
evidence that interferon alfa can delay or prevent the de-
velopment of hepatocellular carcinoma in cirrhotic pa-
tients with hepatitis C infection.18 Chemoprevention may
also be a useful approach after surgical resection: use of a
synthetic retinoid, peretinoin, was found to reduce the de-
velopment of second primary tumours after resection.19,20 
The liver is the most common site of metastatic disease.21

For most malignancies the presence of liver metastases is
indicative of generalised dissemination, but isolated meta-
static liver disease is common in colorectal cancer (p.665)
and rarer cancers such as some neuroendocrine tumours
(see Carcinoid Tumours, above). In contrast to disseminat-
ed disease, treatment of such isolated liver metastases can
prolong survival. Surgical resection is the preferred treat-
ment if feasible. Palliative or cytoreductive surgery is ben-
eficial in hepatic metastases from neuroendocrine tumours
because of their slow growth.21 Combined resection and
adjuvant chemotherapy (hepatic arterial or systemic) is un-
der investigation for colorectal liver metastases. Unresect-
able colorectal liver metastases have been treated with sys-
temic or hepatic intra-arterial chemotherapy, with modest
survival benefits.22 Neoadjuvant chemotherapy, given ei-
ther systemically or intra-arterially, has also shown some
promise in rendering metastatic colorectal cancer resecta-
ble.23
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Malignant neoplasms of the lung. Lung cancer is the
most common non-skin cancer in the developed countries
and the second most common overall worldwide. About
20 to 25% of all lung cancers are small cell lung cancers
(SCLC) derived from endocrine cells in the bronchial mu-
cosa; the remainder, comprising chiefly squamous cell car-
cinomas (40 to 45% of cases), adenocarcinoma (25 to
30%), and large-cell carcinoma (about 10%), are known
collectively as non-small cell lung cancer (NSCLC). More
than 80% of all lung cancers are associated with tobacco
smoking, and there is also evidence that exposure to the
cigarette smoke of others can increase the risk in non-
smokers. Other risk factors may include occupational ex-
posure to substances such as asbestos, and the effects of
environmental toxins such as air pollutants. 
Symptoms due to a lesion in a main bronchus (the most
common site) include persistent cough, dyspnoea, haemo-
ptysis, weight loss and sometimes chest pain. Metastatic
spread is common, and may affect sites such as brain, liver,
and bone. It occurs early with adenocarcinoma and SCLC,
but late with squamous cell carcinoma. 
Disease staging plays an important role in determining
treatment. The management of SCLC differs significantly
from that of non-small cell types. 
The mainstay of treatment for small cell lung cancer is
chemotherapy.1-5 In limited disease (disease limited to one
hemithorax with hilar and mediastinal lymph node in-
volvement that can be encompassed within one tolerable
radiotherapy field) the combination of chemotherapy and
chest radiotherapy has been shown to improve survival6,7

and is recommended therapy.2-5 The most common chem-
otherapy regimen is 4 to 6 cycles of etoposide and cisplatin
(EP or PE),1,3-5,7,8 which offers a survival advantage over
the previously used regimen of cyclophosphamide, doxo-
rubicin, and vincristine (CAV). The optimum scheduling
of chemotherapy and radiotherapy has been investigated
and concurrent therapy found to be superior to sequential
radiotherapy.3,5 In comparing early and late concurrent
therapy, a meta-analysis9 of 7 studies found that a small
improvement in overall survival at 2 years was associated
with early radiotherapy (begun within 9 weeks of starting
chemotherapy, or before the third cycle of chemotherapy)
compared with late radiotherapy. There was also evidence
that the use of hyperfractionated radiotherapy (given twice
daily) and platinum-based regimens contributed to this
benefi t .  In general ,  for  l imited disease i t  is
recommended2,3,5,7 that concurrent chest radiotherapy
should be started with the first or second chemotherapy cy-
cle. Response rates of 70 to 90% are reported, but median
survival rates are only 14 to 20 months and the 2-year sur-
vival rate is about 40%.5 
Only a few patients present with resectable early stage dis-
ease. Careful pre-operative staging is essential to rule out
nodal involvement, and all patients should receive adju-
vant chemotherapy. If nodal metastases are found, the ad-
dition of postoperative chest radiotherapy should be con-
sidered. Patients with later disease stages do not benefit
from surgery.3,5 
In extensive SCLC (spread beyond one hemithorax and
may include malignant pleural or pericardial effusion or
haematogenous spread) chemotherapy alone is used to

palliate symptoms and prolong survival. The combination
of etoposide and cisplatin (or carboplatin) is also used in
these patients3,5,7 but response is poorer than that for limit-
ed disease, with response rates of 60 to 70% and a 2-year
survival rate of less than 5%.5 The use of consolidation or
maintenance chemotherapy has been studied in both limit-
ed and extensive disease. Most studies have found no im-
provement in progression-free or overall survival, and the
general recommendation is that such extra therapy, with its
associated toxicity, should not be used.1-5,8 This view has
been challenged by a meta-analysis10 of 14 studies sug-
gesting that there is evidence for benefit from maintenance
therapy, although it is unclear which patients might benefit
and which regimen would be most effective. Other strate-
gies that have been tried, but with little consistent evidence
of improved results, include the combination of irinotecan
and cisplatin, the addition of further drugs to EP (such as
ifosfamide, paclitaxel, or cyclophosphamide plus an an-
thracycline), and the use of dose-intense or dose-dense
regimens.1,5,8 
Patients who have responded to initial treatment still have
a more than 50% risk of developing brain metastases. Pro-
phylactic cranial irradiation reduces this risk and improves
survival in patients in complete remission.11 It is generally
recommended for all patients with limited disease who
achieve remission, and for those with extensive disease
who achieve remission and have good prognostic factors
and performance status.2-5,7,8 
The value of chemotherapy in relapsed SCLC depends in
part on the duration of remission before relapse, with
greater responses the longer the remission.3,5,7,8 UK guide-
lines recommend second-line chemotherapy only in pa-
tients whose disease responded to first-line treatment.2 Pa-
tients may be given the same initial therapy if they have
relapsed after more than 6 months. Patients who relapse
within 3 months of achieving remission are considered to
have refractory disease; second-line drugs include ifosfa-
mide, paclitaxel, docetaxel, and gemcitabine, although re-
sponse is likely to be poor. Response rates are better if re-
lapse occurs between 3 and 6 months after remission, and
topotecan has been suggested as the best option. Other
drugs that may be considered include irinotecan, gemcit-
abine, a taxane, ifosfamide, oral etoposide, vinorelbine, or
the CAV regimen.5,7,8 Drugs under investigation for SCLC
include amrubicin, pemetrexed, and picoplatin.7,8 Second-
line chemotherapy should be given until the patient re-
ceives maximal benefit, becomes refractory, or develops
unacceptable toxicity. Radiotherapy may also be given for
localised symptomatic palliation.5 
In patients with non-small cell lung cancer presenting
with tumour localised to the lung (generally stage I and II),
the treatment of choice is surgery.2,12-15 In patients with re-
sectable disease who have medical contra-indications to
surgery, radical radiotherapy is used with curative intent.
In patients who are surgically staged, about 26 to 47% of
patients with localised disease are still alive after 5 years.14

To improve on these results, there has been great interest in
the role of adjuvant therapies. In early-stage disease, use of
radiotherapy after complete resection has been shown to
result in worse survival than surgery alone,16 and is not
recommended.13 Conversely, some recommend2,14 that
postoperative radiotherapy be considered if there is resid-
ual disease after surgery, although there is a lack of good
evidence for a reduction in local recurrence in this setting.
Chemotherapy has also been investigated as an adjuvant
therapy and is recommended after complete resec-
tion.2,12-15 There is some evidence that cisplatin-based
postoperative therapy improves survival, but that alkylat-
ing agent-based therapy decreases survival.17 Results of a
large international trial suggest that 5-year survival and
disease-free survival were significantly increased in pa-
tients given adjuvant chemotherapy compared with those
given surgery alone. Chemotherapy consisted of 3 to 4 cy-
cles of cisplatin combined with etoposide or a vinca alka-
loid (vinblastine, vindesine, or vinorelbine).18 A further
study19 of cisplatin with vinorelbine conducted in north
America also supported these findings. Reviews20-22 of
these and other studies have concluded that adjuvant cispl-
atin-based chemotherapy does offer a survival benefit after
complete resection of NSCLC. There is also some evi-
dence of improved survival from studies in Japan23,24 us-
ing continuous postoperative oral tegafur with uracil. In re-
sectable disease, the use of pre-operative (neo-adjuvant)
therapy is being investigated in an attempt to treat mi-
crometastases and improve resection by tumour shrink-
age;12,25,26 effects on overall survival are conflicting.22,25,26
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The choice of treatment will be affected by the site of the
tumour and nodal spread, with some guidelines13 suggest-
ing pre-operative chemotherapy while others14 recom-
mend pre-operative concurrent chemoradiotherapy in se-
lected patients. UK guidelines2 only recommend such
treatment as part of a clinical study. 
In patients with unresectable locally advanced disease
(stage IIIB and unresectable IIIA), the use of platinum-
based chemotherapy either before or with radiotherapy has
resulted in a modest increase in survival according to the
findings of a number of meta-analyses17,27-29 and has be-
come recommended therapy.13,30 Regimens usually in-
clude cisplatin plus either etoposide, a vinca alkaloid, or a
taxane. The issue of dosage and sequencing has been in-
vestigated;30,31 concurrent chemotherapy with radiothera-
py (chemoradiotherapy) is considered by some to be supe-
rior to sequential therapy,12,14,31,32 but others2 recommend
sequential chemoradiotherapy or caution29 that the magni-
tude of increased benefit with concurrent therapy is not yet
clear. Chemoradiotherapy followed by surgery (trimodali-
ty therapy) is also under investigation.30 Encouraging
results32 suggest that this approach of chemotherapy, radi-
ation, and surgery may improve progression-free survival
when compared with chemotherapy and radiation alone. 
Chemotherapy may also be used for advanced metastatic
disease (stage IV), which is detected in 40 to 50% of pa-
tients at presentation, although response is poor with a 5-
year survival rate of only about 1%. Meta-analyses have
shown a modest improvement in survival and symptom
control in patients given chemotherapy compared with
those given best supportive care.17,33 Furthermore, combi-
nation chemotherapy has improved responses compared
with single drug therapy,34 particularly platinum-based
combinations.35 When compared with combinations of
newer drugs (including vinorelbine, gemcitabine, taxanes,
and irinotecan), platinum-based regimens still have a high-
er response, but they cause more toxicity and 1-year sur-
vival is not significantly different.35 In general, cisplatin-
based chemotherapy has become the standard of care for
advanced disease,2,12-15,30 although no particular regimen
has been identified as superior.36,37 Regimens include cis-
platin or carboplatin combined with either gemcitabine, ir-
inotecan, etoposide, vinblastine, vinorelbine, docetaxel, or
paclitaxel.14,15 Older triple regimens such as mitomycin,
vinblastine, and cisplatin (MVP) or mitomycin, ifosfa-
mide, and cisplatin (MIC) are no better and are no longer
advocated.12,37 A combination of carboplatin and paclitax-
el with the monoclonal antibody bevacizumab may be an
option for patients with non-squamous cell histology and
good performance status.14 For patients who fail initial
therapy for advanced disease, docetaxel13,14,30 as a single
agent is generally recommended for second-line treat-
ment. Alternative drugs that may be considered include er-
lotinib, gemcitabine, or pemetrexed.12-15,38,39 Topotecan is
also under investigation.40 Despite initial promise, disap-
pointing results using gefitinib either alone15,41 or with
platinum-based chemotherapy42,43 have been reported.
The success of gefitinib may depend on identifying pa-
tients with specific mutations of the epidermal growth fac-
tor receptor (EGFR) gene.44 
Bronchoscopic photodynamic therapy, with porfimer so-
dium, may be considered for the palliative treatment of
bronchial obstruction.14,45 Photodynamic therapy may
also be used as an alternative to surgery in patients with
very early-stage (in situ) endobronchial NSCLC.45 Other
palliative options for obstructed airways include endo-
bronchial brachytherapy or stent placement, or laser treat-
ment. External beam radiotherapy may be useful for
symptom control and surgery may be suitable in some cas-
es of resectable local recurrence.14 
Despite the recent advances in chemotherapy for NSCLC,
the median survival for this disease remains poor, and
there is a need to identify alternative approaches to treat-
ment. Those in preclinical development include gene
therapy46 with the tumour suppressor gene p53, and cancer
vaccine immunotherapy.47 
Given the poor prognosis of lung cancers, and the high in-
cidence of second primaries in patients curatively treated
for early-stage disease, there has been great interest in
prophylaxis. The most important factor in primary and
secondary prevention is cessation of tobacco smoking, for
which a number of interventions may be tried (see Smok-
ing Cessation, p.2354). Diets rich in fruit and vegetables
have been associated with a lower incidence of malignant
disease, and have prompted the investigation of antoxidant
vitamins. However, primary prevention studies in those at

risk of lung cancer have failed to show any benefit for vi-
tamin supplements, and in the case of betacarotene, an in-
crease in lung cancer was seen in those most at risk (see
Prophylaxis of Malignant Neoplasms, p.1927). Other
drugs under investigation are retinoids and NSAIDs.48 
While a meta-analysis49 concluded that screening of pa-
tients with chest radiography or sputum cytology was inef-
fective, the Early Lung Cancer Action Project found that
computed tomography improves the likelihood of detec-
tion of nodules suggestive of lung cancer in high-risk pa-
tients.50 Since most of those cancers detected were at an
early stage, resection was possible, and it is theorised that
this technique may reduce mortality,51 although it remains
investigational. 
Metastatic lung disease. The lung is the second most fre-
quent site for metastatic disease, occurring in about 30% of
cancer patients. Surgical resection may be used to treat
pulmonary metastases when there are no effective system-
ic therapies, no extrapulmonary metastases, the pulmonary
metastasis is completely resectable, and the patient is able
to undergo surgery.52 Specific cancers for which surgical
resection of pulmonary metastases is considered include
soft-tissue sarcoma, osteosarcoma, and sometimes breast
cancer.
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MALIGNANT MESOTHELIOMA. Malignant mesothelio-
ma is a relatively rare tumour of the lining of the lung,
yet its incidence is increasing. Occupational exposure
to asbestos is the causative factor in most cases, with a
mean latent interval of about 40 years between first ex-
posure and death. Typical clinical manifestations in-
clude chest pain or dyspnoea or both. Neurological en-
trapment and pericardial involvement may occur. The
disease is progressive, and median survival is poor. His-
tologically, disease may be epithelioid, sarcomatoid, or
a mixture of the two. The epithelioid type is the most
common, and may be confused with adenocarcinoma
(see non-small cell lung cancer, above). In patients with
small epithelioid tumours, radical surgery may be con-
sidered, but otherwise is seldom appropriate. Pleurode-
sis is usually the treatment of choice in the management
of pleural effusions associated with mesothelioma;
pleurectomy is an alternative. Palliative radiotherapy
may be effective for pain relief,1 but is generally of lim-
ited value.2,3 
Responses to single-agent chemotherapy have been in the
region of 10 to 20%. Doxorubicin, epirubicin, mitomycin,
cyclophosphamide, ifosfamide, cisplatin, and carboplatin
have all been tried.1,4 Irinotecan, topotecan, gemcitabine,



670   Antineoplastics

vinorelbine, docetaxel, and paclitaxel have also been in-
vestigated.1,4 Combination chemotherapy, mostly with
doxorubicin- or cisplatin-based regimens, have not shown
any survival advantage over single-agent therapy.4 How-
ever, encouraging results were obtained in a large phase 3
study using pemetrexed and cisplatin, and this combina-
tion is generally considered to be standard first-line thera-
py.1,2,4-6 The addition of raltitrexed to cisplatin has also im-
proved response rates and overall survival,7 and some
benefits have been seen with gemcitabine plus cisplatin,2,3

which has been suggested as second-line therapy.2,6 Other
regimens, including vinorelbine compared with mitomy-
cin, vinblastine, and cisplatin (MVP),5 and raltitrexed with
oxaliplatin4 are being investigated. Gene therapy, immu-
nomodulation, and angiogenesis inhibitors are also being
tried.1-3
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Malignant neoplasms of the ovary. Ovarian cancers
account for about 5% of all malignancies in women. The
most common form (90% of cases) is epithelial ovarian
cancer, which ranks as fourth in the leading causes of can-
cer deaths in women. The lethality of this disease is related
to the absence of symptoms in most women during its ear-
ly stages: in about three-quarters of all patients disease is
advanced at diagnosis and has spread to the peritoneum or
beyond. It is predominantly a disease of older women, the
median age at diagnosis being 61 years. The risk of epithe-
lial ovarian cancer appears to be related to the number of
ovulatory cycles a women has in her lifetime, thus nulli-
parity increases the risk, whereas multiparity, breast feed-
ing, and combined oral contraceptives (p.2061) decrease
the risk. Other risk factors are a family history (particularly
when associated with the BRCA1 and BRCA2 genes), and
possibly fertility drugs (see Clomifene, p.2086), perineal
talc use (p.1615), and menopausal HRT (p.2073). 
The main treatment for epithelial ovarian cancer in most
patients is surgical removal of womb, ovaries and fallopi-
an tubes, and omentum, with debulking of any remaining
gross disease.1-3 The use of adjuvant chemotherapy de-
pends on disease stage. 
The minority of patients who have localised disease at di-
agnosis have a good prognosis. Patients with well differen-
tiated early disease (stage IA) have a 5-year disease-free
survival of at least 90%; adjuvant therapy has not been
shown to improve survival in this group,4 and conservative
fertility-sparing surgery is possible in women of child-
bearing age.1,3 In those subgroups with poorly differentiat-
ed or more extensive localised disease (stage IC and II)
postoperative platinum-based chemotherapy has been re-
ported to improve both recurrence-free and overall surviv-
al at 5 years,5 and is usually considered appropriate.1-3,6

Adjuvant intraperitoneal phosphorus-32 and oral melpha-
lan have also been used. 
Prognosis is less good in patients with advanced disease
(stage III and IV), who presently form the majority at di-
agnosis. Patients with extra-pelvic disease or positive
nodes who have only minimal residual disease after sur-
gery have a 5-year survival rate of less than 30% but in
patients with distant metastases or suboptimal debulking
there is a less than 10% chance of long-term survival.
Many adjuvant regimens have been tried in advanced
ovarian cancer, often based on platinum derivatives,
alkylating agents, and sometimes also anthracyclines. Cis-
platin or carboplatin with cyclophosphamide (CP) and
sometimes doxorubicin (CAP) have been widely used. In
1991, a meta-analysis7 failed to reach any definite conclu-
sions about the relative benefits of differing chemothera-

peutic regimens, but did suggest that immediate treatment
was better than delaying until relapse, that platinum-based
regimens were probably better than those without a plati-
num derivative, that combination regimens were better
than single-agent platinum where the doses were equiva-
lent, and that carboplatin was as effective as cisplatin. A
later updated analysis8 by the same group reached similar
conclusions. Two similar analyses in 1991 and 1992 sug-
gested that regimens of cisplatin, doxorubicin, and cyclo-
phosphamide offered a survival advantage over cisplatin
with cyclophosphamide alone.9,10 Subsequent to these
analyses, a large randomised study (ICON2) was instigat-
ed to compare carboplatin alone with cyclophosphamide,
doxorubicin and cisplatin. This study11 found no differ-
ence in progression-free or overall survival (median 33
months) between the 2 treatment arms, and single-agent
carboplatin was less toxic. In the early 1990s, the finding
of significant activity for paclitaxel in ovarian cancer led to
various studies incorporating this drug. Two studies12,13

comparing cisplatin plus cyclophosphamide with cisplatin
plus paclitaxel found improved overall survival for the pa-
clitaxel-containing arm (median 38 and 36 months versus
24 and 26 months). Substitution of carboplatin for cispla-
tin resulted in similar overall survival,14 and subsequently
a number of reviews and guidelines have recommended
paclitaxel plus cisplatin or carboplatin as the first-line ad-
juvant treatment of ovarian cancer.1-3 Conversely, another
study15 found cisplatin alone (100 mg/m2) to be no differ-
ent to cisplatin (75 mg/m2) plus paclitaxel (135 mg/m2) in
terms of overall survival (median 30 versus 26 months)
and progression-free survival, although cisplatin alone
was poorly tolerated. This study also contained a single-
agent paclitaxel arm (200 mg/m2), which had poorer pro-
gression-free survival, but similar overall survival (26
months) to the other arms. Results of a further study
(ICON3)16 also failed to demonstrate an improvement in
progression-free or overall survival for carboplatin plus
paclitaxel (median 17 and 36 months) compared with car-
boplatin alone or cisplatin-based CAP (median 16 and 35
months); single-agent carboplatin had a more favourable
toxicity profile. Subsequent guidelines6,17 have recom-
mended that platinum-based therapy alone or with paclit-
axel are both reasonable options for first-line adjuvant
therapy. 
Other therapies used in the adjuvant setting include inter-
val surgical debulking in those with suboptimal debulking
at primary surgery,3,18 and intraperitoneal chemotherapy in
those with minimal residual disease after primary sur-
gery.3,19-21 The use of neoadjuvant chemotherapy is con-
troversial,3 although it has been suggested to reduce mor-
bidity and permit subsequent surgical debulking, and
studies of this strategy followed by interval surgery are un-
derway.18,19 
In patients with recurrent disease, the choice of therapy de-
pends on the time since initial therapy and the drugs
used.1,3,22 Relapse occurring more than 6 months after ini-
tial therapy is potentially platinum-sensitive and may be
re-treated with the initial therapy. In patients who are po-
tentially not sensitive to platinum derivatives, paclitaxel
may be used if it was not used previously. Combining pa-
clitaxel with platinum chemotherapy may further improve
survival in patients who are platinum-sensitive.23 Other
drugs with activity include topotecan, liposomal doxoru-
bicin, altretamine, capecitabine, cyclophosphamide, do-
cetaxel, epirubicin, oral etoposide, gemcitabine, ifosfa-
mide, irinotecan, tamoxifen, and vinorelbine.3,18,19,22,24

Bevacizumab is also active.3,19 The monoclonal antibodies
oregovomab and pemtumomab are under investigation, as
are ovarian cancer vaccines.25 Some success has been re-
ported using high-dose chemotherapy followed by autolo-
gous stem cell transplantation,26 although an improvement
in survival has not been shown.3,18 
Prophylaxis. The identification of genes conferring an in-
herited predisposition to ovarian cancer, and the difficulty
in identifying the disease and its poor prognosis has led to
increased interest in prevention. Oral contraceptives are
known to be protective in the general population, and there
is growing evidence that women with mutation of the
BRCA1 or BRCA2 gene might benefit similarly (see Ova-
ry, under Carcinogenicity in Hormonal Contraceptives,
p.2061). Prophylactic oophorectomy may be considered in
women with BRCA1 mutations after child-bearing or at
age 35 years.27,28 The risk/benefit ratio of this procedure is
not known, and a few women who undergo this procedure
subsequently develop a primary peritoneal cancer. 

Ovarian germ-cell cancers account for less than 3% of
ovarian cancers and typically occur in women aged 20 to
30 years. Unlike epithelial ovarian cancer, most patients
present with early disease, and even in advanced disease,
combination chemotherapy can be curative.3,29 Conserva-
tive fertility-sparing surgery is the main therapy. Adjuvant
chemotherapy is used except in those with stage I disease
able to undergo frequent follow-up. Common regimens
are similar to those used in male germ-cell tumours, such
as bleomycin, etoposide, and cisplatin (BEP) or vinblast-
ine, bleomycin, and cisplatin (VBP).3,29,30 
Ovarian stromal tumours account for about 7% of ovar-
ian cancers31 and are mainly treated with fertility-sparing
surgery.3 For those with high-risk stage I tumours, recom-
mendations include observation, radiotherapy, or cispla-
tin-based chemotherapy. For those with tumour stages II to
IV, options include radiotherapy for limited disease, or
platinum-based regimens such as BEP, paclitaxel plus car-
boplatin, or docetaxel plus carboplatin.3
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Malignant neoplasms of the pancreas. Pancreatic
adenocarcinoma (cancer of the exocrine pancreas) ac-
counts for about 95% of pancreatic tumours. A very small
percentage of pancreatic tumours arise in the endocrine
pancreas, and have different clinical features and treatment
(see under Carcinoid Tumours and Other Secretory Neo-
plasms, above). Although rare below the age of 30 the in-
cidence of pancreatic adenocarcinoma rises steadily with
age; overall, it accounts for about 3% of all cancers, but is
the fifth leading cause of cancer deaths. Pancreatic adeno-
carcinoma is ductal in origin and metastasises early to the
lymph nodes, and by the time of diagnosis more than half
of all patients have liver metastases, more than a quarter
have peritoneal seeding, and a third have invasion of the
duodenum causing ulceration. The most frequent symp-
tom at presentation in patients with cancer of the pancreat-
ic head is jaundice, often with other symptoms indicative
of obstruction of the bile duct. In lesions of the body and
tail of the pancreas severe and relentless pain may develop.
Diabetes mellitus is a manifestation of the disease, but
there is also some evidence that it may be a predisposing
factor. About 30% of pancreatic cancers are probably due
to tobacco smoking. 
Pancreatic adenocarcinoma has a very poor prognosis be-
cause of its usually advanced stage at diagnosis and lack of
effective therapies.1 Apart from a small number of patients
with resectable carcinoma of the head of the pancreas, in
whom radical surgery results in a 5-year survival of about
10 to 20% most patients with pancreatic adenocarcinoma
will be dead within 1 year. Adjuvant therapy with irradia-
tion and fluorouracil has been used in those with resectable
disease,1 based on early evidence that it optimised the
chance for long-term survival. However, the results of a
large randomised study2,3 suggested that there was no ben-
efit from adjuvant fluorouracil-based chemoradiotherapy
but that there might be a survival benefit from prolonged
chemotherapy alone. A subsequent review4 that included
this later study concluded that there was benefit with the
use of adjuvant fluorouracil, but that chemoradiotherapy
should not yet be dismissed from further study because tri-
als to date had used radiotherapy regimens that were now
considered to be suboptimal, a view also adopted by US
guidelines.5 Adjuvant gemcitabine is also effective,6 and
some consider it the preferred drug if single-agent therapy
is used.5,7 It is also recommended for use with fluorour-
acil-based chemoradiation. Capecitabine is an alternative
to gemcitabine or fluorouracil for monotherapy.5 Pre-oper-
ative (neoadjuvant) chemoradiotherapy is also under in-
vestigation, but a survival benefit has not been proven, and
toxicity can be severe.1,8,9 
In patients with symptomatic localised unresectable dis-
ease, chemoradiotherapy may be used.5 Most studies have
reported a modest survival benefit from the combination
of radiotherapy and fluorouracil.1,5,9,10 Evidence suggests
that radiotherapy with gemcitabine can yield similar out-
comes.5 A period of chemotherapy followed by chemora-
diation may be preferable to first-line chemoradiation.
Chemotherapy alone is also an option in these patients,5
and a systematic review11 found insufficient evidence to
recommend chemoradiation over chemotherapy alone;
gemcitabine monotherapy or gemcitabine-based combina-
tion therapy is advocated.5 Use of neoadjuvant chemoradi-
otherapy to improve resectability rates in locally advanced
disease is investigational.5,8,10 In patients with advanced
(metastatic) disease, supportive care alone remains appro-
priate for those with poor performance status. Palliative
chemotherapy may be considered in those with adequate

performance status,5 but benefits are modest (pancreatic
adenocarcinoma is a chemoresistant tumour).1,12 Despite
this, a meta-analysis13 found a survival advantage for
chemotherapy over best supportive care. Single-agent
fluorouracil has been widely used.6,8,14 Combination regi-
mens, such as FAM (fluorouracil, doxorubicin, mitomy-
cin) SMF (streptozocin, mitomycin, fluorouracil), and
FAP (fluorouracil, doxorubicin, cisplatin), have not
proved more effective than fluorouracil alone.8,9 However,
there is evidence5,15 that gemcitabine can produce slightly
better survival than fluorouracil in patients who can toler-
ate it, and it has been recommended as the standard of
care.1,5,8,9,16 There is also some evidence that its effective-
ness may be improved if it is given at a fixed dose rate of
10 mg/m2 per minute, rather than by conventional infu-
sion.5,14 Gemcitabine has also been investigated in combi-
nation with other drugs such as cisplatin, docetaxel, iri-
notecan, oxaliplatin, or capecitabine, as well as with newer
targeted therapies such as bevacizumab, cetuximab, trastu-
zumab, or erlotinib.5,14,17 A meta-analysis13 found a sur-
vival benefit for gemcitabine-based combination therapy
compared with gemcitabine alone. Combinations showing
benefit in terms of progression-free survival or overall sur-
vival include gemcitabine with capecitabine (GEMCAP),
cisplatin (GEMCIS), oxaliplatin (GEMOX), or erlo-
tinib.5,6,14,18 The combination of cisplatin, epirubicin,
fluorouracil, and gemcitabine (PEFG) has also shown im-
pressive results.14 Rubitecan is one of many other antineo-
plastics under investigation for advanced pancreatic can-
cer,12,14 and other therapies that have been investigated
include somatostatin analogues, other hormonal strategies,
and biological therapies.19 A preliminary study suggested
that flutamide (an anti-androgen) might be beneficial20 but
flutamide with gemcitabine proved of no more benefit
than gemcitabine alone.21 Pancreatic cancer vaccines are
also under investigation.6,17
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Malignant neoplasms of the prostate. Prostatic
cancer is the most commonly diagnosed non-skin malig-
nancy in men in the western world, and the second most
common cause of cancer deaths in men: about one in 6
men can be expected to develop clinically evident carcino-

ma of the prostate during his lifetime. The incidence rises
steadily with age. More than 95% of all prostate cancer is
adenocarcinoma, which begins as a hard mass in the pe-
ripheral portion of the gland and infiltrates surrounding tis-
sues slowly. Metastasis may occur in advanced disease,
notably to bone. Presenting symptoms of advanced dis-
ease are usually those of urinary outflow obstruction, or
pelvic or back pain due to bone metastases. However, as a
result of the slow rate of tumour growth and usually ad-
vanced age at diagnosis, many patients die of other illness-
es without having suffered significant disability from the
cancer. 
Controversy exists regarding all aspects of the manage-
ment of prostate cancer, from screening to the best treat-
ment for each stage of the disease. Much of this is because
of the lack of clear data to guide treatment decisions. Fac-
tors that guide treatment decisions include the extent
(stage) of the tumour, tumour grade (Gleason score), the
patient’s life expectancy (based on age and comorbid con-
ditions), and patient preference.1-4 
There is great controversy over the value of screening for
early disease by detection of prostate specific antigen
(PSA), and other tests, because of the uncertainties regard-
ing interpretation of the test results, and controversy over
the management of asymptomatic early localised dis-
ease.5-8 Screening studies are currently underway. 
In patients with localised disease, detected incidentally or
by screening, the choices are radical prostatectomy, radical
external beam radiotherapy, brachytherapy, or deferred
treatment (watchful waiting).8-10 There is currently no ev-
idence to suggest one form of therapy is more effective
than another, except perhaps for poorly differentiated tu-
mours, which have a faster rate of progression and may
benefit from earlier therapy.4 Because of the lack of differ-
ences in efficacy, treatment morbidity and patient prefer-
ences are particularly important. Adverse effects of sur-
gery include impotence and incontinence, and for
radiotherapy, radiation proctitis, impotence and inconti-
nence, and these complications may be severe in up to 5%
of patients.4 In medically fit patients with a life expectancy
of 10 years or more many clinicians would consider radi-
cal prostatectomy or radiotherapy with curative in-
tent,1,4,8,11 although it should be noted that these patients
are the ones for whom treatment complications are likely
to have the most impact on quality of life.4 In men with a
life expectancy of less than 10 years and with low-grade
tumours, there is a definite role for deferring treat-
ment.1,4,9,11 Interstitial implantation of radioisotopes
(brachytherapy) is an alternative to external beam radio-
therapy; a more localised dose is possible but inadequate
dose distribution can occur and some patients may also
need adjuvant external beam radiotherapy.11 Cryosurgery,
and ultrasound or radiofrequency interstitial tumour abla-
tion are other options for localised disease, but are less well
investigated.11 In patients who undergo radical surgery and
who are found to have positive margins, adjuvant radio-
therapy or hormonal therapy may be used. Neoadjuvant
hormonal therapy has been used before radiotherapy, but
its role in early disease remains to be established. Hormo-
nal therapy has also been used alone when there is a risk of
disease progression but local therapy is not deemed neces-
sary.11 
For patients with locally advanced disease, options in-
clude radiotherapy with or without neoadjuvant or adju-
vant hormonal therapy, hormonal treatment alone, or, in
those who are asymptomatic, deferred treatment.1,4,12,13

Although radiotherapy alone produces good local control,
most patients eventually develop metastatic disease. There
is increasing evidence that the use of hormonal therapy be-
fore or after radiotherapy improves disease-free and over-
all survival.12-14 Deferred treatment was less effective than
immediate treatment in one study,15 but the form of fol-
low-up for deferred treatment was not regulated. In pa-
tients for whom deferred treatment is considered, close
surveillance is required. Surgery alone is rarely used in lo-
cally advanced disease1 but there is some evidence to sug-
gest that adjuvant hormonal therapy may delay disease
progression, and neoadjuvant hormonal therapy is under
investigation.12 
PSA may be used to monitor the efficacy of therapy and
detect biochemical relapse, but the interpretation of the test
and when to instigate further treatment in patients with no
clinical evidence of disease is controversial.12,16 
For patients with metastatic disease cure is not possible
and therapy is aimed at prolonging survival and palliating
symptoms. The basis of therapy is hormonal manipula-
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tion: about 80% of patients will respond to such therapy,
but resistance eventually develops. The first choice is be-
tween orchidectomy or a gonadorelin analogue, which
have been shown to be equally effective.4,17,18 
An alternative to orchidectomy or gonadorelin analogues
is the use of an anti-androgen (such as flutamide, niluta-
mide, or bicalutamide) alone.18 However, there is some ev-
idence that these may be less effective and cause more
treatment withdrawals (due to gastrointestinal intoler-
ance),17 although they may have less adverse effect on li-
bido. Although historically oestrogens such as diethyl-
stilbestrol have been used in patients with prostate cancer
they are now less favoured because of their cardiovascular
adverse effects. 
The combined use of anti-androgens such as flutamide
with ablation of testicular androgen production (by sur-
gery or gonadorelin analogues) has the advantage of
blocking the effects of adrenal androgen production as
well (maximal or complete androgen blockade). An early
meta-analysis19 seemed to indicate that this approach did
not produce a better survival rate compared with conven-
tional castration, and an update of this meta-analysis20

confirmed that any survival advantage from maximum an-
drogen blockade using nonsteroidal anti-androgens was
likely to be in the region of 3%. Any benefit also seems to
appear only after 5 years of follow-up.8 
The gonadorelin antagonist abarelix can also be used for
hormone suppression. It has a more rapid onset of effect
than the gonadorelin analogue leuprorelin and does not
stimulate tumour flare.21,22 Abarelix may be an alternative
for men who are not suitable candidates for orchidectomy
or gonadorelin analogue therapy. 
In patients who relapse after or during hormonal therapy,
second-line hormonal therapy may be tried, although re-
sponses are variable. Drugs that have been used include
aminoglutethimide, high-dose bicalutamide, corticoster-
oids, ketoconazole, and megestrol.16 Some patients treated
with anti-androgens have a paradoxical response to with-
drawal of the drug, but it is not possible to predict which
patients will respond. Gonadorelin analogue therapy must
be continued, to maintain testosterone suppression.23 
Chemotherapy for recurrent hormone-refractory pros-
tate cancer is still in clinical trials and has no routine place
in therapy. Some patients with soft-tissue disease may ben-
efit from an anthracycline.4 Mitoxantrone has a palliative
benefit and improves quality of life, but does not prolong
survival.24 Docetaxel given every 3 weeks improved sur-
vival compared with mitoxantrone,25 both in a regimen
with continuous prednisone. Docetaxel also reduced pain,
but was associated with a higher incidence of adverse ef-
fects; a regimen using docetaxel weekly had a similar out-
come to mitoxantrone. A combination of docetaxel with
estramustine also improved survival26 compared with mi-
toxantrone plus prednisone, but again with an increased in-
cidence of adverse effects. Some consider docetaxel-based
chemotherapy to be the standard of care.24 Combinations
of docetaxel are under investigation, including with vinor-
elbine, capecitabine, or high-dose calcitriol.24 Combina-
tions of estramustine with etoposide, vinblastine, or vinor-
elbine have also shown favourable results.16,27 Other drugs
that might reasonably be used after initial treatment with
docetaxel-based therapy include oral cyclophosphamide,
either alone or with vincristine and dexamethasone. Newer
drugs under investigation include satraplatin and ixabepi-
lone.24,28 
Preliminary results have indicated that a herbal combina-
tion preparation, PC-SPES, may have beneficial effects in
both androgen-dependent and androgen-independent dis-
ease. It has been used widely as a complementary medi-
cine, but there have been reports of adverse cardiovascular
effects and contamination with diethylstilbestrol and war-
farin, resulting in the withdrawal of this product from most
markets.29,30 Although suramin originally showed prom-
ise, later results were less favourable, and it appears its de-
velopment has ceased. Bone metastases are usually treated
with palliative radiotherapy (see p.660). Bone-targeted
therapy with strontium-89 has been tried,27,31 and gene
therapy is under investigation.32 Prostate cancer growth is
thought to be stimulated by endothelin-1, a small peptide
that acts at endothelin-A receptors; atrasentan is an en-
dothelin-A receptor antagonist under investigation, and
early studies have shown improvements in time to disease
progression and markers of bone metastases.24,27 Vaccines
are also under development for treatment of prostate can-
cer.8,24,33 

Because of the difficulties involved in managing prostate
cancer there has been interest in the concept of disease
prophylaxis. One small study of finasteride in men at high
risk of prostate cancer showed little evidence to support
such use.34 In healthy men, a large controlled trial35 found
that seven years of finasteride prophylaxis reduced the in-
cidence of prostate cancer by about 25% compared with
placebo, but this benefit was offset by an increased risk of
high-grade tumours associated with finasteride. Dutas-
teride is also under investigation.36 Results from a case-
control study have suggested an association between war-
farin use and a decreased risk of prostate cancer.37 There is
preliminary evidence that selenium (see p.1961) or vita-
min E (see p.1927) supplementation may also reduce the
risk of prostate cancer, and a large randomised study is un-
derway to further investigate this.
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Malignant neoplasms of the skin. Basal cell carcino-
ma is the most common form of skin cancer, accounting
for about 80% of cases. The second most common skin
cancer is squamous cell carcinoma. These 2 types of carci-
noma (collectively referred to as nonmelanoma skin can-
cers) are the most common malignancies among white
populations, but because many are not recorded the exact
incidence is uncertain and they are often omitted from cal-
culations of the relative frequency of malignancy. A small
but increasing proportion of all skin cancers are melano-
mas, arising from melanocytes (pigment cells). Other can-
cers that manifest in the skin include cutaneous T-cell lym-
phomas (see Mycosis Fungoides, above) and Kaposi’s
sarcoma (see below). 
Nonmelanoma and melanoma skin cancers are related to
solar radiation, and the incidence is greatest in those re-
gions where light-skinned populations live closest to the
equator. Individuals at particular risk include those with
fair skin, blue eyes, red hair, a tendency to freckle, and to
burn rather than tan. Use of methoxsalen with ultraviolet
light (PUVA) has also been associated with an increased
incidence of skin cancers (see Effects on the Skin, under
Methoxsalen, p.1605). Other risk factors for nonmelano-
ma skin cancers include various inherited disorders such as
xeroderma pigmentosum (see Photosensitivity Disorders,
p.1581) and albinism (see Pigmentation Disorders,
p.1582). Immunosuppressive therapy, as used after solid
organ transplantation (see p.1810 et seq.), is associated
with a very large increase in risk of squamous cell carcino-
ma. 
Prophylaxis. Although nonmelanoma and melanoma skin
cancers are related to solar radiation, and measures to re-
duce sun exposure are therefore advocated for prophylax-
is, the relationship appears to differ between the types. 
• Squamous cell carcinoma and its precursor lesions are

clearly linked to cumulative chronic sun exposure.1,2

These lesions are more common on frequently exposed
skin (head, neck, and back of hands), and are more com-
mon in individuals with outdoor occupations. In addi-
tion, there is evidence that regular sunscreen use can re-
duce the incidence of new actinic keratoses and increase
remission of existing lesions,3 and reduce incident squa-
mous cell carcinomas.4 

• Although basal cell carcinomas are also common on
sun-exposed skin (head and neck), it appears that they
may be more related to a history of severe sunburns, par-
ticularly in childhood and adolescence, rather than to
cumulative sun exposure.1 In 1 study,4 there was no dif-
ference in incidence of basal cell carcinomas between
sunscreen users and non-users. 

• Cutaneous melanoma is more common on skin exposed
to the sun occasionally (particularly the legs in women,
and the back in men), and appears to be more common
in indoor than outdoor workers. This suggests that inter-
mittent sun exposure may be more risky than regular ex-
posure for this cancer.1,2 Although the use of sunscreens
is advocated for protection against melanoma, some re-
ports have suggested that sunscreen use may actually in-
crease the risk. However, systematic reviews5,6 have
found no good evidence for an association between sun-
screens and the increasing incidence of melanoma, but
did find that studies varied in accounting for confound-
ing factors such as patient complexion and recall bias.
Also, people at higher risk of sunburn and melanoma
may also be more likely to use sunscreens, and some
people may use sunscreens to allow for prolonged sun
exposure, thus receiving a higher cumulative amount of
UV radiation. Sunscreen formulation, sun protection
factor (SPF) rating, and protection against UVA, have
also changed considerably over the last few decades,
making it difficult to compare study results. 

Chemoprevention has also been investigated as a means of
reducing the incidence of squamous and basal cell cancers,
particularly in those most at risk. Retinoids such as acitre-
tin, etretinate, and isotretinoin have been shown to reduce
the incidence of new squamous cell carcinomas in individ-
uals with xeroderma pigmentosum, and in renal transplant
recipients.7 Conversely, neither betacarotene (p.1927) nor
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selenium (p.1961) has reduced the incidence of squamous
or basal cell carcinomas in patients previously treated for
these disorders. There is some evidence that a low-fat diet
may reduce the incidence of actinic keratosis in patients
with a history of nonmelanoma skin cancer.8
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BASAL CELL AND SQUAMOUS CELL CARCINOMA. The
great majority of skin cancers are basal cell carcinomas,
which are completely curable if diagnosed early and
treated appropriately. Although they rarely metastasise,
they have a tendency to be locally destructive. The re-
mainder are mainly squamous cell carcinomas, which,
although curable when treated early, have a greater risk
of metastatic spread. Common precursor lesions for sq-
uamous cell carcinoma are actinic keratosis (solar kera-
tosis) and Bowen’s disease (squamous cell carcinoma
in situ). 
• Treatments for actinic keratosis and Bowen’s disease

include cryosurgery, curettage, excision, radiotherapy,
laser treatment, photodynamic therapy (see Porfimer
Sodium, p.764) using 5-aminolevulinic acid or methyl
aminolevulinate, and topical fluorouracil or topical imi-
quimod.1-5 Topical diclofenac or topical salicylic acid
may be used for actinic keratosis.2-4 The choice of treat-
ment depends on the site and size of the lesion, evidence
for efficacy, ease of application, and availability.1 

• Treatment options for superficial low-risk basal cell
carcinomas include curettage and electrodesiccation or
cryosurgery.6-9 Topical fluorouracil may be used for su-
perficial lesions in some instances, as are topical imiqui-
mod or photodynamic therapy using 5-aminolevulinic
acid, methyl aminolevulinate, or porfimer. 

• For superficial tumours at high-risk sites, and for most
squamous cell carcinomas, excision with postopera-
tively determined margins or Mohs’ micrographic sur-
gery (tumour margins examined during the procedure)
is more appropriate.6-11 Radiotherapy is an alternative in
patients at risk of surgical complications or where sur-
gery would be difficult or extensive. 

The prognosis with appropriate treatment is good, with 5-
year disease free survival of over 90%. However, about
50% of patients will subsequently develop another skin
cancer, and regular monitoring to detect this as early as
possible is desirable.7 In addition, patients should be edu-
cated about sun protection measures, and chemopreven-
tion with retinoids may be appropriate for some high-risk
patients (see Prophylaxis, in Malignant Neoplasms of the
Skin, above).
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MELANOMA. Although cutaneous melanoma is rare it is
the most aggressive skin cancer, accounting for the ma-
jority of all skin cancer deaths. Melanoma may arise in
apparently normal skin or from an existing naevus. Ear-
ly signs of a naevus that may indicate development of a
melanoma are change in size, shape, or colour. Other
signs include itching, ulceration, and bleeding. The
most common site in women is the legs, and in men the
back. For a discussion of sun protection measures in the
prevention of melanoma, see Prophylaxis, in Malignant
Neoplasms of the Skin, above. 
Surgical resection is the mainstay of curative treatment for
melanomas, and the margins of excision are determined by
tumour depth.1-6 Patients with thin tumours (less than
1 mm) can be treated with wide local excision only; pa-
tients with intermediate (1 to 4 mm) or thick (more than
4 mm) melanoma are at high risk for nodal disease, and
lymph node dissection may also be performed if node bi-
opsy is positive. Because of the high risk of recurrence af-
ter surgery in the latter group, there is great interest in ad-
juvant therapies. The most common adjuvant treatment is
interferon alfa;3,5,6 high-dose interferon has shown a clini-
cal benefit in terms of relapse-free survival, but the effect
on overall survival is less clear.4,7-10 As toxicity is a signif-
icant problem with high-dose therapy, both low-dose ex-
tended-duration11 and intermediate12 dosage regimens
have been studied, but neither have shown benefit in re-
lapse-free or overall survival. Isolated limb perfusion with
melphalan has been used as adjuvant therapy, but a review
of four randomised trials failed to show any survival ben-
efit for this compared with surgery alone.13 Similarly, sys-
temic chemotherapy has not proved useful in the adjuvant
setting.14 Various melanoma vaccines (e.g. GM2 ganglio-
side, autologous melanoma-associated antigens) are being
investigated for adjuvant use,15 but high-dose interferon
alfa has been shown to produce greater clinical benefit
than vaccination with GM2.9 Isolated recurrences are
treated with surgical resection. 
For patients who present with metastatic melanoma the 5-
year survival rate is poor.14 There is no evidence to show
that any systemic treatments are better than best supportive
care in these patients.16 Because of this, surgery is still con-
sidered an option, and a few patients may survive long
term after resection of isolated metastases. For patients
with a finite number of in-transit metastases (tumour in-
volves skin or subcutaneous tissue more than 2 cm from
the primary tumour but not beyond the regional lymph
nodes) that cannot be fully excised or are unresectable, op-
tions include intralesional injection with BCG vaccine or
interferon alfa, topical imiquimod, isolated limb perfusion
with melphalan, or radiation therapy.3 Chemotherapy has
been tried in disseminated disease,4-6,17 and dacarbazine,
with a response rate of about 20%, is the most common
single agent. However, the response duration is usually
only 4 to 6 months, and complete responses are rare. The
orally active analogue temozolomide produces similar re-
sponses,18 and is an alternative.3 Nitrosoureas (such as car-
mustine, lomustine, and semustine) have response rates
around 15% as single agents.17 Fotemustine appears to be
more active, particularly in the treatment of brain metas-
tases. Other drugs with a response rate of about 15% in-
clude cisplatin, vinblastine, vindesine, docetaxel, and pacl-
itaxel; response duration has generally been poor. 
Combination regimens have been used, such as CVD (cis-
platin, a vinca alkaloid, and dacarbazine). Tamoxifen has
also been added to regimens, on the hypothesis that
melanoma is oestrogen-dependent; an example is the
CDBT or Dartmouth regimen (cisplatin, dacarbazine, car-
mustine, and tamoxifen). However, a randomised study
found that this regimen was no more effective than dacar-
bazine alone,19 and there is a lack of evidence that
tamoxifen potentiates the action of cytotoxics in melano-
ma.17 Although the combination of temozolomide and in-
terferon alfa has been reported to increase response rates
compared with temozolomide alone, overall survival was
no different and toxicity was worse.20 

Cytokines such as interferon alfa and interleukin-2 have
similar activity to chemotherapy in metastatic melano-
ma.17 Cytotoxic chemotherapy has been given with these
cytokines and there have been some reports of improved
response rates, but large controlled studies are needed to
confirm a benefit. Melanoma vaccines are also being used
or investigated in metastatic or recurrent disease,15 as are
gene therapy, antiangiogenic agents such as thalidomide,17

and the antisense oligonucleotide oblimersen.21
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Malignant neoplasms of the testis. Testicular cancer
only accounts for about 1% of all male malignancies but it
is the most common cancer in young men. Patients with a
history of cryptorchidism are at increased risk. About 95%
of testicular tumours arise in germ cells, and 40% or so of
these are pure seminomas. The remainder are collectively
known as nonseminomatous germ cell tumours (NSGCT)
in the WHO classification, and are commonly of mixed
cell types with or without a seminoma component. Non-
seminomatous tumours have been referred to as teratomas
in the British classification system, but this term has a
more specific meaning in the WHO classification.1 
Metastasis first occurs to the lymph nodes, then, in ad-
vanced disease, to distant sites such as lung, liver, brain,
and bones. The leading symptom is a hard, painless swell-
ing of the testis, but once metastasis occurs the patient may
present with back pain (due to enlargement of retroperito-
neal lymph nodes), cough, dyspnoea, gynaecomastia due
to chorionic gonadotrophin production, or weight loss. 
Surgical removal of the testis (orchidectomy) when diag-
nosis is confirmed is fundamental to the treatment of all
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types of testicular cancer, but further therapy depends
upon the disease type and stage.1-4 
In patients with nonseminomatous disease with the tu-
mour confined to the testis (stage I), options after orchid-
ectomy include surveillance or a short course of adjuvant
chemotherapy. With surveillance, about 20 to 30% of pa-
tients will relapse and are subsequently treated with cura-
tive chemotherapy. Surveillance is thus not appropriate for
patients who are unable to undergo regular follow-up.
Similarly, in the UK, patients who have prognostic factors
suggesting a high risk of relapse such as vascular or lym-
phatic invasion have been treated with adjuvant chemo-
therapy with 2 cycles of BEP (bleomycin, etoposide, and
cisplatin),1,3 which will prevent relapse in the vast majority
of cases.1 In the USA, retroperitoneal lymph-node dissec-
tion may be carried out to further stage the disease before
making a decision regarding surveillance or adjuvant
chemotherapy.4 If resected nodes are clear, patients under-
go surveillance, but if they involve tumour (stage II) the
decision to give adjuvant chemotherapy is based on the de-
gree of nodal involvement and the ability of the patient to
undergo regular follow-up.4 
Where metastasis to the lymph nodes (stage II) or beyond
(stage III) has occurred, standard postorchidectomy thera-
py is now combination chemotherapy with BEP,1,3,4 or EP
(etoposide and cisplatin),4 which have largely replaced the
effective but more toxic PVB regimen (cisplatin, vinblast-
ine, and bleomycin).2,5 Based on serum markers and the
presence or absence of non-pulmonary visceral metastas-
es, patients with metastatic disease can be categorised into
good, intermediate, and poor-risk groups.4 Consequently,
there has been interest in minimising the treatment in pa-
tients with good prognosis in order to reduce long-term
morbidity. In such patients, 3 cycles of BEP,1,4,6,7 or 4 cy-
cles of EP, may be adequate.2,4,6 The substitution of carbo-
platin for cisplatin has resulted in a 10% lower relapse-free
survival, and slightly reduced overall survival, and is not
usually recommended,2,6 although some have reported
good results with such a regimen in children.8 There is ev-
idence that overall survival is improved by increased dose-
intensity of etoposide and perhaps bleomycin.9 Standard
management for patients with intermediate- or poor-risk
disease is 4 cycles of BEP.1,4,6,7 However, less than 50% of
poor-risk patients achieve a durable response and they may
be offered more intensive chemotherapy such as accelerat-
ed therapy, dose escalation with use of haematopoietic
growth factors, or high-dose chemotherapy with stem cell
support, with the aim of improving responses. So far, those
intensive treatments evaluated in randomised clinical stud-
ies have not proved more effective than BEP, and have of-
ten been more toxic.2,3 Studies are ongoing.2 Secondary re-
section of residual tumour after chemotherapy is usual.1-4 
Patients who fail, or who relapse after, standard chemo-
therapy have a poor prognosis, with an overall survival of
only 20 to 25%.2 A common salvage regimen is cisplatin
and ifosfamide with either vinblastine or paclitaxel.4,6

High-dose chemotherapy with stem cell support may also
be considered.1,2,4,6,7,10 Drugs with activity as single agents
in relapsed disease include paclitaxel, oxaliplatin, and
gemcitabine.1,2,6,7 
Seminoma is extremely sensitive to radiation, and adju-
vant radiotherapy is the treatment of choice after orchidec-
tomy in limited disease (stage I) and disease with low tu-
mour burden (stages IIA and IIB).1-4,6,7 About three-
quarters of patients have stage I disease at diagnosis and
cure rates are between 95 and 100%. However, seminoma
also responds very well to chemotherapy such as adjuvant
single-agent carboplatin;6,7 it has been compared with ad-
juvant radiotherapy for stage I disease. One study11 found
that after 4 years the relapse rates were similar, but long-
term follow-up was required. Chemotherapy is also being
used in some patients with stage IIB disease.1 Patients with
stages IIC to III seminoma have a relapse rate of over 35%
after adjuvant radiotherapy, and adjuvant chemotherapy is
preferred.1,2,4 Standard regimens are BEP (3 cycles for
good prognosis patients and 4 cycles for others4), or EP,1,4

which produce survival rates of about 90%.2 Salvage reg-
imens for relapsed or unresponsive seminoma are similar
to those used for nonseminomatous disease.4
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Malignant neoplasms of the thymus. Thymomas
are tumours of the mediastinum, arising from thymic tis-
sue. They are rare, and most commonly present in patients
between 40 and 60 years of age. Thymoma originates from
the epithelium of the thymus but may also contain a lym-
phocyte component, which is probably not neoplastic. Up
to 50% of patients are asymptomatic, and others have local
symptoms such as cough, chest pain, dyspnoea, and ob-
struction of the vena cava; paraneoplastic syndromes such
as myasthenia gravis, red cell aplasia, and hypogamma-
globulinaemia may also develop. 
Thymomas may be classified based on cell type; they are
also staged as non-invasive (encapsulated, stage I), inva-
sive (localised, stage II; extensive, stage III; and dissemi-
nated, IVa), and metastatic (IVb). The majority of patients
present with non-invasive disease, and can be treated sole-
ly by surgical resection with low recurrence rates and long-
term survival approaching 100%.1-3 Use of adjuvant radi-
ation therapy for stage II and III thymoma is controver-
sial.4 Some recommend postoperative radiotherapy after
complete surgical resection,1,2 whereas others consider it
to be beneficial only in patients with incomplete resection;
late complications of radiation therapy may occur.4 
In patients with unresectable invasive disease, primary ra-
diation therapy has been used to shrink the thymoma to
make it resectable.2 Radiotherapy alone has also been
used, with conflicting results.2 There is increasing interest
in combined modality approaches to improve survival in
this group.1-4 Chemotherapy has also been used to shrink
tumours, allowing for resection.2 Postoperative radiother-
apy and/or chemotherapy is then given.2,4,5 Chemotherapy
regimens used in this approach are similar to those used in
metastatic disease. 
Therapy for recurrent or metastatic disease is not well es-
tablished because of the rarity of the condition.1-3 Case se-
ries and phase II studies have shown that the tumour is
chemosensitive. Evidence that cisplatin had activity
against thymoma has led to much interest in cisplatin-con-
taining regimens such as cisplatin, doxorubicin, and cyclo-
phosphamide (PAC), and the same drugs with addition of
vincristine.1-4 Ifosfamide is also active as a single agent
against thymoma, and has been given with cisplatin and
etoposide.1,3 A combination of carboplatin and paclitaxel
is under investigation.3 Interleukin-2 has not proved bene-
ficial.1,3 There is some evidence that thymomas possess
somatostatin receptors, and there have been a few reports
of the benefit of octreotide.1,3
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Malignant neoplasms of the thyroid. Thyroid can-
cer accounts for only about 1% of all malignancies. The
incidence is reportedly higher in women than men, in pa-
tients who received irradiation of the thyroid during child-
hood, and in populations where goitre is endemic. The nat-
ural history varies with the cell type and degree of
differentiation. Well-differentiated papillary or follicular
tumours (which constitute about 70% and 15% of cases,
respectively) are very slow to grow and metastasise, some-

times persisting for years with little change in size and ex-
tent, although they may prove more aggressive in children.
In contrast medullary carcinomas (5 to 10% of cases),
which develop from the cells responsible for calcitonin se-
cretion, and undifferentiated (anaplastic) tumours (5%)
metastasise early and follow a much more rapid and ag-
gressive course. About 25% of medullary cancers are he-
reditary, including those due to multiple endocrine neopla-
sia type 2. 
The well-differentiated types usually present as a thyroid
nodule, although most nodules are not malignant, while
with anaplastic tumours there is usually bulky disease and
often difficulty in breathing due to encroachment on the
tracheal lumen. 
In patients with well-differentiated tumours total or par-
tial thyroidectomy is the treatment of choice.1-6 This may
be followed by a course of iodine-131 to destroy any resid-
ual tumour, although in low-risk patients the prognosis af-
ter surgery alone is so favourable that iodine-131 is not
usually recommended.1-6 Levothyroxine treatment should
be given to all patients to suppress thyroid stimulating hor-
mone (TSH) production, and must be continued for life.1-7

Ten-year survival of up to 85% in patients with follicular
tumours and up to 93% with papillary tumours has been
seen.4 External radiation therapy may be considered in pa-
tients with evidence of extrathyroid extension at the time
of surgery.4,5 Disease recurrence is commonly treated with
further surgery, ablative iodine-131 therapy or external ra-
diation therapy.1,2,4-6 
In patients with medullary cancers total thyroidectomy
and neck dissection are indicated, with levothyroxine
treatment if needed.2-4 Ten-year survival of 60 to 70% has
been reported.7,8 Adjuvant external beam radiotherapy
may be used in patients at high risk of regional
recurrence3,4 but routine use has not shown any survival
benefit.2 Prophylactic thyroidectomy may be considered
in patients with a hereditary predisposition to medullary
cancer.3,8 Resection may relieve symptoms in patients
with anaplastic tumours, but cure is impossible and treat-
ment is purely palliative, with survival measured in
months.3,4,7,9 Neither medullary8 nor anaplastic tumours7

are sensitive to iodine-131. External radiation therapy is
commonly used.2,3,9 
Chemotherapy has been tried in anaplastic thyroid cancer,
as well as in unresponsive disease of other cell types, with
limited benefit.2,6 Drugs tried, often in combination regi-
mens, include cisplatin, cyclophosphamide, bleomycin,
dacarbazine, doxorubicin, fluorouracil, paclitaxel, and
vincristine.4,7-9 The vascular targeting agent combretasta-
tin A4 phosphate is under investigation.4
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Neuroblastoma. Neuroblastoma accounts for about
7% of all childhood malignancies overall but is probably
the most frequent neoplasm in the first year of life. Three-
quarters of all cases present before the age of 5 years. The
tumour is derived from cells of the neural crest, and may
occur anywhere within the sympathetic nervous system,
notably the sympathetic ganglia and the adrenal medulla.
Clinical behaviour ranges from spontaneous remission to
rapid metastatic progression and death. Sites of metastasis
include lymph nodes, bone marrow, liver, and skin. Ad-
verse prognostic factors include age over 1 year at diagno-
sis, stage IV (distant metastases), and amplification of the
oncogene MYCN. 
Progress in the treatment of neuroblastoma over the last 20
years has increased 10-year survival to about 60% overall,
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although in patients with disseminated disease the gains
have been modest.1 
In those with localised disease (stage I or II) surgical resec-
tion alone is appropriate, with good long-term survival
prospects. In addition, asymptomatic infants less than one
year of age with localised tumours and limited dissemina-
tion (stage IV special) usually have a high rate of tumour
regression, and can be considered for surgical resection
then close observation.1 Low-dose chemotherapy general-
ly arrests tumour progression should this occur. 
In those with localised but unresectable disease (stage II
and III), subtotal surgical resection may be followed by
standard-dose chemotherapy.1 Chemotherapy regimens
include cyclophosphamide and doxorubicin, sometimes
with vincristine for good prognosis patients, and with the
addition of cisplatin and etoposide (or teniposide) for
poorer prognosis patients. Further surgery may be given,
with further chemotherapy and/or radiotherapy used in
those with residual disease.1 
Disseminated disease (stage IV) and tumours with adverse
prognostic features such as MYCN amplification are often
more resistant to chemotherapy, and more intensive thera-
py is used.1,2 Surgery and radiation therapy may be com-
bined with chemotherapy. Regimens used for remission
induction include cyclophosphamide, doxorubicin, cispla-
tin, etoposide or teniposide, and vincristine. Another op-
tion is cisplatin, etoposide, and vindesine alternating with
vincristine, dacarbazine, ifosfamide, and doxorubicin.1
After remission induction, consolidation with myeloabla-
tive chemotherapy and autologous stem cell or bone mar-
row rescue may be used. Maintenance therapy with oral
cyclophosphamide is being investigated. Isotretinoin, fen-
retinide, and monoclonal antibodies are also being investi-
gated for their ability to maintain remissions after chemo-
therapy.1,3 Targeted radiation, using iodine-131-labelled
m-iodobenzylguanidine, which is actively taken up by
cells synthesising catecholamines, may be used for scan-
ning, and is also being investigated for treatment.4
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Retinoblastoma. Retinoblastoma is the most common
eye tumour in children and accounts for about 3% of all
childhood malignancies (for other malignant neoplasms of
the eye, see above). In 60 to 70% of cases the tumour is
sporadic and non-hereditary, producing a unilateral, unifo-
cal lesion. In the remaining 30 to 40% of cases there is an
abnormal tumour suppressor gene (RB1) inherited: these
tumours are typically bilateral and are sometimes associat-
ed with an intracranial neuroblastic tumour (trilateral retin-
oblastoma or pinealoblastoma). In addition, patients with
the hereditary form are at very high risk of secondary pri-
mary malignancies, particularly osteosarcoma and soft tis-
sue sarcomas. The most common manifestations of retin-
oblastoma are leukocoria (white pupil), strabismus
(squint) and nystagmus. Retinoblastoma is confined to the
eye(s) (intra-ocular) at presentation in about 80% of pa-
tients, although the majority have extensive disease within
the eye. Nevertheless, 5-year disease-free survival after
treatment in these patients is over 90%. In contrast, pa-
tients with extra-ocular disease in the tissues around the
eye, or with metastatic spread to the CNS and beyond,
have a 5-year survival of less than 10% despite treatment. 
The aim of treatment for intra-ocular retinoblastoma is to
cure the disease, and to preserve as much vision as possi-
ble.1-5 In patients with unilateral tumours, enucleation (re-
moval of the eye) is the standard primary treatment when
there is no expectation of useful vision (e.g. extensive dis-
ease within the eye). In bilateral retinoblastoma, standard
treatment was enucleation of the advanced eye and exter-
nal beam radiation therapy in the less advanced eye. How-
ever, there is increasing use of therapies to preserve the eye
and to reduce the use of external radiotherapy which fur-
ther increases the risk of secondary malignancies.2-4,6

These include local treatments such as cryotherapy, ther-
motherapy, and plaque radiotherapy. Intravenous neoadju-
vant chemotherapy may be given before local treatment to
reduce tumour size (chemoreduction); regimens usually
include carboplatin, etoposide (or teniposide), and vincris-
tine.2-4 Ciclosporin has also been included to overcome the
multidrug resistance gene, P-glycoprotein.3,6 

Patients who are found to have optic nerve involvement
(micrometastatic retinoblastoma) on enucleation are at
high risk of recurrence. Although there is no consensus on
further treatment, these patients are often given adjuvant
chemotherapy (cyclophosphamide, doxorubicin, and vin-
cristine) and radiotherapy.3 
Patients with orbital extension may be treated with enucle-
ation, radiotherapy, and intensive chemotherapy.3 Regi-
mens typically include cyclophosphamide, doxorubicin,
and vincristine, and may include carboplatin and etopo-
side. Intrathecal methotrexate and cranial irradiation may
be added for CNS involvement or trilateral retinoblasto-
ma. Metastatic disease may be treated similarly, but al-
though combination chemotherapy may produce a re-
sponse it is rarely curative in such advanced disease. High-
dose chemotherapy with autologous stem cell rescue has
been tried in metastatic disease, but it has not been effec-
tive for disease involving the CNS.4
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Sarcomas. The sarcomas are tumours arising from mes-
odermal cells which form the bone and connective tissue
(as opposed to carcinomas, which arise from ectodermal
and endodermal cells, and leukaemias and lymphomas
which arise from the bone marrow and immune system). 
Sarcomas are uncommon, and vary considerably in their
sites, presentation, and prognosis. The primary malignan-
cies of bone include osteosarcoma and Ewing’s sarcoma,
which most often occur in older children and adolescents,
and chondrosarcoma which is most common in later life.
Soft tissue sarcomas include those of fibrous tissue (fibro-
sarcoma), skeletal muscle (rhabdomyosarcoma), smooth
muscle (leiomyosarcoma), adipose tissue (liposarcoma),
and blood vessels (a group which includes Kaposi’s sarco-
ma).
BONE SARCOMA. The commonest primary malignant
tumour of bone is osteosarcoma (osteogenic sarcoma)
which accounts for about 3 to 4% of all childhood ma-
lignancies. It is composed of malignant osteoblasts
which form an osteoid matrix within which new bone
formation may occur. Most osteosarcomas are aggres-
sive high-grade malignancies which destroy overlying
cortical bone and invade adjacent soft tissue, as well as
spreading along the medulla. Metastasis, almost exclu-
sively via the vascular system to the lungs and other dis-
tant sites, is usual and occurs early. 
The main therapy is surgery, with an increasing trend to
more conservative, limb-sparing operations rather than
amputation. Adjuvant chemotherapy is an important com-
ponent of therapy, however, as metastasis of the tumour is
common.1-4 Combinations of cisplatin, doxorubicin, ifos-
famide, and high-dose methotrexate are recommended.3,4

Neoadjuvant chemotherapy is often given before surgery
to attack micrometastases, shrink the primary tumour and
enable evaluation of the tumour response.3,5 Aggressive
treatment regimens can result in long-term relapse-free
survival rates of 70%, although patients with overt meta-
static disease at presentation have a poorer prognosis.4,5

Osteosarcomas are relatively resistant to radiation thera-
py;4 however, for unresectable high-grade osteosarcoma,
radiotherapy followed by adjuvant chemotherapy is rec-
ommended.3 
Like osteosarcoma, Ewing’s sarcoma is seen mainly in
adolescents and older children. It is a round cell tumour
that most often arises in the pelvis or the long bones of the
limbs. There may be diffuse erosion of the bone and
marked periosteal reaction. It spreads through the medul-
lary cavity, and metastases to lung and other bones are
common. 
Initial treatment is neoadjuvant chemotherapy for several
months.3,4 Combinations of cyclophosphamide, ifosfa-
mide, etoposide, doxorubicin, and vincristine are recom-
mended,3,4 given good results from addition of ifosfamide
and etoposide to standard regimens.4,6 Dactinomycin has
also been used in standard regimens,4,6 although its use for
localised disease is controversial.4 Typically, patients are
then given local therapy (surgery, radiation, or both), with

additional adjuvant chemotherapy.3,4 Ewing’s sarcoma is
relatively radiosensitive,4 and unresponsive or progressive
disease is best managed with radiation therapy with or
without surgery, followed by chemotherapy or best sup-
portive care.3 The prognosis of recurrent Ewing’s sarcoma
is poor.3 High-dose chemotherapy with stem cell rescue
has been investigated for relapsed or progressive disease,
with promising initial results.3,4 
Chemotherapy appears to have little place in the treatment
of other bone sarcomas such as chondrosarcoma3,4 or
osteoclastoma (giant cell tumours of bone);4 it has been
used in high-grade fibrosarcomas and in histiocytoma
but its value is uncertain.
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KAPOSI’S SARCOMA. Kaposi’s sarcoma is a tumour of
endothelial or spindle cell origin. In its classical form it
manifests as red or violet cutaneous lesions of the limbs
in elderly men, usually of Jewish or Mediterranean an-
cestry. An endemic form is also seen in certain areas of
Africa.1 Lesions may eventually affect the whole of the
skin, upper airways, gastrointestinal tract, lungs, and
lymph nodes, but in general disease is only very slowly
progressive, and may require no treatment. Patients giv-
en immunosuppressive therapy may be at greater risk of
developing Kaposi’s sarcoma, particularly if they are
from ethnic groups that are susceptible to the classic or
endemic forms of the disease.1 In recent years an epi-
demic form of the disease has appeared in patients with
disease due to HIV infection (p.856). HIV-associated
Kaposi’s sarcoma is more aggressive, with a greater
tendency to disseminated and metastatic disease. 
A novel herpesvirus (human herpesvirus 8, HHV8) has
been implicated in the pathogenesis of Kaposi’s sarcoma.
HHV8 induces changes in endothelial cells that make
them more susceptible to inflammatory cytokines and an-
giogenesis.2 Some antivirals, such as cidofovir and to a
lesser extent foscarnet and ganciclovir, have shown activ-
ity against HHV8 in vitro, but they have not been equally
successful in treating Kaposi’s sarcoma in vivo. Treatment
with HAART has greatly reduced the occurrence of Kapo-
si’s sarcoma in AIDS patients, and may cause regression
of milder forms of the disease, but this is thought to be due
to improvements in immune function rather than a direct
effect on Kaposi’s sarcoma.3 The development of Kaposi’s
sarcoma is likely to be multifactorial, and as infection with
HHV8 alone does not produce disease, and the replication
of HHV8 in sarcoma cells is low, antiviral therapy alone is
unlikely to be sufficient to control symptoms.3 
Patients with classic or endemic Kaposi’s sarcoma are of-
ten treated with surgery or radiotherapy of individual le-
sions.1 Extensive or recurrent disease may be treated with
vinca alkaloids, bleomycin, doxorubicin, and dacarbazine,
alone or in combination.1 Etoposide and interferon alfa
have also been tried.1 Patients with immunosuppression-
associated Kaposi’s sarcoma may be treated similarly to
those with the classic form, or preferably by alteration of
the immunosuppressive regimen if this can be done with-
out graft loss.1 Clinical and histological regression of cuta-
neous Kaposi’s sarcoma has been described in a small
number of renal transplant recipients when ciclosporin and
mycophenolate mofetil were replaced with sirolimus.4 
The epidemic form of Kaposi’s sarcoma is associated with
HIV infection, and seen particularly in homosexual pa-
tients. HAART may control Kaposi’s sarcoma, and is con-
sidered first-line therapy,5-7 but the response is unpredicta-
ble, so specific therapy is often needed.1 Localised disease
may be managed with cryotherapy or radiotherapy, but in-
tralesional vinblastine, interferon alfa, and topical alitretin-
oin are also used.2,5-8 Photodynamic therapy is also used.6,7 
Systemic chemotherapy is generally reserved for patients
with more extensive disease or mucosal or visceral in-
volvement.5,7 In patients with a CD4 cell count of 200
cells/mm3 or above, treatment with interferon alfa, in com-
bination with zidovudine, has been advocated by some,



676   Antineoplastics

but systemic chemotherapy is the treatment of choice.1-3,5,6

The main combination regimens use a vinca alkaloid and
bleomycin, with or without doxorubicin.2,3 Liposomal for-
mulations of doxorubicin and daunorubicin have produced
response rates of 40-85%, and may be less toxic than con-
ventional chemotherapy;2,3,8 it has been suggested that a
liposomal anthracycline is the drug of choice in extensive
disease.1,2,5-7 Paclitaxel is also used as a single agent in ad-
vanced disease.2,3,7,8 However, although highly effective,
doses may need to be reduced if given to patients taking
HAART because of the risk of drug interactions.5,7 Al-
though data are limited, docetaxel may be a reasonable al-
ternative.7 Some response has also been reported for oral
etoposide.1 
Control of Kaposi’s sarcoma has been reported in a few
patients given high-dose intramuscular chorionic gonado-
trophin, but tumour regression ceased and regrowth oc-
curred when dosage was reduced or withdrawn.9 Further
reports of intralesional or systemic use have included par-
tial remissions and disease stabilisation, as well as no ef-
fect or disease progression. The reasons for these contra-
dictory results are unclear, but they may be due to
variability in chorionic gonadotrophin preparations, which
contain a mixture of biological contaminants. A cytotoxic
ribonuclease and the degradation product of the β-hCG
subunit have been proposed as active contaminants against
Kaposi’s sarcoma, but other contaminants may stimulate
the tumour.10 Other lines of investigation include the use
of sulfated polysaccharide peptidoglycans, imatinib, other
inhibitors of angiogenesis including thalidomide, and the
retinoids.1,5-8
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SOFT-TISSUE SARCOMA. Soft-tissue sarcomas are a var-
ied group of malignant tumours that originate from
mesenchymal stem cells residing in muscle, fat, or con-
nective tissue,1,2 and whose subtypes vary in terms of
prognosis and response to different treatments.3 The
majority of soft-tissue sarcomas occur in the limb or
limb girdle; some occur within the abdomen (retroperi-
toneal), in the head or neck, or in the gastrointestinal
tract.4,5 Patients have a 5-year survival rate of about 50
to 60%;4 survival in those with extremity sarcomas is
better than that in patients with retroperitoneal sarco-
mas.2 Tumours often metastasise to the lung; those aris-
ing in the abdomen metastasise to the liver and perito-
neum.4 
Rhabdomyosarcoma is the commonest soft-tissue sarco-
ma in childhood, and is thought to arise from progenitor
cells for skeletal muscle. The most frequent sites are the
head and neck, genito-urinary tract, and extremities. Some
genetic disorders are associated with rhabdomyosarco-
ma.6,7 All patients are presumed to have micrometastatic
disease at diagnosis; histologically the most common
types are embryonal, which occurs at an earlier age, and
alveolar, which is more common in adolescents.7 
The gastrointestinal stromal tumours (GISTs) are soft-
tissue sarcomas arising in the gastrointestinal tract, most
commonly in the stomach and small bowel.4,8,9 Symptoms
may include abdominal pain, anorexia, weight loss, haem-
orrhage, changes in bowel movements, bowel obstruction,
or perforation. Patients with liver metastases may have
oedema of the lower extremity, ascites, or jaundice.10

Spread to the lungs and other locations is seen only in ad-
vanced cases.4 
Surgery is the primary therapy for soft-tissue sarco-
mas,1,2,4,8 and may be curative for localised disease.5,11 Ra-
diotherapy, as external-beam therapy or brachytherapy,
may be given with surgery, or alone if surgery is inappro-
priate or declined by the patient.5 Radiation may be given
pre-operatively, during surgery, or postoperatively;1 opti-

mal timing is unclear.5,8 Similar rates of local control and
progression-free survival have been reported for pre- and
postoperative radiotherapy, although pre-operative treat-
ment has been associated with a greater incidence of
wound complications, especially in lower extremity tu-
mours.4 Postoperative radiation can cause acute and de-
layed bowel toxicity in those with retroperitoneal tumours,
and significant toxicity has occurred with the use of brach-
ytherapy, especially when used in the upper abdomen.2 
Surgery and/or radiotherapy may be combined with chem-
otherapy. Pre-operative chemotherapy may allow for more
efficient resection of the tumour.1,8 The use of postopera-
tive chemotherapy is controversial,5,8 except for some tu-
mours such as extraosseous Ewing’s sarcoma or rhab-
domyosarcoma. For these tumours, combinations of
vincristine, dactinomycin, doxorubicin, cyclophospha-
mide, ifosfamide, or etoposide form the basis of most reg-
imens.5-8 
For those with unresectable or metastatic disease, chemo-
therapy may be palliative; ifosfamide and doxorubicin are
routinely used in this setting.5 These may be used as single
agents or in combination; other acceptable single agent
choices are dacarbazine, gemcitabine, or liposomal doxo-
rubicin.4 Data support the use of adjuvant doxorubicin-
based chemotherapy to improve disease-free survival;12

however, overall survival is not improved. For palliative
treatment in advanced soft-tissue sarcoma, a systematic
review13 concluded that combination chemotherapy did
not significantly increase survival rates compared with
single-agent doxorubicin. A retrospective analysis14 found
that, in patients with high-risk disease, clinical benefits of
doxorubicin-based chemotherapy were not sustained be-
yond 1 year. There is no consensus on the best second-line
chemotherapy regimen for patients with metastatic disease
refractory to doxorubicin- or ifosfamide-based regi-
mens.2,3 Dose-intensified combination regimens, with col-
ony-stimulating factor support, have been investigated as
adjuvant therapy15 and in advanced disease;16 although
both these studies found a delay in disease progression, a
beneficial effect on overall survival was only found in the
former. Intensive combination chemotherapy benefited a
subgroup of children with metastatic rhabdomyosarcoma
and fewer than 2 unfavourable risk factors, in terms of
event-free survival and overall survival. However, most
patients have more than 2 risk factors; these patients
should be considered for novel first-line therapies. No ev-
idence was found for improved outcome after consolida-
tion therapy with high-dose melphalan and autologous
bone marrow or peripheral-blood stem cell rescue.17 Re-
sponse to topotecan has been reported in a study of meta-
static rhabdomyosarcoma,18 and trabectedin has shown
some activity in advanced soft-tissue sarcomas.3,5 Tason-
ermin and melphalan can be used together for isolated
limb perfusion of unresectable soft-tissue sarcomas, but
severe toxicity may limit use of this regimen. Potential sal-
vage therapy options after failure of first-line therapy in-
clude paclitaxel, docetaxel, gemcitabine, trofosfamide, te-
mozolomide, and various combinations thereof.3 
Surgery is used for localised, resectable disease arising in
the gastrointestinal tract, although this does not routinely
cure GISTs; median time to recurrence after resection is
about 2 years. Adjuvant imatinib is under investigation in
this setting. Imatinib produces durable clinical benefit and
objective responses in most patients with GISTS, includ-
ing those with metastatic or unresectable disease. If the tu-
mour responds to imatinib, surgical resection may be indi-
cated. In patients with imatinib-resistant GIST, or who
experience life-threatening adverse effects such as hepato-
toxicity and fluid retention with imatinib, sunitinib may be
considered.4,8,9,19
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Aclarubicin (BAN, USAN, rINN)

Aclacinomycin A; Aclarubicina; Aclarubicine; Aclarubicinum; Ak-
larubicin; Aklarubisiini; Aklarubisin; NSC-208734. Methyl
(1R,2R,4S)-4-(O-{2,6-dideoxy-4-O-[(2R,6S)-tetrahydro-6-me-
thyl-5-oxopyran-2-yl]-α-L-lyxo-hexopyranosyl}-(1→4)-2,3,6-tri-
deoxy-3-dimethylamino-L-lyxo-hexopyranosyloxy)-2-ethyl-1,2,3,-
4,6,11-hexahydro-2,5,7-trihydroxy-6,11-dioxonaphthacene-1-
carboxylate.
Акларубицин
C42H53NO15 = 811.9.
CAS — 57576-44-0.
ATC — L01DB04.
ATC Vet — QL01DB04.

Description. Aclarubicin is an anthracycline antineoplastic an-
tibiotic isolated from Streptomyces galilaeus.

Aclarubicin Hydrochloride (BANM, rINNM)

Aclarubicine, Chlorhydrate d’; Aclarubicini Hydrochloridum;
Hidrocloruro de aclarubicina.
Акларубицина Гидрохлорид
C42H53NO15,HCl = 848.3.
CAS — 75443-99-1.
ATC — L01DB04.
ATC Vet — QL01DB04.

Pharmacopoeias. In Jpn.

Stability. In a study of the stability of anthracycline antineoplas-
tic agents in 4 infusion fluids—glucose 5%, sodium chloride
0.9%, lactated Ringer’s injection, and a commercial infusion flu-
id—stability appeared to be partly related to pH; aclarubicin was
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

most stable in sodium chloride injection, with a pH of 6.2, and
any increase or decrease in pH appeared to affect stability ad-
versely.1

1. Poochikian GK, et al. Stability of anthracycline antitumor agents
in four infusion fluids. Am J Hosp Pharm 1981; 38: 483–6.

Adverse Effects, Treatment, and Precautions
As for Doxorubicin Hydrochloride, p.712. Alopecia and cardio-
toxicity may be less pronounced than with doxorubicin, and ex-
travasation of aclarubicin causes less local tissue inflammation.
Bone-marrow depression is dose-limiting, with platelet counts
reaching a nadir 1 to 2 weeks after dosage, while leucopenia is
greatest after 2 to 3 weeks; recovery generally occurs within 4
weeks. Myelosuppression may be particularly severe in patients
who have received mitomycin or a nitrosourea.

Incidence of adverse effects. An early review1 noted that a
strikingly high incidence of ECG changes had been seen with
aclarubicin, but that although acute cardiotoxicity occurred, the
chronic cardiomyopathy classically associated with the anthra-
cyclines (see p.713) appeared to be rare. Alopecia was also rare,
although gastrointestinal disturbances and mucositis were as
common or more common than with doxorubicin.
1. Warrell RP. Aclacinomycin A: clinical development of a novel

anthracycline antibiotic in the haematological cancers. Drugs
Exp Clin Res 1986; 12: 275–82.

Pharmacokinetics
Aclarubicin is rapidly distributed into tissues after intravenous
injection. Clearance is triphasic, with a terminal elimination half-
life of about 3 hours; the principal active metabolite has a termi-
nal half-life of about 13 hours. Aclarubicin is extensively metab-
olised and only about 1% of the total dose is eliminated
unchanged. It is excreted in urine, chiefly as metabolites; some is
also eliminated in bile.

Uses and Administration
Aclarubicin is an anthracycline antibiotic with antineoplastic ac-
tions similar to those of the other anthracyclines (see Doxoru-
bicin Hydrochloride, p.714), although it inhibits RNA synthesis
more strongly than DNA synthesis. It has been used as the hydro-
chloride in the treatment of malignant blood disorders, such as
acute myeloid leukaemia (p.652). Aclarubicin hydrochloride
104 mg is equivalent to about 100 mg of aclarubicin. The usual
initial dose as a single agent has been the equivalent of 175 to
300 mg/m2 of aclarubicin, divided over 3 to 7 consecutive days,
as intravenous infusions over 30 to 60 minutes. Where appropri-
ate and tolerated, maintenance doses of the equivalent of 25 to
100 mg/m2 may be given as a single infusion every 3 to 4 weeks.
The total dose that can be given over the patient’s life-time de-
pends upon cardiological status but most patients have not re-
ceived more than 400 mg/m2. Dosages may need to be reduced
when given as part of a combination regimen.

◊ An early review of studies in patients with relapsed acute my-
eloid leukaemia confirmed the activity of aclarubicin, with re-
ported complete remission rates of the order of 12 to 24%.1 Dos-
es varied from 10 to 30 mg/m2 daily to higher doses of 75 to
120 mg/m2 for 2 to 4 days; in general a total dose of about
300 mg/m2 appeared to be necessary to induce remission. Less
information was available concerning activity in acute lymphob-
lastic leukaemia, but response rates were lower than those in
acute myeloid leukaemia. Results in the malignant lymphomas
were generally disappointing. 
Longer-term follow-up has confirmed that remission rates and
survival are similar for induction regimens in acute myeloid leu-
kaemia using either aclarubicin or daunorubicin.2,3

1. Warrell RP. Aclacinomycin A: clinical development of a novel
anthracycline antibiotic in the haematological cancers. Drugs
Exp Clin Res 1986; 12: 275–82. 

2. de Nully Brown P, et al. Long-term survival and development of
secondary malignancies in patients with acute myeloid leukemia
treated with aclarubicin or daunorubicin plus cytosine arabino-
side followed by intensive consolidation chemotherapy in a Dan-
ish national phase III trial. Leukemia 1997; 11: 37–41. 

3. Öberg G, et al. Long-term follow-up of patients ≥60 yr old with
acute myeloid leukaemia treated with intensive chemotherapy.
Eur J Haematol 2002; 68: 376–81.

AE-941

Profile
AE-941 is an angiogenesis inhibitor derived from shark cartilage
extract. It has been investigated for the treatment of non-small
cell lung cancer and some other neoplasms.

◊ References.
1. Sauder DN, et al. Neovastat (AE-941), an inhibitor of angiogen-

esis: randomized phase I/II clinical trial results in patients with
plaque psoriasis. J Am Acad Dermatol 2002; 47: 535–41. 

2. Gingras D, et al. Neovastat—a novel antiangiogenic drug for
cancer therapy. Anticancer Drugs 2003; 14: 91–6.

Alemtuzumab (BAN, rINN)

Alemtutsumabi; Alemtuzumabum; Campath-1; Campath-1H.
Immunoglobulin G 1 (human-rat monoclonal CAMPATH-1H γ1-
chain antihuman antigen CD52), disulfide with human-rat mon-
oclonal CAMPATH-1H light chain, dimer.
Алемтузумаб
CAS — 216503-57-0.
ATC — L01XC04.
ATC Vet — QL01XC04.

NOTE. The name FluCam has been used for a regimen of alemtu-
zumab with fludarabine. Distinguish from Flucam, which is am-
piroxicam (p.19).

Adverse Effects, Treatment, and Precau-
tions
For general discussions, see Antineoplastics, p.635,
p.639, and p.641. 
Alemtuzumab commonly causes bone marrow depres-
sion, which may be severe and prolonged; fatalities
have occurred. Auto-immune anaemia and auto-
immune thrombocytopenia and haemolytic anaemia
have been reported less commonly; however, fatalities
have been reported. Single doses greater than 30 mg,
or cumulative weekly doses greater than 90 mg should
not be used, because of the increased incidence of pan-
cytopenia. Complete blood and platelet counts should
be measured weekly during alemtuzumab therapy, and
more frequently if anaemia, neutropenia, or thrombo-
cytopenia occur. Treatment should be interrupted if se-
vere myelosuppression or evidence of haematological
toxicity are seen and stopped permanently if auto-
immune anaemia or auto-immune thrombocytopenia
develops. Lymphopenia may be profound with alemtu-
zumab therapy, and opportunistic infections are com-
mon, and occasionally life-threatening. Antimicrobial
prophylaxis is recommended from the start of therapy
until after completion; if serious infection occurs, treat-
ment should be interrupted. Recovery of lymphocyte
counts may take 6 months or longer after stopping
treatment. 
Alemtuzumab commonly causes an acute cytokine re-
lease syndrome. The reaction usually includes rigors,
fever, nausea and vomiting, hypotension, rash, urticar-
ia, pruritus, shortness of breath, headache, and diar-
rhoea. Rarer, more serious reactions may include bron-
chospasm, syncope, pulmonary infiltrates, acute
respiratory distress syndrome, respiratory arrest, myo-
cardial infarction, and cardiac arrest. Cardiac adverse
effects have been fatal in some instances. These infu-
sion-related reactions are most common at the start of
therapy: the dose must be increased gradually when be-
ginning treatment, or if it is interrupted for 7 days or
more. Pre-medication with an oral or intravenous cor-
ticosteroid, oral antihistamine, and analgesic should
also be used, particularly before the first dose, and with
dose increases. If acute infusion reactions persist, the
infusion time may be extended to 8 hours from the time
of reconstitution. 
Other adverse effects include fatigue, anorexia, asthe-
nia, malaise, arthralgia, myalgia, bone pain, back pain,
chest pain, hypertension, cyanosis, and bradycardia or
tachycardia. Localised oedema, stomatitis, mucositis,
and abdominal pain have been reported, as have dizzi-
ness, paraesthesia, tremor, and taste loss. Confusion,
insomnia or somnolence, depression, or anxiety may
occur. Electrolyte disturbances include hyponatraemia
and hypocalcaemia. Coughing, haemoptysis, sinusitis,
bronchitis, and pharyngitis have been reported. 
Alemtuzumab is contra-indicated for patients with ac-
tive systemic infection, or underlying immunodefi-
ciency.
Infection. Reactivation of hepatitis B1 and CMV2 has been re-
ported with the use of alemtuzumab. Patients who have been pre-
treated with purine analogues or those with advanced disease and
not responding to alemtuzumab therapy appear to be at highest
risk for infectious complications. Recommendations for screen-
ing and prophylaxis3 and guidelines for management4 have been
published. Six infection-related deaths have been reported5 after
previously untreated patients with B-cell chronic lymphocytic
leukaemia were treated with fludarabine and rituximab, followed

by alemtuzumab. These deaths may have resulted from a pro-
longed period of immunosuppression due to the sequencing of
these drugs without sufficient recovery time. In the EU, alemtu-
zumab is licensed for use in patients for whom fludarabine com-
bination chemotherapy is not appropriate.
1. Iannitto E, et al. Hepatitis B virus reactivation and alemtuzumab

therapy. Eur J Haematol 2005; 74: 254–8. 
2. Laurenti L, et al. Cytomegalovirus reactivation during alemtuzu-

mab therapy for chronic lymphocytic leukemia: incidence and
treatment with oral ganciclovir. Haematologica 2004; 89:
1248–52. 

3. Thursky KA, et al. Spectrum of infection, risk and recommenda-
tions for prophylaxis and screening among patients with lym-
phoproliferative disorders treated with alemtuzumab. Br J Hae-
matol 2006; 132: 3–12. 

4. O’Brien SM, et al. Updated guidelines on the management of
cytomegalovirus reactivation in patients with chronic lym-
phocytic leukemia treated with alemtuzumab. Clin Lymphoma
Myeloma 2006; 7: 125–30. 

5. Bayer, UK; Genzyme, UK. Important safety information: six in-
fection-related deaths reported after treatment with MabCam-
path  (alemtuzumab) following Fludarabine+Rituximab induc-
tion in patients with B-Cell Chronic Lymphocytic Leukemia
(CLL) (issued 11th February 2008). Available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON014104&RevisionSelectionMethod=
Latest (accessed 12/05/08)

Interactions
There are no formal interaction studies with alemtuzu-
mab; however, it is recommended that it should not be
given within 3 weeks of other chemotherapy drugs,
and that patients should not receive live viral vaccines
for at least 12 months after receiving alemtuzumab.

Pharmacokinetics
In patients with B-cell chronic lymphocytic leukaemia,
distribution of alemtuzumab is mainly to the extracel-
lular fluid and plasma. Over 12 weeks, clearance has
been found to decrease with repeated dosing, with con-
sequent accumulation in plasma, and the rate of elimi-
nation to approach zero-order kinetics. The half-life is
reported to be 8 hours after a first dose of 30 mg, and 6
days after the last 30 mg dose. Steady-state concentra-
tions are reached after about 6 weeks of therapy.
◊ References.
1. Rebello P, et al. Pharmacokinetics of CAMPATH-1H in BMT

patients. Cytotherapy 2001; 3: 261–7. 
2. Mould DR, et al. Population pharmacokinetics-pharmacody-

namics of alemtuzumab (Campath ) in patients with chronic
lymphocytic leukaemia and its link to treatment response. Br J
Clin Pharmacol 2007; 64: 278–91.

Uses and Administration
Alemtuzumab is a humanised derivative of campath-
1G, a rat monoclonal antibody to the CD52 antigen
found on lymphocytes. Alemtuzumab is used in the
treatment of B-cell chronic lymphocytic leukaemia
(p.653). The dose of alemtuzumab must be increased
gradually to avoid infusion-related reactions (see
above). Alemtuzumab should be diluted in 100 mL so-
dium chloride 0.9% or glucose 5%. The initial dose is
3 mg daily, given as an intravenous infusion over 2
hours (it may be increased up to 8 hours in some pa-
tients, see above). This dose should be repeated daily
until it is tolerated; the dose should then be increased to
10 mg daily. When this dose is tolerated, the mainte-
nance dose of 30 mg can be started; this dose escala-
tion usually takes 3 to 7 days. A maximum mainte-
nance dose of 30 mg given three times weekly on
alternate days can then be used for up to 12 weeks. The
dose should be modified according to haematological
toxicity. 
Alemtuzumab is under investigation for induction
therapy in transplantation (see Organ and Tissue Trans-
plantation, p.1810, et seq). It is also under investigation
for the treatment of multiple sclerosis.
◊ References.
1. Keating MJ, et al. Therapeutic role of alemtuzumab (Campath-

1H) in patients who have failed fludarabine: results of a large
international study. Blood 2002; 99: 3554–61. 

2. Osterborg A, et al. Clinical effects of alemtuzumab (Campath-
1H) in B-cell chronic lymphocytic leukemia. Med Oncol 2002;
19 (suppl): S21–S26. 

3. Dearden CE, et al. Alemtuzumab in T-cell malignancies. Med
Oncol 2002; 19 (suppl): S27–S32. 

4. Kennedy B, Hillmen P. Immunological effects and safe admin-
istration of alemtuzumab (MabCampath) in advanced B-cLL.
Med Oncol 2002; 19 (suppl): S49–S55. 

5. Rai KR, et al. Alemtuzumab in previously treated chronic lym-
phocytic leukemia patients who also had received fludarabine. J
Clin Oncol 2002; 20: 3891–7. 
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6. Hale G, et al. Alemtuzumab (Campath-1H) for treatment of

lymphoid malignancies in the age of nonmyeloablative condi-
tioning? Bone Marrow Transplant 2002; 30: 797–804. 

7. Frampton JE, Wagstaff AJ. Alemtuzumab. Drugs 2003; 63:
1229–43. 

8. Keating M, et al. Management guidelines for use of alemtuzu-
mab in B-cell chronic lymphocytic leukemia. Clin Lymphoma
2004; 4: 220–7. 

9. Faderl S, et al. The evolving role of alemtuzumab in manage-
ment of patients with CLL. Leukemia 2005; 19: 2147–52. 

10. Morris PJ, Russell NK. Alemtuzumab (Campath-1H): a system-
atic review in organ transplantation. Transplantation 2006; 81:
1361–7. 

11. Magliocca JF, Knechtle SJ. The evolving role of alemtuzumab
(Campath-1H) for immunosuppressive therapy in organ trans-
plantation. Transpl Int 2006; 19: 705–14. 

12. Ravandi F, O’Brien S. Alemtuzumab in CLL and other lym-
phoid neoplasms. Cancer Invest 2006; 24: 718–25. 

13. Hillmen P, et al. Alemtuzumab compared with chlorambucil as
first-line therapy for chronic lymphocytic leukemia. J Clin On-
col 2007; 25: 5616–23.

Administration. Subcutaneous use of alemtuzumab has been
investigated as a means of reducing adverse infusion reactions
associated with intravenous dosage. Studies have found it to be
safe and effective.1,2 Similar blood concentrations are achieved
to those after intravenous use, although accumulation in the
blood took longer to achieve with subcutaneous use, and higher
cumulative doses were required.3 Prolonged treatment with sub-
cutaneous low-dose alemtuzumab (10 mg three times weekly for
18 weeks) has been reported to be as effective as intravenous in-
fusion in patients with chronic lymphocytic leukaemia and a
poor prognosis.4
1. Montillo M, et al. Safety and efficacy of subcutaneous Campath-

1H for treating residual disease with chronic lymphocytic leuke-
mia responding to fludarabine. Haematologica 2002; 87:
695–700. 

2. Lundin J, et al. Phase II trial of subcutaneous anti-CD52 mono-
clonal antibody alemtuzumab (Campath-1H) as first-line treat-
ment for patients with B-cell chronic lymphocytic leukemia (B-
CLL). Blood 2002; 100: 768–73. 

3. Hale G, et al. Blood concentrations of alemtuzumab and anti-
globulin responses in patients with chronic lymphocytic leuke-
mia following intravenous or subcutaneous routes of administra-
tion. Blood 2004; 104: 948–55. 

4. Cortelezzi A, et al. A pilot study of low-dose subcutaneous ale-
mtuzumab therapy for patients with hemotherapy-refractory
[sic] chronic lymphocytic leukemia. Haematologica 2005; 90:
410–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Campath; Austria: MabCampath; Belg.: MabCampath; Braz.: Cam-
path; Cz.: MabCampath; Denm.: MabCampath; Fin.: MabCampath; Fr.:
MabCampath; Ger.: MabCampath; Gr.: MabCampath; Hung.: MabCam-
path; Irl.: MabCampath; Israel: MabCampath; Ital.: MabCampath; Malay-
sia: MabCampath; Neth.: MabCampath; Norw.: MabCampath; Pol.: Ma-
bCampath; Port.: MabCampath; Rus.: Campath (Кэмпас); S.Afr.:
MabCampath; Singapore: MabCampath; Spain: MabCampath; Swed.:
MabCampath; Switz.: MabCampath; UK: MabCampath; USA: Campath.

Alitretinoin (BAN, USAN, rINN)

AGN-192013; Alitretinoiini; Alitretinoína; Alitrétinoïne; Alitretin-
oinum; ALRT-1057; BAL-4079; LG-100057; LGD-1057; NSC-
659772; 9-cis-Retinoic Acid. (2E,4E,6Z,8E)-3,7-Dimethyl-9-
(2,6,6-trimethyl-1-cyclohexen-1-yl)-2,4,6,8-nonatetraenoic acid.
Алитретиноин
C20H28O2 = 300.4.
CAS — 5300-03-8.
ATC — L01XX22.
ATC Vet — QL01XX22.

Adverse Effects and Precautions
Local skin toxicity may occur with topical application of ali-
tretinoin, in particular erythema and oedema, and in some pa-
tients this may be dose-limiting. Pain, paraesthesia, rashes, pru-
ritus, exfoliative dermatitis, and other skin disorders may also
occur locally. Lymphadenopathy, phlebitis, cellulitis, and bacte-
rial infections have been reported. Alitretinoin may have a weak
photosensitising effect, and patients should minimise exposure
of treated areas to sunlight or other ultraviolet light during thera-
py.
Interactions
Use of products containing diethyltoluamide is not recommend-
ed during alitretinoin therapy, as animal studies indicate an in-
crease in diethyltoluamide toxicity with concurrent use.

Pharmacokinetics
Systemic absorption of topical alitretinoin is not considered to be
extensive. In-vivo studies of oral doses indicate that alitretinoin
is metabolised to 4-oxo-9-cis-retinoic acid.

Uses and Administration
Alitretinoin is a retinoid related to tretinoin (p.1618). It is used
topically, as a 0.1% gel, in the management of cutaneous lesions
in patients with AIDS-related Kaposi’s sarcoma (p.675). It is ap-
plied directly to the lesions twice daily, increasing to up to 4
times daily if tolerated. Doses should be increased at intervals of
at least 2 weeks. If local toxicity occurs, application frequency
should be reduced, or treatment temporarily stopped, until the
symptoms subside. EU licensed product information states that
if no response is seen after 12 weeks, therapy should be stopped;
however, US licensed product information states that some pa-
tients have required over 14 weeks to respond. Treatment may be
continued as long as the patient responds. Oral formulations of
alitretinoin are under investigation for the treatment of chronic
hand dermatitis refractory to topical corticosteroids.

◊ References.
1. Cheer SM, Foster RH. Alitretinoin. Am J Clin Dermatol 2000; 1:

307–14. 
2. Bodsworth NJ, et al. Phase III vehicle-controlled, multi-centered

study of topical alitretinoin gel 0.1% in cutaneous AIDS-related
Kaposi’s sarcoma. Am J Clin Dermatol 2001; 2: 77–87. 

3. Miles SA, et al. Antitumor activity of oral 9-cis-retinoic acid in
HIV-associated Kaposi’s sarcoma. AIDS 2002; 16: 421–9. 

4. Kurie JM, et al. Treatment of former smokers with 9-cis-retinoic
acid reverses loss of retinoic acid receptor-beta expression in the
bronchial epithelium: results from a randomized placebo-con-
trolled trial. J Natl Cancer Inst 2003; 95: 206–14. 

5. Aboulafia DM, et al. 9-cis-Retinoic acid capsules in the treat-
ment of AIDS-related Kaposi sarcoma: results of a phase 2 mul-
ticenter clinical trial. Arch Dermatol 2003; 139: 178–86. 

6. Ruzicka T, et al. Oral alitretinoin (9-cis-retinoic acid) therapy for
chronic hand dermatitis in patients refractory to standard thera-
py: results of a randomized, double-blind, placebo-controlled,
multicenter trial. Arch Dermatol 2004; 140: 1453–9. 

7. Ruzicka T, et al. Efficacy and safety of oral alitretinoin (9-cis
retinoic acid) in patients with severe chronic hand eczema refrac-
tory to topical corticosteroids: results of a randomized, double-
blind, placebo-controlled, multicentre trial. Br J Dermatol 2008;
158: 808–17.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Panretin; Cz.: Panretin; Fr.: Panretin; Ger.: Panretin; Gr.: Panretin;
Neth.: Panretin; Port.: Panretin; USA: Panretin.

Altretamine (BAN, USAN, rINN)

Altretamiini; Altretamin; Altretamina; Altrétamine; Altretaminum;
Hexamethylmelamine; HMM; NSC-13875; WR-95704. 2,4,6-
Tris(dimethylamino)-1,3,5-triazine; N2,N2,N4,N4,N6,N6-Hexame-
thyl-1,3,5-triazine-2,4,6-triamine.

Альтретамин
C9H18N6 = 210.3.
CAS — 645-05-6.
ATC — L01XX03.
ATC Vet — QL01XX03.

Pharmacopoeias. In Chin. and US. 
USP 31 (Altretamine). A white crystalline powder. Insoluble in
water; soluble in chloroform. Store in airtight containers.

Adverse Effects, Treatment, and Precautions
For a general outline see Antineoplastics, p.635, p.639, and
p.641. 
Bone-marrow depression is usually moderate, manifesting as
leucopenia, thrombocytopenia, and anaemia, and may require
dosage reduction; blood counts should be monitored regularly.
Nausea and vomiting are common and usually moderate al-
though they may be dose-limiting. Prolonged or high-dose ther-
apy may be associated with neurotoxicity, both peripheral (neu-
ropathies) and central (ataxia, depression, confusion,
drowsiness, and hallucinations); neurological examination
should be performed regularly and treatment interrupted or the
dose reduced as appropriate. Renal toxicity may also be dose-
limiting. Other rare adverse effects include rashes, alopecia, and
hepatic toxicity.

Handling. Altretamine is irritant; avoid contact with skin and
mucous membranes.

Interactions
For a general outline of antineoplastic drug interactions, see
p.642. Pyridoxine appears to reduce the activity of altretamine.

Antidepressants. Severe and potentially life-threatening or-
thostatic hypotension developed in 3 patients who took am-
itriptyline or imipramine with altretamine and in a fourth patient
who took phenelzine and altretamine.1 One patient was able to
tolerate the antineoplastic with nortriptyline.
1. Bruckner HW, Schleifer SJ. Orthostatic hypotension as a compli-

cation of hexamethylmelamine antidepressant interaction. Can-
cer Treat Rep 1983; 67: 516.

Pharmacokinetics
Altretamine is well absorbed from the gastrointestinal tract after
oral doses, but is rapidly demethylated in the liver producing var-
iation in plasma-altretamine concentrations. The principal me-
tabolites are pentamethylmelamine and tetramethylmelamine,
which are excreted in urine. The elimination half-life has been
reported to be 4 to 10 hours.

◊ References.
1. Damia G, D’Incalci M. Clinical pharmacokinetics of altretamine.

Clin Pharmacokinet 1995; 28: 439–48.

Uses and Administration
Altretamine is an antineoplastic agent structurally similar to the
alkylating agent tretamine (triethylenemelamine) although its
mode of action may be different. It is given orally and is licensed
for use as a single agent in the palliative treatment of ovarian
carcinoma (p.670). Altretamine has also been tried in lung can-
cer. The usual dose as a single agent in ovarian cancer is
260 mg/m2 daily in four divided doses, for 14 or 21 consecutive
days out of a 28-day cycle. Up to 12 cycles may be given. Ther-
apy should be interrupted for at least 14 days, and subsequently
restarted at a lower dose of 200 mg/m2 daily, if the white cell
count falls below 2000 cells/mm3 or the platelet count below
75 000 cells/mm3 or if neurotoxic or intolerable gastrointestinal
symptoms occur. Lower doses are also used in combination reg-
imens.

◊ Reviews.
1. Lee CR, Faulds D. Altretamine: a review of its pharmacodynam-

ic and pharmacokinetic properties, and therapeutic potential in
cancer chemotherapy. Drugs 1995; 49: 932–53. 

2. Manetta A, et al. Hexamethylmelamine as a single second-line
agent in ovarian cancer: follow-up report and review of the liter-
ature. Gynecol Oncol 1997; 66: 20–6.

Preparations
USP 31: Altretamine Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Hexalen; Cz.: Tretax†; Neth.: Hexalen; Norw.: Hexalen†; NZ:
Hexalen†; Rus.: Hexalen (Гексален); Swed.: Hexalen†; Thai.: Hexalen;
USA: Hexalen.

Alvocidib (rINN)

Alvocidibum; Avodenib; Flavopiridol. (−)-cis-2-(2-Chlorophenyl)-
5,7-dihydroxy-8-(3-hydroxy-1-methylpiperidin-4-yl)-4H-1-benz-
opyran-4-one.

Альвоцидиб
C21H20ClNO5 = 401.8.
CAS — 146426-40-6.

Alvocidib Hydrochloride (rINNM)

Alvocidib (USAN); Alvocidib, Chlorhydrate d’; Alvocidibi Hydro-
chloridum; Hidrocloruro de alvocidib; HL-275; HMR-1275; L-
868275; MDL-107826A; NSC-649890. (−)-cis-2-(2-Chlorophe-
nyl)-5,7-dihydroxy-8-(3-hydroxy-1-methylpiperidin-4-yl)-4H-1-
benzopyran-4-one hydrochloride.

Альвоцидиба Гидрохлорид
C21H20ClNO5,HCl = 438.3.
CAS — 131740-09-5.

Profile
Alvocidib is an inhibitor of cyclin-dependent kinase that is under
investigation as an antineoplastic for the treatment of chronic
lymphocytic leukaemia.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aminoglutethimide (BAN, rINN) ⊗ 
Aminoglutethimid; Aminoglutéthimide; Aminoglutethimidum;
Aminoglutetimid; Aminoglutetimida; Aminoglutetimidas;
Aminoglutetimidi; Aminogluthetimide; Ba-16038. 2-(4-Ami-
nophenyl)-2-ethylglutarimide; 3-(4-Aminophenyl)-3-ethylpiperi-
dine-2,6-dione.
Аминоглутетимид
C13H16N2O2 = 232.3.
CAS — 125-84-8.
ATC — L02BG01.
ATC Vet — QL02BG01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Aminoglutethimide). A white or slightly yellow,
crystalline powder. Practically insoluble in water; freely soluble
in acetone; soluble in methyl alcohol. 
USP 31 (Aminoglutethimide). A white or creamy-white, fine,
crystalline powder. Very slightly soluble in water; readily soluble
in most organic solvents. It forms water-soluble salts with strong
acids. The pH of a 0.1% solution in dilute methyl alcohol (1 in
20) is between 6.2 and 7.3.
Adverse Effects
The most frequent adverse effects reported with aminogluteth-
imide include drowsiness, lethargy, and skin rashes (sometimes
with fever); these generally diminish after the first 6 weeks of
therapy. Dizziness and nausea occasionally occur. Leucopenia,
thrombocytopenia, agranulocytosis, or severe pancytopenia have
occurred rarely. Adrenal insufficiency may rarely occur, and
there have been reports of other endocrine disturbances includ-
ing hypothyroidism, and virilisation. Other rare effects include
ataxia, headache, depression, gastrointestinal disturbances, hy-
percholesterolaemia, and orthostatic hypotension. 
Overdosage may lead to CNS depression and impairment of con-
sciousness, electrolyte disturbances, and respiratory depression.
Effects on the liver. Aminoglutethimide has been associated
with reports of cholestatic jaundice, accompanied by rash1,2 and
fever,2 and probably due to an idiosyncratic hypersensitivity re-
action.1 It has been suggested that liver function tests should be
carried out in patients receiving aminoglutethimide who develop
fever and eruptions.2
1. Gerber SB, Miller KB. Cholestatic jaundice and aminogluteth-

imide. Ann Intern Med 1982; 97: 138. 
2. Perrault DJ, Domovitch E. Aminoglutethimide and cholestasis.

Ann Intern Med 1984; 100: 160.

Effects on the lungs. Pulmonary infiltrates in a patient who
developed progressive dyspnoea on starting therapy with
aminoglutethimide were found to be due to diffuse alveolar dam-
age and haemorrhage; thrombocytopenia was present but pro-
thrombin and bleeding times were normal. The patient’s gas ex-
change and chest radiographs improved on stopping
aminoglutethimide and giving corticosteroids.1 Blood and pul-
monary eosinophilia, which resolved on stopping aminogluteth-
imide therapy, has also been reported.2
1. Rodman DM, et al. Aminoglutethimide, alveolar damage, and

hemorrhage. Ann Intern Med 1986; 105: 633. 
2. Bell SC, Anderson EG. Pulmonary eosinophilia associated with

aminoglutethimide. Aust N Z J Med 1998; 28: 670–1.

Lupus. SLE occurred in a patient who received aminoglutethim-
ide, and resolved when the drug was withdrawn.1 In another re-
port, however, a patient with a lupus-like syndrome had a reduc-
tion in disease activity when tamoxifen therapy was changed to
aminoglutethimide.2
1. McCraken M, et al. Systemic lupus erythematosus induced by

aminoglutethimide. BMJ 1980; 281: 1254. 
2. Etherington J, et al. Effect of aminoglutethimide on the activity

of a case of a connective tissue disorder with features of systemic
lupus erythematosus. Lupus 1993; 2: 387.

Precautions
Aminoglutethimide inhibits adrenal steroid production so sup-
plementary glucocorticoid therapy with hydrocortisone must
normally be given, although supplementation may not be neces-
sary in patients with Cushing’s syndrome. Some patients also re-
quire a mineralocorticoid. It has been suggested that aminoglu-
tethimide should be temporarily withdrawn in patients who
undergo shock or trauma, or develop intercurrent infection. 
Blood pressure, blood counts, and serum electrolytes should be
regularly monitored during aminoglutethimide therapy and peri-
odic monitoring of liver and thyroid function is recommended. 
Aminoglutethimide should not be given during pregnancy as
pseudohermaphroditism may occur in the fetus. 

Aminoglutethimide frequently causes drowsiness: patients so af-
fected should not drive or operate machinery.
Porphyria. Aminoglutethimide has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Interactions
The rate of metabolism of some drugs is increased by aminoglu-
tethimide; patients also taking warfarin or other coumarin antico-
agulants, theophylline, tamoxifen, medroxyprogesterone, or oral
hypoglycaemics, may require increased dosages of these drugs.
The metabolism of dexamethasone is also accelerated, which
limits its value for corticosteroid supplementation in patients re-
ceiving aminoglutethimide. Use with diuretics may lead to hy-
ponatraemia, while alcohol may potentiate the central effects of
aminoglutethimide.
◊ See also references to aminoglutethimide’s interactions with
digitoxin (p.1259), theophylline (p.1144), progestogens
(p.2126), tamoxifen (see Antineoplastics, p.774), and anticoagu-
lants (under Warfarin, p.1429).
Pharmacokinetics
Aminoglutethimide is well absorbed after oral doses, with peak
plasma concentrations occurring after 1 to 4 hours. It is metabo-
lised in the liver, primarily to N-hydroxylaminoglutethimide and
N-acetylaminoglutethimide, and appears to induce its own me-
tabolism. The half-life, which is reported to be about 13 hours
after a single dose, is decreased to around 9 hours after about 2
weeks of continuous therapy. Aminoglutethimide is excreted in
urine, about half a dose being excreted unchanged and the re-
mainder as metabolites. Only about 20 to 25% of a dose is bound
to plasma protein.
Half-life. A study in 17 patients showed that the plasma half-life
of aminoglutethimide had a mean value of 15.5 hours after single
doses but fell to 8.9 hours during multiple-dose therapy.1 This
marked reduction could largely be attributed to a decrease in the
volume of distribution; auto-induction of metabolism might be
of less importance in decreasing half-life than had been previous-
ly suggested.
1. Lønning PE, et al. Single-dose and steady-state pharmacokinet-

ics of aminoglutethimide. Clin Pharmacokinet 1985; 10:
353–64.

Uses and Administration
Aminoglutethimide is an analogue of glutethimide (p.1000) and
was formerly used for its weak anticonvulsant properties.
Aminoglutethimide blocks the production of adrenal steroids
and acts as an aromatase inhibitor to block the conversion of an-
drogens to oestrogens (the major source of oestrogens in women
without ovarian function). It was used in the treatment of meta-
static breast cancer (p.661) in postmenopausal or oophorect-
omised women and as palliative treatment in men with advanced
prostatic cancer (p.671). 
Aminoglutethimide has also been used in the treatment of Cush-
ing’s syndrome (p.2344). Usual oral doses range from 1 to 2 g
daily, in divided doses. 
The dextro-isomer of aminoglutethimide, dexaminoglutethimide
has been investigated.
Preparations
BP 2008: Aminoglutethimide Tablets; 
USP 31: Aminoglutethimide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Orimeten†; Austral.: Cytadren; Austria: Orimeten†; Belg.: Orime-
ten†; Braz.: Orimeten†; Chile: Orimeten†; Cz.: Orimeten†; Fr.: Orime-
tene†; Ger.: Orimeten†; Hong Kong: Orimetene; Ital.: Orimeten†; Ma-
laysia: Orimetene†; Neth.: Orimeten†; NZ: Cytadren†; Rus.: Mamomit
(Мамомит); Orimeten (Ориметен)†; S.Afr.: Orimeten†; Spain: Orime-
ten†; Switz.: Orimetene†; UK: Orimeten†; USA: Cytadren†.

5-Aminolevulinic Acid
ALA; 5-ALA; δ-Aminolaevulinic Acid; 5-Aminolaevulinic Acid; 5-
Aminolevulínico, ácido. 5-Amino-4-oxopentanoic acid.
C5H9NO3 = 131.1.
CAS — 106-60-5.
ATC — L01XD04.
ATC Vet — QL01XD04.

Aminolevulinic Acid Hydrochloride (USAN)

Aminolaevulinic Acid Hydrochloride; Aminolevulínico, hidro-
cloruro ácido. 5-Aminolevulinic acid hydrochloride.
C5H9NO3, HCl = 167.6.
CAS — 5451-09-2.
ATC — L01XD04.
ATC Vet — QL01XD04.

Hexaminolevulinate Hydrochloride (USAN)

P-1026. Hexyl 5-amino-4-oxopentanoate hydrochloride.
C11H21NO3,HCl = 251.8.
CAS — 140898-91-5.

(hexaminolevulinate)

Methyl Aminolevulinate Hydrochloride (USAN)

Methyl Aminolaevulinate Hydrochloride; Metilaminolevulinato,
hidrocloruro de; P-1202. Methyl 5-amino-4-oxopentanoate hy-
drochloride.
C6H11NO3,HCl = 181.6.
CAS — 79416-27-6.
ATC — L01XD03.
ATC Vet — QL01XD03.

Adverse Effects and Precautions
The mechanism of action of topical 5-aminolevulinic
acid or its derivatives generally results in local photo-
toxicity, manifest as a localised burning or stinging
sensation, erythema, oedema, pruritus, scabbing, or
pain. Symptoms are usually mild to moderate, and
transient. During treatment, patients should be advised
to avoid sunlight or prolonged exposure to bright light. 
Other common adverse effects on the skin include scal-
ing or crusting, ulceration, suppuration, blistering,
bleeding, sensation of heat, erosion or exfoliation, and
skin infection. Urticaria, rash, and changes in skin pig-
mentation may also occur. Application site discharge,
eczema, and allergic contact dermatitis have been re-
ported. Other common adverse effects include paraes-
thesia and headache. Nausea, fatigue, eye swelling or
eye pain, and wound haemorrhage have been reported.
Handling. US licensed product information warns that nitrile
gloves should be worn during application and removal of methyl
aminolevulinate hydrochloride cream; vinyl or latex gloves do
not provide adequate protection.

Hypersensitivity. Allergic reactions to aminolevulinic acid1

and methyl aminolevulinate2 have been reported.
1. Gniazdowska B, et al. Allergic contact dermatitis from δ-ami-

nolevulinic acid used for photodynamic therapy. Contact Der-
matitis 1998; 38: 348–9. 

2. Wulf HC, Philipsen P. Allergic contact dermatitis to 5-aminolae-
vulinic acid methylester but not to 5-aminolaevulinic acid after
photodynamic therapy. Br J Dermatol 2004; 150: 143–5.

Porphyria. 5-Aminolevulinic acid and its derivatives are con-
sidered to be unsafe in patients with porphyria.

Interactions
Use with other known photosensitisers such as griseo-
fulvin, thiazide diuretics, sulfonylureas, phenothi-
azines, sulfonamides, and tetracyclines might increase
the photosensitivity reaction commonly seen with 5-
aminolevulinic acid or its derivatives.
St John’s wort. A patient taking St John’s wort had a pro-
nounced phototoxic reaction consisting of an erythematous rash
and swelling of the face, neck, and hands, 6 hours after receiving
oral aminolevulinic acid. Although both drugs have been associ-
ated with photosensitivity, the authors suggested a synergistic ef-
fect had occurred. Tests in vitro appeared to confirm this.1

1. Ladner DP, et al. Synergistic toxicity of δ-aminolaevulinic acid-
induced protoporphyrin IX used for photodiagnosis and hyperi-
cum extract, a herbal antidepressant. Br J Dermatol 2001; 144:
916–8.

Pharmacokinetics
After intravenous and oral doses of aminolevulinic
acid hydrochloride equivalent to 100 mg of aminole-
vulinic acid, the mean half-life of aminolevulinic acid
is stated to be about 0.83 hours and 0.7 hours, respec-
tively; oral bioavailability is about 50 to 60%. In-vitro
studies of dermal absorption found that the mean cu-
mulative absorption of methyl aminolevulinate
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through healthy human skin after 24 hours was 0.26%
of a dose and a skin depot containing 4.9% of the dose
was formed.
◊ References.
1. Juzeniene A, et al. Topical application of 5-aminolaevulinic ac-

id, methyl 5-aminolaevulinate and hexyl 5-aminolaevulinate on
normal human skin. Br J Dermatol 2006; 155: 791–9.

Uses and Administration
5-Aminolevulinic acid is a naturally occurring haem
precursor that is metabolised in the body to protopor-
phyrin IX, a photosensitiser, and then to haem. It has
been formulated for topical use in photodynamic ther-
apy (see under Porfimer Sodium, p.764). It is used to
treat actinic keratoses and basal cell carcinoma (see be-
low). Aminolevulinic acid hydrochloride is applied
topically as a 20% solution in the treatment of non-hyper-
keratotic actinic keratoses of the face or scalp. This is
followed, 14 to 18 hours later, by illumination with
blue wavelength light sufficient to supply a dose of
10 J/cm2. Treatment may be repeated once after 8
weeks if necessary. 
Methyl aminolevulinate hydrochloride is a derivative
of 5-aminolevulinic acid that is applied topically for
the treatment of non-hyperkeratotic, non-pigmented
actinic keratoses of the face or scalp when other thera-
pies are considered inappropriate. It is also used for the
treatment of superficial and/or nodular basal cell carci-
noma unsuitable for other therapies. In some countries,
methyl aminolevulinate is licensed for the treatment of
Bowen’s disease (squamous cell carcinoma in situ)
when surgical excision is inappropriate. A cream con-
taining the equivalent of 16% methyl aminolevulinate
is applied to the lesions and covered with an occlusive
dressing. After 3 hours the cream is removed and the
lesions are exposed to red wavelength light in a dose of
75 J/cm2; exposure to the cream for more than 4 hours
should be avoided. For actinic keratoses, one session of
photodynamic therapy is given, and again after 3
months if necessary. For basal cell carcinoma or Bo-
wen’s disease two sessions are given a week apart. 
Patients should avoid sunlight or bright light sources
for about 2 days after application. 
Hexaminolevulinate hydrochloride is used as a diag-
nostic agent for the detection of bladder cancer (p.659),
and is under investigation for the photodynamic thera-
py of bladder cancer.
Malignant neoplasms. The use of topical aminolevulinic acid
or methyl aminolevulinate in the photodynamic therapy (PDT)
of actinic keratosis and basal cell carcinoma (p.673) has been
reviewed.1-5 Both aminolevulinic acid and methyl aminolevuli-
nate are considered to be effective in clearing non-hyperkeratotic
actinic keratoses of the face and scalp, with response rates com-
parable to topical 5-fluorouracil and cryotherapy; cosmetic re-
sponse is superior to that with cryotherapy.6,7 More than 80% of
lesions cleared completely after 2 treatments with aminolevulin-
ic acid PDT; a recurrence rate of 19% was reported over 12
months.8 Single treatment with methyl aminolevulinate is effec-
tive for thin lesions but thicker, non-responsive lesions may ben-
efit from repeated treatment.9 No significant differences in effi-
cacy were seen between PDT with aminolevulinic acid or methyl
aminolevulinate in the treatment of scalp actinic keratosis.10

Aminolevulinic acid is considered as effective as cryotherapy but
with superior healing and cosmetic results for superficial basal
cell carcinoma; it is less effective for nodular disease.6 Intrale-
sional use has been investigated to improve penetration of the
photosensitiser, with good preliminary results.11 Methyl ami-
nolevulinate topical PDT may be preferable for difficult-to-treat
basal cell carcinoma.12,13 Aminolevulinic acid is as effective in
Bowen’s disease (squamous cell carcinoma in situ) as cryothera-
py or 5-fluorouracil, but with fewer adverse effects.6 Topical me-
thyl aminolevulinate PDT was more effective and cosmetically
acceptable compared with topical 5-fluorouracil for pre-malig-
nant skin disease in a small study in organ transplant recipients.14 
PDT using oral 5-aminolevulinic acid as the photosensitiser, at
doses of 30 or 60 mg/kg, has been used to treat Barrett’s
oesophagus, which is a major risk factor for oesophageal adeno-
carcinoma (p.664).15,16 A small study found similar clinical re-
sponses with low-dose (30 mg/kg) and high-dose (60 mg/kg)
aminolevulinic acid protocols.17 Good long-term results have
been reported with aminolevulinic acid PDT in patients with ear-
ly neoplasia or high-grade intraepithelial neoplasia.18 

Aminolevulinic acid is also under investigation for the photody-
namic detection and treatment of brain tumours (p.660).19 It has
also been used for the fluorescence detection of pleural malig-
nancies.20 
An intravesical solution of aminolevulinic acid has been instilled
for the detection21 and management22 of superficial bladder can-
cer (p.659). Hexaminolevulinate is used for the diagnosis of
bladder cancer, and it appears to be more effective than standard
white light cystoscopy.23-25 
A topical application of 5-aminolevulinic acid 3% has been tried
in the treatment of cervical intraepithelial neoplasia, with poor
response.26

1. Ormrod D, Jarvis B. Topical aminolevulinic acid HCl photody-
namic therapy. Am J Clin Dermatol 2000; 1: 133–9. 

2. Gupta AK, Ryder JE. Photodynamic therapy and topical ami-
nolevulinic acid: an overview. Am J Clin Dermatol 2003; 4:
699–708. 

3. Siddiqui MAA, et al. Topical methyl aminolevulinate. Am J
Clin Dermatol 2004; 5: 127–37. 

4. Marmur ES, et al. A review of laser and photodynamic therapy
for the treatment of nonmelanoma skin cancer. Dermatol Surg
2004; 30: 264–71. 

5. Lehmann P. Methyl aminolaevulinate-photodynamic therapy: a
review of clinical trials in the treatment of actinic keratoses and
nonmelanoma skin cancer. Br J Dermatol 2007; 156: 793–801. 

6. Morton CA, et al. Guidelines for topical photodynamic therapy:
report of a workshop of the British Photodermatology Group. Br
J Dermatol 2002; 146: 552–67. 
Also available at: http://www.bad.org.uk/healthcare/guidelines/
topical_photodynamic_therapy.pdf (accessed 09/05/08) 

7. Morton C, et al. AKtion Investigators. Intraindividual, right-left
comparison of topical methyl aminolaevulinate-photodynamic
therapy and cryotherapy in subjects with actinic keratoses: a
multicentre, randomized controlled study. Br J Dermatol 2006;
155: 1029–36. 

8. Tschen EH, et al. Phase IV ALA-PDT Actinic Keratosis Study
Group. Photodynamic therapy using aminolaevulinic acid for
patients with nonhyperkeratotic actinic keratoses of the face and
scalp: phase IV multicentre clinical trial with 12-month follow
up. Br J Dermatol 2006; 155: 1262–9. 

9. Tarstedt M, et al. A randomized multicenter study to compare
two treatment regimens of topical methyl aminolevulinate
(Metvix )-PDT in actinic keratosis of the face and scalp.
Acta Derm Venereol 2005; 85: 424–8. 

10. Moloney FJ, Collins P. Randomized, double-blind, prospective
study to compare topical 5-aminolaevulinic acid methylester
with topical 5-aminolaevulinic acid photodynamic therapy for
extensive scalp actinic keratosis. Br J Dermatol 2007; 157:
87–91. 

11. Cappugi P, et al. New proposal for the treatment of nodular ba-
sal cell carcinoma with intralesional 5-aminolevulinic acid. J
Chemother 2004; 16: 491–3. 

12. Horn M, et al. Topical methyl aminolaevulinate photodynamic
therapy in patients with basal cell carcinoma prone to complica-
tions and poor cosmetic outcome with conventional treatment.
Br J Dermatol 2003; 149: 1242–9. 

13. Vinciullo C, et al. Photodynamic therapy with topical methyl
aminolaevulinate for ‘difficult-to-treat’ basal cell carcinoma. Br
J Dermatol 2005; 152: 765–72. 

14. Perrett CM, et al. Treatment of post-transplant premalignant
skin disease: a randomized intrapatient comparative study of 5-
fluorouracil cream and topical photodynamic therapy. Br J Der-
matol 2007; 156: 320–8. 

15. Ackroyd R, et al. Photodynamic therapy for dysplastic Barrett’s
oesophagus: a prospective, double blind, randomised, placebo
controlled trial. Gut 2000; 47: 612–17. 

16. Barr H. Barrett’s esophagus: treatment with 5-aminolevulinic
acid photodynamic therapy. Gastrointest Endosc Clin N Am
2000; 10: 421–37. 

17. Kelty CJ, et al. Comparison of high- vs low-dose 5-aminole-
vulinic acid for photodynamic therapy of Barrett’s esophagus.
Surg Endosc 2004; 18: 452–8. 

18. Pech O, et al. Long-term results of photodynamic therapy with
5-aminolevulinic acid for superficial Barrett’s cancer and high-
grade intraepithelial neoplasia. Gastrointest Endosc 2005; 62:
24–30. 

19. Friesen SA, et al. 5-Aminolevulinic acid-based photodynamic
detection and therapy of brain tumors (review). Int J Oncol
2002; 21: 577–82. 

20. Baas P, et al. Fluorescence detection of pleural malignancies us-
ing 5-aminolaevulinic acid. Chest 2006; 129: 718–24. 

21. Zaak D, et al. Role of 5-aminolevulinic acid in the detection of
urothelial premalignant lesions. Cancer 2002; 95: 1234–8. Cor-
rection. ibid.; 2580. 

22. Kriegmair M, et al. Early clinical experience with 5-aminole-
vulinic acid for the photodynamic therapy of superficial bladder
cancer. Br J Urol 1996; 77: 667–71. 

23. Anonymous. Hexyl aminolevulinate: 5-ALA hexylester, 5-ALA
hexylesther, aminolevulinic acid hexyl ester, hexaminolevuli-
nate, hexyl-5-aminolevulinate, P 1206. Drugs R D 2005; 6:
235–8. 

24. Jocham D, et al. Improved detection and treatment of bladder
cancer using hexaminolevulinate imaging: a prospective, phase
III multicenter study. J Urol (Baltimore) 2005; 174: 862–6. 

25. Frampton JE, Plosker GL. Hexyl aminolevulinate: in the detec-
tion of bladder cancer. Drugs 2006; 66: 571–8. 

26. Barnett AA, et al. A randomised, double-blind, placebo-con-
trolled trial of photodynamic therapy using 5-aminolaevulinic
acid for the treatment of cervical intraepithelial neoplasia. Int J
Cancer 2003; 103: 829–32.

Skin disorders. 5-Aminolevulinic acid has been used topically
in the photodynamic therapy (PDT) of skin conditions such as
psoriasis, recalcitrant viral warts, acne vulgaris, and cutaneous T-
cell lymphoma.1 Variable results have been reported with this
therapy in patients with plaque psoriasis; in one study therapy
was generally well-tolerated,2 but in the other all patients report-
ed stinging or burning during irradiation.3 A study comparing 5-
aminolevulinic acid and methyl aminolevulinate for PDT of acne
found both to be equally effective, although methyl aminolevuli-
nate seemed to be better tolerated.4 Topical methyl aminolevuli-
nate-based PDT has been found to be effective in the treatment

of facial acne vulgaris.5,6 PDT with 5-aminolevulinic acid has
been reported to significantly improve an infected leg ulcer re-
sistant to conventional therapies.7 A topical 10% solution has
been used with intraurethral PDT to treat condylomata acumina-
ta.8
1. Ibbotson SH. Topical 5-aminolaevulinic acid photodynamic

therapy for the treatment of skin conditions other than non-
melanoma skin cancer. Br J Dermatol 2002; 146: 178–88. 

2. Smits T, et al. A placebo-controlled randomized study on the
clinical effectiveness, immunohistochemical changes and pro-
toporphyrin IX accumulation in fractionated 5-aminolaevulinic
acid-photodynamic therapy in patients with psoriasis. Br J Der-
matol 2006; 155: 429–36. 

3. Radakovic-Fijan S, et al. Topical aminolaevulinic acid-based
photodynamic therapy as a treatment option for psoriasis? Re-
sults of a randomized, observer-blinded study. Br J Dermatol
2005; 152: 279–83. 

4. Wiegell SR, Wulf HC. Photodynamic therapy of acne vulgaris
using 5-aminolevulinic acid versus methyl aminolevulinate. J
Am Acad Dermatol 2006; 54: 647–51. 

5. Wiegell SR, Wulf HC. Photodynamic therapy of acne vulgaris
using methyl aminolaevulinate: a blinded, randomized, control-
led trial. Br J Dermatol 2006; 154: 969–76. 

6. Hörfelt C, et al. Topical methyl aminolaevulinate photodynamic
therapy for treatment of facial acne vulgaris: results of a rand-
omized, controlled study. Br J Dermatol 2006; 155: 608–13. 

7. Clayton TH, Harrison PV. Photodynamic therapy for infected leg
ulcers. Br J Dermatol 2007; 156: 384–5. 

8. Wang XL, et al. Topical 5-aminolaevulinic acid-photodynamic
therapy for the treatment of urethral condylomata acuminata. Br
J Dermatol 2004; 151: 880–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Metvix; Belg.: Metvix; Cz.: Hexvix; MC 506; Metvix; Denm.:
Metvix; Fin.: Hexvix; Metvix; Fr.: Metvixia; Ger.: Metvix; Gr.: Hexvix; Ital.:
Metvix; Neth.: Hexvix; Metvix; Norw.: Hexvix; Metvix; NZ: Metvix; Port.:
Gliolan; Hexvix; Metvix; S.Afr.: Metvix; Spain: Metvix; Swed.: Hexvix;
Metvix; Switz.: Metvix; UK: Metvix; Porphin; USA: Levulan Kerastick;
Metvixia.

Amonafide (rINN)

Amonafida; Amonafidum; M-FA-142; Nafidimide; NSC-308847.
3-Amino-N-[2-(dimethylamino)ethyl]naphthalimide.
Амонафид
C16H17N3O2 = 283.3.
CAS — 69408-81-7.

Profile
Amonafide is a topoisomerase inhibitor.  Amonafide malate is
under investigation for the treatment of acute myeloid leukae-
mia. Amonafide hydrochloride has also been investigated, but
studies were stopped due to serious adverse effects.

Amrubicin (USAN, rINN)

Amrubicina; Amrubicine; Amrubicinum; SM-5887. (+)-(7S,9S)-
9-Acetyl-9-amino-7-[(2-deoxy-β-D-erythro-pentopyranosyl)-
oxy]-7,8,9,10-tetrahydro-6,11-dihydroxy-5,12-naphthacenedione.
Амрубицин
C25H25NO9 = 483.5.
CAS — 110267-81-7 (amrubicin); 110311-30-3 (amru-
bicin hydrochlor ide).

Profile
Amrubicin is a synthetic anthracycline derivative related to com-
pounds such as doxorubicin (p.712). Amrubicin hydrochloride is
used as an antineoplastic in the treatment of lung cancer, and is
under investigation in the treatment of superficial bladder can-
cers, and lymphomas.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Calsed.

Amsacrine (BAN, USAN, pINN)

Acridinyl Anisidide; m-AMSA; Amsacrina; Amsacrinum; Am-
sakriini; Amsakrin; CI-880; NSC-249992. 4′-(Acridin-9-ylami-
no)methanesulphon-m-anisidide.

Амсакрин
C21H19N3O3S = 393.5.
CAS — 51264-14-3.
ATC — L01XX01.
ATC Vet — QL01XX01.

Incompatibility. Amsacrine is incompatible with sodium chlo-
ride 0.9% injection and with other chloride-containing solu-
tions,1,2 apparently because of the poor solubility of the hydro-
chloride salt in aqueous solution.2 Amsacrine reacts with certain
plastics.1
1. D’Arcy PF. Reactions and interactions in handling anticancer

drugs. Drug Intell Clin Pharm 1983; 17: 532–8. 
2. Trissel LA, et al. Visual compatibility of amsacrine with selected

drugs during simulated Y-site injection. Am J Hosp Pharm 1990;
47: 2525–8.

Adverse Effects, Treatment, and Precautions
For a general outline see Antineoplastics, p.635, p.639, and
p.641. 
Bone-marrow depression is usually dose-limiting and may be se-
vere. The nadir of the white cell count has been reported at about
12 days after treatment, with recovery usually by the 25th day.
Pancytopenia and haemorrhage may develop. Nausea and vom-
iting (mild to moderate), stomatitis (mild to life-threatening),
rashes, and alopecia may occur. Grand mal seizures, renal dys-
function, hepatotoxicity, and cardiotoxicity have also been re-
ported. Amsacrine is irritant: there may be phlebitis and local tis-
sue necrosis particularly when given in high concentrations. 
Amsacrine should be given with caution to patients with liver or
kidney disease, who may require dosage adjustments.

Interactions
For a general outline of antineoplastic drug interactions, see
p.642. Use with diuretics or nephrotoxic drugs such as the
aminoglycosides may theoretically increase the risk of cardio-
toxicity with amsacrine by precipitating hypokalaemia.
Pharmacokinetics
Amsacrine is poorly absorbed after oral doses. When given intra-
venously it has a reported terminal half-life of about 5 to 8 hours.
It is metabolised in the liver and excreted primarily in the bile,
mostly as metabolites. It is reported to be about 98% protein
bound.

Uses and Administration
Amsacrine is an antineoplastic agent that appears to act by inter-
calation with DNA and inhibition of nucleic acid synthesis. It
may also exert an action on cell membranes. Cells in G2 or S
phases may be most sensitive to its actions. 
It is used for the induction and maintenance of remission in adult
acute leukaemias, particularly acute myeloid leukaemia. 
Amsacrine is prepared as a solution in lactic acid and dimethyla-
cetamide, and is given, diluted in glucose 5%, by intravenous in-
fusion over 60 to 90 minutes. 
For the induction of remission, amsacrine may be given at a dose
of 90 mg/m2 daily for 5 to 8 days, depending on clinical re-
sponse. Courses may be repeated at 2- to 4-week intervals ac-
cording to response, and the dose may be increased to
120 mg/m2 daily in subsequent courses if tolerated. Maintenance
doses of 150 mg/m2 as a single dose or divided over 3 consecu-
tive days have been given every 3 to 4 weeks, adjusted if neces-
sary according to response. 
Complete blood counts should be performed regularly, and car-
diac, liver, kidney, and CNS function should be monitored. 
Doses should be reduced in patients with hepatic or renal impair-
ment (see below).
◊ References.
1. Ghaddar HM, et al. Amsacrine and continuous-infusion high-

dose cytosine arabinoside as induction therapy for patients with
newly-diagnosed acute myelogenous leukemia. Leuk Lymphoma
1996; 22: 71–6. 

2. Reman O, et al. Groupe d’Étude et de Traitement de la Leucémie
Aiguë Lymphoblastique de l’Adulte. Rescue therapy combining
intermediate-dose cytarabine with amsacrine and etoposide in
relapsed adult acute lymphoblastic leukemia. Hematol J 2004; 5:
123–9. 

3. Sung WJ, et al. Phase II trial of amsacrine plus intermediate-
dose Ara-C (IDAC) with or without etoposide as salvage therapy
for refractory or relapsed acute leukemia. Jpn J Clin Oncol 2005;
35: 612–16. 

4. Horstmann MA, et al. Amsacrine combined with etoposide and
high-dose methylprednisolone as salvage therapy in acute lym-
phoblastic leukemia in children. Haematologica 2005; 90:
1701–3. 

5. Kessler T, et al. Amsacrine containing induction therapy in eld-
erly AML patients: comparison to standard induction regimens
in a matched-pair analysis. Leuk Res 2008; 32: 491–4.

Administration in hepatic impairment. In moderate to se-
vere hepatic impairment, dosage of amsacrine may need to be
reduced by up to 50%. Some licensed product information rec-
ommends an initial reduction of 20 to 30%, to a dose between 60
and 75 mg/m2 daily.
Administration in renal impairment. In moderate to severe
renal impairment, dosage of amsacrine may need to be reduced
by up to 50%. Some licensed product information recommends
an initial reduction of 20 to 30%, to a dose between 60 and
75 mg/m2 daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Amsidyl; Belg.: Amsidine; Canad.: Amsa PD; Cz.: Amsidyl†;
Denm.: Amekrin; Fin.: Amekrin†; Fr.: Amsalyo†; Ger.: Amsidyl†; Irl.: Am-
sidine; Neth.: Amsidine; Swed.: Amekrin; Switz.: Amsidyl; UK: Amsidine.

Anastrozole (BAN, USAN, rINN) ⊗ 
Anastrotsoli; Anastrozol; Anastrozolum; ICI-D1033; ZD-1033.
2,2′-Dimethyl-2,2′-[5-(1H-1,2,4-triazol-1-ylmethyl)-1,3-phenyl-
ene]bis(propiononitrile); α,α,α′,α′-Tetramethyl-5-(1H-1,2,4-tria-
zol-1-ylmethyl)-m-benzenediacetonitrile.
Анастрозол
C17H19N5 = 293.4.
CAS — 120511-73-1.
ATC — L02BG03.
ATC Vet — QL02BG03.

Adverse Effects, Treatment, and Precau-
tions
The most frequent adverse effects are gastrointestinal
disturbances including anorexia, nausea and vomiting,
and diarrhoea; asthenia; hot flushes; dizziness; drowsi-
ness; headache; and rash. Other reported effects in-
clude hair thinning, vaginal dryness or bleeding, myal-
gia, arthralgia, and bone fractures, Abnormalities in
liver enzyme values, thromboembolism, and increases
in total cholesterol, have occurred in some patients re-
ceiving anastrozole. Very rare cases of erythema mul-
tiforme, Stevens-Johnson syndrome, and allergic reac-
tions (including angioedema, urticaria, and
anaphylaxis) have occurred. 
Reductions in bone mineral density can occur during
use of anastrozole. Patients with or at risk of osteoporo-
sis should therefore have their bone density assessed at
the start of therapy and at regular intervals thereafter.
Treatment or prophylaxis for osteoporosis should be
started as appropriate and carefully monitored. 
The use of anastrozole is contra-indicated in premeno-
pausal women (particularly in pregnancy).
Effects on the liver. A case of acute hepatitis was attributed to
anastrozole, 3 weeks after starting therapy.1
1. de la Cruz L, et al. Severe acute hepatitis in a patient treated with

anastrozole. Lancet 2007; 369: 23–4.

Effects on the musculoskeletal system. In a series of 77
postmenopausal women treated with anastrozole for metastatic
breast cancer, 12 complained of joint pains within 2 months of
beginning therapy. Based on this experience and the incidence of
arthralgia reported during clinical studies, the authors estimated

that arthralgia occurs in 10 to 15% of patients treated with anas-
trozole, possibly as a result of the very low oestrogen concentra-
tions achieved.1 
Adjuvant anastrozole therapy for postmenopausal women with
early breast cancer was associated with accelerated bone loss, but
the risk appeared to be confined to those with osteopenia at base-
line.2 These patients should be assessed for the risk of osteoporo-
sis before starting therapy, and the decision to treat should be
made on an individual basis.3
1. Donnellan PP, et al. Aromatase inhibitors and arthralgia. J Clin

Oncol 2001; 19: 2767. 
2. Eastell R, et al. Effect of anastrozole on bone mineral density: 5-

year results from the anastrozole, tamoxifen, alone or in combi-
nation trial 18233230. J Clin Oncol 2008; 26: 1051–8. 

3. Chien AJ, Goss PE. Aromatase inhibitors and bone health in
women with breast cancer. J Clin Oncol 2006; 24: 5305–12.

Pharmacokinetics
Anastrozole is rapidly and almost completely absorbed
from the gastrointestinal tract after oral doses, with
peak plasma concentrations within about 2 hours. Food
decreases the rate of absorption, though this is not con-
sidered clinically significant. Anastrozole is 40%
bound to plasma proteins. It is metabolised in the liver,
and excreted in urine, chiefly as metabolites. The ter-
minal plasma elimination half-life is about 40 to 50
hours, and steady-state concentrations are achieved af-
ter about 7 days in patients receiving once-daily doses.

Uses and Administration
Anastrozole is a potent and selective nonsteroidal in-
hibitor of the aromatase (oestrogen synthetase) system,
which converts adrenal androgens to oestrogens in pe-
ripheral tissue. It is used in the treatment of advanced
or locally advanced breast cancer, and as adjuvant
treatment in early breast cancer (p.661), in postmeno-
pausal women in an oral dose of 1 mg daily. Responses
are unlikely in patients with oestrogen receptor-nega-
tive disease. Adjuvant therapy may be continued for up
to 5 years, although the optimum duration is uncertain.
◊ References.
1. Bonneterre J, et al. Anastrozole versus tamoxifen as first-line

therapy for advanced breast cancer in 668 postmenopausal
women: results of the Tamoxifen or Arimidex Randomized
Group Efficacy and Tolerability study. J Clin Oncol 2000; 18:
3748–57. 

2. Nabholtz JM, et al. Anastrozole is superior to tamoxifen as first-
line therapy for advanced breast cancer in postmenopausal
women: results of a North American multicenter randomized
trial. J Clin Oncol 2000; 18: 3758–67. 

3. The ATAC (Arimidex, Tamoxifen Alone or in Combination) tri-
alists’ group. Anastrozole alone or in combination with
tamoxifen versus tamoxifen alone for adjuvant treatment of
postmenopausal women with early breast cancer: first results of
the ATAC randomised trial. Lancet 2002; 359: 2131–9. 

4. Wellington K, Faulds DM. Anastrozole in early breast cancer.
Drugs 2002; 62: 2483–90. 

5. Baum M, et al. Anastrozole alone or in combination with
tamoxifen versus tamoxifen alone for adjuvant treatment of
postmenopausal women with early-stage breast cancer: results
of the ATAC (Arimidex, Tamoxifen Alone or in Combination)
trial efficacy and safety update analyses. Cancer 2003; 98:
1802–10. 

6. ATAC Trialists’ Group. Results of the ATAC (Arimidex,
Tamoxifen, Alone or in Combination) trial after completion of
5 years’ adjuvant treatment for breast cancer. Lancet 2005; 365:
60–2. 

7. Jakesz R, et al. Switching of postmenopausal women with en-
docrine-responsive early breast cancer to anastrozole after 2
years’ adjuvant tamoxifen: combined results of ABCSG trial 8
and ARNO 95 trial. Lancet 2005; 366: 455–62. 

8. The Arimidex, Tamoxifen, Alone or in Combination (ATAC)
Trialists’ Group. Comprehensive side-effect profile of anastro-
zole and tamoxifen as adjuvant treatment for early-stage breast
cancer: long-term safety analysis of the ATAC trial. Lancet On-
col 2006; 7: 633–43. 

9. Jonat W, et al. Effectiveness of switching from adjuvant
tamoxifen to anastrozole in postmenopausal women with hor-
mone-sensitive early-stage breast cancer: a meta-analysis. Lan-
cet Oncol 2006; 7: 991–6. Correction. ibid. 2007; 8: 6. 

10. Jakesz R, et al. Extended adjuvant therapy with anastrozole
among postmenopausal breast cancer patients: results from the
randomized Austrian Breast and Colorectal Cancer Study
Group Trial 6a. J Natl Cancer Inst 2007; 99: 1845–53. Correc-
tion. ibid. 2008; 100: 226. 

11. Forbes JF, et al. Arimidex, Tamoxifen, Alone or in Combination
(ATAC) Trialists’ Group. Effect of anastrozole and tamoxifen as
adjuvant treatment for early-stage breast cancer: 100-month
analysis of the ATAC trial. Lancet Oncol 2008; 9: 45–53.

Endometriosis. In a small, open-label study,1 oral anastrozole
1 mg, given daily with a low-strength oral contraceptive for 6
months, reduced pelvic pain scores in women with refractory en-
dometriosis (p.2091). Adverse effects were mild, although most
patients had breakthrough bleeding, which exacerbated pain.
The authors supposed that a higher dose of oral contraceptive
should be considered in future studies. 
In a small pilot study of patients with rectovaginal endometrio-
sis,2 anastrozole 250 micrograms was given vaginally once daily
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for 6 months. Dysmenorrhoea improved significantly although
chronic pelvic pain was unchanged. Adverse effects were mild.
1. Amsterdam LL, et al. Anastrazole [sic] and oral contraceptives:

a novel treatment for endometriosis. Fertil Steril 2005; 84:
300–4. 

2. Hefler LA, et al. Role of the vaginally administered aromatase
inhibitor anastrozole in women with rectovaginal endometriosis:
a pilot study. Fertil Steril 2005; 84: 1033–6.

Gynaecomastia. Anastrozole has been reported1 to be under
investigation for the treatment of gynaecomastia, but controlled
studies suggest that it may be no better than placebo—see Gy-
naecomastia (p.2092) and Gynaecomastia under Adverse Effects
and Precautions of Flutamide (p.725).
1. Gruntmanis U, Braunstein GD. Treatment of gynecomastia. Curr

Opin Investig Drugs 2001; 2: 643–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Anaskebir ; Anastraze; Anebol; Arimidex; Aromenal; Asiolex†; Dis-
talene; Gondonar; Leprofen; Lezole†; Pantestone; Puricap; Trozolite; Aus-
tral.: Arimidex; Austria: Arimidex; Belg.: Arimidex; Braz.: Arimidex; Ca-
nad.: Arimidex; Chile: Arimidex; Trozolet; Cz.: Anabrest; Anaya;
Arimidex; Egistrozol; OncoFem; Zynzol; Denm.: Arimidex; Fin.: Arimidex;
Fr.: Arimidex; Ger.: Arimidex; Gr.: Arimidex; Hong Kong: Arimidex;
Hung.: Arimidex; India: Altraz; Armotraz; Indon.: Arimidex; Irl.: Arimi-
dex; Israel: Arimidex; Ital.: Arimidex; Malaysia: Arimidex; Mex.: Arimi-
dex; Neth.: Arimidex; Norw.: Arimidex; NZ: Arimidex; Philipp.: Arimi-
dex; Pol.: Arimidex; Atrozol; Port.: Arimidex; Remidex; Rus.: Arimidex
(Аримидекс); S.Afr.: Arimidex; Singapore: Arimidex; Spain: Arimidex;
Swed.: Arimidex; Switz.: Arimidex; Thai.: Arimidex; Turk.: Arimidex;
UK: Arimidex; USA: Arimidex; Venez.: Arimidex; Trozolet.

Antineoplaston A10
3-Phenylacetylamino-2,6-piperidinedione.
C13H14N2O3 = 246.3.

Profile
Antineoplaston A10, one of a group of peptide derivatives isolat-
ed from blood and urine, has been investigated for the treatment
of breast cancer, brain stem glioma, and other malignant neo-
plasms although its value has been questioned (see below).
◊ A critical review of the antineoplastons1 noted that most work
had been done with antineoplaston A10, which is insoluble in
aqueous solutions, and its derivatives antineoplaston AS2.5
(phenylacetylglutamine), and antineoplaston AS2.1 (a 4:1 mix-
ture of phenylacetic acid and phenylacetylglutamine), which had
not been independently shown to be active against cancer. How-
ever, some interest in the antineoplastons subsequently contin-
ued.2-4

1. Green S. Antineoplastons: an unproved cancer therapy. JAMA
1992; 267: 2924–8. 

2. Buckner JC, et al. Phase II study of antineoplastons A10 (NSC
648539) and AS2-1 (NSC 620261) in patients with recurrent gli-
oma. Mayo Clin Proc 1999; 74: 137–45. 

3. Badria F, et al. Immune modulatory potentials of antineoplaston
A-10 in breast cancer patients. Cancer Lett 2000; 157: 57–63. 

4. Burzynski SR, et al. Targeted therapy with antineoplastons A10
and AS2-1 of high-grade, recurrent, and progressive brainstem
glioma. Integr Cancer Ther 2006; 5: 40–7.

AP-12009
TGF-β2 antisense oligonucleotide; Transforming growth factor-
β2-specific phosphorothioate antisense oligodeoxynucleotide.

Profile
AP-12009 is an antisense oligonucleotide that specifically sup-
presses the production of transforming growth factor-beta-2, an
immunosuppressive protein produced by tumour cells. It is under
investigation for the treatment of high-grade glioma (see Malig-
nant Neoplasms of the Brain, p.660).

AS-1411
AGRO-100.

Profile
AS-1411 is a selective oligonucleotide ligand (aptamer) that
binds to the protein nucleolin, inducing apoptosis in cancer cells.
It is under investigation for the treatment of renal cell carcinoma,
pancreatic cancer, and acute myelogenous leukaemia.

Asparaginase (USAN)

Asparaginasa; L-Asparaginase; L-Asparagine Amidohydrolase;
L-Asparaginaz; L-Asparaginaasi; L-Asparaginas; L-Asparaginasum;
MK-965; NSC-109229; Re-82-TAD-15.
CAS — 9015-68-3.
ATC — L01XX02.
ATC Vet — QL01XX02.

NOTE. Asparaginase (USAN) is an enzyme isolated from Es-
cherichia coli, or obtained from other sources. See also Colas-
pase and Crisantaspase, below.

Incompatibility. Asparaginase is incompatible with rubber. Li-
censed product information recommends that it should not be
mixed with other drugs.
Storage. Asparaginase should be stored at 2° to 8° (see also Sta-
bility, below).

Colaspase (BAN)

CAS — 9015-68-3.
ATC — L01XX02.
ATC Vet — QL01XX02.

NOTE. Colaspase (BAN) is asparaginase obtained from selected
strains of Escherichia coli, such as ATCC 9637.
Pharmacopoeias. Chin. includes Asparaginase obtained from
Escherichia coli ASI 357.

Crisantaspase (BAN)

Crisantaspasum; Erwinia L-asparaginase; Krisantaspaasi; Krisantas-
pas.
CAS — 9015-68-3.
ATC — L01XX02.
ATC Vet — QL01XX02.

NOTE. Crisantaspase (BAN) is asparaginase obtained from cul-
tures of Erwinia chrysanthemi (E. carotovora).

Pegaspargase (USAN, rINN)

PEG-L-asparaginase; Pegaspargasa; Pégaspargase; Pegaspargas-
um. A conjugate of colaspase with a polyethylene glycol of mo-
lecular weight 5000; Monomethoxypolyethylene glycol succinim-
idyl L-asparaginase.
Пэгаспаргаза
CAS — 130167-69-0.
ATC — L01XX24.
ATC Vet — QL01XX24.

Stability. Although asparaginase was routinely kept under re-
frigeration,1 information from a manufacturer (Merck Sharp &
Dohme) indicated that it would remain stable for 48 hours at 15°
to 30°. Licensed product information for pegaspargase states it
should not be used if stored at room temperature for more than
48 hours.
1. Vogenberg FR, Souney PF. Stability guidelines for routinely re-

frigerated drug products. Am J Hosp Pharm 1983; 40: 101–2.

Storage. Pegaspargase should be stored at 2° to 8°.

Units
One international unit of asparaginase splits
1 micromole of ammonia from L-asparagine in 1
minute under standard conditions.

Adverse Effects
Asparaginase is a protein and may produce anaphylax-
is and other hypersensitivity reactions including fever,
rashes, and bronchospasm; there does not appear to be
cross-sensitivity between asparaginase derived from
Escherichia coli and that from Erwinia chrysanthemi.
Hypersensitivity to pegaspargase is less common, but
about 30% of patients hypersensitive to the native en-
zyme experience hypersensitivity to pegaspargase
treatment. 
Liver function abnormalities occur in many patients,
and there may be decreased blood concentrations of fi-
brinogen and clotting factors, alterations in blood lipids
and cholesterol, and hypoalbuminaemia. Hyperammo-
naemia, due to the production of ammonia from aspar-
agine, may occur. Uraemia, and occasionally renal fail-
ure, have been reported. Pancreatitis may occur and
may be fatal: there may also be hyperglycaemia due to
decreased insulin production, and death from ketoaci-
dosis has occurred. 
Gastrointestinal disturbances, including nausea and
vomiting, and CNS disturbances, including drowsi-
ness, depression, coma, hallucinations, and a Parkin-
son-like syndrome, have also been reported. Transient
bone-marrow depression has occurred rarely, as has
marked leucopenia.
Effects on the blood. Central thrombosis or intracranial haem-
orrhage as well as peripheral thrombosis and haemorrhage have
been reported after asparaginase therapy.1-4 Although the precise
mechanism for this effect remains unclear, asparaginase appears
to deplete certain clotting factors as well as antithrombin III,
plasminogen, and fibrinogen.4 These decreases may be depend-
ent on the formulation and resultant asparaginase activity of
preparations,5 and there is some suggestion that crisantaspase
may affect coagulation factors less severely than colaspase.6 A
multicentre, retrospective survey3 of paediatric patients with

acute lymphoblastic leukaemia found that use of corticosteroids
with colaspase may be an additional risk factor for thromboem-
bolic events.
1. Priest JR, et al. A syndrome of thrombosis and hemorrhage com-

plicating L-asparaginase therapy for childhood acute lymphob-
lastic leukemia. J Pediatr 1982; 100: 984–9. 

2. Ott N, et al. Sequelae of thrombotic or hemorrhagic complica-
tions following L-asparaginase therapy for childhood lymphob-
lastic leukemia. Am J Pediatr Hematol Oncol 1988; 10: 191–5. 

3. Sutor AH, et al. Bleeding and thrombosis in children with acute
lymphoblastic leukaemia, treated according to the ALL-BFM-90
protocol. Klin Padiatr 1999; 211: 201–4. 

4. Alberts SR, et al. Thrombosis related to the use of L-asparagi-
nase in adults with acute lymphoblastic leukemia: a need to con-
sider coagulation monitoring and clotting factor replacement.
Leuk Lymphoma 1999; 32: 489–96. 

5. Nowak-Göttl U, et al. Influence of two different Escherichia coli
asparaginase preparations on fibrinolytic proteins in childhood
ALL. Haematologica 1996; 81: 127–31. 

6. Carlsson H, et al. Effects of Erwinia-asparaginase on the coagu-
lation system. Eur J Haematol 1995; 55: 289–93.

Precautions
Asparaginase is contra-indicated in patients with pan-
creatitis, and should be avoided in pregnancy. It should
be given cautiously to patients with hepatic impair-
ment. Facilities for the management of anaphylaxis
(see p.1205) should be available during treatment.
Some manufacturers recommend an intradermal test
dose at the start of asparaginase treatment to check for
hypersensitivity, as described under Uses, below, al-
though such tests may not always be predictive. Re-
treatment with asparaginase may be associated with an
increased risk of allergic reactions. Serum amylase
concentrations should be monitored regularly as
should blood glucose concentrations. Asparaginase
has been reported to interfere with tests of thyroid func-
tion by transient reduction of concentrations of thyrox-
ine-binding globulin.

Interactions
If asparaginase is given before, rather than after, meth-
otrexate the activity of the latter may be reduced (see
below). Vincristine neurotoxicity may possibly be in-
creased by use with intravenous asparaginase (see
p.787).
Methotrexate. Asparaginase inhibits protein synthesis and
cell replication, and therefore may interfere with the action of
drugs such as methotrexate that require cell replication for their
antineoplastic effect.1 It has been suggested that a 24-hour inter-
val between methotrexate and a subsequent dose of asparaginase
permits at least an additive therapeutic effect.2
1. Jolivet J, et al. Prevention of methotrexate cytotoxicity by aspar-

aginase inhibition of methotrexate polyglutamate formation.
Cancer Res 1985; 45: 217–20. 

2. Capizzi RL. Asparaginase-methotrexate in combination chemo-
therapy: schedule-dependent differential effects on normal ver-
sus neoplastic cells. Cancer Treat Rep 1981; 65 (suppl 4):
115–21.

Pharmacokinetics
After intravenous injection the plasma half-life of the
native enzyme has varied from about 8 to 30 hours;
half-lives of up to 49 hours may be seen after intramus-
cular dosage. The mean half-life of pegaspargase is re-
ported to be between 6 and 14 days. Asparaginase is
found in the lymph at about 20% of the concentration
in plasma. There is virtually no diffusion into the CSF.
Little is excreted in the urine.

Uses and Administration
Asparaginase is an enzyme that acts by breaking down
the amino acid L-asparagine to aspartic acid and am-
monia. It interferes with the growth of those malignant
cells which, unlike most healthy cells, are unable to
synthesise L-asparagine for their metabolism, but re-
sistance to its action develops fairly rapidly. Its action
is reportedly specific for the G1 phase of the cell cycle. 
Asparaginase is used mainly for the induction of remis-
sions in acute lymphoblastic leukaemia (p.651). Regi-
mens vary, and dosage should follow local protocols,
but it may be given intravenously in a dose of
1000 units/kg daily for 10 days after treatment with
vincristine and prednisone or prednisolone, or intra-
muscularly in a dose of 6000 units/m2 given every
third day for 9 doses during treatment with vincristine
and prednisone or prednisolone. Alternatively it may
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

be given as pegaspargase, in doses of 2500 units/m2

every 14 days, preferably by intramuscular injection
although the intravenous route may also be used. 
Asparaginase is not generally used alone as an induc-
tion agent but doses of 200 units/kg daily have been
given intravenously for 28 days to adults and children.
If pegaspargase is used alone doses are the same as for
combination regimens. Children appear to tolerate as-
paraginase better than adults. 
Although not entirely reliable, an intradermal test dose
of about 2 units has been recommended in the USA, to
test for hypersensitivity, before treatment with colas-
pase or where more than a week has elapsed between
doses. Desensitisation has been advocated if no alter-
native antineoplastic treatment is available. Anaphy-
laxis with crisantaspase is stated to be rare; however, in
the UK if there has been an interruption in treatment,
therapy should be resumed with a low dose of
10 units/kg daily and increased to the full dose over 5
days if tolerated. A test dose is not advocated, although
reference to local leukaemia protocols is recommend-
ed. The incidence of hypersensitivity is also lower in
patients given pegaspargase, and again a test dose is
not advocated. Pegaspargase has been successfully
used in patients hypersensitive to the native enzyme. 
For intravenous use a solution of asparaginase in Water
for Injections or sodium chloride 0.9% should be given
over not less than 30 minutes through a running infu-
sion of sodium chloride 0.9% or glucose 5%. When
given intramuscularly no more than 2 mL of a solution
in sodium chloride 0.9% should be injected at a single
site.
◊ References.
1. Muller HJ, Boos J. Use of L-asparaginase in childhood ALL.

Crit Rev Oncol Hematol 1998; 28: 97–113. 
2. Asselin BL. The three asparaginases: comparative pharmacolo-

gy and optimal use in childhood leukemia. Adv Exp Med Biol
1999; 457: 621–9. 

3. Abshire TC, et al. Weekly polyethylene glycol conjugated L-as-
paraginase compared with biweekly dosing produces superior
induction remission rates in childhood relapsed acute lymphob-
lastic leukemia: a Pediatric Oncology Group study. Blood 2000;
96: 1709–15. 

4. Avramis VI, Panosyan EH. Pharmacokinetic/pharmacodynamic
relationships of asparaginase formulations: the past, the present
and recommendations for the future. Clin Pharmacokinet 2005;
44: 367–93. 

5. Fu CH, Sakamoto KM. PEG-asparaginase. Expert Opin Phar-
macother 2007; 8: 1977–84.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Kidrolase; L-Asp†; Oncaspar ; Austral.: Leunase; Belg.: Paronal;
Braz.: Elspar; Canad.: Kidrolase; Cz.: Erwinase†; Kidrolase; Denm.: Erwi-
nase†; Fin.: Erwinase†; Fr.: Kidrolase; Ger.: Erwinase†; Oncaspar; Gr.: Er-
winase; Oncaspar; Hong Kong: Elspar†; Leunase; India: Leunase; Indon.:
Leunase; Irl.: Erwinase; Israel: Kidrolase; Jpn: Leunase; Malaysia: Erwi-
nase†; Leunase; Mex.: Leunase; Neth.: Erwinase; Paronal; NZ: Erwinase;
Leunase; Philipp.: Leunase; Pol.: Oncaspar; Port.: Erwinase; Rus.: On-
caspar (Онкаспар); S.Afr.: Laspar; Singapore: Erwinase†; Leunase; Swed.:
Erwinase; Thai.: Erwinase†; Leunase; Turk.: Leunase; UK: Erwinase; USA:
Elspar; Oncaspar.

Atiprimod (rINN)

Atiprimodum. 2-[3-(Diethylamino)propyl]-8,8-dipropyl-2-aza-
spiro[4.5]decane.

Атипримод

C22H44N2 = 336.6.
CAS — 123018-47-3 (atiprimod); 130065-61-1 (atipri-
mod hydrochloride); 183063-72-1 (atiprimod maleate).

Profile
Atiprimod is an antineoplastic that is under investigation for the
treatment of carcinoid tumours and multiple myeloma.

Atrasentan Hydrochloride (USAN, rINNM)

A-147627.1; Abbott-147627; ABT-627; Atrasentan, Chlorhy-
drate d’; Atrasentani Hydrochloridum; Hidrocloruro de at-
rasentán. (2R,3R,4S)-1-[(Dibutylcarbamoyl)methyl]-2-(p-meth-
oxyphenyl)-4-[3,4-(methylenedioxy)phenyl]-3-pyrrolidinecarbox-
ylic acid hydrochloride.
Атразентана Гидрохлорид
C29H38N2O6,HCl = 547.1.
CAS — 173937-91-2 (atrasentan); 195733-43-8 (at-
rasentan hydrochlor ide).

(atrasentan)

Profile
Atrasentan hydrochloride is a selective endothelin-A receptor
antagonist that inhibits the effect of endothelin-1, a protein that
may be involved in cancer progression. It is under investigation
in the treatment of prostate cancer, and has been tried in other
malignant neoplasms.
◊ References.
1. Samara E, et al. Single-dose pharmacokinetics of atrasentan, an

endothelin-A receptor antagonist. J Clin Pharmacol 2001; 41:
397–403. 

2. Carducci MA, et al. Atrasentan, an endothelin-receptor antago-
nist for refractory adenocarcinomas: safety and pharmacokinet-
ics. J Clin Oncol 2002; 20: 2171–80. 

3. Carducci MA, et al. Effect of endothelin-A receptor blockade
with atrasentan on tumor progression in men with hormone-re-
fractory prostate cancer: a randomized, phase II, placebo-con-
trolled trial. J Clin Oncol 2003; 21: 679–89. 

4. Zonnenberg BA, et al. Phase I dose-escalation study of the safety
and pharmacokinetics of atrasentan: an endothelin receptor an-
tagonist for refractory prostate cancer. Clin Cancer Res 2003; 9:
2965–72. 

5. Ryan CW, et al. Dose-ranging study of the safety and pharma-
cokinetics of atrasentan in patients with refractory malignancies.
Clin Cancer Res 2004; 10: 4406–11. 

6. Michaelson MD, et al. Randomized phase II study of atrasentan
alone or in combination with zoledronic acid in men with meta-
static prostate cancer. Cancer 2006; 107: 530–5. 

7. Carducci MA, et al. Atrasentan Phase III Study Group Institu-
tions. A phase 3 randomized controlled trial of the efficacy and
safety of atrasentan in men with metastatic hormone-refractory
prostate cancer. Cancer 2007; 110: 1959–66. 

8. Chiappori AA, et al. Phase I/II study of atrasentan, an endothelin
A receptor antagonist, in combination with paclitaxel and carbo-
platin as first-line therapy in advanced non-small cell lung can-
cer. Clin Cancer Res 2008; 14: 1464–9. 

9. Phuphanich S, et al. New Approaches to Brain Tumor Therapy
(NABTT) CNS Consortium. Phase I safety study of escalating
doses of atrasentan in adults with recurrent malignant glioma.
Neuro-oncol 2008; 10: 617–623.

Axitinib (USAN, rINN)

AG-013736; Axitinibum. N-Methyl-2-({3-[(1E)-2-(pyridin-2-
yl)ethenyl]-1H-indazol-6-yl}sulfanyl)benzamide.
Акситиниб
C22H18N4OS = 386.5.
CAS — 319460-85-0.

Profile
Axitinib is a tyrosine kinase inhibitor that is under investigation
as an antineoplastic for the treatment of various cancers, includ-

ing pancreatic, lung, gastrointestinal, and breast cancer, as well
as melanoma.
◊ Reviews.
1. Sonpavde G, et al. Axitinib for renal cell carcinoma. Expert Opin

Invest Drugs 2008; 17: 741–8. 
2. Choueiri TK. Axitinib, a novel anti-angiogenic drug with prom-

ising activity in various solid tumors. Curr Opin Investig Drugs
2008; 9: 658–71.

Azacitidine (USAN, rINN)

Azacitidina; 5-Azacitidina; Azacitidinum; 5-Azacytidine; La-
dakamycin; NSC-102816; U-18496. 4-Amino-1-β-D-ribofurano-
syl-1,3,5-triazin-2(1H)-one.
Азацитидин
C8H12N4O5 = 244.2.
CAS — 320-67-2.

Adverse Effects and Precautions
The adverse effects of azacitidine are generally similar to those
seen with cytarabine (p.705). Hypokalaemia, dyspnoea, and
bruising are common.
Pharmacokinetics
Azacitidine is rapidly absorbed after subcutaneous use; the bioa-
vailability relative to intravenous use is about 89%. The mean
plasma half-life after subcutaneous injection is about 40 minutes.
Azacitidine and its metabolites are excreted primarily in the
urine; about 50% and 85% is recovered after subcutaneous and
intravenous dosing, respectively. The mean elimination half-life
is about 4 hours after subcutaneous or intravenous use.
◊ References.
1. Marcucci G, et al. Bioavailability of azacitidine subcutaneous

versus intravenous in patients with the myelodysplastic syn-
dromes. J Clin Pharmacol 2005; 45: 597–602. 

2. Tsao CF, et al. Azacitidine pharmacokinetics in an adolescent
patient with renal compromise. J Pediatr Hematol Oncol 2007;
29: 330–3.

Uses and Administration
Azacitidine is an antimetabolite antineoplastic with general
properties similar to those of cytarabine (p.705). It also inhibits
cellular pyrimidine synthesis. Azacitidine is used in myelodys-
plastic syndromes (p.654); it has also been used in the treatment
of acute myeloid leukaemia (p.652). 
For the treatment of myelodysplastic syndromes, azacitidine is
given subcutaneously or intravenously in a dose of 75 mg/m2

daily for 7 days, in 4-week cycles. If there is no benefit after 2
cycles, and no toxicity other than nausea and vomiting has oc-
curred, the dose may be increased to 100 mg/m2 daily. Treatment
for at least 4 cycles is usually needed. 
Azacitidine should be used with caution in renal impairment and
doses adjusted accordingly (see below).
◊ References.
1. Anonymous. Azacitidine (Vidaza) for myelodysplastic syn-

drome. Med Lett Drugs Ther 2005; 47: 11. 
2. Sullivan M, et al. Azacitidine: a novel agent for myelodysplastic

syndromes. Am J Health-Syst Pharm 2005; 62: 1567–73. 
3. Kuykendall JR. 5-Azacytidine and decitabine monotherapies of

myelodysplastic disorders. Ann Pharmacother 2005; 39:
1700–9. 

4. Siddiqui MAA, Scott LJ. Azacitidine: in myelodysplastic syn-
dromes. Drugs 2005; 65: 1781–9. 

5. Kaminskas E, et al. FDA drug approval summary: azacitidine (5-
azacytidine, Vidaza) for injectable suspension. Oncologist 2005;
10: 176–82. 

6. Silverman LR, et al. Further analysis of trials with azacitidine in
patients with myelodysplastic syndrome: studies 8421, 8921,
and 9221 by the Cancer and Leukemia Group B. J Clin Oncol
2006; 24: 3895–3903. 

7. Abdulhaq H, Rossetti JM. The role of azacitidine in the treat-
ment of myelodysplastic syndromes. Expert Opin Invest Drugs
2007; 16: 1967–75. 

8. O’Dwyer K, Maslak P. Azacitidine and the beginnings of thera-
peutic epigenetic modulation. Expert Opin Pharmacother 2008;
9: 1981–6.

Administration in renal impairment. Adverse renal effects
of azacitidine include abnormalities in renal-function tests, renal
tubular acidosis, renal failure, and death. US licensed product in-
formation recommends that if serum-bicarbonate concentrations
fall to below 20 mEq/litre, the dose of azacitidine should be
halved for the next course. If there are rises in serum concentra-
tions of urea or creatinine, the next cycle of azacitidine should be
delayed until these return to normal or baseline, and the dose
should be halved on the next treatment course.
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Preparations
Proprietary Preparations (details are given in Part 3)
USA: Vidaza.

Becatecarin (USAN, rINN)

Becatecarina; Bécatécarine; Becatecarinum; BMS-181176; BMY-
27557; NSC-655649; XL-119. 1,11-Dichloro-6-[2-(diethylami-
no)ethyl]-12-(4-O-methyl-β-D-glucopyranosyl)-12,13-dihydro-5H-
indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione.
Бекатекарин
C33H34Cl2N4O7 = 669.6.
CAS — 119673-08-4.

Profile
Becatecarin is an antineoplastic under investigation in the treat-
ment of bile-duct and other tumours.
◊ References.
1. Merchant J, et al. Phase I clinical and pharmacokinetic study of

NSC 655649, a rebeccamycin analogue, given in both single-
dose and multiple-dose formats. Clin Cancer Res 2002; 8:
2193–2201. 

2. Goel S, et al. A phase II study of rebeccamycin analog NSC
655649 in patients with metastatic colorectal cancer. Invest New
Drugs 2003; 21: 103–7. 

3. Langevin AM, et al. Phase I trial of rebeccamycin analog (NSC
#655649) in children with refractory solid tumors: a pediatric on-
cology group study. J Pediatr Hematol Oncol 2003; 25: 526–33. 

4. Hussain M, et al. A phase II study of rebeccamycin analog
(NSC-655649) in metastatic renal cell cancer. Invest New Drugs
2003; 21: 465–71. 

5. Ricart AD, et al. Phase I and pharmacokinetic study of sequences
of the rebeccamycin analogue NSC 655649 and cisplatin in pa-
tients with advanced solid tumors. Clin Cancer Res 2005; 11:
8728–36. 

6. Langevin AM, et al. Children’s Oncology Group. A phase II trial
of rebeccamycin analogue (NSC #655649) in children with solid
tumors: a Children’s Oncology Group study. Pediatr Blood Can-
cer 2008; 50: 577–80.

Bendamustine Hydrochloride (USAN, rINNM)

Bendamustine, Chlorhydrate de; Bendamustini Hydrochloridum;
Hidrocloruro de bendamustina; IMET-3393; SDX-105. 5-[Bis(2-
chloroethyl)amino]-1-methyl-2-benzimidazolebutyric acid hy-
drochloride.
Бендамустина Гидрохлорид
C16H21Cl2N3O2, HCl = 394.7.
CAS — 16506-27-7 (bendamustine); 3543-75-7 (benda-
mustine hydrochlor ide).

(bendamustine)

Stability. US licensed product information for bendamustine
hydrochloride states that, once reconstituted as directed and fur-

ther diluted with sodium chloride 0.9%, the final infusion solu-
tion is stable for 24 hours when refrigerated (2° to 8°) or for 3
hours when stored at room temperature (15° to 30°) and exposed
to light.
Adverse Effects, Treatment, and Precautions
Bendamustine commonly causes myelosuppression and doses
may need to be reduced (see Uses and Administration, below);
patients are therefore susceptible to infection. Other common ad-
verse effects include gastrointestinal disturbances, fever, asthe-
nia, fatigue, malaise, dry mouth, somnolence, cough, headache,
mucosal inflammation, and stomatitis. Infusion reactions are
common; symptoms include fever, chills, pruritus, and rash. An-
aphylactic reactions have been reported rarely, especially during
the second and subsequent cycles of therapy. Prophylactic anti-
histamines, antipyretics, and corticosteroids should be consid-
ered. If severe infusion reactions occur, stopping therapy should
be considered. Tumour lysis syndrome has been reported, usual-
ly within the first treatment cycle, and may lead to acute renal
failure and death. Adequate volume status should be maintained
and potassium and uric acid concentrations should be monitored;
allopurinol may be used in patients at high risk. Skin reactions
such as bullous exanthema can occur with bendamustine; thera-
py may need to be withheld or stopped. Worsening hypertension,
including hypertensive crisis, has also occurred. Increases in cre-
atinine concentrations and liver enzyme values have been report-
ed; bendamustine should be used with caution in patients with
renal or hepatic impairment.
Interactions
Bendamustine is extensively metabolised by cytochrome P450
isoenzyme CYP1A2. Inhibitors of CYP1A2, such as fluvoxam-
ine and ciprofloxacin, may increase exposure to bendamustine.
Conversely, CYP1A2 inducers, such as omeprazole, can reduce
exposure to bendamustine; tobacco smoking also may increase
exposure to bendamustine.
Pharmacokinetics
Bendamustine is about 95% bound to plasma proteins; data sug-
gest it is not likely to displace nor to be displaced by highly pro-
tein-bound drugs. Bendamustine distributes freely into human
red blood cells. It is mainly metabolised by hydrolysis via the
cytochrome P450 isoenzyme CYP1A2. Little or no accumula-
tion in plasma is anticipated for intravenous doses of bendamus-
tine given on days 1 and 2 of a 28-day cycle. About 90% of the
drug is eliminated, mainly via the faeces.
Uses and Administration
Bendamustine is an antineoplastic alkylating agent. It is given
intravenously as the hydrochloride for the treatment of chronic
lymphocytic leukaemia (p.653); it may also be used in non-
Hodgkin’s lymphoma, Hodgkin’s disease, multiple myeloma,
and breast cancer. 
For the treatment of chronic lymphocytic leukaemia, bendamus-
tine hydrochloride is given in a dose of 100 mg/m2, in 500 mL of
sodium chloride 0.9%, infused over 30 minutes on days 1 and 2
of a 28-day cycle, for up to 6 cycles. 
Doses are modified if toxicity occurs; dose delays may be war-
ranted until neutrophils and platelets have recovered to accepta-
ble concentrations. For severe haematological or non-haemato-
logical toxicity, doses should be reduced to 50 mg/m2 on days 1
and 2 of each cycle. If severe haematological toxicity recurs, the
dose should be further reduced to 25 mg/m2. Dose re-escalation
in subsequent cycles may be considered.
◊ References.
1. Barman Balfour JA, Goa KL. Bendamustine. Drugs 2001; 61:

631–8. 
2. Gandhi V. Metabolism and mechanisms of action of bendamus-

tine: rationales for combination therapies. Semin Oncol 2002;
29 (4 suppl 13): 4–11. 

3. Rummel MJ, et al. Bendamustine in the treatment of non-Hodg-
kin’s lymphoma: results and future perspectives. Semin Oncol
2002; 29 (4 suppl 13): 27–32. 

4. Rummel MJ, et al. Bendamustine plus rituximab is effective and
has a favorable toxicity profile in the treatment of mantle cell
and low-grade non-Hodgkin’s lymphoma. J Clin Oncol 2005;
23: 3383–9. 

5. von Minckwitz G, et al. Bendamustine prolongs progression-
free survival in metastatic breast cancer (MBC): a phase III pro-
spective, randomized, multicenter trial of bendamustine hydro-
chloride, methotrexate and 5-fluorouracil (BMF) versus cyclo-
phosphamide, methotrexate and 5-fluorouracil (CMF) as first-
line treatment of MBC. Anticancer Drugs 2005; 16: 871–7. 

6. Herold M, et al. Bendamustine, vincristine and prednisone
(BOP) versus cyclophosphamide, vincristine and prednisone
(COP) in advanced indolent non-Hodgkin’s lymphoma and
mantle cell lymphoma: results of a randomised phase III trial
(OSHO 19). J Cancer Res Clin Oncol 2006; 132: 105–12. 

7. Ponisch W, et al. Treatment of bendamustine and prednisone in
patients with newly diagnosed multiple myeloma results in su-
perior complete response rate, prolonged time to treatment fail-
ure and improved quality of life compared to treatment with
melphalan and prednisone—a randomized phase III study of the
East German Study Group of Hematology and Oncology (OS-
HO). J Cancer Res Clin Oncol 2006; 132: 205–12. 

8. Eichbaum MH, et al. Weekly administration of bendamustine as
salvage therapy in metastatic breast cancer: final results of a
phase II study. Anticancer Drugs 2007; 18: 963–8. 

9. Friedberg JW, et al. Bendamustine in patients with rituximab-
refractory indolent and transformed non-Hodgkin’s lymphoma:
results from a phase II multicenter, single-agent study. J Clin
Oncol 2008; 26: 204–10. Correction. ibid.; 1911. 

10. Apostolopoulos C, et al. Bendamustine as a model for the activ-
ity of alkylating agents. Future Oncol 2008; 4: 323–32.

Administration in hepatic impairment. US licensed prod-
uct information states that, although no meaningful effect on the
pharmacokinetics of bendamustine was seen in mild hepatic im-
pairment, data are limited, and therefore caution should be exer-
cised when using bendamustine in these patients. Bendamustine
should not be used in moderate or severe hepatic impairment due
to a lack of data.
Administration in renal impairment. US licensed product
information states that, although no meaningful effect on the
pharmacokinetics of bendamustine was seen in renal impair-
ment, data are limited, and therefore caution should be exercised
in patients with mild or moderate renal impairment. Bendamus-
tine should not be used in patients with creatinine clearance less
than 40 mL/minute, due to a lack of data.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Ribomustin; USA: Treanda.

Bevacizumab (rINN)

Bévacizumab; Bevacizumabum; rhuMAb-VEGF. Immunoglobulin
G1 (human-mouse monoclonal rhuMAb-VEGF γ-chain anti-hu-
man vascular endothelial growth factor), disulfide with human-
mouse monoclonal rhuMAb-VEGF light chain, dimer.
Бевацизумаб
CAS — 216974-75-3.
ATC — L01XC07.
ATC Vet — QL01XC07.

Stability. UK licensed product information states that bevacizu-
mab is chemically and physically stable for 48 hours at 2° to 30°
in sodium chloride 0.9%, although immediate use is recom-
mended from a microbiological point of view. If the solution is
not used immediately, storage for longer than 24 hours at 2° to 8°
cannot be recommended, unless dilution has taken place in con-
trolled and validated aseptic conditions. In the USA, licensed
product information states that bevacizumab solutions for infu-
sion may be stored at 2° to 8° for up to 8 hours. 
Bevacizumab should not be mixed with glucose.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Bevacizumab may impair wound healing; therapy
should not be started for at least 28 days after major
surgery or until the surgical incision is fully healed; it
should also be withheld before elective surgery. Gas-
trointestinal perforation complicated by intra-abdomi-
nal abscesses or fistula formation is more common in
patients receiving bevacizumab; fatalities have been
reported. Bevacizumab should be stopped permanent-
ly in patients who develop gastrointestinal perforation,
or fistulas, or wound dehiscence needing medical inter-
vention. Very rare cases of nasal septum perforation
have been reported. 
Leucopenia, anaemia, neutropenia, thrombocytopenia,
and febrile neutropenia have also occurred; severe neu-
tropenia with infection has caused fatalities. Haemor-
rhage may occur; fatal pulmonary haemorrhage pre-
senting as haemoptysis has been reported. There is an
increased risk of serious thromboembolic events asso-
ciated with the use of bevacizumab including stroke,
transient ischaemic attacks, myocardial infarction, an-
gina, and death. Bevacizumab may cause congestive
heart failure; the risk is higher in those patients who
have concurrent or previous treatment with anthracy-
clines. Hypertension, possibly dose-dependent, has oc-
curred; blood pressure should be monitored, and thera-
py stopped in patients who develop hypertensive crisis
or hypertensive encephalopathy. 
Proteinuria may develop; bevacizumab should be
stopped in patients who develop nephrotic syndrome.
Other adverse effects include asthenia, pain, abdomi-
nal pain, gastrointestinal disturbances, stomatitis,
headache, epistaxis, dyspnoea, upper respiratory infec-
tion, and exfoliative dermatitis. Peripheral sensory
neuropathy, syncope, somnolence, supraventricular
tachycardia, palmar-plantar erythrodysesthesia syn-
drome, and muscular weakness have been commonly
reported. Infusion reactions, manifesting as hyperten-
sion, wheezing, chest pain, headaches, rigors, and dia-
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phoresis may occur rarely with the first dose of bevaci-
zumab; treatment should be interrupted. 
There have been rare reports of reversible posterior
leukoencephalopathy syndrome, a neurological disor-
der; this may present as seizures, headache, altered
mental status, visual disturbance, or cortical blindness,
with or without associated hypertension. Bevacizumab
therapy should be stopped, and patients treated symp-
tomatically.
◊ References.
1. Hurwitz H, Saini S. Bevacizumab in the treatment of metastatic

colorectal cancer: safety profile and management of adverse
events. Semin Oncol 2006; 33 (suppl 10): S26–S34. 

2. Saif MW, Mehra R. Incidence and management of bevacizumab-
related toxicities in colorectal cancer. Expert Opin Drug Saf
2006; 5: 553–66.

Effects on the cardiovascular system. For a discussion of
the incidence of hypertension associated with use of bevacizum-
ab, see Effects on the Kidneys, below.
Effects on the kidneys. A systematic review and subsequent
meta-analysis of 7 studies in 1850 patients with various cancers
estimated the incidence and risk of developing hypertension and
proteinuria with bevacizumab therapy.1 The relative risk (RR) of
developing proteinuria was 1.4 with low-dose bevacizumab
(95% confidence interval 1.1 to 1.7) and even higher with high-
dose therapy (RR 2.2; 95% confidence interval 1.6 to 2.9). For
hypertension, the RR was 3.0 for low-dose bevacizumab (95%
confidence interval 2.2 to 4.2) and 7.5 for high-dose therapy
(95% confidence interval 4.2 to 13.4). US licensed product infor-
mation states that hypertension can persist after stopping bevaci-
zumab; therapy should be stopped permanently in those with hy-
pertensive crisis or hypertensive encephalopathy. (For the
suggestion that hypertension is a problem with angiogenesis in-
hibitors in general see Effects on the Cardiovascular System in
Sorafenib, p.770.) The safety of continued treatment in patients
with moderate to severe proteinuria has not been evaluated; ther-
apy should be interrupted if proteinuria is equal to or greater than
2 g per 24 hours, and may be resumed when it is less than this. 
Nephrotic syndrome has also been reported with use of bevaci-
zumab;2,3 therapy should be stopped in these patients. In one
case,3 there was evidence of a haemolytic-uraemic syndrome; re-
nal biopsy revealed a glomerular thrombotic microangiopathy.
Bevacizumab was stopped, with favourable response; however,
sunitinib therapy was started but had to be stopped due to a recur-
rence of severe haemolytic-uraemic syndrome. 
A patient who received 3 doses of bevacizumab was diagnosed
with acute renal failure secondary to interstitial nephritis. His re-
nal function resolved slowly after stopping therapy; haemodial-
ysis was required.4
1. Zhu X, et al. Risks of proteinuria and hypertension with bevaci-

zumab, an antibody against vascular endothelial growth factor:
systematic review and meta-analysis. Am J Kidney Dis 2007; 49:
186–93. 

2. George BA, et al. Nephrotic syndrome after bevacizumab: case
report and literature review. Am J Kidney Dis 2007; 49: e23–e29. 

3. Frangié C, et al. Renal thrombotic microangiopathy caused by
anti-VEGF-antibody treatment for metastatic renal-cell carcino-
ma. Lancet Oncol 2007; 8: 177–8. 

4. Barakat RK, et al. Interstitial nephritis secondary to bevacizum-
ab treatment in metastatic leiomyosarcoma. Ann Pharmacother
2007; 41: 707–10.

Effects on the nervous system. There are reports of reversi-
ble posterior leukoencephalopathy syndrome (RPLS) attributed
to bevacizumab.1,2 Presenting symptoms included lethargy, sei-
zures, hypertension, acute bilateral loss of vision, headache, and
confusion. Recovery was rapid after symptomatic treatment. 
The symptoms of RPLS may be difficult to distinguish from
those of uncontrolled hypertension, and patients presenting with
the above signs and symptoms should be examined neurological-
ly.3
1. Glusker P, et al. Reversible posterior leukoencephalopathy syn-

drome and bevacizumab. N Engl J Med 2006; 354: 980–1. 
2. Ozcan C, et al. Reversible posterior leukoencephalopathy syn-

drome and bevacizumab. N Engl J Med 2006; 354: 981–2. 
3. Health Canada. Association of AVASTIN  (bevacizumab) with

hypertensive encephalopathy and reversible posterior leukoen-
cephalopathy syndrome (RPLS) (issued 24th October 2006).
Available at:  http://www.hc-sc.gc.ca/dhp-mps/medeff/
advisories-avis/public/_2006/avastin_pc-cp-eng.php (accessed
30/07/08)

Effects on the spleen. Splenic infarction has been reported in
a patient given bevacizumab, fluorouracil, folinic acid, and iri-
notecan. Bevacizumab was stopped. Four further chemotherapy
cycles were given. The splenic infarcts partially regressed, al-
though the patient died from metastatic progression. The authors
attributed the splenic infarction to bevacizumab, which has been
associated with arterial thromboembolic events.1
1. Malka D, et al. Splenic infarction and bevacizumab. Lancet On-

col 2006; 7: 1038.

Fistula formation. US licensed product information for beva-
cizumab states that the incidence of gastrointestinal perforation,
including fistula formation and/or intra-abdominal abscess, in
bevacizumab-treated patients with colorectal cancer or non-

small cell lung cancer was 2.4% and 0.9%, respectively. The Ca-
nadian manufacturer (Roche, Canada) has stated that there have
been uncommon reports of other types of fistulas such as bron-
chopleural, urogenital, and biliary fistulas, across various indica-
tions. While cancer itself might have been a risk factor for fistula
formation, a role for bevacizumab could not be excluded; most
events occurred within the first 6 months of therapy.1 There have
been reports of tracheo-oesophageal fistula formation in associ-
ation with use of bevacizumab, including some fatalities.1,2 Ther-
apy should be permanently stopped in patients with tracheo-
oesophageal or gastrointestinal fistulas.
1. Roche, Canada. Health Canada endorsed important safety infor-

mation on AVASTIN  (bevacizumab): association of AVAS-
TIN  (bevacizumab) with tracheo-esophageal fistula (issued
June 2007). Available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/avastin_hpc-cps_2_e.pdf
(accessed 13/06/07) 

2. Genentech, USA. Important drug warning regarding AVASTIN
(bevacizumab) (issued April 2007). 
Available at: http://www.fda.gov/medwatch/safety/2007/
Avastin_DHCP_TEF_Final_April2007.pdf (accessed 13/06/07)

Interactions
◊ The US manufacturer of bevacizumab has recommended that
it should not be used with sunitinib after several patients receiv-
ing the combination had developed microangiopathic haemolyt-
ic anaemia.1
1. Genentech, USA. Important drug warning subject: microangio-

pathic hemolytic anemia (MAHA) in patients treated with Avas-
tin  (bevacizumab) and sunitinib malate (issued July 2008).
Available at: http://www.fda.gov/medwatch/safety/2008/
MAHA_DHCP.pdf (accessed 30/07/08)

Pharmacokinetics
Bevacizumab has an initial half-life of 1.4 days and a
terminal half-life of about 20 days. The predicted time
to steady state is about 100 days. Male patients and
those with a higher tumour burden have higher clear-
ances of bevacizumab than females and those with tu-
mour burdens below the median, respectively; al-
though no evidence of lesser efficacy has been seen
due to this higher clearance, the relationship between
exposure to bevacizumab and clinical outcome is not
known.

Uses and Administration
Bevacizumab is a recombinant humanised monoclonal
antibody that binds to vascular endothelial growth fac-
tor (VEGF), thereby inhibiting the angiogenesis that
occurs during tumour growth. Bevacizumab is used
with fluoropyrimidine-based chemotherapy in the
treatment of metastatic colorectal cancer (p.665). It is
also used with paclitaxel for the first-line treatment of
patients with metastatic breast cancer (p.661), and with
platinum-based chemotherapy in the first-line treat-
ment of patients with unresectable, locally advanced,
recurrent or metastatic, non-squamous, non-small cell
lung cancer (p.668). Bevacizumab is used with inter-
feron alfa for the first-line treatment of advanced
and/or metastatic renal cell cancer (p.667). 
Bevacizumab is usually given diluted in 100 mL of so-
dium chloride 0.9%; the final concentration should be
kept within the range of 1.4 to 16.5 mg/mL. The first
dose should be given as an intravenous infusion over
90 minutes; if this is well tolerated the second dose
should be given over 60 minutes, and if this is well tol-
erated then subsequent doses may be given over 30
minutes. 
In the treatment of colorectal cancer, bevacizumab is
given in a dose of 5 or 10 mg/kg once every 2 weeks,
or 7.5 or 15 mg/kg once every 3 weeks; doses depend
on the combination of drugs used in the regimen. 
For breast cancer, the recommended dose of bevaci-
zumab is 10 mg/kg given once every 2 weeks, or
15 mg/kg given once every 3 weeks. 
For non-small cell lung cancer, the recommended
dose of bevacizumab is 7.5 or 15 mg/kg given once
every 3 weeks. In the UK, combination therapy is giv-
en for up to 6 cycles, followed by bevacizumab mono-
therapy until disease progression. 
For renal cell carcinoma, bevacizumab is given in a
dose of 10 mg/kg once every 2 weeks. 
There are no recommended dose reduction regimens
should adverse effects occur with bevacizumab; thera-

py should either be permanently stopped or temporari-
ly suspended. 
Bevacizumab is under investigation for various other
neoplasms, such as head and neck, ovarian, and pros-
tate cancer. A related monoclonal antibody, ranibizum-
ab (p.2377) has been developed for the treatment of ne-
ovascular (wet) age-related macular degeneration, and
it has been suggested that bevacizumab might also be
of benefit.
◊ References.
1. Hurwitz H, et al. Bevacizumab plus irinotecan, fluorouracil, and

leucovorin for metastatic colorectal cancer. N Engl J Med 2004;
350: 2335–42. 

2. Johnson DH, et al. Randomized phase II trial comparing beva-
cizumab plus carboplatin and paclitaxel with carboplatin and
paclitaxel alone in previously untreated locally advanced or
metastatic non–small-cell lung cancer. J Clin Oncol 2004; 22:
2184–91. 

3. Zondor SD, Medina PJ. Bevacizumab: an angiogenesis inhibitor
with efficacy in colorectal and other malignancies. Ann Phar-
macother 2004; 38: 1258–64. 

4. Motl S. Bevacizumab in combination chemotherapy for color-
ectal and other cancers. Am J Health-Syst Pharm 2005; 62:
1021–32. Correction. ibid.; 1241. 

5. Kabbinavar FF, et al. Combined analysis of efficacy: the addi-
tion of bevacizumab to fluorouracil/leucovorin improves sur-
vival for patients with metastatic colorectal cancer. J Clin Oncol
2005; 23: 3706–12. 

6. Midgley R, Kerr D. Bevacizumab—current status and future di-
rections. Ann Oncol 2005; 16: 999–1004. 

7. Lyseng-Williamson KA, Robinson DM. Spotlight on bevacizu-
mab in advanced colorectal cancer, breast cancer, and non-small
cell lung cancer. BioDrugs 2006; 20: 193–5. 

8. Shih T, Lindley C. Bevacizumab: an angiogenesis inhibitor for
the treatment of solid malignancies. Clin Ther 2006; 28:
1779–1802. 

9. Pañares RL, Garcia AA. Bevacizumab in the management of
solid tumors. Expert Rev Anticancer Ther 2007; 7: 433–45. 

10. Cilley JC, et al. Bevacizumab in the treatment of colorectal can-
cer. Expert Opin Biol Ther 2007; 7: 739–49. 

11. Burger RA. Experience with bevacizumab in the management
of epithelial ovarian cancer. J Clin Oncol 2007; 25: 2902–8. 

12. Escudier B, et al. AVOREN Trial investigators. Bevacizumab
plus interferon alfa-2a for treatment of metastatic renal cell car-
cinoma: a randomised, double-blind phase III trial. Lancet
2007; 370: 2103–11. 

13. Miller K, et al. Paclitaxel plus bevacizumab versus paclitaxel
alone for metastatic breast cancer. N Engl J Med 2007; 357:
2666–76. 

14. Scott LJ. Bevacizumab: in first-line treatment of metastatic
breast cancer. Drugs 2007; 67: 1793–9. 

15. McCormack PL, Keam SJ. Bevacizumab: a review of its use in
metastatic colorectal cancer. Drugs 2008; 68: 487–506. 

16. Di Costanzo F, et al. Bevacizumab in non-small cell lung can-
cer. Drugs 2008; 68: 737–46. 

17. Norden AD, et al. Bevacizumab for recurrent malignant glio-
mas: efficacy, toxicity, and patterns of recurrence. Neurology
2008; 70: 779–87.

Administration. It has been suggested that bevacizumab may
be safely given at an infusion rate of 500 micrograms/kg per
minute; this means a dose of 5 mg/kg could be given over 10
minutes.1
1. Reidy DL, et al. Bevacizumab 5 mg/kg can be infused safely

over 10 minutes. J Clin Oncol 2007; 25: 2691–5.

Age-related macular degeneration. Short-term results with
intravenous1 or intravitreal2-7 bevacizumab to treat age-related
macular degeneration (p.785) are promising, although it is unli-
censed for this use. Ranibizumab (p.2377) is a humanised anti-
body fragment derived from bevacizumab that is used for the
treatment of this disease.
1. Michels S, et al. Systemic bevacizumab (Avastin) therapy for

neovascular age-related macular degeneration: twelve-week re-
sults of an uncontrolled open-label clinical study. Ophthalmolo-
gy 2005; 112: 1035–47. 

2. Avery RL, et al. Intravitreal bevacizumab (Avastin) for neovas-
cular age-related macular degeneration. Ophthalmology 2006;
113: 363–72. 

3. Bashshur ZF, et al. Intravitreal bevacizumab for the management
of choroidal neovascularization in age-related macular degener-
ation. Am J Ophthalmol 2006; 142: 1–9. 

4. Spaide RF, et al. Intravitreal bevacizumab treatment of choroidal
neovascularization secondary to age-related macular degenera-
tion. Retina 2006; 26: 383–90. 

5. Fung AE, et al. The International Intravitreal Bevacizumab Safe-
ty Survey: using the internet to assess drug safety worldwide. Br
J Ophthalmol 2006; 90: 1344–9. 

6. Lynch SS, Cheng CM. Bevacizumab for neovascular ocular dis-
eases. Ann Pharmacother 2007; 41: 614–25. 

7. Madhusudhana KC, et al. Intravitreal bevacizumab (Avastin) for
the treatment of choroidal neovascularization in age-related
macular degeneration: results from 118 cases. Br J Ophthalmol
2007; 91: 1716–17.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Avastin; Austral.: Avastin; Belg.: Avastin; Braz.: Avastin; Canad.:
Avastin; Chile: Avastin; Cz.: Avastin; Denm.: Avastin; Fin.: Avastin; Fr.:
Avastin; Ger.: Avastin; Gr.: Avastin; Hong Kong: Avastin; Hung.: Avastin;
Indon.: Avastin; Irl.: Avastin; Israel: Avastin; Ital.: Avastin; Jpn: Avastin;
Mex.: Avastin; Neth.: Avastin; Norw.: Avastin; NZ: Avastin; Philipp.:
Avastin; Pol.: Avastin; Port.: Avastin; Rus.: Avastin (Авастин); S.Afr.:
Avastin; Singapore: Avastin; Spain: Avastin; Swed.: Avastin; Switz.: Avas-
tin; Thai.: Avastin; UK: Avastin; USA: Avastin.
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Bexarotene (BAN, USAN, rINN)

Beksaroteeni; Beksaroten; Bexaroten; Bexarotène; Bexaroteno;
Bexarotenum; LG-100069; LGD-1069. p-[1-(5,6,7,8-Tetrahydro-
3,5,5,8,8-pentamethyl-2-naphthyl)vinyl]benzoic acid.

Бексаротен
C24H28O2 = 348.5.

CAS — 153559-49-0.
ATC — L01XX25.
ATC Vet — QL01XX25.

Adverse Effects and Precautions
The main adverse effects noted after oral therapy with
bexarotene include hyperlipidaemia, hypothyroidism,
leucopenia, headache, oedema, altered liver function,
rash, and pruritus. Exfoliative dermatitis, alopecia, and
skin disorders may occur. Other common adverse ef-
fects include anaemia, insomnia, dizziness, eye or ear
disorders, gastrointestinal disturbances, arthralgia, and
myalgia. Acute pancreatitis has been associated with
hypertriglyceridaemia, and patients with risk factors
for pancreatitis should generally not be given bexaro-
tene. If triglyceride concentrations rise during therapy,
dose reductions are recommended, and lipid-lowering
therapy may be instituted (with the exception of gem-
fibrozil, see below). The most common adverse events
associated with topical therapy are rash, pruritus, and
pain. Bexarotene capsules and gel should not be used
during pregnancy because of the risk of fetal malfor-
mation.
◊ References.
1. Assaf C, et al. Minimizing adverse side-effects of oral bexaro-

tene in cutaneous T-cell lymphoma: an expert opinion. Br J Der-
matol 2006; 155: 261–6.

Interactions

Gemfibrozil. Gemfibrozil inhibits clearance of bexarotene, re-
sulting in extremely high triglyceride levels and pancreatitis.1

1. Talpur R, et al. Optimizing bexarotene therapy for cutaneous T-
cell lymphoma. J Am Acad Dermatol 2002; 47: 672–84.

Uses and Administration
Bexarotene is an agonist at the retinoid X receptor,
which is involved in the regulation of cell differentia-
tion and proliferation. It is used in the treatment of cu-
taneous T-cell lymphoma (see Mycosis Fungoides,
p.657), in a usual initial oral dose of 300 mg/m2 daily
as a single dose taken with a meal. Dosage is adjusted
according to toxicity. For the topical treatment of re-
fractory disease a 1% gel may be applied on alternate
days for the first week, gradually increased at weekly
intervals to up to 4 times daily, depending on tolerance.
◊ References.
1. Anonymous. Bexarotene (Targretin) for cutaneous T-cell lym-

phoma. Med Lett Drugs Ther 2000; 42: 31–2. 
2. Lowe MN, Plosker GL. Bexarotene. Am J Clin Dermatol 2000;

1: 245–50. 
3. Duvic M, et al. Bexarotene is effective and safe for treatment of

refractory advanced-stage cutaneous T-cell lymphoma: multina-
tional phase II-III trial results. J Clin Oncol 2001; 19: 2456–71. 

4. Wong S-F. Oral bexarotene in the treatment of cutaneous T-cell
lymphoma. Ann Pharmacother 2001; 35: 1056–65. 

5. Heald P, et al. Topical bexarotene therapy for patients with re-
fractory or persistent early-stage cutaneous T-cell lymphoma: re-
sults of the phase III clinical trial. J Am Acad Dermatol 2003; 49:
801–15. 

6. Hanifin JM, et al. Novel treatment of chronic severe hand der-
matitis with bexarotene gel. Br J Dermatol 2004; 150: 545–53. 

7. Farol LT, Hymes KB. Bexarotene: a clinical review. Expert Rev
Anticancer Ther 2004; 4: 180–8. 

8. Gniadecki R, et al. The optimal use of bexarotene in cutaneous
T-cell lymphoma. Br J Dermatol 2007; 157: 433–40.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Targretin; Chile: Targretin; Cz.: Targretin; Denm.: Targretin; Fr.: Tar-
gretin; Ger.: Targretin; Gr.: Targretin; Hung.: Targretin; Irl.: Targretin; Ital.:
Targretin; Neth.: Targretin; Port.: Targretin; Spain: Targretin; UK: Targre-
tin; USA: Targretin.

Bicalutamide (BAN, USAN, rINN)

Bicalutamida; Bicalutamidum; Bikalutamid; Bikalutamidi; ICI-
176334. (RS)-4′-Cyano-α′,α′,α′-trifluoro-3-(4-fluorophenyl-
sulphonyl)-2-hydroxy-2-methylpropiono-m-toluidide.

Бикалутамид

C18H14F4N2O4S = 430.4.

CAS — 90357-06-5.

ATC — L02BB03.

ATC Vet — QL02BB03.

Pharmacopoeias. In US. 
USP 31 (Bicalutamide). A fine, white to off-white powder. Spar-
ingly to slightly soluble in alcohol; freely soluble in acetone and
in tetrahydrofuran; soluble in acetonitrile. Store in airtight con-
tainers.

Adverse Effects and Precautions
As for Flutamide, p.725. Pruritus, asthenia, alopecia,
hair regrowth, and dry skin occur commonly with bi-
calutamide. Hypersensitivity reactions, including an-
gioedema and urticaria, have been reported infrequent-
ly. 
Cardiovascular effects including angina, heart failure,
arrhythmias, and ECG changes have been reported
rarely. Interstitial pneumonitis and pulmonary fibrosis
have also been reported rarely.
Effects on the gastrointestinal tract. There is some evi-
dence that bicalutamide is associated with a lower incidence of
diarrhoea than flutamide.1

1. Schellhammer P, et al. A controlled trial of bicalutamide versus
flutamide, each in combination with luteinizing hormone-releas-
ing hormone analogue therapy, in patients with advanced pros-
tate cancer. Urology 1995; 45: 745–52.

Effects on the lungs. For a review of cases of pneumonitis
associated with anti-androgens including bicalutamide, see un-
der Flutamide, p.725.

Gynaecomastia. For a discussion of gynaecomastia, a fre-
quent adverse effect of anti-androgen therapy, and its manage-
ment, see under Flutamide, p.725.

Interactions
Bicalutamide inhibits various cytochrome P450 isoen-
zymes, particularly CYP3A4, in vitro, and licensed
product information recommends that terfenadine,
astemizole, and cisapride should not be given with bi-
calutamide, and that other drugs with a narrow thera-
peutic index that are metabolised by cytochrome P450
isoenzymes should be used with caution. In vitro stud-
ies have shown that bicalutamide can displace warfarin
from its protein binding sites (see also Antineoplastics,
p.1429).

Pharmacokinetics
Bicalutamide is well absorbed after oral doses. It un-
dergoes extensive metabolism in the liver, the active R-
enantiomer mainly by oxidation, the inactive S-enanti-
omer mainly by glucuronidation. It is excreted as me-
tabolites in urine and faeces. The half-life of the R-
enantiomer is about 6 to 7 days, and may be prolonged
still further in severe hepatic impairment. The S-enan-

tiomer is cleared more rapidly. Bicalutamide is about
96% bound to plasma proteins.
◊ References.
1. Cockshott ID. Bicalutamide: clinical pharmacokinetics and me-

tabolism. Clin Pharmacokinet 2004; 43: 855–78.

Uses and Administration
Bicalutamide is a nonsteroidal anti-androgen with ac-
tions and uses similar to those of flutamide (p.725). It
is used orally in the treatment of prostatic cancer
(p.671). When used with a gonadorelin analogue in the
palliative treatment of advanced prostatic cancer the
usual dose is 50 mg daily. In the UK treatment is start-
ed at least 3 days before starting the gonadorelin ana-
logue to suppress any flare reaction, but in the USA
treatment is started at the same time. A similar dose is
used with surgical castration, starting on the same day
as surgery. 
Bicalutamide in a dose of 150 mg daily may be given
as monotherapy or adjuvant therapy to surgery or radi-
otherapy in men with locally advanced disease at high
risk for disease progression. It has been used as mono-
therapy in localised disease, but there is some evidence
to suggest that in men without high risk of disease pro-
gression, who would otherwise be managed with
watchful waiting, the immediate use of bicalutamide
may increase the risk of death.
◊ References.
1. Wirth M, et al. Bicalutamide (Casodex) 150 mg as immediate

therapy in patients with localized or locally advanced prostate
cancer significantly reduces the risk of disease progression.
Urology 2001; 58: 146–51. 

2. Boccardo F, et al. Bicalutamide monotherapy versus flutamide
plus goserelin in prostate cancer: updated results of a multicen-
tric trial. Eur Urol 2002; 42: 481–90. 

3. See WA, et al. Bicalutamide as immediate therapy either alone
or as adjuvant to standard care of patients with localized or lo-
cally advanced prostate cancer: first analysis of the early pros-
tate cancer program. J Urol (Baltimore) 2002; 168: 429–35. 

4. See W, et al. Immediate treatment with bicalutamide 150 mg as
adjuvant therapy significantly reduces the risk of PSA progres-
sion in early prostate cancer. Eur Urol 2003; 44: 512–17. 

5. Fradet Y. Bicalutamide (Casodex) in the treatment of prostate
cancer. Expert Rev Anticancer Ther 2004; 4: 37–48. 

6. Schellhammer PF, Davis JW. An evaluation of bicalutamide in
the treatment of prostate cancer. Clin Prostate Cancer 2004; 2:
213–19. 

7. Wirth MP, et al. Bicalutamide 150 mg in addition to standard
care in patients with localized or locally advanced prostate can-
cer: results from the second analysis of the early prostate cancer
program at median followup of 5.4 years. J Urol (Baltimore)
2004; 172: 1865–70. 

8. Iversen P, et al. Bicalutamide (150 mg) versus placebo as imme-
diate therapy alone or as adjuvant to therapy with curative intent
for early nonmetastatic prostate cancer: 5.3-year median fol-
lowup from the Scandinavian Prostate Cancer Group Study
Number 6. J Urol (Baltimore) 2004; 172: 1871–6. 

9. Klotz L, Schellhammer P. Combined androgen blockade: the
case for bicalutamide. Clin Prostate Cancer 2005; 3: 215–19. 

10. Wirth M, et al. Bicalutamide (‘Casodex’) 150 mg in addition to
standard care in patients with nonmetastatic prostate cancer: up-
dated results from a randomised double-blind phase III study
(median follow-up 5.1 y) in the early prostate cancer pro-
gramme. Prostate Cancer Prostatic Dis 2005; 8: 194–200. 

11. Tyrell CJ, et al. Bicalutamide (‘Casodex’) 150 mg as adjuvant
to radiotherapy in patients with localised or locally advanced
prostate cancer: results from the randomised Early Prostate
Cancer Programme. Radiother Oncol 2005; 76: 4–10. 

12. McLeod DG, et al. Bicalutamide 150 mg plus standard care vs
standard care alone for early prostate cancer. BJU Int 2006; 97:
247–54. 

13. Wellington K, Keam SJ. Bicalutamide 150mg: a review of its
use in the treatment of locally advanced prostate cancer. Drugs
2006; 66: 837–50. 

14. Iversen P, Roder MA. The Early Prostate Cancer program: bi-
calutamide in nonmetastatic prostate cancer. Expert Rev Anti-
cancer Ther 2008; 8: 361–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Androxinon†; Bicaprost†; Bidrostat; Biolutam; Bitakebir ; Bosconar;
Casodex; Codebup; Dimalan; Finaband; Gepeprostin; Imda†; Liberprost;
Raffolutil; Austral.: Cosudex; Austria: Casodex; Belg.: Casodex; Braz.:
Casodex; Gepeprostin; Lutamidal; Canad.: Casodex; Chile: Casodex;
Lutamidal; Cz.: Bicaluplex; Calumid; Casodex; Lanbica; Denm.: Casodex;
Fin.: Casodex; Fr.: Casodex; Ger.: Casodex; Gr.: Bicalut; Bicamide; Caso-
dex; Verodex; Hong Kong: Casodex; Hung.: Bicatlon; Bilutamid; Calumid;
Casodex; India: Caluran; Calutide; Indon.: Casodex; Irl.: Casodex; Israel:
Casodex; Ital.: Casodex; Malaysia: Casodex; Mex.: Casodex; Neth.:
Casodex; Norw.: Casodex; NZ: Cosudex; Philipp.: Casodex; Pol.: Caso-
dex; Port.: Casodex; Rus.: Bilumid (Билумид); Calumid (Калумид); Caso-
dex (Касодекс); S.Afr.: Casodex; Singapore: Casodex; Spain: Casodex;
Swed.: Casodex; Switz.: Casodex; Thai.: Casodex; Turk.: Casodex; UK:
Casodex; USA: Casodex; Venez.: Calutol; Casodex.

Multi-ingredient: Austral.: Zolacos CP.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Bleomycin Sulfate (USAN, pINNM)

Bleomicino sulfatas; Bleomicin-szulfát; Bleomycin Sulphate
(BANM); Bléomycine, sulfate de; Bleomycini sulfas; Bleomycinsul-
fat; Bleomycin-sulfát; Bleomysiinisulfaatti; Sulfato de bleomicina.

Блеомицина Сульфат

CAS — 11056-06-7 (bleomycin); 67763-87-5 (bleomycin
hydrochloride); 9041-93-4 (bleomycin sulfate).

ATC — L01DC01.

ATC Vet — QL01DC01.

(bleomycin)

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Int. and Jpn also include Bleomycin Hydrochloride. Chin. in-
cludes Bleomycin A5 Hydrochloride for Injection. 
Ph. Eur. 6.2 (Bleomycin Sulphate). The sulfate of a mixture of
glycopeptides obtained by the growth of Streptomyces verticillus
or by any other means; the two principal components of the mix-
ture are N-[3-(dimethylsulphonio)propyl]bleomycinamide (ble-
omycin A2) and N-[4-(carbamimidoylamino)butyl]bleomycina-
mide (bleomycin B2). A white or yellowish-white, very
hygroscopic powder. It loses not more than 3% of its weight
when dried. Very soluble in water; slightly soluble in dehydrated
alcohol; practically insoluble in acetone. A 0.5% solution in wa-
ter has a pH of 4.5 to 6.0. Store in airtight containers at a temper-
ature of 2° to 8°. 
USP 31 (Bleomycin Sulfate). The sulfate salt of a mixture of ba-
sic cytotoxic glycopeptides, produced by the growth of Strepto-
myces verticillus or produced by other means. It has a potency of
not less than 1.5 units and not more than 2.0 units/mg. It contains
between 55 and 70% of bleomycin A2 and between 25 and 32%
of bleomycin B2; the content of bleomycin B4 is not more than
1%. The combined percentage of bleomycin A2 and B2 is not less
than 90%. A cream-coloured, amorphous powder. It loses not
more than 6% of its weight when dried. Very soluble in water. A
solution in water containing 10 units/mL has a pH of 4.5 to 6.0.
Store in airtight containers.

Incompatibility. A loss of bleomycin activity was reported
when bleomycin sulfate solutions were mixed with solutions of
carbenicillin, cefazolin or cefalotin sodium, nafcillin sodium,
benzylpenicillin sodium, methotrexate, mitomycin, hydrocorti-
sone sodium succinate, aminophylline, ascorbic acid, or terbuta-
line.1 The interactions of bleomycin have been summarised as
the chelation of divalent and trivalent cations (especially copper),
inactivation by compounds containing sulfhydryl groups, and
precipitation by hydrophobic anions; solutions of bleomycin
should not be mixed with solutions of essential amino acids, ri-
boflavin, dexamethasone, or furosemide.2

1. Dorr RT, et al. Bleomycin compatibility with selected intrave-
nous medications. J Med 1982; 13: 121–30. 

2. D’Arcy PF. Reactions and interactions in handling anticancer
drugs. Drug Intell Clin Pharm 1983; 17: 532–8.

Stability. Bleomycin sulfate solutions appear to be equally sta-
ble in plastic or glass,1,2 despite some earlier studies suggesting
loss of potency in plastic.3,4 There is some evidence5 that bleo-
mycin is more stable in sodium chloride 0.9% than glucose 5%,
and sodium chloride 0.9% is the diluent recommended by the
licensed product information. UK licensed product information
states that bleomycin sulfate is chemically and physically stable,
once reconstituted and diluted as directed, for 10 days when re-
frigerated at 2° to 8° and protected from light. From a microbio-
logical point of view, solutions should be used immediately; stor-
age for longer than 24 hours at 2° to 8° is not recommended,
unless prepared under controlled and validated aseptic condi-
tions.
1. De Vroe C, et al. A study on the stability of three antineoplastic

drugs and on their sorption by iv delivery systems and end-line
filters. Int J Pharmaceutics 1990; 65: 49–56. 

2. Stajich GV, et al. In vitro evaluation of bleomycin-induced cell
lethality from plastic and glass containers. DICP Ann Pharma-
cother 1991; 25: 14–16. 

3. Benvenuto JA, et al. Stability and compatibility of antitumor
agents in glass and plastic containers. Am J Hosp Pharm 1981;
38: 1914–18. 

4. Adams J, et al. Instability of bleomycin in plastic containers. Am
J Hosp Pharm 1982; 39: 1636. 

5. Koberda M, et al. Stability of bleomycin sulfate reconstituted in
5% dextrose injection or 0.9% sodium chloride injection stored
in glass vials or polyvinyl chloride containers. Am J Hosp Pharm
1990; 47: 2528–9.

Units
8910 units of bleomycin complex A2/B2 are contained
in 5 mg of bleomycin complex in one ampoule of the
first International Reference Preparation (1980). The
Ph. Eur. 6.2 specifies a potency of not less than
1500 international units per mg, calculated with refer-
ence to the dried substance. These units differ from
those used by the USP: Bleomycin Sulfate (USP 31)
contains 1.5 to 2.0 units of bleomycin in each mg. A
change in the labelling of preparations in the UK, from
units equivalent to those of the USP to international
units in line with the Ph. Eur., resulted in an apparent
but artefactual increase in UK doses by a factor of
1000. 
In some countries doses were formerly described in
terms of mg-potency, where 1 mg-potency corre-
sponded to 1 unit. In the original preparation 1 mg-
potency was equivalent to 1 mg-weight but improve-
ments in purification of the product led to a situation in
which ampoules labelled as containing 15 mg (i.e.
15 units) contained far fewer mg-weight of bleomycin.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. 
The most frequent adverse effects with bleomycin in-
volve the skin and mucous membranes and include
rash, erythema, pruritus, vesiculation, hyperkeratosis,
nail changes, alopecia, hyperpigmentation, striae, and
stomatitis. Fever is also common, and acute anaphylac-
toid reactions with hyperpyrexia and cardiorespiratory
collapse have been reported in about 1% of patients
with lymphoma. There is little depression of the bone
marrow. Local reactions and thrombophlebitis may oc-
cur at the site of parenteral dosage. 
The most serious delayed effect is pulmonary toxicity;
interstitial pneumonitis occurs in about 10% of patients
and progresses to fibrosis and death in about 1% of pa-
tients treated with bleomycin. Pulmonary toxicity is
more likely in elderly patients and those given total
doses greater than 400 000 international units
(400 USP units). It is also more likely in patients who
have had previous radiotherapy to the chest.
Effects on the lungs. Pneumonitis induced by bleomycin can
progress to fatal pulmonary fibrosis. The presentation is often de-
layed; clinical manifestations include non-productive cough,
dyspnoea, and sometimes fever (see Effects on the Lungs,
p.638). Pneumomediastinum has also been reported as an initial
manifestation of fatal pulmonary toxicity due to bleomycin.1
Risk factors for toxicity include increased age,2,3 deteriorating
renal function,2 and concurrent or previous radiotherapy. The re-
action is dose-related, and maximum doses have been set (see
Uses and Administration, below). Other factors that may be im-
plicated include the regimen used, concomitant oxygen supple-
mentation, smoking history, underlying lung disease, and growth
factor support.2,3 For further details of some of these risk factors,
see under Interactions, below. There is no standard treatment for
bleomycin-induced pneumonitis. Bleomycin therapy is usually
stopped, and corticosteroids may be given3 although strong evi-
dence to support their use is lacking.2 There is some suggestion
that giving bleomycin by intravenous infusion rather than bolus
injection may reduce pulmonary toxicity.2
1. Keijzer A, Kuenen B. Fatal pulmonary toxicity in testis cancer

with bleomycin-containing chemotherapy. J Clin Oncol 2007;
25: 3543–4. 

2. Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001; 120:
617–24. 

3. Martin WG, et al. Bleomycin pulmonary toxicity has a negative
impact on the outcome of patients with Hodgkin’s lymphoma. J
Clin Oncol 2005; 23: 7614–20.

Effects on the skin, hair, and nails. Permanent nail loss and
nail loss followed by regrowth with dystrophy have been report-
ed after intralesional injection of bleomycin for periungual
warts.1-3 In 2 cases this was preceded by blistering and ulcera-
tion,1 or swelling, severe pain, and a burning sensation.2 All 3
patients had received injections on one or two previous occasions

when 2 patients had reported only mild pain.1,3 Other reported
cutaneous adverse effects of bleomycin include flagellate ery-
thema, Raynaud’s phenomenon, gangrene, fibrotic or sclerotic
skin changes, hyperpigmentation, and neutrophilic eccrine hid-
radenitis (an inflammatory dermatosis with erythematous
plaques and nodules, neutrophilic infiltrates of eccrine glands,
and degeneration of eccrine cells). Acute generalised exanthe-
matous pustulosis and alopecia have also been reported.4
1. Czarnecki D. Bleomycin and periungual warts. Med J Aust 1984;

141: 40. 
2. Miller RAW. Nail dystrophy following intralesional injections of

bleomycin for a periungual wart. Arch Dermatol 1984; 120:
963–4. 

3. Urbina González F, et al. Cutaneous toxicity of intralesional ble-
omycin administration in the treatment of periungual warts. Arch
Dermatol 1986; 122: 974–5. 

4. Yamamoto T. Bleomycin and the skin. Br J Dermatol 2006; 155:
869–75.

Effects on the vascular system. Although thromboembolic
disorders and Raynaud’s syndrome have been associated with
use of bleomycin in combination regimens, particularly with cis-
platin and the vinca alkaloids or etoposide (see Effects on the
Cardiovascular System, p.636) there is some evidence for an as-
sociation of Raynaud’s syndrome with the use of bleomycin
alone.1,2 
There have also been cases of Raynaud’s phenomenon reported
after intralesional injection of bleomycin for treatment of warts
on the hands and feet.3-6 See also Effects on the Skin, Hair, and
Nails, above.
1. Sundstrup B. Raynaud’s phenomenon after bleomycin treatment.

Med J Aust 1978; 2: 266. 
2. Adoue D, Arlet P. Bleomycin and Raynaud’s phenomenon. Ann

Intern Med 1984; 100: 770. 
3. Epstein E. Intralesional bleomycin and Raynaud’s phenomenon.

J Am Acad Dermatol 1991; 24: 785–6. 
4. Gregg LJ. Intralesional bleomycin and Raynaud’s phenomenon.

J Am Acad Dermatol 1992; 26: 279–80. 
5. de Pablo P, et al. Raynaud’s phenomenon and intralesional bleo-

mycin. Acta Derm Venereol (Stockh) 1992; 72: 465. 
6. Vanhooteghem O, et al. Raynaud phenomenon after treatment of

verruca vulgaris of the sole with intralesional injection of bleo-
mycin. Pediatr Dermatol 2001; 18: 249–51.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. 
Bleomycin should be used with caution in the elderly,
in patients with renal impairment or pulmonary infec-
tion or pre-existing impairment of pulmonary function,
and in those who have received radiotherapy, particu-
larly to the thorax. Patients should undergo regular
chest X-rays. If these show infiltrates, or if breathless-
ness occurs, bleomycin should be stopped. 
In view of the risk of an anaphylactoid reaction it has
been suggested that patients with lymphomas should
receive two test doses of 2000 international units
(2 USP units) or less initially (but see Administration,
below).
AIDS. Cutaneous adverse effects occurred in 12 of 50 patients
being treated with bleomycin for AIDS-associated Kaposi’s sar-
coma and increased in severity until bleomycin was withdrawn.1
Bleomycin should be stopped in people with AIDS if cutaneous
adverse effects are seen, and rechallenge should be avoided.
However, the incidence of adverse effects did not appear to be
higher in these patients than in cancer patients, and patients with
AIDS seem to be less sensitive to bleomycin than to antibacteri-
als such as co-trimoxazole and penicillins.
1. Caumes E, et al. Cutaneous side-effects of bleomycin in AIDS

patients with Kaposi’s sarcoma. Lancet 1990; 336: 1593.

Diving. Since the partial pressure of oxygen in the inspired air of
a scuba diver increases with increasing depth, a theoretical pos-
sibility exists of a toxic [pulmonary] reaction to oxygen in bleo-
mycin-treated patients who subsequently go diving, and such a
risk would increase with the depth and duration of each dive.1
However, the risks associated with diving after uncomplicated
bleomycin-based treatment have been questioned;2 the authors
considered that resuming diving was acceptable 6 to 12 months
after completing treatment with BEP (bleomycin, etoposide, and
cisplatin), and recommended caution only in those who devel-
oped pulmonary function impairment when given bleomycin.
1. Zanetti CL. Scuba diving and bleomycin therapy. JAMA 1990;

264: 2869. 
2. de Wit R, et al. Bleomycin and scuba diving: where is the harm?

Lancet Oncol 2007; 8: 954–5.

Handling and disposal. Urine produced for up to 72 hours af-
ter a dose of bleomycin should be handled wearing protective
clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Pregnancy. For a report of use of a bleomycin-containing
chemotherapy regimen in a pregnant woman and subsequent ad-
verse effects on the infant, see Pregnancy, under Cisplatin, p.699.
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Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. There may be an increased risk of pul-
monary toxicity in patients given bleomycin who re-
ceive oxygen, for example as part of a general
anaesthetic procedure; a reduction in inspired oxygen
concentration has been recommended.
Antineoplastics. Enhanced pulmonary toxicity, in some cases
fatal, has been reported in patients given bleomycin and cispla-
tin,1-4 presumably because cisplatin-induced renal impairment
led to a decrease in bleomycin elimination. It seems reasonable
to assume that similar interactions might occur if bleomycin
were given with other nephrotoxic agents. It has been suggested
that apart from a decrease in bleomycin dosage if nephrotoxicity
occurs with such a combination, giving bleomycin by constant
infusion rather than intermittent bolus might be less toxic.1,5 
A study to investigate whether substitution of etoposide with
gemcitabine would lead to a less leukaemogenic BEACOPP reg-
imen was stopped early because of unexpectedly common pul-
monary toxicity; one patient died. This toxicity was considered
to be due to the use of gemcitabine with bleomycin.6
1. Bennett WM, et al. Fatal pulmonary bleomycin toxicity in cispl-

atin-induced acute renal failure. Cancer Treat Rep 1980; 64:
921–4. 

2. van Barneveld PWC, et al. Influence of platinum-induced renal
toxicity on bleomycin-induced pulmonary toxicity in patients
with disseminated testicular carcinoma. Oncology 1984; 41:
4–7. 

3. Brodsky A, et al. Stevens-Johnson syndrome, respiratory dis-
tress and acute renal failure due to synergic bleomycin-cisplatin
toxicity. J Clin Pharmacol 1989; 29: 821–3. 

4. Sleijfer S, et al. Enhanced effects of bleomycin on pulmonary
function disturbances in patients with decreased renal function
due to cisplatin. Eur J Cancer 1996; 32A: 550–2. 

5. Chisholm RA, et al. Bleomycin lung: the effect of different
chemotherapeutic regimens. Cancer Chemother Pharmacol
1992; 30: 158–60. 

6. Bredenfeld H, et al. Severe pulmonary toxicity in patients with
advanced-stage Hodgkin’s disease treated with a modified bleo-
mycin, doxorubicin, cyclophosphamide, vincristine, procar-
bazine, prednisone, and gemcitabine (BEACOPP) regimen is
probably related to the combination of gemcitabine and bleomy-
cin: a report of the German Hodgkin’s Lymphoma Study Group.
J Clin Oncol 2004; 22: 2424–9.

Colony-stimulating factors. An increased incidence of pul-
monary toxicity has been reported in patients receiving bleomy-
cin as part of the ABVD regimen (with doxorubicin, vinblastine,
and dacarbazine) who were given granulocyte colony-stimulat-
ing factor to alleviate neutropenia.1 Another case of rapidly de-
veloping and fatal pneumonitis in a patient given BEP (bleomy-
cin, etoposide, and cisplatin) with granulocyte colony-
stimulating factor has been reported.2 
Analyses of study data failed to show increased pulmonary tox-
icity when granulocyte colony-stimulating factor was added to
bleomycin-containing regimens in patients with germ cell tu-
mours or non-Hodgkin’s lymphomas.3-5 In a retrospective re-
view of patients with Hodgkin’s lymphoma, however, use of ble-
omycin with granulocyte colony-stimulating factor was
associated with a statistically significant increase of pulmonary
toxicity.6
1. Matthews JH. Pulmonary toxicity of ABVD chemotherapy and

G-CSF in Hodgkin’s disease: possible synergy. Lancet 1993;
342: 988. 

2. Dirix LY, et al. Pulmonary toxicity and bleomycin. Lancet 1994;
344: 56. 

3. Bastion Y, et al. Possible toxicity with the association of G-CSF
and bleomycin. Lancet 1994; 343: 1221–2. 

4. Bastion Y, Coiffier B. Pulmonary toxicity of bleomycin: is G-
CSF a risk factor? Lancet 1994; 344: 474. 

5. Saxman SB, et al. Pulmonary toxicity in patients with advanced-
stage germ cell tumors receiving bleomycin with and without
granulocyte colony stimulating factor. Chest 1997; 111: 657–60. 

6. Martin WG, et al. Bleomycin pulmonary toxicity has a negative
impact on the outcome of patients with Hodgkin’s lymphoma. J
Clin Oncol 2005; 23: 7614–20.

Oxygen. Because bleomycin is thought to cause pulmonary
toxicity partly by induction of free radicals, use with high con-
centrations of oxygen could be hazardous,1 and reductions in in-
spired oxygen concentration have been recommended by li-
censed product information where oxygen supplementation is
unavoidable. Animal studies show an increased risk of mortality
with use of bleomycin and oxygen, although data in humans are
lacking. The need for oxygen restriction in bleomycin-treated pa-
tients has, however, been questioned.2
1. Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001; 120:

617–24. 
2. Donat SM, Levy DA. Bleomycin associated pulmonary toxicity:

is perioperative oxygen restriction necessary? J Urol (Baltimore)
1998; 160: 1347–52.

Pharmacokinetics
Bleomycin is thought to be poorly absorbed from the
gastrointestinal tract. Absorption is rapid after
parenteral, intraperitoneal, or intrapleural use. Bioa-
vailability is 100% and 70% after intramuscular and
subcutaneous dosage, respectively. A bioavailability of
45% has been reported after intraperitoneal or intra-

pleural use. Plasma protein binding is low. Enzymic
degradation of bleomycin occurs, primarily in plasma,
the liver and other organs, and to a much lesser extent
in skin and lungs. Elimination is biphasic: mean initial
and terminal half-lives of 0.5 and 4 hours respectively
have been reported after an intravenous bolus. Elimi-
nation may be more prolonged after continuous intra-
venous infusion and mean half-lives of 1.3 and 9 hours
respectively have been reported. About two-thirds of a
dose is excreted unchanged in the urine; the rate of ex-
cretion is determined by renal function. Drug concen-
trations in the CSF are low. Bleomycin crosses the pla-
centa.
◊ References.
1. Broughton A, et al. Clinical pharmacology of bleomycin follow-

ing intravenous infusion as determined by radioimmunoassay.
Cancer 1977; 40: 2772–8. 

2. Alberts DS, et al. Bleomycin pharmacokinetics in man I: intra-
venous administration. Cancer Chemother Pharmacol 1978; 1:
177–81. 

3. Yee GC, et al. Bleomycin disposition in children with cancer.
Clin Pharmacol Ther 1983; 33: 668–73.

Uses and Administration
Bleomycin is an antineoplastic antibiotic that binds to
DNA and causes strand scissions, and is probably most
effective in the G2 and M phases of the cell cycle. It is
widely used to treat malignant disease; particularly sq-
uamous cell carcinomas, including those of the cervix
and external genitalia, oesophagus, skin, and head and
neck; Hodgkin’s disease and other lymphomas; malig-
nant neoplasms of the testis, and malignant effusions.
It has also been tried in other malignancies, including
carcinoma of the bladder, lung, and thyroid, and some
sarcomas, including Kaposi’s sarcoma. 
Bleomycin is often used with other antineoplastics, no-
tably with doxorubicin, vinblastine, and dacarbazine
(ABVD) for Hodgkin’s disease, and with etoposide
and cisplatin (BEP) in testicular tumours. Bleomycin is
given as the sulfate by either the intramuscular, intrave-
nous, or subcutaneous route. It may also be given intra-
arterially or instilled intrapleurally or intraperitoneally.
If intramuscular injections are painful they may be giv-
en in a 1% solution of lidocaine. 

Doses are calculated in terms of the base, and are given in
units, but the units used for preparations in the UK, which
were formerly equivalent to those of the USP, are now inter-
national units equivalent to those of the Ph. Eur. (see Units,
above). Since 1000 international units is equivalent to
1 USP unit, UK doses now appear to be 1000 times greater
than those previously in use, or than those in use in the USA,
and care is recommended in evaluating the literature. 

In the UK the licensed dose as a single agent for
squamous ce l l  or  test icular  tumours  i s
15 000 international units (15 USP units) three times a
week, or 30 000 international units twice a week, by
intramuscular or intravenous injection, although in
practice treatment of malignancy will generally be
with combination regimens. This may be repeated, at
usual intervals of 3 to 4 weeks, up to a total cumulative
dose of 500 000 international units. The dose and total
cumulative dose should be reduced in those over 60
years of age (see below). Doses should be adjusted ac-
cording to tolerance, and may need to be adjusted as
part of combination chemotherapy. Continuous
intravenous infusion at a rate of 15 000 international
uni ts  per  24  hours  for  up  to  10 days  or
30 000 international units per 24 hours for up to 5 days
may also be used. In patients with lymphoma a dose of
15 000 international units once or twice weekly by in-
tramuscular injection has been suggested, to a total
dose of 225 000 international units. Again, dosage
should be reduced in older patients and in combination
regimens if necessary. In the treatment of malignant
effusions a solution of 60 000 international units in
100 mL of sodium chloride 0.9% may be instilled into
the affected serous cavity. Treatment may be repeated
as necessary up to a total cumulative dose of
500 000 international units depending on the patient’s
age. Local anaesthetics or analgesics are given con-
comitantly. 

In the USA licensed doses for lymphomas as well as
squamous cell and testicular neoplasms are 250 to
500 international units/kg (0.25 to 0.5 USP units/kg),
or 10 000 to 20 000 international units/m2 (10 to
20 USP units/m2), given once or twice weekly. In view
of the risk of an anaphylactoid reaction it has been sug-
gested that patients with lymphomas should receive
two test  doses of  2000 internat ional uni ts
(2 USP units) or less initially (but see Administration,
below). In patients with Hodgkin’s disease, once a 50%
response has been achieved it may be maintained with
1000 international units (1 USP unit) of bleomycin
daily, or 5000 international units (5 USP units) weekly. 
In the UK, licensed product information suggests that
a total dose  of 500 000 international units
(500 USP units) should not be exceeded. Total
c u m u l a t i v e  d os e  s h o u l d  n o t  e x c e e d
300 000 international units in those aged 60 to 69
years, 200 000 international units in those 70 to 79, and
100 000 international units in those 80 and over; the
weekly dose should be no more than 60 000, 30 000
and 15 000 international units respectively. In the USA
the recommended maximum tota l  dose  is
400 000 international units (400 USP units); it
i s  generally agreed that patients receiving
400 000 international units or more are at increased
risk of pulmonary toxicity (see Adverse Effects,
above). 
Dosage should be reduced in patients with renal im-
pairment (see below). 
Bleomycin hydrochloride has also been given
parenterally for malignant neoplasms, and bleomycin
sulfate has been applied topically for the local treat-
ment of skin tumours.
Administration. Although test doses have been suggested as a
way of avoiding anaphylactoid reactions in patients with lym-
phoma being treated with bleomycin, a review1 of the literature
concluded that the evidence did not support such a strategy, since
the onset of the reaction was unpredictable, and not associated
with any particular dose. It had also been suggested that reactions
were less frequent with intramuscular rather than intravenous
dosage, but evidence for this was conflicting. 
There is some suggestion that giving bleomycin by intravenous
infusion rather than bolus injection in combination regimens
may result in reduced pulmonary toxicity.2,3

1. Lam MSH. The need for routine bleomycin test dosing in the
21st century. Ann Pharmacother 2005; 39: 1897–1902. 

2. Chisholm RA, et al. Bleomycin lung: the effect of different
chemotherapeutic regimens. Cancer Chemother Pharmacol
1992; 30: 158–60. 

3. Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001; 120:
617–24.

Administration in renal impairment. A significant portion
of a dose of bleomycin is excreted largely unchanged in the
urine, and dose reduction should be considered in patients with
renal impairment. UK licensed product information suggests a
50% dose reduction when the serum creatinine concentration is
between 20 and 40 micrograms/mL and further reduction for se-
rum creatinine above this. US licensed product information gives
the following proposed percentages of the initial dose, based on
creatinine clearance (CC): 
• CC 5 to 10 mL/minute: 40% 
• CC 10 to 20 mL/minute: 45% 
• CC 20 to 30 mL/minute: 55% 
• CC 30 to 40 mL/minute: 60% 
• CC 40 to 50 mL/minute: 70% 
• CC 50 mL/minute and above: 100%
Leucoplakia. Leucoplakia is used to describe a white patch or
plaque in the mouth which cannot be otherwise characterised.
Such lesions are of concern because they may be pre-malignant,
and patients with evidence of dysplasia may be at higher risk of
transformation (see also Malignant Neoplasms of the Head and
Neck, p.666). Leucoplakia must be distinguished from other
conditions such as candidiasis, lichen planus, and oral hairy leu-
coplakia which is associated with HIV infection.1 
Leucoplakia is often associated with tobacco smoking, and
smoking cessation can result in regression.1 Where active treat-
ment is desirable, small and easily accessible lesions can be re-
moved surgically or by laser therapy, although they may recur.1
For extensive patches or those in which surgery would be diffi-
cult, the treatments described include topical bleomycin 1%, dis-
solved in dimethyl sulfoxide and applied for 5 minutes daily for
14 consecutive days. In a group of 19 patients with dysplastic
leucoplakia, improvement in the appearance of lesions and histo-
logical evidence of remission of the dysplasia occurred in the
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majority of patients. Sustained effects were also found on long-
term follow-up for up to 10 years.2 
There have been reports of partial or complete remission of leu-
coplakia in studies of vitamin A or betacarotene given orally
long-term,3-5 but lesions have recurred when supplementation
was stopped.4 Topical treatment with retinoids such as tretinoin
or isotretinoin has also been tried, with similar results to those of
oral vitamin A and retinoid treatments.6,7 A small open study has
also suggested that topical calcipotriol may be effective.8 
A systematic review of treatments for leucoplakia found that
there were few controlled trials reported, and that although these
treatments might be effective in the resolution of lesions, the rate
of relapse was high, and there was no evidence that they prevent
malignant transformation.9
1. Scully C, Porter S. ABC of oral health: swellings and red, white,

and pigmented lesions. BMJ 2000; 321: 225–8. 
2. Epstein JB, et al. Topical bleomycin for the treatment of dysplas-

tic oral leukoplakia. Cancer 1998; 83: 629–34. 
3. Issing WJ, et al. Long-term follow-up of larynx leukoplakia un-

der treatment with retinyl palmitate. Head Neck 1996; 18:
560–5. 

4. Sankaranarayanan R, et al. Chemoprevention of oral leukoplakia
with vitamin A and beta carotene: an assessment. Oral Oncol
1997; 33: 231–6. 

5. Garewal HS, et al. β-Carotene produces sustained remissions in
patients with oral leukoplakia: results of a multicenter prospec-
tive trial. Arch Otolaryngol Head Neck Surg 1999; 125:
1305–10. 

6. Epstein JB, Gorsky M. Topical application of vitamin A to oral
leukoplakia: a clinical case series. Cancer 1999; 86: 921–7. 

7. Gorsky M, Epstein JB. The effect of retinoids on premalignant
oral lesions: focus on topical therapy. Cancer 2002; 95:
1258–64. 

8. Femiano F, et al. Oral leukoplakia: open trial of topical therapy
with calcipotriol compared with tretinoin. Int J Oral Maxillofac
Surg 2001; 30: 402–6. 

9. Lodi G, et al. Interventions for treating oral leukoplakia. Availa-
ble in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2006 (accessed 21/05/08).

Malignant effusions. Bleomycin is used for the sclerotherapy
of malignant pleural and pericardial effusions (p.659).
Malignant neoplasms. Bleomycin is used in regimens for the
management of Hodgkin’s disease (p.655), non-Hodgkin’s lym-
phomas, including AIDS-related lymphomas (see p.656 and
p.657), and for germ-cell tumours of the ovary and testis (see
p.670, and p.673), as well as for some other malignancies includ-
ing those of the head and neck, (p.666), and Kaposi’s sarcoma
(p.675).
Pneumothorax. In a patient with AIDS and pneumocystis
pneumonia who developed pneumothorax, instillation of bleo-
mycin into each pleural cavity was successful in resolving the
pneumothorax after tetracycline sclerotherapy failed to do so.1
1. Hnatiuk OW, et al. Bleomycin sclerotherapy for bilateral pneu-

mothoraces in a patient with AIDS. Ann Intern Med 1990; 113:
988–90.

Warts. A number of studies have examined the local use of ble-
omycin sulfate to treat severe or resistant warts (p.1584) of the
common, plane, plantar, eponychial, and mosaic types, usually
by intralesional injection.1-3 At the doses used, adverse effects,
other than pain at the injection site,1-3 do not seem to be common;
however, nail dystrophy and Raynaud’s phenomenon have been
reported (see under Effects on the Nails and Effects on the Vas-
cular System, under Adverse Effects, above). Bleomycin has
also been applied as a pressure-sensitive adhesive tape,4 and var-
ious techniques for better intralesional use have been investigat-
ed.5-7

1. Shumack PH, Haddock MJ. Bleomycin: an effective treatment
for warts. Australas J Dermatol 1979; 20: 41–2. 

2. Bunney MH, et al. The treatment of resistant warts with intrale-
sional bleomycin: a controlled clinical trial. Br J Dermatol 1984;
111: 197–207. 

3. Munkvad M, et al. Locally injected bleomycin in the treatment
of warts. Dermatologica 1983; 167: 86–9. 

4. Takigawa M, et al. Treatment of viral warts with pressure-sensi-
tive adhesive tape containing bleomycin sulfate. Arch Dermatol
1985; 121: 1108. 

5. Munn SE, et al. A new method of intralesional bleomycin thera-
py in the treatment of recalcitrant warts. Br J Dermatol 1996;
135: 969–71. 

6. van der Velden EM, et al. Dermatography with bleomycin as a
new treatment for verrucae vulgaris. Int J Dermatol 1997; 36:
145–50. 

7. Pollock B, Sheehan-Dare R. Pulsed dye laser and intralesional
bleomycin for treatment of resistant viol [sic] hand warts. Lasers
Surg Med 2002; 30: 135–40.

Preparations
BP 2008: Bleomycin Injection; 
USP 31: Bleomycin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Bileco; Bleocris; Blocamicina; Cytorich; Austral.: Blenamax; Blenox-
ane; Belg.: Bleomin; Braz.: Blenoxane; Bonar ; Tecnomicina; Canad.:
Blenoxane; Chile: Blexit; Nikableomicina; Oncobleocin; Cz.: Bleocin; Ger.:
Bleo-cell; Bleomedac; Gr.: Bleocin; Hong Kong: Bleocin; Hung.: Bleocin;
India: Bleochem; Bleocin; Bleocip; Indon.: Blenamax; Bleocin; Jpn: Bleo-S;
Bleocin; Malaysia: Blenamax; Bleocin; Mex.: Blanoxan; Bleolem; NZ:
Blenoxane; Philipp.: Blenoxane; Bloicin-S; Pol.: Bleocin; Port.: Blio†; Rus.:
Blenamax (Бленамакс); S.Afr.: Blenoxane; Bleolem; Singapore: Bleocin;
Thai.: Bleo-S; Bleocin; Bleolem; Turk.: Bleocin; Bleolem; UK: Bleo; USA:
Blenoxane.

Bortezomib (BAN, USAN, rINN)

Bortézomib; Bortezomibum; LDP-341; MG-341; MLN-341; PS-
341. N-((1S)-1-Benzyl-2-{[(1R)-1-(dihydroxyboranyl)-3-methyl-
butyl]amino}-2-oxoethyl)pyrazinecarboxamide; {(1R)-3-Methyl-
1-[(2S)-3-phenyl-2-(pyrazin-2-carboxamido)propanami-
do]butyl}boronic acid; .
Бортезомиб
C19H25BN4O4 = 384.2.
CAS — 179324-69-7.
ATC — L01XX32.
ATC Vet — QL01XX32.

Adverse Effects, Treatment, and Precau-
tions
For a general outline see Antineoplastics, p.635, p.639,
and p.641. 
The most common adverse effects of bortezomib in-
clude haematological toxicities (especially transient
thrombocytopenia), decreased appetite, gastrointesti-
nal disturbances, peripheral neuropathy, fatigue, fever,
dyspnoea, rash, and myalgia. Complete blood counts
including platelet counts should be monitored and ther-
apy withheld or given at reduced doses if necessary.
Peripheral neuropathy may also be dose-limiting. 
Other common adverse effects include hyperglycae-
mia, hypokalaemia, insomnia, anxiety, confusion, de-
pression, blurred vision, eye pain, dizziness, dysgeusia,
tremor, epistaxis, cough, rhinorrhoea, pruritus, arthral-
gia, oedema, and orthostatic hypotension. Tumour
lysis syndrome, hypersensitivity, and seizures have
been reported. Tachycardia, arrhythmias, palpitations,
angina pectoris, and myocardial infarction have oc-
curred. Congestive heart failure may be exacerbated
and pulmonary oedema has been reported. There have
been rare reports of acute respiratory distress syn-
drome, some of them fatal. 
Renal impairment is common in patients with multiple
myeloma and acute renal failure has developed in pa-
tients on bortezomib. Licensed product information in
the UK considers that patients with compromised renal
function should be monitored, and dose reductions
considered if needed although in the USA this is con-
sidered unnecessary. Hepatotoxicity, which may be re-
versible, has included increases in liver enzyme values,
hyperbilirubinaemia, and acute liver failure; borte-
zomib should be used with caution in hepatic impair-
ment. 
The impact of proteasome inhibition by bortezomib on
disorders associated with protein accumulation such as
amyloidosis is unknown and caution is advised in these
patients.
Effects on the nervous system. Treatment with bortezomib
is often associated with peripheral neuropathy, mainly sensory,
although cases of motor neuropathy have been reported. Results
from an analysis1 found that the peripheral neuropathy associat-
ed with bortezomib seemed to be cumulative and dose-related,
and increased in prevalence through the first 5 treatment cycles.
Prolonged bortezomib exposure beyond this time did not seem to
increase the incidence or severity of neuropathy. Development of
neuropathy appeared to be independent of the previous neuro-
toxic therapy. In most patients, neuropathic pain resolved or im-
proved after dose modification or upon completion of therapy.
1. Richardson PG, et al. Frequency, characteristics, and reversibili-

ty of peripheral neuropathy during treatment of advanced multi-
ple myeloma with bortezomib. J Clin Oncol 2006; 24: 3113–20.

Effects on the skin. In 3 studies of bortezomib in patients with
non-Hodgkin’s lymphoma, 26 of 140 patients developed an ery-
thematous maculopapular rash. Six patients underwent biopsy;
all cases revealed a small vessel necrotising vasculitis. Although

some patients had dosage reductions implemented or therapy in-
terrupted upon development of the rash, others were treated con-
tinuously without dose reduction, with no apparent adverse clin-
ical consequences. In fact, analysis of the data supported a strong
relationship between bortezomib-associated cutaneous vasculitis
and a positive clinical response in patient with non-Hodgkin’s
lymphoma.1 A macular brown-red eruption developed in a pa-
tient at the site of bortezomib infusions; abundant venous flush-
ing was given from the fourth infusion, and the eruption did not
recur, although hyperpigmentation persisted for several months.2
1. Gerecitano J, et al. Drug-induced cutaneous vasculitis in patients

with non-Hodgkin lymphoma treated with the novel proteasome
inhibitor bortezomib: a possible surrogate marker of response?
Br J Haematol 2006; 134: 391–8. 

2. Mataix J, et al. Persistent supravenous eruption induced by intra-
venous bortezomib therapy. Br J Dermatol 2008; 158: 863–4.

Interactions
Bortezomib is metabolised in the liver via the cyto-
chrome P450 isoenzymes CYP3A4, CYP2C19, and
CYP1A2; CYP2D6 and CYP2C9 are also thought to
play minor roles. Consequently, patients should be
monitored closely when bortezomib is used with other
drugs that induce or inhibit these isoenzymes. Hy-
poglycaemia and hyperglycaemia have occurred in di-
abetic patients receiving oral antidiabetics who were
given bortezomib. Caution may be required if borte-
zomib is used with drugs that are associated with pe-
ripheral neuropathy or hypotension.

Pharmacokinetics
After a single intravenous dose of bortezomib, plasma
concentrations decline in a biphasic manner; a distribu-
tion phase with a half-life of less than 10 minutes is
followed by a terminal elimination phase of about 5 to
15 hours. After multiple doses, clearance decreases
and there is an increase in the terminal elimination
phase. Protein binding has been reported to be over
80%. In-vitro studies indicate that bortezomib is prima-
rily oxidatively metabolised via the cytochrome P450
isoenzymes CYP3A4, CYP2C19, and CYP1A2; mi-
nor metabolism via CYP2D6 and CYP2C9 also oc-
curs. The major metabolic pathway is deboronation to
inactive metabolites.
◊ References.
1. Pekol T, et al. Human metabolism of the proteasome inhibitor

bortezomib: identification of circulating metabolites. Drug Me-
tab Dispos 2005; 33: 771–7.

Uses and Administration
Bortezomib is an inhibitor of the 26S proteasome, a
large protein complex in cells that is responsible for
breaking down regulatory proteins of the cell cycle.
Such inhibition disrupts tumour cell turnover and in-
duces apoptosis. Bortezomib is used for the treatment
of multiple myeloma (p.658) in patients who have
failed at least one previous therapy. In the USA, it is
also used similarly for mantle cell lymphoma in pa-
tients given at least one previous therapy. Bortezomib
is given in initial doses of 1.3 mg/m2 intravenously on
days 1, 4, 8, and 11 of a 21-day cycle. At least 72 hours
should elapse between consecutive doses of borte-
zomib. In the UK, licensed product information recom-
mends that patients with a confirmed complete re-
sponse should receive 2 additional cycles of
bortezomib, and that those who respond but do not
achieve complete remission receive a total of 8 cycles.
In the USA, extended therapy of more than 8 cycles
may be given, either on the standard schedule recom-
mended above, or on a maintenance schedule of one
dose weekly for 4 weeks (days 1, 8, 15, and 22 of a 35-
day cycle). 
The dose should be reduced, or treatment withdrawn,
according to toxicity, particularly when peripheral neu-
ropathy, neuropathic pain, and haematological toxicity
occur.
◊ References.
1. Goy A, Gilles F. Update on the proteasome inhibitor bortezomib

in hematologic malignancies. Clin Lymphoma 2004; 4: 230–7. 
2. Orlowski RZ. Bortezomib and its role in the management of pa-

tients with multiple myeloma. Expert Rev Anticancer Ther 2004;
4: 171–9. 

3. Jagannath S, et al. Bortezomib in recurrent and/or refractory
multiple myeloma: initial clinical experience in patients with im-
paired renal function. Cancer 2005; 103: 1195–1200. 
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4. Richardson PG, et al. Bortezomib or high-dose dexamethasone

for relapsed multiple myeloma. N Engl J Med 2005; 352:
2487–98. 

5. O’Connor OA. Marked clinical activity of the proteasome inhib-
itor bortezomib in patients with follicular and mantle-cell lym-
phoma. Clin Lymphoma Myeloma 2005; 6: 191–9. 

6. Popat R, et al. Bortezomib for multiple myeloma. Expert Opin
Pharmacother 2006; 7: 1337–46. 

7. Wang M, et al. Use of bortezomib in B-cell non-Hodgkin’s lym-
phoma. Expert Rev Anticancer Ther 2006; 6: 983–91. 

8. NICE. Bortezomib monotherapy for relapsed multiple myeloma
(issued October 2007). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA129Guidance.pdf (accessed 23/05/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Velcade; Austral.: Velcade; Belg.: Velcade; Canad.: Velcade; Chile:
Velcade; Cz.: Velcade; Denm.: Velcade; Fin.: Velcade; Fr.: Velcade; Ger.:
Velcade; Gr.: Velcade; Hong Kong: Velcade; Hung.: Velcade; Indon.: Vel-
cade; Israel: Velcade; Ital.: Velcade; Malaysia: Velcade; Mex.: Velcade;
Neth.: Velcade; Norw.: Velcade; NZ: Velcade; Philipp.: Velcade; Pol.: Vel-
cade; Port.: Velcade; Rus.: Velcade (Велкейд); Singapore: Velcade;
Spain: Velcade; Swed.: Velcade; Switz.: Velcade; Thai.: Velcade; UK: Vel-
cade; USA: Velcade; Venez.: Velcade.

Bropirimine (BAN, USAN, rINN)

ABPP; Bropirimina; Bropiriminum; U-54461; U-54461S. 2-Ami-
no-5-bromo-6-phenyl-4(3H)-pyrimidinone.
Бропиримин
C10H8BrN3O = 266.1.
CAS — 56741-95-8.

Profile
Bropirimine is reported to have immunomodulatory actions,
possibly due to the induction of interferons. It has been investi-
gated in the management of carcinoma in situ of the bladder
(p.659).

Brostallicin (rINN)

Brostalicina; Brostallicine; Brostallicinum; PNU-166196 (hydro-
chloride). 4-(2-Bromoacrylamido)-N′″-(2-guanidinoethyl)-1,1′,-
1″,1′″-tetramethyl-N,4′:N′,4″:N″,4′″-quater[pyrrole-2-carboxa-
mide].
Бростальлицин
C30H35BrN12O5 = 723.6.
CAS — 203258-60-0.

Profile
Brostallicin is an antineoplastic that binds to DNA. It is under
investigation for the treatment of soft-tissue sarcomas.
◊ References.
1. ten Tije AJ, et al. Phase I and pharmacokinetic study of brostal-

licin (PNU-166196), a new DNA minor-groove binder, adminis-
tered intravenously every 3 weeks to adult patients with meta-
static cancer. Clin Cancer Res 2003; 9: 2957–64. 

2. Broggini M, et al. Brostallicin: a new concept in minor groove
DNA binder development. Anticancer Drugs 2004; 15: 1–6. 

3. Leahy M, et al. Brostallicin, an agent with potential activity in
metastatic soft tissue sarcoma: a phase II study from the Europe-
an Organisation for Research and Treatment of Cancer Soft Tis-
sue and Bone Sarcoma Group. Eur J Cancer 2007; 43: 308–15.

Broxuridine (rINN)

Bromodeoxyuridine; Broxuridina; Broxuridinum; BUDR; NSC-
38297. 5-Bromo-2′-deoxyuridine; 5-Bromo-1-(2-deoxy-β-D-ri-
bofuranosyl)pyrimidine-2,4(1H,3H)-dione.
Броксуридин
C9H11BrN2O5 = 307.1.
CAS — 59-14-3.

Profile
Broxuridine is a thymidine analogue which acts as a radiosensi-
tiser to enhance the effects of radiotherapy. It is also reported to
possess antiviral activity. A related compound brivudine (p.867)
is used as an antiviral. 
Broxuridine has been given by intra-arterial infusion, with radi-
otherapy and other antineoplastic agents, in the treatment of tu-
mours of the brain, head, and neck. It has also been used diagnos-
tically.
◊ References.
1. Freese A, et al. The application of 5-bromodeoxyuridine in the

management of CNS tumors. J Neurooncol 1994; 20: 81–95. 
2. Phillips TL, et al. Results of a randomized comparison of radio-

therapy and bromodeoxyuridine with radiotherapy alone for
brain metastases: report of RTOG trial 89-05. Int J Radiat Oncol
Biol Phys 1995; 33: 339–48. 

3. Prados MD, et al. Influence of bromodeoxyuridine radiosensiti-
zation on malignant glioma patient survival: a retrospective
comparison of survival data from the Northern California Oncol-
ogy Group (NCOG) and Radiation Therapy Oncology Group tri-
als (RTOG) for glioblastoma multiforme and anaplastic astrocy-
toma. Int J Radiat Oncol Biol Phys 1998; 40: 653–9. 

4. Prados MD, et al. Phase III randomized study of radiotherapy
plus procarbazine, lomustine, and vincristine with or without
BUdR for treatment of anaplastic astrocytoma: final report of
RTOG 9404. Int J Radiat Oncol Biol Phys 2004; 58: 1147–52.

Busulfan (BAN, rINN)

Bussulfam; Busulfaani; Busulfanas; Busulfano; Busulfanum; Busul-
phan; Buszulfán; CB-2041; GT-41; Myelosan; NSC-750; WR-
19508. Tetramethylene di(methanesulphonate); Butane-1,4-diol
di(methanesulphonate).
Бусульфан
C6H14O6S2 = 246.3.
CAS — 55-98-1.
ATC — L01AB01.
ATC Vet — QL01AB01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Busulfan). A white or almost white, crystalline
powder. Very slightly soluble in water and in alcohol; freely sol-
uble in acetone and in acetonitrile. Store in airtight containers.
Protect from light. 
USP 31 (Busulfan). A white, crystalline powder. Very slightly
soluble in water; slightly soluble in alcohol; soluble 1 in 45 of ac-
etone. Store in airtight containers.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. 
The major adverse effect of busulfan with standard
doses is bone-marrow depression, manifest as leucope-
nia, thrombocytopenia, and sometimes, anaemia. The
nadir of the granulocyte count usually occurs after
about 10 to 30 days with recovery occurring over up to
5 months, but busulfan has sometimes caused irrevers-
ible or extremely-prolonged bone-marrow depression. 
Hyperpigmentation is common, and in a few cases af-
ter long-term therapy may be part of a syndrome simu-
lating Addison’s disease. 
Rarely, progressive interstitial pulmonary fibrosis,
known as ‘busulfan lung’, can occur on prolonged
treatment. Gastrointestinal disturbances are rare at usu-
al therapeutic doses but may be dose-limiting where
high doses are given before bone marrow transplanta-
tion. Other rare adverse effects include dry skin and
other skin reactions, liver damage, gynaecomastia, cat-

aract formation, and, at high doses, CNS effects includ-
ing convulsions. 
Busulfan may result in impaired fertility and gonadal
function. As with other alkylating agents, it is poten-
tially carcinogenic, mutagenic, and teratogenic.
Effects on the bladder. Haemorrhagic cystitis occurred in a
patient who had received prolonged therapy with busulfan.1
High-dose busulfan used in conditioning regimens for haemat-
opoietic stem cell transplantation may increase the risk of late-
onset haemorrhagic cystitis.2,3

1. Pode D, et al. Busulfan-induced hemorrhagic cystitis. J Urol
(Baltimore) 1983; 130: 347–8. 

2. Kondo M, et al. Late-onset hemorrhagic cystitis after hemat-
opoietic stem cell transplantation in children. Bone Marrow
Transplant 1998; 22: 995–8. 

3. Leung AYH, et al. Clinicopathological features and risk factors
of clinically overt haemorrhagic cystitis complicating bone mar-
row transplantation. Bone Marrow Transplant 2002; 29: 509–13.

Effects on the liver. Jaundice in the terminal phase of chronic
myeloid leukaemia in a 31-year-old man was attributed to busul-
fan which had been taken for 6 years.1 Busulfan toxicity involv-
ing the liver was also reported in a patient who had taken busul-
fan for 54 months,2 while hepatitis possibly associated with
busulfan therapy has also been described.3 Dose-dependent
veno-occlusive disease (VOD) has been reported in 20 to 40% of
patients receiving high-dose busulfan before bone marrow trans-
plantation.4 Licensed product information from 1 manufacturer
(Pierre Fabre, UK) states that previous radiotherapy, progenitor
cell transplantation, or three cycles of chemotherapy or more,
can increase the risk of hepatic VOD; another (GSK) lists con-
current use of multiple alkylating agents, or total doses of busul-
fan in excess of 16 mg/kg, as possible risk factors. A reduced
incidence of hepatic VOD has been seen in those patients given
high-dose busulfan and cyclophosphamide when the first dose of
cyclophosphamide has been delayed for more than 24 hours after
the last dose of busulfan.
1. Underwood JCE, et al. Jaundice after treatment of leukaemia

with busulphan. BMJ 1971; 1: 556–7. 
2. Foadi MD, et al. Portal hypertension in a patient with chronic

myeloid leukaemia. Postgrad Med J 1977; 53: 267–9. 
3. Morris L, Guthrie T. Busulfan-induced hepatitis. Am J Gastroen-

terol 1988; 83: 682–3. 
4. Hassan M. The role of busulfan in bone marrow transplantation.

Med Oncol 1999; 16: 166–76.

Effects on the nervous system. High-dose busulfan, used in
conditioning regimens for bone marrow transplantation, has
been associated with the development of convulsions,1-4 both
generalised1,3,4 and myoclonic.2,4 As a result, the use of prophy-
lactic antiepileptic therapy has been suggested as a component of
such regimens.1,3,4 However, some do not consider the routine
use of prophylactic antiepileptics justified,5 and the potential for
phenytoin to increase the metabolism of busulfan, thereby possi-
bly decreasing its myeloablative efficacy, has been pointed out.6
In addition, phenytoin plasma concentrations have been found to
be subtherapeutic in patients who developed convulsions despite
a standard prophylactic dose,4 and the regimen was subsequently
adjusted to take account of plasma concentrations. Clobazam has
been suggested as an alternative to phenytoin for prophylaxis of
busulfan-induced seizures.7 Licensed product information from
one manufacturer (GSK, UK) recommends the use of prophylac-
tic anticonvulsants, and prefers a benzodiazepine to phenytoin.
However, other manufacturers suggest use with phenytoin; Otsu-
ka in the USA state that the recommended dose of their parenter-
al product is based on studies in which phenytoin was given, and
that if other anticonvulsants are used exposure should be moni-
tored, as a 15% increase in plasma-busulfan may be expected,
with increased risk of toxicity.
1. Marcus RE, Goldman JM. Convulsions due to high-dose busul-

phan. Lancet 1984; ii: 1463. 
2. Martell RW, et al. High-dose busulfan and myoclonic epilepsy.

Ann Intern Med 1987; 106: 173. 
3. Sureda A, et al. High-dose busulfan and seizures. Ann Intern

Med 1989; 111: 543–4. 
4. Grigg AP, et al. Busulphan and phenytoin. Ann Intern Med 1989;

111: 1049–50. Correction. ibid.; 112: 313. 
5. Hugh-Jones K, Shaw PJ. No convulsions in children on high-

dose busulphan. Lancet 1985; i: 220. 
6. Fitzsimmons WE, et al. Anticonvulsants and busulfan. Ann In-

tern Med 1990; 112: 552–3. 
7. Schwarer AP, et al. Clobazam for seizure prophylaxis during bu-

sulfan chemotherapy. Lancet 1995; 346: 1238.

Effects on the skin and hair. For the effect of radiotherapy in
activating skin lesions in busulfan-treated patients, see under
Precautions, below. 
Permanent alopecia has been reported after use of busulfan.1
1. Tosti A, et al. Permanent alopecia after busulfan chemotherapy.

Br J Dermatol 2005; 152: 1056–8.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. Careful attention should be given
to monitoring blood counts during therapy. This should
be done at least weekly at the start of standard dose
therapy. With high dose therapy blood counts should
be monitored daily, as should liver function. Prophy-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

lactic anticonvulsants should be used during high dose
therapy (see Effects on the Nervous System, above). 
Busulfan should be stopped if lung toxicity develops.
The use of oxygen may exacerbate possible lung toxic-
ity; if anaesthesia is required the concentration of oxy-
gen should be minimised.
Handling. Busulfan is irritant; avoid contact with skin and mu-
cous membranes.
Porphyria. Busulfan is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals.
Radiotherapy. Severe cutaneous reactions occurred in patients
given radiotherapy at least 30 days after combined chemothera-
py with high-dose busulfan.1 
It is possible that radiotherapy could worsen subclinical lung in-
jury caused by busulfan.
1. Vassal G, et al. Radiosensitisation after busulphan. Lancet 1987;

i: 571.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Phenytoin increases the clearance of
busulfan (see Effects on the Nervous System, above).
Antifungals. Giving itraconazole with busulfan resulted in a
decrease in the clearance of busulfan; fluconazole had no such
effect.1 Busulfan doses may need to be decreased if itraconazole
is also given.
1. Buggia I, et al. Itraconazole can increase systemic exposure to

busulfan in patients given bone marrow transplantation. Antican-
cer Res 1996; 16: 2083–8.

Antineoplastics. When tioguanine was given with busulfan
for chronic myeloid leukaemia, a number of cases of hepatic
nodular regenerative hyperplasia, with abnormal liver function
tests, portal hypertension, and oesophageal varices were noted.
There were no cases in patients treated with busulfan alone, and
the mechanism of this possible interaction is unclear.1,2

1. Key NS, et al. Oesophageal varices associated with busulfan-
thioguanine combination therapy for chronic myeloid leukae-
mia. Lancet 1987; ii: 1050–2. 

2. Shepherd PCA, et al. Thioguanine used in maintenance therapy
of chronic myeloid leukaemia causes non-cirrhotic portal hyper-
tension. Br J Haematol 1991; 79: 185–92.

Antiprotozoals. In a study1 of patients who received high-dose
busulfan as part of a myeloablative regimen before stem cell
transplantation, the use of metronidazole significantly increased
plasma concentrations of busulfan and the degree of associated
toxicity, including elevation of liver function tests, veno-occlu-
sive disease, and mucositis.
1. Nilsson C, et al. The effect of metronidazole on busulfan phar-

macokinetics in patients undergoing hematopoietic stem cell
transplantation. Bone Marrow Transplant 2003; 31: 429–35.

Pharmacokinetics
Busulfan is readily absorbed from the gastrointestinal
tract and rapidly disappears from the blood with a half-
life of 2 to 3 hours. It is extensively metabolised, and
excreted in the urine almost entirely as sulfur-contain-
ing metabolites. It crosses the blood-brain barrier.
Metabolism. In a study of the pharmacokinetics of high-dose
busulfan in 5 patients receiving 1 mg/kg orally every six hours
for 4 days, the mean elimination half-life decreased from about
3.4 hours after the first dose to about 2.3 hours after the final
dose, suggesting that busulfan may induce its own metabolism.1
1. Hassan M, et al. Pharmacokinetic and metabolic studies of high-

dose busulphan in adults. Eur J Clin Pharmacol 1989; 36:
525–30.

Therapeutic drug monitoring. A review concluded that
therapeutic drug monitoring of busulfan would maximise en-
graftment and minimise toxicity and relapse in haematopoietic
stem cell transplantation. In regimens using busulfan with cyclo-
phosphamide, steady-state plasma concentrations of busulfan
above 600 micrograms/litre appeared to favour engraftment.1 A
pharmacokinetic analysis found that in patients with graft rejec-
tions,  busulfan trough concentrat ions were below
150 nanograms/mL; steady state concentrations also tended to
be lower in this group but not significantly so.2 
The bioavailability of oral busulfan is variable, particularly in
children; intravenous conditioning regimens, adjusted on the ba-
sis of first-dose pharmacokinetics and therapeutic drug monitor-
ing, have been used to overcome this problem.3,4 A study found
a significant correlation between busulfan concentration in plas-
ma and saliva after oral dosing in children; busulfan saliva anal-
ysis may therefore be a useful, non-invasive alternative to plasma
analysis.5
1. McCune JS, et al. Plasma concentration monitoring of busulfan:

does it improve clinical outcome? Clin Pharmacokinet 2000; 39:
155–65. 

2. Chandy M, et al. Randomized trial of two different conditioning
regimens for bone marrow transplantation in thalassemia—the
role of busulfan pharmacokinetics in determining outcome. Bone
Marrow Transplant 2005; 36: 839–45. 

3. Tran H, et al. Pharmacokinetics and individualized dose adjust-
ment of intravenous busulfan in children with advanced hemato-
logic malignancies undergoing allogeneic stem cell transplanta-
tion. Biol Blood Marrow Transplant 2004; 10: 805–12. 

4. Kletzel M, et al. Pharmacokinetics of a test dose of intravenous
busulfan guide dose modifications to achieve an optimal area un-
der the curve of a single daily dose of intravenous busulfan in
children undergoing a reduced-intensity conditioning regimen
with hematopoietic stem cell transplantation. Biol Blood Marrow
Transplant 2006; 12: 472–9. 

5. Rauh M, et al. Quantification of busulfan in saliva and plasma in
haematopoietic stem cell transplantation in children : validation
of liquid chromatography tandem mass spectrometry method.
Clin Pharmacokinet 2006; 45: 305–16.

Uses and Administration
Busulfan is an antineoplastic with a cell-cycle non-spe-
cific alkylating action unlike that of the nitrogen mus-
tards, and having a selective depressant action on bone
marrow. In small doses, it depresses granulocytopoie-
sis and to a lesser extent thrombocytopoiesis but has
little effect on lymphocytes. With larger doses, severe
bone-marrow depression eventually ensues. 
Because of its selective action, busulfan has been used
in the palliative treatment of chronic myeloid leukae-
mia (p.653). It provides symptomatic relief with a re-
duction in spleen size and a general feeling of well-be-
ing. The fall in leucocyte count is usually accompanied
by a rise in the haemoglobin concentration. Permanent
remission is not induced and resistance to its beneficial
effects gradually develops. 
Busulfan may be used in patients with polycythaemia
vera (p.654) and in some patients with myelofibrosis
and primary thrombocythaemia (p.654). It is also used
at high doses as part of a conditioning regimen to pre-
pare patients for bone marrow transplantation, a proce-
dure discussed on p.1811 under Haematopoietic Stem
Cell Transplantation. 
The licensed initial oral dosage of busulfan in chronic
myeloid leukaemia is 60 micrograms/kg daily, with a
usual maximum single daily dose of 4 mg. This is con-
tinued until the white cell count has fallen to between
15 000 and 25 000 cells/mm3 (typically 12 to 20
weeks). It should be stopped earlier if the platelet count
falls below 100 000 cells/mm3. Higher doses may be
given if the response after 3 weeks is inadequate but
this increases the risk of irreversible damage to the
bone marrow and calls for special vigilance. Complete
blood counts should be made at least every week and
the trends followed closely; if haemorrhagic tenden-
cies occur or there is a steep fall in the white cell count
indicating severe bone-marrow depression, busulfan
should be withdrawn until marrow function has re-
turned. 
Once an initial remission has been attained treatment is
stopped and not resumed until the white cell count re-
turns to 50 000 cells/mm3. If this occurs within 3
months continuous maintenance treatment with a usual
dose of 0.5 to 2 mg daily may be given. 
In patients with polycythaemia vera the usual oral
dose is 4 to 6 mg daily, continued for 4 to 6 weeks with
careful monitoring of blood counts. Further courses are
given when relapse occurs; alternatively, maintenance
therapy may be given at half the dose required for in-
duction. Doses of 2 to 4 mg daily have been given for
essential thrombocythaemia or myelofibrosis. 
In conditioning regimens for bone marrow
transplantation busulfan has been given in usual
doses of 3.5 to 4 mg/kg daily in divided doses for 4
days orally (total dose 14 to 16 mg/kg), with cyclo-
phosphamide, for ablation of the recipient’s bone
marrow. When given by intravenous infusion in a
regimen with phenytoin (see Effects on the Nervous
System, above), a recommended dose is 3.2 mg/kg
ideal body-weight daily for 4 days (total dose
12.8 mg/kg); actual body-weight is used for the
calculation if it is less than the ideal weight. The daily
dose is given as 4 infusions of 800 micrograms/kg at
intervals of 6 hours; each dose should be diluted in
sodium chloride 0.9% or glucose 5% to a final concen-
tration of about 500 micrograms/mL, and given over 2
hours through a central venous catheter using an infu-

sion pump. UK licensed product information states
that cyclophosphamide dosing should not be started for
at least 24 hours after the last dose of busulfan; US in-
formation permits use no sooner than 6 hours after the
last busulfan dose. 
In the UK, busulfan is licensed for use with cyclophos-
phamide or melphalan as a conditioning regimen prior
to haematopoietic stem cell transplantation in children.
The recommended dose for children up to 17 years of
age is weight-based as follows: 
• less than 9 kg: busulfan 1 mg/kg 
• 9 to 16 kg: busulfan 1.2 mg/kg 
• 16 to 23 kg: busulfan 1.1 mg/kg 
• 23 to 34 kg: busulfan 950 micrograms/kg 
• greater than 34 kg: busulfan 800 micrograms/kg 
This dose is given every 6 hours over 4 days to a total
of 16 doses, diluted and infused as for adults. Cyclo-
phosphamide or melphalan should not be started for at
least 24 hours after the last dose of busulfan.
◊ References.
1. Buggia I, et al. Busulfan. Ann Pharmacother 1994; 28: 1055–62. 
2. Socié G, et al. Busulfan plus cyclophosphamide compared with

total-body irradiation plus cyclophosphamide before marrow
transplantation for myeloid leukemia: long-term follow-up of 4
randomized studies. Blood 2001; 98: 3569–74. 

3. Ferry C, Socié G. Busulfan-cyclophosphamide versus total body
irradiation-cyclophosphamide as preparative regimen before al-
logeneic hematopoietic stem cell transplantation for acute mye-
loid leukemia: what have we learned? Exp Hematol 2003; 31:
1182–6.

Preparations
BP 2008: Busulfan Tablets; 
USP 31: Busulfan Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Myleran; Austral.: Myleran; Austria: Myleran; Belg.: Myleran; Braz.:
Myleran; Canad.: Busulfex; Myleran; Chile: Myleran; Cz.: Busilvex; Myler-
an; Denm.: Busilvex; Fr.: Busilvex; Myleran; Ger.: Busilvex; Myleran; Gr.:
Busilvex; Myleran; Hong Kong: Busulfex; Myleran; India: Myleran; Irl.:
Myleran; Israel: Busulfex; Myleran; Ital.: Busilvex; Myleran; Malaysia:
Myleran; Mex.: Myleran; Neth.: Busilvex; Myleran; Norw.: Busilvex; NZ:
Myleran; Pol.: Busilvex; Myleran; Port.: Busilvex; Myleran; Rus.: Myleran
(Милеран); S.Afr.: Myleran; Singapore: Myleran; Spain: Busilvex; Swed.:
Busilvex; Myleran; Switz.: Busilvex; Myleran†; Thai.: Myleran; Turk.: Bu-
sulfex; Myleran; UK: Busilvex; Myleran; USA: Busulfex; Myleran.

Capecitabine (BAN, USAN, rINN)

Capecitabina; Capécitabine; Capecitabinum; Kapecitabin; Kapes-
itabiini; Kapesitabin; Ro-09-1978/000. Pentyl 1-(5-deoxy-β-D-ri-
bofuranosyl)-5-fluoro-1,2-dihydro-2-oxo-4-pyrimidinecar-
bamate.
Капецитабин
C15H22FN3O6 = 359.4.
CAS — 154361-50-9; 158798-73-3.
ATC — L01BC06.
ATC Vet — QL01BC06.

Pharmacopoeias. In US. 
USP 31 (Capecitabine). A white to off-white crystalline powder.
Sparingly soluble in water; soluble in alcohol and in acetonitrile;
freely soluble in methyl alcohol. Store in airtight containers at a
temperature of 20° to 25°, excursions permitted between 15° and
30°.

Adverse Effects and Precautions
As for Fluorouracil, p.722. Diarrhoea (which may be
severe), nausea and vomiting, abdominal pain, stoma-
titis, and palmar-plantar erythrodysesthesia syndrome
(erythema and desquamation of hands and feet) occur
commonly with capecitabine, and may be dose-limit-
ing. Other common adverse effects include fatigue,
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asthenia, and anorexia. Rashes, alopecia, erythema,
dryness of the skin, pruritus, skin pigmentation disor-
ders, and nail disorders can occur. Other adverse ef-
fects are fever, pain, arthralgia, constipation, dyspep-
sia, paraesthesia, headache, dizziness, insomnia, hypo-
or hypercalcaemia, and dehydration. Dermatitis, cardi-
otoxicity, and bone-marrow depression have all been
reported. Hyperbilirubinaemia has occurred. Doses
should be reduced in patients with moderate renal im-
pairment and the drug is contra-indicated in those with
severe renal or hepatic impairment.
Effects on blood lipids. Severe hypertriglyceridaemia has
been reported with oral capecitabine;1 patients had high baseline
triglyceride concentrations at the start of capecitabine. Despite
the introduction of lipid-lowering therapy, triglyceride concen-
trations remained above baseline, and only decreased several
weeks after stopping capecitabine.
1. Kurt M, et al. Capecitabine-induced severe hypertriglyceri-

demia: report of two cases. Ann Pharmacother 2006; 40:
328–31.

Effects on the eyes. A report of severe ocular irritation with
corneal deposits and impaired visual acuity in 2 patients given
capecitabine.1 Symptoms resolved within several weeks of stop-
ping the drug.
1. Walkhom B, et al. Severe ocular irritation and corneal deposits

associated with capecitabine use. N Engl J Med 2000; 343:
740–1.

Effects on the heart. Acute ischaemic chest pain has been re-
ported, usually within a few days of starting capecitabine.1-3

Symptoms from case reports1 and incidence in Phase III studies4

were similar to those in patients given fluorouracil. While symp-
toms have generally been reported to be reversible, fatal myocar-
dial infarction has occurred.2 One patient had also had cardiotox-
icity with fluorouracil treatment,1 but others had no apparent risk
factors.2
1. Frickhofen N, et al. Capecitabine can induce acute coronary syn-

drome similar to 5-fluorouracil. Ann Oncol 2002; 13: 797–801. 
2. Kuppens IELM, et al. Capecitabine induces severe angina-like

chest pain. Ann Intern Med 2004; 140: 494–5. 
3. Bertolini A, et al. Acute cardiotoxicity during capecitabine treat-

ment: a case report. Tumori 2001; 87: 200–6. 
4. van Cutsem E, et al. Incidence of cardiotoxicity with the oral

fluoropyrimidine capecitabine is typical of that reported with 5-
fluorouracil. Ann Oncol 2002; 13: 484–5.

Effects on the nervous system. Peripheral neuropathy1 and
encephalopathy2,3 have been reported in association with
capecitabine use.
1. Saif MW, et al. Peripheral neuropathy associated with capecitab-

ine. Anticancer Drugs 2004; 15: 767–71. 
2. Niemann B, et al. Toxic encephalopathy induced by capecitab-

ine. Oncology 2004; 66: 331–5. 
3. Videnovic A, et al. Capecitabine-induced multifocal leukoen-

cephalopathy: a report of five cases. Neurology 2005; 65:
1792–4.

Effects on the skin and nails. While hand-foot syndrome ap-
pears to be common in patients treated with capecitabine (see
Palmar-plantar Erythrodysesthesia Syndrome, below), other skin
eruptions have been rarely reported.1 Onychomadesis (total sep-
aration of the nail-bed) and onycholysis have occurred.2,3 Pyo-
genic granuloma has been seen with the use of capecitabine,1 as
has re-pigmentation of chemotherapy-induced vitiligo.4
1. Piguet V, Borradori L. Pyogenic granuloma-like lesions during

capecitabine therapy. Br J Dermatol 2002; 147: 1270–2. 
2. Chen G-Y, et al. Onychomadesis and onycholysis associated

with capecitabine. Br J Dermatol 2001; 145: 521–2. 
3. Chen G-Y, et al. Exudative hyponychial dermatitis associated

with capecitabine and docetaxel combination chemotherapy for
metastatic breast carcinoma: report of three cases. Br J Dermatol
2003; 148: 1071–3. 

4. Schmid-Wendtner M-H, et al. Leopard-like vitiligo with capecit-
abine. Lancet 2001; 358: 1575.

Hypersensitivity. A patient was successfully given fluorour-
acil by continuous infusion despite previous hypersensitivity to
capecitabine. The authors supposed that the hypersensitivity was
likely to have been caused by capecitabine or intermediate me-
tabolites, and suggested a lack of cross-sensitivity between
capecitabine and fluorouracil.1
1. Liu CY. Fluorouracil for allergic reactions to capecitabine. Ann

Pharmacother 2002; 36: 1897–9.

Palmar-plantar erythrodysesthesia syndrome. Hand-foot
syndrome (palmar-plantar erythrodysesthesia syndrome, p.639)
has been reported to be common with use of capecitabine given
either as monotherapy1 or as part of combination chemotherapy
regimens.2,3 The syndrome developed within the first 2 cycles of
monotherapy,1 but within the first 3 cycles in combination thera-
py,3 which was attributed to dose modifications of capecitabine
in the latter case. Use with docetaxel, and previous chemothera-
py-induced stomatitis were found to be significant risk factors
for its occurrence.3 The only effective management is treatment
interruption and dose modification.4 Supportive measures to re-
duce pain and discomfort and prevent secondary infection are
important.5 General recommended strategies include submer-
sion of hands and feet in cold water, wound care, and avoidance
of extreme temperature changes, tight-fitting clothing, or skin

friction. Emollient creams may be of benefit for both prophylaxis
and treatment. Other strategies that have been proposed include
the use of amifostine, topical or systemic corticosteroids, and
nicotine patches; however, use of these drugs for capecitabine-
induced hand-foot syndrome remains unproven. While pyridox-
ine cannot be recommended for prophylaxis, some consider it a
reasonable choice for treatment, since benefit has been reported
with its use with topical emollients.4 Concurrent treatment with
celecoxib has been reported to reduce the incidence of hand-foot
syndrome induced by capecitabine.6,7 For reference to the use of
vitamin E to alleviate hand-foot syndrome caused by capecitab-
ine and docetaxel, see Chemotherapy-induced Toxicity, under
Uses of Vitamin E, p.1994. 
As a result of capecitabine-induced hand-foot syndrome, finger-
print misidentification has been reported.8
1. Abushullaih S, et al. Incidence and severity of hand-foot syn-

drome in colorectal cancer patients treated with capecitabine: a
single-institution experience. Cancer Invest 2002; 20: 3–10. 

2. Park YH, et al. High incidence of severe hand-foot syndrome
during capecitabine-docetaxel combination chemotherapy. Ann
Oncol 2003; 14: 1691–2. 

3. Heo YS, et al. Hand-foot syndrome in patients treated with
capecitabine-containing combination chemotherapy. J Clin
Pharmacol 2004; 44: 1166–72. 

4. Gressett SM, et al. Management of hand-foot syndrome induced
by capecitabine. J Oncol Pharm Pract 2006; 12: 131–41. 

5. Scheithauer W, Blum J. Coming to grips with hand-foot syn-
drome: insights from clinical trials evaluating capecitabine. On-
cology (Huntingt) 2004; 18: 1161–8, 1173. 

6. Lin E, et al. Effect of celecoxib on capecitabine-induced hand-
foot syndrome and antitumor activity. Oncology (Huntingt)
2002; 16 (12 suppl 14): 31–7. 

7. Lin EH, et al. Retrospective study of capecitabine and celecoxib
in metastatic colorectal cancer: potential benefits and COX-2 as
the common mediator in pain, toxicities and survival? Am J Clin
Oncol 2006; 29: 232–9. 

8. García-Saénz JA, et al. Elementary, my dear Watson. J Clin On-
col 2007; 25: 1815–6.

Tumour lysis syndrome. A fatal case of tumour lysis syn-
drome (p.639) has been reported after the use of capecitabine.1
1. Kurt M, et al. Tumor lysis syndrome following a single dose of

capecitabine. Ann Pharmacother 2004; 38: 902.

Interactions
As for Fluorouracil, p.723. Altered coagulation param-
eters and bleeding have occurred in patients on warfa-
rin or phenprocoumon given capecitabine. Increased
phenytoin plasma concentrations and symptoms of
toxicity during use with capecitabine have been report-
ed. Capecitabine must not be given with sorivudine or
its analogues as fatal fluoropyrimidine toxicity may oc-
cur (see also Antivirals, under Interactions of Fluoro-
uracil, p.723). Antacids containing aluminium or mag-
nesium hydroxides cause a small increase in capecitab-
ine plasma concentration. The maximum tolerated
dose of capecitabine is reduced when it is given with
either folinic acid or interferon alfa.

Pharmacokinetics
Capecitabine is readily absorbed from the gastrointes-
tinal tract, with peak plasma concentrations occurring
at about 1.5 hours. Food reduces the rate and extent of
absorption. Plasma protein binding of capecitabine is
less than 60%. Capecitabine is hydrolysed in the liver
to 5′-deoxy-5-fluorocytidine (5′-DFCR), which is then
converted to 5′-deoxy-5-fluorouridine (5′-DFUR;
doxifluridine—p.712) and subsequently to 5-fluorour-
acil in body tissues. 5-Fluorouracil is further metabo-
lised, as discussed on p.723. About 3% of a dose of
capecitabine is excreted in the urine unchanged.
◊ References.
1. Reigner B, et al. Effect of food on the pharmacokinetics of

capecitabine and its metabolites following oral administration in
cancer patients. Clin Cancer Res 1998; 4: 941–8. 

2. Reigner B, et al. Clinical pharmacokinetics of capecitabine. Clin
Pharmacokinet 2001; 40: 85–104.

Uses and Administration
Capecitabine is a prodrug that is converted to fluoro-
uracil (p.723) in body tissues. It is given orally for the
treatment of metastatic colorectal cancer (p.665) and is
also used for the adjuvant treatment of patients after
surgery for Dukes C colon cancer. Capecitabine is giv-
en with docetaxel for the treatment of locally advanced
or metastatic breast cancer (p.661) after failure of an-
thracycline-containing chemotherapy. It may be given
as monotherapy after failure of taxanes and anthracy-
cline-containing regimens for patients with breast can-
cer and for whom further anthracycline-containing
therapy is not indicated. Capecitabine with lapatinib

(p.739) is used for the treatment of patients with ad-
vanced or metastatic breast cancer whose tumours
overexpress human epidermal receptor type 2 (HER2).
Capecitabine is also used with a platinum-based regi-
men for the first-line treatment of gastric cancer
(p.664). 
For monotherapy in colon, colorectal, or in breast
cancer, the recommended initial oral dose is 1.25 g/m2

given twice daily; doses are given for 14 days, fol-
lowed by a 7-day rest period. Adjuvant treatment for
colon cancer is recommended for a total of 6 months.
For combination therapy in breast cancer, when given
with docetaxel, capecitabine is given in the same dose
as listed above; docetaxel is given at 75 mg/m2 as a 1-
hour intravenous infusion every 3 weeks. However,
when used with lapatinib tosilate, a different regimen is
used, see Uses and Administration, under Lapatinib
Tosilate, p.739. 
In combination therapy in colorectal or gastric cancer,
the recommended initial oral dose of capecitabine is
0.8 to 1 g/m2 twice daily for 14 days, followed by a 7-
day rest period. Alternatively, capecitabine 625 mg/m2

twice daily is given continuously. 
Capecitabine tablets should be swallowed with water
within 30 minutes after a meal. Doses should be mod-
ified in subsequent cycles according to toxicity.
Capecitabine doses should be reduced in patients with
renal impairment (see below). 
Capecitabine is also under investigation in the treat-
ment of other malignancies.
◊ References.
1. Walko CM, Lindley C. Capecitabine: a review. Clin Ther 2005;

27: 23–44. 
2. Saif MW. Capecitabine versus continuous-infusion 5-fluorour-

acil for colorectal cancer: a retrospective efficacy and safety
comparison. Clin Colorectal Cancer 2005; 5: 89–100. 

3. Glynne-Jones R, et al. The integration of oral capecitabine into
chemoradiation regimens for locally advanced rectal cancer:
how successful have we been? Ann Oncol 2006; 17: 361–71. 

4. Ershler WB. Capecitabine use in geriatric oncology: an analysis
of current safety, efficacy, and quality of life data. Crit Rev On-
col Hematol 2006; 58: 68–78. 

5. Mandelblat J, et al. Capecitabine-docetaxel combination treat-
ment. Expert Rev Anticancer Ther 2006; 6: 1169–78. 

6. Ershler WB. Capecitabine monotherapy: safe and effective
treatment for metastatic breast cancer. Oncologist 2006; 11:
325–35. 

7. Schmoll HJ, Arnold D. Update on capecitabine in colorectal
cancer. Oncologist 2006; 11: 1003–9. 

8. Pandor A, et al. The clinical and cost-effectiveness of oxalipla-
tin and capecitabine for the adjuvant treatment of colon cancer:
systematic review and economic evaluation. Health Technol As-
sess 2006; 10: 1–185. 

9. Schellens JHM. Capecitabine. Oncologist 2007; 12: 152–5. 
10. Tripathy D. Capecitabine in combination with novel targeted

agents in the management of metastatic breast cancer: underly-
ing rationale and results of clinical trials. Oncologist 2007; 12:
375–89. 

11. Dhillon S, Scott LJ. Capecitabine: in advanced gastric or
oesophagogastric cancer. Drugs 2007; 67: 601–10. 

12. Glen H, Cassidy J. Redefining adjuvant chemotherapy in pa-
tients with stage III colon cancer: X-ACT trial. Expert Rev An-
ticancer Ther 2008; 8: 547–51. 

13. Comella P, et al. Capecitabine, alone and in combination, in the
management of patients with colorectal cancer: a review of the
evidence. Drugs 2008; 68: 949–61.

Administration in renal impairment. Renal impairment in-
creases systemic exposure to 5′-deoxy-5-fluorouridine, a metab-
olite of capecitabine. An increase in the severity of adverse ef-
fects appears to correlate with decreased renal function and
increased exposure to this metabolite.1 
Licensed product information suggests the following dosage ad-
justments based on creatinine clearance (CC): 
• mild renal impairment, CC 51 to 80 mL/minute: no dosage

adjustment necessary 
• moderate renal impairment, CC 30 to 50 mL/minute: when

the starting dose is 1.25 g/m2 twice daily, a dose reduction of
25%, to about 950 mg/m2 twice daily is recommended; how-
ever, when the starting dose is 1 g/m2 twice daily, no dose re-
duction is required 

• severe renal impairment, CC below 30 mL/minute: capecitab-
ine is contra-indicated

1. Poole C, et al. Effect of renal impairment on the pharmacokinet-
ics and tolerability of capecitabine (Xeloda) in cancer patients.
Cancer Chemother Pharmacol 2002; 49: 225–34.

Preparations
USP 31: Capecitabine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Apecitab†; Categor; Xeloda; Austral.: Xeloda; Austria: Xeloda;
Belg.: Xeloda; Braz.: Xeloda; Canad.: Xeloda; Chile: Xeloda; Cz.: Xelo-
da; Denm.: Xeloda; Fin.: Xeloda; Fr.: Xeloda; Ger.: Xeloda; Gr.: Xeloda;
Hong Kong: Xeloda; Hung.: Xeloda; Indon.: Xeloda; Irl.: Xeloda; Israel:
Xeloda; Ital.: Xeloda; Jpn: Xeloda; Malaysia: Xeloda; Mex.: Xeloda;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Neth.: Xeloda; Norw.: Xeloda; NZ: Xeloda; Philipp.: Xeloda; Pol.: Xelo-
da; Port.: Xeloda; Rus.: Xeloda (Кселода); S.Afr.: Xeloda; Singapore:
Xeloda; Spain: Xeloda; Swed.: Xeloda; Switz.: Xeloda; Thai.: Xeloda;
Turk.: Xeloda; UK: Xeloda; USA: Xeloda; Venez.: Xeloda.

Carboplatin (BAN, USAN, rINN)

Carboplatine; Carboplatino; Carboplatinum; CBDCA; JM-8; Kar-
boplatiini; Karboplatin; Karboplatina; NSC-241240. cis-Diam-
mine(cyclobutane-1,1-dicarboxylato)platinum.
Карбоплатин
C6H12N2O4Pt = 371.3.
CAS — 41575-94-4.
ATC — L01XA02.
ATC Vet — QL01XA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Carboplatin). A colourless, crystalline powder.
Sparingly soluble in water; very slightly soluble in alcohol and in
acetone. Protect from light. 
USP 31 (Carboplatin). A 1% solution in water has a pH of 5.0
to 7.0. Store in airtight containers. Protect from light.
Incompatibility. Carboplatin reacts with aluminium causing
loss of potency and forming a precipitate. Needles, syringes,
catheters or giving sets that contain aluminium should not be
used for preparing or giving carboplatin.
Stability. About 5% of the initial carboplatin concentration was
lost over 24 hours when solutions were diluted in sodium chlo-
ride 0.9% and stored at 25°; lesser amounts of degradation were
seen at lower sodium chloride concentrations, but carboplatin
was apparently stable over this period if diluted with glucose
5%.1 The authors suggested that chloride-containing infusion so-
lutions are not suitable for carboplatin, not only because of the
loss of active drug but because of the possibility that conversion
to cisplatin may be occurring, with a risk of increased toxicity.1
This has been contested by the manufacturers (Bristol-Myers,
USA), who found that only 0.5% or 0.7%, depending on formu-
lation, of a carboplatin solution in sodium chloride 0.9%, had
been converted to cisplatin after 24 hours.2 However, the total
degradation of carboplatin was not measured. In another study,
the authors calculated the time to 5% degradation of carboplatin
at 25° as 29.2 hours in sodium chloride 0.9% compared with 52.7
hours in water.3 They concluded that carboplatin should not be
diluted in sodium chloride 0.9% when intended for continuous
infusion over a prolonged period.3 Carboplatin in glucose 5%
was reported to be stable for 7 days at 25° in PVC bags when
protected from light.4
1. Cheung Y-W, et al. Stability of cisplatin, iproplatin, carboplatin,

and tetraplatin in commonly used intravenous solutions. Am J
Hosp Pharm 1987; 44: 124–30. 

2. Perrone RK, et al. Extent of cisplatin formation in carboplatin
admixtures. Am J Hosp Pharm 1989; 46: 258–9. 

3. Allsopp MA, et al. The degradation of carboplatin in aqueous
solutions containing chloride or other selected nucleophiles. Int
J Pharmaceutics 1991; 69: 197–210. 

4. Diaz Amador F, et al. Stability of carboplatin in polyvinyl chlo-
ride bags. Am J Health-Syst Pharm 1998; 55: 602, 604.

Adverse Effects, Treatment, and Precau-
tions
As for Cisplatin, p.698; nephrotoxicity and gastrointes-
tinal toxicity are less severe than with cisplatin and re-
versible myelosuppression is the dose-limiting toxici-
ty; platelet counts reach a nadir between 14 and 21
days after a dose, with recovery within 35 days, but re-
covery from leucopenia may be slower. Myelosuppres-
sion may be more severe and prolonged in patients
with impaired renal function. Carboplatin should
therefore be given at reduced doses to these patients
and should be avoided if creatinine clearance is
20 mL/minute or less. Weekly blood counts and regu-
lar renal and hepatic function tests are recommended in
all patients during therapy. Neurological function in-
cluding assessment of hearing should also be moni-
tored.
Incidence of adverse effects. The manufacturers analysed
the adverse effects of carboplatin in studies involving 710 pa-
tients.1 Myelosuppression was the dose-limiting toxicity: leuco-
penia occurred in 55% of the evaluable patients. Leucopenia and
thrombocytopenia result in symptomatic events such as infection
or bleeding in a minority of patients. Anaemia was frequent

(59%) and required transfusional support in about one-fifth of
the patients. Nephrotoxicity and serum electrolyte loss were
much less of a problem; no high-volume fluid hydration or elec-
trolyte supplementation was given during treatment. Vomiting
occurred in about half the patients, and a further 25% had nausea
without vomiting. Peripheral neurotoxicity was reported in 6%
of evaluable patients and clinical ototoxicity occurred in only 8
cases or about 1% (but see also Effects on the Ears, below). In-
creases in liver enzyme values have also been reported, as well
as, more rarely, alopecia, skin rash, a flu-like syndrome, and local
effects at the injection site.
1. Canetta R, et al. Carboplatin: the clinical spectrum to date. Can-

cer Treat Rev 1985; 12 (suppl A): 125–36.

Effects on the ears. Carboplatin is less ototoxic than cisplatin,
but ototoxicity is still common with carboplatin when used in
high doses, for example, as part of conditioning regimens for
bone marrow transplantation.1,2 There was some evidence that
sodium thiosulfate reduced carboplatin-induced hearing loss,
when carboplatin was used for CNS malignancy.3,4

1. Freilich RJ, et al. Hearing loss in children with brain tumors
treated with cisplatin and carboplatin-based high-dose chemo-
therapy with autologous bone marrow rescue. Med Pediatr On-
col 1996; 26: 95–100. 

2. Parsons SK, et al. Severe ototoxicity following carboplatin-con-
taining conditioning regimen for autologous marrow transplan-
tation for neuroblastoma. Bone Marrow Transplant 1998; 22:
669–74. 

3. Neuwelt EA, et al. First evidence of otoprotection against carbo-
platin-induced hearing loss with a two-compartment system in
patients with central nervous system malignancy using sodium
thiosulfate. J Pharmacol Exp Ther 1998; 286: 77–84. 

4. Doolittle ND, et al. Delayed sodium thiosulfate as an otoprotect-
ant against carboplatin-induced hearing loss in patients with ma-
lignant brain tumors. Clin Cancer Res 2001; 7: 493–500.

Effects on the eyes. Cortical blindness developed in 2 patients
with impaired renal function receiving high-dose carboplatin;1
although 10 cases of visual disturbances in patients receiving
carboplatin had been reported to the manufacturers, none of
these had sudden blindness and it was thought that the effect rep-
resented CNS toxicity in the presence of poor renal excretion. It
was concluded that it was unwise to give high-dose carboplatin
to patients whose glomerular filtration rate is less than
50 mL/minute.
1. O’Brien MER, et al. Blindness associated with high-dose carbo-

platin. Lancet 1992; 339: 558.

Effects on the kidneys. Although carboplatin is reported to be
much less nephrotoxic than cisplatin it is not devoid of adverse
effects on the kidney.1-8 Salt wasting nephropathy (similar to that
seen with cisplatin),1 and decreased creatinine clearance2 and
glomerular filtration rate3 have occurred, as has acute renal fail-
ure, including in 2 patients given intraperitoneal carboplatin4 (al-
though these patients had been heavily pretreated with cisplatin).
It has been suggested that renal toxicity may be more likely at
cumulative carboplatin doses of about 750 mg/m2 or more,3 and
there is some evidence to suggest that intensive hydration may
ameliorate nephrotoxic effects.2
1. Welborn J, et al. Renal salt wasting and carboplatinum. Ann In-

tern Med 1988; 108: 640. 
2. Reed E, Jacob J. Carboplatin and renal dysfunction. Ann Intern

Med 1989; 110: 409. 
3. Smit EF, et al. Carboplatin and renal function. Ann Intern Med

1989; 110: 1034. 
4. McDonald BR, et al. Acute renal failure associated with the use

of intraperitoneal carboplatin: a report of two cases and review
of the literature. Am J Med 1991; 90: 386–91. 

5. Frenkel J, et al. Acute renal failure in high dose carboplatin
chemotherapy. Med Pediatr Oncol 1995; 25: 473–4. 

6. Agraharkar M, et al. Carboplatin-related hematuria and acute re-
nal failure. Am J Kidney Dis 1998; 32: E5. 

7. Butani L, et al. End-stage renal disease after high-dose carbo-
platinum in preparation of autologous stem cell transplantation.
Pediatr Transplant 2003; 7: 408–12. 

8. Tarrass F, et al. End-stage renal disease following carboplatin
chemotherapy for a nasopharyngeal carcinoma. Ren Fail 2007;
29: 1049–51.

Hypersensitivity. In one series, 12% of 205 patients treated
with carboplatin developed a hypersensitivity reaction after a
median of 8 courses of platinum therapy.1 Symptoms were at
least moderately severe in half of the patients. Reactions to cispl-
atin would be anticipated in patients who have been previously
sensitised to carboplatin—for 1 such case see p.699. In another
study,2 patients receiving more than 7 courses of carboplatin
therapy were given a skin test before each course in an attempt to
identify patients at risk for hypersensitivity reactions. The test
consisted of 0.02 mL of an undiluted aliquot of their planned in-
fusion, injected intradermally 1 hour before the dose. A negative
skin test accurately predicted the absence of a hypersensitivity
reaction. In a further extended report3 by the same group, the skin
test had been given about 30 minutes before carboplatin doses in
126 women who had already received at least 6 courses of a plat-
inum-based regimen for a gynaecological cancer. Of 668 nega-
tive skin tests, a hypersensitivity reaction developed on 10 occa-
sions (in 7 patients), giving a false-negative rate of 1.5%. None
of the reactions were severe. Of the 39 patients who had a posi-
tive skin test, 7 elected to receive the dose of carboplatin; 6 of
these developed a hypersensitivity reaction but none were se-
vere. 

The use of a desensitisation regimen has been successful in a
small number of patients,4 although others have not found it use-
ful.5
1. Markman M, et al. Clinical features of hypersensitivity reactions

to carboplatin. J Clin Oncol 1999; 17: 1141–5. 
2. Zanotti KM, et al. Carboplatin skin testing: a skin-testing proto-

col for predicting hypersensitivity to carboplatin chemotherapy.
J Clin Oncol 2001; 19: 3126–9. 

3. Markman M, et al. Expanded experience with an intradermal
skin test to predict for the presence or absence of carboplatin
hypersensitivity. J Clin Oncol 2003; 21: 4611–14. 

4. Markman M, et al. Initial experience with a novel desensitization
strategy for carboplatin-associated hypersensitivity reactions:
carboplatin-hypersensitivity reactions. J Cancer Res Clin Oncol
2004; 130: 25–8. 

5. Lafay-Cousin L, et al. Carboplatin hypersensitivity reaction in
pediatric patients with low-grade glioma: a Canadian Pediatric
Brain Tumor Consortium experience. Cancer 2008; 112: 892–9.

Pregnancy. For a report of the successful use of carboplatin-
based chemotherapy during pregnancy, with no adverse effects
on the infant, see Pregnancy, under Cisplatin, p.699.

Interactions
As for Cisplatin, p.700.

Pharmacokinetics
Intravenous carboplatin exhibits a biphasic elimination
and is excreted primarily in the urine, about 70% of a
dose being excreted within 24 hours, almost all
unchanged. The terminal half-life of intact carboplatin
is reported to be about 1.5 to 6 hours. Platinum from
carboplatin slowly becomes protein bound, and is sub-
sequently excreted with a half-life of 5 days or more.
◊ References.
1. van der Vijgh WJF. Clinical pharmacokinetics of carboplatin.

Clin Pharmacokinet 1991; 21: 242–61.

Uses and Administration
Carboplatin is an analogue of cisplatin with similar ac-
tions and uses (see p.700). It is used in the treatment of
advanced ovarian cancers and of small-cell lung can-
cer, both alone and combined with other antineoplas-
tics. It has also been tried as an alternative to cisplatin
in other solid tumours (see below). 
Carboplatin is given by intravenous infusion over 15
minutes to 1 hour. In the UK an initial dose of
400 mg/m2 is licensed for use as a single agent in pre-
viously untreated patients with normal renal function,
reduced by 20 to 25% (300 to 320 mg/m2) in patients
who have previously been treated with myelosuppres-
sive therapy or who have poor performance status. In
the USA an initial dose of 360 mg/m2 is licensed as a
single agent in previously treated patients with recur-
rent disease, and an initial dose of 300 mg/m2 when
used with cyclophosphamide in previously untreated
patients. 
Dosage adjustments are necessary in patients with re-
nal impairment (see below) and when carboplatin is
given as part of a combination regimen. The dose in
mg may be calculated using the Calvert formula as de-
scribed under Administration, below. Subsequent dos-
es should be adjusted according to the nadir of the
white cell and platelet counts (see also Bone-marrow
Depression, p.639), and should not be given more fre-
quently than every 4 weeks.
Administration. Pharmacokinetic studies by Calvert and
colleagues1 have indicated that the dose of carboplatin to pro-
duce a desired area under the concentration-time curve (AUC)
could be calculated, based on the patient’s glomerular filtration
rate (GFR), as: 

Dose in mg = target AUC × (GFR + 25) 
It should be noted that the resultant dose is given in mg and not
in mg/m2. This formula was found to be useful in patients with
higher than normal as well as reduced GFR. Suggested target
AUCs were 5 mg/mL per minute in previously treated patients
and 7 mg/mL per minute in those who had not previously re-
ceived chemotherapy. In combination therapy the appropriate
AUC value depended on the other drugs used: an AUC of
4.5 mg/mL per minute gave acceptable results when carboplatin
was used with bleomycin and etoposide for testicular teratoma. 
However, determination of GFR may be a problem: clearance of
technetium-99m-labelled diethylenetriamine penta-acetic acid
(DTPA) or chromium-51-labelled edetic acid is more accurate
than 24-hour creatinine clearance, with the first of these more
convenient than the second.2 (It has been suggested that creati-
nine clearance should not be used to estimate GFR for the Cal-
vert equation.3) Nonetheless, radioisotopic determination of
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GFR is still an elaborate procedure, and may be less accurate in
children than adults.4 Chatelut and colleagues have proposed for-
mulae for determining clearance of carboplatin in both adults5

and children.4 
It has been suggested that the Calvert and Chatelut formulae are
not sufficiently accurate for use in children, or in adults with very
severe renal impairment. Bayesian methods are the technique of
choice where serum carboplatin concentrations can be moni-
tored.3 However, a study in children showed that dosage based
on determination of the GFR results in more consistent carbopl-
atin exposure than dosage based on body-surface area.6

1. Calvert AH, et al. Carboplatin dosage: prospective evaluation of
a simple formula based on renal function. J Clin Oncol 1989; 7:
1748–56. 

2. Millward MJ, et al. Carboplatin dosing based on measurement of
renal function—experience at the Peter MacCallum Cancer In-
stitute. Aust N Z J Med 1996; 26: 372–9. 

3. Duffull SB, Robinson BA. Clinical pharmacokinetics and dose
optimisation of carboplatin. Clin Pharmacokinet 1997; 33:
161–83. 

4. Chatelut E, et al. Population pharmacokinetics of carboplatin in
children. Clin Pharmacol Ther 1996; 59: 436–43. 

5. Chatelut E, et al. Prediction of carboplatin clearance from stand-
ard morphological and biological patient characteristics. J Natl
Cancer Inst 1995; 87: 573–80. 

6. Thomas H, et al. Prospective validation of renal-function-based
carboplatin dosing in children with cancer: a United Kingdom
Children’s Cancer Study Group Trial. J Clin Oncol 2000; 18:
3614–21.

Administration in renal impairment. The initial dose of
carboplatin is usually determined using a formula (see Adminis-
tration, above). If this approach is not adopted, the UK licensed
product information recommends the following doses based on
the patient’s creatinine clearance (CC): 
• CC 40 mL/minute or more: 400 mg/m2 
• CC 20 to 39 mL/minute: 250 mg/m2 
However, in the USA, the licensed information recommends: 
• CC 41 to 59 mL/minute: 250 mg/m2 
• CC 16 to 40 mL/minute: 200 mg/m2

Malignant neoplasms. A preliminary review1 of carboplatin,
concluded that it was active in ovarian cancer (p.670), with sim-
ilar responses to those seen with cisplatin; its activity in small-
cell lung cancer (p.668), seminoma, and squamous cell carcino-
mas of the head and neck seemed likely to be comparable,
whereas results in gastrointestinal and breast cancers, lympho-
mas and leukaemias, melanoma, mesothelioma, renal carcino-
ma, and sarcoma were, generally unimpressive. A subsequent
review2 suggested that in testicular cancer, where there was a
prospect of cure, cisplatin, which appeared to give better results
in some studies should be preferred. However, in ovarian cancer,
where treatment was largely palliative, carboplatin had the ad-
vantage of being better tolerated. A further review3 of ran-
domised studies concurred that carboplatin was equivalent to cis-
platin in suboptimally debulked ovarian cancer and extensive-
stage small-cell lung cancer, and was inferior to cisplatin in tes-
ticular cancer. It was also concluded that carboplatin was inferior
to cisplatin in head and neck and oesophageal cancers. There was
insufficient comparative evidence for other cancers for which
cisplatin has a role.
1. Wagstaff AJ, et al. Carboplatin: a preliminary review of its phar-

macodynamic and pharmacokinetic properties and therapeutic
efficacy in the treatment of cancer. Drugs 1989; 37: 162–90. 

2. Anonymous. Cisplatin or carboplatin for ovarian and testicular
cancer? Drug Ther Bull 1994; 32: 62–3. 

3. Go RS, Adjei AA. Review of the comparative pharmacology and
clinical activity of cisplatin and carboplatin. J Clin Oncol 1999;
17: 409–22.

Preparations
BP 2008: Carboplatin Injection; 
USP 31: Carboplatin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Carbokebir ; Carboplat; Carboxtie; Omilipis; Paraplatin†; Austria:
Carbosol; Paraplatin; Belg.: Carbosin; Paraplatin; Braz.: B-Platin; Biocarbo;
Displata†; Evocarb†; Oncocarb†; Oncoplatin; Paraplatin; Platamine; Plati-
carb†; Tecnocarb; Vancel; Canad.: Paraplatin; Chile: Blastocarb†; Onco-
carb; Paraplatin; Cz.: Cycloplatin; Paraplatin†; Denm.: Paraplatin; Fin.: Car-
bosin†; Paraplatin; Fr.: Paraplatine; Ger.: Carbo-cell; Carbomedac;
Carboplat; Neocarbo; Ribocarbo; Gr.: Carboplamin; Carbosin; Emorzim;
Megaplatin; Paraplatin; Hong Kong: Paraplatin; Hung.: Cycloplatin; Parapl-
atin; India: Biocarb; Cytocarb; Kemocarb; Indon.: Carbosin; Paraplatin; Irl.:
Paraplatin; Israel: Paraplatin†; Ital.: Paraplatin; Malaysia: Carbosin; Para-
platin†; Mex.: Blastocarb; Boplatex; Carboplat; Carbotec; Ifacap; Kemocarb;
Novoplat†; Paraplatin; Neth.: Carbosin; Paraplatin†; Norw.: Carbosin; Par-
aplatin; NZ: Carbosin†; Paraplatin; Philipp.: Biovinate; Bonaplatin; Carboti-
nol; Crobextin; Kemocarb; Paraplatin; Pol.: Cycloplatin; Paraplatin; Port.:
Nealorin; Novoplatinum; Paraplatin; Rus.: Blastocarb (Бластокарб); Cy-
cloplatin (Циклоплатин); Paraplatin (Параплатин); S.Afr.: Carbosin; Para-
platin; Singapore: Paraplatin; Spain: Ercar†; Nealorin; Paraplatin; Platinwas;
Swed.: Paraplatin; Switz.: Paraplatin; Thai.: Blastocarb; Carbosin; Kemo-
carb; Paraplatin; Turk.: Carbosin; Paraplatin; Platinwas; UK: Paraplatin;
USA: Paraplatin†; Venez.: Bioplatinex; Oplat.

Carboquone (rINN)

Carbazilquinone; Carbocuona; Carboquonum; Karbokvon; Kar-
bokvoni. 2,5-Bis(aziridin-1-yl)-3-(2-hydroxy-1-methoxyethyl)-6-
methyl-p-benzoquinone carbamate.

Карбохон
C15H19N3O5 = 321.3.
CAS — 24279-91-2.
ATC — L01AC03.
ATC Vet — QL01AC03.

Profile
Carboquone is an alkylating agent that has been used in the treat-
ment of a variety of malignant neoplasms including those of the
lung, stomach, and ovary; it has also been used in lymphomas
and in chronic myeloid leukaemia. It has been given by the intra-
venous or intra-arterial route, or orally.

Carmofur (rINN)

Carmofurum; HCFU; Karmofuuri. 5-Fluoro-N-hexyl-3,4-dihy-
dro-2,4-dioxo-1-(2H)-pyrimidinecarboxamide; 1-Hexylcarba-
moyl-5-fluorouracil.

Кармофур
C11H16FN3O3 = 257.3.
CAS — 61422-45-5.
ATC — L01BC04.
ATC Vet — QL01BC04.

Pharmacopoeias. In Chin. and Jpn.

Profile
Carmofur is an orally active derivative of fluorouracil (p.722)
and has similar actions. It is used in the adjuvant treatment of
colorectal cancer, and has been used in breast and ovarian can-
cers. Carmofur has been associated with the development of neu-
rological disorders including leukoencephalopathy.

◊ References.
1. Yamada T, et al. Leukoencephalopathy following treatment with

carmofur: a case report and review of the Japanese literature.
Asia Oceania J Obstet Gynaecol 1989; 15: 161–8. 

2. Sakamoto J, et al. An individual patient data meta-analysis of
long supported adjuvant chemotherapy with oral carmofur in pa-
tients with curatively resected colorectal cancer. Oncol Rep
2001; 8: 697–703. 

3. Nakamura T, et al. Optimal duration of oral adjuvant chemother-
apy with Carmofur in the colorectal cancer patients: the Kansai
Carmofur Study Group trial III. Int J Oncol 2001; 19: 291–8. 

4. Tominaga T, et al. Postoperative chemoendocrine therapy for
women with node-positive stage II breast cancer with combined
cyclophosphamide, tamoxifen, and 1-hexylcarbamoyl-5-fluor-
ouracil. Eur J Surg 2001; 167: 598–604. 

5. Iwagaki H, et al. Post-operative adjuvant chemotherapy for
colorectal cancer with 5-fluorouracil (5-FU) infusion combined
with 1-hexylcarbamoyl-5-fluorouracil (HCFU) oral administra-
tion after curative resection. Anticancer Res 2001; 21: 4163–8. 

6. Morimoto K, Koh M. Postoperative adjuvant use of carmofur for
early breast cancer. Osaka City Med J 2003; 49: 77–83. 

7. Tominaga T, et al. 1-Hexylcarbamoyl-5-fluorouracil + cyclo-
phosphamide + tamoxifen versus CMF + tamoxifen in women
with lymph node-positive breast cancer after primary surgery: a
randomized controlled trial. Oncol Rep 2004; 12: 797–803. 

8. Sakamoto J, et al. An individual patient data meta-analysis of
adjuvant therapy with carmofur in patients with curatively re-
sected colon cancer. Jpn J Clin Oncol 2005; 35: 536–44.

Preparations
Proprietary Preparations (details are given in Part 3)
Fin.: Mirafur.

Carmustine (BAN, USAN, rINN)

BCNU; BiCNU; Carmustina; Carmustinum; Karmustiini; Karmus-
tin; Karmustinas; Karmusztin; NSC-409962; WR-139021. 1,3-
Bis(2-chloroethyl)-1-nitrosourea.
Кармустин
C5H9Cl2N3O2 = 214.0.
CAS — 154-93-8.
ATC — L01AD01.
ATC Vet — QL01AD01.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Carmustine). A yellowish, granular powder. Very
slightly soluble in water; freely soluble in dehydrated alcohol;
very soluble in dichloromethane. It melts at about 31° with de-
composition. Store at a temperature of 2° to 8° in airtight contain-
ers. Protect from light.
Stability. The manufacturers state that, when reconstituted, re-
sulting carmustine solutions (undiluted or further diluted in sodi-
um chloride 0.9% or glucose 5%) are stable for 8 hours at room
temperature, or 24 hours at 2° to 8°, when protected from light.
There is some evidence that carmustine interacts with plastic giv-
ing sets and containers, and licensed product information recom-
mends the use of polyethylene or glass. 
A study has indicated that diluted solutions of carmustine under-
go increased degradation in the presence of sodium bicarbonate,
with only 73% of the original concentration of carmustine re-
maining after 90 minutes, much of the loss being in the first 15
minutes.1
1. Colvin M, et al. Stability of carmustine in the presence of sodium

bicarbonate. Am J Hosp Pharm 1980; 37: 677–8.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. Delayed and cumulative bone-marrow depres-
sion is the most frequent and serious adverse effect of
intravenous carmustine. Platelets and leucocytes are
mainly affected, with platelet nadirs occurring at 4 to 5
weeks after a dose and leucocyte nadirs at 5 to 6 weeks;
although thrombocytopenia is usually more severe,
leucopenia may also be dose-limiting. Other adverse
effects include pulmonary fibrosis (mainly but not ex-
clusively at high cumulative doses—see also Effects
on the Lungs, p.638), renal and hepatic damage, and
neuroretinitis. Nausea and vomiting, beginning up to 2
hours after a dose, is common but can be reduced by
prophylactic antiemetic therapy. Venous irritation may
follow intravenous injection and transient hyperpig-
mentation has been noted after contact of a solution
with the skin. Flushing of the skin and suffusion of the
conjunctiva may occur on rapid intravenous infusion.
Hypotension, tachycardia, chest pain, headache, and
hypersensitivity reactions have been reported. 
Convulsions, cerebral oedema, and various neurologi-
cal symptoms have been reported in patients given car-
mustine-containing polymer implants; abnormalities
of wound healing at the site of implantation, and an in-
creased incidence of intracranial infection have also
been reported. 
As with other alkylating agents, carmustine is poten-
tially carcinogenic, mutagenic, and teratogenic.
Effects on the eyes. Ocular toxicity has been reported in pa-
tients given carmustine,1,2 and seems to be more likely when giv-
en into the carotid artery,1,2 although it was also seen with high-
dose intravenous therapy. There is some evidence that the alco-
hol diluent used to prepare carmustine solutions may contribute
to the retinopathy.2
1. Shingleton BJ, et al. Ocular toxicity associated with high-dose

carmustine. Arch Ophthalmol 1982; 100: 1766–72. 
2. Greenberg HS, et al. Intra-arterial BCNU chemotherapy for

treatment of malignant gliomas of the central nervous system. J
Neurosurg 1984; 61: 423–9.

Effects on the lungs. Studies have found a high incidence of
fatal pulmonary fibrosis (see also Effects on the Lungs, p.638) in
patients treated with carmustine for gliomas during childhood;
patients who were treated before 5 or 6 years of age were more
likely to die of pulmonary fibrosis than those treated at a later
age.1,2 However, there are reports of pulmonary toxicity and
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

upper lobe pulmonary fibrosis occurring in adults given carmus-
tine and high-dose chemotherapy.3
1. O’Driscoll BR, et al. Late carmustine lung fibrosis: age at treat-

ment may influence severity and survival. Chest 1995; 107:
1355–7. 

2. Lohani S, et al. 25-year study of lung fibrosis following carmus-
tine therapy for brain tumor in childhood. Chest 2004; 126:
1007. 

3. Parish JM, et al. Upper lobe pulmonary fibrosis associated with
high-dose chemotherapy containing BCNU for bone marrow
transplantation. Mayo Clin Proc 2003; 78: 630–4.

Extravasation. For mention of the use of sodium bicarbonate
as a specific antidote after carmustine extravasation, see under
Treatment of Adverse Effects of Antineoplastics, p.640.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. Carmustine should be used with
extreme caution in children, who are at particular risk
of severe delayed pulmonary toxicity. It should also be
used with caution in patients with reduced lung func-
tion. Lung function should be monitored before and
frequently during therapy. Blood counts should be
monitored weekly during therapy, and for at least 6
weeks after the last dose. Renal and hepatic function
should also be monitored periodically.
Handling and disposal. Carmustine has been shown to perme-
ate latex, PVC, and rubber gloves, the degree of permeation tend-
ing to increase with time,1-3 up to an equilibrium value.2 The per-
meation rate appears not to depend solely on glove thickness and
material, and may be different for different gloves made from the
same material.2 The time for initial penetration was reported to
vary between 4.7 and 66.0 minutes in one study,2 and gloves
could be chosen accordingly depending on the anticipated length
of exposure. Double-gloving, particularly with thicker PVC1 or
ethylmethacrylate3 gloves, may offer some additional protection.
1. Connor TH, et al. Permeability of latex and polyvinyl chloride

gloves to carmustine. Am J Hosp Pharm 1984; 41: 676–9. 
2. Thomas PH, Fenton-May V. Protection offered by various gloves

to carmustine exposure. Pharm J 1987; 238: 775–7. 
3. Mellström GA, et al. Barrier effect of gloves against cytostatic

drugs. Curr Probl Dermatol 1996; 25: 163–9.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
Cimetidine. Reductions in white cell counts and platelet counts
well below those normally attributed to treatment with carmus-
tine alone were seen in 6 of 8 patients receiving their first course
of carmustine and steroids with cimetidine given prophylactical-
ly,1 and in 9 patients in a further study.2 Cimetidine was also re-
ported to exacerbate the neutropenia and leucopenia in a patient
receiving lomustine.3
1. Selker RG, et al. Bone-marrow depression with cimetidine plus

carmustine. N Engl J Med 1978; 299: 834. 
2. Volkin RL, et al. Potentiation of carmustine-cranial irradiation-

induced myelosuppression by cimetidine. Arch Intern Med 1982;
142: 243–5. 

3. Hess WA, Kornblith PL. Combination of lomustine and cimeti-
dine in the treatment of a patient with malignant glioblastoma: a
case report. Cancer Treat Rep 1985; 69: 733.

Pharmacokinetics
Intravenous carmustine is rapidly metabolised, and no
intact drug is detectable after 15 minutes; metabolites
have a much longer half-life and are presumed to be
responsible for its activity. It is primarily excreted in
the urine; some is also excreted as carbon dioxide, via
the lungs. Carmustine readily crosses the blood-brain
barrier, appearing in CSF in substantial concentrations
almost immediately after intravenous injection. Car-
mustine diffuses from polymer implants into surround-
ing brain tissue; however, tissue and plasma concentra-
tions after implantation have not been determined.

Uses and Administration
Carmustine is a cell-cycle phase non-specific antineo-
plastic belonging to the nitrosourea group of com-
pounds, which are considered to function as alkylating
agents. It is believed to alkylate DNA and RNA, and
may also inhibit enzymatic processes by carbamoyla-
tion of amino acids in proteins. Carmustine is used in
the treatment of brain tumours, and in combination
chemotherapy for multiple myeloma. It may be given
as second-line therapy in Hodgkin’s disease, non-
Hodgkin’s lymphoma, and some other malignancies
(see below). 

Carmustine is licensed for use as a single agent either
as a single dose of 150 to 200 mg/m2 or divided into
doses of 75 to 100 mg/m2 given on 2 successive days.
Doses are given by intravenous infusion over 1 to 2
hours in sodium chloride 0.9% or glucose 5%. Lower
doses are usually given in combination therapy, except
for conditioning before stem-cell transplantation. Dos-
es may be repeated every 6 weeks provided that blood
counts have returned to acceptable levels. Subsequent
doses must be adjusted according to the haematologi-
cal response (see also Bone-marrow Depression,
p.639). 
Polymer implants containing carmustine have been de-
veloped for implantation into the brain in the localised
treatment of high-grade malignant glioma or recurrent
glioblastoma multiforme. Each implant contains
7.7 mg of carmustine: up to 8 such implants are insert-
ed into the cavity left by surgical removal of the tu-
mour.
Amyloidosis. For mention of chemotherapy with epirubicin,
cyclophosphamide, and carmustine to suppress amyloidosis after
cardiac transplantation, see p.743.

Malignant neoplasms. Carmustine has been used in chemo-
therapeutic regimens for a number of malignancies. Because of
its ability to pass the blood-brain barrier it has been extensively
used in malignant neoplasms of the brain (p.660). As an exten-
sion of such use, carmustine-releasing wafers have been implant-
ed directly into the brain.1 In a multicentre study2 in patients with
recurrent malignant glioma, biodegradable poly(carboxyphe-
noxypropane/sebacic acid)anhydride polymer wafers containing
carmustine implanted into the brain after tumour resection pro-
duced a median survival of 31 weeks compared with 23 weeks
for placebo. A subsequent small cohort study3 failed to find a
clear survival benefit associated with wafer implantation in re-
current glioma, and reported a higher rate of complications in-
cluding seizures, cerebral oedema, CSF leaks, sepsis, and wound
infections. The limitations of this small study were acknowl-
edged by the authors, and a review4 that included these studies
concluded that despite limited data, carmustine wafers do pro-
vide some survival benefit. A randomised trial in 240 patients
found that treatment with carmustine wafers reduced the risk of
death by 28% compared with placebo;5 this survival advantage
was maintained at 1, 2, and 3 years, with statistical significance
at 3 years.6 The adverse effect profile was similar for carmustine
and placebo groups,5 and a retrospective review7 found carmus-
tine wafers to be well tolerated with a low incidence of surgical
complications such as infection. However, it was noted that, in
some patients, neurological symptoms developed during an at-
tempted tapering of dexamethasone dosage after carmustine with
radiotherapy and that close supervision of patients is warranted.
Treatment effects or necrosis can radiographically mimic recur-
rent tumour in a proportion of patients;7 implantation of wafers
caused morphological changes of the brain immediately adjacent
to the implants.8 
Other conditions in which carmustine has been employed, in-
clude malignant melanoma (p.673), Hodgkin’s disease (p.655),
and multiple myeloma (p.658).
1. Lin SH, Kleinberg LR. Carmustine wafers: localized delivery of

chemotherapeutic agents in CNS malignancies. Expert Rev Anti-
cancer Ther 2008; 8: 343–59. 

2. Brem H, et al. Placebo-controlled trial of safety and efficacy of
intraoperative controlled delivery by biodegradable polymers of
chemotherapy for recurrent gliomas. Lancet 1995; 345:
1008–12. 

3. Subach BR, et al. Morbidity and survival after 1,3-bis(2-chloroe-
thyl)-1-nitrosourea wafer implantation for recurrent glioblasto-
ma: a retrospective case-matched cohort series. Neurosurgery
1999; 45: 17–23. 

4. Engelhard HH. The role of interstitial BCNU chemotherapy in
the treatment of malignant glioma. Surg Neurol 2000; 53:
458–64. 

5. Westphal M, et al. A phase 3 trial of local chemotherapy with
biodegradable carmustine (BCNU) wafers (Gliadel wafers) in
patients with primary malignant glioma. Neuro-oncol 2003; 5:
79–88. 

6. Westphal M, et al. Gliadel  wafer in initial surgery for malignant
glioma: long-term follow-up of a multicenter controlled trial.
Acta Neurochir (Wien) 2006; 148: 269–75. 

7. Kleinberg LR, et al. Clinical course and pathologic findings after
Gliadel  and radiotherapy for newly diagnosed malignant glio-
ma: implications for patient management. Cancer Invest 2004;
22: 1–9. 

8. Giese A, et al. Pattern of recurrence following local chemother-
apy with biodegradable carmustine (BCNU) implants in patients
with glioblastoma. J Neurooncol 2004; 66: 351–60.

Mycosis fungoides. Topical application of carmustine has been
used successfully1-5 in early mycosis fungoides (p.657). Ery-
thema and telangiectasia were the most frequent adverse effects.
1. Zackheim HS, et al. Topical carmustine (BCNU) for mycosis

fungoides and related disorders: a 10-year experience. J Am
Acad Dermatol 1983; 9: 363–74. 

2. Zackheim HS, et al. Topical carmustine (BCNU) for cutaneous
T cell lymphoma: a 15-year experience in 143 patients. J Am
Acad Dermatol 1990; 22: 802–10. 

3. Zackheim HS. Topical carmustine (BCNU) for patch/plaque my-
cosis fungoides. Semin Dermatol 1994; 13: 202–6. 

4. Heald PW, Glusac EJ. Unilesional cutaneous T-cell lymphoma:
clinical features, therapy, and follow-up of 10 patients with a
treatment-responsive mycosis fungoides variant. J Am Acad
Dermatol 2000; 42: 283–5. 

5. Zackheim HS. Topical carmustine (BCNU) in the treatment of
mycosis fungoides. Dermatol Ther 2003; 16: 299–302.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: BiCNU; Austral.: BiCNU; Gliadel; Austria: Carmubris; Belg.: Nitru-
mon†; Braz.: Becenun; Canad.: BiCNU; Chile: BiCNU; Gliadel†; Cz.:
BiCNU; Fr.: BiCNU; Gliadel; Ger.: Carmubris; Gr.: Carmubris; Gliadel; Ni-
trumon†; Hong Kong: BiCNU; Hung.: BiCNU; Irl.: BiCNU; Israel: BiC-
NU†; Gliadel; Ital.: Gliadel; Malaysia: BiCNU†; Gliadel; Mex.: BiCNU;
Neth.: Gliadel; NZ: BiCNU; Philipp.: BiCNU; Port.: Gliadel; S.Afr.: BiC-
NU; Gliadel; Singapore: BiCNU; Spain: Gliadel; Turk.: Nitrumon; UK:
BiCNU†; Gliadel; USA: BiCNU; Gliadel.

Cetuximab (USAN, rINN)

C-225; Cétuximab; Cetuximabum. Immunoglobulin G1 (human-
mouse monoclonal C225 γ1-chain anti-human epidermal growth
factor receptor), disulfide with human-mouse monoclonal C225
κ-chain, dimer.

Цетуксимаб
CAS — 205923-56-4.
ATC — L01XC06.
ATC Vet — QL01XC06.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Adverse effects associated with cetuximab include
skin reactions, asthenia, and gastrointestinal distur-
bances. Skin reactions present mainly as an acneform
rash, and, if severe, require dosage adjustment (see
Uses and Administration, below). Infusion reactions
suggestive of a cytokine release syndrome can occur,
usually with the first dose. Mild reactions include
chills, fever, and dyspnoea; severe reactions include
bronchospasm, urticaria, hypotension, and loss of con-
sciousness, and fatalities have occurred. Premedication
with a histamine H1-antagonist is recommended, and
dose adjustment may be necessary (see below). Cardi-
opulmonary arrest and/or sudden death has been re-
ported in patients treated with cetuximab and radiation
therapy, and cetuximab should be given with caution to
head and neck cancer patients with coronary artery dis-
ease, congestive cardiac failure, or arrhythmias. Hy-
pomagnesaemia can occur; patients should be moni-
tored for this and accompanying hypocalcaemia and
hypokalaemia both during, and for up to 8 weeks after
stopping, cetuximab therapy. Interstitial lung disease
and pneumonitis have been reported rarely.
Effects on the skin, hair, and nails. Acneform follicular rash-
es have been reported with cetuximab therapy;1,2 lesions were
pustular and papular,2-4 and commonly occurred on the face,
scalp, chest, and upper back.1-5 It has been suggested that there is
a relationship between rash and response to therapy or survival,
i.e. that rash might be a surrogate marker of cetuximab activity;6
doubling the cetuximab dose in patients without severe initial
skin reactions is reported to increase their response rate to thera-
py.7 A few cases of lengthening eyelash and eyebrow hair8 and
abnormal growth of chest hair9 have been described. Paronychia
has also been reported,1,5,10 as have intraoral aphthous ulcers.1 
Treatment with oral isotretinoin 500 micrograms/kg daily has
been reported to successfully clear acneform skin lesions in 2 pa-
tients; topical therapy with metronidazole 0.75% gel or erythro-
mycin 1% was also used.11 Prophylactic oral minocycline
100 mg daily, started on the same day as cetuximab and given for
8 weeks, significantly reduced total facial lesion counts in the
first 4 weeks when compared with placebo; this difference ta-
pered by the end of 8 weeks of treatment. Topical tazarotene
showed no clinical benefit and caused local irritation that forced
tazarotene to be stopped in many patients.12 
Some have suggested that the clinical findings of papulopustular
rash, nail and periungual abnormalities, alterations in hair texture
and growth, and dry skin and pruritus, constitute a syndrome
unique to the epidermal growth factor receptor (EGFR) inhibi-
tors, believed to be due to EGFR inhibition in the epidermis, hair
follicle, and nail matrix.13 
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Erythema and focal epidermolysis, progressing to severe radia-
tion dermatitis with necrosis, has been reported in patients given
radiation therapy with cetuximab.14

1. Busam KJ, et al. Cutaneous side-effects in cancer patients treat-
ed with the antiepidermal growth factor receptor antibody C225.
Br J Dermatol 2001; 144: 1169–76. 

2. Walon L, et al. Éruptions acnéiformes induites par le cétuximab.
Ann Dermatol Venereol 2003; 130: 443–6. 

3. Kimyai-Asadi A, Jih MH. Follicular toxic effects of chimeric
anti-epidermal growth factor receptor antibody cetuximab used
to treat human solid tumors. Arch Dermatol 2002; 138: 129–31. 

4. Jacot W, et al. Acneiform eruption induced by epidermal growth
factor receptor inhibitors in patients with solid tumours. Br J
Dermatol 2004; 151: 238–41. 

5. Monti M, et al. Cutaneous toxicity induced by cetuximab. J Clin
Oncol 2003; 21: 4651–3. 

6. Peréz-Soler R, Saltz L. Cutaneous adverse effects with
HER1/EGFR-targeted agents: is there a silver lining? J Clin On-
col 2005; 23: 5235–46. 

7. Anonymous. Data support scaling cetuximab dose to provoke
rash. Pharm J 2006; 277: 474. 

8. Dueland S, et al. Epidermal growth factor receptor inhibition
induces trichomegaly. Acta Oncol 2003; 42: 345–6. 

9. Montagut C, et al. Abnormal hair growth in a patient with head
and neck cancer treated with the anti-epidermal growth factor
receptor monoclonal antibody cetuximab. J Clin Oncol 2005;
23: 5273–5. 

10. Boucher KW, et al. Paronychia induced by cetuximab, an antie-
pidermal growth factor receptor antibody. J Am Acad Dermatol
2002; 47: 632–3. 

11. Gutzmer R, et al. Successful treatment with oral isotretinoin of
acneiform skin lesions associated with cetuximab therapy. Br J
Dermatol 2005; 153: 849–51. 

12. Scope A, et al. Randomized double-blind trial of prophylactic
oral minocycline and topical tazarotene for cetuximab-associat-
ed acne-like eruption. J Clin Oncol 2007; 25: 5390–6. 

13. Lacouture ME, Lai SE. The PRIDE (Papulopustules and/or par-
onychia, Regulatory abnormalities of hair growth, Itching, and
Dryness due to Epidermal growth factor receptor inhibitors)
syndrome. Br J Dermatol 2006; 155: 852–4. 

14. Budach W, et al. Severe cutaneous reaction during radiation
therapy with concurrent cetuximab. N Engl J Med 2007; 357:
514–5.

Hypomagnesaemia. A patient given cetuximab developed
profound hypomagnesaemia, requiring intravenous supplemen-
tation with up to 10 g magnesium sulfate daily, throughout the
duration of cetuximab therapy. This case prompted a review of
154 patients treated with cetuximab, of whom 34 had their mag-
nesium concentrations measured at least once. Among these 34
patients, 6 had grade 3 and 2 had grade 4 hypomagnesaemia; this
equated to an incidence of 24% of grade 3/4 hypomagnesaemia.
In each of these cases the need for supplementation subsided af-
ter stopping cetuximab, with resolution of the hypomagnesaemia
within several weeks.1 However, it was not clear whether all pa-
tients had a normal magnesium concentration before treatment,
nor was there any indication of the median time to development
of hypomagnesaemia. 
Another retrospective review of 114 patients did address these
issues.2 It found 48 patients had normal baseline magnesium
concentrations before starting cetuximab. Of these 48 evaluable
patients, 13 developed grade 3 or grade 4 hypomagnesaemia
(27%); median time to onset of grade 3/4 hypomagnesaemia was
5.5 months. There was a significant association between duration
of cetuximab therapy and grade of hypomagnesaemia. Magnesi-
um replacement therapy was given to those patients with grade
3/4 toxicity. Initial attempts at oral replacement with up to 1.6 g
magnesium oxide three times daily were ineffective, and intrave-
nous supplementation was needed. However, the effects of infu-
sion did not extend beyond 48 to 72 hours, with some patients
requiring daily magnesium sulfate infusions of up to 10 g daily.
Furthermore, in some patients, magnesium supplementation be-
came less effective with continued cetuximab treatment. Of 3 pa-
tients evaluable for recovery from hypomagnesaemia after stop-
ping cetuximab, 2 were found to correct their magnesium
concentrations without supplementation after 1 month. Howev-
er, 1 patient required prolonged and ongoing supplementation for
more than 5 months, at 4 g infused 3 times weekly (having re-
ceived 8 g daily while on cetuximab).2 A prospective study3

found that a progressive decrease in serum magnesium concen-
trations was seen in 97% of patients after treatment with cetuxi-
mab, panitumumab, or matuzumab. The authors concluded that
magnesium wasting was specifically due to inhibition of the ep-
idermal growth factor receptor (EGFR), and suggested hy-
pomagnesaemia might be a class effect of the monoclonal anti-
bodies directed against EGFR. However, incidence and severity
may vary between products. There was also high interindividual
variability; increasing age was associated with more severe hy-
pomagnesaemia.
1. Schrag D, et al. Cetuximab therapy and symptomatic hypomag-

nesemia. J Natl Cancer Inst 2005; 97: 1221–4. 
2. Fakih MG, et al. Cetuximab-induced hypomagnesemia in pa-

tients with colorectal cancer. Clin Colorectal Cancer 2006; 6:
152–6. 

3. Tejpar S, et al. Magnesium wasting associated with epidermal-
growth-factor receptor-targeting antibodies in colorectal cancer:
a prospective study. Lancet Oncol 2007; 8: 387–94.

Pharmacokinetics
The pharmacokinetics of cetuximab have been report-
ed to be non-linear and dose-dependent. Steady-state

concentrations are reached after 3 weeks. Cetuximab
has a long elimination half-life of about 70 to 100
hours.

Uses and Administration
Cetuximab is a monoclonal antibody that binds to the
epidermal growth factor receptor (EGFR). It is used in
the treatment of EGFR-expressing metastatic colorec-
tal cancer (p.665), either with irinotecan in patients re-
fractory to irinotecan-based chemotherapy, or as mon-
otherapy in patients intolerant to irinotecan. Cetuximab
with radiotherapy is also used for the treatment of lo-
cally advanced squamous cell cancer of the head and
neck (p.666). It is also approved as monotherapy for
the treatment of patients with recurrent or metastatic
squamous cell carcinoma of the head and neck for
whom prior platinum-based therapy has failed. It is un-
der investigation for non-small cell lung cancer and
other solid tumours. 
Cetuximab 400 mg/m2 is given as a loading dose by
intravenous infusion over 2 hours. This is followed by
once weekly maintenance doses of 250 mg/m2 given
over 1 hour. Premedication with a histamine H1-antag-
onist is recommended, and patients should be closely
monitored for at least 1 hour after the end of the cetux-
imab infusion. A low-protein-binding 0.22-micro-
metre in-line filter should be used, and the infusion giv-
en via an infusion or syringe pump. 
In combined therapy for colorectal cancer, irinotecan
should not be given for at least 1 hour after the end of
cetuximab infusion. In head and neck carcinoma, ce-
tuximab therapy is started one week before radiation
therapy and continued until the end of the radiation
therapy period. Cetuximab is usually given 1 hour be-
fore radiation therapy. When used as monotherapy, ce-
tuximab is continued until disease progression or unac-
ceptable toxicity occurs. 
Cetuximab doses should be permanently halved in pa-
tients who have experienced a mild to moderate infu-
sion reaction, and stopped permanently if a severe re-
action has occurred (see Adverse Effects and
Precautions, above). When a severe acneform rash has
occurred, the next dose should be delayed by 1 to 2
weeks. After the first occurrence, the full maintenance
dose may be given if there has been improvement in
the rash; after a second occurrence the next dose should
be delayed and reduced to 200 mg/m2; after a third oc-
currence the next dose should be delayed and reduced
to 150 mg/m2. If there is no improvement in the rash
when therapy has been delayed, or if the rash has oc-
curred 4 times, cetuximab should be stopped.
◊ References.
1. Cunningham D, et al. Cetuximab monotherapy and cetuximab

plus irinotecan in irinotecan-refractory metastatic colorectal can-
cer. N Engl J Med 2004; 351: 337–45. 

2. Ng M, Cunningham D. Cetuximab (Erbitux)—an emerging tar-
geted therapy for epidermal growth factor receptor-expressing
tumours. Int J Clin Pract 2004; 58: 970–6. 

3. Wong S-F. Cetuximab: an epidermal growth factor receptor
monoclonal antibody for the treatment of colorectal cancer. Clin
Ther 2005; 27: 684–94. 

4. Chung KY, et al. Cetuximab shows activity in colorectal cancer
patients with tumors that do not express the epidermal growth
factor receptor by immunohistochemistry. J Clin Oncol 2005;
23: 1803–10. 

5. Nygren P, et al. Targeted drugs in metastatic colorectal cancer
with special emphasis on guidelines for the use of bevacizumab
and cetuximab: an Acta Oncologica expert report. Acta Oncol
2005; 44: 203–17. 

6. Bonner JA, et al. Radiotherapy plus cetuximab for squamous-
cell carcinoma of the head and neck. N Engl J Med 2006; 354:
567–78. 

7. Frieze DA, McCune JS. Current status of cetuximab for the treat-
ment of patients with solid tumors. Ann Pharmacother 2006; 40:
241–50. 

8. Blick SKA, Scott LJ. Cetuximab: a review of its use in squamous
cell carcinoma of the head and neck and metastatic colorectal
cancer. Drugs 2007; 67: 2585–2607.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Erbitux; Austral.: Erbitux; Belg.: Erbitux; Chile: Erbitux; Cz.: Erbitux;
Denm.: Erbitux; Fin.: Erbitux; Fr.: Erbitux; Gr.: Erbitux; Hong Kong: Er-
bitux; Hung.: Erbitux; Irl.: Erbitux; Israel: Erbitux; Ital.: Erbitux; Malaysia:
Erbitux; Neth.: Erbitux; Norw.: Erbitux; NZ: Erbitux; Philipp.: Erbitux;
Port.: Erbitux; Singapore: Erbitux; Spain: Erbitux; Swed.: Erbitux; Switz.:
Erbitux; UK: Erbitux; USA: Erbitux.

Chlorambucil (BAN, rINN)

CB-1348; Chlorambucilis; Chlorambucilum; Chlorambucyl;
Chloraminophene; Chlorbutinum; Clorambucilo; Klórambucil;
Klorambucil; Klorambusiili; Klorambusil; NSC-3088; WR-139013.
4-[4-Bis(2-chloroethyl)aminophenyl]butyric acid.
Хлорамбуцил
C14H19Cl2NO2 = 304.2.
CAS — 305-03-3.
ATC — L01AA02.
ATC Vet — QL01AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Chlorambucil). A white or almost white, crystal-
line powder. Practically insoluble in water; freely soluble in alco-
hol and in acetone. Protect from light. 
USP 31 (Chlorambucil). An off-white, slightly granular powder.
M.p. 65° to 69°. Very slightly soluble in water; soluble 1 in 2 of
acetone; soluble in dilute alkali. Store in airtight containers. Pro-
tect from light.
Storage. The manufacturers recommend that tablets of chlo-
rambucil should be stored at 2° to 8° and kept dry.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. 
A reversible progressive lymphocytopenia tends to de-
velop during treatment with chlorambucil. Neutrope-
nia may continue to develop up to 10 days after the last
dose. Irreversible bone-marrow depression can occur
particularly when the total dosage for the course ap-
proaches 6.5 mg/kg. 
Other reported adverse effects include gastrointestinal
disturbances, hepatotoxicity, skin rashes (rarely Ste-
vens-Johnson syndrome or toxic epidermal necroly-
sis), peripheral neuropathy, and central neurotoxicity,
including seizures. Interstitial pneumonia and pulmo-
nary fibrosis have occurred; the latter is usually revers-
ible but fatalities have been recorded. Chlorambucil in
high doses may produce azoospermia and amenor-
rhoea; sterility has developed particularly when chlor-
ambucil has been given to boys at or before puberty. 
Overdosage may result in pancytopenia and in neuro-
toxicity, including agitation, ataxia, and grand mal sei-
zures. 
Like other alkylating agents, chlorambucil is potential-
ly mutagenic, teratogenic, and carcinogenic, and an in-
creased incidence of acute leukaemias and other sec-
ondary malignancies has been reported in patients who
have received the drug.
Effects on the bladder. Chlorambucil-induced cystitis was re-
ported in a 73-year-old woman given 2 mg daily for over 2 years
for the treatment of lymphocytic lymphoma.1
1. Daoud D, et al. Sterile cystitis associated with chlorambucil.

Drug Intell Clin Pharm 1977; 11: 491.

Effects on the eyes. Visual impairment and optic atrophy in a
patient who had been receiving chlorambucil for 5 years to con-
trol non-Hodgkin’s lymphoma were thought to be due to the
drug,1 although ocular effects are extremely rare with chloram-
bucil.
1. Yiannakis PH, Larner AJ. Visual failure and optic atrophy asso-

ciated with chlorambucil therapy. BMJ 1993; 306: 109.

Effects on the nervous system. There have been a small
number of reports of seizures in patients given chlorambucil. A
review1 of these suggested that in adults, patients with a history
of seizures, or those given high doses of chlorambucil may be at
increased risk. The reports in children consisted mainly of pa-
tients being treated for nephrotic syndrome, possibly because the
condition may alter the pharmacokinetics of chlorambucil.
1. Salloum E, et al. Chlorambucil-induced seizures. Cancer 1997;

79: 1009–13.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. Chlorambucil should be avoided,
or given with great care and at reduced doses, for at
least 4 weeks after treatment with radiotherapy or other
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

antineoplastics (unless only low doses of radiation
have been given to parts remote from the bone marrow
and the neutrophil and platelet counts are not de-
pressed). The dose should be reduced if there is lym-
phocytic involvement of the bone marrow or if it is hy-
poplastic. Chlorambucil should be given with care to
patients with impaired renal function; consideration
should also be given to dose reduction in patients with
gross hepatic dysfunction. Children with nephrotic
syndrome, patients receiving high-dose pulse therapy
with chlorambucil, and those with a history of seizures,
may be at increased risk of seizures. Regular blood
counts are required during therapy.
Handling and disposal. Chlorambucil is irritant; avoid contact
with skin and mucous membranes. 
Urine produced for up to 48 hours after a dose of chlorambucil
should be handled wearing protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Porphyria. Chlorambucil is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.

Pharmacokinetics
Chlorambucil is rapidly and almost completely ab-
sorbed from the gastrointestinal tract after oral doses
and is reported to have a terminal half-life in plasma of
about 1.5 hours. It is extensively metabolised in the liv-
er, primarily to active phenylacetic acid mustard,
which has a slightly longer plasma half-life of about
1.8 to 2.5 hours, and which like chlorambucil also un-
dergoes some spontaneous degradation to further de-
rivatives. Chlorambucil and its metabolites are exten-
sively protein bound. It is excreted in the urine almost
entirely as metabolites with less than 1% unchanged.

Uses and Administration
Chlorambucil is an antineoplastic derived from chlor-
methine (p.697) and has a similar mode of action. It
acts on lymphocytes and to a lesser extent on neu-
trophils and platelets. Chlorambucil is most valuable in
those conditions associated with the proliferation of
white blood cells, especially lymphocytes, and is used
in the treatment of chronic lymphocytic leukaemia and
lymphomas, including Hodgkin’s disease. It is also
used in Waldenström’s macroglobulinaemia and has
been given in gestational trophoblastic tumours. Al-
though formerly widely used in the management of
polycythaemia vera it has largely been superseded. 
Chlorambucil also has immunosuppressant properties
and has been given in auto-immune disorders includ-
ing amyloidosis, Behçet’s syndrome, glomerular kid-
ney disease, primary biliary cirrhosis, polymyositis,
rheumatoid arthritis, and sarcoidosis. 
The use of chlorambucil in these disorders is discussed
further elsewhere, as indicated by the cross-references
given below. 
Chlorambucil is better tolerated than chlormethine hy-
drochloride and serious bone-marrow toxicity is not
usually a problem with normal doses. When used as a
single-agent antineoplastic for chronic lymphocytic
leukaemia and lymphomas, chlorambucil is licensed
for oral use in usual initial doses of 100 to
200 micrograms/kg daily (usually 4 to 10 mg once dai-
ly), for 3 to 8 weeks. A dose of 100 micrograms/kg dai-
ly may be adequate for the treatment of non-Hodgkin’s
lymphoma; 150 micrograms/kg daily until the total
leukocyte count falls below 10 000 cells/mm3 may be
used in chronic lymphocytic leukaemia; and in Hodg-
kin’s disease, 200 micrograms/kg daily is usually re-
quired. Lower doses may be given as part of a combi-
nation regimen. If lymphocytic infiltration of the bone
marrow is present or if the bone marrow is hypoplastic,
the daily dose should not exceed 100 micrograms/kg.
Alternatively, high-dose chlorambucil may be given

intermittently. For example, in chronic lymphocytic
leukaemia it may be given in an initial single dose of
400 micrograms/kg increased by 100 micrograms/kg
at each 2- or 4-week dose interval until control of lym-
phocytosis is achieved or toxicity occurs. 
Once a remission has been established the patient
may receive continuous maintenance with 30 to
100 micrograms/kg daily. However, short intermittent
courses appear to be safer and are generally preferred
for maintenance. 
In patients with Waldenström’s macroglobulinaemia
chlorambucil is licensed in an initial oral dose of 6 to
12 mg daily until leucopenia develops. Maintenance
therapy with doses of 2 to 8 mg daily may then be giv-
en indefinitely. 
Total and differential white cell counts and haemoglob-
in and platelet examinations are recommended each
week during treatment with chlorambucil.
Amyloidosis. Chlorambucil may be of use in preserving kidney
function and improving survival in patients with amyloidosis
secondary to rheumatic disease,1-4 the management of which is
discussed in more detail on p.743.
1. Berglund K, et al. Alkylating cytostatic treatment in renal amy-

loidosis secondary to rheumatic disease. Ann Rheum Dis 1987;
46: 757–62. 

2. Berglund K, et al. Results, principles and pitfalls in the manage-
ment of renal AA-amyloidosis; a 10-21 year followup of 16 pa-
tients with rheumatic disease treated with alkylating cytostatics.
J Rheumatol 1993; 20: 2051–7. 

3. David J, et al. Amyloidosis in juvenile chronic arthritis: a mor-
bidity and mortality study. Clin Exp Rheumatol 1993; 11: 85–90. 

4. Savolainen HA. Chlorambucil in severe juvenile chronic arthri-
tis: longterm followup with special reference to amyloidosis. J
Rheumatol 1999; 26: 898–903.

Blood disorders, non-malignant. Chlorambucil may pro-
duce a response in cold auto-immune haemolytic anaemia
(p.1043).
Connective tissue and muscular disorders. Chlorambucil
has been used as a corticosteroid-sparing agent in patients with
Behçet’s syndrome (p.1499). It has occasionally been tried in
polymyositis (p.1510). In both these conditions, the potential
benefits must be weighed against the possibility of toxicity.
Kidney disorders, non-malignant. Chlorambucil has been
used in some forms of glomerular kidney disease (p.1504). In
minimal change nephropathy, in which cytotoxics are reserved
for the most severe cases because of fears about toxicity, cyclo-
phosphamide is generally preferred to chlorambucil because it is
perceived as entailing somewhat less risk; chlorambucil has been
used with corticosteroids in patients with membranous nephro-
pathy,1-3 but again cyclophosphamide may be better tolerated.
1. Ponticelli C, et al. Methylprednisolone plus chlorambucil as

compared with methylprednisolone alone for the treatment of id-
iopathic membranous nephropathy. N Engl J Med 1992; 327:
599–603. 

2. Reichert LJM, et al. Preserving renal function in patients with
membranous nephropathy: daily oral chlorambucil compared
with intermittent monthly pulses of cyclophosphamide. Ann In-
tern Med 1994; 121: 328–33. 

3. Ponticelli C, et al. A 10-year follow-up of a randomized study
with methylprednisolone and chlorambucil in membranous ne-
phropathy. Kidney Int 1995; 48: 1600–4.

Liver disorders, non-malignant. No treatment has proven
unequivocally successful in the management of primary biliary
cirrhosis (p.2408). Chlorambucil is one of a number of drugs for
which reports of benefit exist.1
1. Hoofnagle JH, et al. Randomized trial of chlorambucil for pri-

mary biliary cirrhosis. Gastroenterology 1986; 91: 1327–34.

Malignant neoplasms. Chlorambucil is used in the manage-
ment of a number of haematological malignancies including
chronic lymphocytic leukaemia (p.653), Hodgkin’s disease
(p.655), indolent low-grade non-Hodgkin’s lymphomas (p.656),
and Waldenström’s macroglobulinaemia (p.658). It was former-
ly used in polycythaemia vera (p.654) but is now largely super-
seded.
Ocular disorders, non-malignant. Chlorambucil is one of
the immunosuppressants that may be considered for patients
with uveitis (p.1515) unresponsive to corticosteroids in tolerable
doses.1-3

1. Mudun AB, et al. Short-term chlorambucil for refractory uveitis
in Behcet’s disease. Ocul Immunol Inflamm 2001; 9: 219–29. 

2. Miserocchi E, et al. Efficacy and safety of chlorambucil in in-
tractable noninfectious uveitis. Ophthalmology 2002; 109:
137–42. 

3. Goldstein DA, et al. Long-term follow-up of patients treated
with short-term high-dose chlorambucil for sight-threatening oc-
ular inflammation. Ophthalmology 2002; 109: 370–7.

Pemphigus and pemphigoid. Chlorambucil with prednisone
or prednisolone has been reported1,2 to be effective in the treat-
ment of pemphigus and pemphigoid (p.1582).
1. Shah N, et al. The use of chlorambucil with prednisone in the

treatment of pemphigus. J Am Acad Dermatol 2000; 42: 85–8. 
2. Chave TA, et al. Chlorambucil as a steroid-sparing agent in bul-

lous pemphigoid. Br J Dermatol 2004; 151: 1107–8.

Rheumatoid arthritis. Chlorambucil has been used for its im-
munosuppressant properties in a few patients with severe rheu-
matoid arthritis (p.11), especially with vasculitis, who have
failed to respond to other drugs. However, the use of cytotoxic
immunosuppressants other than methotrexate is considered de-
batable.
Sarcoidosis. Where drug therapy is required for sarcoidosis
(p.1512), corticosteroids are the usual treatment. Chlorambucil is
one of a number of cytotoxic immunosuppressants that have
been tried, with variable results, as a second-line therapy.

Preparations
BP 2008: Chlorambucil Tablets; 
USP 31: Chlorambucil Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Leukeran; Austral.: Leukeran; Austria: Leukeran; Belg.: Leukeran;
Braz.: Leukeran; Canad.: Leukeran; Chile: Leukeran; Cz.: Leukeran;
Denm.: Leukeran; Fin.: Leukeran; Ger.: Leukeran; Gr.: Leukeran; Hong
Kong: Leukeran; India: Leukeran; Irl.: Leukeran; Israel: Leukeran; Ital.:
Leukeran; Malaysia: Leukeran; Mex.: Leukeran; Neth.: Leukeran; Norw.:
Leukeran; NZ: Leukeran; Philipp.: Leukeran; Pol.: Leukeran; Port.: Leuk-
eran; Rus.: Leukeran (Лейкеран); S.Afr.: Leukeran; Singapore: Leukeran;
Spain: Leukeran; Swed.: Leukeran; Switz.: Leukeran; Thai.: Leukeran;
Turk.: Leukeran; UK: Leukeran.

Chlormethine Hydrochloride (BANM, rINNM)

Chlorethazine Hydrochloride; Chlorméthine, Chlorhydrate de;
Chlormethini Hydrochloridum; Hidrocloruro de clormetina;
HN2 (chlormethine); Klormetin Hidroklorür; Mechlorethamine
Hydrochloride; Mustin Hidroklorür; Mustine Hydrochloride; Ni-
trogen Mustard (chlormethine); NSC-762; WR-147650. Bis(2-
chloroethyl)methylamine hydrochloride; 2,2′-Dichloro-N-meth-
yldiethylamine hydrochloride.
Хлорметина Гидрохлорид
C5H11Cl2N,HCl = 192.5.
CAS — 51-75-2 (chlormethine); 55-86-7 (chlormethine
hydrochloride).
ATC — L01AA05.
ATC Vet — QL01AA05.

(chlormethine)

Pharmacopoeias. In Br., Chin., Int., and US. 
BP 2008 (Chlormethine Hydrochloride). A white or almost
white, hygroscopic, vesicant, crystalline powder or mass. Very
soluble in water. Store at a temperature of 8° to 15°. 
USP 31 (Mechlorethamine Hydrochloride). A white, hygroscop-
ic, crystalline powder. A 0.2% solution in water has a pH of 3.0
to 5.0. Store in airtight containers. Protect from light.
Stability. Solutions of chlormethine hydrochloride lose their ac-
tivity very rapidly, particularly at neutral or alkaline pH. 
A study1 using an assay specific for chlormethine found that a
0.1% solution in Water for Injections or sodium chloride 0.9%
injection underwent a loss of about 10% when stored for 6 hours
at room temperature, and of about 4 to 6% when stored for the
same period at 4°; similar results were obtained whether the so-
lution was stored in glass vials or plastic syringes. Solutions in
500 mL of sodium chloride or glucose 5% injection and stored in
PVC infusion bags were still less stable, with 15% and 10% deg-
radation respectively after 6 hours at room temperature. 
Chlormethine hydrochloride has been used in extemporaneous
ointment preparations in the treatment of mycosis fungoides.2
One formulation of chlormethine hydrochloride, dissolved in ac-
etone and worked into white soft paraffin, was reported3 to be
stable for at least 84 days when stored at 4°, and for at least 40
days at 37°.
1. Kirk B. Stability of reconstituted Mustine Injection BP during

storage. Br J Parenter Ther 1986; 7: 86–92. 
2. Price NM, et al. Ointment-based mechlorethamine treatment for

mycosis fungoides. Cancer 1983; 52: 2214–19. 
3. Cummings J, et al. The long term stability of mechlorethamine

hydrochloride (nitrogen mustard) ointment measured by HPLC.
J Pharm Pharmacol 1993; 45: 6–9.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
Chlormethine hydrochloride is extremely toxic and its use is in-
variably accompanied by adverse effects. Severe nausea and
vomiting may begin within an hour of injection of the drug and
last for some hours; antiemetics should be given before treat-
ment. It causes varying degrees of bone-marrow depression de-
pending on the dose. In heavily pretreated patients, or when the
total dose for a single course exceeds 400 micrograms/kg, there
is a risk of severe and possibly fatal depression with anaemia,
lymphocytopenia, granulocytopenia, and thrombocytopenia
with consequent haemorrhage. Depression of lymphocytes may
be apparent within 24 hours of a dose and maximum suppression
of granulocytes and platelets occurs within 7 to 21 days; haema-
tological recovery may be adequate after 4 weeks. 
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Tinnitus, vertigo, deafness, headache, drowsiness, and other neu-
rological symptoms have been reported, as have episodes of
jaundice. Skin reactions to chlormethine hydrochloride include
maculopapular rashes. Hypersensitivity is frequent when topical
preparations are used. 
Chlormethine hydrochloride has a powerful vesicant action on
the skin and mucous membranes and great care must be taken to
avoid contact with the eyes. Thrombophlebitis is a potential haz-
ard of chlormethine particularly if it is not sufficiently diluted.
Extravasation of the injection causes severe irritation and even
sloughing. If extravasation occurs during injection, it has been
suggested that the involved area should be infiltrated with an iso-
tonic 4% solution of sodium thiosulfate, followed by the applica-
tion of an ice compress intermittently for 6 to 12 hours, although
the role of specific antidotes in antineoplastic extravasation is
somewhat contentious (see p.640). 
Chlormethine hydrochloride may produce temporary or perma-
nent inhibition of fertility. There is some evidence of mutagenic-
ity, teratogenicity, and carcinogenicity.
Effects on the nervous system. Severe immediate neurotox-
icity developed1 in 14 of 21 evaluable patients who underwent
bone marrow transplantation after preparation with cytotoxic
regimens including chlormethine 0.3 to 2 mg/kg. Symptoms de-
veloped a median of 4 days after treatment and included head-
ache, hallucinations, confusion, convulsions, paraplegia, and
tremor. Symptoms resolved in most, although in some they had
not done so before their death. Six of the patients who recovered
from acute toxicity developed a delayed neurotoxicity, beginning
a median of 169 days after the first chlormethine injection and
characterised by symptoms including confusion, somnolence,
personality change, dementia, focal motor seizures, and hydro-
cephalus. Patients older than 21 years, those who had received
CNS irradiation, and those treated concomitantly with other cy-
totoxic agents were at increased risk of neurotoxicity.
1. Sullivan KM, et al. Immediate and delayed neurotoxicity after

mechlorethamine preparation for bone marrow transplantation.
Ann Intern Med 1982; 97: 182–9.

Handling and disposal. Chlormethine hydrochloride is a
strong vesicant; avoid contact with skin and mucous membranes. 
The manufacturers state that unused injection solutions of chlo-
rmethine hydrochloride may be neutralised by mixing with an
equal volume of a solution containing sodium thiosulfate 5% and
sodium bicarbonate 5% and allowing to stand for 45 minutes.
Equipment used in the preparation and administration of such so-
lutions may be treated similarly. Alternatively a solution contain-
ing sodium carbonate 2.5% or sodium hydroxide in a mixture of
industrial methylated spirit and water has been suggested for the
decontamination of equipment. 
Urine produced for up to 48 hours after a dose of chlormethine
should be handled wearing protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Pharmacokinetics
On intravenous injection, chlormethine is rapidly converted to a
reactive ethyleneimmonium ion. It usually disappears from the
blood in a few minutes. A very small proportion is excreted
unchanged in the urine.
Uses and Administration
Chlormethine belongs to the group of antineoplastic drugs de-
scribed as alkylating agents. It also possesses weak immunosup-
pressant properties. 
Chlormethine hydrochloride has been used in the treatment of
advanced Hodgkin’s disease (p.655), historically with a vinca al-
kaloid, procarbazine, and prednisone or prednisolone (the MOPP
regimen). Chlormethine has also been tried in non-Hodgkin’s
lymphomas, notably mycosis fungoides (p.657), and some other
malignancies including chronic leukaemias, tumours of the
breast, ovary, and lung, and in polycythaemia vera. Chlorme-
thine has been used in the management of malignant effusions
but is not the agent of choice. 
In the MOPP regimen chlormethine hydrochloride has been giv-
en in doses of 6 mg/m2. However, when licensed for use as a
single agent, the usual dose of chlormethine hydrochloride is
400 micrograms/kg, preferably as a single dose, although it may
be divided into 2 or 4 equal doses on successive days. It is given
by intravenous injection in a strength of 1 mg/mL in Water for
Injections or sodium chloride 0.9%. Injection over 2 minutes into
the tubing of a fast running intravenous infusion of sodium chlo-
ride 0.9% or glucose 5% may reduce the incidence of throm-
bophlebitis and the risk of extravasation. 
The response should be assessed by the trend of the blood counts.
Treatment with chlormethine may be repeated when the bone-
marrow function has recovered. 
Intracavitary injections of 200 to 400 micrograms/kg have been
given in the treatment of malignant, especially pleural, effusions.
In mycosis fungoides with extensive skin involvement, very di-
lute solutions of chlormethine (e.g. 200 micrograms/mL) have
been applied topically.
Histiocytic syndromes. Dilute solutions of chlormethine
(200 micrograms/mL) have been applied topically for the cuta-
neous symptoms of Langerhans-cell histiocytosis (p.650).1,2

Such therapy was reported to effectively clear skin lesions in
most patients, and be well tolerated. However, although no ma-

lignant skin disease developed during the follow-up of one group
of children, the long-term effects of topical chlormethine are of
concern in young patients.2
1. Sheehan MP, et al. Topical nitrogen mustard: an effective treat-

ment for cutaneous Langerhans cell histiocytosis. J Pediatr
1991; 119: 317–21. 

2. Hoeger PH, et al. Long term follow up of topical mustine treat-
ment for cutaneous Langerhans cell histiocytosis. Arch Dis Child
2000; 82: 483–7.

Mycosis fungoides. Chlormethine is used topically in the man-
agement of mycosis fungoides (p.657). A retrospective cohort
analysis1 of 203 patients treated with chlormethine found a par-
tial response rate of 33% and a complete response rate of 50%.
The median time to achieve complete response was 12 months
and the time to relapse was also 12 months. Mild disease of lim-
ited skin involvement responded better than generalised
patch/plaque disease, and more patients with mild disease ob-
tained long-term remission. Maintenance therapy was used in
some patients, but on cessation the relapse rate was similar to
patients who did not receive maintenance therapy. Treatment had
usually been applied as either an aqueous solution or an ointment
containing chlormethine 100 to 200 micrograms/mL.
1. Kim YH, et al. Topical nitrogen mustard in the management of

mycosis fungoides: update of the Stanford experience. Arch Der-
matol 2003; 139: 165–73.

Preparations
BP 2008: Chlormethine Injection; 
USP 31: Mechlorethamine Hydrochloride for Injection.

Proprietary Preparations (details are given in Part 3)
Canad.: Mustargen; Fr.: Caryolysine; Gr.: Caryolysine; Israel: Mustargen;
Switz.: Mustargen; USA: Mustargen.

Cilengitide (USAN, rINN)

Cilengitida; Cilengitidum; EMD-121974. Cyclo(L-arginylglycyl-L-α-
aspartyl-D-phenylalanyl-N-methyl-L-valyl).
Циленгитид
C27H40N8O7 = 588.7.
CAS — 188968-51-6.

Profile
Cilengitide is an angiogenesis inhibitor under investigation in the
treatment of glioma, pancreatic cancer, and non-small cell lung
cancer.
◊ References.
1. Friess H, et al. A randomized multi-center phase II trial of the

angiogenesis inhibitor cilengitide (EMD 121974) and gemcitab-
ine compared with gemcitabine alone in advanced unresectable
pancreatic cancer. BMC Cancer 2006; 6: 285. 

2. Hariharan S, et al. Assessment of the biological and pharmaco-
logical effects of the ανβ  and ανβ  integrin receptor antagonist,
cilengitide (EMD 121974), in patients with advanced solid tu-
mors. Ann Oncol 2007; 18: 1400–7. 

3. MacDonald TJ, et al. Phase I clinical trial of cilengitide in chil-
dren with refractory brain tumors: Pediatric Brain Tumor Con-
sortium Study PBTC-012. J Clin Oncol 2008; 26: 919–24. 

4. Reardon DA, et al. Cilengitide: an integrin-targeting arginine-
glycine-aspartic acid peptide with promising activity for gliob-
lastoma multiforme. Expert Opin Invest Drugs 2008; 17:
1225–35.

Cisplatin (BAN, USAN, rINN)

CDDP; Cisplatina; Cisplatine; Cisplatino; Cisplatinum; Cis-plati-
num; Ciszplatin; DDP; cis-DDP; NSC-119875; Peyrone’s Salt;
Platinum Diamminodichloride; Sisplatiini; Sisplatin. cis-Diam-
minedichloroplatinum.
Цисплатин
(NH3)2.PtCl2 = 300.1.
CAS — 15663-27-1.
ATC — L01XA01.
ATC Vet — QL01XA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Cisplatin). A yellow powder or yellow or orange-
yellow crystals. Slightly soluble in water; practically insoluble in
alcohol; sparingly soluble in dimethylformamide. A 0.1% solu-
tion in sodium chloride 0.9% has a pH of 4.5 to 6.0 immediately
after preparation. Store in airtight containers. Protect from light. 
USP 31 (Cisplatin). Store in airtight containers. Protect from
light.

Incompatibility. Cisplatin is rapidly degraded in the presence
of bisulfite or metabisulfite,1,2 and admixture with preparations
containing these as preservatives may result in loss of activity.2
Sodium bicarbonate may also increase the loss of cisplatin from
solution, and in some cases may cause precipitation.3 The stabil-
ity of cisplatin when mixed with fluorouracil is reported to be
limited, with 10% loss of cisplatin in 1.2 to 1.5 hours.4 Mixtures
with etoposide5 in sodium chloride 0.9% injection formed a pre-
cipitate if mannitol and potassium chloride were present as addi-
tives, but not when the diluent was glucose 5% with sodium
chloride 0.45%. Turbidity has been reported6 within 4 hours of
mixing 0.1% solutions of cisplatin and thiotepa in glucose 5%.
Cisplatin exhibits variable incompatibility with paclitaxel, de-
pending on the paclitaxel concentration and the temperature.7 
Cisplatin reacts with aluminium causing loss of potency and pre-
cipitate formation. Needles, syringes, catheters or giving sets that
contain aluminium should not be used for preparing or giving
cisplatin.
1. Hussain AA, et al. Reaction of cis-platinum with sodium bi-

sulfite. J Pharm Sci 1980; 69: 364–5. 
2. Garren KW, Repta AJ. Incompatibility of cisplatin and Reglan

Injectable. Int J Pharmaceutics 1985; 24: 91–9. 
3. Hincal AA, et al. Cis-platin stability in aqueous parenteral vehi-

cles. J Parenter Drug Assoc 1979; 33: 107–16. 
4. Stewart CF, Fleming RA. Compatibility of cisplatin and fluorou-

racil in 0.9% sodium chloride injection. Am J Hosp Pharm 1990;
47: 1373–7. 

5. Stewart CF, Hampton EM. Stability of cisplatin and etoposide in
intravenous admixtures. Am J Hosp Pharm 1989; 46: 1400–4. 

6. Trissel LA, Martinez JF. Compatibility of thiotepa (lyophilized)
with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1996; 53: 1041–5. 

7. Zhang Y, et al. Compatibility and stability of paclitaxel com-
bined with cisplatin and with carboplatin in infusion solutions.
Ann Pharmacother 1997; 31: 1465–70.

Stability. Decomposition of cisplatin in aqueous solutions is pri-
marily due to reversible substitution of water for chloride, and its
stability is enhanced in sodium chloride solutions because of the
excess of chloride ions available.1,2 A solution in sodium chlo-
ride 0.9% injection has been reported to lose 3% of the drug in
less than one hour and to remain stable at this equilibrium value
for 24 hours at room temperature.1 Stability is decreased if ex-
posed to intense light, but the effect of normal lighting conditions
is apparently smaller.1,2 It has been recommended that admix-
tures of cisplatin with mannitol and magnesium sulfate (in glu-
cose 5% with sodium chloride 0.45%) stored at room tempera-
ture in PVC bags should be used within 48 hours, but may be
stored for 4 days at 4° or frozen and stored at −15° for up to 30
days.3 However, solutions containing 600 micrograms/mL or
more of cisplatin precipitate out when refrigerated and are slow
to redissolve.1
1. Greene RF, et al. Stability of cisplatin in aqueous solution. Am J

Hosp Pharm 1979; 36: 38–43. 
2. Hincal AA, et al. Cis-platin stability in aqueous parenteral vehi-

cles. J Parenter Drug Assoc 1979; 33: 107–16. 
3. LaFollette JM, et al. Stability of cisplatin admixtures in polyvi-

nyl chloride bags. Am J Hosp Pharm 1985; 42: 2652.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. 
Severe nausea and vomiting occur in most patients dur-
ing treatment with cisplatin; nausea may persist for up
to a week. 
Serious toxic effects on the kidneys, bone marrow, and
ears have been reported in up to about one third of pa-
tients given a single dose of cisplatin; the effects are
generally dose-related and cumulative. 
Damage to the renal tubules may be evident during the
second week after a dose of cisplatin and renal function
must return to normal before further cisplatin is given.
Adequate hydration, and use of osmotic diuretics such
as mannitol to increase urine volume and thus decrease
the urinary concentration of platinum, can reduce the
incidence of nephrotoxicity. Electrolyte disturbances,
particularly hypomagnesaemia and hypocalcaemia,
may occur, possibly as a result of renal tubular damage.
Hyperuricaemia is also seen. 
Bone-marrow depression may be severe with higher
doses of cisplatin. Nadirs in platelet and leucocyte
counts occur between days 18 and 23 and most patients
recover by day 39; anaemia is common and may be
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

partly related to decreased production of erythropoietin
after renal damage. 
Ototoxicity may be more severe in children. It can
manifest as tinnitus, loss of hearing in the high frequen-
cy range, and occasionally deafness or vestibular tox-
icity. Other neurological effects reported include pe-
ripheral neuropathies, loss of taste, and seizures.
Ocular toxicities include optic neuritis, papilloedema,
and cerebral blindness. 
Anaphylactoid reactions and cardiac abnormalities
have occurred. Injection site reactions, including local-
ised oedema, pain, erythema, skin ulceration and phle-
bitis may occur. Extravasation may lead to tissue cellu-
litis, fibrosis, and necrosis. 
Platinum derivatives are potentially mutagenic and ter-
atogenic, and there is some evidence they may be asso-
ciated with the development of secondary leukaemi-
as—see Carcinogenicity, p.635.
Effects on the blood. Cisplatin-induced anaemia appears to be
disproportionate to the effects on other blood cells, and to corre-
late with renal tubular dysfunction.1 It may therefore be due to an
erythropoietin deficiency state resulting from cisplatin-induced
renal tubular damage. Haemolysis has also been reported.2
1. Wood PA, Hrushesky WJ. Cisplatin-associated anemia: an eryth-

ropoietin deficiency syndrome J Clin Invest 1995; 95: 1650–9. 
2. Rothmann SA, Weick JK. Cisplatin toxicity for erythroid precur-

sors. N Engl J Med 1981; 304: 360.

THROMBOEMBOLISM.  For discussion of thromboembolic
events possibly associated with cisplatin-containing chemo-
therapy regimens see Effects on the Cardiovascular System,
p.636.
Effects on the ears. Ototoxicity is a well-established adverse
effect of cisplatin.1 It appears to be due to generation of reactive
oxygen species that cause apoptosis of hair cells in the cochlea,1
and results in hearing loss, particularly at high frequencies.1,2

Risk factors include younger age,1 larger cumulative doses1 (one
study2 identified doses above 60 mg/m2 as risk factors), pre-ex-
isting hearing loss or renal disease,1 and irradiation of the brain
or base of the skull.1,3 Various substances including thiols, ami-
fostine, ebselen, allopurinol, and salicylates have been investi-
gated in animals for their protective effect against cisplatin-in-
duced neurotoxicity1 but although some promising results have
been seen, benefit is yet to be demonstrated in large clinical stud-
ies, and there is some concern about the risk of reducing the an-
tineoplastic effect of cisplatin as well. However, a small study
comparing cisplatin chemoradiation with or without sodium thi-
osulfate tentatively concluded that thiosulfate did seem to offer
some protection against hearing loss.4
1. Rybak LP, et al. Mechanisms of cisplatin-induced ototoxicity

and prevention. Hear Res 2007; 226: 157–67. 
2. Rademaker-Lakhai JM, et al. Relationship between cisplatin ad-

ministration and the development of ototoxicity. J Clin Oncol
2006; 24: 918–24. 

3. Low WK, et al. Sensorineural hearing loss after radiotherapy and
chemoradiotherapy: a single, blinded, randomized study. J Clin
Oncol 2006; 24: 1904–9. 

4. Zuur CL, et al. Ototoxicity in a randomized phase III trial of
intra-arterial compared with intravenous cisplatin chemoradia-
tion in patients with locally advanced head and neck cancer. J
Clin Oncol 2007; 25: 3759–65.

Effects on electrolytes. Renal-magnesium wasting and, less
commonly, symptomatic hypomagnesaemia occurs with cispla-
tin therapy.1,2 Adding magnesium to the pre- and posthydration
fluids has been suggested.2 When hypocalcaemia is also present,
tetany may result,1,3 although this has responded to electrolyte
infusion without the need to interrupt chemotherapy.1 Cisplatin
therapy may also be associated with significant hypokalaemia1

and hyponatraemia.4,5 
See also Effects on the Kidneys, below.
1. Winkler CF, et al. Cisplatin and renal magnesium wasting. Ann

Intern Med 1979; 91: 502. 
2. Lajer H, Daugaard G. Cisplatin and hypomagnesemia. Cancer

Treat Rev 1999; 25: 47–58. 
3. Stuart-Harris R, et al. Tetany associated with cis-platin. Lancet

1980; ii: 1303. 
4. Hutchison FN, et al. Renal salt wasting in patients treated with

cisplatin. Ann Intern Med 1988; 108: 21–5. 
5. Mariette X, et al. Cisplatin and hyponatremia. Ann Intern Med

1988; 108: 770–1.

Effects on the kidneys. Nephrotoxicity is a well-established
adverse effect of cisplatin, may be dose-limiting, and can mani-
fest as acute or chronic renal failure, polyuria, or chronic hy-
pomagnesaemia.1 The mechanism appears to involve primarily
damage to the proximal renal tubule; selective magnesium loss
may be due to a specific membrane or transport system abnor-
mality. Sulfhydryl metabolism and oxidative stress play a role in
toxicity, and measures that reduce glutathione depletion and
scavenge intracellular free oxygen radicals have been tried in an
attempt to modulate nephrotoxicity.1-3 However, the primary
measures for reducing renal damage have been aggressive hy-
dration with chloride-containing solutions, and the use of manni-

tol (see also Prophylaxis, below). It has been suggested that cis-
platin may mobilise lead accumulated in bone and cause
temporary accumulation in the kidney, with concomitant toxici-
ty,4 but this has been vigorously disputed.5-7 
See also under Effects on Electrolytes, above.
1. Anand AJ, Bashey B. Newer insights into cisplatin nephrotoxic-

ity. Ann Pharmacother 1993; 27: 1519–25. 
2. Meyer KB, Madias NE. Cisplatin nephrotoxicity. Miner Electro-

lyte Metab 1994; 20: 201–13. 
3. Kuhlmann MK, et al. Insights into potential cellular mechanisms

of cisplatin nephrotoxicity and their clinical application. Nephrol
Dial Transplant 1997; 12: 2478–80. 

4. El-Sharkawi AM, et al. Unexpected mobilisation of lead during
cisplatin chemotherapy. Lancet 1986; ii: 249–50. 

5. Tothill P, et al. Is lead mobilised by cisplatin? Lancet 1989; ii:
333. 

6. Tothill P, et al. Mobilisation of lead by cisplatin. Lancet 1989; ii:
1342. 

7. Hainsworth IR, Morgan WD. Plasma lead and cisplatin. Lancet
1989; ii: 624.

PROPHYLAXIS. Hydration with 1 to 2 litres of fluid before treat-
ment, and infusion of cisplatin in a further 2 litres of infusion
fluid containing an osmotic diuretic such as mannitol reduces
the nephrotoxicity of cisplatin, but does not abolish it. Main-
taining adequate hydration and urinary output post-treatment
is also important. Giving cisplatin over 6 to 8 hours rather
than 1 to 2 hours may also decrease renal toxicity. 
Sulfur-containing nucleophiles can inactivate cisplatin, and have
therefore been investigated for their chemoprotective potential.
Amifostine is a prodrug that is selectively activated by normal
tissue, and has been shown to protect normal tissue (principally
the kidney) against the cytotoxicity of cisplatin without affecting
antitumour activity (for references, see Cytoprotection, p.1437).
Glutathione (p.1448) is a similar agent, which may be selectively
taken up by kidney and neural tissue. Sodium thiosulfate
(p.1466) does not show selective activation or uptake, and its use
is therefore limited to situations where cisplatin is given locally
(e.g. intraperitoneal1,2) or directly (e.g. intra-arterial3).
1. Malmstrom H, et al. Intraperitoneal high-dose cisplatin and

etoposide with systemic thiosulfate protection in second-line
treatment of advanced ovarian cancer. Gynecol Oncol 1993; 49:
166–71. 

2. van Rijswijk RE, et al. Experience with intraperitoneal cisplatin
and etoposide and i.v. sodium thiosulphate protection in ovarian
cancer patients with either pathologically complete response or
minimal residual disease. Ann Oncol 1997; 8: 1235–41. 

3. Rohde S, et al. Intra-arterial high-dose chemotherapy with cispl-
atin as part of a palliative treatment concept in oral cancer. Am J
Neuroradiol 2005; 26: 1804–9.

Effects on the nervous system. The features of cisplatin-in-
duced peripheral neuropathy are consistent with damage pre-
dominantly to sensory fibres, with numbness, tingling, and de-
creased vibratory sensation and deep tendon reflexes,
progressing in severe cases to disabling sensory ataxia.1 The tox-
icity is dose-dependent, with symptoms usually appearing in pa-
tients who have received cumulative doses of 300 to 600 mg/m2,
although individuals vary in susceptibility. Neuropathy is revers-
ible but recovery may take a year or more. The pathophysiology
is unknown. Peripheral neuropathy can be a dose-limiting toxic-
ity for cisplatin and agents such as Org-2766 (a corticotropin an-
alogue) and amifostine (p.1436) have been investigated for their
potential in protecting peripheral nerves.1-3 Vitamin E has been
reported to be effective in reducing peripheral neuropathy.4 Glu-
tathione is also under investigation for the prevention of neuro-
toxicity (see p.1448). However, a systematic review considered
that the evidence for most of the interventions intended to reduce
cisplatin neurotoxicity was insufficient to demonstrate benefit.5
Autonomic neuropathy, with, in some cases, consequent ortho-
static hypotension, has also been described after treatment with
cisplatin-containing regimens.6 Apart from ototoxicity (see
above), cisplatin has also been associated with central neurotox-
icity, including focal encephalopathy, seizures, aphasia, confu-
sion, agitation, and cortical blindness.7-10 It has been suggested
that the mechanism of focal encephalopathy may be vascular,7
although this is uncertain.
1. Mollman JE. Cisplatin neurotoxicity. N Engl J Med 1990; 322:

126–7. 
2. Alberts DS, Noel JK. Cisplatin-associated neurotoxicity: can it

be prevented? Anticancer Drugs 1995; 6: 369–83. 
3. Cavaletti G, et al. Neuroprotectant drugs in cisplatin neurotox-

icity. Anticancer Res 1996; 16: 3149–59. 
4. Pace A, et al. Neuroprotective effect of vitamin E supplementa-

tion in patients treated with cisplatin chemotherapy. J Clin On-
col 2003; 21: 927–31. 

5. Albers J, et al. Interventions for preventing neuropathy caused
by cisplatin and related compounds. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2007 (accessed 25/07/08). 

6. Richardson P, Cantwell BMJ. Autonomic neuropathy after cis-
platin based chemotherapy. BMJ 1990; 300: 1466–7. 

7. Lindeman G, et al. Cisplatin neurotoxicity. N Engl J Med 1990;
323: 64–5. 

8. Philip PA, et al. Convulsions and transient cortical blindness af-
ter cisplatin. BMJ 1991; 302: 416. 

9. Higa GM, et al. Severe, disabling neurologic toxicity following
cisplatin retreatment. Ann Pharmacother 1995; 29: 134–7. 

10. Steeghs N, et al. Cisplatin-induced encephalopathy and sei-
zures. Anticancer Drugs 2003; 14: 443–6.

Extravasation. For discussion of the management of extrava-
sation, including methods to manage cisplatin extravasation, see

under Treatment of the Adverse Effects of Antineoplastics,
p.640.
Hypersensitivity. Anaphylactoid reactions to intravenous cis-
platin generally appear within a few minutes of dosage and have
manifested as facial oedema, wheezing, tachycardia, and hypo-
tension.1 A high incidence of anaphylactoid reaction has also
been seen after intravesical instillation in patients with bladder
cancer,2 but intraperitoneal or intrapleural use does not seem to
be associated with an enhanced risk of hypersensitivity,3 al-
though anaphylactoid reactions have occurred when cisplatin is
given intraperitoneally.4 Anaphylactoid symptoms and ischae-
mia of the hands accompanied severe exfoliative dermatitis in
one patient on the second cycle of cisplatin-based chemothera-
py;5 she had earlier experienced exfoliative dermatitis associated
with carboplatin. Palmar-plantar erythrodysesthesia (p.639) has
also occurred.6
1. Von Hoff DD, et al. Allergic reactions to cis platinum. Lancet

1976; i: 90. 
2. Denis L. Anaphylactic reactions to repeated intravesical instilla-

tion with cisplatin. Lancet 1983; i: 1378–9. 
3. Markman M. No increase in allergic reactions with intracavitary

administration of cisplatin. Lancet 1984; ii: 1164. 
4. Hebert ME, et al. Anaphylactoid reactions with intraperitoneal

cisplatin. Ann Pharmacother 1995; 29: 260–3. 
5. Lee TC, et al. Severe exfoliative dermatitis associated with hand

ischemia during cisplatin therapy. Mayo Clin Proc 1994; 69:
80–2. 

6. Vakalis D, et al. Acral erythema induced by chemotherapy with
cisplatin. Br J Dermatol 1998; 139: 750–1.

Nausea and vomiting. For discussion of the management of
chemotherapy-induced nausea and vomiting, see under Nausea
and Vomiting, p.1700.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. Cisplatin is generally contra-indi-
cated in patients with renal or hearing impairment, or
bone-marrow depression. Renal and neurological
function and hearing should be monitored during treat-
ment, and regular blood counts performed. Electro-
lytes should be measured before starting therapy, and
before each subsequent course. Adequate hydration
and urinary output must be maintained before, and for
24 hours after, a dose. 
Patients are recommended to use appropriate contra-
ceptive measures during treatment and for 6 months af-
ter stopping treatment.
Breast feeding. Platinum concentrations in a patient receiving
cisplatin were 0.9 micrograms/mL in breast milk and
0.8 micrograms/mL in plasma.1 Although most of the platinum
in breast milk is probably protein-bound the authors considered
that a mother should not breast feed while receiving cisplatin
chemotherapy. However, in another report,2 cisplatin was unde-
tectable in breast milk and the American Academy of Pediatrics3

considers its use to be compatible with breast feeding.
1. de Vries EGE, et al. Excretion of platinum into breast milk. Lan-

cet 1989; i: 497. Correction. ibid.; 798. 
2. Egan PC, et al. Doxorubicin and cisplatin excretion into human

milk. Cancer Treat Rep 1985; 69: 1387–9. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 29/06/04)

Handling and disposal. Methods for the destruction of cispla-
tin wastes by reduction with zinc powder under acidic conditions
or by reaction with ditiocarb sodium have been described.1 Res-
idue produced by the degradation of cisplatin by either method
showed no mutagenicity in vitro. 
Urine produced for up to 7 days after a dose of cisplatin should
be handled wearing protective clothing.2
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Pregnancy. Cisplatin was given with etoposide and bleomycin
to a pregnant woman at 26 weeks of gestation for carcinoma of
uncertain primary origin. At 27 weeks of gestation, she devel-
oped profound neutropenia followed by septicaemia and went
into premature labour. The infant developed profound leucope-
nia and neutropenia by day 3, which was attributed to chemo-
therapy given 6 days before delivery; prophylactic antibacterials
including gentamicin were given. Hair loss at the age of 10 days
was attributed to etoposide. At 1 year of age, the child exhibited
moderate bilateral sensorineural hearing loss; this was consid-
ered to be either due to cisplatin exposure in utero or to gen-
tamicin use.1 However, there are other reports of cisplatin use
during the second or third trimester of pregnancy with no subse-
quent apparent adverse effects on the infant.2-5 In most cases, cis-
platin had been given with cyclophosphamide,2-4 although in one
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instance it was given with paclitaxel.5 In one report, cisplatin-
induced maternal ototoxicity led to it being replaced after 2
courses by carboplatin.4

1. Raffles A, et al. Transplacental effects of maternal cancer chem-
otherapy: case report. Br J Obstet Gynaecol 1989; 96:
1099–1100. 

2. Malfetano JH, Goldkrand JW. Cis-platinum combination chem-
otherapy during pregnancy for advanced epithelial ovarian car-
cinoma. Obstet Gynecol 1990; 75: 545–7. 

3. King LA, et al. Treatment of advanced epithelial ovarian carci-
noma in pregnancy with cisplatin-based chemotherapy. Gynecol
Oncol 1991; 41: 78–80. 

4. Henderson CE, et al. Platinum chemotherapy during pregnancy
for serous cystadenocarcinoma of the ovary. Gynecol Oncol
1993; 49: 92–4. 

5. Sood AK, et al. Paclitaxel and platinum chemotherapy for ovar-
ian carcinoma during pregnancy. Gynecol Oncol 2001; 83:
599–600.

Radiotherapy. Enhanced ototoxicity has been reported in pa-
tients given cisplatin for brain tumours who also had cranial irra-
diation.1,2

1. Granowetter L, et al. Enhanced cis-platinum neurotoxicity in
pediatric patients with brain tumors. J Neurooncol 1983; 1:
293–7. 

2. Mahoney DH, et al. Ototoxicity with cisplatin therapy. J Pediatr
1983; 103: 1006.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Use with other myelosuppressive,
nephrotoxic or ototoxic drugs may exacerbate the ad-
verse effects of cisplatin. The effects of cisplatin on re-
nal function may also affect the pharmacokinetics of
other drugs excreted by the renal route.
Antibacterials. Although the use of cisplatin with other neph-
rotoxic or ototoxic drugs requires great caution, there is some ev-
idence that aminoglycosides can be used in patients who have
recently received cisplatin if appropriate supportive care is avail-
able.1

1. Cooper BW, et al. Renal dysfunction during high-dose cisplatin
therapy and autologous hematopoietic stem cell transplantation:
effect of aminoglycoside therapy. Am J Med 1993; 94: 497–504.

Antineoplastics. The ototoxicity of cisplatin was reportedly
enhanced by ifosfamide,1 a drug that is not ototoxic when given
alone, although it does have nephrotoxic potential, making re-
ports of increased nephrotoxicity in patients who have received
both unsurprising.2,3 
For a report of increased toxicity with etoposide, see p.718. Cis-
platin may reduce the clearance of paclitaxel, see p.759.
1. Meyer WH, et al. Ifosfamide and exacerbation of cisplatin-in-

duced hearing loss. Lancet 1993; 341: 754–5. 
2. Rossi R, Ehrich JHH. Partial and complete de Toni-Debré-Fan-

coni syndrome after ifosfamide chemotherapy of childhood ma-
lignancy. Eur J Clin Pharmacol 1993; 44 (suppl 1): S43–S45. 

3. Martinez F, et al. Ifosfamide nephrotoxicity: deleterious effect of
previous cisplatin administration. Lancet 1996; 348: 1100–1.

Cardiovascular drugs. A patient whose renal function was
unaffected by cisplatin alone developed nephrotoxicity when
given cisplatin and antihypertensive therapy with furosemide,
hydralazine, diazoxide, and propranolol.1 Previous results in an-
imals suggest that furosemide may aggravate cisplatin nephro-
toxicity, while the other antihypertensives might have contribut-
ed to a transient fall in renal-blood flow with resultant increased
renal-tubular cisplatin concentration.
1. Markman M, Trump DL. Nephrotoxicity with cisplatin and anti-

hypertensive medications. Ann Intern Med 1982; 96: 257.

Gastrointestinal drugs. For mention of 2 retrospective stud-
ies, one showing a decreased area under the plasma-concentra-
tion time curve of high-dose cisplatin with ondansetron and the
other an increase, see p.703.

Pharmacokinetics
After intravenous doses cisplatin disappears from the
plasma in a biphasic manner and half-lives of 25 to 49
minutes and 3 to 4 days have been reported for total
platinum. More than 90% of the platinum from a dose
is protein bound within 2 to 4 hours; only the unbound
fraction has significant antineoplastic activity. Cispla-
tin is concentrated in the liver, kidneys, and large and
small intestines. Penetration into the CNS appears to be
poor. Excretion is mainly in the urine but is incomplete
and prolonged: up to about 50% of a dose has been re-
ported to be excreted in urine over 5 days, and platinum
may be detected in tissue for several months after-
wards. The unbound fraction, which is more rapidly
cleared, may be actively secreted by the renal tubules.

Cisplatin is well-absorbed on intraperitoneal use. Cis-
platin may be distributed into breast milk (see Breast
Feeding, above).
◊ References.
1. Loh GW, et al. A systematic review of limited sampling strate-

gies for platinum agents used in cancer chemotherapy. Clin
Pharmacokinet 2007; 46: 471–94. 

2. Jehn CF, et al. Pharmacokinetics of liposomal cisplatin (lipopla-
tin) in combination with 5-FU in patients with advanced head
and neck cancer: first results of a phase III study. Anticancer Res
2007; 27: 471–5.

Uses and Administration
The antineoplastic cisplatin is a platinum-containing
complex that may act similarly to the alkylating agents.
Its antineoplastic actions are cell-cycle non-specific
and are dependent upon its cis configuration; they ap-
pear to be related to its hydrolysis in the body to form
reactive aquated species. Although it causes immuno-
suppression, stimulation of the host immune response
against the tumour has been suggested as contributing
to cisplatin’s antineoplastic action. 
Cisplatin is of value in the treatment of tumours of the
testis, usually as a major component of combination
chemotherapy regimens, and particularly with bleomy-
cin and etoposide (BEP), or with bleomycin and a vin-
ca alkaloid. It is also used in metastatic ovarian tu-
mours, cervical tumours, lung cancer, advanced
bladder cancer, and squamous cell carcinoma of the
head and neck. It has been reported to be active against
many other solid tumours, as indicated by the cross ref-
erences given below. 
Cisplatin is given by intravenous infusion in sodium
chloride 0.9% or in a mixture of sodium chloride and
glucose. In monotherapy, it is usually given as a single
dose of 50 to 120 mg/m2 every 3 to 4 weeks. Alterna-
tively, 15 to 20 mg/m2 is given daily for 5 days, every
3 to 4 weeks. Lower doses are generally used for com-
bination chemotherapy regimens than for single agent
therapy; 20 mg/m2 or more is given once every 3 to 4
weeks. A dose of 20 mg/m2 daily for 5 days every 3 to
4 weeks has been used in combination chemotherapy
of testicular tumours. 
Licensed product information recommends that cispla-
tin is given in 2 litres of chloride-containing infusion
fluid. In practice, volumes of less than 2 litres have
been used in expert centres. The infusion may be given
over 1 to 2 hours, although licensed product informa-
tion generally recommends a longer infusion time of 6
to 8 hours in order to reduce renal and gastrointestinal
toxicities. 
To aid diuresis and protect the kidneys, 37.5 g of man-
nitol (e.g. 375 mL of mannitol 10%) is usually added
to the infusion or is infused separately immediately be-
fore cisplatin. In order to begin diuresis the patient is
usually hydrated by the infusion of 1 to 2 litres of a
suitable fluid over several hours before giving cispla-
tin. Adequate hydration must also be maintained for up
to 24 hours after a dose. Renal, haematological, audito-
ry, and neurological function should be monitored dur-
ing therapy, and dosage adjusted accordingly. 
Cisplatin has also been given by the intra-arterial and
intraperitoneal routes, and by instillation into the blad-
der. It is being investigated as a liposomal formulation,
and as a collagen-based injectable gel containing cispl-
atin and adrenaline (MPI-5010) to localise the effect.
An oral formulation of cisplatin is also under investiga-
tion. 
Various analogues of cisplatin have been developed or
investigated including those with fewer adverse effects
(e.g. carboplatin, p.693; nedaplatin, p.755), an altered
spectrum of activity (oxaliplatin, p.757), or activity on
oral dosage (satraplatin, p.769).
Administration. Various adjustments to the administration of
cisplatin have been suggested in an attempt to improve effective-
ness while reducing toxicity. 
Hydration before and after a dose of cisplatin, together with the
use of mannitol to promote diuresis, is now standard (see Uses

and Administration, above). Higher doses of cisplatin (up to
200 mg/m2 per treatment cycle) have been successfully given by
infusion in hypertonic sodium chloride, accompanied by inten-
sive hydration.1,2 Sodium chloride 3% infusion solution has been
used.3 However, while such a regimen may limit nephrotoxicity,
other toxic effects, such as peripheral neuropathy, are not pre-
vented;1,2,4,5 myelosuppression may be less if the total dose is
given in 2 divided doses rather than divided over 5 days.2 High-
dose cisplatin has been given once weekly; haematological tox-
icity may be dose-limiting with this regimen.3 
Toxicity has been reported to be reduced when cisplatin was giv-
en by continuous intra-arterial6 or intravenous7 infusion. It has
also been suggested that giving cisplatin in the evening rather
than the morning results in less damage to renal function, appar-
ently because of circadian variations in urine production.8 How-
ever, another study9 found that morning, rather than evening,
doses of cisplatin resulted in less renal damage. Noting the in-
consistency with previous reports, the authors concluded that use
of a prolonged hydration protocol and concomitant furosemide
might have been responsible for these results (see also under In-
teractions, Cardiovascular Drugs, above). It was also found that
morning dosage of cisplatin may be more emetogenic than
evening dosage, although the use of prophylactic ondansetron
before cisplatin reduced this apparent circadian effect on vomit-
ing. 
A suggested alternative way to increase the platinum dose with-
out producing incapacitating toxicity has been the combination
of cisplatin and carboplatin.10 
Various drugs have been investigated to reduce toxicity, includ-
ing amifostine, glutathione, and thiosulfate, as discussed under
Effects on the Kidneys, and Effects on the Nervous System,
above. 
A retrospective study of patients with bladder cancer found that
calculation of creatinine clearance (CC) by mathematical formu-
las was inadequate in determining renal eligibility for treatment
with cisplatin, especially in patients over 65 years of age; up to
44% of patients who were treated with cisplatin based on meas-
ured CC would have been deemed ineligible using mathematical
calculations.11

1. Ozols RF, et al. High-dose cisplatin in hypertonic saline. Ann
Intern Med 1984; 100: 19–24. 

2. Gandara DR, et al. Cisplatin dose intensity in non-small cell
lung cancer: phase II results of a day 1 and day 8 high-dose
regimen. J Natl Cancer Inst 1989; 81: 790–4. 

3. de Jongh FE, et al. Weekly high-dose cisplatin is a feasible treat-
ment option: analysis on prognostic factors for toxicity in 400
patients. Br J Cancer 2003; 88: 1199–1206. 

4. Bagley CM, et al. High-dose cisplatin therapy for cancer of the
ovary: neurotoxicity. Ann Intern Med 1985; 102: 719. 

5. Ozols RF, Young RC. High-dose cisplatin therapy for cancer of
the ovary: neurotoxicity. Ann Intern Med 1985; 102: 719. 

6. Jacobs SC, et al. Intraarterial cisplatin infusion in the manage-
ment of transitional cell carcinoma of the bladder. Cancer 1989;
64: 388–91. 

7. Salem P, et al. Cis-diamminedichloroplatinum (II) by 5-day
continuous infusion: a new dose schedule with minimal toxicity.
Cancer 1984; 53: 837–40. 

8. Hrushesky WJM, et al. Circadian time dependence of cisplatin
urinary kinetics. Clin Pharmacol Ther 1982; 32: 330–9. 

9. Kobayashi M, et al. Cisplatin-induced vomiting depends on cir-
cadian timing. Chronobiol Int 2001; 18: 851–63. 

10. Piccart MJ, et al. Cisplatin combined with carboplatin: a new
way of intensification of platinum dose in the treatment of ad-
vanced ovarian cancer. J Natl Cancer Inst 1990; 82: 703–7. 

11. Raj GV, et al. Formulas calculating creatinine clearance are in-
adequate for determining eligibility for cisplatin-based chemo-
therapy in bladder cancer. J Clin Oncol 2006; 24: 3095–3100.

Malignant neoplasms. Cisplatin is used in the management of
many solid malignancies, notably those of the bladder, cervix,
lung, ovary, and testis, as discussed on p.659, p.663, p.668,
p.670, and p.673 respectively. Other malignancies where cispla-
tin may be employed, as discussed in the introduction to this
chapter, include non-Hodgkin’s lymphomas (p.656), tumours of
brain (p.660), endometrium (p.663), oesophagus, stomach, and
anus (p.664, p.664, and p.666), head and neck (p.666), and thy-
mus (p.674), neuroblastoma (p.674), and sarcoma of bone and
soft tissue (p.675 and p.676).

Preparations
BP 2008: Cisplatin Injection; 
USP 31: Cisplatin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Ciskebir; Elvecis; Platamine; Platino II; Platinol†; Sicatem; Austria: Cis-
hexal; Platinol; Platosin; Belg.: Platinol; Platistine†; Platosin; Braz.: Astapla-
tin†; Bioplatino†; C-Platin; Cisplatex; Citoplax; Incel; Laxifos†; Platiran; Platis-
tine; Tecnoplatin; Unistin†; Chile: Blastolem; Cz.: Cisanplat†; Platidiam;
Denm.: Lederplatin; Platinol; Fin.: Platinol; Fr.: Cisplatyl; Ger.: Cis-Gry; Pl-
atinex; Gr.: Cisplamol; Cisplatyl†; Oncoplat; Platamine; Platinol; Platosin;
Hung.: Platidiam; India: Cisplat; Cytoplatin; Kemoplat; Platin; Indon.: Plat-
inox; Platosin; Israel: Abiplatin; Ital.: Citoplatino; Platamine; Platinex; Pron-
to Platamine; Jpn: Platosin; Randa; Malaysia: Platosin; Mex.: Blastolem;
Metalino†; Niyaplat†; Noveldexis; Platinol; Platistil†; Tecnoplatin; Neth.: Pla-
tosin; Norw.: Platinol; Platistin; NZ: Platinol; Philipp.: Ciplexal; Cytosplat;
Docistin; Kemoplat; Platamine; Platinol; Platinoxan; Platosin; Pol.: Platidiam;
Port.: Faulplatin; Rus.: Blastolem (Бластолем); Platidiam (Платидиам);
S.Afr.: Abiplatin; Platosin; Spain: Neoplatin; Placis; Platistil†; Swed.: Plati-
nol; Switz.: Platiblastin-S; Platinol; Thai.: Abiplatin; Blastolem; Kemoplat;
Platinol; Platosin; Turk.: Placis; Platosin-S; UK: Platinex†; USA: Platinol†;
Venez.: Cytoplatin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cladribine (BAN, USAN, rINN)

2-Chlorodeoxyadenosine; Cladribina; Cladribinum; Kladribiini;
Kladribin; RWJ-26251; RWJ-26251-000. 2-Chloro-2′-deoxyade-
nosine.
Кладрибин
C10H12ClN5O3 = 285.7.
CAS — 4291-63-8.
ATC — L01BB04.
ATC Vet — QL01BB04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Cladribine). A white or almost white crystalline
powder. It exhibits polymorphism. Slightly soluble in water and
in methyl alcohol; soluble in dimethyl sulfoxide; practically in-
soluble in acetonitrile. Store at a temperature of 2° to 8°. Protect
from light. 
USP 31 (Cladribine). Store at a temperature of 2° to 8°. Protect
from light.
Stability. Cladribine shows increased degradation in glucose
5%, therefore this diluent should not be used. Cladribine in sodi-
um chloride 0.9% is stable for at least 24 hours at room temper-
ature and ambient lighting in PVC infusion containers. 
The manufacturers recommend that cladribine should be stored
at 2° to 8° and protected from light.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. 
Cladribine produces severe myelosuppression, includ-
ing neutropenia, anaemia, and thrombocytopenia, es-
pecially at high doses. Transfusion of blood products
may be required. Prolonged CD4 lymphopenia with a
nadir at 4 to 6 months also develops. Prolonged bone-
marrow hypocellularity may also occur, although it is
not clear if this is due to the drug or underlying disease.
Haemolytic anaemia has also been reported. Severe in-
fections can occur, and may be fatal. Myelodysplastic
syndrome has been reported rarely. 
Other adverse effects include fever, chills, diaphoresis,
fatigue, malaise, mild nausea and gastrointestinal dis-
turbances, rashes, pruritus, purpura, headache, anxiety,
dizziness, abnormal breath and/or chest sounds, cough,
dyspnoea, oedema, tachycardia, hypotension, arthral-
gia, and myalgia. Reversible, mild increases in bili-
rubin and hepatic transaminases are common. Rare ad-
verse events include hepatic, renal, or cardiac failure,
atrial fibrillation, and hypereosinophilia; tumour lysis
syndrome can occur, and may be fatal. 
Very high doses of cladribine have been associated
with severe renal and nervous system toxicity as well
as myelosuppression. Severe neurotoxicity is rare at
currently recommended doses, but confusion, neuro-
pathy, ataxia, insomnia, and somnolence have oc-
curred.
Carcinogenicity. As with some other antimetabolites (see
p.635), Epstein-Barr virus-related lymphoma has been reported
after cladribine therapy.1 A study found that in patients with
chronic lymphocytic leukaemia, treatment with cladribine did
not increase the risk of secondary malignancies when compared
with treatment with alkylating agents and combination therapy.
However, lung cancers occurred more frequently with cladribine
treatment.2
1. Niesvizky R, et al. Epstein-Barr virus-associated lymphoma af-

ter treatment of macroglobulinemia with cladribine. N Engl J
Med 1999; 341: 55. 

2. Robak T, et al. Second malignancies and Richter’s syndrome in
patients with chronic lymphocytic leukaemia treated with cladri-
bine. Eur J Cancer 2004; 40: 383–9.

Precautions
For the precautions necessary with antineoplastics, see
p.641. Careful haematological monitoring is recom-

mended, especially during the first 4 to 8 weeks of ther-
apy. Renal and hepatic function should also be moni-
tored periodically.

Pharmacokinetics
Plasma-cladribine concentrations after intravenous in-
fusion show either a biphasic or triphasic decline, with
terminal half-lives ranging from 3 to 22 hours. A bi-
exponential decline has been reported after subcutane-
ous injection, with an initial and terminal half-life of
about 2 and 11 hours, respectively. Cladribine is exten-
sively distributed and penetrates into the CNS. It is
about 20% bound to plasma proteins. Cladribine is
phosphorylated within cells by deoxycytidine kinase to
form 2-chlorodeoxyadenosine-5′-monophosphate
which is further phosphorylated to the diphosphate by
nucleoside monophosphate kinase and to the active
metabolite 2-chlorodeoxyadenosine-5′-triphosphate
(CdATP) by nucleoside diphosphate kinase.
◊ References.
1. Liliemark J. The clinical pharmacokinetics of cladribine. Clin

Pharmacokinet 1997; 32: 120–31.

Uses and Administration
Cladribine is a chlorinated purine nucleoside analogue
that inhibits DNA synthesis and repair, particularly in
lymphocytes and monocytes. It is used as an antime-
tabolite antineoplastic for the treatment of lymphoid
malignancies including hairy-cell leukaemia (p.654)
and chronic lymphocytic leukaemia (p.653). It has also
been used in indolent low-grade non-Hodgkin’s lym-
phomas (p.656), histiocytic syndromes (p.650), and in
Waldenström’s macroglobulinaemia (p.658). 
The recommended intravenous dose of cladribine
in hairy-cell leukaemia is a single course of
90 micrograms/kg (3.6 mg/m2) daily for 7 days by
continuous infusion. If the patient does not respond to
the initial course, they are unlikely to respond to further
doses. Cladribine is also given subcutaneously in a
dose of 140 micrograms/kg (5.6 mg/m2) daily for 5
consecutive days. 
For the treatment of chronic lymphocytic leukaemia
the  recommended in t ravenous  dose  is
120 micrograms/kg (4.8 mg/m2) daily for 5 consecu-
tive days of a 28-day cycle; the infusion is given over
2 hours. Response should be determined every 2 cy-
cles, and once maximum response has occurred a fur-
ther 2 cycles of treatment are recommended, up to a
maximum of 6 cycles. Patients who do not respond
with a lymphocyte reduction of 50% or more after
2 cycles should not receive further therapy. Cladribine
is also given subcutaneously in a dose of
100 micrograms/kg (4 mg/m2) daily for 5 consecutive
days. This dose of subcutaneous cladribine is also li-
censed in some countries for the treatment of indolent
non-Hodgkin’s lymphoma and Waldenström’s mac-
roglobulinaemia. 
An oral formulation of cladribine is under investigation
for the management of multiple sclerosis (see below);
parenteral cladribine has also been used. Oral cladrib-
ine has also been investigated for chronic lymphocytic
leukaemia.
◊ Reviews.
1. Robak T. Cladribine in the treatment of chronic lymphocytic

leukemia. Leuk Lymphoma 2001; 40: 551–64. 
2. Goodman GR, et al. Cladribine in the treatment of hairy-cell leu-

kaemia. Best Pract Res Clin Haematol 2003; 16: 101–16. 
3. Armitage JO, et al. Treatment of indolent non-Hodgkin’s lym-

phoma with cladribine as single-agent therapy and in combina-
tion with mitoxantrone. Int J Hematol 2004; 79: 311–21. 

4. Robak T. The place of cladribine in the treatment of chronic lym-
phocytic leukemia: a 10-year experience in Poland. Ann Hematol
2005; 84: 63–70. 

5. Belani R, Saven A. Cladribine in hairy cell leukemia. Hematol
Oncol Clin North Am 2006; 20: 1109–23. 

6. Sigal DS, Saven A. Cladribine in indolent non-Hodgkin’s lym-
phoma. Expert Rev Anticancer Ther 2008; 8: 535–45.

Multiple sclerosis. Parenteral cladribine has shown some evi-
dence of benefit in multiple sclerosis (p.892) but it is not clear

whether it improves attack rate or disease progression. An oral
formulation is under investigation. 
References.
1. Sipe JC, et al. Cladribine in treatment of chronic progressive

multiple sclerosis. Lancet 1994; 344: 9–13. 
2. Romine JS, et al. A double-blind, placebo-controlled, rand-

omized trial of cladribine in relapsing-remitting multiple sclero-
sis. Proc Assoc Am Physicians 1999; 111: 35–44. 

3. Rice GPA, et al. Cladribine and progressive MS: clinical and
MRI outcomes of a multicenter controlled trial. Neurology 2000;
54: 1145–55. 

4. Janiec K, et al. Effect of immunosuppressive cladribine treat-
ment on serum leucocytes system in two-year clinical trial in pa-
tients with chronic progressive multiple sclerosis. Med Sci Monit
2001; 7: 93–8. 

5. Sipe JC. Cladribine for multiple sclerosis: review and current
status. Expert Rev Neurother 2005; 5: 721–7. 

6. Brousil JA, et al. Cladribine: an investigational immunomodula-
tory agent for multiple sclerosis. Ann Pharmacother 2006; 40:
1814–21. 

7. Leist TP, Vermersch P. The potential role for cladribine in the
treatment of multiple sclerosis: clinical experience and develop-
ment of an oral tablet formulation. Curr Med Res Opin 2007; 23:
2667–76.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Intocel; Leustat; Austral.: Leustatin; Litak; Austria: Leustatin; Belg.:
Leustatin; Braz.: Leustatin; Canad.: Leustatin; Cz.: Leustatin; Litak; Denm.:
Leustatin; Litak; Fin.: Leustatin; Litak; Fr.: Leustatine; Litak; Ger.: Leustatin;
Litak; Gr.: Leustatin; Hong Kong: Leustatin; Israel: Leustatin; Litak; Ital.:
Leustatin; Neth.: Leustatin; Litak; Norw.: Leustatin; NZ: Leustatin;
Philipp.: Leustatin; Pol.: Biodribin; Port.: Litak; S.Afr.: Leustatin; Spain:
Leustatin; Swed.: Leustatin; Switz.: Leustatin; Litak; Thai.: Leustatin†; UK:
Leustat; Litak; USA: Leustatin; Venez.: Leustatin.

Clofarabine (BAN, USAN, rINN)

Cl-F-Ara-A; Clofarabina; Clofarabinum. 2-Chloro-9-(2-deoxy-2-
fluoro-β-D-arabinofuranosyl)-9H-purin-6-amine.
Кльофарабин
C10H11ClFN5O3 = 303.7.
CAS — 123318-82-1.
ATC — L01BB06.
ATC Vet — QL01BB06.

Adverse Effects, Treatment, and Precau-
tions
As for Fludarabine Phosphate, p.721, although neuro-
toxicity is less severe. Capillary leak syndrome result-
ing from cytokine release has occurred with clofarab-
ine, causing respiratory distress, hypotension, pleural
and pericardial effusions, and multi-organ failure. Pro-
phylactic corticosteroids may be useful, but clofarab-
ine must be stopped immediately if signs or symptoms
of capillary leak syndrome develop (respiratory status
and blood pressure should be monitored during infu-
sion). Other adverse effects include anxiety, flushing,
tachycardia, hypotension, hepatotoxicity, haematuria,
myalgia, arthralgia, and headache. 
Renal and hepatic function, and complete blood
counts, should be monitored during clofarabine thera-
py. Hydration should be maintained during treatment
to minimise the risk of tumour lysis syndrome and oth-
er adverse effects.

Pharmacokinetics
Clofarabine is about 47% bound to plasma proteins.
About 50 to 60% of a dose is excreted unchanged in the
urine and it has a terminal half-life of about 5 hours.

Uses and Administration
Clofarabine, a purine nucleoside analogue, is used as
an antimetabolite antineoplastic in the treatment of re-
lapsed or refractory acute lymphoblastic leukaemia
(p.651) in patients aged 1 to 21 years. A dose of
52 mg/m2 is given daily for 5 days, by intravenous in-
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fusion over 2 hours. A longer infusion time should be
considered in children weighing less than 20 kg to re-
duce anxiety and irritability, and to avoid high clofara-
bine concentrations. The course may be repeated every
2 to 6 weeks, depending on the patient’s recovery from
bone-marrow depression and other adverse effects.
Treatment is usually assessed after 2 treatment cycles. 
Clofarabine is under investigation for the treatment of
acute myeloid leukaemia, myelodysplastic syndrome,
and solid tumours.
◊ References.
1. Kantarjian HM, et al. Phase I clinical and pharmacology study of

clofarabine in patients with solid and hematologic cancers. J
Clin Oncol 2003; 21: 1167–73. 

2. Gandhi V, et al. Pharmacokinetics and pharmacodynamics of
plasma clofarabine and cellular clofarabine triphosphate in pa-
tients with acute leukemias. Clin Cancer Res 2003; 9: 6335–42. 

3. Kantarjian H, et al. Phase 2 clinical and pharmacologic study of
clofarabine in patients with refractory or relapsed acute leuke-
mia. Blood 2003; 102: 2379–86. 

4. Bonate PL, et al. Population pharmacokinetics of clofarabine, a
second-generation nucleoside analog, in pediatric patients with
acute leukemia. J Clin Pharmacol 2004; 44: 1309–22. 

5. Jeha S, et al. Clofarabine, a novel nucleoside analog, is active in
pediatric patients with advanced leukemia. Blood 2004; 103:
784–9. 

6. Faderl S, et al. Results of a phase 1-2 study of clofarabine in
combination with cytarabine (ara-C) in relapsed and refractory
acute leukemias. Blood 2005; 105: 940–7. 

7. Curran MP, Perry CM. Clofarabine: in pediatric patients with
acute lymphoblastic leukemia. Paediatr Drugs 2005; 7: 259–64. 

8. Kline JP, Larson RA. Clofarabine in the treatment of acute mye-
loid leukaemia and acute lymphoblastic leukaemia: a review. Ex-
pert Opin Pharmacother 2005; 6: 2711–18. 

9. Kantarjian HM, et al. Clofarabine: past, present, and future. Leuk
Lymphoma 2007; 48: 1922–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Evoltra; Fr.: Evoltra; Port.: Evoltra; UK: Evoltra; USA: Clolar.

Combretastatin A4 Phosphate
CS-A4 (combretastatin A4); NSC-348103 (combretastatin). 2-
Methoxy-5-[(1Z)-2-(3,4,5-trimethoxyphenyl)ethenyl]-phenol di-
hydrogen phosphate.
C18H21O8P = 396.3.
CAS — 82855-09-2 (combretastatin); 117048-59-6
(combretastatin A4); 222030-63-9 (combretastatin A4
phosphate).

Profile
Combretastatin A4 phosphate is a synthetic derivative of com-
bretastatin compounds originally isolated from the African bush-
willow tree (Cape bush-willow; Combretum caffrum). It is de-
scribed as a vascular targeting agent that reduces blood flow to
tumours by disrupting the endothelial cells of newly formed
blood vessels, and is under investigation for the treatment of thy-
roid and ovarian cancers.

Corynebacterium parvum
C. parvum; NSC-220537; Propionibacterium acnes.

Profile
Inactivated Corynebacterium parvum has been used in the treat-
ment of malignant effusions, and has been tried as an adjuvant to
cancer chemotherapy for its immunostimulant properties. It has
also been used in the treatment of musculoskeletal and joint dis-
orders. 
Fever and pain have occurred after intracavitary injection. There
have been reports of nephrotoxicity after intravenous use.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Arthrokehlan A.

Cyclophosphamide (BAN, rINN)

B-518; Ciclofosfamida; Ciklofosfamidas; Ciklofoszfamid; Cyclo-
phosphamidum; Cyclophosphamidum Monohydricum; Cyclo-
phosphanum; Cyklofosfamid; Cyklofosfamid monohydrát; NSC-
26271; Siklofosfamid; Syklofosfamidi; WR-138719. 2-[Bis(2-chlo-
roethyl)amino]perhydro-1,3,2-oxazaphosphorinan 2-oxide
monohydrate.
Циклофосфамид
C7H15Cl2N2O2P,H2O = 279.1.
CAS — 6055-19-2 (cyclophosphamide monohydrate); 50-
18-0 (anhydrous cyclophosphamide).
ATC — L01AA01.
ATC Vet — QL01AA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Cyclophosphamide). A white or almost white,
crystalline powder. Soluble in water; freely soluble in alcohol. A
freshly prepared 2% solution in water has a pH of 4.0 to 6.0. 
USP 31 (Cyclophosphamide). A white, crystalline powder. It
liquefies upon loss of its water of crystallisation. Soluble in water
and in alcohol. A 1% solution in water has a pH of 3.9 to 7.1
when determined 30 minutes after preparation. Store in airtight
containers at 2° to 30°.

Adverse Effects and Treatment
For a general outline see Antineoplastics, p.635 and
p.639. The major dose-limiting effect is myelosuppres-
sion. After single doses the nadir of the white cell count
may occur in around 1 to 2 weeks with full recovery
usually in 3 to 4 weeks. Thrombocytopenia and anae-
mia may occur but tend to be less common and less
severe. 
Haemorrhagic cystitis may develop after high or pro-
longed dosage, and can be life-threatening. Adequate
hydration to maintain urine output at 100 mL/hour and
use of mesna (see p.1449) are generally recommended
in an attempt to reduce urotoxicity. If mesna is used,
frequent emptying of the bladder should be avoided.
Doses of cyclophosphamide should be given early in
the day. 
Alopecia occurs in about 20% of patients given low
doses and in practically all patients given high doses.
Hair loss starts after 3 weeks of treatment but regrowth
is usually evident after 3 months, even with continued
treatment. Hyperpigmentation of skin, especially that
of the palms and soles, and of the nails, has been report-
ed. 
Nausea and vomiting commonly occur, and may be re-
duced by prophylactic antiemetics. Mucositis may also
occur. 
Other adverse effects include a syndrome resembling
inappropriate secretion of antidiuretic hormone (which
may require diuretic therapy), disturbances of carbohy-
drate metabolism, gonadal suppression (common and
occasionally resulting in sterility), interstitial pulmo-
nary fibrosis, and, especially at high doses, cardiotox-
icity. 
Cyclophosphamide, in common with other alkylating
agents, has carcinogenic, mutagenic, and teratogenic
potential and secondary malignancies have occurred in
patients given previous antineoplastic therapy includ-
ing cyclophosphamide—see p.635.
Effects on the bladder. Sterile haemorrhagic cystitis (p.2178)
can occur after high-dose infusions of cyclophosphamide or after
prolonged low-dose oral use.1,2 It is believed to be secondary to
renal excretion of alkylating metabolites, particularly the acro-
lein metabolite, that cause sloughing, thinning, and inflammation
of the bladder wall. Damage ranges from minor bleeding to dif-
fuse necrotic ulceration, and can lead to anaemia, constriction of
the bladder, bladder perforation, and death.2 Symptoms may be
delayed, and have been reported to occur up to 6 months after
stopping the drug.3 An increased incidence of cystitis when pa-
tients on a high-dose cyclophosphamide regimen were trans-
ferred from one brand to another has been reported,4 apparently
because one was labelled in terms of the anhydrous substance
and one as the monohydrate, resulting in a 6.4% difference in the
content of active substance.5 
Measures used to prevent haemorrhagic cystitis include intrave-
nous hydration with diuresis, frequent voiding, or bladder cathe-
terisation with irrigation, to increase urine output and dilute the
excreted metabolites. Mesna may be used as a uroprotectant to
reduce exposure to the metabolites.2 If bleeding occurs, various
drugs have been instilled intravesically, including sodium chlo-
ride 0.9%, alum, or prostaglandins.2,6-9 Silver nitrate, formalde-
hyde, or phenol instillations have been used but are painful and
patients require anaesthesia.2 There is limited information to sug-
gest that conjugated oestrogens given orally or intravenously
may be effective.2,10 Nonpharmacological techniques are re-
served for refractory cases and include arterial embolisation or
surgery.2 

In addition to the shorter term effects, cyclophosphamide has
been reported to be associated with the development of bladder
carcinoma.1,11-14 A history of cyclophosphamide-induced cysti-
tis may be associated with an increased risk of bladder
carcinoma1,11 but some studies have not found a link,13 and blad-
der malignancies can develop in patients who have not experi-
enced cystitis while receiving cyclophosphamide.12 For a discus-
sion of the carcinogenic effects of antineoplastics, including
cyclophosphamide, see p.635.
1. Talar-Williams C, et al. Cyclophosphamide-induced cystitis and

bladder cancer in patients with Wegener granulomatosis. Ann
Intern Med 1996; 124: 477–84. 

2. West NJ. Prevention and treatment of hemorrhagic cystitis.
Pharmacotherapy 1997; 17: 696–706. 

3. Armstrong B, et al. Delayed cystitis due to cyclophosphamide.
N Engl J Med 1979; 300: 45. 

4. Shaw IC, et al. Difference in bioactivity between two prepara-
tions of cyclophosphamide. Lancet 1983; i: 709. 

5. Hilgard P, et al. Bioactivity of cyclophosphamide preparations.
Lancet 1983; i: 1436. 

6. Mohiuddin J, et al. Treatment of cyclophosphamide-induced
cystitis with prostaglandin E . Ann Intern Med 1984; 101: 142. 

7. Miller LJ, et al. Treatment of cyclophosphamide-induced hem-
orrhagic cystitis with prostaglandins. Ann Pharmacother 1994;
28: 590–4. 

8. Ippoliti C, et al. Intravesicular carboprost for the treatment of
hemorrhagic cystitis after marrow transplantation. Urology
1995; 46: 811–15. 

9. Laszlo D, et al. Prostaglandin E2 bladder instillation for the
treatment of hemorrhagic cystitis after allogeneic bone marrow
transplantation. Haematologica 1995; 80: 421–5. 

10. Ordemann R, et al. Encouraging results in the treatment of
haemorrhagic cystitis with estrogen – report of 10 cases and re-
view of the literature. Bone Marrow Transplant 2000; 25:
981–5. 

11. Wall RL, Clausen KP. Carcinoma of the urinary bladder in pa-
tients receiving cyclophosphamide. N Engl J Med 1975; 293:
271–3. 

12. Plotz PH, et al. Bladder complications in patients receiving cy-
clophosphamide for systemic lupus erythematosus or rheuma-
toid arthritis. Ann Intern Med 1979; 91: 221–3. 

13. Pedersen-Bjergaard J, et al. Carcinoma of the urinary bladder
after treatment with cyclophosphamide for non-Hodgkin’s lym-
phoma. N Engl J Med 1988; 318: 1028–32. 

14. Travis LB, et al. Bladder cancer after chemotherapy for non-
Hodgkin’s lymphoma. N Engl J Med 1989; 321: 544–5.

Effects on the blood. Amifostine has been reported to protect
against the myelosuppressive effects of cyclophosphamide, and
may be used to reduce neutropenia-related infection associated
with the combination of cyclophosphamide and cisplatin (see
p.1437).
Effects on carbohydrate metabolism. Acute onset type 1
diabetes occurred in a patient treated with cyclophosphamide,
doxorubicin, vincristine and prednisone (CHOP), and was
thought to be due to the cyclophosphamide.1
1. Atlan-Gepner C, et al. A cyclophosphamide-induced autoim-

mune diabetes. Lancet 1998; 352: 373–4.

Effects on electrolytes. Water intoxication has been reported
with cyclophosphamide,1-4 usually in high doses (30 to 50 mg/kg
or more) although symptoms have been reported after a dose of
20 mg/kg in a patient with renal disease,3 and in another patient
with SLE but apparently normal renal function who received
10 mg/kg.4 One case of severe hyponatraemia leading to convul-
sions and death has been reported.5 Symptoms resemble the syn-
drome of inappropriate antidiuretic hormone secretion (SI-
ADH)5 but plasma concentrations of antidiuretic hormone do not
appear to be raised in these patients.3
1. DeFronzo RA, et al. Water intoxication in man after cyclophos-

phamide therapy: time course and relation to drug activation.
Ann Intern Med 1973; 78: 861–9. 

2. Green TP, Mirkin BL. Prevention of cyclophosphamide-induced
antidiuresis by furosemide infusion. Clin Pharmacol Ther 1981;
29: 634–42. 

3. Bressler RB, Huston DP. Water intoxication following moderate-
dose intravenous cyclophosphamide. Arch Intern Med 1985;
145: 548–9. 

4. McCarron MO, et al. Water intoxication after low dose cyclo-
phosphamide. BMJ 1995; 311: 292. 

5. Harlow PJ, et al. A fatal case of inappropriate ADH secretion
induced by cyclophosphamide therapy. Cancer 1979; 44: 896–8.

Effects on the eyes. Recurrent transient myopia, apparently
due to increased hydration of the lens of the eye, was induced by
an intravenous bolus of cyclophosphamide in an adolescent with
SLE.1 
CMV retinitis has occurred in patients during or after cyclophos-
phamide therapy; presenting symptoms included floaters and
blurred or decreased vision.2
1. Arranz JA, et al. Cyclophosphamide-induced myopia. Ann In-

tern Med 1992; 116: 92–3. 
2. Agrawal A, et al. Visual symptoms in patients on cyclophospha-

mide may herald sight threatening disease. Br J Ophthalmol
2003; 87: 122–3.

Effects on reproductive potential. Severe gonadal failure
with transient or permanent azoospermia is common in men
treated with cyclophosphamide. Suppression of germ-cell func-
tion with intramuscular testosterone in 5 men during cyclophos-
phamide therapy for nephrotic syndrome was associated with a
more rapid return of spermatogenesis compared with 10 patients
who did not receive the androgen.1
1. Masala A, et al. Use of testosterone to prevent cyclophospha-

mide-induced azoospermia. Ann Intern Med 1997; 126: 292–5.

Effects on the skin. An erythematous pruritic rash, similar to
the palmar-plantar erythrodysesthesia syndrome (p.639) but oc-
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curring on the dorsal surfaces of the hands and feet, occurred 6
days after the first high dose of cyclophosphamide in a patient
being prepared for bone marrow transplantation.1 Previous cy-
clophosphamide-containing chemotherapy did not produce this
reaction. The symptoms improved somewhat on treatment with
triamcinolone ointment, and subsequently desquamation of the
hands occurred with decreased purplish discoloration and oede-
ma of the feet. There has also been a report of 2 patients who
developed Stevens-Johnson syndrome, with some features sug-
gestive of overlapping toxic epidermal necrolysis.2

1. Matsuyama JR, Kwok KK. A variant of the chemotherapy-asso-
ciated erythrodysesthesia syndrome related to high-dose cyclo-
phosphamide. DICP Ann Pharmacother 1989; 23: 776–9. 

2. Assier-Bonnet H, et al. Stevens-Johnson syndrome induced by
cyclophosphamide: report of two cases. Br J Dermatol 1996;
135: 864–6.

Hypersensitivity. Occasional anaphylaxis has been reported
with cyclophosphamide;1 analysis of data by the Boston Collab-
orative Drug Surveillance Program detected only one allergic
skin reaction among 210 patients given cyclophosphamide, re-
sulting in a calculated incidence of 4.8 reactions per 1000 recip-
ients.2

1. Jones JB, et al. Cyclophosphamide anaphylaxis. DICP Ann
Pharmacother 1989; 23: 88–9. 

2. Bigby M, et al. Drug-induced cutaneous reactions: a report from
the Boston Collaborative Drug Surveillance Program on 15 438
consecutive inpatients, 1975 to 1982. JAMA 1986; 256:
3358–63.

Precautions
For reference to the precautions necessary with antine-
oplastics, see p.641. 
Cyclophosphamide should not be given to patients
with bone-marrow aplasia, acute infection, or drug- or
radiation-induced urothelial toxicity. It should be given
with care to those with diabetes mellitus. Care is also
needed in elderly or debilitated patients, or those with
renal or hepatic impairment or who have undergone
adrenalectomy. Liberal fluid intake and frequent mic-
turition are advised to reduce the risk of cystitis but
care must be taken to avoid water retention and intoxi-
cation. Urine should be examined regularly for red
cells, which may precede haemorrhagic cystitis. The
haematological profile should be monitored regularly. 
The use of cyclophosphamide in pregnancy should be
avoided where possible.
Breast feeding. Cyclophosphamide has been detected in breast
milk,1 and there are reports of neutropenia,2 and leucopenia and
thrombocytopenia,3 in infants who have been breast fed by wom-
en receiving cyclophosphamide. The American Academy of
Pediatrics considers4 that cyclophosphamide may interfere with
cellular metabolism, causing neutropenia and possibly immune
suppression in the infant, and has unknown effects on growth,
and an association with carcinogenesis.
1. Wiernik PH, Duncan JH. Cyclophosphamide in human milk.

Lancet 1971; 1: 912. 
2. Amato D, Niblett JS. Neutropenia from cyclophosphamide in

breast milk. Med J Aust 1977; 1: 383–4. 
3. Durodola JI. Administration of cyclophosphamide during late

pregnancy and early lactation: a case report. J Natl Med Assoc
1979; 71: 165–6. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 29/06/04)

Handling and disposal. Residues of cyclophosphamide or
ifosfamide destroyed using alkaline hydrolysis in the presence of
dimethylformamide showed no mutagenicity in vitro.1 An alter-
native method, involving refluxing of cyclophosphamide with
hydrochloric acid, neutralising, and then reacting with sodium
thiosulfate, was effective for the degradation of cyclophospha-
mide, but residues from ifosfamide were still highly mutagenic
in vitro and this second method should therefore not be used to
degrade ifosfamide. 
Urine and faeces produced for up to 72 hours and 5 days respec-
tively after an oral dose of cyclophosphamide should be handled
wearing protective clothing.2 As cyclophosphamide was present
in sweat and saliva, protective clothing was advised for 72 hours
after a dose when bathing the patient or carrying out oral proce-
dures.
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Porphyria. Cyclophosphamide is considered to be unsafe in pa-
tients with porphyria because it has been shown to be porphyrin-
ogenic in animals.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Since cyclophosphamide must under-
go hepatic metabolism before it is active, interactions
are possible with drugs that inhibit or stimulate the
mixed function oxidase enzymes responsible. There
may be an increased risk of cardiotoxicity in patients
who have also received doxorubicin or other cardio-
toxic drugs.
Allopurinol. Although the Boston Collaborative Drug Surveil-
lance Program reported an increased incidence of bone-marrow
depression in patients given allopurinol with cyclophosphamide
than in those given cyclophosphamide without allopurinol (15 of
26 compared with only 6 of 32),1 a subsequent study in patients
given combination chemotherapy, including cyclophosphamide,
for lymphomas failed to find any difference in the nadirs of the
platelet and white blood cell counts in cycles in which allopuri-
nol was given.2 Although allopurinol pretreatment in 4 patients
resulted in a longer cyclophosphamide half-life in a study in 26
patients given cyclophosphamide, urinary excretion of cyclo-
phosphamide was unchanged.3 A longer cyclophosphamide
half-life was also seen in a study in children given allopurinol.4
1. Boston Collaborative Drug Surveillance Program. Allopurinol

and cytotoxic drugs: interaction in relation to bone marrow de-
pression. JAMA 1974; 227: 1036–40. 

2. Stolbach L, et al. Evaluation of bone marrow toxic reaction in
patients treated with allopurinol. JAMA 1982; 247: 334–6. 

3. Bagley CM, et al. Clinical pharmacology of cyclophosphamide.
Cancer Res 1973; 33: 226–33. 

4. Yule SM, et al. Cyclophosphamide pharmacokinetics in chil-
dren. Br J Clin Pharmacol 1996; 41: 13–19.

Antibacterials. Chloramphenicol given before cyclophospha-
mide prolonged the mean cyclophosphamide serum half-life
from 7.5 to 11.5 hours and reduced the peak activity in all of 5
subjects.1 Giving sulfaphenazole before cyclophosphamide sig-
nificantly inhibited the rate of biotransformation of cyclophos-
phamide in 2 of 7 subjects and enhanced it in 2; it remained
unchanged in 3. A study in patients with non-Hodgkin’s lympho-
ma found that giving ciprofloxacin before cyclophosphamide af-
fected pharmacokinetic parameters of cyclophosphamide. The
area under the concentration-time curve (AUC) of cyclophos-
phamide was increased and clearance was lower; AUC of the
active metabolite of cyclophosphamide, 4-hydroxycyclophos-
phamide, was decreased and clearance increased.2
1. Faber OK, et al. The effect of chloramphenicol and sulphaphen-

azole on the biotransformation of cyclophosphamide in man. Br
J Clin Pharmacol 1975; 2: 281–5. 

2. Afsharian P, et al. The effect of ciprofloxacin on cyclophospha-
mide pharmacokinetics in patients with non-Hodgkin lympho-
ma. Eur J Haematol 2005; 75: 206–11.

Anticoagulants. For reference to the interaction of cyclophos-
phamide with warfarin, see p.1429.
Antifungals. Analysis of cyclophosphamide metabolism in pa-
tients enrolled in a study comparing itraconazole with flucona-
zole found that those given itraconazole had higher exposure to
toxic metabolites of cyclophosphamide. Both the antifungals ap-
peared to alter cyclophosphamide metabolism and the authors
cautioned against use of azole antifungals with antineoplastics
that are metabolised via cytochrome P450 isoenzymes.1
1. Marr KA, et al. Cyclophosphamide metabolism is affected by

azole antifungals. Blood 2004; 103: 1557–9.

Barbiturates. Although patients receiving cyclophosphamide
developed higher peak plasma concentrations of active cyclo-
phosphamide metabolites when given enzyme-inducing agents
such as barbiturates, the active metabolites also disappeared rap-
idly.1
1. Bagley CM, et al. Clinical pharmacology of cyclophosphamide.

Cancer Res 1973; 33: 226–33.

Chlorpromazine. The half-life of cyclophosphamide was
about 200% greater in 2 children also taking chlorpromazine
than in children not given the phenothiazine.1
1. Yule SM, et al. Cyclophosphamide pharmacokinetics in chil-

dren. Br J Clin Pharmacol 1996; 41: 13–19.

Ciclosporin. For reference to the effect of cyclophosphamide
on ciclosporin concentrations, see Interactions, Antineoplastics,
p.1826.
Colony-stimulating factors. Fatal respiratory insufficiency
associated with alveolar fibrosis developed in an infant given cy-
clophosphamide and doxorubicin followed by filgrastim.1 Since
pulmonary toxicity with cyclophosphamide is normally associat-
ed with high cumulative doses it was suggested that in this case
the effects might have been exacerbated by the granulocyte col-
ony-stimulating factor. (The pulmonary toxicity of bleomycin
has also been suggested to be exacerbated by colony-stimulating
factors, as discussed on p.688).
1. van Woensel JBM, et al. Acute respiratory insufficiency during

doxorubicin, cyclophosphamide, and G-CSF therapy. Lancet
1994; 344: 759–60.

Corticosteroids. Single doses of prednisone have been found
to inhibit the activation of cyclophosphamide but after longer-
term treatment the rate of activation has increased.1 A study in
children found that pretreatment with dexamethasone was asso-
ciated with increased clearance of cyclophosphamide and a de-

crease in its half-life relative to children not given the corticoster-
oid.2
1. Faber OK, Mouridsen HT. Cyclophosphamide activation and

corticosteroids. N Engl J Med 1974; 291: 211. 
2. Yule SM, et al. Cyclophosphamide pharmacokinetics in chil-

dren. Br J Clin Pharmacol 1996; 41: 13–19.

Gastrointestinal drugs. In a retrospective study in patients re-
ceiving high-dose cyclophosphamide, cisplatin, and carmus-
tine,1 the area under the plasma-concentration time curve (AUC)
for cyclophosphamide (measured as the parent compound) was
17% lower when ondansetron rather than prochlorperazine was
added to the antiemetic regimen. In addition, the AUC for cispl-
atin was 10% higher with the ondansetron regimen. In a similar
study,2 the AUCs for both cyclophosphamide and cisplatin were
lower in patients receiving an antiemetic regimen including on-
dansetron rather than prochlorperazine. The authors of both stud-
ies noted that the relevance of these findings to toxicity and anti-
tumour effect of the antineoplastics remained to be determined.
1. Gilbert CJ, et al. Pharmacokinetic interaction between ondanset-

ron and cyclophosphamide during high-dose chemotherapy for
breast cancer. Cancer Chemother Pharmacol 1998; 42:
497–503. 

2. Cagnoni PJ, et al. Modification of the pharmacokinetics of high-
dose cyclophosphamide and cisplatin by antiemetics. Bone Mar-
row Transplant 1999; 24: 1–4.

NSAIDs. Acute life-threatening water intoxication was report-
ed in a patient given low-dose cyclophosphamide with indomet-
acin.1 The patient had previously received treatment with cyclo-
phosphamide (for multiple myeloma) without significant
adverse effect.
1. Webberley MJ, Murray JA. Life-threatening acute hyponatrae-

mia induced by low dose cyclophosphamide and indomethacin.
Postgrad Med J 1989; 65: 950–2.

Suxamethonium. For reference to a possible interaction be-
tween cyclophosphamide and suxamethonium, see under Sux-
amethonium Chloride, p.1911.

Pharmacokinetics
After oral doses, cyclophosphamide is well absorbed
from the gastrointestinal tract with a bioavailability
greater than 75%. It is widely distributed in the tissues
and crosses the blood-brain barrier. It undergoes acti-
vation by the mixed function oxidase systems in the
liver. The initial metabolites are 4-hydroxycyclophos-
phamide and its acyclic tautomer, aldophosphamide,
which both undergo further metabolism; aldophospha-
mide may undergo non-enzymatic conversion to active
phosphoramide mustard. Acrolein is also produced
and may be responsible for bladder toxicity. Cyclo-
phosphamide is excreted principally in urine, as metab-
olites and some unchanged drug. It crosses the placen-
ta, and is found in breast milk.
◊ Reviews.
1. Boddy AV, Yule SM. Metabolism and pharmacokinetics of oxa-

zaphosphorines. Clin Pharmacokinet 2000; 38: 291–304. 
2. de Jonge ME, et al. Clinical pharmacokinetics of cyclophospha-

mide. Clin Pharmacokinet 2005; 44: 1135–64.

Absorption. Cyclophosphamide was detected in the urine of 5
patients after application to intact skin, showing that cyclophos-
phamide can be absorbed via this route.1 Absorption continued
after the site of application had been cleaned, suggesting that cy-
clophosphamide had penetrated subcutaneous lipid and was
slowly released to the circulation from this depot. Cyclophospha-
mide was also identified in the urine of 2 oncology nurses but
appeared more quickly than in patients, suggesting a faster route
of absorption, perhaps by inhalation of aerosols generated during
dissolution of the drug.
1. Hirst M, et al. Occupational exposure to cyclophosphamide.

Lancet 1984; i: 186–8.

Uses and Administration
Cyclophosphamide is an antineoplastic that is convert-
ed in the body to active alkylating metabolites with
properties similar to those of chlormethine (p.698). It
also possesses marked immunosuppressant properties. 
Cyclophosphamide is widely used, often with other
agents, in the treatment of malignant diseases as indi-
cated by the cross-references below. It is given for
Burkitt’s and other non-Hodgkin’s lymphomas, multi-
ple myeloma, and mycosis fungoides. It is also used in
gestational trophoblastic tumours and malignancies of
the brain, breast, endometrium, lung, and ovary; in
childhood malignancies such as neuroblastoma, retin-
oblastoma, Wilms’ tumour; and in sarcomas and some
leukaemias. 
The immunosuppressant properties of cyclophospha-
mide have been used in organ and tissue transplanta-
tion. It has also been used in the management of disor-



704   Antineoplastics

ders thought to have an auto-immune component
including amyloidosis, Behçet’s syndrome, glomerular
kidney disease, idiopathic thrombocytopenic purpura,
aplastic anaemia, cryptogenic fibrosing alveolitis, poly-
myositis, scleroderma, SLE, and vasculitic syndromes
including the Churg-Strauss syndrome, polyarteritis
nodosa, and Wegener’s granulomatosis, as indicated
by the cross references below. 
Cyclophosphamide is usually given orally or by intra-
venous injection. 

In the BP 2008 the content of Cyclophosphamide Injection
is expressed in terms of the equivalent amount of anhydrous
cyclophosphamide whereas the content of Cyclophospha-
mide Tablets is given in terms of the monohydrate; the USP
31 expresses content in terms of anhydrous cyclophospha-
mide for both injection and tablets. Confusion has arisen
when patients were changed from a preparation in which the
content was expressed as the monohydrate to one in which
it was expressed as the anhydrous substance (see Effects on
the Bladder, above). 53.45 mg of cyclophosphamide mono-
hydrate is equivalent to 50 mg of anhydrous cyclophospha-
mide. Doses below are given in terms of anhydrous cyclo-
phosphamide. 

The dosage given may vary considerably depending on
the disease being treated, the condition of the patient
including the state of the bone marrow, and use with
radiotherapy or other chemotherapy. The white cell
count is usually used to guide the dose. 
In the UK, examples of licensed regimens are: 
• low-dose: cyclophosphamide 2 to 6 mg/kg weekly

as a single intravenous dose or in divided oral doses 
• moderate-dose: 10 to 15 mg/kg weekly as a single

intravenous dose. 
• high-dose: 20 to 40 mg/kg as a single intravenous

dose every 10 to 20 days, although higher doses have
been used 
Alternative regimens include: 

• 100 to 300 mg daily in divided oral doses 
• 80 to 300 mg/m2 daily as a single intravenous dose 
• 300 to 600 mg/m2 weekly as a single intravenous

dose 
• 600 to 1500 mg/m2 as a single intravenous dose or

short infusion at 10 to 20 day intervals 
The use of mesna is generally recommended with
single doses of cyclophosphamide over 2 g, but one
manufacturer suggests its use with doses as low as
10 mg/kg. 

In the USA, an initial dose of 40 to 50 mg/kg has been
licensed for single agent therapy of malignancy, given
intravenously in divided doses over 2 to 5 days al-
though in practice treatment of malignancy will gener-
ally be with combination regimens. Other licensed reg-
imens include: 
• 3 to 5 mg/kg twice weekly intravenously 
• 10 to 15 mg/kg every 7 to 10 days intravenously 
• 1 to 5 mg/kg daily orally 
A daily oral dose of 2 to 3 mg/kg has been used in chil-
dren with minimal change nephropathy leading to the
nephrotic syndrome, in whom corticosteroids have
been unsuccessful. 
In patients who are to undergo bone marrow transplan-
tation very high doses of cyclophosphamide such as
60 mg/kg daily for 2 days may be given as part of the
conditioning regimen. 
Cyclophosphamide has also been given intramuscular-
ly, intraperitoneally, and intrapleurally, as well as intra-
arterially, and by local perfusion (but passage through
the liver is required for its activation—see Pharmacok-
inetics, above). A liquid preparation of cyclophospha-
mide for oral use may be prepared using the powder for
injection. 
Regular blood counts are essential during therapy with
cyclophosphamide and treatment should be withdrawn
or delayed if leucopenia or thrombocytopenia becomes
severe (see also Bone-marrow Depression, p.639). Pa-
tients should be adequately hydrated and urine output
maintained.

Amyloidosis. Although there is no unequivocally effective
treatment for amyloidosis (p.743), cyclophosphamide may re-
duce the decline in renal function and prolong survival;1-3 it has
also been used with epirubicin and carmustine to suppress the
disease in a patient who had undergone heart transplantation for
cardiac amyloid.4 Good responses have also been reported to cy-
clophosphamide given in a regimen with thalidomide and dex-
amethasone.5

1. Berglund K, et al. Alkylating cytostatic treatment in renal amy-
loidosis secondary to rheumatic disease. Ann Rheum Dis 1987;
46: 757–62. 

2. Berglund K, et al. Results, principles and pitfalls in the manage-
ment of renal AA-amyloidosis; a 10-21 year followup of 16 pa-
tients with rheumatic disease treated with alkylating cytostatics.
J Rheumatol 1993; 20: 2051–7. 

3. Chevrel G, et al. Renal type AA amyloidosis associated with
rheumatoid arthritis: a cohort study showing improved survival
on treatment with pulse cyclophosphamide. Rheumatology (Ox-
ford) 2001; 40: 821–5. 

4. Hall R, et al. Cardiac transplantation for AL amyloidosis. BMJ
1994; 309: 1135–7. 

5. Wechalekar AD, et al. Safety and efficacy of risk-adapted cyclo-
phosphamide, thalidomide, and dexamethasone in systemic AL
amyloidosis. Blood 2007; 109: 457–64.

Blood disorders, non-malignant. Cyclophosphamide has
been used in patients with idiopathic thrombocytopenic purpura
(p.1505), but cytotoxic immunosuppressants tend to be a treat-
ment of last resort. Responses generally occur within 8 weeks.1
In patients with refractory life-threatening disease, high-dose
cyclophosphamide1 may be tried. Combination chemotherapy
including cyclophosphamide has also produced responses in a
few patients.2 
In the management of warm auto-immune haemolytic anaemia
(p.1043) low-dose cyclophosphamide may be used in patients re-
fractory to corticosteroids and splenectomy. A small number of
patients with severe refractory disease have been treated with
high-dose cyclophosphamide with some success.3 
Cyclophosphamide is often used in preparation for bone marrow
transplantation in patients with aplastic anaemia (p.1042), and
complete remission has also been reported with high-dose cyclo-
phosphamide alone.4,5 However, a randomised trial6 of high-
dose cyclophosphamide plus ciclosporin compared with conven-
tional immunosuppression was stopped early when a higher
mortality was seen in those given cyclophosphamide. Further
follow-up7 also found that relapse rates were no different. 
Cyclophosphamide with a corticosteroid has been tried in the
rare condition of acquired haemophilia (p.1048).
1. McMillan R. Therapy for adults with refractory chronic immune

thrombocytopenic purpura. Ann Intern Med 1997; 126: 307–14. 
2. Figueroa M, et al. Combination chemotherapy in refractory im-

mune thrombocytopenic purpura. N Engl J Med 1993; 328:
1226–9. 

3. Moyo VM, et al. High-dose cyclophosphamide for refractory au-
toimmune hemolytic anemia. Blood 2002; 100: 704–6. 

4. Brodsky RA, et al. Durable treatment-free remission after high-
dose cyclophosphamide therapy for previously untreated severe
aplastic anemia. Ann Intern Med 2001; 135: 477–83. 

5. Savage WJ, et al. Treatment of hepatitis-associated aplastic ane-
mia with high-dose cyclophosphamide. Pediatr Blood Cancer
2007; 49: 947–51. 

6. Tisdale JF, et al. High-dose cyclophosphamide in severe aplastic
anaemia: a randomised trial. Lancet 2000; 356: 1554–9. 

7. Tisdale JF, et al. Late complications following treatment for se-
vere aplastic anemia (SAA) with high-dose cyclophosphamide
(Cy): follow-up of a randomized trial. Blood 2002; 100:
4668–70.

Cogan’s syndrome. For reference to the use of cyclophospha-
mide with corticosteroids for Cogan’s syndrome, see p.1502.

Connective tissue and muscular disorders. Cyclophos-
phamide is one of a number of immunosuppressants that have
been tried for disease control in Behçet’s syndrome (p.1499);
such drugs may permit a reduction in the use of corticosteroids,
although they carry their own risks of toxicity. In polymyositis
(p.1510) cyclophosphamide may have a role where there is lung
disease; the role of immunosuppressants other than azathioprine
or methotrexate is poorly defined. In patients with SLE (p.1513),
cyclophosphamide has been used with some success for severe
disease or disease refractory to corticosteroids alone, and appears
to be more effective than corticosteroids for lupus nephritis.

Kidney disorders, non-malignant. Cyclophosphamide is
used with corticosteroids in the treatment of some forms of
glomerular kidney disease (p.1504). In children with nephrotic
syndrome, oral cyclophosphamide 2 to 3 mg/kg daily for 8
weeks may be added to a course of corticosteroid therapy in re-
lapsing disease; intravenous cyclophosphamide 500 mg/m2

monthly for 6 months also substantially reduces the risk of re-
lapse.1 Addition of cyclophosphamide to corticosteroid therapy
also improves the prospect of remission in focal glomeruloscle-
rosis. Oral cyclophosphamide helps to stabilise progressive dis-
ease in patients with membranous nephropathy2 although inter-
mittent intravenous pulses are reported to be ineffective.3 Such
treatment is usually reserved for those whose disease is severe
and progressive enough to justify it, but is probably better toler-
ated than other alkylating agents such as chlorambucil.4 Cyclo-
phosphamide has been given with methylprednisolone for rapid-

ly progressive glomerulonephritis,5 and has been used as part of
the aggressive management of renal lesions in Goodpasture’s
syndrome.
1. Hodson EM et al. Non-corticosteroid treatment for nephrotic

syndrome in children. Available in The Cochrane Database of
Systematic Reviews; Issue 1. Chichester: John Wiley; 2008 (ac-
cessed 24/07/08). 

2. Falk RJ, et al. Treatment of progressive membranous glomeru-
lopathy: a randomized trial comparing cyclophosphamide and
corticosteroids with corticosteroids alone. Ann Intern Med 1992;
116: 438–45. 

3. Reichert LJM, et al. Preserving renal function in patients with
membranous nephropathy: daily oral chlorambucil compared
with intermittent monthly pulses of cyclophosphamide. Ann In-
tern Med 1994; 121: 328–33. 

4. Schieppati A, et al. Immunosuppressive treatment for idiopathic
membranous nephropathy in adults with nephrotic syndrome.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester; John Wiley; 2004 (accessed 12/05/05). 

5. Bruns FJ, et al. Long-term follow-up of aggressively treated id-
iopathic rapidly progressive glomerulonephritis. Am J Med
1989; 86: 400–6.

Liver disorders, non-malignant. For mention of the use of
cyclophosphamide in auto-immune hepatitis inadequately con-
trolled by corticosteroids and azathioprine see Chronic Active
Hepatitis, p.1501.

Lung disorders, non-malignant. Cyclophosphamide may be
useful with corticosteroids in patients with cryptogenic fibrosing
alveolitis, as mentioned under Diffuse Parenchymal Lung Dis-
ease, p.1502.

Malignant neoplasms. Cyclophosphamide is one of the most
widely used drugs for the chemotherapy of malignancy, and
mention of its role may be found in the discussions of the man-
agement of gestational trophoblastic tumours (p.650); the non-
Hodgkin’s lymphomas, including AIDS-related lymphoma,
Burkitt’s lymphoma, and mycosis fungoides (p.656, p.657,
p.657, p.657); malignancies of the brain (p.660), breast (p.661),
endometrium (p.663), lung (p.668), ovary (p.670) and thymus
(p.674); multiple myeloma (p.658); Wilms’ tumour, neuroblast-
oma, and retinoblastoma (p.667, p.674, and p.675 respectively);
and sarcomas of bone (p.675) and rhabdomyosarcoma (p.676).
Cyclophosphamide is also used in the management of acute lym-
phoblastic leukaemia (p.651) and chronic lymphocytic leukae-
mia (p.653).

Neuromuscular disorders. Cyclophosphamide has been
tried in myasthenia gravis (p.629) in patients who require immu-
nosuppressants but are intolerant of or unresponsive to corticos-
teroids and azathioprine. Cyclophosphamide has also been tried
in regimens for the management of multiple sclerosis (p.892),
but the reported benefits have generally been slight and out-
weighed by toxicity, such that it is usually reserved for patients
with severe disease resistant to standard therapies. 
References.
1. De Feo LG, et al. Use of intravenous pulsed cyclophosphamide

in severe, generalized myasthenia gravis. Muscle Nerve 2002;
26: 31–6. 

2. Drachman DB, et al. Treatment of refractory myasthenia: “re-
booting” with high-dose cyclophosphamide. Ann Neurol 2003;
53: 29–34. 

3. Portaccio E, et al. Safety and tolerability of cyclophosphamide
‘pulses’ in multiple sclerosis: a prospective study in a clinical
cohort. Multiple Sclerosis 2003; 9: 446–50. 

4. Zephir H, et al. Treatment of progressive forms of multiple scle-
rosis by cyclophosphamide: a cohort study of 490 patients. J
Neurol Sci 2004; 218: 73–7. 

5. La Mantia L, et al. Cyclophosphamide for multiple sclerosis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2007 (accessed 22/04/08).

Ocular disorders, non-malignant. Immunosuppressive
agents, including cyclophosphamide, have been used in scleritis
and uveitis (see p.1512 and p.1515) unresponsive to corticoster-
oids in tolerable doses.

Organ and tissue transplantation. Cyclophosphamide is
used in high doses, usually with busulfan or irradiation, in condi-
tioning regimens for bone marrow transplantation (see Haemat-
opoietic Stem Cell Transplantation, p.1811). It has been tried as
part of immunosuppressant regimens after transplantation of
heart grafts (p.1812).

Paraquat poisoning. For reference to the use of cyclophos-
phamide in paraquat poisoning, see p.2048.

Pemphigus and pemphigoid. Corticosteroids are the main
treatment for blistering in pemphigus and pemphigoid (p.1582).
Immunosuppressive therapy, including cyclophosphamide,1,2

has been used with corticosteroids to permit a reduction in corti-
costeroid dosage. Cyclophosphamide with a corticosteroid is
also reported to be of value in ocular mucous membrane pemphi-
goid,3 although treatment may not completely prevent cicatrisa-
tion.4 Oral cyclophosphamide is considered an alternative to aza-
thioprine in pemphigus vulgaris and pulsed intravenous doses
might be considered in severe or recalcitrant cases.5 There is less
support for cyclophosphamide in bullous pemphigoid and it
should only be considered if other treatments have failed or are
contra-indicated.6 However, oral or intravenous cyclophospha-
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mide with corticosteroids may be considered for first-line treat-
ment of severe or rapidly progressive mucous membrane pem-
phigoid.7
1. Pandya AG, Sontheimer RD. Treatment of pemphigus vulgaris

with pulse intravenous cyclophosphamide. Arch Dermatol 1992;
128: 1626–30. 

2. Itoh T, et al. Successful treatment of bullous pemphigoid with
pulsed intravenous cyclophosphamide. Br J Dermatol 1996;
134: 931–3. 

3. Kirtschig G, et al. Interventions for mucous membrane pemphi-
goid/cicatricial pemphigoid and epidermolysis bullosa acquisita:
a systematic literature review. Arch Dermatol 2002; 138: 380–4. 

4. Elder MJ, et al. Role of cyclophosphamide and high dose steroid
in ocular cicatricial pemphigoid. Br J Ophthalmol 1995; 79:
264–6. 

5. Harman KE, et al. British Association of Dermatologists. Guide-
lines for the management of pemphigus vulgaris. Br J Dermatol
2003; 149: 926–37. 
Also available at: http://www.bad.org.uk/healthcare/guidelines/
Pemphigus_Vulgaris.pdf (accessed 21/02/07) 

6. Wojnarowska F, et al. British Association of Dermatologists.
Guidelines for the management of bullous pemphigoid. Br J
Dermatol 2002; 147: 214–21. 
Also available at: http://www.bad.org.uk/healthcare/guidelines/
Bullous_Pemphigoid.pdf (accessed 21/02/07) 

7. Sacher C, Hunzelmann N. Cicatricial pemphigoid (mucous
membrane pemphigoid): current and emerging therapeutic ap-
proaches. Am J Clin Dermatol 2005; 6: 93–103.

Rheumatoid arthritis. Cyclophosphamide has been used as a
disease-modifying antirheumatic drug in rheumatoid arthritis
(p.11), usually in patients with severe disease unresponsive to
other drugs; its severe toxicity limits its usefulness.1 It is of most
value in controlling antibody-mediated systemic complications
of the disease such as vasculitis2 through inhibition of B-cell
function.
1. Suarez-Almazor ME, et al. Cyclophosphamide for treating rheu-

matoid arthritis. Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
12/05/05). 

2. Choy E, Kingsley G. How do second-line agents work? Br Med
Bull 1995; 51: 472–92.

Sarcoidosis. Where drug therapy is required for sarcoidosis
(p.1512), corticosteroids are the usual treatment. Cyclophospha-
mide is one of a number of cytotoxic immunosuppressants that
have been tried, with variable results, as a second-line therapy;
its use has been limited by toxicity.
Scleroderma. As discussed on p.1817 the role of drug treat-
ment for scleroderma is not well determined, but cyclophospha-
mide may be useful with or without a corticosteroid for patients
with lung involvement.
Vasculitic syndromes. Treatment of the systemic vasculitides
has revolved around the use of corticosteroids and cyclophos-
phamide. The benefits are uncertain in polyarteritis nodosa
(p.1510) and Takayasu’s arteritis (p.1514), but the benefits of
combined therapy are generally accepted in Churg-Strauss syn-
drome (p.1501) and microscopic polyangiitis (p.1510), and cy-
clophosphamide is the mainstay of effective treatment of Wege-
ner’s granulomatosis (p.1515). A number of regimens are in use;
in particular intermittent high-dose intravenous (‘pulsed’) use is
being evaluated in comparison with continuous therapy.1
1. Richmond R, et al. Optimisation of cyclophosphamide therapy

in systemic vasculitis. Clin Pharmacokinet 1998; 34: 79–90.

Preparations
BP 2008: Cyclophosphamide Injection; Cyclophosphamide Tablets; 
USP 31: Cyclophosphamide for Injection; Cyclophosphamide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Ciclokebir; Endoxan†; Genoxal†; Austral.: Cycloblastin; Endoxan;
Austria: Endoxan; Belg.: Endoxan; Braz.: Ciclodrax†; Cyclan†; Fosfase-
ron†; Genuxal; Canad.: Cytoxan; Procytox; Chile: Endoxan; Ledoxina;
Cz.: Cytoxan†; Endoxan; Denm.: Carloxan†; Sendoxan; Fin.: Sendoxan;
Fr.: Endoxan; Ger.: Cyclostin†; Endoxan; Gr.: Endoxan; Hong Kong: En-
doxan; Hung.: Cytoxan; Endoxan; India: Cycloxan; Endoxan; Oncophos;
Indon.: Endoxan; Irl.: Endoxana; Israel: Cytophosphan; Cytoxan†; Endox-
an; Ital.: Endoxan; Jpn: Endoxan†; Malaysia: Endoxan†; Mex.: Genoxal†;
Hidrofosmin; Ledoxina; Neth.: Endoxan; Norw.: Sendoxan; NZ: Cyclob-
lastin; Cytoxan; Endoxan; Philipp.: Cytoxan; Endoxan; Ledoxan; Xyclomed;
Pol.: Endoxan; Port.: Endoxan; S.Afr.: Cycloblastin; Endoxan; Singapore:
Alkyloxan†; Endoxan; Spain: Genoxal; Swed.: Sendoxan; Switz.: Endoxan;
Thai.: Endoxan; Ledoxan; Turk.: Alkyloxan; Endoxan; UK: Endoxana†;
USA: Cytoxan†; Neosar; Venez.: Biodoxan.

Cytarabine (BAN, USAN, rINN)

Arabinosylcytosine; Ara-C; Citarabin; Citarabina; Citarabinas; Cy-
tarabin; Cytarabina; Cytarabinum; Cytosine Arabinoside; NSC-
63878 (cytarabine hydrochloride); Sitarabin; Sytarabiini; U-
19920; U-19920A (cytarabine hydrochloride); WR-28453. 1-β-
D-Arabinofuranosylcytosine; 4-Amino-1-β-D-arabinofuranosyl-
pyrimidin-2(1H)-one.
Цитарабин
C9H13N3O5 = 243.2.
CAS — 147-94-4 (cytarabine); 69-74-9 (cytarabine hydro-
chlor ide).
ATC — L01BC01.
ATC Vet — QL01BC01.

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Chin. includes the hydrochloride. 
Ph. Eur. 6.2 (Cytarabine). A white or almost white, crystalline
powder. Freely soluble in water; very slightly soluble in alcohol
and in dichloromethane. Store in airtight containers. Protect from
light. 
USP 31 (Cytarabine). An odourless, white to off-white, crystal-
line powder. Freely soluble in water; slightly soluble in alcohol
and in chloroform. Protect from light.
Incompatibility. Although cytarabine has been stated in the lit-
erature to be incompatible with solutions of fluorouracil1,2 and
methotrexate2 some studies have reported it to be stable for some
hours when mixed with the latter.3
1. McRae MP, King JC. Compatibility of antineoplastic, antibiotic

and corticosteroid drugs in intravenous admixtures. Am J Hosp
Pharm 1976; 33: 1010–13. 

2. D’Arcy PF. Reactions and interactions in handling anticancer
drugs. Drug Intell Clin Pharm 1983; 17: 532–8. 

3. Cheung Y-W, et al. Stability of cytarabine, methotrexate sodium,
and hydrocortisone sodium succinate admixtures. Am J Hosp
Pharm 1984; 41: 1802–6.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The major dose-limiting adverse effect of cytarabine is
bone-marrow depression, manifest as leucopenia (par-
ticularly granulocytopenia), thrombocytopenia, and
anaemia, sometimes with striking megaloblastic
changes. Myelosuppression appears to be more evi-
dent after continuous infusions. Leucopenia is bipha-
sic, with a nadir at 7 to 9 days after a dose and another,
more severe, at 15 to 24 days. The nadir of the platelet
count occurs at about 12 to 15 days. Recovery general-
ly occurs in a further 10 days. 
Gastrointestinal disturbances may occur: nausea and
vomiting may be more severe when doses are given
rapidly (but other adverse effects are reported to be
worse when the drug is given by infusion). Other ad-
verse effects reported include hepatic dysfunction, re-
nal dysfunction, neurotoxicity, bleeding complica-
tions, rashes, oral and anal ulceration, gastrointestinal
haemorrhage, oesophagitis, and conjunctivitis. A syn-
drome of bone and muscle pain, fever, malaise, con-
junctivitis, and rash, sometimes described as flu-like,
has been reported 6 to 12 hours after cytarabine doses,
and may be treated or prevented with corticosteroids.
Anaphylactoid reactions and pancreatitis have oc-
curred rarely. There may be local pain, cellulitis, and
thrombophlebitis at the site of injection. 
Intrathecal use of the liposomal cytarabine formula-
tion commonly causes chemical arachnoiditis mani-
festing as neck stiffness or pain, nausea, vomiting,
headache, and fever. Dexamethasone should be used
prophylactically to reduce the incidence and severity of
this complication. Other rare adverse effects include
encephalopathy, and focal seizures. Intrathecal use of
conventional cytarabine formulations has rarely been
associated with severe spinal cord toxicity, necrotising
encephalopathy, blindness, and other neurotoxicities.
If given intrathecally, preservative-free diluents must
be used. 
High-dose therapy has been associated with particular-
ly severe gastrointestinal and CNS effects, including
severe ulceration of the gastrointestinal tract, pneuma-
tosis cystoides leading to peritonitis, necrotising colitis
and bowel necrosis, peripheral neuropathy, and cere-
bral and cerebellar dysfunction, with personality
changes, somnolence, and coma. There may also be

corneal toxicity leading to punctate keratitis and haem-
orrhagic conjunctivitis, sepsis, liver abscess, severe
skin rash leading to desquamation, alopecia, and cardi-
ac disorders including pericarditis and fatal cardiomy-
opathy. Pulmonary oedema, sometimes fatal, has oc-
curred. 
Cytarabine is teratogenic in animals (but see Pregnan-
cy, below). 
In addition to frequent white blood cell and platelet
counts, blood-uric acid should be monitored because of
the risk of hyperuricaemia secondary to lysis of neo-
plastic cells, and renal and hepatic function should be
periodically assessed. Cytarabine should be given with
care to patients with impaired liver function; dosage re-
duction may be necessary.
◊ The toxicity of cytarabine has been reviewed.1 The principal
toxicity of standard dosage regimens is myelosuppression but
bleeding complications and gastrointestinal toxicity are also ma-
jor problems at standard doses. With the high-dose regimens
neurological toxicity may be dose-limiting: severe and some-
times irreversible symptoms have been seen in some 6 to 10% of
patients receiving a cumulative dose of 36 g/m2. Ocular toxicity
may occur in up to 80% of patients at the highest doses. Since
cytarabine toxicity is largely dose-related, low-dose cytarabine is
generally well tolerated, even in elderly patients (who are more
susceptible): its only significant toxicity is myelosuppression.
1. Stentoft J. The toxicity of cytarabine. Drug Safety 1990; 5: 7–27.

Effects on the nervous system. Although paraplegia has
been reported with intrathecal cytarabine1 (see also under Benzyl
Alcohol, p.1631) and peripheral neuropathy has occurred in a pa-
tient who had received only conventional intravenous doses,2 the
majority of cases of neurotoxicity associated with cytarabine ap-
pear to be in patients given high-dose regimens.3-7 Although
some cases have manifested as demyelinating peripheral neurop-
athy,3,4 including a syndrome of painful legs and involuntary
movements in the toes which showed some response to car-
bamazepine,3 most studies have reported in particular a syn-
drome of cerebellar toxicity,5-8 with symptoms such as dysar-
thria, nystagmus, and ataxia. Toxicity appears to be dose-related:
in one series5 CNS toxicity occurred in none of 12 patients given
total doses of up to 24 g/m2 of cytarabine, 3 of 19 receiving
36 g/m2, and 1 of 12 given 48 g/m2, none of which were life-
threatening or irreversible, whereas 4 of 6 given 54 g/m2 (as
4.5 g/m2 every 12 hours for 12 doses) developed neurotoxicity,
which was fatal in one and irreversible in another. However, per-
sistent, severe cerebellar toxicity has also been reported in a pa-
tient who had received a total dose of only 36 g/m2 (as 3 g/m2

every 12 hours).8 There is some evidence6 that patients aged over
50, and those who have recently received conventional-dose
cytarabine7 may be at increased risk. Intracranial hypertension
(pseudotumor cerebri) has occurred rarely.9
1. Saleh MN, et al. Intrathecal cytosine arabinoside-induced acute,

rapidly reversible paralysis. Am J Med 1989; 86: 729–30. 
2. Russell JA, Powles RL. Neuropathy due to cytosine arabinoside.

BMJ 1974; 4: 652–3. 
3. Malapert D, Degos JD. Jambes douloureuses et orteils instables:

neuropathie induite par la cytarabine. Rev Neurol (Paris) 1989;
145: 869–71. 

4. Openshaw H, et al. Acute polyneuropathy after high dose cyto-
sine arabinoside in patients with leukemia. Cancer 1996; 78:
1899–1905. 

5. Lazarus HM, et al. Central nervous system toxicity of high-dose
systemic cytosine arabinoside. Cancer 1981; 48: 2577–82. 

6. Graves T, Hooks MA. Drug-induced toxicities associated with
high-dose cytosine arabinoside infusions. Pharmacotherapy
1989; 9: 23–8. 

7. Barnett MJ, et al. Neurotoxicity of high-dose cytosine arabino-
side. Prog Exp Tumor Res 1985; 29: 177–82. 

8. Dworkin LA, et al. Cerebellar toxicity following high-dose cy-
tosine arabinoside. J Clin Oncol 1985; 3: 613–16. 

9. Fort JA, Smith LD. Pseudotumor cerebri secondary to interme-
diate-dose cytarabine HCl. Ann Pharmacother 1999; 33: 576–8.

Effects on the skin. A syndrome of pain and erythema of the
palms and soles, progressing to bullae and desquamation, has
been seen in patients receiving intermediate- or high-dose cytara-
bine.1-3 The syndrome is similar to the palmar-plantar erythrod-
ysesthesia syndrome (p.639) reported in patients receiving
chemotherapy not including cytarabine,4 although some consid-
ered the two forms of toxicity distinct.5 Cutaneous small vessel
necrotising vasculitis has been reported after high-dose therapy
with cytarabine.6
1. Baer MR, et al. Palmar-plantar erythrodysesthesia and cytarab-

ine. Ann Intern Med 1985; 102: 556. 
2. Peters WG, Willemze R. Palmar-plantar skin changes and cytara-

bine. Ann Intern Med 1985; 103: 805. 
3. Calista D, Landi C. Cytarabine-induced acral erythema: a local-

ized form of toxic epidermal necrolysis? J Eur Acad Dermatol
Venereol 1998; 10: 274–5. 

4. Lokich JJ, Moore C. Chemotherapy-associated palmar-plantar
erythrodysesthesia syndrome. Ann Intern Med 1984; 101:
798–800. 

5. Vogelzang NJ, Ratain MJ. Cancer chemotherapy and skin chang-
es. Ann Intern Med 1985; 103: 303–4. 

6. Ahmed I, et al. Cytosine arabinoside-induced vasculitis. Mayo
Clin Proc 1998; 73: 239–42.
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Pregnancy. Although there has been a report of limb and ear
deformities in the infant of a woman given cytarabine at the esti-
mated time of conception and 4 to 8 weeks later,1 no congenital
abnormalities were noted in 17 infants, 5 therapeutic abortions,
and one still-birth (after pre-eclamptic toxaemia) resulting from
over 20 known cases in which cytarabine was given during preg-
nancy.2
1. Wagner VM, et al. Congenital abnormalities in baby born to cy-

tarabine treated mother. Lancet 1980; ii: 98–9. 
2. Morgenstern G. Cytarabine in pregnancy. Lancet 1980; ii: 259.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
Antifungals. Cytarabine has been reported to inhibit the action
of flucytosine—see p.534.
Antineoplastics. Acute pancreatitis has been reported in pa-
tients given cytarabine who had previously received asparagi-
nase therapy.1 Subclinical damage to the pancreas by asparagi-
nase may have rendered it susceptible to cytarabine. 
For a report of hepatic dysfunction in patients who had received
cytarabine and daunorubicin see under Daunorubicin Hydro-
chloride, p.709. 
Giving cytarabine after fludarabine is reported to result in a five-
fold increase in intracellular cytarabine concentrations in leukae-
mic cells,2 producing improved clinical response rates.
1. Altman AJ, et al. Acute pancreatitis in association with cytosine

arabinoside therapy. Cancer 1982; 49: 1384–6. 
2. Avramis VI, et al. Pharmacokinetic and pharmacodynamic stud-

ies of fludarabine and cytosine arabinoside administered as load-
ing boluses followed by continuous infusions after a phase I/II
study in pediatric patients with relapsed leukemias. Clin Cancer
Res 1998; 4: 45–52.

Pharmacokinetics
Cytarabine is not effective orally due to rapid deamina-
tion in the gastrointestinal tract; less than 20% of an
oral dose is absorbed. After intravenous injection it dis-
appears rapidly from the plasma with an initial half-life
of about 10 minutes; the terminal elimination half-life
ranges from 1 to 3 hours. It is converted by phosphor-
ylation to an active form, which is rapidly deaminated,
mainly in the liver and the kidneys, to inactive 1-β-D-
arabinofuranosyluracil (uracil arabinoside, ara-U). The
majority of an intravenous dose is excreted in the urine
within 24 hours, mostly as the inactive metabolite with
about 10% as unchanged cytarabine. 
There is only moderate diffusion of cytarabine across
the blood-brain barrier after intravenous injection, but,
because of low deaminase activity in the CSF, concen-
trations achieved after continuous intravenous infusion
or intrathecal injection are maintained for longer in the
CSF than are those in plasma, with a terminal elimina-
tion half-life of 3.5 hours. After intrathecal doses of the
liposomal formulation, a terminal elimination half-life
of 100 to 263 hours was seen. Cytarabine also crosses
the placenta.
◊ References.
1. Slevin ML, et al. The pharmacokinetics of subcutaneous cyto-

sine arabinoside in patients with acute myelogenous leukaemia.
Br J Clin Pharmacol 1981; 12: 507–10. 

2. DeAngelis LM, et al. Pharmacokinetics of ara-C and ara-U in
plasma and CSF after high-dose administration of cytosine arab-
inoside. Cancer Chemother Pharmacol 1992; 29: 173–7. 

3. Hamada A, et al. Clinical pharmacokinetics of cytarabine formu-
lations. Clin Pharmacokinet 2002; 41: 705–18.

Uses and Administration
Cytarabine, a pyrimidine nucleoside analogue, is an
antimetabolite antineoplastic that inhibits the synthesis
of deoxyribonucleic acid. Its actions are specific for the
S phase of the cell cycle. It also has antiviral and immu-
nosuppressant properties. Cytarabine is one of the
mainstays of the treatment of acute myeloid leukaemi-
as, together with an anthracycline, (see p.652), and is
used for the prophylaxis of meningeal leukaemia, as
well as in regimens for consolidation, in patients with
acute lymphoblastic leukaemia (p.651). It has also
been investigated in the blast crisis of chronic myeloid
leukaemia (p.653) and the myelodysplasias (p.654)
(see also Low-dose Therapy, under Administration,
below). It may be used in salvage regimens for Hodg-
kin’s disease (p.655), as part of the complex regimens
sometimes employed in aggressive intermediate- and
high-grade non-Hodgkin’s lymphomas (p.656), and
for meningeal lymphoma. 

Cytarabine is usually given intravenously. Higher dos-
es can be tolerated when given by rapid injection rather
than slow infusion, because of the rapid clearance of
cytarabine, but there is little evidence of clinical advan-
tage either way. Cytarabine may be given intrathecally
for leukaemic or lymphomatous meningitis. 
For the induction of remission in adults and children
with acute leukaemias many dosage regimens have
been used: 100 mg/m2 twice daily by rapid intravenous
injection, or 100 mg/m2 daily by continuous intrave-
nous infusion, have often been employed. These doses
are generally given for 5 to 10 days, depending on ther-
apeutic response and toxicity. Children reportedly tol-
erate high doses better than adults. 
For maintenance 1 to 1.5 mg/kg once or twice weekly
has been given intravenously or subcutaneously; other
regimens have been used. 
In the treatment of refractory disease high-dose regi-
mens have been used, with cytarabine given in doses of
up to 3 g/m2 every 12 hours for up to 6 days. These
doses should be given by intravenous infusion over at
least 1 hour. 
In leukaemic meningitis cytarabine has been given in-
trathecally, often in a dose of 10 to 30 mg/m2 every 2
to 4 days; it has also been used prophylactically. A li-
posomal formulation is available in some countries for
intrathecal use, and permits less frequent dosing be-
cause of its longer duration of action: the recommend-
ed dose for lymphomatous meningitis is 50 mg intrath-
ecally every 2 weeks for 5 doses then every 4 weeks for
5 doses. 
White cell and platelet counts should be determined
regularly during treatment with cytarabine and therapy
should be stopped immediately if the count falls rapid-
ly or to low values (see also Bone-marrow Depression,
p.639). 
Cytarabine ocfosfate is an orally active prodrug of cy-
tarabine under investigation in chronic myeloid leu-
kaemia.
Administration. INTRATHECAL. Intrathecal doses of the lipo-
somal formulation of cytarabine result in prolonged drug ex-
posure when compared with intrathecal doses of the conven-
tional formulation (see Pharmacokinetics, above). In a
randomised study,1 the liposomal formulation given once
every 2 weeks produced a higher response rate and improved
Karnofsky score compared with the conventional formulation
given twice a week in patients with lymphomatous meningitis
secondary to lymphoma. The use of liposomal formulations
intrathecally to treat leukaemic or lymphomatous meningitis
has been reviewed.2,3

1. Glantz MJ, et al. Randomized trial of a slow-release versus a
standard formulation of cytarabine for the intrathecal treatment
of lymphomatous meningitis. J Clin Oncol 1999; 17: 3110–16. 

2. Rueda Domínguez A, et al. Liposomal cytarabine (DepoCyte)
for the treatment of neoplastic meningitis. Clin Transl Oncol
2005; 7: 232–8. 

3. Benesch M, Urban C. Liposomal cytarabine for leukemic and
lymphomatous meningitis: recent developments. Expert Opin
Pharmacother 2008; 9: 301–9.

LOW-DOSE THERAPY. Because of initial suggestions that low
doses of cytarabine might induce differentiation and matura-
tion of leukaemic cells, low-dose therapy has been tried in
patients with myelodysplastic syndrome and acute myeloid
leukaemia. Although complete remission may occur in about
20% of patients with myelodysplastic syndromes a similar
proportion succumb to treatment-related mortality, and remis-
sions do not appear to be particularly long-lasting. Bone-mar-
row suppression may be marked even at these doses.1 Low-
dose subcutaneous cytarabine (20 mg twice daily for 10 days,
at intervals of 4 to 6 weeks) was found to be superior to hy-
droxycarbamide (with or without all-trans retinoic acid) in
elderly patients with acute myeloid leukaemia. Although the
authors considered the prognosis for these patients to still be
unsatisfactory, they suggested that therapy with low-dose cy-
tarabine could represent a baseline against which other prom-
ising treatments might be compared.2
1. Aul C, Gattermann N. The role of low-dose chemotherapy in

myelodysplastic syndrome. Leuk Res 1992; 16: 207–15. 
2. Burnett AK, et al. The National Cancer Research Institute Hae-

matological Oncology Study Group Adult Leukemia Working
Party. A comparison of low-dose cytarabine and hydroxyurea
with or without all-trans retinoic acid for acute myeloid leukemia
and high-risk myelodysplastic syndrome in patients not consid-
ered fit for intensive treatment. Cancer 2007; 109: 1114–24.

Leukoencephalopathy. There are anecdotal reports1-3 of
marked improvement in patients with progressive multifocal leu-
koencephalopathy secondary to AIDS or chemotherapy-induced

immunosuppression who were given intravenous or intrathecal
cytarabine. However, a randomised multicentre study4 indicated
that cytarabine was ineffective and had no role in this condition
(see also Infections in Immunocompromised Patients, p.859).
Others5 have suggested that even intrathecal dosage may not pro-
vide adequate delivery of cytarabine to target cells, and that de-
livering the drug directly into the brain under pressure might be
an alternative. Cytarabine has also been used with cidofovir.6
1. O’Riordan T, et al. Progressive multifocal leukoencephalopathy-

remission with cytarabine. J Infect 1990; 20: 51–4. 
2. Portegies P, et al. Response to cytarabine in progressive multifo-

cal leucoencephalopathy in AIDS. Lancet 1991; 337: 680–1. 
3. Nicoli F, et al. Efficacy of cytarabine in progressive multifocal

leucoencephalopathy in AIDS. Lancet 1992; 339: 306. 
4. Hall CD, et al. Failure of cytarabine in progressive multifocal

leukoencephalopathy associated with human immunodeficiency
virus infection. N Engl J Med 1998; 338: 1345–51. 

5. Levy RM, et al. Convection-enhanced intraparenchymal deliv-
ery (CEID) of cytosine arabinoside (AraC) for the treatment of
HIV-related progressive multifocal leukoencephalopathy
(PML). J Neurovirol 2001; 7: 382–5. 

6. Terrier B, et al. Leucoencéphalite multifocale progressive en de-
hors du sida: efficacité de l’association cytarabine-cidofovir. Rev
Med Interne 2007; 28: 488–91.

Preparations
BP 2008: Cytarabine Injection; 
USP 31: Cytarabine for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Aracytin†; Citagenin; Austria: Alexan; ARA-cell; Belg.: Cyta-Cell; Cy-
tosar; DepoCyte; Braz.: Aracytin; Citab†; Citarax; Darbin; Serotabir†; Tab-
ine†; Canad.: Cytosar; DepoCyt†; Chile: Alexan; Aracytin; Laracit; Cz.:
Alcysten†; Alexan; Cytosar; DepoCyte; Denm.: Arabine; Cytosar†; Dep-
oCyte; Fin.: Arabine; DepoCyte; Fr.: Aracytine; DepoCyte; Ger.: Alexan;
ARA-cell; DepoCyte; Udicil; Gr.: Aracytin; Citabion; Hong Kong: Alexan;
Cytosar; Hung.: Alexan; Cytosar; India: Biobin; Cytarine; Indon.: Cytosar-
U; Irl.: Cytosar†; Israel: Alexan; Cytosar; Ital.: Aracytin; DepoCyte; Erpal-
fa; Jpn: Cylocide; Starasid; Malaysia: Cytosar-U; Mex.: Alexan†; Cytosar;
Ifarab; Laracit; Medsara; Novumtrax; Neth.: Alexan; Cytosar; DepoCyte;
Norw.: Cytosar†; DepoCyte; Philipp.: Cytosar-U; Leucyt; Tabine; Pol.: Al-
exan; Cytosar; DepoCyte; Port.: Alexan†; ARA-cell; Citaloxan; Cytosar;
Depocyte; Rus.: Alexan (Алексан); Cytosar (Цитозар); S.Afr.: Alexan;
Cytosar; Singapore: Alexan†; Cytosar†; Spain: DepoCyte; Swed.: Arab-
ine; Cytosar†; DepoCyte; Switz.: Cytosar; Thai.: Alexan†; Cytarine; Cy-
tosar; Turk.: Alexan; ARA-cell; Cytonal; UK: DepoCyte; USA: Cytosar-U†;
DepoCyt; Venez.: Cytosar.

Dacarbazine (BAN, USAN, rINN)

Dacarbazina; Dacarbazinum; Dakarbatsiini; Dakarbazin; DIC;
DTIC; Imidazole Carboxamide; NSC-45388; WR-139007. 5-
(3,3-Dimethyltriazeno)imidazole-4-carboxamide.
Дакарбазин
C6H10N6O = 182.2.
CAS — 4342-03-4 (dacarbazine); 64038-56-8 (dacar-
bazine citrate).
ATC — L01AX04.
ATC Vet — QL01AX04.

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Dacarbazine). A white or slightly yellowish, crys-
talline powder. Slightly soluble in water and in anhydrous alco-
hol; practically insoluble in dichloromethane. Store at 2° to 8°.
Protect from light. 
USP 31 (Dacarbazine). Store in airtight containers at 2° to 8°.
Protect from light.

Incompatibility. Dacarbazine has been reported to be incom-
patible with hydrocortisone sodium succinate but not with the
sodium phosphate.1 It has been reported to be incompatible with
heparin,2 although only with concentrated dacarbazine solutions
(25 mg/mL).
1. Dorr RT. Incompatibilities with parenteral anticancer drugs. Am

J Intravenous Ther 1979; 6: 42–52. 
2. Nelson RW, et al. Visual incompatibility of dacarbazine and

heparin. Am J Hosp Pharm 1987; 44: 2028.

Stability. References to the photodegradation of dacarbazine so-
lution.1-4 Dacarbazine is more sensitive to direct sunlight than to
artificial lighting or diffuse daylight.
1. Stevens MFG, Peatey L. Photodegradation of solutions of the an-

titumour drug DTIC. J Pharm Pharmacol 1978; 30 (suppl): 47P. 
2. Horton JK, Stevens MFG. Search for drug interactions between

the antitumour agent DTIC and other cytotoxic agents. J Pharm
Pharmacol 1979; 31 (suppl): 64P. 

3. Kirk B. The evaluation of a light-protecting giving set. Intensive
Therapy Clin Monit 1987; 8: 78–86. 

4. El Aatmani M, et al. Stability of dacarbazine in amber glass vials
and polyvinyl chloride bags. Am J Health-Syst Pharm 2002; 59:
1351–6.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Leucopenia and thrombocytopenia with dacarbazine,
although usually moderate, may be severe. The nadir
of the white cell count usually occurs 21 to 25 days af-
ter a dose. Anorexia, nausea, and vomiting occur in
more than 90% of patients initially but tolerance may
develop after repeated doses. Less frequent adverse ef-
fects include diarrhoea, skin reactions, alopecia, a flu-
like syndrome, facial flushing and paraesthesia, head-
ache, blurred vision, seizures, and rare but potentially
fatal hepatotoxicity. There may be local pain at the in-
jection site; extravasation produces pain and tissue
damage. Anaphylaxis has occurred occasionally. 
Dacarbazine should be used with caution in hepatic
and renal impairment, and consideration given to re-
ducing the dose. Haematological monitoring is re-
quired during therapy. Dacarbazine is potentially carci-
nogenic, mutagenic, and teratogenic.
Effects on the bladder. A report1 of haemorrhagic cystitis as-
sociated with dacarbazine treatment for melanoma. The patient
developed gross haematuria with inflammation and oedema of
the bladder wall 2 weeks after completing 3 cycles of monothera-
py with dacarbazine; the condition responded to symptomatic
management with saline lavage and oral and intravenous hydra-
tion. Two subsequent transient episodes of haematuria resolved
spontaneously.
1. Mohammadianpanah M, et al. Hemorrhagic cystitis in a patient

receiving conventional doses of dacarbazine for metastatic ma-
lignant melanoma: case report and review of the literature. Clin
Ther 2007; 29: 1161–5.

Effects on the liver. Dacarbazine has been associated with fa-
tal hepatic vascular toxicity, caused by thrombosis of the hepatic
veins, necrosis, and extensive haemorrhage.1 As the reaction
usually occurs during the second course of dacarbazine it is
thought to be immune mediated, and early corticosteroid treat-
ment has been tried with a few reported cases of patient survival.2
Other adverse hepatic effects have included3 necrosis without in-
flammation, granulomatous hepatitis, and acute toxic hepatitis
during the first course of dacarbazine. Morphological studies
have suggested that dacarbazine may exert a toxic effect on the
microfilamentous cytoskeleton of the hepatocytes.3
1. Ceci G, et al. Fatal hepatic vascular toxicity of DTIC: is it really

a rare event? Cancer 1988; 61: 1988–91. 
2. Herishanu Y, et al. The role of glucocorticoids in the treatment

of fulminant hepatitis induced by dacarbazine. Anticancer Drugs
2002; 13: 177–9. 

3. Dancygier H, et al. Dacarbazine (DTIC)-induced human liver in-
jury. Gut 1982; 23: A447.

Handling. Dacarbazine is irritant; avoid contact with skin and
mucous membranes.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
Levodopa. For a report of dacarbazine reducing the effects of
levodopa, see Antineoplastics, p.807.

Pharmacokinetics
Dacarbazine is poorly absorbed from the gastrointesti-
nal tract. On intravenous injection it is rapidly distrib-
uted with an initial plasma half-life of about 20 min-
utes; the terminal half-life is reported to be about 5
hours. The volume of distribution is larger than body
water content, suggesting localisation in some body
tissues, probably mainly the liver. Only about 5% is
bound to plasma protein. It crosses the blood-brain bar-
rier to a limited extent; concentrations in CSF are about
14% of those in plasma. Dacarbazine is extensively
metabolised in the liver by the cytochrome P450 isoen-
zymes CYP1A2 and CYP2E1 (and possibly in the tis-
sues by CYP1A1) to its active metabolite 5-(3-methyl-
1-triazeno)imidazole-4-carboxamide (MTIC), which
spontaneously decomposes to the major metabolite 5-
aminoimidazole-4-carboxamide (AIC). About half of
a dose is excreted unchanged in the urine by tubular
secretion.

Uses and Administration
Dacarbazine is a cell-cycle non-specific antineoplastic
that is thought to function as an alkylating agent after it

has been activated in the liver. Dacarbazine is used
mainly in the treatment of metastatic malignant
melanoma (p.673). It is also given to patients with
Hodgkin’s disease (p.655), notably with doxorubicin,
bleomycin, and vinblastine (ABVD). Dacarbazine is
used with other drugs in the treatment of soft-tissue sar-
coma (p.676), and may be given in neuroblastoma
(p.674), Kaposi’s sarcoma (p.675), and other tumours. 
Dacarbazine is given by the intravenous route. Injec-
tions may be given over 1 to 2 minutes. The reconsti-
tuted solution can be further diluted with up to 300 mL
of glucose 5% or sodium chloride 0.9% and given by
infusion over 15 to 30 minutes. 
Dacarbazine is licensed for use as a single agent for
metastatic melanoma in doses of 2 to 4.5 mg/kg daily
for 10 days, repeated at intervals of 4 weeks, or 200 to
250 mg/m2 daily for 5 days, repeated at intervals of 3
weeks. It can also be given in a dose of 850 mg/m2 by
intravenous infusion at 3-week intervals. In the treat-
ment of Hodgkin’s disease doses of 150 mg/m2 daily
for 5 days repeated every 4 weeks, or 375 mg/m2 every
15 days have been given with other agents. In the treat-
ment of soft-tissue sarcoma, dacarbazine 250 mg/m2

is given daily for 5 days repeated every 3 weeks; it is
usually given with doxorubicin.
◊ References.
1. D’Incan M, Souteyrand P. Dacarbazine (Déticène ). Ann Der-

matol Venereol 2001; 128: 517–25. 
2. Eggermont AMM, Kirkwood JM. Re-evaluating the role of

dacarbazine in metastatic melanoma: what have we learned in 30
years? Eur J Cancer 2004; 40: 1825–36.

Preparations
BP 2008: Dacarbazine Injection; 
USP 31: Dacarbazine for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Deticene†; Oncocarbil; Austral.: DTIC; Austria: DTIC-Dome;
Braz.: Asercit†; Dacarb; Canad.: DTIC†; Chile: Deticene; Fin.: Dacatic;
Fr.: Deticene; Ger.: Detimedac; Gr.: Dacarbion; Deticene; India: Dacarin;
Decarb; DTIC†; Israel: Deticene; Ital.: Deticene; Malaysia: DTI†; Mex.:
Deticene†; Detilem; Ifadac; Neth.: Deticene; NZ: DTIC-Dome†; Philipp.:
Duticin; Port.: Deticene; Fauldetic; S.Afr.: DTIC-Dome; Swed.: DTIC;
Switz.: Dacin; DTIC; Turk.: Deticene; UK: DTIC-Dome†; USA: DTIC-
Dome.

Dactinomycin (BAN, USAN, rINN)

Actinomycin C1; Actinomycin D; Dactinomicina; Dactinomycine;
Dactinomycinum; Daktinomisin; Daktinomycin; Daktinomysiini;
Daktynomycyna; Meractinomycin; NSC-3053. N2.1,N2′.1′-(2-Ami-
no-4,6-dimethyl-3-oxo-3H-phenoxazine-1,9-diyldicarbonyl)-
bis[threonyl-D-valylprolyl(N-methylglycyl)(N-methylvaline)
1.5–3.1-lactone].
Дактиномицин
C62H86N12O16 = 1255.4.
CAS — 50-76-0.
ATC — L01DA01.
ATC Vet — QL01DA01.

Description. Dactinomycin is an antineoplastic antibiotic pro-
duced by Streptomyces parvulus and other species of Streptomy-
ces. 
Cactinomycin (actinomycin C; HBF-386; NSC-18268) is a mix-
ture of dactinomycin (actinomycin D) (10%), actinomycin C2
(45%), and actinomycin C3 (45%) produced by Streptomyces
chrysomallus.
Pharmacopoeias. In Chin., Int., Jpn, Pol., and US. 
USP 31 (Dactinomycin). A bright red, somewhat hygroscopic,
crystalline powder, affected by light and heat. It has a potency of
not less than 950 and not more than 1030 micrograms/mg, calcu-
lated on the dried basis. Soluble in water at 10° and slightly sol-
uble in water at 37°; freely soluble in alcohol; very slightly solu-
ble in ether. Store at a temperature not exceeding 40° in airtight
containers. Protect from light.

Adsorption. Dactinomycin binds to cellulose ester filters,1 and
such filtration should be avoided.2 Although it has been suggest-
ed that significant amounts of drug may be adsorbed to glass or
plastic,3 dactinomycin is reportedly compatible with glass and
PVC infusion containers,4 and giving into the tubing of a fast-
running intravenous infusion is recommended—see Uses and
Administration, below.
1. Kanke M, et al. Binding of selected drugs to a "treated" inline

filter. Am J Hosp Pharm 1983; 40: 1323–8. 
2. D’Arcy PF. Reactions and interactions in handling anticancer

drugs. Drug Intell Clin Pharm 1983; 17: 532–8. 
3. Rapp RP, et al. Guidelines for the administration of commonly-

used intravenous drugs—1984 update. Drug Intell Clin Pharm
1984; 18: 218–32. 

4. Benvenuto JA, et al. Stability and compatibility of antitumor
agents in glass and plastic containers. Am J Hosp Pharm 1981;
38: 1914–18.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Apart from nausea and vomiting adverse effects are of-
ten delayed, beginning 2 to 4 days after the completion
of a course of treatment and reaching a maximum after
1 to 2 weeks. Fatalities have occurred. Bone-marrow
depression and gastrointestinal effects (particularly
stomatitis and diarrhoea) may prove dose-limiting.
Bone-marrow depression is apparent 1 to 7 days after
therapy and may be manifest first as thrombocytope-
nia; the nadir of the platelet and white cell counts usu-
ally occurs within 14 to 21 days, with recovery in 21 to
25 days. Other adverse effects include oral and gas-
trointestinal effects such as cheilitis, oesophagitis, gas-
trointestinal ulceration, and proctitis; fever, malaise,
hypocalcaemia, erythema, myalgia, alopecia, pneumo-
nitis, and kidney and liver abnormalities. Anaphylac-
toid reactions have occurred. Dactinomycin is very ir-
ritant and extravasation results in severe tissue damage. 
The effects of radiotherapy are enhanced by dactino-
mycin and severe reactions may follow the use of high
doses. Erythema and pigmentation of the skin may oc-
cur in areas previously irradiated. An increase in inci-
dence of second primary tumours has been seen in pa-
tients treated with radiation and dactinomycin. 
Dactinomycin should not be given to patients with
varicella or herpes zoster, as severe and even fatal sys-
temic disease may occur. Its use is best avoided in
infants under 1 year as they are reported to be highly
susceptible to the toxicity of dactinomycin. Blood
counts and renal and hepatic function should be moni-
tored frequently.
Effects on the liver. Although doses less than about
50 micrograms/kg or 1.5 mg/m2 do not seem to be associated
with an unacceptable degree of hepatotoxicity,1 giving dactino-
mycin as a single dose of 60 micrograms/kg (about 1.8 mg/m2)
every 3 weeks to children with Wilms’ tumour was associated
with a high incidence of severe hepatotoxicity;2 reduction of the
dose to 45 micrograms/kg every 3 weeks reduced this incidence
to levels comparable with a standard regimen of
15 micrograms/kg daily for 5 successive days.3 Others have not
seen such a high incidence of hepatotoxicity with doses of
60 micrograms/kg (despite some raised liver enzyme values),
but in this case the high dose was given only every 6 weeks.4 In
general, dactinomycin should be given with caution to children
with a history of antecedent liver damage, including abdominal
irradiation or recent halothane anaesthesia.1 
Reversible veno-occlusive disease has been seen particularly in
children with Wilms’ tumour who have received dactinomycin
and vincristine. One study5 found age of less than 1 year to be a
risk factor and a study in children with rhabdomyosarcoma given
dactinomycin, vincristine, and cyclophosphamide also found
that young age (under 3 years) was associated with a greater risk
of severe hepatic toxicity.6 A literature review7 noted a signifi-
cant predominance of veno-occlusive disease in right-sided
Wilms’ tumour, possibly because the tumour mass could inter-
fere with blood flow in the hepatic veins, which might make the
liver more susceptible to the effects of dactinomycin.
1. Pritchard J, et al. Hepatotoxicity of actinomycin-D. Lancet 1989;

i: 168. 
2. D’Angio GJ. Hepatotoxicity with actinomycin D. Lancet 1987;

ii: 104. 
3. D’Angio GJ. Hepatotoxicity and actinomycin D. Lancet 1990;

335: 1290. 
4. de Camargo B. Hepatotoxicity and actinomycin D. Lancet 1990;

335: 1290. 
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5. Bisogno G, et al. Veno-occlusive disease of the liver in children

treated for Wilms tumor. Med Pediatr Oncol 1997; 29: 245–51. 
6. Arndt C, et al. Age is a risk factor for chemotherapy-induced

hepatopathy with vincristine, dactinomycin, and cyclophospha-
mide. J Clin Oncol 2004; 22: 1894–1901. Correction [dosage
error]. ibid.; 3434. 

7. Tornesello A, et al. Veno-occlusive disease of the liver in right-
sided Wilms’ tumours. Eur J Cancer 1998; 34: 1220–3.

Handling. Dactinomycin is irritant; avoid contact with skin and
mucous membranes.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.

Pharmacokinetics
Intravenous doses of dactinomycin are rapidly distrib-
uted with high concentrations in bone marrow and nu-
cleated cells. It undergoes only minimal metabolism
and is slowly excreted in urine and bile. The terminal
plasma half-life is reported to be about 36 hours. It does
not cross the blood-brain barrier but is thought to cross
the placenta.
In children. A study1 involving 31 patients aged between 1 and
20 years given dactinomycin in intravenous doses of 0.7 to
1.5 mg/m2 found that the pharmacokinetics of the drug were var-
iable, but could be described by a 3-compartment model. Peak
plasma concentrations varied from 3.2 to 99.2 nanograms/mL,
and both peak plasma concentration and exposure were inversely
related to body-weight. Since there was evidence that exposure
was also related to more severe toxicity, younger patients might
be at greater risk with a regimen based on surface area; converse-
ly the practice of capping the dose at 2 mg in older patients might
result in underdosage. 
For evidence that younger patients do experience more liver tox-
icity with dactinomycin, see Effects on the Liver, above.
1. Veal GJ, et al. Pharmacokinetics of dactinomycin in a pediatric

patient population: a United Kingdom Children’s Cancer Study
Group Study. Clin Cancer Res 2005; 11: 5893–9.

Uses and Administration
Dactinomycin is a highly toxic antibiotic with antineo-
plastic properties. It inhibits the proliferation of cells in
a cell-cycle non-specific way by forming a stable com-
plex with DNA and interfering with DNA-dependent
RNA synthesis. It may enhance the cytotoxic effects of
radiotherapy (see also Adverse Effects, above). Dac-
tinomycin also has immunosuppressant properties. 
It has been used, usually with other drugs or radiother-
apy, in the treatment of Wilms’ tumour (p.667), gesta-
tional trophoblastic tumours (p.650), nonseminoma-
tous testicular cancer (p.673), and sarcomas such as
rhabdomyosarcoma (p.676) and Ewing’s sarcoma
(p.675). 
In the treatment of Wilms’ tumour, childhood rhab-
domyosarcoma, or Ewing’s sarcoma, an intravenous
dose of 15 micrograms/kg daily for 5 days has been
used in combination regimens. In adults, gestational
trophoblastic tumours have been treated with
12 micrograms/kg daily for 5 days as a single agent, or
500 micrograms on days 1 and 2 of combination regi-
mens. Metastatic nonseminomatous testicular cancer
has been treated with 1 mg/m2 on day 1 of combination
regimens. The dose intensity for adults or children
should not exceed 15 micrograms/kg or 400 to
600 micrograms/m2 daily for 5 days per 2-week cycle,
and lower doses may need to be used in some chemo-
therapy combinations or with radiotherapy. Using a re-
gional perfusion technique to localise the drug has per-
mitted the use of higher doses, 50 micrograms/kg
being suggested for an isolated lower extremity or pel-
vis and 35 micrograms/kg for an upper extremity. 
Great care must be taken to avoid extravasation and it
should be given, for preference, into the tubing of a
fast-running intravenous infusion. Platelet and white
cell counts should be performed frequently to detect
bone-marrow depression; if either count shows a
marked decrease the drug should be withheld until re-
covery occurs, which may take up to 3 weeks (see also
Bone-marrow Depression, p.639).

Preparations
USP 31: Dactinomycin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Cosmegen; Austral.: Cosmegen; Austria: Cosmegen; Belg.: Lyovac
Cosmegen; Braz.: Cosmegen; Canad.: Cosmegen; Fin.: Cosmegen; Fr.:
Cosmegen; Ger.: Lyovac Cosmegen; Gr.: Cosmegen; Hong Kong: Cos-
megen; India: Dacmozen; Irl.: Cosmegen; Ital.: Cosmegen; Malaysia:
Cosmegen†; Mex.: Ac-De; Neth.: Lyovac Cosmegen; Norw.: Cosmegen;
NZ: Cosmegen; Philipp.: Cosmegen; Trepar ; Singapore: Cosmegen;
Swed.: Cosmegen; Switz.: Cosmegen; Thai.: Cosmegen†; Lyovac Cos-
megen; Turk.: Cosmegen; UK: Cosmegen; USA: Cosmegen.

Dasatinib (USAN, rINN)

BMS-354825; Dasatinibum. N-(2-Chloro-6-methylphenyl)-2-({6-
[4-(2-hydroxyethyl)-1-piperazinyl]-2-methyl-4-pyrimidinyl}amino)-
5-thiazolecarboxamide.
Дазатиниб
C22H26ClN7O2S = 488.0.
CAS — 302962-49-8.
ATC — L01XE06.
ATC Vet — QL01XE06.

Adverse Effects, Treatment, and Precau-
tions
The most common adverse effects of dasatinib include
fluid retention, gastrointestinal disturbances, and
bleeding. Fluid retention may be severe, and can result
in pleural and pericardial effusion, pulmonary oedema,
and ascites. Severe CNS haemorrhages, sometimes fa-
tal, have been reported. Gastrointestinal haemorrhage
may require interruption of therapy, and transfusions.
Myelosuppression, manifest as neutropenia, thrombo-
cytopenia, or anaemia, occurs more frequently in pa-
tients with advanced chronic myeloid leukaemia
(CML) or acute lymphoblastic leukaemia than in pa-
tients in chronic phase. Recovery generally occurs af-
ter dose interruption and/or reduction, although treat-
ment may need to be stopped. Febrile neutropenia has
been reported. In patients with chronic phase CML,
myelosuppression and fluid retention occur more often
with twice daily dosing than once daily dosage. Other
adverse effects include headache, pyrexia, muscu-
loskeletal pain, fatigue, skin rashes, dyspnoea, cough,
dizziness, chest pain, neuropathy, chills, and pruritus.
Infections, including pneumonia, have been reported.
Cardiac failure and arrhythmias can occur. Dasatinib
has the potential to prolong the QT interval, and should
be given with caution to patients at risk of this, such as
those with hypokalaemia, hypomagnesaemia, or those
on antiarrhythmic therapy, or receiving cumulative
high doses of anthracyclines.
Effects on the skin. Panniculitis has been reported with the use
of dasatinib, which resolved upon stopping therapy. In one case,
dasatinib was restarted with prednisone, and no recurrence of
panniculitis was noted. In another patient, however, a rash re-
curred on restarting therapy that was not sensitive to corticoster-
oid treatment.1
1. Assouline S, et al. Panniculitis during dasatinib therapy for im-

atinib-resistant chronic myelogenous leukemia. N Engl J Med
2006; 354: 2623–4.

Interactions
Dasatinib is metabolised by the cytochrome P450
isoenzyme CYP3A4, and drugs that inhibit this en-
zyme, such as azole antifungals, macrolide antibacteri-
als, HIV-protease inhibitors, and nefazodone may in-
crease blood concentrations of dasatinib. Equally,
inducers of CYP3A4 (such as carbamazepine, dexam-
ethasone, phenobarbital, phenytoin, and rifampicin)
may reduce blood concentrations of dasatinib. When
use with such drugs cannot be avoided, dose adjust-
ment of dasatinib may be necessary (see Uses and Ad-
ministration, below). Since St John’s wort may de-

crease dasatinib concentrations unpredictably, these
drugs should not be given together. 
Dasatinib is a substrate of the cytochrome P450 isoen-
zyme CYP3A4, and may alter blood concentrations of
other drugs that are substrates of this enzyme. 
Since the solubility of dasatinib is dependent on pH,
use with antacids should be avoided. If antacid therapy
is needed, it should be given at least 2 hours before or
2 hours after the dose of dasatinib. Similarly, histamine
H2-receptor antagonists or proton pump inhibitors such
as famotidine or omeprazole should not be given with
dasatinib as long-term suppression of gastric acid se-
cretion is likely to reduce dasatinib exposure.

Pharmacokinetics
Maximum plasma concentrations of dasatinib are
achieved between 0.5 and 6 hours after an oral dose.
The mean terminal half-life is about 5 hours. Con-
sumption of a high-fat meal may increase exposure to
dasatinib, but this effect is not considered to be of clin-
ical significance. Dasatinib is extensively distributed
and metabolised. Metabolism occurs primarily by the
cytochrome P450 isoenzyme CYP3A4, forming an ac-
tive metabolite. Plasma protein binding of dasatinib
and its active metabolite is about 96% and 93%, re-
spectively. Elimination is mainly via the faeces; about
4% is recovered in the urine.

Uses and Administration
Dasatinib is a tyrosine kinase inhibitor that is used for
the treatment of adults with all phases of chronic mye-
loid leukaemia (CML; p.653) who have resistance or
intolerance to previous therapy, including imatinib. It is
also used for the treatment of adults with Philadelphia
chromosome-positive acute lymphoblastic leukaemia
(ALL; p.651) who are resistant to or intolerant of prior
therapy. 
A recommended oral starting dose of dasatinib in
chronic phase CML is 100 mg once daily: tablets,
which should be swallowed whole, not crushed or
chewed, should be taken consistently either in the
morning or the evening. The recommended starting
dose for accelerated, myeloid, or lymphoid blast phase
CML or Philadelphia chromosome-positive ALL is
70 mg twice daily. Dosage may be adjusted according
to response and tolerability; doses of up to 140 mg
once daily have been used in patients with chronic
phase CML, and up to 100 mg twice daily in those with
advanced phase, or with ALL. Treatment is continued
until disease progression or unacceptable toxicity oc-
curs. 
If concurrent use of potent inhibitors or inducers of cy-
tochrome P450 isoenzyme CYP3A4 cannot be avoid-
ed, dose adjustments are considered necessary. A dose
increase should be considered in those patients given
strong CYP3A4 inducers, and the patient should be
monitored for toxicity. For those given a strong
CYP3A4 inhibitor, the dose of dasatinib should be re-
duced to 20 mg daily. If this is not tolerated, then either
drug should be stopped; if the inhibitor is stopped, a
washout period of about 1 week should be allowed be-
fore the dose of dasatinib is increased.
◊ References.
1. Talpaz M, et al. Dasatinib in imatinib-resistant Philadelphia

chromosome-positive leukemias. N Engl J Med 2006; 354:
2531–41. 

2. Hochhaus A, et al. Dasatinib induces notable hematologic and
cytogenetic responses in chronic-phase chronic myeloid leuke-
mia after failure of imatinib therapy. Blood 2007; 109: 2303–9.
Correction. ibid.; 110: 1438. 

3. Cortes J, et al. Dasatinib induces complete hematologic and cy-
togenetic responses in patients with imatinib-resistant or -intol-
erant chronic myeloid leukemia in blast crisis. Blood 2007; 109:
3207–13. 

4. Guilhot F, et al. Dasatinib induces significant hematologic and
cytogenetic responses in patients with imatinib-resistant or -in-
tolerant chronic myeloid leukemia in accelerated phase. Blood
2007; 109: 4143–50. 

5. Ottmann O, et al. Dasatinib induces rapid hematologic and cy-
togenetic responses in adult patients with Philadelphia chromo-
some positive acute lymphoblastic leukemia with resistance or
intolerance to imatinib: interim results of a phase 2 study. Blood
2007; 110: 2309–15. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

6. Anonymous. Dasatinib (Sprycel) for CML and Ph+ALL. Med
Lett Drugs Ther 2007; 49: 6–7. 

7. Olivieri A, Manzione L. Dasatinib: a new step in molecular tar-
get therapy. Ann Oncol 2007; 18 (suppl): vi42–vi46. 

8. Keam SJ. Dasatinib: in chronic myeloid leukemia and Philadel-
phia chromosome-positive acute lymphoblastic leukemia. BioD-
rugs 2008; 22: 59–69.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Sprycel; Austral.: Sprycel; Cz.: Sprycel; Fr.: Sprycel; Gr.: Sprycel;
Hung.: Sprycel; Indon.: Sprycel; Malaysia: Sprycel; NZ: Sprycel; UK:
Sprycel; USA: Sprycel.

Daunorubicin Hydrochloride 

(BANM, USAN, rINNM)

Cloridrato de Daunorrubicina; Daunomycin Hydrochloride;
Daunoribisin Hidroklorür; Daunorubicin hydrochlorid; Dauno-
rubicine, chlorhydrate de; Daunorubicin-hidroklorid; Daunoru-
bicinhydroklorid; Daunorubicini hydrochloridum; Daunorubicino
hidrochloridas; Daunorubisiinihydrokloridi; FI-6339 (daunoru-
bicin); Hidrocloruro de daunorubicina; NDC-0082-4155; NSC-
82151; RP-13057 (daunorubicin); Rubidomycin Hydrochloride.
(1S,3S)-3-Acetyl-1,2,3,4,6,11-hexahydro-3,5,12-trihydroxy-10-
methoxy-6,11-dioxonaphthacen-1-yl 3-amino-2,3,6-trideoxy-α-
L-lyxo-pyranoside hydrochloride; (8S-cis)-8-Acetyl-10-[(3-amino-
2,3,6-trideoxy-α-L-lyxo-hexopyranosyl)]oxy-7,8,9,10-tetrahydro-
6,8,11-trihydroxy-1-methoxy-5,12-naphthacenedione hydro-
chloride.
Даунорубицина Гидрохлорид
C27H29NO10,HCl = 564.0.
CAS — 20830-81-3 (daunorubicin); 23541-50-6 (dauno-
rubicin hydrochlor ide).
ATC — L01DB02.
ATC Vet — QL01DB02.

(daunorubicin)

NOTE. Daunorubicin citrate is used in the preparation of liposomal
preparations (see Uses and Administration, below).
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Daunorubicin Hydrochloride). The hydrochloride
of a substance produced by certain strains of Streptomyces coer-
uleorubidus or S. peucetius or obtained by any other means. It is
manufactured by methods designed to minimise or eliminate the
presence of histamine. An orange-red, hygroscopic, crystalline
powder. It contains between 95 and 102% of the hydrochloride
(anhydrous and solvent-free basis). Freely soluble in water and
in methyl alcohol; slightly soluble in alcohol; practically insolu-
ble in acetone. A 0.5% solution in water has a pH of 4.5 to 6.5.
Store in airtight containers. Protect from light. 
USP 31 (Daunorubicin Hydrochloride). An orange-red, hygro-
scopic, crystalline powder. It has a potency equivalent to not less
than 842 and not more than 1030 micrograms of the base per mg.
Freely soluble in water and in methyl alcohol; slightly soluble in
alcohol; practically insoluble in acetone; very slightly soluble in
chloroform. A 0.5% solution in water has a pH of 4.5 to 6.5.
Store at a temperature not exceeding 40° in airtight containers.
Protect from light.
Incompatibility. Daunorubicin is incompatible with heparin
sodium,1 and has also been reported to be incompatible with a
solution of dexamethasone sodium phosphate.
1. D’Arcy PF. Reactions and interactions in handling anticancer

drugs. Drug Intell Clin Pharm 1983; 17: 532–8.

Stability. In a study1 of the stability of anthracycline antineo-
plastic agents in 4 infusion fluids (glucose 5%, sodium chloride
0.9%, lactated Ringer’s injection, and a commercial infusion flu-
id) daunorubicin hydrochloride was stable in all 4, the percentage
remaining after 24 hours being 98.5%, 97.4%, 94.7%, and 95.4%
respectively. Stability appeared to be partly related to pH; dauno-
rubicin was more stable as the pH of the mixture became more
acidic, with the best stability in glucose 5% with a pH of 4.5.
Although daunorubicin solutions are degraded by light, the effect
is reported not to be significant at concentrations of
500 micrograms/mL or above; however, below this concentra-
tion precautions should be taken to protect solutions from light,

and storage should be in polyethylene or polypropylene contain-
ers to minimise adsorptive losses.2 It has been suggested that for-
mulation with the food colouring Scarlet GN, which absorbs
light over the same spectral region as daunorubicin, would stabi-
lise daunorubicin solutions to light.3 
Liposomal daunorubicin should be diluted with glucose 5% so-
lution as aggregation of the liposomes may result with sodium
chloride. In addition, licensed product information advises that
liposomal daunorubicin should not be mixed with substances
containing benzyl alcohol or other detergent-like molecules,
which can lead to premature rupture of the liposomes.
1. Poochikian GK, et al. Stability of anthracycline antitumor agents

in four infusion fluids. Am J Hosp Pharm 1981; 38: 483–6. 
2. Wood MJ, et al. Photodegradation of doxorubicin, daunorubicin

and epirubicin measured by high-performance liquid chromatog-
raphy. J Clin Pharm Ther 1990; 15: 291–300. 

3. Thoma K, Klimek R. Photostabilization of drugs in dosage forms
without protection from packaging materials. Int J Pharmaceu-
tics 1991; 67: 169–75.

Adverse Effects, Treatment, and Precau-
tions
As for Doxorubicin, p.712 and p.713. 
Cardiotoxicity is more likely when the total cumulative
dose of daunorubicin exceeds 550 to 600 mg/m2 in
adults, 300 mg/m2 in children, or in children aged un-
der 2 years, 10 mg/kg. The cumulative dose should be
limited to 400 mg/m2 in patients who have had previ-
ous radiation therapy to the mediastinum. Product in-
formation for liposomal daunorubicin recommends de-
termining ventricular ejection fraction after cumulative
doses of 320 mg/m2, and every 160 mg/m2 thereafter.
Daunorubicin should be used in reduced doses in he-
patic and renal impairment. 
Liposomal formulations of daunorubicin may be asso-
ciated with a reduced potential for local tissue necrosis
although current clinical experience is limited and such
toxicity remains a possibility. An acute syndrome of
back pain, flushing, and chest tightness may occur dur-
ing infusion, but generally resolves on slowing or tem-
porarily stopping the infusion.
Effects on the heart. For a discussion of the cardiotoxicity of
anthracyclines, and its management, see Effects on the Heart, un-
der Doxorubicin, p.713.
Effects on the skin and nails. For reports of hyperpigmenta-
tion in patients given daunorubicin, see under Doxorubicin,
p.713.
Handling and disposal. Daunorubicin hydrochloride is irri-
tant; avoid contact with skin and mucous membranes. 
For a method for the destruction of daunorubicin in wastes see
under Doxorubicin, p.713.

Interactions
As for Doxorubicin, p.713.
Antineoplastics. Hepatic dysfunction was reported1 in 13 pa-
tients given daunorubicin 180 to 450 mg/m2. Ten of them had
also received tioguanine or cytarabine, or a combination of
these. The authors also noted that other studies had suggested
that the related drug doxorubicin might enhance the hepatotoxic-
ity of mercaptopurine, and thought that a similar interaction
could occur between daunorubicin and tioguanine.
1. Penta JS, et al. Hepatotoxicity of combination chemotherapy for

acute myelocytic leukemia. Ann Intern Med 1977; 87: 247–8.

Pharmacokinetics
After intravenous injection, daunorubicin is rapidly
distributed into body tissues, particularly the liver,
lungs, kidneys, spleen, and heart with an initial distri-
bution half-life of about 45 minutes. It is rapidly me-
tabolised in the liver, and is excreted in bile and urine
as unchanged drug and metabolites. The major metab-
olite, daunorubicinol, has antineoplastic activity. Up to
25% of a dose is excreted in urine in an active form
over several days (the terminal plasma elimination
half-lives of daunorubicin and its major metabolite are
reported to be 18.5 and 26.7 hours respectively); an es-
timated 40% is excreted in bile. Daunorubicin does not
appear to cross the blood-brain barrier, but crosses the
placenta. 
The pharmacokinetics of liposomal doxorubicin are
significantly different from those of the conventional
drug formulation, with a decreased uptake by normal
tissues (although tumour neovasculature is reported to
have increased permeability to the liposomes), and a
terminal half-life of 4 to 5 hours.

Uses and Administration
Daunorubicin is an antineoplastic anthracycline antibi-
otic with actions similar to those of doxorubicin
(p.714), to which it is closely related. It is used with
other antineoplastics to induce remissions in acute leu-
kaemias. Daunorubicin is given in combination regi-
mens for acute lymphoblastic leukaemia (see p.651)
and acute myeloid leukaemias (see p.652). It has also
been tried in some other malignancies. A liposomal
formulation of daunorubicin has been developed for
use in the management of Kaposi’s sarcoma in patients
with AIDS (see also p.675). 
Daunorubicin is usually given as the hydrochloride,
but doses are expressed in terms of the base. Daunoru-
bicin hydrochloride 21.4 mg is equivalent to about
20 mg daunorubicin. 
In combination treatment regimens for adult acute leu-
kaemia, the usual dose is 30 to 45 mg/m2 daily on days
1 to 3 of the first course, and days 1 and 2 of subsequent
courses. Daunorubicin is given as a solution in sodium
chloride 0.9% into a fast-running infusion of sodium
chloride or glucose. Courses may be repeated after 3 to
6 weeks. A dose of 25 mg/m2 has been given intrave-
nously once a week, in combination regimens, to chil-
dren with acute lymphoblastic leukaemia. For children
less than 2 years of age, or less than 0.5 m2, a dose of
1 mg/kg has been used instead. 
The total cumulative dose in adults should not exceed
550 to 600 mg/m2; in patients who have received radi-
otherapy to the chest it may be advisable to limit the
total dose to about 400 mg/m2. Lower limits apply in
children: a total cumulative dose of no more than
300 mg/m2, or in children aged under 2 years
10 mg/kg, is recommended. Dosage should be reduced
in patients with impaired hepatic or renal function (see
below), and elderly patients with inadequate bone mar-
row reserves. 
In the treatment of Kaposi’s sarcoma, liposomal dau-
norubicin is given intravenously every 2 weeks starting
with a dose of 40 mg/m2, and continued for as long as
disease control can be maintained. It is diluted with
glucose 5% (sodium chloride 0.9% should not be used)
to a concentration between 0.2 and 1 mg/mL, and giv-
en over 30 to 60 minutes. 
Blood counts should be determined frequently during
treatment as daunorubicin has a potent effect on bone-
marrow function (see also Bone-marrow Depression,
p.639). Cardiac function should be monitored at regu-
lar intervals to detect signs of cardiotoxicity.
Administration in hepatic impairment. Doses of daunoru-
bicin should be reduced in hepatic impairment. Some licensed
product information recommends that patients with serum-bi-
lirubin concentrations of 12 to 30 micrograms/mL should re-
ceive 75% of the usual dose, and those with concentrations great-
er than 30 micrograms/mL should be given 50% of the usual
dose.

Administration in renal impairment. Doses of daunoru-
bicin should be reduced in renal impairment. Some licensed
product information recommends that patients with serum-creat-
inine concentrations of 105 to 265 micromoles/litre should re-
ceive 75% of the usual dose, and those with concentrations great-
er than 265 micromoles/litre should be given 50% of the usual
dose.

Preparations
USP 31: Daunorubicin Hydrochloride for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Daunoblastina; Maxidauno; Austral.: DaunoXome; Austria: Dauno-
blastin; DaunoXome; Belg.: Cerubidine; Braz.: Daunoblastina; Daunocin†;
DaunoXome†; Canad.: Cerubidine; Chile: Cerubidine; Daurocina; Onco-
daunotec; Cz.: Cerubidine†; Denm.: Cerubidin; DaunoXome; Fin.: Dau-
noXome; Fr.: Cerubidine; DaunoXome; Ger.: Daunoblastin; DaunoXome;
Gr.: Cerubidine; DaunoXome; Hong Kong: Daunoblastina†; Hung.: Dau-
noblastina; India: Daunotec; Norubin; Irl.: Cerubidin; DaunoXome; Israel:
Cerubidine; Ital.: Daunoblastina; DaunoXome; Mex.: Rubilem; Neth.:
Cerubidine; DaunoXome; Norw.: Cerubidin; Port.: Daunoblastina†; Dau-
noXome; Rus.: DaunoXome (Даунозом); S.Afr.: Cerubidin†; Daunoblas-
tin; Singapore: Daunoblastina; Spain: Daunoblastina; DaunoXome†;
Swed.: Cerubidin†; DaunoXome; Switz.: Cerubidine; DaunoXome†; UK:
DaunoXome; USA: Cerubidine; DaunoXome; Venez.: Daunoblastina.
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Decitabine (BAN, USAN, rINN)

5-Aza-2′-deoxycytidine; DAC; Decitabina; Décitabine; Decitabi-
num; NSC-127716. 4-Amino-1-(2-deoxy-β-D-erythro-pento-
furanosyl)-1,3,5-triazin-2(1H)-one.

Децитабин
C8H12N4O4 = 228.2.
CAS — 2353-33-5.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. The most common adverse effect of decitabine is myelo-
suppression, which may be severe and dose-limiting. Fatalities
have been reported. Other common adverse effects include fa-
tigue, pyrexia, gastrointestinal disturbances, petechiae, and hy-
perglycaemia. Cardiorespiratory arrest, increased blood bili-
rubin, intracranial haemorrhage, abnormal liver function tests,
pulmonary oedema, atrial fibrillation, central line infection, or
febrile neutropenia may force treatment to be stopped or delayed.
Other adverse effects which may be dose-limiting include lethar-
gy, oedema, tachycardia, depression, or pharyngitis.

Pharmacokinetics
On intravenous dosage decitabine exhibits biphasic disposition.
Plasma protein binding is negligible. The exact route of metabo-
lism and excretion is not known; one pathway appears to be
deamination by cytidine deaminase, which is found principally
in the liver, but also in granulocytes, the intestinal epithelium,
and whole blood. A terminal elimination half-life of about 0.5
hours has been reported after a 72-hour infusion.

Uses and Administration
Decitabine is an antineoplastic antimetabolite structurally related
to cytarabine (p.705). It is reported to cause DNA hypomethyla-
tion by the inhibition of DNA methyltransferase, which has the
potential to alter gene expression (re-activate silent genes) and
limit disease progression and resistance. Decitabine is used in the
treatment of myelodysplastic syndromes (p.654). It is given by
intravenous infusion over 3 hours, diluted to a final concentration
of 0.1 to 1 mg/mL in sodium chloride 0.9%, glucose 5%, or lac-
tated Ringer’s injection. The recommended dose is 15 mg/m2

every 8 hours for 3 days; this 3-day cycle is repeated every 6
weeks, for a minimum of 4 cycles. Treatment may be continued
as long as the patient continues to benefit. If haematological re-
covery from a cycle is incomplete, cycle length may be increased
to as much as every 10 weeks and the dose reduced to 11 mg/m2

every 8 hours upon restarting therapy; this dose may be main-
tained or increased in subsequent cycles as clinically indicated.
Decitabine treatment should also be delayed if serum creatinine
is 2 mg per 100 mL or greater, or if total bilirubin is 2 or more
times the upper limit of normal, or if the patient has an active or
uncontrolled infection. 
Decitabine is also under investigation for the treatment of chron-
ic myeloid leukaemia (p.653) and acute myeloid leukaemia
(p.652). It is also reported to increase fetal haemoglobin in pa-
tients with sickle-cell disease (p.1044).

◊ References.
1. DeSimone J, et al. Maintenance of elevated fetal hemoglobin

levels by decitabine during dose interval treatment of sickle cell
anemia. Blood 2002; 99: 3905–8. 

2. Momparler RL. Pharmacology of 5-aza-2′-deoxycytidine
(decitabine). Semin Hematol 2005; 42 (suppl 2): S9–S16. 

3. Kantarjian HM, Issa JP. Decitabine dosing schedules. Semin He-
matol 2005; 42 (suppl 2): S17–S22. Correction. ibid.; 274. 

4. Lubbert M, Minden M. Decitabine in acute myeloid leukemia.
Semin Hematol 2005; 42 (suppl 2): S38–S42. 

5. Issa JP, Byrd JC. Decitabine in chronic leukemias. Semin Hema-
tol 2005; 42 (suppl 2): S43–S49. 

6. Kuykendall JR. 5-Azacytidine and decitabine monotherapies of
myelodysplastic disorders. Ann Pharmacother 2005; 39:
1700–9. 

7. Momparler RL. Epigenetic therapy of cancer with 5-aza-2′-de-
oxycytidine (decitabine). Semin Oncol 2005; 32: 443–51. 

8. Kantarjian H, et al. Decitabine improves patient outcomes in
myelodysplastic syndromes: results of a phase III randomized
study. Cancer 2006; 106: 1794–1803. 

9. McKeage K, Croom KF. Decitabine in myelodysplastic syn-
dromes. Drugs 2006; 66: 951–8. 

10. Jabbour E, et al. Evolution of decitabine development: accom-
plishments, ongoing investigations, and future strategies. Can-
cer 2008; 112: 2341–51.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Dacogen.

Denileukin Diftitox (USAN, rINN)

DAB389IL2; Denileucina diftitox; Denileukin Difitox (BAN); Déni-
leukine Diftitox; Denileukinum Diftitoxum; LY-335348.

Денилейкин Дифтитокс

CAS — 173146-27-5.
ATC — L01XX29.
ATC Vet — QL01XX29.

Adverse Effects and Precautions
Denileukin diftitox can cause an acute hypersensitivity reaction
within 24 hours of infusion with symptoms reminiscent of a cy-
tokine release syndrome. Anaphylaxis and death have also been
reported. A more delayed flu-like syndrome may also occur up
to several days after infusion. Vascular leak syndrome, character-
ised by hypotension, oedema, or hypoalbuminaemia, may also
be delayed. Gastrointestinal disturbances, chills, fever, and
asthenia are common. Other adverse effects include rash, predis-
position to cutaneous infections, and thrombotic events. Visual
loss has been reported; although recovery was reported in some
patients, in most cases impairment persisted.

Uses and Administration
Denileukin diftitox is a recombinant interleukin fusion toxin
comprised of interleukin-2 linked to the A and B fragments of
diphtheria toxin. It is given by intravenous infusion for the man-
agement of persistent or recurrent cutaneous T-cell lymphoma
(see Mycosis Fungoides, p.657), in patients whose malignant
cells express the CD25 interleukin-2 receptor. The concentration
of denileukin diftitox must be at least 15 micrograms/mL during
all steps in the preparation of the solution for infusion. The rec-
ommended dose is 9 or 18 micrograms/kg daily, given over 15
minutes or more, for 5 consecutive days every 3 weeks.

◊ References.
1. Olsen E, et al. Pivotal phase III trial of two dose levels of deni-

leukin diftitox for the treatment of cutaneous T-cell lymphoma.
J Clin Oncol 2001; 19: 376–88. 

2. Martin A, et al. A multicenter dose-escalation trial with deni-
leukin diftitox (ONTAK, DAB(389)IL-2) in patients with severe
psoriasis. J Am Acad Dermatol 2001; 45: 871–81. 

3. Talpur R, et al. Treatment of refractory peripheral T-cell lympho-
ma with denileukin diftitox (ONTAK). Leuk Lymphoma 2002;
43: 121–6. 

4. Frankel AE, et al. A phase II study of DT fusion protein deni-
leukin diftitox in patients with fludarabine-refractory chronic
lymphocytic leukemia. Clin Cancer Res 2003; 9: 3555–61. 

5. Eklund JW, Kuzel TM. Denileukin diftitox: a concise clinical re-
view. Expert Rev Anticancer Ther 2005; 5: 33–8. 

6. Foss F. Clinical experience with denileukin diftitox (ONTAK).
Semin Oncol 2006; 33 (suppl 3): 11–16.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Ontak.

Diaziquone (USAN, rINN)

Aziridinylbenzoquinone; AZQ; CI-904; Diazicuona; Diaziquon-
um; NSC-182986. Diethyl 2,5-bis-(1-aziridinyl)-3,6-dioxo-1,4-cy-
clohexadiene-1,4-dicarbamate.

Диазихон

C16H20N4O6 = 364.4.
CAS — 57998-68-2.

Profile
Diaziquone has been investigated as an antineoplastic in the
treatment of malignant brain tumours and acute myeloid leukae-
mia. It is thought to act as an alkylating agent. Adverse effects
include bone-marrow suppression, manifesting chiefly as leuco-
penia and thrombocytopenia, gastrointestinal disturbances, and
alopecia. Anaphylactoid reactions have occurred.

Didemnin B
Didemnina B; NSC-325319.
C57H89N7O15 = 1112.4.
CAS — 77327-05-0.

Profile
The didemnins are biologically active peptides extracted from a
marine sea squirt of the genus Trididemnum. They possess anti-
neoplastic and antiviral properties; didemnin B is reported to be
more active than didemnin A or didemnin C and has been inves-
tigated as an antineoplastic, although results have not generally
been favourable. Nausea and vomiting are dose-limiting; myelo-
suppression, cardiac and renal toxicity, liver dysfunction, other
gastrointestinal disturbances, myalgia, fatigue, and phlebitis may
occur. Hypersensitivity reactions, possibly due to the polyoxyl
castor oil vehicle, are common.

Docetaxel (BAN, USAN, rINN)

Docétaxel; Docetaxelum; Docetaxol; Docetaxolum; Dosetaksel;
Dosetaksoli; NSC-628503; RP-56976. (2R,3S)-N-Carboxy-3-
phenylisoserine, N-tert-butyl ester, 13-ester with 5β-20-epoxy-
1,2α,4,7β,10β,13α-hexahydroxytax-11-en-9-one 4-acetate 2-
benzoate; tert-Butyl {(1S,2S)-2-[(2S,5R,7S,10R,13S)-4-acetoxy-2-
benzoyloxy-1,7,10-trihydroxy-9-oxo-5,20-epoxytax-11-en-13-yl-
oxycarbonyl]-2-hydroxy-1-phenylethyl}carbamate.
Доцетаксел
C43H53NO14 = 807.9.
CAS — 114977-28-5 (anhydrous docetaxel); 148408-66-
6 (docetaxel tr ihydrate).
ATC — L01CD02.
ATC Vet — QL01CD02.

Adverse Effects, Treatment, and Precau-
tions
As for Paclitaxel, p.759. Neutropenia, anaemia and
skin reactions are common with docetaxel and may be
severe. Fluid retention, resulting in oedema, ascites,
pleural and pericardial effusion, and weight gain, is
also common, and may be cumulative; premedication
with a corticosteroid can reduce fluid retention as well
as the severity of hypersensitivity reactions. Asthenia
and fatigue have also been reported. Rare cases of oto-
toxicity, hearing impairment or loss have occurred.
Very rare cases of acute myeloid leukaemia and myel-
odysplastic syndrome have been reported with combi-
nation chemotherapy regimens containing docetaxel;
haematological follow-up may be required. 
Docetaxel should not be used in patients hypersensi-
tive to polysorbate 80, which is contained in the formu-
lation. Patients with hepatic impairment show in-
creased sensitivity to toxic effects of docetaxel, and
should be given the drug with great care and in reduced
doses, if at all.
Effects on the eyes. Excessive tear formation (epiphora) se-
vere enough to interfere with reading and driving has been re-
ported in patients given docetaxel. Canalicular stenosis has been
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

described as the mechanism for this effect, and docetaxel has
been measured in tear fluid suggesting that irritation of the ocular
surface and fibrosis of the tear drainage ducts may be caused by
direct contact with docetaxel.1 Epiphora and canalicular stenosis
are more severe and occur more frequently in patients who re-
ceive weekly docetaxel than in those who receive the drug every
3 weeks.2,3 The mean cumulative dose of docetaxel was found to
be higher in those patients who developed stenosis.2 Manage-
ment of this adverse effect includes probing and irrigation of the
lachrymal ducts and canalicular silicone tubing placement, or
surgery followed by tube placement. The condition is generally
reversible and tubing can be removed 4 to 6 weeks after stopping
docetaxel therapy.4 The use of topical tobramycin and dexame-
thasone on a tapering regimen can eliminate the need for silicone
intubation or surgery in some patients.3 
Very rare cases of transient visual disturbances such as flashing
lights and scotomata have occurred during docetaxel infusion,
and in association with hypersensitivity reactions. These were re-
versible upon stopping the infusion. For reference to a report of
glaucoma possibly related to docetaxel, see Paclitaxel, p.759.
1. Esmaeli B, et al. Docetaxel secretion in tears: association with

lacrimal drainage obstruction. Arch Ophthalmol 2002; 120:
1180–2. 

2. Esmaeli B, et al. Canalicular stenosis secondary to weekly ver-
sus every-3-weeks docetaxel in patients with metastatic breast
cancer. Ophthalmology 2002; 109: 1188–91. 

3. Esmaeli B, et al. Prospective study of incidence and severity of
epiphora and canalicular stenosis in patients with metastatic
breast cancer receiving docetaxel. J Clin Oncol 2006; 24:
3619–22. 

4. Ahmadi MA, Esmaeli B. Surgical treatment of canalicular sten-
osis in patients receiving docetaxel weekly. Arch Ophthalmol
2001; 119: 1802–4.

Effects on the gastrointestinal tract. Ischaemic colitis has
occurred in patients treated with docetaxel.1-3 Some patients also
received vinorelbine, which may have exacerbated this compli-
cation.1,2

1. Ibrahim NK, et al. Colitis associated with docetaxel-based
chemotherapy in patients with metastatic breast cancer. Lancet
2000; 355: 281–3. 

2. de Matteis A, et al. Intestinal side-effects of docetaxel/vinorel-
bine combination. Lancet 2000; 355: 1098–9. 

3. Hussein MAH, et al. Docetaxel-related ischemic colitis. J Clin
Oncol 2005; 23: 9424–5.

Effects on the heart. For comment on the increased risk of
heart failure when docetaxel is given with trastuzumab and after
anthracyclines, see under Interactions, below.

Effects on the musculoskeletal system. For reference to
cases of taxane-induced arthralgia and myalgia successfully
treated with gabapentin, see Paclitaxel, p.759.

Effects on the skin and nails. Palmar-plantar erythrodys-
esthesia syndrome (p.639) has been reported with the use of do-
cetaxel.1 For reference to the use of vitamin E to alleviate pal-
mar-plantar erythrodysesthesia syndrome caused by docetaxel
and capecitabine, see Chemotherapy-induced Toxicity, under
Uses of Vitamin E, p.1994. Cases of radiation recall dermatitis
associated with docetaxel have also been reported.2-4 There is a
further report of recall dermatitis at sites previously treated with
a laser.5 A hyperpigmented eruption developed in a patient at the
site of docetaxel injection after insufficient venous flushing; no
eruption occurred after a second infusion with abundant venous
flushing.6 Licensed drug information states that very rare cases
of bullous eruption such as erythema multiforme, Stevens-John-
son syndrome, and toxic epidermal necrolysis have been report-
ed with docetaxel, but that other factors may have contributed to
the development of these reactions. 
For further reference to reports of scleroderma and adverse ef-
fects on the nails after the use of docetaxel, see Paclitaxel, p.759. 
In a multicentre study, patients given docetaxel wore a frozen
glove on the right hand, leaving the left hand unprotected to serve
as a control. The use of the glove significantly reduced skin and
nail toxicity.7

1. Eich D, et al. Acral erythrodysesthesia syndrome caused by in-
travenous infusion of docetaxel in breast cancer. Am J Clin On-
col 2002; 25: 599–602. 

2. Piroth MD, et al. Radiation recall dermatitis from docetaxel.
Onkologie 2002; 25: 438–40. 

3. Kandemir EG, et al. Docetaxel-induced radiation recall dermati-
tis. Swiss Med Wkly 2005; 135: 34–5. 

4. Borgia F, et al. Radiation recall dermatitis after docetaxel admin-
istration: absolute indication to replace the drug? Br J Dermatol
2005; 153: 674–5. 

5. Chu C-Y, Yang C-H. Docetaxel-induced recall dermatitis on pre-
vious laser treatment sites. Br J Dermatol 2005; 153: 441–3. 

6. Aydogan I, et al. Persistent serpentine supravenous hyperpig-
mented eruption associated with docetaxel. J Eur Acad Dermatol
Venereol 2005; 19: 345–7. 

7. Scotté F, et al. Multicenter study of a frozen glove to prevent
docetaxel-induced onycholysis and cutaneous toxicity of the
hand. J Clin Oncol 2005; 23: 4424–9.

Hypersensitivity. For a discussion of taxane-induced hyper-
sensitivity, including references to desensitisation protocols, see
under Paclitaxel, p.759.

Tumour lysis syndrome. Fatal cases of tumour lysis syn-
drome (p.639) have been reported after the second-line use of
docetaxel.1,2

1. Sorscher SM. Tumor lysis syndrome following docetaxel thera-
py for extensive metastatic prostate cancer. Cancer Chemother
Pharmacol 2004; 54: 191–2. 

2. Ajzensztejn D, et al. Tumor lysis syndrome after treatment with
docetaxel for non-small-cell lung cancer. J Clin Oncol 2006; 24:
2389–91.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
◊ Docetaxel is metabolised by cytochrome P450 isoenzyme
CYP3A, and theoretically has the potential to interact with other
drugs that are inhibitors or inducers of this enzyme.1
1. Royer I, et al. Metabolism of docetaxel by human cytochromes

P450: interactions with paclitaxel and other antineoplastic drugs.
Cancer Res 1996; 56: 58–65.

Antifungals. In a pharmacokinetic study, no consistent effects
on docetaxel concentrations were seen with the addition of keto-
conazole. Significant inter- and intrapatient variability was ob-
served and a potential interaction could not be excluded.1 In an-
other study in 7 patients, however, the clearance of docetaxel was
significantly reduced by 49% when given with ketoconazole.2
1. Van Veldhuizen PJ, et al. Docetaxel and ketoconazole in ad-

vanced hormone-refractory prostate carcinoma: a phase I and
pharmacokinetic study. Cancer 2003; 98: 1855–62. 

2. Engels FK, et al. Effect of cytochrome P450 3A4 inhibition on
the pharmacokinetics of docetaxel. Clin Pharmacol Ther 2004;
75: 448–54.

Antineoplastics. The clearance of a dose of docetaxel was
markedly reduced1 when it was given after 4 days of treatment
with topotecan, rather than on day 1; this resulted in worsened
neutropenia. 
Sorafenib may increase systemic exposure to docetaxel. 
An increased incidence of febrile neutropenia and gastrointesti-
nal disorders, including 2 fatalities, was reported in patients giv-
en docetaxel with doxorubicin,2 although others3 considered this
high incidence unrepresentative of usual toxicity rates with this
combination. 
Heart failure has been reported in patients given docetaxel with
other cytotoxic drugs, especially trastuzumab, and particularly
after anthracycline-containing therapy. UK licensed drug infor-
mation therefore recommends that patients given docetaxel with
trastuzumab should undergo baseline cardiac assessment and
cardiac function should be monitored during treatment.
1. Zamboni WC, et al. Pharmacokinetic and pharmacodynamic

study of the combination of docetaxel and topotecan in patients
with solid tumors. J Clin Oncol 2000; 18: 3288–94. 

2. Brain EGC, et al. Life-threatening sepsis associated with adju-
vant doxorubicin plus docetaxel for intermediate-risk breast can-
cer. JAMA 2005; 293: 2367–71. 

3. Martin M, et al. Life-threatening complications from doxoru-
bicin-docetaxel chemotherapy for breast cancer. JAMA 2005;
294: 2166.

Pharmacokinetics
On intravenous dosage docetaxel is rapidly distributed
to body tissues. Docetaxel is more than 95% bound to
plasma proteins. It is extensively metabolised via he-
patic cytochrome P450 isoenzyme CYP3A4 and ex-
creted chiefly in the faeces as metabolites. Only about
6% of a dose is excreted in urine. The terminal elimi-
nation half-life is about 11 hours. Clearance is reduced
in hepatic impairment.
◊ References.
1. Rudek MA, et al. Factors affecting pharmacokinetic variability

following doxorubicin and docetaxel-based therapy. Eur J Can-
cer 2004; 40: 1170–8. 

2. Baker SD, et al. Clinical pharmacokinetics of docetaxel: recent
developments. Clin Pharmacokinet 2006; 45: 235–52. 

3. Tran A, et al. Pharmacokinetics and toxicity of docetaxel: role of
CYP3A, MDR1, and GST polymorphisms. Clin Pharmacol Ther
2006; 79: 570–80. 

4. Charles KA, et al. Predicting the toxicity of weekly docetaxel in
advanced cancer. Clin Pharmacokinet 2006; 45: 611–22.

Uses and Administration
Docetaxel is a semisynthetic taxane similar to paclitax-
el (see p.760). It is manufactured from a taxane precur-
sor derived from the needles of the European yew tree
Taxus baccata. Docetaxel is used for locally advanced
or metastatic breast cancer (p.661). It may be used as
first-line treatment with doxorubicin; in the treatment
of refractory disease, it is used alone or with capecitab-
ine. In the treatment of metastatic breast cancer that
overexpresses HER2 (human epidermal growth recep-
tor 2), docetaxel may be used with trastuzumab as ini-
tial therapy. For adjuvant treatment of operable, node-

positive breast cancer, docetaxel is given with doxoru-
bicin and cyclophosphamide. Docetaxel is also indicat-
ed for the treatment of locally advanced or metastatic
non-small cell lung cancer (p.668), either with cisplatin
for initial treatment of unresectable disease, or after
failure of previous platinum-based chemotherapy. It is
used with prednisone or prednisolone in hormone-
refractory metastatic prostate cancer (p.671). Docetax-
el is given with cisplatin and fluorouracil in the first-
line treatment of patients with metastatic gastric adeno-
carcinoma, including adenocarcinoma of the gastro-
oesophageal junction (p.664); it is also used in this
combination for the induction treatment of patients
with locally advanced squamous cell carcinoma of the
head and neck (p.666). 
Docetaxel is given by intravenous infusion in glucose
5% or sodium chloride 0.9% at a concentration not ex-
ceeding 0.74 mg/mL. Infusion is normally over 1 hour.
Premedication with an oral corticosteroid, such as dex-
amethasone 16 mg daily, for 3 days starting 1 day be-
fore docetaxel is recommended with many regimens. 
The licensed dose for docetaxel as a single agent in the
treatment of breast cancer after failure of previous
chemotherapy is 60 to 100 mg/m2 once every 3 weeks.
A dose of 75 mg/m2 once every 3 weeks is given in
combination therapy with doxorubicin, or capecitab-
ine, or when used as adjuvant therapy with doxorubicin
and cyclophosphamide. When used with trastuzumab,
docetaxel is given at a dose of 100 mg/m2 once every 3
weeks. 
The dose for non-small cell lung cancer is 75 mg/m2

once every 3 weeks, for both first-line combination
therapy and monotherapy after failure of previous
chemotherapy. 
For gastric adenocarcinoma docetaxel 75 mg/m2 is
given before cisplatin and fluorouracil; treatment is re-
peated every 3 weeks. 
In the induction treatment of head and neck cancer,
the recommended dose of docetaxel is 75 mg/m2, giv-
en before cisplatin and fluorouracil; treatment is given
every 3 weeks for 3 cycles, followed by chemoradio-
therapy, or for 4 cycles when followed by radiotherapy
alone. 
For prostate cancer, the dose of docetaxel is
75 mg/m2 once every 3 weeks, with prednisone or
prednisolone 5 mg orally twice daily given continu-
ously. The use of prednisone or prednisolone reduces
the need for a premedication corticosteroid; dexameth-
asone 8 mg may be given at 12 hours, 3 hours, and 1
hour before docetaxel. 
Regular blood counts are required, and dosage in sub-
sequent courses should be reduced in patients who ex-
perience severe or febrile neutropenia (see also Bone-
marrow Depression, p.639), or severe cutaneous reac-
tions or peripheral neuropathy. The dose of docetaxel
should be reduced in hepatic impairment, see below.
◊ References. For references to taxanes as a class, see Paclitaxel,
p.760.
1. Comer AM, Goa KL. Docetaxel: a review of its use in non-small

cell lung cancer. Drugs Aging 2000; 17: 53–80. 
2. Shepherd FA, et al. Prospective randomized trial of docetaxel

versus best supportive care in patients with non-small-cell lung
cancer previously treated with platinum-based chemotherapy. J
Clin Oncol 2000; 18: 2095–2103. 

3. Beer TM, et al. Docetaxel (Taxotere ) in the treatment of pros-
tate cancer. Expert Rev Anticancer Ther 2003; 3: 261–8. 

4. Herbst RS, Khuri FR. Mode of action of docetaxel–a basis for
combination with novel anticancer agents. Cancer Treat Rev
2003; 29: 407–15. 

5. Maenpaa JU. Docetaxel: promising and novel combinations in
ovarian cancer. Br J Cancer 2003; 89 (suppl): S29–S34. 

6. Tannock IF, et al. Docetaxel plus prednisone or mitoxantrone
plus prednisone for advanced prostate cancer. N Engl J Med
2004; 351: 1502–12. 

7. Petrylak DP, et al. Docetaxel and estramustine compared with
mitoxantrone and prednisone for advanced refractory prostate
cancer. N Engl J Med 2004; 351: 1513–20. 

8. Montero A, et al. Docetaxel for treatment of solid tumours: a
systematic review of clinical data. Lancet Oncol 2005; 6:
229–39. 

9. Martin M, et al. Adjuvant docetaxel for node-positive breast
cancer. N Engl J Med 2005; 352: 2302–13. 

10. Engels FK, et al. Potential for improvement of docetaxel-based
chemotherapy: a pharmacological review. Br J Cancer 2005;
93: 173–7. 
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11. McKeage K, Keam SJ. Docetaxel: in hormone-refractory meta-

static prostate cancer. Drugs 2005; 65: 2287–94. 
12. Lyseng-Williamson KA, Fenton C. Docetaxel: a review of its

use in metastatic breast cancer. Drugs 2005; 65: 2513–31. 
13. Ajani JA. Chemotherapy for advanced gastric or gastroesopha-

geal cancer: defining the contributions of docetaxel. Expert
Opin Pharmacother 2006; 7: 1627–31. 

14. Thuss-Patience PC, et al. Docetaxel in the treatment of gastric
cancer. Future Oncol 2006; 2: 603–20. 

15. Deeks ED, Scott LJ. Docetaxel: in gastric cancer. Drugs 2007;
67: 1893–1901.

Administration. Docetaxel has been investigated as a low-
dose weekly infusion, in patient groups such as the elderly, those
with poor performance status, or refractory disease.1-6 Weekly
doses of 30 to 40 mg/m2 are considered to be of similar efficacy
to the standard three-weekly dosage regimen.7 A pharmacokinet-
ic study in 20 elderly patients suggested that a suitable starting
dose might be 26 mg/m2, increased provided there was no toxic-
ity.8
1. Hainsworth JD, et al. Weekly docetaxel in the treatment of eld-

erly patients with advanced breast cancer: a Minnie Pearl Cancer
Research Network phase II trial. J Clin Oncol 2001; 19: 3500–5. 

2. Mekhail T, et al. Phase I trial of weekly docetaxel and gemcitab-
ine in patients with refractory malignancies. Cancer 2003; 97:
170–8. 

3. Petrioli R, et al. Weekly low-dose docetaxel in advanced non-
small cell lung cancer previously treated with two chemotherapy
regimens. Lung Cancer 2003; 39: 85–9. 

4. Di Maio M, et al. Individual patient data meta-analysis of do-
cetaxel administered once every 3 weeks compared with once
every week second-line treatment of advanced non-small-cell
lung cancer. J Clin Oncol 2007; 25: 1377–82. 

5. Abbrederis K, et al. Weekly docetaxel monotherapy for ad-
vanced gastric or esophagogastric junction cancer: results of a
phase II study in elderly patients or patients with impaired per-
formance status. Crit Rev Oncol Hematol 2008; 66: 84–90. 

6. Rivera E, et al. Phase 3 study comparing the use of docetaxel on
an every-3-week versus weekly schedule in the treatment of met-
astatic breast cancer. Cancer 2008; 112: 1455–61. 

7. Hainsworth JD. Practical aspects of weekly docetaxel adminis-
tration schedules. Oncologist 2004; 9: 538–45. 

8. Hurria A, et al. Pharmacokinetics and toxicity of weekly do-
cetaxel in older patients. Clin Cancer Res 2006; 12: 6100–5.

Administration in hepatic impairment. UK licensed prod-
uct information recommends that doses of docetaxel monothera-
py should be reduced from 100 mg/m2 to 75 mg/m2 in mild to
moderate hepatic impairment, defined as alanine aminotrans-
ferase (ALT/SGPT) and/or aspartate aminotransferase
(AST/SGOT) more than 1.5 times the upper limit of normal
(ULN), and alkaline phosphatase more than 2.5 times the ULN.
Hepatic function should be monitored; use should be avoided if
possible in severe hepatic impairment. US licensed information
advises against the use of docetaxel in patients with bilirubin
above ULN, or in those with mild to moderate hepatic impair-
ment (defined as for the UK, above).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Asodocel; Docekebir; Dolectran; Donataxel; Doxetal; Doxmil†; Eriox;
Neocel†; Plustaxano; Taxotere; Texot; Trazoteva; Trixotene†; Austral.:
Taxotere; Austria: Taxotere; Belg.: Taxotere; Braz.: Taxotere; Canad.:
Taxotere; Chile: Taxotere; Cz.: Taxotere; Denm.: Taxotere; Fin.: Taxo-
tere; Fr.: Taxotere; Ger.: Taxotere; Gr.: Taxotere; Hong Kong: Taxotere;
Hung.: Taxotere; India: Daxotel; Docetax; Indon.: Taxotere; Irl.: Taxo-
tere; Israel: Taxotere; Ital.: Taxotere; Jpn: Taxotere; Malaysia: Taxotere;
Mex.: Taxotere; Neth.: Taxotere; Norw.: Taxotere; NZ: Taxotere;
Philipp.: Taxotere; Pol.: Taxotere; Port.: Taxotere; Rus.: Tautax
(Таутакс); Taxotere (Таксотер); S.Afr.: Taxotere; Singapore: Taxotere;
Spain: Taxotere; Swed.: Taxotere; Switz.: Taxotere; Thai.: Daxotel†; Tax-
otere; Turk.: Taxotere; UK: Taxotere; USA: Taxotere; Venez.: Daxotel;
Taxotere.

Doxifluridine (rINN)

5′-Deoxy-5-fluorouridine; 5-DFUR; Doxifluridina; Doxifluridi-
num; FUDR; Ro-21-9738.
Доксифлуридин
C9H11FN2O5 = 246.2.
CAS — 3094-09-5.

Pharmacopoeias. In Jpn.
Profile
Doxifluridine is an antineoplastic that probably acts through its
conversion in the body to fluorouracil (p.722). It is given orally
in the management of malignant neoplasms of the breast (p.661)

and gastrointestinal tract (p.664), and of other solid tumours, in
doses of 0.8 to 1.2 g daily in divided doses. It has also been given
by the intravenous route.
Pharmacokinetics. Doxifluridine is metabolised to fluorour-
acil and 5,6-dihydrofluorouracil. It is orally active with a bioa-
vailability of 34 to 47%. 
References.
1. Sommadossi J-P, et al. Kinetics and metabolism of a new fluor-

opyrimidine, 5′-deoxy-5-fluorouridine, in humans. Cancer Res
1983; 43: 930–3. 

2. Van Der Heyden SAM, et al. Pharmacokinetics and bioavailabil-
ity of oral 5′-deoxy-5-fluorouridine in cancer patients. Br J Clin
Pharmacol 1999; 47: 351–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Furtulon.

Doxorubicin (BAN, USAN, rINN)

Adriamycin; Doksorubisiini; Doxorubicina; Doxorubicine; Doxo-
rubicinum; FI-106; 3-Hydroxyacetyldaunorubicin; 14-Hydroxy-
daunomycin. 8-Hydroxyacetyl (8S,10S)-10-[(3-amino-2,3,6-
trideoxy-α-L-lyxo-hexopyranosyl)oxy]-6,8,11-trihydroxy-1-
methoxy-7,8,9,10-tetrahydronaphthacene-5,12-dione.
Доксорубицин
C27H29NO11 = 543.5.
CAS — 23214-92-8.
ATC — L01DB01.
ATC Vet — QL01DB01.

NOTE. In many countries the name Adriamycin is a trademark.

Doxorubicin Citrate (BANM, rINNM)

Citrato de doxorubicina; Doxorubicine, Citrate de; Doxorubici-
ni Citras.
Доксорубицина Цитрат
C27H29NO11,xC6H8O7.
CAS — 111266-55-8.
ATC — L01DB01.
ATC Vet — QL01DB01.

NOTE. Doxorubicin citrate complex is a constituent of some lipo-
somal products. It is prepared from doxorubicin hydrochloride
(below).

Doxorubicin Hydrochloride (BANM, rINNM)

Cloridrato de Doxorrubicina; Doksorubicino hidrochloridas;
Doksorubicyny chlorowodorek; Doksorubisiinihydrokloridi;
Doksorubisin Hidroklorür; Doxorubicine, chlorhydrate de; Dox-
orubicin-hidroklorid; Doxorubicin-hydrochlorid; Doxorubicinhy-
droklorid; Doxorubicini hydrochloridum; Hidrocloruro de doxo-
rubicina; NSC-123127.
Доксорубицина Гидрохлорид
C27H29NO11,HCl = 580.0.
CAS — 25316-40-9.
ATC — L01DB01.
ATC Vet — QL01DB01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Doxorubicin Hydrochloride). The hydrochloride
of a substance isolated from certain strains of Streptomyces coer-
uleorubidus or S. peucetius or obtained by any other means. It
contains between 98 and 102% of the hydrochloride, calculated
on the anhydrous substance. An orange-red, hygroscopic, crys-
talline powder. Soluble in water; slightly soluble in methyl alco-
hol. A 0.5% solution in water has a pH of 4.0 to 5.5. Store in air-
tight containers. 
USP 31 (Doxorubicin Hydrochloride). A red-orange, hygro-
scopic, crystalline or amorphous powder. It contains not less than
98% and not more than 102% of C27H29NO11,HCl, calculated on
the anhydrous, solvent-free basis. Soluble in water, in sodium
chloride 0.9%, and in methyl alcohol; practically insoluble in
chloroform, in ether, and in other organic solvents. A 0.5% solu-
tion in water has a pH of 4.0 to 5.5. Store in airtight containers. It
may exist in an amorphous form, which should be stored at −25°
to −10°.

Incompatibility. Admixture of doxorubicin hydrochloride
with cefalotin sodium, dexamethasone, diazepam, or hydrocorti-
sone sodium succinate is reported to result in immediate precip-
itation;1 similarly precipitation has occurred when doxorubicin
hydrochloride was mixed with furosemide or heparin sodium.2 A
mixture of fluorouracil or aminophylline with doxorubicin hy-
drochloride is reported to darken in colour from red to purple,
indicating degradation of doxorubicin.1 For mention of the com-
patibility of doxorubicin with paclitaxel, see p.759. 
Liposomal doxorubicin differs in its incompatibilities from con-
ventional formulations: whereas the latter are reportedly incom-
patible with allopurinol, cefepime, and ganciclovir, there was no
visual evidence of this with the liposomal formulation. However,
it was incompatible with a number of drug solutions including
amphotericin B, docetaxel, gallium nitrate, hydroxyzine hydro-
chloride, metoclopramide hydrochloride, miconazole, mito-
xantrone hydrochloride, morphine sulfate and some other
opioids, paclitaxel, sodium bicarbonate, and some antibacterials.3
1. Dorr RT. Incompatibilities with parenteral anticancer drugs. Am

J Intravenous Ther 1979; 6: 42–52. 
2. Cohen MH, et al. Drug precipitation within IV tubing: a poten-

tial hazard of chemotherapy administration. Cancer Treat Rep
1985; 69: 1325–6. 

3. Trissel LA, et al. Compatibility of doxorubicin hydrochloride li-
posome injection with selected other drugs during simulated Y-
site administration. Am J Health-Syst Pharm 1997; 54: 2708–13.

Stability. Although sensitive to light at low concentrations, dox-
orubicin is not subject to significant photodegradation at clinical
concentrations and special precautions to protect solutions from
light during administration do not appear to be necessary.1,2 So-
lutions in sodium chloride solution 0.9% were reported3 to be
stable for 24 days when stored in PVC minibags at 25° and for
even longer if stored in minibags or polypropylene syringes at 4°.
Stability in solution seems to be partly related to pH, with doxo-
rubicin becoming more stable3-5 at acid pH. A fall in pH of the
solution also significantly decreases the loss of doxorubicin by
adsorption and precipitation onto the surface of a positively-
charged in-line filter.6 
Some liposomal doxorubicin formulations should be diluted
only with glucose 5%. If not used immediately, they may be
stored for 24 hours at 2° to 8°.
1. Tavoloni N, et al. Photolytic degradation of adriamycin. J Pharm

Pharmacol 1980; 32: 860–2. 
2. Wood MJ, et al. Photodegradation of doxorubicin, daunorubicin

and epirubicin measured by high-performance liquid chromatog-
raphy. J Clin Pharm Ther 1990; 15: 291–300. 

3. Wood MJ, et al. Stability of doxorubicin, daunorubicin and epi-
rubicin in plastic syringes and minibags. J Clin Pharm Ther
1990; 15: 279–89. 

4. Poochikian GK, et al. Stability of anthracycline antitumor agents
in four infusion fluids. Am J Hosp Pharm 1981; 38: 483–6. 

5. Beijnen JH, et al. Stability of anthracycline antitumour agents in
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drugs to a 96 hour intravenous filter. Pharm J 1991; 247: R26.

Adverse Effects and Treatment
For general discussions see Antineoplastics, p.635 and
p.639. 
Doxorubicin and other anthracyclines cause pro-
nounced bone-marrow depression, which may be
dose-limiting. White cell count reaches a nadir 10 to 15
days after a dose and usually recovers by about 21
days. 
The anthracyclines may produce cardiac toxicity, both
as an acute, usually transient disturbance of cardiac
function marked by ECG abnormalities and, some-
times, arrhythmias; and as a delayed, sometimes fatal,
irreversible congestive heart failure, which may occur
suddenly. Severe cardiotoxicity is more likely in adults
receiving total cumulative doses of doxorubicin greater
than 450 to 550 mg/m2, and may occur months or even
years after use. 
Gastrointestinal disturbances include moderate or
sometimes severe nausea and vomiting; stomatitis and
oesophagitis may progress to ulceration. More rarely,
facial flushing, conjunctivitis, and lachrymation may
occur. Alopecia occurs in the majority of patients. The
urine may be coloured red. Occasional hypersensitivity
reactions may occur. Hyperuricaemia may occur due to
tumour lysis syndrome. 
Doxorubicin and other anthracyclines are very irritant
and thrombophlebitis and streaking of the skin over the
vein used for injection has been reported; extravasation
is serious and may produce extensive local necrosis
and ulceration. Intravesical instillation can cause blad-
der and urethral irritation, haematuria, and haemor-
rhagic cystitis. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Combination therapy including doxorubicin has rarely
been associated with secondary acute myeloid leukae-
mia (see also Carcinogenicity, p.635). 
Formulations of liposomal doxorubicin may be associ-
ated with a reduced potential for local tissue necrosis,
and possibly a reduced incidence of cardiotoxicity, al-
though current clinical experience is limited, and such
toxicity remains a possibility. Conversely, palmar-
plantar erythrodysesthesia (p.639) appears to be more
common, and may be dose-limiting. In addition, an
acute pseudo-allergic reaction may be seen on initial
infusion, but generally resolves on slowing or tempo-
rarily stopping the infusion.
Effects on the heart. Cardiotoxicity has been a major factor in
limiting the use of the anthracyclines, doxorubicin and daunoru-
bicin.1-5 Toxicity is essentially of 2 kinds: acute, usually reversi-
ble ECG changes, including a wide range of arrhythmias, and a
delayed, usually irreversible dose-related cardiomyopathy, re-
sulting in congestive heart failure.3-5 The latter may be further
subdivided into chronic effects, occurring up to about a year af-
terwards, and late-onset toxicity occurring years after treatment.4
Delayed toxicity may be fatal in as many as 60% of patients who
develop it.2 
The single most important determinant of cardiac toxicity ap-
pears to be the cumulative dose, with the risk of toxicity becom-
ing ever greater at cumulative doxorubicin doses of 550 mg/m2

or more,2 and daunorubicin doses of 600 mg/m2 or more.1 How-
ever, patients vary widely in sensitivity,4 and these values repre-
sent relatively arbitrary choices on a continuum of risk: there is
no single safe dose.2 Even at doses that produce no symptoms,
subclinical myocardial damage may occur, and in children this
may result in diminished cardiac reserve and heart disease in lat-
er life.3,6,7 The dosage schedule also appears to be important; rel-
atively high single doses on an infrequent schedule (presumably
resulting in higher peak concentrations) appear to be more cardi-
otoxic than lower, weekly doses, or continuous infusion.2,3,5,8-10

Cardiotoxicity is also reported to be more likely in children and
elderly patients, and in those who have received prior radiother-
apy to the chest.1-5 There is reason to believe that previous cardi-
ovascular disease may also increase the risk,2-4 although such
patients are commonly excluded from studies of anthracycline
therapy.2 Females may be at greater risk than males.11 Use with
cyclophosphamide, trastuzumab, or other antineoplastics with
cardiotoxic potential may increase the likelihood of cardiomyop-
athy. 
The late development of cardiac toxicity is of some concern: al-
though in one study the mean time to development of symptoms
was 33 days after a dose, with a range of 0 to 231 days,2 several
reports have indicated that late cardiac failure may occur up to 18
years after anthracycline therapy.4,12,13 
Prevention. Given that doxorubicin-induced cardiac failure has
been reported to occur in between 0.4 and 9% of all recipients,
and that the fatality rate is high, much effort has gone into ways
of predicting and preventing anthracycline-induced cardiotoxic-
ity. Although ECG changes are commonly monitored, most of
the changes are not predictive of cardiomyopathy and severe car-
diac toxicity can occur without ECG changes. However, a per-
sistent reduction in the voltage of the QRS wave is generally in-
dicative of the need to perform further tests. Non-invasive
cardiac monitoring, by means of echocardiography or radionu-
clide angiography, is useful in predicting the development of car-
diomyopathy, but may give normal results until damage is quite
advanced; sensitivity may be improved with exercise stress
tests.3-5 Endomyocardial biopsy is the most sensitive indicator of
cardiomyopathy, but it is invasive and not widely available. The
Childrens Cancer Study Group14 has issued guidelines for mon-
itoring using ECG, echocardiography, and radionuclide angi-
ocardiography in patients receiving anthracyclines. The role of
such techniques in predicting late-onset cardiotoxicity remains to
be clarified.4 There is some preliminary evidence to suggest that
concentrations of cardiac troponins and natriuretic peptides
could be used as predictive markers of myocardial damage.15 
Dexrazoxane (p.1443) has shown some protective effect against
the cardiotoxicity of doxorubicin and other anthracyclines, and is
used to reduce cardiomyopathy in women receiving doxorubicin
for metastatic breast cancer. 
Alteration of the dosage schedule to weekly rather than three-
weekly dosage, or the use of continuous infusion, has also been
advocated as a way of reducing doxorubicin cardiotoxicity,8-10 as
has giving anthracyclines formulated in liposomes.4 
Several anthracycline derivatives have been developed with the
aim of reducing the inherent cardiotoxicity of this class of com-
pounds, including aclarubicin (p.676), epirubicin (p.716), and
mitoxantrone (p.754). However, although this strategy has met
with some success, almost all these compounds exhibit some de-
gree of cardiotoxicity. 
Treatment. The result of treatment for such cardiotoxicity has
generally been poor. Options have included digoxin, diuretics,
low-salt diet, and bed rest. However, beta blockers may be use-

ful, and results in patients with epirubicin-induced
cardiotoxicity16 have indicated that treatment with an ACE in-
hibitor can improve cardiac function and survival. Study is un-
derway to determine whether ACE inhibitors can also prevent
the initial toxicity if given immediately after an anthracycline.17

Heart transplantation has been used.5
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Effects on the liver. Hepatitis and non-specific hepatocellular
damage has been reported in patients receiving doxorubicin as
part of combination therapy.1 A characteristic hepatotoxicity can
also be produced by the combination of radiotherapy with doxo-
rubicin.2
1. Avilés A, et al. Hepatic injury during doxorubicin therapy. Arch

Pathol Lab Med 1984; 108: 912–13. 
2. Price LA. Surviving malignant disease: medical and oncological

aspects. Br J Hosp Med 1983; 30: 8–12.

Effects on the skin and nails. Hyperpigmentation has oc-
curred in patients given daunorubicin, doxorubicin, or idaru-
bicin.1-6 Reports described pigmentation of the skin and trans-
verse hyperpigmented bands of the nails. Effects on the skin
resolved over several weeks, and bands on the nails moved with
normal nail growth. Dark-skinned patients appear to be more
susceptible to this adverse effect. Biopsy has found an increase
in melanin granules in the affected tissues. An unusual blue-grey
pigmentation of the face was reported in a patient given doxoru-
bicin.7 
For specific reference to treatment of alopecia caused by doxoru-
bicin, and for extravasation, see p.639.
1. Kelly TM, et al. Hyperpigmentation with daunorubicin therapy.

Arch Dermatol 1984; 120: 262–3. 
2. Kumar L, Kochupillai V. Doxorubicin induced hyperpigmenta-

tion. N Z Med J 1990; 103: 165. 
3. Curran CF. Doxorubicin-associated hyperpigmentation. N Z Med

J 1990; 103: 517. 
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chemotherapy. J Am Acad Dermatol 1992; 26: 255–6. 
5. Borecky DJ, et al. Idarubicin-induced pigmentary changes of the

nails. Cutis 1997; 59: 203–4. 
6. Kroumpouzos G, et al. Generalized hyperpigmentation with dau-

norubicin chemotherapy. J Am Acad Dermatol 2002; 46 (suppl):
S1–S3. 

7. Konohana A. Blue-gray pigmentation in a patient receiving dox-
orubicin. J Dermatol 1992; 19: 250–2.

Palmar-plantar erythrodysesthesia syndrome. Discus-
sion of palmar-plantar erythrodysesthesia syndrome (p.639) as-
sociated with the use of liposomal doxorubicin, and recommen-
dations for its management.1 The most effective way of
preventing the syndrome was to maintain doses at not more than
10 mg/m2 weekly (typically as a single infusion of 40 mg/m2

every 4 weeks). At such doses, the syndrome, if it occurred was
typically mild and easily managed. Dose-intensity modification
was also thought likely to be beneficial in managing the syn-
drome if it developed, although evidence to support this was
lacking.
1. von Moos R, et al. Pegylated liposomal doxorubicin-associated

hand-foot syndrome: recommendations of an international panel
of experts. Eur J Cancer 2008; 44: 781–90.

Precautions
For a general discussion see Antineoplastics, p.641. 
Doxorubicin and other anthracyclines are generally
contra-indicated in patients with heart disease. The to-
tal cumulative dose should be limited, and cardiac
function should be monitored during treatment (see Ef-
fects on the Heart, above). Blood counts should be
monitored and doses should not be repeated while
there is bone-marrow depression or ulceration of the
mouth. Doxorubicin should be given with great care in
reduced doses to patients with hepatic impairment;
dosage reduction may also be necessary in children and
the elderly. Extravasation results in severe tissue dam-
age and doxorubicin and other anthracyclines should
not be given by intramuscular or subcutaneous injec-
tion. The adverse effects of irradiation may be en-
hanced by doxorubicin and skin reactions previously
induced by radiotherapy may recur; the maximum cu-
mulative dose should be reduced to no more than
400 mg/m2 in patients who have received radiotherapy
to the chest or heart. Different liposomal formulations
may not be interchangeable with conventional formu-
lations, or with each other.
Breast feeding. Doxorubicin and its metabolites have been de-
tected in breast milk.1 The American Academy of Pediatrics
considers2 that doxorubicin is concentrated in breast milk, that it
may possibly cause immune suppression in the infant, has
unknown effects on growth, and an association with carcinogen-
esis.
1. Egan PC, et al. Doxorubicin and cisplatin excretion into human

milk. Cancer Treat Rep 1985; 69: 1387–9. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 29/06/04)

Handling and disposal. Doxorubicin hydrochloride is irritant;
avoid contact with skin and mucous membranes. 
A method for the destruction of doxorubicin or daunorubicin
wastes using sulfuric acid and potassium permanganate.1 Resi-
dues produced by degradation of daunorubicin by this method
showed no mutagenicity in vitro; some mutagenicity was seen
with high concentrations of residues from doxorubicin. 
Urine and faeces produced for up to 7 days after a dose of doxo-
rubicin should be handled wearing protective clothing.2

1. Castegnaro M, et al., eds. Laboratory decontamination and de-
struction of carcinogens in laboratory wastes; some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Pregnancy. Although doxorubicin has been reported to be
undetectable in amniotic fluid1,2 it has been found in fetal tissue
(liver, kidney, and lungs) at concentrations several times those in
maternal plasma,2 indicating that it does cross the placenta. The
effect of anthracyclines on the outcome of 160 pregnancies has
been analysed.3 Most women had received combination chemo-
therapy that included doxorubicin or daunorubicin, for haemato-
logical malignancies or breast cancer. Most outcomes (73%)
were normal. There were 5 malformations, most often associated
with regimens that also included antimetabolites or alkylating
agents; the malformations were highly variable. Fetal toxicity
was associated with chemotherapy use for solid tumours during
the first trimester, and the risk of severe fetal toxicity was signif-
icantly increased with doxorubicin doses above 70 mg/m2 per
cycle. Fetal cardiac toxicity occurred in 2 cases and was associ-
ated with anthracycline use during the second and third trimes-
ters. It has been suggested that the use of epirubicin may reduce
the risk of fetal myocardiopathy. Fetal death was more frequent
in women with acute leukaemia; it was associated with disease
progression and the authors recommended that chemotherapy
should not be postponed.
1. Roboz J, et al. Does doxorubicin cross the placenta? Lancet

1979; ii: 1382–3. 
2. D’Incalci M, et al. Transplacental passage of doxorubicin. Lan-

cet 1983; i: 75. 
3. Germann N, et al. Anthracyclines during pregnancy: embryo–fe-

tal outcome in 160 patients. Ann Oncol 2004; 15: 146–50.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. The cumulative dose of doxorubicin
should be reduced in patients who have received other
cardiotoxic drugs such as daunorubicin or cyclophos-
phamide. Doxorubicin is reported to inhibit the intrac-
ellular activation of stavudine and hence its antiviral
effect.
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Antibacterials. Hypersensitivity reactions to doxorubicin or
daunorubicin have been reported in 2 patients with recent expo-
sure to clindamycin, one of whom had exhibited hypersensitivity
to that antibiotic.1 The possibility of cross-sensitivity between
anthracyclines and clindamycin should be considered.
1. Arena FP, Sherlock S. Doxorubicin hypersensitivity and clin-

damycin. Ann Intern Med 1990; 112: 150.

Antineoplastics. Giving doxorubicin with or after drugs, such
as streptozocin1 or methotrexate,2 that can impair hepatic func-
tion, has resulted in increased doxorubicin toxicity, possibly due
to reduced hepatic clearance. A high incidence of cardiotoxicity
(manifest as congestive heart failure) has been reported in pa-
tients given doxorubicin with paclitaxel (which also has cardio-
toxic effects).3 Any interaction may be schedule dependent.4
Similarly an increased incidence of cardiotoxicity has been seen
when trastuzumab was given with or after anthracyclines (see
Effects on the Heart under Trastuzumab, p.782). 
Valspodar inhibits P-glycoprotein, and a pharmacokinetic study5

found that it decreased clearance of doxorubicin and prolonged
the terminal half-life, increasing exposure to doxorubicin and
myelosuppressive effects. The authors suggested that the dose of
doxorubicin might need to be reduced by about 60%. 
Sorafenib may increase systemic exposure to doxorubicin. 
For a suggestion that doxorubicin might enhance the hepatotox-
icity of mercaptopurine, see under Daunorubicin Hydrochloride,
p.709. 
For a report of an increased incidence of febrile neutropenia and
gastrointestinal complications when doxorubicin is used with
docetaxel, see Antineoplastics, under Docetaxel, p.711. 
In a pharmacokinetic study, both paclitaxel and docetaxel in-
creased exposure to liposomal doxorubicin, although the effect
was less pronounced with docetaxel.6

1. Anonymous. Two drugs may not be better than one. JAMA 1976;
236: 913. 

2. Robertson JH, et al. Toxicity of doxorubicin and methotrexate in
osteogenic sarcoma. BMJ 1976; 1: 23. 

3. Gianni L, et al. Paclitaxel by 3-hour infusion in combination
with bolus doxorubicin in women with untreated metastatic
breast cancer: high antitumor efficacy and cardiac effects in a
dose-finding and sequence-finding study. J Clin Oncol 1995; 13:
2688–99. 

4. Danesi R, et al. Pharmacokinetic optimisation of treatment
schedules for anthracyclines and paclitaxel in patients with can-
cer. Clin Pharmacokinet 1999; 37: 195–211. 

5. Advani R, et al. A phase I trial of doxorubicin, paclitaxel, and
valspodar (PSC 833), a modulator of multidrug resistance. Clin
Cancer Res 2001; 7: 1221–9. 

6. Briasoulis E, et al. Interaction pharmacokinetics of pegylated li-
posomal doxorubicin (Caelyx) on coadministration with paclit-
axel or docetaxel. Cancer Chemother Pharmacol 2004; 53:
452–7.

Immunosuppressants. Increased plasma-doxorubicin con-
centrations and myelotoxicity have occurred when ciclosporin
was used to modulate tumour resistance.1 Severe neurological
toxicity occurred in another patient given doxorubicin after long-
term ciclosporin therapy.2 It has been suggested that the use of
ciclosporin or its analogues (see Antineoplastics, above for the
effect of valspodar) to modulate doxorubicin resistance should
be undertaken with caution.3

1. Rushing DA, et al. The effects of cyclosporine on the pharma-
cokinetics of doxorubicin in patients with small cell lung cancer.
Cancer 1994; 74: 834–41. 

2. Barbui T, et al. Neurological symptoms and coma associated
with doxorubicin administration during chronic cyclosporin
therapy. Lancet 1992; 339: 1421. 

3. Beck WT, Kuttesch JF. Neurological symptoms associated with
cyclosporin plus doxorubicin. Lancet 1992; 340: 496.

Thalidomide. In a comparison of two treatment regimens for
multiple myeloma (thalidomide, dexamethasone, cisplatin, cy-
clophosphamide, and etoposide, with or without doxorubicin),
there was an increased risk of deep-vein thrombosis in those pa-
tients who received the combination that included doxorubicin.1
The authors cited a previous study2 in which the addition of tha-
lidomide to an antineoplastic regimen increased the risk of deep-
vein thrombosis, and concluded that patients with multiple mye-
loma treated with the combination of doxorubicin and thalido-
mide are at increased risk.
1. Zangari M, et al. Thrombogenic activity of doxorubicin in mye-

loma patients receiving thalidomide: implications for therapy.
Blood 2002; 100: 1168–71. 

2. Zangari M, et al. Increased risk of deep-vein thrombosis in pa-
tients with multiple myeloma receiving thalidomide and chemo-
therapy. Blood 2001; 98: 1614–15.

Pharmacokinetics
After intravenous injection, doxorubicin is rapidly
cleared from the blood, and distributed into tissues in-
cluding lungs, liver, heart, spleen, and kidneys. It un-
dergoes rapid metabolism in the liver to metabolites in-
cluding the active metabolite doxorubicinol
(adriamycinol). About 40 to 50% of a dose is stated to
be excreted in bile within 7 days, of which about half is
as unchanged drug. Only about 5% of a dose is excret-

ed in urine within 5 days. It does not cross the blood-
brain barrier but may cross the placenta and is distrib-
uted into breast milk. The disappearance of doxoru-
bicin from the blood is triphasic: mean half-lives are 12
minutes, 3.3 hours and about 30 hours. 
The pharmacokinetics of liposomal formulations are
somewhat different from the conventional drug. The
use of macrogols in the surface layer of the liposomes
(pegylation) reduces removal of liposomes by macro-
phages. This results in prolonged circulation in the
plasma, with relatively little tissue distribution, but tu-
mour neovasculature is reported to permit penetration
of liposomes into tumour tissue. Pharmacokinetics are
reported to be biphasic with mean half-lives of 5 hours
and 55 to 75 hours respectively. A non-pegylated lipo-
somal formulation also exists and is reported to pro-
duce higher peak plasma concentrations of total doxo-
rubicin than conventional formulations, but lower free
(not liposome-encapsulated) concentrations. Clear-
ance is reduced, and peak plasma concentrations of
doxorubicinol delayed.
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Uses and Administration
Doxorubicin is an anthracycline antineoplastic antibi-
otic. It is thought to have multiple modes of action in-
cluding intercalation of DNA leading to an inhibition
of DNA and RNA synthesis, inhibition of topoisomer-
ase II, free radical formation, and alterations in cell
membranes. Doxorubicin is a cell-cycle non-specific
agent. It also has antibacterial and immunosuppressant
properties. 
Doxorubicin is effective against a wide range of tu-
mours as indicated by the cross-references given be-
low. Doxorubicin is used, often with other antineoplas-
tics, in the treatment of Hodgkin’s disease, non-
Hodgkin’s lymphomas, acute leukaemias, bone and
soft-tissue sarcomas, neuroblastoma, Wilms’ tumour,
and malignant neoplasms of the bladder, breast, lung,
ovary, and stomach. It has also been used in other tu-
mours. Liposomal doxorubicin is used in the manage-
ment of Kaposi’s sarcoma in patients with AIDS, for
the treatment of metastatic breast and ovarian cancers,
and with bortezomib for the treatment of multiple my-
eloma. 
Doxorubicin hydrochloride is given by intravenous in-
jection into a fast-running infusion of sodium chloride
0.9% or glucose 5% over 3 minutes or more. When
used as a single agent, the dose is 60 to 75 mg/m2, or
1.2 to 2.4 mg/kg, once every 3 weeks. Alternatively,
doses of 20 to 25 mg/m2 have been given daily for 3
days every 3 weeks, although dividing the dose in this
way may increase the incidence of mucositis. A regi-
men of 20 mg/m2 as a single weekly dose may be used,
and is reported to be associated with a lower incidence
of cardiotoxicity. 
Doses may need to be reduced if doxorubicin is given
with other antineoplastics: a dose of 30 to 60 mg/m2

every 3 weeks has been suggested. Doses should also
be reduced in patients with liver dysfunction (see be-
low). 

The maximum total dose should not exceed 450 to
550 mg/m2; in patients who have received radiothera-
py to the chest, or other cardiotoxic drugs, it may be
advisable to further limit the total dose. 
In the management of AIDS-related Kaposi’s sarcoma
pegylated liposomal doxorubicin hydrochloride is giv-
en in an intravenous dose of 20 mg/m2 infused over 30
minutes once every 2 to 3 weeks. For the treatment of
breast and ovarian cancers, the suggested dose of this
liposomal formulation is 50 mg/m2 infused over 1 hour
once every 4 weeks. In the treatment of multiple mye-
loma, liposomal doxorubicin hydrochloride is given at
a dose of 30 mg/m2 on day 4 of the bortezomib regi-
men (see p.689); it is given as an infusion over 1 hour
immediately after the bortezomib infusion. In all these
conditions, treatment should be continued for as long
as the patient responds satisfactorily and tolerates treat-
ment. The pegylated liposomal formulation should be
diluted only with glucose 5%; generally, doses below
90 mg are diluted in 250 mL, and doses over 90 mg are
diluted in 500 mL. 
A non-pegylated liposomal formulation is also availa-
ble and contains a doxorubicin citrate complex pre-
pared with the aid of doxorubicin hydrochloride. It is
given in the treatment of metastatic breast cancer in
doses equivalent to doxorubicin hydrochloride 60 to
75 mg/m2 every 3 weeks, with cyclophosphamide
600 mg/m2. Doses are given by intravenous infusion
over 1 hour, diluted in sodium chloride 0.9% or glu-
cose 5% to a final concentration of 0.4 to 1.2 mg/mL
doxorubicin. 
Blood counts should be made routinely during treat-
ment with doxorubicin (see also Bone-marrow De-
pression, p.639) and cardiac function should be moni-
tored at regular intervals for early signs of
cardiotoxicity. 
Doxorubicin hydrochloride has also been instilled into
the bladder in the local treatment of malignant neo-
plasms. For this purpose 50 mL of a 1 mg/mL solution
may be instilled into the bladder for about one hour;
treatment may be given at weekly to monthly intervals.
Doxorubicin has also been given intra-arterially. 
Various novel formulations of doxorubicin have been
investigated. Doxorubicin with carbon/iron carrier par-
ticles (MTC-DOX) is a magnetically targeted treat-
ment, using an external magnet to keep the drug at the
tumour site, that has been investigated for hepatocellu-
lar carcinoma. A polymer of doxorubicin and polyiso-
hexylcyanoacrylate in nanoparticle form is under in-
vestigation for the treatment of hepatocellular
carcinoma. Doxorubicin-eluting beads, for injection
directly into the brain, are under investigation for the
treatment of glioma.
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6. Thigpen JT, et al. Role of pegylated liposomal doxorubicin in
ovarian cancer. Gynecol Oncol 2005; 96: 10–18. 

7. Soloman R, Gabizon AA. Clinical pharmacology of liposomal
anthracyclines: focus on pegylated liposomal doxorubicin. Clin
Lymphoma Myeloma 2008; 8: 21–32. 

8. Patil RR, et al. Engineered nanocarriers of doxorubicin: a current
update. Crit Rev Ther Drug Carrier Syst 2008; 25: 1–61.

Administration in hepatic impairment. Doses of doxoru-
bicin should be adjusted as follows in patients with liver dysfunc-
tion: 
• serum-bilirubin concentrations of 12 to 30 micrograms/mL:

half the normal dose 
• serum-bilirubin greater than 30 micrograms/mL: quarter of

the usual dose. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Slightly different schedules may apply to liposomal products but
may vary between preparations.

Amyloidosis. For mention of the use of doxorubicin in patients
with amyloidosis (and of the increased risk this may carry in car-
diac amyloidosis) see p.743.

Malignant neoplasms. Doxorubicin plays a major role in
combination regimens for chemotherapy of solid malignancies;
it is often employed for tumours of the breast and lung (see p.661
and p.668) and for Wilms’ tumour and neuroblastoma or retino-
blastoma in children (see p.667, p.674, and p.675) and has been
used for malignancies of the bladder (p.659); for various gynae-
cological cancers including those of the endometrium, and ovary
(see p.663, and p.670); for cancer of the liver, stomach, and pan-
creas (p.667, p.664, p.671); and for neoplasms of prostate, and
thymus (p.671 and p.674). It is also used in the treatment of sar-
comas of bone and soft-tissue (see p.675 and p.676) and lipo-
somal doxorubicin is used in patients with Kaposi’s sarcoma (see
p.675). 
In addition, doxorubicin is a component of the ABVD regimen
used to treat Hodgkin’s disease (see p.655) and is part of the
CHOP regimen used for non-Hodgkin’s lymphoma (p.656).
Doxorubicin is also used in Burkitt’s lymphoma (p.657), myco-
sis fungoides (p.657), and the lymphomas associated with AIDS
(see p.657). It has been employed in acute lymphoblastic leukae-
mia (p.651), in chronic lymphocytic leukaemia as part of the
CHOP regimen (though with uncertain benefit—see p.653), and
in multiple myeloma (p.658).

Preparations
BP 2008: Doxorubicin Injection; 
USP 31: Doxorubicin Hydrochloride for Injection; Doxorubicin Hydro-
chloride Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Adriblastina; Caelyx†; Colhidrol; Dicladox; Doxocris; Doxokebir ;
Doxopeg; Doxorbin†; Doxtie; Flavicina†; Nagun; Onkostatil; Ranxas†; Rox-
orin; Varidoxo; Austral.: Caelyx; Austria: Adriblastin; Caelyx; DOXO-Cell;
Doxolem; Doxorubin; Myocet; Belg.: Adriblastina; Caelyx; Doxorubin; My-
ocet; Braz.: Adriblastina; Biorrub; Caelyx; Doxofil†; Doxolem; Neoxane†;
Rubex; Rubidox; Canad.: Caelyx; Myocet; Chile: Adriblastina; Caelyx;
Daxotel; Cz.: Adriblastina; Caelyx; Doxolem; Myocet; Rastocin†; Denm.:
Caelyx; Fin.: Caelyx; Fr.: Adriblastine; Caelyx; Myocet; Ger.: Adriblastin;
Adrimedac; Caelyx; DOXO-Cell; Myocet; Onkodox; Ribodoxo-L; Gr.:
Adriblastina; Caelyx; Doxorubin; Doxotil; Myocet; Rubidox; Hong Kong:
Caelyx; Hung.: Adriblastina; Caelyx; Myocet; Pallagicin†; India: Adrim†;
Cadria; Duxocin; Oncodox; Indon.: Caelyx; Pallagicin; Rubidox; Irl.: Caelyx;
Myocet; Israel: Adriblastina; Caelyx†; Doxil; Ital.: Adriblastina; Caelyx; My-
ocet; Jpn: Adriacin; Malaysia: Caelyx; Doxorubin; Mex.: Adriblastina;
Caelyx; Doxolem; Doxotec; Ifadox; Oxocina†; Neth.: Adriblastina; Caelyx;
Doxorubin; Myocet; Norw.: Caelyx; NZ: Caelyx; Doxorubin; Philipp.:
Adriblastina; Adrim; Axibin; Caelyx; Rubidox; Pol.: Adriblastina; Adrimedac;
Biorubina; Caelyx; Rastocin; Port.: Adriblastina†; DOXO-cell; Fauldoxo;
Myocet; Rus.: Caelyx (Келикс); Doxolem (Доксолем)†; Rastocin
(Растоцин); S.Afr.: Adriblastina; Caelyx; Singapore: Adriblastina; Caelyx;
Doxorubin†; Spain: Caelyx; Farmiblastina; Myocet; Swed.: Caelyx; Switz.:
Adriblastin; Caelyx; Thai.: AD Mycin; Adriblastina; Adrim; Caelyx; Dox-
olem; Doxorubin; Lipo-Dox; Turk.: Adriblastina; Caelyx; UK: Caelyx; My-
ocet; USA: Doxil; Rubex†; Venez.: Adriblastina; Adrim; Caelyx; Doxonolv-
er.

Droloxifene (USAN, rINN) ⊗ 
Droloxifène; Droloxifeno; Droloxifenum; 3-Hydroxytamoxifen;
K-21060E. (E)-α-{p-[2-(Dimethylamino)ethoxy]phenyl}-α′-ethyl-
3-stilbenol.

Дролоксифен

C26H29NO2 = 387.5.
CAS — 82413-20-5.

Profile
Droloxifene is a selective oestrogen receptor modulator related
to tamoxifen (p.772) and with similar general properties. It has
been investigated in the hormonal treatment and prophylaxis of
breast cancer and is under study for osteoporosis.

Edatrexate (USAN, rINN)

CGP-30694; Édatrexate; Edatrexato; Edatrexatum. N-(p-{1-
[(2,4-Diamino-6-pteridinyl)methyl]propyl}benzoyl)-L-glutamic
acid.

Эдатрексат
C22H25N7O5 = 467.5.
CAS — 80576-83-6.

Profile
Edatrexate is an analogue of methotrexate (p.745) and has simi-
lar general properties. It has been investigated as an antineoplas-
tic in the treatment of various malignant neoplasms. Mucositis
may be dose limiting.

Edrecolomab (USAN, rINN)

17-1A Antibody; C1; Édrécolomab; Edrecolomabum; Mono-
clonal Antibody 17-1A. Immunoglobulin G2a (mouse mono-
clonal 17-1A γ-chain anti-human colon cancer tumor-associated
antigen), disulfide with mouse monoclonal 17-1A light chain,
dimer.

Эдреколомаб
CAS — 156586-89-9.
ATC — L01XC01.
ATC Vet — QL01XC01.

Profile
Edrecolomab is a monoclonal antibody of murine origin directed
at epithelial cell surface glycoproteins that has been used as ad-
juvant therapy after surgery in patients with colorectal cancer
(p.665), although reports of improved survival do not seem to
have been borne out. It has been given by intravenous infusion
over 2 hours, in an initial dose of 500 mg, followed by 4 further
doses of 100 mg at monthly intervals. The drug is of murine ori-
gin and most patients develop antibodies after use. Hypersensi-
tivity reactions, including anaphylactic reactions, have occurred. 
It has also been tried for other malignant neoplasms including
pancreatic cancer and advanced breast cancer.
◊ References.
1. Riethmüller G, et al. Randomised trial of monoclonal antibody

for adjuvant therapy of resected Dukes’ C colorectal carcinoma.
Lancet 1994; 343: 1177–83. 

2. Riethmüller G, et al. Monoclonal antibody therapy for resected
Dukes’ C colorectal cancer: seven-year outcome of a multicenter
randomized trial. J Clin Oncol 1998; 16: 1788–94. 

3. Adkins JC, Spencer CM. Edrecolomab (monoclonal antibody
17-1A). Drugs 1998; 56: 619–26. 

4. Punt CJA, et al. Edrecolomab alone or in combination with
fluorouracil and folinic acid in the adjuvant treatment of stage III
colon cancer: a randomised study. Lancet 2002; 360: 671–7. 

5. Hartung G, et al. Adjuvant therapy with edrecolomab versus ob-
servation in stage II colon cancer: a multicenter randomized
phase III study. Onkologie 2005; 28: 347–50.

Efaproxiral (USAN, rINN) ⊗ 
Éfaproxiral; Efaproxiralum; RSR-13. 2-(4-{2-[(3,5-Dimethylphe-
nyl)amino]-2-oxoethyl}phenoxy)-2-methyl propanoic acid.

Эфапроксирал
C20H23NO4 = 341.4.
CAS — 131179-95-8.
ATC — L01XD06.
ATC Vet — QL01XD06.

Efaproxiral Sodium (USAN, rINNM) ⊗ 
Efaproxiral sódico; Éfaproxiral Sodique; Natrii Efaproxiralum.
Натрий Эфапроксирал
C20H22NNaO4 = 363.4.
CAS — 170787-99-2.
ATC — L01XD06.
ATC Vet — QL01XD06.

Profile
Efaproxiral is an allosteric modifier of haemoglobin that enhanc-
es the diffusion of oxygen to hypoxic tumour tissue, making it
more sensitive to radiotherapy. It has been investigated in the
treatment of brain metastases from solid tumours.

Enocitabine (rINN)

Behenoyl Cytarabine; Behenoylcytosine Arabinoside; BH-AC;
Enocitabina; Énocitabine; Enocitabinum; NSC-239336. N-(1-β-D-
Arabinofuranosyl-1,2-dihydro-2-oxo-4-pyrimidinyl)docosana-
mide.

Эноцитабин

C31H55N3O6 = 565.8.
CAS — 55726-47-1.

Profile
Enocitabine is an antineoplastic that is converted in the body to
cytarabine (p.705). It has been used similarly in the treatment of
acute leukaemias.

Enzastaurin Hydrochloride (USAN, rINNM)

Enzastaurine, Chlorhydrate d’; Enzastaurini Hydrochloridum;
Hidrocloruro de enzastaurina; LY-317615. 3-(1-Methyl-1H-indol-
3-yl)-4-{1-[1-(pyridin-2-ylmethyl)piperidin-4-yl]-1H-indol-3-yl}-
1Hpyrrole-2,5-dione hydrochloride.

Энзастаурина Гидрохлорид

C32H29N5O2,HCl = 552.1.
CAS — 359017-79-1.

(enzastaurin)

Profile
Enzastaurin hydrochloride is a protein kinase C inhibitor that is
under investigation for the treatment of gliomas and non-Hodg-
kin’s lymphoma.

◊ References.
1. Sorbera LA, et al. Enzastaurin hydrochloride. Drugs Of The Fu-

ture 2007; 32: 297–309. Correction. ibid.; 751. 
2. Ma S, Rosen ST. Enzastaurin. Curr Opin Oncol 2007; 19: 590–5. 
3. Chen YB, LaCasce AS. Enzastaurin. Expert Opin Invest Drugs

2008; 17: 939–44.
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Epirubicin Hydrochloride 

(BANM, USAN, rINNM)

4′-Epiadriamycin Hydrochloride; 4′-Epidoxorubicin Hydrochlo-
ride; Épirubicine, chlorhydrate d’; Epirubicin-hidroklorid; Epiru-
bicin-hydrochlorid; Epirubicinhydroklorid; Epirubicini hydrochlo-
ridum; Epirubicino hidrochloridas; Epirubisiinihydrokloridi; Epiru-
bisin Hidroklorür; Hidrocloruro de epirubicina; IMI-28; Pidoru-
bicin Hydrochloride. (8S,10S)-10-(3-Amino-2,3,6-trideoxy-α-L-
arabino-hexopyranosyloxy)-8-glycolloyl-7,8,9,10-tetrahydro-6,8,-
11-trihydroxy-1-methoxynaphthacene-5,12-dione hydrochlo-
ride.
Эпирубицина Гидрохлорид
C27H29NO11,HCl = 580.0.
CAS — 56420-45-2 (epirubicin); 56390-09-1 (epirubicin
hydrochloride).
ATC — L01DB03.
ATC Vet — QL01DB03.

(epirubicin)

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Epirubicin Hydrochloride). A substance obtained
by chemical transformation of a substance produced by certain
strains of Streptomyces peucetius. An orange-red powder. Solu-
ble in water and in methyl alcohol; slightly soluble in dehydrated
alcohol; practically insoluble in acetone. A 0.5% solution in wa-
ter has a pH of 4.0 to 5.5. Store at 2° to 8° in airtight containers.
Protect from light.
Incompatibility. Licensed product information states that epi-
rubicin hydrochloride is incompatible with heparin or fluorour-
acil, resulting in precipitation, and that it is hydrolysed in alkaline
solutions.
Stability. Epirubicin was not subject to significant photodegra-
dation at clinical concentrations,1,2 and special precautions to
protect solutions from light during use do not appear to be neces-
sary. However, photodegradation may be significant at lower
concentrations (below 500 micrograms/mL).1
1. Wood MJ, et al. Photodegradation of doxorubicin, daunorubicin

and epirubicin measured by high-performance liquid chromatog-
raphy. J Clin Pharm Ther 1990; 15: 291–300. 

2. Pujol M, et al. Stability study of epirubicin in NaCl 0.9% injec-
tion. Ann Pharmacother 1997; 31: 992–5.

Adverse Effects, Treatment, and Precau-
tions
As for Doxorubicin, p.712. Cardiotoxicity and myelo-
toxicity may be less than with doxorubicin. Cardiotox-
icity is more likely when the cumulative dose exceeds
0.9 to 1 g/m2.
Effects on the heart. For further discussion of the cardiotox-
icity of anthracyclines, see under Adverse Effects of Doxoru-
bicin, p.713.

Interactions
As for Doxorubicin, p.713.
Antineoplastics. Increased exposure to epirubicin, and a con-
sequent increase in myelotoxicity, has been reported in patients
given epirubicin immediately after paclitaxel, compared with pa-
tients who received epirubicin before paclitaxel.1 Similar interac-
tions have been seen when paclitaxel was given before other an-
thracyclines.2 These and other studies3,4 have suggested that
paclitaxel given in this way is associated with a reduced conver-
sion of epirubicin to the less myelotoxic metabolite, epirubicinol,
although the interaction is complex, and may involve both dispo-
sition and pharmacodynamics.
1. Venturini M, et al. Sequence effect of epirubicin and paclitaxel

treatment on pharmacokinetics and toxicity. J Clin Oncol 2000;
18: 2116–25. 

2. Danesi R, et al. Pharmacokinetic optimisation of treatment
schedules for anthracyclines and paclitaxel in patients with can-
cer. Clin Pharmacokinet 1999; 37: 195–211. 

3. Grasselli G, et al. Clinical and pharmacologic study of the epiru-
bicin and paclitaxel combination in women with metastatic
breast cancer. J Clin Oncol 2001; 19: 2222–31. 

4. Danesi R, et al. Pharmacokinetics and pharmacodynamics of
combination chemotherapy with paclitaxel and epirubicin in
breast cancer patients. Br J Clin Pharmacol 2002; 53: 508–18.

Cimetidine. Cimetidine increased the formation of the active
metabolite of epirubicin in a study in 8 patients; there was also a
substantial increase in systemic exposure to unchanged epiru-
bicin.1 The mechanisms and potential clinical significance of the
interaction were unclear.
1. Murray LS, et al. The effect of cimetidine on the pharmacokinet-

ics of epirubicin in patients with advanced breast cancer: prelim-
inary evidence of a potentially common drug interaction. Clin
Oncol 1998; 10: 35–8.

Pharmacokinetics
After intravenous doses epirubicin is rapidly and ex-
tensively distributed into body tissues, and undergoes
metabolism in the liver, with the formation of epirubi-
cinol (13-hydroxyepirubicin) and appreciable amounts
of glucuronide derivatives. Epirubicin is eliminated
mainly in bile, with a terminal plasma elimination half-
life of about 30 to 40 hours. About 10% of a dose is
recovered in urine within 48 hours. Epirubicin does not
cross the blood-brain barrier.
◊ References.
1. Morris RG, et al. Disposition of epirubicin and metabolites with

repeated courses to cancer patients. Eur J Clin Pharmacol 1991;
40: 481–7. 

2. Robert J. Clinical pharmacokinetics of epirubicin. Clin Pharma-
cokinet 1994; 26: 428–38.

Uses and Administration
Epirubicin is an anthracycline antibiotic with antineo-
plastic actions similar to those of doxorubicin (p.714).
It is used, alone or with other antineoplastics, in acute
leukaemias, lymphomas, multiple myeloma, and in
solid tumours including Wilms’ tumour (p.667), can-
cer of the bladder (p.659), breast (p.661), and stomach
(p.664). 
Epirubicin hydrochloride is given by intravenous in-
jection of a solution in sodium chloride 0.9% or Water
for Injections into a fast-running infusion of sodium
chloride 0.9% or glucose 5% over 3 to 5 minutes, or by
infusion over up to 30 minutes. It is given as a single
agent in usual doses of 60 to 90 mg/m2 as a single dose
every 3 weeks; this dose may be divided over 2 or 3
days if desired. A regimen of 12.5 to 25 mg/m2 once a
week has also been tried in palliative care. High-dose
regimens, of 120 mg/m2 or more every 3 weeks, or
45 mg/m2 for 3 consecutive days every 3 weeks have
been used. 
Doses may need to be reduced if epirubicin is given
with other antineoplastics. Doses should also be re-
duced in patients with liver impairment (see below)
and in those whose bone-marrow function is impaired
by age or previous chemotherapy or radiotherapy. 
A total cumulative dose of 0.9 to 1 g/m2 should not
generally be exceeded, because of the risk of cardio-
toxicity. 
Epirubicin has also been given by intravesical instilla-
tion in the local treatment of bladder cancer. Instillation
of 50 mg weekly as a 0.1% solution (in sodium chlo-
ride 0.9% or sterile water) for 8 weeks has been sug-
gested, reduced to 30 mg in 50 mL weekly if chemical
cystitis develops; for carcinoma in-situ, the dose may
be increased, if tolerated, to 80 mg in 50 mL weekly.
For the prophylaxis of recurrence in patients who have
undergone transurethral resection, 50 mg weekly for 4
weeks, followed by 50 mg instilled once a month for
11 months is the suggested regimen. The solution
should be retained in the bladder for 1 hour. 
Blood counts should be made routinely during treat-
ment with epirubicin (see also Bone-marrow Depres-
sion, p.639) and cardiac function should be carefully
monitored. Liver function should be assessed before
and if possible during therapy.
◊ References.
1. Plosker GL, Faulds D. Epirubicin: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic use in
cancer chemotherapy. Drugs 1993; 45: 788–856. 

2. Coukell AJ, Faulds D. Epirubicin: an updated review of its phar-
macodynamic and pharmacokinetic properties and therapeutic
efficacy in the management of breast cancer. Drugs 1997; 53:
453–82. 

3. Onrust SV, et al. Epirubicin: a review of its intravesical use in
superficial bladder cancer. Drugs Aging 1999; 15: 307–33. 

4. Ormrod D, et al. Epirubicin: a review of its efficacy as adjuvant
therapy and in the treatment of metastatic disease in breast can-
cer. Drugs Aging 1999; 15: 389–416. 

5. Earl H, Iddawela M. Epirubicin as adjuvant therapy in breast
cancer. Expert Rev Anticancer Ther 2004; 4: 189–95.

Administration in hepatic impairment. Doses of epiru-
bicin should be halved in patients with moderate liver dys-
function (serum bil irubin concentrat ions of 12 to
30 micrograms/mL), while those with severe liver impairment
(serum bilirubin greater than 30 micrograms/mL) should be giv-
en a quarter of the usual dose.
Amyloidosis. For reference to a regimen including epirubicin
used to control disease in a patient with amyloidosis, see p.743.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Crisabon; Cuatroepi; Epidoxo; Epifil; Epikebir ; EPR†; Farmorubicin;
Robanul; Rubifarm†; Austral.: Pharmorubicin; Austria: Epi-Cell; Farmoru-
bicin; Belg.: Farmorubicine; Braz.: Farmorubicina; Nuovodox; Rubina; Tec-
nomax; Canad.: Pharmorubicin; Chile: Farmorrubicina; Cz.: Farmoru-
bicin; Denm.: Farmorubicin; Fin.: Farmorubicin; Fr.: Farmorubicine; Ger.:
Epi-Cell; Epi-NC; Farmorubicin; Riboepi; Gr.: Ciazil; Epirub; Farmorubicin;
Megarubicin; Hong Kong: Pharmorubicin; Hung.: Farmorubicin; Irl.: Phar-
morubicin; Israel: Farmorubicin; Ital.: Farmorubicina; Jpn: Farmorubicin;
Malaysia: Pharmorubicin; Mex.: Binarin; Epilem; Farmorubicin; Neth.:
Farmorubicine; Norw.: Farmorubicin; NZ: Pharmorubicin; Philipp.: Phar-
morubicin; Pol.: Bioepicyna; Farmorubicin; Port.: Epi-cell; Farmorubicina;
Rus.: Epilem (Эпилем)†; Farmorubicin (Фарморубицин); S.Afr.: Farmo-
rubicin; Singapore: Pharmorubicin; Spain: Farmorubicina; Swed.: Farmo-
rubicin; Switz.: Farmorubicin; Thai.: Anthracin; E.P.Mycin; Epilem; Pharmo-
rubicin; Turk.: Farmorubicin; UK: Pharmorubicin; USA: Ellence; Venez.:
Farmorubicin.

Epratuzumab (rINN)

Épratuzumab; Epratuzumabum. Immunoglobulin G (human-
mouse monoclonal IMMU-hLL2 γ-chain anti-human antigen
CD22), disulfide with human-mouse monoclonal IMMU-hLL2 κ-
chain, dimer.
Эпратузумаб
CAS — 205923-57-5.

Profile
Epratuzumab is a humanised anti-CD22 monoclonal antibody
under investigation, alone or conjugated with yttrium-90, for the
treatment of non-Hodgkin’s lymphoma. It is also under investi-
gation for the treatment of moderate to severe SLE.
◊ References.
1. Davies SL, Martin L. Epratuzumab. Drugs Of The Future 2005;

30: 683–7. 
2. Leonard JP, et al. Combination antibody therapy with epratuzu-

mab and rituximab in relapsed or refractory non-Hodgkin’s lym-
phoma. J Clin Oncol 2005; 23: 5044–51. 

3. Lindén O, et al. Dose-fractionated radioimmunotherapy in non-
Hodgkin’s lymphoma using DOTA-conjugated, Y-radiola-
beled, humanized anti-CD22 monoclonal antibody, epratuzum-
ab. Clin Cancer Res 2005; 11: 5215–22. 

4. Goldenberg DM. Epratuzumab in the therapy of oncological and
immunological diseases. Expert Rev Anticancer Ther 2006; 6:
1341–53. 

5. Leonard JP, Goldenberg DM. Preclinical and clinical evaluation
of epratuzumab (anti-CD22 IgG) in B-cell malignancies. Onco-
gene 2007; 26: 3704–13.

Eptaplatin (rINN)

Eptaplatine; Eptaplatino; Eptaplatinum; Heptaplatin; SKI-2053R.
cis-[(4R,5R)-2-Isopropyl-1,3-dioxolane-4,5-bis(methylamine)-
N,N′][malonato(2–)-O,O′]platinum.
Эптаплатин
C11H20N2O6Pt = 471.4.
CAS — 146665-77-2.

Profile
Eptaplatin is a platinum derivative that is used as an antineoplas-
tic in the treatment of gastric cancer. Nephrotoxicity is the main
adverse effect.
◊ References.
1. Ahn JH, et al. Nephrotoxicity of heptaplatin: a randomized com-

parison with cisplatin in advanced gastric cancer. Cancer Chem-
other Pharmacol 2002; 50: 104–10. 

2. Min YJ, et al. Combination chemotherapy with 5-fluorouracil
and heptaplatin as first-line treatment in patients with advanced
gastric cancer. J Korean Med Sci 2004; 19: 369–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Kor.: Sunpla.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Erlotinib Hydrochloride (USAN, rINNM)

CP-358774-01; Erlotinib, Chlorhydrate d’; Erlotinibi Hydrochlo-
ridum; Hidrocloruro de erlotinib; NSC-718781; OSI-774. N-(3-
Ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine hy-
drochloride.

Эрльотиниба Гидрохлорид

C22H23N3O4,HCl = 429.9.

CAS — 183321-74-6 (erlotinib); 183319-69-9 (erlotinib
hydrochloride).

ATC — L01XE03.

(er lotinib)

Adverse Effects, Treatment, and Precau-
tions
The most common adverse effects associated with er-
lotinib hydrochloride are rash and diarrhoea. Moderate
or severe diarrhoea should be treated with an appropri-
ate antidiarrhoeal such as loperamide; dose reduction
may be needed. In more severe or persistent cases lead-
ing to dehydration, therapy should be stopped tempo-
rarily. Other common adverse effects include other
gastrointestinal disturbances, gastrointestinal bleeding,
fatigue, alopecia, stomatitis, pruritus, dry skin, parony-
chia, conjunctivitis, keratoconjunctivitis sicca, epistax-
is, and abdominal pain. Alterations in liver function
tests have occurred. Rare cases of hepatic failure, in-
cluding fatalities, have been reported. Interstitial lung
disease has also been reported; fatalities have occurred.
Erlotinib treatment should be interrupted if unex-
plained pulmonary symptoms occur, such as dyspnoea,
cough, and fever.

Interactions
Inhibitors of the cytochrome P450 isoenzyme
CYP3A4, such as ketoconazole, can increase erlotinib
concentrations and use with potent inhibitors should be
avoided as increased toxicity may occur. Conversely,
CYP3A4 inducers, such as rifampicin, can reduce erlo-
tinib concentrations and may reduce its efficacy. Dose
adjustments may be required (see Uses and Adminis-
tration, below). Caution is also required with cipro-
floxacin or potent inhibitors of CYP1A2, as erlotinib
exposure may be increased, and dose reductions may
be needed if adverse effects occur. Use with P-glyco-
protein inhibitors such as ciclosporin and verapamil
may cause altered distribution or elimination of erlo-
tinib. Caution is advised when erlotinib is used with
antacids, proton pump inhibitors, or histamine H2-re-
ceptor antagonists, as erlotinib absorption may be im-
paired. Exposure to erlotinib is reduced in smokers
compared with non-smokers.

Pharmacokinetics
Erlotinib is absorbed from the gastrointestinal tract,
with a bioavailability of about 60%; this may increase
up to almost 100% in the presence of food. Peak plas-
ma concentrations are reached about 4 hours after a
dose, and it is about 93% bound to plasma proteins. Er-
lotinib is metabolised predominantly by the cyto-
chrome P450 isoenzyme CYP3A4, and to a lesser ex-
tent by CYP1A2. Metabolic pathways include
demethylation, to metabolites OSI-420 and OSI-413,
oxidation, and aromatic hydroxylation. Erlotinib has
an elimination half-life of about 36 hours. More than
80% of a dose is excreted as metabolites in the faeces.

Uses and Administration
Erlotinib inhibits the intracellular phosphorylation of
tyrosine kinase associated with the epidermal growth
factor receptor. It is used for the management of locally
advanced or metastatic non-small cell lung cancer
(p.668) that is unresponsive to other therapy. It is also
used with gemcitabine in the first-line treatment of pa-
tients with locally advanced, unresectable, or metastat-
ic pancreatic cancer (p.671). It is given orally as the hy-
drochloride but doses are expressed in terms of the
base: erlotinib hydrochloride 109 mg is equivalent to
about 100 mg of erlotinib. 
The usual dose for non-small cell lung cancer is
150 mg daily, taken at least 1 hour before or 2 hours
after food. In the treatment of pancreatic cancer, the
recommended dose is 100 mg daily, taken at least 1
hour before or 2 hours after food. Treatment is contin-
ued until disease progression or unacceptable toxicity
occurs. Where dosage adjustment is necessary, reduc-
tions are made in 50 mg steps. 
If concurrent use of potent inhibitors or inducers of cy-
tochrome P450 isoenzyme CYP3A4 cannot be avoid-
ed, dose adjustments of erlotinib are considered neces-
sary. When used with a potent CYP3A4 inhibitor, the
dose of erlotinib may need to be reduced, especially if
severe adverse effects occur. When given with a potent
CYP3A4 inducer, increases in the dose of erlotinib
should be considered at 2-week intervals with monitor-
ing. The maximum dose of erlotinib when used with
rifampicin is 450 mg. If the inducer is then stopped, the
erlotinib dose will need to be immediately reduced to
the indicated starting dose. 
Erlotinib is also under investigation in the treatment of
malignant glioma.
◊ References.
1. Perez-Soler R. The role of erlotinib (Tarceva, OSI 774) in the

treatment of non-small cell lung cancer. Clin Cancer Res 2004;
10 (suppl): 4238s–4240s. 

2. Pérez-Soler R, et al. Determinants of tumor response and surviv-
al with erlotinib in patients with non—small-cell lung cancer. J
Clin Oncol 2004; 22: 3238–47. 

3. Anonymous. Erlotinib. Med Lett Drugs Ther 2005; 47: 25–6. 
4. Smith J. Erlotinib: small-molecule targeted therapy in the treat-

ment of non-small-cell lung cancer. Clin Ther 2005; 27:
1513–34. 

5. Brown ER, Shepherd FA. Erlotinib in the treatment of non-small
cell lung cancer. Expert Rev Anticancer Ther 2005; 5: 767–75. 

6. Shepherd FA, et al. Erlotinib in previously treated non—small-
cell lung cancer. N Engl J Med 2005; 353: 123–32. 

7. Tang PA, et al. A review of erlotinib and its clinical use. Expert
Opin Pharmacother 2006; 7: 177–93. 

8. Gridelli C, et al. Erlotinib in non-small-cell lung cancer. Expert
Opin Pharmacother 2007; 8: 2579–92. 

9. Saif MW, et al. Erlotinib: the first biologic in the management of
pancreatic cancer. Expert Opin Pharmacother  2008; 9:
1595–1607.

Administration in hepatic or renal impairment. Erlotinib
is metabolised by the liver. UK licensed product information
states that although erlotinib exposure was similar in patients
with moderate hepatic impairment (Child-Pugh score 7 to 9)
compared with those with adequate hepatic function, caution is
advised when using erlotinib in hepatic impairment. Dose reduc-
tion or interruption of therapy should be considered if adverse
effects occur. Use in severe hepatic impairment is not recom-
mended due to a lack of data. 
UK licensed product information also states that no dose adjust-
ments appear necessary in patients with mild to moderate renal
impairment, but that use of erlotinib in patients with severe renal
impairment is not recommended. There are no data available for
patients with a creatinine clearance less than 15 mL/minute or
those with a serum creatinine concentration greater than 1.5
times the upper normal limit.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tarceva; Austral.: Tarceva; Belg.: Tarceva; Canad.: Tarceva; Chile:
Tarceva; Cz.: Tarceva; Fin.: Tarceva; Fr.: Tarceva; Ger.: Tarceva; Gr.: Tarce-
va; Hong Kong: Tarceva; Hung.: Tarceva; Irl.: Tarceva; Israel: Tarceva;
Malaysia: Tarceva; Mex.: Tarceva; Neth.: Tarceva; NZ: Tarceva; Philipp.:
Tarceva; Pol.: Tarceva; Port.: Tarceva; Rus.: Tarceva (Тарцева); Singa-
pore: Tarceva; Swed.: Tarceva; Switz.: Tarceva; UK: Tarceva; USA: Tarce-
va.

Estramustine Sodium Phosphate (BANM, rINNM)

Estramustin Fosfat Sodyum; Estramustine, Phosphate Sodique
de; Estramustine Phosphate Sodium (USAN); Fosfato sódico de
estramustina; Natrii Estramustini Phosphas; NSC-89199 (estra-
mustine phosphate); Ro-21-8837/001; Ro-22-2296/000 (estra-
mustine). Estra-1,3,5(10)-triene-3,17β-diol 3-[bis(2-chloroe-
thyl)carbamate] 17-(disodium phosphate); Disodium 3-[bis(2-
chloroethyl)-carbamoyloxy]estra-1,3,5(10)-trien-17β-yl ortho-
phosphate.
Натрия Эстрамустина Фосфат
C23H30Cl2NNa2O6P = 564.3.
CAS — 2998-57-4 (estramustine); 4891-15-0 (estramus-
tine phosphate); 52205-73-9 (estramustine sodium phos-
phate).
ATC — L01XX11.
ATC Vet — QL01XX11.

(estramustine)

Pharmacopoeias. In Br. 
BP 2008 (Estramustine Sodium Phosphate). A white or almost
white powder. Freely soluble in water and in methyl alcohol;
very slightly soluble in dehydrated alcohol and in chloroform. A
0.5% solution in water has a pH of 8.5 to 10.0. Protect from light.
Adverse Effects, Treatment, and Precautions
Oestrogenic adverse effects are fairly common, and may include
gynaecomastia, fluid retention, and cardiovascular effects. Gas-
trointestinal disturbances, hepatic dysfunction, loss of libido, hy-
persensitivity reactions, and occasionally leucopenia and throm-
bocytopenia may occur. Estramustine is contra-indicated in
patients with peptic ulceration and severe hepatic or cardiovas-
cular disease. Diabetes mellitus may be exacerbated, and the
drug should be given with care to patients with disorders such as
congestive heart failure, epilepsy, hypertension, migraine, and
renal impairment which may be adversely affected by additional
fluid retention. Care is also required in patients with conditions
predisposing to hypercalcaemia, and serum calcium should be
monitored in hypercalcaemic patients.
Porphyria. Estramustine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Interactions
Estramustine sodium phosphate should not be given with milk
products or products high in calcium, which may interfere with
its absorption. Hypersensitivity reactions including angioedema
have occurred rarely in patients given estramustine who were
also receiving an ACE inhibitor.
Pharmacokinetics
Up to 75% of a dose of estramustine sodium phosphate is ab-
sorbed from the gastrointestinal tract and rapidly dephosphor-
ylated. Estramustine is found in the body mainly as its oxidised
isomer estromustine; both forms accumulate in the prostate.
Some hydrolysis of the carbamate linkage occurs in the liver, re-
leasing estradiol, estrone, and the normustine group. Estramus-
tine and estromustine have plasma half-lives of 10 to 20 hours,
and are excreted with their metabolites mainly in the faeces.
Uses and Administration
Estramustine is a combination of estradiol and normustine and
has weaker oestrogenic activity than estradiol and weaker antin-
eoplastic activity than most other alkylating agents. Estramustine
phosphate is given orally as the disodium salt. Doses are calcu-
lated in terms of estramustine phosphate; 108 mg of estramustine
sodium phosphate is equivalent to about 100 mg of estramustine
phosphate. Estramustine phosphate with meglumine has been
given by intravenous injection. 
Estramustine sodium phosphate is licensed for use in the treat-
ment of advanced prostatic carcinoma (p.671). An estramustine
phosphate dose of about 14 mg/kg daily in divided doses is used.
The usual initial dose is 560 to 840 mg daily, which may be ad-
justed to between 140 mg and 1.4 g daily according to the re-
sponse and gastrointestinal tolerance. It should be given not less
than 1 hour before or 2 hours after meals.
◊ References.
1. Bergenheim AT, Henriksson R. Pharmacokinetics and pharma-

codynamics of estramustine phosphate. Clin Pharmacokinet
1998; 34: 163–72. 

2. Sangrajrang S, et al. Estramustine resistance. Gen Pharmacol
1999; 33: 107–13. 

N
N

HN
O

O
CH3

O
O

H3C

CH
CH3

OH

N

O

O

Cl

Cl

H

H

H



718   Antineoplastics
3. Kreis W, Budman D. Daily oral estramustine and intermittent in-

travenous docetaxel (Taxotere) as chemotherapeutic treatment
for metastatic, hormone-refractory prostate cancer. Semin Oncol
1999; 26 (suppl 17): 34–8. 

4. Kitamura T. Necessity of re-evaluation of estramustine phos-
phate sodium (EMP) as a treatment option for first-line mono-
therapy in advanced prostate cancer. Int J Urol 2001; 8: 33–6. 

5. Hamilton A, Muggia F. Estramustine potentiates taxane in pros-
tate and refractory breast cancers. Oncology (Huntingt) 2001; 15
(suppl 7): 40–3. 

6. Kitamura T, et al. EMP combination chemotherapy and low-
dose monotherapy in advanced prostate cancer. Expert Rev Anti-
cancer Ther 2002; 2: 59–71. 

7. Petrylak DP, et al. Docetaxel and estramustine compared with
mitoxantrone and prednisone for advanced refractory prostate
cancer. N Engl J Med 2004; 351: 1513–20. 

8. Fizazi K, et al. Meta-analysis of Estramustine in Prostate Cancer
(MECaP) Trialists’ Collaborative Group. Addition of estramus-
tine to chemotherapy and survival of patients with castration-re-
fractory prostate cancer: a meta-analysis of individual patient da-
ta. Lancet Oncol 2007; 8: 994–1000.

Preparations
BP 2008: Estramustine Phosphate Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Amsupros†; Estracyt; Austria: Estracyt; Belg.: Estracyt; Canad.: Em-
cyt; Chile: Estracyt; Cz.: Estracyt; Denm.: Estracyt; Fin.: Estracyt; Fr.: Es-
tracyt; Ger.: cellmustin; Estracyt; Medactin; Multosin; Prostamustin†; Gr.:
Estracyt; Hong Kong: Estracyt; Hung.: Estracyt; India: X-Trant; Irl.: Estra-
cyt; Israel: Estracyt; Ital.: Estracyt; Jpn: Estracyt; Malaysia: Estracyt†;
Mex.: Emcyt; Neth.: Estracyt; Norw.: Estracyt; Pol.: Estracyt; Port.: Estra-
cyt; Rus.: Estracyt (Эстрацит); S.Afr.: Estracyt; Singapore: Estracyt;
Spain: Estracyt; Swed.: Estracyt; Switz.: Estracyt; Turk.: Estracyt; UK: Es-
tracyt; USA: Emcyt; Venez.: Estracyt.

Etanidazole (USAN, rINN)

Etanidazol; Étanidazole; Etanidazolum; NSC-301467; SR-2508.
N-(2-Hydroxyethyl)-2-nitroimidazole-1-acetamide.

Этанидазол

C7H10N4O4 = 214.2.
CAS — 22668-01-5.

Profile
Etanidazole is a radiosensitiser, structurally related to metronida-
zole, that is under investigation as an adjunct to radiotherapy in
the treatment of cancer. Peripheral neuropathy may be dose-lim-
iting.

◊ References.
1. Lee DJ, et al. Results of an RTOG phase III trial (RTOG 85-27)

comparing radiotherapy plus etanidazole with radiotherapy
alone for locally advanced head and neck carcinomas. Int J Ra-
diat Oncol Biol Phys 1995; 32: 567–76. 

2. Eschwege F, et al. Results of a European randomized trial of eta-
nidazole combined with radiotherapy in head and neck carcino-
mas. Int J Radiat Oncol Biol Phys 1997; 39: 275–81. 

3. Marcus KJ, et al. A phase I trial of etanidazole and hyperfrac-
tionated radiotherapy in children with diffuse brainstem glioma.
Int J Radiat Oncol Biol Phys 2003; 55: 1182–5. 

4. Drzymala RE, et al. Radiation Therapy Oncology Group. A
phase I-B trial of the radiosensitizer: etanidazole (SR-2508) with
radiosurgery for the treatment of recurrent previously irradiated
primary brain tumors or brain metastases (RTOG Study 95-02).
Radiother Oncol 2008; 87: 89–92.

Etoposide (BAN, USAN, rINN)

EPEG; Etoposid; Étoposide; Etoposidi; Etopósido; Etoposidum;
Etopozid; Etopozidas; NSC-141540; VP-16; VP-16-213. 4′-
Demethylepipodophyllotoxin 9-[4,6-O-(R)-ethylidene-β-D-glu-
copyranoside]; (5S,5aR,8aS,9R)-9-(4,6-O-Ethylidene-β-D-glucop-
yranosyloxy)-5,8,8a,9-tetrahydro-5-(4-hydroxy-3,5-dimethoxy-
phenyl)-isobenzofuro[5,6-f][1,3]benzodioxol-6(5aH)-one.

Этопозид

C29H32O13 = 588.6.

CAS — 33419-42-0.

ATC — L01CB01.

ATC Vet — QL01CB01.

NOTE. The trivial name epipodophyllotoxin has occasionally been
used incorrectly for this derivative.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Etoposide). A white or almost white, crystalline
powder. Practically insoluble in water; slightly soluble in alcohol
and in dichloromethane; sparingly soluble in methyl alcohol.
Store in airtight containers. 
USP 31 (Etoposide). A fine, white to off-white, crystalline pow-
der. Very slightly soluble in water; slightly soluble in alcohol, in
chloroform, in dichloromethane, and in ethyl acetate; sparingly
soluble in methyl alcohol. Store in airtight containers. Protect
from light.

Etoposide Phosphate (USAN)

BMY-40481; Etopósido, fosfato de. {5R-[5α,5aβ,8aα,9β(R*)]}-5-
[3,5-Dimethoxy-4-(phosphonooxy)phenyl]-9-[(4,6-O-ethylidene-
β-D-glucopyranosyl)oxy]-5,8,8a,9-tetrahydrofuro-[3′,4′:6,7]naph-
tho[2,3-d]-1,3-dioxol-6(5aH)-one; 4′-Demethylepipodophyllo-
toxin 9-(4,6-O-ethylidene-β-D-glucopyranoside) 4′-(dihydrogen
phosphate).
C29H33O16P = 668.5.
CAS — 117091-64-2.
ATC — L01CB01.
ATC Vet — QL01CB01.

Incompatibility. For reference to precipitation when mannitol
or potassium chloride was added to mixtures of etoposide and
cisplatin in sodium chloride injection, see Cisplatin, p.698.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The dose-limiting toxicity of etoposide is myelosup-
pression, mainly seen as leucopenia, but also thrombo-
cytopenia, and sometimes anaemia. The nadir of the
granulocyte count usually occurs 7 to 14 days after a
dose, with recovery by about 21 days. Nausea and
vomiting are common; there may also be anorexia, di-
arrhoea, and mucositis. Gastrointestinal toxicity may
be more common after oral dosage. Reversible alo-
pecia occurs in about two-thirds of all patients. Hyper-
sensitivity or anaphylactoid reactions can occur, char-
acterised by flushing, chills, fever, tachycardia,
bronchospasm, dyspnoea, and hypotension. Apnoea
and fatal reactions associated with bronchospasm have
been reported. Peripheral or central neuropathies, in-
cluding transient cortical blindness, have been reported
rarely, as have weakness, fatigue, somnolence, after-
taste, fever, rashes, urticaria, skin pigmentation, pruri-
tus, and dysphagia. Stevens-Johnson syndrome and
toxic epidermal necrolysis have occurred rarely. Tu-
mour lysis syndrome, sometimes fatal, has been report-
ed after use of etoposide with other chemotherapeutic
drugs. Disturbances of liver function have been report-
ed, mainly at high doses. There have been occasional
reports of cardiotoxicity. Local irritation and throm-
bophlebitis may occur at the site of injection. Care
should be taken to avoid extravasation although tissue
damage (possibly associated with the vehicle) is rare. 
Rapid intravenous doses may cause hypotension;
etoposide should be given by infusion over at least 30
minutes. Etoposide should not be given to patients with
severe hepatic impairment nor by the intracavitary
route. 

Some adverse effects associated with intravenous
etoposide may be due to the formulation of the vehicle. 
There is evidence that etoposide may be associated
with the development of secondary leukaemias—see
Carcinogenicity, p.635.
Breast feeding. Some licensed product information states that
it is not known whether etoposide is excreted into breast milk.
However, in breast milk samples from a woman given consoli-
dation therapy, including etoposide,1 for acute promyelocytic
leukaemia, etoposide concentrations were maximal just after a
dose, but decreased rapidly to undetectable levels within 24
hours on each of three days. She started to breast feed her baby 3
weeks after the completion of therapy, and no abnormalities were
observed in the infant up to 16 months of age.
1. Azuno Y, et al. Mitoxantrone and etoposide in breast milk. Am J

Hematol 1995; 48: 131–2.

Effects on the gastrointestinal tract. Pneumatosis intesti-
nalis (the presence of gas within the bowel wall), a rare condi-
tion, has been reported after intravenous1 and oral2 etoposide. It
is supposed that myelosuppressive drugs might interfere with the
mucosal integrity of the intestinal tract, and that the intestinal
mucosa might be highly sensitive to etoposide.
1. Hashimoto S, et al. Pneumatosis cystoides intestinalis after

chemotherapy for hematological malignancies: report of 4 cases.
Intern Med 1995; 34: 212–15. 

2. Shih I-L, et al. Pneumatosis coli after etoposide chemotherapy
for breast cancer. J Clin Oncol 2007; 25: 1623–5.

Effects on the nervous system. A report of an acute dystonic
reaction in a child given etoposide as part of a combined mainte-
nance regimen for acute lymphoblastic leukaemia;1 the patient
had been receiving the same regimen uneventfully for over a
year but symptoms (which responded to diphenhydramine) re-
curred on rechallenge with etoposide.
1. Ascher DP, Delaney RA. Acute dystonia from etoposide. Drug

Intell Clin Pharm 1988; 22: 41–2.

Handling and disposal. Urine and faeces produced for up to 4
and 7 days respectively after a dose of etoposide should be han-
dled wearing protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Hypersensitivity. Hypersensitivity reactions to intravenous
etoposide are characterised by one or more of: hypotension,
bronchospasm, flushing, exanthema, dyspnoea, fever, chills,
tachycardia, tightness in the chest, cyanosis, and hypertension.
Although originally thought rare, some investigators1 have re-
ported an incidence of up to about 50%, particularly in younger
patients. The mechanism is uncertain, but a literature review1

supported the hypothesis that it might not be antibody-mediated,
since reducing the rate of infusion can prevent reactions, as can
reducing etoposide concentration in the infusion solution. How-
ever, an immunogenic mechanism cannot be excluded as hyper-
sensitivity appears to have been reported less frequently with the
oral formulation, which unlike the infusion does not contain
polysorbate 80. In addition, there are reports2-4 of successful use
of etoposide phosphate formulations (which do not contain
polysorbate 80) after hypersensitivity reactions to etoposide,
suggesting that the solvent may be responsible.
1. Hoetelmans RMW, et al. Hypersensitivity reactions to etoposide.

Ann Pharmacother 1996; 30: 367–71. 
2. Bernstein BJ, Troner MB. Successful rechallenge with etoposide

phosphate after an acute hypersensitivity reaction to etoposide.
Pharmacotherapy 1999; 19: 989–91. 

3. Siderov J, et al. Safe administration of etoposide phosphate after
hypersensitivity reaction to intravenous etoposide. Br J Cancer
2002; 86: 12–13. 

4. Collier K, et al. Successful treatment with etoposide phosphate
in patients with previous etoposide hypersensitivity. J Oncol
Pharm Pract 2008; 14: 51–5.

Pregnancy. For a report of hair loss in an infant, attributed to
etoposide given to the mother before delivery, see Pregnancy, un-
der Cisplatin, p.699.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Phenylbutazone, salicylic acid, and
sodium salicylate can affect the protein binding of
etoposide. Caution is advised when etoposide phos-
phate is given with drugs such as levamisole hydro-
chloride that are known to inhibit phosphatase activi-
ties.
Antineoplastics. Giving etoposide 2 days after a dose of cispl-
atin was associated with a marked decrease in etoposide clear-
ance and more toxicity, compared with the same dose given 21
days after a dose of cisplatin, in a study involving 17 children.1
There was no evidence of a persistent decrease in etoposide
clearance associated with the cumulative dose of cisplatin, how-
ever. In a randomised, crossover study,2 cisplatin or carboplatin
were given alternately during 2 courses of etoposide. Although
increases in the area under the concentration-time curve of
etoposide were seen in the second course, effects were modest

N

N

O

N
H NO2

HO

O

O
O

OH

H3CO OCH3

O

O
O

OH
HO
O

O

H

H3C



Etanidazole/Exemestane    719

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

and, given the pharmacokinetic variability seen with etoposide,
the authors considered any clinical impact to be small.
1. Relling MV, et al. Etoposide pharmacokinetics and pharmacody-

namics after acute and chronic exposure to cisplatin. Clin Phar-
macol Ther 1994; 56: 503–11. 

2. Thomas HD, et al. Randomized cross-over clinical trial to study
potential pharmacokinetic interactions between cisplatin or car-
boplatin and etoposide. Br J Clin Pharmacol 2002; 53: 83–91.

Ciclosporin. High-dose ciclosporin therapy was found to in-
crease the exposure to etoposide by 80%, and to reduce etopo-
side clearance by 38%. Leucopenia was increased. Etoposide
doses should be halved when the drug is given with high-dose
ciclosporin.1 In a study2 of children who received etoposide and
mitoxantrone for acute myeloid leukaemia, the addition of
ciclosporin with a 40% reduction in the doses of the antineoplas-
tics still resulted in a 71% reduction in the clearance of etoposide,
and a 42% reduction for mitoxantrone. However, there was wide
interpatient variability, and the rates of stomatitis and infection
were similar between the groups, with or without ciclosporin.
1. Lum BL, et al. Alteration of etoposide pharmacokinetics and

pharmacodynamics by cyclosporine in a phase I trial to modulate
drug resistance. J Clin Oncol 1992; 10: 1635–42. 

2. Lacayo NJ, et al. Pharmacokinetic interactions of cyclosporine
with etoposide and mitoxantrone in children with acute myeloid
leukemia. Leukemia 2002; 16: 920–7.

Grapefruit juice. In a randomised crossover study1 of 6 pa-
tients, grapefruit juice appeared to reduce the oral bioavailability
of etoposide. Initially the authors had expected the opposite since
etoposide is demethylated by cytochrome P450 isoenzyme
CYP3A4. Although no definite conclusions could be made due
to the small number of patients studied, a possible mechanism
might have been alteration of P-glycoprotein mediated transport.
1. Reif S, et al. Effect of grapefruit juice intake on etoposide bioa-

vailability. Eur J Clin Pharmacol 2002; 58: 491–4.

Pharmacokinetics
Absorption after oral doses is variable, but on average
about 50% of the dose of etoposide is absorbed. The
pharmacokinetics of etoposide are subject to consider-
able interindividual variation. It is rapidly distributed,
and concentrations in plasma fall in a biphasic manner,
with a terminal half-life of 4 to 11 hours. Etoposide is
about 94% bound to plasma protein. It is metabolised
by the cytochrome P450 isoenzyme CYP3A4. Etopo-
side is excreted in urine and faeces as unchanged drug
and metabolites: about 45% of a dose is reported to be
excreted in urine over 72 hours. It crosses the blood-
brain barrier poorly; concentrations in CSF are 1 to
10% of those in plasma. It is distributed into breast
milk (see Breast Feeding, above).
◊ References.
1. Toffoli G, et al. Pharmacokinetic optimisation of treatment with

oral etoposide. Clin Pharmacokinet 2004; 43: 441–66.

Metabolism. Studies in vitro suggested that metabolic activa-
tion of etoposide by oxidation into the O-quinone derivative
might play an essential role in its activity against DNA.1
1. van Maanen JMS, et al. Metabolic activation of anti-tumour

agent VP 16-213. Hum Toxicol 1986;  5: 136.

Uses and Administration
Etoposide is a semisynthetic derivative of podophyllo-
toxin with antineoplastic properties; it interferes with
the function of topoisomerase II thus inhibiting DNA
synthesis, and is most active against cells in the late S
and G2 phases of the cell cycle. 
It is used, usually with other antineoplastics, in the
treatment of tumours of the testis, small cell cancer of
the lung, and in acute leukaemias. It has also been tried
in other solid tumours including those of the brain, gas-
trointestinal tract, ovary, and thymus, and some child-
hood neoplasms; in lymphomas, and in the treatment
of Kaposi’s sarcoma associated with AIDS. For further
discussion, see the cross-references indicated under
Malignant Neoplasms, below. 
Etoposide is given by slow intravenous infusion over at
least 30 minutes, as a solution in sodium chloride 0.9%
or glucose 5% injection. In general, the concentration
of the infusion should be between 200 to
400 micrograms/mL, although recommendations vary
depending on the preparation; precipitation may occur
at higher concentrations. Etoposide phosphate, a prod-
rug, has improved solubility in water. 113.6 mg of
etoposide phosphate is equivalent to 100 mg of etopo-
side. Intravenous doses are calculated in terms of
etoposide, and are identical to those of the base, but it
may be given in concentrations up to the equivalent of

etoposide 20 mg/mL. Etoposide phosphate solutions
may be infused over 5 minutes to 3.5 hours. Etoposide
may also be given orally. 
Regimens vary; the usual intravenous dose of etopo-
side ranges from 50 to 120 mg/m2 daily for 5 days.
Somewhat lower doses have been suggested in lung
cancer. Alternatively, 100 mg/m2 has been given on al-
ternate days to a total of 300 mg/m2. The usual oral
dose of etoposide is 100 to 240 mg/m2 daily for 5 con-
secutive days. Courses may be repeated after 3 to 4
weeks. Doses should be reduced in renal impairment
(see below).
Administration. Although precipitation of etoposide may oc-
cur at high infusion concentrations (see Uses and Administra-
tion, above), high doses of etoposide have been infused undiluted
to avoid giving large volumes of fluid to the patient.1-3 Etoposide
was infused through a central line, and this method has been re-
ported to be safe and effective;2 pharmacokinetic studies sug-
gested unaltered systemic bioavailability when compared with
diluted infusions.3 However, cracking of plastic syringes and in-
fusion cassettes has been reported, possibly due to the polyethyl-
ene glycol component of the formulation. This appears particu-
larly problematic when devices containing ABS plastic (a
polymer produced from acrylonitrile, butadiene, and styrene) are
used; alternative devices may be preferable.1 
Etoposide has been injected into the ventricles of the brain in the
treatment of patients with neoplastic meningitis.4
1. Schwinghammer TL, et al. Cracking of ABS plastic devices used

to infuse undiluted etoposide injection. Am J Hosp Pharm 1988;
45: 1277. 

2. Creger RJ, et al. Infusion of high doses of undiluted etoposide
through central venous catheters during preparation for bone
marrow transplantation. Cancer Invest 1990; 8: 13–16. 

3. Ehninger G, et al. Unaltered pharmacokinetics after the adminis-
tration of high-dose etoposide without prior dilution. Cancer
Chemother Pharmacol 1991; 28: 214–16. 

4. Chamberlain MC, et al. Phase II trial of intracerebrospinal fluid
etoposide in the treatment of neoplastic meningitis. Cancer
2006; 106: 2021–7.

Administration in renal impairment. Some licensed prod-
uct information for etoposide or etoposide phosphate recom-
mends that patients with a creatinine clearance of between 15
and 50 mL/minute be given 75% of the recommended dose. No
recommendations are given for those patients having a creatinine
clearance of below 15 mL/minute, although one product
(Vepesid; BMS, USA) suggests that further dose reduction in
these patients be considered.
Blood disorders, non-malignant. For reference to the use of
combination chemotherapy, including etoposide, in a few pa-
tients with refractory idiopathic thrombocytopenic purpura, see
p.1505.
Histiocytic syndromes. Systemic chemotherapy is often tried
in patients with extensive Langerhans-cell histiocytosis (p.650),
although its value is uncertain. Etoposide is one of the drugs
widely used for this purpose.
Hypereosinophilic syndrome. Etoposide has been reported
to produce clinical responses in patients with the hypereosi-
nophilic syndrome.1
1. Bourrat E, et al. Etoposide for treating the hypereosinophilic

syndrome. Ann Intern Med 1994; 121: 899–900.

Malignant neoplasms. Etoposide has been used for a variety
of solid tumours: in particular it is part of curative regimens used
in the treatment of testicular cancer and germ-cell tumours of the
ovary (see p.673 and p.670), and is used with cisplatin and other
drugs in the treatment of lung cancer (p.668). Other solid neo-
plasms in which it is sometimes employed include those of the
brain (p.660), stomach (p.664), and thymus (p.674), as well as in
neuroblastoma (p.674), Wilms’ tumour (p.667), retinoblastoma
(p.675), and rhabdomyosarcoma (p.676); it has also formed part
of systemic regimens for bone sarcomas (p.675), disseminated
Kaposi’s sarcoma (see p.675), and gestational trophoblastic tu-
mours (p.650). Etoposide is used in regimens for Hodgkin’s dis-
ease (see p.655); it is also sometimes used in aggressive interme-
diate- and high-grade non-Hodgkin’s lymphomas (p.656), and
may produce short-term responses in mycosis fungoides (p.657).
It is also used in Burkitt’s lymphoma (p.657). Etoposide may
have benefits when added to induction protocols for acute mye-
loid leukaemia (p.652), and when used as part of intensification
therapy in acute lymphoblastic leukaemia (p.651). It has formed
part of salvage regimens in multiple myeloma (p.658).
Vasculitic syndromes. For mention of the use of etoposide to
induce remission in patients with Wegener’s granulomatosis re-
sistant to standard therapy with cyclophosphamide and corticos-
teroids, see p.1515.
Preparations
BP 2008: Etoposide Capsules; Etoposide Intravenous Infusion; 
USP 31: Etoposide Capsules; Etoposide Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Citodox; Etocris; Etopofos†; Euvaxon; Labimion†; Neoplaxol;
Optasid†; Percas; Vepesid; VP-Gen; Austral.: Etopophos; Vepesid; Austria:
Etopofos; Vepesid; Belg.: Celltop; Eposin; Etopophos†; Vepesid; Braz.:
Eposido; Etopos†; Etopul†; Etosin; Eunades; Evoposdo†; Nexvep; Posidon;

Vepesid; Canad.: Vepesid; Chile: Epsidox; Lastet†; Cz.: Etopophos†;
Lastet; Vepesid; Denm.: Etopofos; Vepesid; Fin.: Eposin†; Etopofos; Exi-
top†; Vepesid; Fr.: Celltop; Etopophos; Vepeside; Ger.: ETO CS; Eto-cell;
Eto-Gry; Etomedac; Etopophos; Exitop; Neoposid; Onkoposid; Riboposid;
Vepesid; Gr.: Etobion; Vepesid; Hong Kong: Vepesid; Hung.: Lastet; Sin-
topozid; Vepesid; India: Bioposide; Etosid; Lastet†; Posid; Indon.: Posyd;
Irl.: Etopophos†; Vepesid; Israel: Etopophos†; Vepesid†; Ital.: Lastet;
Vepesid; Jpn: Lastet; Malaysia: Eposin; Lastet; Vepesid†; Mex.: Etonco;
Etopos; Kenazol; Lastet†; Vepesid; VP-Tec; Neth.: Toposin; Vepesid; Norw.:
Eposin; Etopofos; Vepesid; NZ: Etopophos; Vepesid; Philipp.: Etopoxan;
Etopul; Fytosid; Lastet; Posid; Topresid; Vepesid; Pol.: Lastet; Sintopozid;
Vepesid; Port.: Eposin; Lastet; Vepesid; Rus.: Etopos (Этопос)†; Vepesid
(Вепезид); S.Afr.: Eposin; Etopophos; Vepesid; Singapore: Lastet;
Vepesid†; Spain: Eposin†; Lastet; Vepesid; Swed.: Eposin; Etopofos; Exi-
top†; Vepesid; Switz.: Etopophos; Vepesid; Thai.: Eposin; Etopos; Fytosid;
Lastet; Vepesid; Turk.: Eposin; Lastet; Vepesid; UK: Eposin; Etopophos;
Vepesid; USA: Etopophos; Toposar; Vepesid; Venez.: Etonolver; Etosid; Fy-
tosid.

Exemestane (BAN, USAN, rINN) ⊗ 
Eksemestaani; Eksemestan; Exemestan; Exémestane; Exemes-
tano; Exemestanum; FCE-24304. 6-Methyleneandrosta-1,4-di-
ene-3,17-dione.
Эксеместан
C20H24O2 = 296.4.
CAS — 107868-30-4.
ATC — L02BG06.
ATC Vet — QL02BG06.

Adverse Effects and Precautions
The most frequently reported adverse effects for ex-
emestane are gastrointestinal disturbances, hot flushes,
arthralgia, myalgia, sweating, fatigue, and dizziness.
Other reported effects include headache, insomnia,
somnolence, depression, skin rashes, alopecia, asthe-
nia, and peripheral and leg oedema. Thrombocytope-
nia and leucopenia have been reported occasionally.
Reductions in bone mineral density can occur with
long-term use of exemestane. Density should therefore
be assessed at the start of therapy, in those with oste-
oporosis or at risk of it, and patients monitored during
therapy. 
The use of exemestane is contra-indicated in premeno-
pausal women (particularly in pregnancy).
Effects on the musculoskeletal system. Exemestane thera-
py has been found to decrease bone mineral density (BMD) in
postmenopausal women with early breast cancer.1,2 In one study,
the decrease in BMD was seen within 6 months of switching
therapy from tamoxifen, and was significant at the lumbar spine
and hip.2 In a Scandinavian study, BMD loss with exemestane
compared with placebo was modest from the femoral neck, and
not significant at the lumbar spine;1 however, it was noted that
the changes in the placebo group were greater than expected,
possibly due to the lack of calcium and vitamin D supplementa-
tion, and that there is a high incidence of hip fracture in Scandi-
navia. Patients starting exemestane therapy should be assessed
for baseline BMD;1 while those with normal BMD are consid-
ered to not need further assessment beyond lifestyle advice, those
with osteopenia should have their BMD monitored, and thera-
peutic interventions made as appropriate.2
1. Lønning PE, et al. Effects of exemestane administered for 2

years versus placebo on bone mineral density, bone biomarkers,
and plasma lipids in patients with surgically resected early breast
cancer. J Clin Oncol 2005; 23: 5126–37. 

2. Coleman RE, et al. Skeletal effects of exemestane on bone-min-
eral density, bone biomarkers, and fracture incidence in post-
menopausal women with early breast cancer participating in the
Intergroup Exemestane Study (IES): a randomised controlled
study. Lancet Oncol 2007; 8: 119–27.

Interactions
The metabolism of exemestane is mediated by the cy-
tochrome P450 isoenzyme CYP3A4. Rifampicin, a
potent inducer of CYP isoenzymes, can decrease plas-
ma concentrations of exemestane. Use with other
drugs that induce this isoenzyme may reduce the effi-
cacy of exemestane. Exemestane should also be used
cautiously with drugs that are substrates for CYP3A4
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and that have a narrow therapeutic index. Significant
effects on exemestane clearance by cytochrome P450
isoenzyme inhibitors are considered unlikely. Exemes-
tane should not be given with oestrogen-containing
drugs as these would negate its pharmacological ac-
tion.

Pharmacokinetics
Exemestane is rapidly absorbed from the gastrointesti-
nal tract. Its bioavailability is limited by first-pass me-
tabolism, but is increased when taken with food. Ex-
emestane is widely distributed, and is extensively
bound to plasma proteins. It is metabolised via oxida-
tion by the cytochrome P450 isoenzyme CYP3A4, and
via reduction by aldoketoreductase. Metabolites are
excreted in the urine and faeces, and less than 1% of a
dose is excreted unchanged in the urine. Exemestane
has a terminal elimination half-life of about 24 hours.

Uses and Administration
Exemestane is a selective inhibitor of the aromatase
(oestrogen synthase) system, similar to formestane
(p.726). It is used in the treatment of advanced breast
cancer (p.661), in postmenopausal women who are no
longer responsive to anti-oestrogen therapy. It is also
used for adjuvant treatment of postmenopausal women
with oestrogen-receptor positive early breast cancer,
after 2 to 3 years of initial adjuvant tamoxifen treat-
ment; a total of 5 years of adjuvant hormonal therapy
should be given. The recommended oral dose is 25 mg
once daily, preferably after a meal. 
In patients receiving potent inducers of the cytochrome
P450 isoenzyme CYP3A4 (such as rifampicin or
phenytoin), the recommended oral dose of exemestane
is 50 mg once daily, after a meal.
◊ References.
1. Clemett D, Lamb HM. Exemestane: a review of its use in post-

menopausal women with advanced breast cancer. Drugs 2000;
59: 1279–96. 

2. Kaufmann M, et al. Exemestane is superior to megestrol acetate
after tamoxifen failure in postmenopausal women with advanced
breast cancer: results of a phase III randomized double-blind tri-
al. J Clin Oncol 2000; 18: 1399–1411. 

3. Lønning PE, et al. Activity of exemestane in metastatic breast
cancer after failure of nonsteroidal aromatase inhibitors: a phase
II trial. J Clin Oncol 2000; 18: 2234–44. 

4. Coombes RC, et al. A randomized trial of exemestane after two
to three years of tamoxifen therapy in postmenopausal women
with primary breast cancer. N Engl J Med 2004; 350: 1081–92.
Corrections. ibid.; 351: 2461 and ibid. 2006; 355: 1746. 

5. Bertelli G, et al. Sequential treatment with exemestane and non-
steroidal aromatase inhibitors in advanced breast cancer. Oncol-
ogy 2006; 69: 471–7. 

6. Bundred N. The evolving role of exemestane in the management
of breast cancer. Br J Hosp Med 2006; 67: 427–30. 

7. Coombes RC, et al. Survival and safety of exemestane versus
tamoxifen after 2-3 years’ tamoxifen treatment (Intergroup Ex-
emestane Study): a randomised controlled trial. Lancet 2007;
369: 559–70. Correction. ibid.; 906.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aromasin; Austral.: Aromasin; Austria: Aromasin; Belg.: Aromasin;
Braz.: Aromasin; Canad.: Aromasin; Chile: Aromasin; Cz.: Aromasin;
Denm.: Aromasin; Fin.: Aromasin; Fr.: Aromasine; Ger.: Aromasin; Gr.:
Aromasin; Hong Kong: Aromasin; Hung.: Aromasin; Indon.: Aromasin;
Irl.: Aromasin; Israel: Aromasin; Ital.: Aromasin; Malaysia: Aromasin;
Neth.: Aromasin; Norw.: Aromasin; NZ: Aromasin; Philipp.: Aromasin;
Pol.: Aromasin; Port.: Aromasin; Rus.: Aromasin (Аромазин); S.Afr.:
Aromasin; Singapore: Aromasin; Spain: Aromasil; Swed.: Aromasin;
Switz.: Aromasin; Thai.: Aromasin; Turk.: Aromasin; UK: Aromasin;
USA: Aromasin; Venez.: Aromasin.

Exisulind (rINN)

Exisulindum; FGN-1; Sulindac Sulfone. 5-Fluoro-2-methyl-1-[(Z)-
p-(methylsulfonyl)benzylidene]indene-3-acetic acid.

Эксисулинд

C20H17FO4S = 372.4.
CAS — 59973-80-7.

Profile
Exisulind is a sulfone metabolite of sulindac (p.126) that is re-
ported to induce apoptosis in cancerous and precancerous cells.
It has been studied for the treatment of familial adenomatous
polyposis, with variable results. It is also being investigated for
the prevention and treatment of malignant neoplasms, including
those of the breast, prostate, and lung.

◊ References.
1. Goluboff ET. Exisulind, a selective apoptotic antineoplastic

drug. Expert Opin Invest Drugs 2001; 10: 1875–82. 
2. Webster WS, Leibovich BC. Exisulind in the treatment of pros-

tate cancer. Expert Rev Anticancer Ther 2005; 5: 957–62. 
3. Arber N, et al. Sporadic adenomatous polyp regression with ex-

isulind is effective but toxic: a randomised, double blind, place-
bo controlled, dose-response study. Gut 2006; 55: 367–73.

Fadrozole Hydrochloride (USAN, rINNM) ⊗ 
CGS-16949 (fadrozole); CGS-16949A; Fadrozole, Chlorhydrate
de; Fadrozoli Hydrochloridum; Hidrocloruro de fadrozol. (±)-p-
(5,6,7,8-Tetrahydroimidazo[1,5-a]pyridin-5-yl)benzonitrile mono-
hydrochloride.

Фадрозола Гидрохлорид
C14H13N3HCl = 259.7.
CAS — 102676-47-1 (fadrozole); 102676-96-0 (fadro-
zole hydrochloride).

(fadrozole)

Profile
Fadrozole hydrochloride is a selective nonsteroidal inhibitor of
the aromatase (oestrogen synthetase) system, similar to anastro-
zole (p.681). It is used for the treatment of breast cancer. It has
been given in oral doses of 1 mg twice daily.

◊ References.
1. Buzdar AU, et al. Fadrozole HCl (CGS-16949A) versus meges-

trol acetate treatment of postmenopausal patients with metastatic
breast carcinoma: results of two randomized double blind con-
trolled multiinstitutional trials. Cancer 1996; 77: 2503–13. 

2. Miller AA, et al. Fadrozole hydrochloride in postmenopausal pa-
tients with metastatic breast carcinoma. Cancer 1996; 78:
789–93. 

3. Falkson CI, Falkson HC. A randomised study of CGS 16949A
(fadrozole) versus tamoxifen in previously untreated postmeno-
pausal patients with metastatic breast cancer. Ann Oncol 1996; 7:
465–9. 

4. Thurlimann B, et al. First-line fadrozole HCl (CGS 16949A)
versus tamoxifen in postmenopausal women with advanced
breast cancer: prospective randomised trial of the Swiss Group
for Clinical Cancer Research SAKK 20/88. Ann Oncol 1996; 7:
471–9. 

5. Tominaga T, et al. Double-blind randomised trial comparing the
non-steroidal aromatase inhibitors letrozole and fadrozole in
postmenopausal women with advanced breast cancer. Ann Oncol
2003; 14: 62–70.

Fenretinide (USAN, rINN)

Fenretinida; Fenrétinide; Fenretinidum; 4-HPR; 4-Hydroxyphe-
nylretinamide; McN-R-1967. all-trans-4′-Hydroxyretinanilide.

Фенретинид
C26H33NO2 = 391.5.
CAS — 65646-68-6.

Profile
Fenretinide is a retinoid derivative that is given orally and is be-
ing studied in the management of breast and prostate cancer, ma-
lignant bone tumours, soft-tissue sarcoma, and some other ma-
lignancies. It has also been tried in oral lichen planus and
leucoplakia. Fenretinide has been investigated in the treatment of
psoriasis, but was associated with unacceptable adverse effects
such as night blindness and severe toxic erythema.
◊ Fenretinide has been studied for the treatment of breast cancer
and cutaneous malignancies but early results were disappointing
and night blindness and mucocutaneous effects have been asso-
ciated with this use.1 Fenretinide has been investigated for the
prevention of breast cancer (p.662), but a large randomised study
of secondary prevention failed to show any benefit.2 A follow-up
of the same study3 found that patients receiving fenretinide had a
lower incidence of ovarian carcinoma during the 5-year treat-
ment period, but that this apparently protective effect disap-
peared after treatment was stopped. Combinations of tamoxifen
and fenretinide, given intermittently (for treatment or preven-
tion), have been reported to be well tolerated.4-6

1. Modiano MR, et al. Phase II study of fenretinide (N-[4-hydrox-
yphenyl]retinamide) in advanced breast cancer and melanoma.
Invest New Drugs 1990; 8: 317–19. 

2. Veronesi U, et al. Randomized trial of fenretinide to prevent sec-
ond breast malignancy in women with early breast cancer. J Natl
Cancer Inst 1999; 91: 1847–56. 

3. De Palo G, et al. Effect of fenretinide on ovarian carcinoma oc-
currence. Gynecol Oncol 2002; 86: 24–7. 

4. Cobleigh MA, et al. Phase I/II trial of tamoxifen with or without
fenretinide, an analog of vitamin A, in women with metastatic
breast cancer. J Clin Oncol 1993; 11: 474–7. 

5. Conley B, et al. Pilot trial of the safety, tolerability, and retinoid
levels of N-(4-hydroxyphenyl) retinamide in combination with
tamoxifen in patients at high risk for developing invasive breast
cancer. J Clin Oncol 2000; 18: 275–83. 

6. Guerrieri-Gonzaga A. et al. Preliminary results on safety and ac-
tivity of a randomized, double-blind, 2 x 2 trial of low-dose
tamoxifen and fenretinide for breast cancer prevention in pre-
menopausal women. J Clin Oncol 2006; 24: 129–35.

Floxuridine (USAN, rINN)

Floxuridina; Floxuridinum; 5-Fluorouracil Deoxyriboside; FUDR;
NSC-27640; WR-138720. 2′-Deoxy-5-fluorouridine; 5-Fluoro-
2′-deoxyuridine; 1-(2-Deoxy-β-D-ribofuranosyl)-5-fluoropyrimi-
dine-2,4(1H,3H)-dione.
Флоксуридин
C9H11FN2O5 = 246.2.
CAS — 50-91-9.

Pharmacopoeias. In US. 
USP 31 (Floxuridine). Store in airtight containers at a tempera-
ture of 25°, excursions permitted between 15° and 30°. Protect
from light.
Adverse Effects, Treatment, and Precautions
As for Fluorouracil, p.722. Adverse reactions after intra-arterial
infusion often include local reactions, thromboembolic compli-
cations, and infection or bleeding at the catheter site, or blockage
of the catheter. Erythema, stomatitis, and gastrointestinal distur-
bances are relatively common. There have also been signs of liv-
er dysfunction.
Effects on the liver. Serious biliary toxicity has been reported
in over half of all patients receiving hepatic arterial infusions of
floxuridine, usually manifesting as sclerosing cholangitis or acal-
culous cholecystitis;1 as a result some surgeons routinely remove
the gallbladder at the time of infusion pump implantation.2 Ext-
rahepatic biliary stenosis with jaundice and cholestasis has also
been described;3 the authors suggest that this could lead to intra-
hepatic biliary damage from bile stasis and infection, recurrent
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

cholangitis, and biliary sclerosis. Floxuridine infusions have also
been associated with a case of fatal progressive cirrhosis of the
liver in the absence of overt cholestasis.4 Pseudoaneurysms of
the hepatic artery, leading to serious retroperitoneal or gastroin-
testinal bleeding, have also been described.5

1. Sherlock S. The spectrum of hepatotoxicity due to drugs. Lancet
1986; ii: 440–4. 

2. Anonymous. An implanted infusion pump for chemotherapy of
liver metastases. Med Lett Drugs Ther 1984; 26: 89–90. 

3. Aldrighetti L, et al. Extrahepatic biliary stenoses after hepatic
arterial infusion (HAI) of floxuridine (FUdR) for liver metastas-
es from colorectal cancer. Hepatogastroenterology 2001; 48:
1302–7. 

4. Pettavel J, et al. Fatal liver cirrhosis associated with long-term
arterial infusion of floxuridine. Lancet 1986; ii: 1162–3. 

5. Samaras P, et al. Hemorrhage associated with hepatic artery
pseudoaneurysms after regional chemotherapy with floxuridine:
case report. Int Semin Surg Oncol 2008; 5: 17.

Interactions
As for Fluorouracil, p.723.

Pharmacokinetics
Floxuridine is poorly absorbed from the gastrointestinal tract and
it is usually given by injection. Floxuridine is metabolised main-
ly in the liver to fluorouracil after rapid injection. When given by
slow intra-arterial infusion, more of the drug is metabolised to
floxuridine monophosphate (F-dUMP). It is excreted as carbon
dioxide via the lungs; some is excreted, as unchanged drug and
metabolites, in urine. Floxuridine crosses the blood-brain barrier
to some extent and is found in CSF.

Uses and Administration
Floxuridine is an antineoplastic which acts as an antimetabolite,
either by conversion to fluorouracil (after rapid injection), or,
when given by slow intra-arterial infusion, partly via floxuridine
monophosphate (F-dUMP), which produces greater inhibition of
DNA synthesis. 
Floxuridine is used in the palliative treatment of hepatic metas-
tases of colorectal cancer—see Malignant Neoplasms of the Liv-
er, p.667. It has been tried in some other solid neoplasms. Doses
of 100 to 600 micrograms/kg daily are given by continuous he-
patic arterial infusion, usually with the aid of an infusion pump,
until toxicity occurs. 
White cell and platelet counts should be carried out regularly
during therapy and treatment should be stopped if the white cell
count falls rapidly or if the white cell or platelet count falls below
acceptable levels (see also Bone-marrow Depression, p.639), or
if major adverse effects occur.

◊ References.
1. Fordy C, et al. Hepatic arterial floxuridine as second-line treat-

ment for systemic fluorouracil-resistant colorectal liver metas-
tases. Br J Cancer 1998; 78: 1058–60. 

2. Kemeny N, et al. Hepatic arterial infusion of chemotherapy after
resection of hepatic metastases from colorectal cancer. N Engl J
Med 1999; 341: 2039–48. 

3. Lorenz M, Muller HH. Randomized, multicenter trial of fluorou-
racil plus leucovorin administered either via hepatic arterial or
intravenous infusion versus fluorodeoxyuridine administered via
hepatic arterial infusion in patients with nonresectable liver me-
tastases from colorectal carcinoma. J Clin Oncol 2000; 18:
243–54. 

4. Fiorentini G, et al. Locoregional therapy for liver metastases
from colorectal cancer: the possibilities of intraarterial chemo-
therapy, and new hepatic-directed modalities. Hepatogastroen-
terology 2001; 48: 305–12. 

5. Kemeny NE, Gonen M. Hepatic arterial infusion after liver re-
section. N Engl J Med 2005; 352: 734–5.

Preparations
USP 31: Floxuridine for Injection.

Proprietary Preparations (details are given in Part 3)
USA: FUDR.

Fludarabine Phosphate 

(BAN, USAN, rINNM)

2-F-ara-AMP; Fludarabiinifosfaatti; Fludarabin Fosfat; Fludarabine
Monophosphate; Fludarabine, phosphate de; Fludarabinfosfat;
Fludarabin-fosfát; Fludarabini phosphas; Fludarabino fosfatas; 2-
Fluoro-ara-AMP; Fosfato de fludarabina; NSC-312887. 9-β-D-
Arabinofuranosyl-2-fluoroadenine 5′-dihydrogenphosphate.

Флударабина Фосфат

C10H13FN5O7P = 365.2.

CAS — 21679-14-1 (fludarabine); 75607-67-9 (fludarab-
ine phosphate).

ATC — L01BB05.

ATC Vet — QL01BB05.

(fludarabine)

NOTE. The name FluCam has been used for a regimen of fludara-
bine with alemtuzumab. Distinguish from Flucam, which is am-
piroxicam (p.19).
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Fludarabine Phosphate). A white or almost white,
hygroscopic, crystalline powder. Slightly soluble in water; very
slightly soluble in dehydrated alcohol; freely soluble in dimeth-
ylformamide. Store in airtight containers at a temperature of 2°
to 8°. Protect from light. 
USP 31 (Fludarabine Phosphate). A white to off-white, hygro-
scopic, crystalline powder. Slightly soluble in water and in 0.1M
hydrochloric acid; practically insoluble in dehydrated alcohol;
freely soluble in dimethylformamide. Store at 2° to 8°. Protect
from light.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Bone-marrow suppression from fludarabine is dose-
limiting, manifesting as neutropenia, thrombocytope-
nia, and anaemia; the nadir of the white cell and platelet
counts usually occurs after about 13 to 16 days. Mye-
losuppression can be severe and cumulative; pro-
longed lymphopenia with concomitant risk of oppor-
tunistic infections may occur. Bone marrow hypoplasia
or aplasia resulting in pancytopenia may sometimes be
fatal. 
Other common adverse effects include fever, fatigue,
chills, cough, weakness, malaise, anorexia, gastroin-
testinal disturbances, mucositis, stomatitis, oedema,
and skin rashes. Pulmonary toxicity, including pulmo-
nary fibrosis, pneumonitis, and dyspnoea can occur.
Other adverse effects include dysuria, haematuria,
epistaxis, and abnormalities in hepatic or pancreatic
enzymes. Tumour lysis syndrome has been reported,
especially in patients with large tumour burdens. Auto-
immune disorders, including auto-immune haemolytic
anaemia, have been reported, and may be life-threaten-
ing or fatal. Patients should be monitored for signs of
haemolysis and therapy stopped if it occurs. Rarely re-
ported effects include heart failure, arrhythmias, ana-
phylaxis, and haemorrhagic cystitis. Neurological dis-
turbances include peripheral neuropathy, agitation,
confusion, visual disturbances, hearing loss, headache,
sleep disorders, and seizures; high doses have been as-
sociated with progressive encephalopathy, blindness,
coma, and death. 
Exacerbation of existing skin cancer lesions as well as
new onset of skin cancer has been reported in some pa-
tients. Transfusion-associated graft-versus-host dis-
ease has been seen after transfusion of non-irradiated
blood in patients treated with fludarabine, and fatalities
have occurred; patients should only receive irradiated
blood. 
Dosage should be reduced in renal impairment (see be-
low). It should also be avoided in patients with decom-
pensated haemolytic anaemia.
Carcinogenicity. A study in patients with chronic lymphocytic
leukaemia who were treated with fludarabine found that there
was no significantly increased risk of secondary malignancy fol-
lowing therapy, despite the immunosuppressive properties of this
drug.1 A review2 of this and other studies concluded that no sig-
nificant increase in the risk of secondary malignancy had been

shown, but also that long-term follow-up of patients treated with
fludarabine was needed.
1. Cheson BD, et al. Second malignancies as a consequence of nu-

cleoside analog therapy for chronic lymphoid leukaemias. J Clin
Oncol 1999; 17: 2454–60. 

2. Van Den Neste E, et al. Second primary tumors and immune phe-
nomena after fludarabine or 2-chloro-2′-deoxyadenosine treat-
ment. Leuk Lymphoma 2001; 40: 541–50.

Effects on the eyes. See under Effects on the Nervous System,
below.
Effects on the lungs. Pulmonary toxicity manifest as dysp-
noea, fever, hypoxaemia, and radiographic evidence of intersti-
tial and alveolar infiltrates was diagnosed in 9 patients of a cohort
of 105 treated with fludarabine.1 Lung biopsies were performed
in 6 patients and showed diffuse chronic interstitial inflammation
and fibrosis. Patients with chronic lymphocytic leukaemia ap-
peared to be at greater risk of developing this complication than
those with non-Hodgkin’s lymphoma.
1. Helman DL, et al. Fludarabine-related pulmonary toxicity: a dis-

tinct clinical entity in chronic lymphoproliferative syndromes.
Chest 2002; 122: 785–90.

Effects on the nervous system. High doses (of the order of
100 mg/m2 daily intravenously) of fludarabine are associated
with severe, life-threatening neurotoxicity. However, a few cases
of progressive multifocal leukoencephalopathy have also been
reported in patients given fludarabine in usual doses.1-4 The pro-
longed immunosuppression caused by fludarabine might in-
crease the risk of developing this fatal demyelinating disease,
which is caused by opportunistic JC virus infection. Ocular tox-
icity, including irreversible loss of vision, has also been reported
occasionally, including with low-dose regimens.5
1. Zabernigg A, et al. Late-onset fatal neurological toxicity of

fludarabine. Lancet 1994; 344: 1780. 
2. Gonzalez H, et al. Progressive multifocal leukoencephalitis

(PML) in three patients treated with standard-dose fludarabine
(FAMP). Hematol Cell Ther 1999; 41: 183–6. 

3. Cid J, et al. Progressive multifocal leukoencephalopathy follow-
ing oral fludarabine treatment of chronic lymphocytic leukemia.
Ann Hematol 2000; 79: 392–5. 

4. Vidarsson B, et al. Progressive multifocal leukoencephalopathy
after fludarabine therapy for low-grade lymphoproliferative dis-
ease. Am J Hematol 2002; 70: 51–4. 

5. Ding X, et al. Ocular toxicity of fludarabine: a purine analog.
Expert Rev Ophthalmol 2008; 3: 97–109.

Graft-versus-host disease. Transfusion-associated graft-
versus-host disease has been reported when blood products were
used in patients treated with fludarabine.1 Fludarabine-treated
patients should receive irradiated red cells and platelets (to inac-
tivate any viable T-cells) if they require a transfusion.
1. Williamson LM, et al. Fludarabine treatment and transfusion-as-

sociated graft-versus-host disease. Lancet 1996; 348: 472–3.

Infection. A review1 of patients treated with fludarabine-con-
taining regimens showed that therapy was associated with seri-
ous infections including listeriosis, pneumocystis pneumonia,
mycobacterial infections, and opportunistic fungal and viral in-
fections. The risk was exacerbated by previous or current corti-
costeroid therapy. Prophylactic therapy with co-trimoxazole, tri-
azole antifungals, aciclovir, and colony-stimulating factors was
recommended in at-risk patients. A high incidence of herpesvi-
rus infections was also found in another review2 of patients treat-
ed with fludarabine. Combination therapy using chlorambucil
and fludarabine resulted in more infections than when either was
used alone,3 but single-agent fludarabine was associated with
more major infections and herpesvirus infections than chloram-
bucil alone. The frequency of serious infection has also been
reported4 to be increased in patients after their conditions became
refractory to fludarabine and they were being treated with con-
ventional chemotherapy. 
For reports of progressive multifocal leukoencephalopathy
caused by opportunistic JC virus infection in patients receiving
fludarabine, see Effects on the Nervous System, above.
1. Anaissie EJ, et al. Infections in patients with chronic lym-

phocytic leukemia treated with fludarabine. Ann Intern Med
1998; 129: 559–66. 

2. Byrd JC, et al. Herpes virus infections occur frequently follow-
ing treatment with fludarabine: results of a prospective natural
history study. Br J Haematol 1999; 105: 445–7. 

3. Morrison VA, et al. Impact of therapy with chlorambucil,
fludarabine, or fludarabine plus chlorambucil on infections in
patients with chronic lymphocytic leukemia: Intergroup Study
Cancer and Leukemia Group B 9011. J Clin Oncol 2001; 19:
3611–21. 

4. Perkins JG, et al. Frequency and type of serious infections in
fludarabine-refractory B-cell chronic lymphocytic leukemia and
small lymphocytic lymphoma: implications for clinical trials in
this patient population. Cancer 2002; 94: 2033–9.

Interactions
Increased pulmonary toxicity, sometimes fatal, has
been reported in patients given fludarabine with pento-
statin. Pretreatment with cytarabine may reduce the
metabolic activation of fludarabine, but pretreatment
with fludarabine results in increased intracellular con-
centrations of cytarabine—see p.706. The therapeutic
efficacy of fludarabine may also be reduced by dipyri-
damole and other inhibitors of adenosine uptake.
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Aminoglycosides. Severe ototoxicity occurred when a short
course of gentamicin was given to a patient who had recently
completed a course of fludarabine.1
1. O’Brien RK, Sparling TG. Gentamicin and fludarabine ototoxic-

ity. Ann Pharmacother 1995; 29: 200–1.

Corticosteroids. For a suggestion that use of fludarabine with
corticosteroids may increase the risk of infection, see Infection,
above.

Pharmacokinetics
Intravenous fludarabine phosphate is rapidly dephos-
phorylated to fludarabine which is taken up by lym-
phocytes and rephosphorylated to the active triphos-
phate nucleotide. Peak intracellular concentrations of
fludarabine triphosphate are seen about 4 hours after a
dose. Fludarabine has a bioavailability of about 50 to
65% after oral doses of the phosphate. 
Clearance of fludarabine from the plasma is triphasic
with a terminal half-life of about 20 hours. Elimination
is mostly via renal excretion: 60% of a dose is excreted
in the urine. The pharmacokinetics of fludarabine ex-
hibit considerable interindividual variation.
◊ References.
1. Johnson SA. Clinical pharmacokinetics of nucleoside analogues:

focus on haematological malignancies. Clin Pharmacokinet
2000; 39: 5–26. 

2. Gandhi V, Plunkett W. Cellular and clinical pharmacology of
fludarabine. Clin Pharmacokinet 2002; 41: 93–103.

Uses and Administration
Fludarabine is a fluorinated nucleotide analogue of the
antiviral vidarabine (p.912); it acts as a purine antago-
nist antimetabolite. It is used for its antineoplastic
properties in the treatment of chronic lymphocytic leu-
kaemia. Fludarabine phosphate is given by bolus injec-
tion or by intravenous infusion over 30 minutes in a
usual dose of 25 mg/m2 daily for 5 consecutive days.
Alternatively it may be given orally in a dose of
40 mg/m2 daily for 5 consecutive days. Courses may
be repeated every 28 days, usually for up to 6 cycles. 
Haematological function should be monitored regular-
ly; the dosage may need to be reduced, or further cours-
es delayed, if blood counts indicate severe or persistent
myelosuppression (see also Bone-marrow Depression,
p.639). Doses should be reduced in renal impairment
(see below).
◊ General references.
1. Adkins JC, et al. Fludarabine: an update of its pharmacology and

use in the treatment of haematological malignancies. Drugs
1997; 53: 1005–37. 

2. Plosker GL, Figgitt DP. Oral fludarabine. Drugs 2003; 63:
2317–23.

Administration in renal impairment. Doses of fludarabine
phosphate should be reduced by up to 50% in patients with mild
to moderate renal impairment (creatinine clearance between 30
and 70 mL/minute); the drug should not be given in more severe
renal impairment.
Malignant neoplasms. Fludarabine is the preferred second-
line therapy for chronic lymphocytic leukaemia once initial
alkylating agent therapy fails,1 and may also be used for initial
therapy (see p.653). It has also been tried in other malignancies.
Listed below are some references to the use of fludarabine phos-
phate for the treatment of chronic lymphocytic leukaemia,2,3 and
its potential activity against a variety of other malignancies, in-
cluding indolent low-grade non-Hodgkin’s lymphoma4,5

(p.656), mycosis fungoides,6 heavy chain disease,7 prolym-
phocytic leukaemia,8,9 hairy cell leukaemia,10 and Walden-
ström’s macroglobulinaemia.11,12

1. NICE. Guidance on the use of fludarabine for B-cell chronic
lymphocytic leukaemia (issued September 2001). Available at:
http://www.nice.org.uk/nicemedia/pdf/NICEfludarab_E_
29guidance.pdf (accessed 31/07/08) 

2. Zhu Q, et al. Fludarabine in comparison to alkylator-based reg-
imen as induction therapy for chronic lymphocytic leukemia: a
systematic review and meta-analysis. Leuk Lymphoma 2004;
45: 2239–45. 

3. Richards S. Fludarabine increases complete response but not
survival compared with conventional alkylator-based regimens
for previously untreated chronic lymphocytic leukaemia. Can-
cer Treat Rev 2005; 31: 332–5. 

4. Hiddemann W, Pott-Hoeck C. Fludarabine in the management
of malignant lymphomas. Drugs 1994; 47 (suppl 6): 50–6. 

5. Anderson VR, Perry CM. Fludarabine: a review of its use in
non-Hodgkin’s lymphoma. Drugs 2007; 67: 1633–55. 

6. Scarisbrick JJ, et al. A trial of fludarabine and cyclophospha-
mide combination chemotherapy in the treatment of advanced
refractory primary cutaneous T-cell lymphoma. Br J Dermatol
2001; 144: 1010–15. 

7. Agrawal S, et al. First report of fludarabine in gamma-heavy
chain disease. Br J Haematol 1994; 88: 653–5. 

8. Smith OP, Mehta AB. Fludarabine monophosphate for prolym-
phocytic leukaemia. Lancet 1990; 336: 820. 

9. Kantarjian HM, et al. Efficacy of fludarabine, a new adenine
nucleoside analogue, in patients with prolymphocytic leukemia
and the prolymphocytoid variant of chronic lymphocytic leuke-
mia. Am J Med 1991; 90: 223–8. 

10. Kantarjian HM, et al. Fludarabine therapy in hairy cell leuke-
mia. Cancer 1991; 67: 1291–3. 

11. Dhodapkar MV, et al. Prognostic factors and response to
fludarabine therapy in patients with Waldenström macroglob-
ulinemia: results of United States intergroup trial (Southwest
Oncology Group S9003). Blood 2001; 98: 41–8. 

12. Leblond V, et al. Multicenter, randomized comparative trial of
fludarabine and the combination of cyclophosphamide-doxoru-
bicin-prednisone in 92 patients with Waldenström macroglob-
ulinemia in first relapse or with primary refractory disease.
Blood 2001; 98: 2640–4.

Preparations
USP 31: Fludarabine Phosphate for Injection; Fludarabine Phosphate Injec-
tion.

Proprietary Preparations (details are given in Part 3)
Arg.: Fludakebir ; Fludara; Fluradosa; Forclina; Austral.: Fludara; Austria:
Fludara; Belg.: Fludara; Braz.: Fludara; Canad.: Fludara; Chile: Fludara;
Cz.: Fludara; Tazumara; Denm.: Fludara; Fin.: Fludara; Fr.: Fludara; Ger.:
Fludara; Gr.: Fludara; Hong Kong: Fludara; Hung.: Fludara; India: Fludara;
Indon.: Fludara; Irl.: Fludara; Israel: Fludara; Ital.: Fludara; Malaysia:
Fludara; Mex.: Beneflur; Fludara; Neth.: Fludara; Norw.: Fludara; NZ:
Fludara; Philipp.: Fludara; Pol.: Fludara; Port.: Fludara; Rus.: Fludara
(Флудара); S.Afr.: Fludara; Singapore: Fludara; Spain: Beneflur; Swed.:
Fludara; Switz.: Fludara; Thai.: Fludara; Turk.: Fludara; UK: Fludara; USA:
Fludara; Venez.: Fludara.

Fluorouracil (BAN, USAN, rINN)

5-Fluorouracil; Fluorouracilas; Fluorouracile; Fluorouracilo; Fluor-
ouracilum; Fluorouracyl; Fluorourasiili; Fluorourasil; 5-Fluorouras-
il; Fluoruracil; 5-FU; NSC-19893; Ro-2-9757; WR-69596. 5-
Fluoropyrimidine-2,4(1H,3H)-dione.
Флуороурацил
C4H3FN2O2 = 130.1.
CAS — 51-21-8.
ATC — L01BC02.
ATC Vet — QL01BC02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Fluorouracil). A white or almost white, crystalline
powder. Sparingly soluble in water; slightly soluble in alcohol. A
1% solution in water has a pH of 4.5 to 5.0. Protect from light. 
USP 31 (Fluorouracil). A white to practically white, practically
odourless, crystalline powder. Sparingly soluble in water; slight-
ly soluble in alcohol; practically insoluble in chloroform and in
ether. Store in airtight containers. Protect from light.
Incompatibility. Preparations of fluorouracil are alkaline, and
compatibility problems may be expected with acidic drugs and
preparations, or those which are unstable in the presence of alka-
li. Fluorouracil is reported to be incompatible with cytarabine,1
diazepam,2 doxorubicin2 (and presumably other anthracyclines
that are unstable at alkaline pH), and calcium folinate.3 Although
fluorouracil has been stated to be incompatible with
methotrexate1 a study of the long-term stability of an admixture
of the 2 drugs in sodium chloride 0.9% injection suggests other-
wise.4
1. McRae MP, King JC. Compatibility of antineoplastic, antibiotic

and corticosteroid drugs in intravenous admixtures. Am J Hosp
Pharm 1976; 33: 1010–13. 

2. Dorr RT. Incompatibilities with parenteral anticancer drugs. Am
J Intravenous Ther 1979; 6: 42–52. 

3. Trissel LA, et al. Incompatibility of fluorouracil with leucovorin
calcium or levoleucovorin calcium. Am J Health-Syst Pharm
1995; 52: 710–15. 

4. Vincké BJ, et al. Extended stability of 5-fluorouracil and meth-
otrexate solutions in PVC containers. Int J Pharmaceutics 1989;
54: 181–9.

Stability. Despite one report1 that fluorouracil had limited sta-
bility when dissolved in glucose 5% at room temperature (10%
loss from solution in 43 hours when stored in PVC and in only 7
hours when stored in glass), others2 found such a solution to be
stable for at least 16 weeks when stored in PVC at 5°. When
stored at room temperature in PVC, solutions of fluorouracil may
lose water by evaporation, which slowly increases their concen-
tration.2,3 Results of a study of fluorouracil and methotrexate ad-
mixtures in sodium chloride 0.9% suggest that extended stability
(up to 13 weeks) is possible in this diluent at 5° in PVC bags.3
Commercial solutions of fluorouracil for injection have been re-
ported to be stable for 7 days at 37° in a portable infusion pump,
although at 25° one brand showed evidence of precipitation.4
Fluorouracil solutions may be incompatible with synthetic elas-
tomers: microscopic precipitation has been reported as soon as 4
hours after placement into polyisoprene reservoirs of elastomeric

infusers and in polypropylene syringes with an elastomeric
joint.5 Some have questioned the validity of this finding.6,7

1. Benvenuto JA, et al. Stability and compatibility of antitumor
agents in glass and plastic containers. Am J Hosp Pharm 1981;
38: 1914–18. 

2. Quebbeman EJ, et al. Stability of fluorouracil in plastic contain-
ers used for continuous infusion at home. Am J Hosp Pharm
1984; 41: 1153–6. 

3. Vincké B, et al. Extended stability of 5-fluorouracil and meth-
otrexate solutions in PVC containers. Int J Pharmaceutics 1989;
54: 181–9. 

4. Stiles ML, et al. Stability of fluorouracil administered through
four portable infusion pumps. Am J Hosp Pharm 1989; 46:
2036–40. 

5. Corbrion V, et al. Precipitation of fluorouracil in elastomeric in-
fusers with a polyisoprene reservoir and in polypropylene sy-
ringes with an elastomeric joint. Am J Health-Syst Pharm 1997;
54: 1845–8. 

6. Trissel LA. Fluorouracil precipitate. Am J Health-Syst Pharm
1998; 55: 1314–15. 

7. Allwood MC. Fluorouracil precipitate. Am J Health-Syst Pharm
1998; 55; 1315–16.

Adverse Effects and Treatment
For general discussions see Antineoplastics, p.635 and
p.639. 
The main adverse effects of fluorouracil are on the
bone marrow and the gastrointestinal tract, and may be
dose-limiting. Toxicity is schedule dependent: reduc-
ing the rate of injection to a slow infusion is associated
with less haematological toxicity but does not decrease
gastrointestinal toxicity. With protracted continuous
infusion in particular, the palmar-plantar erythrodys-
esthesia syndrome (erythema and painful desquama-
tion of the hands and feet) may occur. Gastrointestinal
toxicity may be exacerbated if fluorouracil is given
with folinic acid. 
Leucopenia, thrombocytopenia, stomatitis, gastroin-
testinal ulceration and bleeding, diarrhoea, or haemor-
rhage from any site, are signs that treatment should be
stopped. The nadir of the white cell count may occur
from 7 to 20 days after a dose, and counts usually re-
turn to normal after about 30 days. Thrombocytopenia
is usually at a maximum 7 to 17 days after a dose.
Anaemia may also occur. Nausea and vomiting, rashes,
and alopecia are common. Ocular irritation, central
neurotoxicity (notably cerebellar ataxia), and myocar-
dial ischaemia have occurred. 
Local inflammatory and photosensitivity reactions
have occurred after topical use. Dermatitis and, rarely,
erythema multiforme have been reported.
Effects on the eyes. Systemic fluorouracil therapy has been
associated with various types of ocular toxicity including several
cases of excessive lachrymation and watering of the eyes.1 In one
patient this was associated with symptoms suggesting fibrosis of
the tear duct,1 and possibly representing local irritation due to the
presence of fluorouracil in tear fluid,2 although symptoms have
not always resolved on stopping the drug.1 More seriously a case
of bilateral total corneal epithelial erosion has been described.3
Optic neuropathy, culminating in near blindness, has also oc-
curred in a patient given fluorouracil as part of a combination
regimen.4 Severe ulceration and corneal abscess with hyopyon
has followed local injection of fluorouracil into the eye in a dia-
betic patient with idiopathic band keratopathy.5
1. Haidak DJ, et al. Tear-duct fibrosis (dacryostenosis) due to 5-

fluorouracil. Ann Intern Med 1978; 88: 657. 
2. Christophidis N, et al. Lacrimation and 5-fluorouracil. Ann In-

tern Med 1978; 89: 574. 
3. Hirsh A, et al. Bilateral total corneal epithelial erosion as a side

effect of cytotoxic therapy. Br J Ophthalmol 1990; 74: 638. 
4. Adams JW, et al. Recurrent acute toxic optic neuropathy second-

ary to 5-FU. Cancer Treat Rep 1984; 68: 565–6. 
5. Hickey-Dwyer M, Wishart PK. Serious corneal complication of

5-fluorouracil. Br J Ophthalmol 1993; 77: 250–1.

Effects on the heart. Life-threatening cardiotoxicity (arrhyth-
mias, ventricular tachycardia, and cardiac arrest, secondary to
transmural ischaemia) has been reported to occur in 0.55% of
patients given fluorouracil,1 although the incidence of angina and
less severe cardiotoxicity associated with coronary artery spasm
may be higher.1-3 Possible risk factors include pre-existing heart
disease or mediastinal radiotherapy, and prolonged infusion of
the drug, but symptoms can also occur in patients without these
risk factors.2-4 Therefore, at present, it is not possible to reliably
predict patients at risk.5 Some suggest that the use of a trometa-
mol buffer in the fluorouracil formulation may contribute to the
formation of cardiotoxic degradation products.6
1. Keefe DL, et al. Clinical cardiotoxicity of 5-fluorouracil. J Clin

Pharmacol 1993; 33: 1060–70. 
2. McLachlan SA, et al. The spectrum of 5-fluorouracil cardiotox-

icity. Med J Aust 1994; 161: 207–9. 
3. Anand AJ. Fluorouracil cardiotoxicity. Ann Pharmacother 1994;

28: 374–8. 
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4. Hannaford R. Sudden death associated with 5-fluorouracil. Med
J Aust 1994; 161: 225. 

5. Becker K, et al. Cardiotoxicity of the antiproliferative compound
fluorouracil. Drugs 1999; 57: 475–84. 

6. Lukaschek J, et al. Cardiotoxicity and neurotoxicity of high-dose
continuous fluorouracil as a result of degradation compounds in
the drug vials. J Clin Oncol 2004; 22: 5022–5.

Effects on the nervous system. Central neurotoxicity, in-
cluding cerebellar ataxia, confusion, disorientation, and emo-
tional lability is reported to occur rarely in patients receiving
fluorouracil, although the incidence may be increased with high-
dose or intensive regimens. Patients with disorders of pyrimidine
metabolism may be at increased risk of neurotoxicity.1-3 It has
also been suggested that fluorouracil may produce neurotoxicity
by causing thiamine deficiency, and that thiamine may be used to
treat it.4
1. Tuchman M, et al. Familial pyrimidinemia and pyrimidinuria as-

sociated with severe fluorouracil toxicity. N Engl J Med 1985;
313: 245–9. 

2. Stéphan F, et al. Depressed hepatic dihydropyrimidine dehydro-
genase activity and fluorouracil-related toxicities. Am J Med
1995; 99: 685–8. 

3. Takimoto C, et al. Reversible 5-fluorouracil-associated enceph-
alopathy in a dihydropyrimidine dehydrogenase (DPD) deficient
patient. Clin Pharmacol Ther 1996; 59: 161. 

4. Pirzada NA, et al. Fluorouracil-induced neurotoxicity. Ann
Pharmacother 2000; 34: 35–8.

Effects on the skin. In addition to reports of fluorouracil-asso-
ciated dermatitis and photosensitivity a syndrome of erythema,
pain, and desquamation of the skin of palms and soles has been
reported1-4 (the palmar-plantar erythrodysesthesia syndrome,
p.639). Although particularly associated with continuous
infusion1,2 the syndrome can also occur after bolus doses.3,4

Symptoms generally respond to stopping the drug, but addition
of oral pyridoxine to chemotherapy regimens has been reported
to prevent or resolve symptoms,5 as has application of a nicotine
patch in one patient.6 
Rash and confusion developing in an elderly man with malab-
sorption and poor nutritional intake who received fluorouracil for
a biliary-tract tumour were diagnosed as pellagra.7 Symptoms re-
sponded to nicotinic acid therapy.
1. Lokich JJ, Moore C. Chemotherapy-associated palmar-plantar

erythrodysesthesia syndrome. Ann Intern Med 1984; 101:
798–800. 

2. Feldman LD, Ajani JA. Fluorouracil-associated dermatitis of the
hands and feet. JAMA 1985; 254: 3479. 

3. Atkins JN. Fluorouracil and the palmar-plantar erythrodysesthe-
sia syndrome. Ann Intern Med 1985; 102: 419. 

4. Curran CF, Luce JK. Fluorouracil and palmar-plantar erythrod-
ysesthesia. Ann Intern Med 1989; 111: 858. 

5. Vukelja SJ, et al. Pyridoxine for the palmar-plantar erythrodys-
esthesia syndrome. Ann Intern Med 1989; 111: 688–9. 

6. Kingsley EC. 5-Fluorouracil dermatitis prophylaxis with a nico-
tine patch. Ann Intern Med 1994; 120: 813. 

7. Stevens HP, et al. Pellagra secondary to 5-fluorouracil. Br J Der-
matol 1993; 128: 578–80.

Hypersensitivity. Although local hypersensitivity reactions
are included in licensed product information as potential adverse
effects of topical fluorouracil, hypersensitivity reactions to sys-
temic fluorouracil have been reported very rarely.1-6 For a report
of the successful use of fluorouracil in a patient allergic to
capecitabine, suggesting that cross-sensitivity does not occur be-
tween the two, see p.692.
1. Reed WP, Morris DM. Maculopapular eruption resulting from

systemic administration of 5-fluorouracil. Cutis 1984; 33:
381–2. 

2. Sridhar KS. Allergic reaction to 5-fluorouracil infusion. Cancer
1986; 58: 862–4. 

3. Milla Santos A, Sanchiz Medina F. Anaphylactic reaction fol-
lowing iv administration of 5-fluorouracil. Cancer Treat Rep
1986; 70: 1346. 

4. Duley JA, Nethersell AB. Delayed hypersensitivity to 5-fluorou-
racil associated with reduced dihydropyrimidine dehydrogenase
(DPD) activity. Adv Exp Med Biol 1998; 431: 147–50. 

5. Eppinger T, Sperber K. Desensitization to 5-fluorouracil. Allergy
Asthma Proc 1999; 20: 189–91. 

6. Biswal BM. Anaphylaxis following continuous 5-fluorouracil
infusion chemotherapy. Aust N Z J Med 1999; 29: 743–4.

Precautions
For general discussions see Antineoplastics, p.641.
Fluorouracil should be given with care to weak or mal-
nourished patients, to those with a history of heart dis-
ease, or to those with hepatic or renal insufficiency. Pa-
tients with a history of high-dose pelvic irradiation or
treatment with alkylating agents, and those with wide-
spread metastases to the bone marrow should also be
treated with extreme caution. Blood cell counts should
be determined frequently during therapy. Fluorouracil
should not be used in patients with dihydropyrimidine
dehydrogenase (DPD) enzyme deficiency as this can
lead to increased toxicity. 
Topical fluorouracil should not be used on mucous
membranes. There is a possibility of increased absorp-
tion if used excessively or on ulcerated or inflamed
skin. Occlusive dressings may increase inflammatory
actions. Exposure to UV light during treatment should

be avoided. Creams are preferably applied using a non-
metal applicator or gloved hand; if bare fingertips are
used the hands must be washed immediately after-
wards.
Handling and disposal. Fluorouracil is irritant; avoid contact
with skin and mucous membranes. 
Urine and faeces produced for up to 48 hours and 5 days respec-
tively after an oral dose of fluorouracil should be handled wear-
ing protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Metabolic disorders. For reference to increased risk of neuro-
toxicity in patients with a defect of pyrimidine metabolism given
fluorouracil, see under Effects on the Nervous System, above.

Interactions
For a general discussion of antineoplastic drug interac-
tions, see p.642. The actions of fluorouracil may be
modified by other drugs including allopurinol, cimeti-
dine, folinic acid, methotrexate, and metronidazole
(see also under Administration, below).
◊ References.
1. Jansman FGA, et al. Assessing the clinical significance of drug

interactions with fluorouracil in patients with colorectal cancer.
Am J Health-Syst Pharm 2005; 62: 1788–93.

Antineoplastics. Oxaliplatin, which is given with fluorouracil
and folinic acid in the treatment of colorectal cancer, reduced
fluorouracil clearance in a study1 of 29 patients with colorectal
cancer. The effect was delayed and prolonged, lasting about 15
days, and an increase in toxicity correlated with raised fluorour-
acil concentrations. The mechanism of this interaction is unclear.
In contrast, however, another study2 found no effect of oxalipla-
tin on fluorouracil pharmacokinetics; the study was not designed
to investigate a delayed effect and the dose of oxaliplatin was
lower than that used in the first study. 
Sorafenib has been reported to have variable effects on fluorour-
acil exposure. 
For reference to the effect of fluorouracil on the action of paclit-
axel, see Antineoplastics, p.759. For the increased risk of haemo-
lytic-uraemic syndrome that may be seen if fluorouracil is used
with mitomycin, see Effects on the Kidneys, p.752.
1. Boisdron-Celle M, et al. Influence of oxaliplatin on 5-fluorour-

acil plasma clearance and clinical consequences. Cancer Chem-
other Pharmacol 2002; 49: 235–43. 

2. Joel SP, et al. Lack of pharmacokinetic interaction between 5-
fluorouracil and oxaliplatin. Clin Pharmacol Ther 2004; 76:
45–54.

Antiprotozoals. Metronidazole increased the toxicity of fluor-
ouracil in patients with colorectal cancer, apparently by reducing
the clearance of the antineoplastic. No enhanced antineoplastic
effect was seen with the combination in vitro.1
1. Bardakji Z, et al. 5-Fluorouracil–metronidazole combination

therapy in metastatic colorectal cancer. Cancer Chemother
Pharmacol 1986; 18: 140–4.

Antivirals. Giving interferon alfa-2b with fluorouracil has pro-
duced a marked increase in the initial plasma concentration of
fluorouracil and a decrease in fluorouracil clearance.1 
Severe leucopenia, fatal in some cases, has been reported in pa-
tients given fluorouracil or fluorouracil prodrugs (such as te-
gafur) with sorivudine.2,3 A metabolite of sorivudine appears to
inhibit dihydropyrimidine dehydrogenase, the primary enzyme
responsible for the inactivation of fluorouracil.3
1. Czejka MJ, et al. Clinical pharmacokinetics of 5-fluorouracil:

influence of the biomodulating agents interferon, dipyridamole
and folic acid alone and in combination. Arzneimittelforschung
1993; 43: 387–90. 

2. Yawata M. Deaths due to drug interaction. Lancet 1993; 342:
1166. 

3. Diasio RB. Sorivudine and 5-fluorouracil; a clinically significant
drug-drug interaction due to inhibition of dihydropyrimidine de-
hydrogenase. Br J Clin Pharmacol 1998; 46: 1–4.

Gastrointestinal drugs. Pretreatment with cimetidine for 4
weeks increased plasma concentrations of fluorouracil after in-
travenous and oral doses in 6 patients.1 The effect was probably
due to a combination of hepatic enzyme inhibition and reduced
hepatic blood flow. No such effect was seen after single doses of
cimetidine in 5 patients or pretreatment for just 1 week in 6. Care
is required in patients given both drugs together.
1. Harvey VJ, et al. The influence of cimetidine on the pharmacok-

inetics of 5-fluorouracil. Br J Clin Pharmacol 1984; 18: 421–30.

Pharmacokinetics
Absorption of fluorouracil from the gastrointestinal
tract is unpredictable and fluorouracil is usually given
intravenously. Little is absorbed when fluorouracil is
applied to healthy skin. 
After intravenous injection fluorouracil is cleared rap-
idly from plasma with a mean half-life of about 16
minutes. It is distributed throughout body tissues and
fluids (including crossing the blood-brain barrier to ap-
pear in the CSF), and disappears from the plasma with-

in about 3 hours. Within the target cell fluorouracil is
converted to 5-fluorouridine monophosphate and
floxuridine monophosphate (5-fluorodeoxyuridine
monophosphate), the former undergoing conversion to
the triphosphate which can be incorporated into RNA
while the latter inhibits thymidylate synthetase. About
15% of an intravenous dose is excreted unchanged in
the urine within 6 hours. The remainder is inactivated
primarily in the liver and is catabolised via dihydropy-
rimidine dehydrogenase (DPD) similarly to endog-
enous uracil. A large amount is excreted as respiratory
carbon dioxide; urea and other metabolites are also
produced.
◊ References.
1. Ploylearmsaeng S-A, et al. How may anticancer chemotherapy

with fluorouracil be individualised? Clin Pharmacokinet 2006;
45: 567–92.

Chronopharmacology. Plasma concentrations of fluorouracil
during continuous intravenous infusion are reported to undergo
circadian variations of as much as 50% of the mean, peak con-
centrations occurring in the middle of the night.1 The variation
may be due to a circadian variation in the activity of the enzyme
dihydropyrimidine dehydrogenase in blood,2 but striking inter-
patient variations in peak concentrations of fluorouracil and peak
enzyme activity suggest that any adjustment of infusion times
would need to be individualised.2 It has been suggested that phar-
macokinetic monitoring should be investigated as a means of in-
dividualising fluorouracil doses with the aim of improving effi-
cacy and reducing toxicity.3
1. Petit E, et al. Circadian rhythm-varying plasma concentration of

5-fluorouracil during a five-day continuous venous infusion at a
constant rate in cancer patients. Cancer Res 1988; 48: 1676–9. 

2. Harris BE, et al. Relationship between dihydropyrimidine dehy-
drogenase activity and plasma 5-fluorouracil levels with evi-
dence for circadian variation of enzyme activity and plasma drug
levels in cancer patients receiving 5-fluorouracil by protracted
continuous infusion. Cancer Res 1990; 50: 197–201. 

3. Young AM, et al. Can pharmacokinetic monitoring improve clin-
ical use of fluorouracil. Clin Pharmacokinet 1999; 36: 391–8.

Uses and Administration
Fluorouracil, an analogue of the pyrimidine uracil, is
an antineoplastic that acts as an antimetabolite. After
intracellular conversion to the active deoxynucleotide
it interferes with the synthesis of DNA by blocking the
conversion of deoxyuridylic acid to thymidylic acid by
the cellular enzyme thymidylate synthetase. It can also
interfere with RNA synthesis. 
Fluorouracil is used alone or in combination in the ad-
juvant and palliative treatment of gastrointestinal can-
cer. In this setting it may be combined with folinic acid
(see Administration, below). Fluorouracil is often giv-
en with cyclophosphamide and methotrexate or doxo-
rubicin in the adjuvant treatment of breast cancer. It
may also be used in the palliation of other malignant
neoplasms such as those of the head and neck, liver,
and pancreas. In addition, it may be used topically for
treating malignant or premalignant lesions of the skin.
Its use in these malignancies is further discussed under
Choice of Antineoplastic as indicated by the cross-ref-
erences given below. 
Many dosage regimens have been used. Although it is
most often given in combination regimens for the treat-
ment of malignancy, many of the licensed dosage reg-
imens relate to single-agent use. Such licensed regi-
mens include: 
• by intravenous injection, usual doses of 12 mg/kg daily (to

a maximum of 0.8 to 1 g daily) for 3 or 4 days. If there is no
evidence of toxicity, this may be followed after 1 day by
6 mg/kg on alternate days for 3 or 4 further doses. An alter-
native schedule is to give 15 mg/kg intravenously once a
week throughout the course. The course may be repeated
after 4 to 6 weeks or maintenance doses of 5 to 15 mg/kg to
a maximum of 1 g may be given weekly. 

• by intravenous infusion, usual doses of 15 mg/kg daily (to a
maximum of 1 g daily) being infused in 500 mL of sodium
chloride 0.9% or glucose 5% over 4 hours and repeated on
successive days until toxicity occurs or a total of 12 to 15 g
has been given. Continuous infusion may also be used. The
course may be repeated after 4 to 6 weeks. 

• by continuous intra-arterial infusion, in doses of 5 to
7.5 mg/kg daily (regional perfusion). 

• by mouth, although the parenteral route is generally pre-
ferred, a dose of 15 mg/kg, to a maximum of 1 g in one day,
has been given once weekly for maintenance. 
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Suggested regimens with folinic acid include: 
• 200 mg/m2 of folinic acid (as calcium folinate) by

slow intravenous injection followed immediately by
an intravenous bolus of fluorouracil 370 mg/m2; the
treatment is given daily for 5 consecutive days, and
may be repeated every 4 to 5 weeks 

• lower doses of folinic acid (20 mg/m2) followed by
fluorouracil 425 mg/m2 for 5 consecutive days, re-
peated every 4 to 5 weeks (the Mayo regimen) 

• an initial dose of 200 mg/m2 of folinic acid, followed
by fluorouracil 400 mg/m2 as an initial intravenous
bolus injection and then 600 mg/m2 by continuous
intravenous infusion. This dosage is given for 2 con-
secutive days every 2 weeks (the de Gramont regi-
men) 

The white cell count should be determined frequently
during treatment with fluorouracil and therapy stopped
immediately if the count falls rapidly or if the white
cell or platelet count falls below acceptable levels (see
also Bone-marrow Depression, p.639) or if severe ad-
verse effects occur. Doses should be reduced by up to
half in patients with poor nutritional status, impaired
bone-marrow, hepatic, or renal function, and within 30
days of major surgery. 
Fluorouracil is used topically in the treatment of solar
(actinic) keratoses and other superficial tumours and
premalignant conditions of the skin including Bowen’s
disease and superficial basal cell carcinomas. For ac-
tinic keratosis it is usually applied as a 0.5 to 5% cream
or as a 1 to 5% solution in propylene glycol once or
twice daily for 2 to 4 weeks; the higher strength may be
applied for at least 3 to 6 weeks for superficial basal
cell carcinomas.
Administration. Modulation of fluorouracil by other drugs has
been tried in an effort to enhance its effects, particularly in the
treatment of colorectal cancer (p.665). 
Folinic acid has been extensively used to modulate the effects of
fluorouracil, and has become the agent of choice. Various regi-
mens have been used, modifying the fluorouracil schedule (con-
tinuous infusion versus bolus), folinic acid dose (low-dose ver-
sus high-dose) and the regimen frequency (monthly, bimonthly,
or weekly). Despite numerous studies, the optimum regimen in
terms of efficacy and tolerability has yet to be determined. 
In the adjuvant setting, a large-scale randomised trial1 found no
difference in efficacy between low-dose and high-dose folinic
acid when added to fluorouracil given either once weekly for 30
doses, or for 5 consecutive days per month over 6 months. Fluor-
ouracil and low-dose folinic acid may therefore become the pre-
ferred regimen in the adjuvant setting. 
In the palliation of advanced disease, meta-analyses have re-
vealed the value of the addition of folinic acid to fluorouracil,2
and the use of infusions rather than bolus fluorouracil,3 in terms
of response rates. An updated meta-analysis confirmed the ben-
efit of addition of folinic acid to fluorouracil in terms of response
rate, and found a small but statistically significant advantage in
terms of overall survival. Survival benefit was restricted to trials
using the same dose of fluorouracil in the treatment arms (fluor-
ouracil alone versus fluorouracil and folinic acid), suggesting
that the benefit of modulation with folinic acid could be compen-
sated by an increase of fluorouracil dose in the fluorouracil alone
arm. However, increased toxicity from high-dose fluorouracil
might occur.4 The data for low-dose folinic acid versus high-dose
are less clear.5 In 1 randomised trial,6 a bimonthly infusion regi-
men of fluorouracil plus high-dose folinic acid (the de Gramont
regimen7) was more effective than a monthly bolus regimen of
fluorouracil plus low-dose folinic acid. Further studies compar-
ing the effect of high- and low-dose folinic acid added to the
same schedule of continuous infusion fluorouracil are required. 
Interferon alfa also appears to modify8 the actions of fluorouracil
(see also under Interactions, above), and has been investigated in
combination with fluorouracil and folinic acid. Although some
early results were promising, later randomised controlled trials
failed to show any benefit for the addition of interferon alfa to
fluorouracil or fluorouracil plus folinic acid.8 It is not clear
whether interferon beta will prove of any greater benefit. 
Based on the results of early adjuvant studies, levamisole was
used as standard therapy to modulate fluorouracil, particularly in
the USA. However, more recent trials indicate that levamisole is
no more effective than placebo when added to fluorouracil,1 or to
fluorouracil plus folinic acid.9 

Methotrexate has also been used to modulate fluorouracil. Meta-
analysis of several studies of fluorouracil preceded by meth-
otrexate found that the combination doubled the response rate to
fluorouracil in metastatic colorectal cancer and produced some
survival benefits.10 (Combination in the reverse order, i.e. meth-
otrexate preceded by fluorouracil, may reduce methotrexate tox-
icity—see under Treatment of Adverse Effects, p.747.)
1. QUASAR Collaborative Group. Comparison of fluorouracil

with additional levamisole, higher-dose folinic acid, or both, as
adjuvant chemotherapy for colorectal cancer: a randomised tri-
al. Lancet 2000; 355: 1588–96. 

2. Advanced Colorectal Cancer Meta-analysis Project. Modula-
tion of fluorouracil by leucovorin in patients with advanced
colorectal cancer: evidence in terms of response rate. J Clin On-
col 1992; 10: 896–903. 

3. Meta-analysis Group in Cancer. Efficacy of intravenous contin-
uous infusion of fluorouracil compared with bolus administra-
tion in advanced colorectal cancer. J Clin Oncol 1998; 16:
301–8. 

4. The Meta-Analysis Group in Cancer. Modulation of fluorour-
acil by leucovorin in patients with advanced colorectal cancer:
an updated meta-analysis. J Clin Oncol 2004; 22: 3766–75.
Correction. ibid. 2005; 23: 1337–8. 

5. Rustum YM, et al. Rationale for treatment design: biochemical
modulation of 5-fluorouracil by leucovorin. Cancer J Sci Am
1998; 4: 12–18. 

6. de Gramont A, et al. Randomized trial comparing monthly low-
dose leucovorin and fluorouracil bolus with bimonthly high-
dose leucovorin and fluorouracil bolus plus continuous infusion
for advanced colorectal cancer: a French Intergroup study. J
Clin Oncol 1997; 15: 808–15. 

7. de Gramont A, et al. A review of GERCOD trials of bimonthly
leucovorin plus 5-fluorouracil 48-h continuous infusion in ad-
vanced colorectal cancer: evolution of a regimen. Eur J Cancer
1998; 34: 619–26. 

8. Makower D, Wadler S. Interferons as biomodulators of fluoro-
pyrimidines in the treatment of colorectal cancer. Semin Oncol
1999; 26: 663–71. 

9. Wolmark N, et al. Clinical trial to assess the relative efficacy of
fluorouracil and leucovorin, fluorouracil and levamisole, and
fluorouracil, leucovorin, and levamisole in patients with Dukes’
B and C carcinoma of the colon: results from National Surgical
Adjuvant Breast and Bowel Project C-04. J Clin Oncol 1999;
17: 3553–9. 

10. Advanced Colorectal Cancer Meta-analysis Project. Meta-anal-
ysis of randomized trials testing the biochemical modulation of
fluorouracil by methotrexate in metastatic colorectal cancer. J
Clin Oncol 1994; 12: 960–9.

Darier’s disease. Two patients with resistant Darier’s disease
(p.1578) receiving long-term oral retinoid therapy responded to
treatment with topical fluorouracil applied as a 1% cream once
daily.1 There was complete clearance of skin lesions after 3
weeks of treatment.
1. Knulst AC, et al. Topical 5-fluorouracil in the treatment of Dar-

ier’s disease. Br J Dermatol 1995; 133: 463–6.

Eye disorders. Aside from its use in glaucoma surgery (below),
fluorouracil has been used adjunctively in other ocular surgery. It
has also shown promising results in the treatment of ocular sur-
face malignancies.1

1. Abraham LM, et al. The clinical applications of fluorouracil in
ophthalmic practice. Drugs 2007; 67: 237–55.

Glaucoma. A regimen of subconjunctival injections of fluoro-
uracil is effective in improving the outcome of glaucoma filter-
ing surgery1-3 in selected patients when used as an adjunct to pre-
vent the formation of scar tissue (see p.1873). However, in view
of the increased risk of late-onset conjunctival wound leaks cau-
tion has been suggested in its use in eyes with a good prognosis.3
Although one study4 found that fluorouracil improved the suc-
cess rate of combined glaucoma filtering surgery and cataract
surgery earlier studies had failed to demonstrate any advan-
tage.5,6 A systematic review7 of these and 2 other studies con-
cluded that fluorouracil reduced the risk of surgical failure of
trabeculectomy in eyes at high risk of failure, and in those under-
going surgery for the first time, but noted that the methodological
quality of the studies was not high, and that this practice has
largely been superseded by the use of intra-operative mitomycin.
However, a later survey8 in the UK found that the use of antime-
tabolites in glaucoma surgery was much less common than in the
USA or Japan, and that fluorouracil was strongly preferred to mi-
tomycin. 
Intra-operative topical application of fluorouracil has been tried
as an alternative to subconjunctival injection with conflicting re-
sults.9-11

1. Ophir A, Ticho U. A randomized study of trabeculectomy and
subconjunctival administration of fluorouracil in primary glau-
comas. Arch Ophthalmol 1992; 110: 1072–5. 

2. Goldenfeld M, et al. 5-Fluorouracil in initial trabeculectomy: a
prospective, randomized, multicenter study. Ophthalmology
1994; 101: 1024–9. 

3. The Fluorouracil Filtering Surgery Study Group. Five-year fol-
low-up of the Fluorouracil Filtering Surgery Study. Am J Oph-
thalmol 1996; 121: 349–66. 

4. Gandolfi SA, Vecchi M. 5-Fluorouracil in combined trabeculec-
tomy and clear-cornea phacoemulsification with posterior
chamber intraocular lens implantation: a one-year randomized,
controlled clinical trial. Ophthalmology 1997; 104: 181–6. 

5. Wong PC, et al. 5-Fluorouracil after primary combined filtra-
tion surgery. Am J Ophthalmol 1994; 117: 149–54. 

6. O’Grady JM, et al. Trabeculectomy, phacoemulsification, and
posterior chamber lens implantation with and without 5-fluor-
ouracil. Am J Ophthalmol 1993; 116: 594–9. 

7. Wormald R, et al. Post-operative 5-fluorouracil for glaucoma
surgery. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2001 (accessed
12/05/05). 

8. Siriwardena D, et al. National survey of antimetabolite use in
glaucoma surgery in the United Kingdom. Br J Ophthalmol
2004; 88: 873–6. 

9. Egbert PR, et al. A prospective trial of intraoperative fluorour-
acil during trabeculectomy in a black population. Am J Ophthal-
mol 1993; 116: 612–16. 

10. Lachkar Y, et al. Trabeculectomy with intraoperative sponge 5-
fluorouracil in Afro-Caribbeans. Br J Ophthalmol 1997; 81:
555–8. 

11. Yorston D, Khaw PT. A randomised trial of the effect of intra-
operative 5-FU on the outcome of trabeculectomy in east Afri-
ca. Br J Ophthalmol 2001; 85: 1028–30.

Malignant neoplasms. Fluorouracil plays an important role in
the adjuvant treatment of gastrointestinal cancer, as discussed on
p.664, and has been widely used in adjuvant regimens for early
breast cancer (p.661). It may also be employed in the manage-
ment of a wide variety of other malignancies including pancreat-
ic endocrine tumours (p.643), cancers of the cervix (p.663) and
head and neck (p.666), liver metastases (p.667), and tumours of
the exocrine pancreas (p.671). It is reported to have only modest
activity in neoplasms of the kidney (p.667). In addition, it is
sometimes applied topically as part of the management of malig-
nant or pre-malignant lesions of the skin (see Basal Cell and Sq-
uamous Cell Carcinoma, p.673), or surface neoplasia of the eye
(p.664). 
The role of fluorouracil in chemoradiotherapy of various malig-
nancies has been reviewed.1

1. Rich TA, et al. Four decades of continuing innovation with fluor-
ouracil: current and future approaches to fluorouracil chemora-
diation therapy. J Clin Oncol 2004; 22: 2214–32.

Toxoplasmosis. For mention of the use of fluorouracil with
clindamycin to treat cerebral toxoplasmosis, see p.253.

Warts. Fluorouracil has been used, as a 1% or, more usually, a
5% cream or solution in the treatment of genital warts (condylo-
mata acuminata).1-3 It has been tried as an adjuvant to laser ther-
apy in severe papillomavirus-associated vulvar disease,4 with
variable results, and in men with subclinical or clinically appar-
ent penile lesions.5 A preparation of fluorouracil 3% in a colla-
gen gel basis, together with adrenaline as a local vasoconstrictor,
has been tried by injection into genital warts.6 A combination of
fluorouracil 0.5% and salicylic acid 10% has also been stated to
be effective in the topical treatment of common and plantar
warts.7 For a discussion of the various agents, including cytotox-
ics such as fluorouracil, employed to produce destruction of
warts, see p.1584.
1. Kling AR. Genital warts—therapy. Semin Dermatol 1992; 11:

247–55. 
2. Stone KM. Human papillomavirus infection and genital warts:

update on epidemiology and treatment. Clin Infect Dis 1995; 20
(suppl 1): S91–7. 

3. Beutner KR, Ferenczy A. Therapeutic approaches to genital
warts. Am J Med 1997; 102: 28–37. 

4. Reid R, et al. Superficial laser vulvectomy IV: extended laser
vaporization and adjunctive 5-fluorouracil therapy of human
papillomavirus-associated vulvar disease. Obstet Gynecol 1990;
76: 439–48. 

5. Bergman A, Nalick R. Genital human papillomavirus infection
in men: diagnosis and treatment with a laser and 5-fluorouracil.
J Reprod Med 1991; 36: 363–6. 

6. Swinehart JM, et al. Intralesional fluorouracil/epinephrine in-
jectable gel for treatment of condylomata acuminata: a phase 3
clinical study. Arch Dermatol 1997; 133: 67–73. 

7. Zschocke I, et al. Wirksamkeit und Nutzen eines 5-FU-/Salicyl-
säure-haltigen Präparates in der Therapie vulgärer und plantarer
Warzen—systematische Literaturübersicht und Metaanalyse. J
Dtsch Dermatol Ges 2004; 2: 187–93.

Preparations
BP 2008: Fluorouracil Cream; Fluorouracil Injection; 
USP 31: Fluorouracil Cream; Fluorouracil Injection; Fluorouracil Topical So-
lution.

Proprietary Preparations (details are given in Part 3)
Arg.: Cinco-Fu†; Efudix; Ifocid†; Oncofu†; Triosules; Austral.: Efudix; Belg.:
Efudix; Fluracedyl; Fluroblastine; Braz.: Killit†; Utoral†; Canad.: Adrucil†;
Efudex; Chile: Efudix; Fluoracilo; Cz.: La-Fu; Denm.: Flurablastin; Fin.: Flu-
rablastin; Fr.: Efudix; Ger.: Efudix; Neofluor; O-fluor†; Onkofluor; Riboflu-
or; Gr.: Uraciflor; Hong Kong: Efudix†; Hung.: Efudix; India: Fivefluro;
Florac; Fluracil; Indon.: Curacil; Fluracedyl; Irl.: Efudix; Israel: Efudix; Ital.:
Efudix; Malaysia: Fluracedyl; Mex.: Efudix; Flurox; Ifacil†; Tecflu; Neth.:
Efudix; Fluracedyl; Norw.: Flurablastin; NZ: Efudix; Philipp.: Fivoflu; Fluox-
an; Fluracedyl; Fluroblastin; Uflahex; Utoral; Pol.: Efudix; Port.: Cinkef-U;
Rus.: Flurox (Флурокс)†; S.Afr.: Efudix; Fluroblastin; Singapore: Efudix;
Spain: Efudix†; Swed.: Flurablastin; Fluracedyl†; Switz.: Efudix; Thai.:
Fivoflu; Fluracedyl†; Flurox; UK: Efudix; USA: Adrucil; Carac; Efudex; Fluor-
oplex; Venez.: Fivoflu; Fluroblastin.

Multi-ingredient: Austria: Verrumal; Braz.: Efurix; Cz.: Verrumal; Ger.:
Verrumal; Gr.: Verruca Hermal; Hong Kong: Verrumal; Hung.: Verrumal;
Israel: Verrumal; Verucid†; Malaysia: Verrumal; Pol.: Verrumal; Port.:
Verrucare; Verrumal; Singapore: Verrumal; Switz.: Verrumal; Thai.: Ver-
rumal; Turk.: Verrutol.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Flutamide (BAN, USAN, rINN)

Flutamid; Flutamida; Flutamidas; Flutamidi; Flutamidum; Sch-
13521. α′,α′,α′-Trifluoro-4′-nitroisobutyro-m-toluidide; α,α,α-Tri-
fluoro-2-methyl-4′-nitro-m-propionotoluidide.

Флутамид
C11H11F3N2O3 = 276.2.

CAS — 13311-84-7.
ATC — L02BB01.
ATC Vet — QL02BB01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Flutamide). A pale yellow, crystalline powder.
Practically insoluble in water; freely soluble in alcohol and in ac-
etone. Protect from light. 
USP 31 (Flutamide). A pale yellow, crystalline powder. Practi-
cally insoluble in water, in liquid paraffin, and in petroleum spir-
it; freely soluble in acetone, in ethyl acetate, and in methyl alco-
hol; soluble in chloroform and in ether. Store in airtight
containers. Protect from light.

Adverse Effects and Precautions
The most frequently reported adverse effects with
flutamide are hot flushes and reversible gynaecomastia
or breast tenderness, sometimes accompanied by ga-
lactorrhoea. Nausea, vomiting, diarrhoea, increased
appetite, anorexia, and sleep disturbances may occur.
There have been reports of skin reactions, including
epidermal necrolysis, and of liver damage, sometimes
fatal. Other adverse effects reported in patients receiv-
ing flutamide include anaemias, haemolysis, headache,
dizziness, malaise, blurred vision, anxiety, depression,
decreased libido, impotence, and hypertension. Ab-
dominal pain, chest pain, dyspnoea, and cough have
been reported rarely. Discoloration of the urine to am-
ber or yellow-green can be caused by the presence of
flutamide and/or its metabolites. 
Flutamide should be used with care in patients with
cardiovascular disease because of the possibility of flu-
id retention. It should also be used with caution in pa-
tients with hepatic impairment and is contra-indicated
in those with severe impairment. Regular liver function
testing is recommended in all patients: therapy should
be stopped or dosage reduced if there is evidence of
hepatotoxicity.
Effects on the blood. A report1 of methaemoglobinaemia in
an elderly man was attributed to flutamide. A study2 of 45 pa-
tients given flutamide found no cases of methaemoglobinaemia,
but the authors noted a further 3 published case reports.
1. Schott AM, et al. Flutamide-induced methemoglobinemia.

DICP Ann Pharmacother 1991; 25: 600–1. 
2. Schulz M, et al. Lack of methemoglobinemia with flutamide.

Ann Pharmacother 2001; 35: 21–5.

Effects on the liver. Hepatitis occurred in a 79-year-old man
taking flutamide 750 mg daily as sole therapy after a prostatecto-
my,1 but a subsequent study2 in 1091 patients given flutamide
250 mg three times daily as part of a regimen for prostate cancer
found marked signs of liver damage only in 4, of whom only 2
had clinical evidence of hepatotoxicity. In the USA, the FDA had
46 reports of patients with hepatotoxicity associated with fluta-
mide up to December 1994. Of these patients, 20 died from pro-
gressive liver disease.3 Further cases have continued to be report-
ed.4-6 Early tapering of the dose, stopping therapy, or switching
to another anti-androgen may resolve hepatotoxic effects.7 Pa-
tients with chronic viral hepatitis may be at higher risk of devel-
oping hepatotoxicity with anti-androgen therapy.8

1. Hart W, Stricker BHC. Flutamide and hepatitis. Ann Intern Med
1989; 110: 943–4. 

2. Gomez J-L, et al. Incidence of liver toxicity associated with the
use of flutamide in prostate cancer patients. Am J Med 1992; 92:
465–70. 

3. Wysowski DK, Fourcroy JL. Flutamide hepatotoxicity. J Urol
(Baltimore) 1996; 155: 209–12. Correction ibid: 396. 

4. Garcia Cortes M, et al. Flutamide-induced hepatotoxicity: report
of a case series. Rev Esp Enferm Dig 2001; 93: 423–32. Correc-
tion. ibid.; 634. 

5. Lubbert C, et al. Ikterus und schwere Leberfunktionsstorung bei
der hormonablativen Behandlung des Prostatakarzinoms. In-
ternist (Berl) 2004; 45: 333–40. 

6. Osculati A, Castiglioni C. Fatal liver complications with fluta-
mide. Lancet 2006; 367: 1140–1. 

7. Lin ADY, et al. Antiandrogen-associated hepatotoxicity in the
management of advanced prostate cancer. J Chin Med Assoc
2003; 66: 735–40. 

8. Pu Y-S, et al. Antiandrogen hepatotoxicity in patients with
chronic viral hepatitis. Eur Urol 1999; 36: 293–7.

Effects on the lungs. In a review1 of 78 cases of pneumonitis
reported to the FDA between 1998 and 2000 that were associated
with bicalutamide, flutamide, or nilutamide, it was found that 14
patients had died of respiratory failure. It was estimated that the
incidence of pneumonitis was highest for nilutamide (0.77%),
but lower for flutamide (0.04%) and bicalutamide (0.01%).
1. Bennett CL, et al. Pneumonitis associated with nonsteroidal an-

tiandrogens: presumptive evidence of a class effect. Ann Intern
Med 2002; 137: 625.

Effects on the skin. Photosensitivity reactions have been re-
ported in patients receiving flutamide.1,2 Some consider it to be
an early manifestation of SLE.2
1. Fujimoto M, et al. Photosensitive dermatitis induced by fluta-

mide. Br J Dermatol 1996; 135: 496–7. 
2. Kaur C, Thami GP. Flutamide-induced photosensitivity: is it a

forme fruste of lupus? Br J Dermatol 2003; 148: 603–4.

Gynaecomastia. Gynaecomastia (p.2092) and breast pain are
frequent adverse effects of nonsteroidal anti-androgens used to
treat prostate cancer. Nearly 90% of patients treated with bical-
utamide in the Early Prostate Cancer programme experienced
breast pain, gynaecomastia, or both.1 Some patients who develop
gynaecomastia will accept it as a tolerable adverse effect of ther-
apy but others will require specific treatment, and a number of
different measures have been tried for both prevention and treat-
ment. The risk of breast changes can be reduced by the use of
prophylactic low-dose irradiation of the breast area before non-
steroidal anti-androgen therapy is started. However, skin irrita-
tion can occur, and the long-term risk for development of breast
cancer is unknown. Irradiation is unlikely to be effective once
breast enlargement has occurred but it can help to reduce pain.
Empirical use of oral analgesics or topical local anaesthetics may
be considered for breast pain. Specific surgical treatment to re-
duce breast tissue includes liposuction and breast tissue exci-
sion.2,3 
Hormonal therapy using tamoxifen or anastrozole has been sug-
gested, largely based on reports of benefit in various patient
groups with gynaecomastia.1,2 Two randomised controlled
studies4,5 of men who were treated with bicalutamide for prostate
cancer found that prophylactic tamoxifen was effective for the
prevention of gynaecomastia and breast pain, but that anastro-
zole was no better than placebo. One of these studies5 also as-
sessed the use of these drugs as treatment and found that gynae-
comastia and breast pain resolved in at least 65% of patients
treated with tamoxifen, but only in about 18% of those treated
with anastrozole. Tamoxifen is considered to be more effective
than radiotherapy for prevention of gynaecomastia.3
1. Sieber PR. Treatment of bicalutamide-induced breast events. Ex-

pert Rev Anticancer Ther 2007; 7: 1773–9. 
2. Leibovitch I, et al. Management options for gynaecomastia and

breast pain associated with nonsteroidal antiandrogen therapy:
case studies in context. Clin Drug Invest 2003; 23: 205–15. 

3. Di Lorenzo G, et al. Management of gynaecomastia in patients
with prostate cancer: a systematic review. Lancet Oncol 2005; 6:
972–9. 

4. Boccardo F, et al. Evaluation of tamoxifen and anastrozole in the
prevention of gynecomastia and breast pain induced by bicaluta-
mide monotherapy of prostate cancer. J Clin Oncol 2005; 23:
808–15. 

5. Saltzstein D, et al. Prevention and management of bicalutamide-
induced gynecomastia and breast pain: randomized endocrino-
logic and clinical studies with tamoxifen and anastrozole. Pros-
tate Cancer Prostatic Dis 2005; 8: 75–83.

Interactions
Flutamide may increase the effect of warfarin, see An-
tineoplastics, p.1429.

Pharmacokinetics
Flutamide is reported to be rapidly and completely ab-
sorbed from the gastrointestinal tract with peak plasma
concentrations occurring 1 hour after a dose. It is rap-
idly and extensively metabolised; the major metabolite
(2-hydroxyflutamide) possesses anti-androgenic prop-
erties. The half-life of the metabolite is about 6 hours.
Both flutamide and 2-hydroxyflutamide are more than
90% bound to plasma proteins. Excretion is mainly in
the urine with only minor amounts appearing in the
faeces.
◊ References.
1. Radwanski E, et al. Single and multiple dose pharmacokinetic

evaluation of flutamide in normal geriatric volunteers. J Clin
Pharmacol 1989; 29: 554–8.

Uses and Administration
Flutamide is a nonsteroidal compound with anti-andro-
genic properties which appears to act by inhibiting the

uptake and/or binding of androgens in target tissues. It
is used, usually with gonadorelin analogues, in the pal-
liative treatment of prostatic carcinoma (p.671). The
usual oral dose is 250 mg three times daily. When used
in combination therapy UK licensed product informa-
tion recommends that flutamide treatment should be
started at least 3 days before the gonadorelin analogue
to suppress any ‘flare’ reaction; however, in some other
countries it is recommended that treatment with both
agents be begun simultaneously for optimum effect.
Congenital adrenal hyperplasia. For mention of the use of
flutamide with testolactone to block androgenic effects in con-
genital adrenal hyperplasia, see p.1502.

Hirsutism. Anti-androgens (usually cyproterone or spironolac-
tone) are widely used for the drug treatment of hirsutism
(p.2089). Flutamide has no particular advantage in this con-
text;1,2 one study has found flutamide to be more effective than
spironolactone in inhibiting hirsutism,3 but others found them to
be of similar efficacy,4,5 and the risk of hepatotoxicity with fluta-
mide is a problem.2 Nonetheless, flutamide has continued to be
investigated.6-8

1. Rittmaster RS. Hyperandrogenism—what is normal? N Engl J
Med 1992; 327: 194–6. 

2. Rittmaster RS. Hirsutism. Lancet 1997; 349: 191–5. 
3. Cusan L, et al. Comparison of flutamide and spironolactone in

the treatment of hirsutism: a randomized controlled trial. Fertil
Steril 1994; 61: 281–7. 

4. Erenus M, et al. Comparison of the efficacy of spironolactone
versus flutamide in the treatment of hirsutism. Fertil Steril 1994;
61: 613–6. 

5. Moghetti P, et al. Comparison of spironolactone, flutamide, and
finasteride efficacy in the treatment of hirsutism: a randomized,
double blind, placebo-controlled trial. J Clin Endocrinol Metab
2000; 85: 89–94. 

6. Muderris II, et al. Treatment of hirsutism with lowest-dose fluta-
mide (62.5 mg/day). Gynecol Endocrinol 2000; 14: 38–41. 

7. Venturoli S, et al. Low-dose flutamide (125 mg/day) as mainte-
nance therapy in the treatment of hirsutism. Horm Res 2001; 56:
25–31. 

8. Gambineri A, et al. Effect of flutamide and metformin adminis-
tered alone or in combination in dieting obese women with poly-
cystic ovary syndrome. Clin Endocrinol (Oxf) 2004; 60: 241–9.

Malignant neoplasms. Androgen blockade, which may in-
clude the use of flutamide, is used in the management of meta-
static hormone-responsive prostate cancer (p.671); once the can-
cer begins to progress despite such therapy, stopping flutamide
occasionally produces paradoxical disease regression. Promising
preliminary results have also followed the use of flutamide in pa-
tients with adenocarcinoma of the pancreas (p.671).

Polycystic ovary syndrome. Flutamide has been used, usual-
ly with metformin, in the management of polycystic ovary syn-
drome (p.2080);1-4 additive effects have been reported with this
combination.
1. Ibáñez L, et al. Additive effects of insulin-sensitizing and anti-

androgen treatment in young nonobese women with hyperin-
sulinism, hyperandrogenism, dyslipidemia, and anovulation. J
Clin Endocrinol Metab 2002; 87: 2870–4. 

2. Ibáñez L, et al. Low-dose flutamide-metformin therapy reverses
insulin resistance and reduces fat mass in nonobese adolescents
with ovarian hyperandrogenism. J Clin Endocrinol Metab 2003;
88: 2600–6. 

3. Gambineri A, et al. Effect of flutamide and metformin adminis-
tered alone or in combination in dieting obese women with poly-
cystic ovary syndrome. Clin Endocrinol (Oxf) 2004; 60: 241–9. 

4. Gambineri A, et al. Treatment with flutamide, metformin, and
their combination added to a hypocaloric diet in overweight-
obese women with polycystic ovary syndrome: a randomized,
12-month, placebo-controlled study. J Clin Endocrinol Metab
2006; 91: 3970–80.

Preparations
USP 31: Flutamide Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Asoflut; Dedile; Eulexin†; Flutaplex; Flutax†; Flutepan; Flutrax; FTDA†;
Olter†; Austral.: Eulexin; Flutamin; Fugerel†; Austria: Afluta; Androbloc;
Flutabene; Flutahexal; Flutastad; Fugerel; Belg.: Eulexin; Flutaplex; Braz.: Bi-
omida†; Eulexin; Tecnoflut; Teflut; Canad.: Euflex; Chile: Androdor†;
Drogenil; Etaconil; Flulem; Cz.: Andraxan; Flucinom; Flumed; Flutacan†;
Flutaplex; Prostandril; Xadaren†; Denm.: Eulexin; Fluprosin; Flutacan†; Pro-
famid; Fin.: Eulexin; Profamid; Fr.: Eulexine; Prostadirex; Ger.: Apimid†; Flu-
mid; Fluta; Flutexin†; Fugerel; Prostica; Prostogenat†; Testotard†; Gr.: Ad-
iprost; Andraxan; Elbat; Flucinom; Flutaplex; Palistop; Prostamide; Rikital;
Tremexal; Hong Kong: Flutan†; Fugerel; Hung.: Cytamid†; Fluprost;
Flutam; Flutasin; Fugerel; India: Cytomid; Prostamid; Indon.: Flutaplex;
Fugerel; Irl.: Androstat; Drogenil; Israel: Eulexin; Ital.: Drogenil†; Eulexin;
Fluprost; Virflutam†; Malaysia: Flutan†; Flutaplex; Fugerel†; Mex.: Eulexin;
Flimutal; Fluken†; Flulem; Tafenil; Neth.: Drogenil; Eulexin; Flutaplex; Pros-
tatil; Norw.: Eulexin; NZ: Eulexin; Flutamin; Flutol†; Philipp.: Fugerel; Pros-
tanon; Pol.: Apo-Flutam; Fugerel; Prostandril; Port.: Drogenil; Eulexin;
Prosneo; Rus.: Flutamid (Флутамид); Flutaplex (Флутаплекс); S.Afr.:
Eulexin; Flutahexal; Flutaplex; Singapore: Flutan; Fugerel†; Spain: Eulexin;
Flutandrona; Flutaplex†; Grisetin; Oncosal; Prostacur; Swed.: Eulexin; Flut-
acan†; Switz.: Flucinome; Thai.: Andraxan; Flulem; Flutan; Flutaplex; Fuger-
el; Turk.: Andraxan; Eulexin; UK: Chimax; Drogenil; USA: Eulexin†; Ven-
ez.: Etaconil; Eulexin.

H3C

H
N

CH3

OF3C

O2N



726   Antineoplastics

Formestane (BAN, rINN) ⊗ 
CGP-32349; Formestaani; Formestan; Formestano; Formesta-
num; 4-Hydroxyandrostenedione; 4-OHA; 4-OHAD. 4-Hy-
droxyandrost-4-ene-3,17-dione.
Форместан
C19H26O3 = 302.4.
CAS — 566-48-3.
ATC — L02BG02.
ATC Vet — QL02BG02.

Adverse Effects, Treatment, and Precautions
The most frequent adverse effects of formestane are local irrita-
tion and pain at the site of injection. Patients may experience hot
flushes due to oestrogen deprivation. Other occasional or rare ad-
verse effects include rashes and pruritus, alopecia or hypertricho-
sis, drowsiness, dizziness, emotional lability, oedema of the leg,
thrombophlebitis, vaginal spotting or bleeding, gastrointestinal
disturbances, pelvic or muscle cramps, arthralgia, exacerbation
of bone pain, and a vasovagal reaction. Hypersensitivity reac-
tions to the drug or the formulation have occurred. 
Care should be taken to avoid intravascular injection. Injection
into or near the sciatic nerve may result in pain and nerve trauma.
Caution is required if patients drive or operate machinery.
Effects on carbohydrate metabolism. Recurrent hypogly-
caemic episodes developed in a diabetic patient previously well
maintained on gliclazide after addition of formestane to treat-
ment for metastatic breast cancer.1 Episodic hypoglycaemia con-
tinued after dosage reduction, and eventually withdrawal, of gli-
clazide, suggesting that the effect was not simply an interaction
with the sulfonylurea.
1. Brankin E, et al. Hypoglycaemia associated with formestane

treatment. BMJ 1997; 314: 869.

Pharmacokinetics
Intramuscular formestane is reported to form a depot that slowly
releases active drug into the systemic circulation; maximum
plasma concentrations occur about 30 to 48 hours after a single
dose and then decline fairly rapidly over 2 to 4 days before de-
clining more slowly, with an apparent elimination half-life of 5
to 6 days. The systemic uptake has been estimated at 20 to 25%
of the dose in 14 days. Formestane is about 85% bound to plasma
protein in the circulation. It is metabolised by conjugation to the
inactive glucuronide: less than 1% of the dose is excreted in urine
unchanged.
Uses and Administration
Formestane is an inhibitor of the aromatase (oestrogen syn-
thetase) system which is responsible for the production of oestro-
gens from androgens. It has been used for its anti-oestrogenic
properties in the endocrine treatment of advanced breast cancer
in postmenopausal women (p.661). 
It is given by intramuscular injection, as an aqueous suspension,
in doses of 250 mg every 2 weeks. Injections should be given
into each buttock alternately.
◊ Reviews.
1. Wiseman LR, McTavish D. Formestane: a review of its pharma-

codynamic and pharmacokinetic properties and therapeutic po-
tential in the management of breast cancer and prostatic cancer.
Drugs 1993; 45: 66–84. 

2. Anonymous. Formestane for advanced breast cancer in postmen-
opausal women. Drug Ther Bull 1993; 31: 85–7. 

3. Carlini P, et al. Formestane, a steroidal aromatase inhibitor after
failure of non-steroidal aromatase inhibitors (anastrozole and
letrozole): is a clinical benefit still achievable? Ann Oncol 2001;
12: 1539–43.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Lentaron†; Austria: Lentaron; Braz.: Lentaron†; Chile: Lentaron†;
Cz.: Lentaron†; Denm.: Lentaron†; Ger.: Lentaron†; Gr.: Lentaron†;
Hong Kong: Lentaron†; Ital.: Lentaron†; Malaysia: Lentaron†; S.Afr.:
Lentare†; Spain: Lentaron†; Turk.: Lentaron.

Forodesine Hydrochloride (USAN, rINNM)

BCX-1777 (forodesine or forodesine hydrochloride); Forodé-
sine, Chlorhydrate de; Forodesini Hydrochloridum; Hidrocloru-
ro de forodesina. (−)-7-[(2S,3S,4R,5R)-3,4-Dihydroxy-5-(hy-
droxymethyl)pyrrolidin-2-yl]-1,5-dihydro-4H-pyrrolo[3,2-d]pyri-
midin-4-one hydrochloride.
Фородезина Гидрохлорид
C11H14N4O4,HCl = 302.7.
CAS — 209799-67-7 (forodesine); 284490-13-7 (forode-
sine hydrochloride).

(forodesine)

Profile
Forodesine is an inhibitor of purine nucleoside phosphorylase. It
is under investigation in the treatment of T-cell lymphomas,
chronic lymphocytic leukaemia, and acute lymphoblastic leu-
kaemia.

Fotemustine (BAN, rINN)

Fotemustin; Fotemustina; Fotémustine; Fotemustinum; S-10036.
(±)-Diethyl {1-[3-(2-chloroethyl)-3-nitrosoureido]ethyl}phos-
phonate.
Фотемустин
C9H19ClN3O5P = 315.7.
CAS — 92118-27-9.
ATC — L01AD05.
ATC Vet — QL01AD05.

Profile
Fotemustine is a nitrosourea derivative and alkylating agent with
actions similar to those of carmustine (p.694). It is used in the
treatment of disseminated malignant melanoma, particularly
where cerebral metastases are present (p.673) and has been tried
in primary malignancies of the brain (p.660). When used as a
single agent it is licensed for intravenous or intra-arterial infusion
in usual doses of 100 mg/m2 weekly for 3 weeks to induce remis-
sion, followed after 4 to 5 weeks, if blood counts permit, by
maintenance dosage with 100 mg/m2 every 3 weeks. Intravenous
infusions are given over 1 hour and intra-arterial infusions over
4 hours. Liver function should be monitored regularly during in-
duction treatment. Regular blood counts should be taken and
dosage should be reduced or withheld if white cell or platelet
counts are below acceptable levels (see also Bone-marrow De-
pression, p.639). Bone-marrow suppression may be delayed,
with the nadir of the white cell counts 5 or 6 weeks after dosing.
Solutions for infusion must be freshly prepared and protected
from light.
◊ References.
1. Rougier P, et al. Fotemustine in patients with advanced gastric

cancer, a phase II trial from the EORTC-GITCCG. Eur J Cancer
1996; 32A: 1432–3. 

2. Marzolini C, et al. Pharmacokinetics of temozolomide in asso-
ciation with fotemustine in malignant melanoma and malignant
glioma patients: comparison of oral, intravenous, and hepatic
intra-arterial administration. Cancer Chemother Pharmacol
1998; 42: 433–40. 

3. Ulrich J, et al. Management of cerebral metastases from malig-
nant melanoma: results of a combined, simultaneous treatment
with fotemustine and irradiation. J Neurooncol 1999; 43:
173–8. 

4. Terheyden P, et al. Sequential interferon-alpha2b, interleukin-2
and fotemustine for patients with metastatic melanoma.
Melanoma Res 2000; 10: 475–82. 

5. Frenay M, et al. Up-front chemotherapy with fotemustine (F) /
cisplatin (CDDP) / etoposide (VP16) regimen in the treatment
of 33 non-removable glioblastomas. Eur J Cancer 2000; 36:
1026–31. 

6. Mornex F, et al. A prospective randomized multicentre phase III
trial of fotemustine plus whole brain irradiation versus fotemus-
tine alone in cerebral metastases of malignant melanoma.
Melanoma Res 2003; 13: 97–103. 

7. Aapro MS, et al. Phase II study of fotemustine in patients with
advanced ovarian carcinoma: a trial of the EORTC Gynecolog-
ical Cancer Group. Eur J Cancer 2003; 39: 1141–13. 

8. Fazeny-Dorner B, et al. Second-line chemotherapy with dacar-
bazine and fotemustine in nitrosourea-pretreated patients with
recurrent glioblastoma multiforme. Anticancer Drugs 2003; 14:
437–42. 

9. Avril MF, et al. Fotemustine compared with dacarbazine in pa-
tients with disseminated malignant melanoma: a phase III study.
J Clin Oncol 2004; 22: 1118–25. 

10. Ozkan M, et al. Post-operative sequential chemo-radiotherapy
in high-grade cerebral gliomas with fotemustine. J Chemother
2004; 16: 298–302. 

11. Bonenkamp JJ, et al. Isolated limb infusion with fotemustine
after dacarbazine chemosensitisation for inoperable loco-re-
gional melanoma recurrence. Eur J Surg Oncol 2004; 30:
1107–12. 

12. Peters S, et al. Intra-arterial hepatic fotemustine for the treat-
ment of liver metastases from uveal melanoma: experience in
101 patients. Ann Oncol 2006; 17: 578–83. 

13. Gill S, et al. Long-term survival and secondary acute leukemia
after fotemustine therapy for metastatic melanoma. J Clin Oncol
2007; 25: 4493–4. 

14. Scoccianti S, et al. Second-line chemotherapy with fotemustine
in temozolomide-pretreated patients with relapsing glioblasto-
ma: a single institution experience. Anticancer Drugs 2008; 19:
613–20.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Muforan†; Austral.: Muphoran; Austria: Muphoran; Belg.: Mupho-
ran; Braz.: Muphoran; Cz.: Mustophoran; Fr.: Muphoran; Gr.: Muphoran;
Hung.: Mustophoran; Israel: Muphoran; Ital.: Muphoran; NZ: Muphoran;
Pol.: Mustophoran; Port.: Muphoran; Rus.: Mustophoran (Мюстофоран);
Spain: Mustoforan; Turk.: Muphoran.

Fulvestrant (BAN, USAN, rINN) ⊗ 
Fulvestrantum; ICI-182780; ZD-9238. 7α-[9-(4,4,5,5,5-Pen-
tafluoropentylsulfinyl)nonyl]estra-1,3,5(10)-triene-3,17β-diol.
Фульвестрант
C32H47F5O3S = 606.8.
CAS — 129453-61-8.
ATC — L02BA03.
ATC Vet — QL02BA03.

Pharmacopoeias. In US. 
USP 31 (Fulvestrant). A mixture of the diastereoisomers A and
B. A white powder. Freely soluble in alcohol. Store at a temper-
ature of 2° to 8°. Protect from light.

Adverse Effects and Precautions
The most commonly reported adverse effects of ful-
vestrant are nausea, vomiting, constipation, diarrhoea,
abdominal pain, headache, back pain, hot flushes, and
pharyngitis. Injection site reactions can occur. Other
adverse effects include rash, asthenia, urinary-tract
infections, venous thromboembolism, and elevations
in liver enzyme values. Myalgia, vertigo, and leucope-
nia have been reported. Hypersensitivity reactions, in-
cluding angioedema and urticaria, can occur. Vaginal
bleeding has been reported rarely. Fulvestrant should
be given with caution to those with severe renal impair-
ment (creatinine clearance less than 30 mL/minute)
and in those with mild to moderate hepatic impairment;
use is contra-indicated in those with severe hepatic im-
pairment. In patients with bleeding tendencies, throm-
bocytopenia, or taking anticoagulants, fulvestrant
should also be used with caution, if at all.

Pharmacokinetics
Fulvestrant is slowly absorbed after intramuscular in-
jection; maximum plasma concentrations are reached
after about 7 days. Steady-state concentrations are
reached after about 3 to 6 doses (given monthly). Ful-
vestrant is highly bound to plasma proteins. It is metab-
olised primarily in the liver to a number of metabolites,
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

some of which have oestrogen antagonist activity, and
is excreted in the faeces. After intramuscular injection
fulvestrant has a half-life of about 40 to 50 days.
◊ References.
1. Robertson JFR, et al. Pharmacokinetic profile of intramuscular

fulvestrant in advanced breast cancer. Clin Pharmacokinet 2004;
43: 529–38.

Uses and Administration
Fulvestrant is an oestrogen antagonist that downregu-
lates the oestrogen receptor and is used for the treat-
ment of oestrogen-receptor positive, locally advanced
or metastatic breast cancer in postmenopausal women
(p.661); it is given when disease has relapsed or pro-
gressed during or after treatment with anti-oestrogens.
The recommended dose is 250 mg, given intramuscu-
larly at monthly intervals. It is injected into the buttock,
either as a single injection or as two concurrent doses.
◊ References.
1. Osborne CK, et al. Double-blind, randomized trial comparing

the efficacy and tolerability of fulvestrant versus anastrozole in
postmenopausal women with advanced breast cancer progress-
ing on prior endocrine therapy: results of a North American tri-
al. J Clin Oncol 2002; 20: 3386–95. 

2. Howell A, et al. Fulvestrant, formerly ICI 182,780, is as effec-
tive as anastrozole in postmenopausal women with advanced
breast cancer progressing after prior endocrine treatment. J Clin
Oncol 2002; 20: 3396–3403. 

3. Bross PF, et al. Fulvestrant in postmenopausal women with ad-
vanced breast cancer. Clin Cancer Res 2003; 9: 4309–17. 

4. Howell A, et al. Comparison of fulvestrant versus tamoxifen for
the treatment of advanced breast cancer in postmenopausal
women previously untreated with endocrine therapy: a multina-
tional, double-blind, randomized trial. J Clin Oncol 2004; 22:
1605–13. 

5. McKeage K, et al. Fulvestrant: a review of its use in hormone
receptor-positive metastatic breast cancer in postmenopausal
women with disease progression following antiestrogen thera-
py. Drugs 2004; 64: 633–48. 

6. Buzdar AU. Fulvestrant: a new type of estrogen receptor antag-
onist for the treatment of advanced breast cancer. Drugs Today
2004; 40: 751–64. 

7. Robertson JF, et al. Endocrine treatment options for advanced
breast cancer—the role of fulvestrant. Eur J Cancer 2005; 41:
346–56. 

8. Howell A, et al. Fulvestrant versus anastrozole for the treatment
of advanced breast carcinoma: a prospectively planned com-
bined survival analysis of two multicenter trials. Cancer 2005;
104: 236–9. 

9. Bundred N. Preclinical and clinical experience with fulvestrant
(Faslodex) in postmenopausal women with hormone receptor-
positive advanced breast cancer. Cancer Invest 2005; 23:
173–81. 

10. Buzdar AU, Robertson JFR. Fulvestrant: pharmacologic profile
versus existing endocrine agents for the treatment of breast can-
cer. Ann Pharmacother 2006; 40: 1572–83.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Faslodex; Austral.: Faslodex; Belg.: Faslodex; Braz.: Faslodex; Ca-
nad.: Faslodex; Cz.: Faslodex; Denm.: Faslodex; Fin.: Faslodex; Fr.: Faslo-
dex; Ger.: Faslodex; Gr.: Faslodex; Hung.: Faslodex; Irl.: Faslodex; Israel:
Faslodex; Ital.: Faslodex; Malaysia: Faslodex; Mex.: Faslodex; Neth.:
Faslodex; Norw.: Faslodex; NZ: Faslodex; Pol.: Faslodex; Port.: Faslodex;
Rus.: Faslodex (Фазлодекс); Spain: Faslodex; Swed.: Faslodex; Switz.:
Faslodex; UK: Faslodex; USA: Faslodex; Venez.: Faslodex.

Gefitinib (BAN, USAN, rINN)

Géfitinib; Gefitinibum; ZD-1839. N-(3-Chloro-4-fluorophenyl)-
7-methoxy-6-[3-(morpholin-4-yl)propoxy]quinazolin-4-amine.
Гефитиниб
C22H24ClFN4O3 = 446.9.
CAS — 184475-35-2.
ATC — L01XE02.
ATC Vet — QL01XE02.

Profile
Gefitinib is a selective inhibitor of the tyrosine kinase activity of
the epidermal growth factor receptor. It blocks signal transduc-
tion pathways implicated in the growth of tumour cells. It is giv-
en orally for the management of locally advanced or metastatic
non-small cell lung cancer (p.668) unresponsive to other therapy;
the usual dose is 250 mg daily. In the USA, use is restricted to
those patients who are currently receiving and benefiting from
gefitinib, or to those who have previously benefited from thera-

py. Adverse effects include rashes and diarrhoea. There have
been reports of severe diffuse parenchymal lung disease, includ-
ing fatalities. There are also reports of tumour haemorrhage,
sometimes fatal, after use of gefitinib in patients with head and
neck cancer. Gefitinib is under investigation in the management
of other solid tumours.

◊ References.
1. Culy CR, Faulds D. Gefitinib. Drugs 2002; 62: 2237–48. 
2. Inoue A, et al. Severe acute interstitial pneumonia and gefitinib.

Lancet 2003; 361: 137–9. 
3. Kris MG, et al. Efficacy of gefitinib, an inhibitor of the epider-

mal growth factor receptor tyrosine kinase, in symptomatic pa-
tients with non–small cell lung cancer: a randomized trial.
JAMA 2003; 290: 2149–58. 

4. Liu CY, Seen S. Gefitinib therapy for advanced non–small-cell
lung cancer. Ann Pharmacother 2003; 37: 1644–53. 

5. Cersosimo RJ. Gefitinib: a new antineoplastic for advanced
non-small-cell lung cancer. Am J Health-Syst Pharm 2004; 61:
889–98. 

6. Forsythe B, Faulkner K. Overview of the tolerability of gefitinib
(IRESSA ) monotherapy: clinical experience in non-small-cell
lung cancer. Drug Safety 2004; 27: 1081–92. 

7. Frampton JE, Easthope SE. Gefitinib: a review of its use in the
management of advanced non-small-cell lung cancer. Drugs
2004; 64: 2475–92. 

8. Tanovic A, Alfaro V. Gefitinib: current status in the treatment of
non-small cell lung cancer. Drugs Today 2004; 40: 809–27. 

9. Birnbaum A, Ready N. Gefitinib therapy for non-small cell lung
cancer. Curr Treat Options Oncol 2005; 6: 75–81. 

10. Shah NT, et al. Practical management of patients with non-
small-cell lung cancer treated with gefitinib. J Clin Oncol 2005;
23: 165–74. 

11. Swaisland HC, et al. Pharmacokinetic drug interactions of gefit-
inib with rifampicin, itraconazole and metoprolol. Clin Phar-
macokinet 2005; 44: 1067–81. 

12. Swaisland HC, et al. Single-dose clinical pharmacokinetic stud-
ies of gefitinib. Clin Pharmacokinet 2005; 44: 1165–77. 

13. Blackhall F, et al. Where next for gefitinib in patients with lung
cancer? Lancet Oncol 2006; 7: 499–507.

Effects on survival. In chemotherapy-naive patients with ad-
vanced non-small cell lung cancer, gefitinib, given with gemcit-
abine plus cisplatin,1 or paclitaxel plus carboplatin,2 showed no
survival advantage over chemotherapy without gefitinib. In a
large study in patients with non-small cell lung cancer given ge-
fitinib or placebo, after failure of one or two previous treatment
regimens, no survival benefit was shown with gefitinib;3 recom-
mendations restricting the use of gefitinib to selected patients
have been made in the USA (see above).4 However, a subset
analysis of study data found an improvement in survival in a sub-
group of patients of Asian origin.5 In reports of the IMEX study
in patients with head and neck cancer, no survival advantage for
gefitinib was found when compared with methotrexate; an in-
creased incidence of tumour haemorrhage was seen in those
treated with gefitinib.6 Studies have suggested that there are sub-
groups of patients with non-small cell lung cancer who have spe-
cific biomarkers or mutations in the epidermal growth factor re-
ceptor gene which correlate with clinical response to
gefitinib.7-10 
A small retrospective study found that further treatment with ge-
fitinib prolonged survival in patients who were initially respon-
sive, but who had subsequent disease progression upon stopping
therapy.11

1. Giaccone G, et al. Gefitinib in combination with gemcitabine
and cisplatin in advanced non–small-cell lung cancer: a phase
III trial—INTACT 1. J Clin Oncol 2004; 22: 777–84. 

2. Herbst RS, et al. Gefitinib in combination with paclitaxel and
carboplatin in advanced non–small-cell lung cancer: a phase III
trial—INTACT 2. J Clin Oncol 2004; 22: 785–94. 

3. Thatcher N, et al. Gefitinib plus best supportive care in previ-
ously treated patients with refractory advanced non-small-cell
lung cancer: results from a randomised, placebo-controlled,
multicentre study (Iressa Survival Evaluation in Lung Cancer).
Lancet 2005; 366: 1527–37. 

4. FDA Public Health Advisory. New labeling and distribution
program for gefitinib (Iressa) (issued 17/06/05). Available at:
http://www.fda.gov/cder/drug/advisory/iressa.htm (accessed
13/03/06) 

5. Chang A, et al. Gefitinib (IRESSA) in patients of Asian origin
with refractory advanced non-small cell lung cancer: subset
analysis from the ISEL study. J Thorac Oncol 2006; 1: 847–55. 

6. AstraZeneca, Canada. Health Canada endorsed important safety
information on Iressa (gefitinib): lack of survival benefit and
increased incidence of tumour haemorrhage in association with
IRESSA  in patients with squamous cell carcinoma of the head
and neck (SCCHN) (issued 1st December 2006). Available at:
http://www.hc-sc.gc.ca/dhp-mps/medeff/advisories-avis/prof/
_2006/iressa_4_hpc-cps-eng.php (accessed 01/08/08) 

7. Lynch TJ, et al. Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non–small-cell
lung cancer to gefitinib. N Engl J Med 2004; 350: 2129–39. 

8. Paez JG, et al. EGFR mutations in lung cancer: correlation with
clinical response to gefitinib therapy. Science 2004; 304:
1497–1500. 

9. Pao W, Miller VA. Epidermal growth factor receptor mutations,
small-molecule kinase inhibitors, and non–small-cell lung can-
cer: current knowledge and future directions. J Clin Oncol
2005; 23: 2556–68. 

10. Hirsch FR, et al. Molecular predictors of outcome with gefitinib
in a phase III placebo-controlled study in advanced non-small-
cell lung cancer. J Clin Oncol 2006; 24: 5034–42. 

11. Yokouchi H, et al. Clinical benefit of readministration of gefit-
inib for initial gefitinib-responders with non-small cell lung
cancer. BMC Cancer 2007; 7: 51.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Iressa; Austral.: Iressa; Canad.: Iressa; Chile: Iressa; Fr.: Iressa†;
Hong Kong: Iressa; India: Geftinat; Indon.: Iressa; Israel: Iressa; Malay-
sia: Iressa; Mex.: Iressa; NZ: Iressa; Philipp.: Iressa; Rus.: Iressa (Иресса);
Singapore: Iressa; Switz.: Iressa; Thai.: Iressa; UK: Iressa; USA: Iressa;
Venez.: Iressa.

Gemcitabine Hydrochloride 

(BANM, USAN, rINNM)

Gemcitabine, chlorhydrate de; Gemcitabini hydrochloridum;
Hidrocloruro de gemcitabina; LY-188011 (gemcitabine). 4-Ami-
no-1-(2-deoxy-2,2-difluoro-β-D-ribofuranosyl)pyrimidin-2(1H)-
one hydrochloride; 2′-Deoxy-2′,2′-difluorocytidine hydrochlo-
ride.
Гемцитабина Гидрохлорид
C9H11F2N3O4,HCl = 299.7.
CAS — 95058-81-4 (gemcitabine); 122111-03-9 (gemcit-
abine hydrochloride).
ATC — L01BC05.
ATC Vet — QL01BC05.

(gemcitabine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Gemcitabine Hydrochloride). A white or almost
white powder. Soluble in water; slightly soluble in methyl alco-
hol; practically insoluble in acetone. A 1% solution in water has
a pH of 2.0 to 3.0. 
USP 31 (Gemcitabine Hydrochloride). A white to off-white sol-
id. Soluble in water; practically insoluble in alcohol and in polar
organic solvents; slightly soluble in methyl alcohol. pH of a 1%
solution in water is between 2.0 and 3.0. Store in airtight contain-
ers.
Incompatibility. Gemcitabine hydrochloride was reported to
be physically incompatible with aciclovir sodium, amphotericin
B, cefoperazone sodium, cefotaxime sodium, furosemide, ganci-
clovir sodium, imipenem with cilastatin sodium, irinotecan,
methotrexate sodium, methylprednisolone sodium succinate,
mezlocillin sodium, mitomycin, piperacillin sodium, piperacillin
sodium with tazobactam, and prochlorperazine edisilate during
simulated Y-site administration.1
1. Trissel LA, et al. Compatibility of gemcitabine hydrochloride

with 107 selected drugs during simulated Y-site injection. J Am
Pharm Assoc 1999; 39: 514–18.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The major dose-limiting adverse effect of gemcitabine
is bone-marrow depression, although this is reported to
be modest and rarely requires stopping therapy. Gas-
trointestinal disturbances occur, especially nausea and
vomiting, but these are usually of mild to moderate se-
verity. Rashes, often associated with pruritus, and flu-
like symptoms are relatively common. Oedema, dysp-
noea, and alopecia are also commonly reported. Pul-
monary oedema has been reported infrequently; inter-
stitial pneumonitis, pulmonary fibrosis, and acute
respiratory distress syndrome have occurred. Therapy
should be stopped if pulmonary toxicity occurs. There
are rare cases of hypotension, anaphylactoid reactions,
and severe desquamative and bullous skin eruptions.
Haematuria, proteinuria, transient liver enzyme eleva-
tions, and serious hepatotoxicity, including liver failure
and death, have been reported. It should therefore be
used with caution in patients with impaired renal or he-
patic function. Haemolytic-uraemic syndrome and/or
thrombocytopenic purpura have been reported and
have led to irreversible renal failure; gemcitabine

N

N

NH

O N

O

O

CH3

F

Cl

N

N

NH2

O

O

OH

F

HO

F



728   Antineoplastics

should be stopped at the first signs of microangiopathic
haemolytic anaemia. Congestive heart failure, myocar-
dial infarction, or arrhythmias may occur rarely. 
Gemcitabine may produce somnolence: patients so af-
fected should not drive or operate machinery. Severe
toxicity, in the form of potentially life-threatening
oesophagitis and pneumonitis has been seen in patients
given radical radiotherapy to the thorax concurrently
with gemcitabine.
Effects on the nervous system. A report of autonomic neu-
ropathy associated with gemcitabine therapy.1 Symptoms re-
solved 4 weeks after stopping therapy.
1. Dormann AJ, et al. Gemcitabine-associated autonomic neuropa-

thy. Lancet 1998; 351: 644.

Effects on the skin. A patient who received gemcitabine 1
week after having had phototherapy developed a severe sunburn
reaction in those areas exposed to UVB. The erythema resolved
spontaneously, but recurred with each subsequent dose of gem-
citabine, and became progressively more intense. A short course
of high-dose prednisone was given with topical triamcinolone,
and the patient was safely rechallenged with 2 further doses of
gemcitabine.1

1. Badger J, et al. Photo therapy recall with gemcitabine following
ultraviolet B treatment. J Clin Oncol 2005; 23: 7224–5.

Peripheral ischaemia. Pain, coldness, colour changes, and
distal claudication in the feet have been reported in patients treat-
ed with gemcitabine and cisplatin.1 Pain and colour changes in
the fingertips have also been reported after gemcitabine mono-
therapy.2

1. Barceló R, et al. Distal ischemic changes related to combination
chemotherapy with cisplatin and gemcitabine: description of
four cases. Ann Oncol 2000; 11: 1191–4. 

2. Yildiz R, et al. Digital ischemic changes after gemcitabine ther-
apy in a patient with metastatic non-small-cell lung cancer. Ann
Pharmacother 2007; 41: 901–2.

Interactions

Antineoplastics. In a study1 of 14 patients with lung cancer,
the use of paclitaxel before gemcitabine caused a decrease in the
systemic clearance, volume of distribution, and interpatient phar-
macokinetic variability of gemcitabine. This resulted in plasma
concentrations of gemcitabine slightly higher than the desired
range. However, there was no apparent relationship between
pharmacokinetic changes and toxicity, and the clinical signifi-
cance of this possible interaction is unclear. 
A trial investigating a modified chemotherapy regimen in which
gemcitabine was substituted for etoposide was stopped because
of unexpected pulmonary toxicity. This was considered to be due
to the combination of gemcitabine and bleomycin, as the adverse
effect was apparent in other studies using this combination.2

1. Shord SS, et al. Gemcitabine pharmacokinetics and interaction
with paclitaxel in patients with advanced non-small-cell lung
cancer. Cancer Chemother Pharmacol 2003; 51: 328–36. 

2. Bredenfeld H, et al. Severe pulmonary toxicity in patients with
advanced-stage Hodgkin’s disease treated with a modified bleo-
mycin, doxorubicin, cyclophosphamide, vincristine, procar-
bazine, prednisone, and gemcitabine (BEACOPP) regimen is
probably related to the combination of gemcitabine and bleomy-
cin: a report of the German Hodgkin’s lymphoma study group. J
Clin Oncol 2004; 22: 2424–9.

Pharmacokinetics
After intravenous doses gemcitabine is rapidly cleared
from the blood and metabolised by cytidine deaminase
in the liver, kidney, blood, and other tissues. Clearance
is about 25% lower in women than in men. Almost all
of the dose is excreted in urine as 2′-deoxy-2′,2′-dif-
luorouridine (dFdU), only about 1% being found in the
faeces. Intracellular metabolism produces mono-, di-,
and triphosphate metabolites, the latter two active. The
half-life of gemcitabine ranges from 42 to 94 minutes
depending on age and gender. The intracellular half-
life of the triphosphate is stated to range from 0.7 to 12
hours.
◊ References.
1. Johnson SA. Clinical pharmacokinetics of nucleoside analogues:

focus on haematological malignancies. Clin Pharmacokinet
2000; 39: 5–26. 

2. Shamseddine AI, et al. Comparative pharmacokinetics and met-
abolic pathway of gemcitabine during intravenous and intra-ar-
terial delivery in unresectable pancreatic cancer patients. Clin
Pharmacokinet 2005; 44: 957–67.

Uses and Administration
Gemcitabine is an analogue of cytarabine (p.705) that
is metabolised intracellularly to active diphosphate and
triphosphate nucleosides, which inhibit DNA synthesis

and induce apoptosis. It is primarily active against cells
in S phase. It is given in the management of solid tu-
mours including those of the bladder, breast, lung, ova-
ry, and pancreas (see p.659, p.661, p.668, p.670, and
p.671, respectively). 
Gemcitabine is given intravenously as the hydrochlo-
ride. Doses are calculated in terms of the base; gemcit-
abine hydrochloride 1.14 g is equivalent to about 1 g of
gemcitabine. Doses are reconstituted in sodium chlo-
ride 0.9%. The concentration of the infusion solution
should not exceed the equivalent of gemcitabine
40 mg/mL. Gemcitabine is given by infusion over 30
to 60 minutes; doses are subsequently adjusted accord-
ing to response and toxicity. 
In the treatment of pancreatic cancer, an initial course
of gemcitabine 1 g/m2 once weekly for up to 7 weeks
may be given, followed after a one-week recovery pe-
riod by a regimen of infusions once weekly for 3 con-
secutive weeks out of 4. 
In non-small cell lung cancer, gemcitabine may be
given as a single agent; 1 g/m2 once weekly for 3 con-
secutive weeks out of 4 is recommended. Alternative-
ly, it may be given before cisplatin. Two schedules
have been used; gemcitabine 1.25 g/m2 is given on
days 1 and 8 of a 21-day cycle, or gemcitabine 1 g/m2

is given on days 1, 8 and 15 of a 28-day cycle. 
In the treatment of bladder cancer, gemcitabine is giv-
en before cisplatin. The recommended dose of gemcit-
abine is 1 g/m2 on days 1, 8, and 15 of a 28-day cycle. 
In breast cancer, gemcitabine is usually given after a
taxane such as paclitaxel. A dose of gemcitabine
1.25 g/m2 is given on days 1 and 8 of a 21-day cycle. 
In ovarian cancer, gemcitabine is given before carbo-
platin. The recommended dose of gemcitabine is
1 g/m2 on days 1 and 8 of a 21-day cycle.
◊ References.
1. Stadler WM. Gemcitabine doublets in advanced urothelial can-

cer. Semin Oncol 2002; 29 (suppl 3): 15–19. 
2. Hussain M, et al. Novel gemcitabine-containing triplets in the

management of urothelial cancer. Semin Oncol 2002; 29 (suppl
3): 20–4. 

3. Hochster HS. Newer approaches to gemcitabine-based therapy
of pancreatic cancer: fixed-dose-rate infusion and novel agents.
Int J Radiat Oncol Biol Phys 2003; 56 (suppl): 24–30. 

4. Yardley DA. Gemcitabine and taxanes as a new standard of care
in breast cancer. Clin Breast Cancer 2004; 4 (suppl 3):
S107–S112. 

5. Natale R. A ten-year review of progress in the treatment of non-
small-cell lung cancer with gemcitabine. Lung Cancer 2005; 50
(suppl): S2–S4. 

6. Saha A, Rudd R. Gemcitabine and carboplatin: is this the best
combination for non-small cell lung cancer? Expert Rev Anti-
cancer Ther 2006; 6: 165–73. 

7. Kose MF, et al. Gemcitabine plus carboplatin in platinum-sen-
sitive recurrent ovarian carcinoma. Expert Rev Anticancer Ther
2006; 6: 437–43. 

8. Wirk B, Perez E. Role of gemcitabine in breast cancer manage-
ment: an update. Semin Oncol 2006; 33 (suppl 2): S6–S14. 

9. Pfisterer J, et al. Gemcitabine plus carboplatin compared with
carboplatin in patients with platinum-sensitive recurrent ovari-
an cancer: an intergroup trial of the AGO-OVAR, the NCIC
CTG, and the EORTC GCG. J Clin Oncol 2006; 24: 4699–4707. 

10. Kiba T, et al. Single-agent gemcitabine for biliary tract cancers:
study outcomes and systematic review of the literature. Oncol-
ogy 2006; 70: 358–65. 

11. Maki RG. Gemcitabine and docetaxel in metastatic sarcoma:
past, present, and future. Oncologist 2007; 12: 999–1006. 

12. El Karak F, Flechon A. Gemcitabine in bladder cancer. Expert
Opin Pharmacother 2007; 8: 3251–6. 

13. Serrano A, Gerson R. Chemotherapy with gemcitabine in ad-
vanced biliary tract carcinoma. Rev Recent Clin Trials 2008; 3:
70–8. 

14. Hilbig A, Oettle H. Gemcitabine in the treatment of metastatic
pancreatic cancer. Expert Rev Anticancer Ther 2008; 8: 511–23. 

15. Dent S, et al. Gemcitabine in the management of metastatic
breast cancer: a systematic review. Breast Cancer Res Treat
2008; 108: 319–31.

Preparations
USP 31: Gemcitabine for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Abine; Antoril; Eriogem; Gemtro; Gezt; Gramagen; Austral.: Gem-
zar; Austria: Gemzar; Belg.: Gemzar; Braz.: Gemzar; Canad.: Gemzar;
Chile: Gemzar; Cz.: Gemzar; Denm.: Gemzar; Fin.: Gemzar; Fr.: Gem-
zar; Ger.: Gemzar; Gr.: Gemzar; Hong Kong: Gemzar; Hung.: Gemzar;
India: Gemcite; Oncogem; Indon.: Gemzar; Irl.: Gemzar; Israel: Gemzar;
Ital.: Gemzar ; Malaysia: Gemzar ; Mex.: Gemzar; Neth.: Gemzar;
Norw.: Gemzar; NZ: Gemzar; Philipp.: Gemzar; Pol.: Gemzar; Port.:
Gemzar; Rus.: Gemzar (Гемзар); S.Afr.: Gemzar; Singapore: Gemzar;
Spain: Gemzar; Swed.: Gemzar; Switz.: Gemzar; Thai.: Gemzar; Turk.:
Gemzar; UK: Gemzar; USA: Gemzar; Venez.: Gemzar.

Gemtuzumab Ozogamicin (USAN, rINNM)

CDP-771; CMA-676; Gemtuzumab ozogamicina; Gemtuzumab
Ozogamicine; Gemtuzumab Zogamicin; Gemtuzumabum Ozo-
gamicinum; WAY-CMA-676. Immunoglobulin G4 (human-
mouse monoclonal hP67.6 κ4-chain anti-human antigen CD 33),
disulfide with human-mouse monoclonal hP67.6 κ-chain, dimer
conjugate with ozogamicin.

Гемтузумаб Озогамицин

CAS — 220578-59-6.
ATC — L01XC05.
ATC Vet — QL01XC05.

Adverse Effects and Precautions
For general discussions see Antineoplastics, p.635 and p.641. 
Myelosuppression is common with gemtuzumab ozogamicin,
and thrombocytopenia may be prolonged. Infusion-related reac-
tions characteristic of a cytokine release syndrome (including fe-
ver, chills, dyspnoea, and hypotension) and hypersensitivity may
occur; prophylactic use of an antihistamine and paracetamol is
recommended. Pulmonary sequelae may be fatal. Hepatotoxici-
ty, including severe veno-occlusive disease, has also been report-
ed. Electrolyte imbalances, especially hypokalaemia and hy-
pomagnesaemia, and gastrointestinal disturbances may occur. 
Blood and platelet counts, electrolytes, and liver function tests
should be regularly monitored.

Hypersensitivity. A 75-year-old man with acute myeloid leu-
kaemia developed severe respiratory distress and died after being
given gemtuzumab ozogamicin and platelets on the same day.
He had previously had the drug and platelets on separate occa-
sions with no untoward effects. It was suggested that this combi-
nation contributed to a fatal hypersensitivity reaction.1

1. Hanbali A, et al. Fatal hypersensitivity reaction to gemtuzumab
ozogamicin associated with platelet transfusion. Am J Health-
Syst Pharm 2007; 64: 1401–2.

Uses and Administration
Gemtuzumab ozogamicin is a recombinant humanised mono-
clonal antibody conjugated with calicheamicin, a cytotoxic anti-
biotic. The antibody binds specifically to the CD33 antigen,
which is expressed on leukaemic myeloblasts but not normal
haematopoietic stem cells. Gemtuzumab ozogamicin is licensed
for the second-line treatment of CD33-positive acute myeloid
leukaemia (p.652) in elderly patients who are unable to tolerate
conventional chemotherapy. It is given in 100 mL of sodium
chloride 0.9% via an in-line 1.2 micron filter. The licensed dose
is 9 mg/m2 given by intravenous infusion over 2 hours, repeated
once after 14 days. Lower doses are under investigation as part
of combined induction or consolidation regimens.

◊ References.
1. McGavin JK, Spencer CM. Gemtuzumab ozogamicin. Drugs

2001; 61: 1317–22. 
2. Dowell JA, et al. Pharmacokinetics of gemtuzumab ozo-

gamicin, an antibody-targeted chemotherapy agent for the treat-
ment of patients with acute myeloid leukemia in first relapse. J
Clin Pharmacol 2001; 41: 1206–14. 

3. Sievers EL, et al. Efficacy and safety of gemtuzumab ozo-
gamicin in patients with CD33-positive acute myeloid leukemia
in first relapse. J Clin Oncol 2001; 19: 3244–54. 

4. Sievers EL, Linenberger M. Mylotarg: antibody-targeted chem-
otherapy comes of age. Curr Opin Oncol 2001; 13: 522–7. 

5. Larson RA, et al. Antibody-targeted chemotherapy of older pa-
tients with acute myeloid leukemia in first relapse using Mylo-
targ (gemtuzumab ozogamicin). Leukemia 2002; 16: 1627–36. 

6. Buckwalter M, et al. Pharmacokinetics of gemtuzumab ozo-
gamicin as a single-agent treatment of pediatric patients with
refractory or relapsed acute myeloid leukemia. J Clin Pharma-
col 2004; 44: 873–80. 

7. Lo-Coco F, et al. Gemtuzumab ozogamicin (Mylotarg) as a sin-
gle agent for molecularly relapsed acute promyelocytic leuke-
mia. Blood 2004; 104: 1995–9. 

8. Fenton C, Perry CM. Gemtuzumab ozogamicin: a review of its
use in acute myeloid leukaemia. Drugs 2005; 65: 2405–27. 

9. Tsimberidou AM, et al. The role of gemtuzumab ozogamicin in
acute leukaemia therapy. Br J Haematol 2006; 132: 398–409. 

10. Stasi R, et al. Gemtuzumab ozogamicin in the treatment of acute
myeloid leukemia. Cancer Treat Rev 2008; 34: 49–60. 

11. Leukaemia Research Fund. AML14: Leukaemia Research Fund
Acute Myeloid Leukaemia and High Risk MDS Trial 14. Avail-
able at: http://www.download.bham.ac.uk/bctu/aml14/
trial%20documentation/amendment%20january%202004/
Protocol%20Jan%202004.pdf (accessed 30/07/08) 

12. Medical Research Council. AML15: Medical Research Council
Working Parties on Leukaemia in Adults and Children Acute
Myeloid Leukaemia Trial 15. 
Available at: http://www.download.bham.ac.uk/bctu/AML15/
Amendment%20Nov%202007/AML15%20protocol%
20version%207%20Final%20200704201%20with%20no%
20track%20changes.pdf (accessed 30/07/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Mylotarg; USA: Mylotarg; Venez.: Mylotarg.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Hydroxycarbamide (BAN, rINN)

Hidroksikarbamid; Hidroksikarbamidas; Hidroxicarbamida; Hid-
roxikarbamid; Hydroksikarbamidi; Hydroksiüre; Hydroxikarb-
amid; Hydroxycarbamidum; Hydroxymočovina; Hydroxyurea
(USAN); NSC-32065; SQ-1089; WR-83799.
Гидроксикарбамид
NH2.CO.NHOH = 76.05.
CAS — 127-07-1.
ATC — L01XX05.
ATC Vet — QL01XX05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Hydroxycarbamide). A white or almost white, hy-
groscopic, crystalline powder. It exhibits polymorphism. Freely
soluble in water; practically insoluble in alcohol. Store in airtight
containers. Protect from light. 
USP 31 (Hydroxyurea). A white to off-white powder. It is some-
what hygroscopic and decomposes in the presence of moisture.
Freely soluble in water and in hot alcohol. Store in airtight con-
tainers in a dry atmosphere.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Bone-marrow suppression, including megaloblastic
changes, is the main adverse effect of hydroxycar-
bamide. The erythema caused by irradiation may be
exacerbated. Other adverse effects reported have in-
cluded gastrointestinal disturbances, impairment of re-
nal function, pulmonary oedema, dermatological reac-
tions, alopecia, and neurological reactions such as
headache, dizziness, drowsiness, disorientation, hallu-
cinations, and convulsions. There are rare reports of
acute pulmonary reactions consisting of pulmonary in-
filtrates or fibrosis, dyspnoea and fever. Symptoms re-
sembling cutaneous vasculitis, including vasculitic ul-
cerations and gangrene, have occurred in patients with
myeloproliferative disorders treated with hydroxycar-
bamide, especially in those also given interferon. There
are reports of hepatotoxicity and pancreatitis, some fa-
tal, in patients with HIV infection, given hydroxycar-
bamide and antiretrovirals (see also HIV Infection and
AIDS, below); peripheral neuropathy has also oc-
curred. 
Pre-existing anaemia should be corrected before begin-
ning therapy with hydroxycarbamide and the haemo-
globin concentration, white cell and platelet counts,
and hepatic and renal function should be determined
repeatedly during treatment. Treatment should be in-
terrupted if the white cell or platelet count fall below
acceptable levels (see also Bone-marrow Depression,
p.639). If anaemia occurs when hydroxycarbamide is
used as an antineoplastic, it may be corrected by trans-
fusions of whole blood without stopping therapy. If
anaemia (haemoglobin less than 4.5 g per 100 mL, or
reticulocyte count less than 80 000 cells/mm3 when
haemoglobin is less than 9 g per 100 mL) occurs when
the drug is used for sickle-cell disease, therapy should
be interrupted. Megaloblastic changes are usually self-
limiting. 
Hydroxycarbamide should be used with caution in pa-
tients with impaired renal function. Uric acid concen-
trations should be monitored, and a high fluid intake
maintained during treatment. The elderly may be more
sensitive to its adverse effects.
Breast feeding. In breast-milk samples from a woman given
hydroxycarbamide 500 mg three times daily, the mean concen-
tration of the drug was found to be about 6 mg/litre. It was esti-
mated that, had the infant been breast-fed, it would have received
about 3 to 4 mg daily. Although this amount appears to be low,
women are advised not to breast feed while taking hydroxycar-
bamide.1
1. Sylvester RK, et al. Excretion of hydroxyurea into milk. Cancer

1987; 60: 2177–8.

Carcinogenicity. Secondary leukaemias have occurred in pa-
tients receiving hydroxycarbamide for myeloproliferative disor-
ders, although the extent to which this is due to the treatment or
the underlying disorder is unknown. 
Skin cancers have also been associated with its use. These are
often multiple and include both squamous cell and basal cell car-
cinomas. 
References.
1. Liozon E, et al. Is treatment with hydroxyurea leukemogenic in

patients with essential thrombocythemia? An analysis of three
new cases of leukaemic transformation and review of the litera-
ture. Hematol Cell Ther 1997; 39: 11–18. 

2. Pearson TC, et al. Leukemic transformation in polycythemia ve-
ra. Blood 1998; 92: 1837–8. 

3. De Simone C, et al. Multiple squamous cell carcinomas of the
skin during long-term treatment with hydroxyurea. Eur J Der-
matol 1998; 8: 114–15. 

4. Best PJM, Petitt RM. Multiple skin cancers associated with hy-
droxyurea therapy. Mayo Clin Proc 1998; 73: 961–3.

Effects on the liver. Fever and hepatitis have been reported1,2

in patients receiving hydroxycarbamide. Symptoms recurred
when patients were rechallenged with the drug.
1. Heddle R, Calvert AF. Hydroxyurea induced hepatitis. Med J

Aust 1980; 1: 121. 
2. Westerman DA, et al. Hydroxyurea-induced fever and hepatitis.

Aust N Z J Med 1998; 28: 657–9.

Effects on the skin and nails. Reports of skin reactions with
hydroxycarbamide include hyperpigmentation of the skin,1 and
of nails (melanonychia).2 
Hydroxycarbamide therapy has been associated with scaly ery-
thematous skin lesions often resembling those of dermatomyosi-
tis.1,3,4 Such lesions usually occur after several years of treatment
and the course is usually benign. However, withdrawal of the
drug is usually necessary for healing or improvement, in which
case resolution may take several months.1,4 Hydroxycarbamide
can also cause painful leg ulcers, often on the malleoli, which
may require stopping treatment.1,5,6 Leg ulcers often coexist with
dermatomyositis-like eruptions and may be caused by the same
mechanism,7 although mechanical injury may have a role in
malleolar ulceration.5 Licensed product information notes that
vasculitic toxicities, including vasculitic ulceration and gan-
grene, have been associated with hydroxycarbamide use in pa-
tients with myeloproliferative disorders (particularly if also giv-
en interferon). However, histologically, perivascular
lymphocytic infiltration without vasculitis has been reported in
both early dermatomyositis-like lesions1 and in leg ulcers.5,8 
Skin cancers have also occurred, see Carcinogenicity above.
1. Vassallo C, et al. Muco-cutaneous changes during long-term

therapy with hydroxyurea in chronic myeloid leukaemia. Clin
Exp Dermatol 2001; 26: 141–8. 

2. Aste N, et al. Nail pigmentation caused by hydroxyurea: report
of 9 cases. J Am Acad Dermatol 2002; 47: 146–7. 

3. Senet P, et al. Hydroxyurea-induced dermatomyositis-like erup-
tion. Br J Dermatol 1995; 133: 455–9. 

4. Daoud MS, et al.. Hydroxyurea dermopathy: a unique lichenoid
eruption complicating long-term therapy with hydroxyurea. J
Am Acad Dermatol 1997; 36: 178–82. 

5. Best PJ, et al. Hydroxyurea-induced leg ulceration in 14 patients.
Ann Intern Med 1998; 128: 29–32. 

6. Chaine B, et al. Cutaneous adverse reactions to hydroxyurea in
patients with sickle cell disease. Arch Dermatol 2001; 137:
467–70. 

7. Suehiro M, et al. Hydroxyurea dermopathy with a dermatomy-
ositis-like eruption and a large leg ulcer. Br J Dermatol 1998;
139: 748–9. 

8. Tarumoto T, et al. A case of bilateral heel ulcers associated with
hydroxyurea therapy for chronic myelogenous leukemia. Jpn J
Clin Oncol 2000; 30: 159–62.

Handling and disposal. Urine produced for up to 48 hours af-
ter a dose of hydroxycarbamide should be handled wearing pro-
tective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Interactions
For a general discussion of antineoplastic drug interac-
tions, see p.642.

Pharmacokinetics
Hydroxycarbamide is readily absorbed from the gas-
trointestinal tract and distributed throughout the body.
Peak plasma concentrations are reached within 2
hours. Up to 50% of a dose is metabolised by the liver;
hydroxycarbamide is excreted in urine as metabolites
and unchanged drug. Some is excreted as carbon diox-
ide via the lungs. About 80% of a dose is reported to be
excreted in the urine within 12 hours. Hydroxycar-
bamide crosses the blood-brain barrier and the placen-
ta, and is distributed into breast milk.
◊ References.
1. Gwilt PR, Tracewell WG. Pharmacokinetics and pharmacody-

namics of hydroxyurea. Clin Pharmacokinet 1998; 34: 347–58. 

2. Gwilt PR, et al. Pharmacokinetics of hydroxyurea in plasma and
cerebrospinal fluid of HIV-1-infected patients. J Clin Pharmacol
2003; 43: 1003–7. 

3. Yan J-H, et al. The influence of renal function on hydroxyurea
pharmacokinetics in adults with sickle cell disease. J Clin Phar-
macol 2005; 45: 434–45.

Uses and Administration
Hydroxycarbamide is an antineoplastic that may cause
inhibition of DNA synthesis by acting as a ribonucle-
otide reductase inhibitor. It is S-phase specific.
Hydroxycarbamide is used in the treatment of chronic
myeloid leukaemia, and may be used in the myelopro-
liferative disorders polycythaemia vera and primary
(essential) thrombocythaemia. It has also been tried,
often combined with radiotherapy, in some solid ma-
lignancies (see Malignant Neoplasms, below). Hy-
droxycarbamide has also produced benefit in the hae-
moglobinopathies, particularly in sickle-cell disease
(see below). 
In the treatment of chronic myeloid leukaemia and sol-
id tumours, hydroxycarbamide is given orally, typical-
ly in a single dose of 20 to 30 mg/kg daily or in a single
dose of 80 mg/kg every third day. Generally, the con-
tinuous regimen is used for chronic myeloid leukae-
mia, and the intermittent regimen for solid tumours.
When used with radiotherapy, hydroxycarbamide is
started 7 days before radiotherapy. If a beneficial effect
is evident after 6 weeks, therapy may be continued in-
definitely. 
In essential thrombocythaemia, the initial dose of hy-
droxycarbamide is about 15 mg/kg daily; starting dos-
es of 15 to 20 mg/kg daily are recommended for poly-
cythaemia vera. Doses are subsequently adjusted
according to platelet counts. 
In sickle-cell disease initial doses of 15 mg/kg daily are
suggested, increased if necessary by 5 mg/kg daily
every 12 weeks according to response and blood
counts, up to a maximum of 35 mg/kg daily. The
BNFC recommends 10 to 20 mg/kg once daily initially
for children aged from 1 to 18 years; increments there-
after are similar to those for adults. 
Blood counts and hepatic and renal function should be
monitored during therapy; treatment may need to be in-
terrupted if leucopenia or thrombocytopenia occur (see
Adverse Effects, Treatment, and Precautions, above).
Administration in renal impairment. Results from a
single-dose study in patients with sickle-cell disease indicated
that systemic exposure to hydroxycarbamide correlates to renal
function.1 An initial dose of 7.5 mg/kg daily was suggested for
patients with sickle-cell disease and a creatinine clearance of less
than 60 mL/minute.
1. Yan J-H, et al. The influence of renal function on hydroxyurea

pharmacokinetics in adults with sickle cell disease. J Clin Phar-
macol 2005; 45: 434–45.

Haemoglobinopathies. Hydroxycarbamide is considered a
promising treatment for the haemoglobinopathies. It can stimu-
late fetal haemoglobin production, which in turn can reduce hae-
moglobin polymerisation and the numbers of deformed, dense,
and damaged erythrocytes.1 In adult patients with sickle-cell
disease (p.1044), a randomised controlled study produced evi-
dence that initial doses of 15 mg/kg daily, adjusted according to
response and tolerance to up to 35 mg/kg daily, reduced the rate
of sickle-cell crisis compared with placebo.2 An observational
follow-up study3 of this group found that patients taking hydroxy-
carbamide for frequent sickle-cell episodes appeared to have re-
duced mortality. A report in 2 adults has suggested that it might
reverse splenic dysfunction.4 A systematic review5 has noted that
despite the benefits, the paucity of long-term studies limits con-
clusions on the toxicity of treatment with hydroxycarbamide. 
Despite some concerns about giving a potential carcinogen to
children,6 studies in paediatric populations have also reported ev-
idence of benefit in terms of decreased hospitalisation7,8 and
sickle-cell crisis.8,9 Hydroxycarbamide may be an alternative to
blood transfusions in children who have had a stroke.8,10,11 Al-
though a small trial12 has suggested benefit in paediatric patients
in terms of splenic preservation, long-term prevention of organ
damage remains to be established.13,14 
It has been suggested that use of the drug with erythropoietin
might enhance the production of fetal haemoglobin, but results
from studies of the combination have been conflicting.15,16 
There appear to have been few studies of hydroxycarbamide spe-
cifically in thalassaemia (p.1045). Initial oral doses of 8.2 to
10.3 mg/kg daily, increased until toxicity occurred, did produce
increases in fetal haemoglobin in 3 patients, but these were not
sustained.17 Others have reported18 that rises in fetal haemoglob-
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in did not necessarily correlate with clinical improvement. Con-
versely, sustained responses have been seen in other studies.19-22

Use with sodium phenylbutyrate has produced conflicting re-
sults.23-25

1. Halsey C, Roberts IAG. The role of hydroxyurea in sickle cell
disease. Br J Haematol 2003; 120: 177–86. 

2. Charache S, et al. Effect of hydroxyurea on the frequency of
painful crises in sickle cell anemia. N Engl J Med 1995; 332:
1317–22. 

3. Steinberg MH, et al. Effect of hydroxyurea on mortality and
morbidity in adult sickle cell anemia: risks and benefits up to 9
years of treatment. JAMA 2003; 289: 1645–51. Correction.
ibid.; 290: 756. 

4. Claster S, Vichinsky E. First report of reversal of organ dysfunc-
tion in sickle cell anemia by the use of hydroxyurea: splenic
regeneration. Blood 1996; 88: 1951–3. 

5. Lanzkron S, et al. Systematic review: hydroxyurea for the treat-
ment of adults with sickle cell disease. Ann Intern Med 2008;
148: 939–55. 

6. Zimmerman SA, et al. Sustained long-term hematologic effica-
cy of hydroxyurea at maximum tolerated dose in children with
sickle cell disease. Blood 2004; 103: 2039–45. 

7. Scott JP, et al. Hydroxyurea therapy in children severely affect-
ed with sickle cell disease. J Pediatr 1996; 128: 820–8. 

8. Gulbis B, et al. Hydroxyurea for sickle cell disease in children
and for prevention of cerebrovascular events: the Belgian expe-
rience. Blood 2005; 105: 2685–90. 

9. Jayabose S, et al. Clinical and hematologic effects of hydroxy-
urea in children with sickle cell anemia. J Pediatr 1996; 129:
559–65. 

10. Ware RE, et al. Hydroxyurea as an alternative to blood transfu-
sions for the prevention of recurrent stroke in children with sick-
le cell disease. Blood 1999; 94: 3022–6. 

11. Ware RE, et al. Prevention of secondary stroke and resolution of
transfusional iron overload in children with sickle cell anemia
using hydroxyurea and phlebotomy. J Pediatr 2004; 145:
346–52. 

12. Wang WC, et al. A two-year pilot trial of hydroxyurea in very
young children with sickle-cell anemia. J Pediatr 2001; 139:
790–6. 

13. Powars DR. Hydroxyurea in very young children with sickle
cell anemia is not a cure-all. J Pediatr 2001; 139: 763–4. 

14. Kinney TR, et al. Safety of hydroxyurea in children with sickle
cell anemia: results of the HUG-KIDS study, a phase I/II trial.
Blood 1999; 94: 1550–4. 

15. Goldberg MA, et al. Treatment of sickle cell anemia with hy-
droxyurea and erythropoietin. N Engl J Med 1990; 323: 366–72. 

16. Rodgers GP, et al. Augmentation by erythropoietin of the fetal-
hemoglobin response to hydroxyurea in sickle-cell disease. N
Engl J Med 1993; 328: 73–80. 

17. Hajjar FM, Pearson HA. Pharmacologic treatment of thalassem-
ia intermedia with hydroxyurea. J Pediatr 1994; 125: 490–2. 

18. de Paula EV, et al. Long-term hydroxyurea therapy in beta-tha-
lassaemia patients. Eur J Haematol 2003; 70: 151–5. 

19. Loukopoulos D, et al. Hydroxyurea therapy in thalassemia. Ann
N Y Acad Sci 1998; 30: 120–8. 

20. Rigano P, et al. Clinical and hematological responses to hydrox-
yurea in Sicilian patients with Hb S/β-thalassemia. Hemoglobin
2001; 25: 9–17. 

21. Loukopoulos D, et al. Reduction of the clinical severity of sick-
le cell/β-thalassemia with hydroxyurea: the experience of a sin-
gle center in Greece. Blood Cells Mol Dis 2000; 26: 453–66. 

22. Bradai M, et al. Hydroxyurea can eliminate transfusion require-
ments in children with severe β-thalassemia. Blood 2003; 102:
1529–30. 

23. Olivieri NF, et al. Treatment of thalassaemia major with phenyl-
butyrate and hydroxyurea. Lancet 1997; 350: 491–2. 

24. Hoppe C, et al. Hydroxyurea and sodium phenylbutyrate thera-
py in thalassemia intermedia. Am J Hematol 1999; 62: 221–7. 

25. Dover GJ. Hemoglobin switching protocols in thalassemia. Ann
N Y Acad Sci 1998; 850: 80–6.

HIV infection and AIDS. Unlike most drugs used to treat
HIV, which target viral enzymes, hydroxycarbamide inhibits ri-
bonucleotide reductase, a host cellular enzyme that is less prone
to mutation and subsequent development of resistance.1 The
drug acts synergistically with didanosine (p.870). Of 25 HIV-
positive patients given didanosine 200 mg twice daily with hy-
droxycarbamide 15 mg/kg daily in 2 divided doses, all showed a
drop in viral load and an increase in CD4+ lymphocyte count.2
Viraemia was not detectable in 13 of 24 patients evaluated at 6
months and 10 of 20 patients evaluated at 1 year. In 2 of these
patients who subsequently received no antiviral treatments for 1
year there was no viral rebound, although some proviral DNA
was detected.3 In another study in 6 patients, didanosine 200 mg
twice daily with hydroxycarbamide 250 mg four times daily
(suggested to be a better regimen because of the short half-life of
the antineoplastic) produced a sharp decrease in viraemia, which
was maintained for up to 72 weeks.4 A rebound occurred in 1
patient on interrupting treatment but viral replication was again
suppressed when treatment was restarted. 
Combinations with didanosine and other HIV drugs have also
been tried.1 A controlled study5 of hydroxycarbamide, didanos-
ine, and stavudine indicated significantly enhanced activity
when the antivirals were used with the antineoplastic rather than
placebo. However, in a long-term follow-up6 there was a high
withdrawal rate amongst patients receiving this combination,
due to virological failure and adverse effects such as peripheral
neuropathy and fatigue. Another study7 (ACTG 5025) was ter-
minated due to the high risk of toxicity, including fatal pancrea-
titis, in patients receiving the hydroxycarbamide regimens. The
authors noted that the use of a higher daily dosage of 1200 mg of
hydroxycarbamide (rather than the usual 1000 mg daily) and in-
creased exposure to didanosine (itself associated with pancreati-
tis) may have contributed to toxicity. An analysis of 2613
patients8 determined that the use of hydroxycarbamide with di-
danosine, or didanosine and stavudine, resulted in a fourfold in-

crease in the risk for development of pancreatitis, compared to
didanosine alone. In a study of patients who had failed protease-
inhibitor based regimens,9 the addition of the antineoplastic to
reverse transcriptase inhibitor-based therapy significantly im-
proved virologic response. Despite an increased incidence of ad-
verse events associated with its use, hydroxycarbamide was con-
sidered to be a valuable alternative in these patients. A small
randomised study10 of patients with chronic HIV infection given
structured treatment interruptions with cycles of HAART, or
HAART and hydroxycarbamide, found that use of the latter de-
creased viral load. There is some suggestion that a lower dose of
hydroxycarbamide (300 mg twice daily) may have better antiret-
roviral activity, and fewer adverse effects, than higher doses.11

For further discussion of the management of HIV infection and
AIDS, see p.856.
1. Gibbs MA, Sorensen SJ. Hydroxyurea in the treatment of HIV-

1. Ann Pharmacother 2000; 34: 89–93. 
2. Vila J, et al. 1-year follow-up of the use of hydroxycarbamide

and didanosine in HIV infection. Lancet 1996; 848: 203–4. 
3. Vila J, et al. Absence of viral rebound after treatment of HIV-

infected patients with didanosine and hydroxycarbamide. Lan-
cet 1997; 350: 635–6. 

4. Lori F, et al. Long-term suppression of HIV-1 by hydroxyurea
and didanosine. JAMA 1997; 277: 1437–8. 

5. Rutschmann OT, et al. A placebo-controlled trial of didanosine
plus stavudine, with and without hydroxyurea, for HIV infec-
tion. AIDS 1998; 12: F71–7. 

6. Rutschmann OT, et al. Long-term hydroxyurea in combination
with didanosine and stavudine for the treatment of HIV-1 infec-
tion. AIDS 2000; 14: 2145–51. 

7. Havlir DV, et al. Effects of treatment intensification with hy-
droxyurea in HIV-infected patients with virologic suppression.
AIDS 2001; 15: 1379–88. 

8. Moore RD, et al. Incidence of pancreatitis in HIV-infected pa-
tients receiving nucleoside reverse transcriptase inhibitor drugs.
AIDS 2001; 15: 617–20. 

9. Lafeuillade A, et al. The HYDILE trial: efficacy and tolerance
of a quadruple combination of reverse transcriptase inhibitors
versus the same regimen plus hydroxyurea or hydroxyurea and
interleukin-2 in HIV-infected patients failing protease inhibitor-
based combinations. HIV Clin Trials 2002; 3: 263–71. 

10. García F, et al. A cytostatic drug improves control of HIV-1 rep-
lication during structured treatment interruptions: a randomized
study. AIDS 2003; 17: 43–51. 

11. Lisziewicz J, et al. Hydroxyurea in the treatment of HIV infec-
tion: clinical efficacy and safety concerns. Drug Safety 2003;
26: 605–24.

Malignant neoplasms. Hydroxycarbamide is used in the treat-
ment of chronic myeloid leukaemia (p.653), and may be used in
the myeloproliferative disorders polycythaemia vera (p.654) and
primary (essential) thrombocythaemia (p.654). Hydroxycar-
bamide has been tried, often with radiotherapy, in some solid ma-
lignancies such as tumours of the cervix (p.663), head and neck
(p.666), and ovary (p.670).
Psoriasis. An immunosuppressant (usually methotrexate or
ciclosporin) may be useful in patients with severe refractory pso-
riasis (p.1583). Hydroxycarbamide has also been tried, although
experience is limited.1,2

1. Layton AM, et al. Hydroxyurea in the management of therapy
resistant psoriasis. Br J Dermatol 1989; 121: 647–53. 

2. Smith CH, et al.. Use of hydroxyurea in psoriasis. Clin Exp Der-
matol 1999; 24: 2–6.

Preparations
BP 2008: Hydroxycarbamide Capsules; 
USP 31: Hydroxyurea Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Dacrodil; Droxiurea†; Hydrea†; Austral.: Hydrea; Austria: Litalir ;
Belg.: Hydrea; Braz.: Hydrea; Hydrine†; Oxeron†; Ureax†; Canad.: Hyd-
rea; Chile: Hydrea; Cz.: Litalir; Siklos; Denm.: Hydrea; Fin.: Hydrea; Fr.:
Hydrea; Siklos; Ger.: Litalir ; Syrea; Gr.: Hydrea†; Medroxyurea†; Hong
Kong: Hydrea; Hung.: Litalir ; India: Cytodrox; Hydab; Neodrea†; Oxyrea;
Indon.: Hydrea; Irl.: Hydrea; Israel: Hydrea†; Ital.: Onco-Carbide; Ma-
laysia: Hydrea†; Mex.: Hydrea; Neth.: Hydrea; NZ: Hydrea; Philipp.:
Hydab; Krabinex; Litalir ; Port.: Hydrea; Siklos; Rus.: Gidroxyurea
(Гидроксиуреа); S.Afr.: Hydrea; Singapore: Hydrea; Spain: Hydrea;
Swed.: Hydrea; Switz.: Litalir ; Thai.: Hydrea; Turk.: Hydrea; UK: Hydrea;
USA: Droxia; Hydrea; Mylocel†.

Ibritumomab Tiuxetan (BAN, USAN, rINN)

Ibritumomab tiuxetán; Ibritumomab Tiuxétan; Ibritumomabum
Tiuxetanum; IDEC-129; IDEC-Y2B8. Immunoglobulin G1, an-
ti(human CD20 (antigen))(mouse monoclonal IDEC-Y2B8 γ1-
chain), disulfide with mouse monoclonal IDEC-Y2B8 κ-chain,
dimer tiuxetan conjugate.
Ибритумомаб Тиуксетан
CAS — 206181-63-7.

Adverse Effects and Precautions
For general discussions, see Antineoplastics, p.635 and
p.641. 
Myelosuppression is common after doses of ibritu-
momab tiuxetan, and may be prolonged. Fatal intracra-
nial haemorrhage has occurred. Infections and hyper-
sensitivity reactions may also be severe. As
ibritumomab tiuxetan is given with rituximab, severe

infusion reactions due to the cytokine release syn-
drome may occur (see under Rituximab, p.767). Se-
vere cutaneous and mucocutaneous reactions, some fa-
tal, have been reported and therapy should be stopped
if they occur. Gastrointestinal disturbances are com-
mon. Other adverse effects include anorexia, asthenia,
fever, cough, dyspnoea, dizziness, headache, insomnia,
anxiety, arthralgia, myalgia, and peripheral oedema.
Patients should be monitored for signs of extravasation
in order to avoid radiation-associated tissue damage. If
extravasation occurs, the infusion should be stopped
immediately and restarted in another vein. 
Complete blood and platelet counts should be moni-
tored weekly, or more frequently if cytopenia is
present, until haematological recovery. Ibritumomab
tiuxetan should not be given to patients with extensive
marrow involvement, impaired bone marrow reserve,
or platelet or neutrophil counts below acceptable levels
(see also Bone-marrow Depression, p.639). Care
should be taken during and after radiolabelling with in-
dium-111 or yttrium-90 to minimise radiation expo-
sure.
Effects on the skin. Severe cutaneous and mucocutaneous re-
actions have been reported after use of ibritumomab tiuxetan
with rituximab, some of them with a fatal outcome.1,2 Reactions
included erythema multiforme, Stevens-Johnson syndrome, tox-
ic epidermal necrolysis, bullous dermatitis, and exfoliative der-
matitis. Onset was reported to vary from days to months. Treat-
ment should be stopped if any patient experiences such a
reaction.
1. Kooijmans-Coutinho M [Biogen Idec (USA)]. Important drug

warning ( issued October 2005).  Avai lable at :  ht tp: / /
www.fda.gov/medwatch/safety/2005/Zevalin_dearhcp.pdf (ac-
cessed 30/07/08) 

2. Berlex, Canada. Association of severe mucocutaneous reactions
with the ZEVALIN therapeutic regimen (issued 7th December
2005). Available at: http:/ /www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/zevalin_nth-aah_e.pdf (ac-
cessed 26/04/06)

Uses and Administration
Ibritumomab is a murine monoclonal antibody to
CD20 antigen, which is conjugated with tiuxetan to
provide a chelation site for radioactive isotopes. Radi-
olabelled ibritumomab tiuxetan is used in the treatment
of relapsed or refractory, low-grade or follicular B-cell
non-Hodgkin’s lymphoma (p.656). Patients are pre-
treated with a low dose of rituximab (p.767). In the
USA this is followed by slow intravenous injection of
ibritumomab tiuxetan chelated with indium-111
(p.2054) for imaging to confirm that biodistribution of
tumour cells is acceptable. A second rituximab treat-
ment is given 7 to 9 days after the first, followed by
ibritumomab tiuxetan chelated with yttrium-90
(p.2057) for radio-immunotherapy.
◊ References.
1. Wiseman GA, et al. Biodistribution and dosimetry results from

a phase III prospectively randomized controlled trial of Zevalin
radioimmunotherapy for low-grade, follicular, or transformed
B-cell non-Hodgkin’s lymphoma. Crit Rev Oncol Hematol
2001; 39: 181–94. 

2. Wagner HN, et al. Administration guidelines for radioimmuno-
therapy of non-Hodgkin’s lymphoma with Y-labeled anti-
CD20 monoclonal antibody. J Nucl Med 2002; 43: 267–72. 

3. Witzig TE, et al. Randomized controlled trial of yttrium-90-la-
beled ibritumomab tiuxetan radioimmunotherapy versus rituxi-
mab immunotherapy for patients with relapsed or refractory
low-grade, follicular, or transformed B-cell non-Hodgkin’s lym-
phoma. J Clin Oncol 2002; 20: 2453–63. 

4. Witzig TE, et al. Treatment with ibritumomab tiuxetan radioim-
munotherapy in patients with rituximab-refractory follicular
non-Hodgkin’s lymphoma. J Clin Oncol 2002; 20: 3262–9. 

5. Ansell SM, et al. Subsequent chemotherapy regimens are well
tolerated after radioimmunotherapy with yttrium-90 ibritumom-
ab tiuxetan for non-Hodgkin’s lymphoma. J Clin Oncol 2002;
20: 3885–90. 

6. Witzig TE. Yttrium-90-ibritumomab tiuxetan radioimmuno-
therapy: a new treatment approach for B-cell non-Hodgkin’s
lymphoma. Drugs Today  2004; 40: 111–19. 

7. Hagenbeek A, Lewington V. Report of a European consensus
workshop to develop recommendations for the optimal use of

Y-ibritumomab tiuxetan (Zevalin ) in lymphoma. Ann Oncol
2005; 16: 786–92. 

8. Meredith RF. Logistics of therapy with the ibritumomab tiuxe-
tan regimen. Int J Radiat Oncol Biol Phys 2006; 66 (suppl):
S35–S38. 

9. Cheung MC, et al. Yttrium 90 ibritumomab tiuxetan in lympho-
ma. Leuk Lymphoma 2006; 47: 967–77. Correction. ibid.;
1719–20. 
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tion for non-Hodgkin’s lymphoma. Bone Marrow Transplant
2007; 40: 1007–17.
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Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Zevalin; Cz.: Zevalin; Denm.: Zevalin†; Fin.: Zevalin; Fr.: Zevalin;
Ger.: Zevalin; Hung.: Zevalin; Irl.: Zevalin; Ital.: Zevalin; Neth.: Zevalin;
Norw.: Zevalin; NZ: Zevalin; Pol.: Zevalin; Port.: Zevalin; Spain: Zevalin;
Swed.: Zevalin; Switz.: Zevalin; UK: Zevalin; USA: Zevalin.

Idarubicin Hydrochloride 

(BANM, USAN, rINNM)

4-Demethoxydaunorubicin Hydrochloride; Hidrocloruro de ida-
rubicina; Idarubicine, chlorhydrate d’; Idarubicinhydroklorid; Ida-
rubicini hydrochloridum; Idarubisiinihydrokloridi; Idarubisin Hid-
roklorür; IMI-30; NSC-256439 (idarubicin). (7S,9S)-9-Acetyl-7-
(3-amino-2,3,6-trideoxy-α-L-lyxo-hexopyranosyloxy)-7,8,9,10-
tetrahydro-6,9,11-trihydroxynaphthacene-5,12-dione hydro-
chloride.
Идарубицина Гидрохлорид
C26H27NO9,HCl = 534.0.
CAS — 58957-92-9 (idarubicin); 57852-57-0 (idarubicin
hydrochloride).
ATC — L01DB06.
ATC Vet — QL01DB06.

(idarubicin)

Pharmacopoeias. In Jpn and US. 
USP 31 (Idarubicin Hydrochloride). A red-orange to red-brown
powder. Slightly soluble in water; insoluble in acetone and in sol-
vent ether; soluble in methyl alcohol. A 0.5% solution in water
has a pH between 5.0 and 6.5. Store in airtight containers.
Incompatibility. Licensed product information states that pre-
cipitation occurs when idarubicin hydrochloride is mixed with
heparin, and that it will degrade in alkaline solution.

Adverse Effects, Treatment, and Precau-
tions
As for Doxorubicin, p.712. Raised liver enzymes and
bilirubin can occur with idarubicin. Severe enterocoli-
tis with perforation has been reported rarely. A cumu-
lative total dose limit has not yet been defined. UK li-
censed product information states that total cumulative
oral doses up to 400 mg/m2 have a low probability of
cardiotoxicity, and no significant cardiotoxicity was
seen in patients treated with mean cumulative intrave-
nous doses of 93 mg/m2. Cardiomyopathy has been re-
ported in some patients with cumulative intravenous
doses of 150 to 290 mg/m2. It has been suggested that
idarubicin may be associated with less cardiotoxicity
than doxorubicin. Idarubicin should be given with cau-
tion, and in reduced doses, to patients with renal or he-
patic impairment.
Effects on the skin and nails. For a report of transverse hy-
perpigmented bands of the nails in a patient who received idaru-
bicin, see under Doxorubicin, p.713.

Pharmacokinetics
On intravenous dosage idarubicin is rapidly distributed
into body tissues and extensively tissue bound, with a
volume of distribution which may be in excess of 2000
litres. It is extensively metabolised, both in the liver
and extrahepatically; the principal metabolite, idarubi-
cinol (13-dihydroidarubicin) has equal antineoplastic
activity. Peak concentrations of idarubicin and idarubi-
cinol in bone marrow and nucleated blood cells are 400
(idarubicin) and 200 (idarubicinol) times greater than
those in plasma; cellular concentrations of drug and
metabolite decline with apparent terminal half-lives of
15 and 72 hours respectively, whereas plasma half-

lives are reported to be 20 to 22 hours and about 45
hours respectively. Idarubicin is excreted in bile, and to
a lesser extent in urine, as unchanged drug and metab-
olites. 
Idarubicin is also absorbed orally, but estimates of its
oral bioavailability vary from about 20 to 50%.
◊ References.
1. Robert J. Clinical pharmacokinetics of idarubicin. Clin Pharma-

cokinet 1993; 24: 275–88.

Uses and Administration
Idarubicin is an anthracycline antibiotic with antineo-
plastic actions similar to those of doxorubicin (p.714).
It is used as the hydrochloride, alone or with other
drugs, for the induction of remission in patients with
acute myeloid leukaemias (p.652). It is also used as a
second-line treatment in acute lymphoblastic leukae-
mia (p.651), and advanced breast cancer (p.661). It has
been tried in multiple myeloma (p.658) and non-Hodg-
kin’s lymphoma (p.656). 
Idarubicin hydrochloride is given by intravenous injec-
tion into a fast-running infusion of sodium chloride
0.9% or glucose 5% over 5 to 15 minutes. The suggest-
ed dose in adult acute myeloid leukaemia is 12 mg/m2

daily for 3 days, with cytarabine. A similar dose, as a
single agent, has been given in acute lymphoblastic
leukaemia. An alternative dosage schedule in acute
myeloid leukaemia is 8 mg/m2 given daily for 5 days,
either alone or in combination therapy. In children with
acute lymphoblastic leukaemia a dose of 10 mg/m2

daily for 3 days as a single agent has been suggested.
When the intravenous route cannot be used, idarubicin
hydrochloride may be given by mouth. A suggested
dose in adult acute myeloid leukaemia as a single agent
is 30 mg/m2 daily for 3 days; 15 to 30 mg/m2 may be
given daily for 3 days when used with other drugs. 
In patients with refractory breast cancer idarubicin hy-
drochloride has been given orally in doses of
45 mg/m2, as a single dose or divided over 3 consecu-
tive days; the treatment may be repeated every 3 or 4
weeks depending on the haematological recovery. 
Blood counts should be performed frequently in pa-
tients receiving idarubicin, and monitoring of cardiac,
hepatic, and renal function is recommended. Doses
should be reduced in patients with hepatic or renal im-
pairment (for further information on the former, see be-
low). In patients who receive a second course of idaru-
bicin dosage should be reduced by 25% if severe
mucositis developed with the first course; therapy
should be delayed until the patient has recovered from
this toxicity.
◊ The actions and uses of idarubicin have been reviewed.1 A
study in leukaemia cells in vitro suggested that idarubicin was
more active than a conventional anthracycline, daunorubicin,
against cells with the multidrug resistance (MDR) phenotype.2 A
collaborative overview of randomised studies for acute myeloid
leukaemia found that idarubicin-based therapy achieved better
remission rates and overall survival than daunorubicin-based
regimens.3 Its oral bioavailability has been suggested to offer an
advantage in the management of malignancies in older patients.4
1. Cersosimo RJ. Idarubicin: an anthracycline antineoplastic agent.

Clin Pharm 1992; 11: 152–67. 
2. Berman E, McBride M. Comparative cellular pharmacology of

daunorubicin and idarubicin in human multidrug-resistant leu-
kaemia cells. Blood 1992; 79: 3267–73. 

3. AML Collaborative Group. A systematic collaborative overview
of randomised trials comparing idarubicin with daunorubicin (or
other anthracyclines) as induction therapy for acute myeloid leu-
kaemia. Br J Haematol 1998; 103: 100–9. 

4. Crivellari D, et al. New oral drugs in older patients: a review of
idarubicin in elderly patients. Crit Rev Oncol Hematol 2004; 49:
153–63.

Administration in hepatic impairment. UK licensed prod-
uct information for idarubicin hydrochloride recommends that a
dose reduction be considered in patients with hepatic impair-
ment. Although no specific doses are suggested, it is noted that a
50% reduction in dosage has been used with some other anthra-
cyclines in patients with acute leukaemias whose bilirubin levels
were between 12 and 20 micrograms/mL. Furthermore, in stud-
ies in breast cancer a 50% dosage reduction of oral idarubicin has
sometimes been used in those whose bilirubin rose to 20 to
30 micrograms/mL, with withdrawal if levels rose above this.
However, in other studies idarubicin was not used if bilirubin
values were above 20 micrograms/mL. 

In the USA, similar cautions apply but product information only
suggests that idarubicin should be withheld if bilirubin levels ex-
ceed 50 micrograms/mL.

Preparations
USP 31: Idarubicin Hydrochloride for Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Idarrux†; Zavedos; Austral.: Zavedos; Austria: Zavedos; Belg.:
Zavedos; Braz.: Zavedos; Canad.: Idamycin; Chile: Zavedos; Cz.: Zave-
dos; Denm.: Zavedos; Fin.: Zavedos; Fr.: Zavedos; Ger.: Zavedos; Gr.:
Zavedos; Hong Kong: Zavedos; Hung.: Zavedos; Irl.: Zavedos; Israel:
Zavedos; Ital.: Zavedos; Malaysia: Zavedos; Mex.: Idamycin; Idaralem;
Neth.: Zavedos; Norw.: Zavedos; NZ: Zavedos; Philipp.: Zavedos; Pol.:
Zavedos; Port.: Zavedos; Rus.: Zavedos (Заведос); S.Afr.: Zavedos; Sin-
gapore: Zavedos; Spain: Zavedos; Swed.: Zavedos; Switz.: Zavedos;
Thai.: Idaralem; Zavedos; Turk.: Zavedos; UK: Zavedos; USA: Idamycin;
Venez.: Zavedos.

Ifosfamide (BAN, USAN, rINN)

Ifosfamid; Ifosfamida; Ifosfamidas; Ifosfamidi; Ifosfamidum; Ifoszfa-
mid; Iphosphamide; Isophosphamide; MJF-9325; NSC-109724;
Z-4942. 3-(2-Chloroethyl)-2-(2-chloroethylamino)perhydro-
1,3,2-oxazaphosphorinane 2-oxide.
Ифосфамид
C7H15Cl2N2O2P = 261.1.
CAS — 3778-73-2.
ATC — L01AA06.
ATC Vet — QL01AA06.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ifosfamide). A white or almost white, hygroscopic,
fine crystalline powder. Soluble in water; freely soluble in
dichloromethane. Store in airtight containers. 
USP 31 (Ifosfamide). A white, crystalline powder. M.p. about
40°. Freely soluble in water; very soluble in alcohol, in methyl al-
cohol, in isopropyl alcohol, in dichloromethane, and in ethyl ac-
etate; very slightly soluble in hexanes. A 10% solution in water
has a pH of between 4.0 and 7.0. Store in airtight containers at a
temperature not exceeding 25°.
Incompatibility. Ifosfamide appears to be compatible when
mixed in solution with mesna.1,2 However, ifosfamide appears to
be incompatible with benzyl alcohol used as a preservative in
Water for Injections: solutions made up with water preserved in
this way became turbid, with the formation of aqueous and oily
phases, at concentrations of ifosfamide greater than 60 mg/mL.3
1. Shaw IC, Rose JWP. Infusion of ifosphamide plus mesna. Lancet

1984; i: 1353–4. 
2. Rowland CG, et al. Infusion of ifosfamide plus mesna. Lancet

1984; ii: 468. 
3. Behme RJ, et al. Incompatibility of ifosfamide with benzyl-alco-

hol-preserved bacteriostatic water for injection. Am J Hosp
Pharm 1988; 45: 627–8.

Stability. Ifosfamide undergoes a reversible chemical re-
arrangement in aqueous solution, which is sensitive to changes in
pH.1 The ratio of these compounds to one another in biological
fluids may have a bearing on the toxicity and efficacy of ifosfa-
mide.
1. Küpfer A, et al. Intramolecular rearrangement of ifosfamide in

aqueous solutions. Lancet 1990; 335: 1461.

Adverse Effects, Treatment, and Precau-
tions
As for Cyclophosphamide, p.702. Toxic effects on the
urinary tract may be more severe with ifosfamide and
may involve the kidneys as well as the bladder. CNS
adverse effects have been reported, especially confu-
sion, drowsiness, depressive psychosis, hallucinations,
and rarely, seizures.
Effects on the heart. Severe myocardial depression, with
heart failure and ventricular arrhythmias, has been reported in
patients given high-dose ifosfamide.1 Symptoms were reversible
with appropriate treatment in most cases although one patient
died of cardiogenic shock.
1. Quezado ZMN, et al. High-dose ifosfamide is associated with

severe, reversible cardiac dysfunction. Ann Intern Med 1993;
118: 31–6.

Effects on the kidneys. In addition to its effects on the bladder
ifosfamide may be associated with serious nephrotoxicity. Both
proximal and distal tubular damage,1,2 and to a lesser extent
glomerular effects,2 are seen, and the Fanconi syndrome (with
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development of hypophosphataemic rickets in a number of chil-
dren),2-6 and nephrogenic diabetes insipidus1,6 may result. Pro-
gressive chronic renal failure after high-dose ifosfamide has been
described.7 Life-threatening hypokalaemia possibly due to a re-
nal lesion has also occurred.8 Results in rats suggest that genera-
tion of toxic metabolites within the kidney itself may be respon-
sible, and that repairable renal damage occurs after the first dose,
which is aggravated by repeated toxic insults.9 This is in agree-
ment with clinical results, since although renal damage has been
seen after a single dose, perhaps representing an idiosyncratic re-
action,10,11 most cases have been in children receiving relatively
high doses long-term. Renal damage appears to persist after
withdrawal of ifosfamide in these patients and may be largely
irreversible.12 
A combination of younger age and high cumulative doses of
ifosfamide was found to convey the highest risk of toxicity, but
use with cisplatin may also increase the risk.13 The maximum
safe dose of ifosfamide has been debated.13-15 It has been sug-
gested that cumulative doses of ifosfamide of 100 g/m2 or more
should be avoided in children in an attempt to reduce the inci-
dence of nephrotoxicity,14 although subsequent reviews have
suggested that lower cumulative doses may be toxic, especially
in younger children.13,15

1. Skinner R, et al. Nephrotoxicity after ifosfamide. Arch Dis
Child 1990; 65: 732–8. 

2. Burk CD, et al. Ifosfamide-induced renal tubular dysfunction
and rickets in children with Wilms tumor. J Pediatr 1990; 117:
331–5. 

3. Skinner R, et al. Hypophosphataemic rickets after ifosfamide
treatment in children. BMJ 1989; 298: 1560–1. 

4. Newbury-Ecob RA, Barbor PRH. Hypophosphataemic rickets
after ifosfamide treatment. BMJ 1989; 299: 258. 

5. Newbury-Ecob RA, et al. Ifosfamide-induced Fanconi syn-
drome. Lancet 1989; i: 1328. 

6. Skinner R, et al. Nephrotoxicity of ifosfamide in children. Lan-
cet 1989; ii: 159. 

7. Krämer A, et al. Progressive renal failure in two breast cancer
patients after high-dose ifosfamide. Lancet 1994; 334: 1569. 

8. Husband DJ, Watkin SW. Fatal hypokalaemia associated with
ifosfamide/mesna chemotherapy. Lancet 1988; i: 1116. 

9. Graham MI, et al. A proposed mechanism for isophosphamide-
induced kidney toxicity. Hum Toxicol 1985; 4: 545–6. 

10. Heney D, et al. Acute ifosfamide-induced tubular toxicity. Lan-
cet 1989; ii: 103–4. 

11. Devalck C, et al. Acute ifosfamide-induced proximal tubular
toxic reaction. J Pediatr 1991; 118: 325–6. 

12. Heney D, et al. Progressive renal toxicity due to ifosfamide.
Arch Dis Child 1991; 66: 966–70. 

13. Loebstein R, et al. Risk factors for long-term outcome of ifosfa-
mide-induced nephrotoxicity in children. J Clin Pharmacol
1999; 39: 454–61. 

14. Skinner R, et al. Risk factors for ifosfamide nephrotoxicity in
children. Lancet 1996; 348: 578–80. 

15. Loebstein R, Koren G. Ifosfamide-induced nephrotoxicity in chil-
dren: critical review of predictive risk factors. Pediatrics 1998;
101: 1067. Full version: http://pediatrics.aappublications.org/
cgi/content/full/101/6/e8 (accessed 30/06/04)

Effects on the nervous system. Use of ifosfamide (with me-
sna for urothelial protection) may be associated with the devel-
opment of severe encephalopathy, with EEG abnormalities, dis-
orientation, hallucinations, catatonia, and coma; occasionally
CNS depression has led to circulatory collapse and death.1,2 The
effect has been suggested to be due to a metabolite, perhaps chlo-
roacetaldehyde,3 a hypothesis supported by the increased inci-
dence of encephalopathy after oral rather than intravenous dos-
es.4,5 Others suggest that the dechloroethylated metabolites may
contribute, and in particular the R-enantiomer of 3-dechloro-
ethyl-ifosfamide which is a metabolite of S-ifosfamide.6 There is
some uncertainty about the contributory role of mesna, if any:
encephalopathy has not been seen when mesna is given with cy-
clophosphamide,7 and has been seen when ifosfamide is given
alone,5 but an exacerbatory role for mesna cannot be ruled out,8
perhaps via its chelating properties.1,7 
A nomogram has been proposed to identify patients at greatest
risk of toxicity,9,10 such as those with renal or hepatic impair-
ment,9 although doubts have been raised as to its general appli-
cability.11 A retrospective review of 237 patients given ifosfa-
mide, of whom 38 developed encephalopathy, found no evidence
that age or ifosfamide dose influenced the development of the
condition, and serum creatinine values were in the normal range
in the affected group, although they were slightly higher than in
those not affected; however, low serum albumin did seem to be
associated with greater risk.12 It has also been suggested that the
drug be given by continuous infusion over several days where
possible, since this route has by far the lowest incidence of en-
cephalopathy (7%, versus 26% with intravenous bolus and 43%
with oral doses).4 Care may also be required when giving other
antineoplastics to patients who have had encephalopathy after
ifosfamide, since a case of encephalopathy with bleomycin (not
normally associated with neurotoxicity) has been reported in
such a patient.13 
A few reports suggests that methylthioninium chloride can effec-
tively prevent or reverse signs of encephalopathy, and a number
of mechanisms have been proposed (see Glutaric Aciduria under
Uses of Methylthioninium Chloride, p.1451)
1. Meanwell CA, et al. Encephalopathy associated with ifospha-

mide/mesna therapy. Lancet 1985; i: 406–7. 

2. Cantwell BMJ, Harris AL. Ifosfamide/mesna and encephalopa-
thy. Lancet 1985; i: 752. 

3. Goren MP, et al. Dechloroethylation of ifosfamide and neuro-
toxicity. Lancet 1986; ii: 1219–20. 

4. Cerny T, et al. Ifosfamide by continuous infusion to prevent en-
cephalopathy. Lancet 1990; 335: 175. 

5. Lewis LD, Meanwell CA. Ifosfamide pharmacokinetics and
neurotoxicity. Lancet 1990; 335: 175–6. 

6. Wainer IW, et al. Ifosfamide stereoselective dichloroethylation
[sic] and neurotoxicity. Lancet 1994; 343: 982–3. 

7. Osborne RJ, Slevin ML. Ifosfamide, mesna, and encephalopa-
thy. Lancet 1985; i: 1398–9. 

8. Pinkerton R, et al. Ifosfamide, mesna, and encephalopathy. Lan-
cet 1985; i: 1399. 

9. Meanwell CA, et al. Avoiding ifosfamide/mesna encephalopa-
thy. Lancet 1986; ii: 406. 

10. Perren TJ, et al. Encephalopathy with rapid infusion ifosfa-
mide/mesna. Lancet 1987; i: 390–1. 

11. McCallum AK. Ifosfamide/mesna encephalopathy. Lancet
1987; i: 987. Correction. ibid.; 1048. 

12. David KA, Picus J. Evaluating risk factors for the development
of ifosfamide encephalopathy. Am J Clin Oncol 2005; 28:
277–80. 

13. Atherton P, et al. Drug-induced encephalopathy after previous
ifosfamide treatment. Lancet 1988; ii: 1084.

Handling and disposal. A study1 found that ifosfamide 8%
solution penetrated all of 4 brands of latex glove and one PVC
glove, although the diffusion rate was 4 or more times slower
than through cadaver skin. Permeation was greater through the
PVC glove than the latex gloves, partly due to its lesser thick-
ness, although permeation was not dependent on thickness alone
and varied between gloves of the same brand as well as between
brands. They recommended that latex gloves of a suitable brand
should be worn when handling ifosfamide, and changed at least
every 2 hours. For reference to a method for the destruction of
ifosfamide waste, see under Cyclophosphamide, p.703.
1. Corlett SA, et al. Permeation of ifosfamide through gloves and

cadaver skin. Pharm J 1991; 247: R39.

Interactions
As for Cyclophosphamide, p.703. For a general outline
of antineoplastic drug interactions, see p.642. For ref-
erence to the effects of ifosfamide on oral anticoagu-
lants, see under Warfarin Sodium, p.1429. For a report
of the enhancement of cisplatin-induced ototoxicity
and nephrotoxicity, see under Cisplatin, p.700.
Antibacterials. Oral rifampicin given twice daily for 6 days,
starting 3 days before intravenous ifosfamide (as a 24-hour infu-
sion), increased the clearance of ifosfamide by over 100%; how-
ever, exposure to metabolites of ifosfamide was relatively
unchanged. The authors considered that rifampicin might de-
crease the therapeutic efficacy of ifosfamide.1
1. Kerbusch T, et al. Modulation of the cytochrome P450-mediated

metabolism of ifosfamide by ketoconazole and rifampin. Clin
Pharmacol Ther 2001; 70: 132–41.

Antifungals. Ketoconazole given orally for 4 days, starting 1
day before intravenous ifosfamide (given as a 24-hour infusion),
decreased ifosfamide clearance. However, ifosfamide metabo-
lism to active metabolites was decreased, and urinary excretion
of ifosfamide was increased. Ketoconazole may decrease the
therapeutic efficacy of ifosfamide.1
1. Kerbusch T, et al. Modulation of the cytochrome P450-mediated

metabolism of ifosfamide by ketoconazole and rifampin. Clin
Pharmacol Ther 2001; 70: 132–41.

Pharmacokinetics
Ifosfamide is normally given intravenously, although it
is well absorbed from the gastrointestinal tract. The
pharmacokinetics of ifosfamide are reported to exhibit
considerable interindividual variation. It is a prodrug
that is extensively metabolised, chiefly by cytochrome
P450 isoenzymes such as CYP3A4 and CYP2B6 in
the liver, to a variety of active and inactive metabolites;
there is some evidence that metabolism is saturated at
very high doses. Although the manufacturers state that
a mean terminal elimination half-life of about 15 hours
has been reported after a single high-dose intravenous
bolus, most studies at lower doses appear to have re-
corded elimination half-lives of about 4 to 8 hours. Af-
ter repeated doses (fractionated therapy) there is a de-
crease in the elimination half-life, apparently due to
autoinduction of metabolism. Ifosfamide is distributed
into the CSF. It is excreted largely in urine, as
unchanged drug and metabolites.
◊ General references.
1. Wagner T. Ifosfamide clinical pharmacokinetics. Clin Pharma-

cokinet 1994; 26: 439–56. 
2. Boddy AV, Yule SM. Metabolism and pharmacokinetics of oxa-

zaphosphorines. Clin Pharmacokinet 2000; 38: 291–304. 
3. Kerbusch T, et al. Clinical pharmacokinetics and pharmacody-

namics of ifosfamide and its metabolites. Clin Pharmacokinet
2001; 40: 41–62.

◊ In a study1 in 20 patients receiving intravenous ifosfamide over
3 or 5 days, the median elimination half-life of ifosfamide was
3.85 hours in patients under 60 years of age compared with 6.03
hours in those over age 60; this difference appeared to be due to
an increased volume of distribution in the older age group. The
autoinduction of metabolism typically seen with multiple doses
of ifosfamide was not affected by age. The increased clearance
seen over time during a 5-day cycle of ifosfamide treatment2 was
not sustained over the 21 days between cycles, but was reproduc-
ible and of similar magnitude in the subsequent cycle. 
In another study3 the half-life of the S-enantiomer of ifosfamide
was found to be 5.98 hours after an intravenous bolus of the race-
mate, compared with 7.12 hours for the R-enantiomer.
1. Lind MJ, et al. The effect of age on the pharmacokinetics of ifos-

famide. Br J Clin Pharmacol 1990; 30: 140–3. 
2. Lewis LD. A study of 5 day fractionated ifosfamide pharmacok-

inetics in consecutive treatment cycles. Br J Clin Pharmacol
1996; 42: 179–86. 

3. Corlett SA, et al. Pharmacokinetics of ifosfamide and its enanti-
omers following a single 1h intravenous infusion of the racemate
in patients with small cell lung carcinoma. Br J Clin Pharmacol
1995; 39: 452–5.

Uses and Administration
Ifosfamide is an alkylating agent with properties simi-
lar to those of cyclophosphamide (p.703), of which it is
a congener. It is used in the treatment of solid tumours
including those of the cervix, lung, ovary, testis, and
thymus, as well as in sarcoma and in the treatment of
lymphomas. For further mention of these uses see the
cross-references given below. 
Ifosfamide is given intravenously, either by injection as
a solution diluted to less than 4%, or by infusion. Li-
censed dosage regimens include a total dose of 8 to
12 g/m2 divided over 3 to 5 days, with the course re-
peated at 2 to 4 week intervals; a total dose of 6 g/m2

divided over 5 days, repeated every 3 weeks; and doses
of 5 to 6 g/m2, to a maximum of 10 g, given as a single
24-hour infusion, repeated at 3 to 4 week intervals. The
interval between courses also depends on the blood
count (see also Bone-marrow Depression, p.639). Oral
ifosfamide has also been studied but is associated with
neurotoxicity (see Effects on the Nervous System,
above). 
Ifosfamide should be given with mesna (see Adminis-
tration, below), and adequate hydration should be
maintained, to avoid urological toxicity; fluid intake
should not be less than 2 litres daily.
Administration. Mesna (p.1449) can combine with urotoxic
ifosfamide metabolites in the kidney to form stable and non-toxic
compounds. It is therefore given prophylactically with ifosfa-
mide. It has a shorter half-life than ifosfamide so repeated doses
are needed to provide adequate protection of the bladder. A com-
mon schedule uses intravenous mesna at 60% of the ifosfamide
dose, divided into 3 doses given with, or 15 minutes before, ifos-
famide, then 4 and 8 hours after ifosfamide.1 Mesna may also be
given orally, but higher doses are required.
1. Siu LL, Moore MJ. Use of mesna to prevent ifosfamide-induced

urotoxicity. Support Care Cancer 1998; 6: 144–54.

Malignant neoplasms. Ifosfamide may be used as an alterna-
tive to cyclophosphamide in lymphomas such as Burkitt’s lym-
phoma (p.657). It is also used in a variety of solid neoplasms,
including in palliative regimens for advanced cervical cancer
(p.663); in the treatment of lung cancer (p.668); in ovarian cancer
(p.670) and second-line and salvage regimens for testicular can-
cer (p.673); in thymoma (p.674); in adjuvant therapy for bone
sarcomas (p.675) and rhabdomyosarcoma (p.676).

Preparations
USP 31: Ifosfamide for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Asoifos†; Cuantil; Duvaxan†; Fentul; Holoxan†; Ifocris; Ifosmixan; IFX;
Austral.: Holoxan; Austria: Holoxan; Belg.: Holoxan; Braz.: Holoxane;
Seromida†; Canad.: Ifex; Chile: Holoxan; Ifolem; Cz.: Holoxan; Denm.:
Holoxan†; Fin.: Holoxan; Fr.: Holoxan; Ger.: Holoxan; IFO-cell; Gr.:
Holoxan; Hong Kong: Holoxan; Hung.: Holoxan; India: Ifos; Ipamide; In-
don.: Holoxan; Irl.: Mitoxana; Israel: Ifoxan; Ital.: Holoxan; Malaysia:
Holoxan†; Mex.: Alquimid; Ifolem; Ifomida; Ifoxan†; Neth.: Holoxan;
Norw.: Holoxan; NZ: Holoxan; Philipp.: Holoxan; Iphox; Pol.: Holoxan;
Macdafen; Port.: Holoxan; S.Afr.: Holoxan; Singapore: Holoxan; Spain:
Tronoxal; Swed.: Holoxan; Switz.: Holoxan; Thai.: Holoxan; IFO-cell;
Ifolem; Turk.: Holoxan; UK: Mitoxana†; USA: Ifex.

Multi-ingredient: India: Holoxan Uromitexan; Ifex-M; Ipamide with Me-
sna.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Imatinib Mesilate (BANM, rINNM)

CGP-57-148B; Imatinib, Mésilate d’; Imatinib Mesylate (USAN); Im-
atinibi Mesilas; Mesilato de imatinib; STI-571. α-(4-Methyl-1-pip-
erazinyl)-3′-{[4-(3-pyridyl)-2-pyrimidinyl]amino}-p-tolu-p-toluid-
ide methanesulfonate.

Иматиниба Мезилат
C29H31N7O,CH4O3S = 589.7.
CAS — 152459-95-5 (imatinib); 220127-57-1 (imatinib
mesilate).
ATC — L01XE01.

(imatinib)

Adverse Effects and Precautions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The most common adverse effects of imatinib mesilate
include gastrointestinal disturbances, superficial oede-
ma, myalgia, muscle cramps, rashes, fatigue, and head-
ache. There are reports of erythema multiforme and
Stevens-Johnson syndrome. Other adverse effects in-
clude dizziness, taste disturbances, paraesthesia, in-
somnia, eye disorders or visual disturbances, epistaxis,
dyspnoea, dry skin, alopecia, night sweats, pyrexia,
weakness, and rigors. Hepatotoxicity may occur; fatal
cases of hepatic necrosis have been reported. Aseptic
necrosis of bone, mainly in the femoral head, has been
reported rarely. 
Myelosuppression, manifest as neutropenia, thrombo-
cytopenia, or anaemia, occurs more frequently in leu-
kaemic patients, and may be associated with the under-
lying disease. Gastrointestinal bleeding, however, is
more frequent in those patients treated for stromal tu-
mours. Ulceration can occur; gastrointestinal perfora-
tion, fatal in some cases, has been reported rarely. 
Severe fluid retention can occur, which may result in
pleural and pericardial effusion, pulmonary oedema,
and ascites. Some fatalities have been reported, and
treatment may need to be stopped if there is unexpect-
ed, rapid weight gain. Elderly patients and those with a
history of cardiac disease may be at increased risk. Iso-
lated cases of left ventricular dysfunction have been re-
ported; patients with cardiac disease or risk factors for
cardiac failure should be monitored. There are reports,
including fatalities, of cerebral oedema, increased in-
tracranial pressure and papilloedema. 
Imatinib mesilate should be taken with food and a large
glass of water to minimise gastrointestinal irritation.
Complete blood counts and liver function should be
monitored regularly.
Effects on the heart. Ten patients receiving imatinib devel-
oped severe congestive heart failure without obvious cause; all
patients had normal left ventricular function before imatinib was
started. Mitochondrial abnormalities were found after myocar-
dial biopsy on 2 of the patients. These findings were confirmed
by studies on mice and in vitro. The authors suggested that pa-
tients be closely followed for clinical manifestations of left ven-
tricular dysfunction.1 
Subsequent evaluation by the manufacturer (Novartis) estab-
lished that the frequency of reported cardiac events was less than
1%. However, they recommended that patients with known car-
diac disease or risk factors for cardiac failure be monitored ac-
cordingly, that those developing clinical manifestations sugges-
tive of congestive cardiac failure be thoroughly evaluated and
treated, and that elderly patients or those with underlying heart
disease be evaluated for baseline left ventricular ejection frac-
tion.2
1. Kerkelä R, et al. Cardiotoxicity of the cancer therapeutic agent

imatinib mesylate. Nat Med 2006; 12: 908–16. 
2. Novartis, Canada. Health Canada endorsed important safety in-

formation on Gleevec (imatinib mesylate): recent safety infor-
mation regarding reports of significant left ventricular ejection
fraction reduction and congestive heart failure with GLEEVEC
(imatinib mesylate) (issued 21st September, 2006). Available at:
http://www.hc-sc.gc.ca/dhp-mps/medeff/advisories-avis/prof/
_2006/gleevec_2_hpc-cps-eng.php (accessed 01/08/08)

Effects on the kidneys. Imatinib has been associated with the
development of acute renal failure, requiring haemodialysis.1-3

1. Kitiyakara C, Atichartakarn V. Renal failure associated with a
specific inhibitor of BCR-ABL tyrosine kinase, STI 571. Neph-
rol Dial Transplant 2002; 17: 685–7. 

2. Pou M, et al. Acute renal failure secondary to imatinib mesylate
treatment in chronic myeloid leukemia. Leuk Lymphoma 2003;
44: 1239–41. 

3. Foringer JR, et al. Acute renal failure secondary to imatinib me-
sylate treatment in prostate cancer. Ann Pharmacother 2005; 39:
2136–8.

Effects on the lungs. Interstitial pneumonitis has been report-
ed with imatinib;1-8 presenting symptoms included dry cough
and dyspnoea. Doses of imatinib ranged from 100 mg to 600 mg
daily. In most cases, the pneumonitis resolved after stopping im-
atinib and starting corticosteroid therapy. The mechanism was
unclear, and may involve a hypersensitivity reaction. In an analy-
sis of 27 cases of interstitial lung disease associated with imatinib
therapy,8 30% of patients showed a hypersensitivity reaction
radiological pattern. Pre-existing lung disease may be a risk factor.
1. Bergeron A, et al. Hypersensitivity pneumonitis related to imat-

inib mesylate. J Clin Oncol 2002; 20: 4271–2. 
2. Rosado MF, et al. Imatinib mesylate-induced interstitial pneu-

monitis. J Clin Oncol 2003; 21: 3171–3. 
3. Ma CX, et al. Imatinib mesylate-induced interstitial pneumoni-

tis. Mayo Clin Proc 2003; 78: 1578–9. 
4. Yokoyama T, et al. Interstitial pneumonia induced by imatinib

mesylate: pathologic study demonstrates alveolar destruction
and fibrosis with eosinophilic infiltration. Leukemia 2004; 18:
645–6. 

5. Isshiki I, et al. Interstitial pneumonitis during imatinib therapy.
Br J Haematol 2004; 125: 420. 

6. Rajda J, Phatak PD. Reversible drug-induced interstitial pneu-
monitis following imatinib mesylate therapy. Am J Hematol
2005; 79: 80–1. 

7. Lin J-T, et al. Fulminant, but reversible interstitial pneumonitis
associated with imatinib mesylate. Leuk Lymphoma 2006; 47:
1693–5. 

8. Ohnishi K, et al. Twenty-seven cases of drug-induced interstitial
lung disease associated with imatinib mesylate. Leukemia 2006;
20: 1162–4.

Effects on reproductive potential. Oligospermia1 and ovar-
ian failure2 have been reported after treatment with imatinib. Pa-
tients should be counselled before therapy about the risk of im-
paired fertility.
1. Seshadri T, et al. Oligospermia in a patient receiving imatinib

therapy for the hypereosinophilic syndrome. N Engl J Med 2004;
351: 2134–5. 

2. Christopoulos C, et al. Primary ovarian insufficiency associated
with imatinib therapy. N Engl J Med 2008; 358: 1079–80.

Effects on the skin, hair, and nails. There are reports of acute
generalised exanthematous pustulosis in patients receiving imat-
inib.1,2 The authors noted that severe skin reactions had been re-
ported in some other patients receiving the drug, and speculated
that the effect might be dose-dependent and related to its pharma-
cological action. In subsequent reports3-5 of cutaneous adverse
effects, this dose-dependency has also been observed, with ef-
fects especially at doses of 600 mg daily and above. In a report
of a livedoid pattern of rash in 3 patients taking imatinib, the au-
thors noted that adverse skin reactions to imatinib tend to be
strongly dose-dependent, are self-limiting, and do not usually af-
fect the mucous membranes.6 Epidermal necrolysis occurred in
a patient who underwent stem cell transplantation after treatment
with imatinib.7 The authors suggested that prolonged inhibition
of platelet-derived growth factor by imatinib may have impaired
the repair of skin damage caused by the conditioning therapy. In
a report of 19 patients exhibiting skin reactions, the authors sug-
gested that the actions of imatinib on platelet-derived growth fac-
tor may have caused an increase in dermal interstitial fluid pres-
sure, capable of inducing oedema and the subsequent erythema
and desquamation that was observed. Rare reactions included
psoriasis, hyaline cell syringoma, and malpighian epithelioma,
all of which occurred after at least 1 year of therapy.8 Follicular
mucinosis9 and panniculitis10 have also been reported with use of
imatinib, as has Stevens-Johnson syndrome.11,12 Palmoplantar
hyperkeratosis and nail dystrophy can occur.13 Repigmentation
of grey hair has also been reported.14 
Oral corticosteroids have been used to resolve most cases of skin
eruptions.8 In other instances, re-introduction of imatinib at low
doses, gradually increased to full dosage, has been successfully
tolerated.8,12,15 In one patient, who developed exfoliative derma-
titis with imatinib and had recurrent reactions despite decreased
doses, a once-weekly dose of imatinib was associated with a less
severe rash that eventually disappeared over a period of 4
months.16

1. Brouard M, Saurat J-H. Cutaneous reactions to STI571. N Engl
J Med 2001; 345: 618–19. 

2. Schwarz M, et al. Imatinib-induced acute generalized exanthe-
matous pustulosis (AGEP) in two patients with chronic myeloid
leukemia. Eur J Haematol 2002; 69: 254–6. 

3. Valeyrie L, et al. Adverse cutaneous reactions to imatinib
(STI571) in Philadelphia chromosome-positive leukemias: a
prospective study of 54 patients. J Am Acad Dermatol 2003; 48:
201–6. 

4. Drummond A, et al. A spectrum of skin reactions caused by the
tyrosine kinase inhibitor imatinib mesylate (STI 571, Glivec ).
Br J Haematol 2003; 120: 911–13. 

5. Ugurel S, et al. Dose-dependent severe cutaneous reactions to
imatinib. Br J Cancer 2003; 88: 1157–9. 

6. Martínez-González MC, et al. Livedoid skin reaction probably
due to imatinib therapy. Ann Pharmacother 2007;  41: 148–52. 

7. Schaich M, et al. Severe epidermal necrolysis after treatment
with imatinib and consecutive allogeneic hematopoietic stem
cell transplantation. Ann Hematol 2003; 82: 303–4. 

8. Breccia M, et al. Early and tardive skin adverse events in chron-
ic myeloid leukaemia patients treated with imatinib. Eur J Hae-
matol 2005; 74: 121–3. 

9. Yanagi T, et al. Follicular mucinosis associated with imatinib
(STI571). Br J Dermatol 2004; 151: 1276–8. 

10. Ugurel S, et al. Panniculitis in a patient with chronic myeloge-
nous leukaemia treated with imatinib. Br J Dermatol 2003; 149:
678–9. 

11. Hsiao L-T, et al. Stevens-Johnson syndrome after treatment
with STI571: a case report. Br J Haematol 2002; 117: 620–2. 

12. Rule SAJ, et al. Managing cutaneous reactions to imatinib ther-
apy. Blood 2002; 100: 3434–5. 

13. Deguchi N, et al. Imatinib mesylate causes palmoplantar hyper-
keratosis and nail dystrophy in three patients with chronic mye-
loid leukaemia. Br J Dermatol 2006; 154: 1216–18. 

14. Etienne G, et al. Imatinib mesylate and gray hair. N Engl J Med
2002; 347: 446. 

15. Park MA, et al. Successful progressive challenge after a cutane-
ous reaction to imatinib mesylate (Gleevec): a case report and
review of the literature. Allergy Asthma Proc 2004; 25: 345–7. 

16. Tanvetyanon T, Nand S. Overcoming recurrent cutaneous reac-
tions from imatinib using once-weekly dosing. Ann Pharmaco-
ther 2003; 37: 1818–20.

Effects on the spleen. There are isolated reports of splenic
rupture in patients receiving imatinib mesilate.1
1. Elliott MA, et al. Adverse events after imatinib mesylate thera-

py. N Engl J Med 2002; 346: 712–13.

Gynaecomastia. Gynaecomastia was noted in 7 of 38 men as-
sessed for hormone concentrations while enrolled in studies of
imatinib; the authors attributed the disorder to reductions in tes-
tosterone concentrations due to imatinib.1
1. Gambacorti-Passerini C, et al. Gynaecomastia in men with

chronic myeloid leukaemia after imatinib. Lancet 2003; 361:
1954–56.

Hypophosphataemia. Hypophosphataemia and associated
changes in bone and mineral metabolism were reported in a
study of patients receiving imatinib. Patients with normal serum-
phosphate concentrations also had similar changes in bone turn-
over. Hypophosphataemia was apparently related to patient age
and imatinib dose; it was also associated with decreased serum
concentrations of calcium and vitamin D.1 In a review of data,
the manufacturers (Novartis) noted an incidence of 50% of pa-
tients in 2 studies; overall 1.5% had grade 4 hypophosphataemia.
However, the reported incidence of hypophosphataemia as an
adverse effect of imatinib was only 3%. They suggested that
phosphate concentrations be monitored in patients taking imat-
inib until further elucidation of the effect of the drug on bone is
available.2 While some have questioned the association between
treatment with imatinib and hypophosphataemia,3 others have
also reported hypophosphataemia during treatment with the
drug.4 The effect, however, appears to be reversible on stopping
imatinib.
1. Berman E, et al. Altered bone and mineral metabolism in pa-

tients receiving imatinib mesylate. N Engl J Med 2006; 354:
2006–13. 

2. Owen S, et al. Imatinib and altered bone and mineral metabo-
lism. N Engl J Med 2006; 355: 627. 

3. Tournis S, Lyritis GP. Imatinib and altered bone and mineral me-
tabolism. N Engl J Med 2006; 355: 627. 

4. Joensuu H, Reichardt P. Imatinib and altered bone and mineral
metabolism. N Engl J Med 2006; 355: 628. Correction. ibid.;
1627.

Pregnancy. Two of 3 pregnancies in 2 patients taking imatinib
were successful; the infants were both small for weight, but
healthy and without congenital abnormalities. In the third case, a
first trimester miscarriage occurred. Both women continued im-
atinib throughout their pregnancies.1 
In another report,2 10 women became pregnant while being treat-
ed with imatinib for chronic myeloid leukaemia. Imatinib thera-
py was stopped upon discovery of the pregnancy; exposure to
imatinib ranged from 4 to 9 weeks. Two patients had a spontane-
ous abortion shortly after stopping imatinib, and another patient
elected to have a therapeutic abortion. Seven other pregnancies
went to term, resulting in 8 babies. One infant had hypospadias
which was surgically corrected without complications; all other
infants were healthy. The partners of 8 male patients also con-
ceived while the men were receiving imatinib, one of them twice.
All male patients continued therapy with imatinib. One sponta-
neous abortion occurred. Of the 8 babies born, 1 was found to
have a mild rotation of the small intestine requiring surgery
shortly after birth. The authors considered it possible that the
brief exposure to imatinib may have slightly increased the risk of
spontaneous abortion. While concluding that normal pregnan-
cies are possible during imatinib therapy, the authors of both re-
ports emphasised that possible teratogenic effects cannot be
ruled out, and that patients should still be advised to use appro-
priate and effective contraception. 
A similar warning was issued in a review of outcome data from
125 pregnancies involving exposure to imatinib. The authors
noted that 63 pregnancies had resulted in the live birth of normal
infants; a further 35 women terminated the pregnancy (in 3 cases
because fetal abnormalities were found), and 18 ended in spon-
taneous abortion.3 However, there were 9 infants with congenital
abnormalities, several of which were strikingly similar, a fact that
was considered to be of some concern.
1. AlKindi S, et al. Imatinib in pregnancy. Eur J Haematol 2005;

74: 535–7. 
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2. Ault P, et al. Pregnancy among patients with chronic myeloid

leukemia treated with imatinib. J Clin Oncol 2006; 24: 1204–8. 
3. Pye SM, et al. The effects of imatinib on pregnancy outcome.

Blood 2008; 111: 5505–8.

Interactions
Imatinib mesilate is metabolised by the cytochrome
P450 isoenzyme CYP3A4, and drugs that inhibit this
enzyme, such as azole antifungals and macrolide anti-
bacterials, may increase blood concentrations of imat-
inib. Equally, inducers of CYP3A4 (such as car-
bamazepine, dexamethasone, St John’s wort,
phenobarbital, phenytoin, and rifampicin) may reduce
blood concentrations of imatinib; imatinib dosage may
need to be increased in these patients (see Uses and
Administration, below). 
In vitro studies have indicated that imatinib itself inhib-
its the cytochrome P450 isoenzymes CYP3A4,
CYP2C9, and CYP2D6, and may increase blood con-
centrations of drugs that are substrates of these en-
zymes. 
The dose of levothyroxine may need to be increased
before imatinib is given to patients with hypothy-
roidism (see Antineoplastics under Interactions of Lev-
othyroxine, p.2172).
Antifungals. In a small study in healthy subjects, ketoconazole
significantly increased imatinib exposure; mean maximum plas-
ma concentration and area under the concentration-time curve
increased, and clearance of imatinib decreased. The half-life of
imatinib appeared relatively unchanged. To avoid overexposure,
single subtherapeutic doses of imatinib had been used (200 mg);
the authors noted that clinical significance might arise with use
of imatinib in daily doses of 800 mg or more.1

1. Dutreix C, et al. Pharmacokinetic interaction between ketocona-
zole and imatinib mesylate (Glivec) in healthy subjects. Cancer
Chemother Pharmacol 2004; 54: 290–4.

St John’s wort. Exposure to imatinib was significantly reduced
when it was given after 2 weeks of treatment with St John’s wort;
area under the concentration-time curve was decreased, maxi-
mum plasma concentration and half-life of imatinib were re-
duced, and clearance increased.1,2

1. Frye RF, et al. Effect of St John’s wort on imatinib mesylate
pharmacokinetics. Clin Pharmacol Ther 2004; 76: 323–9. 

2. Smith PF, et al. The influence of St. John’s wort on the pharma-
cokinetics and protein binding of imatinib mesylate. Pharmaco-
therapy 2004; 24: 1508–14.

Pharmacokinetics
Imatinib mesilate is well absorbed after oral doses with
peak blood concentrations occurring after 2 to 4 hours.
The mean bioavailability is about 98%. Imatinib is re-
ported to be about 95% bound to plasma proteins. Plas-
ma elimination half-lives of imatinib and its major ac-
tive metabolite, the N-demethylated piperazine
derivative, are about 18 and 40 hours respectively. The
major enzyme responsible for the metabolism of imat-
inib is cytochrome P450 isoenzyme CYP3A4; isoen-
zymes CYP1A2, CYP2D6, CYP2C9, and CYP2C19
also play a minor role. About 81% of a dose is elimi-
nated within 7 days in the faeces (68%) and urine
(13%). It is excreted mostly as metabolites, with only
25% as unchanged drug.
◊ References.
1. Peng B, et al. Absolute bioavailability of imatinib (Glivec )

orally versus intravenous infusion. J Clin Pharmacol 2004; 44:
158–62. 

2. Peng B, et al. Clinical pharmacokinetics of imatinib. Clin Phar-
macokinet 2005; 44: 879–94.

Uses and Administration
Imatinib mesilate is a tyrosine kinase inhibitor that in-
hibits the BCR-ABL tyrosine kinase created by the
Philadelphia chromosome abnormality in chronic my-
eloid leukaemia (p.653) and acute lymphoblastic leu-
kaemia (p.651). It also inhibits the tyrosine kinase for
platelet-derived growth factor and stem cell factor, c-
kit (CD117), which is overexpressed in gastrointestinal
stromal tumours (see Soft-tissue Sarcoma, p.676). Im-
atinib is also indicated for patients with myelodysplas-
tic syndromes (p.654), hypereosinophilic syndrome,
aggressive systemic mastocytosis (p.1138), and der-
matofibrosarcoma protuberans. Imatinib is given oral-
ly as the mesilate but doses are expressed as the base.

Imatinib mesilate 119.5 mg is equivalent to about
100 mg of imatinib. 
In the treatment of chronic myeloid leukaemia, pa-
tients in chronic phase may be given the equivalent of
400 mg of the base daily, increased to 600 mg daily or
400 mg twice daily if required. Patients in blast crisis
or accelerated phase are given 600 mg daily, increased
to 400 mg twice daily if necessary. 
In the treatment of patients with newly diagnosed
acute lymphoblastic leukaemia, imatinib 600 mg
daily may be given with induction, consolidation, or
maintenance chemotherapy. The same dose may be
given as monotherapy for patients with relapsed or re-
fractory disease. 
In the treatment of unresectable or metastatic malig-
nant gastrointestinal stromal tumours, doses of 400
or 600 mg daily are recommended. 
For patients with myelodysplastic disease, the recom-
mended dose of imatinib is 400 mg daily. For masto-
cytosis, 400 mg daily is given, unless there is associat-
ed eosinophilia, in which case a starting dose of
100 mg daily is recommended, increased to 400 mg if
response is inadequate. Similarly, the recommended
dose for hypereosinophilic syndrome is 400 mg dai-
ly, although a subset of patients with FIP1L1-platelet-
derived growth factor receptor-α fusion kinase should
be started on 100 mg daily, increased to 400 mg if re-
sponse is insufficient. Patients with dermatofibrosar-
coma protuberans may be given 400 mg twice daily. 
Doses should be taken with food, and accompanied by
plenty of water, to minimise gastric irritation. Dose ad-
justments may be necessary if myelosuppression or
hepatotoxicity occurs; blood counts and liver function
should be regularly monitored (see Administration in
Hepatic Impairment, below). 
Doses of imatinib should be increased by 50%, and
clinical response should be carefully monitored, in pa-
tients given potent CYP3A4 inducers such as ri-
fampicin or phenytoin. For children’s doses, see Ad-
ministration in Children, below.
Administration in children. In the UK, the licensed dose of
imatinib for children with chronic myeloid leukaemia (CML) is
340 mg/m2 daily, for those in chronic or advanced phase; a total
dose of 800 mg should not be exceeded. The dose may be in-
creased to 570 mg/m2 daily (maximum total dose 800 mg) in
children with disease progression, with unsatisfactory haemato-
logical response after at least 3 months of treatment, with no cy-
togenetic response after 12 months of treatment, or with loss of a
previously achieved haematological or cytogenetic response. 
In the USA, the recommended dose of imatinib is 340 mg/m2

daily in children with newly diagnosed CML; the dose should
not exceed 600 mg. For children with chronic phase CML recur-
ring after stem cell transplantation or who are resistant to inter-
feron alfa therapy, the recommended dose of imatinib is
260 mg/m2 daily. 
Treatment can be given as a once-daily dose, or split into morn-
ing and evening doses. There is no experience with the use of
imatinib in children under 2 years of age.

Administration in hepatic impairment. Imatinib is metab-
olised in the liver. Licensed product information in the UK rec-
ommends that patients with mild, moderate, or severe liver im-
pairment should be given the minimum recommended dose of
400 mg daily. In the USA, patients with mild and moderate im-
pairment should be given initial doses of 400 mg daily, but in
those with severe hepatic impairment, 300 mg daily is recom-
mended. In both countries, degrees of hepatic impairment are de-
fined as: 
• mild: total bilirubin equal to 1.5 times the upper limit of nor-

mal (ULN); aspartate aminotransferase (AST/SGOT) greater
than ULN. AST/SGOT can be normal or less than ULN if the
total bilirubin is greater than ULN 

• moderate: total bilirubin greater than 1.5 to 3 times the ULN 
• severe: total bilirubin greater than 3 to 10 times the ULN 
If, during treatment, elevations in bilirubin greater than 3 times
the ULN or in liver transaminases greater than 5 times the ULN
occur, imatinib should be withheld until bilirubin levels have re-
turned to less than 1.5 times the ULN and transaminase levels to
less than 2.5 times the ULN. Treatment may then be continued at
a reduced daily dose. In adults the dose is reduced from 800 mg
to 600 mg, from 600 mg to 400 mg, and from 400 mg to 300 mg.
In children, the dose should be reduced from 340 mg/m2 daily to
260 mg/m2 daily, or from 260 mg/m2 daily to 200 mg/m2 daily.

Hypereosinophilic syndrome. Imatinib has been reported to
produce clinical responses in patients with the hypereosinophilic
syndrome (HES).1-4 Some reports suggest that imatinib also has
activity in mast-cell disease, even in the absence of associated
eosinophilia.5 However, not all patients with HES respond to im-
atinib.4 Many patients with the myelodysplastic variant of HES
express a novel kinase derived from an abnormal fusion of plate-
let-derived growth factor receptor-α gene with a neighbouring
gene, FIP1L1. Almost all patients with this FIP1L1-platelet-
derived growth factor receptor-α fusion kinase will respond to
imatinib, but a subset of patients with HES without known imat-
inib targets have also been reported to respond to the drug.6,7

1. Gleich GJ, et al. Treatment of hypereosinophilic syndrome with
imatinib mesilate. Lancet 2002; 359: 1577–8. 

2. Cools J, et al. A tyrosine kinase created by fusion of the PDG-
FRA and FIP1L1 genes as a therapeutic target of imatinib in id-
iopathic hypereosinophilic syndrome. N Engl J Med 2003; 348:
1201–14. 

3. Koury MJ, et al. Reversal of hypereosinophilic syndrome and
lymphomatoid papulosis with mepolizumab and imatinib. Am J
Med 2003; 115: 587–9. 

4. Payne SM, Kovacs MJ. Imatinib mesylate treatment in two pa-
tients with idiopathic hypereosinophilic syndrome. Ann Pharma-
cother 2004; 38: 1215–18. 

5. Pardanani A, et al. Imatinib for systemic mast-cell disease. Lan-
cet 2003; 362: 535–7. 

6. Müller AMS, et al. Imatinib mesylate as a novel treatment option
for hypereosinophilic syndrome: two case reports and a compre-
hensive review of the literature. Ann Hematol 2006; 85: 1–16. 

7. Antoniu SA. Imatinib mesylate for the treatment of hypereosi-
nophilic syndromes. Curr Opin Investig Drugs 2006; 7: 980–4.
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1. Druker BJ, et al. Efficacy and safety of a specific inhibitor of the
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J Med 2001; 344: 1031–7. 
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in a patient with a metastatic gastrointestinal stromal tumor. N
Engl J Med 2001; 344: 1052–6. 
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2003; 348: 1048–50. 

7. Deininger MW, et al. Practical management of patients with
chronic myeloid leukemia receiving imatinib. J Clin Oncol
2003; 21: 1637–47. 

8. Druker BJ. Imatinib mesylate in the treatment of chronic mye-
loid leukaemia. Expert Opin Pharmacother 2003; 4: 963–71. 

9. Borthakur G, Cortes JE. Imatinib mesylate in the treatment of
chronic myelogenous leukemia. Int J Hematol 2004; 79:
411–19. 

10. Hochhaus A, La Rosee P. Imatinib therapy in chronic myeloge-
nous leukemia: strategies to avoid and overcome resistance.
Leukemia 2004; 18: 1321–31. 

11. Verweij J, et al. Progression-free survival in gastrointestinal
stromal tumours with high-dose imatinib: randomised trial.
Lancet 2004; 364: 1127–34. 
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Pulmonary hypertension. Imatinib has produced beneficial
responses in patients with pulmonary arterial hypertension
(p.1179) and may have a role, particularly in patients who fail to
respond to other therapies.1-3

1. Ghofrani HA, et al. Imatinib for the treatment of pulmonary ar-
terial hypertension. N Engl J Med 2005; 353: 1412–13. 

2. Patterson KC, et al. Imatinib mesylate in the treatment of refrac-
tory idiopathic pulmonary arterial hypertension. Ann Intern Med
2006; 145: 152–3. 

3. Souza R, et al. Long term imatinib treatment in pulmonary arte-
rial hypertension. Thorax 2006; 61: 736.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Glivec; Ziatir; Austral.: Glivec; Belg.: Glivec; Braz.: Glivec; Canad.:
Gleevec; Chile: Glivec; Cz.: Glivec; Denm.: Glivec; Fin.: Glivec; Fr.: Glivec;
Ger.: Glivec; Gr.: Glivec; Hong Kong: Glivec; Hung.: Glivec; India: Imatib;
Zoleta; Indon.: Glivec; Irl.: Glivec; Israel: Glivec; Ital.: Glivec; Jpn: Glivec;
Malaysia: Glivec; Mex.: Glivec; Neth.: Glivec; Norw.: Glivec; NZ: Glivec;
Philipp.: Glivec; Pol.: Glivec; Port.: Glivec; Rus.: Glivec (Гливек); S.Afr.:
Gleevec; Singapore: Glivec; Spain: Glivec; Swed.: Glivec; Switz.: Glivec;
Thai.: Glivec; Turk.: Glivec; UK: Glivec; USA: Gleevec; Venez.: Glivec.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Imexon (rINN)

BM-06002; Imexón; Imexonum. (5R,S)-4-Amino-1,3-diazabicyc-
lo[3.1.0]hex-3-en-2-one.
Имексон
C4H5N3O = 111.1.
CAS — 59643-91-3.

Profile
Imexon is a cyanoaziridine compound that appears to act as an
antineoplastic in several ways, one of which is by causing mito-
chondrial disruption in the cancer cell, thus inducing apoptosis.
It is under investigation for the treatment of malignant neo-
plasms, including ovarian cancer, pancreatic adenocarcinoma,
multiple myeloma, and metastatic malignant melanoma.

Interleukin-2
BG-8301 (teceleukin); Epidermal Thymocyte Activating Factor;
ETAF; IL-2; Interleucina 2; T-cell Growth Factor.

Description. Interleukin-2 is a naturally-occurring 133-amino-
acid glycoprotein with a molecular weight of about 15 000. It is
available from natural sources or as a product of recombinant
DNA technology (rIL-2). 
In addition to aldesleukin (below) modified forms of interleukin-
2 produced by recombinant DNA technology have included cel-
moleukin and teceleukin.

Aldesleukin (BAN, USAN, rINN)

Aldesleukiini; Aldesleukina; Aldesleukine; Aldesleukinum; Ald-
eslökin; Des-alanyl-1, Serine-125 Human Interleukin-2; Recom-
binant Interleukin-2; 125-L-Serine-2–133-interleukin 2 (human
reduced).
Альдеслейкин
CAS — 110942-02-4.
ATC — L03AC01.
ATC Vet — QL03AC01.

Description. Aldesleukin (modified human recombinant inter-
leukin-2) is produced by recombinant DNA technology using an
Escherichia coli strain containing an analogue of the human in-
terleukin-2 gene. It differs from native interleukin-2 in that it is
not glycosylated, it has no N-terminal alanine, and it has serine
substituted for cysteine at position 125.
Incompatibility. Aldesleukin 33 800 units/mL in glucose 5%
lost significant biological activity when mixed with other drugs
including ganciclovir sodium, lorazepam, pentamidine isetion-
ate, prochlorperazine edisilate, and promethazine hydrochlo-
ride.1 However, the incompatibility was not detectable by spec-
trophotometric methods and only lorazepam was visually
incompatible, suggesting that these methods may be invalid for
assessing the compatibility of proteins.
1. Alex S, et al. Compatibility and activity of aldesleukin (recom-

binant interleukin-2) in presence of selected drugs during simu-
lated Y-site administration: evaluation of three methods. Am J
Health-Syst Pharm 1995; 52: 2423–6.

Stability. Aldesleukin lost 75 to 100% of activity when recon-
stituted with glucose 5% or sodium chloride 0.9% in a plastic
syringe and given over 24 hours with a syringe driver.1,2 Loss of
activity was not seen if aldesleukin was reconstituted with water
alone2 or with the addition of albumin.1,2 It was suggested that
loss of activity could be suspected because of lack of toxicity,1,2

and that the lack of toxicity in some published studies could be
due to this.1,3 However, the authors of these studies indicated that
they had reconstituted aldesleukin with albumin.4,5 Reconstitu-
tion with low concentrations of albumin has been advocated to
avoid bioavailability problems,1,4,6 but is not recommended for
currently licensed preparations. Vials of aldesleukin are reconsti-
tuted with water for injection. 
However, UK licensed product information allows for further di-
lution of reconstituted aldesleukin with up to 500 mL of glucose
5%, containing human albumin 0.1%, when infused over a 24-
hour period; the albumin should be added and mixed with the
glucose before addition of the reconstituted aldesleukin. 
For short intravenous infusion, the US licensed product informa-
tion indicates that dilution in glucose 5% outside of a specified
range (below 30 micrograms/mL and above 70 micrograms/mL)
results in increased variability in drug delivery. 
Reconstitution or dilution of aldesleukin preparations with sodi-
um chloride 0.9% is not recommended because increased aggre-
gation occurs.
1. Miles DW, et al. Reconstitution of interleukin 2 with albumin for

infusion. Lancet 1990; 335: 1602–3. 

2. Vlasveld LT, et al. Reconstitution of interleukin-2. Lancet 1990;
336: 446. 

3. Miles DW, et al. Toxicity and reconstitution of recombinant in-
terleukin-2 with albumin. Lancet 1991; 338: 1464. 

4. Franks CR. Reconstitution of interleukin-2. Lancet 1990; 336:
445–6. 

5. Hamblin T. Reconstitution of interleukin-2 with albumin for in-
fusion. Lancet 1990; 336: 251. 

6. Lamers CHJ, et al. Bioavailability of interleukin-2 after recon-
stitution with albumin. Lancet 1992; 340: 241.

Units
100 units of human interleukin-2 are contained in one
ampoule of the first International Standard Preparation
(1987). The activity of interleukin-2 has also been
expressed  in  Nut ley  and  Cetus  un i t s :
100 international units is reportedly equivalent to
about 83.3 Nutley units and to about 16.7 Cetus units.
US licensed product information states that
18 million international units of aldesleukin are equiv-
alent to 1.1 mg of protein.

Adverse Effects and Treatment
Toxicity is related to dose and route and is often severe;
fatalities have been recorded. Decreased vascular re-
sistance and increased capillary permeability (the ‘cap-
illary leak syndrome’) is common in patients given al-
desleukin, and results in hypotension, reduced organ
perfusion, and oedema. The incidence and severity of
this syndrome is lower after subcutaneous than intrave-
nous dosage. Fluid replacement may be necessary to
treat the resultant hypovolaemia and dopamine or other
pressor agents may be needed to help maintain organ
perfusion. Capillary leak syndrome may also be asso-
ciated with cardiac effects including tachycardia, angi-
na, myocardial infarction; respiratory effects such as
dyspnoea, pulmonary oedema, and respiratory failure;
renal abnormalities including uraemia and oliguria or
anuria; mental status changes including irritability, de-
pression, confusion, and drowsiness. Therapy should
be stopped if patients develop severe lethargy or som-
nolence, as continuing may result in coma. Raised liver
enzymes, gastrointestinal disturbances, fever and flu-
like symptoms (malaise, rigors, chills, arthralgia, and
myalgia), rashes, pruritus, anaemia, leucopenia, and
thrombocytopenia, are also relatively common. Para-
cetamol (but not NSAIDs, see Effects on the Kidneys,
below) may be used prophylactically for fever. Pethi-
dine may be used to control rigors. Antiemetics and an-
tidiarrhoeals may also be required. Antihistamines
may benefit some patients with pruritic rash. Injection
site reactions are common after subcutaneous doses;
necrosis has occurred. Aldesleukin therapy is associat-
ed with impaired neutrophil function, and an increased
risk of bacterial infections (see below), including sep-
sis and bacterial endocarditis; this has been reported
mainly after intravenous use, and antibacterial prophy-
laxis may be necessary.
◊ References.
1. Sundin DJ, Wolin MJ. Toxicity management in patients receiv-

ing low-dose aldesleukin therapy. Ann Pharmacother 1998; 32:
1344–52. 

2. Schwartzentruber DJ. Guidelines for the safe administration of
high-dose interleukin-2. J Immunother 2001; 24: 287–93. 

3. Dutcher J, et al. Kidney cancer: the Cytokine Working Group
experience (1986-2001): part II: management of IL-2 toxicity
and studies with other cytokines. Med Oncol 2001; 18: 209–19. 

4. Schwartz RN, et al. Managing toxicities of high-dose inter-
leukin-2. Oncology (Huntingt) 2002; 16 (suppl 13): 11–20.

Bacterial infections. The incidence of sepsis and bacteraemia
is increased in patients receiving interleukin-2 via intravenous
catheters,1,2 and possibly subcutaneously,3 although others have
not found this to be the case.4,5 The increased incidence of non-
opportunistic bacterial infection may be a particular problem in
patients with AIDS who are treated with interleukin-2.6 The
mechanism is uncertain, but may be related to impairment of
neutrophil function by the cytokine.7
1. Snydman DR, et al. Nosocomial sepsis associated with inter-

leukin-2. Ann Intern Med 1990; 112: 102–7. 
2. Shiloni E, et al. Interleukin-2 therapy, central venous catheters,

and nosocomial sepsis. Ann Intern Med 1990; 112: 882–3. 
3. Jones AL, et al. Infectious complications of subcutaneous inter-

leukin-2 and interferon-alpha. Lancet 1992; 339: 181–2. 
4. Buter J, et al. Infection after subcutaneous interleukin-2. Lancet

1992; 339: 552. 
5. Schomburg AG, et al. Cytokines and infection in cancer patients.

Lancet 1992; 339: 1061. 

6. Murphy PM, et al. Marked disparity in incidence of bacterial in-
fections in patients with the acquired immunodeficiency syn-
drome receiving interleukin-2 or interferon-γ. Ann Intern Med
1988; 108: 36–41. 

7. Klempner MS, et al. An acquired chemotactic defect in neu-
trophils from patients receiving interleukin-2 immunotherapy. N
Engl J Med 1990; 322: 959–65.

Effects on endocrine function. It has been suggested that pa-
tients with adrenal metastases may be particularly susceptible to
adrenal haemorrhage and consequent failure during interleukin
therapy.1 Results also suggested that lack of endogenous steroid
production may increase the risk of early severe interleukin-2
toxicity.1 
Effects on thyroid function have also been reported, with the de-
velopment of hypothyroidism2-4 and goitre.3
1. VanderMolen LA, et al. Adrenal insufficiency and interleukin-2

therapy. Ann Intern Med 1989; 111: 185. 
2. Atkins MB, et al. Hypothyroidism after treatment with inter-

leukin-2 and lymphokine-activated killer cells. N Engl J Med
1988; 318: 1557–63. 

3. van Liessum PA, et al. Hypothyroidism and goitre during inter-
leukin-2 therapy without LAK cells. Lancet 1989; i: 224. 

4. Sauter NP, et al. Transient thyrotoxicosis and persistent hypothy-
roidism due to acute autoimmune thyroiditis after interleukin-2
and interferon-α therapy for metastatic carcinoma: a case report.
Am J Med 1992; 92: 441–4.

Effects on the kidneys. Intravenous aldesleukin therapy was
associated with varying degrees of acute renal dysfunction in al-
most all of 99 adult patients.1 The clinical syndrome of hypoten-
sion, oliguria, fluid retention, and associated azotaemia with in-
tense tubular avidity for filtered sodium all support prerenal
acute renal failure as the cause of renal dysfunction. However,
renal function values returned to baseline levels within 7 days in
62% of patients and in 95% by 30 days. Patients with elevated
pretreatment serum-creatinine values, particularly those aged
over 60 years, and those who had previously undergone a
nephrectomy, were at risk of more severe and prolonged changes
in renal function, and might be particularly vulnerable to the use
of indometacin for associated fever and chills, which could po-
tentiate renal impairment through its effects on intrarenal pros-
taglandin production. Similar effects were noted in a study2 of 15
children given continuous infusion of aldesleukin. A further
study3 of the renal haemodynamic effects of aldesleukin infusion
found it to have a specific renal vasoconstrictor effect; changes
in renal prostaglandin synthesis contributed to the decreased
renal blood flow.
1. Belldegrun A, et al. Effects of interleukin-2 on renal function in

patients receiving immunotherapy for advanced cancer. Ann In-
tern Med 1987; 106: 817–22. 

2. Cochat P, et al. Renal effects of continuous infusion of recom-
binant interleukin-2 in children. Pediatr Nephrol 1991; 5: 33–7. 

3. Geertsen PF, et al. Renal haemodynamics, sodium and water re-
absorption during continuous intravenous infusion of recom-
binant interleukin-2. Clin Sci 1998; 95: 73–81.

Effects on the skin. Pseudosystemic sclerosis has been report-
ed after use of aldesleukin; a reduction in skin thickening was
seen after aldesleukin therapy was stopped and corticosteroids
started.1
1. Marie I, et al. Pseudosystemic sclerosis as a complication of re-

combinant human interleukin 2 (aldesleukin) therapy. Br J Der-
matol 2007; 156: 182–3.

Precautions
Aldesleukin should be given with great care, if at all, to
patients with pre-existing cardiac or pulmonary dis-
ease, and those with severe renal or hepatic impair-
ment. It should be avoided in patients with CNS metas-
tases or seizure disorders. 
Risk factors for toxicity and poor response include re-
stricted physical activity (Eastern Cooperative Oncol-
ogy Group performance status of 1 or greater), 2 or
more metastatic sites, and a period of less than 24
months between diagnosis of primary tumour and con-
sideration for aldesleukin therapy. UK licensed product
information states that aldesleukin should not be used
to treat metastatic renal cell carcinoma in patients with
all three of these risk factors. 
Aldesleukin may worsen auto-immune diseases, and
should be used with caution in patients with these con-
ditions. Bacterial infections should be adequately treat-
ed before beginning therapy. Aldesleukin may increase
effusions from serosal surfaces, and these should gen-
erally be treated before starting aldesleukin therapy. 
Vital signs, blood counts, renal and hepatic function,
serum electrolytes, and pulmonary and cardiac func-
tion should be monitored before starting treatment and
then regularly during therapy.
Activity. For mention of the loss of activity when aldesleukin
was given by continuous infusion without albumin, see Stability
above.
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736   Antineoplastics
Inflammatory bowel disease. Two patients with a history of
Crohn’s disease had a recurrence of the condition when given
aldesleukin. It was suggested that interleukin-2 should be contra-
indicated in such patients.1
1. Sparano JA, et al. Symptomatic exacerbation of Crohn disease

after treatment with high-dose interleukin-2. Ann Intern Med
1993; 118: 617–18.

Psoriasis. Exacerbations of psoriasis developed in 3 patients
during therapy with aldesleukin alone or with lymphokine-acti-
vated killer cells. The psoriatic symptoms remitted with topical
therapy.1
1. Lee RE, et al. Interleukin 2 and psoriasis. Arch Dermatol 1988;

124: 1811–15.

Interactions
Corticosteroids (which reduce some of the adverse ef-
fects of interleukin-2) may also reduce its antineoplas-
tic properties: use together should generally be avoid-
ed. The use of iodinated contrast media after
aldesleukin therapy may result in symptoms resem-
bling the immediate adverse effects of aldesleukin. Al-
though most events were reported to occur within 2 to
4 weeks of the last dose of aldesleukin, some occurred
several months afterward.
Antivirals. For the effect of interleukin-2 on plasma concentra-
tions of indinavir, see p.884.
NSAIDs. NSAIDs are effective in preventing or reducing fever
and myalgia caused by interleukin-2. However, there is concern
that they could exacerbate renal toxicity (see also Effects on the
Kidneys, above). Use of indometacin in patients receiving inter-
leukin-2 led to more severe weight gain, oliguria, and azotaemia
in 1 study.1 However, ibuprofen was used successfully to reduce
interleukin-2 toxicity in another study.2
1. Sosman JA, et al. Repetitive weekly cycles of interleukin-2 II:

clinical and immunologic effects of dose, schedule, and addition
of indomethacin. J Natl Cancer Inst 1988; 80: 1451–61. 

2. Eberlein TJ, et al. Ibuprofen causes reduced toxic effects of in-
terleukin 2 administration in patients with metastatic cancer.
Arch Surg 1989; 124: 542–7.

Pharmacokinetics
After intravenous bolus, the serum distribution and
elimination half-lives of aldesleukin are 13 and 85
minutes, respectively. After subcutaneous doses, the
absorption half-life is 45 minutes and the elimination
half-life is 5.3 hours, while bioavailability ranges be-
tween 35 and 47%. 
Aldesleukin is metabolised to amino acids by the kid-
neys.
◊ References.
1. Anderson PM, Sorenson MA. Effects of route and formulation

on clinical pharmacokinetics of interleukin-2. Clin Pharmacoki-
net 1994; 27: 19–31. 

2. Piscitelli SC, et al. Pharmacokinetics and pharmacodynamics of
subcutaneous interleukin-2 in HIV-infected patients. Pharmaco-
therapy 1996; 16: 754–9. 

3. Kirchner GI, et al. Pharmacokinetics of recombinant human in-
terleukin-2 in advanced renal cell carcinoma patients following
subcutaneous application. Br J Clin Pharmacol 1998; 46: 5–10.

Uses and Administration
Interleukin-2 is a lymphokine which stimulates the
proliferation of T-lymphocytes and thus amplifies im-
mune response to an antigen; it also has actions on B-
lymphocytes, and induces the production of interferon-
γ and the activation of lymphokine-activated killer
(LAK) cells and natural killer (NK) cells. Interleukin-
2 is used in the immunotherapy of metastatic renal cell
carcinoma in selected patients (see p.667). It is also
used in metastatic melanoma (p.673), and has been
tried in non-Hodgkin’s lymphoma and acute myeloid
leukaemia. 
Interleukin-2 is usually given by intravenous infusion
or subcutaneous injection of one of its recombinant
forms, such as aldesleukin. 
Many dosage regimens have been tried. In the UK, the
recommended dose of aldesleukin for metastatic renal
cell carcinoma is 18 million units given subcutaneous-
ly once daily for 5 days, followed by 2 days rest for the
first week. For the next 3 weeks, 18 million units are
then given on days 1 and 2 of each week, and
9 million units on days 3 to 5 of each week, followed
by 2 days rest. This 4-week cycle may be repeated after
an interval of 1 week. Doses may be delayed or re-
duced if the regimen is not tolerated. 

Intravenous infusion of aldesleukin is now rarely used
because of an association with capillary leak syndrome
(see Adverse Effects and Treatment, above). If it is
used, 18 million units/m2 per 24 hours is given as a
continuous intravenous infusion for 5 days, followed
by 2 to 6 days of rest. Then another 5 days of infusion
is given, followed by 3 weeks of rest. This constitutes
one induction cycle; a second cycle may be given after
the 3-week rest period of the first cycle. After either
subcutaneous or intravenous use, up to 4 maintenance
cycles may be given, at 4-week intervals, to patients
who respond or whose disease stabilises. In the USA,
aldesleukin is given by intravenous infusion for meta-
static renal cell carcinoma or metastatic melanoma.
The recommended dose  is  an infus ion of
600 000 units/kg over 15 minutes, every 8 hours for up
to 14 doses. This 5-day cycle is repeated after 9 days.
Further courses may be given at intervals of at least 7
weeks in patients who respond. Doses should be with-
held for toxicity. 
Aldesleukin given by inhalation is being investigated
in the treatment of renal cell carcinoma. 
Interleukin-2 has also been given in adoptive immuno-
therapy with LAK cells or tumour-infiltrating lym-
phocytes (TIL), which are harvested from the patient,
activated ex vivo, and then re-infused. 
Interleukin-2 is also being tried in patients with HIV
infection and AIDS in an attempt to restore immune
response (see below) and has been given in some other
infections or immune diseases. 
Other interleukins are under investigation (see also
Interleukin-1, p.2325). Conjugates of interleukin-2
with macrogol (PEG-IL2; pegaldesleukin) have also
been investigated and liposome-encapsulated inter-
leukin-2 has also been investigated for the treatment of
renal, brain and CNS tumours. 
A mixture of naturally occurring cytokines, including
interleukins, interferons, chemokines, and colony-
stimulating factors (Multikine®) is under investigation
for neoadjuvant therapy in patients with squamous cell
carcinoma of the head and neck.
◊ Reviews.
1. Noble S, Goa K. Aldesleukin (recombinant interleukin-2): a re-

view of its pharmacological properties, clinical efficacy and tol-
erability in patients with metastatic melanoma. BioDrugs 1997;
7: 394–422. 

2. Atkins MB, et al. High-dose recombinant interleukin 2 therapy
for patients with metastatic melanoma: analysis of 270 patients
treated between 1985 and 1993. J Clin Oncol 1999; 17:
2105–16. 

3. Malaguarnera M, et al. Use of interleukin-2 in advanced renal
carcinoma: meta-analysis and review of the literature. Eur J
Clin Pharmacol 2001; 57: 267–73. 

4. Atkins MB, et al. Kidney cancer: the Cytokine Working Group
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5. Gaffen SL, Liu KD. Overview of interleukin-2 function, pro-
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6. Eklund JW, Kuzel TM. A review of recent findings involving
interleukin-2-based cancer therapy. Curr Opin Oncol 2004; 16:
542–6. 

7. Eklund JW, Kuzel TM. Interleukin-2 in the treatment of renal
cell carcinoma and malignant melanoma. Cancer Treat Res
2005; 126: 263–87. 

8. Porta C. Maintenance biotherapy with interleukin-2 and inter-
feron for metastatic renal cell cancer. Expert Rev Anticancer
Ther 2006; 6: 141–52. 

9. McDermott DF. Update on the application of interleukin-2 in
the treatment of renal cell carcinoma. Clin Cancer Res 2007; 13:
716s–720s. 

10. Petrella T, et al. Single-agent interleukin-2 in the treatment of
metastatic melanoma: a systematic review. Cancer Treat Rev
2007; 33: 484–96.

HIV infection and AIDS. The immunodeficiency of HIV in-
fection and AIDS (p.856) has been associated with a defect in
interleukin-2 production. Interleukin-2 stimulates the prolifera-
tion of lymphocytes and activates natural killer cells and a
number of studies have therefore examined the potential benefits
of adding interleukin-2 to the treatment of patients with HIV in-
fection.1,2 Following earlier pilot studies, trials of antiretroviral
therapy plus interleukin-2 have shown it to produce a much
greater increase in CD4 cell counts than antiretroviral therapy
alone,3-7 even where therapy included HAART. Given the effica-
cy of current therapies, demonstrating additional benefits on sur-
vival or disease progression is difficult, although some studies
have been undertaken.1 In the interim, a pooled analysis8 of ear-
lier results showed a non-significant trend towards improved
clinical outcome. 
Although teceleukin has been tried3 most studies of interleukin-
2 therapy in HIV have used aldesleukin. Doses and routes have
varied: in general doses seem to have ranged from 6 to

18 million units daily by intravenous infusion, or 3 to
30 million units daily subcutaneously, given in most cases for a
5-day cycle every 8 weeks. Subcutaneous dosage appears to be
as effective as intravenous,4,9 is more convenient,4 and may be
less toxic.10 There is evidence that 5-day dose cycles of 3, 4.5 or
7.5 million units twice daily by subcutaneous injection are effec-
tive,5 ,6 ,9 ,11 -13  whereas cycles with a lower dose of
1.5 million units twice daily are not.5,11,13 A meta-analysis14 of 3
trials found that subcutaneous doses of 7.5 million units twice
daily for 5 days every 8 weeks resulted in greater increases in
CD4 cell counts after 3 cycles of therapy than doses of
4.5 million units or 1.5 million units. However, others have re-
ported benefit from a dose as low as 3 million units daily when
used with HAART in patients with advanced disease.15 Continu-
ous low-dose daily therapy appears to accelerate the normalisa-
tion of T-cell and natural killer cell concentrations over the
course of several months.10 
Adverse effects are common, particularly at higher doses and
with intravenous infusion rather than subcutaneous use.7,10 How-
ever, concerns about a potential stimulant effect on viral replica-
tion with a consequent increase in viral load do not seem to have
been borne out.4-7,9 Some studies have reported reduced viral
loads in interleukin-treated patients,6,16 including decreases in
hepatitis C viral load in those HIV patients co-infected with hep-
atitis C.9,17 
The macrogol conjugate of interleukin-2, PEG-IL2, has also
been investigated in this context, but results have been disap-
pointing, since it appears markedly less effective than aldes-
leukin in stimulating CD4 counts.4,18
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2. Temesgen Z. Interleukin-2 for the treatment of human immuno-
deficiency virus infection. Drugs Today 2006; 42: 791–801. 

3. Bartlett JA, et al. Coadministration of zidovudine and inter-
leukin-2 increases absolute CD4 cells in subjects with Walter
Reed stage 2 human immunodeficiency virus infection: results
of ACTG protocol 042. J Infect Dis 1998; 178: 1170–3. 
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ficiency virus-infected patients with CD4+ cell counts
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2000; 22: 19–31. 
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virus type 1 disease. J Infect Dis 2000; 182: 428–34. 
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load: a controlled study of 3 IL-2 regimens with antiviral drug
therapy. J Infect Dis 2001; 183: 1476–84. 

10. Smith KA. Low-dose daily interleukin-2 immunotherapy: ac-
celerating immune restoration and expanding HIV-specific T-
cell immunity without toxicity. AIDS 2001; 15 (suppl 2):
S28–S35. 

11. Davey RT, et al. A randomized trial of high- versus low-dose
subcutaneous interleukin-2 outpatient therapy for early human
immunodeficiency virus type 1 infection. J Infect Dis 1999;
179: 849–58. 

12. David D, et al. Rapid effect of interleukin-2 therapy in human
immunodeficiency virus–infected patients whose CD4 cell
counts increase only slightly in response to combined antiretro-
viral treatment. J Infect Dis 2001; 183: 730–5. 

13. Ruxrungtham K, et al. A randomized, controlled 24-week study
of intermittent subcutaneous interleukin-2 in HIV-1 infected pa-
tients in Thailand. AIDS 2000; 14: 2509–13. 

14. Arduino RC, et al. CD4 cell response to 3 doses of subcutaneous
interleukin 2: meta-analysis of 3 Vanguard studies. Clin Infect
Dis 2004; 39: 115–22. 

15. Arnó A, et al. Efficacy of low-dose subcutaneous interleukin-2
to treat advanced human immunodeficiency virus type 1 in per-
sons with ≤250/microlitre CD4 T cells and undetectable plasma
virus load. J Infect Dis 1999; 180: 56–60. 

16. Lafeuillade A, et al. Pilot study of a combination of highly ac-
tive antiretroviral therapy and cytokines to induce HIV-1 remis-
sion. J Acquir Immune Defic Syndr 2001; 26: 44–55. 

17. Schlaak JF, et al. Sustained suppression of HCV replication and
inflammatory activity after interleukin-2 therapy in patients
with HIV/hepatitis C virus coinfection. J Acquir Immune Defic
Syndr 2002; 29: 145–8. 

18. Carr A, et al. Outpatient continuous intravenous interleukin-2 or
subcutaneous, polyethylene glycol-modified interleukin-2 in
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992–9.

Postherpetic neuralgia. A 46-year-old HIV patient with
chronic, treatment-resistant postherpetic neuralgia (p.9) received
1 cycle of subcutaneous interleukin-2 (7.5 million units twice
daily for 5 consecutive days) within the context of a clinical HIV
study. He reported immediate resolution of his postherpetic neu-
ralgia, and no recurrence of pain occurred during 3 years of
follow-up.1
1. Rotty J, et al. Interleukin-2: a potential treatment option for post-

herpetic neuralgia? Clin Infect Dis 2006; 43: e109–e110.
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leukin; Hung.: Proleukin; Irl.: Proleukin; Israel: Proleukin; Ital.: Proleukin;
Jpn: Celeuk; Imunace; Mex.: Proleukin; Neth.: Proleukin; NZ: Proleukin;
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leukin (Ронколейкин); S.Afr.: Chiron IL-2; Singapore: Proleukin†; Spain:
Proleukin; Switz.: Proleukin; Turk.: Proleukin; UK: Proleukin; USA: Pro-
leukin.

Ipilimumab (USAN, rINN)

Ipilimumabum; MDX-010; MDX-CTLA-4. Immunoglobulin G1,
anti-(human CTLA-4 (antigen)) (human γ1-chain), disulfide with
human κ-chain, dimer.
Ипилимумаб
CAS — 477202-00-9.

Profile
Ipilimumab is an antibody to the cytotoxic-T-lymphocyte-asso-
ciated antigen 4 (CTLA-4), which is a cell surface receptor in-
volved in the downregulation of T-cell activation. Ipilimumab is
under investigation for the treatment of melanoma and various
solid tumours. Adverse effects include enterocolitis, hypophysi-
tis, dermatitis, arthritis, uveitis, hepatitis, nephritis, and aseptic
meningitis.
◊ References.
1. Beck KE, et al. Enterocolitis in patients with cancer after anti-

body blockade of cytotoxic T-lymphocyte-associated antigen 4.
J Clin Oncol 2006; 24: 2283–9. 

2. Weber J. Review: anti-CTLA-4 antibody ipilimumab: case stud-
ies of clinical response and immune-related adverse events. On-
cologist 2007; 12: 864–72.

Iratumumab (USAN, rINN)

Iratumumabum; MDX-060. Immunoglobulin G1, anti-(tumor
necrosis factor ligand superfamily member 8 (CD30 ligand)) (hu-
man monoclonal MDX-060 heavy chain), disulfide with human
monoclonal MDX-060 light chain, dimer.
Иратумумаб
CAS — 640735-09-7.

Profile
Iratumumab is an anti-CD30 monoclonal antibody that is under
investigation for the treatment of Hodgkin’s disease. Reported
adverse effects include a rise in liver transaminases, and acute
respiratory distress syndrome.

Irinotecan Hydrochloride 

(BANM, USAN, rINNM)

Camptothecin 11 (irinotecan); CPT-11 (irinotecan); DQ-2805;
Hidrocloruro de irinotecán; Irinotécan, Chlorhydrate d’; Irinote-
cani Hydrochloridum; Irinotekaanihydrokloridi; Irinotekan Hid-
roklorür; Irinotekanhydroklorid; U-101440E. (+)-7-Ethyl-10-hy-
droxycamptothecine 10-[1,4′-bipiperidine]-1′-carboxylate hy-
drochloride trihydrate; (S)-4,11-Diethyl-3,4,12,14-tetrahydro-4-
hydroxy-3,14-dioxo-1H-pyrano[3′,4′:6′,7′]indolizino[1,2-b]quin-
olin-9-yl [1,4′-dipiperidine]-1′-carboxylate hydrochloride trihy-
drate.
Иринотекана Гидрохлорид
C33H38N4O6,HCl,3H2O = 677.2.
CAS — 97682-44-5 (ir inotecan); 136572-09-3 (ir inote-
can hydrochloride tr ihydrate).
ATC — L01XX19.
ATC Vet — QL01XX19.

(ir inotecan)

Adverse Effects, Treatment, and Precau-
tions
For general discussions, see Antineoplastics, p.635,
p.639, and p.641. Neutropenia and diarrhoea may be
dose-limiting in patients given irinotecan. The nadir of
the white cell count usually occurs about 8 days after a
dose, with recovery by about day 22. Anaemia also oc-

curs and, less commonly, thrombocytopenia. Gastroin-
testinal disturbances are common: acute diarrhoea, oc-
curring within 24 hours of a dose, may be part of a
cholinergic syndrome which can also include sweat-
ing, hypersalivation, abdominal cramps, lachrymation,
and miosis. These symptoms can be controlled with at-
ropine. However a more severe, prolonged diarrhoea
may occur, beginning more than 24 hours after a dose,
and can be life-threatening; prompt management with
high-dose loperamide and fluid replacement is re-
quired (see Effects on the Gastrointestinal Tract, be-
low), and irinotecan treatment should be interrupted
and any further doses reduced. Other adverse effects
include nausea and vomiting, weakness, alopecia, and
skin reactions. Hypertension has occurred rarely dur-
ing or after infusion. There are rare reports of hyper-
sensitivity reactions, interstitial pneumonia, pneumo-
nitis, intestinal perforation, pancreatitis, muscular
contraction or cramps, and paraesthesia. 
Irinotecan should not be given to patients with inflam-
matory bowel disease. The risk of diarrhoea may be in-
creased in the elderly and in patients who have had ra-
diotherapy to the abdomen or pelvis. Radiotherapy
also increases the risk of myelosuppression. Blood
counts should be monitored weekly and liver function
tests should be regularly performed. 
Severe toxicity resulting in an increased number of
deaths has been reported when irinotecan was given
with fluorouracil and folinic acid (see under Interac-
tions, below).
Effects on the gastrointestinal tract. Acute diarrhoea oc-
curring as part of a cholinergic syndrome with irinotecan is rarely
severe. The syndrome is usually treated or prevented with atro-
pine, but pretreatment with hyoscine butylbromide has also been
tried.1,2 In contrast, delayed diarrhoea can be dose-limiting or
even fatal in some patients. Standard treatment involves fluid and
electrolyte replacement and a high-dose loperamide regimen
consisting of 4 mg loperamide immediately after the first loose
stool, then 2 mg every 2 hours until 12 hours after the last liquid
stool. During the night, the patient may take 4 mg every 4 hours.
The high-dose therapy should not be given for more than 48
hours and should never be given prophylactically. Specific
recommendations3 state that if the diarrhoea persists for more
than 24 hours despite loperamide therapy, patients should also
take an oral fluoroquinolone for 7 days. If the diarrhoea persists
for more than 48 hours, patients should be hospitalised for
parenteral hydration. Other treatments have been tried, including
acetorphan, activated charcoal, budesonide, glutamine, and oc-
treotide.2,4-9 A regimen of thalidomide with irinotecan has been
reported to have a striking lack of gastrointestinal adverse effects
such as diarrhoea and nausea.2,10 However, a pharmacokinetic
study found no decrease in gastrointestinal toxicity when these 2
drugs were given together, see Thalidomide, under Interactions,
below. 
Diarrhoea may be caused by direct intestinal damage due to SN-
38, the active metabolite of irinotecan; reduction of intestinal
SN-38 concentrations using the poorly absorbed aminoglycoside
neomycin as prophylaxis was reported to ameliorate diarrhoea in
6 of 7 patients experiencing this adverse effect.11

1. Zampa G, Magnolfi E. Premedication for irinotecan. J Clin On-
col 2000; 18: 237. 

2. Yang X, et al. Novel agents that potentially inhibit irinotecan-
induced diarrhea. Curr Med Chem 2005; 12: 1343–58. 

3. Rothenberg ML, et al. Mortality associated with irinotecan plus
bolus fluorouracil/leucovorin: summary findings of an inde-
pendent panel. J Clin Oncol 2001; 19: 3801–7. 

4. Saliba F, et al. Pathophysiology and therapy of irinotecan-in-
duced delayed-onset diarrhea in patients with advanced colorec-
tal cancer: a prospective assessment. J Clin Oncol 1998; 16:
2745–51. 

5. Lenfers BHM, et al. Substantial activity of budesonide in pa-
tients with irinotecan (CPT-11) and 5-fluorouracil induced di-
arrhea and failure of loperamide treatment. Ann Oncol 1999; 10:
1251–3. 

6. Savarese D, et al. Glutamine for irinotecan diarrhea. J Clin On-
col 2000; 18: 450–1. 

7. Ychou M, et al. Randomized comparison of prophylactic antid-
iarrheal treatment versus no prophylactic antidiarrheal treat-
ment in patients receiving CPT-11 (irinotecan) for advanced 5-
FU-resistant colorectal cancer: an open-label multicenter phase
II study. Am J Clin Oncol 2000; 23: 143–8. 

8. Pro B, et al. Therapeutic response to octreotide in patients with
refractory CPT-11 induced diarrhea. Invest New Drugs 2001;
19: 341–3. 

9. Michael M, et al. Phase II study of activated charcoal to prevent
irinotecan-induced diarrhea. J Clin Oncol 2004; 22: 4410–17. 

10. Govindarajan R, et al. Effect of thalidomide on gastrointestinal
toxic effects of irinotecan. Lancet 2000; 356: 566–7. 

11. Kehrer DFS, et al. Modulation of irinotecan-induced diarrhea
by cotreatment with neomycin in cancer patients. Clin Cancer
Res 2001; 7: 1136–41.

Genetic factors. Irinotecan is hydrolysed to SN-38, an active
metabolite, which is inactivated by glucuronidation by uridine

diphosphate glucuronosyltransferase (UGT) enzymes.1 Genetic
variation in the UGT family may affect irinotecan pharmacody-
namics. Although UGT1A1*28 polymorphism appears to be
only one of several identified causes of altered SN-38 pharma-
cokinetics,1,2 it has been strongly associated with the develop-
ment of severe neutropenia, and genotyping has been proposed
as a method of identifying patients at risk of severe toxicity from
irinotecan.3,4 However, genotyping does not predict for all toxic-
ities, and a significant association between the UGT1A1*28 ho-
mozygous genotype and diarrhoea has not been proven. Further-
more, a normal UGT1A1 genotype does not ensure lack of
toxicity, although the risk is less; the possibility of underdosing
in those with the normal genotype may need to be considered.5
Despite these limitations, it has been suggested that every patient
receiving irinotecan for the first time be tested for UGT1A1 gen-
otype.5 
Licensed product information in the USA states that reduced in-
itial doses should be considered for patients known to be ho-
mozygous for the UGT1A1*28 allele; while heterozygous pa-
tients may also be at risk, results of studies have been variable
and such patients may tolerate normal initial doses of irinotecan.
However, the most appropriate dose reduction in the ho-
mozygous population is not known. Some have suggested an in-
itial 20% dose reduction, with escalation to full dosage in subse-
quent courses in the event of little or no toxicity.5 A prospective
study6 found that the UGT1A1*28 genotype (homozygous or
heterozygous) was significantly associated with haematological
toxicity, but only during the first cycle of irinotecan-containing
chemotherapy. This called into question the need for a dose re-
duction in irinotecan for patients with this genotype, particularly
since homozygous patients showed a trend to improve clinical
response. A study in paediatric patients7 found that, for low-dose,
protracted schedules of irinotecan (doses ranged from 15 to
75 mg/m2 daily, given either intravenously or orally, for 5 days,
for 2 consecutive weeks), UGT1A1 genotyping was not a useful
prognostic indicator of severe toxicity.
1. Paoluzzi L, et al. Influence of genetic variants in UGT1A1 and

UGT1A9 on the in vivo glucuronidation of SN-38. J Clin Phar-
macol 2004; 44: 854–60. 

2. Ramchandani RP, et al. The role of SN-38 exposure,
UGT1A1*28 polymorphism, and baseline bilirubin level in pre-
dicting severe irinotecan toxicity. J Clin Pharmacol 2007; 47:
78–86. 

3. Innocenti F, et al. Genetic variants in the UDP-glucuronosyl-
transferase 1A1 gene predict the risk of severe neutropenia of
irinotecan. J Clin Oncol 2004; 22: 1382–8. 

4. Hahn KK, et al. Pharmacogenetics and irinotecan therapy. Am J
Health-Syst Pharm 2006; 63: 2211–17. 

5. O’Dwyer PJ, Catalano RB. Uridine diphosphate glucuronosyl-
transferase (UGT) 1A1 and irinotecan: practical pharmacoge-
nomics arrives in cancer therapy. J Clin Oncol 2006; 24: 4534–8. 

6. Toffoli G, et al. The role of UGT1A1*28 polymorphism in the
pharmacodynamics and pharmacokinetics of irinotecan in pa-
tients with metastatic colorectal cancer. J Clin Oncol 2006; 24:
3061–8. 

7. Stewart CF, et al. UGT1A1 promoter genotype correlates with
SN-38 pharmacokinetics, but not severe toxicity in patients re-
ceiving low-dose irinotecan. J Clin Oncol 2007; 25: 2594–2600.

Interactions
Irinotecan is partly metabolised by cytochrome P450
CYP3A isoenzymes. Inducers of this system such as
carbamazepine, phenobarbital, or phenytoin reduce ex-
posure to irinotecan and its active metabolite SN-38;
use with St John’s Wort is contra-indicated. Converse-
ly, inhibitors of this system such as ketoconazole in-
crease exposure to irinotecan and SN-38; use with ke-
toconazole is contra-indicated.
Antidepressants. In a small, crossover study1 of cancer pa-
tients, use of St John’s wort during irinotecan therapy was found
to decrease plasma concentrations of SN-38, the active metabo-
lite of irinotecan. Myelosuppression was also reduced with this
combination. The interaction is thought to be due to the induction
of the cytochrome P450 isoenzyme CYP3A4 by St John’s wort.
1. Mathijssen RHJ, et al. Effects of St. John’s wort on irinotecan

metabolism. J Natl Cancer Inst 2002; 94: 1247–9.

Antineoplastics. Although previously reported to be effective,
and not associated with excessive toxicity,1 a regimen of irinote-
can with bolus fluorouracil and folinic acid was found to be as-
sociated with an excess of early deaths in 2 further studies, which
were consequently terminated.2 Deaths were associated with a
variety of events including dehydration (due to diarrhoea, nau-
sea, and vomiting), neutropenia, and sepsis. It has been suggest-
ed that use of irinotecan with fluorouracil by continuous infusion
might be better tolerated,3,4 and a small study5 found that the se-
quence may be important. Irinotecan followed by an infusion of
fluorouracil over 48 hours, was associated with less dose-limit-
ing toxicity, and higher maximum tolerated doses, than fluoro-
uracil infusion followed by irinotecan. 
Sorafenib may increase systemic exposure to irinotecan.
1. Saltz LB, et al. Irinotecan plus fluorouracil and leucovorin for

metastatic colorectal cancer. N Engl J Med 2000; 343: 905–14. 
2. Sargent DJ, et al. Recommendation for caution with irinotecan,

fluorouracil, and leucovorin for colorectal cancer. N Engl J Med
2001; 345: 144–5. 
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3. Ledermann JA, et al. Recommendation for caution with irinote-

can, fluorouracil, and leucovorin for colorectal cancer. N Engl J
Med 2001; 345: 145–6. 

4. Van Cutsem E, et al. Toxicity of irinotecan in patients with color-
ectal cancer. N Engl J Med 2001; 345: 1351–2. 

5. Falcone A, et al. Sequence effect of irinotecan and fluorouracil
treatment on pharmacokinetics and toxicity in chemotherapy-na-
ive metastatic colorectal cancer patients. J Clin Oncol 2001; 19:
3456–62.

Smoking. A study found that tobacco smoking significantly af-
fected the pharmacokinetics and toxicity of irinotecan.1 Clear-
ance of irinotecan was faster in smokers, and systemic exposure
to the active metabolite SN-38 (see Pharmacokinetics, below)
was almost 40% lower in smokers. This effect probably contrib-
uted to the significantly lower haematological toxicity seen in
smokers; no significant difference in diarrhoea was seen between
smokers and non-smokers. Smoking may induce cytochrome
P450 isoenzyme CYP3A, or possibly affect carboxylesterase ac-
tivity. The study did not determine an effect of smoking on the
outcome of treatment with irinotecan. However, smokers may
need a higher dose of irinotecan relative to non-smokers, since
the lower exposure to irinotecan and SN-38 may indicate a po-
tential risk of treatment failure.
1. van der Bol JM, et al. Cigarette smoking and irinotecan treat-

ment: pharmacokinetic interaction and effects on neutropenia. J
Clin Oncol 2007; 25: 2719–26.

Thalidomide. A pharmacokinetic study found that the metab-
olism of irinotecan to SN-38 was significantly decreased by tha-
lidomide. Despite reports of reduced gastrointestinal toxicity
when these 2 drugs were given together (see Effects on the Gas-
trointestinal System, above), 3 out of 19 patients enrolled in the
study had severe delayed diarrhoea after being given irinotecan
with thalidomide.1
1. Allegrini G, et al. Irinotecan in combination with thalidomide in

patients with advanced solid tumors: a clinical study with phar-
macodynamic and pharmacokinetic evaluation. Cancer Chem-
other Pharmacol 2006; 58: 585–93.

Pharmacokinetics
Irinotecan exhibits biphasic or triphasic pharmacoki-
netics, with a terminal half-life of about 14 hours. After
intravenous doses it is hydrolysed by carboxylesterase
in body tissues to active SN-38 (7-ethyl-10-hydroxy-
camptothecin). SN-38 exhibits a biphasic elimination
profile with a terminal half-life of about 14 hours. Plas-
ma protein binding for irinotecan and SN-38 is about
65% and 95%, respectively. SN-38 is mainly eliminat-
ed by glucuronidation, predominantly by the enzyme
uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1). Irinotecan is also partly metabolised by cy-
tochrome P450 isoenzymes CYP3A4 and perhaps
CYP3A5. More than 50% of an intravenous dose of
irinotecan is excreted as unchanged drug, with about
30% in the faeces via the bile and about 20% in the
urine.
◊ References.
1. Chabot GG. Clinical pharmacokinetics of irinotecan. Clin Phar-

macokinet 1997; 33: 245–59. 
2. Rivory LP. Metabolism of CPT-11: impact on activity. Ann N Y

Acad Sci 2000; 922: 205–15. 
3. Mathijssen RH, et al. Clinical pharmacokinetics and metabolism

of irinotecan (CPT-11). Clin Cancer Res 2001; 7: 2182–94. 
4. Ma MK, McLeod HL. Lessons learned from the irinotecan met-

abolic pathway. Curr Med Chem 2003; 10: 41–9. 
5. Smith NF, et al. Pharmacogenetics of irinotecan metabolism and

transport: an update. Toxicol In Vitro 2006; 20: 163–75.

Uses and Administration
Irinotecan is a semisynthetic derivative of the alkaloid
camptothecin, obtained from the shrub Camptotheca
acuminata. The camptothecin derivatives are inhibi-
tors of the enzyme topoisomerase I and thus interfere
with the coiling and uncoiling of DNA during replica-
tion and prevent nucleic acid synthesis. This action is
specific for S phase. 
Irinotecan is used, alone or with fluorouracil-based
chemotherapy, in the treatment of colorectal cancer
(p.665). It is also indicated for use with cetuximab in
the treatment of EGFR-expressing metastatic colorec-
tal cancer, after the failure of other regimens containing
irinotecan. It has been tried in the management of other
solid tumours including those of the lung (p.668). 
It is given as the hydrochloride, by intravenous infu-
sion, in at least 250 mL of glucose 5%, or sodium chlo-
ride 0.9%. In the treatment of refractory colorectal ma-
lignancies one suggested single-agent dose regimen is
irinotecan hydrochloride 125 mg/m2 infused over 90
minutes once a week for 4 weeks, followed by a
2-week rest period. Additional courses may be given if

required, with doses modified according to toxicity.
Another regimen requires an initial dose of 350 mg/m2

over 30 to 90 minutes repeated every 3 weeks and ad-
justed according to toxicity (for dosage in hepatic im-
pairment, see below). 
For the suggestion that initial doses should be modified
to reduce toxicity in those with certain genotypes, see
Genetic Factors, above. 
Irinotecan may also be given as part of a regimen with
fluorouracil and folinic acid in the first-line treatment
of metastatic colorectal cancer. Numerous regimens
exist. The irinotecan hydrochloride component of the
course may be given at a dose of 180 mg/m2 over 30 to
90 minutes every 2 weeks. Alternatively, 125 mg/m2

may be given weekly, usually on days 1, 8, 15, and 22
of a 42-day cycle. (For reference to toxicity from such
regimens see under Interactions, above.) 
Treatment cycles may be continued indefinitely as long
as patients continue to benefit. 
In the treatment of EGFR-expressing metastatic color-
ectal cancer, when used with cetuximab, irinotecan is
given usually at the same dose as was used in the last
cycles of the previous irinotecan-containing regimen;
irinotecan should not be given for at least 1 hour after
the end of the cetuximab infusion. 
A formulation of irinotecan with hyaluronic acid is be-
ing developed.
◊ References.
1. Douillard JY, et al. Irinotecan combined with fluorouracil com-

pared with fluorouracil alone as first-line treatment for meta-
static colorectal cancer: a multicentre randomised trial. Lancet
2000; 355: 1041–7. Correction. ibid.; 1372. 

2. Saltz LB, et al. Irinotecan plus fluorouracil and leucovorin for
metastatic colorectal cancer. N Engl J Med 2000; 343: 905–14. 
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Administration in hepatic impairment. In patients with
hyperbilirubinaemia, the clearance of irinotecan is decreased, ex-
posure to the active metabolite SN-38 is increased, and the risk
of haematological toxicity is increased. US licensed product in-
formation recommends a reduction in the initial dose of irinote-
can for those patients with increased bilirubin concentrations.
However, doses in patients with bilirubin greater than
2 mg/100 mL cannot be determined due to insufficient data. 
In the UK, licensed product information recommends the follow-
ing dosage reduction for monotherapy regimens in which iri-
notecan hydrochloride is normally given at 350 mg/m2 every 3
weeks (see Uses and Administration, above): 
• in patients with bilirubin up to 1.5 times the upper limit of nor-

mal range (ULN), no dosage reduction is considered neces-
sary and irinotecan hydrochloride 350 mg/m2 is recommend-
ed; 

• in patients with bilirubin ranging from 1.5 to 3 times the ULN,
irinotecan hydrochloride 200 mg/m2 may be given; 

• in patients with bilirubin over 3 times the ULN, the use of iri-
notecan is not recommended.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Biotecan; Camptosar; CPT†; Efixano; Irenax; Irinogen; Itoxaril; Ke-
birtecan; Pipetecan; Satigene; Sibudan; Trinotecan; Winol; Austral.: Camp-
tosar; Austria: Campto; Belg.: Campto; Braz.: Biotecan; Camptosar; Ire-
nax; Tecnotecan; Canad.: Camptosar; Chile: Camptosar; Linatecan; Cz.:
Campto; Canri; Denm.: Campto; Fin.: Campto; Fr.: Campto; Ger.: Camp-
to; Gr.: Campto; Hong Kong: Campto; Hung.: Campto; India: Irinotel;
Indon.: Campto; Irl.: Campto; Israel: Campto; Ital.: Campto; Malaysia:
Campto; Mex.: Camptosar; Daritex A; Terican; Neth.: Campto; Norw.:
Campto; NZ: Camptosar; Philipp.: Campto; Pol.: Campto; Port.: Camp-
to; Faultenocan; Rus.: Campto (Кампто); Iriten (Иритен); Irnocam
(Ирнокам); S.Afr.: Campto; Singapore: Campto; Spain: Campto; Swed.:
Campto; Switz.: Campto; Thai.: Campto; Irinotel; Turk.: Campto; UK:
Campto; USA: Camptosar; Venez.: Camptosar; Elinatecan.

Ixabepilone (USAN, rINN)

Azaepothilone B; BMS-247550-01; Ixabepilona; Ixabépilone; Ixa-
bepilonum. (1S,3S,7S,10R,11S,12S,16R)-7,11-Dihydroxy-8,8,10,-
12,16-pentamethyl-3-[(1E)-1-methyl-2-(2-methylthiazol-4-
yl)ethenyl]-17-oxa-4-azabicyclo[14.1.0]heptadecane-5,9-dione.
Иксабепильон
C27H42N2O5S = 506.7.
CAS — 219989-84-1.
ATC — L01DC04.
ATC Vet — QL01DC04.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
Peripheral neuropathy is common with ixabepilone, and dose re-
duction, or delaying or stopping treatment may be necessary (see
Uses and Administration, below). Dose-dependent myelosup-
pression can occur, manifested mainly as neutropenia; febrile
neutropenia and fatalities have been reported. Frequent blood
counts are recommended. Ixabepilone is formulated in polyoxyl
castor oil and should be avoided in patients hypersensitive to this
substance; patients should be premedicated with a histamine H1-
and histamine H2-antagonist about 1 hour before infusion. Ther-
apy should be stopped if a hypersensitivity reaction occurs, and
symptomatic treatment given. Subsequent cycles may be given
with additional corticosteroid therapy, and extension of the infu-
sion time should be considered. 
Other adverse effects include gastrointestinal disturbances, ano-
rexia, myalgia, arthralgia, fatigue, alopecia, insomnia, headache,
taste disorders, dizziness, increased lachrymation, dyspnoea,
cough, skin rashes, nail disorders, palmar-plantar erythrodys-
esthesia syndrome, pruritus, skin exfoliation or hyperpigmenta-
tion, and hot flushes.
Interactions
Ixabepilone undergoes extensive metabolism by cytochrome
P450 isoenzyme CYP3A4. Inhibitors of CYP3A4, such as keto-
conazole, can increase exposure to ixabepilone. Conversely,
CYP3A4 inducers can reduce exposure to ixabepilone. Use of
ixabepilone with strong inhibitors or inducers of CYP3A4
should be avoided. If strong inhibitors are used, dose adjustments
may be required (see Uses and Administration, below). Grape-
fruit juice may also increase plasma concentrations of ixabepi-
lone and should be avoided. St John’s wort may decrease plasma
concentrations of ixabepilone unpredictably and should also be
avoided.
Pharmacokinetics
Ixabepilone is extensively distributed. Plasma protein binding is
about 67 to 77%. It is extensively metabolised in the liver, mainly
by oxidation via cytochrome P450 isoenzyme CYP3A4. It is
eliminated mainly as metabolites; about 86% of a dose is elimi-
nated within 7 days, 65% in faeces, and 21% in the urine. The
terminal elimination half-life is reported to be about 52 hours.
Uses and Administration
Ixabepilone is an analogue of the epothilone compound patupi-
lone (p.761) that is used for the treatment of patients with meta-
static or locally advanced breast cancer. It is given as monothera-
py in those whose tumours are resistant or refractory to
anthracyclines, taxanes, and capecitabine. Ixabepilone is also
used with capecitabine in those whose tumours are resistant to
anthracycline and taxanes, or in those with cancer resistant to
taxanes, and for whom further anthracycline therapy is contra-
indicated. 
The recommended dose of ixabepilone is 40 mg/m2 given by in-
travenous infusion over 3 hours every 3 weeks. Patients with a
body-surface greater than 2.2 m2 should be dosed as calculated
for 2.2 m2. Ixabepilone is diluted with lactated Ringer’s solution
to a final concentration of 200 to 600 micrograms/mL before in-
fusion. 
Doses are adjusted for toxicity. If moderate or severe neuropathy,
or any severe toxicity (other than neuropathy) occurs, the dose
should be decreased by 20%. If severe neuropathy lasts 7 days or
more, or any disabling toxicity occurs, therapy should be
stopped. If the neutrophil count falls below 500 cells/mm3 for 7
days or more, if platelets fall below 25 000 cells/mm3 (or below
50 000 cells/mm3 with bleeding), or if febrile neutropenia oc-
curs, the dose should be decreased by 20%. If toxicities recur, an
additional 20% dose reduction should be made. Patients should
not begin a new cycle of treatment unless the neutrophil count is
at least 1500 cells/mm3, the platelet count is at least
100 000 cells/mm3, and non-haematological toxicities have im-
proved to grade 1 (mild) or resolved. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Doses are also adjusted in hepatic impairment (see Administra-
tion in Hepatic Impairment, below). 
Use of strong inhibitors of CYP3A4 should be avoided with ixa-
bepilone. If no alternative is available, a dose reduction of ixabe-
pilone to 20 mg/m2 should be considered. Once the inhibitor is
stopped, a washout period of about 1 week should be allowed
before the dose of ixabepilone is increased back to the original
dose.
◊ References.
1. Gianni L. Ixabepilone and the narrow path to developing new

cytotoxic drugs. J Clin Oncol 2007; 25: 3389–91. 
2. Fornier MN. Ixabepilone, first in a new class of antineoplastic

agents: the natural epothilones and their analogues. Clin Breast
Cancer 2007; 7: 757–63. 

3. Thomas ES, et al. Ixabepilone plus capecitabine for metastatic
breast cancer progressing after anthracycline and taxane treat-
ment. J Clin Oncol 2007; 25: 5210–17.

Administration in hepatic impairment. Therapy with ixa-
bepilone and capecitabine combination therapy is contra-indicat-
ed in patients with aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) greater than 2.5 times the upper limit of
normal (ULN), or in those with bilirubin greater than the ULN.
Patients with values equal to or below these figures may be given
the standard dose of ixabepilone. 
In monotherapy, the following doses of ixabepilone may be giv-
en: 
• mild; AST and ALT equal to or less than 2.5 times the ULN,

and bilirubin equal to or less than the ULN: 40 mg/m2 or AST
or ALT equal to or less than 10 times the ULN and bilirubin
equal to or less than 1.5 times the ULN: 32 mg/m2 

• moderate; AST and ALT equal to or less than 10 times the
ULN and bilirubin greater than 1.5 times the ULN, but equal
to or less than 3 times the ULN: patients should be started at
20 mg/m2, and the dosage in subsequent cycles escalated up
to, but not exceeding, 30 mg/m2 if tolerated 

• severe; AST or ALT greater than 10 times the ULN or bili-
rubin greater than 3 times the ULN: not recommended 

Data are limited for patients with a baseline AST or ALT greater
than 5 times the ULN.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Ixempra.

Lapatinib Tosilate (rINNM)

GW-572016F; Lapatinib Ditosylate (USAN); Lapatinib, Tosilate de;
Lapatinibi Tosilas; Tosilato de lapatinib. N-{3-Chloro-4-[(3-fluor-
obenzyl)oxy]phenyl}-6-[5-({[2-(methylsulfonyl)ethyl]amino}me-
thyl)furan-2-yl]quinazolin-4-amine bis(4-methylbenzenesulfon-
ate) monohydrate.
Лапатиниба Тозилат
C29H26ClFN4O4S,2C7H8O3S,H2O = 943.5.
CAS — 231277-92-2 (lapatinib); 388082-78-8 (lapatinib
tosilate).

(lapatinib)

Adverse Effects, Treatment, and Precau-
tions
The most common adverse effects of lapatinib tosilate
are gastrointestinal disturbances, dermatological reac-
tions such as palmar-plantar erythrodysesthesia and
rash, and fatigue. Diarrhoea may be severe and dose-
limiting. Decreases in left ventricular ejection fraction
(LVEF) have been reported with lapatinib, usually
within the first 9 weeks of treatment. LVEF should be
evaluated in all patients before therapy is started, and
periodically evaluated during treatment. Prolongation
of the QT interval has also been reported, and lapatinib
should be given with caution to those patients with rel-
evant risk factors such as hypokalaemia or hypomag-
nesaemia, congenital QT prolongation, use of an-
tiarrhythmics, or cumulative high-dose anthracycline
therapy. Other reported adverse effects include stoma-
titis, mucosal inflammation, pain in extremities, back

pain, dyspnoea, and insomnia. Lapatinib should be
given with caution in severe hepatic impairment; doses
may need to be reduced.

Interactions
Lapatinib tosilate undergoes extensive metabolism by
cytochrome P450 isoenzyme CYP3A4. Inhibitors of
CYP3A4, such as ketoconazole, can increase exposure
to lapatinib. Conversely, CYP3A4 inducers, such as
carbamazepine, can reduce exposure to lapatinib. Use
of lapatinib with strong inhibitors or inducers of
CYP3A4 should be avoided; if they are to be given to-
gether, dose adjustments may be required (see Uses
and Administration, below). Grapefruit juice may also
increase plasma concentrations of lapatinib and should
be avoided. In vitro studies indicate that lapatinib itself
inhibits CYP3A4 and CYP2C8; it should be used cau-
tiously with substrates of these isoenzymes that have a
narrow therapeutic index. 
Lapatinib is a substrate of P-glycoprotein and P-glyco-
protein inhibitors can increase plasma concentrations
of lapatinib. Lapatinib itself also inhibits human P-
glycoprotein and may in turn increase plasma concen-
trations of drugs that are substrates of P-glycoprotein.

Pharmacokinetics
Absorption after an oral dose of lapatinib tosilate is
variable and incomplete. Peak plasma concentrations
occur after about 4 hours. Systemic exposure to lapat-
inib is increased when it is given with food. It is highly
protein bound. Lapatinib undergoes extensive metabo-
lism, mainly by cytochrome P450 isoenzymes
CYP3A4 and CYP3A5; CYP2C19 and CYP2C8 ac-
count for some minor metabolism. The terminal half-
life after a single dose has been reported to be about 14
hours; accumulation with repeated dosing indicates an
effective half-life of 24 hours. About 27% and 14% of
an oral dose is recovered in the faeces, as parent lapat-
inib and metabolites, respectively; renal excretion is
negligible.

Uses and Administration
Lapatinib tosilate is a dual tyrosine kinase inhibitor di-
rected against two members of the human epidermal
growth factor receptor family, namely epidermal
growth factor receptor (EGFR; ErbB1) and human epi-
dermal receptor type 2 (HER2; ErbB2). Lapatinib is
used with capecitabine (p.691) for the treatment of pa-
tients with advanced or metastatic breast cancer
(p.661) whose tumours overexpress HER2, and who
have had previous therapy including an anthracycline,
a taxane, and trastuzumab. 
Doses of lapatinib tosilate are expressed in terms of the
base; lapatinib tosilate 405 mg is equivalent to about
250 mg of lapatinib. 
The recommended dose of lapatinib is 1.25 g given
orally once daily on days 1 to 21 of a 21-day cycle.
Capecitabine is given at a dose of 2 g/m2 daily (given
orally in 2 doses about 12 hours apart) on days 1 to 14
of the cycle. Treatment may be continued until disease
progression or unacceptable toxicity occurs. If a daily
dose is missed, the next day’s dose should not be dou-
bled. Lapatinib is given at least one hour before or one
hour after food. 
Dosage should be reduced in patients with severe he-
patic impairment (see Administration in Hepatic Im-
pairment, below). Treatment with lapatinib should be
stopped in patients who develop a decreased left ven-
tricular ejection fraction (LVEF); however, patients
may be restarted at a reduced dose of lapatinib 1 g daily
after a minimum of 2 weeks if the LVEF recovers to
normal and if the patient is asymptomatic. Lapatinib
may need to be stopped or treatment interrupted if oth-
er severe toxicities develop. Patients can be restarted at
the recommended dose when the toxicity improves.
However, if toxicity recurs, lapatinib should be restart-
ed at the lower dose of 1 g daily. 

If use with potent inhibitors or inducers of cytochrome
P450 isoenzyme CYP3A4 cannot be avoided, dose ad-
justments of lapatinib are considered necessary, based
on pharmacokinetic studies. Lapatinib should be given
at a dose of 500 mg daily when given with a potent
CYP3A4 inhibitor; if the inhibitor is stopped, a wash-
out period of about 1 week should be allowed before
the lapatinib dose is increased to the usual recommend-
ed dose. When given with a potent inducer of this
isoenzyme, the dose of lapatinib should be titrated
gradually from 1.25 g daily up to 4.5 g daily, based on
tolerability; if the inducer is stopped, the dose of lapat-
inib should be reduced to the usual recommended dose. 
Lapatinib is also under investigation for the treatment
of head and neck squamous cell carcinoma.
◊ References.
1. Nelson MH, Dolder CR. Lapatinib: a novel dual tyrosine kinase

inhibitor with activity in solid tumors. Ann Pharmacother 2006;
40: 261–9. 

2. Moy B, Goss PE. Lapatinib: current status and future directions
in breast cancer. Oncologist 2006; 11: 1047–57. 

3. Geyer CE, et al. Lapatinib plus capecitabine for HER2-positive
advanced breast cancer. N Engl J Med 2006; 355: 2733–43. 

4. Montemurro F, et al. Lapatinib: a dual inhibitor of EGFR and
HER2 tyrosine kinase activity. Expert Opin Biol Ther 2007; 7:
257–68. 

5. Ito Y, et al. Does lapatinib, a small-molecule tyrosine kinase in-
hibitor, constitute a breakthrough in the treatment of breast can-
cer? Breast Cancer 2007; 14: 156–62. 

6. Dhillon S, Wagstaff AJ. Lapatinib. Drugs 2007; 67: 2101–8.

Administration in hepatic impairment. Systemic expo-
sure to lapatinib after a single 100-mg oral dose increased by
about 14% and 63% in subjects with moderate (Child-Pugh
Class B) and severe (Child-Pugh Class C) hepatic impairment,
when compared with healthy control subjects. Caution is advised
when lapatinib is given to patients with severe hepatic impair-
ment. Oral doses should be reduced to 750 mg daily. However,
licensed product information warns that there are no clinical data
with this dose adjustment in patients with severe hepatic impair-
ment.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Tykerb; Fr.: Tyverb; Switz.: Tyverb; UK: Tyverb; USA: Tykerb.

Lenalidomide (BAN, USAN, rINN)

CC-5013; CDC-501; Lénalidomide; Lenalidomidum. 3-(4-Ami-
no-1-oxo-1,3-dihydro-2H-isoindol-2-yl)piperidine-2,6-dione.

Леналидомид
C13H13N3O3 = 259.3.
CAS — 191732-72-6.
ATC — L04AX04.
ATC Vet — QL04AX04.

Adverse Effects, Treatment, and Precau-
tions
Lenalidomide is associated with significant neutrope-
nia and thrombocytopenia. Anaemia is also common.
Patients may require dose reduction or therapy may
need to be delayed or stopped. Full blood counts
should be monitored weekly for the first 8 weeks of
therapy, and monthly thereafter. There is also an in-
creased risk of deep-vein thrombosis and pulmonary
embolism with lenalidomide. Other adverse effects in-
clude gastrointestinal disturbances, pruritus, rash, and
fatigue. Dyspnoea, muscle cramps, hypotension, trem-
or, hypoaesthesia, and infections such as pneumonia
are common. Peripheral neuropathy has been reported,
as have cases of hypothyroidism; thyroid function
should be monitored. Cardiac disorders and hepatotox-
icity have also been reported. Caution is advised in pa-
tients with renal impairment as lenalidomide is excret-
ed via the kidneys. 
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Because of potential teratogenicity lenalidomide use is
restricted in women of child-bearing potential, see also
under Thalidomide, p.2397.

Interactions
Lenalidomide may increase peak plasma concentra-
tions of digoxin. Epoetins or other drugs that increase
the risk of thrombosis should be used with caution in
patients taking lenalidomide.

Pharmacokinetics
Lenalidomide is rapidly absorbed with maximum plas-
ma concentrations occurring between about 0.6 and 1.5
hours after an oral dose. Giving lenalidomide with
food may reduce plasma concentrations but not the ex-
tent of absorption. Binding to plasma proteins is about
30%. About two-thirds of a dose is eliminated
unchanged through the kidneys. The elimination half-
life is about 3 hours after a 5 mg-dose; half-life increas-
es with dose. Clearance decreases proportionally with
renal function.

Uses and Administration
Lenalidomide is an analogue of thalidomide (p.2397)
that has immunomodulatory and antiangiogenic prop-
erties. It is given orally for the treatment of patients
with transfusion-dependent anaemia due to myelodys-
plastic syndromes (p.654) associated with certain
abnormalities of chromosome 5 (deletion 5q abnor-
malities). The recommended initial dose is 10 mg
daily. Lenalidomide is also used orally with dexametha-
sone for the treatment of patients with multiple
myeloma (p.658) who have received at least one prior
therapy. The recommended starting dose of lenalido-
mide is 25 mg daily, given for 21 days of a 28-day cy-
cle. The recommended oral dose of dexamethasone is
40 mg daily on days 1 to 4, days 9 to 12, and days 17
to 20 of each 28-day cycle, for the first 4 cycles, and
then 40 mg daily on days 1 to 4 of each 28-day cycle
thereafter. 
Lenalidomide is associated with significant neutrope-
nia and thrombocytopenia, and dosage is adjusted ac-
cording to haematological toxicity.
◊ References.
1. List A, et al. Efficacy of lenalidomide in myelodysplastic syn-

dromes. N Engl J Med 2005; 352: 549–57. 
2. Anderson KC. Lenalidomide and thalidomide: mechanisms of

action—similarities and differences. Semin Hematol 2005; 42
(suppl 4): S3–S8. 

3. Hideshima T, et al. Current therapeutic uses of lenalidomide in
multiple myeloma. Expert Opin Invest Drugs 2006; 15: 171–9. 

4. List A, et al. Myelodysplastic Syndrome-003 Study Investiga-
tors. Lenalidomide in the myelodysplastic syndrome with chro-
mosome 5q deletion. N Engl J Med 2006; 355: 1456–65. 

5. Shah SR, Tran TM. Lenalidomide in myelodysplastic syndrome
and multiple myeloma. Drugs 2007; 67: 1869–81. 

6. Rao KV. Lenalidomide in the treatment of multiple myeloma.
Am J Health-Syst Pharm 2007; 64: 1799–1807. 

7. Lacy MQ, et al. Long-term results of response to therapy, time
to progression, and survival with lenalidomide plus dexametha-
sone in newly diagnosed myeloma. Mayo Clin Proc 2007; 82:
1179–84. 

8. Dimopoulos M, et al. Multiple Myeloma (010) Study Investiga-
tors. Lenalidomide plus dexamethasone for relapsed or refracto-
ry multiple myeloma. N Engl J Med 2007; 357: 2123–32. 

9. Weber DM, et al. Multiple Myeloma (009) Study Investigators.
Lenalidomide plus dexamethasone for relapsed multiple myelo-
ma in North America. N Engl J Med 2007; 357: 2133–42. 

10. Chanan-Khan AA, Cheson BD. Lenalidomide for the treatment
of B-cell malignancies. J Clin Oncol 2008; 26: 1544–52.

Administration in renal impairment. Lenalidomide is
eliminated mainly via the kidneys as unchanged drug. Clearance
decreases as renal function decreases, prolonging the elimination
half-life and increasing exposure to the drug. A study recom-
mended that dose adjustments be made for patients with creati-
nine clearance (CC) less than 50 mL/minute; a 40% reduction to
60% of the starting dose was recommended for these patients.
For those with CC less than 30 mL/minute, the reduced dose
should be given at extended dosing intervals. About 30% of cir-
culating lenalidomide was removed by a 4-hour session of
haemodialysis.1 
UK licensed product information makes the following recom-
mendations at the start of oral therapy for patients with multiple
myeloma and renal impairment: 
• mild renal impairment (CC greater than or equal to

50 mL/minute): 25 mg once daily (full dose) 
• moderate renal impairment (CC from 30 mL/minute to less

than 50 mL/minute): 10 mg once daily. This dose may be in-
creased to 15 mg once daily after 2 cycles if the patient is not
responding to treatment, but is tolerating lenalidomide 

• severe renal impairment (CC less than 30 mL/minute, not re-
quiring dialysis): 15 mg every other day 

• end-stage renal disease (CC less than 30 mL/minute, requiring
dialysis): 15 mg, three times weekly, after dialysis

1. Chen N, et al. Pharmacokinetics of lenalidomide in subjects with
various degrees of renal impairment and in subjects on hemodi-
alysis. J Clin Pharmacol 2007; 47: 1466–75.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Revlimid; Fr.: Revlimid; Port.: Revlimid; UK: Revlimid; USA: Revlimid.

Lestaurtinib (USAN, rINN)

A-154475.0; CEP-701; KT-5555; Lestaurtinibum; SP-924.
(9S,10S,12R)-10-Hydroxy-10-(hydroxymethyl)-9-methyl-2,3,9,-
10,11,12-hexahydro-1H-9,12-epoxydiindolo[1,2,3-fg:3′,2′,1′-kl]-
pyrrolo[3,4-i][1,6]benzodiazocin-1-one.

Лестауртиниб
C26H21N3O4 = 439.5.
CAS — 111358-88-4.

Profile
Lestaurtinib is a tyrosine kinase inhibitor that is under investiga-
tion for the treatment of acute myeloid leukaemia.

Letrozole (BAN, USAN, rINN) ⊗ 
CGS-20267; Letrotsoli; Letrozol; Létrozole; Letrozolum. 4,4′-
(1H-1,2,4-Triazol-1-ylmethylene)dibenzonitrile.

Летрозол
C17H11N5 = 285.3.
CAS — 112809-51-5.
ATC — L02BG04.
ATC Vet — QL02BG04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Letrozole). A white or yellowish, crystalline pow-
der. Practically insoluble in water; sparingly soluble in methyl al-
cohol; freely soluble in dichloromethane. 
USP 31 (Letrozole). A white to yellowish, crystalline powder.
Practically insoluble in water; slightly soluble in alcohol; freely
soluble in dichloromethane. Store in airtight containers.

Adverse Effects and Precautions
As for Anastrozole, p.681.
Effects on the musculoskeletal system. Postmenopausal
women with primary breast cancer were reported to have signif-
icant decreases in bone mineral density at the hip and lumbar
spine after 24 months of letrozole therapy.1
1. Perez EA, et al. Effect of letrozole versus placebo on bone min-

eral density in women with primary breast cancer completing 5
or more years of adjuvant tamoxifen: a companion study to
NCIC CTG MA.17. J Clin Oncol 2006; 24: 3629–35.

Effects on the skin. Toxic epidermal necrolysis, attributed to
letrozole, has been reported in a patient with breast cancer who
was also receiving dexamethasone and omeprazole.1 She had
been switched from tamoxifen to letrozole a few weeks before
the reaction occurred.
1. Chia WK, et al. Toxic epidermal necrolysis in patient with breast

cancer receiving letrozole. Lancet Oncol 2006; 7: 184–5.

Interactions
Tamoxifen. In a study1 of postmenopausal women with breast
cancer, the addition of tamoxifen reduced letrozole plasma con-
centrations by a mean of about 38%, but the effect of letrozole on
hormone concentrations was unchanged. The mechanism and
possible clinical effect of this interaction are unknown.
1. Dowsett M, et al. Impact of tamoxifen on the pharmacokinetics

and endocrine effects of the aromatase inhibitor letrozole in post-
menopausal women with breast cancer. Clin Cancer Res 1999; 5:
2338–43.

Pharmacokinetics
Letrozole is rapidly and completely absorbed from the
gastrointestinal tract. About 60% of letrozole in the cir-
culation is bound to plasma protein, mainly albumin.
Most of an oral dose is slowly metabolised to an inac-
tive carbinol metabolite, which is then excreted as the
glucuronide in the urine. Letrozole has a terminal elim-
ination half-life of about 2 days.

Uses and Administration
Letrozole is a selective nonsteroidal inhibitor of the ar-
omatase (oestrogen synthetase) system, similar to
anastrozole (p.681). It is used in the treatment of ad-
vanced or locally advanced breast cancer (p.661) in
postmenopausal women. It may be given as neoadju-
vant (pre-operative) therapy to those with localised
hormone-receptor positive disease, to allow subse-
quent breast-conserving surgery. Letrozole is also used
for the adjuvant treatment of postmenopausal women
with hormone receptor-positive early breast cancer;
treatment is generally given for 5 years or until tumour
relapse occurs, although optimal duration of therapy is
unknown. In postmenopausal women given 5 years of
adjuvant tamoxifen for early breast cancer, letrozole
may be used as extended adjuvant therapy; treatment
should continue for 4 years or until tumour relapse oc-
curs, although optimal duration of therapy is unknown.
The usual dose is 2.5 mg daily by mouth.
◊ References.
1. Mouridsen H, et al. Superior efficacy of letrozole versus

tamoxifen as first-line therapy for postmenopausal women with
advanced breast cancer: results of a phase III study of the Inter-
national Letrozole Breast Cancer Group. J Clin Oncol 2001; 19:
2596–2606. 

2. Buzdar A, et al. Phase III, multicenter, double-blind, rand-
omized study of letrozole, an aromatase inhibitor, for advanced
breast cancer versus megestrol acetate. J Clin Oncol 2001; 19:
3357–66. 

3. Ellis MJ, et al. Letrozole is more effective neoadjuvant endo-
crine therapy than tamoxifen for ErbB-1- and/or ErbB-2-posi-
tive, estrogen receptor-positive primary breast cancer: evidence
from a phase III randomized trial. J Clin Oncol 2001; 19:
3808–16. 

4. Goss PE, et al. A randomized trial of letrozole in postmenopau-
sal women after five years of tamoxifen therapy for early-stage
breast cancer. N Engl J Med 2003; 349: 1793–1802. 

5. Simpson D, et al. Letrozole: a review of its use in postmenopau-
sal women with breast cancer. Drugs 2004; 64: 1213–30. 

6. Goss PE, et al. Randomized trial of letrozole following
tamoxifen as extended adjuvant therapy in receptor-positive
breast cancer: updated findings from NCIC CTG MA.17. J Natl
Cancer Inst 2005; 97: 1262–71. 

7. The Breast International Group (BIG) 1-98 Collaborative
Group. A comparison of letrozole and tamoxifen in postmeno-
pausal women with early breast cancer. N Engl J Med 2005;
353: 2747–57. 

8. Scott LJ, Keam SJ. Letrozole: in postmenopausal hormone-re-
sponsive early-stage breast cancer. Drugs 2006; 66: 353–62. 

9. Gelmon K. Prescribing extended adjuvant letrozole. Breast
2007; 16: 446–55. 

10. Goss PE, et al. Late extended adjuvant treatment with letrozole
improves outcome in women with early-stage breast cancer who
complete 5 years of tamoxifen. J Clin Oncol 2008; 26: 1948–55. 

11. Muss HB, et al. Efficacy, toxicity, and quality of life in older
women with early-stage breast cancer treated with letrozole or
placebo after 5 years of tamoxifen: NCIC CTG intergroup trial
MA.17. J Clin Oncol 2008; 26: 1956–64.

Administration in hepatic impairment. Licensed product
information in the UK and USA states that no dosage adjustment
of letrozole is required for patients with mild to moderate hepatic
impairment (Child-Pugh category A and B). While letrozole is
contra-indicated in the UK in severe hepatic impairment (Child-
Pugh category C), in the USA, it is recommended that the dose
of letrozole be reduced by 50% in those patients with cirrhosis
and severe hepatic impairment; the recommended dose for these
patients is 2.5 mg given every other day.
Infertility. Letrozole has been investigated1-4 as an adjunct to
assisted reproduction technologies in the management of infertil-
ity (p.2080). However, concerns about this unlicensed use have
been raised by the Canadian manufacturer (Novartis, Canad.)
because of the potential for maternal and fetal toxicity, and fetal
malformations:5 licensed product information contra-indicates
the use of letrozole in premenopausal women, and there have
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

been reports of congenital anomalies in the infants of women
treated with letrozole for infertility.
1. Healey S, et al. Effects of letrozole on superovulation with gona-

dotropins in women undergoing intrauterine insemination. Fertil
Steril 2003; 80: 1325–9. 

2. Al-Fozan H, et al. A randomized trial of letrozole versus clomi-
phene citrate in women undergoing superovulation. Fertil Steril
2004; 82: 1561–3. 

3. Garcia-Velasco JA, et al. The aromatase inhibitor letrozole in-
creases the concentration of intraovarian androgens and im-
proves in vitro fertilization outcome in low responder patients: a
pilot study. Fertil Steril 2005; 84: 82–7. 

4. Al-Fadhli R, et al. A randomized trial of superovulation with two
different doses of letrozole. Fertil Steril 2006; 85: 161–4. 

5. Novartis, Canada. Health Canada endorsed important safety in-
formation: contraindication of Femara (letrozole) in premeno-
pausal women (issued 17th November, 2005). Available at:
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/femara_hpc-cps-eng.pdf (accessed 31/07/08)

Preparations
USP 31: Letrozole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cendalon; Fecinole; Femara; Kebirzol; Austral.: Femara; Austria: Fe-
mara; Belg.: Femara; Braz.: Femara; Canad.: Femara; Chile: Femara; Cz.:
Femara; Denm.: Femar; Fin.: Femar; Fr.: Femara; Ger.: Femara; Gr.: Fe-
mara; Hong Kong: Femara; Hung.: Femara; India: Femara; Fempro; On-
colet; Trozet; Indon.: Femara; Irl.: Femara; Israel: Femara; Ital.: Femara;
Jpn: Femara; Malaysia: Femara; Mex.: Femara; Neth.: Femara; Norw.:
Femar; NZ: Femara; Philipp.: Femara; Pol.: Aromek; Femara; Lametta;
Port.: Femara; Rus.: Femara (Фемара); S.Afr.: Femara; Singapore: Fema-
ra; Spain: Femara; Insegar; Swed.: Femar; Switz.: Femara; Thai.: Femara;
Turk.: Femara; UK: Femara; USA: Femara; Venez.: Femara.

Lobaplatin (rINN)

D-19466; Lobaplatine; Lobaplatino; Lobaplatinum. cis-[trans-1,2-
Cyclobutanebis(methylamine)][(S)-lactato-O1,O1]platinum.

Лобаплатин

C9H18N2O3Pt = 397.3.
CAS — 135558-11-1.

Profile
Lobaplatin is an analogue of cisplatin (p.698) that has been in-
vestigated for its antineoplastic properties. Thrombocytopenia is
reported to be dose-limiting. It may be active against some can-
cer cells resistant to cisplatin or carboplatin.

◊ References.
1. Welink J, et al. Pharmacokinetics and pharmacodynamics of

lobaplatin (D-19466) in patients with advanced solid tumors, in-
cluding patients with impaired renal or liver function. Clin Can-
cer Res 1999; 5: 2349–58. 

2. McKeage MJ. Lobaplatin: a new antitumour platinum drug. Ex-
pert Opin Invest Drugs 2001; 10: 119–28. 

3. Anonymous. Lobaplatin: D 19466. Drugs R D 2003; 4: 369–72.

Lomustine (BAN, USAN, rINN)

CCNU; Lomustiini; Lomustin; Lomustina; Lomustinas; Lomusti-
num; Lomustyna; Lomusztin; NSC-79037; RB-1509; WR-
139017. 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea.

Ломустин

C9H16ClN3O2 = 233.7.

CAS — 13010-47-4.

ATC — L01AD02.

ATC Vet — QL01AD02.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Lomustine). A yellow, crystalline powder. Practi-
cally insoluble in water; soluble in alcohol; freely soluble in ace-
tone and in dichloromethane. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Carmustine, p.694. Neurological reactions such
as confusion and lethargy have been reported.
Handling and disposal. A method for the destruction of
lomustine waste by reaction with hydrobromic acid in glacial
acetic acid has been described.1 The residue produced by the

degradation of lomustine by this method showed no mutagenic-
ity. This method is not suitable for the degradation of carmustine
or semustine.
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985.

Overdosage. A patient who inadvertently received 200 mg of
lomustine for 7 days instead of a single 200-mg dose developed
pancytopenia and subsequent multiorgan dysfunction including
liver dysfunction, abdominal pain, pulmonary toxicity with tachy-
pnoea and hypoxaemia, and CNS toxicity leading to confusion
and disorientation.1 Although the white cell count recovered oth-
er signs of toxicity did not and the patient developed fever and
hypotension and died 59 days after the initial dose of lomustine.
In another case of accidental overdose, a 30-year old female re-
ceived a cumulative dose of 28 mg/kg over 7 days.2 Severe my-
elosuppression developed soon after the overdose and lasted for
50 days. The patient was treated with granulocyte colony-stimu-
lating factor and antibacterial cover, norethisterone (to prevent
menstruation), and acetylcysteine (to protect against organ toxic-
ity). Gastrointestinal necrosis occurred, and liver enzymes re-
mained elevated even after recovery from the overdose, but the
patient survived and her tumour regressed without further chem-
otherapy.
1. Trent KC, et al. Multiorgan failure associated with lomustine

overdose. Ann Pharmacother 1995; 29: 384–6. 
2. Abele M, et al. CCNU overdose during PCV chemotherapy for

anaplastic astrocytoma. J Neurol 1998; 245: 236–8.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
Cimetidine. For a report of a possible interaction between
lomustine and cimetidine, see under Carmustine, p.695.

Theophylline. Leucopenia and thrombocytopenia in a 45-year-
old woman were believed to have been secondary to an interac-
tion between theophylline and lomustine.1

1. Zeltzer PM, Feig SA. Theophylline-induced lomustine toxicity.
Lancet 1979; ii: 960–1.

Pharmacokinetics
Lomustine is absorbed from the gastrointestinal tract
and is rapidly metabolised, with peak plasma concen-
trations of metabolites occurring within 4 hours of an
oral dose. Metabolites have a prolonged plasma half-
life reported to range from 16 to 48 hours. Active me-
tabolites readily cross the blood-brain barrier and ap-
pear in the CSF in concentrations higher than those in
plasma. About half a dose is excreted as metabolites in
the urine within 24 hours and about 75% is excreted
within 4 days.

Uses and Administration
Lomustine is a nitrosourea with actions and uses simi-
lar to those of carmustine (p.695). It has been used in
the treatment of brain tumours (p.660) and resistant or
relapsed Hodgkin’s disease and other lymphomas
(p.655), and also lung cancer (p.668), malignant
melanoma (p.673), and various solid tumours. 
When given as a single agent, lomustine is licensed for
oral use in adults and children as a single dose of 120
to 130 mg/m2; division of the dose over 3 consecutive
days may reduce gastrointestinal effects. A dose of
100 mg/m2 should be given to patients with compro-
mised bone-marrow function. Doses are also generally
reduced when lomustine is given as part of a combina-
tion regimen. Providing blood counts have returned to
acceptable levels, doses may be repeated every 6 to 8
weeks, and should be adjusted according to the haema-
tological response (see also Bone-marrow Depression,
p.639).

Preparations
BP 2008: Lomustine Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: CeeNU; Austral.: CeeNU; Braz.: Citostal; Canad.: CeeNU; Chile:
CeeNU; Cz.: CeeNU; Ger.: Cecenu; Hong Kong: CeeNU; Israel:
CeeNU†; Malaysia: CeeNU†; Mex.: CeeNU; Neth.: Belustine; NZ:
CeeNU; Philipp.: CeeNU; S.Afr.: CeeNU; Singapore: CeeNU†; Switz.:
Prava; UK: CCNU; USA: CeeNU.

Lonidamine (BAN, rINN)

AF-1890; Diclondazolic Acid; Lonidamina; Lonidaminum; TH-
070. 1-(2,4-Dichlorobenzyl)indazole-3-carboxylic acid.

Лонидамин

C15H10Cl2N2O2 = 321.2.
CAS — 50264-69-2.
ATC — L01XX07.
ATC Vet — QL01XX07.

Profile
Lonidamine is an antineoplastic that is thought to act by inhibit-
ing mitochondrial function in tumour cells. It has been given
orally in the treatment of various solid neoplasms, including
those of the lung, breast, prostate, and brain.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Doridamina†.

Mafosfamide (rINN)

Mafosfamid; Mafosfamida; Mafosfamidi; Mafosfamidum. (±)-2-
({2-[Bis(2-chloroethyl)amino]tetrahydro-2H-1,3,2-oxazaphos-
phorin-4-yl}thio)ethanesulphonic acid P-cis oxide.

Мафосфамид

C9H19Cl2N2O5PS2 = 401.3.
CAS — 88859-04-5.

Profile
Mafosfamide is a derivative of cyclophosphamide (p.702) that
has been used to treat bone marrow for transplantation. It is also
under investigation in the treatment of neoplastic meningitis.

Marimastat (BAN, USAN, rINN)

BB-2516; Marimastatum. (2S,3R)-3-{(S)-[2,2-Dimethyl-1-(meth-
ylcarbamoyl)propyl]carbamoyl}-2-hydroxy-5-methylhexanohy-
droxamic acid.

Маримастат

C15H29N3O5 = 331.4.
CAS — 154039-60-8.

Profile
Marimastat is an oral inhibitor of matrix metalloproteinases, en-
zymes which are thought to play a role in the metastasis of cancer
cells. It has been investigated in various malignant disorders.
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Masoprocol (USAN, rINN)

CHX-10; CHX-100; Masoprocolum; Mesonordihydroguaiaretic
Acid; meso-NDGA. meso-4,4′-(2,3-Dimethyltetramethylene)-
dipyrocatechol.

Мазопрокол
C18H22O4 = 302.4.
CAS — 27686-84-6.
ATC — L01XX10.
ATC Vet — QL01XX10.

Profile
Masoprocol is a 5-lipoxygenase inhibitor isolated from the
chaparral or creosote bush, Larrea tridentata (p.2280). It is re-
ported to have antineoplastic activity. It has been used in the top-
ical treatment of actinic (solar) keratoses. Local irritation and
contact dermatitis have occurred.

Melanoma Vaccines
ATC — L03AX12.

Profile
A number of therapeutic vaccines designed to stimulate an anti-
body response are being developed for the treatment of melano-
ma (p.673). 
One available preparation contains melanoma lysate (Melacine;
Schering, Canada). It is used intramuscularly in a regimen with
cyclophosphamide for the treatment of metastatic disease. Pa-
tients who show a clinical response may continue the melanoma
vaccine as maintenance therapy. Adverse effects include injec-
tion site reactions such as granuloma formation, gastrointestinal
disturbances, flu-like syndrome, and hypersensitivity reactions. 
Other potential melanoma vaccines may be based on whole cells,
GM2 ganglioside, heat shock proteins, or autologous tumour
cells conjugated to an immunogenic hapten.

◊ Reviews.
1. Kim CJ, et al. Immunotherapy for melanoma. Cancer Control

2002; 9: 22–30. 
2. Minev BR. Melanoma vaccines. Semin Oncol 2002; 29:

479–93. 
3. Parmiani G, et al. Immunotherapy of melanoma. Semin Cancer

Biol 2003; 13: 391–400. 
4. Sondak VK, Sosman JA. Results of clinical trials with an allo-

genic melanoma tumor cell lysate vaccine: Melacine. Semin
Cancer Biol 2003; 13: 409–15. 

5. Castelli C, et al. Heat shock proteins: biological functions and
clinical application as personalized vaccines for human cancer.
Cancer Immunol Immunother 2004; 53: 227–33. 

6. Komenaka I, et al. Immunotherapy for melanoma. Clin Derma-
tol 2004; 22: 251–65. 

7. Oki Y, Younes A. Heat shock protein-based cancer vaccines. Ex-
pert Rev Vaccines 2004; 3: 403–11. 

8. Elliott B, Dalgleish A. Melanoma vaccines. Hosp Med 2004;
65: 668–73. 

9. Bystryn JC, Reynolds SR. Melanoma vaccines: what we know
so far. Oncology (Williston Park) 2005; 19: 97–108. 

10. Saleh F, et al. Melanoma immunotherapy: past, present, and fu-
ture. Curr Pharm Des 2005; 11: 3461–73. 

11. Lens M. The role of vaccine therapy in the treatment of melano-
ma. Expert Opin Biol Ther 2008; 8: 315–23. 

12. Rosenthal R, et al. Active specific immunotherapy phase III tri-
als for malignant melanoma: systematic analysis and critical ap-
praisal. J Am Coll Surg 2008; 207: 95–105.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Melacine†.

Melphalan (BAN, USAN, rINN)

CB-3025; Melfalaani; Melfalán; Melfalan; Melphalanum; NSC-
8806 (melphalan hydrochloride); PAM; Phenylalanine Mustard;
Phenylalanine Nitrogen Mustard; L-Sarcolysine; WR-19813. 4-
Bis(2-chloroethyl)amino-L-phenylalanine.

Мелфалан
C13H18Cl2N2O2 = 305.2.

CAS — 148-82-3 (melphalan); 3223-07-2 (melphalan hy-
drochloride).
ATC — L01AA03.
ATC Vet — QL01AA03.

NOTE. Merphalan (CB-3007; NSC-14210; sarcolysine) is the ra-
cemic form of melphalan; Medphalan (CB-3026; NSC-35051) is
the D-isomer of melphalan.
Pharmacopoeias. In Br., Jpn, and US. 
BP 2008 (Melphalan). A white or almost white powder. Practi-
cally insoluble in water, in chloroform, and in ether; slightly sol-
uble in methyl alcohol; dissolves in dilute mineral acids. Protect
from light. 
USP 31 (Melphalan). An off-white to buff powder with a faint
odour. Practically insoluble in water, in chloroform, and in ether;
slightly soluble in alcohol and in methyl alcohol; soluble in dilute
mineral acids. Store in airtight, glass containers. Protect from
light.
Stability. A study of the stability of melphalan 40 and
400 micrograms/mL in infusion fluids reported that the time for
a 10% loss of drug at 20° in sodium chloride 0.9% injection was
4.5 hours, compared with 2.9 hours in lactated Ringer’s injec-
tion, which has a considerably lower chloride ion content, and
only 1.5 hours in glucose 5% injection.1 At 25° the correspond-
ing figures were 2.4, 1.5, and 0.6 hours, and at 37° they were 0.6,
0.4, and 0.3 hours. It was concluded that melphalan is sufficient-
ly stable at 20° in sodium chloride injection to permit infusion,
but that increased temperature and decreased chloride ion con-
centration were associated with faster degradation rates.1 Anoth-
er study recommended that solutions of melphalan be handled at
temperatures above 5° for the minimum time but found that a
solution containing 20 micrograms/mL in sodium chloride 0.9%
could be stored for at least 6 months at −20° without significant
deterioration.2 A more recent study, while recommending stor-
age at 4° between preparation and use of the infusion, considered
that giving it at a room temperature of 20° or below, and use of
hypertonic (3%) saline as a diluent, would be sufficient to allow
prolonged infusion.3 The practicalities of such a procedure were
not addressed.
1. Tabibi SE, Cradock JC. Stability of melphalan in infusion fluids.

Am J Hosp Pharm 1984; 41: 1380–2. 
2. Bosanquet AG. Stability of melphalan solutions during prepara-

tion and storage. J Pharm Sci 1985; 74: 348–51. 
3. Pinguet F, et al. Effect of sodium chloride concentration and

temperature on melphalan stability during storage and use. Am J
Hosp Pharm 1994; 51: 2701–4.

Adverse Effects and Treatment
For general discussions see Antineoplastics, p.635 and
p.639. 
The onset of neutropenia and thrombocytopenia is var-
iable; the nadir of bone-marrow depression usually oc-
curs at 2 to 3 weeks after starting treatment with mel-
phalan, with recovery after 4 to 5 weeks. 
Skin rashes and hypersensitivity reactions, including
anaphylaxis, may occur. Cardiac arrest has been re-
ported in association with such effects. Gastrointestinal
disturbances may sometimes occur, particularly at high
doses where diarrhoea, vomiting, and stomatitis may
become dose-limiting. Haemolytic anaemia, vasculitis,
pulmonary fibrosis, and hepatic disorders including
hepatitis and jaundice have been reported. Suppression
of ovarian function is common in premenopausal
women; temporary or permanent sterility may occur in
male patients. Extravasation of melphalan injection
can cause skin ulceration and necrosis. As with other
alkylating agents, melphalan also has carcinogenic,
mutagenic, and teratogenic potential.
Mucositis. Amifostine has been shown to reduce the frequency
and severity of melphalan-induced oral mucositis.1
1. Spencer A, et al. Prospective randomised trial of amifostine cy-

toprotection in myeloma patients undergoing high-dose melpha-
lan conditioned autologous stem cell transplantation. Bone Mar-
row Transplant 2005; 35: 971–7.

Overdosage. A 12-month old child given melphalan 140 mg
intravenously (a tenfold overdose) developed pronounced lym-
phopenia within 24 hours but had no other significant adverse
effects until the seventh day, when neutropenia, thrombocytope-
nia, oral ulceration, and diarrhoea developed.1 Bone marrow re-
covered within 40 days. Treatment was by vigorous hyperali-
mentation and close surveillance during this period and the
patient subsequently remained well 9 months afterwards, with-
out complications. Cases of intravenous melphalan overdose
have also been reported in adults,2 resulting in bone-marrow de-

pression, haemorrhagic diarrhoea, and electrolyte disturbances.
Bone-marrow depression has also been reported after cumulative
oral doses of 360 mg over 3 weeks,3 and 560 mg over 2 weeks.4
Filgrastim was used in one of these cases to stimulate bone-mar-
row recovery.4
1. Coates TD. Survival from melphalan overdose. Lancet 1984; ii:

1048. 
2. Jost LM. Überdosierung von Melphalan (Alkeran ): Symptome

und Behandlung: eine Übersicht. Onkologie 1990; 13: 96–101. 
3. Grimes DJ, et al. Complete remission of paraproteinaemia and

neuropathy following iatrogenic oral melphalan overdose. Br J
Haematol 1993; 83: 675–7. 

4. Jirillo A, et al. Accidental overdose of melphalan per os in a 69-
year-old woman treated for advanced endometrial carcinoma.
Tumori 1998; 84: 611.

Precautions
For general discussions see Antineoplastics, p.641. 
Care is required in patients with impaired renal func-
tion.
Handling and disposal. Urine and faeces produced for up to
48 hours and 7 days respectively after a dose of melphalan by
mouth should be handled wearing protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Interactions
Use of nalidixic acid with high-dose intravenous mel-
phalan in children has resulted in fatal haemorrhagic
enterocolitis.
Ciclosporin. For reference to enhanced toxicity when melpha-
lan was given with ciclosporin, see under Ciclosporin, p.1826.
Food. The bioavailability of oral melphalan is significantly re-
duced, by up to 45%, by food. Some recommend that melphalan
should not be taken with food, and that if dosage is switched
from after to before food patients should be monitored for in-
creased toxicity.1
1. Nathan C, Betmouni R. Melphalan: avoid with food. Pharm J

1996; 257: 264.

Interferons. The fever induced by interferon alfa resulted in a
reduction in the area under the plasma concentration-time curve
for melphalan in a study of 10 patients, although the peak plasma
concentration and time to peak concentration were not affected.1
The effect was thought to represent increased chemical reactivity
of melphalan at the elevated temperature.
1. Ehrsson H, et al. Oral melphalan pharmacokinetics: influence of

interferon-induced fever. Clin Pharmacol Ther 1990; 47: 86–90.

Pharmacokinetics
Absorption of melphalan from the gastrointestinal tract
is variable; the mean bioavailability is reported to be
56% but it may range from 25 to 89%. Absorption is
reduced by the presence of food (see above). On ab-
sorption it is rapidly distributed throughout body water
with a volume of distribution of about 0.5 litres/kg, and
has been reported to be inactivated mainly by sponta-
neous hydrolysis. About 60 to 90% is bound to plasma
proteins, mainly albumin. The terminal plasma half-
life of melphalan has been reported to be of the order
of 30 to 150 minutes. Melphalan is excreted in the
urine, about 10% as unchanged drug.
◊ References.
1. Nath CE, et al. Melphalan pharmacokinetics in children with

malignant disease: influence of body weight, renal function, car-
boplatin therapy and total body irradiation. Br J Clin Pharmacol
2005; 59: 314–24. 

2. Nath CE, et al. Population pharmacokinetics of melphalan in
paediatric blood or marrow transplant recipients. Br J Clin Phar-
macol 2007; 64: 151–64. 

3. Padussis JC, et al. Pharmacokinetics and drug resistance of mel-
phalan in regional chemotherapy: ILP versus ILI. Int J Hyper-
thermia 2008; 24: 239–49.

Uses and Administration
Melphalan is an antineoplastic that acts as a bifunction-
al alkylating agent. It is used mainly in the treatment of
multiple myeloma. Melphalan has also been given to
patients with carcinoma of the breast and ovary, neu-
roblastoma, Hodgkin’s disease, and in polycythaemia
vera, and has been given by intra-arterial regional per-
fusion for malignant melanoma and soft-tissue sarco-
mas. See also the cross-references given below. Mel-
phalan is also used in the treatment of amyloidosis, see
below. 
Melphalan is usually given orally as a single daily dose
or in divided doses; it is also given intravenously as the
hydrochloride. Doses are calculated in terms of the
base; 1.12 mg of melphalan hydrochloride is equiva-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

lent to about 1 mg of melphalan. Frequent blood counts
are essential and dosage should be adjusted according
to haematological response. Therapy should be inter-
rupted if the platelet or white cell count fall below ac-
ceptable levels (see also Bone-marrow Depression,
p.639). It should be given with great caution if the neu-
trophil count has recently been depressed by chemo-
therapy or radiotherapy. 
Numerous conventional-dose regimens have been
tried for the treatment of multiple myeloma and there
is still uncertainty as to the best schedule. Licensed
oral dosage regimens include: 
• 150 micrograms/kg daily in divided doses for 4 to 7

days 
• 250 micrograms/kg daily for 4 days 
• 6 mg daily for 2 to 3 weeks 
Melphalan is usually combined with corticosteroids.
Courses are followed by a rest period of up to 6 weeks
to allow recovery of haematological function and are
then repeated, or maintenance therapy may be institut-
ed, usually with a daily dose of 1 to 3 mg, or up to
50 micrograms/kg. For optimum effect, therapy is usu-
ally adjusted to produce a moderate leucopenia, with
white cell counts in the range 3000 to 3500 cells/mm3. 
In the treatment of breast cancer, licensed doses are
150 micrograms/kg daily or 6 mg/m2 daily for 5 days,
repeated every 6 weeks. Doses of 200 micrograms/kg
daily for 5 days every 4 to 8 weeks have been given to
patients with ovarian carcinoma. 
In patients with polycythaemia vera, doses of 6 to
10 mg daily for 5 to 7 days, and then 2 to 4 mg daily,
have been used for remission induction; a dose of 2 to
6 mg weekly has been used for maintenance. 
Melphalan is also given intravenously; a single dose
of 1 mg/kg, repeated in 4 weeks if the platelet and neu-
trophil counts permit, has been licensed in ovarian
adenocarcinoma. It may be infused in sodium chloride
0.9% or injected into the tubing of a fast-running drip;
when given by infusion the time from reconstitution of
the solution to completion of infusion should not ex-
ceed 1.5 hours and prolonged infusions should be car-
ried out with several batches of solution, each freshly
prepared. In multiple myeloma, the licensed dose for
use as a single agent is an intravenous dose of
400 micrograms/kg or 16 mg/m2, infused over 15 to 20
minutes; the first 4 doses may be given at 2-week inter-
vals, but further doses should be given at 4-week inter-
vals depending on toxicity. 
High-dose melphalan has been given intravenously in
some malignancies: doses of 100 to 240 mg/m2 have
been licensed in neuroblastoma, and 100 to 200 mg/m2

in multiple myeloma, generally followed by autolo-
gous stem cell rescue, which becomes essential where
doses exceed 140 mg/m2. High doses should be given
through a central venous catheter. 
Melphalan may be given by local arterial perfusion
in the management of melanoma and soft-tissue sarco-
mas. A typical dosage range for upper extremity per-
fusions is 0.6 to 1 mg/kg, whereas for lower extremity
perfusions doses of 0.8 to 1.5 mg/kg (in melanoma) or
1 to 1.4 mg/kg (in sarcoma) are typically used. 
The dose of melphalan should be reduced in patients
with renal impairment (see below).
Administration in renal impairment. The initial dose of in-
travenous melphalan should be reduced by about 50% in patients
with renal impairment and dosage reduction should be consid-
ered when giving it by mouth. High-dose regimens are not rec-
ommended in patients with moderate to severe renal impairment.
Amyloidosis. Amyloidosis refers to a group of conditions char-
acterised by accumulation of a waxy proteinaceous infiltrate
within body tissues. Various forms are known,1-3 including: 
• primary or AL amyloidosis, in which the amyloid is derived

from immunoglobulin light chains 
• ATTR amyloidosis (a familial form), in which amyloid is de-

rived from transthyretin 
• AA amyloidosis, which is most often secondary to chronic in-

flammation, such as that associated with rheumatoid arthritis,
tuberculosis, or familial Mediterranean fever (p.557) 

Symptoms vary, depending on where the amyloid is deposited.
The organs most commonly affected are the heart and kidneys.
Renal amyloidosis can present as proteinuria, leading to nephrot-
ic syndrome and renal failure. While renal disease is common in
the AA and AL forms, it is less prevalent in ATTR amyloidosis,
which commonly presents with neuropathy. Cardiac involve-
ment, rare in AA amyloidosis, is variable in the ATTR form, and
common in the AL form; it manifests as restrictive cardiomyop-
athy, leading to congestive heart failure. Painful peripheral sen-
sory neuropathy and carpal tunnel syndrome also occur frequent-
ly. Amyloid deposition in the gastrointestinal tract can lead to
malabsorption. Hepatomegaly is common. Macroglossia, due to
deposition of amyloid in the tongue, occurs only in the AL
form.1,2 
Management depends to some extent upon the type of amyloido-
sis involved, and the site, but no drug or combination of drugs is
unequivocally effective. Treatment for AA amyloidosis second-
ary to chronic inflammation is aimed at the underlying disease;
immunosuppressants such as chlorambucil, cyclophosphamide,
and methotrexate have been used, as well as inhibitors of tumour
necrosis factor and interleukin-1 receptor antagonists.4 Colchi-
cine is effective in the treatment of AA amyloidosis complicating
familial Mediterranean fever, but is not considered to be of ben-
efit in other forms of amyloidosis.1,5 Melphalan plus prednisone
or prednisolone has been shown to increase median survival in
primary amyloidosis patients.6 It is considered the treatment of
choice in AL amyloidosis for patients in whom more intensive
chemotherapy is not appropriate; evidence of benefit from the
addition of a corticosteroid has not been evaluated and in some
patients, it may be reasonable not to include a corticosteroid.5
Melphalan, prednisone, and colchicine was found to be more ef-
fective than colchicine alone in the treatment of AL amyloido-
sis,7 but a later trial8 found no benefit in adding colchicine to the
standard therapy. Addition of multiple alkylating agents such as
vincristine, carmustine, and cyclophosphamide to the standard
therapy9 did not improve survival or response. Evidence to sup-
port the use of alkylating-based combination chemotherapy for
primary amyloidosis is lacking.5 Alternatively, cycles of vincris-
tine, doxorubicin, and dexamethasone (VAD) may be effective,
but patients with cardiac amyloidosis may be at increased risk of
anthracycline toxicity.10 In the UK, VAD is considered as first-
line therapy in patients under the age of 70 years who do not have
cardiac failure, autonomic neuropathy, or peripheral neuropa-
thy.5 High-dose intravenous melphalan with autologous haemat-
opoietic stem cell transplantation (HSCT) has been used;11 it
may result in complete remission of primary amyloidosis,12-14

and some1 consider it the treatment of choice. While this may
improve renal disease,12 the therapy remains very toxic, and pa-
tient selection on the basis of limited organ disease and no signif-
icant cardiac involvement, may reduce morbidity and mortali-
ty.5,13 The outcome of treatment with high-dose intravenous
melphalan with autologous HSCT was not superior to standard-
dose oral melphalan plus oral dexamethasone in patients with
newly diagnosed AL amyloidosis.15 High-dose dexamethasone
or thalidomide may be considered in patients in whom other reg-
imens may not be feasible due to expected toxicity or in those
refractory to chemotherapy;5 good results have been reported in
patients with AL amyloidosis given a regimen combining cyclo-
phosphamide with dexamethasone and thalidomide.16 Local ap-
plication or oral dosage of dimethyl sulfoxide, and 4′-iodo-4′-
deoxydoxorubicin has been investigated.1,10 
Symptomatic management is also important. Care must be taken
to avoid digitalis toxicity when cardiac amyloid is present, as
well as to avoid salt and water depletion through injudicious use
of diuretics. Calcium-channel blockers and beta blockers should
be avoided.1 Renal transplantation may be considered in end-
stage renal failure due to amyloidosis, but unless amyloid pro-
duction has been stopped disease is likely to recur in the new
kidney. Cardiac transplantation, and subsequent chemotherapy
with epirubicin, carmustine, and cyclophosphamide to suppress
the underlying disease and control amyloid deposition in the
graft has also been described.17 Liver transplantation is the defin-
itive therapy for patients with ATTR amyloidosis.1,18 Because
amyloid deposits contain a plasma glycoprotein serum amyloid
P component (SAP) that contributes to the stability of the depos-
its, and thus contributes to the pathogenesis of amyloidosis, fu-
ture therapeutic approaches include the targeting of SAP to de-
plete it from the tissues and clear it from the plasma. Ro-63-8695
(CPHPC) is being investigated.3,19 Eprodisate disodium is under
investigation for AA amyloidosis.20

1. Khan MF, Falk RH. Amyloidosis. Postgrad Med J 2001; 77:
686–93. 

2. Falk RH, Skinner M. The systemic amyloidoses: an overview.
Adv Intern Med 2000; 45: 107–37. 

3. Gillmore JD, Hawkins PN. Drug Insight: emerging therapies for
amyloidosis. Nat Clin Pract Nephrol 2006; 2: 263–70. 

4. Lachmann HJ, et al. Natural history and outcome in systemic
AA amyloidosis. N Engl J Med 2007; 356: 2361–71. 

5. British Society for Haematology. Guidelines on the diagnosis
and management of AL amyloidosis. Br J Haematol 2004; 125:
681–700. Also available at: http://www.bcshguidelines.com/
pdf/ALamyloidosis_210604.pdf (accessed 07/03/06) 

6. Gertz MA, Rajkumar SV. Primary systemic amyloidosis. Curr
Treat Options Oncol 2002; 3: 261–71. 

7. Skinner M, et al. Treatment of 100 patients with primary amy-
loidosis: a randomized trial of melphalan, prednisone, and col-
chicine versus colchicine only. Am J Med 1996; 100: 290–8. 

8. Kyle RA, et al. A trial of three regimens for primary amyloido-
sis: colchicine alone, melphalan and prednisone, and melphalan,
prednisone, and colchicine. N Engl J Med 1997; 336: 1202–7. 

9. Gertz MA, et al. Prospective randomized trial of melphalan and
prednisone versus vincristine, carmustine, melphalan, cyclo-
phosphamide, and prednisone in the treatment of primary sys-
temic amyloidosis. J Clin Oncol 1999; 17: 262–7. 

10. Sezer O, et al. New therapeutic approaches in primary systemic
AL amyloidosis. Ann Hematol 2000; 79: 1–6. 

11. Sanchorawala V, Seldin DC. An overview of high-dose melpha-
lan and stem cell transplantation in the treatment of AL amy-
loidosis. Amyloid 2007; 14: 261–9. 

12. Dember LM, et al. Effect of dose-intensive intravenous melpha-
lan and autologous blood stem-cell transplantation on AL amy-
loidosis-associated renal disease. Ann Intern Med 2001; 134:
746–53. 

13. Comenzo RL, Gertz MA. Autologous stem cell transplantation
for primary systemic amyloidosis. Blood 2002; 99: 4276–82. 

14. Skinner M, et al. High-dose melphalan and autologous stem-
cell transplantation in patients with AL amyloidosis: an 8-year
study. Ann Intern Med 2004; 140: 85–93. 

15. Jaccard A, et al. Myélome Autogreffe (MAG) and Intergroupe
Francophone du Myélome (IFM) Intergroup. High-dose mel-
phalan versus melphalan plus dexamethasone for AL amyloido-
sis. N Engl J Med 2007; 357: 1083–93. 

16. Wechalekar AD, et al. Safety and efficacy of risk-adapted cy-
clophosphamide, thalidomide, and dexamethasone in systemic
AL amyloidosis. Blood 2007; 109: 457–64. 

17. Hall R, et al. Cardiac transplantation for AL amyloidosis. BMJ
1994; 309: 1135–7. 

18. Suhr OB, et al. Liver transplantation for hereditary transthyretin
amyloidosis. Liver Transpl 2000; 6: 263–76. 

19. Pepys MB, et al. Targeted pharmacological depletion of serum
amyloid P component for treatment of human amyloidosis. Na-
ture 2002; 417: 254–9. 

20. Dember LM, et al. Eprodisate for AA Amyloidosis Trial Group.
Eprodisate for the treatment of renal disease in AA amyloidosis.
N Engl J Med 2007; 356: 2349–60.

Bone disorders, non-malignant. Fibrogenesis imperfecta
ossium is a rare progressive bone disease in which disorders of
bone collagen and mineralisation, and subsequent abnormal
bone structure, result in bone pain and fractures. A patient re-
sponded to treatment with melphalan 10 mg and prednisolone 20
or 30 mg daily, in 7-day courses every 2 months.1,2 Another
showed some improvement with intermittent 5-day courses of
melphalan 10 mg daily and prednisolone 40 mg daily.3 However,
melphalan alone was reported to be ineffective in 2 other pa-
tients; both experienced bone-marrow depression.3,4

1. Stamp TCB, et al. Fibrogenesis imperfecta ossium: remission
with melphalan. Lancet 1985; i: 582–3. 

2. Ralphs JR, et al. Ultrastructural features of the osteoid of pa-
tients with fibrogenesis imperfecta ossium. Bone 1989; 10:
243–9. 

3. Carr AJ, et al. Fibrogenesis imperfecta ossium. J Bone Joint Surg
Br 1995; 77: 820–9. 

4. Lafage-Proust M-H, et al. Fibrogenesis imperfecta ossium: inef-
fectiveness of melphalan. Calcif Tissue Int 1996; 59: 240–4.

Malignant neoplasms. The important role played by melpha-
lan in the management of multiple myeloma is discussed on
p.658. Melphalan is also used as part of salvage regimens for re-
lapsed Hodgkin’s disease (see p.655), in ovarian cancer (p.670),
and for local perfusion of melanoma (p.673).

Preparations
BP 2008: Melphalan Injection; Melphalan Tablets; 
USP 31: Melphalan Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alkerana; Austral.: Alkeran; Austria: Alkeran; Belg.: Alkeran; Braz.:
Alkeran; Canad.: Alkeran; Chile: Alkeran; Cz.: Alkeran; Denm.: Alkeran;
Fin.: Alkeran; Fr.: Alkeran; Ger.: Alkeran; Gr.: Alkeran; Hong Kong: Alk-
eran; India: Alkeran; Irl.: Alkeran; Israel: Alkeran; Ital.: Alkeran; Malay-
sia: Alkeran; Mex.: Alkeran; Neth.: Alkeran; Norw.: Alkeran; NZ: Alker-
an; Philipp.: Alkeran; Pol.: Alkeran; Port.: Alkeran; Rus.: Alkeran
(Алкеран); S.Afr.: Alkeran; Singapore: Alkeran; Swed.: Alkeran; Switz.:
Alkeran; Thai.: Alkeran; Turk.: Alkeran; UK: Alkeran; USA: Alkeran.

Mepolizumab (USAN, rINN)

Mépolizumab; Mepolizumabum; SB-240563. Immunoglobulin
G1, anti-(human interleukin 5) (human-mouse monoclonal SB-
240563 γ1-chain), disulfide with human-mouse monoclonal SB-
240563 κ-chain, dimer.

Меполизумаб
CAS — 196078-29-2.

Profile
Mepolizumab is an anti-interleukin-5 monoclonal antibody. It is
under investigation in the treatment of hypereosinophilic syn-
drome (chronic eosinophilic leukaemia), as well as eosinophilic
oesophagitis, and asthma.

◊ References.
1. Leckie MJ, et al. Effects of an interleukin-5 blocking mono-

clonal antibody on eosinophils, airway hyper-responsiveness,
and the late asthmatic response. Lancet 2000; 356: 2144–8. 

2. Plötz S-G, et al. Use of an anti-interleukin-5 antibody in the hy-
pereosinophilic syndrome with eosinophilic dermatitis. N Engl J
Med 2003; 349: 2334–9. 

3. Braun-Falco M, et al. Angiolymphoid hyperplasia with eosi-
nophilia treated with anti-interleukin-5 antibody (mepolizumab).
Br J Dermatol 2004; 151: 1103–4. 
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4. Garrett JK, et al. Anti-interleukin-5 (mepolizumab) therapy for

hypereosinophilic syndromes. J Allergy Clin Immunol 2004;
113: 115–19. 

5. Rothenberg ME, et al. Mepolizumab HES Study Group. Treat-
ment of patients with the hypereosinophilic syndrome with me-
polizumab. N Engl J Med 2008; 358: 1215–28.

Mercaptopurine (BAN, rINN)

Mercaptopurina; Mercaptopurinum; Mercaptopurinum Mono-
hydricum; Merkaptopuriini; Merkaptopürin; Merkaptopurin;
Merkaptopurin monohydrát; Merkaptopurinas; Merkaptopury-
na; NSC-755; 6MP; Purinethiol; WR-2785. 6-Mercaptopurine
monohydrate; Purine-6-thiol monohydrate; 1,7-Dihydro-6H-pu-
rine-6-thione monohydrate.
Меркаптопурин
C5H4N4S,H2O = 170.2.
CAS — 50-44-2 (anhydrous mercaptopurine); 6112-76-1
(mercaptopur ine monohydrate).
ATC — L01BB02.
ATC Vet — QL01BB02.

NOTE. In the UK, the CSM noted in October 2004 that confusion
had arisen between mercaptopurine and mercaptamine (formerly
cysteamine, p.2340) after the switch from prescribing by British
Approved Name to prescribing by International Nonproprietary
Name. Particular care should be taken to distinguish the two,
since they are available in oral dosage forms of similar strength.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Mercaptopurine). A yellow, crystalline powder.
Practically insoluble in water; slightly soluble in alcohol; dis-
solves in solutions of alkali hydroxides. Protect from light. 
USP 31 (Mercaptopurine). A yellow, odourless or practically
odourless, crystalline powder. Insoluble in water, in acetone, and
in ether; soluble in hot alcohol and in dilute alkali solutions;
slightly soluble in 2N sulfuric acid.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Bone-marrow depression with mercaptopurine, mani-
festing as leucopenia, thrombocytopenia, and anaemia,
may be delayed; hypoplasia may occur. Mercaptopu-
rine is less toxic to the gastrointestinal tract than the
folic acid antagonists or fluorouracil but gastrointesti-
nal disturbances may occur. Hepatotoxicity has been
reported, with cholestatic jaundice and necrosis, some-
times fatal. Gastrointestinal and hepatic toxicity are re-
ported to be more frequent in adults than in children,
and are more likely at higher doses. Crystalluria with
haematuria has been observed rarely as have skin dis-
orders including hyperpigmentation. Fever may occur. 
Mercaptopurine is potentially carcinogenic and muta-
genic; an increased incidence of abortion has occurred
in women given mercaptopurine during the first tri-
mester of pregnancy. 
Mercaptopurine should be used with care in patients
with impaired hepatic or renal function. Hepatic func-
tion should be monitored periodically.
Effects on the blood. Measurement of the activity of thiopu-
rine methyltransferase (TPMT) or the concentration of its sub-
strate, tioguanine nucleotide, has been suggested as a way of pre-
dicting those individuals likely to have severe myelotoxicity
with mercaptopurine and related drugs (see Azathioprine,
p.1819). Patients with an inherited deficiency of the TPMT en-
zyme may be at increased risk of myelosuppression from mer-
captopurine. US licensed product information suggests TPMT
testing in patients with evidence of toxicity, and state that reduc-
tions in the dose of mercaptopurine may be necessary in those
with TPMT deficiency, although optimal initial doses have not
been established for these patients. The UK licensed information
states that tests for TPMT deficiency have not been shown to
identify all patients at risk of severe toxicity, and that close mon-
itoring of blood counts should still be performed.
Effects on the pancreas. Pancreatitis occurred in 13 of 396
patients given mercaptopurine for inflammatory bowel disease.1
Symptoms resolved on withdrawal but recurred in 7 who were
re-challenged with mercaptopurine or azathioprine. Acute pan-

creatitis has also been reported in 2 children given mercaptopu-
rine during maintenance chemotherapy for acute lymphoblastic
leukaemia.2 They had also suffered pancreatitis from asparagi-
nase during earlier therapy, and the authors suggested that sub-
clinical damage to the pancreas by asparaginase may have been
exacerbated by mercaptopurine, but also noted that most patients
who develop asparaginase-induced pancreatitis receive mercap-
topurine without developing this complication.
1. Present DH, et al. 6-Mercaptopurine in the management of in-

flammatory bowel disease: short- and long-term toxicity. Ann In-
tern Med 1989; 111: 641–9. 

2. Willert JR, et al. Recurrent mercaptopurine-induced acute pan-
creatitis: a rare complication of chemotherapy for acute lym-
phoblastic leukemia in children. Med Pediatr Oncol 2002; 38:
73–4.

Handling and disposal. A method for the destruction of mer-
captopurine or tioguanine in wastes by oxidation with potassium
permanganate in sulfuric acid.1 Residues produced by this meth-
od had no mutagenic activity. Urine and faeces produced for up
to 48 hours and 5 days, respectively after a dose of mercaptopu-
rine should be handled wearing protective clothing.2
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Overdosage. Despite substantial overdose, no acute renal or
hepatic toxicity occurred in 2 children. In one case, in which no
specific detoxification measures were implemented, neutrophils
reached a nadir on day 11 followed by a gradual recovery to nor-
mal by day 46. In the other case, gastric lavage was performed
and activated charcoal was given; no evidence of neutropenia
was seen. The authors recommended that management of acute
accidental ingestion should include gastric lavage if the patient
presents within 1 hour or if the amount ingested is large. Haemo-
dialysis may be considered if the patient presents within 3 hours
of ingestion. Liver function should be monitored. Severe myelo-
suppression may be managed with granulocyte colony-stimulat-
ing factor and a bone-marrow harvest may be of benefit if per-
formed within several hours of the overdose.1
1. Chow LML, et al. Toxic ingestion of 6-mercaptopurine by young

siblings of pediatric oncology patients. J Pediatr 2004; 144:
669–71.

Porphyria. Mercaptopurine has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
Mercaptopurine should be given with particular cau-
tion with other hepatotoxic drugs. Its effects are en-
hanced by allopurinol and the dose of mercaptopurine
should be reduced to one-third to one-quarter of the
usual dose when allopurinol is also given.
Allopurinol. Mercaptopurine plasma concentrations were
markedly increased by allopurinol when mercaptopurine was
given by mouth but not when it was given intravenously.1 The
results appear to indicate that allopurinol inhibits the first-pass
metabolism of mercaptopurine.
1. Zimm S, et al. Inhibition of first-pass metabolism in cancer

chemotherapy: interaction of 6-mercaptopurine and allopurinol.
Clin Pharmacol Ther 1983; 34: 810–17.

Anticoagulants. For reference to mercaptopurine diminishing
the activity of warfarin, see p.1429.
Antineoplastics. For a suggestion that doxorubicin might en-
hance the hepatotoxicity of mercaptopurine, see under Daunoru-
bicin Hydrochloride, p.709. 
Giving mercaptopurine with low-dose oral methotrexate in-
creased mean peak plasma concentrations of mercaptopurine by
26% compared with the same dose of mercaptopurine alone in a
study in 14 patients with acute lymphoblastic leukaemia.1 The
effect was probably due to inhibition of the first-pass metabolism
of mercaptopurine by methotrexate, which is a potent inhibitor of
xanthine oxidase. In another study2 of 10 children with acute
lymphoblastic leukaemia, high-dose intravenous methotrexate
(2 or 5 g/m2) increased the peak plasma concentrations of mer-
captopurine by 108 and 121% respectively. However, the clinical
effect of this pharmacokinetic interaction is probably only minor
because of the low, and highly variable, mercaptopurine bio-
availability and the lack of correlation between mercaptopurine
plasma concentrations and effect.3 Mercaptopurine and meth-
otrexate have been widely used in combination chemotherapy
regimens for acute lymphoblastic leukaemia for their synergistic
pharmacodynamic interaction.
1. Balis FM, et al. The effect of methotrexate on the bioavailability

of oral 6-mercaptopurine. Clin Pharmacol Ther 1987; 41:
384–7. 

2. Innocenti F, et al. Clinical and experimental pharmacokinetic in-
teraction between 6-mercaptopurine and methotrexate. Cancer
Chemother Pharmacol 1996; 37: 409–14. 

3. Giverhaug T, et al. The interaction of 6-mercaptopurine (6-MP)
and methotrexate (MTX). Gen Pharmacol 1999; 33: 341–6.

Azathioprine. For a report of a fatality when a patient was pre-
scribed mercaptopurine and azathioprine by separate practition-
ers, see Interactions, under Azathioprine, p.1819.

Gastrointestinal drugs. The enzyme thiopurine methyltrans-
ferase is inhibited in vitro by sulfasalazine and mesalazine, rais-
ing the possibility of an interaction in patients treated simultane-
ously with an aminosalicylate and a thiopurine such as
mercaptopurine or azathioprine.1 Myelotoxicity has been report-
ed in a patient receiving mercaptopurine and olsalazine.2 Simi-
larly, severe pancytopenia has occurred in a 13-year-old boy
when azathioprine was added to mesalazine therapy.3 In a study4

of 34 patients with Crohn’s disease in which balsalazide, mesala-
zine, or sulfasalazine was added to established azathioprine or
mercaptopurine therapy, mild leucopenia was common in pa-
tients given mesalazine or sulfasalazine, and whole blood con-
centrations of tioguanine nucleotide were found to be increased,
probably due to thiopurine methyltransferase inhibition. These
effects were not statistically significant in patients given bal-
salazide.
1. Szumlanski C, Weinshilboum RM. Sulfasalazine inhibition of

thiopurine methyltransferase: possible mechanism for interac-
tion with 6-mercaptopurine and azathioprine. Br J Clin Pharma-
col 1995; 39: 456–9. 

2. Lewis LD, et al. Olsalazine and 6-mercaptopurine-related bone
marrow suppression: a possible drug-drug interaction. Clin
Pharmacol Ther 1997; 62: 464–75. 

3. Chouragui JP, et al. Azathioprine toxicity in a child with ulcera-
tive colitis: interaction with mesalazine. Gastroenterology 1996;
110 (suppl): A883. 

4. Lowry PW, et al. Leucopenia resulting from a drug interaction
between azathioprine or 6-mercaptopurine and mesalamine, sul-
phasalazine, or balsalazide. Gut 2001; 49: 656–64.

Pharmacokinetics
Mercaptopurine is variably and incompletely absorbed
from the gastrointestinal tract; about 50% of an oral
dose has been reported to be absorbed, but the absolute
bioavailability is somewhat lower, probably due to gas-
trointestinal or first-pass metabolism, and is also sub-
ject to wide interindividual variation. Once absorbed it
is widely distributed throughout body water and tis-
sues. Plasma half-lives ranging from about 20 to 90
minutes have been reported after intravenous injection
and the drug is not found in plasma after about 8 hours
but this is of limited significance since mercaptopurine
is activated intracellularly by conversion to nucleotide
derivatives which persist for much longer. It is rapidly
and extensively metabolised in the liver, by methyla-
tion and oxidation as well as by the formation of inor-
ganic sulfates. Thiol methylation is catalysed by the
enzyme thiopurine methyltransferase (TPMT). TPMT
activity is highly variable in patients because of a ge-
netic polymorphism in the TPMT gene. Patients with
little or no detectable enzyme activity may accumulate
excessive cellular concentrations of active tioguanine
nucleotides, predisposing them to mercaptopurine tox-
icity. Considerable amounts of mercaptopurine are also
oxidised to thiouric acid by the enzyme xanthine oxi-
dase. Mercaptopurine is excreted in urine as metabo-
lites and some unchanged drug; about half an oral dose
has been recovered in 24 hours. A small proportion is
excreted over several weeks. 
Mercaptopurine crosses the blood-brain barrier to
some extent and is found in the CSF, but only in sub-
therapeutic concentrations.
Therapeutic drug monitoring. For a discussion of therapeu-
tic drug monitoring for mercaptopurine, see under Azathioprine,
p.1819.

Uses and Administration
Mercaptopurine is an antineoplastic that acts as an an-
timetabolite. It is an analogue of the natural purines hy-
poxanthine and adenine. After the intracellular conver-
sion of mercaptopurine to active nucleotides, including
thioinosinic acid, it appears to exhibit a variety of ac-
tions including interfering with nucleic acid synthesis.
It also has immunosuppressant properties. Its actions
are specific for cells in S phase. 
Mercaptopurine is used, usually with other agents, in
the treatment of leukaemia. It induces remissions in
acute lymphoblastic and myeloid leukaemias (p.651
and p.652, respectively) but other agents are generally
preferred and mercaptopurine is chiefly employed in
maintenance programmes, commonly with methotrex-
ate. It may also be effective in chronic myeloid leukae-
mia (p.653). There is cross-resistance between mercap-
topurine and tioguanine (p.779). 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Mercaptopurine has been used for its immunosuppres-
sant properties in the treatment of auto-immune disor-
ders such as inflammatory bowel disease but has been
largely replaced by azathioprine. 
Mercaptopurine is given orally. The usual initial anti-
neoplastic dose for children and adults is 2.5 mg/kg or
50 to 75 mg/m2 daily but dosage varies according to
individual response and tolerance. If there is no clinical
improvement and no evidence of white-cell depression
after 4 weeks, the dose may be cautiously increased up
to 5 mg/kg daily. In maintenance schedules the dose
may vary from 1.5 to 2.5 mg/kg daily. Blood counts
should be taken at least once a week and if there is a
steep fall in the white cell count or severe bone-marrow
depression the drug should be withdrawn immediately.
Therapy may be resumed carefully if the white cell
count remains constant for 2 or 3 days or rises. 
It has been used intravenously as mercaptopurine sodi-
um. Thioinosine (mercaptopurine riboside) has also
been used.
Administration. There is evidence1 that the maintenance dos-
age of mercaptopurine should be tailored individually to achieve
an appropriate systemic exposure in children with acute lym-
phoblastic leukaemia (although this would involve determining
mercaptopurine pharmacokinetics in each child). Improvements
in survival since 1980 may be associated with changes in the pre-
scribing of mercaptopurine which have resulted in greater cumu-
lative doses being given;2 some children may have been under-
treated in the past because of variations in the pharmacokinetics
of mercaptopurine (particularly boys, who tolerate mercaptopu-
rine better than girls,3 but who have a poorer prognosis).2 The
concentration of tioguanine nucleotide metabolites in the eryth-
rocytes has been shown to be directly related to the risk of relapse
in children with acute lymphoblastic leukaemia.4 Thiopurine
methyltransferase (TPMT) activity (which results in methylation
and inactivation of mercaptopurine rather than the formation of
active nucleotides) may play a substantial role in this variation,5
but titration of the dose of mercaptopurine until myelotoxicity
occurs may prevent the problem:2 despite gaps in therapy caused
by more frequent drug withdrawal, it appears to result in greater
accumulation of tioguanine nucleotides in the cells.6

1. Koren G, et al. Systemic exposure to mercaptopurine as a prog-
nostic factor in acute lymphocytic leukemia in children. N Engl
J Med 1990; 323: 17–21. 

2. Hale JP, Lilleyman JS. Importance of 6-mercaptopurine dose in
lymphoblastic leukaemia. Arch Dis Child 1991; 66: 462–6. 

3. Lilleyman JS, et al. Childhood lymphoblastic leukaemia: sex
difference in 6-mercaptopurine utilization. Br J Cancer 1984;
49: 703–7. 

4. Lilleyman JS, Lennard L. Mercaptopurine metabolism and risk
of relapse in childhood lymphoblastic leukaemia. Lancet 1994;
343: 1188–90. 

5. Lennard L, et al. Genetic variation in response to 6-mercaptopu-
rine for childhood acute lymphoblastic leukaemia. Lancet 1990;
336: 225–9. 

6. Lennard L, et al. Mercaptopurine in childhood leukaemia: the
effects of dose escalation on thioguanine nucleotide metabolites.
Br J Clin Pharmacol 1996; 42: 525–7.

Inflammatory bowel disease. Mercaptopurine has been re-
ported to be of benefit in ulcerative colitis1,2 and Crohn’s dis-
ease,3-5 although azathioprine has generally been preferred (see
p.1820). The BNF considers that in resistant or frequently relaps-
ing cases mercaptopurine 1 to 1.5 mg/kg given daily may be of
use.
1. Adler DJ, Korelitz BI. The therapeutic efficacy of 6-mercaptop-

urine in refractory ulcerative colitis. Am J Gastroenterol 1990;
85: 717–22. 

2. George J, et al. The long-term outcome of ulcerative colitis treat-
ed with 6-mercaptopurine. Am J Gastroenterol 1996; 91:
1711–14. 

3. Present DH, et al. Treatment of Crohn’s disease with 6-mercap-
topurine: a long-term randomized, double-blind study. N Engl J
Med 1980; 302: 981–7. 

4. Sandborn W, et al. Azathioprine or 6-mercaptopurine for induc-
tion of remission in Crohn’s disease. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 1998 (accessed 16/05/08). 

5. Markowitz J, et al. A multicenter trial of 6-mercaptopurine and
prednisone in children with newly diagnosed Crohn’s disease.
Gastroenterology 2000; 119: 895–902.

Polymyositis. Mercaptopurine has been tried in a few patients
with polymyositis but has not been formally assessed.

Preparations
BP 2008: Mercaptopurine Oral Suspension; Mercaptopurine Tablets; 
USP 31: Mercaptopurine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Puri-Nethol; Varimer; Austral.: Puri-Nethol; Austria: Puri-Nethol;
Belg.: Puri-Nethol; Braz.: Puri-Nethol; Canad.: Purinethol; Chile: Puri-
Nethol; Cz.: Puri-Nethol; Fr.: Puri-Nethol; Ger.: Puri-Nethol; Gr.: Puri-
Nethol; Hong Kong: Puri-Nethol; India: Puri-Nethol; Irl.: Puri-Nethol; Is-
rael: Puri-Nethol; Ital.: Puri-Nethol; Mex.: Puri-Nethol; Neth.: Puri-

Nethol; Norw.: Puri-Nethol; NZ: Puri-Nethol; Philipp.: Capmerin; Empu-
rine; Puri-Nethol; Rus.: Puri-Nethol (Пури-нетол); S.Afr.: Puri-Nethol;
Singapore: Puri-Nethol; Swed.: Puri-Nethol; Switz.: Puri-Nethol; Thai.:
Empurine; Puri-Nethol; Turk.: Puri-Nethol; UK: Puri-Nethol; USA: Puri-
nethol.

Methotrexate (BAN, USAN, rINN)

Amethopterin; 4-Amino-4-deoxy-10-methylpteroyl-L-glutamic
Acid; 4-Amino-10-methylfolic Acid; CL-14377; α-Methopterin;
Methotrexát; Méthotrexate; Methotrexatum; Metotreksaatti;
Metotreksatas; Metotrexát; Metotrexat; Metotrexato; MTX;
NSC-740; WR-19039. N-{4-[(2,4-Diamino-6-pteridinylme-
thyl)methylamino]benzoyl}-L-glutamic acid.

Метотрексат
C20H22N8O5 = 454.4.
CAS — 59-05-2.
ATC — L01BA01; L04AX03.
ATC Vet — QL01BA01; QL04AX03.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Methotrexate). A yellow or orange, hygroscopic,
crystalline powder. It contains not more than 13% of water. Prac-
tically insoluble in water, in alcohol, and in dichloromethane;
dissolves in dilute solutions of mineral acids and of alkali hy-
droxides and carbonates. Store in airtight containers. Protect
from light. 
USP 31 (Methotrexate). It is a mixture of 4-amino-10-methyl-
folic acid and closely related substances; it contains not less than
98% and not more than 102% of C20H22N8O5, calculated on the
anhydrous basis. A yellow or orange-brown crystalline powder.
It contains not more than 12% of water. Practically insoluble in
water, in alcohol, in chloroform, and in ether; freely soluble in di-
lute solutions of alkali hydroxides and carbonates; slightly solu-
ble in 6N hydrochloric acid. Store in airtight containers. Protect
from light.

Methotrexate Sodium (BANM, rINNM)

Méthotrexate de Sodium; Methotrexate Disodium; Metotreksat
Sodyum; Metotrexate sodium; Natrii Methotrexatum.

Натрий Метотрексат
C20H20N8Na2O5 = 498.4.
CAS — 7413-34-5 (methotrexate disodium); 15475-56-6
(methotrexate sodium, xNa).
ATC — L01BA01; L04AX03.
ATC Vet — QL01BA01; QL04AX03.

Incompatibility. Methotrexate sodium has been reported to be
incompatible with cytarabine, fluorouracil, and prednisolone so-
dium phosphate;1 however, another study suggests it is compati-
ble with fluorouracil.2 Furthermore a mixture of methotrexate
sodium with cytarabine and hydrocortisone sodium succinate in
various infusion fluids has been reported to be visually compati-
ble for at least 8 hours at 25°, although precipitation did occur on
storage for several days.3

1. McRae MP, King JC. Compatibility of antineoplastic, antibiotic
and corticosteroid drugs in intravenous admixtures. Am J Hosp
Pharm 1976; 33: 1010–13. 

2. Vincké BJ, et al. Extended stability of 5-fluorouracil and meth-
otrexate solutions in PVC containers. Int J Pharmaceutics 1989;
54: 181–9. 

3. Cheung Y-W, et al. Stability of cytarabine, methotrexate sodium,
and hydrocortisone sodium succinate admixtures. Am J Hosp
Pharm 1984; 41: 1802–6.

Stability to light. Methotrexate undergoes photodegradation
when stored in the light in diluted solutions, although undiluted
commercial preparations are reported to show negligible photo-
degradation.1 The bicarbonate ion catalyses this reaction and
such admixtures should be avoided if possible, although they
may be stable in light for 12 hours. Storage of solutions diluted
in sodium chloride 0.9% injection in PVC bags was reported to
protect against photodegradation although the length of the study
was only 4 hours.2 Photodegradation can take place under nor-
mal lighting, but is more rapid in direct sunlight, with about 11%
drug loss from a 1 mg/mL solution after 7 hours; storage under
normal lighting resulted in little change in drug concentration
over 24 hours with a decrease of up to 12% by 48 hours.3 Loss
was greatest from unprotected polybutadiene tubing, with almost
80% drug loss in 48 hours.
1. Chatterji DC, Gallelli JF. Thermal and photolytic decomposition

of methotrexate in aqueous solutions. J Pharm Sci 1978; 67:
526–31. 

2. Dyvik O, et al. Methotrexate in infusion solutions—a stability
test for the hospital pharmacy. J Clin Hosp Pharm 1986; 11:
343–8. 

3. McElnay JC, et al. Stability of methotrexate and vinblastine in
burette administration sets. Int J Pharmaceutics 1988; 47:
239–47.

Adverse Effects
For general discussions see Antineoplastics, p.635. 
The most common dose-related toxic effects of meth-
otrexate are on the bone marrow and gastrointestinal
tract. Bone-marrow depression can occur abruptly, and
leucopenia, thrombocytopenia, and anaemia may all
occur. The nadir of the platelet and white-blood cell
counts is usually around 5 to 10 days after a bolus dose,
with recovery between about 14 to 28 days, but some
sources suggest that leucocytes may exhibit an early
fall and rise, followed by a second nadir and recovery,
within this period. Ulceration of the mouth and gas-
trointestinal disturbances are also early signs of toxici-
ty: stomatitis and diarrhoea during treatment indicate
that it may need to be interrupted, otherwise haemor-
rhagic enteritis, intestinal perforation, and death may
follow. 
Methotrexate is associated with liver damage, both
acute (notably after high doses) and, more seriously,
chronic (generally after long-term use). Hepatic fibro-
sis and cirrhosis may develop without obvious signs of
hepatotoxicity, and have led to eventual death. 
Other adverse effects include renal failure and tubular
necrosis after high doses, pulmonary reactions includ-
ing life-threatening interstitial lung disease, skin reac-
tions (sometimes severe), alopecia, and ocular irrita-
tion. Neurotoxicity may be seen: leukoencephalopathy,
paresis, demyelination are associated particularly with
intrathecal use and are more likely when cranial irradi-
ation is also given. Intrathecal use may also produce
arachnoiditis, an acute syndrome of headache, nuchal
rigidity, back pain, and fever. Other rarer reactions may
include megaloblastic anaemia, osteoporosis, precipi-
tation of diabetes, arthralgias, necrosis of soft tissue
and bone, and anaphylaxis. 
Methotrexate may cause defective oogenesis and sper-
matogenesis, and fertility may be impaired (this may
be reversible). Like other folate inhibitors it is tera-
togenic, and it has been associated with fetal deaths.
Lymphomas (generally reversible on withdrawal of
treatment) have occasionally been reported with meth-
otrexate therapy, although the association has been
questioned (see Carcinogenicity, below).
Carcinogenicity. There are reports of lymphomas associated
with low-dose methotrexate therapy for rheumatic disorders,1-4

which in some cases have been associated with concomitant
Epstein-Barr virus infection.2 Transitional cell bladder cancer
has also been associated with such therapy.5 However, a retro-
spective analysis involving 16 263 patients with rheumatoid ar-
thritis found no evidence of a relationship between the use of
methotrexate as an antirheumatic and the development of hae-
matological malignancy.6 Nonetheless, the spontaneous remis-
sion of lymphoma after withdrawal of methotrexate in some pa-
tients seems to support an association7 A later prospective study8

of all new cases of lymphoma, detected over 3 years in patients
treated with methotrexate for rheumatoid arthritis, also found a
higher incidence of Hodgkin’s disease compared with the gener-
al population. The carcinogenic risk with antimetabolites such as
methotrexate has generally been considered less than with
alkylating agents (p.635).
1. Zimmer-Galler I, Lie JT. Choroidal infiltrates as the initial man-

ifestation of lymphoma in rheumatoid arthritis after treatment
with low-dose methotrexate. Mayo Clin Proc 1994; 69: 258–61. 

2. Kamel OW, et al. Brief report: reversible lymphomas associated
with Epstein-Barr virus occurring during methotrexate therapy
for rheumatoid arthritis and dermatomyositis. N Engl J Med
1993; 328: 1317–21. 

3. Viraben R, et al. Reversible cutaneous lymphoma occurring dur-
ing methotrexate therapy. Br J Dermatol 1996; 135: 116–18. 

4. Ebeo CT, et al. Methotrexate-induced pulmonary lymphoma.
Chest 2003; 123: 2150–3. 

5. Millard RJ, McCredie S. Bladder cancer in patients on low-dose
methotrexate and corticosteroids. Lancet 1994; 343: 1222–3. 

6. Moder KG, et al. Hematologic malignancies and the use of meth-
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Effects on the blood. Although serious and sometimes fatal
blood dyscrasias are a well-known consequence of high-dose
methotrexate therapy the UK CSM1 stated in September 1997
that it was also aware of 83 reports of blood dyscrasias associated
with low-dose methotrexate used to treat psoriasis or rheumatoid
arthritis; there were 36 fatalities. Many of the cases had contrib-
uting factors such as advanced age, renal impairment, or use with
interacting drugs.
1. Committee on Safety Medicines/Medicines Control Agency.

Blood dyscrasias and other ADRs with low-dose methotrexate.
Current Problems 1997; 23: 12. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023240&RevisionSelectionMethod=
LatestReleased (accessed 03/04/06)

MEGALOBLASTIC ANAEMIA. Megaloblastic anaemia, usually
with marked macrocytosis, has been reported in mainly elder-
ly patients given long-term weekly methotrexate therapy.1-3 It
has been suggested that therapy should be withdrawn if the
mean corpuscular volume exceeds 106 femtolitres.1 Symp-
toms appear to be associated with folate depletion by meth-
otrexate,2,4,5 probably due to increased excretion,6 and in one
case megaloblastic anaemia developed after starting a weight-
reducing diet poor in folate.4 Folate supplementation, con-
versely, may permit continuation of methotrexate therapy
with resolution of the anaemia.5
1. Dodd HJ, et al. Megaloblastic anaemia in psoriatic patients treat-

ed with methotrexate. Br J Dermatol 1985; 112: 630. 
2. Dahl MGC. Folate depletion in psoriatics on methotrexate. Br J

Dermatol 1984; 111 (suppl 26): 18. 
3. Casserly CM, et al. Severe megaloblastic anemia in a patient re-

ceiving low-dose methotrexate for psoriasis. J Am Acad Derma-
tol 1993; 29: 477–80. 

4. Fulton RA. Megaloblastic anaemia and methotrexate treatment.
Br J Dermatol 1986; 114: 267–8. 

5. Oxholm A, Thomsen K. Megaloblastic anaemia and methotrex-
ate treatment. Br J Dermatol 1986; 114: 268–9. 

6. Duhra P, et al. Intestinal folate absorption in methotrexate treat-
ed psoriatic patients. Br J Dermatol 1988; 119: 327–32.

Effects on the gastrointestinal tract. Although gastrointes-
tinal toxicity is well recognised as an effect of high-dose regi-
mens, oral ulceration has also been reported after low-dose
(weekly) methotrexate use.1,2 In some instances it was related to
overdosage; symptoms resolved upon correction of the dose and
with folate supplementation.1 Folate deficiency may increase the
oral toxicity of methotrexate, and folate supplementation may
also avoid the need to stop low-dose methotrexate.2
1. Deeming GMJ, et al. Methotrexate and oral ulceration. Br Dent

J 2005; 198: 83–5. 
2. Kalantzis A, et al. Oral effects of low-dose methotrexate treat-

ment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;
100: 52–62.

Effects on the kidneys. High-dose methotrexate therapy can
result in supersaturation of the urine with methotrexate and its
metabolites leading to crystal formation.1 These crystals can
cause intrarenal obstruction and are a factor in the development
of acute renal failure. Risk factors for crystal formation are acid
urine, volume depletion, and renal impairment. Adequate hydra-
tion, and urinary alkalinisation with sodium bicarbonate or aceta-
zolamide play an important role in minimising nephrotoxicity in
high-dose methotrexate regimens. A study found that the inci-
dence of severe toxicity was reduced in patients given greater
hydration and alkalinisation. However, this more intensive hy-
dration regimen also significantly lowered methotrexate plasma
concentrations.2 More recently glucarpidase (p.1447), a recom-
binant glutamate carboxypeptidase, has been developed and may
be useful in the management of methotrexate-induced renal dys-
function when methotrexate concentrations are very high.3
1. Perazella MA. Crystal-induced acute renal failure. Am J Med

1999; 106: 459–65. 
2. Christensen ML, et al. Effect of hydration on methotrexate plas-

ma concentrations in children with acute lymphocytic leukemia.
J Clin Oncol 1988; 6: 797–801. 

3. Widemann BC, Adamson PC. Understanding and managing
methotrexate nephrotoxicity. Oncologist 2006; 11: 694–703.

Effects on the liver. Methotrexate is well established as a
cause of hepatotoxicity, including periportal fibrosis, when given
in relatively high doses as an antineoplastic, and it has become
clear that its long-term use in lower doses for disorders such as
psoriasis and rheumatoid arthritis can also be associated with liv-
er toxicity.1 There has been some difficulty in these patients in
distinguishing the effects of the drug from the effects of the dis-
ease, but there is good evidence that the risk is increased in pa-
tients given doses on a daily rather than a weekly regimen, and
in those with a high alcohol intake.1 Pre-existing liver disease,
obesity (especially if associated with diabetes mellitus), renal im-
pairment, and increasing total cumulative dose may also increase
the risk of hepatotoxicity.1 A lower incidence of hepatotoxicity
in patients with rheumatoid arthritis (compared with older stud-
ies in patients with psoriasis) may be due to improved dosage
regimens and greater awareness of the risks.1 
In order to minimise the risks of serious liver damage various
guidelines and recommendations have been issued for the use of
methotrexate in psoriasis and rheumatoid arthritis, and the appro-
priate monitoring. 
• For patients with psoriasis, US guidelines2 recommend a liver

biopsy at the beginning of treatment and after each cumulative
dose of 1 to 1.5 g, together with monitoring of alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), alka-

line phosphatase, bilirubin, and albumin. The need to repeat
routine liver biopsies has been questioned.3 Some4 recom-
mend omitting the baseline biopsy in patients with no risk fac-
tors. Practice in the UK has been similar but monitoring of the
aminoterminal peptide of type III procollagen (PIIINP), a se-
rological marker of hepatic fibrosis,5 is now recommended by
the British Association of Dermatologists6 as a safer alterna-
tive to liver biopsy. PIIINP values should be determined be-
fore starting methotrexate and then every 2 to 3 months during
treatment. A liver biopsy may then be considered in those with
persistently abnormal values. However, some5 have said that
larger studies of the value of PIIINP assays should be under-
taken before definitive recommendations can be made. 

• In patients with rheumatoid arthritis US guidelines7 suggest
an initial biopsy only in patients with a history of excessive
alcohol consumption, persistently abnormal AST values or
chronic hepatitis B or C infection. All patients should undergo
monitoring of liver enzyme values (AST and ALT) and albu-
min every 4 to 8 weeks, and a biopsy should be performed if
5 of 9 or 6 of 12 measurements of AST are elevated in a
12-month interval; if liver changes are moderate to severe,
methotrexate should be discontinued. However, some
rheumatologists8,9 consider that less stringent monitoring may
be warranted, especially in those with no risk factors for hepa-
totoxicity. Similarly, although these guidelines have been
widely adopted for use in children with juvenile idiopathic ar-
thritis, some10 consider that routine blood tests every 4 to 8
weeks are unnecessarily frequent. 

The UK CSM advised in 1997 that liver-function tests (together
with blood count and renal-function testing) should be per-
formed before beginning long-term low-dose methotrexate ther-
apy and repeated weekly until therapy was stabilised, and there-
after every 2 to 3 months.11

1. West SG, et al. Methotrexate hepatotoxicity. Rheum Dis Clin
North Am 1997; 23: 883–915. 

2. Roenigk HH, et al. American Academy of Dermatology. Meth-
otrexate in psoriasis: revised guidelines. J Am Acad Dermatol
1988; 19: 145–6. 

3. Boffa MJ, et al. Sequential liver biopsies during long-term
methotrexate treatment for psoriasis: a reappraisal. Br J Derma-
tol 1995; 133: 774–8. 

4. Roenigk HH, et al. Methotrexate in psoriasis: consensus confer-
ence. J Am Acad Dermatol 1998; 38: 478–85. 

5. Maurice PDL, et al. Monitoring patients on methotrexate: he-
patic fibrosis not seen in patients with normal serum assays of
aminoterminal peptide of type III procollagen. Br J Dermatol
2005; 152: 451–8. 

6. British Association of Dermatologists. Psoriasis Guideline
2006. Available at: http://www.bad.org.uk/healthcare/
guidelines/psoriasis_guideline_(Final_update)_280906.pdf
(accessed 31/07/08) 

7. Kremer JM, et al. American College of Rheumatology. Meth-
otrexate for rheumatoid arthritis: suggested guidelines for mon-
itoring liver toxicity. Arthritis Rheum 1994; 37: 316–28. 

8. Yazici Y, et al. Monitoring by rheumatologists for methotrexate-
, etanercept-, infliximab-, and anakinra-associated adverse
events. Arthritis Rheum 2003; 48: 2769–72. 

9. Yazici Y, et al. Methotrexate use in rheumatoid arthritis is asso-
ciated with few clinically significant liver function test abnor-
malities. Clin Exp Rheumatol 2005; 23: 517–20. 

10. Ortiz-Alvarez O,et al. Guidelines for blood test monitoring of
methotrexate toxicity in juvenile idiopathic arthritis. J Rheuma-
tol 2004; 31: 2501–6. 

11. Committee on Safety of Medicines/Medicines Control Agency.
Blood dyscrasias and other ADRs with low-dose methotrexate.
Current Problems 1997; 23: 12. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023240&RevisionSelectionMethod=
LatestReleased (accessed 03/04/06)

Effects on the lungs. Pulmonary toxicity due to methotrexate
has been well described.1,2 A review1 of over 120 reports of
methotrexate pneumonitis found that onset usually occurred dur-
ing treatment, presenting as dyspnoea, cough, and fever. Exami-
nation often found tachypnoea and crackles, eosinophilia, re-
duced pulmonary function, interstitial and alveolar infiltrates on
chest radiography, and interstitial inflammation and fibrosis. The
majority of cases were managed with cessation of methotrexate
with or without corticosteroid therapy; most patients improved,
but there were 16 deaths caused by respiratory disease. Meth-
otrexate was restarted in 16 patients, and pneumonitis recurred in
4 of these. 
Up to 25 April 2003, the UK CSM had received 90 reports of
parenchymal lung disorders, including 52 reports of pneumoni-
tis, 21 of pulmonary fibrosis, 5 of interstitial lung disease, and 3
of interstitial pneumonitis. The CSM has suggested that patients
should seek medical attention if symptoms such as dyspnoea,
dry, nonproductive cough, or fever develop; methotrexate should
be stopped and corticosteroids given in the event of suspected
pneumonitis.3 
A multicentre case-control study4 which examined 29 cases of
methotrexate-induced lung injury among rheumatoid arthritis
patients reported a number of risk factors. These included age
over 60 years, pleuropulmonary disease (or to a lesser extent oth-
er extra-articular disease), previous use of other disease-modify-
ing antirheumatic drugs, and low serum-albumin; an association
with smoking, nonsedentary occupations, and diabetes mellitus
was also noted.
1. Imokawa S, et al. Methotrexate pneumonitis: review of the liter-

ature and histopathological findings in nine patients. Eur Respir
J 2000; 15: 373–81. 

2. Lateef O, et al. Methotrexate pulmonary toxicity. Expert Opin
Drug Saf 2005; 4: 723–30. 

3. Committee on Safety of Medicines/Medicines and Healthcare
products Regulatory Agency. Methotrexate and pneumonitis.
Current Problems 2003; 29: 5. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON007450&RevisionSelectionMethod=
LatestReleased (accessed 31/07/08) 

4. Alarcón GS, et al. Risk factors for methotrexate-induced lung
injury in patients with rheumatoid arthritis: a multicenter, case-
control study. Ann Intern Med 1997; 127: 356–64.

Effects on mental function. Children who had received in-
trathecal methotrexate with cranial irradiation for the prophylax-
is of CNS leukaemia, had a significant intellectual deficit com-
pared with their siblings.1 There was no corresponding
significant reduction in IQ in a group of children who had re-
ceived systemic chemotherapy and radiotherapy when compared
with their sibling controls. The results suggest that intrathecal
methotrexate and cranial irradiation cause intellectual problems,
particularly on the higher, more complex and integrated intellec-
tual functions, and that the repercussions are greater in younger
children. Subsequent results in these patients indicated that al-
though the lowering of IQ had persisted, it had not progressed
since the original study.2 A further study confirmed the adverse
neurological effects of leukaemia treatment, and its effects on IQ,
and did not find a reduced radiation dose to be any less toxic.3
Neurotoxicity appeared to be greater when systemic therapy
with intramuscular rather than oral methotrexate was given with
CNS prophylaxis. A study4 of children who underwent surgery,
chemotherapy, and craniospinal radiotherapy for medulloblasto-
ma also found that those patients who received intrathecal meth-
otrexate had significantly worse cognitive deficits than those
who did not, and all patients performed worse than a control
group of cousins and siblings. 
In a small study5 of children treated for leukaemia with chemo-
therapy that included intrathecal methotrexate, but without irra-
diation, there were lower cognitive scores in some measures
compared with a group of healthy controls, but overall no major
cognitive impairment was found. 
A study in 20 patients receiving intermittent oral methotrexate
for psoriasis found no evidence of psychological impairment.6
1. Twaddle V, et al. Intellectual function after treatment for leukae-

mia or solid tumours. Arch Dis Child 1983; 58: 949–52. 
2. Twaddle V, et al. Intellect after malignancy. Arch Dis Child

1986; 61: 700–2. 
3. Chessells JM, et al. Neurotoxicity in lymphoblastic leukaemia:

comparison of oral and intramuscular methotrexate and two dos-
es of radiation. Arch Dis Child 1990; 65: 416–22. 

4. Riva D, et al. Intrathecal methotrexate affects cognitive function
in children with medulloblastoma. Neurology 2002; 59: 48–53. 

5. Kingma A, et al. No major cognitive impairment in young chil-
dren with acute lymphoblastic leukemia using chemotherapy on-
ly: a prospective longitudinal study. J Pediatr Hematol Oncol
2002; 24: 106–14. 

6. Duller P, van de Kerkhof PCM. The impact of methotrexate on
psycho-organic functioning. Br J Dermatol 1985; 113: 503–4.

Effects on the nervous system. Methotrexate has a cumula-
tive toxic effect on the nervous system, and generalised and focal
neurotoxic reactions are associated with intrathecal and high-
dose intravenous use.1 An immediate, usually transient, effect
occurring within a day of high intravenous doses can cause nau-
sea and vomiting, headache, somnolence, lethargy, confusion,
disorientation, seizures, and increased intracranial pressure. Re-
versible acute meningitis can follow intrathecal use, with similar
results.1 Aseptic meningitis has also been reported after intra-
muscular methotrexate.2 Spinal cord myelopathy resulting in
transient or permanent paraplegia has also followed intrathecal
methotrexate use, especially if other neurotoxic treatments have
also been used. A subacute form of toxic reaction can occur up
to several weeks after treatment. It is usually transient and char-
acterised by seizures, varying degrees of paresis, aphasia, anaes-
thesia, blurred vision, and pseudobulbar palsy. A more delayed
syndrome occurs weeks to months after treatment and is of vari-
able severity, but can progress to lethargy, seizures, spasticity,
paresis, drooling, and dementia. This condition is characterised
by leukoencephalopathy and chronic calcification of brain tissue.
It is dose-related, and more severe if the patient has also received
radiotherapy.1 
See also Effects on Mental Function, above.
1. Shuper A, et al. Methotrexate treatment protocols and the central

nervous system: significant cure with significant neurotoxicity. J
Child Neurol 2000; 15: 573–80. 

2. Hawboldt J, Bader M. Intramuscular methotrexate-induced asep-
tic meningitis. Ann Pharmacother 2007; 41: 1906–11.

Effects on the skin. There are rare reports1,2 of painful ery-
thema of the hands and feet, particularly the fingertips, with pro-
gression to blistering and desquamation (palmar-plantar erythro-
dysesthesia syndrome, p.639) after the use of high-dose
intravenous methotrexate. Purpuric skin lesions due to vasculitis
have occurred after both high-dose3 and low-dose4,5 methotrex-
ate. Accelerated rheumatoid nodulosis has been reported6,7 after
the use of methotrexate in patients with rheumatoid arthritis. Ero-
sion of psoriatic plaques, accompanied by pain and erythema,
has been seen8,9 after low-dose methotrexate therapy; blistering
and necrosis consistent with toxic epidermal necrolysis has oc-
curred.8 Possible exacerbation of a photosensitivity reaction to
ciprofloxacin has been described,10 and reactivation of sunburn
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has also been reported11 in a number of cases where methotrexate
was given within 2 to 5 days after the initial sunburn.
1. Doyle LA, et al. Erythema and desquamation after high-dose

methotrexate. Ann Intern Med 1983; 98: 611–12. 
2. Millot F, et al. Acral erythema in children receiving high-dose

methotrexate. Pediatr Dermatol 1999; 16: 398–400. 
3. Navarro M, et al. Leukocytoclastic vasculitis after high-dose

methotrexate. Ann Intern Med 1986; 105: 471–2. 
4. Marks CR, et al. Small-vessel vasculitis and methotrexate. Ann

Intern Med 1984; 100: 916. 
5. Torner O, et al. Methotrexate related cutaneous vasculitis. Clin

Rheumatol 1997; 16: 108–9. 
6. Williams FM, et al. Accelerated cutaneous nodulosis during

methotrexate therapy in a patient with rheumatoid arthritis. J
Am Acad Dermatol 1998; 39: 359–62. 

7. Filosa G, et al. Accelerated nodulosis during methotrexate ther-
apy for refractory rheumatoid arthritis: a case report. Adv Exp
Med Biol 1999; 455: 521–4. 

8. Reed KM, Sober AJ. Methotrexate-induced necrolysis. J Am
Acad Dermatol 1983; 8: 677–9. 

9. Pearce HP, Wilson BB. Erosion of psoriatic plaques: an early
sign of methotrexate toxicity. J Am Acad Dermatol 1996; 35:
835–8. 

10. Nedorost ST, et al. Drug-induced photosensitivity reaction.
Arch Dermatol 1989; 125: 433–4. 

11. Khan AJ, et al. Methotrexate and the photodermatitis reactiva-
tion reaction: a case report and review of the literature. Cutis
2000; 66: 379–82.

Hypersensitivity. There are rare reports of anaphylactic reac-
tions in patients given methotrexate. Reactions have usually oc-
curred in patients who had previous exposure to methotrexate,
but there are also reports of reaction during initial exposure to
high-dose intravenous therapy.1 Serious reactions have also been
described after low-dose intravenous2 and intrathecal3 use.
1. Alkins SA, et al. Anaphylactoid reactions to methotrexate. Can-

cer 1996; 77: 2123–6. 
2. Cohn JR, et al. Systemic anaphylaxis from low dose methotrex-

ate. Ann Allergy 1993; 70: 384–5. 
3. Devecioğlu Ö, et al. Systemic near-fatal anaphylactic reaction

after intrathecal methotrexate administration. Med Pediatr On-
col 2000; 34: 151–2.

Treatment of Adverse Effects
For general guidelines, see p.639. 
Folinic acid neutralises the immediate toxic effects of
methotrexate on the bone marrow. It is given as sodium
or calcium folinate orally, intramuscularly, by intrave-
nous bolus injection, or by infusion. When overdosage
is suspected the dose of folinate should be at least as
high as that of methotrexate and should be given as
soon as possible; further doses are given as required
preferably based on serum-methotrexate concentra-
tions. Folinate should be continued until serum-
methotrexate concentrations fall below 0.05 to
0.1 micromol/litre, which may necessitate prolonged
treatment in patients with delayed elimination. Other
dosage regimens, given intramuscularly or orally, may
be appropriate for more modest toxicity associated
with conventional doses of methotrexate. For details,
see under Folinic Acid, p.1944. After intrathecal over-
dose, the drainage of 30 mL of CSF within 15 minutes
removes about 95% of methotrexate; but methotrexate
rapidly enters the systemic circulation and folinic acid
treatment should be based on serum-methotrexate con-
centrations. 
Folinic acid is usually given with high-dose methotrex-
ate regimens to prevent damage to normal tissue (‘foli-
nic acid rescue’) and this is discussed in Uses and Ad-
ministration, below. 
An adequate flow of alkaline urine should be main-
tained after high doses of methotrexate to prevent pre-
cipitation of methotrexate or its metabolites in the renal
tubules; in addition to adequate hydration, the use of
acetazolamide or sodium bicarbonate is recommend-
ed. 
The recombinant glutamate carboxypeptidase glu-
carpidase (p.1447) rapidly hydrolyses methotrexate to
inactive metabolites, and is under investigation in the
management of methotrexate toxicity.
Folate supplementation. A discussion of the selection of the
appropriate route for folinic acid rescue with high-dose meth-
otrexate regimens.1 The general objective is to give folinic acid
(as folinate) at doses that maintain plasma concentrations of re-
duced folates at a level equivalent to or greater than the plasma-
methotrexate concentration. In any clinical situation suggesting
impaired gastrointestinal function calcium folinate should be
given by injection. Although absorption of intramuscular doses
is relatively complete and rapid the intravenous route is usually
preferable for other reasons, such as a reduced risk of bleeding at
injection sites. In the absence of impaired gastrointestinal func-
tion, and where there are no concomitant risk factors for meth-
otrexate toxicity, the oral route may be used provided that meth-

otrexate concentrations are expected to be less than
1 micromol/litre. For very high dose methotrexate regimens it is
generally appropriate to begin folinic acid rescue intravenously
to ensure adequate initial therapy, but the majority of the dosage
regimen can generally be given orally. 
There is no consensus on the use of folate supplementation in
patients taking low-dose methotrexate,2 although reviews have
concluded that supplementation with either folic or folinic acid
reduces adverse effects related to the liver function tests, gas-
trointestinal tract and oral mucosa.2,3 However, a study found
that while folate supplementation reduced the incidence of meth-
otrexate-related liver enzyme elevations, it had no effect on inci-
dence, severity, or duration of other adverse effects.4 Effects of
folate supplementation on the efficacy of methotrexate have
been inconclusive;3 some consider the effect to be small.4,5 There
is some suggestion that folinic acid, but not folic acid, may re-
duce the efficacy of methotrexate.2 However, an analysis6 of two
studies found a reduction in efficacy with folic acid supplemen-
tation. The issue of supplementation remains controversial, with
some recommending routine folic acid,2,5,7 and others suggesting
that folate only be added when demand for folate increases, such
as during infection or with antibacterial use.8
1. Rodman JH, Crom WR. Selecting an administration route for

leucovorin rescue. Clin Pharm 1989; 8: 617, 621. 
2. Whittle SL, Hughes RA. Folate supplementation and methotrex-

ate treatment in rheumatoid arthritis: a review. Rheumatology
(Oxford) 2004; 43: 267–71. 

3. Ortiz Z, et al. Folic acid and folinic acid for reducing side effects
in patients receiving methotrexate for rheumatoid arthritis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 1999 (accessed 08/02/06). 

4. van Ede AE, et al. Effect of folic or folinic acid supplementation
on the toxicity and efficacy of methotrexate in rheumatoid arthri-
tis: a forty-eight-week, multicenter, randomized, double-blind,
placebo-controlled study. Arthritis Rheum 2001; 44: 1515–24. 

5. Griffith SM, et al. Do patients with rheumatoid arthritis estab-
lished on methotrexate and folic acid 5 mg daily need to continue
folic acid supplements long term? Rheumatology (Oxford) 2000;
39: 1102–9. 

6. Khanna D, et al. Reduction of the efficacy of methotrexate by the
use of folic acid: post hoc analysis from two randomized control-
led studies. Arthritis Rheum 2005; 52: 3030–8. 

7. Hornung N, et al. Folate, homocysteine, and cobalamin status in
patients with rheumatoid arthritis treated with methotrexate, and
the effect of low dose folic acid supplement. J Rheumatol 2004;
31: 2374–81. 

8. Manna R, et al. Folic acid supplementation during methotrexate
treatment: nonsense? Rheumatology (Oxford) 2005; 44: 563–4.

Other drugs. Pretreatment with fluorouracil is reported to re-
duce the toxicity of methotrexate sufficiently to permit high-dose
methotrexate without the need for folinic acid rescue.1 Meth-
otrexate has also been given before fluorouracil to modulate its
activity (see Administration, in Fluorouracil, p.724). 
The acute neurotoxic effects of methotrexate have been reported
to be relieved by intravenous aminophylline or oral theophylline
in some children.2 
For reference to the ineffectiveness of diltiazem in preventing the
nephrotoxicity due to high-dose methotrexate, see Kidney Disor-
ders, under Diltiazem p.1267. 
For evidence that colestyramine might decrease serum-meth-
otrexate concentrations, see Interactions, below. For reference to
the use of glucarpidase to manage methotrexate-induced renal
toxicity see Effects on the Kidneys, above.
1. White RM. 5-Fluorouracil modulates the toxicity of high dose

methotrexate. J Clin Pharmacol 1995; 35: 1156–65. 
2. Bernini JC, et al. Aminophylline for methotrexate-induced neu-

rotoxicity. Lancet 1995; 345: 544–7.

Precautions
For general discussions see p.641. 
Methotrexate should be used with great care in patients
with bone-marrow, hepatic, or renal impairment. It
should also be used cautiously in ulcerative disorders
of the gastrointestinal tract, and in the elderly and the
very young. Pleural or ascitic effusions may act as a
depot for methotrexate and produce enhanced toxicity,
and should be drained before treatment. 
Regular monitoring of haematological, renal, and he-
patic function, and gastrointestinal toxicity is advisa-
ble. Treatment should be interrupted if myelosuppres-
sion, diarrhoea, or stomatitis occur. Dyspnoea or cough
may be a sign of pulmonary toxicity and patients
should be advised to contact their doctor if they devel-
op these symptoms. Treatment should be withdrawn
and the patient investigated to exclude infection. If
methotrexate-induced lung disease is suspected corti-
costeroid therapy may be started and further treatment
with methotrexate should not be given. Patients or their
carers should report any symptoms or signs suggestive
of infection, especially sore throat. 
In patients receiving low-dose methotrexate for pso-
riasis or rheumatoid arthritis full blood counts and
renal and liver function tests should be performed be-

fore starting treatment and repeated regularly thereafter
(for discussion of guidelines for monitoring in these
patients see Effects on the Liver, above). Treatment
should be interrupted if myelosuppression, stomatitis,
or any abnormality of liver function is detected. Meth-
otrexate should not be used to treat rheumatoid arthritis
or psoriasis in patients with alcoholism, liver disease or
persistent abnormal liver function tests, or in those
with significant renal impairment, immunodeficiency,
or blood disorders. A test dose has been recommended.
Severe or fatal toxicity has resulted from overdosage
when doses intended for a low-dose weekly regimen
were mistakenly taken daily, and particular care should
be taken to avoid confusion about dosage frequency. 
With high-dose regimens, serum concentrations of
methotrexate should be monitored. Maintenance of an
adequate flow of alkaline urine is essential (see Treat-
ment of Adverse Effects, above). 
Methotrexate is a potent teratogen and should be
avoided in pregnancy. Some manufacturers advise
that conception should be avoided for at least 6 months
after therapy but others consider 3 months adequate.
Blood products. Enhanced toxicity was seen in 2 of 14 patients
receiving methotrexate by 24-hour infusion when packed red
cells were transfused immediately after the methotrexate infu-
sion.1 Erythrocytes act as reservoirs for methotrexate and proba-
bly resulted in the prolonged high serum-methotrexate concen-
trations seen in these patients. Great care should be exercised
whenever packed red blood cells and methotrexate are given
concurrently.
1. Yap AKL, et al. Methotrexate toxicity coincident with packed

red cell transfusions. Lancet 1986; ii: 641.

Breast feeding. Methotrexate has been detected in breast milk
in low concentrations.1 The American Academy of Pediatrics
considers2 that methotrexate may interfere with cellular metabo-
lism, causing neutropenia and possibly immune suppression in
the nursing infant, and has unknown effects on growth, and an
association with carcinogenesis.
1. Johns DG, et al. Secretion of methotrexate into human milk. Am

J Obstet Gynecol 1972; 112: 978–80. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 30/06/04)

Handling and disposal. Care should be taken to avoid inhala-
tion of methotrexate or contact with skin and mucous mem-
branes. It may cause irritation of the eyes. 
Methods have been published for the oxidative destruction of
methotrexate wastes using potassium permanganate and sulfuric
acid, aqueous alkaline potassium permanganate, or sodium hy-
pochlorite.1 The first method may also be used for dichlorometh-
otrexate. Residues produced by the degradation of methotrexate
by these methods showed no mutagenicity in vitro. 
Urine and faeces produced for up to 72 hours and 7 days respec-
tively after a dose of methotrexate should be handled wearing
protective clothing.2

1. Castegnaro M, et al. eds. Laboratory decontamination and de-
struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Hepatitis. Reactivation of hepatitis B infection, with the devel-
opment of hepatocellular necrosis and fulminant hepatic failure
requiring liver transplantation, developed on stopping low-dose
methotrexate therapy in a patient with rheumatoid arthritis who
was also an asymptomatic chronic hepatitis B carrier.1 It was
suggested that all patients being considered for low-dose meth-
otrexate therapy should be screened for the presence of serum
HBsAg before beginning therapy.
1. Flowers MA, et al. Fulminant hepatitis as a consequence of re-

activation of hepatitis B virus infection after discontinuation of
low-dose methotrexate therapy. Ann Intern Med 1990; 112:
381–2.

Porphyria. Methotrexate is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

PUVA. Of a total of 94 patients with psoriasis and 38 with my-
cosis fungoides treated with PUVA therapy (methoxsalen and ul-
traviolet light) 2 of the former also given methotrexate developed
skin cancers.1 It was suggested that the combination of meth-
otrexate and PUVA may be synergistic in inducing cutaneous
malignancy. However, in a cohort study2 of patients with severe
psoriasis, exposure to methotrexate for at least 4 years was asso-
ciated with an increase in risk of squamous cell carcinoma but
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not basal cell carcinoma, and no interaction was found between
methotrexate and PUVA.
1. Fitzsimons CP, et al. Synergistic carcinogenic potential of meth-

otrexate and PUVA in psoriasis. Lancet 1983; i: 235–6. 
2. Stern RS, Laird N. The carcinogenic risk of treatments for severe

psoriasis. Cancer 1994; 73: 2759–64.

Radiation. Analysis of neutrophil counts for 18 months in chil-
dren with acute lymphoblastic leukaemia showed that meth-
otrexate-induced neutropenia was significantly greater in pa-
tients given CNS irradiation and was considered to have
contributed to 3 of 5 deaths during remission.1 
For the effect of cranial irradiation and intrathecal methotrexate
on intellectual development, see Effects on Mental Function,
above.
1. Report to the Medical Research Council of the Working Party on

Leukaemia in Childhood. Analysis of treatment in childhood
leukaemia: I—predisposition to methotrexate-induced neutrope-
nia after craniospinal irradiation. BMJ 1975; 3: 563–6.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. The effects of methotrexate may be
enhanced by drugs that decrease its renal excretion,
such as NSAIDs and salicylates, probenecid, and some
penicillins. Fatal toxicity has occurred in patients given
NSAIDs with methotrexate (see below). Severe toxic-
ity has occurred rarely when co-trimoxazole or tri-
methoprim was given with methotrexate. Use with oth-
er myelotoxic, hepatotoxic, or nephrotoxic agents may
increase the risk of toxicity. Folic acid and its deriva-
tives may decrease the effectiveness of methotrexate,
although they are often used together to reduce meth-
otrexate toxicity (see Treatment of Adverse Effects,
above). 
Animal studies suggested methotrexate toxicity may be
increased by chloramphenicol, para-aminobenzoic ac-
id, and hypoglycaemics, but there does not appear to be
any evidence of this clinically.
Antibacterials. The oral aminoglycosides neomycin1 and
paromomycin2 have been reported to reduce the gastrointestinal
absorption of methotrexate. Various penicillins have been report-
ed to markedly decrease the clearance of methotrexate given in-
travenously for treatment of neoplasms,3-6 although ceftazidime
may not.4 There have also been a few reports of penicillins pos-
sibly exacerbating the toxicity of low-dose methotrexate in pa-
tients being treated for psoriasis or rheumatoid arthritis, but a
small study found that although flucloxacillin decreased meth-
otrexate clearance slightly, this was not clinically significant.7
Methotrexate toxicity has been reported in a patient receiving
low-dose methotrexate after a course of tetracycline.8 In a patient
receiving high-dose methotrexate, giving doxycycline before the
eleventh cycle was believed to be responsible for an exacerbation
of methotrexate toxicity, with raised plasma concentrations and
reduced clearance of methotrexate.9 Sulfonamides such as sul-
fafurazole and sulfamethoxazole may displace methotrexate
from binding sites10 and reduce renal clearance.11 Megaloblastic
pancytopenia has been reported on a number of occasions when
methotrexate was given with co-trimoxazole12-14 or trimetho-
prim;13,15,16 possible mechanisms involved include an additive
antifolate effect, in addition to the effect of the sulfamethoxazole
component in the case of co-trimoxazole.
1. Shen DD, Azarnoff DL. Clinical pharmacokinetics of meth-

otrexate. Clin Pharmacokinet 1978; 3: 1–13. 
2. Cohen MH, et al. Effect of oral prophylactic broad spectrum

nonabsorbable antibiotics on the gastrointestinal absorption of
nutrients and methotrexate in small cell bronchogenic carcino-
ma patients. Cancer 1976; 38: 1556. 

3. Bloom EJ, et al. Delayed clearance (CL) of methotrexate
(MTX) associated with antibiotics and antiinflammatory agents.
Clin Res 1986; 34: 560A. 

4. Yamamoto K, et al. Delayed elimination of methotrexate asso-
ciated with piperacillin administration. Ann Pharmacother
1997; 31: 1261–2. 

5. Dean R, et al. Possible methotrexate-mezlocillin interaction.
Am J Pediatr Hematol Oncol 1992; 14: 88–9. 

6. Ronchera CL, et al. Pharmacokinetic interaction between high-
dose methotrexate and amoxycillin. Ther Drug Monit 1993; 15:
375–9. 

7. Herrick AL, et al. Lack of interaction between flucloxacillin
and methotrexate in patients with rheumatoid arthritis. Br J Clin
Pharmacol 1996; 41: 223–7. 

8. Turck M. Successful psoriasis treatment then sudden ‘cytotox-
icity’. Hosp Pract 1984; 19: 175–6. 

9. Tortajada-Ituren JJ, et al. High-dose methotrexate—doxycy-
cline interaction. Ann Pharmacother 1999; 33: 804–8. 

10. Liegler DG, et al. The effect of organic acids on renal clearance
of methotrexate in man. Clin Pharmacol Ther 1969; 10:
849–57. 

11. Ferrazzini G, et al. Interaction between trimethoprim-sulfame-
thoxazole and methotrexate in children with leukemia. J Pediatr
1990; 117: 823–6. 

12. Liddle BJ, Marsden JR. Drug interactions with methotrexate. Br
J Dermatol 1989; 120: 582–3. 

13. Jeurissen ME, et al. Pancytopenia and methotrexate with tri-
methoprim-sulfamethoxazole. Ann Intern Med 1989; 111: 261. 

14. Groenendal H, Rampen FHJ. Methotrexate and trimetho-
prim–sulphamethoxazole—a potentially hazardous combina-
tion. Clin Exp Dermatol 1990; 15: 358–60. 

15. Steuer A, Gumpel JM. Methotrexate and trimethoprim: a fatal
interaction. Br J Rheumatol 1998; 37: 105–6. 

16. Govert JA, et al. Pancytopenia from using trimethoprim and
methotrexate. Ann Intern Med 1992; 117: 877–8.

Antiepileptics. For mention of the reduction in serum-
valproate concentration produced by methotrexate see p.511.
Antineoplastics. Enhanced methotrexate toxicity might be ex-
pected with nephrotoxic agents (such as cisplatin) that can re-
duce methotrexate excretion by impairing renal function. Se-
quential use of methotrexate and fluorouracil may result in
synergistic enhancement of effect (see Administration, in Fluoro-
uracil, p.724), and equally, fluorouracil before methotrexate may
reduce its toxicity (see Other Drugs, under Treatment of Adverse
Effects, above), but if asparaginase (p.682) is given before
methotrexate the cytotoxic effect of methotrexate may be re-
duced. 
Methotrexate may increase the bioavailability of mercaptopu-
rine, probably by interference with first-pass metabolism (see
p.744).
Colestyramine. Serum-methotrexate concentrations were
markedly reduced in 3 patients given colestyramine to treat
methotrexate toxicity.1,2 Colestyramine appears to bind meth-
otrexate and reduce its enterohepatic recirculation.
1. Erttmann R, Landbeck G. Effect of oral cholestyramine on the

elimination of high-dose methotrexate. J Cancer Res Clin Oncol
1985; 110: 48–50. 

2. Shinozaki T, et al. Successful rescue by oral cholestyramine of a
patient with methotrexate nephrotoxicity: nonrenal excretion of
serum methotrexate. Med Pediatr Oncol 2000; 34: 226–8.

Dantrolene. Dantrolene was considered to have caused meth-
otrexate toxicity in a patient given high-dose methotrexate.1
1. André N, et al. Can dantrolene contribute to methotrexate toxic-

ity? Ann Pharmacother 2006; 40: 1695–6.

Gastrointestinal drugs. Elevated serum concentrations of
methotrexate were reported when it was given to 2 patients also
receiving omeprazole.1,2 The effect was not seen with subse-
quent cycles of methotrexate therapy once omeprazole had been
stopped. In another case3 however, raised methotrexate concen-
trations were thought to be due to an interaction with omepra-
zole, but were identical during a second cycle after omeprazole
had been withdrawn. Severe generalised myalgia and bone pain
were reported in a patient who received methotrexate and panto-
prazole.4 The same reaction occurred on rechallenge with the
combination, but not with methotrexate alone. Although meth-
otrexate concentrations were unchanged, concentrations of the
metabolite 7-hydroxymethotrexate were raised suggesting an in-
teraction with its renal elimination. Lansoprazole has been re-
ported not to affect the pharmacokinetics of methotrexate.5
1. Reid T, et al. Impact of omeprazole on the plasma clearance of

methotrexate. Cancer Chemother Pharmacol 1993; 33: 82–4. 
2. Beorlegui B, et al. Potential interaction between methotrexate

and omeprazole. Ann Pharmacother 2000; 34: 1024–7. 
3. Whelan J, et al. Omeprazole does not alter plasma methotrexate

clearance. Cancer Chemother Pharmacol 1999; 44: 88–9. 
4. Tröger U, et al. Severe myalgia from an interaction between

treatments with pantoprazole and methotrexate. BMJ 2002; 324:
1497. 

5. Vakily M, et al. Coadministration of lansoprazole and naproxen
does not affect the pharmacokinetic profile of methotrexate in
adult patients with rheumatoid arthritis. J Clin Pharmacol 2005;
45: 1179–86.

Immunosuppressants. For reports of enhanced toxicity with
ciclosporin in patients who have received methotrexate see
p.1826.
Leflunomide. For a report of the effect of methotrexate in pa-
tients receiving leflunomide, see p.76.
Nitrous oxide. Severe unpredictable myelosuppression and
stomatitis have been attributed to the use of nitrous oxide anaes-
thesia in patients receiving methotrexate, potentiating the effects
of methotrexate on folate metabolism.1 The effect could be re-
duced by the use of folinic acid rescue.
1. Goldhirsch A, et al. Methotrexate/nitrous-oxide toxic interaction

in perioperative chemotherapy for early breast cancer. Lancet
1987; ii: 151.

NSAIDs. Severe, and in some cases fatal, aggravation of meth-
otrexate toxicity has been reported when it was given with vari-
ous NSAIDs including aspirin and other salicylates,1,2 azapro-
pazone,3 diclofenac,4 indometacin,4,5 and ketoprofen.6 The
mechanism is uncertain but may include both displacement of
methotrexate from protein-binding sites or an effect of NSAIDs
on the kidney resulting in reduced methotrexate excretion.6,7

Naproxen has been reported not to affect the pharmacokinetics of
methotrexate,8,9 but a fatal interaction has nonetheless been re-
ported.10 Despite the risks, some commentators have pointed out
that methotrexate and NSAIDs are frequently used together in
the treatment of rheumatoid arthritis,11,12 and that provided this is
done with caution, in low doses, and patients are appropriately
monitored and cautioned to avoid additional ‘over-the-counter’
analgesics, such combinations need not be contra-indicated. A
study in patients receiving low-dose methotrexate for rheuma-
toid arthritis suggested that flurbiprofen, ketoprofen, or piroxi-
cam did not influence methotrexate clearance.13 A case of meth-

otrexate toxicity has nevertheless been described14 in an elderly
woman when flurbiprofen was added to low-dose methotrexate
therapy. 
Manufacturers of methotrexate generally contra-indicate the use
of NSAIDs with high-dose methotrexate.
1. Baker H. Intermittent high dose oral methotrexate therapy in

psoriasis. Br J Dermatol 1970; 82: 65–9. 
2. Zuik M, Mandel MA. Methotrexate-salicylate interaction: a

clinical and experimental study. Surg Forum 1975; 26: 567–9. 
3. Daly HM, et al. Methotrexate toxicity precipitated by azapropa-

zone. Br J Dermatol 1986; 114: 733–5. 
4. Gabrielli A, et al. Methotrexate and nonsteroidal anti-inflam-

matory drugs. BMJ 1987; 294: 776. 
5. Maiche AG. Acute renal failure due to concomitant action of

methotrexate and indomethacin. Lancet 1986; i: 1390. 
6. Thyss A, et al. Clinical and pharmacokinetic evidence of a life-

threatening interaction between methotrexate and ketoprofen.
Lancet 1986; i: 256–8. 

7. Furst DE, et al. Effect of aspirin and sulindac on methotrexate
clearance. J Pharm Sci 1990; 79: 782–6. 

8. Stewart CF, et al. Coadministration of naproxen and low-dose
methotrexate in patients with rheumatoid arthritis. Clin Phar-
macol Ther 1990; 47: 540–6. 

9. Vakily M, et al. Coadministration of lansoprazole and naproxen
does not affect the pharmacokinetic profile of methotrexate in
adult patients with rheumatoid arthritis. J Clin Pharmacol 2005;
45: 1179–86. 

10. Singh RR, et al. Fatal interaction between methotrexate and
naproxen. Lancet 1986; i: 1390. 

11. Tully M. NSAIDs. Pharm J 1991; 247: 746. 
12. Zachariae H. Methotrexate and nonsteroidal anti-inflammatory

drugs. Br J Dermatol 1992; 126: 95. 
13. Tracy TS, et al. Methotrexate disposition following concomi-

tant administration of ketoprofen, piroxicam and flurbiprofen in
patients with rheumatoid arthritis. Br J Clin Pharmacol 1994;
37: 453–6. 

14. Frenia ML, Long KS. Methotrexate and nonsteroidal antiin-
flammatory drug interactions. Ann Pharmacother 1992; 26:
234–7.

Probenecid. Probenecid can produce two- to fourfold increases
in serum-methotrexate concentrations,1-3 presumably by inhibit-
ing renal excretion of methotrexate. Although probenecid has
been shown to reduce protein binding of methotrexate,4 usual
doses of probenecid are unlikely to significantly affect meth-
otrexate elimination by this mechanism. A woman receiving
low-dose weekly methotrexate for rheumatoid arthritis devel-
oped severe pancytopenia when probenecid was given for
asymptomatic hyperuricaemia.5
1. Aherne GW, et al. Prolongation and enhancement of serum

methotrexate concentrations by probenecid. BMJ 1978; 1:
1097–9. 

2. Howell SB, et al. Effect of probenecid on cerebrospinal fluid
methotrexate kinetics. Clin Pharmacol Ther 1979; 26: 641–6. 

3. Lilly MB, Omura GA. Clinical pharmacology of oral intermedi-
ate-dose methotrexate with or without probenecid. Cancer
Chemother Pharmacol 1985; 15: 220–2. 

4. Paxton JW. Interaction of probenecid with the protein binding of
methotrexate. Pharmacology 1984; 28: 86–9. 

5. Basin KS, et al. Severe pancytopenia in a patient taking low dose
methotrexate and probenecid. J Rheumatol 1991; 18: 609–10.

Retinoids. An increased risk of hepatotoxicity has been report-
ed when methotrexate and etretinate are given together,1 possi-
bly due to increased plasma concentrations of methotrexate.2,3

1. Zachariae H. Dangers of methotrexate/etretinate combination
therapy. Lancet 1988; i: 422. 

2. Harrison PV, et al. Methotrexate and retinoids in combination for
psoriasis. Lancet 1987; ii: 512. 

3. Larsen FG, et al. Interaction of etretinate with methotrexate phar-
macokinetics in psoriatic patients. J Clin Pharmacol 1990; 30:
802–7.

Xanthines. For mention of the effect of methotrexate on the
clearance of theophylline, see Antineoplastics, under Interac-
tions of Theophylline, p.1144.

Pharmacokinetics
When given in low doses, methotrexate is rapidly ab-
sorbed from the gastrointestinal tract, but higher doses
are less well absorbed. It is also rapidly and completely
absorbed after intramuscular doses. Peak serum con-
centrations are achieved in 1 to 2 hours after an oral
dose, and 30 to 60 minutes after an intramuscular one. 
Methotrexate is distributed to tissues and extracellular
fluid with a steady-state volume of distribution of 0.4
to 0.8 litres/kg; it penetrates ascitic fluid and effusions,
which may act as a depot and thus enhance toxicity.
Clearance from plasma is reported to be triphasic, with
a terminal elimination half-life of between 3 and 10
hours after doses less than 30 mg/m2 or 8 to 15 hours
after high-dose parenteral therapy. It is about 50%
bound to plasma protein. Methotrexate enters the cells
in part by an active transport mechanism and is bound
as polyglutamate conjugates: bound drug may remain
in the body for several months, particularly in the liver. 
Only small or insignificant amounts cross the blood-
brain barrier and enter the CSF after oral or parenteral
doses although this may be increased by giving higher
doses; however, after intrathecal doses there is signifi-
cant passage into the systemic circulation. 
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Methotrexate has been detected in very small amounts
in saliva and breast milk. It crosses the placenta. 
Methotrexate does not appear to undergo significant
metabolism at low doses; after high-dose therapy the 7-
hydroxy metabolite has been detected. Methotrexate
may be partly metabolised by the intestinal flora after
oral doses. It is excreted primarily in the urine, by
glomerular filtration and active tubular secretion.
Small amounts are excreted in bile and found in faeces;
there is some evidence for enterohepatic recirculation. 
Considerable interindividual variation exists in the
pharmacokinetics of methotrexate: those patients in
whom clearance is delayed are at increased risk of tox-
icity.
◊ References.
1. Shen DD, Azarnoff DL. Clinical pharmacokinetics of methotrex-

ate. Clin Pharmacokinet 1978; 3: 1–13. 
2. Balis FM, et al. Clinical pharmacokinetics of commonly used

anticancer drugs. Clin Pharmacokinet 1983; 8: 202–32. 
3. Wang Y-M, Fujimoto T. Clinical pharmacokinetics of methotrex-

ate in children. Clin Pharmacokinet 1984; 9: 335–48. 
4. Witter FR. Clinical pharmacokinetics in the treatment of rheu-

matoid arthritis in pregnancy. Clin Pharmacokinet 1993; 25:
444–9. 

5. Bannwarth B, et al. Clinical pharmacokinetics of low-dose pulse
methotrexate in rheumatoid arthritis. Clin Pharmacokinet 1996;
30: 194–210. 

6. Chládek J, et al. Pharmacokinetics and pharmacodynamics of
low-dose methotrexate in the treatment of psoriasis. Br J Clin
Pharmacol 2002; 54: 147–56. 

7. Grim J, et al. Pharmacokinetics and pharmacodynamics of meth-
otrexate in non-neoplastic diseases. Clin Pharmacokinet 2003;
42: 139–51. 

8. Aumente D, et al. Population pharmacokinetics of high-dose
methotrexate in children with acute lymphoblastic leukaemia.
Clin Pharmacokinet 2006; 45: 1227–38. 

9. Thompson PA, et al. Methotrexate pharmacokinetics in infants
with acute lymphoblastic leukemia. Cancer Chemother Pharma-
col 2007; 59: 847–53.

Uses and Administration
Methotrexate is an antineoplastic that acts as an an-
timetabolite of folic acid. It also has immunosuppres-
sant properties. Within the cell, folic acid is reduced to
dihydrofolic and then tetrahydrofolic acid. Methotrex-
ate competitively inhibits the enzyme dihydrofolate re-
ductase and prevents the formation of tetrahydrofolate
which is necessary for purine and pyrimidine synthesis
and consequently the formation of DNA and RNA. It
is most active against cells in the S phase of the cell
cycle. Folinic acid (the 5-formyl derivative of tetrahy-
drofolic acid) has been given after high doses to bypass
the block in tetrahydrofolate production in normal cells
and prevent the adverse effects of methotrexate. A sug-
gested schedule for folinic acid rescue is described un-
der Folinic Acid, p.1944. (See also Treatment of Ad-
verse Effects, above). Methotrexate, in very high
doses, followed by folinic acid rescue, is used in treat-
ing some malignant diseases. 
Methotrexate is used in the management of acute lym-
phoblastic leukaemia. It is seldom used for the induc-
tion of remission but is employed in maintenance pro-
grammes and in the prophylaxis and treatment of
meningeal leukaemia. It may be used for Burkitt’s and
other non-Hodgkin’s lymphomas. In the solid neo-
plasms it is an important part of curative regimens for
choriocarcinoma and other gestational trophoblastic
tumours, and for the adjuvant therapy of osteosarcoma
and breast cancer. It may also be used in malignant ne-
oplasms of the bladder and head and neck, and some
other neoplasms, as indicated by the cross references
given below. 
Methotrexate is of value in the treatment of psoriasis
but because of the risks associated with this use, it
should only be given when the disease is severe and
has not responded to other forms of treatment. It is
widely used as a disease-modifying antirheumatic drug
in rheumatoid arthritis. Methotrexate may be used to
prevent graft-versus-host disease after bone marrow
transplantation and may be used as a cytotoxic immu-
nosuppressant and corticosteroid-sparing agent in non-
malignant diseases. 
Methotrexate has a role in the management of ectopic
pregnancy and in the termination of early pregnancy
(see below). 

Methotrexate may be given orally as the base or the
sodium salt, or by injection as the sodium salt. Doses
are calculated in terms of methotrexate. Methotrexate
sodium 16.5 mg is equivalent to about 15 mg of meth-
otrexate. The doses and regimens used vary enormous-
ly, and may need to be adjusted according to bone mar-
row or other toxicity (see also under Bone-marrow
Depression, p.639). Doses larger than 100 mg are usu-
ally given partly or wholly by intravenous infusion
over not more than 24 hours. 
A common dose for maintenance therapy of acute lym-
phoblastic leukaemia is 15 mg/m2 once or twice
weekly, orally or intramuscularly, with other agents
such as mercaptopurine; 20 to 30 mg/m2 twice weekly
has also been given. Alternatively, 2.5 mg/kg may be
given intravenously every 14 days. Meningeal leukae-
mia may be treated by the intrathecal injection of
12 mg/m2 (maximum 15 mg) once weekly for 2 to 3
weeks, then once monthly; an alternative is 200 to
500 micrograms/kg at intervals of 2 to 5 days until the
cell count of the CSF returns to normal. Another regi-
men has been recommended for children based on age,
with children under the age of 1 year receiving 6 mg,
8 mg for those 1 year of age, 10 mg in 2-year-olds, and
12 mg in those 3 years of age or older. Intrathecal doses
have also sometimes been given prophylactically to
patients with lymphoblastic leukaemia in association
with intrathecal cytarabine and hydrocortisone. Meth-
otrexate in intravenous doses of about 500 mg/m2, fol-
lowed by folinic acid rescue, may also produce effec-
tive concentrations in the CSF and has been used for
meningeal leukaemia. 
Choriocarcinoma has been treated with doses of 15 to
30 mg daily orally or intramuscularly for 5 days repeat-
ed after an interval of 1 week or more, for 3 to 5 cours-
es. Alternatively 0.25 to 1 mg/kg up to a maximum of
60 mg has been given intramuscularly every 48 hours
for 4 doses, followed by folinic acid rescue, and repeat-
ed at intervals of 7 days for 4 or more courses. Combi-
nation chemotherapy may be necessary in patients with
metastases. 
Doses of 10 to 60 mg/m2 are given intravenously in the
treatment of breast cancer, often with cyclophospha-
mide and fluorouracil. 
In advanced lymphosarcoma doses of 0.625 to
2.5 mg/kg daily have been suggested with other anti-
neoplastics. Alternatively, higher doses of up to
30 mg/kg have been given intravenously, followed by
folinic acid rescue. For Burkitt’s lymphoma 10 to
25 mg of oral methotrexate has been given daily for 4
to 8 days, repeated after an interval of 7 to 10 days,
while patients with mycosis fungoides may be given an
oral dose of 2.5 to 10 mg daily to induce remission; al-
ternatively 50 mg may be given weekly as a single
dose or two divided doses, by intramuscular injection. 
Very high doses, in the range 12 to 15 g/m2 have been
given by intravenous infusion, followed by folinic ac-
id, as part of combined adjuvant therapy in patients
with osteosarcoma. High-dose regimens have been
tried in other malignancies, including carcinoma of the
lung and of the head and neck. 
Single weekly doses of 10 to 25 mg may be given oral-
ly or by intramuscular or intravenous injection in the
treatment of psoriasis and adjusted by response. Other,
more frequent, regimens have been used but a weekly
dosage regimen appears to be less hepatotoxic than a
daily one. In the treatment of rheumatoid arthritis
doses of 7.5 mg orally once weekly are used, adjusted
by response and not exceeding 20 mg/week. 
It is essential that blood counts and tests of renal and
liver function should be made before, during, and after
each course of treatment with methotrexate (see Pre-
cautions, above).
Asthma. Various immunosuppressants, including methotrex-
ate, have been tried for their anti-inflammatory and corticoster-
oid-sparing properties in chronic asthma (p.1108), but because of
fears about toxicity are largely reserved for certain patients de-
pendent upon systemic corticosteroids. Results of individual

studies with methotrexate have been conflicting, but it appears
that some patients may benefit from the corticosteroid-sparing
effects of methotrexate.1,2 However, other reviewers considered
that the reduction in corticosteroid dose was insufficient to offset
the adverse effects of methotrexate.3 Methotrexate therapy must
be given for at least 3 months for an adequate assessment of effi-
cacy.
1. Shulimzon TR, Shiner RJ. A risk-benefit assessment of meth-

otrexate in corticosteroid-dependent asthma. Drug Safety 1996;
15: 283–90. 

2. Marin MG. Low-dose methotrexate spares steroid usage in ster-
oid-dependent asthmatic patients: a meta-analysis. Chest 1997;
112: 29–33. 

3. Davies H, et al. Methotrexate as a steroid sparing agent for asth-
ma in adults. Available in The Cochrane Database of Systematic
Reviews; Issue 3. Chichester: John Wiley; 1998 (accessed
12/05/05).

Connective tissue and muscular disorders. Reports in a
limited number of patients indicate that methotrexate given once
weekly in low to moderate doses may be of benefit in patients
with SLE (p.1513), with benefit reported particularly for joint
and mucocutaneous symptoms.1 In a retrospective analysis of
patients with cutaneous lupus erythematosus, low doses of meth-
otrexate significantly decreased disease activity.2 
Methotrexate therapy has been investigated for its potential cor-
ticosteroid-sparing properties in polymyalgia rheumatica
(p.1510). Different regimens have been tried and although one
study3 reported benefit, others4,5 found no evidence of clinical
efficacy or a corticosteroid-sparing effect. 
Methotrexate is widely used in rheumatoid arthritis (see below)
and in polymyositis (p.1510), and has been tried in Cogan’s syn-
drome (p.1502).
1. Sato EI. Methotrexate therapy in systemic lupus erythematosus.

Lupus 2001; 10: 162–4. 
2. Wenzel J, et al. Efficacy and safety of methotrexate in recalci-

trant cutaneous lupus erythematosus: results of a retrospective
study in 43 patients. Br J Dermatol 2005; 153: 157–62. 

3. Ferraccioli G, et al. Methotrexate in polymyalgia rheumatica:
preliminary results of an open, randomized study. J Rheumatol
1996; 23: 624–8. 

4. Feinberg HL, et al. The use of methotrexate in polymyalgia rheu-
matica. J Rheumatol 1996; 23: 1550–2. 

5. van der Veen MJ, et al. Can methotrexate be used as a steroid
sparing agent in the treatment of polymyalgia rheumatica and
giant cell arteritis? Ann Rheum Dis 1996; 55: 218–23.

Ectopic pregnancy. Ectopic pregnancy occurs when the ferti-
lised ovum implants outside the uterus, usually in the fallopian
tube itself (tubal pregnancy). Earlier detection has become pos-
sible due to improved diagnostic techniques. In many countries,
there has been a rise in the rate of ectopic pregnancies followed
by a decline; this may be partly due to increasing rates of infec-
tion with Chlamydia, followed by the effect of prevention, and
changes in the popularity of intra-uterine devices.1 Although ec-
topic pregnancies may spontaneously abort early, without clini-
cal sequelae, the potential adverse effects are serious, ranging
from pelvic pain and bleeding at 5 to 6 weeks of gestation (indis-
tinguishable from spontaneous abortion), to potentially fatal in-
tra-abdominal haemorrhage later in the course of an otherwise
asymptomatic pregnancy. 
Laparoscopic surgery remains the standard treatment.1-3 In some
countries non-surgical methods are increasing in popularity be-
cause of earlier diagnosis.1,4 Perhaps the most experience of the
latter has been with methotrexate. Management with intramus-
cular methotrexate may be appropriate for selected women with
small unruptured tubal pregnancies who are haemodynamically
stable, have low serum-chorionic gonadotrophin concentrations,
and lack contra-indications to methotrexate use.2-6 Surgery is
preferred where there is cardiac activity in the conceptus, since a
living embryo increases resistance to methotrexate.5,6 Two regi-
mens of intramuscular methotrexate have been described. A
multiple-dose regimen of 1 mg/kg on 4 alternate days, with foli-
nic acid rescue,1 has similar efficacy to surgery.3 A single dose of
50 mg/m2 can be used instead1,4 but systematic reviews have in-
dicated that it has a higher failure rate than surgery3,7 and about
20% of patients will require more than one cycle of treatment.4
The addition of an oral dose of mifepristone to single-dose meth-
otrexate has been investigated1,8,9 and may reduce treatment fail-
ure rates. 
Methotrexate has been given by local injection directly into the
ectopic (salpingocentesis). Doses of 1 mg/kg or 50 mg have been
used10 but this technique is significantly less successful than sur-
gery.3 Systemic methotrexate (with folinic acid rescue) has also
been reported to be effective in resolving persistent ectopic preg-
nancy unsuccessfully treated with surgery. 
The role of other agents in the management of ectopic pregnancy
is less well established. Local instillation of glucose 50% by salp-
ingocentesis has also been used in the treatment of ectopic preg-
nancy,10,11 but one study was stopped because of a higher failure
rate with glucose treatment compared with local methotrexate.12 
Methotrexate may also be used in the termination of early uterine
pregnancy (see below).
1. Farquhar CM. Ectopic pregnancy. Lancet 2005; 366: 583–91. 
2. Tay JI, et al. Ectopic pregnancy. BMJ 2000; 320: 916–9. Cor-

rection. ibid.; 321: 424. 
3. Hajenius PJ, et al. Interventions for tubal ectopic pregnancy.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2007 (accessed 19/05/08). 

4. Lipscomb GH, et al. Nonsurgical treatment of ectopic pregnan-
cy. N Engl J Med 2000; 343: 1325–9. 
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5. Lipscomb GH, et al. Predictors of success of methotrexate treat-

ment in women with tubal ectopic pregnancies. N Engl J Med
1999; 341: 1974–8. 

6. American College of Obstetricians and Gynecologists. ACOG
practice bulletin: medical management of tubal pregnancy.
Number 3, December 1998. Int J Gynecol Obstet  1999; 65:
97–103. 

7. Parker J, et al. A systematic review of single-dose intramuscular
methotrexate for the treatment of ectopic pregnancy. Aust N Z J
Obstet Gynaecol 1998; 38: 145–50. 

8. Gazvani MR, et al. Mifepristone in combination with meth-
otrexate for the medical treatment of tubal pregnancy: a rand-
omized, controlled trial. Hum Reprod 1998; 13: 1987–90. 

9. Perdu M, et al. Treating ectopic pregnancy with the combina-
tion of mifepristone and methotrexate: a phase II nonrand-
omized study. Am J Obstet Gynecol 1998; 179: 640–3. 

10. Natofsky JG, et al. Ultrasound-guided injection of ectopic preg-
nancy. Clin Obstet Gynecol 1999; 42: 39–47. 

11. Lang PFJ, et al. Laparoscopic instillation of hyperosmolar glu-
cose vs. expectant management of tubal pregnancies with serum
hCG≤2500 mIU/mL. Acta Obstet Gynecol Scand 1997; 76:
797–800. 

12. Sadan O, et al. Methotrexate versus hyperosmolar glucose in the
treatment of extrauterine pregnancy. Arch Gynecol Obstet 2001;
265: 82–4.

Inflammatory bowel disease. Methotrexate (given intra-
muscularly once weekly in a dose of 25 mg) was reported to im-
prove symptoms and reduce corticosteroid requirements in a
large controlled study in patients with chronic active Crohn’s dis-
ease.1 Those patients who were in remission after 16 weeks of
methotrexate treatment were entered into a further placebo-con-
trolled trial2 of methotrexate 15 mg weekly by intramuscular in-
jection. During 40 weeks of follow-up, a higher proportion of
patients receiving methotrexate remained in remission, and had
fewer relapses. Smaller studies have also reported modest benefit
for oral methotrexate 12.5 to 22.5 mg/week in chronic active dis-
ease.3,4 Subcutaneous methotrexate has also been used.5 A
review6 concluded that low-dose methotrexate could be recom-
mended for induction of remission and for its corticosteroid-
sparing effect in refractory and corticosteroid-dependent Crohn’s
disease, although the precise indications, dose, and route for its
use were still unclear. The value of methotrexate in ulcerative
colitis is doubtful: although benefits have been seen in some pa-
tients,5,7 a study in active ulcerative colitis found no significant
differences between oral methotrexate 12.5 mg/week and place-
bo.8 For a discussion of inflammatory bowel disease, see p.1697.
1. Feagan BG, et al. Methotrexate for the treatment of Crohn’s dis-

ease. N Engl J Med 1995; 332: 292–7. 
2. Feagan BG, et al. A comparison of methotrexate with placebo for

the maintenance of remission in Crohn’s disease. N Engl J Med
2000; 342: 1627–32. 

3. Oren R, et al. Methotrexate in chronic active Crohn’s disease: a
double-blind, randomized, Israeli multicenter trial. Am J Gastro-
enterol 1997; 92: 2203–9. 

4. Arora S, et al. Methotrexate in Crohn’s disease: results of a ran-
domized, double-blind, placebo-controlled trial. Hepatogastro-
enterology 1999; 46: 1724–9. 

5. Egan LJ, et al. A randomized dose-response and pharmacokinet-
ic study of methotrexate for refractory inflammatory Crohn’s
disease and ulcerative colitis. Aliment Pharmacol Ther 1999; 13:
1597–1604. 

6. Egan LJ, Sandborn WJ. Methotrexate for inflammatory bowel
disease: pharmacology and preliminary results. Mayo Clin Proc
1996; 71: 69–80. 

7. Kozarek RA. Methotrexate for refractory Crohn’s disease: pre-
liminary answers to definitive questions. Mayo Clin Proc 1996;
71: 104–5. 

8. Oren R, et al. Methotrexate in chronic active ulcerative colitis: a
double-blind, randomized, Israeli multicenter trial. Gastroenter-
ology 1996; 110: 1416–21.

Malignant neoplasms. Methotrexate is extensively used in the
management of malignant disease. In acute lymphoblastic leu-
kaemia it is used for maintenance therapy, and intrathecally for
prophylaxis of CNS relapse, as discussed on p.651, while it also
forms part of a number of regimens used for Burkitt’s and other
aggressive, intermediate- to high-grade non-Hodgkin’s lympho-
mas (see p.657 and p.656), including mycosis fungoides (p.657)
and those associated with AIDS (p.657). In the solid neoplasms
it is an important part of curative regimens for gestational tro-
phoblastic tumours (p.650), the adjuvant therapy of osteosarco-
ma (p.675) and is used in regimens for tumours of the bladder
(p.659), brain (p.660), breast (p.661), stomach (p.664), and head
and neck (p.666).

Multiple sclerosis. Results suggest that methotrexate 7.5 mg
by mouth weekly may be of benefit1 in slowing the progression
of multiple sclerosis (p.892). Although the results of studies of
immunosuppressant therapy in this condition have tended to be
disappointing, it has been pointed out that benefit was assessed
differently in the methotrexate study,2 which may have a bearing
on its more favourable conclusions.
1. Goodkin DE, et al. Low-dose (7.5 mg) oral methotrexate reduces

the rate of progression in chronic progressive multiple sclerosis.
Ann Neurol 1995; 37: 30–40. 

2. Whitaker JN, et al. Clinical outcomes and documentation of par-
tial beneficial effects of immunotherapy for multiple sclerosis.
Ann Neurol 1995; 37: 5–6.

Myasthenia gravis. Methotrexate has been tried in the man-
agement of myasthenia gravis (p.629) in patients who require
immunosuppression but are intolerant of or unresponsive to cor-
ticosteroids and azathioprine.

Organ and tissue transplantation. For reference to the use
of methotrexate (usually with ciclosporin) in bone marrow trans-
plantation, see Haematopoietic Stem Cell Transplantation,
p.1811.
Primary biliary cirrhosis. Like other drugs used for primary
biliary cirrhosis (p.2408) methotrexate has been associated with
biochemical improvement but evidence of clinical and in partic-
ular histological improvement is harder to demonstrate, and the
toxicity of immunosuppressants such as methotrexate is prob-
lematic. A randomised study comparing methotrexate with col-
chicine found a slightly lower survival with methotrexate after
10 years of treatment;1 a systematic review2 concluded that
methotrexate increased mortality in patients with primary biliary
cirrhosis and that its use could not be recommended.
1. Kaplan MM, et al. A randomized controlled trial of colchicine

plus ursodiol versus methotrexate plus ursodiol in primary bil-
iary cirrhosis: ten-year results. Hepatology 2004; 39: 915–23. 

2. Gong Y, Gluud C. Methotrexate for primary biliary cirrhosis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2005 (accessed 08/02/06).

Psoriatic arthritis. Methotrexate may be useful for severe or
progressive cases of psoriatic arthritis (see under Spondyloar-
thropathies, p.13) when the arthritis is not controlled by physical
therapy and NSAIDs, although toxicity may limit long-term use
in some patients.
Rheumatoid arthritis. Therapy of rheumatoid arthritis (p.11)
is conventionally begun with an analgesic and an NSAID for
symptomatic relief, to which a disease-modifying antirheumatic
drug (DMARD) is subsequently added in an attempt to retard the
disease process. It is now clear that irreversible joint damage
commonly occurs in early disease and rheumatologists now gen-
erally add the DMARD shortly after rheumatoid arthritis has
been diagnosed. Methotrexate is widely used,1 and is the
DMARD of first choice in many patients. Systematic review has
confirmed that methotrexate has significant benefit in the short-
term treatment of the disease.2 Methotrexate has also been tried
with ciclosporin, hydroxychloroquine and sulfasalazine, lefluno-
mide, etanercept, and infliximab. Studies have shown improved
responses to these combinations compared with methotrexate
alone, but long-term efficacy and safety has not been studied.3 
Methotrexate may be of benefit in juvenile idiopathic arthritis
(p.10).4-6 
Methotrexate may also be of value in the management of associ-
ated uveitis (see below).
1. Anonymous. Modifying disease in rheumatoid arthritis. Drug

Ther Bull 1998; 36: 3–6. 
2. Suarez-Almazor ME, et al. Methotrexate for treating rheumatoid

arthritis. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 1998 (accessed
12/05/05). 

3. Kremer JM. Rational use of new and existing disease-modifying
agents in rheumatoid arthritis. Ann Intern Med 2001; 134:
695–706. 

4. Ravelli A, et al. Radiologic progression in patients with juvenile
chronic arthritis treated with methotrexate. J Pediatr 1998; 133:
262–5. 

5. Takken T, et al. Methotrexate for treating juvenile idiopathic ar-
thritis. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2001 (accessed
12/05/05). 

6. Ramanan AV, et al. Use of methotrexate in juvenile idiopathic
arthritis. Arch Dis Child 2003; 88: 197–200.

Sarcoidosis. Where therapy is required for sarcoidosis (p.1512)
corticosteroids are the first choice of drug; methotrexate is one of
the preferred second-line immunosuppressants. 
References.
1. Webster GF, et al. Methotrexate therapy in cutaneous sarcoido-

sis. Ann Intern Med 1989; 111: 538–9. 
2. Soriano FG, et al. Neurosarcoidosis: therapeutic success with

methotrexate. Postgrad Med J 1990; 66: 142–3. 
3. Lower EE, Baughman RP. Prolonged use of methotrexate for sar-

coidosis. Arch Intern Med 1995; 155: 846–51. 
4. Baughman RP, Lower EE. A clinical approach to the use of

methotrexate for sarcoidosis. Thorax 1999; 54: 742–6.

Scleroderma. There is some evidence of benefit with meth-
otrexate in patients with scleroderma (p.1817), particularly for
cutaneous symptoms, although not all studies have shown clear
value. 
References.
1. van den Hoogen FH, et al. Comparison of methotrexate with pla-

cebo in the treatment of systemic sclerosis: a 24 week rand-
omized double-blind trial, followed by a 24 week observational
trial. Br J Rheumatol 1996; 35: 364–72. 

2. Seyger MMB, et al. Low-dose methotrexate in the treatment of
widespread morphea. J Am Acad Dermatol 1998; 39: 220–5. 

3. Uziel Y, et al. Methotrexate and corticosteroid therapy for pedi-
atric localized scleroderma. J Pediatr 2000; 136: 91–5. 

4. Pope JE, et al. A randomized, controlled trial of methotrexate
versus placebo in early diffuse scleroderma. Arthritis Rheum
2001; 44: 1351–8. 

5. Weibel L, et al. Evaluation of methotrexate and corticosteroids
for the treatment of localized scleroderma (morphoea) in chil-
dren. Br J Dermatol 2006; 155: 1013–20.

Skin disorders, non-malignant. Methotrexate is widely used
in the treatment of severe refractory psoriasis. As discussed on
p.1583 the aim of such therapy is to bring the disease under con-
trol, enabling a return to other therapy. For use in psoriatic arthri-

tis see above. Methotrexate is also used with corticosteroids in
the management of pemphigus and pemphigoid (p.1582).
Termination of pregnancy. Methotrexate has been investi-
gated as an alternative to mifepristone for use with misoprostol
for the termination of early pregnancy (p.2004). Intramuscular
methotrexate followed 3 days later by intravaginal misoprostol
was more effective than misoprostol alone for termination at 56
days or less;1 the combination was reported to be less successful
after 57 to 63 days of gestation.2 Later studies3,4 however found
the combination to be safe and effective in terminating pregnan-
cies up to 63 days of gestation; in these the misoprostol was giv-
en up to 7 days after the methotrexate. Oral methotrexate is also
effective.5-7 However, the efficacy of methotrexate followed by
misoprostol does appear to diminish with increasing gestational
age,8 and the time to complete abortion generally takes longer
with regimens using methotrexate compared with mifepristone.9
The American College of Obstetricians and Gynecologists10 rec-
ommends that methotrexate with misoprostol may be used in
pregnancies of up to 49 days of gestation, the usual regimen be-
ing methotrexate, either 50 mg/m2 intramuscularly or 50 mg
orally, followed 3 to 7 days later by misoprostol 800 micrograms
vaginally. The College also advises that it may take up to 4 weeks
for complete abortion to occur in about 15 to 25% of women
given such regimens. 
For the role of methotrexate in the management of ectopic preg-
nancy, see above.
1. Creinin MD, Vittinghoff E. Methotrexate and misoprostol vs

misoprostol alone for early abortion: a randomized controlled
trial. JAMA 1994; 272: 1190–5. 

2. Creinin MD. Methotrexate and misoprostol for abortion at 57-
63 days gestation. Contraception 1994; 50: 511–15. 

3. Hausknecht RU. Methotrexate and misoprostol to terminate ear-
ly pregnancy. N Engl J Med 1995; 333: 537–40. 

4. Creinin MD, et al. A randomized trial comparing misoprostol
three and seven days after methotrexate for early abortion. Am J
Obstet Gynecol 1995; 173: 1578–84. 

5. Creinin MD. Oral methotrexate and vaginal misoprostol for ear-
ly abortion. Contraception 1996; 54: 15–18. 

6. Creinin MD, et al. Medical abortion with oral methotrexate and
vaginal misoprostol. Obstet Gynecol 1997; 90: 611–16. 

7. Carbonell JLL, et al. Oral methotrexate and vaginal misoprostol
for early abortion. Contraception 1998; 57: 83–8. 

8. Creinin MD, et al. Methotrexate and misoprostol for early abor-
tion: a multicenter trial. Contraception 1996; 53: 321–7. 

9. Wiebe E, et al. Comparison of abortions induced by methotrex-
ate or mifepristone followed by misoprostol. Obstet Gynecol
2002; 99: 813–19. 

10. American College of Obstetricians and Gynecologists Commit-
tee on Practice Bulletins—Gynecology. Medical management
of abortion (ACOG practice bulletin number 67, October 2005).
Obstet Gynecol 2005; 106: 871–82.

Uveitis. Methotrexate has been reported to be safe and
effective1-3 when used to treat uveitis (p.1515) in small numbers
of patients.
1. Samson CM, et al. Methotrexate therapy for chronic noninfec-

tious uveitis: analysis of a case series of 160 patients. Ophthal-
mology 2001; 108: 1134–9. 

2. Foeldvari I, Wierk A. Methotrexate is an effective treatment for
chronic uveitis associated with juvenile idiopathic arthritis. J
Rheumatol 2005; 32: 362–5. 

3. Malik AR, Pavesio C. The use of low dose methotrexate in chil-
dren with chronic anterior and intermediate uveitis. Br J Oph-
thalmol 2005; 89: 806–8.

Vasculitic syndromes. In giant cell arteritis (p.1503), im-
proved clinical response and a corticosteroid-sparing effect have
been reported with the addition of methotrexate to corticosteroid
therapy,1 but other studies using different designs and dosages2,3

have failed to find any benefit. For the use of methotrexate in
Takayasu’s arteritis and Wegener’s granulomatosis see p.1514
and p.1515, respectively.
1. Jover JA, et al. Combined treatment of giant-cell arteritis with

methotrexate and prednisone: a randomized, double-blind, pla-
cebo-controlled trial. Ann Intern Med 2001; 134: 106–14. 

2. Spiera RF, et al. A prospective, double-blind, randomized, pla-
cebo controlled trial of methotrexate in the treatment of giant cell
arteritis (GCA). Clin Exp Rheumatol 2001; 19: 495–501. 

3. Hoffman GS, et al. A multicenter, randomized, double-blind,
placebo-controlled trial of adjuvant methotrexate treatment for
giant cell arteritis. Arthritis Rheum 2002; 46: 1309–18.

Preparations
BP 2008: Methotrexate Injection; Methotrexate Tablets; 
USP 31: Methotrexate for Injection; Methotrexate Injection; Methotrexate
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Artrait; Ervemin; Trixate; Xantromid; Austral.: Ledertrexate; Meth-
oblastin; Austria: Ebetrexat; Emthexate; Belg.: Emthexate; Ledertrexate;
Braz.: Biometrox; Emthexate; Metrexato; Miantrex; Reutrexato; Tecnom-
et; Trexeron†; Unitrexate†; Chile: Trixilem; Cz.: Metoject; Denm.:
Emthexate†; Metoject; Fin.: Emthexat†; Metoject; Trexan; Fr.: Ledertrex-
ate†; Novatrex; Ger.: Farmitrexat†; Lantarel; Metex; MTX; O-trexat; Gr.:
Emthexate; Methobion; Metoject; Hung.: Metoject; Trexan; India: Biotrex-
ate; Caditrex; Imutrex; Methocip; Neotrexate; Indon.: Emthexate; Israel:
Abitrexate; Jpn: Metolate; Malaysia: Emthexate; Mex.: Atrexel; Ifamet;
Ledertrexate; Leulin†; Medsatrexate; Methoblastin†; Otaxem; Texate; Trix-
ilem; Neth.: Emthexate; Ledertrexate†; Metoject; Norw.: Emthexat; Me-
toject; NZ: Emthexate; Ledertrexate†; Methoblastin; Philipp.: Emthexate;
Hextrate; Methobax; Pterin; Zexate; Pol.: Trexan; Port.: Fauldexato; Me-
toject; Rus.: Trixilem (Триксилем)†; S.Afr.: Abitrexate; Emthexate; Spain:
Emthexate; Metoject; Swed.: Emthexat†; Metoject; Thai.: Abitrexate;
Emthexate; Trixilem; Zexate; Turk.: Emthexate; Trexan; UK: Maxtrex; Me-
toject; USA: Rheumatrex; Trexall; Venez.: Zexate.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2-Methoxyoestradiol
2-ME2; 2-Methoxyestradiol; NSC-659853. (17β)-2-Methox-
yestra-1,3,5(10)-triene-3,17-diol.
C19H26O3 = 302.4.
CAS — 362-07-2.

Profile
2-Methoxyoestradiol is a metabolite of oestradiol (p.2097). It
does not exhibit direct oestrogenic activity, but works through
multiple cellular pathways to produce antineoplastic effects, in-
cluding inhibition of angiogenesis and induction of apoptosis.
2-Methoxyoestradiol is under investigation in the treatment of
various diseases, including glioblastoma, multiple myeloma,
carcinoid tumours, as well as ovarian, prostate, breast, and renal
cell cancers. It is also under investigation for pulmonary arterial
hypertension.

Mifamurtide (rINN)

Mifamurtida; Mifamurtidum; MTP-PE; Muramyl Tripeptide Phos-
phatidyl Ethanolamine; Muramyl Tripeptide Phosphatidyl Mo-
noethanolamine. 2-[(N-{(2R)-[(2-Acetamido-2,3-dideoxy-D-glu-
copyranos-3-yl)oxy]propanoyl}-L-alanyl-D-isoglutaminyl-L-alanyl)-
amino]ethyl (2R)-2,3-bis(hexadecanoyloxy)propyl hydrogen
phosphate.

Мифамуртид

C59H109N6O19P = 1237.5.
CAS — 83461-56-7.
ATC — L03AX15.
ATC Vet — QL03AX15.

NOTE. The name Mifamurtide has been used for both the base and
the sodium salt.

Mifamurtide Sodium (rINNM)

CGP-19835A; L-MTP-PE (liposomal mifamurtide sodium); Mifa-
murtida sódica; Mifamurtide (USAN); Mifamurtide Sodique; Mifa-
murtidum Natricum. 2-[(N-{(2R)-2-[(3R,4R,5S,6R)-3-(Acetylami-
no)-2,5-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-4-
yloxy]propanoyl}-L-alanyl-D-isoglutaminyl-L-alanyl)amino]ethyl
(2R)-2,3-bis(hexanoyloxy)propyl sodium phosphate hydrate.

Мифамуртид Натрий

C59H108N6NaO19P,xH2O.
CAS — 838853-48-8.

NOTE. The name Mifamurtide has been used for both the base and
the sodium salt.

Profile
Mifamurtide is an immunomodulator that activates macrophages
to increase their capacity to destroy cancer cells. It is under inves-
tigation for the treatment of osteosarcoma.

Miltefosine (BAN, rINN)

D-18506; HDPC; Hexadecylphosphocholine; Miltefosiini; Milte-
fosin; Miltefosina; Miltéfosine; Miltefosinum. [2-(Trimethylammo-
nio)ethyl][hexadecyloxyphosphonate].

Мильтефозин

C21H46NO4P = 407.6.
CAS — 58066-85-6.
ATC — L01XX09.
ATC Vet — QL01XX09.

Profile
Miltefosine is a phospholipid derivative which is structurally re-
lated to the phospholipid components of the cell membrane and
is thought to exert its antineoplastic actions by disruption of cell-
membrane function. A 6% solution is applied once or twice daily
as a topical antineoplastic agent for skin metastases of breast can-
cer. Miltefosine has also been tried orally for various malignant
neoplasms. It is used for the treatment of visceral and cutaneous
leishmaniasis in an oral dose of 1.5 to 2.5 mg/kg daily (maxi-
mum daily dose 150 mg) for 28 days.
Leishmaniasis. Miltefosine, given orally in doses of 50 to
150 mg daily, or about 2.5 mg/kg daily, for 28 days, appears to
be of benefit1-7 in the treatment of visceral leishmaniasis (p.824),
and has been licensed for this purpose in India and Germany.
Benefit has also been reported in patients given similar doses for
New World cutaneous leishmaniasis,8 and it has also been li-
censed in some South American countries, but success may de-
pend on the infecting Leishmania species.9 The use of longer
courses of miltefosine in the treatment of patients with both
leishmaniasis and HIV infection has been reported.10

1. Sundar S, et al. Trial of oral miltefosine for visceral leishmani-
asis. Lancet 1998; 352: 1821–3. 

2. Jha TK, et al. Miltefosine, an oral agent, for the treatment of
Indian visceral leishmaniasis. N Engl J Med 1999; 341:
1795–1800. 

3. Thakur CP, et al. Miltefosine in a case of visceral leishmaniasis
with HIV co-infection; and rising incidence of this disease in
India. Trans R Soc Trop Med Hyg 2000; 94: 696–7. 

4. Sundar S, et al. Short-course of oral miltefosine for treatment of
visceral leishmaniasis. Clin Infect Dis 2000; 31: 1110–13. 

5. Sundar S, et al. Oral miltefosine for Indian visceral leishmania-
sis. N Engl J Med 2002; 347: 1739–46. 

6. Bhattacharya SK, et al. Efficacy and tolerability of miltefosine
for childhood visceral leishmaniasis in India. Clin Infect Dis
2004; 38: 217–21. 

7. Ritmeijer K, et al. A comparison of miltefosine and sodium sti-
bogluconate for treatment of visceral leishmaniasis in an Ethio-
pian population with high prevalence of HIV infection. Clin In-
fect Dis 2006; 43: 357–64. 

8. Soto J, et al. Treatment of American cutaneous leishmaniasis
with miltefosine, an oral agent. Clin Infect Dis 2001; 33:
e57–e61. Available at: http://www.journals.uchicago.edu/doi/
pdf/10.1086/322689 (accessed 01/08/08) 

9. Soto J, et al. Miltefosine for new world cutaneous leishmania-
sis. Clin Infect Dis 2004; 38: 1266–72. 

10. Sindermann H, et al. Oral miltefosine for leishmaniasis in im-
munocompromised patients: compassionate use in 39 patients
with HIV infection. Clin Infect Dis 2004; 39: 1520–3.

Malignant neoplasms. References to the use of topical milte-
fosine in breast cancer.
1. Terwogt JM, et al. Phase II trial of topically applied miltefosine

solution in patients with skin-metastasized breast cancer. Br J
Cancer 1999; 79: 1158–61. 

2. Smorenburg CH, et al. Phase II study of miltefosine 6% solution
as topical treatment of skin metastases in breast cancer patients.
Anticancer Drugs 2000; 11: 825–8. 

3. Leonard R, et al. Randomized, double-blind, placebo-controlled,
multicenter trial of 6% miltefosine solution, a topical chemother-
apy in cutaneous metastases from breast cancer. J Clin Oncol
2001; 19: 4150–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Mitex†; Austria: Miltex; Braz.: Miltex; Chile: Miltex†; Cz.: Miltex†;
Fin.: Miltex†; Fr.: Miltex; Ger.: Impavido; Miltex; Hung.: Miltex; Israel: Mil-
tex; Ital.: Miltex; Malaysia: Miltex†; Philipp.: Miltex; Singapore: Miltex;
Spain: Miltex; Swed.: Miltex; UK: Miltex.

Mitobronitol (BAN, rINN)

DBM; Dibromomannitol; Mitobronitolum; NSC-94100; R-54;
WR-220057. 1,6-Dibromo-1,6-dideoxy-D-mannitol.
Митобронитол
C6H12Br2O4 = 308.0.
CAS — 488-41-5.
ATC — L01AX01.
ATC Vet — QL01AX01.

Pharmacopoeias. In Br. 
BP 2008 (Mitobronitol). A white or almost white crystalline sol-
id. Slightly soluble in water, in alcohol, and in acetone; practical-
ly insoluble in chloroform. Protect from light.
Profile
Mitobronitol is an antineoplastic which appears to act as an
alkylating agent, perhaps by epoxide formation. It has been used
in the management of thrombocythaemia, both primary, and sec-
ondary to chronic myeloid leukaemia or polycythaemia vera. 
The usual oral dose is 250 mg daily until the platelet count falls
to acceptable levels. Intermittent dosage has been given for
maintenance therapy, adjusted according to the blood count. Fre-
quent examination of the blood should be performed during
treatment. 
Mitobronitol is well absorbed from the gastrointestinal tract and
is excreted through the liver into the bile, with reabsorption from
the small intestine. It is eliminated as unchanged drug and some
bromine-containing metabolites in the urine over several days.
Carcinogenicity. Long-term follow-up of a cooperative study1

involving 350 patients with polycythaemia vera and treated with
mitobronitol was thought to indicate that mitobronitol was less
likely than phosphorus-32 or busulfan to induce acute myeloid
leukaemia. 
For a discussion of the usual management of polycythaemia ve-
ra, see p.654.
1. Kelemen E, et al. Decreasing risk of leukaemia during prolonged

follow-up after mitobronitol therapy for polycythaemia vera.
Lancet 1987; ii: 625.

Preparations
BP 2008: Mitobronitol Tablets.
Proprietary Preparations (details are given in Part 3)
Austria: Myelobromol; UK: Myelobromol.

Mitoguazone Dihydrochloride (rINNM)

Dihidrocloruro de mitoguazona; Methyl-GAG; Methylglyoxal Bis-
guanylhydrazone (mitoguazone); MGBG; Mitoguazone, Dichlo-
rhydrate de; Mitoguazoni Dihydrochloridum; NSC-32946. 1,1′-
[(Methylethanediylidene)dinitrilo]diguanidine dihydrochloride.
Митогуазона Дигидрохлорид
C5H12N8,2HCl = 257.1.
CAS — 459-86-9 (mitoguazone); 7059-23-6 (mitogua-
zone dihydrochloride).
ATC — L01XX16.
ATC Vet — QL01XX16.

(mitoguazone)

Profile
Mitoguazone is an antineoplastic that may exert its cytotoxic ef-
fects by its ability to inhibit polyamine biosynthesis. It has been
tried as the dihydrochloride monohydrate or the acetate, in the
treatment of leukaemias, lymphomas, and some solid tumours. 
Mitoguazone may produce hypoglycaemia and should be given
dissolved in glucose-containing infusion fluids; sugar may be
taken orally if hypoglycaemia develops during infusion. Granu-
locytopenia and thrombocytopenia are generally mild and re-
versible on stopping treatment. Gastrointestinal effects frequent-
ly occur.

Mitolactol (rINN)

DBD; Dibromodulcitol; Mitolactolum; NSC-104800; WR-
138743. 1,6-Dibromo-1,6-dideoxy-D-galactitol.
Митолактол
C6H12Br2O4 = 308.0.
CAS — 10318-26-0.

Profile
Mitolactol is an antineoplastic that may act by alkylation, proba-
bly as epoxide metabolites including dianhydrogalactitol. It has
been given orally in the treatment of metastatic breast and cervi-
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cal carcinoma, although other drugs are usually preferred, and
has also been tried in other malignant neoplasms, notably those
of the brain. 
In addition to myelosuppression, which is usually dose-limiting,
and manifests chiefly as leucopenia and thrombocytopenia, ad-
verse effects include gastrointestinal disturbances, skin rashes,
grey pigmentation of the skin, transient disturbances of hepatic
function, elevated blood-urea nitrogen (BUN), and hypersensi-
tivity reactions. Blood counts should be taken regularly during
treatment and mitolactol withdrawn if bone-marrow depression
occurs.

Mitomycin (BAN, USAN, rINN)

Mitomicina; Mitomicinas; Mitomicinum; Mitomisin; Mitomycin C;
Mitomycine; Mitomycine C; Mitomycinum; Mitomysiini; NSC-
26980. 6-Amino-1,1a,2,8,8a,8b-hexahydro-8-hydroxymethyl-8a-
methoxy-5-methylazirino[2′,3′:3,4]pyrrolo[1,2-a]indole-4,7-di-
one carbamate; (1S,2S,9S,9aR)-7-Amino-2,3,5,8,9,9a-hexahydro-
9a-methoxy-6-methyl-5,8-dioxo-1,2-epimino-1-H-pyrrolo[1,2-
a]indol-9-ylmethyl carbamate.
Митомицин
C15H18N4O5 = 334.3.
CAS — 50-07-7.
ATC — L01DC03.
ATC Vet — QL01DC03.

Description. Mitomycin is an antineoplastic antibiotic pro-
duced by the growth of Streptomyces caespitosus.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Mitomycin). A substance produced by a strain of
Streptomyces caespitotus. Blue-violet crystals or crystalline
powder. Slightly soluble in water and in acetone; freely soluble
in dimethylacetamide; sparingly soluble in methyl alcohol. A
0.1% solution in water has a pH of 5.5 to 7.5. Protect from light. 
USP 31 (Mitomycin). A blue-violet crystalline powder. It has a
potency of not less than 970 micrograms/mg. Slightly soluble in
water; soluble in acetone, in butyl acetate, in cyclohexanone, and
in methyl alcohol. A 0.5% suspension in water has a pH of 6.0 to
7.5. Store in airtight containers at a temperature of 25°, excur-
sions permitted between 15° and 30°. Protect from light.
Incompatibility. Mitomycin may be incompatible with drugs
that are acid in solution—for a report of incompatibility with to-
potecan, see p.780.
Stability. Mitomycin undergoes degradation in acid solution,1
and two studies2,3 suggested that mitomycin was much less sta-
ble in glucose 5% injection than in sodium chloride 0.9%. These
findings were queried by a manufacturer (Bristol, USA) whose
own results suggested4 that mitomycin was stable for 48 hours in
glucose injection 5% at 25°, and it is uncertain whether different
manufacturers’ formulations differ in stability, or, as has been
suggested, that an unsuitable assay was used by the manufacturer
to measure stability.5
1. Beijnen JH, Underberg WJM. Degradation of mitomycin C in

acidic solution. Int J Pharmaceutics 1985; 24: 219–29. 
2. Benvenuto JA, et al. Stability and compatibility of antitumour

agents in glass and plastic containers. Am J Hosp Pharm 1981;
38: 1914–18. 

3. Quebbeman EJ, et al. Stability of mitomycin admixtures. Am J
Hosp Pharm 1985; 42: 1750–4. 

4. Keller JH. Stability of mitomycin admixtures. Am J Hosp Pharm
1986; 43: 59,64. 

5. Quebbeman EJ, Hoffman NE. Stability of mitomycin admix-
tures. Am J Hosp Pharm 1986; 43: 64.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The main adverse effect of mitomycin is delayed cu-
mulative bone-marrow suppression. Profound leuco-
penia and thrombocytopenia occurs after about 4
weeks with recovery in about 8 to 10 weeks after a
dose. Blood counts may not recover in about one-quar-
ter of patients. Other serious adverse effects include re-
nal damage and pulmonary reactions; a potentially fa-
tal haemolytic-uraemic syndrome has been reported in

some patients. US licensed product information states
that the degree of renal impairment does not appear to
be related to dose or duration of therapy although it has
been suggested that the incidence of renal toxicity is
greatly increased if the total cumulative dose exceeds
120 mg (see also Effects on the Kidneys, below). Gas-
trointestinal toxicity, dermatitis, alopecia, fever, ma-
laise, and rarely cardiotoxicity may also occur. Local
tissue necrosis, ulceration, and cellulitis may follow
extravasation. 
Mitomycin is contra-indicated in patients with im-
paired renal function or coagulation disorders. Renal
function should be tested before beginning treatment
and after each course.
Effects on the bladder. Intravesical instillation of mitomycin
after resection of superficial bladder tumours has led to the de-
velopment of indolent asymptomatic ulcers at the resection site
which may persist for months, and must be distinguished from
persistent infiltrating bladder cancer.1,2 Persistent ulceration, in-
flammation, necrosis, and pain has also occurred, possibly be-
cause of mitomycin extravasation at the resection site.3 There are
also a few reports4 of eosinophilic cystitis, in which eosinophilic
infiltration of the mucosa and muscle were accompanied by
oedema, inflammation, muscle necrosis and fibrosis. Severe
bladder contracture is a rare, and often irreversible, complication
of intravesical mitomycin;5 urinary diversion may be required in
cases of intolerable urinary frequency.6 Formation of papillary-
like calcifications at the resection site,7 and calcification of the
bladder wall have also been described after the use of mitomycin
for superficial transitional cell carcinoma of the bladder. 
See also under Effects on the Skin, below.
1. Richards B, Tolley D. Benign ulcers after bladder instillation of

mitomycin C. Lancet 1986; i: 45. 
2. Hetherington JW, Whelan P. Persistent ulcers after bladder instil-

lation of mitomycin C. Lancet 1986; i: 324. 
3. Cliff AM, et al. Perivesical inflammation after early mitomycin

C instillation. BJU Int 2000; 85: 556–7. 
4. Ülker V, et al. Eosinophilic cystitis induced by mitomycin-C. Int

Urol Nephrol 1996; 28: 755–9. 
5. Punga-Maole ML, et al. Rétraction vésicale, complication de la

chimioprophylaxie du cancer vésical superficiel par mitomycine
C endovésicale: a propos d’un cas et revue de la littérature. Prog
Urol 1995; 5: 580–5. 

6. Wajsman Z, et al. Severely contracted bladder following intra-
vesical mitomycin C therapy. J Urol (Baltimore) 1983; 130:
340–1. 

7. Fiore AA, et al. Papillary-like bladder calcifications following
intravesical mitomycin C: a case report. Minerva Urol Nefrol
1993; 45: 171–3.

Effects on the eyes. Early complications after the topical use
of mitomycin with glaucoma filtering surgery (see Glaucoma,
below) include hypotony, shallow anterior chamber, cataract for-
mation, choroidal effusions, hypotonous maculopathy, and su-
prachoroidal haemorrhage.1 Late complications include bleb
leak, blebitis, and endophthalmitis.2 Complications from the top-
ical use of mitomycin with or after pterygium surgery (see Ptery-
gium, below) commonly include irritation and photophobia.
Other effects include delayed epithelial healing, avascularity of
the sclera and cornea, scleral calcification and ulceration, necro-
tising scleritis, corneal or scleral perforation, iridocyclitis, cata-
ract formation, glaucoma, and symblepharon.1 Some of these ef-
fects may be severe and sight-threatening, and require further
surgery.3 Complications most commonly reported after the use
of topical mitomycin in ocular surface neoplasia were hypersen-
sitivity reactions and epiphora (an overflow of tears) secondary
to stenosis of the lachrymal punctum.4
1. Hardten DR, Samuelson TW. Ocular toxicity of mitomycin-C.

Int Ophthalmol Clin 1999; 39: 79–90. 
2. DeBry PW, et al. Incidence of late-onset bleb-related complica-

tions following trabeculectomy with mitomycin. Arch Ophthal-
mol 2002; 120: 297–300. 

3. Rubinfeld RS, et al. Serious complications of topical mitomycin
C after pterygium surgery. Ophthalmology 1992; 99: 1647–54. 

4. Khong JJ, Muecke J. Complications of mitomycin C therapy in
100 eyes with ocular surface neoplasia. Br J Ophthalmol 2006;
90: 819–22.

Effects on the kidneys. A syndrome of thrombotic microangi-
opathy resembling the haemolytic-uraemic syndrome has been
seen in patients receiving mitomycin, either alone1 or more often
with other drugs, particularly fluorouracil2 or tamoxifen.3,4 The
syndrome is characterised by haemolytic anaemia, thrombocyto-
penia, and progressive renal failure, and may be accompanied by
hypertension, pulmonary oedema, and neurological effects in-
cluding confusion, headache, and seizures.1,2 Onset is usually de-
layed, sometimes occurring several months after the end of a
course of mitomycin.1,2 
There is some uncertainty as to whether mitomycin dose is sig-
nificant, but one study1 found that all of 25 cases they reported
had received total doses of 70 mg or more, and another2 reported
that 74 of 83 cases had received 60 mg or more. 
Symptoms may be exacerbated by blood transfusions.2 The use
of erythropoietin allowed the cessation of blood transfusion, with
subsequent haematological improvement and slower progres-
sion of chronic renal failure in one case report.5 Plasma exchange
has been suggested as possibly helpful,1 although only a minority

of patients may benefit from this treatment.2 Captopril therapy
may also be useful.6
1. Cordonnier D, et al. La néphrotoxicité de la mitomycine C (à

propos de 25 observations): résultats d’une enquête multicen-
trique organisée par la société de néphrologie. Nephrologie
1985; 6: 19–26. 

2. Lesesne JB, et al. Cancer-associated hemolytic-uremic syn-
drome: analysis of 85 cases from a national registry. J Clin Oncol
1989; 7: 781–9. 

3. Montes A, et al. A toxic interaction between mitomycin C and
tamoxifen causing the haemolytic uraemic syndrome. Eur J
Cancer 1993; 29A: 1854–7. 

4. Ellis PA, et al. Haemolytic uraemic syndrome in a patient with
lung cancer: further evidence for a toxic interaction between mi-
tomycin-C and tamoxifen. Clin Oncol (R Coll Radiol) 1996; 8:
402–3. 

5. Catalano C, et al. Erythropoietin is beneficial in mitomycin-in-
duced hemolytic-uremic syndrome. Nephron 2002; 91: 324–6. 

6. Schiebe ME, et al. Mitomycin C-related hemolytic uremic syn-
drome in cancer patients. Anticancer Drugs 1998; 9: 433–5.

Effects on the liver. Hepatic veno-occlusive disease developed
in 6 of 29 patients given intensive mitomycin therapy and autol-
ogous bone marrow transplantation.1 The effect was manifest as
abdominal pain, hepatomegaly, and ascites, and liver failure was
progressive and fatal in 3. A further patient, who had no symp-
toms, was found to have veno-occlusive disease at post mortem.
1. Lazarus HM, et al. Veno-occlusive disease of the liver after high-

dose mitomycin C therapy and autologous bone marrow trans-
plantation. Cancer 1982; 49: 1789–95.

Effects on respiratory function. Mitomycin-induced pulmo-
nary toxicity has been reviewed.1,2 There have been reports of
toxicity at total dosages as low as 20 mg/m2 of mitomycin,2 al-
though others report1 that the average cumulative dose associat-
ed with toxicity is 78 mg. Premedication with corticosteroids
may reduce the incidence of lung toxicity.2 
See also Effects on the Lungs, p.638. For reference to the respi-
ratory effects of mitomycin used with a vinca alkaloid see Inter-
actions, Antineoplastics, under Vinblastine Sulfate, p.786.
1. Linette DC, et al. Mitomycin-induced pulmonary toxicity: case

report and review of the literature. Ann Pharmacother 1992; 26:
481–4. 

2. Okuno SH, Frytak S. Mitomycin lung toxicity: acute and chronic
phases. Am J Clin Oncol 1997; 20: 282–4.

Effects on the skin. Severe eczema of the hands and feet and
generalised rash have been reported in patients receiving intra-
vesical mitomycin.1,2 These symptoms appear to be due to a de-
layed hypersensitivity (type IV) reaction,1,2 which is probably
also responsible for the bladder irritation and cystitis that may
follow intravesical mitomycin1 (see above). Leucocytoclastic
vasculitis caused by an immune-complex mediated (type III) re-
action and presenting as purpuric papules has also been de-
scribed.2
1. Colver GB, et al. Dermatitis due to intravesical mitomycin C: a

delayed-type hypersensitivity reaction? Br J Dermatol 1990;
122: 217–24. 

2. Kunkeler L, et al. Type III and type IV hypersensitivity reactions
due to mitomycin C. Contact Dermatitis 2000; 42: 74–6.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642.
Antineoplastics. Cardiotoxicity developed in 14 of 91 patients
who received mitomycin therapy as second-line treatment for
breast cancer after the failure of doxorubicin-containing regi-
mens, compared with 3 of 89 similar patients whose second-line
treatment did not include mitomycin.1 
For reports of acute bronchospasm after injection of a vinca al-
kaloid in patients pretreated with mitomycin see Vinblastine Sul-
fate, p.786. For the increased risk of haemolytic-uraemic syn-
drome that may occur if mitomycin is given with fluorouracil or
tamoxifen see under Effects on the Kidneys, above.
1. Buzdar AU, et al. Adriamycin and mitomycin C: possible syner-

gistic cardiotoxicity. Cancer Treat Rep 1978; 62: 1005–8.

Pharmacokinetics
Mitomycin disappears rapidly from the blood after in-
travenous injection with an initial (distribution) half-
life of 17 minutes. It is widely distributed but does not
appear to cross the blood-brain barrier. Mitomycin is
metabolised mainly but not exclusively in the liver.
The terminal half-life is about 50 minutes. After nor-
mal doses about 10% of a dose is excreted unchanged
in the urine; small amounts are also present in bile and
faeces. With increasing doses metabolic pathways are
saturated, and more drug is excreted unchanged in the
urine.

Uses and Administration
Mitomycin is a highly toxic antibiotic with antineo-
plastic properties. It acts as an alkylating agent after ac-
tivation in vivo and suppresses the synthesis of nucleic
acids. It is a cell-cycle non-specific agent, but is most
active in the late G1 and early S phases. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Mitomycin is used, with other antineoplastic agents, in
the treatment of many solid tumours including those of
the bladder, breast, cervix, eye, liver, lung, stomach,
and prostate as indicated by the cross-references given
below. Mitomycin has been tried in other neoplasms
including those of the gastrointestinal tract, head and
neck, pancreas, in melanoma, sarcomas, and in leukae-
mias. 
Dosage regimens include an initial dose of 10 to
20 mg/m2 intravenously; subsequent doses are repeat-
ed at intervals of 6 to 8 weeks if blood counts permit,
and should be reduced according to the previous hae-
matological response. Another suggested regimen is
2 mg/m2 daily for 5 days, repeated after 2 days. Other
regimens may be used, particularly in combination. 
Doses are adjusted according to the effect on bone mar-
row and treatment should not be repeated until the leu-
cocyte and platelet counts are above acceptable levels
(see also Bone-marrow Depression, p.639). 
Mitomycin is also used as a bladder instillation: 10 to
40 mg is instilled once weekly or three times a week
for a total of 20 doses in the treatment of superficial
bladder tumours. For the prevention of recurrent blad-
der tumours 20 mg may be instilled every 2 weeks, or
40 mg monthly or 3-monthly. Alternatively 4 to 10 mg
may be instilled once weekly or three times a week.
These doses are usually given in 10 to 40 mL of water
for injection. The solution should be retained in the
bladder for at least 1 hour. 
Mitomycin has been given by the intra-arterial route in
the treatment of liver tumours, sometimes as an infu-
sion of microcapsules designed to produce localised
embolisation. 
Mitomycin is used for its effect on fibroblasts to im-
prove outcomes and reduce scarring in certain types of
surgery, notably in glaucoma (see below).
◊ References.
1. Abraham LM, et al. Mitomycin: clinical applications in ophthal-

mic practice. Drugs 2006; 66: 321–40. 
2. Bolenz C, et al. Intravesical mitomycin C for superficial transi-

tional cell carcinoma. Expert Rev Anticancer Ther 2006; 6:
1273–82. 

3. Tabaee A, et al. Mitomycin C and endoscopic sinus surgery:
where are we? Curr Opin Otolaryngol Head Neck Surg 2007; 15:
40–3. 

4. Warner D, Brietzke SE. Mitomycin C and airway surgery: how
well does it work? Otolaryngol Head Neck Surg 2008; 138:
700–9.

Glaucoma. Mitomycin, like fluorouracil, is effective in im-
proving the outcome of glaucoma filtering surgery in selected
patients when used as an adjunct to prevent the formation of scar
tissue (see p.1873). Fluorouracil is usually given as a regimen of
multiple injections but mitomycin given as a single intra-opera-
tive topical application in usual concentrations ranging from 0.2
to 0.5 mg/mL appears to be of similar efficacy.1,2 A systematic
review of 11 studies concluded that intra-operative mitomycin
reduced the chances of failure in high-risk patients, and in those
having their first trabeculectomy.3 However it was noted that the
nature of the data might have led to overestimation of the effect
and that there was some evidence of an increased risk of cataract
with mitomycin. Late hypotony is also a problem.4 For other po-
tential complications see Effects on the Eye, above.
1. Skuta GL, et al. Intraoperative mitomycin versus postoperative

5-fluorouracil in high-risk glaucoma filtering surgery. Ophthal-
mology 1992; 99: 438–44. 

2. Katz GJ, et al. Mitomycin C versus 5-fluorouracil in high-risk
glaucoma filtering surgery: extended follow-up. Ophthalmology
1995; 102: 1263–9. 

3. Wilkins M, et al. Intra-operative mitomycin C for glaucoma sur-
gery. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2005 (accessed
25/04/06). 

4. Bindlish R, et al. Efficacy and safety of mitomycin-C in primary
trabeculectomy: five-year follow-up. Ophthalmology 2002; 109:
1336–42.

Malignant neoplasms. Mitomycin is used in the prevention of
recurrent bladder cancer (p.659), in the palliative therapy of ad-
vanced breast cancer (p.661), in malignancies of the cervix
(p.663), eye (p.664), stomach and anus (p.664 and p.666), liver
(p.667), and non-small cell lung cancer (p.668), and has been
tried in advanced prostatic cancer (see p.671).
Pterygium. Pterygium is a degenerative condition of subcon-
junctival tissues that results in a vascularised overgrowth of the
conjunctiva and cornea. It is cosmetically unappealing but does
not usually require treatment. However, if it affects the pupillary
area it can be treated surgically. Pterygium often recurs after re-
moval and methods used to prevent recurrence include radiother-
apy or the topical application of mitomycin or thiotepa.1 

Thiotepa has been applied postoperatively as 0.05% eye drops
for several weeks, but pterygium may still recur2 and adverse ef-
fects include conjunctival injection, granuloma, hypertrophic
conjunctiva, and black deposits in the conjunctival fornix.1 Depig-
mentation of the eyelids may also be a problem, so patients
should avoid direct sunlight during thiotepa use.1 
Mitomycin has been applied topically to the surgical site, or giv-
en as eye drops postoperatively.1 The optimal intra-operative ex-
posure time and concentration are uncertain: concentrations of
0.02 or 0.04% have been applied for up to 5 minutes,1,3 and low-
dose treatment with mitomycin 0.02% for 30 seconds has been
reported to be effective with few complications.4 Postoperative
treatment has generally been given as 0.02, 0.04, or 0.1% eye
drops for up to 2 weeks, but the higher concentrations and longer
treatment periods have been associated with more adverse ef-
fects,1 some of which may be severe and sight-threatening (see
also Effects on the Eyes, above). Comparisons of intra-operative
with postoperative use suggest that pterygium recurrence rates
are similar.1,5 
A range of β-irradiation doses and fractionation methods have
been used. Long-term complications include posterior subcapsu-
lar changes of the lens, atrophy and ulceration of the sclera, and
scleral necrosis leading to endophthalmitis.1 In one retrospective
study,6 intra-operative use of 0.04% mitomycin was more effec-
tive than β-irradiation in preventing recurrence after surgery. In
another study,7 postoperative mitomycin 0.02% for one week
was less effective than radiation therapy.
1. Hoffman RS, Power WJ. Current options in pterygium manage-

ment. Int Ophthalmol Clin 1999; 39: 15–26. 
2. Chapman-Smith JS. Pterygium treatment with triethylene thio-

phosphoramide. Aust N Z J Ophthalmol 1992; 20: 129–31. 
3. Anduze AL. Pterygium surgery with mitomycin-C: ten-year re-

sults. Ophthalmic Surg Lasers 2001; 32: 341–5. 
4. Cheng H-C, et al. Low-dose intraoperative mitomycin C as che-

moadjuvant for pterygium surgery. Cornea 2001; 20: 24–9. 
5. Oguz H, et al. Intraoperative application versus postoperative

mitomycin C eye drops in pterygium surgery. Acta Ophthalmol
Scand 1999; 77: 147–50. 

6. Amano S, et al. Comparative study of intraoperative mitomycin
C and β irradiation in pterygium surgery. Br J Ophthalmol 2000;
84: 618–21. 

7. Şimşek T, et al. Comparative efficacy of β-irradiation and mito-
mycin-C in primary and recurrent pterygium. Eur J Ophthalmol
2001; 11: 126–32.

Preparations
USP 31: Mitomycin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Asomutan; Crisofimina; Datisan†; Maximiton; Mitocyna; Mitokebir;
Mitonovag; Mitotie; Oncotaxina†; Sintemicina; Vetio; Braz.: Mitocin; Ca-
nad.: Mutamycin; Chile: Metomit†; Fin.: Mitostat; Mutamycin; Fr.: Amety-
cine; Ger.: Ametycine; Mitem; Mito-extra; Mito-medac; India: Mitocin;
Mex.: Ifamit†; Mitocin-C; Mitolem; Mitotie; Mixandex; Norw.: Mutamycin;
Philipp.: Mytoxid; Swed.: Mutamycin; Switz.: Mutamycine†; USA: Mi-
tozytrex; Mutamycin.

Mitotane (USAN, rINN)

CB-313; o,p′DDD; Mitotaani; Mitotan; Mitotano; Mitotanum;
NSC-38721; WR-13045. 1,1-Dichloro-2-(2-chlorophenyl)-2-(4-
chlorophenyl)ethane.
Митотан
C14H10Cl4 = 320.0.
CAS — 53-19-0.
ATC — L01XX23.
ATC Vet — QL01XX23.

Pharmacopoeias. In US. 
USP 31 (Mitotane). A white crystalline powder with a slight ar-
omatic odour. M.p. is between 75° and 81°. Practically insoluble
in water; soluble in alcohol, in ether, in petroleum spirit, and in
fixed oils and fats. Store in airtight containers. Protect from light.

Adverse Effects
Almost all patients given mitotane have anorexia, nau-
sea and vomiting, and sometimes diarrhoea, and about
40% suffer some central toxicity with dizziness, verti-
go, sedation, lethargy, and depression. Permanent brain
damage may develop with prolonged dosage. Bleeding
time may be prolonged. Other common adverse effects
include leucopenia, thrombocytopenia, anaemia, hy-
percholesterolaemia, hypertriglyceridaemia, mucosi-
tis, gynaecomastia, and headache. Ocular adverse ef-
fects may occur including blurred vision, diplopia,

lenticular opacities, and retinopathy. Other adverse ef-
fects include hypersensitivity reactions, haematuria, al-
buminuria, skin rashes, fever, myalgia, haemorrhagic
cystitis, flushing, hypertension, and orthostatic hypo-
tension.

Precautions
Mitotane inhibits the adrenal cortex and adrenocortical
insufficiency may develop during treatment; cortico-
steroid therapy is often required. In trauma, infection,
or shock the drug should be temporarily withdrawn
and corticosteroids should be given systemically. Mi-
totane should be given with care to patients with renal
or hepatic impairment. Before mitotane therapy is be-
gun, all possible tumour tissue from large metastases
should be surgically removed, in order to minimise
possible infarction or haemorrhage in the tumour. Pa-
tients should not drive or operate machinery. Behav-
ioural and neurological assessments should be carried
out regularly in patients who have been receiving treat-
ment for 2 years or more. Plasma concentrations
should be monitored to guide dosage; the therapeutic
window lies between 14 and 20 micrograms/mL (see
also Therapeutic Drug Monitoring, below).

Interactions
Mitotane may induce hepatic microsomal enzymes
and enhance the metabolism of some other drugs, in-
cluding coumarin anticoagulants.
Spironolactone. Mitotane in a dose of up to 3 g daily in a 65-
year-old patient with Cushing’s syndrome appeared to be inef-
fective and did not produce the usual adverse effects associated
with mitotane while the patient was also receiving spironolac-
tone.1

1. Wortsman J, Soler NG. Mitotane: spironolactone antagonism in
Cushing’s syndrome. JAMA 1977; 238: 2527.

Pharmacokinetics
Up to 40% of a dose of mitotane is absorbed from the
gastrointestinal tract; absorption increases with food.
After daily doses of 5 to 15 g, concentrations in the
blood of 7 to 90 micrograms/mL of unchanged drug
and 29 to 54 micrograms/mL of metabolite have been
reported. Mitotane has been detected in the blood for
about 6 to 9 weeks after stopping treatment. It is widely
distributed and appears to be stored mainly in fatty tis-
sues. It is metabolised in the liver and other tissues and
excreted as metabolites in urine and bile. From 10 to
25% of a dose has been recovered in the urine as a wa-
ter-soluble metabolite.
Therapeutic drug monitoring. Monitoring of mitotane and
its major metabolite o,p′-DDE in 2 patients receiving mitotane in
low doses for Cushing’s disease demonstrated that there is a pro-
longed lag time in the plasma concentration changes in response
to alterations in dosage,1 presumably because of the lipophilicity
of both compounds which leads to accumulation in adipose tis-
sue. A study2 in adrenal carcinoma found that mitotane is prefer-
entially distributed into the very-low-density lipoprotein
(VLDL) fraction of the serum of patients with hypertriglyceri-
daemia, whereas under normolipidaemic conditions, it is bound
to high-density lipoproteins and albumin. Because VLDL is not
incorporated into the human adrenal cells, mitotane’s lipophilic-
ity has implications for treatment and monitoring in patients with
hypertriglyceridaemia. In some studies3,4 tumour responses were
seen only in those patients achieving a serum concentration of
mitotane above 14 micrograms/mL, and a small prospective
study5 found that therapeutic concentrations (defined as between
14 and 20 micrograms/mL) could be reached by sustained low
doses (1 to 3 g daily), thus limiting side-effects.
1. Benecke R, et al. Plasma level monitoring of mitotane (o,p′-

DDD) and its metabolite (o,p′-DDE) during long-term treatment
of Cushing’s disease with low doses. Eur J Clin Pharmacol
1991; 41: 259–61. 

2. Gebhardt DOE, et al. The distribution of o,p’-DDD (mitotane)
among serum lipoproteins in normo- and hypertriglyceridemia.
Cancer Chemother Pharmacol 1992; 29: 331–4. 

3. Haak HR, et al. Optimal treatment of adrenocortical carcinoma
with mitotane: results in a consecutive series of 96 patients. Br J
Cancer 1994; 69: 947–51. 

4. Baudin E, et al. Impact of monitoring plasma 1,1-dichlorodiphe-
nildichloroethane (o,p′DDD) levels on the treatment of patients
with adrenocortical carcinoma. Cancer 2001; 92: 1385–92. 

5. Terzolo M, et al. Low-dose monitored mitotane treatment
achieves the therapeutic range with manageable side effects in
patients with adrenocortical cancer. J Clin Endocrinol Metab
2000; 85: 2234–8.
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Uses and Administration
Mitotane is an antineoplastic with a selective inhibitory
action on adrenal cortex activity. It may also modify
peripheral steroid metabolism. It is given in the treat-
ment of inoperable adrenocortical tumours and has
also been used in patients with Cushing’s syndrome
(p.2344). Dosing schedules vary. In the UK, mitotane
is started at a dose of 2 to 3 g daily in patients with
adrenocortical tumours, given orally in 2 or 3 divided
doses, and preferably with meals. Doses may be re-
duced to 1 to 2 g daily after 2 months of treatment, or
until a cumulative dose of 200 g, or in event of toxicity.
If plasma monitoring is available, initial doses may be
as high as 4 to 6 g daily in divided doses until a cumu-
lative dose of 75 g is reached (over about 15 days).
Children or adolescents may be given starting doses of
1.5 to 3.5 g/m2 daily, in 2 or 3 divided doses, with
meals; this is reduced after 2 to 3 months according to
mitotane plasma concentrations. In the USA, the usual
initial oral dosage is 2 to 6 g daily in 3 or 4 divided
doses. Doses are usually increased to 9 to 10 g daily,
unless adverse effects necessitate dose reduction. The
maximum tolerated dose ranges from about 2 to 16 g
daily. In some countries, mitotane may also be started
at 9 to 10 g daily in 3 or 4 divided doses.
◊ A retrospective study involving 105 patients with adrenocorti-
cal carcinoma found the prognosis to be generally poor with a 5-
year survival of 22% among 88 patients followed up.1 Surgical
resection was the treatment of choice; mitotane treatment had no
effect on survival although 8 patients had transient tumour re-
gression and it was of some benefit in controlling adrenal hyper-
secretion. However, others have previously reported improved
survival in patients with adrenocortical carcinoma in whom mi-
totane serum concentrations were above 14 micrograms/mL,
and some2 have suggested that the poor results with mitotane in
the retrospective study may have been due to low serum-mito-
tane concentrations (see Therapeutic Drug Monitoring, above).
A further study3 found mitotane to be of benefit only in patients
with adrenocortical carcinoma undergoing palliative surgery, but
of no additional benefit as an adjuvant therapy for survival
amongst patients receiving curative surgical resection. However,
a retrospective analysis4 of adjuvant mitotane therapy after radi-
cal resection found that it significantly prolonged recurrence-free
survival. A review5 concluded that, although mitotane is recom-
mended for patients with unresectable tumours, only about 35%
of such tumours respond.
1. Luton J-P, et al. Clinical features of adrenocortical carcinoma,

prognostic factors, and the effect of mitotane therapy. N Engl J
Med 1990; 322: 1195–1201. 

2. Haak HR, et al. Mitotane therapy of adrenocortical carcinoma. N
Engl J Med 1990; 323: 758. 

3. Icard P, et al. Adrenocortical carcinomas: surgical trends and re-
sults of a 253-patient series from the French Association of En-
docrine Surgeons study group. World J Surg 2001; 25: 891–7. 

4. Terzolo M, et al. Adjuvant mitotane treatment for adrenocortical
carcinoma. N Engl J Med 2007; 356: 2372–80. 

5. Wooten MD, King DK. Adrenal cortical carcinoma: epidemiol-
ogy and treatment with mitotane and a review of the literature.
Cancer 1993; 72: 3145–55.

Preparations
USP 31: Mitotane Tablets.

Proprietary Preparations (details are given in Part 3)
Braz.: Lisodren; Canad.: Lysodren; Cz.: Lysodren; Denm.: Lysodren; Fin.:
Lysodren; Fr.: Lysodren; Ger.: Lysodren; Gr.: Lysodren; Hong Kong: Lys-
odren; Neth.: Lysodren; Pol.: Lysodren; Spain: Lysodren; UK: Lysodren;
USA: Lysodren.

Mitoxantrone Hydrochloride 

(BANM, USAN, rINNM)

CL-232315; DHAD; Dihydroxyanthracenedione Dihydrochlo-
ride; Hidrocloruro de mitoxantrona; Mitoksantron Hidroklorür;
Mitoksantronihydrokloridi; Mitoksantrono hidrochloridas; Mitox-
antron dihydrochlorid; Mitoxantrone, chlorhydrate de; Mitox-
antron-hidroklorid; Mitoxantronhydroklorid; Mitoxantroni Dihy-
drochloridum; Mitoxantroni hydrochloridum; Mitozantron Hid-
roklorür; Mitozantrone Hydrochloride; NSC-301739. 1,4-Dihy-
droxy-5,8-bis[2-(2-hydroxyethylamino)ethylamino]anthraqui-
none dihydrochloride.

Митоксантрона Гидрохлорид
C22H28N4O6,2HCl = 517.4.
CAS — 65271-80-9 (mitoxantrone); 70476-82-3 (mitox-
antrone hydrochloride).
ATC — L01DB07.
ATC Vet — QL01DB07.

(mitoxantrone)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Mitoxantrone Hydrochloride). A dark-blue, elec-
trostatic, hygroscopic powder. Sparingly soluble in water; prac-
tically insoluble in acetone; slightly soluble in methyl alcohol.
Store in airtight containers. 
USP 31 (Mitoxantrone Hydrochloride). A dark-blue powder.
Sparingly soluble in water; practically insoluble in acetone, in
acetonitrile, and in chloroform; slightly soluble in methyl alco-
hol. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Doxorubicin, p.712. Mitoxantrone is reported to
be better tolerated than doxorubicin. The nadir of the
white cell count usually occurs about 10 days after a
dose, with recovery by day 21. Elevation in liver en-
zyme values may occur; there are occasional reports of
severe hepatic impairment in patients with leukaemia,
in whom doses are generally higher and adverse effects
of mitoxantrone may be more frequent and severe. 
Transient blue-green coloration of the urine, and occa-
sionally the sclerae, may occur. Tissue necrosis is rare
after extravasation. 
Severe neurotoxicity has resulted from erroneous in-
trathecal dosage; local or regional neuropathy has fol-
lowed intra-arterial injection. Care is required in pa-
tients with pre-existing heart disease, or who have had
prior anthracycline treatment or radiotherapy to the
chest, as they are at increased risk of cardiotoxicity;
regular cardiac examinations should be performed in
such patients and in those who receive a total cumula-
tive dose of mitoxantrone in excess of 160 mg/m2.
Care is also required in patients with hepatic impair-
ment. Regular blood counts should be performed dur-
ing treatment.
Alopecia. Two patients receiving therapy with mitoxantrone
developed selective alopecia of white but not of dark hair.1

1. Arlin ZA, et al. Selective alopecia with mitoxantrone. N Engl J
Med 1984; 310: 1464.

Breast feeding. Mitoxantrone was detected in the breast milk
of a woman with acute promyelocytic leukaemia in remission
who was given consolidation chemotherapy that included mito-
xantrone 6 mg/m2 on days 1 to 3. Concentrations were
120 nanograms/mL jus t  a f te r  the  th i rd  dose  and
18 nanograms/mL 28 days after treatment. Although she breast
fed her neonate from 3 weeks after the completion of the course
of treatment and no adverse effects were seen, the authors recom-
mended that women treated with mitoxantrone should not breast
feed.1

1. Azuno Y, et al. Mitoxantrone and etoposide in breast milk. Am J
Hematol 1995; 48: 131–2.

Effects on the heart. Data from over 4000 patients treated
with mitoxantrone included 172 reports of cardiac events, in-
cluding 42 cases of congestive heart failure and 66 of decreased
ejection fraction.1 Previous anthracycline therapy increased the
risk, and congestive heart failure seemed to be more likely in pa-
tients exposed to a cumulative mitoxantrone dose of 160 mg/m2,
or 100 mg/m2 in those already given anthracyclines. In a further
78 patients,2 clinical heart failure developed in 2 after cumulative
doses of 174 and 243 mg/m2. Four of 9 other patients given mi-
toxantrone in doses above 100 mg/m2 showed signs of cardio-
toxicity, and a further patient previously given doxorubicin
313 mg/m2 had a fall in stress ejection fraction after only
47 mg/m2 of mitoxantrone. However, sinus bradycardia has also
been reported3 in 2 previously untreated patients after starting
continuous infusions of mitoxantrone 10 mg/m2. For informa-
tion on the cardiotoxicity of anthracyclines, to which mitoxantro-

ne is structurally related, see under Adverse Effects and Treat-
ment of Doxorubicin, p.713.
1. Crossley RJ. Clinical safety and tolerance of mitoxantrone. Sem-

in Oncol 1984; 11: (suppl 1): 54–8. 
2. Stuart-Harris R, et al. Cardiotoxicity associated with mitoxantro-

ne. Lancet 1984; ii: 219–20. 
3. Benekli M, et al. Mitoxantrone-induced bradycardia. Ann Intern

Med 1997; 126: 409.

Handling and disposal. Urine and faeces produced for up to 7
days after a dose of mitoxantrone should be handled wearing
protective clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Hypersensitivity. In a report of 3 patients, allergic-type reac-
tions to mitoxantrone included vasculitis, facial oedema and skin
rashes, and in one, breathlessness, tachypnoea, cyanosis, and
unrecordable pulse and blood pressure.1 Allergic reactions to the
drug appear to be rare.
1. Taylor WB, et al. Allergic reactions to mitoxantrone. Lancet

1986; i: 1439.

Interactions
For a report of the effect of ciclosporin in patients re-
ceiving mitoxantrone and etoposide, see p.719.

Pharmacokinetics
After intravenous doses mitoxantrone is rapidly and
extensively distributed to body tissues, and slowly ex-
creted in urine and bile as unchanged drug and metab-
olites. The elimination half-life is reported to range
from 5 to 18 days. Between 6 and 11% of a dose has
been recovered from urine, and 13 to 25% in faeces,
within 5 days. It does not appear to cross the blood-
brain barrier, but it is distributed into breast milk.
◊ References.
1. Ehninger G, et al. Pharmacokinetics and metabolism of mitox-

antrone: a review. Clin Pharmacokinet 1990; 18: 365–80.

Uses and Administration
Mitoxantrone is an antineoplastic structurally related to
doxorubicin (p.712). Its mode of action has not been
fully established but it inhibits topoisomerase II and
causes DNA strand breakage, as well as intercalating
with DNA. It is cell-cycle non-specific but is most ac-
tive against cells in the late S phase. 
It is used in the treatment of metastatic breast cancer
(p.661), and of non-Hodgkin’s lymphomas (p.656),
alone or with other agents. It may also be given to treat
adult acute myeloid leukaemias (p.652). Mitoxantrone
has also been used in patients with hormone-refractory
prostate cancer (p.671), liver cancer (p.667), and ovar-
ian cancer (p.670). 
In addition, mitoxantrone is used in the management of
secondary progressive or relapsing multiple sclerosis
(see below), to reduce neurological disability or the fre-
quency of relapses. 
Mitoxantrone is given as the hydrochloride, but doses
are expressed in terms of the base; 1.2 mg of the hydro-
chloride is equivalent to about 1 mg of mitoxantrone.
In the treatment of breast cancer, prostate cancer, liver
cancer, and lymphomas, a dose equivalent to mitox-
antrone 14 mg/m2 is given initially, then repeated eve-
ry 3 weeks. It is diluted to at least 50 mL in sodium
chloride 0.9% or glucose 5% and injected over at least
3 minutes into a freely-running intravenous infusion of
either. Subsequent doses may be adjusted according to
the degree of myelosuppression produced. Initial dos-
age may need to be reduced to 12 mg/m2 in debilitated
patients or those who have had previous chemothera-
py. Doses should also probably be reduced when mi-
toxantrone is given as part of a combination regimen:
an initial dose of 10 to 12 mg/m2 has been suggested. 
In the treatment of patients with acute myeloid leukae-
mia a dose of 12 mg/m2 daily for 5 days may be given
to induce remission; alternatively a similar dose may
be given for 3 days with cytarabine. 
Cardiac examinations are recommended in all patients
who receive a cumulative dose of mitoxantrone greater
than 160 mg/m2; left ventricular ejection fraction
(LVEF) should be determined before each dose in pa-
tients who have received a cumulative dose in excess
of 100 mg/m2. Regular blood counts should be per-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

formed during treatment and courses should not be re-
peated until blood counts have recovered (see also
Bone-marrow Depression, p.639). 
In the management of multiple sclerosis, the recom-
mended dose is the equivalent of mitoxantrone
12 mg/m2 by intravenous infusion over 5 to 15 min-
utes. This dose may be given once every 3 months
initially provided that neutrophil counts are above
1500 cells/mm3 and that LVEF is greater than 50%.
Blood counts should be monitored before each dose.
LVEF should be evaluated before beginning mito-
xantrone therapy and before all subsequent doses; a to-
tal cumulative lifetime dose in excess of 140 mg/m2

should be avoided. LVEF should also be measured if
signs or symptoms of heart failure develop.
◊ References.
1. Faulds D, et al. Mitoxantrone: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic potential in the
chemotherapy of cancer. Drugs 1991; 41: 400–49. 

2. Fox EJ. Mechanism of action of mitoxantrone. Neurology 2004;
63 (suppl): S15–S18.

Multiple sclerosis. Mitoxantrone has produced clinical
benefit1-4 in terms of reduced relapse rate and a slowing of dis-
ease progression in patients with multiple sclerosis (p.892). It has
been given intravenously in doses of 5 or 12 mg/m2 every 3
months, or 8 mg/m2 every month. Patients with progressive re-
lapsing disease may benefit from rapid induction with 12 mg/m2

monthly for 3 months.5 Benefit has also been shown in combina-
tion with corticosteroids,6 although the combination was not
compared with mitoxantrone alone. However, cardiotoxicity
limits the dose that can be given.7,8 Because of this and other ad-
verse effects, such as possible secondary malignancy or poten-
tially permanent amenorrhoea, some consider the use of mitox-
antrone in multiple sclerosis to be unproven9 and others have
cautioned10 that it should not be used before other immunomod-
ulators. A systematic review11 concluded that mitoxantrone was
moderately effective in the short-term treatment of multiple scle-
rosis, but that information on its long-term effects was lacking;
use should be limited to patients with worsening relapsing-remit-
ting or secondary progressive disease with evidence of worsen-
ing disability.
1. Millefiorini E, et al. Randomized placebo-controlled trial of mi-

toxantrone in relapsing-remitting multiple sclerosis: 24-month
clinical and MRI outcome. J Neurol 1997; 244: 153–9. 

2. van de Wyngaert FA, et al. A double-blind clinical trial of mi-
toxantrone versus methylprednisolone in relapsing, secondary
progressive multiple sclerosis. Acta Neurol Belg 2001; 101:
210–16. 

3. Hartung H-P, et al. Mitoxantrone in progressive multiple sclero-
sis: a placebo-controlled, double-blind, randomised, multicen-
tre trial. Lancet 2002; 360: 2018–25. 

4. Jeffery DR, Herndon R. Review of mitoxantrone in the treat-
ment of multiple sclerosis. Neurology 2004; 63 (suppl):
S19–S24. 

5. Rizvi SA, et al. Mitoxantrone for multiple sclerosis in clinical
practice. Neurology 2004; 63 (suppl): S25–S27. 

6. Edan G, et al. Therapeutic effect of mitoxantrone combined with
methylprednisolone in multiple sclerosis: a randomised multi-
centre study of active disease using MRI and clinical criteria. J
Neurol Neurosurg Psychiatry 1997; 62: 112–118. 

7. Ghalie RG, et al. Cardiac adverse effects associated with mitox-
antrone (Novantrone) therapy in patients with MS. Neurology
2002; 59: 909–13. 

8. Cohen BA, Mikol DD. Mitoxantrone treatment of multiple scle-
rosis: safety considerations. Neurology 2004; 63 (suppl):
S28–S32. 

9. Chaudhuri A, Behan PO. Mitoxantrone trial in multiple sclero-
sis. Lancet 2003; 361: 1133–4. 

10. Goodin DS, et al. The use of mitoxantrone (Novantrone) for the
treatment of multiple sclerosis: report of the Therapeutics and
Technology Assessment Subcommittee of the American Acad-
emy of Neurology. Neurology 2003; 61: 1332–8. 

11. Martinelli Boneschi F, et al. Mitoxantrone for multiple sclero-
sis. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2005 (accessed
01/03/06).

Preparations
BP 2008: Mitoxantrone Intravenous Infusion; 
USP 31: Mitoxantrone Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Batinel; Micraleve; Mitoxgen; Mitoxmar; Austral.: Novantrone;
Onkotrone; Austria: Novantron; Belg.: Novantrone; Xantrosin; Braz.: Mi-
sostol; Mitaxis†; Mitoxal; Canad.: Novantrone†; Chile: Neotalem†; Cz.:
Novantrone†; Onkotrone; Refador; Denm.: Novantrone; Fin.: Novantro-
ne; Fr.: Elsep; Novantrone; Ger.: Neoxantron; Novantron; Onkotrone;
Onkoxantron; Ralenova; Gr.: Genefadrone; Mitoxan; Novantrone; Zyneva;
Hong Kong: Novantrone; Hung.: Novantrone; Onkotrone; Refador; In-
dia: Oncotron; Indon.: Norexan; Irl.: Novantrone; Israel: Novantrone;
Ital.: Novantrone; Onkotrone; Malaysia: Novantrone†; Mex.: Formyxan;
Mitoxgen; Mitroxone; Neotalem; Neth.: Novantrone†; Norw.: Novantro-
ne; NZ: Novantrone; Philipp.: Domitrone; Onkotrone; Port.: Mitroxene;
Novantrone; S.Afr.: Novantrone; Singapore: Novantrone; Spain: No-
vantrone; Pralifan; Swed.: Novantrone; Switz.: Novantron; Thai.: Neo-
talem; Novantrone†; Turk.: Neotalem; Novantrone; UK: Novantrone†;
Onkotrone; USA: Novantrone; Venez.: Misostol.

Multialchilpeptide
Multialquilpéptido.
CAS — 9076-25-9.

Profile
Multialchilpeptide is a complex of metamelfalan, an analogue of
melphalan (p.742), with peptides. It has been used in the treat-
ment of malignant neoplasms of the blood and lymphatic sys-
tems.

Naptumomab Estafenatox (rINN)

ABR-217620; Naptumomab Estafénatox; Naptumomabum Es-
tafenatoxum. Immunoglobulin fragment, anti-[trophoblast glyco-
protein (TPBG, 5T4)] monoclonal 5T4 gamma1 heavy chain
fragment fusion protein [Mus musculus VH (5T4V14: H41>P,
S44>G, I69>T, V113>G)-IGHG1_CH1] - [Glycyl-Glycyl-Prolyl]
- superantigen SEA/E-120 (synthetic), non-disulfide linked with
monoclonal 5T4 kappa light chain [Mus musculus V-KAPPA
(5T4V18: F10>S, T45>K, I63>S, F73>L, T77>S, L78>V,
L83>A)-IGKC].

Наптумомаб Эстафенатокс
CAS — 676258-98-3.

Profile
Naptumomab estafenatox is a murine monoclonal antibody con-
jugated with a bacterial superantigen, a modified variant of Sta-
phylococcal enterotoxin A that acts as a target for T-cell activa-
tion. The antibody is directed against a tumour-specific antigen
5T4. Naptumomab estafenatox is under investigation for the
treatment of renal cell carcinoma.

Nedaplatin (rINN)

Nédaplatine; Nedaplatino; Nedaplatinum. cis-Diammine(glycola-
to-O1,O2)platinum.

Недаплатин
C2H8N2O3Pt = 303.2.
CAS — 95734-82-0.

Profile
Nedaplatin is a platinum derivative with general properties sim-
ilar to those of cisplatin (p.698) although it may be associated
with less nephrotoxicity. It is used in the treatment of a variety of
malignant neoplasms. It is given by intravenous infusion over 1
hour or more, dissolved in at least 300 mL of an appropriate in-
fusion solution, in doses of 80 to 100 mg/m2. The infusion
should be followed by infusion of at least 1 litre of fluid to ensure
adequate hydration and reduce the risk of renal damage.

◊ References.
1. Yoshioka T, et al. A new combination chemotherapy with cis-

diammine-glycolatoplatinum (Nedaplatin) and 5-fluorouracil for
advanced esophageal cancers. Intern Med 1999; 38: 844–8. 

2. Adachi S, et al. Intravenous nedaplatin and intraarterial cisplatin
with transcatheter arterial embolization for patients with locally
advanced uterine cervical cancer. Int J Clin Pharmacol Res
2001; 21: 105–10. 

3. Kato H, et al. Efficacy and toxicity of nedaplatin and 5-FU with
radiation treatment for advanced esophageal carcinomas. Anti-
cancer Res 2003; 23: 3493–8. 

4. Ishibashi T, et al. Determination of optimal dosage for nedapla-
tin based on pharmacokinetic and toxicodynamic analysis. Anti-
cancer Res 2005; 25: 1273–81. 

5. Shirai T, et al. Phase II study of the combination of gemcitabine
and nedaplatin for advanced non-small-cell lung cancer. Lung
Cancer 2006; 52: 181–7. 

6. Fuwa N, et al. Chemoradiation therapy using radiotherapy, sys-
temic chemotherapy with 5-fluorouracil and nedaplatin, and in-
tra-arterial infusion using carboplatin for locally advanced head
and neck cancer–Phase II study. Oral Oncol 2007; 43: 1014–20. 

7. Oshita F, et al. Phase II study of nedaplatin and irinotecan fol-
lowed by gefitinib for elderly patients with unresectable non-
small cell lung cancer. Cancer Chemother Pharmacol 2008; 62:
465–70. 

8. Yokoyama Y, et al. A phase II multicenter trial of concurrent
chemoradiotherapy with weekly nedaplatin in advanced uterine
cervical carcinoma: Tohoku Gynecologic Cancer Unit Study.
Oncol Rep 2008; 19: 1551–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Aqupla.

Nelarabine (BAN, USAN, rINN)

GW-506U; GW-506U78; MAY; Nelarabina; Nélarabine; Nelara-
binum; Nelzarabine; 506U; 506U78. 2-Amino-9-β-D-arabino-
furanosyl-6-methoxy-9H-purine.
Неларабин
C11H15N5O5 = 297.3.
CAS — 121032-29-9.
ATC — L01BB07.
ATC Vet — QL01BB07.

Adverse Effects, Treatment, and Precau-
tions
Neurotoxicity is common with nelarabine and may be
dose-limiting. Signs and symptoms include somno-
lence, confusion, convulsions, ataxia, paraesthesias,
and hypoaesthesia. Severe toxicity can manifest as co-
ma, status epilepticus (which may be fatal), craniospi-
nal demyelination, or ascending neuropathy. Risk of
neurotoxicity is increased by previous or current in-
trathecal chemotherapy or previous radiation to the
spine or brain. Leucopenia, thrombocytopenia, anae-
mia, and neutropenia are common, especially in chil-
dren. Full blood counts should be regularly monitored.
Other common adverse events include fatigue, gas-
trointestinal disorders, respiratory disorders, pyrexia,
headache, hypokalaemia, hypoalbuminaemia, hyper-
bilirubinaemia, and increased liver enzyme values. Fa-
tal cerebral haemorrhage has been reported. Appropri-
ate measures to avoid hyperuricaemia (especially in
patients considered at risk for tumour lysis syndrome)
include adequate hydration, urinary alkalinisation, and
possible prophylaxis with allopurinol.

Pharmacokinetics
In adult patients with leukaemia or lymphoma, nelara-
bine is rapidly eliminated from the plasma, with a half-
life of about 30 minutes; no data are available for pae-
diatric patients although the mean clearance is reported
to be about 30% higher in children. Nelarabine is rap-
idly and extensively converted by demethylation to the
active metabolite 9-β-D-arabinofuranosylguanine (ara-
G; arabinosylguanine; arabinofuranosylguanine; gua-
nine arabinoside); both nelarabine and ara-G are wide-
ly distributed throughout the body. Ara-G has an elim-
ination half-life from plasma of about 3 hours. Plasma
protein binding is not significant. Nelarabine also un-
dergoes hydrolysis to form methylguanine. Both meth-
ylguanine and ara-G undergo further metabolism to
guanine, which is deaminated to form xanthine, itself
further oxidised to uric acid. Nelarabine and ara-G are
partially eliminated by the kidneys; mean apparent
clearance is lower in patients with mild to moderate re-
nal impairment.
◊ References.
1. Kisor DF, et al. Pharmacokinetics of nelarabine and 9-beta- -

arabinofuranosyl guanine in pediatric and adult patients during a
phase I study of nelarabine for the treatment of refractory hema-
tologic malignancies. J Clin Oncol 2000; 18: 995–1003.

Uses and Administration
Nelarabine is a prodrug of ara-G, a purine nucleoside
analogue that is used as an antimetabolite antineoplas-
tic in the treatment of relapsed or refractory T-cell acute
lymphoblastic leukaemia and lymphoma. A dose of
1.5 g/m2 is given undiluted by intravenous infusion
over 2 hours in adults, on days 1, 3, and 5 of a 21-day
cycle. In children, nelarabine is given undiluted by in-
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travenous infusion over 1 hour, at a dose of 650 mg/m2

daily for 5 days, and repeated every 21 days.
◊ References.
1. Gandhi V, et al. Evaluation of the combination of nelarabine and

fludarabine in leukemias: clinical response, pharmacokinetics,
and pharmacodynamics in leukemia cells. J Clin Oncol 2001;
19: 2142–52. 

2. Kisor DF. Nelarabine: a nucleoside analog with efficacy in T-cell
and other leukemias. Ann Pharmacother 2005; 39: 1056–63. 

3. Sanford M, Lyseng-Williamson KA. Nelarabine. Drugs 2008;
68: 439–47.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Atriance; UK: Atriance; USA: Arranon.

Nilotinib (USAN, rINN)

AMN-107; Nilotinibum. 4-Methyl-N-[3-(4-methyl-1H-imidazol-
1-yl)-5-(trifluoromethyl)phenyl]-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]-
amino}benzamide.
Нильотиниб
C28H22F3N7O = 529.5.
CAS — 641571-10-0.
ATC — L01XE08.
ATC Vet — QL01XE08.

Nilotinib Hydrochloride (rINNM)

Hidrocloruro de nilotinib; Nilotinib, Chlorhydrate d’; Nilotinibi
Hydrochloridum. Nilotinib Hydrochloride Monohydrate.
Нильотиниба Гидрохлорид
C28H22F3N7O,HCl,H2O = 584.0.
CAS — 923288-90-8.
ATC — L01XE08.
ATC Vet — QL01XE08.

Adverse Effects, Treatment, and Precau-
tions
The most common adverse effects of nilotinib are rash,
pruritus, nausea, fatigue, headache, and gastrointesti-
nal disturbances. Myelosuppression occurs, but is gen-
erally reversible and can be managed by temporary
cessation of therapy or dose reduction. Complete blood
counts should be performed every fortnight for the first
2 months and monthly thereafter. Nilotinib can prolong
the QT interval, which may result in ventricular tachy-
cardia (torsade de pointes), causing syncope, seizures,
and/or death; nilotinib should not be used in patients
with hypokalaemia or hypomagnesaemia or long QT
syndrome. Electrolyte abnormalities including hypo-
phosphataemia, hypokalaemia, hyperkalaemia, hypo-
calcaemia, and hyponatraemia can occur, and should
be monitored during therapy. Hepatotoxicity has been
reported. Serum lipase should be monitored as increases
can occur, and caution is recommended in patients with
a history of pancreatitis.

Interactions
Nilotinib is a competitive inhibitor of several cyto-
chrome P450 isoenzymes, particularly CYP3A4,
which plays an important role in its metabolism. Use of
nilotinib with strong inhibitors or inducers of CYP3A4
should be avoided. If they are used, dose adjustments
may be required (see Uses and Administration, below).
Grapefruit juice may also increase plasma concentra-
tions of nilotinib and should be avoided. St John’s wort
should also be avoided. Nilotinib should not be given
with drugs that prolong the QT interval.

Pharmacokinetics
Peak plasma concentrations occur about 3 hours after
an oral dose of nilotinib; bioavailability is increased al-
most twofold when given with food, especially a high-
fat meal. Plasma protein binding is about 98%. The ap-
parent elimination half-life is about 17 hours. It is me-

tabolised in the liver via oxidation and hydroxylation,
in which cytochrome P450 isoenzyme CYP3A4 plays
an important role.

Uses and Administration
Nilotinib is a tyrosine kinase inhibitor that is used for
the treatment of chronic myeloid leukaemia. In patients
who are resistant or intolerant to prior treatment that
included imatinib, nilotinib hydrochloride is given in
an oral dose equivalent to nilotinib 400 mg every 12
hours, at least 1 hour before or 2 hours after food. Ther-
apy is interrupted if toxicity occurs; treatment may be
re-started at a lower dose of 400 mg once daily. 
Nilotinib is a competitive inhibitor of cytochrome
P450 isoenzymes, including CYP3A4. Use with strong
CYP3A4 inhibitors or inducers should be avoided. If
no alternative is available, a dose reduction to nilotinib
400 mg once daily should be considered if it is given
with a strong CYP3A4 inhibitor. Once the inhibitor is
stopped, a washout period should be allowed before
nilotinib is increased to the original dose. A dose in-
crease of nilotinib may be needed if a strong CYP3A4
inducer is given; this depends on patient tolerability,
and the nilotinib dose will need to be decreased once
the inducer is stopped. 
Nilotinib is also under investigation for the treatment
of gastrointestinal stromal tumours.
◊ References.
1. Weisberg E, et al. AMN107 (nilotinib): a novel and selective in-

hibitor of BCR-ABL. Br J Cancer 2006; 94: 1765–9. 
2. Kantarjian H, et al. Nilotinib in imatinib-resistant CML and Phil-

adelphia chromosome-positive ALL. N Engl J Med 2006; 354:
2542–51. 

3. Kantarjian HM, et al. Nilotinib (formerly AMN107), a highly
selective BCR-ABL tyrosine kinase inhibitor, is effective in pa-
tients with Philadelphia chromosome-positive chronic myeloge-
nous leukemia in chronic phase following imatinib resistance
and intolerance. Blood 2007; 110: 3540–6. 

4. Plosker GL, Robinson DM. Nilotinib. Drugs 2008; 68: 449–59.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Tasigna; Port.: Tasigna; Switz.: Tasigna; UK: Tasigna; USA: Tasigna.

Nilutamide (BAN, USAN, rINN)

Nilutamid; Nilutamida; Nilutamidi; Nilutamidum; RU-23908. 5,5-
Dimethyl-3-(α,α,α-trifluoro-4-nitro-m-tolyl)-imidazolidine-2,4-di-
one.
Нилутамид
C12H10F3N3O4 = 317.2.
CAS — 63612-50-0.
ATC — L02BB02.
ATC Vet — QL02BB02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Nilutamide). A white or almost white powder.
Very slightly soluble in water; freely soluble in acetone; soluble
in anhydrous ethanol. Protect from light.
Adverse Effects and Precautions
As for Flutamide, p.725. Interstitial pneumonitis has occurred in
patients receiving nilutamide, and the drug is contra-indicated in
those with severe respiratory insufficiency.
Effects on the eyes. Reversible visual disturbances, particular-
ly delayed dark adaptation, have been associated with niluta-
mide.1,2 Although some consider such visual disturbances to be
mild and generally well tolerated,3 others suggest that these, to-
gether with alcohol intolerance and, more seriously, effects on
the lung, mean that other nonsteroidal anti-androgens should be
preferred.4
1. Harnois C, et al. Ocular toxicity of Anandron in patients treated

for prostatic cancer. Br J Ophthalmol 1986; 70: 471–3. 
2. Brisset JM, et al. Ocular toxicity of Anandron. Br J Ophthalmol

1987; 71: 639. 
3. Dijkman GA, et al. Comment: clinical experiences of visual dis-

turbances with nilutamide. Ann Pharmacother 1997; 31:
1550–1. 

4. Dole EJ, Holdsworth MT. Comment: clinical experiences of vis-
ual disturbances with nilutamide. Ann Pharmacother 1997; 31:
1551–2.

Interactions
Patients receiving nilutamide may exhibit intolerance to alcohol.
Pharmacokinetics
Nilutamide is rapidly and completely absorbed from the gas-
trointestinal tract. It is extensively metabolised although it may
inhibit its own metabolism to some extent after multiple doses.
About 60% of an oral dose of nilutamide is eliminated in the
urine and less than 10% in the faeces, with an elimination half-
life of 41 to 49 hours.
Uses and Administration
Nilutamide is a nonsteroidal anti-androgen that is used similarly
to flutamide (p.725) in the treatment of prostatic carcinoma
(p.671). It is given orally in a dose of 300 mg daily, usually start-
ing on the same day that the patient undergoes orchidectomy or
receives treatment with a gonadorelin analogue. Dosage may be
reduced to 150 mg daily after 1 month.
◊ References.
1. Dole EJ, Holdsworth MT. Nilutamide: an antiandrogen for the

treatment of prostate cancer. Ann Pharmacother 1997; 31:
65–75. 

2. Desai A, et al. Nilutamide: possible utility as a second-line hor-
monal agent. Urology 2001; 58: 1016–20. 

3. Kassouf W, et al. Nilutamide as second line hormone therapy for
prostate cancer after androgen ablation fails. J Urol (Baltimore)
2003; 169: 1742–4. 

4. Nakabayashi M, et al. Efficacy of nilutamide as secondary hor-
monal therapy in androgen-independent prostate cancer. BJU Int
2005; 96: 783–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Anandron†; Austral.: Anandron; Braz.: Anandron; Canad.: Anan-
dron; Cz.: Anandron†; Fr.: Anandron; Gr.: Anandron; Hung.: Anandron;
Mex.: Anandron; Neth.: Anandron; Port.: Anandron; Swed.: Anandron;
USA: Nilandron.

Nimotuzumab (rINN)

Cimazumab; h-R3; Nimotutsumabi; Nímótúzúmab; Nimotuzum-
abas; Nimotuzumabs; Nimotuzumabum. Immunoglobulin G1,
anti-(humanized mouse monoclonal hR3 β1 chain anti-human
epidermal growth factor receptor), disulfide with humanized
mouse monoclonal hR3 κ-chain, dimer.
Нимотузумаб
CAS — 828933-51-3.

Profile
Nimotuzumab is a monoclonal antibody that binds to the epider-
mal growth factor receptor (EGFR). It is used in some countries
for the treatment of glioma and cancers of the head and neck and
pancreas.

Nimustine Hydrochloride (rINNM)

ACNU; Hidrocloruro de nimustina; Nimustiinihydrokloridi;
Nimustine, Chlorhydrate de; Nimustinhydroklorid; Nimustini
Hydrochloridum; NSC-245382; Pimustine Hydrochloride. 3-[(4-
Amino-2-methylpyrimidin-5-yl)methyl]-1-(2-chloroethyl)-1-ni-
trosourea hydrochloride.
Нимустина Гидрохлорид
C9H13ClN6O2,HCl = 309.2.
CAS — 42471-28-3 (nimustine); 55661-38-6 (nimustine
hydrochloride).
ATC — L01AD06.
ATC Vet — QL01AD06.

(nimustine)

Profile
Nimustine is a nitrosourea antineoplastic with actions and uses
similar to those of carmustine (p.694). It is licensed for use in the
treatment of malignant glioma. Nimustine hydrochloride is giv-
en in doses of 2 to 3 mg/kg or 90 to 100 mg/m2 as a single dose
by slow intravenous injection, repeated at intervals of 6 weeks
depending on haematological response.
◊ References.
1. Anders K, et al. Accelerated radiotherapy with concomitant AC-

NU/Ara-C for the treatment of malignant glioma. J Neurooncol
2000; 48: 63–73. 

2. Kochii M, et al. Randomized comparison of intra-arterial versus
intravenous infusion of ACNU for newly diagnosed patients
with glioblastoma. J Neurooncol 2000; 49: 63–70. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

3. Silvani A, et al. Intra-arterial ACNU and carboplatin versus in-
travenous chemotherapy with cisplatin and BCNU in newly di-
agnosed patients with glioblastoma. Neurol Sci 2002; 23:
219–24. 

4. Weller M, et al. Neuro-Oncology Working Group 01 trial of
nimustine plus teniposide versus nimustine plus cytarabine
chemotherapy in addition to involved-field radiotherapy in the
first-line treatment of malignant glioma. J Clin Oncol 2003; 21:
3276–84. 

5. Watanabe T, et al. Human interferon beta, nimustine hydrochlo-
ride, and radiation therapy in the treatment of newly diagnosed
malignant astrocytomas. J Neurooncol 2005; 72: 57–62.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: ACNU; Jpn: Nidran†; Neth.: ACNU†; Switz.: ACNU†.

Nolatrexed (rINN)

AG-337 (nolatrexed dihydrochloride); Nolatrexedum. 2-Amino-
6-methyl-5-(4-pyridylthio)-4(3H)-quinazolinone.

Нолатрексед
C14H12N4OS = 284.3.
CAS — 147149-76-6 (nolatrexed); 152946-68-4 (nola-
trexed dihydrochlor ide).

Profile
Nolatrexed is, like raltitrexed (p.766), a selective inhibitor of
thymidylate synthase. It has been investigated as an antimetabo-
lite antineoplastic for the treatment of hepatocellular carcinoma,
although results of single-agent studies have been disappointing.
It is also under investigation in combination therapy for other
solid tumours.

◊ References.
1. Mok TS, et al. A multi-centre randomized phase II study of nol-

atrexed versus doxorubicin in treatment of Chinese patients with
advanced hepatocellular carcinoma. Cancer Chemother Phar-
macol 1999; 44: 307–11. 

2. Hughes AN, et al. Clinical pharmacokinetic and in vitro combi-
nation studies of nolatrexed dihydrochloride (AG337, Thymitaq)
and paclitaxel. Br J Cancer 2000; 82: 1519–27. 

3. Estlin EJ, et al. A phase I study of nolatrexed dihydrochloride in
children with advanced cancer. Br J Cancer 2001; 84: 11–18. 

4. Pivot X, et al. Result of two randomized trials comparing nola-
trexed (Thymitaq) versus methotrexate in patients with recurrent
head and neck cancer. Ann Oncol 2001; 12: 1595–9. 

5. Jhawer M, et al. Phase II trial of nolatrexed dihydrochloride
[Thymitaq, AG 337] in patients with advanced hepatocellular
carcinoma. Invest New Drugs 2007; 25: 85–94. 

6. Gish RG, et al. Phase III randomized controlled trial comparing
the survival of patients with unresectable hepatocellular carcino-
ma treated with nolatrexed or doxorubicin. J Clin Oncol 2007;
25: 3069–75.

Oblimersen Sodium (USAN, rINNM)

G-3139; Natrii Oblimersenum; Oblimersén sódico; Oblimersen
Sodique.

Натрий Облимерсен
C172H204N62-Na17O91P17S17 = 6058.3.
CAS — 190977-41-4.

Profile
Oblimersen sodium is an antisense oligonucleotide that blocks
the production of BCL-2, a mitochondrial protein that prevents
apoptosis. It is under investigation for the treatment of various
malignant neoplasms, including leukaemias, lung cancer, and
malignant melanoma.

◊ References.
1. Frankel SR. Oblimersen sodium (G3139 Bcl-2 antisense oligo-

nucleotide) therapy in Waldenstrom’s macroglobulinemia: a tar-
geted approach to enhance apoptosis. Semin Oncol 2003; 30:
300–304. 

2. Büchele T. Proapoptotische Therapie mit Oblimersen (bcl-2-An-
tisense-Oligonukleotid)—Übersicht über präklinische und kli-
nische Daten. Onkologie 2003; 26 (suppl 7): 60–9. 

3. Herbst RS, Frankel SR. Oblimersen sodium (Genasense bcl-2
antisense oligonucleotide): a rational therapeutic to enhance ap-
optosis in therapy of lung cancer. Clin Cancer Res 2004; 10 (sup-
pl): 4245s–4248s. 

4. Chi KN. Targeting Bcl-2 with oblimersen for patients with hor-
mone refractory prostate cancer. World J Urol 2005; 23: 33–7. 

5. O’Brien SM, et al. Phase I to II multicenter study of oblimersen
sodium, a Bcl-2 antisense oligonucleotide, in patients with ad-
vanced chronic lymphocytic leukemia. J Clin Oncol 2005; 23:
7697–7702. 

6. Mita MM, et al. A phase I, pharmacokinetic and biologic correl-
ative study of oblimersen sodium (Genasense, G3139) and iri-
notecan in patients with metastatic colorectal cancer. Ann Oncol
2006; 17: 313–21. 

7. Bedikian AY, et al. Bcl-2 antisense (oblimersen sodium) plus
dacarbazine in patients with advanced melanoma: the Oblim-
ersen Melanoma Study Group. J Clin Oncol 2006; 24: 4738–45. 

8. O’Brien S, et al. Randomized phase III trial of fludarabine plus
cyclophosphamide with or without oblimersen sodium (Bcl-2
antisense) in patients with relapsed or refractory chronic lym-
phocytic leukemia. J Clin Oncol 2007; 25: 1114–20. Correction.
ibid. 2008; 26: 820.

Ofatumumab (rINN)

HuMax-CD20; Ofatumumabum. Immunoglobulin G1, anti-(hu-
man CD20 (antigen))(human monoclonal HuMax-CD20 heavy
chain), disulfide with human monoclonal HuMax-CD20 κ-chain,
dimer.
Офатумумаб
CAS — 679818-59-8.

Profile
Ofatumumab is an anti-CD20 monoclonal antibody that is under
investigation for the treatment of non-Hodgkin’s lymphoma and
chronic lymphocytic leukaemia.
◊ References.
1. Coiffier B, et al. Safety and efficacy of ofatumumab, a fully hu-

man monoclonal anti-CD20 antibody, in patients with relapsed
or refractory B-cell chronic lymphocytic leukemia: a phase 1-2
study. Blood 2008; 111: 1094–1100. 

2. Hagenbeek A, et al. First clinical use of ofatumumab, a novel
fully human anti-CD20 monoclonal antibody in relapsed or re-
fractory follicular lymphoma: results of a phase 1/2 trial. Blood
2008; 111: 5486–95. 

3. Robak T. Ofatumumab, a human monoclonal antibody for lym-
phoid malignancies and autoimmune disorders. Curr Opin Mol
Ther 2008; 10: 294–309.

Olaparib (rINN)

Olaparibum. 4-[(3-{[4-(Cyclopropylcarbonyl)piperazin-1-yl]car-
bonyl}-4-fluorophenyl)methyl]phthalazin-1(2H)-one.
Олапариб
C24H23FN4O3 = 434.5.
CAS — 763113-22-0.

Profile
Olaparib is an antineoplastic that is under investigation for the
treatment of ovarian cancer.

Omacetaxine Mepesuccinate (pINN)

CGX-635; HHT; Homoharringtonine; Mepesuccinato de oma-
cetaxina; NSC-141633; Omacétaxine, Mépésuccinate d’; Oma-
cetaxini mepesuccinas. 1-[(1S,3aR,14bS)-2-Methoxy-1,5,6,-
8,9,14b-hexahydro-4H-cyclopenta[a][1,3]dioxolo[4,5-h]pyrro-
lo[2,1-b][3]benzazepin-1-yl] 4-methyl (2R)-2-hydroxy-2-(4-hy-
droxy-4-methylpentyl)butanedioate.
Омацетаксин Мепесукцинат
C29H39NO9 = 545.6.
CAS — 26833-87-4.

Pharmacopoeias. In Chin.
Profile
Omacetaxine mepesuccinate is a semisynthetic formulation of
homoharringtonine, which is an alkaloid derived from the tree
Cephalotaxus harringtonia, and related species. It is thought to
induce apoptosis by inhibition of protein synthesis. It is under
investigation for the treatment of chronic myeloid leukaemia

(p.653). It has also been tried in the treatment of acute leukaemi-
as and other neoplastic disorders. 
The related compounds harringtonine, isoharringtonine, and de-
oxyharringtonine have also been investigated. 
Adverse effects of omacetaxine mepesuccinate may include se-
vere hypotension, cardiac arrhythmias, myelosuppression, gas-
trointestinal disturbances, chest pain, headache, fatigue, alo-
pecia, rashes, and hyperglycaemia.
◊ References.
1. Kantarjian HM, et al. Homoharringtonine and low-dose cytarab-

ine in the management of late chronic-phase chronic myeloge-
nous leukemia. J Clin Oncol 2000; 18: 3513–21. 

2. Kantarjian HM, et al. Homoharringtonine: history, current re-
search, and future direction. Cancer 2001; 92: 1591–1605. 

3. O’Brien S, et al. Simultaneous homoharringtonine and interfer-
on-alpha in the treatment of patients with chronic-phase chronic
myelogenous leukemia. Cancer 2002; 94: 2024–32. 

4. Tang J, et al. A homoharringtonine-based regimen for childhood
acute myelogenous leukemia. Med Pediatr Oncol 2003; 41:
70–2. 

5. O’Brien S, et al. Results of triple therapy with interferon-alpha,
cytarabine, and homoharringtonine, and the impact of adding im-
atinib to the treatment sequence in patients with Philadelphia
chromosome-positive chronic myelogenous leukemia in early
chronic phase. Cancer 2003; 98: 888–93. 

6. Luo CY, et al. Homoharringtonine: a new treatment option for
myeloid leukemia. Hematology 2004; 9: 259–70. 

7. Quintás-Cardama A, Cortes J. Homoharringtonine for the treat-
ment of chronic myelogenous leukemia. Expert Opin Pharmaco-
ther 2008; 9: 1029–37. 

8. Quintás-Cardama A, Cortes J. Omacetaxine mepesuccinate - a
semisynthetic formulation of the natural antitumoral alkaloid ho-
moharringtonine, for chronic myelocytic leukemia and other my-
eloid malignancies. IDrugs 2008; 11: 356–72.

Oregovomab (USAN, rINN)

MAb-B43.13; Orégovomab; Oregovomabum. Immunoglobulin
G1, anti-(human CA125 (carbohydrate antigen)) (mouse mon-
oclonal B43.13 γ1-chain), disulfide with mouse monoclonal
B43.13 κ-chain, dimer.
Ореговомаб
CAS — 213327-37-8.

Profile
Oregovomab is a murine monoclonal antibody that binds to CA-
125, an antigen that is overexpressed in the majority of ovarian
cancer patients, and stimulates an immune response to the tu-
mour cells. It is under investigation for the treatment of ovarian
cancer.

Oxaliplatin (BAN, USAN, rINN)

JM-83; NSC-266046; l-OHP; Oksaliplatiini; Oksaliplatin; Oksalip-
latina; Oxaliplatina; Oxaliplatine; Oxaliplatino; Oxaliplatinum; RP-
54780; SR-96669. [(1R,2R)-1,2-Cyclohexanediamine-N,N′]-
[oxalato(2-)-O,O′]platinum.
Оксалиплатин
C8H14N2O4Pt = 397.3.
CAS — 61825-94-3.
ATC — L01XA03.
ATC Vet — QL01XA03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Oxaliplatin). A white or almost white, crystalline
powder. Slightly soluble in water; practically insoluble in dehy-
drated alcohol; very slightly soluble in methyl alcohol.
Incompatibility. Licensed product information states that
oxaliplatin should not be mixed with chloride-containing solu-
tions (including sodium chloride) or alkaline drugs or solutions.
In particular, oxaliplatin should not be mixed with fluorouracil or
any trometamol salts. While oxaliplatin may be infused through
a Y-site with folinic acid (in glucose 5% solution), they may not
be mixed in the same infusion bag, and folinic acid must not con-
tain trometamol as an excipient. The infusion line should be
flushed with glucose 5% before giving any other medication.
Oxaliplatin may degrade on contact with aluminium, and injec-
tion equipment containing aluminium should not be used.
Stability. UK licensed product information states that oxalipla-
tin must be diluted in glucose 5% to give a concentration not less
than 200 micrograms/mL. From a microbiological point of view,
the infusion preparation should be used immediately; the infu-
sion should not be stored for longer than 24 hours at 2° to 8°
unless it has been prepared in controlled and validated aseptic
conditions. Chemical and physical stability has been shown for
48 hours at 2° to 8°, and for 24 hours at 25°. US licensed product
information states that, after dilution in 250 to 500 mL of glucose
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5%, oxaliplatin infusion solutions have a shelf-life of 6 hours at
room temperature (20° to 25°) and up to 24 hours when refriger-
ated (2° to 8°), and that protection from light is not required. 
A study1 found that oxaliplatin solutions at 700 micrograms/mL
in polyolefin infusion bags of glucose 5% were chemically stable
for at least 30 days at both 3° to 7° and 20° to 24° without regard
to light.
1. André P, et al. Stability of oxaliplatin in infusion bags containing

5% dextrose injection. Am J Health-Syst Pharm 2007; 64:
1950–4.

Adverse Effects and Precautions
The adverse affects of oxaliplatin are similar to those of
cisplatin (p.698) but nausea and vomiting, nephrotox-
icity, and myelosuppression, seem to be less marked.
Raised liver enzyme values may occur. Neurotoxicity
can be dose-limiting. Peripheral neuropathy occurs in
85 to 95% of patients given oxaliplatin; pain, function-
al impairment, and loss of tendon reflexes may devel-
op. Pulmonary fibrosis, potentially fatal, has also been
reported. Extravasation of oxaliplatin can cause local
pain and inflammation; complications may sometimes
be severe, including necrosis. 
Neurological examinations should be carried out at
regular intervals during treatment and the dose should
be reduced if symptoms are prolonged or severe. Reg-
ular blood counts should be performed during treat-
ment and courses should not be repeated until blood
counts have recovered (see also Bone-marrow Depres-
sion, p.639). Oxaliplatin should not be given to patients
with pre-existing sensory neuropathies or myelosup-
pression, nor to those with severe renal impairment.
Renal function and toxicity should be carefully moni-
tored in those with more moderate degrees of renal im-
pairment. 
Patients are recommended to use appropriate contra-
ceptive measures during treatment and for 6 months af-
ter stopping treatment for men and for 4 months for
women.
Effects on the blood. Acute haemolysis, with1-4 and without5
anaemia, has been reported with the use of oxaliplatin. The reac-
tions were considered to be immune-mediated. Evan’s syndrome
(immune-mediated thrombocytopenia and haemolytic anaemia)
has also been reported.6
1. Desrame J, et al. Oxaliplatin-induced haemolytic anaemia. Lan-

cet 1999; 354: 1179–80. 
2. Garufi C, et al. Immunohemolytic anemia following oxaliplatin

administration. Ann Oncol 2000; 11: 497. 
3. Hofheinz R-D, et al. Two potential mechanisms of oxaliplatin-

induced haemolytic anaemia in a single patient. Cancer Chem-
other Pharmacol 2004; 53: 276–7. 

4. Chen VMY, et al. An immediate hemolytic reaction induced by
repeated administration of oxaliplatin. Transfusion 2004; 44:
838–43. 

5. Koutras AK, et al. Oxaliplatin-induced acute-onset thrombocy-
topenia, hemorrhage and hemolysis: a case report and review of
the literature. Oncology 2004; 67: 179–82. 

6. Earle CC, et al. Oxaliplatin-induced Evan’s syndrome. Br J Can-
cer 2001; 84: 441.

Effects on the liver. The development of ascites, portal hyper-
tension, and hepatic lesions in a patient with colorectal cancer
was considered to be due to oxaliplatin; metastatic or recurrent
cancer had been originally suspected.1
1. Tisman G, et al. Oxaliplatin toxicity masquerading as recurrent

colon cancer. J Clin Oncol 2004; 22: 3202–4.

Effects on the nervous system. Neurological toxicity is the
principal dose-limiting adverse effect with oxaliplatin.1-3 The
toxicity is biphasic: 
• acute paraesthesias or dysaesthesias of the extremities, trig-

gered or exacerbated by cold, are seen in 85 to 95% of patients
within hours of infusion, but are normally mild and resolve
within hours or days. Some patients also have distressing
laryngopharyngeal symptoms, such as difficulty in breathing
or swallowing. 

• with increasing cumulative dose, peripheral sensory symp-
toms increase in duration and intensity. Symptoms are some-
times associated with pain and cramps, and may progress to
functional impairment (loss of fine sensorimotor coordina-
tion). Dosage reduction may be required, but in clinical prac-
tice the onset of functional impairment often occurs after the
maximum response to therapy has been attained. Cumulative
neurotoxicity is reversible in most cases, and about 80% of
patients exhibit symptom regression within 4 to 6 months. 

The incidence of neurotoxicity may be higher when oxaliplatin
is given with fluorouracil. There is some evidence that more pro-
longed infusion of oxaliplatin can reduce acute toxicity, particu-
larly laryngopharyngeal symptoms. Antiepileptics such as car-
bamazepine (see Neuropathic Pain, p.477) or gabapentin have
been investigated in the management of oxaliplatin-induced neu-
rotoxicity and glutathione has been tried for prevention. Intrave-

nous calcium gluconate and magnesium chloride infusions have
been used to prevent acute oxaliplatin neuropathy with good in-
itial results; similarly, intravenous calcium gluconate and magne-
sium sulfate have been reported to dramatically improve oxalipl-
atin-associated neuropathy.4-6 However, a study designed to
evaluate potential reduction of cumulative neurotoxicity associ-
ated with oxaliplatin, using calcium and magnesium salts, was
terminated after those patients receiving calcium and magnesium
reported a significantly lower response to chemotherapy (which
consisted of oxaliplatin, folinic acid, fluorouracil, and bevacizu-
mab). Although these results need confirmation, the possibility
that calcium and magnesium may reduce the activity of certain
drugs in the treatment of colorectal cancer should be considered.7
1. Extra JM, et al. Pharmacokinetics and safety profile of oxalipla-

tin. Semin Oncol 1998; 25 (suppl 5): 13–22. 
2. Culy CR, et al. Oxaliplatin: a review of its pharmacological

properties and clinical efficacy in metastatic colorectal cancer
and its potential in other malignancies. Drugs 2000; 60:
895–924. 

3. Cassidy J, Misset J-L. Oxaliplatin-related side effects: character-
istics and management. Semin Oncol 2002; 29 (suppl 15): 11–20. 

4. Gamelin L, et al. Prevention of oxaliplatin-related neurotoxicity
by calcium and magnesium infusions: a retrospective study of
161 patients receiving oxaliplatin combined with 5-fluorouracil
and leucovorin for advanced colorectal cancer. Clin Cancer Res
2004; 10: 4055–61. 

5. Cersosimo RJ. Oxaliplatin-associated neuropathy: a review. Ann
Pharmacother 2005; 39: 128–35. 

6. Gamelin L, et al. Neurotoxicité de l’oxaliplatine. Bull Cancer
2006; 93 (suppl 1): S17–S22. 

7. Hochster HS, et al. Use of calcium and magnesium salts to re-
duce oxaliplatin-related neurotoxicity. J Clin Oncol 2007; 25:
4028–9.

GUILLAIN-BARRÉ SYNDROME. A patient with metastatic colon
cancer developed Guillain-Barré syndrome after weekly
treatment with oxaliplatin-based chemotherapy;1 he recov-
ered after treatment with intravenous immunoglobulin.
1. Christodoulou C, et al. Guillain-Barré syndrome in a patient with

metastatic colon cancer receiving oxaliplatin-based chemothera-
py. Anticancer Drugs 2004; 15: 997–9.

REVERSIBLE POSTERIOR LEUKOENCEPHALOPATHY SYNDROME.

Reversible posterior leukoencephalopathy syndrome (RPLS)
was diagnosed in a woman given oxaliplatin with bevacizum-
ab, and capecitabine. She tolerated further therapy with beva-
cizumab and irinotecan with no complications. The authors
attributed the RPLS to oxaliplatin.1
1. Pinedo DM, et al. Reversible posterior leukoencephalopathy

syndrome associated with oxaliplatin. J Clin Oncol 2007; 25:
5320–1.

Extravasation. Although oxaliplatin was originally considered
to be non-vesicant, there have been reports of extravasation caus-
ing inflammation, sclerosis, or, in some cases, severe necrosis.1-4

Some consider it to be a vesicant drug,1,2 although others state
oxaliplatin extravasation to be less harmful than that of more
classic vesicants.4 
For discussion of the management of extravasation, see under
Treatment of the Adverse Effects of Antineoplastics, p.640.
1. Baur M, et al. Extravasation of oxaliplatin (Eloxatin )–clinical

course. Onkologie 2000; 23: 468–71. 
2. Foo KF, et al. A case report of oxaliplatin extravasation. Ann

Oncol 2003; 14: 961–2. 
3. Kennedy JG, et al. Vesicant characteristics of oxapliplatin [sic]

following antecubital extravasation. Clin Oncol (R Coll Radiol)
2003; 15: 237–9. 

4. Kretzschmar A, et al. Extravasations of oxaliplatin. J Clin Oncol
2003; 21: 4068–9.

Hypersensitivity. Hypersensitivity reactions, including anaph-
ylaxis, have been reported with oxaliplatin,1-13 usually after sev-
eral cycles of treatment. Symptoms include hypotension, tachy-
cardia, dyspnoea, burning sensations, pruritus, erythema,
sweating, and dizziness.1,2,7,8 Rashes have also been
reported5,6,12 as have fever and chills.9,10 While the mechanism
of hypersensitivity to oxaliplatin is not clear, it has been suggest-
ed that reactions are characterised by development of symptoms
during or shortly after the infusion, and are possibly due to a type
I IgE-mediated reaction.7,10 Idiosyncratic or infusional reactions,
which are delayed until hours after the infusion,6,10 are consid-
ered to be associated with cytokine release.7,10 Cases have gener-
ally resolved on stopping oxaliplatin and giving appropriate
treatment. 
Prophylaxis before further oxaliplatin therapy, with corticoster-
oids and/or antihistamines, has shown variable efficacy.4-7,9,10

Desensitisation protocols using dilute solutions and longer infu-
sion times have been reported to be successful.10,11,13 
Intradermal skin testing has been used to identify patients with
suspected hypersensitivity to oxaliplatin; however, in some pa-
tients with negative skin tests, reactions have occurred upon re-
challenge.6,8

1. Tournigand C, et al. Severe anaphylactic reactions to oxalipla-
tin. Eur J Cancer 1998; 34: 1297–8. 

2. Médioni J, et al. Anaphylaxis after oxaliplatin. Ann Oncol 1999;
10: 610. 

3. Larzillière I, et al. Anaphylactic reaction to oxaliplatin: a case
report. Am J Gastroenterol 1999; 94: 3387–8. 

4. Stahl M, et al. Reaction after oxaliplatin—prevention with cor-
ticosteroids? Ann Oncol 2001; 12: 874. 

5. Alliot C, et al. Severe anaphylactic reaction to oxaliplatin. Clin
Oncol (R Coll Radiol) 2001; 13: 236. 

6. Thomas RR, et al. Hypersensitivity and idiosyncratic reactions
to oxaliplatin. Cancer 2003; 97: 2301–7. 

7. Brandi G, et al. Hypersensitivity reactions related to oxaliplatin
(OHP). Br J Cancer 2003; 89: 477–81. 

8. Garufi C, et al. Skin testing and hypersensitivity reactions to
oxaliplatin. Ann Oncol 2003; 14: 497–8. 

9. Lenz G, et al. Adverse reactions to oxaliplatin: a retrospective
study of 25 patients treated in one institution. Anticancer Drugs
2003; 14: 731–3. 

10. Lim K-H, et al. Hypersensitivity reactions to oxaliplatin: a case
report and the success of a continuous infusional desensitization
schedule. Anticancer Drugs 2004; 15: 605–7. 

11. Gammon D, et al. Hypersensitivity reactions to oxaliplatin and
the application of a desensitization protocol. Oncologist 2004;
9: 546–9. 

12. Ng CVT. Hypersensitivity reactions to oxaliplatin in two Asian
patients. Ann Pharmacother 2005; 39: 1114–18. 

13. Mis L, et al. Successful desensitization to oxaliplatin. Ann
Pharmacother 2005; 39: 966–9.

Interactions
For reference to the effect of oxaliplatin on fluorour-
acil, see Antineoplastics, p.723.

Pharmacokinetics
After intravenous doses, oxaliplatin is widely distribut-
ed throughout the body. It binds irreversibly to red
blood cells, which can prolong the half-life of the drug.
The mean terminal half-life has been variously stated
to be 273 hours and 391 hours. 
Oxaliplatin is extensively metabolised to both inactive
and active compounds and is predominantly excreted
in the urine.
◊ References.
1. Lévi F, et al. Oxaliplatin: pharmacokinetics and chronopharma-

cological aspects. Clin Pharmacokinet 2000; 38: 1–21. 
2. Graham MA, et al. Clinical pharmacokinetics of oxaliplatin: a

critical review. Clin Cancer Res 2000; 6: 1205–18.

Uses and Administration
Oxaliplatin is a platinum-containing complex similar
to cisplatin (see p.698). It is given with fluorouracil and
folinic acid in the treatment of metastatic colorectal
cancer and in the adjuvant treatment of stage III (Dukes
C) colon cancer (p.665). The recommended dose is
85 mg/m2 by intravenous infusion over 2 to 6 hours,
dissolved in 250 to 500 mL of glucose 5%. The dose
may be repeated at intervals of 2 weeks if toxicity per-
mits, reduced according to tolerance. In the adjuvant
setting, oxaliplatin is given for 12 cycles. After persist-
ent neurotoxicity or recovery from severe adverse ef-
fects licensed product information recommends an in-
itial reduction to 65 mg/m2 in metastatic colorectal
cancer, and to 75 mg/m2 when given as adjuvant treat-
ment. Oxaliplatin should always be given before fluor-
opyrimidines. 
Oxaliplatin is under investigation for the treatment of
ovarian and lung cancer. A liposomal formulation of
oxaliplatin is in development.
◊ References.
1. Culy CR, et al. Oxaliplatin: a review of its pharmacological

properties and clinical efficacy in metastatic colorectal cancer
and its potential in other malignancies. Drugs 2000; 60:
895–924. 

2. Monnet I, et al. Oxaliplatin plus vinorelbine in advanced non-
small-cell lung cancer: final results of a multicenter phase II
study. Ann Oncol 2002; 13: 103–7. 

3. Louvet C, et al. Phase II study of oxaliplatin, fluorouracil, and
folinic acid in locally advanced or metastatic gastric cancer pa-
tients. J Clin Oncol 2002; 20: 4543–8. 

4. Simpson D, et al. Oxaliplatin: a review of its use in combination
therapy for advanced metastatic colorectal cancer. Drugs 2003;
63: 2127–56. 

5. Winegarden JD, et al. A phase II study of oxaliplatin and pacli-
taxel in patients with advanced non-small-cell lung cancer. Ann
Oncol 2004; 15: 915–20. 

6. André T, et al. Oxaliplatin, fluorouracil, and leucovorin as adju-
vant treatment for colon cancer. N Engl J Med 2004; 350:
2343–51. 

7. Chao Y, et al. Phase II study of weekly oxaliplatin and 24-h
infusion of high-dose 5-fluorouracil and folinic acid in the treat-
ment of advanced gastric cancer. Br J Cancer 2004; 91: 453–8. 

8. Pectasides D, et al. Oxaliplatin plus high-dose leucovorin and 5-
fluorouracil (FOLFOX 4) in platinum-resistant and taxane-pre-
treated ovarian cancer: a phase II study. Gynecol Oncol 2004;
95: 165–72. 

9. Keam SJ, et al. Oxaliplatin: in operable colorectal cancer. Drugs
2005; 65: 89–96. 

10. Fu S, et al. Clinical application of oxaliplatin in epithelial ovar-
ian cancer. Int J Gynecol Cancer 2006; 16: 1717–32. 

11. Kim GP, Erlichman C. Oxaliplatin in the treatment of colorectal
cancer. Expert Opin Drug Metab Toxicol 2007; 3: 281–94. 

12. Stordal B, et al. Oxaliplatin for the treatment of cisplatin-resist-
ant cancer: a systematic review. Cancer Treat Rev 2007; 33:
347–57.

Administration in renal impairment. The primary route of
platinum elimination is renal, and clearance of platinum is de-
creased in patients with renal impairment. However, a study de-
termined that increased platinum exposure in patients with renal
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

impairment was not associated with increased oxaliplatin toxici-
ty. Dose reduction was not considered to be necessary in patients
with mild to moderate renal impairment (as defined by creatinine
clearance of 20 mL/minute or more).1 UK licensed product in-
formation concurs that no dose adjustment is necessary in mild
to moderate renal impairment, but contra-indicates the use of
oxaliplatin in severe renal impairment (defined as creatinine
clearance of less than 30 mL/minute), due to lack of data.
1. Takimoto CH, et al. Dose-escalating and pharmacological study

of oxaliplatin in adult cancer patients with impaired renal func-
tion: a National Cancer Institute organ dysfunction working
group study. J Clin Oncol 2003; 21: 2664–72.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Crisapla; Dabenzol; Dacplat; Goxyral; Kebir ; Metaplatin; Mitog; O-Plat;
Oxaltie; Platenk†; Platinostyl; Plusplatin; Uxalun; Xaliplat; Austral.: Eloxatin;
Belg.: Eloxatin; Braz.: Eloxatin; Evoxali†; Ezulen; O-Plat; Uxalun; Chile:
Eloxatin; O-Plat; Cz.: Ebeoxal; Eloxatin; Oxiplat; Platox; Fr.: Eloxatine; Ger.:
Eloxatin; Hong Kong: Eloxatin; Hung.: Eloxatin; India: Dacotin; Indon.:
Eloxatin; Ital.: Eloxatin; Malaysia: Eloxatin; Mex.: Eloxatin; Olipcis; Oxi-
tan; Riptam; Neth.: Eloxatin; NZ: Eloxatin; Philipp.: Eloxatin; Pol.: Eloxa-
tin; Port.: Eloxatin; Rus.: Eloxatine (Элоксатин); Singapore: Eloxatin;
Spain: Eloxatin; Swed.: Eloxatin; Switz.: Eloxatine; Thai.: Eloxatin; Oxalip;
Oxitan; Turk.: Eloxatin; UK: Eloxatin; USA: Eloxatin; Venez.: Eloxatin.

Paclitaxel (BAN, USAN, rINN)

BMS-181339-01; NSC-125973; Paclitaxelum; Paklitakseeli; Pakli-
taksel; Paklitaxel; Taxol; Taxol A. (2S,5R,7S,10R,13S)-10,20-Bis(ac-
etoxy)-2-benzoyloxy-1,7-dihydroxy-9-oxo-5,20-epoxytax-11-en-
13-yl (3S)-3-benzoylamino-3-phenyl-D-lactate.
Паклитаксел
C47H51NO14 = 853.9.
CAS — 33069-62-4.
ATC — L01CD01.
ATC Vet — QL01CD01.

NOTE. Paclitaxel was formerly referred to as taxol, but the use of
this name is now limited, as Taxol is a trademark.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Paclitaxel). Isolated from natural sources or pro-
duced by fermentation or by a semisynthetic process. A white or
almost white, crystalline powder. Practically insoluble in water;
freely soluble in dichloromethane; soluble in methyl alcohol.
Store in airtight containers. Protect from light. 
USP 31 (Paclitaxel). A white to off-white powder. Insoluble in
water; soluble in alcohol. Store in airtight containers at a temper-
ature between 20° and 25°. Protect from light.
Incompatibility. The vehicle for paclitaxel injection, which
contains alcohol and polyoxl castor oil, was found to leach the
plasticiser diethylhexyl phthalate from some plastic giving
sets.1,2 Consequently, licensed product information recommends
the use of non-PVC containers and giving sets. 
Paclitaxel was found to be compatible with doxorubicin for at
least 24 hours, but microcrystalline precipitation of paclitaxel oc-
curred after 3 to 5 days.3 For mention of the incompatibility of
paclitaxel and cisplatin see p.698.
1. Trissel LA, et al. Compatibility of paclitaxel injection vehicle

with intravenous administration and extension sets. Am J Hosp
Pharm 1994; 51: 2804–10. 

2. Mazzo DJ, et al. Compatibility of docetaxel and paclitaxel in in-
travenous solutions with polyvinyl chloride infusion materials.
Am J Health-Syst Pharm 1997; 54: 566–9. 

3. Trissel LA, et al. Compatibility and stability of paclitaxel com-
bined with doxorubicin hydrochloride in infusion solutions. Ann
Pharmacother 1998; 32: 1013–6.

Adverse Effects, Treatment, and Precau-
tions
For a general outline see Antineoplastics, p.635, p.639,
and p.641. 
Paclitaxel produces severe dose-limiting bone marrow
depression, the nadir of the white cell count usually oc-
curring after about 11 days, with recovery usually by
day 15 to 21 after a dose. Myelosuppression may be
less frequent and less severe when infusions are given
over 3 rather than 24 hours. 

Peripheral neuropathy can also be severe, and occa-
sionally dose-limiting. Hypersensitivity reactions, with
flushing, rash, dyspnoea, hypotension, chest pain, and
angioedema may occur, and all patients should be giv-
en initial premedication with corticosteroids, antihista-
mines, and histamine H2-antagonists. Other adverse ef-
fects include alopecia, arthralgia and myalgia,
gastrointestinal disturbances, mucositis, bradycardia
and ECG changes, nail dystrophies, and elevation of
liver enzyme values. Infections are common, as are in-
jection site reactions; extravasation may result in tissue
damage. Rare adverse events include hypertension, se-
vere thrombotic events, myocardial infarction, heart
failure, severe cardiac conduction abnormalities, sei-
zures, neuroencephalopathy, paralytic ileus, optic
nerve disturbances, severe skin reactions, hepatic
necrosis, and hepatic encephalopathy. There are rare
reports of interstitial pneumonia and other lung disor-
ders. 
Paclitaxel is not recommended in patients with severe-
ly impaired hepatic function. The drug is formulated in
polyoxyl castor oil and should be avoided in patients
hypersensitive to this substance. The formulation also
contains alcohol, the CNS effects of which should be
considered. Blood counts should be monitored fre-
quently. Continuous cardiac monitoring is needed in
patients who have had previous significant conduction
abnormalities when given paclitaxel.
Alcohol intoxication. Acute alcohol intoxication resulting
from high-dose paclitaxel infusion has been reported;1 it was cal-
culated that the dose used (348 mg/m2) supplied 50 mL of alco-
hol, or the equivalent of about 3 drinks (half a bottle of wine).
1. Wilson DB, et al. Paclitaxel formulation as a cause of ethanol

intoxication. Ann Pharmacother 1997; 31: 873–5.

Effects on the eyes. Optic neuritis has occurred with paclitax-
el. There is a report of glaucoma possibly related to the use of
docetaxel and paclitaxel in a patient also receiving corticoster-
oids.1
1. Fabre-Guillevin E, et al. Taxane-induced glaucoma. Lancet

1999; 354: 1181–2.

Effects on the heart. Infusion of paclitaxel has been associat-
ed with sinus bradycardia, atrial arrhythmias, ventricular tachy-
cardia, heart block, myocardial infarction, and sudden death.1,2

Symptoms of heart failure have been reported.3 In another report
sudden death 7 days after paclitaxel treatment raised the question
of whether paclitaxel might have had a delayed effect.4 There is
some evidence of cellular damage to the myocardium of a patient
with paclitaxel-associated cardiac symptoms.3 Licensed product
information notes that severe cardiovascular events have been
seen more frequently after the use of paclitaxel in patients with
non-small cell lung cancer than in those with breast or ovarian
carcinoma.
1. Rowinsky EK, et al. Cardiac disturbances during the administra-

tion of taxol. J Clin Oncol 1991; 9: 1704–12. 
2. Arbuck SG, et al. A reassessment of cardiac toxicity associated

with Taxol. J Natl Cancer Inst Monogr 1993; 15: 117–30. 
3. Jekunen A, et al. Paclitaxel-induced myocardial damage detect-

ed by electron microscopy. Lancet 1994; 343: 727–8. 
4. Alagaratnam TT. Sudden death 7 days after paclitaxel infusion

for breast cancer. Lancet 1993; 342: 1232–3.

Effects on the musculoskeletal system. Gabapentin has
been reported to be of benefit in the management of taxane-
induced arthralgia and myalgia.1,2

1. van Deventer H, Bernard S. Use of gabapentin to treat taxane-
induced myalgias. J Clin Oncol 1999; 17: 434–5. 

2. Nguyen VH, Lawrence HJ. Use of gabapentin in the prevention
of taxane-induced arthralgias and myalgias. J Clin Oncol 2004;
22: 1767–9.

Effects on the respiratory system. Acute bilateral intersti-
tial pneumonitis has been reported rarely in patients receiving
paclitaxel, despite premedication with corticosteroids and hista-
mine antagonists.1 Symptoms resolved on treatment with
parenteral corticosteroids.
1. Khan A, et al. Paclitaxel-induced acute bilateral pneumonitis.

Ann Pharmacother 1997; 31: 1471–4.

Effects on the skin and nails. Nail changes, noted as pigmen-
tation or discoloration of the nail-bed, may occur with paclitaxel.
Onycholysis (separation of the nail from the nail-bed) has also
been reported.1 Discoloration and onycholysis can also occur af-
ter docetaxel use, and there are reports of subungual hyperkera-
tosis and haemorrhage.2-4 
Localised oedema evolving into skin sclerosis, mimicking sys-
temic sclerosis, has been reported after taxane use. In most pa-
tients, the sclerosis developed mainly on the extremities, and es-
pecially the lower extremities. Joint contracture may occur. The
total cumulative dose of the taxane may contribute to the onset.5
1. Flory SM, et al. Onycholysis associated with weekly administra-

tion of paclitaxel. Ann Pharmacother 1999; 33: 584–5. 

2. Wasner G, et al. Clinical picture: nail changes secondary to do-
cetaxel. Lancet 2001; 357: 910. 

3. Pavithran K, Doval DC. Nail changes due to docetaxel. Br J Der-
matol 2002; 146: 709–10. 

4. Leonard GD, Zujewski JA. Docetaxel-related skin, nail, and vas-
cular toxicity. Ann Pharmacother 2003; 37: 148. 

5. Itoh M, et al. Taxane-induced scleroderma. Br J Dermatol 2007;
156: 363–7.

Hypersensitivity. Despite premedication with corticosteroids,
antihistamines, and H2-antagonists, hypersensitivity reactions
are common in patients given paclitaxel; up to about 40% of pa-
tients may have a mild reaction and about 2% a severe reaction.
Fatalities have been reported. There are rare reports of delayed
hypersensitivity reactions with paclitaxel; necrotic ulceration has
occurred, without evidence of extravasation.1 Some consider the
cause to be the polyoxyl castor oil diluent for paclitaxel, and do-
cetaxel has been suggested as a suitable alternative.2 However,
hypersensitivity reactions have also occurred with docetaxel and
taxane cross-reactivity has been reported.3,4 Although the manu-
facturers of both drugs consider further use to be contra-indicat-
ed after a severe reaction, strategies for continuation of treatment
and desensitisation have been described.5,6 
Hypersensitivity reactions to paclitaxel-eluting stents have also
been reported;7 however, the incidence is low, and some consider
the polymer coating of the stent to be the likely cause.8
1. Beri R, et al. Severe dermatologic reactions at multiple sites after

paclitaxel administration. Ann Pharmacother 2004; 38: 238–41. 
2. Bernstein BJ. Docetaxel as an alternative to paclitaxel after acute

hypersensitivity reactions. Ann Pharmacother 2000; 34:
1332–5. 

3. Denman JP, et al. Hypersensitivity reaction (HSR) to docetaxel
after a previous HSR to paclitaxel. J Clin Oncol 2002; 20:
2760–1. 

4. Karacan Ö, et al. Acute interstitial pneumopathy associated with
docetaxel hypersensitivity. Onkologie 2004; 27: 563–5. 

5. Markman M, et al. Paclitaxel-associated hypersensitivity reac-
tions: experience of the gynecologic oncology program of the
Cleveland Clinic Cancer Center. J Clin Oncol 2000; 18: 102–5. 

6. Feldweg AM, et al. Rapid desensitization for hypersensitivity re-
actions to paclitaxel and docetaxel: a new standard protocol used
in 77 successful treatments. Gynecol Oncol 2005; 96: 824–9. 

7. Nebeker JR, et al. Hypersensitivity cases associated with drug-
eluting coronary stents: a review of available cases from the Re-
search on Adverse Drug Events and Reports (RADAR) project.
J Am Coll Cardiol 2006; 47: 175–81. 

8. Azarbal B, Currier JW. Allergic reactions after the implantation
of drug-eluting stents: is it the pill or the polymer? J Am Coll
Cardiol 2006; 47: 182–3.

Pregnancy. Paclitaxel has been shown to be fetotoxic in animal
studies, but although the use of potentially teratogenic drugs
would normally be avoided during pregnancy, the risk to the
mother of inadequate treatment may outweigh whatever risks ex-
ist of abnormality in the fetus. Paclitaxel has been used in the
treatment of a patient who presented at 27 weeks of gestation
with ovarian cancer. She had cytoreductive surgery and then ad-
juvant chemotherapy consisting of 3 cycles of paclitaxel and cis-
platin given every 3 weeks. A healthy child was delivered by
caesarean section at 37 weeks, and showed normal growth and
development at 30 months of age.1 
Anhydramnios has been associated with the use of trastuzumab
and paclitaxel, see Pregnancy, under Trastuzumab, p.783.
1. Sood AK, et al. Paclitaxel and platinum chemotherapy for ovar-

ian carcinoma during pregnancy. Gynecol Oncol 2001; 83:
599–600.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Pretreatment with cisplatin may re-
duce the clearance of paclitaxel, resulting in increased
toxicity, and when both drugs are given, paclitaxel
should be given first.
Antineoplastics. For reference to enhanced cardiotoxicity
when paclitaxel was given with doxorubicin, see p.714. For the
pharmacokinetic changes reported when paclitaxel was given
with gemcitabine, see p.728. 
Pretreatment with fluorouracil has been reported to inhibit pacl-
itaxel’s cytotoxic action, possibly by preventing tumour cells
from entering the G2-M phases of the cell cycle.1 The effect also
occurred when the 2 drugs were given simultaneously, suggest-
ing that combination therapy might not be appropriate. 
Valspodar inhibits P-glycoprotein, and a pharmacokinetic study2

found that it decreased clearance of paclitaxel and prolonged the
terminal half-life, increasing exposure to paclitaxel and myelo-
suppressive effects. The authors suggested that the dose of pacl-
itaxel may need to be reduced by about 60%.
1. Johnson KR, et al. 5-Fluorouracil interferes with paclitaxel cyto-

toxicity against human solid tumor cells. Clin Cancer Res 1997;
3: 1739–45. 

2. Advani R, et al. A phase I trial of doxorubicin, paclitaxel, and
valspodar (PSC 833), a modulator of multidrug resistance. Clin
Cancer Res 2001; 7: 1221–9.

Antivirals. HIV-PROTEASE INHIBITORS. In a patient given vari-
ous antiretrovirals during paclitaxel treatment for Kaposi’s
sarcoma, pharmacokinetic parameters of paclitaxel were not
significantly different when compared with historical con-
trols.1 The first course of therapy combined paclitaxel with
lamivudine, stavudine, and the HIV-protease inhibitors riton-
avir and saquinavir. In subsequent courses, paclitaxel was
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given with nevirapine, and the final course consisted of pacl-
itaxel given with ritonavir and indinavir. However, licensed
product information for paclitaxel states that studies suggest
that systemic clearance of paclitaxel was significantly lower
in the presence of nelfinavir and ritonavir, but not indinavir,
and that paclitaxel should be given with caution to patients
taking HIV-protease inhibitors. HIV-protease inhibitors are
metabolised by the cytochrome P450 isoenzyme CYP3A4,
but are also reported to inhibit CYP3A activity. This may lead
to increased adverse effects when given with taxanes; the
combination of delavirdine and saquinavir has been reported
to cause serious mucositis, severe myalgia, alopecia, and leu-
copenia when given with paclitaxel.2

1. Nannan Panday VR, et al. Paclitaxel in the treatment of human
immunodeficiency virus 1-associated Kaposi’s sarcoma—drug-
drug interactions with protease inhibitors and a nonnucleoside
reverse transcriptase inhibitor: a case report study. Cancer
Chemother Pharmacol 1999; 43: 516–19. 

2. Schwartz JD, et al. Potential interaction of antiretroviral therapy
with paclitaxel in patients with AIDS-related Kaposi’s sarcoma.
AIDS 1999; 13: 283–4.

Immunosuppressants. Ciclosporin increased the oral absorp-
tion of paclitaxel, possibly by inhibiting the multidrug transport-
er P-glycoprotein in the gastrointestinal tract.1 
For the effects of valspodar (an analogue of ciclosporin) on pa-
clitaxel, see Antineoplastics, above.
1. Meerum Terwogt JM, et al. Co-administration of cyclosporin en-

ables oral therapy with paclitaxel. Lancet 1998; 352: 285. Cor-
rection. ibid.; 824.

Pharmacokinetics
Intravenous paclitaxel exhibits a biphasic decline in
plasma concentrations, with a mean terminal half-life
of anywhere between about 3 and 50 hours. The phar-
macokinetics are non-linear. The steady-state volume
of distribution is reported to range from 200 to 700 li-
tres/m2, indicating extensive extravascular distribu-
tion, tissue binding, or both. Paclitaxel is 89% or more
bound to plasma protein in vitro. The elimination of pa-
clitaxel has not been fully elucidated; only about 1 to
12% of a dose is reported to be excreted in urine, as
unchanged drug, indicating extensive non-renal clear-
ance. Paclitaxel is metabolised in the liver, with the
major metabolic pathway apparently mediated by the
cytochrome P450 isoenzyme CYP2C8, although
CYP3A4 may play a minor role. Metabolites are ex-
creted in the faeces via the bile, the primary metabolite
being 6α-hydroxypaclitaxel.
◊ References.
1. Sonnichsen DS, Relling MV. Clinical pharmacokinetics of pacl-

itaxel. Clin Pharmacokinet 1994; 27: 256–69. 
2. Walle T, et al. Taxol metabolism and disposition in cancer pa-

tients. Drug Metab Dispos 1995; 23: 506–12. 
3. Sonnichsen DS, et al. Variability in human cytochrome P450 pa-

clitaxel metabolism. J Pharmacol Exp Ther 1995; 275: 566–75. 
4. Henningsson A, et al. Mechanism-based pharmacokinetic model

for paclitaxel. J Clin Oncol 2001; 19: 4065–73.

Uses and Administration
Paclitaxel is a taxane originally derived from the bark
of the Pacific yew tree Taxus brevifolia (Taxaceae), and
now obtained semisynthetically from a taxane precur-
sor derived from the needles of the European yew, Tax-
us baccata. Paclitaxel’s antineoplastic action arises
from induction of microtubule formation and stabilisa-
tion of microtubules, thereby disrupting normal cell di-
vision in the G2 and M phases of the cell cycle. 
Paclitaxel is used for the primary treatment of ad-
vanced ovarian cancer (p.670) with cisplatin or carbo-
platin, and for secondary treatment. In the treatment of
node-positive breast cancer (p.661), paclitaxel is used
for primary adjuvant therapy after anthracycline-con-
taining chemotherapy. In locally advanced or metastat-
ic breast cancer, it is used first-line with an anthracy-
cline, or as a second-line single-agent, usually after
failure of anthracycline-based therapy. In patients with
metastatic disease who overexpress HER2 (human ep-
idermal growth receptor 2) it may be used with trastu-
zumab as initial therapy. Paclitaxel is used with cispla-
tin or carboplatin, for the primary treatment of
advanced non-small cell lung cancer (p.668). It may be
used for the second-line treatment of AIDS-related Ka-
posi’s sarcoma (p.675), and has been tried in other ne-
oplasms including cancers of the head and neck, and
relapsed germ-cell tumours. 

The recommended dose for the primary treatment of
ovarian cancer is 135 mg/m2 infused over 24 hours,
followed by cisplatin, and repeated at 3-week intervals.
Alternatively 175 mg/m2 may be infused over 3 hours,
followed by cisplatin, every 3 weeks. For the second-
ary treatment of ovarian cancer, the suggested dose as
a single agent is 135 or 175 mg/m2 infused over 3
hours once every 3 weeks. 
For breast cancer, a dose of paclitaxel 175 mg/m2 in-
fused over 3 hours once every 3 weeks is recommend-
ed for adjuvant treatment (for 4 courses), for second-
line monotherapy, and for first-line treatment with tras-
tuzumab; paclitaxel is given the day after the first dose
of trastuzumab, or immediately after subsequent doses
if well-tolerated. When used first-line with doxoru-
bicin, paclitaxel 220 mg/m2 is infused over 3 hours
once every 3 weeks; the dose is given 24 hours after
doxorubicin. 
In non-small cell lung cancer, the recommended dose
is 135 mg/m2 over 24 hours or 175 mg/m2 over 3
hours, followed by cisplatin, and repeated at 3-week
intervals. 
A dose of 135 mg/m2 over 3 hours once every 3 weeks
has been suggested for AIDS-related Kaposi’s sarco-
ma. Alternatively, 100 mg/m2 over 3 hours every 2
weeks may be given, especially in patients with poor
performance status. 
Regular blood counts should be performed, and dosage
should not be repeated until the neutrophil and platelet
counts are at acceptable levels; the neutrophil count
should be above 1000 cells/mm3 in patients with AIDS
(see also Bone-marrow Depression, p.639). The dose
should be reduced by 20% in subsequent courses in pa-
tients who have severe neutropenia or peripheral neu-
ropathy. Patients should be pretreated with corticoster-
oids, antihistamines, and histamine H2-antagonists.
The dose of paclitaxel may need to be reduced in pa-
tients with hepatic impairment (see below). 
Various formulations have been developed to avoid the
use of polyoxyl castor oil and improve the efficacy and
safety of paclitaxel. An injectable suspension of albu-
min-bound paclitaxel nanoparticles (Abraxane; Abrax-
is, USA; ABI-007) is available for the treatment of re-
fractory or relapsed breast cancer. The dose is
260 mg/m2 given intravenously over 30 minutes every
3 weeks. Other formulations in development include
paclitaxel linked to docosahexaenoic acid or biode-
gradable polymers (such as paclitaxel poliglumex), mi-
cellar and liposomal formulations, and an oral dosage
form. An injectable vitamin E-based emulsion of pacl-
itaxel has been investigated for the treatment of urothe-
lial cancer and metastatic breast cancer. 
Paclitaxel-releasing stents may be used to reduce re-
stenosis after coronary artery stent placement.
◊ References to paclitaxel, and to taxanes as a class.
1. Gelmon K. The taxoids: paclitaxel and docetaxel. Lancet 1994;

344: 1267–72. 
2. Long HJ. Paclitaxel (Taxol): a novel anticancer chemotherapeu-

tic drug. Mayo Clin Proc 1994: 69: 341–5. 
3. Spencer CM, Faulds D. Paclitaxel: a review of its pharmacody-

namic and pharmacokinetic properties and therapeutic potential
in the treatment of cancer. Drugs 1994; 48: 794–847. 

4. Rowinsky EK, Donehower RC. Paclitaxel (Taxol). N Engl J
Med 1995; 332: 1004–14. Correction. ibid.; 333: 75. 

5. Anonymous. Paclitaxel and docetaxel in breast and ovarian can-
cer. Drug Ther Bull 1997; 35: 43–6. 

6. Eisenhauer EA, Vermorken JB. The taxoids: comparative clini-
cal pharmacology and therapeutic potential. Drugs 1998; 55:
5–30. 

7. Crown J, O’Leary M. The taxanes: an update. Lancet 2000; 355:
1176–8. 

8. Michaud LB, et al. Risks and benefits of taxanes in breast and
ovarian cancer. Drug Safety 2000; 23: 401–28. 

9. Simpson D, Plosker GL. Paclitaxel: as adjuvant or neoadjuvant
therapy in early breast cancer. Drugs 2004; 64: 1839–47. 

10. Anonymous. Albumin-bound paclitaxel (Abraxane) for ad-
vanced breast cancer. Med Lett Drugs Ther 2005; 47: 39–40. 

11. Harries M, et al. Nanoparticle albumin-bound paclitaxel for
metastatic breast cancer. J Clin Oncol 2005; 23: 7768–71. 

12. Robinson DM, Keating GM. Albumin-bound paclitaxel: in met-
astatic breast cancer. Drugs 2006; 66: 941–8. 

13. Hayes DF, et al. Cancer and Leukemia Group B (CALGB) In-
vestigators. HER2 and response to paclitaxel in node-positive
breast cancer. N Engl J Med 2007; 357: 1496–1506. 

14. Seidman AD, et al. Randomized phase III trial of weekly com-
pared with every-3-weeks paclitaxel for metastatic breast can-
cer, with trastuzumab for all HER-2 overexpressors and random
assignment to trastuzumab or not in HER-2 nonoverexpressors:
final results of Cancer and Leukemia Group B protocol 9840. J
Clin Oncol 2008; 26: 1642–9.

Administration. Although many of the original studies of pa-
clitaxel employed a 24-hour infusion regimen, the use of 3-hour
infusions has subsequently become widespread. A systematic
review1 noted that although it was difficult to compare efficacy
in studies of unlike malignancies there was no conclusive evi-
dence of a difference in effectiveness with differing length of in-
fusion; however, there were differences in the adverse effect pro-
file, neutropenia being much less marked with the shorter
infusion, although neurotoxic effects were reduced with 24-hour
administration. 
There has also been considerable interest in evaluating the use of
paclitaxel in reduced-dose weekly schedules.2-12 Various dosage
regimens have been tried: most have found that doses of between
50 and about 100 mg/m2 weekly, usually by infusion over 1 hour
rather than a conventional 3-hour infusion, can be given with rel-
atively modest toxicity. Although higher doses have been tried,
neurotoxicity and myelosuppression become problematic and
tend to limit dose intensity. A number of studies have addressed
the combination of weekly paclitaxel with other antineoplastics,
for example with trastuzumab in breast cancer, estramustine in
prostate cancer, and with platinum compounds or gemcitabine in
other solid tumours such as those of the ovary or lung. Weekly
paclitaxel is also under investigation in combination with radio-
therapy in the management of lung cancer and glioblastoma mul-
tiforme.
1. Williams C, et al. Short versus long duration infusions of pacli-

taxel for any advanced adenocarcinoma. Available in The Co-
chrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2002 (accessed 12/05/05). 

2. Seidman AD, et al. Dose-dense therapy with weekly 1-hour pa-
clitaxel infusions in the treatment of metastatic breast cancer. J
Clin Oncol 1998; 16: 3353–61. 

3. Fountzilas G, et al. Radiation and concomitant weekly adminis-
tration of paclitaxel in patients with glioblastoma multiforme: a
phase II study. J Neurooncol 1999; 45: 159–65. 

4. Markman M. Weekly paclitaxel in the management of ovarian
cancer. Semin Oncol 2000; 27 (suppl 7): 37–40. 

5. De Pas T, et al. Phase I and pharmacologic study of weekly
gemcitabine and paclitaxel in chemo-naive patients with ad-
vanced non-small-cell lung cancer. Ann Oncol 2000; 11: 821–7. 

6. Langer CJ, et al. Paclitaxel by 1-h infusion in combination with
carboplatin in advanced non-small cell lung carcinoma
(NSCLC). Eur J Cancer 2000; 36: 183–93. 

7. Akerley W. Recent developments in weekly paclitaxel therapy
in lung cancer. Curr Oncol Rep 2001; 3: 165–9. 

8. Haas N, et al. Phase I trial of weekly paclitaxel plus oral estra-
mustine phosphate in patients with hormone-refractory prostate
cancer. Urology 2001; 58: 59–64. 

9. Seidman AD, et al. Weekly trastuzumab and paclitaxel therapy
for metastatic breast cancer with analysis of efficacy by HER2
immunophenotype and gene amplification. J Clin Oncol 2001;
19: 2587–95. 

10. Kouroussis C, et al. A dose-finding study of the weekly admin-
istration of paclitaxel in patients with advanced solid tumors.
Am J Clin Oncol 2001; 24: 404–7. 

11. Brambilla L, et al. Weekly paclitaxel for advanced aggressive
classic Kaposi sarcoma: experience in 17 cases. Br J Dermatol
2008; 158: 1339–44. 

12. Sparano JA, et al. Weekly paclitaxel in the adjuvant treatment
of breast cancer. N Engl J Med 2008; 358: 1663–71. Correction.
ibid.; 359: 106.

Administration in hepatic impairment. The US licensed
product information makes recommendations for initial dosage
adjustment of some paclitaxel regimens in patients with hepatic
impairment, according to transaminase and bilirubin concentra-
tions. They suggest paclitaxel should not be given if transami-
nase values are more than 10 times normal upper limits, or if
bilirubin is more than 75 micrograms/mL or 5 times the normal
upper limit.
Reperfusion and revascularisation procedures. Resteno-
sis is a particular problem after percutaneous coronary revascu-
larisation procedures (p.1181) and various drugs have been tried
for its prevention. Coronary stents that elute paclitaxel effective-
ly reduce restenosis and have been widely used, although there is
some suggestion that sirolimus-eluting stents may be superior to
paclitaxel-eluting stents in terms of clinical outcome and rates of
restenosis.1-3 In a study compared with bare metal stents, paclit-
axel-releasing stents reduced the risk of restenosis and the need
for repeat revascularisation procedures, although the follow-up
rates of death from cardiac causes or myocardial infarction were
not significantly reduced at 9 months4 and 1 year.5 However, be-
tween 9 months and 1 year, major cardiac adverse events were
significantly reduced in the paclitaxel-releasing stent group com-
pared to controls.5 A review6 of various stent designs concluded
that safety of paclitaxel-releasing stents was independent of de-
sign, dose-density, or presence or absence of a polymer carrier
system; however, those without a polymer carrier were unable to
show a positive effect on clinical outcome in patients with de
novo coronary lesions. However, in a paclitaxel-releasing stent
system, failure of the stent-delivery balloon to deflate has been
associated with serious injuries and 1 fatality.7 The risk of late
stent thrombosis may also be increased with drug eluting stents,8
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although the evidence is controversial,9 and their role in complex
interventions is not yet established.10,11 
Positive effects on restenosis have also been reported12 with use
of a paclitaxel-coated angioplasty balloon.
1. Windecker S, et al. Sirolimus-eluting and paclitaxel-eluting

stents for coronary revascularization. N Engl J Med 2005; 353:
653–62. 

2. Dibra A, et al. Paclitaxel-eluting or sirolimus-eluting stents to
prevent restenosis in diabetic patients. N Engl J Med 2005; 353:
663–70. 

3. Hofma SH, et al. One year clinical follow up of paclitaxel elut-
ing stents for acute myocardial infarction compared with
sirolimus eluting stents. Heart 2005; 91: 1176–80. 

4. Stone GW, et al. A polymer-based, paclitaxel-eluting stent in
patients with coronary artery disease. N Engl J Med 2004; 350:
221–31. 

5. Stone GW, et al. One-year clinical results with the slow-release,
polymer-based, paclitaxel-eluting TAXUS stent: the TAXUS-
IV trial. Circulation 2004; 109: 1942–7. 

6. Silber S. Paclitaxel-eluting stents: are they all equal? An analy-
sis of six randomized controlled trials in de novo lesions of
3,319 patients. J Interv Cardiol 2003; 16: 485–90. 

7. Muni NI, Gross TP. Problems with drug-eluting coronary
stents—the FDA perspective. N Engl J Med 2004; 351: 1593–5. 

8. Stone GW, et al. Safety and efficacy of sirolimus- and paclitax-
el-eluting coronary stents. N Engl J Med 2007; 356: 998–1008. 

9. Mauri L, et al. Stent thrombosis in randomized clinical trials of
drug-eluting stents. N Engl J Med 2007; 356: 1020–9. 

10. Beohar N, et al. Outcomes and complications associated with
off-label and untested use of drug-eluting stents. JAMA 2007;
297: 1992–2000. 

11. Win HK, et al. Clinical outcomes and stent thrombosis follow-
ing off-label use of drug-eluting stents. JAMA 2007; 297:
2001–9. 

12. Scheller B, et al. Treatment of coronary in-stent restenosis with
a paclitaxel-coated balloon catheter. N Engl J Med 2006; 355:
2113–24.

Preparations
USP 31: Paclitaxel Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Asotax; Clitaxel; Dalys; Drifen; Erioxal; Paclikebir ; Pacliteva; Paklitaxfil;
Panataxel; Tarvexol; Taxocris; Taxol; Taycovit; Austral.: Anzatax; Taxol; Aus-
tria: Ebetaxel; Taxol; Belg.: Paclitaxin; Paxene; Taxol; Braz.: Biopaxel; Onx-
el; Paclitax; Parexel; Paxel†; Taclipaxol†; Taclix†; Tarvexol; Taxilan; Taxol; Ca-
nad.: Taxol; Chile: Britaxol; Oncoplaxel; Praxel; Taxodiol; Cz.: Anzatax;
OncoTax; Onxol; Paclimedac; Pacline; Paxene; Taxol; Denm.: Taxol; Fin.:
Taxol; Fr.: Paxene; Taxol; Ger.: NeoTaxan; Ribotax; Taxol; Gr.: Biotaxel;
Ovapac; Paclit; Paclitaxin; Paclitol; Paclixel; Pataxel; Paxene; Ribotal; Taxogen;
Taxol; Taxoprol; Hong Kong: Anzatax; Taxol; Hung.: Genexol; Intaxel;
Magytax; Paxene; Taxol; India: Intaxel; Paclitax; Petaxel; Indon.: Anzatax;
Paxus; Taxol; Irl.: Paxene; Taxol; Israel: Biotax; Ebetaxel; Medixel; Taxol†;
Ital.: Anzatax; Paxene; Taxol; Jpn: Taxol; Malaysia: Anzatax; Formoxol;
Mitotax; Taxol; Mex.: Asotax; BrisTaxol; Cryoxet; Daburex; Ifaxol; Paclisan;
Praxel; Neth.: Paclitaxin; Paxene; Taxol; Norw.: Taxol; NZ: Taxol; Philipp.:
Intaxel; Taxol; Unitaxel; Pol.: Poltaxel; Sindaxel; Taxol; Port.: Paxene; Taxo-
bine; Taxol; Rus.: Abitaxel (Абитаксел)†; Mitotax (Митотакс); Paxene
(Паксен); Taxol (Таксол); S.Afr.: Anzatax; Biolyse; Taxol; Singapore: An-
zatax; Genexol; Taxol; Spain: Paxene; Taxol; Swed.: Paxene; Taxol; Switz.:
Taxol; Thai.: Anzatax; Intaxel; Oncotaxel; Praxel; Taxol; Turk.: Anzatax;
Taxol; UK: Paxene; Taxol; USA: Abraxane; Onxol; Taxol; Venez.: Clitaxel;
Intaxel; Paclitax.

Panitumumab (USAN, rINN)

ABX-EGF; E7.6.3; Panitumumabum. Immunoglobulin, anti-(hu-
man epidermal growth factor receptor) (human monoclonal
ABX-EGF heavy chain), disulfide with human monoclonal ABX-
EGF light chain, dimer.

Панитумумаб
CAS — 339177-26-3.
ATC — L01XC08.
ATC Vet — QL01XC08.

Adverse Effects, Treatment, and Precau-
tions
As for Cetuximab, p.695, although the use of premed-
ication for prevention of infusion reactions with pani-
tumumab has not been standardised. The infusion rate
should be reduced by 50% in patients who have mild to
moderate infusion reactions; if a severe reaction oc-
curs, immediate and permanent discontinuation is rec-
ommended. In patients who developed skin reactions,
infectious complications including abscesses and sep-
sis, in some cases fatal, have been reported.

Interactions
Use of panitumumab with combination chemotherapy
is not recommended. A high incidence of severe diar-
rhoea occurred in patients given panitumumab with
fluorouracil, folinic acid, and irinotecan. Increased risk
of death occurred when panitumumab was given with
bevacizumab.

Pharmacokinetics
The pharmacokinetics of panitumumab are reported to
be non-linear. Steady-state concentrations were
reached by the third infusion with the recommended
dose regimen. The elimination half-life was about 7.5
days.

Uses and Administration
Panitumumab is a recombinant human monoclonal an-
tibody that binds to the epidermal growth factor recep-
tor (EGFR). It is used in the treatment of EGFR-ex-
pressing metastatic colorectal cancer (p.665) in
patients with disease progression after fluoropyrimi-
dine-, oxaliplatin-, or irinotecan-containing regimens.
In some countries it is licensed only in patients whose
tumour contains a non-mutated KRAS gene (Kirsten rat
sarcoma 2 viral oncogene homologue), which plays a
role in cell growth regulation and angiogenesis; muta-
tions in the KRAS gene occur frequently in various hu-
man tumours and are implicated in oncogenesis and tu-
mour progression. 
The recommended dose is 6 mg/kg given as an intrave-
nous infusion every 14 days. Doses up to and including
1 g are given in 100 mL sodium chloride 0.9% over 60
minutes whereas doses above 1 g are diluted in
150 mL and given over 90 minutes; the final concen-
tration of the infusion should not exceed 10 mg/mL.
The infusion should be given via an infusion pump us-
ing a low-protein-binding 0.2 or 0.22 micrometre in-
line filter. It may be given through a peripheral line or
indwelling catheter; the line should be flushed with so-
dium chloride 0.9% before and after giving panitumu-
mab. The infusion rate should be reduced by 50% in
patients who have a mild to moderate infusion reac-
tion, and stopped immediately and permanently if a se-
vere reaction occurs. 
Panitumumab should be withheld if severe dermato-
logical toxicity develops, and permanently stopped if
toxicity does not improve within 1 month. If toxicity
improves after withholding no more than 2 doses of
panitumumab, treatment may be restarted at half the
original dose. If toxicity recurs, therapy should be per-
manently stopped. If toxicity does not recur, subse-
quent doses may be increased in increments of 25%
until the recommended dose of 6 mg/kg is reached.
◊ References.
1. Gibson TB, et al. Randomized phase III trial results of panitumu-

mab, a fully human anti-epidermal growth factor receptor mon-
oclonal antibody, in metastatic colorectal cancer. Clin Colorectal
Cancer 2006; 6: 29–31. 

2. Saif MW, Cohenuram M. Role of panitumumab in the manage-
ment of metastatic colorectal cancer. Clin Colorectal Cancer
2006; 6: 118–24. 

3. Hoy SM, Wagstaff AJ. Panitumumab: in the treatment of meta-
static colorectal cancer. Drugs 2006; 66: 2005–14. 

4. Saadeh CE, Lee HS. Panitumumab: a fully human monoclonal
antibody with activity in metastatic colorectal cancer. Ann Phar-
macother 2007; 41: 606–13. 

5. Anonymous. Panitumumab (Vectibix) for metastatic colorectal
cancer. Med Lett Drugs Ther 2007; 49: 35–6. Correction. ibid.;
48. [dosage error] 

6. Giusti RM, et al. FDA drug approval summary: panitumumab
(Vectibix ). Oncologist 2007; 12: 577–83.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Vectibix; Port.: Vectibix; UK: Vectibix; USA: Vectibix.

Panobinostat (rINN)

Panobinostatum. (2E)-N-Hydroxy-3-[4-({[2-(2-methyl-1H-indol-
3-yl)ethyl]amino}methyl)phenyl]prop-2-enamide.

Панобиностат

C21H23N3O2 = 349.4.
CAS — 404950-80-7.

Profile
Panobinostat is a histone deacetylase inhibitor that is under in-
vestigation as an antineoplastic for the treatment of cutaneous
T-cell lymphoma.

Patupilone (rINN)

EPO-906; Epothilone B; Patupilona; Patupilonum.
(1S,3S,7S,10R,11S,12S,16R)-7,11-Dihydroxy-8,8,10,12,16-penta-
methyl-3-[(1E)-1-(2-methyl-1,3-thiazol-4-yl)prop-1-en-2-yl]-4,17-
dioxabicyclo[14.1.0]heptadecane-5,9-dione.
Патупильон
C27H41NO6S = 507.7.
CAS — 152044-54-7.

Profile
Patupilone is a metabolite isolated from the bacterium Soran-
gium cellulosum, with microtubule stabilising activity similar to
that of the taxanes. It is under investigation as an antineoplastic
for the treatment of ovarian cancer.

Pazopanib Hydrochloride (USAN, rINNM)

GW-786034B; Hidrocloruro de pazopanib; Pazopanib, Chlorhy-
drate de; Pazopanibi Hydrochloridum. 5-({4-[(2,3-Dimethyl-2H-
indazol-6-yl)methylamino]pyrimidin-2-yl}amino)-2-methylbenze-
nesulfonamide hydrochloride.
Пазопаниба Гидрохлорид
C21H23N7O2S,HCl = 474.0.
CAS — 444731-52-6 (pazopanib); 635702-64-6 (pazo-
panib hydrochloride).

(pazopanib)

Profile
Pazopanib hydrochloride is an inhibitor of tyrosine kinase asso-
ciated with the epidermal growth factor receptor. It is under in-
vestigation for the treatment of renal cell carcinoma.

Peldesine (USAN, pINN)

BCX-34; Peldesina; Peldésine; Peldesinum. 2-Amino-3,5-dihydro-
7-(3-pyridylmethyl)-4H-pyrrolo[3,2-d]pyrimidin-4-one.
Пельдезин
C12H11N5O = 241.2.
CAS — 133432-71-0.
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Profile
Peldesine is an inhibitor of the enzyme purine nucleoside phos-
phorylase and is reported to suppress T-cell proliferation. It has
been investigated in the management of cutaneous T-cell lym-
phomas, and has also been tried topically in psoriasis and some
T-cell mediated eye disorders.

Pemetrexed Disodium 

(BANM, USAN, rINNM)

LY-231514 (pemetrexed or pemetrexed disodium); MTA; Multi-
targeted Antifolate; Pemetreksed Disodyum; Pemetrexed disódi-
co; Pémétrexed Disodique; Pemetrexedum Dinatricum. Diso-
dium N-{p-[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]py-
rimidin-5-yl)ethyl]benzoyl}-L-glutamate.

Динатрий Пеметрексед

C20H19N5Na2O6 = 471.4.

CAS — 137281-23-3 (pemetrexed); 150399-23-8 (pe-
metrexed disodium).

ATC — L01BA04.

ATC Vet — QL01BA04.

(pemetrexed)

NOTE. In practice, pemetrexed is given as the disodium heptahy-
drate (C20H19N5Na2O6,7H2O = 597.5).

Incompatibility. Licensed product information states that pe-
metrexed is physically incompatible with diluents containing
calcium, including Ringer’s solution and lactated Ringer’s solu-
tion. A study1 found pemetrexed disodium 20 mg/mL to be
physically incompatible with 24 drugs resulting in precipitation
or colour change during simulated Y-site administration. These
drugs include amphotericin B, some cephalosporin and ce-
phamycin antibacterials, chlorpromazine hydrochloride, cipro-
floxacin, dobutamine hydrochloride, doxorubicin hydrochloride,
doxycycline hyclate, droperidol, gemcitabine hydrochloride,
gentamicin sulfate, irinotecan hydrochloride, metronidazole, mi-
nocycline hydrochloride, mitoxantrone hydrochloride, nalbu-
phine hydrochloride, ondansetron hydrochloride, prochlorpera-
zine edisilate, tobramycin sulfate, and topotecan hydrochloride.
1. Trissel LA, et al. Physical compatibility of pemetrexed disodium

with other drugs during simulated Y-site administration. Am J
Health-Syst Pharm 2004; 61: 2289–93.

Stability. Licensed product information states that pemetrexed
is chemically and physically stable, once reconstituted and dilut-
ed, for 24 hours either refrigerated at 2° to 8° or at 25°; from a
microbiological point of view, solutions should be used immedi-
ately, unless prepared under controlled and validated aseptic con-
ditions. 
Pemetrexed, reconstituted in polypropylene syringes with sodi-
um chloride 0.9% to a concentration of 25 mg/mL, was found to
be both chemically and physically stable for 2 days when stored
at room temperature, and for 31 days when refrigerated.1 Al-
though pemetrexed solutions of 2, 10, and 20 mg/mL in glucose
5% and sodium chloride 0.9% in PVC bags were chemically sta-
ble for 90 days when frozen at −20°, microparticulates formed,
possibly related to the PVC containers. Pemetrexed solutions
should therefore not be frozen.2

1. Zhang Y, Trissel LA. Physical and chemical stability of peme-
trexed solutions in plastic syringes. Ann Pharmacother 2005; 39:
2026–8. 

2. Zhang Y, Trissel LA. Physical instability of frozen pemetrexed
solutions in PVC bags. Ann Pharmacother 2006; 40: 1289–92.

Adverse Effects, Treatment, and Precau-
tions
As for Raltitrexed, p.766. 
Pemetrexed may also cause fatigue, stomatitis, pharyn-
gitis, dyspnoea, chest pain, and neuropathy. Rare cases
of hepatitis, colitis, and intestinal pneumonitis have oc-
curred; fatalities have been reported. Serious renal
events, including acute renal failure, have been report-
ed with pemetrexed when it was used either alone or
with other cytotoxic drugs; most patients had underly-

ing risk factors such as dehydration, hypertension, or
diabetes. Cardiovascular events, including myocardial
infarction and cerebrovascular events, have occurred
rarely, usually when pemetrexed was used with other
cytotoxic drugs. Cases of radiation pneumonitis and ra-
diation recall have been reported in patients treated
with radiotherapy. Hypersensitivity reactions may oc-
cur. 
Complete blood cell counts should be monitored, and
folate and vitamin B12 are given as prophylaxis against
haematological and gastrointestinal toxicity during pe-
metrexed therapy. Pre-treatment with a corticosteroid,
such as oral dexamethasone, reduces the incidence and
severity of skin reactions.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. 
High doses of NSAIDs and aspirin may decrease pe-
metrexed elimination. In patients with mild to moder-
ate renal impairment (creatinine clearance 45 to
79 mL/minute) high doses of NSAIDs and aspirin
should be avoided from 2 days before until 2 days after
pemetrexed use, and NSAIDs that have longer half-
lives, such as piroxicam, should be avoided from 5
days before until 2 days after pemetrexed.
Analgesics. Enteric-coated aspirin 325 mg given orally every 6
hours for a total of 9 doses before pemetrexed, did not affect the
pharmacokinetic profile of pemetrexed in an interaction study;
the authors considered no dose adjustment necessary when mod-
erate doses of aspirin were given with pemetrexed. However, this
result could not be extrapolated to high-dose aspirin regimens, as
the interaction might be dependent on salicylate concentrations.
In contrast, oral ibuprofen 400 mg every 6 hours for a total of 9
doses before pemetrexed significantly reduced systemic peme-
trexed clearance. Despite an increase in pemetrexed exposure, no
increase in toxicity was seen. Dose adjustments were not consid-
ered necessary in patients with normal renal function (defined as
creatinine clearance of 80 mL/minute or greater). However, in
patients with pre-existing reduced pemetrexed clearance due to
renal impairment, giving ibuprofen may result in further increas-
es in pemetrexed exposure; the authors advised caution when us-
ing these 2 drugs together in patients with a creatinine clearance
of less than 80 mL/minute.1 For licensed drug information re-
garding the use of aspirin and NSAIDs with pemetrexed, see
above.
1. Sweeney CJ, et al. Two drug interaction studies evaluating the

pharmacokinetics and toxicity of pemetrexed when coadminis-
tered with aspirin or ibuprofen in patients with advanced cancer.
Clin Cancer Res 2006; 12: 536–42.

Pharmacokinetics
Pemetrexed has a plasma elimination half-life of 3.5
hours in patients with normal renal function. In-vitro
data indicate that pemetrexed is about 81% bound to
plasma proteins. It undergoes limited hepatic metabo-
lism, and about 70 to 90% of a dose is eliminated
unchanged in the urine within 24 hours.

Uses and Administration
Pemetrexed is primarily a thymidylate synthase inhib-
itor like raltitrexed (p.766), but it also inhibits other
folate-dependent enzymes involved in purine synthesis
such as dihydrofolate reductase and glycinamide ribo-
nucleotide formyltransferase. It is used as second-line
monotherapy or first-line with cisplatin in the treat-
ment of locally advanced or metastatic non-small cell
lung cancer (p.668). It is also used with cisplatin in the
first-line treatment of unresectable malignant pleural
mesothelioma (p.669). 
Pemetrexed is given as the disodium heptahydrate but
doses are expressed in terms of the base: pemetrexed
disodium heptahydrate 1.4 g is equivalent to about 1 g
of pemetrexed. A dose of pemetrexed 500 mg/m2 is
given by intravenous infusion over 10 minutes. The
dose may be repeated in 21-day cycles, and should be
adjusted according to toxicity. In combination therapy,
cisplatin is given about 30 minutes after the end of pe-
metrexed infusion. 

Pre-treatment with oral dexamethasone 4 mg twice
daily for 3 days is recommended, starting the day be-
fore pemetrexed. At least 5 doses of oral folic acid
(350 micrograms to 1 mg) should be taken during the
7 days before the first dose of pemetrexed; dosing
should continue throughout pemetrexed therapy, and
for 21 days after the last pemetrexed dose. Patients
should also receive an intramuscular injection of vita-
min B12 1 mg in the week before the first pemetrexed
dose, and once every 3 cycles thereafter; subsequent
injections may be given on the same day as peme-
trexed. 
Pemetrexed is under investigation as an antifolate an-
timetabolite in the treatment of colon, pancreatic,
breast, and head and neck cancer.
◊ References.
1. Smit EF, et al. Alimta  (pemetrexed disodium) as second-line

treatment of non-small-cell lung cancer: a phase II study. Ann
Oncol 2003; 14: 455–60. 

2. Vogelzang NJ, et al. Phase III study of pemetrexed in combina-
tion with cisplatin versus cisplatin alone in patients with malig-
nant pleural mesothelioma. J Clin Oncol 2003; 21: 2636–44. 

3. Hanna N, et al. Randomized phase III trial of pemetrexed versus
docetaxel in patients with non-small-cell lung cancer previously
treated with chemotherapy. J Clin Oncol 2004; 22: 1589–97. 

4. Hochster HS. The role of pemetrexed in the treatment of gas-
trointestinal malignancy. Clin Colorectal Cancer 2004; 4:
190–5. 

5. Hazarika M, et al. Pemetrexed in malignant pleural mesothelio-
ma. Clin Cancer Res 2005; 11: 982–92. 

6. Puto K, Garey JS. Pemetrexed therapy for malignant pleural
mesothelioma. Ann Pharmacother 2005; 39: 678–83. 

7. Rollins KD, Lindley C. Pemetrexed: a multitargeted antifolate.
Clin Ther 2005; 27: 1343–82. 

8. Martin M. Clinical experience with pemetrexed in breast cancer.
Semin Oncol 2006; 33 (suppl 2): S15–S18. 

9. Anonymous. Can pemetrexed help in malignant mesothelioma?
Drug Ther Bull 2006; 44: 77–80. 

10. Dundar Y, et al. Pemetrexed disodium for the treatment of ma-
lignant pleural mesothelioma: a systematic review and econom-
ic evaluation. Health Technol Assess 2007; 11: 1–90. 

11. Green J, et al. Pemetrexed disodium in combination with cispl-
atin versus other cytotoxic agents or supportive care for the
treatment of malignant pleural mesothelioma. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2007 (accessed 24/08/07). 

12. Longo-Sorbello GS, et al. Role of pemetrexed in non-small cell
lung cancer. Cancer Invest 2007; 25: 59–66.

Administration in renal impairment. A pharmacokinetic
study1 found that pemetrexed clearance decreased with declining
renal function. Although systemic exposure increased in these
patients, this was not associated with an increase in drug-related
dose-limiting toxicities for patients with a GFR of 40 mL/minute
or more and receiving vitamin supplementation (folic acid and
vitamin B12 supplementation appears to reduce toxicity without
altering pemetrexed pharmacokinetics). Patients with a GFR of
80 mL/minute or more tolerated a dose of pemetrexed
600 mg/m2, given intravenously every 3 weeks, whereas patients
with a GFR of 40 to 79 mL/minute tolerated 500 mg/m2 every 3
weeks. One patient with a GFR of 19 mL/minute died as a result
of treatment-related toxicity and accrual into this group was
stopped. As a result, no data were available for patients with a
GFR below 40 mL/minute. 
Licensed product information states that no dose adjustment is
necessary in patients with a creatinine clearance (CC) of
45 mL/minute or more. Use in patients with a CC of less than
45 mL/minute is not recommended due to lack of data. Caution
is advised when giving pemetrexed with NSAIDs in patients
whose CC is less than 80 mL/minute (see Interactions, above).
1. Mita AC, et al. Phase I and pharmacokinetic study of pemetrexed

administered every 3 weeks to advanced cancer patients with
normal and impaired renal function. J Clin Oncol 2006; 24:
552–62.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alimta; Austral.: Alimta; Belg.: Alimta; Canad.: Alimta; Chile: Alim-
ta; Elimta†; Cz.: Alimta; Denm.: Alimta; Fin.: Alimta; Fr.: Alimta; Ger.: Al-
imta; Gr.: Alimta; Hong Kong: Alimta; Hung.: Alimta; Irl.: Alimta; Israel:
Alimta; Ital.: Alimta; Malaysia: Alimta; Neth.: Alimta; Norw.: Alimta; NZ:
Alimta; Pol.: Alimta; Rus.: Alimta (Алимта); Singapore: Alimta; Spain:
Alimta; Swed.: Alimta; Switz.: Alimta; Thai.: Alimta; Turk.: Alimta; UK:
Alimta; USA: Alimta.

Pemtumomab

Profile
Pemtumomab is a radiolabelled monoclonal antibody of murine
origin that binds to muc-1, an epithelial cell surface protein on
tumour cells. It has been investigated for the treatment of various
cancers, including ovarian and gastric cancers, but results have
been disappointing.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pentostatin (BAN, USAN, rINN)

CI-825; Covidarabine; Co-vidarabine; Deoxycoformycin; 2′-De-
oxycoformycin; NSC-218321; PD-81565; Pentostatina; Pento-
statine; Pentostatinum. (R)-3-(2-Deoxy-β-D-erythro-pentofuran-
osyl)-3,6,7,8-tetrahydroimidazo[4,5-d][1,3]diazepin-8-ol; 1,2-Di-
deoxy-1-[(R)-3,6,7,8-tetrahydro-8-hydroxyimidazo[4,5-d][1,3]-
diazepin-3-yl]-D-erythro-pentofuranose.
Пентостатин
C11H16N4O4 = 268.3.
CAS — 53910-25-1.
ATC — L01XX08.
ATC Vet — QL01XX08.

Adverse Effects and Precautions
The most common adverse effects in patients receiving
pentostatin include myelosuppression (and in particu-
lar suppression of CD4+ lymphocyte subset), head-
ache, abdominal pain, fever and chills, gastrointestinal
disturbances (notably diarrhoea and nausea and vomit-
ing), hypersensitivity reactions, and hepatotoxicity.
Central neurotoxicity may be manifest as tiredness,
anxiety, depression, sleep disturbances, and paraesthe-
sias: treatment should be withheld or stopped in such
patients. Impaired renal function and pulmonary toxic-
ity (cough, dyspnoea, and pneumonia) may occur. Se-
vere toxicity in early studies, affecting mainly the
CNS, kidneys, liver, and lungs, was associated with the
use of doses higher than those currently recommended
and produced some fatalities. 
Other adverse effects reported with pentostatin include
dry skin and rashes (sometimes severe and worsening
with continued treatment), pruritus, conjunctivitis, alo-
pecia, arthralgia and myalgia, peripheral oedema,
thrombophlebitis, and cardiovascular disorders includ-
ing arrhythmias, angina pectoris, and heart failure. 
Pentostatin should not be given to patients with im-
paired renal function, or in active infection. It is tera-
togenic in animals and potentially genotoxic: it is
therefore contra-indicated in pregnancy and men re-
ceiving pentostatin should not father children for 6
months after therapy.

Interactions
Pentostatin should not be given with fludarabine, as the
combination may increase pulmonary toxicity. A simi-
lar increase in toxicity is expected when pentostatin is
used with vidarabine. 
Use of pentostatin with carmustine, etoposide and
high-dose cyclophosphamide, has produced acute pul-
monary oedema and hypotension, leading to death.
Pentostatin should therefore not be given with high-
dose cyclophosphamide.
Allopurinol. Fatal acute necrotising arteritis developed in a pa-
tient given pentostatin and allopurinol.1 Although the hypersen-
sitivity vasculitis may have been due to allopurinol alone there is
circumstantial evidence to suggest that pentostatin may predis-
pose patients to drug hypersensitivity and it may be wise to avoid
this combination, and to observe pentostatin-treated patients
closely for allergic manifestations.
1. Steinmetz JC, et al. Hypersensitivity vasculitis associated with

2-deoxycoformycin and allopurinol therapy. Am J Med 1989; 86:
498–9.

Pharmacokinetics
After intravenous injection, pentostatin has an elimina-
tion half-life of about 6 hours. Approximately 90% of
a dose is excreted in the urine as unchanged drug and

metabolites. Pentostatin crosses the blood-brain barrier
and can be measured in the CSF.

Uses and Administration
Pentostatin is a potent inhibitor of the enzyme adenos-
ine deaminase and probably exerts its cytotoxic actions
through the interruption of normal purine metabolism
and DNA synthesis. Lymphocytes are particularly sen-
sitive to its actions. 
Pentostatin is used as a single agent in the treatment of
hairy-cell leukaemia (p.654), in usual doses of
4 mg/m2 every other week. The dose is given as an in-
travenous bolus injection, or as an infusion over 20 to
30 minutes. Hydration with 500 mL to 1 litre of glu-
cose 5% in sodium chloride 0.18 or 0.9%, or equiva-
lent, is recommended beforehand; a further 500 mL of
the hydration solution should be infused once the drug
has been given. 
Pentostatin has been tried in cutaneous T-cell lympho-
mas (see Mycosis Fungoides, p.657) and histiocytic
syndromes (p.650). It is also under investigation in
some other lymphoid malignancies, including chronic
lymphocytic leukaemia (p.653) and non-Hodgkin’s
lymphomas (p.656) and for the management of chron-
ic graft-versus-host disease following haematopoietic
stem cell transplantation (p.1811).
◊ References.
1. Grever MR, et al. Pentostatin in the treatment of hairy-cell

leukemia. Best Pract Res Clin Haematol 2003; 16: 91–9. 
2. Drapkin R, et al. Results of a phase II multicenter trial of pento-

statin and rituximab in patients with low grade B-cell non-Hodg-
kin’s lymphoma: an effective and minimally toxic regimen. Clin
Lymphoma 2003; 4: 169–75. 

3. Tsimberidou AM, et al. Phase II study of pentostatin in advanced
T-cell lymphoid malignancies: update of an MD Anderson Can-
cer Center series. Cancer 2004; 100: 342–9. 

4. Tsiara SN, et al. Treatment of resistant/relapsing chronic lym-
phocytic leukemia with a combination regimen containing deox-
ycoformycin and rituximab. Acta Haematol (Basel) 2004; 111:
185–8. 

5. Dillman RO. Pentostatin (Nipent ) in the treatment of chronic
lymphocyte leukemia and hairy cell leukemia. Expert Rev Anti-
cancer Ther 2004; 4: 27–36. 

6. Higman M, et al. Pentostatin—pharmacology, immunology, and
clinical effects in graft-versus-host disease. Expert Opin Phar-
macother 2004; 5: 2605–13.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Nipent†; Fr.: Nipent; Ger.: Nipent; Gr.: Nipent; Ital.: Nipent;
Neth.: Nipent; Port.: Nipent; Spain: Nipent; UK: Nipent; USA: Nipent.

Peplomycin Sulfate (USAN, rINNM)

NK-631; Pepleomycin Sulphate; Peplomycin Sulphate; Péplomyc-
ine, Sulfate de; Peplomycini Sulfas; Sulfato de peplomicina. N1-{3-
[(S)-(α-Methylbenzyl)amino]propyl}bleomycinamide sulphate.
Пепломицина Сульфат
C61H88N18O21S2,H2SO4 = 1571.7.
CAS — 68247-85-8 (peplomycin); 70384-29-1 (peplomy-
cin sulfate).

(peplomycin)

Pharmacopoeias. In Jpn.
Profile
Peplomycin is an antineoplastic derived from bleomycin (see
p.687) and with similar properties. It has been given as the sulfate
in the treatment of a variety of malignant neoplasms, including
lymphomas and tumours of the head and neck, breast, cervix,
lung, prostate, and skin.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Pepleo.

Peretinoin (rINN)

Ácido poliprénico; E-5166; Pérétinoin; Peretinoína; Peretinoi-
num; Polyprenic Acid; Polyprenoic Acid. (all-E)-3,7,11,15-Tetram-
ethyl-2,4,6,10,14-hexadecapentaenoic acid.
Перетиноин; Полипреноевая Кислота
C20H30O2 = 302.5.
CAS — 81485-25-8.

Profile
Peretinoin is a retinoid that has been tried in psoriasis and kera-
toderma and is being studied in the treatment of liver cancers.
◊ References.
1. Muto Y, et al. Prevention of second primary tumors by an acyclic

retinoid, polyprenoic acid, in patients with hepatocellular carci-
noma. N Engl J Med 1996; 334: 1561–7. 

2. Muto Y, et al. Prevention of second primary tumors by an acyclic
retinoid in patients with hepatocellular carcinoma. N Engl J Med
1999; 340: 1046–7. 

3. Takai K, et al. Prevention of second primary tumors by an acy-
clic retinoid in patients with hepatocellular carcinoma: updated
analysis of the long-term follow-up data. Intervirology 2005; 48:
39–45.

Picoplatin (BAN, USAN, rINN)

AMD-473; NX-473; Picoplatine; Picoplatino; Picoplatinum; ZD-
0473. cis-Amminedichloro(2-methylpyridine)platinum(II).
Пикоплатин
C6H10Cl2N2Pt = 376.1.
CAS — 181630-15-9.

Profile
Picoplatin is a platinum derivative that is under investigation as
an intravenous antineoplastic for the treatment of small-cell lung
cancer. It is also under investigation for the treatment of colorec-
tal cancer and prostate cancer. An oral dosage form is also being
developed.

Pipobroman (USAN, pINN)

A-8103; NSC-25154; Pipobromán; Pipobromanum. 1,4-Bis(3-
bromopropionyl)piperazine.
Пипоброман
C10H16Br2N2O2 = 356.1.
CAS — 54-91-1.
ATC — L01AX02.
ATC Vet — QL01AX02.

Profile
Pipobroman is an antineoplastic which appears to act by alkyla-
tion. It may be used in the treatment of polycythaemia vera
(p.654), in patients requiring myelosuppressive therapy, and in
refractory chronic myeloid leukaemia (p.653). 
The usual initial dose for polycythaemia vera is 1 mg/kg daily,
given orally, and increased to 3 mg/kg, if necessary, according to
response. Maintenance dosage is 100 to 200 micrograms/kg
daily. 
The main adverse effect is moderate bone-marrow depression,
which may develop 4 weeks or more from starting treatment.
Anaemia may be marked at higher doses and is usually accom-
panied by leucopenia. Thrombocytopenia and haemolysis have
occurred. In the initial stages of treatment, white cell and platelet
counts should be determined on alternate days and complete
blood counts once or twice weekly. Dosage should be stopped if
the white cell or platelet counts fall below acceptable levels (see
also Bone-marrow Depression, p.639).

O

OH

HO
N

NHN

N

OH

H3C

O
HO

H3C

H3C

H3C H3C

Pt
Cl

Cl

NH3

N

H3C

N

N Br

O

O

Br



764   Antineoplastics

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Vercyte; Ital.: Vercite.

Pirarubicin (rINN)

Pirarubicina; Pirarubicine; Pirarubicinum; 1609-RB; Tepirubicin;
THP-ADM; THP-doxorubicin. (8S,10S)-10-{[3-Amino-2,3,6-
trideoxy-4-O-(2R-tetrahydro-2H-pyran-2-yl)-α-L-lyxo-hexopyran-
osyl]oxy}-8-glycoloyl-7,8,9,10-tetrahydro-6,8,11-trihydroxy-
1-methoxy-5,12-naphthacenedione.

Пирарубицин
C32H37NO12 = 627.6.
CAS — 72496-41-4.
ATC — L01DB08.
ATC Vet — QL01DB08.

Pharmacopoeias. In Jpn.

Profile
Pirarubicin is an antineoplastic anthracycline antibiotic that is a
structural analogue of doxorubicin (p.712), and has similar prop-
erties. It is used in the management of breast cancer and has also
been tried in other solid neoplasms, acute leukaemias and lym-
phomas. 
Pirarubicin is formulated as the hydrochloride but doses are in
terms of the base. A usual dose of 25 to 50 mg/m2 every 3 to 4
weeks has been recommended in breast cancer, but other dosage
regimens have been used. Doses may be given by intravenous
injection over 5 to 10 minutes into a rapidly-flowing intravenous
infusion of glucose 5%. Patients should undergo regular blood
counts and monitoring of cardiac function: at cumulative doses
above 600 mg/m2 ventricular ejection fraction should be
checked before each course. Pirarubicin has also been given by
the intra-arterial and intravesical routes.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Pinorubin†; Fr.: Theprubicine.

Piritrexim Isetionate (rINNM)

BW-301U (piritrexim); Isetionato de piritrexima; NSC-351521;
Piritrexim Isethionate (USAN); Piritrexime, Isétionate de; Piritrexi-
mi Isetionas. 2,4-Diamino-6-(2,5-dimethoxybenzyl)-5-methylpy-
rido[2,3-d]pyrimidine mono(2-hydroxyethanesulphonate).

Пиритрексима Изетионат
C17H19N5O2,C2H6O4S = 451.5.
CAS — 72732-56-0 (pir itrexim); 79483-69-5 (pir itrexim
isetionate).

(pir itrexim)

Profile
Piritrexim is a folate antagonist with general properties similar to
those of methotrexate (p.745). It has been tried by mouth for its
antineoplastic properties, and has also been used (as the isetion-
ate) for the treatment of opportunistic infections in immunosup-
pressed patients. Myelosuppression, gastrointestinal disturbanc-
es, and hepatotoxicity have been reported. 
Piritrexim isetionate has also been investigated for severe psoria-
sis.

◊ References.
1. Khorsand M, et al. Phase II trial of oral piritrexim in advanced,

previously treated transitional cell cancer of bladder. Invest New
Drugs 1997; 15: 157–63. 

2. Roth BJ, et al. Piritrexim in advanced, refractory carcinoma of
the urothelium (E3896): a phase II trial of the Eastern Coopera-
tive Oncology Group. Invest New Drugs 2002; 20: 425–9. 

3. Huie M, et al. Phase I study of piritrexim and gemcitabine in
patients with advanced solid tumors. Am J Clin Oncol 2005; 28:
613–17. 

4. Lassiter LK, et al. Phase II open-label study of oral piritrexim in
patients with advanced carcinoma of the urothelium who have
experienced failure with standard chemotherapy. Clin Geni-
tourin Cancer 2008; 6: 31–5.

Pixantrone (BAN, USAN, rINN)

BBR-2778; Pixantrona; Pixantronum. 6,9-Bis[(2-aminoethyl)ami-
no]benzo[g]isoquinoline-5,10-dione.

Пиксантрон

C17H19N5O2 = 325.4.
CAS — 144510-96-3 (pixantrone); 144675-97-8 (pix-
antrone maleate);.

Profile
Pixantrone is an anthracycline antineoplastic that is under inves-
tigation for the treatment of non-Hodgkin’s lymphoma.

◊ References.
1. Borchmann P, Schnell R. The role of pixantrone in the treatment

of non-Hodgkin’s lymphoma. Expert Opin Invest Drugs 2005;
14: 1055–61.

Plitidepsin (BAN, rINN)

Aplidine; Dehydrodidemnin B; Plitidepsina; Plitidepsine; Plitidep-
sinum. 3,6-Anhydro(N-{(2S,4S)-4-[(3S,4R,5S)-3-hydroxy-4-{[N-
(2-oxopropanoyl)-L-prolyl-N-methyl-D-leucyl-L-threonyl]amino}-
5-methylheptanoyloxy]-2,5-dimethyl-3-oxohexanoyl}-L-leucyl-L-
prolyl-N,O-dimethyl-L-tyrosine).

Плитидепсин

C57H87N7O15 = 1110.3.
CAS — 137219-37-5.

Profile
Plitidepsin is an antineoplastic isolated from the marine tunicate
Aplidium albicans. It is under investigation in the treatment of
acute lymphoblastic leukaemia, multiple myeloma, and solid tu-
mours.

◊ References.
1. Faivre S, et al. Phase I and pharmacokinetic study of aplidine, a

new marine cyclodepsipeptide in patients with advanced malig-
nancies. J Clin Oncol 2005; 23: 7871–80. 

2. Maroun JA, et al. Phase I study of Aplidine in a daily×5 one-hour
infusion every 3 weeks in patients with solid tumors refractory
to standard therapy. A National Cancer Institute of Canada Clin-
ical Trials Group study: NCIC CTG IND 115. Ann Oncol 2006;
17: 1371–8. 

3. Izquierdo MA, et al. Phase I clinical and pharmacokinetic study
of plitidepsin as a 1-hour weekly intravenous infusion in patients
with advanced solid tumors. Clin Cancer Res 2008; 14:
3105–12. 

4. Peschel C, et al. Phase II study of plitidepsin in pretreated pa-
tients with locally advanced or metastatic non-small cell lung
cancer. Lung Cancer 2008; 60: 374–80.

Porfimer Sodium (BAN, USAN, rINN)

CL-184116; Dihaematoporphyrin Ether; Porfimeerinatrium; Por-
fimère Sodique; Porfimernatrium; Porfímero sódico; Porfimerum
Natricum.
Порфимер Натрий
CAS — 87806-31-3.
ATC — L01XD01.
ATC Vet — QL01XD01.

Adverse Effects and Precautions
Photosensitivity occurs in all patients treated with por-
fimer sodium. This effect is likely to be prolonged, and
patients should avoid sunlight or bright indoor light for
at least 30 days. However, exposure to ambient indoor
light is encouraged, as it allows gradual inactivation of
any remaining drug. Other reported adverse effects in-
clude local inflammation, chest pain, respiratory insuf-
ficiency or distress (including dyspnoea), abdominal
pain, dysphagia, constipation, nausea and vomiting, fe-
ver, tachycardia and atrial fibrillation, pleural effusion,
mucositis, and anaemia due to tumour bleeding. Pneu-
monia and bronchitis may occur. Anxiety and insom-
nia have also been reported. Photodynamic therapy
with porfimer sodium is contra-indicated in patients
with severe hepatic impairment, oesophageal fistulae,
erosion of major blood vessels, or severe acute respira-
tory distress. Sufficient time should be allowed be-
tween photodynamic therapy and radiotherapy to al-
low inflammatory reactions from either treatment to
subside.
Porphyria. The use of porfimer sodium is contra-indicated in
patients with porphyria.

Interactions
Use of porfimer sodium with other drugs causing pho-
tosensitivity should be avoided as the reaction may be
increased.

Pharmacokinetics
Porfimer sodium is distributed and eliminated slowly
after intravenous injection, with plasma elimination
half-life reported to be between 11 and 28 days. In vitro
studies indicate that plasma protein binding is about
90%. Excretion occurs primarily via the faeces.

Uses and Administration
Porfimer sodium is a haematoporphyrin derivative that
reportedly accumulates in malignant tissue on injec-
tion. It is then activated by laser light to release oxygen
radicals within malignant cells, producing cytotoxicity.
Porfimer sodium is used as a photosensitiser in the
photodynamic therapy of non-small cell lung cancer
(p.668), oesophageal cancer (p.664), and superficial
bladder cancer (p.659). It is also used for the treatment
of dysplasia associated with Barrett’s oesophagus (see
Gastro-oesophageal Reflux Disease, p.1696), and has
been investigated in various other neoplasms, includ-
ing tumours of the gastrointestinal tract and cervix. 
Porfimer sodium should be reconstituted with glucose
5% to a final concentration of 2.5 mg/mL. It is given by
slow intravenous injection at a dose of 2 mg/kg. This is
followed, 40 to 50 hours later, by activation using a la-
ser tuned to a wavelength of 630 nanometres and deliv-
ered to the area of the tumour using a fibre optic guide.
Residual tumour may subsequently be debrided surgi-
cally. A second laser treatment may be given 96 to 120
hours after the original injection. A maximum of 3
courses of photodynamic therapy may be used, with
each injection separated by a minimum of 30 days for
oesophageal and endobronchial tumours, and a mini-
mum of 90 days for dysplasia in Barrett’s oesophagus.
However, in the treatment of superficial bladder can-
cer, only one dose of drug and light is given due to an
increased risk of bladder contracture, and no surgical
debridement is performed.
Photodynamic therapy. Photodynamic therapy probably has
the greatest potential of the various forms of light-activated treat-
ment.1 Photosensitising drugs are given intravenously, orally, or
topically, and are selectively retained by tumour cells. When ex-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

posed to the correct wavelength of light the drug produces toxic
oxygen radicals that destroy cell membranes and thereby kill the
tumour cells. Vascular damage and immune-mediated injury
may also occur.2,3 Tumour cells must have an adequate supply of
oxygen to be sensitive to photodynamic therapy,2 and as light
penetration is usually limited, early or superficial malignant le-
sions respond best to therapy.1,2 Photodynamic therapy has been
tried in skin, gastrointestinal, head and neck, bladder, gynaeco-
logical, pancreatic, pulmonary, and various intraperitoneal
malignancies2-11 It is also used for the treatment of Barrett’s
oesophagus11-13 and for the treatment of age-related macular de-
generation (p.785); it has been tried for other ocular disorders.14

There is also an interesting report of cytotoxicity against leukae-
mic cells in vitro when exposure to porfimer sodium was com-
bined with ultrasound.5 
The main adverse effect of photosensitisers such as porfimer is
photosensitivity lasting 4 to 8 weeks; patients should be advised
to avoid sunlight during this period and therapy is best delayed
until the darker winter months if possible.1 Newer photosensitis-
ers are being developed to show increased tissue penetration and
less prolonged photosensitivity.2 The natural haem precursor 5-
aminolevulinic acid (p.679) has the advantage that photosensi-
tivity lasts only a few hours.
1. Bown SG. New techniques in laser therapy. BMJ 1998; 316:

754–7. 
2. Hsi RA, et al. Photodynamic therapy in the treatment of cancer:

current state of the art. Drugs 1999; 57: 725–34. 
3. Ost D, et al. Photodynamic therapy in lung cancer. Oncology

2000; 14: 379–86. 
4. Wilson JHP, et al. Photodynamic therapy for gastrointestinal tu-

mors. Scand J Gastroenterol 1991; 26 (suppl 188): 20–5. 
5. Tachibana K, et al. Eliminating adult T-cell leukaemia cells with

ultrasound. Lancet 1997; 349: 325. 
6. Walther MM. The role of photodynamic therapy in the treatment

of recurrent superficial bladder cancer. Urol Clin North Am
2000; 27: 163–70. 

7. Metz JM, Friedberg JS. Endobronchial photodynamic therapy
for the treatment of lung cancer. Chest Surg Clin North Am
2001; 11: 829–39. 

8. Biel MA. Photodynamic therapy in head and neck cancer. Curr
Oncol Rep 2002; 4: 87–96. 

9. Moghissi K. Role of bronchoscopic photodynamic therapy in
lung cancer management. Curr Opin Pulm Med 2004; 10:
256–60. 

10. Bown SG, et al. Photodynamic therapy for cancer of the pancre-
as. Gut 2002; 50: 549–57. 

11. Brown SB, et al. The present and future role of photodynamic
therapy in cancer treatment. Lancet Oncol 2004; 5: 497–508. 

12. Wolfsen HC, et al. Photodynamic therapy for dysplastic Barrett
esophagus and early esophageal adenocarcinoma. Mayo Clin
Proc 2002; 77: 1176–81. 

13. Kelty CJ, et al. Photodynamic therapy for Barrett’s esophagus:
a review. Dis Esophagus 2002; 15: 137–44. 

14. Sivaprasad S, Hykin P. The role of photodynamic therapy in
ophthalmology. Br J Hosp Med 2006; 67: 647–50.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Photofrin; Cz.: Photobarr; Fr.: Photobarr; Ger.: Photofrin; Gr.:
Photofrin; Hung.: Photofrin; Israel: Photofrin; Neth.: Photobarr; Photof-
rin; Port.: Photobarr; Photofrin; USA: Photofrin.

Porfiromycin (BAN, USAN, rINN)

Methyl Mitomycin; NSC-56410; Porfiromicina; Porfiromycine;
Porfiromycinum; U-14743. 6-Amino-1,1a,2,8,8a,8b-hexahydro-
8-(hydroxymethyl)-8a-methoxy-1,5-dimethylazirino[2′,3′:3,4]-
pyrrolo[1,2-a]-indole-4,7-dione carbamate ester.
Порфиромицин
C16H20N4O5 = 348.4.
CAS — 801-52-5.

Profile
Porfiromycin is an antibiotic antineoplastic structurally related to
mitomycin (p.752). It is being studied as a radiosensitiser in the
management of malignant neoplasms of the head and neck.
◊ References.
1. Haffty BG, et al. Bioreductive alkylating agent porfiromycin in

combination with radiation therapy for the management of squa-
mous cell carcinoma of the head and neck. Radiat Oncol Invest
1997; 5: 235–45. 

2. Haffty BG, et al. Concurrent chemo-radiotherapy with mitomy-
cin C compared with porfiromycin in squamous cell cancer of
the head and neck: final results of a randomized clinical trial. Int
J Radiat Oncol Biol Phys 2005; 61: 119–28.

Prednimustine (USAN, rINN)

Leo-1031; NSC-134087; Prednimustiini; Prednimustin; Predn-
imustina; Prednimustinum. 11β,17,21-Trihydroxypregna-1,4-di-
ene-3,20-dione 21-(4-{4-[bis(2-chloroethyl)amino]phenyl}bu-
tyrate).
Преднимустин
C35H45Cl2NO6 = 646.6.
CAS — 29069-24-7.
ATC — L01AA08.
ATC Vet — QL01AA08.

Profile
Prednimustine is the prednisolone ester of chlorambucil, (p.696)
and has been given orally in the treatment of various malignant
diseases.

Procarbazine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de procarbazina; Ibenzmethyzin Hydrochloride;
NSC-77213; Procarbazine, Chlorhydrate de; Procarbazini Hy-
drochloridum; Ro-4-6467/1. N-Isopropyl-α-(2-methylhydrazi-
no)-p-toluamide hydrochloride.
Прокарбазина Гидрохлорид
C12H19N3O,HCl = 257.8.
CAS — 671-16-9 (procarbazine); 366-70-1 (procarbazine
hydrochloride).
ATC — L01XB01.
ATC Vet — QL01XB01.

(procarbazine)

Pharmacopoeias. In Chin., Int., Jpn, and US. 
USP 31 (Procarbazine Hydrochloride). Store in airtight contain-
ers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
The most common adverse effects associated with pro-
carbazine are gastrointestinal disturbances such as an-
orexia, nausea and vomiting (although patients may
soon become tolerant), and bone-marrow depression.
Leucopenia and thrombocytopenia may be delayed
with a nadir at about 4 weeks after a dose, and recovery
usually within 6 weeks. Anaemia, haemolysis, and
bleeding tendencies have been reported. 
Neurotoxicity is also common, with central effects
such as somnolence, depression, nervousness or confu-

sion, headache, hallucinations, and dizziness, and pe-
ripheral neuropathies including paraesthesias and de-
creased reflexes. Lethargy, ataxia, and sleep disorders
have also occurred, and tremors, convulsions, and
coma have been reported. 
Other adverse effects reported include fever and myal-
gia, pulmonary fibrosis or pneumonitis, haematuria,
urinary frequency, skin reactions including dermatitis,
pruritus, and hyperpigmentation, tachycardia, orthos-
tatic hypotension, ocular defects, infertility, and hepat-
ic impairment. 
Procarbazine is a carcinogen, mutagen, and teratogen. 
Procarbazine should be used with caution in patients
with hepatic or renal impairment, and is contra-indicat-
ed if impairment is severe. The haematological status
of the patient should be determined at least every 3 or
4 days and hepatic and renal function determined
weekly. Care is also advisable in patients with phaeo-
chromocytoma, epilepsy, or cardiovascular or cere-
brovascular disease. Treatment should be interrupted if
allergic skin reactions occur.
Handling and disposal. Urine produced for up to 48 hours af-
ter a dose of procarbazine should be handled wearing protective
clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Procarbazine is a weak MAOI and the
possibility of reactions with other drugs and food, al-
though very rare, must be borne in mind—for details of
MAOI reactions see p.417. Procarbazine may enhance
the sedative effects of other CNS depressants. A di-
sulfiram-like reaction has been reported with alcohol
and the effects of antihypertensive agents may be en-
hanced.
Antiepileptics. Use with enzyme-inducing antiepileptics is as-
sociated with an increased risk of hypersensitivity reactions to
procarbazine, possibly through a reactive intermediate generated
by induction of the cytochrome P450 isoenzyme CYP3A sub-
family.1 Non-enzyme-inducing antiepileptics might be more ap-
propriate in patients with brain tumours in whom procarbazine
therapy is anticipated.
1. Lehmann DF, et al. Anticonvulsant usage is associated with an

increased risk of procarbazine hypersensitivity reactions in pa-
tients with brain tumors. Clin Pharmacol Ther 1997; 62: 225–9.

Pharmacokinetics
Procarbazine is readily absorbed from the gastrointes-
tinal tract. It crosses the blood-brain barrier and diffus-
es into the CSF. A plasma half-life of about 10 minutes
has been reported. Procarbazine is rapidly metabolised
(mainly in liver and kidneys) and only about 5% is ex-
creted unchanged in the urine. The remainder is oxi-
dised to N-isopropylterephthalamic acid and excreted
in the urine, up to about 70% of a dose being excreted
in 24 hours. Some of the drug is excreted as carbon di-
oxide and methane via the lungs. During oxidative
breakdown in the body hydrogen peroxide is formed
which may account for some of the drug’s actions.

Uses and Administration
Procarbazine hydrochloride is a methylhydrazine de-
rivative whose antineoplastic effect, although not fully
understood, may resemble that of the alkylating agents;
it appears to inhibit protein and nucleic acid synthesis
and suppress mitosis. It does not exhibit cross-resist-
ance with other cytotoxic drugs. 
Its main use is the treatment of Hodgkin’s disease
(p.655) when it is usually given with other drugs, as in
the MOPP regimen (with chlormethine, vincristine,
and prednisone) and its variants. Procarbazine has also
been used in the treatment of other lymphomas (p.656)
and in some other malignant neoplasms including tu-
mours of the brain (p.660). 
Doses of procarbazine hydrochloride are calculated in
terms of procarbazine; procarbazine hydrochloride
116 mg is equivalent to about 100 mg of procarbazine.
In many of the combination regimens it has been given
orally to adults and children in doses of the equivalent
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of procarbazine 100 mg/m2 for 10 to 14 days of each 4-
or 6-week cycle. If used as a single agent in adults a
dose equivalent to 50 mg of procarbazine daily, in-
creased by 50 mg daily to 250 to 300 mg daily in divid-
ed doses has been suggested in the UK, while in the
USA the recommended regimen is 2 to 4 mg/kg daily
for the first week, subsequently increased to 4 to
6 mg/kg daily, doses being given to the nearest 50 mg.
These doses are continued until maximum response is
achieved or leucopenia, thrombocytopenia, or other
signs of toxicity ensue. Maintenance doses are usually
50 to 150 mg daily, or 1 to 2 mg/kg, daily, until a cumu-
lative dose of at least 6 g has been given. In children,
initial daily doses of the equivalent of 50 mg/m2 have
been suggested in the USA (UK product information
simply suggests a dose of 50 mg), increased to
100 mg/m2 and then adjusted according to response.
Blood disorders, non-malignant. Chemotherapy with regi-
mens including procarbazine has been used in a few patients with
refractory idiopathic thrombocytopenic purpura (p.1505), and
has produced prolonged remission although in most cases of the
disease such aggressive therapy is difficult to justify.

Preparations
USP 31: Procarbazine Hydrochloride Capsules.
Proprietary Preparations (details are given in Part 3)
Austral.: Natulan; Canad.: Matulane; Natulan†; Fr.: Natulan; Ger.: Natu-
lan; Gr.: Natulan; Hung.: Natulan†; Ital.: Natulan; Neth.: Natulan; NZ:
Natulan†; Rus.: Natulan (Натулан); Spain: Natulan; USA: Matulane.

Raltitrexed (BAN, USAN, rINN)

D-1694; ICI-D1694; Raltitreksed; Raltitreksedi; Raltitrexedum;
ZD-1694. N-{5-[3,4-Dihydro-2-methyl-4-oxoquinazolin-6-ylme-
thyl(methyl)amino]-2-thenoyl}-L-glutamic acid.
Ралтитрексед
C21H22N4O6S = 458.5.
CAS — 112887-68-0.
ATC — L01BA03.
ATC Vet — QL01BA03.

Adverse Effects, Treatment, and Precau-
tions
Raltitrexed produces bone marrow depression, usually
mild to moderate, with leucopenia, anaemia, and, less
frequently, thrombocytopenia. The nadir of the white
cell count usually occurs 7 to 14 days after a dose, with
recovery by the third week. Gastrointestinal toxicity is
also common, with nausea and vomiting, diarrhoea,
and anorexia: mucositis may occur. Reversible increas-
es in liver enzyme values have occurred. Other adverse
effects include weakness and malaise, fever, pain,
headache, skin rashes, desquamation, arthralgia, mus-
cle cramps, weight loss, dehydration, peripheral oede-
ma, alopecia, increased sweating, taste disturbance,
and conjunctivitis. The use of folinic acid 25 mg/m2

every 6 hours intravenously has been suggested in li-
censed product information for patients who develop
very severe toxicity. 
Raltitrexed should be given with care to patients with
hepatic impairment and should be avoided if impair-
ment is severe. It should also be avoided in severe renal
impairment and be given in reduced doses in moderate
impairment. Care is also advisable in debilitated or eld-
erly patients or in patients who have had radiotherapy. 
Raltitrexed is teratogenic; pregnancy should be avoid-
ed while either partner is receiving the drug and for at
least 6 months after treatment. It may impair male fer-
tility.
Toxicity. A large multicentre study comparing raltitrexed with
fluorouracil plus folinic acid was suspended in 1999 due to an
excess of deaths in the raltitrexed arm.1 This decision has led to
some controversy,1-3 as in 11 of the 17 deaths in patients taking
raltitrexed there was evidence that the dose had not been correct-
ly adjusted to take account of renal function. In addition, and fur-

ther confusing the issue, the incidence of reported serious ad-
verse effects was lower in raltitrexed-treated patients than in
controls. A further study4 reported an increased rate of ralti-
trexed-related deaths compared with fluorouracil-based regi-
mens. Almost all of the 18 deaths were caused by gastrointestinal
and haematological toxicity, and in 3 of these the dose of ralti-
trexed had not been adjusted for toxicity.
1. Anonymous. Drug-company decision to end cancer trial. Lancet

1999; 354: 1045. 
2. Ford HER, Cunningham D. Safety of raltitrexed. Lancet 1999;

354: 1824–5. 
3. Kerr D. Safety of raltitrexed. Lancet 1999; 354: 1825. 
4. Maughan TS, et al. Comparison of survival, palliation, and qual-

ity of life with three chemotherapy regimens in metastatic color-
ectal cancer: a multicentre randomised trial. Lancet 2002; 359:
1555–63.

Interactions
Raltitrexed should not be given with folic or folinic ac-
id, which may impair its cytotoxic action. (For the de-
liberate use of folinic acid to counteract the effects of
raltitrexed in patients with severe toxicity, see above.)

Pharmacokinetics
After intravenous doses raltitrexed exhibits triphasic
pharmacokinetics, with an initial rapid decline from
peak plasma concentrations followed by a slow termi-
nal elimination phase. Raltitrexed is actively transport-
ed into cells and metabolised to active polyglutamate
forms. The remainder of a dose is excreted unchanged,
about 50% of a dose appearing in the urine, and about
15% in the faeces. The terminal elimination half-life is
about 8 days. Clearance is markedly reduced in renal
impairment.
◊ References.
1. Clarke SJ, et al. Clinical and preclinical pharmacokinetics of

raltitrexed. Clin Pharmacokinet 2000; 39: 429–43.

Uses and Administration
Raltitrexed is a folate analogue that is a potent and spe-
cific inhibitor of the enzyme thymidylate synthase,
which is involved in the synthesis of DNA. It has been
used in the treatment of advanced colorectal cancer
(p.665) and has also been tried in breast cancer (p.661)
and other solid neoplasms. 
The recommended initial dose of raltitrexed in patients
with normal renal function is 3 mg/m2 given by intra-
venous infusion over 15 minutes. Subsequent doses,
which should be reduced by up to 50% depending on
the severity of initial toxicity, may be given at intervals
of 3 weeks provided toxicity has resolved. 
A full blood count should be performed before each
dose and treatment withheld if the white cell or platelet
counts are below acceptable levels (see also Bone-mar-
row Depression, p.639). Hepatic and renal function
should also be tested. It is essential that doses be adjust-
ed in renal impairment (see below).
◊ References.
1. Gunasekara NS, Faulds D. Raltitrexed: a review of its pharma-

cological properties and clinical efficacy in the management of
advanced colorectal cancer. Drugs 1998; 55: 423–35. 

2. Cunningham D, et al. Efficacy, tolerability and management of
raltitrexed (Tomudex) monotherapy in patients with advanced
colorectal cancer: a review of phase II/III trials. Eur J Cancer
2002; 38: 478–86. 

3. Scheithauer W, et al. Randomized multicenter phase II trial of
oxaliplatin plus irinotecan versus raltitrexed as first-line treat-
ment in advanced colorectal cancer. J Clin Oncol 2002; 20:
165–72. 

4. Feliu J, et al. Raltitrexed in the treatment of elderly patients with
advanced colorectal cancer: an active and low toxicity regimen.
Eur J Cancer 2002; 38: 1204–11. 

5. Comella P, et al. Oxaliplatin plus raltitrexed and leucovorin-
modulated 5-fluorouracil i.v. bolus: a salvage regimen for color-
ectal cancer patients. Br J Cancer 2002; 86: 1871–5. 

6. Maughan TS, et al. Comparison of survival, palliation, and
quality of life with three chemotherapy regimens in metastatic
colorectal cancer: a multicentre randomised trial. Lancet 2002;
359: 1555–63. 

7. van Meerbeeck JP, et al. Randomized phase III study of cispla-
tin with or without raltitrexed in patients with malignant pleural
mesothelioma: an intergroup study of the European Organisa-
tion for Research and Treatment of Cancer Lung Cancer Group
and the National Cancer Institute of Canada. J Clin Oncol 2005;
23: 6881–9. 

8. Ducreux M, et al. FFCD 9601 Collaborative Group. Ran-
domised trial comparing three different schedules of infusional
5FU and raltitrexed alone as first-line therapy in metastatic
colorectal cancer. Final results of the Fédération Francophone
de Cancérologie Digestive (FFCD) 9601 trial. Oncology 2006;
70: 222–30. 

9. Wilson KS, et al. Adjuvant therapy with raltitrexed in patients
with colorectal cancer intolerant of 5-fluorouracil: British Co-
lumbia Cancer Agency experience. Cancer Invest 2007; 25:
711–14. 

10. Hind D, et al. The use of irinotecan, oxaliplatin and raltitrexed
for the treatment of advanced colorectal cancer: systematic re-
view and economic evaluation. Health Technol Assess 2008; 12:
1–182.

Administration in renal impairment. It is essential that
doses of raltitrexed be adjusted in renal impairment (creatinine
clearance less than 65 mL/minute) as fatalities have been associ-
ated with the failure to make such adjustments (see Toxicity, un-
der Adverse Effects, above). The dosage interval should be in-
creased from 3 to 4 weeks and the dose adjusted on the basis of
creatinine clearance (CC) as follows: 
• CC of 55 to 65 mL/minute, 2.25 mg/m2 
• CC of 25 to 54 mL/minute, 1.5 mg/m2 (in some countries, ad-

justment of the dose to a percentage of the full dose equivalent
to the value of the CC in mL/minute is suggested in this group,
e.g. reduction to 30% in those with a CC of 30 mL/minute, or
40% if CC is 40 mL/minute) 

• CC less than 25 mL/minute, treatment contra-indicated

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tomudex; Austral.: Tomudex; Austria: Tomudex; Belg.: Tomudex;
Braz.: Tomudex; Canad.: Tomudex; Cz.: Tomudex; Fin.: Tomudex†; Fr.:
Tomudex; Hong Kong: Tomudex†; Hung.: Tomudex; Irl.: Tomudex; Ital.:
Tomudex; Mex.: Tomudex; Neth.: Tomudex; Norw.: Tomudex; Philipp.:
Tomudex; Port.: Tomudex; Rus.: Tomudex (Томудекс); S.Afr.: Tomu-
dex†; Singapore: Tomudex; Spain: Tomudex; Switz.: Tomudex; Turk.:
Tomudex; UK: Tomudex; Venez.: Tomudex†.

Ranimustine (rINN)

MCNU; NSC-0270516; Ranimustina; Ranimustinum; Ranomus-
tine. Methyl 6-[3-(2-chloroethyl)-3-nitrosoureido]-6-deoxy-α-D-
glucopyranoside.
Ранимустин
C10H18ClN3O7 = 327.7.
CAS — 58994-96-0.
ATC — L01AD07.
ATC Vet — QL01AD07.

Profile
Ranimustine is a nitrosourea derivative with general properties
similar to those of carmustine (p.694). It is used intravenously in
the treatment of malignant neoplasms in usual doses of 50 to
90 mg/m2 every 6 to 8 weeks according to haematological re-
sponse.
◊ References.
1. Wada M, et al. Induction therapy consisting of alternating cycles

of ranimustine, vincristine, melphalan, dexamethasone and inter-
feron alpha (ROAD-IN) and a randomized comparison of inter-
feron alpha maintenance in multiple myeloma: a co-operative
study in Japan. Br J Haematol 2000; 109: 805–14. 

2. Hatano N, et al. Efficacy of post operative adjuvant therapy with
human interferon beta, MCNU and radiation (IMR) for malig-
nant glioma: comparison among three protocols. Acta Neurochir
(Wien) 2000; 142: 633–8. 

3. Wakabayashi T, et al. Initial and maintenance combination treat-
ment with interferon-beta, MCNU (ranimustine), and radiother-
apy for patients with previously untreated malignant glioma. J
Neurooncol 2000; 49: 57–62. 

4. Mizuno H, et al. Superior efficacy of MMCP regimen compared
with VMCP and MMPP regimens in the treatment of multiple
myeloma. Intern Med 2002; 41: 290–4. 

5. Takenaka T, et al. Phase III study of ranimustine, cyclophospha-
mide, vincristine, melphalan, and prednisolone (MCNU-
COP/MP) versus modified COP/MP in multiple myeloma: a Ja-
pan clinical oncology group study, JCOG 9301. Int J Hematol
2004; 79: 165–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Cymerin.

Ranpirnase (USAN, rINN)

P-30 Protein; Ranpirnasa; Ranpirnasum.
Ранпирназа
CAS — 196488-72-9.

NOTE. P-30 protein has been incorrectly stated to contain ergot-
amine.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Ranpirnase is a ribonuclease reported to have antineoplastic
properties. It is under investigation in the treatment of malignant
mesothelioma. Ranpirnase has also been investigated in the man-
agement of solid tumours. It is also reported to have activity in
vitro against HIV.

Razoxane (BAN, rINN)

ICI-59118; ICRF-159; NSC-129943; Ratsoksaani; Razoxan; Ra-
zoxano; Razoxanum. (±)-4,4′-Propylenebis(piperazine-2,6-di-
one).
Разоксан
C11H16N4O4 = 268.3.
CAS — 21416-87-5.

Profile
Razoxane is an antineoplastic with inhibitory activity during the
pre-mitotic and early mitotic phases of cell growth (G2-M). It en-
hances the effects of radiotherapy. It has been used with radio-
therapy in the treatment of sarcomas, including Kaposi’s sarco-
ma. Razoxane has also been tried in other malignant diseases
including acute leukaemias and non-Hodgkin’s lymphomas.
However, it is no longer widely used. Razoxane was formerly
used in psoriasis, but its carcinogenic properties militate against
such use, as discussed below. 
In the treatment of sarcomas it has generally been given orally in
doses of 125 mg twice daily; higher doses have been given in the
management of acute leukaemias and Kaposi’s sarcoma. The pe-
ripheral blood count should be monitored during treatment. 
The principal adverse effects of razoxane include bone-marrow
depression, gastrointestinal disturbances, skin reactions, and alo-
pecia. It may enhance the adverse effects of radiotherapy. Razox-
ane therapy has been associated with the development of second-
ary malignancies: it is contra-indicated in the treatment of non-
malignant conditions. 
Dexrazoxane (p.1443) is the (+)-enantiomer of razoxane. It is
used to reduce anthracycline-induced cardiotoxicity.
Malignant neoplasms. References to the use of razoxane with
radiotherapy.
1. Rhomberg W, et al. Radiotherapy vs radiotherapy and razoxane

in the treatment of soft tissue sarcomas: final results of a rand-
omized study. Int J Radiat Oncol Biol Phys 1996; 36: 1077–84. 

2. Rhomberg W, et al. A small prospective study of chordomas
treated with radiotherapy and razoxane. Strahlenther Onkol
2003; 179: 249–53.

Skin disorders, non-malignant. Razoxane was formerly
used in the systemic treatment of psoriasis, and has been found
to be extremely effective, with an initial response rate of 97%
overall. It was found to be of use in all forms of cutaneous pso-
riasis and psoriatic arthropathy.1 However, the development of
acute myeloid leukaemias and other malignancies in patients
given razoxane2-5 has led to its being contra-indicated in non-
malignant conditions. 
For a discussion of psoriasis and its management, see p.1583.
1. Horton JJ, Wells RS. Razoxane: a review of 6 years’ therapy in

psoriasis. Br J Dermatol 1983; 109: 669–73. 
2. Horton JJ, et al. Epitheliomas in patients receiving razoxane

therapy for psoriasis. Br J Dermatol 1983; 109: 675–8. 
3. Lakhani S, et al. Razoxane and leukaemia. Lancet 1984; ii:

288–9. 
4. Caffrey EA, et al. Acute myeloid leukaemia after treatment with

razoxane. Br J Dermatol 1985; 113: 131–4. 
5. Zuiable AG, et al. Razoxane and T-cell lymphoma. Br J Derma-

tol 1989; 121: 149.

Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Cardioxane.

Rituximab (BAN, USAN, rINN)

IDEC-102; IDEC-C2B8; Rituksimab; Rituksimabi; Rituximabum.
Immunoglobulin G1 (human-mouse monoclonal IDEC-C2B8 γ1-
chain anti-human antigen CD 20), disulfide with human-mouse
monoclonal IDEC-C2B8 κ-chain, dimer.
Ритуксимаб
CAS — 174722-31-7.
ATC — L01XC02.
ATC Vet — QL01XC02.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Infusion of rituximab has been associated with a cy-
tokine release syndrome of fever, chills, and rigors,
usually within 2 hours of beginning therapy (see also
below). Other reported symptoms include pruritus, ur-
ticaria, rashes, dyspnoea, bronchospasm, angioedema,
transient hypotension, and flushing. Asthenia, head-
ache, rhinitis, myalgia, dizziness, and hypertension
may also be associated with infusion reactions. Severe
cases may be associated with tumour lysis syndrome,
acute renal failure, respiratory failure, and death. Hy-
persensitivity reactions manifest similarly to the cy-
tokine release syndrome, but usually occur within min-
utes of starting infusion. Mucocutaneous reactions,
some fatal, and including Stevens-Johnson syndrome
or toxic epidermal necrolysis have also occurred. 
Patients with an extensive tumour burden, pulmonary
tumour infiltration or pulmonary insufficiency may be
at increased risk of severe reactions and should be
treated with caution and possibly a decreased initial in-
fusion rate. Therapy should be interrupted in patients
who develop severe symptoms and only resumed, at
half the previous rate, once all signs and symptoms
have resolved. Premedication with analgesics, antihis-
tamines, and possibly corticosteroids is recommended
in all patients before receiving rituximab. 
Reactivation of hepatitis B virus (HBV) has occurred
in some patients; fulminant hepatitis, hepatic failure,
and fatalities have been reported. Patients at high risk
of HBV infection should be screened before starting
rituximab therapy and carriers should be monitored for
signs of active infection or hepatitis during and for sev-
eral months after therapy. Rituximab should be stopped
if viral hepatitis develops. Other serious infections,
which may be fatal, can occur with rituximab. Cases of
progressive multifocal leukoencephalopathy, some fa-
tal, have been reported with rituximab. 
Haematological adverse effects including lymphope-
nia, leucopenia, neutropenia, thrombocytopenia, and
anaemia have occurred in some patients; effects are
considered mild and reversible. Complete blood and
platelet counts should be monitored regularly. Exacer-
bation of heart failure and angina pectoris has also been
reported, and other cardiac events include arrhythmias
and tachycardia. Gastrointestinal disturbances may
also occur. Abdominal pain, bowel obstruction, and
perforation, in some cases fatal, have been reported
with rituximab combination chemotherapy.
◊ References.
1. Mohrbacher A. B cell non-Hodgkin’s lymphoma: rituximab

safety experience. Arthritis Res Ther 2005; 7 (suppl 3):
S19–S25. 

2. Kimby E. Tolerability and safety of rituximab (MabThera). Can-
cer Treat Rev 2005; 31: 456–73.

Effects on the blood. Late-onset neutropenia (defined as neu-
tropenia occurring 30 days after the last dose) has been reported
in patients receiving rituximab.1

1. Rios-Fernández R, et al. Late-onset neutropenia following ritux-
imab treatment in patients with autoimmune diseases. Br J Der-
matol 2007; 157: 1271–3.

Effects on the eyes. About 20 minutes after the start of a ritux-
imab infusion, a patient developed bilateral conjunctivitis with-
out pain, lachrymation, or discharge. No other clinical manifes-
tations of a hypersensitivity reaction were apparent, and the
conjunctivitis resolved spontaneously, about 30 minutes after the
end of the infusion. No recurrence was evident with subsequent
rituximab therapy.1

1. Marinella MA. Bilateral conjunctivitis due to rituximab. Ann
Pharmacother 2007; 41: 1318.

Effects on the gastrointestinal tract. In November 2006 the
manufacturer noted that 47 cases of bowel obstruction (9 fatal)
and 37 cases of gastrointestinal perforation (4 fatal) had been re-
ported in patients given rituximab.1 Interpretation of data was
difficult due to confounding factors; however, a contributory role
of rituximab could not be excluded. The mean time to onset of
symptoms was 6 days (range 1 to 77 days) for documented per-
foration. Complaints of abdominal pain, especially early in a

course of rituximab treatment, should prompt thorough diagnos-
tic evaluation and treatment.
1. Roche, Canada. Reports of bowel obstruction and gastrointesti-

nal perforation with RITUXAN  (rituximab) (issued 10th No-
vember 2006). Available at: http://www.hc-sc.gc.ca/dhp-mps/
medeff/advisories-avis/prof/_2006/rituxan_3_hpc-cps-eng.php
(accessed 30/07/08)

Effects on the lungs. Pulmonary reactions have been reported
with rituximab use,1 including reversible interstitial
pneumonia2-4 and interstitial fibrosis.5 A fatal intra-alveolar
haemorrhage in 1 patient was attributed to a hypersensitivity re-
action to rituximab.6
1. Wagner SA, et al. Rituximab-induced interstitial lung disease.

Am J Hematol 2007; 82: 916–19. 
2. Burton C, et al. Interstitial pneumonitis related to rituximab ther-

apy. N Engl J Med 2003; 348: 2690–1. 
3. Jullien V, et al. Une pneumopathie alvéolo-interstitielle hy-

poxémiante associée à la prise de rituximab. Rev Mal Respir
2004; 21: 407–10. 

4. Swords R, et al. Interstitial pneumonitis following rituximab
therapy for immune thrombocytopenic purpura (ITP). Am J He-
matol 2004; 77: 103–4. 

5. Leon RJ, et al. Rituximab-induced acute pulmonary fibrosis.
Mayo Clin Proc 2004; 79: 949, 953. 

6. Alexandrescu DT, et al. Fatal intra-alveolar hemorrhage after
rituximab in a patient with non-Hodgkin lymphoma. Leuk Lym-
phoma 2004; 45: 2321–5.

Effects on the nervous system. As of December 2006, the
FDA had received a total of 24 reports of progressive multifocal
leukoencephalopathy (PML) in patients given rituximab.1 PML
is a fatal demyelinating disease that follows reactivation of latent
JC or PK polyomavirus (also known as papovavirus) in the CNS;
the virus is present in about 80% of adults. In the first 12 cases
reported to the FDA, 10 patients tested positive for the JC virus
and 1 had confirmed BK virus.
1. FDA. Rituximab (marketed as Rituxan): progressive multifocal

leukoencephalopathy (PML). FDA Drug Safety Newsletter
2007; 1: 3–5. Available at: http://www.fda.gov/cder/dsn/
2007_fall/2007_fall.pdf (accessed 07/02/08)

Infusion-related reactions. By November 1998 there had
been 74 cases of serious infusion-related reactions to rituximab
reported worldwide, with 8 fatal cases.1 An estimated 12 000 to
14 000 patients had been treated. 
The reaction usually occurs within the first 2 hours of infusion
and the underlying mechanism is believed to be a severe cy-
tokine release syndrome, with some elements of tumour lysis
syndrome.1-3 In one series of cases tumour necrosis factor-α and
interleukin-6 levels were found to peak 90 minutes after the onset
of the infusion, and these elevated cytokine levels coincided with
infusion-related symptoms.2 The reaction is usually most
marked after the first infusion and subsequent infusions are usu-
ally tolerated, emphasising that this is not a true hypersensitivity
reaction.4 
Patients with a high tumour burden (lesions over 10 cm in diam-
eter or more than 500 000 circulating malignant cells/mm3), a
history of pulmonary infiltration or insufficiency, or underlying
cardiac disease are believed to be at greater risk of severe reac-
tions.1,2,4 The UK CSM recommends that premedication with an
analgesic and an antihistamine should always be given before
rituximab, and corticosteroids should be considered.1 However,
serious or fatal reactions have occurred despite such premedica-
tion.3,4 Alternative infusion schedules and/or combination thera-
py with chemotherapeutic drugs may be required to decrease the
tumour burden before rituximab therapy.2,4

1. Committee on Safety of Medicines/Medicines Control Agency.
Rituximab (MabThera): serious infusion-related adverse reac-
tions. Current Problems 1999; 25: 2–3. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023233&RevisionSelectionMethod=
LatestReleased (accessed 26/04/06) 

2. Winkler U, et al. Cytokine-release syndrome in patients with B-
cell chronic lymphocytic leukaemia and high lymphocyte counts
after treatment with an anti-CD20 monoclonal antibody (rituxi-
mab, IDEC-C2B8). Blood 1999; 94: 2217–24. 

3. Lim L-C, et al. Fatal cytokine release syndrome with chimeric
anti-CD20 monoclonal antibody rituximab in a 71-year-old pa-
tient with chronic lymphocytic leukaemia. J Clin Oncol 1999;
17: 1962–3. 

4. Byrd JC, et al. Rituximab therapy in hematologic malignancy
patients with circulating blood tumor cells: association with in-
creased infusion-related side effects and rapid blood tumor clear-
ance. J Clin Oncol 1999; 17: 791–5.

Pregnancy. Giving 4 cycles of rituximab (with doxorubicin,
vincristine, and prednisolone) to a pregnant woman with lym-
phoma, from 21 weeks of gestation until delivery at 35 weeks,
resulted in no adverse effects to either the mother or the infant.1
In another report, a 31-year-old woman was diagnosed with non-
Hodgkin’s lymphoma during pregnancy. She received 6 cycles
of rituximab with CHOP (cyclophosphamide, doxorubicin, vin-
cristine, and prednisone). Two months after treatment, she spon-
taneously delivered a premature but healthy infant. Patient and
child were clinically assessed every 3 months; the infant’s B cells
were severely diminished at birth but recovered over 6 to 12
weeks. Rituximab concentrations in both mother and child also
decreased as expected. No adverse effects were seen during 16
months of follow-up.2 In 2 case reports of rituximab use during
the first trimester of pregnancy, no significant adverse effects on
the neonates were seen; transient granulocytopenia and lympho-
penia were reported.3,4 A 35-year-old woman diagnosed with
Burkitt’s lymphoma in week 15 of pregnancy received 4 weekly
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infusions of rituximab starting in week 16, followed by four
courses of rituximab with CHOP, and then 2 courses of CHOP
alone. In week 41, a healthy infant was delivered by caesarean
section. Both the mother and child had very high serum concen-
trations of rituximab at birth with a complete absence of B cells;
rituximab levels in the cord blood serum were three times that in
the mother’s serum. However, B-cell recovery was reported to be
rapid, and no overt infectious complications were seen in the
child up to the age of 26 months; growth and developmental sta-
tus were also normal.5 Nonetheless, licensed product informa-
tion advises against rituximab use during pregnancy, given the
potential for B-cell depletion in the fetus; women of child-bear-
ing potential should use effective contraceptive methods during
treatment and for up to 12 months after therapy.
1. Herold M, et al. Efficacy and safety of a combined rituximab

chemotherapy during pregnancy. J Clin Oncol 2001; 19: 3439. 
2. Decker M, et al. Rituximab plus CHOP for treatment of diffuse

large B-cell lymphoma during second trimester of pregnancy.
Lancet Oncol 2006; 7: 693–4. Correction. ibid.; 706. 

3. Kimby E, et al. Safety of rituximab therapy during the first tri-
mester of pregnancy: a case history. Eur J Haematol 2004; 72:
292–5. 

4. Ojeda-Uribe M, et al. Administration of rituximab during the
first trimester of pregnancy without consequences for the new-
born. J Perinatol 2006; 26: 252–5. 

5. Friedrichs B, et al. The effects of rituximab treatment during
pregnancy on a neonate. Haematologica 2006; 91: 1426–7.

Pharmacokinetics
The mean maximum plasma concentration of rituxi-
mab has been reported to increase with successive in-
fusions; however, considerable interindividual varia-
tion is seen. Serum concentrations are negatively
correlated with tumour burden and the number of cir-
culating B-cells. The mean terminal half-life is about
20 days. Rituximab is bound to B lymphocytes, and is
detectable in the body for 3 to 6 months after treatment.

Uses and Administration
Rituximab is a chimeric monoclonal antibody to CD20
antigen used in the treatment of non-Hodgkin’s lym-
phomas (p.656). It is used as monotherapy in relapsed
or refractory low-grade or follicular lymphoma, or as
first-line treatment with combination chemotherapy,
such as CVP (cyclophosphamide, vincristine, and
prednisolone). Rituximab monotherapy may also be
used in patients with low-grade stable disease after
first-line treatment with CVP chemotherapy. It is also
indicated for maintenance therapy in patients with re-
fractory or relapsed follicular lymphoma who respond
to induction chemotherapy that may or may not have
contained rituximab. Rituximab is also used with
CHOP chemotherapy (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) or other anthracy-
cline-based regimens for CD20-positive diffuse large
B-cell non-Hodgkin’s lymphoma. Rituximab also
forms part of the combination regimen employing ibri-
tumomab tiuxetan (p.730). Rituximab with methotrex-
ate is used in adults with moderate to severely active
rheumatoid arthritis (p.11) who have had an inadequate
response to DMARDs, including tumour necrosis fac-
tor inhibitors. 
Rituximab is given by intravenous infusion, diluted in
sodium chloride 0.9% or glucose 5% to a final concen-
tration of between 1 and 4 mg/mL. The first infusion is
given initially at a rate of 50 mg/hour; subsequently
this may be increased in increments of 50 mg/hour
every 30 minutes to a maximum of 400 mg/hour, if
well tolerated. Subsequent doses may be begun at a
rate of 100 mg/hour, and increased in increments of
100 mg/hour every 30 minutes to a maximum of
400 mg/hour. 
In the UK for the treatment of refractory or relapsed
follicular lymphoma, rituximab is given as a single
agent in a usual dose of 375 mg/m2 once weekly for 4
doses; in the USA 8 doses may be given. Patients in
either country may be re-treated after relapse for a fur-
ther 4 doses. When given with combination chemo-
therapy such as CVP (for follicular lymphoma) or
CHOP (for diffuse large B-cell lymphoma), rituximab
375 mg/m2is given on day 1 of the chemotherapy cy-
cle, after the corticosteroid component of the regimen,
for a total of 8 cycles. In patients previously treated
with 6 to 8 cycles of CVP chemotherapy and who have
not progressed, rituximab 375 mg/m2 may be given

once weekly for 4 doses, repeated every 6 months, for
up to 16 doses. For maintenance treatment in those
who have responded to induction chemotherapy, ritux-
imab 375 mg/m2 is given once every 3 months until
disease progression or for a maximum period of 2
years. 
In the regimen with ibritumomab tiuxetan, rituximab is
usually given at a dose of 250 mg/m2. 
In the treatment of rheumatoid arthritis, rituximab is
given in a dose of 1 g, for 2 doses; the infusions are
separated by 2 weeks. It is given with methotrexate,
and corticosteroids are recommended before each infu-
sion to reduce the incidence and severity of infusion
reactions. 
Rituximab is also under investigation for the treatment
of a number of other conditions including chronic
lymphocytic leukaemia, multiple sclerosis, ANCA-
associated vasculitis, and SLE, including lupus nephri-
tis.
Administration. Rituximab has been used intralesionally in
the treatment of cutaneous B-cell lymphoma. There are reports
of benefit, with long-term remission in some patients,1 but rapid
recurrence in others.2 In a study of 8 patients, intralesional ritux-
imab was given to 6 patients, in doses of 10 to 30 mg per lesion,
3 times weekly; if clinical remission was incomplete, another cy-
cle of 3 injections was given 1 month later. Two patients were
treated intravenously with weekly infusions for 4 weeks. Com-
plete remission was seen in all 8 patients. No relapse was seen in
those given intravenous therapy, but recurrences were seen in 4
of the 6 patients treated intralesionally. Moderate pain was re-
ported during intralesional injection.3

1. Paul T, et al. Intralesional rituximab for cutaneous B-cell lym-
phoma. Br J Dermatol 2001; 144: 1239–43. 

2. Roguedas AM, et al. Intralesional therapy with anti-CD20 mon-
oclonal antibody rituximab: local and systemic efficacy in pri-
mary cutaneous B-cell lymphoma. Br J Dermatol 2005; 152:
541–4. 

3. Kerl K, et al. Intralesional and intravenous treatment of cutane-
ous B-cell lymphomas with the monoclonal anti-CD20 antibody
rituximab: report and follow-up of eight cases. Br J Dermatol
2006; 155: 1197–1200.

Administration in children. Although not licensed in the UK
or the USA for use in children, there are reports of benefit in chil-
dren with various diseases, such as auto-immune haemolytic
anaemia, idiopathic thrombocytopenic purpura (see also below),
and post-transplantation lymphoproliferative disease,1 as well as
rheumatoid arthritis, and SLE.2 Standard doses of 375 mg/m2

weekly have usually been given, in most cases for a median
course of 4 doses.
1. Giulino LB, et al. Treatment with rituximab in benign and ma-

lignant hematologic disorders in children. J Pediatr 2007; 150:
338–44. 

2. El-Hallak M, et al. Clinical effects and safety of rituximab for
treatment of refractory pediatric autoimmune diseases. J Pediatr
2007; 150: 376–82.

Eye disorders. Orbital pseudolymphomas are uncommon be-
nign tumours which usually affect the lachrymal gland, orbital
soft tissue, or extra-ocular muscles. Clinical presentation in-
cludes painless onset of ptosis, proptosis, diplopia, or eyelid
swelling. There are reports of durable response to rituximab.1

1. Witzig TE, et al. Treatment of benign orbital pseudolymphomas
with the monoclonal anti-CD20 antibody rituximab. Mayo Clin
Proc 2007; 82: 692–9.

Glomerular kidney disease. In a report of 5 patients with cor-
ticosteroid-resistant nephrotic syndrome, 4 patients had a com-
plete remission and 1 patient had a partial remission after treat-
ment with rituximab in standard doses for 4 weeks. Complete
remission was maintained in 3 patients, despite tapering of corti-
costeroids and calcineurin inhibitors.1

1. Bagga A, et al. Rituximab in patients with the steroid-resistant
nephrotic syndrome. N Engl J Med 2007; 356: 2751–2.

Haemolytic anaemia. Rituximab has been used in the treat-
ment of severe refractory auto-immune haemolytic anaemia
(p.1043) of various causes, including warm,1,2 cold,3-5 and
mixed6,7 disease.
1. Quartier P, et al. Treatment of childhood autoimmune haemolyt-

ic anaemia with rituximab. Lancet 2001; 358: 1511–13. 
2. Gottardo NG, et al. Successful induction and maintenance of

long-term remission in a child with chronic relapsing autoim-
mune hemolytic anemia using rituximab. Pediatr Hematol Oncol
2003; 20: 557–61. 

3. Sparling TG, et al. Remission of cold hemagglutinin disease in-
duced by rituximab therapy. Can Med Assoc J 2001; 164: 1405. 

4. Engelhardt M, et al. Severe cold hemagglutinin disease (CHD)
successfully treated with rituximab. Blood 2002; 100: 1922–3. 

5. Berentsen S, et al. Rituximab for primary chronic cold agglutinin
disease: a prospective study of 37 courses of therapy in 27 pa-
tients. Blood 2004; 103: 2925–8. 

6. Morselli M, et al. Mixed warm and cold autoimmune hemolytic
anemia: complete recovery after 2 courses of rituximab treat-
ment. Blood 2002; 99: 3478–9. 

7. Webster D, et al. Prompt response to rituximab of severe hemo-
lytic anemia with both cold and warm autoantibodies. Am J He-
matol 2004; 75: 258–9.

Haemorrhagic disorders. Although data are limited, reports
suggest that rituximab may be an effective alternative for the
treatment of acquired haemophilia (p.1048) after established
therapies have failed.1,2

1. Maillard H, et al. Rituximab in postpartum-related acquired he-
mophilia. Am J Med 2006; 119: 86–8. 

2. Stachnik JM. Rituximab in the treatment of acquired hemophilia.
Ann Pharmacother 2006; 40: 1151–7.

Idiopathic thrombocytopenic purpura. Rituximab has
been reported1-3 to be effective in patients, including children and
infants, with idiopathic thrombocytopenic purpura (p.1505) re-
fractory to standard treatments. However, a review4 cautioned
against the indiscriminate use of rituximab in this patient popu-
lation, given the lack of controlled data.
1. Zaja F, et al. The B-cell compartment as the selective target for

the treatment of immune thrombocytopenias. Haematologica
2003; 88: 538–46. 

2. Bengtson KL, et al. Successful use of anti-CD20 (rituximab) in
severe, life-threatening childhood immune thrombocytopenic
purpura. J Pediatr 2003; 143: 670–3. 

3. Wang J, et al. Chronic immune thrombocytopenic purpura in
children: assessment of rituximab treatment. J Pediatr 2005;
146: 217–21. 

4. Arnold DM, et al. Systematic review: efficacy and safety of
rituximab for adults with idiopathic thrombocytopenic purpura.
Ann Intern Med 2007; 146: 25–33.

Malignant neoplasms. Reviews.
1. NICE. Rituximab for aggressive non-Hodgkin’s lymphoma (is-

sued September 2003). Available at: http://www.nice.org.uk/
nicemedia/pdf/65_rituximab_nonhodgkins_fullguidance.pdf
(accessed 30/07/08) 

2. Avivi I, et al. Clinical use of rituximab in haematological malig-
nancies. Br J Cancer 2003; 89: 1389–94. 

3. Cvetković RS, Perry CM. Rituximab: a review of its use in non-
Hodgkin’s lymphoma and chronic lymphocytic leukaemia.
Drugs 2006; 66: 791–820. 

4. Held G, et al. Rituximab for the treatment of diffuse large B-cell
lymphomas. Expert Rev Anticancer Ther 2006; 6: 1175–86. 

5. van Oers MH. Rituximab maintenance in indolent lymphoma:
indications and controversies. Curr Oncol Rep 2007; 9: 378–83. 

6. Schulz H, et al. Chemotherapy plus rituximab versus chemother-
apy alone for B-cell non-Hodgkin’s lymphoma. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2007 (accessed 24/07/08). 

7. Molina A. A decade of rituximab: improving survival outcomes
in non-Hodgkin’s lymphoma. Annu Rev Med 2008; 59: 237–50.

Pemphigus. Rituximab has been reported to be of benefit in
pemphigus vulgaris (p.1582) and 17 cases have been reviewed.1
It was used in patients with severe and widespread disease that
had not responded to usual therapy with corticosteroids and im-
munosuppressants. A dose of 375 mg/m2 once weekly was used
and most patients were given a course of 4 doses. Most patients
showed some improvement from rituximab, including 9 who
were free of clinical disease for more than 6 months and 5 who
had a partial response. However, although concomitant therapy
could be reduced in 8 patients, only 2 were able to stop systemic
corticosteroids and immunosuppressants; in 6 cases this infor-
mation was not reported. Rituximab might therefore be useful for
remission induction when corticosteroids have not been effec-
tive, but long-term follow-up is needed. Rituximab with normal
immunoglobulins has also been reported to be effective in pa-
tients with refractory pemphigus vulgaris.2 
Rituximab has been reported to be of benefit in pemphigus fo-
liaceus,3,4 a less common variant of pemphigus. A single cycle of
4 weekly infusions of rituximab was reported to achieve com-
plete remission in 12 of 14 patients with pemphigus vulgaris and
6 of 7 patients with pemphigus foliaceus; 2 patients in the former
group achieved delayed complete remission. Of these 20 pa-
tients, 6 with pemphigus vulgaris and 3 with pemphigus fo-
liaceus had a relapse; 2 of these 9 patients were given a second
course of rituximab and again achieved complete remission. Af-
ter 34 months of follow-up, 18 patients were free of disease, and
8 of these were not receiving any systemic therapy.5
1. El Tal AK, et al. Rituximab: a monoclonal antibody to CD20

used in the treatment of pemphigus vulgaris. J Am Acad Derma-
tol 2006; 55: 449–59. 

2. Ahmed AR, et al. Treatment of pemphigus vulgaris with rituxi-
mab and intravenous immune globulin. N Engl J Med 2006; 355:
1772–9. 

3. Goebeler M, et al. Rapid response of treatment-resistant pemphi-
gus foliaceus to the anti-CD20 antibody rituximab. Br J Derma-
tol 2003; 149: 899–901. 

4. Arin MJ, et al. Anti-CD20 monoclonal antibody (rituximab) in
the treatment of pemphigus. Br J Dermatol 2005; 153: 620–5. 

5. Joly P, et al. A single cycle of rituximab for the treatment of
severe pemphigus. N Engl J Med 2007; 357: 545–52.

Rheumatoid arthritis. Rituximab is of benefit in patients with
rheumatoid arthritis (p.11) refractory to standard therapy.1-3 The
ability of rituximab to prevent articular damage, its efficacy for
extra-articular manifestations, the efficacy and safety of repeated
courses, and long-term effects on the immune system remain to
be determined.4 Radiographic data from a placebo-controlled
study showed a trend towards less progression of structural joint
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damage with a course of rituximab (2 doses); assessment was
made at 24 weeks.5 In a consensus statement, European and Ca-
nadian rheumatologists stated that re-treatment with rituximab
may be considered after week 24 in those who respond to initial
therapy.6 
In the UK, NICE states that rituximab with methotrexate is a
treatment option for adults with severe active rheumatoid arthri-
tis who have had an inadequate response to DMARDs or are
intolerant of them; previous therapy should have included at least
one tumour necrosis factor α inhibitor. Treatment with rituximab
and methotrexate should continue only if patients show an ade-
quate response, and repeat courses should be given no more of-
ten than every 6 months; specialist supervision is advised.7

1. Edwards JCW, et al. Efficacy of B-cell—targeted therapy with
rituximab in patients with rheumatoid arthritis. N Engl J Med
2004; 350: 2572–81. 

2. Summers KM, Kockler DR. Rituximab treatment of refractory
rheumatoid arthritis. Ann Pharmacother 2005; 39: 2091–5. 

3. Higashida J, et al. Safety and efficacy of rituximab in patients
with rheumatoid arthritis refractory to disease modifying
antirheumatic drugs and anti-tumor necrosis factor-α treatment.
J Rheumatol 2005; 32: 2109–15. 

4. Looney RJ. B cell-targeted therapy for rheumatoid arthritis: an
update on the evidence. Drugs 2006; 66: 625–39. 

5. Cohen SB, et al. Rituximab for rheumatoid arthritis refractory to
anti-tumor necrosis factor therapy. Arthritis Rheum 2006; 54:
2793–2806. 

6. Smolen JS, et al. Working Group on the Rituximab Consensus
Statement. Consensus statement on the use of rituximab in pa-
tients with rheumatoid arthritis. Ann Rheum Dis 2007; 66:
143–50. 

7. NICE. Rituximab for the treatment of rheumatoid arthritis: Tech-
nology Appraisal 126 (issued August 2007). Available at: http://
www.nice.org.uk/nicemedia/pdf/word/TA126guidance.doc (ac-
cessed 13/05/08)

Scleroderma. Rituximab is under investigation for the man-
agement of scleroderma (p.1817).

Skin disorders. In addition to reports of efficacy in pemphigus
(see above), rituximab has been reported to be of benefit in re-
fractory cases of pemphigoid1 and epidermolysis bullosa ac-
quisita.2,3

1. Schmidt E, et al. Rituximab in autoimmune bullous diseases:
mixed responses and adverse effects. Br J Dermatol 2007; 156:
352–6. 

2. Crichlow SM, et al. A successful therapeutic trial of rituximab in
the treatment of a patient with recalcitrant, high-titre epidermol-
ysis bullosa acquisita. Br J Dermatol 2007; 156: 194–6. 

3. Sadler E, et al. Treatment-resistant classical epidermolysis bul-
losa acquisita responding to rituximab. Br J Dermatol 2007;
157: 417–19.

Systemic lupus erythematosus. Rituximab is under investi-
gation for the treatment of SLE (p.1513).1

1. Sfikakis PP, et al. Rituximab anti-B-cell therapy in systemic lu-
pus erythematosus: pointing to the future. Curr Opin Rheumatol
2005; 17: 550–7.

Thrombotic microangiopathies. Rituximab has been
reported1-3 to be of benefit in relapsed or refractory thrombotic
thrombocytopenic purpura (see under Plasma, p.1076).
1. Zheng X, et al. Remission of chronic thrombotic thrombocyto-

penic purpura after treatment with cyclophosphamide and ritux-
imab. Ann Intern Med 2003; 138: 105–8. 

2. Reddy PS, et al. Rituximab in the treatment of relapsed throm-
botic thrombocytopenic purpura. Ann Hematol 2005; 84: 232–5. 

3. Kosugi S, et al. Rituximab provided long-term remission in a
patient with refractory relapsing thrombotic thrombocytopenic
purpura. Int J Hematol 2005; 81: 433–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: MabThera; Austral.: MabThera; Austria: MabThera; Belg.:
MabThera; Braz.: MabThera; Canad.: Rituxan; Chile: MabThera; Cz.:
MabThera; Denm.: MabThera; Fin.: MabThera; Fr.: MabThera; Ger.:
MabThera; Gr.: MabThera; Hong Kong: MabThera; Hung.: MabThera;
Indon.: MabThera; Irl.: MabThera; Israel: MabThera; Ital.: MabThera;
Jpn: Rituxan; Malaysia: MabThera; Mex.: MabThera; Neth.: MabThera;
Norw.: MabThera; NZ: MabThera; Philipp.: MabThera; Pol.: MabThera;
Port.: MabThera; Rus.: MabThera (МабТера); S.Afr.: MabThera; Singa-
pore: MabThera; Spain: MabThera; Swed.: MabThera; Switz.: MabThera;
Thai.: MabThera; Turk.: MabThera; UK: MabThera; USA: Rituxan; Ven-
ez.: MabThera.

Roquinimex (USAN, rINN)

FCF-89; LS-2616; Roquinimexum. 1,2-Dihydro-4-hydroxy-N,1-
dimethyl-2-oxo-3-quinolinecarboxanilide.

Рохинимекс

C18H16N2O3 = 308.3.
CAS — 84088-42-6.
ATC — L03AX02.
ATC Vet — QL03AX02.

Profile
Roquinimex is an immunomodulator reported to stimulate vari-
ous immune functions including macrophage cytotoxicity. It has
been investigated for its potential against malignant neoplasms
including as adjuvant therapy after bone marrow transplantation
in acute leukaemia, to prolong the time to relapse. Roquinimex
has also been investigated in immune and auto-immune disor-
ders including multiple sclerosis. However serious cardiovascu-
lar toxicity after roquinimex therapy has led to several studies
being terminated.

◊ References.
1. Coutant R, et al. Low dose linomide in type I juvenile diabetes

of recent onset: a randomised placebo-controlled double blind
trial. Diabetologia 1998; 41: 1040–6. 

2. Simonsson B, et al. Roquinimex (Linomide) vs placebo in AML
after autologous bone marrow transplantation. Bone Marrow
Transplant 2000; 25: 1121–7. 

3. Tan IL, et al. Linomide in the treatment of multiple sclerosis:
MRI results from prematurely terminated phase-III trials. Multi-
ple Sclerosis 2000; 6: 99–104. 

4. Noseworthy JH, et al. Linomide in relapsing and secondary pro-
gressive MS. Part 1: trial design and clinical results. Neurology
2000; 54: 1726–33.

Rostaporfin (USAN, rINN)

Rostaporfina; Rostaporfine; Rostaporfinum; SnET2; Tin Ethyl Eti-
opurpurin; Tin etiopurpurin dichloride. (OC-6-13)-Dichlo-
ro[ethyl (18RS,19SR)-3,4,20,21-tetradehydro-4,9,14,19-tetrae-
thyl-18,19-dihydro-3,8,13,18-tetramethyl-20-phorbinecarboxyl-
ato (2-)-N23,N24,N25,N26]tin.

Ростапорфин
C37H42Cl2N4O2Sn = 764.4.
CAS — 284041-10-7; 114494-17-6.

Profile
Rostaporfin is a photosensitiser that is under investigation in the
photodynamic therapy of neovascular (wet) age-related macular
degeneration (p.785). It has also been investigated for photody-
namic therapy of malignant neoplasms.

Rubitecan (USAN, rINN)

9-NC; 9-Nitrocamptothecin; RFS-2000; Rubitécan; Rubitecán;
Rubitecanum. 9-Nitro-20(S)-camptothecin.

Рубитекан
C20H15N3O6 = 393.3.
CAS — 91421-42-0.

Profile
Like irinotecan (p.737), rubitecan is a topoisomerase I inhibitor
related to camptothecin. It can be given orally and has been in-

vestigated for its antineoplastic properties particularly in the
treatment of pancreatic cancer. It is also under investigation for
the treatment of paediatric patients infected with HIV.

◊ References.
1. Clark JW. Rubitecan. Expert Opin Invest Drugs 2006; 15: 71–9.

Sabarubicin (rINN)

MEN-10755; Sabarubicina; Sabarubicine; Sabarubicinum.
(7S,9S)-7-{[4-O-(3-Amino-2,3,6-trideoxy-α-L-lyxo-hexopyrano-
syl)-2,6-dideoxy-α-L-lyxo-hexopyranosyl]oxy}-6,9,11-trihydroxy-
9-(hydroxyacetyl)-7,8,9,10-tetrahydrotetracene-5,12-dione.

Сабарубицин
C32H37NO13 = 643.6.
CAS — 211100-13-9.

Profile
Sabarubicin, an anthracycline, is an analogue of doxorubicin
(p.712). It acts as a potent topoisomerase II inhibitor and is under
investigation for the treatment of various solid tumours, such as
cancers of the lung, ovary, breast, and prostate. Myelosuppres-
sion is the main adverse effect.

◊ References.
1. Bos AM, et al. Pharmacokinetics of MEN-10755, a novel anthra-

cycline disaccharide analogue, in two phase I studies in adults
with advanced solid tumours. Cancer Chemother Pharmacol
2001; 48: 361–9. 

2. Schrijvers D, et al. Phase I study of MEN-10755, a new anthra-
cycline in patients with solid tumours: a report from the Europe-
an Organization for Research and Treatment of Cancer, Early
Clinical Studies Group. Ann Oncol 2002; 13: 385–91. 

3. Jones K. MEN-10755. Menarini. Curr Opin Investig Drugs
2003; 4: 1473–8. 

4. Caponigro F, et al. A phase II study of sabarubicin (MEN-10755)
as second line therapy in patients with locally advanced or met-
astatic platinum/taxane resistant ovarian cancer. Invest New
Drugs 2005; 23: 85–9. 

5. Fiedler W, et al. A study from the EORTC new drug develop-
ment group: open label phase II study of sabarubicin (MEN-
10755) in patients with progressive hormone refractory prostate
cancer. Eur J Cancer 2006; 42: 200–204.

Satraplatin (USAN, rINN)

BMS-182751; BMY-45594; JM-216; Satraplatine; Satraplatino;
Satraplatinum. (OC-6-43)-Bis(acetato)amminedichloro(cyclo-
hexylamine)platinum.

Сатраплатин
C10H22Cl2N2O4Pt = 500.3.
CAS — 129580-63-8.

Profile
Satraplatin is an analogue of cisplatin (p.698) with generally sim-
ilar properties, but which is well absorbed after oral dosage. It is
under investigation for its antineoplastic properties in the treat-
ment of various solid tumours.

◊ References.
1. Kelland LR. An update on satraplatin: the first orally available

platinum anticancer drug. Expert Opin Invest Drugs 2000; 9:
1373–82. 

2. Vouillamoz-Lorenz S, et al. Pharmacokinetics of satraplatin
(JM216), an oral platinum (IV) complex under daily oral admin-
istration for 5 or 14 days. Anticancer Res 2003; 23: 2757–65. 
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3. Sternberg CN, et al. Phase III trial of satraplatin, an oral platinum

plus prednisone vs. prednisone alone in patients with hormone-
refractory prostate cancer. Oncology 2005; 68: 2–9. 

4. Sternberg CN. Satraplatin in the treatment of hormone-refractory
prostate cancer. BJU Int 2005; 96: 990–4. 

5. McKeage MJ. Satraplatin in hormone-refractory prostate cancer
and other tumour types: pharmacological properties and clinical
evaluation. Drugs 2007; 67: 859–69.

Semustine (USAN, rINN)

Methyl Lomustine; Methyl-CCNU; NSC-95441; Semustiini; Se-
mustin; Semustina; Sémustine; Semustinum; WR-220076. 1-(2-
Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea.
Семустин
C10H18ClN3O2 = 247.7.
CAS — 13909-09-6.
ATC — L01AD03.
ATC Vet — QL01AD03.

Pharmacopoeias. In Chin.
Adverse Effects, Treatment, and Precautions
As for Carmustine, p.694.
Effects on the kidneys. Nephrotoxicity has been reported in
patients receiving high cumulative doses of semustine. Severe
renal damage was reported in 6 of 17 children given semustine
after radiotherapy for brain tumours; all 6 children had received
a total dose above 1.5 g/m2 in contrast to those not so affected,
who had received lower doses.1 A decrease in kidney size was
seen in 2 patients who had received lower cumulative doses.
There had been no evidence during treatment that patients were
losing renal function. Similarly others have reported an increased
risk of renal abnormalities in patients given a cumulative dose of
1.4 g/m2 or more.2 Some 25% of patients given higher doses
were so affected, while those given lower doses were not. Over-
all, however, the problem may not be particularly frequent: in
one study it was considered that only 4 of 857 patients treated
with semustine over 6 years might have had delayed renal insuf-
ficiency possibly related to semustine.3
1. Harmon WE, et al. Chronic renal failure in children treated with

methyl-CCNU. N Engl J Med 1979; 300: 1200–3. 
2. Micetich KC, et al. Nephrotoxicity of semustine (methyl-CC-

NU) in patients with malignant melanoma receiving adjuvant
chemotherapy. Am J Med 1981; 71: 967–72. 

3. Nichols WC, Moertel CG. Nephrotoxicity of methyl-CCNU. N
Engl J Med 1979; 301: 1181.

Pharmacokinetics
Semustine is well absorbed from the gastrointestinal tract after
oral doses, and is rapidly metabolised. The metabolites are re-
ported to possess prolonged plasma half-lives, and cross the
blood-brain barrier into the CSF. It is excreted in urine as metab-
olites: up to 60% of a dose is excreted in this way within 48
hours. Small amounts may be excreted in faeces and via the
lungs as carbon dioxide.
Uses and Administration
Semustine is a nitrosourea with actions and uses similar to those
of carmustine (p.695) and lomustine (p.741).

Seocalcitol (BAN, rINN)

EB-1089; Séocalcitol; Seocalcitolum. (5Z,7E,22E,24E)-
24a,26a,27a-Trihomo-9,10-secocholesta-5,7,10(19),22,24-pen-
taene-1α,3β,25-triol.
Сеокальцитол
C30H46O3 = 454.7.
CAS — 134404-52-7.

Profile
Seocalcitol is a vitamin D analogue that has been investigated for
the treatment of hepatocellular carcinoma.

Sizofiran (rINN)

Schizophyllan; Sizofirán; Sizofiranum. Poly[3→-(O-β-D-glucop-
yranosyl-(1→3)-O-[β-D-glucopyranosyl-(1→6)]-O-β-D-glucop-
yranosyl-(1→3)-O-β-D-glucopyranosyl)→1].
Сизофиран
(C24H40O20)n.
CAS — 9050-67-3.

Profile
Sizofiran is a polysaccharide obtained from cultures of the basid-
iomycete fungus Schizophyllum commune. It is reported to have
antineoplastic and immunomodulating activity and is given with
radiotherapy in malignant neoplasms of the cervix (p.663). It is
given by intramuscular injection in usual doses of 40 mg weekly.
It has also been tried with chemotherapy or radiotherapy in other
malignant neoplasms. Hypersensitivity reactions, including ana-
phylactoid shock, may occur.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Sonifilan.

Sobuzoxane (rINN)

MST-16; Sobuzoxano; Sobuzoxanum. 4,4′-Ethylenebis[1-(hy-
droxymethyl)-2,6-piperazinedione] bis(isobutyl carbonate).
Собузоксан
C22H34N4O10 = 514.5.
CAS — 98631-95-9.

Profile
Sobuzoxane is an orally active inhibitor of topoisomerase II that
has been used for its antineoplastic properties in the treatment of
non-Hodgkin’s lymphomas and adult T-cell leukaemia/lympho-
ma. Adverse effects include myelosuppression, bleeding tenden-
cy, renal and hepatic dysfunction, gastrointestinal disturbances,
alopecia, headache, and fever.
◊ References.
1. Okamoto T, et al. Long-term administration of oral low-dose

topoisomerase II inhibitors, MST-16 and VP-16, for refractory or
relapsed non-Hodgkin’s lymphoma. Acta Haematol (Basel)
2000; 104: 128–30. 

2. Inoue Y, et al. Durable remission by sobuzoxane in an HIV-se-
ronegative patient with human herpesvirus 8-negative primary
effusion lymphoma. Int J Hematol 2004; 79: 271–5.

Sorafenib (USAN, rINN)

BAY-43-9006; Sorafénib; Sorafenibum. 4-(4-{3-[4-Chloro-3-(trif-
luoromethyl)phenyl]ureido}phenoxy)-N2-methylpyridine-2-car-
boxamide.
Сорафениб
C21H16ClF3N4O3 = 464.8.
CAS — 284461-73-0.
ATC — L01XE05.
ATC Vet — QL01XE05.

Sorafenib Tosilate (rINNM)

BAY-54-9085; Sorafénib, Tosilate de; Sorafenib, tosilato de; Sor-
afenib Tosylate (USAN); Sorafenibi Tosilas. 4-(4-{3-[4-Chloro-3-
(trifluoromethyl)phenyl]ureido}phenoxy)-N2-methylpyridine-2-
carboxamide 4-methylbenzenesulfonate.
Сорафениба Тозилат
C21H16ClF3N4O3, C7H8O3S = 637.0.
CAS — 475207-59-1.
ATC — L01XE05.
ATC Vet — QL01XE05.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. Dermatological toxicities such as
palmar-plantar syndrome and rash are the most com-
mon adverse effects with sorafenib. Treatment may in-
clude topical therapies, or dose adjustment, or tempo-
rary interruption of sorafenib. Mild to moderate
hypertension can occur, which may be manageable
with antihypertensive therapy, but severe or persistent
hypertension or hypertensive crisis despite treatment,
may force sorafenib to be stopped. Blood pressure
should be regularly monitored. There is an increased
risk of bleeding with sorafenib and fatalities have been
reported; if severe enough to need intervention, the
drug should be permanently stopped. Leucopenia,
lymphopenia, anaemia, neutropenia, and thrombocyto-
penia are common. Hypophosphataemia and transient
disturbances in liver function tests can occur. Eleva-
tions in lipase and amylase concentrations are very
common. Pancreatitis has been reported. Other adverse
effects include alopecia, pruritus, dry skin, erythema,
acne, flushing, exfoliative dermatitis, hoarseness, gas-
trointestinal disturbances, arthralgia, myalgia, asthe-
nia, pain, and peripheral neuropathy. Tinnitus, depres-
sion, and erectile dysfunction are often reported, as are
pyrexia, flu-like illness, and weight decrease. Gastroin-
testinal perforation has been reported rarely; therapy
should be stopped if it occurs. Reversible posterior leu-
koencephalopathy has also occurred rarely. Sorafenib
therapy should be interrupted or stopped in patients
who develop cardiac ischaemia and/or infarction.
◊ References.
1. Robert C, et al. Cutaneous side-effects of kinase inhibitors and

blocking antibodies. Lancet Oncol 2005; 6: 491–500. 
2. Strumberg D, et al. Pooled safety analysis of BAY 43-9006 (sor-

afenib) monotherapy in patients with advanced solid tumours: is
rash associated with treatment outcome? Eur J Cancer 2006; 42:
548–56. 

3. Veronese ML, et al. Mechanisms of hypertension associated with
BAY 43-9006. J Clin Oncol 2006; 24: 1363–9. 

4. Yang C-H, et al. Hand-foot skin reaction in patients treated with
sorafenib: a clinicopathological study of cutaneous manifesta-
tions due to multitargeted kinase inhibitor therapy. Br J Derma-
tol 2008; 158: 592–6.

Effects on the cardiovascular system. A meta-analysis1 of
data involving 4599 patients indicated that 23.4% of those given
sorafenib developed hypertension; about 5% of sorafenib-treated
patients developed severe (grade 3 or 4) hypertension. This rep-
resented a relative risk of developing high blood pressure 6.1
times that of patients not given sorafenib. Hypertension may also
develop with other angiogenesis inhibitors; relative risk has been
shown to be similar with high-dose bevacizumab, and there is
evidence of a slightly smaller risk (incidence of hypertension
22.5%, relative risk 3.89) with sunitinib.
1. Wu S, et al. Incidence and risk of hypertension with sorafenib in

patients with cancer: a systematic review and meta-analysis.
Lancet Oncol 2008; 9: 117–23.

Interactions
For a general discussion of antineoplastic drug interac-
tions, see p.642. Sorafenib is metabolised by the cyto-
chrome P450 isoenzyme CYP3A4. Rifampicin can re-
duce exposure to sorafenib. Other inducers of this
enzyme (such as carbamazepine, dexamethasone, St
John’s wort, phenobarbital, and phenytoin) may also
reduce blood concentrations of sorafenib. However,
ketoconazole did not alter exposure to sorafenib and
other drugs that inhibit CYP3A4 are considered
unlikely to alter the metabolism of sorafenib. 
In vitro studies have indicated that sorafenib itself in-
hibits the cytochrome P450 isoenzymes CYP3A4,
CYP2C19, and CYP2D6, but use of sorafenib with mi-
dazolam, or omeprazole, or dextromethorphan did not
alter the exposure to any of these drugs; interactions
with drugs that are substrates of these enzymes are con-
sidered unlikely. 
Sorafenib inhibits the cytochrome P450 isoenzyme
CYP2C9 in vitro, and may increase concentrations of
its substrates. The effect of warfarin on mean PT-INR
was not altered by sorafenib; however, patients taking
warfarin or phenprocoumon with sorafenib should
have their INR regularly checked. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sorafenib also inhibits the isoenzymes CYP2B6 and
CYP2C8 in vitro, and drug interactions with substrates
of these may occur. 
Sorafenib may increase exposure to docetaxel, doxoru-
bicin, and irinotecan; variable effects on fluorouracil
have been reported.

Pharmacokinetics
Sorafenib reaches peak plasma concentrations about 3
hours after an oral dose. Absorption is reduced by
about 30% after a high-fat meal. Plasma protein bind-
ing is about 99.5%. Sorafenib is metabolised primarily
in the liver via the cytochrome P450 isoenzyme
CYP3A4. It also undergoes glucuronidation. The elim-
ination half-life of sorafenib is about 25 to 48 hours.
About 96% of a dose is excreted within 14 days, with
77%, mostly as unchanged drug, recovered in the fae-
ces, and 19% in the urine as glucuronidated metabo-
lites.
◊ References.
1. Clark JW, et al. Safety and pharmacokinetics of the dual action

Raf kinase and vascular endothelial growth factor receptor inhib-
itor, BAY 43-9006, in patients with advanced, refractory solid
tumors. Clin Cancer Res 2005; 11: 5472–80.

Uses and Administration
Sorafenib is an inhibitor of multiple intracellular and
cell surface kinases thought to be involved in angio-
genesis. It is given as the tosilate but doses are ex-
pressed in terms of the base; sorafenib tosilate 274 mg
is equivalent to about 200 mg of sorafenib. Sorafenib is
used in the treatment of advanced renal cell carcinoma
and hepatocellular carcinoma. The recommended oral
dose is 400 mg twice daily, given at least 1 hour before
or 2 hours after food. Treatment is continued until no
clinical benefit is seen or until unacceptable toxicity
occurs. Doses are reduced to 400 mg once daily if tox-
icity occurs; further reduction to a single dose of
400 mg every other day may be necessary. 
Sorafenib is under investigation for the treatment of lo-
cally unresectable and metastatic melanoma.
◊ References.
1. Rini BI. Sorafenib. Expert Opin Pharmacother 2006; 7: 453–61. 
2. Escudier B, et al. TARGET Study Group. Sorafenib in advanced

clear-cell renal-cell carcinoma. N Engl J Med 2007; 356:
125–34. Correction. ibid.; 357: 203. 

3. McKeage K, Wagstaff AJ. Sorafenib: in advanced renal cancer.
Drugs 2007; 67: 475–83. 

4. Grandinetti CA, Goldspiel BR. Sorafenib and sunitinib: novel
targeted therapies for renal cell cancer. Pharmacotherapy 2007;
27: 1125–44. 

5. Takimoto CH, Awada A. Safety and anti-tumor activity of soraf-
enib (Nexavar ) in combination with other anti-cancer agents: a
review of clinical trials. Cancer Chemother Pharmacol 2008;
61: 535–48. 

6. Hiles JJ, Kolesar JM. Role of sunitinib and sorafenib in the treat-
ment of metastatic renal cell carcinoma. Am J Health-Syst Pharm
2008; 65: 123–31. 

7. Simpson D, Keating GM. Sorafenib: in hepatocellular carcino-
ma. Drugs 2008; 68: 251–8.

Administration in hepatic or renal impairment. Soraf-
enib is primarily metabolised in the liver. Hepatic impairment
may reduce exposure to sorafenib, compared with patients with
normal hepatic function. In patients with hepatocellular carcino-
ma, exposure is comparable in patients with mild and moderate
(Child-Pugh A and B) impairment. Licensed product informa-
tion states that no dose adjustment is needed in patients with mild
to moderate impairment. No data are available on patients with
severe (Child-Pugh C) hepatic impairment. 
Licensed product information states that no dose adjustment is
needed in patients with mild, moderate, or severe renal impair-
ment, but that no data are available for patients on dialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nexavar; Austral.: Nexavar; Chile: Nexavar ; Cz.: Nexavar ; Fr.:
Nexavar; Gr.: Nexavar; Hung.: Nexavar; Indon.: Nexavar; Malaysia:
Nexavar; Mex.: Nexavar; NZ: Nexavar; Port.: Nexavar; UK: Nexavar;
USA: Nexavar.

Streptozocin (USAN, rINN)

Estreptozocina; NSC-85998; Streptotsosiini; Streptozocine;
Streptozocinum; Streptozosin; Streptozotocin; U-9889. 2-De-
oxy-2-(3-methyl-3-nitrosoureido)-D-glucopyranose.
Стрептозоцин
C8H15N3O7 = 265.2.
CAS — 18883-66-4.
ATC — L01AD04.
ATC Vet — QL01AD04.

Storage. Licensed product information recommends that the
freeze-dried streptozocin preparation be stored at 2° to 8° and
protected from light.
Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
Cumulative nephrotoxicity is common with streptozocin and
may be severe and irreversible. Intra-arterial use may be associ-
ated with increased risk of nephrotoxicity. 
Other adverse effects include severe nausea and vomiting and
alterations in liver function or occasionally severe hepatotoxici-
ty. Myelosuppression may occur but is rarely severe. Streptozo-
cin may affect glucose metabolism. A diabetogenic effect has
been reported; hypoglycaemia attributed to the release of insulin
from damaged cells has also occurred. 
Streptozocin is irritant to tissues and extravasation may lead to
local ulceration and necrosis. 
Streptozocin should be used with extreme care in patients with
pre-existing renal impairment.
Handling and disposal. Methods for the destruction of strep-
tozocin waste by reaction with hydrobromic acid in glacial acetic
acid or by oxidation with a solution of potassium permanganate
in sulfuric acid.1 Residues produced by either method were free
of mutagenic activity.
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985.

Interactions
Streptozocin should not be given with other potentially nephro-
toxic drugs. For increased doxorubicin toxicity when given with
streptozocin see p.714.
Phenytoin. It has been suggested that because phenytoin ap-
peared to protect the beta cells of the pancreas from the cytotoxic
effects of streptozocin, its use with streptozocin should be avoid-
ed in patients being treated for pancreatic tumours.1
1. Koranyi L, Gero L. Influence of diphenylhydantoin on the effect

of streptozotocin. BMJ 1979; 1: 127.

Pharmacokinetics
After intravenous doses streptozocin is rapidly cleared from the
blood and distributed to body tissues, particularly the liver, kid-
neys, intestines, and pancreas. It is extensively metabolised,
mainly in the liver and perhaps the kidney, and excreted princi-
pally in the urine as metabolites and a small amount of
unchanged drug. About 60 to 70% of an intravenous dose is ex-
creted in urine within 24 hours. Some is also excreted via the
lungs. Streptozocin itself does not cross the blood-brain barrier
but its metabolites are found in the CSF.
Uses and Administration
Streptozocin is an antibiotic antineoplastic belonging to the nitro-
soureas (see Carmustine, p.695) and is used, alone or with other
antineoplastics, mainly in the treatment of pancreatic endocrine
(islet-cell) tumours (p.643). It has been tried in other tumours in-
cluding exocrine pancreatic cancer and prostate cancer. It is li-
censed for intravenous injection or infusion in doses of 1 g/m2

weekly, increased if necessary after 2 weeks to up to 1.5 g/m2.
Alternatively doses of 500 mg/m2 may be given daily for 5 days
and repeated every 6 weeks. 
Streptozocin has also been given by intra-arterial infusion (but
see Adverse Effects above). 
Full blood counts, and renal and hepatic function tests should be
performed routinely during treatment; doses should be reduced
or treatment withdrawn if renal toxicity occurs.
Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Zanosar ; Fr.: Zanosar ; Gr.: Zanosar ; Israel: Zanosar ; USA:
Zanosar.

Sunitinib Malate (USAN, rINNM)

Malato de sunitinib; PHA-290940AD; SU-010398; SU-011248
(sunitinib); Sunitinib, Malate de; Sunitinibi Malas. N-[2-(Diethyl-
amino)ethyl]-5-[(Z)-(5-fluoro-2-oxo-1,2-dihydro-3H-indol-3-yli-
dene)methyl]-2,4-dimethyl-1H-pyrrole-3-carboxamide hydro-
gen (2S)-2-hydroxybutanedioate.
Сунитиниба Малат
C22H27FN4O2,C4H6O5 = 532.6.
CAS — 557795-19-4 (sunitinib); 341031-54-7 (sunitinib
malate).
ATC — L01XE04.
ATC Vet — QL01XE04.

(sunitinib)

Adverse Effects, Treatment, and Precau-
tions
Common adverse effects of sunitinib include gastroin-
testinal disturbances, anorexia, headache, fatigue, fe-
ver, hypertension, hypothyroidism, mouth pain or irri-
tation, dry mouth, mucosal inflammation, oedema,
taste disturbances, arthralgia, and myalgia. Myelosup-
pression is common, and complete blood counts
should be performed at the beginning of each treatment
cycle. Other effects include dizziness, paraesthesia,
dyspnoea, alopecia, Yellow skin discoloration and
chromaturia can occur. Other dermatological effects
include depigmentation of the hair or skin, dryness,
rash, exfoliative dermatitis, or palmar-planter syn-
drome. Gastrointestinal perforation has been reported
rarely; fatalities have been reported in patients with in-
tra-abdominal malignancies. 
Decreases in left ventricular ejection fraction (LVEF)
have occurred with sunitinib; baseline and periodic
evaluations of LVEF should be taken. Patients should
be monitored for signs of congestive cardiac failure
and therapy interrupted or stopped if they occur. Dose
reductions may be necessary in patients who show no
signs of heart failure but who show decreases in LVEF.
Sunitinib may prolong the QT interval and should be
used with caution in patients with a history of this, who
are taking antiarrhythmics, or who have pre-existing
cardiac disease, bradycardia, or electrolyte disturbanc-
es. 
There is an increased risk of bleeding at all sites;
epistaxis is the most common treatment-related bleed-
ing event but fatal pulmonary haemorrhage has oc-
curred in patients with lung cancer. Pulmonary embo-
lism or venous thromboembolic events may occur.
Patients under stresses such as surgery, trauma, or se-
vere infection should be monitored for adrenal insuffi-
ciency. Increases in serum amylase and lipase concen-
trations have been seen and there are rare reports of
pancreatitis and hepatic failure. There are also rare re-
ports of seizures and reversible posterior leukoen-
cephalopathy syndrome.
Effects on the cardiovascular system. A retrospective re-
view in 75 patients given repeating cycles of sunitinib in phase
I/II studies of its efficacy for gastrointestinal stromal tumours
found that cardiovascular events occurred in 8, of whom 6 devel-
oped congestive heart failure.1 Of 36 patients given the subse-
quently approved dose, 10 had reductions in left ventricular ejec-
tion fraction of at least 10%. Hypertension developed in 35 of the
75 patients, and it was suggested that left ventricular dysfunction
might be due to a combination of hypertension and a direct toxic
effect on heart muscle. 
For the relative risk of developing hypertension with sunitinib,
and the view that this may be an effect common to angiogenesis
inhibitors, see under Sorafenib, p.770.
1. Chu TF, et al. Cardiotoxicity associated with tyrosine kinase in-

hibitor sunitinib. Lancet 2007; 370: 2011–19.
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Effects on the kidneys. For a report of haemolytic-uraemic
syndrome after the use of bevacizumab and sunitinib, see Effects
on the Kidneys, under Bevacizumab, p.685.
Effects on the nervous system. Coma has been reported
with sunitinib; therapy was immediately stopped and the patient
regained consciousness within 24 hours.1
1. Arnaud L, et al. Transient sunitinib-induced coma in a patient

with fibromyxoid sarcoma. J Clin Oncol 2008; 26: 1569–71.

Effects on the skin. A patient developed palmar-plantar syn-
drome and rashes resembling seborrhoeic dermatitis while tak-
ing sunitinib. Therapy was stopped and the rash was treated with
a topical corticosteroid; blisters on the palms and soles resolved
with desquamation.1
1. Tsai K-Y, et al. Hand-foot syndrome and seborrheic dermatitis-

like rash induced by sunitinib in a patient with advanced renal
cell carcinoma. J Clin Oncol 2006; 24: 5786–8.

Effects on thyroid function. Hypothyroidism is common af-
ter sunitinib therapy. A cohort study found that 36% of patients
developed hypothyroidism after an average of 50 weeks of ther-
apy. The incidence of hypothyroidism increased with the dura-
tion of therapy, and the effect was not transient; patients needed
replacement therapy with levothyroxine. Mild thyrotoxicosis
may precede the onset of hypothyroidism. Although the mecha-
nism is not clear, the drug may cause destructive thyroiditis. Pa-
tients should be screened for hypothyroidism and serum concen-
trations of thyroid-stimulating hormone (TSH) measured at
suggested intervals of 2 to 3 months.1
1. Desai J, et al. Hypothyroidism after sunitinib treatment for pa-

tients with gastrointestinal stromal tumors. Ann Intern Med
2006; 145: 660–4.

Tumour lysis syndrome. Tumour lysis syndrome has been re-
ported after treatment with sunitinib; electrolytes and renal func-
tion should be closely monitored.1,2

1. Nicholaou T, et al. Tumour lysis syndrome in a patient with re-
nal-cell carcinoma treated with sunitinib malate. Lancet 2007;
369: 1923–4. 

2. Saylor PJ, Reid TR. Tumor lysis syndrome after treatment of a
gastrointestinal stromal tumor with the oral tyrosine kinase in-
hibitor sunitinib. J Clin Oncol 2007; 25: 3544–6.

Interactions
Sunitinib is metabolised primarily by the cytochrome
P450 isoenzyme CYP3A4 to produce an active metab-
olite, which is further metabolised by CYP3A4. Keto-
conazole increased exposure to sunitinib, and use with
other potent inhibitors of CYP3A4 (such as other azole
antifungals, macrolide antibacterials, HIV-protease in-
hibitors, or grapefruit juice) may also increase sunitinib
concentrations. Conversely, use with rifampicin de-
creased exposure to sunitinib, and inducers of
CYP3A4 (such as dexamethasone, phenytoin, car-
bamazepine, phenobarbital, or St John’s wort) may de-
crease plasma sunitinib concentrations. If the use of al-
ternative drugs is not feasible, dose adjustments of
sunitinib may be necessary (see Uses and Administra-
tion, below).
◊ The US manufacturer of bevacizumab has recommended that
it should not be used with sunitinib after several patients receiv-
ing the combination had developed microangiopathic haemolyt-
ic anaemia.1
1. Genentech, USA. Important drug warning subject: microangio-

pathic hemolytic anemia (MAHA) in patients treated with Avas-
tin  (bevacizumab) and sunitinib malate (issued July 2008).
Available at: http://www.fda.gov/medwatch/safety/2008/
MAHA_DHCP.pdf (accessed 30/07/08)

Pharmacokinetics
Maximum plasma concentrations occur 6 to 12 hours
after an oral dose of sunitinib. Bioavailability is unaf-
fected by food. Sunitinib is metabolised mainly via the
cytochrome P450 isoenzyme CYP3A4 to its primary
active metabolite, which itself is then further metabo-
lised via CYP3A4. Plasma protein binding of sunitinib
and its metabolite is about 95% and 90%, respectively;
plasma elimination half-lives are 40 to 60 hours, and
80 to 110 hours, respectively. Sunitinib is excreted
mainly in faeces; about 16% is found in urine, as
unchanged drug and metabolites.

Uses and Administration
Sunitinib malate is an inhibitor of several receptor ty-
rosine kinases. It is used for the treatment of gastroin-
testinal stromal tumours (see Soft-tissue Sarcoma,
p.676) after disease progression during imatinib treat-
ment, or in patients intolerant to imatinib. It is also used
for the treatment of advanced and/or metastatic renal
cell carcinoma (p.667). 

Sunitinib is given orally as the malate, but doses are
expressed in terms of the base; sunitinib malate
66.8 mg is equal to about 50 mg of sunitinib. The rec-
ommended dose is 50 mg once daily, for 4 weeks of a
6-week treatment cycle. Doses may be increased or de-
creased in steps of 12.5 mg, based on individual toler-
ability. UK licensed product information recommends
that the daily dose should not normally exceed 75 mg
nor be decreased below 25 mg. 
Use of inhibitors or inducers of CYP3A4 may increase
or decrease sunitinib plasma concentrations. If no alter-
native is available, a dose reduction of sunitinib to a
minimum of 37.5 mg daily should be considered if it is
given with a strong CYP3A4 inhibitor. Doses can be
increased to a maximum of 87.5 mg daily if sunitinib is
given with a CYP3A4 inducer; the patient should be
closely monitored for toxicity.
◊ References.
1. Motzer RJ, et al. Activity of SU11248, a multitargeted inhibitor

of vascular endothelial growth factor receptor and platelet-de-
rived growth factor receptor, in patients with metastatic renal
cell carcinoma. J Clin Oncol 2006; 24: 16–24. 

2. Faivre S, et al. Safety, pharmacokinetic, and antitumor activity
of SU11248, a novel oral multitarget tyrosine kinase inhibitor,
in patients with cancer. J Clin Oncol 2006; 24: 25–35. 

3. Motzer RJ, et al. Sunitinib malate for the treatment of solid tu-
mours: a review of current clinical data. Expert Opin Invest
Drugs 2006; 15: 553–61. 

4. Motzer RJ, et al. Sunitinib in patients with metastatic renal cell
carcinoma. JAMA 2006; 295: 2516–24. 

5. Deeks ED, Keating GM. Sunitinib. Drugs 2006; 66: 2255–66. 
6. Demetri GD, et al. Efficacy and safety of sunitinib in patients

with advanced gastrointestinal stromal tumour after failure of
imatinib: a randomised controlled trial. Lancet 2006; 368:
1329–38. 

7. Motzer RJ, et al. Sunitinib versus interferon alfa in metastatic
renal-cell carcinoma. N Engl J Med 2007; 356: 115–24. 

8. Goodman VL, et al. Approval summary: sunitinib for the treat-
ment of imatinib refractory or intolerant gastrointestinal stromal
tumors and advanced renal cell carcinoma. Clin Cancer Res
2007; 13: 1367–73. 

9. O’Brien MF, et al. Sunitinib therapy in renal cell carcinoma.
BJU Int 2008; 101: 1339–42. 

10. Socinski MA. The current status and evolving role of sunitinib
in non-small cell lung cancer. J Thorac Oncol 2008; 3 (suppl 2):
S119–S123.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Sutent; Austral.: Sutent; Braz.: Sutent; Cz.: Sutent; Fr.: Sutent; Gr.:
Sutent; Hung.: Sutent; Malaysia: Sutent; NZ: Sutent; Port.: Sutent; UK:
Sutent; USA: Sutent.

Talaporfin Sodium (USAN, rINNM)

LS-11; Monoaspartyl Chlorin e6 (talaporfin); Natrii Talaporfinum;
NPe-6 (talaporfin); Talaporfina sódica; Talaporfine Sodique;
Taporfin Sodium. Tetrasodium N-{[(7S,8S)-3-carboxy-7-(2-car-
boxyethyl)-13-ethenyl-18-ethyl-7,8-dihydro-2,8,12,17-tetrame-
thyl-21H,23H-porphin-5-yl]acetyl}-L-aspartate.
Натрий Талапорфин
C38H41N5Na4O9 = 803.7.
CAS — 110230-98-3 (talaporfin); 220201-34-3 (talapor-
fin sodium).

(talaporfin)

Profile
Talaporfin sodium is a photosensitiser that is used for the photo-
dynamic therapy (see under Porfimer Sodium, p.764) of lung
cancer. It is also under investigation for the treatment of other
tumours.

Tamibarotene (rINN)

AM-80; Tamibarotène; Tamibaroteno; Tamibarotenum. N-
(5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naphthyl)terephthalamic
acid.
Тамибаротен
C22H25NO3 = 351.4.
CAS — 94497-51-5.

Profile
Tamibarotene is a synthetic retinoid that is given orally for the
treatment of relapsed or refractory acute promyelocytic leukae-
mia.
Malignant neoplasms. Tamibarotene has been used to induce
remission in patients with acute promyelocytic leukaemia (see
Acute Myeloid Leukaemias, p.652) who relapsed after success-
ful remission induction with tretinoin.1,2 Twenty-four patients re-
ceived tamibarotene at a daily oral dose of 6 mg/m2; 14 patients
obtained complete remission after a median of 41 days.1 Report-
ed adverse effects include hypercholesterolaemia, hypertriglyc-
eridaemia,1,3 cheilitis, xerosis, gastrointestinal disturbances,
bone pain, headache, dermatitis, liver damage, and leucocytosis;
in one case, retinoic acid syndrome occurred.1
1. Tobita T, et al. Treatment with a new synthetic retinoid, Am80,

of acute promyelocytic leukemia relapsed from complete remis-
sion induced by all-trans retinoic acid. Blood 1997; 90: 967–73. 

2. Shinjo K, et al. Good prognosis of patients with acute promyelo-
cytic leukemia who achieved second complete remission (CR)
with a new retinoid, Am80, after relapse from CR induced by all-
trans-retinoic acid. Int J Hematol 2000; 72: 470–3. 

3. Takeuchi M, et al. Relapsed acute promyelocytic leukemia pre-
viously treated with all-trans retinoic acid: clinical experience
with a new synthetic retinoid, Am-80. Leuk Lymphoma 1998; 31:
441–51.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Amnolake.

Tamoxifen Citrate (BANM, USAN, rINNM) ⊗ 
Citrato de tamoxifeno; ICI-46474; Tamoksifeenisitraatti; Tamok-
sifen Sitrat; Tamoksifeno citratas; Tamoxifen citrát; Tamoxifenci-
trat; Tamoxifén-citrát; Tamoxifène, citrate de; Tamoxifeni citras.
(Z)-2-[4-(1,2-Diphenylbut-1-enyl)phenoxy]ethyldimethylamine
citrate.
Тамоксифена Цитрат
C26H29NO,C6H8O7 = 563.6.
CAS — 10540-29-1 (tamoxifen); 54965-24-1 (tamoxifen
citrate).
ATC — L02BA01.
ATC Vet — QL02BA01.

(tamoxifen)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Tamoxifen Citrate). A white or almost white, pol-
ymorphic, crystalline powder. Slightly soluble in water and in ac-
etone; soluble in methyl alcohol. 
USP 31 (Tamoxifen Citrate). A white, fine, crystalline powder.
Very slightly soluble in water, in alcohol, in acetone, and in chlo-
roform; soluble in methyl alcohol. Protect from light.

Adverse Effects
The most frequent adverse effects of tamoxifen are hot
flushes. Other adverse effects include fluid retention,
nausea, gastrointestinal intolerance, vaginal bleeding
or discharge, pruritus vulvae, rashes, dry skin, and alo-
pecia. There have also been reports of dizziness, head-
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ache, depression, confusion, fatigue, and muscle
cramps. There may be an increased tendency to throm-
boembolism, and pulmonary embolism has occurred.
Tumour pain and flare may be a sign of response, but
hypercalcaemia, sometimes severe, has developed in
patients with bony metastases. Transient thrombocyto-
penia and leucopenia have been reported. Blurred vi-
sion and loss of visual acuity, corneal opacities, retin-
opathies, and cataracts have occurred rarely.
Tamoxifen has been associated with increased liver en-
zymes, and rarely with cholestasis and hepatitis.
Hypertriglyceridaemia has occurred. Uterine fibroids
and endometrial changes including hyperplasia and
polyps may occur, and an increased incidence of en-
dometrial carcinoma, and rarely uterine sarcoma, has
been reported. Suppression of menstruation may occur
in premenopausal women and cystic ovarian swellings
have occasionally occurred. Very rare cases of intersti-
tial pneumonitis have been reported.
Carcinogenicity. Tamoxifen has a stimulant effect on the en-
dometrium (probably by acting as a partial oestrogen agonist)
and its use has been associated with the development of endome-
trial polyps1,2 and endometriosis,3 and an increased risk of en-
dometrial cancer.4-6 The risk, which increases with duration of
therapy, is generally agreed to be modest, and the clinical benefit
in women with breast cancer outweighs any increased risk of en-
dometrial neoplasm.7-10 Women taking tamoxifen to prevent
breast cancer have been estimated to have a 2.53-fold greater risk
of developing endometrial carcinoma than untreated women.11

The risk may increase with more prolonged use and a case-con-
trol study has reported that long-term (over 2 years) users may
have a worse prognosis if endometrial cancer develops, due to
less favourable history and stage.12 Another case-control study
showed that the relative risk of endometrial cancer increased
with duration of tamoxifen treatment, up to at least 10 years. Risk
was not associated with the daily dose of tamoxifen, and was
comparable in pre- and postmenopausal women.13 
It has been recommended that women with breast cancer taking
tamoxifen should have annual gynaecological examinations, and
any unusual symptoms, including abnormal bleeding or spotting
should be investigated promptly.14 Women taking tamoxifen for
prophylaxis of breast cancer should be monitored carefully for
endometrial hyperplasia. If atypical hyperplasia develops,
tamoxifen should be stopped while the condition is treated and a
hysterectomy should be considered before tamoxifen is re-start-
ed.14 However, up to 39% of postmenopausal women taking
tamoxifen show endometrial changes and as these seldom
progress to cancer, the value of routine endometrial biopsies has
been questioned.8,9,14,15 Transvaginal ultrasonography has been
used as a noninvasive method of endometrial screening, but has
a high rate of false-positive results.16 It has been suggested that
colour doppler ultrasonography, which distinguishes vascular-
ised lesions such as polyps and carcinomas from avascular
atrophic lesions, may be a useful alternative.17 There is some ev-
idence that a levonorgestrel-releasing intra-uterine device can
protect against the uterine changes induced by tamoxifen.18 
Although rare, there is an increase in the risk of uterine sarcoma
in women receiving tamoxifen. Between 1978, when tamoxifen
was first marketed in the USA, and April 2001, the FDA was
aware of 43 cases in women who had been receiving tamoxifen;
there had also been reports in 116 women in other countries.19

Although less than the expected rate in this population, this was
considered to be due to underreporting. An evaluation of data
from 39 451 breast cancer patients initially treated with
tamoxifen found that the overall risk of uterine corpus cancer
was more than doubled with the use of tamoxifen; the risk of rare
but aggressive forms of uterine tumours, notably malignant
mixed mullerian tumours, was increased more than fourfold.20 
Tamoxifen has been shown to form DNA adducts in rat livers,
and there has been speculation that it may cause liver cancer in
humans. However, there is considerable interspecies variation in
the metabolism of tamoxifen and several large-scale clinical tri-
als did not find an increase in liver carcinogenicity in humans.10

There is also little evidence of an increased relative risk of other
secondary malignancies such as gastrointestinal or ovarian can-
cers.10

1. Corley D, et al. Postmenopausal bleeding from unusual en-
dometrial polyps in women on chronic tamoxifen therapy. Ob-
stet Gynecol 1992; 79: 111–16. 

2. Buijs C, et al. Tamoxifen and uterine abnormalities. J Clin On-
col 2004; 22: 2505–7. 

3. Cano A, et al. Tamoxifen and the uterus and endometrium. Lan-
cet 1989, i: 376. 

4. Fornander T, et al. Adjuvant tamoxifen in early breast cancer:
occurrence of new primary cancers. Lancet 1989; i: 117–20. 

5. Gusberg SB. Tamoxifen for breast cancer: associated endome-
trial cancer. Cancer 1990; 65: 1463–4. 

6. van Leeuwen FE, et al. Risk of endometrial cancer after
tamoxifen treatment of breast cancer. Lancet 1994; 343:
448–52. 

7. Baum M, et al. Endometrial cancer during tamoxifen treatment.
Lancet 1994; 343: 1291. 

8. Bissett D, et al. Gynaecological monitoring during tamoxifen
therapy. Lancet 1994; 344: 1244. 

9. Neven P, Vergote I. Should tamoxifen users be screened for en-
dometrial lesions? Lancet 1998; 351: 155–7. 

10. Stearns V, Gelmann EP. Does tamoxifen cause cancer in hu-
mans? J Clin Oncol 1998; 16: 779–92. 

11. Fisher B, et al. Tamoxifen for prevention of breast cancer: re-
port of the National Surgical Adjuvant Breast and Bowel Project
P-1 Study. J Natl Cancer Inst 1998; 90: 1371–88. 

12. Bergman L, et al. Risk and prognosis of endometrial cancer af-
ter tamoxifen for breast cancer. Lancet 2000; 356: 881–7. 

13. Swerdlow AJ, Jones ME. Tamoxifen treatment for breast cancer
and risk of endometrial cancer: a case-control study. J Natl Can-
cer Inst 2005; 97: 375–84. 

14. American College of Obstetrics and Gynaecologists. ACOG
Committee Opinion: tamoxifen and endometrial cancer. Int J
Gynaecol Obstet 1996; 53: 197–9. 

15. Barakat RR, et al. Effect of adjuvant tamoxifen on the en-
dometrium in women with breast cancer: a prospective study
using office endometrial biopsy. J Clin Oncol 2000; 18:
3459–63. 

16. Gerber B, et al. Effects of adjuvant tamoxifen on the endometri-
um in postmenopausal women with breast cancer: a prospective
long-term study using transvaginal ultrasound. J Clin Oncol
2000; 18: 3464–70. 

17. Aleem FA, Predanic M. Endometrial changes in patients on
tamoxifen. Lancet 1995; 346: 1292–3. 

18. Gardner FJE, et al. Endometrial protection from tamoxifen-
stimulated changes by a levonorgestrel-releasing intrauterine
system: a randomised controlled trial. Lancet 2000; 356:
1711–17. 

19. Wysowski DK, et al. Uterine sarcoma associated with
tamoxifen use. N Engl J Med 2002; 346: 1832–3. 

20. Curtis RE, et al. Risk of malignant mixed mullerian tumors after
tamoxifen therapy for breast cancer. J Natl Cancer Inst 2004;
96: 70–4.

Effects on the blood. Pancytopenia developed shortly after
beginning tamoxifen therapy in an elderly woman, and persisted
for some years;1 the patient eventually developed very severe
leucopenia and died of infection. Thrombocytopenia has also
been reported.2
1. Miké V, et al. Fatal neutropenia associated with long-term

tamoxifen therapy. Lancet 1994; 344: 541–2. 
2. Nasiroğlu N, et al. Tamoxifen induced-thrombocytopenia: it

does occur. Med Oncol 2007; 24: 453–4.

Effects on blood lipids. Tamoxifen has been reported to have
a generally favourable effect on serum lipid profiles.1 Patients
with breast cancer and subsequent chemotherapy-induced ovari-
an failure developed marked increases in total cholesterol and
low-density lipoprotein levels; adjuvant tamoxifen was found to
decrease these serum lipid concentrations to below baseline con-
centrations. No significant changes in high-density lipoprotein or
serum triglyceride concentrations were observed.2 However,
some cases of increased serum triglycerides in women with pre-
existing hypertriglyceridaemia have been reported. Pancreatitis
has also resulted. It has been suggested that tamoxifen should be
used with caution in patients with hypertriglyceridaemia.3,4

1. Love RR, et al. Effects of tamoxifen on cardiovascular risk fac-
tors in postmenopausal women. Ann Intern Med 1991; 115:
860–4. 

2. Vehmanen L, et al. Tamoxifen treatment reverses the adverse ef-
fects of chemotherapy-induced ovarian failure on serum lipids.
Br J Cancer 2004; 91: 476–81. 

3. Kanel KT, et al. Delayed severe hypertriglyceridaemia from
tamoxifen. N Engl J Med 1997; 337: 281. 

4. Colls BM, George PM. Severe hypertriglyceridaemia and hyper-
cholesterolaemia associated with tamoxifen use. Clin Oncol
1998; 10: 270–1.

Effects on the cardiovascular system. ISCHAEMIC HEART

DISEASE. For discussion of whether the effects of tamoxifen on
lipid profiles can alter the incidence of ischaemic heart dis-
ease, see Cardiovascular Disorders under Uses and Adminis-
tration, below.
STROKE. An excess risk of stroke was seen in tamoxifen com-
pared with placebo recipients (5 cases versus 1) in a study of
adjuvant tamoxifen.1 A statistically non-significant increase
in stroke was also seen in a study on the use of tamoxifen for
breast cancer prevention (0.5 excess cases per 1000 women
per year).2 A meta-analysis3 of 9 trials for prevention or treat-
ment of breast cancer, involved data from 39 601 women, of
whom 19 954 received tamoxifen. It concluded that use of
tamoxifen increased the risk of ischaemic stroke by 82%, and
the risk of any stroke by 29%; however, the absolute increase
in risk was small. 
In contrast, a case-control study of 11 045 women with breast
cancer, found that tamoxifen use was not associated with an in-
creased risk of first stroke.4
1. Dignam JJ, Fisher B. Occurrence of stroke with tamoxifen in

NSABP B-24. Lancet 2000; 355: 848–9. 
2. Fisher B, et al. Tamoxifen for prevention of breast cancer: report

of the National Surgical Adjuvant Breast and Bowel Project P-1
study. J Natl Cancer Inst 1998; 90: 1371–88. 

3. Bushnell CD, Goldstein LB. Risk of ischemic stroke with
tamoxifen treatment for breast cancer: a meta-analysis. Neurolo-
gy 2004; 63: 1230–3. 

4. Geiger AM, et al. Stroke risk and tamoxifen therapy for breast
cancer. J Natl Cancer Inst 2004; 96: 1528–36.

THROMBOEMBOLISM. A case control study,1 involving 25 cas-
es of deep-vein thrombosis or pulmonary embolism among
more than 10 000 women with breast cancer, suggested that
current use of tamoxifen was associated with an estimated rel-
ative risk of developing idiopathic venous thromboembolism
of 7.1 (95% confidence interval 1.5 to 33). Past use of
tamoxifen was not associated with a materially increased risk.
In a randomised placebo-controlled study, there was an in-

crease in pulmonary emboli in women receiving tamoxifen
for cancer prevention (excess of 0.46 cases per 1000 women
per year).2 The fatality rate from pulmonary emboli in
tamoxifen recipients was about 17%. In this study, there was
also a trend towards more deep-vein thrombosis in tamoxifen
recipients. In another controlled study3 of breast cancer pre-
vention, tamoxifen approximately doubled the risk of devel-
oping a major thromboembolic event such as pulmonary em-
bolism, deep-vein thrombosis, or retinal thrombosis. Cerebral
sinus thrombosis has also been reported.4 An analysis5 of 4
tamoxifen prevention studies also found that venous throm-
boembolic events were increased in all studies, with a relative
risk of 1.9 for those taking tamoxifen compared with placebo.
However, another randomised study6 found only a borderline
significantly higher risk of developing venous thromboem-
bolic events in those women allocated to tamoxifen; most of
these events were superficial thrombophlebitis. Furthermore,
women already at risk for atherosclerosis had a higher risk of
venous thromboembolism. While the authors could not ex-
clude a selection bias for healthier subjects in the study, they
commented that the prothrombotic effect of tamoxifen may
depend on the patient’s existing endocrine status, and may be
attenuated in those women taking HRT, especially when it is
used transdermally.
1. Meier CR, Jick H. Tamoxifen and risk of idiopathic venous

thromboembolism. Br J Clin Pharmacol 1998; 45: 608–12. 
2. Fisher B, et al. Tamoxifen for prevention of breast cancer: report

of the National Surgical Adjuvant Breast and Bowel Project P-1
study. J Natl Cancer Inst 1998; 90: 1371–88. 

3. Duggan C, et al. Inherited and acquired risk factors for venous
thromboembolic disease among women taking tamoxifen to pre-
vent breast cancer. J Clin Oncol 2003; 21: 3588–93. 

4. Masjuan J, et al. Tamoxifen: a new risk factor for cerebral sinus
thrombosis. Neurology 2004; 62: 334–5. 

5. Cuzick J, et al. Overview of the main outcomes in breast-cancer
prevention trials. Lancet 2003; 361: 296–300. 

6. Decensi A, et al. Effect of tamoxifen on venous thromboembolic
events in a breast cancer prevention trial. Circulation 2005; 111:
650–6.

Effects on the eyes. Tamoxifen has been reported to be asso-
ciated with decreased visual acuity, corneal opacities and cata-
ract, and retinopathy. The latter is sometimes progressive al-
though in most cases it has shown improvement once the drug
was stopped.1 A prospective study in 63 patients taking
tamoxifen 20 mg daily found evidence of decreased visual acui-
ty, macular oedema, and retinal opacities in 4, occurring after 10
to 35 months of therapy.2 A small excess risk of developing
cataracts (3.1 extra per year per 1000 women) and of requiring
cataract surgery (1.7 per year per 1000 women) was found in
women taking tamoxifen for up to 5 years to reduce the risk of
breast cancer.3 Studies in vitro have suggested that cataract for-
mation may be due to inhibition of chloride channels in the lens
by tamoxifen or its hydroxy metabolite.4 Retinopathy after high-
dose tamoxifen treatment may be associated with crystalline
deposition of the drug in the retina.5
1. Mihm LM, Barton TL. Tamoxifen-induced ocular toxicity. Ann

Pharmacother 1994; 28: 740–2. 
2. Pavlidis NA, et al. Clear evidence that long-term, low-dose

tamoxifen treatment can induce ocular toxicity. Cancer 1992;
69: 2961–4. 

3. Fisher B, et al. Tamoxifen for prevention of breast cancer: report
of the National Surgical Adjuvant Breast and Bowel Project P-1
study. J Natl Cancer Inst 1998; 90: 1371–88. 

4. Zhang JJ, et al. Tamoxifen blocks chloride channels: a possible
mechanism for cataract formation. J Clin Invest 1994; 94:
1690–7. 

5. Bourla DH, et al. Peripheral retinopathy and maculopathy in
high-dose tamoxifen therapy. Am J Ophthalmol 2007; 144:
126–8.

Effects on the genito-urinary system. Persistent nocturnal
priapism was reported in a man receiving tamoxifen 20 mg dai-
ly.1 Symptoms abated within 24 hours of withdrawing the drug.
Impotence has been reported in men receiving tamoxifen, and
has been attributed to a paradoxical oestrogenic effect.2
1. Fernando IN, Tobias JS. Priapism in patient on tamoxifen. Lan-

cet 1989; i: 436. 
2. Collinson MP, et al. Two case reports of tamoxifen as a cause of

impotence in male subjects with carcinoma of the breast. Breast
1993; 2: 48–9.

Effects on the liver. Cholestasis and increased liver enzyme
values have been reported on use of tamoxifen in a 75-year-old
patient.1 Enzyme activity rose again on rechallenge with
tamoxifen. Fatal hepatocellular necrosis and agranulocytosis,
possibly exacerbated by continuing to take the drug once jaun-
dice developed, has also been reported;2 the authors noted that 4
cases of hepatic failure (3 fatal) and 5 cases of hepatitis (1 fatal)
had been reported to the UK CSM. Patients taking tamoxifen
may also develop steatohepatitis,3-7 which must be distinguished
from alcohol-induced liver disease. Steatohepatitis is reversible
on withdrawal of tamoxifen.3,5,6 A study in healthy women who
had had hysterectomies found the risk of steatohepatitis to be
particularly high among obese women, moderately high among
overweight women, and similar to that with placebo in women
of normal weight.8 Bezafibrate has been tried to prevent progres-
sion of steatohepatitis and permit continued use of tamoxifen.9 
For a report of peliosis hepatis and liver haemorrhage in a patient
receiving tamoxifen and warfarin, see under Interactions, below. 
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For reference to studies in animals suggesting that tamoxifen has
the potential to cause liver cancer, see Carcinogenicity, above.
1. Blackburn AM, et al. Tamoxifen and liver damage. BMJ 1984;

289: 288. 
2. Ching CK, et al. Tamoxifen-associated hepatocellular damage

and agranulocytosis. Lancet 1992; 339: 940. 
3. Pratt DS, et al. Tamoxifen-induced steatohepatitis. Ann Intern

Med 1995; 123: 236. 
4. Van Hoof M, et al. Tamoxifen-induced steatohepatitis. Ann In-

tern Med 1996; 124: 855–6. 
5. Ogawa Y, et al. Tamoxifen-induced fatty liver in patients with

breast cancer. Lancet 1998; 351: 725. 
6. Oien KA, et al. Cirrhosis with steatohepatitis after adjuvant

tamoxifen. Lancet 1999; 353: 36–7. 
7. Osman KA, et al. Tamoxifen-induced non-alcoholic steatohepa-

titis: where are we now and where are we going? Expert Opin
Drug Saf 2007; 6: 1–4. 

8. Bruno S, et al. Incidence and risk factors for non-alcoholic stea-
tohepatitis: prospective study of 5408 women enrolled in Italian
tamoxifen chemoprevention trial. BMJ 2005; 330: 932–5. 

9. Saibara T, et al. Bezafibrate for tamoxifen-induced non-alcohol-
ic steatohepatitis. Lancet 1999; 353: 1802.

Effects on the ovaries. Ovarian cysts are relatively common
as an adverse effect in women receiving adjuvant tamoxifen: a
study1 in 95 such women reported the development of ovarian
cysts in 6 of 16 (37.5%) who were premenopausal and in 5 of 79
postmenopausal women (6.3%). In 2 of the premenopausal
women the cysts were complex. Two women underwent laparot-
omy for persistent cysts that were found to be benign, and 1 for
leiomyoma; the cysts in the other 8 women resolved after with-
drawal of tamoxifen. A study of 142 breast cancer patients re-
ceiving tamoxifen found ovarian cysts in 24 patients after treat-
ment. Cyst development was more common in pre-menopausal
women, patients with high oestrogen levels, and patients who did
not receive high-dose chemotherapy.2 There is little evidence
that tamoxifen increases the risk of ovarian cancer (see Carcino-
genicity, above).
1. Shushan A, et al. Ovarian cysts in premenopausal and postmen-

opausal tamoxifen-treated women with breast cancer. Am J Ob-
stet Gynecol 1996; 174: 141–4. 

2. Mourits MJE, et al. Ovarian cysts in women receiving tamoxifen
for breast cancer. Br J Cancer 1999; 79: 1761–64.

Effects on the skin and hair. Vasculitis has been reported in
patients given tamoxifen.1,2 Withdrawal of the drug resulted in
complete clearance of the lesions;1,2 in one case, on re-introduc-
tion, purpura developed again within a few days.1 The results
suggest that tamoxifen can produce immune-mediated vascular
damage. 
In another report a patient with white hair developed darkening
and repigmentation of the hair after about 2 ⁄  years of tamoxifen
therapy.3 Alopecia has also been reported in women given
tamoxifen,4,5 and in older patients the follicle may not recover.4
1. Drago F, et al. Tamoxifen and purpuric vasculitis. Ann Intern

Med 1990; 112: 965–6. 
2. Baptista MZ, et al. Tamoxifen-related vasculitis. J Clin Oncol

2006; 24: 3504–5. 
3. Hampson JP, et al. Tamoxifen-induced hair colour change. Br J

Dermatol 1995; 132: 483–4. 
4. Gateley CA, Bundred NJ. Alopecia and breast disease. BMJ

1997; 314: 481. 
5. Ayoub J-PM, et al. Tamoxifen-induced female androgenetic alo-

pecia in a patient with breast cancer. Ann Intern Med 1997; 126:
745–6.

Precautions
All patients being considered for treatment with
tamoxifen should be assessed for any increased risk of
thromboembolism. Tamoxifen should not be used for
treatment of infertility or the prophylaxis of breast can-
cer in women with a history of thromboembolic events.
When used to treat breast cancer in such women, the
risks and benefits should be considered; in some pa-
tients, especially those given cytotoxic drugs, prophy-
lactic anticoagulation may be justified. Care is also
needed during or immediately after major surgery or
prolonged immobility; all patients should be given
prophylaxis against thrombosis. In patients being treat-
ed for infertility, tamoxifen should be stopped at least 6
weeks before surgery or long-term immobility and
only restarted when the patient is fully mobile. Patients
should be made aware of the symptoms of thromboem-
bolism and advised to report sudden breathlessness or
any pain in the calf of one leg. Tamoxifen should be
withdrawn immediately in any patient developing
thromboembolism and appropriate treatment given.
Treatment should not usually be restarted for infertility
therapy but resumption of tamoxifen with prophylactic
anticoagulation may be justified in selected patients
with breast cancer. 
Women treated with tamoxifen should have routine gy-
naecological monitoring, and any abnormal symptoms
such as menstrual irregularities, abnormal vaginal
bleeding or discharge, or pelvic pain should be investi-

gated (see also under Carcinogenicity, above). Periodic
complete blood counts and liver function tests have
been suggested.
Abuse. Although the supervised use of tamoxifen for the treat-
ment of gynaecomastia resulting from the abuse of anabolic ster-
oids has been reported1 it also appears to be widely used without
medical supervision. Tamoxifen can be used to treat idiopathic
gynaecomastia and gynaecomastia resulting as an adverse effect
of nonsteroidal anti-androgens used to treat prostate cancer (see
under Breast Disorders, Non-malignant, below).
1. de Luis DA, et al. Anabolizantes esteroideos y ginecomastia: re-

visión de la literatura. An Med Interna 2001; 18: 489–91.

Breast feeding. Tamoxifen was shown to inhibit lactation in 60
puerperal women.1 Licensed product information recommends
that it should not be given to lactating women.
1. Masala A, et al. Inhibition of lactation and inhibition of prolactin

release after mechanical breast stimulation in puerperal women
given tamoxifen or placebo. Br J Obstet Gynaecol 1978; 85:
134–7.

Porphyria. Tamoxifen has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Pregnancy. Tamoxifen is contra-indicated in pregnancy. Am-
biguous genitalia have been reported in an infant exposed to
tamoxifen in utero, although no causal link was demonstrated.1
Another infant was born with Goldenhar’s syndrome (oculoau-
riculovertebral dysplasia) after exposure to tamoxifen through-
out a 26-week pregnancy.2 The mother had also taken cocaine
and marijuana during the first 6 weeks of pregnancy, and a bone
scan using technetium Tc99m medronate had been performed.
The US manufacturer of tamoxifen (Zeneca, USA) was aware of
50 pregnancies in patients taking tamoxifen, resulting in 19 nor-
mal births, 8 terminations, 13 unknown outcomes and 10 infants
with fetal or neonatal abnormalities.2 
Tamoxifen has also been used to stimulate ovulation in women
with luteal phase dysfunction. In one study tamoxifen was given
to 40 women, resulting in 14 pregnancies. Although 9 infants
were born with no congenital abnormalities, there were 5 spon-
taneous abortions, which the authors felt was unacceptably
high.3 Another study, using lower doses of tamoxifen (in some
cases sequentially with clomifene), reported 32 pregnancies and
only 3 spontaneous abortions in 65 treated patients.4

1. Tewari K, et al. Ambiguous genitalia in infant exposed to
tamoxifen in utero. Lancet 1997; 350: 183. 

2. Cullins SL, et al. Goldenhar’s syndrome associated with
tamoxifen given to the mother during gestation. JAMA 1994;
271: 1905–6. 

3. Ruiz-Velasco V, et al. Chemical inducers of ovulation: compara-
tive results. Int J Fertil 1979; 24: 61–64. 

4. Wu CH. Less miscarriage in pregnancy following tamoxifen
treatment of infertile patients with luteal phase dysfunction as
compared to clomiphene treatment. Early Pregnancy 1997; 3:
301–5.

Radiotherapy. There are reports of radiation recall, with ery-
thema at the site of previous radiotherapy, in patients receiving
tamoxifen.1,2

1. Parry BR. Radiation recall induced by tamoxifen. Lancet 1992;
340: 49. 

2. Extermann M, et al. Radiation recall in a patient with breast can-
cer treated for tuberculosis. Eur J Clin Pharmacol 1995; 48:
77–8.

Interactions
There is a risk of increased anticoagulant effect if
tamoxifen is given with coumarin anticoagulants. Con-
versely, use with cytotoxic drugs may increase the risk
of thromboembolic events; prophylactic anticoagula-
tion should be considered. Tamoxifen increases the
dopaminergic effect of bromocriptine. Use with inhib-
itors of cytochrome P450 isoenzyme CYP2D6 has
been shown to reduce plasma concentrations of en-
doxifen, a tamoxifen metabolite (see Pharmacokinet-
ics, below); the clinical relevance is unclear.
Allopurinol. For reference to exacerbation of hepatotoxicity
when tamoxifen was given with allopurinol, see p.553.

Antibacterials. Rifampicin was found to decrease plasma con-
centrations of tamoxifen in 10 healthy subjects. This was thought
to be due to induction of cytochrome P450 isoenzyme CYP3A4
by rifampicin.1

1. Kivistö KT, et al. Tamoxifen and toremifene concentrations in
plasma are greatly decreased by rifampin. Clin Pharmacol Ther
1998; 64: 648–54.

Anticoagulants. Cases of a potentially life-threatening interac-
tion between tamoxifen and warfarin, with marked prolongation
of prothrombin times, haematuria, and haematoma, have been
reported.1-3 It has been suggested that in addition to enhancement
of the effects of warfarin, competition for the same metabolic en-
zyme systems might reduce the activity of tamoxifen against tu-
mours,2 but this remains speculative. 

Peliosis hepatis and fatal liver haemorrhage have been reported
in a patient who was receiving tamoxifen with warfarin and a
liothyronine-levothyroxine preparation.4
1. Lodwick R, et al. Life threatening interaction between tamoxifen

and warfarin. BMJ 1987; 295: 1141. 
2. Tenni P, et al. Life threatening interaction between tamoxifen

and warfarin. BMJ 1989; 298: 93. 
3. Ritchie LD, Grant SMT. Tamoxifen-warfarin interaction: the

Aberdeen hospitals drug file. BMJ 1989; 298: 1253. 
4. Loomus GN, et al. A case of peliosis hepatis in association with

tamoxifen therapy. Am J Clin Pathol 1983; 80: 881–3.

Antidepressants. The metabolism of tamoxifen to an active
metabolite, 4-hydroxy-N-desmethyltamoxifen (endoxifen), may
be inhibited by paroxetine, a potent inhibitor of the cytochrome
P450 isoenzyme CYP2D6.1 However, the clinical consequences
of this are, as yet, unclear.1 In addition, a case-control study2

found that patients taking tamoxifen with known inhibitors of
CYP isoenzymes, including CYP2D6, were no more likely to
relapse than those not receiving a CYP inhibitor.
1. Stearns V, et al. Active tamoxifen metabolite plasma concentra-

tions after coadministration of tamoxifen and the selective sero-
tonin reuptake inhibitor paroxetine. J Natl Cancer Inst 2003; 95:
1758–64. 

2. Lehmann D, et al. Lack of attenuation in the antitumor effect of
tamoxifen by chronic CYP isoform inhibition. J Clin Pharmacol
2004; 44: 861–5.

Antineoplastics. Aminoglutethimide reduces serum tamoxifen
concentrations, possibly by increasing its metabolism.1 For men-
tion of an increased risk of haemolytic-uraemic syndrome in pa-
tients who received therapy with tamoxifen and mitomycin see
Effects on the Kidneys, under Mitomycin, p.752. Tamoxifen is
reported to reduce plasma concentrations of letrozole, see p.740.
1. Lien EA, et al. Decreased serum concentrations of tamoxifen

and its metabolites induced by aminoglutethimide. Cancer Res
1990; 50: 5851–7.

Immunosuppressants. For the results of a study in vitro sug-
gesting that tamoxifen might inhibit the metabolism of tac-
rolimus by inhibiting the cytochrome P450 isoenzyme system,
see under Interactions of Tacrolimus, p.1845.
Neuromuscular blockers. For reference to prolonged neu-
romuscular blockade in a patient given atracurium while receiv-
ing tamoxifen, see p.1904.

Pharmacokinetics
Peak plasma concentrations of tamoxifen occur 4 to 7
hours after an oral dose. It is extensively protein bound.
Plasma clearance is reported to be biphasic and the ter-
minal half-life may be up to 7 days. It is extensively
metabolised by the cytochrome P450 isoenzymes
CYP3A4, CYP2C9, and CYP2D6. The major serum
metabolite, N-desmethyltamoxifen, has a half-life at
steady state of about 14 days. 4-Hydroxytamoxifen is a
minor metabolite. In-vitro studies suggest that both
these metabolites are further metabolised to 4-hy-
droxy-N-desmethyltamoxifen (endoxifen). Several of
the metabolites are stated to have similar pharmacolog-
ical activity to the parent compound. Tamoxifen is ex-
creted slowly in the faeces, mainly as conjugates.
Small amounts are excreted in urine. Tamoxifen ap-
pears to undergo enterohepatic circulation.
Genetic factors. Tamoxifen is metabolised by the cytochrome
P450 isoenzymes, and its metabolites may play a role in its anti-
neoplastic effect. Studies have suggested that patients with low
or absent CYP2D6 activity or who are being treated with
CYP2D6 inhibitors have lower concentrations of endoxifen. Pa-
tients with CYP2D6*3, *4, *5, and *6 alleles are designated as
poor metabolisers, those with *9, *10, *17, *29, and *41 as in-
termediate metabolisers, and those with *1, *2, and *35 as exten-
sive metabolisers.1,2 Genetic polymorphism in the enzymes re-
sponsible for tamoxifen biotransformation has the potential to
affect clinical outcomes. While a small study3 showed a de-
creased risk of breast cancer recurrence in patients with the
CYP2D6*4 allele when treated with tamoxifen, another4 found
that this allele was an independent predictor of a higher risk of
disease relapse and a lower incidence of hot flashes in postmen-
opausal women with breast cancer. A further study5 found that
carriers of CYP2D6 alleles *4 or *5 showed a greater risk for
breast cancer relapse. Furthermore, carriers of the CYP2C19*17
genotype had a more favourable clinical outcome. These results
prompted the Clinical Pharmacology Subcommittee of the US
FDA Advisory Committee for Pharmaceutical Science to advise
that availability of genotypic testing be included in licensed
product information for tamoxifen.6,7 Some have commented7

that it would seem reasonable to confine CYP2D6 testing to sit-
uations where it might guide the choice between tamoxifen and
an alternative.
1. Borges S, et al. Quantitative effect of CYP2D6 genotype and in-

hibitors on tamoxifen metabolism: implication for optimization
of breast cancer treatment. Clin Pharmacol Ther 2006; 80:
61–74. 

2. Goetz MP, et al. Tamoxifen pharmacogenomics: the role of
CYP2D6 as a predictor of drug response. Clin Pharmacol Ther
2008; 83: 160–6. 
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3. Wegman P, et al. Genotype of metabolic enzymes and the benefit
of tamoxifen in postmenopausal breast cancer patients. Breast
Cancer Res 2005; 7: R284–R290. 

4. Goetz MP, et al. Pharmacogenetics of tamoxifen biotransforma-
tion is associated with clinical outcomes of efficacy and hot
flashes. J Clin Oncol 2005; 23: 9312–18. 

5. Schroth W, et al. Breast cancer treatment outcome with adjuvant
tamoxifen relative to patient CYP2D6 and CYP2C19 genotypes.
J Clin Oncol 2007; 25: 5187–93. 

6. Young D. Genetics examined in tamoxifen’s effectiveness: re-
currence warning urged for labeling. Am J Health-Syst Pharm
2006; 63: 2286, 2296. 

7. Desta Z, Flockhart DA. Germline pharmacogenetics of
tamoxifen response: have we learned enough? J Clin Oncol
2007; 25: 5147–9.

Metabolism. Tamoxifen is extensively metabolised by cyto-
chrome P450 isoenzymes, to active metabolites that include N-
desmethyltamoxifen, 4-hydroxytamoxifen, and 4-hydroxy-N-
desmethyltamoxifen (endoxifen).1 In-vitro studies suggest that
both N-desmethyltamoxifen and 4-hydroxytamoxifen are further
metabolised to endoxifen.2 However, the biotransformation of
tamoxifen has not been fully elucidated, and there is growing in-
terest in how genetic polymorphism might influence the efficacy
and toxicity of tamoxifen and its metabolites (see Genetic Fac-
tors, above).
1. Rochat B. Role of cytochrome P450 activity in the fate of anti-

cancer agents and in drug resistance: focus on tamoxifen, pacli-
taxel and imatinib metabolism. Clin Pharmacokinet 2005; 44:
349–66. 

2. Desta Z, et al. Comprehensive evaluation of tamoxifen sequen-
tial biotransformation by the human cytochrome P450 system in
vitro: prominent roles for CYP3A and CYP2D6. J Pharmacol
Exp Ther 2004; 310: 1062–75.

Uses and Administration
Tamoxifen is an oestrogen antagonist with actions sim-
ilar to those of clomifene citrate (see p.2086). It may
also inhibit the production or release of cellular growth
factors and induce apoptosis. It is used in the adjuvant
endocrine therapy of node-positive breast cancer, in the
treatment of metastatic disease, and for prophylaxis in
women at increased risk including those with ductal
carcinoma in situ. It has been tried in some other ma-
lignancies including tumours of the ovary and in ma-
lignant melanoma. Tamoxifen is also used to stimulate
ovulation in women with anovulatory infertility. See
also the cross-references below. 
Tamoxifen is given orally as the citrate but doses are
calculated in terms of the base; tamoxifen citrate
15.2 mg is equivalent to about 10 mg of tamoxifen. In
the treatment of breast cancer, usual doses are
tamoxifen 20 mg daily, in 2 divided doses or as a single
daily dose. Doses of up to 40 mg daily may be given
but no additional benefit has been demonstrated. Adju-
vant therapy is normally continued for up to 5 years,
although the optimum duration is still uncertain
(p.661). To reduce breast cancer incidence in women at
high risk of the disease, the licensed dose of tamoxifen
is 20 mg daily for 5 years. 
In the treatment of anovulatory infertility the usual
dose is tamoxifen 20 mg daily on days 2 to 5 of the
menstrual cycle, increased if necessary in subsequent
cycles up to 80 mg daily. In women with irregular
menstruation the initial course may be begun on any
day, and a second course begun at a higher dose after
45 days if there has been no response. If the patient re-
sponds with menstruation, subsequent courses may be-
gin on day 2 of the cycle. 
A topical formulation of 4-hydroxytamoxifen, a me-
tabolite of tamoxifen, is under investigation for the
treatment of cyclic mastalgia.
◊ Reviews.
1. Kramer R, Brown P. Should tamoxifen be used in breast cancer

prevention? Drug Safety 2004; 27: 979–89. 
2. Singh Ranger G. Current concepts in the endocrine therapy of

breast cancer: tamoxifen and aromatase inhibitors. J Clin Pharm
Ther 2005; 30: 313–17. 

3. Morales L, et al. Choosing between an aromatase inhibitor and
tamoxifen in the adjuvant setting. Curr Opin Oncol 2005; 17:
559–65. 

4. Poole R, Paridaens R. The use of third-generation aromatase in-
hibitors and tamoxifen in the adjuvant treatment of postmeno-
pausal patients with hormone-dependent breast cancer: evidence
based review. Curr Opin Oncol 2007; 19: 564–72. 

5. Munshi A, Singh P. Tamoxifen in breast cancer: not so easy to
write off. Breast 2008; 17: 121–4.

Breast disorders, non-malignant. GYN AECOMASTIA .

Tamoxifen, usually in doses of 10 mg twice daily, has been
reported to be effective1-7 in reducing pain, swelling, and
breast size in men or pubertal boys with gynaecomastia
(p.2092). Tamoxifen has been recommended as a drug of

choice in patients requiring drug therapy, given for 3 months
to see if a response occurs.7 It has also been reported to be
effective for the prevention and treatment of gynaecomastia
and breast pain caused by the nonsteroidal anti-androgen bi-
calutamide,8-11 which is used in the treatment of prostate can-
cer (see Gynaecomastia under Adverse Effects and Precau-
tions of Flutamide, p.725).
1. Jefferys DB. Painful gynaecomastia treated with tamoxifen.

BMJ 1979; 1: 1119–20. 
2. Hooper PD. Puberty gynaecomastia. J R Coll Gen Pract 1985;

35: 142. 
3. McDermott MT, et al. Tamoxifen therapy for painful idiopathic

gynecomastia. South Med J 1990; 83: 1283–5. 
4. Ting AC, et al. Comparison of tamoxifen with danazol in the

management of idiopathic gynecomastia. Am Surg 2000; 66:
38–40. 

5. Lawrence SE, et al. Beneficial effects of raloxifene and
tamoxifen in the treatment of pubertal gynecomastia. J Pediatr
2004; 145: 71–6. 

6. Hanavadi S, et al. The role of tamoxifen in the management of
gynaecomastia. Breast 2006; 15: 276–80. 

7. Braunstein GD. Gynecomastia. N Engl J Med 2007; 357:
1229–37. 

8. Saltzstein D, et al. Prevention and management of bicaluta-
mide-induced gynecomastia and breast pain: randomized endo-
crinologic and clinical studies with tamoxifen and anastrozole.
Prostate Cancer Prostatic Dis 2005; 8: 75–83. 

9. Perdonà S, et al. Efficacy of tamoxifen and radiotherapy for pre-
vention and treatment of gynaecomastia and breast pain caused
by bicalutamide in prostate cancer: a randomised controlled tri-
al. Lancet Oncol 2005; 6: 295–300. 

10. Di Lorenzo G, et al. Gynecomastia and breast pain induced by
adjuvant therapy with bicalutamide after radical prostatectomy
in patients with prostate cancer: the role of tamoxifen and radi-
otherapy. J Urol (Baltimore) 2005; 174: 2197–2203. 

11. Fradet Y, et al. Tamoxifen as prophylaxis for prevention of gy-
naecomastia and breast pain associated with bicalutamide
150 mg monotherapy in patients with prostate cancer: a ran-
domised, placebo-controlled, dose-response study. Eur Urol
2007; 52: 106–14.

MASTALGIA. Tamoxifen 20 mg daily has been shown to be ef-
fective in patients with both cyclic and non-cyclic mastalgia,1
and improvement has also been reported at a lower dose of
10 mg daily.2 However, there is concern about the use of
tamoxifen in otherwise healthy premenopausal women,3-5

particularly since many patients relapse on withdrawal,2 and
it has been recommended6,7 that tamoxifen be reserved for pa-
tients who fail to respond to other drugs (see p.2092). 
A topical formulation of 4-hydroxytamoxifen, a metabolite of
tamoxifen, is under investigation in the treatment of cyclic mas-
talgia.
1. Fentiman IS, et al. Double-blind controlled trial of tamoxifen

therapy for mastalgia. Lancet 1986; i: 287–8. 
2. Fentiman IS, et al. Studies of tamoxifen in women with mastal-

gia. Br J Clin Pract 1989; 43 (suppl 68): 34–6. 
3. Anonymous. Tamoxifen for benign breast disease. Lancet 1986;

i: 305. 
4. Smallwood JA, Taylor I. Tamoxifen for mastalgia. Lancet 1986;

i: 680–1. 
5. Fentiman IS, et al. Tamoxifen for mastalgia. Lancet 1986; i: 681. 
6. Gateley CA, Mansel RE. Management of the painful and nodular

breast. Br Med Bull 1991; 47: 284–94. 
7. Anonymous. Cyclical breast pain: what works and what doesn’t.

Drug Ther Bull 1992; 30: 1–3.

Cardiovascular disorders. Tamoxifen has been reported to
have a generally favourable effect on lipid profiles (see Effects
on Blood Lipids, under Adverse Effects, above) suggesting it
may have cardiovascular benefits.1 A cohort study of adjuvant
tamoxifen found that the drug reduced the incidence of myocar-
dial infarction,2 and a randomised study of the same therapy also
showed a trend towards a decrease in mortality from coronary
heart disease.3 However, in a much larger breast cancer preven-
tion trial, tamoxifen did not reduce the risk of, and mortality
from, ischaemic heart disease, neither of which differed between
placebo and tamoxifen recipients.4,5 This lack of difference was
independent of pre-existing cardiovascular disease.5 A review6

noted that while the available data suggested an overall benefit,
most of them came from studies in women at low absolute risk
of myocardial infarction; studies in men at high absolute risk
would be needed to determine whether tamoxifen and related
drugs were suitable as cardioprotectants.
1. Pritchard KI, Abramson BL. Cardiovascular health and aro-

matase inhibitors. Drugs 2006; 66: 1727–40. 
2. McDonald CC, et al. Scottish Cancer Trials Breast Group. Car-

diac and vascular morbidity in women receiving adjuvant
tamoxifen for breast cancer in a randomised trial. BMJ 1995;
311: 977–80. 

3. Costantino JP, et al. Coronary heart disease mortality and adju-
vant tamoxifen therapy. J Natl Cancer Inst 1997; 89: 776–82. 

4. Fisher B, et al. Tamoxifen for prevention of breast cancer: report
of the National Surgical Adjuvant Breast and Bowel Project P-1
study. J Natl Cancer Inst 1998; 90: 1371–88. 

5. Reis SE, et al. Cardiovascular effects of tamoxifen in women
with and without heart disease: breast cancer prevention trial. J
Natl Cancer Inst 2001; 93: 16–21. 

6. Grainger DJ, Schofield PM. Tamoxifen for the prevention of my-
ocardial infarction in humans: preclinical and early clinical evi-
dence. Circulation 2005; 112: 3018–24.

Disorders related to the menstrual cycle. Apart from cy-
clic mastalgia (see above) tamoxifen has been used in a number
of cases in which disorders were linked to the hormonal changes
of the menstrual cycle, including menorrhagia due to myometrial
hypertrophy,1 an auto-immune dermatitis due to post-ovulatory
rises in serum progesterone2,3 (see Effects on the Skin under Pro-
gesterone, p.2125), and premenstrual migraine.4 However,

tamoxifen was thought to be a cause of recurrent migraines in
another patient, because of its action at oestrogen receptors.5
1. Fraser IS. Menorrhagia due to myometrial hypertrophy: treat-

ment with tamoxifen. Obstet Gynecol 1987; 70: 505–6. 
2. Wojnarowska F, et al. Progesterone-induced erythema multi-

forme. J R Soc Med 1985; 78: 407–8. 
3. Stephens CJM, et al. Autoimmune progesterone dermatitis re-

sponding to tamoxifen. Br J Dermatol 1989; 121: 135–7. 
4. O’Dea JPK, Davis EH. Tamoxifen in the treatment of menstrual

migraine. Neurology 1990; 40: 1470–1. 
5. Mathew P, Fung F. Recapitulation of menstrual migraine with

tamoxifen. Lancet 1999; 353: 467–8.

Infertility. Tamoxifen is reported to be as effective as clomifene
in the treatment of anovulatory infertility (p.2080) in women,1,2

and may be useful in women in whom abnormal cervical mucus
acts as a barrier to spermatozoa.3 In infertile men, however, re-
sults are reportedly contradictory, with some studies reporting in-
crease in sperm density and improved pregnancy rates while oth-
ers failed to demonstrate any effect.4 The addition of testosterone
may improve outcomes, however, and a later study of men with
idiopathic oligozoospermia reported that tamoxifen with testo-
sterone improved sperm variables and pregnancy rates compared
with a placebo group (there was no comparison with tamoxifen
alone).5
1. Messinis IE, Nillius SJ. Comparison between tamoxifen and clo-

miphene for induction of ovulation. Acta Obstet Gynecol Scand
1982; 61: 377–9. 

2. Boostanfar R, et al. A prospective randomized trial comparing
clomiphene citrate with tamoxifen citrate for ovulation induc-
tion. Fertil Steril 2001; 75: 1024–6. 

3. Annapurna V, et al. Effect of two anti-estrogens, clomiphene ci-
trate and tamoxifen, on cervical mucus and sperm-cervical mu-
cus interaction. Int J Fertil 1997; 42: 215–18. 

4. Howards SS. Treatment of male infertility. N Engl J Med 1995;
312–17. 

5. Adamopoulos DA, et al. Effectiveness of combined tamoxifen
citrate and testosterone undecanoate treatment in men with idio-
pathic oligozoospermia. Fertil Steril 2003; 80: 914–20.

Malignant neoplasms. For reference to the use of tamoxifen
in malignant neoplasms of breast, ovary, and in cutaneous
melanoma, see p.661, p.670, and p.673. The most common use
of tamoxifen is for the endocrine therapy of oestrogen-receptor
positive early or advanced breast cancer, where there seems to be
a clear benefit. How long such therapy should be continued re-
mains uncertain although continuing therapy beyond 5 years
may not increase the overall benefit. However, extending therapy
by following 5 years of tamoxifen therapy with several years of
an aromatase inhibitor such as letrozole (see, p.740) does seem
to provide additional benefit. 
Extension of tamoxifen use to the attempted prophylaxis of
breast cancer has proved controversial (see p.662). Nonetheless,
evidence that tamoxifen can reduce short-term incidence of
breast cancer in some women at increased risk has been seen, and
tamoxifen has been approved for such use in the USA. 
Despite some positive data, tamoxifen does not appear to be ef-
fective in the treatment of hepatocellular carcinoma (see p.667).
Osteoporosis. Tamoxifen has been reported to have favoura-
ble effects on bone mass,1-3 but any general role in the prevention
of osteoporosis (p.1084) seems unlikely given concerns about
the carcinogenicity of tamoxifen. The effects are reported to be
comparable in magnitude to those of calcium supplementation,
and less than those of oestrogens (see also p.2077) or bisphos-
phonates. It has been suggested that such an effect on bone would
provide an additional benefit in women receiving tamoxifen for
the prophylaxis of breast cancer,4 although others dispute the
benefits.5
1. Love RR, et al. Effects of tamoxifen on bone mineral density in

postmenopausal women with breast cancer. N Engl J Med 1992;
326: 852–6. 

2. Love RR, et al. Effect of tamoxifen on lumbar spine bone min-
eral density in postmenopausal women after 5 years. Arch Intern
Med 1994; 154: 2585–8. 

3. Grey AB, et al. The effect of the antiestrogen tamoxifen on bone
mineral density in normal late postmenopausal women. Am J
Med 1995; 99: 636–41. 

4. Powles TJ. The case for clinical trials of tamoxifen for preven-
tion of breast cancer. Lancet 1992; 340: 1145–7. 

5. Fugh-Berman A, Epstein S. Tamoxifen: disease prevention or
disease substitution? Lancet 1992; 340: 1143–5.

Precocious puberty. Tamoxifen has been reported to be ben-
eficial in the treatment of precocious puberty (p.2081).

Preparations
BP 2008: Tamoxifen Tablets; 
USP 31: Tamoxifen Citrate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Crisafeno; Diemon; Farmifeno†; Ginarsan; Nolvadex; Rolap;
Tamofen†; Tamoxis; Taxfeno; Trimetrox; Austral.: Genox; Nolvadex; Ta-
mosin; Tamoxen; Austria: Ebefen; Kessar; Nolvadex; Tamax; Tamofen†;
Tamoplex; Belg.: Doctamoxifene; Nolvadex; Tamizam; Tamoplex; Braz.:
Bioxifeno; Estrocur†; Festone; Kessar; Nolvadex; Tamooex†; Tamoplex†;
Tamox†; Tamoxin; Taxofen; Tecnotax; Canad.: Apo-Tamox; Nolvadex;
Tamofen; Chile: Kessar; Nolvadex; Oncotamox; Tamolem†; Taxus; Cz.:
Nolvadex; Tamifen†; Tamoplex; Zitazonium; Denm.: Tamofen†; Fin.: Nol-
vadex†; Tadex; Tamexin; Tamofen; Fr.: Kessar ; Nolvadex; Oncotam†;
Tamofene†; Ger.: Jenoxifen; Kessar†; Mandofen; Nolvadex; Nourytam;
Tamokadin; Tamopham†; Tamox; Tamoxasta†; Tamoximerck; Tamoxistad;
Zemide†; Gr.: Adifen; Defarol†; Kessar; Nolvadex; Puretam; Tamoplex; Zy-
moplex; Hong Kong: Apo-Tamox; Nolvadex; Novofen; Tamifen†; Zitazo-
nium; Hung.: Zitazonium; India: Caditam; Cytotam; Mamofen; Nolvadex;
Tamodex†; Indon.: Nolvadex; Tamofen; Tamoplex; Taxen; Irl.: Nolgen†;
Nolvadex; Tamofen†; Tamox; Israel: Nolvadex; Tamofen; Tamoxen;
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Tamoxi; Ital.: Kessar; Ledertam†; Nolvadex; Nomafen; Tamoxene; Virta-
mox†; Malaysia: Genox; Nolvadex; Novofen; Tamoplex; Zitazonium;
Mex.: Bilem; Cryoxifeno; Fenobest; Kessar†; Nolvadex; Ralsifen-X; Tamox-
an†; Taxus; Tecnofen; Neth.: Nolvadex; Norw.: Nolvadex; NZ: Genox;
Nolvadex; Tamofen; Philipp.: Fenahex; Gynatam; Gyraxen; Kessar; Nolva-
dex; Tamoplex; Tamoxsta; Zitazonium; Pol.: Nolvadex; Port.: Mastofen;
Nolvadex; Tamoxan; Rus.: Bilem (Билем)†; Tamifen (Тамифен); Zitazo-
nium (Зитазониум); S.Afr.: Kessar; Neophedan; Nolvadex; Tamoplex; Sin-
gapore: Apo-Tamox; Nolvadex; Tamofen; Spain: Nolvadex; Sinmaren†;
Yacesal; Swed.: Nolvadex; Switz.: Kessar†; Nolvadex; Tamec; Thai.: Bilem;
Gynatam; Nolvadex; Novofen; Tamofen†; Tamoplex; Tuosomin; Zitazo-
nium; Turk.: Nolvadex; Tadex; Tamofen; UAE: Tamophar; UK: Nolvadex;
Soltamox; USA: Nolvadex†; Soltamox; Venez.: Gynatam; Nolvadex; Taxus.

Tegafur (BAN, USAN, rINN)

FT-207; Ftorafur; MJF-12264; NSC-148958; Tégafur; Tegafurum;
Tegafuuri; WR-220066. 5-Fluoro-1-(tetrahydro-2-furyl)uracil; 5-
Fluoro-1-(tetrahydro-2-furyl)pyrimidine-2,4(1H,3H)-dione.
Тегафур
C8H9FN2O3 = 200.2.
CAS — 17902-23-7.
ATC — L01BC03.
ATC Vet — QL01BC03.

Pharmacopoeias. In Chin. and Jpn.
Adverse Effects, Treatment, and Precautions
As for Fluorouracil, p.722. 
Bone-marrow depression may be less severe with tegafur but
gastrointestinal toxicity is often dose-limiting and central neuro-
toxicity is more common. Peripheral oedema and dyspnoea oc-
cur commonly. Increases in liver function test values are com-
mon and there are reports of fatal fulminant hepatitis. Liver
function should be monitored in patients with hepatic impair-
ment given tegafur; it should not be given in severe hepatic im-
pairment.
Interactions
Tegafur should not be used with drugs that inhibit dihydropyri-
midine dehydrogenase; fatalities have occurred in patients given
tegafur and sorivudine (see Antivirals under Interactions of
Fluorouracil, p.723). Increased plasma concentrations of pheny-
toin, and symptoms of toxicity during use with tegafur and uracil,
have been reported.
Pharmacokinetics
Tegafur is well absorbed from the gastrointestinal tract after oral
doses. After an intravenous dose it is reported to have a pro-
longed plasma half-life of 6 to 16 hours. Tegafur appears to be
slowly metabolised in the liver to fluorouracil (p.723), and some
intracellular conversion to fluorouracil may also occur. Tegafur
crosses the blood-brain barrier and is found in the CSF.
◊ References.
1. Etienne-Grimaldi M-C, et al. A clinical pharmacokinetic analy-

sis of tegafur-uracil (UFT) plus leucovorin given in a new twice-
daily oral administration schedule. Clin Pharmacokinet 2007;
46: 953–63.

Uses and Administration
Tegafur is considered to be an orally active prodrug of fluorour-
acil (p.723). It has been used in the management of malignant
neoplasms including those of the breast, gallbladder, gastrointes-
tinal tract, head and neck, liver, and pancreas. Tegafur has been
given orally in doses up to 1 g/m2 daily. It is often given with
uracil (UFT; p.2407). Tegafur 300 mg/m2 daily, with uracil
672 mg/m2 daily, may be given in 3 divided oral doses, together
with calcium folinate, in the management of metastatic colorec-
tal cancer. Doses are given for a cycle of 28 days, followed by 7
days without treatment. The drugs should be taken 1 hour before
or after meals, and doses modified according to toxicity. Doses
of tegafur 1 to 3 g/m2 daily for 5 days have been given intrave-
nously.
Administration. Tegafur is an orally active prodrug of fluoro-
uracil. Although it has been given as a single agent, it is more
often used with drugs that modify its bioavailability and toxici-
ty.1 These include uracil (p.2407) and gimestat (5-chlorodihydro-
pyrimidine, CDHP), which can increase fluorouracil concentra-
tions by inhibition of dihydropyrimidine dehydrogenase, the
enzyme responsible for its further catabolism,1-3 and oxonic acid
(otastat), which inhibits another enzyme, orotate pyrimidine
phosphoribosyl transferase, thought to play a role in the gastroin-
testinal toxicity of fluorouracil and its prodrugs.2 
UFT consists of tegafur and uracil in the optimal molar ratio 1:4.1
It is available for the treatment of colorectal cancer (p.665)—for
doses, see above. A preliminary analysis of a large study compar-
ing oral UFT and calcium folinate therapy with intravenous
fluorouracil and calcium folinate found both regimens to be well
tolerated with similar levels of toxicity.4 Adjuvant therapy with

UFT appears to improve survival in patients with adenocarcino-
ma of the lung5 and node-negative breast cancer.6 
S-1 (TS-1, Taiho Jpn) is a combination of tegafur, gimestat and
the potassium salt of oxonic acid in the molar ratio 10:4:10. It has
been tried in gastric and colorectal cancers,2,3,7,8 and initial re-
sults have suggested comparable activity to fluorouracil and cal-
cium folinate in induction regimens, but the incidence of diar-
rhoea and stomatitis was reduced.
1. Adjei AA. A review of the pharmacology and clinical activity of

new chemotherapy agents for the treatment of colorectal cancer.
Br J Clin Pharmacol 1999; 48: 265–77. 

2. Sakata Y, et al. Late phase II study of novel oral fluoropyrimi-
dine anticancer drug S-1 (1 M tegafur-0.4 M gimestat-1 M ota-
stat potassium) in advanced gastric cancer patients. Eur J Cancer
1998; 34: 1715–20. 

3. Sugimachi K, et al. An early phase II study of oral S-1, a newly
developed 5-fluorouracil derivative for advanced and recurrent
gastrointestinal cancers. Oncology 1999; 57: 202–10. 

4. Smith R, et al. UFT plus calcium folinate vs 5-FU plus calcium
folinate in colon cancer. Oncology (Huntingt) 1999; 13 (suppl 3):
44–7. 

5. Kato H, et al. A randomized trial of adjuvant chemotherapy with
uracil-tegafur for adenocarcinoma of the lung. N Engl J Med
2004; 350: 1713–21. 

6. Noguchi S, et al. Postoperative adjuvant therapy with tamoxifen,
tegafur plus uracil, or both in women with node-negative breast
cancer: a pooled analysis of six randomized controlled trials. J
Clin Oncol 2005; 23: 2172–84. 

7. Osugi H, et al. Oral fluoropyrimidine anticancer drug TS-1 for
gastric cancer patients with peritoneal dissemination. Oncol Rep
2002; 9: 811–15. 

8. Shibahara K, et al. Retrospective study of S-1 versus te-
gafur/uracil and oral leucovorin in patients with metastatic color-
ectal cancer. Anticancer Res 2008; 28: 1779–83.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Ftorafur; UFT; Hong Kong: Futraful; Hung.: Ftorafur; Indon.: Futra-
ful; Ital.: Citofur†; Jpn: Futraful; Rus.: Ftorafur (Фторафур); Spain: Utefos;
Thai.: UFUR.
Multi-ingredient: Arg.: Asofurtal; UFT; Austria: UFT; Belg.: UFT;
Braz.: UFT; Denm.: Uftoral; Fr.: UFT; Ger.: UFT; Gr.: UFT; Hong Kong:
UFT; Hung.: UFT; Israel: UFT†; Ital.: UFT; Jpn: UFT; Malaysia: UFT;
Mex.: UFT; Neth.: UFT; Norw.: UFT; NZ: Orzel†; Philipp.: Tefudex;
UFT; Port.: UFT; Rus.: UFT (УФТ); S.Afr.: UFT; Singapore: UFT; Spain:
UFT; Swed.: UFT; Thai.: UFT; Turk.: UFT; UK: Uftoral.

Temoporfin (BAN, USAN, rINN)

EF-9; mTHPC; Temoporfiini; Temoporfina; Témoporfine; Temo-
porfinum; meso-Tetrahydroxyphenylchlorin; meta-Tetrahydroxy-
phenylchlorin. 3,3′,3″,3′″-(7,8-Dihydroporphyrin-5,10,15,20-
tetrayl)tetraphenol; 7,8-Dihydro-5,10,15,20-tetrakis(3-hydroxy-
phenyl)porphyrin.
Темопорфин
C44H32N4O4 = 680.7.
CAS — 122341-38-2.
ATC — L01XD05.
ATC Vet — QL01XD05.

Adverse Effects and Precautions
Adverse effects of temoporfin include photosensitivity, local in-
flammatory reactions, and gastrointestinal disturbances. Patients
should be advised to avoid direct sunlight or bright indoor light
for 15 days, and to protect the injection site from light for at least
3 months if extravasation has occurred.
Porphyria. The use of temoporfin is contra-indicated in patients
with porphyria.
Interactions
Use of temoporfin with other drugs causing photosensitivity
should be avoided as the reaction may be increased; this has been
reported with topical fluorouracil.
Pharmacokinetics
Peak plasma concentrations of temoporfin are reached about 2 to
4 hours after intravenous infusion. Thereafter, elimination is bi-
exponential, with a terminal plasma half-life of about 65 hours.

Plasma protein binding is about 85%. Animal data indicate that
temoporfin is metabolised in the liver and excreted in the faeces
via the bile.
Uses and Administration
Temoporfin is a porphyrin derivative. It is used palliatively as a
photosensitiser in the photodynamic therapy (see under Porfimer
Sodium, p.764) of refractory squamous cell carcinoma of the
head and neck (p.666), that cannot be treated with radiotherapy,
surgery, or systemic chemotherapy. It is also under investigation
in the treatment of various other malignant neoplasms. Temopor-
fin is given by slow intravenous injection over at least 6 minutes,
at a dose of 150 micrograms/kg. This is followed 96 hours later
by activation using a laser tuned to a wavelength of
652 nanometres for about 200 seconds, sufficient to supply a
dose of 20 J/cm2. Treatment may be repeated once after 4 weeks
if necessary.
◊ References.
1. Kubler AC, et al. Photodynamic therapy of primary nonmelano-

matous skin tumours of the head and neck. Lasers Surg Med
1999; 25: 60–8. 

2. Baas P, et al. Photodynamic therapy with meta-tetrahydroxy-
phenylchlorin for basal cell carcinoma: a phase I/II study. Br J
Dermatol 2001; 145: 75–8. 

3. Kubler AC, et al. Treatment of squamous cell carcinoma of the
lip using Foscan-mediated photodynamic therapy. Int J Oral
Maxillofac Surg 2001; 30: 504–9. 

4. Javaid B, et al. Photodynamic therapy (PDT) for oesophageal
dysplasia and early carcinoma with mTHPC (m-tetrahydroxy-
phenyl chlorin): a preliminary study. Lasers Med Sci 2002; 17:
51–6. 

5. Friedberg JS, et al. A phase I study of Foscan-mediated photo-
dynamic therapy and surgery in patients with mesothelioma.
Ann Thorac Surg 2003; 75: 952–9. 

6. Copper MP, et al. Meta-tetra(hydroxyphenyl)chlorin photody-
namic therapy in early-stage squamous cell carcinoma of the
head and neck. Arch Otolaryngol Head Neck Surg 2003; 129:
709–11. 

7. D’Cruz AK, et al. mTHPC-mediated photodynamic therapy in
patients with advanced, incurable head and neck cancer: a mul-
ticenter study of 128 patients. Head Neck 2004; 26: 232–40. 

8. Etienne J, et al. Photodynamic therapy with green light and m-
tetrahydroxyphenyl chlorin for intramucosal adenocarcinoma
and high-grade dysplasia in Barrett’s esophagus. Gastrointest
Endosc 2004; 59: 880–9. Correction. ibid.; 60: 1042. 

9. Hopper C, et al. mTHPC-mediated photodynamic therapy for
early oral squamous cell carcinoma. Int J Cancer 2004; 111:
138–46. 

10. Lou PJ, et al. Interstitial photodynamic therapy as salvage treat-
ment for recurrent head and neck cancer. Br J Cancer 2004; 91:
441–6. 

11. Campbell SM, et al. Photodynamic therapy using meta-tetrahy-
droxyphenylchlorin (Foscan ) for the treatment of vulval in-
traepithelial neoplasia. Br J Dermatol 2004; 151: 1076–80. 

12. Naim R. Photodynamische Therapie mit m-THPC (Foscan): Be-
handlung von Plattenepithelkarzinomen im Kopf-Hals-Bereich.
HNO 2008; 56: 490–2.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Foscan; Cz.: Foscan; Denm.: Foscan; Ger.: Foscan; Gr.: Foscan; Is-
rael: Foscan; Neth.: Foscan; Port.: Foscan; UK: Foscan.

Temozolomide (BAN, USAN, rINN)

CCRG-81045; M&B-39831; NSC-362856; Sch-52365; Temot-
solomidi; Temozolomid; Temozolomida; Témozolomide; Temo-
zolomidum. 3,4-Dihydro-3-methyl-4-oxoimidazo[5,1-d][1,2,-
3,5]tetrazine-8-carboxamide.
Темозоломид
C6H6N6O2 = 194.2.
CAS — 85622-93-1.
ATC — L01AX03.
ATC Vet — QL01AX03.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. Myelosuppression is common with
temozolomide and is dose-limiting. The nadir of cell
counts usually occurs 21 to 28 days after treatment,
with recovery within the next 1 to 2 weeks. Patients
over 70 years of age are thought to be more susceptible
to severe myelosuppression. Prolonged pancytopenia
may result in aplastic anaemia, and fatalities have been
reported. Opportunistic infections can occur; Pneumo-
cystis jirovecii pneumonia has been reported in patients
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

also given radiotherapy or corticosteroids, or during a
longer dosing regimen of temozolomide. Other com-
mon adverse effects include gastrointestinal distur-
bances, anorexia, alopecia, fatigue, headache, rashes,
convulsions, and insomnia or somnolence. Anxiety,
depression, confusion, dizziness, hemiparesis, aphasia,
dysphagia, peripheral neuropathy, paraesthesia, neuro-
logical and/or speech disorders, tremor, and concentra-
tion or memory impairment can occur, as can visual
field defects, blurred vision, diplopia, hearing impair-
ment, or tinnitus. Deafness has been reported. Vascular
disorders such as haemorrhage, deep venous thrombo-
sis, and peripheral oedema can occur; pulmonary em-
bolism has been reported. Other commonly reported
adverse effects include dyspnoea, coughing, dry skin,
pruritus, arthralgia and/or myalgia, urinary inconti-
nence, fever, pain, and dysgeusia. Liver enzyme values
can increase, and hyperglycaemia may occur. Cushin-
goid disorders have occurred uncommonly. Hypersen-
sitivity reactions, including rare cases of anaphylaxis,
have been reported. Toxic epidermal necrolysis,
Stevens-Johnson syndrome, and erythema multiforme
have been reported rarely. Temozolomide has carcino-
genic, mutagenic, and teratogenic potential.

Pharmacokinetics
Temozolomide is rapidly and completely absorbed
from the gastrointestinal tract, with peak plasma con-
centrations occurring 0.5 to 1.5 hours after a dose.
Food reduces the rate and extent of absorption. It read-
ily crosses the blood-brain barrier and can be detected
in the CSF. The plasma elimination half-life is 1.8
hours. Temozolomide undergoes spontaneous hydrol-
ysis to its active metabolite 5-(3-methyl-1-triazeno)im-
idazole-4-carboxamide (MTIC), which is then further
hydrolysed to active and inactive compounds. It is
largely eliminated by the kidneys, about 5 to 10% as
unchanged drug.

Uses and Administration
Temozolomide is a prodrug that is converted to MTIC
(see Pharmacokinetics, above), the active metabolite of
dacarbazine (p.706). MTIC acts as an alkylating agent.
Temozolomide is given orally and is licensed for the
treatment of malignant gliomas such as glioblastoma
multiforme and anaplastic astrocytoma, and malignant
melanoma (below). 
In adult patients with newly diagnosed glioblastoma
multiforme, temozolomide is given initially with focal
radiotherapy (the concomitant phase) in an oral dose of
75 mg/m2 daily for 42 days. Treatment may be inter-
rupted or stopped depending on toxicity. Complete
blood counts should be monitored weekly. Four weeks
after completing the concomitant phase, temozolomide
monotherapy is begun at an oral dose of 150 mg/m2

once daily for 5 days of a 28-day cycle. In cycle 2, the
dose is increased to 200 mg/m2 for 5 days, if toxicity
allows. If the dose cannot be increased in cycle 2, it
should not be increased in subsequent cycles. The dose
used at cycle 2 is then given every 28 days, toxicity
allowing. Up to 6 cycles of temozolomide monothera-
py may be given. 
The usual oral dose for recurrent or progressive malig-
nant gliomas in adults and children over 3 years of age
(and previously untreated with chemotherapy) is
200 mg/m2 daily for 5 days, repeated every 28 days. In
patients who have received previous courses of chem-
otherapy the dose should be reduced to 150 mg/m2 for
the first cycle of therapy, but may be increased to
200 mg/m2 for subsequent courses if there is no hae-
matological toxicity. 
A dose of 200 mg/m2 daily for 5 days every 28 days is
also used for metastatic malignant melanoma.
Malignant neoplasms. Temozolomide has been studied1-9

particularly in the management of malignant neoplasms of the
brain (p.660). In the UK, guidance has been issued10 on its use in
patients with recurrent progressive malignant glioma who have

failed first-line chemotherapy treatment with other agents (either
because of lack of efficacy or because of adverse effects).
1. Dinnes J, et al. A rapid and systematic review of the effective-

ness of temozolomide for the treatment of recurrent malignant
glioma. Br J Cancer 2002; 86: 501–5. 

2. Wick W, et al. One week on/one week off: a novel active regi-
men of temozolomide for recurrent glioblastoma. Neurology
2004; 62: 2113–15. 

3. Levin N, et al. Chemotherapy as initial treatment in gliomatosis
cerebri: results with temozolomide. Neurology 2004; 63: 354–6. 

4. Agarwala SS, et al. Temozolomide for the treatment of brain
metastases associated with metastatic melanoma: a phase II
study. J Clin Oncol 2004; 22: 2101–7. 

5. Stupp R, et al. Radiotherapy plus concomitant and adjuvant te-
mozolomide for glioblastoma. N Engl J Med 2005; 352:
987–96. 

6. Athanassiou H, et al. Randomized phase II study of temozolo-
mide and radiotherapy compared with radiotherapy alone in
newly diagnosed glioblastoma multiforme. J Clin Oncol 2005;
23: 2372–7. 

7. Tosoni A, et al. Is protracted low-dose temozolomide feasible in
glioma patients? Neurology 2006; 66: 427–9. 

8. Wick A, et al. Efficacy and tolerability of temozolomide in an
alternating weekly regimen in patients with recurrent glioma. J
Clin Oncol 2007; 25: 3357–61. 

9. Sher DJ, et al. The added value of concurrently administered
temozolomide versus adjuvant temozolomide alone in newly di-
agnosed glioblastoma. J Neurooncol 2008; 88: 43–50. 

10. NICE. Guidance on the use of temozolomide for the treatment
of recurrent malignant glioma (brain cancer) (issued April
2001). Available at: http://www.nice.org.uk/nicemedia/pdf/
temozolomideguidance.pdf (accessed 30/07/08)

MELANOMA. Temozolomide has been studied1-3 as a treatment
for advanced metastatic melanoma (p.673). A phase III trial
compared the overall survival-time in 305 patients treated
with either oral temozolomide or intravenous dacarbazine in
standard doses for up to 12 cycles of therapy. Temozolomide
was found to be at least equivalent to dacarbazine in these
patients, and there were no major differences in adverse ef-
fects.2 However, median survival-times were short in both
groups (7.7 months and 6.4 months respectively). Another
phase III study comparing temozolomide alone or with inter-
feron alfa in 282 patients also found modest median survival-
times of 8.4 and 9.7 months respectively.4 Temozolomide has
also been investigated in animals for regional therapy of
melanoma of the extremities by isolated limb infusion in
combination with hyperthermia.5

1. Bleehen NM, et al. Cancer research campaign phase II trial of
temozolomide in metastatic melanoma. J Clin Oncol 1995; 13:
910–13. 

2. Middleton MR, et al. Randomized phase III study of temozolo-
mide versus dacarbazine in the treatment of patients with ad-
vanced metastatic malignant melanoma. J Clin Oncol 2000; 18:
158–66. 

3. Quirt I, et al. Temozolomide for the treatment of metastatic
melanoma: a systematic review. Oncologist 2007; 12: 1114–23. 

4. Kaufmann R, et al. Temozolomide in combination with interfer-
on-alfa versus temozolomide alone in patients with advanced
metastatic melanoma: a randomized, phase III, multicenter study
from the Dermatologic Cooperative Oncology Group. J Clin On-
col 2005; 23: 9001–7. 

5. Ko SH, et al. Optimizing a novel regional chemotherapeutic
agent against melanoma: hyperthermia-induced enhancement of
temozolomide cytotoxicity. Clin Cancer Res 2006; 12: 289–97.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dralitem; Temodal†; Austral.: Temodal; Austria: Temodal; Belg.: Te-
modal; Braz.: Temodal; Canad.: Temodal; Chile: Temodal; Cz.: Temodal;
Denm.: Temodal; Fin.: Temodal; Fr.: Temodal; Ger.: Temodal; Gr.: Temo-
dal; Hong Kong: Temodal; Hung.: Temodal; Indon.: Temodal; Irl.: Temo-
dal; Israel: Temodal; Ital.: Temodal; Malaysia: Temodal; Mex.: Temodal;
Neth.: Temodal; Norw.: Temodal; NZ: Temodal; Philipp.: Temodal; Pol.:
Temodal; Port.: Temodal; Rus.: Temodal (Темодал); S.Afr.: Temodal; Te-
moxol†; Singapore: Temodal; Spain: Temodal; Swed.: Temodal; Switz.:
Temodal; Thai.: Temodal; Turk.: Temodal; UK: Temodal; USA: Temodar;
Venez.: Temodal.

Temsirolimus (BAN, USAN, rINN)

CCI-779; Temsirolimusum. (3S,6R,7E,9R,10R,12R,14S,15E,17E,-
19E,21S,23S,26R,27R,34aS)-9,10,12,13,14,21,22,23,24,25,26,27,32,-
33,34,34a-Hexadecahydro-9,27-dihydroxy-3-{(1R)-2-[(1S,3R,4R)-
4-hydroxy-3-methoxycyclohexyl]-1-methylethyl}-10,21-dimeth-
oxy-6,8,12,14,20,26-hexamethyl-23,27-epoxy-3H-pyrido[2,1-c]-
[1,4]oxaazacyclohentriacontine-1,5,11,28,29(4H,6H,31H)-pen-
tone 4′[2,2-bis(hydroxymethyl)propionate].

Темсиролимус

C56H87NO16 = 1030.3.
CAS — 162635-04-3.

Incompatibility. The formulation of temsirolimus injection
contains polysorbate 80, which increases the rate of extraction of
the plasticiser di-2-ethylhexylphthalate (DEHP) from PVC. In
order to minimise exposure to DEHP, the infusion should be giv-
en in glass, polyolefin, or polyethylene containers, through non-
DEHP giving sets with an in-line polyethersulfone filter of not
greater than 5 microns.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
The most frequent adverse effects of temsirolimus include rash,
asthenia, mucositis, gastrointestinal disturbances, anaemia, leu-
copenia, thrombocytopenia, hyperglycaemia, hyperlipidaemia,
hypertriglyceridaemia, lymphopenia, and hypophosphataemia.
Raised liver transaminase concentrations are common. Hyper-
sensitivity reactions, including anaphylaxis, dyspnoea, flushing,
and chest pain have occurred. Antihistamines should be given
about 30 minutes before the start of the infusion. If the patient
develops a hypersensitivity reaction, the infusion should be
stopped and the patient observed for 30 to 60 minutes, after
which treatment may be resumed if appropriate, at a slower infu-
sion rate; a further dose of an H1- or H2-receptor antagonist may
be given. Infections, including urinary-tract infection, pharyngi-
tis, rhinitis, and pneumonia can occur. Acute, and sometimes fa-
tal, renal failure has been reported. Interstitial lung disease has
been reported, including some fatalities, although other cases
were asymptomatic. Manifestations included dyspnoea, cough,
hypoxia, or fever. Cases of fatal bowel perforation have oc-
curred; patients presented with fever, abdominal pain, metabolic
acidosis, bloody stools, diarrhoea, and/or acute abdomen.
Abnormal wound healing has also been reported. Patients with
CNS tumours given anticoagulants may be at increased risk of
developing intracranial bleeding, which may be fatal.

Effects on the lungs. Eight out of 22 patients given tem-
sirolimus developed pulmonary abnormalities compatible with
drug-induced pneumonitis. Dyspnoea and dry cough were the
most common symptoms, although 4 patients were asymptomat-
ic. The risk of developing pulmonary toxicity is increased in
those with abnormal pre-treatment pulmonary function, or a his-
tory of lung disease.1

1. Duran I, et al. Characterisation of the lung toxicity of the cell
cycle inhibitor temsirolimus. Eur J Cancer 2006; 42: 1875–80.

Interactions
Temsirolimus is metabolised primarily by the cytochrome P450
isoenzyme CYP3A4 to produce sirolimus. Ketoconazole had no
effect on exposure to temsirolimus, but increased exposure to the
metabolite. Use with other strong inhibitors of CYP3A4 (such as
other azole antifungals, macrolide antibacterials, HIV-protease
inhibitors, or grapefruit juice) may also increase sirolimus con-
centrations. Rifampicin had no effect on exposure to tem-
sirolimus, but decreased exposure to sirolimus. Strong inducers
of CYP3A4 (such as dexamethasone, phenytoin, car-
bamazepine, or phenobarbital) may also decrease exposure to
sirolimus; St John’s wort may decrease temsirolimus plasma
concentrations unpredictably. If the use of alternative drugs is not
feasible, dose adjustments of temsirolimus may be necessary
(see Uses and Administration, below).

◊ References.
1. Boni J, et al. Pharmacokinetic profile of temsirolimus with con-

comitant administration of cytochrome P450-inducing medica-
tions. J Clin Pharmacol 2007; 47: 1430–9.

Pharmacokinetics
Temsirolimus is mainly metabolised by cytochrome P450 isoen-
zyme CYP3A4 to 5 metabolites; sirolimus is the main active me-
tabolite. The mean half-lives of temsirolimus and sirolimus are
about 17 hours and 55 hours, respectively. Exposure to sirolimus
may be much greater than that of temsirolimus, due principally
to the longer half-life of sirolimus. Elimination is mainly in fae-
ces; about 5% is recovered in the urine.
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Uses and Administration
Temsirolimus is an ester analogue of sirolimus (p.1841) that is
given intravenously for the treatment of advanced renal cell car-
cinoma in a dose of 25 mg once weekly. Treatment may continue
until disease progression or toxicity occurs. Temsirolimus is giv-
en in 250 mL sodium chloride 0.9% and infused over 30 to 60
minutes, preferably via an infusion pump. 
Treatment should be interrupted if the absolute neutrophil count
falls below 1000 cells/mm3, or the platelet count falls below
75 000 cells/mm3, or if grade 3 toxicity occurs. Once these have
resolved to grade 2 or less, temsirolimus may be restarted with
the dose reduced by 5 mg weekly, to a dose no lower than 15 mg
weekly. 
Use of strong inhibitors or inducers of CYP3A4 may increase or
decrease exposure to sirolimus, the active metabolite of tem-
sirolimus. If no alternative is available, a dose reduction of tem-
sirolimus to 12.5 mg weekly should be considered if it is given
with a strong CYP3A4 inhibitor. Once the inhibitor is stopped, a
washout period of about 1 week should be allowed before the
dose of temsirolimus is increased back to the original dose. A
dose increase of temsirolimus to 50 mg weekly should be con-
sidered if it is given with a strong CYP3A4 inducer; once the
inducer is stopped, the dose of temsirolimus should be decreased
to the original dose. 
Temsirolimus is also under investigation for the treatment of
mantle cell lymphoma.
◊ References.
1. Anonymous. Temsirolimus: CCI 779, CCI-779, cell cycle inhib-

itor-779. Drugs R D 2004; 5: 363–7. 
2. Mounier N, et al. Activitié clinique du CCI779 (temsirolimus),

inhibiteur de mTOR. Bull Cancer 2006; 93: 1139–43. 
3. Hudes G, et al. Temsirolimus, interferon alfa, or both for ad-

vanced renal-cell carcinoma. N Engl J Med 2007; 356: 2271–81. 
4. Simpson D, Curran MP. Temsirolimus: in advanced renal cell

carcinoma. Drugs 2008; 68: 631–8.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Torisel; Fr.: Torisel; Port.: Torisel; USA: Torisel.

Teniposide (BAN, USAN, rINN)

ETP; NSC-122819; Teniposid; Téniposide; Teniposidi; Tenipósi-
do; Teniposidum; VM-26. (5S,5aR,8aS,9R)-5,8,8a,9-Tetrahydro-5-
(4-hydroxy-3,5-dimethoxyphenyl)-9-(4,6-O-thenylidene-β-D-glu-
copyranosyloxy)isobenzofuro[5,6-f][1,3]benzodioxol-6(5aH)-
one.
Тенипозид
C32H32O13S = 656.7.
CAS — 29767-20-2.
ATC — L01CB02.
ATC Vet — QL01CB02.

Stability. Precipitation occurred repeatedly in preparations for
infusion containing teniposide 200 micrograms/mL in either glu-
cose 5% or sodium chloride 0.9% injection, although previously
such preparations had been used uneventfully.1 Dilution of teni-
poside solutions to 100 micrograms/mL or less reduced the fre-
quency of the problem, which could not be attributed to a change
in formulation and remained unexplained.
1. Strong DK, Morris LA. Precipitation of teniposide during infu-

sion. Am J Hosp Pharm 1990; 47: 512,518.

Adverse Effects, Treatment, and Precautions
As for Etoposide, p.718. There is some evidence that teniposide
may be a more potent mutagen and carcinogen than etoposide.
Hypersensitivity. Haemolytic anaemia and acute renal failure
with tubular necrosis has been reported in a patient who devel-
oped an antibody to teniposide.1 As with etoposide (p.718) hy-
persensitivity or infusion reactions occur, sometimes with the
first dose, and may be severe;2,3 the frequency may be as high as
13% in neuroblastoma patients.2 Although it has been suggested
that hypersensitivity reactions might be due to the polyoxyl cas-
tor oil in the injection vehicle,2 studies in vitro suggest that it is
the drug rather than the vehicle that is responsible.3
1. Habibi B, et al. Immune hemolytic anemia and renal failure due

to teniposide. N Engl J Med 1982; 306: 1091–3. 

2. Siddall SJ, et al. Anaphylactic reactions to teniposide. Lancet
1989; i: 394. 

3. Carstensen H, et al. Teniposide-induced hypersensitivity reac-
tions in children. Lancet 1989; ii: 55.

Interactions
For a general outline of antineoplastic drug interactions, see
p.642.
Antiepileptics. Clearance of teniposide was markedly in-
creased by phenytoin or phenobarbital; the resultant decrease in
systemic exposure to the antineoplastic might reduce its efficacy,
and increased dosage would be needed in patients receiving
these drugs to guarantee equivalent exposure.1
1. Baker DK, et al. Increased teniposide clearance with concomi-

tant anticonvulsant therapy. J Clin Oncol 1992; 10: 311–15.

Ciclosporin. Use of ciclosporin with teniposide has been
reported1 to produce a decrease in the clearance of the latter, with
increased terminal half-life, peak plasma concentrations, and
toxicity.
1. Toffoli G, et al. Cyclosporin A as a multidrug-resistant modula-

tor in patients with renal cell carcinoma treated with teniposide.
Br J Cancer 1997; 75: 715–21.

Uses and Administration
Teniposide is an antineoplastic agent with general properties
similar to those of etoposide (p.718). It has been given alone or
with other antineoplastic agents in the treatment of refractory
acute lymphoblastic leukaemia (p.651). Teniposide has been
tried in solid tumours including neuroblastoma (p.674), and
retinoblastoma (p.675). 
Teniposide is given by slow intravenous infusion over at least 30
to 60 minutes, as a solution of up to 1 mg/mL in sodium chloride
0.9% injection or glucose 5% injection. Dosage regimens have
ranged from 30 mg/m2 every 5 days, to 180 mg/m2 weekly, as a
single agent. Doses of 165 mg/m2 twice weekly for 8 or 9 doses
with cytarabine, or up to 250 mg/m2 weekly for 4 to 8 weeks with
vincristine and prednisone have been given in the treatment of
refractory acute lymphoblastic leukaemia.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Vumon; Austral.: Vumon; Austria: Vumon; Belg.: Vumon; Braz.:
Vumon; Canad.: Vumon; Chile: Vumon; Cz.: Vumon†; Ger.: VM 26; Gr.:
Vumon; Hong Kong: Vumon; Israel: Vumon†; Ital.: Vumon; Malaysia:
Vumon†; Mex.: Vumon; Neth.: Vumon; NZ: Vumon; Pol.: Vumon; Port.:
Vumon; S.Afr.: Vumon; Singapore: Vumon†; Spain: Vumon; USA: Vu-
mon.

Testolactone (USAN, rINN) ⊗ 
1-Dehydrotestololactone; NSC-23759; SQ-9538; Testolactona;
Testolactonum; Testolakton; Testolaktoni. D-Homo-17a-oxaan-
drosta-1,4-diene-3,17-dione.
Тестолактон
C19H24O3 = 300.4.
CAS — 968-93-4.

Pharmacopoeias. In US. 
USP 31 (Testolactone). A white to off-white, practically odour-
less, crystalline powder. Soluble 1 in 4050 of water; soluble in al-
cohol and in chloroform; slightly soluble in benzyl alcohol;
insoluble in ether and in petroleum spirit. Store in airtight con-
tainers.
Profile
Testolactone is a derivative of testosterone (see p.2129). It is re-
ported to be an aromatase inhibitor that reduces peripheral oes-
trogen synthesis but has no significant androgenic activity. It has
been used in the palliative treatment of advanced breast cancer in
postmenopausal women (p.661). 
The usual oral dose is 250 mg four times daily. 
It should not be given to men with breast cancer. 
Peripheral neuropathies have occurred in patients given testolac-
tone; gastrointestinal disturbances, pain or oedema of the ex-
tremities, hypertension, malaise, maculopapular erythema, and
glossitis have also been reported.
Congenital adrenal hyperplasia. For mention of the use of
testolactone with flutamide to block androgenic effects in con-
genital adrenal hyperplasia, see p.1502.
Precocious puberty. Encouraging results have been reported
using testolactone in the treatment of 5 girls with precocious pu-
berty (p.2081) due to the McCune-Albright syndrome.1 Testolac-
tone is an aromatase inhibitor and blocks the synthesis of oestro-
gens from androgens. Long-term therapy (for up to 5 years) was
associated with continued benefit in many patients; however,
signs of puberty were not always completely suppressed, in
some cases perhaps because of difficulties in maintaining the

dosage regimen.2 Encouraging results were also obtained using
testolactone with spironolactone in the treatment of familial pre-
cocious puberty in boys, although neither agent was successful
when used alone.3 Again, signs of a reduced response to longer-
term therapy have occurred; in this case control was restored by
addition of a gonadorelin analogue.4 Another study5 in 10 boys
who were treated for at least 6 years with spironolactone and tes-
tolactone, with deslorelin added at the onset of secondary central
precocious puberty, found normalisation in growth rate and bone
maturation, and improvements in predicted adult height.
1. Feuillan PP, et al. Treatment of precocious puberty in the Mc-

Cune-Albright syndrome with the aromatase inhibitor testolac-
tone. N Engl J Med 1986; 315: 1115–19. 

2. Feuillan PP, et al. Long term testolactone therapy for precocious
puberty in girls with the McCune-Albright syndrome. J Clin En-
docrinol Metab 1993; 77: 647–51. 

3. Laue L, et al. Treatment of familial male precocious puberty
with spironolactone and testolactone. N Engl J Med 1989; 320:
496–502. 

4. Laue L, et al. Treatment of familial male precocious puberty
with spironolactone, testolactone, and deslorelin. J Clin Endo-
crinol Metab 1993; 76: 151–5. 

5. Leschek EW, et al. Six-year results of spironolactone and testol-
actone treatment of familial male-limited precocious puberty
with addition of deslorelin after central puberty onset. J Clin En-
docrinol Metab 1999; 84: 175–8.

Preparations
USP 31: Testolactone Tablets.
Proprietary Preparations (details are given in Part 3)
Chile: Teslac†; Ger.: Fludestrin†; USA: Teslac†.

Thiotepa (BAN, rINN)

NSC-6396; TESPA; Thiophosphamide; Thiotépa; Thiotepum; Ti-
otepa; Triethylenethiophosphoramide; TSPA; WR-45312. Phos-
phorothioic tri(ethyleneamide); Tris(aziridin-1-yl)phosphine sul-
phide.
Тиотепа
C6H12N3PS = 189.2.
CAS — 52-24-4.
ATC — L01AC01.
ATC Vet — QL01AC01.

Pharmacopoeias. In Br., Chin., Fr., Jpn, and US. 
BP 2008 (Thiotepa). Fine white, crystalline flakes. M.p. 52° to
57°. Freely soluble in water, in alcohol, and in chloroform. Store
at 2° to 8°. At higher temperatures it polymerises and becomes
inactive. 
USP 31 (Thiotepa). Fine white, crystalline flakes, having a faint
odour. M.p. 52° to 57°. Soluble 1 in 13 of water, 1 in about 8 of
alcohol, 1 in about 2 of chloroform, and 1 in about 4 of ether.
Store at 2° to 8° in airtight containers. Protect from light.
Incompatibility. Lyophilised thiotepa 1 mg/mL in glucose 5%
was incompatible when mixed with solutions of cisplatin or mi-
nocycline hydrochloride.1
1. Trissel LA, Martinez JF. Compatibility of thiotepa (lyophilized)

with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1996; 53: 1041–5.

Stability. A solution of a lyophilised thiotepa preparation
0.5 mg/mL in glucose 5% was considered to be stable (less than
10% loss of thiotepa) for 8 hours at both 4° and 23°.1 After 24
hours losses ranged between about 10 and 17%. A higher thi-
otepa concentration (5 mg/mL) was stable for 3 days at 23° and
14 days at 4°. Another study found that solutions containing 1 or
3 mg/mL of thiotepa in sodium chloride 0.9% were stable for 24
hours at 25° and 48 hours at 8°, but solutions containing 0.5%
thiotepa needed to be used immediately.2
1. Xu QA, et al. Stability of thiotepa (lyophilized) in 5% dextrose

injection at 4 and 23°C. Am J Health-Syst Pharm 1996; 53:
2728–30. 

2. Murray KM, et al. Stability of thiotepa (lyophilized) in 0.9% so-
dium chloride injection. Am J Health-Syst Pharm 1997; 54:
2588–91.

Adverse Effects, Treatment, and Precautions
For general discussions, see Antineoplastics, p.635, p.639, and
p.641. 
Bone-marrow depression may be delayed; the nadir of white cell
and platelet counts may occur up to 30 days after therapy has
been stopped. Bone-marrow depression has been reported after
intravesical as well as parenteral use, and has occasionally been
prolonged or fatal. 
Gastrointestinal disturbances, fatigue, weakness, headache and
dizziness, hypersensitivity reactions, blurred vision and conjunc-
tivitis may occur. Amenorrhoea and impaired fertility have also
been reported. Local irritation, and rarely frank chemical or
haemorrhagic cystitis may follow intravesical instillation. Depig-
mentation of periorbital skin has occurred after the use of thi-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

otepa eye drops. As with other alkylating agents, thiotepa is po-
tentially mutagenic, teratogenic, and carcinogenic. 
Thiotepa should be given with extreme care, if at all, to patients
with pre-existing impairment of hepatic, renal, or bone-marrow
function.

Pharmacokinetics
The absorption of thiotepa from the gastrointestinal tract is
incomplete and unreliable; variable absorption also occurs from
intramuscular injection sites. Absorption through serous mem-
branes such as the bladder and pleura occurs to some extent. Af-
ter intravenous doses it is rapidly cleared from plasma, with an
elimination half-life of about 2.4 hours. It is extensively metabo-
lised: triethylenephosphoramide (TEPA), the primary metabo-
lite, and some of the other metabolites have cytotoxic activity
and are eliminated more slowly than the parent compound. It is
excreted in the urine: less than 2% of a dose is reported to be
present as unchanged drug or its primary metabolite.

Uses and Administration
Thiotepa is an ethyleneimine compound whose antineoplastic ef-
fect is related to its alkylating action. It has generally been re-
placed by cyclophosphamide (p.703) or other drugs. It is not a
vesicant and may be given by all parenteral routes, as well as
directly into tumour masses. 
Instillations of thiotepa may be used in the adjuvant treatment of
superficial tumours of the bladder (p.659) and in the control of
malignant effusions (p.659). It has been given parenterally in the
palliative treatment of various solid tumours, including those of
breast and ovary (p.661 and p.670). It has also been given intrath-
ecally to patients with malignant meningeal disease, and has
been used, in the form of eye drops, as an adjunct to the surgical
removal of pterygium, to prevent recurrence (see p.753). 
Thiotepa is given in a variety of dosage schedules. In general,
initial doses to suit the individual patient are followed by main-
tenance doses given at intervals of 1 to 4 weeks. Blood counts are
recommended before and during therapy and should continue for
at least 3 weeks after stopping. Thiotepa should not be given if
the white cell or platelet counts fall below acceptable levels (see
also Bone-marrow Depression, p.639) and treatment should be
stopped if the white cell count falls rapidly. Dosage should be
reduced in patients with lesser degrees of leucopenia. 
In the treatment of bladder cancer thiotepa in doses up to 60 mg
may be instilled in 30 to 60 mL of sterile water or sodium chlo-
ride 0.9% into the bladder of a patient previously dehydrated for
8 to 12 hours, and retained if possible for 2 hours. The instillation
may be repeated weekly for up to 4 weeks. Similar instillations
have been given at intervals of 1 to 2 weeks, for up to 8 instilla-
tions in the prophylaxis of recurrence after surgical removal of
bladder cancer. Single doses of 90 mg in 100 mL of sterile water
have also been used prophylactically. For malignant effusions,
doses of up to 60 mg of thiotepa in 20 to 60 mL of sterile water
may be instilled after aspiration; in the USA the licensed dose is
600 to 800 micrograms/kg, a dose similar to that suggested for
injection directly into tumours. Thiotepa for local use may be
mixed with solutions of procaine and adrenaline. 
Intramuscular and intravenous dosage regimens vary considera-
bly; several regimens have used courses of 15 mg daily for 4
days. In the USA a licensed dose is 300 to 400 micrograms/kg
given at 1- to 4-week intervals. A solution containing 1 mg/mL
in sterile water has been tried intrathecally in doses of up to
10 mg given on alternate days, for up to 4 doses. 
Thiotepa 0.05% in sterile Ringer’s solution has been instilled as
eye drops every 3 hours for up to 6 weeks after surgical removal
of pterygium in order to reduce the likelihood of recurrence. 
A dose of 60 mg weekly has been instilled into the urethra for the
treatment of condylomata acuminata (genital warts). Topical ap-
plication of thiotepa has also been used for condylomata. 
Thiotepa is under investigation for use as conditioning therapy
before haematopoietic stem cell transplantation.

Preparations
BP 2008: Thiotepa Injection; 
USP 31: Thiotepa for Injection.

Proprietary Preparations (details are given in Part 3)
Gr.: Ledertepa†; Ital.: Thioplex; Neth.: Ledertepa; Spain: Onco Ti-
otepa†; USA: Thioplex.

Tioguanine (BAN, rINN)

NSC-752; 6-TG; Thioguanine (USAN); 6-Thioguanine; Tioguaniini;
Tioguanin; Tioguanina; Tioguaninum; WR-1141. 2-Aminopurine-
6(1H)-thione; 2-Amino-6-mercaptopurine; 2-Aminopurine-6-
thiol.

Тиогуанин
C5H5N5S = 167.2.

CAS — 154-42-7 (anhydrous tioguanine); 5580-03-0 (tio-
guanine hemihydrate).
ATC — L01BB03.
ATC Vet — QL01BB03.

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Tioguanine). A pale yellow, crystalline powder. Prac-
tically insoluble in water, in alcohol, and in chloroform; dis-
solves in dilute solutions of alkali hydroxides. 
USP 31 (Thioguanine). It is anhydrous or contains one-half mol-
ecule of water of hydration. A pale yellow, odourless or practi-
cally odourless, crystalline powder. Insoluble in water and in
chloroform; soluble 1 in 7700 of alcohol; freely soluble in dilute
solutions of alkali hydroxides. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Mercaptopurine, p.744. 
In some patients, gastrointestinal reactions are reported
to be less frequent than with mercaptopurine.
Effects on the blood. For the view that it may be possible to
predict those individuals likely to have severe bone-marrow de-
pression with tioguanine based on measurement of the activity of
thiopurine methyltransferase or the concentration of tioguanine
nucleotide, see under Azathioprine, p.1819.

Effects on the liver. The use of tioguanine has been limited by
reports of hepatic veno-occlusive disease attributed to the
drug.1-4 The manufacturer (GlaxoSmithKline) has stated that, in
most cases, liver toxicity is reversible upon withdrawal of chem-
otherapy. A comparison with mercaptopurine in the maintenance
treatment of children with acute lymphoblastic leukaemia found
that of 95 patients who developed veno-occlusive disease, 82
were receiving tioguanine, representing about 11% of all patients
assigned to the drug.5 In addition, although tioguanine was asso-
ciated with fewer CNS relapses, patients in the tioguanine arm
were more likely to develop fatal infections. 
Centrilobular hepatic necrosis has also been reported; reports are
confounded by the use of high doses of tioguanine, other antine-
oplastics, oral contraceptives, and chronic alcohol abuse.
1. Gill RA, et al. Hepatic veno-occlusive disease caused by 6-thio-

guanine. Ann Intern Med 1982; 96: 58–60. 
2. Krivoy N, et al. Reversible hepatic veno-occlusive disease and

6-thioguanine. Ann Intern Med 1982; 96: 788. 
3. Kao NL, Rosenblate HJ. 6-Thioguanine therapy for psoriasis

causing toxic hepatic venoocclusive disease. J Am Acad Derma-
tol 1993; 28: 1017–18. 

4. Romagosa R, et al. Treatment of psoriasis with 6-thioguanine
and hepatic venoocclusive disease. J Am Acad Dermatol 2002;
47: 970–2. 

5. Vora A, et al. Medical Research Council/National Cancer Re-
search Network Childhood Leukaemia Working Party. Toxicity
and efficacy of 6-thioguanine versus 6-mercaptopurine in child-
hood lymphoblastic leukaemia: a randomised trial. Lancet 2006;
368: 1339–48.

Handling and disposal. For reference to a method for the de-
struction of tioguanine in wastes, see Mercaptopurine, p.744.

Interactions
Unlike mercaptopurine (p.744), normal doses of tio-
guanine may be used with allopurinol. 
A number of cases of portal hypertension with hepatic
nodular regenerative hyperplasia have been reported in
patients who received tioguanine with busulfan (see
p.691). 
It has been suggested that daunorubicin might enhance
the hepatotoxicity of tioguanine (see p.709).

Pharmacokinetics
Tioguanine is incompletely and variably absorbed
from the gastrointestinal tract; on average about 30%
of a dose is absorbed after oral doses. It is rapidly acti-
vated in the body by intracellular conversion to its nu-
cleotide, thioguanylic acid and its thioguanosine phos-
phate derivatives. With repeated doses increasing
amounts of the nucleotide are incorporated into DNA.
Very little unchanged tioguanine has been detected cir-
culating in the blood but the half-life of the nucleotide
in the tissues is prolonged. Tioguanine is inactivated
primarily by methylation to aminomethylthiopurine;
small amounts are deaminated to thioxanthine, and
may go on to be oxidised by xanthine oxidase to thiou-
ric acid, but inactivation is essentially independent of

xanthine oxidase and is not affected by inhibition of the
enzyme. 
It is excreted in the urine almost entirely as metabo-
lites; only negligible amounts of tioguanine have been
detected. Tioguanine does not appear to cross the
blood-brain barrier to a significant extent; very little is
found in CSF after normal clinical doses. It crosses the
placenta.

Uses and Administration
Tioguanine is an analogue of the naturally occurring
purine, guanine, and is an antineoplastic with actions
and uses similar to those of mercaptopurine (p.744). It
appears to cause fewer gastrointestinal reactions but
cross-resistance exists so that patients who do not re-
spond to one are unlikely to respond to the other. 
Tioguanine may be given orally, usually with other an-
tineoplastics, in the induction of remissions in acute
myeloid leukaemia (p.652). It has also been used in
other malignancies including acute lymphoblastic leu-
kaemia (p.651) and chronic myeloid leukaemia
(p.653). 
Doses of between 100 and 200 mg/m2 daily have been
given at various stages of treatment for short term cy-
cles; similar doses have been used in children. A dose
of 2 mg/kg daily increased after 4 weeks, if there is no
response or toxicity allows, to 3 mg/kg daily may be
given to adults and children in those rare cases when
single agent therapy is considered appropriate. 
Blood counts should be made frequently, particularly
during induction and when tioguanine is given with
other antineoplastics. Therapy should be withdrawn at
the first sign of severe bone-marrow depression. Tio-
guanine is not recommended for long-term continuous
therapy because of the high risk of hepatotoxicity (see
Effects on the Liver, above). 
Tioguanine has been given intravenously as the sodi-
um salt.
Psoriasis. A report of the use of tioguanine, in doses ranging
from 20 mg twice weekly to 120 mg daily, in the management of
patients with refractory psoriasis.1 Dramatic improvement oc-
curred in 14 of 18 patients, but a further 2 were unable to tolerate
the drug. Myelosuppression was the principal toxic effect and it
was suggested that thiopurine methyltransferase activity could
be measured as a basis to determine initial dosage and the risk of
toxicity. For the conventional management of psoriasis see
p.1583.
1. Mason C, Krueger GG. Thioguanine for refractory psoriasis. J

Am Acad Dermatol 2001; 44: 67–72.

Preparations
BP 2008: Tioguanine Tablets; 
USP 31: Thioguanine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Lanvis; Austral.: Lanvis; Belg.: Lanvis; Braz.: Lanvis; Canad.: Lanvis;
Chile: Lanvis; Cz.: Lanvis; Fr.: Lanvis; Gr.: Lanvis; Hong Kong: Lanvis; Irl.:
Lanvis; Israel: Lanvis; Malaysia: Lanvis; Neth.: Lanvis; NZ: Lanvis; Pol.:
Lanvis; S.Afr.: Lanvis; Singapore: Lanvis†; Swed.: Lanvis; Switz.: Lanvis;
Thai.: Lanvis; UK: Lanvis; USA: Tabloid.

Tipifarnib (USAN, rINN)

R-115777; Tipifarnibum. (+)-6-[(R)-Amino(4-chlorophenyl)(1-
methyl-1H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-1-methyl-
2(1H)-quinolinone.

Типифарниб
C27H22Cl2N4O = 489.4.
CAS — 192185-72-1.
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Profile
Tipifarnib is a farnesyl transferase inhibitor that is under investi-
gation for the treatment of acute myeloid leukaemia.
◊ References.
1. Zhang S, et al. Pharmacokinetics of tipifarnib after oral and in-

travenous administration in subjects with advanced cancer. J
Clin Pharmacol 2006; 46: 1116–27. 

2. Siegel-Lakhai WS, et al. Clinical and pharmacologic study of the
farnesyltransferase inhibitor tipifarnib in cancer patients with
normal or mildly or moderately impaired hepatic function. J Clin
Oncol 2006; 24: 4558–64. 

3. Perez-Ruixo JJ, et al. Exposure-toxicity relationships for tipi-
farnib in cancer patients. Br J Clin Pharmacol 2007; 64: 219–32. 

4. Martinelli G, et al. Farnesyltransferase inhibition in hematologic
malignancies: the clinical experience with tipifarnib. Clin Adv
Hematol Oncol 2008; 6: 303–10.

Tirapazamine (USAN, rINN)

SR-4233; Tirapazamina; Tirapazaminum; Win-59075. 3-Amino-
1,2,4-benzotriazine 1,4-dioxide.
Тирапазамин
C7H6N4O2 = 178.1.
CAS — 27314-97-2.

Profile
Tirapazamine is reported to be reduced in hypoxic cells to an ac-
tive anion that causes DNA strand breaks. It sensitises hypoxic
tumour cells to the cytotoxic activity of other drugs. It is under
investigation for its cytotoxic actions, alone or with cisplatin or
radiotherapy. Adverse effects reported with tirapazamine include
nausea and vomiting, diarrhoea, skin rashes, muscle cramps and
fatigue; myelosuppression is said to be rare.
◊ Reviews.
1. Gandara DR, et al. Tirapazamine: prototype for a novel class of

therapeutic agents targeting tumor hypoxia. Semin Oncol 2002;
29 (suppl 4): 102–9.

Topotecan Hydrochloride 

(BANM, USAN, pINNM)

Hidrocloruro de topotecán; SKF-104864A; SKFS-104864-A; To-
potécane, Chlorhydrate de; Topotecani Hydrochloridum; To-
potekaanihydrokloridi; Topotekanhydroklorid. (S)-10-Dimethyl-
aminomethyl-4-ethyl-4,9-dihydroxy-1H-pyrano[3′,4′:6,7]indoliz-
ino[1,2b]quinoline-3,14(4H,12H)-dione hydrochloride.
Топотекана Гидрохлорид
C23H23N3O5,HCl = 457.9.
CAS — 123948-87-8 (topotecan); 119413-54-6 (topote-
can hydrochlor ide).
ATC — L01XX17.
ATC Vet — QL01XX17.

(topotecan)

Incompatibility. Topotecan hydrochloride was found to de-
grade to 88.7% of its original concentration over 4 hours when
mixed with ticarcillin sodium or potassium clavulanate. It was
also found to be incompatible with dexamethasone sodium phos-
phate and fluorouracil.1 When mixed with mitomycin solution
an immediate colour change took place and concentrations of
mitomycin fell by 15 to 20% over 4 hours. The pH of the mix-
tures remained constant at 3.3 to 3.5.
1. Mayron D, Gennaro AR. Stability and compatibility of topotecan

hydrochloride with selected drugs. Am J Health-Syst Pharm
1999; 56: 875–81.

Adverse Effects, Treatment, and Precau-
tions
For general discussions, see Antineoplastics, p.635,
p.639, and p.641. 
Neutropenia is very common with topotecan and is
usually dose-limiting. The nadir of white cell count
usually occurs about 9 to 12 days after a dose. Febrile
neutropenia, sepsis, and neutropenic colitis can occur;
fatalities have been reported. Thrombocytopenia,
anaemia, and leucopenia also occur commonly. Topo-
tecan should not be given to those patients with pre-
existing bone-marrow depression, and blood counts
should be monitored regularly. Gastrointestinal distur-
bances and anorexia are also common with topotecan,
and may be severe. Other adverse effects include fa-
tigue and weakness, alopecia, malaise, pruritus, pyrex-
ia, and hyperbilirubinaemia. Hypersensitivity reactions
including rashes have been reported; anaphylaxis may
occur rarely. 
Licensed product information recommends that topo-
tecan should not be given to patients with severe hepat-
ic or renal impairment, due to a lack of data in these
patients. Its use in breast feeding is contra-indicated for
the same reason. Topotecan has been reported to pro-
duce fetal death and malformations in animals.

Interactions
For a report of topotecan reducing the clearance of do-
cetaxel, see Antineoplastics, p.711. 
Greater myelosuppression is seen when topotecan is
used with other cytotoxic drugs, which may require
dosage reductions of either drug. However, with plati-
num drugs, there is a sequence-dependent interaction;
giving a platinum drug on the first day of topotecan
dosage requires lower doses of each, compared with
giving it on the fifth day. 
Granulocyte colony-stimulating factor can prolong the
duration of neutropenia if given with topotecan, so if
used, it should not be started until, 24 hours after topo-
tecan dosage is complete. 
Ciclosporin has been reported to increase exposure to
topotecan.

Pharmacokinetics
Topotecan is rapidly absorbed after oral doses; peak
plasma concentrations occur after about 1 to 2 hours.
The oral bioavailability is about 40%. Food does not
appreciably affect topotecan pharmacokinetics. Topo-
tecan is widely distributed after intravenous doses.
Plasma protein binding is about 35%. The drug under-
goes reversible hydrolysis of the lactone ring to the
inactive hydroxy acid form; only small amounts are
demethylated in the liver. A significant proportion of a
dose is excreted in urine. The terminal half-life has
been reported to be 2 to 3 hours for the intravenous for-
mulation, and 3 to 6 hours for the oral formulation.
◊ References.
1. Herben VMM, et al. Clinical pharmacokinetics of topotecan.

Clin Pharmacokinet 1996; 31: 85–102.

Uses and Administration
Like irinotecan (p.738), topotecan is a semisynthetic
derivative of the alkaloid camptothecin that exerts its
antineoplastic activity by inhibition of topoisomerase I.
It is used in the treatment of metastatic carcinoma of
the ovary refractory to other therapy (see p.670) and in
relapsed small cell lung cancer (p.668) after standard
therapy. Topotecan is given with cisplatin in the treat-
ment of metastatic, recurrent, or persistent carcinoma
of the cervix (p.663) which is not amenable to curative
treatment with surgery and/or radiation therapy. Topo-
tecan is also under investigation in the management of
myelodysplastic syndromes. 
Topotecan is given as the hydrochloride but doses are
calculated in terms of the base. Topotecan hydrochlo-
ride 1.09 mg is equivalent to about 1 mg of topotecan. 
In ovarian and small cell lung cancer, topotecan hy-
drochloride may be given intravenously in an initial

dose equivalent to topotecan 1.5 mg/m2, infused over
30 minutes, on days 1 to 5 of a 21-day course. A mini-
mum of 4 courses should be given, in the absence of
tumour progression, and provided that blood counts
and haemoglobin have recovered adequately (see also
Bone-marrow Depression, p.639). If severe neutrope-
nia occurs in any course the dose in the subsequent
courses may be reduced by 250 micrograms/m2, or a
granulocyte colony-stimulating factor may be given
from day 6 of the course, 24 hours after topotecan dos-
age is complete. If severe toxicity recurs once the dose
has been reduced to 1 mg/m2 withdrawal of topotecan
may be required. Dosage should also be reduced after
severe thrombocytopenia and in patients with renal im-
pairment (see below). 
Topotecan may also be given orally for small cell lung
cancer. The recommended dose is 2.3 mg/m2 once dai-
ly for 5 consecutive days, repeated every 21 days. If
neutropenia occurs, or if the platelet count falls below
25 000 cells/mm3, or for patients with severe diar-
rhoea, the daily dose should be reduced by
400 micrograms/m2 for subsequent courses. 
In cervical cancer, topotecan is given in an intrave-
nous dose of 750 micrograms/m2, infused over 30 min-
utes, on days 1, 2, and 3 of a 21-day course; cisplatin
50 mg/m2 is given by intravenous infusion after topo-
tecan on day 1. Dosage adjustments for subsequent
courses are specific for each drug; for cisplatin, see
p.700. If severe febrile neutropenia occurs, or if the
platelet count falls below 10 000 cells/mm3, the topo-
tecan dose should be reduced to 600 micrograms/m2.
Alternatively, in the event of severe febrile neutrope-
nia, granulocyte colony-stimulating factor may be giv-
en from day 4 of the course, 24 hours after completion
of the topotecan infusion; if febrile neutropenia recurs
despite this, topotecan dosage should be further re-
duced to 450 micrograms/m2 for subsequent courses.
◊ References.
1. Rocha Lima CM, Chiappori A. Treatment of relapsed small-cell

lung cancer—a focus on the evolving role of topotecan. Lung
Cancer 2003; 40: 229–36. 

2. Armstrong DK. Topotecan dosing guidelines in ovarian cancer:
reduction and management of hematologic toxicity. Oncologist
2004; 9: 33–42. 

3. Ahmad T, Gore M. Review of the use of topotecan in ovarian
carcinoma. Expert Opin Pharmacother 2004; 5: 2333–40. 

4. Long HJ, et al. Randomized phase III trial of cisplatin with or
without topotecan in carcinoma of the uterine cervix: a Gyneco-
logic Oncology Group study. J Clin Oncol 2005; 23: 4626–33. 

5. Randall-Whitis LM, Monk BJ. Topotecan in the management of
cervical cancer. Expert Opin Pharmacother 2007; 8: 227–36. 

6. Eckardt JR, et al. Phase III study of oral compared with intrave-
nous topotecan as second-line therapy in small-cell lung cancer.
J Clin Oncol 2007; 25: 2086–92. Correction. ibid.; 3387. 

7. Nicum SJ, O’Brien ME. Topotecan for the treatment of small-
cell lung cancer. Expert Rev Anticancer Ther 2007; 7: 795–801. 

8. O’Brien M, et al. Recent advances with topotecan in the treat-
ment of lung cancer. Oncologist 2007; 12: 1194–204. 

9. Ackermann S, et al. Topotecan in cervical cancer. Int J Gynecol
Cancer 2007; 17: 1215–23. 

10. Peng LH, et al. Topotecan for ovarian cancer. Available in The
Cochrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2008 (accessed 08/05/08).

Administration in renal impairment. Licensed product in-
formation for intravenous topotecan recommends the following
for patients with ovarian or small cell lung cancer according to
creatinine clearance (CC): 
• mild renal impairment (CC 40 to 60 mL/minute): no dosage

adjustment 
• moderate renal impairment (CC 20 to 39 mL/minute):

0.75 mg/m2 daily for 5 consecutive days 
For patients with small cell lung cancer given oral topotecan, the
following is suggested: 
• mild renal impairment (CC 50 to 80 mL/minute): no dosage

adjustment 
• moderate renal impairment (CC 30 to 49 mL/minute):

1.8 mg/m2 once daily for 5 consecutive days 
Data are insufficient to make dose recommendations in patients
with severe renal impairment. 
In patients with cervical cancer, treatment with topotecan and
cisplatin should only be started in those with a serum creatinine
of 1.5 mg or less per 100 mL.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Asotecan; Hycamtin; Potekam; Tisogen; Topestin†; Topokebir ; To-
potag†; TPT†; Austral.: Hycamtin; Austria: Hycamtin; Belg.: Hycamtin;
Braz.: Hycamtin; Canad.: Hycamtin; Chile: Hycamtin; Cz.: Hycamtin;
Denm.: Hycamtin; Fin.: Hycamtin; Fr.: Hycamtin; Ger.: Hycamtin; Gr.: Hy-
camtin; Hong Kong: Hycamtin; Hung.: Hycamtin; Viatopin; India: Topo-
tel; Irl.: Hycamtin; Israel: Hycamtin; Ital.: Hycamtin; Mex.: Toranex;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Neth.: Hycamtin; Norw.: Hycamtin; Pol.: Hycamtin; Port.: Hycamtin;
Rus.: Hycamtin (Гикамтин); S.Afr.: Hycamtin; Singapore: Hycamtin;
Spain: Hycamtin; Swed.: Hycamtin; Switz.: Hycamtin; Thai.: Hycamtin;
Topotel; Turk.: Hycamptin; UK: Hycamtin; USA: Hycamtin; Venez.: Hyca-
mtin†.

Toremifene Citrate (BANM, USAN, rINNM) ⊗ 
Citrato de toremifeno; FC-1157a; Toremifen Sitrat; Torémifène,
Citrate de; Toremifeni Citras. 2-{p-[(Z)-4-Chloro-1,2-diphenyl-1-
butenyl]phenoxy}-N,N-dimethylethylamine citrate.
Торемифена Цитрат
C26H28ClNO,C6H8O7 = 598.1.
CAS — 89778-26-7 (toremifene); 89778-27-8
(toremifene citrate).
ATC — L02BA02.
ATC Vet — QL02BA02.

(toremifene)

Adverse Effects and Precautions
As for Tamoxifen Citrate, p.772. 
Use of toremifene is contra-indicated in patients with
pre-existing endometrial hyperplasia, or in those with
severe thromboembolic disease or severe hepatic im-
pairment. Toremifene must be used with caution in pa-
tients with uncompensated heart failure or severe angi-
na. Patients with bone metastases should be monitored
for signs and symptoms of hypercalcaemia.

Interactions
Toremifene is metabolised by cytochrome P450 isoen-
zyme CYP3A4, and potent enzyme-inducing drugs
such as phenytoin, phenobarbital and carbamazepine,
might be expected to increase toremifene metabolism,
thereby lowering the serum concentration. Conversely,
azole antifungals and macrolide antibacterials may in-
hibit toremifene metabolism by inhibiting the isoen-
zyme. 
Use with drugs that decrease renal calcium excretion,
such as thiazide diuretics, may increase the incidence
of hypercalcaemia. Use with coumarin anticoagulants
should be avoided as there is a risk of increased bleed-
ing time.
Antibacterials. Rifampicin was found to decrease plasma con-
centrations of toremifene in 9 subjects. This was thought to be
due to induction of cytochrome P450 isoenzyme CYP3A4 by ri-
fampicin.1
1. Kivistö KT, et al. Tamoxifen and toremifene concentrations in

plasma are greatly decreased by rifampin. Clin Pharmacol Ther
1998; 64: 648–54.

Pharmacokinetics
Toremifene citrate is well absorbed from the gastroin-
testinal tract, reaching peak plasma concentrations of
toremifene within 3 hours. Plasma concentration de-
clines biexponentially; the mean distribution half-life
is about 4 hours and the elimination half-life is about 5
days. It is extensively bound to plasma proteins, main-
ly albumin. Toremifene is metabolised principally by
the cytochrome P450 isoenzyme CYP3A4; the main
metabolite is N-demethyltoremifene, which is reported
to have anti-oestrogenic activity but with weak anti-tu-
mour activity. It undergoes enterohepatic circulation
and is eliminated mainly in the faeces as metabolites.
About 10% is excreted in the urine.
◊ Reviews.
1. Taras TL, et al. Clinical pharmacokinetics of toremifene. Clin

Pharmacokinet 2000; 39: 327–34.

Uses and Administration
Toremifene is an anti-oestrogen with properties similar
to those of tamoxifen (p.775). It is used in the treatment
of metastatic breast cancer (p.661) in postmenopausal
women with oestrogen-receptor positive tumours. It is
also being investigated for the treatment of lung tu-
mours and for the management of prostate cancer. 
Toremifene is given orally as the citrate, but doses are
calculated in terms of the base; 88.4 mg of toremifene
citrate is equivalent to about 60 mg of toremifene. A
dose of toremifene 60 mg once daily is used.
◊ References.
1. Wiseman LR, Goa KL. Toremifene: a review of its pharmacolog-

ical properties and clinical efficacy in the management of ad-
vanced breast cancer. Drugs 1997; 54: 141–60. 

2. Anonymous. Toremifene and letrozole for advanced breast can-
cer. Med Lett Drugs Ther 1998; 40: 43–5. 

3. Holli K. Adjuvant trials of toremifene vs tamoxifen: the Europe-
an experience. Oncology (Huntingt) 1998; 12 (suppl 5): 23–7. 

4. Holli K, et al. Safety and efficacy results of a randomized trial
comparing adjuvant toremifene and tamoxifen in postmenopau-
sal patients with node-positive breast cancer. J Clin Oncol 2000;
18: 3487–94. 

5. Taneja SS, et al. Toremifene—a promising therapy for the pre-
vention of prostate cancer and complications of androgen depri-
vation therapy. Expert Opin Invest Drugs 2006; 15: 293–305. 

6. Smith MR, et al. Toremifene increases bone mineral density in
men receiving androgen deprivation therapy for prostate cancer:
interim analysis of a multicenter phase 3 clinical study. J Urol
(Baltimore) 2008; 179: 152–5. 

7. Smith MR, et al. Toremifene improves lipid profiles in men re-
ceiving androgen-deprivation therapy for prostate cancer: inter-
im analysis of a multicenter phase III study. J Clin Oncol 2008;
26: 1824–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fareston†; Austral.: Fareston; Austria: Fareston; Belg.: Fareston;
Cz.: Fareston; Fin.: Fareston; Fr.: Fareston; Ger.: Fareston; Gr.: Fareston;
Hung.: Fareston; Irl.: Fareston; Ital.: Fareston; Mex.: Fareston; Neth.:
Fareston; NZ: Fareston; Port.: Fareston; Rus.: Fareston (Фарестон);
S.Afr.: Fareston; Spain: Fareston; Swed.: Fareston; Switz.: Fareston;
Thai.: Fareston; Turk.: Fareston; UK: Fareston; USA: Fareston.

Tositumomab (rINN)

B-1; Tositumomabum. Immunoglobulin G2a anti-(human antigen
CD 20) (mouse monoclonal clone B1R1 γ2a-chain), disulfide
with mouse monoclonal clone B1R1 λx-chain, dimer.
Тоситумомаб
CAS — 192391-48-3.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
Infusion reactions suggestive of a cytokine release syndrome,
and other hypersensitivity reactions including anaphylaxis, have
been reported with tositumomab. Prolonged and severe neutro-
penia, thrombocytopenia, and anaemia occur commonly; full
blood counts should be monitored weekly for up to 12 weeks.
Other adverse effects include gastrointestinal disturbances, de-
hydration, abdominal pain, pleural effusion, and increased sus-
ceptibility to infection. Delayed adverse effects such as the de-
velopment of secondary malignancies, leukaemia, or
myelodysplastic syndrome may occur. Patients receiving the ra-
diolabelled regimen may be susceptible to hypothyroidism and
pretreatment with thyroid blocking drugs is recommended (see
Uses and Administration, below); levels of thyroid-stimulating
hormone should be measured before treatment and annually
thereafter.
Uses and Administration
Tositumomab is an anti-B1 monoclonal antibody that is directed
against the CD20 antigen found on the surface of B lymphocytes.
It is radiolabelled with iodine-131 (p.2054) for the treatment of
patients with CD20 antigen-expressing, relapsed or refractory,
low-grade, follicular, or transformed non-Hodgkin’s lymphoma
(p.656), and including those patients who have disease refractory
to rituximab. 
The regimen consists of a dosimetric step, followed 7 to 14 days
later by a therapeutic step. The dosimetric step consists of
450 mg of tositumomab given intravenously in 50 mL sodium
chloride 0.9% over 60 minutes. Tositumomab 35 mg radiola-
belled with iodine-131 is then given intravenously in 30 mL so-
dium chloride 0.9% over 20 minutes. This is followed by whole
body imaging to determine whether biodistribution is acceptable,
and to allow calculation of the therapeutic dose of radiolabelled
tositumomab. In the therapeutic step, tositumomab 450 mg is
given again, and followed by the calculated dose of radiolabelled
tositumomab. 
The rate of infusion may be halved for mild to moderate infu-
sional toxicity, and stopped if this is severe; the infusions may be
restarted at half the rate once toxicity resolves. Patients are pre-
treated with thyroid protective agents at least 24 hours before the
first radiolabelled dose of tositumomab; treatment is continued

until 2 weeks after the radiolabelled therapeutic dose. Analgesics
and antihistamines are also given by mouth 30 minutes before
doses of tositumomab.
◊ References.
1. Kaminski MS, et al. Pivotal study of iodine I 131 tositumomab

for chemotherapy-refractory low-grade or transformed low-
grade B-cell non-Hodgkin’s lymphomas. J Clin Oncol 2001; 19:
3918–28. 

2. Wahl RL. The clinical importance of dosimetry in radioimmu-
notherapy with tositumomab and iodine I 131 tositumomab.
Semin Oncol 2003; 30 (suppl): 31–8. 

3. Anonymous. Iodine-131 tositumomab (Bexxar) for treatment of
lymphoma. Med Lett Drugs Ther 2003; 45: 86–7. 

4. Friedberg JW, Fisher RI. Iodine-131 tositumomab (Bexxar): ra-
dioimmunoconjugate therapy for indolent and transformed B-
cell non-Hodgkin’s lymphoma. Expert Rev Anticancer Ther
2004; 4: 18–26. 

5. Davies AJ, et al. Tositumomab and iodine I 131 tositumomab
for recurrent indolent and transformed B-cell non-Hodgkin’s
lymphoma. J Clin Oncol 2004; 22: 1469–79. 

6. Vose JM. Bexxar : novel radioimmunotherapy for the treatment
of low-grade and transformed low-grade non-Hodgkin’s lym-
phoma. Oncologist 2004; 9: 160–72. 

7. Horning SJ, et al. Efficacy and safety of tositumomab and io-
dine-131 tositumomab (Bexxar) in B-cell lymphoma, progres-
sive after rituximab. J Clin Oncol 2005; 23: 712–19. 

8. Kaminski MS, et al. I-Tositumomab therapy as initial treat-
ment for follicular lymphoma. N Engl J Med 2005; 352: 441–9. 

9. Fisher RI, et al. Tositumomab and iodine-131 tositumomab pro-
duces durable complete remissions in a subset of heavily pre-
treated patients with low-grade and transformed non-Hodgkin’s
lymphomas. J Clin Oncol 2005; 23: 7565–73. 

10. Dosik AD, et al. Subsequent therapy can be administered after
tositumomab and iodine I-131 tositumomab for non-Hodgkin
lymphoma. Cancer 2005; 106: 616–22.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Bexxar.

Trabectedin (USAN, rINN)

Ecteinascidin-743; ET-743; NSC-648766; Trabectedina;
Trabectédine; Trabectedinum. (1′R,6R,6aR,7R,13S,14S,16R)-6′,8,-
14-Trihydroxy-7′,9-dimethoxy-4,10,23-trimethyl-19-oxo-3′,4′,6,-
7,12,13,14,16-octahydrospiro[6,16-(epithiopropanooxymeth-
ano)-7,13-imino-6aH-1,3-dioxolo[7,8]isoquino[3,2-b][3]benza-
zocine-20,1′(2′H)-isoquinolin]-5-yl acetate.
Трабектедин
C39H43N3O11S = 761.8.
CAS — 114899-77-3.
ATC — L01CX01.
ATC Vet — QL01CX01.

Adverse Effects, Treatment, and Precautions
For general discussions, see Antineoplastics, p.635, p.639, and
p.641. Neutropenia, thrombocytopenia, anaemia, and leucopenia
are very common with trabectedin; febrile neutropenia often oc-
curs. Full blood counts should be performed at baseline, weekly
for the first 2 cycles, and then once between cycles thereafter.
Dose reductions may be needed in those with haematological
toxicity. Hepatobiliary disorders are also very common, and in-
clude hyperbilirubinaemia and alterations in liver function tests,
which are mostly transient. Patients with liver disease should be
closely monitored, and trabectedin should not be given to those
with hyperbilirubinaemia. 
Other very common adverse effects include gastrointestinal dis-
turbances, anorexia, headache, and fatigue. Antiemetic prophy-
laxis with dexamethasone should be given to all patients. Periph-
eral sensory neuropathy, paraesthesia, dysgeusia, dizziness,
pyrexia, and oedema are common, as are dyspnoea, cough, alo-
pecia, myalgia, arthralgia, dehydration, hypokalaemia, hypoten-
sion, and flushing. Injection site reactions can occur, and the use
of a central line is recommended. 
Deaths associated with trabectedin treatment often involved a
combination of adverse events including pancytopenia, febrile
neutropenia, and in some cases sepsis, hepatic involvement, re-
nal failure, and rhabdomyolysis. 
Trabectedin may cause serious birth defects if given during preg-
nancy, although data are limited. Women and men of fertile age
are advised to use effective contraception during treatment, and
for 3 and 5 months, respectively, after stopping treatment. Breast
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feeding is contra-indicated due to lack of data, and should be
avoided for the duration of treatment and for 3 months after ther-
apy is stopped.

Interactions
Trabectedin is metabolised by the cytochrome P450 isoenzyme
CYP3A4, and drugs that inhibit this enzyme (such as azole anti-
fungals, macrolide antibacterials, or ritonavir) may increase
blood concentrations of trabectedin. Equally, inducers of
CYP3A4 (such as rifampicin, phenobarbital, and St John’s wort)
may decrease systemic exposure to trabectedin. Trabectedin is a
substrate of P-glycoprotein, and use with P-glycoprotein inhibi-
tors (such as ciclosporin and verapamil) may alter trabectedin
pharmacokinetics, although the clinical significance of this inter-
action has not been established. Alcohol and other hepatotoxic
drugs should be avoided during trabectedin treatment due to pos-
sible potentiation of hepatotoxicity. Use with live attenuated vac-
cines is not recommended, and use with yellow fever vaccine is
specifically contra-indicated. For the effect of trabectedin on
phenytoin, see p.499.

Pharmacokinetics
Trabectedin is extensively distributed in the tissues. Plasma pro-
tein binding is about 94 to 98%. It is metabolised in the liver,
mainly by cytochrome P450 isoenzyme CYP3A4. The terminal
half-life is about 180 hours. Trabectedin is excreted mainly in the
faeces, with a small amount in the urine, of which less than 1%
is unchanged drug.

◊ References.
1. Beumer JH, et al. Metabolism of trabectedin (ET-743, Yondelis)

in patients with advanced cancer. Cancer Chemother Pharmacol
2007; 59: 825–37. 

2. Perez-Ruixo JJ, et al. Population pharmacokinetic meta-analysis
of trabectedin (ET-743, Yondelis) in cancer patients. Clin Phar-
macokinet 2007; 46: 867–84.

Uses and Administration
Trabectedin is a novel DNA-binding agent derived from the ma-
rine tunicate, Ecteinascidia turbinata. It is used for the treatment
of advanced soft-tissue sarcomas, after failure of anthracyclines
or ifosfamide, or in patients for whom these drugs are unsuitable.
The recommended dose is 1.5 mg/m2, given as an intravenous
infusion over 24 hours. The dose can be repeated at 3-week in-
tervals as long as clinical benefit persists, provided haematolog-
ical, hepatic, and renal function parameters are met. If these base-
line criteria are not met, treatment must be delayed for up to 3
weeks, until the criteria are met. If haematological toxicity or
hepatotoxicity occurs at any time between cycles, the dose for
subsequent cycles must be reduced to 1.2 mg/m2. Once a dose
has been reduced, dose escalation for subsequent cycles is not
recommended. If any toxicities recur in subsequent cycles, a fur-
ther dose reduction to 1 mg/m2 may be made; thereafter, if fur-
ther toxicity occurs, treatment should be stopped. If trabectedin
is given via a central venous line, which is the preferred method,
the dose should be diluted in at least 500 mL of sodium chloride
0.9% or glucose 5%. If central access is unfeasible, and it is given
peripherally, the dose should be diluted in at least 1 litre of dilu-
ent. Dexamethasone 20 mg is given intravenously 30 minutes
before treatment with trabectedin, to reduce nausea and hepato-
toxicity. 
Trabectedin is also under investigation for the treatment of ovar-
ian cancer.

◊ References.
1. van Kesteren C, et al. Yondelis (trabectedin, ET-743): the devel-

opment of an anticancer agent of marine origin. Anticancer
Drugs 2003; 14: 487–502. 

2. D’Incalci M, Jimeno J. Preclinical and clinical results with the
natural marine product ET-743. Expert Opin Invest Drugs 2003;
12: 1843–53. 

3. Beumer JH, et al. Hepatotoxicity and metabolism of trabectedin:
a literature review. Pharmacol Res 2005; 51: 391–8. 

4. Fayette J, et al. ET-743: a novel agent with activity in soft tissue
sarcomas. Oncologist 2005; 10: 827–32. 

5. Schöffski P, et al. Trabectedin (ET-743): evaluation of its use in
advanced soft-tissue sarcoma. Future Oncol 2007; 3: 381–92. 

6. Carter NJ, Keam SJ. Trabectedin : a review of its use in the man-
agement of soft tissue sarcoma and ovarian cancer. Drugs 2007;
67: 2257–76. 

7. Schöffski P, et al. Clinical impact of trabectedin (ecteinascidin-
743) in advanced/metastatic soft tissue sarcoma. Expert Opin
Pharmacother 2008; 9: 1609–18.

Administration in hepatic impairment. Licensed product
information states that there are no studies of trabectedin in he-
patic impairment and data are unavailable to recommend doses
in these patients. However, since systemic exposure is likely to
be increased in these patients, thus increasing the risk of hepato-
toxicity, caution is advised and dose adjustments may be needed.
Trabectedin should not be given to patients with hyperbilirubi-
naemia.

Administration in renal impairment. Licensed product in-
formation for trabectedin states that no dose adjustments are
needed in patients with mild or moderate renal impairment, but
that trabectedin should not be used in patients with severe renal
impairment (creatinine clearance less than 30 mL/min) as no
data are available for this population.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Yondelis; Fr.: Yondelis.

Trastuzumab (BAN, rINN)

HER-2 Monoclonal Antibody; rhuMAb HER2; Trastutsumabi;
Trastuzumabum. Immunoglobulin G1 (human-mouse mono-
clonal rhuMab HER2 γ1-chain anti-human p185c-erbB2 receptor),
disulfide with human-mouse monoclonal rhuMab HER2 light
chain, dimer.
Трастузумаб
CAS — 180288-69-1.
ATC — L01XC03.
ATC Vet — QL01XC03.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639 and p.641. 
Trastuzumab has been associated with fatal hypersen-
sitivity reactions, infusion reactions characteristic of a
cytokine release syndrome, and pulmonary events in-
cluding acute respiratory distress syndrome. These
usually occur after the first dose of trastuzumab and are
more common in patients with reduced lung function.
Use of trastuzumab is contra-indicated in patients with
severe dyspnoea at rest. Cardiac dysfunction and con-
gestive heart failure may also occur and left ventricular
function should be monitored before and during thera-
py. The risk of cardiotoxicity is increased if trastuzum-
ab is given with anthracyclines or cyclophosphamide
(see below). 
There is an increase in the incidence of leucopenia,
thrombocytopenia, anaemia, and febrile neutropenia
when trastuzumab is given with chemotherapy, but it
infrequently causes myelosuppression when used
alone. Diarrhoea occurs in about 25% of patients given
trastuzumab as monotherapy; the incidence increases
with combination therapy. Other gastrointestinal dis-
turbances are common, as are chills, fever, headache,
arthralgia, myalgia, and rashes. Asthenia, chest pain,
and renal or liver disorders have also been reported.
Effects on the heart. Cardiac events related to the use of tras-
tuzumab include asymptomatic decreases in left ventricular ejec-
tion fraction, tachycardia, palpitations, dyspnoea, and chest pain.
Congestive heart failure may develop.1 
In a pivotal comparative trial,2 an increased incidence of cardiac
adverse events prompted a retrospective analysis. This independ-
ent review identified cardiac dysfunction in 27% of patients re-
ceiving trastuzumab, an anthracycline, and cyclophosphamide,
compared with only 8% receiving an anthracycline and cyclo-
phosphamide. In patients given trastuzumab and paclitaxel, 13%
developed cardiac dysfunction compared with 1% of patients
given paclitaxel alone, although all these patients had previously
received an anthracycline. The incidence of severe dysfunction
was highest in those patients receiving trastuzumab, an anthracy-
cline, and cyclophosphamide. 
Further analysis3 of this and 6 other studies found that, in a total
of 1219 patients, 10 heart-related deaths had been reported, and
that 9 of these were patients who had received trastuzumab.
However, the risk of developing cardiotoxicity was less when
trastuzumab was given alone than when given with anthracy-
clines. Advanced age was found to be a significant risk factor,
whereas giving trastuzumab and the anthracycline at different
times appeared to decrease the rate of cardiotoxicity. 
Licensed product information for trastuzumab warns that pa-
tients who have previously received anthracyclines may also be
at increased risk of cardiotoxicity with trastuzumab treatment.
Furthermore, because the half-life of trastuzumab is about 28.5
days, trastuzumab may persist in the circulation for up to 24
weeks, and patients given anthracyclines after stopping trastuzu-
mab may still be at increased risk of cardiotoxicity. If anthracy-
clines are used, the patient’s cardiac function should be carefully
monitored. Patients with pre-existing cardiovascular disease
should also be treated with caution. 
However, the majority of patients who develop congestive heart
failure improve with standard treatment, including the use of
ACE inhibitors, beta blockers, cardiac glycosides and diuret-
ics.1,4,5 Cardiotoxicity may improve even in those patients who
continue with trastuzumab therapy.4,5 A small retrospective
study found that cardiotoxicity appeared to be largely reversible
once trastuzumab was stopped, and that therapy might even be
restarted. Findings from myocardial biopsy suggested that, while
the mechanism of cardiotoxicity with trastuzumab remained
uncertain, it differed from that with anthracyclines.6 A retrospec-

tive review7 of 173 patients with metastatic breast cancer who
were treated with trastuzumab-based therapy for at least 1 year
found that 28% of patients experienced a cardiac event; 10.9%
had grade 3 cardiotoxicity, including 1 cardiac-related death.
However, cardiotoxicity, whether symptomatic or not, was gen-
erally reversible, with or without specific therapy, suggesting
that maintenance or re-treatment with trastuzumab may be feasi-
ble in those patients for whom no alternative therapeutic options
are available. 
The pathogenesis of the cardiotoxicity associated with trastuzu-
mab is under investigation. A small study8 showed specific up-
take of a pretreatment tracer dose of radiolabelled trastuzumab
into the myocardium of patients who subsequently developed
cardiac adverse events. The human epidermal growth factor re-
ceptor 2 (HER2) gene appears essential for normal cardiac de-
velopment; studies in animals suggest that trastuzumab may in-
terfere with HER2 signalling and function in cardiomyocytes,
and that loss of HER2 increases sensitivity to anthracycline tox-
icity.4,5 
Analysis of symptomatic heart failure with trastuzumab suggests
a lower incidence than that previously reported with retrospec-
tive data; however, this may be due to over-reported events in
pivotal trials and the more recent exclusion of patients at risk of
cardiotoxicity.4 More recent analysis from a large study of pa-
tients given adjuvant chemotherapy with or without trastuzumab
found a cumulative incidence of cardiac events (defined as con-
firmed New York Heart Association class III or IV cardiac dys-
function, or cardiac death) with trastuzumab of 4.1% at 3 years.
The difference in cumulative incidence was 3.3% when com-
pared with the control group.9 Some have commented10 that fol-
low-up was relatively short and that long-term data on cardiac
risks with trastuzumab are lacking. Reviews11,12 have concluded
that trastuzumab-induced cardiotoxicity is not dose-related and
is generally reversible once the drug is stopped. However,
others13 have challenged the concept that cardiotoxicity is re-
versible, and the need for longer-term follow-up data, especially
with respect to asymptomatic left ventricular dysfunction, has
been emphasised.11,13

1. Keefe DL. Trastuzumab-associated cardiotoxicity. Cancer
2002; 95: 1592–1600. 

2. Slamon DJ, et al. Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast cancer that overex-
presses HER2. N Engl J Med 2001; 344: 783–92. 

3. Seidman A, et al. Cardiac dysfunction in the trastuzumab clini-
cal trials experience. J Clin Oncol 2002; 20: 1215–21. 

4. Suter TM, et al. Cardiotoxicity associated with trastuzumab
(Herceptin) therapy in the treatment of metastatic breast cancer.
Breast 2004; 13: 173–83. 

5. Perez EA, Rodeheffer R. Clinical cardiac tolerability of trastu-
zumab. J Clin Oncol 2004; 22: 322–9. 

6. Ewer MS, et al. Reversibility of trastuzumab-related cardiotox-
icity: new insights based on clinical course and response to
medical treatment. J Clin Oncol 2005; 23: 7820–6. 

7. Guarneri V, et al. Long-term cardiac tolerability of trastuzumab
in metastatic breast cancer: the M.D. Anderson Cancer Center
experience. J Clin Oncol 2006; 24: 4107–15. 

8. Behr TM, et al. Trastuzumab and breast cancer. N Engl J Med
2001; 345: 995–6. 

9. Tan-Chiu E, et al. Assessment of cardiac dysfunction in a rand-
omized trial comparing doxorubicin and cyclophosphamide fol-
lowed by paclitaxel, with or without trastuzumab as adjuvant
therapy in node-positive, human epidermal growth factor recep-
tor 2-overexpressing breast cancer: NSABP B-31. J Clin Oncol
2005; 23: 7811–19. 

10. Levine MN. Trastuzumab cardiac side effects: only time will
tell. J Clin Oncol 2005; 23: 7775–6. 

11. Sengupta PP, et al. Trastuzumab-induced cardiotoxicity: heart
failure at the crossroads. Mayo Clin Proc 2008; 83: 197–203. 

12. Ewer SM, Ewer MS. Cardiotoxicity profile of trastuzumab.
Drug Safety 2008; 31: 459–67. 

13. Telli ML, et al. Trastuzumab-related cardiotoxicity: calling into
question the concept of reversibility. J Clin Oncol 2007; 25:
3525–33.

Metastatic disease. There is some suggestion that patients
treated with trastuzumab for metastatic breast cancer have a
higher incidence of cerebral metastases. This may reflect in-
creased survival of patients given trastuzumab, and the lack of
CNS penetration by the drug,1,2 or tumours overexpressing hu-
man epidermal growth receptor 2 (HER2) may be more likely to
metastasise to the CNS.2 A comparison1 of trastuzumab-treated
patients with a control group found that, although trastuzumab
reduced the incidence of bone metastases, the development of
brain metastases was similar in both groups. However, trastuzu-
mab improved overall survival in all patients developing metas-
tases, including those with brain metastases. A retrospective
review2 found an association between the development of cere-
bral metastases and both hormone-receptor negative status and
the presence of visceral disease.
1. Lower EE, et al. Increased rate of brain metastasis with trastuzu-

mab therapy not associated with impaired survival. Clin Breast
Cancer 2003; 4: 114–19. 

2. Clayton AJ, et al. Incidence of cerebral metastases in patients
treated with trastuzumab for metastatic breast cancer. Br J Can-
cer 2004; 91: 639–43.

Peripheral vascular toxicity. A woman developed a painless
prominence of the veins in her left arm and hand 3 days after
receiving trastuzumab via a left hand vein. The veins were thick-
ened and rope-like on palpation but there was no tenderness,
oedema, or skin changes; there was no evidence of thrombus.
She had previously received intravenous chemotherapy into left
hand veins without sequelae. Biopsy suggested venous wall in-
jury. Cardiac function was preserved, suggesting the mechanism
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of vascular injury was unrelated to cardiac dysfunction. Trastu-
zumab therapy was stopped permanently and her symptoms
gradually resolved over the course of a year.1
1. Pansegrau GK, et al. Trastuzumab-associated peripheral vascu-

lar toxicity. J Clin Oncol 2007; 25: 1438–40.

Pregnancy. A 28-year-old woman who had been given trastu-
zumab 6 mg/kg every 3 weeks was found to be pregnant after 5
months of therapy. Trastuzumab was stopped at about 20 weeks
of gestation. Ultrasound study of the fetus at 23 weeks indicated
no amniotic fluid. On observation, the anhydramnios slowly re-
solved. No further complications occurred and a healthy female
infant was induced at 37 ⁄  weeks; amniotic fluid was clear at de-
livery.1 Similarly, 2 cycles of trastuzumab and paclitaxel were
given to a 38-year-old pregnant woman between 26 and 32
weeks of gestation: fetal abdominal circumference stopped in-
creasing and the volume of amniotic fluid decreased to almost
total anhydramnios. There was also evidence of fetal renal fail-
ure. Fetal lung maturation was induced and a caesarean section
done at about 32 weeks of gestation. The infant showed signs of
bacterial sepsis with hypotension, transient renal failure, and res-
piratory failure necessitating mechanical ventilation. After anti-
bacterial therapy, blood pressure normalised, ventilation was
ended, and diuresis was deemed adequate. He was discharged at
age 6 weeks in healthy condition and development at 12 weeks
of age was deemed to be normal.2 In another report, a 30-year-
old patient conceived 3 days after her second cycle of trastuzum-
ab; no further therapy was given. Her pregnancy went success-
fully to term and a healthy female was born with no sequelae.3
Low amniotic fluid volume was seen in another case of trastuzu-
mab use during pregnancy; at 5 years of age, the child was re-
ported to have normal growth and development.4
1. Watson WJ. Herceptin (trastuzumab) therapy during pregnancy:

association with reversible anhydramnios. Obstet Gynecol 2005;
105: 642–3. 

2. Bader AA, et al. Anhydramnios associated with administration
of trastuzumab and paclitaxel for metastatic breast cancer during
pregnancy. Lancet Oncol 2007; 8: 79–81. 

3. Waterston AM, Graham J. Effect of adjuvant trastuzumab on
pregnancy. J Clin Oncol 2006; 24: 321–2. 

4. Pant S, et al. Treatment of breast cancer with trastuzumab during
pregnancy. J Clin Oncol 2008; 26: 1567–9.

Interactions
For reports of trastuzumab enhancing the effect of war-
farin, see p.1429.

Pharmacokinetics
The half-life of trastuzumab varies considerably: it has
been reported to be 1.7 days after a 10-mg dose, 12
days after a 500-mg dose, and 5.8 days after the recom-
mended dose (4 mg/kg followed by 2 mg/kg weekly);
28.5 days has also been reported after the recommend-
ed dose. Detectable concentrations of the cell surface
protein of the HER2 receptor (shed antigen) have been
found in patients’ serum; those patients with higher
baseline values for shed antigen had lower serum
trough concentrations of trastuzumab, although target
trastuzumab concentrations were still achieved after
weekly dosing, and no relationship to clinical response
was observed.

Uses and Administration
Trastuzumab is a humanised monoclonal antibody di-
rected against a cell surface protein produced by the
human epidermal growth factor receptor 2 (HER2)
gene. HER2 protein is overexpressed in about one-
third of all breast cancers. Trastuzumab is used in the
treatment of breast cancer (p.661) with such character-
istics. 
The recommended dose in metastatic breast cancer,
alone, with an aromatase inhibitor, or followed by a
taxane, is 4 mg/kg initially, by intravenous infusion in
250 mL of sodium chloride 0.9% over 90 minutes.
This may be followed by 2 mg/kg over 30 minutes at
weekly intervals. 
Trastuzumab is also given in early breast cancer after
surgery, chemotherapy, and radiotherapy. There are 2
recommended schedules, with trastuzumab given ei-
ther weekly or every 3 weeks. 
• The recommended dose for the 3-weekly schedule is

8 mg/kg initially, by intravenous infusion in 250 mL
sodium chloride 0.9% over 90 minutes. This may be
followed by 6 mg/kg at 3-weekly intervals. Treat-
ment is continued for 1 year or until disease recur-
rence. 
If the patient misses a dose of trastuzumab by 1 week
or less, then the usual dose of 6 mg/kg should be giv-

en as soon as possible, without waiting until the next
planned cycle. Subsequent cycles are then given ac-
cording to the previous schedule. 
If the dose is missed by more than 1 week, a re-load-
ing dose of trastuzumab 8 mg/kg should be given,
and subsequent maintenance doses of 6 mg/kg
should then be given every 3 weeks thereafter. 

• In the weekly schedule, trastuzumab is given with
paclitaxel after 4 cycles of the AC regimen (doxoru-
bicin and cyclophosphamide). It is given at an initial
loading dose of 4 mg/kg followed by 2 mg/kg week-
ly thereafter for 1 year; paclitaxel is given either
weekly or 3-weekly for a total of 12 weeks. 

HER2 may also be overexpressed in other epithelial
cancers, and trastuzumab is under investigation for use
in non-small cell lung cancer, pancreatic, prostate, and
ovarian malignancies.
◊ References.
1. Spigel DR, Burstein HJ. Trastuzumab regimens for HER2-over-
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small-cell lung cancer. Ann Pharmacother 2003; 37: 1904–8. 
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non—small-cell lung cancer: is there a role? Focus on Eastern
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2004; 22: 1063–70. 
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2006; 63: 527–33. 
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Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Herceptin; Austral.: Herceptin; Belg.: Herceptin; Braz.: Herceptin;
Canad.: Herceptin; Chile: Herceptin; Cz.: Herceptin; Denm.: Herceptin;
Fin.: Herceptin; Fr.: Herceptin; Ger.: Herceptin; Gr.: Herceptin; Hong
Kong: Herceptin; Hung.: Herceptin; Indon.: Herceptin; Irl.: Herceptin;
Israel: Herceptin; Ital.: Herceptin; Jpn: Herceptin; Malaysia: Herceptin;
Mex.: Herceptin; Neth.: Herceptin; Norw.: Herceptin; NZ: Herceptin;
Philipp.: Herceptin; Pol.: Herceptin; Port.: Herceptin; Rus.: Herceptin
(Герцептин); S.Afr.: Herceptin; Singapore: Herceptin; Spain: Herceptin;
Swed.: Herceptin; Switz.: Herceptin; Thai.: Herceptin; Turk.: Herceptin;
UK: Herceptin; USA: Herceptin; Venez.: Herceptin.

Treosulfan (BAN, rINN)

Dihydroxybusulphan; NSC-39069; Treosulfaani; Tréosulfan; Tre-
osulfano; Treosulfanum. L-Threitol 1,4-dimethanesulphonate.
Треосульфан
C6H14O8S2 = 278.3.
CAS — 299-75-2.
ATC — L01AB02.
ATC Vet — QL01AB02.

Profile
Treosulfan is an antineoplastic agent related to busulfan (p.690),
which is reported to act by alkylation after conversion in vivo to
epoxide compounds. It is used palliatively or as an adjunct to sur-
gery mainly in the treatment of ovarian cancer (p.670). 
Treosulfan 1 g daily is licensed for oral use in 4 divided doses for
2 or 4 weeks followed by the same period without treatment. Al-
ternatively 1.5 g daily in 3 divided doses may be given for 1

week, followed by 3 weeks without therapy. The cycle is then
repeated, the dose being adjusted if necessary according to the
effect on bone marrow. Doses of 3 to 8 g/m2 may instead be giv-
en intravenously every 1 to 3 weeks. Doses larger than 3 g/m2

should be given by infusion at a rate of 3 g/m2 every 5 to 10 min-
utes. Doses up to 1.5 g/m2 have been given intraperitoneally.
Lower doses should be used if treatment with other antineoplas-
tic drugs or radiotherapy is being given. 
Regular blood counts should be made and treatment should be
interrupted if the white cell or platelet counts fall below accepta-
ble levels (see also Bone-marrow Depression, p.639). Because
bone-marrow depression may be cumulative the interval be-
tween blood counts should be reduced after the second course of
treatment with treosulfan.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Ovastat.

Trofosfamide (rINN)

A-4828; NSC-109723; Trilophosphamide; Trofosfamid; Trofos-
famida; Trofosfamidi; Trofosfamidum; Trophosphamide; Z-4828.
3-(2-Chloroethyl)-2-[bis(2-chloroethyl)amino]tetrahydro-2H-1,3,-
2-oxazaphosphorine-2-oxide.
Трофосфамид
C9H18Cl3N2O2P = 323.6.
CAS — 22089-22-1.
ATC — L01AA07.
ATC Vet — QL01AA07.

Profile
Trofosfamide is a derivative of cyclophosphamide (p.702) and
has the same general properties. It is used in the treatment of ma-
lignant disorders in usual initial oral doses of 300 to 400 mg dai-
ly. Doses of 50 to 150 mg daily have been given for maintenance
therapy.
Uses. References1-10 to the use of trofosfamide, including its in-
vestigational use with pioglitazone and rofecoxib as antiang-
iogenic therapy.4,5,7

1. Gunsilius E, et al. Palliative chemotherapy in pretreated patients
with advanced cancer: oral trofosfamide is effective in ovarian
carcinoma. Cancer Invest 2001; 19: 808–11. 

2. Reichardt P, et al. Oral trofosfamide: an active and well-tolerat-
ed maintenance therapy for adult patients with advanced bone
and soft tissue sarcomas: results of a retrospective analysis.
Onkologie 2002; 25: 541–6. 

3. Andersson PO, et al. Trofosfamide as salvage therapy for ana-
plastic large cell lymphoma relapsing after high-dose chemo-
therapy. Leuk Lymphoma 2002; 43: 2351–3. 

4. Vogt T, et al. Antiangiogenetic therapy with pioglitazone, ro-
fecoxib, and metronomic trofosfamide in patients with ad-
vanced malignant vascular tumors. Cancer 2003; 98: 2251–6. 

5. Reichle A, et al. Pioglitazone and rofecoxib combined with an-
giostatically scheduled trofosfamide in the treatment of far-ad-
vanced melanoma and soft tissue sarcoma. Cancer 2004; 101:
2247–56. 

6. Latz D, et al. Trofosfamide in the palliative treatment of cancer:
a review of the literature. Onkologie 2004; 27: 572–6. 

7. Coras B, et al. Antiangiogenic therapy with pioglitazone, ro-
fecoxib, and trofosfamide in a patient with endemic kaposi sar-
coma. Arch Dermatol 2004; 140: 1504–7. 

8. Jahnke K, et al. Pharmacokinetics and efficacy of ifosfamide or
trofosfamide in patients with intraocular lymphoma. Ann Oncol
2005; 16: 1974–8. 

9. Salminen EK, et al. Palliative chemotherapy with trofosfamide
in advanced prostate cancer. Anticancer Res 2006; 26: 539–42. 

10. Görn M, et al. A pilot study of docetaxel and trofosfamide as
second-line ’metronomic’ chemotherapy in the treatment of
metastatic non-small cell lung cancer (NSCLC). Onkologie
2008; 31: 185–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ixoten; Ger.: Ixoten; Spain: Genoxal Trofosfamida.

Tumour Necrosis Factor
Factor de necrosis tumoral; TNF.

Tasonermin (BAN, rINN)

Tasonermiini; Tasonermina; Tasonermine; Tasonerminum; TNFα-
1a.
Тазонермин
C778H1225N215O231S2 = 17350.5.
CAS — 94948-59-1.
ATC — L03AX11.
ATC Vet — QL03AX11.
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Profile
Tumour necrosis factor is a cytokine of which 2 forms have been
identified with similar biological properties: TNFα or cachectin,
which is produced mainly by macrophages, and TNFβ or lym-
photoxin, which is produced by lymphocytes. Various recom-
binant forms of TNFα, both human and mouse, are available: the
names sonermin and sertenef have been used for such products. 
The antitumour effects of tumour necrosis factor in vitro and in
animals have prompted investigation of recombinant TNFα in
the treatment of cancer either alone or with other cytokines such
as interleukin-2 or the interferons. Tasonermin is a recombinant
TNFα used with melphalan (p.742) for soft tissue sarcomas. It is
given by mild hyperthermic isolated limb perfusion at a total
dose of 3 mg for an upper limb and 4 mg for a lower limb. 
Leakage of tasonermin into the systemic circulation should not
exceed 10%, as severe toxicity may occur. Local adverse effects
include skin reactions, oedema, and pain; less commonly, vascu-
lar thrombosis, onycholysis, or severe tissue damage have oc-
curred. Systemic effects include fever, chills, nausea and vomit-
ing, arrhythmias, hepatotoxicity, and infections. Shock or
hypotension, neurological disorders, thrombocytopenia, leuco-
penia, acute renal failure, and hypersensitivity reactions have all
been reported.
◊ References.
1. van Der Veen AH, et al. An overview on the use of TNF-alpha:

our experience with regional administration and developments
towards new opportunities for systemic application. Anticancer
Res 2000; 20: 3467–74. 

2. Libutti SK, et al. Technique and results of hyperthermic isolated
hepatic perfusion with tumor necrosis factor and melphalan for
the treatment of unresectable hepatic malignancies. J Am Coll
Surg 2000; 191: 519–30. 

3. Lejeune FJ, et al. Limb salvage by neoadjuvant isolated per-
fusion with TNFα and melphalan for non-resectable soft tissue
sarcoma of the extremities. Eur J Surg Oncol 2000; 26: 669–78. 

4. Eggermont AM, ten Hagen TL. Tumor necrosis factor-based iso-
lated limb perfusion for soft tissue sarcoma and melanoma: ten
years of successful antivascular therapy. Curr Oncol Rep 2003;
5: 79–80. 

5. ten Hagen TL, Eggermont AM. Solid tumor therapy: manipula-
tion of the vasculature with TNF. Technol Cancer Res Treat
2003; 2: 195–203. 

6. Noorda EM, et al. Isolated limb perfusion with tumor necrosis
factor-alpha and melphalan for patients with unresectable soft
tissue sarcoma of the extremities. Cancer 2003; 98: 1483–90. 

7. Corti A. Strategies for improving the anti-neoplastic activity of
TNF by tumor targeting. Methods Mol Med 2004; 98: 247–64.

Units. The first International Standard for human tumour necro-
sis factor α, which contained 40 000 international units/ampoule,
was considered unsuitable for the assay of recombinant mouse
tumour necrosis factor α, for human tumour necrosis factor β, or
for preparations of tumour necrosis factor α of modified struc-
ture.1 The second International Standard for human tumour
necrosis factor α has been established as having a potency of
46 500 international units/ampoule.2 
The first Reference Reagent for tumour necrosis factor β had an
assigned potency of 150 000 units/ampoule.3
1. WHO. WHO expert committee on biological standardization:

forty-second report. WHO Tech Rep Ser 822 1992. Available at:
http://whqlibdoc.who.int/trs/WHO_TRS_822.pdf (accessed
01/08/08) 

2. WHO. WHO expert committee on biological standardization:
fifty-fourth report. WHO Tech Rep Ser 927 2005. Available at:
http://whqlibdoc.who.int/trs/WHO_TRS_927_eng.pdf (ac-
cessed 01/08/08) 

3. WHO. WHO expert committee on biological standardization:
forty-seventh report. WHO Tech Rep Ser 878 1998. Available at:
http://libdoc.who.int/trs/WHO_TRS_878.pdf (accessed
01/08/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Beromun†; Cz.: Beromun; Fr.: Beromun†; Gr.: Beromun; Ital.:
Beromun; Neth.: Beromun; Port.: Beromun; Spain: Beromun; Swed.:
Beromun.

Ubenimex (rINN)

NK-421; NSC-265489; Ubénimex; Ubenimexum. (−)-N-
[(2S,3R)-3-Amino-2-hydroxy-4-phenylbutyryl]-L-leucine.
Убенимекс
C16H24N2O4 = 308.4.
CAS — 58970-76-6.

Pharmacopoeias. In Chin.
Profile
Ubenimex is a peptide derived from Streptomyces olivoreticuli.
It is reported to have antineoplastic and immunostimulant prop-
erties. It has been used in the adjuvant treatment of acute myeloid

leukaemia and is under investigation for the treatment of lung
cancer. Adverse effects include gastrointestinal and hepatic func-
tion disturbances, skin rashes, headache, and paraesthesias.

◊ References.
1. Ichinose Y, et al. Randomized double-blind placebo-controlled

trial of bestatin in patients with resected stage I squamous-cell
lung carcinoma. J Natl Cancer Inst 2003; 95: 605–10.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Bestatin†; Jpn: Bestatin.

Valrubicin (USAN, rINN)

AD-32; NSC-246131; N-Trifluoroacetyladriamycin-14-valerate;
N-Trifluoroacetyldoxorubicin-14-valerate; Valrubicina; Valrubi-
cine; Valrubicinum. (8S,10S)-8-Glycoloyl-7,8,9,10-tetrahydro-
6,8,11-trihydroxy-1-methoxy-10-{[2,3,6-trideoxy-3-(2,2,2-triflu-
oroacetamido)-α-L-lyxo-hexopyranosyl]oxy}-5,12-naphthacene-
dione 82-valerate.

Вальрубицин
C34H36F3NO13 = 723.6.
CAS — 56124-62-0.
ATC — L01DB09.
ATC Vet — QL01DB09.

Pharmacopoeias. In US. 
USP 31 (Valrubicin). An orange to orange-red crystalline pow-
der. Very slightly soluble in water, in hexane, and in petroleum
spirit; soluble in dehydrated alcohol, in acetone, in dichlorometh-
ane, and in methyl alcohol. Store in airtight containers. Protect
from light.

Adverse Effects, Treatment, and Precautions
Increased urinary frequency and urgency, dysuria, bladder spasm
and pain may follow intravesical use of valrubicin due to local
irritation of the bladder, and usually resolve within 1 to 7 days of
treatment. Gross haematuria has occurred rarely but should be
distinguished from drug-induced red coloration of the urine. Ab-
dominal pain and nausea may occur. 
Myelosuppression similar to that seen with other anthracyclines
(see Adverse Effects of Doxorubicin, p.712) is possible if signif-
icant systemic exposure occurs. Therefore valrubicin should not
be given to patients with a perforated bladder or compromised
bladder mucosa. 
Because of the risk of metastasis, cystectomy should be recon-
sidered for patients with carcinoma in situ who do not respond
completely to valrubicin treatment after 3 months.

Pharmacokinetics
On intravesical use valrubicin penetrates the bladder wall but
systemic absorption is low in patients who have an intact bladder
mucosa. The drug is almost entirely excreted by voiding after the
installation period.

Uses and Administration
Valrubicin is a semisynthetic analogue of the anthracycline dox-
orubicin (p.712). It is used for carcinoma in situ of the bladder
(p.659) refractory to BCG vaccine, when surgery is contra-indi-
cated, although only about 20% of such patients exhibit a com-
plete response. A dose of 800 mg has been given intravesically
once a week for 6 weeks, as 75 mL of a solution diluted with
sodium chloride 0.9%. The solution should be retained for 2
hours if possible before voiding.

◊ References.
1. Steinberg G, et al. Efficacy and safety of valrubicin for the treat-

ment of Bacillus Calmette-Guerin refractory carcinoma in situ of
the bladder. J Urol (Baltimore) 2000; 163: 761–7. 

2. Kuznetsov DD, et al. Intravesical valrubicin in the treatment of
carcinoma in situ of the bladder. Expert Opin Pharmacother
2001; 2: 1009–13.

Preparations
USP 31: Valrubicin Intravesical Solution.

Proprietary Preparations (details are given in Part 3)
Canad.: Valtaxin; Israel: Valstar; USA: Valstar†.

Verteporfin (BAN, USAN, rINN)

Benzoporphyrin Derivative; BPD; CL-318952; Verteporfiini;
Verteporfina; Vertéporfine; Verteporfinum. trans-18-Ethenyl-
4,4a-dihydro-3,4-bis(methoxycarbonyl)-4a,8,14,19-tetramethyl-
23H,25H-benzo[b]porphine-9,13-dipropanoic acid monomethyl
ester.
Вертепорфин
C41H42N4O8 = 718.8.
CAS — 129497-78-5.
ATC — S01LA01.
ATC Vet — QS01LA01.

Pharmacopoeias. In US. 
USP 31 (Verteporfin). Store at a temperature between −25° and
−10° in airtight containers.

Adverse Effects and Precautions
Photosensitivity will occur in all patients treated with
verteporfin and patients should not be exposed to direct
sunlight for 2 to 5 days after treatment. However, expo-
sure to ambient indoor light is encouraged, as it allows
gradual inactivation of any remaining drug. Head-
aches, injection site reactions, and visual disturbances
occur frequently. Extravasation at the injection site
may produce severe pain and inflammation and re-
quires interruption of therapy. Patients who experience
a severe decrease in vision should not be re-treated un-
til their vision recovers. Other reported adverse effects
include hypersensitivity, infusion-related pain (prima-
rily presenting as back pain), chest pain, gastrointesti-
nal disturbances, atrial fibrillation, hypertension, de-
creased hearing, and anaemia. Verteporfin should be
used with care in patients with hepatic impairment and
may be contra-indicated if impairment is severe.
Porphyria. The use of verteporfin is contra-indicated in patients
with porphyria.

Interactions
Use of verteporfin with other drugs causing photosen-
sitivity should be avoided as the reaction may be in-
creased.

Pharmacokinetics
After intravenous doses, elimination of verteporfin is
bi-exponential, with a terminal plasma elimination
half-life of about 5 to 6 hours. Protein binding is about
90%. It is metabolised in the liver. It is excreted in fae-
ces via the bile, mostly as unchanged drug, with less
than 1% of a dose recovered in the urine.
◊ References.
1. Houle J-M, Strong A. Clinical pharmacokinetics of verteporfin.

J Clin Pharmacol 2002; 42: 547–57.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Uses and Administration
Verteporfin is a photosensitiser used in photodynamic
therapy (see under Porfimer Sodium, p.764). It is used
to treat neovascular (wet) age-related macular degener-
ation (see below). After intravenous dosage vertepor-
fin accumulates preferentially in the endothelial cells
of actively growing blood vessels, including those in
the choroid. When activated by laser light it produces
local vascular occlusion and this inhibits neovasculari-
sation and reduces the decline in visual acuity. It is giv-
en by intravenous infusion over 10 minutes at a dose of
6 mg/m2. This is followed 15 minutes after the start of
the infusion by activation using a laser tuned to a wave-
length of 689 nanometres and delivered to the eye via
a fibre optic device and a slit lamp, together with a suit-
able contact lens. The recommended light dose is
50 J/cm2, given over 83 seconds. Therapy may be re-
peated every 3 months for recurrent choroidal neovas-
cular leakage. Verteporfin has also been investigated in
the photodynamic therapy of a variety of other disor-
ders including malignant neoplasms.
Age-related macular degeneration. Age-related macular
degeneration (AMD) is a degenerative disease usually occurring
in people over the age of 50 years.1-3 The central portion of the
retina (the macula) deteriorates2,4,5 and it is a major cause of se-
vere visual loss in people over 60 years old in North America and
Europe.4,6 There are two main types of AMD. 
• In geographic atrophy or non-neovascular or non-exudative

(dry) AMD, which occurs at an early stage of AMD, the retinal
pigment epithelium is lost completely in localised areas, caus-
ing a gradual loss of central vision in the affected eye(s). It is
characterised by retinal hypo- or hyperpigmentation, and yel-
low deposits of acellular amorphous debris beneath the retina,
called drusen. These are usually large, or soft (with indistinct
margins); small hard drusen occur naturally with ageing but,
unlike drusen in AMD, do not progress. 

• In neovascular or exudative (wet) AMD, new blood vessels
develop in the choroidal layer beneath the retina; leaks or
haemorrhage from these lead to macular oedema, retinal scar-
ring, and often acute, significant loss of vision.2,4,5,7-10 This
process of choroidal neovascularisation (CNV) is defined as
classic or occult according to its appearance on fluorescein an-
giography;2,5,9,11 the classic form is associated with more rapid
progression than the occult form.2,9 CNV lesions are also clas-
sified according to their location relative to the fovea.1,2,12 Al-
though the neovascular form accounts for only about 20% of
all cases of AMD, the risk of severe visual loss with this form
is much higher than with dry AMD.1,9 However, about 10 to
20% of patients with dry AMD can progress to the neovascu-
lar form,1,10 and both forms can occasionally co-exist in the
same patient.11 

Risk factors, besides older age, include a family history of the
disorder, the presence of a mutation in the complement factor H
(CFH) gene, smoking, white race, and increased body-mass in-
dex;3,8,13 female sex, atherosclerosis, dietary fat or fish intake,
alcohol or caffeine consumption, refractive error, iris colour, and
increased exposure to sunlight have also been proposed as risk
factors but have not consistently been related to development of
AMD.13 
There is currently no treatment that effectively prevents visual
loss or improves vision in all patients with AMD.14 
• Laser photocoagulation treatment is of proven efficacy for

neovascular AMD, especially for extrafoveal CNV; however,
rates of recurrence are high.1,6,8,13,14 

• Photodynamic therapy (see under Porfimer Sodium, p.764)
with verteporfin has been shown to decrease the risk of visual
loss in patients with neovascular AMD, including subfoveal
CNV.1,4,8,9,11,12,14-18 Systematic reviews have noted that al-
though photodynamic therapy with verteporfin is probably ef-
fective in preventing visual loss in those with classic and oc-
cult CNV due to AMD, the size of the effect remains in
doubt.5,19 Furthermore, the therapy can only be effective dur-
ing the proliferative stage of the disease while the neovascular
process is active.5 
In the UK, NICE guidelines considered the evidence to show
a larger treatment effect in patients with classic CNV, and rec-
ommend photodynamic therapy in those patients with neovas-
cular AMD with a confirmed diagnosis of classic, with no oc-
cult, subfoveal CNV.2 However, other guidelines20 on the use
of verteporfin recommend that verteporfin treatment be con-
sidered for patients with minimally classic subfoveal CNV
who have relatively small lesions, or where the proportion of
classic CNV is increasing. For those patients with occult CNV
and who are presumed to have recent disease progression,
verteporfin may be considered in those with smaller lesions or
lower levels of visual acuity; for those with large occult le-

sions, treatment may be considered if levels of visual acuity
are rapidly decreasing. Patients should be followed up at least
as often as every 3 months after initial therapy, and re-treated
if necessary.20 
While photodynamic therapy is considered to have minimal
adverse effects and a low complication rate, some have cau-
tioned that patients should be counselled that verteporfin ther-
apy rarely leads to an improvement in vision.21 

• Vascular endothelial growth factor (VEGF) plays a role in the
development of CNV secondary to AMD; pegaptanib and
ranibizumab are VEGF inhibitors used in the treatment of ne-
ovascular (wet) AMD.22-24 Systematic reviews25,26 of ran-
domised controlled studies of these drugs concluded that both
show benefit in slowing or stopping the progression of dis-
ease. Greater effect was seen with ranibizumab than with
pegaptanib, although head-to-head comparative studies are
needed to confirm this. Bevacizumab has also been tried, al-
though its use is controversial.6,22,27 Triamcinolone acetonide,
a corticosteroid that may also downregulate VEGF, has been
given intravitreally with variable results; combination treat-
ment with photodynamic therapy is under investigation.10,13,28 

• Angiogenesis inhibitors such as anecortave are under investi-
gation for neovascular AMD.3,10,13,14,28 Interferon alfa showed
encouraging preliminary results, but controlled data showed
no benefit.8,10,13 Thalidomide has been tried, but trials were
stopped due to adverse effects.10,13 

• Vitamin and mineral supplements may be of use in selected
patients; the AREDS trial found that antoxidants (vitamin C,
vitamin E, and betacarotene) plus zinc modestly benefited
those with moderate to severe signs of the disease.11,14 How-
ever, betacarotene should be avoided in smokers.3,6,10 The car-
otenoids, lutein and zeaxanthin, have been promoted as retinal
protectants, but controlled data are lacking.10,11,14,29 Some rec-
ommend that those at risk of AMD should be encouraged to
stop smoking and to consume a diet including vegetables, fish,
nuts, and to reduce consumption of fats especially vegetable
oil.7,29 A prospective cohort study found that a high dietary
intake of vitamin E and zinc, or an above-median intake of the
combination of vitamins C and E, betacarotene, and zinc were
associated with a lower risk of incident AMD.30 However,
systematic reviews31,32 have found no evidence to support the
role of antoxidant vitamin and mineral supplements in the pri-
mary prevention of AMD. 

• Retinal or macular surgery, and transpupillary thermotherapy
are under investigation.1,8,11,13,14,28 Radiotherapy has also been
tried with mixed results.10,13 Retinal transplantation is under
investigation.6,8,11,14 Gene silencing with bevasiranib, a short
interfering RNA (siRNA) therapeutic designed to turn off or
silence the gene that produces VEGF, is also under investiga-
tion for wet AMD.33
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Preparations
USP 31: Verteporfin for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Visudyne; Austral.: Visudyne; Austria: Visudyne; Belg.: Visudyne;
Braz.: Visudyne; Canad.: Visudyne; Chile: Visudyne; Cz.: Visudyne;
Denm.: Visudyne; Fin.: Visudyne; Fr.: Visudyne; Ger.: Visudyne; Gr.: Visu-
dine; Hong Kong: Visudyne; Hung.: Visudyne; Indon.: Visudyne; Israel:
Visudyne; Ital.: Visudyne; Jpn: Visudyne; Malaysia: Visudyne; Neth.: Vis-
udyne; Norw.: Visudyne; NZ: Visudyne; Philipp.: Visudyne; Pol.: Visud-
yne; Port.: Visudyne; Rus.: Visudyne (Визудин); S.Afr.: Visudyne; Singa-
pore: Visudyne; Spain: Visudyne; Swed.: Visudyne; Switz.: Visudyne;
Thai.: Visudyne; Turk.: Visudyne; UK: Visudyne; USA: Visudyne; Venez.:
Visudyne.

Vinblastine Sulfate (USAN, rINNM)

29060-LE; NSC-49842; Sulfato de Vimblastina; Sulfato de vin-
blastina; Vinblastiinisulfaatti; Vinblastin Sülfat; Vinblastine, sulfate
de; Vinblastine Sulphate (BANM); Vinblastini sulfas; Vinblastino sul-
fatas; Vinblastinsulfat; Vinblastin-sulfát; Vinblasztin-szulfát; Vinca-
leukoblastine Sulphate; VLB (vinblastine); Winblastyny siarczan.

Винбластина Сульфат
C46H58N4O9,H2SO4 = 909.1.
CAS — 865-21-4 (vinblastine); 143-67-9 (vinblastine sul-
fate).
ATC — L01CA01.
ATC Vet — QL01CA01.
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Description. Vinblastine sulfate is the sulfate of an alkaloid,
vincaleukoblastine, extracted from Catharanthus roseus (Vinca
rosea) (Apocynaceae).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Vinblastine Sulphate). A white or slightly yellow-
ish, very hygroscopic, crystalline powder. It loses not more than
15% of its weight on drying. Freely soluble in water; practically
insoluble in alcohol. A 0.15% solution in water has a pH of 3.5
to 5.0. Store at a temperature not exceeding −20° in airtight glass
containers. Protect from light. 
USP 31 (Vinblastine Sulfate). A white or slightly yellow, odour-
less, hygroscopic, amorphous or crystalline powder. It loses not
more than 15% of its weight on drying. Freely soluble in water.
A 0.15% solution in water has a pH of 3.5 to 5.0. Store at a tem-
perature between −25° and −10° in airtight containers. Protect
from light.

Stability. Between about 5 and 20% of active drug was lost
from solution when a solution of vinblastine sulfate
3 micrograms/mL in glucose 5% injection was stored for 48
hours in a range of intravenous burette giving sets, the highest
loss being from cellulose propionate sets and the lowest from one
made from methacrylate butadiene styrene.1 Similarly, storage in
PVC tubing led to a 42 to 44% loss from solution whereas only
about 6% was lost over the 48 hours in polybutadiene tubing.
The losses appeared to be due to drug sorption, and were there-
fore greater from the tubing which had a greater surface-area-to-
volume ratio than the burettes.
1. McElnay JC, et al. Stability of methotrexate and vinblastine in

burette administration sets. Int J Pharmaceutics 1988; 47:
239–47.

Adverse Effects, Treatment, and Precau-
tions
For general discussions, see Antineoplastics, p.635,
p.639, and p.641. 
Bone-marrow depression, especially leucopenia, is the
most common adverse effect with vinblastine and
tends to be dose-limiting. Maximum depression occurs
5 to 10 days after a dose with recovery in a further 7 to
14 days. Leucopenia may be more severe in patients
with cachexia or extensive skin ulceration: vinblastine
should not be used in elderly patients with these condi-
tions. Stomatitis and gastrointestinal bleeding may oc-
cur; nausea and vomiting respond to treatment with an-
tiemetics. 
The vinca alkaloids can produce central and peripheral
(including autonomic) neurotoxicity, although these
effects are less frequent with vinblastine. Symptoms
include malaise, weakness, headache, depression, par-
aesthesia and numbness, loss of deep tendon reflexes,
peripheral neuropathies, constipation and adynamic il-
eus, jaw pain, and convulsions. Damage to the eighth
cranial nerve may result in vestibular and auditory tox-
icity leading to dizziness, nystagmus, vertigo, and par-
tial or total deafness. A routine prophylactic regimen
against constipation is recommended in patients re-
ceiving high doses of vinblastine. Overdosage has
caused permanent damage to the CNS. Intrathecal use
of the vinca alkaloids is contra-indicated because of the
likelihood of fatal neurotoxicity (see Administration
Error, below). 
Other reported effects include skin reactions, alopecia,
ischaemic cardiac toxicity, hypertension, dyspnoea and
bronchospasm, and bone and tumour pain. A syn-
drome of inappropriate secretion of antidiuretic hor-
mone has occurred at high doses, and may be relieved
by fluid restriction and, if necessary, a suitable diuretic.
Rare cases of anaphylaxis and anaphylactoid-type re-
actions have been reported with the vinca alkaloids. 
Vinblastine is irritant to the skin and mucous mem-
branes and extravasation may cause necrosis, cellulitis,
and sloughing. The application of warmth and local in-
jection of hyaluronidase may be of benefit in relieving
the effects of extravasation. By analogy with its use in
the management of vincristine overdosage (see p.787),
folinic acid has been suggested for use in overdosage
with vinblastine. 

Vinblastine should not be injected into an extremity
with impaired circulation because of an increased risk
of thrombosis. It should be given with caution and at
reduced dosage to patients with hepatic impairment
(see under Uses, below).
Administration error. Intrathecal doses of vinca alkaloids,
including vinblastine, result in ascending paralysis and death.
For reference to the successful treatment of inadvertent intrathe-
cal dosage of vincristine, and UK guidelines on dilution of vinca
alkaloids to avoid intrathecal use, see p.787.
Handling and disposal. A method for the destruction of vinc-
ristine or vinblastine wastes using sulfuric acid and potassium
permanganate.1 Residues produced by degradation of either drug
by this method showed no mutagenicity in vitro. 
Urine and faeces produced for up to 4 and 7 days respectively
after a dose of vinblastine should be handled wearing protective
clothing.2
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73 Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Porphyria. Vinblastine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems, although there is conflicting evidence of por-
phyrinogenicity.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Use with drugs that inhibit cyto-
chromes of the CYP3A subfamily may result in de-
creased metabolism of vinblastine and increased
toxicity. For a report of the possible contribution of vin-
blastine to reduced plasma concentrations of pheny-
toin, see p.499.
Analgesics. A report of enhanced hepatotoxicity in patients
treated with interferon alfa and vinblastine who were given pa-
racetamol.1
1. Kellokumpu-Lehtinen P, et al. Hepatotoxicity of paracetamol in

combination with interferon and vinblastine. Lancet 1989; i:
1143.

Antibacterials. There is a report of severe vinblastine toxicity
in 3 patients who received vinblastine and ciclosporin with eryth-
romycin.1 Adverse effects resolved on stopping erythromycin
and recurred in 1 patient who was rechallenged with erythromy-
cin.
1. Tobe SW, et al. Vinblastine and erythromycin: an unrecognised

serious drug interaction. Cancer Chemother Pharmacol 1995;
35: 188–90.

Antineoplastics. Acute bronchospastic reactions after injec-
tion of a vinca alkaloid have been reported, usually in patients
who have also received mitomycin,1 and presenting as acute res-
piratory distress, cyanosis, and dyspnoea, often with the develop-
ment of pulmonary infiltrates and pneumonitis.2,3 A number of
fatalities due to respiratory complications have occurred. For re-
ports of vascular toxicity and Raynauds syndrome associated
with the use of vinca alkaloids with bleomycin and other drugs,
see Effects on the Cardiovascular System, p.636.
1. Dyke RW. Acute bronchospasm after a vinca alkaloid in patients

previously treated with mitomycin. N Engl J Med 1984; 310:
389. 

2. Konits PH, et al. Possible pulmonary toxicity secondary to vin-
blastine. Cancer 1982; 50: 2771–4. 

3. Ozols RF, et al. MVP (mitomycin, vinblastine, and progester-
one): a second-line regimen in ovarian cancer with a high inci-
dence of pulmonary toxicity. Cancer Treat Rep 1983; 67: 721–2.

Antivirals. Severe myelosuppression has occurred in patients
given relatively high doses of vinblastine with interferon alfa-n1. 
A patient who had been given vinblastine 6 mg/m2 every 3
weeks had severe gastrointestinal and haematological toxicity
and moderate renal failure when HAART with zidovudine, lami-
vudine, abacavir, nevirapine, and lopinavir with ritonavir was re-
introduced.1 The vinblastine dosage was eventually stabilised at
2 mg/m2 during HAART without toxicity.
1. Kotb R, et al. Life-threatening interaction between antiretroviral

therapy and vinblastine in HIV-associated multicentric Castle-
man’s disease. Eur J Haematol 2006; 76: 269–71.

Pharmacokinetics
Vinblastine is not reliably absorbed from the gastroin-
testinal tract. After intravenous use it is rapidly cleared
from the blood and distributed to tissues; it is reported
to be concentrated in blood platelets. It is extensively
protein bound. Vinblastine is metabolised in the liver,
by cytochrome P450 isoenzymes of the CYP3A sub-
family, to an active metabolite desacetylvinblastine,
and is excreted in faeces via the bile, and in urine; some
is excreted as unchanged drug. The terminal half-life is

reported to be about 25 hours. It does not cross the
blood-brain barrier in significant amounts.
◊ References.
1. Levêque D, Jehl F. Molecular pharmacokinetics of catharanthus

(vinca) alkaloids. J Clin Pharmacol 2007; 47: 579–88.

Uses and Administration
Vinblastine sulfate is an antineoplastic agent that ap-
parently acts by binding to the microtubular proteins of
the spindle and arresting mitosis at the metaphase; it is
thus specific for the M phase of the cell cycle. It also
interferes with glutamate metabolism and possibly nu-
cleic acid synthesis, and has some immunosuppressant
activity. Significant cross-resistance with vincristine
has not been reported although pleiotropic resistance
may occur. 
Vinblastine sulfate is used, usually with other antineo-
plastics, in the treatment of Hodgkin’s disease and oth-
er lymphomas, for some inoperable malignant neo-
plasms including those of the breast, bladder, and
kidney, and in non-small cell lung cancer, choriocarci-
noma, and Kaposi’s sarcoma; vinblastine has also been
employed in the management of Langerhans-cell histi-
ocytosis. It was formerly used with bleomycin and cis-
platin (PVB) for testicular cancer, but other regimens
are now preferred. The management of these condi-
tions is discussed under Choice of Antineoplastic, as
indicated by the cross-references given below. 
Vinblastine sulfate may be given by intravenous injec-
tion as a solution containing 1 mg/mL in sodium chlo-
ride 0.9%. However, UK guidelines recommend that
for patients over the age of 10 years, solutions of vin-
blastine should generally be diluted to a volume of at
least 20 mL to avoid inadvertent intrathecal use; higher
concentrations can be used for children under 10 years
of age. Care should be taken to avoid extravasation and
the intravenous injection may be given into a freely
running infusion of sodium chloride injection if pre-
ferred. The usual dose is about 6 mg/m2, not more of-
ten than every 7 days, although doses starting at
3.7 mg/m2 and increasing to 18.5 mg/m2 have been
given as a single agent. If a maintenance dose is re-
quired, it may be given every 7 days provided white
cell counts permit (see below), and should be the max-
imum dose that the patient is able to tolerate without
serious leucopenia occurring. 
Children may be given vinblastine sulfate in a usual
maximum weekly dose of 7.5 mg/m2. Doses of up to
12.5 mg/m2 weekly as a single agent have been given. 
White cell counts should be made before each injection
and some sources suggest a repeat dose should not be
given unless the count has risen to at least
4000 cells/mm3 (but see also Bone-marrow Depres-
sion, p.639). A dosage reduction is advised in patients
with hepatic impairment (see below).
Administration in hepatic impairment. UK licensed prod-
uct information recommends that the dose of vinblastine be re-
duced by 50% in patients having a serum bilirubin value above
3 mg per 100 mL.

Blood disorders, non-malignant. The vinca alkaloids vin-
blastine and vincristine have been used experimentally in the
treatment of auto-immune blood disorders such as idiopathic
thrombocytopenic purpura (p.1505). There are also reports of the
haemolytic-uraemic syndrome/thrombotic thrombocytopenic
purpura responding to treatment with intravenous injection of
vincristine.1-3 For further details on the treatment of thrombotic
microangiopathies, see under Plasma, p.1076. Vincristine has
been given with normal immunoglobulin in the management of
a patient with life-threatening thrombocytopenia due to sarcoido-
sis.4 Vincristine has also been used for life-threatening haeman-
gioma (p.1505).
1. Gutterman LA, et al. The hemolytic-uremic syndrome: recovery

after treatment with vincristine. Ann Intern Med 1983; 98:
612–13. 

2. Ferrara F, et al. Vincristine as salvage treatment for refractory
thrombotic thrombocytopenic purpura. Ann Hematol 1999; 78:
521–3. 

3. Ferrara F, et al. Vincristine as treatment for recurrent episodes of
thrombotic thrombocytopenic purpura. Ann Hematol 2002; 81:
7–10. 

4. Larner AJ. Life threatening thrombocytopenia in sarcoidosis.
BMJ 1990; 300: 317–19.
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Histiocytic syndromes. The value of systemic chemotherapy
in patients with Langerhans-cell histiocytosis (p.650) is uncer-
tain; however, it is certainly widely used in extensive disease,
vinblastine being one of the drugs often employed.1,2

1. The French Langerhans’ Cell Histiocytosis Study Group. A mul-
ticentre retrospective survey of Langerhans’ cell histiocytosis:
348 cases observed between 1983 and 1993. Arch Dis Child
1996; 75: 17–24. 

2. Gadner H, et al. A randomized trial of treatment for multisystem
Langerhans’ cell histiocytosis. J Pediatr 2001; 138: 728–34.
Correction. ibid.; 139: 170.

Malignant neoplasms. Vinblastine plays an important role in
the ABVD regimen in patients with Hodgkin’s disease (p.655).
It also formed part of the effective, if toxic, PVB regimen used to
treat germ cell (ovarian or testicular) cancer, p.670 and p.673 re-
spectively, although other regimens tend now to be preferred.
The vinca alkaloids are also active in gestational trophoblastic
tumours (p.650), and vinblastine is also used in the therapy of
invasive bladder cancer (p.659); it may be used in the adjuvant
or palliative treatment of non-small-cell lung cancer (p.668) and
in the palliative care of advanced breast cancer (p.661) and my-
cosis fungoides (p.657). It has been used in malignancies of the
kidney (p.667). Vinca alkaloids are also used to treat Kaposi’s
sarcoma (p.675).

Preparations
BP 2008: Vinblastine Injection; 
USP 31: Vinblastine Sulfate for Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Blastovin; Velbe†; Xintoprost†; Austral.: Velbe; Austria: Velbe; Belg.:
Velbe; Vinblasin; Braz.: Rabinefil†; Velban†; Chile: Lemblastine; Velbe†;
Denm.: Velbe; Fin.: Velbe†; Fr.: Velbe; Ger.: Cellblastin†; Velbe†; Gr.:
Velbe; Hong Kong: Velbe†; India: Cytoblastin; Israel: Blastovin; Ital.:
Velbe; Mex.: Ifabla†; Lemblastine; Velbe†; Neth.: Blastivin; Velbe; Norw.:
Velbe; Philipp.: Velbastine; Port.: Solblastin; Velbe†; Swed.: Velbe; Switz.:
Velbe; UK: Velbe; USA: Velban; Venez.: Velbe†.

Vincristine Sulfate (USAN, rINNM)

Compound 37231; Leurocristine Sulphate; NSC-67574; 22-Ox-
ovincaleukoblastine Sulphate; Sulfato de vincristina; Vincristine,
sulfate de; Vincristine Sulphate (BANM); Vincristini sulfas; Vinkristi-
inisulfaatti; Vinkristin Sülfat; Vinkristino sulfatas; Vinkristinsulfat;
Vinkristin-sulfát; Vinkrisztin-szulfát; Winkrystyny siarczan.
Винкристина Сульфат
C46H56N4O10,H2SO4 = 923.0.
CAS — 57-22-7 (vincristine); 2068-78-2 (vincr istine sul-
fate).
ATC — L01CA02.
ATC Vet — QL01CA02.

(vincr istine)

Description. Vincristine sulfate is the sulfate of an alkaloid, 22-
oxovincaleukoblastine, obtained from Catharanthus roseus
(Vinca rosea) (Apocynaceae).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Vincristine Sulphate). A white or slightly yellow-
ish, very hygroscopic, crystalline powder. It loses not more than
12% of its weight on drying. Freely soluble in water; slightly sol-
uble in alcohol. A 0.1% solution in water has a pH of 3.5 to 4.5.
Store at a temperature not exceeding −20° in airtight glass con-
tainers. Protect from light. 
USP 31 (Vincristine Sulfate). A white to slightly yellow, odour-
less, hygroscopic, amorphous or crystalline powder. It loses not
more than 12% of its weight on drying. Freely soluble in water;
slightly soluble in alcohol; soluble in methyl alcohol. A 0.1% so-
lution in water has a pH of 3.5 to 4.5. Store at a temperature be-
tween −25° and −20° in airtight containers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Vinblastine Sulfate, p.786. 

Bone-marrow depression occurs less commonly than
with vinblastine but neurological and neuromuscular
effects are more severe with vincristine and are dose-
limiting. Walking may be impaired and the neurologi-
cal effects may not be reversed for several months after
the drug is stopped. Convulsions, often with hyperten-
sion, have occurred. Constipation is common and there
may be abdominal pain. Urinary disturbances have oc-
curred and alopecia is frequent. 
Folinic acid has been given for the treatment of over-
dosage: suggested doses are as much as 100 mg of fo-
linic acid intravenously every 3 hours for 24 hours,
then every 6 hours for at least 48 hours. However, this
is unlikely to be of benefit in reversing neuromuscular
toxicity. For mention of the use of glutamic acid in
managing the usually fatal consequences of inadvert-
ent intrathecal dosage, see below. 
Because severe constipation and impaction of faeces
often occur with vincristine, laxatives or enemas may
be necessary to ensure regular bowel function. Vincris-
tine should be given with caution to patients with pre-
existing neuromuscular disease and is contra-indicated
in patients with the demyelinating form of Charcot-
Marie-Tooth syndrome (see under Effects on the Nerv-
ous System, below). Doses may need to be adjusted in
patients with hepatic impairment. Care should also be
taken in elderly patients, who may be more susceptible
to neurotoxicity.
Administration error. Inadvertent intrathecal doses of vinc-
ristine result in ascending paralysis and death.1,2 However, in
one case1 treatment immediately after the error, and consisting of
removal of contaminated spinal fluid and flushing with lactated
Ringer’s solution and fresh frozen plasma diluted in lactated
Ringer’s solution, plus intravenous and oral glutamic acid, was
reported successful in stabilising neurological dysfunction and
preventing death. A similar case of successful treatment has sub-
sequently been reported,3 in which immediate CSF aspiration
and irrigation (with lactated Ringer’s solution containing fresh
frozen plasma to bind vincristine) for 6 days was combined with
intravenous folate, glutamic acid, and pyridoxine. The role of
neuroprotectant drugs in these cases is uncertain, although a
study involving 84 patients found that glutamic acid 1.5 g daily
given orally in divided doses during a 6-week induction chemo-
therapy course decreased vincristine-induced neurotoxicity.4
One manufacturer (Lilly) has stated that the roles of glutamic ac-
id, folinic acid, and pyridoxine remain unclear. 
While early recognition and immediate treatment with cerebros-
pinal fluid drainage and exchange may improve survival,5 fatal-
ities still occur despite these measures.5,6 Recommendations2,6

have been made in order to prevent further errors occurring, in-
cluding restrictions on the prescription, administration, and stor-
age of intrathecal drugs. In the UK, recommendations state that
vinca alkaloids for intravenous use in adults or children over 10
years should be diluted to a maximum concentration of
100 micrograms/mL (vincristine) or a volume of at least 20 mL
(vinblastine, vindesine, or vinorelbine) and labelled with a clear
warning of the consequences of use by other routes. Higher con-
centrations may be used in children under 10 years, and in certain
specialised centres.2
1. Dyke RW. Treatment of inadvertent intrathecal injection of vin-

cristine. N Engl J Med 1989; 321: 1270–1. 
2. Department of Health. Updated national guidance on the safe ad-

ministration of intrathecal chemotherapy (HSC 2003/010, 2 Oc-
tober 2003). Available at: http://www.dh.gov.uk/assetRoot/04/
06/43/17/04064317.pdf (accessed 01/07/04) 

3. Qweider M, et al. Inadvertent intrathecal vincristine administra-
tion: a neurosurgical emergency. Case report. J Neurosurg Spine
2007; 6: 280–3. 

4. Jackson DV, et al. Amelioration of vincristine neurotoxicity by
glutamic acid. Am J Med 1988; 84: 1016–22. 

5. Alcaraz A, et al. Intrathecal vincristine: fatal myeloencephalop-
athy despite cerebrospinal fluid perfusion. J Toxicol Clin Toxicol
2002; 40: 557–61. 

6. Fernandez CV, et al. Intrathecal vincristine: an analysis of rea-
sons for recurrent fatal chemotherapeutic error with recommen-
dations for prevention. J Pediatr Hematol Oncol 1998; 20:
587–90.

Effects on the nervous system. In its most typical form, vin-
cristine neurotoxicity1 manifests as a mixed sensorimotor neu-
ropathy of the distal type. The earliest symptoms are sensory
changes in the form of paraesthesias, accompanied by impair-
ment and ultimately loss of deep tendon reflexes. In more severe
forms, impairment of motor function occurs with wrist drop and
foot drop, ataxia and gait abnormalities, and occasionally pro-
gressive quadriparesis. 
In contrast to these peripheral neuropathies, which are usually
associated with long-term usage, there may be short-term auto-
nomic neuropathy resulting in constipation and occasionally il-
eus, abdominal pain, atony of the urinary bladder (which may
lead to urinary retention), orthostatic hypotension, and rarely, im-
potence. Effects on the cranial nerves may result in ptosis,

hoarseness (due to laryngeal nerve paralysis), or optic neuropa-
thies. Effects on the CNS are rare, probably in part because of
poor penetration into CSF, but include excessive release of anti-
diuretic hormone and consequent hyponatraemia. 
Hallucinations have occurred2 and effects on the special senses
have been reported: both bilateral optic atrophy and blindness,3
and profound neurological deafness (which was largely reversi-
ble on drug withdrawal)4 have occurred. Convulsions associated
with hypertension are another feature of vincristine toxicity.5 
Toxicity is related to both the cumulative and the individual
dose.1 It usually begins in adults after receiving a total of 5 to
6 mg, and is significant by the time a cumulative dose of 15 to
20 mg is reached. If individual doses are low (less than 2 mg) or
intervals between doses are longer than the usual week, patients
can tolerate higher cumulative doses. Children tolerate vincris-
tine better than adults, but the elderly are particularly prone to
neurotoxicity. Patients with existing neurological disorders such
as poliomyelitis or the Charcot-Marie-Tooth syndrome may be at
increased risk of neurotoxicity.6-9 It has been suggested that in-
creased neurotoxicity may be associated with the use of ready-to-
use solutions rather than reconstituted lyophilised preparations
but this has not been proved.10-14 
There is no good treatment for the effects of vincristine on the
nervous system: symptoms are largely reversible once dosage is
interrupted, and should be managed with appropriate sympto-
matic care.1 However, there is some suggestion that glutamic
acid may be of benefit in treating neurotoxicity—see Adminis-
tration Error, above. For the use of dinoprost to alleviate ileus
induced by vinca alkaloids, see p.2007.
1. Legha SS. Vincristine neurotoxicity: pathophysiology and man-

agement. Med Toxicol 1986; 1: 421–7. 
2. Holland JF, et al. Vincristine treatment of advanced cancer: a

cooperative study of 392 cases. Cancer Res 1973; 33: 1258–64. 
3. Awidi AS. Blindness and vincristine. Ann Intern Med 1980; 93:

781. 
4. Yousif H, et al. Partially reversible nerve deafness due to vinc-

ristine. Postgrad Med J 1990; 66: 688–9. 
5. Ito S, et al. Seizures and hypertension complicating vincristine

therapy in children. Clin Pharmacol Ther 1995; 57: 208. 
6. Hogan-Dann CM, et al. Polyneuropathy following vincristine

therapy in two patients with Charcot-Marie-Tooth syndrome.
JAMA 1984; 252: 2862–3. 

7. Miller BR. Neurotoxicity and vincristine. JAMA 1985; 253:
2045. 

8. Chauncey TR, et al. Vincristine neurotoxicity. JAMA 1985; 254:
507. 

9. Griffiths JD, et al. Vincristine neurotoxicity in Charcot-Marie-
Tooth syndrome. Med J Aust 1985; 143: 305–6. 

10. Arnold AM, et al. Acute vincristine neurotoxicity. Lancet 1985;
i: 346. 

11. Jalihal S, Roebuck N. Acute vincristine neurotoxicity. Lancet
1985; i: 637. 

12. Davies CE, et al. Acute vincristine neurotoxicity. Lancet 1985;
i: 637–8. 

13. Warrier RP, Ducos R. Acute vincristine neurotoxicity. Lancet
1985; i: 980. 

14. Gennery BA. Vincristine neurotoxicity. Lancet 1985; ii: 385.
Handling and disposal. For a method for the destruction of
vincristine wastes, see under Vinblastine Sulfate, p.786. 
Urine and faeces produced for up to 4 and 7 days respectively
after a dose of vincristine should be handled wearing protective
clothing.1
1. Harris J, Dodds LJ. Handling waste from patients receiving cy-

totoxic drugs. Pharm J 1985; 235: 289–91.

Porphyria. Vincristine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems, although there is conflicting evidence of por-
phyrinogenicity.

Interactions
For a general outline of antineoplastic drug interac-
tions, see p.642. Use of vincristine with drugs that in-
hibit cytochromes of the CYP3A subfamily may result
in decreased metabolism of vincristine and increased
toxicity. If vincristine is used with asparaginase it
should be given 12 to 24 hours before the enzyme: giv-
ing asparaginase with or before vincristine may reduce
vincristine clearance and increase toxicity. For reports
of vascular toxicity and Raynaud’s syndrome associat-
ed with the use of vinca alkaloids with bleomycin and
other drugs see Effects on the Cardiovascular System,
p.636.
Antibacterials. Severe neurotoxicity has occurred when isoni-
azid was added to the regimen of a patient receiving vincristine.1
1. Carrión C, et al. Possible vincristine-isoniazid interaction. Ann

Pharmacother 1995; 29: 201.

Antiepileptics. A pharmacokinetic study showed that systemic
clearance of vincristine was 63% higher when it was given with
phenytoin or carbamazepine, two inducers of the cytochrome
P450 isoenzyme CYP3A4. The clinical significance of this find-
ing is unknown.1
1. Villikka K, et al. Cytochrome P450-inducing antiepileptics in-

crease the clearance of vincristine in patients with brain tumours.
Clin Pharmacol Ther 1999; 66: 589–93.

Antifungals. Toxicity has been reported to be increased in chil-
dren who received itraconazole with or without nifedipine dur-
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ing treatment involving vincristine.1-4 Itraconazole is presumed
to potentiate the toxicity of vincristine either by inhibition of cy-
tochrome P450 isoenzymes, thus reducing the clearance of vinc-
ristine,1-4 or by inhibiting the P-glycoprotein efflux pump,2,3 and
increasing intracellular concentrations of vincristine. Nifedipine
also decreases the clearance of vincristine, by similar mecha-
nisms,1,3,4 and can theoretically further potentiate toxicity.
1. Murphy JA, et al. Vincristine toxicity in five children with acute

lymphoblastic leukaemia. Lancet 1995; 346: 443. 
2. Jeng MR, Feusner J. Itraconazole-enhanced vincristine neuro-

toxicity in a child with acute lymphoblastic leukemia. Pediatr
Hematol Oncol 2001; 18: 137–42. 

3. Sathiapalan RK, El-Solh H. Enhanced vincristine neurotoxicity
from drug interactions: case report and review of literature. Pedi-
atr Hematol Oncol 2001; 18: 543–6. 

4. Kamaluddin M, et al. Potentiation of vincristine toxicity by itra-
conazole in children with lymphoid malignancies. Acta Paediatr
2001; 90: 1204–7.

Nifedipine. Vincristine toxicity may be potentiated by nifed-
ipine, see Antifungals, above.

Pharmacokinetics
Vincristine is not reliably absorbed from the gastroin-
testinal tract. After intravenous injection it disappears
rapidly from the blood. It is extensively protein bound
and is reported to be concentrated in blood platelets. It
is metabolised in the liver and excreted primarily in the
bile; about 70 to 80% of a dose is found in faeces, as
unchanged drug and metabolites, while 10 to 20% ap-
pears in the urine. The terminal half-life is reported to
be about 85 hours but may range from about 19 to 155
hours. Vincristine does not appear to cross the blood-
brain barrier in significant amounts.

Uses and Administration
Vincristine is an antineoplastic agent that may act sim-
ilarly to vinblastine (p.786) by arresting mitosis at the
metaphase. Significant cross-resistance with vinblast-
ine has not been reported although pleiotropic resist-
ance may occur. 
Vincristine sulfate is used mainly in combination
chemotherapy regimens for acute and chronic leukae-
mias, lymphomas, including Hodgkin’s disease and
non-Hodgkin’s lymphomas, and multiple myeloma. It
is also used for tumours of the breast, lung, head and
neck, and soft-tissue sarcomas, as well as for paediatric
solid tumours including Ewing’s sarcoma, rhabdomy-
osarcoma, neuroblastoma, Wilms’ tumour, retinoblast-
oma, and medulloblastoma. Vincristine has also been
used in idiopathic thrombocytopenic purpura refracto-
ry to other agents. See also the cross-references given
below. 
Vincristine sulfate is given by intravenous injection. It
has been given as a solution containing 1 mg/mL.
However, UK guidelines recommend that for patients
over the age of 10 years, solutions of vincristine should
generally be diluted to a maximum concentration of
100 micrograms/mL and to a volume of at least 10 mL,
to avoid inadvertent intrathecal use; higher concentra-
tions can be used for children under 10 years of age.
Care should be taken to avoid extravasation and the in-
jection may be given over 1 minute into a freely-run-
ning intravenous infusion (usually sodium chloride
0.9%) if preferred. 
The usual adult intravenous dose of vincristine sulfate
is 1.4 to 1.5 mg/m2 once weekly, up to a maximum
weekly dose of 2 mg (see also Administration, below).
For children weighing over 10 kg, the suggested dose
is 1.4 to 2 mg/m2 once weekly, up to a maximum
weekly dose of 2 mg. For those weighing less than
10 kg, the suggested initial dose is 50 micrograms/kg,
once weekly. 
Blood counts should be carried out before giving each
dose. Dosage reduction is recommended in patients
with hepatic impairment (see below). 
A liposomal formulation of vincristine is under inves-
tigation for the treatment of acute lymphoblastic leu-
kaemia.
Action. Results in vitro suggested1 a selective action of vincris-
tine against lymphocytes of patients with chronic lymphocytic
leukaemia; lymphocytes of healthy subjects were not so affected.
A further study2 confirmed these findings, and also found
marked variation in vincristine susceptibility among individual

chronic lymphocytic leukaemic cells. This suggests that vincris-
tine may have effects other than arrest of mitosis.
1. Vilpo J, Vilpo L. Selective toxicity of vincristine against chronic

lymphocytic leukaemia in vitro. Lancet 1996; 347: 1491–2. 
2. Vilpo JA, et al. Selective toxicity of vincristine against chronic

lymphocytic leukemia cells in vitro. Eur J Haematol 2000; 65:
370–8.

Administration. Although a maximum single dose of 2 mg is
recommended for vincristine sulfate to reduce neurotoxicity, a
review1 has suggested that this guideline is overly rigid, since it
does not take into account interindividual variations in pharma-
cokinetics and susceptibility to toxicity, which may be consider-
able. Furthermore the authors considered the evidence for effec-
tiveness of this dosage limitation to be equivocal. They
suggested beginning therapy at 1.4 mg/m2 and adjusting subse-
quent doses according to toxicity. 
For UK recommendations on dilution of intravenous vinca alka-
loids see Administration Error, under Adverse Effects, above.
1. McCune JS, Lindley C. Appropriateness of maximum-dose

guidelines for vincristine. Am J Health-Syst Pharm 1997; 54:
1755–8.

Administration in hepatic impairment. Licensed product
information states that the dose of vincristine should be reduced
by 50% in patients having a serum bilirubin value above 3 mg
per 100 mL (51 micromoles/litre).

Amyloidosis. For mention of regimens including vincristine
used in the management of amyloidosis, see p.743.

Blood disorders, non-malignant. Vincristine may be em-
ployed in the treatment of various auto-immune blood disorders,
see under Vinblastine, p.786.

Malignant neoplasms. Vincristine is widely used in the treat-
ment of malignant neoplasms. It is a fundamental part of poten-
tially curative regimens for acute lymphoblastic leukaemia,
Hodgkin’s disease and aggressive non-Hodgkins lymphomas
(see p.651, p.655 and p.656). It has also been used in chronic
lymphocytic leukaemia (p.653) and in other non-Hodgkin’s lym-
phomas including AIDS-related lymphoma (p.657), Burkitt’s
lymphoma (p.657) and mycosis fungoides (p.657). Other hae-
matological malignancies in which it may be tried include multi-
ple myeloma (p.658). Among the solid neoplasms, vincristine is
used in regimens to treat gestational trophoblastic tumours
(p.650), tumours of the brain (p.660), head and neck (p.666),
Wilms’ tumour (p.667), small-cell lung cancer (p.668), and thy-
moma (p.674). It is also employed in regimens for neuroblasto-
ma (p.674), retinoblastoma (p.675), and some sarcomas includ-
ing  sarcomas  of  bone ,  Kapos i’s  sa rcoma,  and
rhabdomyosarcoma (see p.675, p.675, and p.676).

Preparations
BP 2008: Vincristine Injection; 
USP 31: Vincristine Sulfate for Injection; Vincristine Sulfate Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Vinces; Austral.: Oncovin; Austria: Oncovin; Belg.: Oncovin; Vinc-
risin; Braz.: Biocrist†; Oncovin†; Tecnocris; Vincizina; Vincrifil†; Vincristex†;
Vinracine†; Chile: Citomid; Oncovin†; Cz.: Citomid†; Denm.: Oncovin;
Fin.: Oncovin†; Fr.: Oncovin; Ger.: Cellcristin; Farmistin†; Onkocristin; Gr.:
Oncovin; India: Biocristine; Cytocristin; Neocristin; Malaysia: Vinracine;
Mex.: Citomid; Ifavin†; Oncovin; Vinblax†; Vincasar†; Vintec; Norw.: On-
covin†; Philipp.: Alcavixin; Nevexitin; Port.: Faulcris†; Oncovin†; Rus.:
Citomid (Цитомид)†; S.Afr.: Oncovin†; Spain: Vincrisul; Swed.: Oncovin;
Switz.: Oncovin; Thai.: Citomid; UK: Oncovin; USA: Oncovin; Vincasar
PFS; Venez.: Oncovin†.

Vindesine Sulfate (USAN, rINNM)

Compound 112531 (vindesine); Desacetyl Vinblastine Amide
Sulfate; LY-099094; NSC-245467 (vindesine or vindesine sulfate);
Sulfato de vindesina; Vindesiinisulfaatti; Vindésine, sulfate de;
Vindesine Sulphate (BANM); Vindesini sulfas; Vindesinsulfat;
Vindesin-sulfát; Vindezino sulfatas; Vindezin-szulfát. 3-Car-
bamoyl-4-O-deacetyl-3-de(methoxycarbonyl)vincaleukoblastine
sulfate.

Виндезина Сульфат

C43H55N5O7,H2SO4 = 852.0.

CAS — 53643-48-4 (vindesine); 59917-39-4 (vindesine
sulfate).

ATC — L01CA03.

ATC Vet — QL01CA03.

(vindesine)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Vindesine Sulphate). A white or almost white, hy-
groscopic, amorphous substance. Freely soluble in water and in
methyl alcohol; practically insoluble in cyclohexane. The pH of
a 0.5% solution in water is 3.5 to 5.5. Store in airtight polypro-
pylene containers with a polypropylene cap, at a temperature not
exceeding −50°.

Adverse Effects, Treatment, and Precau-
tions
As for Vinblastine Sulfate, p.786. 
The main dose-limiting effect of vindesine is granulo-
cytopenia, with the nadir of the white cell count usually
occurring 3 to 5 days after a dose and recovery after a
further 4 to 5 days. Although neurotoxicity occurs it
may be less severe than that seen with vincristine (see
p.787). Alopecia is the most common adverse effect. 
Folinic acid has been suggested for the treatment of
overdosage by analogy with vincristine. 
Vindesine should not be given by the intrathecal route,
as this may produce fatal toxicity. Care should be taken
if acute abdominal pain occurs: further doses may re-
sult in paralytic ileus.
Administration error. Inadvertent intrathecal doses of vinca
alkaloids result in ascending paralysis and death. In a 10-year-
old child accidentally given an intrathecal injection of vindesine,
treatment with folinic acid and dexamethasone produced tran-
sient recovery but symptoms subsequently recurred and the pa-
tient died of progressive ascending paralysis.1 The CNS showed
changes at necropsy similar to those seen after intrathecal vinc-
ristine. Other fatal cases2 have subsequently been reported. For
reference to the successful treatment of inadvertent intrathecal
dosage of vincristine, and UK recommendations on dilution of
vinca alkaloids to avoid intrathecal use, see p.787.
1. Robbins G. Accidental intrathecal injection of vindesine. BMJ

1985; 291: 1094. 
2. Nisse P, et al. Administration accidentelle intrathécale de vindé-

sine: à propos de 2 cas mortels. Therapie 2007; 62: 360–1.

Interactions
As for Vinblastine Sulfate, p.786.

Pharmacokinetics
The pharmacokinetics of vindesine are similar to those
of the other vinca alkaloids. After intravenous doses
elimination from the blood is triphasic; the drug is rap-
idly distributed to body tissues. The terminal half-life
is reported to be about 20 hours. It is metabolised pri-
marily in the liver and excreted in bile and urine.

Uses and Administration
Vindesine sulfate is an antineoplastic agent derived
from vinblastine (see p.785); like the other vinca alka-
loids it causes mitotic arrest in metaphase by binding to
microtubular protein. It is used in the treatment of re-
fractory acute lymphoblastic or chronic myeloid leu-
kaemias, and malignant melanoma. It has also been
tried in malignant neoplasms of the breast, and lung.
See also the cross references given below. 
Vindesine sulfate is given weekly by intravenous injec-
tion. It may be given as a solution containing 1 mg/mL
in sodium chloride injection 0.9%. However, UK
guidelines recommend that for patients over the age of
10 years, solutions of vindesine should generally be di-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

luted to a volume of at least 20 mL to avoid inadvertent
intrathecal use; higher concentrations can be used for
children under 10 years of age. Care should be taken to
avoid extravasation and it may be given into a fast-run-
ning infusion of sodium chloride, glucose 5%, or glu-
cose-saline injection. The usual starting dose for adults
is 3 mg/m2 which may be raised by increments of
500 micrograms/m2 weekly providing that the granu-
locyte and platelet counts do not fall below acceptable
levels (see also Bone-marrow Depression, p.639), and
acute abdominal pain is not experienced; weekly doses
are usually between 3 and 4 mg/m2. Children may be
given 4 mg/m2 initially, with weekly doses usually
ranging between 4 and 5 mg/m2. An alternative regi-
men for children with leukaemia is 2 mg/m2 daily for 2
consecutive days, repeated after an interval of 5 to 7
days. Blood counts should be made before each injec-
tion. It may be necessary to reduce initial doses in pa-
tients with significantly impaired hepatic function.
Malignant neoplasms. Vindesine has been tried in refractory
metastatic melanoma (p.673), childhood acute lymphoblastic
leukaemia (p.651), chronic myeloid leukaemia in blastic crisis
(p.653), and neuroblastoma (p.674). It is also under investigation
in lung cancer, particularly non-small cell lung cancer (p.668)
and responses have been reported in advanced breast cancer
(p.661).

Preparations
BP 2008: Vindesine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Eldisine†; Austral.: Eldisine†; Austria: Eldisin; Belg.: Eldisine; Cz.: Eld-
isine†; Fin.: Eldisine†; Fr.: Eldisine; Ger.: Eldisine; Gr.: Eldisine; Enison; Gesi-
dine; Irl.: Eldisine; Ital.: Eldisine; Neth.: Eldisine; Port.: Gesidine; S.Afr.:
Eldisine†; Spain: Enison; Swed.: Eldisine; Switz.: Eldisine; UK: Eldisine.

Vinflunine (rINN)

F-12158; F-13840; L-0070; Vinflunina; Vinfluninum. 4′-Deoxy-
20′,20′-difluoro-8′-norvincaleukoblastine.

Винфлунин
C45H54F2N4O8 = 816.9.
CAS — 162652-95-1 (vinflunine); 194468-36-5 (vinflu-
nine tartrate).

Profile
Vinflunine is a vinca alkaloid derived from vinorelbine (p.789)
that is under investigation for the treatment of bladder cancer and
non-small cell lung cancer.

Vinorelbine Tartrate (BANM, USAN, rINNM)

5′-Nor-anhydrovinblastine Tartrate; Tartrato de vinorelbina;
Vinorelbiinitartraatti; Vinorelbin Bitartrat; Vinorelbin-ditartarát;
Vinorelbine Ditartrate; Vinorelbine, tartrate de; Vinorelbini
Ditartras; Vinorelbini tartras; Vinorelbino tartratas; Vinorel-
bintartrat. 3′,4′-Didehydro-4′-deoxy-8′-norvincaleukoblastine
ditartrate.

Винорелбина Тартрат
C45H54N4O8,2C4H6O6 = 1079.1.

CAS — 71486-22-1 (vinorelbine); 125317-39-7 (vinorel-
bine tartrate).
ATC — L01CA04.
ATC Vet — QL01CA04.

(vinorelbine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Vinorelbine Tartrate). A white or almost white, hy-
groscopic powder. Freely soluble in water and in methyl alcohol;
practically insoluble in hexane. A 1.4% solution in water has a
pH of 3.3 to 3.8. Store under an inert gas at a temperature not ex-
ceeding −15°. Protect from light. 
USP 31 (Vinorelbine Tartrate). A white to yellow or light brown
amorphous powder. Freely soluble in water. pH of a 1% solution
in water is between 3.3 and 3.8. Store at a temperature between
−25° and −10° in airtight containers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Vinblastine Sulfate, p.786. The main dose-lim-
iting effect of vinorelbine is granulocytopenia. The na-
dir of the granulocyte count occurs 5 to 10 days after a
dose, with recovery usually after a further 7 to 14 days.
The drug should be stopped if moderate or severe neu-
rotoxicity develops. Local pain and thrombophlebitis
may be seen with repeated injection of vinorelbine.
Gastrointestinal effects such as nausea and vomiting
are common with the oral formulation.
Administration error. Inadvertent intrathecal doses of vinca
alkaloids result in ascending paralysis and death. For reference
to the successful treatment of inadvertent intrathecal dosage of
vincristine, and UK recommendations on dilution of vinca alka-
loids to avoid intrathecal use, see p.787.
Effects on the gastrointestinal tract. For reference to a re-
port of vinorelbine possibly exacerbating ischaemic colitis in pa-
tients receiving docetaxel, see p.711.

Interactions
As for Vinblastine Sulfate, p.786.

Pharmacokinetics
As with the other vinca alkaloids, vinorelbine exhibits
triphasic pharmacokinetics after intravenous injection,
and has a terminal half-life of between about 28 and 44
hours. It is rapidly absorbed from the gastrointestinal
tract with peak plasma concentrations achieved be-
tween 1.5 and 3 hours after oral doses. It is metabolised
in the liver; deacetylvinorelbine has antineoplastic ac-
tivity. Vinorelbine and its metabolites are excreted pri-
marily in faeces via the bile but also in urine.
◊ References.
1. Levêque D, Jehl F. Clinical pharmacokinetics of vinorelbine.

Clin Pharmacokinet 1996; 31: 184–97. 
2. Marty M, et al. Oral vinorelbine pharmacokinetics and absolute

bioavailability study in patients with solid tumors. Ann Oncol
2001; 12: 1643–9. 

3. Bugat R, et al. The effects of food on the pharmacokinetic profile
of oral vinorelbine. Cancer Chemother Pharmacol 2002; 50:
285–90. 

4. Variol P, et al. A simultaneous oral/intravenous population phar-
macokinetic model for vinorelbine. Eur J Clin Pharmacol 2002;
58: 467–76. 

5. Wong M, et al. Predictors of vinorelbine pharmacokinetics and
pharmacodynamics in patients with cancer. J Clin Oncol 2006;
24: 2448–55.

Uses and Administration
Vinorelbine is a semisynthetic derivative of vinblastine
(p.786) with similar general properties. It is used in the
treatment of advanced breast cancer and non-small cell
lung cancers (see p.661 and p.668 respectively), and
has been tried in other malignancies including lympho-
mas and tumours of ovary and prostate. 

Vinorelbine is given as the tartrate but doses are calcu-
lated in terms of vinorelbine: vinorelbine tartrate
1.385 mg is equivalent to about 1 mg of vinorelbine. It
may be given by intravenous injection over 5 to 10
minutes, as a solution containing the equivalent of
vinorelbine 1.5 to 3 mg/mL in glucose 5% or sodium
chloride 0.9% injection, directly or into a freely-run-
ning intravenous infusion. However, UK guidelines
recommend that for patients over the age of 10 years,
solutions of vinorelbine should generally be diluted to
a volume of at least 20 mL to avoid inadvertent intrath-
ecal use; higher concentrations can be used for children
under 10 years of age. It may also be given by intrave-
nous infusion over 20 to 30 minutes after dilution in
125 mL of glucose 5% or sodium chloride 0.9%. 
The usual initial intravenous dose in the treatment of
breast cancer or non-small cell lung cancer is the
equivalent of vinorelbine 25 to 30 mg/m2 weekly. In
the UK, the manufacturers recommend that if the neu-
trophil count falls below 2000 cells/mm3 subsequent
doses should be delayed until recovery. In the USA it
is suggested that subsequent doses should be halved if
granulocyte counts fall to between 1000 and 1500
cells/mm3; treatment should be interrupted if counts
are below 1000 cells/mm3 and stopped if granulocyto-
penia persists for more than 2 weeks (see also Bone-
marrow Depression, p.639). Doses should also be re-
duced in hepatic impairment and in patients with mas-
sive liver metastases (but see also below). 
In the treatment of non-small cell lung cancer, vinorel-
bine is also given orally at a dose of 60 mg/m2 once
weekly for 3 weeks. Subsequent doses may be in-
creased to 80 mg/m2, unless the neutrophil count falls
below 500 cells/mm3, or to between 500 and 1000
cells/mm3 on two separate occasions, in which case the
dose is kept at 60 mg/m2 for the next 3 doses.
◊ References.
1. Gregory RK, Smith IE. Vinorelbine—a clinical review. Br J

Cancer 2000; 82: 1907–13. 
2. Sarris AH, et al. Infusional vinorelbine in relapsed or refractory

lymphomas. Leuk Lymphoma 2000; 39: 291–9. 
3. Sorensen P, et al. Phase II study of vinorelbine in the treatment

of platinum-resistant ovarian carcinoma. Gynecol Oncol 2001;
81: 58–62. 

4. Oudard S, et al. Phase II study of vinorelbine in patients with
androgen-independent prostate cancer. Ann Oncol 2001; 12:
847–52. 

5. Domenech GH, Vogel CL. A review of vinorelbine in the treat-
ment of breast cancer. Clin Breast Cancer 2001; 2: 113–28. 

6. Aapro MS, et al. Developments in cytotoxic chemotherapy: ad-
vances in treatment utilising vinorelbine. Crit Rev Oncol Hema-
tol 2001; 40: 251–63. 

7. Gridelli C, De Vivo R. Vinorelbine in the treatment of non-small
cell lung cancer. Curr Med Chem 2002; 9: 879–91. 

8. Freyer G, et al. Phase II study of oral vinorelbine in first-line
advanced breast cancer chemotherapy. J Clin Oncol 2003; 21:
35–40. 

9. Gebbia V, Puozzo C. Oral versus intravenous vinorelbine: clin-
ical safety profile. Expert Opin Drug Saf 2005; 4: 915–28. 

10. Aapro MS, et al. Oral vinorelbine: role in the management of
metastatic breast cancer. Drugs 2007; 67: 657–67. 

11. Gralla RJ, et al. Oral vinorelbine in the treatment of non-small
cell lung cancer: rationale and implications for patient manage-
ment. Drugs 2007; 67: 1403–10.

Administration in hepatic impairment. Clearance of
vinorelbine was markedly reduced in patients with diffuse liver
metastases and hence severely altered hepatic function: a 50%
dose reduction was probably appropriate in such patients even if
hyperbilirubinaemia was not marked.1 However, reduced doses
were not necessary in patients with moderate liver involvement
in whom liver function, as measured by lidocaine metabolism,
was not markedly reduced. Licensed product information in the
UK suggests that the intravenous dose be reduced by one-third in
patients with massive liver metastases (more than 75% of liver
volume replaced by tumour cells). 
In the USA, licensed information recommends that the intrave-
nous dose of vinorelbine be reduced by 50% in patients with bili-
rubin values of 2.1 to 3 mg per 100 mL and by 75% in those with
bilirubin greater than 3 mg per 100 mL.
1. Robieux I, et al. Pharmacokinetics of vinorelbine in patients with

liver metastases. Clin Pharmacol Ther 1996; 59: 32–40.

Preparations
USP 31: Vinorelbine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Filcrin; Navelbine; Neocitec; Sulcoline; Vilbine†; Vilne; Vinarine; Vinke-
bir ; Vinorel; Vinorgen; Austral.: Navelbine; Austria: Navelbine; Belg.: Na-
velbine; Braz.: Navelbine; Neocitec; Norelbin; Canad.: Navelbine; Chile:
Navelbine; Cz.: Navelbine; Navirel; Nibrevin; Denm.: Navelbine; Navirel;
Fin.: Navelbine; Fr.: Navelbine; Ger.: Navelbine; Gr.: Navelbine; Hong
Kong: Navelbine; Hung.: Navelbin; India: Vinelbine; Israel: Navelbine;
Ital.: Navelbine; Jpn: Navelbine; Malaysia: Navelbine; Mex.: Navelbine;
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790   Antineoplastics
Viessia; Vinilex; Neth.: Navelbine; Norw.: Navelbine; NZ: Navelbine;
Philipp.: Navelbine; Vinotel; Pol.: Navelbine; Navirel; Port.: Navelbine;
Vinorel; Rus.: Maverex (Маверекс); Navelbine (Навельбин); S.Afr.: Navel-
bine; Singapore: Navelbine; Spain: Navelbine; Swed.: Navelbine; Switz.:
Navelbine; Thai.: Navelbine; Vinelbine; Turk.: Navelbine; UK: Navelbine;
USA: Navelbine.

Vorinostat (USAN, rINN)

SAHA; Suberoylanilide Hydroxamic Acid; Vorinostatum. N-Hy-
droxy-N′-phenyl octanediamide.
Вориностат
C14H20N2O3 = 264.3.
CAS — 149647-78-9.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p.635, p.639, and
p.641. 
The most common adverse effects of vorinostat are gastrointes-
tinal disturbances, fatigue, chills, dry mouth and taste disorders.
Thrombocytopenia and anaemia also occur commonly, and are
dose-related; dose reductions may be necessary and in some in-
stances, therapy may need to be stopped. Pulmonary embolism
has occurred. Other adverse effects include muscle spasms, alo-
pecia, dizziness, peripheral oedema, headache, pruritus, cough,
upper respiratory-tract infection, and pyrexia. Hypokalaemia and
hyperglycaemia have been reported, as has prolongation of the
QT interval. Blood cell counts, electrolytes, glucose, and serum
creatinine should be monitored every 2 weeks during the first 2
months of therapy and monthly thereafter. Baseline and periodic
ECG monitoring should be performed.
Interactions
Severe thrombocytopenia and gastrointestinal bleeding have
been reported when vorinostat has been given with other histone
deacetylase inhibitors such as valproic acid; platelet counts
should be monitored every 2 weeks for the first 2 months of ther-
apy. Vorinostat may prolong prothrombin time and affect the
INR in patients receiving coumarin anticoagulants.
Pharmacokinetics
After an oral dose of vorinostat with a high-fat meal, mean time
to maximum plasma concentration was about 4 hours; this was
reduced to 1.5 hours after fasting. Aside from this decrease in the
rate of absorption, a high-fat meal also increased the extent of
absorption. While these results were stated not to be clinically
significant, licensed product information recommends that vori-
nostat be taken with food. Plasma protein binding is about 71%.
Vorinostat is metabolised by glucuronidation and hydrolysis fol-
lowed by oxidation; metabolites are pharmacologically inactive.
Less than 1% of a dose is recovered in the urine as unchanged
drug. The mean terminal half-life is about 2 hours for vorinostat.
◊ References.
1. Rubin EH, et al. A study to determine the effects of food and

multiple dosing on the pharmacokinetics of vorinostat given
orally to patients with advanced cancer. Clin Cancer Res 2006;
12: 7039–45.

Uses and Administration
Vorinostat is a histone deacetylase inhibitor used for the treat-
ment of cutaneous T-cell lymphoma (see Non-Hodgkin’s Lym-
phomas, p.656). The recommended dose is 400 mg orally, given
once daily with food. This may be reduced to 300 mg once daily,
with a further reduction to 300 mg once daily for 5 consecutive
days of each week, if needed. Treatment may be continued as

long as there is no evidence of progressive disease or unaccepta-
ble toxicity. 
Vorinostat is also under investigation for the treatment of multi-
ple myeloma and mesothelioma.
◊ References.
1. O’Connor OA. Clinical experience with intravenous and oral

formulations of the novel histone deacetylase inhibitor suberoy-
lanilide hydroxamic acid in patients with advanced hematologic
malignancies. J Clin Oncol 2006; 24: 166–73. 

2. Krug LM, et al. Potential role of histone deacetylase inhibitors
in mesothelioma: clinical experience with suberoylanilide hy-
droxamic acid. Clin Lung Cancer 2006; 7: 257–61. 

3. Richon VM. Cancer biology: mechanism of antitumour action of
vorinostat (suberoylanilide hydroxamic acid), a novel histone
deacetylase inhibitor. Br J Cancer 2006; 95 (suppl): S2–S6. 

4. O’Connor OA. Clinical experience with the novel histone
deacetylase inhibitor vorinostat (suberoylanilide hydroxamic ac-
id) in patients with relapsed lymphoma. Br J Cancer 2006; 95
(suppl): S7–S12. 

5. Duvic M, Zhang C. Clinical and laboratory experience of vori-
nostat (suberoylanilide hydroxamic acid) in the treatment of cu-
taneous T-cell lymphoma. Br J Cancer 2006; 95 (suppl):
S13–S19. 

6. Anonymous. Vorinostat (Zolinza) for cutaneous T-Cell lympho-
ma. Med Lett Drugs Ther 2007; 49: 23–4.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Zolinza.

Vorozole (BAN, USAN, rINN) ⊗ 
R-83842; Vorozol; Vorozolum. (+)-6-[4-Chloro-α-(1,2,4-triazol-
1-yl)benzyl]-1-methyl-1H-benzotriazole.
Ворозол
C16H13ClN6 = 324.8.
CAS — 129731-10-8.
ATC — L02BG05.
ATC Vet — QL02BG05.

Profile
Vorozole is a selective nonsteroidal inhibitor of the aromatase
(oestrogen synthetase) system. It has been investigated in the
treatment of breast cancer.
◊ References.
1. Goss PE, et al. Randomized phase III trial comparing the new

potent and selective third-generation aromatase inhibitor voro-
zole with megestrol acetate in postmenopausal advanced breast
cancer patients. J Clin Oncol 1999; 17: 52–63. 

2. Harper-Wynne CL, et al. Comparison of the systemic and intra-
tumoral effects of tamoxifen and the aromatase inhibitor voro-
zole in postmenopausal patients with primary breast cancer. J
Clin Oncol 2002; 20: 1026–35.

Zinostatin (USAN, rINN)

Neocarzinostatin; NSC-69856; NSC-157365; Zinostatina; Zi-
nostatine; Zinostatinum.
Зиностатин
CAS — 9014-02-2.

Description. Zinostatin is an antineoplastic antibiotic obtained
from Streptomyces carzinostaticus.
Pharmacopoeias. Jpn includes zinostatin stimalamer.

Profile
Zinostatin is an antibiotic with antineoplastic activity and has
been used in the treatment of malignant neoplasms. 
Zinostatin stimalamer (SMANCS), a conjugate of zinostatin
with a styrene-maleic acid polymer, is used for the treatment of
liver cancer.

Zorubicin Hydrochloride (USAN, rINNM)

Hidrocloruro de zorubicina; NSC-164011; RP-22050 (zoru-
bicin); Zorubicine, Chlorhydrate de; Zorubicini Hydrochloridum.
Benzoic acid (2S-cis)-{1-[4-(3-amino-2,3,6-trideoxy-α-L-lyxo-hex-
opyranosyloxy)-1,2,3,4,6,11-hexahydro-2,5,12-trihydroxy-7-meth-
oxy-6,11-dioxonaphthacen-2-yl]ethylidene}hydrazide hydro-
chloride.

Зорубицина Гидрохлорид

C34H35N3O10,HCl = 682.1.
CAS — 54083-22-6 (zorubicin); 36508-71-1 (zorubicin
hydrochloride).
ATC — L01DB05.
ATC Vet — QL01DB05.

(zorubicin)

Profile
Zorubicin is an anthracycline antibiotic with antineoplastic ac-
tions similar to those of doxorubicin (see p.712). It has been used
as the hydrochloride in the treatment of acute leukaemias.
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The antiparkinsonian drugs described in this chapter
can be broadly divided into 2 groups; the dopaminer-
gics, drugs that are used to potentiate the actions of
dopamine, and the antimuscarinics, drugs that are
used to reduce excessive central cholinergic effects. 
Dopamine is a key neurotransmitter in the CNS; in par-
ticular, striatal dopamine depletion is associated with
the clinical condition of parkinsonism. Dopamine also
inhibits prolactin release from the pituitary and is be-
lieved to be the prolactin-release inhibiting factor
(PRIF or PIF); dopamine deficiency in the pituitary is
associated with conditions characterised by hyperprol-
actinaemia. Accordingly, drugs that replenish central
dopamine or that can act as stimulants of dopamine re-
ceptors (dopamine agonists), may alleviate the symp-
toms of parkinsonism (see below), hyperprolactinae-
mia (p.2079), and related disorders. 
At least 5 subtypes of dopamine receptor are thought to
exist: D1 receptors appear to stimulate adenylate cycla-
se activity; D2 receptors activate various systems and
inhibit adenylate cyclase activity. D3, D4, and D5 recep-
tors have been less well studied but D3 and D4 are sim-
ilar to D2, forming the D2-like group, whereas D1 and
D5 form the D1-like group. D2 receptors have been im-
plicated in the pathophysiology of parkinsonism and
schizophrenia. 
Dopaminergics, or drugs that enhance their actions, de-
scribed in this chapter include: 
• levodopa, which is converted by decarboxylation

into dopamine in the body, and which, unlike
dopamine itself, can penetrate the blood-brain barri-
er and supply a source of dopamine to the brain 

• the peripheral dopa-decarboxylase inhibitors, ben-
serazide and carbidopa, which have no dopaminer-
gic action of their own but increase the availability of
levodopa 

• apomorphine, which is structurally related to
dopamine and acts as a dopamine agonist 

• the adamantanamine, amantadine, which may aug-
ment dopaminergic activity 

• the ergot derivatives, bromocriptine, cabergoline,
lisuride, and pergolide, which act as dopamine agon-
ists 

• various other non-ergot dopamine agonists, such as
piribedil, pramipexole, ropinirole, rotigotine, tali-
pexole, and terguride 

• the specific monoamine oxidase type B inhibitors,
rasagiline and selegiline, which enhance the action
of dopamine and levodopa 

• the catechol-O-methyltransferase inhibitors (COMT-
inhibitors), entacapone and tolcapone, which en-
hance the action of levodopa 

Antimuscarinic drugs are used in Parkinson’s disease
(idiopathic or primary parkinsonism) and, particularly,
drug-induced parkinsonism. They act by reducing the
excessive central cholinergic effects of dopamine defi-
ciency. Antimuscarinics described in this chapter in-
clude the tertiary amines, such as benzatropine,
orphenadrine, procyclidine, and trihexyphenidyl,
which are the most commonly used in the treatment of
parkinsonism.

Parkinsonism
The syndrome of parkinsonism is characterised by tremor,
rigidity, akinesia or bradykinesia, and loss of postural re-
flexes, associated with reduced dopamine activity in the
brain. It may be classified as follows: 
• primary (idiopathic) parkinsonism, usually referred to

as Parkinson’s disease (formerly paralysis agitans) 
• secondary (acquired) parkinsonism, including posten-

cephalitic parkinsonism, drug-induced parkinsonism,
and symptoms associated with manganese poisoning 

• ‘parkinsonism-plus’ syndromes where parkinsonism is
a feature of other degenerative diseases of the CNS,
such as progressive supranuclear palsy and multiple
system atrophy 

‘Arteriosclerotic parkinsonism’ has been used to describe
parkinsonism associated with cerebrovascular disease, al-
though this may be confusing since vascular brain damage
is not a cause of Parkinson’s disease. 
The term parkinsonism is often used for the idiopathic
form, that is, Parkinson’s disease. Parkinson’s disease and
postencephalitic parkinsonism have been attributed prima-
rily to depletion of striatal dopamine in the basal ganglia as
a result of the loss of neurones in the substantia nigra. Stri-
atal dopamine deficiency results in loss of the normal
functional balance between dopaminergic and cholinergic
activity and the aim of treatment is to increase the former
and/or decrease the latter. 
The cause of Parkinson’s disease is not established, al-
though environmental and genetic factors are probably su-
perimposed on a background of neuronal loss related to
ageing. MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropy-
ridine), a contaminant of an illicitly produced pethidine an-
alogue MPPP (1-methyl-4-phenyl-4-propionoxypiperid-
ine), causes irreversible parkinsonism similar to
Parkinson’s disease. This effect appears to follow conver-
sion by monoamine oxidase B to the neurotoxic methyl-
phenylpyridinium ion which is selectively concentrated in
dopaminergic neurones in the substantia nigra. It has been
proposed that free radicals produced during normal metab-
olism of dopamine in the brain by monoamine oxidase B
might be similarly neurotoxic to dopaminergic neurones in
the substantia nigra (the oxidant stress hypothesis). This
has led to concern that use of levodopa, by increasing the
supply of dopamine, might therefore exacerbate neurode-
generation and hasten the progression of Parkinson’s dis-
ease but compelling evidence of such an effect is lacking. 
Drug-induced parkinsonism (see Extrapyramidal Disor-
ders, p.971) can arise from depletion of presynaptic
dopamine, as with reserpine and tetrabenazine, or from
blockade of postsynaptic dopamine receptors in the stria-
tum, as by antipsychotics and some antiemetics such as
metoclopramide. It is generally reversible on drug with-
drawal or dose reduction and may sometimes disappear
gradually despite continuous drug therapy. Although the
use of levodopa to overcome antipsychotic-induced block-
ade of dopamine receptors might appear rational, it has
generally been reported to be ineffective or to increase
psychiatric symptoms. Antimuscarinics may provide re-
lief from the extrapyramidal symptoms that occur as ad-
verse effects of antipsychotic therapy; however, they do
not relieve the symptoms of tardive dyskinesia and should
be withdrawn if it develops. 
There is no cure for Parkinson’s disease. Although the pos-
sibility of using drug therapy to slow neurodegeneration is
being investigated, no drug so far has a proven neuropro-
tective effect. Treatment is palliative and symptomatic
and consists mainly of drug therapy supplemented when
necessary with physical treatment such as physiotherapy
and speech therapy. Surgery is occasionally used and there
is growing interest in the use of transplantation and in elec-
trical devices for the control of tremor. 
Drugs used in Parkinson’s disease. Drug therapy con-
sists largely of the use of dopaminergics or antimuscarinics
in an attempt to restore the normal balance between
dopaminergic and cholinergic activity. Dopaminergics
may act by direct replacement of dopamine, by delaying
the metabolism of endogenous dopamine, by stimulation
of dopamine receptors directly, or by enhancement of re-
lease of endogenous dopamine. Drugs with differing ac-
tions are often used together to achieve optimum control of
symptoms. 
• Levodopa is the most effective symptomatic treatment.

It is converted by decarboxylation into dopamine and,
unlike dopamine, can penetrate the blood-brain barrier
and supply a source of dopamine to the brain. Levodopa
is usually given with a peripheral dopa-decarboxylase
inhibitor such as benserazide or carbidopa. These drugs
are unable to penetrate the blood-brain barrier and there-
fore prevent only extracerebral conversion of levodopa
to dopamine. This allows effective concentrations of
dopamine to be achieved in the brain with lower doses

of levodopa and also reduces nausea and vomiting and
other adverse effects associated with peripheral forma-
tion of dopamine. 
The majority of patients respond initially to levodopa
and its use has improved the quality and duration of life.
However, after 2 years or more, benefit is reduced as the
disease progresses and late complications emerge.
Apart from dyskinesias and psychiatric effects, a major
problem with long-term levodopa treatment is the ap-
pearance of fluctuations in mobility, the two predomi-
nant forms being ‘end-of-dose’ deterioration (‘wearing-
off’ effect) and the ‘on-off’ phenomenon (see Compli-
cations of Treatment, below). Thus, views differ as to
the best time to start treatment and the dosage to use in
order to limit the long-term complications. 
Catechol-O-methyltransferase (COMT) inhibitors, such
as entacapone and tolcapone, are selective and reversi-
ble inhibitors of COMT, with mainly peripheral actions.
They are given as adjunctive therapy to patients experi-
encing fluctuations in disability related to levodopa and
dopa-decarboxylase inhibitor combinations; because of
the risk of serious hepatotoxicity, tolcapone should be
restricted to when other adjunctive therapy is ineffective
or contra-indicated. When levodopa is used with a pe-
ripheral dopa-decarboxylase inhibitor, O-methylation
becomes the predominant form of metabolism of levo-
dopa; adding a peripheral COMT inhibitor can thus ex-
tend the duration and effect of levodopa in the brain, and
allow lower and less frequent doses of levodopa. They
therefore can help to stabilise patients, especially those
experiencing ‘end-of-dose’ deterioration. 

• Rasagiline and selegiline are selective inhibitors of
monoamine oxidase type B, an enzyme involved in the
metabolism of dopamine in the brain. When used with
levodopa in severe parkinsonism they have a dose-spar-
ing effect and are of value in patients experiencing fluc-
tuations in mobility. Early treatment with selegiline may
delay the need for levodopa and there has been much
interest in the possibility that these drugs might have
neuroprotective effects, but it is difficult to separate any
putative effect on disease progression from symptomat-
ic benefits, and at present there is insufficient evidence
to show that any treatment can slow progression of the
disease. Used alone, selegiline produces few adverse ef-
fects but when used with levodopa it can provoke or
worsen dyskinesias or psychiatric symptoms and doubts
have been expressed on the safety of long-term use. 

• Dopamine agonists such as bromocriptine, cabergoline,
lisuride, pergolide, pramipexole, and ropinirole act by
direct stimulation of remaining postsynaptic dopamine
receptors. Dopamine agonists are increasingly used in
the early treatment of younger patients with parkinson-
ism in an attempt to delay therapy with levodopa
(younger patients are at an increased risk of motor com-
plications with levodopa). However, their efficacy often
decreases after a few years. In older patients they may
be reserved for adjunctive use when levodopa is no
longer effective alone or cannot be tolerated. They are
sometimes useful in reducing ‘off’ periods with levo-
dopa and in ameliorating fluctuations in mobility in the
later stages of the disease. Apomorphine is a potent
dopamine agonist, but must be given parenterally and
with an antiemetic. Although this restricts its use, it has
a role in stabilising patients who suffer unpredictable
‘on-off’ effects. It is also used in the differential diagno-
sis of parkinsonism. Transdermal patches containing
rotigotine, another dopamine agonist, are available for
use as monotherapy in the treatment of early-stage Par-
kinson’s disease and as an adjunct to levodopa therapy
in some countries. 

• Antimuscarinics are considered to have a weak antipar-
kinsonian effect compared with levodopa. They may re-
duce tremor but have little effect on bradykinesia. They
may be of use alone or with other drugs in the initial
treatment of patients with mild symptoms, especially
when tremor is pronounced, or later as an adjunct to levo-
dopa, such as in patients with refractory tremor or dys-
tonias. Antimuscarinic adverse effects, particularly cog-
nitive impairment, occur frequently and can limit their
use. However, some antimuscarinic effects can amelio-
rate complications associated with Parkinson’s disease;
dry mouth may be an advantage in patients with sialor-

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)
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rhoea. There appear to be no important differences in the
efficacy of antimuscarinics for Parkinson’s disease but
some patients may tolerate one drug better than another.
Those commonly used for Parkinson’s disease include
benzatropine, orphenadrine, procyclidine, and trihexy-
phenidyl. 

• Amantadine is a weak dopamine agonist with some an-
timuscarinic activity although its activity as an antago-
nist of N-methyl-D-aspartate may also have a beneficial
effect in Parkinson’s disease. It has mild antiparkinsoni-
an effects compared with levodopa but is relatively free
from adverse effects. It can improve bradykinesia as
well as tremor and rigidity but only a small proportion
of patients derive much benefit. It is used similarly to
antimuscarinics in early disease when symptoms are
mild, but tolerance to its effects can occur rapidly. 

Choice and implementation of drug treatment. If
symptoms are mild, drug therapy may not be required in
the early stages of the disease. When symptoms become
troublesome but are still relatively mild amantadine or an
antimuscarinic may be started; antimuscarinics are useful
when tremor predominates but are generally more suitable
for younger patients and in drug-induced rather than idio-
pathic parkinsonism. Some have begun treatment with se-
legiline immediately, but there have been doubts over
whether it has a neuroprotective effect, as postulated, and
also over long-term safety. There is no consensus on when
to start dopaminergic treatment or whether to begin with
levodopa or a dopamine agonist. For most patients treat-
ment with levodopa eventually becomes necessary, but
many neurologists delay initial treatment with levodopa
because of the increased risk of motor complications. New
patients, especially younger patients, therefore often begin
treatment with a dopamine agonist, with levodopa re-
served for the elderly, the frail, or those with intercurrent
illness or more severe symptoms. 
When levodopa does become necessary, the usual practice
is to start with small doses, together with a peripheral
dopa-decarboxylase inhibitor, and increase slowly to a
dose which reduces disability to an acceptable level. Vari-
ations in response and diminishing effectiveness over the
years necessitate careful adjustment of the size and form of
the dose and the dosage schedule. 
Complications of treatment. Fluctuations in mobility
have been reported in more than half of patients on levo-
dopa after 5 years of therapy. They generally proceed
through predictable ‘end-of-dose’ deterioration to the ‘on-
off’ phenomenon with marked very sudden swings from
mobility to immobility. The cause of the fluctuations is not
known, but multiple factors including desensitisation of
dopamine receptors, interference with the response to
dopamine by other levodopa metabolites such as 3-O-
methyldopa, fluctuating plasma concentrations, and erratic
transport of levodopa from blood to the brain have been
suggested. It appears that as the disease progresses the
capacity of the nigrostriatal dopaminergic system to
synthesise and store dopamine, and to act as a buffer in
maintaining dopamine brain concentrations, declines.
Dopamine concentrations therefore become more
dependent on levodopa dosage and the pattern of response
will come to reflect more closely the rise and fall in levo-
dopa concentrations. Eventually the effect of various
factors that produce even small changes in plasma
concentrations of levodopa will progressively become
more pronounced. 
Approaches to the management of ‘end-of-dose’ fluctua-
tions include more frequent but smaller doses and the use
of modified-release preparations. Addition of selegiline or
partial replacement of levodopa by a dopamine agonist
with a more prolonged action may also be tried. 
Various attempts have been made to overcome the ‘on-off’
phenomenon. Those speculating that long-term treatment
results in altered dopamine receptor sensitivity have used
controlled withdrawal of levodopa for short periods (‘drug
holidays’) but it is a dangerous procedure of doubtful val-
ue and no longer recommended. 
Others have linked the ‘on-off’ phenomenon to variable
plasma concentrations although, since transfer of levodopa
into the brain involves active transport mechanisms, con-
centrations in plasma may not necessarily reflect those in
the brain. Continuous intraduodenal or intravenous infu-
sion of levodopa has been shown to reduce fluctuations in
mobility, which suggests that dopamine receptors are still
sensitive, although this is not practical for day-to-day man-

agement (but see below). However, there is evidence that
some patients may benefit from modified-release formula-
tions of levodopa with a peripheral dopa-decarboxylase or
COMT inhibitor. As levodopa competes with amino acids
for uptake into the brain, attempts to lessen fluctuations in
dopamine brain concentrations have included taking levo-
dopa on an empty stomach and also delaying most of a
day’s protein consumption until the evening. Addition of
entacapone, rasagiline, selegiline, or a dopamine agonist
may also help to reduce ‘on-off’ phenomena. If fluctua-
tions remain a problem subcutaneous apomorphine is of-
ten effective. In some countries a gel formulation of levo-
dopa with carbidopa is available for continuous infusion
by an ambulatory pump into the duodenum when other
available combination therapy has not been satisfactory. 
Other complications of treatment with levodopa can in-
clude dyskinesia, which may respond to dosage adjust-
ment or partial replacement of levodopa with a dopamine
agonist. Amantadine may also be considered, although ev-
idence is lacking. Some patients with Parkinson’s disease
may experience severe pain and dystonia; measures to in-
crease ‘on’ periods can help reduce or eliminate pain in
most patients. 
Patients with Parkinson’s disease can suffer from a range
of psychiatric effects, such as depression, dementia, sleep
disturbances, and psychosis, due to the adverse effects of
drug therapy and to disease progression. It has been rec-
ommended that if patients develop psychotic reactions, an
attempt to adjust their antiparkinsonian drugs should be
tried before resorting to the use of antipsychotics. Al-
though classical antipsychotics are usually contra-indicat-
ed because they can exacerbate parkinsonism, the atypical
antipsychotics clozapine and quetiapine may be used in
treatment-resistant psychosis—see Disturbed Behaviour,
p.954. The cholinesterase inhibitor rivastigmine is
licensed in some countries for the symptomatic treatment
of mild to moderately severe dementia in Parkinson’s dis-
ease. Excessive daytime sleepiness and sudden onset of
sleep have been reported with dopamine agonists and pa-
tients should be warned of the possible risks (see Effects
on Mental Function, under Adverse Effects of Levodopa,
p.805). Fibrotic reactions resulting in cardiovascular and
pulmonary adverse effects have been reported with ergot
derivatives and patients should be monitored (see Fibrosis,
under Adverse Effects of Bromocriptine, p.799). Nausea
and vomiting induced by dopaminergics may be mini-
mised by introducing the drug gradually and giving the
dose with food, but if this is ineffective or apomorphine is
being used these effects can be controlled by the antiemet-
ic domperidone. Domperidone does not readily cross the
blood-brain barrier and therefore acts mainly as a periph-
eral dopamine antagonist. Tolerance to the nausea usually
develops after a few weeks and domperidone may then be
withdrawn. 
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Amantadine (BAN, pINN)

Amantadiini; Amantadin; Amantadina; Amantadinum. Tricyc-
lo[3.3.1.13,7]dec-1-ylamine.
Амантадин
C10H17N = 151.2.
CAS — 768-94-5.
ATC — N04BB01.
ATC Vet — QN04BB01.

Amantadine Hydrochloride (BANM, USAN, pINNM)

1-Adamantanamine Hydrochloride; Amantadiinihydrokloridi;
Amantadine, chlorhydrate d’; Amantadin-hidroklorid; Amanta-
din-hydrochlorid; Amantadinhydroklorid; Amantadini hydrochlo-
ridum; Amantadino hidrochloridas; EXP-105-1; Hidrocloruro de
amantadina; NSC-83653. Tricyclo[3.3.1.13,7]dec-1-ylamine hy-
drochloride.
Амантадина Гидрохлорид
C10H17N,HCl = 187.7.
CAS — 665-66-7.
ATC — N04BB01.
ATC Vet — QN04BB01.

NH2



Amantadine    793

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Amantadine Hydrochloride). A white or almost
white crystalline powder. It sublimes on heating. Freely soluble
in water and in alcohol. 
USP 31 (Amantadine Hydrochloride). A white or practically
white crystalline powder. Soluble 1 in 2.5 of water, 1 in 5.1 of al-
cohol, 1 in 18 of chloroform, and 1 in 70 of macrogol 400. pH of
a 20% solution in water is between 3.0 and 5.5.

Amantadine Sulfate (pINNM)

Amantadine, Sulfate d’; Amantadine Sulphate; Amantadini Sulfas;
Sulfato de amantadina.
Амантадина Сульфат
(C10H17N)2,SO4 = 398.6.
CAS — 31377-23-8.
ATC — N04BB01.
ATC Vet — QN04BB01.

Adverse Effects
Most adverse effects associated with amantadine ther-
apy appear to be dose-related and relatively mild; some
resemble those of antimuscarinic drugs. They may be
reversed by withdrawing therapy but many resolve de-
spite continuation. 
Livedo reticularis, sometimes associated with ankle
oedema, is quite common in patients given very high
doses of amantadine or with long-term therapy. CNS
effects such as anxiety, inability to concentrate, dizzi-
ness, insomnia, nightmares, headache, and changes in
mood may occur. Psychotic reactions, hallucinations,
and confusion have been reported, especially in the
elderly, patients with renal impairment or psychiatric
disorders, and those also receiving antimuscarinics. 
Other adverse effects reported have included orthostat-
ic hypotension, palpitations, urinary retention, slurred
speech, ataxia, lethargy, anorexia, nausea, vomiting,
dry mouth, constipation, skin rash, diaphoresis, photo-
sensitisation, and blurred vision. There have been iso-
lated reports of congestive heart failure, leucopenia,
neutropenia, dyskinesias, oculogyric episodes, and
convulsions.
Effects on the cardiovascular system. Congestive heart
failure has been reported with amantadine;1 the patient had been
receiving combined treatment with amantadine, levodopa, and
orphenadrine for 4 years. Others have considered that while
amantadine sometimes causes ankle oedema, an association be-
tween amantadine and heart failure is not proven.2 Livedo retic-
ularis, a mottled blue discoloration of the skin due to prominence
of the normal pattern of venous drainage, has been reported2 to
occur in about 50% of all elderly patients given amantadine 100
to 300 mg daily for 2 to 6 weeks and was associated with oedema
in 5 to 10%. Both livedo and oedema have usually been confined
to the legs and may result from the catecholamine-releasing ac-
tion of amantadine in certain vascular beds; the oedema was
unlikely to be due to heart failure. Angina, dyspnoea, pulmonary
congestion, or distension of neck veins has also been reported2 in
4 of 89 parkinsonian patients treated with amantadine; only 2 of
these 4 had had ankle oedema before heart failure developed. No
patient had been seen in whom heart failure seemed due directly
to amantadine. 
See also Overdosage, below.
1. Vale JA, Maclean KS. Amantadine-induced heart-failure. Lancet

1977; i: 548. 
2. Parkes JD, et al. Amantadine-induced heart-failure. Lancet

1977; i: 904.

Effects on electrolytes. For a report of a patient who devel-
oped hyponatraemia when given amantadine or levodopa, see
Effects on Kidney Function under Levodopa, p.805.
Effects on the eyes. Superficial punctate keratitis and corneal
abrasion with loss of visual acuity was seen in both eyes of a 64-
year-old man about 3 weeks after starting treatment with aman-
tadine 100 mg daily.1 Symptoms resolved on stopping amanta-
dine but recurred when re-treatment with amantadine was
attempted. In another report,2 a 14-year-old boy developed bilat-
eral corneal oedema with visual loss associated with amantadine
treatment. He had been taking amantadine 300 mg daily for sev-
eral months with numerous other drugs; symptoms resolved
when amantadine was stopped.
1. Nogaki H, Morimatsu M. Superficial punctate keratitis and cor-

neal abrasion due to amantadine hydrochloride. J Neurol 1993;
240: 388–9. 

2. Hughes B, et al. Reversible amantadine-induced corneal edema
in an adolescent. Cornea 2004; 23: 823–4.

Effects on mental function. It has been suggested1 that the
ability of amantadine and memantine to cause psychotic distur-
bances in patients with Parkinson’s disease might be related to
their action as N-methyl-D-aspartate antagonists.
1. Riederer P, et al. Pharmacotoxic psychosis after memantine in

Parkinson’s disease. Lancet 1991; 338: 1022–3.

Effects on the nervous system. Peripheral sensory motor
neuropathy secondary to long-term (8 years) use of amantadine
has been reported1 in a 48-year-old woman with parkinsonism.
Trophic skin ulcers, paraesthesias, and distal weakness resolved
on stopping amantadine.
1. Shulman LM, et al. Amantadine-induced peripheral neuropathy.

Neurology 1999; 53: 1862–5.

Overdosage. A patient with postencephalitic parkinsonism
who had taken an estimated 2.8 g of amantadine hydrochloride
in a suicide attempt developed acute toxic psychosis with disori-
entation, visual hallucinations, and aggressive behaviour.1 Con-
vulsions did not occur, possibly because he had been receiving
phenytoin, which was continued. The patient was treated with
hydration and chlorpromazine and recovered in 4 days. 
A 2-year-old child who had ingested 600 mg of amantadine hy-
drochloride developed symptoms of acute toxicity, including ag-
itation and dystonic posturing, despite emesis with ‘syrup of ipe-
cac’.2 She responded immediately to a trial of physostigmine
500 micrograms intravenously, repeated after 10 minutes. Her
pupils remained moderately dilated until about 20 hours after the
ingestion; thereafter she made a full recovery. 
Cardiac arrest developed 4 hours after a 37-year-old woman in-
gested 2.5 g of amantadine hydrochloride and was treated suc-
cessfully.3 However, ventricular arrhythmias, including torsade
de pointes, continued over the ensuing 48 hours and may have
been exacerbated by use of isoprenaline and dopamine. The pa-
tient was subsequently stabilised with lidocaine by intravenous
infusion, but died of respiratory failure 10 days after admission.
1. Fahn S, et al. Acute toxic psychosis from suicidal overdosage of

amantadine. Arch Neurol, 1971; 25: 45–8. 
2. Berkowitz CD. Treatment of acute amantadine toxicity with

physostigmine. J Pediatr 1979; 95: 144–5. 
3. Sartori M, et al. Torsade de pointe: malignant cardiac arrhythmia

induced by amantadine poisoning. Am J Med 1984; 77: 388–91.

Precautions
Amantadine is usually contra-indicated in severe renal
disease and in patients with a history of epilepsy or oth-
er seizure disorders, or gastric ulceration. It should also
not be given to patients with untreated angle-closure
glaucoma. Amantadine should be used with caution in
patients with cardiovascular or liver disease, renal im-
pairment, recurrent eczema, or psychiatric disorders.
Suicide attempts, in some cases fatal, and suicidal ide-
ation have been reported in patients taking amantadine.
Care should be taken in all elderly patients, who may
be more sensitive to antimuscarinic effects, and in
whom renal clearance is likely to be reduced. 
In common with other drugs having antimuscarinic
properties amantadine may cause blurred vision or im-
pair alertness; patients so affected should not drive or
operate machinery. 
Treatment with amantadine should not be stopped
abruptly in parkinsonian patients since they may expe-
rience a sudden marked clinical deterioration. There
have been isolated reports of a neuroleptic malignant-
like syndrome associated with abrupt withdrawal of
amantadine, especially in patients also receiving anti-
psychotics.
Antiviral resistance. See Influenza under Uses and Adminis-
tration, below.
Breast feeding. Amantadine is distributed into breast milk and
licensed product information states that adverse effects have oc-
curred in infants being breast fed by mothers taking amantadine.
Pregnancy. Amantadine should not be used during pregnancy;
embryotoxicity and teratogenicity have been reported in rats giv-
en high doses.1 
A complex cardiovascular lesion occurred in an infant whose
mother had taken amantadine hydrochloride 100 mg daily dur-
ing the first 3 months of pregnancy.1 In another case, tetralogy of
Fallot and limb deformities were seen in the neonate of a mother
who was given amantadine hydrochloride 100 mg daily for 7
days during the 4th and 6th weeks of gestation.2 However, a re-
port of the use of amantadine during 2 separate pregnancies by a
woman with multiple sclerosis noted no abnormalities in either
infant.3
1. Nora JJ, et al. Cardiovascular maldevelopment associated with

maternal exposure to amantadine. Lancet 1975; ii: 607. 
2. Pandit PB, et al. Tibial hemimelia and tetralogy of Fallot associ-

ated with first trimester exposure to amantadine. Reprod Toxicol
1994; 8: 89–92. 

3. Levy M, et al. Fetal outcome following intrauterine amantadine
exposure. Reprod Toxicol 1991; 5: 79–81.

Renal impairment. Evidence of extremely limited excretion
of amantadine was found in 12 patients who were either anephric
or had negligible renal function after a single 100-mg dose of
amantadine hydrochloride.1 Only small amounts were removed
by dialysis. It was suggested that amantadine should be given

with caution to patients requiring maintenance haemodialysis; a
single dose may provide adequate plasma concentrations for
many days.1 
Dosage regimens based on creatinine clearance2 or fixed doses at
extended intervals3 have been published. However, both regi-
mens have been criticised and a conservative approach to aman-
tadine dosage in these patients recommended4 (for the regimens
in licensed product information, see Administration in Renal Im-
pairment, below). The need for caution in using amantadine in
patients with renal impairment is highlighted by a report of a pa-
tient with end-stage renal disease who progressed from delirium
to coma after receiving amantadine 100 mg twice daily for 3
days.5
1. Soung L-S, et al. Amantadine hydrochloride pharmacokinetics

in hemodialysis patients. Ann Intern Med 1980; 93: 46–9. 
2. Horadam VW, et al. Pharmacokinetics of amantadine hydrochlo-

ride in subjects with normal and impaired renal function. Ann
Intern Med 1981; 94: 454–8. 

3. Wu MJ, et al. Amantadine hydrochloride pharmacokinetics in
patients with impaired renal function. Clin Nephrol 1982; 17:
19–23. 

4. Aoki FY, Sitar DS. Clinical pharmacokinetics of amantadine hy-
drochloride. Clin Pharmacokinet 1988; 14: 35–51. 

5. Macchio GJ, et al. Amantadine-induced coma. Arch Phys Med
Rehabil 1993; 74: 1119–20.

Withdrawal. Neuroleptic malignant syndrome occurred in a
patient being treated for heat stroke when all his medication, in-
cluding antipsychotics and amantadine, was withdrawn.1 It is
suggested that dopamine agonists should not be stopped in pa-
tients with hyperpyrexia at risk from this syndrome. In another
report,2 a 14-year-old boy being treated with amantadine for
influenza A encephalopathy developed neuroleptic malignant
syndrome when the drug was stopped after 5 days; the patient
improved when amantadine treatment was resumed. The authors
recommended a gradual reduction in dosage when stopping
amantadine therapy. 
Acute delirium developed in 3 elderly patients with Parkinson’s
disease after gradual withdrawal of long-term amantadine thera-
py;3 symptoms resolved when amantadine was restarted.
1. Simpson DM, Davis GC. Case report of neuroleptic malignant

syndrome associated with withdrawal from amantadine. Am J
Psychiatry 1984; 141: 796–7. 

2. Ito T, et al. Neuroleptic malignant syndrome following with-
drawal of amantadine in a patient with influenza A encephalop-
athy. Eur J Pediatr 2001; 160: 401. 

3. Factor SA, et al. Acute delirium after withdrawal of amantadine
in Parkinson’s disease. Neurology 1998; 50: 1456–8.

Interactions
Amantadine may enhance the adverse effects of an-
timuscarinics and the dose of these drugs should be re-
duced when used with amantadine; adverse effects of
levodopa may also be exacerbated. 
Licensed product information states that amantadine
should be used with caution in patients receiving drugs
that affect the CNS. The rate of excretion of amanta-
dine may be reduced by drugs that raise urinary pH.
Antiarrhythmics. Quinine and quinidine have been reported
to reduce the renal clearance of amantadine in healthy male, but
not female, subjects.1 Patients taking these drugs together should
be observed for signs of amantadine toxicity.
1. Gaudry SE, et al. Gender and age as factors in the inhibition of

renal clearance of amantadine by quinine and quinidine. Clin
Pharmacol Ther 1993; 54: 23–7.

Antimalarials. For the possible effects of the use of quinine and
quinidine with amantadine, see Antiarrhythmics, above.
Diuretics. A patient with Parkinson’s disease, previously stabi-
lised on amantadine hydrochloride 300 mg daily, developed
symptoms of amantadine toxicity, including ataxia, myoclonus,
and confusion, 7 days after starting treatment with a preparation
containing triamterene and hydrochlorothiazide (Dyazide).1 It
was postulated that the effect was due to reduction of the tubular
secretion of amantadine.
1. Wilson TW, Rajput AH. Amantadine-Dyazide interaction. Can

Med Assoc J 1983; 129: 974–5.

MAOIs. Hypertension occurred about 48 hours after starting
treatment with phenelzine sulfate in a patient already receiving
amantadine.1
1. Jack RA, Daniel DG. Possible interaction between phenelzine

and amantadine. Arch Gen Psychiatry 1984; 41: 726.

Pharmacokinetics
Amantadine hydrochloride is well absorbed from the
gastrointestinal tract; peak concentrations in the plas-
ma appear within about 4 hours after oral doses. Plas-
ma protein binding is reported to be about 67%, with a
substantial amount bound to erythrocytes; the concen-
tration is about 2.7 times higher in erythrocytes than in
plasma. It is mainly excreted unchanged in the urine by
glomerular filtration and tubular secretion although
small amounts of an acetylated metabolite have also
been detected in urine; the plasma elimination half-life
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is reported to be about 15 hours in patients with normal
renal function but is significantly prolonged in the eld-
erly and in patients with renal impairment. The rate of
elimination may be increased by acidification of the
urine. Amantadine crosses the placenta and the blood-
brain barrier. It is also distributed into breast milk.

◊ References.

1. Aoki FY, Sitar DS. Clinical pharmacokinetics of amantadine hy-
drochloride. Clin Pharmacokinet 1988; 14: 35–51.

Uses and Administration
Amantadine is a weak dopamine agonist with some an-
timuscarinic activity; it is also an antagonist at N-me-
thyl-D-aspartate receptors. Amantadine has mild an-
tiparkinsonian activity and is used in the management
of parkinsonism, mainly in early disease when symp-
toms are mild. It may improve bradykinesia, rigidity,
and tremor but tolerance can develop. 

Amantadine is also an antiviral that inhibits replication
of influenza type A virus; it has very little or no activity
against influenza type B virus. It is used prophylacti-
cally against infection with influenza type A virus and
to ameliorate symptoms when given during the early
stages of infection. 

Amantadine has also been used in the management of
herpes zoster. 

Amantadine is usually given orally as the hydrochlo-
ride and the doses below are expressed in terms of this
salt. 

In parkinsonism, treatment is usually started with
100 mg daily, increasing to 100 mg twice daily after a
week or more. Doses up to a maximum of 400 mg dai-
ly have occasionally been used. The lowest effective
dose should be used in patients over 65 years of age
because of the potential for reduced renal clearance in
this age group. Withdrawal of amantadine treatment
for parkinsonism should be gradual to avoid exacerbat-
ing the condition; UK licensed product information
suggests decreasing the dose by half at weekly inter-
vals. 

The dose of amantadine in the UK for the treatment of
influenza A is 100 mg daily, usually given for about 5
days. For the prophylaxis of influenza A the same dose
is given for as long as protection from infection is re-
quired, which may be for about 6 weeks. If amantadine
is being given with influenza vaccination then it is usu-
ally only given for up to 3 weeks after vaccination.
Children aged 10 to 15 years may also be given 100 mg
daily for the recommended period. A daily dose of less
than 100 mg or 100 mg given at intervals greater than
one day has been recommended for patients over 65
years of age. 

Doses in the USA are higher than those in the UK: for
the treatment of influenza A the daily dose is 200 mg
daily as a single dose or in two divided doses, contin-
ued for 24 to 48 hours after the disappearance of symp-
toms. The same dose is given for the prophylaxis of
influenza A for at least 10 days following exposure. If
given with vaccination then amantadine should be tak-
en for the next 2 to 4 weeks. The dose of amantadine
should be reduced to 100 mg daily in patients aged 65
years and over, and in those who show intolerance to
the higher dose. Children aged 1 to 9 years may be giv-
en 4.4 to 8.8 mg/kg daily to a maximum of 150 mg dai-
ly; older children may be given 100 mg twice daily. 

In herpes zoster, treatment with 100 mg twice daily
may be given for 14 days; if pain persists, treatment
may be continued for a further 14 days. 

The dosage of amantadine should be reduced in pa-
tients with renal impairment (see below). 

Amantadine sulfate has been used similarly to the hy-
drochloride; it has been given by mouth or by intrave-
nous infusion.

Administration. Amantadine sulfate has been used success-
fully in doses of up to 600 mg daily by intravenous infusion in
the management of akinetic crisis in patients with Parkinson’s
disease.1

1. Gadoth N, et al. I.V. amantadine sulfate for extrapyramidal cri-
sis. Clin Pharm 1985; 4: 146.

Administration in renal impairment. The dose of amanta-
dine should be reduced in patients with renal impairment by ei-
ther reducing the total daily dose or by increasing the dosage in-
terval in accordance with their creatinine clearance (CC). 
In the UK the following doses are recommended: 
• CC over 35 mL/min: 100 mg daily 
• CC 15 to 35 mL/min: 100 mg every 2 to 3 days 
• CC less than 15 mL/min: not recommended 
In the USA the following doses are recommended: 
• CC 30 to 50 mL/min: 200 mg on the first day followed by

100 mg daily thereafter 
• CC 15 to 29 mL/min: 200 mg on the first day followed by

100 mg on alternate days 
• CC less than 15 mL/min or those on haemodialysis: 200 mg

every 7 days 
See also under Precautions, above.

Extrapyramidal disorders. Amantadine has been used as an
alternative to antimuscarinics1 in the short-term management of
drug-induced extrapyramidal symptoms (p.971). US licensed
product information has recommended a usual dose of 200 mg
daily in 2 divided doses increased up to 300 mg daily if neces-
sary. However the development of tolerance has limited its use-
fulness. See also Parkinsonism, below. 
Amantadine has been investigated in the management of chorea
in patients with Huntington’s disease.2,3

1. König P, et al. Amantadine versus biperiden: a double-blind
study of treatment efficacy in neuroleptic extrapyramidal move-
ment disorders. Neuropsychobiology 1996; 33: 80–4. 

2. Magnet MK, et al. Amantadine in the akinetic-rigid variant of
Huntington’s disease. Ann Pharmacother 2004; 38: 1194–6. 

3. Heckmann JM, et al. IV amantadine improves chorea in Hunt-
ington’s disease: an acute randomized, controlled study. Neurol-
ogy 2004; 63: 597–8.

Hepatitis C. Amantadine has been investigated1-4 as an addi-
tion to interferon-based antiviral regimens in the treatment of
chronic hepatitis C infection (p.851). A meta-analysis1 conclud-
ed that it was of no value in treatment-naive patients or relapsers,
but that triple therapy with amantadine, ribavirin, and interferon
improved sustained responses in patients previously unrespon-
sive to therapy.
1. Deltenre P, et al. Evaluation of amantadine in chronic hepatitis

C: a meta-analysis. J Hepatol 2004; 41: 462–73. 
2. Stauber RE, et al. Retreatment of patients with chronic hepatitis

C not responding to interferon/ribavirin combination therapy
with daily interferon plus ribavirin plus amantadine. Wien Klin
Wochenschr 2004; 116: 530–5. 

3. Herrine SK, et al. Peginterferon alpha-2a combination therapies
in chronic hepatitis C patients who relapsed after or had a viral
breakthrough on therapy with standard interferon alpha-2b plus
ribavirin: a pilot study of efficacy and safety. Dig Dis Sci 2005;
50: 719–26. 

4. Mangia A, et al. A randomized controlled trial of pegylated in-
terferon alpha-2a (40 KD) or interferon alpha-2a plus ribavirin
and amantadine vs interferon alpha-2a and ribavirin in treat-
ment-naive patients with chronic hepatitis C. J Viral Hepatitis
2005; 12: 292–9.

Hiccup. Amantadine1 has been reported to have produced ben-
eficial results in patients with intractable hiccups (p.976).
1. Askenasy JJM, et al. Persistent hiccup cured by amantadine. N

Engl J Med 1988; 318: 711.

Influenza. Amantadine has been used similarly to rimantadine
(p.904) in the prophylaxis and treatment of influenza A (p.859).
In adults, the two drugs are equally effective, but amantadine is
associated with more adverse effects;1 further study on their safe-
ty and efficacy in children and the elderly is considered warrant-
ed.2 Amantadine reduced the duration of influenza A symptoms
when given in a dose of 200 mg daily within 48 hours of the on-
set of symptoms.3 Vaccination is usually the method of choice
for prophylaxis of influenza but amantadine has been used in ad-
dition to vaccination in certain individuals or when vaccination
is contra-indicated. Although amantadine is licensed in the UK
and USA for the prophylaxis and treatment of influenza A, its
use for such purposes is not recommended.4-6 Resistance to
amantadine may occur rapidly.7 For further information see Re-
sistance, under Rimantadine, p.904.
1. Jefferson T, et al. Amantadine and rimantadine for influenza A

in adults. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed
21/06/06). 

2. Alves Galvão MG, et al. Amantadine and rimantadine for influ-
enza A in children and the elderly. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2008 (accessed 29/05/08). 

3. Nicholson KG, Wiselka MJ. Amantadine for influenza A. BMJ
1991; 302: 425–6. 

4. NICE. Guidance on the use of zanamivir, oseltamivir and aman-
tadine for the treatment of influenza: Technology Appraisal 58
(issued February 2003). Available at: http://www.nice.org.uk/
nicemedia/pdf/58_Flu_fullguidance.pdf (accessed 11/08/08) 

5. NICE. Guidance on the use of oseltamivir and amantadine for the
prophylaxis of influenza: Technology Appraisal 67 (issued Septem-
ber 2003). Available at: http://www.nice.org.uk/nicemedia/
pdf/67_Flu_prophylaxis_guidance.pdf (accessed 11/08/08) 

6. CDC. Prevention and control of influenza: recommendations of
the Advisory Committee on Immunization Practices (ACIP).
MMWR 2007; 56 (RR-6): 1–54. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5606.pdf (accessed 09/10/07) 

7. Bright RA, et al. Incidence of adamantane resistance among in-
fluenza A (H3N2) viruses isolated worldwide from 1994 to
2005: a cause for concern. Lancet 2005; 366: 1175–81.

Multiple sclerosis. Amantadine has been used to alleviate fa-
tigue associated with multiple sclerosis (p.892). However, a sys-
tematic review1 concluded that there was insufficient evidence to
support its use in reducing fatigue in patients with multiple scle-
rosis; further large controlled studies are considered warranted.
1. Pucci E, et al. Amantadine for fatigue in multiple sclerosis.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2007 (accessed 29/05/08).

Neuroleptic malignant syndrome. Amantadine has been
tried1-3 in the treatment of the neuroleptic malignant syndrome
(p.972).
1. McCarron MM, et al. A case of neuroleptic malignant syndrome

successfully treated with amantadine. J Clin Psychiatry 1982;
43: 381–2. 

2. Amdurski S, et al. A therapeutic trial of amantadine in haloperi-
dol-induced malignant neuroleptic syndrome. Curr Ther Res
1983; 33: 225–9. 

3. Woo J, et al. Neuroleptic malignant syndrome successfully treat-
ed with amantadine. Postgrad Med J 1986; 62: 809–10.

Parkinsonism. Amantadine’s mechanism of action in parkin-
sonism (p.791) is unclear but may be due to its antimuscarinic
activity and alterations in dopamine release and reuptake. It has
also been suggested that amantadine’s action as a non-competi-
tive antagonist of N-methyl-D-aspartate may have a beneficial ef-
fect.1,2 It has mild antiparkinsonian activity compared with levo-
dopa but is relatively free from adverse effects. It can improve
bradykinesia as well as tremor and rigidity and is used in a simi-
lar manner to antimuscarinics mainly in the treatment of patients
with early Parkinson’s disease when symptoms are mild. It may
also be useful for dyskinesias in more advanced disease.3 How-
ever, few patients obtain much benefit and tolerance to its effects
can occur. Moreover, two systematic reviews4,5 concluded that
there was insufficient evidence from randomised controlled trials
on the safety and efficacy of amantadine in the treatment of both
Parkinson’s disease and levodopa-induced dyskinesias in late
disease. 
Licensed product information suggests that the effectiveness of
amantadine may be prolonged by withdrawing it for 3 to 4
weeks, continuing with existing antiparkinsonian therapy or
starting low-dose levodopa treatment if clinically necessary in
the meantime.
1. Laing P. Stroke treatment. Lancet 1991; 337: 1601. 
2. Greenamyre JT, O’Brien CF. N-Methyl- -aspartate antagonists

in the treatment of Parkinson’s disease. Arch Neurol 1991; 48:
977–81. 

3. Thomas A, et al. Duration of amantadine benefit on dyskinesia
of severe Parkinson’s disease. J Neurol Neurosurg Psychiatry
2004; 75: 141–3. 

4. Crosby N, et al. Amantadine in Parkinson’s disease. Available in
The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 2003 (accessed 16/02/06). 

5. Crosby NJ, et al. Amantadine for dyskinesia in Parkinson’s dis-
ease. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2003 (accessed
16/02/06).

Withdrawal syndromes. COCAINE.  Despite some early
promising results a systematic review1 considered that there
was no evidence to support the use of dopamine agonists, in-
cluding amantadine, in the treatment of cocaine dependence
(p.1860).
1. Soares B, et al. Dopamine agonists for cocaine dependence.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2003 (accessed 16/02/06).

Preparations
BP 2008: Amantadine Capsules; Amantadine Oral Solution; 
USP 31: Amantadine Hydrochloride Capsules; Amantadine Hydrochloride
Syrup.

Proprietary Preparations (details are given in Part 3)
Arg.: Actison; Ampakine; Virosol; Austral.: Symmetrel; Austria: Amant;
Hofcomant; PK-Merz; Virucid†; Belg.: Amantan; Braz.: Mantidan; Canad.:
Endantadine; Symmetrel; Chile: PK-Merz†; Prayanol; Cz.: Amantadol; PK-
Merz; Viregyt-K; Fin.: Atarin; Fr.: Mantadix; Ger.: Adekin; Aman†; Amanta;
Amantagamma; Amixx; AMT†; InfectoFlu; Infex; PK-Merz; tregor; Gr.: Hof-
comant†; PK-Merz†; Symmetrel; Hong Kong: PK-Merz; Symmetrel†;
Hung.: PK-Merz; Viregyt; India: Amantrel; Irl.: Symmetrel; Israel: A-Par-
kin; Influ-A†; Paritrel; PK-Merz; Ital.: Mantadan; Malaysia: PK-Merz; Mex.:
Kinestrel; Padiken†; PK-Merz; Neth.: Symmetrel; NZ: Symmetrel; Philipp.:
PK-Merz; Pol.: Amantix; Viregyt K; Port.: Parkadina; Profil†; S.Afr.: Anta-
dine†; Symmetrel; Singapore: Symmetrel; Switz.: PK-Merz; Symmetrel;
UK: Lysovir ; Symmetrel; USA: Symmetrel; Venez.: Symmetrel†.

Multi-ingredient: Mex.: Antiflu-Des; Fluviatol; Rosel.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Apomorphine Hydrochloride (BANM)

Apomorfiinihydrokloridi; Apomorfin Hidroklorür; Apomorfina,
hidrocloruro de; Apomorfin-hidroklorid; Apomorfin-hydrochlo-
rid hemihydrát; Apomorfinhydroklorid; Apomorfino hidrochlori-
das; Apomorfiny chlorowodorek; Apomorphine, chlorhydrate d’;
Apomorphini hydrochloridum; Apomorphini Hydrochloridum
Hemihydricum. 6aβ-Aporphine-10,11-diol hydrochloride hemi-
hydrate; (R)-10,11-Dihydroxy-6a-aporphine hydrochloride
hemihydrate; (6aR)-5,6,6a,7-Tetrahydro-6-methyl-4H-diben-
zo[de,g]quinoline-10,11-diol hydrochloride hemihydrate.

C17H17NO2,HCl, ⁄ H2O = 312.8.

CAS — 58-00-4 (apomorphine); 314-19-2 (anhydrous
apomorphine hydrochlor ide); 41372-20-7 (apomorphine
hydrochloride, hemihydrate).

ATC — G04BE07; N04BC07.

ATC Vet — QG04BE07; QN04BC07.

(apomorphine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Apomorphine Hydrochloride). White or faintly
yellow to green-tinged greyish crystals or crystalline powder, the
green tinge becoming more pronounced on exposure to air and
light. Sparingly soluble in water and in alcohol. A 1% solution in
water has a pH of 4.0 to 5.0. Store in airtight containers. Protect
from light. 
USP 31 (Apomorphine Hydrochloride). Odourless, minute
white or greyish-white, glistening crystals or white powder. It
gradually acquires a green colour on exposure to light and air.
Soluble 1 in 50 of water and 1 in 20 of water at 80°; soluble 1 in
50 of alcohol; very slightly soluble in ether and in chloroform. Its
solutions are neutral to litmus. Store in airtight containers. Pro-
tect from light.

Stability. Aqueous solutions of apomorphine hydrochloride de-
compose on storage and should not be used if they turn green or
brown or contain a precipitate.

Adverse Effects
Treatment of parkinsonism. Apomorphine usually pro-
duces nausea and vomiting when given in therapeutic
doses but these effects can be controlled by treatment
with domperidone or trimethobenzamide. Transient
sedation can be common during the first few weeks of
treatment. Increased salivation and perspiration have
also been reported. Apomorphine can produce neu-
ropsychiatric disturbances including increasing cogni-
tive impairment, personality changes, confusion, and
hallucinations. Signs of CNS stimulation including
euphoria, lightheadedness, restlessness, tremor, tachy-
cardia, and tachypnoea occur less frequently. Apomor-
phine may induce dyskinesias during ‘on’ periods in
patients with parkinsonism and these may be severe
enough to require stopping therapy; postural instability
and falls may also be a problem. Transient orthostatic
hypotension may also occur infrequently. Eosinophilia
has occurred rarely. The use of apomorphine with levo-
dopa may cause haemolytic anaemia and treatment
may need to be stopped if this cannot be satisfactorily
controlled through dosage adjustment. Induration,
nodule formation, and panniculitis, sometimes leading
to ulceration, often develops at the site of subcutaneous
injection. 

Management of erectile dysfunction. The most com-
mon adverse effects have been nausea, headache, and
dizziness. Other effects reported include yawning,
rhinitis, pharyngitis, somnolence, infection, pain, in-
creased cough, flushing, taste disturbances, and sweat-
ing. Fainting and syncope (vasovagal syndrome) have
also occurred. 

Overdosage with apomorphine can produce persistent
vomiting, respiratory depression, bradycardia, hypo-
tension, and coma; death may occur.
Akinesia. A 60-year-old man who was being investigated for
parkinsonian symptoms became totally immobile and mute 15
minutes after receiving apomorphine 4 mg subcutaneously.1 He
remained conscious but was drowsy and sweating. Similar pro-
found akinesia occurred on rechallenge with 2- and 6-mg doses.
A diagnosis of probable nigrostriatal degeneration was made as
the patient had previously shown no improvement with levo-
dopa, but the mechanism of the idiosyncratic reaction to apomor-
phine was unclear.
1. Jenkins JR, Pearce JMS. Paradoxical akinetic response to apo-

morphine in parkinsonism. J Neurol Neurosurg Psychiatry 1992;
55: 414–15.

Effects on the heart. A 67-year-old man developed palpita-
tions with cold perspiration and chest pain, in addition to asthe-
nia, salivation, nausea and vomiting, 5 minutes after receiving
3 mg apomorphine subcutaneously. An ECG showed atrial fi-
brillation with a ventricular frequency of 140 beats/minute.1
1. Stocchi F, et al. Transient atrial fibrillation after subcutaneous

apomorphine bolus. Mov Disord 1996; 11: 584–5.

Effects on mental function. Severe confusion, hallucina-
tions, and acute psychosis were reported in 4 of 6 parkinsonian
patients given subcutaneous apomorphine.1 Three of the 4 had
previously experienced mental disturbances while receiving lisu-
ride. However, other studies failed to note effects on mental func-
tion in parkinsonian patients given apomorphine2,3 and it has
been suggested that the risk of psychosis in patients with no his-
tory of confusion or hallucinations is low.3 UK licensed product
information notes that apomorphine has been reported to exacer-
bate neuropsychiatric disturbances in patients with parkinson-
ism.
1. Ruggieri S, et al. Side-effects of subcutaneous apomorphine in

Parkinson’s disease. Lancet 1989; i: 566. 
2. Stibe CMH, et al. Subcutaneous apomorphine in parkinsonian

on-off oscillations. Lancet 1988; i: 403–6. 
3. Poewe W, et al. Side-effects of subcutaneous apomorphine in

Parkinson’s disease. Lancet 1989; i: 1084–5.

Hypersensitivity. Allergic reactions including contact derma-
titis, severe rhinitis, and respiratory distress have been reported
in 2 workers who came into contact with apomorphine powder.1
Contact allergy has also been reported in a patient who devel-
oped a swollen nose and lips after intranasal use of apomor-
phine.2 Skin testing in all these cases1,2 gave a positive reaction
to apomorphine. Biopsy of subcutaneous nodules, which devel-
op at the site of injection in most patients using apomorphine
subcutaneously, has not been able to clarify what type of reaction
was responsible for the development of panniculitis.3 Although
the nodules may slowly resolve the sites are often unsuitable for
reuse as absorption from them is unpredictable; concern has been
expressed that this may limit long-term use of apomorphine.3
1. Dahlquist I. Allergic reactions to apomorphine. Contact Derma-

titis 1977; 3: 349–50. 
2. van Laar T, et al. Nasolabiale allergische reactie op intranasale

toediening van apomorfine bij de ziekte van Parkinson. Ned Ti-
jdschr Geneeskd 1992; 136 (suppl 47): 26–7. 

3. Acland KM, et al. Panniculitis in association with apomorphine
infusion. Br J Dermatol 1998; 138: 480–2.

Oedema. Severe reversible oedema of the lower limbs devel-
oped in a patient receiving subcutaneous apomorphine.1 Oedema
recurred when apomorphine was reintroduced, but to a lesser ex-
tent.
1. Vermersch P. Severe oedema after subcutaneous apomorphine in

Parkinson’s disease. Lancet 1989; ii: 802.

Stomatitis. Stomatitis, severe enough to warrant stopping
treatment, occurred in 4 of 8 patients after 2 to 6 months of ther-
apy with sublingual apomorphine.1
1. Montastruc JL, et al. Sublingual apomorphine in Parkinson’s

disease: a clinical and pharmacokinetic study. Clin Neurophar-
macol 1991; 14: 432–7.

Treatment of Adverse Effects
In the UK, domperidone is usually given to control
nausea and vomiting when apomorphine is used in the
management of Parkinson’s disease; pretreatment with
domperidone for at least 2 days is advised before start-
ing treatment with apomorphine. Usually domperi-
done can be withdrawn gradually over several weeks
or longer although some patients may need to continue
treatment indefinitely. In the USA, trimethobenzamide
hydrochloride is used similarly, beginning 3 days be-
fore starting apomorphine treatment. 
In overdosage an opioid antagonist such as naloxone
has been given to treat excessive vomiting, and CNS
and respiratory depression.
◊ References.
1. Bonuccelli U, et al. Naloxone partly counteracts apomorphine

side effects. Clin Neuropharmacol 1991; 14: 442–9.

Precautions
Apomorphine should not be given to patients with res-
piratory or CNS depression, hypersensitivity to opio-
ids, neuropsychiatric problems, or dementia. It should
be used with caution in patients prone to nausea and
vomiting or when vomiting is likely to pose a risk.
Apomorphine should also be used with care in patients
with pulmonary, cardiovascular, or endocrine disease
or with renal or hepatic impairment. Extra care is need-
ed when starting treatment in elderly or debilitated pa-
tients and in those with a history of orthostatic hypo-
tension. Patients who experience dizziness,
lightheadedness, or syncope should not drive or oper-
ate machinery. 

Treatment of parkinsonism. Apomorphine is not suit-
able for use in patients who have an ‘on’ response to
levodopa marred by severe dyskinesia, hypotonia, or
psychiatric effects; it should also not be used in those
with hepatic impairment. Periodic monitoring of he-
patic, renal, haematopoietic, and cardiovascular func-
tion has been advised and the BNF recommends that
patients receiving apomorphine with levodopa should
be screened for haemolytic anaemia on starting treat-
ment and then every 6 months. Patients who develop
anaemia, or those who have continuing confusion or
hallucinations during treatment with apomorphine re-
quire observation and dosage adjustment under spe-
cialist supervision; treatment may need to be stopped.
Excessive daytime sleepiness and sudden onset of
sleep may also occur with apomorphine and caution is
advised when driving or operating machinery; patients
who suffer such effects should not drive or operate ma-
chinery until the effects have stopped recurring. 

Local subcutaneous reactions can sometimes be re-
duced by using sodium chloride 0.9% to dilute injec-
tion solutions, by rotating injection sites, and possibly
by use of ultrasound in areas of nodularity and indura-
tion. 

Management of erectile dysfunction. UK licensed
product information has warned that drugs for erectile
dysfunction should be used with caution in patients
with anatomical penile deformity.

Interactions
Apomorphine should be used with caution in patients
receiving antihypertensives or organic nitrates as it
may potentiate their hypotensive effects. Enhanced
hypotensive effects may also occur when alcohol is
given with apomorphine. The therapeutic effects of
apomorphine may be antagonised by antipsychotics
and other drugs that act as CNS dopamine inhibitors.
The effect of apomorphine is possibly enhanced by en-
tacapone and memantine.

Antiemetics. Domperidone (in the UK) and trimethobenza-
mide (in the USA) are used with apomorphine to control nausea
and vomiting when it is prescribed for the management of par-
kinsonism. However, whether other antiemetics may safely be
used is less clear. US licensed product information contra-indi-
cates the use of ondansetron and related 5-HT3 antagonists with
apomorphine, on the grounds that profound hypotension and loss
of consciousness has been reported in patients given this combi-
nation. However, UK licensed product information makes no
mention of such a contra-indication, and licensed information for
lower-dose products used in the management of erectile dysfunc-
tion notes that on the basis of interaction studies, ondansetron
hydrochloride or prochlorperazine maleate may safely be given
to patients receiving apomorphine for this indication.

Pharmacokinetics
Apomorphine is well absorbed after subcutaneous in-
jection but undergoes extensive first-pass hepatic
metabolism when given by mouth and oral bioavaila-
bility is low. However, it is readily absorbed after sub-
lingual doses and peak plasma concentrations are
achieved in about 40 to 60 minutes; bioavailability is
reported to be about 17 to 18% compared with subcu-
taneous injection. Apomorphine is about 90% bound to
plasma proteins, mainly to albumin. 
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Apomorphine is extensively metabolised in the liver,
primarily by conjugation with glucuronic acid or sul-
fate; the major metabolite is apomorphine sulfate. It is
also demethylated to produce norapomorphine. Most
of a dose is excreted in urine, mainly as metabolites.

◊ References.
1. Neef C, van Laar T. Pharmacokinetic-pharmacodynamic rela-

tionships of apomorphine in patients with Parkinson’s disease.
Clin Pharmacokinet 1999; 37: 257–71. 

2. Argiolas A, Hedlund H. The pharmacology and clinical pharma-
cokinetics of apomorphine SL. BJU Int 2001; 88 (suppl 3):
18–21. 

3. LeWitt PA. Subcutaneously administered apomorphine: pharma-
cokinetics and metabolism. Neurology 2004; 62 (suppl 4):
S8–S11.

Uses and Administration
Apomorphine is a morphine derivative with structural
similarities to dopamine. It is a potent dopamine D1-
and D2-receptor agonist used in the management of
parkinsonism, especially in the control of the ‘on-off’
effect. It has also been used in the management of erec-
tile dysfunction. Apomorphine is given as the hydro-
chloride and doses are expressed in terms of this salt.
The regimen for parkinsonism given below applies to
the UK preparation and doses are give subcutaneously;
a similar preparation is available in the USA although
the licensed maximum single and daily doses are less
than those in the UK. 
The optimal dose of apomorphine in the management
of ‘off’ periods in parkinsonism should be established
individually under specialist care. At least 2 days of
pretreatment with the antiemetic domperidone is ad-
vised before starting apomorphine. After withholding
antiparkinsonian therapy overnight to provoke an ‘off’
period, a test dose of 1 mg is given initially, followed
by a second dose of 2 mg after 30 minutes, if necessary.
Subsequent incremental increases should then be given
at intervals of at least 40 minutes, as necessary, to de-
termine the lowest dose producing a satisfactory motor
response. Once the patient’s normal antiparkinsonian
therapy is re-established, the effective dose of apomor-
phine hydrochloride is given at the first signs of an
‘off’ period. 
The dose and frequency are further adjusted according
to response; patients typically require 3 to 30 mg daily
in divided doses but individual injections should not be
greater than 10 mg. Patients who require more than 10
injections daily or those whose overall control of
symptoms remains unsatisfactory with intermittent in-
jections may benefit from continuous subcutaneous in-
fusion. The infusion is started at a rate of 1 mg/hour
and this may be increased in steps of up to 0.5 mg/hour
at intervals of not less than 4 hours to a maximum rate
of 4 mg/hour. It is advised that infusions should only be
given during waking hours and that the infusion site
should be changed every 12 hours; 24-hour infusions
are not advised unless there are severe night-time
symptoms. Patients usually need to supplement the in-
fusion with intermittent bolus injections but the recom-
mended maximum total daily dose given by infusion
and/or injection is 100 mg. 
In the management of erectile dysfunction the usual
initial dose has been 2 mg taken sublingually about 20
minutes before sexual activity. A dose of 3 mg was
used on subsequent occasions if necessary with a min-
imum of 8 hours between doses. Reduced dosage is
needed in patients with renal impairment (see below). 
Apomorphine stimulates the chemoreceptor trigger
zone in the brain and can produce emesis within a few
minutes of a dose. However, the use of apomorphine
for the induction of emesis in poisoning is considered
dangerous owing to the risk of inducing protracted
vomiting and shock, and is not recommended.

Administration in renal impairment. In the management
of erectile dysfunction, the maximum dose of apomorphine hy-
drochloride has been limited to 2 mg sublingually in patients
with severe renal impairment.

Erectile dysfunction. Apomorphine is among a wide range of
drugs that has been used in the management of erectile
dysfunction1-5 (p.2179) with some beneficial results. It is usually
given sublingually although it has also been given subcutaneous-
ly.3 Inhaled apomorphine is also under investigation.
1. Heaton JPW, et al. Recovery of erectile function by the oral ad-

ministration of apomorphine. Urology 1995; 45: 200–6. 
2. Dula E, et al. Efficacy and safety of fixed-dose and dose-optimi-

zation regimens of sublingual apomorphine versus placebo in
men with erectile dysfunction. Urology 2000; 56: 130–5. 

3. Segraves RT, et al. Effect of apomorphine on penile tumescence
in men with psychogenic impotence. J Urol (Baltimore) 1991;
145: 1174–5. 

4. Martinez R, et al. Clinical experience with apomorphine hydro-
chloride: the first 107 patients. J Urol (Baltimore) 2003; 170:
2352–5. 

5. Gontero P, et al. Clinical efficacy of apomorphine SL in erectile
dysfunction of diabetic men. Int J Impot Res 2005; 17: 80–5.

DIAGNOSIS.  Test doses of subcutaneous apomorphine have
been used in the differential diagnosis of parkinsonian syn-
dromes,1-4 to distinguish forms responsive to dopaminergics
from other parkinsonian syndromes such as Wilson’s disease,
corticobasal degeneration, and diffuse Lewy-body dementia.
Oral challenge with levodopa is still the best test of dopamin-
ergic responsiveness5,6 but apomorphine has proved of value
in re-assessing patients who have become less responsive to
levodopa.1,4

1. Barker R, et al. Subcutaneous apomorphine as a diagnostic test
for dopaminergic responsiveness in parkinsonian syndromes.
Lancet 1989; i: 675. 

2. Oertel WH, et al. Apomorphine test for dopaminergic respon-
siveness. Lancet 1989; i: 1262–3. 

3. Frankel JP, et al. Use of apomorphine to test for dopamine re-
sponsiveness in Wilson’s disease. Lancet 1989; ii: 801–2. 

4. Hughes AJ, et al. Apomorphine test to predict dopaminergic re-
sponsiveness in parkinsonian syndromes. Lancet 1990; 336:
32–4. 

5. Steiger MJ, Quinn NP. Levodopa challenge test in Parkinson’s
disease. Lancet 1992; 339: 751–2. 

6. Müller T, et al. Repeated rating improves value of diagnostic
dopaminergic challenge tests in Parkinson’s disease. J Neural
Transm 2003; 110: 603–9.

Parkinsonism. TREATMENT. Although apomorphine has pro-
duced benefit in Parkinson’s disease (p.791) when given oral-
ly, the high doses required to overcome extensive first-pass
hepatic metabolism (up to 1.4 g daily in one study1), were as-
sociated with uraemia. The use of apomorphine in Parkin-
son’s disease has therefore been limited by the need for
parenteral dosage. The current main use of apomorphine in
Parkinson’s disease is for the stabilisation of patients with
‘on-off’ fluctuations unresponsive to other dopamine ago-
nists. It is usually given subcutaneously either by injection or
infusion but a review2 of the use of apomorphine in Parkin-
son’s disease also discussed studies of rectal, sublingual, and
intranasal use. Inhaled apomorphine is also under investiga-
tion.
1. Cotzias GC, et al. Treatment of Parkinson’s disease with apor-

phines. N Engl J Med 1976; 294: 567–72. 
2. Koller W, Stacy M. Other formulations and future considerations

for apomorphine for subcutaneous injection therapy. Neurology
2004; 62 (suppl 4): S22–S26.

Preparations
USP 31: Apomorphine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Apokinon†; Uprima†; Austral.: Apomine; Austria: APO-go; Ixense†;
Uprima†; Belg.: Uprima†; Braz.: Uprima; Chile: Noc; Uprima†; Cz.:
APO-go; Uprima†; Denm.: Uprima†; Fin.: Uprima†; Fr.: Apokinon†; Ix-
ense†; Uprima†; Ger.: APO-go; Ixense†; Uprima†; Gr.: APO-go; Taluvian†;
Uprima†; Hong Kong: Uprima†; Hung.: APO-go†; Uprima†; Irl.: Upri-
ma†; Israel: APO-go; Ital.: Apofin; Ixense†; Taluvian†; Uprima†; Jpn: Ix-
ense; Mex.: Taluvian; Neth.: APO-go; Uprima†; Norw.: Uprima†; NZ:
Apomine; Uprima†; Port.: APO-go; Uprima†; S.Afr.: Uprima†; Spain:
APO-go; Taluvian†; Uprima†; Swed.: Uprima†; Switz.: Uprima†; Thai.: Ix-
ense†; Turk.: APO-go; UK: APO-go; Uprima†; USA: Apokyn; Venez.: Up-
rima†.

Benserazide (BAN, USAN, rINN)

Benseratsidi; Benserazid; Benserazida; Bensérazide; Benserazi-
dum; Ro-4-4602. DL-Serine 2-(2,3,4-trihydroxybenzyl)hydrazide;
2-Amino-3-hydroxy-2′-(2,3,4-trihydroxybenzyl)propionohy-
drazide.

Бенсеразид
C10H15N3O5 = 257.2.
CAS — 322-35-0.

Benserazide Hydrochloride (BANM, rINNM)

Benseratsidihydrokloridi; Bensérazide, chlorhydrate de; Benser-
azid-hydrochlorid; Benserazidhydroklorid; Benserazidi hydro-
chloridum; Benserazido hidrochloridas; Benszerazid-hidroklorid;
Hidrocloruro de benserazida; Serazide Hydrochloride.

Бенсеразида Гидрохлорид

C10H15N3O5,HCl = 293.7.

CAS — 14919-77-8; 14046-64-1.

NOTE. Compounded preparations of benserazide hydrochloride
may be represented by the following names: 

• Co-beneldopa (BAN)—benserazide 1 part and levodopa 4
parts (w/w).

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Benserazide Hydrochloride). A white or yellow-
ish-white or orange-white crystalline powder. It shows polymor-
phism. Freely soluble in water; very slightly soluble in dehydrat-
ed alcohol; practically insoluble in acetone. A 1% solution in
water has a pH of 4.0 to 5.0. Protect from light.

Solubility. Benserazide is unstable in a neutral, alkaline, or
strongly acidic medium.1

1. Schwartz DE, Brandt R. Pharmacokinetic and metabolic studies
of the decarboxylase inhibitor benserazide in animals and man.
Arzneimittelforschung 1978; 28: 302–7.

Adverse Effects and Precautions

◊ Early reports1 noted developmental abnormalities of the rat
skeleton, but others found no evidence of any disorder involving
bone metabolism in man.2 Nevertheless licensed product infor-
mation recommends that benserazide should not be given to pa-
tients under 25 years of age, nor to pregnant women or to women
of child-bearing potential in the absence of adequate contracep-
tion.
1. Theiss E, Schärer K. Toxicity of L-dopa and a decarboxylase in-

hibitor in animal experiments. In: de Ajuriaguerra J, Gauthier G,
eds. Monoamines Noyaux Gris Centraux et Syndrome de Parkin-
son. Geneva: Georg, 1971: 497–504. 

2. Ziegler WH, et al. Toxicity of L-dopa and a dopa decarboxylase
inhibitor in humans. In: de Ajuriaguerra J, Gauthier G, eds.
Monoamines Noyaux Gris Centraux et Syndrome de Parkinson.
Geneva: Georg, 1971: 505–16.

Pharmacokinetics

◊ Pharmacokinetic and metabolic studies1,2 in animals and man
have shown that, after oral doses in parkinsonian patients,
benserazide was rapidly absorbed to the extent of about 58%;
giving it with levodopa tended to increase this slightly. Benser-
azide was rapidly excreted in the urine in the form of metabolites,
mostly within the first 6 hours; 85% of urinary excretion had oc-
curred within 12 hours. It is mainly metabolised in the gut and
appears to protect levodopa against decarboxylation primarily in
the gut, but also in the rest of the organism, mainly by way of its
metabolite trihydroxybenzylhydrazine. Benserazide did not
cross the blood-brain barrier in rats.
1. Schwartz DE, et al. Pharmacokinetics of the decarboxylase

benserazide in man: its tissue distribution in the rat. Eur J Clin
Pharmacol 1974; 7: 39–45. 

2. Schwartz DE, Brandt R. Pharmacokinetic and metabolic studies
of the decarboxylase inhibitor benserazide in animals and man.
Arzneimittelforschung 1978; 28: 302–7.

Uses and Administration
Benserazide hydrochloride is a peripheral dopa-decarboxylase
inhibitor with actions similar to those of carbidopa (p.803) and is
used similarly as an adjunct to levodopa in the treatment of par-
kinsonism (p.791). For details of dosage, see Levodopa, p.808.

◊ References.
1. Dingemanse J, et al. Pharmacodynamics of benserazide assessed

by its effects on endogenous and exogenous levodopa pharma-
cokinetics. Br J Clin Pharmacol 1997; 44: 41–8.

Preparations

BP 2008: Co-beneldopa Capsules; Dispersible Co-beneldopa Tablets.

Proprietary Preparations (details are given in Part 3)
Ger.: Restex.

Multi-ingredient: Arg.: Madopar ; Austral.: Madopar ; Austria:
Dopamed; Levobens; Madopar; Restex; Belg.: Prolopa; Braz.: Prolopa;
Canad.: Prolopa; Chile: Melitase; Prolopa; Cz.: Madopar; Denm.: Ma-
dopar; Fin.: Madopar; Fr.: Modopar; Ger.: Levodopa comp B; Levopar;
Madopar; PK-Levo; Gr.: Madopar; Hong Kong: Madopar; Hung.: Ma-
dopar; Indon.: Leparson; Levazide; Levopar; Madopar; Pardoz; Irl.: Ma-
dopar; Israel: Levopar Plus; Ital.: Madopar; Malaysia: Madopar; Mex.:
Madopar; Neth.: Madopar; Modopar; Norw.: Madopar; NZ: Madopar;
Philipp.: Madopar; Pol.: Madopar ; Port.: Madopar ; Rus.: Madopar
(Мадопар); S.Afr.: Madopar; Singapore: Madopar; Spain: Madopar;
Swed.: Madopark; Switz.: Madopar; Thai.: Cenparkin†; Madopar; Vopar;
Turk.: Madopar; UK: Madopar; Venez.: Madopar.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Benzatropine Mesilate (BANM, rINNM)

Benzatropine, Mésilate de; Benzatropine Methanesulfonate; Ben-
zatropini Mesilas; Benztropine Mesylate; Mesilato de benzatropi-
na. (1R,3r,5S)-3-Benzhydryloxytropane methanesulphonate.
Бензатропина Мезилат
C21H25NO,CH4O3S = 403.5.
CAS — 86-13-5 (benzatropine); 132-17-2 (benzatropine
mesilate).
ATC — N04AC01.
ATC Vet — QN04AC01.

(benzatropine)

Pharmacopoeias. In Br. and US. 
BP 2008 (Benzatropine Mesilate). A white, odourless or almost
odourless, crystalline powder. Very soluble in water; freely solu-
ble in alcohol; practically insoluble in ether. 
USP 31 (Benztropine Mesylate). A white, slightly hygroscopic,
crystalline powder. Very soluble in water; freely soluble in alco-
hol; very slightly soluble in ether. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Atropine Sulfate, p.1219. Drowsiness may be
severe in some patients and patients so affected should
not drive or operate machinery. Mental disturbances
and excitement may occur with large doses or in sus-
ceptible patients.
Abuse. For mention of abuse of benzatropine see under Trihex-
yphenidyl Hydrochloride, p.820.
Effects on the heart. Paradoxical sinus bradycardia in a pa-
tient with depression and psychotic symptoms was attributed to
benzatropine since it persisted despite modification to other
treatment and resolved only when benzatropine was withdrawn.1
1. Voinov H, et al. Sinus bradycardia related to the use of benztro-

pine mesylate. Am J Psychiatry 1992; 149: 711.

Interactions
As for antimuscarinics in general (see Atropine Sul-
fate, p.1220).
Antidepressants. A report1 of 5 patients who developed delir-
ium while taking an antipsychotic, an SSRI, and benzatropine
suggested that there might be an interaction between SSRIs and
benzatropine.
1. Roth A, et al. Delirium associated with the combination of a neu-

roleptic, an SSRI, and benztropine. J Clin Psychiatry 1994; 55:
492–5.

Antipsychotics. Fatal heat stroke after exposure to an ambient
temperature of over 29° has been reported1,2 in patients receiving
benzatropine with antipsychotics. Paralytic ileus, sometimes
fatal, has also been seen in patients taking benzatropine with an-
tipsychotics.3
1. Stadnyk AN, Glezos JD. Drug-induced heat stroke. Can Med As-

soc J 1983; 128: 957–9. 
2. Tyndel F, Labonté R. Drug-facilitated heat stroke. Can Med As-

soc J 1983; 129: 680. 
3. Wade LC, Ellenor GL. Combination mesoridazine- and benztro-

pine mesylate-induced paralytic ileus: two case reports. Drug In-
tell Clin Pharm 1980; 14: 17–22.

Uses and Administration
Benzatropine mesilate is a tertiary amine antimuscarin-
ic with actions and uses similar to those of trihexyphe-
nidyl (p.820); it also has antihistaminic properties. 
Benzatropine is used for the symptomatic treatment of
parkinsonism (p.791), including the alleviation of the
extrapyramidal syndrome induced by drugs such as
phenothiazines, but, like other antimuscarinics, is of no
value against tardive dyskinesias. It has been used in
the treatment of dystonias (see under Uses and Admin-
istration of Levodopa, p.809). 

Benzatropine mesilate is given orally or, if necessary,
by intramuscular or intravenous injection. 
In idiopathic parkinsonism benzatropine mesilate is
usually given orally in an initial daily dose of 0.5 to
1 mg at bedtime. Its actions are cumulative, and may
not be manifest for several days after beginning thera-
py. Patients with post-encephalitic parkinsonism often
tolerate an initial daily dose of 2 mg. The dose may be
gradually increased by 500 micrograms every 5 to 6
days to a maximum of 6 mg daily until the optimum
dose is reached. Maintenance therapy may be given as
a single daily dose at bedtime or in divided doses 2 to
4 times daily. 
In the management of drug-induced extrapyramidal
symptoms doses of 1 to 4 mg once or twice daily have
been given orally or parenterally. Therapy may be
withdrawn after 1 to 2 weeks to assess whether it is still
necessary. 
In an emergency, benzatropine mesilate may be inject-
ed intramuscularly or intravenously in a dose of 1 to
2 mg; intramuscular injection is reported to produce an
effect as quickly as intravenous dosage so the latter is
rarely necessary. 
For management of dystonias in children, the BNFC
suggests that in an emergency, single doses of 20 to
100 micrograms/kg (maximum of 2 mg) may be given
by intravenous or intramuscular injection to children
aged 3 to 12 years, and 1 to 2 mg to those aged 12 to 18
years. 
Benzatropine has also been given as the hydrochloride.
Preparations
BP 2008: Benzatropine Injection; Benzatropine Tablets; 
USP 31: Benztropine Mesylate Injection; Benztropine Mesylate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Benztrop; Cogentin; Austria: Cogentin; Canad.: Cogentin†; Cz.:
Apo-Benztropine; Denm.: Cogentin†; Hong Kong: Cogentin; Irl.: Cogen-
tin†; Norw.: Cogentin†; NZ: Benztrop; Cogentin; Port.: Cogentin†; Thai.:
Cogentin; UK: Cogentin; USA: Cogentin.

Biperiden (BAN, rINN)

Biperideeni; Bipéridène; Biperideno; Biperidenum. 1-(Bicyclo-
[2.2.1]hept-5-en-2-yl)-1-phenyl-3-piperidinopropan-1-ol.
Бипериден
C21H29NO = 311.5.
CAS — 514-65-8.
ATC — N04AA02.
ATC Vet — QN04AA02.

Pharmacopoeias. In Int. and US. 
USP 31 (Biperiden). A white, practically odourless, crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol; freely soluble in chloroform. Protect from light.

Biperiden Hydrochloride (BANM, rINNM)

Biperideenihydrokloridi; Biperiden Hidroklorür ; Bipéridène,
chlorhydrate de; Biperidén-hidroklorid; Biperiden-hydrochlorid;
Biperidenhydroklorid; Biperideni hydrochloridum; Biperideno
hidrochloridas; Hidrocloruro de biperideno.
Биперидена Гидрохлорид
C21H29NO,HCl = 347.9.
CAS — 1235-82-1.
ATC — N04AA02.
ATC Vet — QN04AA02.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Biperiden Hydrochloride). A white or almost
white, crystalline powder. Slightly soluble in water and in alco-
hol; very slightly soluble in dichloromethane. A 0.2% solution in
water has a pH of 5.0 to 6.5. Store in airtight containers. Protect
from light. 
USP 31 (Biperiden Hydrochloride). A white, practically odour-
less, crystalline powder. Slightly soluble in water, in alcohol, in
chloroform, and in ether; sparingly soluble in methyl alcohol.
Protect from light.

Biperiden Lactate (BANM, rINNM)

Biperiden Laktat; Bipéridène, Lactate de; Biperideni Lactas; Lac-
tato de biperideno.
Биперидена Лактат
C21H29NO,C3H6O3 = 401.5.
CAS — 7085-45-2.
ATC — N04AA02.
ATC Vet — QN04AA02.
Pharmacopoeias. US includes Biperiden Lactate Injection.
Adverse Effects, Treatment, and Precautions
As for Atropine Sulfate, p.1219. 
Parenteral use may be followed by slight transient hypotension.
Abuse. Abuse of biperiden has been reported in psychiatric pa-
tients.1
1. Pullen GP, et al. Anticholinergic drug abuse: a common prob-

lem? BMJ 1984; 289: 612–13.

Interactions
As for antimuscarinics in general (see Atropine Sulfate, p.1220).
Pharmacokinetics
Biperiden is readily absorbed from the gastrointestinal tract, but
bioavailability is only about 30% suggesting that it undergoes
extensive first-pass metabolism. Biperiden has an elimination
half-life of about 20 hours.
◊ References.
1. Hollmann M, et al. Biperiden effects and plasma levels in volun-

teers. Eur J Clin Pharmacol 1984; 27: 619–21. 
2. Grimaldi R, et al. Pharmacokinetic and pharmacodynamic stud-

ies following the intravenous and oral administration of the an-
tiparkinsonian drug biperiden to normal subjects. Eur J Clin
Pharmacol 1986; 29: 735–7.

Uses and Administration
Biperiden is a tertiary amine antimuscarinic with actions and
uses similar to those of trihexyphenidyl (p.820) but with more
potent antinicotinic properties. 
Biperiden is used in the symptomatic treatment of parkinsonism
(p.791), including the alleviation of the extrapyramidal syn-
drome induced by drugs such as phenothiazines, but, like other
antimuscarinics, is of no value against tardive dyskinesias. 
Biperiden is given orally as the hydrochloride and by injection as
the lactate; doses are expressed in terms of the relevant salt. The
initial oral dose for Parkinson’s disease is 2 mg of the hydro-
chloride three or four times daily increased according to response
to a maximum of 16 mg daily. The dose for drug-induced
extrapyramidal symptoms is 2 mg of the hydrochloride orally
one to three times daily; alternatively, 2 mg of biperiden lactate
may be given by intramuscular or slow intravenous injection and
repeated every 30 minutes if needed up to a maximum of 4 doses
in 24 hours.
Preparations
USP 31: Biperiden Hydrochloride Tablets; Biperiden Lactate Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Akineton; Berofin; Darcipireno; Sinekin; Austral.: Akineton; Austria:
Akineton; Belg.: Akineton; Braz.: Akineton; Cinetol; Parkinsol; Canad.:
Akineton; Chile: Akineton; Cz.: Akineton; Denm.: Akineton; Fin.: Akine-
ton; Ipsatol; Fr.: Akineton; Ger.: Akineton; Norakin N†; Gr.: Akineton;
Hung.: Akineton; India: Dyskinon†; Irl.: Akineton; Israel: Dekinet; Ital.:
Akineton; Mex.: Akineton; Bikipen; Kinex; Neth.: Akineton; Norw.: Akine-
ton†; Philipp.: Akineton; Pol.: Akineton; Port.: Akineton; Rus.: Akineton
(Акинетон)†; S.Afr.: Akineton; Spain: Akineton; Swed.: Akineton†;
Switz.: Akineton; Turk.: Akineton; USA: Akineton; Venez.: Akineton.

Bornaprine Hydrochloride (BANM, rINNM)

Bornaprin Hidroklorür; Bornaprine, Chlorhydrate de; Bornaprini
Hydrochloridum; Hidrocloruro de bornaprina. 3-Diethylamino-
propyl 2-phenylbicyclo[2.2.1]heptane-2-carboxylate hydrochlo-
ride.
Борнаприна Гидрохлорид
C21H31NO2,HCl = 365.9.
CAS — 20448-86-6 (bornapr ine); 26908-91-8 (born-
aprine hydrochloride).
ATC — N04AA11.
ATC Vet — QN04AA11.

(bornapr ine)

Profile
Bornaprine hydrochloride is a quaternary ammonium antimus-
carinic with actions and uses similar to those of trihexyphenidyl
(p.820). It is used in the symptomatic treatment of parkinsonism
(p.791), including the alleviation of the extrapyramidal syn-
drome induced by drugs such as phenothiazines, but, like other
antimuscarinics, is of no value against tardive dyskinesias; it is
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claimed to be mainly effective against tremor. Bornaprine hydro-
chloride is given orally in initial doses of 2 mg daily gradually
increased to 6 to 12 mg daily according to response. It is also
used in the treatment of hyperhidrosis (p.1580) in a dose of 4 to
8 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Sormodren; Ger.: Sormodren; Ital.: Sormodren; Turk.: Sormo-
dren.

Bromocriptine Mesilate (BANM, rINNM)

Bromocriptine, mésilate de; Bromocriptine Mesylate (USAN); Bro-
mocriptine Methanesulphonate; Bromocriptini mesilas; Bromoc-
ryptine Mesylate; 2-Bromo-α-ergocryptine Mesylate; 2-Bromo-
ergocryptine Monomethanesulfonate; Bromokriptiinimesilaatti;
Bromokriptin Mesilat; Bromokriptinmesilat; Bromokriptin-me-
sylát; Brómokriptin-mezilát; Bromokriptino mesilatas; CB-154
(bromocriptine); Mesilato de bromocriptina. (5′S)-2-Bromo-12′-
hydroxy-2′-(1-methylethyl)-5′-(2-methylpropyl)-ergotaman-
3′,6′,18-trione methanesulphonate.
Бромокриптина Мезилат
C32H40BrN5O5,CH4O3S = 750.7.
CAS — 25614-03-3 (bromocriptine); 22260-51-1 (bro-
mocr iptine mesilate).
ATC — G02CB01; N04BC01.
ATC Vet — QG02CB01; QN04BC01.

(bromocriptine)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Bromocriptine Mesilate). A white or slightly col-
oured fine crystalline powder. Practically insoluble in water; sol-
uble in alcohol; sparingly soluble in dichloromethane; freely sol-
uble in methyl alcohol. A 1% solution in a mixture of 2 parts
methyl alcohol to 8 of water has a pH of 3.1 to 3.8. Store in air-
tight containers at a temperature not exceeding −15°. Protect
from light. 
USP 31 (Bromocriptine Mesylate). A white or slightly coloured
fine crystalline powder; odourless or having a weak characteris-
tic odour. Store in airtight containers at a temperature not exceed-
ing 8°. Protect from light.

Adverse Effects
Nausea is the most common adverse effect at the be-
ginning of treatment with bromocriptine, but vomiting,
dizziness, and orthostatic hypotension may also occur.
Syncope has followed initial doses. 
Adverse effects are generally dose-related and may
therefore be more frequent with the higher doses that
have been used in the treatment of parkinsonism and
acromegaly. Reduction of the dosage, followed in a
few days by a more gradual increase, may alleviate
many adverse effects. Nausea may be reduced by tak-
ing bromocriptine with food; domperidone may also
be given at least 1 hour before bromocriptine, for the
first few days of therapy. 
Bromocriptine and similar drugs are vasoconstrictors;
Raynaud’s syndrome or digital vasospasm, induced by
cold, and leg cramps have been reported. Other cardio-
vascular effects have included erythromelalgia, pro-
longed severe hypotension, arrhythmias, and exacerba-
tion of angina. Very rarely hypertension, myocardial
infarction, seizures or stroke (both sometimes preced-
ed by severe headache or visual disturbances), and psy-
chiatric disorders have been reported in postpartum
women given bromocriptine. 

The use of ergot derivatives such as bromocriptine has
been associated with retroperitoneal fibrosis, pleural
thickening and effusions, and pericarditis and pericar-
dial effusions. 
Other adverse effects reported include headache, nasal
congestion, drowsiness, dry mouth, constipation, diar-
rhoea, and altered liver-function tests. Dyskinesias and
psychomotor excitation have occurred in patients suf-
fering from parkinsonism. Gastrointestinal bleeding
has been reported in acromegalic patients. Psychosis,
with hallucinations, delusions, and confusion, occurs
particularly when high doses are used to treat parkin-
sonism, but has also been reported with low doses. A
neuroleptic malignant-like syndrome associated with
abrupt withdrawal of bromocriptine has been reported
very rarely.
Incidence of adverse effects. In 27 published studies of the
treatment of Parkinson’s disease, 217 of the 790 patients given
bromocriptine had adverse effects.1 Mental changes were noted
in 90 patients, dyskinesia in 20, orthostatic hypotension in 40,
and gastrointestinal effects in 40. The fewest adverse effects
(9%) occurred with low-dose bromocriptine, more occurred with
high-dose bromocriptine (27%) or with low-dose bromocriptine
with levodopa (26%), and the most occurred with high-dose bro-
mocriptine and levodopa (32%). However, those on high doses
had more advanced disease and might have been more suscepti-
ble to mental changes and dyskinesias. 
An analysis by the manufacturer of published reports on patients
treated with bromocriptine for 1 to 10 years concluded that in
general, adverse effects noted were no different from those asso-
ciated with short-term treatment.2
1. Lieberman AN, Goldstein M. Bromocriptine in Parkinson dis-

ease. Pharmacol Rev 1985;  37: 217–27. 
2. Weil C. The safety of bromocriptine in long-term use: a review

of the literature. Curr Med Res Opin 1986; 10: 25–51.

Effects on the blood. Severe leucopenia and mild thrombocy-
topenia developed in a 23-year-old woman after treatment with
bromocriptine 7.5 to 10 mg daily for about 3 months.1
1. Giampietro O, et al. Severe leukopenia and mild thrombocytope-

nia after chronic bromocriptine (CB-154) administration. Am J
Med Sci 1981;  281: 169–72.

Effects on the cardiovascular system. An early review not-
ed that asymptomatic hypotension occurred in many subjects
given bromocriptine.1 However, faintness and dizziness, some-
times accompanied by nausea and vomiting, were common at
the start of treatment with bromocriptine and these symptoms
rather than an anaphylactic type of reaction were likely to ac-
count for the collapse that occurred in a few sensitive patients.
Two of 53 patients with Parkinson’s disease fainted after an ini-
tial dose of 1.25 or 2.5 mg, but the exact incidence of shock-like
syndromes was difficult to assess; the manufacturers had stated
that 22 of over 10 000 subjects given bromocriptine had had hy-
potension and collapse, mainly at the start of treatment. 
• All patients starting treatment should be warned of the possi-

bility of fainting. The initial dose should not exceed 1.25 to
2.5 mg and should be taken with food and in bed. 

If fainting does occur recovery is usually rapid and spontaneous.
Tolerance to adverse effects such as hypotension and nausea may
develop rapidly. 
Hypertension, seizures, stroke, and myocardial infarction have
been associated with bromocriptine therapy, notably in postpar-
tum women.2-4 A study involving 1813 women suggested that
the risk of postpartum hypertension was increased in women
who had pregnancy-induced hypertension and that this risk was
further increased in those who took bromocriptine for suppres-
sion of lactation.5 A case-controlled study6 involving 43 of the
women who had had postpartum seizures while taking bromoc-
riptine found that while the initial risk of seizures appeared to be
lower in patients taking bromocriptine there was a small positive
association with seizures occurring more than 72 hours after de-
livery. 
• Although a causal relationship between the use of bromocrip-

tine and these adverse effects in postpartum women has not
been established, licensed product information recommends
that bromocriptine should not be used post partum or in the
puerperium in women with high blood pressure, coronary ar-
tery disease or other severe cardiovascular disorders, or symp-
toms or history of serious psychiatric disorders. 

• It is also recommended that when bromocriptine is used in
postpartum women blood pressure should be carefully moni-
tored, especially during the first few days and if hypertension,
unremitting headache, or signs of CNS toxicity develop, treat-
ment should be discontinued immediately. 

Severe dilated cardiomyopathy has been reported in a patient
being treated with bromocriptine for microprolactinoma.7 
For details of fibrotic reactions resulting in cardiovascular ad-
verse effects, see Fibrosis, below.
1. Parkes D. Side effects of bromocriptine. N Engl J Med 1980;

302: 749–50. 
2. Anonymous. Postpartum hypertension, seizures, strokes report-

ed with bromocriptine. FDA Drug Bull 1984; 14: 3. 

3. Ruch A, Duhring JL. Postpartum myocardial infarction in a pa-
tient receiving bromocriptine. Obstet Gynecol 1989; 74: 448–51. 

4. Larrazet F, et al. Possible bromocriptine-induced myocardial in-
farction. Ann Intern Med 1993; 118: 199–200. 

5. Watson DL, et al. Bromocriptine mesylate for lactation suppres-
sion: a risk for postpartum hypertension? Obstet Gynecol 1989;
74: 573–6. 

6. Rothman KJ, et al. Bromocriptine and puerperal seizures. Epide-
miology 1990; 1: 232–8. 

7. Kaushik P, et al. Acute onset of severe dilated cardiomyopathy
during bromocriptine therapy. Ann Pharmacother 2004; 38:
1219–21.

Effects on the ears. Audiometric evidence of bilateral sen-
sorineural hearing loss was reported in 3 patients receiving bro-
mocriptine 15 or 20 mg daily for chronic hepatic encephalopa-
thy.1 Hearing improved when the dose was reduced to 10 mg
daily.
1. Lanthier PL, et al. Bromocriptine-associated ototoxicity. J

Laryngol Otol 1984; 98: 399–404.

Effects on electrolytes. There have been isolated reports of
severe hyponatraemia associated with the use of bromocrip-
tine.1,2

1. Marshall AW, et al. Bromocriptine-associated hyponatraemia in
cirrhosis. BMJ 1982; 285: 1534–5. 

2. Damase-Michel C, et al. Hyponatraemia in a patient treated with
bromocriptine. Drug Invest 1993; 5: 285–7.

Effects on the eyes. Blurred vision and diplopia has been re-
ported in several patients receiving bromocriptine.1 Reversible
myopia also developed in a patient with hyperprolactinaemia
given bromocriptine.2 
Licensed product information states that visual field impairment
associated with macroprolactinoma usually resolves with bro-
mocriptine treatment. However, in a patient with progressive vis-
ual loss due to compression of the optic chiasm by a large pitui-
tary tumour, bromocriptine caused total visual loss within hours.3
Vision slowly returned to normal when the patient was placed in
the supine position; the most likely cause of the visual loss was
thought to be orthostatic hypotension with resultant decrease in
perfusion pressure to the visual system. Monitoring of visual
fields is recommended in patients with macroprolactinoma. 
Bromocriptine has been reported to cause visual cortical distur-
bances.4 In some cases blurred vision and transient cortical blind-
ness have preceded seizures and strokes.
1. Calne DB, et al. Long-term treatment of parkinsonism with bro-

mocriptine. Lancet 1978; i: 735–7. 
2. Manor RS, et al. Myopia during bromocriptine treatment. Lancet

1981; i: 102. 
3. Couldwell WT, Weiss MH. Visual loss associated with bromoc-

riptine. Lancet 1992; 340: 1410–11. 
4. Lane RJM, Routledge PA. Drug-induced neurological disorders.

Drugs 1983; 26: 124–47.

Effects on mental function. High doses of bromocriptine are
well known to cause psychotic reactions in patients with parkin-
sonism.1 However, mania has also been associated with the use
of bromocriptine post partum2,3 and it has been stated that psy-
chological symptoms can occur with doses of only 2.5 to 5 mg
daily.4 It was also noted that, unlike the relatively mild and tran-
sient symptoms associated with levodopa, bromocriptine pro-
duces a severe psychosis in which the patient is violent and ag-
gressive, suffering from intense delusions which are often hostile
and violent; complete withdrawal of bromocriptine may still
leave a residue of severe psychotic illness persisting for 1 to 3
weeks. Psychosis associated with low doses of bromocriptine
has often occurred in patients with a history of psychotic illness
or disturbances in behaviour and mood prior to treatment.5-7

Drug-related psychotic reactions have also been reported in pa-
tients with no psychiatric history;8,9 of 600 patients given bro-
mocriptine or lisuride for the treatment of acromegaly or prolac-
tinoma, 8 developed symptoms including anxiety, depression,
auditory hallucinations, delusions, hyperactivity, disinhibition,
euphoria, and insomnia and 4 had received doses only previously
associated with psychosis in susceptible patients.9 
For reference to disturbed behaviour including excessive gam-
bling reported in patients with Parkinson’s disease receiving
dopamine agonists, see under Levodopa, p.805. 
For reports of daytime somnolence occurring in patients receiv-
ing dopamine agonists including bromocriptine, see under Lev-
odopa, p.805.
1. Calne DB, et al. Long-term treatment of parkinsonism with bro-

mocriptine. Lancet 1978; i: 735–7. 
2. Vlissides DN, et al. Bromocriptine-induced mania? BMJ 1978;

1: 510. 
3. Brook NM, Cookson IB. Bromocriptine-induced mania? BMJ

1978; 1: 790. 
4. Pearce I, Pearce JMS. Bromocriptine in parkinsonism. BMJ

1978; 1: 1402–4. 
5. Pearson KC. Mental disorders from low-dose bromocriptine. N

Engl J Med 1981; 305: 173. 
6. Le Feuvre CM, et al. Bromocriptine-induced psychosis in ac-

romegaly. BMJ 1982; 285: 1315. 
7. Procter AW, et al. Bromocriptine induced psychosis in acromeg-

aly. BMJ 1983; 286: 50. Correction. ibid.; 311. 
8. Einarson TR, Turchet EN. Psychotic reaction to low-dose bro-

mocriptine. Clin Pharm 1983; 2: 273–4. 
9. Turner TH, et al. Psychotic reactions during treatment of pitui-

tary tumours with dopamine agonists. BMJ 1984; 289: 1101–3.

Effects on the nervous system. CSF rhinorrhoea has been
associated with bromocriptine therapy in patients with invasive
prolactinomas. A report of 3 cases found 13 further cases on re-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

viewing the literature;1 of these, 7 patients had developed rhinor-
rhoea within 1 month of starting bromocriptine and 2 cases de-
veloped after 12 months. 
For reference to seizures associated with the use of bromocrip-
tine in postpartum women, see Effects on the Cardiovascular
System, above.
1. Barlas O, et al. Bromocriptine-induced cerebrospinal fluid fistu-

la in patients with macroprolactinomas: report of three cases and
a review of the literature. Surg Neurol 1994; 41: 486–9.

Effects on the respiratory system. For reports of fibrotic
reactions occurring in patients with Parkinson’s disease receiv-
ing ergot derivative dopamine agonists including bromocriptine,
see Fibrosis, below.
Effects on sexual function. For reports of the effects of
dopamine agonists on sexual function, see under Levodopa,
p.806.
Effects on the urinary tract. Constant dribbling urinary in-
continence developed in a woman receiving bromocriptine
2.5 mg daily for a recurrent pituitary growth; symptoms resolved
on stopping the drug and recurred on rechallenge.1 Bromocrip-
tine has been shown to have two effects, one on the bladder out-
flow tract and one on the detrusor muscle, that could predispose
to urinary incontinence.2
1. Sandyk R, Gillman MA. Urinary incontinence in patient on long-

term bromocriptine. Lancet 1983; ii: 1260–1. 
2. Caine M. Bromocriptine and urinary incontinence. Lancet 1984;

i: 228.

Fibrosis. Fibrosis has been associated with the long-term use of
ergot derivatives (see under Methysergide, p.623). Fibrotic reac-
tions such as cardiac valvulopathy and pleuropulmonary effu-
sion have been reported with bromocriptine, cabergoline, lisu-
ride, and pergolide therapy in patients with Parkinson’s disease. 
Constrictive pericarditis1 was reported in 2 patients who had re-
ceived bromocriptine for 2 and 4 years, respectively; the latter
still had slight pleural effusion 13 months after the drug was
stopped. Valvular heart disease2 developed in another patient
who had received bromocriptine for 5 years; symptoms resolved
6 months after stopping the drug. Interstitial lung disease, with
dyspnoea, chest pain, cough, and pulmonary fibrosis was
reported3 in a patient after use of relatively high doses of bromo-
criptine (62 mg daily). Respiratory symptoms largely resolved
on withdrawal of the drug, although functional respiratory
changes and moderate dyspnoea persisted after 6 months. A re-
view of the literature revealed several other reports of pleuro-
pulmonary fibrosis associated with relatively high doses of bro-
mocriptine which occurred after between 15 days and up to 3
years of treatment. Although the incidence of this effect did not
seem to be high, similar cases have continued to be reported.4-6

In June 2008 the EMEA recommended that for long-term use in
conditions such as Parkinson’s disease, the maximum dose
should be 30 mg daily.7 
A patient developed pleuropulmonary disease 16 months after
starting treatment with cabergoline;8 he had previously received
bromocriptine for 10 years and had had a normal chest X-ray at
the time of transfer to cabergoline treatment. In another report, 2
cases of pleural effusion/pulmonary fibrosis, occurring after 10
to 11 months of treatment, were described.9 One patient had
modest pretreatment lung alterations attributed to previous bro-
mocriptine therapy. Withdrawal was associated with improve-
ment in both cases. Congestive heart failure secondary to con-
strictive pericarditis, and severe pleuropulmonary fibrosis that
resulted in dyspnoea, persistent in one case,10 have also been re-
ported in 2 patients receiving long-term cabergoline.10,11 Another
patient developed cardiac valvulopathy after taking cabergoline
for a total of 20 months;12 her dosage was 4 mg daily for the last
7 months. Cardiac symptoms slowly improved on withdrawal of
the drug, although some evidence of valvular defects was still
present 23 months later. Valvular heart disease has also been re-
ported in a 74-year-old man after 4 months of therapy with caber-
goline [dosage not stated].13 By December 2005, 86 cases of sus-
pected adverse reactions to cabergoline had been reported to the
Australian Drug Reactions Advisory Committee (ADRAC),14 of
which 15 described pleural or pulmonary fibrosis/effusion, or
pneumonitis; time to onset ranged from a few days to over 3
years with a median of 4 months. There had been no reports of
fibrotic complications associated with low-dose cabergoline in
the treatment of lactation suppression and hyperprolactinaemia.
The UK MHRA considers the risk of cardiac valvulopathy to be
high and UK labelling for cabergoline has been amended accord-
ingly (see p.802) with the EMEA in June 2008 recommending a
maximum dose of 3 mg daily.7 
A woman developed bilateral pleural effusions after taking lisu-
ride 4 mg daily for about 17 months.8 Her condition improved on
stopping lisuride. 
The UK CSM15 reported in 2003 that pergolide had been associ-
ated with cases of cardiac valvulopathy; since 1989, valvulop-
athy had been reported in fewer than 5 in 100 000 patients. The
CSM also referred to a published case series16 which reported on
3 patients with severe tricuspid regurgitation after long-term per-
golide treatment. The authors of this case series and the CSM
both considered that, based on the available evidence, there was
a potential association between pergolide and cardiac valvulopa-
thy. Subsequently, the FDA17 stated that, up to the end of 2002,
it was aware of 15 cases of valvular heart disease with pergolide

treatment; this figure included the 3 cases reported in the above
series and 4 cases from the UK. A later study18 that examined 78
patients taking pergolide for Parkinson’s disease found evidence
of restrictive valvular heart disease in 15 of 52 (29%) patients
taking doses less than 5 mg daily and in 11 of 26 (42%) receiving
doses of 5 mg or more daily. Pulmonary fibrosis and retroperito-
neal fibrosis have also been associated with pergolide treat-
ment;19-21 in most cases, symptoms improved when the drug was
stopped. Duration of exposure to pergolide ranged from 6
months20 to 11 years.21 
In April 2002 the CSM22 calculated crude reporting rates of fi-
brotic reactions associated with the ergot derivative dopamine
agonists (bromocriptine, cabergoline, lisuride, and pergolide),
based on data submitted to its Yellow Card scheme and estimated
drug exposure. Pergolide was found to be associated with a high-
er reporting rate of fibrotic reactions compared with the other
ergot derivatives; however, this result needed further investiga-
tion to see if it reflected a true increase in risk or was due to fac-
tors such as reporting biases. There is some evidence that the in-
cidence of reactions to pergolide are dose-related, and doses are
restricted in many countries (see p.812) and in June 2008 the
EMEA recommended a maximum dose of 3 mg daily.7 Per-
golide was withdrawn from the market in the USA and Canada.
It is recommended that baseline investigations such as erythro-
cyte sedimentation rate, urea and electrolyte concentrations, and
a chest x-ray should be performed before starting treatment with
this class of drugs.
1. Champagne S, et al. Chronic constrictive pericarditis induced

by long-term bromocriptine therapy: report of two cases. Ann
Pharmacother 1999; 33: 1050–4. 

2. Serratrice J, et al. Fibrotic valvular heart disease subsequent to
bromocriptine treatment. Cardiol Rev 2002; 10: 334–6. 

3. Vergeret J, et al. Fibrose pleuro-pulmonaire et bromocriptine.
Sem Hop Paris 1984; 60: 741–4. 

4. Kinnunen E, Viljanen A. Pleuropulmonary involvement during
bromocriptine treatment. Chest 1988; 94: 1034–6. 

5. Macak IA, et al. Bromocriptine-induced pulmonary disease.
Can J Hosp Pharm 1991; 44: 37–8, xxiv. 

6. Debove P, et al. Pleuropneumopathie à la bromocriptine chez un
parkinsonien: revue de la littérature à propos d’une nouvelle ob-
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12. Horvath J, et al. Severe multivalvular heart disease: a new com-
plication of the ergot derivative dopamine agonists. Mov Disord
2004; 19: 656–62. 
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Hypersensitivity. An allergic reaction developed in a 26-year-
old woman being treated with bromocriptine for a prolactin-se-
creting microadenoma.1 The patient reacted similarly to lisuride
and treatment was continued with quinagolide.
1. Merola B, et al. Allergy to ergot-derived dopamine agonists.

Lancet 1992; 339: 620.

Oedema. Oedema poorly responsive to diuretics has been
reported1 in a patient given bromocriptine as part of treatment for
prolactinoma. The oedema improved on substitution of per-
golide but worsened with higher doses. Oedema resolved when
treatment was changed to quinagolide. The reaction was consid-
ered to be idiosyncratic since enquiries by the author of the report
had revealed only one similar case. In a subsequent report2 a pa-
tient with Parkinson’s disease who had been receiving bromo-

criptine for 5 years developed marked lower leg oedema, and
subsequently cough, dyspnoea, and chest pain associated with an
exudative pleural effusion; there was no evidence of fibrosis.
Both oedema and effusion had largely resolved within 4 weeks
of stopping bromocriptine.
1. Blackard WG. Edema—an infrequently recognized complication

of bromocriptine and other ergot dopaminergic drugs. Am J Med
1993; 94: 445. 

2. Messiaen T, et al. Épanchement pleural et importants œdèmes
des membres inférieurs induits par la bromocriptine. Rev Med
Interne 1996; 17: 680–3.

Overdosage. The most striking symptom in two children aged
2 and 2 ⁄  years who accidentally ingested an estimated 25 and
7.5 mg of bromocriptine, respectively, was lethargy with altered
mental status.1 The first child vomited and became sleepy. On
admission he was markedly lethargic, but combative when dis-
turbed, and also had hypotension, shallow breathing, dilated pu-
pils, and hyperreflexic lower extremities. Nasogastric lavage was
promptly performed, and activated charcoal and then magnesi-
um citrate given. Blood pressure and ECG were monitored, and
glucose and sodium chloride solution infused. The other child
vomited, became lethargic, and had dilated pupils. Ipecacuanha
was given, and activated charcoal followed by magnesium cit-
rate given by nasogastric tube. Both children recovered com-
pletely.
1. Vermund SH, et al. Accidental bromocriptine ingestion in child-

hood. J Pediatr 1984; 105: 838–40.

Withdrawal syndromes. Transient galactorrhoea and hyper-
prolactinaemia occurred in a young woman after withdrawal of
bromocriptine therapy for Parkinson’s disease.1 It was suggested
the effects were due to a rebound phenomenon. For discussion of
a syndrome resembling neuroleptic malignant syndrome that has
developed on withdrawal of bromocriptine and other antiparkin-
sonian drugs, see under Levodopa, p.806.
1. Pentland B, Sawers JSA. Galactorrhoea after withdrawal of bro-

mocriptine. BMJ 1980; 281: 716.

Precautions
Patients with hyperprolactinaemia should be investi-
gated for the possibility of a pituitary tumour before
treatment with bromocriptine. Malignancy must be ex-
cluded in patients with cyclical benign breast disorders
such as mastalgia. Annual gynaecological examina-
tions (or every 6 months for postmenopausal women)
are recommended. Treatment of women with hyper-
prolactinaemic amenorrhoea results in ovulation; pa-
tients not wishing to conceive should be advised to use
contraceptive measures although oral contraceptives
should be avoided because they may increase prolactin
levels. Acromegalic patients should be checked for
symptoms of peptic ulceration before therapy and
should immediately report symptoms of gastrointesti-
nal discomfort during therapy. 
In general, bromocriptine should be given with caution
to patients with cardiovascular disease, Raynaud’s syn-
drome, or a history of psychosis. It is contra-indicated
in patients with hypersensitivity to bromocriptine or
other ergot alkaloids, and in those with uncontrolled
hypertension. 
Bromocriptine is contra-indicated in the toxaemia of
pregnancy. It should also not be used postpartum or in
the puerperium in women with hypertension, coronary
artery disease, or symptoms or a history of serious psy-
chiatric disorders. When used, blood pressure should
be monitored carefully, especially during the first few
days in postpartum women. Particular caution is neces-
sary in patients who are receiving or who have recently
received drugs that can alter blood pressure; use with
ergot alkaloids during the puerperium is not recom-
mended. Treatment in postpartum women should be
stopped immediately if hypertension, unremitting
headache, or signs of CNS toxicity develop. 
Hypotensive reactions may be disturbing in some pa-
tients during the first few days of treatment and those
who drive or operate machinery should be warned of
the possibility of dizziness and fainting during this pe-
riod. Excessive daytime sleepiness and sudden onset of
sleep may also occur with bromocriptine and other
dopaminergic agonists, and caution is advised when
driving or operating machinery; patients who suffer
such effects should not drive or operate machinery un-
til the effects have stopped recurring. A reduction in
dosage or withdrawal of the drug may be appropriate.
Because of the risk of fibrosis bromocriptine is contra-
indicated in patients with pre-existing valve problems. 
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Patients on long-term, high-dose therapy should be
monitored for signs of progressive fibrotic disorders
such as retroperitoneal fibrosis and bromocriptine
withdrawn if fibrotic changes are diagnosed or sus-
pected. It is recommended that baseline investigations
such as erythrocyte sedimentation rate, urea and elec-
trolyte concentrations, and a chest x-ray should be per-
formed before starting treatment with bromocriptine.
Periodic monitoring of cardiovascular, haematopoiet-
ic, hepatic, and renal function is also recommended.
Monitoring of visual fields is recommended in patients
with macroprolactinoma.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that bromocriptine should be given with caution to breast-
feeding mothers, since it suppresses lactation and may be hazard-
ous to the mother.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 16/02/06)

Porphyria. Bromocriptine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Pregnancy. Details of various surveys of the effect of the use of
bromocriptine during pregnancy have been published by the
manufacturer.1,2 The first survey was based on spontaneous re-
porting of all pregnancies between 1973 and 1980 in women
who had taken bromocriptine after conception.1 Information was
obtained on 1410 pregnancies in 1335 women, the majority of
whom had been treated for hyperprolactinaemic conditions,
while in 256 pregnancies pituitary tumours and acromegaly were
the primary diagnosis. Bromocriptine was generally taken at
some time in the first 8 weeks after conception, the mean dura-
tion of treatment being 21 days. In 4 patients bromocriptine was
not prescribed until late in pregnancy and in 9 with acromegaly
and pituitary microadenoma it was taken continuously through-
out gestation. There were 157 (11.1%) spontaneous abortions, 12
(0.9%) extrauterine pregnancies, 2 patients with 3 hydatidiform
moles (0.2%), and an incidence of twin pregnancies of 1.8%.
Major congenital abnormalities were detected in 12 (1%) infants
at birth and minor abnormalities in 31 (2.5%). A second survey,2
which consisted of formal monitoring of the use of bromocrip-
tine at 33 clinics between 1979 and 1980, collected data on a fur-
ther 743 pregnancies in 668 women and had similar findings.
The incidence rates reported in these surveys were comparable
with those quoted for normal populations and the data indicate
that the use of bromocriptine in the treatment of women with
infertility is not associated with an increased risk of abortion,
multiple pregnancy, or congenital abnormalities. Furthermore,
follow-up, for up to 9 years, of 546 children exposed to bromo-
criptine in utero found no evidence that bromocriptine had any
adverse effect on postnatal development.2 Nevertheless, since
the risk of abortion is not increased by interruption of treatment,
licensed drug information recommends that bromocriptine ther-
apy be stopped as soon as pregnancy is confirmed unless there is
a definite indication for its continuation. 
See also Pregnancy under Hyperprolactinaemia and Prolactino-
mas, below.
1. Turkalj I, et al. Surveillance of bromocriptine in pregnancy.

JAMA 1982; 247: 1589–91. 
2. Krupp P, Monka C. Bromocriptine in pregnancy: safety aspects.

Klin Wochenschr 1987; 65: 823–7.

Interactions
Dopamine antagonists such as the phenothiazines, bu-
tyrophenones, thioxanthenes, and metoclopramide
(but see below) might be expected to reduce the prol-
actin-lowering and the antiparkinsonian effects of bro-
mocriptine and domperidone might reduce its prolac-
tin-lowering effect. Memantine may enhance the
effects of bromocriptine. Stimulants of gastrointestinal
motility such as macrolide antibacterials or octreotide
can increase the bioavailability of bromocriptine.
Alcohol. Alcohol intolerance was noted in 5 of 73 patients re-
ceiving bromocriptine 10 to 60 mg daily for the treatment of ac-
romegaly.1 Two patients who had gastrointestinal adverse effects
while taking low doses of bromocriptine had a marked reduction
in their symptoms and were able to tolerate higher doses when
they refrained completely from alcohol.2
1. Wass JAH, et al. Long-term treatment of acromegaly with bro-

mocriptine. BMJ 1977; 1: 875–8. 
2. Ayres J, Maisey MN. Alcohol increases bromocriptine’s side ef-

fects. N Engl J Med 1980; 302: 806.

Antibacterials. Drowsiness, dystonia, choreoathetoid dyskine-
sias, and visual hallucinations occurred when josamycin was giv-
en to a patient receiving bromocriptine.1 
The systemic bioavailability of a single oral dose of bromocrip-
tine 5 mg was markedly increased in 5 healthy subjects after
treatment with erythromycin estolate 250 mg four times daily for

4 days;2 clearance of bromocriptine was decreased and peak
plasma concentrations of bromocriptine were more than 4 times
higher than when given alone.
1. Montastruc JL, Rascol A. Traitement de la maladie de Parkinson

par doses élevées de bromocriptine: interaction possible avec la
josamycine. Presse Med 1984; 13: 2267–8. 

2. Nelson MV, et al. Pharmacokinetic evaluation of erythromycin
and caffeine administered with bromocriptine. Clin Pharmacol
Ther 1990; 47: 694–7.

Antifungals. The response to bromocriptine was blocked in a
patient who was also receiving griseofulvin.1
1. Schwinn G, et al. Metabolic and clinical studies on patients with

acromegaly treated with bromocriptine over 22 months. Eur J
Clin Invest 1977; 7: 101–7.

Antipsychotics. Serum concentrations of prolactin rose and
visual fields deteriorated when thioridazine was given to a 40-
year-old man receiving bromocriptine therapy for a large prolac-
tinoma.1 
For a discussion of the effect of bromocriptine on patients receiv-
ing antipsychotics, see Antiparkinsonian Drugs under Chlorpro-
mazine on p.974.
1. Robbins RJ, et al. Interactions between thioridazine and bromoc-

riptine in a patient with a prolactin-secreting pituitary adenoma.
Am J Med 1984; 76: 921–3.

Metoclopramide. As noted in Interactions, above, there are
theoretical reasons to suppose that dopamine antagonists such as
metoclopramide might reduce the effects of bromocriptine.
However, an early study1 in 10 patients with Parkinson’s disease
given single doses of bromocriptine 12.5 to 100 mg found that
pretreatment with metoclopramide 60 mg had no consistent ef-
fect upon plasma concentrations of bromocriptine or growth hor-
mone and no consistent effect upon clinical response.
1. Price P, et al. Plasma bromocriptine levels, clinical and growth

hormone responses in parkinsonism. Br J Clin Pharmacol 1978;
6: 303–9.

Sympathomimetics. There have been isolated reports1,2 of
severe hypertension, with headache and life-threatening compli-
cations, in patients taking bromocriptine with isometheptene mu-
cate or phenylpropanolamine.
1. Kulig K, et al. Bromocriptine-associated headache: possible life-

threatening sympathomimetic interaction. Obstet Gynecol 1991;
78: 941–3. 

2. Chan JCN, et al. Postpartum hypertension, bromocriptine and
phenylpropanolamine. Drug Invest 1994; 8: 254–6.

Pharmacokinetics
Bromocriptine is rapidly absorbed from the gastroin-
testinal tract and peak plasma concentrations are
achieved within 1 to 3 hours after oral doses. However,
only about 30% of an oral dose is absorbed and, owing
to extensive first-pass metabolism, the bioavailability
is only about 6%. It has been reported to be 90 to 96%
bound to serum albumin in vitro. It is metabolised in
the liver, mainly by hydrolysis to lysergic acid and pep-
tides. The elimination of bromocriptine is biphasic;
half-lives of about 4 to 4.5 hours and 15 hours, respec-
tively have been reported for the 2 phases. It is excreted
mainly in faeces via the bile, with small amounts in
urine.
◊ In a study involving 10 patients with Parkinson’s disease,
single oral doses of bromocriptine 12.5, 25, 50, and 100 mg re-
sulted in very variable peak plasma concentrations ranging from
1.3 to 5.3, 1.4 to 3.5, 2.6 to 19.7, and 6.5 to 24.6 nanograms/mL,
respectively, 30 to 210 minutes (mean 102 minutes) after dos-
age.1 After 4 hours plasma concentrations were about 75% of the
peak values. Clinical improvement was evident within 30 to 90
minutes of a dose with peak effect at about 130 minutes and in
most patients improvement persisted throughout the 4-hour
study period. Peak clinical response, peak fall in blood pressure,
and peak rise in plasma concentrations of growth hormone oc-
curred about 30, 60, and 70 minutes, respectively after peak plas-
ma-bromocriptine concentrations but there was no significant re-
lationship between them. However, there was a significant
relationship between plasma concentrations and concurrent
changes in clinical response compared with pretreatment scores.
Dyskinesias occurred within 90 to 180 minutes of dosage in 5 of
10 patients. 
Bromocriptine is well absorbed from standard oral tablets placed
in the vagina and plasma concentrations sufficient to lower plas-
ma prolactin concentrations have been achieved using this
route.2,3

1. Price P, et al. Plasma bromocriptine levels, clinical and growth
hormone responses in parkinsonism. Br J Clin Pharmacol 1978;
6: 303–9. 

2. Vermesh M, et al. Vaginal bromocriptine: pharmacology and ef-
fect on serum prolactin in normal women. Obstet Gynecol 1988;
72: 693–8. 

3. Katz E, et al. Successful treatment of a prolactin-producing pitu-
itary macroadenoma with intravaginal bromocriptine mesylate: a
novel approach to intolerance of oral therapy. Obstet Gynecol
1989; 73: 517–20.

Uses and Administration
Bromocriptine, an ergot derivative (p.2010), is a
dopamine D2-agonist. It inhibits the secretion of prol-
actin (p.2017) from the anterior pituitary and is used in
the treatment of prolactinoma and endocrinological
disorders associated with hyperprolactinaemia, includ-
ing amenorrhoea, galactorrhoea, hypogonadism, and
infertility in both men and women. Bromocriptine is
also used to suppress puerperal lactation for medical
reasons; it is not recommended for the routine suppres-
sion of physiological lactation or for the treatment of
postpartum breast pain and engorgement that may be
adequately relieved with simple analgesics and breast
support. Growth hormone secretion may be suppressed
by bromocriptine in some patients with acromegaly.
Because of its dopaminergic activity bromocriptine is
also used in the management of Parkinson’s disease. 
Bromocriptine is usually given orally as the mesilate;
doses are expressed in terms of the base. Bromocrip-
tine mesilate 2.87 mg is equivalent to about 2.5 mg of
bromocriptine. Oral doses should be taken with food.
Bromocriptine mesilate has also been given intramus-
cularly as a depot injection for disorders associated
with hyperprolactinaemia. 
For the prevention of puerperal lactation bromocrip-
tine 2.5 mg is given on the day of delivery followed by
2.5 mg twice daily for 14 days. The risk of hypotension
and, more rarely, hypertension must be borne in mind
and it has been recommended that bromocriptine
should not be given until at least 4 hours after delivery.
For the suppression of established lactation it is giv-
en in a dose of 2.5 mg daily for 2 to 3 days subsequent-
ly increased to 2.5 mg twice daily for 14 days. 
For the treatment of other conditions (see below) the
dose of bromocriptine is usually increased gradually.
In the UK, typically, an initial dose of 1 to 1.25 mg at
night is given, increased to 2 to 2.5 mg at night after 2
to 3 days, and subsequently increased by 1 mg every 2
to 3 days to a dose of 2.5 mg twice daily, or more if
necessary. In the USA, a usual starting dose is 1.25 to
2.5 mg daily increased by 2.5 mg every 2 to 7 days. 
In the treatment of hypogonadism and galactor-
rhoea syndromes and infertility bromocriptine is in-
troduced gradually as described above. Most patients
with hyperprolactinaemia respond to 7.5 mg daily but
up to 30 mg daily may be required. Infertile patients
without raised serum concentrations of prolactin are
usually given 2.5 mg twice daily. In patients known to
have prolactinomas the dose is also introduced gradu-
ally as described above and may then be increased fur-
ther by 2.5 mg every 2 to 3 days to a dose of 5 mg eve-
ry 6 hours but occasionally patients may require up to
30 mg daily. Although unlicensed in the UK and USA,
bromocriptine is used in some countries for cyclical
benign breast and menstrual disorders. In benign
breast disease bromocriptine is introduced gradually
up to a daily dosage of 5 to 7.5 mg if necessary. In the
treatment of premenstrual symptoms therapy should
begin on day 14 of the cycle and introduced gradually
up to a usual dosage of 2.5 mg twice daily until men-
struation begins. 
Bromocriptine may be used as an adjunct to surgery
and radiotherapy to reduce plasma-growth hormone
concentrations in acromegalic patients. In the UK, it
is introduced gradually as described above and may
then be increased further by 2.5 mg every 2 to 3 days if
necessary up to 5 mg every 6 hours, according to re-
sponse. In the USA, the usual starting dose (see above)
may be increased by 1.25 to 2.5 mg every 3 to 7 days
to a maximum daily dose of 100 mg if necessary; the
usual dosage range is 20 to 30 mg daily. 
In Parkinson’s disease bromocriptine has been used
alone, although it is usually given as an adjunct to levo-
dopa treatment. It should be introduced even more
gradually than the regimen above, and during this peri-
od patients already receiving levodopa can have their
levodopa dosage decreased gradually until an optimal
response is achieved. In the UK, a suggested initial
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dose is the equivalent of 1 to 1.25 mg of bromocriptine
at night during week 1, increased to 2 to 2.5 mg at night
for week 2, 2.5 mg twice daily for week 3, and for
week 4, 2.5 mg three times daily; the dose may be in-
creased thereafter by 2.5 mg every 3 to 14 days accord-
ing to response. The EMEA has recommended a max-
imum dose of 30 mg daily. In the USA, a usual starting
dose is 1.25 to 2.5 mg twice daily increased by 2.5 mg
every 14 to 28 days to a maximum dose of 100 mg dai-
ly if necessary.

Acromegaly. Dopaminergics can produce a paradoxical reduc-
tion in growth hormone secretion and bromocriptine has been
used in acromegaly (p.1798) as adjunctive therapy to surgery, ra-
diotherapy, or somatostatin analogues to reduce circulating
growth hormone levels. While it is less effective than somatosta-
tin analogues, it can be given orally and is therefore more con-
venient to administer.

Cushing’s syndrome. There have been occasional reports of
benefit with the use of bromocriptine in the treatment of Cush-
ing’s syndrome (p.2344). Remission of ACTH-dependent Cush-
ing’s syndrome was maintained for 6 years by bromocriptine
2.5 mg twice daily in a patient who had initially received pitui-
tary irradiation.1 However, the same group subsequently report-
ed that they had found that bromocriptine did not effectively re-
duce ACTH secretion following bilateral adrenalectomy.2

1. Atkinson AB, et al. Six year remission of ACTH-dependent
Cushing’s syndrome using bromocriptine. Postgrad Med J 1985;
61: 239–42. 

2. Atkinson AB. The treatment of Cushing’s syndrome. Clin Endo-
crinol (Oxf) 1991; 34: 507–13.

Hepatic encephalopathy. For the view that the evidence does
not support the use of dopaminergics such as bromocriptine in
the management of hepatic encephalopathy see p.1697.

Hyperprolactinaemia and prolactinomas. Prolactinomas
(prolactin-secreting pituitary adenomas) are among the com-
monest causes of hyperprolactinaemia. Raised serum-prolactin
concentrations can result in reduced gonadotrophin production,
which in turn may suppress gonadal function. Consequences
may include oligomenorrhoea or amenorrhoea, and infertility in
either sex. Galactorrhoea may also result from high prolactin lev-
els and can occur in men as well as women. 

Dopamine is the major inhibitory factor in the hypothalamus and
directly inhibits the secretion of prolactin. Bromocriptine, a
dopamine agonist, has been the first choice of treatment in many
centres for the treatment of hyperprolactinaemia secondary to a
prolactinoma although cabergoline is now preferred by some.
Bromocriptine is extremely effective in controlling elevated cir-
culating prolactin concentrations and restoring gonadal function;
although it is rarely curative, it may produce considerable shrink-
age of the adenoma.1 

The sensitivity of hyperprolactinaemia to bromocriptine therapy
can vary considerably between patients and this is reflected in the
wide range of oral doses required to reduce prolactin concentra-
tions to normal levels. Although beginning therapy with gradu-
ally increasing doses can minimise adverse effects it has been
reported that about 5 to 10% of patients are unable to tolerate oral
bromocriptine;2 other dosage routes have therefore been investi-
gated. Bromocriptine is well absorbed from standard oral tablets
placed in the vagina and appears to be both effective in lowering
prolactin concentrations and well tolerated when given by this
route.3 However, limitations are considered to be the relatively
short duration of action and the relatively low dose that can be
given.2 A depot preparation given intramuscularly in a dose of 50
to 250 mg monthly has been found to be effective and well toler-
ated in long-term studies;4,5 it is reported to be used in some cen-
tres to begin treatment for macroprolactinomas.2 

For discussions of the management of hyperprolactinaemia and
associated disorders see p.2079 (hyperprolactinaemia), p.2078
(amenorrhoea), p.2079 (hypogonadism), p.2179 (erectile dys-
function), and p.2080 (infertility).
1. Molitch ME. Medical management of prolactin-secreting pitui-

tary adenomas. Pituitary 2002; 5: 55–65. 

2. Ciccarelli E, Camanni F. Diagnosis and drug therapy of prolac-
tinoma. Drugs 1996; 51: 954–65. 

3. Ginsburg J, et al. Vaginal bromocriptine. Lancet 1991; 338:
1205–6. 

4. Ciccarelli E, et al. Long term therapy of patients with macropro-
lactinoma using repeatable injectable bromocriptine. J Clin En-
docrinol Metab 1993; 76: 484–8. 

5. Ciccarelli E, et al. Double blind randomized study using oral or
injectable bromocriptine in patients with hyperprolactinaemia.
Clin Endocrinol (Oxf) 1994; 40: 193–8.

PREGNANCY. References to the management of prolactinoma
during pregnancy.1-3 Bromocriptine has been successfully
used for management in pregnant women, particularly if there
is symptomatic enlargement of the tumour, although there

continues to be debate on the appropriateness of continuous
therapy in less high-risk individuals.
1. Randeva HS, et al. Prolactinoma and pregnancy Br J Obstet Gy-

naecol 2000; 107: 1064–8. 
2. Bronstein MD, et al. Medical management of pituitary adenom-

as: the special case of management of the pregnant woman. Pi-
tuitary 2002; 5: 99–107. 

3. Chiodini I, Liuzzi A. PRL-secreting pituitary adenomas in preg-
nancy. J Endocrinol Invest 2003; 26: 96–9.

Lactation inhibition. Because of its effects on prolactin, bro-
mocriptine is a potent suppressor of lactation and has been wide-
ly used for the prevention of lactation in women who choose not
to breast feed post partum. However, bromocriptine has been as-
sociated with severe adverse effects in some women, and its use
to suppress a physiological state has been criticised (see p.2003).
Consequently, licensed product information from a number of
countries recommends that bromocriptine should only be used to
suppress puerperal lactation for medical reasons; it is also not
recommended for the treatment of postpartum breast pain and
engorgement that may be adequately relieved with simple anal-
gesics and breast support.

Mastalgia. Since mastalgia (p.2092) can improve spontaneous-
ly, treatment should rarely be considered unless pain has been
present for about 6 months. Bromocriptine is one of the drugs
that may be used to treat mastalgia.1,2 It may improve symptoms
in up to about 50% of patients with cyclical mastalgia, but is less
effective in the non-cyclical form.3,4 Adverse effects can be se-
vere in some patients.
1. Gateley CA, Mansel RE. Management of the painful and nodular

breast. Br Med Bull 1991; 47: 284–94. 
2. Anonymous. Cyclical breast pain—what works and what

doesn’t. Drug Ther Bull 1992; 30: 1–3. 
3. Pye JK, et al. Clinical experience of drug treatments for mastal-

gia. Lancet 1985; ii: 373–7. 
4. Mansel RE, Dogliotti L. European multicentre trial of bromoc-

riptine in cyclical mastalgia. Lancet 1990; 335: 190–3.

Neuroleptic malignant syndrome. Bromocriptine has been
used in doses of up to 30 mg daily,1-6 usually alone or with dant-
rolene, in the treatment of neuroleptic malignant syndrome
(p.972) although some workers have not found it to be of use.7

1. Mueller PS, et al. Neuroleptic malignant syndrome: successful
treatment with bromocriptine. JAMA 1983; 249: 386–8. 

2. Dhib-Jalbut S, et al. Treatment of the neuroleptic malignant syn-
drome with bromocriptine. JAMA 1983; 250: 484–5. 

3. Clarke CE, et al. Clinical spectrum of neuroleptic malignant syn-
drome. Lancet 1988; ii: 969–70. 

4. Guerrero RM, Shifrar KA. Diagnosis and treatment of neurolep-
tic malignant syndrome. Clin Pharm 1988; 7: 697–701. 

5. Lo TCM, et al. Neuroleptic malignant syndrome: another medi-
cal cause of acute abdomen. Postgrad Med J 1989; 65: 653–5. 

6. Chandran GJ, et al. Neuroleptic malignant syndrome: case report
and discussion. Can Med Assoc J 2003; 169: 439–42. 

7. Rosebush PI, et al. The treatment of neuroleptic malignant syn-
drome: are dantrolene and bromocriptine useful adjuncts to sup-
portive care? Br J Psychiatry 1991; 159: 709–12.

Parkinsonism. Dopamine agonists such as bromocriptine are
often used to begin treatment of parkinsonism (p.791), particu-
larly in younger patients, in an attempt to delay therapy with levo-
dopa. They also have an adjunctive use when levodopa is no
longer effective alone or cannot be tolerated and may sometimes
be useful in reducing ‘off’ periods with levodopa and in amelio-
rating other fluctuations of mobility in the later stage of the dis-
ease. However, in early disease, there is no evidence that adjunc-
tive bromocriptine prevents or delays the onset of motor
complications associated with levodopa monotherapy. 
References.
1. Temlett JA, et al. Adjunctive therapy with bromocriptine in Par-

kinson’s disease. S Afr Med J 1990; 78: 680–5. 
2. Hely MA, et al. The Sydney Multicentre Study of Parkinson’s

disease: a randomised, prospective five year study comparing
low dose bromocriptine with low dose levodopa-carbidopa. J
Neurol Neurosurg Psychiatry 1994; 57: 903–10. 

3. Montastruc JL, et al. A randomised controlled study comparing
bromocriptine to which levodopa was later added, with levodopa
alone in previously untreated patients with Parkinson’s disease:
a five year follow up. J Neurol Neurosurg Psychiatry 1994; 57:
1034–8. 

4. Giménez-Roldán S, et al. Early combination of bromocriptine
and levodopa in Parkinson’s disease: a prospective randomized
study of two parallel groups over a total follow-up period of 44
months including an initial 8-month double-blind stage. Clin
Neuropharmacol 1997; 20: 67–76. 

5. Ogawa N, et al. Nationwide multicenter prospective study on the
long-term effects of bromocriptine for Parkinson’s disease: final
report of a ten-year follow-up. Eur Neurol 1997; 38 (suppl 2):
37–49. 

6. Lees AJ, et al. Ten-year follow-up of three different initial treat-
ments in de-novo PD: a randomized trial. Neurology 2001; 57:
1687–94. 

7. van Hilten JJ, et al.. Bromocriptine versus levodopa in early Par-
kinson’s disease. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2007 (ac-
cessed 30/05/08). 

8. van Hilten JJ, et al. Bromocriptine/levodopa combined versus
levodopa alone for early Parkinson’s disease. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2007 (accessed 30/05/08).

Polycystic ovary syndrome. Bromocriptine has been tried in
women with the polycystic ovary syndrome (p.2080) who have
mild basal hyperprolactinaemia without evidence of a pituitary
tumour.

Restless legs syndrome. The aetiology of restless legs syn-
drome (see Sleep-associated Movement Disorders, p.958) is ob-
scure and treatment has largely been empirical but dopaminergic
therapy has emerged as a common first-line choice. Bromocrip-
tine showed some benefit in a small study.1

1. Walters AS, et al. A double-blind randomized crossover trial of
bromocriptine and placebo in restless legs syndrome. Ann Neurol
1988: 24: 455–8.

Withdrawal syndromes. ALCOHOL. Studies of the efficacy
of bromocriptine as an aid in the maintenance of abstinence
from alcohol (p.1626) have yielded conflicting results.1-4

However, it has been suggested3 that response to bromocrip-
tine might be linked to a specific genotype of the D2
dopamine receptor.
1. Dongier M, et al. Bromocriptine in the treatment of alcohol de-

pendence. Alcohol Clin Exp Res 1991; 15: 970–7. 
2. Naranjo CA, et al. Long-acting bromocriptine (B) does not re-

duce relapse in alcoholics. Clin Pharmacol Ther 1995; 57: 161. 
3. Lawford BR, et al. Bromocriptine in the treatment of alcoholics

with the D  dopamine receptor A1 allele. Nat Med 1995; 1:
337–41. 

4. Powell BJ, et al. A double-blind, placebo-controlled study of
nortriptyline and bromocriptine in male alcoholics subtyped by
comorbid psychiatric disorders. Alcohol Clin Exp Res 1995; 19:
462–8.

Preparations
BP 2008: Bromocriptine Capsules; Bromocriptine Tablets; 
USP 31: Bromocriptine Mesylate Capsules; Bromocriptine Mesylate Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Arg.: Parlodel; Serocryptin†; Austral.: Bromohexal; Bromolactin†; Kripton;
Parlodel; Austria: Bromed; Cehapark; Parlodel; Umprel; Belg.: Parlodel;
Braz.: Bagren; Parlodel; Canad.: Parlodel; Chile: Criten; Grifocriptina;
Kriptonal; Parlodel; Prigost; Cz.: Medocriptine; Parlodel; Serocryptin†;
Denm.: Bromergon†; Parlodel; Fin.: Parlodel; Fr.: Bromo-Kin; Parlodel;
Ger.: Bromocrel†; kirim; kirim gyn; Pravidel; Gr.: Parlodel; Hong Kong:
Bromtine; Medocriptine; Parlodel; Serocryptin†; Hung.: Serocryptin†; In-
dia: Sicriptin; Indon.: Cripsa; Parlodel; Irl.: Parlodel; Israel: Parilac; Par-
lodel; Ital.: Parlodel; Malaysia: Butin†; Criptamine†; Medocriptine; Par-
lodel; Zolac†; Mex.: Broptin; Crilem; Cryocriptina; Kriptiser ; Mesiken;
Parlodel; Serocryptin†; Neth.: Parlodel; Norw.: Parlodel; Philipp.: Par-
lodel; Provasyn; Pol.: Bromergon; Bromocorn; Ergolaktyna; Parlodel; Port.:
Parlodel; Rus.: Bromergon (Бромэргон); Parlodel (Парлодел); S.Afr.: Par-
lodel; Singapore: Butin†; Parlodel; Suplac†; Spain: Parlodel; Swed.:
Pravidel; Switz.: Parlodel; Thai.: Brocaden; Bromergon; Parlodel; Suplac;
Turk.: Gynodel; Parlodel; UAE: Antiprotin; UK: Parlodel; USA: Parlodel;
Venez.: Parlodel; Serocryptin†.

Budipine (rINN)

Budipino; Budipinum. 1-tert-Butyl-4,4-diphenylpiperidine.

Будипин
C21H27N = 293.4.
CAS — 57982-78-2.
ATC — N04BX03.
ATC Vet — QN04BX03.

Profile
Budipine is a phenylpiperidine derivative used as an adjunct in
the treatment of parkinsonism (p.791). It is given orally as the
hydrochloride in daily doses of up to 60 mg.

◊ References.
1. Spieker S, et al. Tremorlytic activity of budipine: a quantitative

study with long-term tremor recordings. Clin Neuropharmacol
1995; 18: 266–72. 

2. Groen H, et al. A study to investigate the pharmacokinetics and
metabolism of budipine after administration of a single oral dose
of [ C]-B757-01 to six healthy volunteers. Br J Clin Pharmacol
1999; 48: 771P–772P. 

3. Malsch U, et al. Monotherapie der Parkinsonschen Erkrankung
mit Budipin: ein randomisierter Doppelblindvergleich mit
Amantadin. Fortschr Neurol Psychiatr 2001; 69: 86–9. 

4. Przuntek H, et al. Budipine provides additional benefit in pa-
tients with Parkinson disease receiving a stable optimum
dopaminergic drug regimen. Arch Neurol 2002; 59: 803–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Parkinsan.
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Cabergoline (BAN, USAN, rINN)

Cabergolina; Cabergolinum; FCE-21336; Kabergoliini; Kabergo-
lin; Kabergolina. 1-[(6-Allylergolin-8β-yl)carbonyl]-1-[3-(dimeth-
ylamino)propyl]-3-ethylurea; (8R)-6-Allyl-N-[3-(dimethylamino)-
propyl]-N-(ethylcarbamoyl)ergoline-8-carboxamide.
Каберголин
C26H37N5O2 = 451.6.
CAS — 81409-90-7.
ATC — G02CB03; N04BC06.
ATC Vet — QG02CB03; QN04BC06.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Cabergoline). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
freely soluble in alcohol; very slightly soluble in n-hexane. It is
slightly soluble in 0.1M hydrochloric acid. Protect from light.

Adverse Effects and Precautions
As for Bromocriptine, p.798, although patients unable
to tolerate bromocriptine may tolerate cabergoline (and
vice versa). 
Licensed product information states that conception
should be avoided for at least one month after treat-
ment.
Effects on mental function. For reports of daytime somno-
lence occurring in patients receiving dopamine agonists includ-
ing cabergoline, see under Levodopa, p.805. 
For reference to pathological gambling reported in patients with
Parkinson’s disease receiving dopamine agonists including ca-
bergoline, see under Levodopa, p.805.
Fibrosis. For reports of fibrotic reactions occurring in patients
with Parkinson’s disease receiving ergot derivative dopamine ag-
onists including cabergoline, see under Bromocriptine, p.799. 
In 2007, based on further evidence from 3 studies,1-3 the UK
MHRA4 considered the risk of cardiac valvulopathy to be high
and clinically significant with cabergoline and pergolide, and the
risks of treatment with these 2 drugs to be similar. This resulted
in the following changes to UK labelling for cabergoline prod-
ucts in Parkinson’s disease: 
• restricted to second-line treatment in patients intolerant of, or

who do not respond to, non-ergot drug treatment 
• contra-indicated in patients with a history of pulmonary, peri-

cardial, and retroperitoneal fibrotic disorders, or in those with
anatomical evidence of cardiac valvulopathy 

• monitoring for development of valvular disease or fibrosis
recommended: echocardiography should be performed within
3 to 6 months of starting treatment and every 6 to 12 months
thereafter 

In June 2008 the EMEA further recommended that the maxi-
mum dose should be 3 mg daily.5
1. Yamamoto M, et al. Dopamine agonists and cardiac valvulopa-

thy in Parkinson disease: a case-control study. Neurology 2006;
67: 1225–9. 

2. Schade R, et al. Dopamine agonists and the risk of cardiac-valve
regurgitation. N Engl J Med 2007; 356: 29–38. 

3. Zanettini R, et al. Valvular heart disease and the use of dopamine
agonists for Parkinson’s disease. N Engl J Med 2007; 356:
39–46. 

4. MHRA/CHM. Cabergoline: cardiovalvulopathy. Drug Safety
Update 2007: 1 (1): 5. Available at: http://www.mhra.gov.uk/
Publications/Safetyguidance/DrugSafetyUpdate/CON2031802
(accessed 30/05/08) 

5. EMEA. EMEA recommends new warnings and contraindica-
tions for ergot-derived dopamine agonists (issued 26th June,
2008). Available at: http://www.emea.europa.eu/pdfs/human/
press/pr/32239508en.pdf (accessed 08/08/08)

Oedema. Three cases of lower limb oedema after chronic treat-
ment with cabergoline have been reported.1 In one case the oede-
ma was severe enough to necessitate withdrawal of therapy.
1. Geminiani G, et al. Cabergoline in Parkinson’s disease compli-

cated by motor fluctuations. Mov Disord 1996; 11: 495–500.

Interactions
As for Bromocriptine, p.800.

Pharmacokinetics
Cabergoline is absorbed from the gastrointestinal tract
and mean peak plasma concentrations are achieved
within 2 to 3 hours. It is subject to first-pass metabo-
lism and is extensively metabolised to several metabo-
lites that do not appear to contribute to its pharmaco-
logical activity. Plasma protein binding has been
estimated to be about 40%. Cabergoline is mainly
eliminated via the faeces; a small proportion is excret-
ed in the urine. In rats, cabergoline has been reported
to cross the placenta and to be distributed into breast
milk.
◊ General references.
1. Del Dotto P, Bonuccelli U. Clinical pharmacokinetics of caber-

goline. Clin Pharmacokinet 2003; 42: 633–45.

Half-life. Pharmacokinetic studies of cabergoline have been
hampered by lack of an assay method sensitive enough to detect
plasma concentrations of cabergoline after therapeutic doses.
However, the plasma elimination half-life of cabergoline has
been estimated indirectly to be 63 to 68 hours in healthy subjects
and 79 to 115 hours in patients with hyperprolactinaemia.1
1. Rains CP, et al. Cabergoline: a review of its pharmacological

properties and therapeutic potential in the treatment of hyperpro-
lactinaemia and inhibition of lactation. Drugs 1995; 49: 255–79.

Uses and Administration
Cabergoline, an ergot derivative, is a dopamine D2-ag-
onist with actions and uses similar to those of bromoc-
riptine (p.800). It is a potent and long-lasting inhibitor
of prolactin secretion used in the management of disor-
ders associated with hyperprolactinaemia. It is also
used to suppress puerperal lactation for medical rea-
sons; it is not recommended for the routine suppression
of physiological lactation or for the treatment of post-
partum breast pain and engorgement that may be ade-
quately relieved with simple analgesics and breast sup-
port. Cabergoline is also used in the management of
Parkinson’s disease as monotherapy, or as an adjunct to
levodopa therapy to reduce ‘end-of-dose’ or ‘on-off’
fluctuations in response; in the UK cabergoline is re-
stricted to patients who are intolerant of, or who do not
respond to, non-ergot drug treatment. 
Cabergoline is given orally and should be taken with
food. 
To inhibit physiological lactation, cabergoline is giv-
en as a single 1-mg dose on the first day post partum.
For suppression of established lactation, the dose is
250 micrograms every 12 hours for 2 days. 
In the treatment of disorders associated with hyper-
prolactinaemia, the initial dose of cabergoline is
500 micrograms weekly. The dose is then increased at
monthly intervals in increments of 500 micrograms
weekly according to response. The weekly dose may
be given on a single occasion or divided into 2 or more
doses on separate days; doses over 1 mg should be giv-
en as divided doses. The usual dose is 1 mg weekly but
up to 4.5 mg weekly has been used. 
In Parkinson’s disease, cabergoline should be intro-
duced gradually and during this period the dose of lev-
odopa may be reduced gradually until an optimal re-
sponse is achieved. A suggested initial dose of
cabergoline given as a single daily dose is 0.5 mg in
monotherapy or 1 mg in adjunctive therapy. The dose
may be increased in increments of 0.5 or 1 mg at inter-
vals of 7 or 14 days. The EMEA has recommended a
maximum dose of 3 mg daily. 
Doses of cabergoline may need to be reduced in pa-
tients with severe hepatic impairment (see below).
Administration in hepatic impairment. Licensed drug in-
formation recommends caution in patients with severe hepatic
impairment (Child-Pugh category C), and doses of cabergoline
should be adjusted accordingly.
Acromegaly. Dopaminergics can produce a paradoxical reduc-
tion in growth hormone secretion and may be used in the treat-
ment of acromegaly as adjunctive therapy to surgery, radiothera-
py, or somatostatin analogues to reduce circulating growth
hormone concentrations, although they are less effective than so-
matostatin analogues (p.1798). Although a small study compar-
ing cabergoline with depot bromocriptine and quinagolide failed
to find evidence of its effectiveness (see p.2377), in a later open
study1 there was a good response in about 40% of patients treated

with cabergoline, which is better than the response usually re-
ported for bromocriptine. The addition of cabergoline has also
been beneficial in acromegaly that is resistant to somatostatin an-
alogue therapy.2
1. Abs R, et al. Cabergoline in the treatment of acromegaly: a study

in 64 patients. J Clin Endocrinol Metab 1998; 83: 374–8. 
2. Cozzi R, et al. Cabergoline addition to depot somatostatin ana-

logues in resistant acromegalic patients: efficacy and lack of pre-
dictive value of prolactin status. Clin Endocrinol (Oxf) 2004; 61:
209–15.

Hyperprolactinaemia and prolactinomas. Dopamine ago-
nists are widely used for the treatment of hyperprolactinaemia
secondary to a prolactinoma (see p.2079). Although bromocrip-
tine has been the first choice for this indication, some now prefer
cabergoline,1 which appears to be more effective and better tol-
erated.2,3 
Further references.4-9

1. Webster J. A comparative review of the tolerability profiles of
dopamine agonists in the treatment of hyperprolactinaemia and
inhibition of lactation. Drug Safety 1996; 14: 228–38. Correc-
tion. ibid., 342. 

2. Pascal-Vigneron V, et al. Amenorrhée hyperprolactinémique:
traitement par cabergoline versus bromocriptine. Presse Med
1995; 24: 753–7. 

3. di Sarno A, et al. Resistance to cabergoline as compared with
bromocriptine in hyperprolactinemia: prevalence, clinical defi-
nition, and therapeutic strategy. J Clin Endocrinol Metab 2001;
86: 5256–61. 

4. Webster J, et al. The efficacy and tolerability of long-term caber-
goline therapy in hyperprolactinaemic disorders: an open, un-
controlled, multicentre study. Clin Endocrinol (Oxf) 1993; 39:
323–9. 

5. Webster J, et al. A comparison of cabergoline and bromocriptine
in the treatment of hyperprolactinemic amenorrhea. N Engl J
Med 1994; 331: 904–9. 

6. Verhelst J, et al. Cabergoline in the treatment of hyperprolacti-
naemia: a study in 455 patients. J Clin Endocrinol Metab 1999;
84: 2518–22. 

7. Colao A, et al. Macroprolactinoma shrinkage during cabergoline
treatment is greater in naive patients than in patients pretreated
with other dopamine agonists: a prospective study in 110 pa-
tients. J Clin Endocrinol Metab 2000; 85: 2247–52. 

8. Colao A, et al. Withdrawal of long-term cabergoline therapy for
tumoral and nontumoral hyperprolactinemia. N Engl J Med
2003; 349: 2023–33. 

9. Colao A, et al. Outcome of cabergoline treatment in men with
prolactinoma: effects of a 24-month treatment on prolactin lev-
els, tumor mass, recovery of pituitary function, and semen anal-
ysis. J Clin Endocrinol Metab 2004; 89: 1704–11.

Lactation inhibition. A single 1-mg dose of cabergoline was
found to be as effective as bromocriptine 2.5 mg given twice dai-
ly for 14 days for preventing puerperal lactation in a double-
blind multicentre study involving 272 women.1 It has been sug-
gested that cabergoline would be a better choice than bromocrip-
tine for lactation inhibition.2 However, as discussed on p.2003,
the routine use of dopaminergics such as bromocriptine or caber-
goline is not recommended for the suppression of physiological
lactation.
1. European Multicentre Study Group for Cabergoline in Lactation

Inhibition. Single dose cabergoline versus bromocriptine in inhi-
bition of puerperal lactation: randomised, double blind, multi-
centre study. BMJ 1991; 302: 1367–71. 

2. Webster J. A comparative review of the tolerability profiles of
dopamine agonists in the treatment of hyperprolactinaemia and
inhibition of lactation. Drug Safety 1996; 14: 228–38. Correc-
tion. ibid.; 342.

Parkinsonism. Cabergoline is used as a long-acting dopamine
agonist in Parkinson’s disease (p.791). Dopamine agonists are
often used to begin treatment in an attempt to delay therapy with
levodopa, particularly in younger patients. They also have an ad-
junctive use when levodopa is no longer effective alone or cannot
be tolerated, and may sometimes be useful in reducing ‘off’ pe-
riods with levodopa and in ameliorating other fluctuations of mo-
bility in the later stages of the disease. 
References.
1. Inzelberg R, et al. Double-blind comparison of cabergoline and

bromocriptine in Parkinson’s disease patients with motor fluc-
tuations. Neurology 1996; 47: 785–8. 

2. Geminiani G, et al. Cabergoline in Parkinson’s disease compli-
cated by motor fluctuations. Mov Disord 1996; 11: 495–500. 

3. Hutton JT, et al. Multicenter, placebo-controlled trial of caber-
goline taken once daily in the treatment of Parkinson’s disease.
Neurology 1996; 46: 1062–5. 

4. Marsden CD. Clinical experience with cabergoline in patients
with advanced Parkinson’s disease treated with levodopa.
Drugs 1998; 55 (suppl 1): 17–22. 

5. Rinne UK, et al. Early treatment of Parkinson’s disease with
cabergoline delays the onset of motor complications: results of
a double-blind levodopa controlled trial. Drugs 1998; 55 (suppl
1): 23–30. 

6. Clarke CE, Deane KHO. Cabergoline for levodopa-induced
complications in Parkinson’s disease. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2001 (accessed 16/02/06). 

7. Clarke CE, Deane KHO. Cabergoline versus bromocriptine for
levodopa-induced complications in Parkinson’s disease. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2001 (accessed 16/02/06). 

8. Bracco F, et al. The long-acting dopamine receptor agonist ca-
bergoline in early Parkinson’s disease: final results of a 5-year,
double-blind, levodopa-controlled study. CNS Drugs 2004; 18:
733–46. Correction. ibid. 2005; 19: 633. 

9. Curran MP, Perry CM. Cabergoline: a review of its use in the
treatment of Parkinson’s disease. Drugs 2004; 64: 2125–41. 

10. Odin P, et al. Efficacy and safety of high-dose cabergoline in
Parkinson’s disease. Acta Neurol Scand 2006; 113: 18–24.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Restless legs syndrome. The aetiology of restless legs syn-
drome (RLS—see Sleep-associated Movement Disorders,
p.958) is obscure and treatment has been largely empirical but
dopaminergic therapy has emerged as a common first-line
choice. Long-acting drugs such as cabergoline may be preferred
in order to avoid the complications associated with levodopa
therapy. Results from a 12-week open-label pilot study1 in 9 pa-
tients with idiopathic RLS given cabergoline after insufficient re-
sponse to levodopa therapy were promising; doses of cabergo-
line ranged from 1 to 4 mg. A later randomised multicentre
study2 in 85 patients concluded that a single evening dose of ca-
bergoline for 5 weeks markedly reduced symptoms during the
night and the next day compared with placebo. Results from the
follow-up analysis of 66 patients after 1 year of treatment sug-
gested that cabergoline at a median dose of 2 mg daily has a high
rate of remission and is well tolerated. The authors recommend-
ed an initial dose of cabergoline 500 micrograms in the evening
increased in increments of 500 micrograms weekly according to
response.
1. Stiasny K, et al. Treatment of idiopathic restless legs syndrome

(RLS) with the D2-agonist cabergoline—an open clinical trial.
Sleep 2000; 23: 349–54. 

2. Stiasny-Kolster K, et al. Effective cabergoline treatment in idio-
pathic restless legs syndrome. Neurology 2004; 63: 2272–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cabaser; Caberpar; Cieldom; Dostinex; Lac Stop; Lactamax; Triaspar;
Austral.: Cabaser; Dostinex; Austria: Cabaseril; Dostinex; Belg.: Dostin-
ex; Sostilar ; Braz.: Dostinex; Canad.: Dostinex; Chile: Dostinex; Cz.: Ca-
bera; Dostinex; Denm.: Cabaser; Dostinex; Fin.: Cabaser; Dostinex; Fr.:
Dostinex; Ger.: Cabaseril; Dostinex; Gr.: Dostinex; Hong Kong: Dostinex;
India: Caberlin; Camforte†; Irl.: Cabaser ; Dostinex; Israel: Cabaser ;
Dostinex; Ital.: Actualene; Cabaser; Dostinex; Malaysia: Dostinex; Mex.:
Dostinex; Neth.: Dostinex; Norw.: Cabaser ; Dostinex; NZ: Dostinex;
Pol.: Dostinex; Port.: Dostinex; Rus.: Dostinex (Достинекс); S.Afr.:
Dostinex; Singapore: Dostinex; Spain: Dostinex; Sogilen; Swed.: Cabas-
er; Dostinex; Switz.: Cabaser; Dostinex; Turk.: Cabaser; Dostinex; UK:
Cabaser; Dostinex; USA: Dostinex†; Venez.: Dostinex.

Carbidopa (BAN, USAN, rINN)

Carbidopum; Carbidopum Monohydricum; Karbidopa; Karbi-
dopa monohydrát; α-Methyldopa Hydrazine; MK-486. (+)-2-
(3,4-Dihydroxybenzyl)-2-hydrazinopropionic acid monohydrate;
(−)-L-α-Hydrazino-3,4-dihydroxy-α-methylhydrocinnamic acid
monohydrate.

Карбидопа
C10H14N2O4,H2O = 244.2.
CAS — 28860-95-9 (anhydrous); 38821-49-7 (monohy-
drate).

NOTE. The synonym MK-485 has been used for the racemic mix-
ture. 
Compounded preparations of carbidopa and levodopa may be
represented by the following names: 

• Co-careldopa x/y (BAN)—where x and y are the strengths in
milligrams of carbidopa and levodopa respectively 

• Co-careldopa (PEN)—carbidopa and levodopa
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Carbidopa). A white or yellowish-white powder.
Slightly soluble in water; very slightly soluble in alcohol; practi-
cally insoluble in dichloromethane; dissolves in dilute solutions
of mineral acids. Protect from light. 
USP 31 (Carbidopa). A white to creamy-white, odourless or
practically odourless powder. Slightly soluble in water and in
methyl alcohol; practically insoluble in alcohol, in acetone, in
chloroform, and in ether; freely soluble in 3N hydrochloric acid.
Protect from light.

Adverse Effects

Hypersensitivity. Henoch-Schönlein purpura that developed
in a 68-year-old patient being treated for Parkinson’s disease ap-
peared to be due to either carbidopa or an excipient of the carbi-
dopa preparation (Sinemet).1

1. Niedermaier G, Briner V. Henoch-Schönlein syndrome induced
by carbidopa/levodopa. Lancet 1997; 349: 1071–2.

Pharmacokinetics
Carbidopa is rapidly but incompletely absorbed from the gas-
trointestinal tract. It is rapidly excreted in the urine both
unchanged and in the form of metabolites. It does not cross the
blood-brain barrier. In rats, carbidopa has been reported to cross
the placenta and to be distributed into breast milk.

Uses and Administration
Carbidopa is a peripheral dopa-decarboxylase inhibitor with lit-

tle or no pharmacological activity when given alone in usual dos-
es. It inhibits the peripheral decarboxylation of levodopa to
dopamine and as, unlike levodopa, it does not cross the blood-
brain barrier, effective brain concentrations of dopamine are pro-
duced with lower doses of levodopa. At the same time reduced
peripheral formation of dopamine reduces peripheral adverse ef-
fects, notably nausea and vomiting, and cardiac arrhythmias, al-
though the dyskinesias and adverse mental effects associated
with levodopa therapy tend to develop earlier. Contrary to its ef-
fect in patients on levodopa alone, pyridoxine does not inhibit the
response to levodopa in patients also receiving a peripheral dopa-
decarboxylase inhibitor. 
In the treatment of parkinsonism (p.791) carbidopa is given with
levodopa to enable a lower dosage of the latter to be used, a more
rapid response to be obtained, and to decrease adverse effects.
For details of administration and dosage, see Levodopa, p.808. 
Carbidopa also inhibits the peripheral decarboxylation of the se-
rotonin precursor oxitriptan (p.414).

◊ General references.
1. Pinder RM, et al. Levodopa and decarboxylase inhibitors: a re-

view of their clinical pharmacology and use in the treatment of
parkinsonism. Drugs 1976; 11: 329–77. 

2. Boshes B. Sinemet and the treatment of parkinsonism. Ann In-
tern Med 1981; 94: 364–70.

Preparations
BP 2008: Co-careldopa Tablets; 
USP 31: Carbidopa and Levodopa Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Prikap; Pol.: Nakom; USA: Lodosyn.

Multi-ingredient: Arg.: Lebocar; Lecarge; Nervocur; Parkinel; Sinemet;
Stalevo; Austral.: Kinson; Sinemet; Stalevo; Austria: Levocar ; Sinemet;
Belg.: Sinemet; Stalevo; Braz.: Carbidol; Cronomet; Duodopa; Levocarb;
Parkidopa; Parklen; Sinemet; Stalevo; Canad.: Apo-Levocarb; Novo-Levo-
carbidopa; Nu-Levocarb; Sinemet; Chile: Grifoparkin; Levofamil†; Protonis;
Saniter Compuesto; Sinemet; Stalevo; Cz.: Dopalux; Duodopa; Isicom;
Lecardop; Nakom; Sinemet; Stalevo; Denm.: Duodopa; Sinemet; Stalevo;
Fin.: Kardopal; Sinemet; Stalevo; Fr.: Duodopa; Sinemet; Stalevo; Ger.: Do-
padura C; Isicom; Levo-C; Levobeta C; Levocarb; Levocomp; Levodop; Lev-
odopa Comp; Levodopa comp C; Levodopa-Carbi†; Nacom; Stalevo; Stri-
aton; Tremopar†; Gr.: Sinemet; Sinemet-CR; Stalevo; Zimox; Hong Kong:
Apo-Levocarb; Levomed; Levomet; Sinedopa; Sinemet; Stalevo; Hung.:
Duellin; Sinemet; Stalevo; India: Levopa-C†; Syndopa; Indon.: Stalevo; Irl.:
Half Sinemet; Sinemet; Stalevo; Israel: Dopicar ; Sinemet; Stalevo; Ital.:
Duodopa; Sinemet; Sirio; Stalevo; Malaysia: Apo-Levocarb; Levomed;
Sinemet; Stalevo; Mex.: Cloisone; Lemdopa; Racovel; Sinemet; Stalevo;
Ternovag; Neth.: Duodopa; Sinemet; Stalevo; Norw.: Duodopa; Sinemet;
Stalevo; NZ: Apo-Levocarb; Sindopa; Sinemet; Philipp.: Ledocar; Sinemet;
Stalev; Tidomet; Pol.: Sinemet; Stalevo; Port.: Duodopa; Ledopsan;
Sinemet; Stalevo; Rus.: Duellin (Дуэллин); Nakom (Наком); Stalevo
(Сталево); Syndopa (Синдопа); Tidomet (Тидомет); Tremonorm
(Тремонорм); S.Afr.: Carbilev; Sinemet; Singapore: Cardopar; Levomet;
Sinemet; Stalevo; Tidomet; Spain: Duodopa; Ledopsan; Sinemet; Stalevo;
Swed.: Duodopa; Sinemet; Stalevo; Switz.: Sinemet; Stalevo; Thai.: Lev-
omed†; Levomet; Sinemet; Stalevo; Syndopa; Turk.: Sinemet; Stalevo; UK:
Duodopa; Half Sinemet; Sinemet; Stalevo; Tilolec†; USA: Atamet; Parcopa;
Sinemet; Stalevo; Venez.: Sinemet; Stalevo.

Dexetimide (BAN, USAN, rINN)

Dexetimida; Dexétimide; Dexetimidum. (S)-2-(1-Benzyl-4-pip-
eridyl)-2-phenylglutarimide; (S)-3-Phenyl-1′-(phenylmethyl)-(3,-
4′-bipiperidine)-2,6-dione.

Дексэтимид
C23H26N2O2 = 362.5.
CAS — 21888-98-2.
ATC — N04AA08.
ATC Vet — QN04AA08.

Dexetimide Hydrochloride (BANM, rINNM)

Dexbenzetimide Hydrochloride; Dexétimide, Chlorhydrate de;
Dexetimidi Hydrochloridum; Hidrocloruro de dexetimida; R-
16470.

Дексэтимида Гидрохлорид
C23H26N2O2,HCl = 398.9.
CAS — 21888-96-0.
ATC — N04AA08.
ATC Vet — QN04AA08.

Profile
Dexetimide is a tertiary antimuscarinic with actions similar to
those of trihexyphenidyl (p.820). It has been used to alleviate
drug-induced extrapyramidal symptoms (see under Chlorpro-
mazine, p.971), but, like other antimuscarinics, is of no value

against tardive dyskinesias. Dexetimide is given as the hydro-
chloride although doses are expressed in terms of the base; dex-
etimide hydrochloride 1.1 mg is equivalent to about 1 mg of dex-
etimide. A usual oral dose is 0.5 to 1 mg once daily; it has also
been given by intramuscular injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Tremblex; Neth.: Tremblex.

Diethazine Hydrochloride (BANM, rINNM)

Diaethazinium Chloratum; Diéthazine, Chlorhydrate de; Diet-
hazini Hydrochloridum; Eazamine Hydrochloride; Hidrocloruro
de dietazina; RP-2987. 10-(2-Diethylaminoethyl)phenothiazine
hydrochloride.

Диэтазина Гидрохлорид
C18H22N2S,HCl = 334.9.
CAS — 60-91-3 (diethazine); 341-70-8 (diethazine hydro-
chlor ide).

(diethazine)

Profile
Diethazine hydrochloride is an antimuscarinic with actions sim-
ilar to those of profenamine hydrochloride (p.815), but it is more
toxic and bone-marrow depression may occur. It has been used
in the treatment of parkinsonism.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Deparkin†.

Droxidopa (USAN, rINN)

L-threo-3,4-Dihydroxyphenylserine; DOPS; Droxidopum; L-
DOPS; L-threo-DOPS. (−)-threo-3-(3,4-Dihydroxyphenyl)-L-ser-
ine.

Дроксидопа
C9H11NO5 = 213.2.
CAS — 23651-95-8.

Profile
Droxidopa is a precursor of noradrenaline that is used in the treat-
ment of parkinsonism (p.791) and some forms of orthostatic hy-
potension (p.1530). The usual oral maintenance dose is 600 mg
daily for the treatment of parkinsonism and 300 to 600 mg daily
in orthostatic hypotension; daily doses should be divided. 
The racemic form (DL-threo-3,4-dihydroxyphenylserine) has
also been studied for orthostatic hypotension.

◊ References.
1. Iida N, et al. Treatment of dialysis-induced hypotension with -

threo-3, 4-dihydroxyphenylserine. Nephrol Dial Transplant
1994; 9: 1130–5. 

2. Freeman R, et al. The treatment of neurogenic orthostatic hypo-
tension with 3,4-DL-threo-dihydroxyphenylserine: a rand-
omized, placebo-controlled, crossover trial. Neurology 1999; 10:
2151–7. 

3. Akizawa T, et al. Clinical effects of L-threo-3,4-dihydroxyphe-
nylserine on orthostatic hypotension in hemodialysis patients.
Nephron 2002; 90: 384–90. 

4. Kaufmann H, et al. Norepinephrine precursor therapy in neuro-
genic orthostatic hypotension. Circulation 2003; 108: 724–8. 

5. Goldstein DS, et al. Clinical pharmacokinetics of the norepine-
phrine precursor L-threo-DOPS in primary chronic autonomic
failure. Clin Auton Res 2004; 14: 363–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Dops.
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Entacapone (BAN, USAN, rINN)

Entacapona; Entacaponum; Entakapon; Entakaponi; OR-611. (E)-
α-Cyano-N,N-diethyl-3,4-dihydroxy-5-nitrocinnamamide; (E)-2-
Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylacrylamide.
Энтакапон
C14H15N3O5 = 305.3.
CAS — 130929-57-6.
ATC — N04BX02.
ATC Vet — QN04BX02.

Adverse Effects
The most frequent adverse effects produced by entaca-
pone relate to increased dopaminergic activity and oc-
cur most commonly at the start of treatment; reduction
of the levodopa dosage may reduce the severity and
frequency of such effects. Adverse effects may include
nausea, vomiting, abdominal pain, constipation, diar-
rhoea, colitis, dry mouth, and dyskinesias. Other com-
monly reported adverse effects include dizziness, in-
somnia, nightmares, hallucinations, confusion, fatigue,
and increased sweating. There have been rare reports
of agitation, urticaria, erythematous or maculopapular
rash, anorexia, and weight decrease. Increases in liver
enzyme values have been reported rarely; there have
also been isolated cases of cholestatic hepatitis. Isolat-
ed cases of neuroleptic malignant syndrome have been
reported after abrupt reduction or withdrawal of enta-
capone; there have also been isolated cases of rhab-
domyolysis. It may produce a harmless reddish-brown
discoloration of the urine. Skin, hair, beard, and nail
discolorations have been reported.
◊ References.
1. Brooks DJ. Safety and tolerability of COMT inhibitors. Neurol-

ogy 2004; 62 (Suppl 1): S39–S46.

Precautions
Entacapone is contra-indicated in patients with phaeo-
chromocytoma and in patients with a history of neu-
roleptic malignant syndrome or nontraumatic rhab-
domyolysis. It should be avoided in patients with
hepatic impairment, and given with caution to patients
with biliary obstruction. A general medical evaluation,
including liver function, should be considered in those
who experience progressive anorexia, asthenia, and
weight decrease within a relatively short period of
time.Use with levodopa may cause dizziness and
orthostatic hypotension; if affected patients should not
drive or operate machinery. Excessive daytime sleepi-
ness and sudden onset of sleep may also occur with
combination use (see Effects on Mental Function, in
Levodopa, p.805) and again, caution is advised when
driving or operating machinery; patients who suffer
such effects should not drive or operate machinery un-
til the effects have stopped recurring. 
Treatment with entacapone should not be stopped
abruptly; when necessary withdrawal should be made
gradually, increasing the dose of levodopa as required.
Genetic polymorphism. For reference to slow metabolisers
being more susceptible to COMT-inhibitor induced hepatotoxic-
ity, see under Tolcapone, p.820.

Interactions
Use of entacapone with a non-selective MAOI is con-
tra-indicated. Entacapone should be used with caution
in patients receiving drugs metabolised by catechol-O-
methyltransferase (COMT) including adrenaline, apo-
morphine, dobutamine, dopamine, isoprenaline, meth-
yldopa, noradrenaline, paroxetine, and rimiterol. Cau-
tion is also advised when used with certain
antidepressants including the tricyclics, reversible inhib-

itors of monoamine oxidase type A, and noradrenaline
reuptake inhibitors such as venlafaxine. 
Entacapone may aggravate levodopa-induced ortho-
static hypotension and should be used cautiously in
patients who are taking other drugs which may cause
orthostatic hypotension. 
Entacapone may form chelates with iron preparations
in the gastrointestinal tract; the two drugs should be
taken at least 2 to 3 hours apart.

Pharmacokinetics
There are large intra- and interindividual variations in
the absorption of entacapone. Peak plasma concentra-
tions are achieved about one hour after oral doses. En-
tacapone undergoes extensive first-pass metabolism
and oral bioavailability is about 35%. Absorption is not
affected significantly by food. Entacapone is about
98% bound to plasma proteins. It is eliminated mainly
in the faeces with about 10 to 20% being excreted in
the urine, mainly as glucuronide conjugates. Entaca-
pone is thought to be distributed into breast milk on the
basis of studies in rats.
◊ Entacapone is rapidly absorbed from the gastrointestinal tract
and bioavailability after oral doses has been reported to range
from 29 to 46%. It does not cross the blood-brain barrier. Over
half of a dose appears in the faeces with smaller amounts being
excreted in the urine as glucuronides of entacapone and its (Z)-
isomer. Elimination half-lives of about 1.6 to 3.4 hours have been
reported for entacapone. 
References.
1. Wikberg T, et al. Identification of major metabolites of the cate-

chol-O-methyltransferase inhibitor entacapone in rats and hu-
mans. Drug Metab Dispos 1993; 21: 81–92. 

2. Keränen T, et al. Inhibition of soluble catechol-O-methyltrans-
ferase and single-dose pharmacokinetics after oral and intrave-
nous administration of entacapone. Eur J Clin Pharmacol 1994;
46: 151–7.

Uses and Administration
Entacapone is a selective, reversible, peripheral inhibi-
tor of catechol-O-methyltransferase (COMT), an en-
zyme involved in the metabolism of dopamine and levo-
dopa. It is used as an adjunct to combination
preparations of levodopa and dopa-decarboxylase in-
hibitors, in patients with Parkinson’s disease and ‘end-
of-dose’ motor fluctuations who cannot be stabilised
on levodopa combinations alone. Entacapone is given
orally in a dosage of 200 mg at the same time as each
dose of levodopa with dopa-decarboxylase inhibitor,
up to a maximum of 200 mg ten times daily. It is often
necessary to gradually reduce the dosage of levodopa
by about 10 to 30% within the first few weeks after
starting treatment with entacapone; this effect may be
more marked in the presence of benserazide than of
carbidopa. 
Entacapone may also be given as a combination prep-
aration with carbidopa and levodopa; for dosage de-
tails, see Levodopa, p.808.
Parkinsonism. Entacapone is a selective and reversible inhibi-
tor of catechol-O-methyltransferase (COMT), with mainly pe-
ripheral actions. It is given as adjunctive therapy to patients with
Parkinson’s disease (p.791) experiencing fluctuations in disabil-
ity related to levodopa and dopa-decarboxylase inhibitor combi-
nations. When levodopa is given with a peripheral dopa-decar-
boxylase inhibitor, O-methylation then becomes the pre-
dominant form of metabolism of levodopa; therefore adding a
peripheral COMT inhibitor such as entacapone potentially ex-
tends the duration and effect of levodopa in the brain, and thus
allows levodopa to be given less often and in lower doses. 
References.
1. Holm KJ, Spencer CM. Entacapone: a review of its use in Par-

kinson’s disease. Drugs 1999; 58: 159–177. 
2. Anonymous. Entacapone for Parkinson’s disease. Med Lett

Drugs Ther 2000; 42: 7–8. 
3. Chong BS, Mersfelder TL. Entacapone. Ann Pharmacother

2000; 34: 1056–65. 
4. Myllyla VV, et al. Twelve-month safety of entacapone in pa-

tients with Parkinson’s disease. Eur J Neurol 2001; 8: 53–60. 
5. Poewe WH, et al. Efficacy and safety of entacapone in Parkin-

son’s disease patients with suboptimal levodopa response: a 6-
month randomized placebo-controlled double-blind study in
Germany and Austria (Celomen study). Acta Neurol Scand
2002; 105: 245–55. 

6. Brooks DJ, et al. Entacapone is beneficial in both fluctuating
and non-fluctuating patients with Parkinson’s disease: a ran-
domised, placebo controlled, double blind, six month study. J
Neurol Neurosurg Psychiatry 2003; 74: 1071–9. 

7. Fenelon G, et al. Efficacy and tolerability of entacapone in pa-
tients with Parkinson’s disease treated with levodopa plus a
dopamine agonist and experiencing wearing-off motor fluctua-
tions: a randomized, double-blind, multicentre study. J Neural
Transm 2003; 110: 239–51. 

8. Olanow CW, Stocchi F. COMT inhibitors in Parkinson’s dis-
ease: can they prevent and/or reverse levodopa-induced motor
complications? Neurology 2004; 62 (suppl 1): S72–S81. 

9. Deane KHO, et al. Catechol-O-methyltransferase inhibitors for
levodopa-induced complications in Parkinson’s disease. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2004 (accessed 16/02/06). 

10. Poewe W. The role of COMT inhibition in the treatment of Par-
kinson’s disease. Neurology 2004; 62 (suppl 1): S31–S38. 

11. Schrag A. Entacapone in the treatment of Parkinson’s disease.
Lancet Neurol 2005; 4: 366–70.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Comtan; Austral.: Comtan; Austria: Comtan; Belg.: Comtan; Braz.:
Comtan; Canad.: Comtan; Cz.: Comtan; Comtess; Denm.: Comtess;
Fin.: Comtess; Fr.: Comtan; Ger.: Comtess; Gr.: Comtan; Hong Kong:
Comtan; Hung.: Comtan; Indon.: Comtan; Irl.: Comtess; Israel: Comtan;
Ital.: Comtan; Malaysia: Comtan; Mex.: Comtan; Neth.: Comtan;
Comtess; Norw.: Comtess; NZ: Comtan; Philipp.: Comtan; Pol.:
Comtan; Port.: Comtan; Comtess; S.Afr.: Comtan; Singapore: Comtan;
Spain: Comtan; Swed.: Comtess; Switz.: Comtan; Thai.: Comtan; Turk.:
Comtan; UK: Comtess; USA: Comtan; Venez.: Comtan.
Multi-ingredient: Arg.: Stalevo; Austral.: Stalevo; Belg.: Stalevo; Braz.:
Stalevo; Chile: Stalevo; Cz.: Stalevo; Denm.: Stalevo; Fin.: Stalevo; Fr.:
Stalevo; Ger.: Stalevo; Gr.: Stalevo; Hong Kong: Stalevo; Hung.: Stalevo;
Indon.: Stalevo; Irl.: Stalevo; Israel: Stalevo; Ital.: Stalevo; Malaysia: Sta-
levo; Mex.: Stalevo; Neth.: Stalevo; Norw.: Stalevo; Philipp.: Stalev; Pol.:
Stalevo; Port.: Stalevo; Rus.: Stalevo (Сталево); Singapore: Stalevo;
Spain: Stalevo; Swed.: Stalevo; Switz.: Stalevo; Thai.: Stalevo; Turk.: Sta-
levo; UK: Stalevo; USA: Stalevo; Venez.: Stalevo.

Levodopa (BAN, USAN, rINN)

Dihydroxyphenylalanine; L-Dopa; 3-Hydroxy-L-tyrosine; Laevo-
dopa; Lévodopa; Levodopum. (−)-3-(3,4-Dihydroxyphenyl)-L-
alanine.
Леводопа
C9H11NO4 = 197.2.
CAS — 59-92-7.
ATC — N04BA01.
ATC Vet — QN04BA01.

NOTE. Compounded preparations of levodopa may be represented
by the following names: 
• Co-beneldopa (BAN)—benserazide 1 part and levodopa 4

parts (w/w) 
• Co-careldopa x/y (BAN)—where x and y are the strengths in

milligrams of carbidopa and levodopa, respectively 
• Co-careldopa (PEN)—carbidopa and levodopa
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Levodopa). A white or slightly cream-coloured,
crystalline powder. Slightly soluble in water; freely soluble in
1M hydrochloric acid but sparingly soluble in 0.1M hydrochloric
acid; practically insoluble in alcohol. A 1% suspension in water
has a pH of 4.5 to 7.0. Protect from light. 
USP 31 (Levodopa). A white to off-white, odourless, crystalline
powder. In the presence of moisture, it is rapidly oxidised by at-
mospheric oxygen and darkens. Slightly soluble in water; freely
soluble in 3N hydrochloric acid; insoluble in alcohol. Store in a
dry place in airtight containers at a temperature not exceeding
40°. Protect from light.
Stability. Extemporaneously prepared oral liquid dosage forms
may be unstable and manufacturers’ formulations should be used
where possible.1 Water dispersible formulations of levodopa
with benserazide are available in some countries but a method
that can be used by patients to prepare daily solutions of levo-
dopa with carbidopa has been suggested:2 one litre of a solution
in potable water may be prepared with ten crushed standard tab-
lets of levodopa 100 mg with carbidopa 25 mg and 2 g of ascor-
bic acid added to stabilise the levodopa.
1. Walls TJ, et al. Problems with inactivation of drugs used in Par-

kinson’s disease. BMJ 1985; 290: 444–5. 
2. Giron LT, Koller WC. Methods of managing levodopa-induced

dyskinesias. Drug Safety 1996; 14: 365–74.

Adverse Effects
Gastrointestinal effects, notably nausea, vomiting, and
anorexia are common early in treatment with levo-
dopa, particularly if the dosage is increased too rapidly.
Gastrointestinal bleeding has been reported in patients
with a history of peptic ulcer disease. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

The commonest cardiovascular effect is orthostatic hy-
potension, which is usually asymptomatic, but may be
associated with faintness and dizziness. Cardiac ar-
rhythmias have been reported and hypertension has oc-
casionally occurred. 
Psychiatric symptoms occur in a high proportion of pa-
tients, especially the elderly, and include agitation,
anxiety, euphoria, nightmares, insomnia or sometimes
drowsiness, and depression. More serious effects, usu-
ally requiring a reduction in dosage or withdrawal of
levodopa, include aggression, paranoid delusions, hal-
lucinations, delirium, severe depression, with or with-
out suicidal behaviour, and unmasking of psychoses.
Psychotic reactions are more likely in patients with
postencephalitic parkinsonism or a history of mental
disorders. Excessive daytime sleepiness and sudden
onset of sleep have been reported very rarely. 
Abnormal involuntary movements or dyskinesias are
the most serious dose-limiting adverse effects of levo-
dopa and are very common at the optimum dose re-
quired to control parkinsonism; their frequency in-
creases with duration of treatment. Involuntary
movements of the face, tongue, lips, and jaw often ap-
pear first and those of the trunk and extremities later.
Severe generalised choreoathetoid and dystonic move-
ments may occur after prolonged use. Muscle twitch-
ing and blepharospasm may be early signs of excessive
dosage. Exaggerated respiratory movements and exac-
erbated oculogyric crises have been reported in pa-
tients with postencephalitic parkinsonism. Bradyki-
nesia and akinesia, in the form of ‘end-of-dose’
deterioration and the ‘on-off’ phenomenon, may re-
emerge in patients with parkinsonism as a complica-
tion of long-term treatment, but may be due to progres-
sion of the disease rather than to levodopa (see also
Parkinsonism, p.791). 
A positive response to the direct Coombs’ test may oc-
cur, usually without evidence of haemolysis although
auto-immune haemolytic anaemia has occasionally
been reported. Transient leucopenia and thrombocyto-
penia have occurred rarely. The effects of levodopa on
liver and kidney function are generally slight; transient
increases in liver enzymes, and in blood-urea nitrogen
and serum-uric acid concentrations, have been report-
ed. Levodopa may cause discoloration of the urine;
reddish at first then darkening on standing. Other body
fluids may also be discoloured. 
Some of the adverse effects reported may not be attrib-
utable directly to levodopa, but rather to the use of an-
timuscarinics, to increased mobility, or to the unmask-
ing of underlying conditions as parkinsonism
improves. Use with a peripheral dopa-decarboxylase
inhibitor may reduce the severity of peripheral symp-
toms such as gastrointestinal and cardiovascular ef-
fects, but central effects such as dyskinesias and mental
disturbances may occur earlier in treatment.
Incidence of adverse effects. The major adverse effects of
levodopa are dyskinesia in 75% of patients and psychiatric dis-
turbances in 25%.1 Nausea and vomiting in 40 to 50% gradually
regress and hypotension in 25 to 30% is generally asymptomatic.
Less common adverse effects include cardiac arrhythmias, par-
ticularly atrial and ventricular ectopic beats and less commonly
atrial flutter and fibrillation; palpitations and flushing often ac-
companied by excessive sweating; hypertension; polyuria, in-
continence, and urinary retention, although antimuscarinic drugs
often contribute to problems with micturition; and dark colora-
tion of the urine and saliva. Rare adverse effects include abdom-
inal pain, constipation, and diarrhoea; mydriasis, blurred vision,
diplopia, and precipitation of glaucoma; headache; stridor; tach-
ypnoea; and paraesthesias.
1. Calne DB, Reid JL. Antiparkinsonian drugs: pharmacological

and therapeutic aspects. Drugs 1972; 4: 49–74.

Abnormal coloration. Black pigmentation of rib cartilage has
been noted at necropsy in patients treated with levodopa.1,2 Ab-
normal pigmentation is generally not seen at other sites2 but there
have been isolated reports2,3 of patients who also had pigmenta-
tion of the intervertebral discs. Although the pigmentation ap-
pears to be irreversible it was considered to be probably harm-
less.2 It has been suggested that the pigmentation was due to
deposition of dihydroxyphenylalanine (DOPA) in the cartilage.1
It is known that DOPA will readily auto-oxidise in vitro in the
presence of oxygen to a black pigment and this can also happen

in vivo since black urine is a well known adverse effect of levo-
dopa. Dark sweat and pigmentation of the skin and teeth are also
known adverse effects. 
See also Effects on the Skin and Hair, below.
1. Connolly CE, et al. Black cartilage associated with levodopa.

Lancet 1986; i: 690. 
2. Rausing A, Rosén U. Black cartilage after therapy with levodopa

and methyldopa. Arch Pathol Lab Med 1994; 118: 531–5. 
3. Keen CE. BMJ 1998; 316: 240.

Dysgeusia. A change in taste sensation was reported1 in 23 of
514 patients treated with levodopa and a peripheral dopa-decar-
boxylase inhibitor; 2 of the 23 had total loss of taste initially. The
altered taste, often described as insipid, metallic, or plastic, was
first observed 3 to 32 weeks after beginning treatment, and lasted
for 2 to 40 weeks. In an earlier report, 22 of 100 patients receiv-
ing levodopa alone had experienced changes in taste.2
1. Siegfried J, Zumstein H. Changes in taste under L-DOPA thera-

py. Z Neurol 1971; 200: 345–8. 
2. Barbeau A. L-DOPA therapy: past, present and future. Ariz Med

1970; 27: 1–4.

Effects on the blood. Reports of effects of levodopa on the
blood are mostly confined to individual case reports. A study in
365 patients, receiving levodopa in a mean daily dosage of
4.04 g, found that 32 developed a positive direct Coombs’ test,
the majority after between 3 and 12 months of therapy, but none
developed haemolytic anaemia.1 However, occasional cases of
auto-immune haemolytic anaemia have been reported;2-4 in one
case, dosage reduction and addition of a peripheral dopa-decar-
boxylase inhibitor largely abolished haemolysis,3 but in another,
haemolysis recurred on re-institution of levodopa with carbidopa
and required corticosteroid treatment.4 A case of severe acute
non-haemolytic anaemia related to levodopa therapy has also
been reported.5 
Although levodopa is widely stated to produce leucopenia in
some patients, there are few published reports. However tran-
sient minor decreases in total leucocyte counts were reported in
3 of a group of 80 patients receiving levodopa.6 
Severe thrombocytopenia has been reported in 2 patients who
had received levodopa for 3 and 2 years respectively;7,8 the con-
dition was apparently an auto-immune response and responded
to prednisone therapy and withdrawal of levodopa.
1. Joseph C. Occurrence of positive Coombs test in patients treated

with levodopa. N Engl J Med 1972; 286: 1401–2. 
2. Territo MC, et al. Autoimmune hemolytic anemia due to levo-

dopa therapy. JAMA 1973; 226: 1347–8. 
3. Lindström FD, et al. Dose-related levodopa-induced haemolytic

anaemia. Ann Intern Med 1977; 86: 298–300. 
4. Bernstein RM. Reversible haemolytic anaemia after levodopa-

carbidopa. BMJ 1979; 1: 1461–2. 
5. Alkalay I, Zipoli T. Levodopa-induced acute non-hemolytic ane-

mia. Ann Allergy 1977; 39: 191. 
6. Barbeau A. L-Dopa therapy in Parkinson’s disease: a critical re-

view of nine years’ experience. Can Med Assoc J 1969; 101:
791–800. 

7. Wanamaker WM, et al. Thrombocytopenia associated with long-
term levodopa therapy. JAMA 1976; 235: 2217–19. 

8. Giner V, et al. Thrombocytopenia associated with levodopa
treatment. Arch Intern Med 2003; 163: 735–6.

Effects on the cardiovascular system. There have been
conflicting reports on the effects of peripheral dopa-decarboxy-
lase inhibitors on orthostatic hypotension attributed to levodopa
therapy. In a study,1 supine and erect systolic blood pressure was
found to be significantly higher in parkinsonian patients given
levodopa with carbidopa than in those receiving levodopa alone,
suggesting that the peripheral actions of dopamine contribute to
levodopa-induced hypotension. However, another study2 found
no change in the incidence and degree of orthostatic hypotension
after giving levodopa with carbidopa and, similarly, no differ-
ence in the frequency of ventricular arrhythmias. 
See also Effects on Kidney Function, below and Cardiovascular
Disorders, under Precautions, below.
1. Calne DB, et al. Action of -α-methyldopahydrazine on the

blood pressure of patients receiving levodopa. Br J Pharmacol
1972; 44: 162–4. 

2. Leibowitz M, Lieberman A. Comparison of dopa decarboxylase
inhibitor (carbidopa) combined with levodopa and levodopa
alone on the cardiovascular system of patients with Parkinson’s
disease. Neurology 1975; 25: 917–21.

Effects on electrolytes. See Effects on Kidney Function, be-
low.
Effects on the endocrine system. Single doses of levodopa
given to healthy subjects cause an increase in plasma concentra-
tions of glucose, insulin, and glucagon, as well as of growth
hormone1 and there has been concern over the potential endo-
crine effects of levodopa therapy in patients with Parkinson’s dis-
ease.2 A study of carbohydrate metabolism in 24 patients with
Parkinson’s disease indicated that these patients had abnormally
low rates of glucose utilisation when untreated, apparently due
to impaired insulin release, and this was not altered when levo-
dopa therapy was given.3 However, a similar study completed by
19 patients2 noted increased impairment of glucose utilisation af-
ter levodopa therapy for 1 year with a delayed hypersecretion of
insulin in response to a glucose load similar to the metabolic
changes of acromegaly. It was considered that patients given levo-
dopa for parkinsonism should be monitored for evidence of dia-
betes mellitus or frank acromegaly.2 

Postmenopausal bleeding occurred in varying degrees in 12 of
47 women treated with levodopa.4 In one case bleeding was se-
vere enough to warrant interrupting treatment and subsequent
dosage reduction.
1. Rayfield EJ, et al. -Dopa stimulation of glucagon secretion in

man. N Engl J Med 1975; 293: 589–91. 
2. Sirtori CR, et al. Metabolic responses to acute and chronic -

dopa administration in patients with parkinsonism. N Engl J Med
1972; 287: 729–33. 

3. Van Woert MH, Mueller PS. Glucose, insulin, and free fatty acid
metabolism in Parkinson’s disease treated with levodopa. Clin
Pharmacol Ther 1971; 12: 360–7. 

4. Wajsbort J. Post-menopausal bleeding after -dopa. N Engl J
Med 1972; 286: 784.

Effects on the eyes. Both miosis1 and mydriasis2 have been
reported with levodopa. 
For a report of the exacerbation of oculogyric crises by levodopa,
see Extrapyramidal Effects, below.
1. Spiers ASD, et al. Miosis during -dopa therapy. BMJ 1970; 2:

639–40. 
2. Weintraub MI, et al. Pupillary effects of levodopa therapy: de-

velopment of anisocoria in latent Horner’s syndrome. N Engl J
Med 1970; 283: 120–3.

Effects on the gastrointestinal tract. Although gastrointes-
tinal bleeding has more commonly been reported in patients with
a history of peptic ulceration, there is a rare report1 of acute
melaena and non-specific gastritis associated with levodopa ther-
apy in a 56-year-old man without any previous evidence of a gas-
tric disorder. 
See also Dysgeusia, above.
1. Riddoch D. Gastritis and -dopa. BMJ 1972; 1: 53–4.

Effects on kidney function. Levodopa 1 to 2 g given to 7 pa-
tients with idiopathic or postencephalitic Parkinson’s disease
produced significant increases in renal plasma flow, glomerular
filtration rate, and sodium and potassium excretion.1 It was con-
sidered that the natriuretic effects could contribute to the orthos-
tatic hypotension commonly seen in patients receiving levodopa.
There is a report of a patient who developed hyponatraemia
when given levodopa with carbidopa.2 The patient had previous-
ly had a similar reaction with amantadine. On each occasion
symptoms disappeared when dopaminergic medication was
withdrawn and recurred on rechallenge. Inappropriate secretion
of antidiuretic hormone was suggested as a possible mechanism. 
Levodopa has also been reported to have a kaliuretic effect, re-
sulting in hypokalaemia, in some parkinsonian patients;3 the ef-
fect could be prevented by also giving a peripheral dopa-decar-
boxylase inhibitor.
1. Finlay GD, et al. Augmentation of sodium and potassium excre-

tion, glomerular filtration rate and renal plasma flow by levo-
dopa. N Engl J Med 1971; 284: 865–70. 

2. Lammers GJ, Roos RAC. Hyponatraemia due to amantadine hy-
drochloride and L-dopa/carbidopa. Lancet 1993; 342: 439. 

3. Granérus A-K, et al. Kaliuretic effect of -dopa treatment in par-
kinsonian patients. Acta Med Scand 1977; 201: 291–7.

Effects on mental function. Psychiatric complications were
the single commonest reason for stopping levodopa treatment in
a follow-up study of 178 patients with idiopathic Parkinson’s dis-
ease, 81 of whom were still taking levodopa after 6 years.1 With-
in 2 years, levodopa was withdrawn because of toxic confusional
states (21 patients), paranoid psychosis (6), unipolar depression
(2), and mania (1). The incidence of visual hallucinations in-
creased as treatment continued but, as with toxic confusional
states, patients generally improved when levodopa was with-
drawn. Before treatment, 40 patients had suffered severe depres-
sion and levodopa produced sustained improvement in only 2.
After 6 years, 20 of the 81 patients remaining were moderately
or severely depressed and were rarely improved by withdrawal
or reduction in dosage of levodopa. Increasing dementia affected
26 of the 81 patients after 6 years; withdrawal of levodopa in 5
failed to improve cognitive disabilities, but increased parkinson-
ism. 
Another study2 reported that 141 of 400 patients being treated for
Parkinson’s disease developed mental disorders. In this study
certain acute states, particularly anxiety, on-off hallucinations,
and fits of delirium were linked to treatment with levodopa,
whereas dementia and depression were not. 
Long-term use of levodopa and dopamine agonists has been as-
sociated with a number of behavioural disturbances, including
hypersexuality (see Effects on Sexual Function, below), punding
(purposeless repetitive acts), excessive gambling or shopping
(see below), and other obsessive behaviour such as compulsive
eating.3 Reduction in dopaminergic therapy can lead to cessation
or improvement in symptoms. Some patients may develop
dopamine dysregulation syndrome (see Abuse, under Precau-
tions, below). 
A 12-month study of 1281 patients in the USA treated with
dopamine agonists for Parkinson’s disease found that 9 were suf-
fering from excessive gambling.4 All patients had received levo-
dopa, 8 pramipexole, and the remaining patient pergolide. The
rate of pathological gambling was 1.5% in the 529 patients tak-
ing pramipexole. The authors considered that this was not unex-
pected given the general availability of casinos in the local area
and an incidence in the general US population of 0.3 to 1.3%. An
analysis5 of 11 patients who began pathological gambling after
starting therapy with pramipexole (9 cases) or ropinirole (2 cas-
es) found that in 8 patients such behaviour resolved when the
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drug was tapered or stopped; follow-up was not available in the
other 3. In 7 patients the symptoms had developed within 1 to 3
months of achieving maintenance dose or after dose increases of
dopamine agonist therapy. Of the 11 patients, 3 had not received
levodopa. Cabergoline therapy has also been associated with
pathological gambling.6 Similar behaviour described as being
markedly increased in "on" periods has been reported in other
patients treated with levodopa.7 Pathological gambling has also
been associated with misuse of dopaminergics.8 
Sleep-related complaints have occurred and were reported by
74 of 100 patients with Parkinson’s disease.9 All 74 were on levo-
dopa and the prevalence of symptoms increased with the dura-
tion of treatment. Symptoms included insomnia, excessive day-
time somnolence, altered dream phenomena, nocturnal vocalisa-
tion, involuntary myoclonic movements, and rarely,
sleepwalking. Sleep fragmentation, which includes insomnia
and somnolence, was the most common symptom overall. It has
been suggested10 that in patients with mild to moderate disease
levodopa and dopamine agonists could cause sleep disruption.
However, these drugs produce beneficial effects on nocturnal
disabilities in patients with more severe disease. Reports11-17 of
daytime somnolence or sudden onset of sleep with various other
dopamine agonists, including apomorphine, bromocriptine, ca-
bergoline, lisuride, pergolide, piribedil, pramipexole,
quinagolide, and ropinirole, suggest that this is a class effect of
dopaminergic antiparkinsonian therapy, and patients should be
warned of the possible risks (see Precautions, below). The risk of
somnolence may be increased in those patients taking combina-
tions of dopaminergics.15,18
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Effects on respiration. Respiratory crises, including attacks of
gasping, panting, sniffing, puffing, and breath-holding, occurred
in 12 of 25 patients with postencephalitic parkinsonism during
treatment with levodopa.1 A further 8 developed respiratory and
phonatory tics, including sudden deep breaths, yawns, coughs,
giggles, sighing, grunting, and moaning. All 20 patients also suf-
fered tachypnoea, bradypnoea, and asymmetrical movement of
both sides of the chest, paradoxical diaphragmatic movements,
and reversal of inspiratory and expiratory phases. The induction
of respiratory crises may be prompt or greatly delayed; 3 patients
only developed crises after more than 9 months of treatment with
levodopa. Crises were readily precipitated by psychophysiologi-
cal arousals such as rage and exertion. Most of the patients who
developed marked respiratory disorders had shown slight irregu-
larities of respiratory rhythm, rate, and force before receiving
levodopa. 
In another report a distressing dose-related irregularity in the rate
and depth of breathing occurred when a patient with Parkinson’s
disease was given levodopa with benserazide.2 The respiratory
abnormality was completely suppressed by use of tiapride, with
no reduction in the efficacy of levodopa.
1. Sacks OW, et al. Side-effects of L-dopa in postencephalitic par-

kinsonism. Lancet 1970; i: 1006. 
2. De Keyser J, Vincken W. -Dopa-induced respiratory distur-

bance in Parkinson’s disease suppressed by tiapride. Neurology
1985; 35: 235–7.

Effects on sexual function. An increase in libido, over and
above the effects of improved mobility and well-being, has been
reported in parkinsonian patients receiving levodopa or
dopamine agonists. One report noted increased libido but no im-
provement in sexual performance in 4 of 80 patients receiving
levodopa1 while another reported a moderate increase in sexual
interest in 4 of 7 male patients.2 There have also been reports of
hypersexuality and deviant sexual behaviour in patients with
Parkinson’s disease receiving levodopa or dopamine agonists.3-6

In some cases this was associated with increased dosage and pos-
sibly abuse of the drugs. Symptoms often improved on dosage
reduction or withdrawal. Hypersexual behaviour and hypergeni-
talism have also been reported in a pre-pubertal boy given levo-
dopa for behavioural disturbances.7 
Some workers8 have commented that dopaminergics such as ca-
bergoline are being promoted illegally on the Internet for male
sexual enhancement and warn of the potential for abuse and se-
rious adverse effects. 
Clitoral tumescence and increased libido has been noted in a
woman receiving bromocriptine to suppress lactation9 but there
has been a report of sexual dissatisfaction and decreased libido in
3 women receiving bromocriptine for hyperprolactinaemia.10
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Effects on the skin and hair. Two women who were given
levodopa, up to 3 g daily, developed diffuse alopecia in addition
to other adverse effects.1 Repigmentation of hair has occurred in
a white-bearded man after being treated with levodopa 1.5 g dai-
ly for 8 months.2 Vitiligo has been reported3 in a patient with
Parkinson’s disease following addition of tolcapone to his levo-
dopa/carbidopa regimen. The development of vitiligo was attrib-
uted to the increase in plasma-levodopa concentrations brought
about by concomitant use of tolcapone. 
See also Melanoma, under Precautions, below.
1. Marshall A, Williams MJ. Alopecia and levodopa. BMJ 1971; 2:

47. 
2. Grainger KM. Pigmentation in Parkinson’s disease treated with

levodopa. Lancet 1973; i: 97–8. 
3. Sabaté M, et al. Vitiligo associated with tolcapone and levodopa

in a patient with Parkinson’s disease. Ann Pharmacother 1999;
33: 1228–9.

Extrapyramidal effects. Choreiform movements were the
major dose-limiting complication of long-term treatment with
levodopa in a follow-up study of 178 patients with idiopathic
Parkinson’s disease, 81 of whom were still taking levodopa after
6 years.1 Dyskinesias usually appeared in the first year and be-
came more severe and generalised with time. Certain distinctive
patterns of involuntary movements occurred as follows: 
• peak-dose movements affected 65 of the 81 patients and were

dose-related. Movements were usually choreic, affecting the
face and limbs, but dystonic and ballistic movements were
also seen; characteristically they began 20 to 90 minutes after
an oral dose and lasted from 10 minutes to 4 hours with a ten-
dency to be more severe mid-way through the interdose peri-
od 

• biphasic movements presenting as 2 distinct episodes of cho-
rea or dystonia within each interdose period occurred in only
3 patients 

• early morning and ‘end-of-dose’ dystonia was present in 15
patients after 6 years of treatment with levodopa, but rarely
developed during the first 3 years 

• nocturnal myoclonus occurred in 12 patients 
The frequency, intensity, and complexity of spontaneous fluctu-
ations in performance were greatly enhanced by long-term levo-
dopa therapy. Two clinically distinct types of fluctuation, ‘end-
of-dose’ deterioration and the ‘on-off’ phenomenon, were relat-
ed to treatment. ‘End-of-dose’ deterioration or the ‘wearing-off’
effect affected 52 patients after 6 years of treatment and was
characterised by progressive reduction in the duration of benefit
from each dose with a gradual return of nocturnal and early
morning disability in some patients. The ‘on-off’ phenomenon
affected 14 patients who experienced completely unpredictable
swings from relative mobility, usually accompanied by involun-
tary movements, to periods of profound bradykinesia and hypo-

tonia. In addition, ‘freezing episodes’ and abrupt falls became
increasingly common and affected 50 patients after 6 years com-
pared with 33 before therapy.
1. Shaw KM, et al. The impact of treatment with levodopa on Par-

kinson’s disease. Q J Med 1980; 49: 283–93.

OCULOGYRIC CRISIS. After initial remission, oculogyric crises
in 5 of 25 patients with postencephalitic parkinsonism re-
curred and were subsequently severely exacerbated during
treatment with levodopa.1 One patient, who previously had
not had oculogyric crises, developed severe crises in the
fourth month of therapy with levodopa. During these crises
forced gaze deviation was always accompanied by severe
neurological and mental symptoms, some of which were
scarcely tolerable.
1. Sacks OW, Kohl M. -Dopa and oculogyric crises. Lancet 1970;

ii: 215–16.

Gout. There have been reports of elevated serum uric acid con-
centrations in patients receiving levodopa, but some of these are
of doubtful significance since levodopa has been shown to give
falsely-elevated uric acid concentrations by colorimetric meth-
ods.1 However, hyperuricaemia as measured by more specific
methods,2,3 with a few cases of overt gout,2,3 has also been re-
ported.
1. Cawein MJ, Hewins J. False rise in serum uric acid after -dopa.

N Engl J Med 1969; 281: 1489–90. 
2. Honda H, Gindin RA. Gout while receiving levodopa for parkin-

sonism. JAMA 1972; 219: 55–7. 
3. Calne DB, Fermaglich J. Gout induced by -dopa and decarbox-

ylase inhibitors. Postgrad Med J 1976; 52: 232–3.

Hypersensitivity. Reports of hypersensitivity reactions to lev-
odopa have included a vasculitis characterised by neuromyopa-
thy, periarteriolitis with eosinophilia,1 and a lupus-like auto-im-
mune syndrome.2
1. Wolf S, et al. Neuromyopathy and periarteriolitis in a patient re-

ceiving levodopa. Arch Intern Med 1976; 136: 1055–7. 
2. Massarotti G, et al. Lupus-like autoimmune syndrome after lev-

odopa and benserazide. BMJ 1979; 2: 553.

Overdosage. Adverse effects after ingestion of 80 to 100 g of
levodopa over a 12-hour period by a parkinsonian patient includ-
ed hypertension initially, followed by hypotension of a few
hours’ duration, sinus tachycardia, and symptomatic orthostatic
hypotension for more than a week.1 Marked confusion, agitation,
insomnia, and restlessness were the most prominent clinical
symptoms and did not disappear completely for over a week; se-
vere anorexia and insomnia persisted for 2 to 3 weeks. After the
overdose the patient had virtually no signs of parkinsonism and
received no levodopa or antimuscarinic medication for 6 days;
rigidity and akinesia began to recur on the fourth day.
1. Hoehn MM, Rutledge CO. Acute overdose with levodopa: clin-

ical and biochemical consequences. Neurology 1975; 25: 792–4.

Withdrawal syndromes. Withdrawal of antiparkinsonian
drugs, particularly levodopa, has been implicated in the develop-
ment of a syndrome resembling the neuroleptic malignant syn-
drome,1-6 characterised by fever, muscle rigidity, profuse sweat-
ing, tachycardia, tachypnoea, and elevated muscle enzyme
values.1 Several fatalities have occurred.1,2 It has been suggested
that the neuroleptic malignant syndrome is associated with
blockade of dopamine receptors in the striatum, leading to in-
creased rigidity and heat production, and in the hypothalamus,
resulting in impaired thermoregulation7 and it seems reasonable
that withdrawal of levodopa might have a similar effect in pa-
tients with depleted central dopamine concentrations. Thus, the
use of a ‘drug holiday’ to manage fluctuations in response to lev-
odopa (see Parkinsonism, p.791) is no longer recommended. 
Fever, extrapyramidal symptoms and raised creatine kinase con-
centrations, resembling a very mild form of the neuroleptic ma-
lignant syndrome, have also been reported in parkinsonian pa-
tients exposed to stress such as dehydration or infection but
without any change in medication.8
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3. Figà-Talamanca L, et al. Hyperthermia after discontinuance of

levodopa and bromocriptine therapy: impaired dopamine recep-
tors a possible cause. Neurology 1985; 35: 258–61. 

4. Gibb WRG, Griffith DNW. Levodopa withdrawal syndrome
identical to neuroleptic malignant syndrome. Postgrad Med J
1986; 62: 59–60. 

5. Serrano-Dueñas M. Neuroleptic malignant syndrome-like, or—
dopaminergic malignant syndrome—due to levodopa therapy
withdrawal: clinical features in 11 patients. Parkinsonism Relat
Disord 2003; 9: 175–8. 

6. Mizuno Y, et al. Malignant syndrome in Parkinson’s disease:
concept and review of the literature. Parkinsonism Relat Disord
2003; 9 (suppl 1): S3–S9. 

7. Henderson VW, Wooten GF. Neuroleptic malignant syndrome: a
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8. Mezaki T, et al. Benign type of malignant syndrome. Lancet
1989; i: 49–50.

Treatment of Adverse Effects
Reduction in dosage reverses most of the adverse ef-
fects of levodopa. Nausea and vomiting may be dimin-
ished by increasing the dose of levodopa gradually,
and/or by taking with or after meals, although taking
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levodopa on a full stomach may lead to lower plasma
concentrations. Gastrointestinal effects may also be re-
duced by giving an antiemetic such as cyclizine or
domperidone but not a phenothiazine (see Antipsy-
chotics, under Interactions, below). Use with a periph-
eral dopa-decarboxylase inhibitor reduces peripheral
but not central adverse effects. Orthostatic hypotension
may respond to the use of elastic stockings. 
The benefits of gastric decontamination are uncertain.
However, activated charcoal should be considered in
adults who have ingested more than 2 g (or more than
the total daily dose, whichever is greater), and in chil-
dren who have taken more than 200 mg, if they present
within 1 hour of ingestion. Supportive measures
should also be instituted. Pyridoxine may increase the
metabolism of levodopa (see Nutritional Agents, under
Interactions, below) but its value in overdosage has not
been established; it does not reduce the effects of levo-
dopa given with a peripheral dopa-decarboxylase in-
hibitor.
Nausea and vomiting. For reference to the use of domperi-
done in the management of nausea and vomiting associated with
levodopa in patients with Parkinson’s disease, see under Uses
and Administration of Domperidone, p.1727.

Psychosis. Atypical antipsychotics such as clozapine (p.985)
have been tried in the management of psychosis occurring as a
complication of parkinsonism and of drugs such as levodopa
used in its treatment.

Precautions
Levodopa is contra-indicated in patients with angle-
closure glaucoma and should be used with caution in
open-angle glaucoma. Caution is also required in pa-
tients with cardiovascular disease, pulmonary disease,
endocrine disorders, psychiatric disturbances, osteo-
malacia, hepatic or renal disease, or a history of peptic
ulceration. Periodic evaluations of hepatic, psychiatric,
haematological, renal, and cardiovascular functions
have been advised. 
Since an association between levodopa and activation
of malignant melanoma has been suspected (although
not confirmed), it is generally recommended that levo-
dopa should not be given to patients with (or with a
history of) the disease or with skin disorders suggestive
of it. 
Parkinsonian patients who benefit from levodopa ther-
apy should be warned to resume normal activities grad-
ually to avoid the risk of injury. Treatment with levo-
dopa should not be stopped abruptly. 
Excessive daytime sleepiness and sudden onset of
sleep may occur with levodopa and caution is advised
when driving or operating machinery; patients who
suffer such effects should not drive or operate machin-
ery until the effects have stopped recurring. 
Levodopa inhibits prolactin secretion and may there-
fore interfere with lactation. 
Food interferes with the absorption of levodopa,
though levodopa is usually given with or immediately
after meals to reduce nausea and vomiting. However,
patients experiencing the ‘on-off’ phenomenon may
benefit from dosage on an empty stomach (see Parkin-
sonism, p.791).
Abuse. Abuse of levodopa and dopamine agonists in patients
with Parkinson’s disease has been reported.1-6 The term
dopamine dysregulation syndrome, has been used to describe a
condition where there is a compulsive and dysregulated use of
dopaminergic drugs beyond that needed to achieve relief of mo-
tor symptoms and which is harmful to the patient.7 Patients have
progressively increased the dosage of levodopa to obtain psycho-
tropic effects such as euphoria despite accompanying dystonia
and other extrapyramidal adverse effects. Withdrawal often led
to craving, drug-seeking behaviour, and mood disturbances such
as depression, features resembling a psychological dependence
syndrome. Abuse in patients without parkinsonism has also oc-
curred.8 
See also Effects on Sexual Function under Adverse Effects,
above.
1. Nausieda PA. Sinemet "abusers". Clin Neuropharmacol 1985; 8:

318–27. 

2. Soyka M, Huppert D. L-dopa abuse in a patient with former al-
coholism. Br J Addict 1992; 87: 117–18. 

3. Spigset O, von Schéele C. Levodopa dependence and abuse in
Parkinson’s disease. Pharmacotherapy 1997; 17: 1027–30. 

4. Merims D, et al. Is there addiction to levodopa in patients with
Parkinson’s disease? Mov Disord 2000; 15: 1014–16. 

5. Müller U, et al. Levodopa-Abhängigkeit bei Parkinsonk-
rankheit: Fallbericht und Literaturübersicht. Nervenarzt 2002;
73: 887–91. 

6. Borek LL, Friedman JH. Levodopa addiction in idiopathic Par-
kinson disease. Neurology 2005; 65: 1508. 

7. Burn DJ, Tröster AI. Neuropsychiatric complications of medical
and surgical therapies for Parkinson’s disease. J Geriatr Psychi-
atry Neurol 2004; 17: 172–80. 

8. Steiner I, Wirguin I. Levodopa addiction in non-parkinsonian pa-
tients. Neurology 2003; 61: 1451.

Cardiovascular disorders. A high incidence of cardiovascu-
lar adverse effects was reported in early studies of levodopa, but
both Parkinson’s disease and heart disease are common in the
elderly and adverse cardiac effects of levodopa may be less prev-
alent than was first thought. A study in 40 patients1 concluded
that, apart from those with severe orthostatic hypotension or
unstable coronary disease, levodopa may be used safely in par-
kinsonian patients with heart disease. Others2 noted that levo-
dopa and bromocriptine cause cardiac arrhythmias in less than
1% of all patients, the incidence for levodopa with a peripheral
dopa-decarboxylase inhibitor being lower still. Nevertheless,
caution is advised in patients with cardiovascular disease.
1. Jenkins RB, et al. Levodopa therapy of patients with parkinson-

ism and heart disease. BMJ 1972; 3: 512–14. 
2. Parkes JD, et al. Amantadine-induced heart failure. Lancet 1977;

i: 904.

Diabetes mellitus. For reference to concern over the potential
of levodopa to impair glucose utilisation, see Effects on the En-
docrine System under Adverse Effects, above.

Melanoma. There has been concern over the effects of levo-
dopa on melanoma in view of the ability of malignant melanoma
cells to convert levodopa to melanin and isolated reports of
melanoma developing or being exacerbated during levodopa
therapy continue to appear. However, in a survey of 1099 pa-
tients with primary cutaneous malignant melanoma only one had
taken levodopa.1 It was concluded that levodopa therapy is not
an important factor in the induction of malignant melanoma. Fur-
thermore, use of levodopa in daily doses of up to 4 g with carbi-
dopa in 17 patients with metastatic melanoma failed to provide
any evidence that levodopa accelerated the progression of the
disease.2 Reviews3,4 of these and later reports concluded that the
purported link between levodopa and malignant melanoma was
tenuous. 
For a report of antineoplastic chemotherapy used for the treat-
ment of melanoma reducing the efficacy of levodopa, see under
Interactions, below.
1. Sober AJ, Wick MM. Levodopa therapy and malignant melano-

ma. JAMA 1978; 240: 554–5. 
2. Gurney H, et al. The use of L-dopa and carbidopa in metastatic

malignant melanoma. J Invest Dermatol 1991; 96: 85–7. 
3. Siple JF, et al. Levodopa therapy and the risk of malignant

melanoma. Ann Pharmacother 2000; 34: 382–5. 
4. Fiala KH, et al. Malignant melanoma and levodopa in Parkin-

son’s disease: causality or coincidence? Parkinsonism Relat Dis-
ord 2003; 9: 321–7.

Pregnancy. Levodopa alone and with carbidopa has been asso-
ciated with fetal abnormalities in animals given high doses; no
teratogenic effect has been noted with carbidopa alone. Howev-
er, 2 women with parkinsonism who received levodopa with car-
bidopa or levodopa alone throughout their pregnancies gave
birth to normal infants.1
1. Cook DG, Klawans HL. Levodopa during pregnancy. Clin Neu-

ropharmacol 1985; 8: 93–5.

Withdrawal. For adverse effects associated with withdrawal of
levodopa, see under Adverse Effects, above.

Interactions
The therapeutic or adverse effects of levodopa may be
affected by interactions with a variety of drugs. Mech-
anisms may include effects on catecholamine metabo-
lising enzymes, neurotransmitters, or receptor sites,
effects on the endocrine system, and effects on gastro-
intestinal absorption. Drugs that modify gastric emptying
may affect the absorption of levodopa.
Antibacterials. A study1 in 7 healthy subjects showed that use
of spiramycin with levodopa and carbidopa resulted in reduced
plasma-levodopa concentrations and an increase in its peripheral
metabolism. 
A hypertensive reaction and severe tremor occurred when isoni-
azid was given to a patient receiving levodopa;2 it was not certain
whether isoniazid was acting as an MAOI.
1. Brion N, et al. Effect of a macrolide (spiramycin) on the pharma-

cokinetics of -dopa and carbidopa in healthy volunteers. Clin
Neuropharmacol 1992; 15: 229–35. 

2. Morgan JP. Isoniazid and levodopa. Ann Intern Med  1980; 92:
434.

Antidementia drugs. Increasing the dose of tacrine worsened
parkinsonian symptoms in an elderly woman with Alzheimer’s
disease and mild parkinsonism; symptoms responded to levo-
dopa with carbidopa, but recurred when the dose of tacrine was
again increased.1
1. Ott BR, Lannon MC. Exacerbation of parkinsonism by tacrine.

Clin Neuropharmacol 1992; 15: 322–5.

Antidepressants. BUPROPION.  Caution has been advised
with bupropion because of reports of a higher incidence of
adverse effects during use with levodopa.
MAOIS. Giving levodopa with non-specific MAOIs such as
phenelzine, pargyline, nialamide, or tranylcypromine may
cause dangerous hypertension;1-4 it is recommended that levo-
dopa should not be given with, or within at least 14 days of
stopping, an MAOI. Hypertensive reactions to levodopa with
tranylcypromine were inhibited by carbidopa,5 but licensed
product information for preparations containing levodopa
with carbidopa or benserazide still contra-indicates their use
with MAOIs. The incidence of adverse effects may be in-
creased if levodopa is used with moclobemide, a monoamine
oxidase type A inhibitor (see Dopaminergics, p.411). Sele-
giline, a monoamine oxidase type B inhibitor, is used to en-
hance the antiparkinsonian effect of levodopa, see p.818.
1. Hunter KR, et al. Monoamine oxidase inhibitors and -dopa.

BMJ 1970; 3: 388. 
2. Hodge JV. Use of monoamine oxidase inhibitors. Lancet 1965; i:

764–5. 
3. Friend DG, et al. The action of L-dihydroxyphenylalanine in pa-

tients receiving nialamide. Clin Pharmacol Ther 1965; 6: 362–6. 
4. Sharpe J, et al. Idiopathic orthostatic hypotension treated with

levodopa and MAO inhibitor: a preliminary report. Can Med As-
soc J 1972; 107: 296–300. 

5. Teychenne PF, et al. Interactions of levodopa with inhibitors of
monoamine oxidase and -aromatic amino acid decarboxylase.
Clin Pharmacol Ther 1975; 18: 273–7.

SSRIS. There was some evidence from a prescribing study that
SSRIs might exacerbate parkinsonism resulting in increased
doses of levodopa or addition of adjunctive drugs.1
1. van de Vijver DAMC, et al. Start of a selective serotonin re-

uptake inhibitor (SSRI) and increase of antiparkinsonian drug
treatment in patients on levodopa. Br J Clin Pharmacol 2002;
54: 168–70.

TRICYCLIC ANTIDEPRESSANTS. Although tricyclic antidepres-
sants have generally been used safely with levodopa,1 hyper-
tensive crises have occurred in some rare cases. Such events
have been reported in patients receiving amitriptyline or imi-
pramine and levodopa with carbidopa.2,3 Imipramine has
been reported to impair the rate of levodopa absorption,4 pre-
sumably due to its antimuscarinic properties (for the effect of
antimuscarinics on the absorption of levodopa, see below).
1. Hunter KR, et al. Use of levodopa with other drugs. Lancet 1970;

ii: 1283–5. 
2. Rampton DS. Hypertensive crisis in a patient given Sinemet,

metoclopramide, and amitriptyline. BMJ 1977; 2: 607–8. 
3. Edwards M. Adverse interaction of levodopa with tricyclic anti-

depressants. Practitioner 1982; 226: 1447–8. 
4. Morgan JP, et al. Imipramine-mediated interference with levo-

dopa absorption from the gastrointestinal tract in man. Neurolo-
gy 1975; 25: 1029–34.

TRYPTOPHAN. See Amino Acids under Nutritional Agents, be-
low.
Antiepileptics. Phenytoin has been shown to diminish the ther-
apeutic effect of levodopa in patients with parkinsonism or
chronic manganese poisoning.1 The mechanism of the interac-
tion was considered uncertain.
1. Mendez JS. Diphenylhydantoin: blocking of levodopa effects.

Arch Neurol 1975; 32: 44–6.

Antihypertensives. Use of levodopa with guanethidine may
cause increased hypotension.1 Clonidine has been reported to in-
hibit the therapeutic effect of levodopa, possibly by stimulating
central alpha-adrenoceptors.2 Methyldopa and levodopa may en-
hance each other’s therapeutic or adverse effects, although there
has been mention of the inhibitory effect of methyldopa on the
therapeutic response to levodopa.3,4 Reserpine and other rauwol-
fia alkaloids may oppose the antiparkinsonian effects of levo-
dopa by central depletion of dopamine; UK licensed product
information advises that use together should be avoided.
1. Hunter KR, et al. Use of levodopa with other drugs. Lancet 1970;

ii: 1283–5. 
2. Shoulson I, Chase TN. Clonidine and the anti-parkinsonian re-

sponse to -dopa or piribedil. Neuropharmacology 1976; 15:
25–7. 

3. Cotzias GC, et al. -Dopa in Parkinson’s syndrome. N Engl J
Med 1969; 281: 272. 

4. Kofman O. Treatment of Parkinson’s disease with -dopa: a cur-
rent appraisal. Can Med Assoc J 1971; 104: 483–7.

Antimuscarinics. Antimuscarinic antiparkinsonian drugs may
enhance the therapeutic effects of levodopa but by delaying gas-
tric emptying they may also reduce its absorption.1
1. Algeri S, et al. Effect of anticholinergic drugs on gastro-intesti-

nal absorption of L-dopa in rats and in man. Eur J Pharmacol
1976; 35: 293–9.

Antineoplastics. A patient with Parkinson’s disease noted1

that the efficacy of levodopa was reduced each time he received
dacarbazine for the treatment of melanoma. As serum-dopamine
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concentrations were unchanged it was suggested1 that dacar-
bazine might compete with levodopa at the blood-brain barrier.
1. Merello M, et al. Impaired levodopa response in Parkinson’s dis-

ease during melanoma therapy. Clin Neuropharmacol 1992; 15:
69–74.

Antipsychotics. The therapeutic effects of levodopa may be di-
minished by CNS dopamine inhibitors including phenothiazine
derivatives1 such as prochlorperazine.2 Butyrophenones such as
haloperidol and thioxanthenes such as flupentixol might be ex-
pected to have a similar effect due to their antidopaminergic
properties.
1. Yahr MD, Duvoisin RC. Drug therapy of parkinsonism. N Engl

J Med 1972; 287: 20–4. 
2. Duvoisin RC. Diphenidol for levodopa induced nausea and vom-

iting. JAMA 1972; 221: 1408.

Anxiolytics. Reversible deterioration of parkinsonism has been
reported in patients receiving levodopa who were also given ben-
zodiazepines such as diazepam,1,2 nitrazepam1 (although the ev-
idence was equivocal), or chlordiazepoxide.3 In one case parkin-
sonian symptoms resolved without alteration in the medication.1
1. Hunter KR, et al. Use of levodopa with other drugs. Lancet 1970;

ii: 1283–5. 
2. Wodak J, et al. Review of 12 months’ treatment with L-dopa in

Parkinson’s disease, with remarks on unusual side effects. Med J
Aust 1972; 2: 1277–82. 

3. Yosselson-Superstine S, Lipman AG. Chlordiazepoxide interac-
tion with levodopa. Ann Intern Med 1982; 96: 259–60.

Baclofen. Adverse effects including hallucinations, confusion,
headache, and nausea and worsening of symptoms have been
reported1,2 in patients with Parkinson’s disease taking levodopa
when also given baclofen.
1. Skausig OB, Korsgaard S. Hallucinations and baclofen. Lancet

1977; i: 1258. 
2. Lees AJ, et al. Baclofen in Parkinson’s disease. J Neurol Neuro-

surg Psychiatry 1978; 41: 707–8.

Gastrointestinal drugs. ANTACIDS. Some studies have sug-
gested that taking an antacid before a dose of levodopa en-
hances the absorption of levodopa, apparently by enhancing
gastric emptying and reducing metabolism of levodopa in the
stomach.1,2 This was particularly marked in a case report in a
patient with prolonged gastric emptying time.1 However,
another study in 8 patients with presumably normal gastric
motility, only 3 of whom had Parkinson’s disease, found no
significant increase in overall absorption of levodopa when
given with an antacid although there was some evidence of
increased absorption in some of the patients.3 UK licensed
product information (Madopar CR; Roche) states that ant-
acids reduce the absorption of levodopa from the modified-
release preparation by 32%.
1. Rivera-Calimlim L, et al. -Dopa treatment failure: explanation

and correction. BMJ 1970; 4: 93–4. 
2. Pocelinko R, et al. The effect of an antacid on the absorption and

metabolism of levodopa. Clin Pharmacol Ther 1972; 13: 149. 
3. Leon AS, Spiegel HE. The effect of antacid administration on the

absorption and metabolism of levodopa. J Clin Pharmacol 1972;
12: 263–7.

ANTIEMETICS. Metoclopramide is a dopamine antagonist and
may cause extrapyramidal symptoms including parkinson-
ism; however, it accelerates gastric emptying and has been
reported1 to increase the rate of levodopa absorption. The im-
portance of timing has been noted2 since levodopa delays gas-
tric emptying and metoclopramide antagonises this effect.
Licensed product information advises caution when using
metoclopramide with levodopa. Domperidone has been re-
ported to increase the bioavailability of levodopa slightly.3
1. Morris JGL, et al. Plasma dopa concentrations after different

preparations of levodopa in normal subjects. Br J Clin Pharma-
col 1976; 3: 983–90. 

2. Berkowitz DM, McCallum RW. Interaction of levodopa and
metoclopramide on gastric emptying. Clin Pharmacol Ther
1980; 27: 414–20. 

3. Shindler JS, et al. Domperidone and levodopa in Parkinson’s dis-
ease. Br J Clin Pharmacol 1984; 18: 959–62.

PROKINETICS. Maximum plasma concentrations of levodopa
are increased by cisapride.1 
See also Metoclopramide and Domperidone, under Antiemetics,
above.
1. Neira WD, et al. The effects of cisapride on plasma -dopa levels

and the clinical response in Parkinson’s disease. Mov Disord
1995; 10: 66–70.

General anaesthetics. The general anaesthetics cyclopropane
and halothane lower the threshold for ventricular arrhythmias to
sympathomimetic amines, including dopamine, and should
probably not be used within 6 to 8 hours of levodopa.1,2 Al-
though other general anaesthetics are now usually preferred, it
was suggested that, in any case, levodopa could safely be taken
before surgery when given with a peripheral dopa-decarboxylase
inhibitor.3
1. Goldberg LI, Whitsett TL. Cardiovascular effects of levodopa.

Clin Pharmacol Ther 1971; 12: 376–82. 
2. Bianchine JR, Sunyapridakul L. Interactions between levodopa

and other drugs: significance in the treatment of Parkinson’s dis-
ease. Drugs 1973; 6: 364–88. 

3. Anonymous. Surgery and long-term medication. Drug Ther Bull
1984; 22: 73–6.

Nutritional agents. AMINO ACIDS. The transport of levodopa
into the brain is subject to competition from chemically relat-
ed L-amino acids, especially the other aromatic amino acids

phenylalanine, tyrosine, tryptophan, and histidine.1 A high-
protein diet or the large neutral amino acids phenylalanine,
leucine, or isoleucine have been shown to reduce the thera-
peutic effect of levodopa given by intravenous infusion to
parkinsonian patients; such alterations in the absorption and
transport of levodopa may contribute to the fluctuating re-
sponses seen in Parkinson’s disease, the so-called ‘on-off’
phenomenon2 (see also Parkinsonism, p.791). In contrast, a
study in healthy subjects3 found that while a low-protein meal
appeared to cause a small reduction in levodopa absorption, a
high-protein meal had no such effect. Other reported interac-
tions with amino acids include methionine-antagonism of the
therapeutic effect of levodopa in parkinsonism4 and tryp-
tophan-reduced blood concentrations of levodopa.5
1. Daniel PM, et al. Do changes in blood levels of other aromatic

aminoacids influence levodopa therapy? Lancet 1976; i: 95. 
2. Nutt JG, et al. The “on-off” phenomenon in Parkinson’s disease:

relation to levodopa absorption and transport. N Engl J Med
1984; 310: 483–8. 

3. Robertson DRC, et al. The influence of protein containing meals
on the pharmacokinetics of levodopa in healthy volunteers. Br J
Clin Pharmacol 1991; 31: 413–17. 

4. Pearce LA, Waterbury LD. L-methionine: a possible levodopa
antagonist. Neurology 1974; 24: 640–1. 

5. Weitbrecht W-U, Weigel K. Der Einfluß von -Tryptophan auf
die -Dopa-Resorption. Dtsch Med Wochenschr 1976; 101:
20–2.

IRON SALTS. Levodopa forms complexes with iron salts and
ferrous sulfate has reduced bioavailability of levodopa by
about 50% in healthy subjects.1 Giving ferrous sulfate to 9
patients with Parkinson’s disease receiving levodopa with
carbidopa reduced the area under the curve for levodopa by
30%; the reduction was greater than 75% for carbidopa. Al-
though this was associated with deterioration in some pa-
tients’ disability, the average reduction in efficacy of therapy
did not achieve statistical significance.2
1. Campbell NRC, Hasinoff BB. Iron supplements: a common

cause of drug interactions. Br J Clin Pharmacol 1991; 31:
251–5. 

2. Campbell NRC, et al. Sinemet-ferrous sulphate interaction in pa-
tients with Parkinson’s disease. Br J Clin Pharmacol 1990; 30:
599–605.

PYRIDOXINE. The enzyme responsible for the decarboxylation
of levodopa, L-amino acid decarboxylase, is dependent on py-
ridoxine and pyridoxine supplements have been reported to
enhance the peripheral metabolism of levodopa to dopamine
leaving less available to cross the blood-brain barrier for cen-
tral conversion to dopamine;1-4 pyridoxine therefore inhibits
the action of levodopa but this can be stopped by use of a
peripheral dopa-decarboxylase inhibitor.3,4

1. Carter AB. Pyridoxine and parkinsonism. BMJ 1973; 4: 236. 
2. Leon AS, et al. Pyridoxine antagonism of levodopa in parkinson-

ism. JAMA 1971; 218: 1924–7. 
3. Cotzias GC, Papavasiliou PS. Blocking the negative effects of

pyridoxine on patients receiving levodopa. JAMA 1971; 215:
1504–5. 

4. Yahr MD, Duvoisin RC. Pyridoxine, levodopa, and -α-methyl-
dopa hydrazine regimen in parkinsonism. JAMA 1971; 216:
2141.

Papaverine. Antagonism of the beneficial effects of levodopa
in parkinsonism has been reported when patients were also given
papaverine,1,2 and it was recommended that the combination
should be avoided. However, a later study3 in 9 patients receiving
levodopa with a peripheral dopa-decarboxylase inhibitor found
no changes in the control of Parkinson’s disease when they were
also given papaverine for 3 weeks.
1. Duvoisin RC. Antagonism of levodopa by papaverine. JAMA

1975; 231: 845. 
2. Posner DM. Antagonism of levodopa by papaverine. JAMA

1975; 233: 768. 
3. Montastruc JL, et al. Does papaverine interact with levodopa in

Parkinson’s disease? Ann Neurol 1987; 22: 558–9.

Penicillamine. Isolated case reports suggest that penicillamine
increases plasma-levodopa concentrations.1
1. Mizuta E, et al. Effect of -penicillamine on pharmacokinetics of

levodopa in Parkinson’s disease. Clin Neuropharmacol 1993;
16: 448–50.

Sympathomimetics. It has been suggested that sympathomi-
metics such as adrenaline or isoprenaline may enhance the car-
diac adverse effects of levodopa.1
1. Goldberg LI, Whitsett TL. Cardiovascular effects of levodopa.

Clin Pharmacol Ther 1971; 12: 376–82.

Pharmacokinetics
Levodopa is rapidly absorbed from the gastrointestinal
tract by an active transport system. Most absorption
takes place in the small intestine; absorption is very
limited from the stomach, and since decarboxylation
may take place in the stomach wall, delays in gastric
emptying may reduce the amount of levodopa availa-
ble for absorption. Peak plasma concentrations are
achieved within 2 hours of oral doses. Levodopa is
about 10 to 30% bound to plasma proteins. 
Levodopa is rapidly decarboxylated by the enzyme aro-
matic L-amino acid decarboxylase, mostly in the gut,
liver, and kidney, to dopamine, which is metabolised in

turn, principally to dihydroxyphenylacetic acid
(DOPAC) and homovanillic acid (HVA). Other routes
of metabolism include O-methylation, transamination,
and oxidation, producing a variety of minor metabo-
lites including noradrenaline and 3-O-methyldopa; the
latter may accumulate in the CNS due to its relatively
long half-life. The elimination half-life of levodopa it-
self is reported to be about 30 to 60 minutes. 
Unlike dopamine, levodopa is actively transported
across the blood-brain barrier, but because of the extent
of peripheral decarboxylation very little is available to
enter the CNS unless it is given with a peripheral dopa-
decarboxylase inhibitor. In the presence of a peripheral
dopa-decarboxylase inhibitor the major route of me-
tabolism of levodopa becomes the formation of 3-O-
methyldopa by the enzyme catechol-O-methyltrans-
ferase. 
About 80% of an oral dose of levodopa is excreted in
the urine within 24 hours, mainly as dihydroxypheny-
lacetic and homovanillic acids. Only small amounts of
levodopa are excreted unchanged in the faeces. 
Levodopa crosses the placenta and is distributed into
breast milk.
◊ General references.
1. Nutt JG, Fellman JH. Pharmacokinetics of levodopa. Clin Neu-

ropharmacol 1984; 7: 35–49. 
2. Cedarbaum JM. Clinical pharmacokinetics of anti-parkinsonian

drugs. Clin Pharmacokinet 1987; 13: 141–78. 
3. Robertson DRC, et al. The effect of age on the pharmacokinetics

of levodopa administered alone and in the presence of carbidopa.
Br J Clin Pharmacol 1989; 28: 61–9. 

4. Robertson DRC, et al. The influence of levodopa on gastric emp-
tying in man. Br J Clin Pharmacol 1990; 29: 47–53.

Uses and Administration
Levodopa, a naturally occurring amino acid, is the im-
mediate precursor of the neurotransmitter dopamine.
The actions of levodopa are mainly those of dopamine
(p.1273). 
Unlike dopamine, levodopa readily enters the CNS and
is used in the treatment of conditions, such as Parkin-
son’s disease, that are associated with depletion of
dopamine in the brain. Levodopa is rapidly decarbox-
ylated by peripheral enzymes so that very little un-
changed drug is available to cross the blood-brain bar-
rier for central conversion into dopamine.
Consequently, levodopa is usually given with a periph-
eral dopa-decarboxylase inhibitor such as benserazide
(p.796) or carbidopa (p.803) to increase the proportion
of levodopa that can enter the brain. This enables the
dosage of levodopa to be reduced and may diminish
peripheral adverse effects, such as nausea and vomit-
ing and cardiac arrhythmias, by blocking the peripheral
production of dopamine. It may also provide a more
rapid response at the start of therapy. 
The majority of patients with Parkinson’s disease ben-
efit from levodopa therapy, but after 2 years or more,
improvement in disability is gradually lost as the dis-
ease progresses and fluctuations in mobility emerge.
Postencephalitic parkinsonism responds to levodopa,
but a higher incidence of adverse effects has been re-
ported than in the idiopathic form so smaller doses are
generally used. Levodopa has also been used to control
the neurological symptoms of chronic manganese poi-
soning, which resemble those of parkinsonism. It
should not be used in antipsychotic-induced parkin-
sonism. 
Levodopa has an effect on pituitary function as a result
of its conversion to dopamine. It may enhance growth
hormone secretion and has been used diagnostically as
a provocative test for growth hormone deficiency. Lev-
odopa also inhibits prolactin secretion. 
Response to levodopa varies considerably between pa-
tients. Treatment of parkinsonism should begin with
small doses increased gradually, ideally to a dose that
improves mobility without producing adverse effects.
Levodopa should be taken with or after meals, al-
though in later disease, it may be preferable to take it
on an empty stomach (see Precautions, above). Once
established, maintenance doses may need to be re-
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duced as the patient ages. When given without a pe-
ripheral dopa-decarboxylase inhibitor (which is
rare) a suggested initial oral dose is 125 mg twice daily
increased gradually every 3 to 7 days, according to re-
sponse, to up to 8 g daily in divided doses. The inter-
vals between doses should be adjusted to meet individ-
ual needs; many patients find 4 or 5 divided doses daily
to be satisfactory although some may require smaller,
more frequent doses in order to control fluctuations in
mobility. Maximum improvement may take up to 6
months or longer to occur. 
When given with a peripheral dopa-decarboxylase
inhibitor lower doses of levodopa are used. As high
central dopamine concentrations can be achieved more
quickly, both beneficial and adverse effects tend to oc-
cur more rapidly than with levodopa alone and patients
should be monitored carefully. In those already receiv-
ing levodopa the drug should be stopped and benser-
azide or carbidopa with levodopa started on the next
day or after 24 hours if the patient was receiving a
modified-release preparation of levodopa. 
Benserazide is given as the hydrochloride but doses
are expressed in terms of the base. Benserazide hydro-
chloride 28.5 mg is equivalent to about 25 mg of
benserazide. Benserazide is usually given with levo-
dopa in the ratio of 1 part of benserazide base to 4 parts
of levodopa (co-beneldopa) and the doses for co-benel-
dopa that follow are expressed in terms of the levodopa
component. 
• An initial oral dose for patients not previously treat-

ed with levodopa is levodopa 50 mg three or four
times daily increased gradually in increments of lev-
odopa 100 mg once or twice weekly, according to re-
sponse. If the disease is at an advanced stage, the in-
itial starting dose may be increased to levodopa
100 mg three times daily. For some elderly patients,
an initial dose of levodopa 50 mg once or twice dai-
ly, increased by 50 mg every third or fourth day, may
be suitable. Maintenance doses usually lie within the
range of levodopa 400 to 800 mg daily in divided
doses, although most patients require no more than
600 mg daily. If optimal improvement has not been
achieved after several weeks at the average dose,
further increases may be made with caution; it is
rarely necessary to give more than 1 g of levodopa
daily. 

• The initial dose of levodopa given with benserazide
in patients previously treated with levodopa alone
should be about 10 to 15% of the dose previously
being taken, thus levodopa 300 mg would be appro-
priate for a patient previously taking levodopa 2 g
daily. For patients previously treated with other levo-
dopa/dopa-decarboxylase inhibitor combinations
an initial dose is levodopa 50 mg given three or four
times daily. In either situation, the dose may then be
adjusted in a similar manner as described for previ-
ously untreated patients. 

• Modified-release capsules containing the equivalent
of benserazide 25 mg with levodopa 100 mg are
available to reduce fluctuations in response to imme-
diate-release preparations. For patients not already
receiving levodopa the initial dose is one capsule
three times daily adjusted every 2 to 3 days accord-
ing to response; it is recommended that initial dosag-
es should not exceed 600 mg of levodopa daily. For
patients already receiving an immediate-release
preparation of levodopa with benserazide, initially
one capsule should be substituted for every 100 mg
of levodopa and should be given at the same dosage
frequency as before; increases in dosage can then be
made every 2 to 3 days according to response. An
average of 50% more levodopa may be required
compared with previous therapy and titration may
take up to 4 weeks. Supplementary doses of an im-
mediate-release preparation of benserazide with levo-
dopa may also be required with the first morning
dose. 

Carbidopa is usually given with levodopa (co-carel-
dopa) as tablets in the ratio of 1 to 4 or 1 to 10, which
allows dosage adjustments of either drug for individual
patients. Carbidopa is given as the hydrous base al-
though doses are expressed in terms of the anhydrous
base; hydrous carbidopa 10.8 mg is equivalent to about
10 mg of anhydrous carbidopa. Full inhibition of pe-
ripheral dopa-decarboxylase is reported to be achieved
with 70 to 100 mg of carbidopa daily. 
• A suggested initial oral dose for patients not previ-

ously treated with levodopa is carbidopa 25 mg with
levodopa 100 mg three times daily, increased gradu-
ally, in increments of carbidopa 12.5 mg with levo-
dopa 50 mg or carbidopa 25 mg with levodopa
100 mg every day or on alternate days, as necessary.
The usual maintenance dosage range is carbidopa 75
to 200 mg with levodopa 750 mg to 2 g daily in di-
vided doses. Carbidopa doses greater than 200 mg
daily are not generally exceeded. 

• The initial dose of levodopa with carbidopa in pa-
tients previously treated with levodopa alone should
be about 20 to 25% of the dose previously being tak-
en, thus for patients taking less than 1.5 g of levo-
dopa daily a suggested initial dose is carbidopa
25 mg with levodopa 100 mg given three or four
times daily; a suggested initial dose for patients tak-
ing more than 1.5 g of levodopa daily is carbidopa
25 mg with levodopa 250 mg given three or four
times daily. For patients previously treated with oth-
er levodopa/dopa-decarboxylase inhibitor combina-
tions an initial dose should provide a similar daily
amount of levodopa. 

• Modified-release tablets containing carbidopa with
levodopa in the ratio of 1 to 4 are available to reduce
fluctuations in response to immediate-release prepa-
rations. For patients not already receiving levodopa
therapy, or for those currently receiving levodopa
alone, the initial dose is carbidopa 50 mg with levo-
dopa 200 mg twice daily, adjusted according to re-
sponse, at intervals of not less than 3 days. It is rec-
ommended that for patients who are not already
receiving levodopa initial dosages should not exceed
600 mg of levodopa daily. For patients already re-
ceiving an immediate-release preparation of carbi-
dopa with levodopa, the initial dose of the modified-
release preparation should provide a similar daily
amount of levodopa, but the dosing intervals should
be prolonged and are normally between 4 to 12
hours. The initial substitution dose of the modified-
release preparation should provide no greater than
10% more levodopa than was previously given for
doses of levodopa exceeding 900 mg daily. Doses
and intervals may then be altered according to clini-
cal response, allowing at least 3 days between ad-
justments. Up to 30% more levodopa may be
required in the modified-release preparation than
was previously given in the immediate-release prep-
aration. Average maintenance doses of modified-re-
lease preparations lie within the range of carbidopa
100 mg with levodopa 400 mg to carbidopa 400 mg
with levodopa 1.6 g daily in divided doses. Supple-
mentary doses of an immediate-release preparation
of carbidopa with levodopa may be required in some
patients. 

Combination preparations of levodopa with carbidopa
and the catechol-O-methyltransferase (COMT) inhibi-
tor entacapone are also available; each tablet contains
levodopa and carbidopa in a ratio of 4 to 1 with entaca-
pone 200 mg. Such preparations are indicated for pa-
tients with end-of-dose motor fluctuations not stabi-
lised on levodopa/peripheral dopa-decarboxylase
inhibitor treatment. Patients should only take one com-
bination tablet for each dose. 
• Patients previously treated with an immediate-re-

lease preparation of levodopa with a peripheral
dopa-decarboxylase inhibitor and separate entaca-
pone should be transferred to the combination prep-

aration at a dose that provides similar or slightly
higher amounts of levodopa. 

• For patients not currently taking entacapone, the
dose of the combination preparation should normal-
ly provide a similar or slightly lower dose of levo-
dopa to that previously taken. However, patients
with dyskinesia or taking levodopa in doses above
800 mg daily should start entacapone as a separate
medication before being transferred to the combina-
tion preparation, as a 10 to 30% reduction in their
levodopa dose may be needed when starting combi-
nation therapy, especially if levodopa is being given
with benserazide. 

In some countries a gel formulation of levodopa
20 mg/mL with carbidopa 5 mg/mL is available for
continuous infusion by an ambulatory pump into the
duodenum. It is indicated for the treatment of advanced
levodopa-responsive Parkinson’s disease with severe
motor fluctuations when other available combination
therapy has not been satisfactory. A positive test of the
clinical response via a temporary nasoduodenal tube is
required before a permanent tube is inserted into the
duodenum or upper jejunum. The total daily dose com-
prises of 3 individually-adjusted doses, which are ex-
pressed in terms of the levodopa component as fol-
lows: 
• the morning bolus dose, based on the patient’s previ-

ous morning intake of levodopa, is usually 100 to
200 mg infused over 10 to 30 minutes and should not
exceed 300 mg 

• the continuous maintenance dose, based on the pa-
tient’s previous daily intake of levodopa, is usually
40 to 120 mg/hour infused over 16 hours, adjustable
in steps of 2 mg/hour to within a range of 20 to
200 mg/hour; higher doses may be needed in excep-
tional cases 

• extra bolus doses, given when required, are usually
between 10 to 40 mg/hour although higher doses
may be needed in exceptional cases; the mainte-
nance dose should be increased if more than 5 bolus
doses are needed daily 

After the initial dose setting, further dose adjustments
should be made over a few weeks. If medically justi-
fied, it may be administered during the night. 
Melevodopa, the methyl ester of levodopa, has been
used orally as the hydrochloride with carbidopa in
some countries for parkinsonism. The  ethyl ester of
levodopa, etilevodopa, is under study.
Administration. A small crossover study involving 24 patients
with severe Parkinson’s disease found that intraduodenal infu-
sion of a levodopa and carbidopa gel preparation for 3 weeks was
clinically superior to individually optimised conventional regi-
mens.1 Long-term experience (up to 7 years) in a limited number
of patients has suggested that intraduodenal infusion is a good
alternative for those with advanced disease and disabling motor
fluctuations.2 A gel formulation of levodopa 20 mg/mL with car-
bidopa 5 mg/mL is available in some countries for intraduodenal
infusion.
1. Nyholm D, et al. Duodenal levodopa infusion monotherapy vs

oral polypharmacy in advanced Parkinson disease. Neurology
2005; 64: 216–23. 

2. Nilsson D, et al. Duodenal levodopa infusion in Parkinson’s dis-
ease: long-term experience. Acta Neurol Scand 2001; 104:
343–8.

Drug-induced extrapyramidal disorders. The manage-
ment of drug-induced extrapyramidal disorders is discussed un-
der the Adverse Effects of Chlorpromazine on p.971. Although
the use of dopamine agonists, especially levodopa, to overcome
antipsychotic-induced blockade of dopamine receptors might
appear rational, levodopa has generally been reported to be inef-
fective or to increase psychiatric symptoms.
Dysphagia. Results of a small study1 have suggested that levo-
dopa may improve the impaired swallowing reflex in patients
with basal ganglia infarctions and thereby help to prevent aspira-
tion pneumonia.
1. Kobayashi H, et al. Levodopa and swallowing reflex. Lancet

1996; 348: 1320–1.

Dystonias. A dystonia is a syndrome of sustained muscle con-
tractions, frequently causing twisting and repetitive movements
or abnormal postures; it may also have additional myoclonic or
tremulous components. Typically it starts as a focal dystonia
localised in one part of the body and to begin with may appear
only during a specific motor act (action dystonia). If the syn-
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drome is progressive the dystonias may become apparent at rest
and spread first to more than one part of the body (segmental
dystonia) and may eventually affect most or all of the body (gen-
eralised dystonia). Progression of the dystonia appears to be re-
lated to age of onset. Dystonia beginning in childhood usually
starts in the legs and progresses to become segmental or general-
ised, whereas in adults the dystonia usually starts in other parts of
the body and rarely becomes generalised. Examples of focal dys-
tonias are blepharospasm (affecting the eye and surrounding fa-
cial muscles), writer’s cramp (hand and arm), spasmodic torticol-
lis (neck), spasmodic dysphonia, or dystonic dysphagia (larynx
or pharynx), and leg dystonias. Some dystonias may be associat-
ed with metabolic disorders such as Wilson’s disease or Lesch-
Nyhan syndrome; with neurological disorders such as Hunting-
ton’s disease; or with other causes including head trauma, man-
ganese or carbon disulfide toxicity, or the adverse effects of an-
tipsychotics or antiparkinsonian drugs. However, in the majority
of cases the disease is idiopathic. 

There are no cures for most types of dystonia, but with appropri-
ate management symptomatic relief is possible in many pa-
tients.1-5 

• It has been suggested that all children and adolescents present-
ing with dystonia, particularly starting in the legs, should first
be given a trial with levodopa.1,3,5 Although not licensed for
children in the UK, the BNFC states that children aged 3
months and older with dopamine-sensitive dystonias, includ-
ing dystonic cerebral palsy, may be given 250 micrograms/kg
of levodopa (with carbidopa in the ratio of 4 to 1) two to three
times daily increased according to response every 2 to 3 days
to a maximum of 1 mg/kg of levodopa three times daily. An-
other suggested regimen is to gradually build up to a dose of
levodopa 200 mg with carbidopa 50 mg given three times dai-
ly and to maintain this dose for 3 months; if there is no useful
response in this period the drug is withdrawn.1 Where there is
benefit it is usually dramatic and is sustained as long as the
drug is taken, which may be more than 10 years in some cases,
in general without the long-term problems associated with
levodopa for parkinsonism (see p.791). 

• In children and adolescents who fail to respond to levodopa an
antimuscarinic such as trihexyphenidyl is second choice; the
BNFC also suggests using benzatropine or procyclidine. Ad-
verse effects are minimised by starting with a low dose which
is then gradually increased. General experience indicates that
about half of all children and adolescents benefit from an-
timuscarinics; adults tolerate the drug less well and only about
a fifth of adult patients with focal dystonia benefit. 

• In patients who do not respond to levodopa or high-dose an-
timuscarinics other drugs may be used. Many benefit from
benzodiazepines such as diazepam; a few have responded to
baclofen or carbamazepine. Antipsychotics are sometimes
useful but carry the risk of inducing tardive dyskinesia.
Tetrabenazine carries less risk of tardive dyskinesia but may
induce depression. In very severe dystonia combination ther-
apy may be required: tetrabenazine with pimozide and trihex-
yphenidyl is sometimes effective. 

• In patients refractory to oral therapy intrathecal baclofen, or
surgery may be tried. 

• The response in patients with adult onset focal dystonia is usu-
ally poor. However, the use of botulinum A toxin can produce
relief in blepharospasm, spasmodic torticollis, and spasmodic
dysphonia, and is under investigation for writer’s cramp and
other occupational dystonias. In some patients with general-
ised and segmental dystonia, botulinum A toxin injected into
the most disabling or painful muscles has been used as adjunc-
tive therapy. Local injections into the affected muscles pro-
duce weakness over the next week or so, thereby reducing or
abolishing dystonic spasms. The effect lasts some 2 to 4
months. Botulinum B toxin has also been used in the manage-
ment of spasmodic torticollis. 

Further details of the management of blepharospasm and spas-
modic torticollis can be found under Botulinum Toxins on
p.1891. For a discussion of the management of antipsychotic-in-
duced dystonic reactions, see Extrapyramidal Disorders under
Adverse Effects of Chlorpromazine, p.971.

1. Marsden CD, Quinn NP. The dystonias. BMJ 1990; 300: 139–44. 

2. Williams A. Consensus statement for the management of focal
dystonias. Br J Hosp Med 1993; 50: 655–9. 

3. Bressman SB. Dystonia update. Clin Neuropharmacol 2000; 23:
239–51. 

4. Tarsy D, Simon DK. Dystonia. N Engl J Med 2006; 355: 818–29. 

5. Jankovic J. Treatment of dystonia. Lancet Neurol 2006; 5:
864–72.

Hepatic encephalopathy. For the view that the evidence does
not support the use of dopaminergics such as levodopa in the
management of hepatic encephalopathy see p.1697.

Neuroleptic malignant syndrome. There have been isolat-
ed reports1-4 that levodopa used alone or with bromocriptine has
been successful in the treatment of patients with neuroleptic ma-

lignant syndrome (p.972). However, bromocriptine is usually
preferred when a dopaminergic is required for the treatment of
this condition.
1. Knezevic W, et al. Neuroleptic malignant syndrome. Med J Aust

1984; 140: 28–30. 
2. Clarke CE, et al. Clinical spectrum of neuroleptic malignant syn-

drome. Lancet 1988; ii: 969–70. 
3. Lo TCN, et al. Neuroleptic malignant syndrome: another medi-

cal cause of acute abdomen. Postgrad Med J 1989; 65: 653–5. 
4. Shoop SA, Cernek PK. Carbidopa/levodopa in the treatment of

neuroleptic malignant syndrome. Ann Pharmacother 1997; 31:
119.

Parkinsonism. Levodopa is the mainstay in the treatment of
Parkinson’s disease (p.791) but opinion varies on when it should
be used in the course of the disease. Most patients respond to
levodopa initially but after a few years benefit may be reduced.
There may be problems with dyskinesias and psychiatric effects
and fluctuations in mobility necessitating careful dosage adjust-
ment or the use of adjunctive drugs. For most patients treatment
with levodopa eventually becomes necessary, but many neurolo-
gists delay initial treatment with levodopa because of the in-
creased risk of motor complications. New patients, especially
younger patients, therefore often begin treatment with a
dopamine agonist, with levodopa reserved for the elderly, the
frail, or those with intercurrent illness or more severe symptoms.
Levodopa should be given with a peripheral dopa-decarboxylase
inhibitor; a peripheral catechol-O-methyltransferase (COMT)
inhibitor may also be necessary for patients experiencing fluctu-
ations in disability related to levodopa and dopa-decarboxylase
inhibitor combinations. The various methods used for the phar-
macokinetic optimisation of levodopa therapy as Parkinson’s
disease progresses include timing of doses, the use of modified-
release formulations, oral solutions (but see Stability, p.804) and
dispersible formulations for immediate absorption, the timing of
food intake, and the use of other drugs to increase the absorption
of levodopa. In some countries a gel formulation of levodopa
with carbidopa is available for intraduodenal infusion. 
References.
1. Giron LT, Koller WC. Methods of managing levodopa-induced

dyskinesias. Drug Safety 1996; 14: 365–74. 
2. Contin M, et al. Pharmacokinetic optimisation in the treatment

of Parkinson’s disease. Clin Pharmacokinet 1996; 30: 463–81. 
3. Murer MG, et al. Levodopa in Parkinson’s disease: neurotoxic-

ity issue laid to rest? Drug Safety 1999; 21: 339–52. 
4. Furlanut M, et al. Monitoring of L-dopa concentrations in Par-

kinson’s disease. Pharmacol Res 2001; 43: 423–7. Correction.
ibid.; 44: 149. 

5. Carlsson A. Treatment of Parkinson’s with L-DOPA: the early
discovery phase, and a comment on current problems. J Neural
Transm 2002; 109: 777–87. 

6. Katzenschlager R, Lees AJ. Treatment of Parkinson’s disease:
levodopa as the first choice. J Neurol 2002; 249 (suppl 2):
II19–II24. 

7. van Laar T. Levodopa-induced response fluctuations in patients
with Parkinson’s disease: strategies for management. CNS
Drugs 2003; 17: 475–89. 

8. LeWitt PA, Nyholm D. New developments in levodopa therapy.
Neurology 2004; 62 (suppl 1): S9–S16. 

9. Stocchi F, Olanow CW. Continuous dopaminergic stimulation in
early and advanced Parkinson’s disease. Neurology 2004; 62
(suppl 1): S56–S63. 

10. Nyholm D, et al. Duodenal levodopa infusion monotherapy vs
oral polypharmacy in advanced Parkinson disease. Neurology
2005; 64: 216–23.

Pituitary and hypothalamic disorders. DIAGNOSIS AND

TESTING. Diminished growth hormone reserve is one of the
earliest functional abnormalities in anterior pituitary failure
and, since dopamine is believed to stimulate growth hormone
secretion, levodopa has been used as a provocative test for the
diagnosis of growth hormone deficiency.1,2 Levodopa 500 mg
has been given orally after an overnight fast and serum con-
centrations of growth hormone measured hourly at 0 to 3
hours; children may be given 10 mg/kg to a maximum of
500 mg. Transient nausea, vomiting, vertigo, and hypoten-
sion may occur and the patient should be kept recumbent dur-
ing the test. A normal response is an increase in serum con-
centration of growth hormone of more than 5 nanograms/mL
or to a level of more than 10 nanograms/mL, although 10 to
15% of normal subjects may not respond. However, there is
some dispute as to whether stimulated growth hormone secre-
tion tests are superior to measurements of circulating somato-
medins in detecting growth hormone deficiency.3-5 For a dis-
cussion of the management of growth retardation, including
the problems of accurate diagnosis, see p.1798.
1. Abboud CF. Laboratory diagnosis of hypopituitarism. Mayo Clin

Proc 1986; 61: 35–48. 
2. Müller EE, et al. Involvement of brain catecholamines and ace-

tylcholine in growth hormone deficiency states: pathophysiolog-
ical, diagnostic and therapeutic implications. Drugs 1991; 41:
161–77. 

3. Hoffmann DM, et al. Diagnosis of growth-hormone deficiency
in adults. Lancet 1994; 343: 1064–8. Correction. ibid., 344: 206. 

4. de Boer H, et al. Diagnosis of growth hormone deficiency in
adults. Lancet 1994; 343: 1645–6. 

5. Rosenfeld RG, et al. Diagnostic controversy: the diagnosis of
childhood growth hormone deficiency revisited. J Clin Endocri-
nol Metab 1995; 80: 1532–40.

Sleep-associated movement disorders. The aetiology of
restless legs syndrome and periodic limb movements in sleep is
obscure and treatment has been largely empirical (p.958). Few of
the treatments tried in these often co-existent disorders have been
studied in a controlled manner but small controlled studies1-6

have reported beneficial effects such as improved sleep quality
and reduced leg movements from levodopa used with a periph-
eral dopa-decarboxylase inhibitor. Most patients received a bed-
time dose of 50 to 200 mg of levodopa with possible additional
doses during the night. A 1-year open-label extension study7

confirmed the continued efficacy and safety of levodopa in pa-
tients with restless legs syndrome; the authors recommended a
maximum daily dose of 400 mg levodopa to decrease the risk of
exacerbation or rebound symptoms during the day. However,
long-acting dopaminergic agonists are preferred in order to avoid
the complications associated with levodopa. 
Levodopa has also been reported to have been of benefit in a
study of 10 patients with sleep bruxism.8

1. von Scheele C. Levodopa in restless legs. Lancet 1986; ii:
426–7. 

2. Brodeur C, et al. Treatment of restless legs syndrome and peri-
odic movements during sleep with -dopa: a double-blind con-
trolled study. Neurology 1988; 38: 1845–8. 

3. Kaplan PW, et al. A double-blind, placebo-controlled study of
the treatment of periodic limb movements in sleep using carbi-
dopa/levodopa and propoxyphene. Sleep 1993; 16: 717–23. 

4. Trenkwalder C, et al. L-dopa therapy of uremic and idiopathic
restless legs syndrome: a double-blind crossover trial. Sleep
1995; 18: 681–8. 

5. Beneš H, et al. Rapid onset of action of levodopa in restless legs
syndrome: a double-blind, randomized, multicenter, crossover
trial. Sleep 1999; 22: 1073–81. 

6. Janzen L, et al. An overview of levodopa in the management of
restless legs syndrome in a dialysis population: pharmacokinet-
ics, clinical trials, and complications of therapy. Ann Pharmaco-
ther 1999; 33: 86–92. 

7. Trenkwalder C, et al. One-year treatment with standard and sus-
tained-release levodopa: appropriate long-term treatment of rest-
less legs syndrome? Mov Disord 2003; 18: 1184–9. 

8. Lobbezoo F, et al. The effect of the catecholamine precursor -
dopa on sleep bruxism: a controlled clinical trial. Mov Disord
1997; 12: 73–8.

Strabismus. Experimental studies have shown that centrally
acting drugs such as levodopa may improve vision in patients
with amblyopia (see Strabismus, p.1874). However, their role in
clinical practice remains to be established.1

1. Chatzistefanou KI, Mills MD. The role of drug treatment in chil-
dren with strabismus and amblyopia. Paediatr Drugs 2000; 2:
91–100.

Tourette’s syndrome. Levodopa has been studied in the man-
agement of Tourette’s syndrome (see Tics, p.954). A small pilot
study1 has produced encouraging results.
1. Black KJ, et al. Response to levodopa challenge in Tourette syn-

drome. Mov Disord 2000; 15: 1194–8.

Preparations
BP 2008: Co-beneldopa Capsules; Co-careldopa Tablets; Dispersible Co-
beneldopa Tablets; Levodopa Capsules; Levodopa Tablets; 
USP 31: Carbidopa and Levodopa Tablets; Levodopa Capsules; Levodopa
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Prikap; Ger.: Dopaflex; Restex; Hung.: Dopaflex†; India: Levopa†;
Ital.: Levomet†; Jpn: Doparl; Pol.: Nakom; USA: Dopar†; Larodopa†.

Multi-ingredient: Arg.: Lebocar; Lecarge; Madopar; Nervocur; Parkinel;
Sinemet; Stalevo; Austral.: Kinson; Madopar; Sinemet; Stalevo; Austria:
Dopamed; Levobens; Levocar; Madopar; Restex; Sinemet; Belg.: Prolopa;
Sinemet; Stalevo; Braz.: Carbidol; Cronomet; Duodopa; Levocarb; Parki-
dopa; Parklen; Prolopa; Sinemet; Stalevo; Canad.: Apo-Levocarb; Novo-
Levocarbidopa; Nu-Levocarb; Prolopa; Sinemet; Chile: Grifoparkin; Levo-
famil†; Melitase; Prolopa; Protonis; Saniter Compuesto; Sinemet; Stalevo;
Cz.: Dopalux; Duodopa; Isicom; Lecardop; Madopar; Nakom; Sinemet;
Stalevo; Denm.: Duodopa; Madopar; Sinemet; Stalevo; Fin.: Kardopal; Ma-
dopar; Sinemet; Stalevo; Fr.: Duodopa; Modopar; Sinemet; Stalevo; Ger.:
Dopadura C; Isicom; Levo-C; Levobeta C; Levocarb; Levocomp; Levodop;
Levodopa Comp; Levodopa comp B; Levodopa comp C; Levodopa-Car-
bi†; Levopar; Madopar; Nacom; NeyDop N (Revitorgan-Dilutionen N Nr
97)†; PK-Levo; Stalevo; Striaton; Tremopar†; Gr.: Madopar ; Sinemet;
Sinemet-CR; Stalevo; Zimox; Hong Kong: Apo-Levocarb; Levomed; Lev-
omet; Madopar ; Sinedopa; Sinemet; Stalevo; Hung.: Duellin; Madopar;
Sinemet; Stalevo; India: Levopa-C†; Syndopa; Indon.: Leparson; Levazide;
Levopar; Madopar; Pardoz; Stalevo; Irl.: Half Sinemet; Madopar; Sinemet;
Stalevo; Israel: Dopicar; Levopar Plus; Sinemet; Stalevo; Ital.: Duodopa;
Madopar; Sinemet; Sirio; Stalevo; Malaysia: Apo-Levocarb; Levomed; Ma-
dopar ; Sinemet; Stalevo; Mex.: Cloisone; Lemdopa; Madopar; Racovel;
Sinemet; Stalevo; Ternovag; Neth.: Duodopa; Madopar ; Modopar ;
Sinemet; Stalevo; Norw.: Duodopa; Madopar; Sinemet; Stalevo; NZ: Apo-
Levocarb; Madopar ; Sindopa; Sinemet; Philipp.: Ledocar ; Madopar ;
Sinemet; Stalev; Tidomet; Pol.: Madopar; Sinemet; Stalevo; Port.: Duo-
dopa; Ledopsan; Madopar; Sinemet; Stalevo; Rus.: Duellin (Дуэллин); Ma-
dopar (Мадопар); Nakom (Наком); Stalevo (Сталево); Syndopa
(Синдопа); Tidomet (Тидомет); Tremonorm (Тремонорм); S.Afr.: Car-
bilev; Madopar ; Sinemet; Singapore: Cardopar ; Levomet; Madopar ;
Sinemet; Stalevo; Tidomet; Spain: Duodopa; Ledopsan; Madopar ;
Sinemet; Stalevo; Swed.: Duodopa; Madopark; Sinemet; Stalevo; Switz.:
Madopar; Sinemet; Stalevo; Thai.: Cenparkin†; Levomed†; Levomet; Ma-
dopar; Sinemet; Stalevo; Syndopa; Vopar; Turk.: Madopar; Sinemet; Sta-
levo; UK: Duodopa; Half Sinemet; Madopar; Sinemet; Stalevo; Tilolec†;
USA: Atamet; Parcopa; Sinemet; Stalevo; Venez.: Madopar; Sinemet; Sta-
levo.



Levodopa/Metixene Hydrochloride    811

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Lisuride Maleate (BANM, rINNM)

Lisurid Maleat; Lisuride, Maléate de; Lisuridi Hydrogenomaleas;
Lisuridi Maleas; Lisuridivetymaleaatti; Lisuridvätemaleat; Lysuride
Maleate; Maleato de lisurida; Methylergol Carbamide Maleate. 3-
(9,10-Didehydro-6-methylergolin-8α-yl)-1,1-diethylurea hydro-
gen maleate; 8-Decarboxamido-8-(3,3-diethylureido)-D-lyserga-
mide maleate.
Лизурида Малеат
C20H26N4O,C4H4O4 = 454.5.
CAS — 18016-80-3 (lisuride); 19875-60-6 (lisuride
maleate).
ATC — G02CB02; N02CA07.
ATC Vet — QG02CB02; QN02CA07.

(lisuride)

Adverse Effects and Precautions
As for Bromocriptine, p.798. Infusion of lisuride in
parkinsonian patients has been associated with severe
psychiatric adverse effects.
Effects on mental function. For reports of daytime somno-
lence occurring in patients receiving dopamine agonists includ-
ing lisuride, see under Adverse Effects of Levodopa, p.805.
Fibrosis. For reports of fibrotic reactions occurring in patients
with Parkinson’s disease receiving ergot derivative dopamine ag-
onists including lisuride, see under Adverse Effects of Bromoc-
riptine, p.799.

Porphyria. Lisuride maleate is considered to be unsafe in pa-
tients with porphyria because it has been shown to be porphyrin-
ogenic in animals.

Interactions
As for Bromocriptine, p.800.

Pharmacokinetics
◊ Plasma concentrations varied widely after a single oral dose of
lisuride maleate 300 micrograms in 11 patients with Parkinson’s
disease.1 Absorption was rapid and the mean plasma elimination
half-life was 2.2 hours. Only a mean of 0.05% of the dose was
excreted unchanged in the urine in 24 hours. The mean oral bio-
availability of lisuride maleate has been reported2 to be 10% after
a 100-microgram dose and 22% after a 300-microgram dose. 
A single dose of lisuride 25 micrograms given by intravenous,
intramuscular, or subcutaneous injection reduced plasma-prolac-
tin concentrations by up to 60% in 11 of 12 healthy subjects, the
effect lasting for about 10 hours.3 Plasma-lisuride concentrations
after intravenous injection fell in 2 phases with half-lives of
14 minutes and 1.5 hours, respectively. Peak plasma concentra-
tions after subcutaneous and intramuscular injection were ob-
tained after 12 and 15 minutes, respectively.
1. Burns RS, et al. Disposition of oral lisuride in Parkinson’s dis-

ease. Clin Pharmacol Ther 1984; 35: 548–56. 
2. Hümpel M, et al. Radioimmunoassay of plasma lisuride in man

following intravenous and oral administration of lisuride hydro-
gen maleate; effect on plasma prolactin level. Eur J Clin Phar-
macol 1981; 20: 47–51. 

3. Krause W, et al. The pharmacokinetics and pharmacodynamics
of lisuride in healthy volunteers after intravenous, intramuscular,
and subcutaneous injection. Eur J Clin Pharmacol 1991; 40:
399–403.

Uses and Administration
Lisuride maleate, an ergot derivative, is a dopamine
D2-agonist with actions and uses similar to those of
bromocriptine (p.798). It is also reported to have sero-
tonergic activity. It is used similarly in the management
of Parkinson’s disease and has been used in disorders
associated with hyperprolactinaemia. It is also used to
suppress puerperal lactation for medical reasons; it is
not recommended for the routine suppression of phys-
iological lactation or for the treatment of postpartum

breast pain and engorgement that can be adequately re-
lieved with simple analgesics and breast support. Lisu-
ride has been used in some countries for the treatment
of acromegaly, and for the prophylaxis of migraine. 
In the management of Parkinson’s disease lisuride
maleate has been given alone or added to treatment in
patients having ‘on-off’ fluctuations in control with
levodopa. It is normally given orally; doses should be
taken with food. Initially 200 micrograms is taken at
bedtime and additional doses of 200 micrograms may
be added, at intervals of one week, first at midday and
then in the morning. Further increases are made, until
an optimum response is obtained, by adding
200 micrograms each week using the same sequence of
increases, starting with the bedtime dose; dosage should
not normally exceed 5 mg daily in divided doses.
Acromegaly. Dopaminergics can produce a paradoxical reduc-
tion in growth hormone secretion and may be used in the treat-
ment of acromegaly as adjunctive therapy to surgery, radiothera-
py, or somatostatin analogues to reduce circulating growth
hormone levels, although they are less effective than somatosta-
tin analogues (p.1798). While bromocriptine has been the main
dopamine agonist used, lisuride has been used in some countries,
typically in a dose of 100 micrograms three times daily.

Hyperprolactinaemia and prolactinomas. Dopamine agon-
ists have been widely used for the treatment of hyperprolactinae-
mia secondary to a prolactinoma (p.2079). Lisuride has been
used as an alternative to bromocriptine. There is a report of plas-
ma-prolactin concentrations being reduced to normal in 4 female
patients with macroprolactinomas given lisuride 400 to
800 micrograms daily for 2 years.1 Subsequent dosage reduction
in 3 was followed by a rise in prolactin values. In the fourth pa-
tient prolactin remained in the normal range when the dose was
progressively reduced from 400 to 50 micrograms daily, al-
though complete withdrawal was followed by an increase in pro-
lactin concentration within 3 months. 
Vaginal dosage of lisuride has been studied in an attempt to avoid
adverse effects associated with oral therapy. In a study2 involving
40 women with hyperprolactinaemia a 200-microgram standard
oral tablet placed in the vagina at night produced a similar reduc-
tion in prolactin concentrations to that obtained with
400 micrograms taken orally and was better tolerated.
1. Liuzzi A, et al. Low doses of dopamine agonists in the long-term

treatment of macroprolactinomas. N Engl J Med 1985; 313:
656–9. 

2. Tasdemir M, et al. Vaginal lisuride for hyperprolactinaemia.
Lancet 1995; 346: 1362.

Lactation inhibition. Lisuride is used in some countries for the
prevention of puerperal lactation (p.2003). However, the routine
use of dopaminergics is not recommended for the suppression of
physiological lactation. 
References.
1. Venturini PL, et al. Effects of lisuride and bromocriptine on in-

hibition of lactation and on serum prolactin levels: comparative
double-blind study. Eur J Obstet Gynecol Reprod Biol 1981; 11:
395–400.

Mastalgia. In a small placebo-controlled study,1 lisuride
200 micrograms daily was effective in the treatment of cyclical
mastalgia. However, since mastalgia (p.2092) can improve spon-
taneously, treatment should rarely be considered unless pain has
been present for about 6 months.
1. Kaleli S, et al. Symptomatic treatment of premenstrual mastalgia

in premenopausal women with lisuride maleate: a double-blind
placebo-controlled randomized study. Fertil Steril 2001; 75:
718–23.

Migraine. Although lisuride has been used in some countries
for the prophylaxis of migraine (p.616) it is not usually consid-
ered to be the drug of choice or even one of the main alternatives.

Parkinsonism. While some neurologists use dopamine agon-
ists such as lisuride early in the treatment of parkinsonism
(p.791) in an attempt to delay therapy with levodopa, others re-
serve them for adjunctive use when levodopa is no longer effec-
tive alone or cannot be tolerated. They are sometimes useful in
reducing ‘off’ periods with levodopa and in ameliorating other
fluctuations in mobility in the later stages of the disease. 
References.
1. Rinne UK. Lisuride, a dopamine agonist in the treatment of early

Parkinson’s disease. Neurology 1989; 39: 336–9. 
2. Clarke CE, Speller JM. Lisuride for levodopa-induced complica-

tions in Parkinson’s disease. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
1999 (accessed 16/02/06). 

3. Clarke CE, Speller JM. Lisuride versus bromocriptine for levo-
dopa-induced complications in Parkinson’s disease. Available in
The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 1999 (accessed 16/02/06). 

4. Allain H, et al. Five-year follow-up of early lisuride and levo-
dopa combination therapy versus levodopa monotherapy in de
novo Parkinson’s disease. Eur Neurol 2000; 44: 22–30.

ADMINISTRATION. Lisuride has been of benefit when given by
continuous intravenous or subcutaneous infusion in patients
having fluctuations in mobility with levodopa therapy1-4 but
severe psychiatric effects have been associated with the use of
these routes.3 Transdermal lisuride is also being investigated
for the treatment of Parkinson’s disease and restless legs syn-
drome.5,6

1. Obeso JA, et al. Intravenous lisuride corrects oscillations of mo-
tor performance in Parkinson’s disease. Ann Neurol 1986; 19:
31–5. 

2. Obeso JA, et al. Lisuride infusion pump: a device for the treat-
ment of motor fluctuations in Parkinson’s disease. Lancet 1986;
i: 467–70. 

3. Critchley P, et al. Psychosis and the lisuride pump. Lancet 1986;
i: 349. 

4. Stocchi F, et al. Prospective randomized trial of lisuride infusion
versus oral levodopa in patients with Parkinson’s disease. Brain
2002; 125: 2058–66. 

5. Woitalla D, et al. Transdermal lisuride delivery in the treatment
of Parkinson’s disease. J Neural Transm Suppl 2004; 68: 89–95. 

6. Benes H. Transdermal lisuride: short-term efficacy and tolerabil-
ity study in patients with severe restless legs syndrome. Sleep
Med 2006; 7: 31–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dopagon†; Austria: Dopergin; Prolacam†; Fr.: Arolac; Dopergine;
Ger.: Cuvalit†; Dopergin; Gr.: Dipergon; Ital.: Dopergin; Mex.: Dopergin;
Neth.: Dopergin; NZ: Dopergin; Spain: Dopergin; Switz.: Dopergin†;
Thai.: Dopergin†; Turk.: Dopergin.

Metixene Hydrochloride (BANM, rINNM)

Hidrocloruro de metixeno; Methixene Hydrochloride (USAN);
Methixene Hydrochloride Monohydrate; Metikseenihydroklori-
di; Metikseno hidrochloridas; Métixène, chlorhydrate de;
Metixén-hidroklorid; Metixen-hydrochlorid monohydrát; Metix-
enhydroklorid; Metixeni hydrochloridum; Metixeni Hydrochlori-
dum Monohydricum; NSC-78194; SJ-1977. (RS)-9-(1-Methyl-3-
piperidylmethyl)thioxanthene hydrochloride monohydrate.

Метиксена Гидрохлорид

C20H23NS,HCl,H2O = 363.9.

CAS — 4969-02-2 (metixene); 1553-34-0 (anhydrous
metixene hydrochloride); 7081-40-5 (metixene hydrochlo-
r ide monohydrate).

ATC — N04AA03.

ATC Vet — QN04AA03.

(metixene)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Metixene Hydrochloride). A white or almost
white, crystalline or fine crystalline powder. Soluble in water, in
alcohol, and in dichloromethane. A 1.8% solution in water has a
pH of 4.4 to 5.8. Protect from light.

Profile
Metixene hydrochloride is a tertiary antimuscarinic with actions
similar to those of atropine (p.1219); it also has antihistaminic
and direct antispasmodic properties. 
It is used for the symptomatic treatment of parkinsonism (p.791),
including the alleviation of the extrapyramidal syndrome in-
duced by drugs such as phenothiazines, but, like other antimus-
carinics, is of no value against tardive dyskinesias. The usual oral
dose of metixene hydrochloride is 2.5 mg three times daily ini-
tially, gradually increased according to response to a total of 15
to 60 mg daily in divided doses. 
Metixene hydrochloride has also been used in preparations to re-
lieve gastrointestinal spasms.

Preparations

Proprietary Preparations (details are given in Part 3)
Ger.: Tremarit; Hung.: Tremaril; Ital.: Tremaril; Swed.: Tremoquil†.

Multi-ingredient: Philipp.: Spasmo-Canulase; Port.: Espasmo Canula-
se; S.Afr.: Spasmo-Canulase; Switz.: Spasmo-Canulase.
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Orphenadrine Citrate (BANM, rINNM)

Citrato de orfenadrina; Mephenamine Citrate; Orfenadriinisi-
traatti; Orfenadrincitrat; Orfenadrin-citrát; Orfenadrino citratas;
Orphenadin Citrate; Orphénadrine, Citrate d’; Orphénadrine,
citrate de; Orphenadrini citras. (RS)-Dimethyl[2-(2-methylben-
zhydryloxy)ethyl]amine dihydrogen citrate.
Орфенадрина Цитрат
C18H23NO,C6H8O7 = 461.5.
CAS — 83-98-7 (orphenadrine); 4682-36-4 (orphen-
adrine citrate).
ATC — M03BC01.
ATC Vet — QM03BC01.

(orphenadrine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Orphenadrine Citrate). A white or almost white
crystalline powder. Sparingly soluble in water; slightly soluble in
alcohol. Protect from light. 
USP 31 (Orphenadrine Citrate). A white, practically odourless,
crystalline powder. Sparingly soluble in water; slightly soluble in
alcohol; insoluble in chloroform, in ether, and in benzene. Store
in airtight containers. Protect from light.

Orphenadrine Hydrochloride (BANM, rINNM)

BS-5930; Hidrocloruro de orfenadrina; Mephenamine Hydro-
chloride; Orfenadriinihydrokloridi; Orfenadrin-hidroklorid; Or-
fenadrin-hydrochlorid; Orfenadrinhydroklorid; Orfenadrino hid-
rochloridas; Orphenadin Hydrochloride; Orphénadrine, Chlo-
rhydrate d’; Orphénadrine, chlorhydrate de; Orphenadrini hy-
drochloridum. (RS)-Dimethyl[2-(2-methylbenzhydryloxy)ethyl]-
amine hydrochloride.
Орфенадрина Гидрохлорид
C18H23NO,HCl = 305.8.
CAS — 341-69-5.
ATC — N04AB02.
ATC Vet — QN04AB02.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 ( Orphenadrine Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water and in alcohol.
Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Atropine Sulfate, p.1219. Orphenadrine may
cause insomnia.
Abuse. A 23-year-old schizophrenic man, whose treatment in-
cluded orphenadrine 100 mg three times daily, obtained illicit
supplies and increased the dose for euphoric effect.1 On one oc-
casion he had an epileptic convulsion after a 600-mg dose. 
See also under Trihexyphenidyl Hydrochloride, p.820.
1. Shariatmadari ME. Orphenadrine dependence. BMJ 1975; 3:

486.

Overdosage. A report1 of acute poisoning with orphenadrine
after massive overdosage in a schizophrenic patient, who re-
sponded to intensive supportive treatment, including large doses
of adrenaline, dopamine, and dobutamine to restore blood pres-
sure following asystole. Between 1977 and 1980 twelve deaths
due to orphenadrine were recorded by the UK National Poisons
Unit.
1. Clarke B, et al. Acute poisoning with orphenadrine. Lancet

1985; i: 1386.

Porphyria. Orphenadrine has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Withdrawal. A suspected withdrawal syndrome was reported
in a 56-year-old woman who showed slow neurological postop-
erative recovery after her orphenadrine treatment had been
stopped abruptly;1 her status improved when the drug was re-
started.
1. Esler MD, et al. Postoperative orphenadrine withdrawal. Br J

Anaesth 2000; 85: 497.

Interactions
As for antimuscarinics in general (see Atropine Sul-
fate, p.1220). Orphenadrine is an inhibitor of the cyto-
chrome P450 isoenzyme CYP2B6, which is involved

in the metabolism of bupropion to its major metabolite;
licensed product information advises that orphenadrine
should be used with caution in patients also receiving
bupropion.
Chlorpromazine. For the effect of orphenadrine on plasma
concentrations of chlorpromazine, see Antiparkinsonian Drugs,
p.974.
Dextropropoxyphene. A suggested interaction between
orphenadrine and dextropropoxyphene was open to question.1,2

1. Pearson RE, Salter FJ. Drug interaction? — orphenadrine with
propoxyphene. N Engl J Med 1970; 282: 1215. 

2. Puckett WH, Visconti JA. Orphenadrine and propoxyphene
(cont.). N Engl J Med 1970; 283: 544.

Pharmacokinetics
Orphenadrine is readily absorbed from the gastrointes-
tinal tract and after intramuscular injection. It is almost
completely metabolised to at least 8 metabolites. It is
mainly excreted in the urine as metabolites and small
amounts of unchanged drug. The half-life of orphen-
adrine has been reported to be 14 hours (but see be-
low).
Half-life. While the mean elimination half-life of orphenadrine
in 5 healthy subjects given a single dose of the hydrochloride was
found to be 15.5 hours, elimination half-lives of 30.5 and 40
hours were calculated in 2 patients given repeated oral doses.1
1. Labout JJM, et al. Difference between single and multiple dose

pharmacokinetics of orphenadrine hydrochloride in man. Eur J
Clin Pharmacol 1982; 21: 343–50.

Uses and Administration
Orphenadrine, which is a congener of diphenhy-
dramine (p.577) without sharing its soporific effect, is
a tertiary amine antimuscarinic with actions and uses
similar to those of trihexyphenidyl (p.820). It also has
weak antihistaminic and local anaesthetic properties.
Orphenadrine is used as the hydrochloride and the cit-
rate; doses are expressed in terms of the relevant salt. 
Orphenadrine is used as the hydrochloride in the symp-
tomatic treatment of parkinsonism (p.791), including
the alleviation of the extrapyramidal syndrome in-
duced by drugs such as phenothiazines, but, like other
antimuscarinics, is of no value against tardive dyskine-
sias. The initial oral dose of orphenadrine hydrochlo-
ride is 150 mg daily in divided doses gradually
increased by 50 mg every 2 or 3 days according to re-
sponse; the usual maintenance dose is in the range of
150 to 300 mg daily, but some patients may require a
total of up to 400 mg daily. Orphenadrine hydrochlo-
ride has also been given intramuscularly. 
Orphenadrine is also used as the citrate to relieve pain
due to skeletal muscle spasm. It is given orally in a
dose of 100 mg twice daily or by intramuscular or slow
intravenous injection in a dose of 60 mg which has
been repeated every 12 hours. 
Combinations of orphenadrine with an NSAID, usual-
ly diclofenac, or with paracetamol, have been used in
the treatment of musculoskeletal and joint disorders.
Hiccup. Orphenadrine citrate has been used in some countries
for the treatment of intractable hiccup. For the management of
intractable hiccups see under Chlorpromazine, p.976.
Muscle and joint disorders. References to the use of orphen-
adrine in the management of leg cramps and other painful condi-
tions associated with skeletal muscle spasm,1,2 and with di-
clofenac in osteoarthritis and other musculoskeletal disorders.3,4

1. Latta D, Turner E. An alternative to quinine in nocturnal leg
cramps. Curr Ther Res 1989; 45: 833–7. 

2. Hunskaar S, Donnell D. Clinical and pharmacological review of
the efficacy of orphenadrine and its combination with paraceta-
mol in painful conditions. J Int Med Res 1991; 19: 71–87. 

3. Uitz E, et al. Diclofenac/Orphenadrin-Infusionstherapie bei Pa-
tienten mit aktivierten Arthrosen. Wien Med Wochenschr 1998;
148: 179–82. 

4. Aglas F, et al. Ergebnisse einer Anwendungsbeobachtung mit
Diclofenac/Orphenadrin-Infusionen bei Patienten mit musku-
loskelettalen Krankheiten und Funktionsstorungen. Acta Med
Austriaca 1998; 25: 86–90.

Preparations
BP 2008: Orphenadrine Hydrochloride Tablets; 
USP 31: Orphenadrine Citrate Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Norflex; Belg.: Disipal; Canad.: Norflex; Chile: Plenactol;
Denm.: Disipal; Lysantin; Norflex†; Fin.: Norflex; Ger.: Norflex; Gr.: Disi-
pal; Norflex; India: Orphipal; Israel: Flexin; Ital.: Disipal; Malaysia: Nor-
flex; Mex.: Norflex; Norw.: Disipal†; NZ: Disipal; Norflex; Port.: Norflex†;
S.Afr.: Disipal; Norflex; Phenerine; Swed.: Disipal†; Norflex; Thai.: Nor-

flex; Orfenal†; UK: Biorphen; Disipal; USA: Banflex; Flexon; Norflex; Ven-
ez.: Norflex.

Multi-ingredient: Arg.: Belmalen; Doloctaprin Plus†; Flogodisten;
Metaflex Plus†; Mio Aldoron; Mio-Virobron; Austral.: Norgesic; Austria:
Neodolpasse; Norgesic; Braz.: Anapirol†; Banidor†; Dalgex; Doralgex;
Dorciflex; Dorflex; Doricin; Dorzone; Flexalgex; Flexdor; Itaiflex†; Miorre-
lax; Nevralgex; Relaflex; Rielex; Sedalex; Theopirina†; Canad.: Norgesic;
Chile: Norgesic; Cz.: Neodolpasse; Fin.: Dolan; Norgesic; Ger.: Norgesic
N†; Gr.: Norgesic; Hong Kong: Norgesic; Hung.: Neodolpasse; Irl.:
Norgesic†; Israel: Muscol; Norgesic; Malaysia: Anarex; Norgesic; Orphe-
nadol; Suniton; Mex.: Norflex Plus; NZ: Norgesic; Philipp.: Norgesic;
Port.: Norgesic†; S.Afr.: Besemax; Besenol; Norflex Co; Singapore:
Anarex; Camgesic; Norgesic; Norphen; Orphenadol; Swed.: Norgesic;
Thai.: Cenasic; Corilax†; Dorpane; Med-Myolax†; Medgesic; Muscol†; My-
odrine; Myoflex; Myosic; Myospa; Nabesac; Neosec; Norgesic; Norgic; Nor-
phen; Nuosic; Nurasic; Orano; Orflex; Orpar; Orphengesic; Parina; Poli-
Relaxane; Polydol; Pormus; Relar; Rena; UAE: Muscadol; USA: Norgesic;
Orphengesic; Venez.: Norgesic.

Pergolide Mesilate (BANM, rINNM)

LY-127809; Mesilato de pergolida; Pergolid Mesilat; Pergolid me-
sylát; Pergolide, mésilate de; Pergolide Mesylate (USAN); Pergolidi
mesilas; Pergolidimesilaatti; Pergolidmesilat; Pergolid-mezilát; Per-
golido mesilatas. 8β-Methylthiomethyl-6-propylergoline meth-
anesulphonate; Methyl (8R,10R)-6-propylergolin-8-ylmethyl sul-
phide methanesulphonate.

Перголида Мезилат

C19H26N2S,CH4O3S = 410.6.

CAS — 66104-22-1 (pergolide); 66104-23-2 (pergolide
mesilate).

ATC — N04BC02.

ATC Vet — QN04BC02.

(pergolide)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pergolide Mesilate). A white or almost white crys-
talline powder. Slightly soluble in water, in alcohol, and in
dichloromethane; very slightly soluble in acetone; sparingly sol-
uble in methyl alcohol. Protect from light. 
USP 31 (Pergolide Mesylate). A white to off-white powder.
Slightly soluble in water, in dehydrated alcohol, and in chloro-
form; very slightly soluble in acetone; practically insoluble in
ether; sparingly soluble in methyl alcohol. Store in airtight con-
tainers. Protect from light.

Adverse Effects and Precautions
As for Bromocriptine, p.798. 
An increased incidence of uterine neoplasms has been
reported in rodents given high doses of pergolide mesi-
late.

Effects on mental function. For reports of daytime somno-
lence occurring in patients receiving dopamine agonists includ-
ing pergolide, see under Adverse Effects of Levodopa, p.805.

Fibrosis. For reports of fibrotic reactions occurring in patients
with Parkinson’s disease receiving ergot derivative dopamine ag-
onists including pergolide, see under Adverse Effects of Bro-
mocriptine, p.799. 
In Australia,1 Canada,2, and Europe3 regulatory authorities rec-
ommended that patients undergo a cardiovascular evaluation be-
fore starting treatment with pergolide; periodic clinical monitor-
ing for development of valvular disease or fibrosis is also
recommended. Doses of pergolide above 3 mg daily are not rec-
ommended by the EMEA.3 Furthermore, use is restricted to pa-
tients who are intolerant of, or who fail to respond to, non-ergot
drug treatment and it is contra-indicated in patients with a history
of fibrotic disorders or in those with anatomical evidence of car-
diac valvulopathy.4 In 2007, based on further evidence from 2
studies,5,6 pergolide was withdrawn from the market in the USA7

and Canada.8

1. Adverse Drug Reactions Advisory Committee (ADRAC). Cardi-
ac valvulopathy with pergolide. Aust Adverse Drug React Bull
2004; 23: 14. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0408.pdf (accessed 16/02/06) 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Shire, Canada. New Safety information regarding Permax and oc-
currence of cardiac valvulopathy/fibrosis: update on the use of Per-
max (pergolide mesylate) (issued 12/10/04). Available at:
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/shire_permax_2_hpc-cps-eng.pdf (accessed 12/08/08) 

3. EMEA. EMEA recommends new warnings and contraindica-
tions for ergot-derived dopamine agonists (issued 26th June,
2008). Available at: http://www.emea.europa.eu/pdfs/human/
press/pr/32239508en.pdf (accessed 08/08/08) 

4. MHRA. Dopamine agonists for Parkinson’s disease (issued 30th
March 2007).  Available at :  ht tp:/ /www.mhra.gov.uk/
Safetyinformation/Generalsafetyinformationandadvice/
Product-specificinformationandadvice/DopamineagonistsforPar
kinson146sdisease/CON2030729 (accessed 03/06/08) 

5. Schade R, et al. Dopamine agonists and the risk of cardiac-valve
regurgitation. N Engl J Med 2007; 356: 29–38. 

6. Zanettini R, et al. Valvular heart disease and the use of dopamine
agonists for Parkinson’s disease. N Engl J Med 2007; 356:
39–46. 

7. FDA. FDA public health advisory: pergolide (marketed as Permax)
(issued 29th March 2007). Available at: http://www.fda.gov/cder/
drug/advisory/pergolide.htm (accessed 03/06/08) 

8. Eli Lilly, Canada. Health Canada-mandated important safety in-
formation on Permax  (pergolide mesylate) (issued 10th August
2007). Available at: http://www.lilly.ca/searchable/media/hcp/
permax.pdf (accessed 25/06/08)

Interactions
As for Bromocriptine, p.800.

Pharmacokinetics
Pergolide mesilate is absorbed from the gastrointesti-
nal tract. It is reported to be about 90% bound to plas-
ma proteins. It is excreted mainly in the urine in the
form of metabolites.

◊ References.

1. Blin O. The pharmacokinetics of pergolide in Parkinson’s dis-
ease. Curr Opin Neurol 2003; 16 (suppl 1): S9–S12.

Uses and Administration
Pergolide mesilate, an ergot derivative, is a dopamine
D2-agonist with actions and uses similar to those of
bromocriptine (p.800), but in contrast to bromocriptine
(a dopamine D2-agonist) it also has agonist properties
at D1 and D3 receptors. Pergolide is used in the man-
agement of Parkinson’s disease as monotherapy, or as
an adjunct to levodopa therapy to reduce ‘end-of-dose’
or ‘on-off’ fluctuations in response; in the UK per-
golide is restricted to patients who are intolerant of, or
who fail to respond to, non-ergot drug treatment. Per-
golide is given by mouth as the mesilate with doses ex-
pressed as the base. Pergolide mesilate 65.3 mg is
equivalent to about 50 mg pergolide. 

For use as monotherapy an initial dose equivalent to
50 micrograms of pergolide is given on the first
evening of therapy. The dose is thereafter gradually in-
creased: 50 micrograms twice daily is taken on days 2
to 4, then increased by 100 to 250 micrograms every 3
or 4 days, given in 3 divided doses, up to a daily dose
of 1.5 mg at day 28. After day 30, the dose should be
increased further by a maximum of 250 micrograms
twice a week until an optimum response is achieved.
Usual maintenance doses are 2.1 to 2.5 mg daily; doses
above 3 mg daily are not recommended by the EMEA.
The daily dose is usually given in 3 divided doses. 

For use as adjunctive therapy with levodopa, pergolide
should be introduced gradually and during this period
patients can have their levodopa dosage decreased
gradually until an optimum response is achieved. The
initial dose of pergolide is the equivalent of
50 micrograms daily for the first 2 days, increased
gradually by 100 or 150 micrograms every third day
over the next 12 days of therapy. Further increases of
250 micrograms may then be made every third day un-
til an optimum response is achieved. A usual mainte-
nance dose is 3 mg daily; doses above 3 mg daily are
not recommended by the EMEA. The daily dose is
usually given in 3 divided doses.

Acromegaly. Dopaminergics can produce a paradoxical reduc-
tion in growth hormone secretion and may be used in the treat-

ment of acromegaly as adjunctive therapy to surgery, radiothera-
py, or somatostatin analogues to reduce circulating growth
hormone levels, although they are less effective than somatosta-
tin analogues (p.1798). While bromocriptine has been the main
dopamine agonist used pergolide has also been tried.1

1. Kleinberg DL, et al. Pergolide for the treatment of pituitary tu-
mors secreting prolactin or growth hormone. N Engl J Med 1983;
309: 704–9.

Hyperprolactinaemia and prolactinomas. Dopamine agon-
ists are widely used for the treatment of hyperprolactinaemia sec-
ondary to a prolactinoma (p.2079). Pergolide has been suggested
as an alternative to bromocriptine in this condition. 
Studies1-3 of pergolide mesilate in patients with hyperprolacti-
naemia indicate that single doses reduce serum-prolactin con-
centrations for more than 24 hours. In most patients, the effective
dose was between 50 and 150 micrograms daily. Adverse effects
were similar to those seen with bromocriptine, although some
patients who could not take bromocriptine were able to tolerate
pergolide (and vice versa). Pergolide reportedly lost favour for
this indication after reports of an increased incidence of uterine
neoplasms in rodents receiving high doses. However, licensed
product information states that no cases of uterine malignancies
have to date been reported in humans receiving pergolide. The
long-term outcome of treatment of macroprolactinomas with
pergolide has been examined in 23 patients,4 and efficacy and
relative safety of pergolide was demonstrated after an average of
27 months (range: 9 to 64 months) treatment.
1. Franks S, et al. Treatment of hyperprolactinaemia with pergolide

mesylate: acute effects and preliminary evaluation of long-term
treatment. Lancet 1981; ii: 659–61. 

2. Franks S, et al. Effectiveness of pergolide mesylate in long-term
treatment of hyperprolactinaemia. BMJ 1983; 286: 1177–9. 

3. Kleinberg DL, et al. Pergolide for the treatment of pituitary tu-
mors secreting prolactin or growth hormone. N Engl J Med 1983;
309: 704–9. 

4. Freda PU, et al. Long-term treatment of prolactin-secreting mac-
roadenomas with pergolide. J Clin Endocrinol Metab 2000; 85:
8–13.

Parkinsonism. Dopamine agonists such as pergolide are often
used to begin the treatment of parkinsonism (p.791) in an attempt
to delay therapy with levodopa, particularly in younger patients.
They also have an adjunctive use when levodopa is no longer
effective alone or cannot be tolerated, and may sometimes be
useful in reducing ‘off’ periods with levodopa and in ameliorat-
ing other fluctuations in mobility in the later stages of the disease.
Pergolide has a relatively long duration of action compared with
other dopamine agonists commonly used. Although the duration
of the clinical antiparkinsonian effect of pergolide remains to be
determined, studies suggest it is of the order of 5 to 8 hours. De-
pending on the dose used the response to other dopamine agon-
ists in late parkinsonism is 1 to 4 hours for levodopa, 2 to 4 hours
for lisuride, and 4 to 6 hours for bromocriptine. 
References.
1. Anonymous. Pergolide (Celance)—a third dopamine agonist.

Drug Ther Bull 1991; 29: 79. 
2. Markham A, Benfield P. Pergolide: a review of its pharmacology

and therapeutic use in Parkinson’s disease. CNS Drugs 1997; 7:
328–40. 

3. Barone P, et al. Pergolide monotherapy in the treatment of early
PD: a randomized, controlled study. Neurology 1999; 53: 573–9. 

4. Clarke CE, Speller JM. Pergolide for levodopa-induced compli-
cations in Parkinson’s disease. Available in The Cochrane Data-
base of Systematic Reviews, Issue 2. Chichester: John Wiley;
1999 (accessed 16/02/06). 

5. Clarke CE, Speller JM. Pergolide versus bromocriptine for levo-
dopa-induced complications in Parkinson’s disease. Available in
The Cochrane Database of Systematic Reviews; Issue 2. Chich-
ester: John Wiley; 1999 (accessed 16/02/06).

Restless legs syndrome. The aetiology of restless legs syn-
drome (see Sleep-associated Movement Disorders, p.958) is ob-
scure and treatment has largely been empirical although
dopaminergic therapy has emerged as a common first-line
choice. Pergolide has produced some benefit in a number of stud-
ies.1-6 In a randomised placebo-controlled study,6 therapeutic ef-
fects were observed with mean daily doses of pergolide
400 micrograms after 6 weeks and maintained after 12 months
with doses of up to 720 micrograms daily.
1. Silber MH, et al. Pergolide in the management of restless legs

syndrome: an extended study. Sleep 1997; 20: 878–82. 
2. Winkelmann J, et al. Treatment of restless legs syndrome with

pergolide—an open clinical trial. Mov Disord 1998; 13: 566–9. 
3. Earley CJ, et al. Randomized, double-blind, placebo-controlled

trial of pergolide in restless legs syndrome. Neurology 1998; 51:
1599–1602. 

4. Wetter TC, et al.. A randomized controlled study of pergolide in
patients with restless legs syndrome. Neurology 1999; 52:
944–50. 

5. Stiasny K, et al. Long-term effects of pergolide in the treatment
of restless legs syndrome. Neurology 2001; 56: 1399–1402. 

6. Trenkwalder C, et al. Efficacy of pergolide in treatment of rest-
less legs syndrome: the PEARLS study. Neurology 2004; 62:
1391–7.

Tourette’s syndrome. Pergolide has been studied in the man-
agement of Tourette’s syndrome (see Tics, p.954). A preliminary
study1 produced encouraging results, subsequently confirmed by
placebo-controlled trials in children and adolescents.2,3

1. Lipinski JF, et al. Dopamine agonist treatment of Tourette disor-
der in children: results of an open-label trial of pergolide. Mov
Disord 1997; 12: 402–7. 

2. Gilbert DL, et al. Tourette’s syndrome improvement with per-
golide in a randomized, double-blind, crossover trial. Neurology
2000; 54: 1310–15. 

3. Gilbert DL, et al. Tic reduction with pergolide in a randomized
controlled trial in children. Neurology 2003; 60: 606–11.

Preparations
USP 31: Pergolide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aroltex; Breator†; Celance; Geranil†; Parlide†; Austral.: Permax;
Austria: Permax; Belg.: Permax; Braz.: Celance; Canad.: Permax; Chile:
Celance†; Cz.: Permax; Denm.: Permax; Fin.: Permax; Fr.: Celance; Ger.:
Parkotil; Gr.: Celance; Hong Kong: Celance†; Hung.: Parkotil†; Irl.: Ce-
lance; Ital.: Nopar; Mex.: Permax; Neth.: Permax; NZ: Permax; Pol.: Hiz-
est†; Port.: Permax; S.Afr.: Permax; Singapore: Celance†; Spain: Phark-
en; Switz.: Permax; Thai.: Celance†; Turk.: Permax; UK: Celance; USA:
Permax†.

Piribedil (rINN)

ET-495; EU-4200; Piribédil; Piribedilum. 2-(4-Piperonylpiperazin-
1-yl)pyrimidine.

Пирибедил

C16H18N4O2 = 298.3.

CAS — 3605-01-4.

ATC — N04BC08.

ATC Vet — QN04BC08.

Profile
Piribedil is a non-ergot dopamine agonist that has been given
orally in the treatment of parkinsonism and in circulatory disor-
ders. Piribedil mesilate has been given by injection for circulato-
ry disorders. Preparations of piribedil are licensed in some coun-
tries for the management of impaired memory and cognitive
function in the elderly. 

Adverse effects reported include nausea and vomiting, dizziness,
hallucinations, confusion, drowsiness, hypothermia, dyskine-
sias, and occasional changes in liver function. 

When used as monotherapy in Parkinson’s disease a usual daily
oral dose of piribedil is 150 to 250 mg in divided doses; a daily
dose of 80 to 140 mg may be suitable when used as an adjunct to
levodopa.

Effects on mental function. For reports of daytime somno-
lence occurring in patients receiving dopamine agonists includ-
ing piribedil, see under Adverse Effects of Levodopa, p.805.

Parkinsonism. Piribedil is a dopamine D2-agonist while its
metabolite is reported to act on D1 receptors. It has been mainly
used as an adjunct to levodopa therapy in the treatment of Parkin-
son’s disease (p.791). 

References.
1. Montastruc JL, et al. Current status of dopamine agonists in Par-

kinson’s disease management. Drugs 1993; 46: 384–93. 
2. Montastruc JL, et al. A randomized, double-blind study of a skin

patch of a dopaminergic agonist, piribedil, in Parkinson’s dis-
ease. Mov Disord 1999; 14: 336–41. 

3. Ziegler M, Rondot P. Activité du piribédil dans la maladie de
Parkinson: étude multicentrique. Presse Med 1999; 28: 1414–18. 

4. Ziegler M, et al. Efficacy of piribedil as early combination to
levodopa in patients with stable Parkinson’s disease: a 6-month,
randomized, placebo-controlled study. Mov Disord 2003; 18:
418–25.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Trivastal; Braz.: Trivastal; Fr.: Trivastal; Ger.: Trivastal; Gr.: Trivastal;
India: Trivastal; Ital.: Trivastan; Malaysia: Trivastal; Philipp.: Trivastal;
Pol.: Pronoran; Port.: Trivastal; Rus.: Pronoran (Проноран); Singapore:
Trivastal; Thai.: Trivastal; Turk.: Trivastal; Venez.: Trivastal.

N

N

N

NO

O



814   Antiparkinsonian Drugs

Pramipexole Hydrochloride 

(BANM, rINNM)

Hidrocloruro de pramipexol; PNU-98528-E; Pramipexole, Chlo-
rhydrate de; Pramipexole, dichlorhydrate de; Pramipexole Dihy-
drochloride (USAN); Pramipexoli dihydrochloridum; Pramipexoli
Hydrochloridum; SND-919-CL-2Y (pramipexole hydrochlo-
ride); SUD-919Y (pramipexole). (S)-2-Amino-4,5,6,7-tetrahy-
dro-6-(propylamino)benzothiazole dihydrochloride monohy-
drate.

Прамипексола Гидрохлорид
C10H17N3S,2HCl, H2O = 302.3.

CAS — 104632-26-0 (pramipexole); 104632-25-9 (anhy-
drous pramipexole hydrochlor ide); 191217-81-9 (prami-
pexole hydrochloride monohydrate).
ATC — N04BC05.
ATC Vet — QN04BC05.

(pramipexole)

Adverse Effects and Precautions
As for Bromocriptine, p.798. 
Pramipexole should be used with caution in patients
with renal impairment and reduced doses are recom-
mended. 
Ophthalmological monitoring is recommended at reg-
ular intervals or if vision abnormalities occur.
Incidence of adverse effects. References.
1. Etminan M, et al. Comparison of the risk of adverse events with

pramipexole and ropinirole in patients with Parkinson’s disease:
a meta-analysis. Drug Safety 2003; 26: 439–44.

Effects on mental function. Pramipexole has been associated
with attacks of sudden onset of sleep, sometimes without any pri-
or feeling of drowsiness, that can occur at any time during treat-
ment. Licensed product information states that the incidence of
daytime somnolence is increased at daily doses of pramipexole
hydrochloride higher than 1.5 mg. A retrospective analysis1 of
data to evaluate the incidence and nature of somnolence in pa-
tients receiving pramipexole in clinical studies showed that for
patients with moderate or severe somnolence, the onset of worst-
reported somnolence occurred at a mean daily dose of around
4 mg (range: 0.75 to 4.5 mg). 
For further reports of daytime somnolence occurring in patients
receiving dopamine agonists including pramipexole, see under
Adverse Effects of Levodopa, p.805. 
For reference to pathological gambling reported in patients with
Parkinson’s disease receiving dopamine agonists, including
pramipexole, see under Levodopa, p.805.
1. Hauser RA, et al. Pramipexole-induced somnolence and epi-

sodes of daytime sleep. Mov Disord 2000; 15: 658–63.

Interactions
As for Bromocriptine, p.800. Cimetidine is reported to
reduce the renal clearance of pramipexole. 
Caution is advised when other sedating drugs or alco-
hol are used with pramipexole because of possible ad-
ditive effects and the risk of precipitating sudden onset
of sleep (see above).
◊ References.
1. Wright CE, et al. Influence of probenecid and cimetidine on

pramipexole pharmacokinetics. Clin Pharmacol Ther 1996; 59:
183.

Pharmacokinetics
Pramipexole is readily absorbed from the gastrointesti-
nal tract and peak plasma concentrations have been
reached within about 2 hours in fasting patients and in
about 3 hours when given with food. Oral bioavailabil-
ity is reported to be about 90%. Pramipexole is widely
distributed throughout the body and plasma-protein
binding is less than 20%. Metabolism is minimal and
more than 90% of a dose is excreted via renal tubular
secretion unchanged into the urine. Elimination half-
lives of 8 to 12 hours have been reported. On the basis

of studies in rats, it is thought to be distributed into
breast milk.
◊ References.
1. Wright CE, et al. Steady-state pharmacokinetic properties of

pramipexole in healthy volunteers. J Clin Pharmacol 1997; 37:
520–5.

Uses and Administration
Pramipexole is a non-ergot dopamine agonist with ac-
tions similar to those of bromocriptine (p.800). It is
used similarly in the management of Parkinson’s dis-
ease, either alone or as an adjunct to levodopa therapy
to reduce ‘end-of-dose’ or ‘on-off’ fluctuations in re-
sponse. Pramipexole is also used for the treatment of
moderate to severe restless legs syndrome. It is given
orally as the hydrochloride; doses have been described
in terms of the hydrochloride (as below) or of the base.
In terms of equivalency: 
• pramipexole hydrochloride 125 micrograms is

equivalent to about 88 micrograms of pramipexole 
• pramipexole hydrochloride 250 micrograms is

equivalent to about 180 micrograms of pramipexole 
• pramipexole hydrochloride 500 micrograms is

equivalent to about 350 micrograms of pramipexole 
• pramipexole hydrochloride 1 mg is equivalent to

about 700 micrograms of pramipexole 
In the treatment of Parkinson’s disease, the dose of
pramipexole should be increased gradually and the
dose of levodopa gradually reduced during the dose-
titration and maintenance phases until an optimum re-
sponse is achieved. The initial dose of pramipexole
hydrochloride is 125 micrograms three times daily in-
creased to 250 micrograms three times daily in the sec-
ond week and then to 500 micrograms three times dai-
ly in the third week according to response. Thereafter
the daily dose may be increased if necessary by
750 micrograms at weekly intervals to a maximum of
4.5 mg daily. The dosage should be reduced in patients
with renal impairment (see below). 
If it is necessary to stop pramipexole therapy, it should
be withdrawn gradually. UK licensed product informa-
tion suggests tapering off the dose of pramipexole hy-
drochloride at a rate of 750 micrograms daily until a
daily dose of 750 micrograms has been reached; there-
after, the dose should be reduced by 375 micrograms
daily. US licensed product information suggests that
withdrawal should be gradual over a period of 1 week. 
Pramipexole is also given as a single daily dose, 2 to 3
hours before bedtime, in the treatment of restless legs
syndrome. The initial dose of pramipexole hydrochlo-
ride is 125 micrograms daily. This may be increased if
necessary after 4 to 7 days to 250 micrograms daily.
Subsequent doses may be increased if necessary by
250 micrograms every 4 to 7 days to a maximum of
750 micrograms daily. Response to therapy should be
evaluated after 3 months; if treatment is interrupted for
more than a few days, it should be restarted at
125 micrograms daily, and then increased, if required,
as described above. For this indication, pramipexole
may be withdrawn without gradual tapering of the
dose.
Administration in renal impairment. The elimination of
pramipexole is dependent on renal function and the dosage of
pramipexole hydrochloride should therefore be reduced in pa-
tients with renal impairment. 
In the treatment of Parkinson’s disease, the following dosage
schedule has been suggested in UK licensed product information
for initial therapy adjusted according to the patient’s creatinine
clearance (CC): 
• CC 20 to 50 mL/minute: 125 micrograms given twice daily 
• CC less than 20 mL/minute: 125 micrograms once daily 
Similar reductions are suggested in US licensed information for
patients with a CC of 35 to 59 mL/minute and 15 to
34 mL/minute, respectively. 
If renal function declines during maintenance therapy it is rec-
ommended that the daily dose of pramipexole should be reduced
by the same percentage as the decline in CC. 

Lower doses are used in the treatment of restless legs syndrome
and UK licensed information considers dosage reductions
unnecessary in patients with CC of more than 20 mL/minute. US
licensed information recommends that the interval between titra-
tion steps is increased to 14 days in those patients with CC of 20
to 60 mL/minute.

Parkinsonism. Pramipexole is a dopamine agonist used in the
treatment of Parkinson’s disease (p.791) as an adjunct to levo-
dopa therapy to reduce ‘off’ periods with levodopa and amelio-
rate other fluctuations of mobility in the later stages of the dis-
ease. It is also used as monotherapy early in the course of the
disease in an attempt to delay therapy with levodopa. 
References.
1. Parkinson Study Group. Safety and efficacy of pramipexole in

early Parkinson disease: a randomized dose-ranging study.
JAMA 1997; 278: 125–30. 

2. Lieberman A, et al. Clinical evaluation of pramipexole in ad-
vanced Parkinson’s disease: results of a double-blind, placebo-
controlled, parallel-group study. Neurology 1997; 49: 162–8. 

3. Shannon KM, et al. Efficacy of pramipexole, a novel dopamine
agonist, as monotherapy in mild to moderate Parkinson’s dis-
ease. Neurology 1997; 49: 724–8. 

4. Guttman M. International Pramipexole-Bromocriptine Study
Group. Double-blind comparison of pramipexole and bromoc-
riptine treatment with placebo in advanced Parkinson’s disease.
Neurology 1997; 49: 1060–5. 

5. Parkinson Study Group. Pramipexole vs levodopa as initial treat-
ment for Parkinson disease: a randomized controlled trial. JAMA
2000; 284: 1931–8. 

6. Clarke CE, et al. Pramipexole for levodopa-induced complica-
tions in Parkinson’s disease. Available in The Cochrane Data-
base of Systematic Reviews; Issue 2. Chichester: John Wiley;
2000 (accessed 16/02/06). 

7. Clarke CE, et al. Pramipexole versus bromocriptine for levo-
dopa-induced complications in Parkinson’s disease. Available in
The Cochrane Database of Systematic Reviews; Issue 2. Chich-
ester: John Wiley; 2000 (accessed 16/02/06). 

8. Parkinson Study Group. Pramipexole vs levodopa as initial treat-
ment for Parkinson disease: a 4-year randomized controlled trial.
Arch Neurol 2004; 61: 1044–53. Correction. ibid. 2005; 62: 430. 

9. Moller JC, et al. Long-term efficacy and safety of pramipexole
in advanced Parkinson’s disease: results from a European multi-
center trial. Mov Disord 2005; 20: 602–10.

Restless legs syndrome. The aetiology of restless legs syn-
drome (RLS—see Sleep-associated Movement Disorders,
p.958) is obscure and treatment has largely been empirical, al-
though dopaminergic therapy has emerged as a common first-
line choice. Low-dose pramipexole has produced some benefit in
a number of studies1-7 and is licensed for the treatment of moder-
ate to severe RLS in some countries.
1. Lin S-C, et al. Effect of pramipexole in treatment of resistant

restless legs syndrome. Mayo Clin Proc 1998; 73: 497–500. 
2. Montplaisir J, et al. Restless legs syndrome improved by prami-

pexole: a double-blind randomized trial. Neurology 1999; 52:
938–43. 

3. Montplaisir J, et al. Pramipexole in the treatment of restless legs
syndrome: a follow-up study. Eur J Neurol 2000; 7 (suppl 1):
27–31. 

4. Saletu M, et al. Acute placebo-controlled sleep laboratory stud-
ies and clinical follow-up with pramipexole in restless legs syn-
drome. Eur Arch Psychiatry Clin Neurosci 2002; 252: 185–94. 

5. Silber MH, et al. Pramipexole in the management of restless legs
syndrome: an extended study. Sleep 2003; 26: 819–21. 

6. Stiasny-Kolster K, Oertel WH. Low-dose pramipexole in the
management of restless legs syndrome: an open label trial. Neu-
ropsychobiology 2004; 50: 65–70. 

7. Winkelman JW, et al. Efficacy and safety of pramipexole in rest-
less legs syndrome. Neurology 2006; 67: 1034–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Maxtenk; Mirapex†; Nixol; Parfeno; Parxium; Portiv; Sifrol; Austral.:
Sifrol; Austria: Sifrol; Belg.: Mirapexin; Braz.: Mirapex; Sifrol; Canad.: Mi-
rapex; Chile: Sifrol; Cz.: Mirapexin; Sifrol; Denm.: Mirapexin; Sifrol; Fin.:
Sifrol; Fr.: Sifrol; Ger.: Sifrol; Gr.: Mirapexin; Hung.: Mirapexin; Indon.:
Sifrol; Irl.: Mirapexin; Ital.: Mirapexin; Jpn: BI-Sifrol; Malaysia: Sifrol;
Mex.: Sifrol; Neth.: Daquiran†; Sifrol; Norw.: Sifrol; NZ: Sifrol; Philipp.:
Sifrol; Pol.: Mirapexin; Port.: Mirapexin; Sifrol; Rus.: Mirapex (Мирапекс);
S.Afr.: Pexola; Singapore: Sifrol; Spain: Mirapexin; Swed.: Sifrol; Switz.:
Sifrol; Thai.: Sifrol; Turk.: Pexola; UK: Mirapexin; USA: Mirapex; Venez.:
Sifrol/Mirapex.

Procyclidine Hydrochloride 

(BANM, rINNM)

Hidrocloruro de prociclidina; Procyclidine, Chlorhydrate de; Pro-
cyclidini Hydrochloridum. 1-Cyclohexyl-1-phenyl-3-(pyrrolidin-
1-yl)propan-1-ol hydrochloride.

Проциклидина Гидрохлорид
C19H29NO,HCl = 323.9.

CAS — 77-37-2 (procyclidine); 1508-76-5 (procyclidine
hydrochloride).
ATC — N04AA04.
ATC Vet — QN04AA04.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

(procyclidine)

Pharmacopoeias. In Br. and US. 
BP 2008 (Procyclidine Hydrochloride). A white, odourless or al-
most odourless, crystalline powder. Sparingly soluble in water;
soluble in alcohol; practically insoluble in acetone and in ether.
A 1% solution in water has a pH of 4.5 to 6.5. 
USP 31 (Procyclidine Hydrochloride). A white crystalline pow-
der, having a moderate characteristic odour. Soluble 1 in 35 of
water, 1 in 9 of alcohol, 1 in 6 of chloroform, and 1 in 11 000 of
ether; insoluble in acetone. pH of a 1% solution in water is be-
tween 5.0 and 6.5. Store in a dry place in airtight containers. Pro-
tect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Atropine Sulfate, p.1219. Psychotic episodes
may be precipitated in patients with mental disorders
when procyclidine is used for the treatment of drug-
induced extrapyramidal syndrome.
Abuse. Like other antimuscarinics (see also under Trihexyphe-
nidyl Hydrochloride, p.820) procyclidine has been abused for its
euphoriant effects.1,2

1. McGucken RB, et al. Teenage procyclidine abuse. Lancet 1985;
i: 1514. 

2. Dooris B, Reid C. Feigning dystonia to feed an unusual drug ad-
diction. J Accid Emerg Med 2000; 17: 311.

Interactions
As for antimuscarinics in general (see Atropine Sul-
fate, p.1220). 
Paroxetine increases plasma-procyclidine concentra-
tions and it is recommended that the dose of procycli-
dine should be reduced if antimuscarinic effects are
seen in patients receiving both drugs.

Pharmacokinetics
Procyclidine hydrochloride is absorbed from the gas-
trointestinal tract and bioavailability has been reported
to be 75% after oral doses; it disappears rapidly from
the tissues. Procyclidine given intravenously acts with-
in 5 to 20 minutes and has a duration of effect of up to
4 hours. The mean plasma elimination half-life after
oral or intravenous doses is about 12 hours. About one-
fifth of an oral dose is metabolised in the liver, mainly
by the cytochrome P450 isoenzymes, followed by con-
jugation with glucuronic acid. A small amount of
unchanged drug is excreted in the urine.
◊ References.
1. Whiteman PD, et al. Pharmacokinetics and pharmacodynamics

of procyclidine in man. Eur J Clin Pharmacol 1985; 28: 73–8.

Uses and Administration
Procyclidine hydrochloride is a tertiary amine antimus-
carinic with actions and uses similar to those of trihex-
yphenidyl (p.820). It is used for the symptomatic treat-
ment of parkinsonism (p.791), including the alleviation
of the extrapyramidal syndrome induced by drugs such
as phenothiazines, but, like other antimuscarinics, is of
no value against tardive dyskinesias. It has been used
in the treatment of dystonias (but see under Uses and
Administration of Levodopa, p.809). 
In parkinsonism, the initial oral dose of 2.5 mg three
times daily may be increased gradually by 2.5 to 5 mg
every 2 or 3 days (or by 2.5 mg daily if used for drug-
induced extrapyramidal syndrome) until the optimum
maintenance dose, usually 10 to 30 mg daily in 3 (or
occasionally 4) divided doses, is reached; daily doses
of up to 60 mg have occasionally been required. As a
rule, postencephalitic patients tolerate and require the
larger doses; elderly and arteriosclerotic patients may
require smaller doses. 

In emergency, 5 to 10 mg may be given by intravenous
injection; higher doses have sometimes been used. The
intramuscular route has also been employed: 5 to
10 mg may be given as a single injection, repeated if
necessary after 20 minutes to a maximum of 20 mg
daily. Parenteral doses are usually effective within 5 to
10 minutes but may need 30 minutes to produce relief. 
Although not licensed in the UK for management of
dystonias in children, the BNFC suggests oral doses
of 1.25 mg 3 times daily in those aged 7 to 12 years,
and 2.5 mg 3 times daily in those aged 12 to 18 years.
In an emergency, a single dose may be given by intra-
muscular or intravenous injection to children as fol-
lows: aged under 2 years, 0.5 to 2 mg; 2 to 10 years, 2
to 5 mg; 10 to 18 years, 5 to 10 mg or occasionally
more.

Preparations
BP 2008: Procyclidine Injection; Procyclidine Tablets; 
USP 31: Procyclidine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Kemadrin; Belg.: Kemadrin; Canad.: Kemadrin†; Procyclid†; Cz.:
Kemadrin; Denm.: Kemadrin; Ger.: Osnervan; Hung.: Kemadrin; India:
Kemadrin; Irl.: Kemadrin; Israel: Kemadrin; Ital.: Kemadrin†; Malaysia:
Kemadrin†; NZ: Kemadrin; Spain: Kemadren; Switz.: Kemadrin; UK:
Arpicolin; Kemadrin; Muscinil†; USA: Kemadrin.

Profenamine Hydrochloride (BANM, rINNM)

Cloridrato de Profenamina; Ethopropazine Hydrochloride;
Hidrocloruro de profenamina; Isothazine Hydrochloride;
Profénamine, Chlorhydrate de; Profenamini Hydrochloridum;
Prophenamini Chloridum. 10-(2-Diethylaminopropyl)phenothi-
azine hydrochloride.

Профенамина Гидрохлорид

C19H24N2S,HCl = 348.9.
CAS — 522-00-9 (profenamine); 1094-08-2 (pro-
fenamine hydrochlor ide).
ATC — N04AA05.
ATC Vet — QN04AA05.

(profenamine)

Adverse Effects, Treatment, and Precautions
As for Atropine Sulfate, p.1219. 
Profenamine may also cause muscle cramps, paraesthesia, and a
sense of heaviness in the limbs, epigastric discomfort, and nau-
sea. 
Profenamine is a phenothiazine derivative; adverse effects asso-
ciated with phenothiazines may occur, especially with high doses
(see under Chlorpromazine, p.969).

Breast feeding. Profenamine is distributed into the milk of lac-
tating mothers.1

1. Rowan JJ. Excretion of drugs in milk. Pharm J 1976; 217:
184–7.

Interactions
As for antimuscarinics in general (see Atropine Sulfate, p.1220).

Uses and Administration
Profenamine hydrochloride is a phenothiazine derivative with
antimuscarinic, adrenergic-blocking, antihistaminic, local anaes-
thetic, and ganglion-blocking properties. It has been used in the
symptomatic treatment of parkinsonism (p.791), including the
alleviation of the extrapyramidal syndrome induced by drugs
such as other phenothiazines, but, like other antimuscarinics, is
of no value against tardive dyskinesias. It has been used in a usu-
al initial oral dose of 50 mg three times daily, gradually increased
to 500 mg or more daily in divided doses, according to response.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Parsitan.

Rasagiline Mesilate (rINNM)

Mesilato de rasagilina; Rasagiline, Mésilate de; Rasagiline Mesylate
(USAN); Rasagilini Mesilas; TVP-1012. (R)-N-2-Propynyl-1-indan-
amine methanesulfonate.
Разагилина Мезилат
C12H13N,CH4O3S = 267.3.
CAS — 136236-51-6 (rasagiline); 161735-79-1 (rasag-
iline mesilate).
ATC — N04BD02.
ATC Vet — QN04BD02.

(rasagiline)

Adverse Effects and Precautions
Common adverse effects reported with rasagiline monotherapy
include headache, flu-like syndrome, malaise, neck pain, angina
pectoris, dyspepsia, anorexia, leucopenia, arthralgia, arthritis, de-
pression, vertigo, rhinitis, conjunctivitis, skin rashes, melanoma,
and urinary urgency. Cerebrovascular accidents and myocardial
infarction have been reported rarely. Other adverse effects in-
clude orthostatic hypotension and hallucinations. 
Rasagiline should not be used in patients with severe hepatic im-
pairment; use in moderate impairment should also be avoided. It
should be used with caution in patients with mild hepatic impair-
ment and therapy should be stopped in those who progress to
moderate impairment.
Interactions
As for Selegiline Hydrochloride, p.817. Unlike the non-selective
MAOIs, such as phenelzine, rasagiline can be used safely
without dietary tyramine restrictions, although these have been
recommended in some countries. 
Rasagiline should not be given with other MAOIs because of the
risk of non-selective MAO inhibition that may lead to hyperten-
sive reactions. 
It is metabolised by the cytochrome P450 isoenzyme CYP1A2
and potent inhibitors of this enzyme such as ciprofloxacin may
increase the plasma levels of rasagiline. UK licensed product in-
formation for rasagiline advises caution when such drugs are
used with rasagiline whereas US licensed product information
recommends that the dose of rasagiline be reduced to 0.5 mg dai-
ly when given with CYP1A2 inhibitors. Tobacco smoking in-
duces hepatic metabolic enzymes and may decrease the plasma
levels of rasagiline. 
Entacapone has been reported to increase the clearance of oral
rasagiline by 28% when used together.
Pharmacokinetics
Rasagiline is rapidly absorbed from the gastrointestinal tract,
with peak plasma levels occurring in about 30 minutes to an
hour. Bioavailability is reported to be about 36%. Rasagiline is
about 60 to 70% bound to plasma proteins. 
It is extensively metabolised in the liver by N-dealkylation and
hydroxylation, via the cytochrome P450 isoenzyme CYP1A2,
and conjugation. 1-Aminoindan is a major metabolite and is stat-
ed to be active although it is not a monoamine oxidase B inhibi-
tor. Metabolites are excreted mainly in the urine and partly in the
faeces; less than 1% of a dose is excreted as unchanged drug in
the urine. The terminal half-life is 0.6 to 2 hours.
Uses and Administration
Rasagiline is an irreversible selective inhibitor of monoamine
oxidase type B, an enzyme involved in the metabolic degrada-
tion of dopamine in the brain. It enhances the effects of levodopa
and is used in the treatment of Parkinson’s disease (p.791), either
alone or as an adjunct to levodopa therapy to reduce ‘end-of-
dose’ fluctuations in response. Rasagiline is given orally as the
mesilate and doses are expressed in terms of the base; rasagiline
mesilate 1.56 mg is equivalent to about 1 mg of rasagiline. The
usual dose is the equivalent of rasagiline 1 mg once daily. In the
USA, an initial daily dose of 0.5 mg is recommended for adjunc-
tive therapy. 
The dose of rasagiline may need to be reduced when given with
drugs that inhibit the cytochrome P450 isoenzyme CYP1A2 (see
Interactions, above for details) and in patients with hepatic im-
pairment (see below).
◊ References.
1. Parkinson Study Group. A controlled trial of rasagiline in early

Parkinson disease: the TEMPO Study. Arch Neurol 2002; 59:
1937–43. 

2. Stern MB, et al. Double-blind, randomized, controlled trial of
rasagiline as monotherapy in early Parkinson’s disease patients.
Mov Disord 2004; 19: 916–23. 

3. Thebault JJ, et al. Tolerability, safety, pharmacodynamics, and
pharmacokinetics of rasagiline: a potent, selective, and irrevers-
ible monoamine oxidase type B inhibitor. Pharmacotherapy
2004; 24: 1295–1305. 

4. Parkinson Study Group. A controlled, randomized, delayed-
start study of rasagiline in early Parkinson disease. Arch Neurol
2004; 61: 561–6. 
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5. Parkinson Study Group. A randomized placebo-controlled trial

of rasagiline in levodopa-treated patients with Parkinson dis-
ease and motor fluctuations: the PRESTO study. Arch Neurol
2005; 62: 241–8. 

6. Rascol O, et al. Rasagiline as an adjunct to levodopa in patients
with Parkinson’s disease and motor fluctuations (LARGO, Last-
ing effect in Adjunct therapy with Rasagiline Given Once daily,
study): a randomised, double-blind, parallel-group trial. Lancet
2005; 365: 947–54. 

7. Rascol O. Rasagiline in the pharmacotherapy of Parkinson’s
disease: a review. Expert Opin Pharmacother 2005; 6: 2061–75. 

8. Chen JJ, et al. Clinical pharmacology of rasagiline: a novel, sec-
ond-generation propargylamine for the treatment of Parkinson
disease. J Clin Pharmacol 2005; 45: 878–94. 

9. Siderowf A, Stern M. Clinical trials with rasagiline: evidence
for short-term and long-term effects. Neurology 2006; 66 (suppl
4): S80–S88. 

10. Oldfield V, et al. Rasagiline: a review of its use in the manage-
ment of Parkinson’s disease. Drugs 2007; 67: 1725–47.

Administration in hepatic impairment. UK licensed prod-
uct information for rasagiline advises caution when used in pa-
tients with mild hepatic impairment whereas US licensed infor-
mation recommends that the dose be reduced to 500 micrograms
daily. Rasagiline should not be used in those with moderate or
severe impairment.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Elbrus; Belg.: Azilect; Cz.: Azilect; Denm.: Azilect; Fin.: Azilect; Fr.:
Azilect; Ger.: Azilect; Gr.: Azilect; Irl.: Azilect; Israel: Azilect; Neth.: Azi-
lect; Norw.: Azilect; Pol.: Azilect; Port.: Azilect; Spain: Azilect; UK: Azi-
lect; USA: Azilect.

Ropinirole Hydrochloride 

(BANM, USAN, pINNM)

Hidrocloruro de ropinirol; Ropinirole, Chlorhydrate de; Rop-
iniroli Hydrochloridum; SKF-101468 (ropinirole); SKF-0101468-
A (ropinirole hydrochloride). 4-[2-(Dipropylamino)ethyl]-2-in-
dolinone hydrochloride.
Ропинирола Гидрохлорид
C16H24N2O,HCl = 296.8.
CAS — 91374-21-9 (ropinirole); 91374-20-8 (ropinirole
hydrochloride).
ATC — N04BC04.
ATC Vet — QN04BC04.

(ropinirole)

Adverse Effects and Precautions
As for Bromocriptine, p.798. Licensed product infor-
mation states that the pharmacokinetics of ropinirole
have not been studied in patients with hepatic or severe
renal impairment and therefore it should be used with
caution, if at all, in such patients. No pharmacokinetic
changes were noted in those with mild to moderate re-
nal impairment. 
In the treatment of restless legs syndrome, earlier onset
of symptoms in the afternoon or evening (augmenta-
tion) and recurrence of symptoms in the early morning
hours (rebound) have been reported with ropinirole.
Incidence of adverse effects. References.
1. Etminan M, et al. Comparison of the risk of adverse events with

pramipexole and ropinirole in patients with Parkinson’s disease:
a meta-analysis. Drug Safety 2003; 26: 439–44.

Effects on mental function. For reports of daytime somno-
lence occurring in patients receiving dopamine agonists includ-
ing ropinirole, see under Adverse Effects of Levodopa, p.805.

Interactions
Since it is a dopamine agonist, ropinirole may share
some of the pharmacological interactions of bromo-
criptine, p.800. In addition, high doses of oestrogens
can increase plasma concentrations of ropinirole and
dosage adjustments may be necessary if oestrogen
therapy is started or withdrawn during treatment with
ropinirole. Ropinirole is metabolised by the cyto-
chrome P450 isoenzyme CYP1A2 and there is there-
fore the potential for interactions between ropinirole

and other drugs that are metabolised similarly or more
particularly with inducers or inhibitors of this enzyme.
Dosage adjustments may be necessary if therapy with
such drugs is started or withdrawn during treatment
with ropinirole.

Pharmacokinetics
Ropinirole is rapidly absorbed from the gastrointesti-
nal tract and mean peak plasma concentrations have
been achieved 1.5 hours after oral doses; the rate of ab-
sorption, but not the extent, may be reduced if taken
with food. Bioavailability is reported to be about 50%.
It is widely distributed throughout the body and plasma
protein binding is low (10 to 40%). 
Ropinirole is extensively metabolised in the liver, pri-
marily by the cytochrome P450 isoenzyme CYP1A2,
and excreted in the urine as inactive metabolites; less
than 10% of an oral dose is excreted as unchanged
drug. A mean elimination half-life of about 6 hours has
been reported for ropinirole. It is thought to be distrib-
uted into breast milk on the basis of studies in rats.
◊ References.
1. Brefel C, et al. Effect of food on the pharmacokinetics of rop-

inirole in parkinsonian patients. Br J Clin Pharmacol 1998; 45:
412–15. 

2. Hubble J, et al. Linear pharmacokinetic behavior of ropinirole
during multiple dosing in patients with Parkinson’s disease. J
Clin Pharmacol 2000; 40: 641–6. 

3. Kaye CM, Nicholls B. Clinical pharmacokinetics of ropinirole.
Clin Pharmacokinet 2000; 39: 243–54.

Uses and Administration
Ropinirole is a non-ergot dopamine D2-agonist with
similar actions to those of bromocriptine (p.800), but in
contrast to bromocriptine it also has agonist properties
at D3 receptors. It is used similarly in the management
of Parkinson’s disease, either alone or as an adjunct to
reduce ‘on-off’ fluctuations in levodopa response.
Ropinirole is also used for the treatment of moderate to
severe idiopathic restless legs syndrome. It is given by
mouth as the hydrochloride; doses are expressed in
terms of the base. Ropinirole hydrochloride 1.14 mg is
equivalent to about 1 mg of ropinirole. 
In the treatment of Parkinson’s disease, ropinirole
should be introduced gradually and during this period
patients already receiving levodopa can have their levo-
dopa dosage decreased gradually until an optimal re-
sponse is achieved; the concurrent dose of levodopa
may be reduced by about 20 to 30%. The daily dosage
of ropinirole should be given in three divided doses,
preferably with food. The initial daily dose of rop-
inirole is 750 micrograms increased at weekly inter-
vals in steps of 750 micrograms for the first 4 weeks.
After week 4, the weekly increments may be made in
steps of 1.5 mg up to a dose of 9 mg daily according to
response; subsequent weekly increments may be made
in steps of up to 3 mg. The daily dosage should not ex-
ceed 24 mg. Optimal response is usually achieved
within the range of 3 to 9 mg daily; higher doses may
be required if used with levodopa. If it is necessary to
stop ropinirole therapy, it should be withdrawn gradu-
ally by reducing the number of daily doses over the pe-
riod of 1 week. Once adequate symptomatic control
has been established, ropinirole may be given as once-
daily modified-release tablets. 
Ropinirole is also given as a single daily dose, 1 to 3
hours before bedtime, in the treatment of restless legs
syndrome. The initial dose of ropinirole is
250 micrograms daily for 2 days; if tolerated, the dose
is then increased to 500 micrograms daily for the rest
of the first week. Subsequent increases may be made in
weekly steps of 500 micrograms until a dose of 3 mg
daily is reached; if necessary, the dose may then be in-
creased after 1 further week to a maximum of 4 mg
daily. 
In the UK, it has been recommended that treatment
should be re-assessed 3 months after starting therapy.
For this indication, ropinirole may be withdrawn
without gradual tapering of the dose. 

If treatment with ropinirole is interrupted for more than
a few days it should be restarted at the low initial dose
and increased gradually as required.
◊ Reviews.
1. Tulloch IF. Pharmacologic profile of ropinirole: a nonergoline

dopamine agonist. Neurology 1997; 49 (suppl 1): S58–S62.

Parkinsonism. Dopamine agonists such as ropinirole may be
used to begin treatment of parkinsonism (p.791) in an attempt to
delay therapy with levodopa, particularly in younger patients.
They also have an adjunctive use when levodopa is no longer
effective alone or cannot be tolerated, and may be useful in re-
ducing ‘off’ periods with levodopa and in ameliorating other
fluctuations of mobility in the later stage of the disease. 
References.
1. Rascol O, et al. A placebo-controlled study of ropinirole a new

D  agonist, in the treatment of motor fluctuations of -DOPA-
treated parkinsonian patients. Adv Neurol 1996; 69: 531–4. 

2. Adler CH, et al. The Ropinirole Study Group. Ropinirole for the
treatment of early Parkinson’s disease. Neurology 1997; 49:
393–9. 

3. Rascol O, et al. Ropinirole in the treatment of early Parkinson’s
disease: a 6-month interim report of a 5-year levodopa-control-
led study. Mov Disord 1998; 13: 39–45. 

4. Korczyn AD, et al. A 3-year randomized trial of ropinirole and
bromocriptine in early Parkinson’s disease. Neurology 1999; 53:
364–70. 

5. Matheson AJ, Spencer CM. Ropinirole: a review of its use in the
management of Parkinson’s disease. Drugs 2000; 60: 115–37. 

6. Clarke CE, Deane KHO. Ropinirole for levodopa-induced com-
plications in Parkinson’s disease. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2001 (accessed 16/02/06). 

7. Clarke CE, Deane KHO. Ropinirole versus bromocriptine for
levodopa-induced complications in Parkinson’s disease. Availa-
ble in The Cochrane Database of Systematic Reviews: Issue 1.
Chichester: John Wiley; 2001 (accessed 16/02/06). 

8. Whone AL, et al. Slower progression of Parkinson’s disease with
ropinirole versus levodopa: the REAL-PET study. Ann Neurol
2003; 54: 93–101. 

9. Pahwa R, et al. Ropinirole 24-hour prolonged release: rand-
omized, controlled study in advanced Parkinson disease. Neurol-
ogy 2007; 68: 1108–15.

Restless legs syndrome. The aetiology of restless legs syn-
drome (RLS—see Sleep-associated Movement Disorders,
p.958) is obscure and treatment has largely been empirical al-
though dopaminergic therapy has emerged as a common first-
line choice. Ropinirole is licensed for the treatment of moderate
to severe RLS in some countries. 
References.
1. Trenkwalder C, et al. Ropinirole in the treatment of restless legs

syndrome: results from the TREAT RLS 1 study, a 12 week, ran-
domised, placebo controlled study in 10 European countries. J
Neurol Neurosurg Psychiatry 2004; 75: 92–7. 

2. Cheer SM, et al. Ropinirole: for the treatment of restless legs
syndrome. CNS Drugs 2004; 18: 747–54. 

3. Walters AS, et al. Ropinirole is effective in the treatment of rest-
less legs syndrome—TREAT RLS 2: a 12-week, double-blind,
randomized, parallel-group, placebo-controlled study. Mov Dis-
ord 2004; 19: 1414–23. 

4. Bogan RK, et al. TREAT RLS US Study Group. Ropinirole in
the treatment of patients with restless legs syndrome: a US-based
randomized, double-blind, placebo-controlled clinical trial.
Mayo Clin Proc 2006; 81: 17–27.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Requip; Austral.: Repreve; Austria: Requip; Belg.: Requip; Canad.:
Requip; Chile: Requip; Cz.: Adartrel; Requip; Denm.: Requip; Fin.:
Requip; Fr.: Adartrel; Requip; Ger.: Requip; Gr.: Adartrel; Requip; Hong
Kong: Requip; Hung.: Requip; Irl.: Requip; Israel: Requip; Ital.: Requip;
Malaysia: Requip; Neth.: Requip; Norw.: Requip; NZ: Requip; Pol.:
Requip; Port.: Requip; Zyatrol; S.Afr.: Requip; Singapore: Requip; Spain:
Requip; Swed.: Requip; Switz.: Adartrel; Requip; Turk.: Requip; UK: Adar-
trel; Requip; USA: Requip.

Rotigotine (USAN, rINN)

N-0923; Rotigotina; Rotigotinum; SPM-962. (−)-(S)-5,6,7,8-Tet-
rahydro-6-{propyl[2-(2-thienyl)ethyl]amino}-1-naphthol.
Ротиготин
C19H25NOS = 315.5.
CAS — 99755-59-6 (rotigotine); 125572-93-2 (rotigotine
hydrochloride).
ATC — N04BC09.
ATC Vet — QN04BC09.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
As for Bromocriptine, p.798. Reactions may occur at the site of
application and are usually mild or moderate in intensity. The site
should be rotated on a daily basis and the same site should not be
used within 14 days. 
Licensed product information recommends that rotigotine
should be used with caution in patients with severe hepatic im-
pairment and reduced doses may be necessary in cases of wors-
ening impairment; however, this is based on a lack of evidence
in such patients.

Interactions
Since it is a dopamine agonist, rotigotine may share some of the
pharmacological interactions of bromocriptine, p.800. 
Caution is advised when other sedating drugs or alcohol are used
with rotigotine because of possible additive effects.

Pharmacokinetics
Rotigotine has poor oral bioavailability as it undergoes extensive
first-pass metabolism via glucuronidation in the gut wall and liv-
er. Peak plasma concentrations are achieved 24 hours after
transdermal application. Steady-state concentrations are reached
after 24 to 48 hours of continuous daily application. It undergoes
N-dealkylation and conjugation to form inactive metabolites.
Rotigotine is excreted mainly in the urine and about 23% appears
in the faeces. The elimination half-life is 5 to 7 hours. It is distrib-
uted into milk of rats.

Uses and Administration
Rotigotine is a non-ergot dopamine D2-agonist with similar ac-
tions to those of bromocriptine (p.798), but in contrast to bro-
mocriptine (a dopamine D2-agonist) it also has agonist properties
at D1 and D3 receptors. It is used as monotherapy in the manage-
ment of Parkinson’s disease (p.791), mainly in the early stage. It
may also be used as an adjunct to levodopa therapy. Rotigotine is
given as transdermal patches delivering amounts ranging from 2
to 8 mg per 24 hours. 
When given as monotherapy, the initial dose is 2 mg daily, in-
creased in weekly steps of 2 mg if necessary to a maximum of
8 mg daily. 
Rotigotine may also be used as adjunctive therapy with levodopa
in an initial dose of 4 mg daily, increased in weekly steps of 2 mg
if necessary, to a maximum of 16 mg daily. 
Patches are applied once daily and should be replaced every 24
hours with the new patch being applied to a different site. Treat-
ment with rotigotine should be withdrawn gradually; the daily
dose should be reduced in steps of 2 mg every other day until
complete withdrawal is achieved. 
Rotigotine is also being studied as a transdermal preparation in
the treatment of restless legs syndrome.

◊ References.
1. The Parkinson Study Group. A controlled trial of rotigotine mon-

otherapy in early Parkinson’s disease. Arch Neurol 2003; 60:
1721–8. 

2. Stiasny-Kolster K, et al. Patch application of the dopamine ago-
nist rotigotine to patients with moderate to advanced stages of
restless legs syndrome: a double-blind, placebo-controlled pilot
study. Mov Disord 2004; 19: 1432–8. 

3. Poewe W, Leussi F. Clinical studies with transdermal rotigotine
in early Parkinson’s disease. Neurology 2005; 65 (suppl 1):
S11–S14. Correction. ibid.; 1328. 

4. Watts RL, et al. Randomized, blind, controlled trial of transder-
mal rotigotine in early Parkinson disease. Neurology 2007; 68:
272–6. Correction. ibid.; 69: 617. 

5. Splinter MY. Rotigotine: transdermal dopamine agonist treat-
ment of Parkinson’s disease and restless legs syndrome. Ann
Pharmacother 2007; 41: 285–95. 

6. LeWitt PA, et al. Advanced Parkinson disease treated with rotig-
otine transdermal system: PREFER Study. Neurology 2007; 68:
1262–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Neupro; Gr.: Neupro; Pol.: Neupro; Port.: Neupro; UK: Neupro;
USA: Neupro†.

Selegiline Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Deprenyl; L-Deprenyl; Hidrocloruro de selegilina; Selegiliinihy-
drokloridi; Selegilin Hidroklorür; Selegilin hydrochlorid; Sélégiline,
chlorhydrate de; Selegilinhydroklorid; Selegilini hydrochloridum;
Selegilino hidrochloridas; Szelegilin-hidroklorid. (−)-(R)-N,α-
Dimethyl-N-(prop-2-ynyl)phenethylamine hydrochloride; (R)-
Methyl(α-methylphenethyl)prop-2-ynylamine hydrochloride.

Селегилина Гидрохлорид
C13H17N,HCl = 223.7.

CAS — 14611-51-9 (selegiline); 2079-54-1 (selegiline hy-
drochloride); 14611-52-0 (selegiline hydrochloride).
ATC — N04BD01.
ATC Vet — QN04BD01.

(selegiline)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Selegiline Hydrochloride). A white or almost white,
crystalline powder. Freely soluble in water and in methyl alco-
hol; slightly soluble in acetone. A 2% solution in water has a pH
of 3.5 to 4.5. Protect from light. 
USP 31 (Selegiline Hydrochloride). A white, odourless crystal-
line powder. Freely soluble in water, in chloroform, and in me-
thyl alcohol. Store in airtight containers. Protect from light.

Adverse Effects
Selegiline is often given as an adjunct to levodopa ther-
apy and many of the adverse effects reported may be
attributed to enhanced levodopa activity; dosage of
levodopa may have to be reduced. However, most re-
ported adverse effects, with the possible exception of
increased dyskinesias and cardiac arrhythmias, have
also been seen with selegiline monotherapy. Adverse
effects have included orthostatic hypotension, chest
pain, nausea, vomiting, constipation, diarrhoea, confu-
sion, headache, tremor, vertigo, dizziness, psychosis,
depression, hallucinations, agitation, dry mouth, sore
throat, difficulty in micturition, skin reactions, back
pain, muscle cramps, joint pain, and myopathy. The
amfetamine metabolites of selegiline may cause in-
somnia and abnormal dreams; evening doses should be
avoided. Transient increases in liver enzymes have
been reported. Mouth ulcers and stomatitis may occur
with the oral lyophilisate. 
Since the selectivity of selegiline is lost at higher doses,
signs and symptoms of overdosage may resemble
those of non-selective MAOIs such as phenelzine (see
p.415).
Effects on carbohydrate metabolism. Profound hypogly-
caemia developed in a 70-year-old man after selegiline was add-
ed to his existing medication for Parkinson’s disease.1 Hypogly-
caemia was accompanied by hyperinsulinaemia and resolved 1
week after stopping selegiline.
1. Rowland MJ, et al. Hypoglycemia caused by selegiline, an an-

tiparkinsonian drug: can such side effects be predicted? J Clin
Pharmacol 1994; 34: 80–5.

Effects on mortality. For reference to a study which observed
an increased mortality rate in patients with Parkinson’s disease
taking selegiline and levodopa compared with those taking levo-
dopa alone, see Parkinsonism under Uses and Administration,
below.

Precautions
Selegiline should be used with caution in patients with
a history of peptic ulceration and avoided in those with
active ulceration. It should also be used with caution in
uncontrolled hypertension, arrhythmias, angina, severe
liver or kidney dysfunction, or psychosis.
Cardiovascular disorders. An investigation1 of the autonom-
ic effects of selegiline as a potential cause of the unexpected mor-
tality observed in a study2 in patients with Parkinson’s disease
receiving selegiline and levodopa (see Parkinsonism, below)
suggested that the risk of orthostatic hypotension with this com-
bination may have been underestimated. It was considered pru-
dent to withdraw selegiline from those with symptomatic ortho-
static hypotension or cardiovascular or cerebrovascular disease.
For those without symptomatic morbidity, but a greater than
20 mmHg fall in blood pressure on standing for 2 minutes, grad-
ual withdrawal of selegiline with adjustment of levodopa dosage
should be considered.
1. Churchyard A, et al. Autonomic effects of selegiline: possible

cardiovascular toxicity in Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 1997; 63: 228–34. 

2. Parkinson’s Disease Research Group of the United Kingdom.
Comparison of therapeutic effects and mortality data of levodopa
and levodopa combined with selegiline in patients with early,
mild Parkinson’s disease. BMJ 1995; 311: 1602–7.

Interactions
Selegiline is less likely than non-selective MAOIs,
such as phenelzine, to interact with tyramine in food;
such hypertensive reactions have been reported rarely
at usual doses but UK licensed product information for
oral formulations states that its selectivity is lost at

higher doses and it must be assumed that selegiline can
usually only be used safely without dietary restrictions
at doses of up to 10 mg daily. US licensed information
for the transdermal preparation states that dietary re-
strictions are necessary at doses of 9 mg daily and
above. For dietary restrictions applicable to patients
taking MAOIs, see p.417. 
Even when given in therapeutic doses life-threatening
interactions can occur between selegiline and pethi-
dine. Serious reactions, sometimes fatal, have also
been reported when selegiline was used with tricyclic
antidepressants or serotonin reuptake inhibitors includ-
ing the SSRIs and venlafaxine. Licensed drug informa-
tion states that 14 days should elapse between stopping
selegiline and starting treatment with tricyclic or sero-
tonergic antidepressants. Conversely, selegiline should
not be given to patients who have recently received
these antidepressants; at least 5 weeks should elapse
between stopping fluoxetine and starting treatment
with selegiline. Use of selegiline with non-selective
MAOIs may cause severe hypotension and such use is
not recommended.
Antidepressants. Although there have been studies in which
patients with parkinsonism have received selegiline with SSRIs
such as fluoxetine1 or paroxetine2 (apparently without any prob-
lems) there have been reports of reactions3-5 such as shivering
and sweating, hypertension, hyperactivity, and ataxia occurring
when selegiline and fluoxetine have been used together. The
FDA noted6 that reactions similar to those between SSRIs and
non-selective MAOIs had also been reported in patients taking
selegiline with paroxetine or sertraline. 
Severe reactions, sometimes fatal, have also occurred in patients
taking selegiline and tricyclic antidepressants.6 For a report of
serotonin syndrome developing when venlafaxine was given af-
ter selegiline (despite a drug-free period) see p.429. 
There has been a report7 of a patient receiving the non-selective
MAOI iproniazid who experienced severe orthostatic hypoten-
sion when given selegiline. Selegiline given with the reversible
MAOI moclobemide to healthy subjects markedly increased the
pressor response to tyramine compared with the effects of each
drug used alone.8 The authors concluded that dietary restriction
of tyramine-containing foods would be necessary if these drugs
were to be used together. 
One UK manufacturer (Cephalon, UK) states that oral selegiline
should not be given with any type of antidepressant, while anoth-
er (Orion, UK) advises that use with SSRIs or venlafaxine be
avoided and recommends caution when used with the tricyclics.
The US manufacturer of transdermal selegiline (Bristol-Myers
Squibb, USA), used for depression, states that use with other anti-
depressants such as bupropion, mirtazapine, serotonin reuptake
inhibitors, St John’s wort, and tricyclics is contra-indicated.
1. Waters CH. Fluoxetine and selegiline—lack of significant inter-

action. Can J Neurol Sci 1994; 21: 259–61. 
2. Toyama SC, Iacono RP. Is it safe to combine a selective seroton-

in reuptake inhibitor with selegiline? Ann Pharmacother 1994;
28: 405–6. 

3. Suchowersky O, de Vries JD. Interaction of fluoxetine and sele-
giline. Can J Psychiatry 1990; 35: 571–2. 

4. Jermain DM, et al. Potential fluoxetine-selegiline interaction.
Ann Pharmacother 1992; 26: 1300. 

5. Montastruc JL, et al. Pseudophaeochromocytoma in parkinsoni-
an patient treated with fluoxetine plus selegiline. Lancet 1993;
341: 555. 

6. Anonymous. Eldepryl and antidepressant interaction. FDA Med
Bull 1995; 25 (Feb.): 6. 

7. Pare CMB, et al. Attempts to attenuate the ‘cheese effect’: com-
bined drug therapy in depressive illness. J Affect Disord 1985; 9:
137–41. 

8. Korn A, et al. Tyramine pressor sensitivity in healthy subjects
during combined treatment with moclobemide and selegiline.
Eur J Clin Pharmacol 1996; 49: 273–8.

Antimigraine drugs. Some serotonin agonists including riza-
triptan, sumatriptan, and zolmitriptan are metabolised via
monoamine oxidase type A and therefore it is considered unlike-
ly that selegiline, a monoamine oxidase type B inhibitor, would
interact with these drugs. Nevertheless, one manufacturer (Ce-
phalon, UK) of oral selegiline contra-indicates its use in patients
also receiving serotonin agonists; it is also recommended that at
least 24 hours should elapse between stopping selegiline and
starting treatment with these drugs.
Opioid analgesics. Selegiline can produce life-threatening re-
actions when given with pethidine.1 
Some manufacturers contra-indicate use of selegiline with pethi-
dine and other opioid analgesics such as dextropropoxyphene,
methadone, and tramadol.
1. Zornberg GL, et al. Severe adverse interaction between pethi-

dine and selegiline. Lancet 1991; 337: 246. Correction. ibid.;
440.

Oral contraceptives. The total area under the concentration-
time curve for selegiline given in single doses of 5 to 40 mg was
raised ten- to twentyfold in 4 women who were using oral hor-
monal contraceptives when compared with 4 women receiving
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no other medication.1 It was suggested that use of selegiline and
oral hormonal contraceptives should be avoided or the dosage of
selegiline reduced.
1. Laine K, et al. Dose linearity study of selegiline pharmacokinet-

ics after oral administration: evidence for strong drug interaction
with female sex steroids. Br J Clin Pharmacol 1999; 47: 249–54.

Sympathomimetics. Licensed information for a US product
(Eldepryl; Somerset, USA) states that there has been a report of
hypertensive crisis in a patient taking recommended doses of se-
legiline and ephedrine. A hypertensive reaction after low-dose
dopamine infusion has been reported1 in a 75-year-old patient
taking selegiline 10 mg daily for Parkinson’s disease. The au-
thors suggest that this may indicate a non-specific action of sele-
giline at usual doses on peripheral monoamine oxidase type-A.
UK licensed product information states that dopamine should be
used with caution in patients taking selegiline.
1. Rose LM, et al. A hypertensive reaction induced by concurrent

use of selegiline and dopamine. Ann Pharmacother 2000; 34:
1020–4.

Pharmacokinetics
Selegiline is readily absorbed from the gastrointestinal
tract and peak plasma concentrations are achieved in
30 minutes after oral doses of conventional prepara-
tions. Although subject to large interindividual varia-
tion, bioavailability is about 10% and is increased
when given with food. Selegiline is rapidly distributed
throughout the body and crosses the blood-brain barri-
er. It undergoes extensive first-pass metabolism in the
liver to produce at least 5 metabolites, including l-(−)-
desmethylselegiline (norselegiline), l-(−)-N-methyl-
amfetamine, and l-(−)-amfetamine. Plasma concentra-
tions of selegiline metabolites are greatly reduced after
doses of the oral lyophilisate preparation, the majority
of which undergoes absorption through the buccal mu-
cosa. Selegiline is excreted as metabolites mainly in
the urine and about 15% appears in the faeces. At
steady state the elimination half-life is reported to be 10
hours.

◊ References.
1. Heinonen EH, et al. Pharmacokinetic aspects of l-deprenyl (sel-

egiline) and its metabolites. Clin Pharmacol Ther 1994; 56:
742–9. 

2. Mahmood I, et al. Clinical pharmacokinetics and pharmacody-
namics of selegiline: an update. Clin Pharmacokinet 1997; 33:
91–102. 

3. Anttila M, et al. Marked effect of liver and kidney function on
the pharmacokinetics of selegiline. Clin Pharmacol Ther 2005;
77: 54–62. 

4. Azzaro AJ, et al. Pharmacokinetics and absolute bioavailability
of selegiline following treatment of healthy subjects with the se-
legiline transdermal system (6 mg/24 h): a comparison with oral
selegiline capsules. J Clin Pharmacol 2007; 47: 1256–67.

Uses and Administration
Selegiline is an irreversible selective inhibitor of
monoamine oxidase type B, an enzyme involved in the
metabolic degradation of dopamine in the brain. It en-
hances the effects of levodopa and is used in the treat-
ment of Parkinson’s disease mainly as an adjunct to
levodopa therapy to reduce ‘end-of-dose’ or ‘on-off’
fluctuations in response, but see Parkinsonism, below.
Addition of selegiline to levodopa therapy may enable
the dosage of levodopa to be reduced by about 10 to
30%. Selegiline may be given alone in early Parkin-
son’s disease in an attempt to delay the need for levo-
dopa therapy. It is also used in the treatment of depres-
sion (see also below). 
In the treatment of Parkinson’s disease, selegiline hy-
drochloride is given by mouth as conventional prepa-
rations such as capsules, tablets, or liquid, or as
lyophilisate tablets. The dose of the conventional prep-
arations is 10 mg daily, either as a single dose in the
morning or in 2 divided doses of 5 mg at breakfast and
lunchtime. The initial dose of the oral lyophilisate tab-
lets is 1.25 mg daily at least 5 minutes before breakfast;
patients already receiving 10 mg of conventional prep-
arations can be transferred to 1.25 mg of the oral
lyophilisate. In the USA, the initial oral lyophilisate
dose of 1.25 mg daily may be increased, after at least 6
weeks, to 2.5 mg given once daily, if necessary. 
To avoid initial confusion and agitation, particularly in
the elderly, the BNF suggests it may be appropriate

when using conventional preparations to start treat-
ment with a dose of 2.5 mg daily. 
In the USA, transdermal patches delivering 6, 9, or
12 mg of selegiline over 24 hours are available for the
treatment of depression. The initial dose is 6 mg daily,
increased in steps of 3 mg every 2 weeks if necessary,
to a maximum of 12 mg daily. Patches are applied once
daily and should be replaced every 24 hours with the
new patch being applied to a different site. Dose in-
creases should be made with caution in the elderly and
patients should be closely observed for postural chang-
es in blood pressure during treatment. Dietary restric-
tions are necessary at doses of 9 mg daily and above,
see p.417. 
Other conditions in which selegiline has been tried in-
clude dementia.
◊ Some references to the actions of selegiline.
1. Youdim MBH, Finberg JPM. Pharmacological actions of l-de-

prenyl (selegiline) and other selective monoamine oxidase B in-
hibitors. Clin Pharmacol Ther 1994; 56: 725–33. 

2. Lange KW, et al. Biochemical actions of l-deprenyl (selegiline).
Clin Pharmacol Ther 1994; 56: 734–41.

Cocaine dependence. Cocaine use may affect the dopamin-
ergic modulation of CNS function; selegiline is one of several
drugs that interact with dopaminergic systems and have been
tried in treatment of cocaine abuse and dependence (p.1860). 
References.
1. Houtsmuller EJ, et al. Transdermal selegiline and intravenous

cocaine: safety and interactions. Psychopharmacology (Berl)
2004; 172: 31–40.

Dementia. The hypothesis that neurodegeneration in Alzheim-
er’s disease (p.362) might be due to free radical formation has led
to drugs such as selegiline being tried as antoxidant therapy. 
Early double-blind studies1,2 indicated that oral selegiline 10 mg
daily might produce beneficial effects in patients with Alzheim-
er’s disease but it was suggested that improvements in mood and
cognitive function may have been due to a reduction in tension
and depression.3 A 15-month study in Alzheimers’s patients with
mild cognitive impairment showed oral selegiline 10 mg daily to
have little effect,4 although the authors pointed out that those
with more severe dementia have shown more response in other
studies. The conclusion of a later study5 that oral selegiline
10 mg daily slowed progression in patients with moderate dis-
ease has been criticised6 on the grounds that any effect was only
evident after statistical adjustment to the original analysis. In ad-
dition a systematic review7 examining the effects of selegiline
concluded that there was no meaningful evidence of a beneficial
effect of oral selegiline in patients with Alzheimer’s disease.
They also considered that there was no longer any justification
for its use in patients with Alzheimer’s disease.
1. Piccinin GL, et al. Neuropsychological effects of -deprenyl in

Alzheimer’s type dementia. Clin Neuropharmacol 1990; 13:
147–63. 

2. Mangoni A, et al. Effects of a MAO-B inhibitor in the treatment
of Alzheimer disease. Eur Neurol 1991; 31: 100–107. 

3. Anonymous. Drugs for Alzheimer’s disease. Drug Ther Bull
1990; 28: 42–4. 

4. Burke WJ, et al. L-Deprenyl in the treatment of mild dementia
of the Alzheimer type: results of a 15-month trial. J Am Geriatr
Soc 1993; 41: 1219–25. 

5. Sano M, et al. A controlled trial of selegiline, alpha-tocopherol,
or both as treatment for Alzheimer’s disease. N Engl J Med 1997;
336: 1216–22. 

6. Pincus MM. Alpha-tocopherol and Alzheimer’s disease. N Engl
J Med 1997; 337: 572. 

7. Birks J, Flicker L. Selegiline for Alzheimer’s disease. Available
in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2003 (accessed 16/02/06).

Depression. Selegiline is a selective inhibitor of monoamine
oxidase type B and there are reports1-3 of it producing improve-
ment in depression (p.373). However, at the doses usually re-
quired to produce an antidepressant effect the specificity of oral
selegiline is reported to be lost and it has been suggested that the
efficacy of selegiline as an antidepressant might depend on inhi-
bition of monoamine oxidase A rather than inhibition of
monoamine oxidase B alone. Such a loss of specificity would
mean that patients taking selegiline for depression would need to
observe the dietary restrictions applicable to non-selective
MAOIs. 
To overcome the problems associated with the oral route,
transdermal selegiline has also been tried and may be more effec-
tive than placebo in the treatment of depression.4 The use of the
transdermal route allows sustained blood levels of selegiline to
be delivered without extensive inhibition of peripheral monoam-
ine oxidase A. Transdermal patches of selegiline are licensed for
the treatment of depression in the USA.
1. Mendlewicz J, Youdim MBH. L-Deprenil, a selective monoam-

ine oxidase type B inhibitor, in the treatment of depression: a
double-blind evaluation. Br J Psychiatry 1983; 142: 508–11. 

2. Mann JJ, et al. A controlled study of the antidepressant efficacy
and side-effects of (−)-deprenyl. Arch Gen Psychiatry 1989; 46:
45–50. 

3. Sunderland T, et al. High-dose selegiline in treatment-resistant
older depressive patients. Arch Gen Psychiatry 1994; 51:
607–15. 

4. Frampton JE, Plosker GL. Selegiline transdermal system: in the
treatment of major depressive disorder. Drugs 2007; 67: 257–65.

Narcoleptic syndrome. Small controlled studies1,2 have sug-
gested that oral selegiline 20 to 40 mg daily has a beneficial ef-
fect on symptoms of narcolepsy and cataplexy (p.2148); at such
a dosage a low-tyramine diet is considered necessary.
1. Hublin C, et al. Selegiline in the treatment of narcolepsy. Neu-

rology 1994; 44: 2095–2101. 
2. Mayer G, et al. Selegeline [sic] hydrochloride treatment in nar-

colepsy: a double-blind, placebo-controlled study. Clin Neurop-
harmacol 1995; 18: 306–19.

Parkinsonism. As a selective monoamine oxidase type B in-
hibitor, selegiline reduces the metabolism of dopamine and
thereby enhances its actions. It reduces levodopa’s ‘end-of-dose’
effect and has a dose-sparing effect. Some have used it as mono-
therapy in an attempt to delay the need for levodopa. If progres-
sion of Parkinson’s disease (p.791) were due to a cytotoxic effect
of free radicals, generated during the metabolism of dopamine,
on dopaminergic neurones in the substantia nigra, selegiline
might slow the process by reducing their formation. In a large
early study,1 the DATATOP study, selegiline monotherapy de-
layed the need to start levodopa in patients with early Parkinson’s
disease. These findings were corroborated by other smaller stud-
ies.2,3 There has been much debate over whether the benefit was
due to a neuroprotective or symptomatic effect. Re-analysis of
the DATATOP data by independent workers4,5 and findings of
other studies6 supported a symptomatic effect. Subsequent stud-
ies involving DATATOP patients were also consistent with a
symptomatic effect; any benefit produced by selegiline appeared
to be less pronounced as the duration of treatment increased7 and
was lost completely long term.8,9 However, a later study10

designed to minimise any symptomatic effect cast doubt on
whether the delay in progression of the signs and symptoms of
Parkinson’s disease obtained with selegiline was entirely due to
a symptomatic effect. 
Studies of the use of selegiline as an adjunct to levodopa
therapy6,11,12 indicate that selegiline permits a modest reduction
in the dosage requirements of levodopa. An interim analysis of a
study of the early addition of selegiline to levodopa has also sug-
gested that selegiline might stabilise the long-term daily levo-
dopa dosage.13 As with monotherapy, combined therapy has
been reported to slow symptom progression.14 
The use of selegiline in Parkinson’s disease has been questioned
after a UK study11 found an unexpected increase in mortality in
patients taking levodopa with selegiline compared with those
taking levodopa alone. No difference in mortality had been de-
tected at the 3-year follow-up15 but after an average follow-up
time of 5.6 years11 mortality was 60% higher in the group also
receiving selegiline. The study has been criticised on many
grounds including the fact that mortality was very high in both
arms of the study16 and has been the subject of much debate.17,18

The authors of the study11 had stated that they would advise the
study patients to withdraw selegiline therapy. Analysis of follow-
up data19 until the selegiline arm of the study was terminated (av-
erage 6.8 years) found an excess mortality of about 35%, a figure
calculated20 to be no longer significant. However, because of the
premature termination of the study such results were
considered21 to be biased. Whether any excess in mortality is
causally related to selegiline is still unclear. Some consider that
changes in prescribing practice based on this study are not
warranted.17 Others21 have made a cautious recommendation not
to start combination treatment in patients with newly diagnosed
Parkinson’s disease but consider that there is little evidence to
advise patients who have been using selegiline with levodopa for
years without problem to change their treatment. An evaluation
of mortality among patients taking antiparkinsonian drugs (using
the UK General Practice Research Database) provided evidence
against there being substantial excess mortality associated with
the use of selegiline.22 These results are supported by a system-
atic review23 and meta-analyses24,25 of randomised, double-blind
studies which found no increase in mortality associated with se-
legiline treatment regardless of concurrent levodopa. Further-
more, increased mortality was not seen in patients in the original
DATATOP trial1 after an average follow-up time of 8.2 years.
However, it was noted that the delay of disability observed in the
early phase of selegiline therapy1,7 was not associated with long-
er life during follow-up.26 A recent systematic review23 has also
found no convincing evidence that selective monoamine oxidase
type B inhibitors (selegiline and lazabemide) significantly delay
disease progression in early Parkinson’s disease and routine use
is not recommended.
1. The Parkinson Study Group. Effect of deprenyl on the progres-

sion of disability in early Parkinson’s disease. N Engl J Med
1989; 321: 1364–71. 

2. Tetrud JW, Langston JW. The effect of deprenyl (selegiline) on
the natural history of Parkinson’s disease. Science 1989; 245:
519–22. 

3. Allain H, et al. Selegiline in de novo parkinsonian patients: the
French selegiline multicenter trial (FSMT). Acta Neurol Scand
1991; 84 (suppl 136): 73–8. 

4. Schulzer M, et al. The antiparkinson efficacy of deprenyl de-
rives from transient improvement that is likely to be symptomat-
ic. Ann Neurol 1992; 32: 795–8. 
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5. Ward CD. Does selegiline delay progression of Parkinson’s dis-
ease? A critical re-evaluation of the DATATOP study. J Neurol
Neurosurg Psychiatry 1994; 57: 217–20. 

6. Brannan T, Yahr MD. Comparative study of selegiline plus -
dopa–carbidopa versus -dopa–carbidopa alone in the treatment
of Parkinson’s disease. Ann Neurol 1995; 37: 95–8. 

7. The Parkinson Study Group. Effects of tocopherol and deprenyl
on the progression of disability in early Parkinson’s disease. N
Engl J Med 1993; 328: 176–83. 

8. Parkinson Study Group. Impact of deprenyl and tocopherol
treatment on Parkinson’s disease in DATATOP subjects not re-
quiring levodopa. Ann Neurol 1996; 39: 29–36. 

9. Parkinson Study Group. Impact of deprenyl and tocopherol
treatment on Parkinson’s disease in DATATOP patients requir-
ing levodopa. Ann Neurol 1996; 39: 37–45. 

10. Olanow CW, et al. The effect of deprenyl and levodopa on the
progression of Parkinson’s disease. Ann Neurol 1996; 38:
771–7. 

11. Parkinson’s Disease Research Group of the United Kingdom.
Comparison of therapeutic effects and mortality data of levo-
dopa and levodopa combined with selegiline in patients with
early, mild Parkinson’s disease. BMJ 1995; 311: 1602–7. 

12. Myllylä VV, et al. Early selegiline therapy reduces levodopa
dose requirement in Parkinson’s disease. Acta Neurol Scand
1995; 91: 177–82. 

13. Larsen JP, Boas J. Norwegian-Danish Study Group. The effects
of early selegiline therapy on long-term treatment and parkinso-
nian disability: an interim analysis of a Norwegian-Danish 5-
year study. Mov Disord 1997; 12: 175–82. 

14. Pålhagen S, et al. Selegiline slows the progression of the symp-
toms of Parkinson disease. Neurology 2006; 66: 1200–6. 

15. Parkinson’s Disease Research Group in the United Kingdom.
Comparisons of the therapeutic effects of levodopa, levodopa
and selegiline, and bromocriptine in patients with early, mild
Parkinson’s disease: three year interim report. BMJ 1993; 307:
467–72. 

16. Olanow CW, et al. Patients taking selegiline may have received
more levodopa than necessary. BMJ 1996; 312: 702–3. 

17. Ahlskog JE. Treatment of early Parkinson’s disease: are compli-
cated strategies justified? Mayo Clin Proc 1996; 71: 659–70. 

18. Mizuno Y, Kondo T. Mortality associated with selegiline in Par-
kinson’s disease: what do the available data mean? Drug Safety
1997; 16: 289–94. 

19. Ben-Shlomo Y, et al. Investigation by Parkinson’s Disease Re-
search Group of United Kingdom into excess mortality seen
with combined levodopa and selegiline treatment in patients
with early, mild Parkinson’s disease: further results of ran-
domised trial and confidential inquiry. BMJ 1998; 316: 1191–6. 

20. Abrams KR. Monitoring randomised controlled trials. BMJ
1998; 316: 1183–4. 

21. Breteler MMB. Selegiline, or the problem of early termination
of clinical trials. BMJ 1998; 316: 1182–3. 

22. Thorogood M, et al. Mortality in people taking selegiline: ob-
servational study. BMJ 1998; 317: 252–4. 

23. Macleod AD, et al. Monoamine oxidase B inhibitors for early
Parkinson’s disease. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2005 (ac-
cessed 16/02/06). 

24. Olanow CW, et al. Effect of selegiline on mortality in patients
with Parkinson’s disease: a meta-analysis. Neurology 1998; 51:
825–30. 

25. Ives NJ, et al. Monoamine oxidase type B inhibitors in early
Parkinson’s disease: meta-analysis of 17 randomised trials in-
volving 3525 patients. BMJ 2004; 329: 593–6. 

26. The Parkinson Study Group. Mortality in DATATOP: A multi-
center trial in early Parkinson’s disease. Ann Neurol 1998; 43:
318–25.

Smoking cessation. Selegiline has been investigated as an aid
to smoking cessation (p.2354). 
References.
1. George TP, et al. A preliminary placebo-controlled trial of sele-

giline hydrochloride for smoking cessation. Biol Psychiatry
2003; 53: 136–43. 

2. Biberman R, et al. A randomized controlled trial of oral sele-
giline plus nicotine skin patch compared with placebo plus nico-
tine skin patch for smoking cessation. Addiction 2003; 98:
1403–7.

Preparations
BP 2008: Selegiline Oral Solution; Selegiline Tablets; 
USP 31: Selegiline Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Brintenal; Jumex; Kinabide†; Zelapar ; Austral.: Eldepryl; Selgene;
Austria: Amboneural; Cognitiv; Jumex; Regepar; Xilopar; Belg.: Eldepryl;
Braz.: Deprilan; Elepril; Jumexil; Niar; Parkexin; Canad.: Eldepryl†; Chile:
Selgina; Cz.: Apo-Seleg; Cognitiv; Jumex; Niar ; Segalin†; Sepatrem†;
Denm.: Eldepryl; Fin.: Eldepryl; Fr.: Deprenyl; Otrasel; Ger.: Amindan†;
Antiparkin; Jutagilin; MAOtil†; Movergan; Selegam†; Selemerck; Selepark;
Selgimed; Xilopar; Gr.: Cosmopril; Ermolax; Feliselin; Krautin; Legil; Procy-
thol; Resostyl; Hong Kong: Julab; Jumex; Sefmex; Selegos; Hung.: Cognitiv;
Jumex; Primulex†; India: Selerin; Selgin; Indon.: Jumex; Irl.: Eldepryl; Isra-
el: Jumex; Ital.: Egibren; Jumex; Selecom; Seledat; Xilopar; Jpn: FP Tab;
Malaysia: Ginex†; Jumex; Sefmex; Selegos†; Mex.: Niar; Neth.: Eldepryl;
Norw.: Eldepryl; NZ: Eldepryl; Selgene†; Philipp.: Jumex; Pol.: Apo-Selin;
Jumex; Parkinil†; Segan; Selerin; Selgin; Selgres; Port.: Jumex; Niponeurin;
Xilopar ; Rus.: Cognitiv (Когнитив); Segan (Сеган); Selegos (Селегос);
S.Afr.: Eldepryl; Parkilyne; Singapore: Jumex; Selegos; Spain: Plurimen;
Swed.: Eldepryl; Switz.: Jumexal; Selecim†; Thai.: Elegelin†; Julab; Jumex;
Kinline†; Sefmex; Seline†; Turk.: Moverdin; Seldepar; UK: Eldepryl; Zela-
par; USA: Atapryl; Carbex; Eldepryl; Emsam; Zelapar; Venez.: Jumex.

Talipexole Hydrochloride (rINNM)

Alefexole Hydrochloride; B-HT-920; Hidrocloruro de talipexol;
Talipexole, Chlorhydrate de; Talipexoli Hydrochloridum. 6-Allyl-
2-amino-5,6,7,8-tetrahydro-4H-thiazolo[4,5-d]azepine dihydro-
chloride.
Талипексола Гидрохлорид
C10H15N3S,2HCl = 282.2.
CAS — 101626-70-4 (talipexole); 36085-73-1 (talipex-
ole hydrochloride).

(talipexole)

Profile
Talipexole hydrochloride is a dopamine D2-agonist that is used
in the management of parkinsonism (p.791) in usual oral doses
of 1.2 to 3.6 mg daily, in divided doses. It has also been investi-
gated in the treatment of schizophrenia.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Domin.

Terguride (rINN)

Tergurida; Terguridum. 1,1-Diethyl-3-(6-methylergolin-8α-yl)
urea.
Тергурид
C20H28N4O = 340.5.
CAS — 37686-84-3.

Profile
Terguride, an ergot derivative, is a partial dopamine agonist with
general properties similar to those of bromocriptine (p.798). It is
used in the treatment of disorders related to hyperprolactinaemia
(p.2079) in a usual oral dose of 500 micrograms twice daily. It is
also being investigated in the management of parkinsonism.
◊ References.
1. Krause W, et al. Pharmacokinetics and endocrine effects of

terguride in healthy subjects. Eur J Clin Pharmacol 1990; 38:
609–15. 

2. Baronti F, et al. Partial dopamine agonist therapy of levodopa-
induced dyskinesias. Neurology 1992; 42: 1241–3.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Mysalfon†; Jpn: Teluron.

Tolcapone (BAN, USAN, rINN)

Ro-40-7592; Tolcapona; Tolcaponum; Tolkapon; Tolkaponi. 3,4-
Dihydroxy-4′-methyl-5-nitrobenzophenone; 3,4-Dihydroxy-5-
nitrophenyl(4-methylphenyl)methanone.
Толкапон
C14H11NO5 = 273.2.
CAS — 134308-13-7.
ATC — N04BX01.
ATC Vet — QN04BX01.

Pharmacopoeias. In US. 
USP 31 (Tolcapone). A yellow, fine powder or fine powder with
lumps. Insoluble in water and in n-hexane; Freely soluble in
acetone and in tetrahydrofuran; sparingly soluble in chloroform

and in dichloromethane; soluble in methyl alcohol and in ethyl
acetate. Store in airtight containers at a temperature between 20°
and 25°. Protect from light.
Adverse Effects
The most common adverse effects associated with tolcapone are
diarrhoea, nausea, vomiting, constipation, abdominal pain, dry
mouth, anorexia, dyskinesia, dystonia, dizziness, orthostatic hy-
potension, hallucinations, confusion, excessive dreaming, som-
nolence, headache, increased sweating, and sleep disorders. Di-
arrhoea may be severe enough for treatment to be stopped.
Increases in liver enzyme values have occurred and hepatitis and
hepatic failure, sometimes fatal, have been reported. Isolated
cases of neuroleptic malignant syndrome have also been report-
ed following dose reduction or stopping tolcapone; rhabdomyol-
ysis may develop as a complication of the syndrome. Tolcapone
and its metabolites can produce a yellow intensification in the
colour of urine.
Effects on the liver. The UK CSM had noted1 that, after a
report2 in September 1998 of fatal acute hepatic failure associat-
ed with tolcapone, the European Committee for Proprietary
Medicinal Products (CPMP) had reviewed all reports of hepatic
injury with tolcapone. There had been 10 reports of serious
hepatic adverse reactions since tolcapone was marketed in
October 1997, which included 7 reports of hepatitis, 3 of which
had a fatal outcome. Serious hepatic reactions occurred
unpredictably and their development was not always predicted
by liver function monitoring. Consequently, in the EU, the
marketing authorisation for tolcapone was suspended in
November 1998. This suspension was lifted in April 2004 by the
CPMP after further review. 
In some countries such as the USA, tolcapone has always re-
mained available albeit with restricted indications and strict
monitoring requirements (see Precautions, below). Up to 2003,
there had been no further reports of fatal hepatic failure follow-
ing the introduction of these measures although the number of
patients eligible to receive the drug has been reduced.3
1. CSM/MCA. Withdrawal of tolcapone (Tasmar). Current Prob-

lems 1999; 25: 2. Available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2023233&
RevisionSelectionMethod=LatestReleased (accessed 11/08/08) 

2. Assal F, et al. Tolcapone and fulminant hepatitis. Lancet 1998;
352: 958. 

3. Borges N. Tolcapone-related liver dysfunction: implications for
use in Parkinson’s disease therapy. Drug Safety 2003; 26: 743–7.

Effects on the skin. For reference to the development of vitil-
igo in a patient following addition of tolcapone to levodopa/car-
bidopa treatment, see under Levodopa, p.806.
Precautions
Tolcapone should not be given to patients with hepatic impair-
ment or raised liver enzyme values. Liver enzymes should be
monitored: 
• when starting treatment with tolcapone or on increasing the

dose to 200 mg three times daily 
• every 2 weeks during the first year of therapy 
• every 4 weeks for a further 6 months 
• every 8 weeks thereafter 
Tolcapone should be stopped if liver enzyme levels exceed the
upper limit of normal or if signs or symptoms suggestive of the
onset of hepatic failure occur. Patients who have developed evi-
dence of hepatic injury while receiving tolcapone should not be
given the drug again. 
Tolcapone should be used with caution in patients with severe
renal impairment. 
It is contra-indicated in patients with severe dyskinesia or with a
history of neuroleptic malignant syndrome (NMS). It is also con-
tra-indicated in patients with a history of nontraumatic rhab-
domyolysis or symptoms of hyperpyrexia and confusion possi-
bly related to NMS. Patients with phaeochromocytoma should
not be given tolcapone. 
Use with levodopa may cause dizziness and orthostatic hypoten-
sion; if affected patients should not drive or operate machinery.
Excessive daytime sleepiness and sudden onset of sleep may also
occur with combination use (see Effects on Mental Function, un-
der Adverse Effects of Levodopa, p.805) and again, caution is
advised when driving or operating machinery; patients who suf-
fer such effects should not drive or operate machinery until the
effects have stopped recurring. 
Abrupt withdrawal or dose reduction of tolcapone should be
monitored carefully because of the risk of developing symptoms
resembling NMS.
The elderly. Confusion occurred in 3 elderly patients with se-
vere Parkinson’s disease after the addition of tolcapone to their
antiparkinsonian therapy.1 It was suggested that a starting dose of
tolcapone 100 mg daily might be more suitable in frail patients
with severe disease. It was noted2 that a reduction in levodopa
dosage is generally recommended when tolcapone is given to pa-
tients such as these, who were receiving 500 to 600 mg of levo-
dopa daily.
1. Henry C, Wilson JA. Catechol-O-methyltransferase inhibitors in

Parkinson’s disease. Lancet 1998; 351: 1965–6. 
2. Harper J, Vieira B. Catechol-O-methyltransferase inhibitors in

Parkinson’s disease. Lancet 1998; 352: 578.
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Genetic polymorphism. Two patients who developed elevat-
ed liver enzyme values while receiving tolcapone, one of whom
also had hepatic dysfunction while receiving entacapone, were
found to be poor metabolisers with regard to UDP-glucuronosyl-
transferase activity.1 Such patients may be predisposed to
COMT-inhibitor induced hepatotoxicity.
1. Martignoni E, et al. Two patients with COMT inhibitor-induced

hepatic dysfunction and UGT1A9 genetic polymorphism. Neu-
rology 2005; 65: 1820–2.

Interactions
Tolcapone may influence the pharmacokinetics of drugs metab-
olised by catechol-O-methyltransferase; a dose reduction of such
drugs should be considered when given with tolcapone. In-
creased concentrations of benserazide and its active metabolite
have been reported when given with tolcapone. Licensed product
information advises that non-selective MAOIs should not be
used with tolcapone.

Pharmacokinetics
Tolcapone is rapidly absorbed from the gastrointestinal tract and
maximum plasma concentrations have been obtained within 2
hours of an oral dose; food delays and decreases the absorption.
Absolute bioavailability is reported to be about 65%. Tolcapone
is more than 99% bound to plasma proteins (mainly albumin)
and is not widely distributed into body tissues. It is extensively
metabolised, mainly by conjugation to the inactive glucuronide,
but methylation by catechol-O-methyltransferase to 3-O-meth-
yltolcapone and metabolism by cytochrome P450 isoenzymes
CYP3A4 and CYP2A6 also occurs. About 60% of a dose is ex-
creted in the urine with the remainder appearing in the faeces.
The elimination half-life has been reported to be about 2 to 3
hours. The clearance of unbound tolcapone may be reduced by
50% in patients with moderate cirrhotic liver disorders.

◊ References.
1. Dingemanse J, et al. Integrated pharmacokinetics and pharmaco-

dynamics of the novel catechol-O-methyltransferase inhibitor
tolcapone during first administration to humans. Clin Pharmacol
Ther 1995; 57: 508–17. 

2. Jorga KM, et al. Effect of liver impairment on the pharmacoki-
netics of tolcapone and its metabolites. Clin Pharmacol Ther
1998; 63: 646–54. 

3. Jorga K, et al. Metabolism and excretion of tolcapone, a novel
inhibitor of catechol-O-methyltransferase. Br J Clin Pharmacol
1999; 48: 513–20. 

4. Jorga K, et al. Population pharmacokinetics of tolcapone in par-
kinsonian patients in dose finding studies. Br J Clin Pharmacol
2000; 49: 39–48.

Uses and Administration
Tolcapone is a peripheral inhibitor of catechol-O-methyltrans-
ferase (COMT), an enzyme involved in the metabolism of
dopamine and levodopa. It is used as an adjunct to levodopa and
dopa-decarboxylase inhibitor combinations in the management
of Parkinson’s disease for patients who cannot be stabilised on
these levodopa combinations or for those who experience ‘end-
of-dose’ deterioration. Because of the risk of serious hepatotox-
icity (see Effects on the Liver, above) the FDA in the USA re-
stricted its use to when other adjunctive therapy was ineffective
or contra-indicated. In the EU, tolcapone was withdrawn from
the market in November 1998 and subsequently returned in
2004, its use being similarly restricted to patients who fail to re-
spond to, or are intolerant of, other COMT inhibitors. 
The usual recommended dosage of tolcapone is 100 mg given
orally three times daily; up to a maximum of 200 mg three times
daily may be considered if the clinical benefit justifies the in-
creased risk of hepatotoxicity. The first dose of the day should be
taken at the same time as the combined levodopa preparation.
Most patients already taking more than 600 mg of levodopa dai-
ly will require a reduction in their dosage of levodopa; patients
on lower levodopa doses may also require a dose reduction. 
Tolcapone should be withdrawn if a substantial clinical benefit is
not obtained within the first 3 weeks of treatment. An adjustment
in the levodopa dose may be necessary following tolcapone
withdrawal.

Parkinsonism. Tolcapone is a reversible peripheral inhibitor of
catechol-O-methyltransferase (COMT), an enzyme involved in
the metabolism of levodopa and dopamine.1 It appears to differ
from entacapone (p.804) by being a more potent COMT inhibi-
tor in the periphery and by penetrating into the brain (although
the significance of any central effects of COMT inhibition are
not known).1 When given to patients with Parkinson’s disease
(p.791) and levodopa-related fluctuations in disability or ‘end-
of-dose’ effects, it has prolonged the clinical benefit obtained
with levodopa and allowed the total daily dosage of levodopa to
be reduced.2,3 Benefit has also been reported4 when added to lev-
odopa therapy in patients with stable Parkinson’s disease. How-
ever, a systematic review5 concluded that there were insufficient
data to demonstrate any significant difference in efficacy be-
tween tolcapone and bromocriptine or pergolide in the adjunc-
tive treatment of levodopa-induced motor complications. 
The use of tolcapone is restricted in some countries because of
the risk of serious hepatotoxicity (see Effects on the Liver,
above).
1. Nutt JG. Catechol-O-methyltransferase inhibitors for treatment

of Parkinson’s disease. Lancet 1998; 351: 1221–2. 

2. Kurth MC, et al. Tolcapone improves motor function and reduc-
es levodopa requirement in patients with Parkinson’s disease ex-
periencing motor fluctuations: a multicenter, double-blind, rand-
omized, placebo-controlled trial. Neurology 1997; 48: 81–7. 

3. Rajput AH, et al. Tolcapone improves motor function in parkin-
sonian patients with the “wearing-off” phenomenon: a double-
blind placebo-controlled, multicenter trial. Neurology 1997; 49:
1066–71. 

4. Waters CH, et al. Tolcapone Stable Study Group. Tolcapone in
stable Parkinson’s disease: efficacy and safety of long-term
treatment. Neurology 1997; 49: 665–71. 

5. Deane KHO, et al. Catechol-O-methyltransferase inhibitors ver-
sus active comparators for levodopa-induced complications in
Parkinson’s disease. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2004 (ac-
cessed 16/02/06).

Preparations
USP 31: Tolcapone Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Tasmar; Austria: Tasmar; Belg.: Tasmar; Braz.: Tasmar; Chile: Tas-
mar; Cz.: Tasmar; Denm.: Tasmar; Fin.: Tasmar; Fr.: Tasmar; Ger.: Tasmar;
Gr.: Tasmar; Hong Kong: Tasmar†; Hung.: Tasmar; Irl.: Tasmar; Ital.: Tas-
mar; Mex.: Tasmar; Neth.: Tasmar; NZ: Tasmar; Philipp.: Tasmar; Pol.:
Tasmar; Port.: Tasmar; Rus.: Tasmar (Тасмар); S.Afr.: Tasmar; Spain: Tas-
mar; Swed.: Tasmar; Switz.: Tasmar; UK: Tasmar; USA: Tasmar.

Trihexyphenidyl Hydrochloride 

(BANM, rINNM)

Benzhexol Hydrochloride; Cloridrato de Triexilfenidila; Cy-
clodolum; Hidrocloruro de trihexifenidilo; Triheksifenidilio hidro-
chloridas; Triheksyfenidylu chlorowodorek; Triheksyfenidyylihy-
drokloridi; Trihexifenidilhidroklorid; Trihexyfenidyl-hydrochlorid;
Trihexyfenidylhydroklorid; Trihexyphénidyle, chlorhydrate de;
Trihexyphénidyle, Chlorhydrate de; Trihexyphenidyli hydrochlo-
ridum; Trihexyphenidylium Chloratum. 1-Cyclohexyl-1-phenyl-
3-piperidinopropan-1-ol hydrochloride.
Тригексифенидила Гидрохлорид
C20H31NO,HCl = 337.9.
CAS — 144-11-6 (tr ihexyphenidyl); 52-49-3 (tr ihexyphe-
nidyl hydrochloride).
ATC — N04AA01.
ATC Vet — QN04AA01.

(tr ihexyphenidyl)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of trihexyphenidyl: 
Artanes.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Trihexyphenidyl Hydrochloride). A white or almost
white, crystalline powder. Slightly soluble in water; sparingly
soluble in alcohol and in dichloromethane. A 1% solution in wa-
ter has a pH of 5.2 to 6.2. 
USP 31 (Trihexyphenidyl Hydrochloride). A white or slightly
off-white, crystalline powder, having not more than a very faint
odour. Slightly soluble in water; soluble in alcohol and in chloro-
form. Store in airtight containers.

Adverse Effects, Treatment and Precautions
As for Atropine Sulfate, p.1219. In some patients, such
as those with arteriosclerosis or a history of drug idio-
syncrasy, trihexyphenidyl may produce mental distur-
bances, excitement, or nausea and vomiting; such pa-
tients should be allowed to develop a tolerance by
starting with a small initial dose and gradually increas-
ing it until an effective level is reached. If a severe re-
action occurs, trihexyphenidyl should be stopped for a
few days and resumed at a lower dose. Trihexypheni-
dyl may provoke or exacerbate tardive dyskinesia.
Abuse. Trihexyphenidyl hydrochloride has been abused for its
euphoric effect1 especially by psychiatric patients.2 Its abuse po-
tential in schizophrenic patients has been questioned3 and its
unpleasant antimuscarinic effects tend to limit its repeated use,4
but a small survey among psychiatric patients found that trihex-
yphenidyl was reported to be the antimuscarinic most frequently
abused;5 procyclidine, benzatropine, and orphenadrine (in de-
creasing order of frequency) were also misused. A later analysis
of health insurance data from one region of France6 examined
prescriptions for trihexyphenidyl in 3028 subjects, most of
whom were also receiving antipsychotics, and concluded that
there was evidence of an abnormal pattern of use in about 2%.

Patients in this subgroup were mostly young, male, and also re-
ceiving benzodiazepines or high doses of buprenorphine.
1. Crawshaw JA, Mullen PE. A study of benzhexol abuse. Br J Psy-

chiatry 1984; 145: 300–3. 
2. Pullen GP, et al. Anticholinergic drug abuse: a common prob-

lem? BMJ 1984; 289: 612–13. 
3. Goff DC, et al. A placebo-controlled trial of trihexyphenidyl in

unmedicated patients with schizophrenia. Am J Psychiatry 1994;
151: 429–31. 

4. WHO. WHO expert committee on drug dependence: twenty-
ninth report. WHO Tech Rep Ser 856 1995. 

5. Buhrich N, et al. Misuse of anticholinergic drugs by people with
serious mental illness. Psychiatr Serv 2000; 51: 928–9. 

6. Frauger E, et al. Détournement d’usage du trihexyphénidyle (Ar-
tane , Parkinane ): tendances récentes. Therapie 2003; 58:
541–7.

Effects on the heart. Paradoxical sinus bradycardia devel-
oped in a schizophrenic patient after receiving trihexyphenidyl
for extrapyramidal effects due to antipsychotic medication.1
Normal sinus rhythm was restored after trihexyphenidyl was
stopped. The patient had previously received trihexyphenidyl
and suffered bradycardia which at the time was attributed to ha-
loperidol.
1. Blumensohn R, et al. Bradycardia due to trihexyphenidyl hydro-

chloride. Drug Intell Clin Pharm 1986; 20: 786–7.

Effects on mental function. Trihexyphenidyl 2 mg by mouth
significantly impaired memory function compared with placebo
in a study in 13 elderly patients.1 Impairment of memory has also
been observed in patients with Parkinson’s disease given an-
timuscarinics such as trihexyphenidyl.2 However, impairment
may be reversible on stopping the antimuscarinic (see Atropine,
p.1220).
1. Potamianos G, Kellett JM. Anti-cholinergic drugs and memory:

the effects of benzhexol on memory in a group of geriatric pa-
tients. Br J Psychiatry 1982; 140: 470–2. 

2. Sadeh M, et al. Effects of anticholinergic drugs on memory in
Parkinson’s disease. Arch Neurol 1982; 39: 666–7.

Overdosage. A 34-year-old woman developed a toxic reaction
with widely dilated pupils, dry skin, and visual hallucinations
within 24 hours of taking about 300 mg of trihexyphenidyl hy-
drochloride with suicidal intent.1 After 3 to 4 days the hallucina-
tions were replaced by illusions; complete recovery occurred af-
ter a week, with no special treatment. Death associated with
moderate blood concentrations of trihexyphenidyl
(0.12 micrograms/mL) has been reported2 in a schizophrenic pa-
tient recovering from a respiratory infection. It was thought pos-
sible that he had increased his dose to counteract developing tar-
dive dyskinesia, and that the toxic effects had been exacerbated
by respiratory inflammation; there was no evidence of suicidal
intent.
1. Ananth JV, et al. Toxic psychosis induced by benzhexol hydro-

chloride. Can Med Assoc J 1970; 103: 771. 
2. Gall JAM, et al. Death due to benzhexol toxicity. Forensic Sci

Int 1995; 71: 9–14.

Withdrawal. A 61-year-old woman who had taken trihexyphe-
nidyl 6 mg daily for a year for Parkinson’s disease developed en-
cephalopathy and miosis on two occasions when treatment was
abruptly withdrawn.1 Slowly tapered withdrawal avoided these
effects.
1. Johkura K, et al. Trihexyphenidyl withdrawal encephalopathy.

Ann Neurol 1997; 41: 133–4.

Interactions
As for antimuscarinics in general (see Atropine Sul-
fate, p.1220).
Chlorpromazine. For the effect of trihexyphenidyl on plasma
concentrations of chlorpromazine, see Antiparkinsonian Drugs,
p.974.

Pharmacokinetics
Trihexyphenidyl hydrochloride is well absorbed from
the gastrointestinal tract and has been stated to exert an
effect within 1 hour of an oral dose.
Half-life. The reported half-life of trihexyphenidyl has varied
according to the assay method used. Values reported when using
radioreceptor and chromatographic techniques have ranged from
about 1 to more than 24 hours1 and from 10 to 29 hours,2 respec-
tively, but the sensitivity and specificity of these methods have
been criticised.3 With a more recently developed radio immu-
noassay it was found that after oral doses there was an initial
elimination phase with an estimated half-life of 5.33 hours fol-
lowed by a terminal elimination phase with an estimated half-life
of 32.7 hours.
1. Burke RE, Fahn S. Pharmacokinetics of trihexyphenidyl after

short-term and long-term administration to dystonic patients.
Ann Neurol 1985; 18: 35–40. 

2. Garbarg S, et al. Comparaison pharmacoclinique de deux formes
galéniques de trihexyphénidyle. Encephale 1983; IX: 167–74. 

3. He H, et al. Development and application of a specific and sen-
sitive radioimmunoassay for trihexyphenidyl to a pharmacoki-
netic study in humans. J Pharm Sci 1995; 84: 561–7.

Uses and Administration
Trihexyphenidyl hydrochloride is a tertiary amine an-
timuscarinic with actions similar to those of atropine
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

(p.1220). It also has a direct antispasmodic action on
smooth muscle. 
Trihexyphenidyl hydrochloride is given orally in the
symptomatic treatment of parkinsonism (p.791), in-
cluding the alleviation of the extrapyramidal syndrome
induced by drugs such as phenothiazines, but, like oth-
er antimuscarinics, is of no value against tardive dysk-
inesias. It has been used in the treatment of dystonias,
but see Extrapyramidal Disorders, below. Trihexyphe-
nidyl hydrochloride is given in 3 or 4 divided doses
daily before or with food. 
In Parkinson’s disease the usual initial dose of 1 mg
daily is gradually increased at intervals of 3 to 5 days
by increments of 2 mg to 6 to 10 mg daily according to
response; for advanced cases, 12 to 15 mg daily or
even more (up to 20 mg daily) may be needed. As a
rule, postencephalitic patients tolerate and require the
larger doses. 
Usual doses for drug-induced extrapyramidal
symptoms lie within the range of 5 to 15 mg daily, al-
though as little as 1 mg daily may be sufficient in some
cases. 
Since the elderly and arteriosclerotic patients are more
susceptible to the adverse effects of antimuscarinics a
dose at the lower end of the range is usually recom-
mended. 
Antimuscarinic treatment of parkinsonism should
never be terminated suddenly and it is usual when
changing from one drug to another to withdraw one in
small amounts while gradually increasing the dose of
the other. 
Trihexyphenidyl hydrochloride may be given with oth-
er drugs used for the relief of parkinsonism, such as

levodopa, but the dose of each drug may need to be
reduced. Trihexyphenidyl hydrochloride 3 to 6 mg dai-
ly is usually adequate.

Extrapyramidal disorders. Antimuscarinics such as trihexy-
phenidyl are used in the management of dystonias (p.809) al-
though only about half of all children and adolescents, and fewer
adults (who tolerate antimuscarinics less well) show any re-
sponse. Adverse effects may be limited by starting with a low
dose: one suggested regimen1 starts with trihexyphenidyl 1 mg
daily and rises up to 12 mg daily over the next 4 to 6 weeks; some
patients may require up to 60 to 100 mg daily. The BNFC sug-
gests that children aged 1 month to 18 years may be given oral
doses of 1 to 2 mg daily in 1 or 2 divided doses, adjusted accord-
ing to response.

1. Jankovic J. Dystonia: medical therapy and botulinum toxin. Adv
Neurol 2004; 94: 275–86.

Preparations

BP 2008: Trihexyphenidyl Tablets; 
USP 31: Trihexyphenidyl Hydrochloride Elixir ; Trihexyphenidyl Hydrochlo-
ride Extended-release Capsules; Trihexyphenidyl Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Artane; Austral.: Artane; Austria: Artane; Belg.: Artane; Braz.: Ar-
tane; Triexidyl; Canad.: Apo-Trihex; Chile: Artane†; Tenvatil; Tonaril;
Denm.: Peragit; Fr.: Artane; Parkinane; Ger.: Artane; Parkopan; Gr.: Ar-
tane; Hong Kong: Apo-Trihex; Artandyl; Artane; India: Pacitane; Parnon;
Indon.: Arkine; Artane; Hexymer; Irl.: Artane†; Israel: Artane†; Partane;
Rodenal; Ital.: Artane; Malaysia: Aca; Apo-Trihex; Uphazhexol†; Mex.:
Artane†; Hipokinon; Kexidil; Neth.: Artane; Pol.: Parkopan; Port.: Artane;
S.Afr.: Artane; Singapore: Apo-Trihex; Beahexol; Spain: Artane; Swed.:
Pargitan; Thai.: Aca; Acamed; Artane†; Pozhexol; Tridyl; UK: Broflex; USA:
Trihexy.

Multi-ingredient: Ger.: Spasman†; India: Sycot; Trinicalm Forte; Trini-
calm Plus; Spain: Largatrex†.

Tropatepine Hydrochloride (rINNM)

Hidrocloruro de tropatepina; SD-1248-17; Tropatépine, Chlo-
rhydrate de; Tropatepini Hydrochloridum. 3-(Dibenzo[b,e]thie-
pin-11(6H)-ylidene)tropane hydrochloride.
Тропатепина Гидрохлорид
C22H23NS,HCl = 370.0.
CAS — 27574-24-9 (tropatepine); 27574-25-0
(tropatepine hydrochlor ide).
ATC — N04AA12.
ATC Vet — QN04AA12.

(tropatepine)

Profile
Tropatepine hydrochloride is an antimuscarinic with actions and
uses similar to those of trihexyphenidyl (p.820). It is used in the
management of parkinsonism (p.791), including the alleviation
of the extrapyramidal syndrome induced by drugs such as phe-
nothiazines, but, like other antimuscarinics, is of no value in tar-
dive dyskinesias. Tropatepine hydrochloride is given orally in
usual doses of 10 to 30 mg daily; it is also given intramuscularly
or by slow intravenous injection in doses of 10 to 20 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Lepticur.
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Amoebic infections, p.822 
Acanthamoeba infections, p.822 

Acanthamoeba keratitis, p.822 
Disseminated acanthamoeba infection, p.822 

Amoebiasis, p.822 
Naegleria infections, p.822 

Primary amoebic meningoencephalitis, p.822 
Babesiosis, p.823 
Balantidiasis, p.823 
Blastocystis hominis infection, p.823 
Coccidiosis, p.823 
Cryptosporidiosis, p.823 
Cyclosporiasis, p.824 
Gastro-enteritis, p.824 
Giardiasis, p.824 
Infections in immunocompromised patients, p.824 
Isosporiasis, p.824 
Leishmaniasis, p.824 
Malaria, p.826 
Microsporidiosis, p.826 
Pneumocystis pneumonia, p.826 
Toxoplasmosis, p.826 
Trichomoniasis, p.827 
African trypanosomiasis, p.827 
American trypanosomiasis, p.827

The drugs described in this chapter are those used
mainly in the treatment of parasitic protozoal infec-
tions. In addition to their use as antiprotozoals, metro-
nidazole and related nitroimidazole derivatives are also
important in the treatment of anaerobic bacterial infec-
tions. Some veterinary antiprotozoal drugs are includ-
ed. Drugs used in the treatment of malaria are de-
scribed in the Antimalarials chapter; some of these are
also used in other protozoal infections. 
The principal antiprotozoal drugs are listed in Table 1,
below.

Choice of Antiprotozoal
Protozoal infections occur throughout the world and
are a major cause of morbidity and mortality in some
regions. The choice of treatment for the principal pro-
tozoal diseases in humans is discussed below.

Amoebic infections
The most common amoebic infection of man is amoebia-
sis caused by infection with the protozoan parasite Enta-
moeba histolytica and related species. Free-living amoe-
bae can also cause disease in man, though these infections
are rare. Infection with Naegleria fowleri results in prima-
ry amoebic meningoencephalitis, while infection with
Acanthamoeba species or leptomyxid amoebae leads to
granulomatous amoebic encephalitis. Acanthamoeba is
also a cause of keratitis.

Acanthamoeba infections. ACANTHAMOEBA KERA-
TITIS. Acanthamoeba keratitis is usually associated with
the wearing of soft contact lenses. It is treated by
prompt topical antiamoebic therapy,1-4 although an op-
timum regimen has yet to be determined. Surgery may
be needed in severe cases. Propamidine isetionate ap-
plied topically was the first drug used with some suc-
cess.5,6 It was used with an aminoglycoside such as

neomycin or a neomycin-polymyxin-gramicidin prepa-
ration and a cure was achieved in about 50% of cases.
Due to surface toxicity and poor in-vitro sensitivity of
neomycin, propamidine was later used with a biguanide
such as chlorhexidine or polihexanide. However, poor
cysticidal activity, chronic conjunctival infection, and
resistance to some strains of Acanthamoeba to propa-
midine has prompted the suggestion that it should be
replaced by another diamidine such as hexamidine.
Systemic itraconazole or ketoconazole with topical mi-
conazole have also been tried with some success. Clot-
rimazole has also been used successfully. Biguanides
may also be used alone,4 and are particularly effective
in early infection. 
Acanthamoeba keratitis in contact lens wearers should be
preventable by good lens hygiene (see Contact Lens Care,
p.1622).
1. Illingworth CD, et al. Acanthamoeba keratitis: risk factors and

outcome. Br J Ophthalmol 1995; 79: 1078–82. 
2. Elder MJ, Dart JKG. Chemotherapy for acanthamoeba keratitis.

Lancet 1995; 345: 791–2. 
3. Lindquist TD. Treatment of Acanthamoeba keratitis. Cornea

1998; 17: 11–16. 
4. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
5. Murdoch D, et al. Acanthamoeba keratitis in New Zealand, in-

cluding two cases with in vivo resistance to polyhexamethylene
biguanide. Aust N Z J Ophthalmol 1998; 26: 231–6. 

6. Seal DV. Acanthamoeba keratitis update—incidence, molecular
epidemiology and new drugs for treatment. Eye 2003; 17:
893–905.

DISSEMINATED ACANTHAMOEBA INFECTION. Granulo-
matous amoebic encephalitis is caused by infection
with free-living amoebae, usually Acanthamoeba spp.
or sometimes leptomyxid amoebae. It is an opportunis-
tic infection occurring mainly in debilitated or immuno-
compromised individuals. The protozoa spread to the
CNS from pulmonary or skin lesions and produce focal
neurological deficits that progress over days or weeks
to a diffuse meningoencephalitis. The infection is usu-
ally fatal and most cases have been diagnosed postmor-
tem so little is known about effective treatments; A few
cases have been reported in which patients with en-
cephalitis responded to combinations of pentamidine,
sulfadiazine, flucytosine, and an azole such as itracona-
zole or fluconazole;1 susceptibilities of species and
strains appear to vary widely, and susceptibility testing
is advisable. 
Clinical responses to chemotherapy have also been report-
ed in a few patients2-4 with disseminated infection but no
evidence of CNS involvement. Disseminated Acan-
thamoeba infection in an immunocompromised patient
was successfully treated with intravenous pentamidine fol-
lowed by maintenance therapy with oral itraconazole.2
Skin lesions were treated topically with chlorhexidine and
ketoconazole. Clinical improvement of disseminated
acanthamoebiasis in a patient with AIDS followed treat-
ment with intravenous pentamidine and oral flucytosine;
an infant with HIV infection was treated with fluconazole,
flucytosine, and sulfadiazine.3 A lung transplant patient
with disseminated acanthamoebiasis was also successfully
treated with pentamidine, flucytosine, and azithromycin,
plus topical chlorhexidine and ketoconazole.4
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
2. Slater CA, et al. Brief report: successful treatment of disseminat-

ed Acanthamoeba infection in an immunocompromised patient.
N Engl J Med 1994; 331: 85–7. 

3. Murakawa GJ, et al. Disseminated Acanthamoeba in patients
with AIDS: a report of five cases and a review of the literature.
Arch Dermatol 1995; 131: 1291–6. 

4. Oliva S, et al. Successful treatment of widely disseminated acan-
thamoebiasis. South Med J 1999; 92: 55–7.

Amoebiasis. The term amoebiasis is generally applied
to infections with obligate parasitic species of amoeba,
principally Entamoeba histolytica.1,2 Other parasitic spe-
cies which occasionally cause human infections include E.
polecki (primarily a parasite of pigs and reported mainly in
Papua New Guinea) and Dientamoeba fragilis (often
found in association with the helminth Enterobius vermic-
ularis and now thought to be a trichomonad). 
Transmission of E. histolytica is by the faeco-oral route
and infection results from the ingestion of cysts, usually in
contaminated food and drink. The cysts transform to tro-
phozoites in the intestines and reproduction occurs by fis-
sion of the trophozoites. Further cysts develop and are ex-
creted in the faeces. Amoebiasis occurs throughout the

world. It is more prevalent and severe in the tropics and
subtropics, but is more closely related to sanitation and
socio-economic status than to climate. Colonisation with
E. histolytica can result in asymptomatic infection, but in
other cases the trophozoites invade the wall of the large
intestine causing ulceration and may migrate to other tis-
sues, especially the liver, where they continue to divide
and destroy tissue. Factors increasing susceptibility to tis-
sue invasion include malnutrition, immunosuppression,
and pregnancy. 
Symptomatic amoebiasis may be classified as intestinal or
extra-intestinal amoebiasis. Intestinal amoebiasis compris-
es two main states, amoebic dysentery and non-dysenteric
amoebic colitis; amoeboma, a localised form of intestinal
amoebiasis, and amoebic appendicitis may also occur. Hep-
atic amoebiasis, the most common form of extra-intestinal
amoebic disease, may present as acute non-suppurative
disease or as amoebic liver abscess. Amoebic infection is
a less common cause of liver abscess than bacterial infec-
tion. Amoebiasis may also involve the skin, genito-urinary
tract, or organs such as the lungs and brain. 
Drugs used in the treatment of amoebiasis may be classi-
fied according to their site of action as follows: 
• luminal amoebicides acting principally in the bowel

lumen. 
Diloxanide furoate is widely used as the luminal amoe-
bicide of choice, although clefamide, etofamide, and te-
clozan are also effective.3 Paromomycin and diiodohy-
droxyquinoline have also been used1,2,4 although most
oral preparations of halogenated hydroxyquinolines
have been withdrawn because of the association be-
tween clioquinol and subacute myelo-opticoneuropathy 

• tissue or systemic amoebicides acting principally in the
intestinal wall and liver. These have included the alka-
loid emetine, its synthetic derivative dehydroemetine,
and the antimalarial chloroquine which acts principally
in the liver 

• mixed amoebicides acting at all sites of infection, that is
within the intestinal lumen and in the intestinal wall and
other tissues. These have included metronidazole and
other 5-nitroimidazole derivatives. However, because of
their rapid absorption from the gastrointestinal tract, the
nitroimidazoles are less effective against parasites in the
lumen 

In non-endemic areas, patients with asymptomatic intesti-
nal amoebiasis (cyst passers) are generally treated with a
luminal amoebicide. The choice of drug is influenced by
availability; diloxanide furoate is generally used in the UK
while diiodohydroxyquinoline or paromomycin are used
in the USA.5 Standard treatment for invasive amoebiasis
(amoebic dysentery; hepatic amoebiasis) is metronidazole,
ornidazole, or tinidazole, followed by a luminal amoebi-
cide to eradicate any surviving organisms from the lumen
of the large intestine and prevent relapse. The majority of
patients with amoebic liver abscess defervesce after 3 to 4
days of treatment with metronidazole. Addition of chloro-
quine is an option in patients who do not respond;4 WHO
recommends that hepatic abscesses should be lanced by
needle aspiration.3 Nitazoxanide has been used in mild to
moderate intestinal disease.5 In severe cases of amoebic
dysentery tetracycline given with a systemic amoebicide
lessens the risk of superinfection, intestinal perforation,
and peritonitis. 
In acute diarrhoea of any aetiology the priority is to main-
tain hydration by prevention or treatment of fluid and elec-
trolyte depletion, especially in infants and the elderly. Oral
rehydration therapy is discussed under Diarrhoea on
p.1694. 
Drugs suggested for the treatment of Dientamoeba fragilis
infections include diiodohydroxyquinoline, metronida-
zole, paromomycin, or tetracycline.5 Metronidazole has
been suggested for E. polecki infections.5
1. Stanley SL. Amoebiasis. Lancet 2003; 361: 1025–34. 
2. Haque R, et al. Amebiasis. N Engl J Med 2003; 348: 1565–73. 
3. WHO. WHO model formulary. Geneva: WHO, 2004. 
4. Petri WA, Singh U. Diagnosis and management of amebiasis.

Clin Infect Dis 1999; 29: 1117–25. 
5. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Naegleria infections. PRIMARY AMOEBIC MENIN-
GOENCEPHALITIS. Primary amoebic meningoencepha-
litis is usually caused by the free-living amoeba Naegle-
ria fowleri. It occurs mainly in healthy children and

Table 1. Classification of principal antiprotozoals.
Antimony compounds

Meglumine antimonate
Sodium stibogluconate

Aromatic diamidines
Pentamidine

Arsenicals, pentavalent
Acetarsol
Tryparsamide

Arsenicals, trivalent
Melarsoprol

Dichloroacetamides
Diloxanide

Halogenated hydroxyquinolines
Diiodohydroxyquinoline

Nitrofurans
Furazolidone
Nifuratel
Nifurtimox

5-Nitroimidazoles
Metronidazole
Nimorazole
Ornidazole
Secnidazole
Tinidazole

Miscellaneous
Atovaquone
Benznidazole
Dehydroemetine
Eflornithine
Mepacrine
Paromomycin
Suramin
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

young adults and is usually associated with swimming
in warm fresh water. The protozoa invade the CNS di-
rectly through the nasal mucosa to produce a menin-
goencephalitis that is usually rapidly fatal. Few cases of
successful treatment have been reported, and have gen-
erally involved intravenous, and usually intrathecal,
amphotericin B;1-3 some patients were also given oral
rifampicin.
1. Anderson K, Jamieson A. Primary amoebic meningoencephali-

tis. Lancet 1972; i: 902–3. 
2. Seidel JS, et al. Successful treatment of primary amebic menin-

goencephalitis. N Engl J Med 1982; 306: 346–8. 
3. Brown RL. Successful treatment of primary amebic meningoen-

cephalitis. Arch Intern Med 1991; 151: 1201–2.

Babesiosis
Babesiosis (piroplasmosis) is an infection caused by in-
traerythrocytic protozoa of the Babesia genus, which are
transmitted to man by the bite of infected Ixodes ticks.
Transmission by blood transfusion has also been reported.
Ixodes scapularis, one of the ticks that may cause babesi-
osis, may also be infected with, and transmit, Anaplasma
phagocytophilum and/or Borrelia burgdorferi and there-
fore the bite from this tick may lead to babesiosis, human
granulocytic anaplasmosis (see Ehrlichiosis, p.168), or
Lyme disease (p.177) as a single infection or as a co-infec-
tion.1 Babesiosis occurs worldwide in animals. In the US,
human infection is most commonly due to B. microti; the
disease is much rarer in Europe where it is usually caused
by B. divergens or B. bovis .1-3 Infection with the newly
recognised babesia-like piroplasms WA-1 and MO-1 has
also been reported in the USA.1,2 
Clinical features of babesiosis acquired in the USA differ
from that acquired in Europe. Infection in the USA is often
asymptomatic and self-limiting, but may produce pro-
longed severe viral-like illness with fever and haemolytic
anaemia, particularly in patients who are asplenic, elderly,
debilitated, or immunocompromised (including those in-
fected with HIV). Symptoms include chills, sweating, my-
algia, arthralgia, weakness, fatigue, anorexia, nausea,
vomiting, jaundice, and headache. The most common
complications are heart failure, disseminated intravascular
coagulation, acute respiratory distress syndrome, and renal
failure.1-3 Co-infection with B. microti and Borrelia burg-
dorferi has resulted in more severe symptoms. In Europe,
infections have mostly been described in asplenic persons,
in many of whom the infection was rapidly fatal. Clinical
features include severe haemolytic anaemia, jaundice, pul-
monary oedema, and renal failure. 
There is no established specific treatment for babesiosis.
Treatment is not recommended for asymptomatic patients
although all symptomatic patients should be treated with
antibacterials to prevent the development of complica-
tions.1 For serious infections, supportive therapies include
red blood cell exchange transfusions to reduce parasitae-
mia. Clindamycin with quinine was the first regimen used4

for the treatment of B. microti infections, but has been as-
sociated with significant toxicity. A prospective ran-
domised study5 in 58 patients found azithromycin with
atovaquone to be as effective as clindamycin and quinine
and associated with less toxicity. Azithromycin with qui-
nine has been reported to be effective in 2 patients who had
not responded to quinine plus clindamycin.6,7 Pentamidine
has also been reported to produce clinical improvement in
patients with B. microti infection,8 but the efficacy and
safety of pentamidine has been questioned.9 Other drugs
that have been tried with variable results include chloro-
quine, primaquine, pyrimethamine, sulfadiazine, and tetra-
cycline.2,3 The Infectious Diseases Society of America1

recommends a combination of either clindamycin plus
quinine or atovaquone plus azithromycin, both orally for 7
to 10 days; the combination of intravenous clindamycin
plus oral quinine should be used in severe babesiosis. In
immunocompromised patients higher doses of azithromy-
cin may be used; they are prone to relapsing disease, and
treatment should be given for 6 weeks or more, including
2 weeks after parasites are no longer detectable in blood
smears.10 Partial or complete exchange transfusion may
also be given. Patients with persistent infection should be
re-treated. 
Patients co-infected or suspected to be co-infected with
Anaplasma phagocytophilum and/or Borrelia burgdorferi
should also be given doxycycline for 10 days.1,3 For infor-
mation on the treatment of co-infected patients see Lyme
Disease, p.177. In B. divergens infections, treatment is
complicated by the rapid progression of the disease. Anti-

protozoal and antimalarial drugs have been tried with lim-
ited success, although pentamidine with co-trimoxazole
was successful in a patient,11 and a marked reduction in
parasite load was seen in a patient treated with pentami-
dine plus exchange transfusions.12 The combination of
clindamycin plus quinine with exchange transfusion has
also been suggested.2 
Preventive measures against babesiosis include the use of
tick repellents, physical protection, and prompt removal of
attached ticks.1
1. Wormser GP, et al. The clinical assessment, treatment, and pre-

vention of Lyme disease, human granulocytic anaplasmosis, and
babesiosis: clinical practice guidelines by the Infectious Diseas-
es Society of America. Clin Infect Dis 2006; 43: 1089–1134.
Also available at: http://www.journals.uchicago.edu/doi/pdf/
10.1086/508667 (accessed 17/07/08) 
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of babesiosis. N Engl J Med 2000; 343: 1454–8. 
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7. Shih C-M, Wang C-C. Ability of azithromycin in combination
with quinine for the elimination of babesial infection in humans.
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241. 
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Balantidiasis
Infection with the ciliate protozoan Balantidium coli re-
sults from the ingestion of cysts, the commonest sources of
which are pigs. Water-borne epidemics of balantidiasis
have been reported. Most infections are asymptomatic and
the organism lives in the large intestine as a luminal com-
mensal, but those with symptomatic infections have diar-
rhoea. Colonic ulceration resulting in a severe dysenteric
syndrome resembling amoebic dysentery may occur in
some individuals, especially if malnourished. Treatment is
with tetracycline; metronidazole or diiodohydroxyquino-
line are alternatives.1
1. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Blastocystis hominis infection
There is controversy over whether the protozoan parasite
Blastocystis hominis is a pathogen or a harmless commen-
sal of the intestinal tract. It has increasingly been reported
both in immunocompetent and immunocompromised sub-
jects,1 with transmission probably by the faeco-oral route.
Diarrhoea and other gastrointestinal symptoms have been
ascribed to the organism. 
Treatment with standard antiprotozoals, especially metro-
nidazole, has had variable success; metronidazole resist-
ance may occur.2 Diiodohydroxyquinoline3 and
nitazoxanide4 may also be effective. Co-trimoxazole was
reported to have eliminated B. hominis from the stools of
all but one of 47 otherwise healthy subjects with diarrhoea
in one study,5 and similarly in 36 of 38 children, and 14 of
15 adults, in another.6
1. Anonymous. Blastocystis hominis: commensal or pathogen?

Lancet 1991; 337: 521–2. 
2. Haresh K, et al. Isolate resistance of Blastocystis hominis to met-

ronidazole. Trop Med Int Health 1999; 4: 274–7. 
3. Stenzel DJ, Boreham PFL. Blastocystis hominis revisited. Clin

Microbiol Rev 1996; 9: 563–84. 
4. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007. 
5. Schwartz E, Houston R. Effect of co-trimoxazole on stool recov-

ery of Blastocystis hominis. Lancet 1992; 339: 428–9. 
6. Ok UZ, et al. Effect of trimethoprim-sulfamethaxazole [sic] in

Blastocystis hominis infection. Am J Gastroenterol 1999; 94:
3245–7.

Coccidiosis
Coccidiosis is a term sometimes applied to infections with
protozoa of the order Eucoccidiorida. The predominant
coccidian infections in man are caused by Cryptosporid-
ium (below), Cyclospora cayetanensis (below), Isospora
(below), Plasmodium (see Malaria, p.594), and Toxoplas-
ma (below). Coccidian protozoa, primarily Eimeria, cause
economically important infections in domesticated ani-
mals.

Cryptosporidiosis
Cryptosporidiosis is a gastrointestinal infection caused by
species of the coccidian protozoan parasite Cryptosporid-
ium. It has a worldwide distribution and occurs in many
animal species as well as in man. Infection is acquired
through ingestion, and perhaps inhalation, of oocysts. In-
fection in immunocompetent individuals usually causes a
self-limiting diarrhoea lasting up to 2 weeks. In immuno-
compromised patients there may be profuse and persistent
diarrhoea, profound weight loss, and severe abdominal
pain, and the infection may be life-threatening. Crypt-
osporidiosis is a cause of diarrhoea in patients with AIDS.
Other sites of infection include the respiratory and biliary
tracts. 
There is currently no consistently effective specific
therapy1 (evidence is perhaps best for nitazoxanide.2) and
priority should be given to maintaining hydration by pre-
vention or treatment of fluid and electrolyte depletion, es-
pecially in infants and the elderly. Oral rehydration therapy
is discussed under Diarrhoea on p.1694. In patients with
AIDS the best treatment is improvement of immune func-
tion with HAART, but where this is not possible therapy
with an antimicrobial and an antidiarrhoeal drug continues
to be standard.1 Paromomycin,3-10 azithromycin,11,12 and
nitazoxanide13,14 are widely used, although benefits are at
best moderate.1 Therapy with paromomycin plus azithro-
mycin has produced some beneficial responses in patients
with AIDS-related cryptosporidiosis.15 Other treatments
reported to have produced benefit include hyperimmune
bovine colostrum,16-20 eflornithine,21 normal immu-
noglobulin with high cryptosporidium antibody titres,22 or
letrazuril,23,24 but again the numbers of patients involved
are small. Responses to spiramycin have not been consist-
ent.25-27 Beneficial responses to octreotide have been re-
ported in a few cases,28,29 but a study in patients with re-
fractory AIDS-related diarrhoea suggested that response
was better in patients without identifiable pathogens.30 
Clarithromycin and rifabutin may be useful for disease
prophylaxis,31 although the efficacy of clarithromycin has
been questioned.32
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Cyclosporiasis
An organism originally described as cyanobacterium-like
or coccidian-like bodies, but now identified as the coccid-
ian protozoan Cyclospora cayetanensis, has been reported
to be a cause of diarrhoea in both immunocompromised
and immunocompetent patients. Infection results from in-
gestion of spores or oocysts in contaminated food or water.
In immunocompetent patients, infection may be asympto-
matic or cause a self-limiting diarrhoeal illness. Immuno-
compromised patients may develop severe or persistent
symptoms. Beneficial responses have been reported with
co-trimoxazole.1-3 Ciprofloxacin may be an alternative in
those unable to tolerate co-trimoxazole, although it is
somewhat less effective.3
1. Pape JW, et al. Cyclospora infection in adults infected with HIV:

clinical manifestations, treatment, and prophylaxis. Ann Intern
Med 1994; 121: 654–7. 

2. Hoge CW, et al. Placebo-controlled trial of co-trimoxazole for
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3. Verdier R-I, et al. Trimethoprim-sulfamethoxazole compared
with ciprofloxacin for treatment and prophylaxis of Isospora bel-
li and Cyclospora cayetanensis infection in HIV-infected pa-
tients: a randomized, controlled trial. Ann Intern Med 2000; 132:
885–8.

Gastro-enteritis
Although bacteria and viruses are responsible for many
cases of infective diarrhoea, protozoal infections are also a
cause of diarrhoea, which can be severe (especially in im-
munocompromised patients, including those with AIDS).
In acute diarrhoea of any aetiology the priority is to main-
tain hydration by prevention or treatment of fluid and elec-
trolyte depletion, especially in infants and the elderly. Oral
rehydration therapy is discussed under Diarrhoea on
p.1694. Specific therapy with antiprotozoals may also be
necessary to control enteric protozoal infections. For the
management of the protozoal infections that are generally
associated with diarrhoea, see under Amoebiasis (above),
Balantidiasis (above), Blastocystis hominis infections
(above), Cryptosporidiosis (above), Cyclosporiasis
(above), Giardiasis (below), Isosporiasis (below), and
Microsporidiosis (below). 
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Giardiasis
Infection with Giardia intestinalis (G. lamblia; Lamblia in-
testinalis) occurs throughout the world and is one of the
commonest intestinal protozoal infections. Infection is ac-
quired by oral ingestion of Giardia cysts, and transmission
may be person-to-person or from contaminated drinking
water or foodstuffs. Infected patients may have acute or
chronic diarrhoea or they may be asymptomatic. In acute
diarrhoea of any aetiology the priority is to maintain hy-
dration by prevention or treatment of fluid and electrolyte
depletion, especially in infants and the elderly. Oral rehy-
dration therapy is discussed under Diarrhoea on p.1694. 
Treatment is with metronidazole or another nitroimidazole
derivative such as tinidazole.1 Albendazole, furazolidone,
mebendazole, and mepacrine have all also been used but
some of them may be less well tolerated than the nitroim-
idazoles. Nitazoxanide is also effective2-4 and some con-

sider it a drug of choice.1 Paromomycin has been suggest-
ed;1 although it is less effective than other drugs, it is not
absorbed systemically and may be a useful alternative dur-
ing pregnancy. Treatment may sometimes need to be re-
peated, possibly due to resistance,5,6 and drug combina-
tions such as metronidazole with mepacrine5,7 have been
reported to be of value in these cases.
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Infections in immunocompromised patients
Patients with a defective immune system are at particular
risk of infection. Primary immune deficiency is rare,
whereas secondary deficiency is more common: immuno-
suppressive therapy, cancer and its treatment, HIV infec-
tion, and splenectomy may all cause neutropenia and im-
paired humoral and cellular immunity in varying degrees.
The risk of infection is linked to the duration and severity
of neutropenia. Most protozoal infections present in a
more severe form in immunocompromised patients than in
immunocompetent patients. Those of particular concern in
patients with HIV infection include Cryptosporidiosis
(above), Isosporiasis (below), Leishmaniasis (below), Mi-
crosporidiosis (below), and Toxoplasmosis (below). 
References.
1. CDC. Guidelines for preventing opportunistic infections among

HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5108.pdf (accessed 02/06/04) 

2. CDC. Treating opportunistic infections among HIV-exposed and
infected children: recommendations from CDC, the National In-
stitutes of Health, and the Infectious Diseases Society of Amer-
ica. MMWR 2004; 53 (RR-14): 1–63. Also available at: http://
www.cdc.gov/mmwr/PDF/RR/RR5314.pdf (accessed 04/04/05) 

3. CDC. Treating opportunistic infections among HIV-infected
adults and adolescents: recommendations from CDC, the Na-
tional Institutes of Health, and the HIV Medicine Association/In-
fectious Diseases Society of America. MMWR 2004; 53 (RR-
15):  1–112.  Also avai lable  at :  ht tp: / /  www.cdc.gov/
mmwr/PDF/RR/RR5315.pdf (accessed 04/04/05) Correction.
MMWR 2005; 54: 311. [dose of amphotericin B/flucytosine for
C.  neoformans meningit is]  Also available at :  ht tp:/ /
www.cdc.gov/mmwr/preview/mmwrhtml/mm5412a10.htm (ac-
cessed 13/06/05)

Isosporiasis
Isosporiasis is a coccidian protozoal infection of the gas-
trointestinal tract caused by Isospora belli. Oocysts are ex-
creted in faeces and infection is acquired when sporulated
oocysts are ingested. In immunocompetent individuals the
infection is usually mild and self-limiting but in immuno-
compromised patients there may be severe, chronic gastro-
enteritis. Treatment is usually with co-trimoxazole.1,2 Cip-
rofloxacin may be an alternative in those unable to tolerate
co-trimoxazole, although it is somewhat less effective.2
Pyrimethamine has been used successfully in individual
patients with sulfonamide sensitivity.3 In acute diarrhoea
of any aetiology the priority is to maintain hydration by
prevention or treatment of fluid and electrolyte depletion,
especially in infants and the elderly. Oral rehydration ther-
apy is discussed under Diarrhoea on p.1694. 
Recurrence of infection is common and long-term sup-
pressive treatment with either co-trimoxazole or pyrimeth-
amine plus sulfadoxine has been recommended.4
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rimethamine. Ann Intern Med 1988; 109: 474–5. 

4. Pape JW, et al. Treatment and prophylaxis of Isospora belli in-
fection in patients with the acquired immunodeficiency syn-
drome. N Engl J Med 1989; 320: 1044–7.

Leishmaniasis
Leishmaniasis1,2 is caused by parasitic protozoa of the
genus Leishmania. It occurs throughout Africa, the Middle
East, Central Asia, and the Mediterranean (Old World
leishmaniasis), and throughout Central and South America
(New World leishmaniasis). In endemic areas there is gen-
erally a reservoir of disease in a mammalian host, often
dogs or rodents. The usual vectors are sandflies of the ge-
nus Phlebotomus in the Old World and Lutzomyia in the
New World. Leishmaniasis can be categorised as cutane-
ous, mucosal, and visceral and ranges from self-limiting,
localised, cutaneous ulcers to widely disseminated pro-
gressive disease and involvement of the reticuloendotheli-
al system. Incubation periods can be prolonged, with clin-
ical features not appearing until several months or even
years after the primary infection. 
In endemic areas an integrated approach to controlling
leishmaniasis involves case detection and treatment of pa-
tients, vector and animal reservoir control, environmental
management to reduce suitable vector habitats, and per-
sonal protection against sandfly bites including the use of
insect repellents and bednets.3 Strategies aimed at control-
ling malaria are believed to have reduced leishmaniasis
transmission dramatically.3 
Visceral leishmaniasis of the Old World is mainly caused
by L. donovani and L. infantum and of the New World by
L. chagasi. The onset of the disease is gradual in residents
of an endemic area but may present as an acute illness in
non-immune visitors to the region. Many infections result
in sub-clinical or self-limiting disease. Fever, malaise,
shivering or chills, weight loss, anorexia, and discomfort
in the left hypochondrium are common; there is often non-
tender splenomegaly with or without hepatomegaly, wast-
ing, pallor of mucous membranes, anaemia, leucopenia,
and lymphadenopathy. Continued deterioration can lead to
potentially fatal secondary infection. Darkening of the skin
of the face, hands, feet, and abdomen is common in en-
demic visceral leishmaniasis in India (kala-azar = black
sickness). Rare complications can include severe acute
haemolytic anaemia, acute renal damage, and severe mu-
cosal haemorrhage. In recent years, visceral leishmaniasis
has emerged as an opportunistic infection in patients with
HIV or other conditions associated with reduced immuni-
ty, in whom it is particularly difficult to treat. 
A small percentage of patients develop post-kala-azar der-
mal leishmaniasis after recovery from visceral leishmani-
asis and such patients represent a human reservoir for the
disease. 
The pentavalent antimonials meglumine antimonate and
sodium stibogluconate are the traditional first-line drugs
for the treatment of visceral leishmaniasis.3-5 Patients re-
lapsing after the initial course of treatment may be given a
further course, but there is growing evidence that respon-
siveness to the antimonials is declining. Resistance to an-
timonials is widespread in parts of India.5 Miltefosine has
been shown to be effective6-8 and has recently been intro-
duced in India for treatment. Four regimens have been
suggested for the first-line treatment of visceral leishmani-
asis due to L. infantum in Mediterranean countries.9 They
are: 
• pentavalent antimonials 
• pentavalent antimonials plus allopurinol 
• liposomal amphotericin B 
• paromomycin alone or with pentavalent antimonials 
These regimens have also been evaluated in other regions
and in patients with HIV infection.10-16 Amphotericin B
has been tried successfully as a second-line drug in drug-
resistant infections17-20 and increasingly as a useful alter-
native first-line drug.4,5,21,22 Lipid formulations of ampho-
tericin B are better tolerated than conventional amphoter-
icin B, and are likely to be preferred when the toxicity and
duration of therapy with conventional forms would com-
promise patient compliance.4 Pentamidine has also been
used as a second-line drug but its usefulness as alternative
first-line therapy is doubtful23 given its toxicity, increasing
failure rates, and slow disease response. Nevertheless it
has been tried as an adjunct to meglumine antimonate for
first-line therapy24 and alone for long-term secondary
prophylaxis in patients with HIV infection.25 Beneficial
responses to ketoconazole have been reported in some
patients26,27 but unfavourable reports have also ap-
peared.28,29 Another line of investigation is to boost the im-
mune response to the parasite by adding interferon gamma
to conventional treatment, although results have been var-
iable.30-33 
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Cutaneous leishmaniasis is caused by various species of
Leishmania and a wide variety of clinical presentations is
possible. A ‘classical’ lesion starts as a nodule at the site of
inoculation. A crust develops centrally which may fall
away exposing an ulcer which heals gradually. Satellite
nodules at the edge of the lesion are common. Cutaneous
leishmaniasis of the Old World is normally caused by L.
tropica, L. major, or L. aethiopica, although cutaneous le-
sions due to L. infantum have been reported. New World
cutaneous leishmaniasis (American cutaneous leishmania-
sis) is caused by numerous species and subspecies of
Leishmania including L. braziliensis, L. mexicana, L. pan-
amensis, and L. peruviana. In general, New World forms
tend to be more severe and longer lasting than Old World
forms. The disease ranges from single, self-healing lesions
which are troublesome and unsightly but not a threat to
life, to multiple, deep, and destructive ulcers which cause
considerable disfigurement and disability. 
Diffuse cutaneous leishmaniasis occurs occasionally after
infection with L. aethiopica or members of the L. mexica-
na complex and involves dissemination of the disease
from the original site of infection to distant skin sites, typ-
ically the face and exterior surfaces of the limbs. The le-
sions resemble lepromatous leprosy, do not heal spontane-
ously, and are resistant to treatment. 
Another variant is leishmaniasis recidivans which is a
lupoid or tuberculoid form. This chronic disease often oc-
curs as slowly progressive, destructive and disfiguring le-
sions on the face which are very resistant to most forms of
therapy. 
There is no established treatment for cutaneous leishmani-
asis.5 The decision to treat depends upon the site and ex-
tent of the lesions and the likelihood of dissemination.
Small lesions, particularly in Old World cutaneous leish-
maniasis, may be left untreated if they are not troublesome
to the patient. Treatment for disfiguring or potentially dis-
abling lesions may be local or systemic. Systemic treat-
ment is required where there is a risk that the infecting
organism may be one causing mucocutaneous leishmania-
sis (see below) or where there is evidence of lymphatic
spread or extensive local involvement. 
WHO3 suggested that early noninflamed nodular lesions
due to L. tropica, L. major, L. mexicana, L. panamensis, or
L. peruviana might be treated with intralesional injections
of mepacrine, sodium stibogluconate, or meglumine anti-
monate, or removed by surgery and curettage. Benefit has
been reported with this therapy.5,34,35 However, local infil-
tration of drugs can be difficult as well as painful. Surgical
curettage may promote dissemination of the parasite.36

Other local treatments include cryotherapy or, alternative-
ly, application of heat to bring the temperature of the lesion
to about 40° which may aid healing.37 Topical treatment
with paromomycin sulfate 15% plus methylbenzethonium
chloride 5 or 12% has produced promising responses;38-41

paromomycin 12 to 15% with urea 10% was better tolerat-
ed.42 However, not all studies have shown benefit.43,44 
Systemic treatment is similar to that of visceral
leishmaniasis3,5,45,46 (see above). Topical paromomycin
plus systemic meglumine antimonate was initially found
to be promising in patients with New World infections,47

but a subsequent randomised, controlled study48 found
that application of paromomycin sulfate 15% with methyl-
benzethonium chloride 12% did not augment the clinical
response to parenteral meglumine antimonate. Cutaneous
leishmaniasis due to L. aethiopica, including diffuse cuta-
neous leishmaniasis, does not generally respond to
antimonials3 although responses to antimonials with paro-
momycin have been reported.49 It may also be treated with
pentamidine.3,5 
Other drugs tried in cutaneous leishmaniasis have included
fluconazole,50 itraconazole,51-54 and ketoconazole.41,55-58

Variable responses to allopurinol have been reported in pa-
tients with New World infections.59-61 Dapsone was re-
ported to be effective in a study in patients in India62 but
not in Colombia.63 Among the non-specific therapies tried
in cutaneous leishmaniasis, topical application of the nitric
oxide donor S-nitroso-N-acetylpenicillamine (SNAP)64

and intralesional injection of hypertonic sodium chloride
solution65 have produced beneficial responses. Immu-
nomodulation using leishmania antigens mixed with
BCG,66,67 or interferon gamma,68,69 has produced encour-
aging results. 
While there has been some work on vaccines against cuta-
neous leishmaniasis much more needs to be done. Howev-
er, leishmanisation (deliberate infection with L. major) has

been used as a last resort in some countries when other
measures have failed. 
Mucocutaneous leishmaniasis of the New World (espun-
dia) is caused by L. braziliensis or L. panamensis. In mu-
cocutaneous leishmaniasis the primary lesions do not heal
spontaneously. Metastatic spread to the mucosa may occur
during the presence of the primary lesion or up to 30 years
later. The nasal mucosa is always affected. Ulceration and
erosion progressively destroy the soft tissue and cartilage
of the oronasal/pharyngeal cavity. Mutilation is severe and
secondary bacterial infection is frequent and can be fatal. 
Mucocutaneous leishmaniasis responds poorly to treat-
ment and relapses are common. Initial treatment is with
pentavalent antimony;5 failure to respond is an indication
to use amphotericin B or pentamidine. Nifurtimox may be
effective in some cases of mucocutaneous leishmaniasis.3
Treatment with corticosteroids may be needed to control
severe inflammation. Mucosal disease in Old World leish-
maniasis is much less common than visceral or cutaneous
forms, but treatment with antimony compounds or ketoco-
nazole has been described.70
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Malaria
For a discussion of malaria, its prophylaxis and treatment,
see p.594.

Microsporidiosis
Microsporidia are obligate intracellular spore-forming
protozoal parasites. They were primarily regarded as a
cause of disease in nonhuman species but some, including
Encephalitozoon, Enterocytozoon, Pleistophora, and Tra-
chipleistophora spp. and Brachiola vesicularum and Vitta-
forma corneae (Nosema corneum), are now recognised as
human pathogens. Transmission is believed to be predom-
inantly faeco-oral although inhalation and direct inocula-
tion also occur. Infections usually occur only in immuno-
compromised patients. Small bowel infection with
Enterocytozoon bieneusi has been reported in AIDS pa-
tients as a cause of chronic diarrhoea and weight loss. Oth-
er manifestations of microsporidiosis in AIDS include
keratoconjunctivitis, respiratory-tract infections, renal and
urinary-tract infections, peritonitis, cholangitis, granulo-
matous hepatitis, and disseminated myositis. 
There is no established treatment.1 Beneficial responses
have been reported with albendazole2-6 and atovaquone.7
Metronidazole has been reported to produce a transient
symptomatic response in some patients8 but not in those
with severe diarrhoea.9 There has also been a report of a
patient treated successfully with nitazoxanide.10 Fumagil-
lin appears effective in the treatment of infection due to E.
bieneusi.11 
Topical treatment of keratoconjunctivitis has been disap-
pointing, although there are reports of individual patients
responding to topical propamidine isetionate,12 topical fu-
magillin,13,14 oral albendazole,15 oral albendazole plus top-
ical fumagillin,16 or oral itraconazole plus topical antibac-
terials.17
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Pneumocystis pneumonia
Although Pneumocystis jirovecii was formerly classified
as a protozoan, it is now accepted to be a fungus. For the
management of pneumocystis pneumonia, see p.521.

Toxoplasmosis
Toxoplasmosis1 is a zoonosis with a worldwide distribu-
tion caused by the protozoan parasite Toxoplasma gondii.
There is a high incidence of Toxoplasma antibody, an indi-
cation of previous infection, in the general population, al-
though infection will have been diagnosed in few individ-
uals. Sexual reproduction of T. gondii occurs in the
gastrointestinal tract of cats. Soil becomes contaminated
from excretion of oocysts in cat faeces. Other animals,

such as pigs and sheep, may become infected by ingestion
of these oocysts and act as intermediate hosts. In man, in-
fection is acquired through contact with infected cat faeces
or contaminated soil, or from eating raw or undercooked
meat from infected animals. Ingested oocysts rapidly
transform into trophozoites which multiply in tissue mac-
rophages. The intracellular trophozoites disseminate in the
bloodstream and lymphatic system to reach the brain,
heart, and lungs. As immunity develops the trophozoites
form latent cystic aggregates (bradyzoites), mainly in the
brain, heart, and skeletal muscle, and these are subject to
reactivation throughout the life of the host. 
Toxoplasma infection in immunocompetent individuals is
usually asymptomatic and if symptomatic infection does
occur it is usually self-limiting. Very rarely myocarditis or
encephalitis may occur. Patients with impaired immunity
may develop serious complications such as encephalitis,
chorioretinitis, myocarditis, and pneumonitis. Toxoplas-
mic encephalitis is the most common presentation in pa-
tients with AIDS. 
Congenital toxoplasmosis is not a problem in women who
have Toxoplasma antibody before conception, but primary
toxoplasmosis during early pregnancy is serious because
of the risk of transplacental transmission which may result
in fetal death or congenital toxoplasmosis. Primary infec-
tion during later pregnancy can also result in congenital
infection, although this often only becomes symptomatic
later in life. The sequelae in live-born infants with signs of
infection are generally severe and include a potentially fa-
tal syndrome in which hydrocephalus, hepatosplenomega-
ly with jaundice, mental retardation, and chorioretinitis
may occur. Congenital disease that becomes clinically ev-
ident later in life is usually less severe, but often results in
ocular or neurological impairment. Infection in the preg-
nant woman is usually asymptomatic and antenatal screen-
ing programmes have been set up in some countries for the
diagnosis of acute infections during pregnancy. However,
the value and practicality of such schemes has been debat-
ed.2-6 Ocular toxoplasmosis causes chorioretinitis and is
often a result of congenital infection; patients may be
asymptomatic until later in life. 
Treatment. Toxoplasmosis in immunocompetent patients
is not usually treated unless symptoms are severe. Current-
ly there is no drug active against the cystic form, so any
treatment is directed against the acute forms of the disease.
Active toxoplasmosis in immunocompromised patients
requires prompt treatment. Toxoplasmosis is normally
treated with pyrimethamine plus sulfadiazine.7,8 Folinic
acid should also be given during treatment to counteract
the megaloblastic anaemia associated with these drugs.
Clindamycin plus pyrimethamine and folinic acid has
been used as an alternative in patients unable to take the
sulfonamide.8 Other drug combinations have been studied
and have been found to have activity in toxoplasmic en-
cephalitis, notably atovaquone plus pyrimethamine and
folinic acid, or atovaquone plus sulfadiazine, or azithro-
mycin plus pyrimethamine and folinic acid. Atovaquone
has also been given alone in patients unable to tolerate py-
rimethamine or sulfadiazine.8 Severely ill patients needing
parenteral therapy have been given intravenous co-trimox-
azole or clindamycin with oral pyrimethamine.8 Adjunc-
tive corticosteroids may be given occasionally for treat-
ment of a mass effect associated with focal lesions or
oedema, but should be stopped as soon as possible because
of their immunosuppressant effect. Anticonvulsants
should be given to patients with a history of seizures.8
Acute treatment is ideally continued for 6 weeks, or for
longer if disease is extensive or response is incomplete. 
Patients who have successfully completed a 6-week
course of acute therapy should be given chronic mainte-
nance therapy, which should ideally be with pyrimeth-
amine plus sulfadiazine and folinic acid, but alternatives
are pyrimethamine plus clindamycin and folinic acid, or
atovaquone, with or without pyrimethamine and folinic
acid.8 Chronic maintenance therapy should be lifelong un-
less immune reconstitution occurs because of antiretro-
viral therapy, in which case consideration may be given to
stopping prophylaxis. It should, however, be restarted if
the CD4+ T lymphocyte count falls to below 200 cells/mi-
crolitre.8 
A systematic review9 of the treatment of women during
pregnancy has involved small studies with variations in
period of gestation, duration of follow-up, and other as-
pects of methodology, making comparison of data prob-
lematical; consequently the evidence is inconclusive as to

whether treatment is effective in preventing fetal infection
or overt neonatal disease. If treatment is given, pyrimeth-
amine should not be used to treat primary toxoplasmosis
during the first trimester of pregnancy in immunocompe-
tent patients. Spiramycin has been used throughout the
first trimester but, although it reduces the risk of congenital
transmission, it does not readily penetrate the cerebrospi-
nal space and does not prevent toxoplasmic encephalitis in
immunocompromised women. After the first trimester py-
rimethamine may be given with sulfadiazine and folinic
acid and, when there is evidence of placental or fetal infec-
tion, this treatment may be alternated with courses of
spiramycin until term. In neonates with congenital toxo-
plasmosis, the preferred treatment is pyrimethamine to-
gether with sulfadiazine and folinic acid.7 Infants without
HIV infection should be treated for 12 months. In infants
with mild toxoplasmosis, some experts recommend alter-
nating pyrimethamine-sulfadiazine with spiramycin on a
monthly basis from months 7 to 12, in order to reduce the
risk of bone marrow suppression. However, infants with
HIV infection and moderate to severe toxoplasmosis
should receive the full 12-month regimen of pyrimeth-
amine-sulfadiazine.7 Longer courses of treatment may be
given in cases of extensive disease. A corticosteroid, usu-
ally dexamethasone or prednisolone, has been added in
children with CNS involvement.7 
In immunocompetent individuals, ocular toxoplasmosis
is a self-limiting disease and requires no treatment, unless
visual acuity is threatened or there is a large retinal lesion
with marked vitritis.10-12 A systematic review13 found a
lack of evidence to support routine treatment for acute tox-
oplasma retinochoroiditis in immunocompetent patients,
but did find weak evidence to suggest that long-term treat-
ment of patients with chronic recurrent disease may reduce
recurrence. All immunocompromised patients should be
treated and prolonged treatment is necessary to prevent re-
crudescence. The best drug regimen is unknown. The most
commonly used regimens are pyrimethamine with sulfadi-
azine or pyrimethamine with clindamycin (which is con-
centrated in the choroid). Benefit has been reported from
clindamycin with corticosteroids,14 although corticoster-
oids should never be used alone since fulminant cases may
occur. Spiramycin is not indicated for ocular toxoplasmo-
sis. 
Prophylaxis. Primary prophylaxis against T. gondii infec-
tion has been investigated in AIDS patients and recipients
of organ transplants. In HIV-infected persons who are se-
ropositive for Toxoplasma and who have a CD4+ T lym-
phocyte count of less than 100 cells/microlitre, primary
prophylaxis against encephalitis should be given.15 Co-tri-
moxazole, in regimens designed for pneumocystis pneu-
monia prophylaxis, was found to be effective and is there-
fore recommended.15 Alternatively, pyrimethamine plus
dapsone may be given.15 Atovaquone with or without py-
rimethamine can also be considered.15 Pyrimethamine
plus sulfadoxine has also been tried, with promising re-
sults.16 Toxoplasma-seronegative persons who are not re-
ceiving a pneumocystis prophylactic regimen known to be
active against toxoplasmic encephalitis should be retested
for Toxoplasma should their CD4+ T lymphocyte count
fall below 100 cells/microlitre and if they have serocon-
verted primary prophylaxis should be instigated.15 Prima-
ry prophylaxis should be stopped in adult and adoles-
cent patients whose CD4+ T lymphocyte count rises in
response to antiretroviral therapy to more than 200
cells/microlitre for 3 months or more. If the count sub-
sequently falls to below 200 cells/microlitre it should be
reinstigated.15
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Trichomoniasis
Trichomoniasis is caused by invasion of the genito-urinary
tract with the protozoan Trichomonas vaginalis. Transmis-
sion is primarily sexual. Trichomoniasis is a common
cause of vaginitis and vaginal discharge; some infected
women are asymptomatic but should still be treated to pre-
vent sexual transmission and symptomatic infection. Men
are usually asymptomatic, although they may experience
urethritis. 
Treatment is usually with a nitroimidazole such as metro-
nidazole when a single oral dose can be effective.1-4 Sexu-
al partners should also be treated. The incidence of treat-
ment failures appears to be increasing and some at least
have been due to metronidazole resistance. Patients who
do not respond to single-dose treatment may be given a
more intensive course of metronidazole for 5 to 7 days.
Tinidazole has been widely used as an alternative to met-
ronidazole,1 and may be effective in cases of metronid-
azole resistance.5 A patient with metronidazole- and tinid-
azole-resistant infection was successfully treated with
paromomycin.6 Local application of paromomycin has
also been tried in a small number of patients with moderate
success.7
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African trypanosomiasis
African trypanosomiasis (sleeping sickness) is caused by
subspecies of the protozoan Trypanosoma brucei, trans-
mitted by the bite of infected tsetse flies (Glossina spp.).
Gambian or West African sleeping sickness is caused by T.
brucei gambiense, carried by riverine tsetse flies, and Rho-
desian or East African sleeping sickness is caused by T.
brucei rhodesiense, carried by savannah tsetse flies. Infec-
tion can follow blood transfusion and congenital trypano-
somiasis has also occurred. 
Although it has proven impractical to eliminate trypano-
somiasis from endemic areas, the intensity of transmission
can be reduced by detection and treatment of cases and
vector control, including insecticide spraying of breeding
sites and the use of insecticide-impregnated traps and
screens.1 Control of infection in domestic animals may
also be beneficial.1 

Trypanosomiasis can be divided into the early haematol-
ymphatic stage (infection of the bloodstream and lymph
nodes), with lymphadenopathy, pruritus, fever, headache,
and muscle and joint pain, and the late or meningoen-
cephalitic stage (infection of the CNS) which is marked by
signs including sleep disturbances, confusion, incoordina-
tion, psychiatric disorders, and eventual deterioration of
consciousness.1-3 Trypanosomiasis due to T. b. gambiense
develops slowly over several months or even years and the
disease stages are relatively distinct. Infection with T. b.
rhodesiense is more acute with a rapid onset of symptoms
and indistinct disease stages and, if left untreated, will usu-
ally lead to death in a matter of weeks or months. 
The haematolymphatic phase of African trypanosomia-
sis is treated with suramin or pentamidine.1-3 Pentamidine
may be used for treatment of T. b. gambiense infections,
but increasing resistance makes it unsuitable for T. b.
rhodesiense infections; suramin is used for T. b. rhode-
siense infections and for T. b. gambiense infections which
are resistant to pentamidine. Giving both pentamidine and
suramin for T. b. gambiense infections has not been shown
to reduce the incidence of relapse.4 
Suramin and pentamidine penetrate the blood-brain barrier
poorly and are only used in the meningoencephalitic
stage as adjuncts before starting treatment with melarso-
prol or eflornithine. Melarsoprol, which is effective
against both T. b. gambiense and T. b. rhodesiense, is usu-
ally only given to treat the meningoencephalitic stage of
the infection because it may produce potentially fatal en-
cephalopathy. However, protection against this toxicity
may be provided by prophylaxis with prednisolone.5,6 Pa-
tients with T. b. gambiense infection may be treated more
safely with eflornithine than melarsoprol on its own.7-9

Combination therapy with melarsoprol and eflornithine
was reported to be effective in a patient who had not re-
sponded to either drug alone.10 Eflornithine given with
suramin produced disappointing results in 6 patients with
T. b. rhodesiense.11 
Nifurtimox1,12,13 is an alternative treatment to melarsoprol
for relapse of T. b. gambiense infection. Promising results
have been obtained from a randomised controlled study14

for the treatment of second stage T.b. gambiense infection
with oral nifurtimox plus intravenous eflornithine. 
There is no established effective alternative treatment for
melarsoprol-resistant T. b. rhodesiense, although suramin
given with high-dose metronidazole was successful in a
patient.15 
Patients should be seen every 6 months for a follow-up
period of at least 2 years, to ascertain if treatment has been
successful.
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American trypanosomiasis
American trypanosomiasis (Chagas’ disease) is caused by
Trypanosoma cruzi, carried by reduviid or triatomine bugs
which feed on human blood.1 Infected bugs defecate on
the human host while feeding and metacyclic trypano-
somes are shed and enter the host via skin abrasions or by
direct penetration of mucous membranes such as the con-
junctiva. Transmission by blood transfusion has been a
large problem. Congenital infection can also occur. Con-
trol measures include case detection and treatment, vector
control by insecticide applications within domestic build-
ings, and screening of blood donors.1 
Infection with T. cruzi is found throughout South and Cen-
tral America and has been recorded in Mexico and Texas;
there have also been reports of transfusion-induced infec-
tion in northern USA and Canada. Three phases of the dis-
ease are recognised. In the early acute phase of infection
parasites are present in the blood; this phase may be
asymptomatic or there may be a swelling or chagoma at
the site of infection, allergic reactions, and more rarely
acute heart failure or meningoencephalitis. The acute
phase may be fatal in children, but patients usually survive
to enter an indeterminate phase, in which infection may be
present in tissue for years without clinical manifestations.
Classical features of the final chronic phase are cardiomy-
opathy, megacolon, and mega-oesophagus. Parasitaemia
falls to undetectable levels after the acute phase. 
Available treatment is generally unsatisfactory but, despite
their toxicity, nifurtimox or benznidazole are of value es-
pecially in the acute phase; it is not certain whether
trypanocidal treatment during the indeterminate phase can
prevent the development of chronic disease although fa-
vourable results were obtained in a small study in children
given benznidazole.2 Although it is generally felt that there
is no benefit from treatment in the chronic phase, treatment
during the early chronic phase was reported to be benefi-
cial,3 and long-term follow-up of patients who had re-
ceived benznidazole showed a reduction in cardiac com-
plications and parasitaemia.4 Symptomatic treatment is
often given, particularly in the chronic stage for cardiac
and gastrointestinal lesions. A systematic review5 consid-
ered that indications for treatment with benznidazole or ni-
furtimox included all cases of congenital infection, reacti-
vated infection, and all children 18 years of age or less;
antitrypanocidal treatment should also generally be of-
fered to adults aged 19 to 50, and should be considered in
older adults although the risks of drug therapy were greater
in the last group. It was not recommended for advanced
Chagasic cardiomyopathy, since the existing pathology
would not benefit, but the potential to reduce development
of cardiomyopathy should be considered in patients with
gastrointestinal involvement. 
The efficacy of treatment varies from country to country
and may be linked to variations in the sensitivity of differ-
ent strains of T. cruzi. Treatment is said to be successful
when both parasitaemia and serological tests become neg-
ative and remain so for at least one year after the end of
treatment. 
Allopurinol and allopurinol riboside are under investiga-
tion for the treatment of American trypanosomiasis since
they have shown trypanocidal activity. Allopurinol has
been reported to be as effective as nifurtimox or benzni-
dazole in reducing parasitaemia during the indeterminate
phase and to be better tolerated.6 Allopurinol and itraco-
nazole, alone or in combination, have produced beneficial
responses in patients with chronic disease.7,8 
In areas where the proportion of seropositive blood donors
is high, emergency blood supplies positive for T. cruzi
have been made safe by the addition of methylrosanilin-
ium chloride. It has been suggested that the risk of trans-
mission to transplant recipients can be reduced considera-
bly by nifurtimox or benznidazole treatment of the donor
for 2 weeks before transplantation, and of the recipient for
2 weeks after transplantation. In laboratory workers at risk
of an infection after an accident, treatment with benznid-
azole for 10 days should be started immediately.
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Acetarsol (BAN, rINN)

Acetaminohydroxyphenylarsonsäure; Acétarsol; Acetarsolum;
Acetarsone; Acetphenarsinum; Asetarsoli; Osarsolum. 3-Aceta-
mido-4-hydroxyphenylarsonic acid.

Ацетарсол
C8H10AsNO5 = 275.1.
CAS — 97-44-9.
ATC — A07AX02; G01AB01; P01CD02.
ATC Vet — QA07AX02; QG01AB01; QP51AD05.

Profile
Acetarsol, a pentavalent organic arsenical derivative, was for-
merly given orally in the treatment of intestinal amoebiasis and
vaginally in the treatment of trichomoniasis, but the use of pen-
tavalent arsenical compounds has been abandoned in favour of
more effective and less toxic drugs. For the adverse effects of
arsenic and their treatment, see Arsenic Trioxide, p.2260. 
Acetarsol suppositories were once tried in the treatment of proc-
titis. Acetarsol lithium and acetarsol sodium have been included
in some preparations for minor mouth infections.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Rus.: Osarbon (Осарбон).

Amprolium Hydrochloride (BANM, rINNM)

Amprolii Hydrochloridum; Amprolium, Chlorhydrate d’; Hidro-
cloruro de amprolio. 1-(4-Amino-2-propylpyrimidin-5-ylmethyl)-
2-methylpyridinium chloride hydrochloride.

Ампролия Гидрохлорид
C14H19ClN4,HCl = 315.2.
CAS — 121-25-5 (amprolium); 137-88-2 (amprolium hy-
drochloride).

(amprolium)

Pharmacopoeias. In Fr. and US for veterinary use only. Also
in BP(Vet). 
BP(Vet) 2008 (Amprolium Hydrochloride). A white or almost
white, odourless or almost odourless powder. Freely soluble in
water; slightly soluble in alcohol; practically insoluble in chloro-
form; very slightly soluble in ether. 
USP 31 (Amprolium). A white to light yellow powder. Freely
soluble in water, in alcohol, in dimethylformamide and in methyl
alcohol; sparingly soluble in dehydrated alcohol; practically in-
soluble in acetone, in butyl alcohol, and in isopropyl alcohol.

Profile
Amprolium hydrochloride is an antiprotozoal used in veterinary
practice, alone or with other drugs such as ethopabate, for the
control of coccidiosis in pigeons and in poultry.

Pentavalent Antimony 
Compounds
Antimonio pentavalente, compuestos de.

Meglumine Antimonate
Antimoniato de meglumina; Antimony Meglumine; Meglumine
Antimoniate; Protostib; RP-2168. 1-Deoxy-1-methylamino-D-
glucitol antimonate.
Меглумина Антимонат
C7H18NO8Sb = 366.0.
CAS — 133-51-7.
ATC — P01CB01.
ATC Vet — QP51AB01.

Sodium Stibogluconate (BAN, rINN)

Estibogluconato de sodio; Natrii Stibogluconas; Natriumstiboglu-
konaatti; Natriumstiboglukonat; Sod. Stibogluc.; Sodium Antimo-
ny Gluconate; Sodyum Stiboglukonat; Stibogluconate de Sodium;
Stibogluconat-Natrium.
Натрия Стибоглюконат
CAS — 16037-91-5.
ATC — P01CB02.
ATC Vet — QP51AB02.

Description. A pentavalent antimony compound of indefinite
composition. It has been represented by the formula
C6H9Na2O9Sb but usually there are less than 2 atoms of Na for
each atom of Sb. Solutions may be sterilised by autoclaving.
Pharmacopoeias. In Br., Chin., Int., and It. 
BP 2008 (Sodium Stibogluconate). It is mainly the disodium salt
of μ-oxy-bis[gluconato(3-)O2,O3,O4-hydroxo-antimony]. It con-
tains not less than 30.0% and not more than 34.0% of antimo-
ny(V), calculated with reference to the dried and methanol-free
substance. It is a colourless, odourless or almost odourless, most-
ly amorphous powder. Very soluble in water; practically insolu-
ble in alcohol and in ether. A solution in water containing 10% of
pentavalent antimony has a pH of 5.0 to 5.6 after autoclaving.

Adverse Effects, Treatment, and Precau-
tions
As for Trivalent Antimony Compounds, p.141. 
Adverse effects are generally less frequent and less se-
vere with the pentavalent antimony compounds sodi-
um stibogluconate and meglumine antimonate than
with trivalent compounds such as antimony sodium
tartrate. Nevertheless, similar precautions should be
observed, especially in patients on high-dose therapy. 
Intramuscular injections of sodium stibogluconate can
be painful and intravenous use has been associated
with thrombophlebitis.
◊ Common adverse effects of pentavalent antimony are anorexia,
vomiting, nausea, malaise, arthralgia and myalgia, headache,
lethargy, and pancreatitis. ECG changes are dose-dependent and
most commonly include T-wave inversion and prolonged QT in-
terval. Renal damage is a rarely reported toxic effect. Pentavalent
antimony is usually well tolerated. Serious adverse effects when
they occur usually involve the liver or the heart when it is prudent
to interrupt the course temporarily. 
References.
1. WHO. Control of the leishmaniases. WHO Tech Rep Ser 793
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2. Aronson NE, et al. Safety and efficacy of intravenous sodium
stibogluconate in the treatment of leishmaniasis: recent US mil-
itary experience. Clin Infect Dis 1998; 27: 1457–64.

Breast feeding. The amount of antimony distributed into the
breast milk of a patient given sodium stibogluconate was consid-
ered not to constitute a hazard and oral absorption was not detect-
ed in an animal study.1 The American Academy of Pediatrics
also considers that the use of antimony is usually compatible
with breast feeding.2 Others, however, have felt that more safety
evaluation was required before antimony could be considered
completely safe during breast feeding.3
1. Berman JD, et al. Concentration of Pentostam in human breast

milk. Trans R Soc Trop Med Hyg 1989; 83: 784–5. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
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3. Verschoyle RD. Comment. Trop Dis Bull 1990; 87: 919.

Effects on the blood. Although thrombocytopenia is associat-
ed with leishmaniasis, there are case reports of it also being asso-
ciated with sodium stibogluconate.1,2

1. Braconier JH, Miörner H. Recurrent episodes of thrombocytope-
nia during treatment with sodium stibogluconate. J Antimicrob
Chemother 1993; 31: 187–8. 

2. Hepburn NC. Thrombocytopenia complicating sodium stiboglu-
conate therapy for cutaneous leishmaniasis. Trans R Soc Trop
Med Hyg 1993; 87: 691.

Effects on the heart. The ECG was monitored during 65
courses of treatment with sodium stibogluconate in 59 Kenyan

patients with leishmaniasis.1 ECG abnormalities developed dur-
ing 35 treatment courses. They were qualitatively similar to those
previously described during treatment with trivalent antimonial
drugs, but occurred less frequently and later during the course of
treatment. The most common abnormality was inversion and/or
decreased amplitude of T waves. Incidence was related to total
daily dose and duration of treatment. One patient died suddenly
during the 4th week of treatment with antimony 60 mg/kg daily.
Other deaths probably related to cardiac toxicity have been re-
ported in patients receiving 60 mg/kg daily2 and 30 mg/kg daily.3
It has been recommended1 that for treatment with sodium sti-
bogluconate ECGs should be obtained every 3 to 4 days in pa-
tients given antimony 20 mg/kg daily for more than 20 days or a
higher dose for more than 10 days. If Stokes-Adams attacks or
ventricular tachyarrhythmias develop, sodium stibogluconate
should be stopped and appropriate treatment given. A retrospec-
tive study4 in patients treated with sodium stibogluconate for
mostly cutaneous leishmaniasis found that the mean QTc interval
steadily increased throughout the period of treatment, reaching a
potentially toxic threshold by the third week, but cardiotoxicity
was seen only in one elderly patient who had hypokalaemia and
pre-existing cardiovascular morbidity. Identification before
treatment of factors that may increase cardiovascular risk is im-
portant.
1. Chulay JD, et al. Electrocardiographic changes during treatment

of leishmaniasis with pentavalent antimony (sodium stibogluco-
nate). Am J Trop Med Hyg 1985; 34: 702–9. 

2. Bryceson ADM, et al. Visceral leishmaniasis unresponsive to an-
timonial drugs II: response to high dosage sodium stibogluco-
nate or prolonged treatment with pentamidine. Trans R Soc Trop
Med Hyg 1985; 79: 705–14. 

3. Thakur CP. Harmful effect of high stibogluconate treatment of
kala-azar in India. Trans R Soc Trop Med Hyg 1986; 80: 672–3. 

4. Lawn SD, et al. Electrocardiographic and biochemical adverse
effects of sodium stibogluconate during treatment of cutaneous
and mucosal leishmaniasis among returned travellers. Trans R
Soc Trop Med Hyg 2006; 100: 264–9.

Effects on the kidneys. Sodium stibogluconate given for 10
days to 16 young men with cutaneous leishmaniasis had no ap-
parent adverse effect on glomerular or tubular renal function.1
However, evidence of renal tubular dysfunction has been report-
ed in patients with mucocutaneous leishmaniasis given meglu-
mine antimonate or sodium stibogluconate for 30 days or more2

and acute renal failure has occurred in patients both with,3 and
without,4 pre-existing renal impairment, the latter resulting in
death.
1. Joliffe DS. Nephrotoxicity of pentavalent antimonials. Lancet

1985; i: 584. 
2. Veiga JPR, et al. Renal tubular dysfunction in patients with mu-

cocutaneous leishmaniasis treated with pentavalent antimonials.
Lancet 1983; ii: 569. 

3. Balzan M, Fenech F. Acute renal failure in visceral leishmaniasis
treated with sodium stibogluconate. Trans R Soc Trop Med Hyg
1992; 86: 515–16. 

4. Rodrigues MLO, et al. Nephrotoxicity attributed to meglumine
antimoniate (Glucantime) in the treatment of generalized cutane-
ous leishmaniasis. Rev Inst Med Trop Sao Paulo 1999; 41: 33–7.

Effects on the liver. WHO has reported that when serious ad-
verse effects occur with sodium stibogluconate they usually in-
volve the liver or the heart.1 There have been reports of disturbed
liver function2,3 in patients given sodium stibogluconate, al-
though there has also been a report4 that signs of altered liver
function, which may be a feature of visceral leishmaniasis, im-
proved during treatment with sodium stibogluconate.
1. WHO. Control of the leishmaniases. WHO Tech Rep Ser 793

1 9 9 0 .  Av a i l a b l e  a t :  h t t p : / / l i b d o c . w h o . i n t / t r s /
WHO_TRS_793.pdf (accessed 17/07/08) 

2. Ballou WR, et al. Safety and efficacy of high-dose sodium sti-
bogluconate therapy of American cutaneous leishmaniasis. Lan-
cet 1987; ii: 13–16. 

3. Hepburn NC, et al. Hepatotoxicity of sodium stibogluconate in
leishmaniasis. Lancet 1993; 342: 238–9. 

4. Misbahuddin M, et al. Stibogluconate for leishmaniasis. Lancet
1993; 342: 804.

Effects on the musculoskeletal system. Arthralgia is com-
mon with pentavalent antimony compounds. It is usually dose-
dependent1 but a patient has been described who experienced
symptoms early in treatment.2 Palindromic arthropathy with ef-
fusion was associated with sodium stibogluconate treatment in
another patient.3
1. Ballou WR, et al. Safety and efficacy of high-dose sodium sti-

bogluconate therapy of American cutaneous leishmaniasis. Lan-
cet 1987; ii: 13–16. 

2. Castro C, et al. Severe arthralgia, not related to dose, associated
with pentavalent antimonial therapy for mucosal leishmaniasis.
Trans R Soc Trop Med Hyg 1990; 84: 362. 

3. Donovan KL, et al. Pancreatitis and palindromic arthropathy
with effusions associated with sodium stibogluconate treatment
in a renal transplant recipient. J Infect 1990; 21: 107–10.

Effects on the nervous system. Peripheral neuropathy de-
veloped in a patient about 8 days after starting therapy with sodi-
um stibogluconate.1 The symptoms were generally reversible
when treatment was stopped (after 17 days), although there was
some slight persistent hypoaesthesia in the toes. An interaction
with a single dose of amitriptyline, taken on the second day of
stibogluconate therapy, seemed unlikely but could not be ruled
out.
1. Brummitt CF, et al. Reversible peripheral neuropathy associated

with sodium stibogluconate therapy for American cutaneous
leishmaniasis. Clin Infect Dis 1996; 22: 878–9.

N
H

O
OH

As CH3

O

HO
HO

N+ NH2

N

N CH3

H3C
Cl−



Acetarsol/Atovaquone    829

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the pancreas. Pancreatitis has been associated with
sodium stibogluconate treatment.1-3 Withdrawing treatment usu-
ally resulted in resolution of pancreatitis.
1. Donovan KL, et al. Pancreatitis and palindromic arthropathy

with effusions associated with sodium stibogluconate treatment
in a renal transplant recipient. J Infect 1990; 21: 107–10. 

2. Gasser RA, et al. Pancreatitis induced by pentavalent antimonial
agents during treatment of leishmaniasis. Clin Infect Dis 1994;
18: 83–90. 

3. Domingo P, et al. Treatment of Indian kala-azar with pentavalent
antimony. Lancet 1995; 345: 584–5.

Pharmacokinetics
The pentavalent antimony compounds are poorly ab-
sorbed from the gastrointestinal tract. After intrave-
nous doses an initial distribution phase is followed by
biexponential elimination by the kidneys. The elimina-
tion half-life of the initial phase is about 1.7 hours and
that of the slow terminal phase is about 33 hours. The
corresponding half-lives after intramuscular doses are
reported to be 2 hours and 766 hours respectively. The
slow elimination phase may reflect reduction to triva-
lent antimony. Accumulation occurs on daily use and
maximum tissue concentrations may not be reached
for 7 days or more. Antimony has been detected in
breast milk (see Breast Feeding, above).
◊ References.
1. Rees PH, et al. Renal clearance of pentavalent antimony (sodium

stibogluconate). Lancet 1980; ii: 226–9. 
2. Chulay JD, et al. Pharmacokinetics of antimony during treat-

ment of visceral leishmaniasis with sodium stibogluconate or
meglumine antimoniate. Trans R Soc Trop Med Hyg 1988; 82:
69–72. 

3. Al Jaser M, et al. Pharmacokinetics of antimony in patients treat-
ed with sodium stibogluconate for cutaneous leishmaniasis.
Pharm Res 1995; 12: 113–16.

Uses and Administration
Pentavalent antimony, as sodium stibogluconate or
meglumine antimonate, is used as first-line treatment
for all forms of leishmaniasis except Leishmania aethi-
opica infections. 
For systemic use, sodium stibogluconate is given by
intramuscular or intravenous injection as a solution
containing the equivalent of pentavalent antimony
100 mg/mL. Intramuscular injection is generally pref-
erable. Intravenous injections must be given very slow-
ly (over at least 5 minutes) and preferably through a
fine needle to avoid thrombophlebitis; as with trivalent
antimony compounds, they should be stopped immedi-
ately if coughing, vomiting, or substernal pain occurs.
Meglumine antimonate is given by deep intramuscular
injection as a solution containing the equivalent of pen-
tavalent antimony 85 mg/mL. Doses are expressed in
terms of the equivalent amount of pentavalent antimo-
ny. 
Local variations exist in treatment schedules but WHO
recommends the following regimens: 
• In visceral leishmaniasis, initial treatment is based

on daily intramuscular injection of pentavalent anti-
mony 20 mg/kg to a maximum of 850 mg (but see
below) for at least 20 days. The length of treatment
varies from one endemic area to another, but is con-
tinued until no parasites are detected in consecutive
splenic aspirates taken at 14-day intervals. Patients
who relapse are re-treated at the same dose. 

• Early non-inflamed lesions of cutaneous leishma-
niasis due to all forms of Leishmania except L. ae-
thiopica, L. amazonensis, and L. braziliensis may be
treated by infiltration with intralesional injections of
1 to 3 mL of sodium stibogluconate or meglumine
antimonate (about 100 to 300 mg of pentavalent an-
timony), repeated once or twice if necessary at inter-
vals of 1 to 2 days. Systemic therapy with intramus-
cular pentavalent antimony 10 to 20 mg/kg daily is
given if the lesions are more severe and continued
until a few days after clinical and parasitological
cure is achieved. 
Cutaneous leishmaniasis due to L. aethiopica is not
responsive to antimonials at conventional doses. In
cutaneous leishmaniasis due to L. braziliensis, pro-
longed systemic treatment with intramuscular pen-

tavalent antimony 20 mg/kg daily for a minimum of
4 weeks is indicated. Similar doses are required for
diffuse cutaneous leishmaniasis due to L. amazon-
ensis and are continued for several months after clin-
ical improvement occurs. Relapses should be ex-
pected until immunity develops. 

• In mucocutaneous leishmaniasis, daily doses of in-
tramuscular pentavalent antimony 20 mg/kg are giv-
en for a minimum of 4 weeks; if the response is poor,
10 to 15 mg/kg may be given every 12 hours for the
same period. Relapses are well known and have gen-
erally been associated with inadequate or interrupted
treatment; they are treated with the same drug given
for at least twice as long as the original treatment.
Only when that fails should alternative treatment be
given.

Leishmaniasis. The main treatment for leishmaniasis (p.824) is
a pentavalent antimony compound such as sodium stibogluco-
nate. Higher doses of antimony compounds than those recom-
mended by WHO (see above) have been tried in order to over-
come the unresponsiveness of leishmaniasis to therapy. In the
USA, the use of 20 mg/kg daily of pentavalent antimony has
been recommended, without restriction to an 850-mg maximum
daily dose.1,2 At 20 mg/kg daily the most common adverse ef-
fects are musculoskeletal disorders, elevated liver enzyme val-
ues, and T-wave changes on the ECG, and the CDC recommends
that the ECG, blood chemistry, and blood count should be moni-
tored throughout therapy if resources permit.1 Severe cardiotox-
icity is rare at this dose but fatal cardiac toxicity has been report-
ed with doses of up to 60 mg/kg daily (see under Effects on the
Heart, above). Drug-resistant strains of Leishmania infantum
have been associated with unresponsiveness to treatment with
meglumine antimonate.3 It was suggested4 that the use of subop-
timal doses may be increasing the prevalence of drug-resistant
strains of the parasite. However, low doses of antimony com-
pounds (5 mg/kg daily for 30 days) have produced long-term
cure in patients with cutaneous L. braziliensis infection followed
for up to 10 years.5 
INTRALESIONAL ADMINISTRATION. Intralesional infiltration of 3 dos-
es of sodium stibogluconate on alternate days or once weekly
was more effective than daily treatment in a study of 96 patients
in Saudi Arabia.6 Local infiltration of meglumine antimonate in
usual doses of 150 to 900 mg (maximum 1500 mg) once each
week for up to 6 weeks produced microbiological and clinical
cures in all of 45 patients in Italy with cutaneous leishmaniasis.7

1. Herwaldt BL, Berman JD. Recommendations for treating leish-
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296–306. 
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microb Agents Chemother 1997; 41: 827–30. 
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patients with American cutaneous leishmaniasis: extensive fol-
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6. Tallab TM, et al. Cutaneous leishmaniasis: schedules for intral-
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Preparations
BP 2008: Sodium Stibogluconate Injection.

Proprietary Preparations (details are given in Part 3)
Braz.: Glucantime; Fr.: Glucantime; Israel: Pentostam; Ital.: Glucantim†;
Spain: Glucantime; UK: Pentostam; Venez.: Glucantime.

Atovaquone (BAN, USAN, rINN)

Atovacuona; Atovakon; Atovakvon; Atovakvoni; Atovaquonum;
BW-A566C; BW-566C; BW-566C80; 566C; 566C80. 2-[trans-4-
(4-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone.

Атовахон

C22H19O3Cl = 366.8.

CAS — 95233-18-4.

ATC — P01AX06.

Pharmacopoeias. In US. 
USP 31 (Atovaquone). A yellow powder. Insoluble in water;
slightly soluble in alcohol, in butanediol, in ethyl acetate, in gly-
cerol, in octanol, and in macrogol 200; sparingly soluble in ace-
tone, in di-nbutyl adipate, in dimethyl sulfoxide, and in macrogol
400; soluble in chloroform; freely soluble in N-methyl-2-pyrro-
lidone and in tetrahydrofuran; very slightly soluble in 0.1N sodi-
um hydroxide. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
Adverse reactions to atovaquone include skin rashes,
headache, fever, insomnia, and gastrointestinal effects
such as nausea, diarrhoea, and vomiting. Raised liver
enzyme values, hyponatraemia, and haematological
disturbances such as anaemia and neutropenia may oc-
cur occasionally. Atovaquone should be avoided in pa-
tients with gastrointestinal disorders that may limit ab-
sorption of the drug.
Effects on the skin. Stevens-Johnson syndrome has been
reported1 in a patient taking atovaquone with proguanil.
1. Emberger M, et al. Stevens-Johnson syndrome associated with

Malarone antimalarial prophylaxis. Abstract: Clin Infect Dis
2003; 37: 158. Full version: http://www.journals.uchicago.edu/
doi/pdf/10.1086/375073 (accessed 17/07/08)

Interactions
Use of atovaquone with either metoclopramide, tetra-
cycline, or rifampicin (and possibly also rifabutin) may
result in decreases in plasma-atovaquone concentra-
tions. Other drugs which have produced small reduc-
tions in plasma-atovaquone concentrations include
aciclovir, antidiarrhoeals, benzodiazepines, cephalo-
sporins, laxatives, opioids, and paracetamol. 
Atovaquone is reported to decrease the metabolism of
zidovudine resulting in moderate increases in zidovu-
dine plasma concentrations. A decrease in trough con-
centrations of indinavir, and in the area under the indi-
navir time-concentration curve has been reported when
atovaquone was also given. Small decreases in the
plasma concentrations of co-trimoxazole have been
noted in patients taking atovaquone. There is a theoret-
ical possibility that atovaquone could displace other
highly protein-bound drugs from plasma-protein bind-
ing sites.

Pharmacokinetics
Atovaquone is poorly absorbed from the gastrointesti-
nal tract after oral doses; bioavailability is especially
poor in patients with AIDS. Bioavailability from com-
mercial oral liquid formulations is better than from tab-
lets and can be further improved if taken with food,
particularly meals with a high fat content. Atovaquone
is more than 99% bound to plasma proteins and has a
long plasma half-life of 2 to 3 days, thought to be due
to enterohepatic recycling. It is excreted almost exclu-
sively in faeces as unchanged drug.
◊ References.
1. Hughes WT, et al. Safety and pharmacokinetics of 566C80, a

hydroxynaphthoquinone with anti-Pneumocystis carinii activity:
a phase I study in human immunodeficiency virus (HIV)-infect-
ed men. J Infect Dis 1991; 163: 843–8. 

2. Rolan PE, et al. Examination of some factors responsible for a
food-induced increase in absorption of atovaquone. Br J Clin
Pharmacol 1994; 37: 13–20. 

3. Dixon R, et al. Single-dose and steady-state pharmacokinetics of
a novel microfluidized suspension of atovaquone in human im-
munodeficiency virus-seropositive patients. Antimicrob Agents
Chemother 1996; 40: 556–60. 

4. Hussein Z, et al. Population pharmacokinetics of atovaquone in
patients with acute malaria caused by Plasmodium falciparum.
Clin Pharmacol Ther 1997; 61: 518–30. 

5. Rolan PE, et al. Disposition of atovaquone in humans. Antimi-
crob Agents Chemother 1997; 41: 1319–21.
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Uses and Administration
Atovaquone is a hydroxynaphthoquinone antiprotozo-
al that is also active against the fungus Pneumocystis
jirovecii. It is used in the treatment and prophylaxis of
pneumocystis pneumonia in patients unable to tolerate
co-trimoxazole, and with proguanil in the treatment
and prophylaxis of malaria. 
In the treatment of mild to moderate pneumocystis
pneumonia, atovaquone is given orally in a dose of
750 mg with food twice daily as a suspension, for 21
days. For prophylaxis 1500 mg of the suspension is
given once daily with food. 
Prophylaxis of falciparum malaria should start 1 to 2
days before travel to the malarious area, continue daily
throughout exposure, and for 7 days after leaving the
area. The following doses may be given once daily: 
• adults and children over 40 kg: atovaquone 250 mg

with proguanil hydrochloride 100 mg 
• children 11 to 20 kg: one-quarter the adult dose 
• children 21 to 30 kg: one-half the adult dose 
• children 31 to 40 kg: three-quarters the adult dose 
In the treatment of uncomplicated falciparum malar-
ia, the following doses are given as a single daily dose
for 3 days: 
• adults and children over 40 kg: atovaquone 1000 mg

with proguanil hydrochloride 400 mg 
• children 5 to 8 kg: one-eighth the adult dose 
• children 9 to 10 kg: three-sixteenths the adult dose 
• children 11 to 20 kg: one-quarter the adult dose 
• children 21 to 30 kg: one-half the adult dose 
• children 31 to 40 kg: three-quarters the adult dose 
Atovaquone with proguanil is one of the antimalarial
drugs recommended by some experts to be carried as a
standby for the emergency treatment of malaria. The
dose recommended for self-treatment is the same as
that for treatment of uncomplicated falciparum malar-
ia.
◊ Reviews.
1. Haile LG, Flaherty JF. Atovaquone: a review. Ann Pharmacother

1993; 27: 1488–94. 
2. Artymowicz RJ, James VE. Atovaquone: a new antipneumo-

cystis agent. Clin Pharm 1993; 12: 563–70. 
3. Spencer CM, Goa KL. Atovaquone: a review of its pharmacolog-

ical properties and therapeutic efficacy in opportunistic infec-
tions. Drugs 1995; 50: 176–96. 

4. Baggish AL, Hill DR. Antiparasitic agent atovaquone. Antimi-
crob Agents Chemother 2002; 46: 1163–73. 

5. McKeage K, Scott LJ. Atovaquone/proguanil: a review of its use
for the prophylaxis of Plasmodium falciparum malaria. Drugs
2003; 63: 597–623. 

6. Marra F, et al. Atovaquone-proguanil for prophylaxis and treat-
ment of malaria. Ann Pharmacother 2003; 37: 1266–75.

Babesiosis. In a prospective, randomised study1 involving 58
patients with babesiosis (p.823), atovaquone with azithromycin
was found to be as effective as, and associated with fewer ad-
verse effects than, standard therapy with quinine and clindamy-
cin. Atovaquone 750 mg twice daily with azithromycin 600 mg
once daily, or 500 to 1000 mg on day 1 followed by 250 mg once
daily thereafter, both orally for 7 to 10 days, has been recom-
mended by some experts2,3 in the USA for the treatment of Babe-
sia microti infections. Children may be given atovaquone
20 mg/kg twice daily with azithromycin 12 mg/kg once daily, or
10 mg/kg on day 1 followed by 5 mg/kg once daily thereafter,
both by mouth for 7 to 10 days.
1. Krause PJ, et al. Atovaquone and azithromycin for the treatment

of babesiosis. N Engl J Med 2000; 343: 1454–8. 
2. Wormser GP, et al. The clinical assessment, treatment, and pre-

vention of Lyme disease, human granulocytic anaplasmosis, and
babesiosis: clinical practice guidelines by the Infectious Diseas-
es Society of America. Clin Infect Dis 2006; 43: 1089–1134.
Also available at :  ht tp:/ /www.journals.uchicago.edu/
doi/pdf/10.1086/375073 (accessed 17/07/08) 

3. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Malaria. Atovaquone with proguanil (Malarone) is used in the
treatment and prophylaxis of uncomplicated malaria caused by
Plasmodium falciparum (see p.594). 
Atovaquone, a blood schizontocide, is associated with an unac-
ceptably high rate of recrudescence when used alone1,2 for treat-
ment but is more successful in malaria when used with pro-
guanil,2,3 including that produced by multidrug-resistant strains.4
Use of the combination to treat P. ovale and P. malariae malarias
has also been studied.5 Atovaquone with proguanil followed by
primaquine may also be effective for the treatment of P. vivax
malaria.6 
Atovaquone with proguanil has also been found to be useful for
prophylaxis of falciparum malaria in both children7 and adults8

in endemic areas. It may also be used for prophylaxis in non-
immune travellers9,10 and appears to be well tolerated.10,11

1. Chiodini PL, et al. Evaluation of atovaquone in the treatment of
patients with uncomplicated Plasmodium falciparum malaria. J
Antimicrob Chemother 1995; 36; 1073–5. 

2. Looareesuwan S, et al. Clinical studies of atovaquone, alone or
in combination with other antimalarial drugs, for treatment of
acute uncomplicated malaria in Thailand. Am J Trop Med Hyg
1996; 54: 62–6. 

3. Radloff PD, et al. Atovaquone and proguanil for Plasmodium
falciparum malaria. Lancet 1996; 347: 1511–14. 

4. Sabchareon A, et al. Efficacy and pharmacokinetics of
atovaquone and proguanil in children with multidrug-resistant
Plasmodium falciparum malaria. Trans R Soc Trop Med Hyg
1998; 92: 201–6. 

5. Radloff PD, et al. Atovaquone plus proguanil is an effective
treatment for Plasmodium ovale and P. malariae malaria. Trans
R Soc Trop Med Hyg 1996; 90: 682. 

6. Looareesuwan S, et al. Atovaquone and proguanil hydrochlo-
ride followed by primaquine for treatment of plasmodium vivax
malaria in Thailand. Trans R Soc Trop Med Hyg 1999; 93:
637–40. 

7. Lell B, et al. Randomised placebo-controlled study of
atovaquone plus proguanil for malaria prophylaxis in children.
Lancet 1998; 351: 709–13. 

8. Shanks GD, et al. Efficacy and safety of atovaquone/proguanil
as suppressive prophylaxis for Plasmodium falciparum malaria.
Clin Infect Dis 1998; 27: 494–9. 

9. Overbosch D, et al. Atovaquone-proguanil versus mefloquine
for malaria prophylaxis in nonimmune travelers: results from a
randomized, double-blind study. Clin Infect Dis 2001; 33:
1015–21. 

10. Nakato H, et al. A systematic review and meta-analysis of the
effectiveness and safety of atovaquone proguanil (Malarone) for
chemoprophylaxis against malaria. J Antimicrob Chemother
2007; 60: 929–36. 

11. Høgh B, et al. Atovaquone-proguanil versus chloroquine-pro-
guanil for malaria prophylaxis in non-immune travellers: a ran-
domised, double-blind study. Lancet 2000; 356: 1888–94.

Microsporidiosis. There is no established effective treatment
for microsporidiosis (p.826). Beneficial responses were reported
with atovaquone in a preliminary study.1
1. Anwar-Bruni DM, et al. Atovaquone is effective treatment for

the symptoms of gastrointestinal microsporidiosis in HIV-1-in-
fected patients. AIDS 1996; 10: 619–23.

Pneumocystis pneumonia. Atovaquone is one alternative to
co-trimoxazole for the treatment of pneumocystis pneumonia
(p.521). In open studies, a clinical response to atovaquone was
reported in 78% of patients with mild to moderate disease and in
56% of patients with severe disease who were intolerant of, or
who failed to respond to, both co-trimoxazole and pentamidine.1
Comparative studies have shown atovaquone to be less effective
than co-trimoxazole2 and probably less effective than pentami-
dine,3,4 but to produce fewer treatment-limiting adverse effects
than either. 
Atovaquone is also an alternative to co-trimoxazole for both pri-
mary or secondary prophylaxis, and was as effective as dapsone5

or inhaled pentamidine6 in studies in patients intolerant of co-
trimoxazole.
1. White A, et al. Clinical experience with atovaquone on a treat-

ment investigational new drug protocol for Pneumocystis carinii
pneumonia. J Acquir Immune Defic Syndr Hum Retrovirol 1995;
9: 280–5. 

2. Hughes W, et al. Comparison of atovaquone (566C80) with tri-
methoprim-sulfamethoxazole to treat Pneumocystis carinii
pneumonia in patients with AIDS. N Engl J Med 1993; 328:
1521–7. 

3. Dohn MN, et al. Oral atovaquone compared with intravenous
pentamidine for Pneumocystis carinii pneumonia in patients
with AIDS. Ann Intern Med 1994; 121: 174–80. 

4. Lederman MM, van der Horst C. Atovaquone for Pneumocystis
carinii pneumonia. Ann Intern Med 1995; 122: 314. 

5. El-Sadr WM, et al. Atovaquone compared with dapsone for the
prevention of Pneumocystis carinii pneumonia in patients with
HIV infection who cannot tolerate trimethoprim, sulfonamides,
or both. N Engl J Med 1998; 339: 1889–95. 

6. Chan C, et al. Atovaquone suspension compared with aero-
solized pentamidine for prevention of Pneumocystis carinii
pneumonia in human immunodeficiency virus-infected subjects
intolerant of trimethoprim or sulfonamides. J Infect Dis 1999;
180: 369–76.

Toxoplasmosis. Atovaquone, either alone or with pyrimeth-
amine or sulfadiazine, has produced encouraging results for
treatment1-3 or long-term suppression2-4 of toxoplasmosis
(p.826) in patients with AIDS.
1. Kovacs JA, et al. Efficacy of atovaquone in treatment of toxo-

plasmosis in patients with AIDS. Lancet 1992; 340: 637–8. 
2. Torres RA, et al. Atovaquone for salvage treatment and suppres-

sion of toxoplasmic encephalitis in patients with AIDS. Clin In-
fect Dis 1997; 24: 422–9. 

3. Chirgwin K, et al. Randomized phase II trial of atovaquone with
pyrimethamine or sulfadiazine for treatment of toxoplasmic en-
cephalitis in patients with acquired immunodeficiency syn-
drome: ACTG 237/ANRS 039 Study. Clin Infect Dis 2002; 34:
1243–50. 

4. Katlama C, et al. Atovaquone as long-term suppressive therapy
for toxoplasmic encephalitis in patients with AIDS and multiple
drug intolerance. AIDS 1996; 10: 1107–12.

Preparations
USP 31: Atovaquone Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Austral.: Wellvone; Austria: Wellvone; Belg.: Wellvone; Canad.: Me-
pron; Fr.: Wellvone; Ger.: Wellvone; Gr.: Wellvone; Ital.: Wellvone;

Neth.: Wellvone; Port.: Wellvone; S.Afr.: Wellvone; Spain: Wellvone;
Swed.: Wellvone; Switz.: Wellvone; UK: Wellvone; USA: Mepron.
Multi-ingredient: Austral.: Malarone; Austria: Malarone; Promal; Belg.:
Malarone; Canad.: Malarone; Cz.: Malarone; Denm.: Malarone; Fr.: Ma-
larone; Ger.: Malarone; Gr.: Malarone; Hong Kong: Malarone; Hung.: Ma-
larone; Irl.: Malarone; Israel: Malarone; Ital.: Malarone; Malaysia: Malar-
one; Neth.: Malarone; Norw.: Malarone; NZ: Malarone; Pol.: Malarone;
S.Afr.: Malanil; Singapore: Malarone; Spain: Malarone; Swed.: Malarone;
Switz.: Malarone; UK: Malarone; USA: Malarone.

Azanidazole (BAN, USAN, rINN)

Azanidazol; Azanidazolum; F-4. 4-[(E)-2-(1-Methyl-5-nitroimida-
zol-2-yl)vinyl]pyrimidin-2-ylamine.
Азанидазол
C10H10N6O2 = 246.2.
CAS — 62973-76-6.
ATC — G01AF13; P01AB04.
ATC Vet — QG01AF13; QP51AA04.

Profile
Azanidazole is a 5-nitroimidazole derivative similar to metroni-
dazole (p.837) and is used in the treatment of trichomoniasis in
usual oral doses of 200 mg twice daily or 250 mg once daily in-
travaginally.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Triclose.

Benznidazole (rINN)

Benznidazol; Benznidazolum; Ro-7-1051. N-Benzyl-2-(2-nitroim-
idazol-1-yl)acetamide.
Бензнидазол
C12H12N4O3 = 260.2.
CAS — 22994-85-0.
ATC — P01CA02.

Pharmacopoeias. In Int.

Adverse Effects
Nausea, vomiting, abdominal pain, peripheral neurop-
athy, blood dyscrasias, and severe skin reactions have
been reported with benznidazole.
◊ A study1 involving 20 patients with chronic American trypano-
somiasis given benznidazole 5 mg/kg daily had to be stopped be-
cause of the high incidence of skin rashes and neurological
symptoms.
1. Apt W, et al. Clinical trial of benznidazole and an immunopoten-

tiator against Chagas disease in Chile. Trans R Soc Trop Med
Hyg 1986; 80: 1010.

Pharmacokinetics
Benznidazole is absorbed from the gastrointestinal
tract after oral doses.
◊ References.
1. Raaflaub J, Ziegler WH. Single-dose pharmacokinetics of the

trypanosomicide benznidazole in man. Arzneimittelforschung
1979; 29: 1611–14.

Uses and Administration
Benznidazole is a 2-nitroimidazole derivative with an-
tiprotozoal activity. It is of value in the treatment of
American trypanosomiasis (Chagas’ disease) due to
infection with Trypanosoma cruzi, especially during
the early acute stage of the disease. 
Benznidazole has been given orally in a dose of 5 to
7 mg/kg daily in two divided doses usually for 60 days
(but see below). Children have been given 10 mg/kg
daily in two divided doses.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

American trypanosomiasis. Available treatment for Ameri-
can trypanosomiasis (p.827) is generally unsatisfactory, but ben-
znidazole is of value especially in the acute phase. WHO1 recom-
mends that benznidazole should be given for 60 days but some
in the USA2 suggest courses of 30 to 90 days. Although treat-
ment is usually confined to the acute phase of the disease, thera-
py during the early chronic phase was reported to be beneficial,3
and long-term follow-up in patients who had received benznida-
zole has shown a reduction in cardiac complications and parasi-
taemia.4

1. WHO. Control of Chagas disease: second report of the WHO
expert committee. WHO Tech Rep Ser 905 2002. Available at:
http://libdoc.who.int/trs/WHO_TRS_905.pdf (accessed
17/07/08) 

2. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007. 

3. de Andrade ALSS, et al. Randomised trial of efficacy of benzni-
dazole in treatment of early Trypanosoma cruzi infection. Lancet
1996; 348: 1407–13. 

4. Viotti R, et al. Treatment of chronic Chagas’ disease with benz-
nidazole: clinical and serologic evolution of patients with long-
term follow-up. Am Heart J 1994; 127: 151–62.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Radanil; Braz.: Rochagan; Ecuad.: Ragonil.

Buparvaquone (BAN, rINN)

Buparvacuona; Buparvaquonum; BW-720C. trans-2-(4-tert-
Butylcyclohexylmethyl)-3-hydroxy-1,4-naphthoquinone.

Бупарвахон

C21H26O3 = 326.4.
CAS — 88426-33-9.
ATC Vet — QP51AX22.

Profile
Buparvaquone is an antiprotozoal used in veterinary practice for
the treatment of theileriosis in cattle.

Carnidazole (BAN, USAN, pINN)

Carnidazol; Carnidazolum; R-25831; R-28096 (carnidazole hy-
drochloride). O-Methyl [2-(2-methyl-5-nitroimidazol-1-yl)ethyl]-
thiocarbamate.

Карнидазол

C8H12N4O3S = 244.3.
CAS — 42116-76-7.
ATC Vet — QP51AA09.

Profile
Carnidazole is a 5-nitroimidazole derivative similar to metroni-
dazole. It is used in veterinary practice for the control of tricho-
moniasis in pigeons.

Clazuril (BAN, USAN, rINN)

Clazurilo; Clazurilum; Klatsuriili; Klazuril; R-62690. (±)-[2-Chloro-
4-(4,5-dihydro-3,5-dioxo-as-triazin-2(3H)-yl)phenyl]-(p-chloro-
phenyl)acetonitrile.

Клазурил

C17H10Cl2N4O2 = 373.2.
CAS — 101831-36-1.
ATC Vet — QP51AJ02.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Clazuril for Veterinary Use; Clazuril BP(Vet) 2008).
A white or light yellow powder. Practically insoluble in water;
slightly soluble in alcohol and in dichloromethane; freely soluble
in dimethylformamide. Protect from light.

Profile
Clazuril is an antiprotozoal used in veterinary practice for the
control of coccidiosis in pigeons.

Clefamide (BAN, rINN)

Chlorphenoxamide; Clefamida; Cléfamide; Clefamidum. 2,2-
Dichloro-N-(2-hydroxyethyl)-N-[4-(4-nitrophenoxy)benzyl]-
acetamide.

Клефамид
C17H16Cl2N2O5 = 399.2.
CAS — 3576-64-5.
ATC — P01AC02.

Profile
Clefamide is an antiprotozoal that has been used as a luminal
amoebicide in the treatment of Entamoeba histolytica infections.

Clopidol (BAN, USAN, rINN)

Clopidolum; Clopindol; Meticlorpindol. 3,5-Dichloro-2,6-
dimethylpyridin-4-ol.

Клопидол
C7H7Cl2NO = 192.0.
CAS — 2971-90-6.

Profile
Clopidol is an antiprotozoal used in veterinary practice for the
prevention of coccidiosis in poultry and rabbits either alone or
with methyl benzoquate (p.837).

Decoquinate (BAN, USAN, rINN)

Décoquinate; Decoquinato; Decoquinatum; HC-1528; M&B-
15497. Ethyl 6-decyloxy-7-ethoxy-4-hydroxyquinoline-3-carbox-
ylate.

Декохинат
C24H35NO5 = 417.5.
CAS — 18507-89-6.
ATC Vet — QP51AX14.

Pharmacopoeias. In US for veterinary use only. Also in
BP(Vet). 
BP(Vet) 2008 (Decoquinate). A cream to buff-coloured,
odourless or almost odourless, microcrystalline powder. Insolu-

ble in water; practically insoluble in alcohol; very slightly solu-
ble in chloroform and in ether. 
USP 31 (Decoquinate). Store in airtight containers.

Profile
Decoquinate is an antiprotozoal used in veterinary practice for
the control of coccidiosis in calves, sheep, and chickens. It is also
used for toxoplasmosis in sheep.

Dehydroemetine Hydrochloride (BANM, rINNM)

BT-436; Déhydroémétine, Chlorhydrate de; 2,3-Dehydroemet-
ine Hydrochloride; Dehydroemetini Hydrochloridum; DHE;
Hidrocloruro de dehidroemetina; Ro-1-9334. 2,3-Didehydro-
6′,7′,10,11-tetramethoxyemetan dihydrochloride; 3-Ethyl-
1,6,7,11b-tetrahydro-9,10-dimethoxy-2-(1,2,3,4-tetrahydro-6,7-
dimethoxy-1-isoquinolylmethyl)-4H-benzo[a]quinolizine dihydro-
chloride.

Дегидроэметина Гидрохлорид
C29H38N2O4,2HCl = 551.5.
CAS — 4914-30-1 (dehydroemetine); 2228-39-9 (dehydro-
emetine hydrochloride).

(dehydroemetine)

NOTE. The name DHE has been used to denote a preparation of
dihydroergotamine mesilate.
Pharmacopoeias. In Int.

Profile
Dehydroemetine, a synthetic derivative of emetine (p.833), is a
tissue amoebicide with similar actions and uses, although proba-
bly of a lower toxicity. 
Dehydroemetine should be avoided in patients with cardiac,
renal, or neuromuscular disease and patients should be moni-
tored for cardiac toxicity during treatment. 
When used in the treatment of amoebiasis (p.822), dehydroeme-
tine hydrochloride is given by intramuscular injection in a dose
of 1 mg/kg daily (maximum daily dose of 60 mg), generally for
up to 4 to 6 days, but for no more than 5 days in children. A dose
of 0.5 mg/kg has been suggested for elderly or severely ill pa-
tients. At least 6 weeks should elapse before treatment is repeat-
ed. Following treatment with dehydroemetine, all patients
should receive a luminal amoebicide to eliminate organisms
from the colon. Patients with hepatic amoebiasis may be given
supplementary treatment with chloroquine.

Liver fluke infections. Dehydroemetine has been given1 in the
treatment of the liver fluke infection fascioliasis (see p.137).
1. Farid Z, et al. Treatment of acute toxaemic fascioliasis. Trans R

Soc Trop Med Hyg 1988; 82: 299.

Diaveridine (BAN, USAN, rINN)

BW-49-210; Diaveridina; Diavéridine; Diaveridinum; NSC-
408735. 5-Veratrylpyrimidine-2,4-diyldiamine.

Диаверидин
C13H16N4O2 = 260.3.
CAS — 5355-16-8.
ATC Vet — QP51AX18.

Pharmacopoeias. In Fr. for veterinary use.

Profile
Diaveridine is an antiprotozoal used in veterinary practice for the
control of coccidiosis in poultry.
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Diclazuril (BAN, USAN, rINN)

Diclazurilo; Diclazurilum; Diklatsuriili; Diklazuril; R-64433. (±)-4-
Chlorophenyl[2,6-dichloro-4-(2,3,4,5-tetrahydro-3,5-dioxo-
1,2,4-triazin-2-yl)phenyl]acetonitrile.

Диклазурил
C17H9Cl3N4O2 = 407.6.
CAS — 101831-37-2.
ATC Vet — QP51AJ03.

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Diclazuril for Veterinary Use; Diclazuril BP(Vet)
2008). A white or light yellow powder. Practically insoluble in
water, in alcohol, and in dichloromethane; sparingly soluble in
dimethylformamide. Protect from light.

Profile
Diclazuril is an antiprotozoal that has been tried in AIDS patients
for the management of diarrhoea associated with protozoal infec-
tion. It is used in veterinary practice for the control of coccidiosis
in lambs and poultry.

◊ References.
1. Kayembe K, et al. Diclazuril for Isospora belli infections in

AIDS. Lancet 1989; i: 1397. 
2. Connolly GM, et al. Diclazuril in the treatment of severe crypt-

osporidial diarrhoea in AIDS patients. AIDS 1990; 4: 700–701. 
3. Menichetti F, et al. Diclazuril for cryptosporidiosis in AIDS. Am

J Med 1991; 90: 271–2. 
4. Limson-Pobre RNR, et al. Use of diclazuril for the treatment of

isosporiasis in patients with AIDS. Clin Infect Dis 1995; 20:
201–2.

Diiodohydroxyquinoline (rINN)

Diiodohidroxiquinoleína; Diiodohydroxyquin; Diiodohydroxy-
quinoléine; Di-iodohydroxyquinoline (BAN); Diiodohydroxyquin-
olinum; Di-iodoxychinolinum; Diiodoxyquinoléine; Diiyodohid-
roksikinolin; Dijodhydroxikinolin; Dijodihydroksikinoliini; Iodoqui-
nol (USAN). 5,7-Di-iodoquinolin-8-ol.

Дийодогидроксихинолин
C9H5I2NO = 397.0.
CAS — 83-73-8.
ATC — G01AC01.
ATC Vet — QG01AC01.

Pharmacopoeias. In US. 
USP 31 (Iodoquinol). A light yellowish to tan, microcrystalline
powder, not readily wetted in water, odourless or has a faint
odour. Practically insoluble in water; sparingly soluble in alcohol
and in ether.

Adverse Effects
Major concerns have been expressed about the safety of the hal-
ogenated hydroxyquinolines since the recognition of severe neu-
rotoxicity with clioquinol (p.254). In Japan, the epidemic devel-
opment of subacute myelo-opticoneuropathy (SMON) in the
1960s was associated with the ingestion of normal or high doses
of clioquinol for prolonged periods and the sale of clioquinol and
related hydroxyquinolines was subsequently banned there.
Symptoms of SMON are principally those of peripheral neurop-
athy, including optic atrophy, and myelopathy. Abdominal pain
and diarrhoea often precede neurological symptoms such as par-
aesthesias in the legs, progressing to paraplegia in some patients,
and loss of visual acuity sometimes leading to blindness. Cere-
bral disturbances, including confusion and retrograde amnesia,
have also been reported. Although many patients improved
when clioquinol was withdrawn, others had residual disability. 
It was suggested that the Japanese epidemic might have been due
to genetic susceptibility, but a few cases of SMON associated
with clioquinol or related hydroxyquinoline derivatives, includ-

ing broxyquinoline and diiodohydroxyquinoline, have been re-
ported elsewhere. 
Diiodohydroxyquinoline has also been associated with gastroin-
testinal effects such as abdominal cramps, nausea, and diarrhoea.
Adverse effects which may be attributable to the iodine content
of diiodohydroxyquinoline include pruritus ani, skin eruptions,
and enlargement of the thyroid gland. Fever, chills, headache,
and vertigo have also occurred.

Precautions
Diiodohydroxyquinoline is contra-indicated in patients known to
be hypersensitive to iodine or halogenated hydroxyquinolines
and in those with hepatic or renal impairment. It should be used
with caution in thyroid disease and may interfere with determi-
nations of protein-bound iodine in tests for thyroid function for
up to 6 months after therapy. Its use is best avoided in patients
with neurological disorders. Long-term use should be avoided.

Children. The Committee on Drugs of the American Academy
of Pediatrics1 considered that there was a potential risk of toxic-
ity to infants and children from clioquinol and diiodohydroxy-
quinoline applied topically. Since alternative effective prepara-
tions are available for dermatitis, the Committee recommended
that products containing either of these compounds should not be
used. 
WHO considers that the use of halogenated hydroxyquinolines
for the treatment of acute diarrhoea or amoebiasis in children
cannot be justified.2 There is no evidence of their efficacy in
acute diarrhoea and they have been associated with severe neu-
rological effects. On the rare occasions when a luminal amoebi-
cide is required, other less toxic and more effective agents are
available.
1. Kauffman RE, et al. American Academy of Pediatrics Commit-

tee on Drugs. Clioquinol (iodochlorhydroxyquin, Vioform) and
iodoquinol (diiodohydroxyquin): blindness and neuropathy.
Pediatrics 1990; 86: 797–8. 

2. WHO. The rational use of drugs in the management of acute di-
arrhoea in children. Geneva: WHO, 1990.

Pharmacokinetics
Diiodohydroxyquinoline is poorly absorbed from the gastroin-
testinal tract. Concern has been expressed about possible absorp-
tion after application to the skin (see Children, under Precau-
tions, above).

Uses and Administration
Diiodohydroxyquinoline, a halogenated hydroxyquinoline, is a
luminal amoebicide acting principally in the bowel lumen and is
used in the treatment of intestinal amoebiasis, although a less
toxic amoebicide such as diloxanide furoate is usually preferred;
children should not be treated with diiodohydroxyquinoline (see
Precautions, above). It is given alone in the treatment of asymp-
tomatic cyst passers and with an amoebicide that acts in the tis-
sues, such as metronidazole, in patients with invasive amoebiasis
(p.822). The usual oral dosage in the treatment of amoebiasis is
630 or 650 mg three times daily for 20 days. 
Diiodohydroxyquinoline has also been given in the treatment of
Dientamoeba fragilis infections, in balantidiasis (p.823) as an al-
ternative to tetracycline, and in Blastocystis hominis infections
(p.823). 
Diiodohydroxyquinoline was formerly used in the treatment of
acrodermatitis enteropathica; it is reported to act by enhancing
zinc absorption and has now been superseded by oral zinc thera-
py. 
Diiodohydroxyquinoline is claimed to have some antibacterial
and antifungal activity and has been used topically (but see Chil-
dren, under Precautions, above).
Preparations
USP 31: Iodoquinol Tablets.

Proprietary Preparations (details are given in Part 3)
Canad.: Diodoquin; Mex.: Ameban; Antidifar; Carsuquin; Diameb; Dio-
doquin; Diyosul; Drioquilen†; Entero-Diyod; Entodiba; Exoquin; Flanoquin†;
Quinosul; Versamiv; Turk.: Floraquin; USA: Sebaquin; Yodoxin; Venez.: Di-
odoquin.

Multi-ingredient: Arg.: Hipoglos Cicatrizante; Plusderm†; Chile: Dex-
agin; Kordinol Compuesto†; Mex.: Ameban; Amebyl; Bontal; Coralzul; De-
pofin; Dialgin; Diodolina; Dipecfur; Facetin-D; Farmeban; Flagenase 400;
Flagocil; Lambliquin; Metodine; Metrodiyod; Metroviform†; Norecil; Nova-
geon; Stomffler Plus; Threchop; S.Afr.: Vagarsol; Viocort; Viodor; Thai.:
Coccila†; Disento; Gynecon; Gynecon-T; Gynoco; Gynova; Gyracon; Medi-
ocin†; Nystin; Quinradon-N; Vagicin; USA: Alcortin; Vytone; Venez.: Dio-
donato†.

Diloxanide Furoate (BANM, rINNM)

Diloksanid Furoat; Diloxanide, Furoate de; Diloxanidi Furoas;
Furoato de diloxanida. 4-(N-Methyl-2,2-dichloroacetamido)-
phenyl 2-furoate.

Дилоксанида Фуроат
C14H11Cl2NO4 = 328.1.
CAS — 579-38-4 (diloxanide); 3736-81-0 (diloxanide
furoate).
ATC — P01AC01.

(diloxanide)

Pharmacopoeias. In Br., Int., and US. 
BP 2008 (Diloxanide Furoate). A white or almost white, odour-
less or almost odourless, crystalline powder. Very slightly solu-
ble in water; slightly soluble in alcohol and in ether; freely solu-
ble in chloroform. Protect from light. 
USP 31 (Diloxanide Furoate). A white or almost white, crystal-
line powder. Very slightly soluble in water; slightly soluble in al-
cohol and in ether; freely soluble in chloroform. Store in airtight
containers. Protect from light.

Adverse Effects
Flatulence is the most common adverse effect during
treatment with diloxanide furoate. Vomiting, pruritus,
and urticaria may occasionally occur.

Pharmacokinetics
Diloxanide furoate is hydrolysed before absorption
from the gastrointestinal tract. The resulting diloxanide
is readily absorbed and excreted mainly in the urine as
the glucuronide; less than 10% of a dose appears in the
faeces.

Uses and Administration
Diloxanide furoate, a dichloroacetamide derivative, is
a luminal amoebicide acting principally in the bowel
lumen and is used in the treatment of intestinal amoe-
biasis (p.822). It is given alone in the treatment of
asymptomatic cyst passers and with an amoebicide that
acts in the tissues, such as metronidazole, in patients
with invasive amoebiasis. 
Diloxanide furoate is given orally in a dosage of
500 mg three times daily for 10 days; children weigh-
ing more than 25 kg may be given 20 mg/kg daily, in 3
divided doses, for 10 days. The course of treatment
may be repeated if necessary.

Preparations
BP 2008: Diloxanide Tablets.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Aristogyl Plus; Dyrade-M; Entamizole; Entro-
late†; Qugyl; Tinidafyl Plus; Wotinex.

Dimetridazole (BAN, pINN)

Dimetridatsoli; Dimetridazol; Dimétridazole; Dimetridazolum.
1,2-Dimethyl-5-nitroimidazole.

Диметридазол

C5H7N3O2 = 141.1.
CAS — 551-92-8.
ATC Vet — QP51AA07.

Pharmacopoeias. In Fr. for veterinary use. Also in BP(Vet). 
BP(Vet) 2008 (Dimetridazole). An almost white to brownish-
yellow, odourless or almost odourless powder which darkens on
exposure to light. Slightly soluble in water; sparingly soluble in
alcohol; freely soluble in chloroform; slightly soluble in ether.
Protect from light.

Profile
Dimetridazole is a 5-nitroimidazole derivative similar to metro-
nidazole. It is used in veterinary practice for the control of vari-
ous protozoal infections in birds, fish, and reptiles. It is also used
for swine dysentery.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Diminazene Aceturate (BANM, rINNM)

Aceturato de diminazeno; Diminazène, Acéturate de; Diminaze-
ni Aceturas. 1,3-Bis(4-amidinophenyl)triazene bis(N-acetylglycin-
ate).
Диминазена Ацетурат
C22H29N9O6 = 515.5.
CAS — 536-71-0 (diminazene); 908-54-3 (diminazene
aceturate).

(diminazene)

NOTE. Diminazene aceturate is often referred to by its veterinary
proprietary name Berenil.
Profile
Diminazene aceturate, an aromatic diamidine derivative related
to pentamidine, is an antiprotozoal that has been used in veteri-
nary practice in the treatment of trypanosomiasis and babesiosis.
It has also been tried in human infections.

Dinitolmide (BAN, rINN)

Dinitolmida; Dinitolmidum; Dinitrotoluamide; Methyldinitrobenz-
amide. 3,5-Dinitro-o-toluamide.
Динитолмид
C8H7N3O5 = 225.2.
CAS — 148-01-6.
ATC Vet — QP51AX12.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Dinitolmide). A cream to light tan powder. Prac-
tically insoluble in water; slightly soluble in alcohol, in chloro-
form, and in ether; soluble in acetone.
Profile
Dinitolmide is an antiprotozoal used in veterinary practice for the
prevention of coccidiosis in poultry.

Eflornithine Hydrochloride 

(BANM, USAN, rINNM)

DFMO; α-Difluoromethylornithine Hydrochloride; Éflornithine,
Chlorhydrate d’; Eflornithini Hydrochloridum; Hidrocloruro de
eflornitina; MDL-71782; MDL-71782A; RMI-71782. 2-(Difluor-
omethyl)-DL-ornithine monohydrochloride monohydrate.
Эфлорнитина Гидрохлорид
C6H12F2N2O2,HCl,H2O = 236.6.
CAS — 67037-37-0 (eflornithine); 96020-91-6 (eflorni-
thine hydrochlor ide).
ATC — D11AX16; P01CX03.
ATC Vet — QD11AX16.

(eflornithine)

Adverse Effects and Precautions
Myelosuppression may lead to anaemia, leucopenia,
and thrombocytopenia. Some patients have had hear-
ing loss and alopecia. Gastrointestinal disturbances, es-
pecially diarrhoea, may occur. Seizures have occurred
in about 8% of patients given eflornithine but they may
have been related to the disease rather than treatment. 
Dosage should be reduced in patients with renal im-
pairment. 

Skin irritation, such as erythema or a stinging or burn-
ing sensation, has been reported after topical applica-
tion of eflornithine.
Effects on the ears. A study in 58 patients1 receiving eflorni-
thine alone or with interferon alfa for the treatment of metastatic
melanoma found that hearing loss was related to the cumulative
dose of eflornithine and was worse in patients with pre-existing
hearing deficit.
1. Croghan MK, et al. Dose-related α-difluoromethylornithine oto-

toxicity. Am J Clin Oncol 1991; 14: 331–5.

Effects on the heart. Fatal cardiac arrest occurred in an AIDS
patient with pneumocystis pneumonia during the intravenous in-
fusion of eflornithine 100 mg/kg over 1 hour.1 Sudden death af-
ter infusion of eflornithine had occurred in several other critically
ill patients with AIDS.
1. Barbarash RA, et al. Alpha-difluoromethylornithine infusion

and cardiac arrest. Ann Intern Med 1986; 105: 141–2.

Pharmacokinetics
Eflornithine hydrochloride is absorbed from the gas-
trointestinal tract. After intravenous doses about 80%
is excreted unchanged in the urine in 24 hours. The ter-
minal elimination half-life is about 3 hours. It is distrib-
uted to the CSF. 
Less than 1% of a dose is absorbed after topical appli-
cation.
◊ References.
1. Haegele KD, et al. Kinetics of α-difluoromethylornithine: an ir-

reversible inhibitor of ornithine decarboxylase. Clin Pharmacol
Ther 1981; 30: 210–17. 

2. Milord F, et al. Eflornithine concentrations in serum and cere-
brospinal fluid of 63 patients treated for Trypanosoma brucei
gambiense sleeping sickness. Trans R Soc Trop Med Hyg 1993;
87: 473–7. 

3. Malhotra B, et al. Percutaneous absorption and pharmacokinet-
ics of eflornithine HCl 13.9% cream in women with unwanted
facial hair. J Clin Pharmacol 2001; 41: 972–8.

Uses and Administration
Eflornithine is an antiprotozoal that acts as an irrevers-
ible inhibitor of ornithine decarboxylase, the rate-lim-
iting enzyme in polyamine biosynthesis; trypanosomes
are more susceptible to the effects of eflornithine than
are humans, probably because of their slower turnover
of this enzyme. 
Eflornithine is used in African trypanosomiasis due to
Trypanosoma brucei gambiense. It is effective in the
early and, more importantly, in the late stage of the dis-
ease (when there is CNS involvement). 
In the treatment of African trypanosomiasis, eflorni-
thine hydrochloride is given by intravenous infusion.
The dose is 100 mg/kg every 6 hours for at least 14
days. Each dose should be given over a period of at
least 45 minutes. Dosage should be reduced in patients
with renal impairment. 
Eflornithine hydrochloride is also applied topically
twice daily for the reduction of unwanted facial hair in
women. It is available as a cream containing 15% ef-
lornithine hydrochloride monohydrate; in the UK this
content is expressed as 11.5% eflornithine and in the
USA as 13.9% anhydrous eflornithine hydrochloride.
Cryptosporidiosis. Eflornithine has been tried in the treatment
of cryptosporidiosis (p.823) in AIDS patients.1
1. Rolston KVI, et al. Intestinal cryptosporidiosis treated with ef-

lornithine: a prospective study among patients with AIDS. J Ac-
quir Immune Defic Syndr 1989; 2: 426–30.

Hirsutism. Topical eflornithine hydrochloride applied twice
daily as a 13.9% cream is effective in reducing the growth of
unwanted facial hair in females (see Hirsutism, p.2089), al-
though it must be used indefinitely to prevent regrowth.1 Its ac-
tion is thought to be due to the irreversible inhibition of ornithine
decarboxylase in hair follicles. It has also been used successfully
in combination with laser hair removal.2
1. Barman Balfour JA, McClellan K. Topical eflornithine. Am J

Clin Dermatol 2001; 2: 197–201. 
2. Hamzavi I, et al. A randomized bilateral vehicle-controlled

study of eflornithine cream combined with laser treatment versus
laser treatment alone for facial hirsutism in women. J Am Acad
Dermatol 2007; 57: 54–9.

Malignant neoplasms. Eflornithine has antimetabolic activity
and is being studied as a potential chemopreventive agent in pa-
tients at high risk of a variety of malignant diseases, including
cancer of the bladder, breast, cervix, colon, oesophagus, prostate,
and skin.1
1. Meyskens FL, Gerner EW. Development of difluoromethylorni-

thine (DFMO) as a chemoprevention agent. Clin Cancer Res
1999; 5: 945–51.

African trypanosomiasis. Eflornithine is effective in the
treatment of Trypanosoma brucei gambiense infections (p.827),
and is particularly valuable in providing an alternative to melar-
soprol in meningoencephalitic disease.1-3 Eflornithine
100 mg/kg intravenously every 6 hours for 7 days, rather than the
standard 14 days, produced long-term responses in 42 of 47 pa-
tients who had relapsed after other treatment regimens.4 Similar
positive results in relapsing cases were obtained with a short 7-
day course in a multicentre randomised controlled study,5 al-
though this short course was inferior to the 14-day course for
new cases, in whom it could not be recommended. A patient who
had relapsed after treatment with melarsoprol and eflornithine
given singly was cured when the drugs were given together.6 Ef-
lornithine is not effective when given alone in T. b. rhodesiense
infections, and early reports of its use with suramin were not en-
couraging.7 However, benefit has been reported from use with
nifurtimox.8
1. Chappuis F, et al. Eflornithine is safer than melarsoprol for the

treatment of second-stage Trypanosoma brucei gambiense hu-
man African trypanosomiasis. Clin Infect Dis 2005; 41: 748–51. 

2. Balasegaram M, et al. Melarsoprol versus eflornithine for treat-
ing late-stage Gambian trypanosomiasis in the Republic of the
Congo. Bull WHO 2006; 84: 783–91. 

3. Priotto G, et al. Safety and effectiveness of first line eflornithine
for Trypanosoma brucei gambiense sleeping sickness in Sudan:
cohort study. BMJ 2008; 336: 705–8. 

4. Khonde N, et al. A seven days course of eflornithine for relaps-
ing Trypanosoma brucei gambiense sleeping sickness. Trans R
Soc Trop Med Hyg 1997; 91: 212–13. 

5. Pepin J, et al. Short-course eflornithine in Gambian trypano-
somiasis: a multicentre randomized controlled trial. Bull WHO
2000; 78: 1284–95. 

6. Simarro PP, Asumu PN. Gambian trypanosomiasis and syner-
gism between melarsoprol and eflornithine: first case report.
Trans R Soc Trop Med Hyg 1996; 90: 315. 

7. Clerinx J, et al. Treatment of late stage rhodesiense trypano-
somiasis using suramin and eflornithine: report of six cases.
Trans R Soc Trop Med Hyg 1998; 92: 449–50. 

8. Priotto G, et al. Nifurtimox-eflornithine combination therapy for
second-stage Trypanosoma brucei gambiense sleeping sickness:
a randomized clinical trial in Congo. Clin Infect Dis 2007; 45:
1435–42.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Vaniqa; Cz.: Vaniqa; Fr.: Vaniqa; Ger.: Vaniqa; Irl.: Vaniqa; Ital.:
Vaniqa; Neth.: Vaniqa; Port.: Vaniqa; Spain: Vaniqa; UK: Vaniqa; USA:
Ornidyl; Vaniqa.

Emetine Hydrochloride (BANM)

Cloridrato de Emetina; Emet. Hydrochlor.; Emetiinihydrokloridi;
Emetina, hidrocloruro de; Emetin-dihydrochlorid; Émétine, chlo-
rhydrate d’; Emetine Dihydrochloride; Emetin-hidroklorid; Emet-
inhydroklorid; Emetini Chloridum; Emetini Dihydrochloridum;
Emetini hydrochloridum; Emetino hidrochloridas; Emetyny
dichlorowodorek; Ipecine Hydrochloride; Methylcephaëline Hy-
drochloride. 6′,7′,10,11-Tetramethoxyemetan dihydrochloride
heptahydrate; (2S,3R,11bS)-3-Ethyl-1,3,4,6,7,11b-hexahydro-
9,10-dimethoxy-2-[(1R)-1,2,3,4-tetrahydro-6,7-dimethoxy-1-
isoquinolylmethyl]-2H-benzo[a]quinolizine dihydrochloride hep-
tahydrate.
Эметина Гидрохлорид
C29H40N2O4,2HCl,7H2O = 679.7.
CAS — 483-18-1 (emetine); 316-42-7 (anhydrous emet-
ine hydrochlor ide); 7083-71-8 (emetine hydrochloride, hy-
drate); 79300-08-6 (emetine hydrochloride, heptahy-
drate).
ATC — P01AX02.

(emetine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Viet. 
Eur. also has a monograph for Emetine Hydrochloride Pentahy-
drate; Int. permits the heptahydrate or pentahydrate in the same
monograph. US has a monograph for the anhydrous salt. 
Ph. Eur. 6.2 (Emetine Hydrochloride Heptahydrate; Emetine
Hydrochloride BP 2008). A white or slightly yellow crystalline
powder. Freely soluble in water and in alcohol. A 2% solution in
water has a pH of 4.0 to 6.0. Protect from light. 
Ph. Eur. 6.2 (Emetine Hydrochloride Pentahydrate ). A white or
slightly yellow crystalline powder. Freely soluble in water and in
alcohol. A 2% solution in water has a pH of 4.0 to 6.0. Protect
from light. 
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USP 31 (Emetine Hydrochloride). The hydrochloride of an alka-
loid obtained from ipecacuanha, or prepared by methylation of
cephaëline, or prepared synthetically. Anhydrous emetine hydro-
chloride is a white or slightly yellowish, odourless, crystalline
powder. Freely soluble in water and in alcohol. Store in airtight
containers at a temperature of 25°, excursions permitted between
15° and 30°. Protect from light.

Adverse Effects
Emetine hydrochloride is commonly associated with aching, ten-
derness, stiffness, and weakness of the muscles in the area of the
injection site; there may be necrosis and abscess formation. After
injection, diarrhoea and nausea and vomiting, sometimes with
dizziness and headache, are common. There may be generalised
muscle weakness and muscular pain, especially in the neck and
limbs, and, more rarely, mild sensory disturbances. Eczematous,
urticarial, and purpuric skin lesions have been reported. 
Cardiovascular effects are considered the most serious and in-
clude precordial pain, dyspnoea, tachycardia, and hypotension.
Changes in the ECG, particularly flattening or inversion of the T-
wave and prolongation of the QT interval, occur in many pa-
tients. Emetine accumulates in the body and large doses or pro-
longed use may cause lesions of the heart, gastrointestinal tract,
kidneys, liver, and skeletal muscle. Severe acute degenerative
myocarditis may occur and may give rise to sudden cardiac fail-
ure and death. In some patients cardiotoxic effects have appeared
after the completion of treatment with therapeutic doses. 
Emetine hydrochloride is very irritant and contact with mucous
membranes should be avoided.

Precautions
Emetine is contra-indicated in cardiac, renal, or neuromuscular
disease. Its use should be avoided during pregnancy and it should
not be given to children, except in severe amoebic dysentery un-
responsive to other drugs. It should be used with great caution in
old or debilitated patients. Patients given emetine should be
closely supervised; ECG monitoring is advisable during treat-
ment.

Pharmacokinetics
After injection emetine hydrochloride is concentrated in the liv-
er, and to some extent in kidney, lung, and spleen. Excretion is
slow and detectable amounts may persist in urine 40 to 60 days
after treatment has been stopped.

Uses and Administration
Emetine, an alkaloid of ipecacuanha (p.1562), is a tissue amoe-
bicide acting principally in the bowel wall and in the liver. It has
been given by deep subcutaneous or intramuscular injection in
the treatment of severe invasive amoebiasis (p.822), including
hepatic amoebiasis in patients who do not respond to metronida-
zole, although dehydroemetine has tended to replace it. Emetine
was formerly given orally as emetine and bismuth iodide. 
Emetine has also been included in combination preparations for
the symptomatic relief of cough.

Preparations
USP 31: Emetine Hydrochloride Injection.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Spirbon; Cz.: Ipecarin†; Kodynal†; Hung.:
Radipon; Switz.: Ipeca†; Sano Tuss.

Ethopabate (BAN)

Etopabato. Methyl 4-acetamido-2-ethoxybenzoate.

C12H15NO4 = 237.3.
CAS — 59-06-3.
ATC Vet — QP51AX17.

Pharmacopoeias. In US for veterinary use only. Also in
BP(Vet). 
BP(Vet) 2008 (Ethopabate). A white or pinkish-white powder.
Very slightly soluble in water; sparingly soluble in alcohol; solu-
ble in chloroform and in methyl alcohol; slightly soluble in ether. 
USP 31 (Ethopabate). A white or pinkish-white, odourless or
practically odourless, powder. Very slightly soluble in water; sol-
uble in dehydrated alcohol, in acetone, in methyl alcohol, and in
acetonitrile; slightly soluble in ether; sparingly soluble in dichlo-
romethane, in dioxan, in ethyl acetate, and in isopropyl alcohol.
Protect from light.

Profile
Ethopabate is an antiprotozoal used in veterinary practice with
other drugs, such as amprolium, for the control of coccidiosis in
poultry.

Etofamide (rINN)

Ethychlordiphene; Etofamida; Étofamide; Etofamidum; K-430.
2,2-Dichloro-N-(2-ethoxyethyl)-N-[4-(4-nitrophenoxy)benzyl]-
acetamide.
Этофамид
C19H20Cl2N2O5 = 427.3.
CAS — 25287-60-9.
ATC — P01AC03.

Profile
Etofamide, a dichloroacetamide derivative, is a luminal amoebi-
cide with actions and uses similar to those of diloxanide furoate
(p.832).
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Kitnos; Mex.: Kitnos; Philipp.: Kitnos.

Fumagillin (BAN, rINN)

Fumagilina; Fumagilliini; Fumagilline; Fumagillinum. 4-(1,2-Epoxy-
1,6-dimethylhex-4-enyl)-5-methoxy-1-oxaspiro[2.5]oct-6-yl hy-
drogen deca-2,4,6,8-tetraenedioate.
Фумагиллин
C26H34O7 = 458.5.
CAS — 23110-15-8.
ATC — P01AX10.
ATC Vet — QP51AX23.

Profile
Fumagillin is an alicyclic antibiotic produced by certain strains
of Aspergillus fumigatus. It has activity against Microsporidia
and is used in veterinary practice to control Nosema apis infec-
tion in honeybees. Fumagillin is given in an oral dose of 20 mg
three times daily for 14 days in the treatment of diarrhoea due to
intestinal microsporidial infection with Enterocytozoon bieneusi
in patients with HIV infection. It has also been tried in humans in
the topical treatment of microsporidial keratoconjunctivitis. It
was formerly given orally in the treatment of intestinal amoebia-
sis, but produced an unacceptably high frequency of adverse ef-
fects. Analogues of fumagillin have been studied for effects on
angiogenesis in solid tumours.
Microsporidiosis. As discussed on p.826, topical treatment of
microsporidial keratoconjunctivitis has been disappointing.
There have been several reports of successful treatment in indi-
vidual patients using fumagillin topically,1-3 usually as a solution
of bicyclohexylammonium fumagillin containing the equivalent
of fumagillin 70 micrograms/mL. 
Oral fumagillin has been effective in the treatment of diarrhoea
due to intestinal microsporidial infection with Enterocytozoon
bieneusi in patients with HIV infection.4-7

1. Rosberger DF, et al. Successful treatment of microsporidial kera-
toconjunctivitis with topical fumagillin in a patient with AIDS.
Cornea 1993; 12: 261–5. 

2. Diesenhouse MC, et al. Treatment of microsporidial keratocon-
junctivitis with topical fumagillin. Am J Ophthalmol 1993; 115:
293–8. 

3. Garvey MJ, et al. Topical fumagillin in the treatment of micro-
sporidial keratoconjunctivitis in AIDS. Ann Pharmacother 1995;
29: 872–4. 

4. Molina J-M, et al. Potential efficacy of fumagillin in intestinal
microsporidiosis due to Enterocytozoon bieneusi in patients with
HIV infection: results of a drug screening study. AIDS 1997; 11:
1603–10. 

5. Molina J-M, et al. Trial of oral fumagillin for the treatment of
intestinal microsporidiosis in patients with HIV infection. AIDS
2000; 14: 1341–8. 

6. Molina J-M, et al. Fumagillin treatment of intestinal micro-
sporidiosis. N Engl J Med 2002; 346: 1963–9. 

7. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New
Rochelle NY: The Medical Letter, 2007.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Flisint.

Furazolidone (BAN, rINN)

Furatsolidoni; Furazolidon; Furazolidona; Furazolidonum; Nifura-
zolidonum. 3-(5-Nitrofurfurylideneamino)-2-oxazolidone.
Фуразолидон
C8H7N3O5 = 225.2.
CAS — 67-45-8.
ATC — G01AX06.
ATC Vet — QG01AX06.

Pharmacopoeias. In Br., Fr., and US. 
BP 2008 (Furazolidone). A yellow odourless or almost odour-
less crystalline powder. Very slightly soluble in water and in al-
cohol; slightly soluble in chloroform; practically insoluble in
ether. The filtrate from a 1% suspension in water has a pH of 4.5
to 7.0. Protect from light. 
USP 31 (Furazolidone). A yellow, odourless, crystalline powder.
Practically insoluble in water, in alcohol, and in carbon tetrachlo-
ride. Store in airtight containers. Protect from light and avoid ex-
posure to direct sunlight.
Adverse Effects
The most common adverse effects of furazolidone involve the
gastrointestinal tract and include nausea and vomiting. Dizzi-
ness, drowsiness, headache, and a general malaise have also been
reported. 
Allergic reactions, most commonly skin reactions such as rashes
or angioedema, may occur. There have been instances of acute
pulmonary reactions, similar to those seen with the structurally
related drug nitrofurantoin, and of hepatotoxicity. Agranulocyto-
sis has been reported rarely. Haemolytic anaemia may occur in
patients with G6PD deficiency given furazolidone. 
Darkening of the urine has been attributed to the presence of me-
tabolites.
Precautions
Furazolidone should be used with caution in those with G6PD
deficiency because of the risk of haemolytic anaemia. It should
not be given to infants under 1 month of age since their enzyme
systems are immature.
Interactions
A disulfiram-like reaction has been reported in patients taking
alcohol while on furazolidone therapy; alcohol should be avoid-
ed during, and for a short period after, treatment with furazo-
lidone. 
Furazolidone is an MAOI and the cautions advised for these
drugs regarding use with other drugs, especially indirect-acting
sympathomimetic amines, and the consumption of food and
drink containing tyramine, should be observed (see Phenelzine
Sulfate, p.417). However, there appear to be no reports of hyper-
tensive crises in patients receiving furazolidone and it has been
suggested that, since furazolidone inhibits monoamine oxidase
gradually over several days, the risks are small if treatment is
limited to a 5-day course. Toxic psychosis has been reported in a
patient receiving furazolidone and amitriptyline (see Antiproto-
zoals, under Interactions of Amitriptyline, p.380).
Pharmacokinetics
Although furazolidone has been considered to be largely unab-
sorbed when given orally, the occurrence of systemic adverse ef-
fects and coloured metabolites in the urine suggest that this may
not be the case. Rapid and extensive metabolism, possibly in the
intestine, has been proposed.
Uses and Administration
Furazolidone is a nitrofuran derivative with antiprotozoal and an-
tibacterial activity. It is active against the protozoan Giardia in-
testinalis (Giardia lamblia) and against a range of enteric bacte-
ria in vitro, including staphylococci, enterococci, Escherichia
coli, Salmonella spp., Shigella spp., and Vibrio cholerae. Furazo-
lidone is bactericidal and appears to act by interfering with bac-
terial enzyme systems. Resistance is reported to be limited. It is
used in the treatment of giardiasis (p.824) and cholera (p.172). It
has been suggested for other bacterial gastrointestinal infections,
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

but antibacterial therapy is regarded as unnecessary in mild and
self-limiting gastro-enteritis (see p.171). 
Furazolidone is given orally in a dose of 100 mg four times daily;
children and infants from 1 month of age may be given
1.25 mg/kg four times daily. It is usually given for 2 to 5 days,
but may be given for up to 7 days in some patients, or for up to
10 days for giardiasis.

Peptic ulcer disease. Furazolidone is not one of the main an-
tibacterials used in Helicobacter pylori eradication regimens for
peptic ulceration (p.1702), but there are some studies suggesting
its efficacy.1-8

1. Segura AM, et al. Furazolidone, amoxycillin, bismuth triple
therapy for Helicobacter pylori infection. Aliment Pharmacol
Ther 1997; 11: 529–32. 

2. Xiao S-D, et al. High cure rate of Helicobacter pylori infection
using tripotassium dicitrato bismuthate, furazolidone and clari-
thromycin triple therapy for 1 week. Aliment Pharmacol Ther
1999; 13: 311–15. 

3. Liu W-Z, et al. Furazolidone-containing short-term triple thera-
pies are effective in the treatment of Helicobacter pylori infec-
tion. Aliment Pharmacol Ther 1999; 13: 317–22. 

4. Dani R, et al. Omeprazole, clarithromycin and furazolidone for
the eradication of Helicobacter pylori in patients with duodenal
ulcer. Aliment Pharmacol Ther 1999; 13: 1647–52. 

5. Graham DY, et al. Furazolidone combination therapies for Heli-
cobacter pylori infection in the United States. Aliment Pharma-
col Ther 2000; 14: 211–15. 

6. Liu W-Z, et al. A new quadruple therapy for Helicobacter pylori
using tripotassium dicitrato bismuthate, furazolidone, josamycin
and famotidine. Aliment Pharmacol Ther 2000; 14: 1519–22. 

7. Fakheri H, et al. Clarithromycin vs furazolidone in quadruple
therapy regimens for the treatment of Helicobacter pylori in a
population with a high metronidazole resistance rate. Aliment
Pharmacol Ther 2001; 15: 411–16. 

8. Lu H, et al. One-week regimens containing ranitidine bismuth
citrate, furazolidone and either amoxicillin or tetracycline effec-
tively eradicate Helicobacter pylori: a multicentre, randomized,
double-blind study. Aliment Pharmacol Ther 2001; 15: 1975–9.

Preparations
USP 31: Furazolidone Oral Suspension; Furazolidone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Giardil; Braz.: Enterolidon†; Giarcid†; Giarlam†; Neo Furasil; Chile:
Furoxona; Ger.: Nifuran†; India: Furoxone; Indon.: Neo Prodiar; Mex.:
Furoxona; Fuxol; Kaodin; Rolidan†; Salmocide; Philipp.: Diafuran; Diapec-
tolin; Furoxone; Thai.: Furasian; Furion; USA: Furoxone†; Venez.: Furoxil;
Furoxona; Onetil†.

Multi-ingredient: Arg.: Endomicina†; Braz.: Atapec†; Colestase; Enter-
obion†; Chile: Furazolidona; Hong Kong: Enterocin Compound; Hung.:
Noditran†; India: Aristogyl-F; Dysfur-M†; Emantid†; Flagyl-F†; Kaltin MF;
Lomofen; Metrogyl-F†; Mex.: Caopecfar; Colfur; Contefur†; Coralzul; Di-
algin; Dibapec Compuesto; Estibal; Exofur; Furoxona CP; Fuzotyl†; Kapec-
furan; Neokap; Optazol; Reuginal; Solfurol; Threchop; Trilor†; Yodozona;
Spain: Desinvag; Thai.: Coccila†; Di-Su-Frone†; Difuran; Disento; Disento
PF; Furasian; Furopectin†; Med-Kafuzone†; Mediocin†; Venez.: Sendafur†.

Halofuginone Hydrobromide (BANM, USAN, rINNM)

Halofuginone, Bromhydrate d’; Halofuginoni Hydrobromidum;
Hidrobromuro de halofuginona; RU-19110. (±)-trans-7-Bromo-
6-chloro-3-[3-(3-hydroxy-2-piperidyl)acetonyl]quinazolin-
4(3H)-one hydrobromide.

Галофугинона Гидробромид
C16H17BrClN3O3,HBr = 495.6.
CAS — 55837-20-2 (halofuginone); 64924-67-0 (halofug-
inone hydrobromide).

(halofuginone)

Profile
Halofuginone is an antiprotozoal used as the hydrobromide in
veterinary practice for the prevention of coccidiosis in poultry
and for the control of cryptosporidiosis in calves. It is also under
investigation for use in neoplastic disease in humans and in the
treatment of scleroderma (p.1817).

Imidocarb (BAN, rINN)

Imidocarbe; Imidocarbo; Imidocarbum. 1,3-Bis[3-(2-imidazolin-2-
yl)phenyl]urea.

Имидокарб
C19H20N6O = 348.4.
CAS — 27885-92-3.
ATC Vet — QP51AE01.

Imidocarb Dipropionate (BANM, rINNM)

Dipropionato de imidocarbo; Imidocarbe, Dipropionate d’; Imi-
docarbi Dipropionas.

Имидокарба Дипропионат

C19H20N6O,2C3H6O2 = 496.6.
CAS — 55750-06-6.

Imidocarb Hydrochloride (BANM, USAN, rINNM)

4A65; Hidrocloruro de imidocarbo; Imidocarbe, Chlorhydrate
d’; Imidocarbi Hydrochloridum. 3,3′-Di(2-imidazolin-2-yl)car-
banilide dihydrochloride.

Имидокарба Гидрохлорид

C19H20N6O,2HCl = 421.3.
CAS — 5318-76-3.

Profile
Imidocarb has antiprotozoal and antibacterial activity and is used
as the dipropionate in veterinary practice in the treatment of
babesiosis and anaplasmosis in cattle. Imidocarb hydrochloride
has also been used.

Isometamidium Chloride (BAN, rINN)

Cloruro de isometamidio; Isometamidii Chloridum; Isometamid-
ium; Isométamidium, Chlorure d’. 8-[3-(m-Amidinophenyl)-2-tri-
azeno]3-amino-5-ethyl-6-phenylphenanthridinium chloride.

Изометамидия Хлорид

C28H26ClN7 = 496.0.
CAS — 34301-55-8.

Profile
Isometamidium is an antiprotozoal used as the chloride in veter-
inary practice for the control of trypanosomiasis.

Lasalocid (BAN, USAN, rINN)

Lasalocide; Lasalócido; Lasalocidum; Ro-02-2985. 
6-[(3R,4S,5S,7R)-7-{(2S,3S,5S)-5-Ethyl-5-[(2R,5R,6S)-5-ethyltet-
rahydro-5-hydroxy-6-methyl-2H-pyran-2-y]tetrahydro-3-me-
thyl-2-fury1}4-hydroxy-3,5-dimethyl-6-oxononyl]-2-hydroxy-m-
toluic acid.

Лазалоцид

C34H54O8 = 590.8.
CAS — 11054-70-9; 25999-31-9.
ATC Vet — QP51AH02.

Lasalocid Sodium (BANM, rINNM)

Lasalocid sódico; Lasalocide Sodique; Lasalocidum Natricum.

Лазалоцид Натрий

C34H53NaO8 = 612.8.
CAS — 25999-20-6.
ATC Vet — QP51AH02.

Profile
Lasalocid, an antibiotic produced by Streptomyces lasaliensis, is
an antiprotozoal used as the sodium salt in veterinary practice for
the prevention of coccidiosis in birds.

Letrazuril (rINN)

Létrazuril; Letrazurilo; Letrazurilum. (±)-[2,6-Dichloro-4-(4,5-di-
hydro-3,5-dioxo-as-triazin-2(3H)-yl)phenyl](p-fluorophenyl)ace-
tonitrile.

Летразурил

C17H9Cl2FN4O2 = 391.2.
CAS — 103337-74-2.

Profile
Letrazuril is an antiprotozoal that has been investigated in the
treatment of cryptosporidiosis (p.823) in patients with AIDS.

Maduramicin (BAN, USAN, rINN)

CL-273703; Maduramicin Ammonium; Maduramicina; Ma-
duramicine; Maduramicinum. Ammonium (2R,3S,4S,5R,6S)-
tetrahydro-2-hydroxy-6-{(R)-1-[(2S,5R,7S,8R,9S)-9-hydroxy-2,8-
dimethyl-2-{(2S,2′R,3′S,5R,5′R)-octahydro-2-methyl-3′-
[(2R,4S,5S,6S)-tetrahydro-4,5-dimethoxy-6-methyl-2H-pyran-2-
yl]oxy}-5′-[(2S,3S,5R,6S)-tetrahydro-6-hydroxy-3,5,6-trimethyl-
2H-pyran-2-yl](2,2′-bifuran-5-yl)-1,6-dioxaspiro[4.5]dec-7-
yl]ethyl}-4,5-dimethoxy-3-methyl-2H-pyran-2-acetate.
Мадурамицин
C47H80O17,NH3 = 934.2.
CAS — 84878-61-5.
ATC Vet — QP51AX10.

NOTE. The name maduramicin has also been used to denote the
acid.
Profile
Maduramicin is an antiprotozoal used in veterinary practice for
the prevention of coccidiosis in poultry.

Melarsoprol (BAN, rINN)

Mel B; Melarsen Oxide-BAL; Mélarsoprol; Melarsoprolum; RP-
3854. 2-[4-(4,6-Diamino-1,3,5-triazin-2-ylamino)phenyl]-1,3,2-
dithiarsolan-4-ylmethanol.
Меларсопрол
C12H15AsN6OS2 = 398.3.
CAS — 494-79-1.
ATC — P01CD01.
ATC Vet — QP51AD04.

Adverse Effects and Treatment
Adverse effects are common and may be severe during
the treatment of African trypanosomiasis with melar-
soprol. It may be difficult to distinguish between ef-
fects of the disease, Jarisch-Herxheimer reactions re-
sulting from the release of antigens from trypanosomes
killed by melarsoprol, and adverse effects due to the
drug’s arsenic content or to hypersensitivity. For the
adverse effects of arsenic and their treatment, see Ar-
senic Trioxide, p.2260. 
A severe febrile reaction may occur after the first injec-
tion of melarsoprol, especially in patients with large
numbers of trypanosomes in their blood. It is therefore
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common practice to give 2 or 3 injections of suramin or
pentamidine before starting melarsoprol therapy. 
The greatest risk is from reactive encephalopathy
which occurs in about 10% of patients treated with
melarsoprol and is usually seen between the end of the
first 3- or 4-day course of injections and the start of the
second course. Encephalopathy may be sudden in on-
set or develop slowly. Symptoms include fever, head-
ache, tremor, slurring of speech, convulsions, and
coma; death has occurred in up to 5% of patients treat-
ed with melarsoprol. Less commonly, haemorrhagic
encephalopathy may occur. The prophylactic use of
corticosteroids has been suggested during treatment
courses of melarsoprol (see African Trypanosomiasis,
below). Treatment of reactive encephalopathy has in-
cluded the use of corticosteroids, hypertonic solutions
to combat cerebral oedema, anticonvulsants such as di-
azepam, and subcutaneous adrenaline; dimercaprol has
been given on the assumption that encephalopathy re-
sulted from arsenic poisoning, but has not generally
been of benefit. 
Hypersensitivity reactions to melarsoprol may occur
during the second and subsequent courses of treatment.
Desensitisation with gradually increasing doses of
melarsoprol has been attempted; corticosteroids may
help to control symptoms during this procedure. Some
authorities consider that the use of small doses of
melarsoprol may increase the risk of resistance. 
Melarsoprol injection is very irritant and extravasation
during intravenous use should be avoided. Vomiting
and abdominal colic may occur if it is injected too rap-
idly. Other adverse effects reported include agranulo-
cytosis, hypertension, peripheral neuropathy, proteinu-
ria, severe diarrhoea, myocardial damage, exfoliative
dermatitis, and hepatic disturbances.
◊ References.
1. Pepin J, et al. Trial of prednisolone for prevention of melarso-

prol-induced encephalopathy in gambiense sleeping sickness.
Lancet 1989; i: 1246–50. 

2. Pepin J, Milord F. African trypanosomiasis and drug-induced en-
cephalopathy: risk factors and pathogenesis. Trans R Soc Trop
Med Hyg 1991; 85: 222–4. 

3. Pepin J, et al. Risk factors for encephalopathy and mortality dur-
ing melarsoprol treatment of Trypanosoma brucei gambiense
sleeping sickness. Trans R Soc Trop Med Hyg 1995; 89: 92–7.

Precautions
Use of melarsoprol in febrile patients has been associ-
ated with an increased incidence of reactive encepha-
lopathy, and therefore it should not be given during ep-
idemics of influenza. Intercurrent infections such as
malaria and pneumonia should be treated before melar-
soprol is used. Severe haemolytic reactions have been
reported in patients with G6PD deficiency. It may pre-
cipitate erythema nodosum when given to patients with
leprosy. 
Patients should be in hospital when they are treated
with melarsoprol and dosage decided after taking into
account their general condition. 
Treatment of pregnant women with trypanosomiasis
should be deferred until after delivery. Pregnant wom-
en with meningoencephalitis may be treated with pen-
tamidine (Trypanosoma brucei gambiense) or suramin
(T. b. rhodesiense).

Pharmacokinetics
Melarsoprol is reported to be unreliably absorbed if
given orally and is usually given by intravenous injec-
tion. A small amount penetrates into the CSF where it
has a local trypanocidal action. It is rapidly metabo-
lised and excreted in the faeces and urine so any pro-
phylactic effect is short-lived.

Uses and Administration
Melarsoprol, a trivalent arsenical derivative, is a
trypanocide which appears to act by inhibiting
trypanosomal pyruvate kinase. It is effective in the
treatment of all stages of African trypanosomiasis due
to Trypanosoma brucei gambiense or T. brucei rhode-
siense, but because of its toxicity its use is usually re-

served for stages of the disease involving the CNS. Re-
sistance has been reported to develop. 
Patients undergoing therapy with melarsoprol should
be treated in hospital. Melarsoprol is given by intrave-
nous injection as a 3.6% solution in propylene glycol.
The injection should be given slowly, care being taken
to prevent leakage into the surrounding tissues, and the
patient should remain supine and fasting for several
hours after the injection. 
Treatment protocols vary, but in general melarsoprol is
given in low doses initially, especially in children and
debilitated patients, increased gradually to the maxi-
mum daily dose of 3.6 mg/kg. Doses are given daily
for 3 or 4 days and the course repeated 2 or 3 times with
an interval of 7 to 10 days between courses. Since mas-
sive destruction of parasites resulting in a Jarisch-
Herxheimer reaction is particularly dangerous during
treatment with melarsoprol, several doses of suramin
or pentamidine may be given to induce the reaction be-
fore melarsoprol is started. 
Melarsonyl potassium is a water-soluble derivative of
melarsoprol which was formerly used as an alternative
to melarsoprol but was probably more toxic and less
effective.
African trypanosomiasis. Melarsoprol, which is effective
against both Trypanosoma brucei gambiense and T. b. rhode-
siense, is usually only given to treat the meningoencephalitic
stage of African trypanosomiasis (p.827) because it may produce
potentially fatal encephalopathy. However, protection against
this toxicity may be provided by prophylaxis with prednisolo-
ne.1,2 Therapy with melarsoprol and eflornithine was reported to
be effective in a patient who had not responded to either drug
alone.3 A comparative study4 in 500 patients with second-stage
infection with T. b. gambiense found that a more concise dosage
regimen of melarsoprol 2.2 mg/kg daily, as a single course over
10 days, was similar in efficacy to standard regimens of 1.2 to
3.6 mg/kg daily for 3 or 4 days repeated twice over a 26-day pe-
riod with 7-day intervals between series, although there was no
difference between the regimens in the incidence of associated
encephalopathy.
1. Pepin J, et al. Trial of prednisolone for prevention of melarso-

prol-induced encephalopathy in gambiense sleeping sickness.
Lancet 1989; i: 1246–50. 

2. Pepin J, et al. Risk factors for encephalopathy and mortality dur-
ing melarsoprol treatment of Trypanosoma brucei gambiense
sleeping sickness. Trans R Soc Trop Med Hyg 1995; 89: 92–7. 

3. Simarro PP, Asumu PN. Gambian trypanosomiasis and syner-
gism between melarsoprol and eflornithine: first case report.
Trans R Soc Trop Med Hyg 1996; 90: 315. 

4. Burri C, et al. Efficacy of new, concise schedule for melarsoprol
in treatment of sleeping sickness caused by Trypanosoma brucei
gambiense: a randomised trial. Lancet 2000; 355: 1419–25.

Mepacrine Hydrochloride (BANM, rINNM)

Acrichinum; Acrinamine; Antimalarinae Chlorhydras; Chinacrina;
Hidrocloruro de mepacrina; Mépacrine, Chlorhydrate de; Mepa-
crini Hydrochloridum; Mepakrin Hidroklorür; Quinacrine Hy-
drochloride. 6-Chloro-9-(4-diethylamino-1-methylbutylamino)-
2-methoxyacridine dihydrochloride dihydrate.
Мепакрина Гидрохлорид
C23H30ClN3O,2HCl,2H2O = 508.9.
CAS — 83-89-6 (mepacr ine); 69-05-6 (anhydrous mepa-
crine dihydrochloride); 6151-30-0 (mepacrine dihydrochlo-
r ide dihydrate).
ATC — P01AX05.

(mepacrine)

Adverse Effects
The most common adverse effects associated with mepacrine are
dizziness, headache, and gastrointestinal disturbances such as
nausea and vomiting. Reversible yellow discoloration of the
skin, conjunctiva, and urine may occur during long-term use or
after large doses; blue/black discoloration of the palate and dis-
coloration of the nails have also been reported. Doses such as
those used in the treatment of giardiasis may occasionally cause
transient acute toxic psychosis and CNS stimulation. Convul-
sions have been reported at high doses. Ocular toxicity similar to

that seen with chloroquine (p.600) and chronic dermatoses, in-
cluding severe exfoliative dermatitis and lichenoid eruptions,
have also occurred after prolonged use of mepacrine. Hepatotox-
icity and aplastic anaemia occur rarely.
Effects on the nervous system. Two patients had convul-
sions a few hours after mepacrine hydrochloride 400 mg was
given intrapleurally for malignant effusions. One developed sta-
tus epilepticus and died and the other was successfully treated
with anticonvulsants.1
1. Borda I, Krant M. Convulsions following intrapleural adminis-

tration of quinacrine hydrochloride. JAMA 1967; 201: 1049–50.

Precautions
Mepacrine should be used with caution in elderly patients or pa-
tients with a history of psychosis, or in the presence of hepatic
disease. Mepacrine can cause exacerbation of psoriasis and
should be avoided in psoriatic patients.
Porphyria. Mepacrine should be used with caution in patients
with porphyria.
Interactions
Mepacrine has been reported to produce a mild disulfiram-like
reaction (see p.2296) when taken with alcohol. 
Theoretically, mepacrine may increase the plasma concentra-
tions of primaquine resulting in a higher risk of toxicity, and it
has been recommended that these drugs should not be used to-
gether.
Pharmacokinetics
Mepacrine is readily absorbed from the gastrointestinal tract and
widely distributed throughout the body. It accumulates in body
tissues, particularly the liver, and is liberated slowly. It is excret-
ed slowly mainly in the urine, and is still detectable in the urine
after 2 months. Mepacrine crosses the placenta.
Intrapleural administration. Peak plasma concentrations of
mepacrine far above those associated with CNS effects were rap-
idly attained in 3 of 4 patients after intrapleural instillation of a
solution of mepacrine hydrochloride and remained at these levels
for several hours.1
1. Björkman S, et al. Pharmacokinetics of quinacrine after intrap-

leural instillation in rabbits and man. J Pharm Pharmacol 1989;
41: 160–73.

Uses and Administration
Mepacrine is a 9-aminoacridine antiprotozoal used as the hydro-
chloride mainly as an alternative to the nitroimidazoles in the
treatment of giardiasis (p.824). 
In giardiasis, mepacrine hydrochloride is given orally in doses of
100 mg three times daily after food for 5 to 7 days. A dose for
children is 2 mg/kg given three times daily (maximum 300 mg
daily). 
Mepacrine hydrochloride may also be used, alone or with hy-
droxychloroquine, for the treatment of discoid and subcutaneous
lupus erythematosus. It has also been used locally in the treat-
ment of some forms of cutaneous leishmaniasis, as a sterilisation
technique for contraception, and in the management of malig-
nant effusions. It was formerly used to treat malaria. 
The mesilate was also formerly used. 
Mepacrine is under investigation for the treatment of variant
Creutzfeldt-Jakob Disease.
Contraception. Sterilisation with intra-uterine mepacrine has
been attempted as an irreversible method of contraception
(p.2070). It produces occlusion of the fallopian tube and has been
reported to be an effective nonsurgical means of female sterilisa-
tion,1 although it may be less effective than other methods.2
There has been speculation about the risk of cancer from this
technique but there appeared to be no evidence to confirm such
a risk.3-5 However, the method remains controversial and a full
evaluation of its safety and efficacy has been recommended.6
The Indian government has banned the use of mepacrine for ster-
ilisation.
1. Hieu DT, et al. 31 781 Cases of non-surgical female sterilisation

with quinacrine pellets in Vietnam. Lancet 1993; 342: 213–17. 
2. Sokal DC, et al. Contraceptive effectiveness of two insertions of

quinacrine: results from 10-year follow-up in Vietnam. Contra-
ception 2008; 78: 61–5. 

3. Anonymous. Death of a study: WHO, what, and why. Lancet
1994; 343: 987–8. 

4. Hieu DT. Quinacrine method of family planning. Lancet 1994;
343: 1040. 

5. Sokal DC, et al. Safety of quinacrine contraceptive pellets: re-
sults from 10-year follow-up in Vietnam. Contraception 2008;
78: 66–72. 

6. Benagiano G. Sterilisation by quinacrine. Lancet 1994; 344: 689.

Leishmaniasis. Mepacrine has been suggested for intralesional
injection in the treatment of early noninflamed nodular lesions of
cutaneous leishmaniasis (p.824) due to Leishmania tropica, L.
major, L. mexicana, L. panamensis, or L. peruviana.1 The sug-
gested course of treatment was 3 intralesional injections of a 5%
solution of mepacrine given at intervals of 3 to 5 days. However,
local infiltration of drugs can be difficult and painful.
1. WHO. Control of the leishmaniases. WHO Tech Rep Ser 793

1990.

Sclerotherapy. Intrapleural instillations of mepacrine hydro-
chloride or mesilate have been used as sclerosants in the manage-
ment of malignant pleural effusions (p.659) and recurrent pneu-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

mothorax but the treatment is associated with pain and a high
frequency of toxic effects.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Maladin.

Methyl Benzoquate (BAN)

Nequinate (USAN, pINN); AY-20385; ICI-55052; Néquinate; Ne-
quinato; Nequinatum. Methyl 7-benzyloxy-6-butyl-1,4-dihydro-
4-oxoquinoline-3-carboxylate.
Нехинат
C22H23NO4 = 365.4.
CAS — 13997-19-8.

Profile
Methyl benzoquate is an antiprotozoal used in veterinary prac-
tice with clopidol (p.831) for the prevention of coccidiosis in
poultry.

Metronidazole (BAN, USAN, rINN)

Bayer-5360; Metronidatsoli; Metronidazol; Metronidazolas;
Métronidazole; Metronidazolum; NSC-50364; RP-8823; SC-
10295. 2-(2-Methyl-5-nitroimidazol-1-yl)ethanol.
Метронидазол
C6H9N3O3 = 171.2.
CAS — 443-48-1.
ATC — A01AB17; D06BX01; G01AF01; J01XD01; P01AB01.
ATC Vet — QA01AB17; QD06BX01; QG01AF01; QJ01XD01; 
QP51AA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Metronidazole). A white or yellowish, crystalline
powder. Slightly soluble in water, in alcohol, in acetone, and in
dichloromethane. Protect from light. 
USP 31 (Metronidazole). White to pale yellow, odourless crys-
tals or crystalline powder. It darkens on exposure to light. Spar-
ingly soluble in water and in alcohol; slightly soluble in chloro-
form and in ether. Store at a temperature of 25°, excursions
permitted between 15° and 30°. Protect from light.
Incompatibility. See below.

Metronidazole Benzoate (BAN, rINNM)

Benzoato de metronidazol; Benzoyl Metronidazole; Metroni-
datsolibentsoaatti; Metronidazolbensoat; Metronidazol-benzoát;
Métronidazole, benzoate de; Metronidazoli benzoas; Metronida-
zolo benzoatas; RP-9712. 2-(2-Methyl-5-nitroimidazol-1-yl)ethyl
benzoate.
Метронидазола Бензоат
C13H13N3O4 = 275.3.
CAS — 13182-89-3.
ATC — A01AB17; D06BX01; G01AF01; J01XD01;
P01AB01.
ATC Vet — QA01AB17; QD06BX01; QG01AF01;
QJ01XD01; QP51AA01.
Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Metronidazole Benzoate). White or slightly yel-
lowish, crystalline powder or flakes. Practically insoluble in wa-
ter; slightly soluble in alcohol; soluble in acetone; freely soluble
in dichloromethane. Protect from light. 
USP 31 (Metronidazole Benzoate). A white to slightly yellow,
crystalline powder. Practically insoluble in water; slightly solu-
ble in alcohol; soluble in acetone; freely soluble in dichlorometh-
ane; very slightly soluble in solvent ether. Store at a temperature
of 25°, excursions permitted between 15° and 30°. Protect from
light.

Metronidazole Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de metronidazol; Métronidazole, Chlorhydrate de;
Metronidazoli Hydrochloridum; SC-32642.
Метронидазола Гидрохлорид
C6H9N3O3,HCl = 207.6.
CAS — 69198-10-3.
ATC — A01AB17; D06BX01; G01AF01; J01XD01;
P01AB01.
ATC Vet — QA01AB17; QD06BX01; QG01AF01;
QJ01XD01; QP51AA01.

Incompatibility. Solutions of metronidazole hydrochloride
have a low pH, usually of less than 2.0, before dilution and neu-
tralisation for intravenous use. These undiluted solutions react
with aluminium in equipment such as needles to produce red-
dish-brown discoloration, and a precipitate has been reported
with ready-to-use preparations of metronidazole hydrochloride,
although this occurred after contact for 6 hours or more.1,2 
Several studies have assessed the compatibility of antibacterial
injections and other drugs when added to metronidazole solution
for intravenous infusion.3-7 Results have varied according to the
criteria applied and the preparations and conditions used. Physi-
cal incompatibilities due to the low pH of metronidazole injec-
tions appear to be more of a problem than chemical incompati-
bility. Regardless of these studies, it is generally recommended
that other drugs should not be added to intravenous solutions of
metronidazole or its hydrochloride. Specific information on the
compatibility of individual formulations may be found in the
manufacturers’ literature.
1. Schell KH, Copeland JR. Metronidazole hydrochloride-alumi-

num interaction. Am J Hosp Pharm 1985; 42: 1040, 1042. 
2. Struthers BJ, Parr RJ. Clarifying the metronidazole hydrochlo-

ride-aluminum interaction. Am J Hosp Pharm 1985; 42: 2660. 
3. Bisaillon S, Sarrazin R. Compatibility of several antibiotics or

hydrocortisone when added to metronidazole solution for intra-
venous infusion. J Parenter Sci Technol 1983; 37: 129–32. 

4. Gupta VD, Stewart KR. Chemical stabilities of hydrocortisone
sodium succinate and several antibiotics when mixed with met-
ronidazole injection for intravenous infusion. J Parenter Sci
Technol 1985; 39: 145–8. 

5. Gupta VD, et al. Chemical stabilities of cefamandole nafate and
metronidazole when mixed together for intravenous infusion. J
Clin Hosp Pharm 1985; 10: 379–83. 

6. Barnes AR. Chemical stabilities of cefuroxime sodium and met-
ronidazole in an admixture for intravenous infusion. J Clin
Pharm Ther 1990; 15: 187–96. 

7. Nahata MC, et al. Stability of metronidazole and ceftizoxime so-
dium in ready-to-use metronidazole bags stored at 4 and 25° C.
Am J Health-Syst Pharm 1996; 53: 1046–8.

Adverse Effects
The adverse effects of metronidazole are generally
dose-related. The most common are gastrointestinal
disturbances, especially nausea and an unpleasant
metallic taste. Vomiting, and diarrhoea or constipation
may also occur. A furred tongue, glossitis, and stoma-
titis may be associated with an overgrowth of Candida.
There have been rare reports of antibiotic-associated
colitis associated with metronidazole, although it is
also used in the treatment of this condition. 
Weakness, dizziness, ataxia, headache, drowsiness, in-
somnia, and changes in mood or mental state such as
depression or confusion have also been reported. Pe-
ripheral neuropathy, usually presenting as numbness or
tingling in the extremities, and epileptiform seizures
have been associated with high doses of metronidazole
or prolonged treatment. 
Temporary moderate leucopenia and thrombocytope-
nia may occur in some patients receiving metronida-
zole. Skin rashes, urticaria, and pruritus occur occa-
sionally and erythema multiforme, angioedema, and
anaphylaxis have been reported rarely. Other adverse
effects include urethral discomfort and darkening of
the urine. Raised liver enzyme values, cholestatic hep-
atitis, and jaundice have occasionally been reported.
Thrombophlebitis may follow intravenous use of met-
ronidazole. 
Studies have shown metronidazole to be mutagenic in
bacteria and carcinogenic in some animals.
Carcinogenicity and mutagenicity. Metronidazole is muta-
genic in bacterial assays, and its hydroxy metabolite even more
so, but studies of mammalian cells in vitro and in vivo have not
consistently demonstrated a mutagenic effect. Similarly, there is
no uniformity in the limited data concerning genotoxicity in hu-
mans,1 and although metronidazole has been classified as a car-
cinogen in animals, the evidence of human carcinogenicity is
ambiguous. There was no appreciable increase in the incidence
of cancer in a retrospective study of 771 patients given metroni-
dazole for vaginal trichomoniasis,2 nor in another similar study
of 2460 patients.3 The first study2 did show an excess of cases of

lung cancer, although all 4 were in women who were smokers.
Subsequent follow-up4 to 1984, covering a period of 15 to 25
years, still showed an excess of lung cancer cases even after al-
lowing for smoking status. However, this follow-up also contin-
ued to show no significant increase overall in cancer-related
morbidity or mortality. Follow-up5 of the patients from the sec-
ond study for 11 to 15 years to 1984 also showed no increase in
the overall incidence of cancers nor did it confirm any increase
in lung cancer. 
Risks to the fetus are discussed under Pregnancy in Precautions,
below.
1. Bendesky A, et al. Is metronidazole carcinogenic? Mutat Res

2002; 511: 133–44. 
2. Beard CM, et al. Lack of evidence for cancer due to use of met-

ronidazole. N Engl J Med 1979; 301: 519–22. 
3. Friedman GD. Cancer after metronidazole. N Engl J Med 1980;

302: 519. 
4. Beard CM, et al. Cancer after exposure to metronidazole. Mayo

Clin Proc 1988; 63: 147–53. 
5. Friedman GD, Selby JV. Metronidazole and cancer. JAMA 1989;

261: 866.

Effects on the blood. Adverse haematological effects associ-
ated with metronidazole therapy include a report of bone marrow
aplasia, with leucopenia and markedly reduced erythropoiesis
and granulopoiesis,1 aplastic anaemia,2 and the haemolytic-urae-
mic syndrome.3
1. White CM, et al. Bone marrow aplasia associated with metroni-

dazole. BMJ 1980; 280: 647. 
2. Raman R, et al. Metronidazole induced aplastic anaemia. Clini-

cian 1982; 46: 464–8. 
3. Powell HR, et al. Haemolytic-uraemic syndrome after treatment

with metronidazole. Med J Aust 1988; 149: 222–3.

Effects on the ears. A review of reports of ototoxicity notified
to the Australian Adverse Drug Reactions Advisory Committee
revealed a number of cases of deafness associated with the use of
metronidazole.1
1. Anonymous. Drug-induced ototoxicity. WHO Drug Inf 1991; 5:

12.

Effects on the eyes. Myopia which developed in a patient after
11 days of oral metronidazole for trichomoniasis had resolved 4
days after withdrawal of treatment, but recurred when she re-
sumed treatment.1 
Optic neuropathies have also occurred.2,3 In one report, retrobul-
bar or optic neuritis was seen in 7 patients given oral metronida-
zole.2 Dosage varied from 0.75 to 1 g daily and duration of treat-
ment from 7 days to a year. Abnormalities included defects in
colour vision, decreased vision, and scotomas. Vision improved
on withdrawal of metronidazole, although there was a residual
deficit in 2 patients.
1. Grinbaum A, et al. Transient myopia following metronidazole

treatment for Trichomonas vaginalis. JAMA 1992; 267: 511–12. 
2. Putnam D, et al. Metronidazole and optic neuritis. Am J Ophthal-

mol 1991; 112: 737. 
3. McGrath NM, et al. Reversible optic neuropathy due to metron-

idazole. Clin Experiment Ophthalmol 2007; 35: 585–6.

Effects on the gastrointestinal tract. ANTIBIOTIC-ASSOCI-

ATED COLITIS. Reports of pseudomembranous colitis associat-
ed with the use of metronidazole.
1. Thomson G, et al. Pseudomembranous colitis after treatment

with metronidazole. BMJ 1981; 282: 864–5. 
2. Daly JJ, Chowdary KVS. Pseudomembranous colitis secondary

to metronidazole. Dig Dis Sci 1983; 28: 573–4.

Effects on the liver. Severely elevated liver enzyme values,
consistent with a drug-induced hepatitis, occurred in a patient
given metronidazole hydrochloride 500 mg every 6 hours intra-
venously for 4 days. He was also receiving cefapirin sodium and
tobramycin sulfate.1 A case of reversible hepatotoxicity caused
by an overdose of metronidazole 12.5 g has also been reported.2
1. Appleby DH, Vogtland HD. Suspected metronidazole toxicity.

Clin Pharm 1983; 2: 373–4. 
2. Lam S, Bank S. Hepatotoxicity caused by metronidazole over-

dose. Ann Intern Med 1995; 122: 803.

Effects on the nervous system. ASEPTIC MENINGITIS. A 42-
year-old man had 3 episodes of aseptic meningitis during
treatment with oral metronidazole as part of an eradication
regimen for Helicobacter pylori infection.1 On each occasion
his symptoms resolved spontaneously when eradication treat-
ment was stopped and recurred when treatment was restarted.
The aseptic meningitis was attributed to the metronidazole
and the patient later tolerated an eradication treatment regi-
men containing a proton-pump inhibitor and a macrolide.
1. Khan S, et al. Metronidazole-induced aseptic meningitis during

Helicobacter pylori eradication therapy. Ann Intern Med 2007;
146: 395–6.

CEREBELLAR TOXICITY. Ataxia and dysarthria have been report-
ed in 2 patients taking oral metronidazole plus intravenous
cefepime or oral levofloxacin.1 Symptoms occurred about
one month after starting treatment and resolved 2 to 5 weeks
after stopping metronidazole.
1. Woodruff BK, et al. Reversible metronidazole-induced lesions

of the cerebellar dentate nuclei. N Engl J Med 2002; 346: 68–9.

CONVULSIONS. Reports of convulsions associated with metro-
nidazole therapy (usually in high doses or in patients with re-
nal impairment).
1. Halloran TJ. Convulsions associated with high cumulative doses

of metronidazole. Drug Intell Clin Pharm 1982; 16: 409. 
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2. Wienbren M, et al. Convulsions and encephalopathy in a patient

with leukemia after treatment with metronidazole. J Clin Pathol
1985; 38: 1076. 

3. Ferroir JP, et al. Polynévrite, crises convulsives et syndrome
cérébelleux, complications d’un traitement par le métronidazole.
Presse Med 1985; 14: 2108. 

4. Moulin B, et al. Risque neurotoxique du métronidazole (MN) au
cours de l’insuffisance rénale sévère. Ann Med Interne (Paris)
1988; 139: 369. 

5. Sopena B, et al. Convulsiones inducidas por la asociación de
metronidazol y cloroquina. Med Clin (Barc) 1990; 95: 675. 

6. Beloosesky Y, et al. Convulsions induced by metronidazole
treatment for Clostridium difficile-associated disease in chronic
renal failure. Am J Med Sci 2000; 319: 338–9.

EFFECTS ON MENTAL FUNCTION.  Although metronidazole is
sometimes used to reduce colonic flora in the treatment of hep-
atic encephalopathy, impaired metabolism of metronidazole
in such patients can result in elevated plasma concentrations
and consequent toxicity. Psychosis and manic behaviour were
reported in one such patient during treatment for hepatic en-
cephalopathy with metronidazole and lactulose, although
plasma-metronidazole concentrations were not found to be
raised (24 micrograms/mL).1 Symptoms resolved when met-
ronidazole was stopped. Acute psychosis has also been re-
ported in a patient following a 5-day course of intravenous
metronidazole 1 g daily for a gynaecological disorder.2
1. Uhl MD, Riely CA. Metronidazole in treating portosystemic en-

cephalopathy. Ann Intern Med 1996; 124: 455. 
2. Schreiber W, Spernal J. Metronidazole-induced psychotic disor-

der. Am J Psychiatry 1997; 154: 1170–1.

PERIPHERAL NEUROPATHY. Peripheral neuropathy has been re-
ported in patients receiving prolonged treatment with metro-
nidazole.1-4 Stopping metronidazole or lowering the dose usu-
ally results in complete resolution or improvement of the
neuropathy but in some patients it may persist despite these
measures. For reports of retrobulbar or optic neuritis associ-
ated with metronidazole, see Effects on the Eyes, above.
1. Duffy LF, et al. Peripheral neuropathy in Crohn’s disease pa-

tients treated with metronidazole. Gastroenterology 1985; 88:
681–4. 

2. Boyce EG, et al. Persistent metronidazole-induced peripheral
neuropathy. DICP Ann Pharmacother 1990; 24: 19–21. 

3. Learned-Coughlin S. Peripheral neuropathy induced by metron-
idazole. Ann Pharmacother 1994; 28: 536. 

4. Dreger LM, et al. Intermittent-dose metronidazole-induced pe-
ripheral neuropathy. Ann Pharmacother 1998; 32: 267–8.

Effects on the pancreas. A small number of cases of acute
pancreatitis associated with metronidazole, in some cases recur-
rent on rechallenge, have been reported.1-4 No cases were found
in a retrospective study of about 6500 patients who had received
metronidazole.5
1. Plotnick BH, et al. Metronidazole-induced pancreatitis. Ann In-

tern Med 1985; 103: 891–2. 
2. Sanford KA, et al. Metronidazole-associated pancreatitis. Ann

Intern Med 1988; 109: 756–7. 
3. Sura ME, et al. Metronidazole-associated pancreatitis. Ann

Pharmacother 2000; 34: 1152–5. 
4. Tsesmeli NE, et al. Acute pancreatitis as a possible consequence

of metronidazole during a relapse of ulcerative colitis. Eur J
Gastroenterol Hepatol 2007; 19: 805–6. 

5. Friedman G, Selby JV. How often does metronidazole induce
pancreatitis? Gastroenterology 1990; 98: 1702–3.

Gynaecomastia. Gynaecomastia occurred in a 36-year-old
man with ulcerative colitis after taking metronidazole for about a
month.1
1. Fagan TC, et al. Metronidazole-induced gynecomastia. JAMA

1985; 254: 3217.

Hypersensitivity. A hypersensitivity reaction with chills, fe-
ver, generalised erythema, and a maculopapular rash developed
after a single dose of metronidazole in a patient who had previ-
ously developed a rash during treatment with intravaginal metro-
nidazole.1
1. Knowles S, et al. Metronidazole hypersensitivity. Ann Pharma-

cother 1994; 28: 325–6.

Precautions
Peripheral neuropathy, transient epileptiform seizures,
and leucopenia have sometimes been associated with
prolonged or intensive treatment with metronidazole
(see Adverse Effects, above). Clinical and laboratory
monitoring is advised in patients given metronidazole
for more than 10 days. Doses should be reduced in pa-
tients with severe hepatic impairment. 
It is suggested that the use of metronidazole should be
avoided during pregnancy, and this caution applies es-
pecially to use during the first trimester and to the use
of high-dose regimens (see also below). 
Patients are advised not to drink alcoholic beverages
while taking metronidazole (see under Interactions, be-
low).
Breast feeding. Metronidazole is distributed into breast milk
giving it a bitter taste which may impair feeding.1 The American
Academy of Pediatrics considers that although the effects of met-
ronidazole on breast-fed infants are unknown they may be of

concern. It recommends that breast feeding should be stopped for
12 to 24 hours when single-dose therapy is used;2 no specific
recommendations are given for long-term treatment.
1. Rubin PC. Prescribing in pregnancy: general principles. BMJ

1986; 293: 1415–17. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
C o r r e c t i o n .  i b i d . ;  1 0 2 9 .  A l s o  a v a i l a b l e  a t :
http://aappolicy.aappublications.org/cgi/content/full/pediatrics
%3b108/3/776 (accessed 03/02/04)

Pregnancy. Metronidazole is mutagenic in bacteria and carci-
nogenic in rodents. It readily crosses the placenta achieving sim-
ilar concentrations in the placental cord and maternal plasma and
its use in pregnancy is controversial. Meta-analyses of studies
involving the use of metronidazole in the first trimester of
pregnancy1,2 concluded that there did not appear to be an in-
creased risk of teratogenicity. However, in the USA licensed
product information considers metronidazole to be contra-indi-
cated during the first trimester in patients with trichomoniasis;
use for trichomoniasis during the second and third trimesters
may be acceptable. For other indications the risks and benefits of
treatment with metronidazole should be weighed carefully, espe-
cially in the first trimester.
1. Burtin P, et al. Safety of metronidazole in pregnancy: a meta-

analysis. Am J Obstet Gynecol 1995; 172: 525–9. 
2. Caro-Patón T, et al. Is metronidazole teratogenic? A meta-anal-

ysis. Br J Clin Pharmacol 1997; 44: 179–82.

Interactions
When given with alcohol, metronidazole may provoke
a disulfiram-like reaction in some patients. Acute psy-
choses or confusion have been associated with the use
of metronidazole and disulfiram together. 
Metronidazole is reported to impair the metabolism or
excretion of several drugs including warfarin (p.1429),
phenytoin (p.499), lithium (see Antimicrobials, p.404),
ciclosporin, and fluorouracil (p.723), with the conse-
quent potential for an increased incidence of adverse
effects. There is some evidence that phenytoin might
accelerate the metabolism of metronidazole. Plasma
concentrations of metronidazole are decreased by phe-
nobarbital, with a consequent reduction in the effec-
tiveness of metronidazole. Cimetidine has increased
plasma concentrations of metronidazole and might in-
crease the risk of neurological adverse effects. For ref-
erences to some of these interactions, see below. 
For incompatibilities between metronidazole and other
drugs in solutions for injection, see above.
Alcohol. Metronidazole may provoke a disulfiram-like reaction
in some individuals when given with alcohol; reactions have oc-
curred after the use of preparations formulated with alcohol, in-
cluding injections, as well as after drinking alcohol.1 Acute psy-
chosis or confusional state was reported in 6 of 29 alcoholic
patients who were also taking disulfiram.2 However, an analysis
of published reports3 and a study in healthy subjects4 both found
that there was no convincing evidence of a disulfiram-like reac-
tion between metronidazole and alcohol although caution was
still advised.
1. Edwards DL, et al. Disulfiram-like reaction associated with in-

travenous trimethoprim-sulfamethoxazole and metronidazole.
Clin Pharm 1986; 5: 999–1000. 

2. Rothstein E, Clancy DD. Toxicity of disulfiram combined with
metronidazole. N Engl J Med 1969; 280: 1006–7. 

3. Williams CS, Woodcock KR. Do ethanol and metronidazole in-
teract to produce a disulfiram-like reaction? Ann Pharmacother
2000; 34: 255–7. 

4. Visapää J-P, et al. Lack of disulfiram-like reaction with metron-
idazole and ethanol. Ann Pharmacother 2002; 36: 971–4.

Antineoplastics. For reference to the effect of metronidazole
on busulfan, see p.691.

Carbamazepine. For a report of a possible interaction be-
tween metronidazole and carbamazepine, see p.475.

Cimetidine. In a study in 6 healthy subjects metronidazole
plasma concentrations were increased by twice-daily doses of ci-
metidine. The effect was presumed to be due to inhibition of cy-
tochrome P450 isoenzymes responsible for metronidazole me-
tabolism.1 However, cimetidine was not found to affect the
pharmacokinetics of metronidazole in a study in patients with
Crohn’s disease2 nor in a single-dose study in healthy subjects.3
1. Gugler R, Jansen JC. Interaction between cimetidine and metro-

nidazole. N Engl J Med 1983; 309: 1518–19. 
2. Eradiri O, et al. Interaction of metronidazole with cimetidine and

phenobarbital in Crohn’s disease. Clin Pharmacol Ther 1987;
41: 235. 

3. Loft S, et al. Lack of effect of cimetidine on the pharmacokinet-
ics and metabolism of a single oral dose of metronidazole. Eur J
Clin Pharmacol 1988; 35: 65–8.

Disulfiram. For a report of acute psychosis or confusional state
following metronidazole treatment in alcoholic patients receiv-
ing disulfiram, see under Alcohol, above.

Mycophenolate mofetil. For details of a pharmacokinetic
study reporting reduced exposure to mycophenolate mofetil
when given with metronidazole or metronidazole plus nor-
floxacin, see Antibacterials, p.1837.

Omeprazole. Although concentrations in plasma and saliva of
metronidazole and its hydroxy metabolite were unaffected by
omeprazole in healthy subjects, those in gastric juice were sub-
stantially lowered, possibly as a result of a reduction in transfer
from the plasma.1 However, this may be of limited clinical sig-
nificance during treatment of Helicobacter pylori infections.
1. Jessa MJ, et al. The effect of omeprazole on the pharmacokinet-

ics of metronidazole and hydroxymetronidazole in human plas-
ma, saliva and gastric juice. Br J Clin Pharmacol 1997; 44:
245–53.

Phenobarbital. An increase in the rate of metabolism of met-
ronidazole, resulting in treatment failure, was reported in a pa-
tient taking phenobarbital.1 In a retrospective survey of patients
who had not responded to treatment with metronidazole, 80%
were found to be on long-term phenobarbital therapy.2 It was
found that up to 3 times the usual dose was required to produce
a parasitological cure of giardiasis in such patients.
1. Mead PB, et al. Possible alteration of metronidazole metabolism

by phenobarbital. N Engl J Med 1982; 306: 1490. 
2. Gupte S. Phenobarbital and metabolism of metronidazole. N

Engl J Med 1983; 308: 529.

Phenytoin. In addition to conflicting reports on the effects of
metronidazole on the metabolism of phenytoin (p.499), in-
creased metabolism of metronidazole was reported in a patient
during treatment with phenytoin.1
1. Wheeler LA, et al. Use of high-pressure liquid chromatography

to determine plasma levels of metronidazole and metabolites af-
ter intravenous administration. Antimicrob Agents Chemother
1978; 13: 205–9.

Antimicrobial Action
Metronidazole is active against several protozoa in-
cluding Balantidium coli, Blastocystis hominis, Enta-
moeba histolytica, Giardia intestinalis (Giardia lam-
blia), and Trichomonas vaginalis. Most obligate
anaerobic bacteria, including Bacteroides and
Clostridium spp., are sensitive in vitro to metronida-
zole. It is bactericidal. It also has activity against the
facultative anaerobes Gardnerella vaginalis and Heli-
cobacter pylori and against some spirochaetes. Resist-
ance to metronidazole has been reported and cross-
resistance to other nitroimidazoles, such as tinidazole,
may occur.
◊ Metronidazole has well-established bactericidal activity
against obligate anaerobic bacteria in vitro, including the Gram-
negative organisms Bacteroides fragilis and other Bacteroides
spp., Fusobacterium spp., and Veillonella spp., and the Gram-
positive organisms Clostridium difficile, Cl. perfringens, and
other Clostridium spp., Eubacterium spp., Peptococcus spp., and
Peptostreptococcus spp.; Propionibacterium and Actinomyces
spp. are often resistant.1-6 It also has activity against the faculta-
tive anaerobe Gardnerella vaginalis, although its bactericidal ef-
fect is reported to be much slower than against obligate anaer-
obes,7 against some strains of Campylobacter spp. including C.
fetus subsp. jejuni,8,9 and against Helicobacter pylori.10,11 
The oxidative metabolites of metronidazole also have antibacte-
rial activity; the hydroxy metabolite has been reported to be con-
sistently more active than metronidazole against strains of G.
vaginalis.12,13 
The mode of action of metronidazole is not entirely clear, but is
thought to involve reduction by bacterial ‘nitroreductases’ to an
unstable intermediate which interacts with DNA, effectively pre-
venting further replication.14 A number of factors affect the sen-
sitivity of micro-organisms to metronidazole in vitro. Anaerobic
conditions are important for optimal activity. Interactions be-
tween micro-organisms and metronidazole have been described,
including inhibition of Escherichia coli by metronidazole in the
presence of B. fragilis and enhancement of the rate of killing of
B. fragilis by metronidazole in the presence of E. coli. 
Resistance to metronidazole has developed in sensitive species.
Although no resistance among the B. fragilis group was ob-
served over several years,15,16 there have been occasional reports
of resistance in this group17-22 and in other Bacteroides spp.23-25

now known as Prevotella spp. Nitroimidazole resistance in Heli-
cobacter pylori has been increasing and may be associated with
reduced response rates to anti-Helicobacter therapy for peptic ul-
cer disease in some populations (see Peptic Ulcer Disease under
Uses, below).
1. Wüst J. Susceptibility of anaerobic bacteria to metronidazole,

ornidazole, and tinidazole and routine susceptibility testing by
standardized methods. Antimicrob Agents Chemother 1977; 11:
631–7. 

2. Dubreuil L, et al. Susceptibility of anaerobic bacteria from sev-
eral French hospitals to three major antibiotics. Antimicrob
Agents Chemother 1984; 25: 764–6. 

3. Hill GB, Ayers OM. Antimicrobial susceptibilities of anaerobic
bacteria isolated from female genital tract infections. Antimi-
crob Agents Chemother 1985; 27: 324–31. 
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4. Chow AW, et al. In vitro susceptibility of Clostridium difficile
to new β-lactam and quinolone antibiotics. Antimicrob Agents
Chemother 1985; 28: 842–4. 

5. Brazier JS, et al. Antibiotic susceptibility of clinical isolates of
clostridia. J Antimicrob Chemother 1985; 15: 181–5. 

6. Van der Auwera P, et al. Comparative serum bactericidal activ-
ity against test anaerobes in volunteers receiving imipenem,
clindamycin, latamoxef and metronidazole. J Antimicrob Chem-
other 1987; 19: 205–10. 

7. Ralph ED, Amatnieks YE. Metronidazole in treatment against
Haemophilus vaginalis (Corynebacterium vaginale). Antimi-
crob Agents Chemother 1980; 18: 101–4. 

8. Hof H, et al. Comparative in vitro activities of niridazole and
metronidazole against anaerobic and microaerophilic bacteria.
Antimicrob Agents Chemother 1982; 22: 332–3. 

9. Freydière AM, et al. In vitro susceptibilities of 40 Campylo-
bacter fetus subsp jejuni strains to niridazole and metronidazole.
Antimicrob Agents Chemother 1984; 25: 145–6. 

10. Marshall BJ, et al. Pyloric campylobacter infection and gas-
troduodenal disease. Med J Aust 1985; 142: 439–44. 

11. Howden A, et al. In-vitro sensitivity of Campylobacter pyloridis
to furazolidone. Lancet 1986; ii: 1035. 

12. Ralph ED, Amatnieks YE. Relative susceptibilities of Gard-
nerella vaginalis (Haemophilus vaginalis), Neisseria gonorrhoe-
ae, and Bacteroides fragilis to metronidazole and its two major
metabolites. Sex Transm Dis 1980; 7: 157–60. 

13. Shanker S, Munro R. Sensitivity of Gardnerella vaginalis to me-
tabolites of metronidazole and tinidazole. Lancet 1982; i: 167. 

14. Ingham HR, et al. Interactions between micro-organisms and
metronidazole. J Antimicrob Chemother 1982; 10: 84–7. 

15. Tally FP, et al. Susceptibility of the Bacteroides fragilis group in
the United States in 1981. Antimicrob Agents Chemother 1983;
23: 536–40. 

16. Tally FP, et al. Nationwide study of the susceptibility of the
Bacteroides fragilis group in the United States. Antimicrob
Agents Chemother 1985; 28: 675–7. 

17. Ingham HR, et al. Bacteroides fragilis resistance to metronida-
zole after long-term therapy. Lancet 1978; i: 214. 

18. Eme A, et al. Bacteroides fragilis resistant to metronidazole. J
Antimicrob Chemother 1983; 12: 523–5. 

19. Lamothe F, et al. Bacteroides fragilis resistant to both metroni-
dazole and imipenem. J Antimicrob Chemother 1986; 18:
642–3. 

20. Brogan O, et al. Bacteroides fragilis resistant to metronidazole,
clindamycin and cefoxitin. J Antimicrob Chemother 1989; 23:
660–2. 

21. Hickey MM, et al. Metronidazole resistant Bacteroides fragilis
infection of a prosthetic hip joint. J Infect 1990; 20: 129–33. 

22. Turner P, et al. Simultaneous resistance to metronidazole, co-
amoxiclav, and imipenem in clinical isolate of Bacteroides fra-
gilis. Lancet 1995; 345: 1275–7. 

23. Sprott MS, et al. Metronidazole-resistant anaerobes. Lancet
1983; i: 1220. 

24. McWalter PW, Baird DR. Metronidazole-resistant anaerobes.
Lancet 1983; i: 1220. 

25. Sprott MS, Kearns AM. Metronidazole-resistant Bacteroides
melaninogenicus. J Antimicrob Chemother 1988; 22: 951–2.

Pharmacokinetics
Metronidazole is readily and almost completely ab-
sorbed after oral doses. Peak plasma concentrations of
about 6 and 12 micrograms/mL are achieved, usually
within 1 to 2 hours, after single doses of 250 and
500 mg respectively. Some accumulation occurs and
consequently there are higher concentrations when
multiple doses are given. Absorption may be delayed,
but is not reduced overall by food. Metronidazole ben-
zoate given orally is hydrolysed in the gastrointestinal
tract to release metronidazole, which in turn is then ab-
sorbed. 
Peak steady-state plasma concentrations of about
25 micrograms/mL with trough concentrations of
about 18 micrograms/mL have been reported in pa-
tients given an intravenous loading dose of 15 mg/kg
followed by 7.5 mg/kg every 6 hours. The bioavaila-
bility of metronidazole from rectal suppositories is 60
to 80%; peak plasma concentrations are half those
achieved with equivalent oral doses and effective con-
centrations occur after about 5 to 12 hours. Absorption
from vaginal pessaries is poor with a reported bioavail-
ability of about 20 to 25%; absorption is gradual pro-
ducing peak plasma concentrations of about
2 micrograms/mL after a dose of 500 mg. An intravag-
inal gel formulation providing a dose of 37.5 mg met-
ronidazole produced peak plasma concentrations of
0.3 micrograms/mL at 8 hours, with a bioavailability
of 56%. 
Metronidazole is widely distributed. It appears in most
body tissues and fluids including bile, bone, breast
milk, cerebral abscesses, CSF, liver and liver abscess-
es, saliva, seminal fluid, and vaginal secretions, and
achieves concentrations similar to those in plasma. It
also crosses the placenta and rapidly enters the fetal cir-
culation. No more than 20% is bound to plasma pro-
teins. 

Metronidazole is metabolised in the liver by side-chain
oxidation and glucuronide formation. The principal
oxidative metabolites are 1-(2-hydroxyethyl)-2-
hydroxymethyl-5-nitroimidazole (the hydroxy metab-
olite), which has antibacterial activity and is detected in
plasma and urine, and 2-methyl-5-nitroimidazole-1-
acetic acid (the acid metabolite), which has virtually no
antibacterial activity and is often not detected in plas-
ma, but is excreted in urine. Small amounts of reduced
metabolites, acetamide and N-(2-hydroxyethyl)oxam-
ic acid (HOA), have also been detected in urine and are
probably formed by the intestinal flora. 
The elimination half-life of metronidazole is about 8
hours; that of the hydroxy metabolite is slightly longer.
The half-life of metronidazole is reported to be longer
in neonates and in patients with severe hepatic impair-
ment; that of the hydroxy metabolite is prolonged in
patients with substantial renal impairment. 
The majority of a dose of metronidazole is excreted in
the urine, mainly as metabolites; a small amount ap-
pears in the faeces.
◊ References.
1. Cunningham FE, et al. Pharmacokinetics of intravaginal metro-

nidazole gel. J Clin Pharmacol 1994; 34: 1060–5. 
2. Lamp KC, et al. Pharmacokinetics and pharmacodynamics of the

nitroimidazole antimicrobials. Clin Pharmacokinet 1999; 36:
353–73.

Hepatic impairment. There have been differing results from
pharmacokinetic studies of the elimination of metronidazole in
patients with hepatic impairment. No marked difference was
reported1 between patients with cirrhosis or hepatosplenic schis-
tosomiasis given a single 500-mg oral dose of metronidazole
when compared with healthy subjects; this suggested that, in the
absence of renal impairment, dosage adjustment was not needed
in patients with hepatic impairment. However, others found2 that
elimination of metronidazole, given intravenously, was consider-
ably impaired in a study of 10 patients with alcoholic liver dis-
ease or chronic active hepatitis, 7 of whom also had reduced cre-
atinine clearance. Responding to the comment3 that these
differing results were probably due to impaired renal elimina-
tion, the authors suggested4 that impaired elimination of metron-
idazole was due to impaired hepatic metabolism rather than de-
creased renal clearance; other studies have shown metronidazole
clearance to be normal in renal impairment. They nevertheless
agreed that reduction in the dosage of metronidazole is required
only when hepatic function is very poor, particularly when renal
function is impaired. A study in 10 severely ill patients with or
without impaired hepatic and/or renal function5 also suggested
that hepatic function is a very important determinant of metroni-
dazole elimination.
1. Daneshmend TK, et al. Disposition of oral metronidazole in he-

patic cirrhosis and in hepatosplenic schistosomiasis. Gut 1982;
23: 807–13. 

2. Farrell G, et al. Impaired elimination of metronidazole in decom-
pensated chronic liver disease. BMJ 1983; 287: 1845. 

3. Daneshmend TK, Roberts CJC. Impaired elimination of metron-
idazole in decompensated chronic liver disease. BMJ 1984; 288:
405. 

4. Farrell G, et al. Impaired elimination of metronidazole in decom-
pensated chronic liver disease. BMJ 1984, 288: 1009. 

5. Ljungberg B, et al. Metronidazole: pharmacokinetic observa-
tions in severely ill patients. J Antimicrob Chemother 1984; 14:
275–83.

Infants and children. A single intravenous dose of 15 mg/kg
has been suggested for neonates1 which would produce thera-
peutic concentrations of metronidazole for around 24 hours in
term neonates and 48 hours in preterm neonates. Renal and he-
patic function is incompletely developed in newborn infants and
consequently the elimination half-life of metronidazole is pro-
longed and has been reported to range from 25 to 109 hours.1
Elimination half-life is inversely proportional to gestational
age1,2 and as the infant matures half-life is reduced to values clos-
er to those in adults.1,3

1. Jager-Roman E, et al. Pharmacokinetics and tissue distribution
of metronidazole in the newborn infant. J Pediatr 1982; 100:
651–4. 

2. Hall P, et al. Intravenous metronidazole in the newborn. Arch Dis
Child 1983; 58: 529–31. 

3. Amon I, et al. Disposition kinetics of metronidazole in children.
Eur J Clin Pharmacol 1983; 24: 113–19.

Renal impairment. Pharmacokinetic studies have indicated
that doses of metronidazole need not be altered in patients with
renal impairment,1 although adjustments might be required in
patients undergoing haemodialysis, since metronidazole and its
hydroxy metabolite are efficiently cleared and extensively re-
moved in such patients.2 However, in another study3 the amount
of metronidazole and its hydroxy metabolite cleared was found
to depend on the type of dialysis membrane used; the authors
concluded that dosage supplementation may be needed only for
seriously ill patients undergoing haemodialysis with a membrane
having high metronidazole clearance. 

Routine adjustment of dosage was not considered necessary in
patients undergoing peritoneal dialysis.4 However, the potential
for metabolites to accumulate was noted in patients on continu-
ous ambulatory peritoneal dialysis5 and it was suggested that
dosage reduction may be necessary if excessive concentrations
of metabolites are found to be toxic.
1. Houghton GW, et al. Pharmacokinetics of metronidazole in pa-

tients with varying degrees of renal failure. Br J Clin Pharmacol
1985; 19: 203–9. 

2. Somogyi A, et al. Disposition and removal of metronidazole in
patients undergoing haemodialysis. Eur J Clin Pharmacol 1983;
25: 683–7. 

3. Lau AH, et al. Hemodialysis clearance of metronidazole and its
metabolites. Antimicrob Agents Chemother 1986; 29: 235–8. 

4. Cassey JG, et al. Pharmacokinetics of metronidazole in patients
undergoing peritoneal dialysis. Antimicrob Agents Chemother
1983; 24: 950–1. 

5. Guay DR, et al. Pharmacokinetics of metronidazole in patients
undergoing continuous ambulatory peritoneal dialysis. Antimi-
crob Agents Chemother 1984; 25: 306–10.

Uses and Administration
Metronidazole is a 5-nitroimidazole derivative with ac-
tivity against anaerobic bacteria and protozoa (see An-
timicrobial Action, above); it also has a radiosensitis-
ing effect on hypoxic tumour cells. Its mechanism of
action is thought to involve interference with DNA by
a metabolite in which the nitro group of metronidazole
has been reduced. 
Metronidazole is used in the treatment of susceptible
protozoal infections such as amoebiasis, balantidiasis,
Blastocystis hominis infections, giardiasis, and tricho-
moniasis; it has also been tried in leishmaniasis and mi-
crosporidiosis. For details of these infections and their
treatment see under Choice of Antiprotozoal, p.822.
Metronidazole is also used in the treatment and proph-
ylaxis of anaerobic bacterial infections. Specific bacte-
rial infections treated with metronidazole include bac-
terial vaginosis, acute necrotising ulcerative gingivitis,
pelvic inflammatory disease, tetanus, and antibiotic-
associated colitis. For details of these infections and
their treatment see under Choice of Antibacterial, p.162. 
Metronidazole is used to eradicate Helicobacter pylori
in peptic ulcer disease (with other antimicrobials, and
either bismuth compounds or proton pump inhibitors)
and in the management of malodorous tumours and ul-
cers where there is anaerobic infection. It is also used
in the treatment of rosacea and of dracunculiasis (guin-
ea-worm infection) and has been given in the treatment
of perianal Crohn’s disease and hepatic encephalopa-
thy. It has also been tried as an adjunct to the radiother-
apy of malignant neoplasms. See also below for these
miscellaneous uses. 
ADMINISTRATION AND DOSAGE. Metronidazole is given
orally in tablets or, as metronidazole benzoate, in oral
suspension; the tablets are taken with or after food and
the suspension at least 1 hour before food. Metronida-
zole is also given rectally in suppositories, applied top-
ically as a cream or gel, or given by intravenous infu-
sion of metronidazole or metronidazole hydrochloride.
Doses are expressed in terms of metronidazole base. 
In amoebiasis, metronidazole acts as an amoebicide at
all sites of infection with Entamoeba histolytica. Be-
cause of its rapid absorption it is probably less effective
against parasites in the bowel lumen and is therefore
used with a luminal amoebicide such as diloxanide
furoate or diiodohydroxyquinoline in the treatment of
invasive amoebiasis. Metronidazole is given in oral
doses of 400 to 800 mg three times daily for 5 to 10
days. Children aged 1 to 3 years may be given one-
quarter, those aged 3 to 7 years one-third, and those
aged 7 to 10 years one-half the total adult daily dose;
alternatively 35 to 50 mg/kg daily in divided doses has
been used. An alternative adult dose is 1.5 to 2.5 g as a
single daily dose for 2 or 3 days. 
In balantidiasis and Blastocystis hominis infection,
metronidazole has been given orally in a dose of
750 mg three times daily for 5 and 10 days, respective-
ly. 
In giardiasis, the usual oral dose of metronidazole is
2 g once daily for 3 successive days, or 400 mg three
times daily for 5 days, or 500 mg twice daily for 7 to 10
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days. Dosage for children is proportional, as for amoe-
biasis (above). An alternative schedule for children is
15 mg/kg daily in divided doses. 
In trichomoniasis, metronidazole is given orally either
as a single 2-g dose, as a 2-day course of 800 mg in the
morning and 1.2 g in the evening, or as a 7-day course
of 600 mg to 1 g daily in two or three divided doses.
Sexual partners should also be treated. If treatment
needs to be repeated, an interval of 4 to 6 weeks be-
tween courses has been recommended. Vaginal prepa-
rations containing metronidazole are available for the
treatment of vaginal trichomoniasis in some countries.
Children with trichomoniasis may be given a 7-day
course of metronidazole by mouth as follows: 1 to 3
years, 50 mg three times daily; 3 to 7 years, 100 mg
twice daily, and 7 to 10 years, 100 mg three times daily.
An alternative children’s dose is 15 mg/kg daily in 3
divided doses for 7 days. 
Bacterial vaginosis is treated similarly to vaginal tri-
chomoniasis with which it may co-exist; metronida-
zole is usually given orally as a single 2-g dose or as a
5 to 7-day course of 400 or 500 mg twice daily. Alter-
natively it may be applied locally as 5 g of a 0.75% gel
once or twice daily for 5 days. 
In acute necrotising ulcerative gingivitis, metronida-
zole 200 mg three times daily is given orally for 3 days;
similar doses are used in acute dental infections. A
25% dental gel has also been used as an adjunct to the
treatment of chronic periodontal infections. 
For the treatment of most anaerobic bacterial infec-
tions, metronidazole is given orally in an initial dose of
800 mg followed by 400 mg every 8 hours, usually for
about 7 days. A regimen of 500 mg every 8 hours is
alternatively used. When oral therapy is precluded
metronidazole may be given intravenously, 500 mg be-
ing infused as 100 mL of a 5 mg/mL solution at a rate
of 5 mL/minute every 8 hours, or rectally as a 1-g sup-
pository every 8 hours for 3 days, then every 12 hours;
oral therapy should be substituted as soon as possible.
Suppositories may be unsuitable for beginning therapy
in serious infections because of the slower absorption
of metronidazole. Children may be given 7.5 mg/kg
every 8 hours by mouth or by intravenous infusion;
recommended rectal doses for children, to be given
every 8 hours for 3 days, then every 12 hours thereaf-
ter, are: for those aged under 1 year, 125 mg; 1 to 5
years, 250 mg; 5 to 10 years, 500 mg. In the USA rec-
ommended adult doses of metronidazole are 7.5 mg/kg
every 6 hours by mouth or 15 mg/kg by intravenous
infusion followed by 7.5 mg/kg every 6 hours, doses
being infused over 1 hour; by either route a total dose
of 4 g in 24 hours should not be exceeded. In mixed
anaerobic and aerobic infections metronidazole is giv-
en with the appropriate antibacterials. 
For the prevention of postoperative anaerobic bac-
terial infections, especially in patients undergoing ab-
dominal or gynaecological surgery, metronidazole is
given orally, intravenously, or rectally in doses similar
to those used for treatment, usually with a beta-lactam
or an aminoglycoside antibacterial. Various schedules
have been employed. In the UK, licensed doses for
adults are: 
• orally 400 mg every 8 hours in the 24 hours before

surgery followed postoperatively by intravenous or
rectal dosage until oral therapy is possible 

• by intravenous infusion, 500 mg shortly before oper-
ation and repeated every 8 hours, oral doses of 200
or 400 mg every 8 hours being substituted as soon as
possible 

• by rectum, 1 g every 8 hours starting 2 hours before
surgery. 

The BNF, however, recommends that oral doses should
be started only 2 hours before the operation and that the
number of doses for all dose routes be limited to a total
of four. In the USA the recommended schedule for

adults undergoing colorectal surgery is metronidazole
15 mg/kg by intravenous infusion over 30 to 60 min-
utes, completed about 1 hour before surgery, followed
by two further intravenous doses of 7.5 mg/kg infused
at 6 and 12 hours after the initial dose. 
In peptic ulcer disease, metronidazole is used in com-
bination therapy to eradicate Helicobacter pylori. Typ-
ical regimens include metronidazole plus another anti-
bacterial (clarithromycin or amoxicillin) given with
either a proton pump inhibitor (omeprazole or lanso-
prazole) or with ranitidine bismuth citrate. The usual
dose of metronidazole is 400 mg twice daily except
when given with omeprazole and amoxicillin, when
metronidazole 400 mg three times daily is used. Treat-
ment is continued for 1 week. 
For leg ulcers and pressure sores infected with anaer-
obic bacteria, oral metronidazole 400 mg may be given
three times daily for 7 days. Metronidazole is also ap-
plied topically as a 0.75% or 0.8% gel to reduce the
odour associated with anaerobic infection in fungating
tumours. 
In the treatment of rosacea metronidazole is given
orally or applied topically.
Administration in hepatic impairment. Since metronida-
zole is mainly metabolised by hepatic oxidation, accumulation of
metronidazole and its metabolites is likely in patients with se-
verely impaired hepatic function. Metronidazole should there-
fore be given with caution and at reduced doses to patients with
severe hepatic impairment, and especially hepatic encephalopa-
thy when adverse affects of metronidazole can add to the symp-
toms of the disease. One-third of the usual daily dose may be
given once daily in these patients. For patients with lesser de-
grees of hepatic impairment, pharmacokinetic studies have not
produced consistent results (see under Pharmacokinetics, above)
and no recommendations about dosage reduction have been
made by licensed product information.
Administration in renal impairment. The elimination of
metronidazole is largely unchanged in patients with renal impair-
ment, although metabolites may accumulate in patients with end-
stage renal disease on dialysis (see under Pharmacokinetics,
above). Dosage reductions are therefore not usually recommend-
ed for patients with renal impairment although, since both met-
ronidazole and its metabolites are removed by haemodialysis,
doses need to be given immediately after haemodialysis.
Dracunculiasis. Metronidazole may be beneficial in the man-
agement of dracunculiasis (p.136). It provides symptomatic re-
lief and is also thought to weaken the anchorage of the worms
within subcutaneous tissue, thus allowing them to be removed
more quickly. 
Metronidazole has been given in a variety of regimens, including
doses of 400 mg three times daily for 5 days,1 40 mg/kg daily in
three divided doses (to a maximum daily dose of 2.4 g) for 3
days,2 and 400 mg daily for 10 to 20 days.3 WHO recommends
25 mg/kg daily for 10 days;4 a dose of 250 mg three times daily
for 10 days has also been recommended.
1. Padonu KO. A controlled trial of metronidazole in the treatment

of dracontiasis in Nigeria. Am J Trop Med Hyg 1973; 22: 42–4. 
2. Kale OO. A controlled field trial of the treatment of dracontiasis

with metronidazole and niridazole. Ann Trop Med Parasitol
1974; 68: 91–5. 

3. Muller R. Guinea worm disease: epidemiology, control, and
treatment. Bull WHO 1979; 57: 683–9. 

4. WHO. WHO model formulary. Geneva: WHO, 2004.

Hepatic encephalopathy. The treatment of hepatic encepha-
lopathy is discussed on p.1697. It includes the use of an antimi-
crobial such as metronidazole to reduce the intestinal flora.
Inflammatory bowel disease. Metronidazole is used in the
treatment of perineal Crohn’s disease (see Inflammatory Bowel
Disease, p.1697) and may also be used in colonic Crohn’s dis-
ease, when it has been tried with ciprofloxacin. It has also proved
effective for the prevention of postsurgical recurrence. Duration
of therapy is usually limited to 3 months. 
References.
1. Bernstein LH, et al. Healing of perineal Crohn’s disease with

metronidazole. Gastroenterology 1980; 79: 357–65. 
2. Brandt LJ, et al. Metronidazole therapy for perineal Crohn’s dis-

ease: a follow-up study. Gastroenterology 1982; 83: 383–7. 
3. Ursing B, et al. A comparative study of metronidazole and sul-

fasalazine for active Crohn’s disease: the cooperative Crohn’s
disease study in Sweden. Gastroenterology 1982; 83: 550–62. 

4. Sutherland L, et al. Double blind, placebo controlled trial of met-
ronidazole in Crohn’s disease. Gut 1991; 32: 1071–5. 

5. Rutgeerts P, et al. Controlled trial of metronidazole treatment for
prevention of Crohn’s recurrence after ileal resection. Gastroen-
terology 1995; 108: 1617–21. 

6. Prantera C, et al. An antibiotic regimen for the treatment of ac-
tive Crohn’s disease: a randomized, controlled clinical trial of
metronidazole plus ciprofloxacin. Am J Gastroenterol 1996; 91:
328–32.

Metabolic disorders.  Children with excesses of
methylmalonic1,2 and propionic3 acid in their blood or urine have
shown clinical improvement when given metronidazole, which
reduced the excretion of faecal propionate and urinary methyl-
malonate. Metronidazole is considered to act through its antimi-
crobial effect on gut anaerobes that are involved in propionate
production; such propionate cannot be handled by these children
who are deficient in the relevant enzyme.
1. Bain MD, et al. Contribution of gut bacterial metabolism to hu-

man metabolic disease. Lancet 1988; i: 1078–9. 
2. Koletzko B, et al. Antibiotic therapy for improvement of meta-

bolic control in methylmalonic aciduria. J Pediatr 1990; 117:
99–101. 

3. Mellon AF, et al. Effect of oral antibiotics on intestinal produc-
tion of propionic acid. Arch Dis Child 2000; 82: 169–72.

Mouth disorders and infections. Ciclosporin-induced gingi-
val hyperplasia resolved in 4 patients after treatment with metro-
nidazole.1 
Metronidazole is considered to be effective for the treatment of
acute necrotising ulcerative gingivitis and is an alternative to
penicillin in other dental infections (see Mouth Infections,
p.180).
1. Wong W, et al. Resolution of cyclosporin-induced gingival

hypertrophy with metronidazole. Lancet 1994; 343: 986.

Peptic ulcer disease. The use of metronidazole is well estab-
lished in regimens for eradicating Helicobacter pylori (see Peptic
Ulcer Disease, p.1702). However, the emergence of metronida-
zole-resistant strains of H. pylori has been associated with an in-
creased rate of treatment failures with some regimens.1-4 Diffi-
culties arise in assessing metronidazole resistance and in
correlating in-vitro results with clinical response.5 In populations
in which the incidence of resistance is high, it may become nec-
essary to use alternative regimens,6 but in other areas, such as the
UK, regimens including metronidazole continue to be among the
standard alternatives (although the BNF recommends that they
should not be used for initial treatment in patients who have been
given metronidazole for other infections).
1. Buckley MJM, et al. Metronidazole resistance reduces efficacy

of triple therapy and leads to secondary clarithromycin resist-
ance. Dig Dis Sci 1997; 42: 2111–15. 

2. Lerang F, et al. Highly effective twice-daily triple therapies for
Helicobacter pylori infection and peptic ulcer disease: does in
vitro metronidazole resistance have any clinical relevance? Am J
Gastroenterol 1997; 92: 248–53. 

3. Misiewicz JJ, et al. One week triple therapy for Helicobacter py-
lori: a multicentre comparative study. Gut 1997; 41: 735–9. 

4. van Zanten SV, et al. Adding once-daily omeprazole 20 mg to
metronidazole/amoxicillin treatment for Helicobacter pylori
gastritis: a randomized, double-blind trial showing the impor-
tance of metronidazole resistance. Am J Gastroenterol 1998; 93:
5–10. 

5. Goddard AF, Logan RPH. Antimicrobial resistance and Helico-
bacter pylori. J Antimicrob Chemother 1996; 37: 639–43. 

6. Fennerty MB. Should we abandon metronidazole containing
Helicobacter pylori treatment regimens? The clinical relevance
of metronidazole resistance. Am J Gastroenterol 1998; 93: 2–3.

Skin disorders. Metronidazole may be effective in the manage-
ment of malodorous anaerobic skin infections associated with ul-
ceration (p.194), including pressure sores and fungating
tumours. Both the oral and topical routes have been employed
but the evidence in favour of its use is largely anecdotal as few
randomised controlled studies have yet been performed.1,2 
Metronidazole has also been used3 in the treatment of rosacea
(p.1583). Metronidazole 200 mg twice daily by mouth was more
effective than placebo4 and as effective as oral oxytetracycline.5
Similarly, topical preparations (for example, 0.75% cream, gel,
or lotion or 1% cream) have been found to be better than placebo
and as effective as oral oxytetracycline.6,7

1. Clark J. Metronidazole gel in managing malodorous fungating
wounds. Br J Nurs 2002 11 (suppl): S54–S60. 

2. Paul JC, Pieper BA. Topical metronidazole for the treatment of
wound odor: a review of the literature. Ostomy Wound Manage
2008; 54: 18–27. 

3. Conde JF, et al. Managing rosacea: a review of the use of metro-
nidazole alone and in combination with oral antibiotics. J Drugs
Dermatol 2007; 6: 495–8. 

4. Pye RJ, Burton JL. Treatment of rosacea by metronidazole. Lan-
cet 1976; i: 1211–12. 

5. Saihan EM, Burton JL. A double-blind trial of metronidazole
versus oxytetracycline therapy for rosacea. Br J Dermatol 1980;
102: 443–5. 

6. McClellan KJ, Noble S. Topical metronidazole: a review of its
use in rosacea. Am J Clin Dermatol 2000; 1: 191–9. 

7. Dahl MV, et al. Once-daily topical metronidazole cream formu-
lations in the treatment of the papules and pustules of rosacea. J
Am Acad Dermatol 2001; 45: 723–30.

Surgical infection. Metronidazole and related nitroimidazoles
are used in surgical infection prophylaxis (p.195) to reduce the
rate of wound infection.

HAEMORRHOIDECTOMY. Prophylactic metronidazole reduced
pain following haemorrhoidectomy in a small study.1

1. Carapeti EA, et al. Double-blind randomised controlled trial of
effect of metronidazole on pain after day-case haemorrhoidecto-
my. Lancet 1998; 351: 169–72.
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African trypanosomiasis. Although there is no established al-
ternative treatment for Trypanosoma brucei rhodesiense infec-
tions that are resistant to melarsoprol (see p.827), metronidazole
and suramin were effective in 1 patient.1

1. Foulkes JR. Metronidazole and suramin combination in the treat-
ment of arsenical refractory rhodesian sleeping sickness—a case
study. Trans R Soc Trop Med Hyg 1996; 90: 422.

Preparations
BP 2008: Metronidazole Gel; Metronidazole Intravenous Infusion; Metron-
idazole Oral Suspension; Metronidazole Suppositories; Metronidazole Tab-
lets; 
USP 31: Metronidazole Gel; Metronidazole Injection; Metronidazole Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Arg.: Bexon; Colpofilin; Dazotron; Epaq†; Etronil; Flagyl; Format; Ginkan;
Gynotran; Metral; Metrocev; Metrolocal; Nalox; Noritate†; Padet; Repligen;
Rozex; Taremis; Tolbin; Tricofin; Trimstat†; Austral.: Flagyl; Metrogyl; Met-
ronide; Rozex; Austria: Acsacea; Anaerobex; Elyzol; Rozex; Trichex; Belg.:
Anaeromet†; Flagyl; Pharmaflex†; Rosaced; Rozex; Braz.: Ambrosil†; Ame-
bil†; Astergyl†; Canderm; Dalzolston; Flagyl; Flanizol; Helmizol; Metrizol†;
Metrodax†; Metrogyl†; Metronib†; Metronide; Metroniflex; Metronil; Met-
ronin; Metronix; Metrotix†; Metroval; Metrozol; Minegyl†; Neo Metrodazol;
Odonid; Rozex; Canad.: Flagyl; Florazole; Metrocream; Metrogel; Metrol-
otion; NidaGel; Noritate; Novo-Nidazol†; Trikacide; Chile: Deprocid;
Flagyl; Geloderm; Kabizol; Medazol; Metrocream; Metrogel; Metropast;
Noritate†; Cz.: Deflamon†; Efloran; Entizol; Klion†; Medazol†; Rosalox; Ro-
zex; Denm.: Elyzol; Flagyl; Metrogel†; Rozex; Zidoval; Fin.: Elyzol; Flagyl;
Rosazol; Rozex; Trikozol; Zidoval; Fr.: Elyzol; Flagyl; Rosiced; Rozacreme;
Rozagel; Rozex; Ger.: Arilin; Clont; Elyzol; Flagyl; Fossyol†; Infectoclont;
Metrocreme; Metrogel; Metronid-Puren†; Metronimerck; Metronour; Met-
ront†; Rosiced; Vagimid; Gr.: Colpocin-T; Elyzol Dental; Emedal; Flagolin;
Flagyl; Gnostol; Metrazol; Metrogyl; Periotret; Robaz; Rosiced; Trichovagil;
Tricodazole; Unitrim; Hong Kong: Elyzol; Flagyl; Gynoplix; Marphazole; Me-
tole; Metrogyl; Noritate; Qualigyl; Rozex; Unigo; Hung.: Klion; Rozex; Sup-
plin; India: Aristogyl; Flagyl; Giardyl†; Metrogyl; Monizole; Unimezol†; In-
don.: Anmerob; Biatron; Corsagyl; Dumozol; Farnat; Fladex; Flagyl;
Flametia; Fortagyl; Metrofusin; Molazol; Nidazole; Promuba; Supplin; Tisma-
zol; Trichodazol; Trogiar; Trogyl; Vagizol; Irl.: Anabact†; Flagyl; Metronide;
Metrotop; Rozex; Israel: Elyzol; Flagyl; Metrogyl; Noritate; Rozex; Venogyl;
Zidoval; Ital.: Deflamon; Elyzol; Flagyl; Rosased†; Rozex; Vagilen; Zidoval;
Malaysia: Flagyl; Frotin; Protogyl†; Ranigyl†; Rozex; Setrozole†; Mex.:
Ameblin; Antral†; Biomona; Biotazol; Dasmetrol; Dualizol; Elyzol; Epaq; Fag-
izol; Fartricon; Flagenase; Flagenol; Flagepat; Flagyl; Flamin†; Flaxtec; Fresen-
izol; Hemestal; Lagylan; Lamblit; Lozad; Medazol; Medizol; Messeldazol; Me-
tosan†; Metricom; Metrizol; Metrobendizol; Metrocream; Metrogel;
Metroson; Milezzol; Nidralon-V; Nidrozol; Nitromidager; Ortrizol; Otrozol;
Ovazol-V; Planizol; Promibasol; Prozolin; Retofar†; Samonil; Selegil†; Servi-
zol; Solumidazol; Stomffler ; Valpar ; Vanestrin-V; Vertisal; Neth.: Flagyl;
Metrogel; Rosiced; Rozex; Norw.: Elyzol; Flagyl; Rozex; Zidoval; NZ: Flagyl;
Rozex; Trichozole; Philipp.: Ameryl; Anerobia; Flagyl; Metrinox; Metrodal;
Norstene; Patryl; Robaz; Rodazid; Servizol; Tricomycin; Triconex; Tridel;
Vamogyl; Zol; Pol.: Metrosept; Rozex; Port.: Dumozol; Flagyl; Metro-
derme; Norstene; Rodermil; Roseless; Rosiced; Rus.: Efloran (Эфлоран);
Flagyl (Флагил); Klion (Клион); Metrogyl (Метрогил); Metroseptol
(Метросептол); Rosamet (Розамет); Trichopol (Трихопол); S.Afr.: Bem-
etrazole; Flagyl; Medamet; Metagyl†; Metazol; Metrazole; Metrostat; Naro-
bic; Rozex; Trichazole; Zagyl; Zobacide; Singapore: Fladex; Flagyl; Meda-
zole; Metrozole†; MND†; Nizole; Rozex; Spain: Amotein; Flagyl; Rozex;
Tricowas B; Zidoval; Swed.: Elyzol†; Flagyl; Rozex; Zidoval; Switz.: Arilin;
Elyzol; Flagyl; Metrolag; Perilox; Rivozol†; Rosalox; Rozex; Thai.: Asiazole;
Biogyl; Elyzol†; Flagyl; Med-Tricocide†; Medazyl†; Mefiron; Menisole;
Mepagyl†; Mesolex†; Metrazole; Metrocide; Metrogyl; Metrolex; Metrovid;
Milanidazole; Robaz; Tricomed; Unigo; Vagil†; Vagyl; Turk.: Flagyl; Metrajil;
Metrazol; Metrosel; Nidazol; Roza; UAE: Negazole; UK: Acea; Anabact;
Elyzol; Flagyl; Metrogel; Metrolyl; Metrosa; Metrotop; Metrozol; Noritate;
Norzol; Rozex; Vaginyl; Zidoval; Zyomet; USA: Flagyl; Metrocream; Metro-
gel; Metrogel Vaginal; Noritate; Protostat; Vandazole; Venez.: Bactrizol; Fle-
gyl; Menizol; Metren; Metris; Metrogyl; Metrovax; Rozek.

Multi-ingredient: Arg.: Bexon; Ciprocort; Estilomicin; Farm-X Duo;
Farm-X Ginecologico; Flagystatin; Ginal Cent; Ginkan; Linfol; Linfol Cicatri-
zante; Mailen; Monizol Cort; Naxo TV; Neocolpoben†; Ovumix; Pelvicillin
NF; Pentol; Septigyn; Tratomax; Vagicural Plus; Austral.: Somac-MA; Aus-
tria: Helicocin; Braz.: Bio-Vagin; Colpatrin; Colpist; Colpistar; Colpistatin;
Donnagel; Flagyl Nistatina; Fungimax; Ginestatin; Minegyl C/Nistatina†; Ni-
stazol†; Periodontil; Profargil†; Tricolpex; Tricomax; Vagi Biotic; Vagimax;
Canad.: Flagystatin; Losec 1-2-3 M; Rosasol; Cz.: Klion-D; Rodogyl†; Fin.:
Flagyl Comp; Helipak A; Helipak T; Losec Helira†; Fr.: Birodogyl; Missilor;
Rodogyl; Tergynan; Hung.: Klion-D; India: Aristogyl Plus; Aristogyl-F; Baci-
gyl-N†; Dyrade-M; Dysfur-M†; Entamizole; Flagyl-F†; Kaltin MF; Metrogyl-F†;
Neocip M; NM Powder; Okaflox M; Powergyl; Qugyl; Indon.: Fladystin;
Flagystatin; Trichostatic; Vagistin; Ital.: Meclon; Malaysia: Neo-Penotran;
Rodogyl; Mex.: Acenil; Amebyl; Diodolina; Eskapar Compuesto; Flagenase
400; Flagocil; Flagystatin V; Gynotran; Lambliquin; Madecassol C; Metodine;
Metrodiyod; Metrofur; Metroviform†; Norecil; Nysmosons-V; Promibasol-
Plus; Rodogyl; Stomffler Plus; Vagitrol-V; Philipp.: Flagystatin; Neo-
Penotran; Pol.: Gynalgin; Rus.: Gynalgin (Гиналгин); Klion-D (Клион-Д);
Metrogyl Denta (Метрогил Дента); Metrogyl Plus (Метрогил Плюс);
Neo-Penotran (Нео-Пенотран); Singapore: Flagystatin; Neo-Penotran;
Spain: Blastoestimulina; Rhodogil; Turk.: Neo-Penotran; Nidazol-M; UK:
HeliMet†; USA: Helidac; Pylera.

Monensin (BAN, USAN, rINN)

Lilly-67314; Monensina; Monensinum. 4-{2-[2-Ethyl-3′-methyl-
5′-(tetrahydro-6-hydroxy-6-hydroxymethyl-3,5-dimethylpyran-
2-yl)perhydro-2,2′-bifuran-5-yl]-9-hydroxy-2,8-dimethyl-1,6-di-
oxaspiro[4.5]dec-7-yl}3-methoxy-2-methylpentanoic acid.

Монензин
C36H62O11 = 670.9.
CAS — 17090-79-8.
ATC Vet — QP51AH03.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Monensin). A mixture of antibiotic substances pro-
duced by Streptomyces cinnamonensis.

Monensin Sodium (BANM, rINNM)

Monensin Sodique; Monensina sódica; Natrii Monensinum.

Натрий Монензин
C36H61NaO11 = 692.9.
CAS — 22373-78-0.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Monensin Sodium). An off-white to tan crystalline
powder. Slightly soluble in water; soluble in chloroform and in
methyl alcohol; practically insoluble in petroleum spirit. Avoid
moisture and excessive heat.

Profile
Monensin is an antiprotozoal used as the sodium salt in veteri-
nary practice for the prevention of coccidiosis in poultry and as a
growth promotor for cattle.

Narasin (BAN, USAN, rINN)

Compound 79891; Lilly-79891; Narasina; Narasine; Narasinum.
2-(6-{5-[2-(5-Ethyltetrahydro-5-hydroxy-6-methylpyran-2-yl)-
15-hydroxy-2,10,12-trimethyl-1,6,8-trioxadispiro[4.1.5.3]penta-
dec-13-en-9-yl]-2-hydroxy-1,3-dimethyl-4-oxoheptyl}tetrahy-
dro-3,5-dimethylpyran-2-yl)butyric acid.

Наразин
C43H72O11 = 765.0.
CAS — 55134-13-9.
ATC Vet — QP51AH04.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Narasin Granular). It contains narasin mixed with suit-
able carriers and inactive ingredients prepared in a granular form
that is free-flowing and free of aggregates. Narasin is a white to
off-white crystalline powder. Soluble in water and in methyl al-
cohol.

Profile
Narasin, an antibiotic produced by Streptomyces aureofaciens, is
an antiprotozoal used in veterinary practice for the prevention of
coccidiosis in chickens.

Nicarbazin (BAN)

Nicarbazina. An equimolecular complex of 1,3-bis(4-nitro-
phenyl)urea (C13H10N4O5) and 4,6-dimethylpyrimidin-2-ol
(C6H8N2O).

Никарбазин
C19H18N6O6 = 426.4.
CAS — 330-95-0.
ATC Vet — QP51AE03.

Profile
Nicarbazin is an antiprotozoal used in veterinary practice for the
prevention of coccidiosis in poultry.

Nifuratel (BAN, USAN, rINN)

Methylmercadone; Nifurateeli; Nifuratelum. 5-Methylthiomethyl-
3-(5-nitrofurfurylideneamino)-2-oxazolidone.

Нифурател
C10H11N3O5S = 285.3.
CAS — 4936-47-4.
ATC — G01AX05.
ATC Vet — QG01AX05.

Adverse Effects
Adverse effects associated with nifuratel include gastrointestinal
disturbances, peripheral neuropathy, and thrombocytopenic pur-
pura. Allergic reactions, hepatotoxicity, blood dyscrasias, and
pulmonary reactions similar to those seen with the structurally
related drug nitrofurantoin have been reported rarely. Haemolyt-
ic anaemia may occur in patients with G6PD deficiency given
nifuratel.

Hypersensitivity. There have been several reports of contact
dermatitis associated with nifuratel, including a report after only
one application of nifuratel ointment in a man whose wife was
undergoing treatment with nifuratel vaginal pessaries.1

1. Bedello PG, et al. Contact dermatitis from nifuratel. Contact
Dermatitis 1983; 9: 166.

Precautions
Nifuratel should not be given to patients with renal impairment,
neuropathies, or G6PD deficiency.

Interactions
A disulfiram-like reaction may occur in patients taking alcohol
while on nifuratel therapy.

Pharmacokinetics
When taken orally nifuratel is absorbed from the gastrointestinal
tract. A metabolite, with activity against bacteria but not against
trichomonads, is excreted in the urine.

Uses and Administration
Nifuratel is a nitrofuran derivative with a broad antimicrobial
spectrum. It is active against the protozoan Trichomonas vagina-
lis and has an antibacterial spectrum similar to that of nitrofuran-
toin and some antifungal activity against Candida albicans. Al-
though other drugs are preferred, nifuratel has been used to treat
susceptible infections of the genito-urinary tract in oral doses of
200 to 400 mg three times daily. It has also been given vaginally.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Macmiror; Cz.: Macmiror; Ger.: Inimur; Hong Kong: Macmiror;
Ital.: Macmiror ; Mex.: Macmiror ; Pol.: Macmiror ; Rus.: Macmiror
(Макмирор).

Multi-ingredient: Cz.: Macmiror Complex; Hong Kong: Macmiror
Complex; Ital.: Macmiror Complex; Mex.: Macmiror Complex V; Pol.:
Macmiror Complex; Port.: Dafnegil; Rus.: Macmiror Complex (Макмирор
Комплекс).
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Nifursol (BAN, USAN, pINN)

Nifursolum. 3,5-Dinitro-2′-(5-nitrofurfurylidene)salicylohydrazide.
Нифурсол
C12H7N5O9 = 365.2.
CAS — 16915-70-1.
ATC Vet — QP51AX05.

Profile
Nifursol is an antiprotozoal used in veterinary practice for the
prevention of blackhead (histomoniasis) in poultry.

Nifurtimox (BAN, rINN)

Bayer-2502; Nifurtimoxum. Tetrahydro-3-methyl-4-(5-nitrofur-
furylideneamino)-1,4-thiazine 1,1-dioxide.
Нифуртимокс
C10H13N3O5S = 287.3.
CAS — 23256-30-6.
ATC — P01CC01.
ATC Vet — QP51AC01.

Pharmacopoeias. In Fr. and Int.

Adverse Effects
Adverse effects are common with nifurtimox and in-
clude gastrointestinal effects such as anorexia with loss
of weight, abdominal pain, nausea and vomiting, and
effects on the nervous system, especially peripheral
neuropathy. Psychoses, CNS excitement, insomnia,
drowsiness, headache, myalgia, arthralgia, dizziness,
and convulsions have also been reported. Skin rashes
and other allergic reactions may occur.
Mutagenicity. An increase in chromosomal aberrations has
been seen in children given nifurtimox.1
1. Gorla NB, et al. Thirteenfold increase of chromosomal aberra-

tions non-randomly distributed in chagasic children treated with
nifurtimox. Mutat Res 1989; 224: 263–7.

Pharmacokinetics
Nifurtimox is well absorbed and rapidly metabolised
after oral doses.
◊ References.
1. Paulas C, et al. Pharmacokinetics of a nitrofuran compound, ni-

furtimox, in healthy volunteers. Int J Clin Pharmacol Ther Tox-
icol 1989; 27: 454–7. 

2. Gonzalez-Martin G, et al. The pharmacokinetics of nifurtimox in
chronic renal failure. Eur J Clin Pharmacol 1992; 42: 671–3.

Uses and Administration
Nifurtimox is a nitrofuran derivative with antiprotozo-
al activity. It is of value in the treatment of American
trypanosomiasis (Chagas’ disease) due to infection by
Trypanosoma cruzi, especially the early acute stage of
the disease. In African trypanosomiasis it has some ac-
tivity against T. brucei gambiense, the organism re-
sponsible for West African sleeping sickness. 
Nifurtimox is given orally in 3 to 4 divided doses. It is
better tolerated by children than by adults. Treatment
for American trypanosomiasis is given for 60 to 120
days (but see below). Doses for adults are 8 to
10 mg/kg daily. Doses for children are: aged 1 to 10
years, 15 to 20 mg/kg daily for 90 days; aged 11 to 16
years, 12.5 to 15 mg/kg daily for 90 days.
Leishmaniasis. Mucocutaneous leishmaniasis of the New
World (p.824) is usually treated with pentavalent antimony or, in

those who do not respond, with amphotericin B or pentamidine.
However, nifurtimox 10 mg/kg daily for a minimum of 4 weeks
has been shown to be effective in cases of mucocutaneous leish-
maniasis in Colombia and Brazil. Despite this, toxic effects with
nifurtimox are common and its role as a second-line drug or with
pentavalent antimony has not been established.1
1. WHO. Control of the leishmaniases. WHO Tech Rep Ser 793,

1990.

African trypanosomiasis. Nifurtimox has been tried as an al-
ternative to melarsoprol or eflornithine in the meningoencepha-
litic stage of Trypanosoma brucei gambiense infection (p.827),
but higher doses than those used in American trypanosomiasis
are necessary. A good initial response was achieved1 in 25 pa-
tients with nifurtimox 15 mg/kg daily for 60 days, but 3 patients
relapsed while still receiving nifurtimox and a further 12 of 19
patients who were followed up relapsed subsequently. An
attempt2 to improve the response by increasing the daily dose
even higher to 30 mg/kg for 30 days resulted in substantial tox-
icity and only a modest improvement in results, with 9 of 25 pa-
tients relapsing. However, promising results have been reported3

from use of oral nifurtimox 15 mg/kg daily for 10 days with ef-
lornithine 400 mg/kg daily intravenously for 7 days.
1. Pepin J, et al. An open clinical trial of nifurtimox for arseno-

resistant Trypanosoma brucei gambiense sleeping sickness in
central Zaire. Trans R Soc Trop Med Hyg 1989; 83: 514–17. 

2. Pépin J, et al. High-dose nifurtimox for arseno-resistant
Trypanosoma brucei gambiense sleeping sickness: an open trial
in central Zaire. Trans R Soc Trop Med Hyg 1992; 86: 254–6. 

3. Priotto G, et al. Nifurtimox-eflornithine combination therapy for
second-stage Trypanosoma brucei gambiense sleeping sickness:
a randomized clinical trial in Congo. Clin Infect Dis 2007; 45:
1435–42.

American trypanosomiasis. The treatment of American
trypanosomiasis (p.827) is generally unsatisfactory, but nifurti-
mox is of value especially in the acute phase. However, there has
been controversy over its ability to cure completely, that is to
eradicate all parasites, in chronic disease.1 Doses recommended
by WHO2,3 are 8 to 10 mg/kg daily in three divided doses for
adults, and 15 to 20 mg/kg daily in four divided doses for chil-
dren. WHO recommends that nifurtimox should be given for 60
or 90 days.2,3 Some in the USA4 suggest a 90- to 120-day regi-
men for adults but nifurtimox is not well tolerated and the expe-
rience of other workers1 suggests that few patients may complete
the full course.
1. Gutteridge WE. Existing chemotherapy and its limitations. Br

Med Bull 1985; 41: 162–8. 
2. WHO. Control of Chagas disease: second report of the WHO

expert committee. WHO Tech Rep Ser 905 2002. Available at:
http://libdoc.who.int/trs/WHO_TRS_905.pdf (accessed
17/07/08) 

3. WHO. WHO model formulary. Geneva: WHO, 2004. 
4. Abramowicz M, ed. Drugs for parasitic infections. 1st ed. New

Rochelle NY: The Medical Letter, 2007.

Nimorazole (BAN, rINN)

Nimorazol; Nimorazolum; Nitrimidazine. 4-[2-(5-Nitroimidazol-
1-yl)ethyl]morpholine.
Ниморазол
C9H14N4O3 = 226.2.
CAS — 6506-37-2.
ATC — P01AB06.
ATC Vet — QP51AA06.

Pharmacopoeias. In It.
Adverse Effects and Precautions
As for Metronidazole, p.837.
Pharmacokinetics
Nimorazole is readily absorbed from the gastrointestinal tract.
Peak blood concentrations are achieved within 2 hours, and high
concentrations are reported to occur in salivary and vaginal se-
cretions. Trichomonicidal urinary concentrations may persist for
up to 48 hours after a dose. It is excreted in the urine together
with 2 active metabolites. Unchanged drug and metabolites also
appear in breast milk.
Uses and Administration
Nimorazole is a 5-nitroimidazole derivative. It has antimicrobial
actions and uses similar to those of metronidazole (p.839). 
In the treatment of trichomoniasis, the usual dose of nimorazole
is 2 g orally as a single dose with a main meal. It may alternative-
ly be given in a dose of 1 g every 12 hours for three doses, or
250 mg three times daily for 5 to 7 days. In amoebiasis, nimora-
zole 1 g is given twice daily, usually for 5 to 10 days and in gia-
rdiasis a dose of 500 mg is given twice daily, usually for 5 to 7
days. 

Nimorazole may also be used in the treatment of acute ulcerative
gingivitis in a dose of 500 mg twice daily for 2 days.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Naxogin; Vagarne†; Austria: Naxogin; Belg.: Naxogin; Braz.: Nax-
ogin; Chile: Naxogin†; Ger.: Esclama†; Rus.: Naxogin (Наксоджин).
Multi-ingredient: Arg.: Vagarne†; Braz.: Naxogin Composto; Chile:
Naxogin Compositum; Naxogin Dos†; Indon.: Gynoxa; Naxogin Com-
plex.

Nitazoxanide (BAN, USAN, rINN)

Nitazoxanida; Nitazoxanidum; PH-5776. N-(5-Nitro-2-thia-
zolyl)salicylamide acetate.
Нитазоксанид
C12H9N3O5S = 307.3.
CAS — 55981-09-4.
ATC — P01AX11.

Adverse Effects
The most common adverse effects associated with ni-
tazoxanide are abdominal pain and diarrhoea. Nausea
and vomiting, flatulence, and increased appetite have
also been reported. Headache may occur. Other report-
ed adverse effects include fever, malaise, pruritus,
sweating, dizziness, and rhinitis. Discoloration of urine
and of the eyes has been reported rarely. Increased cre-
atinine and liver enzyme values have been noted.

Pharmacokinetics
Nitazoxanide is absorbed from the gastrointestinal
tract after oral dosage and is rapidly hydrolysed to an
active desacetyl metabolite, tizoxanide. Tizoxanide
then partially undergoes conjugation, primarily by glu-
curonidation. The extent of absorption is enhanced if
given with food and peak plasma concentrations of
tizoxanide and the glucuronide are seen 1 to 4 hours
after an oral dose. The parent drug is not detected in
plasma. Tizoxanide is more than 99% bound to plasma
proteins. About two-thirds of an oral dose of nitazoxa-
nide is eliminated in the faeces and one-third in the
urine; tizoxanide is excreted in the urine, bile, and fae-
ces, while the glucuronide is excreted in only the urine
and bile.

Uses and Administration
Nitazoxanide is used for the treatment of cryptosporid-
iosis and giardiasis in immunocompetent patients. It is
given orally and should be taken with food. Doses are
100 mg twice daily for 3 days in those aged 1 to 3
years, 200 mg twice daily for 3 days in those aged 4 to
11 years, and 500 mg twice daily for 3 days in adults.
Nitazoxanide has also been tried in a number of other
protozoal and helminth infections, particularly in im-
munocompromised patients, including those with HIV
infection. It is also being investigated for the treatment
of rotavirus disease and Clostridium difficile colitis.
◊ Reviews.
1. Bailey JM, Erramouspe J. Nitazoxanide treatment for giardiasis

and cryptosporidiosis in children. Ann Pharmacother 2004; 38:
634–40. 

2. Fox LM, Saravolatz LD. Nitazoxanide: a new thiazolide antipar-
asitic agent. Clin Infect Dis 2005; 40: 1173–80. 

3. Musher DM, et al. Nitazoxanide for the treatment of Clostridium
difficile colitis. Clin Infect Dis 2006; 43: 421–7. 

4. Anderson VR, Curran MP. Nitazoxanide: a review of its use in
the treatment of gastrointestinal infections. Drugs 2007; 67:
1947–67.

Protozoal infections. As well as its established use in crypt-
osporidiosis (p.823) and giardiasis (p.824), nitazoxanide has
been used in other protozoal infections including intestinal
amoebiasis (p.822), blastocytosis (p.823), and microsporidiosis
(p.826).
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Rotavirus diarrhoea. A randomised double-blind placebo-
controlled study1 in 38 young children (median age 11 months)
with confirmed rotavirus diarrhoea found that oral nitazoxanide
7.5 mg/kg twice daily for 3 days significantly reduced the dura-
tion of rotavirus disease. The median time to resolution of illness
after the first dose was 31 hours for those given nitazoxanide
compared with 75 hours for those in the placebo group.
1. Rossignol J-F, et al. Effect of nitazoxanide for treatment of se-

vere rotavirus diarrhoea: randomised double-blind placebo-con-
trolled trial. Lancet 2006; 368: 124–9.

Worm infections. Nitazoxanide has been used in various
helminthiases, including ascariasis (p.134), hymenolepiasis
(p.136), the liver fluke infection fascioliasis (p.137), and trichu-
riasis (p.139).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Heliton†; Nixoran; Braz.: Annita; Mex.: Bionit; Daxon; Kidonax; Mi-
tafar; NTZ†; Padovan Ton; Paramix; Rosanil; USA: Alinia; Venez.: Celectan.

Multi-ingredient: Mex.: Heliton.

Ornidazole (USAN, rINN)

Ornidatsoli; Ornidazol; Ornidazolum; Ro-7-0207. 1-Chloro-3-
(2-methyl-5-nitroimidazol-1-yl)propan-2-ol.

Орнидазол
C7H10ClN3O3 = 219.6.
CAS — 16773-42-5.
ATC — G01AF06; J01XD03; P01AB03.
ATC Vet — QG01AF06; QJ01XD03; QP51AA03.

Adverse Effects and Precautions
As for Metronidazole, p.837.

Pharmacokinetics
Ornidazole is readily absorbed from the gastrointesti-
nal tract and peak plasma concentrations are reached
within 3 hours. After repeated oral doses of 500 mg
every 12 hours, steady-state peak and trough concen-
trations are 14 and 6 micrograms/mL respectively. 
The plasma elimination half-life of ornidazole is 12 to
14 hours. Less than 15% is bound to plasma proteins.
It is widely distributed in body tissues and fluids, in-
cluding the CSF. 
Ornidazole is metabolised in the liver and is excreted in
the urine, mainly as conjugates and metabolites, and to
a lesser extent in the faeces. Biliary excretion may be
important in the elimination of ornidazole and its me-
tabolites.
◊ References.
1. Schwartz DE, Jeunet F. Comparative pharmacokinetic studies of

ornidazole and metronidazole in man. Chemotherapy 1976; 22:
19–29. 

2. Matheson I, et al. Plasma levels after a single oral dose of 1.5 g
ornidazole. Br J Vener Dis 1977; 53: 236–9. 

3. Schwartz DE, et al. Metabolic studies of ornidazole in the rat, in
the dog and in man. Xenobiotica 1979; 9: 571–81. 

4. Turcant A, et al. Pharmacokinetics of ornidazole in neonates and
infants after a single intravenous infusion. Eur J Clin Pharmacol
1987; 32: 111–13. 

5. Martin C, et al. Pharmacokinetics and tissue penetration of a sin-
gle dose of ornidazole (1,000 milligrams intravenously) for anti-
biotic prophylaxis in colorectal surgery. Antimicrob Agents
Chemother 1990; 34: 1921–4. 

6. Bourget P, et al. Disposition of ornidazole and its metabolites
during pregnancy. J Antimicrob Chemother 1995; 35: 691–6.

Hepatic impairment. The elimination of ornidazole after a
single intravenous dose of 500 mg was impaired in 10 patients
with severe liver cirrhosis when compared with 10 healthy sub-
jects; mean half-lives were 21.9 hours and 14.1 hours respective-
ly.1 These results suggested that the interval between doses of
ornidazole should be doubled in patients with marked hepatic
impairment. The need for dose adjustment was confirmed in fur-
ther studies of patients with other forms of liver disease.2,3

1. Taburet AM, et al. Pharmacokinetics of ornidazole in patients
with severe liver cirrhosis. Clin Pharmacol Ther 1986; 40:
359–64. 

2. Bourget P, et al. Ornidazole pharmacokinetics in several hepatic
diseases. J Pharmacol Clin 1988; 7: 25–32. 

3. Taburet AM, et al. Pharmacokinetics of ornidazole in patients
with acute viral hepatitis, alcoholic cirrhosis, and extrahepatic
cholestasis. Clin Pharmacol Ther 1989; 45: 373–9.

Renal impairment. The half-life of intravenous ornidazole
was not prolonged in a study in patients with advanced chronic
renal failure, including those on continuous ambulatory perito-
neal dialysis, although total plasma clearance was halved; modi-
fication of the usual dosage is not necessary in such patients.
However, the drug was removed by haemodialysis and ornida-
zole should be given after the dialysis session rather than before.1
In another study2 the systemic availability and total body clear-
ance of ornidazole were unaffected in chronic renal failure; it
was considered that an additional dose should be given before
haemodialysis to compensate for removal during that procedure.
1. Merdjan H, et al. Pharmacokinetics of ornidazole in patients

with renal insufficiency; influence of haemodialysis and perito-
neal dialysis. Br J Clin Pharmacol 1985; 19: 211–17. 

2. Horber FF, et al. High haemodialysis clearance of ornidazole in
the presence of a negligible renal clearance. Eur J Clin Pharma-
col 1989; 36: 389–93.

Uses and Administration
Ornidazole is a 5-nitroimidazole derivative. It has the
antimicrobial actions of metronidazole and is used
similarly (see p.839) in the treatment of susceptible
protozoal infections and also in the treatment and
prophylaxis of anaerobic bacterial infections. 
It is given orally after food, or intravenously. Intrave-
nous solutions of ornidazole should be diluted to 5 mg
or less per mL and 100 or 200 mL infused over 15 to
30 minutes. 
In amoebiasis, 500 mg of ornidazole is given orally
twice daily for 5 to 10 days; children are given
25 mg/kg as a single daily dose for 5 to 10 days. Pa-
tients with amoebic dysentery may be given 1.5 g as a
single daily dose for 3 days; the children’s dose is
40 mg/kg daily. An alternative regimen for adults over
60 kg is 1 g twice daily for 3 days. In severe amoebic
dysentery and amoebic liver abscess, ornidazole may
be given by intravenous infusion in a dose of 0.5 to 1 g
initially, followed by 500 mg every 12 hours for 3 to 6
days; the children’s dose is 20 to 30 mg/kg daily. 
In giardiasis, 1 or 1.5 g of ornidazole is given orally as
a single daily dose for 1 or 2 days; the children’s dose
is 30 or 40 mg/kg daily. 
In trichomoniasis, a single oral dose of 1.5 g is given;
alternatively, a 5-day oral course of ornidazole 500 mg
twice daily may be used. Sexual partners should also
be treated. The children’s dose is 25 mg/kg as a single
dose by mouth. 
For the treatment of anaerobic bacterial infections,
ornidazole is given by intravenous infusion in an initial
dose of 0.5 to 1 g, followed by 1 g daily as a single dose
or in two divided doses for 5 to 10 days; oral therapy
with 500 mg every 12 hours should be substituted as
soon as possible. Children may be given 10 mg/kg in-
travenously every 12 hours for 5 to 10 days. 
For the prevention of postoperative anaerobic bacterial
infections, 1 g is given by intravenous infusion about
30 minutes before surgery.
Administration in hepatic impairment. In view of the pro-
longed half-life and reduced clearance of ornidazole reported in
patients with hepatic dysfunction (see above), the interval be-
tween doses should be doubled in patients with severe hepatic
impairment.
Administration in renal impairment. The elimination of
ornidazole is reported to be largely unaltered in patients with im-
paired renal function (see under Pharmacokinetics, above). Dos-
age adjustment is therefore usually unnecessary, although pa-
tients receiving haemodialysis should be given a supplemental
dose of ornidazole before dialysis; a supplemental dose of
500 mg should be given if the daily dose is 2 g daily or 250 mg
should be given if the daily dose is 1 g daily.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Mebaxol; Belg.: Tiberal; Chile: Invigan; Cz.: Avrazor; Fr.: Tiberal; Gr.:
Betiral†; India: Giro; Oniz; Ornida; Zil; Mex.: Danubial†; NZ: Tiberal;
Rus.: Dazolic (Дазолик); Ornisid (Орнисид); Spain: Tinerol†; Switz.: Ti-
beral; Turk.: Biteral; Borneral; Ornidone; Ornisid; Ornitop; Venez.: Tiber-
al†.

Multi-ingredient: India: Bidoflox-Oz†; Gatiquin Oz Kit; Levoflox Oz Kit;
Ocimix; Orflaz Kit; Ornof; Tariflox Plus.

Paromomycin Sulfate (rINNM)

Aminosidin Sulphate; Aminosidine Sulphate; Catenulin Sulphate;
Crestomycin Sulphate; Estomycin Sulphate; Hydroxymycin Sul-
phate; Monomycin A Sulphate; Neomycin E Sulphate; Paromo-
mycin Sulphate (BANM); Paromomycine, Sulfate de; Paromomyci-
ni Sulfas; Paucimycin Sulphate; Sulfato de paromomicina. O-2,6-
Diamino-2,6-dideoxy-β-L-idopyranosyl-(1→3)-O-β-D-ribofuran-
osyl-(1→5)-O-[2-amino-2-deoxy-α-D-glucopyranosyl-(1→4)]-
2-deoxystreptamine sulphate.

Паромомицина Сульфат

C23H45N5O14,xH2SO4.

CAS — 59-04-1 (paromomycin); 7542-37-2 (paromomy-
cin); 1263-89-4 (paromomycin sulfate).

ATC — A07AA06.

ATC Vet — QA07AA06.

Pharmacopoeias. In Chin., Int., It., and US. 
USP 31 (Paromomycin Sulfate). The sulfate salt of an antibiotic
substance produced by the growth of Streptomyces rimosus var.
paromomycinus, or a mixture of two or more such salts. 
A creamy-white to light yellow, odourless or practically odour-
less, very hygroscopic powder. It loses not more than 5% of its
weight on drying. Very soluble in water; insoluble in alcohol, in
chloroform, and in ether. pH of a 3% solution in water is between
5.0 and 7.5. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Neomycin, p.305.
Effects on the pancreas. Pancreatitis was associated with use
of paromomycin during treatment of cryptosporidiosis in a pa-
tient with HIV infection.1

1. Tan WW, et al. Paromomycin-associated pancreatitis in HIV-re-
lated cryptosporidiosis. Ann Pharmacother 1995; 29: 22–4.

Interactions
As for Neomycin, p.305.

Antimicrobial Action
Paromomycin is active against various protozoa in-
cluding Leishmania spp., Entamoeba histolytica, and
Cryptosporidium spp. In addition, it has an antibacteri-
al spectrum similar to that of neomycin (p.305). There
is cross-resistance between paromomycin and kan-
amycin, framycetin, neomycin, and streptomycin. 
Paromomycin also has anthelmintic properties against
tapeworms.
Antimycobacterial activity. References.
1. Kanyok TP, et al. Activity of aminosidine (paromomycin) for

Mycobacterium tuberculosis and Mycobacterium avium. J Anti-
microb Chemother 1994; 33: 323–7. 

2. Piersimoni C, et al. Bacteriostatic and bactericidal activities of
paromomycin against Mycobacterium avium complex isolates. J
Antimicrob Chemother 1994; 34: 421–4. 

3. Kanyok TP, et al. In vivo activity of paromomycin against sus-
ceptible and multidrug-resistant Mycobacterium tuberculosis
and M. avium complex strains. Antimicrob Agents Chemother
1994; 38: 170–3.

Pharmacokinetics
Paromomycin is poorly absorbed from the gastrointes-
tinal tract and most of the dose is eliminated unchanged
in the faeces.
Parenteral administration. References.
1. Kanyok TP, et al. Pharmacokinetics of intramuscularly adminis-

tered aminosidine in healthy subjects. Antimicrob Agents Chem-
other 1997; 41: 982–6.

Uses and Administration
Paromomycin is an aminoglycoside antibiotic that has
been given orally in the treatment of intestinal protozo-
al infections, including amoebiasis, cryptosporidiosis,
and giardiasis. It has also been tried parenterally for
visceral, and topically for cutaneous, leishmaniasis.
For details of these infections and their treatment, see
under Choice of Antiprotozoal, p.822. It has been used
in the treatment of tapeworm infection, but it is not the
treatment of choice. Like neomycin (p.305), it has been
used in the suppression of intestinal flora both pre-op-
eratively and in the management of hepatic encepha-
lopathy. 
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Paromomycin is given as the sulfate although doses are
expressed in terms of the base. In intestinal amoebiasis,
the dose for both adults and children is the equivalent
of paromomycin 25 to 35 mg/kg daily in 3 divided oral
doses with meals for 5 to 10 days. Similar doses have
been tried in cryptosporidiosis. 
In taeniasis and other tapeworm infections, a dose of
4 g is given orally as a single dose or in divided doses
over the course of one hour. 
For hepatic coma, 4 g is given daily in divided oral dos-
es at regular intervals for 5 to 6 days.
Leishmaniasis. Topical treatment with paromomycin 15% plus
methylbenzethonium chloride 5 or 12% has produced promising
results1-3 in cutaneous leishmaniasis (p.824); paromomycin 12
to 15% with urea 10% was better tolerated.4 However, benefit
has not been seen in all studies.5,6 Treatment with topical paro-
momycin plus systemic meglumine antimonate was initially
promising in patients with New World cutaneous leishmaniasis;7
however, a subsequent study8 found no clear advantage over
treatment with meglumine antimonate alone. Good responses to
parenteral paromomycin 14 mg/kg daily, with sodium stiboglu-
conate 10 mg/kg daily, in cases of diffuse cutaneous leishmania-
sis have also been reported.9 
Paromomycin has also been used intramuscularly, either alone10

or with sodium stibogluconate,11 in the treatment of visceral
leishmaniasis in an area of India with increasing resistance to
pentavalent antimony compounds. The authors of one study10

found paromomycin 16 or 20 mg/kg daily for 21 days to be sig-
nificantly more effective than sodium stibogluconate 20 mg/kg
daily for 30 days and suggested that paromomycin be considered
as first-line treatment for visceral leishmaniasis in this region.
Oral paromomycin plus intravenous pentamidine was reported
to be effective in the treatment of amphotericin-resistant visceral
leishmaniasis in an HIV-infected patient.12

1. El-On J, et al. Topical treatment of Old World cutaneous leish-
maniasis caused by Leishmania major: a double-blind control
study. J Am Acad Dermatol 1992; 27: 227–31. 

2. Krause G, Kroeger A. Topical treatment of American cutaneous
leishmaniasis with paromomycin and methylbenzethonium
chloride: a clinical study under field conditions in Ecuador.
Trans R Soc Trop Med Hyg 1994; 88: 92–4. 

3. Arana BA, et al. Randomized, controlled, double-blind trial of
topical treatment of cutaneous leishmaniasis with paromomycin
plus methylbenzethonium chloride ointment in Guatemala. Am
J Trop Med Hyg 2001; 65: 466–70. 

4. Bryceson ADM, et al. Treatment of Old World cutaneous leish-
maniasis with aminosidine ointment: results of an open study in
London. Trans R Soc Trop Med Hyg 1994; 88: 226–8. 

5. Ben Salah A, et al. A randomized, placebo-controlled trial in
Tunisia treating cutaneous leishmaniasis with paromomycin
ointment. Am J Trop Med Hyg 1995; 53: 162–6. 

6. Asilian A, et al. A randomized, placebo-controlled trial of a two
week regimen of aminosidine (paromomycin) ointment for
treatment of cutaneous leishmaniasis in Iran. Am J Trop Med
Hyg 1995; 53: 648–51. 

7. Soto J, et al. Successful treatment of New World cutaneous
leishmaniasis with a combination of topical paromomy-
cin/methylbenzethonium chloride and injectable meglumine an-
timonate. Clin Infect Dis 1995; 20: 47–51. 

8. Soto J, et al. Topical paromomycin/methylbenzethonium chlo-
ride plus parenteral meglumine antimonate as treatment for
American cutaneous leishmaniasis: controlled study. Clin Infect
Dis 1998; 26: 56–8. 

9. Teklemariam S, et al. Aminosidine and its combination with so-
dium stibogluconate in the treatment of diffuse cutaneous leish-
maniasis caused by Leishmania aethiopica. Trans R Soc Trop
Med Hyg 1994; 88: 334–9. 

10. Jha TK, et al. Randomised controlled trial of aminosidine (paro-
momycin) v sodium stibogluconate for treating visceral leish-
maniasis in North Bihar, India. BMJ 1998; 316: 1200–5. 

11. Thakur CP, et al. A prospective randomized, comparative, open-
label trial of the safety and efficacy of paromomycin (aminosi-
dine) plus sodium stibogluconate versus sodium stibogluconate
alone for the treatment of visceral leishmaniasis. Trans R Soc
Trop Med Hyg 2000; 94: 429–31. 

12. Manfredi R, et al. Diffuse cutaneous dissemination of visceral
leishmaniasis during human immunodeficiency virus (HIV) in-
fection, despite negligible immunodeficiency: repeated failure
of liposomal amphotericin B administration, followed by suc-
cessful long-term pentamidine and paromomycin administra-
tion. Int J Antimicrob Agents 2008; 31: 590–2.

Trichomoniasis. Local application of a paromomycin cream
has been tried in a small number of patients with metronidazole-
resistant vaginal trichomoniasis (p.827) with moderate success.1

1. Nyirjesy P, et al. Difficult-to-treat trichomoniasis: results with
paromomycin cream. Clin Infect Dis 1998; 26: 986–8.

Preparations
USP 31: Paromomycin Sulfate Capsules; Paromomycin Sulfate Syrup.

Proprietary Preparations (details are given in Part 3)
Austria: Humatin; Belg.: Gabbroral; Canad.: Humatin; Ger.: Humatin; In-
don.: Gabbryl; Ital.: Gabbroral; Humatin; Kaman; Spain: Humatin; Switz.:
Humatin; USA: Humatin.

Multi-ingredient: Israel: Leshcutan.

Pentamidine Isetionate (BANM, rINNM)

Isetionato de pentamidina; M&B-800; Pentamidiinidi-isetionaatti;
Pentamidin Izetiyonat; Pentamidindiisetionat; Pentamidin-diise-
tionát; Pentamidin-diizetionát; Pentamidine Diisetionate; Penta-
midine, diisétionate de; Pentamidine Isethionate (USAN); Pentami-
dine, Isétionate de; Pentamidini diisetionas; Pentamidini Isethio-
nas; Pentamidini Isetionas; Pentamidino diizetionatas; Pentamidy-
ny diizetionian. 4,4′-(Pentamethylenedioxy)dibenzamidine bis(2-
hydroxyethanesulphonate).
Пентамидина Изетионат
C19H24N4O2,2C2H6O4S = 592.7.
CAS — 100-33-4 (pentamidine); 140-64-7 (pentamidine
isetionate).
ATC — P01CX01.

(pentamidine)

Pharmacopoeias. In Eur. (see p.vii) and Int. 
Ph. Eur. 6.2 (Pentamidine Diisetionate; Pentamidine Isetionate
BP 2008). A white or almost white powder or colourless crystals;
it is hygroscopic. Freely soluble in water; sparingly soluble in al-
cohol; practically insoluble in dichloromethane. A 5% solution
in water has a pH of 4.5 to 6.5. Store in airtight containers.
Incompatibility. Immediate precipitation occurred when a so-
lution of pentamidine isetionate 3 mg/mL in glucose 5% was
mixed with each of 5 cephalosporin and 1 cephamycin injec-
tions.1 
Pentamidine isetionate is reported to be incompatible with fo-
scarnet.
1. Lewis JD, El-Gendy A. Cephalosporin-pentamidine isethionate

incompatibilities. Am J Health-Syst Pharm 1996; 53: 1461–2.

Pentamidine Mesilate (BANM, rINNM)

Mesilato de pentamidina; Pentamidine Dimethylsulphonate; Pen-
tamidine, Mésilate de; Pentamidine Mesylate; Pentamidine Meth-
anesulphonate; Pentamidini Mesilas; RP-2512. Pentamidine
dimethanesulphonate.
Пентамидина Мезилат
C19H24N4O2,2CH3SO3H = 532.6.
CAS — 6823-79-6.
Pharmacopoeias. In Int.

Adverse Effects
Pentamidine is a toxic drug and adverse effects are fre-
quent and sometimes severe when given parenterally;
fatalities have been reported. Renal impairment is
common, usually manifesting as mild and reversible
raised blood urea nitrogen and serum creatinine con-
centrations, but acute renal failure can occur. Raised
liver enzyme values and haematological disturbances
such as leucopenia, anaemia, and occasionally throm-
bocytopenia, may develop. Hypoglycaemia, some-
times followed by hyperglycaemia and type 1 diabetes
mellitus, is well documented; there have been occa-
sional reports of acute pancreatitis. 
The rapid intravenous injection of pentamidine has re-
sulted in sudden hypotension and immediate reactions
such as dizziness, headache, vomiting, breathlessness,
tachycardia, and fainting. Hypotension may also occur
when pentamidine is given intramuscularly or by slow
intravenous infusion. Intramuscular pentamidine often
causes pain, swelling, sterile abscess formation, and
tissue necrosis at the site of injection. Similar damage
can follow extravasation during intravenous dosage. 
Other adverse effects reported include hypocalcaemia,
hyperkalaemia, skin rashes, the Stevens-Johnson syn-
drome, fever, flushing, gastrointestinal effects such as
nausea, vomiting, and taste disturbances, confusion,
hallucinations, and cardiac arrhythmias. 
Pentamidine is not as toxic when given by inhalation
for the prophylaxis of pneumocystis pneumonia. The
commonest adverse effects with this route are cough
and bronchoconstriction and may be controlled by a
bronchodilator. Inhalation may leave a bitter taste.
Pneumothorax has been reported, but may be associat-
ed with the disease. There have been rare reports of ad-

verse effects such as those seen when pentamidine is
given by injection.
Incidence of adverse effects. Adverse effects were seen in
46.8% of 404 patients given pentamidine parenterally for the
treatment of pneumocystis pneumonia, according to an analysis
from the CDC in the USA.1 The reactions included impaired re-
nal function (23.5% of patients), abnormal liver function (9.6%),
hypoglycaemia (6.2%), haematological disturbances (4.2%),
skin rashes (1.5%), and hypocalcaemia (1.2%). Local reactions
at injection sites such as pain and abscess occurred in 18.3% and
immediate adverse effects such as hypotension in 9.6%. 
Retrospective studies2-4 suggest that adverse reactions occur
more commonly in patients with AIDS. 
An evaluation of pentamidine in the treatment of 82 patients with
visceral leishmaniasis further illustrates its toxicity.5 Cardiotox-
icity (tachycardia, hypotension, and ECG changes of non-specif-
ic myocarditis), occurred in about 23% of patients. No hypogly-
caemic reaction was noted, but 4 patients developed diabetes
mellitus and 3 of them were found to be insulin-dependent. Other
adverse reactions included gastrointestinal effects (anorexia,
nausea, vomiting, abdominal pain, or diarrhoea) in about 78%,
CNS effects (headache associated with flushing, delirium, or
sensory disturbances resembling pins and needles) in about 24%,
mild reversible albuminuria in about 7%, and allergic manifesta-
tions (generalised urticaria, itching, and conjunctival congestion)
in about 5%. One patient had severe anaphylaxis.
1. Walzer PD, et al. Pneumocystis carinii pneumonia in the United

States: epidemiologic, diagnostic and clinical features. Ann In-
tern Med 1974; 80: 83–93. 

2. Lachaal M, Venuto RC. Nephrotoxicity and hyperkalemia in pa-
tients with acquired immunodeficiency syndrome treated with
pentamidine. Am J Med 1989; 87: 260–3. 

3. Briceland LL, Bailie GR. Pentamidine-associated nephrotoxicity
and hyperkalemia in patients with AIDS. DICP Ann Pharmaco-
ther 1991; 25: 1171–4. 

4. O’Brien JG, et al. A 5-year retrospective review of adverse drug
reactions and their risk factors in human immunodeficiency vi-
rus-infected patients who were receiving intravenous pentami-
dine therapy for Pneumocystis carinii pneumonia. Clin Infect Dis
1997; 24: 854–9. 

5. Jha TK. Evaluation of diamidine compound (pentamidine
isethionate) in the treatment of resistant cases of kala-azar occur-
ring in North Bihar, India. Trans R Soc Trop Med Hyg 1983; 77:
167–70.

Effects on the blood. Haemolytic anaemia has been reported
in a 55-year-old man with AIDS being treated with intravenous
pentamidine for pneumocystis pneumonia. Symptoms devel-
oped after a cumulative dose of 3740 mg of pentamidine had
been given and resolved several days after stopping the pentami-
dine.1
1. Taguchi H, et al. Pentamidine-induced hemolytic anemia in an

AIDS patient. Ann Pharmacother 1999; 33: 503.

Effects on carbohydrate metabolism. As reported under
Incidence of Adverse Effects, above, pentamidine can have a
range of effects on carbohydrate metabolism. Four patients re-
ceiving pentamidine for pneumocystis pneumonia developed se-
vere fasting hypoglycaemia followed later by hyperglycaemia
and type 1 diabetes mellitus.1 It has been suggested that pentami-
dine has a toxic effect on the β-cells of the pancreatic islets and
can induce an early cytolytic release of insulin and hypoglycae-
mia, followed by β-cell destruction, insulin deficiency, and dia-
betes mellitus.1,2 AIDS patients appear to be highly susceptible
and have a higher incidence of hypoglycaemia due to pentami-
dine.3 The action on the pancreas has led to fatal acute pancrea-
titis;4-6 fatal hypoglycaemia has also been reported.7 These
reports1-5,7 involved pentamidine given by injection;
pancreatitis8,9 and diabetes mellitus10,11 have also been reported
in patients given pentamidine by aerosol inhalation.
1. Bouchard P, et al. Diabetes mellitus following pentamidine-in-

duced hypoglycemia in humans. Diabetes 1982; 31: 40–5. 
2. Osei K, et al. Diabetogenic effect of pentamidine: in vitro and

in vivo studies in a patient with malignant insulinoma. Am J
Med 1984; 77: 41–6. 

3. Stahl-Bayliss CM, et al. Pentamidine-induced hypoglycemia in
patients with the acquired immune deficiency syndrome. Clin
Pharmacol Ther 1986; 39: 271–5. 

4. Salmeron S, et al. Pentamidine and pancreatitis. Ann Intern Med
1986; 105: 140–1. 

5. Zuger A, et al. Pentamidine-associated fatal acute pancreatitis.
JAMA 1986; 256: 2383–5. 

6. Sauleda J, et al. Probable pentamidine-induced acute pancreati-
tis. Ann Pharmacother 1994; 28: 52–3. 

7. Sattler FR, Waskin H. Pentamidine and fatal hypoglycemia. Ann
Intern Med 1987; 107: 789–90. 

8. Herer B, et al. Pancreatitis associated with pentamidine by aer-
osol. BMJ 1989; 298: 605. 

9. Hart CC. Aerosolized pentamidine and pancreatitis. Ann Intern
Med 1989; 111: 691. 

10. Fisch A. Diabetes mellitus in a patient with AIDS after treat-
ment with pentamidine aerosol. BMJ 1990; 301: 875. 

11. Chen JP, et al. Diabetes after aerosolized pentamidine. Ann In-
tern Med 1991; 114: 913–14.

Effects on the cardiovascular system. Hypotension is a
problem with intravenous pentamidine, but can be reduced by
infusing the dose over 60 minutes, when the incidence of hypo-
tension appears to be similar to that with the intramuscular
route.1,2 Intravenous pentamidine has also been associated with
torsade de pointes.3-5

1. Navin TR, Fontaine RE. Intravenous versus intramuscular ad-
ministration of pentamidine. N Engl J Med 1984; 311: 1701. 
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2. Helmick CG, Green JK. Pentamidine-associated hypotension
and route of administration. Ann Intern Med 1985; 103: 480. 

3. Harel Y, et al. Pentamidine-induced torsade de pointes. Pediatr
Infect Dis J 1993; 12: 692–4. 

4. Miller HC. Cardiac arrest after intravenous pentamidine in an
infant. Pediatr Infect Dis J 1993; 12: 694–6. 

5. Zanetti LAF, Oliphant CM. Pentamidine-induced torsade de
pointes. Ann Pharmacother 1994; 28: 282–3.

Effects on the kidneys. In an analysis1 of the adverse effects
of parenteral pentamidine (see also under Incidence of Adverse
Effects above), nephrotoxicity was often the most serious ad-
verse reaction, although it was impossible to attribute it solely to
pentamidine. Severe renal impairment occurred in 15 of 404 pa-
tients and contributed materially to 12 of 14 ensuing deaths.
However, elevation of blood urea nitrogen was usually relatively
mild and reversible in those patients who had normal pretreat-
ment renal function and had received no other nephrotoxic
agents. In two studies in patients with AIDS,2,3 severe nephro-
toxicity (increase in serum creatinine concentration of 0.5 mg per
100 mL) was reported in about 40% of patients. Analysis of risk
factors suggested that the development of adverse reactions to
parenteral pentamidine is correlated with the total dose received
and the duration of treatment,2,3 but not with the initial degree of
renal function.2 It has been observed that renal toxicity is more
common when pentamidine is given intramuscularly, rather than
intravenously, to AIDS patients with diarrhoea, suggesting that
fluid status might have an important role.4 There have been in-
stances of renal failure occurring when pentamidine is inhaled as
an aerosol for its local effect.5,6

1. Walzer PD, et al. Pneumocystis carinii pneumonia in the United
States: epidemiologic, diagnostic and clinical features. Ann In-
tern Med 1974; 80: 83–93. 

2. Briceland LL, Bailie GR. Pentamidine-associated nephrotoxicity
and hyperkalemia in patients with AIDS. DICP Ann Pharmaco-
ther 1991; 25: 1171–4. 

3. O’Brien JG, et al. A 5-year retrospective review of adverse drug
reactions and their risk factors in human immunodeficiency vi-
rus-infected patients who were receiving intravenous pentami-
dine therapy for Pneumocystis carinii pneumonia. Clin Infect Dis
1997; 24: 854–9. 

4. Stehr-Green JK, Helmick CG. Pentamidine and renal toxicity. N
Engl J Med 1985; 313: 694–5. 

5. Miller RF, et al. Acute renal failure after nebulised pentamidine.
Lancet 1989; i: 1271–2. 

6. Chapelon C, et al. Renal insufficiency with nebulised pentami-
dine. Lancet 1989; ii: 1045–6.

Effects on the nervous system. Paraesthesias have been re-
ported with pentamidine therapy. Perioral numbness occurred in
a patient soon after starting the third intravenous infusion of pen-
tamidine for treatment of pneumocystis pneumonia and disap-
peared after the end of the infusion; numbness recurred with all
subsequent pentamidine infusions.1
1. Milligan KS, Phillips DL. Perioral numbness associated with in-

travenous pentamidine administration. Ann Pharmacother 2007;
41: 153–6.

Effects on the respiratory system. Although inhaled penta-
midine has produced reactions that are normally associated with
the parenteral route, the main problem after inhalation is bron-
choconstriction;1 it can be prevented by prior use of a bronchodi-
lator. Acute eosinophilic pneumonia associated with nebulised
pentamidine has been reported in a patient.2 Concern has also
been expressed at the risks to those who are with the patient at the
time of inhalation and are exposed to nebulised pentamidine.3-5

1. Smith DE, et al. Reversible bronchoconstriction with nebulised
pentamidine. Lancet 1988; ii: 905. 

2. Dupon M, et al. Acute eosinophilic pneumonia induced by in-
haled pentamidine isethionate. BMJ 1993; 306: 109. 

3. McDiarmid MA, Jacobson-Kram D. Aerosolised pentamidine
and public health. Lancet 1989; ii: 863–4. 

4. Thomas SHL, et al. Aerosolised pentamidine. Lancet 1989; ii:
1284. 

5. Smaldone GC, et al. Detection of inhaled pentamidine in health
care workers. N Engl J Med 1991; 325: 891–2.

Precautions
Pentamidine should be used under close supervision
and great care is necessary if it is used in patients suf-
fering from any condition likely to be exacerbated by
its adverse effects. The CSF should be checked for
signs of CNS involvement before giving pentamidine
for trypanosomiasis, since it is unlikely to be effective
in such cases. Patients should remain supine while it is
given and their blood pressure should be monitored.
Kidney and liver function, blood-glucose concen-
trations, blood and platelet counts, and other parame-
ters indicative of developing toxicity, such as serum-
calcium concentrations and the ECG, should also be as-
sessed regularly during courses of treatment with pen-
tamidine. 
Patients with a history of asthma or smoking may be at
increased risk of cough and bronchospasm during in-
halation of nebulised pentamidine. Symptoms may be
controlled by giving a bronchodilator before pentami-
dine. Pentamidine solution should not be mixed with

other drugs nor should a bronchodilator be given in the
same nebuliser. Extrapulmonary Pneumocystis
jirovecii infections may occur in patients given neb-
ulised pentamidine and should be considered in pa-
tients with unexplained signs and symptoms. Precau-
tions should be taken to minimise atmospheric
pollution with pentamidine during nebulisation and to
minimise exposure of medical personnel to pentami-
dine.

Interactions
Use of pentamidine with other nephrotoxic drugs such
as amphotericin B or foscarnet should preferably be
avoided. Extreme caution is also necessary if pentami-
dine is given with other drugs, such as foscarnet, that
can cause hypocalcaemia. There is an increased risk of
ventricular arrhythmias if pentamidine is given with
drugs which prolong the QT interval such as amiodar-
one, levacetylmethadol, or terfenadine. There may be
an increased risk of pancreatitis when intravenous pen-
tamidine is used with didanosine or zalcitabine and
such combinations should be avoided.

Pharmacokinetics
After intravenous doses of the isetionate, pentamidine
is rapidly distributed to body tissues and this is fol-
lowed by a prolonged elimination phase. Elimination
half-lives of 6 hours after intravenous infusion and 9
hours after intramuscular injection have been cited, but
probably represent an intermediate value, and terminal
elimination half-lives of between several days and
weeks have been reported. During repeated dosing ac-
cumulation is believed to occur, particularly in the liver
and kidneys, and only small concentrations of penta-
midine are found in the urine. 
Distribution to the lung is relatively poor after injec-
tion. Systemic absorption after inhalation is reported to
result in peak plasma concentrations of 5 to 10% of
those after parenteral use, and there have been a few
reports of systemic adverse effects. Particle or droplet
size appears to be important in achieving adequate pul-
monary distribution.
◊ References.
1. O’Doherty MJ, et al. Differences in relative efficiency of neb-

ulisers for pentamidine administration. Lancet 1988; ii: 1283–6. 
2. Simonds AK, et al. Aerosolised pentamidine. Lancet 1989; i:

221–2. 
3. Baskin MI, et al. Regional deposition of aerosolized pentami-

dine: effects of body position and breathing pattern. Ann Intern
Med 1990; 113: 677–83. 

4. Bronner U, et al. Pentamidine concentrations in plasma, whole
blood and cerebrospinal fluid during treatment of Trypanosoma
gambiense in Côte d’Ivoire. Trans R Soc Trop Med Hyg 1991;
85: 608–11. 

5. Lidman C, et al. Plasma pentamidine concentrations vary be-
tween individuals with Pneumocystis carinii pneumonia and the
drug is actively secreted by the kidney. J Antimicrob Chemother
1994; 33: 803–10. 

6. Bronner U, et al. Pharmacokinetics and adverse reactions after a
single dose of pentamidine in patients with Trypanosoma gambi-
ense sleeping sickness. Br J Clin Pharmacol 1995; 39: 289–95. 

7. Conte JE, Golden JA. Intrapulmonary and systemic pharmacok-
inetics of aerosolized pentamidine used for prophylaxis of Pneu-
mocystis carinii pneumonia in patients infected with the human
immunodeficiency virus. J Clin Pharmacol 1995; 35: 1166–73.

Renal impairment. In a study1 of patients with normal renal
function or on haemodialysis, renal clearance of pentamidine
during the 24 hours after intravenous use was 2.1% of the plasma
clearance in those with normal renal function, suggesting that
pentamidine elimination would be largely unaffected by renal
impairment. In those with end-stage renal disease on haemodial-
ysis the terminal elimination half-life after a single dose was pro-
longed to about 75 hours, compared with 30 hours in the patients
with normal renal function, but the volumes of distribution and
area under the concentration-time curve were not significantly
different. In patients with normal or mildly impaired renal func-
tion who had received between 12 and 21 doses, the terminal
elimination half-life after the final dose was about 12 days and
pentamidine was still detectable in the plasma after 6 weeks.
There was evidence of accumulation of pentamidine during re-
peated daily dosing.
1. Conte JE. Pharmacokinetics of intravenous pentamidine in pa-

tients with normal renal function or receiving hemodialysis. J
Infect Dis 1991; 163: 169–75.

Uses and Administration
Pentamidine, an aromatic diamidine derivative, is an
antiprotozoal used in the treatment of the early stages

of African trypanosomiasis, especially Trypanosoma
brucei gambiense infections, and in some forms of
leishmaniasis. It is also used in the treatment and
prophylaxis of pneumocystis pneumonia. It may act by
several mechanisms, including interference with pro-
tozoal DNA and folate transformation and by inhibi-
tion of RNA and protein synthesis. 
Pentamidine has been given as the isetionate or mesi-
late salt, but the isetionate is the only form now availa-
ble in most countries. There is considerable confusion
in the literature regarding the dosage of pentamidine
since it is often not clear whether doses are being ex-
pressed in terms of pentamidine base, the isetionate
salt, or the mesilate salt. In general it would appear that
when the isetionate is used doses are expressed in
terms of pentamidine isetionate, whereas when the
mesilate is used doses are expressed in terms of penta-
midine base. Pentamidine isetionate 4 mg/kg is equiv-
alent to about 2.3 mg/kg of pentamidine base; pentami-
dine mesilate 3.6 mg/kg is equivalent to about
2.3 mg/kg of pentamidine base. 
Pentamidine isetionate is given by deep intramuscular
injection or by slow intravenous infusion over at least
60 minutes; direct intravenous injection must be avoid-
ed. Patients should be lying down. The mesilate has
usually been given intramuscularly. 
In the treatment of early African trypanosomiasis due
to T. b. gambiense, pentamidine isetionate 4 mg/kg
may be given daily or on alternate days by intramuscu-
lar injection or intravenous infusion to a total of 7 to 10
doses. Pentamidine is not effective in trypanosomiasis
with CNS involvement, but 2 doses of pentamidine
may be given in late-stage T. b. gambiense infection
before starting treatment with melarsoprol or eflorni-
thine. 
In the treatment of visceral leishmaniasis, and of mu-
cocutaneous leishmaniasis due to Leishmania bra-
ziliensis or L. aethiopica that have not responded to an-
timonials, pentamidine isetionate 4 mg/kg may be
given, preferably intramuscularly three times weekly,
for 5 to 25 weeks or longer. An alternative regimen in
visceral leishmaniasis is to give 3 to 4 mg/kg on alter-
nate days to a maximum of 10 injections; the course
may need to be repeated. In cutaneous leishmaniasis
due to L. aethiopica or L. guyanensis, pentamidine ise-
tionate 3 to 4 mg/kg may be given, preferably intra-
muscularly once or twice weekly, until the condition
resolves. A weekly dose of 3 to 4 mg/kg is also used for
diffuse cutaneous leishmaniasis due to L. aethiopica
and should be continued for at least 4 months after par-
asites are no longer detectable on skin smears. 
In the treatment of pneumocystis pneumonia, penta-
midine isetionate 4 mg/kg is given once daily for 14
days or longer, by intramuscular injection or preferably
slow intravenous infusion. Pentamidine isetionate is
given by inhalation through a nebuliser to prevent
pneumocystis pneumonia in HIV-positive patients in a
dose of 300 mg once every 4 weeks; in those who can-
not tolerate this dose 150 mg every 2 weeks may be
used. It has also occasionally been used by this route
for treating mild to moderate P. jirovecii infection in a
dose of 600 mg daily for 3 weeks. Nebuliser design can
affect the droplet size delivered and hence the amount
of pentamidine reaching sites of action within the
lungs. The optimal particle size is 1 to 2 μm. Precau-
tions should be taken to minimise atmospheric pollu-
tion with pentamidine during nebulisation and to min-
imise exposure of medical personnel to the drug.
Administration in renal impairment. Since renal clearance
accounts for only a small proportion of pentamidine elimination,
dosage adjustment is not generally considered necessary for mild
to moderate degrees of renal impairment. UK licensed product
information recommends dosage reductions in patients with
pneumocystis pneumonia who have a creatinine clearance of less
than 10 mL/minute. In patients with life-threatening disease the
recommended dose of 4 mg/kg daily should be given for 7 to 10
days and then on alternate days for the remainder of the 14-dose
course. In less severe disease the suggested dose is 4 mg/kg on
alternate days for 14 doses.
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Amoebic infections. ACANTHAMOEBA INFECTIONS. Pentami-
dine was used to treat disseminated Acanthamoeba infection
(p.822) without evidence of CNS involvement in 2 immuno-
compromised patients.1,2 It is unlikely that pentamidine
would be effective in infections involving the CNS.
1. Slater CA, et al. Brief report: successful treatment of disseminat-

ed Acanthamoeba infection in an immunocompromised patient.
N Engl J Med 1994; 331: 85–7. 

2. Murakawa GJ, et al. Disseminated Acanthamoeba in patients
with AIDS: a report of five cases and a review of the literature.
Arch Dermatol 1995; 131: 1291–6.

Babesiosis. Pentamidine has been tried for babesiosis (p.823),
but while some patients showed clinical improvements,1-3 the ef-
ficacy and safety of pentamidine in this infection has been ques-
tioned.4
1. Francioli PB, et al. Response of babesiosis to pentamidine ther-

apy. Ann Intern Med 1981; 94: 326–30. 
2. Raoult D, et al. Babesiosis, pentamidine, and cotrimoxazole.

Ann Intern Med 1987; 107: 944. 
3. Clarke CS, et al. Babesiosis: under-reporting or case-clustering?

Postgrad Med J 1989; 65: 591–3. 
4. Teutsch SM, Juranek DD. Babesiosis. Ann Intern Med 1981; 95:

241.

Leishmaniasis. Pentamidine has been used in the treatment of
visceral leishmaniasis (p.824) both alone and with antimonials in
patients who have failed to respond to antimonials alone.1,2 It has
also been tried for long-term secondary prophylaxis in patients
with HIV infection.3 Cutaneous leishmaniasis due to L. guyanen-
sis is usually treated with pentamidine to reduce the risk of dis-
semination;1 beneficial results in patients infected with L. infan-
tum, L. major, or L. tropica have also been reported.4 Lesions due
to L. aethiopica may also respond to pentamidine, but can be left
to heal spontaneously since the risk of diffuse cutaneous involve-
ment is small.1 Diffuse cutaneous or mucocutaneous disease
which is unresponsive to antimonials may respond to pentami-
dine.1 
For mention of the use of pentamidine with paromomycin to
treat visceral leishmaniasis in an HIV-infected patient, see p.844.
1. WHO. WHO model formulary. Geneva: WHO, 2004. 
2. Baily GG, Nandy A. Visceral leishmaniasis: more prevalent and

more problematic. J Infect 1994; 29: 241–7. 
3. Pérez-Molina JA, et al. Pentamidine isethionate as secondary

prophylaxis against visceral leishmaniasis in HIV-positive pa-
tients. AIDS 1996; 10: 237–8. 

4. Hellier I, et al. Treatment of Old World cutaneous leishmaniasis
by pentamidine isethionate: an open study of 11 patients. Derma-
tology 2000; 200: 120–3.

Pneumocystis pneumonia. In the treatment of pneumocystis
pneumonia (p.521) intravenous pentamidine is generally re-
served for patients with moderate to severe disease who do not
respond to, or cannot tolerate, co-trimoxazole. Co-trimoxazole
with pentamidine is no more effective than pentamidine alone in
these patients and is potentially more toxic than either drug.1 In-
haled pentamidine has occasionally been suggested for mild to
moderate infection, but is now generally only used for prophy-
laxis. However, patients given inhaled pentamidine may be
prone to extrapulmonary Pneumocystis infections.2,3 
In both primary and secondary prophylaxis of pneumocystis
pneumonia in immunocompromised patients, co-trimoxazole is
preferred to inhaled pentamidine. Comparative studies have
shown that, in the short term, inhaled pentamidine has been less
effective than co-trimoxazole4,5 and no more effective than an-
other common prophylactic drug, dapsone.6,7 In addition, both
co-trimoxazole and dapsone (given with pyrimethamine) also
provide protection against toxoplasmosis and extrapulmonary
pneumocystis infections. However, inhaled pentamidine is better
tolerated than either of these, and studies have suggested that in
the long term the efficacy of the three drugs is comparable,8,9 at
least in patients with CD4+ T lymphocyte counts of more than
100 cells/microlitre. Increasing the dose of pentamidine from
300 mg every four weeks to 300 mg every two weeks10,11 or
600 mg every week12 may improve efficacy further. Intermittent
parenteral dosage of pentamidine has been used when the more
usual drugs cannot be given.13

1. Glatt AE, Chirgwin K. Pneumocystis carinii pneumonia in hu-
man immunodeficiency virus-infected patients. Arch Intern
Med 1990; 150: 271–9. 

2. Witt K, et al. Dissemination of Pneumocystis carinii in patients
with AIDS. Scand J Infect Dis 1991; 23: 691–5. 

3. Sha BE, et al. Pneumocystis carinii choroiditis in patients with
AIDS: clinical features, response to therapy, and outcome. J Ac-
quir Immune Defic Syndr Hum Retrovirol 1992; 5: 1051–8. 

4. Schneider MME, et al. A controlled trial of aerosolized penta-
midine or trimethoprim-sulfamethoxazole as primary prophy-
laxis against Pneumocystis carinii pneumonia in patients with
human immunodeficiency virus infection. N Engl J Med 1992;
327: 1836–41. 

5. Hardy WD, et al. A controlled trial of trimethoprim-sulfameth-
oxazole or aerosolized pentamidine for secondary prophylaxis
of Pneumocystis carinii pneumonia in patients with the acquired
immunodeficiency syndrome. N Engl J Med 1992; 327: 1842–8. 

6. Girard P-M, et al. Dapsone-pyrimethamine compared with aer-
osolized pentamidine as primary prophylaxis against Pneumo-
cystis carinii pneumonia and toxoplasmosis in HIV infection. N
Engl J Med 1993; 328: 1514–20. 

7. Torres RA, et al. Randomized trial of dapsone and aerosolized
pentamidine for the prophylaxis of Pneumocystis carinii pneu-
monia and toxoplasmic encephalitis. Am J Med 1993; 95:
573–83. 

8. Bozzette SA, et al. A randomized trial of three antipneumo-
cystis agents in patients with advanced human immunodeficien-
cy virus infection. N Engl J Med 1995; 332: 693–9. 

9. Rizzardi GP, et al. Risks and benefits of aerosolized pentami-
dine and cotrimoxazole in primary prophylaxis of Pneumocystis
carinii pneumonia in HIV-1-infected patients: a two-year Italian
multicentric randomized controlled trial. J Infect 1996; 32:
123–31. 

10. Kronawitter U, et al. Low incidence of Pneumocystis carinii
pneumonia in HIV patients receiving 300 mg pentamidine aer-
osol every 2 weeks. Clin Investig 1992; 70: 1089–91. 

11. Rizzardi GP, et al. Better efficacy of twice-monthly than month-
ly aerosolised pentamidine for secondary prophylaxis of Pneu-
mocystis carinii pneumonia in patients with AIDS: an Italian
multicentric randomised controlled trial. J Infect 1995; 31:
99–105. 

12. Ong ELC, et al. Efficacy and effects on pulmonary function
tests of weekly 600 mg aerosol pentamidine as prophylaxis
against Pneumocystis carinii pneumonia. Infection 1992; 20:
136–9. 

13. CDC. Guidelines for preventing opportunistic infections among
HIV-infected persons—2002: recommendations of the US Pub-
lic Health Service and the Infectious Diseases Society of Amer-
ica. MMWR 2002; 51 (RR-8): 1–52. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5108.pdf (accessed 27/05/05)

African trypanosomiasis. Pentamidine is used for the haema-
tolymphatic phase of African trypanosomiasis caused by
Trypanosoma brucei gambiense (p.827), and as an adjunct to
other treatment for the meningoencephalitic stage of the infec-
tion.1 It is reported to be less effective against T. b. rhodesiense
and in some areas resistance of T. b. gambiense to pentamidine is
increasing. Pentamidine has been used with suramin for T. b.
gambiense infections but this has not been shown to be clinically
superior to pentamidine alone.2
1. WHO. Control and surveillance of African trypanosomiasis: re-

port of a WHO expert committee. WHO Tech Rep Ser 881 1998. 
2. Pépin J, Khonde N. Relapses following treatment of early-stage

Trypanosoma brucei gambiense sleeping sickness with a combi-
nation of pentamidine and suramin. Trans R Soc Trop Med Hyg
1996; 90: 183–6.

Preparations
BP 2008: Pentamidine Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Pentacarinat; Belg.: Pentacarinat; Braz.: Pentacarinat; Sideron†;
Canad.: Pentacarinat†; Denm.: Pentacarinat; Fin.: Pentacarinat†; Fr.: Pen-
tacarinat; Ger.: Pentacarinat; Gr.: Pentacarinate; Pentam; Irl.: Pentacarinat;
Israel: Pentacarinat†; Ital.: Pentacarinat; Neth.: Pentacarinat; NZ: Penta-
carinat; Port.: Pentacarinat†; Pentamina; Spain: Pentacarinat; Swed.: Pent-
acarinat; Switz.: Pentacarinat; Thai.: Pentacarinat; UK: Pentacarinat; USA:
NebuPent; Pentacarinat; Pentam.

Quinfamide (USAN, rINN)

Quinfamida; Quinfamidum; Win-40014. 1-(Dichloroacetyl)-
1,2,3,4-tetrahydroquinolin-6-ol 2-furoic acid ester.
Хинфамид
C16H13Cl2NO4 = 354.2.
CAS — 62265-68-3.

Profile
Quinfamide is a luminal amoebicide. It is given orally for intes-
tinal amoebiasis in a dose of 300 mg, either as a single dose or as
three divided doses over 24 hours.
Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Amefin; Amefur; Amenox; Amofur; Bisidim; Celemin; Doffler; Falac-
id; Luminovag; Protosin; Quocel; Serphamida.

Multi-ingredient: Mex.: Amibriz†; Amoebriz; Oxal; Vermox-Plus.

Robenidine Hydrochloride (BANM, USAN, rINNM)

CL-78116; Hidrocloruro de robenidina; Robénidine, Chlorhy-
drate de; Robenidini Hydrochloridum; Robenzidene Hydrochlo-
ride. 1,3-Bis(4-chlorobenzylideneamino)guanidine hydrochlo-
ride.
Робенидина Гидрохлорид
C15H13Cl2N5,HCl = 370.7.
CAS — 25875-51-8 (robenidine); 25875-50-7 (robenidine
hydrochloride).

(robenidine)

Profile
Robenidine is an antiprotozoal used as the hydrochloride in vet-
erinary practice for the prevention of coccidiosis in poultry and
rabbits.

Ronidazole (BAN, USAN, pINN)

Ronidazol; Ronidazolum. (1-Methyl-5-nitroimidazol-2-yl)methyl
carbamate.

Ронидазол
C6H8N4O4 = 200.2.
CAS — 7681-76-7.
ATC Vet — QP51AA08.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Ronidazole). A white to yellowish-brown,
odourless or almost odourless powder. Slightly soluble in water,
in alcohol, and in chloroform; very slightly soluble in ether. Pro-
tect from light.

Profile
Ronidazole is a 5-nitroimidazole antiprotozoal that is used in vet-
erinary practice for the control of trichomoniasis in cage birds
and pigeons. It has also been added to turkey feeding stuffs and
has been used for the control of swine dysentery.

Salinomycin Sodium (BANM, rINNM)

AHR-3096 (salinomycin); K-364 (salinomycin); K-748364A (sali-
nomycin); Natrii Salinomycinum; Salinomicina sódica; Salinomy-
cine Sodique. Sodium (2R)-2-{(2R,5S,6R)-6-[(1S,2S,3S,5R)-5-
{(2S,5S,7R,9S,10S,12R,15R)-2-[(2R,5R,6S)-5-ethyltetrahydro-5-
hydroxy-6-methylpyran-2-yl]-15-hydroxy-2,10,12-trimethyl-
1,6,8-trioxadispiro[4.1.5.3]pentadec-13-en-9-yl}-2-hydroxy-1,3-
dimethyl-4-oxoheptyl]tetrahydro-5-methylpyran-2-yl}butyrate.

Натрий Салиномицин
C42H69NaO11 = 773.0.
CAS — 53003-10-4 (salinomycin); 55721-31-8 (salino-
mycin sodium).

(salinomycin)

Profile
Salinomycin, an antibiotic produced by Streptomyces albus, is an
antiprotozoal used as the sodium salt in veterinary practice for
the prevention of coccidiosis in poultry and as a growth promotor
in pigs.

Secnidazole (BAN, rINN)

PM-185184; 14539-RP; RP-14539; Secnidazol; Secnidazolum;
Seknidazol. 1-(2-Methyl-5-nitroimidazol-1-yl)propan-2-ol.

Секнидазол
C7H11N3O3 = 185.2.
CAS — 3366-95-8.
ATC — P01AB07.

Profile
Secnidazole is a 5-nitroimidazole derivative with properties sim-
ilar to those of metronidazole (p.837), apart from a much longer
plasma half-life of 20 hours or more. It is used in the treatment of
amoebiasis, giardiasis, and trichomoniasis. 
Secnidazole is given orally, usually as a single dose of 2 g in
adults or 30 mg/kg in children. In invasive (hepatic) amoebiasis
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

a dose of 1.5 g daily is given in single or divided doses for 5 days;
children may be given 30 mg/kg daily.
◊ References.
1. Gillis JC, Wiseman LR. Secnidazole: a review of its antimicro-

bial activity, pharmacokinetic properties and therapeutic use in
the management of protozoal infections and bacterial vaginosis.
Drugs 1996; 51: 621–38.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Flagentyl; Braz.: Decnazol†; Deprozol; Neodazol; Secnaxidol; Secni-
Plus; Secnics; Secnidal; Secnidalin; Secnihexal†; Secnitec; Secnitrol†; Secnix;
Secnizol†; Tecnid; Unigyn; Fr.: Secnol; India: Entosec; Noameba-DS; Secnil;
Indon.: Sentyl; Mex.: Gisistin; Minovag; Sabima; Secnidal; Philipp.: Fla-
gentyl; Port.: Flagentyl; Turk.: Flagentyl; Venez.: Ambese; Daksol; Fazol;
Secnidal; Secnivax; Seczol; Unidazol.
Multi-ingredient: Arg.: Gynerium; Gynerium UD; Braz.: Gynopac; In-
dia: Safkit; Mex.: Sepia; Sporasec; Venez.: Sporasec.

Semduramicin (BAN, USAN, rINN)

Semduramicina; Semduramicine; Semduramicinum; UK-61689;
UK-61689-2 (semduramicin sodium). (2R,3S,4S,5R,6S)-Tetrahy-
dro-2,4-dihydroxy-6-{(R)-1-[(2S,5R,7S,8R,9S)-9-hydroxy-2,8-
dimethyl-2-{(2S,2′R,3′S,5′R)-octahydro-2-methyl-5′-
[(2S,3S,5R,6S)-tetrahydro-6-hydroxy-3,5,6-trimethyl-2H-pyran-
2-yl]-3′-[(2S,5S,6R)-tetrahydro-5-methoxy-6-methyl-2H-pyran-
2-yloxy]-2,2′-bifuran-5-yl}-1,6-dioxaspiro[4.5]dec-7-yl]ethyl}-5-
methoxy-3-methyl-2H-pyran-2-ylacetic acid.
Семдурамицин
C45H76O16 = 873.1.
CAS — 113378-31-7 (semduramicin); 119068-77-8
(semduramicin sodium).

Profile
Semduramicin is an antiprotozoal used in veterinary practice for
the prevention of coccidiosis in poultry. It is also used as the so-
dium salt.

Suramin Sodium (rINN)

Antrypol; Bayer-205; CI-1003; Fourneau-309; Naganinum; Naga-
nol; Suramin Hexasodium (USAN); Suramina sódica; Suramine
Sodique; Suraminum Natricum. The symmetrical 3″-urea of the
sodium salt of 8-(3-benzamido-4-methylbenzamido)naphtha-
lene-1,3,5-trisulphonic acid; Hexasodium 8,8′-{carbonylbis[imi-
no-3,1-phenylenecarbonylimino(4-methyl-3,1-phenylene)carbo-
nylimino]}bis(1,3,5-naphthalenetrisulfonate).
Сурамин Натрий
C51H34N6Na6O23S6 = 1429.2.
CAS — 145-63-1 (suramin); 129-46-4 (suramin sodium).
ATC — P01CX02.
ATC Vet — QP51AE02.

(suramin)

Pharmacopoeias. In Fr., Int., and It.

Adverse Effects
An immediate and potentially fatal reaction, with nau-
sea, vomiting, shock, seizures, and loss of conscious-
ness, may follow the injection of suramin sodium in
some patients and thus it is usual practice to give a
small test dose before starting treatment. 
Abdominal pain, mouth ulceration, and skin reactions
such as urticaria and pruritus may occur. The risk of
hypersensitivity reactions is reported to be greater
when onchocerciasis is present. 
Other adverse effects include paraesthesia, hyperaes-
thesia of the palms and soles, skin eruptions, blood dys-
crasias, fever, polyuria, increased thirst, raised liver en-
zyme values, fatigue, and effects on the eye including
photophobia and lachrymation. Proteinuria is com-
mon; haematuria and casts in the urine may also occur.
There have been occasional reports of adrenal insuffi-
ciency.

Effects on the blood. Thrombocytopenia has been reported in
patients receiving suramin, generally during treatment for AIDS
or cancer.1-4 An immune-mediated mechanism has been
proposed3 although there is evidence that multiple mechanisms
may be involved.4 Other adverse effects on the blood include
neutropenia,1,5 anaemia,1 deterioration of pre-existing lym-
phocytopenia,5 and fatal myelosuppression.5 Agranulocytosis
and haemolytic anaemia have occurred rarely.
1. Levine AM, et al. Suramin antiviral therapy in the acquired im-

munodeficiency syndrome. Ann Intern Med 1986; 105: 32–7. 
2. Arlt W, et al. Suramin in adrenocortical cancer: limited efficacy

and serious toxicity. Clin Endocrinol (Oxf) 1994; 41: 299–307. 
3. Seidman AD, et al. Immune-mediated thrombocytopenia sec-

ondary to suramin. Cancer 1993; 71: 851–4. 
4. Tisdale JF, et al. Severe thrombocytopenia in patients treated

with suramin: evidence for an immune mechanism in one. Am J
Hematol 1996; 51: 152–7. 

5. Rosen PJ, et al. Suramin in hormone-refractory metastatic pros-
tate cancer: a drug with limited efficacy. J Clin Oncol 1996; 14:
1626–36.

Effects on the eyes. Late effects on the eyes associated with
suramin include photophobia, lachrymation, and palpebral oede-
ma. Keratopathy characterised by corneal deposits has been re-
ported in patients receiving suramin. In a study of 114 patients
receiving suramin for prostatic cancer, 13 developed corneal de-
posits similar to those reported with chloroquine therapy after 34
to 98 days of therapy.1 Symptoms in 10 of the 13 included lach-
rymation and foreign body sensation. The remaining 3 patients
were asymptomatic. Shifts in refractive error were also found.
Keratopathy has also been reported in patients with AIDS receiv-
ing suramin.2 In patients treated with suramin for ocular
onchocerciasis, the incidence of optic atrophy was higher after 3
years than in untreated patients.3 A prolonged inflammatory re-
sponse to dying microfilariae in the optic nerve might be respon-
sible, although a direct toxic or allergic effect could not be ruled
out.
1. Hemady RK, et al. Ocular symptoms and signs associated with

suramin sodium treatment for metastatic cancer of the prostate.
Am J Ophthalmol 1996; 121: 291–6. 

2. Teich SA, et al. Toxic keratopathy associated with suramin ther-
apy. N Engl J Med 1986; 314: 1455–6. 

3. Thylefors B, Rolland A. The risk of optic atrophy following
suramin treatment of ocular onchocerciasis. Bull WHO 1979; 57:
479–80.

Effects on the kidneys. In addition to the proteinuria com-
monly seen during suramin therapy, there have been reports of
individual cases of renal glycosuria1 and of acute renal dysfunc-
tion.2
1. Awadzi K, et al. The chemotherapy of onchocerciasis XVIII: as-

pects of treatment with suramin. Trop Med Parasitol 1995; 46:
19–26. 

2. Figg WD, et al. Acute renal toxicity associated with suramin in
the treatment of prostate cancer. Cancer 1994; 74: 1612–14.

Effects on the nervous system. Neurological disorders re-
ported in patients receiving suramin include paraesthesia and
polyneuropathy. Severe polyneuropathy with generalised flaccid
paralysis has generally been associated with serum-suramin con-
centrations greater than 350 micrograms/mL,1,2 but motor neu-
ropathy was reported in 8 patients with serum concentrations of
275 micrograms/mL.3
1. La Rocca RV, et al. Suramin-induced polyneuropathy. Neurology

1990; 40: 954–60. 
2. Arlt W, et al. Suramin in adrenocortical cancer: limited efficacy

and serious toxicity. Clin Endocrinol (Oxf) 1994; 41: 299–307. 
3. Bitton RJ, et al. Pharmacologic variables associated with the de-

velopment of neurologic toxicity in patients treated with
suramin. J Clin Oncol 1995; 13: 2223–9.

Effects on the skin. Pruritus and urticaria may occur as hyper-
sensitivity reactions to suramin. Late skin reactions include ery-
thematous maculopapular rashes.1 Severe reactions including
erythema multiforme,2 exfoliative dermatitis, and fatal toxic ep-
idermal necrolysis3,4 have been reported.
1. O’Donnell BP, et al. Suramin-induced skin reactions. Arch Der-

matol 1992; 128: 75–9. 
2. Katz SK, et al. Erythema multiforme induced by suramin. J Am

Acad Dermatol 1995; 32: 292–3. 
3. May E, Allolio B. Fatal toxic epidermal necrolysis during

suramin therapy. Eur J Cancer 1991; 27: 1338. 
4. Falkson G, Rapoport BL. Lethal toxic epidermal necrolysis dur-

ing suramin treatment. Eur J Cancer 1992; 28A: 1294.

Precautions
Suramin sodium should be used under close supervi-
sion, and the general condition of patients improved as
far as possible before treatment starts. Patients who
have a severe reaction to the first dose should never re-
ceive suramin again. It should not be used in elderly or
infirm patients or in the presence of severe hepatic or
renal disease. The urine should be tested before treat-
ment starts and weekly during treatment; dosage
should be reduced if moderate proteinuria develops
and stopped if it becomes severe or if casts appear in
the urine.
Pregnancy. Suramin has been reported to be teratogenic in mice
but not in rats.1 WHO2 recommends that when necessary
suramin should be used in pregnant women with T. b. rhode-

siense trypanosomiasis, even those with meningoencephalitic
disease, because melarsoprol is contra-indicated; in onchocercia-
sis, suramin treatment should be delayed until after delivery.
1. Mercier-Parot L, Tuchmann-Duplessis H. Action abortive et

tératogène d’un trypanocide, la suramine. C R Soc Biol 1973;
167: 1518–22. 

2. WHO. WHO model formulary. Geneva: WHO, 2004.

Pharmacokinetics
After intravenous injection, suramin becomes bound to
plasma proteins and plasma concentrations over
100 micrograms/mL are maintained for several weeks.
Unbound suramin is excreted in the urine. Penetration
of suramin into the CSF appears to be poor.
◊ The clinical pharmacokinetics of suramin were studied in 4 pa-
tients with AIDS given 6.2 g intravenously over 5 weeks.1
Suramin accumulated during treatment and plasma concentra-
tions exceeded 100 micrograms/mL for several weeks. After the
last dose the terminal half-life of suramin ranged from 44 to 54
days. At least 99.7% was bound to plasma proteins. Renal clear-
ance accounted for most of the elimination of suramin from the
body. There appeared to be little or no metabolism of suramin. 
In another study,2 ten male patients with onchocerciasis received
weekly infusions of suramin for 6 weeks, according to the dose
regimen recommended by WHO (see below). In these patients
the median elimination half-life was about 92 days, and in each
case, the maximum plasma concentration remained below
300 micrograms/mL.
1. Collins JM, et al. Clinical pharmacokinetics of suramin in pa-

tients with HTLV-III/LAV infection. J Clin Pharmacol 1986; 26:
22–6. 

2. Chijioke CP, et al. Clinical pharmacokinetics of suramin in pa-
tients with onchocerciasis. Eur J Clin Pharmacol 1998; 54:
249–51.

Uses and Administration
Suramin is a trypanocide used in the treatment of Afri-
can trypanosomiasis and as an anthelmintic in the treat-
ment of onchocerciasis. 
Suramin is given as suramin sodium by slow intrave-
nous injection, usually as a 10% solution. Because of
the danger of severe reactions it is advisable to give a
test dose before starting treatment. 
In African trypanosomiasis suramin is used mainly for
the early (haematolymphatic) stages of Trypanosoma
brucei rhodesiense infection; pentamidine may be pre-
ferred for early-stage treatment of T. b. gambiense in-
fection. Suramin is not used as sole therapy for late-
stage infections with CNS involvement. Early-stage
trypanosomiasis may be treated with a dose of 5 mg/kg
of suramin on day 1, 10 mg/kg on day 3, then 20 mg/kg
on days 5, 11, 17, 23, and 30. Another schedule con-
sists of 5 doses of 1 g given over 3 weeks after a test
dose of 100 to 200 mg. In late-stage trypanosomiasis
injections of suramin are often given before starting
treatment with melarsoprol; 5 and 10 mg/kg are given
on days 1 and 3 respectively, and in some regimens
20 mg/kg is also given on day 5. 
For doses used in onchocerciasis see below.
Malignant neoplasms. Suramin is reported to have antineo-
plastic activity and has been studied in a number of malignant
neoplasms, in particular hormone-resistant prostatic cancer
(p.671). However, its clinical usefulness is hindered by dose-lim-
iting toxicity and problems in developing a simple dose sched-
ule. It has also been investigated as a chemosensitiser. 
References.
1. Stein CA, et al. Suramin: an anticancer drug with a unique mech-

anism of action. J Clin Oncol 1989; 7: 499–508. 
2. Kilbourn RG. Suramin: new therapeutic concepts for an old drug.

Cancer Bull 1991; 43: 265–7. 
3. Rapoport BL, et al. Suramin in combination with mitomycin C

in hormone-resistant prostate cancer: a phase II clinical study.
Ann Oncol 1993; 4: 567–73. 

4. Woll PJ, et al. Suramin for breast and prostate cancer: a pilot
study of intermittent short infusions without adaptive controls.
Ann Oncol 1994; 5: 597–600. 

5. Arlt W, et al. Suramin in adrenocortical cancer: limited efficacy
and serious toxicity. Clin Endocrinol (Oxf) 1994; 41: 299–307. 

6. Eisenberger MA, Reyno LM. Suramin. Cancer Treat Rev 1994;
20: 259–73. 

7. Rosen PJ, et al. Suramin in hormone-refractory metastatic pros-
tate cancer: a drug with limited efficacy. J Clin Oncol 1996; 14:
1626–36. 

8. Small EJ, et al. Suramin therapy for patients with symptomatic
hormone-refractory prostate cancer: results of a randomized
phase III trial comparing suramin plus hydrocortisone to placebo
plus hydrocortisone. J Clin Oncol 2000; 18: 1440–50. 

9. Chen D, et al. Nontoxic suramin as a chemosensitizer in patients:
dosing nomogram development. Pharm Res 2006; 23: 1265–74.

Onchocerciasis. Although suramin is the only drug in clinical
use for onchocerciasis that is effective against adult worms, its
use is restricted because of the frequency of associated compli-
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cations and its intrinsic toxicity. Treatment of onchocerciasis
(p.137) is currently based on continuous suppression of micro-
filariae by regular use of ivermectin. WHO1 advises that suramin
should only be considered for the curative treatment of individu-
als in areas without transmission of onchocerciasis and of indi-
viduals leaving an endemic area, and for severe hyperreactive
onchodermatitis where symptoms are not adequately controlled
with ivermectin. WHO2 also recommends that it should not be
used to treat onchocerciasis in the elderly or infirm, in patients
with severe liver or renal disease, in totally blind patients (unless
they require relief from intensely itchy lesions), or in pregnant
women (who should be treated after delivery). 
A total dose of 66.7 mg/kg in six incremental weekly doses is
recommended.1,2 The first (test) dose of suramin sodium
3.3 mg/kg should be given very cautiously by slow intravenous
injection; this is followed at weekly intervals by incremental dos-
es of 6.7 mg/kg, 10.0 mg/kg, 13.3 mg/kg, 16.7 mg/kg and
16.7 mg/kg.2

1. WHO. Onchocerciasis and its control: report of a WHO expert
committee. WHO Tech Rep Ser 852 1995. 

2. WHO. WHO model formulary. Geneva: WHO, 2004.

African trypanosomiasis. Suramin is used in the treatment of
the early haematolymphatic phase of African trypanosomiasis
(p.827) caused by Trypanosoma brucei rhodesiense and for T. b.
gambiense infections which are resistant to pentamidine.1 In
some regions, suramin is used with pentamidine for T. b. gambi-
ense infections but it has not been shown to be clinically superior
to pentamidine alone.2 Although suramin does not reach suffi-
cient concentrations in the CSF to produce a cure in the menin-
goencephalitic phase, it is used to reduce the number of trypano-
somes in the blood and lymph before treatment with
melarsoprol.1 Case reports have suggested that suramin with
metronidazole3 or eflornithine4 could be useful in T. b. rhode-
siense infections, although response to suramin plus eflornithine
was disappointing in a study involving 6 patients.5

1. WHO. WHO model formulary. Geneva: WHO, 2004. 
2. Pépin J, Khonde N. Relapses following treatment of early-stage

Trypanosoma brucei gambiense sleeping sickness with a combi-
nation of pentamidine and suramin. Trans R Soc Trop Med Hyg
1996; 90: 183–6. 

3. Foulkes JR. Metronidazole and suramin combination in the treat-
ment of arsenical refractory rhodesian sleeping sickness—a case
study. Trans R Soc Trop Med Hyg 1996; 90: 422. 

4. Taelman H, et al. Combination treatment with suramin and eflor-
nithine in late stage rhodesian trypanosomiasis: case report.
Trans R Soc Trop Med Hyg 1996; 90: 572–3. 

5. Clerinx J, et al. Treatment of late stage rhodesiense trypano-
somiasis using suramin and eflornithine: report of six cases.
Trans R Soc Trop Med Hyg 1998; 92: 449–50.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Germanin.

Teclozan (USAN, rINN)

NSC-107433; Téclozan; Teclozán; Teclozanum; Win-13146.
NN′-p-Phenylenedimethylenebis[2,2-dichloro-N-(2-ethoxyethyl)-
acetamide].

Теклозан

C20H28Cl4N2O4 = 502.3.
CAS — 5560-78-1.
ATC — P01AC04.

Profile
Teclozan, a dichloroacetamide derivative, is a luminal amoebi-
cide with actions and uses similar to those of diloxanide furoate
(p.832). It has been given orally in the treatment of intestinal
amoebiasis.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Falmonox; Venez.: Falmonox.

Tenonitrozole (rINN)

TC-109; Tenonitrozol; Ténonitrozole; Tenonitrozolum; Thenitra-
zole. N-(5-Nitrothiazol-2-yl)thiophene-2-carboxamide.

Тенонитрозол
C8H5N3O3S2 = 255.3.
CAS — 3810-35-3.
ATC — P01AX08.

Profile
Tenonitrozole is an antiprotozoal given in the treatment of tricho-
moniasis (p.827). It is given orally in a dose of 250 mg twice
daily with meals, for 4 days.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Atrican; Rus.: Atrican (Атрикан); Venez.: Detrican†.

Ternidazole (rINN)

Ternidazol; Ternidazolum. 2-Methyl-5-nitroimidazole-1-propanol.

Тернидазол
C7H11N3O3 = 185.2.
CAS — 1077-93-6.

Profile
Ternidazole is a 5-nitroimidazole antiprotozoal with properties
similar to those of metronidazole (p.837). It has been an ingredi-
ent of preparations used for the treatment of vaginitis.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Rus.: Tergynan (Тержинан).

Tilbroquinol (pINN)

Tilbroquinolum. 7-Bromo-5-methylquinolin-8-ol.

Тильброхинол
C10H8BrNO = 238.1.
CAS — 7175-09-9.
ATC — P01AA05.

Profile
Tilbroquinol is a halogenated hydroxyquinoline antiprotozoal
with properties similar to those of diiodohydroxyquinoline
(p.832). It has been used with tiliquinol (below) in the treatment
of intestinal infections including amoebiasis but less toxic drugs
are preferred.

Adverse effects. A report of neurotoxicity, considered to be
subacute myelo-opticoneuropathy, in a patient who had taken
tilbroquinol with tiliquinol for 4 years.1 Hepatotoxicity has also
been reported2 with this combination.
1. Soffer M, et al. Oxyquinoline toxicity. Lancet 1983; i: 709. 
2. Caroli-Bosc F-X, et al. Hépatite aiguë due à l’association de tili-

quinol et tilbroquinol (Intétrix). Gastroenterol Clin Biol 1996;
20: 605–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: Intetrix; Rus.: Intetrix (Интетрикс).

Tiliquinol (rINN)

Tiliquinolum. 5-Methylquinolin-8-ol.

Тилихинол
C10H9NO = 159.2.
CAS — 5541-67-3.

Profile
Tiliquinol has been used with tilbroquinol (above) in the treat-
ment of intestinal infections including amoebiasis but less toxic
drugs are preferred.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: Intetrix; Rus.: Intetrix (Интетрикс).

Tinidazole (BAN, USAN, rINN)

CP-12574; Tinidatsoli; Tinidazol; Tinidazolas; Tinidazolum; Tyni-
dazol. 1-[2-(Ethylsulphonyl)ethyl]-2-methyl-5-nitroimidazole.

Тинидазол
C8H13N3O4S = 247.3.
CAS — 19387-91-8.
ATC — J01XD02; P01AB02.
ATC Vet — QJ01XD02; QP51AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Tinidazole). An almost white or pale yellow, crys-
talline powder. Practically insoluble in water; soluble in acetone
and in dichloromethane; sparingly soluble in methyl alcohol.
Protect from light. 
USP 31 (Tinidazole). An almost white or pale yellow crystalline
powder. Practically insoluble in water; soluble in acetone and in
dichloromethane; sparingly soluble in methyl alcohol. Store in
airtight containers. Protect from light.

Adverse Effects and Precautions
As for Metronidazole, p.837.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that the use of tinidazole by mothers during breast feeding
may be of concern, since it is mutagenic in vitro. After single-
dose therapy, breast feeding may be stopped for 12 to 24 hours to
allow excretion of the dose.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
C o r r e c t i o n .  i b i d . ;  1 0 2 9 .  A l s o  a v a i l a b l e  a t :
http://aappolicy.aappublications.org/cgi/content/full/pediatrics
%3b108/3/776 (accessed 03/06/04)

Porphyria. Tinidazole is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Shock. An acute severe toxic reaction, considered not to be al-
lergic, occurred in a healthy subject shortly after the intravenous
infusion of tinidazole 1.6 g over 80 minutes.1 He fainted for
about 10 seconds and low blood pressure, nausea, and tiredness
persisted for several hours. Spasms in the left arm were also ex-
perienced but no generalised convulsions. Anaphylactic shock
has also been reported,2 with severe bronchospasm and subse-
quent development of Stevens-Johnson syndrome, in a patient
who had reactions of increasing severity after 3 separate expo-
sures to tinidazole.
1. Aase S, et al. Severe toxic reaction to tinidazole. Eur J Clin

Pharmacol 1983; 24: 425–7. 
2. Singbal SS, Rataboli PV. Anaphylaxis and hypersensitivity syn-

drome reactions in increasing severity following repeated expo-
sure to tinidazole. J Postgrad Med 2005; 51: 243–4.

Interactions
Tinidazole may, like metronidazole (p.838), produce a
disulfiram-like reaction with alcohol.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
The pharmacokinetics of tinidazole resemble those of
metronidazole although the half-life is longer. 
Tinidazole is rapidly and almost completely absorbed
after oral doses and, typically, a peak plasma concen-
tration of about 40 micrograms/mL is achieved 2 hours
af te r  a  s ingle  2-g  dose ,  fa l l ing  to  about
10 micrograms/mL at  24  hours  and
2.5 micrograms/mL at 48 hours; concentrations above
8 micrograms/mL are maintained by daily mainte-
nance doses of 1 g. Comparable concentrations are
achieved with equivalent intravenous doses. The plas-
ma elimination half-life of tinidazole is 12 to 14 hours. 
Tinidazole is widely distributed and concentrations
similar to those in plasma have been achieved in bile,
breast milk, CSF, saliva, and a variety of body tissues;
it crosses the placenta readily. Only 12% is reported to
be bound to plasma proteins. An active hydroxy met-
abolite has been identified. 
Unchanged drug and metabolites are excreted in the
urine and, to a lesser extent, in the faeces.
◊ References.
1. Wood BA, et al. The pharmacokinetics, metabolism and tissue

distribution of tinidazole. J Antimicrob Chemother 1982; 10
(suppl A): 43–57. 

2. Karhunen M. Placental transfer of metronidazole and tinidazole
in early human pregnancy after a single infusion. Br J Clin Phar-
macol 1984; 18: 254–7. 

3. Evaldson GR, et al. Tinidazole milk excretion and pharmacoki-
netics in lactating women. Br J Clin Pharmacol 1985; 19: 503–7. 

4. Wood SG, et al. Pharmacokinetics and metabolism of C-tinida-
zole in humans. J Antimicrob Chemother 1986; 17: 801–9.

Renal impairment. Single-dose studies indicate that the phar-
macokinetics of tinidazole in patients with chronic renal failure
are not significantly different from those in healthy subjects and
that no modification of tinidazole dosage is necessary. However,
tinidazole is rapidly removed by haemodialysis.1,2

1. Flouvat BL, et al. Pharmacokinetics of tinidazole in chronic re-
nal failure and in patients on haemodialysis. Br J Clin Pharma-
col 1983; 15: 735–41. 

2. Robson RA, et al. Tinidazole pharmacokinetics in severe renal
failure. Clin Pharmacokinet 1984; 9: 88–94.

Uses and Administration
Tinidazole is a 5-nitroimidazole derivative. It has the
antimicrobial actions of metronidazole and is used
similarly (see p.839) in the treatment of susceptible
protozoal infections and in the treatment and prophy-
laxis of anaerobic bacterial infections. It has also been
used in regimens for the eradication of Helicobacter
pylori in peptic ulcer disease. 
Tinidazole is usually given as a single daily oral dose
with or after food; it is also given by intravenous infu-
sion and as vaginal pessaries. 
In invasive amoebiasis, tinidazole is usually given
with a luminal amoebicide. In intestinal amoebiasis, a
single daily dose of 2 g is given orally for 2 or 3 days;
in hepatic amoebiasis, 1.5 to 2 g as a single daily dose
may be given for 3 days or occasionally up to 6 days.

Children are given 50 to 60 mg/kg daily for 3 or 5 days
respectively. 
A single dose of tinidazole 2 g is given orally in the
treatment of giardiasis, trichomoniasis, and acute
necrotising ulcerative gingivitis; 50 to 75 mg/kg as a
single dose is given to children with giardiasis or tri-
chomoniasis. It may sometimes be necessary to repeat
this dose once. In trichomoniasis, sexual partners
should also be treated. 
In bacterial vaginosis, a single 2-g dose of tinidazole
is usually given orally, although higher cure rates have
been achieved with a 2-g dose on 2 successive days or
1 g daily for 5 days. 
For the treatment of most anaerobic bacterial infec-
tions, tinidazole is given orally, usually for 5 or 6 days,
in an initial dose of 2 g followed on subsequent days by
1 g daily or 500 mg twice daily. If oral therapy is not
possible, tinidazole may be given intravenously,
800 mg being infused as 400 mL of a 2 mg/mL solu-
tion at a rate of 10 mL/minute; this initial dose is fol-
lowed by 800 mg daily or 400 mg twice daily until oral
therapy can be substituted. For the prevention of post-
operative anaerobic bacterial infections, 2 g is given by
mouth about 12 hours before surgery. Alternatively
1.6 g is given as a single intravenous infusion before
surgery. 
In regimens for the treatment of peptic ulcer disease,
tinidazole 500 mg twice daily has been given with clar-
ithromycin and omeprazole for 7 days.
◊ Reviews.
1. Manes G, Balzano A. Tinidazole: from protozoa to Helicobacter

pylori—the past, present and future of a nitroimidazole with pe-
culiarities. Expert Rev Anti Infect Ther 2004; 2: 695–705. 

2. Fung HB, Doan TL. Tinidazole: a nitroimidazole antiprotozoal
agent. Clin Ther 2005; 27: 1859–84. 

3. Nailor MD, Sobel JD. Tinidazole for bacterial vaginosis. Expert
Rev Anti Infect Ther 2007; 5: 343–8.

Administration in renal impairment. The elimination of ti-
nidazole is largely unchanged in patients with impaired renal
function (see under Pharmacokinetics, above) and dosage adjust-
ment is not generally considered necessary. However tinidazole
is removed by haemodialysis, and patients may need additional
doses to compensate.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fasigyn; Gynormal; Ladylen Duo; Austral.: Fasigyn; Simplotan; Belg.:
Fasigyn; Braz.: Amplium; Facyl; Fasigyn; Ginosutin; Pletil; Tinoral; Trinizol†;
Chile: Fasigyn; Triconidazol†; Troxxil; Fr.: Fasigyne; Ger.: Simplotan†; Gr.:
Fasigyn; Hong Kong: Fasigyn; India: Amebamagma; Enidazol; Fasigyn; Tini-
ba; Tinidafyl; Tinidol†; Tinifas; Tinvista; Indon.: Fasigyn; Flatin; Israel: Fasigyn;
Protocide; Ital.: Fasigin; Trimonase; Malaysia: Fasigyn†; Tindol; Mex.:
Amebysol; Ametricid†; Estovyn-T; Fasigyn; Induken†; Trinigyn; Triseptil;
Neth.: Fasigyn†; NZ: Dyzole; Port.: Fasigyn; Rus.: Fasigyn (Фазижин); Ti-
niba (Тиниба); S.Afr.: Fasigyn; Singapore: Fasigyn; Spain: Tricolam;
Swed.: Fasigyn; Switz.: Fasigyne; Thai.: Asiazole-TN; Fasigyn; Funida; Ida-
zole; Sporinex; Tinazole; Tini†; Tonid; Trichonas; Tricogyn; Tricozone; Trig-
yn†; UK: Fasigyn; USA: Tindamax; Venez.: Cinabel†; Fasigyn; Pangamil.
Multi-ingredient: Arg.: Aduar; Fasigyn Nistatina; Gynormal; Helmint
Compuesto; Ladylen; Mebutar Compuesto; Nistinol; Tru Compuesto;
Braz.: Amplium-G; Anfugine; Cartrax; Colpolase; Duozol; Facyl M; Ginec†;
Gino Pletil; Ginometrim Oral†; Ginosutin M; Gynomax; Gynopac; Poliginax;
Seczol; Takil; Tizonil M†; Travogyn; Trinizol M†; Chile: Doxifen; Famidal;
Famidal Ad†; Ginecopast; Ginecopast Dual; Ginedazol; Ginedazol Dual;
Medidos; Mizonase; India: Biocip-TZ; Bioflox-TZ; Candizole-T; Cipgen TZ;

Ciplox TZ; Ciptini; Citizol; Entrolate†; Forcan TZ; Genflox TZ; Helipac; Nor
T; Norflox TZ; Normax TZ; Ofler-TZ; Oflox TZ; Olfi TZ; OTC HP Kit;
Parabact; Pylokit; Tinidafyl Plus; Tinvista-CF; Tinvista-NF; Wotinex; Indon.:
Fasigyn-Nystatin; Ital.: Fasigin N; Malaysia: Pylobact Combi; Mex.: Afu-
mix; Fasigyn VT; Mebeciclol; Rus.: Pylobact (Пилобакт).

Toltrazuril (BAN, USAN, rINN)

Bay-Vi-9142; Toltrazurilo; Toltrazurilum. 1-Methyl-3-(4-{p-[(trif-
luoromethyl)thio]phenoxy}-m-tolyl)-s-triazine-2,4,6(1H,3H,5H)-
trione.
Тольтразурил
C18H14F3N3O4S = 425.4.
CAS — 69004-03-1.
ATC Vet — QP51AJ01.

Profile
Toltrazuril is an antiprotozoal used in veterinary practice for the
treatment of coccidiosis in poultry and piglets, and for the treat-
ment of isosporiasis in piglets.

Tryparsamide (rINN)

Glyphenarsine; Triparsamida; Tryparsam.; Tryparsamidum;
Tryparsone. Sodium hydrogen 4-(carbamoylmethylamino)-
phenylarsonate hemihydrate.
Трипарсамид
C8H10AsN2NaO4, ⁄ H2O = 305.1.
CAS — 554-72-3 (anhydrous tr yparsamide); 6159-29-1
(tr yparsamide hemihydrate).

(anhydrous tr yparsamide)

Profile
Tryparsamide, a pentavalent arsenical compound, is a trypano-
cide which penetrates into the CSF and has been used with
suramin in the treatment of late-stage African trypanosomiasis
due to Trypanosoma brucei gambiense, as an alternative to
melarsoprol or eflornithine (see p.827). However, because of its
toxicity, especially the risk of blindness resulting from damage to
the optic nerve, melarsoprol or eflornithine are preferred. 
For the adverse effects of arsenic and their treatment, see Arsenic
Trioxide, p.2260. Like melarsoprol, tryparsamide can cause en-
cephalopathy.

N

N
H

N

O

OO

CH3

O

S F

F F
H3C

Na+

As O-

OH

O

HNH2N

O



Antivirals

850

Common cold, p.850 
Encephalitis, p.850 
Gastro-enteritis, p.850 
Haemorrhagic fevers, p.850 
Hepatitis, p.851 
Herpesvirus infections, p.853 

Cercopithecine herpesvirus 1 infections, p.853 
Cytomegalovirus infections, p.853 
Epstein-Barr virus infections, p.854 
Herpes simplex infections, p.854 
Varicella-zoster infections, p.855 

HIV infection and AIDS, p.856 
HIV-associated infections and complications, p.857 
HIV-associated malignancies, p.858 
HIV-associated wasting, p.858 

HIV infection prophylaxis, p.858 
Infections in immunocompromised patients, p.859 
Influenza, p.859 
Measles, p.860 
Respiratory syncytial virus infection, p.860 
SARS, p.861 
Warts, p.861

The drugs described in this chapter are used in the
treatment of viral infections; they may also be used to
provide protection, usually for a brief period only,
against infection. Drug treatment has to be started early
in the infection to be effective and inhibit the replicat-
ing virus. There is little evidence that antiviral drugs
affect latent or nonreplicating viruses. They do not pro-
vide an alternative to available immunisation for the
long-term prophylaxis of viral infection—for details of
such treatment see the chapter on Vaccines Immu-
noglobulins and Antisera, p.2201.

Choice of Antiviral
Antiviral drugs are effective for the treatment and
prophylaxis of a range of viral infections as described
below. Non-specific symptomatic and supportive treat-
ments are also important in the management of viral
infections. Those viral infections not amenable to anti-
viral drug therapy include mumps, poliomyelitis, ra-
bies, and rubella.

Common cold
The common cold is a term used for viral upper respiratory
tract illness. Rhinoviruses are the commonest cause in all
age groups. Adenoviruses, coronaviruses, enteroviruses,
and metapneumovirus may also be responsible. Infecting
organisms in these groups may be of many different sero-
types. 
Colds are usually self-limiting and last for 4 to 10 days.
Symptoms include nasal discharge and stuffiness, sneez-
ing, sore throat, and cough (see also p.1547); there is little
or no malaise, headache, or fever. Colds may predispose to
concurrent or subsequent bacterial infection of the upper
respiratory tract; exacerbation of asthma or chronic ob-
structive pulmonary disease may also occur. Acute otitis
media or acute sinusitis may result from obstruction of the
Eustachian tube and mucosal swelling. 
The successful development of a single cure or vaccine is
unlikely, given the variety of causative viruses and large
number of serotypes. Treatment is symptomatic. Analge-
sics, cough suppressants, antihistamines, and decongest-
ants relieve symptoms but do not tend to reduce the dura-
tion of illness. Antibacterial and antiviral therapy has
consistently failed to show any benefit and antibacterials
are indicated only if there is secondary bacterial infection.1
Very large doses of vitamin C have been widely used to
prevent and treat colds but a systematic review2 has con-
cluded that, despite some evidence of benefit in published
studies, its failure to reduce the incidence of colds in the
normal population indicated that routine high-dose proph-
ylaxis was not justified for community use; it might, how-
ever, be of use in persons exposed to brief periods of se-
vere physical exercise or to cold environments. For
treatment, no benefit has been found for doses up to 4 g,
although one study reported equivocal benefit from a dose
of 8 g given at the onset of symptoms.2 Other drugs3 tried
have included mast-cell stabilisers, interferon alfa-2b, and
zinc lozenges. Intranasal interferons have shown some
benefit in prophylactic use, but high incidences of unac-
ceptable nasal adverse effects have resulted in interferons
failing to fulfill their early promise. Results of studies of

zinc treatment have been inconclusive, although 1 study
reported benefit from zinc nasal gel.4 Similarly, there is lit-
tle consistent evidence to support the use of Echinacea for
treatment or prevention of colds.5,6 However, available
Echinacea products differ greatly and there is some evi-
dence that treatment with those based on the aerial parts of
E. purpurea might be effective in adults if started early.5
Pleconaril, a viral capsid binder, has also been studied but
there have been concerns with the oral formulation over
viral resistance and interactions with oral contraceptives;
the intranasal formulation appears more promising.7
1. Arroll B, Kenealy T. Antibiotics for the common cold and acute

purulent rhinitis. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 2005 (ac-
cessed 02/04/08). 

2. Douglas RM, et al. Vitamin C for preventing and treating the
common cold. Available in The Cochrane Database of Systemat-
ic Reviews; Issue 3. Chichester: John Wiley; 2007 (accessed
02/04/08). 

3. Mossad SB. Treatment of the common cold. BMJ 1998; 317:
33–6. 

4. Caruso TJ, et al. Treatment of naturally acquired common colds
with zinc: a structured review. Clin Infect Dis 2007; 45: 569–74. 

5. Linde K, et al. Echinacea for preventing and treating the com-
mon cold. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2006 (accessed
02/04/08). 

6. Caruso TJ, Gwaltney JM. Treatment of the common cold with
Echinacea: a structured review. Clin Infect Dis 2005; 40:
807–10. 

7. Fleischer R, Laessig K. Safety and efficacy evaluation of pleco-
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Encephalitis
Encephalitis refers to an acute inflammatory process af-
fecting the brain parenchyma; it is distinct from meningitis
which is an inflammation of the meninges. Meningoen-
cephalitis involves both the brain parenchyma and menin-
ges. Viral infection is the commonest cause of encephali-
tis,1-4 with the herpes simplex virus (p.854) being the
commonest organism involved in immunocompetent indi-
viduals. Other viruses that may cause encephalitis include
enteroviruses (e.g. poliovirus), Epstein-Barr, influenza,
Lassa fever, measles and mumps (paramyxoviruses), ra-
bies, rubella, and varicella zoster. CMV and HIV cause en-
cephalitis almost exclusively in immunocompromised in-
dividuals. In the 1990s, Hendra virus and Nipah virus,
which belong to the paramyxoviridae family, were newly
discovered causes of encephalitis. The reservoir for these
viruses is bats, but transmission to humans can occur via
close contact with secondary hosts such as horses and pigs.
A group of viruses known as the arthropod-borne encepha-
litis viruses (arboviruses) may cause infections in which
encephalitis is a major clinical feature. They include: 
• bunyaviruses including California encephalitis virus and La

Crosse virus (both transmitted by mosquitoes) 
• flaviviruses (previously arbovirus Group B) including Japanese

encephalitis virus, St Louis encephalitis virus, Murray Valley
encephalitis virus, Rocio virus, and West Nile virus (all transmit-
ted by mosquitoes) and the tick-borne viruses of this group,
louping ill virus, Powassan virus, and the Eastern and Western
subtype viruses 

• reoviruses including Colorado tick fever virus (transmitted by
ticks) 

• togaviruses including Eastern, Western, and Venezuelan equine
viruses (transmitted by mosquitoes) 

In endemic regions viral encephalitis should be suspected
in patients presenting with fever, headache, neck rigidity,
altered level of consciousness (which may range from
drowsiness to coma), and signs of diffuse cerebral dys-
function (hallucinations, psychosis, personality changes,
and agitation). Seizures are common and patients who re-
cover from encephalitis may be left with permanent neuro-
logical damage. 
Since herpes simplex virus is the commonest cause of viral
encephalitis, it is recommended that patients with en-
cephalitis be given intravenous aciclovir empirically until
the causative virus has been identified. (Antibacterial treat-
ment for meningitis may also be given empirically until
the cause of symptoms has been established.) No specific
treatment exists for non-herpetic encephalitis (although in-
vestigational treatments, including passive immunisation
and the use of inhibitory RNA molecules, are under
development5), and patients must be managed with vigor-
ous supportive care. Corticosteroids are advocated in some
circumstances,4 but their use is controversial. Pleconaril is
under investigation for use in enteroviral encephalitis.

Control of mosquito and tick populations in endemic areas
and minimising contact with these vectors are important
means of preventing infections. Japanese encephalitis vac-
cine and tick-borne encephalitis vaccine are available for
active immunisation of individuals at risk of infection and
tick-borne encephalitis immunoglobulins are available in
some countries for passive immunisation against infection.
1. Whitley RJ, Gnann JW. Viral encephalitis: familiar infections

and emerging pathogens. Lancet 2002; 359: 507–14. 
2. Chaudhuri A, Kennedy PGE. Diagnosis and treatment of viral

encephalitis. Postgrad Med J 2002; 78: 575–83. 
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ods and guidelines for management. Eur J Neurol 2005; 12:
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Gastro-enteritis
Gastro-enteritis (inflammation of the stomach and intes-
tines) may be caused by viruses, bacteria, or protozoa.1-3

Viral gastro-enteritis is an important cause of diarrhoea,
especially in children and immunocompromised patients.
Viruses causing diarrhoea and other gastrointestinal symp-
toms include adenovirus, astrovirus, calicivirus (such as
norovirus and sapovirus), and rotavirus. Rotavirus infec-
tion is recognised as a prominent cause of endemic acute
diarrhoea in infants and young children and may occasion-
ally cause acute or chronic diarrhoea in AIDS patients. In-
fection may be subclinical, although symptomatic rotavi-
rus infection usually presents with fever and vomiting for
2 to 3 days, followed by watery diarrhoea that lasts for 4 to
5 days. Other symptoms include abdominal cramps and
headache. Noroviruses (such as the Norwalk virus) are a
more common cause of viral gastro-enteritis in older chil-
dren and adults, but do not appear to cause severe disease
in infants. They have been the cause of waterborne out-
breaks of gastro-enteritis in nursing homes, military bases,
and cruise ships. Sapoviruses (such as the Sapporo virus)
are more commonly seen in young children. While illness
resulting from these viruses is usually mild and lasts for 24
to 72 hours, the presenting symptoms are usually nausea
and abdominal cramps. Other symptoms include diar-
rhoea, vomiting, headache, myalgias, and low-grade fever.
CMV is an important cause of diarrhoea in AIDS (see
HIV-associated Wasting, below). 
In acute diarrhoea of any cause it is most important to
maintain hydration by preventing and replacing fluid and
electrolyte loss, especially in infants and the elderly (see
p.1694). For further discussion see Oral Rehydration Solu-
tions, p.1672. Antivirals are not used in the management
of viral diarrhoeas, except for that caused by CMV, where
ganciclovir, valganciclovir, or foscarnet may be beneficial.
A 3-day course of oral nitazoxanide was found to signifi-
cantly reduce the duration of rotavirus disease in young
children.4 Frequent handwashing and good personal hy-
giene may prevent person-to-person spread of infection.
Washing of contaminated clothing and surfaces, and boil-
ing of contaminated water will also assist in preventing in-
fection. Several live oral rotavirus vaccines (p.2236) for
use in the prevention of childhood diarrhoea have been de-
veloped and some are now licensed.
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Haemorrhagic fevers
The viral haemorrhagic fevers are a group of viral illnesses
characterised by a febrile illness that in some patients may
be followed by severe bleeding, progressive organ failure,
and death. The viruses are typically transmitted by mos-
quitoes, ticks, or rodents, and are largely geographically
restricted. The more important viruses responsible for
haemorrhagic fevers in man include: 
• arenaviruses causing South American haemorrhagic fever syn-

dromes (including Argentine, Bolivian, Brazilian, and Venezue-
lan haemorrhagic fever) and Lassa fever (transmitted by ro-
dents) 

• filoviruses causing Ebola and Marburg haemorrhagic fever, the
natural host for which is unknown 
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• flaviviruses (previously arbovirus Group B) causing dengue fe-
ver and yellow fever (transmitted by mosquitoes), and Kyasanur
forest fever and Omsk haemorrhagic fever (transmitted by ticks) 

• hantaviruses causing haemorrhagic fever with renal syndrome
and hantavirus pulmonary syndrome (transmitted by rodents) 

• nairovirus causing Crimean Congo haemorrhagic fever (trans-
mitted by ticks) 

• phlebovirus causing Rift Valley fever (transmitted by mosqui-
toes) 

Specific symptoms and the incubation time vary according
to the infecting virus; in general the incubation time is
short (up to 21 days but commonly less than 7 days) and
followed by sudden (or, in the case of Lassa fever, more
gradual) onset of fever, headache, myalgia, rash, and gas-
trointestinal disturbances such as abdominal pain, anorex-
ia, diarrhoea, nausea, and vomiting. In patients who devel-
op severe haemorrhagic manifestations (skin or mucosal
bleeding, haematemesis, haematuria, or melaena), hepati-
tis, circulatory, renal, and respiratory failure, and coma are
common. Depending on the causative virus, jaundice
(yellow fever and Crimean Congo fever), muscle and joint
pains (dengue fever), or pulmonary symptoms (hantavi-
rus) may be more pronounced. Mortality is variable and
ranges from less than 5% in dengue haemorrhagic fever
and Lassa fever with optimal supportive care, to 15 to 30%
in yellow fever and Crimean Congo haemorrhagic fever,
and 70 to 80% in severe Ebola and Marburg virus infec-
tions. 
Infection precautions, source isolation, and optimal sup-
portive care are cornerstones of the management of viral
haemorrhagic fevers. Vector control and prevention of
bites are very important. There is generally no specific
drug treatment for haemorrhagic fevers, although ribavirin
may reduce mortality in patients with Lassa fever or haem-
orrhagic fever with renal syndrome, and possibly in
Crimean Congo and Bolivian haemorrhagic fevers. Vac-
cines have been developed for the active immunisation of
individuals at risk of Argentine haemorrhagic fever, Rift
Valley fever, and yellow fever, and others are being devel-
oped for dengue fever and haemorrhagic fever with renal
syndrome. Studies are ongoing for a vaccine against Ebola
and Marburg viruses. Crimean Congo haemorrhagic fever
immunoglobulins are available in some countries for pas-
sive immunisation against the disease. Guidelines for the
prevention, control, and treatment of dengue and yellow
fevers have been produced by WHO1,2 and related organi-
sations.3 Guidelines for the management of haemorrhagic
fevers have been published for some European coun-
tries.4,5 The Pan American Health Organization6 and the
CDC7 have also produced guidelines for the management
of hantavirus pulmonary syndrome.
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Hepatitis
Though hepatitis may have many causes, viral hepatitis
describes infections caused by agents that primarily target
the liver. Five hepatitis viruses are recognised to be prima-
rily responsible for infection in humans and have been
named hepatitis A, B, C, D, and E. Hepatitis may also oc-
cur as part of the clinical course of other viral infections,
including CMV, Epstein-Barr virus, herpes simplex virus,
rubella, varicella-zoster, and yellow fever infections. 
Hepatitis A and E are spread via the faecal-oral route. Hep-
atitis B, C, and D are spread via contaminated blood and
blood products, perinatal transmission, or sexual contact.
All of these viruses may cause acute and occasionally ful-
minant hepatitis; hepatitis B, C, and D viruses can also

cause chronic hepatitis. The herpesviruses may cause hep-
atitis during primary infection or during reactivation of a
latent infection in immunocompromised persons. (For dis-
cussion on the management of herpesvirus infections, see
p.853.) Yellow fever virus is transmitted by mosquitoes
and may cause fulminant hepatitis in non-immunised per-
sons. 
Acute viral hepatitis results in hepatocyte necrosis and in-
flammation of the liver. Clinical presentation ranges wide-
ly from asymptomatic infection to fulminant hepatic fail-
ure. Symptomatic acute hepatitis is characterised by
abdominal pain, anorexia, fatigue, jaundice, low-grade fe-
ver, nausea, vomiting, and raised liver enzymes (AST and
ALT). Chronic viral hepatitis is commonly asymptomatic
but may result in hepatic fibrosis, cirrhosis, or hepatocellu-
lar carcinoma. Acute and chronic hepatitis may be compli-
cated by fulminant hepatitis and liver failure, characterised
by hepatic encephalopathy, coma, and death. As HIV and
hepatitis B and C share risk factors for transmission, there
are a significant number of people co-infected with 2 or all
3 viruses. HIV and hepatitis B or C co-infected patients
have been found to have higher rates of hepatitis-related
morbidity and mortality, with accelerated progression to
cirrhosis, end-stage liver disease, and hepatocellular carci-
noma.1 
Viral hepatitis can be prevented by active immunisation
against hepatitis A, hepatitis B, and yellow fever. Vaccina-
tion against hepatitis A is recommended, for example, for
travellers to endemic regions, haemophiliacs, and for those
considered to be at high risk due to their occupation or life-
style (see p.2214). Postexposure prophylaxis with hepati-
tis A immunoglobulin is recommended in some countries
for household and intimate contacts of patients with hepa-
titis A infection, while others recommend normal immu-
noglobulins. Vaccination with hepatitis B vaccine is fre-
quently recommended as part of the infant immunisation
schedules and for non-immunised infants and adults at risk
of infection (see, p.2216). Hepatitis B immunoglobulin is
recommended for passive immunisation of individuals ex-
posed to a patient infected with the hepatitis B virus and
after liver transplantation in persons infected with the hep-
atitis B virus, in order to prevent hepatitis B virus induced
damage to the grafted liver (see, p.2215). Yellow fever
vaccination is recommended for persons at high risk of in-
fection, including travellers to endemic areas and may be
considered as part of the standard infant immunisation
schedule in countries where the virus is endemic (see,
p.2243). 
The treatment of acute hepatitis infections is largely
symptomatic, as no effective antiviral therapy is available.
Acute hepatitis B infection resolves without therapy in the
majority of immunocompetent adults. A small pilot study2

reported rapid clinical and biochemical responses to lami-
vudine in 13 of 15 patients with severe acute hepatitis B
infection. Acute hepatitis C is more commonly asympto-
matic but, if diagnosed, therapy with an interferon alfa
may be considered3 as there is some evidence that they
may reduce the risk of progression to chronic infection.4 A
study5 in a small number of patients with acute hepatitis C
concluded that if spontaneous clearance has not occurred
by 12 weeks, a 6-month course of peginterferon alfa-2b
should be given, as response rates to antiviral therapy are
higher in patients with acute infection compared to those
with established infection. The American Association for
the Study of Liver Diseases (AASLD)4 has stated that
either interferon or peginterferon given for a period of at
least 6 months should be considered for the treatment of
acute hepatitis C if the infection persists 2 to 4 months after
diagnosis. Similar views have been published by the Clin-
ical Effectiveness Group of the British Association of Sex-
ual Health and HIV6 and by the Scottish Intercollegiate
Guidelines Network.7 
Treatment of chronic hepatitis B aims to achieve sero-
conversion from e antigen (HBeAg)-positive to e antigen-
negative chronic infection (which is associated with lower
rates of viral replication and lower rates of disease progres-
sion), to suppress viral replication, to delay the progression
of chronic hepatitis to cirrhosis or hepatocellular carcino-
ma, and to treat extrahepatic complications such as
glomerulonephritis. Complete suppression of viral replica-
tion is important to reduce the risk of viral resistance.
Treatment is only recommended in patients with active or
advanced liver disease and with high levels of HBV DNA.
Drugs used for the treatment of chronic hepatitis B include
immune modulators (interferon alfa-2b and peginterferon
alfa-2a) and nucleoside/nucleotide analogues (lamivudine,

adefovir, entecavir, telbivudine, and tenofovir). Emtricit-
abine is being investigated for use in chronic hepatitis B
and clevudine is under development.8 
Interferon alfa was the first drug approved for the manage-
ment of chronic hepatitis B. A meta-analysis9 found that a
significantly higher percentage of patients with chronic
hepatitis B who were HBeAg-positive, and treated with in-
terferon alfa for 3 to 6 months, became HBeAg-negative
compared with the untreated control group. Interferon alfa
was found to be most effective when it was used in patients
with recently acquired hepatitis B infection, high pre-treat-
ment ALT, and low hepatitis B DNA levels.10 Studies have
suggested that subcutaneous peginterferon alfa is as effec-
tive or slightly more effective than interferon alfa given
subcutaneously.10 Results from various studies11 have
shown peginterferon alfa to be more effective than the an-
tiviral lamivudine, in both HBeAg-positive12 and HBeAg-
negative patients with chronic hepatitis B,13 when
peginterferon alfa was given subcutaneously once weekly
for 48 weeks. 
Lamivudine has a similar efficacy to interferon but fewer
adverse effects. Studies14,15 have shown favourable effects
on histologic, virologic, and biochemical features of the
disease from long-term therapy, including decreased dis-
ease progression and progression to hepatocellular carci-
noma in patients with cirrhosis or advanced fibrosis. In
HBeAg-positive patients, treatment with lamivudine is
generally continued for at least 6 months after seroconver-
sion, while HBeAg-negative patients may need indefinite
treatment due to high relapse rates when treatment is
stopped.10 
Studies with daily oral adefovir dipivoxil for 48 weeks
have shown a mean drop in hepatitis B viral DNA of about
3.5 logs (factors of 10) in patients with HBeAg-positive
chronic hepatitis B16 and of about 4 logs in patients with
HBeAg-negative chronic hepatitis B.17 When adefovir
dipivoxil was continued in HBeAg-negative patients for
144 weeks benefit was maintained whereas viral load re-
bounded in those patients who stopped treatment at 48
weeks.17 Hepatitis B virus DNA was undetectable in 71%
and 79% of patients after 96 and 144 weeks of treatment
respectively.17 Most HBeAg-positive and HBeAg-nega-
tive patients also had improvements in serum-ALT and
liver histology.16,17 
The most recent drugs to be approved for the treatment of
chronic hepatitis B, including in patients with lamivudine-
resistant disease, are entecavir and telbivudine. Studies
with daily oral entecavir for 48 weeks have shown a mean
drop in hepatitis B viral DNA of about 6.9 logs in patients
with HBeAg-positive chronic hepatitis B18 and of about
5 logs in patients with HBeAg-negative chronic hepatitis
B.19 Entecavir treatment continued through to 96 weeks, in
those patients with HBeAg-positive hepatitis B, continued
to show benefit.20 In both these studies entecavir was
found to be more potent than oral lamivudine in suppress-
ing hepatitis B virus. Telbivudine was reported to be supe-
rior to lamivudine in patients with HBeAg-positive chron-
ic hepatitis B and as effective as lamivudine in those with
HBeAg-negative disease after 52 weeks of treatment.21 A
small open label study22 with telbivudine or adefovir for
52 weeks, or adefovir for 24 weeks followed by telbivu-
dine for 28 weeks, in patients with HBeAg-positive hepa-
titis B, reported greater and more consistent reductions in
HBV DNA with telbivudine than with adefovir after 24
weeks of treatment. After 52 weeks, HBV DNA suppres-
sion was greater in patients given continuous telbivudine
or who switched from adefovir to telbivudine after 24
weeks than in those given adefovir for 52 weeks. 
The development of antiviral resistance is a concern with
long-term nucleoside/nucleotide treatment. About 14% of
patients who initially respond to lamivudine develop drug
resistance within the first year of therapy and resistance
increases to about 70% after 5 years of treatment; lamivu-
dine is therefore generally not recommended as first-line
treatment.23 Adefovir dipivoxil showed no resistance after
1 year of treatment, but the rate increased over time to
about 11%, 18%, and 29% at year 3, 4, and 5 respective-
ly.16,17,24,25 Long-term therapy with adefovir dipivoxil re-
sulted in the development of resistance mutations in less
than 6% of patients and it was effective in patients who had
previously developed resistance to lamivudine.17 Entecav-
ir showed no resistance up to 2 years of treatment and the
resistance rate with telbivudine is reported to be 2 to 4%
after 1 year of treatment.26 Combination therapy with dif-
ferent nucleoside and nucleotide analogues is being inves-
tigated in order to prevent drug resistance and improve ef-
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ficacy.27 The addition of lamivudine to peginterferon alfa
did not significantly enhance efficacy.13,28,29 The combina-
tion of lamivudine and adefovir was found to be as effec-
tive as lamivudine monotherapy.30 The combination of
lamivudine and telbivudine was less effective than telbivu-
dine alone31 but emtricitabine and adefovir was more ef-
fective than adefovir alone.30 
While the AASLD10 states that all the approved treatments
may be given as initial therapy, their preferred choice is
peginterferon alfa or the nucleoside analogues adefovir
dipivoxil or entecavir, in adults with HBeAg-positive or -
negative chronic hepatitis B; interferon alfa or the nucleo-
side analogues lamivudine and telbivudine may also be
used. In children with HBeAg-positive chronic hepatitis B,
standard interferon alfa or lamivudine are recommended.
In patients who are HBeAg-positive interferon is given for
a defined duration (interferon alfa is given for 4 months
and peginterferon alfa for 12 months), while a nucleo-
side/nucleotide analogue is usually given for an additional
6 months after HBeAg seroconversion. Most patients who
are HBeAg-negative will relapse after treatment is
stopped. In these patients interferon is also given for a de-
fined duration (both interferon and peginterferon alfa are
given for 12 months), but treatment with a nucleoside or
nucleotide analogue is indefinite. Patients who have not
responded to interferon alfa (standard or pegylated) thera-
py may be re-treated with a nucleoside analogue. Those
who fail to respond after 6 months treatment should be
switched to an alternative regimen. Adefovir23,32 or
tenofovir32 may be given with lamivudine in those patients
with lamivudine-resistant hepatitis B virus. Interferon alfa
is not recommended in patients with compensated cirrho-
sis as it may cause hepatitis flares and hepatic decompen-
sation. Guidelines are also available for other coun-
tries.33-36 
Hepatitis B patients co-infected with hepatitis D virus are
less responsive to interferon therapy than patients infected
with hepatitis B virus alone. A study37 with high-dose in-
terferon alfa (9 million units) given 3 times a week for 48
weeks reported normalisation of ALT and inhibition of
hepatitis D viral replication in 50% of the patients. How-
ever, relapse was common after treatment was stopped, al-
though biochemical responses persisted for up to 4 years.
Long-term follow-up of this same group of patients for 2
to 14 years revealed that high-dose interferon alfa may im-
prove long-term outcome and patient survival.38 
Treatment of chronic hepatitis C aims to decrease viral
replication or eradicate hepatitis C virus, delay the pro-
gression to cirrhosis, and thereby decrease the frequency
of hepatocellular carcinoma, and to treat extrahepatic com-
plications of infection. The first available treatment was
interferon alfa-2b, and this was followed by interferon
alfa-2a, given subcutaneously 3 times a week. Patients
treated with these interferons had a 10 to 20% chance of
obtaining a sustained virological response (SVR), but had
a high relapse rate. The combination of daily oral ribavirin
with non-pegylated interferon alfa improved the rate of
SVR after 48 weeks of treatment to about 40%. Further
improvements in the SVR rates to about 60% have been
reported since the introduction of weekly subcutaneous
peginterferon alfa given with daily oral ribavirin.
Studies39,40 have found peginterferon alfa and ribavirin
(SVR of 54 to 56%) to be more effective than interferon
alfa and ribavirin (SVR of 44 to 47%). Factors predictive
of a poor SVR are viral genotype 1, a high pretreatment
viral load, increased body-weight, and the presence of cir-
rhosis. A study39 with peginterferon alfa-2b or interferon
alfa-2b and ribavirin showed an SVR of 42% in patients
with genotype 1, compared with about 80% in patients
with genotypes 2 and 3. Furthermore, patients infected
with hepatitis C virus genotype 1 require treatment for 48
weeks with the standard dose of ribavirin (1 or 1.2 g daily)
compared with 24 weeks of ribavirin 800 mg daily in those
infected with genotypes 2 or 3.41 Other studies42-46 suggest
that SVR can be achieved in some patients infected with
genotypes 2 and 3 with a 12 to 16 week course of treat-
ment. This is particularly true for patients in whom hepati-
tis C virus RNA is undetectable after 4 weeks of treatment.
In patients with genotype 1 infection, longer durations of
therapy (up to 72 weeks), may be appropriate in slow re-
sponders (patients who achieved a 2 log fall in the viral
load but in whom viral RNA is still detectable by week
12).47,48 In one study,47 a SVR rate of 44% was reported
for slow responders who continued treatment for 72
weeks, compared with a SVR rate of 28% in those who
received 48 weeks of treatment. 

Detailed guidelines have been produced in the UK,7,49,50

Canada,51 and in the USA4,52 for the management of
chronic hepatitis C. They all recommend weekly subcuta-
neous peginterferon alfa plus daily oral ribavirin as the first
choice of treatment in patients with moderate to severe
chronic hepatitis C. For genotype 2 and 3 infection, 24
weeks of treatment is usually recommended4,49 but some
suggest that 12 or 16 weeks of therapy may be sufficient in
patients with genotypes 2 and 3 with undetectable viral
RNA at week 4.7,52 For genotype 1, treatment for 48 weeks
is generally recommended. An early prediction of treat-
ment failure in patients with genotype 1 infection is detect-
able hepatitis C virus RNA with less than a 2-log fall in
viral load after 12 weeks of treatment. Some4,7,50 suggest
that stopping treatment in these patients may be considered
at this point, while the British Society for Gastroenterolo-
gy recommends stopping treatment after 24 weeks if hep-
atitis C virus RNA is still detectable. Some guidelines4,7

suggest re-treatment (with peginterferon and ribavirin) of
nonresponders and relapsers who have significant fibrosis
or cirrhosis and who initially received interferon with or
without ribavirin. Patients with other genotype infections
should be treated with combination therapy for 48
weeks.50,52 

Thymalfasin is being investigated as an adjunct to conven-
tional therapy for the treatment of chronic hepatitis B and
C. 

Treatment of chronic hepatitis in HIV co-infected pa-
tients. HIV infection reduces the efficacy of current thera-
pies for hepatitis B; it decreases response to interferon alfa
and increases the incidence of lamivudine-resistant hepati-
tis B mutations.1 Guidelines for the management of HIV
and hepatitis B co-infection have been developed by vari-
ous expert groups.53-55 The British HIV Association
guidelines53 discuss appropriate choice of antivirals and
their activity against hepatitis B virus and HIV. In patients
not requiring HIV therapy, hepatitis B treatment should be
with drugs that have no anti-HIV activity. Interferon alfa
for 4 to 6 months is considered suitable for non-cirrhotic
HBeAg-positive patients but limited evidence suggests
that peginterferon alfa may be more effective. Long-term
treatment with adefovir dipivoxil may be given as an alter-
native to interferon therapy. Patients who require both HIV
and hepatitis B therapy may be given tenofovir alone or
with either lamivudine or emtricitabine, as part of, or in
addition to, their antiretroviral regimen.53 Successful treat-
ment of HIV with HAART may result in severe exacerba-
tion of hepatitis B in co-infected patients. Treatment of
hepatitis C in HIV co-infected patients has been associat-
ed with an increased rate of adverse effects and reduced
response rates. While combination therapy for hepatitis C
is not as effective in co-infected patients as in those with
hepatitis C alone, studies56-58 have shown sustained viro-
logical responses with peginterferon alfa and ribavirin
treatment in co-infected patients. Two studies57,58 reported
an SVR rate of 27% for patients given peginterferon alfa
plus ribavirin as opposed to 12 to 20% in those treated with
interferon alfa plus ribavirin. The APRICOT study
group56 reported an SVR rate of 40% for patients treated
with peginterferon alfa plus ribavirin, compared with 20%
for those given peginterferon alfa monotherapy and 12%
for those given interferon alfa plus ribavirin. A much re-
duced rate of SVR to peginterferon alfa plus ribavirin ther-
apy was found, however, in co-infected patients with hep-
atitis C virus genotype 1 (29%) compared with hepatitis C
virus of genotypes 2 and 3 (62%) and further study is re-
quired to develop strategies for treating infection with gen-
otype 1.56,58 The British HIV Association guidelines59 for
the treatment and management of HIV and hepatitis C co-
infection recommend combination therapy with peginter-
feron alfa and ribavirin for 48 weeks in patients with mod-
erate liver disease and well controlled HIV disease. Simi-
lar recommendations have been made by the AASLD.4
Other guidelines7,60 recommend reassessment of virologic
response at weeks 4 and 12 and that treatment should only
be continued in those with an early virologic response.
Some experts60 suggest that shorter periods of treatment
(24 weeks) may be considered for patients with genotypes
2 and 3. Patients with genotype 1 and 4 who have no viro-
logical response at 4 weeks but response at 12 weeks may
be given a longer treatment course of 60 to 72 weeks. Sig-
nificant haemolytic anaemia may occur with ribavirin, and
therefore concurrent use with zidovudine should be avoid-
ed and when possible stavudine should be replaced. Dida-
nosine should never be given with ribavirin due to poten-

tially life-threatening complications, such as lactic
acidosis, myopathy, neuropathy, pancreatitis, and steato-
sis.59-61
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Herpesvirus infections
Established herpesvirus pathogens discussed below in-
clude Cercopithecine herpesvirus 1, CMV, Epstein-Barr
virus, herpes simplex virus, and varicella-zoster virus.
Herpesviruses 6, 7, and 8 have also emerged as potential
pathogens and have been associated with a variety of dis-
orders including childhood febrile illnesses, various ma-
lignancies including Kaposi’s sarcoma (p.675), and multi-
ple sclerosis (p.892).
Cercopithecine herpesvirus 1 infections. Cercop-
ithecine herpesvirus 1 (herpesvirus simiae, monkey B vi-
rus, herpes B virus) is a herpesvirus that usually infects
macaque monkeys, but may rarely be transmitted to man
by laboratory accidents or bites or scratches from infected
monkeys. Initial symptoms and signs may include vesicles
at the site of the bite or scratch, fatigue, fever, headache,
and myalgia. Lymphadenitis or lymphadenopathy, abdom-
inal pain, nausea, and vomiting may occur. As the infec-

tion spreads to the CNS there is increasing neurological
involvement that can lead to encephalitis, coma, and death.
Those patients who survive usually have serious neurolog-
ic impairment. 
Initial treatment1,2 should be prompt with thorough clean-
ing of the wound or exposure site. Intravenous high-dose
aciclovir or ganciclovir, followed by oral therapy, is rec-
ommended for symptomatic or culture-confirmed infec-
tion. Ganciclovir is recommended in patients who have
signs or symptoms of peripheral nervous system or CNS
involvement. Routine prophylactic use of antivirals is not
recommended, although postexposure prophylaxis with
oral valaciclovir started within a few hours of exposure
and given for 14 days may be considered for potential ex-
posures.
1. Cohen JI, et al. CDC. Recommendations for prevention of and

therapy for exposure to B virus (Cercopithecine herpesvirus 1).
Clin Infect Dis 2002; 35: 1191–1203. Also available at: http://
www.journals.uchicago.edu/doi/pdf/10.1086/344754 (accessed
28/08/08) 

2. Huff JL, Barry PA. B-virus (Cercopithecine herpesvirus 1) infec-
tion in humans and macaques: potential for zoonotic disease.
Emerg Infect Dis 2003; 9: 246–50.

Cytomegalovirus infections. Cytomegalovirus
(CMV) is a member of the herpesvirus group. Infection
may be by intra-uterine, perinatal, or sexual transmission,
by oral contact with the saliva of infected individuals, by
blood transfusion, or by transplantation of infected tissue.
After infection, viral DNA becomes incorporated into the
host cell DNA where it persists, with occasional reactiva-
tion, for the life of the individual. Primary infections in im-
munocompetent adolescents and adults are generally
asymptomatic, although they may occasionally present as
infectious mononucleosis, lymphocytosis, or lymphaden-
opathy. Most congenitally infected infants are also asymp-
tomatic, but some may present with intra-uterine growth
retardation, jaundice, hepatosplenomegaly, encephalitis,
and thrombocytopenia. Conversely, CMV is a major cause
of morbidity and mortality in immunocompromised per-
sons, particularly transplant recipients and patients with
AIDS where it may present as CMV retinitis, colitis,
oesophagitis, hepatitis, pneumonitis, or neurological dis-
ease in the form of dementia, ventriculoencephalitis, or as-
cending polyradiculomyelopathy. Pneumonitis is more
common in transplant recipients while retinitis is most fre-
quent in AIDS patients. 
Treatment for CMV disease is usually only given to immu-
nocompromised patients, in whom relapses are likely to
occur after treatment is stopped due to the latent nature of
the virus. Ganciclovir and its oral prodrug valganciclovir
are used in the treatment of severe infections in transplant
recipients and patients with AIDS but ganciclovir may
cause neutropenia. Foscarnet is an alternative to ganciclo-
vir with similar efficacy and does not produce myelosup-
pression, although nephrotoxicity and electrolyte distur-
bances are common. Cidofovir may also be used for the
treatment of CMV retinitis, and has the advantage of inter-
mittent use. However, long-term treatment may be limited
by renal toxicity. 
HIV-infected patients. US guidelines1 for the initial
treatment of CMV retinitis in HIV-infected adults and ad-
olescents recommend, for immediate sight-threatening le-
sions, intra-ocular ganciclovir implants along with oral
valganciclovir. For patients with peripheral retinal lesions,
oral valganciclovir alone is recommended. Alternatives
are intravenous ganciclovir, intravenous ganciclovir fol-
lowed by oral valganciclovir, intravenous foscarnet, or in-
travenous cidofovir. For HIV-infected children, intrave-
nous ganciclovir is recommended;2 intravenous foscarnet
is an alternative. 
After induction therapy, maintenance therapy (second-
ary prophylaxis) is recommended in AIDS patients with
CMV retinitis until immune reconstitution as a result of
antiretroviral therapy has been achieved or for life if it is
not. The drugs of choice for retinitis are oral valganciclovir
or intravenous foscarnet, both of which provide protection
for the contralateral eye. Alternatives are intravenous cido-
fovir or intravitreal injections of fomivirsen.1 Maintenance
therapy may be stopped in patients with inactive CMV dis-
ease who have an increase in CD4+ T lymphocyte count
to 100 to 150 cells/microlitre sustained for 6 months or
more, although continued ophthalmic monitoring should
be performed. Maintenance therapy should begin again if
the CD4+ T lymphocyte count falls below 100 cells/mi-
crolitre.1 
Relapse of CMV retinitis in patients with persistent im-
munodeficiency is common and is generally due to poor

penetration of drugs into the eye when given systemically,
rather than drug resistance. Hence, ganciclovir intra-ocular
implants, with re-induction by the same systemic therapy
used previously, are recommended in patients who relapse
after systemic treatment. An alternative drug should only
be considered if drug resistance is suspected or toxicity
precludes use of the initial drug. Combined ganciclovir
and foscarnet may be considered for patients who are not
suitable for other alternatives, but is associated with great-
er toxicity. In patients who relapse later in therapy due to
drug resistance, repeated intravitreal injections of fomi-
virsen can be given, but should be combined with systemic
therapy.1 
In HIV-infected adults and adolescents, CMV colitis or
oesophagitis should be treated initially with intravenous
ganciclovir or foscarnet, or with oral valganciclovir.1
Chronic maintenance therapy is not routinely recommend-
ed but should be considered if relapse occurs.1 For neuro-
logical disease, starting therapy promptly is critical for an
optimal clinical response. Combination treatment with in-
travenous ganciclovir and foscarnet is currently favoured.
Maintenance therapy should be continued for life.1 Treat-
ment of CMV pneumonitis is usually reserved for patients
with histological evidence of CMV disease who do not re-
spond to treatment for other pathogens. The role of main-
tenance in these patients is yet to be established.1 
In HIV-infected adults and adolescents, primary prophy-
laxis with oral ganciclovir can be considered for all pa-
tients who are CMV-seropositive and who have a CD4+ T
lymphocyte count below 50 cells/microlitre.3 The US
guidelines3 consider aciclovir and valaciclovir unsuitable
for prophylaxis in patients with HIV infection, although
preliminary studies have suggested that valaciclovir may
be effective in these patients.4 
Transplant recipients. Primary prophylaxis of CMV
disease in high-risk patients, particularly transplant recipi-
ents, has been reported using intravenous ganciclovir,5-7

valganciclovir,8,9 foscarnet,10 valaciclovir,11-15 and CMV
immunoglobulins.16,17 Oral ganciclovir has also been used
for primary prophylaxis and for pre-emptive therapy
(treatment when active CMV infection is documented but
disease has not yet been evident) in some transplant pa-
tients.18-20 A systematic review21 found that giving CMV
immunoglobulins did not reduce the risk of CMV disease
or all-cause mortality in solid organ transplant recipients
and adding them to aciclovir or ganciclovir was not more
effective than an antiviral given as monotherapy. 
The British Transplantation Society has published recom-
mendations for the prevention and management of CMV
disease after solid organ transplantation.22 These recom-
mend that CMV-seronegative recipients of a solid organ
transplant from a seropositive donor should be offered pri-
mary prophylaxis. The following options are available in
the UK and are recommended by the British Transplanta-
tion Society:22 
• oral valganciclovir for 100 days (in heart, kidney, kid-

ney/pancreas, or liver transplant recipients) 
• valaciclovir for 90 days (heart, kidney, kidney/pancreas,

liver, or lung) 
• intravenous ganciclovir for at least 28 days (heart, kid-

ney, kidney/pancreas, liver, or lung) 
• high-dose oral aciclovir for 12 weeks (kidney) 
• intermittent CMV hyperimmune globulin for 12 weeks

(kidney) 
Frequent monitoring and possible pre-emptive treatment,
usually with intravenous ganciclovir, may also be re-
quired.22 
The above regimens are also used to prevent CMV disease
when the donor and recipient are both CMV-seropositive
and the patient is being treated with antithymocyte globu-
lin, antilymphocyte immunoglobulin, or muromonab-
CD3. If these drugs are not used, no prophylaxis is needed
for CMV-seropositive recipients of kidney, kidney and
pancreas, liver, or heart transplants from seropositive do-
nors; lung transplant recipients should be given chemo-
prophylaxis as for seronegative patients above.22 
The British Transplantation Society also recommended
oral ganciclovir for 90 days as an option for prophylaxis
after heart, kidney, kidney/pancreas, liver, or lung trans-
plant, but acknowledged in their recommendations that,
during their preparation, the UK manufacturer ceased pro-
duction of oral ganciclovir; it was, however, retained as an
option in the recommendations in case of availability in
the future.22 
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Recommendations have also been produced for the man-
agement of CMV infection in recipients of allogeneic stem
cell transplantation by the Infectious Diseases Working
Party of the European Group for Blood and Marrow
Transplantation.23 For treatment of CMV pneumonia, nor-
mal immunoglobulin is given with ganciclovir, but normal
immunoglobulin is not required in other forms of CMV
disease.23 For prevention of CMV disease, pre-emptive
therapy with either intravenous ganciclovir or foscarnet
rather than primary prophylaxis, is the recommended ap-
proach. Intravenous ganciclovir is, however, effective for
primary prophylaxis but should be reserved for patients at
high risk of developing disease. Aciclovir or valaciclovir
may also be used for primary prophylaxis but their use
must be combined with monitoring and pre-emptive ther-
apy with either intravenous ganciclovir or foscarnet. If,
however, ganciclovir has been given for primary prophy-
laxis then foscarnet should be used for first-line pre-emp-
tive therapy. The use of valganciclovir for primary proph-
ylaxis is under investigation, but if it is given then
foscarnet should be used subsequently for first-line pre-
emptive therapy. Cidofovir may be used as second-line
pre-emptive therapy.23 
CMV vaccines are currently in development.
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Epstein-Barr virus infections. Epstein-Barr virus
(EBV) is a DNA virus of the herpesvirus group occurring
worldwide. EBV is the causative agent in infectious
mononucleosis and many people acquire a non-sympto-
matic infection, frequently in childhood. After primary
exposure the individual becomes a lifelong carrier of the
virus. Chronic EBV infection, particularly in immuno-
compromised individuals, is associated with several ma-
lignant diseases including Burkitt’s lymphoma, nasopha-
ryngeal carcinoma, lymphoproliferative diseases,
Hodgkin’s disease, T-cell lymphomas, and some gastric
cancers. EBV is also associated with chronic interstitial
pneumonitis in infants with AIDS and with oral hairy leu-
coplakia and CNS lymphomas in older AIDS patients. 
Infectious mononucleosis (glandular fever) is an acute,
self-limiting, lymphoproliferative infection that is seen
when primary infection occurs in adolescents or young
adults.1 Transmission is by intimate oral contact and the
incubation period ranges from 30 to 50 days. Illness is
characterised by fever, sore throat, and lymphadenopathy.
Other signs and symptoms include malaise, myalgias,
jaundice, rash, and hepatosplenomegaly. Symptoms may
last for about 2 to 3 weeks and most patients recover une-
ventfully with only supportive treatment, although fatigue
may continue for some months. Complications, including
encephalitis, anaemias, or cytopenias, may occur in a few
patients but are rarely fatal. Very rarely the illness may be-
come chronic. Chronic active EBV is defined as severe ill-
ness lasting longer than 6 months, evidence of major organ
involvement, and elevated titres of antibody to EBV. Prog-
nosis in these patients is poor and many die due to progres-
sive pancytopenia and hypogammaglobulinaemia, or lym-
phomatous disease. 
There is no specific treatment for EBV infections1 al-
though various experimental approaches have been inves-
tigated.2 Treatment is generally symptomatic: hydration,
paracetamol or NSAIDs, and throat lozenges or sprays. A
meta-analysis3 of five randomised controlled studies in-
volving 339 patients with mild, moderate, or severe EBV
infection, found that patients who took aciclovir had less
oropharyngeal shedding, but clinical benefit was marginal
and not sustained on stopping treatment. In a small number
of patients with chronic active EBV, ganciclovir4,5 and
interferons6,7 appeared to have a beneficial effect on symp-
toms or EBV replication. Corticosteroids are generally not
indicated in uncomplicated EBV infection8 but may be
useful in patients with airways obstruction.1,9 They may
also be considered in systemic complications such as auto-
immune haemolytic anaemia, aplastic anaemia, and
thrombocytopenia and some also consider that they may
be used for CNS involvement, myocarditis or pericarditis.
However, concern has been expressed that they may im-
pair immunity, resulting in a larger reservoir of latent virus
and thereby potentially increasing the risk of developing
EBV-related tumours in later years. 
Concurrent throat infection with streptococci should not
be treated with amoxicillin or ampicillin since they may
cause a maculopapular rash in patients with infectious
mononucleosis.
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Herpes simplex infections. Herpes simplex virus
(HSV, herpesvirus hominis) is a DNA virus belonging to
the herpesviridae family and occurs worldwide.1 HSV can
be divided into serotypes HSV-1 and HSV-2. Both viruses
establish chronic infection of sensory nerve ganglia from
where reactivation may occur by various triggers such as
stress, bacterial infection, fever, irradiation (including sun-
light), menstruation, and immunosuppression. 
Herpes is characterised by an initial, primary infection,
which may be followed by recurrent episodes in the same
area. Primary HSV infection is acquired through direct
contact with lesions or mucosal secretions of persons with
active HSV lesions or persons shedding virus asympto-
matically. Primary HSV-1 infections usually occur in the
perioral area, and HSV-2 in the genital area, but infection
may be acquired at other sites, including the fingers (whit-
low), and rectum (herpes proctitis) after anal intercourse.
The incubation period for both viruses ranges from 2 to 12
days and most primary HSV infections are asymptomatic. 
• HSV-1 commonly causes symptomatic oropharyngeal

herpes presenting as acute gingivostomatitis or pharyn-
gitis and characterised by lesions of the buccal and gin-
gival mucosa, fever, and cervical adenopathy. 
HSV-1 infections are common among immunocompro-
mised patients, especially organ transplant recipients
and those undergoing chemotherapy. In these patients
infection may be more severe with extensive mucocuta-
neous and disseminated disease. 

• Genital herpes is characterised by a painful ulcerative
rash, and may be accompanied by dysuria, vaginal or
urethral discharge, and tender inguinal lymphadenopa-
thy. Genital herpes is most commonly caused by HSV-2
but may also be caused by HSV-1. Genital herpes tends
to be more extensive when caused by HSV-2 and may
include complications such as aseptic meningitis, dis-
seminated disease, extragenital lesions, and bacterial su-
perinfection. 
Herpes lesions are common among HIV-positive pa-
tients and may be severe, painful, and atypical; HSV re-
currences and asymptomatic shedding are also in-
creased. 

• Ocular herpes is generally caused by HSV-1. It usually
affects only one eye and most often occurs on the cornea
resulting in epithelial or stromal keratitis. Epithelial
keratitis usually heals without scarring whereas stromal
keratitis infection involves the deeper layers and may
lead to scarring, loss of vision, and occasionally blind-
ness. Less commonly, HSV may also cause uveitis, cho-
rioretinitis, or acute necrotising retinitis. 

• HSV has been identified as one of the commonest caus-
es of Bell’s palsy and acute, sporadic viral encephalitis.
Both HSV-1 and HSV-2 may cause encephalitis and if
left untreated it is often fatal or may result in neurologic
sequelae, especially in those over 35 years of age. 

• Neonatal herpes may result from transmission of HSV-
2 (or HSV-1) from mother to child during the perinatal
period. Risk of neonatal herpes is highest when the
mother develops primary genital herpes near the time of
delivery whereas risk is much reduced with recurrent
episodes. Neonatal herpes is a severe disseminated in-
fection and often results in CNS disease. Untreated it is
often fatal and survivors often have persistent ocular
disease. 

Recurrent herpes results from reactivation of latent infec-
tion and is usually milder and the duration is shorter than
the primary infection. Reactivation is frequently associat-
ed with prodromal signs and symptoms, ranging from a
mild tingling sensation to shooting pains. Systemic symp-
toms and lymphadenopathy are rare. Herpes labialis, also
known as fever blisters or cold sores, are the most common
infection resulting from reactivation of HSV-1. Recur-
rence of genital herpes is more likely with HSV-2 than
HSV-1 infections. 
Management. The most widely used antiviral for herpes
simplex infections is aciclovir. Alternatives with improved
bioavailability include famciclovir and valaciclovir. Anti-
viral treatment of primary herpes simplex infections, while
relieving symptoms and reducing the duration of viral
shedding, does not prevent recurrences. Antiviral therapy
is generally more effective for primary infections than for
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recurrences, and should be given as early as possible dur-
ing the course of an active infection, preferably within 3
days of the onset of symptoms. Resistance to aciclovir is
emerging, mainly in immunocompromised patients.2 Her-
pes simplex vaccines have also been tried but with gener-
ally disappointing results. 
• Orofacial herpes simplex infection. Primary mucocu-

taneous HSV infection can be treated with topical, oral,
or intravenous aciclovir. Oral famciclovir and valaciclo-
vir have similar efficacy to oral aciclovir and are recom-
mended alternatives.1 Mucocutaneous HSV in HIV co-
infected patients may be treated with intravenous or oral
aciclovir, oral famciclovir, or oral valaciclovir. Recur-
rent episodes of herpes labialis are usually self-limiting
and rarely require antiviral therapy. In immunocompe-
tent patients careful hygiene, symptomatic treatment
with analgesics, and the use of antiseptics to reduce sec-
ondary infection will usually suffice. The use of sun-
screens may also reduce the frequency of recurrences. If
antivirals are used they should be started early in the
prodromal phase. Topical antivirals, including aciclovir,
penciclovir, and tromantadine, have been used and are
most effective when started during the prodromal
phase.3 Docosanol may be a further alternative for topi-
cal use.4 Oral antivirals (aciclovir, famciclovir, and val-
aciclovir) may shorten the duration of symptomatic le-
sions by about 1 day.3 High-dose oral valaciclovir has
also been reported to be effective for suppression of re-
currences and may provide the convenience of single-
day treatment.5 In immunocompromised patients with
primary symptomatic infection or recurrent episodes of
infection, intravenous or oral aciclovir, oral famciclovir,
or valaciclovir may be used. An oral antiviral (aciclovir,
famciclovir, or valaciclovir) is recommended for pa-
tients with herpes labialis and concurrent HIV infec-
tion.6 

• Genital herpes is usually treated with oral aciclovir,
famciclovir, or valaciclovir.6-9 Intravenous aciclovir is
given for severe disease or neurological complications.
A study10 found that both oral aciclovir and oral valaci-
clovir were effective in suppressing the frequency of re-
currences and amount of HSV shedding. However,
treatment of the primary HSV infection appears to have
no effect on subsequent recurrences. Symptomatic re-
currences in patients with a recognisable prodrome may
be aborted or the severity reduced by a 5-day course of
oral aciclovir, famciclovir, or valaciclovir begun by the
patient.7-9 Alternative regimens include high oral doses
of aciclovir for 2 days,8,11 famciclovir for 1 day, or val-
aciclovir for 3 days.7,8 Symptomatic HSV recurrences
in HIV-positive patients respond more slowly to anti-
HSV treatment and longer treatment courses and higher
doses of antivirals are needed.8,12 
In HIV-negative patients without a prodrome, or those
with frequent recurrences, continuous suppressive ther-
apy with aciclovir, famciclovir, or valaciclovir should
be considered.7-9 Once-daily suppressive therapy with
valaciclovir was found to significantly reduce the risk of
transmission of genital herpes among heterosexual,
HSV-2-discordant couples.13 Suppressive therapy
should be considered for all HIV-infected persons.7,12 

• Ocular herpes simplex infections usually require
treatment with antivirals and/or interferons. Topical an-
tivirals include aciclovir, ganciclovir, trifluridine, and
vidarabine; no one drug appears to be more effective
than another.14 Systemic antivirals include aciclovir,
famciclovir, and valaciclovir. Other systemic antivirals
that have been evaluated are ganciclovir, foscarnet, and
cidofovir.14 HSV epithelial keratitis can be treated with
a topical antiviral, a topical interferon (alfa or beta), or a
combination of both. Benefit appears to be similar after
7 days of treatment with either an interferon or antiviral
monotherapy, but combination therapy with interferon
and an antiviral produces faster healing than a topical
antiviral alone.14 Trifluridine eye drops are the treatment
of choice for herpes simplex epithelial keratitis in HIV-
infected patients.6 
Topical corticosteroid monotherapy is contra-indicated
for epithelial keratitis as disease severity can be in-
creased; however, the treatment for stromal keratitis
does consists of both topical trifluridine and topical cor-
ticosteroids. The Herpes Eye Disease Study15 reported
that the addition of topical prednisolone to trifluridine
reduced the risk of persistent or progressive stromal
kerato-uveitis by 68%, while the further addition of oral
aciclovir provided no additional benefit.16 Stromal kera-

titis or iritis was not prevented by the addition of oral
aciclovir in patients with epithelial keratitis and current-
ly receiving topical trifluridine.17 Oral aciclovir, howev-
er, was effective in reducing the rate of recurrent HSV
ocular disease, particularly in patients with prior stromal
keratitis,18 and may be of benefit to patients in uveitis
when added to topical corticosteroid and antiviral thera-
py.19 

• Severe or disseminated herpes simplex infections,
particularly in immunocompromised patients, require
intravenous therapy. Aciclovir is given for CNS infec-
tions and disseminated HSV infections,1,6,20 with fo-
scarnet or cidofovir as alternatives for infections resist-
ant to aciclovir.6 Neonates with evidence of herpes
infection should be given high-dose intravenous aciclo-
vir.7,9,20 Immunocompromised patients with frequent or
disabling recurrences may benefit from prophylactic
oral aciclovir or famciclovir.6,20,21 

Prevention. Intravenous aciclovir is recommended for all
HSV-seropositive patients undergoing allogeneic haemat-
opoietic stem cell transplants to prevent reactivation of la-
tent HSV. Aciclovir may also be considered for HSV-sero-
positive patients undergoing autologous haematopoietic
stem cell transplantation who are at risk of developing se-
vere mucositis from the conditioning chemotherapy.22

Oral aciclovir, famciclovir, or valaciclovir may be given to
patients who can tolerate oral therapy. There is a risk of
neonatal herpes in the infants of mothers with genital her-
pes infection. Prophylactic use of aciclovir in late pregnan-
cy is not routinely recommended7 but may be considered
in HIV-infected mothers with frequent recurrences.21 Al-
though antivirals reduce viral shedding and recurrence at
labour and birth and the use of caesarean section there is
no evidence they reduce the occurrence of neonatal her-
pes.23
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Varicella-zoster infections. Varicella-zoster virus
(VZV) belongs to the herpesviridae and causes 2 separate
diseases: chickenpox (varicella) and herpes zoster (zoster,
shingles). Infection may be acquired through the respirato-
ry tract via airborne droplets or by close contact with in-
fected individuals. Primary infection with VZV usually
occurs in childhood and results in chickenpox. In immuno-
competent persons chickenpox is self-limiting and results
in lifelong immunity. However, the virus is not eliminated
and remains dormant within sensory nerve ganglia. In later
life or in immunocompromised persons, reactivation of the
virus from the sensory nerve may occur and give rise to
nerve pain and a dermatomal rash (herpes zoster). Immu-
nocompromised patients may develop a second episode of
chickenpox. 
The incubation period for chickenpox is about 14 to 15
days. In children it usually presents with a generalised
rash, fever, and malaise. The rash rapidly progresses from
macules to papules and then to vesicular lesions before
crusting, with successive crops appearing over several
days. Chickenpox acquired in childhood is commonly a
mild disease lasting 3 to 5 days, with secondary bacterial
skin infections the commonest complication. Chickenpox
in adults may be more severe, and have a higher incidence
of complications. Immunocompromised individuals may
develop severe chickenpox with multiple organ involve-
ment, high fever, more extensive vesicular skin eruption,
severe pneumonia, and encephalitis. 
Primary varicella infection in the first 20 weeks of preg-
nancy has been associated rarely with congenital varicella
syndrome, characterised by skin scarring, local muscular
atrophy, chorioretinitis, encephalitis, cortical atrophy, and
microcephaly. Maternal infection until at least 5 days be-
fore delivery may result in a mild neonatal infection, while
maternal infection from 7 days before to 7 days after deliv-
ery may result in a severe infection of the neonate with a
reported fatality of about 30%. 
Herpes zoster is characterised by painful vesicular erup-
tions in a dermatomal distribution. It may be preceded by
a prodromal phase with fever and malaise or pain over the
affected dermatome. Lesions continue to form over a peri-
od of 3 to 5 days, and disappear, often with a degree of
scarring, after 10 to 15 days. Chronic pain that may persist
after the rash has healed is termed postherpetic neuralgia
(p.9) and occurs in about 10% of patients. Involvement of
the trigeminal nerve can lead to sight-threatening ophthal-
mic herpes zoster. Herpes zoster may be more severe and
extensive in immunocompromised patients but is rarely
fatal. 
Treatment. Recommendations for the treatment of chick-
enpox in children,1 adults,2 and during pregnancy3 have
been developed. Treatment in otherwise healthy patients is
usually symptomatic using antipyretics, analgesics, and
antipruritics and is aimed at reducing complications. Anti-
bacterials may be required for secondary skin infections.
Antivirals are not recommended for the treatment of
uncomplicated chickenpox in otherwise healthy children.1
However, oral aciclovir may shorten the duration of fever
and the number of lesions when given within 24 hours of
onset of symptoms.4 Antivirals do not reduce the inci-
dence of chickenpox-associated complications in other-
wise healthy children but may be useful in adults or immu-
nocompromised patients. Intravenous therapy may be
used in severe chickenpox. 
The place of antivirals in the treatment of herpes zoster is
well established and guidelines on management have been
produced.5-7 Antiviral treatment can reduce the severity
and duration of acute pain, minimise complications and
propagation of the rash, and reduce viral shedding.5 Sys-
temic antivirals are recommended for all immunocompe-
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tent patients who are over 50 years of age, have moderate
to severe pain or rash, or have nontruncal involvement.
Treatment should be started within 72 hours of the onset of
the rash and is usually continued for 7 to 10 days. Antiviral
therapy may also be considered in those presenting 72
hours after the onset of the rash when there are skin, motor,
neurological, or ocular complications, when new vesicles
are still forming, in the elderly, or in those with severe
pain.7 Topical antivirals are not recommended. 
Aciclovir may be given orally or intravenously, depending
upon the severity of the infection. Oral famciclovir, valac-
iclovir, or brivudine are alternatives.7 Bioavailabilities of
these drugs are better than aciclovir and they also appear to
be superior in terms of healing lesions and equally or more
effective in relieving pain.7-9 
There has been controversy over the use of oral aciclovir
to prevent postherpetic neuralgia and ocular complica-
tions. A meta-analysis suggested that treatment of herpes
zoster with oral aciclovir within 72 hours of the onset of
rash could reduce the incidence of residual pain at 6
months by 46% in immunocompetent adults.10 A more re-
cent analysis11 considered that there was only marginal ev-
idence that aciclovir decreased the incidence of posther-
petic neuralgia and that there was no reduction in
incidence with either famciclovir or valaciclovir. It is,
however, generally agreed that antivirals do reduce the du-
ration of postherpetic neuralgia11 and some experts rec-
ommend antivirals in patients at low risk for developing
postherpetic neuralgia and other complications.7 The addi-
tion of corticosteroids to antiviral therapy does not reduce
the incidence or duration of postherpetic neuralgia, but
may improve the rate of resolution of the neuritis or im-
prove pain control.12,13 
Severely immunocompromised patients or others at high
risk of severe or disseminated herpes zoster should receive
intravenous aciclovir. Oral aciclovir, famciclovir, or valac-
iclovir may be considered in less severely immunocom-
promised patients.7 Sorivudine and brivudine are also ef-
fective against zoster infections.14 Brivudine is as
effective, if not more, than aciclovir in immunocompro-
mised patients15 but is not recommended in such patients
because of a potentially fatal interaction with fluorouracil
(and related drugs).7 Sorivudine has been withdrawn from
the market after deaths in patients also taking fluorouracil.
Foscarnet may be of value in aciclovir-resistant varicella-
zoster infections16-18 although treatment failures have been
reported.19 
Ophthalmic herpes zoster is treated with an oral antivi-
ral, given within 72 hours of the onset of the rash; addition-
al treatment with topical aciclovir to the eye may also be
considered. Oral aciclovir, famciclovir, and valaciclovir
are all effective in reducing the pain associated with oph-
thalmic zoster.20,21 
Prevention. Varicella-zoster immunoglobulins are used
for the prevention of chickenpox in patients at high risk of
developing complications, such as the immunocompro-
mised, neonates whose mothers developed chickenpox 7
days before to 7 days after delivery, and in susceptible
pregnant women after significant exposure. There have
been reports of severe chickenpox occurring in patients
undergoing corticosteroid therapy. In the UK, use of vari-
cella-zoster immunoglobulins is recommended in persons
exposed to the virus who have received high doses of cor-
ticosteroids within the previous 3 months22 (see also Vari-
cella, under Precautions for Corticosteroids, p.1494). 
Varicella-zoster vaccines are available in some countries
and in the UK vaccination is recommended for active im-
munisation against chickenpox in persons considered to be
at high risk of either infection or complications, including
healthy contacts of immunocompromised patients. In the
USA, a 2-dose vaccination regimen is recommended as
part of the primary immunisation schedule of infants and
children. Routine vaccination is also recommended for
persons over the age of 13 years without evidence of
immunity23 and a high-potency vaccine against herpes
zoster is recommended for persons 60 years of age and
older.24 For further discussion of varicella-zoster vaccines,
see p.2242. 
Transmission of chickenpox to household contacts is not
prevented by giving aciclovir to the primary case but there
is evidence to suggest that transmission can be suppressed
by giving aciclovir to susceptible contacts during the incu-
bation period.25,26 Although the need for such prophylaxis
has been questioned, especially in otherwise healthy chil-
dren,27 prophylaxis or early treatment with antivirals may

be useful for household contacts in whom the infection
might prove to be more severe.1,28,29
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HIV infection and AIDS
The causative agent of AIDS (acquired immunodeficiency
syndrome) is the human immunodeficiency virus (HIV;
previously known as HTLV-III or LAV), a retrovirus trans-
mitted by sexual contact, blood and blood products, the
use of contaminated needles, or vertically from mother to
fetus. Two subtypes of HIV have been identified. The most
common is HIV-1, which occurs worldwide. HIV-2 is
found mainly in West Africa and is associated with a slow-
er progression to AIDS than HIV-1. 
HIV uses the CD4 receptor and the CCR5 or CXCR4 co-
receptors to enter T lymphocytes and monocytes/macro-
phages, where viral RNA is reverse transcribed into DNA
and inserted into the host genome. Viral replication results
in immune activation and progressive depletion of CD4+
T lymphocytes. Primary HIV infection is characterised by

the development of non-neutralising HIV antibodies (sero-
conversion), and in some patients may manifest as a tran-
sient rash, sore throat, and lymphadenopathy (seroconver-
sion illness). Primary HIV infection is usually followed by
a largely asymptomatic chronic infection, during which
persistent generalised lymphadenopathy may be noted.
Chronic HIV infection is characterised by gradual deple-
tion of CD4+ T lymphocytes resulting in progressive im-
munodeficiency. This may become clinically apparent
when symptoms such as fatigue, weight loss, recurrent fe-
ver, diarrhoea, or thrush occur. Alternatively, patients may
develop severe opportunistic infections such as pneumo-
cystis pneumonia, toxoplasma encephalitis, oesophageal
candidiasis, cryptococcal meningitis, CMV retinitis, My-
cobacterium avium complex, recurrent bacterial pneumo-
nia, pulmonary or extrapulmonary tuberculosis, or neo-
plasms such as Kaposi’s sarcoma, cervical carcinoma, and
lymphomas; these are collectively referred to as AIDS-de-
fining illnesses. AIDS-defining illnesses generally do not
occur until severe immunodeficiency is present (CD4+ T
lymphocyte count of less than 200 cells/microlitre or less
than 14% of the total lymphocyte count). Most AIDS-de-
fining events can therefore be prevented if effective HIV
treatment is started before the CD4+ count has fallen to
this level. Since the availability of highly active antiretro-
viral therapy (HAART), the incidence of AIDS-defining
illnesses has markedly declined. However, antiretroviral
therapy may result in toxicity or paradoxical worsening of
underlying opportunistic infections. 
During the course of chronic HIV infection, measurement
of the CD4+ count and HIV RNA (viral load) will aid
prognosis. The absolute CD4+ count or CD4% reflects the
susceptibility to opportunistic infections while a high HIV
viral load is associated with a more rapid decline in CD4+
count and more rapid clinical disease progression. The
HIV viral load is also used to monitor success of antiretro-
viral therapy, where the goal is complete suppression of
viral replication (resulting in undetectable HIV viral
loads). CD4+ counts and viral loads are both taken into
consideration in the decision to start antiretroviral therapy. 
TREATMENT. 
The following discussion relates to the use of antiretrovi-
rals in HIV infection and AIDS. The treatment of second-
ary and opportunistic infections and other complications is
covered under the relevant sections, below. 
Treatment strategies for HIV infection are changing rapid-
ly and guidelines for the treatment of HIV infection have
been published and frequently updated for the USA,1-3 for
the UK,4 and by WHO5-7 for resource-limited settings. 
Data from clinical studies in support of treatment of acute
HIV infection are limited. Treatment of the primary HIV
infection may be beneficial in relieving symptoms due to
HIV during the seroconversion illness; it may restrict dam-
age to the immune system, reduce the viral load set point
once treatment is stopped and reduce the rate of viral mu-
tation and risk of HIV transmission to sexual partners.8
The UK guidelines do not recommend early treatment of
acute HIV infection, but suggest that patients be offered
enrolment in clinical studies to evaluate the issue.4 US
guidelines2 state that treatment of acute infection is option-
al. 
In chronic infection, the goal of antiretroviral therapy is to
prevent or reverse immunodeficiency, prevent opportunis-
tic infections, and prolong survival. The decision of when
to start antiretroviral therapy should be individualised to
take into account patient-specific relative risks and bene-
fits of treatment. Guidelines1,2,4-6 recommend that antiret-
roviral treatment should be given to patients whose CD4+
counts have fallen below 200 to 350 cells/microlitre or
who have symptomatic disease, irrespective of their viral
load or CD4+ count. Treatment is generally not indicated
for asymptomatic patients with a CD4+ count greater than
350 cells/microlitre but may be considered for patients
with a viral load greater than 100 000 copies/mL. 
Combination therapy with antiretroviral drugs aims to
improve potency, minimise toxicity, and delay drug resist-
ance. The drugs used in combination therapy are: 
• nucleoside reverse transcriptase inhibitors (abacavir, di-

danosine, emtricitabine, lamivudine, stavudine, zalcit-
abine, and zidovudine) or the nucleotide reverse tran-
scriptase inhibitor tenofovir 

• HIV-protease inhibitors (amprenavir, atazanavir, daru-
navir, fosamprenavir, indinavir, lopinavir, nelfinavir,
ritonavir, saquinavir, and tipranavir) 
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• non-nucleoside reverse transcriptase inhibitors (delavir-
dine, efavirenz, nevirapine, and etravirine) 

• the entry inhibitors, including the HIV-fusion inhibitor
enfuvirtide, the CCR5-antagonist maraviroc, and the
HIV-integrase inhibitors raltegravir and elvitegravir 

Although ritonavir inhibits HIV-protease when given in
high doses, it is almost exclusively used in low doses for
its CYP450 inhibitory properties, to boost the plasma con-
centrations of co-administered HIV-protease inhibitors.
Combination of three antiretrovirals, typically two nucleo-
side/nucleotide reverse transcriptase inhibitors
(NsRTI/NtRTI) plus either a (boosted) HIV-protease in-
hibitor (PI) or a non-nucleoside reverse transcriptase in-
hibitor (NNRTI), is referred to as highly active antiretro-
viral therapy (HAART). Such regimens have produced
sustained reductions in viral load often to levels below the
limit of detection, and have been associated with improve-
ments in CD4+ count, immune function, and clinical well-
being. This is reflected by the decline in morbidity and
mortality among patients with HIV infection since the
availability of HAART. Triple therapy regimens, consist-
ing of at least 2 classes of antiretrovirals, are superior to
monotherapy, dual therapy, or triple NRTI therapy. Quad-
ruple therapy regimens may be of benefit in some patients
but are likely to increase toxicity. Complete suppression of
viral replication minimises the emergence of drug-resist-
ant HIV.9-11 
When considering combination antiretroviral therapy sev-
eral factors need to be taken into consideration. Drug com-
binations should provide additive or synergistic antiviral
activity without increased toxicity or pharmacokinetic in-
teractions that may affect the efficacy of co-administered
drugs. Drugs with maximal potency should be combined
so as to minimise the risk of drug resistance developing.
The patient’s ability to adhere to a regimen and the likeli-
hood of pregnancy should also be taken into consideration. 
In the developed world the availability of co-formulations
of zidovudine with lamivudine, abacavir with lamivudine,
and tenofovir with emtricitabine, and concerns over the
toxicity of stavudine and zalcitabine have resulted in most
treatment-naive patients starting with one of these combi-
nations. There has been a shift from zidovudine/lamivu-
dine to abacavir/lamivudine or to tenofovir/emtricitabine
because of concern over the adverse effects and long-term
toxicity (lipoatrophy) associated with zidovudine. Similar-
ly, among the NNRTIs, delavirdine is now rarely used and
a shift from nevirapine to efavirenz has occurred because
of the potential of nevirapine to cause severe skin and liver
toxicity. HIV-protease inhibitors are almost exclusively
used with ritonavir boosting. Giving amprenavir, atazana-
vir, darunavir, fosamprenavir, indinavir, lopinavir,
saquinavir, or tipranavir, with ritonavir, improves the phar-
macokinetic properties and clinical efficacy of these HIV-
protease inhibitors. 
Although HAART regimens are generally most effective
in antiretroviral-naive patients, good responses can also be
achieved in treatment-experienced patients.12 In patients
who have an inadequate response to therapy, adherence
needs to be carefully assessed and reasons for potential
non-adherence addressed. If a patient has drug toxicity,
intolerance to therapy, or for any other reason is unable to
adhere to therapy, a change of drugs should be considered.
Change of treatment should also be considered if the pa-
tient has a suboptimal virologic response to their current
antiretroviral therapy and may be considered in those with
limited gains or decreases in their CD4+ count or clinical
deterioration while on fully suppressive regimens. 
Choice of second-line regimen is essentially empirical,
since there is a lack of evidence from controlled studies.13

When a new regimen is started, 2 to 3 drugs should be in-
cluded to which the patient has not been exposed or to
which the virus is not resistant. A failing regimen of two
NRTIs and an NNRTI may be replaced by a boosted HIV-
protease inhibitor with one or two different NRTIs. When
patients fail on an NRTI and a boosted HIV-protease inhib-
itor, consideration needs to be given to an increase in the
dose of the HIV-protease inhibitor, substitution with a
HIV-protease inhibitor with limited cross-resistance,
and/or the addition of a drug with a different mechanism of
action, such as the HIV-fusion inhibitor enfuvirtide.1,2,4

Boosted tipranavir14,15 or darunavir,16 when used as part of
a multi-drug regimen, result in better viral suppression and
CD4+ count increases in patients with multidrug resistant
HIV-1 infection than standard ritonavir-boosted HIV-pro-
tease inhibitors, particularly when given with at least one

(preferably two) active agents such as enfuvirtide or etra-
virine.17,18 Addition of a single antiretroviral drug to a fail-
ing combination regimen is generally not recommended
because further resistance may result.1,2,4 
While HAART maintains plasma viral load at undetecta-
ble levels in most patients, viral replication rapidly returns
to pretreatment levels once treatment is stopped. Treat-
ment interruption may be associated with a precipitous de-
cline of CD4+ count, clinical disease progression, and the
development of drug resistance. Structured treatment in-
terruptions (or planned breaks) are generally not recom-
mended in patients with HIV infection, even if drug-resist-
ance results in chronic non-suppression of HIV
RNA.1,2,4,19 The continued effectiveness of any HAART
regimen is dependent on strict adherence to treatment. The
improved formulation and co-formulation of several
antiretrovirals has reduced the pill burden and newer drugs
tend to have fewer adverse effects. However, the cost of
treatment is high and access to effective treatment in de-
veloping countries with high burdens of disease, although
improving, remains limited.5 
Newer antiretroviral drugs to further reduce pill burden
and limit toxicity are in development. In addition, drugs
with enhanced activity against resistant isolates, such as
HIV-entry inhibitors (that inhibit the three steps of HIV en-
try: CD4 attachment, chemokine receptor binding, and
membrane fusion) and HIV-integrase inhibitors are under
investigation.20,21 Interleukin-2 may improve the CD4+
count in patients with advanced HIV infection, or preserve
CD4+ counts in patients with early HIV infection (see
p.736). However, it is unclear whether this prevents oppor-
tunistic infections and the role of interleukin-2 remains to
be defined. A number of vaccines aimed at preventing
HIV infection or reducing the HIV viral load are currently
under investigation (see AIDS Vaccines, p.2203).
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HIV-associated infections and complications. In-
fections. Patients with HIV infection and AIDS are at in-
creased risk of specific bacterial, fungal, protozoal, and vi-
ral infections largely as a result of impaired cell-mediated
immunity. With the introduction of antimicrobial prophy-
laxis and HAART there has been a significant decrease in
the incidence of most AIDS-defining opportunistic infec-
tions, especially in the developed world. However, HIV-
related opportunistic infections and deaths still occur in pa-
tients newly diagnosed with HIV infection, in those in the
early course of HAART, in those non-adherent to their
HIV treatment, or in those with drug-resistant HIV infec-
tion; deaths also result from non-opportunistic infections
and chronic viral hepatitis.1 
• Infections affecting the lungs include recurrent bacterial

pneumonia (p.186), pneumocystis pneumonia (p.521),
and pulmonary tuberculosis (p.196). 

• Many pathogens cause gastrointestinal-tract disease in
HIV-infected patients, including candida oesophagitis
(p.518), CMV colitis (p.853), and amoebiasis (p.822),
cryptosporidiosis (p.823), giardiasis (p.824), isosporia-
sis (p.824), or microsporidiosis (p.826). 

• AIDS-defining neurological infections include AIDS
dementia complex (HIV encephalopathy), cryptococcal
meningitis (p.519), cerebral toxoplasmosis (p.826), and
progressive multifocal leukoencephalopathy (see Infec-
tions in Immunocompromised Patients, p.859). 

• Systemic opportunistic infections in AIDS patients in-
clude tuberculosis, coccidioidomycosis (p.518), histo-
plasmosis (p.519), and Mycobacterium avium complex
infections (see Nontuberculous Mycobacterial Infec-
tions, p.181). CMV retinitis (p.853) may be a cause of
blindness, while chronic herpesvirus infections (p.853)
may affect the skin and gastrointestinal tract. 

Recommendations have been published for both
treatment2,3 and prophylaxis4 of opportunistic infections in
AIDS patients. Recovery of immune function in patients
responding to HAART may be sufficient to protect against
certain opportunistic infections and to allow primary or
secondary prophylaxis to be stopped.1,5 
Other complications. Non-infectious complications of
HIV infection include renal disease, metabolic and skeletal
disorders, toxicities of HAART, and malignancies (be-
low). 
Black patients with HIV infection may develop chronic or
end-stage renal disease due to HIV-associated nephropa-
thy (HIVAN) or thrombotic microangiopathy. Acute renal
failure is common in hospitalised patients with (opportun-
istic) infections, malignancies, or hepatitis C co-infection,
while proteinuria is common in all HIV patients and may
reflect an increased risk of cardiovascular events. Antiret-
rovirals, in particular tenofovir and indinavir, may cause
renal dysfunction.6-9 Guidelines for the management of
chronic kidney disease in HIV-infected patients have been
developed by the HIV Medicine Association of the Infec-
tious Diseases Society of America.6 
Metabolic complications associated with HIV infection
and HAART include dyslipidaemia, abnormal glucose
metabolism (insulin resistance, impaired glucose toler-
ance, and diabetes mellitus), and bone disorders (osteope-
nia, osteoporosis, and osteonecrosis); hepatic steatosis
may occur with or without lipodystrophy in the form of
lipohypertrophy (fat accumulation) or lipoatrophy (fat
loss). HAART may occasionally cause lactic acidosis.10,11 
Pancytopenia is commonly seen in patients with advanced
HIV infection, and neurological syndromes such as aseptic
meningitis, headache, neuropathy, myopathy, and Guil-
lain-Barré syndrome, may occur at any stage of the infec-
tion.
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HIV-associated malignancies. There is an increased
incidence of certain malignancies in patients with HIV in-
fection. Malignancies commonly associated with HIV in-
fection are Kaposi’s sarcoma (p.675), Hodgkin’s disease,
non-Hodgkin’s lymphoma and primary CNS lymphoma
(see AIDS-related Lymphomas, p.657), invasive cervical
cancer (p.663), and anal cancer (see Malignant Neoplasms
of the Anus, p.666). Some tumours may regress in re-
sponse to effective antiretroviral therapy. Guidelines for
the management of HIV-associated malignancies have
been issued by the British HIV association.1
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HIV-associated wasting. Severe malnutrition in HIV-
infected patients is recognised as wasting syndrome1-4 and
has been defined as an involuntary loss of body-weight of
10% or more (of both lean and fat tissue) and may be asso-
ciated with fatigue, fever, and diarrhoea (not explained by
another cause). However, there is some debate as to wheth-
er it should be defined as the loss of 5 or 10% of usual
weight and whether changes in body composition, rather
than weight alone, better define the syndrome. Wasting is
associated with morbidity and mortality in advanced HIV
infection and AIDS. Wasting syndrome has been associat-
ed with inadequate oral intake, malabsorption syndrome,
metabolic disorders, hypogonadism, and increased cy-
tokine production. Weight loss and malnutrition tend to be
less severe in patients taking HAART. However, loss of
body cell mass may occur in patients given HAART and
needs to be differentiated from fat redistribution (lipodys-
trophy). 
Since HIV replication is central to the pathogenesis of
wasting syndrome, antiretroviral therapy is indicated. Nu-
tritional intervention, exercise, and drug treatment may be
indicated in patients who have an incomplete response to
antiretroviral therapy. Drugs that have been tried include
growth hormone, the appetite stimulants dronabinol and
megestrol, the growth hormone mediator mecasermin,
steroid hormones (testosterone and testosterone ana-
logues), synthetic anabolic steroids (nandrolone, oxan-
drolone, and oxymetholone), and drugs that decrease cy-
tokine production such as pentoxifylline and thalidomide.
A suggested initial approach to the management of
wasting3 is to increase dietary intake of protein or total cal-
ories. Nutritional supplementation and exercise should al-
ways be considered and encouraged before drug treatment
is started. Testosterone replacement may be given to HIV-
infected men with significant weight loss and low testo-
sterone levels, and megestrol may be given to patients who
are unable to voluntarily increase or maintain total energy
intake. Other drug treatments such as growth hormone and
anabolic steroids may be considered where rapid weight
loss is associated with acute infection and in severe cases
of continued weight loss refractory to non-drug therapies.
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HIV infection prophylaxis
Non-occupational exposure to HIV. Behavioural chang-
es are the most effective methods of reducing the spread of
HIV infection in the general population. These include the
promotion of safe sex practices and needle exchange
schemes for intravenous drug users. Guidelines have been
published in the USA1 for postexposure prophylaxis (PEP)
after sexual activity, intravenous drug use, or other non-
occupational exposure to HIV amongst the general popu-
lation: 
• a 28-day course of HAART is recommended for per-

sons who have had non-occupational exposure to poten-
tially infected body fluids of a person known or suspect-
ed to have HIV infection when there is a substantial risk
of transmission and when the person presents within 72
hours of exposure 

• for persons seeking care within 72 hours of non-occupa-
tional exposure from a person of unknown HIV status,
or when such exposure would represent a substantial
risk for transmission if the source were HIV-infected, it
is recommended that risks and benefits of PEP be eval-
uated on an individual case basis 

• PEP is generally not recommended for persons seeking
care where there is no substantial risk for HIV transmis-
sion or for those presenting more than 72 hours after ex-
posure (although it may be considered for persons seek-
ing care after more than 72 hours if the exposure
represents a substantial risk for transmission) 

Guidelines for non-occupational PEP have also been pro-
duced in the UK2 for exposure outside the healthcare set-
ting and are similar to those for occupational exposures
(see below); when given, PEP should be started as soon as
possible after exposure. 
Occupational exposure to HIV. The risk of seroconver-
sion is estimated at about 0.3 to 0.4% after percutaneous
contamination with HIV-infected blood and considerably
less for accidents involving contamination of intact skin or
mucous membranes. In view of potential toxicity of
antiretrovirals, the decision whether to give PEP should
balance the risk of infection against the potential drug tox-
icity and PEP should generally only be offered to interme-
diate to high-risk cases. Factors associated with increased
risk of occupationally-acquired HIV infection include: 
• deep injury 
• visible blood on the device which caused the injury 
• injury with a needle which had been placed in a source

patient’s artery or vein 
• primary HIV infection or terminal HIV-related illness in

the source patient 
If PEP is given it should be started as soon as possible after
the exposure. Zidovudine monotherapy has been exten-
sively used for PEP and reduces seroconversion after per-
cutaneous exposure by 79%. PEP with combination
antiretroviral drugs is now preferred as it results in more
complete suppression of viral replication and is more like-
ly to afford some protection against drug-resistant HIV
strains. 
Guidelines for the UK2 recommend a 4-week course of
antiretroviral therapy after occupational percutaneous,
mucous membrane, or broken skin site exposure to high-
risk body fluids or tissues known to be, or suspected of
being, infected with HIV. They advise that PEP emergency
starter packs should contain two nucleoside reverse tran-
scriptase inhibitors (NsRTIs) (zidovudine and lamivudine)
and a boosted HIV-protease inhibitor (lopinavir-ritonavir).
Nelfinavir was the recommended HIV-protease inhibitor
of choice but it was recalled from the European market in
June 2007. Alternative HIV-protease inhibitors include
saquinavir and amprenavir. 
Guidelines in the USA3 recommend selection of PEP reg-
imens based on the level of risk of transmission presented
by the exposure and other considerations such as possible
antiretroviral drug resistance in the source. Most occupa-
tional HIV exposures can be managed with a two-drug
regimen, using two NsRTIs or one NsRTI and one nucle-
otide reverse transcriptase inhibitor (NtRTI). Although

there are no definitive data to show increased efficacy of 3-
drug PEP regimens over 2-drug regimens, the addition of
further drugs may be considered for exposures that pose an
increased risk of transmission or if antiretroviral drug re-
sistance is likely. HIV-protease inhibitors are recommend-
ed as the preferred drug for inclusion into 3- or 4- drug
regimens but the NNRTI, efavirenz, may be considered
when resistance to HIV-protease inhibitors in the source
person is known or suspected. Due to the higher risk for
potentially serious or life-threatening adverse effects
abacavir, delavirdine, nevirapine, zalcitabine, and the
combination of didanosine and stavudine, are not recom-
mended for PEP. 
Measures aimed at reducing vertical transmission of HIV
from mothers to their infants include antiretroviral therapy
to the mother and baby, elective caesarean section, and
avoidance of breast feeding when replacement feeding is
acceptable, affordable, and safe.4-8 
The risk of vertical transmission is directly proportional to
the maternal plasma HIV viral load at the time of delivery,
and very few HIV-infected children are born to mothers
whose HIV viral load is undetectable (below
400 copies/mL). The benefit of elective caesarean section
is therefore most profound in women with detectable or
high HIV viral loads. In contrast, zidovudine monotherapy
given during pregnancy and labour, and to the infant post-
partum, reduces the rate of vertical transmission by about
70%, irrespective of maternal viral load or CD4+ count.9,10

However, zidovudine monotherapy is suboptimal for
mothers with high viral loads, in whom combination
antiretroviral therapy should be used to prevent vertical
transmission. 
Guidelines for the management of HIV infection in preg-
nant women and for the prevention of transmission of HIV
from mother to child have been developed for the USA6

and the UK.8 The US guidelines6 recommend that zidovu-
dine-based therapy is of proven benefit in preventing peri-
natal HIV transmission, but combination drug regimens
should be considered the standard of care for both treat-
ment of HIV infection in pregnant women and prevention
of perinatal HIV transmission. Treatment to prevent the
latter should be offered to all women, regardless of CD4
count: 
• women who are taking HAART and become pregnant

should continue with their regimen, although regimens
with potentially teratogenic drugs such as efavirenz
should be substituted in the first trimester, as should
combinations with known adverse potential for the
mother, such as stavudine/didanosine. Nelfinavir should
be avoided because of concerns about potentially tera-
togenic contaminants from manufacturing. Treatment
should be continued both during labour (with zidovu-
dine given intravenously and other drugs orally), and
postpartum 

• women who have not had antiretroviral treatment and
have indications for therapy should also begin HAART,
subject to the same precautions as above; those who do
not require HAART for their own health should be of-
fered it for prevention of perinatal transmission, but
treatment may be delayed until after the first trimester,
and should be stopped postpartum unless indications for
continuing it develop. If the regimen includes a long
half-life NNRTI, consideration should be given to con-
tinuing NRTIs for 7 days after stopping the former 

• women who have previously had antiretrovirals should
be offered an HAART regimen based on resistance test-
ing; use of zidovudine as a component of the regimen is
recommended when feasible. Need for continuing ther-
apy should be evaluated postpartum 

• in all cases above, the infant should be treated with zido-
vudine intravenously or orally for 6 weeks, starting 6 to
12 hours after birth 

• in women who have had no antiretroviral therapy before
labour, treatment should be offered with: 
• mother: continuous infusion of zidovudine during la-

bour; infant: zidovudine for 6 weeks started within 6
to 12 hours of birth 
or 

• mother: continuous infusion of zidovudine during la-
bour, plus a single dose of nevirapine at onset; consid-
eration should be given to adding lamivudine during
labour and zidovudine and lamivudine for 7 days
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postpartum, to reduce development of nevirapine re-
sistance; infant: single oral dose of nevirapine at 2 to
3 days after birth, plus zidovudine for 6 weeks 

• if the mother has no antiretroviral therapy either before
or during labour, the infant should still be given zidovu-
dine for 6 weeks, started as soon as possible after birth.
The use of other drugs for prophylaxis in infants re-
quires specialist consulation 

While similar to those of the USA, the UK guidelines8 rec-
ommend that zidovudine monotherapy combined with
elective caesarean section may still be an option for preg-
nant women in whom HAART is contra-indicated and
whose HIV viral load is less than 10 000 copies/mL, or for
women not wishing to take HAART during pregnancy. In-
fants born to HIV-infected mothers should be given zido-
vudine for 4 weeks after birth. Alternative antiretroviral
therapy may be given to infants whose mothers did not
take zidovudine in their treatment regimen and triple ther-
apy may be considered for infants whose mothers had no
antiretroviral therapy or whose mothers are infected with
drug-resistant HIV. 
WHO has published guidelines on the use of antiretrovi-
rals in pregnancy and for preventing HIV transmission to
infants in resource-limited settings.4,7 In countries where
HAART is available, women with a CD4+ T lymphocyte
count below 250 cells/microlitre and those with a CD4+ T
lymphocyte count between 250 and 350 cells/microlitre
who have other indications for antiretroviral treatment
should start HAART during their pregnancy. The preferred
regimen is zidovudine plus lamivudine and nevirapine.
Women already taking antiretrovirals should continue
their therapy; but consideration should be given to switch-
ing those who are in the first trimester of pregnancy and
taking efavirenz to a nevirapine-containing regimen. In-
fants born to mothers taking HAART should be given zi-
dovudine for 7 days from birth. Women in whom maternal
HAART is not indicated, or those living in countries where
HAART is not available, should be given short-course zi-
dovudine starting at 28 weeks of pregnancy or as soon as
feasible thereafter and continued into labour. A single dose
of nevirapine should be given at the onset of labour to the
mother followed by 7 days treatment with zidovudine and
lamivudine to reduce the emergence of nevirapine resist-
ance. Infants born to these mothers should be given zido-
vudine for 7 days from birth and a single dose of nevirap-
ine within 72 hours of birth. Women presenting late in
pregnancy and who have not received HAART or com-
pleted at least 4 weeks of zidovudine may be given one of
the following regimens: 
• a single dose of oral nevirapine plus oral zidovudine and

lamivudine during delivery followed by 7 days postpar-
tum treatment with oral zidovudine and lamivudine; the
newborn should be given a single oral dose of nevirap-
ine plus oral zidovudine for 4 weeks 

• oral zidovudine and lamivudine during delivery, fol-
lowed by 7 days postpartum treatment with oral zidovu-
dine and lamivudine; the newborn should also get 7
days treatment with oral zidovudine and lamivudine 

• a single dose of oral nevirapine at the onset of labour;
the newborn should also have a single oral dose of nev-
irapine. 

Infants born within 2 hours of the mother taking a single
oral dose of nevirapine or to mothers who have taken less
than 4 weeks of antiretroviral prophylaxis (or none at all),
should be given a single dose of oral nevirapine immedi-
ately after birth plus 4 weeks of oral zidovudine. 
Other measures necessary to minimise the transmission of
infection include the rigorous selection of blood donors,
microbiological screening of blood, and, where possible,
heat treatment of blood products. Maternal vitamin A de-
ficiency has been identified as a risk factor for vertical
transmission in Africa (see p.1974). Nutritional interven-
tion and vaginal cleansing during labour could reduce ver-
tical transmission in regions where zidovudine therapy is
not readily available.
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Infections in immunocompromised patients
Most viral infections present in a more severe form in im-
munocompromised patients than in immunocompetent
patients. Among the viral infections that may be a particu-
lar problem in immunocompromised patients are hepatitis,
herpesvirus infections (including CMV and Epstein-Barr
virus infections), measles, and RSV infections. For further
information and treatment of these infections, see under
the individual diseases. For secondary infections occurring
in HIV-infected patients, see p.857. 
Persistent infection with human parvovirus B19 can
cause red cell aplasia with resultant anaemia, particularly
in immunocompromised patients; treatment with immu-
noglobulin has been reported to be successful. 
Infection with a polyomavirus (JC virus)1,2 can cause pro-
gressive multifocal leukoencephalopathy. Although no
treatment has been consistently successful,1 prolonged
survival has been reported in patients receiving interferon
alfa3 and in those receiving HAART.4-6 Cidofovir may be
of benefit in patients unresponsive to HAART.7,8
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Influenza
Influenza is an acute respiratory-tract infection caused by
RNA viruses of the family Orthomyxoviridae. Three types
of influenza virus, A, B, and C, have been classified. Type
A causes most infections in man; type B causes a similar
though possibly milder infection than type A; type C gen-
erally only causes mild infection. Epidemic influenza is
usually caused by the type A influenza virus. Outbreaks of
influenza due to the type A virus occur in most years while
those due to the type B virus tend to occur at intervals of
several years. Influenza viruses are antigenically labile
with the principal surface antigens, haemagglutinin and
neuraminidase, undergoing frequent changes. Major
changes (antigenic shifts) in these surface antigens occur
periodically and are responsible for the emergence of the
subtypes of virus which may cause pandemic influenza;

minor changes (antigenic drift) occur more frequently and
are responsible for the annual epidemic outbreaks of influ-
enza. 
Influenza is transmitted from person to person in respira-
tory droplets with an incubation period of 1 to 2 days. In-
fection with influenza A or B virus usually lasts for about
1 to 2 weeks and is characterised by sudden onset of fever,
chills, headache, malaise, myalgia, dry cough, nasal ob-
struction, and a dry or sore throat. Infections are usually
acute but self-limiting and persons with pre-existing im-
munity, or those who have received influenza vaccine,
have less severe symptoms. Complications that may occur
in the course of infection include primary viral pneumonia,
secondary bacterial pneumonia, croup, exacerbation of
asthma or chronic bronchitis, myositis, Reye’s syndrome,
and the toxic shock syndrome. Patients at high risk of com-
plications include the elderly, those with heart disease or
chronic chest disease, and immunocompromised individu-
als. 
Since 1997, infection of humans with avian influenza virus
H5N1 (so-called ‘bird flu’) has been reported, initially in
Hong Kong. Avian influenza may cause severe illness and
is associated with high mortality. Since then cases have
also been reported in other Asian countries and in the near
East. Although the current H5N1 influenza strains appear
not to be transmissible from human to human, it is of major
concern that further mutations or mixing with human in-
fluenza strains could convert H5N1 to a strain that would
spread from human to human and cause a serious pandem-
ic.1,2 WHO3,4 has developed detailed guidelines for the
pharmacological management of avian influenza in hu-
mans. Similar guidelines for the management of an influ-
enza pandemic have been developed in many countries.5-7 
The most effective means of preventing influenza is to
provide seasonal vaccination with influenza vaccine ad-
justed to take account of current antigenic drifts and shifts
and to provide protection against both influenza A and B.
WHO8 recommends that elderly individuals and persons
of any age who are considered to be at high risk of influen-
za-related complications should be vaccinated. Similar
recommendations have been made in the UK9 and USA.10 
In healthy adults living in industrialised countries, protec-
tive efficacy of influenza vaccine is about 70 to 90%, and
vaccination of the elderly living in the community reduces
the number of hospitalisations by 25 to 39% and death by
39 to 75%.8 No vaccine is currently available for avian in-
fluenza.2,11 
Four antiviral drugs are available for the prevention of in-
fluenza: the M2 ion channel inhibitors, amantadine and
rimantadine, and the neuraminidase inhibitors, oseltamivir
and zanamivir. Antivirals appear to act independently of
vaccination and provide additional barriers to the virus, but
should not be used as a substitute for vaccination. They
may be considered for postexposure prophylaxis, for sea-
sonal prophylaxis in unvaccinated individuals at high risk,
for persons who take care of those at high risk, and in vac-
cinated individuals if an influenza outbreak occurs less
than 2 weeks after vaccination with an inactivated vaccine,
or if circulating influenza strains are thought to be different
to the vaccine strain. Prophylaxis with antivirals may also
be considered in vaccinated immunocompromised indi-
viduals whose antibody response to the vaccine is likely to
be incomplete.11,12 
Amantadine and rimantadine, when started before expo-
sure and continued throughout the period of exposure, are
effective in preventing influenza A in 60 to 90% of pa-
tients. They are ineffective against influenza B and there-
fore cannot be considered as a substitute for vaccination
unless the vaccine is contra-indicated.11,13 Additional
problems with these drugs are the rapid development of
viral resistance and subsequent spread of resistant virus to
close contacts and the potential to cause serious CNS ad-
verse effects. 
Clinical studies in healthy adults indicate that both the neu-
raminidase inhibitors, oseltamivir and zanamivir are effec-
tive in preventing infection with influenza A and B in
about 80% of individuals and both have been reported to
prevent illness in persons in close contact with infected
household members.14,15 
In the USA, all 4 antiviral drugs are licensed for prophy-
laxis of influenza but only oseltamivir and zanamivir are
recommended by the Advisory Committee on Immuniza-
tion Practices10 and the American Academy of Pediat-
rics.16 In the UK, amantadine and oseltamivir are licensed
for prophylaxis, but only oseltamivir is recommended by
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NICE17 for postexposure prophylaxis in persons 13 years
of age or older at high risk of complications of influenza.
Neither drug is recommended for seasonal prophylaxis of
influenza. 
For most people treatment of influenza is largely sympto-
matic and supportive. However, antivirals may be used for
the treatment of vaccinated or unvaccinated individuals
who develop symptoms. Amantadine and rimantadine
have been shown to reduce the duration of uncomplicated
influenza A infection when given within 48 hours of the
onset of symptoms. These drugs may be considered for pa-
tients at high risk of complications. Treatment failures may
be due to the rapid emergence of drug resistance.11,13,18

They are not effective against influenza B or the avian in-
fluenza H5N1 strain.11 Oseltamivir and zanamivir given
within 48 hours of the onset of symptoms are active
against both influenza A and B viruses and reduce the du-
ration of uncomplicated influenza by about 1 day in
healthy adults and adolescents. Data is limited and incon-
clusive for all 4 drugs in terms of effectiveness when given
to individuals at high risk of complications of influenza.
Neuraminidase inhibitors have several advantages com-
pared with amantadine, including reduced viral resistance,
additional efficacy against influenza B, fewer adverse ef-
fects (including CNS effects), and reduction in clinical
symptoms. Viral strains resistant to amantadine and riman-
tadine generally remain susceptible to neuraminidase in-
hibitors.14,15,18,19 
In the UK, oseltamivir and zanamivir are recommended20

for the treatment of adults at risk of complications of influ-
enza who can start treatment within 48 hours of the onset
of symptoms. Only oseltamivir is recommended for the
treatment of influenza in children. In the UK NICE does
not recommend the use of amantadine for the treatment of
influenza. In the USA, the Advisory Committee on Immu-
nization Practices10 and the American Academy of
Pediatrics16 recommend oseltamivir or zanamivir for treat-
ment of acute illness caused by influenza A or B. Neurami-
nidase inhibitors have also been effective against some
strains of avian influenza in animal studies and may be
considered for both prophylaxis and treatment of suspect-
ed H5N1 disease.2,11,16
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Measles
Measles1 is an acute viral illness caused by an RNA virus
of the Morbillivirus genus and of the family Paramyxoviri-
dae. It is a highly contagious disease spread by airborne
droplets or direct contact with respiratory secretions of in-
fected persons. Infection confers lifelong immunity. 
The incubation period for measles is about 8 to 12 days
followed by a prodromal phase lasting several days. This
phase is usually characterised by malaise, fever, conjuncti-
vitis, cough, rhinitis, congestion, and later Koplik’s spots
on the buccal mucosa. An erythematous, maculopapular
rash appears towards the end of the prodromal phase, start-
ing on the face and spreading over the trunk and limbs.
Measles is generally benign and uncomplicated and recov-
ery usually takes place during the week after the rash’s ap-
pearance. However, severe disease and complications may
develop and are more common in adults and in children
who are undernourished or immunocompromised. Most
complications occur when the measles virus further sup-
presses host immune responses, resulting in a reactivation
of latent infections or superinfection by bacteria. Respira-
tory complications include giant cell pneumonia, bron-
chopneumonia, and laryngotracheobronchitis, while neu-
rological complications include febrile seizures, acute
encephalitis, progressive subacute encephalitis, and the
more slowly progressive subacute sclerosing panencepha-
litis (SSPE) which may develop several years after the
original measles infection. Other complications include di-
arrhoea, otitis media, thrombocytopenia with purpura and
bleeding, hepatitis, myocarditis, pericarditis, and severe
keratitis that may progress to blindness. 
Measles can be prevented by active immunisation with
measles vaccine, and measles immunoglobulins may be
used for passive immunisation against measles. Normal
immunoglobulins may be used to prevent, or possibly
modify, an attack of measles in those at risk of developing
severe or fatal disease such as immunocompromised pa-
tients. 
Measles usually requires only symptomatic and support-
ive treatment such as antipyretics and fluid replacement.
Vitamin A treatment for children with measles in develop-
ing countries has been associated with a significant reduc-
tion in mortality (see p.1974). A systematic review of ran-
domised studies concluded that a dose of 200 000 units of
vitamin A given on 2 consecutive days reduced mortality
in children under 2 years with measles.2 WHO recom-
mends that supplementary vitamin A be given to all chil-
dren with measles in developing countries in order to pre-
vent keratitis and blindness. A recent review has suggested
that prophylactic antibacterials may be of benefit in pre-
venting complications such as pneumonia, purulent otitis
media, and tonsillitis in children with measles but of no
benefit for conjunctivitis or gastro-enteritis;3 evidence
from earlier reviews did not support such use.4,5 However,
prompt antibacterial therapy should be given to those pa-
tients who develop keratitis, otitis media, or pneumonia.
There appears to be no good evidence for the use of anti-
virals, although there are case reports of ribavirin being
used to treat severely affected and immunocompromised
adults with acute measles6 or patients with subacute scle-
rosing panencephalitis (intravenous ribavirin plus intrath-
ecal high-dose interferon alfa7 or intraventricular
ribavirin8). No controlled studies have been conducted and
the use of ribavirin should be considered experimental.
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Respiratory syncytial virus infection
Respiratory syncytial virus (RSV) is an RNA virus of the
family Paramyxoviridae and occurs worldwide. RSV is a
prominent cause of respiratory infections in infants and
young children and is generally confined to the respiratory
tract. However, disease may occur at any age, and it has
been recognised as a cause of morbidity and mortality
among the elderly,1 as well as among children and adults
with compromised cardiac, respiratory, or immune sys-
tems. RSV is spread from respiratory secretions through
close contact with infected persons or contact with con-
taminated environmental surfaces. RSV infection is highly
contagious and may result in extensive nosocomial trans-
mission. RSV outbreaks tend to occur annually, usually
from late autumn through to early spring. 
Primary infection in infants and young children is charac-
terised by fever, cough, runny or congested nose, vomit-
ing, and sometimes wheezing. During the primary infec-
tion up to 50% of infants develop lower respiratory-tract
disease, most commonly bronchiolitis and pneumonia,
and about 1 to 2% of these infants may require hospitalisa-
tion. Most infants needing hospitalisation are less than 6
months old or at risk of severe infection, for example be-
cause of a history of prematurity, or pre-existing cardiac or
respiratory diseases or immunodeficiency. Otitis media
and persistent wheezing are common complications of
RSV infection in infants and young children. RSV infec-
tion may trigger acute respiratory distress syndrome and
exacerbate pre-existing, underlying cardiac, renal (neph-
rotic syndrome), or lung (cystic fibrosis) disease. Acquired
immunity does not prevent re-infection, although subse-
quent infections are typically milder. 
The management of mild RSV infection in infants and
children2-7 consists of supportive care such as fever control
and adequate hydration. Children with more severe lower
respiratory-tract disease may require hospitalisation for
supplementary oxygen. Measures to limit the spread of in-
fection in hospitals and institutions are important. Pharma-
cological therapies are of limited benefit. Beta2-agonist
bronchodilators are often used in the management of bron-
chiolitis even though systematic reviews and meta-analy-
ses of studies have indicated only modest short-term ben-
efit of clinical symptoms and no reduction in hospital
admission rates, length of hospital stay, or improvement in
oxygen saturation.2,4,5,8 A review9 of the use of the anti-
cholinergic bronchodilator ipratropium bromide reported
no proven efficacy. An evaluation of clinical studies2 using
nebulised or intravenous adrenaline to treat RSV infection
has reported clinical benefit in some infants, as well as a
reduction in hospital admission or stay. However, a sys-
tematic review10 found insufficient evidence to support the
use of adrenaline in inpatients, although there was a sug-
gestion that it might be of short-term benefit in outpatients.
Some recommend that if a trial with a bronchodilator or
inhaled adrenaline is considered, treatment should be
stopped if no response is evident after 1 or 2 treatments.2,4,6 
Systemic corticosteroids are also widely used despite a
lack of documented clear benefit. A systematic review11

found little benefit in terms of length of hospital stay or
admission rate and no evidence of improvement in clinical
scores, respiratory rate, or oxygen saturation when com-
pared with placebo. Although a later study12 found that a
3-day course of oral prednisolone given to children aged 6
to 35 months with respiratory distress reduced disease se-
verity, length of hospital stay, and the duration of symp-
toms another13 showed that a single oral dose of dexame-
thasone was of no benefit in infants with moderate to
severe bronchiolitis. Inhaled corticosteroids given during
the initial acute phase of bronchiolitis did not prevent post-
bronchiolitic wheezing.14 The routine use of systemic cor-
ticosteroids is not recommended by expert groups.6,7 
Ribavirin is the only antiviral drug that has been licensed
for the treatment of infants and children with severe RSV
bronchiolitis (and it is only available in some countries).
Although some studies with aerosolised ribavirin have
shown some clinical benefit in infants with lower respira-
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tory-tract RSV infection, days of hospitalisation and short-
term outcomes have not been affected.2,15 Due to the small
number of patients enrolled in these studies, evaluation of
the effects has been difficult. Also, there are some difficul-
ties in giving the drug, and concerns about occupational
health and safety, and the high cost. Routine use is not rec-
ommended;6,7 but it may be used for selected infants and
children at risk of severe disease and complications. If
used, ribavirin should be started early in the course of the
disease.2,3,6 
Antibacterials, although often used in the management of
bronchiolitis, are not routinely recommended.6,7 The re-
sults from three small studies16 suggest that surfactant
may reduce duration of ventilation and length of intensive
care stay. 
Prevention of RSV infection involves good infection con-
trol practices and use of RSV immunoglobulin and a hu-
man monoclonal antibody to RSV, palivizumab. Both
RSV immunoglobulin and palivizumab can be given dur-
ing an RSV outbreak to prevent serious complications of
infection in infants and children considered at high risk.
The effectiveness of RSV immunoglobulin17 and
palivizumab18 were tested in randomised, placebo-con-
trolled clinical studies involving high-risk infants and chil-
dren (history of prematurity or with bronchopulmonary
dysplasia). A 41% overall reduction in hospital admissions
was reported in those given RSV immunoglobulin proph-
ylaxis. Prophylaxis with palivizumab resulted in a 55%
overall reduction in hospitalisation; reduction rates were
39% and 78% in those with and without bronchopulmo-
nary dysplasia respectively. Respiratory severity scores,
hospital days, days of oxygen requirement, and the rate of
intensive care admission were also significantly lower in
the palivizumab group than for the placebo group. Proph-
ylaxis with palivizumab was also found to reduce post-
bronchiolitic wheezing in premature infants.19 It is recom-
mended by some expert groups for prophylaxis in infants
and children at high risk of severe RSV infections.6,7,20

Vaccines to prevent RSV infection are currently under de-
velopment.
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SARS
Severe acute respiratory syndrome (SARS)1,2 is a respira-
tory illness caused by a newly identified coronavirus
(SARS-CoV). SARS presents primarily in previously
healthy adults although there have been some cases report-
ed in children. SARS-CoV is transmitted by contact or
droplets and transmission mainly occurs during the second
week of illness. The incubation period for SARS is usually
2 to 10 days but may be as long as 16 days. The disease
manifests initially as flu-like prodromal symptoms, usual-
ly characterised by fever, malaise, myalgia, headache, and
rigors. Cough (initially dry), dyspnoea, and diarrhoea may
be present in the first week but are more commonly
present in the second week of illness. Severe cases develop
rapidly progressive respiratory distress and hypoxia and
up to about 20% of patients may require intubation or me-
chanical ventilation. About 20% of patients develop large
volume, watery diarrhoea. The overall fatality rate during
the 2002–2003 SARS outbreak was about 9.5%. 
There is currently no consensus on the optimal treatment
for SARS and treatment recommendations are based on
the experience gained during the 2002–2003 SARS out-
break. Guidelines for the surveillance and management
of SARS have been developed by WHO.3 In the UK
guidelines4 have been issued for the hospital management
of adults with SARS, and others have also been developed
by clinicians involved in the SARS outbreak in Hong
Kong.5 Because SARS is indistinguishable from pneumo-
nia caused by viral and bacterial pathogens, empirical an-
tibacterial treatment in accordance with local guidelines
for severe community-acquired pneumonia (p.186) is rec-
ommended. Fluids and oxygen therapy should be given as
required. Other treatments tried have included corticoster-
oids, ribavirin, interferons, normal immunoglobulins, and
the co-formulated HIV-protease inhibitor ritonavir-boost-
ed lopinavir. Corticosteroids, usually with ribavirin, were
widely used and the timely use of high-dose corticoster-
oids may decrease fever, improve radiographic appearanc-
es, and reduce oxygen requirements.6-8 There is, however,
concern that high-dose and long-term use of corticoster-
oids may suppress the patient’s immune system resulting
in increased viral replication and possible bacterial or fun-
gal superinfection. The UK guidelines recommend that
their use be considered in moderate doses in severely ill
patients with increased oxygen requirements.4 Additional-
ly there is no convincing clinical evidence that the use of
ribavirin alters clinical outcome and the UK guidelines
state that its routine use is not recommended.4 Although
interferon beta shows greater in-vitro antiviral activity
against SARS-CoV, most experience during the
2002–2003 outbreak was with interferon alfa with or with-
out normal immunoglobulins.6 An open study9 using inter-
feron-alfacon-1 and high-dose pulse methylprednisolone
reported more rapid improvement in radiographic appear-
ance and oxygenation than corticosteroids alone. Better
clinical improvement was reported in patients treated with
daily interferon alfa plus high-dose corticosteroids than in
those given interferon plus low-dose or limited corticoster-
oids.8 The UK guidelines state that no recommendation
can be given regarding the use of interferons.4 Although
normal immunoglobulins have been used in SARS their
effectiveness cannot be established as they were usually
given with other therapies.6 A preliminary open study10

with ritonavir-boosted lopinavir in 41 patients with proba-
ble SARS and receiving the local standard treatment of
ribavirin and corticosteroids, reported an improved out-
come at 21 days and reductions in viral load, corticosteroid
dose, and the incidence of nosocomial infections.
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Warts
Warts are caused by human papillomaviruses. The lesions
present in several different forms and can affect any skin
site although the hands, feet, and anogenital areas are most
frequently affected. Anogenital warts are known as condy-
lomata acuminata. Treatment generally relies on some
form of local tissue destruction (see p.1584). Interferons
have also been used (see p.891).

Abacavir (BAN, rINN)

Abacavirum; Abakaviiri; Abakavir. {(1S,4R)-4-[2-Amino-6-(cyclo-
propylamino)-9H-purin-9-yl]cyclopent-2-enyl}methanol.
Абакавир
C14H18N6O = 286.3.
CAS — 136470-78-5.
ATC — J05AF06.
ATC Vet — QJ05AF06.

NOTE. The code 1592U89 has been applied to abacavir but is
more properly reserved for abacavir sulfate.

Abacavir Succinate (BANM, USAN, rINNM)

Abacavir, Succinate d’; Abacaviri Succinas; Succinato de abacavir.
Абакавира Суксинат
C14H18N6O,C4H6O4 = 404.4.
CAS — 168146-84-7.
ATC — J05AF06.
ATC Vet — QJ05AF06.

NOTE. The code 1592U89 has been applied to abacavir succinate
but is more properly reserved for abacavir sulfate.

Abacavir Sulfate (USAN, rINNM)

Abacavir, Sulfate d’; Abacavir Sulphate (BANM); Abacaviri Sulfas;
Sulfato de abacavir; 1592U89.
Абакавира Сульфат
(C14H18N6O)2,H2SO4 = 670.7.
CAS — 188062-50-2.
ATC — J05AF06.
ATC Vet — QJ05AF06.

NOTE. The code 1592U89 and its abbreviated form, 1592, have
also been applied to abacavir and abacavir succinate.

Adverse Effects
The most significant adverse effects associated with
antiretroviral regimens containing abacavir are severe
hypersensitivity reactions, sometimes fatal, that may
occur in up to 9% of patients given abacavir, especially
(but not exclusively) during the first 6 weeks of treat-
ment, or during intermittent therapy. Symptoms of hy-
persensitivity often include fever, rash, cough, dysp-
noea, lethargy, malaise, headache, myalgia, and
gastrointestinal disturbances, particularly nausea and
vomiting, diarrhoea, and abdominal pain. Anaphylaxis
has occurred. Caution is needed as hypersensitivity
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may be misdiagnosed as influenza, respiratory disease,
or gastroenteritis. Erythema multiforme, Stevens-
Johnson syndrome, and toxic epidermal necrolysis
have occurred rarely. Other adverse effects associated
with abacavir include pancreatitis and raised liver en-
zyme values. Lactic acidosis, sometimes fatal and usu-
ally associated with severe hepatomegaly and steato-
sis, has been reported in patients receiving NRTIs. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
abacavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid ap-
pearance have been observed in patients receiving
antiretroviral therapy, including abacavir. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. NRTIs
have also been associated with mitochondrial dysfunc-
tion such as abnormal behaviour, anaemia, convul-
sions, hyperlipasaemia, hypertonia, and neutropenia.
Elevated creatine phosphokinase, myalgia, myositis,
and rarely rhabdomyolysis have been reported, partic-
ularly when nucleoside analogues have been given
with HIV-protease inhibitors. Osteonecrosis has been
reported, particularly in patients with advanced HIV
disease or long-term exposure to combination antiret-
roviral therapy. For further information on adverse ef-
fects associated with NRTIs see Zidovudine, p.914.
Effects on the heart. For the possible risk of myocardial inf-
arction in patients taking abacavir, see Effects on the Heart under
Adverse Effects of Zidovudine, p.914.
Effects on the skin. Stevens-Johnson syndrome occurring in a
patient receiving antiretroviral therapy with abacavir, lamivu-
dine, and zidovudine was probably associated with abacavir.1
Resolution occurred upon stopping antiretroviral therapy and the
condition did not recur upon rechallenge with an alternative reg-
imen also containing lamivudine and zidovudine.
1. Bossi P, et al. Stevens-Johnson syndrome associated with

abacavir therapy. Clin Infect Dis 2002; 35: 902.

Hypersensitivity. Reviews of hypersensitivity associated with
abacavir.1,2

1. Hewitt RG. Abacavir hypersensitivity reaction. Clin Infect Dis
2002; 34: 1137–42. 

2. Hughes CA, et al. Abacavir hypersensitivity reaction: an update.
Ann Pharmacother 2008; 42: 387–96.

Precautions
Patients considered to be at increased risk for an
abacavir hypersensitivity reaction are those that carry
the human leucocyte antigen (HLA) HLA-B(*)5701
allele; screening patients for HLA-B(*)5701 allele be-
fore starting treatment with abacavir has been shown to
reduce the risk of hypersensitivity reactions. Routine
screening of all patients before starting treatment with
an abacavir-containing product is therefore recom-
mended. Abacavir should be stopped immediately if
symptoms associated with hypersensitivity occur and
should never be restarted in patients who have stopped
therapy due to a hypersensitivity reaction. Patients
should be closely monitored for signs of hypersensitiv-
ity during the first 2 months of treatment, although hy-
persensitivity reactions can occur at any time. Patients
restarting therapy after an interruption are at particular
risk even if they have not previously had symptoms of
hypersensitivity. Since intermittent therapy may in-
crease the risk of hypersensitivity developing, patients
should be advised of the importance of regular dosing. 
Abacavir should not be used in patients with moderate
to severe hepatic impairment, and should be used with
caution and reduced doses in those with lesser degrees
of impairment and those with risk factors for liver dis-
ease. Treatment should be stopped if liver function de-
teriorates rapidly or if hepatomegaly or unexplained
metabolic acidosis develop. 
Abacavir should be avoided in patients with end-stage
renal disease.

Interactions
Use of alcohol with abacavir may result in decreased
elimination of abacavir and consequent increases in
exposure. Abacavir increases the systemic clearance of
oral methadone and patients should be monitored for
signs of withdrawal symptoms. The dose of metha-
done may need to be increased in some patients.
Alcohol. References.
1. McDowell JA, et al. Pharmacokinetic interaction of abacavir

(1592U89) and ethanol in human immunodeficiency virus-in-
fected adults. Antimicrob Agents Chemother 2000; 44: 1686–90.

Antiviral Action
Abacavir is converted intracellularly in stages to its ac-
tive form carbovir triphosphate. This halts the DNA
synthesis of retroviruses, including HIV, through com-
petitive inhibition of reverse transcriptase and incorpo-
ration into viral DNA.
◊ References.
1. Faletto MB, et al. Unique intracellular activation of the potent

anti-human immunodeficiency virus agent 1592U89. Antimicrob
Agents Chemother 1997; 41: 1099–1107.

Pharmacokinetics
Abacavir is rapidly absorbed after oral doses with a bio-
availability of about 80%. Absorption is delayed slight-
ly by food but the extent is unaffected. Abacavir cross-
es the blood-brain barrier. It is about 50% bound to
plasma proteins. The elimination half-life is about 1.5
hours after a single dose. Abacavir undergoes intracel-
lular metabolism to the active antiviral metabolite car-
bovir triphosphate. Elimination is via hepatic metabo-
lism primarily by alcohol dehydrogenase and by
glucuronidation and the metabolites are excreted main-
ly in the urine. There is no significant metabolism by
hepatic cytochrome P450 isoenzymes.
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vudine in human immunodeficiency virus-infected adults. Anti-
microb Agents Chemother 2000; 44: 2061–7. 

4. Izzedine H, et al. Pharmacokinetics of abacavir in HIV-1-infect-
ed patients with impaired renal function. Nephron 2001; 89:
62–7. 

5. Jullien V, et al. Abacavir pharmacokinetics in human immuno-
deficiency virus-infected children ranging in age from 1 month
to 16 years: a population analysis. J Clin Pharmacol 2005; 45:
257–64. 

6. Yuen GJ, et al. A review of the pharmacokinetics of abacavir.
Clin Pharmacokinet 2008; 47: 351–71.

Uses and Administration
Abacavir is a nucleoside reverse transcriptase inhibitor
with antiretroviral activity against HIV. It is used in the
treatment of HIV infection and AIDS (p.856). Viral re-
sistance emerges rapidly when abacavir is used alone,
and it is therefore used with other antiretrovirals. 
Abacavir is given orally as the sulfate but doses are ex-
pressed in terms of the base; 1.17 g of abacavir sulfate
is equivalent to about 1 g of abacavir. The adult dose is
300 mg twice daily or 600 mg once daily. For details of
doses in children, see below. Doses should be reduced
in patients with hepatic impairment (see below). 
Fixed-dose combination products have been devel-
oped in order to improve patient adherence and avoid
monotherapy, thereby decreasing the risk of acquired
drug resistance. Products containing abacavir in com-
bination with lamivudine and with lamivudine and zi-
dovudine are available in some countries.
◊ Reviews.
1. Hervey PS, Perry CM. Abacavir: a review of its clinical potential

in patients with HIV infection. Drugs 2000; 60: 447–79. 
2. Dando TM, Scott LJ. Abacavir plus lamivudine: a review of their

combined use in the management of HIV infection. Drugs 2005;
65: 285–302. 

3. Castillo SA, et al. Long-term safety and tolerability of the lami-
vudine/abacavir combination as components of highly active
antiretroviral therapy. Drug Safety 2006; 29: 811–26.

Administration in children. For the treatment of HIV infec-
tion in children 3 months of age and older, abacavir may be given

orally as a tablet or solution with other antiretroviral drugs. Dos-
es are based on body-weight: 
• 14 to 21 kg: 150 mg (half a tablet) twice daily 
• 22 to 29 kg: 150 mg (half a tablet) in the morning and 300 mg

(1 tablet) in the evening 
• 30 kg or more: 300 mg (1 tablet) twice daily 
or 
• the solution may be given in a dose of 8 mg/kg twice daily to

a maximum dose of 300 mg twice daily
Administration in hepatic impairment. Abacavir should
not be used in patients with moderate to severe hepatic impair-
ment, although reduced oral doses of 200 mg twice daily may be
given to patients with mild impairment (Child-Pugh score 5 to 6).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Filabac; Finecil; Plusabcir ; Zepril; Ziagenavir ; Austral.: Ziagen; Aus-
tria: Ziagen; Belg.: Ziagen; Braz.: Ziagenavir; Canad.: Ziagen; Chile: Zia-
gen; Cz.: Ziagen; Denm.: Ziagen; Fin.: Ziagen; Fr.: Ziagen; Ger.: Kivexa;
Ziagen; Gr.: Ziagen; Hong Kong: Ziagen; Hung.: Ziagen; India: Abamune;
Irl.: Ziagen; Israel: Ziagen; Ital.: Ziagen; Mex.: Ziagenavir ; Neth.: Ziagen;
Norw.: Ziagen; NZ: Ziagen; Pol.: Ziagen; Port.: Ziagen; Rus.: Ziagen
(Зиаген); S.Afr.: Ziagen; Singapore: Ziagen; Spain: Ziagen; Swed.: Zia-
gen; Switz.: Ziagen; Thai.: Ziagenavir; Turk.: Ziagen; UK: Ziagen; USA:
Ziagen; Venez.: Ziagen.
Multi-ingredient: Arg.: Kivexa; Tricivir ; Trivudin; Austral.: Kivexa; Trizivir;
Austria: Trizivir ; Belg.: Kivexa; Trizivir ; Canad.: Kivexa; Trizivir ; Chile:
Kivexa; Tricivir ; Cz.: Kivexa; Trizivir ; Denm.: Kivexa; Trizivir ; Fin.: Kivexa;
Trizivir; Fr.: Kivexa; Trizivir ; Ger.: Trizivir; Gr.: Kivexa; Trizivir; Hong Kong:
Trizivir; Hung.: Kivexa; Trizivir ; Irl.: Kivexa; Trizivir ; Israel: Trizivir ; Ital.:
Kivexa; Trizivir ; Mex.: Kivexa; Trizivir ; Neth.: Kivexa; Trizivir ; Norw.:
Kivexa; Trizivir ; NZ: Kivexa; Trizivir ; Pol.: Kivexa; Trizivir ; Port.: Kivexa;
Trizivir ; Rus.: Trizivir (Тризивир); S.Afr.: Trizivar; Singapore: Trizivir†;
Spain: Kivexa; Trizivir ; Swed.: Kivexa; Trizivir ; Switz.: Trizivir; UK: Kivexa;
Trizivir; USA: Epzicom; Trizivir; Venez.: Trizivir.

Aciclovir (BAN, rINN)

Acicloguanosina; Aciclovirum; Aciklovír; Aciklovir ; Acikloviras;
Acycloguanosine; Acyclovir (USAN); Acyklowir; Asikloviiri; Asiklo-
vir ; BW-248U. 9-[(2-Hydroxyethoxy)methyl]guanine; 2-Amino-
1,9-dihydro-9-(2-hydroxyethoxymethyl)-6H-purin-6-one.
Ацикловир
C8H11N5O3 = 225.2.
CAS — 59277-89-3.
ATC — D06BB03; J05AB01; S01AD03.
ATC Vet — QD06BB03; QJ05AB01; QS01AD03.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Aciclovir). A white to almost white crystalline
powder. Slightly soluble in water; very slightly soluble in alco-
hol; freely soluble in dimethyl sulfoxide; soluble in dilute solu-
tions of alkali hydroxides and mineral acids. 
USP 31 (Acyclovir). A white to off-white crystalline powder.
Slightly soluble in water; insoluble in alcohol; soluble in dilute
hydrochloric acid. Store in airtight containers. Protect from light
and moisture.

Aciclovir Sodium (BANM, rINNM)

Aciclovir sódico; Aciclovir Sodique; Acyclovir Sodium (USAN);
Natrii Aciclovirum.
Натрий Ацикловир
C8H10N5NaO3 = 247.2.
CAS — 69657-51-8.
ATC — D06BB03; J05AB01; S01AD03.
ATC Vet — QD06BB03; QJ05AB01; QS01AD03.

Incompatibility. Aciclovir is reported to be incompatible with
foscarnet.1,2

1. Lor E, Takagi J. Visual compatibility of foscarnet with other in-
jectable drugs. Am J Hosp Pharm 1990; 47: 157–9. 

2. Baltz JK, et al. Visual compatibility of foscarnet with other in-
jectable drugs during simulated Y-site administration. Am J Hosp
Pharm 1990; 47: 2075–7.

Stability. A study1 found that aciclovir sodium solutions pre-
pared with sodium chloride 0.9% and with dextrose 5% were sta-
ble for 7 and 21 days respectively when stored at 23°. Solutions
stored at 4° were found to be stable for 35 days although subse-
quent storage at room temperature produced irreversible precip-
itation. Precipitation may also occur when freshly prepared solu-
tions are refrigerated but the precipitate redissolves at room
temperature. US licensed product information recommends that
diluted solutions be used within 24 hours of preparation.
1. Zhang Y, et al. Stability of acyclovir sodium 1, 7, and 10 mg/mL

in 5% dextrose injection and 0.9% sodium chloride injection. Am
J Health-Syst Pharm 1998; 55: 574–7.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects
Aciclovir is generally well tolerated. When given intra-
venously as aciclovir sodium it may cause local reac-
tions at the injection site with inflammation and phle-
bitis; these reactions may be associated with
extravasation that can lead to tissue necrosis. 
Renal impairment may be associated with systemic use
of aciclovir in some patients; it is usually reversible and
is reported to respond to hydration and/or dosage re-
duction or withdrawal, but may progress to acute renal
failure. The risk of renal toxicity is increased by condi-
tions favouring deposition of aciclovir crystals in the
tubules such as when the patient is poorly hydrated, has
existing renal impairment, or when the drug is given at
a high dosage or by rapid or bolus injection. Some pa-
tients taking systemic aciclovir may have transient in-
creases in blood concentrations of urea and creatinine
although this is more acute with intravenous dosage. 
Occasional adverse effects after systemic use include
increased serum bilirubin and liver enzymes, haemato-
logical changes, skin rashes (including erythema mul-
tiforme, Stevens-Johnson syndrome, and toxic epider-
mal necrolysis), fever, headache, dizziness, and
gastrointestinal effects such as nausea, vomiting, and
diarrhoea. Anaphylaxis has been reported. Hepatitis
and jaundice have been reported rarely. Reversible
neurological effects including lethargy, somnolence,
confusion, hallucinations, agitation, tremors, psycho-
sis, convulsions, and coma have been reported in a
small number of patients, particularly in those given in-
travenous aciclovir and with predisposing factors such
as renal impairment; these effects may be more marked
in older patients. Thrombotic thrombocytopenic pur-
pura and haemolytic uraemic syndrome, sometimes re-
sulting in death, have occurred in immunocompro-
mised patients given high parenteral doses of aciclovir.
Accelerated diffuse hair loss has also been reported. 
Topical application of aciclovir may produce transient
stinging, burning, itching, or erythema. Eye ointments
may occasionally produce transient stinging, superfi-
cial punctate keratopathy, blepharitis, or conjunctivitis.
Effects on the blood. There has been no evidence of bone-
marrow toxicity in patients given aciclovir after bone marrow
transplantation.1,2 However, megaloblastic haematopoiesis was
seen in the bone marrow of 3 patients given aciclovir for suspect-
ed or proven herpes simplex encephalitis.3 There has also been a
report of inhibition of human peripheral blood lymphocytes in
samples taken from healthy subjects given aciclovir.4
1. Serota FT, et al. Acyclovir treatment of herpes zoster infections:

use in children undergoing bone marrow transplantation. JAMA
1982; 247: 2132–5. 

2. Gluckman E, et al. Oral acyclovir prophylactic treatment of her-
pes simplex infection after bone marrow transplantation. J Anti-
microb Chemother 1983; 12 (suppl B): 161–7. 

3. Amos RJ, Amess JAL. Megaloblastic haemopoiesis due to acy-
clovir. Lancet 1983; i: 242–3. 

4. Tauris P, et al. Evaluation of the acyclovir-induced modulation
of the plaque-forming cell response of human peripheral blood
lymphocytes. J Antimicrob Chemother 1984; 13: 71–7.

Effects on the kidneys. Aciclovir is excreted mostly by the
kidney, and reaches high concentrations in the tubular lumen, but
is relatively insoluble in urine and may therefore cause intratubu-
lar precipitation of crystals in the kidney. High doses, volume
depletion, or pre-existing renal impairment increase the risk of
aciclovir-associated acute renal failure, which has been reported
in 12 to 48% of patients in some series. Although usually asymp-
tomatic there may be nausea, vomiting, and flank pain, together
with haematuria and pyuria. Most patients recover on stopping
the drug and volume replacement, though some need temporary
dialysis; use of a loop diuretic may be helpful in some cases.
Slow infusion and adequate hydration can help to prevent crystal
precipitation, and doses should be reduced in patients with un-
derlying renal impairment.1 
There are also occasional reports of renal toxicity apparently un-
related to crystal precipitation.2-4

1. Perazella MA. Crystal-induced acute renal failure. Am J Med
1999; 106: 459–65. 

2. Giustina A, et al. Low-dose acyclovir and acute renal failure.
Ann Intern Med 1988; 108: 312. 

3. Eck P, et al. Acute renal failure and coma after a high dose of oral
acyclovir. N Engl J Med 1991; 325: 1178. 

4. Johnson GL, et al. Acute renal failure and neurotoxicity follow-
ing oral acyclovir. Ann Pharmacother 1994; 28: 460–3.

Effects on the nervous system. Neurotoxicity, including
tremor, confusion, myoclonus, agitation, lethargy, or hallucina-
tion, is an uncommon adverse effect of aciclovir, and may be
hard to distinguish from progression of the underlying disease

state. Renal impairment may increase the risk, although no clear
relationship with peak plasma concentrations has been demon-
strated; cases are also more common in elderly patients and those
taking other neurotoxic drugs.1 Of 143 patients given aciclovir
by intravenous infusion in doses ranging from 0.75 to 3.6 g/m2

daily for the treatment of herpesvirus infections after bone mar-
row transplantation, 6 developed reversible neurological symp-
toms including tremor, agitation, nausea, lethargy, mild disorien-
tation, autonomic instability, hemiparaesthesia, and slurred
speech.2 EEGs were diffusely abnormal in all 6. Symptoms im-
proved in all patients on withdrawing aciclovir; reinstituting aci-
clovir in 2 produced a recurrence of symptoms. Concomitant
therapy included irradiation and methotrexate intrathecally for
all 6, interferon alfa for 3, and ciclosporin for 1.
1. Ernst ME, Franey RJ. Acyclovir- and ganciclovir-induced neu-

rotoxicity. Ann Pharmacother 1998; 32: 111–13. 
2. Wade JC, Meyers JD. Neurologic symptoms associated with

parenteral acyclovir treatment after marrow transplantation. Ann
Intern Med 1983; 98: 921–5.

Effects on the skin. A report of vesicular lesions associated
with intravenous use of aciclovir in a patient thought to have her-
pes simplex encephalitis.1 Careful evaluation is necessary to dif-
ferentiate the reaction from herpetic lesions.
1. Buck ML, et al. Vesicular eruptions following acyclovir admin-

istration. Ann Pharmacother 1993; 27: 1458–9.

Vasculitis. Aciclovir has been associated with vasculitis. In one
patient1 it was one of many drugs given that may have caused a
necrotising vasculitis. In another report an immunocompromised
child with chickenpox given aciclovir by infusion developed a
vasculitic rash which diminished on withdrawal of the drug.2 
For a report of peripheral neuropathy associated with vasculitis
due to the prodrug valaciclovir, see Effects on the Nervous Sys-
tem, p.911.
1. von Schulthess GK, Sauter C. Acyclovir and herpes zoster. N

Engl J Med 1981; 305: 1349. 
2. Platt MPW, Eden OB. Vasculitis in association with chickenpox

treatment in childhood acute lymphoblastic leukaemia. Lancet
1982; ii: 763–4.

Precautions
Systemic aciclovir should be used with caution and in
reduced doses in patients with renal impairment. The
elderly and patients with existing renal impairment
should be closely monitored for neurological adverse
effects. Adequate hydration should be maintained in
patients given parenteral or high oral doses of aciclovir.
Intravenous doses should be given by infusion over
one hour to avoid precipitation of aciclovir in the kid-
ney; rapid or bolus injection should be avoided. The
risk of renal impairment is increased by use with other
nephrotoxic drugs. Intravenous aciclovir should also
be used with caution in patients with underlying neuro-
logical abnormalities, with significant hypoxia, or with
serious hepatic or electrolyte abnormalities.
Breast feeding. Aciclovir is distributed into breast milk1-4 and
in some instances higher concentrations are obtained than in ma-
ternal serum.1-3 Licensed product information reports that a
maternal oral dose of 200 mg five times daily could expose a
breast-fed infant to 300 micrograms/kg daily and advises caution
when giving nursing mothers aciclovir. However, no adverse ef-
fects have been seen in breast-fed infants whose mothers were tak-
ing aciclovir, and the American Academy of Pediatrics considers5

that it is therefore usually compatible with breast feeding.
1. Lau RJ, et al. Unexpected accumulation of acyclovir in breast

milk with estimation of infant exposure. Obstet Gynecol 1987;
69: 468–71. 

2. Meyer LJ, et al. Acyclovir in human breast milk. Am J Obstet
Gynecol 1988; 158: 586–8. 

3. Bork K, Benes P. Concentration and kinetic studies of intrave-
nous acyclovir in serum and breast milk of a patient with eczema
herpeticum. J Am Acad Dermatol 1995; 32: 1053–5. 

4. Taddio A, et al. Acyclovir excretion in human breast milk. Ann
Pharmacother 1994; 28: 585–7. 

5. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / ful l /
pediatrics%3b108/3/776 (accessed 02/04/08)

Pregnancy. The incidence of congenital abnormality and spon-
taneous fetal loss in 1246 cases of prenatal exposure to aciclovir
did not significantly differ from those in the general population.1
1. Stone KM, et al. Pregnancy outcomes following systemic prena-

tal acyclovir exposure: conclusions from the International Acy-
clovir Pregnancy Registry, 1984-1999. Birth Defects Res A Clin
Mol Teratol 2004; 70: 201–7.

Sodium content. Each g of aciclovir sodium represents
4.05 mmol of sodium.

Interactions
Probenecid is reported to block the renal clearance of
aciclovir. The risk of renal impairment is increased by
use with other nephrotoxic drugs.

Antivirals. Use of zidovudine with aciclovir is not generally as-
sociated with additional toxicity.1 However, there is a report2 of
a patient who had overwhelming fatigue when given aciclovir
and zidovudine together; no such effect occurred when each drug
was given alone. 
Former product information for interferon alfa-n1 reported pro-
gressive renal failure in patients also given aciclovir.
1. Tartaglione TA, et al. Pharmacokinetic evaluations of low- and

high-dose zidovudine plus high-dose acyclovir in patients with
symptomatic human immunodeficiency virus infection. Antimi-
crob Agents Chemother 1991; 35: 2225–31. 

2. Bach MC. Possible drug interaction during therapy with azi-
dothymidine and acyclovir for AIDS. N Engl J Med 1987; 316:
547.

Xanthines. For reference to evidence that aciclovir inhibits the-
ophylline metabolism, resulting in accumulation, see p.1144.

Antiviral Action
Aciclovir is active against herpes simplex virus type 1
and type 2 and against varicella-zoster virus. This ac-
tivity requires intracellular conversion of aciclovir by
viral thymidine kinase to the monophosphate with sub-
sequent conversion by cellular enzymes to the diphos-
phate and the active triphosphate. This active form in-
hibits viral DNA synthesis and replication by
inhibiting the herpesvirus DNA polymerase enzyme as
well as being incorporated into viral DNA. This proc-
ess is highly selective for infected cells. Studies in ani-
mals and in vitro have found various sensitivities but
show that target viruses are inhibited by concentrations
of aciclovir that are readily achieved clinically. Herpes
simplex virus type 1 appears to be the most susceptible,
then type 2, followed by varicella-zoster virus. 
The Epstein-Barr virus and CMV are also susceptible
to aciclovir to a lesser extent. However, for CMV it
does not appear to be activated by thymidine kinase
and may act via a different mechanism. Epstein-Barr
virus may have reduced thymidine kinase activity but
its DNA polymerase is very sensitive to inhibition by
aciclovir triphosphate, which may account for the par-
tial activity. 
Aciclovir has no activity against latent viruses, but
there is some evidence that it inhibits latent herpes sim-
plex virus at an early stage of reactivation.

Resistance
Herpes simplex virus develops resistance to aciclovir
in vitro and in vivo by selection of mutants deficient in
thymidine kinase. Other mechanisms of resistance in-
clude altered substrate specificity of thymidine kinase
and reduced sensitivity of viral DNA polymerase. Re-
sistance has also been reported with varicella-zoster vi-
rus, probably by similar mechanisms. 
Although occasional treatment failures have been re-
ported, resistance has not yet emerged as a major prob-
lem in treating herpes simplex infections. However, re-
sistant viruses are more likely to be a problem in
patients with a suppressed immune response; AIDS
patients may be particularly prone to aciclovir-resistant
mucocutaneous herpes simplex virus infections. 
Viruses resistant to aciclovir because of absence of thy-
midine kinase may be cross-resistant to other antivirals
phosphorylated by this enzyme, such as brivudine,
idoxuridine, and ganciclovir. Viruses resistant because
of altered substrate specificity of thymidine kinase may
display cross-resistance to brivudine; those with al-
tered DNA polymerase sensitivity may be resistant to
brivudine and vidarabine. However, those viruses with
altered enzyme specificity or sensitivity tend to have
variable cross-resistance patterns and may be relatively
susceptible to the aforementioned antivirals.
◊ References.
1. Bacon TH, et al. Herpes simplex virus resistance to acyclovir

and penciclovir after two decades of antiviral therapy. Clin
Microbiol Rev 2003; 16: 114–28. 

2. Malvy D, et al. A retrospective, case-control study of acyclovir
resistance in herpes simplex virus. Clin Infect Dis 2005; 41:
320–6.

Pharmacokinetics
Aciclovir is poorly absorbed from the gastrointestinal
tract after oral doses. Bioavailability of oral aciclovir is
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about 10 to 20%; orally active prodrugs such as valac-
iclovir (p.911) have been developed to overcome this
poor absorption. 
After intravenous dosage as aciclovir sodium it is
widely distributed to body tissues and fluids including
the CSF where concentrations achieved are about 50%
of those achieved in plasma. Protein binding is report-
ed to range from 9 to 33%. 
Aciclovir is excreted largely unchanged in the urine, by
glomerular filtration and some active tubular secretion,
with up to 14% appearing in the urine as the inactive
metabolite 9-carboxymethoxymethylguanine. In pa-
tients with normal renal function, the half-life is about
2 to 3 hours. In patients with chronic renal failure, this
value is increased and may be up to 19.5 hours in anu-
ric patients. During haemodialysis the half-life has
been reported to be reduced to 5.7 hours, with 60% of
a dose of aciclovir being removed. Faecal excretion
may account for about 2% of a dose. 
Probenecid increases the half-life and the area under
the plasma concentration-time curve of aciclovir. 
Aciclovir crosses the placenta and is distributed into
breast milk in concentrations about 3 times higher than
those in maternal serum. 
Absorption of aciclovir is usually slight after topical
application to intact skin, although it may be increased
by changes in formulation. Aciclovir is absorbed after
application of a 3% ointment to the eye giving a rela-
tively high concentration in the aqueous humour but
negligible amounts in the blood.
◊ Reviews.
1. de Miranda P, Blum MR. Pharmacokinetics of acyclovir after in-

travenous and oral administration. J Antimicrob Chemother
1983; 12 (suppl B): 29–37. 

2. Laskin OL. Clinical pharmacokinetics of acyclovir. Clin Phar-
macokinet 1983; 8: 187–201. 

3. Wagstaff AJ, et al. Aciclovir: a reappraisal of its antiviral activ-
ity, pharmacokinetic properties and therapeutic efficacy. Drugs
1994; 47: 153–205.

Distribution. The pharmacokinetics of oral aciclovir and its
distribution into the eye.1
1. Hung SO, et al. Pharmacokinetics of oral acyclovir (Zovirax) in

the eye. Br J Ophthalmol 1984; 68: 192–5.

Uses and Administration
Aciclovir is a synthetic purine nucleoside analogue
structurally related to guanine. It is used mainly for the
treatment and prophylaxis of viral infections due to
herpes simplex virus types 1 and 2 (p.854) and varicel-
la-zoster virus (herpes zoster and chickenpox—p.855). 
Herpes simplex infections, including herpes keratitis,
herpes labialis, and genital herpes, respond to aciclovir
by the intravenous, oral, or topical route, given as soon
as possible after symptoms appear. Both initial and
recurrent infections can be successfully treated.
Prolonged treatment can reduce the incidence of
recurrence which is particularly important in immuno-
compromised patients. However, when prolonged
treatment is withdrawn, infections may recur. 
Aciclovir also improves the healing of herpes zoster le-
sions and reduces acute pain when given intravenously
or by mouth; use to prevent postherpetic neuralgia is
controversial (see p.9). Beneficial effects may be more
marked in immunocompromised patients. 
Aciclovir is given by intravenous infusion as the sodi-
um salt over 1 hour. Doses are expressed in terms of the
base. Aciclovir sodium 1.1 g is equivalent to about 1 g
of aciclovir. Solutions for infusion are usually prepared
to give a concentration of aciclovir of 25 or 50 mg/mL;
this must then be further diluted to a final concentration
not greater than about 5 mg/mL (0.5%). Alternatively,
a solution containing 25 mg/mL may be given by in-
jection using a controlled-rate infusion pump, over 1
hour. In obese patients the dose should be calculated on
the basis of ideal body-weight, to avoid overdosage. 
For herpes simplex infections in the immunocompro-
mised, and for severe initial genital herpes, or for
prophylaxis of herpes simplex infections in immuno-
compromised patients the dose by the intravenous
route is 5 mg/kg given every 8 hours, and recommend-

ed periods of treatment range from 5 to 7 days. A high-
er dose of 10 mg/kg every 8 hours is given in the treat-
ment of herpes simplex encephalitis, and treatment is
usually continued for 10 days. 
For varicella-zoster infections in immunocompetent
patients, a dose of 5 mg/kg every 8 hours may also be
given. In immunocompromised patients the higher
dose of 10 mg/kg every 8 hours should be used. 
Oral doses of aciclovir also vary according to indica-
tion. In herpes simplex infections: 
• for treatment of primary infections, including genital

herpes, the usual oral dose is 200 mg five times daily
(usually every 4 hours while awake) for 5 to 10 days 

• severely immunocompromised patients or those with
impaired absorption may be given 400 mg five
times daily for 5 days 

• for suppression of recurrent herpes simplex in immu-
nocompetent patients, the oral dose is 800 mg daily
in two to four divided doses; dosage reduction to 400
to 600 mg daily can be tried. Higher doses of 1 g dai-
ly have also been used. Therapy should be interrupt-
ed every 6 to 12 months for reassessment of the con-
dition 
Chronic suppressive treatment is not suitable for
mild or infrequent recurrences of herpes simplex. In
such cases episodic treatment of recurrences may be
preferred; a dose of 200 mg five times daily for 5
days has been recommended, preferably begun dur-
ing the prodromal period. 

• for prophylaxis of herpes simplex in immunocom-
promised patients, the dose is 200 to 400 mg four
times daily. 

The usual oral dose of aciclovir for treatment of chick-
enpox is 800 mg four or five times daily for 5 to 7
days; for herpes zoster 800 mg five times daily may be
given for 7 to 10 days. 
In herpes simplex infections of the skin, including
genital herpes and herpes labialis, topical treatment
with an ointment or cream containing aciclovir 5%
may be applied 5 or 6 times daily for periods of 5 to 10
days, preferably beginning in the prodromal period as
soon as signs or symptoms occur. In herpes simplex
keratitis a 3% eye ointment may be applied 5 times
daily until 3 days after healing. 
Doses should be reduced in renal impairment (see be-
low). 
For details of doses in children, see Administration in
Children, below.
◊ Reviews.
1. Wagstaff AJ, et al. Aciclovir: a reappraisal of its antiviral activ-

ity, pharmacokinetic properties and therapeutic efficacy. Drugs
1994; 47: 153–205. 

2. Leflore S, et al. A risk-benefit evaluation of aciclovir for the
treatment and prophylaxis of herpes simplex virus infections.
Drug Safety 2000; 23: 131–42.

Administration in children. Aciclovir is licensed for use in
infants and children for the treatment of herpes simplex and vari-
cella-zoster infections, and for the prophylaxis of herpes simplex
infections in the immunocompromised. It may be given by slow
intravenous infusion over 1 hour, or orally. 
Recommended intravenous doses vary according to country and
age of the patient. 
In the UK the 8-hourly dose for children aged 3 months to 12
years is calculated by body-surface. The usual course of treat-
ment is 5 to 10 days: 

• herpes simplex and varicella-zoster infections in immuno-
competent patients: 250 mg/m2 

• varicella-zoster infection in immunocompromised children
or those with herpes simplex encephalitis: 500 mg/m2 

In the USA, the 8-hourly intravenous dose for children aged 3
months to 12 years is calculated by body-weight: 

• herpes simplex infections: 10 mg/kg for 7 days 
• varicella-zoster infections in immunocompromised chil-

dren: 20 mg/kg for 7 days 
• herpes simplex encephalitis: 20 mg/kg for 10 days 

In the UK and the USA the intravenous dose for neonates and
infants up to 3 months of age is calculated by body-weight; an 8-
hourly intravenous dose of 10 mg/kg may be given for the treat-
ment of herpes simplex infections. Treatment for neonatal herpes
simplex usually continues for 7 or 10 days. Higher intravenous
doses of up to 20 mg/kg for at least 7 days have been recom-
mended by the BNFC in neonates with varicella-zoster infec-

tions. A similar dose given for 14 days (21 days if CNS involve-
ment) is also recommended in the treatment of disseminated
herpes simplex in neonates and infants up to 3 months of age. 
In the UK the following oral doses are permitted in the treatment
of herpes simplex infections, and in the prophylaxis of herpes
simplex infections in the immunocompromised: 

• 2 years and over: usual adult dose (see above) 
• under 2 years: half usual adult dose 

In the UK and the USA the oral doses for the treatment of chick-
enpox are: 

• over 2 years: 20 mg/kg, up to a maximum of 800 mg, four
times daily for 5 days 

Alternatively, the following oral doses may be used: 
• under 2 years: 200 mg four times daily 
• 2 to 5 years: 400 mg four times daily 
• 6 years and over: 800 mg four times daily

Administration in renal impairment. Doses of aciclovir
should be reduced in renal impairment according to creatinine
clearance (CC) and licensed product information gives the fol-
lowing guidance: 
intravenous dosage: 
• CC between 25 and 50 mL/minute: the interval between infu-

sions may be increased to 12 hours 
• CC 10 to 25 mL/minute: the interval between infusions may

be increased to 24 hours 
• CC less than 10 mL/minute: patients on peritoneal dialysis

should receive half the usual appropriate dose given once eve-
ry 24 hours; patients on haemodialysis should receive half the
usual dose every 24 hours plus an extra half-dose after haemo-
dialysis 

oral dosage: 
• CC less than 10 mL/minute: herpes simplex infections:

200 mg every 12 hours; varicella-zoster infections: 800 mg
every 12 hours 

• CC between 10 and 25 mL/minute: varicella-zoster infec-
tions: 800 mg three times daily every 8 hours

Erythema multiforme. For patients with recurrent erythema
multiforme (p.1580) associated with herpes simplex infection a
5-day course of oral aciclovir at the start of the infection has been
proposed to prevent the subsequent skin lesions.1 If this fails, a 6-
month course of oral aciclovir has been found to be of benefit,2
even if the association with herpes is not obvious. It should be
noted, however, that erythema multiforme may occur as an ad-
verse effect of systemic aciclovir.
1. Schofield JK, et al. Recurrent erythema multiforme: clinical fea-

tures and treatment in a large series of patients. Br J Dermatol
1993; 128: 542–5. 

2. Tatnall FM, et al. A double-blind, placebo-controlled trial of
continuous acyclovir therapy in recurrent erythema multiforme.
Br J Dermatol 1995; 132: 267–70.

Preparations
BP 2008: Aciclovir Cream; Aciclovir Eye Ointment; Aciclovir Intravenous
Infusion; Aciclovir Oral Suspension; Aciclovir Tablets; Dispersible Aciclovir
Tablets; 
USP 31: Acyclovir Capsules; Acyclovir for Injection; Acyclovir Ointment;
Acyclovir Oral Suspension; Acyclovir Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Acerpes; Aciclo; Aciclotex; Apofarm; Dioxis; Lafevir ; Lisovyr; Poviral;
Virostatic; Xiclovir ; Zovirax; Austral.: Acihexal; Acyclo-V; Chemists Own
Cold Sore; Lovir ; Ozvir ; Zolaten†; Zovirax; Zyclir ; Austria: Acic; Aci-
clobene; Aciclostad; Aciclotyrol†; Activir ; Acyclox; Exviral; Farocid†; Fibral;
Herpomed; Nycovir ; Simplex-Fieberblasen; Stadovir ; ViroMed; Xorox; Zo-
virax; Belg.: Aciclomed; Aciclophar; Docaciclo; Viratop; Zovirax; Braz.:
Aciclomed; Aciclor†; Aciclovan†; Aciveral; Acivirax; Anclomax; Antivirax;
Aviral; Ciclavix†; Ciclocris†; Clovir; Ductovirax; Exavir†; Ezopen; Heclivir;
Herpesil†; Hervirax; Hpvir ; Uni Vir ; Ziclovir†; Zovirax; Zoylex†; Canad.:
Avirax†; Zovirax; Chile: Eurovir ; Lisovyr; Oftavir ; Vironida; Zovirax; Cz.:
Acyclostad; Herpesin; Herpotern†; Provirsan; Ranvir ; Supraviran†; Viro†;
Virolex; Xorox†; Zovirax; Denm.: Aciclodan; Acivir; Avirox; Geavir ; Her-
pavir ; Orivir†; Zovir ; Fin.: Aclovir ; Acyclostad†; Acyrax; Antix; Geavir†;
Herpolips; Zovirax; Fr.: Aciclovivax; Activir ; Kendix; Virucalm; Zovirax;
Ger.: Acerpes; Acic; Acic-Ophtal; Aciclo; Aciclobeta; Aciclostad; Acivir ;
Dynexan Herpescreme; Herpetad; Juviral†; Mapox†; Supraviran; Virax†;
Virupos; Viruseen†; Virzin; Zoliparin; Zovirax; Gr.: Abduce; Biozirox; Car-
gosil; Cevinolon; Clovirax; Cyclovir†; Cycloviran; Erpaclovir ; Erpizon; Etasis-
en; Hagevir ; Helposol; Herzkur; Neldim; Pulibex; Uniplex†; Verpir; Virust-
eril; Xorox†; Zeramil; Zidovimm; Zovirax; Hong Kong: Acilax; Aclovirax;
Acyvir; Avorax; Cusiviral; Cyclorax†; Cyclovax; Entir ; Euroclovir; Lovir ; Me-
dovir; Qualiclovir ; Synclovir ; Vidaclovir ; Virest; Viroclear; Virucid; Wariviron;
Zevin; Zoral; Zoraxin; Zovirax; Hung.: Acyclostad; Herpesin; Telviran; Vi-
rokill†; Virolex; Zovirax; India: Acivir; Cyclovir; Herpex; Ocurax; Zovirax;
Indon.: Acifar; Azovir; Clinovir ; Clopes; Danovir ; Herax; Herpiclof; Kenro-
vir ; Matrovir ; Molavir ; Nevirz; Quavir ; Scanovir ; Viralis; Vircella; Vircovir ; Vir-
dam; Vireth; Virpes; Virtaz-200; Virules; Zorel; Zoter; Zovirax; Zumasid;
Zyclorax; Irl.: Acic; Soothelip†; Viralief; Zovirax; Israel: Acivir ; Acyclo-V;
Cyclomed; Supra-Vir; Zovirax; Ital.: Aciclin; ACY; Acyvir ; Alovir; Amodi-
vyr; Avirase; Avix; Avyclor; Avyplus; Avysal†; Cevirin†; Citivir; Cycloviran;
Dravyr; Efriviral; Esavir ; Euclivir ; Fuviron; Herpesnil; Iliaclor; Immunovir ; Ipa-
viran; Ipsovir ; Neclovir†; Neviran; Rexan; Riduvir ; Sanavir ; Sifiviral†; Vora-
clor ; Zovirax; Jpn: Zovirax; Malaysia: Acylete; Avorax; Cusiviral; Cy-
clovax†; Declovir ; Hepirax; Lovir; Medovir ; Vacrax; Virest†; Virless; Zevin;
Zoral; Zorax†; Zovirax; Mex.: Acifur; Akevir; Apo-Vir; Avirex-T; Bioviraz;
Brimex; Cicloferon; Clirbest; Clociver; Clovex; Clyvorax; Epsin; Erser; Ex-
aliver†; Firex; Hercivir ; Herpilem; Isavir ; Jersin; Kerastil; Laciken; Lesaclor;
Maclov; Opthavir ; Pharcilex†; Seracic; Sinarden; Sophivir ; Soviclor; Vicloran;
Viclovir ; Virestat; Viroxil; Zetavir†; Zirconia; Ziverone; Zovirax; Neth.: Her-
polips; Kruidvat Koortslipcreme; Zovirax; Norw.: Zovirax; NZ: Acicvir†;
Lovir ; Viraban; Zolaten; Zovirax; Philipp.: Acyhex; Cyclostad; Herpex;
Klozivex; Virest; Zovirax; Pol.: Abbovir ; Acix; Antivir ; Awirol; Cusiviral; Has-
covir ; Herpesin; Herpex; Heviran; Virolex; Xorovir; Zovirax; Port.: Aci-
closina; Aciclovax; Cicloviral; Divicil; Faulviral; Hermix-Sofex; Hermocil†;
Herpex; Milavir ; Vidovir ; Zov800; Zovirax; Rus.: Aciclostad
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

(Ациклостад)†; Cyclovir (Цикловир); Herpesin (Герпесин); Lovir
(Ловир); Medovir (Медовир); Virolex (Виролекс); Vivorax (Виворакс);
Zovirax (Зовиракс); S.Afr.: Acitab DT; Acitop; Activir ; Cyclivex; Lovire; Vy-
rohexal; Zovirax; Singapore: Avorax; Bearax; Cusiviral; Danovir†; Dravyr;
Entir ; Erlvirax†; Lovir ; Medovir ; Vacrax; Virest; Virless; Zoral; Zorax; Zovi-
rax; Spain: Aciclostad; Bel Labial; Maynar; Milavir ; Virherpes; Virmen; Viru-
derm; Zovirax; Swed.: Anti; Geavir ; Zovirax; Switz.: Acerpes†; Acivir ; Avi-
ral; Helvevir ; Virucalm; Zovirax; Thai.: ACV; Acyvir ; Clinovir ; Clovin;
Clovira; Colsor; Cyclorax; Entir ; Herpenon; Herpirax; Lermex; Marvir ; No-
rum; Ranvir ; Vermis; Vilerm; Viraxy; Virogon; Virolan; Viromed; Viropox†;
Vivax; Vivir ; Zevin; Zocovin; Zovirax; Turk.: Acyl; Aklovir ; Asiviral; Herno-
vir ; Herpeks; Klovireks-L; Provir ; Silovir ; Virosil; Virupos; Xorox; Zovirax;
UAE: Lovrak; UK: Aviral; Clearsore; Herpetad; Soothelip; Virasorb; Virovir;
Zovirax; USA: Zovirax; Venez.: Aciclor; Avir ; Cloryvil; Clovirex†; Herpi-
clor†; Herpin; Klovir†; Zovirax.

Adefovir (BAN, USAN, rINN)

Adéfovir; Adefovirum; GS-0393; PMEA. {[2-(6-Amino-9H-pu-
rin-9-yl)ethoxy]methyl}phosphonic acid; 9-[2-(Phosphonometh-
oxy)ethyl]adenine.
Адефовир
C8H12N5O4P = 273.2.
CAS — 106941-25-7.
ATC — J05AF08.
ATC Vet — QJ05AF08.

Adefovir Dipivoxil (BANM, USAN, rINNM)

Adefovir Dipivoksil; Adéfovir Dipivoxil; Adefovirum Dipivoxilum;
Dipivoxilo de adefovir; GS-0840; Piv2PMEA; Bis(POM)PMEA. 9-
[2-({Bis[(pivaloyloxy)methoxy]phosphinyl}methoxy)ethyl]ade-
nine.
Адефовир Дипивоксил
C20H32N5O8P = 501.5.
CAS — 142340-99-6.
ATC — J05AF08.
ATC Vet — QJ05AF08.

Adverse Effects
The most common adverse effects reported from ade-
fovir have been gastrointestinal effects including nau-
sea, flatulence, diarrhoea, dyspepsia, and abdominal
pain. Other common adverse effects are headache and
asthenia. There have also been reports of pruritus and
skin rashes. Increases in serum-creatinine concentra-
tions may occur and there have been instances of renal
impairment and acute renal failure; proximal renal tu-
bulopathy, Fanconi syndrome, and hypophosphatae-
mia have also been reported. Raised liver enzyme con-
centrations may occur and severe acute exacerbation of
hepatitis has been reported after stopping treatment
with adefovir. 
Lactic acidosis, usually associated with severe
hepatomegaly and steatosis, has been associated with
treatment with nucleoside analogues alone or with
antiretrovirals (see Zidovudine, p.914).

Precautions
Adefovir should be withdrawn if there is a rapid in-
crease in aminotransferase concentrations, progressive
hepatomegaly or steatosis, or metabolic or lactic acido-
sis of unknown aetiology. Adefovir should be given
with caution to patients with hepatomegaly or other
risk factors for liver disease. Careful differentiation
should be made between patients whose liver enzyme
concentrations become elevated due to response to
treatment and those in whom it is indicative of toxicity.
Exacerbation of hepatitis has been reported in patients
who developed resistance to adefovir and in those who
stopped adefovir; patients who stop treatment should
be monitored closely for an appropriate period. In or-
der to minimise the risk of resistance in patients with
lamivudine-resistant hepatitis B, adefovir should be
used with lamivudine and not as monotherapy. Patients
taking adefovir should be monitored every 3 months
for signs of deteriorating renal function; particular care
should be exercised in patients with a creatinine clear-

ance of less than 50 mL/minute, who may require dos-
age modification, and in those receiving other drugs
that may affect renal function. 
Use of adefovir to treat chronic hepatitis B infection in
patients with undiagnosed or untreated HIV infection
may result in the emergence of resistant strains of HIV.
US licensed product information recommends that all
patients be tested for HIV antibodies before starting
treatment with adefovir.
Breast feeding. It is not known whether adefovir is distributed
into breast milk but licensed product information recommends
that mothers should not breast feed if taking adefovir.
Pregnancy. Studies in rodents given high intravenous doses of
adefovir (systemic exposure 38 times that in the human) have
found it to be fetotoxic or embryotoxic; those given high oral
doses (systemic exposure 23 to 40 times that in the human) or
lower intravenous doses (systemic exposure 12 times that in the
human) did not show evidence of teratogenicity or embryotoxic-
ity. There are no studies available on the use of adefovir in preg-
nant women and licensed product information recommends that
it should only be given to pregnant women if the potential benefit
justifies the potential risk.

Interactions
Caution should be exercised when adefovir is given
with other drugs eliminated by active tubular secretion
as competition for the elimination pathway may in-
crease the serum concentrations of either drug. Care is
required when adefovir is given with other drugs with
the potential for nephrotoxicity.

Antiviral Action
Adefovir is converted intracellularly in stages to the di-
phosphate, which then inhibits the DNA synthesis of
hepatitis B virus through competitive inhibition of re-
verse transcriptase and incorporation into viral DNA.
At high doses it has some activity against HIV.
Antiviral resistance. The development of antiviral resistance
is a concern with long-term nucleoside or nucleotide treatment
for chronic hepatitis B. Studies1-4 in patients with chronic hepa-
titis B showed no resistance to adefovir after 1 year of treatment,
but resistance rates increased over time to about 11%, 18%, and
29% at year 3, 4, and 5 respectively. Adefovir was found to be
effective in patients who had previously developed resistance to
lamivudine.4
1. Marcellin P, et al. Adefovir dipivoxil for the treatment of hepati-

tis B e antigen-positive chronic hepatitis B. N Engl J Med 2003;
348: 808–16. Correction. ibid.: 1192. 

2. Hadziyannis SJ, et al. Adefovir dipivoxil for the treatment of
hepatitis B e antigen-negative chronic hepatitis B. N Engl J Med
2003; 348: 800–7. Correction. ibid.; 1192. 

3. Hadziyannis SJ, et al. Long-term therapy with adefovir dipivoxil
for HBeAg-negative chronic hepatitis B. N Engl J Med 2005;
352: 2673–81. 

4. Delaney WE. Progress in the treatment of chronic hepatitis B:
long-term experience with adefovir dipivoxil. J Antimicrob
Chemother 2007; 59: 827–32.

Pharmacokinetics
After oral doses adefovir dipivoxil is rapidly converted
to adefovir. Peak plasma concentrations of adefovir oc-
cur after about 0.6 to 4 hours. Bioavailability is report-
ed to be 59% after a single oral dose. Absorption is de-
layed but not reduced when given with food. Adefovir
is widely distributed to body tissues, particularly into
the kidneys, liver, and intestines. Less than 4% is
bound to plasma or serum proteins. Adefovir is excret-
ed renally by glomerular filtration and active tubular
secretion; the terminal elimination half-life is reported
to be about 7 hours. Adefovir is partially removed by
haemodialysis.

Uses and Administration
Adefovir is a nucleotide reverse transcriptase inhibitor,
structurally related to adenine, that is given orally as
the prodrug adefovir dipivoxil for the treatment of
chronic hepatitis B (p.851). It is used in adults with
decompensated liver disease, or with compensated liv-
er disease with evidence of active viral replication, per-
sistently raised serum alanine aminotransferase con-
centrations, and histological evidence of active liver
inflammation and fibrosis. The usual dose of adefovir
dipivoxil is 10 mg once daily. For details of dosage
modification in patients with renal impairment, see be-
low. 

Adefovir was initially investigated for the treatment of
HIV infection, but its use is limited by nephrotoxicity
due to the high doses needed.
◊ References.
1. Dando TM, Plosker GL. Adefovir dipivoxil: a review of its use

in chronic hepatitis B. Drugs 2003; 63: 2215–34. 
2. Rivkin AM. Adefovir dipivoxil in the treatment of chronic hep-

atitis B. Ann Pharmacother 2004; 38: 625–33. 
3. Danta M, Dusheiko G. Adefovir dipivoxil: review of a novel acy-

clic nucleoside analogue. Int J Clin Pract 2004; 58: 877–86.

Administration in renal impairment. The dosage of adefo-
vir dipivoxil should be reduced in patients with renal impair-
ment. The dosing interval should be modified according to the
creatinine clearance (CC) of the patient: 
• CC 50 mL or more per minute: usual 10 mg once-daily dos-

age (above) 
• CC 30 to 49 mL/minute: 10 mg every 48 hours 
• CC 10 to 29 mL/minute: 10 mg every 72 hours 
• haemodialysis patients: 10 mg every 7 days after dialysis
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Biovir ; Hepsera; Austral.: Hepsera; Belg.: Hepsera; Chile: Hepsera;
Cz.: Hepsera; Denm.: Hepsera; Fin.: Hepsera; Ger.: Hepsera; Gr.: Hep-
sera; Hong Kong: Hepsera; Hung.: Hepsera; India: Adesera; Indon.:
Hepsera; Irl.: Hepsera; Israel: Hepsera; Ital.: Hepsera; Malaysia: Hepse-
ra; Mex.: Hepsera; Neth.: Hepsera; Norw.: Hepsera; NZ: Hepsera;
Philipp.: Hepsera; Pol.: Hepsera; Port.: Hepsera; Singapore: Hepsera;
Spain: Hepsera; Swed.: Hepsera; Switz.: Hepsera; Thai.: Hepsera; Turk.:
Hepsera; UK: Hepsera; USA: Hepsera; Venez.: Hepsera.

Multi-ingredient: Fr.: Hepsera.

Amprenavir (BAN, USAN, rINN)

Amprenaviiri; Amprénavir ; Amprenavirum; KVX-478; VX-478;
141W94. (3S)-Tetrahydro-3-furyl{(S)-α-[(1R)-1-hydroxy-2-(N1-
isobutylsulfanilamido)ethyl]phenethyl}carbamate.
Ампренавир
C25H35N3O6S = 505.6.
CAS — 161814-49-9.
ATC — J05AE05.
ATC Vet — QJ05AE05.

Adverse Effects
Adverse effects associated with antiretroviral regimens
containing amprenavir are mostly mild to moderate.
The most common adverse effects are gastrointestinal
disturbances such as diarrhoea, flatulence, nausea, and
vomiting. Other commonly reported adverse effects in-
clude fatigue, headache, oral paraesthesia, and taste
disorders, while the most frequently reported serious
adverse effects include peripheral paraesthesias, skin
rash, and mood disorders (including depression). Mild
to moderate rashes (usually erythematous or maculo-
papular and sometimes pruritic), generally occur dur-
ing the second week of treatment and resolve within 2
weeks. A possible association with Stevens-Johnson
syndrome has been reported with amprenavir.

Precautions
Amprenavir (when given with ritonavir) is contra-indi-
cated in patients with severe hepatic impairment, and
should be used with caution (and liver enzyme values
monitored), in patients with mild to moderate liver dis-
ease. Patients co-infected with chronic hepatitis B or C
and treated with combination antiretroviral therapy are
at increased risk for severe and potentially fatal hepatic
adverse events. Caution is advised in treating patients
with haemophilia A and B as reports of spontaneous
bleeding have been associated with the use of HIV-pro-
tease inhibitors. Treatment with amprenavir should be
permanently stopped in patients who develop a severe
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or life-threatening skin rash or a skin rash with associ-
ated systemic or allergic symptoms or mucosal in-
volvement. 
Amprenavir is a sulfonamide and should be used with
caution in patients known to be allergic to sulfona-
mides. The oral solution and capsule formulations
(Agenerase, GlaxoSmithKline) also provide high daily
doses of vitamin E (see p.1993). The oral solution has
a high content of propylene glycol, present as an excip-
ient, and appropriate precautions should be taken; it is
contra-indicated in infants and young children, in preg-
nancy, and in hepatic or renal impairment. For further
information on propylene glycol toxicity, see Adverse
Effects and Precautions, p.2374.
Pregnancy. Amprenavir has been associated with teratogenici-
ty in animals. The solution is contra-indicated in pregnancy due
to the high propylene glycol content.

Interactions
Amprenavir is reported to be metabolised by the cyto-
chrome P450 isoenzyme CYP3A4. It is also a modest
inhibitor of the cytochrome P450 isoenzymes
CYP3A4 and CYP2C19. Drugs that affect these isoen-
zymes may modify amprenavir plasma concentrations
and amprenavir may alter the pharmacokinetics of other
drugs that are metabolized by this enzyme system. 
Amprenavir is contra-indicated with drugs that are
highly dependent on CYP3A4 for clearance and for
which elevated plasma concentrations are associated
with serious or life-threatening events. These drugs in-
clude antiarrhythmics (amiodarone, bepridil, flecain-
ide, propafenone, and quinidine), antihistamines
(astemizole and terfenadine), ergot derivatives (dihy-
droergotamine, ergometrine, ergotamine, methyler-
gometrine), gastrointestinal prokinetics (cisapride), an-
tipsychotics (pimozide), sedatives and hypnotics
(midazolam and triazolam) and statins (simvastatin
and lovastatin). Rifampicin and St John’s wort de-
crease the concentration of amprenavir; use with the
antiretroviral is not recommended due to possible loss
of its activity and development of resistance. 
Agenerase oral solution (GlaxoSmithKline) is contra-
indicated in patients taking disulfiram or other prod-
ucts that reduce alcohol metabolism (such as metroni-
dazole) and in those taking alcohol-containing prod-
ucts (such as ritonavir oral solution) because of the
potential risk of toxicity from its propylene glycol con-
tent. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Amprenavir is a selective, competitive, reversible in-
hibitor of HIV-1 and HIV-2 protease. It interferes with
the formation of essential viral proteins making them
incapable of infecting other cells. Viral resistance de-
velops rapidly when HIV-protease inhibitors are given
alone and therefore they are used with other antiretro-
virals. Cross-resistance between HIV-protease inhibi-
tors may occur, but cross-resistance between HIV-pro-
tease inhibitors and reverse transcriptase inhibitors is
considered unlikely. Mechanisms of resistance to am-
prenavir may differ from those of other HIV-protease
inhibitors.

Pharmacokinetics
Amprenavir is rapidly and well absorbed from the gas-
trointestinal tract after oral doses. Absorption is im-
paired by ingestion with a high-fat meal. Amprenavir
capsules and oral solution are not bioequivalent; oral
bioavailability is about 14% lower from the oral solu-
tion formulation than from the capsule formulation
(Agenerase, GlaxoSmithKline). Peak plasma concen-
trations are attained 1 to 2 hours after a single dose. It
is about 90% bound to plasma proteins. Amprenavir is
metabolised by hepatic cytochrome P450 isoenzyme

CYP3A4. It is excreted mainly in the faeces as metab-
olites. The plasma elimination half-life is 7.1 to 10.6
hours.
◊ References.
1. Sadler BM, Stein DS. Clinical pharmacology and pharmacoki-

netics of amprenavir. Ann Pharmacother 2002; 36: 102–18. 
2. Stein DS, et al. Pharmacokinetic and pharmacodynamic analysis

of amprenavir-containing combination therapy in HIV-1-infect-
ed children. J Clin Pharmacol 2004; 44: 1301–8. 

3. Yogev R, et al. Single-dose safety and pharmacokinetics of am-
prenavir (141W94), a human immunodeficiency virus type 1
(HIV-1) protease inhibitor, in HIV-infected children. Antimicrob
Agents Chemother 2005; 49: 336–41.

Uses and Administration
Amprenavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when amprenavir is used alone, and it is there-
fore used with other antiretrovirals. 
Amprenavir is given orally as capsules or solution but
the bioavailability of these formulations (Agenerase,
GlaxoSmithKline) differ and their doses are not inter-
changeable. 
• In adults and adolescents (13 to 16 years) weighing

50 kg or more the capsules are given in a dose of
1.2 g twice daily; when given with ritonavir (ritona-
vir-boosted amprenavir) the recommended dose is
amprenavir 600 mg with ritonavir 100 mg twice dai-
ly or amprenavir 1.2 g with ritonavir 200 mg once
daily. 

• The oral solution is given in a dose of 17 mg/kg
three times daily (maximum daily dose 2.8 g) or
1.4 g twice daily. 

For details of doses in children and patients weighing
less than 50 kg, see below. For dosage in hepatic im-
pairment, also see below. 
Amprenavir is also used in the form of the prodrug
fosamprenavir (see p.877), which may aid compliance
by reducing adverse effects and increasing flexibility
of dosing.
◊ Reviews.
1. Noble S, Goa KL. Amprenavir: a review of its clinical potential

in patients with HIV infection. Drugs 2000; 60: 1383–1410.

Administration in children. For the treatment of HIV infec-
tion in children 4 to 12 years of age and in adolescents (13 to 16
years) weighing less than 50 kg, amprenavir is given daily with
other antiretroviral drugs. Doses are based on body-weight: 
• the capsules are given in an oral dose of 20 mg/kg twice daily

or 15 mg/kg three times daily, to a maximum daily dose of
2.4 g, or 

• the solution is given in an oral dose of 22.5 mg/kg twice daily
or 17 mg/kg three times daily, to a maximum daily dose of
2.8 g

Administration in hepatic impairment. Amprenavir
should be used with caution and in reduced doses in patients with
hepatic impairment. Additionally, the oral solution contains pro-
pylene glycol and extra restrictions may apply. 
The following doses have been recommended in UK licensed
product information: 
oral solution: 
• do not use 
capsules: 
• moderate impairment: 450 mg twice daily 
• severe impairment: 300 mg twice daily 
The following doses have been recommended in US product in-
formation: 
oral solution: 
• Child-Pugh score 5 to 8: 513 mg twice daily 
• Child-Pugh score 9 to 12: 342 mg twice daily 
• hepatic failure: do not use 
capsules: 
• Child-Pugh score 5 to 8: 450 mg twice daily 
• Child-Pugh score 9 to 12: 300 mg twice daily

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Agenerase; Austral.: Agenerase; Austria: Agenerase; Belg.: Agen-
erase†; Braz.: Agenerase; Canad.: Agenerase; Chile: Agenerase; Cz.:
Agenerase; Denm.: Agenerase†; Fin.: Agenerase; Fr.: Agenerase; Ger.:
Agenerase; Gr.: Agenerase; Irl.: Agenerase; Israel: Agenerase; Ital.: Agen-
erase; Mex.: Agenerase; Neth.: Agenerase; Norw.: Agenerase†; NZ:
Agenerase; Pol.: Agenerase; Port.: Agenerase; Rus.: Agenerase
(Агенераза); Spain: Agenerase; Swed.: Agenerase†; Switz.: Agenerase;
Turk.: Agenerase; UK: Agenerase†; USA: Agenerase†; Venez.: Agen-
erase.

Atazanavir Sulfate (USAN, rINNM)

Atazanavir, Sulfate d’; Atazanavir Sulphate (BANM); Atazanaviri
Sulfas; BMS-232632-05; BMS-232632 (atazanavir); Sulfato de
atazanavir. Dimethyl (3S,8S,9S,12S)-9-Benzyl-3,12-di-tert-butyl-8-
hydroxy-4,11-dioxo-6-(p-2-pyridylbenzyl)-2,5,6,10,13-pentaaza-
tetradecanedioate sulfate (1:1).

Атазанавира Сульфат

C38H52N6O7,H2SO4 = 802.9.

CAS — 198904-31-3 (atazanavir); 229975-97-7 (ata-
zanavir sulfate).

ATC — J05AE08.

ATC Vet — QJ05AE08.

(atazanavir)

Adverse Effects
Commonly reported adverse effects of moderate or
greater intensity associated with antiretroviral regi-
mens containing atazanavir include gastrointestinal
disturbances (abdominal pain, diarrhoea, dyspepsia,
nausea, vomiting, and jaundice), headache, insomnia,
and peripheral neurological symptoms, and scleral
icterus. Other commonly reported adverse effects are
asthenia and fatigue. Mild to moderate rashes (usually
maculopapular) generally occurring after 8 weeks of
treatment and resolving within 1 to 2 weeks have been
reported. Stevens-Johnson syndrome and erythema
multiforme have also been reported in patients given
atazanavir. Atazanavir may prolong the PR interval of
the ECG and asymptomatic first-degree AV block has
been reported in some patients. Cases of nephrolithia-
sis have occurred. Most patients taking atazanavir have
asymptomatic elevations in unconjugated bilirubin,
which is reversible upon stopping treatment. Other
abnormal laboratory results include elevated amylase
and lipase, elevated liver enzymes, and low neutrophils. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including ata-
zanavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid ap-
pearance have been seen in patients receiving antiretro-
viral therapy, including atazanavir. Metabolic abnor-
malities such as insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported; atazana-
vir does not appear to have a negative effect on lipid
levels. Elevated creatine phosphokinase, myalgia, my-
ositis, and rarely rhabdomyolysis have been reported
with HIV-protease inhibitors, particularly when given
with nucleoside analogues. Osteonecrosis has been re-
ported, particularly in patients with advanced HIV dis-
ease or long-term exposure to combination antiretrovi-
ral therapy. 
For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sul-
fate, p.882.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Precautions
Atazanavir is contra-indicated in patients with severe
hepatic impairment and when given with ritonavir is
also contra-indicated in more moderate hepatic impair-
ment. It should be used with caution, and liver en-
zymes values monitored, in patients with mild liver
disease. Patients co-infected with chronic hepatitis B or
C and treated with combination antiretroviral therapy
are at increased risk for severe and potentially fatal he-
patic adverse events. 
Caution is advised in treating patients with haemophil-
ia A and B as reports of spontaneous bleeding have
been associated with the use of HIV-protease inhibi-
tors. Caution should be exercised in patients with pre-
existing cardiac conduction disorders or in those taking
drugs that prolong the PR or increase the QT intervals.
Patients developing jaundice or scleral icterus associat-
ed with hyperbilirubinaemia should be tried on an al-
ternative antiretroviral; dose reductions of atazanavir
should not be considered.
Pregnancy. Atazanavir has not been associated with tera-
togenicity in animals. It is not known whether atazanavir given
to mothers will exacerbate physiologic hyperbilirubinaemia and
lead to kernicterus in neonates and young infants.

Interactions
Atazanavir is extensively metabolised in the liver by
the cytochrome P450 isoenzyme CYP3A4 and inhibits
CYP3A4, CYP2C8, and UGT1A1. Use with drugs pri-
marily metabolised by these isoenzymes may result in
increases in their plasma concentrations, while drugs
that inhibit CYP3A4 may increase atazanavir plasma
concentrations. When ritonavir-boosted atazanavir is
given, the drug interaction profile for ritonavir may
predominate because ritonavir is a more potent
CYP3A4 inhibitor than atazanavir. 
Atazanavir is contra-indicated with drugs that are high-
ly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with se-
rious or life-threatening events. These drugs include
antiarrhythmics (amiodarone, bepridil, flecainide,
propafenone, and quinidine), antihistamines (astemi-
zole and terfenadine), antineoplastic (irinotecan), ergot
derivatives (dihydroergotamine, ergometrine, ergot-
amine, methylergometrine), gastrointestinal prokinet-
ics (cisapride), antipsychotics (pimozide), sedatives
and hypnotics (midazolam, triazolam), and statins
(simvastatin and lovastatin). Proton pump inhibitors,
rifampicin, and St John’s wort decrease the concentra-
tion of atazanavir; use with the antiretroviral is not rec-
ommended due to possible loss of its activity and de-
velopment of resistance. Atazanavir should also not be
given to patients taking indinavir, as indirect hyperbi-
lirubinaemia may result. Atazanavir is also contra-indi-
cated with irinotecan as azatanavir’s inhibition of
UGT1A1 may increase irinotecan toxicity. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Atazanavir is a selective, competitive, reversible inhib-
itor of HIV-1 protease. It interferes with the formation
of essential viral proteins making them incapable of in-
fecting other cells. Viral resistance develops rapidly
when HIV-protease inhibitors are given alone and
therefore they are used with other antiretrovirals. Vari-
ous degrees of cross-resistance between HIV-protease
inhibitors may occur.

Pharmacokinetics
Atazanavir is rapidly absorbed from the gastrointesti-
nal tract after oral doses with peak plasma concentra-
tions occurring after 2 to 2.5 hours. On multiple dosing
with a ritonavir-boosted regimen peak plasma concen-
trations are achieved after 3 hours. Bioavailability (of
both ritonavir-boosted and non-boosted regimens) is
enhanced if given with food. Atazanavir is reported to

be 86% bound to serum proteins. It is distributed into
semen and into the CSF. Atazanavir is extensively me-
tabolised, mainly by oxidation by cytochrome P450
isoenzyme CYP3A; the metabolites appear to be inac-
tive. Atazanavir is predominantly excreted in faeces,
mainly as metabolites, and to a smaller extent in the
urine. The terminal elimination half-life of atazanavir
is reported to be about 7 hours and 8.6 hours after a
ritonavir-boosted regimen.
◊ Reviews.
1. Le Tiec C, et al. Clinical pharmacokinetics and summary of ef-

ficacy and tolerability of atazanavir. Clin Pharmacokinet 2005;
44: 1035–50.

Uses and Administration
Atazanavir is an HIV-protease inhibitor with antiviral
activity against HIV-1. It is used in the treatment of
HIV infection and AIDS (p.856). Viral resistance
emerges rapidly when atazanavir is used alone, and it
is therefore used with other antiretrovirals. 
Atazanavir is given orally as the sulfate with food, but
doses are expressed in terms of atazanavir; 228 mg of
atazanavir sulfate is equivalent to about 200 mg of ata-
zanavir. 
The usual adult dose in treatment-naive patients is
400 mg once daily. Ritonavir-boosted atazanavir (ata-
zanavir 300 mg once daily with ritonavir 100 mg once
daily) should be used when given with tenofovir, efa-
virenz, H2-receptor antagonists, or proton pump inhib-
itors. 
The usual dose in therapy-experienced patients is
300 mg once daily with ritonavir 100 mg once daily. A
dose of atazanavir 400 mg once daily with ritonavir
100 mg once daily should be used when given with
both tenofovir and an H2-receptor antagonist. 
For details of doses in children and adolescents, see be-
low. 
For details of recommended doses of atazanavir in pa-
tients with hepatic or renal impairment, see below.
◊ Reviews.
1. Havlir DV, O’Marro SD. Atazanavir: new option for treatment of

HIV infection. Clin Infect Dis 2004; 38: 1599–1604. 
2. Musial BL, et al. Atazanavir: a new protease inhibitor to treat

HIV infection. Am J Health-Syst Pharm 2004; 61: 1365–74. 
3. Orrick JJ, Steinhart CR. Atazanavir. Ann Pharmacother 2004;

38: 1664–74. 
4. Swainston Harrison T, Scott LJ. Atazanavir: a review of its use

in the management of HIV infection. Drugs 2005; 65: 2309–36.

Administration in children. For the treatment of HIV infec-
tion in children 6 years of age and older and adolescents, atazana-
vir is given orally with food. Doses are based on body-weight. 
The recommended dosage of atazanavir with ritonavir in treat-
ment-naive patients at least 6 years of age is: 
• 15 to 24 kg: atazanavir 150 mg once daily with ritonavir

80 mg once daily 
• 25 to 31 kg: atazanavir 200 mg once daily with ritonavir

100 mg once daily 
• 32 to 38 kg: atazanavir 250 mg once daily with ritonavir

100 mg once daily 
• 39 kg or more: atazanavir 300 mg once daily with ritonavir

100 mg once daily 
For treatment-naive patients at least 13 years of age and 39 kg,
who are unable to tolerate ritonavir, the recommended dose is
atazanavir 400 mg once daily. 
The recommended dosage of atazanavir with ritonavir in treat-
ment-experienced patients at least 6 years of age is: 
• 25 to 31 kg: atazanavir 200 mg once daily with ritonavir

100 mg once daily 
• 32 to 38 kg: atazanavir 250 mg once daily with ritonavir

100 mg once daily 
• 39 kg or more: atazanavir 300 mg once daily with ritonavir

100 mg once daily
Administration in hepatic impairment. In treatment-naive
patients the oral dose of atazanavir should be adjusted in hepatic
impairment as follows: 
• mild hepatic impairment (Child-Pugh category A): use with

caution (no specific reduction recommended) 
• moderate impairment (Child-Pugh category B): atazanavir

300 mg daily 
• severe hepatic impairment (Child-Pugh category C): not rec-

ommended 
Ritonavir-boosted atazanavir regimens should be used with cau-
tion in patients with mild hepatic impairment and should not be
used in those with moderate to severe hepatic impairment.

Administration in renal impairment. Oral dose adjust-
ments are not usually necessary for patients with renal impair-
ment. However, US licensed product information recommends
that treatment-naive patients on haemodialysis should be given
atazanavir 300 mg once daily with ritonavir 100 mg once daily
and that atazanavir should not be used in treatment-experienced
patients on haemodialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Reyataz; Austral.: Reyataz; Belg.: Reyataz; Braz.: Reyataz; Canad.:
Reyataz; Chile: Reyataz; Cz.: Reyataz; Denm.: Reyataz; Fin.: Reyataz; Fr.:
Reyataz; Ger.: Reyataz; Gr.: Reyataz; Hong Kong: Reyataz; Hung.: Reyat-
az; Indon.: Reyataz; Irl.: Reyataz; Ital.: Reyataz; Jpn: Reyataz; Malaysia:
Reyataz; Mex.: Reyataz; Neth.: Reyataz; Norw.: Reyataz; NZ: Reyataz;
Pol.: Reyataz; Port.: Reyataz; Rus.: Reyataz (Реатаз); Singapore: Reyataz;
Spain: Reyataz; Swed.: Reyataz; Switz.: Reyataz; Thai.: Reyataz; UK: Re-
yataz; USA: Reyataz.

Brivudine (rINN)

Brivudin; Brivudina; Brivudinum; BVDU. (E)-5-(2-Bromovinyl)-2′-
deoxyuridine.
Бривудин
C11H13BrN2O5 = 333.1.
CAS — 69304-47-8.
ATC — J05AB15.
ATC Vet — QJ05AB15.

Profile
Brivudine is a nucleoside analogue effective in vitro against her-
pes simplex virus type 1 and varicella-zoster virus; other viruses
including herpes simplex virus type 2 have been reported to be
sensitive, but only at relatively high concentrations. The activity
appears to be due, at least in part, to selective phosphorylation of
brivudine by viral deoxythymidine kinase in preference to cellu-
lar kinases. There is the possibility of cross-resistance develop-
ing between brivudine and aciclovir because of some similar fea-
tures in their mode of action (see p.863). 
Brivudine is given orally in the treatment of herpes zoster (p.855)
in a dose of 125 mg daily for 7 days. It has also been given orally
for herpes simplex infection and has been used topically.
◊ References.
1. Keam SJ, et al. Brivudin (bromovinyl deoxyuridine). Drugs

2004; 64: 2091–7. 
2. Wassilew S. Collaborative Brivudin PHN Study Group. Brivudin

compared with famciclovir in the treatment of herpes zoster: ef-
fects in acute disease and chronic pain in immunocompetent pa-
tients. A randomized, double-blind, multinational study. J Eur
Acad Dermatol Venereol 2005; 19: 47–55.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Zerpex; Cz.: Zostevir ; Ger.: Zostex; Gr.: Brivir ; Zostevir; Ital.: Bri-
virac; Zecovir ; Port.: Bridic; Zostex; Spain: Brinix; Nervinex; Nervol;
Zostydol†; Switz.: Brivex; Turk.: Zostex.

Cidofovir (BAN, USAN, rINN)

Cidofovirum; GS-504; GS-0504; HPMPC; Sidofoviiri; Sidofovir.
{[(S)-2-(4-Amino-2-oxo-1(2H)-pyrimidinyl)-1-(hydroxymethyl)-
ethoxy]methyl}phosphonic acid; 1-[(S)-3-Hydroxy-2-(phos-
phonomethoxy)propyl]-cytosine.
Цидофовир
C8H14N3O6P = 279.2.
CAS — 113852-37-2 (anhydrous cidofovir); 149394-66-1
(cidofovir dihydrate).
ATC — J05AB12.
ATC Vet — QJ05AB12.

OH

OH
O

N

ON
H

O

Br

N

N

O

OH

NH2

O

P OH
OH

O



868   Antivirals

Adverse Effects
The most serious dose-limiting adverse effect of cido-
fovir is nephrotoxicity, the incidence and severity of
which can be reduced by use with probenecid and by
ensuring adequate hydration. There have been instanc-
es of acute renal failure after only 1 or 2 doses, and
some fatalities. Low plasma-bicarbonate concentra-
tions and metabolic acidosis, sometimes associated
with proximal tubule injury and renal wasting syn-
drome (including Fanconi’s syndrome) or with liver
dysfunction and pancreatitis, have been reported. Re-
versible neutropenia has also occurred. Other adverse
effects include nausea and vomiting, fever, asthenia,
skin rash, dyspnoea, alopecia, and ocular hypotony
(decreased intra-ocular pressure). Iritis or uveitis has
been reported. 

Cidofovir is carcinogenic and embryotoxic in animals
and may have the potential to cause male infertility
(see Precautions, below).

Effects on the eyes. Ocular adverse effects associated with in-
travenous use of cidofovir include iritis,1 uveitis,2-4 and ocular
hypotony.4 While development of ocular hypotony is considered
to warrant withdrawal of cidofovir,2 uveitis or iritis alone may
respond to topical corticosteroids and cycloplegics thus allowing
antiviral therapy to be continued; cidofovir must be stopped if
there is no response or worsening of symptoms.

1. Tseng AL, et al. Iritis associated with intravenous cidofovir. Ann
Pharmacother 1999; 33: 167–71. 

2. Ambati J, et al. Anterior uveitis associated with intravenous ci-
dofovir use in patients with cytomegalovirus retinitis. Br J Oph-
thalmol 1999; 83: 1153–8. 

3. Rougier M-B, et al. Uvéite antérieure et cidofovir. J Fr Ophtal-
mol 2001; 24: 491–5. 

4. Rapp P, et al. Uvéite bilatérale et hypotonie définitive due au
cidofovir intraveineux: à propos d’un cas. J Fr Ophtalmol 2003;
26: 717–19.

Effects on the kidneys. Dose-related nephrotoxicity is the
most severe adverse effect of cidofovir and marked proteinuria
has been reported in up to 50% of patients. There have been in-
stances of acute renal failure after only 1 or 2 doses, and some
fatalities. Fanconi’s syndrome associated with renal tubular dam-
age has been reported in 2% of patients and, in one such patient,
occurred on the third injection of cidofovir and resulted in irre-
versible renal impairment.1 Reversible renal impairment with
persisting Fanconi syndrome was reported in another.2 A case of
nephrogenic diabetes insipidus without premonitory laboratory
abnormalities has also been reported in a patient given cidofovir.3

1. Vittecoq D, et al. Fanconi syndrome associated with cidofovir
therapy. Antimicrob Agents Chemother 1997; 41: 1846. 

2. Kazory A, et al. Simultaneous development of Fanconi syn-
drome and acute renal failure associated with cidofovir. J Anti-
microb Chemother 2007; 60: 193–4. 

3. Schliefer K, et al. Nephrogenic diabetes insipidus in a patient
taking cidofovir. Lancet 1997; 350: 413–14. Correction. ibid.;
1558.

Precautions
Cidofovir is contra-indicated in patients with renal im-
pairment. Renal function should be measured before
each dose. In the UK it is recommended that treatment
should be interrupted or stopped if renal function dete-
riorates, but in the USA reduction of the dosage is per-
mitted for increases in serum creatinine up to 300 to
400 micrograms/dL above baseline. Patients should re-
ceive oral probenecid and intravenous hydration with
each dose of cidofovir. Neutrophil counts should also
be monitored and regular ophthalmological follow-up
is recommended. Patients with diabetes mellitus are at
increased risk of ocular hypotony. 

Cidofovir is carcinogenic and embryotoxic in animals.
Cidofovir should not be given during pregnancy and
both sexes should use effective methods of contracep-
tion during treatment; in addition, effective contracep-
tion should be used, for 1 month by women and for 3
months by men, after the end of treatment. There is
also a possibility that cidofovir may cause male infer-
tility. 

Cidofovir should be given intravenously only; direct
intra-ocular injection has been associated with signifi-
cant ocular hypotony and visual impairment and is
contra-indicated.

Interactions
Additive nephrotoxicity may occur if cidofovir is used
with other nephrotoxic drugs such as aminoglycosides,
amphotericin B, foscarnet, intravenous pentamidine,
vancomycin, or NSAIDs. Potentially nephrotoxic
drugs should be stopped at least 7 days before starting
cidofovir. Probenecid, which is given with cidofovir,
may alter the clearance of other drugs (see Interactions
under Probenecid, p.558). 

Patients with CMV retinitis are at increased risk of ad-
verse inflammatory effects if cidofovir is given within
2 to 4 weeks of intravitreal fomivirsen.

Antiviral Action
Cidofovir undergoes intracellular phosphorylation by
cellular kinases to the antiviral metabolite, cidofovir
diphosphate, which acts as a competitive inhibitor of
viral DNA polymerase. It is active against a range of
herpesviruses including CMV, and, since its activity is
not reliant on viral enzymes, may retain activity against
some aciclovir- and foscarnet-resistant viruses. Cross-
resistance with ganciclovir is common.

◊ References.
1. Cherrington JM, et al. In vitro antiviral susceptibilities of iso-

lates from cytomegalovirus retinitis patients receiving first- or
second-line cidofovir therapy: relationship to clinical outcome. J
Infect Dis 1998; 178: 1821–5. 

2. Jabs DA, et al. Incidence of foscarnet resistance and cidofovir
resistance in patients treated for cytomegalovirus retinitis. Anti-
microb Agents Chemother 1998; 42: 2240–4.

Pharmacokinetics
After intravenous doses of cidofovir, serum concentra-
tions decline with a reported terminal half-life of about
2.2 hours (the intracellular half-life of the active di-
phosphate may be up to 65 hours). Cidofovir is elimi-
nated mainly by renal excretion, both by glomerular
filtration and tubular secretion. About 80 to 100% of a
dose is recovered unchanged from the urine within 24
hours. Use with probenecid may reduce the excretion
of cidofovir to some extent by blocking tubular secre-
tion, although 70 to 85% has still been reported to be
excreted unchanged in the urine within 24 hours.

◊ References.
1. Cundy KC. Clinical pharmacokinetics of the antiviral nucleotide

analogues cidofovir and adefovir. Clin Pharmacokinet 1999; 36:
127–43. 

2. Brody SR, et al. Pharmacokinetics of cidofovir in renal insuffi-
ciency and in continuous ambulatory peritoneal dialysis or high-
flux hemodialysis. Clin Pharmacol Ther 1999; 65: 21–8. 

3. Wolf DL, et al. Pharmacokinetics and renal effects of cidofovir
with a reduced dose of probenecid in HIV-infected patients with
cytomegalovirus retinitis. J Clin Pharmacol 2003; 43: 43–51.

Uses and Administration
Cidofovir is a nucleoside analogue that is active against
herpesviruses. It is used in the treatment of CMV retin-
itis (p.853) in patients with AIDS, and is being investi-
gated for ocular herpes simplex and other viral infec-
tions. 

In the treatment of CMV retinitis, cidofovir is given in
a dose of 5 mg/kg by intravenous infusion over 1 hour
once a week for 2 consecutive weeks, then once every
2 weeks for maintenance. Probenecid 2 g is given oral-
ly 3 hours before each dose of cidofovir and further 1-
g doses of probenecid at 2 and 8 hours after completion
of the infusion. To ensure adequate hydration, 1 litre of
sodium chloride 0.9% is given by intravenous infusion
over 1 to 2 hours immediately before each infusion of
cidofovir; if the additional fluid load can be tolerated, a
further 1 litre of sodium chloride 0.9% may be infused
over 1 to 3 hours, starting at the same time as (or im-
mediately after) the cidofovir infusion. For details of
modified use of cidofovir in patients with renal impair-
ment, see below. 

Cidofovir has also been given experimentally by intra-
vitreal injection but the commercially available formu-
lation is unsuitable for use by this route and licensed

product information advises against it (see Precautions,
above). 
An orally active prodrug of cidofovir known as cyclic-
HPMPC (GS-930) is under investigation. Cidofovir
has also been investigated for topical use.
◊ Reviews.
1. Lea AP, Bryson HM. Cidofovir. Drugs 1996; 52: 225–30. 
2. Kendle JB, Fan-Havard P. Cidofovir in the treatment of cytome-

galoviral disease. Ann Pharmacother 1998; 32: 1181–92. 
3. Plosker GL, Noble S. Cidofovir: a review of its use in cytomeg-

alovirus retinitis in patients with AIDS. Drugs 1999; 58: 325–45. 
4. De Clercq E. Cidofovir in the treatment of poxvirus infections.

Antiviral Res 2002; 55: 1–13. 
5. Snoeck R, De Clercq E. Role of cidofovir in the treatment of

DNA virus infections, other than CMV infections, in immuno-
compromised patients. Curr Opin Investig Drugs 2002; 3:
1561–6.

Administration in renal impairment. Cidofovir is contra-
indicated in patients with pre-existing renal impairment (serum
creatinine more than 1.5 mg/dL) and should be interrupted or
stopped if serum creatinine increases by more than
500 micrograms/dL during therapy; in the USA, a reduction in
the maintenance dose from 5 to 3 mg/kg is permitted for increas-
es of serum creatinine of up to 300 to 400 micrograms/dL above
baseline.

Viral infections. In addition to its use in CMV retinitis, cidofo-
vir has been studied in herpes simplex infections,1-6 papillomavi-
rus infections,7-13 molluscum contagiosum,11,14,15 and progres-
sive multifocal leukoencephalopathy.16-20

1. Lalezari JP, et al. Treatment with intravenous (S)-1-[3-hydroxy-
2-(phosphonylmethoxy)propyl]-cytosine of acyclovir-resistant
mucocutaneous infection with herpes simplex virus in a patient
with AIDS. J Infect Dis 1994; 170: 570–2. 

2. Lalezari J, et al. A randomized, double-blind, placebo-control-
led trial of cidofovir gel for the treatment of acyclovir-unre-
sponsive mucocutaneous herpes simplex virus infection in pa-
tients with AIDS. J Infect Dis 1997; 176: 892–8. 

3. Sacks SL, et al. A multicenter phase I/II dose escalation study
of single-dose cidofovir gel for treatment of recurrent genital
herpes. Antimicrob Agents Chemother 1998; 42: 2996–9. 

4. Bryant P, et al. Successful treatment of foscarnet-resistant her-
pes simplex stomatitis with intravenous cidofovir in a child.
Pediatr Infect Dis J 2001; 20: 1083–6. 

5. Kopp T, et al. Successful treatment of an aciclovir-resistant her-
pes simplex type 2 infection with cidofovir in an AIDS patient.
Br J Dermatol 2002; 147: 134–8. 

6. Andrei G, et al. Dual infection with polyomavirus BK and acy-
clovir-resistant herpes simplex virus successfully treated with
cidofovir in a bone marrow transplant recipient. Transpl Infect
Dis 2007; 9: 126–31. 

7. Snoeck R, et al. Treatment of anogenital papillomavirus infec-
tions with an acyclic nucleoside phosphonate analogue. N Engl
J Med 1995; 333: 943–4. 

8. Davis MDP, et al. Large plantar wart caused by human papillo-
mavirus-66 and resolution by topical cidofovir therapy. J Am
Acad Dermatol 2000; 43: 340–3. 

9. Descamps V, et al. Topical cidofovir for bowenoid papulosis in
an HIV-infected patient. Br J Dermatol 2001; 144: 642–3. 

10. Snoeck R, et al. Phase II double-blind, placebo-controlled study
of the safety and efficacy of cidofovir topical gel for the treat-
ment of patients with human papillomavirus infection. Clin In-
fect Dis 2001; 33: 597–602. 

11. Calista D. Topical cidofovir for severe cutaneous human papil-
lomavirus and molluscum contagiosum infections in patients
with HIV/AIDS: a pilot study. J Eur Acad Dermatol Venereol
2000; 14: 484–8. 

12. Husak R, et al. Refractory human papillomavirus-associated
oral warts treated topically with 1-3% cidofovir solutions in hu-
man immunodeficiency virus type 1-infected patients. Br J Der-
matol 2005; 152: 590–1. 

13. Kottke MD, Parker SRS. Intravenous cidofovir-induced resolu-
tion of disfiguring cutaneous human papillomavirus infection. J
Am Acad Dermatol 2006; 55: 533–6. 

14. Davies EG, et al. Topical cidofovir for severe molluscum conta-
giosum. Lancet 1999; 353: 2042. 

15. Toro JR, et al. Topical cidofovir: a novel treatment for recalci-
trant molluscum contagiosum in children infected with human
immunodeficiency virus 1. Arch Dermatol 2000; 136: 983–5. 

16. Segarra-Newnham M, Vodolo KM. Use of cidofovir in progres-
sive multifocal leukoencephalopathy. Ann Pharmacother 2001;
35: 741–4. 

17. Razonable RR, et al. Cidofovir treatment of progressive multi-
focal leukoencephalopathy in a patient receiving highly active
antiretroviral therapy. Mayo Clin Proc 2001; 76: 1171–5. 

18. Marra CM, et al. Adult AIDS Clinical Trials Group 363 Team.
A pilot study of cidofovir for progressive multifocal leukoen-
cephalopathy in AIDS. AIDS 2002; 16: 1791–7. 

19. Garvey L, et al. Progressive multifocal leukoencephalopathy:
prolonged survival in patients treated with protease inhibitors
and cidofovir: a case series. AIDS 2006; 20: 791–3. 

20. Viallard JF, et al. Improvement of progressive multifocal leu-
koencephalopathy after cidofovir therapy in a patient with a de-
structive polyarthritis. Infection 2007; 35: 33–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Vistide; Austria: Vistide; Belg.: Vistide; Cz.: Vistide; Fr.: Vistide;
Ger.: Vistide; Gr.: Vistide†; Ital.: Vistide; Neth.: Vistide; Port.: Vistide;
Spain: Vistide; Switz.: Vistide; UK: Vistide; USA: Vistide.
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Darunavir (USAN, rINN)

Darunavirum; TMC-114; UIC-94017. (3R,3aS,6aR)-Hexahydro-
furo[2,3-b]furan-3-yl N-[(1S,2R)-1-benzyl-2-hydroxy-3-(N1-iso-
butylsulfanilamido)propyl]carbamate.
Дарунавир
C27H37N3O7S = 547.7.
CAS — 206361-99-1.
ATC — J05AE10.
ATC Vet — QJ05AE10.

Darunavir Ethanolate (rINNM)

Darunavir monoethanolate.
C27H37N3O7S,C2H5OH = 593.7.
ATC — J05AE10.
ATC Vet — QJ05AE10.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing darunavir are gas-
trointestinal disturbances (abdominal pain, diarrhoea,
nausea, and vomiting), nasopharyngitis, and hypertrig-
lyceridaemia. Other reported adverse effects are asthe-
nia, dizziness, fatigue, headache, and insomnia. Less
frequently reported adverse effects include folliculitis,
myocardial infarction, osteopenia, osteoporosis, poly-
uria, somnolence, tachycardia, transient ischaemic at-
tacks, and vertigo. Severe cases of skin rashes have
been reported, including erythema multiforme and Ste-
vens-Johnson syndrome. Cases of drug-induced hepa-
titis, including fatalities, have been reported. Abnormal
liver and pancreatic function tests and decreases in
white blood cell counts have also occurred. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
darunavir, in HIV-infected patients with severe im-
mune deficiency. Accumulation or redistribution of
body fat (lipodystrophy) including central obesity, dor-
socervical fat enlargement (buffalo hump), peripheral
wasting, facial wasting, breast enlargement, and
cushingoid appearance have been seen in patients re-
ceiving antiretroviral therapy, including darunavir.
Metabolic abnormalities such as hypertriglyceridae-
mia, hypercholesterolaemia, insulin resistance, hyper-
glycaemia, and hyperlactataemia have also been re-
ported. Elevated creatine phosphokinase, myalgia,
myositis, and rarely rhabdomyolysis have been report-
ed with HIV-protease inhibitors, particularly when giv-
en with nucleoside analogues. Osteonecrosis has been
reported, particularly in patients with advanced HIV
disease or long-term exposure to combination antiret-
roviral therapy. 
For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sul-
fate, p.882.

Precautions
Patients should undergo liver function tests before
starting and during treatment with darunavir. It should
not be used in patients with severe hepatic impairment
(Child-Pugh class C), and should be used with caution
(and liver enzymes values monitored), in those with
mild to moderate impairment (Child-Pugh A or B) and
those with chronic hepatitis B or C co-infection. Pa-
tients co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at

increased risk for severe and potentially fatal hepatic
adverse events. All patients should be instructed to
seek medical advice if symptoms suggestive of new or
worsening hepatotoxicity occur. Caution is advised in
treating patients with haemophilia A and B as reports
of spontaneous bleeding have been associated with the
use of HIV-protease inhibitors. An association with
erythema multiforme and Stevens-Johnson syndrome
has been reported and treatment should be stopped in
patients who develop skin rashes.

Interactions
Darunavir is extensively metabolised by the cyto-
chrome P450 isoenzyme CYP3A4. It may compete
with other drugs metabolised by this enzyme, poten-
tially resulting in increased plasma concentrations and
toxicity. 
Darunavir is contra-indicated with drugs that are high-
ly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with se-
rious or life-threatening events. These drugs include
antiarrhythmics (amiodarone, bepridil, quinidine, and
systemic lidocaine), antihistamines (astemizole and
terfenadine), ergot derivatives (dihydroergotamine, er-
gometrine, ergotamine, methylergometrine), gastroin-
testinal prokinetics (cisapride), antipsychotics (pimoz-
ide), sedatives and hypnotics (midazolam and
triazolam), and statins (simvastatin and lovastatin).
Ritonavir-boosted lopinavir, rifampicin, antiepileptics
(carbamazepine, phenobarbital, and phenytoin), and St
John’s wort decrease the concentration of darunavir;
use with darunavir is not recommended due to the pos-
sible loss of its activity and development of resistance. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Darunavir is a selective inhibitor of HIV-1 protease. It
interferes with the formation of essential viral proteins
making them incapable of infecting other cells. Viral
resistance develops rapidly when HIV-protease inhibi-
tors are given alone and therefore they are used with
other antiretrovirals. Cross-resistance may develop be-
tween some HIV-protease inhibitors, but mechanisms
of resistance to darunavir may differ from those to oth-
er drugs of the class.

Pharmacokinetics
Darunavir is rapidly absorbed after oral doses, result-
ing in a bioavailability of 82% when taken with recom-
mended doses of ritonavir; food increases the bioavail-
ability. Peak plasma concentrations are reached within
2.5 to 4 hours. Darunavir is about 95% bound to plas-
ma proteins. It is metabolised by oxidation by the cyto-
chrome P450 system (primarily the isoenzyme
CYP3A4), with at least 3 metabolites showing some
antiretroviral activity. About 80% of a dose is excreted
in the faeces, with 41.2% of this as unchanged drug;
14% is excreted in the urine, with 7.7% being
unchanged drug. The mean terminal elimination half-
life of darunavir is about 15 hours.
◊ Reviews.
1. Rittweger M, Arastéh K. Clinical pharmacokinetics of darunavir.

Clin Pharmacokinet 2007; 46: 739–56.

Uses and Administration
Darunavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when darunavir is used alone, and it is therefore
used with other antiretrovirals. 
Darunavir is boosted with low-dose ritonavir, which
acts as a pharmacokinetic enhancer. It is given orally as
the ethanolate, but doses are expressed in terms of the
base; 325 mg of darunavir ethanolate is equivalent to
about 300 mg of darunavir. The dose is 600 mg (with
ritonavir 100 mg) twice daily with food.

◊ References.
1. Clotet B, et al. Efficacy and safety of darunavir-ritonavir at week

48 in treatment-experienced patients with HIV-1 infection in
POWER 1 and 2: a pooled subgroup analysis of data from two
randomised trials. Lancet 2007; 369: 1169–78. 

2. Busse KH, Penzak SR. Darunavir: a second-generation protease
inhibitor. Am J Health-Syst Pharm 2007; 64: 1593–602. 

3. Fenton C, Perry CM. Darunavir: in the treatment of HIV-1 infec-
tion. Drugs 2007; 67: 2791–801.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Prezista; Cz.: Prezista; Gr.: Prezita; Port.: Prezista; UK: Prezista;
USA: Prezista.

Delavirdine Mesilate (rINNM)

Délavirdine, Mésilate de; Delavirdine Mesylate (USAN); Delavirdini
Mesilas; Mesilato de delavirdina; U-90152S. 1-[3-(Isopropylami-
no)-2-pyridyl]-4-[(5-methanesulfonamidoindol-2-yl)carbonyl]-
piperazine monomethanesulfonate.
Делавирдина Мезилат
C22H28N6O3S,CH4O3S = 552.7.
CAS — 136817-59-9 (delavirdine); 147221-93-0 (delavir-
dine mesilate).
ATC — J05AG02.
ATC Vet — QJ05AG02.

(delavirdine)

Adverse Effects
Adverse effects associated with antiretroviral regimens
containing delavirdine are mostly mild to moderate.
The most common adverse effect of delavirdine is skin
rash, (usually diffuse, maculopapular, erythematous,
and often pruritic), generally appearing within the first
3 weeks of starting therapy and resolving in 3 to 14
days. Severe skin reactions, including erythema multi-
forme and Stevens-Johnson syndrome, have occurred.
Additional adverse effects of moderate to severe inten-
sity include generalised abdominal pain, asthenia, fa-
tigue, fever, flu syndrome, headache, and localised
pain. Other reported adverse effects include gastroin-
testinal disturbances (diarrhoea, nausea, vomiting), in-
creased liver enzyme values, anxiety, depressive symp-
toms, insomnia, and respiratory effects (bronchitis,
cough, pharyngitis, sinusitis, and upper respiratory-
tract infections). Liver failure, haemolytic anaemia,
rhabdomyolysis, and acute renal failure have been re-
ported during postmarketing use. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including de-
lavirdine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including delavirdine.

Precautions
Delavirdine should be stopped if a severe skin rash de-
velops or if a rash is accompanied by fever, blistering,
oral lesions, conjunctivitis, swelling, or muscle or joint
aches. Delavirdine should be used with caution in pa-
tients with hepatic impairment.
Pregnancy. Delavirdine has been shown to be teratogenic in
animals. Clinical studies and postmarketing data have identified
10 infants born to mothers who took delavirdine during pregnan-
cy. Eight of the infants were born healthy, 1 infant was born HIV-
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positive but had no congenital abnormalities, and 1 infant was
born prematurely with a small muscular ventricular septal defect
that spontaneously resolved.

Interactions
Delavirdine is metabolised mainly by the cytochrome
P450 isoenzyme CYP3A4. Consequently it may com-
pete with other drugs metabolised by this system, po-
tentially resulting in mutually increased plasma con-
centrations and toxicity. Alternatively, enzyme
inducers may decrease plasma concentrations of dela-
virdine. The absorption of delavirdine is reduced by
drugs that raise gastric pH such as antacids and hista-
mine H2-antagonists. 
Delavirdine is contra-indicated with drugs that are
highly dependent on CYP3A4 for clearance and for
which elevated plasma concentrations are associated
with serious or life threatening events. These drugs in-
clude antihistamines (astemizole and terfenadine), er-
got derivatives (dihydroergotamine, ergometrine, er-
gotamine, methylergometrine), gastrointestinal
prokinetics (cisapride), antipsychotics (pimozide), and
sedatives and hypnotics (alprazolam, midazolam, tria-
zolam). The antiepileptics carbamazepine, phenytoin,
and phenobarbital, the antimycobacterials rifabutin
and rifampicin, and St John’s wort decrease the con-
centration of delavirdine; use with the antiretroviral is
not recommended due to the possible loss of antiviral
activity and development of resistance. For further in-
formation on drug interactions of NNRTIs see Table 2,
p.944.
Antibacterials. Plasma concentrations of dapsone and rifabu-
tin may be increased by delavirdine; rifabutin and rifampicin1

may reduce delavirdine plasma concentrations and the use of ei-
ther of these drugs with delavirdine is not recommended.
1. Borin MT, et al. Pharmacokinetic study of the interaction be-

tween rifampin and delavirdine mesylate. Clin Pharmacol Ther
1997; 61: 544–53.

Antivirals. Use of delavirdine with buffered didanosine may re-
sult in reduced plasma concentrations of both drugs1 and they
should be given at least 1 hour apart; plasma concentrations of
HIV-protease inhibitors including indinavir and saquinavir may
be increased by delavirdine (see Antivirals, under Interactions of
Indinavir, p.883) and liver function should be monitored in pa-
tients given delavirdine and saquinavir.
1. Morse GD, et al. Single-dose pharmacokinetics of delavirdine

mesylate and didanosine in patients with human immunodefi-
ciency virus infection. Antimicrob Agents Chemother 1997; 41:
169–74.

Antiviral Action
Delavirdine acts by non-competitive inhibition of HIV-
1 reverse transcriptase; it binds to the enzyme, disrupt-
ing the conformation of its catalytic site and impairing
its RNA- and DNA-dependent polymerase activity. 
Resistance to delavirdine and emergence of cross-re-
sistance to other non-nucleoside reverse transcriptase
inhibitors has been seen.

Pharmacokinetics
Delavirdine is rapidly absorbed after oral doses, peak
plasma concentrations occurring after about 1 hour.
The bioavailability of delavirdine tablets is about 85%
of that from an oral solution after a single dose. The
bioavailability of the 100-mg tablet can be increased
by about 20% by dissolving it in water before use; the
200-mg tablets do not readily disperse in water and
should be swallowed intact. Delavirdine is about 98%
bound to plasma proteins. It is extensively metabolised
by hepatic microsomal enzymes, principally by the cy-
tochrome P450 isoenzyme CYP3A4 (although
CYP2D6 may play some role), to several inactive me-
tabolites. The plasma half-life after usual dosage is
about 5.8 hours and ranges from 2 to 11 hours. Delavir-
dine is excreted as metabolites in the urine and faeces.
Less than 5% is excreted in the urine unchanged.
◊ Reviews.
1. Voorman RL, et al. Metabolism of delavirdine, a human immun-

odeficiency virus type-1 reverse transcriptase inhibitor, by mi-
crosomal cytochrome P450 in humans, rats, and other species:
probable involvement of CYP2D6 and CYP3A. Drug Metab
Dispos 1998; 26: 631–9. 

2. Tran JQ, et al. Delavirdine: clinical pharmacokinetics and drug
interactions. Clin Pharmacokinet 2001; 40: 207–26. 

3. Shelton MJ, et al. Pharmacokinetics of ritonavir and delavirdine
in human immunodeficiency virus-infected patients. Antimicrob
Agents Chemother 2003; 47: 1694–9. 

4. Smith PF, et al. Population pharmacokinetics of delavirdine and
N-delavirdine in HIV-infected individuals. Clin Pharmacokinet
2005; 44: 99–109.

Uses and Administration
Delavirdine is a non-nucleoside reverse transcriptase
inhibitor with activity against HIV-1. Viral resistance
emerges rapidly when delavirdine is used alone, and it
is therefore used with other antiretrovirals for combi-
nation therapy of HIV infection and AIDS (p.856). 
Delavirdine is given orally as the mesilate in a usual
dose of 400 mg three times daily. Some tablet formula-
tions may be dispersed in water before use in order to
increase bioavailability (see above).
◊ Reviews.
1. Scott LJ, Perry CM. Delavirdine: a review of its use in HIV in-

fection. Drugs 2000; 60: 1411–44.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Rescriptor; Canad.: Rescriptor; Mex.: Rescriptor†; USA: Re-
scriptor.

Denotivir (pINN)

Dénotivir ; Denotivirum. 5-Benzamido-4′-chloro-3-methyl-4-iso-
thiazolecarboxanilide.
Денотивир
C18H14ClN3O2S = 371.8.
CAS — 51287-57-1.

Profile
Denotivir has antiviral, antibacterial, and anti-inflammatory
properties. It is used topically as a 3% cream in the treatment of
herpes virus infections and in other skin disorders complicated
by bacterial infection.
Preparations
Proprietary Preparations (details are given in Part 3)
Pol.: Polvir; Vratizolin.

Didanosine (BAN, USAN, rINN)

BMY-40900; ddI; ddIno; Didanocin; Didanosiini; Didanosin; Dida-
nosina; Didanosinum; Didanozin; Didanozinas; Dideoxyinosine;
NSC-612049. 2′,3′-Dideoxyinosine.
Диданозин
C10H12N4O3 = 236.2.
CAS — 69655-05-6.
ATC — J05AF02.
ATC Vet — QJ05AF02.

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Didanosine). A white or almost white, crystalline
powder. Sparingly soluble in water; slightly soluble in alcohol
and in methyl alcohol; freely soluble in dimethyl sulfoxide. 
USP 31 (Didanosine). A white to off-white crystalline powder.
Practically insoluble or insoluble in acetone and in methyl alco-
hol; very soluble in dimethyl sulfoxide. Store at a temperature of
20° to 25°, excursions permitted between 15° and 30°.

Adverse Effects
The most common serious adverse effects of didanos-
ine are peripheral neuropathy and potentially fatal pan-

creatitis. Other commonly reported adverse effects in-
clude abdominal pain, diarrhoea, fatigue, headache,
nausea, rash, and vomiting. Abnormal liver function
tests may occur and hepatitis or fatal hepatic failure has
been reported rarely; fatalities were reported most of-
ten in patients taking didanosine with stavudine and
hydroxycarbamide. Retinal and optic-nerve changes
have been reported in children, particularly in those
taking higher than recommended doses; retinal depig-
mentation has been reported in adult patients. Other ad-
verse effects include alopecia, anaemia, asthenia, dry
mouth, fever, flatulence, parotid gland enlargement,
leucopenia, hypersensitivity reactions including ana-
phylaxis, hyperuricaemia, and thrombocytopenia. Lac-
tic acidosis and severe hepatomegaly with steatosis,
sometimes fatal, and generally occurring after some
months of treatment has been reported. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including di-
danosine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including didanosine. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. NRTIs
have also been associated with mitochondrial dysfunc-
tion such as abnormal behaviour, anaemia, convul-
sions, hyperlipasaemia, hypertonia, and neutropenia.
Elevated creatine phosphokinase, myalgia, myositis,
and rarely rhabdomyolysis have been reported, partic-
ularly when nucleoside analogues have been given
with HIV-protease inhibitors. For further information
on adverse effects associated with NRTIs see Zidovu-
dine, p.914.
Effects on the blood. In general, haematological abnormali-
ties are less common in patients taking didanosine than in those
taking zidovudine. However, there have been reports of throm-
bocytopenia associated with didanosine.1-3

1. Butler KM, et al. Dideoxyinosine in children with symptomatic
human immunodeficiency virus infection. N Engl J Med 1991;
324: 137–44. 

2. Lor E, Liu YQ. Didanosine-associated eosinophilia with acute
thrombocytopenia. Ann Pharmacother 1993; 27: 23–5. 

3. Herranz P, et al. Cutaneous vasculitis associated with didanos-
ine. Lancet 1994; 344: 680.

Effects on the eyes. Retinal lesions with atrophy of the retinal
pigment epithelium at the periphery of the retina were reported
in 4 children receiving didanosine doses of 270 to 540 mg/m2

daily.1
1. Whitcup SM, et al. Retinal lesions in children treated with dide-

oxyinosine. N Engl J Med 1992; 326: 1226–7.

Effects on the heart. For the possible risk of myocardial inf-
arction in patients taking didanosine, see Effects on the Heart un-
der Adverse Effects of Zidovudine, p.914.
Effects on the liver. Fatal fulminant hepatic failure was
reported1 in a patient receiving didanosine. A further 14 cases
had been noted by the manufacturer, and elevated liver enzymes
have been recorded during clinical studies.2-5

1. Lai KK, et al. Fulminant hepatic failure associated with 2′,3′-
dideoxyinosine (ddI). Ann Intern Med 1991; 115: 283–4. 

2. Dolin R, et al. Zidovudine compared with didanosine in patients
with advanced HIV type 1 infection and little or no experience
with zidovudine. Arch Intern Med 1995; 155: 961–74. 

3. Jablonowski H, et al. A dose comparison study of didanosine in
patients with very advanced HIV infection who are intolerant to
or clinically deteriorate on zidovudine. AIDS 1995; 9: 463–9. 

4. Alpha International Coordinating Committee. The Alpha trial:
European/Australian randomized double-blind trial of two doses
of didanosine in zidovudine-intolerant patients with symptomat-
ic HIV disease. AIDS 1996; 10: 867–80. 

5. Gatell JM, et al. Switching from zidovudine to didanosine in pa-
tients with symptomatic HIV infection and disease progression.
J Acquir Immune Defic Syndr Hum Retrovirol 1996; 12: 249–58.

Effects on mental state. Recurrent mania associated with di-
danosine treatment has been reported in a patient.1
1. Brouillette MJ, et al. Didanosine-induced mania in HIV infec-

tion. Am J Psychiatry 1994; 151: 1839–40.

Effects on metabolism. Hyperuricaemia has been reported to
be a common adverse effect during clinical studies of didanos-
ine.1,2 Hypokalaemia occurred during didanosine therapy in 3
patients, 2 of whom had diarrhoea.3 There has also been a report
of hypertriglyceridaemia occurring on 2 occasions in a patient

NH

H
N

Cl
O

O

N

S

CH3

HN

N N

N

O

O

OH



Denotivir/Didanosine    871

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

given didanosine;4 it was suggested that this hyperlipidaemic ef-
fect might be a possible aetiological factor in the development of
pancreatitis.
1. Cooley TP, et al. Once-daily administration of 2′,3′-dideoxyino-

sine (ddI) in patients with the acquired immunodeficiency syn-
drome or AIDS-related complex: results of a phase I trial. N Engl
J Med 1990; 322: 1340–5. 

2. Montaner JSG, et al. Didanosine compared with continued zido-
vudine therapy for HIV-infected patients with 200 to 500 CD4
cells/mm : a double-blind, randomized, controlled trial. Ann In-
tern Med 1995; 123: 561–71. 

3. Katlama C, et al. Dideoxyinosine-associated hypokalaemia.
Lancet 1991; 337: 183. 

4. Tal A, Dall L. Didanosine-induced hypertriglyceridemia. Am J
Med 1993; 95: 247.

Effects on the mouth. Xerostomia (dry mouth) may be a trou-
blesome effect in patients receiving didanosine.1,2

1. Dodd CL, et al. Xerostomia associated with didanosine. Lancet
1992; 340: 790. 

2. Valentine C, et al. Xerostomia associated with didanosine. Lan-
cet 1992; 340: 1542.

Effects on the nervous system. Peripheral neuropathy is a
well recognised adverse effect of didanosine and has been the
subject of a review.1
1. Moyle GJ, Sadler M. Peripheral neuropathy with nucleoside

antiretrovirals: risk factors, incidence and management. Drug
Safety 1998; 19: 481–94.

Effects on the pancreas. Pancreatitis is recognised as being
the most serious adverse effect of didanosine and can be fatal.1-3

It appears to be dose-related, occurring in up to 13% of patients
receiving 750 mg of didanosine daily.2,4 Pancreatitis can resolve
if didanosine is withdrawn5 and cautious reintroduction of dida-
nosine has been possible in some patients.6 Raised amylase
concentrations3 and glucose intolerance have been reported in
patients who subsequently developed pancreatitis.
1. Bouvet E, et al. Fatal case of 2′,3′-dideoxyinosine-associated

pancreatitis. Lancet 1990; 336: 1515. 
2. Kahn JO, et al. A controlled trial comparing continued zidovu-

dine with didanosine in human immunodeficiency virus infec-
tion. N Engl J Med 1992; 327: 581–7. 

3. Dolin R, et al. Zidovudine compared with didanosine in patients
with advanced HIV-type 1 infection and little or no previous ex-
perience with zidovudine. Arch Intern Med 1995; 155: 961–74. 

4. Jablonowski H, et al. A dose comparison study of didanosine in
patients with very advanced HIV infection who are intolerant to
or clinically deteriorate on zidovudine. AIDS 1995; 9: 463–9. 

5. Nguyen B-Y, et al. Five-year follow-up of a phase I study of di-
danosine in patients with advanced human immunodeficiency
virus infection. J Infect Dis 1995; 171: 1180–9. 

6. Butler KM, et al. Pancreatitis in human immunodeficiency vi-
rus-infected children receiving dideoxyinosine. Pediatrics 1993;
91: 747–51.

Effects on the skin. Didanosine has been implicated in a case
of Stevens-Johnson syndrome1 and of cutaneous vasculitis.2
1. Parneix-Spake A, et al. Didanosine as probable cause of Ste-

vens-Johnson syndrome. Lancet 1992; 340: 857–8. 
2. Herranz P, et al. Cutaneous vasculitis associated with didanos-

ine. Lancet 1994; 344: 680.

Precautions
Didanosine should be used with extreme caution in pa-
tients with a history of pancreatitis and those with in-
creased triglyceride concentrations should be observed
carefully for signs of pancreatitis and treatment with
didanosine interrupted in all patients with signs and
symptoms of possible pancreatitis, until it has been ex-
cluded. Use with other drugs likely to cause pancreati-
tis or peripheral neuropathy (see Interactions, below)
should preferably be avoided; treatment with didanos-
ine should be suspended if possible when use of such
drugs is essential. 
It may be necessary to interrupt didanosine treatment
in patients who develop peripheral neuropathy; on re-
covery from peripheral neuropathy a reduced dose
may be tolerated. Treatment should also be interrupted
if uric acid concentrations are elevated. 
Patients co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at
increased risk for severe and potentially fatal hepatic
adverse events. Didanosine should be given with cau-
tion to patients with hepatomegaly or other risk factors
for liver disease and patients with renal or hepatic im-
pairment; dosage reduction may be necessary. Regular
checks of liver function are recommended. If liver en-
zymes increase to 5 times the upper limit of normal
during treatment then didanosine should be stopped.
Treatment with didanosine may be associated with lac-
tic acidosis and should also be stopped if there is a rap-
id increase in aminotransferase concentrations, pro-
gressive hepatomegaly, steatosis, or metabolic or lactic
acidosis of unknown aetiology. 

Children should be monitored for retinal lesions and
didanosine withdrawn if they occur. Monitoring should
also be considered in adults.

Interactions
Use of didanosine with other drugs known to cause
pancreatitis (for example intravenous pentamidine) or
with drugs that may cause peripheral neuropathy (for
example metronidazole, isoniazid, and vincristine)
should be avoided. If co-administration is unavoidable,
patients should be monitored carefully for these ad-
verse effects. 
An increase in the area under the plasma concentra-
tion-time curve for didanosine has been reported when
allopurinol or other xanthine oxidase inhibitors are giv-
en concurrently. 
Plasma concentrations of didanosine may be reduced
by methadone and increased by ganciclovir. 
Didanosine formulations (chewable or dispersible
preparation) contain an antacid and other drugs that
could be affected by an increased gastric pH (for exam-
ple HIV-protease inhibitors, ketoconazole, fluoroqui-
nolone antibacterials, and dapsone) should be given at
least 2 hours before didanosine. Didanosine prepara-
tions containing magnesium or aluminium antacids
should not be given with tetracyclines. 
Use of didanosine with tenofovir results in increased
plasma concentrations of didanosine and consequently
an increased risk of didanosine-related adverse effects
such as peripheral neuropathy, pancreatitis, and lactic
acidosis. Fatalities have been reported. There have also
been reports of virological failure and emergence of re-
sistance at an early stage of treatment when didanosine
and tenofovir were given with lamivudine as part of a
once daily triple nucleoside regimen. UK licensed
product information for both didanosine and tenofovir
does not recommend co-administration of these drugs
either at standard or reduced doses of didanosine. A
250 mg daily dose of didanosine had been evaluated,
but resulted in virological failure and the emergence of
resistance. US product information for didanosine,
however, recommends that co-administration may be
undertaken with caution in patients with normal renal
function. For patients weighing greater than 60 kg the
dose of didanosine should be reduced to 250 mg daily,
while for those weighing less than 60 kg a dose of
200 mg daily is recommended. US product informa-
tion for tenofovir advises against using didanosine with
tenofovir in patients under 60 kg due to a lack of data. 
Ribavirin has been shown in vitro to increase the intra-
cellular triphosphate levels of didanosine and to poten-
tially increase the risk of adverse effects related to di-
danosine. UK product information for didanosine
recommends that co-administration be undertaken
with caution, while the US information does not rec-
ommend use of the two drugs together. 
See also below for interactions with antivirals.
Antidiabetics. Fatal lactic acidosis has been reported1 in a pa-
tient given metformin with didanosine, stavudine, and tenofovir.
1. Worth L, et al. A cautionary tale: fatal lactic acidosis complicat-

ing nucleoside analogue and metformin therapy. Clin Infect Dis
2003; 37: 315–16.

Antivirals. Plasma concentrations of didanosine are roughly
doubled when given ganciclovir.1-3 Valganciclovir, the prodrug
of ganciclovir, inhibits purine nucleoside phosphorylase and in-
creases didanosine concentrations. Significant CD4+ T lym-
phocyte count decline and symptoms of didanosine toxicity, de-
spite complete viral suppression, occurred in an HIV-positive
patient given an antiretroviral regimen containing didanosine
plus valganciclovir for the treatment of CMV enteritis. Complete
CD4+ count recovery and resolution of symptoms occurred
when didanosine was replaced with abacavir.4 
Changes in the pharmacokinetics of didanosine and zidovudine
have occurred when these drugs are given together, but results of
studies have not been consistent, and the effects have generally
been of limited clinical significance. For further details, see un-
der Interactions in Zidovudine, p.915. 
Tenofovir has been reported to significantly increase plasma con-
centrations of didanosine,5 and may increase the risk of pancrea-
titis associated with didanosine.6,7 There has also been a report of

acute renal failure and fatal lactic acidosis when tenofovir was
added to a regimen containing didanosine.8 
Use of didanosine with delavirdine resulted in reductions in the
area under the concentration-time curve for both drugs in a sin-
gle-dose study.9 Licensed product information for delavirdine
recommends that these two drugs should be given at least 1 hour
apart. 
Absorption of some HIV-protease inhibitors may be reduced by
the buffers in some didanosine formulations and doses should be
at least 2 hours apart (see p.883).
1. Griffy KG. Pharmacokinetics of oral ganciclovir capsules in

HIV-infected persons. AIDS 1996; 10 (suppl 4): S3–S6. 
2. Jung D, et al. Effect of high-dose oral ganciclovir on didanosine

disposition in human immunodeficiency virus (HIV)-positive
patients. J Clin Pharmacol 1998; 38: 1057–62. 

3. Cimoch PJ, et al. Pharmacokinetics of oral ganciclovir alone and
in combination with zidovudine, didanosine, and probenecid in
HIV-infected subjects. J Acquir Immune Defic Syndr Hum Ret-
rovirol 1998; 17: 227–34. 

4. Tseng AL, Salit IE. CD4+ cell count decline despite HIV sup-
pression: a probable didanosine-valganciclovir interaction. Ann
Pharmacother 2007; 41: 512–17. 

5. Pecora Fulco P, Kirian MA. Effect of tenofovir on didanosine
absorption in patients with HIV. Ann Pharmacother 2003; 37:
1325–8. 

6. Blanchard JN, et al. Pancreatitis with didanosine and tenofovir
disoproxil fumarate. Clin Infect Dis 2003; 37: e57–e62. Correc-
tion. ibid.: 995. [title of paper corrected] 

7. Kirian MA, et al. Acute onset of pancreatitis with concomitant
use of tenofovir and didanosine. Ann Pharmacother 2004; 38:
1660–3. 

8. Murphy MD, et al. Fatal lactic acidosis and acute renal failure
after addition of tenofovir to an antiretroviral regimen containing
didanosine. Clin Infect Dis 2003; 36: 1082–5. 

9. Morse GD, et al. Single-dose pharmacokinetics of delavirdine
mesylate and didanosine in patients with human immunodefi-
ciency virus infection. Antimicrob Agents Chemother 1997; 41:
169–74.

Antiviral Action
Didanosine is converted intracellularly to its active
form dideoxyadenosine triphosphate. This triphos-
phate halts the DNA synthesis of retroviruses, includ-
ing HIV, through competitive inhibition of reverse
transcriptase and incorporation into viral DNA. 
Didanosine-resistant strains of HIV emerge during di-
danosine therapy. Cross-resistance to other nucleoside
reverse transcriptase inhibitors has been recognised.
Resistance. Evidence for the development of didanosine-resist-
ant HIV was reported in 36 of 64 patients with advanced HIV
infection within 24 weeks of switching from zidovudine to dida-
nosine monotherapy.1 Patients with the didanosine resistance
mutation for HIV reverse transcriptase showed a greater decline
in CD4+ T cell count and increase in viral burden than those
without. 
Multiple-drug resistant mutations have been found in patients
taking long-term combination antiretroviral therapy containing
didanosine.2
1. Kozal MJ, et al. Didanosine resistance in HIV-infected patients

switched from zidovudine to didanosine monotherapy. Ann In-
tern Med 1994; 121: 263–8. 

2. Kavlick MF, et al. Emergence of multi-dideoxynucleoside-re-
sistant human immunodeficiency virus type 1 variants, viral se-
quence variation, and disease progression in patients receiving
antiretroviral chemotherapy. J Infect Dis 1998; 98: 1506–13.

Pharmacokinetics
Didanosine is rapidly hydrolysed in the acid medium
of the stomach and is therefore given orally with pH
buffers or antacids. Bioavailability is reported to range
from 20 to 40% depending on the formulation used; the
bioavailability is substantially reduced if taken with or
after food. Maximum plasma concentrations are
achieved about 1 hour after oral dosage. Binding to
plasma proteins is reported to be less than 5%. Didano-
sine has been reported not to cross the blood brain bar-
rier. 
Didanosine is metabolised intracellularly to the active
antiviral metabolite dideoxyadenosine triphosphate.
The plasma elimination half-life is reported to be about
1.5 hours. Renal clearance is by glomerular filtration
and active tubular secretion; about 20% of an oral dose
is recovered in the urine. Didanosine is partially
cleared by haemodialysis but not by peritoneal dialy-
sis.
◊ References.
1. Balis FM, et al. Clinical pharmacology of 2′,3′-dideoxyinosine

in human immunodeficiency virus-infected children. J Infect Dis
1992; 165: 99–104. 

2. Morse GD, et al. Comparative pharmacokinetics of antiviral nu-
cleoside analogues. Clin Pharmacokinet 1993; 24: 101–23. 

3. Mueller BU, et al. Clinical and pharmacokinetic evaluation of
long-term therapy with didanosine in children with HIV infec-
tion. Pediatrics 1994; 94: 724–31. 
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4. Knupp CA, et al. Disposition of didanosine in HIV-seropositive

patients with normal renal function or chronic renal failure: in-
fluence of hemodialysis and continuous ambulatory peritoneal
dialysis. Clin Pharmacol Ther 1996; 60: 535–42. 

5. Wintergerst U, et al. Lack of absorption of didanosine after rectal
administration in human immunodeficiency virus-infected pa-
tients. Antimicrob Agents Chemother 1999; 43: 699–701. 

6. Abreu T, et al. Bioavailability of once- and twice-daily regimens
of didanosine in human immunodeficiency virus-infected chil-
dren. Antimicrob Agents Chemother 2000; 44: 1375–6.

Pregnancy. Fetal blood concentrations of 14 and 19% of the
maternal serum-didanosine concentrations have been reported.1
There is evidence of extensive metabolism in the placenta.2
1. Pons JC, et al. Fetoplacental passage of 2′,3′-dideoxyinosine.

Lancet 1991; 337: 732. 
2. Dancis J, et al. Transfer and metabolism of dideoxyinosine by

the perfused human placenta. J Acquir Immune Defic Syndr
1993; 6: 2–6.

Uses and Administration
Didanosine is a nucleoside reverse transcriptase inhib-
itor structurally related to inosine with antiviral activity
against HIV-1. It is used in the treatment of HIV infec-
tion and AIDS (p.856). Viral resistance emerges rapid-
ly when didanosine is used alone, and it is therefore
used with other antiretrovirals. 
Didanosine is given orally, usually as buffered chewa-
ble/dispersible tablets or enteric-coated capsules. Dos-
es should be taken at least 30 minutes before, or 2 hours
after, a meal. The total daily dose may be given as ei-
ther a single dose or as two divided doses, the choice
being dependent upon both the formulation and the
strength used. For adults weighing more than 60 kg the
recommended dose is 400 mg daily and for those un-
der 60 kg, 250 mg daily is given. 
For details of doses in children, see below. 
Doses of didanosine may need to be amended when
given with some other antiretrovirals. For further de-
tails see under Interactions, above. 
Dosage reduction may be necessary in patients with re-
nal (see below) or hepatic impairment, although no
specific dose reductions are recommended in patients
with hepatic impairment and close monitoring is re-
quired.
◊ Reviews.
1. Shelton MJ, et al. Didanosine. Ann Pharmacother 1992; 26:

660–70. 
2. Lipsky JJ. Zalcitabine and didanosine. Lancet 1993; 341: 30–2. 
3. Perry CM, Noble S. Didanosine: an updated review of its use in

HIV infection. Drugs 1999; 58: 1099–1135. 
4. Moreno S, et al. Didanosine enteric-coated capsule: current role

in patients with HIV-1 infection. Drugs 2007; 67: 1441–62.

Administration in children. For the treatment of HIV infec-
tion in children, didanosine is given daily with other antiretrovi-
ral drugs in doses based on body-surface. Doses are taken on an
empty stomach. In the USA an oral solution is available for pae-
diatric use: 
• in children aged between 2 weeks and 8 months the recom-

mended dose is 100 mg/m2 twice daily 
• in children over 8 months of age the recommended dose is

120 mg/m2 twice daily 
In the UK chewable or dispersible tablets or enteric-coated cap-
sules are available for use: 
• the chewable or dispersible tablets may be given orally to chil-

dren older than 3 months of age, as either a single dose or as
two divided doses, in a dose of 240 mg/m2 daily or 180 mg/m2

daily if given with zidovudine 
• enteric-coated capsules may be given orally to children older

than 6 years of age in a dose of 240 mg/m2 daily or 180 mg/m2

daily if given with zidovudine
Administration in renal impairment. Dosage of didanos-
ine should be reduced in patients with renal impairment. The fol-
lowing doses are recommended based on the patient’s creatinine
clearance (CC): 
Adults greater than 60 kg: 
• CC more than 60 mL/minute: usual adult doses 
• CC 30 to 59 mL/minute: 200 mg daily as a single dose or in

two equally divided doses 
• CC 10 to 29 mL/minute: 150 mg once daily 
• CC less than 10 mL/minute: 100 mg once daily 
Adults less than 60 kg: 
• CC more than 60 mL/minute: usual adult doses 
• CC 30 to 59 mL/minute: 150 mg daily as a single dose or in

two equally divided doses 
• CC 10 to 29 mL/minute: 100 mg once daily 
• CC less than 10 mL/minute: 75 mg once daily

Preparations

USP 31: Didanosine for Oral Solution; Didanosine Tablets for Oral Suspen-
sion.

Proprietary Preparations (details are given in Part 3)
Arg.: Aso DDI†; Bandotan†; Dibistic†; Megavir†; Ronvir†; Videx; Austral.:
Videx; Austria: Videx; Belg.: Videx; Braz.: Didanox†; Videx; Canad.: Vi-
dex; Chile: Videx; Cz.: Videx; Denm.: Videx; Fin.: Videx; Fr.: Videx; Ger.:
Videx; Gr.: Videx; Hong Kong: Videx; Hung.: Videx; India: Dinex; In-
don.: Videx; Irl.: Videx; Israel: Videx†; Ital.: Videx; Malaysia: Videx;
Mex.: Apodasi†; Didasten; Videx; Neth.: Videx; Norw.: Videx; NZ: Videx;
Pol.: Videx; Port.: Videx; Rus.: Videx (Видекс); S.Afr.: Videx; Singapore:
Videx; Spain: Videx; Swed.: Videx; Switz.: Videx; Thai.: Videx; Turk.:
Videx; UK: Videx; USA: Videx; Venez.: Videx.

Multi-ingredient: India: Odivir Kit.

Docosanol (USAN)

Behenyl Alcohol; n-Docosanol; Docosyl Alcohol; IK-2. 1-Do-
cosanol.

Докозанол

C22H46O = 326.6.

CAS — 661-19-8.

ATC — D06BB11.

ATC Vet — QD06BB11.

Profile
Docosanol is an antiviral used topically five times daily as a 10%
cream in the treatment of recurrent herpes labialis (p.854). Do-
cosanol acts by inhibiting fusion between the cell plasma mem-
brane and the herpes simplex virus, thereby preventing viral en-
try into cells and subsequent viral replication. It has been
investigated for genital herpes.

◊ References.

1. Habbema L, et al. n-Docosanol 10% cream in the treatment of
recurrent herpes labialis: a randomised, double-blind, placebo-
controlled study. Acta Derm Venereol 1996; 76: 479–81. 

2. Sacks SL, et al. Clinical efficacy of topical docosanol 10%
cream for herpes simplex labialis: a multicenter, randomized,
placebo-controlled trial. J Am Acad Dermatol 2001; 45: 222–30. 

3. Leung DT, Sacks SL. Docosanol: a topical antiviral for herpes
labialis. Expert Opin Pharmacother 2004; 5: 2567–71.

Preparations

Proprietary Preparations (details are given in Part 3)
Canad.: Abreva; Cz.: Erazaban; Gr.: Healip; Swed.: Healip; USA: Abreva.

Edoxudine (USAN, rINN)

Edoxudina; Édoxudine; Edoxudinum; EDU; Ethyl Deoxyuridine;
EUDR; ORF-15817; RWJ-15817. 2′-Deoxy-5-ethyluridine.

Эдоксудин

C11H16N2O5 = 256.3.

CAS — 15176-29-1.

ATC — D06BB09.

ATC Vet — QD06BB09.

Profile
Edoxudine is an antiviral that has been used topically in the treat-
ment of mucocutaneous herpes simplex infections (p.854); it has
also been used as an ophthalmic preparation.

Preparations

Proprietary Preparations (details are given in Part 3)
Switz.: Edurid†.

Efavirenz (BAN, rINN)

5B706; DMP-266; Efavirentsi; Éfavirenz; Efavirenzum; L-743; L-
743726. (S)-6-Chloro-4-(cyclopropylethynyl)-1,4-dihydro-4-(trif-
luoromethyl)-2H-3,1-benzoxazin-2-one.
Эфавиренз
C14H9ClF3NO2 = 315.7.
CAS — 154598-52-4.
ATC — J05AG03.
ATC Vet — QJ05AG03.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing efavirenz are skin
rashes and psychiatric or CNS disturbances. Mild to
moderate rashes (usually maculopapular eruptions)
generally appear within the first 2 weeks of starting
therapy and may resolve within a month of continued
treatment; of severe forms including erythema multi-
forme and Stevens-Johnson syndrome have been re-
ported occasionally. CNS symptoms include agitation,
amnesia, confusion, dizziness, euphoria, headache, in-
somnia or somnolence, impaired concentration, abnor-
mal thinking or dreaming, convulsions, depersonalisa-
tion, and hallucinations. Nervous system symptoms
usually begin during the first one or two days of thera-
py and generally resolve after the first 2 to 4 weeks;
they may occur more frequently when efavirenz is tak-
en with meals, possibly due to increased efavirenz
plasma concentrations. Serious psychiatric adverse ef-
fects include severe depression, suicidal ideation and
attempts, aggressive behaviour, and psychotic reac-
tions including paranoia and mania. Other adverse ef-
fects include nausea and vomiting, diarrhoea, fatigue,
and pancreatitis. Raised liver enzyme values and raised
serum-cholesterol and -triglyceride concentrations
have been reported. Hepatic failure and photoallergic
dermatitis have occurred. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including efa-
virenz, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including efavirenz. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported.
◊ References.
1. Clifford DB, et al. Impact of efavirenz on neuropsychological

performance and symptoms in HIV-infected individuals. Ann In-
tern Med 2005; 143: 714–21.

Effects on the mouth. Burning mouth syndrome was diag-
nosed in a patient 2 weeks after adding efavirenz to her long-
standing combination antiretroviral treatment regimen.1 Efa-
virenz was stopped and the syndrome resolved within 1 week.
1. Borrás-Blasco J, et al. Burning mouth syndrome due to efavirenz

therapy. Ann Pharmacother 2006; 40: 1471–2.

Precautions
Efavirenz is contra-indicated in patients with severe
hepatic impairment (Child-Pugh class C), and should
be used with caution, and liver enzymes values moni-
tored, in patients with mild to moderate liver disease.
Patients co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at
increased risk for severe and potentially fatal hepatic
adverse events. Caution should be exercised in patients
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

with a history of seizures or psychiatric disorders in-
cluding depression. Efavirenz should be stopped if a
severe skin rash, associated with blistering, desquama-
tion, mucosal involvement, or fever, develops. Moni-
toring of serum lipids and blood-glucose may be con-
sidered during efavirenz treatment. Food may increase
exposure to efavirenz and lead to an increase in the fre-
quency of undesirable effects. 
False-positive results in some urinary cannabinoid
tests have been reported in subjects receiving efa-
virenz.
Pregnancy. Licensed product information states that efavirenz
has been associated with teratogenicity in animals. No specific
malformation pattern was noted in more than 200 pregnancies
with first-trimester exposure to efavirenz as part of a combina-
tion antiretroviral regimen. However, retrospective analysis of
these pregnancies noted a few cases of neural tube defects, in-
cluding meningomyelocele. The use of adequate contraceptive
measures is recommended during, and for 12 weeks after, treat-
ment with regimens containing efavirenz.

Interactions
Efavirenz is metabolised mainly by cytochrome P450
isoenzymes including CYP3A4. Consequently, it may
compete with other drugs metabolised by this system,
potentially resulting in mutually increased plasma con-
centrations and toxicity. Enzyme inducers may de-
crease plasma concentrations of efavirenz; efavirenz it-
self acts as an enzyme inducer and can reduce plasma
concentrations of other drugs. Inhibition of some P450
isoenzymes has also been found in vitro. 
Efavirenz is contra-indicated with drugs that are highly
dependent on CYP3A4 for clearance and for which el-
evated plasma concentrations are associated with seri-
ous or life-threatening events. These drugs include an-
tihistamines (astemizole and terfenadine), calcium-
channel blockers (bepridil), ergot derivatives (dihydro-
ergotamine, ergometrine, ergotamine, methyler-
gometrine), gastrointestinal prokinetics (cisapride), an-
tipsychotics (pimozide), and sedatives and hypnotics
(midazolam and triazolam). St John’s wort decreases
the concentration of efavirenz; use with the antiretrovi-
ral is not recommended due to the possible loss of its
activity and development of resistance. For further in-
formation on drug interactions of NNRTIs see Table 2,
p.944.
Antibacterials. Plasma concentrations of efavirenz may be re-
duced by rifampicin and may necessitate an increase in the dose
of efavirenz. A similar interaction might occur with rifabutin. 
Use of efavirenz with clarithromycin has resulted in a decrease
in the plasma concentration of clarithromycin and an increase in
its active hydroxy metabolite. The combination has been associ-
ated with a high incidence of skin rashes.
Antifungals. Giving efavirenz with voriconazole results in a 2-
way interaction; efavirenz decreases the concentration of vorico-
nazole and voriconazole increases the concentration of efa-
virenz. When efavirenz is given with voriconazole, licensed
product information for efavirenz suggests the voriconazole
maintenance dose should be increased to 400 mg twice daily and
the efavirenz dose reduced to 300 mg once daily.
Antivirals. For the effect of efavirenz on HIV-protease inhibi-
tors, see p.883.
Grapefruit. The metabolism of efavirenz may be inhibited by
concomitant ingestion of grapefruit juice.

Antiviral Action
Efavirenz acts by non-competitive inhibition of HIV-1
reverse transcriptase; it binds to the enzyme, disrupting
the conformation of its catalytic site and impairing its
RNA- and DNA-dependent polymerase activity. 
Resistance to efavirenz and emergence of cross-resist-
ance to other non-nucleoside reverse transcriptase in-
hibitors has been seen.

Pharmacokinetics
Efavirenz is absorbed after oral doses with peak plas-
ma concentrations being achieved after about 3 to 5
hours. Steady-state plasma concentrations are reached
in 6 to 7 days after multiple dosing. Bioavailability is
increased after a high-fat meal. Efavirenz is more than
99% bound to plasma proteins and is distributed into

the CSF. It is metabolised mainly by hepatic cyto-
chrome P450 isoenzymes CYP3A4 and CYP2B6 into
inactive hydroxylated, metabolites. Efavirenz acts as
an enzyme inducer and induces its own metabolism re-
sulting in a terminal half-life of 40 to 55 hours after
multiple doses compared with 52 to 76 hours after a
single dose. About 14 to 34% of a dose is excreted in
the urine (less than 1% unchanged), and 16 to 61% in
the faeces (primarily as unchanged drug).
◊ References.
1. Kappelhoff BS, et al. Population pharmacokinetics of efavirenz

in an unselected cohort of HIV-1-infected individuals. Clin
Pharmacokinet 2005; 44: 849–61. 

2. Almond LM, et al. Intracellular and plasma pharmacokinetics of
efavirenz in HIV-infected individuals. J Antimicrob Chemother
2005; 56: 738–44. 

3. Burger D, et al. Interpatient variability in the pharmacokinetics
of the HIV non-nucleoside reverse transcriptase inhibitor efa-
virenz: the effect of gender, race, and CYP2B6 polymorphism.
Br J Clin Pharmacol 2006; 61: 148–54. 

4. Back DJ, et al. Population pharmacokinetics of efavirenz in an
unselected cohort of HIV-1-infected individuals. Clin Pharma-
cokinet 2006; 45: 213–14.

Uses and Administration
Efavirenz is a non-nucleoside reverse transcriptase in-
hibitor with activity against HIV. It is used with other
antiretrovirals for combination therapy of HIV infec-
tion and AIDS (p.856). 
Efavirenz is given orally as capsules or tablets in a
dose of 600 mg once daily; alternatively, it may be giv-
en as an oral solution in a dose of 720 mg once daily.
Efavirenz tablets and capsules should be given on an
empty stomach. Dosing at bedtime is recommended
during the first 2 to 4 weeks of therapy to improve tol-
erability. Bioavailability of efavirenz from the oral so-
lution is less than that from the capsule and so propor-
tionately higher doses of the solution are used. 
For details of doses in children and adolescents, see be-
low. 
Fixed-dose combination products have been devel-
oped in order to improve patient adherence and avoid
monotherapy, thereby decreasing the risk of acquired
drug resistance. Products containing efavirenz in com-
bination with emtricitabine and tenofovir are available
in some countries.
◊ References.
1. Adkins JC, Noble S. Efavirenz. Drugs 1998; 56: 1055–64. 
2. Gazzard BG. Efavirenz in the management of HIV infection. Int

J Clin Pract 1999; 53: 60–4. 
3. Frampton JE, Croom KF. Efavirenz/emtricitabine/tenofovir dis-

oproxil fumarate: triple combination tablet. Drugs 2006; 66:
1501–12.

Administration in children. For the treatment of HIV infec-
tion in children 3 years of age and older and adolescents efa-
virenz is given daily with other antiretroviral drugs. In the USA
oral capsules and tablets are available and the dose is based on
body-weight: 
• 10 to 14 kg: 200 mg once daily 
• 15 to 19 kg: 250 mg once daily 
• 20 to 24 kg: 300 mg once daily 
• 25 to 32.4 kg: 350 mg once daily 
• 32.5 to 39 kg: 400 mg once daily 
• 40 kg or more: as for adults (above) 
Capsules are also available in the UK for use in children and ad-
olescents; doses are similar to those used in the USA. 
In the UK an oral solution is also available; the dose ranges,
which are again calculated in terms of body-weight, also depend
on the age range: 
• 13 to 14 kg: children less than 5 years, 360 mg daily; children

5 years and older, 270 mg once daily 
• 15 to 19 kg: children less than 5 years, 390 mg daily; children

5 years and older, 300 mg once daily 
• 20 to 24 kg: children less than 5 years, 450 mg daily; children

5 years and older, 360 mg once daily 
• 25 to 32.4 kg: children less than 5 years, 510 mg daily; chil-

dren 5 years and older, 450 mg once daily 
• 32.5 to 39 kg: children 5 years and older, 510 mg once daily 
• 40 kg or more: children 5 years and older, as for adults, above

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Efavilea; Filginase; Stocrin; Sulfinav; Virorrever; Austral.: Stocrin; Aus-
tria: Stocrin; Belg.: Stocrin; Braz.: Stocrin; Canad.: Sustiva; Chile: Stocrin;
Cz.: Stocrin; Sustiva; Denm.: Stocrin; Fin.: Stocrin; Fr.: Sustiva; Ger.: Sus-
tiva; Gr.: Stocrin; Hong Kong: Stocrin; Hung.: Stocrin; India: Efavir ; Irl.:
Sustiva; Israel: Stocrin; Ital.: Sustiva; Malaysia: Stocrin; Mex.: Stocrin;
Neth.: Stocrin; Sustiva; Norw.: Stocrin; NZ: Stocrin; Pol.: Stocrin; Port.:

Stocrin; Sustiva; Rus.: Stocrin (Стокрин); S.Afr.: Stocrin; Singapore: Sto-
crin; Spain: Sustiva; Swed.: Stocrin; Switz.: Stocrin; Thai.: Stocrin; UK:
Sustiva; USA: Sustiva; Venez.: Efavir ; Stocrin.
Multi-ingredient: India: Odivir Kit; UK: Atripla; USA: Atripla.

Elvitegravir (USAN, rINN)

Elvitégravir; Elvitegravirum; GS-9137; JTK-303. 6-(3-Chloro-2-
fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-yl]-7-meth-
oxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
Эльвитегравир
C23H23ClFNO5 = 447.9.
CAS — 697761-98-1.

Profile
Elvitegravir is an HIV-integrase inhibitor with antiretroviral ac-
tivity against HIV-1. It is under investigation for the treatment of
HIV infection and AIDS.
◊ References.
1. Ramanathan S, et al. Pharmacokinetics of coadministered riton-

avir-boosted elvitegravir and zidovudine, didanosine, stavudine,
or abacavir. J Acquir Immune Defic Syndr 2007; 46: 160–6. 

2. Shimura K, et al. Broad antiretroviral activity and resistance pro-
file of the novel human immunodeficiency virus integrase inhib-
itor elvitegravir (JTK-303/GS-9137). J Virol 2008; 82: 764–74.

Emtricitabine (USAN, rINN)

BW-524W91; Emtricitabina; Emtricitabinum; Emtrisitabin; FTC;
(−)-FTC; FTC-(−). 5-Fluoro-1-[(2R,5S)-2-(hydroxymethyl)-1,3-
oxathiolan-5-yl]cytosine.
Эмтрицитабин
C8H10FN3O3S = 247.2.
CAS — 143491-57-0.
ATC — J05AF09.
ATC Vet — QJ05AF09.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing emtricitabine are
headache, diarrhoea, and nausea; hyperpigmented skin
discoloration is very common in children and common
in adults. Other common adverse effects include ab-
dominal pain, vomiting, dyspepsia, abnormal dreams,
asthenia, dizziness, insomnia, pain, allergic skin reac-
tions, pruritus, rashes, and urticaria. Abnormal labora-
tory test results associated with emtricitabine-contain-
ing regimens include hyperbilirubinaemia, increases in
serum lipase and pancreatic amylase, and raised liver
enzymes. There have also been reports of neutropenia
and anaemia. Lactic acidosis, usually associated with
severe hepatomegaly and steatosis, has been associated
with treatment with NRTIs. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including em-
tricitabine, in HIV-infected patients with severe im-
mune deficiency. Accumulation or redistribution of
body fat (lipodystrophy) including central obesity, dor-
socervical fat enlargement (buffalo hump), peripheral
wasting, facial wasting, breast enlargement, and
cushingoid appearance have been observed in patients
receiving antiretroviral therapy, including emtricitab-
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ine. Metabolic abnormalities such as hypertriglyceri-
daemia, hypercholesterolaemia, insulin resistance, hy-
perglycaemia, and hyperlactataemia have also been
reported. NRTIs have also been associated with mito-
chondrial dysfunction manifesting as abnormal behav-
iour, anaemia, convulsions, hyperlipasaemia, hyperto-
nia, and neutropenia. Elevated creatine phosphokinase,
myalgia, myositis, and rarely rhabdomyolysis have
been reported, particularly when nucleoside analogues
have been given with HIV-protease inhibitors. Os-
teonecrosis has been reported, particularly in patients
with advanced HIV disease or long-term exposure to
combination antiretroviral therapy. For further infor-
mation on adverse effects associated with NRTIs see
Zidovudine, p.914.

Precautions
Treatment with emtricitabine should be stopped if
there is a rapid increase in aminotransferase concentra-
tions, progressive hepatomegaly or steatosis, or meta-
bolic or lactic acidosis of unknown aetiology. Emtricit-
abine should be given with caution to patients with
hepatomegaly or other risk factors for liver disease. Pa-
tients co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at
increased risk for severe and potentially fatal hepatic
adverse events; treatment should be interrupted or
stopped if there is evidence of exacerbation of liver dis-
ease. It is recommended that all patients should be test-
ed for the presence of hepatitis B infection before treat-
ment is begun, and that patients co-infected with HIV
and hepatitis B should be monitored for several months
after stopping treatment with emtricitabine for signs of
exacerbations of hepatitis. Emtricitabine should be
used with caution and doses adjusted in patients with
renal impairment.

Interactions
Caution should be exercised when emtricitabine is giv-
en with other drugs eliminated by active tubular secre-
tion as competition for the elimination pathway may
increase the serum concentrations of either drug.

Antiviral Action
Emtricitabine is converted intracellularly in stages to
the triphosphate. This triphosphate halts the DNA syn-
thesis of HIV through competitive inhibition of reverse
transcriptase. Emtricitabine-resistant strains of HIV
have been identified and cross-resistance to other nucl-
eoside reverse transcriptase inhibitors may occur.

Pharmacokinetics
Emtricitabine is rapidly and extensively absorbed from
the gastrointestinal tract after oral doses, with peak
plasma concentrations occurring after 1 to 2 hours. Bi-
oavailability is reported to be 93% for the capsules.
Binding to plasma proteins is reported to be less than
4%. The plasma elimination half-life is about 10 hours.
Emtricitabine is metabolised to a limited degree, but is
excreted largely unchanged in the urine and to a lesser
extent in the faeces. It is partially removed by haemo-
dialysis.

Uses and Administration
Emtricitabine is a nucleoside reverse transcriptase in-
hibitor related to cytosine with antiviral activity against
HIV-1 and hepatitis B virus. It is used in the treatment
of HIV infection and AIDS (p.856). Viral resistance
emerges rapidly when emtricitabine is used alone, and
it is therefore used with other antiretrovirals. 
Emtricitabine is given orally once daily as capsules in
a usual adult dose of 200 mg or 240 mg as oral solu-
tion. 
For details of doses in infants, children, and adoles-
cents, see below. 
For details of doses of emtricitabine to be used in pa-
tients with renal impairment, see below. 

Fixed-dose combination products have been devel-
oped in order to improve patient adherence and avoid
monotherapy, thereby decreasing the risk of acquired
drug resistance. Products containing emtricitabine in
combination with tenofovir, and with efavirenz plus
tenofovir are available in some countries.
◊ Reviews.
1. Dando TM, Wagstaff AJ. Emtricitabine/tenofovir disoproxil fu-

marate. Drugs 2004; 64: 2075–82. 
2. Modrzejewski KA, Herman RA. Emtricitabine: a once-daily nu-

cleoside reverse transcriptase inhibitor. Ann Pharmacother
2004; 38: 1006–14. 

3. Frampton JE, Perry CM. Emtricitabine: a review of its use in the
management of HIV infection. Drugs 2005; 65: 1427–48. 

4. Saag MS. Emtricitabine, a new antiretroviral agent with activity
against HIV and hepatitis B virus. Clin Infect Dis 2006; 42:
126–31.

Administration in children. For the treatment of HIV infec-
tion in infants, children, and adolescents emtricitabine is given
with other antiretroviral drugs. Doses, given once daily, are
based on body-weight: 
• in infants up to 3 months of age the oral solution is given in a

dose of 3 mg/kg daily 
• in infants, children, and adolescents over 3 months of age the

oral solution is given in a dose of 6 mg/kg daily to a maximum
daily dose of 240 mg 

• the capsules may be given to children and adolescents weigh-
ing more then 33 kg in the usual adult dose of 200 mg daily.

Administration in renal impairment. Doses of emtricitab-
ine should be reduced in patients with renal impairment, accord-
ing to the patient’s creatinine clearance (CC): 
• CC at least 50 mL/minute: usual adult doses (as capsules or

solution) 
• CC 30 to 49 mL/minute: 200 mg every 48 hours (capsules) or

120 mg every 24 hours (oral solution) 
• CC 15 to 29 mL/minute: 200 mg every 72 hours (capsules) or

80 mg every 24 hours (oral solution) 
• CC less than 15 mL/minute: 200 mg every 96 hours (cap-

sules) or 60 mg every 24 hours (oral solution)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Emtriva; Austral.: Emtriva; Belg.: Emtriva; Cz.: Emtriva; Denm.: Em-
triva; Fin.: Emtriva; Fr.: Emtriva; Ger.: Emtriva; Gr.: Emtriva; Hung.: Emtri-
va; Irl.: Emtriva; Ital.: Emtriva; Mex.: Emtriva; Neth.: Emtriva; Norw.: Em-
triva; NZ: Emtriva; Pol.: Emtriva; Port.: Emtriva; Spain: Emtriva; Swed.:
Emtriva; Switz.: Emtriva; UK: Emtriva; USA: Emtriva.

Multi-ingredient: Arg.: Truvada; Austral.: Truvada; Cz.: Truvada; Fin.:
Truvada; Fr.: Truvada; Ger.: Truvada; Gr.: Truvada; Irl.: Truvada; Ital.: Tru-
vada; Mex.: Truvada; Neth.: Truvada; NZ: Truvada; Port.: Truvada;
Spain: Truvada; Swed.: Truvada; UK: Atripla; Truvada; USA: Atripla; Tru-
vada.

Enfuvirtide (BAN, USAN, rINN)

DP-178; Enfuvirtida; Enfuvirtidum; Pentafusida; Pentafuside; T-20.
Энфувиртид
C204H301N51O64 = 4491.9.
CAS — 159519-65-0.
ATC — J05AX07.
ATC Vet — QJ05AX07.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing enfuvirtide are local
injection site reactions with resultant pain, erythema,
induration, nodules and cysts, pruritus, and ecchymo-
sis. These reactions have been reported to occur in 98%
of patients, but only a small minority needed to stop
therapy. Other very common adverse effects include
nausea, diarrhoea, weight loss, and peripheral neurop-
athy. Anorexia, abdominal pain, constipation, pancrea-
titis, myalgia, weakness or loss of strength, lymphade-
nopathy, insomnia, depression, ‘flu-like’ illness,
sinusitis, and conjunctivitis are also common. An in-
creased incidence of some bacterial infections, in par-
ticular of pneumonia, has occurred in patients receiv-
ing enfuvirtide. Hypersensitivity reactions have

occurred in about 1% of patients. Other adverse effects
have included anxiety, hyperglycaemia, hypertriglyc-
eridaemia, and eosinophilia. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy in HIV-infect-
ed patients with severe immune deficiency. Os-
teonecrosis has been reported, particularly in patients
with advanced HIV disease or long-term exposure to
combination antiretroviral therapy.
◊ References.
1. Maggi P, et al. Cutaneous injection site reactions to long-term

therapy with enfuvirtide. J Antimicrob Chemother 2004; 53:
678–81.

Precautions
Enfuvirtide should be stopped immediately and should
not be restarted in patients who develop signs of a sys-
temic hypersensitivity reaction. An increased inci-
dence of some bacterial infections, in particular of
pneumonia, has been seen and patients receiving enfu-
virtide should be closely monitored for signs of pneu-
monia. UK licensed product information recommends
that enfuvirtide be used with caution in patients with
hepatic impairment and in those with moderate to se-
vere renal impairment. Patients co-infected with
chronic hepatitis B or C and treated with combination
antiretroviral therapy are at increased risk for severe
and potentially fatal hepatic adverse events.

Antiviral Action
Enfuvirtide is an HIV fusion inhibitor that interferes
with entry of HIV into cells by binding to the gp41 sub-
unit of the viral envelope glycoprotein, thereby inhibit-
ing fusion of viral and cellular membranes. Strains of
HIV with reduced susceptibility to enfuvirtide have
been isolated in patients receiving the drug but, owing
to the different mode of action of enfuvirtide and the
fact that it does not require intracellular activation for
its activity, cross-resistance with other antiretrovirals
may occur less frequently.
Resistance. References to the development of resistance to en-
fuvirtide.
1. Greenberg ML, Cammack N. Resistance to enfuvirtide, the first

HIV fusion inhibitor. J Antimicrob Chemother 2004; 54:
333–40.

Pharmacokinetics
Enfuvirtide is absorbed after subcutaneous injection
with a mean absolute bioavailability of 84%. It is 92%
bound to plasma proteins. Enfuvirtide is a peptide and
is metabolised by hydrolysis; it does not inhibit cyto-
chrome P450 isoenzymes. The elimination half-life is
3.8 hours after subcutaneous use, although elimination
pathways have yet to be identified.
◊ References.
1. Patel IH, et al. Pharmacokinetics, pharmacodynamics and drug

interaction potential of enfuvirtide. Clin Pharmacokinet 2005;
44: 175–86. 

2. Zhang X, et al. Population pharmacokinetics of enfuvirtide in
HIV-1-infected pediatric patients over 48 weeks of treatment. J
Clin Pharmacol 2007; 47: 510–17.

Uses and Administration
Enfuvirtide is a synthetic 36-amino acid peptide that
blocks HIV cell fusion and viral entry. It is used with
other antiretrovirals for combination therapy of HIV
infection and AIDS. Enfuvirtide is given by subcutane-
ous injection into the upper arm, anterior thigh, or ab-
domen in a usual dose of 90 mg twice daily. Each in-
jection should be given at a different site from the
preceding one. For details of doses in children and ad-
olescents, see below.
◊ References.
1. Lalezari JP, et al. Enfuvirtide, an HIV-1 fusion inhibitor, for

drug-resistant HIV infection in North and South America. N
Engl J Med 2003; 348: 2175–85. Correction. ibid.; 349: 1100. 

2. Duffalo ML, James CW. Enfuvirtide: a novel agent for the treat-
ment of HIV-1 infection. Ann Pharmacother 2003; 37: 1448–56. 

3. Oldfield V, et al. Enfuvirtide: a review of its use in the manage-
ment of HIV infection. Drugs 2005; 65: 1139–60. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

4. Reynes J, et al. TORO: ninety-six-week virologic and immuno-
logic response and safety evaluation of enfuvirtide with an opti-
mized background of antiretrovirals. AIDS Patient Care STDS
2007; 21: 533–43. 

5. Wiznia A, et al. T20-310 Study Group. Safety and efficacy of
enfuvirtide for 48 weeks as part of an optimized antiretroviral
regimen in pediatric human immunodeficiency virus 1-infected
patients. Pediatr Infect Dis J 2007; 26: 799–805. 

6. Rockstroh J, et al. Adherence to enfuvirtide and its impact on
treatment efficacy. AIDS Res Hum Retroviruses 2008; 24: 141–8. 

7. Saberi P, et al. Immunologic benefits of enfuvirtide in patients
enrolled in a drug assistance program. Ann Pharmacother 2008;
42: 621–6.

Administration in children. For the treatment of HIV infec-
tion, enfuvirtide may be given to children 6 to 16 years of age by
subcutaneous injection into the upper arm, anterior thigh, or ab-
domen in a dose of 2 mg/kg twice daily (to a maximum of 90 mg
twice daily). Each injection should be given at a different site
from the preceding one.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fuzeon; Austral.: Fuzeon; Belg.: Fuzeon; Braz.: Fuzeon; Canad.:
Fuzeon; Chile: Fuzeon; Cz.: Fuzeon; Denm.: Fuzeon; Fin.: Fuzeon; Fr.:
Fuzeon; Ger.: Fuzeon; Gr.: Fuzeon; Hung.: Fuzeon; Irl.: Fuzeon; Israel:
Fuzeon; Ital.: Fuzeon; Mex.: Fuzeon; Neth.: Fuzeon; Norw.: Fuzeon; NZ:
Fuzeon; Pol.: Fuzeon; Port.: Fuzeon; Spain: Fuzeon; Swed.: Fuzeon;
Switz.: Fuzeon; Thai.: Fuzeon; UK: Fuzeon; USA: Fuzeon.

Entecavir (USAN, rINN)

BMS-200475-01; Entécavir; Entecavirum; SQ-34676. 9-
[(1S,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecy-
clopentyl]guanine monohydrate.
Энтекавир
C12H15N5O3,H2O = 295.3.
CAS — 142217-69-4 (anhydrous entecavir); 209216-23-
9 (entecavir monohydrate).
ATC — J05AF10.
ATC Vet — QJ05AF10.

Adverse Effects
The most common adverse effects of entecavir have
been headache, fatigue, dizziness, and nausea. Other
adverse effects include diarrhoea, dyspepsia, insomnia,
somnolence, and vomiting. 
Raised liver enzyme concentrations may occur and ex-
acerbation of hepatitis has been reported after stopping
treatment with entecavir. Lactic acidosis, usually asso-
ciated with severe hepatomegaly and steatosis, has
been associated with treatment with nucleoside ana-
logues alone or with antiretrovirals (see Zidovudine,
p.914). 
Entecavir is carcinogenic in rodents, but a relationship
with human cancer has not been established.

Precautions
Entecavir should be withdrawn if there is a rapid in-
crease in aminotransferase concentrations, progressive
hepatomegaly or steatosis, or metabolic or lactic acido-
sis of unknown aetiology. Entecavir should be given
with caution to patients with hepatomegaly or other
risk factors for liver disease. Careful differentiation
should be made between patients whose liver enzyme
concentrations become elevated due to response to
treatment and those in whom it is indicative of toxicity.
Exacerbation of hepatitis B has been reported both dur-
ing and after stopping treatment with entecavir. Hepat-
ic function should be monitored closely while on treat-
ment and for several months after treatment is stopped.
Dosage reduction may be necessary in patients with re-
nal impairment. 
Limited clinical experience suggests there is a potential
for HIV to develop resistance to NRTIs if entecavir is

used to treat chronic hepatitis B virus infection in pa-
tients with undiagnosed or untreated HIV infection.
Treatment with entecavir is not recommended for co-
infected patients who are not also receiving HAART.
US licensed product information recommends that all
patients be tested for HIV antibodies before starting
treatment with entecavir.
HIV-infected patients. It was initially thought that entecavir
did not inhibit replication of HIV-1 at clinically relevant doses.
However, a small consistent decrease in HIV-1 RNA was noted
in 3 patients with HIV-1 and hepatitis B virus co-infection being
treated with entecavir monotherapy.1 In 1 of these patients, an
HIV variant containing the M184V resistance substitution was
found. Subsequent in vitro analyses showed that HIV-1 strains
containing M184V were resistant to entecavir.
1. McMahon MA, et al. The HBV drug entecavir—effects on HIV-

1 replication and resistance. N Engl J Med 2007; 356: 2614–21.

Interactions
Caution should be exercised when entecavir is given
with other drugs eliminated by active tubular secretion
as competition for the elimination pathway may in-
crease the serum concentrations of either drug.

Antiviral Action
Entecavir is phosphorylated intracellularly to the active
triphosphate form which competes with deoxyguanos-
ine triphosphate, the natural substrate of hepatitis B vi-
rus reverse transcriptase, thereby inhibiting every stage
of the enzyme’s activity. 
Although initially thought to be inactive against HIV at
clinically relevant doses, entecavir may have sufficient
action to result in the selection of resistant HIV variants
(see HIV-infected Patients, under Precautions, above).

Pharmacokinetics
Entecavir is rapidly absorbed from the gastrointestinal
tract after oral doses. Peak plasma concentrations oc-
cur 30 to 90 minutes after an oral dose and steady state
concentrations after 6 to 10 days of treatment. Absorp-
tion is both delayed and reduced by food; this is not
considered to be clinically relevant in nucleoside treat-
ment-naive patients but may affect efficacy in lamivu-
dine-refractory patients in whom entecavir should be
taken on an empty stomach. Bioavailability of the tab-
let formulation is equal to that of the oral solution and
they may be given interchangeably. Binding of ente-
cavir to plasma proteins is about 13% in vitro. Entecav-
ir is not metabolised by the cytochrome P450 system.
It is mainly eliminated by the kidneys by glomerular
filtration and active tubular secretion, with a terminal
elimination half-life of 128 to 149 hours. Small
amounts of glucuronide and sulfate conjugates are
formed. Entecavir is partially removed by haemodialy-
sis.

Uses and Administration
Entecavir is a nucleoside reverse transcriptase inhibi-
tor, structurally related to guanosine with selective an-
tiviral activity against hepatitis B virus. It is used for
the treatment of chronic hepatitis B (p.851) in adults
with compensated liver disease with evidence of active
viral replication, persistently elevated liver enzyme
values, and histologically active disease, including
those resistant to lamivudine. The usual oral dose of
entecavir in nucleoside treatment-naive patients is
500 micrograms once daily, either with or without
food. An oral dose of 1 mg once daily on an empty
stomach should be used in patients with a history of
hepatitis B viraemia during lamivudine therapy or with
known resistance to lamivudine. For details of reduced
doses to be used in patients with renal impairment, see
below.
◊ Reviews.
1. Sims KA, Woodland AM. Entecavir: a new nucleoside analog

for the treatment of chronic hepatitis B infection. Pharmacother-
apy 2006; 26: 1745–57. 

2. Robinson DM, et al. Entecavir: a review of its use in chronic
hepatitis B. Drugs 2006; 66: 1605–22. 

3. Matthews SJ. Entecavir for the treatment of chronic hepatitis B
virus infection. Clin Ther 2006; 28: 184–203.

Administration in renal impairment. Doses of entecavir
should be reduced in patients with renal impairment according to
creatinine clearance (CC) as follows: 
• CC 30 to 49 mL/minute: 250 micrograms once daily or

500 micrograms every 48 hours in nucleoside treatment-naive
patients; 500 micrograms once daily in lamivudine-refractory
patients 

• CC 10 to 29 mL/minute: 150 micrograms once daily or
500 micrograms every 72 hours in nucleoside treatment-naive
patients; 300 micrograms once daily or 500 micrograms eve-
ry 48 hours in lamivudine-refractory patients 

• CC less than 10 mL/minute (and patients on haemodialysis or
continuous ambulatory peritoneal dialysis): 50 micrograms
once daily or 500 micrograms every 5 to 7 days in nucleoside
treatment-naive patients; 100 micrograms once daily or
500 micrograms every 72 hours in lamivudine-refractory pa-
tients 

Patients receiving haemodialysis should receive the appropriate
dose after each dialysis session.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Baraclude; Austral.: Baraclude; Cz.: Baraclude; Fr.: Baraclude; Gr.:
Baraclude; Hung.: Baraclude; Indon.: Baraclude; Malaysia: Baraclude;
NZ: Baraclude; Philipp.: Baraclude; Port.: Baraclude; Singapore: Bara-
clude; UK: Baraclude; USA: Baraclude.

Etravirine (USAN, rINN)

Etravirina; Étravirine; Etravirinum; R-165335; TMC-125. 4-[6-
Amino-5-bromo-2-(4-cyanoanilino)pyrimidin-4-yloxy]-3,5-
dimethylbenzonitrile.
Этравирин
C20H15BrN6O = 435.3.
CAS — 269055-15-4.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing etravirine are nau-
sea and skin rash (usually mild to moderate) and gen-
erally appearing in the second week of treatment and
resolving within 1 to 2 weeks. Severe skin reactions,
including erythema multiforme and Stevens-Johnson
syndrome, have occurred. Additional adverse events of
moderate to severe intensity reported by at least 2% of
patients receiving etravirine in clinical studies included
gastrointestinal complaints (abdominal pain, diar-
rhoea, nausea, and vomiting), fatigue, headache, hy-
pertension, and peripheral neuropathy. Raised liver en-
zyme values, glucose levels, and serum-cholesterol
and -triglyceride concentrations have been reported. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including etra-
virine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid ap-
pearance have been seen in patients receiving antiretro-
viral therapy, including etravirine.

Precautions
Etravirine should be stopped if a severe skin rash de-
velops. Patients co-infected with chronic hepatitis B or
C have experienced worsening of hepatitis-related
symptoms when treated with etravirine. Patients who
have virologic failure on a NNRTI-containing regimen
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should not be given etravirine in a regimen containing
only NRTIs.

Interactions
Etravirine is metabolised mainly by the cytochrome
P450 isoenzymes CYP3A4, CYP2C9, and CYP2C19.
It is an inducer of CYP3A4 and an inhibitor of
CYP2C9 and CYP2C19. Consequently it may com-
pete with other drugs metabolised by these systems,
potentially resulting in mutually altered plasma con-
centrations and possibly toxicity. Enzyme inducers
may decrease plasma concentrations of etravirine. 
Etravirine should not be given with other NNRTIs. It
should also not be used in regimens with HIV-protease
inhibitors given without ritonavir-boosting but use
with ritonavir-boosted tipranavir, fosamprenavir, or
atazanavir should be avoided. For further information
on drug interactions of NNRTIs see Table 2, p.944.

Antiviral Action
Etravirine acts by inhibition of HIV-1 reverse tran-
scriptase and blocks viral RNA- and DNA-dependent
DNA polymerase activities. It is a flexible molecule
designed to fit in the active pocket of viral reverse tran-
scriptase in different ways, even when the shape of that
pocket changes because of viral mutations. This is con-
sidered to reduce the risk of the development of resist-
ance; phase II studies in treatment-experienced pa-
tients have shown activity against HIV resistant to
other NNRTIs (delavirdine, efavirenz, and nevirapine).

Pharmacokinetics
Etravirine is readily absorbed after oral doses and peak
plasma concentrations occur after about 2.5 to 4 hours;
absorption is increased by food. It is about 99.9%
bound to plasma proteins. Etravirine is extensively me-
tabolised by hepatic microsomal enzymes, principally
by the cytochrome P450 isoenzymes CYP3A4,
CYP2C9, and CYP2C19 families, to substantially less
active metabolites. The mean plasma half-life after
usual dosage is about 41 hours and ranges from 21 to
61 hours. About 93.7% of a dose appears in the faeces
(81.2 to 86.4% as unchanged drug), and 1.2% in the
urine (unchanged drug was not detected in the urine).

Uses and Administration
Etravirine is a non-nucleoside reverse transcriptase in-
hibitor with activity against HIV-1. It is given with oth-
er antiretrovirals for the treatment of HIV infection and
AIDS (p.856) in treatment-experienced patients, who
have evidence of viral replication and HIV-1 strains re-
sistant to a NNRTI and other antiretrovirals. Etravirine
is given orally in a usual dose of 200 mg twice daily
after food.
◊ References.
1. Madruga JV, et al. Efficacy and safety of TMC125 (etravirine) in

treatment-experienced HIV-1-infected patients in DUET-1: 24-
week results from a randomised, double-blind, placebo-control-
led trial. Lancet 2007; 370: 29–38. 

2. Lazzarin A, et al. Efficacy and safety of TMC125 (etravirine) in
treatment-experienced HIV-1-infected patients in DUET-2: 24-
week results from a randomised, double-blind, placebo-control-
led trial. Lancet 2007; 370: 39–48.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Intelence.

Famciclovir (BAN, USAN, rINN)

AV-42810; BRL-42810; Famciclovirum; Famciklovir ; Famsikloviiri;
Famsiklovir. 2[2-(2-Amino-9H-purin-9-yl)ethyl]trimethylene dia-
cetate.

Фамцикловир

C14H19N5O4 = 321.3.

CAS — 104227-87-4.

ATC — J05AB09; S01AD07.

ATC Vet — QJ05AB09; QS01AD07.

Pharmacopoeias. In Chin.

Adverse Effects and Precautions
The most common adverse effects of famciclovir are
headache and nausea. Other adverse effects rarely re-
ported include jaundice, vomiting, dizziness, skin rash,
pruritus, urticaria, somnolence, confusion, and halluci-
nations. In addition, abdominal pain and fever have
been reported in immunocompromised patients given
famciclovir. 
Dosage should be reduced in patients with renal im-
pairment. Acute renal failure has occurred in patients
with renal impairment taking inappropriately high dos-
es of famciclovir.
◊ References.
1. Saltzman R, et al. Safety of famciclovir in patients with herpes

zoster and genital herpes. Antimicrob Agents Chemother 1994;
38: 2454–7.

Interactions
As for Penciclovir, p.901.

Antiviral Action
As for Penciclovir, p.901.

Pharmacokinetics
Famciclovir is rapidly absorbed after oral doses. Ab-
sorption is delayed but not reduced by food. Famciclo-
vir is rapidly converted to penciclovir (see p.901), peak
plasma concentrations occurring within about 1 hour
of a dose, and virtually no famciclovir is detectable in
the plasma or urine. Bioavailability of penciclovir is re-
ported to be 77%. Famciclovir is mainly excreted in the
urine (partly by renal tubular secretion) as penciclovir
and its 6-deoxy precursor; elimination is reduced in pa-
tients with renal impairment.
◊ References.
1. Pue MA, Benet LZ. Pharmacokinetics of famciclovir in man. An-

tiviral Chem Chemother 1993; 4 (suppl 1): 47–55. 
2. Boike SC, et al. Pharmacokinetics of famciclovir in subjects

with varying degrees of renal impairment. Clin Pharmacol Ther
1994; 55: 418–26. 

3. Boike SC, et al. Pharmacokinetics of famciclovir in subjects
with chronic hepatic disease. J Clin Pharmacol 1994; 34:
1199–1207. 

4. Gill KS, Wood MJ. The clinical pharmacokinetics of famciclo-
vir. Clin Pharmacokinet 1996; 31: 1–8.

Uses and Administration
Famciclovir is a prodrug of the antiviral penciclovir
(p.901). It is given orally in the treatment of herpes
zoster (see Varicella-zoster Infections, p.855) and gen-
ital and mucocutaneous herpes (see Herpes Simplex
Infections, p.854). 
For herpes zoster, famciclovir is given in a dose of
250 mg three times daily, or 750 mg once daily, for 7
days (in the USA the recommended dose is 500 mg
three times daily for 7 days); immunocompromised pa-
tients are given 500 mg three times daily for 10 days. 
For herpes simplex infections, famciclovir is given in
a dose of 250 mg three times daily for 5 days for first
episodes of genital herpes; immunocompromised pa-
tients are given 500 mg twice daily for 7 days. For
acute treatment of recurrent episodes of genital herpes,
125 mg is given twice daily for 5 days (in the USA, the
recommended dose is 1 g twice daily for 1 day). Treat-
ment should start in the prodromal period as soon as
the first signs or symptoms appear. Immunocompro-
mised patients are given 500 mg twice daily for 7 days.

For suppression of recurrent episodes of genital herpes,
250 mg is given twice daily; HIV patients may be giv-
en 500 mg twice daily. Such suppressive treatment is
interrupted every 6 to 12 months to observe possible
changes in the natural history of the disease. 
For acute treatment of recurrent mucocutaneous herpes
in HIV-infected patients, 500 mg is given twice daily
for 7 days. 
In the USA, famciclovir may also be given for the
treatment of recurrent herpes labialis as a single 1.5 g
dose, preferably begun in the prodromal period. 
Doses of famciclovir should be reduced in patients
with renal impairment (see below).
◊ Reviews.
1. Perry CM, Wagstaff AJ. Famciclovir: a review of its pharmaco-

logical properties and therapeutic efficacy in herpesvirus infec-
tions. Drugs 1995; 50: 396–415. 

2. Faro S. A review of famciclovir in the management of genital
herpes. Infect Dis Obstet Gynecol 1998; 6: 38–43. 

3. Vinh DC, Aoki FY. Famciclovir for the treatment of recurrent
genital herpes: a clinical and pharmacological perspective. Ex-
pert Opin Pharmacother 2006; 7: 2271–86. 

4. Simpson D, Lyseng-Williamson KA. Famciclovir: a review of its
use in herpes zoster and genital and orolabial herpes. Drugs
2006; 66: 2397–2416.

Administration in renal impairment. Doses of famciclovir
need to be reduced in patients with renal impairment. UK li-
censed product information recommends the following oral dos-
es based on creatinine clearance (CC): 
Immunocompetent patients: 

Herpes zoster or an initial episode of genital herpes 
• CC 30 to 59 mL/minute per 1.73 m2: 250 mg twice daily 
• CC 10 to 29 mL/minute per 1.73 m2: 250 mg once daily 
Acute recurrent genital herpes, treatment 
• CC 30 to 59 mL/minute per 1.73 m2: no dosage adjustment

necessary 
• CC 10 to 29 mL/minute per 1.73 m2: 125 mg once daily 
Recurrent genital herpes, suppression 
• CC 30 mL/minute per 1.73 m2 and over: 250 mg twice dai-

ly 
• CC 10 to 29 mL/minute per 1.73 m2: 125 mg twice daily 

Immunocompromised patients: 
Herpes zoster 
• CC 40 mL/minute per 1.73 m2 and over: 500 mg three

times daily 
• CC 30 to 39 mL/minute per 1.73 m2: 250 mg three times

daily 
• CC 10 to 29 mL/minute per 1.73 m2: 125 mg three times

daily 
Herpes simplex infections 
• CC 40 mL/minute per 1.73 m2 and over: 500 mg twice dai-

ly 
• CC 30 to 39 mL/minute per 1.73 m2: 250 mg twice daily 
• CC 10 to 29 mL/minute per 1.73 m2: 125 mg twice daily 

Patients on haemodialysis should be given doses of famciclovir
immediately after dialysis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Pentavir ; Zosvir†; Austral.: Famvir; Austria: Famvir; Belg.: Famvir;
Braz.: Famvir; Fanclomax; Penvir ; Canad.: Famvir; Cz.: Famvir; Denm.:
Famvir; Fin.: Famvir; Fr.: Oravir ; Ger.: Famvir; Gr.: Famvir; Hong Kong:
Famvir; Hung.: Famvir; India: Famtrex; Irl.: Famvir; Israel: Famvir†; Ital.:
Famvir; Ziravir ; Neth.: Famvir; NZ: Famvir†; Port.: Famvir; Zyvir ; Rus.:
Famvir (Фамвир); S.Afr.: Famvir; Singapore: Famvir; Spain: Ancivin; Fam-
vir ; Swed.: Famvir; Switz.: Famvir; Thai.: Famvir; Turk.: Famvir; UK: Fam-
vir ; USA: Famvir.

Fomivirsen Sodium (BANM, USAN, rINNM)

Fomivirseeninatrium; Fomivirsén sódico; Fomivirsen Sodique;
Fomivirsennatrium; Fomivirsenum Natricum; Isis-2922; Natrii
Fomivirsenum.
Натрий Фомивирсен
C204H243N63Na20O114P20S20 = 7122.0.
CAS — 144245-52-3 (fomivirsen); 160369-77-7 (fomi-
virsen sodium).
ATC — S01AD08.
ATC Vet — QS01AD08.

Adverse Effects and Precautions
Adverse effects after intra-ocular injection of fomivirsen are con-
fined to the treated eye. They include intra-ocular inflammation,
transient increases in intra-ocular pressure, retinal detachment
and oedema, and visual abnormalities. Other adverse effects as-
sociated with the intravitreal injection procedure include vitreal
haemorrhage, endophthalmitis, uveitis, and cataract formation. 
Patients should be monitored during treatment for changes in in-
tra-ocular pressure and visual field and for extra-ocular CMV
disease or disease in the contralateral eye.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Interactions
In order to reduce the risk of inflammation, intra-ocular use of
fomivirsen is not recommended within 2 to 4 weeks of cidofovir
treatment.

Antiviral Action
Fomivirsen is an antisense oligonucleotide that inhibits human
CMV replication. It is active against strains of CMV resistant to
ganciclovir, foscarnet, and cidofovir. Resistance to fomivirsen
has been induced in vitro, but cross-resistance to antivirals with
other modes of action is unlikely.

Uses and Administration
Fomivirsen is an antisense oligonucleotide that has been used as
the sodium salt for the local treatment of CMV retinitis (p.853)
in patients with AIDS. For newly diagnosed disease, a dose of
165 micrograms has been given by intravitreal injection into the
affected eye once each week for 3 weeks, then on alternate weeks
thereafter. For previously treated disease, 330 micrograms has
been injected into the affected eye; this dose may be repeated
once after 2 weeks and then once every 4 weeks thereafter.

◊ Reviews.
1. Perry CM, Barman Balfour JA. Fomivirsen. Drugs 1999; 57:

375–80. 
2. Geary RS, et al. Fomivirsen: clinical pharmacology and poten-

tial drug interactions. Clin Pharmacokinet 2002; 41: 255–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Vitravene†; Switz.: Vitravene†; USA: Vitravene†.

Fosamprenavir Calcium (USAN, rINNM)

Calcii Fosamprenavirum; Fosamprenavir cálcico; Fosamprénavir
Calcique; GW-433908G. (3S)-Tetrahydro-3-furyl{(αS)-α-[(1R)-
1-hydroxy-2-(N1-isobutylsulfanilamido)ethyl]phenethyl}car-
bamate calcium phosphate (1:1).

Кальций Фосампренавир
C25H36CaN3O9PS = 625.7.
CAS — 226700-79-4 (fosamprenavir); 226700-81-8
(fosamprenavir calcium).
ATC — J05AE07.
ATC Vet — QJ05AE07.

(fosamprenavir)

Adverse Effects and Precautions
As for Amprenavir, p.865.

Interactions
Drugs interacting with amprenavir (p.866) might rea-
sonably also be expected to interact with fosamprena-
vir. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
As for Amprenavir (see p.866). Fosamprenavir is a
prodrug that is rapidly hydrolysed to amprenavir
(p.865) by cellular phosphatases in the gut epithelium
as it is absorbed. Fosamprenavir itself has little or no
antiviral activity in vitro

Pharmacokinetics
After oral doses, fosamprenavir is rapidly hydrolysed
to amprenavir in the gastrointestinal epithelium as it is
absorbed. Peak plasma concentrations of amprenavir
are attained after 1.5 to 4 hours. Fosamprenavir may be
given with or without food. For details of the pharma-
cokinetics of amprenavir, see p.866.

◊ Reviews.
1. Wire MB, et al. Fosamprenavir: clinical pharmacokinetics and

drug interactions of the amprenavir prodrug. Clin Pharmacoki-
net 2006; 45: 137–68.

Uses and Administration
Fosamprenavir is a prodrug of amprenavir, which is an
HIV-protease inhibitor with antiviral activity against
HIV. Fosamprenavir is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when fosamprenavir is used alone, and it is
therefore used with other antiretrovirals. 
Fosamprenavir may be given with or without food. It is
given orally as the calcium salt, but doses are expressed
in terms of the base. Fosamprenavir calcium 748 mg is
equivalent to about 700 mg of fosamprenavir or to
600 mg of amprenavir and 50 mg of fosamprenavir so-
lution is equivalent to about 43 mg of amprenavir. 
In the UK, the recommended dose of ritonavir-boosted
fosamprenavir in both treatment-experienced and
treatment-naive adult patients is fosamprenavir
700 mg twice daily plus ritonavir 100 mg twice daily. 
In the USA, recommended doses in treatment-naive
adult patients are: 
• fosamprenavir 1.4 g twice daily without ritonavir, or 
• fosamprenavir 1.4 g once daily plus ritonavir

200 mg once daily, or 
• fosamprenavir 1.4 g once daily plus ritonavir

100 mg once daily, or 
• fosamprenavir 700 mg twice daily plus ritonavir

100 mg twice daily 
The recommended dose in treatment-experienced pa-
tients is fosamprenavir 700 mg twice daily plus ritona-
vir 100 mg twice daily. 
For details of doses in children and adolescents, see be-
low. 
Doses should be reduced in patients with mild or mod-
erate hepatic impairment (see below).
◊ Reviews.
1. Chapman TM, et al. Fosamprenavir: a review of its use in the

management of antiretroviral therapy-naive patients with HIV
infection. Drugs 2004; 64: 2101–24. 

2. Hester EK, et al. Fosamprenavir: drug development for adher-
ence. Ann Pharmacother 2006; 40: 1301–10.

Administration in children. For the treatment of HIV infec-
tion in children and adolescents, fosamprenavir is given daily
with other antiretroviral drugs. Doses are based on body-weight
and should not exceed the adult dose. 
In the UK, the recommended dose of fosamprenavir oral solution
in children and adolescents weighing 25 to 38 kg is 18 mg/kg
twice daily plus ritonavir oral solution 3 mg/kg twice daily. Chil-
dren and adolescents weighing at least 39 kg may be given the
adult fosamprenavir tablet dose, see above. It is not licensed for
use in children below 25 kg in weight or 6 years of age. 
In the USA, the recommended dose of fosamprenavir oral sus-
pension in treatment-naive children 2 to 5 years of age is fosam-
prenavir 30 mg/kg twice daily. Treatment-naive children 6 years
of age or older may be given fosamprenavir 30 mg/kg twice dai-
ly or 18 mg/kg twice daily plus ritonavir 3 mg/kg twice daily.
Treatment-experienced patients 6 years of age or older may be
given fosamprenavir 18 mg/kg twice daily plus ritonavir
3 mg/kg twice daily. 
Ritonavir 100-mg capsules may be given to children and adoles-
cents taking fosamprenavir oral suspension if they weigh at least
33 kg.
Administration in hepatic impairment. Fosamprenavir
should be used with caution in all patients with hepatic impair-
ment. 
UK licensed product information recommends: 
• in patients with mild hepatic impairment (Child-Pugh score 5

to 6): fosamprenavir 700 mg twice daily plus ritonavir 100 mg
once daily 

• in patients with moderate hepatic impairment (Child-Pugh
score 7 to 9): fosamprenavir 450 mg twice daily plus ritonavir
100 mg once daily 

US licensed product information recommends: 
• in treatment-naive patients with mild hepatic impairment

(Child-Pugh score 5 to 6): fosamprenavir 700 mg twice daily
without ritonavir, or plus ritonavir 100 mg once daily 

• in treatment-experienced patients with mild hepatic impair-
ment (Child-Pugh score 5 to 6): fosamprenavir 700 mg twice
daily plus ritonavir 100 mg once daily 

• in treatment-naive patients with moderate hepatic impairment
(Child-Pugh score 7 to 9): fosamprenavir 700 mg twice daily

without ritonavir, or fosamprenavir 450 mg twice daily plus
ritonavir 100 mg once daily 

• in treatment-experienced patients with moderate hepatic im-
pairment (Child-Pugh score 7 to 9): fosamprenavir 450 mg
twice daily plus ritonavir 100 mg once daily 

• in treatment-naive patients with severe hepatic impairment
(Child-Pugh score 10 to 12): fosamprenavir 350 mg twice dai-
ly without ritonavir 

Fosamprenavir plus ritonavir should not be used in patients with
severe hepatic impairment.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Telzir ; Austral.: Telzir ; Belg.: Telzir ; Canad.: Telzir ; Cz.: Telzir ;
Denm.: Telzir; Fin.: Telzir ; Fr.: Telzir ; Ger.: Telzir ; Gr.: Telzir ; Hung.: Telzir ;
Irl.: Telzir; Israel: Lexiva; Ital.: Telzir ; Mex.: Telzer; Neth.: Telzir ; Norw.:
Telzir ; Pol.: Telzir ; Port.: Telzir ; Spain: Telzir ; Swed.: Telzir ; Switz.: Telzir ;
UK: Telzir ; USA: Lexiva.

Foscarnet Sodium (BAN, USAN, rINN)

A-29622; EHB-776 (anhydrous and hexahydrate); Foscarnet
sódico; Foscarnet Sodique; Foscarnet sodique hexahydraté; Fo-
scarnetum Natricum; Foscarnetum natricum hexahydricum;
Foskarneettinatriumheksahydraatti; Foskarnet sodná sůl hexahy-
drát; Foskarnet Sodyum; Foskarnetnatriumhexahydrat; Foskar-
neto natrio druska heksahidratas; Foszkarnet-nátrium; Phospho-
natoformate Trisodium; Phosphonoformate Trisodium. Triso-
dium phosphonatoformate hexahydrate.
Фоскарнет Натрий
CNa3O5P,6H2O = 300.0.
CAS — 63585-09-1 (foscarnet sodium); 34156-56-4 (fo-
scarnet sodium hexahydrate).
ATC — J05AD01.
ATC Vet — QJ05AD01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Foscarnet Sodium Hexahydrate; Foscarnet Sodium
BP 2008). A white or almost white crystalline powder. Soluble in
water; practically insoluble in alcohol. A 2% solution in water
has a pH of 9.0 to 11.0. Protect from light.
Incompatibility. Foscarnet sodium has been found to be visu-
ally incompatible with some commonly used injectable drugs in-
cluding amphotericin B, aciclovir sodium, co-trimoxazole, gan-
ciclovir, and pentamidine isetionate;1,2 licensed product
information also lists incompatibilities with vancomycin, glu-
cose 30% solution, and solutions containing calcium. It is there-
fore recommended that foscarnet should not be infused via an
intravenous line with any other drug.
1. Lor E, Takagi J. Visual compatibility of foscarnet with other in-

jectable drugs. Am J Hosp Pharm 1990; 47: 157–9. 
2. Baltz JK, et al. Visual compatibility of foscarnet with other in-

jectable drugs during simulated Y-site administration. Am J Hosp
Pharm 1990; 47: 2075–7.

Adverse Effects and Treatment
The most serious common adverse effect of foscarnet
sodium is renal impairment, which may be severe.
Anaemia may be common and granulocytopenia and
thrombocytopenia have been reported. Foscarnet can
chelate bivalent metal ions, and may be associated with
an acute decrease in ionised calcium in the plasma that
is not necessarily reflected by measurements of total
calcium; the decrease is proportional to the rate of in-
fusion. Other electrolyte disturbances may occur.
Some patients may have convulsions. Excretion of
high concentrations in the urine can cause local irrita-
tion and genital ulceration. Other adverse effects re-
ported include nausea, vomiting, diarrhoea, malaise,
fatigue, fever, headache, dizziness, paraesthesia, trem-
or, mood disturbances, rash, abnormal liver function
tests, blood pressure and ECG changes, and isolated re-
ports of pancreatitis. Intravenous injection may cause
phlebitis at the site of injection. 
In cases of overdosage it is important to maintain hy-
dration. Foscarnet elimination may be increased by
haemodialysis.
Effects on the CNS. Convulsions may occur in up to 10% of
AIDS patients receiving foscarnet and have been reported after
overdoses. Contributing factors include underlying CNS pathol-
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ogy (HIV-related encephalopathy or other infections) and foscar-
net-related electrolyte disturbances. However, seizures have oc-
curred in patients without apparent risk factors.1
1. Lor E, Liu YQ. Neurologic sequelae associated with foscarnet

therapy. Ann Pharmacother 1994; 28: 1035–7.

Effects on electrolyte balance. Acute hypocalcaemia has
been reported to occur in about 30% of AIDS patients receiving
foscarnet. Other electrolyte disturbances include hypokalaemia
and hypomagnesaemia (each in about 15%), hypophosphatae-
mia (8%), and hyperphosphataemia (6%). Hypocalcaemia may
cause paraesthesias and, together with hypomagnesaemia and
hypokalaemia, may predispose to seizures and cardiovascular
disturbances. 
Electrolyte abnormalities (increased calcium, magnesium, phos-
phate, and potassium requirements, and a reduction in the need
for sodium) have been reported to be dramatically accelerated by
foscarnet in a patient being given total parenteral nutrition.1
1. Matarese LE, et al. Foscarnet-induced electrolyte abnormalities

in a bone marrow transplant patient receiving parenteral nutri-
tion. J Parenter Enteral Nutr 2000; 24: 170–3.

Effects on the kidneys. The most serious common adverse
effect of foscarnet sodium is nephrotoxicity. Clinically signifi-
cant increases in serum-creatinine concentrations occur in about
30% of patients, and the incidence of nephrotoxicity tends to in-
crease with increasing dose1 and with duration of therapy.2 Fo-
scarnet sodium is excreted unchanged in the urine and tubulo-
interstitial lesions and deposition of crystals in the glomerular
capillary lumen have been implicated.3 Acute renal failure has
occurred and haemodialysis has been reported to have reduced
plasma-foscarnet concentrations.4 The risk of nephrotoxicity can
be minimised by ensuring adequate hydration, the use of inter-
mittent dosing schedules,5 and by adjusting the dose according to
serum-creatinine concentrations. Nephrogenic diabetes insipidus
and renal tubular acidosis associated with foscarnet have been
reported.6-8

1. Jacobson MA, et al. A dose-ranging study of daily maintenance
intravenous foscarnet therapy for cytomegalovirus retinitis in
AIDS. J Infect Dis 1993; 168: 444–8. 

2. Gaub J, et al. The effect of foscarnet (phosphonoformate) on hu-
man immunodeficiency virus isolation, T-cell subsets and lym-
phocyte function in AIDS patients. AIDS 1987; 1: 27–33. 

3. Beaufils H, et al. Foscarnet and crystals in glomerular capillary
lumens. Lancet 1990; 336: 755. 

4. Deray G, et al. Foscarnet-induced acute renal failure and effec-
tiveness of haemodialysis. Lancet 1987; ii: 216. 

5. Deray G, et al. Prevention of foscarnet nephrotoxicity. Ann In-
tern Med 1990; 113: 332. 

6. Farese RV, et al. Nephrogenic diabetes insipidus associated with
foscarnet treatment of cytomegalovirus retinitis. Ann Intern Med
1990; 112: 955–6. 

7. Conn J, et al. Nephrogenic diabetes insipidus associated with fo-
scarnet—a case report. J Antimicrob Chemother 1996; 37:
1180–1. 

8. Navarro JF, et al. Nephrogenic diabetes insipidus and renal tubu-
lar acidosis secondary to foscarnet therapy. Am J Kidney Dis
1996; 27: 431–4.

Effects on the skin and mucous membranes. A general-
ised pruritic macular rash was reported in a patient given foscar-
net, which subsided after the drug was withdrawn.1 
There have been several reports of genital ulceration,2-7 possibly
related to local toxicity arising from high concentrations of fo-
scarnet in the urine. Oral ulceration, usually with genital ulcera-
tion, has occurred during foscarnet treatment.3-5 Uvular and
oesophageal ulcerations have also been reported.4,8

1. Green ST, et al. Generalised cutaneous rash associated with fo-
scarnet usage in AIDS. J Infect 1990; 21: 227–8. 

2. Van Der Pijl JW, et al. Foscarnet and penile ulceration. Lancet
1990; 335: 286. 

3. Gilquin J, et al. Genital and oral erosions induced by foscarnet.
Lancet 1990; 335: 287. 

4. Fégueux S, et al. Penile ulcerations with foscarnet. Lancet 1990;
335: 547. 

5. Moyle G, et al. Penile ulcerations with foscarnet. Lancet 1990;
335: 547–8. 

6. Lacey HB, et al. Vulval ulceration associated with foscarnet.
Genitourin Med 1992; 68: 182. 

7. Caumes E, et al. Foscarnet-induced vulvar erosion. J Am Acad
Dermatol 1993; 28: 799. 

8. Saint-Marc T, et al. Uvula and oesophageal ulcerations with fo-
scarnet. Lancet 1992; 340: 970–1.

Precautions
Foscarnet sodium should be used with caution in renal
impairment and doses should be reduced if serum cre-
atinine is raised. Serum-creatinine concentrations
should be measured on alternate days throughout in-
duction treatment; monitoring may be weekly during
maintenance therapy. An adequate state of hydration
must be maintained during therapy to prevent renal
toxicity. Electrolytes, especially calcium and magnesi-
um, should also be monitored and deficiencies correct-
ed before and during foscarnet therapy.
Electrolyte content. Each g of foscarnet sodium (hexahy-
drate) represents about 10 mmol of sodium and about 3.3 mmol
of phosphate.

Interactions
Foscarnet should not be given with other nephrotoxic
drugs such as aminoglycosides, amphotericin B, and
ciclosporin, or with other drugs that can affect serum-
calcium concentrations. Intravenous pentamidine can
produce both of these effects and severe additive toxic-
ity may result from its use with foscarnet; fatalities
have occurred.
Ciprofloxacin. Tonic-clonic seizures associated with foscarnet
use in 2 patients receiving multiple antimicrobial drugs were
thought to have been exacerbated by the concurrent use of cipro-
floxacin.1
1. Fan-Havard P, et al. Concurrent use of foscarnet and cipro-

floxacin may increase the propensity for seizures. Ann Pharma-
cother 1994; 28: 869–72.

Parenteral nutrition. For mention that foscarnet may exacer-
bate the need for electrolyte replacement in patients receiving to-
tal parenteral nutrition see Effects on Electrolyte Balance, above.

Antiviral Action
Foscarnet inhibits replication of human herpesviruses
including CMV, herpes simplex virus types 1 and 2,
herpesvirus 6, Epstein-Barr virus, and varicella-zoster
virus. Activity is also reported against hepatitis B virus
and HIV. Foscarnet acts by inhibition of virus-specific
DNA polymerases and reverse transcriptases: unlike
the nucleoside reverse transcriptase inhibitors and gan-
ciclovir, foscarnet does not require intracellular con-
version to an active triphosphate.
◊ References.
1. Balfour HH, et al. Effect of foscarnet on quantities of cytomeg-

alovirus and human immunodeficiency virus in blood of persons
with AIDS. Antimicrob Agents Chemother 1996; 40: 2721–6. 

2. Jabs DA, et al. Incidence of foscarnet resistance and cidofovir
resistance in patients treated for cytomegalovirus retinitis. Anti-
microb Agents Chemother 1998; 42: 2240–4.

Pharmacokinetics
The pharmacokinetics of foscarnet are complicated by
the high incidence of renal impairment induced during
therapy and by the deposition and subsequent gradual
release of foscarnet from bone. Thus the estimation of
half-life depends upon the duration of foscarnet thera-
py and the duration of the observation period. The plas-
ma half-life in patients with normal renal function is
about 2 to 4 hours, but terminal half-lives up to about 8
days have been reported when accumulation in bone
has taken place. Plasma protein binding is about 14 to
17%. Foscarnet crosses the blood-brain barrier in vari-
able amounts; CSF concentrations ranging from zero
to more than 3 times the plasma concentration have
been reported. Foscarnet is mostly excreted unchanged
in the urine mainly through glomerular filtration.
◊ In 13 HIV-infected male patients with lymphadenopathy or
AIDS-related complex1 foscarnet [sodium] by continuous intra-
venous infusion (0.14 to 0.19 mg/kg per minute) produced plas-
ma-foscarnet concentrations of about 100 to 500 nanomol/mL.
There appeared to be a link between the degree of adverse effects
experienced and plasma-foscarnet concentrations above
350 nanomol/mL. Foscarnet was excreted mainly via the kid-
neys. It was thought that up to 20% of the cumulative intrave-
nous dose may have been deposited in bone 7 days after the end
of infusion. 
Penetration of foscarnet into the CSF is very variable and in 5
patients1 CSF concentrations of foscarnet were found to be 13 to
68% of those in the plasma. Subsequent studies showed that CSF
concentrations of foscarnet would be virostatic in most patients,2
attaining a mean concentration of about 25% of plasma concen-
tration after a single infusion2,3 and 66% under steady state con-
ditions.3 CSF concentrations ranged from 0 to 340%2 and 5 to
72%3 of those in plasma. There was a correlation between the
amount of foscarnet in the CSF and inflammation of the menin-
ges in one study,2 and with the HIV infection stage in another,3
but neither reported a correlation with plasma concentration.
1. Sjövall J, et al. Pharmacokinetics of foscarnet and distribution to

cerebrospinal fluid after intravenous infusion in patients with hu-
man immunodeficiency virus infection. Antimicrob Agents
Chemother 1989; 33: 1023–31. 

2. Raffi F, et al. Penetration of foscarnet into cerebrospinal fluid of
AIDS patients. Antimicrob Agents Chemother 1993; 37:
1777–80. 

3. Hengge UR, et al. Foscarnet penetrates the blood-brain barrier:
rationale for therapy of cytomegalovirus encephalitis. Antimi-
crob Agents Chemother 1993; 37: 1010–14.

Uses and Administration
Foscarnet is a non-nucleoside pyrophosphate analogue
active against herpesviruses. It is used as the trisodium

salt mainly for the treatment of CMV retinitis in AIDS
patients and for aciclovir-resistant mucocutaneous her-
pes simplex virus infections in immunocompromised
patients (see below). 
Foscarnet is given by intravenous infusion. A solution
containing foscarnet sodium 24 mg/mL may be given
via a central vein or diluted with glucose 5% or sodium
chloride 0.9% to a concentration of 12 mg/mL and giv-
en via a peripheral vein. Hydration with 0.5 to 1 litre of
sodium chloride 0.9% is recommended with each infu-
sion to reduce renal toxicity. 
For the treatment of CMV retinitis in patients with
normal renal function, the usual dose is 60 mg/kg in-
fused over at least 1 hour every 8 hours, or 90 mg/kg
infused over 11⁄2 to 2 hours every 12 hours, for 2 to 3
weeks; this should then be followed by maintenance
therapy with 60 mg/kg daily, increasing to 90 to
120 mg/kg daily infused over 2 hours if tolerated. 
For the treatment of aciclovir-resistant mucocutaneous
herpes simplex virus infections in patients with nor-
mal renal function, a dose of 40 mg/kg, infused over at
least 1 hour every 8 or 12 hours is given for 2 to 3
weeks or until lesions have healed. 
Doses of foscarnet should be reduced in patients with
renal impairment (see below).
◊ Reviews.
1. Chrisp P, Clissold SP. Foscarnet: a review of its antiviral activity,

pharmacokinetic properties and therapeutic use in immunocom-
promised patients with cytomegalovirus retinitis. Drugs 1991;
41: 104–29. 

2. Wagstaff AJ, Bryson HM. Foscarnet: a reappraisal of its antiviral
activity, pharmacokinetic properties and therapeutic use in im-
munocompromised patients with viral infections. Drugs 1994;
48: 199–226.

Administration in renal impairment. Doses of intravenous
foscarnet sodium may need to be reduced in patients with renal
impairment. The following doses, given every 8 hours, are sug-
gested by the UK licensed product information according to cre-
atinine clearance (CC): 
treatment of CMV retinitis: 
• CC more than 1.6 mL/kg per minute: 60 mg/kg 
• CC 1.6 to 1.4 mL/kg per minute: 55 mg/kg 
• CC 1.4 to 1.2 mL/kg per minute: 49 mg/kg 
• CC 1.2 to 1.0 mL/kg per minute: 42 mg/kg 
• CC 1.0 to 0.8 mL/kg per minute: 35 mg/kg 
• CC 0.8 to 0.6 mL/kg per minute: 28 mg/kg 
• CC 0.6 to 0.4 mL/kg per minute: 21 mg/kg 
• CC less than 0.4 mL/kg per minute: use not recommended 
treatment of aciclovir-resistant mucocutaneous herpes simplex
infections: 
• CC more than 1.6 mL/kg per minute: 40 mg/kg 
• CC 1.6 to 1.4 mL/kg per minute: 37 mg/kg 
• CC 1.4 to 1.2 mL/kg per minute: 33 mg/kg 
• CC 1.2 to 1.0 mL/kg per minute: 28 mg/kg 
• CC 1.0 to 0.8 mL/kg per minute: 24 mg/kg 
• CC 0.8 to 0.6 mL/kg per minute: 19 mg/kg 
• CC 0.6 to 0.4 mL/kg per minute: 14 mg/kg 
• CC less than 0.4 mL/kg per minute: use not recommended 
In the USA modification of doses by extending the dose interval
has been recommended, resulting in proportional reductions in
daily dose similar to those in the UK.
Cytomegalovirus infections. Foscarnet is used in the treat-
ment of severe CMV infections (p.853) in immunocompromised
patients and appears to possess similar efficacy to ganciclovir1

(see also under Ganciclovir, p.880). It has been particularly use-
ful in patients who require antiretroviral therapy for AIDS and
are unable to tolerate ganciclovir (because of haematological
toxicity). For patients unable to tolerate systemic therapy foscar-
net has been tried as an intravitreal injection.2-4 Beneficial re-
sponses have been reported with various regimens including in-
travitreal injections of foscarnet 1.2 mg every 48 hours for 4
doses2 or induction with 2.4 mg twice weekly4 or every 72 hours
for 6 doses,3 then once weekly maintenance thereafter.3,4 Com-
bined treatment with foscarnet and ganciclovir each given intra-
vitreally has also been reported to be effective;5 however, al-
though combination systemic therapy has been widely used
where resistance to ganciclovir is suspected, the evidence for a
synergistic effect against CMV is not very strong.6 
Foscarnet has also been investigated for primary prophylaxis of
CMV infection in bone marrow transplant recipients at high risk
of infection.7,8

1. Reusser P, et al. Infectious Diseases Working Party of the Euro-
pean Group for Blood and Marrow Transplantation. Randomized
multicenter trial of foscarnet versus ganciclovir for preemptive
therapy of cytomegalovirus infection after allogeneic stem cell
transplantation. Blood 2002; 99: 1159–64. 

2. Lieberman RM, et al. Efficacy of intravitreal foscarnet in a pa-
tient with AIDS. N Engl J Med 1994; 330: 868–9. 
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3. Diaz-Llopis M, et al. High dose intravitreal foscarnet in the treat-
ment of cytomegalovirus retinitis in AIDS. Br J Ophthalmol
1994; 78: 120–4. 

4. Ausayakhun S, et al. Intravitreal foscarnet for cytomegalovirus
retinitis in patients with AIDS. J Med Assoc Thai 2005; 88:
103–7. 

5. Velez G, et al. High-dose intravitreal ganciclovir and foscarnet
for cytomegalovirus retinitis. Am J Ophthalmol 2001; 131:
396–7. 

6. Drew WL. Is combination antiviral therapy for CMV superior to
monotherapy? J Clin Virol 2006; 35: 485–8. 

7. Ippoliti C, et al. Foscarnet for prevention of cytomegalovirus in-
fection in allogeneic marrow transplant recipients unable to re-
ceive ganciclovir. Bone Marrow Transplant 1997; 20: 491–5. 

8. Bregante S, et al. Foscarnet prophylaxis of cytomegalovirus in-
fections in patients undergoing allogeneic bone marrow trans-
plantation (BMT): a dose-finding study. Bone Marrow Trans-
plant 2000; 26: 23–9.

Herpes simplex infections. Although foscarnet is effective in
the treatment of herpes simplex infections it is usually reserved
for severe or disseminated herpes simplex infections, particularly
in immunocompromised patients who have infections resistant
to aciclovir (see p.854). A 2% cream applied topically is effec-
tive in the treatment of refractory herpes simplex infections of
the skin,1 and is licensed for such use in some countries. Topical
use of a 1% foscarnet cream has also been investigated.2

1. Gross G, Braun D. Wirksamkeit und Verträglichkeit von topisch
appliziertem Foscarnet-Natrium bei der Behandlung von Herpes
labialis. Ergebnisse einer Anwendungsbeobachtung. Hautarzt
2006; 57: 40–6. 

2. Javaly K, et al. Treatment of mucocutaneous herpes simplex vi-
rus infections unresponsive to acyclovir with topical foscarnet
cream in AIDS patients: a phase I/II study. J Acquir Immune De-
fic Syndr 1999; 21: 301–6.

Varicella-zoster infections. Foscarnet is the recommended
treatment for aciclovir-resistant varicella-zoster infections
(p.855). In a study1 of 5 patients with AIDS and aciclovir-resist-
ant zoster infection complete healing was reported for 3 patients
after treatment with foscarnet 120 mg/kg daily for 14 to 26 days.
Two patients relapsed 7 and 14 days respectively after stopping
treatment. In another study2 10 of 13 HIV-infected patients with
aciclovir-resistant zoster infection had complete healing after
treatment with 100 mg/kg twice daily of foscarnet for 12 to 30
days. Five of the patients relapsed after stopping treatment with
the median time to relapse being 110 days.
1. Safrin S, et al. Foscarnet therapy in five patients with AIDS and

acyclovir-resistant varicella-zoster virus infection. Ann Intern
Med 1991; 115: 19–21. 

2. Breton G, et al. Acyclovir-resistant herpes zoster in human im-
munodeficiency virus-infected patients: results of foscarnet ther-
apy. Clin Infect Dis 1998; 27: 1525–7.

Preparations
BP 2008: Foscarnet Intravenous Infusion.

Proprietary Preparations (details are given in Part 3)
Austral.: Foscavir ; Austria: Foscavir ; Belg.: Foscavir ; Braz.: Foscavir; Cz.:
Foscavir†; Fr.: Foscavir; Ger.: Foscavir ; Triapten; Gr.: Foscavir ; Hung.: Fo-
scavir ; Israel: Foscavir ; Ital.: Foscavir ; Jpn: Foscavir ; Neth.: Foscavir ;
Norw.: Foscavir ; NZ: Foscavir ; Port.: Foscavir ; Spain: Foscavir ; Swed.:
Foscavir; Switz.: Foscavir ; UK: Foscavir; USA: Foscavir.

Ganciclovir (BAN, USAN, rINN)

BIOLF-62; BN-B759V; BW-759; BWB-759U; BW-759U; DHPG;
Dihydroxypropoxymethylguanine; 9-(1,3-Dihydroxy-2-propoxy-
methyl)guanine; Ganciclovirum; Gancyklovir; Gansikloviiri; Gan-
siklovir; 2′-NDG; 2′-Nor-2′-deoxyguanosine; RS-21592. 9-[2-
Hydroxy-1-(hydroxymethyl)ethoxymethyl]guanine.

Ганцикловир

C9H13N5O4 = 255.2.

CAS — 82410-32-0.

ATC — J05AB06; S01AD09.

ATC Vet — QJ05AB06; QS01AD09.

Pharmacopoeias. In Chin. and US. 
USP 31 (Ganciclovir). A white to off-white crystalline powder.
Store at a temperature of 25°, excursions permitted between 15°
and 30°.

Ganciclovir Sodium (BANM, USAN, rINNM)

Ganciclovir sódico; Ganciclovir Sodique; Natrii Ganciclovirum.
Натрий Ганцикловир
C9H12N5NaO4 = 277.2.
CAS — 107910-75-8.
ATC — J05AB06; S01AD09.
ATC Vet — QJ05AB06; QS01AD09.

Incompatibility. Ganciclovir is reported to be incompatible
with foscarnet.
Stability. Ganciclovir sodium solution in sodium chloride 0.9%
was found1 to be stable when stored in polypropylene infusion-
pump syringes for 12 hours at 25° and for 10 days at 4°. Little
variation was found in ganciclovir concentration after storage of
a 2% solution at room temperature, 5°, and −8° for 10 to 24
days.2
1. Mulye NV, et al. Stability of ganciclovir sodium in an infusion-

pump syringe. Am J Hosp Pharm 1994; 51: 1348–9. 
2. Morlet N, et al. High dose intravitreal ganciclovir for CMV

retinitis: a shelf life and cost comparison study. Br J Ophthalmol
1995; 79: 753–5.

Adverse Effects and Treatment
The most common adverse effects of systemic ganci-
clovir are haematological and include neutropenia and
thrombocytopenia; anaemia also occurs. Neutropenia
affects up to 50% of patients given ganciclovir, most
commonly starting in the first or second week of use. It
is usually reversible but may be prolonged or irrevers-
ible and can lead to potentially fatal infections. AIDS
patients may be at a greater risk of neutropenia than
other immunosuppressed patients. Thrombocytopenia
occurs in about 20% of patients given ganciclovir.
Those with iatrogenic immunosuppression may be
more at risk of developing thrombocytopenia than
AIDS patients. Other adverse effects occurring in pa-
tients given systemic ganciclovir include dyspnoea,
headache, fever, rash, pruritus, asthenia, CNS and gas-
trointestinal disturbances, infection, increased serum-
creatinine concentration, and abnormal liver function
tests. Less frequent adverse effects reported include an-
aphylaxis, arrhythmias, hypotension, pancreatitis, hae-
maturia, as well as metabolic, musculoskeletal, uro-
genital, and cutaneous symptoms. When given
intravenously, irritation or phlebitis may occur at the
site of injection due to the high pH. 
Local adverse effects have been associated with the in-
sertion of ocular implants of ganciclovir. 
Animal studies have suggested that there may be a risk
of adverse testicular effects with temporary or perma-
nent inhibition of spermatogenesis. Female fertility
may also be affected. Such studies also suggest that
ganciclovir is a potential mutagen, teratogen, and car-
cinogen. 
Haemodialysis and hydration may be useful in reduc-
ing plasma concentrations of ganciclovir. Haematolog-
ical adverse effects may be reversed in some patients
by stopping treatment or reducing dosage; blood cell
counts should return to normal within 3 to 7 days. 
Colony-stimulating factors have been given with gan-
ciclovir to limit its haematological toxicity.
Effects on the blood. Ganciclovir-induced neutropenia was
successfully treated in a patient with CMV retinitis and bone-
marrow suppression by intravenous molgramostim
5 micrograms/kg.1 In a multicentre, randomised placebo-con-
trolled study2 in 69 AIDS patients with CMV infection who de-
veloped neutropenia from ganciclovir therapy, lenograstim giv-
en in a dose of 50 micrograms/m2 subcutaneously yielded
similar positive results.
1. Russo CL, et al. Treatment of neutropenia associated with dysk-

eratosis congenita with granulocyte-macrophage colony-stimu-
lating factor. Lancet 1990; 336: 751–2. 

2. Dubreuil-Lemaire M-L, et al. Lenograstim for the treatment of
neutropenia in patients receiving ganciclovir for cytomegalovi-
rus infection: a randomised, placebo-controlled trial in AIDS pa-
tients. Eur J Haematol 2000; 65: 337–43.

Effects on mental function. Psychosis has been associated
with intravenous ganciclovir use in 2 patients with normal renal
function.1,2 In both cases, psychotic symptoms such as agitation,
confusion, and hallucination, occurred within 2 to 6 days of start-
ing treatment with ganciclovir; symptoms resolved after ganci-
clovir was stopped.
1. Hansen BA, et al. Ganciclovir-induced psychosis. N Engl J Med

1996; 335: 1397. 
2. Southworth MR, Dunlap SH. Psychotic symptoms and confusion

associated with intravenous ganciclovir in a heart transplant re-
cipient. Pharmacotherapy 2000; 20: 479–83.

Effects on the skin. An interstitial granulomatous drug reac-
tion was reported1 in a 57-year old woman after about one month
of treatment with intravenous ganciclovir for CMV pneumonia.
No other new drugs were given before the onset of the lesions
and they resolved spontaneously within 2 weeks of stopping the
ganciclovir.
1. Marcollo Pini A, et al. Interstitial granulomatous drug reaction

following intravenous ganciclovir. Br J Dermatol 2008; 158:
1391–3.

Precautions
Ganciclovir should be used with caution in patients
with renal impairment and doses should be adjusted ac-
cording to creatinine clearance. It should not be given
by rapid or bolus injection and adequate hydration
should be maintained during intravenous infusion. It
should be given with caution to patients with low blood
counts or with a history of cytopenic reactions to drugs.
Complete blood and platelet counts should be per-
formed every 2 days or daily during the first 14 days of
intravenous therapy and once weekly thereafter; ganci-
clovir should be withdrawn if the neutrophil count falls
below 500 cells/microlitre or the platelet count falls be-
low 25 000 cells/microlitre. Patients receiving oral
ganciclovir should also be monitored regularly. 
Ganciclovir is contra-indicated in pregnancy; contra-
ception is recommended during ganciclovir treatment
and, additionally for men, for 90 days thereafter. Ad-
verse effects have occurred in the offspring of animals
given ganciclovir during pregnancy and lactation. 
Because of the risk of carcinogenicity and the high pH
of the solution, contact with the skin and eyes should
be avoided during the reconstitution of ganciclovir so-
dium injection.
Sodium content. Each g of ganciclovir sodium represents
about 3.6 mmol of sodium.

Interactions
Zidovudine given with ganciclovir may have an addi-
tive neutropenic effect and should not normally be giv-
en during intravenous ganciclovir induction therapy,
although it has been given with caution during oral
maintenance therapy. Probenecid and other drugs that
inhibit renal tubular secretion and resorption may re-
duce the renal clearance of ganciclovir, and so increase
its serum concentrations. Use of intravenous ganciclo-
vir with oral mycophenolate mofetil may result in in-
creased plasma concentrations of both drugs due to
competition for renal tubular secretion. Drugs that in-
hibit rapid cell division such as amphotericin B, some
antineoplastic drugs, co-trimoxazole, dapsone, flucy-
tosine, hydroxycarbamide, nucleoside analogues, and
pentamidine may have additive toxic effects if given
with ganciclovir. Convulsions have been reported
when ganciclovir was given with imipenem and cilas-
tatin.
Antivirals. Additive haematological toxicity, including neutro-
penia, may occur if ganciclovir is given with zidovudine (see Zi-
dovudine, p.915), and there are reports of increased plasma con-
centrations of didanosine when given with ganciclovir (see
p.871). There has also been a report1 of decreased blood concen-
trations of ganciclovir when didanosine (200 mg every 12 hours)
was given orally 2 hours before oral ganciclovir (1 g every 8
hours) but not when the two drugs were given at the same time.
However, a later study2 using twice the dose of oral ganciclovir
found no effect irrespective of whether ganciclovir was given 2
hours before or 2 hours after didanosine. 
When ganciclovir was given orally with zalcitabine, a 22% in-
crease in the area under the concentration-time curve for ganci-
clovir was noted although it was believed that this did not neces-
sitate any dosage modification.3 No pharmacokinetic changes
were reported when ganciclovir was given orally with stavu-
dine.3

1. Cimoch PJ, et al. Pharmacokinetics of oral ganciclovir alone and
in combination with zidovudine, didanosine, and probenecid in
HIV-infected subjects. J Acquir Immune Defic Syndr Hum Ret-
rovirol 1998; 17; 227–34. 

2. Jung D, et al. Effect of high-dose oral ganciclovir on didanosine
disposition in human immunodeficiency virus (HIV)-positive
patients. J Clin Pharmacol 1998; 38: 1057–62. 

3. Jung D, et al. The pharmacokinetics and safety profile of oral
ganciclovir combined with zalcitabine or stavudine in asympto-
matic HIV- and CMV-seropositive patients. J Clin Pharmacol
1999; 39: 505–12.
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880   Antivirals
Ciclosporin. Reversible acute unilateral or bilateral eye move-
ment disorders typical of sixth cranial nerve palsies1 occurred in
4 patients who received ciclosporin and ganciclovir after bone
marrow transplantation.
1. Openshaw H, et al. Eye movement disorders in bone marrow

transplant patients on cyclosporin and ganciclovir. Bone Marrow
Transpl 1997; 19: 503–5.

Antiviral Action
Ganciclovir inhibits replication of human herpesvirus-
es in vivo and in vitro. It is active against CMV, herpes
simplex virus types 1 and 2, Epstein-Barr virus, vari-
cella-zoster virus, and herpesvirus 6, 7, and 8. This ac-
tivity is due to intracellular conversion of ganciclovir
by viral thymidine kinase (in herpes simplex and vari-
cella-zoster infected cells) or possibly by cellular deox-
yguanosine kinase (in Epstein-Barr infected cells) to
ganciclovir monophosphate with subsequent cellular
conversion to the diphosphate and the active triphos-
phate. Ganciclovir triphosphate inhibits viral DNA
synthesis by inhibiting the viral DNA polymerase en-
zyme as well as being incorporated into the viral DNA.
This process is selective for infected cells; the concen-
tration of ganciclovir triphosphate may be up to a hun-
dredfold higher in CMV-infected cells than in uninfect-
ed cells. 
Ganciclovir has a similar spectrum of activity to aciclo-
vir, herpes simplex virus types 1 and 2 being the most
susceptible of the herpesviruses. However, CMV is
much more susceptible to ganciclovir than aciclovir.

Resistance
Resistance to ganciclovir has been found in vitro in
herpes simplex viruses, varicella-zoster virus, and
CMV. Possible mechanisms of resistance include a re-
duction in the phosphorylation of ganciclovir to the ac-
tive form and reduced sensitivity of viral DNA
polymerase. Resistance has been reported in CMV
strains isolated from patients receiving ganciclovir for
prolonged periods and in those with an initially high
viral load. It has also been seen in AIDS patients with
CMV retinitis who have never previously received the
drug. Cross-resistance with cidofovir is common.
◊ The development of CMV resistance to ganciclovir may be a
factor in disease progression in patients receiving prolonged
therapy with ganciclovir and the incidence of resistance is report-
ed to increase with duration of therapy.1 A ganciclovir-resistant
isolate of CMV has been detected in about 30% of 95 patients
after 9 months of treatment and correlated with dissemination of
infection to the contralateral eye.2 Treatment of unilateral retini-
tis with systemic ganciclovir (intravenously, or orally together
with an implant) was associated with a higher incidence of gan-
ciclovir-resistant CMV infection developing in the contralateral
eye, compared with treatment with ganciclovir implant alone.3 
Ganciclovir-resistant CMV has been reported4 to be an important
cause of late morbidity in seronegative patients who received
CMV-seropositive organ transplants; in one study,5 5 of 67 se-
ronegative recipients developed ganciclovir-resistant CMV dis-
ease compared with none of 173 seropositive subjects.
1. Drew WL. Cytomegalovirus resistance to antiviral therapies. Am

J Health-Syst Pharm 1996; 53 (suppl 2): S17–S23. 
2. Jabs DA, et al. Cytomegalovirus retinitis and viral resistance:

ganciclovir resistance. J Infect Dis 1998; 177: 770–3. 
3. Imai Y, et al. Emergence of drug-resistant cytomegalovirus retin-

itis in the contralateral eyes of patients with AIDS treated with
ganciclovir. J Infect Dis 2004; 189: 611–15. 

4. Limaye AP. Ganciclovir-resistant cytomegalovirus in organ
transplant recipients. Clin Infect Dis 2002; 35: 866–72. 

5. Limaye AP, et al. Emergence of ganciclovir-resistant cytomega-
lovirus disease among recipients of solid-organ transplants. Lan-
cet 2000; 356: 645–9.

Pharmacokinetics
Ganciclovir is poorly absorbed from the gastrointesti-
nal tract after oral doses and there is minimal systemic
absorption after intravitreal injection. Bioavailability
of oral ganciclovir is about 5%, and is increased by in-
take with food to 6 to 9%. After intravenous dosage as
ganciclovir sodium it is widely distributed to body tis-
sues and fluids including intra-ocular fluid and CSF.
Binding to plasma proteins is reported to be 1 to 2%.
Ganciclovir is excreted unchanged in the urine mainly
by glomerular filtration and also active tubular secre-
tion. In patients with normal renal function the half-life

is about 2.5 to 4.5 hours after intravenous doses and
about 4 to 5.7 hours after oral doses. In patients with
renal impairment, the renal clearance decreases and the
half-life increases; a half-life of 28.5 hours has been re-
ported when the serum-creatinine concentration was
greater than 398 micromol/litre. 
Haemodialysis has been reported to reduce plasma-
ganciclovir concentrations by about 50%.
◊ References.
1. Arevalo JF, et al. Intravitreous and plasma concentrations of

ganciclovir and foscarnet after intravenous therapy in patients
with AIDS and cytomegalovirus retinitis. J Infect Dis 1995;
172: 951–6. 

2. Morlet N, et al. High dose intravitreal ganciclovir injection pro-
vides a prolonged therapeutic intraocular concentration. Br J
Ophthalmol 1996; 80: 214–16. 

3. Lavelle J, et al. Effect of food on the relative bioavailability of
oral ganciclovir. J Clin Pharmacol 1996; 36: 238–41. 

4. Zhou X-J, et al. Population pharmacokinetics of ganciclovir in
newborns with congenital cytomegalovirus infection. Antimi-
crob Agents Chemother 1996; 40: 2202–5. 

5. Giffy KG. Pharmacokinetics of oral ganciclovir capsules in
HIV-infected persons. AIDS 1996; 10 (suppl 4): S3–S6. 

6. Jung D, et al. Steady-state relative bioavailability of three oral
ganciclovir dosage regimens delivering 6,000 mg/day in pa-
tients with human immunodeficiency virus. J Clin Pharmacol
1998; 38: 1021–4. 

7. Jung D, et al. Absolute bioavailability and dose proportionality
of oral ganciclovir after ascending multiple doses in human im-
munodeficiency virus (HIV)-positive patients. J Clin Pharma-
col 1998; 38: 1122–8. 

8. Jung D, et al. Effect of food on high-dose oral ganciclovir dis-
position in HIV-positive subjects. J Clin Pharmacol 1999; 39:
161–5. 

9. Snell GI, et al. Pharmacokinetic assessment of oral ganciclovir
in lung transplant recipients with cystic fibrosis. J Antimicrob
Chemother 2000; 45: 511–16. 

10. Wiltshire H, et al. Pharmacokinetic profile of ganciclovir after
its oral administration and from its prodrug, valganciclovir, in
solid organ transplant recipients. Clin Pharmacokinet 2005; 44:
495–507. 

11. Asano-Mori Y, et al. Pharmacokinetics of ganciclovir in hae-
matopoietic stem cell transplantation recipients with or without
renal impairment. J Antimicrob Chemother 2006; 57: 1004–7.

Uses and Administration
Ganciclovir is a synthetic nucleoside analogue of gua-
nine closely related to aciclovir (p.862), but has greater
activity against CMV. It is used for the treatment and
suppression of life-threatening or sight-threatening
CMV infections in immunocompromised patients, in-
cluding those with AIDS and those with iatrogenic im-
munosuppression associated with organ transplanta-
tion or chemotherapy of neoplastic disease (see also
below). It has also been used for superficial ocular her-
pes simplex infections. 
Ganciclovir is given by intravenous infusion as the so-
dium salt but doses are expressed in terms of ganciclo-
vir; 54.3 mg of ganciclovir sodium is equivalent to
about 50 mg of ganciclovir. Solutions for infusion are
usually prepared to give a concentration of ganciclovir
of 50 mg/mL, then further diluted to contain not more
than 10 mg/mL. An intravenous solution is given over
1 hour. 
In CMV infections, the usual initial dose for treatment
is 5 mg/kg by intravenous infusion every 12 hours for
14 to 21 days. This induction period may be followed
by maintenance therapy to prevent recurrence or pro-
gression of the disease. The usual maintenance dosage
is 5 mg/kg by intravenous infusion as a single daily
dose for 7 days each week or 6 mg/kg daily for 5 days
each week. If retinitis recurs or progresses a further in-
duction course of ganciclovir may be given. AIDS pa-
tients who have received initial treatment with intrave-
nous ganciclovir, and who have stable CMV retinitis
following at least 3 weeks of intravenous therapy, may
be given oral valganciclovir. In some countries oral
formulations of ganciclovir sodium are available for
maintenance; typical dosage is 3 g daily in divided dos-
es. 
For prevention of CMV infection in immunocompro-
mised patients, specifically those receiving immuno-
suppressive therapy after organ transplantation, ganci-
clovir may be given in an initial dose of 5 mg/kg by
intravenous infusion every 12 hours for 7 to 14 days,
followed by intravenous maintenance therapy as
above. 

Doses of ganciclovir should be reduced in renal im-
pairment (see below). 
Intravitreal implants providing controlled release of
ganciclovir are available for those patients with CMV
retinitis who are unable to tolerate systemic therapy;
the implants are designed to release ganciclovir over a
period of 5 to 8 months. 
Ganciclovir has been used as a topical ophthalmic
0.15% gel for the treatment of superficial ocular her-
pes simplex infections.
◊ General references.
1. Faulds D, Heel RC. Ganciclovir: a review of its antiviral activity,

pharmacokinetic properties and therapeutic efficacy in cytomeg-
alovirus infections. Drugs 1990; 39: 597–638. 

2. Markham A, Faulds D. Ganciclovir: an update of its therapeutic
use in cytomegalovirus infection. Drugs 1994; 48: 455–84. 

3. Crumpacker CS. Ganciclovir. N Engl J Med 1996; 335: 721–9. 
4. McGavin JK, Goa KL. Ganciclovir: an update of its use in the

prevention of cytomegalovirus infection and disease in trans-
plant recipients. Drugs 2001; 61: 1153–83.

Administration in renal impairment. Doses of ganciclovir
should be reduced in renal impairment. Licensed product infor-
mation recommends the following intravenous doses based on
creatinine clearance (CC): 
• CC 70 mL/minute or more: 5 mg/kg every 12 hours for induc-

tion, followed by 5 mg/kg every 24 hours for maintenance 
• CC 50 to 69 mL/minute: 2.5 mg/kg every 12 hours for induc-

tion, 2.5 mg/kg every 24 hours for maintenance 
• CC 25 to 49 mL/minute: 2.5 mg/kg every 24 hours for induc-

tion, 1.25 mg/kg every 24 hours for maintenance 
• CC 10 to 24 mL/minute: 1.25 mg/kg every 24 hours for in-

duction, 0.625 mg/kg every 24 hours for maintenance 
• dialysis patients: on days when dialysis is performed

1.25 mg/kg for induction, or 0.625 mg/kg for maintenance, in
each case given shortly after the end of dialysis. In the USA, a
maximum of 3 doses each week is recommended

Cytomegalovirus infections. Ganciclovir is used in both the
treatment and prophylaxis of CMV infections (p.853) in immu-
nocompromised patients although the prodrug valganciclovir,
which is as effective as ganciclovir and has a more convenient
oral dosage regimen, may now be preferred. 
As with other herpesvirus infections, antiviral treatment tends to
be suppressive rather than curative, and long-term maintenance
therapy is necessary. Treatment in patients with AIDS is compli-
cated by the additive haematological toxicity of ganciclovir and
zidovudine. Clinical studies comparing ganciclovir with foscar-
net for AIDS-related CMV retinopathy have shown higher mor-
tality rates in patients given ganciclovir than in those given fo-
scarnet.1,2 The use of ganciclovir with CMV immunoglobulins3,4

or normal immunoglobulins,5 or with foscarnet6,7 has been re-
ported to improve both efficacy and tolerance. 
An alternative is the use of intravitreal controlled-release ganci-
clovir implants8-11 to avoid systemic adverse effects. Intravitreal
ganciclovir used with intravitreal foscarnet has been reported to
be effective.12 
Oral preparations of ganciclovir have been tried for maintenance
therapy and may be a useful adjunct to prevent systemic infec-
tion in patients treated with the intravitreal implants13 (but see
under Resistance, above). The use of oral ganciclovir in high
doses has been investigated;14 daily doses of up to 6 g have been
reported to be of benefit, although a conclusive comparison with
standard intravenous doses could not be made. CMV infections
at other sites in AIDS patients, including gastrointestinal and pul-
monary infections, respond less well to ganciclovir than does
retinitis. 
Ganciclovir is also valuable for prophylaxis and early treatment
of CMV infections in transplant recipients.7,15-22 It is not clear
whether pre-emptive therapy in infected patients is a better strat-
egy than prophylaxis.23 For established infections, ganciclovir is
reported to be more effective in solid organ transplant recipients
than in bone marrow transplant recipients. Ganciclovir has also
been tried for prevention of CMV infection in patients with
AIDS, although results are conflicting.24,25 
Treatment of congenital infections has a generally poor outcome.
Prolonged treatment periods may improve the response, but the
safety of extended treatment with ganciclovir in this age group
has not been fully evaluated and there is a need for further ran-
domised controlled studies.26 There is some recent evidence27

that a 6-week course started in neonates with clinically apparent
disease affecting the CNS prevents hearing deterioration at 6
months and may also prevent deterioration at or beyond 1 year of
age.
1. Studies of Ocular Complications of AIDS Research Group, in

Collaboration with the AIDS Clinical Trials Group. Mortality in
patients with the acquired immunodeficiency syndrome treated
with either foscarnet or ganciclovir for cytomegalovirus retini-
tis. N Engl J Med 1992; 326: 213–20. 

2. Polis MA, et al. Increased survival of a cohort of patients with
acquired immunodeficiency syndrome and cytomegalovirus
retinitis who received sodium phosphonoformate (foscarnet).
Am J Med 1993; 94: 175–80. 
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3. D’Alessandro AM, et al. Successful treatment of severe cy-
tomegalovirus infections with ganciclovir and CMV hyperim-
mune globulin in liver transplant recipients. Transplant Proc
1989; 21: 3560–1. 

4. Salmela K, et al. Ganciclovir in the treatment of severe cytome-
galovirus disease in liver transplant patients. Transplant Proc
1990; 22: 238–40. 

5. Emanuel D, et al. Cytomegalovirus pneumonia after bone mar-
row transplantation successfully treated with the combination of
ganciclovir and high-dose intravenous immune globulin. Ann
Intern Med 1988; 109: 777–82. 

6. Studies of Ocular Complications of AIDS Research Group, in
Collaboration with the AIDS Clinical Trials Group. Combina-
tion foscarnet and ganciclovir therapy vs monotherapy for the
treatment of relapsed cytomegalovirus retinitis in patients with
AIDS: the Cytomegalovirus Retreatment Trial. Arch Ophthal-
mol 1996; 114: 23–33. 

7. Mylonakis E, et al. Combination antiviral therapy for ganciclo-
vir-resistant cytomegalovirus infection in solid-organ transplant
recipients. Clin Infect Dis 2002; 34: 1337–41. 

8. Anand R, et al. Control of cytomegalovirus retinitis using sus-
tained release of intraocular gancyclovir. Arch Ophthalmol
1993; 111: 223–7. 

9. Martin DF, et al. Treatment of cytomegalovirus retinitis with an
intraocular sustained-release ganciclovir implant: a randomized
controlled clinical trial. Arch Ophthalmol 1994; 112: 1531–9. 

10. Musch DC, et al. Treatment of cytomegalovirus retinitis with a
sustained-release ganciclovir implant. N Engl J Med 1997; 337:
83–90. 

11. Ausayakhun S, et al. Treatment of cytomegalovirus retinitis in
AIDS patients with intravitreal ganciclovir. J Med Assoc Thai
2005; 88 (suppl 9): S15–S20. 

12. Velez G, et al. High-dose intravitreal ganciclovir and foscarnet
for cytomegalovirus retinitis. Am J Ophthalmol 2001; 131:
396–7. 

13. Martin DF, et al. Oral ganciclovir for patients with cytomegalo-
virus retinitis treated with a ganciclovir implant. N Engl J Med
1999; 340: 1063–70. 

14. Lalezari JP, et al. High dose oral ganciclovir treatment for cy-
tomegalovirus retinitis. J Clin Virol 2002; 24: 67–77. 

15. Goodrich JM, et al. Ganciclovir prophylaxis to prevent cytome-
galovirus disease after allogeneic marrow transplant. Ann Intern
Med 1993; 118: 173–8. 

16. Winston DJ, et al. Ganciclovir prophylaxis of cytomegalovirus
infection and disease in allogeneic bone marrow transplant re-
cipients. Ann Intern Med 1993; 118: 179–84. 

17. Hibberd PL, et al. Preemptive ganciclovir therapy to prevent cy-
tomegalovirus disease in cytomegalovirus antibody-positive re-
nal transplant recipients: a randomized controlled trial. Ann In-
tern Med 1995; 123: 18–26. 

18. Winston DJ, et al. Randomised comparison of ganciclovir and
high-dose acyclovir for long-term cytomegalovirus prophylaxis
in liver-transplant recipients. Lancet 1995; 346: 69–74. 

19. Gane E, et al. Randomised trial of efficacy and safety of oral
ganciclovir in the prevention of cytomegalovirus disease in liv-
er-transplant recipients. Lancet 1997; 350: 1729–33. 

20. Singh N. Preemptive therapy versus universal prophylaxis with
ganciclovir for cytomegalovirus in solid organ transplant recip-
ients. Clin Infect Dis 2001; 32: 742–51. 

21. Paya CV, et al. Preemptive use of oral ganciclovir to prevent
cytomegalovirus infection in liver transplant patients: a rand-
omized, placebo-controlled trial. J Infect Dis 2002; 185:
854–60. 

22. Keven K, et al. Cytomegalovirus prophylaxis using oral ganci-
clovir or valganciclovir in kidney and pancreas-kidney trans-
plantation under antibody preconditioning. Transplant Proc
2004; 36: 3107–12. 

23. Monforte V, et al. Preemptive therapy with intravenous ganci-
clovir for the prevention of cytomegalovirus disease in lung
transplant recipients. Transplant Proc 2005; 37: 4039–42. 

24. McCarthy M. Oral ganciclovir fails to prevent CMV in HIV tri-
al. Lancet 1995; 346: 895. 

25. Spector SA, et al. Oral ganciclovir for the prevention of cytome-
galovirus disease in persons with AIDS. N Engl J Med 1996;
334: 1491–7. 

26. Michaels MG, et al. Treatment of children with congenital cy-
tomegalovirus infection with ganciclovir. Pediatr Infect Dis J
2003; 22: 504–8. 

27. Kimberlin DW, et al. Effect of ganciclovir therapy on hearing in
symptomatic congenital cytomegalovirus disease involving the
central nervous system: a randomized, controlled trial. J Pediatr
2003; 143: 16–25.

Epstein-Barr virus infections. There have been anecdotal
reports1-4 of some improvement in patients with Epstein-Barr vi-
rus (EBV) infection given ganciclovir, although no antiviral ther-
apy is entirely satisfactory (p.854).
1. Pirsch JD, et al. Treatment of severe Epstein-Barr virus-induced

lymphoproliferative syndrome with ganciclovir: two cases after
solid organ transplantation. Am J Med 1989; 86: 241–4. 

2. Ishida Y, et al. Ganciclovir for chronic active Epstein-Barr virus
infection. Lancet 1993; 341: 560–1. 

3. MacGinley R, et al. Epstein-Barr virus encephalitis in a renal
allograft recipient diagnosed by polymerase chain reaction on
cerebrospinal fluid and successfully treated with ganciclovir. Ne-
phrol Dial Transplant 2001; 16: 197–8. 

4. Adams LA, et al. Ganciclovir and the treatment of Epstein-Barr
virus hepatitis. J Gastroenterol Hepatol 2006; 21: 1758–60.

Herpesvirus infections. Ganciclovir 0.15% gel is licensed in
a number of countries for the treatment of superficial ocular in-
fections with herpes simplex. In patients with herpes simplex
keratitis it has been reported to be as effective as aciclovir 3%
ointment,1 the drug most commonly used in this infection (see
Ocular Herpes Simplex Infections, p.854).
1. Hoh HB, et al. Randomised trial of ganciclovir and acyclovir in

the treatment of herpes simplex dendritic keratitis: a multicentre
study. Br J Ophthalmol 1996; 80: 140–3.

Preparations
USP 31: Ganciclovir for Injection; Ganciclovir Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Ciganclor; Cymevene; Cytovene†; Gasmilen; Grinevel; Virgan; Aus-
tral.: Cymevene; Vitrasert†; Austria: Cymevene; Belg.: Cymevene; Vir-
gan; Braz.: Cymevene; Gancivir†; Ganvirax; Canad.: Cytovene; Chile:

Cymevene; Cz.: Cymevene; Virgan; Denm.: Cymevene; Fin.: Cymevene;
Fr.: Cymevan; Virgan; Ger.: Cymeven; Gr.: Cymevene; Hong Kong:
Cymevene; Hung.: Cymevene; Indon.: Cymevene; Irl.: Cymevene; Israel:
Cymevene; Ital.: Citovirax; Cymevene; Mex.: Cymevene; Neth.:
Cymevene; Norw.: Cymevene; NZ: Cymevene; Philipp.: Cymevene; Vir-
gan; Pol.: Cymevene; Virgan; Port.: Cymevene; Virgan; S.Afr.: Cymevene;
Singapore: Cymevene; Spain: Cymevene; Vitrasert†; Swed.: Cymevene;
Switz.: Cymevene; Thai.: Cymevene; Turk.: Cymevene; UK: Cymevene;
Virgan†; USA: Cytovene; Vitrasert; Venez.: Cymevene.

Ibacitabine (rINN)

Ibacitabina; Ibacitabinum; Iododesoxycytidine. 2′-Deoxy-5-iodo-
cytidine.
Ибацитабин
C9H12IN3O4 = 353.1.
CAS — 611-53-0.
ATC — D06BB08.
ATC Vet — QD06BB08.

Profile
Ibacitabine is an antiviral used topically as a 1% gel in the treat-
ment of herpes labialis (p.854).
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Cuterpes.

Idoxuridine (BAN, USAN, rINN)

Allergan 211; GF-I115; Idoksuridiini; Idoksuridinas; Idoxuridin;
Idoxuridina; Idoxuridinum; IDU; 5-IDUR; 5-IUDR; NSC-39661;
SKF-14287. 2′-Deoxy-5-iodouridine.
Идоксуридин
C9H11IN2O5 = 354.1.
CAS — 54-42-2.
ATC — D06BB01; J05AB02; S01AD01.
ATC Vet — QD06BB01; QJ05AB02; QS01AD01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Idoxuridine). A white or almost white crystalline
powder. M.p. about 180°, with decomposition. Slightly soluble
in water and in alcohol; dissolves in dilute solutions of alkali hy-
droxides. A 0.1% solution in water has a pH of 5.5 to 6.5. Protect
from light. 
USP 31 (Idoxuridine). A white, practically odourless, crystalline
powder. Slightly soluble in water and in alcohol; practically
insoluble in chloroform and in ether. Store in airtight containers.
Protect from light.
Stability. Iodine vapour is liberated on heating idoxuridine. It
has been reported that some decomposition products such as io-
douracil are more toxic than idoxuridine and reduce its antiviral
activity.
Adverse Effects
Hypersensitivity reactions such as irritation, pain, and pruritus
may occur occasionally when idoxuridine is applied to the eyes.
Other adverse effects include stinging, conjunctivitis, oedema
and inflammation of the eye or eyelids, photophobia, pruritus,
and rarely, occlusion of the lachrymal duct. Prolonged or exces-
sive use may damage the cornea. 
Idoxuridine applied to the skin may produce irritation, stinging,
and hypersensitivity reactions. Taste disturbance may also occur.
Excessive application of topical idoxuridine to the skin may
cause skin maceration. 
Idoxuridine is a potential carcinogen and teratogen.
Carcinogenicity. Squamous carcinoma has been reported in
association with topical idoxuridine treatment.1
1. Koppang HS, Aas E. Squamous carcinoma induced by topical

idoxuridine therapy? Br J Dermatol 1983; 108: 501–3.

Precautions
Idoxuridine should be used with caution in conditions where
there is deep ulceration involving the stromal layers of the cor-
nea, as delayed healing has resulted in corneal perforation. Pro-
longed topical use should be avoided. 
The potential teratogenicity of idoxuridine should be taken into
account when treating pregnant patients or patients likely to be-
come pregnant. Corticosteroids should be applied with caution in
patients also receiving idoxuridine as they may accelerate the
spread of viral infection.
Interactions
Preparations containing boric acid should not be applied to the
eye in patients also receiving ocular preparations of idoxuridine
as irritation ensues.
Antiviral Action
After intracellular phosphorylation to the triphosphate, idoxurid-
ine is incorporated into viral DNA instead of thymidine so inhib-
iting replication of sensitive viral strains. Idoxuridine is also in-
corporated into mammalian DNA. Idoxuridine is active against
herpes simplex and varicella zoster viruses. It has also been
shown to inhibit vaccinia virus, CMV, and adenovirus.
Pharmacokinetics
Penetration of idoxuridine into the cornea and skin is reported to
be poor. Idoxuridine is rapidly metabolised in the body to iodou-
racil, uracil, and iodide, which are excreted in the urine.
Uses and Administration
Idoxuridine is a pyrimidine nucleoside structurally related to thy-
midine. It is used topically in the treatment of herpes simplex
keratitis and cutaneous infections with herpes simplex (p.854)
and herpes zoster (see Varicella-zoster Infections, p.855), but has
generally been superseded by other antivirals. 
In the treatment of herpes simplex keratitis, idoxuridine is ap-
plied as a 0.1% ophthalmic solution or a 0.5% eye ointment. 
Idoxuridine 5% in dimethyl sulfoxide (to aid absorption) may be
painted onto the lesions of cutaneous herpes simplex and herpes
zoster four times daily for 4 days.
Preparations
BP 2008: Idoxuridine Eye Drops; 
USP 31: Idoxuridine Ophthalmic Ointment; Idoxuridine Ophthalmic Solu-
tion.
Proprietary Preparations (details are given in Part 3)
Arg.: Idulea; Austral.: Herplex-D†; Stoxil; Belg.: Virexen†; Braz.: Herpe-
sine; Canad.: Herplex; Ger.: Virunguent; Zostrum; Hung.: Oftan IDU†;
India: Ridinox; Indon.: Isotic Ixodine; Irl.: Zostrum†; Israel: Virusan†;
Ital.: Iducher ; Idustatin; Malaysia: Virunguent†; Mex.: Idina†; Neth.:
Virexen; NZ: Virasolve; Port.: Virexen†; Virunguent†; Rus.: Oftan IDU
(Офтан ИДУ); Singapore: Virunguent; Spain: Virexen; Switz.: Iderpes†;
Virunguent; UK: Herpid; Venez.: Herpidum†.
Multi-ingredient: Arg.: Itro†; Austral.: Virasolve; Ger.: Virunguent P†;
Hong Kong: Virasolve†.

Imiquimod (BAN, USAN, rINN)

Imikimod; Imikimodi; Imiquimodum; R-837; S-26308. 4-Amino-
1-isobutyl-1H-imidazo[4,5-c]quinoline.
Имихимод
C14H16N4 = 240.3.
CAS — 99011-02-6.
ATC — D06BB10.
ATC Vet — QD06BB10.

Adverse Effects
Adverse effects after topical application of imiquimod include
local skin erosion, erythema, excoriation, flaking, and oedema.
There have been reports of localised hypopigmentation and hy-
perpigmentation. Skin reactions away from the site of applica-
tion have been reported. Systemic effects after topical applica-
tion include headache, flu-like symptoms, and myalgia. 
Hypotension has occurred after repeated ingestion.
Hypersensitivity. Angioedema, initially of both the hands and
feet and later the tongue, occurred in a 61-year-old man 3 weeks
after starting treatment with a 5% imiquimod cream for squa-
mous cell carcinoma in situ (Bowen’s disease).1
1. Barton JC. Angioedema associated with imiquimod. J Am Acad

Dermatol 2004; 51: 477–8.

Uses and Administration
Imiquimod is an immune response modifier used topically in the
treatment of external genital and perianal warts (p.1584), super-
ficial basal cell carcinomas, and actinic keratoses (see below).
For the treatment of genital and perianal warts, it is applied as a
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5% cream three times each week for up to 16 weeks and is left
on the skin for 6 to 10 hours. For the management of superficial
basal cell carcinoma, a 5% cream is applied 5 times each week
for 6 weeks and left on the skin for about 8 hours. For the treat-
ment of actinic keratoses on the face or scalp, a 5% cream is also
used and is again left on the skin for 8 hours. In the UK, this is
applied 3 times each week for 4 weeks, repeated after a 4-week
break for a further 4 weeks if necessary; in the USA, application
twice a week for 16 weeks is recommended. 
Imiquimod is also under investigation for the treatment of other
squamous cell carcinomas.

◊ Reviews.
1. Tyring S, et al. Imiquimod; an international update on therapeu-

tic uses in dermatology. Int J Dermatol 2002; 41: 810–16. 
2. Garland SM. Imiquimod. Curr Opin Infect Dis 2003; 16: 85–9. 
3. Wagstaff AJ, Perry CM. Topical imiquimod: a review of its use

in the management of anogenital warts, actinic keratoses, basal
cell carcinoma and other skin lesions. Drugs 2007; 67:
2187–2210. 

4. Schön MP, Schön M. Imiquimod: mode of action. Br J Dermatol
2007; 157 (suppl 2): 8–13.

Leishmaniasis. Evidence from small studies1,2 suggests that
topical imiquimod 5 or 7.5% cream, in combination with
parenteral meglumine antimonate (p.828) may be of use in the
management of cutaneous leishmaniasis (p.824).
1. Miranda-Verástegui C, et al. Randomized, double-blind clinical

trial of topical imiquimod 5% with parenteral meglumine anti-
moniate in the treatment of cutaneous leishmaniasis in Peru. Clin
Infect Dis 2005; 40: 1395–1403. 

2. Arevalo I, et al. Role of imiquimod and parenteral meglumine
antimoniate in the initial treatment of cutaneous leishmaniasis.
Clin Infect Dis 2007; 44: 1549–54.

Malignant neoplasms of the skin. Imiquimod is indicated in
the treatment of actinic keratosis1-4 and basal cell carcinoma
(p.673).5-8 It is under investigation for the treatment of Bowen’s
disease.9 It has also been tried in lentigo maligna10 and other
forms of localised or in-situ melanoma,11,12 and there are also re-
ports of investigational use in the management of metastatic
melanoma.13,14 and in anal and vulvar intraepithelial neopla-
sia.15,16

1. Lebwohl M, et al. Imiquimod 5% cream for the treatment of
actinic keratosis: results from two phase III, randomized, dou-
ble-blind, parallel group, vehicle-controlled trials. J Am Acad
Dermatol 2004; 50: 714–21. 

2. Korman N, et al. Dosing with 5% imiquimod cream 3 times per
week for the treatment of actinic keratosis: results of two phase
3, randomized, double-blind, parallel-group, vehicle-controlled
trials. Arch Dermatol 2005; 141: 467–73. 

3. Krawtchenko N, et al. A randomised study of topical 5% imiq-
uimod vs topical 5-fluorouracil vs cryosurgery in immunocom-
petent patients with actinic keratoses: a comparison of clinical
and histological outcomes including 1-year follow-up. Br J Der-
matol 2007; 157 (suppl 2): 34–40. 

4. Alomar A, et al. Vehicle-controlled, randomized, double-blind
study to assess safety and efficacy of imiquimod 5% cream ap-
plied once daily 3 days per week in one or two courses of treat-
ment of actinic keratoses on the head. Br J Dermatol 2007; 157:
133–41. 

5. Chen TM, et al. Treatment of a large superficial basal cell car-
cinoma with 5% imiquimod: a case report and review of the lit-
erature. Dermatol Surg 2002; 28: 344–6. 

6. Drehs MM, et al. Successful treatment of multiple superficial
basal cell carcinomas with topical imiquimod: case report and
review of the literature. Dermatol Surg 2002; 28: 427–9. 

7. Schulze HJ, et al. Imiquimod 5% cream for the treatment of su-
perficial basal cell carcinoma: results from a randomized vehi-
cle-controlled phase III study in Europe. Br J Dermatol 2005;
152: 939–47. 

8. Bath-Hextall FJ, et al. Interventions for basal cell carcinoma of
the skin. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2007 (accessed
13/06/08). 

9. Mackenzie-Wood A, et al. Imiquimod 5% cream in the treat-
ment of Bowen’s disease. J Am Acad Dermatol 2001; 44:
462–70. 

10. Rajpar SF, Marsden JR. Imiquimod in the treatment of lentigo
maligna. Br J Dermatol 2006; 155: 653–6. 

11. Lonsdale-Eccles AA, et al. Successful treatment of vulval
melanoma in situ with topical 5% imiquimod cream. Br J Der-
matol 2006; 155: 215–17. 

12. Spieth K, et al. Topical imiquimod: effectiveness in intraepithe-
lial melanoma of oral mucosa. Lancet Oncol 2006; 7: 1036–7. 

13. Zeitouni NC, et al. Treatment of cutaneous metastatic melano-
ma with imiquimod 5% cream and the pulsed-dye laser. Br J
Dermatol 2005; 152: 376–7. 

14. Utikal J, et al. Complete remission of multiple satellite and in-
transit melanoma metastases after sequential treatment with iso-
lated limb perfusion and topical imiquimod. Br J Dermatol
2006; 155: 488–91. 

15. Wieland U, et al. Imiquimod treatment of anal intraepithelial
neoplasia in HIV-positive men. Arch Dermatol 2006; 142:
1438–44. 

16. van Seters M, et al. Treatment of vulvar intraepithelial neoplasia
with topical imiquimod. N Engl J Med 2008; 358: 1465–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aldara; Imimore; Miquimod; Austral.: Aldara; Belg.: Aldara; Braz.:
Aldara; Canad.: Aldara; Chile: Aldara; Imimor; Labimiq; Tocasol; Cz.:
Aldara; Denm.: Aldara; Fin.: Aldara; Fr.: Aldara; Ger.: Aldara; Gr.: Aldara;
Hong Kong: Aldara; Hung.: Aldara; Irl.: Aldara; Israel: Aldara; Ital.:

Aldara; Malaysia: Aldara; Mex.: Aldara; Neth.: Aldara; Norw.: Aldara;
NZ: Aldara; Philipp.: Aldara; Pol.: Aldara; Port.: Aldara; S.Afr.: Aldara;
Singapore: Aldara; Spain: Aldara; Swed.: Aldara; Switz.: Aldara; Thai.:
Aldara; UK: Aldara; USA: Aldara.

Indinavir Sulfate (USAN, pINNM)

Indinavir, sulfate d’; Indinavir Sulphate (BANM); Indinaviri sulfas; L-
735524; MK-0639; MK-639; Sulfato de indinavir. (αR,γS,2S)-α-
Benzyl-2-(tert-butylcarbamoyl)-γ-hydroxy-N-[(1S,2R)-2-hydroxy-
1-indanyl]-4-(3-pyridylmethyl)-1-piperazinevaleramide sulfate
(1:1).

Индинавира Сульфат

C36H47N5O4,H2SO4 = 711.9.

CAS — 150378-17-9 (indinavir); 157810-81-6 (indinavir
sulfate).

ATC — J05AE02.

ATC Vet — QJ05AE02.

(indinavir)

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Indinavir Sulphate). A white or almost white, hy-
groscopic powder. Freely soluble in water; soluble in methyl al-
cohol; practically insoluble in heptane. Store in airtight contain-
ers. Protect from light. 
USP 31 (Indinavir Sulfate). Store in airtight containers at a tem-
perature of 25°, excursions permitted between 15° and 30°. Pro-
tect from moisture.

Adverse Effects
The most commonly reported adverse effects associat-
ed with antiretroviral regimens containing indinavir in-
clude gastrointestinal disturbances (abdominal pain,
diarrhoea, dyspepsia, nausea and vomiting), taste dis-
turbances, headache, and dizziness. Nephrolithiasis,
often with flank pain and occurring with or without
haematuria, is the most frequently reported serious ad-
verse effect. It appears to be dose-related and is more
frequent in patients taking more than 2.4 g daily; it also
occurs more often in children. Temporarily stopping
treatment and giving fluids often resolve the symp-
toms, but interstitial nephritis and acute renal failure
have been reported. Dry skin and skin rashes occur
commonly and may occasionally be severe. Cases of
Stevens-Johnson syndrome and erythema multiforme
have also been reported. Hypersensitivity reactions, in-
cluding vasculitis and sometimes anaphylaxis, have
been associated with indinavir. Hepatitis, including
cases resulting in hepatic failure and death has oc-
curred. Cases of acute haemolytic anaemia have been
reported again with some fatalities. Other commonly
reported adverse effects are dry mouth, dysuria, fa-
tigue, flatulence, hypoaesthesia, insomnia, paraesthe-
sia, pruritus, and acid regurgitation. Neutrophil counts
may be reduced and mean corpuscular volume in-
creased. Abnormal laboratory test results associated
with indinavir-containing regimens have included
crystalluria, haematuria, proteinuria, raised liver en-
zymes, and asymptomatic hyperbilirubinaemia. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
indinavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid ap-

pearance have been observed in patients receiving
antiretroviral therapy, including indinavir. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. Elevat-
ed creatine phosphokinase, myalgia, myositis, and
rarely rhabdomyolysis have been reported with HIV-
protease inhibitors, particularly when given with nucl-
eoside analogues. Osteonecrosis has been reported,
particularly in patients with advanced HIV disease or
long-term exposure to combination antiretroviral ther-
apy.
◊ Reviews.
1. Moyle GJ, Gazzard BG. A risk-benefit assessment of HIV pro-

tease inhibitors. Drug Safety 1999; 20: 299–321.

Effects on carbohydrate and lipid metabolism. HIV-pro-
tease inhibitors have been associated with a lipodystrophy syn-
drome characterised by peripheral fat wasting, central adiposity
and the so called ‘buffalo hump’, hyperlipidaemia, and insulin
resistance.1 
A survey of 113 HIV-infected patients receiving HIV-protease
inhibitors found lipodystrophy in 83% (severe in 11%) and im-
paired glucose tolerance in 23% (including diabetes mellitus in
7%) after a mean of 21 months of therapy.2 
A systematic review3 of published material has concluded that
use of HIV-protease inhibitors is associated with increased con-
centrations of total cholesterol, triglycerides, and low-density
lipoprotein; that use is often associated with morphological signs
of cardiovascular disease such as increased carotid intima thick-
ness or atherosclerotic lesions; and that there is some evidence of
an increased risk of myocardial infarction. Comparison of the ef-
fect of specific protease inhibitors showed that ritonavir was con-
sistently associated with elevated lipids and that, although some
studies showed that saquinavir was associated with elevated lip-
ids, it was to a lesser degree than other drugs. Guidelines4 have
been published outlining the management, including drug thera-
py, of antiretroviral-induced lipid disorders in HIV-infected pa-
tients. 
Impaired glucose tolerance has been linked to reduction in insu-
lin sensitivity5 and has responded to treatment with sulfonylureas
or insulin.6

1. Carr A, et al. Pathogenesis of HIV-1-protease inhibitor-associat-
ed peripheral lipodystrophy, hyperlipidaemia, and insulin resist-
ance. Lancet 1998; 351: 1881–3. 

2. Carr A, et al. Diagnosis, prediction, and natural course of HIV-1
protease-inhibitor-associated lipodystrophy, hyperlipidaemia,
and diabetes mellitus: a cohort study. Lancet 1999; 353: 2093–9. 

3. Rhew DC, et al. Association between protease inhibitor use and
increased cardiovascular risk in patients infected with human
immunodeficiency virus: a systematic review. Clin Infect Dis
2003; 37: 959–72. 

4. Dubé MP, et al. Guidelines for the evaluation and management
of dyslipidemia in human immunodeficiency virus (HIV)-infect-
ed adults receiving antiretroviral therapy: recommendations of
the HIV Medicine Association of the Infectious Disease Society
of America and the Adult AIDS Clinical Trials Group. Clin In-
fect  Dis  2003; 37:  613–27. Also available at:  http:/ /
www.journals.uchicago.edu/doi/pdf/10.1086/378131 (accessed
28/08/08) 

5. Walli R, et al. Impaired glucose tolerance and protease inhibi-
tors. Ann Intern Med 1998; 129: 837–8. 

6. Dubé MP, et al. Protease inhibitor-associated hyperglycaemia.
Lancet 1997; 350: 713–14.

Effects on the cardiovascular system. For adverse effects
of HIV-protease inhibitors on carbohydrate and lipid metabolism
that increase the risk of coronary vascular disease, see above.

Effects on the kidneys. Nephrolithiasis has been reported in
about 10% of patients receiving indinavir, and the incidence may
be higher in patients with haemophilia or hepatitis C infection.1
Both asymptomatic2 and symptomatic3,4 crystalluria have been
reported in patients receiving indinavir, with symptomatic uri-
nary-tract disease in 8%. Indinavir has been identified as the ma-
jor constituent of both urinary crystals2 and calculi.5 In addition
there have been reports of acute interstitial nephritis associated
with indinavir6 and deterioration of renal function associated
with both indinavir7 and ritonavir.8,9 Renal atrophy was associat-
ed with long-term treatment with indinavir.10,11

1. Brodie SB, et al. Variation in incidence of indinavir-associated
nephrolithiasis among HIV-positive patients. AIDS 1998; 12:
2433–7. 

2. Kopp JB, et al. Crystalluria and urinary tract abnormalities as-
sociated with indinavir. Ann Intern Med 1997; 127: 119–25. 

3. Hachey DM, et al. Indinavir crystalluria in an HIV-positive
man. Ann Pharmacother 2000; 34: 403. 

4. Famularo G, et al. Symptomatic crystalluria associated with
indinavir. Ann Pharmacother 2000; 34: 1414–18. 

5. Daudon M, et al. Urinary stones in HIV-1-positive patients
treated with indinavir. Lancet 1997; 349: 1294–5. 

6. Marroni M, et al. Acute interstitial nephritis secondary to the
administration of indinavir. Ann Pharmacother 1998; 32:
843–4. 

7. Boubaker K, et al. Changes in renal function associated with
indinavir. AIDS 1998; 12: F249–F254. 
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8. Duong M, et al. Renal failure after treatment with ritonavir.
Lancet 1996; 348: 693–4. 

9. Chugh S, et al. Ritonavir and renal failure. N Engl J Med 1997;
336: 138. 

10. Hanabusa H, et al. Renal atrophy associated with long-term
treatment with indinavir. N Engl J Med 1999; 340: 392–3. 

11. Cattelan AM, et al. Severe hypertension and renal atrophy asso-
ciated with indinavir. Clin Infect Dis 2000; 30: 619–21.

Effects on the liver. The use of indinavir with other antiretro-
viral drugs has been associated with the development of severe
hepatitis.1,2 
Hepatic failure was attributed to ritonavir in a patient receiving
combination therapy for AIDS.3
1. Bräu N, et al. Severe hepatitis in three AIDS patients treated with

indinavir. Lancet 1997; 349: 924–5. 
2. Matsuda J, et al. Severe hepatitis in patients with AIDS and hae-

mophilia B treated with indinavir. Lancet 1997; 350: 364. 
3. Picard O, et al. Hepatotoxicity associated with ritonavir. Ann In-

tern Med 1998; 129: 670–1.

Effects on the menstrual cycle. Irregular, prolonged, or
heavy menstruation1 in 4 patients receiving ritonavir subsequent-
ly returned to normal in the 3 who were transferred to a different
HIV-protease inhibitor.
1. Nielsen H. Hypermenorrhoea associated with ritonavir. Lancet

1999; 353: 811–12.

Effects on mental state. Acute paranoid reactions occurred
on two occasions in a patient receiving saquinavir.1
1. Finlayson JA, Laing RBS. Acute paranoid reaction to saquinavir.

Am J Health-Syst Pharm 1998; 55: 2016–17.

Effects on the pancreas. Pancreatitis was associated with use
of ritonavir with saquinavir in 1 patient,1 and with ritonavir (oth-
er drugs unspecified) in 2 others,2 and was believed to be second-
ary to hyperlipidaemia (see Effects on Carbohydrate and Lipid
Metabolism, above).
1. McBride M, et al. Lipid lowering therapy in patients with HIV

infection. Lancet 1998; 352: 1782–3. 
2. Di Perri G, et al. HIV-protease inhibitors. N Engl J Med 1998;

339: 773–4.

Effects on sexual function. Sexual dysfunction has been re-
ported in patients given combination therapy with HIV-protease
inhibitors and reverse transcriptase inhibitors.1,2

1. Martínez E, et al. Sexual dysfunction with protease inhibitors.
Lancet 1999; 353: 810–11. 

2. Colebunders R, et al. Sexual dysfunction with protease inhibi-
tors. Lancet 1999; 353: 1802.

Effects on the skin. Skin rashes have been reported in about
20% of patients receiving indinavir and in 3 to 5% of patients
receiving nelfinavir or saquinavir. Rash is described as a frequent
adverse effect of ritonavir. In patients taking indinavir who re-
ported rashes,1 the rash commonly appeared within 2 weeks of
starting treatment, was frequently accompanied by pruritus, and
was usually self-limiting, commonly resolving within 4 weeks. 
Paronychia and pyogenic granuloma of the great toes has been
reported in patients receiving indinavir.2
1. Gajewski LK, et al. Characterization of rash with indinavir in a

national patient cohort. Ann Pharmacother 1999; 33: 17–21. 
2. Bouscarat F, et al. Paronychia and pyogenic granuloma of the

great toes in patients treated with indinavir. N Engl J Med 1998;
338: 1776–7.

Precautions
Indinavir is primarily metabolised in the liver and
therefore caution and possible dosage reduction are re-
quired in hepatic impairment. Patients with pre-exist-
ing liver disease or co-infected with chronic hepatitis B
or C and treated with combination antiretroviral thera-
py are at increased risk for severe and potentially fatal
hepatic adverse events. 
Although renal excretion is a relatively minor route of
elimination, adequate hydration is recommended to re-
duce the risk of nephrolithiasis; monitoring is advised
in the presence of renal impairment. Treatment may
need to be temporarily interrupted or stopped com-
pletely in patients developing nephrolithiasis. Caution
is advised in treating patients with haemophilia A and
B as reports of spontaneous bleeding have been associ-
ated with the use of HIV-protease inhibitors.
Mycobacterial infections. Patients with a previously unsus-
pected Mycobacterium avium complex infection experienced a
severe febrile syndrome with inflammatory lymphadenitis after
starting indinavir treatment.1 The reaction resolved with appro-
priate antimycobacterial therapy.
1. Race EM, et al. Focal mycobacterial lymphadenitis following in-

itiation of protease-inhibitor therapy in patients with advanced
HIV-1 disease. Lancet 1998; 351: 252–5.

Pregnancy. A retrospective survey1 involving 89 women who
received HIV-protease inhibitors during pregnancy indicated
that these antivirals appeared generally safe.
1. Morris AB, et al. Multicenter review of protease inhibitors in 89

pregnancies. J Acquir Immune Defic Syndr 2000; 25: 306–11.

Interactions
Indinavir is metabolised mainly by the cytochrome
P450 isoenzyme CYP3A4. It may compete for the
same metabolic pathways with a wide range of drugs
that are metabolised similarly, often resulting in mutu-
ally increased plasma concentrations. A drug that is a
significant inducer of microsomal enzymes, particular-
ly CYP3A4, may reduce plasma concentrations of
indinavir. HIV-protease inhibitors may themselves in-
duce metabolism and may reduce plasma concentra-
tions of other drugs. 
Indinavir is contraindicated with drugs that are highly
dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with
serious or life-threatening events. These include
antiarrhythmics (amiodarone and flecainide), antihista-
mines (astemizole and terfenadine), ergot derivatives
(dihydroergotamine, ergometrine, ergotamine, and
methylergometrine), gastrointestinal prokinetics (cis-
apride), antipsychotics (pimozide), sedatives and hyp-
notics (alprazolam, midazolam, and triazolam), and
statins (lovastatin and simvastatin). Rifampicin and St
John’s wort decrease the concentration of indinavir;
use with the antiretroviral is not recommended due to
the possible loss of its activity and development of re-
sistance. Use of indinavir with atazanavir is contra-in-
dicated as both drugs have been associated with indi-
rect hyperbilirubinaemia. 
Other HIV-protease inhibitors may have similar inter-
actions. The principal interactions that have been re-
ported as a risk for one or more of the various HIV-
protease inhibitors are listed below. For further infor-
mation on drug interactions of HIV-protease inhibitors
see Table 1, p.917.

◊ References to interactions associated with HIV-protease inhib-
itors.
1. Eagling VA, et al. Differential inhibition of cytochrome P450

isoforms by the protease inhibitors, ritonavir, saquinavir and
indinavir. Br J Clin Pharmacol 1997; 44: 190–4. 

2. von Moltke LL, et al. Protease inhibitors as inhibitors of human
cytochromes P450: high risk associated with ritonavir. J Clin
Pharmacol 1998; 38: 106–11. 

3. Malaty LI, Kuper JJ. Drug interactions of HIV protease inhibi-
tors. Drug Safety 1999; 20: 147–69.

Amfetamines. For mention of interactions, including a fatal
serotonergic reaction, with methylenedioxymethamfetamine (Ec-
stasy) in patients receiving ritonavir, see p.2159.

Analgesics. Ritonavir and possibly other HIV-protease inhibi-
tors produce complex and potentially serious interactions with
some opioids (see p.103). Interactions between ritonavir and
dextropropoxyphene (p.41) or pethidine (p.114) are considered
to be especially hazardous. Ritonavir might also prolong fenta-
nyl-induced respiratory depression (see p.57). Amprenavir, nelfi-
navir, ritonavir, and ritonavir-boosted HIV-protease inhibitors
may reduce plasma concentrations of methadone (see p.84). For
the effect of some HIV-protease inhibitors on the pharmacokinet-
ics of buprenorphine, see p.30. 
Use of ritonavir with piroxicam can result in potentially toxic
concentrations of piroxicam (see p.118).

Antiarrhythmics. Use of HIV-protease inhibitors with the an-
tiarrhythmics amiodarone, encainide, flecainide, propafenone,
or quinidine may result in potentially toxic plasma concentra-
tions of these drugs with an increased risk of ventricular arrhyth-
mias.

Antibacterials. Plasma concentrations of HIV-protease inhibi-
tors may be reduced to subtherapeutic levels by rifabutin or ri-
fampicin. In addition, plasma concentrations of rifabutin may be
increased, with a consequent risk of uveitis. In general, HIV-pro-
tease inhibitors should not be used with rifampicin (p.327) and
dosage modifications may be necessary if used with rifabutin;
licensed product information for indinavir recommends increas-
ing the dose of the antiretroviral to 1 g every 8 hours and halving
the dose of rifabutin. Further information is given in Rifabutin
under Interactions, p.324 and Uses, Tuberculosis and HIV Infec-
tion, p.325. 
HIV-protease inhibitors may inhibit the metabolism of clarithro-
mycin (p.249) and possibly other macrolides.

Antidepressants. HIV-protease inhibitors may inhibit the me-
tabolism of desipramine and other tricyclic antidepressants
(p.380). Interactions may also occur between HIV-protease in-
hibitors and SSRIs such as fluoxetine (p.396), and have also oc-
curred with bupropion (p.384). 

Plasma concentrations of HIV-protease inhibitors may be re-
duced by St John’s wort as a result of induction of cytochrome
P450; concomitant use should be avoided.1
1. Piscitelli SC, et al. Indinavir concentrations and St John’s wort.

Lancet 2000; 355: 547–8. Correction. ibid. 2001; 357: 1210.

Antiepileptics. Reduced plasma concentrations of HIV-pro-
tease inhibitors may be anticipated if the enzyme inducers car-
bamazepine, phenobarbital, or phenytoin are given concurrently.
Nelfinavir has been reported to reduce the plasma concentration
of phenytoin (p.499); a similar effect may occur with ritonavir. In
addition, carbamazepine concentrations have been reported to be
increased by ritonavir (p.475).
Antifungals. Plasma concentrations of HIV-protease inhibitors
may be increased by azole antifungals. Licensed product infor-
mation recommends that the dose of indinavir should be reduced
to 600 mg every 8 hours when given with itraconazole 200 mg
twice daily. A dose reduction is not considered necessary by the
UK licensed product information when indinavir is given with
ketoconazole, but the US product information recommends a re-
duction to indinavir 600 mg every 8 hours. 
Conversely, plasma concentrations of ketoconazole are in-
creased by ritonavir.
Antihistamines. HIV-protease inhibitors inhibit the metabo-
lism of non-sedating antihistamines such as astemizole and ter-
fenadine resulting in increased plasma concentrations of these
drugs and an increased risk of serious ventricular arrhythmias.
Such combinations should be avoided.
Antipsychotics. Ritonavir and possibly other HIV-protease in-
hibitors may increase plasma concentrations of clozapine (but
see p.984), pimozide (p.1018), and sertindole (p.1028) resulting
in increased toxicity. Concomitant use should be avoided. Plas-
ma concentrations of thioridazine may also be increased when
given with some HIV-protease inhibitors.
Antivirals. HIV-protease inhibitors can inhibit metabolism of
other drugs from the same class and increases in adverse effects
have resulted. 
Plasma concentrations of atazanavir, indinavir,1 and lopinavir-
ritonavir may be reduced by nevirapine; the UK licensed product
information for indinavir recommends a dose increase of indina-
vir to 1 g every 8 hours be considered. 
Plasma concentrations of indinavir2 and saquinavir may be in-
creased by delavirdine; the UK licensed product information for
indinavir recommends a dose reduction of indinavir to 400 to
600 mg every 8 hours in patients receiving delavirdine and the
UK licensed information for saquinavir recommends that liver
function should be monitored if saquinavir is given with delavir-
dine. 
Plasma concentrations of amprenavir, atazanavir, indinavir, lopi-
navir, and saquinavir are decreased when given with efavirenz.
The use of efavirenz with ritonavir is associated with an in-
creased frequency of adverse effects, presumably due to compet-
itive inhibition of metabolism, and liver enzymes should be mon-
itored in patients receiving this combination. Plasma
concentrations of nelfinavir are increased when given with efa-
virenz, but the combination is usually well tolerated at standard
doses. 
Although there is no direct interaction between HIV-protease in-
hibitors and didanosine, the buffer included in the didanosine
formulation can impair their absorption; doses should be separat-
ed by at least 1 to 2 hours from didanosine doses, which should
be given on an empty stomach. 
For a report of reduced area under the plasma concentration-time
curve for zidovudine in patients receiving ritonavir, see p.915.
1. Murphy RL, et al. Antiviral effect and pharmacokinetic interac-

tion between nevirapine and indinavir in persons infected with
human immunodeficiency virus type 1. J Infect Dis 1999; 179:
1116–23. 

2. Ferry JJ, et al. Pharmacokinetic drug-drug interaction study of
delavirdine and indinavir in healthy subjects. J Acquir Immune
Defic Syndr Hum Retrovirol 1998; 18: 252–9.

Benzodiazepines. For the effect of HIV-protease inhibitors on
benzodiazepines, see Diazepam, p.990.
Cardiac glycosides. For details of a possible interaction be-
tween ritonavir and digoxin, see p.1262.
Ciclosporin. Mutual increases in the area under the plasma
concentration-time curves for saquinavir and ciclosporin were
reported in a kidney transplant recipient.1 The resultant adverse
effects subsided when doses of both drugs were reduced by half.
Similar interactions with other HIV-protease inhibitors are possi-
ble.
1. Brinkman K, et al. Pharmacokinetic interaction between

saquinavir and cyclosporine. Ann Intern Med 1998; 129:
914–15.

Corticosteroids. Corticosteroids, in particular dexametha-
sone, may induce the metabolism of HIV-protease inhibitors re-
sulting in reduced plasma concentrations. For the effect of riton-
avir on plasma concentrations of fluticasone, see p.1495
Ergot alkaloids. For reports of ergotism in patients receiving
HIV-protease inhibitors and ergot alkaloids, see Ergotamine,
p.621.
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Gastrointestinal drugs. The antidiarrhoeal loperamide mark-
edly reduced exposure to saquinavir in 12 healthy subjects given
a single dose of both drugs.1 Exposure was reduced by about
54%, a reduction of the same order of magnitude as seen with
enzyme inducers such as rifampicin, although the mechanism in
this case was thought likely to be impaired absorption of the an-
tiviral. Prolonged use of loperamide might lead to substantial re-
ductions in saquinavir plasma concentrations, and reduced clini-
cal efficacy. Plasma concentrations of loperamide were also
increased, and those of its metabolite desmethylloperamide cor-
respondingly reduced, but this was thought unlikely to be of clin-
ical significance. 
Atazanavir and indinavir depend on acid pH in the stomach for
adequate absorption, and acid-suppressive therapies such as his-
tamine H2-antagonists and proton pump inhibitors may signifi-
cantly reduce their absorption; if acid-suppressive therapy is nec-
essary, these HIV-protease inhibitors should be boosted with
low-dose ritonavir to ensure adequate antiretroviral activity.2 
For the effect of HIV-protease inhibitors on cisapride, see
p.1721.
1. Mikus G, et al. Reduction of saquinavir exposure by coadminis-

tration of loperamide: a two-way pharmacokinetic interaction.
Clin Pharmacokinet 2004; 43: 1015–24. 

2. Fulco PP, et al. Acid suppressive therapy and the effects on pro-
tease inhibitors. Ann Pharmacother 2006; 40: 1974–83.

Grapefruit. Exposure to saquinavir was increased by 50%
when taken with grapefruit juice;1 however, licensed product in-
formation does not recommend any adjustment of dosage of
saquinavir.
1. Kupferschmidt HHT, et al. Grapefruit juice enhances the bioa-

vailability of the HIV protease inhibitor saquinavir in men. Br J
Clin Pharmacol 1998; 45: 355–9.

Hormonal contraceptives. For the effect of HIV-protease in-
hibitors on hormonal contraceptives, see p.2068.
Interleukin-2. Plasma concentrations of indinavir were
increased1 during use with interleukin-2.
1. Piscitelli SC, et al. Alteration in indinavir clearance during inter-

leukin-2 infusions in patients infected with the human immuno-
deficiency virus. Pharmacotherapy 1998; 18: 1212–16.

Paclitaxel. For the effect of HIV-protease inhibitors on paclitax-
el, see Interactions, Antivirals, p.759.
Phenylpropanolamine. For a possible interaction between
phenylpropanolamine and antiretrovirals including indinavir, see
Stavudine, p.907.
Sildenafil. For the effect of HIV-protease inhibitors on sildena-
fil, including a report of fatal myocardial infarction after sildena-
fil in a patient receiving ritonavir and saquinavir, see p.2194.
Statins. HIV-protease inhibitors may inhibit the metabolism of
statins metabolised by CYP3A4 isoenzymes resulting in an in-
creased risk of myopathy. Although those statins less dependent
on CYP3A4 for metabolism may be used in certain circumstanc-
es to manage HIV-protease inhibitor-induced lipid disorders, use
with lovastatin or simvastatin should be avoided, and HIV-pro-
tease inhibitors should be given with caution in patients receiv-
ing atorvastatin or rosuvastatin.
Tacrolimus. HIV-protease inhibitors may inhibit the metabo-
lism of tacrolimus (see Antivirals, p.1845).
Theophylline. For a potential effect of ritonavir on theophyl-
line, see p.1144.
Warfarin. For the effect of HIV-protease inhibitors on warfarin,
see p.1430.

Antiviral Action
Indinavir is a selective, competitive, reversible inhibi-
tor of HIV-1 and HIV-2 proteases with a tenfold greater
selectivity for HIV-1 protease. It interferes with the for-
mation of essential viral proteins making them incapa-
ble of infecting other cells. Viral resistance develops
rapidly when HIV-protease inhibitors are given alone
and therefore they are used with other antiretrovirals.
Various degrees of cross-resistance between HIV-pro-
tease inhibitors may occur.

Pharmacokinetics
Indinavir is rapidly absorbed after oral doses producing
peak plasma concentrations in 0.8 hours (range 0.5 to
1.1 hours). Bioavailability is about 65% after a single
800-mg dose. Absorption is reduced if given with a
meal high in calories, fat, and protein but is less affect-
ed by a light meal (for the effect of pH see Gastrointes-
tinal Drugs under Interactions, above). At doses up to
1 g, increases in plasma concentration are proportion-
ately greater than increases in dose. Plasma protein
binding is about 60%. Indinavir is reported to cross the
blood-brain barrier. It undergoes oxidative metabolism
by cytochrome P450 isoenzyme CYP3A4 and glu-

curonidation. At least seven metabolites (1 glucuro-
nide and 6 oxidative metabolites) have been identified.
The elimination half-life is 1.8 hours. Less than 20% of
the absorbed dose is excreted in the urine, about half of
this as unchanged drug. The remainder is excreted in
the faeces.
◊ References.
1. Ståhle L, et al. Indinavir in cerebrospinal fluid of HIV-1-infected

patients. Lancet 1997; 350: 1823. 
2. Bernard L, et al. Indinavir concentrations in hair from patients

receiving highly active antiretroviral therapy. Lancet 1998; 352:
1757–8. 

3. Wintergerst U, et al. Use of saliva specimens for monitoring
indinavir therapy in human immunodeficiency virus-infected pa-
tients. Antimicrob Agents Chemother 2000; 44: 2572–4. 

4. Haas DW, et al. Steady-state pharmacokinetics of indinavir in
cerebrospinal fluid and plasma among adults with human immu-
nodeficiency virus type 1 infection. Clin Pharmacol Ther 2000;
68: 367–74. 

5. Burger DM, et al. Pharmacokinetics of the protease inhibitor
indinavir in human immunodeficiency virus type 1-infected chil-
dren. Antimicrob Agents Chemother 2001; 45: 701–5. 

6. Kappelhoff BS, et al. Population pharmacokinetics of indinavir
alone and in combination with ritonavir in HIV-1-infected pa-
tients. Br J Clin Pharmacol 2005; 60: 276–86. 

7. Unadkat JD, et al. Pharmacokinetics and safety of indinavir in
human immunodeficiency virus-infected pregnant women. Anti-
microb Agents Chemother 2007; 51: 783–6.

Uses and Administration
Indinavir is an HIV-protease inhibitor with antiviral ac-
tivity against HIV. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when indinavir is used alone, and it is therefore
used with other antiretrovirals. 
Indinavir is given orally as the sulfate, but doses are
expressed in terms of the base; 116 mg of indinavir sul-
fate is equivalent to about 100 mg of indinavir. It is giv-
en in a usual adult dose of 800 mg every 8 hours. For
the reduced doses recommended in patients taking
azole antifungals or the NNRTI delavirdine, and in-
creased doses in those also taking rifabutin or nevirap-
ine, see Antibacterials, Antifungals, and Antivirals, un-
der Interactions, above. Indinavir should be given
either 1 hour before or 2 hours after meals, or with a
light, low-fat meal. Adequate hydration should be
maintained. Treatment may have to be interrupted if
acute episodes of nephrolithiasis occur. 
For details of doses in children and adolescents, see be-
low. For details of modified dosage to be used in pa-
tients with hepatic impairment, see below.
Administration in children. For the treatment of HIV infec-
tion in children 4 years of age and older indinavir is given orally
with other antiretroviral drugs. A dose of 500 mg/m2 every 8
hours is recommended; doses should not exceed the adult dose
(see above).
Administration in hepatic impairment. A reduction in the
oral dose of indinavir to 600 mg every 8 hours is recommended
for patients with mild to moderate hepatic insufficiency due to
cirrhosis.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Avural; Crixivan; Elvenavir; Forli; Indilea; Inhibisam; Austral.: Crixivan;
Austria: Crixivan; Belg.: Crixivan; Braz.: Crixivan; Dinavir†; Indinax; Ca-
nad.: Crixivan; Chile: Crixivan; Cz.: Crixivan; Denm.: Crixivan; Fin.: Crix-
ivan; Fr.: Crixivan; Ger.: Crixivan; Gr.: Crixivan; Hong Kong: Crixivan;
Hung.: Crixivan; India: Indivan; Irl.: Crixivan; Israel: Crixivan; Ital.: Crix-
ivan; Jpn: Crixivan; Malaysia: Crixivan; Mex.: Crixivan; Indilan; Neth.:
Crixivan; Norw.: Crixivan; NZ: Crixivan; Philipp.: Crixivan; Pol.: Crixivan;
Port.: Crixivan; Rus.: Crixivan (Криксиван); S.Afr.: Crixivan; Singapore:
Crixivan; Spain: Crixivan; Swed.: Crixivan; Switz.: Crixivan; Thai.: Crix-
ivan; Turk.: Crixivan; UK: Crixivan; USA: Crixivan; Venez.: Crixivan; Indi-
van.

Inosine Pranobex (BAN)

Inosine Dimepranol Acedoben (pINNM); Inosin Pranobeks; Inosi-
na Dimepranol Acedobén; Inosine Acédobène Dimépranol; In-
osinum Dimepranolum Acedobenum; Inosinum pranobexum;
Inosiplex; Isoprinosine; Methisoprinol; NP-113; NPT-10381. Ino-
sine 2-hydroxypropyldimethylammonium 4-acetamidobenzoate
(1:3).
Инозин Димепранол Ацедобен
C10H12N4O5:C14H22N2O4 (1:3) = 1115.2.
CAS — 36703-88-5.
ATC — J05AX05.
ATC Vet — QJ05AX05.

NOTE. Dimepranol Acedoben is pINN and USAN.

Adverse Effects and Precautions
Some patients have had transient nausea, vomiting, headaches,
arthralgia, fatigue, vertigo, raised liver enzymes, pruritus, and
skin rashes. Metabolism of the inosine content of inosine
pranobex leads to increased serum and urine concentrations of
uric acid; caution is therefore recommended in treating patients
with renal impairment, gout, or hyperuricaemia.
Antiviral Action
Inosine pranobex appears to owe its activity in viral infections
more to its capacity to modify or stimulate cell-mediated im-
mune processes than to a direct action on the virus.
Pharmacokinetics
Inosine pranobex is reported to be rapidly absorbed from the gas-
trointestinal tract with peak plasma concentrations occurring 1
hour after an oral dose. It is also rapidly metabolised with a plas-
ma half-life of 50 minutes, the inosine portion of the complex
yielding uric acid; the other components undergo oxidation and
glucuronidation. The metabolites are excreted in the urine.
◊ References.
1. Nielsen P, Beckett AH. The metabolism and excretion in man of

NN-dimethylamino-isopropanol and p-acetamido-benzoic acid
after administration of isoprinosine. J Pharm Pharmacol 1981;
33: 549–50.

Uses and Administration
Inosine pranobex is a complex of inosine (p.2325) with dimepra-
nol acedoben ((±)-1-(dimethylamino)-2-propanol p-acetamido-
benzoate). It has been used in the treatment of various viral infec-
tions (see below), including herpes simplex, genital warts, and
subacute sclerosing panencephalitis, although other treatments
or measures are preferred. The oral dose in mucocutaneous her-
pes simplex is 1 g four times daily for 7 to 14 days. An oral dose
of 1 g three times daily is given for 14 to 28 days as an adjunct to
standard topical treatment for genital warts. In subacute scleros-
ing panencephalitis, the oral dose is 50 to 100 mg/kg daily in di-
vided doses given every 4 hours.
◊ Reviews.
1. Campoli-Richards DM, et al. Inosine pranobex: a preliminary

review of its pharmacodynamic and pharmacokinetic properties,
and therapeutic efficacy. Drugs 1986; 32: 383–424.

Alopecia. Oral inosine pranobex (50 mg/kg daily in 5 divided
doses for 12 weeks) has been investigated1 with some apparent
benefit in the treatment of recalcitrant alopecia areata (p.1577).
1. Georgala S, et al. Inosiplex for treatment of alopecia areata: a

randomized placebo-controlled study. Acta Derm Venereol 2006;
86: 422–4.

Subacute sclerosing panencephalitis. Inosine pranobex has
been tried1,2 in the treatment of subacute sclerosing panencepha-
litis, a complication of measles (p.860), but the results of clinical
studies have been equivocal. Some success has been reported
when inosine pranobex has been given with interferons and other
antivirals. However, a randomised study involving 121 patients,
of whom 67 completed analysis, was unable to show any differ-
ence between an oral regimen of inosine pranobex 100 mg/kg
daily in 3 divided doses (up to a maximum of 3 g daily) for 6
months, and the same dose combined with intraventricular inter-
feron alfa, although the outcomes, which were considered satis-
factory in about 35% of cases, were better than the 10% remis-
sion rate in historical controls, implying some benefit with either
treatment.3
1. Haddad FS, Risk WS. Isoprinosine treatment in 18 patients with

subacute sclerosing panencephalitis: a controlled study. Ann
Neurol 1980; 7: 185–8. 

2. Jones CE, et al. Inosiplex therapy in subacute sclerosing panen-
cephalitis: a multicentre, non-randomised study in 98 patients.
Lancet 1982; i: 1034–7. 

3. Gascon GG. International Consortium on Subacute Sclerosing
Panencephalitis. Randomized treatment study of inosiplex ver-
sus combined inosiplex and intraventricular interferon-α in sub-
acute sclerosing panencephalitis (SSPE): international multi-
center study. J Child Neurol 2003; 18: 819–27. Correction. ibid.
2004; 19: 342.

Warts. Although of no apparent benefit in the treatment of pal-
mar/plantar warts,1 oral inosine pranobex has been shown to be
of value in the treatment of refractory genital warts (p.1584) in
the cervix,2 as well as producing some apparent epithelial mor-
phological improvement in women with subclinical human pap-
illomavirus infection of the vulva.3
1. Berth-Jones J, Hutchinson PE. Modern treatment of warts: cure

rates at 3 and 6 months. Br J Dermatol 1992; 127: 262–5. 
2. Georgala S, et al. Oral inosiplex in the treatment of cervical con-

dylomata acuminata: a randomised placebo-controlled trial.
BJOG 2006; 113: 1088–91. 

3. Tay SK. Efficacy of inosine pranobex oral therapy in subclinical
human papillomavirus infection of the vulva: a randomized dou-
ble-blinded placebo controlled study. Int J STD AIDS 1996; 7:
276–80.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Isoprinosin; Belg.: Isoprinosine; Canad.: Imunovir; Chile: Isopri-
nosine; Cz.: Isoprinosine; Fr.: Isoprinosine; Ger.: delimmun; Isoprinosine;
Gr.: Isoprinosine; Hong Kong: Qualiprinol; Hung.: Isoprinosine; Indon.:
Isprinol; Irl.: Imunovir ; Isoprinosine; Ital.: Avirin†; Farviran†; Virustop†;
Viruxan; Mex.: Isoprinosine; Pranosine; NZ: Imunovir ; Philipp.: Immunos-
in; Isoprinosine; Pol.: Groprinosin; Port.: Isovir ; Rus.: Isoprinosine
(Изопринозин); Singapore: Imin; UK: Imunovir.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Interferon Alfa (BAN, rINN)

IFN-α; Interferón-α; Interferon-α; Interferón alfa; Interféron alfa;
Interferon alpha; Interferoni alfa; Interferonialfa; Interferonum Al-
fa; Ro-22-8181 (interferon alfa-2a); Sch-30500 (interferon alfa-
2b).
Интерферон Альфа
CAS — 74899-72-2 (interferon alfa); 76543-88-9 (inter-
feron alfa-2a); 99210-65-8 (interferon alfa-2b); 118390-
30-0 (interferon alfacon-1); 198153-51-4 (peginterferon
alfa-2a); 215647-85-1 (peginterferon alfa-2b).
ATC — L03AB01 (natural); L03AB04 (2a); L03AB05 (2b);
L03AB06 (n1); L03AB09 (alfacon-1); L03AB10 (peginter-
feron alfa-2b); L03AB11 (peginterferon alfa-2a).
ATC Vet — QL03AB01 (natural); QL03AB04 (2a);
QL03AB05 (2b); QL03AB06 (n1); QL03AB09 (alfacon-1);
QL03AB10 (peginterferon alfa-2b); QL03AB11 (peginter-
feron alfa-2a).

NOTE. Interferon alfa was previously known as leucocyte interfer-
on or lymphoblastoid interferon. 
Interferon alfa-2a, alfa-2b, alfa-n1, and alfa-n3 are USAN. 
Interferon alfacon-1 (BAN, USAN, rINN) is a recombinant non-
naturally occurring alfa interferon. Peginterferon alfa-2a (BAN,
USAN, rINN) and peginterferon alfa-2b (BAN, rINN) are inter-
ferons pegylated by conjugation with macrogols.
Pharmacopoeias. Chin. includes monographs for recom-
binant human alfa-2a and alfa-2b. Eur. (see p.vii) includes Inter-
feron Alfa-2 Concentrated Solution. 
Ph. Eur. 6.2 (Interferon Alfa-2 Concentrated Solution; Interferoni
Alfa-2 Solutio Concentrata). It is produced by a method based on
recombinant DNA technology using bacteria as host cells. It is a
clear, colourless or slightly yellowish liquid. Store in airtight
containers at a temperature of −20° or below. Protect from light.
Nomenclature. Interferon alfa may be derived from leuco-
cytes or lymphoblasts, or produced by recombinant DNA tech-
nology. Sub-species of the human alfa gene may produce inter-
feron alfa with protein variants or a mixture of proteins. The
protein variants may be designated by a number (as in interferon
alfa-2) which may be further qualified by a letter to indicate the
amino-acid sequences at positions 23 and 34: 
• interferon alfa-2a has lysine at 23 and histidine at 34 
• interferon alfa-2b has arginine at 23 and histidine at 34 
• interferon alfa-2c has arginine at both positions 
In the case of a mixture of proteins an alphanumeric designation
is given (as in interferon alfa-n1). Interferon alfacon-1 varies
from interferon alfa-2 in 20 of 166 amino acids. 
The name may be further elaborated on the label by approved
sets of initials in parentheses to indicate the method of produc-
tion: (rbe) indicates production from bacteria (Escherichia coli)
genetically modified by recombinant DNA technology; (lns) in-
dicates production from cultured lymphoblasts from the
Namalwa cell line that have been stimulated by a Sendai virus;
(bls) indicates production from leucocytes from human blood
that have been stimulated by a Sendai virus. 
References.
1. Finter NB. The naming of cats—and alpha-interferons. Lancet

1996; 348: 348–9.

Adverse Effects and Treatment
The adverse effects of interferon are varied and the nat-
ural products appear to be less toxic than the pure syn-
thetic compounds. The frequency and severity of ad-
verse effects of peginterferon alfa appear to be similar
to those for interferon alfa although dose-related neu-
tropenia and thrombocytopenia and injection site reac-
tions are more common. Clinical experience suggests
that interferons beta and gamma have similar adverse
effects. 
Adverse effects are generally mild and reversible at
doses less than 5 million international units/day. The
majority of patients on interferon treatment have ‘flu-
like’ symptoms such as loss of appetite, fever, chills,
fatigue, headache, malaise, myalgia, arthralgia, and
sweating. These symptoms tend to be dose-related, are
most likely to occur at the start of treatment, and mostly
respond to paracetamol (but for a possible interaction
with paracetamol, see Interactions, below). 
Other common adverse effects are alopecia, asthenia,
weight loss, anxiety, depression, dermatitis, diarrhoea,
irritability, nausea, nervousness, neutropenia, pruritus,
sleep disturbances, taste alteration, and vomiting. Seri-
ous adverse effects reported include neuropsychiatric
disorders (homicidal ideation, suicidal ideation, sui-
cide attempt, and suicide) and neurological disturbanc-
es (confusion, coma, and seizures), severe bacterial in-
fections (sepsis), bone marrow toxicity (cytopenia and

rarely, aplastic anaemia), cardiovascular disorders
(hypo- or hypertension, supraventricular arrhythmias
and myocardial infarction), endocrine disorders (such
as thyroid disorders and diabetes mellitus), pulmonary
disorders (dyspnoea, pneumonia, bronchiolitis obliter-
ans, interstitial pneumonitis and sarcoidosis), colitis
(ulcerative and hemorrhagic or ischaemic colitis), pan-
creatitis, and ophthalmologic disorders (such as de-
crease or loss of vision, retinopathy including macular
oedema and retinal thrombosis or haemorrhages, optic
neuritis and papilloedema). 
Hypersensitivity reactions, including anaphylaxis,
have occurred, and interferon therapy may cause or ex-
acerbate auto-immune disorders (such as idiopathic
thrombocytopenic purpura, thrombotic thrombocyto-
penic purpura, psoriasis, SLE, rheumatoid arthritis,
and interstitial nephritis). 
Hypertriglyceridaemia, sometimes severe, has been
seen. High doses may cause electrolyte disturbances
including decreased calcium concentrations. There
may be signs of altered liver function and hepatitis has
been reported. Renal failure and nephrotic syndrome
have also occurred. Interferons may impair fertility and
menstrual irregularities have been reported, particular-
ly with interferon beta. Subcutaneous injection may
produce a reaction at the injection site, predominantly
mild inflammation or erythema, but pain, hypersensi-
tivity, and other non-specific reactions have been re-
ported. The reaction is reported frequently with inter-
feron beta, which can produce severe reactions
including local necrosis. 
Adverse effects of peginterferon alfa (alone or with
ribavirin) reported in patients co-infected with hepatitis
C virus and HIV, are similar to those reported in pa-
tients infected only with hepatitis C virus. Although
haematological adverse effects such as neutropenia,
thrombocytopenia, and anaemia occurred more often
in co-infected patients, most patients could be managed
by dose adjustments. Other adverse effects reported in
co-infected patients given peginterferon and ribavirin
include apathy, raised blood amylase, chapped lips,
chromaturia, raised gamma-glutamyltransferase and
hepatitis, influenza, lactic acidosis (including hyper-
lactacidaemia), lipodystrophy, mood alteration, pain in
the pharynx, larynx, back, and limbs, pneumonia, and
tinnitus. Peginterferon treatment was associated with
decreases in CD4+ cell counts within the first 4 weeks
that were reversible when the dose was reduced or
stopped; no negative impact was noted on the control
of HIV viraemia during treatment or follow-up. 
Nasal dosage may produce mucosal irritation and dam-
age.
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4. Sleijfer S, et al. Side effects of interferon-alpha therapy. Pharm
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Effects on the blood. Interferon alfa has myelosuppressive ef-
fects and the commonest haematological adverse effects associ-
ated with its use are dose-related leucopenia, neutropenia, and
thrombocytopenia; anaemia is rarely reported. Other reported ef-
fects associated with interferon alfa include immune haemolytic
anaemia1 and immune thrombocytopenia.2,3 Haemorrhage oc-
curred in a patient with immune thrombocytopenic purpura treat-
ed with interferon alfa,4 and it was thought prudent to use inter-
ferons with caution, if at all, in this condition.3,4 Reports of
clotting disorders are rare; bleeding associated with induction of
factor VIII inhibitor has been seen in a patient given interferon
alfa to enhance hydroxycarbamide therapy for chronic myeloid
leukaemia.5 Thrombosis associated with interferon alfa has also
been reported.6 
Restoration of bone-marrow function after marrow transplanta-
tion was delayed in 3 patients given a human interferon alfa prep-
aration.7 Laboratory results showed an inhibition of granulocyte
colony growth by human leucocyte interferon alfa. It was consid-
ered that interferon alfa was contra-indicated in patients with se-
vere bone-marrow insufficiency and should not be given to mar-
row transplant patients before the graft was fully functional.
However, in another 5 patients recombinant interferon alfa did

not affect bone marrow transplants, although 3 patients experi-
enced fever and chills, 4 had more than a 60% reduction in abso-
lute peripheral granulocyte counts, and 4 had a 37 to 80% reduc-
tion in absolute platelet counts.8 Lymphocytes were increased in
all patients; blood counts returned to normal when interferon
therapy stopped. Interferon alfa produced a decline in CD4+ T-
lymphocytes resulting in opportunistic infections in 2 HIV-posi-
tive patients being treated for chronic hepatitis C.9
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9. Pesce A, et al. Opportunistic infections and CD4 lymphocytope-
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1993; 341: 1597.

Effects on the cardiovascular system. Hypotension or hy-
pertension, tachycardia, and distal cyanosis are the most com-
monly reported cardiovascular adverse effects. Other reported
cardiac complications include cardiac arrhythmias, atrioven-
tricular block, symptoms of ischaemic heart disease, including
myocardial infarction and sudden death, congestive heart failure,
acute dyspnoea, pericardial effusion,1,2 and cardiomyopathy.1,3,4

Cardiac toxicity was not related to the daily or cumulative total
dose, or duration of treatment and is usually reversible on stop-
ping interferon treatment.1 
Peripheral vascular complications such as Raynaud’s
syndrome5-9 have been associated with interferon alfa therapy
and other types of interferon.
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6. Linden D. Severe Raynaud’s phenomenon associated with inter-
feron-β treatment for multiple sclerosis. Lancet 1998; 352:
878–9. 
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9. Iorio R, et al. Severe Raynaud’s phenomenon with chronic hep-
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Effects on the endocrine system. Both hypothyroidism1,2

and hyperthyroidism2,3 have been associated with interferon alfa
therapy. Thyroid disorders are usually minor and regress on stop-
ping the interferon (with or without other specific treatment).
However a case of long-lasting ophthalmopathy as a result of in-
terferon alfa-induced Graves’ disease has been reported in a pa-
tient being treated for hepatitis C.4 
The development of type 1 diabetes has also been associated
with interferon alfa therapy,5-8 and exacerbation of existing type
2 diabetes has been reported.9,10 Reversible hypopituitarism has
been reported in patients receiving interferon alfa.11,12 Recom-
binant interferon gamma was reported not to affect thyroid func-
tion.13
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Effects on the eyes. The most typical ocular adverse effect as-
sociated with interferon alfa treatment is retinopathy, which is
characterised by cotton wool spots and superficial retinal haem-
orrhages. Reports of interferon-associated retinopathy have been
reviewed.1,2 Reduced vision or complete visual loss is rare or
limited and is usually reversible after stopping treatment. In a
study of 43 patients with chronic hepatitis given interferon alfa,
retinopathy developed in 11 of 37 non-diabetic patients and in 3
of 6 diabetic patients after about 8 to 10 weeks of therapy.3 None
of the patients had had retinopathy before treatment; the condi-
tion was reversible in the non-diabetic patients on stopping ther-
apy. Visual acuity remained unchanged. Subconjunctival haem-
orrhage occurred in a further 3 of the non-diabetic patients.
Severe irreversible loss of vision has been reported in a non-dia-
betic patient given interferon alfa.4 A prospective study5 of 156
patients treated with interferon alfa or peginterferon alfa (with or
without ribavirin) reported signs of retinopathy in 24% of the pa-
tients; 29 patients developed cotton-wool spots, 7 developed ret-
inal haemorrhage, and 2 patients developed both lesions during
treatment; none of the patients had retinopathy before starting
treatment. The lesions remained asymptomatic and resolved in
all the patients. Patient age above 45 years, hypertension, and the
use of pegylated alpha-interferon were identified as risk factors
for retinopathy. Neurovisual impairment was present in 31 pa-
tients before interferon treatment and in 74 patients during treat-
ment. Another study6 of 19 patients reported that 8 patients de-
veloped asymptomatic retinopathy while on treatment with
interferon alfa (with or without ribavirin); patients who had pre-
viously failed to respond to interferon monotherapy seemed
more likely to develop retinopathy when given combined thera-
py than patients who had responded and then relapsed. The
changes were transient and sometimes disappeared while the pa-
tients were still on treatment. Retinopathy has been reported in
patients being treated with interferon beta for the management of
multiple sclerosis.7,8 Symptoms also resolved after stopping
treatment. 
Pain in one eyeball leading to exophthalmos and complete visual
loss has been reported in a patient given interferon alfa;9 despite
withdrawal of interferon and instigation of antibacterial and cor-
ticosteroid treatment, the eyeball subsequently ruptured necessi-
tating ophthalmectomy. Other severe ocular effects reported dur-
ing interferon alfa treatment include a disorder resembling Vogt-
Koyanagi-Harada disease, central retinal vein occlusion, central
retinal artery occlusion, and bilateral ischaemic optic neuropathy
with severe visual impairment.10
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Effects on the gastrointestinal tract. Mild and transient
gastrointestinal adverse effects such as nausea, diarrhoea, vomit-
ing, and anorexia occur in about 30 to 40% of patients being
treated with interferon alfa. There have been reports1-4 of the on-
set of coeliac disease during treatment of hepatitis C with inter-
feron or peginterferon alfa, in some cases used with ribavirin.
Symptoms generally resolved after interferon was stopped and a
gluten-free diet started. A case5 of eosinophilic enteritis has been
reported in a patient, with no history of digestive disorders, after
12 weeks of recombinant interferon alfa-2b treatment; symptoms
resolved after stopping interferon and on treatment with pred-
nisolone. New6,7 or exacerbated8 cases of ulcerative colitis have
been reported in patients on interferon or peginterferon alfa treat-
ment (with or without ribavirin). Treatment with interferon was
usually stopped7,8 and symptoms tended to resolve or improve
with appropriate therapy (such as mesalazine and/or corticoster-
oids).6-8 Cases of ischaemic colitis associated with interferon or
peginterferon alpha have been reported rarely.9
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Effects on the hair. Excessive temporary loss of telogen hair
causing moderate and reversible alopecia occurs in about 7 to
30% of patients on interferon or peginterferon alfa treatment.
Alopecia areata1-3 and alopecia universalis4,5 have occasionally
been reported; complete regrowth of the hair usually occurs on
completing interferon treatment. 
A report of marked greying of the hair in a patient beginning after
5 months of treatment with interferon alfa for metastatic malig-
nant melanoma; on completion of interferon therapy the hair re-
growth returned to its normal colour.6 Marked straightening of
scalp and body hair has been reported in 2 patients after com-
bined treatment with interferon alfa-2b or peginterferon alfa-2b
and ribavirin for chronic hepatitis C.7 In the first patient, there
was also diffuse thinning of scalp hair, change in hair texture,
increased greying of the hair, and eyebrow lengthening; the orig-
inal curly hair began to regrow 6 months after stopping treat-
ment, but the hair abnormalities recurred on rechallenge despite
switching from interferon alfa-2b to peginterferon alfa-2b. In the
second patient, treatment with peginterferon alfa-2b and ribavi-
rin was associated with straightening of scalp hair, eyebrow hair,
and pubic hair.7 Lengthening and thickening of eyelashes has
also been reported with interferon alfa therapy.8,9 A case of eye-
lid and eyebrow trichomegaly has also been reported10 in a pa-
tient treated with peginterferon alfa and ribavirin.
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Effects on hearing. Sensorineural hearing loss, mostly unilat-
eral, has been rarely reported in patients treated with interferon
or peginterferon. A prospective study1 reported sensorineural
hearing loss in 18 of 49 patients and tinnitus in 14 of 49 patients
given interferons. The authors reported that effects were more
common in those given interferon beta than in those given inter-
feron alfa, and resolved in all patients on stopping therapy. A
report2 of 6 patients who experienced sudden hearing loss while
on treatment with peginterferon alfa plus ribavirin found that
hearing loss did not fully resolve after stopping treatment; but
neither did it worsen in those who continued their treatment. A
case report3 of a patient who had acute sensorineural hearing loss
2 months after starting treatment with peginterferon alfa and rib-
avirin found that when treatment was re-started 4 months after
stopping, the patient did not experience further hearing loss and
hearing on the left-side was unaffected. In another case report4 a
patient who developed hearing loss 22 weeks after starting treat-
ment with peginterferon alfa, continued with treatment and
symptoms did not worsen. Hearing loss resolved within 2 weeks
of stopping treatment.
1. Kanda Y, et al. Sudden hearing loss associated with interferon.
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2. Formann E, et al. Sudden hearing loss in patients with chronic
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3. Wong VK, et al. Acute sensorineural hearing loss associated
with peginterferon and ribavirin combination therapy during
hepatitis C treatment: outcome after resumption of therapy.
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4. Elloumi H, et al. Sudden hearing loss associated with peginter-
feron and ribavirin combination therapy during hepatitis C treat-
ment. World J Gastroenterol 2007; 13: 5411–12.

Effects on the kidneys. Renal adverse effects associated with
interferon alfa are usually limited to mild, asymptomatic pro-
teinuria and moderate increases in serum creatinine in 15 to 20%
of patients. Dose-related asymptomatic proteinuria has been re-

ported with interferon gamma treatment.1 Acute renal failure and
nephrotic syndrome associated with interferon alfa treatment is
rare and has mostly been reported in patients with underlying re-
nal disease, or malignancies,2-5 and in those receiving high dos-
es.6 Cases have also been reported in patients receiving interfer-
on or peginterferon alfa treatment for chronic hepatitis C.7-9

Nephrotic syndrome has also occurred after use of interferon be-
ta.10-12 Renal dysfunction usually resolves after stopping treat-
ment, but incomplete resolution and fatalities have been report-
ed.5,8
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Effects on lipids. Cases1-3 of reversible hypertriglyceridaemia
(with or without elevation of total cholesterol level) have been
reported in association with interferon alfa treatment. Hypertrig-
lyceridaemia more often occurs with longer treatment durations
and does not appear to be related to pre-existing cardiovascular
disorders or baseline dyslipidaemia; frequency and severity are
not dose dependent. Lifestyle modifications and drug treatment
with a fibrate or statin are usually needed to reduce triglyceride
levels. A small study4 reported that taking omega-3 fatty acid
supplements (3 g daily for 6 months) reduced serum triglyceride
levels in patients on interferon alfa for the management of chron-
ic hepatitis C.
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Effects on the liver. Mild hepatotoxicity with an asymptomat-
ic and reversible rise in serum aminotransferases has been report-
ed in about 25 to 30% of patients receiving interferon alfa; severe
hepatotoxicity is rare1 but cases of fatal liver failure have been
reported,2-5 sometimes due to severe exacerbation of chronic
hepatitis B and/or C infection.4,5 An analysis of the toxicity of
adjuvant high-dose interferon alfa in 40 patients being treated for
melanoma reported hepatotoxicity in 39 patients, with 26 pa-
tients experiencing grade 3 to 4 hepatotoxicity.6 Cases7,8 of
peginterferon alfa-induced auto-immune hepatitis have been re-
ported in patients receiving treatment for chronic hepatitis C. 
Raised serum-alanine aminotransferase values have been report-
ed in about 37% of patients given interferon beta therapy for the
treatment of multiple sclerosis, with grade 3 to 4 hepatotoxicity
being reported in about 1.4% of patients.9
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Effects on the nervous system and mental state. Neuro-
logical adverse effects have been reported in association with in-
terferon alfa treatment for chronic hepatitis C virus or for malig-
nant diseases;1-5 notably, an acute confusional state may develop
rapidly after starting high-dose interferon alfa treatment and a de-
pressive syndrome may develop more slowly over weeks to
months of treatment. Less commonly a manic condition, usually
characterised by extreme irritability and agitation but also occa-
sionally by euphoria, may occur. 
Acute interferon alfa-induced confusional states are typically
characterised by disorientation, lethargy, difficulties with speak-
ing and writing, parkinsonism, psychomotor retardation, psy-
chotic symptoms (such as hallucinations), and somnolence. 
Depression5-9 occurs in about 16 to 58% of patients receiving in-
terferon alfa. Patients considered to be at risk for developing de-
pression are those with pre-existing symptoms of mood and anx-
iety disorders, those with a history of major depression, and those
receiving higher doses of interferon alfa or on long treatment reg-
imens. SSRIs have been used successfully to both treat patients
with interferon-associated depression, thus allowing therapy to
be continued,10,11 and as pretreatment to prevent its occurrence.12 
Should manic symptoms13 occur, interferon alfa and antidepres-
sant treatment should be stopped and a mood stabiliser given.
Interferon alfa-induced mood disorders may also consist of an
overlap between depressive and manic symptoms. A prospective
study14 of 93 patients treated with peginterferon alfa plus ribavi-
rin for chronic hepatitis C reported that mood disorders occurred
in 30 patients; 3 cases of mania, 15 cases of irritable hypomania,
and 12 cases of mixed depressive states. The distinction between
the 2 states is important in terms of management as depression-
specific symptoms respond well to SSRIs, whereas antidepres-
sants may worsen manic or hypomanic states. 
Seizures15-17 attributed to interferon alfa have been described. 
Cases of neurological toxicity have been reported in patients re-
ceiving interferon beta,1,18 although interferon beta is considered
to be slightly less neurotoxic. 
Chronic hepatitis C virus infection may be complicated by the
development of systemic vasculitis caused by mixed cryoglob-
ulinemia or of a non-cryoglobulinemic vasculitis resembling
polyarteritis nodosa. Successful treatment of the hepatitis infec-
tion with interferon alfa usually results in the improvement of
vasculitic symptoms, including neuropathy. However, vasculitis
may also be precipitated or exacerbated by treatment with inter-
feron (including peginterferon alfa)19-21 resulting in development
of vasculitic neuropathy; cases of apparently non-vasculitic pe-
ripheral neuropathy have also been reported.20-22 Others23 have
reported no association between peginterferon alfa and peripher-
al neuropathy. In most cases symptoms improved on treatment
with corticosteroids or spontaneously, but fatal exacerbations of
vasculitis have occurred despite stopping the interferon treat-
ment and giving immunosuppressants.21
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Effects on the oral mucosa. Painful oral ulcers, necessitating
withdrawal of interferon alfa therapy, have occurred in a patient
treated for chronic hepatitis.1 Interferon alfa treatment has been
reported to exacerbate pre-existing lichen planus associated with
chronic hepatitis C.2,3 New cases of oral lichen planus have been
reported in patients receiving interferon alfa treatment for malig-
nant diseases4 and chronic hepatitis.5
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ated with the use of alpha interferon in a patient with chronic
hepatitis due to non-A non-B non-C virus. Mil Med 1993; 158:
126–7. 

2. Areias J, et al. Lichen planus and chronic hepatitis C: exacerba-
tion of the lichen under interferon-alpha-2a therapy. Eur J Gas-
troenterol Hepatol 1996; 8: 825–8. 
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Effects on the respiratory system. Pulmonary adverse ef-
fects have occasionally been reported in association with inter-
feron or peginterferon alfa treatment. A literature review1 found
that the most commonly reported adverse effect was interstitial
pneumonitis, followed by a sarcoid-like reaction with non-case-
ating granuloma formation. Other, less commonly reported
events were asthma exacerbation, pleural effusion, bronchiolitis
obliterans with organizing pneumonia, and a case of fatal acute
respiratory distress-like syndrome.
1. Midturi J, et al. Spectrum of pulmonary toxicity associated with

the use of interferon therapy for hepatitis C: case report and re-
view of the literature. Clin Infect Dis 2004; 39: 1724–9.

Effects on skeletal muscle. Myalgia is one of the ‘flu-like’
symptoms frequently associated with interferons.
Rhabdomyolysis1-3 has occurred in patients being treated with
interferon alfa and proved fatal when associated with multiple
organ failure in a patient receiving adjuvant high-dose interferon
alfa for multiple myeloma.1 Rhabdomyolysis has also been re-
ported in a patient receiving interferon beta for the treatment of
multiple sclerosis.4
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Effects on the skin. Dermatological adverse effects such as
dryness, erythema, rash, or urticaria, have been reported in about
5 to 12% of patients given interferon alfa; severe events occur
rarely.1 Exacerbation or development of psoriasis was reported in
patients given recombinant interferon alfa2-4 and peginterferon
alfa.5 However, no such effect was seen in 7 patients given inter-
feron gamma.6 Both vitiligo and psoriasis developed in a 10-
year-old girl with chronic hepatitis B infection given interferon
alfa; the skin conditions did not improve on stopping the interfer-
on treatment.7 A case8 of vitiligo occurring during the third
month of treatment for chronic hepatitis C with peginterferon
alfa and ribavirin has been reported; the condition persisted after
treatment with peginterferon was completed. Exacerbation of li-
chen planus has also been reported9 during interferon alfa treat-
ment (see also Effects on the Oral Mucosa, above). Cases of cu-
taneous sarcoidosis have been reported in patients with chronic
hepatitis C being treated with interferon or pegylated interferon
alfa plus ribavirin; skin lesions are usually benign and treatment
with interferon alfa may sometimes be continued with resolution
of the skin lesions occurring spontaneously or within a few
months of completing treatment.10,11 Cutaneous vascular lesions
with punctate telangiectasias were noted in 18 of 44 patients
treated with interferon alfa-2a; lesions did not appear at the injec-
tion site.12 Severe necrotising cutaneous lesions were reported at
injection sites in a patient given recombinant interferon beta-1b;
the lesions healed when interferon alfa-n3 was substituted.13

However, cutaneous necrosis has also been associated with inter-
feron alfa14,15 and peginterferon alfa.16 Five cases17 of a self-re-
solving cutaneous lesion at the injection site of interferon, mim-
icking lupus erythematosus, have been reported; 3 of them
involved interferon alfa therapy for malignant melanoma and the
other 2 patients were being given interferon beta for multiple
sclerosis. Fatal paraneoplastic pemphigus developed in a patient

given interferon alfa-2a.18 Hyperpigmentation of the skin and
tongue has been described19 in 2 dark-skinned patients during
treatment with interferon alfa and ribavirin.
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Shock. Fatal non-cardiogenic shock occurred after the third
dose of interferon alfa-2b in a patient with malignant melanoma.1
There were similarities to a fatal reaction reported in another pa-
tient with malignant melanoma (see under Effects on Skeletal
Muscle, above).
1. Carson JJ, et al. Fatality and interferon α for malignant melano-

ma. Lancet 1998; 352: 1443–4.

Precautions
Interferons should be used with caution or avoided al-
together in patients with depression or psychiatric dis-
orders, epilepsy or other CNS diseases, severe renal or
hepatic impairment, chronic hepatitis with advanced,
decompensated hepatic disease or cirrhosis of the liver,
auto-immune hepatitis, cardiac disorders, myelosup-
pression, poorly controlled thyroid dysfunction, pul-
monary disease, diabetes mellitus, auto-immune dis-
eases, coagulation disorders, or a history of these
conditions. 
All patients receiving interferons should be closely
monitored for any signs or symptoms of psychiatric
disorders; if psychiatric symptoms continue or worsen,
or suicidal ideation is identified, then interferon thera-
py should be stopped. 
Interferon treatment is not advised for patients whose
hypoglycaemia, hyperglycaemia and/or diabetes melli-
tus is not effectively controlled; patients who develop
these conditions during treatment and cannot be con-
trolled with medication should stop interferon treat-
ment. Standard blood and biochemical laboratory tests
(including thyroid function) should be done before
starting treatment with interferon and then periodically
during therapy. Interferon should be used with caution
in patients also receiving other potentially myelosup-
pressive agents. 
Assessment of cardiac function is advised before treat-
ment is started in patients with pre-existing cardiac ab-
normalities and if there is any deterioration of cardio-
vascular status interferon should be suspended or
stopped. 
Hepatic and renal function should be monitored during
treatment with interferons. Interferon treatment should
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be stopped in patients who develop evidence of liver
decompensation during treatment. Treatment should
also be stopped in those patients who despite the dose
of interferon being reduced still have progressive and
clinically significant increases in serum-alanine ami-
notransferase. 
Patients receiving interferons who have visual distur-
bances should undergo eye examination. A baseline
ocular examination is recommended before treatment,
and periodic eye examinations should be performed
throughout treatment in patients predisposed to retin-
opathy, such as those with diabetes mellitus or hyper-
tension; treatment should be stopped in patients who
develop new or worsening ophthalmologic disorders. 
Patients with psoriasis or sarcoidosis have been report-
ed to experience exacerbations during interferon alfa
therapy. 
Patients should receive adequate fluids to maintain hy-
dration during treatment with interferon alfa since hy-
potension related to fluid depletion has been seen in
some patients. 
Interferons may affect the ability to drive or operate
machinery. 
Antibodies may develop to exogenous interferon that
reduce its activity.
Asthma. For a report of severe exacerbation of asthma in pa-
tients receiving interferon alfa, see Effects on the Respiratory
System, above.

Breast feeding. The American Academy of Pediatrics1 states
that there have been no reports of any clinical effect on the infant
associated with the use of interferon alfa by breast-feeding moth-
ers, and that therefore it may be considered to be usually compat-
ible with breast feeding. It has been suggested that interferons are
too large in molecular weight to transfer into breast milk in clin-
ically relevant amounts.2

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 12/06/08) 

2. Kumar AR, et al. Transfer of interferon alfa into human breast
milk. J Hum Lact 2000; 16: 226–8.

Psychiatric disorders. For comment on the risk of mood dis-
orders in patients with a history of such disorders, see Effects on
the Nervous System and Mental State, above.

Interactions
Interactions involving interferons have not been fully
evaluated, but it is known that they can inhibit hepatic
oxidative metabolism via cytochrome P450 enzymes;
the clinical relevance of this interaction is unclear and
thus caution should be exercised during use with drugs
metabolised in this way. Studies with peginterferon
alfa showed increased activity of the cytochrome P450
isoenzymes CYP2C8/9 and CYP2D6; caution is ad-
vised when giving peginterferon alfa with drugs that
are metabolised by these isoenzymes, such as warfarin,
phenytoin, and flecainide. Interferon and peginterferon
alfa have been shown to inhibit the metabolism of the-
ophylline which is metabolised via the cytochrome
P450 isoenzyme CYP1A2. Drugs likely to exacerbate
the haematological effects of interferons, such as riba-
virin and zidovudine, should also be used with caution.
Interferons may also increase the neurotoxic and cardi-
otoxic effects of other drugs.
ACE inhibitors. For a report of possible synergistic haemato-
logical toxicity in patients receiving interferon alfa and ACE in-
hibitors, see p.1196.

Anticoagulants. For reference to potentiation of acenocou-
marol or warfarin necessitating dosage reduction in patients also
receiving interferon alfa, see p.1430.

Antineoplastics. For reduction in the area under the plasma
concentration-time curve for melphalan in patients receiving in-
terferon alfa, see p.742.

Antivirals. For a report of synergistic bone-marrow toxicity
with interferon alfa and zidovudine, see p.915.

Paracetamol. Three patients had increases in liver enzyme val-
ues when given paracetamol 1 g two or three times daily on the
same three days each week as interferon alfa; vinblastine was

also given every third week.1 Paracetamol has also been found to
enhance the antiviral effect of interferon alfa in healthy subjects.2

1. Kellokumpu-Lehtinen P, et al. Hepatotoxicity of paracetamol in
combination with interferon and vinblastine. Lancet 1989; i:
1143. 

2. Hendrix CW, et al. Modulation of α-interferon’s antiviral and
clinical effects by aspirin, acetaminophen, and prednisone in
healthy volunteers. Antiviral Res 1995; 28: 121–31.

Thalidomide. For reports of toxicity associated with interfer-
ons and thalidomide, see p.2398.

Theophylline. For reference to reduced clearance of theophyl-
line in patients receiving interferon alfa, see p.1144.

Antiviral Action
Interferons are naturally occurring proteins produced
by eukaryotic cells in response to viral infection and
other biological inducers that confer protection on un-
infected cells of the same species. They are cytokines
that affect many cell functions and have, in addition to
their antiviral activity, antiproliferative and immu-
noregulatory properties. Three major classes have been
identified: alfa, beta and gamma. Interferon alfa and
beta are classified as Type I interferons and interferon
gamma is a Type II interferon. These interferons have
overlapping but clearly distinct biological activities;
interferon gamma in particular is a potent macrophage-
stimulating factor. 
Interferons exert their biological effect by binding to
specific receptors on the surface of human cells. After
binding, a cascade of intracellular events, including the
induction of certain enzymes, occurs. This process is
thought to be responsible for the various cellular re-
sponses to interferon, including inhibition of virus rep-
lication in virus-infected cells, suppression of cell pro-
liferation and such immunomodulating activities as
enhancement of the phagocytic activity of macrophag-
es and augmentation of the specific cytotoxicity of
lymphocytes for target cells. 
Pegylated interferons have similar, but possibly slight-
ly weaker, actions to the native forms. 
Studies have shown interferons to have benefit in in-
fections with hepatitis B virus, hepatitis C virus, herpes
simplex viruses, varicella-zoster virus, CMV, rhinovi-
ruses, and papillomaviruses.

Pharmacokinetics
Interferons are not absorbed from the gastrointestinal
tract. More than 80% of a subcutaneous or intramuscu-
lar dose of interferon alfa is absorbed. After intramus-
cular injection, interferon alfa produced by recom-
binant techniques and that from cultured leucocytes
produce similar plasma concentrations although there
is a large interindividual variation. Plasma concentra-
tions are dose-related; and peak concentrations are usu-
ally reached within 4 to 8 hours returning to baseline by
16 to 24 hours. After intravenous doses, serum interfer-
on levels decline at a slightly faster rate than after sub-
cutaneous or intramuscular use and are undetectable 4
hours after infusion. After systemic use low levels of
interferon are detected in respiratory secretions, CSF,
eye, and brain. The elimination half-life of interferon
alfa is about 2 to 7 hours after subcutaneous or intra-
muscular injections and 2 hours after intravenous infu-
sion. Interferon alfa undergoes renal catabolism and
negligible amounts of interferons are excreted in the
urine; biliary excretion and liver metabolism are minor
pathways of elimination. 
The attachment of interferon to large inert macrogol
(polyethylene glycol; PEG) molecules, termed pegyla-
tion, substantially reduces the rate of absorption and
excretion of interferon and increases the plasma con-
centration. After a subcutaneous dose of peginterferon
alfa-2b the maximum serum concentration is attained
in about 15 to 44 hours and high concentrations are
sustained for 48 to 72 hours; the mean elimination half-
life is approximately 40 hours. The maximum serum
concentration of peginterferon alfa-2a is attained about
72 to 96 hours after subcutaneous dosing and the mean

terminal half-life is approximately 160 hours. The ab-
solute bioavailability of peginterferon alfa-2a is 84%
and is similar to that of unmodified interferon alfa-2a.
◊ Reviews.
1. Zeuzem S, et al. Pharmacokinetics of peginterferons. Semin Liv-

er Dis 2003; 23 (suppl 1): 23–8. 
2. Pedder SC. Pegylation of interferon alfa: structural and pharma-

cokinetic properties. Semin Liver Dis 2003; 23 (suppl 1): 19–22. 
3. Caliceti P. Pharmacokinetics of pegylated interferons: what is

misleading? Dig Liver Dis 2004; 36 (suppl 3): S334–9.

Uses and Administration
The interferons are cytokines that have a range of ac-
tivities. In addition to their action against viruses they
are active against malignant neoplasms and have an
immunomodulating effect. Several alfa interferons are
available: interferon alfa-2a (rbe), interferon alfa-2b
(rbe), alfa-n3 (bls), alfacon-1 (rbe), and the pegylated
interferons peginterferon alfa-2a (rbe) and peginterfer-
on alfa-2b (rbe). 
Alfa interferons are used in chronic hepatitis B (alfa-2a
and its pegylated form and alfa-2b) and chronic hepa-
titis C (alfa-2a and its pegylated form, alfa-2b and its
pegylated form, and alfacon-1); in several malignant
neoplasms including AIDS-related Kaposi’s sarcoma
(alfa-2a and alfa-2b), hairy-cell leukaemia (alfa-2a
and alfa-2b), chronic myeloid leukaemia (alfa-2a and
alfa-2b), follicular lymphoma (alfa-2a and alfa-2b),
cutaneous T-cell lymphoma (alfa-2a), carcinoid tu-
mours (alfa-2b), melanoma (alfa-2a and alfa-2b), mul-
tiple myeloma (alfa-2b), and renal cell carcinoma (al-
fa-2a); and in condylomata acuminata (alfa-2b and
alfa-n3). 
ADMINISTRATION AND DOSAGE. Dosage regimens for
alfa interferons are as follows: 
• Chronic active hepatitis B. Interferon alfa-2a is given in a

dose of 2.5 to 5 million units/m2 three times weekly by sub-
cutaneous injection for 4 to 6 months. Peginterferon alfa-2a
is given in a dose of 180 micrograms once weekly subcuta-
neously for 48 weeks. Interferon alfa-2b is given in a dose
of 5 to 10 million units three times weekly for 4 to 6 months,
or 5 million units daily for 16 weeks, by subcutaneous or
intramuscular injection. 

• Chronic hepatitis C. Interferon alfa-2a is given in a dose
of 3 to 4.5 million units three times weekly by subcutaneous
injection for 6 months when it is used with ribavirin. In pa-
tients unable to tolerate ribavirin, interferon alfa-2a mono-
therapy is given either in an initial dose of 3 to
6 million units three times weekly for 6 months followed by
3 million units three times weekly for an additional 6
months, or in a dose of 3 million units three times weekly
for 12 months, by subcutaneous injection. Peginterferon
alfa-2a is given in a dose of 180 micrograms once weekly
subcutaneously, with ribavirin or as monotherapy, for 24 to
48 weeks (depending on genotype). Interferon alfa-2b is
given in a dose of 3 million units three times weekly for 6 to
12 months (depending on genotype) with ribavirin or, when
given as monotherapy, for 6 to 18 months, or for up to 24
months (depending on genotype), by subcutaneous or intra-
muscular injection. Peginterferon alfa-2b is given subcuta-
neously in a dose of 1.5 micrograms/kg once weekly for 24
to 48 weeks with ribavirin, or in a dose of 0.5 or
1 microgram/kg once weekly for 24 to 48 weeks when giv-
en as monotherapy. Interferon alfacon-1 is given in a dose
of 9 micrograms three times weekly by subcutaneous injec-
tion for 24 weeks followed by 15 micrograms three times
weekly for up to 48 weeks if necessary. 

• AIDS-related Kaposi’s sarcoma. Interferon alfa-2a is
usually given in an escalating dose of 3 million units daily
for 3 days, 9 million units daily for 3 days, 18 million units
daily for 3 days, and 36 million units daily, if tolerated, on
days 10 to 84, by subcutaneous injection; thereafter the
maximum tolerated dose (up to 36 million units) may be
given three times weekly. Interferon alfa-2b is given in a
dose of 30 million units/m2 three times weekly, by subcuta-
neous or intramuscular injection. 

• Hairy-cell leukaemia. Interferon alfa-2a is given in an ini-
tial subcutaneous dose of 3 million units daily for 16 to 24
weeks, then the same dose three times weekly, by subcuta-
neous injection. Treatment has continued for up to 24
months. Interferon alfa-2b is given in a dose of
2 million units/m2 three times weekly by subcutaneous or
intramuscular injection for up to 6 months or more. 
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• Chronic myeloid leukaemia. Interferon alfa-2a is given by
subcutaneous injection in an escalating dose of
3 million units daily for 3 days, 6 million units daily for 3
days, and 9 million units daily thereafter. Patients showing
a response after 12 weeks should continue treatment until a
complete haematological response is achieved or for a max-
imum of 18 months; those who achieve a complete haema-
tological response should continue on 9 million units daily
(or a minimum of 9 million units three times weekly) in or-
der to achieve a cytogenetic response. Interferon alfa-2b is
given in a dose of 4 to 5 million units/m2 daily by subcuta-
neous injection, continuing at the maximum tolerated dose
to maintain remission (usually 4 to 5 million units/m2 dai-
ly). 

• Follicular lymphoma. Interferon alfa-2a is given as an ad-
junct to chemotherapy in a dose of 6 million units/m2 daily
by subcutaneous injection on days 22 to 26 of each 28-day
chemotherapy cycle. Interferon alfa-2b is given as an ad-
junct to chemotherapy in a dose of 5 million units three
times weekly by subcutaneous injection for 18 months. 

• Cutaneous T-cell lymphoma. Interferon alfa-2a is given
by subcutaneous injection in an escalating dose of
3 million units daily for 3 days, then 9 million units daily
for 3 days, and then 18 million units daily to complete 12
weeks of treatment. The maximum tolerated dose (up to
18 million units) is then given three times weekly for a min-
imum of 12 months in responding patients. 

• Carcinoid tumours. Interferon alfa-2b is given in a dose of
3 to 9 million units (usually 5 million units) three times
weekly by subcutaneous injection. In advanced disease,
5 million units may be given daily. 

• Melanoma. Interferon alfa-2a is given in a dose of
3 million units three times weekly by subcutaneous injec-
tion for 18 months. Treatment should start no later than 6
weeks after surgery. Interferon alfa-2b is given in an initial
dose of 20 million units/m2 daily on 5 days each week for 4
weeks by intravenous infusion over 20 minutes, and then
for maintenance 10 million units/m2 three times weekly by
subcutaneous injection for 48 weeks. 

• Multiple myeloma. Interferon alfa-2b is given as mainte-
nance treatment following chemotherapy induction at a
dose of 3 million units/m2 three times weekly by subcutane-
ous injection. 

• Renal cell carcinoma. Interferon alfa-2a is given as an ad-
junct to cytotoxic chemotherapy in an escalating dose of
3 million units three times weekly for one week, then
9 million units three times weekly for one week, then
18 million units three times weekly thereafter for 3 to 12
months, by subcutaneous injection. 

• Condylomata acuminata. Interferon alfa-2b is given in a
dose of 1 million units injected into each lesion three times
weekly for 3 weeks, and repeated after 12 to 16 weeks if
necessary. No more than 5 lesions should be treated in each
treatment course. Interferon alfa-n3 is given in a dose of
0.25 million units per lesion twice weekly for up to 8 weeks,
to a maximum of 2.5 million units in each session. 

See below for further details of these as well as some
other uses of alfa interferons.
◊ General reviews of interferons.
1. Volz MA, Kirkpatrick CH. Interferons 1992: how much of the

promise has been realised? Drugs 1992; 43: 285–94. 
2. Dorr RT. Interferon-α malignant and viral diseases: a review.

Drugs 1993; 45: 177–211. 
3. Haria M, Benfield P. Interferon-α-2a: a review of its pharmaco-

logical properties and therapeutic use in the management of viral
hepatitis. Drugs 1995; 50: 873–96. 

4. Ruszczak Z, Schwartz RA. Interferons in dermatology: biology,
pharmacology, and clinical applications. Adv Dermatol 1997;
13: 235–88. 

5. Edwards L. The interferons. Dermatol Clin 2001; 19: 139–46,
ix. 

6. Moschos S, et al. Interferons in the treatment of solid tumors.
Cancer Treat Res 2005; 126: 207–41. 

7. Pestka S. The interferons: 50 years after their discovery, there is
much more to learn. J Biol Chem 2007; 282: 20047–51.

Age-related macular degeneration. In age-related macular
degeneration (senile macular degeneration), a common cause of
visual impairment in the elderly, there is a gradual and progres-
sive deterioration of central vision usually affecting both eyes
(p.785). Although some encouraging preliminary results1-4 have
been obtained with interferon alfa, controlled data showed no
benefit after treatment for one year.5
1. Fine SL, et al. Age-related macular degeneration. N Engl J Med

2000 342: 483–92. 
2. Arnold JJ, Sarks SH. Extracts from "clinical evidence": age re-

lated macular degeneration. BMJ 2000 321: 741–4. 
3. Comer GM, et al. Current and future treatment options for non-

exudative and exudative age-related macular degeneration.
Drugs Aging 2004 21: 967–92. 

4. Sun JK, Miller JW. Medical treatment of choroidal neovascular-
ization secondary to age-related macular degeneration. Int Oph-
thalmol Clin 2005 45: 115–32. 

5. Pharmacological Therapy for Macular Degeneration Study
Group. Interferon alfa-2a in ineffective for patients with choroi-
dal neovascularization secondary to age-related macular degen-
eration: results of a prospective randomized placebo-controlled
clinical trial. Arch Ophthalmol 1997; 115: 865–72.

Angiomatous disease. Encouraging responses were reported
in 4 of 5 children treated with interferon alfa-2a for various angi-
omatous diseases.1 Regression of haemangioma size by more
than 50% was achieved in 11 of 18 infants and children given
interferon alfa-2a for 1 to 5 months,2 and in 11 of 19 children
treated for at least 4 months.3 Interferon alfa-2b has also been
found to cause regression of haemangioma in 27 of 38 children
treated for at least 6 months.4 In addition, there have been reports
of the successful use of interferon alfa-2b to treat infantile giant
cell angioblastoma5 and pelvic metastases of adult haemangioen-
dothelioma of the liver.6 
The use of interferons as anti-angiogenic agents has been re-
viewed.7
1. White CW, et al. Treatment of childhood angiomatous diseases

with recombinant interferon alfa-2a. J Pediatr 1991; 118: 59–66. 
2. Deb G, et al. Treatment of hemangiomas of infants and babies

with interferon alfa-2a: preliminary results. Int J Pediatr Hema-
tol/Oncol 1996; 3: 109–13. 

3. Greinwald JH, et al. An update on the treatment of hemangiomas
in children with interferon alfa-2a. Arch Otolaryngol Head Neck
Surg 1999; 125: 21–7. 

4. Garmendía G, et al. Regression of infancy hemangiomas with
recombinant IFN-α 2b. J Interferon Cytokine Res 2001; 21:
31–8. 

5. Marler JJ, et al. Successful antiangiogenic therapy of giant cell
angioblastoma with interferon alfa 2b: report of 2 cases. Pediat-
rics 2002; 109: e37. Also available at:
http://pediatrics.aappublications.org/cgi/content/full/109/2/e37
(accessed 12/06/08) 

6. Kayler LK, et al. Epithelioid hemangioendothelioma of the liver
disseminated to the peritoneum treated with liver transplantation
and interferon alpha-2B. Transplantation 2002; 74: 128–30. 

7. Lindner DJ. Interferons as antiangiogenic agents. Curr Oncol
Rep 2002; 4: 510–14.

Behçet’s syndrome. Behçet’s syndrome (p.1499) is a system-
ic inflammatory disorder characterised by recurrent attacks of
oral aphthous ulcers, genital ulcers, skin lesions, uveitis or other
manifestations affecting the blood vessels, gastrointestinal tract,
and respiratory and central nervous systems. Treatment is essen-
tially symptomatic and empirical. A review of the literature1

identified 338 patients who had been given interferon alfa (264
patients had received interferon alfa-2a and 74 interferon alfa-
2b). Mucocutaneous symptoms improved in 86% of the patients;
articular manifestations were present in 90 patients and 95% of
them showed a partial or complete response to interferon alfa
treatment. Ocular manifestations were present in 182 patients
and 94% of them showed a partial or complete response to treat-
ment. Higher doses were reported to be more effective than low-
dose regimens. A review2 on the management of Behçet’s syn-
drome reported that treatment with interferon-alfa during an in-
flammatory attack improved the duration of and pain associated
with oral aphthous ulcers; beneficial effects were also reported in
patients with ocular manifestations. Randomised, controlled
studies had shown that interferon alfa prevented recurrent attacks
and it was considered to be effective in suppressing more severe
systemic features, as well as mucocutaneous ones. Open studies
with interferon alfa indicated that it might be of benefit in pa-
tients with disease resistant to conventional immunosuppressive
treatments.
1. Kötter I, et al. The use of interferon alpha in Behçet disease:

review of the literature. Semin Arthritis Rheum 2004; 33:
320–35. 

2. Gul A. Standard and novel therapeutic approaches to Behçet’s
disease. Drugs 2007; 67: 2013–22.

Blood disorders. Interferon alfa may be used in the manage-
ment of the myeloproliferative disorders such as primary (essen-
tial) thrombocythaemia1-3 (p.654), polycythaemia vera,1-4

(p.654) and agnogenic myeloid metaplasia.2 Benefit has also
been reported with interferon alfa in patients with HIV-associat-
ed thrombocytopenia,5 although interferons have been reported
to induce immune thrombocytopenia, and there has been a report
of bleeding in a patient with idiopathic thrombocytopenic purpu-
ra (see Effects on the Blood under Adverse Effects, above). 
In addition to case reports of interferon alfa producing improve-
ments in patients with idiopathic hypereosinophilic syndrome6-8

who had not responded to corticosteroids or hydroxycarbamide,
studies have also shown beneficial responses to interferon alfa
used alone9 or with corticosteroids or hydroxycarbamide.10,11 
See also under Malignant Neoplasms, below. 
Paradoxically, interferon alfa has also been used with some suc-
cess in patients with thrombocytopenia associated with hepatitis
C.12-14
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vera and essential thrombocythemia. Semin Thromb Hemost
1997; 23: 463–72. 

2. Radin AI, et al. Eastern Cooperative Oncology Group. Phase II
study of alpha2 interferon in the treatment of the chronic mye-
loproliferative disorders (E5487): a trial of the Eastern Cooper-
ative Oncology Group. Cancer 2003; 98: 100–109. 

3. Jabbour E, et al. PEG-IFN-alpha-2b therapy in BCR-ABL-neg-
ative myeloproliferative disorders: final result of a phase 2
study. Cancer 2007; 110: 2012–18. 
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cythemia vera. Ann Hematol 2000; 79: 103–9. 
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Ann Intern Med 1994; 121: 423–9. 
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review. J Dermatol 2000; 27: 110–15. 

9. Butterfield JH, Gleich GJ. Interferon-α treatment of six patients
with the idiopathic hypereosinophilic syndrome. Ann Intern
Med 1994; 121: 648–53. 

10. Coutant G, et al. Traitement des syndromes hyperéosi-
nophiliques à expression myeloproliferative par l’association
hydroxyurée-interféron alpha. Ann Med Interne (Paris) 1993;
144: 243–50. 

11. Baratta L, et al. Favorable response to high-dose interferon-al-
pha in idiopathic hypereosinophilic syndrome with restrictive
cardiomyopathy: case report and literature review. Angiology
2002; 53: 465–70. 

12. Uygun A, et al. Interferon treatment for thrombocytopenia asso-
ciated with chronic HCV infection. Int J Clin Pract 2000; 54:
683–4. 

13. Rajan S, Liebman HA. Treatment of hepatitis C related throm-
bocytopenia with interferon alpha. Am J Hematol 2001; 68:
202–9. 

14. Benci A, et al. Thrombocytopenia in patients with HCV-posi-
tive chronic hepatitis: efficacy of leucocyte interferon-α treat-
ment. Int J Clin Pract 2003; 57: 17–19.

Churg-Strauss syndrome. For reports that interferon alfa
may be beneficial in Churg-Strauss syndrome, see p.1501.
Hepatitis. Interferon alfa (including peginterferon alfa) is one
of the main drugs used in the treatment of viral hepatitis B and C
and chronic hepatitis B and C co-infection with HIV (p.851) and
has been the subject of several general reviews.1-3 
Interferon alfa was the first drug approved for the management
of chronic hepatitis B. A meta-analysis4 found that a significant-
ly higher percentage of patients with chronic hepatitis B who
were HBeAg-positive, and treated with interferon alfa for 3 to 6
months, became HbeAg-negative compared with the untreated
control group. Interferon alfa was found to be most effective
when it was used in patients with recently acquired hepatitis B
infection, high pre-treatment ALT, and low hepatitis B DNA lev-
els. Studies have suggested that subcutaneous peginterferon alfa
is as effective or slightly more effective than interferon alfa given
subcutaneously.5 Results from various studies6 have shown
peginterferon alfa to be more effective than the antiviral lamivu-
dine, in both HBeAg-positive7 and HBeAg-negative patients
with chronic hepatitis B,8 when peginterferon alfa was given
subcutaneously, once weekly for 48 weeks. However, the addi-
tion of lamivudine to peginterferon alfa did not significantly en-
hance efficacy.8,9 Interferon alfa can produce benefit in some pa-
tients co-infected with chronic hepatitis B and D.10 However,
these co-infected patients are less responsive to interferon thera-
py than patients infected with hepatitis B virus alone. A study10

with high-dose interferon alfa (9 million units) given 3 times a
week for 48 weeks reported normalisation of ALT and inhibition
of hepatitis D viral replication in 50% of the patients. However,
relapse was common after treatment was stopped, although bio-
chemical responses persisted for up to 4 years. Long-term fol-
low-up of this same group of patients for 2 to 14 years revealed
that high-dose interferon alfa may improve long-term outcome
and patient survival.11 
The first available treatment for chronic hepatitis C was inter-
feron alfa-2b, and this was followed by interferon alfa-2a, given
subcutaneously 3 times a week. A meta-analysis12 of studies in-
volving interferon treatment of hepatitis C suggested that treat-
ment with interferon alfa 3 million units three times weekly for
at least 12 months had the best risk-benefit ratio for patients with
chronic hepatitis C. Studies13,14 with once-weekly peginterferon
alfa showed it to be more effective than interferon alfa given
three times weekly in patients with chronic hepatitis C, including
those with cirrhosis or extensive fibrosis.15 
Combination therapy with interferon alfa and oral ribavirin for
the treatment of chronic hepatitis C is more effective than either
drug alone with sustained responses having been recorded, and
is now generally considered to be the treatment of first
choice.16,17 A meta-analysis18 of randomised studies has con-
cluded that combination therapy is also more effective for chron-
ic hepatitis C in patients who had failed to respond to interferon
alone or to any other previous treatment. Studies19,20 suggest that
combination therapy with peginterferon alfa and ribavirin may
be more effective and better tolerated than interferon alfa plus
ribavirin. One study19 with peginterferon alfa-2b or interferon
alfa-2b and ribavirin showed a sustained virological response
(SVR) of around 42% in patients with viral genotype 1, com-
pared with about 80% in patients with genotypes 2 and 3. A
review21 of the use of peginterferon alfa with ribavirin has also
concluded that this combination is superior to interferon alfa plus
ribavirin or to peginterferon alfa alone. The British Society for
Gastroenterology22 and the American Association for the Study
of Liver Diseases (AASLD)23 recommend weekly subcutaneous
peginterferon alfa with daily oral ribavirin as the first choice of
treatment for chronic hepatitis C. 
Guidelines for the management of HIV and hepatitis B co-in-
fection have been developed by various expert groups.24-26 In pa-
tients not requiring HIV therapy interferon alfa for 4 to 6 months
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is considered suitable for non-cirrhotic HBeAg-positive patients,
but limited evidence suggests that peginterferon alfa may be
more effective.24 Treatment of HIV and hepatitis C co-infected
patients has been associated with a high rate of intolerance and a
low rate of response. While combination therapy for hepatitis C
is not as effective in co-infected patients as in those with hepatitis
C alone, studies27-29 have shown sustained virological responses
with peginterferon alfa and ribavirin treatment in co-infected pa-
tients. Two studies27,29 reported an SVR rate of 27% for patients
given peginterferon alfa plus ribavirin as opposed to 12 to 20%
in those treated with interferon alfa plus ribavirin. The APRI-
COT study group28 reported an SVR rate of 40% for patients
treated with peginterferon alfa plus ribavirin, compared with
20% for those given peginterferon alfa monotherapy and 12%
for those given interferon alfa plus ribavirin. A much reduced
rate of SVR to peginterferon alfa plus ribavirin therapy was
found, however, in co-infected patients with hepatitis C virus
genotype 1 (29%) compared with hepatitis C virus of genotypes
2 and 3 (62%) and further study is required to develop strategies
for treating infection with genotype 1.28,29 The British HIV As-
sociation guidelines30 for the treatment and management of HIV
and hepatitis C co-infection recommends combination therapy
with peginterferon alfa and ribavirin for 48 weeks in patients
with moderate liver disease and well controlled HIV disease.
Similar recommendations have been made by the AASLD.23 For
further discussion on the management of chronic hepatitis B and
C patients co-infected with HIV, see p.851. 
Although antivirals are generally not required in acute hepatitis,
treatment of acute hepatitis C with interferon alfa has been
shown to produce more rapid resolution of viraemia31 and may
decrease the risk of chronic hepatitis developing.32 Studies33 with
peginterferon alfa-2b, in a small number of patients with acute
hepatitis C, have shown similar efficacy. The AASLD23 recom-
mends that either interferon or peginterferon alfa given for a pe-
riod of at least 6 months should be considered for the treatment
of acute hepatitis C if the infection persists 2 to 4 months after
diagnosis. Similar views have been published by the Clinical Ef-
fectiveness Group of the British Association of Sexual Health
and HIV34 and by the Scottish Intercollegiate Guidelines Net-
work.35
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Herpes simplex infections. Herpes simplex infections are
commonly treated with aciclovir (see p.854), but beneficial re-
sponses to topical interferon alfa have been reported in genital
herpes, although results are mixed.1 Interferon alfa has also been
reported to have benefit in the treatment of herpes keratitis. A
systematic review2 of interventions for herpes simplex epithelial
keratitis found that interferon monotherapy had a slightly bene-
ficial effect on dendritic epithelial keratitis, but no more than that
of other antivirals and concluded that the use of an antiviral nu-
cleoside with interferon seemed to speed healing.
1. Leung DT, Sacks SL. Current recommendations for the treat-

ment of genital herpes. Drugs 2000; 60: 1329–52. 
2. Wilhelmus KR. Therapeutic interventions for herpes simplex vi-

rus epithelial keratitis. Available in The Cochrane Database of
Systematic Reviews; Issue 1. Chichester: John Wiley; 2008 (ac-
cessed 13/06/08).

HIV infection and AIDS. Interferons have been tried with
some success in the management of Kaposi’s sarcoma and my-
cobacterial infections in patients with AIDS (see below and un-
der Interferon Gamma, p.894, respectively).
Inflammatory bowel disease. Interferon alfa is one of many
drugs that have been tried in inflammatory bowel disease
(p.1697). A study1 found that clinical remission was achieved in
26 of 28 patients with ulcerative colitis after 6 to 12 months of
treatment with interferon alfa-2a. Partial remission was reported
in 2 of 5 patients with Crohn’s disease2 given interferon alfa, but
in another study in 12 patients3 interferon alfa was of no benefit.
Interferon beta has also been found to be of benefit for the treat-
ment of ulcerative colitis unresponsive to corticosteroids.4
1. Sümer N, Palabiyikoğlu M. Induction of remission by interfer-

on-α in patients with chronic active ulcerative colitis. Eur J Gas-
troenterol Hepatol 1995; 7: 597–602. 

2. Davidsen B, et al. Tolerability of interferon alpha-2b, a possible
new treatment of active Crohn’s disease. Aliment Pharmacol
Ther 1995; 9: 75–9. 

3. Gasché C, et al. Prospective evaluation of interferon-α in treat-
ment of chronic active Crohn’s disease. Dig Dis Sci 1995; 40:
800–4. 

4. Musch E, et al. Induction and maintenance of clinical remission
by interferon-β in patients with steroid-refractory active ulcera-
tive colitis—an open long-term pilot trial. Aliment Pharmacol
Ther 2002; 16: 1233–9.

Kaposi’s sarcoma. The various treatments used for Kaposi’s
sarcoma, including the role of HAART as first-line therapy in the
AIDS-related form, are discussed on p.675. Interferon alfa has
been used in AIDS-related Kaposi’s sarcoma and in patients with
the classical, nonepidemic form. In patients with AIDS-related
Kaposi’s sarcoma interferon alfa, either as monotherapy or with
zidovudine, has shown benefit in HIV-positive patients provided
they possess relatively elevated CD4+ T lymphocyte counts
(greater than 150 cells/microlitre),1 although other drugs have
generally replaced interferon alfa as treatment for Kaposi’s sar-

coma.2 Systemic and local therapy such as interferon alfa and
chemotherapy may be combined with HAART.3
1. Jonasch E, Haluska FG. Interferon in oncological practice: re-

view of interferon biology, clinical applications, and toxicities.
Oncologist 2001; 6: 34–55. 

2. Krown SE. AIDS-associated Kaposi’s sarcoma: is there still a
role for interferon alfa? Cytokine Growth Factor Rev 2007; 18:
395–402. 

3. Aldenhoven M, et al. Therapeutic strategies for epidemic Kapo-
si’s sarcoma. Int J STD AIDS 2006; 571–8.

Malignant neoplasms. Many reports have been published on
the effects of interferons on various neoplasms; most have in-
volved interferon alfa. 
Interferons have become established in the treatment of a few
malignant disorders, notably hairy-cell leukaemia (but see
p.654), Kaposi’s sarcoma (see above), and chronic myeloid leu-
kaemia (p.653). Alfa interferons may improve the duration of re-
mission in multiple myeloma,1-4 but not necessarily survival.2,5

Combination therapy including interferons has also been used in
indolent low-grade non-Hodgkin’s lymphoma (p.656) and inter-
feron alfa has been used alone to maintain remission. In renal cell
carcinoma (p.667) response to interferon alfa used with inter-
leukin-2 has been promising, but toxicity high; interferon alfa
alone produces very modest benefit.6 Beneficial responses have
also been reported in a number of other neoplasms including
melanoma (p.673); carcinoid tumours7 (p.643); myelodysplasia;
cutaneous T cell lymphomas including mycosis fungoides
(p.657); and in meningioma.8,9 Interferons have been given lo-
cally as an adjunct to surgery for superficial bladder tumours
(p.659) and intralesionally or perilesionally in basal cell
carcinoma10-12 and also for keloid scars.13,14 Use of interferon
alfa with fluorouracil has been tried in inoperable colorectal can-
cer but does not appear to be more beneficial than fluorouracil
alone.15 Interferon alfa given with zidovudine has produced en-
couraging results in adult T-cell leukaemia-lymphoma.16

Peginterferon alfa has also been shown to be effective in the
management of chronic myeloid leukaemia and solid tumours,
including metastatic melanoma and renal cell carcinoma.17
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cet 1995; 345: 331. 

9. Kaba SE, et al. The treatment of recurrent unresectable and ma-
lignant meningiomas with interferon alpha-2B. Neurosurgery
1997; 40: 271–5. 

10. Kowalzick L, et al. Intralesional recombinant interferon beta-1a
in the treatment of basal cell carcinoma: results of an open-label
multicentre study. Eur J Dermatol 2002; 12: 558–61. 

11. Bostanci S, et al. Treatment of basal cell carcinoma located in
the head and neck region with intralesional interferon alpha-2a:
evaluation of long-term follow-up results. Clin Drug Investig
2005; 25: 661–7. 
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Dermatol 1990; 126: 1295–1302. 

14. Larrabee WF, et al. Intralesional interferon gamma treatment
for keloids and hypertrophic scars. Arch Otolaryngol Head
Neck Surg 1990; 116: 1159–62. 

15. Thirion P, et al. Alpha-interferon does not increase the efficacy
of 5-fluorouracil in advanced colorectal cancer: Meta-analysis
Group in Cancer. Br J Cancer 2001; 84: 611–20. 

16. Gill PS, et al. Treatment of adult T-cell leukemia-lymphoma
with a combination of interferon alfa and zidovudine. N Engl J
Med 1995; 332: 1744–8. 

17. Bukowski RM, et al. Treating cancer with PEG Intron: pharma-
cokinetic profile and dosing guidelines for an improved interfer-
on-alpha-2b formulation. Cancer 2002; 95: 389–96.

Mycobacterial infections. For the use of interferon alfa in
mycobacterial infections, see Interferon Gamma, p.894.
Progressive multifocal leukoencephalopathy. Beneficial
responses were reported in patients with HIV-associated progres-
sive multifocal leukoencephalopathy (PML) after treatment with
interferon alfa.1 Daily intramuscular interferon alfa therapy for 2
weeks also resulted in some neurologic improvement in a patient
identified as an asymptomatic human T-lymphotropic virus type
I carrier, who developed PML and pneumocystis pneumonia.2
However, in a retrospective analysis3 of the relative value of
HAART and interferon alfa in the treatment of PML associated
with AIDS, prolonged survival associated with interferon alfa
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was found to be not independent of the effects of HAART and it
was concluded that interferon alfa provided no additional bene-
fit.
1. Huang SS, et al. Survival prolongation in HIV-associated pro-

gressive multifocal leukoencephalopathy treated with alpha-in-
terferon: an observational study. J Neurovirol 1998; 4: 324–32. 

2. Kimura A, et al. Progressive multifocal leukoencephalopathy in
an HTLV-I carrier. Clin Neurol Neurosurg 2006; 108: 768–71. 

3. Geschwind MD, et al. The relative contributions of HAART and
alpha-interferon for therapy of progressive multifocal leukoen-
cephalopathy in AIDS. J Neurovirol 2001; 7: 353–7.

Skin disorders. For the use of interferon alfa in skin disorders
associated with raised IgE concentrations, see Interferon Gam-
ma, p.894.
Warts. Various interferons have been tried by various routes in
the treatment of anogenital warts (condylomata acuminata)
(p.1584). 
Intralesional injection has been used to ensure relatively high
concentrations of interferon in the wart but the occurrence of sys-
temic adverse effects shows that there is absorption from this
site. Complete responses were reported1 in 36% of patients given
intralesional interferon alfa-2b compared with 17% given place-
bo, and a corresponding overall reduction in the affected area of
62.4% compared with 1.2% respectively. However, follow-up
was not sufficiently long to comment on relapse rates. Another
study2 found similar responses using interferons alfa-2b, alfa-n1,
or beta in patients with refractory warts, with complete responses
in 47% of patients given intralesional interferons compared with
22% of patients given placebo. A study3 evaluating two different
doses of intralesional interferon beta given three times weekly
for 3 weeks reported complete responses in 63% of lesions in-
jected with 1 million units compared with 38% of lesions inject-
ed with 33 000 units. Good responses have also been reported in
patients with both refractory and recurrent warts given intrale-
sional interferon alfa-n3.4 Relapses were delayed and fewer
warts recurred in patients who had received interferon rather than
placebo. Intralesional interferon alfa-2b used with podophyllum
was more effective that podophyllum alone,5 although about
66% of patients in each group subsequently relapsed. A system-
atic review concluded that based on limited available evidence
intralesional interferons may have a therapeutic effect, but have
no significant advantage over simpler and safer treatments.6 
Topical application of interferon alfa has also been reported to be
more effective than podophyllotoxin.7,8 Interferon beta has also
been applied topically after surgical removal of warts.9 
Theoretically, systemic use should have advantages in control-
ling subclinical infections and reducing relapses. However, re-
sponses to subcutaneous interferon alfa have generally been
disappointing10-12 although responses comparable with cauteri-
sation and a reduction in relapse rates with either subcutaneous
or intramuscular interferon alfa-2b have been obtained.13 Infor-
mation on the use of systemic interferons as an adjunct to con-
ventional therapy is scarce but a study in 97 patients14 with recur-
rent warts found no difference in either response or relapse rates
in patients given cryotherapy with subcutaneous interferon alfa
or cryotherapy alone. A study comparing subcutaneous interfer-
on alfa, beta, and gamma used with cryotherapy found no signif-
icant difference in response rate, although patients given interfer-
on beta or gamma developed new warts at a lower frequency.15 
Intralesional plus subcutaneous interferon alfa has also been tried
in treatment of oral warts; 4 HIV-positive patients with recurrent
oral warts that had failed to respond to surgery and other treat-
ments responded to interferon alfa treatment.16
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Interferon Beta (BAN, rINN)

IFN-β; Interferón-β; Interferon-β; Interferón beta; Interféron bêta;
Interferoni beta; Interferonum Beta; SH-Y-579A (interferon beta-
1b).
Интерферон Бета
CAS — 74899-71-1 (interferon beta); 145258-61-3 (in-
terferon beta-1a); 145155-23-3 (interferon beta-1b);
90598-63-3 (interferon beta-1b).
ATC — L03AB02 (natural); L03AB07 (1a); L03AB08 (1b).
ATC Vet — QL03AB02 (natural); QL03AB07 (1a);
QL03AB08 (1b).

NOTE. Interferon beta was previously known as fibroblast inter-
feron. 
Interferon beta-1a and Interferon beta-1b are both USAN.
Nomenclature. Interferon beta may be derived from fibrob-
lasts, or produced by recombinant DNA technology. Sub-species
of the human beta gene produce interferon beta with protein var-
iants designated by a number (as in interferon beta-1). Interferon
beta-1 is further qualified by a letter to indicate the amino-acid
sequences at positions 1 and 17, and to indicate whether or not
glycosylation is present: 
• interferon beta-1a has methionine at position 1 and cysteine at

17 and is glycosylated at position 80 
• interferon beta-1b has serine at position 17 and is not glyco-

sylated 
The name may be further elaborated on the label by approved
sets of initials in parentheses to indicate the method of produc-
tion: (rch) indicates production from genetically engineered Chi-
nese hamster ovary cells; (rbe) indicates production from bacte-
ria (Escherichia coli) genetically modified by recombinant DNA
technology.

Adverse Effects
As for interferons in general (see Interferon Alfa,
p.885). 

Severe local reactions at injection sites, including tis-
sue necrosis, have been reported. Menstrual irregulari-
ties have been associated with interferon beta use. On
injection, transient neurological symptoms that may
mimic an exacerbation of multiple sclerosis have been
reported. In addition transient episodes of hypertonia
and/or severe muscular weakness may occur at any
time during treatment.
◊ Reviews.
1. Bayas A, Rieckmann P. Managing the adverse effects of interfer-

on-beta therapy in multiple sclerosis. Drug Safety 2000; 22:
149–59.

Auto-immune disorders. Reversible subacute cutaneous lu-
pus erythematosus1 and SLE2 have been reported in patients giv-
en interferon beta. A case3 of lupus erythematosus profundus has
been reported in a patient after 4 years of treatment with interfer-
on beta-1b for multiple sclerosis; the neurological symptoms and
subcutaneous nodules resolved after stopping treatment. There
have been case reports of patients developing myasthenia gravis
while receiving interferon beta; the patients responded to treat-
ment with pyridostigmine.4
1. Nousari HC, et al. Subacute cutaneous lupus erythematosus as-

sociated with interferon beta-1a. Lancet 1998; 352: 1825–6. 
2. Crispín JC, Díaz-Jouanen E. Systemic lupus erythematosus in-

duced by therapy with interferon-β in a patient with multiple
sclerosis. Lupus 2005; 14: 495–6. 

3. Gono T, et al. Lupus erythematosus profundus (lupus panniculi-
tis) induced by interferon-β in a multiple sclerosis patient. J Clin
Neurosci 2007; 14: 997–1000. 

4. Dionisiotis J, et al. Development of myasthenia gravis in two
patients with multiple sclerosis following interferon β treatment.
J Neurol Neurosurg Psychiatry 2004; 75: 1079.

Effects on the blood. Aplastic anaemia occurred1 in a patient
with multiple sclerosis after treatment with interferon beta-1a for
about a year. The interferon was stopped and the patient had a
good response to immunosuppressant treatment. The haemato-
logical effects of subcutaneous interferon beta-1a in multiple
sclerosis patients have been reviewed.2
1. Aslam AK, Singh T. Aplastic anemia associated with interferon

beta-1a. Am J Ther 2002; 9: 522–3. 
2. Rieckmann P, et al. Haematological effects of interferon-beta-1a

(Rebif) therapy in multiple sclerosis. Drug Safety 2004; 27:
745–56.

Effects on the cardiovascular system. Severe Raynaud’s
syndrome developed in a patient during treatment with interferon
beta.1 Symptoms subsided once interferon beta was stopped.
1. Linden D. Severe Raynaud’s phenomenon associated with inter-

feron-β treatment for multiple sclerosis. Lancet 1998; 352:
878–9.

Effects on hearing. For a report of sensorineural hearing loss
in patients receiving interferon beta, see Interferon Alfa, p.886.
Effects on the liver. Hepatotoxicity, sometimes severe and in
rare cases fatal, has been reported with interferons and its associ-
ation specifically with the use of interferon beta-1a in multiple
sclerosis patients has been reviewed.1
1. Francis GS, et al. Hepatic reactions during treatment of multiple

sclerosis with interferon-β-1a: incidence and clinical signifi-
cance. Drug Safety 2003; 26: 815–27.

Effects on the skin. Calcified subcutaneous nodules have been
reported in a patient after 3 years of treatment with subcutaneous
interferon beta-1a for the treatment of multiple sclerosis.1 For a
report of severe necrotising cutaneous lesions at injection sites in
a patient receiving interferon beta, see Interferon Alfa, p.887. See
also Auto-immune Disorders, above for a report of cutaneous lu-
pus erythematosus associated with interferon beta.
1. Macbeth AE, et al. Calcified subcutaneous nodules: a long-term

complication of interferon beta-1a therapy. Br J Dermatol 2007;
157: 624–5.

Precautions
As for interferons in general (see Interferon Alfa,
p.887). 
Interferon beta in high doses is fetotoxic and abortifa-
cient in primates and should be avoided during preg-
nancy.

Interactions
As for interferons in general (see Interferon Alfa,
p.888).

Antiviral Action
As for interferons in general (see Interferon Alfa,
p.888).

Pharmacokinetics
Interferons are not absorbed from the gastrointestinal
tract. About 50% of a subcutaneous dose and 40% of
an intramuscular dose of interferon beta is absorbed.
For some formulations of interferon beta-1a, bioavail-
ability and area under the plasma concentration-time
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curves are equivalent for subcutaneous and intramus-
cular dosage, but for others, intramuscular doses pro-
duce higher values than subcutaneous doses and sub-
cutaneous doses therefore cannot be substituted for
intramuscular doses. Peak serum concentrations of in-
terferon beta-1a have been reported to occur 3 hours
after subcutaneous injection and between 3 and 15
hours after intramuscular injection, and those for beta-
1b have been reported to occur 1 to 8 hours after sub-
cutaneous injection. The elimination half-life for intra-
muscular interferon beta-1a is about 10 hours. Interfer-
on beta-1a is mainly metabolised and excreted by the
liver and the kidneys.

Uses and Administration
Interferon beta is a cytokine with antiviral and immu-
nomodulating activities. Two forms of interferon beta
are available: interferon beta-1a and interferon beta-1b
(see Nomenclature, above). Interferon beta is mainly
used in the management of relapsing-remitting multi-
ple sclerosis (below), although its mode of action is un-
clear. In the UK interferon beta-1b is also licensed for
use in secondary progressive multiple sclerosis. 
Interferon beta-1a is given in relapsing-remitting
multiple sclerosis in a dose dependent upon the formu-
lation used: 
• Avonex (Biogen) is given in a dose of 6 million units

(30 micrograms) once weekly by intramuscular in-
jection. 

• Rebif (Serono) is given in an escalating dose over 4
weeks, to 12 million units (44 micrograms) three
times weekly by subcutaneous injection, or to
6 million units (22 micrograms) three times weekly
by subcutaneous injection in patients unable to toler-
ate the higher dose. 

Interferon beta-1b is given in both relapsing-remit-
ting and in secondary progressive multiple sclerosis in
an escalating dose over 3 to 6 weeks to a dose of
8 million units (250 micrograms) on alternate days by
subcutaneous injection. 
In the UK interferon beta-1a (Avonex) and interferon
beta-1b are also indicated for the treatment of patients
who have had a single demyelinating event with an ac-
tive inflammatory process if it is sufficiently severe to
warrant intravenous corticosteroids.
◊ Reviews.
1. Goodkin DE. Interferon beta-1b. Lancet 1994; 344: 1057–60. 
2. Etheridge LJ, et al. The use of interferon beta in relapsing-remit-

ting multiple sclerosis. Arch Dis Child 2004; 89: 789–91. 
3. Markowitz CE. Interferon-beta: mechanism of action and dosing

issues. Neurology 2007; 68 (suppl 4): S8–S11.

Guillain-Barré syndrome. Rapid improvement in motor
function was reported during use of interferon beta-1a in a pa-
tient with Guillain-Barré syndrome associated with Campylo-
bacter jejuni infection.1 However, the relative contributions of
interferon therapy and a course of plasma exchange that imme-
diately preceded it could not be assessed.2 Successful treatment
of Guillain-Barré syndrome was reported in a patient after inter-
feron beta-1a was added to treatment with intravenous immu-
noglobulin.3 A small randomised, placebo-controlled pilot
study4 of subcutaneous interferon beta-1a or placebo, in addition
to intravenous immunoglobulin, in patients with Guillain-Barré
syndrome reported no significant difference in the rate of im-
provement.
1. Créange A, et al. Treatment of Guillain-Barré syndrome with in-

terferon-β. Lancet 1998; 352: 368. 
2. Sawaya RA. Interferon beta for Guillain-Barré syndrome. Lan-

cet 1998; 352: 1550–1. 
3. Schaller B, et al. Successful treatment of Guillain-Barré syn-

drome with combined administration of interferon-β-1a and in-
travenous immunoglobulin. Eur Neurol 2001; 46: 167–8. 

4. Pritchard J, et al. A randomized controlled trial of recombinant
interferon-beta 1a in Guillain-Barré syndrome. Neurology 2003;
61: 1282–4.

Multiple sclerosis. Multiple sclerosis (MS)1-3 is a chronic in-
flammatory and demyelinating disease affecting the CNS. It is
the most common disabling neurological disease among young
adults and is most often diagnosed in those between the ages of
20 and 40, with women being almost twice as likely to develop
it as men. Although the etiology and pathogenesis of MS is poor-
ly understood, it is thought that the disease has an immunological
basis and occurs in genetically susceptible individuals. MS is
characterised by multiple areas of inflammation and demyelina-
tion; activated T-cells enter the CNS and produce an immune
cascade resulting in localised loss of myelin, oligodendrocytes,
and axons. The resulting lesions (plaques) accumulate over time,

with impairment or less electrical transmission along the nerve
fibres (axons). 
Patients with MS commonly present with an individual mix of
symptoms, which tend to progress over years to decades. The
type and number of symptoms may vary according to the areas
affected but typically include bowel and bladder dysfunction,
changes in cognitive function, dizziness, depression, fatigue, dif-
ficulties with walking and balance, paraesthesias, pain, sexual
dysfunction, spasticity, problems with speech and swallowing,
tremor, and visual impairment, notably from optic neuritis. Most
patients improve to some degree after the initial attack but the
course and severity of the disease are unpredictable. 
People with MS generally follow one of four clinical courses of
disease, which in turn may be mild, moderate, or severe. In about
85% of patients the disease follows a relapsing-remitting course
(RR-MS) in which there are recurrent exacerbations (flare-ups)
followed by clinical improvement and relatively long periods of
remission. After about 10 to 15 years up to 50% of patients de-
velop progressive neurological deterioration, categorised as sec-
ondary progressive disease (SP-MS). However, about 15% of
people with RR-MS will have a mild course with little or no dis-
ability after 15 years (benign MS). About 10 to 15% of patients
present without relapses but have slow continuous deterioration,
classified as primary progressive disease (PP-MS). In about 5%
of patients the disease is described as progressive relapsing; peo-
ple with this type of MS have steadily worsening disease from
the onset but also have acute exacerbations. 
Choice of treatment. 
A wide range of drugs with immunological actions (disease-
modifying drugs) have been tried in the treatment of MS itself
with the aim of improving recovery from acute attacks, prevent-
ing or reducing further attacks (relapses), and halting the pro-
gressive stage of the disease. Different therapies are used for pa-
tients having acute attacks, for patients who have RR-MS, for
patients who have the progressive subtypes, and for symptomatic
management. 
Corticosteroids are used for their immunomodulatory and anti-
inflammatory effects in acute attacks (relapses). Corticosteroid
therapy reduces the duration of the episode and accelerates re-
covery, but it is not known whether it alters the course of the dis-
ease in the long term.4 The drug of choice is methylprednisolone;
usually given intravenously in high doses (typically 1 g daily) for
3 to 5 days and sometimes followed by a tapering dose of oral
prednisolone. Doses of up to 2 g daily have been tried.5 In pa-
tients with acute optic neuritis (frequently the first manifestation
of multiple sclerosis), methylprednisolone delayed the onset of
other symptoms of multiple sclerosis,6 although the effect was
not sustained beyond 2 years.7 Beneficial responses have also
been reported with oral methylprednisolone at doses including
500 mg once daily for 5 days followed by a tapering dose over
10 days8 and 48 mg once daily for 7 days followed by a tapering
dose over 14 days.9 A small clinical study indicated that the bio-
availability attained after large doses of oral prednisone may be
similar to that of high dose intravenous methylprednisolone.10 In
patients with PP-MS, the benefits of short-course methylpred-
nisolone lasted no longer than 3 months11 although, in patients
with SP-MS, a preliminary study has suggested that progression
may be delayed by intermittent high-dose methylprednisolone
therapy.12 
Interferon beta has become established for treatment of RR-MS
selected patients, and is also used in SP-MS. Studies13-15 in pa-
tients with active RR-MS have shown the efficacy of interferon
beta-1b given subcutaneously and at different doses. Similar re-
sults in RR-MS have been obtained with interferon beta-1a giv-
en by either subcutaneous or intramuscular routes;16-18 although
comparative studies19,20 have suggested that subcutaneous inter-
feron beta-1a (44 micrograms given three times a week) is more
effective than intramuscular interferon beta-1a (30 micrograms
weekly). A prospective, randomised, multicentre study21 com-
paring the different frequencies of dosing with interferon beta-1a
and beta-1b concluded that high-dose interferon beta-1b given
on alternate days was more effective in RR-MS than once-week-
ly interferon beta-1a. Studies22-24 in patients presenting with a
first demyelinating event (clinically isolated syndrome), or other
manifestation of early disease, have shown that treatment with
interferon beta may reduce the rate of progression to clinical MS,
a view confirmed by a recent systematic review.25 A 3-year fol-
low-up analysis26 of one study24 found that early treatment with
interferon beta-1b prevented the development of confirmed dis-
ability. 
Concern has been expressed over the detection of neutralising
antibodies against interferon in up to 46% of patients;27-29 devel-
opment of neutralising antibodies correlates with reduced treat-
ment efficacy and the possibility for renewed disease activity.
The development of neutralising antibodies is greater in patients
treated with higher doses of interferon and in those treated with
interferon beta-1b.30 
Encouraging results have also been obtained with interferon
beta-1b in patients with SP-MS,31 but no effect has been found
on disability progression from use of interferon beta-1a in SP-
MS.32,33 
Results of studies34,35 with glatiramer in patients with RR-MS
have shown that it can reduce the number of relapses and may
produce some improvements in neurological disability. Follow-

up of these patients for approximately 3 years continued to show
a beneficial effect on disease relapse rate. MRI data supported
the beneficial clinical results.36 These benefits are produced in a
different way from those gained with interferon beta leading to
expectations of possible treatment with both drugs. 
Natalizumab is a humanised monoclonal antibody that has been
found to decrease the frequency of exacerbations in RR-MS. A
2-year randomised, placebo-controlled study37 to assess the safe-
ty and efficacy of intravenous natalizumab reported a 68% like-
lihood of remaining relapse-free and a 83% reduction in the
number of new or enlarging brain lesions on MRI; the cumula-
tive probability of sustained disability progression was 17% in
the natalizumab patient group compared to 29% in the placebo
group. Another 2-year study38 reported that natalizumab plus in-
tramuscular interferon beta-1a was more effective than interfer-
on beta-1a monotherapy. Patients receiving combination therapy
were 55% less likely to relapse and had a 83% reduction in the
number of new or enlarging brain lesions on MRI compared with
monotherapy. A 23% probability of progression of disability was
reported for the combination treatment group compared with
29% for interferon alone. Natalizumab has, however, been asso-
ciated with an increased risk of progressive multifocal leukoen-
cephalopathy and its use is therefore limited to patients with
highly active RR-MS who have had an inadequate response to,
or are unable to tolerate, other therapies. 
Although some studies have shown modest benefits with immu-
nosuppressants, the general conclusions of large controlled stud-
ies have tended to be that any slight benefits of existing therapies
with immunosuppressants such as azathioprine, ciclosporin, cy-
clophosphamide, and methotrexate are outweighed by the toxic-
ity of the doses required to have an effect.39-46 However, a sys-
tematic review47 concluded that azathioprine reduced the
number of patients who had relapses and the number who pro-
gressed during the first 2 to 3 years of treatment. It considered
that azathioprine might be given as an alternative to interferon
beta for maintenance treatment for patients who frequently re-
lapse and require corticosteroids. Long-term toxicity (including
the risk of malignancy) may be related to cumulative doses
above 600 g and treatment for longer than 10 years. Mitoxantro-
ne (given by intravenous infusion) has been studied in patients
with RR-, PR-, and SP-MS and found to be moderately effective
in reducing disease progression and the frequency of relaps-
es.48,49 Its use may, however, be limited by dose-related cardio-
toxicity and it is suggested that mitoxantrone be used to treat pa-
tients with rapidly progressive disease or those not responding to
high-dose interferon. A review50 of cladribine indicated that it
reduced the number of enhancing lesions but also had signifi-
cantly more adverse effects (including myelosuppression) than
placebo. The authors suggested that cladribine might have a role
in the treatment of refractory patients with SP-MS. 
Other immunological approaches evaluated have included the
use of monoclonal antibodies such as alemtuzumab, daclizumab,
and rituximab, and immunosuppressants such as mycophenolate
mofetil. HMG-CoA reductase inhibitors (statins) have immu-
nomodulatory effects and a small study51 reported that simvasta-
tin significantly decreases the number and volume of new MRI
lesions in patients with RR-MS. 
A systematic review52 on the use of intermittent intravenous nor-
mal immunoglobulins in patients with RR-MS concluded that
there was a reduction in relapse rate and an increased time to re-
lapse, but no evidence that immunoglobulin treatment reduces
the progression of MS or reverses existing damage. Intravenous
normal immunoglobulins are not effective in SP-MS.53 Autolo-
gous haematopoietic stem cell transplantation has shown benefit
in some patients with progressive MS.54,55 
Guidelines for the management of multiple sclerosis have been
produced in the UK,56,57 the USA,58 and other countries.59,60 
Symptomatic treatment. 
MS can produce a wide range of symptoms, many of which are
manageable; symptomatic treatment is aimed at the management
of spasticity, ataxia, tremor, paroxysmal symptoms, pain, fatigue,
and bladder dysfunction. Baclofen, dantrolene, diazepam, and
tizanidine are the usual drugs given for spasticity (see p.1887).
There is also some anecdotal evidence to suggest that cannabis
and individual cannabinoids, including synthetic cannabinoids
such as nabilone, may improve pain and spasticity;61 a review62

considered evidence of effectiveness to be lacking. Patients with
MS can suffer from a number of different types of pain, including
pain from spasticity, and therapy must be individualised for each
specific pain syndrome (see Choice of Analgesic, p.2). Pain,
spasms, and spasticity have responded to gabapentin in prelimi-
nary studies.63-68 A review has noted, however, that the absolute
and comparative efficacy and tolerability of anti-spasticity drugs
is poorly documented.69 Paraesthesia and dysaesthesia, which
can be common, may respond to tricyclic antidepressants or an-
tiepileptics. Amantadine, modafinil, pemoline, and fampridine
have all been investigated for the management of fatigue associ-
ated with MS.70 Treatment of bladder dysfunction may include
an alpha blocker such as phenoxybenzamine and appropriate
parasympathomimetic or antimuscarinic (such as oxybutynin)
therapy to control bladder contractions (see Urinary Inconti-
nence and Retention, p.2180). Fampridine and amifampridine
have been reported to produce beneficial symptomatic responses
such as improvement in walking, dexterity, and vision, possibly
as a result of potassium-channel blocking activity but a system-
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atic review71 was unable to come to a conclusion about safety
and efficacy, noting that publication bias posed a problem. 
Conventional treatments are only partially effective and may
produce adverse effects, and many patients with MS try alterna-
tive therapies. The most common dietary interventions are sup-
plementation with polyunsaturated fatty acids (such as omega-3
and omega-6 fatty acids, often as fish, evening primrose, or sun-
flower oils), allergen-free diets, vitamins, and micronutrients and
antoxidants (such as selenium, ginkgo biloba extracts, and coen-
zyme Q10). A review of the relationship between these dietary
interventions and MS concluded that there was insufficient evi-
dence to determine their benefits or risks.72 Polyunsaturated fatty
acids seem to have no major effect on disease progression and
recurrence of exacerbations over 2 years. Research into the value
of vitamin D is ongoing after findings that higher levels of serum
vitamin D are associated with a lower risk of MS.73 
The use of hyperbaric oxygen therapy in MS was a matter of
debate for many years. Some workers reported benefit, especial-
ly in bladder and bowel function or in cerebellar function where-
as others were unable to substantiate any long-term benefit and
reviews have concluded that there is no convincing evidence that
hyperbaric oxygen therapy is useful.74,75
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Rheumatoid arthritis. Preliminary studies suggested that in-
terferon beta might have a beneficial effect on rheumatoid arthri-
tis,1 the conventional management of which is described on p.11.
However, a subsequent randomised, double-blind study2 found
that adding subcutaneous interferon beta to methotrexate treat-
ment in patients with rheumatoid arthritis had no clinical or radi-
ological benefit over adding placebo.
1. van Holten J, et al. Interferon-β for treatment of rheumatoid ar-

thritis? Arthritis Res 2002; 4: 346–52. 
2. van Holten J, et al. A multicentre, randomised, double blind, pla-

cebo controlled phase II study of subcutaneous interferon beta-
1a in the treatment of patients with active rheumatoid arthritis.
Ann Rheum Dis 2005; 64: 64–9.

Warts. For the use of interferon beta in the management of
warts, see Interferon Alfa, p.891.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Avonex; Betaferon; Blastoferon; Rebif; Austral.: Avonex; Betaferon;
Rebif; Austria: Avonex; Betaferon; Rebif; Belg.: Avonex; Betaferon; Rebif;
Braz.: Avonex; Betaferon; Rebif; Serobif; Canad.: Avonex; Betaseron; Reb-
if; Chile: Avonex; Betaferon; Rebif†; Cz.: Avonex; Betaferon; Rebif; Denm.:
Avonex; Betaferon; Rebif; Fin.: Avonex; Betaferon; Rebif; Fr.: Avonex;
Betaferon; Rebif; Ger.: Avonex; Betaferon; Fiblaferon; Rebif; Gr.: Avonex;
Betaferon; Rebif; Hong Kong: Betaferon; Rebif; Hung.: Avonex; Betaferon;
Rebif; India: Betaferon; Rebif; Indon.: Rebif; Irl.: Avonex; Betaferon; Rebif;
Israel: Avonex; Betaferon; Rebif; Ital.: Avonex; Betaferon; Betron R†; Rebif;
Serobif; Jpn: Feron; Malaysia: Betaferon; Rebif; Mex.: Avonex; Betaferon;
Rebif; Uribeta; Neth.: Avonex; Betaferon; Rebif; Norw.: Avonex; Betafer-
on; Rebif; NZ: Avonex; Betaferon; Rebif; Philipp.: Betaferon; Rebif; Pol.:
Avonex†; Betaferon; Rebif; Port.: Avonex; Betaferon; Rebif; Rus.: Avonex
(Авонекс); Betaferon (Бетаферон); Rebif (Ребиф); S.Afr.: Avonex;
Betaferon; Rebif; Singapore: Betaferon; Rebif; Spain: Avonex; Betaferon;
Rebif; Swed.: Avonex; Betaferon; Rebif; Switz.: Avonex; Betaferon; Rebif;
Thai.: Betaferon; Rebif; Turk.: Avonex; Betaferon; Rebif; UK: Avonex;
Betaferon; Rebif; USA: Avonex; Betaseron; Rebif; Venez.: Avonex; Rebif.

Interferon Gamma (BAN, rINN)

IFN-γ; Interferón-γ; Interferon-γ; Interféron gamma; Interferón
gamma; Interferoni gamma; Interferonigamma; Interferonum
Gamma.
Интерферон Гамма
CAS — 98059-18-8 (interferon gamma-1a); 98059-61-1
(interferon gamma-1b).
ATC — L03AB03.
ATC Vet — QL03AB03.

NOTE. Interferon gamma was previously known as immune inter-
feron. 
Interferon gamma-1b is USAN and was previously known as in-
terferon gamma-2a.
Pharmacopoeias. Eur. (see p.vii) includes Interferon Gamma-
1b Concentrated Solution. 
Ph. Eur. 6.2 (Interferon Gamma-1b Concentrated Solution; In-
terferoni Gamma-1b Solutio Concentrata). It is a solution of the
N-terminal methionyl form of interferon gamma. It is produced
by a method based on recombinant DNA technology using bac-
teria as host cells. It is a clear, colourless or slightly yellowish liq-
uid. The pH of the solution is 4.5 to 5.5. Store in airtight contain-
ers at a temperature of −70°. Protect from light.
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Nomenclature. Interferon gamma may be derived from im-
munologically stimulated T-lymphocytes (hence its former name
of immune interferon) or produced by recombinant DNA tech-
nology. Similarly to interferon alfa, protein variants of interferon
gamma are designated by a number and further qualified by a
letter to indicate the amino-acid sequences at terminal positions
1 and 139: 
• interferon gamma-1a has at position 1 hydrogen, cysteine, ty-

rosine, and cysteine and at position 139 arginine, alanine, ser-
ine, glutamine, and a hydroxyl group 

• interferon gamma-1b, formerly known as interferon gamma-
2a, has at position 1 hydrogen and methionine and at position
139 a hydroxyl group 

Interferon gamma derived through recombinant DNA technolo-
gy is labelled (rbe).

Adverse Effects
As for interferons in general (see Interferon Alfa,
p.885)

Precautions
As for interferons in general (see Interferon Alfa,
p.887). Interferon gamma in high doses has been
shown to increase the incidence of abortions in pri-
mates and should be avoided during pregnancy.

Interactions
As for interferons in general (see Interferon Alfa,
p.888).

Antiviral Action
As for interferons in general (see Interferon Alfa,
p.888).

Pharmacokinetics
Interferons are not absorbed from the gastrointestinal
tract. Peak plasma concentrations of interferon gam-
ma-1b occur about 4 hours after intramuscular injec-
tion and about 7 to 8 hours after subcutaneous injec-
tion. Half-lives of 38 minutes (intravenous dosage), 2.9
hours (intramuscular dosage), and 4.9 to 5.9 hours
(subcutaneous dosage) have been reported.

Uses and Administration
Interferon gamma is a cytokine with antiviral and im-
munomodulating effects. Interferon gamma-1b is used
for its action as a macrophage-stimulating factor as an
adjunct to antimicrobial therapy in chronic granuloma-
tous disease. It is also used to delay time to disease pro-
gression and reduce the frequency of serious infections
in patients with severe malignant osteopetrosis. 
Interferon gamma-1b is given in a dose of
50 micrograms/m2 body-surface (1 million units/m2)
three times weekly by subcutaneous injection. Patients
with a body-surface less than 0.5 m2 should receive
1.5 micrograms/kg body-weight three times weekly. 
Interferon gamma-1b is also under investigation for the
treatment of cryptogenic fibrosing alveolitis (see be-
low). 
Interferon gamma-n1 has also been used for the treat-
ment of cutaneous T-cell lymphomas.
◊ Reviews.
1. Marciano BE, et al. Long-term interferon-γ therapy for patients

with chronic granulomatous disease. Clin Infect Dis 2004; 39:
692–9.

Bacterial infections. In addition to its use to control infections
in chronic granulomatous disease, interferon gamma was used
with some success as an adjunct to antibacterials in a patient with
Whipple’s disease1 but was of no benefit in a study in burn-relat-
ed infections.2 For the conventional management of these infec-
tions, see Whipple’s Disease, p.200 and Skin Infections, p.194.
1. Schneider T, et al. Treatment of refractory Whipple disease with

interferon-γ. Ann Intern Med 1998; 129: 875–7. 
2. Wasserman D, et al. Interferon-γ in the prevention of severe

burn-related infections: a European phase III multicenter trial.
Crit Care Med 1998; 26: 434–9.

MYCOBACTERIAL INFECTIONS. Experience with interferons for
nontuberculous mycobacterial infections in patients with
AIDS is limited. Interferon gamma given with antimycobac-
terials produced beneficial responses in 3 patients with Myco-
bacterium avium complex infections, but produced no re-

sponse or only a transient response in 3 others given
interferon gamma alone.1,2 
Beneficial responses have also been reported after use of interfer-
on alfa3 or gamma4 as an adjunct to antimycobacterial therapy in
HIV-negative patients with mycobacterial infections unrespon-
sive to conventional therapy. Interferon alfa has been tried as an
adjunct to conventional therapy in multibacillary leprosy.5 
Inhaled interferon alfa6 or gamma7 may be a useful adjunct to
conventional antimycobacterial treatment for pulmonary tuber-
culosis. 
For discussion of these infections and their standard treatment,
see Leprosy, p.176, Nontuberculous Mycobacterial Infections,
p.181, and Tuberculosis, p.196.
1. Squires KE, et al. Interferon-γ and Mycobacterium avium-intra-

cellulare infection. J Infect Dis 1989; 159: 599–600. 
2. Squires KE, et al. Interferon-γ treatment for Mycobacterium avi-

um-intracellulare complex bacillemia in patients with AIDS. J
Infect Dis 1992; 166: 686–7. 

3. Maziarz RT, et al. Reversal of infection with Mycobacterium
avium intracellulare by treatment with alpha-interferon in a pa-
tient with hairy cell leukemia. Ann Intern Med 1988; 109: 292–4. 

4. Holland SM, et al. Treatment of refractory disseminated nontu-
berculous mycobacterial infection with interferon gamma: a pre-
liminary report. N Engl J Med 1994; 330: 1348–55. 

5. Ganapati R, et al. A multicenter study of recombinant interferon-
alpha2b in the treatment of multibacillary leprosy. Int J Lepr
1997; 65: 495–7. 

6. Giosuè S, et al. Effects of aerosolized interferon-α in patients
with pulmonary tuberculosis. Am J Respir Crit Care Med 1998;
158: 1156–62. 

7. Condos R, et al. Treatment of multidrug-resistant pulmonary tu-
berculosis with interferon-γ via aerosol. Lancet 1997; 349:
1513–15.

Cryptogenic fibrosing alveolitis. In a preliminary study1 in
patients with cryptogenic fibrosing alveolitis (CFA; idiopathic
pulmonary fibrosis—see Diffuse Parenchymal Lung Disease,
p.1502) who had not responded to treatment with corticosteroids
or to other immunosuppressive therapy, lung capacity increased
in 9 patients given interferon gamma-1b with prednisolone for
12 months, but deteriorated in 9 who were treated with pred-
nisolone alone for the same period. The study was, however, crit-
icised for its methodology and the statistical significance of its
findings questioned.2 A later study3 involving 330 patients with
CFA found that interferon gamma 1-b did not affect progression-
free survival or pulmonary function; however, a trend toward
lower mortality was seen in patients who received interferon
gamma-1b compared with those given placebo. A subsequent
study4 to characterise the molecular effects of subcutaneous in-
terferon gamma-1b versus placebo reported that interferon gam-
ma-1b affected CFA through multiple pathways and could be of
potential benefit. A randomised, prospective study5 comparing
interferon gamma-1b and colchicine (given for 24 months) in pa-
tients with mild-to-moderate CFA reported that 15.6% of pa-
tients treated with interferon gamma-1b and 38.8% of those giv-
en colchicine died. Patients treated with interferon gamma-1b
also showed a higher forced vital capacity after 24 months of
treatment. A review6 of the use of interferon gamma-1b in the
management of CFA found that efficacy of interferon gamma-1b
was inconsistent with regard to changes in pulmonary function
and mortality, although studies suggested that interferon gamma-
1b may be of benefit in earlier-stage disease. A meta-analysis7 of
randomised controlled studies evaluating the use of interferon
gamma-1b in the treatment of CFA concluded that interferon
gamma-1b therapy was associated with reduced mortality.
1. Ziesche R, et al. A preliminary study of long-term treatment with

interferon gamma-1b and low-dose prednisolone in patients with
idiopathic pulmonary fibrosis. N Engl J Med 1999; 341: 1264–9. 

2. King TE. Interferon gamma-1b for the treatment of idiopathic
pulmonary fibrosis. N Engl J Med 2000; 342: 974–5. 

3. Raghu G, et al. A placebo-controlled trial of interferon gamma-
1b in patients with idiopathic pulmonary fibrosis. N Engl J Med
2004; 350: 125–33. 

4. Strieter RM, et al. Effects of interferon-γ 1b on biomarker ex-
pression in patients with idiopathic pulmonary fibrosis. Am J
Respir Crit Care Med 2004; 170: 133–40. 

5. Antoniou KM, et al. Long-term clinical effects of interferon
gamma-1b and colchicine in idiopathic pulmonary fibrosis. Eur
Respir J 2006; 28: 496–504. 

6. Pacanowski MA, Amsden GW. Interferon gamma-1b in the
treatment of idiopathic pulmonary fibrosis. Ann Pharmacother
2005; 39: 1678–86. 

7. Bajwa EK, et al. Interferon-γ1b therapy in idiopathic pulmonary
fibrosis: a metaanalysis. Chest 2005; 128: 203–6.

Leishmaniasis. Interferon gamma has been tried both systemi-
cally and locally as an adjunct to standard treatment of leishma-
niasis (p.824) with encouraging results. A review1 of the use of
interferon gamma in non-viral infections concluded that interfer-
on gamma was effective when combined with antimony com-
pounds for treatment failures in visceral leishmaniasis and could
enhance the response to initial therapy in untreated patients.
However, the response to adjunctive interferon gamma was lim-
ited in patients with a high degree of resistance to antimony com-
pounds.2 For cutaneous infections, intralesional interferon gam-
ma has been shown to be effective3 but less so than intralesional
antimony compounds.4 Subcutaneous interferon gamma (with
antimony given intravenously) was no more effective than anti-

mony alone when given as a short course over 10 days.5 Howev-
er, encouraging responses have been reported in patients who
have failed to respond to antimony compounds alone.6

1. Murray HW. Interferon-gamma and host antimicrobial defense:
current and future clinical applications. Am J Med 1994; 97:
459–67. 

2. Sundar S, et al. Response to interferon-γ plus pentavalent anti-
mony in Indian visceral leishmaniasis. J Infect Dis 1997; 176:
1117–19. 

3. Harms G, et al. Effects of intradermal gamma-interferon in cuta-
neous leishmaniasis. Lancet 1989; i: 1287–92. 

4. Harms G, et al. A randomized trial comparing a pentavalent an-
timonial drug and recombinant interferon-γ in the local treatment
of cutaneous leishmaniasis. Trans R Soc Trop Med Hyg 1991; 85:
214–16. 

5. Arana BA, et al. Efficacy of a short course (10 days) of high-
dose meglumine antimonate with or without interferon-γ in treat-
ing cutaneous leishmaniasis in Guatemala. Clin Infect Dis 1994;
18: 381–4. 

6. Falcoff E, et al. Clinical healing of antimony-resistant cutaneous
or mucocutaneous leishmaniasis following the combined admin-
istration of interferon-γ and pentavalent antimonial compounds.
Trans R Soc Trop Med Hyg 1994; 88: 95–7.

Osteopetrosis. Interferon gamma has been tried in the treat-
ment of malignant osteopetrosis (p.1509). A study1 in 14 patients
found that interferon gamma-1b increased bone resorption. In 11
who received this treatment for 18 months there was stabilisation
or improvement in clinical condition and a reduction in the fre-
quency of serious infection.
1. Key LL, et al. Long-term treatment of osteopetrosis with recom-

binant human interferon gamma. N Engl J Med 1995; 332:
1594–9.

Skin disorders. Interferons have been tried in skin disorders in
which IgE levels are raised. Subcutaneous interferon gamma im-
proved eczema and reduced serum-IgE concentration in one pa-
tient, but the condition gradually returned within a week of stop-
ping treatment.1 In two studies2,3 subcutaneous interferon
gamma given to patients with severe atopic dermatitis and raised
serum-IgE concentrations resulted in improvement of the skin
condition; IgE concentrations were reduced in one study2 but re-
mained high in the other.3 Subcutaneous interferon alfa, howev-
er, was unsuccessful in 2 patients with very severe atopic derma-
titis; serum-IgE concentrations and severity of the skin condition
remained unaffected.4 Interferon alfa has been tried in subacute
cutaneous lupus erythematosus5,6 and discoid lupus erythemato-
sus.6 Although marked improvement generally occurred, the
condition tended to recur within several weeks of stopping treat-
ment. For discussion of the conventional treatment of eczema,
see p.1579 and of lupus erythematosus, see Systemic Lupus Ery-
thematosus, p.1513. 
There have been reports7,8 of the successful use of interferon alfa
to control the symptoms of urticaria associated with mastocyto-
sis (p.1138). 
Interferons have also been proposed for antifibrotic therapy in
the management of diffuse scleroderma (see p.1817). A multi-
centre study of interferon gamma in scleroderma9 found that cu-
taneous symptoms might be improved but that treatment was as-
sociated with an unacceptable incidence of adverse effects.
Interferon gamma has also been tried in eosinophilic pustular
folliculitis.10 
Interferons have also been used for the treatment of warts (see
under Interferon Alfa, p.891).
1. Souillet G, et al. Alpha-interferon treatment of patient with hy-

per IgE syndrome. Lancet 1989; i: 1384. 
2. Reinhold U, et al. Recombinant interferon-γ in severe atopic

dermatitis. Lancet 1990; 335: 1282. 
3. Boguniewicz M, et al. Recombinant gamma interferon in treat-

ment of patients with atopic dermatitis and elevated IgE levels.
Am J Med 1990; 88: 365–70. 

4. MacKie RM. Interferon-α for atopic dermatitis. Lancet 1990;
335: 1282–3. 

5. Nicolas J-F, Thivolet J. Interferon alfa therapy in severe unre-
sponsive subacute cutaneous lupus erythematosus. N Engl J
Med 1989; 321: 1550–1. 

6. Thivolet J, et al. Recombinant interferon α2a is effective in the
treatment of discoid and subacute cutaneous lupus erythemato-
sus. Br J Dermatol 1990; 122: 405–9. 

7. Kolde G, et al. Treatment of urticaria pigmentosa using interfer-
on alpha. Br J Dermatol 1995; 133: 91–4. 

8. Lippert U, Henz BM. Long-term effect of interferon alpha treat-
ment in mastocytosis. Br J Dermatol 1996; 134: 1164–5. 

9. Polisson RP, et al. A multicenter trial of recombinant human
interferon gamma in patients with systemic sclerosis: effects on
cutaneous fibrosis and interleukin 2 receptor levels. J Rheuma-
tol 1996; 23: 654–8. 

10. Fushimi M, et al. Eosinophilic pustular folliculitis effectively
treated with recombinant interferon-γ: suppression of mRNA
expression of interleukin 5 in peripheral blood mononuclear
cells. Br J Dermatol 1996; 134: 766–72.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Imufor†; Imukin; Austral.: Imukin; Austria: Imukin; Belg.: Immukine;
Cz.: Imukin; Denm.: Imukin; Fin.: Imukin; Fr.: Imukin; Ger.: Imukin; Gr.:
Imukin; Hong Kong: Immukin; Irl.: Immukin; Ital.: Gammakine†; Imukin;
Jpn: Biogamma; Ogamma†; Neth.: Immukine; Norw.: Imukin; NZ: Imukin;
Port.: Imukin; Spain: Imukin; Swed.: Imukin; Switz.: Imukin; UK: Immukin;
USA: Actimmune.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Lamivudine (BAN, USAN, rINN)

3TC; (−)-2′-Deoxy-3′-thiacytidine; GR-109714X; Lamivudiini;
Lamivudin; Lamivudina; Lamivudinum; Lamiwudyna; Lavmivudin.
(−)-1-[(2R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.

Ламивудин

C8H11N3O3S = 229.3.

CAS — 131086-21-0; 134678-17-4.

ATC — J05AF05.

ATC Vet — QJ05AF05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Lamivudine). A white or almost white powder. It
exhibits polymorphism. Soluble in water, slightly soluble in al-
cohol; sparingly soluble in methyl alcohol. Protect from light. 
USP 31 ( Lamivudine). A white to off-white solid. Soluble in
water. Protect from light.

Adverse Effects
Adverse effects commonly associated with lamivudine
either as monotherapy or with other antiretrovirals for
the treatment of HIV include abdominal pain, nausea,
vomiting, diarrhoea, headache, fever, rash, alopecia,
malaise, insomnia, cough, nasal symptoms, arthralgia,
and musculoskeletal pain. There have also been reports
of pancreatitis, anaemia, neutropenia, and thrombocy-
topenia. Increases in liver enzymes and serum amylase
may occur. Lactic acidosis, usually associated with se-
vere hepatomegaly and steatosis, has been reported
during treatment with nucleoside reverse transcriptase
inhibitors. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including lam-
ivudine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including lamivudine. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. NRTIs
have also been associated with mitochondrial dysfunc-
tion manifesting as abnormal behaviour, anaemia, con-
vulsions, hyperlipasaemia, hypertonia, and neutrope-
nia. Elevated creatine phosphokinase, myalgia,
myositis, and rarely rhabdomyolysis have been report-
ed, particularly when nucleoside analogues have been
given with HIV-protease inhibitors. Osteonecrosis has
been reported, particularly in patients with advanced
HIV disease or long-term exposure to combination
antiretroviral therapy. For further information on ad-
verse effects associated with NRTIs see Zidovudine,
p.914. 
Patients taking a lower dose of lamivudine for the treat-
ment of chronic hepatitis B often have abdominal dis-
comfort and pain, diarrhoea, fatigue, headache, nausea,
malaise, respiratory-tract infections, and vomiting. The
most frequently reported laboratory abnormalities are
elevated creatine phosphokinase, increases in serum
lipase, and raised liver enzymes, in particular alanine
aminotransferase. There have been rare reports of lac-
tic acidosis, pancreatitis, and muscle disorders such as
cramps, myalgia, and rhabdomyolysis.

Effects on the blood. Although anaemia associated with lam-
ivudine usually occurs when it is used with zidovudine, there has
been a report1 of severe anaemia in a 62-year-old HIV-infected
man given lamivudine alone.
1. Weitzel T, et al. Severe anaemia as a newly recognized side-ef-

fect caused by lamivudine. AIDS 1999; 13: 2309–11.

Effects on the hair. Hair loss was associated with lamivudine
treatment in 5 patients.1
1. Fong IW. Hair loss associated with lamivudine. Lancet 1994;

344: 1702.

Effects on the nervous system. Exacerbation of peripheral
neuropathy has been reported in a patient after substitution of
lamivudine for zalcitabine.1
1. Cupler EJ, Dalakas MC. Exacerbation of peripheral neuropathy

by lamivudine. Lancet 1995; 345: 460–1.

Hypersensitivity. Angioedema, urticaria, and anaphylactoid
reaction occurred in a patient 30 minutes after receiving the first
dose of lamivudine.1
1. Kainer MA, Mijch A. Anaphylactoid reaction, angioedema, and

urticaria associated with lamivudine. Lancet 1996; 348: 1519.

Precautions
Lamivudine therapy should be stopped in patients who
develop abdominal pain, nausea, or vomiting or with
abnormal biochemical test results until pancreatitis has
been excluded. 
Treatment with lamivudine may be associated with
lactic acidosis and should be stopped if there is a rapid
increase in aminotransferase concentrations, progres-
sive hepatomegaly, or metabolic or lactic acidosis of
unknown aetiology. Lamivudine should be used with
caution in patients with hepatomegaly or other risk fac-
tors for hepatic disease. Patients co-infected with HIV
and chronic hepatitis B or C and treated with combina-
tion antiretroviral therapy are at increased risk for se-
vere and potentially fatal hepatic adverse events. In pa-
tients with chronic hepatitis B, there is a risk of
rebound hepatitis when lamivudine is stopped, and liv-
er function should be monitored in such patients. The
possibility of HIV infection should be excluded before
beginning lamivudine therapy for hepatitis B, since the
lower doses used to treat the latter may permit the de-
velopment of lamivudine-resistant strains of HIV. 
Dosage reduction may be necessary in patients with
impaired renal function.

Interactions
The renal excretion of lamivudine may be inhibited by
other drugs mainly eliminated by active renal secre-
tion, for example trimethoprim. Usual prophylactic
doses of trimethoprim are unlikely to necessitate re-
ductions in lamivudine dosage unless the patient has
renal impairment, but the co-administration of lamivu-
dine with the high doses of trimethoprim (as co-tri-
moxazole) used in pneumocystis pneumonia and toxo-
plasmosis should be avoided. Although there is usually
no clinically significant interaction with zidovudine,
severe anaemia has occasionally been reported in pa-
tients given lamivudine with zidovudine (see Zidovu-
dine, Interactions, p.915). Lamivudine may antagonise
the antiviral action of zalcitabine and the two drugs
should not be used together. Once daily triple nucleo-
side regimens of lamivudine and tenofovir with either
abacavir or didanosine are associated with a high level
of treatment failure and of emergence of resistance,
and should be avoided.
Phenylpropanolamine. For a possible interaction between
phenylpropanolamine and antiretrovirals, see Stavudine, p.907.

Antiviral Action
Lamivudine is converted intracellularly in stages to the
triphosphate. This triphosphate halts the DNA synthe-
sis of retroviruses, including HIV, through competitive
inhibition of reverse transcriptase and incorporation
into viral DNA. Lamivudine is also active against hep-
atitis B virus. Resistance to lamivudine has been re-
ported in isolates of HIV and hepatitis B virus.

Pharmacokinetics
Lamivudine is rapidly absorbed after oral doses and
peak plasma concentrations are achieved in about 1

hour. Absorption is delayed, but not reduced, by inges-
tion with food. Bioavailability is between 80 and 87%.
Binding to plasma protein is reported to be up to 36%.
Lamivudine crosses the blood-brain barrier with a ratio
of CSF to serum concentrations of about 0.12. It cross-
es the placenta and is distributed into breast milk. 
Lamivudine is metabolised intracellularly to the active
antiviral triphosphate. Hepatic metabolism is low and
it is cleared mainly unchanged by active renal excre-
tion. An elimination half-life of 5 to 7 hours has been
reported after a single dose.
◊ References.
1. Mueller BU, et al. Serum and cerebrospinal fluid pharmacoki-

netics of intravenous and oral lamivudine in human immunode-
ficiency virus-infected children. Antimicrob Agents Chemother
1998; 42: 3187–92. 

2. Johnson MA, et al. Clinical pharmacokinetics of lamivudine.
Clin Pharmacokinet 1999; 36: 41–66. 

3. Bruno R, et al. Comparison of the plasma pharmacokinetics of
lamivudine during twice and once daily administration in pa-
tients with HIV. Clin Pharmacokinet 2001; 40: 695–700. 

4. Asari A, et al. Pharmacokinetics of lamivudine in subjects re-
ceiving peritoneal dialysis in end-stage renal failure. Br J Clin
Pharmacol 2007; 64: 738–44. 

5. Burger DM, et al. Age-dependent pharmacokinetics of lamivu-
dine in HIV-infected children. Clin Pharmacol Ther 2007; 81:
517–20. 

6. Tremoulet AH, et al. Pediatric AIDS Clinical Trials Group. Pop-
ulation pharmacokinetics of lamivudine in human immunodefi-
ciency virus-exposed and -infected infants. Antimicrob Agents
Chemother 2007; 51: 4297–4302.

Uses and Administration
Lamivudine is a nucleoside reverse transcriptase inhib-
itor structurally related to cytosine with antiviral activ-
ity against HIV-1 and hepatitis B virus. It is used in the
treatment of HIV infection and AIDS, (p.856) and
chronic hepatitis B infection (p.851). Viral resistance
emerges rapidly when lamivudine is used alone in the
treatment of HIV infection, and it is therefore used with
other antiretrovirals. 
For HIV infection, the dose of lamivudine for adults is
300 mg by mouth daily as a single dose or in two divid-
ed doses. 
For chronic hepatitis B, the adult dose is 100 mg once
daily by mouth. In patients with concomitant HIV and
hepatitis B infection the dosage regimen appropriate
for HIV should be used. 
For details of doses in infants, children, and adoles-
cents see below. 
Reduction of dosage is recommended for patients with
renal impairment (see below). 
Fixed-dose combination products for the treatment of
HIV infection and AIDS have been developed in order
to improve patient adherence and avoid monotherapy,
thereby decreasing the risk of acquired drug resistance.
Products containing lamivudine in combination with
zidovudine or abacavir and with abacavir plus zidovu-
dine are available in some countries.
◊ Reviews.
1. Dando TM, Scott LJ. Abacavir plus lamivudine: a review of their

combined use in the management of HIV infection. Drugs 2005;
65: 285–302.

Administration in children. For the treatment of HIV infec-
tion in infants and children lamivudine is given orally either as
tablets or a solution, together with other antiretroviral drugs.
Doses are based on body-weight: 
• in infants and children over 3 months of age and weighing less

than 14 kg or in those unable to swallow tablets the oral solu-
tion may be given in a dose of 4 mg/kg twice daily to a maxi-
mum daily dose of 300 mg 

• in children weighing 14 to 21 kg the tablet formulation may be
given in a dose of 75 mg twice daily 

• in children weighing 21 to 30 kg the tablet formulation may be
given in a dose of 75 mg in the morning and 150 mg at night 

• in children weighing over 30 kg the tablet formulation may be
given in a dose of 150 mg twice daily 

Dosage of lamivudine should be reduced in HIV-infected pa-
tients (at least 3 months of age and weighing less than 30 kg)
with moderate to severe renal impairment (creatinine clearance
(CC) below 50 mL/minute): 
• CC 30 to 49 mL/minute: 4 mg/kg for the first dose then

4 mg/kg once daily 
• CC 15 to 29 mL/minute: 4 mg/kg for the first dose then

2.6 mg/kg once daily 
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• CC 5 to 14 mL/minute: 4 mg/kg for the first dose then

1.3 mg/kg once daily 
• CC less than 5 mL/minute: 1.3 mg/kg for the first dose then

0.7 mg/kg once daily 
For the treatment of chronic hepatitis B infection in children and
adolescents aged between 2 and 17 years, US licensed product
information recommends an oral dose of lamivudine of 3 mg/kg
once daily to a maximum daily dose of 100 mg. Dosage reduc-
tion would need to be considered in those with renal impairment.
UK licensed product information does not recommend the use of
lamivudine for the treatment of chronic hepatitis B in those under
17 years of age.
Administration in renal impairment. Dosage of lamivu-
dine should be reduced in patients with moderate to severe renal
impairment (creatinine clearance (CC) below 50 mL/minute). 
adults: HIV infection: 
• CC 30 to 49 mL/minute: 150 mg for the first dose then

150 mg once daily 
• CC 15 to 29 mL/minute: 150 mg for the first dose then

100 mg once daily 
• CC 5 to 14 mL/minute: 150 mg for the first dose then 50 mg

once daily 
• CC less than 5 mL/minute: 50 mg for the first dose then 25 mg

once daily 
• dialysis patients: no additional doses required after routine

haemodialysis or peritoneal dialysis 
adults: chronic hepatitis B infection: 
• CC 30 to 49 mL/minute: 100 mg for the first dose then 50 mg

once daily 
• CC 15 to 29 mL/minute: 100 mg for the first dose then 25 mg

once daily 
• CC 5 to 14 mL/minute: 35 mg for the first dose then 15 mg

once daily 
• CC less than 5 mL/minute: 35 mg for the first dose then 10 mg

once daily 
• dialysis patients: no additional doses required after routine

haemodialysis or peritoneal dialysis 
children: 
• see Administration in Children, above
Hepatitis. Lamivudine is one of the antivirals being used as an
alternative to interferon alfa in the treatment of chronic hepatitis
B (p.851).1-3 In a preliminary study, lamivudine 100 or 300 mg
daily reduced hepatitis B virus DNA to low or undetectable lev-
els.4 In a 1-year double-blind study involving about 350 patients
with chronic hepatitis B, lamivudine 100 mg daily was associat-
ed with substantial histological improvement in many patients; a
dose of 25 mg daily was less effective.5 Relapses have been re-
ported once treatment with lamivudine is stopped, and a case of
reactivation of hepatitis B infection has been observed.6 Lamivu-
dine may also be effective in preventing re-infection with hepa-
titis B in patients during chemotherapy7-9 and in those who have
had liver transplants,10,11 and beneficial responses have been
seen in transplant patients with acute hepatitis B infection treated
with lamivudine 100 mg daily for prolonged periods.12

1. Dienstag JL, et al. Lamivudine as initial treatment for chronic
hepatitis B in the United States. N Engl J Med 1999; 341:
1256–63. 

2. Hagmeyer KO, Pan Y-Y. Role of lamivudine in the treatment of
chronic hepatitis B virus infection. Ann Pharmacother 1999;
33: 1104–12. 

3. Jonas MM, et al. Clinical trial of lamivudine in children with
chronic hepatitis B. N Engl J Med 2002; 346: 1706–13. Correc-
tion. ibid.; 347: 955. 

4. Dienstag JL, et al. A preliminary trial of lamivudine for chronic
hepatitis B infection. N Engl J Med 1995; 333: 1657–61. 

5. Lai C-L, et al. A one-year trial of lamivudine for chronic hepa-
titis B. N Engl J Med 1998; 339: 61–8. 

6. Honkoop P, et al. Hepatitis B reactivation after lamivudine.
Lancet 1995; 346: 1156–7. 

7. Yeo W, et al. Lamivudine for the prevention of hepatitis B virus
reactivation in hepatitis B s-antigen seropositive cancer patients
undergoing cytotoxic chemotherapy. J Clin Oncol 2004; 22:
927–34. 

8. Idilman R. Lamivudine prophylaxis in HBV carriers with hae-
mato-oncological malignancies who receive chemotherapy. J
Antimicrob Chemother 2005; 55: 828–31. 

9. Loomba R, et al. Systematic review: the effect of preventive
lamivudine on hepatitis B reactivation during chemotherapy.
Ann Intern Med 2008; 148: 519–28. 

10. Grellier L, et al. Lamivudine prophylaxis against reinfection in
liver transplantation for hepatitis B cirrhosis. Lancet 1996; 348:
1212–15. Correction. ibid. 1997; 349: 364. 

11. Perrillo RP, et al. A multicenter United States-Canadian trial to
assess lamivudine monotherapy before and after liver transplan-
tation for chronic hepatitis B. Hepatology 2001; 33: 424–32. 

12. Andreone P, et al. Lamivudine treatment for acute hepatitis B
after liver transplantation. J Hepatol 1998; 29: 985–9.

HIV infection and AIDS. Lamivudine is a potent inhibitor of
HIV-1 and HIV-2 in vitro, including variants resistant to zidovu-
dine.1 Resistance emerges rapidly when lamivudine is given
alone to patients with HIV infections,2 although sustained re-
sponses have been reported despite the emergence of resistance.3
Combination therapy with lamivudine delays, and may even re-
verse, the emergence of zidovudine resistance and produces a
sustained synergistic antiretroviral effect,4 but HIV strains resist-

ant to both lamivudine and zidovudine may arise.5 As discussed
on p.856, combination therapy, typically with two nucleoside re-
verse transcriptase inhibitors and either a non-nucleoside reverse
transcriptase inhibitor or an HIV-protease inhibitor, is standard
therapy for HIV infection. Treatment with lamivudine plus zido-
vudine has produced better responses than either drug alone in
antiretroviral-naive patients,6,7 and has produced additional re-
sponses in antiretroviral-experienced patients,8,9 with little addi-
tional toxicity. The addition of lamivudine to existing antiretro-
viral therapy was reported to slow the progression of the disease
and improve survival,10 and treatment with lamivudine, indina-
vir, and nevirapine produced beneficial responses in patients
who had previously failed on combined nucleoside analogue
therapy.11 Clinically useful CNS concentrations of lamivudine
were achieved in patients with HIV infection given combination
therapy with lamivudine and zidovudine or stavudine.12 
Lamivudine is also used in prophylactic regimens after occupa-
tional exposure to HIV infection (see p.858) and has been tried
for reducing vertical transmission from mother to neonate.13,14

1. Anonymous. Lamivudine: impressive benefits in combination
with zidovudine. WHO Drug Inf 1996; 10: 5–7. 

2. Wainberg MA, et al. Development of HIV-1 resistance to (−)2′-
deoxy-3′-thiacytidine in patients with AIDS or advanced AIDS-
related complex. AIDS 1995; 9: 351–7. 

3. Ingrand D, et al. Phase I/II study of 3TC (lamivudine) in HIV-
positive, asymptomatic or mild AIDS-related complex patients:
sustained reduction in viral markers. AIDS 1995; 9: 1323–9. 

4. Larder BA, et al. Potential mechanism for sustained antiretrovi-
ral efficacy of AZT-3TC combination therapy. Science 1995;
269: 696–9. 

5. Miller V, et al. Dual resistance to zidovudine and lamivudine in
patients treated with zidovudine-lamivudine combination thera-
py: association with therapeutic failure. J Infect Dis 1998; 177:
1521–32. 

6. Eron JJ, et al. Treatment with lamivudine, zidovudine, or both
in HIV-positive patients with 200 to 500 CD4+ cells per cubic
millimeter. N Engl J Med 1995; 333: 1662–9. 

7. Katlama C, et al. Safety and efficacy of lamivudine-zidovudine
combination therapy in antiretroviral-naive patients: a rand-
omized controlled comparison with zidovudine monotherapy.
JAMA 1996; 276: 118–25. 

8. Staszewski S, et al. Safety and efficacy of lamivudine-zidovu-
dine combination therapy in zidovudine-experienced patients: a
randomized controlled comparison with zidovudine monothera-
py. JAMA 1996; 276: 111–17. 

9. Bartlett JA, et al. Lamivudine plus zidovudine compared with
zalcitabine plus zidovudine in patients with HIV infection: a
randomized, double-blind, placebo-controlled trial. Ann Intern
Med 1996; 125: 161–72. 

10. CAESAR Coordinating Committee. Randomised trial of addi-
tion of lamivudine or lamivudine plus loviride to zidovudine-
containing regimens for patients with HIV-1 infection: the
CAESAR trial. Lancet 1997; 349: 1413–21. 

11. Harris M, et al. A pilot study of nevirapine, indinavir, and lam-
ivudine among patients with advanced human immunodeficien-
cy virus disease who have had failure of combination nucleoside
therapy. J Infect Dis 1998; 177: 1514–20. 

12. Foudraine NA, et al. Cerebrospinal-fluid HIV-1 RNA and drug
concentrations after treatment with lamivudine plus zidovudine
or stavudine. Lancet 1998; 351: 1547–51. 

13. Mandelbrot L, et al. Lamivudine-zidovudine combination for
prevention of maternal-infant transmission of HIV-1. JAMA
2001; 285: 2083–93. 

14. The Petra Study Team. Efficacy of three short-course regimens
of zidovudine and lamivudine in preventing early and late trans-
mission of HIV-1 from mother to child in Tanzania, South Afri-
ca, and Uganda (Petra study): a randomised, double-blind, pla-
cebo-controlled trial. Lancet 2002; 359: 1178–86.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: 3TC; Amilitrap; Birvac†; Ganvirel; Heptodine; Hivirux†; Imunoxa;
Kess; Lamibergen; Lamilea; Oralmuv; Ultraviral; Vuclodir; Zeffix†; Austral.:
3TC; Zeffix; Austria: Epivir ; Zeffix; Belg.: Epivir; Zeffix; Braz.: Epivir ; Lami;
Vudirax; Zeffix†; Canad.: 3TC; Heptovir; Chile: 3TC/Epivir; Cz.: Epivir;
Zeffix; Denm.: Epivir ; Zeffix; Fin.: Epivir ; Zeffix; Fr.: Epivir; Zeffix; Ger.:
Epivir ; Kivexa; Zeffix; Gr.: Epivir ; Zeffix; Hong Kong: 3TC; Zeffix; Hung.:
Epivir ; Zeffix; India: Ladiwin; Lamda; Lamidac; Lamirex†; Lamivir; Indon.:
3TC; 3TC-HBV; Irl.: Epivir ; Zeffix; Israel: Epivir; Zeffix; Ital.: Epivir; Zeffix;
Jpn: Epivir†; Malaysia: 3TC; Zeffix; Mex.: 3TC; Neth.: Epivir ; Zeffix;
Norw.: Epivir ; Zeffix; NZ: 3TC; Zeffix; Philipp.: Zeffix; Pol.: Epivir ; Zeffix;
Port.: Epivir ; Zeffix; Rus.: Epivir (Эпивир); Zeffix (Зеффикс); S.Afr.: 3TC;
Singapore: Epivir ; Zeffix; Spain: Epivir ; Zeffix; Swed.: Epivir ; Zeffix;
Switz.: 3TC; Zeffix; Thai.: Epivir ; Zeffix; Turk.: Epivir ; Zeffix; UK: Epivir;
Zeffix; USA: Epivir ; Venez.: Epivir ; Heptodine†; Lamivir.

Multi-ingredient: Arg.: 3TC Complex; 3TC/AZT; Ganvirel Duo; Hivirux
Complex†; Imunoxa Complex; Kess Complex; Kivexa; Muvidina; Tricivir;
Trivudin; Ultraviral Duo; Zetavudin; Austral.: Combivir ; Kivexa; Trizivir ;
Austria: Combivir; Trizivir ; Belg.: Combivir ; Kivexa; Trizivir ; Braz.: Biovir;
Duovir†; Vir-Complex†; Zidolam; Canad.: Combivir ; Kivexa; Trizivir ;
Chile: Combivir ; Kivexa; Tricivir ; Cz.: Combivir ; Kivexa; Trizivir ; Denm.:
Combivir ; Kivexa; Trizivir ; Fin.: Combivir; Kivexa; Trizivir ; Fr.: Combivir ;
Kivexa; Trizivir ; Ger.: Combivir ; Trizivir ; Gr.: Combivir ; Kivexa; Trizivir ;
Hong Kong: Combivir ; Trizivir ; Hung.: Combivir ; Kivexa; Trizivir ; India:
Combirex†; Duovir ; Duovir N; Lamda-Z; Lamivir S; Lamuzid; Odivir Kit;
Triomune; Irl.: Combivir; Kivexa; Trizivir ; Israel: Combivir; Trizivir ; Ital.:
Combivir ; Kivexa; Trizivir; Malaysia: Combivir ; Mex.: Combivir ; Kivexa;
Trizivir; Neth.: Combivir ; Kivexa; Trizivir ; Norw.: Combivir; Kivexa; Trizivir;
NZ: Combivir ; Kivexa; Trizivir ; Philipp.: Combivir; Pol.: Combivir; Kivexa;
Trizivir ; Port.: Combivir ; Kivexa; Trizivir ; Rus.: Combivir (Комбивир);
Trizivir (Тризивир); S.Afr.: Combivir; Duovir ; Lamzid; Retrovir/3TC Post-
HIV Exposure†; Triomune; Trizivar; Singapore: Combivir ; Trizivir†; Spain:
Combivir ; Kivexa; Trizivir ; Swed.: Combivir ; Kivexa; Trizivir ; Switz.: Com-
bivir ; Trizivir ; Thai.: Combid; Turk.: Combivir ; UK: Combivir ; Kivexa;
Trizivir; USA: Combivir ; Epzicom; Trizivir ; Venez.: Combivir; Duovir ; Tri-
omune; Trizivir.

Lopinavir (BAN, USAN, rINN)

A-157378.0; ABT-378; Lopinaviiri; Lopinavirum. (αS)-Tetrahydro-
N-((αS)-α-{(2S,3S)-2-hydroxy-4-phenyl-3-[2-(2,6-xylyloxy)aceta-
mido]butyl}phenethyl)-α-isopropyl-2-oxo-1(2H)-pyrimidinea-
cetamide.

Лопинавир

C37H48N4O5 = 628.8.

CAS — 192725-17-0.

ATC — J05AE06.

ATC Vet — QJ05AE06.

Adverse Effects
The most common adverse effect associated with
antiretroviral regimens containing lopinavir (formulat-
ed with ritonavir) is diarrhoea of mild to moderate se-
verity. Pancreatitis has been seen in patients receiving
lopinavir, including those who developed marked trig-
lyceride elevations; in some cases fatalities have oc-
curred. Other commonly reported adverse effects in-
clude asthenia, headache, insomnia, pain, paraesthesia,
gastrointestinal disturbances, acne, and rash. Abnor-
mal laboratory test results associated with lopinavir-
containing regimens include increases in serum cho-
lesterol and triglycerides and raised liver enzymes. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
lopinavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including lopinavir. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. Elevat-
ed creatine phosphokinase, myalgia, myositis, and
rarely rhabdomyolysis have been reported with HIV-
protease inhibitors, particularly when given with nucl-
eoside analogues. Osteonecrosis has been reported,
particularly in patients with advanced HIV disease or
long-term exposure to combination antiretroviral ther-
apy. 
For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sul-
fate, p.882.

Precautions
Patients with advanced HIV disease may be at in-
creased risk of elevated triglycerides and pancreatitis,
and patients with a history of pancreatitis may be at in-
creased risk for recurrence during treatment with riton-
avir-boosted lopinavir. Such therapy should be stopped
if symptoms of pancreatitis occur. 
The oral solution (Kaletra, Abbott) has a high content
of alcohol and propylene glycol, present as excipients,
and appropriate precautions should be taken; it is con-
tra-indicated in infants and young children, in pregnan-
cy, and in hepatic or renal impairment. For further in-
formation on propylene glycol toxicity, see Adverse
Effects and Precautions, p.2374.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pregnancy. Licensed product information notes that in rats giv-
en toxic doses of ritonavir-boosted lopinavir, there was early re-
sorption, decreased fetal viability and body weight, and an in-
creased incidence of skeletal variation and delayed skeletal
ossification in the offspring.

Interactions
Lopinavir is extensively metabolised by the cyto-
chrome P450 isoenzyme CYP3A4. It is formulated
with low-dose ritonavir, which inhibits this enzyme
and thus increases exposure. The combination is an in-
hibitor of CYP3A4 and increases plasma concentration
of drugs mainly metabolised by this isoenzyme. It has
also been shown in vivo to induce its own metabolism
and to increase the biotransformation of some drugs
metabolised by cytochrome P450 isoenzymes and by
glucuronidation. Drugs that strongly induce CYP3A4
may result in decreased plasma concentrations of the
combination. 
Ritonavir-boosted lopinavir is contra-indicated with
drugs that are highly dependent on CYP3A4 for clear-
ance and for which elevated plasma concentrations are
associated with serious or life-threatening events.
These drugs include antihistamines (astemizole and
terfenadine), ergot derivatives (dihydroergotamine,
ergometrine, ergotamine, and methylergometrine),
gastrointestinal prokinetics (cisapride), antipsychotics
(pimozide), sedatives and hypnotics (midazolam and
triazolam), and statins (simvastatin and lovastatin). Ri-
fampicin and St John’s wort decrease the concentration
of lopinavir; use with the antiretroviral is not recom-
mended due to the possible loss of its activity and de-
velopment of resistance. UK licensed product informa-
tion contra-indicates the use of vardenafil and
amiodarone with ritonavir-boosted lopinavir. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Lopinavir is a selective, competitive, reversible inhibi-
tor of HIV-1 protease. It interferes with the formation
of essential viral proteins making them incapable of in-
fecting other cells. Viral resistance develops rapidly
when HIV-protease inhibitors are given alone and
therefore they are used with other antiretrovirals. Vari-
ous degrees of cross-resistance between HIV-protease
inhibitors may occur.

Pharmacokinetics
Lopinavir is rapidly absorbed from the gastrointestinal
tract after oral doses, with peak plasma concentrations
occurring after 4 hours. Bioavailability is enhanced
when given with a high fat meal. Lopinavir is reported
to be 98 to 99% bound to serum proteins. Lopinavir is
extensively metabolised, mainly by oxidation by cyto-
chrome P450 isoenzyme CYP3A4; 13 metabolites
have been identified with some, such as 4-oxylopinavir
and 4-hydroxylopinavir, having antiviral activity.
Lopinavir is predominantly excreted in faeces and to a
smaller extent in the urine; unchanged lopinavir ac-
counts for about 2.2% of a dose excreted in the urine
and 19.8% in the faeces. After multiple dosing, less
than 3% of the absorbed lopinavir dose is excreted un-
changed in the urine. The terminal elimination half-life
of lopinavir is reported to be about 5 to 6 hours.
◊ References.
1. Jullien V, et al. Population analysis of weight-, age-, and sex-

related differences in the pharmacokinetics of lopinavir in chil-
dren from birth to 18 years. Antimicrob Agents Chemother 2006;
50: 3548–55.

Uses and Administration
Lopinavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is formulated with low-dose
ritonavir, which acts as a pharmacokinetic enhancer.
The combination is used in the treatment of HIV infec-
tion and AIDS (p.856). Ritonavir-boosted lopinavir is
also recommended for HIV postexposure prophylaxis
(p.858). Viral resistance emerges rapidly when ritona-

vir-boosted lopinavir is used alone, and it is therefore
used with other antiretrovirals. 
The dose in treatment-naive and -experienced adults is
lopinavir 400 mg (with ritonavir 100 mg) twice daily.
Alternatively, treatment-naive patients may take a
once-daily dose of lopinavir 800 mg (with ritonavir
200 mg). 
US licensed product information recommends that if
the tablets are given in a treatment regimen with either
amprenavir, fosamprenavir, nelfinavir, efavirenz, or ne-
virapine in treatment-experienced patients considera-
tion be given to increasing the dose of lopinavir to
600 mg (with ritonavir 150 mg) twice daily. For pa-
tients taking the oral solution in such regimens the dose
should be increased to lopinavir 533 mg (with ritonavir
133 mg) twice daily. 
Lopinavir film-coated tablets may be taken with or
without food; the soft capsules and solution should be
taken with food. 
For details of doses in children, see below.
◊ Reviews.
1. Oldfield V, Plosker GL. Lopinavir/ritonavir: a review of its use

in the management of HIV infection. Drugs 2006; 66: 1275–99.

Administration in children. For the treatment of HIV infec-
tion in children, ritonavir-boosted lopinavir is given daily with
other antiretroviral drugs. The US licensed product information
permits use in infants as young as 14 days old, whereas in the UK
the age is 2 years. The dose given should not exceed the maxi-
mum adult dose (see above). 
In the UK the use of the oral solution is preferred to the soft cap-
sules as a more accurate dose may be given. Doses are based on
body-surface. 
• In children 2 years of age or more the recommended dose of

the oral solution is lopinavir 230 mg/m2 (with ritonavir
57.5 mg/m2) twice daily with food. The dose should be in-
creased to 300 mg/m2 (with ritonavir 75 mg/m2) twice daily
with food when given with efavirenz or nevirapine 

• The recommended dose of the oral soft capsules in children is
according to body-surface as follows: 
• 0.40 to 0.75 m2: lopinavir 133.3 mg (with ritonavir

33.3 mg) twice daily 
• 0.80 to 1.3 m2: lopinavir 266.6 mg (with ritonavir 66.6 mg)

twice daily 
• 1.4 to 1.75 m2: lopinavir 400 mg (with ritonavir 100 mg)

twice daily 
In the USA the dose is based on body-weight or body-surface as
follows: 
• given without interacting antiretrovirals 

• 14 days to 6 months of age: lopinavir 16 mg/kg (with riton-
avir 4 mg/kg) twice daily or lopinavir 300 mg/m2 (with
ritonavir 75 mg/m2) twice daily 

• 6 months or older and less than 15 kg: lopinavir 12 mg/kg
(with ritonavir 3 mg/kg) twice daily or lopinavir
230 mg/m2 (with ritonavir 57.5 mg/m2) twice daily 

• 15 to 40 kg: lopinavir 10 mg/kg (with ritonavir 2.5 mg/kg)
twice daily or lopinavir 230 mg/m2 (with ritonavir
57.5 mg/m2) twice daily 

• over 40 kg: normal adult dose 
• given in a treatment regimen with either amprenavir, fosam-

prenavir, efavirenz, nelfinavir, or nevirapine (requiring the
dose of lopinavir/ritonavir to be increased): 
• 6 months or older and less than 15 kg: lopinavir 13 mg/kg

(with ritonavir 3.25 mg/kg) twice daily or lopinavir
300 mg/m2 (with ritonavir 75 mg/m2) twice daily 

• 15 to 45 kg: lopinavir 11 mg/kg (with ritonavir 2.75 mg/kg)
twice daily or lopinavir 300 mg/m2 (with ritonavir
75 mg/m2) twice daily 

• over 45 kg: as for adults, above
SARS. In a preliminary open study1 41 patients with probable
SARS were given ritonavir-boosted lopinavir as well as the local
standard treatment of ribavirin and corticosteroids. At 21 days
there was improved outcome with reductions in viral load, corti-
costeroid dose, and the incidence of nosocomial infections.
1. Chu CM, et al. Role of lopinavir/ritonavir in the treatment of

SARS: initial virological and clinical findings. Thorax 2004; 59:
252–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Kaletra; Austral.: Kaletra; Austria: Kaletra;
Belg.: Kaletra; Braz.: Kaletra; Canad.: Kaletra; Chile: Kaletra; Cz.: Kaletra;
Denm.: Kaletra; Fin.: Kaletra; Fr.: Kaletra; Ger.: Kaletra; Gr.: Kaletra; Hong
Kong: Kaletra; Hung.: Kaletra; India: Ritomax-L; Israel: Kaletra; Ital.:
Kaletra; Malaysia: Kaletra; Mex.: Kaletra; Neth.: Kaletra; Norw.: Kaletra;
NZ: Kaletra; Pol.: Kaletra; Port.: Kaletra; Rus.: Kaletra (Калетра); S.Afr.:
Kaletra; Singapore: Kaletra; Spain: Kaletra; Swed.: Kaletra; Switz.: Kaletra;
Thai.: Kaletra; Turk.: Kaletra; UK: Kaletra; USA: Kaletra; Venez.: Kaletra.

Maraviroc (USAN, rINN)

Maravirocum; UK-427857. 4,4-Difluoro-N-((1S)-3-{(1R,3s,5S)-3-
[3-methyl-5-(propan-2-yl)-4H-1,2,4-triazol-4-yl]-8-azabicyc-
lo[3.2.1]octan-8-yl}-1-phenylpropyl)cyclohexanecarboxamide.
Маравирок
C29H41F2N5O = 513.7.
CAS — 376348-65-1.
ATC — J05AX09.
ATC Vet — QJ05AX09.

Adverse Effects and Precautions
On the basis of limited data, maraviroc appears to be
well tolerated; non-specific adverse effects associated
with maraviroc-based regimens include asthenia,
cough and upper respiratory-tract infections, dizziness,
abdominal pain and distension, constipation, diar-
rhoea, dyspepsia, nausea, vomiting, fever, headache,
insomnia, somnolence, muscle spasms and back pain,
pruritus, and rash. Less frequently reported adverse ef-
fects include osteonecrosis and cardiovascular effects
such as myocardial ischaemia and myocardial infarc-
tion; cardiac adverse effects were reported mainly for
patients with pre-existing cardiac disease or risk fac-
tors. 
Hepatotoxicity has occurred; raised liver enzyme val-
ues and bilirubin have also been reported and caution
is advised in patients with pre-existing liver dysfunc-
tion or co-infection with hepatitis B or C. Although re-
nal clearance normally accounts for only a small pro-
portion of the dose, maraviroc should be used with
caution in patients with renal impairment (creatinine
clearance less than 80 mL/minute) who are also taking
potent inhibitors of the cytochrome P450 isoenzyme
CYP3A4 as concentrations of maraviroc may be sig-
nificantly increased.

Interactions
Maraviroc is a substrate for the cytochrome P450
isoenzyme CYP3A4 and for P-glycoprotein, and may
therefore have a number of clinically significant inter-
actions. Inhibitors of CYP3A4, such as HIV-protease
inhibitors (other than tipranavir), increase the serum
concentration of maraviroc. Inducers of CYP3A4 such
as efavirenz may decrease serum maraviroc concentra-
tions. No clinically significant interaction is expected
between maraviroc and NRTIs, nevirapine, or boosted
fosamprenavir or tipranavir. 
Non-antiretroviral medications that significantly alter
maraviroc metabolism include the CYP3A4 inhibitors
ketoconazole, itraconazole, clarithromycin, and ne-
fazodone and the CYP3A4 inducers rifampicin and St
John’s wort. Maraviroc does not appear to cause clini-
cally significant changes in concentrations of other
medications.

Antiviral Action
Maraviroc is an antagonist of the CCR5 chemokine re-
ceptor. During infection, HIV binds to the CD4 recep-
tor on the surface of host cells, and then interacts with
one of two co-receptors, CCR5 or CXCR4, to allow
cell membrane fusion and entry to the cell. By binding
to CCR5, maraviroc inhibits this process and prevents
strains of HIV-1 that use CCR5 (CCR5-tropic viruses),
which appear to be more common in early infection,
from entering the cell. It is not active against CXCR4-
tropic strains or those with dual or mixed tropism.
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Pharmacokinetics
Maraviroc is absorbed after oral doses, and peak con-
centrations occur in 0.5 to 4 hours. There is considera-
ble interindividual variation in the pharmacokinetics. It
is 76% bound to plasma proteins. Maraviroc is metab-
olised by the cytochrome P450 system (specifically the
isoenzyme CYP3A4) to inactive metabolites. It is
excreted in both urine (20%) and faeces (76%) as
unchanged drug and metabolites.

Uses and Administration
Maraviroc is an antagonist of the CCR5 chemokine re-
ceptor (see Antiviral Action, above). It is used, with
other antiretrovirals, for the treatment of HIV infection
and AIDS (p.856) in treatment-experienced adult pa-
tients with exclusively CCR5-tropic HIV-1 infection.
Co-receptor tropism should be determined by specific
testing before maraviroc is used. 
Maraviroc is given orally in a dose of 300 mg twice
daily, although dose adjustments may be needed de-
pending on interactions with other medicines. 
• For patients also taking CYP3A4 inhibitors such as

HIV-protease inhibitors (other than fosamprenavir
or tipranavir), delavirdine, ketoconazole, itracona-
zole, clarithromycin, nefazodone, and telithromycin,
the recommended dose is 150 mg twice daily. 

• In those whose therapy includes CYP3A4 inducers
(without a CYP3A4 inhibitor) such as efavirenz, ri-
fampicin, carbamazepine, phenobarbital, and pheny-
toin, the recommended dose is 600 mg twice daily. 

Patients taking other antiretrovirals (including fosam-
prenavir or tipranavir), or other drugs, may be given
the standard dose of 300 mg twice daily.

◊ References.
1. Carter NJ, Keating GM. Maraviroc. Drugs 2007; 67: 2277–88. 
2. Vandekerckhove L, et al. Maraviroc: integration of a new antiret-

roviral drug class into clinical practice. J Antimicrob Chemother
2008; 61: 1187–90.

Administration in renal impairment. UK licensed product
information recommends that the oral dose of maraviroc be ad-
justed in patients with renal impairment who are also taking po-
tent inhibitors of cytochrome P450 isoenzyme CYP3A4. The
dosing interval should be modified according to the creatinine
clearance (CC) of the patient: 
• For patients also taking CYP3A4 inhibitors such as ritonavir-

boosted HIV-protease inhibitors (other than fosamprenavir, ti-
pranavir, or saquinavir), ketoconazole, itraconazole, clarithro-
mycin, and telithromycin and who have a CC less than
80 mL/minute: 150 mg every 24 hours 

• For patients also taking ritonavir-boosted saquinavir: 
• CC 50 to 80 mL/minute: 150 mg every 24 hours 
• CC 30 to 49 mL/minute: 150 mg every 48 hours 
• CC 29 mL/minute or less: 150 mg every 72 hours 

No adjustment is necessary when maraviroc is given without po-
tent CYP3A4 inhibitors or with fosamprenavir or tipranavir

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Celsentri; Cz.: Celsentri; Fr.: Celsentri; UK: Celsentri; USA:
Selzentry.

Moroxydine (BAN, rINN)

Moroksidiini; Moroxidin; Moroxidina; Moroxydinum.

Мороксидин

C6H13N5O = 171.2.
CAS — 3731-59-7.
ATC — J05AX01.
ATC Vet — QJ05AX01.

Moroxydine Hydrochloride (BANM, rINNM)

Abitilguanide Hydrochloride; ABOB; Hidrocloruro de moroxidi-
na; Moroxydine, Chlorhydrate de; Moroxydini Hydrochloridum.
1-(Morpholinoformimidoyl)guanidine hydrochloride.

Мороксидина Гидрохлорид
C6H13N5O,HCl = 207.7.
CAS — 3160-91-6.
ATC — J05AX01.
ATC Vet — QJ05AX01.

Profile
Moroxydine hydrochloride has been given orally in the treat-
ment of herpes simplex and varicella-zoster infections. It has also
been used topically. It is included as an ingredient in preparations
for the treatment of cold and influenza symptoms.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hong Kong: Virulex Forte; Mex.: Amgrip; Clorfriol†;
Flepin X-3†; Friral†; Singril; Singrilen; S.Afr.: Corenza C; Virobis†.

Nelfinavir Mesilate (BANM, rINNM)

AG-1343 (nelfinavir or nelfinavir mesilate); Mesilato de nelfinavir ;
Nelfinavir, Mésilate de; Nelfinavir Mesylate (USAN); Nelfinaviri
Mesilas. 3S[2(2S*,3S*),3α,4aβ,8aβ]-N-(1,1-Dimethylethyl)decahy-
dro-2-2-hydroxy-3-[(3-hydroxy-2-methylbenzoyl)amino]-4-
(phenylthio)butyl-3-isoquinolinecarboxamide monomethanesul-
phonate; (3S,4aS,8aS)-N-tert-Butyldecahydro-2-[(2R,3R)-3-(3-
hydroxy-o-toluamido)-2-hydroxy-4-(phenylthio)butyl]isoquino-
line-3-carboxamide monomethanesulphonate.

Нелфинавира Мезилат
C32H45N3O4S,CH4O3S = 663.9.

CAS — 159989-64-7 (nelfinavir); 159989-65-8 (nelfinavir
mesilate).
ATC — J05AE04.
ATC Vet — QJ05AE04.

(nelfinavir)

NOTE. Nelfinavir should not be confused with nevirapine (below).
Pharmacopoeias. In Int.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing nelfinavir are diar-
rhoea, flatulence, nausea, and rash. Raised liver en-
zymes and decreases in white blood cell counts have
also been reported. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
nelfinavir, in HIV-infected patients with severe im-
mune deficiency. Accumulation or redistribution of
body fat (lipodystrophy) including central obesity, dor-
socervical fat enlargement (buffalo hump), peripheral
wasting, facial wasting, breast enlargement, and
cushingoid appearance have been observed in patients
receiving antiretroviral therapy, including nelfinavir.
Metabolic abnormalities such as hypertriglyceridae-
mia, hypercholesterolaemia, insulin resistance, hyper-
glycaemia, and hyperlactataemia have also been re-
ported. Elevated creatine phosphokinase, myalgia,
myositis, and rarely rhabdomyolysis have been report-
ed with HIV-protease inhibitors, particularly when giv-
en with nucleoside analogues. Osteonecrosis has been

reported, particularly in patients with advanced HIV
disease or long-term exposure to combination antiret-
roviral therapy. For further information on adverse ef-
fects associated with HIV-protease inhibitors see under
Indinavir Sulfate, p.882.
Contamination. In June 2007, high levels of ethyl mesilate
(ethyl methanesulfonate; EMS) were detected in European-
made nelfinavir (Viracept; Roche). EMS may cause cancer in hu-
mans and has caused birth defects and cancer in animals. Nelfi-
navir was subsequently recalled from the European market in
August 2007.1 The manufacturer later identified and rectified the
source of contamination and in September 2007 the EMEA rec-
ommended the lifting of the drug’s suspension.2 The US manu-
facturer (Pfizer, USA) notified doctors in September 2007 that
EMS had been detected in nelfinavir manufactured in the USA
but in much lower amounts than in European-made nelfinavir.3
The FDA considered the risk of stopping nelfinavir therapy re-
sulting from a drug recall to be greater than the risk of taking US-
made nelfinavir but advised that children and pregnant women
starting treatment with antiretrovirals for the first time not be giv-
en nelfinavir-containing regimens. Pregnant women taking nelfi-
navir as part of an HIV treatment regimen should be given alter-
native therapy. All other HIV-infected patients taking nelfinavir-
containing regimens could continue to do so.
1. EMEA. European Medicines Agency agrees on action plan fol-

lowing the recall of Viracept and recommends suspension of the
marketing authorisation (issued 21 June, 2007). Available at:
http://www.emea.europa.eu/pdfs/general/direct/pr/27536707en.pdf
(accessed 13/06/08). 

2. EMEA. European medicines agency recommends lifing of suspen-
sion for Viracept (issued 20 September, 2007). Available at: http://
www.emea.europa.eu/pdfs/general/direct/pr/41816807en.pdf (ac-
cessed 13/06/08). 

3. Pfizer, USA. Viracept  (nelfinavir mesylate) 250 mg, 625 mg tablets,
and powder for oral suspension: important information for prescrib-
ers (issued 10 September 2007). Available at: http://www.fda.gov/
medwatch/safety/2007/VIRACEPT_HCPLetter_9_10_07.pdf (ac-
cessed 13/06/08).

Precautions
Nelfinavir should be used with caution, and liver en-
zyme values monitored, in patients with moderate liver
disease. Patients co-infected with chronic hepatitis B or
C and treated with combination antiretroviral therapy
are at increased risk for severe and potentially fatal he-
patic adverse events. Caution is advised in treating pa-
tients with haemophilia A and B as reports of sponta-
neous bleeding have been associated with the use of
HIV-protease inhibitors. 
For cautions concerning use in children and in preg-
nancy see under Contamination, above

Interactions
Nelfinavir is reported to be metabolised in part by cy-
tochrome P450 isoenzymes CYP3A4 and CYP2C19.
Drugs that induce these isoenzymes may reduce the
plasma concentration of nelfinavir. Conversely, when
nelfinavir is given with drugs that inhibit CYP3A4
plasma concentrations, nelfinavir concentrations may
be increased. It may also alter the pharmacokinetics of
drugs metabolised by this isoenzyme system and pos-
sibly cause serious adverse effects. 
Nelfinavir is contra-indicated with drugs that are high-
ly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with se-
rious or life-threatening events. These drugs include
antiarrhythmics (amiodarone and quinidine), antihista-
mines (astemizole and terfenadine), ergot derivatives
(dihydroergotamine, ergometrine, ergotamine, and
methylergometrine), gastrointestinal motility agents
(cisapride), antipsychotics (pimozide), sedatives and
hypnotics (midazolam and triazolam), and statins (sim-
vastatin and lovastatin). Omeprazole, rifampicin, and
St John’s wort decrease the concentration of nelfinavir;
use with the antiretroviral is not recommended due to
the possible loss of its activity and development of re-
sistance. 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Nelfinavir is a selective, reversible inhibitor of HIV-1
protease. It interferes with the formation of essential vi-
ral proteins making them incapable of infecting other
cells. Viral resistance develops rapidly when HIV-pro-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tease inhibitors are given alone and therefore they are
used with other antiretrovirals. Mechanisms of resist-
ance to nelfinavir may differ sufficiently from those to
other HIV-protease inhibitors to reduce the occurrence
of cross-resistance between nelfinavir and other HIV-
protease inhibitors. Cross-resistance between nelfina-
vir and NNRTIs is unlikely because they target differ-
ent enzymes.

Pharmacokinetics
Nelfinavir is absorbed from the gastrointestinal tract
and peak plasma concentrations occur in 2 to 4 hours.
Absorption is enhanced when given with food. Nelfi-
navir is extensively bound to plasma proteins (more
than 98%). It is metabolised by oxidation by cyto-
chrome P450 isoenzymes including CYP3A4 and
CYP2C19. The major oxidative metabolite has in-vitro
antiviral activity equal to that of nelfinavir. In patients
13 years of age and older the plasma terminal half-life
is 3.5 to 5 hours; in children 2 to 13 years of age, clear-
ance is two to three times greater than in adults. Nelfi-
navir is excreted mainly in the faeces both as
unchanged drug (22%) and as metabolites (78%). Only
about 1 to 2% is excreted in the urine, mainly as
unchanged drug.

Uses and Administration
Nelfinavir is an HIV-protease inhibitor with antiviral
activity against HIV-1. It is used in the treatment of
HIV infection and AIDS (p.856). Viral resistance
emerges rapidly when nelfinavir is used alone, and it is
therefore used with other antiretrovirals. 
Nelfinavir is given orally as the mesilate, but doses are
expressed in terms of the base. Nelfinavir mesilate
292 mg is equivalent to about 250 mg of nelfinavir.
Nelfinavir is available as tablets and oral powder. The
oral powder should not be taken with acidic foods or
drinks as this may result in a bitter taste. Nelfinavir is
given in an adult dose of 1.25 g twice daily or 0.75 g
three times daily with food. 
For details of doses in children, see below.
◊ Reviews.
1. Pai VB, Nahata MC. Nelfinavir mesylate: a protease inhibitor.

Ann Pharmacother 1999; 33: 325–39. 
2. Perry CM, et al. Nelfinavir: a review of its use in the manage-

ment of HIV infection. Drugs 2005; 65: 2209–44.

Administration in children. For the treatment of HIV infec-
tion in children nelfinavir is given orally with other antiretroviral
drugs. The US licensed product information permits the use of
nelfinavir in children 2 years of age and older, whereas UK li-
censed product information permits use from 3 years of age. 
In the UK, the recommended dose of nelfinavir is 50 to 55 mg/kg
twice daily or 25 to 30 mg/kg three times daily with food. In the
USA, the recommended dose is 45 to 55 mg/kg twice daily or 25
to 35 mg/kg three times daily with food.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Filosfil; Nalvir ; Nelfilea; Retroinhi; Viracept†; Austral.: Viracept; Aus-
tria: Viracept; Belg.: Viracept; Braz.: Viracept; Canad.: Viracept; Chile:
Viracept; Cz.: Viracept; Denm.: Viracept; Fin.: Viracept; Fr.: Viracept;
Ger.: Viracept; Gr.: Viracept; Hong Kong: Viracept; Hung.: Viracept; In-
dia: Nelvir ; Irl.: Viracept; Israel: Viracept; Ital.: Viracept; Jpn: Viracept;
Mex.: Viracept; Neth.: Viracept; Norw.: Viracept; NZ: Viracept; Philipp.:
Viracept; Pol.: Viracept; Port.: Viracept; S.Afr.: Viracept; Singapore: Vira-
cept†; Spain: Viracept; Swed.: Viracept; Switz.: Viracept; Thai.: Viracept;
UK: Viracept; USA: Viracept; Venez.: Nelvir ; Viracept.

Nevirapine (BAN, USAN, rINN)

BI-RG-587; BIRG-0587; Nevirapiini; Nevirapiini, vedetön; Nevi-
rapin; Nevirapin bezvodý; Nevirapin, vattenfritt; Nevirapina; Né-
virapine; Névirapine anhydre; Nevirapinum; Nevirapinum anhy-
dricum; Newirapina bezwodna. 11-Cyclopropyl-5,11-dihydro-4-
methyl-6H-dipyrido[3,2-b:2′,3′-e]-[1,4]diazepin-6-one.

Невирапин

C15H14N4O = 266.3.

CAS — 129618-40-2.

ATC — J05AG01.

ATC Vet — QJ05AG01.

NOTE. Nevirapine should not be confused with nelfinavir (above).

Pharmacopoeias. In Eur. (see p.vii) and US. 
Int. permits anhydrous or the hemihydrate. 
Ph. Eur. 6.2 (Nevirapine, Anhydrous). A white or almost white
powder. Practically insoluble in water; sparingly soluble or
slightly soluble in dichloromethane; slightly soluble in methyl al-
cohol. 
USP 31 (Nevirapine). It is anhydrous or contains one-half mol-
ecule of water of hydration. A white to off-white, odourless to
nearly odourless, crystalline powder. Practically insoluble in wa-
ter; slightly soluble in alcohol and in methyl alcohol. The hy-
drous form is also slightly insoluble in propylene glycol. Store in
airtight containers at a temperature of 25°, excursions permitted
between 15° and 30°.

Adverse Effects
The most common adverse effect associated with
antiretroviral regimens containing nevirapine is skin
rash (usually mild to moderate, maculopapular, ery-
thematous, and sometimes pruritic), generally occur-
ring within 6 weeks of starting therapy. Severe and life-
threatening skin reactions (with some fatalities) have
occurred, including Stevens-Johnson syndrome and,
more rarely, toxic epidermal necrolysis. Hypersensitiv-
ity reactions including angioedema, urticaria, and ana-
phylaxis have been reported. Rashes may occur alone
or in the context of hypersensitivity reactions when
they may be accompanied by other symptoms such as
fever, arthralgia, myalgia, lymphadenopathy, eosi-
nophilia, granulocytopenia, or renal dysfunction.
Granulocytopenia occurs more commonly in children
than in adults. Severe hepatotoxicity, including hepati-
tis and hepatic necrosis, occasionally fatal, has oc-
curred and may be more prevalent in women and pa-
tients with high CD4+ cell counts at the start of
treatment. Serious hepatotoxicity has also been report-
ed in HIV-uninfected persons taking multiple doses of
nevirapine for HIV postexposure-prophylaxis. Rhab-
domyolysis has occurred in patients with skin and/or
liver reactions. Other common adverse effects include
nausea, vomiting, diarrhoea, abdominal pain, fatigue,
drowsiness, fever, myalgia, and headache. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including nev-
irapine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including nevirapine. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported.
Osteonecrosis has been reported, particularly in
patients with advanced HIV disease or long-term expo-
sure to combination antiretroviral therapy.

Effects on the liver. References.
1. Martinez E, et al. Hepatotoxicity in HIV-1-infected patients re-

ceiving nevirapine-containing antiretroviral therapy. AIDS 2001;
15: 1261–8. 

2. Committee on Safety of Medicines/Medicines Control Agency.
Nevirapine (Viramune): serious adverse reactions when used in
HIV post exposure prophylaxis. Current Problems 2001; 27: 13.
Also available at: http://www.mhra.gov.uk/home/idcplg?
I d c S e r v i c e = G E T _ F I L E & d D o c N a m e = C O N 0 0 7 4 5 6 &
RevisionSelectionMethod=LatestReleased (accessed 13/06/08) 

3. Gonzalez de Requena D, et al. Liver toxicity caused by nevirap-
ine. AIDS 2002; 16: 290–1. 

4. De Maat MM, et al. Hepatotoxicity following nevirapine-con-
taining regimens in HIV-1-infected individuals. Pharmacol Res
2002; 46: 295–300. 

5. Patel SM, et al. Serious adverse cutaneous and hepatic toxicities
associated with nevirapine use by non-HIV-infected individuals.
J Acquir Immune Defic Syndr 2004; 35: 120–5. 

6. Torti C, et al. BHCC Study Group. Analysis of severe hepatic
events associated with nevirapine-containing regimens: CD4+ T-
cell count and gender in hepatitis C seropositive and seronega-
tive patients. Drug Safety 2007; 30: 1161–9.

Effects on the skin. References.
1. Warren KJ, et al. Nevirapine-associated Stevens-Johnson syn-

drome. Lancet 1998; 351: 567. 
2. Wetterwald E, et al. Nevirapine-induced overlap Stevens-John-

son syndrome/toxic epidermal necrolysis. Br J Dermatol 1999;
140: 980–2. 

3. Committee on Safety of Medicines/Medicines Control Agency.
Nevirapine (Viramune): serious adverse reactions when used in
HIV post exposure prophylaxis. Current Problems 2001; 27: 13.
Also available at: http://www.mhra.gov.uk/home/idcplg?
I d c S e r v i c e = G E T _ F I L E & d D o c N a m e = C O N 0 0 7 4 5 6 &
RevisionSelectionMethod=LatestReleased (accessed 13/06/08) 

4. Antinori A, et al. Female sex and the use of anti-allergic agents
increase the risk of developing cutaneous rash associated with
nevirapine therapy. AIDS 2001; 15: 1579–81. 

5. de Maat MM, et al. Incidence and risk factors for nevirapine-
associated rash. Eur J Clin Pharmacol 2003; 59: 457–62. 

6. Manosuthi W, et al. Incidence and risk factors of nevirapine-as-
sociated skin rashes among HIV-infected patients with CD4 cell
counts <250 cells/microL. Int J STD AIDS 2007; 18: 782–6. 

7. Wit FW, et al. Discontinuation of nevirapine because of hyper-
sensitivity reactions in patients with prior treatment experience,
compared with treatment-naive patients: the ATHENA cohort
study. Clin Infect Dis 2008; 46: 933–40. 

8. Kiertiburanakul S, et al. Risk factors for nevirapine-associated
rash among HIV-infected patients with low CD4 cell counts in
resource-limited settings. Curr HIV Res 2008; 6: 65–9.

Precautions
Patients taking nevirapine should be closely monitored
for adverse skin reactions and hepatotoxicity during
the first 18 weeks of treatment; extra vigilance is ad-
vised during the first 6 weeks of treatment. Nevirapine
should be used with extreme caution in patients with
moderate hepatic impairment (Child-Pugh class B); it
is contra-indicated in those with severe hepatic impair-
ment (Child-Pugh class C). Patients with high CD4+
cell counts (greater than 250 cells/microlitre in women
or 400 cells/microlitre in men), as well as patients co-
infected with chronic hepatitis B or C are at increased
risk of hepatotoxicity. The UK licensed product infor-
mation suggests that liver function should be moni-
tored every 2 weeks during the first 2 months of treat-
ment, again at 3 months, and then regularly thereafter. 
Treatment should be permanently stopped in patients
who suffer a severe rash, rash accompanied by consti-
tutional symptoms (such as fever, blistering, oral le-
sions, conjunctivitis, facial oedema, muscle or joint
aches, or general malaise), hypersensitivity reactions,
or clinical hepatitis. Transaminase levels should be
checked for all patients who develop a rash in the first
18 weeks of treatment and nevirapine should be tem-
porarily stopped if liver enzyme levels increase to
greater than 5 times the upper limit of normal or the
patient has symptoms suggestive of hepatitis. In some
patients treatment may be restarted at the initial dose if
liver function returns to baseline values and the patient
has no clinical symptoms of hepatitis or signs of a rash
(although permanent stoppage is necessary if abnor-
malities recur). In some cases hepatic injury progresses
despite stopping the drug. Dose escalation should not
be attempted in patients developing any rash during the
first 14 days of treatment until the rash has resolved.
Patients or their carers should be counselled on how to
recognise hypersensitivity reactions and instructed to
seek immediate medical attention if they occur. Doses
may need to be modified in patients on renal dialysis.
Pregnancy. Nevirapine has not been associated with tera-
togenicity in animals. Licensed product information states that
the Antiretroviral Pregnancy Registry has not found an increased
risk of birth defects after first trimester exposures to nevirapine
and the prevalence of birth defects after exposure in any trimester
was comparable to the prevalence in the general population.

Interactions
Nevirapine is metabolised mainly by the cytochrome
P450 isoenzymes CYP3A4 and CYP2B6. Conse-
quently it may compete with other drugs metabolised
by this system, possibly resulting in mutually increased
plasma concentrations and toxicity. Alternatively, en-
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zyme inducers may decrease plasma concentrations of
nevirapine; nevirapine itself acts as a mild to moderate
enzyme inducer and may thus reduce plasma concen-
trations of other drugs. 
Rifampicin and St John’s wort decrease the concentra-
tion of nevirapine; use with the antiretroviral is not rec-
ommended due to the possible loss of its activity and
development of resistance. For further information on
drug interactions of NNRTIs see Table 2, p.944.
Antivirals. For the effect of nevirapine on HIV-protease inhibi-
tors, see p.883.

Methadone. Nevirapine may induce the metabolism of metha-
done (p.84) resulting in reduced plasma-methadone concentra-
tions.

Antiviral Action
Nevirapine acts by non-competitive inhibition of HIV-
1 reverse transcriptase; it binds to the enzyme, disrupt-
ing the conformation of its catalytic site and impairing
its RNA- and DNA-dependent polymerase activity. 
Resistance to nevirapine and emergence of cross-re-
sistance to other non-nucleoside reverse transcriptase
inhibitors has been seen.

Pharmacokinetics
Nevirapine is readily absorbed after oral doses and ab-
sorption is not affected by food or antacids. Bioavaila-
bility is greater than 90%. Nevirapine tablets and oral
suspension are comparably bioavailable and inter-
changeable at doses up to 200 mg. Peak plasma con-
centrations occur 4 hours after a single dose. Nevirap-
ine is about 60% bound to plasma proteins.
Concentrations in the CSF are about 45% of those in
plasma. Nevirapine crosses the placenta and is distrib-
uted into breast milk. It is extensively metabolised by
hepatic microsomal enzymes, principally by the cyto-
chrome P450 isoenzymes CYP3A4 and CYP2B6, to
several hydroxylated metabolites. Autoinduction of
these enzymes results in a 1.5- to 2-fold increase in ap-
parent oral clearance after 2 to 4 weeks at usual dosage,
and a decrease in terminal half-life from 45 hours to 25
to 30 hours over the same period. Nevirapine is mainly
excreted in the urine as glucuronide conjugates of the
hydroxylated metabolites. 
In children, nevirapine elimination accelerates during
the first years of life, reaching a maximum at around 2
years of age, followed by a gradual decline during the
rest of childhood; values in children under 8 years are
about twice those in adults.
◊ References.
1. Mirochnick M, et al. Nevirapine: pharmacokinetic considera-

tions in children and pregnant women. Clin Pharmacokinet
2000; 39: 281–93. 

2. Almond LM, et al. Intracellular and plasma pharmacokinetics of
nevirapine in human immunodeficiency virus-infected individu-
als. Clin Pharmacol Ther 2005; 78: 132–42. 

3. von Hentig N, et al. A comparison of the steady-state pharma-
cokinetics of nevirapine in men, nonpregnant women and wom-
en in late pregnancy. Br J Clin Pharmacol 2006; 62: 552–9.

Uses and Administration
Nevirapine is a non-nucleoside reverse transcriptase
inhibitor with activity against HIV-1. It is used in the
treatment of HIV infection and AIDS (p.856). Viral re-
sistance emerges rapidly when nevirapine is used
alone, and it is therefore used with other antiretrovirals. 
Nevirapine is given orally in an adult dose of 200 mg
once daily for the first 14 days, then increased to
200 mg twice daily provided that no rash is present
(see Precautions, above). 
If treatment is interrupted for more than 7 days, it
should be reintroduced using the lower dose for the
first 14 days as for new treatment. 
For details of doses in infants, children, and adoles-
cents, see below. 
Nevirapine is often used in regimens for the prophylax-
is of vertical transmission (mother-to-child) of HIV in-
fection. In women in whom HAART is not indicated,
or where it is not available, a single oral dose of nevi-

rapine 200 mg may be given at the onset of labour, to-
gether with a course of zidovudine and lamivudine, for
perinatal cover (see HIV Infection Prophylaxis, p.858).
◊ References.
1. Floridia M, et al. A randomized, double-blind trial on the use of

a triple combination including nevirapine, a nonnucleoside re-
verse transcriptase HIV inhibitor, in antiretroviral-naive pa-
tients with advanced disease. J Acquir Immune Defic Syndr
Hum Retrovirol 1999; 20: 11–19. 

2. Guay LA, et al. Intrapartum and neonatal single-dose nevirap-
ine compared with zidovudine for prevention of mother-to-child
transmission of HIV-1 in Kampala, Uganda: HIVNET 012 ran-
domised trial. Lancet 1999; 354: 795–802. 

3. Bardsley-Elliot A, Perry CM. Nevirapine: a review of its use in
the prevention and treatment of paediatric HIV infection. Pae-
diatr Drugs 2000; 2: 373–407. 

4. Dorenbaum A, et al. Two-dose intrapartum/newborn nevirapine
and standard antiretroviral therapy to reduce perinatal HIV
transmission: a randomized trial. JAMA 2002; 288: 189–98. 

5. Moodley D, et al. A multicenter randomized controlled trial of
nevirapine versus a combination of zidovudine and lamivudine
to reduce intrapartum and early postpartum mother-to-child
transmission of human immunodeficiency virus type 1. J Infect
Dis 2003; 187: 725–35. 

6. Taha TE, et al. Short postexposure prophylaxis in newborn ba-
bies to reduce mother-to-child transmission of HIV-1: NVAZ
randomised clinical trial. Lancet 2003; 362: 1171–7. 

7. Lallemant M, et al. Single-dose perinatal nevirapine plus stand-
ard zidovudine to prevent mother-to-child transmission of HIV-
1 in Thailand. N Engl J Med 2004; 351: 217–28. 

8. Shapiro RL, et al. Maternal single-dose nevirapine versus pla-
cebo as part of an antiretroviral strategy to prevent mother-to-
child HIV transmission in Botswana. AIDS 2006; 20: 1281–8. 

9. Lockman S, et al. Response to antiretroviral therapy after a sin-
gle, peripartum dose of nevirapine. N Engl J Med 2007; 356:
135–47. 

10. Parienti JJ, et al. SIROCCO study team. Efavirenz to nevirapine
switch in HIV-1-infected patients with dyslipidemia: a rand-
omized, controlled study. Clin Infect Dis 2007; 45: 263–6. 

11. Dart Trial Team. Twenty-four-week safety and tolerability of
nevirapine vs. abacavir in combination with zidovudine/lamivu-
dine as first-line antiretroviral therapy: a randomized double-
blind trial (NORA). Trop Med Int Health 2008; 13: 6–16.

Administration in children. For the treatment of HIV infec-
tion in infants, children, and adolescents nevirapine is given oral-
ly with other antiretroviral drugs. The following doses by body-
weight have been suggested according to age: 
• from 15 days to 8 years: 4 mg/kg once daily for 14 days and

then, if no rash is present, 7 mg/kg twice daily 
• 8 to 16 years: 4 mg/kg once daily for 14 days then 4 mg/kg

twice daily thereafter 
Alternatively, the dose may be calculated according to body-sur-
face; an oral dose of 150 mg/m2 once daily for two weeks is giv-
en followed by 150 mg/m2 twice daily thereafter. A total dose of
400 mg daily should not be exceeded. 
For information on the use of nevirapine in regimens for the
prophylaxis of vertical transmission (mother-to-child) of HIV in-
fection see HIV Infection Prophylaxis, p.858.

Administration in renal impairment. Dose adjustments are
not required for patients with a creatinine clearance more than
20 mL/min. Patients on dialysis should receive an additional
200 mg of nevirapine after each dialysis session.

Preparations
USP 31: Nevirapine Oral Suspension; Nevirapine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Filide; Nerapin; Neviralea†; Protease; Ritvir ; Virainhi; Viramune; Aus-
tral.: Viramune; Austria: Viramune; Belg.: Viramune; Braz.: Viramune;
Canad.: Viramune; Chile: Viramune; Cz.: Viramune; Denm.: Viramune;
Fin.: Viramune; Fr.: Viramune; Ger.: Viramune; Gr.: Viramune; Hong
Kong: Viramune; Hung.: Viramune; India: Neve; Nevimune; Indon.: Vi-
ramune; Irl.: Viramune; Israel: Viramune; Ital.: Viramune; Jpn: Viramune;
Malaysia: Nevipan; Viramune; Mex.: Viramune; Neth.: Viramune;
Norw.: Viramune; NZ: Viramune; Pol.: Viramune; Port.: Viramune; Rus.:
Viramune (Вирамун); S.Afr.: Viramune; Singapore: Viramune; Spain: Vi-
ramune; Swed.: Viramune; Switz.: Viramune; Thai.: Viramune; Turk.: Vi-
ramune; UK: Viramune; USA: Viramune; Venez.: Nevimune; Viramune.

Multi-ingredient: India: Duovir N; Triomune; S.Afr.: Triomune; Venez.:
Triomune.

Oseltamivir Phosphate 

(BANM, USAN, rINNM)

Fosfato de oseltamivir ; GS-4104/002; Oséltamivir, Phosphate d’;
Oseltamiviri Phosphas; Ro-64-0796/002. Ethyl (3R,4R,5S)-4-
acetamido-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-car-
boxylate phosphate (1:1).

Осельтамивира Фосфат
C16H28N2O4,H3PO4 = 410.4.

CAS — 196618-13-0 (oseltamivir); 204255-11-8 (osel-
tamivir phosphate).
ATC — J05AH02.
ATC Vet — QJ05AH02.

(oseltamivir)

Adverse Effects
The most commonly reported adverse effects associat-
ed with oseltamivir treatment or prophylaxis in adults
are nausea and vomiting, abdominal pain, bronchitis,
insomnia, and vertigo. Diarrhoea, dizziness, headache,
cough, and fatigue may occur, but many adverse ef-
fects may be difficult to distinguish from the symptoms
of influenza. Other adverse effects occurring less com-
monly have included unstable angina, anaemia, pseu-
domembranous colitis, pneumonia, pyrexia, and peri-
tonsillar abscess. There have been occasional reports
of anaphylaxis and skin rashes, including toxic epider-
mal necrolysis, Stevens-Johnson syndrome, and ery-
thema multiforme. Elevated liver enzymes and hepati-
tis have been reported rarely. Prophylaxis in adults has
also been associated with aches and pains, dyspepsia,
rhinorrhoea, and upper respiratory-tract infections. 
The most commonly reported adverse effects in chil-
dren receiving treatment or prophylaxis with oseltami-
vir are vomiting and other gastrointestinal problems.
Other commonly occurring adverse events include
asthma, bronchitis, conjunctivitis, dermatitis, epistaxis,
ear disorders and otitis media, lymphadenopathy,
pneumonia, and sinusitis. 
There have been postmarketing reports (mainly in Jap-
anese children and adolescents) of neuropsychiatric
adverse effects (see below).
Neuropsychiatric effects. A FDA review of the Adverse
Event Reporting System (AERS) database from March 2004 to
April 2005 reported 75 cases of serious adverse effects linked to
the use of oseltamivir in children; 69 from Japan, 5 from USA,
and 1 from Canada. Thirty-two cases of neuropsychiatric ad-
verse effects including cases of delirium, abnormal behaviour,
hallucinations, convulsions, and encephalitis, were reported,
with 31 of these cases being reported from Japan. Twelve deaths
were reported; 4 from sudden death, 4 due to cardiopulmonary
arrest, and others due to disturbance of consciousness (without
falling), pneumonia, asphyxiation, and acute pancreatitis with
cardiopulmonary arrest. All deaths were reported from Japan.1
The Japanese Ministry of Health Labour and Welfare reported
that from 2001 to May 2007 they received 1377 adverse effects
reports associated with the use of oseltamivir, including 567 re-
ports of serious neuropsychiatric adverse effects and 211 cases of
abnormal behaviour. Death was reported in 71 cases.2 After the
suicides of 2 adolescents, the Japanese authorities advised
against the use of oseltamivir in adolescents aged 10 to 19 years.3
However, given that influenza itself may have neuropsychiatric
sequelae, any causal relationship with the drug remains unprov-
en.1,3

1. FDA, Center for Drug Evaluation and Research. Pediatric safety
update for Tamiflu: Pediatric Advisory Committee meeting (is-
sued 18 November 2005). Available at: http://www.fda.gov/
ohrms/dockets/ac/05/briefing/2005-4180b_06_06_summary.pdf
(accessed 13/06/08). 

2. Hama R. Oseltamivir’s adverse reactions: Fifty sudden deaths
may be related to central suppression. BMJ 2007; 335: 59. 

3. Maxwell SRJ. Tamiflu and neuropsychiatric disturbance in ado-
lescents. BMJ 2007; 334: 1232–3.

Precautions
Oseltamivir is not recommended in patients with se-
vere renal impairment and it should be given with cau-
tion and dosage should be reduced in patients with
moderate renal impairment. 
Patients should be monitored for abnormal behaviour
throughout the treatment period.
Breast feeding. Oseltamivir and its active metabolite are dis-
tributed into breast milk in rodents. Licensed product informa-
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tion recommends that it should only be given to breast-feeding
mothers if the potential benefit justifies the potential risk.
Pregnancy. Studies in rodents given high doses of oseltamivir
have not found it to be fetotoxic or embryotoxic. There is little
data available on the use of oseltamivir in pregnant women and
licensed product information recommends that it should only be
given to pregnant women if the potential benefit justifies the po-
tential risk.

Interactions
Oseltamivir may potentially inhibit replication of the
influenza virus in live influenza virus vaccines. There-
fore, US licensed product information states that live
influenza virus vaccines should not be given until 48
hours after stopping oseltamivir and that oseltamivir
should not be given for 2 weeks after live influenza vi-
rus vaccines have been given. Inactivated (split virion
or surface antigen) vaccines are not expected to be af-
fected by oseltamivir.

Antiviral Action
Oseltamivir has antiviral activity similar to that of zan-
amivir (p.913). Its active metabolite, oseltamivir car-
boxylate, selectively blocks the viral surface enzyme
neuraminidase, thereby preventing the release of virus
particles from infected cells. Oseltamivir is active
against influenza A and B viral neuraminidase.
Resistance. Oseltamivir-resistant type A virus, including
H5N1 subtypes, have been reported in patients being treated for
influenza.1-3 A study1 in Japan found that 9 of 50 (18%) children
with influenza A (H3N2) virus infection who had been treated
with oseltamivir had a virus with a drug-resistance mutation in
the neuraminidase gene (predominantly R292K). Another study4

in Japan reported resistant influenza A (H1N1) viruses with the
H274Y mutation in 7 of 43 (16%) oseltamivir-treated children.
In both these studies the children were given an oral dose of
2 mg/kg twice daily. However, a larger study5 in the US reported
no resistance in children who received age- and weight-tailored
(and therefore sometimes substantially higher) doses than those
used in the Japanese studies. No viruses resistant to zanamivir
have been isolated from immunocompetent people,6 although
there is a case of resistance in an immunocompromised child.7
1. Kiso M, et al. Resistant influenza A viruses in children treated

with oseltamivir: descriptive study. Lancet 2004; 364: 759–65. 
2. de Jong MD, et al. Oseltamivir resistance during treatment of

influenza A (H5N1) infection. N Engl J Med 2005; 353:
2667–72. 

3. Le QM, et al. Avian flu: isolation of drug-resistant H5N1 virus.
Nature 2005; 437: 1108. Correction. ibid.; 438: 754. 

4. Ward P, et al. Oseltamivir (Tamiflu ) and its potential for use in
the event of an influenza pandemic. J Antimicrob Chemother
2005; 55 (suppl 1): i5–i21. 

5. Hayden FG, et al. Management of influenza in households: a pro-
spective, randomized comparison of oseltamivir treatment with
or without postexposure prophylaxis. J Infect Dis 2004; 189:
440–9. 

6. Moscona A. Oseltamivir-resistant influenza? Lancet 2004; 364:
733–4. 

7. Gubareva LV, et al. Evidence for zanamivir resistance in an im-
munocompromised child infected with influenza B virus. J Infect
Dis 1998; 178: 1257–62.

Pharmacokinetics
Oseltamivir is readily absorbed from the gastrointesti-
nal tract after oral doses and is extensively metabolised
in the liver to the active entity, oseltamivir carboxylate.
At least 75% of an oral dose reaches the systemic cir-
culation as the carboxylate. Binding to plasma proteins
is about 3% for the carboxylate and 42% for the parent
drug. Oseltamivir has a plasma half-life of 1 to 3 hours
and the carboxylate a plasma half-life of 6 to 10 hours.
The carboxylate is not metabolised further and is elim-
inated in the urine.
◊ Reviews.
1. Abe M, et al. Pharmacokinetics of oseltamivir in young and very

elderly subjects. Ann Pharmacother 2006; 40: 1724–30.

Uses and Administration
Oseltamivir is a prodrug of oseltamivir carboxylate, an
inhibitor of the enzyme neuraminidase (sialidase),
which has a role in the infectivity and replication of in-
fluenza A and B viruses. It is used in adults and chil-
dren over 1 year of age for the treatment and postexpo-
sure prophylaxis of influenza A and B (below). 
Oseltamivir is given orally as the phosphate, but doses
are expressed in terms of the base. Oseltamivir phos-
phate 98.5 mg is equivalent to about 75 mg of osel-
tamivir. For the treatment of adults a dose of 75 mg is

given twice daily for 5 days, beginning as soon as pos-
sible (within 48 hours) after the onset of symptoms.
For postexposure prophylaxis the usual dose is 75 mg
given once daily for at least 10 days and for up to 6
weeks during an epidemic; therapy should begin with-
in 48 hours of exposure. 
For details of doses in children, see below. 
Dosage should be reduced in patients with moderate
renal impairment (see below). 
Oseltamivir has been tried both for prophylaxis and
treatment of H5N1 disease (avian influenza) and many
countries are stockpiling the drug in order to contain
any potential pandemic until an effective vaccine can
be developed.
Administration in children. Oseltamivir is given orally in the
treatment and prophylaxis of influenza A and B in children aged
1 year and over. Doses determined by body-weight may be given
twice daily for treatment, or once daily for prophylaxis, of influ-
enza A and B as follows: 
• children over 40 kg: 75 mg 
• more than 23 kg to 40 kg: 60 mg 
• more than 15 kg to 23 kg: 45 mg 
• 15 kg or less: 30 mg 
Therapy should begin within 48 hours of exposure.

Administration in renal impairment. Dosage of oseltami-
vir should be reduced in patients with moderate renal impair-
ment, according to creatinine clearance (CC): 
• CC 10 to 30 mL/minute: treatment of influenza: 75 mg once

daily or 30 mg twice daily; prevention: 75 mg on alternate
days or 30 mg daily 

• CC less than 10 mL/minute: not recommended 
• dialysis patients: not recommended

Influenza. Reviews1-8 of oseltamivir and other neuraminidase
inhibitors in the treatment and prophylaxis of influenza (p.859).
There is some evidence9 that zanamivir is more effective than
oseltamivir for influenza B.
1. Gubareva LV, et al. Influenza virus neuraminidase inhibitors.

Lancet 2000; 355: 827–35. 
2. McClellan K, Perry CM. Oseltamivir: a review of its use in in-

fluenza. Drugs 2001; 61: 263–83. 
3. Jefferson TO, et al. Neuraminidase inhibitors for preventing and

treating influenza in healthy adults. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2006 (accessed 13/06/08). 

4. Matheson NJ, et al. Neuraminidase inhibitors for preventing and
treating influenza in children. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
2007 (accessed 13/06/08). 

5. Cooper NJ, et al. Effectiveness of neuraminidase inhibitors in
treatment and prevention of influenza A and B: systematic re-
view and meta-analyses of randomised controlled trials. BMJ
2003; 326: 1235–9. 

6. Dutkowski R, et al. Safety and pharmacology of oseltamivir in
clinical use. Drug Safety 2003; 26: 787–801. 

7. Ward P, et al. Oseltamivir (Tamiflu) and its potential for use in
the event of an influenza pandemic. J Antimicrob Chemother
2005; 55 (suppl 1): i5–i21. 

8. Democratis J, et al. Use of neuraminidase inhibitors to combat
pandemic influenza. J Antimicrob Chemother 2006; 58: 911–15. 

9. Kawai N, et al. A comparison of the effectiveness of zanamivir
and oseltamivir for the treatment of influenza A and B. J Infect
2008; 56: 51–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Agucort; Tamiflu; Austral.: Tamiflu; Austria: Tamiflu; Belg.: Tamiflu;
Braz.: Tamiflu; Canad.: Tamiflu; Chile: Rimivat; Tamiflu; Virobin; Cz.: Tami-
flu; Denm.: Tamiflu; Fin.: Tamiflu; Fr.: Tamiflu; Ger.: Tamiflu; Gr.: Tamiflu;
Hong Kong: Tamiflu; Hung.: Tamiflu; Irl.: Tamiflu; Israel: Tamiflu; Ital.:
Tamiflu; Jpn: Tamiflu; Malaysia: Fluhalt; Tamiflu; Neth.: Tamiflu; Norw.:
Tamiflu; NZ: Tamiflu; Philipp.: Tamiflu; Pol.: Tamiflu; Port.: Tamiflu; S.Afr.:
Tamiflu; Singapore: Tamiflu; Swed.: Tamiflu; Switz.: Tamiflu; Thai.: Tamiflu;
Turk.: Tamiflu; UK: Tamiflu; USA: Tamiflu.

Penciclovir (BAN, USAN, rINN)

BRL-39123; BRL-39123-D (penciclovir sodium); Penciclovirum;
Penciklovir ; Pensikloviiri; Pensiklovir. 9-[4-Hydroxy-3-(hy-
droxymethyl)butyl]guanine.

Пенцикловир
C10H15N5O3 = 253.3.

CAS — 39809-25-1 (penciclovir); 97845-62-0 (penciclovir
sodium).
ATC — D06BB06; J05AB13.
ATC Vet — QD06BB06; QJ05AB13.

Adverse Effects and Precautions
Penciclovir applied topically may cause transient
stinging, burning, and numbness. 
For adverse effects of penciclovir after systemic use of
famciclovir, see p.876.

Interactions
Plasma concentrations of penciclovir may be increased
in patients receiving probenecid with the prodrug fam-
ciclovir.

Antiviral Action
Penciclovir has antiviral activity similar to that of aci-
clovir (p.863). It is active in vitro and in vivo against
herpes simplex virus types 1 and 2 and against varicel-
la-zoster virus. This activity is due to intracellular con-
version by virus-induced thymidine kinase into penci-
clovir triphosphate, which inhibits replication of viral
DNA and persists in infected cells for more than 12
hours. It also has activity against Epstein-Barr virus
and hepatitis B virus.
◊ References.
1. Vere-Hodge RA. Famciclovir and penciclovir: the mode of ac-

tion of famciclovir including its conversion to penciclovir. Anti-
viral Chem Chemother 1993; 4: 67–84. 

2. Boyd MR, et al. Penciclovir: a review of its spectrum of activity,
selectivity, and cross-resistance pattern. Antiviral Chem Chem-
other 1993; 4 (suppl 1): 3–11. 

3. Bacon TH, Boyd MR. Activity of penciclovir against Epstein-
Barr virus. Antimicrob Agents Chemother 1995; 39: 1599–1602.

Pharmacokinetics
Penciclovir is poorly absorbed from the gastrointesti-
nal tract. For systemic use it is usually given orally as
the prodrug famciclovir, which is rapidly converted to
penciclovir. Peak plasma concentrations proportional
to the dose (over the range 125 to 750 mg) are achieved
after 45 minutes to 1 hour. The plasma elimination
half-life is about 2 hours. The intracellular half-life of
the active triphosphate metabolite is longer. Penciclo-
vir is less than 20% bound to plasma proteins. Penci-
clovir is mainly excreted unchanged in the urine.

Uses and Administration
Penciclovir is a nucleoside analogue structurally relat-
ed to guanine, which is active against herpesviruses. It
is applied topically as a 1% cream every 2 hours during
waking hours for 4 days in the treatment of herpes la-
bialis (see Herpes Simplex Infections, p.854). 
For systemic use, penciclovir is given orally as the pro-
drug famciclovir (see p.876). Intravenous dosage of
penciclovir has been investigated.
◊ References.
1. Spruance SL, et al. Penciclovir cream for the treatment of herpes

simplex labialis: a randomized, multicenter, double-blind, place-
bo-controlled trial. JAMA 1997; 277: 1374–9. 

2. Lazarus HM, et al. Intravenous penciclovir for treatment of her-
pes simplex infections in immunocompromised patients: results
of a multicenter, acyclovir-controlled trial. Antimicrob Agents
Chemother 1999; 43: 1192–7. 

3. Boon R, et al. Penciclovir cream for the treatment of sunlight-
induced herpes simplex labialis: a randomized, double-blind,
placebo-controlled trial. Clin Ther 2000; 22: 76–90. 

4. Raborn GW, et al. Effective treatment of herpes simplex labialis
with penciclovir cream: combined results of two trials. J Am
Dent Assoc 2002; 133: 303–9. 

5. Lin L, et al. Topical application of penciclovir cream for the
treatment of herpes simplex facialis/labialis: a randomized, dou-
ble-blind, multicentre, aciclovir-controlled trial. J Dermatol
Treat 2002; 13: 67–72.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Pentavir ; Austral.: Vectavir; Austria: Famvir; Vectavir ; Belg.: Vecta-
vir ; Braz.: Penvir Labia; Vectavir ; Cz.: Vectavir ; Denm.: Vectavir ; Fin.:
Vectavir ; Ger.: Fenistil Pencivir ; Vectavir†; Gr.: Fenivir ; Vectavir ; Hong
Kong: Vectavir†; Hung.: Fenivir ; Vectavir†; Israel: Vectavir†; Ital.: Vectavir ;
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Zilip; Neth.: Famvir; Vectavir ; Norw.: Vectavir ; NZ: Vectavir†; Port.: De-
novir ; Fenivir ; Rus.: Fenistil Pencivir (Фенистил Пенцивир); Spain: Vecta-
vir ; Swed.: Vectavir ; Switz.: Famvir; Turk.: Vectavir; UK: Fenistil; Vectavir ;
USA: Denavir.

Peptide T
D-Ala-peptide-T-amide; Péptido T.
Пептид Т

Profile
Peptide T is an octapeptide segment of the envelope glycoprotein
of HIV. It has been investigated for the treatment of HIV infec-
tion and HIV-associated neurological disorders. Peptide T has
also been tried in the treatment of psoriasis.

Pleconaril (USAN, rINN)

Pléconaril; Pleconarilo; Pleconarilum; VP-63843; Win-63843. 3-
{4-[3-(3-Methyl-5-isoxazolyl)propoxy]-3,5-xylyl}-5-(trifluorome-
thyl)-1,2,4-oxadizole.
Плеконарил
C18H18F3N3O3 = 381.3.
CAS — 153168-05-9.
ATC — J05AX06.
ATC Vet — QJ05AX06.

Profile
Pleconaril is an antiviral with activity against a range of picorna-
viruses. It has been investigated for the oral treatment of viral
meningitis and encephalitis, upper respiratory-tract viral infec-
tions, and other enteroviral infections. However, there have been
concerns over efficacy, viral resistance, and interactions with oral
contraceptives. Development of an intranasal formulation for the
common cold has also been investigated.
◊ References.
1. Nowak-Wegrzyn A, et al. Successful treatment of enterovirus in-

fection with the use of pleconaril in 2 infants with severe com-
bined immunodeficiency. Clin Infect Dis 2001; 32: E13–E14. 

2. Rotbart HA, Webster AD. Treatment of potentially life-threaten-
ing enterovirus infections with pleconaril. Clin Infect Dis 2001;
32: 228–35. 

3. Aradottir E, et al. Severe neonatal enteroviral hepatitis treated
with pleconaril. Pediatr Infect Dis J 2001; 20: 457–9. 

4. Starlin R, et al. Acute flaccid paralysis syndrome associated with
echovirus 19, managed with pleconaril and intravenous immu-
noglobulin. Clin Infect Dis 2001; 33: 730–2. 

5. Hayden FG, et al. Oral pleconaril treatment of picornavirus-as-
sociated viral respiratory illness in adults: efficacy and tolerabil-
ity in phase II clinical trials. Antivir Ther 2002; 7: 53–65. 

6. Abzug MJ, et al. Double blind placebo-controlled trial of pleco-
naril in infants with enterovirus meningitis. Pediatr Infect Dis J
2003; 22: 335–41. 

7. Hayden FG, et al. Efficacy and safety of oral pleconaril for treat-
ment of colds due to picornaviruses in adults: results of 2 double-
blind, randomized, placebo-controlled trials. Clin Infect Dis
2003; 36: 1523–32.

Poly I.poly C12U
Poli(I)2poli(C12U); Poly(I):poly(C12,U).
Поли I.Поли C12U

Profile
Poly I.poly C12U is a synthetic mismatched polymer of double-
stranded RNA with antiviral and immunomodulatory activity
(see also Poly I. Poly C, p.2370). It is under investigation in the
treatment of HIV infection, and also in renal cell carcinoma,
chronic fatigue syndrome, invasive melanoma, and hepatitis B
and C.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Ampligen.

Propagermanium (rINN)

Propagermanio. A polymer obtained from 3-(trihydroxyger-
myl)propionic acid.
Пропагерманий
(C3H5GeO3.5)n.
CAS — 12758-40-6.

Profile
Propagermanium is an immunomodulator that has been used in
chronic hepatitis B infections. Acute exacerbation of hepatitis,
including some fatalities, has been reported in patients receiving
propagermanium.
◊ References.
1. Hirayama C, et al. Propagermanium: a nonspecific immune

modulator for chronic hepatitis B. J Gastroenterol 2003; 38:
525–32.

Raltegravir (USAN, rINN)

Raltégravir ; Raltegravirum. N-{2-[4-(4-Fluorobenzylcarbamoyl)-
5-hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl]propan-2-
yl}-5-methyl-1,3,4-oxadiazole-2-carboxamide.
Ральтегравир
C20H21FN6O5 = 444.4.
CAS — 518048-05-0.
ATC — J05AX08.
ATC Vet — QJ05AX08.

Raltegravir Potassium (USAN, rINNM)

Kalii Raltegravirum; MK-0518; Raltegravir potásico; Raltégravir
Potassique. Potassium 4-[(4-fluorobenzyl)carbamoyl]-1-methyl-
2-(1-methyl-1-{[(5-methyl-1,3,4-oxadiazol-2-yl)carbonyl]ami-
no}ethyl)-6-oxo-1,6-dihydropyrimidin-5-olate.
Калия Ральтегравир
C20H20FKN6O5 = 482.5.
CAS — 871038-72-1.

Adverse Effects and Precautions
On the basis of limited data, raltegravir appears to be well toler-
ated; non-specific adverse effects associated with raltegravir-
based regimens include headache, abdominal pain, vomiting,
asthenia, fatigue, and dizziness. Abnormal creatine phosphoki-
nase values may occur and myopathy and rhabdomyolysis have
been reported although a causal relationship has not been estab-
lished; nonetheless, caution is advised in patients at increased
risk of these conditions.
Interactions
Raltegravir is not a substrate for cytochrome P450 isoenzymes,
and does not appear to interact with drugs metabolised by this
mechanism. However, rifampicin induces the glucuronidase re-
sponsible for raltegravir metabolism (UGT1A1) and reduces
plasma concentrations of raltegravir.
Antivirals. Plasma concentrations of raltegravir were modestly
increased by atazanavir and ritonavir-boosted atazanavir in
healthy subjects; this increase is not considered to be clinically
significant.1
1. Iwamoto M, et al. Atazanavir modestly increases plasma levels

of raltegravir in healthy subjects. Clin Infect Dis 2008; 47:
137–40.

Pharmacokinetics
Raltegravir is absorbed on oral dosage, with peak concentrations
achieved about 3 hours after a dose. There is considerable inter-
individual variation in the pharmacokinetics. It is metabolised
via glucuronidation, catalysed by the enzyme uridine diphos-
phate glucuronosyltransferase 1A1 (UGT1A1), and excreted in
both urine and faeces as unchanged drug and metabolites.
Uses and Administration
Raltegravir is an inhibitor of HIV integrase, an enzyme essential
for insertion of viral DNA into the host genome, and thus for
replication. It is added to treatment with other antiretrovirals for
salvage therapy in patients with HIV infection and AIDS (p.856)
who have evidence of viral replication and HIV-1 strains resist-
ant to multiple antiretrovirals. 
It is given orally as the potassium salt but doses are calculated in
terms of the base; 434 mg of raltegravir potassium is equivalent
to about 400 mg of raltegravir. The usual dose is the equivalent
of 400 mg of raltegravir twice daily, with or without food.
◊ References.
1. Markowitz M, et al. Antiretroviral activity, pharmacokinetics,

and tolerability of MK-0518, a novel inhibitor of HIV-1 inte-
grase, dosed as monotherapy for 10 days in treatment-naive HIV-
1-infected individuals. J Acquir Immune Defic Syndr 2006; 43:
509–15. Correction. ibid. 2007; 44: 492. 

2. Grinsztejn B, et al. Protocol 005 Team. Safety and efficacy of the
HIV-1 integrase inhibitor raltegravir (MK-0518) in treatment-
experienced patients with multidrug-resistant virus: a phase II
randomised controlled trial. Lancet 2007; 369: 1261–9. 

3. Markowitz M, et al. Protocol 004 Part II Study Team. Rapid and
durable antiretroviral effect of the HIV-1 Integrase inhibitor
raltegravir as part of combination therapy in treatment-naive pa-
tients with HIV-1 infection: results of a 48-week controlled
study. J Acquir Immune Defic Syndr 2007; 46: 125–33. 

4. Iwamoto M, et al. Safety, tolerability, and pharmacokinetics of
raltegravir after single and multiple doses in healthy subjects.
Clin Pharmacol Ther 2008; 83: 293–9. 

5. Croxtall JD, et al. Raltegravir. Drugs 2008; 68: 131–8.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Isentress; Fr.: Isentress; UK: Isentress; USA: Isentress.

Resiquimod (rINN)

R-848; Résiquimod; Resiquimodum; S-28463; VML-600. 4-Ami-
no-2-(ethoxymethyl)-α,α-dimethyl-1H-imidazo[4,5-c]quinoline-
1-ethanol.
Резихимод
C17H22N4O2 = 314.4.
CAS — 144875-48-9.

Profile
Resiquimod is an immune response modifier that has been inves-
tigated for the topical treatment of genital herpes.
◊ References.
1. Spruance SL, et al. Application of a topical immune response

modifier, resiquimod gel, to modify the recurrence rate of recur-
rent genital herpes: a pilot study. J Infect Dis 2001; 184:
196–200. 

2. Mark KE, et al. Topical resiquimod 0.01% gel decreases herpes
simplex virus type 2 genital shedding: a randomized, controlled
trial. J Infect Dis 2007; 195: 1324–31.

Ribavirin (BAN, USAN, rINN)

ICN-1229; Ribaviriini; Ribavirina; Ribavirinas; Ribavirine; Ribaviri-
num; RTCA; Tribavirin. 1-β-D-Ribofuranosyl-1H-1,2,4-triazole-3-
carboxamide.
Рибавирин
C8H12N4O5 = 244.2.
CAS — 36791-04-5.
ATC — J05AB04.
ATC Vet — QJ05AB04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Ribavirin). A white or almost white crystalline
powder. It exhibits polymorphism. Freely soluble in water;
slightly soluble in alcohol; slightly soluble or very slightly solu-
ble in dichloromethane. A 2% solution in water has a pH of 4.0
to 6.5. Protect from light. 
USP 31 (Ribavirin). A white crystalline powder. Freely soluble
in water; slightly soluble in dehydrated alcohol. Store in airtight
containers.

Adverse Effects
When given by inhalation, ribavirin has sometimes led
to worsening of lung function, bacterial pneumonia,
and pneumothorax, to cardiovascular effects (includ-
ing a fall in blood pressure and cardiac arrest), and,
rarely, to anaemia, haemolysis, and reticulocytosis.
Conjunctivitis and skin rash have also occurred. Pre-
cipitation of inhaled ribavirin and consequent accumu-
lation of fluid has occurred in the tubing of ventilating
equipment. 
The most common adverse effects reported by patients
taking oral ribavirin, with either interferon alfa or
peginterferon alfa, are psychiatric reactions (such as
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

anxiety, depression, insomnia, and irritability) and flu-
like symptoms. Life-threatening or fatal adverse ef-
fects include severe depression, suicidal ideation, re-
lapse of drug abuse or overdose, and bacterial infec-
tion. Severe adverse effects include haemolytic
anaemia, leucopenia, thrombocytopenia, aplastic anae-
mia, diabetes mellitus, auto-immune disorders, gas-
trointestinal symptoms, pancreatitis, pulmonary embo-
lism, chest pain, liver dysfunction, and interstitial
pneumonitis. Lupus erythematosus, rash (including
very rarely Stevens-Johnson syndrome and toxic epi-
dermal necrolysis), and photosensitivity have also
been reported. Growth retardation (including decrease
in height and weight) has been reported in children. A
wide range of other adverse effects may occur as a re-
sult of the use of ribavirin with interferon alfa (see un-
der Adverse Effects in Interferon Alfa, p.885).
Incidence of adverse effects. A review1 of adverse effects
reported in 110 patients with suspected or probable SARS who
were treated with ribavirin found that 61% of the patients had
evidence of haemolytic anaemia. In a smaller cohort of 76 pa-
tients hypocalcaemia and hypomagnesaemia were reported in
58% and 46% of patients, respectively, while 29% had evidence
of both hypocalcaemia and hypomagnesaemia. A retrospective
cohort study2 found that the adverse effects strongly associated
with the use of ribavirin (mostly high-dose) in 306 patients with
confirmed or probable SARS, were progressive anaemia, hy-
pomagnesaemia, and bradycardia.
1. Knowles SR, et al. Common adverse events associated with the

use of ribavirin for severe acute respiratory syndrome in Canada.
Clin Infect Dis 2003; 37: 1139–42. 

2. Muller MP, et al. Canadian SARS Research Network. Adverse
events associated with high-dose ribavirin: evidence from the
Toronto outbreak of severe acute respiratory syndrome. Pharma-
cotherapy 2007; 27: 494–503.

Precautions
SPECIFIC CAUTIONS FOR INHALED TREATMENT. Standard
supportive respiratory and fluid management should
be maintained during aerosol treatment with ribavirin
and electrolytes should be monitored closely. Equip-
ment should be monitored for precipitation of ribavi-
rin. Precautions should be taken to minimise atmos-
pheric pollution with ribavirin during aerosol
inhalation. 
SPECIFIC CAUTIONS FOR ORAL TREATMENT. Ribavirin
should not be given orally to patients with pre-existing
medical conditions that could be exacerbated by riba-
virin-induced haemolysis, including significant or
unstable cardiac disease or haemoglobinopathies (tha-
lassaemia or sickle-cell anaemia). Blood cell counts
and chemistry should be measured at the start of treat-
ment, after 2 and 4 weeks of treatment, and periodical-
ly thereafter. Patients with renal impairment and a cre-
atinine clearance of less than 50 mL/minute should not
receive oral ribavirin. It should be avoided in patients
with severe hepatic impairment or decompensated cir-
rhosis of the liver (Child-Pugh 6 or more). The poten-
tial for development of gout should be considered in
predisposed patients. Patients should be monitored for
signs and symptoms of psychiatric disorders. Ribavirin
therapy is contra-indicated in children and adolescents
with a history of, or existing, psychiatric disorders. The
growth of children should be monitored and thyroid
function should be tested every 3 months. Patients in-
fected with hepatitis C virus and HIV should be care-
fully monitored for signs of mitochondrial toxicity and
lactic acidosis. Dental and periodontal disorders have
been reported and regular dental examinations and
good oral hygiene are advised.
Contact lenses. Report of damage to a nurse’s soft contact
lenses after intermittent occupational exposure to aerosolised
ribavirin over a period of 1 month.1
1. Diamond SA, Dupuis LL. Contact lens damage due to ribavirin

exposure. DICP Ann Pharmacother 1989; 23: 428–9.

Pregnancy. Oral ribavirin has been reported to be teratogenic
and embryocidal in rodents and is contra-indicated in pregnancy
or in those who may become pregnant. Ribavirin was not found
to be teratogenic in baboons. Although there are no case reports
of teratogenicity after exposure to aerosolised ribavirin during
pregnancy, licensed product information advises that pregnant
women and those planning pregnancy should avoid exposure to
the aerosol. Pregnancy should also be avoided in partners of male
patients taking ribavirin orally. Effective contraception should be

used during treatment and for 6 months after the end of treat-
ment. Male patients whose partners are pregnant should use a
condom to minimise vaginal exposure to ribavirin.

Interactions
Use of ribavirin with zidovudine is not recommended
as patients are at increased risk of anaemia. Increased
toxicity has also been seen with didanosine, and the
combination should be avoided. Ribavirin inhibits the
phosphorylation of NRTIs such as zidovudine, lamivu-
dine, and stavudine, but although UK licensed product
information suggests this may reduce their activity
against HIV, US product information indicates that no
such reduction has been seen in practice.
Anticoagulants. For reference to the effect of ribavirin on the
activity of warfarin, see under Antivirals, p.1430.

Antiviral Action
Ribavirin inhibits many viruses in vitro and in animal
models. However, this activity has not necessarily cor-
related with activity against human infections. Ribavi-
rin is phosphorylated but its mode of action is still
unclear; it may act at several sites, including cellular
enzymes, to interfere with viral nucleic acid synthesis.
The mono- and triphosphate derivatives are believed to
be responsible for its antiviral activity. Susceptible
DNA viruses include herpesviruses, adenoviruses, and
poxviruses. Susceptible RNA viruses include Lassa
virus, members of the bunyaviridae group, influenza,
parainfluenza, measles, mumps, and RSV, and HIV.

Pharmacokinetics
Aerosolised ribavirin is absorbed systemically, but lo-
cal concentrations in the respiratory tract secretions are
much higher than plasma concentrations. Plasma half-
life is about 9.5 hours. The bioavailability of aero-
solised ribavirin is unknown and may depend on the
mode of delivery. 
Ribavirin is rapidly absorbed after oral doses and peak
plasma concentrations have been reported within 1 to 2
hours. Absorption is extensive but oral bioavailability
is about 45 to 65% as a result of first-pass metabolism.
Steady state plasma concentrations are achieved after
about 4 weeks with twice-daily oral doses resulting in
peak plasma concentrations 6 times higher than that af-
ter single doses. On stopping dosing the plasma half-
life is about 300 hours as a result of slow elimination
from non-plasma compartments. Ribavirin does not
bind to plasma proteins. Ribavirin is not metabolised
by the cytochrome P450 system; it is metabolised by
reversible phosphorylation and degradation involving
deribosylation and amide hydrolysis to give a triazole
carboxyacid metabolite. After a single oral dose the
terminal half-life is about 120 to 170 hours. Ribavirin
is mainly excreted in the urine as unchanged drug and
metabolites. Insignificant amounts of the drug are re-
moved by haemodialysis.
◊ References.
1. Kramer TH, et al. Hemodialysis clearance of intravenously ad-

ministered ribavirin. Antimicrob Agents Chemother 1990; 34:
489–90. 

2. Glue P, et al. The single dose pharmacokinetics of ribavirin in
subjects with chronic liver disease. Br J Clin Pharmacol 2000;
49: 417–21. 

3. Tsubota A, et al. Pharmacokinetics of ribavirin in combined in-
terferon-alpha 2b and ribavirin therapy for chronic hepatitis C
virus infection. Br J Clin Pharmacol 2003; 55: 360–7. 

4. Kamar N, et al. Ribavirin pharmacokinetics in renal and liver
transplant patients: evidence that it depends on renal function.
Am J Kidney Dis 2004; 43: 140–6. 

5. Uchida M, et al. Assessment of adverse reactions and pharma-
cokinetics of ribavirin in combination with interferon alpha-2b
in patients with chronic hepatitis C. Drug Metab Pharmacokinet
2004; 19: 438–43. 

6. Wade JR, et al. Pharmacokinetics of ribavirin in patients with
hepatitis C virus. Br J Clin Pharmacol 2006; 62: 710–14.

Uses and Administration
Ribavirin is a synthetic nucleoside analogue structural-
ly related to guanine. It is given by aerosol in the treat-
ment of RSV infections (p.860); this route appears to
give better results than the oral route although its effi-
cacy is questionable. It is used orally with an interferon
alfa or peginterferon alfa in the treatment of chronic
hepatitis C, including HIV co-infection (p.851). Riba-

virin has been tried in haemorrhagic fevers (such as
haemorrhagic fever with renal syndrome and Lassa fe-
ver) and in SARS. 
For details of doses in children, see below. 
Ribavirin is used, with an interferon alfa or peginterfer-
on alfa, for the treatment of chronic hepatitis C. Doses
of ribavirin depend upon the product used, but are giv-
en orally, usually twice daily, and are determined ac-
cording to body-weight. Duration of treatment, and
sometimes also dose, may be influenced by the geno-
type of the hepatitis C virus. In those with hepatitis C
infection alone (mono-infection), patients with viral
genotype 1, and probably genotype 4, should generally
be treated for 48 weeks and those with genotype 2 or 3
for 24 weeks; data on genotypes 5 or 6 are insufficient
to make recommendations. In co-infection with HIV,
treatment should generally be given for 48 weeks re-
gardless of genotype. 
Rebetol (Schering-Plough) is used, with interferon
alfa-2b or peginterferon alfa-2b for hepatitis C. 

The following doses are recommended in the UK: 
• adults up to 65 kg: 400 mg both in the morning and

in the evening 
• 65 to 85 kg: 400 mg in the morning and 600 mg in

the evening 
• from 85 to 105 kg: 600 mg both in the morning and

in the evening 
• over 105 kg: 600 mg in the morning and 800 mg in

the evening 
In the USA, the doses are: 

• adults up to 75 kg: 400 mg in the morning and
600 mg in the evening 

• over 75 kg: 600 mg both in the morning and in the
evening 

Copegus (Roche) is used in the UK with interferon
alfa-2a or peginterferon alfa-2a and in the USA with
peginterferon alfa-2a. 

The following doses are used with peginterferon
alfa-2a for mono-infection in genotype 1 or 4: 

• adults up to 75 kg: 400 mg in the morning and
600 mg in the evening 

• over 75 kg: 600 mg both in the morning and in the
evening 
For mono-infection in genotype 2 or 3 (with
peginterferon alfa-2a): 

• all adults: 400 mg both in the morning and in the
evening 
The following doses are used with interferon alfa-2a
for mono-infection in genotype 1 to 4: 

• adults up to 75 kg: 400 mg in the morning and
600 mg in the evening 

• over 75 kg: 600 mg both in the morning and in the
evening 
For co-infection with HIV: 

• all adults: 800 mg daily, irrespective of genotype 
Dose reductions of ribavirin may be necessary in pa-
tients who develop low haemoglobin concentrations.
Ribavirin is contra-indicated in patients with a creati-
nine clearance less than 50 mL/minute.
◊ Reviews.
1. Plosker GL, Keating GM. Peginterferon-α-2a (40kD) plus riba-

virin: a review of its use in hepatitis C virus and HIV co-infec-
tion. Drugs 2004; 64: 2823–43. 

2. Keating GM, Plosker GL. Peginterferon α-2a (40KD) plus riba-
virin: a review of its use in the management of patients with
chronic hepatitis C and persistently ‘normal’ ALT levels. Drugs
2005; 65: 521–36. 

3. Gish RG. Treating HCV with ribavirin analogues and ribavirin-
like molecules. J Antimicrob Chemother 2006; 57: 8–13. 

4. Ventre K, Randolph AG. Ribavirin for respiratory syncytial virus
infection of the lower respiratory tract in infants and young chil-
dren. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2007 (accessed
13/06/08). 

5. Keam SJ, Cvetković RS. Peginterferon-α-2a (40 kD) plus ribavi-
rin: a review of its use in the management of chronic hepatitis C
mono-infection. Drugs 2008; 68: 1273–1317.

Administration in children. Preparations of ribavirin are
available for aerosol administration to infants and children with
severe RSV infection via a small particle aerosol generator. So-
lutions containing 20 mg/mL are used; 300 mL, representing 6 g
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of ribavirin, is delivered over a 12- to 18-hour period by aerosol
at an average concentration of 190 micrograms/litre of air. Treat-
ment is given for 3 to 7 days. 
Ribavirin is used, with an interferon alfa, for the treatment of
chronic hepatitis C. Doses of ribavirin depend upon the product
used, but are given orally, usually twice daily, and are determined
according to body-weight. Duration of treatment, and sometimes
also dose, may be influenced by the genotype of the hepatitis C
virus. In hepatitis C mono-infection, patients with viral genotype
1 should be treated for 48 weeks and those with genotype 2 or 3
for 24 weeks. 
Rebetol (Schering-Plough) is used, with interferon alfa-2b or
peginterferon alfa-2b, for hepatitis C. 

The following doses are recommended in the UK: 
• 47 to 49 kg: 200 mg in the morning and 400 mg in the evening 
• 50 to 65 kg: 400 mg both in the morning and in the evening 
• over 65 kg: the adult dose (above) 

In the USA, the doses are: 
• 25 to 36 kg: 200 mg both in the morning and in the evening 
• 37 to 49 kg: 200 mg in the morning and 400 mg in the evening 
• 50 to 61 kg: 400 mg both in the morning and in the evening 
• over 61 kg: the adult dose 
Copegus (Roche) is not licensed for use in those less than 18
years of age.
Encephalitis. A beneficial response to ribavirin was reported in
a child with severe La Crosse encephalitis.1 Ribavirin was given
intravenously in a dose of 25 mg/kg over the first 24 hours and
then reduced to 15 mg/kg daily for a further 9 days. A small
open-label study2 suggested that ribavirin might also be able to
reduce mortality and neurological deficits in acute Nipah en-
cephalitis. 
Intraventricular ribavirin (plus intraventricular interferon and
oral isoprinosine) was found to be effective in 4 of 5 patients with
subacute sclerosing panencephalitis.3 A concentration of ribavi-
rin in the CSF of 50 to 200 micrograms/mL completely inhibited
viral replication; doses of ribavirin given to achieve this concen-
tration ranged from 1 to 9 mg/kg daily.
1. McJunkin JE, et al. Treatment of severe La Crosse encephalitis

with intravenous ribavirin following diagnosis by brain biopsy.
Pediatrics 1997; 99: 261–7. 

2. Chong HT, et al. Treatment of acute Nipah encephalitis with rib-
avirin. Ann Neurol 2001; 49: 810–13. 

3. Hosoya M, et al. Pharmacokinetics and effects of ribavirin fol-
lowing intraventricular administration for treatment of subacute
sclerosing panencephalitis. Antimicrob Agents Chemother 2004;
48: 4631–5.

Haemorrhagic fevers. The treatment of haemorrhagic fevers
(p.850) is primarily symptomatic. However, ribavirin has been
reported to reduce mortality in patients with Lassa fever,1 haem-
orrhagic fever with renal syndrome,2 and possibly Crimean-Con-
go haemorrhagic fever3,4 and Bolivian haemorrhagic fever.5 In-
travenous ribavirin has also been tried in the related hantavirus
pulmonary syndrome,6,7 but a small randomised, double-blind,
placebo-controlled study8 with intravenous ribavirin reported no
significant difference in survival between the 2 groups. 
For treatment of Lassa fever, ribavirin has been given intrave-
nously in a dose of 2 g initially, then 1 g every 6 hours for 4 days,
then 500 mg every 8 hours for 6 days.1 Treatment is most effec-
tive if started within 6 days of the onset of fever. Experience has
shown that rigors may occur if the drug is given as a bolus injec-
tion, but that this can be overcome by giving it as an infusion
over 30 minutes.9 For prophylaxis, an oral dose of ribavirin
600 mg 4 times daily for 10 days has been suggested for adults,10

although this was considered to be excessive by other
commentators11 who suggested that oral doses of 1 g daily (after
an intravenous loading dose for those in whom the start of proph-
ylaxis is delayed) might be suitable.
1. McCormick JB, et al. Lassa fever: effective therapy with ribavi-

rin. N Engl J Med 1986; 314: 20–6. 
2. Huggins JW, et al. Prospective, double-blind, concurrent, place-

bo-controlled clinical trial of intravenous ribavirin therapy of
hemorrhagic fever with renal syndrome. J Infect Dis 1991; 164:
1119–27. 

3. Fisher-Hoch SP, et al. Crimean Congo-haemorrhagic fever
treated with oral ribavirin. Lancet 1995; 346: 472–5. 

4. Mardani M, et al. The efficacy of oral ribavirin in the treatment
of crimean-congo hemorrhagic fever in Iran. Clin Infect Dis
2003; 36: 1613–18. 

5. Kilgore PE, et al. Treatment of Bolivian hemorrhagic fever with
intravenous ribavirin. Clin Infect Dis 1997; 24: 718–22. 

6. Anonymous. Hantavirus pulmonary syndrome—northeastern
United States, 1994. JAMA 1994; 272: 997–8. 

7. Prochoda K, et al. Hantavirus-associated acute respiratory fail-
ure. N Engl J Med 1993; 329: 1744. 

8. Mertz GJ, et al. Collaborative Antiviral Study Group. Placebo-
controlled, double-blind trial of intravenous ribavirin for the
treatment of hantavirus cardiopulmonary syndrome in North
America. Clin Infect Dis 2004; 39: 1307–13. 

9. Fisher-Hoch SP, et al. Unexpected adverse reactions during a
clinical trial in rural West Africa. Antiviral Res 1992; 19:
139–47. 

10. Holmes GP, et al. Lassa fever in the United States: investigation
of a case and new guidelines for management. N Engl J Med
1990; 323: 1120–23. 

11. Johnson KM, Monath TP. Imported Lassa fever—reexamining
the algorithms. N Engl J Med 1990; 323: 1139–41.

Hepatitis. For further discussion on the use of ribavirin with
interferon alfa in the management of chronic hepatitis C, see un-
der Interferon Alfa, p.889.

Preparations
BP 2008: Ribavirin Nebuliser Solution; 
USP 31: Ribavirin for Inhalation Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Copegus; Laztie; Vibuzol; Xilopar; Austral.: Virazide; Austria: Cope-
gus; Rebetol; Belg.: Copegus; Rebetol; Virazole; Braz.: Rebetol†; Ribav;
Ribaviron C†; Viramid; Virazole†; Canad.: Virazole; Chile: Rebetol; Cz.:
Copegus; Rebetol; Denm.: Copegus; Rebetol; Fin.: Copegus; Rebetol; Fr.:
Copegus; Rebetol; Ger.: Copegus; Rebetol; Virazole; Gr.: Copegus; Rebe-
tol; Hong Kong: Copegus; Rebetol; Virazole; Hung.: Copegus; Rebetol;
Virazole†; India: Ribavin; Indon.: Rebetol; Virazide; Irl.: Copegus; Rebetol;
Israel: Copegus; Rebetol; Ital.: Copegus; Rebetol; Virazole; Jpn: Copegus;
Malaysia: Rebetol; Mex.: Copegus; Desiken; Trivorin; Vilona; Virazide;
Neth.: Copegus; Rebetol; Virazole; Norw.: Copegus; Rebetol; NZ: Cope-
gus; Rebetol; Philipp.: Ribazole; Pol.: Copegus; Rebetol; Port.: Copegus;
Rebetol; Rus.: Arviron (Арвирон); Rebetol (Ребетол); Ribapeg (Рибапег);
Virazole (Виразол); S.Afr.: Copegus; Singapore: Copegus; Rebetol; Vira-
zole; Spain: Copegus; Rebetol; Virazole; Swed.: Copegus; Rebetol; Vira-
zole; Switz.: Copegus; Rebetol; Virazole†; Thai.: Rebetol; UK: Copegus;
Rebetol; Virazole; USA: Copegus; Rebetol; RibaPak; Ribaspheres; Ribatab;
Virazole; Venez.: Rebetol.
Multi-ingredient: Arg.: Bioferon Hepakit; Pegatron†; Rebetron†; Aus-
tral.: Pegasys RBV; Pegatron; Rebetron; Canad.: Pegasys RBV; Pegetron;
Rebetron†; Mex.: Hepatron C; Pegtron Cotronak Kit; NZ: Pegasys RBV;
Pegatron; Rebetron; Roferon-A RBV; Philipp.: Pegasys RBV; S.Afr.: Rebe-
tron†; Switz.: Intron A/Rebetol†; USA: Rebetron†.

Rimantadine Hydrochloride (BANM, USAN, rINNM)

EXP-126; Hidrocloruro de rimantadina; Rimantadine, Chlorhy-
drate de; Rimantadini Hydrochloridum. (RS)-1-(Adamantan-1-
yl)ethylamine hydrochloride; α-Methyl-1-adamantanemethyl-
amine hydrochloride.
Римантадина Гидрохлорид
C12H21N,HCl = 215.8.
CAS — 13392-28-4 (r imantadine); 1501-84-4 (r imanta-
dine hydrochloride).
ATC — J05AC02.
ATC Vet — QJ05AC02.

(r imantadine)

Pharmacopoeias. In US. 
USP 31 (Rimantadine Hydrochloride). Store at a temperature of
15° to 30°.
Adverse Effects and Precautions
The incidence and severity of adverse effects associated with
rimantadine appear to be low. Those most commonly reported
are gastrointestinal disturbances such as nausea, vomiting, ab-
dominal pain, dry mouth, and anorexia, CNS effects such as
headache, insomnia, nervousness, and dizziness, and asthenia.
Other less frequently reported adverse effects include ataxia, ag-
itation, concentration difficulties, diarrhoea, dyspepsia, depres-
sion, dyspnoea, skin rash, somnolence, and tinnitus. 
There have been reports of convulsions, including grand mal
convulsions, and rimantadine should be given with caution to pa-
tients with epilepsy. Doses are reduced in severe renal or hepatic
impairment; reduced doses are also used in the elderly.
◊ A review1 of clinical studies in adults concluded that rimanta-
dine and amantadine were equally effective for prevention and
treatment of influenza A, but rimantadine was significantly bet-
ter tolerated than amantadine at usual doses. Another systematic
review2 evaluating the safety and efficacy of amantadine and
rimantadine in children and the elderly with influenza A con-
cluded that although rimantadine was safe in these groups, its
efficacy was unproven and therefore its use could not be recom-
mended. 
In a study3 to evaluate the safety of long-term rimantadine for
elderly, chronically ill individuals during an influenza A epidem-
ic, a significantly greater proportion of patients taking rimanta-
dine developed anxiety and/or nausea compared with those tak-
ing placebo. There was also a significantly greater number of
days in which anxiety, nausea, confusion, depression, or vomit-
ing were reported. Most of these adverse effects lasted less than
9 days and were seldom severe except in 2 patients who with-
drew from the study because of insomnia, anxiety, or both and a
third who suffered a generalised convulsion. In a larger study4

the incidence of these symptoms was similar in treatment and
placebo groups. 
Observations of seizures in 2 patients receiving influenza proph-
ylaxis with rimantadine hydrochloride emphasised that chroni-
cally ill and elderly patients prone to seizures (especially those
who may have had antiepileptic therapy withdrawn) may be at
greater risk of developing seizures.5 A precautionary measure of

reducing the rimantadine hydrochloride dosage to 100 mg daily
and temporary re-introduction of antiepileptics was suggested.
1. Jefferson T, et al. Amantadine and rimantadine for influenza A

in adults. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed 3/10/07). 

2. Alves Galvão MG, et al. Amantadine and rimantadine for influ-
enza A in children and the elderly. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2008 (accessed 27/02/08). 

3. Patriarca PA, et al. Safety of prolonged administration of riman-
tadine hydrochloride in the prophylaxis of influenza A virus in-
fections in nursing homes. Antimicrob Agents Chemother 1984;
26: 101–3. 

4. Monto AS, et al. Safety and efficacy of long-term use of riman-
tadine for prophylaxis of type A influenza in nursing homes. An-
timicrob Agents Chemother 1995; 39: 2224–8. 

5. Bentley DW, et al. Rimantadine and seizures. Ann Intern Med
1989; 110: 323–4.

Breast feeding. Rimantadine is distributed into breast milk in
animals in concentrations about twice those measured in the se-
rum. US licensed product information states that rimantadine
should be avoided in breast-feeding mothers.
Pregnancy. Although there is no data available on the use of
rimantadine in pregnant women, US licensed product informa-
tion states that it should only be used if potential benefit justifies
the risk to the fetus as embryotoxicity has been reported in rats
given high doses of rimantadine.
Antiviral Action
Rimantadine is an M2 ion channel inhibitor that inhibits influen-
za A virus replication mainly by blocking the M2-protein ion
channel, thereby preventing fusion of the virus and the host-cell
membranes and the release of viral RNA into the cytoplasm of
infected cells. 
Resistance to rimantadine can occur rapidly and resistant virus
may be transmitted to close contacts of patients treated with
rimantadine and cause influenza. Rimantadine and amantadine
show complete cross-resistance.
Resistance. Resistance of influenza A viruses to the adaman-
tane M2 ion channel inhibitors amantadine and rimantadine can
occur spontaneously or emerge rapidly during treatment. A sin-
gle point mutation in the code sequence for the amino acids at
positions 26, 27, 30, 31, or 34 of the M2 protein can confer cross-
resistance to both amantadine and rimantadine. The resistant vi-
ruses can still replicate and be transmitted.1-3 A report4 describ-
ing the global prevalence of adamantane-resistant influenza A
viruses over a 10 year period shows an increase in drug resist-
ance from 0.4% during the 1994/5 influenza season to 12.3%
during the 2003/4 season. During the 2005/6 influenza season,
WHO and the National Respiratory and Enteric Virus Surveil-
lance System (NREVSS) laboratories in the United States report-
ed tests on 120 influenza viruses of which 109 (91%) were found
to have substitutions in the M2 protein that would confer resist-
ance to amantadine and rimantadine.3 In the USA, the reported
adamantane resistance rate for influenza A increased from 11%
for the 2004/5 influenza season to 92% for the 2005/6 influenza
season.5 On the basis of this information, the CDC no longer rec-
ommends amantadine or rimantadine for the treatment or proph-
ylaxis of influenza A infections.3,6

1. Belshe RB, et al. Genetic basis of resistance to rimantadine
emerging during treatment of influenza virus infection. J Virol
1988; 62: 1508–12. 

2. Hayden FG, et al. Emergence and apparent transmission of
rimantadine-resistant influenza A virus in families. N Engl J
Med 1989; 321: 1696–1702. 

3. CDC. High levels of adamantane resistance among influenza A
(H3N2) viruses and interim guidelines for use of antiviral
agents—United States, 2005–06 influenza season. MMWR 2006;
55: 44–6. Also available at: http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5502a7.htm (accessed 13/06/08) 

4. Bright RA, et al. Incidence of adamantane resistance among in-
fluenza A (H3N2) viruses isolated worldwide from 1994 to
2005: a cause for concern. Lancet 2005; 366: 1175–81. 

5. Bright RA, et al. Adamantane resistance among influenza A vi-
ruses isolated early during the 2005-2006 influenza season in the
United States. JAMA 2006; 295: 891–4. 

6. CDC. Prevention and control of influenza: recommendations of
the Advisory Committee on Immunization Practices (ACIP).
MMWR 2007; 56 (RR-6): 1–54. Also available at: http://
www.cdc.gov/mmwr/PDF/rr/rr5606.pdf (accessed 13/06/08)

Pharmacokinetics
Rimantadine hydrochloride is well, but slowly, absorbed from
the gastrointestinal tract and maximum plasma concentrations
are reached after about 6 hours. It has a large volume of distribu-
tion and long elimination half-life; reported figures for half-life
in healthy adults range from 13 to 65 hours (mean 25.4 hours)
and from 20 to 65 hours (mean 32 hours) in those over 70 years
of age. Protein binding of rimantadine is about 40%. It is exten-
sively metabolised in the liver with less than 25% of a dose being
excreted unchanged in the urine; about 75% is excreted as hy-
droxylated metabolites over 72 hours. In severe renal or hepatic
impairment the elimination half-life is about double, necessitat-
ing a dosage reduction.
Uses and Administration
Rimantadine hydrochloride is used similarly to amantadine hy-
drochloride (p.792) in the prophylaxis and treatment of influenza
A infections (p.859) in adults and for prophylaxis of influenza A
infection in children. It is given orally in usual adult doses of

NH2H3C
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

200 mg daily in divided doses. In elderly patients the usual daily
dose is 100 mg. A dosage reduction is also necessary in patients
with severe renal or severe hepatic impairment (see below). 
For details of doses in children, see below.

◊ Reviews.
1. Jefferson T, et al. Amantadine and rimantadine for influenza A

in adults. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed
13/06/08).

Administration in children. For the prophylaxis of influenza
A in children from 1 year of age, an oral dose of 5 mg/kg daily,
up to a maximum daily dose of 150 mg, may be given. Although
not licensed for the treatment of influenza A some experts con-
sider that it may be given to children from 1 year of age.

Administration in hepatic or renal impairment. The usu-
al oral dose of rimantadine in patients with severe renal or severe
hepatic impairment and in elderly nursing home patients is
100 mg daily.

Preparations
USP 31: Rimantadine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Germic†; Oclovir†; Cz.: Maridin; Mex.: Gabirol; Rus.: Algirem
(Альгирем); USA: Flumadine.

Ritonavir (BAN, USAN, rINN)

A-84538; Abbott-84538; ABT-538; Ritonaviiri; Ritonavirum. 5-
Thiazolylmethyl {(αS)-α-[(1S,3S)-1-hydroxy-3-((2S)-2-{3-[(2-iso-
propyl-4-thiazolyl)methyl]-3-methylureido}-3-methylbutyrami-
do)-4-phenylbutyl]phenethyl}carbamate; N1-[(1S,3S,4S)-1-Ben-
zyl-3-hydroxy-5-phenyl-4-(1,3-thiazol-5-ylmethoxycarbonylami-
no)pentyl]-N2-{[(2-isopropyl-1,3-thiazol-4-yl)methyl](me-
thyl)carbamoyl}-L-valinamide.

Ритонавир
C37H48N6O5S2 = 720.9.

CAS — 155213-67-5.
ATC — J05AE03.
ATC Vet — QJ05AE03.

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Ritonavir). A white or almost white powder. Prac-
tically insoluble in water; freely soluble in methyl alcohol and in
dichloromethane; very slightly soluble in acetonitrile. It exhibits
polymorphism. Protect from light. 
USP 31 (Ritonavir). Practically insoluble in water; very soluble
in acetonitrile; freely soluble in dichloromethane and in methyl
alcohol. Store in airtight containers at a temperature between 5°
and 30°. Protect from light.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing ritonavir are asthe-
nia, gastrointestinal effects (abdominal pain, anorexia,
diarrhoea, nausea, and vomiting), headache, taste dis-
order, and numbness around the mouth. One of the
more serious adverse effects of ritonavir is potentially
fatal pancreatitis. Other commonly reported adverse
effects include anxiety, dizziness, insomnia, fever, oth-
er gastrointestinal effects (dry mouth, dyspepsia, flatu-
lence, local throat irritation), hyperaesthesia, mouth ul-
cer, malaise, pharyngitis, pruritus, rash, sweating,
vasodilatation, and weight loss. Allergic reactions in-
clude urticaria, mild skin eruptions, bronchospasm, an-
gioedema, and rarely anaphylaxis. A possible associa-
tion with Stevens-Johnson syndrome has been reported
with ritonavir. Reported abnormal laboratory results
are decreased haemoglobin levels, increased eosi-
nophil counts, raised liver enzymes and uric acid con-
centrations, and decreased free and total thyroxine con-
centrations; white blood cell and neutrophil counts
may be reduced or increased. 

Adverse effects associated with the use of ritonavir as
a pharmacokinetic booster are dependent on the other
HIV-protease inhibitor. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
ritonavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy including ritonavir. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. Elevat-
ed creatine phosphokinase, myalgia, myositis, and
rarely rhabdomyolysis have been reported with HIV-
protease inhibitors, particularly when given with nucl-
eoside analogues. Osteonecrosis has been reported,
particularly in patients with advanced HIV disease or
long-term exposure to combination antiretroviral ther-
apy. For further information on adverse effects associ-
ated with HIV-protease inhibitors see under Indinavir
Sulfate, p.882.

Precautions
Ritonavir (as an antiviral agent or as a pharmacokinetic
enhancer) should not be used in patients with decom-
pensated liver disease. Caution is advised in patients
with severe hepatic impairment (Child-Pugh Grade C)
without decompensation, when ritonavir is used as a
pharmacokinetic booster with another HIV-protease
inhibitor, although specific recommendations depend
on the other drug. Patients with pre-existing liver dis-
ease or co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at
increased risk for severe and potentially fatal hepatic
adverse events. Caution is advised in treating patients
with haemophilia A and B as reports of spontaneous
bleeding have been associated with the use of HIV-pro-
tease inhibitors. Patients should be monitored for signs
and symptoms of pancreatitis (abdominal pain, nausea,
vomiting, and increased serum lipase or amylase lev-
els) and ritonavir treatment should be stopped in pa-
tients developing pancreatitis.

Interactions
Ritonavir is reported to have a high affinity for several
cytochrome P450 isoenzymes with the following
ranked order: 

CYP3A > CYP2D6 > CYP2C9 
Consequently ritonavir may compete with other drugs
metabolised by this system, potentially resulting in
mutually increased plasma concentrations and toxicity.
Ritonavir also has a high affinity for P-glycoprotein
and may inhibit this transporter; it may also induce glu-
curonidation and oxidation by CYP1A2 and
CYP2C19. 
Oral liquid formulations of ritonavir currently contain
alcohol and use with disulfiram or metronidazole
should be avoided. 
Ritonavir is contra-indicated with drugs that are highly
dependent on CYP3A4 for clearance and for which el-
evated plasma concentrations are associated with seri-
ous or life-threatening events. These drugs include the
alpha-adrenergic antagonist alfuzosin, antiarrhythmics
(amiodarone, bepridil, encainide, flecainide, propaf-
enone, and quinidine), antifungals (voriconazole), anti-
histamines (astemizole and terfenadine), ergot deriva-
tives (dihydroergotamine, ergometrine, ergotamine,
and methylergometrine), gastrointestinal prokinetics
(cisapride), antipsychotics (clozapine and pimozide),
sedatives and hypnotics (midazolam and triazolam),
and statins (lovastatin and simvastatin). St John’s wort
decreases the concentration of ritonavir; use with the

antiretroviral is not recommended due to the possible
loss of its activity and development of resistance. UK
licensed product information also contra-indicates the
use of ritonavir with the analgesics pethidine, piroxi-
cam, and dextropropoxyphene, bupropion, fusidic ac-
id, rifabutin, and some other sedatives and hypnotics
(clorazepate, diazepam, estazolam, and flurazepam). 
For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Ritonavir is a selective, competitive, reversible inhibi-
tor of HIV protease. It is active against HIV-1 and, to a
lesser extent, HIV-2. It interferes with the formation of
essential viral proteins making them incapable of in-
fecting other cells. Ritonavir is also a potent inhibitor
of the cytochrome P450 subfamily CYP3A (chiefly the
isoenzyme CYP3A4), and low-dose ritonavir is used
with other HIV-protease inhibitors to decrease their
metabolism and thus increase plasma concentrations of
the other protease inhibitor; such use is referred to as
ritonavir pharmacokinetic enhancement or ritonavir-
boosted therapy. Viral resistance develops rapidly
when HIV-protease inhibitors are given alone and
therefore they are used with other antiretrovirals. Vari-
ous degrees of cross-resistance between HIV-protease
inhibitors may occur; in general the greater the number
of mutations, the higher the level of resistance. Cross-
resistance between HIV-protease inhibitors and NRTIs
or NNRTIs is considered unlikely.

Pharmacokinetics
Ritonavir is absorbed after oral doses and peak plasma
concentrations occur in about 2 to 4 hours. Absorption
is enhanced when ritonavir is taken with food, and is
dose-related. Protein binding is reported to be about
98% and penetration into the CNS is minimal. Ritona-
vir is extensively metabolised in the liver mainly by cy-
tochrome P450 isoenzymes CYP3A4 and to a lesser
extent by CYP2D6. Five metabolites have been identi-
fied and the major metabolite has antiviral activity, but
concentrations in plasma are low. Studies in HIV-in-
fected children 2 to 14 years of age indicate that riton-
avir clearance is 1.5 to 1.7 times greater than in adults.
About 86% of a dose is eliminated through the faeces
(both as unchanged drug and as metabolites) and about
11% is excreted in the urine (3.5% as unchanged drug).
The elimination half-life is 3 to 5 hours.
◊ References.
1. Hsu A, et al. Multiple-dose pharmacokinetics of ritonavir in hu-

man immunodeficiency virus-infected subjects. Antimicrob
Agents Chemother 1997; 41: 898–905. 

2. Hsu A, et al. Ritonavir: clinical pharmacokinetics and interac-
tions with other anti-HIV agents. Clin Pharmacokinet 1998; 35:
275–91.

Uses and Administration
Ritonavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when ritonavir is used alone, and it is therefore
given with other antiretrovirals. 
Ritonavir is given orally in an adult dose of 600 mg
twice daily with food. In order to minimise nausea,
ritonavir may be started at a dose of 300 mg twice daily
and gradually increased over a period of up to 14 days
by 100 mg twice daily to a total of 600 mg twice daily. 
For details of doses in children, see below. 
When used as a pharmacokinetic enhancer ritonavir is
given in doses of 100 to 200 mg once or twice daily
with other HIV-protease inhibitors.
◊ Reviews.
1. Lea AP, Faulds D. Ritonavir. Drugs 1996; 52: 541–6. 
2. Cooper CL, et al. A review of low-dose ritonavir in protease in-

hibitor combination therapy. Clin Infect Dis 2003; 36: 1585–92.

Administration. Adjusting the dosage of ritonavir from
600 mg twice daily to 300 mg every 6 hours improved tolerabil-
ity in 2 patients who would otherwise have stopped the drug.1
1. Merry C, et al. Improved tolerability of ritonavir derived from

pharmacokinetic principles. Br J Clin Pharmacol 1996; 42: 787.
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Administration in children. For the treatment of HIV infec-
tion in children, ritonavir is given daily with other antiretroviral
drugs. US licensed product information permits the use of oral
ritonavir in infants over 1 month of age, whereas in the UK it is
recommended from 2 years of age. The dose given should not
exceed the maximum adult dose of 600 mg twice daily. 
The recommended dose regimen is an initial dose of 250 mg/m2

twice daily increasing by 50 mg/m2 twice daily at 2- or 3-day
intervals up to 350 to 400 mg/m2 twice daily.
Molluscum contagiosum. Intractable molluscum contagio-
sum, a viral skin infection, resolved when a patient was given
ritonavir for treatment of HIV infection.1
1. Hicks CB, et al. Resolution of intractable molluscum contagio-

sum in a human immunodeficiency virus-infected patient after
institution of antiretroviral therapy with ritonavir. Clin Infect Dis
1997; 24: 1023–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Rifaxi; Austral.: Norvir; Belg.: Norvir ; Braz.: Ritovir†; Canad.: Nor-
vir ; Chile: Norvir ; Cz.: Norvir ; Denm.: Norvir; Fin.: Norvir; Fr.: Norvir ;
Ger.: Norvir ; Gr.: Norvir ; Hong Kong: Norvir ; Hung.: Norvir; India:
Ritomune; Indon.: Norvir ; Irl.: Norvir; Israel: Norvir ; Ital.: Norvir ; Jpn:
Norvir ; Malaysia: Norvir ; Mex.: Norvir ; Neth.: Norvir ; Norw.: Norvir ;
NZ: Norvir ; Pol.: Norvir ; Port.: Norvir ; Rus.: Norvir (Норвир)†; S.Afr.:
Norvir ; Spain: Norvir ; Swed.: Norvir ; Switz.: Norvir ; Thai.: Norvir ;
Turk.: Norvir ; UK: Norvir ; USA: Norvir ; Venez.: Norvir.

Multi-ingredient: Arg.: Kaletra; Austral.: Kaletra; Austria: Kaletra;
Belg.: Kaletra; Braz.: Kaletra; Canad.: Kaletra; Chile: Kaletra; Cz.: Kaletra;
Denm.: Kaletra; Fin.: Kaletra; Fr.: Kaletra; Ger.: Kaletra; Gr.: Kaletra; Hong
Kong: Kaletra; Hung.: Kaletra; India: Ritomax-L; Israel: Kaletra; Ital.:
Kaletra; Malaysia: Kaletra; Mex.: Kaletra; Neth.: Kaletra; Norw.: Kaletra;
NZ: Kaletra; Pol.: Kaletra; Port.: Kaletra; Rus.: Kaletra (Калетра); S.Afr.:
Kaletra; Singapore: Kaletra; Spain: Kaletra; Swed.: Kaletra; Switz.: Kaletra;
Thai.: Kaletra; Turk.: Kaletra; UK: Kaletra; USA: Kaletra; Venez.: Kaletra.

Saquinavir (BAN, USAN, rINN)

Ro-31-8959; Sakinavir ; Saquinavirum. N1-{(1S,2R)-1-Benzyl-3-
[(3S,4aS,8aS)-3-(tert-butylcarbamoyl)perhydroisoquinolin-2-yl]-
2-hydroxypropyl}-N2-(2-quinolylcarbonyl)-L-aspartamide; (S)-N-
[(αS)-α-{(1R)-2-[(3S,4aS,8aS)-3-(tert-Butylcarbamoyl)octahydro-
2(1H)-isoquinolyl]-1-hydroxyethyl}phenethyl]-2-quinaldamido-
succinamide.
Саквинавир
C38H50N6O5 = 670.8.
CAS — 127779-20-8.
ATC — J05AE01.
ATC Vet — QJ05AE01.

Pharmacopoeias. In Int.

Saquinavir Mesilate (BANM, rINNM)

Mesilato de saquinavir; Ro-31-8959/003; Sakinaviirimesilaatti;
Sakinavirmesilat; Saquinavir, mésilate de; Saquinavir Mesylate (US-
AN); Saquinaviri mesilas. Saquinavir methanesulfonate.
Саквинавира Мезилат
C38H50N6O5,CH4O3S = 766.9.
CAS — 149845-06-7.
ATC — J05AE01.
ATC Vet — QJ05AE01.

Pharmacopoeias. In Int. and US. 
USP 31 (Saquinavir Mesylate). Store in airtight containers.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing saquinavir are gas-
trointestinal disorders (abdominal pain, diarrhoea, flat-
ulence, nausea, vomiting) and fatigue. Other common-
ly reported adverse effects include alopecia, anaemia,
anorexia, increased appetite, asthenia, constipation,
dizziness, dry lips, mouth and skin, dyspepsia, dysp-
noea, eczema, headache, hypersensitivity, decreased li-
bido, malaise, muscle spasm, paraesthesia, peripheral
neuropathy, pruritus, rash, sleep disturbances, and taste
disorders. Commonly reported laboratory abnormali-
ties include raised liver enzyme values, increased
blood amylase, bilirubin, and creatinine, and lowered

haemoglobin and platelet, lymphocyte, and white
blood cell count. Rare but serious adverse effects that
may be associated with saquinavir include acute mye-
loid leukaemia, haemolytic anaemia, allergic reactions,
ascites, bullous skin eruptions, intestinal obstruction,
jaundice, nephrolithiasis, pancreatitis, polyarthritis,
portal hypertension, seizures, Stevens-Johnson syn-
drome, attempted suicide, and thrombocytopenia (oc-
casionally fatal). 

Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including
saquinavir, in HIV-infected patients with severe im-
mune deficiency. Accumulation or redistribution of
body fat (lipodystrophy) including central obesity, dor-
socervical fat enlargement (buffalo hump), peripheral
wasting, facial wasting, breast enlargement, and
cushingoid appearance have been seen in patients re-
ceiving antiretroviral therapy, including saquinavir.
Metabolic abnormalities such as hypertriglyceridae-
mia, hypercholesterolaemia, insulin resistance, hyper-
glycaemia, and hyperlactataemia have also been re-
ported. Elevated creatine phosphokinase, myalgia,
myositis, and rarely rhabdomyolysis have been report-
ed with HIV-protease inhibitors, particularly when giv-
en with nucleoside analogues. Osteonecrosis has been
reported, particularly in patients with advanced HIV
disease or long-term exposure to combination antiret-
roviral therapy. 

For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sul-
fate, p.882.

Precautions
Ritonavir-boosted saquinavir should not be used in pa-
tients with decompensated liver disease and should be
used with caution in patients with moderate hepatic or
severe renal impairment. Patients with pre-existing liv-
er disease or co-infected with chronic hepatitis B or C
and treated with combination antiretroviral therapy are
at increased risk for severe and potentially fatal hepatic
adverse events. Caution is advised in treating patients
with haemophilia A and B as reports of spontaneous
bleeding have been associated with the use of HIV-pro-
tease inhibitors.

Interactions
Saquinavir is reported to be metabolised by the cyto-
chrome P450 system, with the specific isoenzyme
CYP3A4 responsible for more than 90% of the hepatic
metabolism. Saquinavir is also a substrate and an in-
hibitor of P-glycoprotein. Drugs that affect this isoen-
zyme and/or P-glycoprotein may modify saquinavir
plasma concentrations. Saquinavir may alter the phar-
macokinetics of other drugs that are metabolised by
this enzyme system or that are substrates for P-glyco-
protein. 

Saquinavir is contra-indicated with drugs that are high-
ly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with se-
rious or life-threatening events. These drugs include
antiarrhythmics (amiodarone, bepridil, flecainide,
propafenone, and quinidine), antihistamines (astemi-
zole and terfenadine), antimycobacterial (rifampicin),
ergot derivatives (dihydroergotamine, ergometrine, er-
gotamine, methylergometrine), gastrointestinal proki-
netics (cisapride), antipsychotics (pimozide), sedatives
and hypnotics (midazolam and triazolam), and statins
(simvastatin and lovastatin). St John’s wort decreases
the concentration of saquinavir; use with the antiretro-
viral is not recommended due to the possible loss of its
activity and development of resistance. 

For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Saquinavir is a selective, competitive, reversible inhib-
itor of HIV-1 and HIV-2 protease. It interferes with the
formation of essential viral proteins making them inca-
pable of infecting other cells. Viral resistance develops
rapidly when HIV-protease inhibitors are given alone
and therefore they are used with other antiretrovirals.
HIV isolates resistant to saquinavir have been reported
and variable cross-resistance with other HIV-protease
inhibitors has been seen. Cross-resistance between
saquinavir and NRTIs or NNRTIs is unlikely because
these drugs have different target enzymes.

Pharmacokinetics
Saquinavir is absorbed to a limited extent (about 30%)
after oral doses of the mesilate and undergoes exten-
sive first-pass hepatic metabolism, resulting in a bioa-
vailability of 4% when taken with food. Bioavailability
was found to be greater from a soft gelatin capsule for-
mulation of saquinavir base in a suitable vehicle (For-
tovase, Roche) than from a hard capsule formulation
(Invirase, Roche). Bioavailability is substantially less
when saquinavir is taken in the fasting state. Plasma
concentrations are reported to be higher in HIV-infect-
ed patients than in healthy subjects. Saquinavir is about
98% bound to plasma proteins and extensively distrib-
uted into the tissues, although CSF concentrations are
reported to be negligible. It is rapidly metabolised by
the cytochrome P450 system (specifically the isoen-
zyme CYP3A4) to a number of inactive monohydrox-
ylated and dihydroxylated compounds. It is excreted
mainly in the faeces with a reported terminal elimina-
tion half-life of 13.2 hours.

◊ References.
1. Regazzi MB, et al. Pharmacokinetic variability and strategy for

therapeutic drug monitoring of saquinavir (SQV) in HIV-1 in-
fected individuals. Br J Clin Pharmacol 1999; 47: 379–82. 

2. Grub S, et al. Pharmacokinetics and pharmacodynamics of
saquinavir in pediatric patients with human immunodeficiency
virus infection. Clin Pharmacol Ther 2002; 71: 122–30. 

3. Acosta EP, et al. Pharmacokinetics of saquinavir plus low-dose
ritonavir in human immunodeficiency virus-infected pregnant
women. Antimicrob Agents Chemother 2004; 48: 430–6.

Uses and Administration
Saquinavir is an HIV-protease inhibitor with antiviral
activity against HIV. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when saquinavir is used alone, and it is there-
fore used with other antiretrovirals, including low-dose
ritonavir which is given as a pharmacokinetic enhancer
(ritonavir-boosted saquinavir). 
Saquinavir is given orally as the mesilate but doses are
expressed in terms of the base; 229 mg of saquinavir
mesilate is equivalent to about 200 mg of saquinavir.
The dose is 1 g twice daily given with ritonavir 100 mg
twice daily with or after food.

◊ Reviews.
1. Vella S, Floridia M. Saquinavir: clinical pharmacology and effi-

cacy. Clin Pharmacokinet 1998; 34: 189–201. 
2. Figgitt DP, Plosker GL. Saquinavir soft-gel capsule: an updated

review of its use in the management of HIV infection. Drugs
2000; 60: 481–516. 

3. Plosker GL, Scott LJ. Saquinavir: a review of its use in boosted
regimens for treating HIV infection. Drugs  2003; 63:
1299–1324.

Preparations
USP 31: Saquinavir Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Fortovase; Proteovir ; Austral.: Fortovase; Invirase; Austria: For-
tovase; Invirase; Belg.: Fortovase†; Invirase; Braz.: Fortovase; Invirase;
Svir†; Canad.: Fortovase; Invirase; Chile: Fortovase†; Invirase; Cz.: For-
tovase†; Invirase; Denm.: Fortovase; Invirase; Fin.: Fortovase†; Invirase; Fr.:
Fortovase; Invirase; Ger.: Fortovase†; Invirase; Gr.: Fortovase; Invirase;
Hong Kong: Fortovase†; Invirase; Hung.: Invirase; Irl.: Fortovase†; Invi-
rase; Israel: Fortovase; Invirase; Ital.: Fortovase; Invirase; Jpn: Fortovase;
Invirase; Mex.: Fortovase; Invirase; Neth.: Fortovase; Invirase; Norw.: For-
tovase; Invirase; NZ: Fortovase; Invirase; Philipp.: Invirase; Pol.: Invirase;
Port.: Fortovase†; Invirase; S.Afr.: Fortovase†; Invirase; Spain: Fortovase;
Invirase; Swed.: Fortovase†; Invirase; Switz.: Fortovase†; Invirase; Thai.:
Fortovase; UK: Fortovase†; Invirase; USA: Fortovase†; Invirase; Venez.:
Fortovase.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sorivudine (BAN, USAN, rINN)

Bravavir ; Bromovinylarauracil; Brovavir ; BV-araU; BVAU; Sorivu-
dina; Sorivudinum; SQ-32756; YN-72. (E)-1-β-D-Arabinofurano-
syl-5-(2-bromovinyl)uracil.

Соривудин
C11H13BrN2O6 = 349.1.
CAS — 77181-69-2.

Profile
Sorivudine is a synthetic thymidine derivative with antiviral ac-
tivity against varicella-zoster virus. It has been investigated for
the treatment of herpes zoster but was withdrawn from the mar-
ket in Japan after deaths in patients also given fluorouracil.

◊ References.
1. Yawata M. Deaths due to drug interaction. Lancet 1993; 342:

1166. 
2. Diasio RB. Sorivudine and 5-fluorouracil: a clinically significant

drug-drug interaction due to inhibition of dihydropyrimidine de-
hydrogenase. Br J Clin Pharmacol 1998; 46: 1–4.

Stavudine (BAN, USAN, pINN)

BMY-27857; d4T; Estavudina; Stavudiini; Stavudin; Stavudinas;
Stavudinum. 1-(2,3-Dideoxy-β-D-glycero-pent-2-enofuranosyl)-
thymine.

Ставудин
C10H12N2O4 = 224.2.

CAS — 3056-17-5.
ATC — J05AF04.
ATC Vet — QJ05AF04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Stavudine). A white or almost white powder. It ex-
hibits polymorphism. Soluble in water; sparingly soluble in alco-
hol; slightly soluble in dichloromethane. Protect from light and
humidity. 
USP 31 (Stavudine). A white to off-white, crystalline powder.
Soluble in water, in dimethylacetamide, and in dimethyl sulfox-
ide; sparingly soluble in alcohol, in acetonitrile, and in methyl al-
cohol; slightly soluble in dichloromethane; insoluble in petrole-
um spirit. Store in airtight containers at a temperature of 25°,
excursions permitted between 15° and 30°. Protect from light.

Adverse Effects
The most common adverse effect reported with stavu-
dine either as monotherapy or with other antiretrovirals
is peripheral neuropathy; it occurs more frequently in
patients taking stavudine with didanosine and hydrox-
ycarbamide. Other common adverse effects include
abdominal pain, nausea, diarrhoea, dyspepsia, fatigue,
dizziness, depression, headache, insomnia, sleep dis-
turbances, pruritus, and rash. Abnormal liver function
tests may occur and hepatitis, hepatic failure, and pan-
creatitis have been reported rarely; fatalities have oc-
curred and were reported most often in patients taking
stavudine with didanosine and hydroxycarbamide.
Lactic acidosis, usually associated with severe
hepatomegaly and steatosis, has been associated with
treatment with NRTIs. There have been reports of mo-
tor weakness associated with stavudine, occurring par-
ticularly in association with lactic acidosis. 

Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including sta-
vudine, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including stavudine. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. NRTIs
have also been associated with mitochondrial dysfunc-
tion manifesting as abnormal behaviour, anaemia, con-
vulsions, hyperlipasaemia, hypertonia, and neutrope-
nia. Elevated creatine phosphokinase, myalgia,
myositis, and rarely rhabdomyolysis have been report-
ed, particularly when nucleoside analogues have been
given with HIV-protease inhibitors. Osteonecrosis has
been reported, particularly in patients with advanced
HIV disease or long-term exposure to combination
antiretroviral therapy. For further information on ad-
verse effects associated with NRTIs see Zidovudine,
p.914.

Effects on the nervous system. Peripheral neuropathy is a
well recognised adverse effect of stavudine and has been the sub-
ject of a review.1

1. Moyle GJ, Sadler M. Peripheral neuropathy with nucleoside
antiretrovirals: risk factors, incidence and management. Drug
Safety 1998; 19: 481–94.

Gynaecomastia. Bilateral gynaecomastia was associated with
stavudine use in a patient with HIV infection who was also re-
ceiving lamivudine and co-trimoxazole.1 Symptoms resolved
when stavudine was stopped. Four other cases of gynaecomastia
were reported in HIV-infected patients given HAART regimens
containing stavudine.2

1. Melbourne KM, et al. Gynecomastia with stavudine treatment in
an HIV-positive patient. Ann Pharmacother 1998; 32: 1108. 

2. Manfredi R, et al. Gynecomastia associated with highly active
antiretroviral therapy. Ann Pharmacother 2001; 35: 438–9.

Precautions
Stavudine should be used with caution in patients with
a history of peripheral neuropathy and treatment sus-
pended if peripheral neuropathy develops; if symp-
toms resolve on withdrawal, stavudine may be re-
sumed at half the previous dose. Treatment with
stavudine may be associated with lactic acidosis and
should be stopped if there is a rapid increase in ami-
notransferase concentrations, progressive hepatomeg-
aly or steatosis, or metabolic or lactic acidosis of
unknown aetiology. Stavudine should be given with
caution to patients with hepatomegaly or other risk fac-
tors for liver disease. If liver enzymes increase to 5
times the upper limit of normal during treatment then
stavudine should be stopped. Patients co-infected with
chronic hepatitis B or C who are being treated with
combination antiretroviral therapy are at an increased
risk of severe and potentially fatal hepatic adverse
events. Patients with a history of pancreatitis should
also be observed carefully for signs of pancreatitis dur-
ing stavudine treatment. Use with other drugs likely to
cause peripheral neuropathy or pancreatitis should be
avoided if possible. Stavudine should be used with cau-
tion and doses reduced in patients with renal impair-
ment.

Interactions
The intracellular activation of stavudine and hence its
antiviral effect may be inhibited by zidovudine, doxo-
rubicin, and ribavirin. 
Use of stavudine with other drugs known to cause pan-
creatitis or peripheral neuropathy should be avoided if
possible. The combination of hydroxycarbamide and
didanosine if given with stavudine, may carry a higher
risk of adverse effects including hepatotoxicity, periph-
eral neuropathy, and pancreatitis (fatal and non-fatal).

Antidiabetics. Fatal lactic acidosis has been reported1 in a pa-
tient given metformin with didanosine, stavudine, and tenofovir.
1. Worth L, et al. A cautionary tale: fatal lactic acidosis complicat-

ing nucleoside analogue and metformin therapy. Clin Infect Dis
2003; 37: 315–16.

Antivirals. Reference to in-vivo antagonism of the antiretroviral
effect of stavudine when used with zidovudine.1

1. Havlir DV, et al. In vivo antagonism with zidovudine plus stavu-
dine combination therapy. J Infect Dis 2000; 182: 321–5.

Phenylpropanolamine. Hypertensive crisis associated with
use of phenylpropanolamine and clemastine occurred in a patient
receiving HIV prophylaxis with indinavir, lamivudine, and sta-
vudine.1 The most likely cause was an interaction between phe-
nylpropanolamine and stavudine, although interactions with the
other antiretrovirals could not be ruled out.
1. Khurana V, et al. Hypertensive crisis secondary to phenylpropa-

nolamine interacting with triple-drug therapy for HIV prophy-
laxis. Am J Med 1999; 106: 118–19.

Antiviral Action
Stavudine is converted intracellularly in stages to the
triphosphate. This triphosphate halts the DNA synthe-
sis of retroviruses, including HIV, through competitive
inhibition of reverse transcriptase and incorporation
into viral DNA. Stavudine-resistant strains of HIV
have been identified and cross-resistance to other nucl-
eoside reverse transcriptase inhibitors may occur.

Pharmacokinetics
Stavudine is absorbed rapidly after oral doses produc-
ing peak plasma concentrations within 1 hour and with
a reported bioavailability of about 86%. Giving it with
food delays but does not reduce absorption. Stavudine
crosses the blood-brain barrier producing a CSF to
plasma ratio of about 0.4 after 4 hours. Binding to plas-
ma proteins is negligible. Stavudine is metabolised in-
tracellularly to the active antiviral triphosphate. The
elimination half-life is reported to be about 1 to 1.5
hours after single or multiple doses. The intracellular
half-life of stavudine triphosphate has been estimated
to be 3.5 hours in vitro. About 40% of a dose is excret-
ed in the urine by active tubular secretion and glomer-
ular filtration. Stavudine is removed by haemodialysis.
◊ References.
1. Rana KZ, Dudley MN. Clinical pharmacokinetics of stavudine.

Clin Pharmacokinet 1997; 33: 276–84. 
2. Kaul S, et al. Effect of food on bioavailability of stavudine in

subjects with human immunodeficiency virus infection. Antimi-
crob Agents Chemother 1998; 42: 2295–8. 

3. Grasela DM, et al. Pharmacokinetics of single-dose oral stavu-
dine in subjects with renal impairment and in subjects requiring
hemodialysis. Antimicrob Agents Chemother  2000; 44:
2149–53.

Uses and Administration
Stavudine is a nucleoside reverse transcriptase inhibi-
tor related to thymidine with antiviral activity against
HIV-1. It is used in the treatment of HIV infection and
AIDS (p.856). Viral resistance emerges rapidly when
stavudine is used alone, and it is therefore used with
other antiretrovirals. Stavudine is given orally, usually
as a capsule or solution. Usual adult doses of stavudine
are 40 mg every 12 hours for patients weighing 60 kg
or more or 30 mg every 12 hours for patients weighing
less than 60 kg. 
For details of doses in infants, children, and adoles-
cents, see below. 
For details of reduced doses of stavudine to be used in
patients with renal impairment, see below.
◊ Reviews.
1. Hurst M, Noble S. Stavudine: an update of its use in the treat-

ment of HIV infection. Drugs 1999; 58: 919–49. 
2. Cheer SM, Goa KL. Stavudine once daily. Drugs 2002; 62:

2667–74.

Administration in children. For the treatment of HIV infec-
tion in infants, children, and adolescents stavudine is given orally
with other antiretroviral drugs. Doses are based on body-weight: 
• in neonates from birth to 13 days old a dose of

500 micrograms/kg every 12 hours may be given 
• in infants at least 14 days old and those weighing less than

30 kg the dose is 1 mg/kg every 12 hours 
• in children and adolescents weighing 30 kg or more, the adult

dose is given (see above)
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Administration in renal impairment. Dosage reduction ac-
cording to creatinine clearance (CC) is recommended for pa-
tients receiving oral stavudine who have renal impairment: 
• CC 26 to 50 mL/minute: 20 mg every 12 hours (those weigh-

ing 60 kg or more) or 15 mg every 12 hours (those weighing
less than 60 kg) 

• CC below 26 mL/minute: 20 mg every 24 hours (those weigh-
ing 60 kg or more) or 15 mg every 24 hours (those weighing
less than 60 kg)

Preparations
USP 31: Stavudine Capsules; Stavudine for Oral Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Birac†; Lion; Revixil†; Stamar; Stavubergen; Stelea†; STV; Tonavir ;
Zerit; Austral.: Zerit; Austria: Zerit; Belg.: Zerit; Braz.: Svudin†; Zeritavir ;
Canad.: Zerit; Chile: Zerit; Cz.: Zerit; Denm.: Zerit; Fin.: Zerit; Fr.: Zerit;
Ger.: Zerit; Gr.: Zerit; Hong Kong: Zerit; Hung.: Zerit; India: Stavir; In-
don.: Zerit; Irl.: Zerit; Israel: Zerit†; Ital.: Zerit; Jpn: Zerit; Malaysia:
Virostav; Zerit†; Mex.: Apostavina†; Landstav; Pravidine; Ranstar; Zerit;
Neth.: Zerit; Norw.: Zerit; NZ: Zerit; Pol.: Zerit; Port.: Zerit; Rus.: Act-
astav (Актастав); Zerit (Зерит); S.Afr.: Stavir ; Zerit; Singapore: Zerit;
Spain: Zerit; Swed.: Zerit; Switz.: Zerit; Thai.: Zerit; Turk.: Zerit; UK:
Zerit; USA: Zerit; Venez.: Stavir ; Zerit.

Multi-ingredient: India: Lamivir S; Triomune; S.Afr.: Triomune; Venez.:
Triomune.

Telbivudine (BAN, USAN, rINN)

L-dT; Epavudine; LDT-600; NV-02B; Telbivudina; Telbivudinum.
2′-Deoxy-L-thymidine; 1-(2-Deoxy-β-L-erythro-pentofuranosyl)-
5-methylpyrimidine-2,4(1H,3H)-dione.

Тельбивудин

C10H14N2O5 = 242.2.

CAS — 3424-98-4.

ATC — J05AF11.

ATC Vet — QJ05AF11.

Adverse Effects
The most common adverse effects reported for telbivu-
dine are cough, dizziness, fatigue, gastrointestinal ef-
fects including abdominal pain, diarrhoea, and nausea,
and rash. There have also been reports of arthralgia,
myalgia, myopathy, and malaise. Serum amylase, li-
pase and creatine phosphokinase levels may be in-
creased. Raised serum alanine aminotransferase con-
centrations may occur and exacerbation of hepatitis
has been reported after stopping treatment with telbi-
vudine. There have been occasional reports of periph-
eral neuropathy, particularly when given with peginter-
feron alfa-2a. 
Lactic acidosis, usually associated with severe
hepatomegaly and steatosis, has been associated with
treatment with nucleoside analogues (see Zidovudine,
p.914).

Precautions
Telbivudine should be given with caution to patients
with cirrhosis, hepatomegaly, or other risk factors for
liver disease and should be withdrawn if there is a rapid
increase in aminotransferase concentrations, progres-
sive hepatomegaly or steatosis, or metabolic or lactic
acidosis of unknown aetiology. Exacerbation of hepa-
titis B has been reported both during and after stopping
treatment with telbivudine. Liver function should be
monitored closely during treatment and for several
months after treatment is stopped. Patients taking telbi-
vudine should be monitored for peripheral neuropathy
and treatment should be stopped if myopathy or pe-
ripheral neuropathy is diagnosed. Dosage reduction
may be necessary in patients with renal impairment.

Interactions
Caution should be exercised when telbivudine is given
with other drugs that alter renal function; serum con-
centrations of either drug may be affected. Telbivudine
should be given with caution to patients taking other
drugs associated with myopathy (such as azole antifun-
gals, ciclosporin, corticosteroids, erythromycin, fi-
brates, HMG-CoA reductase inhibitors, penicillamine,
and zidovudine).
Interferons. For mention of an increased risk of peripheral neu-
ropathy in patients given both telbivudine and peginterferon
alfa-2a, see Adverse Effects, above.

Antiviral Action
Telbivudine is phosphorylated intracellularly to the ac-
tive triphosphate form, which competes with thymi-
dine 5’-triphosphate, the natural substrate of hepatitis
B virus reverse transcriptase, thereby causing DNA
chain termination and inhibiting hepatitis B viral repli-
cation. 
Telbivudine has no activity against HIV.

Pharmacokinetics
Telbivudine is absorbed from the gastrointestinal tract
after oral doses. Peak plasma concentrations occur af-
ter about 3 hours. Absorption is not affected when giv-
en with food. Binding of telbivudine to plasma proteins
is about 3.3% in vitro. Telbivudine is not metabolised
by the cytochrome P450 system. It is mainly excreted
renally by glomerular filtration as unchanged drug,
with a terminal elimination half-life of 30 to 53.6
hours. Telbivudine is partially removed by haemodial-
ysis.

Uses and Administration
Telbivudine is an orally bioavailable L-nucleoside ana-
logue with specific activity against the hepatitis B vi-
rus. It is given orally for the treatment of chronic hepa-
titis B (p.851) in patients with compensated liver
disease and evidence of active viral replication, persist-
ently raised serum alanine aminotransferase concentra-
tions, and histological evidence of active liver inflam-
mation and fibrosis. The usual dose of telbivudine is
600 mg once daily. For details of dosage modification
in patients with renal impairment, see below.
◊ References.
1. Lai CL, et al. A dose-finding study of once-daily oral telbivudine

in HBeAg-positive patients with chronic hepatitis B virus infec-
tion. Hepatology 2004; 40: 719–26. 

2. Lai CL, et al. A 1-year trial of telbivudine, lamivudine, and the
combination in patients with hepatitis B e antigen-positive
chronic hepatitis B. Gastroenterology 2005; 129: 528–36. 

3. Kim JW, et al. Telbivudine: a novel nucleoside analog for chron-
ic hepatitis B. Ann Pharmacother 2006; 40: 472–8. 

4. Jones R, Nelson M. Novel anti-hepatitis B agents: a focus on
telbivudine. Int J Clin Pract 2006; 60: 1295–9. 

5. Keam SJ. Telbivudine. Drugs 2007; 67: 1917–29.

Administration in renal impairment. The dosage of telbi-
vudine should be reduced in patients with renal impairment by
modifying the dosing interval according to the creatinine clear-
ance (CC) of the patient: 
• CC 50 mL or more per minute: 600 mg once daily 
• CC 30 to 49 mL/minute: 600 mg every 48 hours 
• CC less than 30 mL/minute (and not on dialysis): 600 mg eve-

ry 72 hours 
• end stage renal disease: 600 mg every 96 hours 
Patients receiving haemodialysis should receive the appropriate
dose after each dialysis session.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Sebivo; Indon.: Sebivo; Malaysia: Sebivo; Port.: Sebivo; UK: Sebivo;
USA: Tyzeka.

Tenofovir (BAN, USAN, rINN)

GS-1278; PMPA; (R)-PMPA; Ténofovir ; Tenofovirum. 9-[(R)-2-
(Phosphonomethoxy)propyl]adenine monohydrate; {[(R)-2-(6-
Amino-9H-purin-9-yl)-1-methylethoxy]methyl}phosphonic acid
monohydrate.
Тенофовир
C9H14N5O4P,H2O = 305.2.
CAS — 147127-20-6 (anhydrous tenofovir); 206184-49-
8 (tenofovir monohydrate).

(anhydrous tenofovir)

Tenofovir Disoproxil Fumarate (BANM, USAN, rINNM)

Fumarato de disoproxilo de tenofovir; GS-4331/05; Ténofovir
Disoproxil. Fumarate de; Tenofovirum Disoproxilum Fumaras. 9-
{(R)-2-[(Bis{[(isopropoxycarbonyl)oxy]methoxy}phosphi-
nyl)methoxy]propyl}adenine fumarate (1:1).
Тенофовир Дизопроксил Фумарат
C19H30N5O10P,C4H4O4 = 635.5.
CAS — 202138-50-9.
ATC — J05AF07.
ATC Vet — QJ05AF07.

Adverse Effects
Adverse effects commonly associated with tenofovir
disoproxil fumarate either as monotherapy for the
treatment of chronic hepatitis B or with other antiretro-
virals for the treatment of HIV are mild to moderate
gastrointestinal events such as anorexia, abdominal
pain, diarrhoea, dyspepsia, flatulence, nausea, and
vomiting. Other commonly reported adverse effects
are dizziness, fatigue, and headache. Skin rashes may
occur. Hypophosphataemia is also common. Serum-
amylase concentrations may be raised and pancreatitis
has been reported rarely. There have also been reports
of raised liver enzymes, hepatitis, nephritis, nephro-
genic diabetes insipidus, renal impairment, acute renal
failure, and effects on the renal proximal tubules, in-
cluding Fanconi syndrome. 
Lactic acidosis, usually associated with severe
hepatomegaly and steatosis, has been associated with
treatment with nucleoside reverse transcriptase inhibi-
tors. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including ten-
ofovir disoproxil fumarate, in HIV-infected patients
with severe immune deficiency. Accumulation or re-
distribution of body fat (lipodystrophy) including cen-
tral obesity, dorsocervical fat enlargement (buffalo
hump), peripheral wasting, facial wasting, breast en-
largement, and cushingoid appearance have been seen
in patients receiving antiretroviral therapy, including
tenofovir disoproxil fumarate. Metabolic abnormali-
ties such as hypertriglyceridaemia, hypercholestero-
laemia, insulin resistance, hyperglycaemia, and hyper-
lactataemia have also been reported. NRTIs have also
been associated with mitochondrial dysfunction mani-
festing as abnormal behaviour, anaemia, convulsions,
hyperlipasaemia, hypertonia, and neutropenia. Elevat-
ed creatine phosphokinase, myalgia, myositis, and
rarely rhabdomyolysis have been reported, particularly
when nucleoside analogues have been given with HIV-
protease inhibitors. Osteonecrosis has been reported,
particularly in patients with advanced HIV disease or
long-term exposure to combination antiretroviral ther-
apy. For further information on adverse effects associ-
ated with NRTIs see Zidovudine, p.914.
Effects on the kidney. Use of tenofovir in patients with HIV
infection has been associated with renal toxicity,1 including Fan-
coni syndrome,2 interstitial nephritis,3 and acute renal failure.4,5

The mechanism of acute renal failure appears to be tubular
necrosis, which may not resolve on withdrawal of the drug.6
Some studies have indicated that glomerular filtration rate or cre-
atinine clearance was consistently decreased in patients given
tenofovir-containing regimens;7,8 it has been reported that this is
greater if combined with HIV-protease inhibitors than NNRTIs.8
Other studies have not found renal toxicity to be a significant
problem.9,10

1. Gitman MD, et al. Tenofovir-induced kidney injury. Expert
Opin Drug Saf 2007; 6: 155–64. 
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2. Gupta SK. Tenofovir-associated Fanconi syndrome: review of
the FDA adverse event reporting system. AIDS Patient Care
STDS 2008; 22: 99–103. 

3. Schmid S, et al. Acute interstitial nephritis of HIV-positive pa-
tients under atazanavir and tenofovir therapy in a retrospective
analysis of kidney biopsies. Virchows Arch 2007; 450: 665–70. 

4. Hynes P, et al. Acute renal failure after initiation of tenofovir
disoproxil fumarate. Ren Fail 2007; 29: 1063–6. 

5. Kapitsinou PP, Ansari N. Acute renal failure in an AIDS patient
on tenofovir: a case report. J Med Case Reports 2008; 2: 94. 

6. Zimmermann AE, et al. Tenofovir-associated acute and chronic
kidney disease: a case of multiple drug interactions. Clin Infect
Dis 2006; 42: 283–90. 

7. Fux CA, et al. Tenofovir use is associated with a reduction in
calculated glomerular filtration rates in the Swiss HIV Cohort
Study. Antivir Ther 2007; 12: 1165–73. 

8. Goicoechea M, et al. Greater tenofovir-associated renal func-
tion decline with protease inhibitor-based versus nonnucleoside
reverse-transcriptase inhibitor-based therapy. J Infect Dis 2008;
197: 102–8. 

9. Viganò A, et al. Renal safety of tenofovir in HIV-infected chil-
dren: a prospective, 96-week longitudinal study. Clin Drug In-
vestig 2007; 27: 573–81. 

10. Madeddu G, et al. Tenofovir renal safety in HIV-infected pa-
tients: results from the SCOLTA Project. Biomed Pharmacother
2008; 62: 6–11.

Precautions
Treatment with tenofovir disoproxil fumarate should
be stopped if there is a rapid increase in aminotrans-
ferase concentrations, progressive hepatomegaly or
steatosis, or metabolic or lactic acidosis of unknown
aetiology. It should be given with caution to patients
with hepatomegaly or other risk factors for liver dis-
ease. In particular, extreme caution should be exercised
in patients with co-existing hepatitis C infection who
are receiving interferon alfa and ribavirin. In patients
co-infected with hepatitis B, there is a risk of severe
acute exacerbation of hepatitis when tenofovir is
stopped, and liver function should be monitored close-
ly in such patients for at least several months. 
Tenofovir should be used with caution, and doses mod-
ified, in patients with renal impairment. Renal function
and serum phosphates should be monitored before
treatment is started, every 4 weeks during the first year
of therapy, and then every 3 months; in patients with a
history of renal impairment or who are particularly at
risk, more frequent monitoring may be needed. If se-
rum-phosphate concentrations fall markedly or if cre-
atinine clearance is below 50 mL/minute, renal func-
tion should be evaluated within a week, and the dose
interval may need to be adjusted or treatment interrupt-
ed. Tenofovir disoproxil fumarate may be associated
with reduction in bone density and patients should be
observed for evidence of bone abnormalities; bone
monitoring should be considered for patients with a
history of bone fractures or those at risk of osteopenia.

Interactions
Use of tenofovir disoproxil fumarate with nephrotoxic
drugs or with other drugs eliminated by active tubular
secretion is not recommended; if such use is unavoida-
ble, renal function should be monitored weekly. Teno-
fovir increases the plasma concentrations of didanos-
ine (see p.871). Once daily triple nucleoside regimens
of tenofovir and lamivudine with either abacavir or di-
danosine are associated with a high level of treatment
failure and of emergence of resistance, and should be
avoided. Decreased plasma concentrations of atazana-
vir and increased plasma concentrations of tenofovir
occur when tenofovir is given with atazanavir; the ef-
fect is significantly reduced when ritonavir is added as
a booster. Use of ritonavir-boosted lopinavir with teno-
fovir modestly increases the plasma concentrations of
tenofovir.
Antidiabetics. Fatal lactic acidosis has been reported1 in a pa-
tient given metformin with didanosine, stavudine, and tenofovir.
1. Worth L, et al. A cautionary tale: fatal lactic acidosis complicat-

ing nucleoside analogue and metformin therapy. Clin Infect Dis
2003; 37: 315–16.

Antiviral Action
Tenofovir is converted intracellularly to the diphos-
phate. This diphosphate halts the DNA synthesis of
HIV through competitive inhibition of reverse tran-
scriptase and incorporation into viral DNA. Tenofovir-

resistant strains of HIV have been identified and cross-
resistance to other reverse transcriptase inhibitors may
occur.

Pharmacokinetics
Tenofovir disoproxil fumarate is rapidly absorbed and
converted to tenofovir after oral doses, with peak plas-
ma concentrations occurring after 1 to 2 hours. Bioa-
vailability in fasting patients is about 25%, but this is
enhanced when tenofovir disoproxil fumarate is taken
with a high fat meal. Tenofovir is widely distributed
into body tissues, particularly the kidneys and liver.
Binding to plasma proteins is less than 1% and that to
serum proteins about 7%. The terminal elimination
half-life of tenofovir is 12 to 18 hours. Tenofovir is ex-
creted mainly in the urine by both active tubular secre-
tion and glomerular filtration. It is removed by haemo-
dialysis.
◊ Reviews.
1. Kearney BP, et al. Tenofovir disoproxil fumarate: clinical phar-

macology and pharmacokinetics. Clin Pharmacokinet 2004; 43:
595–612. 

2. Kearney BP, et al. Pharmacokinetics and dosing recommenda-
tions of tenofovir disoproxil fumarate in hepatic or renal impair-
ment. Clin Pharmacokinet 2006; 45: 1115–24.

Uses and Administration
Tenofovir is a nucleotide reverse transcriptase inhibitor
with antiviral activity against HIV-1 and hepatitis B. It
is used in the treatment of HIV infection and AIDS
(p.856) and chronic hepatitis B infection (p.851). Viral
resistance emerges rapidly when tenofovir is used
alone in the treatment of HIV infection, and it is there-
fore used with other antiretrovirals. 
It is given orally as the disoproxil fumarate ester. Ten-
ofovir disoproxil fumarate 300 mg is equivalent to
about 245 mg of tenofovir disoproxil and to about
136 mg of tenofovir. For the treatment of either HIV or
chronic hepatitis B infection the usual dose is 300 mg
of the disoproxil fumarate ester once daily with food. 
For details of doses of tenofovir disoproxil fumarate to
be used in patients with renal impairment, see below. 
Fixed-dose combination products for the treatment of
HIV infection and AIDS have been developed in order
to improve patient adherence and avoid monotherapy,
thereby decreasing the risk of acquired drug resistance.
Products containing tenofovir disoproxil fumarate in
combination with emtricitabine, and with efavirenz
plus emtricitabine are available in some countries. 
A gel containing tenofovir is under investigation as a
topical microbicide in the prevention of HIV infection.
◊ Reviews.
1. Grim SA, Romanelli F. Tenofovir disoproxil fumarate. Ann

Pharmacother 2003; 37: 849–59. 
2. Gallant JE, Deresinski S. Tenofovir disoproxil fumarate. Clin In-

fect Dis 2003; 37: 944–50. 
3. Dando TM, Wagstaff AJ. Emtricitabine/tenofovir disoproxil fu-

marate. Drugs 2004; 64: 2075–82. 
4. Lyseng-Williamson KA, et al. Tenofovir disoproxil fumarate: a

review of its use in the management of HIV infection. Drugs
2005; 65: 413–32. 

5. Wong SN, Lok AS. Tenofovir disoproxil fumarate: role in hepa-
titis B treatment. Hepatology 2006; 44: 309–13. 

6. Reijnders JGP, Janssen HLA. Potency of tenofovir in chronic
hepatitis B: mono or combination therapy? J Hepatol 2008; 48:
383–6. 

7. Stephan C. Experience with tenofovir disoproxil fumarate for
antiretroviral therapy. Expert Opin Pharmacother 2008; 9:
1197–209. 

8. Pozniak A. Tenofovir: what have over 1 million years of patient
experience taught us? Int J Clin Pract 2008; 62: 1285–93.

Administration in renal impairment. Doses of tenofovir
disoproxil fumarate should be modified by adjustment of the
dosing interval in patients with renal impairment according to
their creatinine clearance (CC): 
• CC 50 mL or more per minute: usual once-daily dosage

(above) 
• CC 30 to 49 mL/minute: every 48 hours 
• CC 10 to 29 mL/minute: every 72 to 96 hours 
• haemodialysis patients: a dose every 7 days or after a cumula-

tive total of 12 hours of dialysis
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Viread; Austral.: Viread; Austria: Viread; Belg.: Viread; Canad.:
Viread; Chile: Viread; Cz.: Viread; Denm.: Viread; Fin.: Viread; Fr.: Viread;
Ger.: Viread; Gr.: Viread; Hung.: Viread; Irl.: Viread; Israel: Viread; Ital.:

Viread; Mex.: Viread; Neth.: Viread; Norw.: Viread; NZ: Viread; Pol.:
Viread; Spain: Viread; Swed.: Viread; Switz.: Viread; UK: Viread; USA:
Viread.

Multi-ingredient: Arg.: Truvada; Austral.: Truvada; Cz.: Truvada; Fin.:
Truvada; Fr.: Truvada; Ger.: Truvada; Gr.: Truvada; Irl.: Truvada; Ital.: Tru-
vada; Mex.: Truvada; Neth.: Truvada; NZ: Truvada; Port.: Truvada;
Spain: Truvada; Swed.: Truvada; UK: Atripla; Truvada; USA: Atripla; Tru-
vada.

Tipranavir (rINN)

PNU-140690; Tipranavirum; U-140690. 3′-{(1R)-1-[(6R)-5,6-Di-
hydro-4-hydroxy-2-oxo-6-phenethyl-6-propyl-2H-pyran-3-
yl]propyl}-5-(trifluoromethyl)-2-pyridinesulfonanilide.

Типранавир

C31H33F3N2O5S = 602.7.

CAS — 174484-41-4.

ATC — J05AE09.

ATC Vet — QJ05AE09.

NOTE. Tipranavir Disodium is USAN.

Tipranavir Sodium (BANM, rINNM)

Natrii Tipranavirum; PNU-140690E; Tipranavir Disodium (USAN);
Tipranavir sodico; Tipranavir Sodique.

Натрий Типранавир

C31H31F3N2Na2O5S = 646.6.
CAS — 191150-83-1.
ATC — J05AE09.
ATC Vet — QJ05AE09.

Adverse Effects
The most common adverse effects associated with
antiretroviral regimens containing tipranavir are gas-
trointestinal disturbances (abdominal pain, diarrhoea,
dyspepsia, flatulence, nausea, and vomiting), anorexia,
fatigue, and headache. Serious adverse effects reported
include increased risk of bleeding, lipid abnormalities
(hyperlipidaemia and hypertriglyceridaemia), and se-
vere hepatotoxicity (hepatitis and hepatic decompensa-
tion) and intracranial haemorrhage including some fa-
talities. Rashes, generally occurring after about 2
months of treatment and lasting about 3 weeks have
been reported; rashes are sometimes accompanied by
joint pain, stiffness, throat tightness, or generalised
pruritus. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including ti-
pranavir, in HIV-infected patients with severe immune
deficiency. Accumulation or redistribution of body fat
(lipodystrophy) including central obesity, dorsocervi-
cal fat enlargement (buffalo hump), peripheral wasting,
facial wasting, breast enlargement, and cushingoid
appearance have been seen in patients receiving
antiretroviral therapy, including tipranavir. Metabolic
abnormalities such as hypertriglyceridaemia, hyper-
cholesterolaemia, insulin resistance, hyperglycaemia,
and hyperlactataemia have also been reported. Elevat-
ed creatine phosphokinase, myalgia, myositis, and
rarely rhabdomyolysis have been reported with HIV-
protease inhibitors, particularly when given with nucl-
eoside analogues. Osteonecrosis has been reported,
particularly in patients with advanced HIV disease or
long-term exposure to combination antiretroviral ther-
apy. 
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For further information on adverse effects associated
with HIV-protease inhibitors see under Indinavir Sul-
fate, p.882.

Precautions
Tipranavir should not be used in patients with moder-
ate to severe hepatic impairment (Child-Pugh class B
or C), and should be used with caution in those with
mild impairment (Child-Pugh A). Treatment should
not be started in patients with pre-treatment liver en-
zyme values more than 5 times the upper limit of nor-
mal. Patients should be closely monitored for clinical
signs and symptoms of hepatitis; monitoring of liver
enzymes is recommended before and during treatment
with tipranavir. In patients with mild hepatic impair-
ment, chronic hepatitis, or other underlying liver dis-
ease more frequent monitoring is recommended. Treat-
ment should be interrupted or stopped if liver function
deteriorates and should be permanently stopped in
those patients with liver enzyme values more than 10
times the upper limit of normal or in those who develop
signs or symptoms of clinical hepatitis. Patients with
pre-existing liver disease or co-infected with chronic
hepatitis B or C and treated with combination antiret-
roviral therapy are at increased risk for severe and po-
tentially fatal hepatic adverse events. 

Caution is advised in treating patients who are at in-
creased risk of bleeding such as those with haemophil-
ia A and B or who are taking antiplatelet drugs or anti-
coagulants as reports of spontaneous bleeding have
been associated with the use of HIV-protease inhibi-
tors. Tipranavir oral solution contains vitamin E and
patients given the oral solution should not take high
doses of supplemental vitamin E. 

Tipranavir contains a sulfonamide moiety and should
be used with caution in patients with a known sulfona-
mide allergy.

Interactions
Tipranavir is both an inducer and an inhibitor of the
cytochrome P450 isoenzyme CYP3A4 although when
given with low-dose ritonavir there is a net inhibition
of CYP3A4; there is therefore the potential for com-
plex interactions with other drugs metabolised by this
enzyme. Ritonavir-boosted tipranavir is also a net in-
ducer of P-glycoprotein. 

Tipranavir is contra-indicated with drugs that are high-
ly dependent on CYP3A4 for clearance and for which
elevated plasma concentrations are associated with se-
rious or life-threatening events. These drugs include
antiarrhythmics (amiodarone, bepridil, flecainide, me-
toprolol, propafenone, and quinidine), antihistamines
(astemizole and terfenadine), ergot derivatives (dihy-
droergotamine, ergometrine, ergotamine, and methyl-
ergometrine), gastrointestinal prokinetics (cisapride),
antipsychotics (pimozide), sedatives and hypnotics
(midazolam and triazolam), and statins (simvastatin
and lovastatin). Rifampicin and St John’s wort de-
crease the concentration of tipranavir; use with the
antiretroviral is not recommended due to the possible
loss of its activity and development of resistance. 

For further information on drug interactions of HIV-
protease inhibitors see under Indinavir Sulfate, p.883
and Table 1, p.917.

Antiviral Action
Tipranavir is a non-peptide HIV-protease inhibitor. It
interferes with the formation of essential viral proteins
making them incapable of infecting other cells. HIV
isolates resistant to tipranavir have been reported and
viral resistance develops rapidly when HIV-protease
inhibitors are given alone and therefore they are used
with other antiretrovirals. Various degrees of cross-re-
sistance between HIV-protease inhibitors may occur.

Pharmacokinetics
Tipranavir is absorbed to a limited extent after oral dos-
es. Food improves the tolerability and bioavailability is
increased with a high fat meal. Peak plasma concentra-
tions are reached within 1 to 5 hours and steady state is
usually reached after 7 to 10 days of treatment. Ti-
pranavir is about 99.9% bound to plasma proteins. It is
metabolised by the cytochrome P450 system (predom-
inantly the isoenzyme CYP3A4), although when given
with ritonavir metabolism is minimal with the majority
of tipranavir being excreted unchanged in the faeces.
The mean elimination half-life of tipranavir is 4.8 to 6
hours.

Uses and Administration
Tipranavir is a non-peptide HIV-protease inhibitor
with antiviral activity against HIV. It is used for the
treatment of HIV infection and AIDS (p.856) in treat-
ment-experienced patients or in those with multidrug-
resistant HIV infection. Viral resistance emerges rapid-
ly when tipranavir is used alone, and it is therefore used
with other antiretrovirals. 
It is given with low-dose ritonavir, which acts as a
pharmacokinetic enhancer (ritonavir-boosted tiprana-
vir). The dose is tipranavir 500 mg (with ritonavir
200 mg) twice daily with food. 
For details of doses in children see below. 
No dose adjustment is required for patients with renal
impairment or mild liver disease. Tipranavir should not
be given to patients with moderate to severe liver dis-
ease.
◊ Reviews.
1. Croom KF, Keam SJ. Tipranavir: a ritonavir-boosted protease in-

hibitor. Drugs 2005; 65: 1669–77. 
2. Dong BJ, Cocohoba JM. Tipranavir: a protease inhibitor for HIV

salvage therapy. Ann Pharmacother 2006; 40: 1311–21. 
3. King JR, Acosta EP. Tipranavir: a novel nonpeptidic protease in-

hibitor of HIV. Clin Pharmacokinet 2006; 45: 665–82. 
4. Temesgen Z, Feinberg J. Tipranavir: a new option for the treat-

ment of drug-resistant HIV infection. Clin Infect Dis 2007; 45:
761–9. 

5. Orman JS, Perry CM. Tipranavir: a review of its use in the man-
agement of HIV infection. Drugs 2008; 68: 1435–63.

Administration in children. For the treatment of HIV infec-
tion in children, tipranavir is given orally with other antiretroviral
drugs. It is given with low-dose ritonavir, which acts as a phar-
macokinetic enhancer. US licensed product information permits
the use of oral tipranavir in children from 2 years of age. Doses
are based on body-weight or body-surface and should not exceed
the maximum adult dose (see above). 
• The usual recommended dose in children is: tipranavir

14 mg/kg (with ritonavir 6 mg/kg) twice daily or tipranavir
375 mg/m2 (with ritonavir 150 mg/m2) twice daily 

• children who are intolerant or develop toxicities to the usual
dose may take a reduced dose: tipranavir 12 mg/kg (with
ritonavir 5 mg/kg) twice daily or tipranavir 290 mg/m2 (with
ritonavir 115 mg/m2) twice daily

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aptivus; Belg.: Aptivus; Cz.: Aptivus; Fin.: Aptivus; Fr.: Aptivus; Gr.:
Aptivus; Hung.: Aptivus; Irl.: Aptivus; Ital.: Aptivus; Mex.: Aptivus; Pol.:
Aptivus; Port.: Aptivus; Swed.: Aptivus; UK: Aptivus; USA: Aptivus.

Trichosanthin
Compound Q; GLQ-223 (a purified form of trichosanthin); Tri-
cosantina.
CAS — 60318-52-7 (tr ichosanthins); 116899-30-0 (Tri-
chosanthes kir ilowii); 160185-58-0 (Trichosanthes kir ilowii
root); 120947-28-6 (GLQ-223).

Profile
Trichosanthin is a polypeptide extracted from the tuber of the
Chinese cucumber, Trichosanthes kirilowii (Cucurbitaceae). It
has been investigated in the treatment of HIV infection and is
used in China as an abortifacient.
HIV infection and AIDS. Trichosanthin has been given to pa-
tients with AIDS, AIDS-related complex, or HIV infection.1,2 It
has generally been given by intravenous injection, the use of the
intramuscular route having been abandoned due to the occur-
rence of pain and necrosis at the injection site.1 A common ad-
verse effect with intravenous use was a flu-like syndrome with
headache, myalgias, fever, and arthralgia and was generally mild
to moderate,3 although neurological effects progressing to coma
with fatalities have been reported.1,2 Improvements in surrogate
markers for HIV infection have been reported including increas-
es in CD4+ T lymphocyte counts in patients with moderate

disease3 and in patients failing to respond to reverse transcriptase
inhibitors.4
1. Byers VS, et al. A phase I/II study of trichosanthin treatment of

HIV disease. AIDS 1990; 4: 1189–96. 
2. Kahn JO, et al. The safety and pharmacokinetics of GLQ223 in

subjects with AIDS and AIDS-related complex: a phase I study.
AIDS 1990; 4: 1197–1204. 

3. Kahn JO, et al. Safety, activity, and pharmacokinetics of
GLQ223 in patients with AIDS and AIDS-related complex. An-
timicrob Agents Chemother 1994; 38: 260–7. 

4. Byers VS, et al. A phase II study of effect of addition of tricho-
santhin to zidovudine in patients with HIV disease and failing
antiretroviral agents. AIDS Res Hum Retroviruses 1994; 10:
413–20.

Trifluridine (USAN, rINN)

F3T; F3TDR; NSC-75520; Trifluorothymidine; Trifluorothymidi-
num; Trifluorotymidiini; Trifluorotymidin; Trifluridiini; Trifluridin;
Trifluridina; Trifluridinum. ααα-Trifluorothymidine; 2′-Deoxy-5-
trifluoromethyluridine.
Трифлуридин
C10H11F3N2O5 = 296.2.
CAS — 70-00-8.
ATC — S01AD02.
ATC Vet — QS01AD02.

Pharmacopoeias. In US. 
USP 31 (Trifluridine). A white, odourless powder, appearing un-
der the microscope as rod-like crystals. Store in airtight contain-
ers. Protect from light.
Adverse Effects
Adverse effects occurring after the use of trifluridine in the eyes
are similar to those for idoxuridine (p.881) but have been report-
ed to occur less frequently.
◊ References.
1. Udell IJ. Trifluridine-associated conjunctival cicatrization. Am J

Ophthalmol 1985; 99: 363–4.

Antiviral Action
Trifluridine acts similarly to idoxuridine to interfere with viral
DNA synthesis after phosphorylation. It is reported to be active
against herpes simplex viruses, some adenoviruses, vaccinia vi-
ruses, and CMV. Like idoxuridine it is incorporated into mam-
malian DNA.
Pharmacokinetics
Trifluridine is absorbed through the cornea after application to
the eye and penetration may be increased in the presence of dam-
age or inflammation. Systemic absorption does not appear to fol-
low ocular administration.
Uses and Administration
Trifluridine is a pyrimidine nucleoside structurally related to thy-
midine. It is used in the treatment of primary keratoconjunctivitis
and recurrent epithelial keratitis due to herpes simplex viruses
(p.854). One drop of a 1% ophthalmic solution is instilled into
the eye every 2 hours up to a maximum of 9 times daily until
complete re-epithelialisation has occurred. Treatment is then re-
duced to one drop every 4 hours to a minimum of 5 drops daily
for a further 7 days. Treatment should not be continued for more
than a total of 21 days. 
Trifluridine, alone or as a combined formulation with a thymi-
dine phosphorylase inhibitor to reduce its metabolism (TAS-
102), has been investigated in the treatment of malignant neo-
plasms.
◊ Reviews.
1. Heidelberger C, King DH. Trifluorothymidine. Pharmacol Ther

1979; 6: 427–42. 
2. Carmine AA, et al. Trifluridine: a review of its antiviral activity

and therapeutic use in the topical treatment of viral eye infec-
tions. Drugs 1982; 23: 329–53. 

3. Temmink OH, et al. Therapeutic potential of the dual-targeted
TAS-102 formulation in the treatment of gastrointestinal malig-
nancies. Cancer Sci 2007; 98: 779–89.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Viroptic; Cz.: Triherpine†; Fr.: Virophta; Ger.: Triflumann; Gr.:
Thilol; Hong Kong: Triherpine†; Hung.: Triherpine†; Ital.: Triherpine;
Neth.: TFT Ophtiole; Port.: Adrocil†; Viridin; S.Afr.: TFT; Spain: Viromi-
din; Switz.: Triherpine†; Thai.: Triherpine; Turk.: TFT-Thilo; USA: Viroptic.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tromantadine Hydrochloride (rINNM)

D-41; Hidrocloruro de tromantadina; Tromantadine, Chlorhy-
drate de; Tromantadini Hydrochloridum. N-1-Adamantyl-2-(2-
dimethylaminoethoxy)acetamide hydrochloride; 2-(2-Dimethyl-
aminoethoxy)-N-(tricyclo[3.3.1.13,7]dec-1-yl)acetamide hydro-
chloride.
Тромантадина Гидрохлорид
C16H28N2O2,HCl = 316.9.
CAS — 53783-83-8 (tromantadine); 41544-24-5 (tro-
mantadine hydrochloride).
ATC — D06BB02; J05AC03.
ATC Vet — QD06BB02; QJ05AC03.

(tromantadine)

Profile
Tromantadine hydrochloride is a derivative of amantadine
(p.792) used for its antiviral activity. It is applied topically at a
concentration of 1% in the treatment of herpes simplex infections
of the skin and mucous membranes (p.854). 
Contact dermatitis has been reported after the topical use of tro-
mantadine hydrochloride.
Effects on the skin. References to contact dermatitis associat-
ed with the use of tromantadine.
1. Fanta D, Mischer P. Contact dermatitis from tromantadine hy-

drochloride. Contact Dermatitis 1976; 2: 282–4. 
2. Lembo G, et al. Allergic dermatitis from Viruserol ointment

probably due to tromantadine hydrochloride. Contact Dermatitis
1984; 10: 317. 

3. Jauregui I, et al. Allergic contact dermatitis from tromantadine.
J Investig Allergol Clin Immunol 1997; 7: 260–1.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Viru-Merz Serol; Belg.: Viru-Merz†; Braz.: Herpex; Chile: Viru-
Merz†; Cz.: Viru-Merz; Ger.: Viru-Merz Serol; Gr.: Viru-Merz Serol; Hong
Kong: Viru-Merz; Hung.: Viru-Merz; Indon.: Viru-Merz; Israel: Viru-Merz;
Ital.: Viruserol†; Malaysia: Viru-Merz; Mex.: Viru-Serol; Neth.: Viru-
Merz†; Philipp.: Viru-Merz; Pol.: Viru-Merz; Port.: Viru-Merz; Rus.: Viru-
Merz Serol (Виру-Мерц Серол); Singapore: Viru-Merz†; Spain: Viru-Se-
rol; Switz.: Viru-Merz Serol.

Valaciclovir Hydrochloride 

(BANM, rINNM)

Hidrocloruro de valaciclovir; 256U87 (valaciclovir); Valaciclovir,
chlorhydrate de; Valacicloviri hydrochloridum; Valacyclovir Hy-
drochloride (USAN). L-Valine, ester with 9-[(2-hydrox-
yethoxy)methyl]guanine hydrochloride.
Валацикловира Гидрохлорид
C13H20N6O4,HCl = 360.8.
CAS — 124832-26-4 (valaciclovir); 124832-27-5 (valaci-
clovir hydrochloride);.
ATC — J05AB11.
ATC Vet — QJ05AB11.

(valaciclovir)

Pharmacopoeias. In Chin.

Adverse Effects and Precautions
As for Aciclovir, p.863.
Breast feeding. In a study in 5 women who took oral valaciclo-
vir 500 mg twice daily for 7 days, concentrations of the active
metabolite aciclovir in breast milk were 3.4 times those in mater-
nal serum at 4 hours after the initial dose, although the ratio de-
clined to 1.85 at steady-state concentrations. Nonetheless, it was
calculated that the amount ingested by an infant would be negli-
gible (about 2% of a standard neonatal dose of intravenous aci-

clovir, with exposure further reduced by the poor oral bioavaila-
bility of the drug), and valaciclovir was thus considered
compatible with breast feeding.1
1. Sheffield JS, et al. Acyclovir concentrations in human breast

milk after valaciclovir administration. Am J Obstet Gynecol
2002; 186: 100–102.

Effects on the nervous system. Mononeuritis multiplex due
to vasculitis has been reported1 in a woman a week after a one-
day course of valaciclovir for the treatment of herpes labialis.
Symptoms improved within 10 days of treatment with oral pred-
nisolone but reoccurred upon rechallenge with valaciclovir.
1. Pary LF, et al. Vasculitic mononeuritis multiplex induced by va-

lacyclovir. Neurology 2004; 62: 1906–7.

Interactions
As for Aciclovir, p.863.

Antiviral Action
As for Aciclovir, p.863.

Pharmacokinetics
As for Aciclovir, p.863. 
Valaciclovir is readily absorbed from the gastrointesti-
nal tract after oral doses, and is rapidly converted to
aciclovir and valine by first-pass intestinal or hepatic
metabolism. The bioavailability of aciclovir after dos-
age with valaciclovir is reported to be 54% and peak
plasma concentrations of aciclovir are achieved after
1.5 hours. Valaciclovir is eliminated mainly as aciclo-
vir and its metabolite 9-carboxymethoxymethylgua-
nine; less than 1% of a dose of valaciclovir is excreted
unchanged in the urine.
◊ References.
1. Steingrimsdottir H, et al. Bioavailability of aciclovir after oral

administration of aciclovir and its prodrug valaciclovir to pa-
tients with leukopenia after chemotherapy. Antimicrob Agents
Chemother 2000; 44: 207–9. 

2. Höglund M, et al. Comparable aciclovir exposures produced by
oral valaciclovir and intravenous aciclovir in immunocompro-
mised cancer patients. J Antimicrob Chemother 2001; 47:
855–61. 

3. Bras AP, et al. Comparative bioavailability of acyclovir from
oral valacyclovir and acyclovir in patients treated for recurrent
genital herpes simplex virus infection. Can J Clin Pharmacol
2001; 8: 207–11. 

4. Nadal D, et al. An investigation of the steady-state pharmacoki-
netics of oral valacyclovir in immunocompromised children. J
Infect Dis 2002; 186 (suppl 1): S123–S130. 

5. MacDougall C, Guglielmo BJ. Pharmacokinetics of valaciclovir.
J Antimicrob Chemother 2004; 53: 899–901.

Uses and Administration
Valaciclovir is a prodrug of the antiviral aciclovir
(p.864). It is used in the treatment of herpes zoster
(p.855) and herpes simplex infections (p.854) of the
skin and mucous membranes, including genital herpes.
Treatment should be started as soon as symptoms oc-
cur. Valaciclovir is used for the suppression of recur-
rent herpes simplex infections and can reduce the risk
of transmission of genital herpes to susceptible part-
ners when used as suppressive therapy and as part of
safer sex practices. It is also used for the prophylaxis of
CMV infection after renal transplantation. Valaciclovir
is given orally as the hydrochloride; doses are ex-
pressed in terms of the base. Valaciclovir hydrochlo-
ride 1.11 g is equivalent to about 1 g of valaciclovir. 
For herpes zoster, the dose is 1 g three times daily for
7 days. For treatment of herpes simplex infections,
500 mg is given twice daily for 5 days (3 days in the
USA) for recurrent episodes or for up to 10 days for a
first episode; in the USA, the recommended dose for a
first episode of genital herpes is 1 g twice daily for 10
days. For the treatment of herpes labialis, a dose of 4 g
in two divided doses 12 hours apart is recommended.
For the suppression of herpes simplex infection in im-
munocompetent patients, a dose of 500 mg daily as a
single dose or in two divided doses, is recommended;
in the USA, a dose of 1 g daily as a single dose is rec-
ommended for suppression of recurrent genital herpes.
A dose of 500 mg twice daily may be used in immuno-
compromised patients. To reduce transmission of gen-
ital herpes a dose of 500 mg daily is taken by the infect-
ed partner. 
A dose of 2 g four times daily is recommended for
prophylaxis of CMV infection in renal transplant re-

cipients; prophylaxis should begin within 72 hours and
is usually continued for 90 days. 
Doses of valaciclovir may need to be reduced in pa-
tients with renal impairment (see below).
◊ References.
1. Ormrod D, et al. Valaciclovir: a review of its long term utility in

the management of genital herpes simplex virus and cytomega-
lovirus infections. Drugs 2000; 59: 839–63. 

2. Ormrod D, Goa K. Valaciclovir: a review of its use in the man-
agement of herpes zoster. Drugs 2000; 59: 1317–40. 

3. Tyring SK, et al. Valacyclovir for herpes simplex virus infection:
long-term safety and sustained efficacy after 20 years’ experi-
ence with acyclovir. J Infect Dis 2002; 186 (suppl 1): S40–S46. 

4. Corey L, et al. Once-daily valacyclovir to reduce the risk of
transmission of genital herpes. N Engl J Med 2004; 350: 11–20. 

5. Brantley JS, et al. Valacyclovir for the treatment of genital her-
pes. Expert Rev Anti Infect Ther 2006; 4: 367–76. 

6. Fife KH, et al. Effect of valacyclovir on viral shedding in immu-
nocompetent patients with recurrent herpes simplex virus 2 gen-
ital herpes: a US-based randomized, double-blind, placebo-con-
trolled clinical trial. Mayo Clin Proc 2006; 81: 1321–7.

Administration in renal impairment. Oral doses of valaci-
clovir may need to be reduced in patients with renal impairment.
The following dosage reductions are suggested by the UK li-
censed product information according to creatinine clearance
(CC): 
herpes zoster: 
• CC 15 to 30 mL/minute: 1 g twice daily 
• CC less than 15 mL/minute: 1 g daily 
• patients on haemodialysis: 1 g daily after haemodialysis 
herpes simplex infections: 
• CC less than 15 mL/minute: 500 mg daily 
• patients on haemodialysis: 500 mg daily after haemodialysis 
suppression of herpes simplex: 
• CC less than 15 mL/minute: immunocompetent patients:

250 mg once daily; immunocompromised patients: 500 mg
once daily 

• patients on haemodialysis: immunocompetent patients:
250 mg once daily after haemodialysis; immunocompromised
patients: 500 mg once daily after haemodialysis 

reduction of transmission of genital herpes: 
• CC less than 15 mL/minute: 250 mg daily 
• patients on haemodialysis: 250 mg daily after haemodialysis 
prophylaxis of CMV: 
• CC 50 to 74 mL/minute: 1.5 g four times daily 
• CC 25 to 49 mL/minute: 1.5 g three times daily 
• CC 10 to 24 mL/minute: 1.5 g twice daily 
• CC less than 10 mL/minute: 1.5 g once daily 
• patients on haemodialysis: 1.5 g once daily after haemodialy-

sis

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Valtrex; Viramixal; Viranet; Austral.: Valtrex; Austria: Valtrex; Belg.:
Zelitrex; Braz.: Valtrex; Canad.: Valtrex; Chile: Pervioral; Vadiral; Valtrex;
Virmax†; Cz.: Valtrex; Denm.: Zelitrex; Fin.: Valavir; Valtrex; Fr.: Zelitrex;
Ger.: Valtrex; Gr.: Valtrex; Hong Kong: Valtrex; India: Valcivir ; Indon.:
Herclov; Valtrex; Valvir; Irl.: Valtrex; Israel: Valtrex; Ital.: Talavir ; Zelitrex;
Malaysia: Valtrex; Mex.: Rapivir ; Neth.: Zelitrex; Norw.: Valtrex;
Philipp.: Valtrex; Port.: Valavir ; Valtrex; Rus.: Valtrex (Валтрекс); S.Afr.:
Zelitrex; Singapore: Valtrex; Spain: Valherpes; Valtrex; Virval; Swed.: Val-
trex; Switz.: Valtrex; Thai.: Valtrex; Turk.: Valtrex; UK: Valtrex; USA: Val-
trex; Venez.: Valtrex.

Valganciclovir Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de valganciclovir; Ro-107-9070/194; RS-079070-
194; Valganciclovir, Chlorhydrate de; Valgancicloviri Hydrochlori-
dum. L-Valine, ester with 9-{[2-hydroxy-1-(hydroxymethyl)-
ethoxy]methyl} guanine hydrochloride .
Вальганцикловира Гидрохлорид
C14H22N6O5,HCl = 390.8.
CAS — 175865-60-8 (valganciclovir); 175865-59-5 (val-
ganciclovir hydrochloride).
ATC — J05AB14.
ATC Vet — QJ05AB14.

(valganciclovir)
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Pharmacopoeias. In US. 
USP 31 (Valganciclovir Hydrochloride). A white to off-white
powder. Freely soluble in alcohol; practically insoluble in ace-
tone or in ethyl acetate; slightly soluble in hexane; very soluble
in isopropyl alcohol. Store in airtight containers at a temperature
of 25°, excursions permitted between 15° and 30°.

Stability. References.
1. Anaizi NH, et al. Stability of valganciclovir in an extemporane-

ously compounded oral liquid. Am J Health-Syst Pharm 2002;
59: 1267–70. 

2. Henkin CC, et al. Stability of valganciclovir in extemporaneous-
ly compounded liquid formulations. Am J Health-Syst Pharm
2003; 60: 687–90.

Adverse Effects, Treatment, and Precau-
tions
As for Ganciclovir, p.879. 
In the USA, valganciclovir is not indicated for use in
liver transplant recipients, because of reports of a high-
er incidence of tissue-invasive CMV infection com-
pared with patients treated with ganciclovir (although
see Cytomegalovirus Infections, below). In the UK,
valganciclovir is licensed for use in the prevention of
CMV disease in all solid organ graft recipients.

Interactions
As for Ganciclovir, p.879.

Antiviral Action
As for Ganciclovir, p.880.

Pharmacokinetics
Valganciclovir is well absorbed from the gastrointesti-
nal tract after oral doses and is rapidly converted to
ganciclovir by first-pass intestinal or hepatic metabo-
lism. The bioavailability of ganciclovir after an oral
dose with food is reported to be about 60% and peak
plasma concentrations of ganciclovir are achieved after
1 to 3 hours. Valganciclovir is eliminated in the urine
as ganciclovir (see p.880).
◊ References.
1. Brown F, et al. Pharmacokinetics of valganciclovir and ganciclo-

vir following multiple oral dosages of valganciclovir in HIV- and
CMV-seropositive volunteers. Clin Pharmacokinet 1999; 37:
167–76. 

2. Jung D, Dorr A. Single-dose pharmacokinetics of valganciclovir
in HIV- and CMV-seropositive subjects. J Clin Pharmacol 1999;
39: 800–4. 

3. Pescovitz MD, et al. Valganciclovir results in improved oral ab-
sorption of ganciclovir in liver transplant recipients. Antimicrob
Agents Chemother 2000; 44: 2811–15. 

4. Wiltshire H, et al. Pharmacokinetic profile of ganciclovir after
its oral administration and from its prodrug, valganciclovir, in
solid organ transplant recipients. Clin Pharmacokinet 2005; 44:
495–507. 

5. Winston DJ, et al. Pharmacokinetics of ganciclovir after oral val-
ganciclovir versus intravenous ganciclovir in allogeneic stem
cell transplant patients with graft-versus-host disease of the gas-
trointestinal tract. Biol Blood Marrow Transplant 2006; 12:
635–40.

Uses and Administration
Valganciclovir is a prodrug of the antiviral ganciclovir
(p.880) that is used for the treatment of CMV retinitis
in patients with AIDS, and for the prevention of CMV
disease in transplant recipients who have received an
organ from a CMV-positive donor (see below). 
Valganciclovir is given orally with food as the hydro-
chloride; doses are expressed in terms of the base. Val-
ganciclovir hydrochloride 1.1 g is equivalent to about
1 g of valganciclovir. 
For induction in patients with active CMV retinitis, the
dose is 900 mg twice daily for 21 days. For mainte-
nance following induction, or in patients with inactive
CMV retinitis, the dose is 900 mg daily. Patients whose
retinitis deteriorates during maintenance may repeat
induction but the possibility of viral resistance should
be considered. For prevention of CMV disease in organ
transplant recipients, the dose is 900 mg daily starting
within 10 days and continuing until 100 days after
transplantation. 
Doses of valganciclovir should be reduced in renal im-
pairment (see Administration in Renal Impairment, be-
low).

◊ Reviews.
1. Freeman RB. Valganciclovir: oral prevention and treatment of

cytomegalovirus in the immunocompromised host. Expert Opin
Pharmacother 2004; 5: 2007–16. 

2. Cvetković RS, Wellington K. Valganciclovir: a review of its use
in the management of CMV infection and disease in immuno-
compromised patients. Drugs 2005; 65: 859–78.

Administration in renal impairment. Doses of oral valgan-
ciclovir should be reduced in renal impairment according to cre-
atinine clearance (CC). Licensed product information recom-
mends the following doses: 
• CC 40 to 59 mL/minute: 450 mg twice daily for induction and

450 mg daily for maintenance or prevention 
• CC 25 to 39 mL/minute: 450 mg daily for induction and

450 mg every two days for maintenance or prevention 
• CC 10 to 24 mL/minute: 450 mg every two days for induction

and 450 mg twice weekly for maintenance or prevention 
• haemodialysis patients: not recommended
Cytomegalovirus infections. Valganciclovir produces high
systemic concentrations of ganciclovir after oral doses; exposure
may be higher than with intravenous ganciclovir regimens.1 It is
therefore active against CMV infections (p.853). It has been
shown to be of benefit for both induction therapy and mainte-
nance treatment of CMV retinitis in patients with AIDS,2,3 and
although this has become less widespread in the developed world
with the advent of HAART, it continues to be a problem in re-
source-poor settings in particular; there have been calls for val-
ganciclovir to be made more widely available for treatment in
preference to less effective and convenient drugs.3 
Valganciclovir is also used in the prophylaxis and preemptive
treatment of CMV infections in transplant recipients,4-8 and
many centres consider it to be the standard of care for this indi-
cation (including in liver transplantation although it is contra-in-
dicated for such use in the USA—see Adverse Effects, Treat-
ment, and Precautions, above).9
1. Einsele H, et al. Oral valganciclovir leads to higher exposure to

ganciclovir than intravenous ganciclovir in patients following al-
logeneic stem cell transplantation. Blood 2006; 107: 3002–8. 

2. Martin DF, et al. Valganciclovir Study Group. A controlled trial
of valganciclovir as induction therapy for cytomegalovirus retin-
itis. N Engl J Med 2002; 346: 1119–26. Correction. ibid.; 347:
862. 

3. Heiden D, et al. Cytomegalovirus retinitis: the neglected disease
of the AIDS pandemic. PLoS Med 2007; 4: e334. Available at:
http://medicine.plosjournals.org/archive/1549-1676/4/12/pdf/
10.1371_journal.pmed.0040334-S.pdf (accessed 28/08/08) 

4. Paya C, et al. Valganciclovir Solid Organ Transplant Study
Group. Efficacy and safety of valganciclovir vs. oral ganciclovir
for prevention of cytomegalovirus disease in solid organ trans-
plant recipients. Am J Transplant 2004; 4: 611–20. 

5. Khoury JA, et al. Prophylactic versus preemptive oral valganci-
clovir for the management of cytomegalovirus infection in adult
renal transplant recipients. Am J Transplant 2006; 6: 2134–43. 

6. Said T, et al. Oral valgancyclovir versus intravenous gancyclovir
for cytomegalovirus prophylaxis in kidney transplant recipients.
Transplant Proc 2007; 39: 997–9. 

7. Asberg A, et al. VICTOR Study Group. Oral valganciclovir is
noninferior to intravenous ganciclovir for the treatment of cy-
tomegalovirus disease in solid organ transplant recipients. Am J
Transplant 2007; 7: 2106–13. 

8. Len O, et al. RESITRA. Valganciclovir as treatment for cytome-
galovirus disease in solid organ transplant recipients. Clin Infect
Dis 2008; 46: 20–7. 

9. Snydman DR. Use of valganciclovir for prevention and treat-
ment of cytomegalovirus disease. Clin Infect Dis 2008; 46: 28–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Valixa; Austral.: Valcyte; Austria: Valcyte; Belg.: Valcyte; Braz.: Val-
cyte; Canad.: Valcyte; Chile: Valixa; Cz.: Valcyte; Denm.: Valcyte; Fin.:
Valcyte; Fr.: Rovalcyte; Ger.: Valcyte; Gr.: Valcyte; Hong Kong: Valcyte;
Hung.: Valcyte; Indon.: Valcyte; Irl.: Valcyte; Israel: Valcyte; Ital.: Darilin;
Valcyte; Mex.: Valcyte; Neth.: Valcyte; Valixa; Norw.: Valcyte; NZ: Valcyte;
Philipp.: Valcyte; Pol.: Valcyte; Port.: Rovalcyte; S.Afr.: Valcyte; Singa-
pore: Valcyte; Spain: Valcyte; Swed.: Valcyte; Switz.: Valcyte; Thai.: Val-
cyte; UK: Valcyte; USA: Valcyte; Venez.: Valixa.

Vidarabine (BAN, USAN, rINN)

Adenine Arabinoside; Ara-A; CI-673; Vidarabiini; Vidarabin; Vi-
darabina; Vidarabinum. 9-β-D-Arabinofuranosyladenine mono-
hydrate.
Видарабин
C10H13N5O4,H2O = 285.3.
CAS — 5536-17-4 (anhydrous vidarabine); 24356-66-9
(vidarabine monohydrate).
ATC — J05AB03; S01AD06.
ATC Vet — QJ05AB03; QS01AD06.

(anhydrous vidarabine)

Pharmacopoeias. In US. 
USP 31 (Vidarabine). A white to off-white powder. Very slightly
soluble in water; slightly soluble in dimethylformamide. Store in
airtight containers.

Vidarabine Phosphate (BANM, USAN, rINNM)

Ara-AMP; Arabinosyladenine Monophosphate; CI-808; Fosfato
de vidarabina; Vidarabine 5′-Monophosphate; Vidarabine, Phos-
phate de; Vidarabini Phosphas. 9-β-D-Arabinofuranosyladenine
5′-(dihydrogen phosphate).
Видарабина Фосфат
C10H14N5O7P = 347.2.
CAS — 29984-33-6.
ATC — J05AB03; S01AD06.
ATC Vet — QJ05AB03; QS01AD06.

Vidarabine Sodium Phosphate (BANM, USAN, rINNM)

CI-808 Sodium; Fosfato sódico de vidarabina; Natrii Vidarabini
Phosphas; Vidarabine, Phosphate Sodique de. 9-β-D-Arabino-
furanosyladenine 5′-(dihydrogen phosphate) disodium.
Натрия Видарабина Фосфат
C10H12N5Na2O7P = 391.2.
CAS — 71002-10-3.
ATC — J05AB03; S01AD06.
ATC Vet — QJ05AB03; QS01AD06.

Adverse Effects
Adverse effects that may occur when vidarabine is applied to the
eyes include irritation, pain, superficial punctate keratitis, photo-
phobia, lachrymation, and occlusion of the lachrymal duct.
Pharmacokinetics
Systemic absorption does not occur after application of vidarab-
ine to the eye; trace amounts of its principal metabolite hypoxan-
thine arabinoside (arabinosyl hypoxanthine), and vidarabine, if
the cornea is damaged, may be found in the aqueous humour.
Uses and Administration
Vidarabine is a purine nucleoside obtained from Streptomyces
antibioticus. It has been used in the treatment of herpes simplex
and varicella-zoster infections (p.854 and p.855), although aci-
clovir and related drugs are generally preferred. 
Vidarabine has been used topically in the treatment of herpes
simplex keratitis and keratoconjunctivitis as a 3% ophthalmic
ointment. 
It has also been used as the sodium phosphate as a 10% gel for
the treatment of genital herpes. 
Vidarabine was formerly used intravenously in the treatment of
severe and disseminated herpes simplex infections and herpes
zoster but aciclovir is preferred.
Preparations
USP 31: Vidarabine Ophthalmic Ointment.
Proprietary Preparations (details are given in Part 3)
Gr.: Erpimycin; Tekarin; Virerpin; Jpn: Arasena-A.

Zalcitabine (BAN, USAN, rINN)

ddC; ddCyd; Dideoxycytidine; NSC-606170; Ro-24-2027; Ro-
24-2027/000; Tsalsitabiini; Zalcitabin; Zalcitabina; Zalcitabinum;
Zalsitabin. 2′,3′-Dideoxycytidine.
Зальцитабин
C9H13N3O3 = 211.2.
CAS — 7481-89-2.
ATC — J05AF03.
ATC Vet — QJ05AF03.

Pharmacopoeias. In US. 
USP 31 (Zalcitabine). A white to off-white, crystalline powder.
Soluble in water and in methyl alcohol; sparingly soluble in al-
cohol, in acetonitrile, in chloroform, and in dichloromethane;
slightly soluble in cyclohexane. Store in airtight containers. Pro-
tect from light.
Adverse Effects
The most serious adverse effects of zalcitabine are peripheral
neuropathy, which can affect up to one-third of patients, and pan-
creatitis which is rare, affecting up to about 1% of patients, but
which can be fatal. Other severe adverse effects include oral and
oesophageal ulceration, hypersensitivity reactions including an-
aphylaxis, cardiomyopathy and heart failure, lactic acidosis and
severe hepatomegaly with steatosis (both potentially life-threat-
ening), and hepatic failure.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Precautions
Zalcitabine should be interrupted or stopped if peripheral neu-
ropathy develops. Neuropathy is usually slowly reversible if
treatment is stopped promptly but may be irreversible if treat-
ment is continued after symptoms develop. Zalcitabine should be
avoided in patients who already have peripheral neuropathy and
used with caution in patients at risk of developing it (especially
those with a low CD4+ cell count) or taking other drugs that may
cause it (see Interactions, below). 
Treatment should be interrupted in patients who develop abdom-
inal pain, nausea, or vomiting or with abnormal biochemical test
results until pancreatitis has been excluded. Zalcitabine should
be permanently withdrawn if pancreatitis develops. Patients with
a history of pancreatitis or of raised serum amylase should be
monitored closely. Zalcitabine should not be used with other
drugs known to cause pancreatitis (see Interactions, below). 
Zalcitabine should be used with caution in patients with hepatic
impairment and treatment interrupted or stopped if hepatic func-
tion deteriorates or there are signs of hepatic damage or lactic
acidosis. It should be used with caution in patients with renal im-
pairment, and dosage reductions may be necessary. It should also
be used with caution in patients with cardiomyopathy or heart
failure. 
Complete blood count and biochemical tests should be carried
out before treatment starts and at regular intervals throughout
therapy.
Handling. Exposure of the skin to zalcitabine and inhalation of
zalcitabine powder should be avoided.
Interactions
Zalcitabine should not be used with other drugs known to cause
pancreatitis (for example intravenous pentamidine). Caution is
necessary when zalcitabine is given with other drugs that may
cause peripheral neuropathy, such as other nucleoside reverse
transcriptase inhibitors, chloramphenicol, dapsone, ethionamide,
isoniazid (the clearance of which may also be affected—see
p.290), metronidazole, nitrofurantoin, ribavirin, and vincristine.
Use of zalcitabine with didanosine is not recommended. 
The absorption of zalcitabine is reduced by about 25% when giv-
en with aluminium- or magnesium-containing antacids. 
Cimetidine, probenecid, or trimethoprim can reduce the renal ex-
cretion of zalcitabine, resulting in elevated plasma concentra-
tions. Renal excretion of zalcitabine may also be reduced by am-
photericin B, aminoglycosides, or foscarnet, potentially
increasing its toxicity. 
The antiviral action of zalcitabine may be antagonised by lami-
vudine and the two drugs should not be used together.
Antiviral Action
Zalcitabine is converted intracellularly in stages to the triphos-
phate. This triphosphate halts the DNA synthesis of retroviruses,
including HIV, through competitive inhibition of reverse tran-
scriptase and incorporation into viral DNA. 
The emergence of zalcitabine-resistant strains of HIV has been
reported.
◊ References.
1. Jeffries DJ. The antiviral activity of dideoxycytidine. J Antimi-

crob Chemother 1989; 23 (suppl A): 29–34.

Pharmacokinetics
Zalcitabine is absorbed from the gastrointestinal tract with a bio-
availability of greater than 80%. The rate of absorption is re-
duced if given with food. Peak plasma concentrations in the fast-
ing state are achieved within about 1 hour. Zalcitabine crosses
the blood-brain barrier producing CSF concentrations ranging
from 9 to 37% of those in plasma. Binding to plasma proteins is
negligible. The plasma elimination half-life is about 2 hours. 
Zalcitabine is metabolised intracellularly to the active antiviral
triphosphate. It does not appear to undergo any substantial hepat-
ic metabolism and is excreted mainly in the urine, in part by ac-
tive tubular secretion.
Uses and Administration
Zalcitabine is a nucleoside reverse transcriptase inhibitor derived
from cytidine with antiviral activity against HIV. It is used in the
treatment of HIV infection and AIDS (p.856). Viral resistance
emerges rapidly when zalcitabine is used alone in the treatment
of HIV infection, and it is therefore used with other antiretrovi-
rals. 
Zalcitabine is given orally in a dose of 750 micrograms every 8
hours. Doses should be reduced in patients with renal impair-
ment (see below).
Administration in renal impairment. Doses of zalcitabine
should be reduced for patients with renal impairment according
to creatinine clearance (CC): 
• CC 10 to 40 mL/minute: 750 micrograms every 12 hours 
• CC less than 10 mL/minute: 750 micrograms every 24 hours
Preparations
USP 31: Zalcitabine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Hivid†; Inxibir†; Austral.: Hivid; Austria: Hivid; Belg.: Hivid; Braz.:
Hivid†; Canad.: Hivid; Chile: Hivid†; Cz.: Hivid†; Denm.: Hivid†; Fin.:
Hivid; Fr.: Hivid†; Ger.: Hivid; Gr.: Hivid; Hong Kong: Hivid†; Irl.: Hivid†;
Israel: Hivid; Ital.: Hivid; Jpn: Hivid; Mex.: Arlevid; Hivid; Neth.: Hivid;

Port.: Hivid†; S.Afr.: Hivid†; Singapore: Hivid†; Spain: Hivid; Swed.:
Hivid†; Switz.: Hivid†; Thai.: Hivid; Turk.: Hivid; UK: Hivid†; USA: Hivid†;
Venez.: Hivid.

Zanamivir (BAN, USAN, rINN)

GG-167; GR-121167X; 4-Guanidino-2,4-dideoxy-2,3-dehydro-
N-acetylneuraminic Acid; Tsanamiviiri; Zanamivirum. 5-Acetami-
do-2,6-anhydro-3,4,5-trideoxy-4-guanidino-D-glycero-D-galacto-
non-2-enonic acid.
Занамивир
C12H20N4O7 = 332.3.
CAS — 139110-80-8.
ATC — J05AH01.
ATC Vet — QJ05AH01.

Adverse Effects
Inhaled zanamivir has generally been well tolerated.
Acute bronchospasm or decline in respiratory function,
with some fatalities, has been reported rarely in pa-
tients with a history of respiratory disease and very
rarely in those with no such history. Other effects that
have been noted include nasal symptoms, headache,
gastrointestinal symptoms, cough, and bronchitis, but
they may be difficult to distinguish from the symptoms
of influenza. There have also been rare reports of hy-
persensitivity reactions, including oropharyngeal
oedema and severe skin rashes. 
There have been postmarketing reports (mostly from
Japan) of neuropsychiatric adverse effects, such as de-
lirium and abnormal behaviour, in patients taking neu-
raminidase inhibitors such as zanamivir.
◊ Reviews.
1. Freund B, et al. Zanamivir: a review of clinical safety. Drug

Safety 1999; 21: 267–81. 
2. Gravenstein S, et al. Zanamivir: a review of clinical safety in

individuals at high risk of developing influenza-related compli-
cations. Drug Safety 2001; 24: 1113–25.

Precautions
Zanamivir should be used with caution in patients with
chronic respiratory diseases as they may be at in-
creased risk of bronchospasm; if zanamivir use is con-
sidered appropriate, patients with asthma or chronic
obstructive pulmonary disease should have a fast-act-
ing bronchodilator available during treatment. Patients
on maintenance therapy with inhaled bronchodilators
should inhale the bronchodilator before zanamivir. Pa-
tients experiencing bronchospasm should be advised to
stop zanamivir and seek medical attention. 
Patients should be monitored for abnormal behaviour
throughout the treatment period.

Antiviral Action
Zanamivir inhibits the viral surface enzyme neuramin-
idase (sialidase) which is essential for the release of
newly formed viral particles from infected cells, and
may facilitate access of virus through mucus to the cell
surface. Zanamivir is active against influenza A and B
virus replication.
Resistance. For information on the development of resistance
to zanamivir and other neuramidase inhibitors, see under Osel-
tamivir, p.901.

Pharmacokinetics
Zanamivir is poorly absorbed after oral doses with a
bioavailability of about 2%. Inhaled doses produce
high local concentrations in the respiratory tract. About
4 to 20% of the inhaled dose is absorbed producing

peak serum concentrations at about 1 to 2 hours. Zan-
amivir is less than 10% bound to plasma protein. It is
not metabolized and the absorbed portion is excreted
unchanged in the urine with a serum half-life of 2.6 to
5 hours; unabsorbed drug is excreted in the faeces.
◊ References.
1. Aoki FY, Hayden FG (eds.). The pharmacokinetics of zanamivir:

a new inhaled antiviral for influenza. Clin Pharmacokinet 1999;
36 (suppl 1): 1–58.

Uses and Administration
Zanamivir is a neuraminidase inhibitor used by inhala-
tion for the treatment and prophylaxis (postexposure
and seasonal) of influenza A and B (p.859). For treat-
ment, it is given to adults in a dose of 10 mg twice daily
for 5 days, starting as soon as possible (within 48
hours) after the onset of symptoms. 
Zanamivir is given by inhalation for postexposure
prophylaxis of influenza A and B in household or close
contacts and should be started within 36 hours of expo-
sure. The dose for adults is 10 mg once daily for 10
days. For seasonal prophylaxis in a community setting
10 mg once daily may be given to adults and adoles-
cents for 28 days and treatment should start within 5
days of an outbreak. 
For details of doses in children, see below.
Administration in children. Zanamivir is given by inhalation
for the treatment and postexposure prophylaxis of influenza A
and B. For treatment, children may be given the same dose as
adults (10 mg twice daily for 5 days), starting within 36 to 48
hours after the onset of symptoms. In the USA it is approved for
those from 7 years of age whereas UK licensed product informa-
tion permits use from 5 years of age. 
Postexposure prophylaxis after close contact with infected pa-
tients should be started within 36 hours of exposure. Children
from 5 years of age may be given the same dose as adults (10 mg
once daily for 10 days).
Influenza. Reviews.1,2 For further reviews on neuraminidase in-
hibitors (including zanamivir), see Influenza, under Oseltamivir,
p.901.
1. Cheer SM, Wagstaff AJ. Zanamivir: an update of its use in influ-

enza. Drugs 2002; 62: 71–106. 
2. Fleming DM. Zanamivir in the treatment of influenza. Expert

Opin Pharmacother 2003; 4: 799–805.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Relenza†; Austral.: Relenza; Austria: Relenza; Belg.: Relenza; Braz.:
Relenza; Canad.: Relenza; Chile: Relenza†; Cz.: Relenza; Denm.: Relen-
za†; Fin.: Relenza; Fr.: Relenza; Ger.: Relenza; Gr.: Relenza; Hong Kong:
Relenza; Hung.: Relenza; Irl.: Relenza†; Israel: Relenza†; Ital.: Relenza;
Malaysia: Relenza; Mex.: Relenza; Neth.: Relenza; Norw.: Relenza; NZ:
Relenza; Port.: Relenza; S.Afr.: Relenza; Singapore: Relenza; Spain: Re-
lenza; Swed.: Relenza; Switz.: Relenza; Turk.: Relenza; UK: Relenza; USA:
Relenza.

Zidovudine (BAN, USAN, rINN)

Azidodeoxythymidine; Azidothymidine; AZT; BW-A509U; BW-
509U; Compound-S; Tsidovudiini; Zidovudin; Zidovudina; Zido-
vudinas; Zidovudinum; Zydowudyna. 3′-Azido-3′-deoxythymi-
dine.
Зидовудин
C10H13N5O4 = 267.2.
CAS — 30516-87-1.
ATC — J05AF01.
ATC Vet — QJ05AF01.

NOTE. The abbreviation AZT has also been used for azathioprine.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Zidovudine). A white or brownish powder. It
shows polymorphism. Sparingly soluble in water; soluble in de-
hydrated alcohol. Protect from light. 
USP 31 (Zidovudine). A white to yellowish powder. Exhibits
polymorphism. Sparingly soluble in water; soluble in alcohol.
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Store in airtight containers at a temperature of 25°, excursions
permitted between 15° and 30°. Protect from light.

Adverse Effects
The commonest serious adverse effects reported with
zidovudine are haematological toxicities such as anae-
mia, leucopenia, and neutropenia. They occur most
commonly when higher doses are used (1.2 to 1.5 g
daily) and in patients with advanced HIV disease and a
low CD4+ cell count (less than 100 cells/mm3). These
haematological toxicities are usually reversed by inter-
rupting treatment or reducing dosage but the anaemia
may be severe enough to require blood transfusion.
Aplastic anaemia, pure red cell aplasia, pancytopenia,
and thrombocytopenia have been rarely reported. 
Other commonly reported adverse effects include diz-
ziness, headache, malaise, myalgia, and gastrointesti-
nal symptoms such as abdominal pain, diarrhoea, nau-
sea, and vomiting. Long-term use of zidovudine has
been associated with myopathy. Raised liver enzymes,
hyperbilirubinaemia, lactic acidosis, and severe
hepatomegaly with steatosis have been reported as
rare, but potentially fatal, occurrences in patients tak-
ing zidovudine alone or with other antiretrovirals. Oth-
er rare but potentially serious adverse effects include
cardiomyopathy, convulsions, and pancreatitis. 
Immune reconstitution syndrome (an inflammatory
immune response resulting in clinical deterioration)
has been reported during the initial phase of treatment
with combination antiretroviral therapy, including zi-
dovudine, in HIV-infected patients with severe im-
mune deficiency. Accumulation or redistribution of
body fat (lipodystrophy) including central obesity, dor-
socervical fat enlargement (buffalo hump), peripheral
wasting, facial wasting, breast enlargement, and
cushingoid appearance have been seen in patients re-
ceiving antiretroviral therapy, including zidovudine.
Metabolic abnormalities such as hypertriglyceridae-
mia, hypercholesterolaemia, insulin resistance, hyper-
glycaemia, and hyperlactataemia have also been re-
ported. NRTIs have also been associated with
mitochondrial dysfunction manifesting as abnormal
behaviour, anaemia, convulsions, hyperlipasaemia,
hypertonia, and neutropenia. Elevated creatine phos-
phokinase, myalgia, myositis, and rarely rhabdomyol-
ysis have been reported, particularly when nucleoside
analogues have been given with HIV-protease inhibi-
tors. Osteonecrosis has been reported, particularly in
patients with advanced HIV disease or long-term expo-
sure to combination antiretroviral therapy.
Effects on the blood. Adverse haematological effects reported
with zidovudine may be severe and include anaemia with eryth-
roid aplasia or hypoplasia, and neutropenia.1-5 Although these ef-
fects may be reversed by withdrawal,5 they may persist for
weeks afterwards2,3 and blood transfusions may be required in
some patients.1-4 A study indicated that zidovudine-induced neu-
tropenia only significantly increased the risk of bacterial infec-
tion in patients whose polymorphonuclear cell count fell below
500/microlitre.6 The effects of zidovudine on the platelet count
are considered to be complex, but patients with thrombocytope-
nia appeared not to be at risk during treatment.7 
Recombinant erythropoietin has been used in an attempt to re-
duce blood-transfusion requirements in zidovudine-induced
anaemia,8,9 although the proportion of patients who derive bene-
fit may be limited and some have reported it to have no effect.10

Similarly granulocyte-macrophage colony-stimulating factor
has been reported to improve the neutrophil count in some but
not all patients.11

1. Forester G. Profound cytopenia secondary to azidothymidine. N
Engl J Med 1987; 317: 772. 

2. Gill PS, et al. Azidothymidine associated with bone marrow
failure in the acquired immunodeficiency syndrome (AIDS).
Ann Intern Med 1987; 107: 502–5. 

3. Mir N, Costello C. Zidovudine and bone marrow. Lancet 1988;
ii: 1195–6. 

4. Walker RE, et al. Anemia and erythropoiesis in patients with the
acquired immunodeficiency syndrome (AIDS) and Kaposi sar-
coma treated with zidovudine. Ann Intern Med 1988; 108:
372–6. 

5. Cohen H, et al. Reversible zidovudine-induced pure red-cell
aplasia. AIDS 1989; 3: 177–8. 

6. Shaunak S, Bartlett JA. Zidovudine-induced neutropenia: are
we too cautious? Lancet 1989; ii: 91–2. 

7. Flegg PJ, et al. Effect of zidovudine on platelet count. BMJ
1989; 298: 1074–5. 

8. Fischl M, et al. Recombinant human erythropoietin for patients
with AIDS treated with zidovudine. N Engl J Med 1990; 322:
1488–93. 

9. Henry DH, et al. Recombinant human erythropoietin in the
treatment of anemia associated with human immunodeficiency
virus (HIV) infection and zidovudine therapy: overview of four
clinical trials. Ann Intern Med 1992; 117: 739–48. 

10. Shepp DH, et al. Erythropoietin for zidovudine-induced ane-
mia. N Engl J Med 1990; 323: 1069–70. 

11. Hewitt RG, et al. Pharmacokinetics and pharmacodynamics of
granulocyte-macrophage colony-stimulating factor and zidovu-
dine in patients with AIDS and severe AIDS-related complex.
Antimicrob Agents Chemother 1993; 37: 512–22.

Effects on the CNS. Reports of adverse effects on the CNS
associated with zidovudine include mania,1,2 seizures3,4 (follow-
ing an overdose in one patient5), psychogenic panic,6 and Wer-
nicke’s encephalopathy,7 mostly involving one or two patients in
each case. CNS toxicity, thought to be zidovudine-related, con-
tributed to the death of an AIDS patient.8 
For reports of neurological symptoms associated with mitochon-
drial dysfunction in infants whose mothers received perinatal zi-
dovudine, see Effects on Mitochondria, below.
1. Maxwell S, et al. Manic syndrome associated with zidovudine

treatment. JAMA 1988; 259: 3406–7. 
2. Wright JM, et al. Zidovudine-related mania. Med J Aust 1989;

150: 339–40. 
3. Harris PJ, Caceres CA. Azidothymidine in the treatment of

AIDS. N Engl J Med 1988; 318: 250. 
4. D’Silva M, et al. Seizure associated with zidovudine. Lancet

1995; 346: 452. 
5. Routy JP, et al. Seizure after zidovudine overdose. Lancet 1989;

i: 384–5. 
6. Levitt AJ, Lippert GP. Psychogenic panic after zidovudine ther-

apy—the therapeutic benefit of an N of 1 trial. Can Med Assoc J
1990; 142: 341–2. 

7. Davtyan DG, Vinters HV. Wernicke’s encephalopathy in AIDS
patient treated with zidovudine. Lancet 1987; i: 919–20. 

8. Hagler DN, Frame PT. Azidothymidine neurotoxicity. Lancet
1986; ii: 1392–3.

Effects on the heart. An observational study1 evaluated
whether NRTIs increase the risk of myocardial infarction in HIV-
infected individuals. Of 33 347 patients enrolled in the D:A:D
study, myocardial infarction was reported in 517. Recent use of
abacavir or didanosine (but not cumulative use) was associated
with an increased rate of myocardial infarction (relative risk 1.90
and 1.49 respectively) compared with those with no recent use of
the drugs. The excess risk could not be explained by underlying
established cardiovascular risk factors and was not present be-
yond 6 months after stopping the drug. No associations were
found between the rate of myocardial infarction and use of zido-
vudine, stavudine, or lamivudine.
1. D:A:D Study Group. Use of nucleoside reverse transcriptase in-

hibitors and risk of myocardial infarction in HIV-infected pa-
tients enrolled in the D:A:D study: a multi-cohort collaboration.
Lancet 2008; 371: 1417–26. Correction. ibid.; 372: 292.

Effects on the liver. The development of acute cholestatic hep-
atitis necessitated stopping zidovudine in a patient who was later
unable to tolerate its re-institution.1 Zidovudine also had to be
withdrawn in 3 patients after abnormal liver-function values oc-
curred;2 it was reinstated in 2 patients without further liver
changes. Reversible increases in liver enzymes and rashes were
also reported in 2 patients receiving prophylaxis with zidovudine
and zalcitabine after exposure to HIV.3 There has been a report of
iron deposition in the liver of patients receiving blood transfu-
sions for zidovudine-related anaemia.4 
Fatal hepatic dysfunction associated with steatosis in the liver
was reported in 6 patients with HIV infection, who were either
receiving zidovudine or had previously done so.5 Five of these
patients also developed metabolic acidosis. Cases of fatal lactic
acidosis and hepatic failure or steatosis have been reported in pa-
tients receiving zidovudine and other nucleoside analogues.6,7

1. Dubin G, Braffman MN. Zidovudine-induced hepatotoxicity.
Ann Intern Med 1989; 110: 85–6. 

2. Melamed AJ, et al. Possible zidovudine-induced hepatotoxicity.
JAMA 1987; 258: 2063. 

3. Henry K, et al. Hepatotoxicity and rash associated with zidovu-
dine and zalcitabine chemoprophylaxis. Ann Intern Med 1996;
124: 855. 

4. Lindley R, et al. Iron deposition in liver in zidovudine-related
transfusion-dependent anaemia. Lancet 1989; ii: 681. 

5. Freiman JP, et al. Hepatomegaly with severe steatosis in HIV-
seropositive patients. AIDS 1993; 7: 379–85. 

6. Sundar K, et al. Zidovudine-induced fatal lactic acidosis and he-
patic failure in patients with acquired immunodeficiency syn-
drome: report of two patients and review of the literature. Crit
Care Med 1997; 25: 1425–30. Correction. ibid.: 1762. 

7. Acosta BS, Grimsley EW. Zidovudine-associated type B lactic
acidosis and hepatic steatosis in an HIV-infected patient. South
Med J 1999; 92: 421–3.

Effects on the metabolism. Lactic acidosis, sometimes in as-
sociation with myopathy or hepatotoxicity (see above) and in
some instances fatal, has been reported after zidovudine treat-
ment.1-6 However, lactic acidosis with no apparent cause7 has
also been reported in 7 patients with HIV infection: 4 patients
were receiving zidovudine, 1 ganciclovir, and 1 clofazimine. The
disorder in these patients resembled Reye’s syndrome and it was
not clear whether the acidosis was induced by zidovudine or the
HIV infection. 
Lactic acidosis associated with nucleoside reverse transcriptase
inhibitors responded to treatment with riboflavin in 4 patients.8,9

1. Olano JP, et al. Massive hepatic steatosis and lactic acidosis in a
patient with AIDS who was receiving zidovudine. Clin Infect Dis
1995; 21: 973–6. 

2. Sundar K, et al. Zidovudine-induced fatal lactic acidosis and he-
patic failure in patients with acquired immunodeficiency syn-
drome: report of two patients and review of the literature. Crit
Care Med 1997; 25: 1425–30. Correction. ibid.: 1762. 

3. Scalfaro P, et al. Severe transient neonatal lactic acidosis during
prophylactic zidovudine treatment. Intensive Care Med 1998;
24: 247–50. 

4. Chariot P, et al. Zidovudine-induced mitochondrial disorder with
massive liver steatosis, myopathy, lactic acidosis, and mitochon-
drial DNA depletion. J Hepatol 1999; 30: 156–60. 

5. Acosta BS, Grimsley EW. Zidovudine-associated type B lactic
acidosis and hepatic steatosis in an HIV-infected patient. South
Med J 1999; 92: 421–3. 

6. Roy P-M, et al. Severe lactic acidosis induced by nucleoside an-
alogues in an HIV-infected man. Ann Emerg Med 1999; 34:
282–4. 

7. Chattha G, et al. Lactic acidosis complicating the acquired im-
munodeficiency syndrome. Ann Intern Med 1993; 118: 37–9. 

8. Fouty B, et al. Riboflavin to treat nucleoside analogue-induced
lactic acidosis. Lancet 1998; 352: 291–2. 

9. Luzzati R, et al. Riboflavine and severe lactic acidosis. Lancet
1999; 353: 901–2.

Effects on mitochondria. Concern has been expressed1 over
the effects of nucleoside reverse transcriptase inhibitors on mito-
chondria after reports in France2 of mitochondrial dysfunction in
8 infants whose mothers had received zidovudine alone, or with
lamivudine, to prevent vertical transmission of HIV infection
during pregnancy. The effects manifested themselves as severe
demyelinating neurological disorder in 2 of the 8, both of whom
died after about one year of life. Three other infants experienced
seizures, 1 with severe cardiomyopathy and 1 with spastic diple-
gia, while the remaining 3 were asymptomatic. None were in-
fected with HIV. A study3 involving echocardiograms performed
from birth to 5 years of age in 382 infants without HIV infection
(36 with zidovudine exposure) and 58 infants with HIV infection
(12 with zidovudine exposure), all of whom were born to HIV-
infected women, found, however, that there was no evidence of
abnormality in left ventricular structure or function associated
with perinatal zidovudine. While it was considered that further
assessment of this toxicity was required, it was emphasised that
current recommendations for zidovudine monotherapy during
pregnancy should be maintained.1,2

1. Committee on Safety of Medicines. Antiretroviral drugs in pregnan-
cy and mitochondrial cytopathy in infants. Current Problems 1999;
25: 15. Also available at: http://www.mhra.gov.uk/home/idcplg?
IdcServ i ce=GET_FILE&dDocName=CON2023713&
RevisionSelectionMethod=LatestReleased (accessed 22/05/06) 

2. Blanche S, et al. Persistent mitochondrial dysfunction and peri-
natal exposure to antiretroviral nucleoside analogues. Lancet
1999; 354: 1084–9. 

3. Lipshultz SE, et al. Absence of cardiac toxicity of zidovudine in
infants. N Engl J Med 2000; 343: 759–66.

Effects on the musculoskeletal system. Myalgia and other
adverse effects on the muscle can occur in patients taking zido-
vudine, although it has sometimes been difficult to determine
whether the effects were caused by the drug or by the underlying
HIV infection.1-4 Zidovudine-induced myopathy has been con-
sidered to be a distinct condition characterised by the presence of
abnormal mitochondria in muscle-biopsy specimens;2 this view
is supported by the fact that the myopathy readily responds to the
withdrawal of zidovudine or to treatment with corticosteroids or
other anti-inflammatory drugs.1-3 For further discussion of the ef-
fects of zidovudine on mitochondria, see above. 
Arthralgia involving the knees, elbows, ankles, and wrists has
been reported in a patient receiving zidovudine.5
1. Gertner E, et al. Zidovudine-associated myopathy. Am J Med

1989; 86: 814–18. 
2. Dalakas MC, et al. Mitochondrial myopathy caused by long-

term zidovudine therapy. N Engl J Med 1990; 322: 1098–1105. 
3. Till M, MacDonell KB. Myopathy with human immunodeficien-

cy virus type 1 (HIV-1) infection: HIV-1 or zidovudine? Ann In-
tern Med 1990; 113: 492–4. 

4. Simpson DM, et al. Myopathies associated with human immun-
odeficiency virus and zidovudine: can their effects be distin-
guished? Neurology 1993; 43: 971–6. 

5. Murphy D, et al. Zidovudine related arthropathy. BMJ 1994;
309: 97.

Effects on the nails. Bluish or brownish discoloration of fin-
gernails and/or toenails has been reported in a number of patients
receiving zidovudine.1-5 Dark-skinned patients appear to be most
commonly affected.2,4 Occasionally the abnormal pigmentation
also involves the skin.3,5 It has been pointed out that discolora-
tion of nails has occurred in HIV-infected patients without expo-
sure to zidovudine.6 Painless periungual pyogenic granulomata
has been reported in a patient 3 months after starting treatment
with a combined antiretroviral regimen of zidovudine, lamivu-
dine, plus efavirenz; one month after the zidovudine and the lam-
ivudine was stopped the lesions had nearly resolved.7 Paronychia
was reported in 12 HIV-infected patients taking lamivudine.8 In
a further report, 6 patients developed paronychia while taking
lamivudine with indinavir.9
1. Furth PA, Kazakis AM. Nail pigmentation changes associated

with azidothymidine (zidovudine). N Engl J Med 1987; 107:
350. 

2. Vaiopoulos G, et al. Nail pigmentation and azidothymidine. Ann
Intern Med 1988; 108: 777. 

3. Merenich JA, et al. Azidothymidine-induced hyperpigmentation
mimicking primary adrenal insufficiency. Am J Med 1989; 86:
469–70. 

4. Don PC, et al. Nail dyschromia associated with zidovudine. Ann
Intern Med 1990; 112: 145–6. 
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5. Bendick C, et al. Azidothymidine-induced hyperpigmentation of
skin and nails. Arch Dermatol 1989; 125: 1285–6. 

6. Chandrasekar PH. Nail discoloration and human immunodefi-
ciency virus infection. Am J Med 1989; 86: 506–7. 

7. Williams LH, Fleckman P. Painless periungual pyogenic granu-
lomata associated with reverse transcriptase inhibitor therapy in
a patient with human immunodeficiency virus infection. Br J
Dermatol 2007; 156: 163–4. 

8. Zerboni R, et al. Lamivudine-induced paronychia. Lancet 1998;
351: 1256. 

9. Tosti A, et al. Paronychia associated with antiretroviral therapy.
Br J Dermatol 1999; 140: 1165–8.

Precautions
Zidovudine should be used with care in patients with
anaemia or bone-marrow suppression. The incidence
of neutropenia is greater in patients with low vitamin
B12 concentrations. Dosage adjustments or treatment
interruptions may be necessary and it has been recom-
mended that zidovudine should not be used if the neu-
trophil count or haemoglobin value is abnormally low.
In patients with advanced symptomatic HIV disease
taking oral zidovudine, blood tests should be carried
out at least every 2 weeks for the first 3 months of treat-
ment and at least monthly thereafter; blood tests should
be performed at least every week in those receiving in-
travenous zidovudine. In patients with early HIV infec-
tion blood tests may be performed less frequently (e.g.
every 1 to 3 months). 
Care is also required in the elderly and in patients with
reduced renal or hepatic function who may require re-
ductions in dose. Patients with risk factors for liver dis-
ease should be monitored during treatment. Zidovu-
dine is not recommended in patients with moderate to
severe liver disease (Child-Pugh scores 7 to 15). Pa-
tients co-infected with chronic hepatitis B or C and
treated with combination antiretroviral therapy are at
increased risk for severe and potentially fatal hepatic
adverse events. Patients with hepatitis C receiving in-
terferon alfa and ribavirin may be at special risk and
particular care may be necessary in obese patients and
in women. Treatment with zidovudine should be
stopped if there is a rapid increase in aminotransferase
concentrations, progressive hepatomegaly or steatosis,
or metabolic or lactic acidosis of unknown aetiology. 
Zidovudine should not be given to neonates with hy-
perbilirubinaemia severe enough to need treatment
other than phototherapy or with markedly increased
aminotransferase concentrations.
Interference with laboratory tests. Raised urinary thymine
concentrations in neonates, due to maternal zidovudine treat-
ment, could produce erroneous results in screening tests for in-
born errors of metabolism.1
1. Sewell AC. Zidovudine and confusion in urinary metabolic

screening. Lancet 1998; 352: 1227.

Pregnancy. Giving zidovudine to pregnant women with HIV
infection from 14 weeks of gestation until delivery, and subse-
quently to the neonate, has been shown to reduce vertical trans-
mission of the infection (see Uses and Administration, below).
However, studies have shown that zidovudine can be fetotoxic in
animals when given early in pregnancy, and the long-term con-
sequences for the infant are as yet unknown although no adverse
effects were seen in a group of infants followed for up to 5.6
years.1 Licensed product information therefore recommends that
zidovudine should not generally be given before 14 weeks of
gestation.
1. Culnane M, et al. Lack of long-term effects of in utero exposure

to zidovudine among uninfected children born to HIV-infected
women. JAMA 1999; 281: 151–7.

Interactions
Care should be taken when using zidovudine with
drugs that are myelosuppressive (such as amphotericin
B, co-trimoxazole, dapsone, doxorubicin, flucytosine,
ganciclovir, interferon, systemic pentamidine, py-
rimethamine, and vinca alkaloids) or nephrotoxic.
Drugs that undergo glucuronidation may delay the me-
tabolism of zidovudine but few of these appear to pro-
duce clinically important increases in zidovudine plas-
ma concentrations. Increased toxicity and decreased
antiretroviral activity has been reported when zidovu-
dine is given with some other antiviral drugs, and phar-
macokinetic interactions have been reported with a
number of anti-infective drugs used commonly in pa-
tients with HIV infection.

Analgesics. There may be an increased risk of haematotoxicity
during use of zidovudine with NSAIDs. 
Decreased zidovudine clearance1 and increased area under the
zidovudine plasma concentration-time curve2 has been seen in
patients receiving methadone. 
Severe hepatotoxicity has occurred after use of paracetamol in a
patient taking zidovudine and co-trimoxazole.3 However, neither
short-term4 nor long-term5 studies (the latter also in an individual
patient) have shown any alteration of zidovudine elimination in
patients taking zidovudine and paracetamol.
1. Burger DM, et al. Pharmacokinetic variability of zidovudine in

HIV-infected individuals: subgroup analysis and drug interac-
tions. AIDS 1994; 8: 1683–9. 

2. Schwartz EL, et al. Pharmacokinetic interactions of zidovudine
and methadone in intravenous drug-using patients with HIV in-
fection. J Acquir Immune Defic Syndr 1992; 5: 619–26. 

3. Shriner K, Goetz MB. Severe hepatotoxicity in a patient receiv-
ing both acetaminophen and zidovudine. Am J Med 1992; 93:
94–6. 

4. Sattler FR, et al. Acetaminophen does not impair clearance of
zidovudine. Ann Intern Med 1991; 114: 937–40. 

5. Burger DM, et al. Pharmacokinetics of zidovudine and acetami-
nophen in a patient on chronic acetaminophen therapy. Ann
Pharmacother 1994; 28: 327–30.

Antibacterials. Studies have indicated that the absorption of
zidovudine could be reduced by clarithromycin.1 Licensed prod-
uct information recommends giving zidovudine and clarithro-
mycin at least 2 hours apart since this has been shown to have no
overall effect on the bioavailability of zidovudine.2 Use of ri-
fampicin by patients taking zidovudine has been reported to re-
duce exposure to zidovudine, probably by inducing glucuronida-
tion and amination. Licensed product information for zidovudine
has warned that this may result in a partial, or total, loss of effi-
cacy of the drug.3,4 Rifabutin has not been shown to have a
marked effect on zidovudine clearance.5 Trimethoprim has been
reported6,7 to decrease the renal clearance of zidovudine by up to
60% with a consequent increase in plasma concentrations, al-
though it was only thought likely to be of clinical significance in
patients with hepatic impairment.7 
For a report of reduced pyrazinamide concentrations in patients
receiving zidovudine, see p.321.
1. Polis MA, et al. Clarithromycin lowers plasma zidovudine levels

in persons with human immunodeficiency virus infection. Anti-
microb Agents Chemother 1997; 41: 1709–14. 

2. Vance E, et al. Pharmacokinetics of clarithromycin and zidovu-
dine in patients with AIDS. Antimicrob Agents Chemother 1995;
39: 1355–60. 

3. Burger DM, et al. Pharmacokinetic interaction between rifampin
and zidovudine. Antimicrob Agents Chemother 1993; 37:
1426–31. 

4. Gallicano KD, et al. Induction of zidovudine glucuronidation
and amination pathways by rifampicin in HIV-infected patients.
Br J Clin Pharmacol 1999; 48: 168–79. 

5. Gallicano K, et al. Effect of rifabutin on the pharmacokinetics of
zidovudine in patients infected with human immunodeficiency
virus. Clin Infect Dis 1995; 21: 1008–11. 

6. Chatton JY, et al. Trimethoprim, alone or in combination with
sulphamethoxazole, decreases the renal excretion of zidovudine
and its glucuronide. Br J Clin Pharmacol 1992; 34: 551–4. 

7. Lee BL, et al. Zidovudine, trimethoprim, and dapsone pharma-
cokinetic interactions in patients with human immunodeficiency
virus infection. Antimicrob Agents Chemother 1996; 40: 1231–6.

Antiepileptics. Giving valproic acid to 6 patients taking zido-
vudine produced increases in plasma-zidovudine concentrations
and the area under the plasma concentration-time curve.1 The ev-
idence suggested that this was due to reduced glucuronidation of
zidovudine. Zidovudine may possibly reduce or increase plasma
concentrations of phenytoin.
1. Lertora JJL, et al. Pharmacokinetic interaction between zidovu-

dine and valproic acid in patients infected with human immuno-
deficiency virus. Clin Pharmacol Ther 1994; 56: 272–8.

Antifungals. Use of fluconazole with zidovudine produced
higher serum-zidovudine concentrations, increased the area un-
der the serum concentration-time curve, and prolonged terminal
half-life compared with zidovudine alone in a study in 12 pa-
tients.1 Studies in vitro suggested that fluconazole could inhibit
the glucuronidation of zidovudine; inhibition was also seen with
amphotericin B, ketoconazole, and miconazole, but not with flu-
cytosine or itraconazole.2
1. Sahai J, et al. Effect of fluconazole on zidovudine pharmacoki-

netics in patients infected with human immunodeficiency virus.
J Infect Dis 1994; 169: 103–7. 

2. Sampol E, et al. Comparative effects of antifungal agents on zi-
dovudine glucuronidation by human liver microsomes. Br J Clin
Pharmacol 1995; 40: 83–6.

Antiprotozoals. Use of atovaquone with zidovudine produced
moderate increases in the zidovudine plasma concentration and
area under the plasma concentration-time curve, probably by in-
hibition of glucuronidation.1
1. Lee BL, et al. Atovaquone inhibits the glucuronidation and in-

creases the plasma concentrations of zidovudine. Clin Pharma-
col Ther 1996; 59: 14–21.

Antivirals. Although there is some evidence from studies in vit-
ro that ribavirin inhibits phosphorylation of zidovudine, and
might therefore reduce its antiviral activity, it is unclear whether
an interaction of clinical significance occurs; licensed product in-
formation for zidovudine does not recommend the combination,
but product information for ribavirin varies, with the US product
indicating that no clinical effect was seen. However, the combi-
nation may increase the risk of anaemia. Zidovudine product in-

formation also recommends that the use of zidovudine with sta-
vudine be avoided since similar antagonism has been shown in
vitro.1 Interferon alfa and zidovudine had a synergistic cytotox-
icity to bone-marrow progenitor cells.2 Severe haematological
toxicity occurred when zidovudine was added to ganciclovir
therapy in AIDS patients with CMV retinitis, necessitating sub-
stantial dosage reductions or withdrawal of zidovudine in the
majority of patients;3,4 this additive toxicity with ganciclovir
may be one reason why patients given zidovudine and ganciclo-
vir do less well than those given zidovudine and foscarnet. Com-
bined therapy with zidovudine and aciclovir is not generally as-
sociated with additional toxicity5 but severe fatigue and lethargy
were reported in a patient given aciclovir with zidovudine; this
did not occur when either drug was given alone.6 Evidence of a
pharmacokinetic interaction between zidovudine and didanosine
has been conflicting, with reports of no effect,7 increased,8 and
decreased9 plasma concentrations of zidovudine. Small reduc-
tions in didanosine plasma concentrations have been reported in
patients also receiving zidovudine.10 However, all changes have
generally been small and are likely to be of limited clinical sig-
nificance. Exposure to zidovudine (as measured by peak plasma
concentrations and area under the concentration-time curve) was
reduced in HIV patients also given ritonavir, whereas the phar-
macokinetics of ritonavir were not affected by zidovudine;11 the
clinical relevance of this was not known. Modest increases in
plasma-zidovudine concentrations occur on use with lamivudine.
Although this interaction is usually clinically insignificant, pro-
found anaemia has been reported rarely in patients given this
combination.12,13

1. Havlir DV, et al. In vivo antagonism with zidovudine plus sta-
vudine combination therapy. J Infect Dis 2000; 182: 321–5. 

2. Berman E, et al. Synergistic cytotoxic effect of azidothymidine
and recombinant interferon alpha on normal human bone mar-
row progenitor cells. Blood 1989; 74: 1281–6. 

3. Millar AB, et al. Treatment of cytomegalovirus retinitis with
zidovudine and ganciclovir in patients with AIDS: outcome and
toxicity. Genitourin Med 1990; 66: 156–8. 

4. Hochster H, et al. Toxicity of combined ganciclovir and zidovu-
dine for cytomegalovirus disease associated with AIDS: an
AIDS Clinical Trials Group study. Ann Intern Med 1990; 113:
111–17. 

5. Tartaglione TA, et al. Pharmacokinetic evaluations of low- and
high-dose zidovudine plus high-dose acyclovir in patients with
symptomatic human immunodeficiency virus infection. Antimi-
crob Agents Chemother 1991; 35: 2225–31. 

6. Bach MC. Possible drug interaction during therapy with azi-
dothymidine and acyclovir for AIDS. N Engl J Med 1987; 316:
547. 

7. Collier AC, et al. Combination therapy with zidovudine and di-
danosine compared with zidovudine alone in HIV-1 infection.
Ann Intern Med 1993; 119: 786–93. 

8. Barry M, et al. Pharmacokinetics of zidovudine and dideoxyi-
nosine alone and in combination in patients with the acquired
immunodeficiency syndrome. Br J Clin Pharmacol 1994; 37:
421–6. 

9. Burger DM, et al. Pharmacokinetic interaction study of zidovu-
dine and didanosine. J Drug Dev 1994; 6: 187–94. 

10. Gibb D, et al. Pharmacokinetics of zidovudine and dideoxyino-
sine alone and in combination in children with HIV infection. Br
J Clin Pharmacol 1995; 39: 527–30. 

11. Cato A, et al. Multidose pharmacokinetics of ritonavir and zido-
vudine in human immunodeficiency virus-infected patients. An-
timicrob Agents Chemother 1998; 42: 1788–93. 

12. Hester EK, Peacock JE. Profound and unanticipated anemia
with lamivudine-zidovudine combination therapy in zidovu-
dine-experienced patients with HIV infection. AIDS 1998; 12:
439–40. 

13. Tseng A, et al. Precipitous declines in hemoglobin levels asso-
ciated with combination zidovudine and lamivudine therapy.
Clin Infect Dis 1998; 27: 908–9.

Probenecid. Use of probenecid with zidovudine results in in-
creased plasma concentrations and area under the plasma con-
centration-time curve of zidovudine, probably due to inhibition
of glucuronidation;1 tubular secretion of the glucuronide metab-
olite is also reduced. A high incidence of adverse effects has been
reported in some patients receiving this combination.2
1. de Miranda P, et al. Alteration of zidovudine pharmacokinetics

by probenecid in patients with AIDS or AIDS-related complex.
Clin Pharmacol Ther 1989; 46: 494–500. 

2. Petty BG, et al. Zidovudine with probenecid: a warning. Lancet
1990; 335: 1044–5.

Antiviral Action
Zidovudine is converted intracellularly in stages to the
triphosphate via thymidine kinase and other kinases.
This triphosphate halts the DNA synthesis of retrovi-
ruses, including HIV, through competitive inhibition of
reverse transcriptase and incorporation into viral DNA.
It has also been shown to possess activity against Ep-
stein-Barr virus and Gram-negative bacteria in vitro. 
Zidovudine-resistant strains of HIV emerge rapidly
during zidovudine therapy and are responsible for the
lack of benefit with long-term monotherapy. Cross-re-
sistance to other nucleoside reverse transcriptase inhib-
itors has been recognised.
Resistance. The emergence of zidovudine-resistant HIV strains
in patients receiving long-term therapy with zidovudine has been
recognised since 1989.1,2 The emergence of drug resistance is as-
sociated with the duration3 of treatment with zidovudine, but not
the dose,4 and is attributed to a high frequency of mutations in the
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HIV reverse transcriptase gene.3,5 Development of high-level re-
sistance to zidovudine in patients with advanced HIV infection
has been associated with rapid disease progression and death.6
Primary infection with zidovudine-resistant HIV strains has been
recorded,7 as has zidovudine resistance in patients receiving oth-
er nucleoside reverse transcriptase inhibitors,8,9 although it is
possible that these patients had unrecorded exposure to zidovu-
dine.8 Cross-resistance with other reverse transcriptase inhibitors
has been recorded and, although the use of zidovudine with lam-
ivudine has been reported to delay or reverse the emergence of
some mutations conferring zidovudine resistance, dual resist-
ance to zidovudine and lamivudine has occurred.10 Analysis of
the Delta trial11 found no delay in the emergence of zidovudine
resistance when used with didanosine or zalcitabine, although
circulating concentrations of resistant virus were lower during
combination therapy and antiviral activity was apparently not
impaired. Nevertheless, it could be anticipated that the use of zi-
dovudine with other antiretrovirals, and particularly the highly
active regimens which suppress viral replication to a high degree,
could delay the emergence of resistance. The clinical response of
patients with previous exposure to a number of regimens could
be compromised by the presence of multidrug resistance.12,13
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5. Loveday C, et al. HIV-1 RNA serum-load and resistant viral
genotypes during early zidovudine therapy. Lancet 1995; 345:
820–4. 
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progression during antiretroviral therapy. Ann Intern Med 1995;
122: 401–8. 

7. Erice A, et al. Brief report: primary infection with zidovudine-
resistant human immunodeficiency virus type 1. N Engl J Med
1993; 328: 1163–5. 
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Pharmacokinetics
Zidovudine is rapidly absorbed from the gastrointesti-
nal tract and undergoes first-pass hepatic metabolism
with a bioavailability of about 60 to 70%. Peak plasma
concentrations occur after about 1 hour. Absorption is
delayed when given with food, but bioavailability is
probably unaffected. Zidovudine crosses the blood-
brain barrier producing CSF to plasma ratios of about
0.5. It crosses the placenta and is distributed into breast
milk. It has been detected in semen. Plasma protein
binding is reported to be 34 to 38%. The plasma half-
life is about 1 hour. 
Zidovudine is metabolised intracellularly to the antivi-
ral triphosphate. It is also metabolised in the liver,
mainly to the inactive glucuronide, and is excreted in
the urine as unchanged drug and metabolite.
◊ Reviews.
1. Acosta EP, et al. Clinical pharmacokinetics of zidovudine: an up-

date. Clin Pharmacokinet 1996; 30: 251–62.

Neonates. The pharmacokinetics of zidovudine in infants more
than 14 days old are reported to be similar to those in adults. Af-
ter maternal doses the half-life of zidovudine in 7 neonates has
been reported to be extended to a mean of 13 hours.1 In infants
given zidovudine, those under 14 days of age had lower total
clearance, longer terminal half-life (about 3 hours), and higher
bioavailability than older infants.2 Zidovudine clearance was low
and the half-life prolonged to about 7 hours in premature in-
fants.3
1. O’Sullivan MJ, et al. The pharmacokinetics and safety of zido-

vudine in the third trimester of pregnancy for women infected
with human immunodeficiency virus and their infants: phase 1
Acquired Immunodeficiency Syndrome Clinical Trials Group
Study (protocol 082). Am J Obstet Gynecol 1993; 168: 1510–16. 

2. Boucher FD, et al. Phase 1 evaluation of zidovudine adminis-
tered to infants exposed at birth to the human immunodeficiency
virus. J Pediatr 1993; 122: 137–44. 

3. Mirochnick M, et al. Zidovudine pharmacokinetics in premature
infants exposed to human immunodeficiency virus. Antimicrob
Agents Chemother 1998; 42: 808–12.

Pregnancy. In a study in 3 pregnant women with HIV infec-
tion,1 the area under the concentration-time curve for zidovudine
was reduced and the clearance of an oral dose increased during
pregnancy when compared with up to 4 weeks postpartum.
These results differed from those reported from another study
which reported no differences during or after pregnancy.2 This
latter study, however, used values obtained no later than 48 hours
postpartum for comparison, at which time it is unlikely that phys-
iological functions would have returned to the nonpregnant state.
Zidovudine and its glucuronide metabolite cross the placenta
reaching concentrations in the fetal blood similar to those in ma-
ternal blood.3,4 However, concentrations of zidovudine in the fe-
tal CNS have been reported to be below those required to exert
an anti-HIV effect.5
1. Watts DH, et al. Pharmacokinetic disposition of zidovudine dur-

ing pregnancy. J Infect Dis 1991; 163: 226–32. 
2. O’Sullivan MJ, et al. The pharmacokinetics and safety of zido-

vudine in the third trimester of pregnancy for women infected
with human immunodeficiency virus and their infants: phase 1
Acquired Immunodeficiency Syndrome Clinical Trials Group
Study (protocol 082). Am J Obstet Gynecol 1993; 168: 1510–16. 

3. Gillet JY, et al. Fetoplacental passage of zidovudine. Lancet
1989; ii: 269–70. 

4. Chavanet P, et al. Perinatal pharmacokinetics of zidovudine. N
Engl J Med 1989; 321: 1548–9. 

5. Lyman WD, et al. Zidovudine concentrations in human fetal tis-
sue: implications for perinatal AIDS. Lancet 1990; 335: 1280–1.

Uses and Administration
Zidovudine is a nucleoside reverse transcriptase inhib-
itor structurally related to thymidine with antiviral ac-
tivity against HIV-1. It is used in the treatment of HIV
infection and AIDS (p.856). Viral resistance emerges
rapidly when zidovudine is used alone, and it is there-
fore usually used with other antiretrovirals. It may be
used alone to prevent vertical transmission from moth-
er to infant if combination antiretroviral therapy is not
available. 
Zidovudine is given orally in doses of 500 to 600 mg
daily in 2 or 3 divided doses. Zidovudine may be given
by intravenous infusion of a solution containing 2 to
4 mg/mL over 1 hour for short-term management of
patients unable to take it orally. The dose is 1 to
2 mg/kg every 4 hours (equivalent to an oral dose of
1.5 to 3 mg/kg every 4 hours). 
For the prevention of maternal-fetal HIV transmission,
zidovudine may be given orally to mothers after the
fourteenth week of pregnancy until the beginning of la-
bour in a dose of 100 mg five times daily. During la-
bour and delivery, zidovudine is given by intravenous
infusion in a dose of 2 mg/kg over 1 hour, then 1 mg/kg
per hour until the umbilical cord is clamped. When a
caesarean section is planned the intravenous infusion is
started 4 hours before the operation. 
For details of doses in infants and children, including
the prevention of maternal-fetal HIV transmission, see
below. 
Blood tests should be carried out regularly as described
under Precautions, above. If the white cell count or
haemoglobin level fall, the dose should be reduced or,
alternatively, treatment interrupted briefly, until there is
evidence of recovery. Treatment should be stopped if
toxicity is severe and cautiously reintroduced once the
bone marrow has recovered. Dosage adjustments may
also be necessary in patients with renal (see below) or
hepatic impairment. 
Fixed-dose combination products have been devel-
oped in order to improve patient adherence and avoid
monotherapy, thereby decreasing the risk of acquired
drug resistance. Products containing zidovudine in
combination with lamivudine or with abacavir plus
lamivudine are available in some countries.
Administration in children. For the treatment of HIV infec-
tion in infants and children zidovudine is given orally or intrave-
nously with other antiretroviral drugs. Doses are based on body-
surface: 
• oral zidovudine is given in a dose of 360 to 480 mg/m2 daily

in 3 or 4 divided doses; the maximum dose should not exceed
200 mg every 6 to 8 hours 

• intravenous zidovudine is given in a dose of 80 to 160 mg/m2

every 6 hours. An intravenous dose of 120 mg/m2 every 6

hours is equivalent to an oral dose of about 180 mg/m2 every
6 hours 

There are slight discrepancies between countries in the age rang-
es for which the above doses are licensed. The UK licenses these
oral and intravenous doses from 3 months of age; the USA per-
mits oral use from 6 weeks of age, but does not include intrave-
nous doses for treatment in children, although it does have intra-
venous doses for prevention of transmission (below). 
For the prevention of maternal-fetal HIV transmission the
newborn infant is given zidovudine 2 mg/kg orally every 6 hours
starting within 12 hours after birth and continuing for 6 weeks.
Neonates unable to receive oral doses are given 1.5 mg/kg by
intravenous infusion over 30 minutes every 6 hours. (For doses
to be given to the mother for the prevention of maternal-fetal
transmission see above.)

Administration in renal impairment. Oral doses of zidovu-
dine should be reduced in patients with severe renal impairment
(creatinine clearance less than 10 to 15 mL/minute) and in those
on haemodialysis or peritoneal dialysis. Licensed product infor-
mation gives the following guidance: 
• oral administration: 100 mg every 6 to 8 hours 
• intravenous administration: 1 mg/kg every 6 to 8 hours

HIV infection and AIDS. As discussed on p.856, the use of
antiretroviral drugs in HIV infection changed after studies indi-
cated that combination therapy could improve response. 
A combination of zidovudine and other antiretroviral drugs im-
proves efficacy, minimises toxicity, and delays drug resistance.
Results from the Delta study1 and the US AIDS Clinical Trial
Group 175 (ACTG 175) study2 showed combination therapy to
be more effective than monotherapy in antiretroviral-naive pa-
tients and have led to profound changes in clinical practice. Both
studies showed substantial reductions in mortality at 30 months
in antiretroviral-naive patients treated with zidovudine plus ei-
ther didanosine or zalcitabine compared with those receiving zi-
dovudine alone. Triple therapy, with zidovudine used with anoth-
er nucleoside reverse transcriptase inhibitor and either an HIV-
protease inhibitor or a non-nucleoside reverse transcriptase in-
hibitor (HAART regimens), has been found to reduce viral loads
more effectively than monotherapy or two-drug combination
therapy and such regimens are currently regarded as standard.
1. Delta Coordinating Committee. Delta: a randomised double-

blind controlled trial comparing combinations of zidovudine
plus didanosine or zalcitabine with zidovudine alone in HIV-in-
fected individuals. Lancet 1996; 348: 283–91. 

2. Hammer SM, et al. A trial comparing nucleoside monotherapy
with combination therapy in HIV-infected adults with CD4 cell
counts from 200 to 500 per cubic millimeter. N Engl J Med 1996;
335: 1081–90.

HIV infection prophylaxis. Antiretroviral drugs are used for
chemoprophylaxis after occupational and non-occupational ex-
posure to HIV infection. Zidovudine is commonly used with oth-
er antiretroviral drugs after exposure with a risk of infection (see
p.858). 
Zidovudine has been shown to be of value in reducing vertical
transmission. For further information on the use of zidovudine in
preventing HIV transmission from mother to child, see HIV In-
fection Prophylaxis, p.858.

Preparations
USP 31: Zidovudine Capsules; Zidovudine Injection; Zidovudine Oral So-
lution; Zidovudine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Azoazol†; Azotine†; Crisazet; Enper; Exovir†; Iduvo†; Retrovir ; Zetro-
tax; Austral.: Retrovir ; Austria: Retrovir; Belg.: Retrovir; Braz.: Produvir;
Retrovir ; Revirax; Virozid†; Zidovir†; Zidovusan†; Canad.: Novo-AZT†;
Retrovir ; Chile: Retrovir ; Cz.: Retrovir ; Denm.: Retrovir; Fin.: Retrovir;
Fr.: Retrovir; Ger.: Retrovir; Gr.: Retrovir; Viroclon; Zidrevir ; Hong Kong:
Retrovir ; Hung.: Retrovir ; India: Retrovir ; Zidorex†; Zidovir ; Zilion; Zy-
dowin; Indon.: Retrovir; Irl.: Retrovir; Israel: Retrovir ; Ital.: Retrovir ; Ma-
laysia: Retrovir ; Mex.: Azetavir ; Novavir; Pranadox; Retrovir ; Timivudin;
Zidic-C; Zidovir†; Neth.: Retrovir ; Norw.: Retrovir ; NZ: Retrovir ;
Philipp.: Retrovir ; Pol.: Azovir ; Retrovir; Port.: Ambrodil; Azidina; Hivala-
se; Retrovir; Virotec; Rus.: Retrovir (Ретровир); S.Afr.: Retrovir ; Singa-
pore: Retrovir; Spain: Retrovir ; Swed.: Retrovir ; Switz.: Retrovir ; Thai.:
Retrovir ; T-ZA; T.O.Vir ; Zidis†; Turk.: Retrovir ; UK: Retrovir ; USA: Retro-
vir ; Venez.: Retrovir ; Zidovir.

Multi-ingredient: Arg.: 3TC Complex; 3TC/AZT; Ganvirel Duo; Hivirux
Complex†; Imunoxa Complex; Kess Complex; Muvidina; Tricivir; Trivudin;
Ultraviral Duo; Zetavudin; Austral.: Combivir ; Trizivir ; Austria: Combivir;
Trizivir; Belg.: Combivir ; Trizivir ; Braz.: Biovir ; Duovir†; Vir-Complex†; Zi-
dolam; Canad.: Combivir; Trizivir; Chile: Combivir ; Tricivir ; Cz.: Combiv-
ir ; Trizivir ; Denm.: Combivir ; Trizivir ; Fin.: Combivir ; Trizivir ; Fr.: Combivir;
Trizivir; Ger.: Combivir; Trizivir; Gr.: Combivir; Trizivir; Hong Kong: Com-
bivir ; Trizivir ; Hung.: Combivir ; Trizivir; India: Combirex†; Duovir ; Duovir
N; Lamda-Z; Lamuzid; Irl.: Combivir ; Trizivir ; Israel: Combivir ; Trizivir ;
Ital.: Combivir ; Trizivir ; Malaysia: Combivir ; Mex.: Combivir ; Trizivir ;
Neth.: Combivir ; Trizivir ; Norw.: Combivir ; Trizivir ; NZ: Combivir ; Trizivir;
Philipp.: Combivir ; Pol.: Combivir ; Trizivir ; Port.: Combivir; Trizivir ; Rus.:
Combivir (Комбивир); Trizivir (Тризивир); S.Afr.: Combivir ; Duovir ;
Lamzid; Retrovir/3TC Post-HIV Exposure†; Trizivar; Singapore: Combivir;
Trizivir†; Spain: Combivir ; Trizivir ; Swed.: Combivir; Trizivir ; Switz.: Com-
bivir ; Trizivir ; Thai.: Combid; Turk.: Combivir ; UK: Combivir ; Trizivir ;
USA: Combivir ; Trizivir ; Venez.: Combivir; Duovir ; Trizivir.



Interactions: The HIV-Protease Inhibitors    917

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antivirals: Antiretrovirals

Protease Inhibitors

Amprenavir N/A N/A
Boosted atazanavir expected to 
increase concentration of 
amprenavir

Co-administration not 
recommended Potential interaction

Dual therapy with protease 
inhibitors generally not 
recommended

Atazanavir
Boosted atazanavir expected to 
increase concentration of 
amprenavir

Co-administration not 
recommended N/A N/A No clinically significant 

interaction No dose adjustment required

Darunavir Potential interaction
Dual therapy with protease 
inhibitors generally not 
recommended

No clinically significant 
interaction No dose adjustment required N/A N/A

Indinavir
May increase concentration of 
amprenavir and decrease 
concentration of indinavir

Close monitoring – appropriate 
alteration of dose not established

Unspecified clinically 
significant interaction

Not recommended – both drugs 
have been associated with 
hyperbilirubinaemia

Increases concentration of both 
boosted darunavir and indinavir

Close monitoring; may need to 
decrease dose of indinavir

Lopinavir/Ritonavir
Increases concentrations of 
amprenavir and decreases 
concentration of lopinavir

Close monitoring; may need to 
alter the dose of ritonavir-
boosted lopinavir but do not 
give as a single daily dose

Boosted atazanavir expected to 
increase concentration of 
lopinavir

Co-administration not 
recommended

Decreases concentration of 
boosted darunavir

Co-administration not 
recommended

Nelfinavir No clinically significant 
interaction

Alteration of dose not usually 
needed

Boosted atazanavir expected to 
increase concentration of 
nelfinavir

Co-administration not 
recommended Potential interaction

Dual therapy with protease 
inhibitors generally not 
recommended

Ritonavir
Increases concentration of 
amprenavir; (solution contains 
propylene glycol - potential of 
toxicity)

Dose of amprenavir should be 
reduced (co-administration of 
amprenavir and ritonavir 
solution - contraindicated)

Increases concentration of 
atazanavir

Co-administered as ritonavir-
boosted atazanavir 

Increases concentration of 
darunavir

Co-administered as ritonavir-
boosted darunavir

Saquinavir May decrease concentrations of 
amprenavir and saquinavir

Close monitoring - appropriate 
alteration of dose not established

Increases concentration of 
saquinavir

Close monitoring - appropriate 
alteration of dose not established

Decreases concentration of 
boosted darunavir

Dual therapy with protease 
inhibitors generally not 
recommended

Tipranavir Boosted: decreases 
concentration of amprenavir

Close monitoring or alteration of 
dose; co-administration not 
recommended

Boosted: decreases 
concentration of atazanavir and 
increases concentration of 
tipranavir

Co-administration not 
recommended Potential interaction

Dual therapy with protease 
inhibitors generally not 
recommended

NNRTIs

Delavirdine
Decreases concentration of 
delavirdine and increases 
concentration of amprenavir

Appropriate doses not 
established; co-administration 
not recommended

Potential interaction No established dose adjustment Potential interaction Close monitoring or alteration of 
dose

Efavirenz May decrease concentration of 
amprenavir

Unboosted: no established dose 
adjustment; dose of amprenavir 
may need to be increased. 
Boosted: no dose adjustment 
needed

Decreases concentration of 
atazanavir

In treatment-naïve patients - 
give with atazanavir 300mg and 
ritonavir 100mg; treatment 
experienced patients - no 
established dose adjustments

Decreases concentration of 
boosted darunavir and increases 
concentration of efavirenz

Close monitoring - combination 
may be associated with CNS 
toxicity

Etravirine
Boosted and unboosted 
amprenavir increases 
concentration of amprenavir

Contraindicated

Unboosted atazanavir decreases 
concentration of atazanavir; 
boosted atazanavir decreases 
concentration of atazanavir and 
increases concentration of 
etravirine

Contraindicated Boosted darunavir decreases 
concentration of etravirine No dose adjustment required

Nevirapine May decrease concentration of 
amprenavir No established dose adjustment Decreases concentration of 

atazanavir

No established dose adjustment; 
co-administration not 
recommended

Boosted darunavir increases 
concentration of nevirapine

Not a clinically significant 
interaction; co-administration 
without dose adjustments

NsRTIs/NtRTIs

Abacavir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Didanosine
Decreases concentration of 
amprenavir (only with buffered 
didanosine formulation)

Doses of didanosine and 
amprenavir should be separated 
by at least 1 hour

Decreases concentration of 
atazanavir (only with buffered 
didanosine formulation)

Doses of didanosine and 
atazanavir should be separated 
by at least 2 hours

Potential interaction

Close monitoring; separate 
doses - give didanosine 1 hour 
before or 2 hours after boosted 
darunavir

Emtricitabine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamivudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stavudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Tenofovir Potential interaction Close monitoring or alteration of 
dose

Unboosted - decreases 
concentration of atazanavir; 
boosted - increases 
concentration of tenofovir

Always use boosted atazanavir; 
close monitoring for tenofovir 
associated adverse effects

Boosted darunavir increases 
concentration of tenofovir

Close monitoring for tenofovir 
associated adverse effects; 
particularly in patients with 
renal patients

Zalcitabine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Zidovudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antivirals: Antiretrovirals

Protease Inhibitors

Amprenavir
May increase concentration of 
amprenavir and decrease 
concentration of indinavir

Close monitoring – appropriate 
alteration of dose not 
established

Increases concentration of 
amprenavir and decreases 
concentration of lopinavir

Close monitoring; may need to 
alter the dose of ritonavir-
boosted lopinavir but do not 
give as a single daily dose

No clinically significant 
interaction

Alteration of dose not usually 
needed

Atazanavir Unspecified clinically 
significant interaction

Contraindicated – both drugs 
have been associated with 
hyperbilirubinaemia

Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose

Darunavir Increases concentration of both 
boosted darunavir and indinavir

Close monitoring - may need to 
decrease dose of indinavir

Decreases concentration of 
boosted darunavir

Co-administration not 
recommended Potential interaction

Dual therapy with protease 
inhibitors generally not 
recommended

Indinavir N/A N/A Increases concentration of 
indinavir

Close monitoring; decrease 
dose of indinavir to 600 mg 
twice daily when given with 
ritonavir-boosted lopinavir 
400/100 mg twice daily

Increases concentrations of 
nelfinavir and indinavir

Close monitoring – appropriate 
alteration of dose not 
established

Lopinavir/Ritonavir Increases concentration of 
indinavir

Close monitoring; decrease 
dose of indinavir to 600mg 
twice daily when given with 
ritonavir-boosted lopinavir 
400/100mg twice daily

N/A N/A
Increases concentration of 
nelfinavir and decreases 
concentration of lopinavir

Close monitoring; may need to 
alter the dose of ritonavir-
boosted lopinavir

Nelfinavir Increases concentration of 
indinavir and nelfinavir

Close monitoring – appropriate 
alteration of dose not 
established

Increases concentration of 
nelfinavir and decreases 
concentration of lopinavir

Close monitoring; may need to 
alter the dose of ritonavir-
boosted lopinavir

N/A N/A

Ritonavir Increases concentrations of both 
indinavir and ritonavir

Close monitoring - appropriate 
alteration of dose not 
established; combination 
associated with nephrolithiasis

Unboosted: increases 
concentration of lopinavir

Close monitoring – appropriate 
alteration of dose not 
established

Increases concentration of 
nelfinavir

Close monitoring – appropriate 
alteration of dose not 
established

Saquinavir
Unboosted: increases 
concentration of saquinavir
Boosted: increases 
concentration of indinavir

Close monitoring – appropriate 
alteration of dose not 
established

Increases concentration of 
saquinavir

Close monitoring - dose of 
saquinavir is 1g twice daily 
when given with ritonavir-
boosted lopinavir 400/100mg 
twice daily 

Increases concentrations of 
saquinavir and nelfinavir

Close monitoring – appropriate 
alteration of dose not 
established

Tipranavir Potential interaction
Close monitoring or alteration 
of dose; co-administration not 
recommended

Boosted: decreases 
concentration of lopinavir

Co-administration not 
recommended Potential interaction

Close monitoring or alteration 
of dose; co-administration not 
recommended

NNRTIs

Delavirdine May increase concentration of 
indinavir

Close monitoring, may need to 
decrease dose of indinavir to 
400 to 600mg every 8 hours

May increase concentrations of 
lopinavir

Close monitoring - appropriate 
alteration of dose not 
established

Increases concentration of 
nelfinavir and decreases 
concentration of delavirdine

Close monitoring – appropriate 
alteration of dose not 
established

Efavirenz Decreases concentration of 
indinavir

Close monitoring, may need to 
increase dose of indinavir 
although appropriate alteration 
of dose not established

May decrease concentrations of 
lopinavir

Do not give as a once daily 
dose; in treatment-experienced 
patients increase dose of 
ritonavir-boosted lopinavir by 
about 33%

No clinically significant 
interaction No dose adjustment required

Etravirine Decreases concentration of 
indinavir Contraindicated Increases concentration of 

etravirine Use with caution Increases concentration of 
nelfinavir Contraindicated

Nevirapine Decreases concentration of 
indinavir

Close monitoring, may need to 
increase dose of indinavir to 1g 
every 8 hours

May decrease concentrations of 
lopinavir

Close monitoring - consider 
increasing dose of ritonavir-
boosted lopinavir by about 33% 
(do not give as a once daily 
dose)

Decreases concentration of 
nelfinavir; not expected to be 
clinically significant 

Close monitoring – alteration of 
dose not usually needed

NsRTIs/NtRTIs

Abacavir No clinically significant 
interaction No dose adjustment required May decrease concentrations of 

abacavir No dose adjustment required No clinically significant 
interaction No dose adjustment required

Didanosine Potential interaction
Close monitoring; separate 
doses of didanosine and 
indinavir by 1 hour

Potential interaction

Close monitoring; separate 
doses – give didanosine 1 hour 
before or 2 hours after 
lopinavir/ ritonavir solution

Potential interaction due to 
formulation of didanosine

Close monitoring; separate 
doses – give nelfinavir 1 hour 
before or 2 hours after 
didanosine (or vice versa)

Emtricitabine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamivudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stavudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Tenofovir Increases concentration of 
indinavir No dose adjustment required Modest increase in 

concentration of tenofovir
Close monitoring for tenofovir 
associated adverse effects Potential interaction Close monitoring or alteration 

of dose

Zalcitabine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Zidovudine No clinically significant 
interaction No dose adjustment required May decrease concentration of 

zidovudine No dose adjustment required No clinically significant 
interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antivirals: Antiretrovirals

Protease Inhibitors

Amprenavir

Increases concentration of 
amprenavir; (solution contains 
propylene glycol – potential of 
toxicity)

Dose of amprenavir should be 
reduced (co-administration of 
amprenavir and ritonavir 
solution – contraindicated)

May decrease concentrations of 
amprenavir and saquinavir

Close monitoring – appropriate 
alteration of dose not 
established

Boosted: decreases 
concentration of amprenavir

Close monitoring or alteration 
of dose; co-administration not 
recommended 

Atazanavir Increases concentration of 
atazanavir

Co-administered as ritonavir-
boosted atazanavir 

Boosted: increases 
concentration of saquinavir and 
ritonavir

Close monitoring – appropriate 
alteration of dose not 
established

Boosted: decreases 
concentration of atazanavir and 
increases concentration of 
tipranavir

Close monitoring or alteration 
of dose; co-administration not 
recommended 

Darunavir Increases concentration of 
darunavir

Co-administered as ritonavir-
boosted darunavir

Decreases concentration of 
ritonavir-boosted darunavir

Dual therapy with protease 
inhibitors generally not 
recommended

Potential interaction
Dual therapy with protease 
inhibitors generally not 
recommended

Indinavir Increases concentrations of 
indinavir

Close monitoring – appropriate 
alteration of dose not 
established; combination 
associated with nephrolithiasis

Unboosted: increases 
concentration of saquinavir;
Boosted: increases 
concentration of indinavir

Close monitoring - appropriate 
alteration of dose not 
established; Boosted regimens 
may cause nephrolithiasis

Potential interaction
Close monitoring or alteration 
of dose; co-administration not 
recommended 

Lopinavir/Ritonavir Unboosted: increases 
concentration of lopinavir

Close monitoring – appropriate 
alteration of dose not 
established

Unboosted: potential interaction

Close monitoring - dose of 
saquinavir is 1g twice daily 
when given with 
lopinavir/ritonavir 400/100mg 
twice daily 

Boosted: decreases 
concentration of lopinavir

Close monitoring or alteration 
of dose; co-administration not 
recommended 

Nelfinavir Increases concentration of 
nelfinavir

Close monitoring – appropriate 
alteration of dose not 
established

Unboosted: increases 
concentration of nelfinavir and 
saquinavir; 
Boosted: not evaluated

No initial adjustment required; 
monitor Potential interaction

Close monitoring or alteration 
of dose; co-administration not 
recommended 

Ritonavir N/A N/A Increases concentration of 
saquinavir

Close monitoring or alteration 
of dose (used clinically as a 
boosted combination)

Increases concentration of 
tipranavir

Co-administered as ritonavir-
boosted tipranavir

Saquinavir Increases concentration of 
saquinavir

Co-administered as ritonavir-
boosted saquinavir N/A N/A Boosted: decreases 

concentration of saquinavir

Close monitoring or alteration 
of dose; co-administration not 
recommended 

Tipranavir Increases concentration of 
tipranavir

Co-administered as ritonavir-
boosted tipranavir

Boosted: decreases 
concentration of saquinavir Not recommended N/A N/A

NNRTIs

Delavirdine
Increases concentration of 
ritonavir; may increase 
concentration of delavirdine

Close monitoring; may need to 
decrease dose of ritonavir

Unboosted: increases 
concentration of saquinavir;
Boosted: not evaluated

Close monitoring or alteration 
of dose may be required Potential interaction Close monitoring or alteration 

of dose

Efavirenz Increases concentrations of 
efavirenz and ritonavir

Close monitoring or alteration 
of dose; high frequency of 
adverse effects reported

Unboosted: decreases 
concentration of saquinavir and 
efavirenz; 
Boosted: no relevant interaction

Close monitoring or alteration 
of dose may be required; boost 
with ritonavir

Boosted: limited data indicates 
no significant interactions

Use with caution until more 
data available

Etravirine Decreases concentration of 
etravirine Contraindicated Boosted saquinavir decreases 

concentration of etravirine No dose adjustment required Boosted tipranavir decreases 
concentration of etravirine Contraindicated

Nevirapine No clinically significant 
interaction No dose adjustment required

Unboosted: decreases 
concentration of saquinavir;
Boosted: not evaluated

Monitor – although not 
considered clinically relevant

Boosted: limited data indicates 
no significant interactions

Use with caution until more 
data available

NsRTIs/NtRTIs

Abacavir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Boosted: decreases 
concentration of abacavir

No established dose 
adjustments; use an alternative 
NRTI

Didanosine Potential interaction due to 
formulation of didanosine

Close monitoring; separate 
doses of didanosine and 
ritonavir by 2.5 hours

Boosted: potential interaction Close monitoring or alteration 
of dose may be required

Boosted: decreases 
concentration of didanosine

Administration should be 
separated by at least 2 hours

Emtricitabine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamivudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stavudine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Tenofovir Potential interaction Close monitoring or alteration 
of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Zalcitabine No clinically significant 
interaction No dose adjustment required

Unboosted: no clinically 
significant interaction; 
Boosted: no studies

No dose adjustment required No clinically significant 
interaction No dose adjustment required

Zidovudine No clinically significant 
interaction No dose adjustment required

Unboosted: no clinically 
significant interaction; 
Boosted: no studies

No dose adjustment required Boosted: decreases 
concentration of zidovudine

No established dose 
adjustments; use an alternative 
NRTI
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Other Antiretrovirals

Enfuvirtide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Maraviroc Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Raltegravir No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Antivirals

Aciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Adefovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Cidofovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Famciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Foscarnet No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ganciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ribavirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Valaciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Other Drugs

Analgesics, Anti-inflammatory Drugs and Antipyretics

Alfentanil Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Aspirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Buprenorphine Potential Interaction Close monitoring or 
alteration of dose

Increases concentration of 
buprenorphine

Close monitoring; may need 
to decrease dose of 
buprenorphine

Potential Interaction Close monitoring or 
alteration of dose

Dextropropoxyphene Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Diamorphine Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Fentanyl Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Ibuprofen No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Methadone Decreases concentrations of 
methadone and amprenavir 

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal; 
consider an alternative 
antiretroviral

Boosted atazanavir - no 
clinically significant 
interaction

No dose adjustment required Decreases concentrations of 
methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal

Morphine Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Paracetamol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pethidine Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Piroxicam Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose

Tramadol Potential Interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential Interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Other Antiretrovirals

Enfuvirtide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Maraviroc Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Raltegravir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antivirals

Aciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Adefovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Cidofovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Famciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Foscarnet No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ganciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ribavirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Valaciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Other Drugs

Analgesics, Anti-inflammatory Drugs and Antipyretics

Alfentanil Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Aspirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Buprenorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Dextropropoxyphene Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Diamorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fentanyl Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Ibuprofen No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Methadone Potential interaction Close monitoring or 
alteration of dose

Decreases concentration of 
methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal

Decreases concentration of 
methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal 
although rare with nelfinavir

Morphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Paracetamol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pethidine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Piroxicam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Tramadol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose



922   Antivirals

Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Other Antiretrovirals

Enfuvirtide No clinically significant 
interaction No dose adjustment required Boosted: no clinically 

significant interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose

Maraviroc Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Raltegravir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose

Antivirals

Aciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Adefovir No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Cidofovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Famciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Foscarnet No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ganciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ribavirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Valaciclovir No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Other Drugs

Analgesics, Anti-inflammatory Drugs and Antipyretics

Alfentanil Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Aspirin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Buprenorphine
Increase in concentration of 
buprenorphine; not expected 
to be clinically significant

No dose adjustment required Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Dextropropoxyphene Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Diamorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fentanyl May increase concentration 
of fentanyl

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Ibuprofen Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Methadone Decreases concentration of 
methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal

Boosted: decreases 
concentration of methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal

Boosted: decreases 
concentration of methadone

May need to increase dose of 
methadone; monitor for 
symptoms of withdrawal

Morphine May decrease concentration 
of morphine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Paracetamol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pethidine

Decreases concentration of 
pethidine and increases 
concentration of its 
metabolite

Dose increases and long term 
use not recommended due to 
potential for serious CNS 
related reactions

Potential interaction Close monitoring or 
alteration of dose

Decreases concentration of 
pethidine and increases 
concentration of its 
metabolite

Long term use not 
recommended; close 
monitoring or alteration of 
dose 

Piroxicam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Tramadol May increase concentration 
of tramadol

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antibacterials

Antimycobacterials

Ethambutol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Isoniazid No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrazinamide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Rifabutin Increases concentration of 
rifabutin and its metabolite

Decrease the dose of 
rifabutin

Increases concentration of 
rifabutin

Decrease the dose of 
rifabutin

Increases concentration of 
rifabutin; decreases 
concentration of darunavir

Decrease the dose of 
rifabutin

Rifampicin Decreases concentration of 
amprenavir

Contraindicated - loss of 
antiretroviral activity

Decreases concentration of 
atazanavir

Contraindicated – loss of 
antiretroviral activity 

Decreases concentration of 
darunavir

Contraindicated - loss of 
antiretroviral activity

Streptomycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Macrolides

Azithromycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential Interaction Close monitoring or 
alteration of dose

Clarithromycin

Unboosted: no clinically 
significant interaction
Boosted: may increase 
concentration of 
clarithromycin

Unboosted - no dose 
adjustment required; boosted 
decrease dose of 
clarithromycin in patients 
with renal impairment

Increases concentration of 
both atazanavir and 
clarithromycin and decreases 
concentration of 
clarithromycin metabolite

Decrease dose of 
clarithromycin by about 50% 
or consider alternatives 
except for Mycobacterium 
avium complex

Increases concentration of 
clarithromycin; 
concentration of 
clarithromycin metabolite 
not detectable

Normal renal function - 
caution and monitor; 
impaired renal function - 
decrease dose of 
clarithromycin

Erythromycin Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential Interaction Close monitoring or 

alteration of dose

Quinolones

Ciprofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Others

Clindamycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Co-trimoxazole No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Dapsone Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Metronidazole Potential risk of toxicity due 
to propylene glycol

Contraindicated - due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Quinupristin/Dalfopristin — — — — — —

Tetracyclines No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antidepressants

Tricyclics

Amitriptyline Increases concentrations of 
tricyclics

Close monitoring or 
alteration of dose

Increases concentrations of 
tricyclics 

Caution – due to potential for 
serious or life-threatening 
reactions

Potential interaction Close monitoring or 
alteration of dose

Desipramine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Doxepin Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nortriptyline Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

SSRIs

Citalopram Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fluoxetine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Paroxetine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
May decrease concentration 
of paroxetine

Start with lowest dose of 
paroxetine and monitor

Sertraline Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
May decrease concentration 
of sertraline

Start with lowest dose of 
sertraline and monitor



924   Antivirals

Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antibacterials

Antimycobacterials

Ethambutol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Isoniazid No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrazinamide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Rifabutin
Increases concentration of 
rifabutin; decreases 
concentration of indinavir

Decrease dose of rifabutin 
and increase the dose of 
indinavir

Increases concentration of 
rifabutin and its metabolite Decrease dose of rifabutin

Increases concentration of 
rifabutin; decreases 
concentration of nelfinavir

Decrease dose of rifabutin

Rifampicin Decreases concentration of 
indinavir

Contraindicated – loss of 
antiretroviral activity 

Decreases concentration of 
lopinavir

Contraindicated – loss of 
antiretroviral activity 

Decreases concentration of 
nelfinavir

Contraindicated – loss of 
antiretroviral activity 

Streptomycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Macrolides

Azithromycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Increases concentration of 
azithromycin

No adjustment required, but 
monitor liver enzymes and 
hearing

Clarithromycin Increases concentrations of 
clarithromycin and indinavir

Appropriate alteration of 
dose not established

Increases concentrations of 
clarithromycin

Normal renal function - no 
dose adjustments needed; 
Impaired renal function - 
decrease dose of 
clarithromycin

No clinically significant 
interaction No dose adjustment required

Erythromycin No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Quinolones

Ciprofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Others

Clindamycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Co-trimoxazole No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Dapsone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Metronidazole No clinically significant 
interaction No dose adjustment required Lopinavir/ ritonavir 

formulations contain alcohol
May cause disulfiram 
reaction

No clinically significant 
interaction No dose adjustment required

Quinupristin/Dalfopristin — — — — — —

Tetracyclines No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antidepressants

Tricyclics

Amitriptyline Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Desipramine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Doxepin Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nortriptyline Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

SSRIs

Citalopram Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fluoxetine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Paroxetine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Sertraline Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antibacterials

Antimycobacterials

Ethambutol No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Isoniazid No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrazinamide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Rifabutin Increases concentration of 
rifabutin and its metabolite

Decrease the dose of 
rifabutin

Unboosted: increases 
concentration of rifabutin 
and decreases concentration 
of saquinavir; Boosted: not 
evaluated

Decrease the dose of 
rifabutin

Boosted: increases 
concentration of rifabutin 
and metabolites

Decrease dose of rifabutin

Rifampicin Decreases concentration of 
ritonavir

Contraindicated – loss of 
antiretroviral activity 

Unboosted: decreases 
concentration of saquinavir;
Boosted: caused 
hepatocellular toxicity

Both boosted and unboosted 
saquinavir contraindicated 
with rifampicin

Boosted: decreases 
concentration of tipranavir

Contraindicated - loss of 
antiretroviral activity and 
possible resistance

Streptomycin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Macrolides

Azithromycin Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Clarithromycin Increases concentrations of 
clarithromycin

Normal renal function - no 
dose adjustments needed; 
impaired renal function - 
decrease dose of 
clarithromycin

Unboosted: increases 
concentration of 
clarithromycin and 
saquinavir; 
Boosted: not evaluated

Normal renal function - no 
dose adjustments needed; 
Impaired renal function - 
decrease dose of 
clarithromycin by 50 to 75%

Boosted: increases 
concentration of tipranavir 
and clarithromycin; 
decreases concentration of 
clarithromycin metabolite

Normal renal function – no 
dose adjustments needed; 
impaired renal function – 
decrease dose of 
clarithromycin

Erythromycin May increase concentration 
of erythromycin

Close monitoring or 
alteration of dose

Unboosted: no clinically 
significant interaction; 
Boosted: not evaluated

No dose adjustment required Potential interaction Close monitoring or 
alteration of dose

Quinolones

Ciprofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ofloxacin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Others

Clindamycin Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Co-trimoxazole No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose

Dapsone No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Metronidazole Ritonavir formulations 
contain alcohol

May cause disulfiram 
reaction

No clinically significant 
interaction No dose adjustment required Tipranavir capsules contain 

alcohol
May cause disulfiram 
reaction

Quinupristin/Dalfopristin — —

Unboosted: potential to 
increase concentration of 
saquinavir;
Boosted: not evaluated

Close monitoring or 
alteration of dose — —

Tetracyclines No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antidepressants

Tricyclics

Amitriptyline May increase concentrations 
of tricyclics 

Close monitoring or 
alteration of dose

Boosted: potential to 
decrease concentration of 
tricyclics

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Desipramine Increases concentration of 
desipramine

Low starting dose of 
desipramine Potential interaction Close monitoring or 

alteration of dose
Boosted: may increase 
concentration of desipramine

May need to reduce dose of 
desipramine

Doxepin Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nortriptyline May increase concentrations 
of tricyclics 

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

SSRIs

Citalopram May increase concentration 
of citalopram

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fluoxetine May increase concentration 
of fluoxetine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

No studies but potential to 
increase concentration of 
fluoxetine

Close monitoring or 
alteration of dose

Paroxetine May increase concentration 
of paroxetine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

No studies but potential to 
increase concentration of 
paroxetine

Close monitoring or 
alteration of dose

Sertraline May increase concentration 
of sertraline

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

No studies but potential to 
increase concentration of 
sertraline

Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Other Antidepressants

Bupropion Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Mirtazapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nefazodone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

St Johns Wort Decreases concentration of 
amprenavir

Contraindicated - loss of 
antiretroviral activity and 
possible resistance to 
amprenavir

Decreases concentration of 
atazanavir 

Contraindicated - loss of 
antiretroviral activity and 
possible resistance to 
atazanavir

Decreases concentration of 
darunavir

Contraindicated - loss of 
antiretroviral activity

Trazodone Increases concentration of 
trazodone

Caution; may need to 
decrease dose of trazodone

Increases concentration of 
trazodone 

Caution; may need to 
decrease dose of trazodone

Increases concentration of 
trazodone

Caution; may need to 
decrease dose of trazodone

Venlafaxine — — — — — —

Antidiabetics (Oral)

Glimepiride — — — — — —

Glipizide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Glyburide — — — — — —

Metformin No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Pioglitazone — — — — — —

Rosiglitazone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Repaglinide — — — — — —

Tolbutamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Antiepileptics

Carbamazepine Decreases concentration of 
amprenavir

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
Decreases concentration of 
darunavir

Contraindicated - loss of 
antiretroviral activity

Clonazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Ethosuximide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Gabapentin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamotrigine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Phenobarbital Decreases concentration of 
amprenavir

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
Decreases concentration of 
darunavir

Contraindicated - loss of 
antiretroviral activity

Phenytoin Decreases concentration of 
amprenavir

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
Decreases concentration of 
darunavir

Contraindicated - loss of 
antiretroviral activity

Valproate No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Vigabatrin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antifungals

Amphotericin B No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Caspofungin Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Fluconazole No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Flucytosine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Itraconazole May increase concentration 
of itraconazole 

Caution – dose adjustment 
may be needed for patients 
taking more than 400mg 
itraconazole daily

May increase concentration 
of itraconazole 

Caution – dose adjustment 
may be needed for patients 
taking more than 200mg 
itraconazole daily

No studies - may increase 
concentration of itraconazole 
and darunavir

Caution - dose of 
itraconazole should not 
exceed 200mg daily

Ketoconazole May increase concentration 
of ketoconazole 

Caution – dose adjustment 
may be needed for patients 
taking more than 400mg 
ketoconazole daily

May increase concentration 
of ketoconazole

Caution – dose adjustment 
may be needed for patients 
taking more than 200mg 
ketoconazole daily

Increases concentration of 
ketoconazole and darunavir

Caution - dose of 
ketoconazole should not 
exceed 200mg daily

Miconazole — — Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Terbinafine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Voriconazole Potential for bi-directional 
inhibition

Close monitoring or 
alteration of dose

Potential for bi-directional 
inhibition

Not recommended unless 
benefit outweighs risks

No studies - may decrease 
the concentration of 
voriconazole

Co-administration generally 
not recommended
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Other Antidepressants

Bupropion Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Mirtazapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nefazodone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

St Johns Wort Decreases concentration of 
indinavir 

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to 
indinavir

Decreases concentration of 
ritonavir-boosted lopinavir

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to 
lopinavir

Decreases concentration of 
nelfinavir 

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to 
nelfinavir

Trazodone Increases concentration of 
trazodone

Caution; may need to 
decrease dose of trazodone

Increases concentration of 
trazodone

Use with caution, consider a 
lower dose of trazodone

Increases concentration of 
trazodone

Use with caution, consider a 
lower dose of trazodone

Venlafaxine Decreases concentration of 
indinavir

Unknown clinical 
significance — — — —

Antidiabetics (Oral)
Glimepiride — — — — — —

Glipizide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Glyburide — — — — — —

Metformin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pioglitazone — — — — — —

Rosiglitazone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Repaglinide — — — — — —

Tolbutamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Antiepileptics

Carbamazepine Decreases concentration of 
indinavir

Close monitoring or 
alteration of dose

Decreases concentration of 
lopinavir 

Close monitoring or 
alteration of dose

May decrease concentration 
of nelfinavir

Close monitoring or 
alteration of dose

Clonazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Ethosuximide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Gabapentin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamotrigine No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Phenobarbital Decreases concentration of 
indinavir

Close monitoring or 
alteration of dose

May decrease concentration 
of lopinavir 

Close monitoring or 
alteration of dose

May decrease concentration 
of nelfinavir

Close monitoring or 
alteration of dose

Phenytoin Decreases concentration of 
indinavir

Close monitoring or 
alteration of dose

May decrease concentrations 
of lopinavir and phenytoin

Close monitoring or 
alteration of dose

Decreases concentration of 
phenytoin

Close monitoring or 
alteration of dose

Valproate No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vigabatrin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antifungals

Amphotericin B No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Caspofungin No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Fluconazole No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Modest increase in 
concentration of nelfinavir; 
not expected to be clinically 
significant

No dose adjustment required

Flucytosine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Itraconazole Increases concentrations of 
indinavir

Caution – dose adjustment 
may be needed for patients 
taking more than 200mg 
itraconazole daily; consider 
reducing indinavir to 600mg 
every 8 hours

Increases concentration of 
itraconazole

Caution – dose adjustment 
may be needed for patients 
taking more than 200mg 
itraconazole daily

Potential for bi-directional 
inhibition; not expected to be 
clinically significant

No dose adjustment required; 
monitor for toxicities

Ketoconazole May increase concentration 
of indinavir

Close monitoring – 
appropriate alteration of dose 
not established; consider 
reducing indinavir to 600mg 
every 8 hours

Increases concentration of 
ketoconazole 

Close monitoring or 
alteration of dose; do not 
exceed 200mg ketoconazole 
daily

Increase in concentration of 
nelfinavir; not expected to be 
clinically significant

No dose adjustment required

Miconazole No Data No Data Potential interaction Close monitoring or 
alteration of dose — —

Terbinafine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Voriconazole

Unboosted - no clinically 
significant interaction; 
boosted - potential 
interaction

Boosted - close monitoring 
or alteration of dose

May decrease concentration 
of voriconazole Contraindicated Potential for bi-directional 

inhibition Monitor for toxicities
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.
Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment
Other Antidepressants

Bupropion Increases concentration of 
bupropion

Caution – consider decreasing 
the dose of bupropion Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Mirtazapine Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Nefazodone May increase concentration of 
nefazodone

Close monitoring or alteration 
of dose

Unboosted: increases 
concentration of saquinavir;
Boosted: not evaluated

Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose

St Johns Wort Decreases concentration of 
ritonavir 

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to ritonavir

Unboosted: decreases 
concentration of saquinavir;
Boosted: interaction not 
evaluated

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to 
saquinavir

Decreases concentration of 
tipranavir 

Contraindicated – loss of 
antiretroviral activity and 
possible resistance to 
tipranavir

Trazodone Increases concentration of 
trazodone

Use with caution, consider a 
lower dose of trazodone

Boosted: increases 
concentration of trazodone

Use with caution, consider a 
lower dose of trazodone

Boosted: increases 
concentration of trazodone

Caution – consider a lower 
dose of trazodone

Venlafaxine — — — — — —

Antidiabetics (Oral)

Glimepiride — — — — No studies but potential for 
interactions

Caution and glucose 
monitoring

Glipizide Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose
No studies but potential for 
interactions

Caution and glucose 
monitoring

Glyburide — — — — No studies but potential for 
interactions

Caution and glucose 
monitoring

Metformin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pioglitazone — — — — No studies but potential for 
interactions

Caution and glucose 
monitoring

Rosiglitazone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Repaglinide — — — — No studies but potential for 
interactions

Caution and glucose 
monitoring

Tolbutamide May increase concentration of 
tolbutamide

Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose
No studies but potential for 
interactions

Caution and glucose 
monitoring

Antiepileptics

Carbamazepine May increase concentration of 
carbamazepine

Close monitoring or alteration 
of dose

Unboosted: potential to 
decrease concentration of 
saquinavir;
Boosted: not evaluated

Close monitoring or alteration 
of dose

Boosted: decreases 
concentration of tipranavir

Monitoring of antiepileptic 
concentration advised

Clonazepam May increase concentration of 
clonazepam

Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Ethosuximide May increase concentration of 
ethosuximide

Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Gabapentin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lamotrigine May decrease concentration of 
lamotrigine 

Close monitoring or alteration 
of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Phenobarbital Potential interaction Close monitoring or alteration 
of dose

Unboosted: potential to 
decrease concentration of 
saquinavir;
Boosted: not evaluated

Close monitoring or alteration 
of dose

Boosted: decreases 
concentration of tipranavir

Monitoring of antiepileptic 
concentration advised

Phenytoin May decrease concentration of 
phenytoin

Close monitoring or alteration 
of dose

Unboosted: potential to 
decrease concentration of 
saquinavir;
Boosted: not evaluated

Close monitoring or alteration 
of dose

Boosted: decreases 
concentration of tipranavir

Monitoring of antiepileptic 
concentration advised

Valproate Potential interaction Close monitoring or alteration 
of dose

No clinically significant 
interaction No dose adjustment required Decreases concentration of 

valproate
Monitoring of antiepileptic 
concentration advised

Vigabatrin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antifungals

Amphotericin B No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Caspofungin Potential interaction Close monitoring or alteration 
of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or alteration 

of dose

Fluconazole No clinically significant 
interaction No dose adjustment required Modest increase in 

concentration of saquinavir No dose adjustment required Boosted: increases 
concentration of tipranavir

No dose adjustment needed 
for tipranavir; maximum dose 
for fluconazole is 200mg daily

Flucytosine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Itraconazole Increases level of itraconazole
Close monitoring or alteration 
of dose; do not exceed 200mg 
itraconazole daily

Unboosted: potential for bi-
directional inhibition; 
Boosted: not evaluated

Close monitoring or alteration 
of dose

Boosted: potential to increase 
concentration of itraconazole

Use with caution; do not 
exceed 200mg itraconazole 
daily

Ketoconazole Increases concentration of 
ketoconazole 

Close monitoring or alteration 
of dose; do not exceed 200mg 
ketoconazole daily

Unboosted: potential for bi-
directional inhibition; 
Boosted: not evaluated

No dose adjustment required Boosted: potential to increase 
concentration of ketoconazole

Use with caution; do not 
exceed 200mg ketoconazole 
daily

Miconazole Potential interaction Close monitoring or alteration 
of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or alteration 

of dose

Terbinafine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Voriconazole

High dose ritonavir decreases 
concentration of voriconazole; 
low dose ritonavir decreases 
concentration of voriconazole 
and ritonavir

High dose - contraindicated; 
low dose - avoid unless benefit 
outweighs risk

Potential for bi-directional 
inhibition Monitor for toxicities

No studies but potential for 
interactions with boosted 
tipranavir

Not recommended unless 
benefit outweighs risk
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antihistamines

Astemizole Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Cetirizine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fexofenadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Loratadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Terfenadine Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Antimalarials/Antiprotozoals

Artemisinins Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Atovaquone No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Chloroquine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Halofantrine These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated These drugs should not be 
co-administered Contraindicated

Lumefantrine These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated These drugs should not be 
co-administered Contraindicated

Mefloquine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Pentamidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Proguanil No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrimethamine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrimethamine-
Sulfadoxine

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Quinine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Antimigraine Drugs

Ergot derivatives Increased risk of ergot 
toxicity

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increased risk of ergot 
toxicity

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated - due to 
potential for serious or life-
threatening reactions

Sumatriptan No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antineoplastics

Cyclophosphamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Doxorubicin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Irinotecan — — Increased toxicity of 
irinotecan Contraindicated — —

Paclitaxel Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vinca alkaloids Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Anxiolytic Sedatives Hypnotics and Antipsychotics

Antipsychotics

Chlorpromazine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Clozapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Haloperidol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Olanzapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Perphenazine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pimozide Increased risk of cardiac 
arrhythmias

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increased risk of cardiac 
arrhythmias

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increased risk of cardiac 
arrhythmias

Contraindicated - due to 
potential for serious or life-
threatening reactions

Resperidone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose

Thioridazine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antihistamines

Astemizole Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Cetirizine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fexofenadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Loratadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Terfenadine Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Antimalarials/Antiprotozoals

Artemisinins Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Atovaquone No clinically significant 
interaction No dose adjustment required Decreases concentration of 

atovaquone

Unknown clinical 
significance; may need to 
increase dose of atovaquone

No clinically significant 
interaction No dose adjustment required

Chloroquine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Halofantrine These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated These drugs should not be 
co-administered Contraindicated

Lumefantrine These drugs should not be 
co-administered Contraindicated Potential interaction Close monitoring or 

alteration of dose
These drugs should not be 
co-administered Contraindicated

Mefloquine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Pentamidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Proguanil No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrimethamine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pyrimethamine-
Sulfadoxine

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Quinine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Antimigraine Drugs

Ergot derivatives Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Sumatriptan No clinically significant 
interaction No adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antineoplastics

Cyclophosphamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Doxorubicin No clinically significant 
interaction No adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Irinotecan — — — — — —

Paclitaxel Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vinca alkaloids Potential interaction Close monitoring or 
alteration of dose

May increase concentration 
of vinca alkaloids

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Anxiolytic Sedatives Hypnotics and Antipsychotics

Antipsychotics

Chlorpromazine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Clozapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Haloperidol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Olanzapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Perphenazine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Pimozide Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Resperidone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Thioridazine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antihistamines

Astemizole Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unboosted and boosted: 
thought to increase 
concentration of astemizole 

Contraindicated – results in 
prolongation of QTc 
intervals

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Cetirizine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fexofenadine May increase concentration 
of fexofenadine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Loratadine May increase concentration 
of loratadine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Terfenadine Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unboosted and boosted: 
increases concentration of 
terfenadine 

Contraindicated – results in 
prolongation of QTc 
intervals

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Antimalarials/Antiprotozoals

Artemisinins Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Atovaquone May decrease concentration 
of atovaquone

Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Chloroquine Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Halofantrine These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated Unspecified clinically 
significant interaction Contraindicated

Lumefantrine These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated Unspecified clinically 
significant interaction Contraindicated

Mefloquine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Pentamidine Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Proguanil Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Pyrimethamine Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Pyrimethamine-
Sulfadoxine Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Quinine May increase concentration 
of quinine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Antimigraine Drugs

Ergot derivatives Increases concentration of 
ergot alkaloids

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of ergot 
alkaloids

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Sumatriptan No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Antineoplastics

Cyclophosphamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Doxorubicin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Irinotecan — — — — — —

Paclitaxel Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vinca alkaloids Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Anxiolytic Sedatives Hypnotics and Antipsychotics
Antipsychotics

Chlorpromazine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Clozapine Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Haloperidol May increase concentration 
of haloperidol

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Olanzapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Perphenazine May increase concentration 
of perphenazine

Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Pimozide Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of pimozide

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Resperidone May increase concentration 
of resperidone

Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Thioridazine May increase concentration 
of thioridazine

Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Anxiolytics
Buspirone — — — — — —

Benzodiazepines

Alprazolam Increases concentration of 
alprazolam

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Clorazepate Increases concentration of 
clorazepate

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Diazepam Increases concentration of 
diazepam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Flurazepam Increases concentration of 
flurazepam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Lorazepam No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Midazolam Increases concentration of 
midazolam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Triazolam Increases concentration of 
triazolam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Hypnotics

Zolpidem Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bronchodilators

Theophylline No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Cardiovascular Drugs

Digoxin — — — — Increases concentration of 
digoxin

Start with the lowest possible 
dose of digoxin, then monitor

Anticoagulants

Warfarin/Acenocoumarol Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

Antiarrhythmics

Amiodarone Increases concentration of 
amiodarone Use with caution May increase concentration 

of amiodarone

Caution – due to potential for 
serious or life-threatening 
reactions

Increases concentration of 
amiodarone

Contraindicated - due to 
potential for serious or life-
threatening reactions

Disopyramide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Encainide — — — — — —

Flecainide Unspecified clinically 
significant interaction

Contraindicated with 
ritonavir-boosted amprenavir

These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated

Lidocaine (systemic) Increases concentration of 
lidocaine Use with caution May increase concentration 

of lidocaine

Caution – due to potential for 
serious or life-threatening 
reactions 

Increases concentration of 
lidocaine

Contraindicated - due to 
potential for serious or life-
threatening reactions

Mexiletine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Propafenone Unspecified clinically 
significant interaction

Contraindicated with 
ritonavir-boosted amprenavir

These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated

Quinidine Increases concentration of 
quinidine Use with caution May increase concentration 

of quinidine

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increases concentration of 
quinidine

Contraindicated – due to 
potential for serious or life-
threatening reactions

Beta Blockers

Atenolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bisoprolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Carvedilol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Metoprolol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Propranolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Timolol — — — — — —
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Anxiolytics

Buspirone — — — — — —

Benzodiazepines

Alprazolam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Clorazepate Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Diazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Flurazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Lorazepam No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Midazolam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Triazolam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Hypnotics

Zolpidem Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bronchodilators

Theophylline No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Cardiovascular Drugs

Digoxin — — May increase concentration 
of digoxin Caution - close monitoring — —

Anticoagulants

Warfarin/Acenocoumarol Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

Potential to alter 
acenocoumarol 
concentration

Monitor INR and alter dose 
if necessary

Antiarrhythmics

Amiodarone Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

May increase concentration 
of amiodarone

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Disopyramide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Encainide — — — — — —

Flecainide These drugs should not be 
co-administered Contraindicated These drugs should not be 

co-administered Contraindicated Potential interaction Close monitoring or 
alteration of dose

Lidocaine (systemic) May increase concentration 
of lidocaine

Close monitoring or 
alteration of dose

May increase concentration 
of lidocaine Caution - close monitoring Potential interaction Close monitoring or 

alteration of dose

Mexiletine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Propafenone Potential interaction Close monitoring or 
alteration of dose

These drugs should not be 
co-administered Contraindicated Potential interaction Close monitoring or 

alteration of dose

Quinidine May increase concentration 
of quinidine

Close monitoring or 
alteration of dose

May increase concentration 
of quinidine Caution - close monitoring Unspecified clinically 

significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Beta Blockers

Atenolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Bisoprolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Carvedilol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Metoprolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Propranolol No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Timolol — — — — — —
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Anxiolytics

Buspirone May increase concentration 
of buspirone

Close monitoring or 
alteration of dose — — — —

Benzodiazepines

Alprazolam May increase concentration 
of alprazolam

Close monitoring or 
alteration of dose

Boosted: increases 
concentration of alprazolam

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Clorazepate Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of clorazepate

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Diazepam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of diazepam

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Flurazepam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of flurazepam

Close monitoring or 
alteration of dose — —

Lorazepam No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No adjustment required No clinically significant 
interaction No dose adjustment required

Midazolam Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unboosted: increases 
concentration of midazolam;
Boosted: not evaluated

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Triazolam Increases concentration of 
triazolam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: potential to 
increase concentration of 
triazolam

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Hypnotics

Zolpidem Increases concentration of 
zolpidem

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bronchodilators

Theophylline Decreases concentration of 
theophylline

Close monitoring; may need 
to increase dose of 
theophylline

No clinically significant 
interaction No dose adjustment required

Potential to decrease 
concentration of theophylline 
with boosted tipranavir

Close monitoring; may need 
to increase dose of 
theophylline

Cardiovascular Drugs

Digoxin May increase concentration 
of digoxin

Close monitoring or 
alteration of dose

Boosted: increases 
concentration of digoxin

Close monitoring or 
alteration of dose

Boosted: may double 
exposure to digoxin after 1st 
dose but at steady state 
concentration of digoxin may 
be decreased

Close monitoring or 
alteration of dose until steady 
state is reached

Anticoagulants

Warfarin/Acenocoumarol Decreases concentration of 
warfarin

Monitor INR and alter dose 
if necessary

Potential to alter warfarin 
concentration

Monitor INR and alter dose 
if necessary

No studies but potential for 
interactions

Monitor INR and alter dose 
if necessary

Antiarrhythmics

Amiodarone Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of amiodarone

Contraindicated – due to 
potential for serious or life-
threatening cardiac 
arrhythmias

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Disopyramide May increase concentration 
of disopyramide

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Encainide Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

— — — —

Flecainide Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of flecainide

Contraindicated – due to 
potential for serious or life-
threatening cardiac 
arrhythmias

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Lidocaine (systemic) May increase concentration 
of lidocaine

Close monitoring or 
alteration of dose

Boosted: increases 
concentration of lidocaine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Mexiletine May increase concentration 
of mexiletine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Propafenone Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of propafenone

Contraindicated - due to 
potential for serious or life-
threatening cardiac 
arrhythmias

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Quinidine Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of quinidine

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Beta Blockers

Atenolol Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Bisoprolol Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Carvedilol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Metoprolol May increase concentration 
of metoprolol

Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Propranolol Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose

Timolol May increase concentration 
of timolol

Close monitoring or 
alteration of dose — — — —
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Calcium Channel Blockers (CCB)

Amlodipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bepridil Increases concentration of 
CCB

Contraindicated – due to 
potential for serious or life-
threatening reactions

May increase concentration 
of bepridil

Caution – due to potential for 
serious or life-threatening 
reactions

Increases concentration of 
CCB

Contraindicated - due to 
potential for serious or life-
threatening reactions

Diltiazem May increase concentration 
of CCB

Close monitoring or 
alteration of dose

Increases concentration of 
diltiazem

Caution - may need to reduce 
dose of diltiazem Potential interaction Close monitoring or 

alteration of dose

Felodipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

Isradipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose — —

Nicardipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

Nifedipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose

Nimodipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose — — — —

Nisoldipine May increase concentration 
of CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Verapamil May increase concentration 
of CCB

Close monitoring or 
alteration of dose

May increase concentration 
of CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Lipid Regulating Drugs

Atorvastatin Increases concentration of 
atorvastatin

Use lowest possible dose of 
atorvastatin or change to 
pravastatin or fluvastatin

Increases concentration of 
atorvastatin

Caution – possible risk of 
myopathy; use lowest 
possible dose of atorvastatin

Increases concentration of 
atorvastatin

Start with lowest dose of 
atorvastatin and monitor

Cerivastatin — — — — — —

Clofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fenofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fluvastatin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Gemfibrozil No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lovastatin Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of lovastatin

Contraindicated - increases 
risk of myopathy

Pravastatin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required
May increase concentration 
of pravastatin in small 
numbers of patients

Start with lowest dose of 
pravastatin and monitor

Rosuvastatin Potential interaction Close monitoring or 
alteration of dose

Increases concentration of 
rosuvastatin

Caution - possible risk of 
myopathy; use lowest 
possible dose of rosuvastatin

Increases concentration of 
rosuvastatin

Start with lowest dose of 
rosuvastatin and monitor

Simvastatin Potential for increased 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of simvastatin

Contraindicated - increases 
risk of myopathy

Corticosteroids

Budesonide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Dexamethasone Decreases concentration of 
amprenavir

Caution - loss of 
antiretroviral activity Potential interaction Close monitoring or 

alteration of dose
Decreases concentration of 
darunavir

Caution - loss of 
antiretroviral activity

Fluticasone Increases concentration of 
fluticasone

Unboosted – consider an 
alternative for long term use; 
Boosted – contraindicated

Increases concentration of 
fluticasone

Unboosted – consider an 
alternative for long term use; 
Boosted – not recommended

Increases concentration of 
fluticasone

Consider an alternative for 
long term use

Prednisolone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Calcium Channel Blockers (CCB)

Amlodipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Bepridil May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of bepridil Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Diltiazem May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Felodipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of felodipine Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Isradipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Nicardipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of nicardipine Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Nifedipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of nifedipine Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Nimodipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Nisoldipine Potential interaction Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Verapamil May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

May increase concentration 
of CCB Caution - close monitoring May increase concentration 

of CCB 
Close monitoring or 
alteration of dose

Lipid Regulating Drugs

Atorvastatin Increases concentration of 
atorvastatin

Caution – possible risk of 
myopathy; use lowest 
possible dose of atorvastatin

Increases concentration of 
atorvastatin

Caution – possible risk of 
myopathy; use lowest 
possible dose of atorvastatin

Increases concentration of 
atorvastatin

Caution – possible risk of 
myopathy; use lowest 
possible dose of atorvastatin

Cerivastatin — — — — — —

Clofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fenofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fluvastatin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Gemfibrozil No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lovastatin Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Pravastatin No clinically significant 
interaction No dose adjustment required Increases concentration of 

pravastatin No dose adjustment required No clinically significant 
interaction No dose adjustment required

Rosuvastatin Increases concentration of 
rosuvastatin

Caution - possible risk of 
myopathy; use lowest 
possible dose of rosuvastatin

Increases concentration of 
rosuvastatin

Caution - possible risk of 
myopathy; use lowest 
possible dose of rosuvastatin

Increases concentration of 
rosuvastatin

Caution - possible risk of 
myopathy; use lowest 
possible dose of rosuvastatin

Simvastatin Potential for increased 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Potential for increased 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Increases concentration of 
simvastatin

Not advised – increases risk 
of myopathy

Corticosteroids

Budesonide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Dexamethasone Decreases concentration of 
indinavir

Close monitoring or 
alteration of dose

May decrease concentration 
of lopinavir

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Fluticasone Increases concentration of 
fluticasone

Unboosted - consider an 
alternative for long term use; 
Boosted - not recommended

Ritonavir component 
increases concentration of 
fluticasone

Not recommended unless 
benefit outweighs risk of 
corticosteroid-related 
adverse effects

Increases concentration of 
fluticasone

Caution - consider an 
alternative for long term use

Prednisolone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Calcium Channel Blockers (CCB)

Amlodipine May increase concentration 
of amlodipine

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Bepridil Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Boosted: increases 
concentration of CCB

Contraindicated - due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Diltiazem May increase concentration 
of diltiazem 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose

No studies but potential for 
interactions

Close monitoring or 
alteration of dose

Felodipine — —
Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose

May increase concentration 
of felodipine

Close monitoring or 
alteration of dose

Isradipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Nicardipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose

No studies but potential for 
interactions

Close monitoring or 
alteration of dose

Nifedipine May increase concentration 
of nifedipine 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Nimodipine May increase concentration 
of CCB 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Nisoldipine Potential interaction Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose

No studies but potential for 
interactions

Close monitoring or 
alteration of dose

Verapamil May increase concentration 
of verapamil 

Close monitoring or 
alteration of dose

Boosted: potential to 
increase concentration of 
CCB

Close monitoring or 
alteration of dose

No studies but potential for 
interactions

Close monitoring or 
alteration of dose

Lipid Regulating Drugs

Atorvastatin Increases concentration of 
atorvastatin

Caution – possible risk of 
myopathy; use lowest 
possible dose of atorvastatin

Boosted: increased 
concentration of atorvastatin 

Start with lowest dose of 
atorvastatin and monitor or 
consider alternative statin

Boosted: increases 
concentration of atorvastatin; 
decreases concentration of 
atorvastatin metabolite

Start with lowest dose of 
atorvastatin and monitor or 
consider alternative statin

Cerivastatin — — — — — —

Clofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fenofibrate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Fluvastatin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Gemfibrozil No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Lovastatin Potential for increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Boosted: increases 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Boosted: increased 
concentration of lovastatin

Not advised – increases risk 
of myopathy

Pravastatin No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Rosuvastatin Increases concentration of 
rosuvastatin

Caution - possible risk of 
myopathy; use lowest 
possible dose of rosuvastatin

Boosted: increased 
concentration of rosuvastatin

Start with lowest dose of 
rosuvastatin and monitor or 
consider alternative statin

Boosted: increases 
concentration of rosuvastatin

Start with lowest dose of 
rosuvastatin and monitor or 
consider alternative statin

Simvastatin Increases concentration of 
simvastatin

Not advised – increases risk 
of myopathy

Boosted: increases 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Boosted: increased 
concentration of simvastatin

Not advised – increases risk 
of myopathy

Corticosteroids

Budesonide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Dexamethasone May increase concentration 
of dexamethasone

Close monitoring or 
alteration of dose

Unboosted: decreases 
concentration of saquinavir;
Boosted: not evaluated

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Fluticasone Increases concentration of 
fluticasone

Contraindicated unless 
benefit outweighs risk of 
corticosteroid-related 
adverse effects

Boosted: increases 
concentration of fluticasone

Contraindicated unless 
benefit outweighs risk of 
corticosteroid-related 
adverse effects

Boosted: increases 
concentration of fluticasone

Contraindicated unless 
benefit outweighs risk of 
corticosteroid-related 
adverse effects

Prednisolone May increase concentration 
of prednisolone

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Gastro-intestinal Drugs

Antacids Decreases concentration of 
amprenavir

Doses of the antacid and 
amprenavir should be separated 
by at least 1 hour

Decreases concentration of 
atazanavir

Doses of the antacid and 
atazanavir should be separated 
by at least 1 to 2 hours

No clinically significant 
interaction No dose adjustment required

GI Motility Agents

Cisapride Increased risk of cardiac 
arrhythmias

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increased risk of cardiac 
arrhythmias

Contraindicated – due to 
potential for serious or life-
threatening reactions

Increased risk of cardiac 
arrhythmias

Contraindicated - due to 
potential for serious or life-
threatening reactions

Domperidone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Loperamide No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or 
alteration of dose

Metoclopramide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

H2 Antagonists

Cimetidine Potential interaction Close monitoring or alteration 
of dose

Decreases concentration of 
atazanavir – class effect

Administer 2 hours before or 10 
hours after an H2 antagonist

No clinically significant 
interaction No dose adjustment required

Famotidine Potential interaction Close monitoring or alteration 
of dose

Decreases concentration of 
atazanavir – class effect

Administer 2 hours before or 10 
hours after an H2 antagonist

No clinically significant 
interaction No dose adjustment required

Nizatidine — — Decreases concentration of 
atazanavir – class effect

Administer 2 hours before or 10 
hours after an H2 antagonist

No clinically significant 
interaction No dose adjustment required

Ranitidine Potential interaction Close monitoring or alteration 
of dose

Decreases concentration of 
atazanavir – class effect

Administer 2 hours before or 10 
hours after an H2 antagonist

No clinically significant 
interaction No dose adjustment required

Proton Pump Inhibitors

Lansoprazole Potential interaction Close monitoring or alteration 
of dose

Decreases concentration of 
atazanavir – class effect

Contraindicated in treatment-
experienced patients; in 
treatment-naïve patients give 12 
hours before atazanavir

No clinically significant 
interaction No dose adjustment required

Omeprazole Potential interaction Close monitoring or alteration 
of dose

Decreases concentration of 
atazanavir – class effect

Contraindicated in treatment-
experienced patients; in 
treatment-naïve patients give 12 
hours before atazanavir

No clinically significant 
interaction No dose adjustment required

General Anaesthetics

Enflurane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Halothane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ketamine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Immunosuppressants

Ciclosporin Increases concentration of 
ciclosporin

Close monitoring or alteration 
of dose

May increase concentration of 
ciclosporin

Close monitoring or alteration 
of dose

Increases concentration of 
ciclosporin

Close monitoring or 
alteration of dose

Sirolimus Increases concentration of 
sirolimus

Close monitoring or alteration 
of dose

May increase concentration of 
sirolimus

Close monitoring or alteration 
of dose

Increases concentration of 
sirolimus

Close monitoring or 
alteration of dose

Tacrolimus Increases concentration of 
tacrolimus

Close monitoring or alteration 
of dose

May increase concentration of 
tacrolimus

Close monitoring or alteration 
of dose

Increases concentration of 
tacrolimus

Close monitoring or 
alteration of dose

Oral Contraceptives

Ethinylestradiol
Increases concentration of 
ethinylestradiol; decreases 
concentration of amprenavir

Unboosted and boosted: 
alternative or additional 
contraception is recommended

Increases concentration of 
ethinylestradiol

Alternative or additional 
contraception recommended

Decreases concentration of 
ethinylestradiol

Alternative or additional 
contraception is 
recommended; HRT - 
monitor for oestrogen 
deficiency

Norethindrone
Increases concentration of 
norethindrone; decreases 
concentration of amprenavir

Unboosted and boosted: 
alternative or additional 
contraception is recommended

Increases concentration of 
norethindrone

Alternative or additional 
contraception recommended

Decreases concentration of 
norethindrone

Alternative or additional 
contraception is 
recommended; HRT - 
monitor for oestrogen 
deficiency

Progestogens Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or 
alteration of dose

Sex Hormones

Megestrol Acetate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Nandrolone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stanozolol Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or 
alteration of dose

Testosterone Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Gastro-intestinal Drugs

Antacids Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required — —

GI Motility Agents

Cisapride Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Domperidone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Loperamide No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose
No clinically significant 
interaction No dose adjustment required

Metoclopramide No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

H2 Antagonists

Cimetidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Famotidine Potential interaction Close monitoring or 
alteration of dose

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required

Nizatidine — — — — — —

Ranitidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Proton Pump Inhibitors

Lansoprazole Potential to decrease 
concentration of indinavir

Close monitoring or 
alteration of dose; use with 
boosted indinavir

No clinically significant 
interaction No dose adjustment required

Potential to decrease 
concentration of nelfinavir 
(class effect)

Not recommended

Omeprazole Decreases concentration of 
indinavir

Close monitoring or 
alteration of dose; use with 
boosted indinavir

Potential interaction Close monitoring or 
alteration of dose

Decreases concentration of 
nelfinavir

Contraindicated - loss of 
antiretroviral activity

General Anaesthetics

Enflurane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Halothane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ketamine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Immunosuppressants

Ciclosporin May increase concentration 
of ciclosporin

Close monitoring or 
alteration of dose

May increase concentration 
of ciclosporin

Close monitoring or 
alteration of dose

May increase concentration 
of ciclosporin

Close monitoring or 
alteration of dose

Sirolimus May increase concentration 
of sirolimus

Close monitoring or 
alteration of dose

May increase concentration 
of sirolimus

Close monitoring or 
alteration of dose

May increase concentration 
of sirolimus

Close monitoring or 
alteration of dose

Tacrolimus May increase concentration 
of tacrolimus

Close monitoring or 
alteration of dose

May increase concentration 
of tacrolimus

Close monitoring or 
alteration of dose

May increase concentration 
of tacrolimus

Close monitoring or 
alteration of dose

Oral Contraceptives

Ethinylestradiol Increases concentration of 
ethinylestradiol

Close monitoring or 
alteration of dose

Decreases concentration of 
ethinylestradiol

Alternative or additional 
contraception is 
recommended

Decreases concentration of 
ethinylestradiol

Alternative or additional 
contraception is 
recommended

Norethindrone Increases concentration of 
norethindrone

Close monitoring or 
alteration of dose — — Decreases concentration of 

norethindrone

Alternative or additional 
contraception is 
recommended

Progestogens Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Sex Hormones

Megestrol Acetate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Nandrolone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stanozolol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Testosterone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Gastro-intestinal Drugs

Antacids — — No clinically significant 
interaction No dose adjustment required Boosted: decreases 

concentration of tipranavir

Doses of the antacid and 
tipranavir should be separated 
by at least 2 hours

GI Motility Agents

Cisapride Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction with 
boosted tipranavir

Contraindicated – due to 
potential for serious or life-
threatening reactions

Domperidone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Loperamide Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose
Boosted: decreases 
concentration of loperamide Clinical relevance is not known

Metoclopramide No clinically significant 
interaction No dose adjustment required — — No clinically significant 

interaction No dose adjustment required

H2 Antagonists

Cimetidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required
No data but potential for 
interaction due to increased 
gastric pH

Close monitoring or alteration 
of dose

Famotidine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required
No data but potential for 
interaction due to increased 
gastric pH

Close monitoring or alteration 
of dose

Nizatidine — — — —
No data but potential for 
interaction due to increased 
gastric pH

Close monitoring or alteration 
of dose

Ranitidine No clinically significant 
interaction No dose adjustment required

Unboosted: increases 
concentration of saquinavir; 
boosted: not evaluated

Close monitoring - appropriate 
alteration of dose not 
established

No data but potential for 
interaction due to increased 
gastric pH

Close monitoring or alteration 
of dose

Proton Pump Inhibitors

Lansoprazole Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose

No data but potential for 
interaction due to increased 
gastric pH

Close monitoring or alteration 
of dose

Omeprazole No clinically significant 
interaction No dose adjustment required Boosted: increases 

concentration of saquinavir
Close monitoring or alteration 
of dose

No data but potential for 
interaction due to increased 
gastric pH; may decrease 
concentration of omeprazole

Close monitoring or alteration 
of dose

General Anaesthetics

Enflurane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Halothane No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Ketamine No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Immunosuppressants

Ciclosporin May increase concentration of 
ciclosporin

Close monitoring or alteration 
of dose

Boosted: potential to increase 
concentration of ciclosporin

Close monitoring or alteration 
of dose

No studies but potential for 
interactions with boosted 
tipranavir

Frequent monitoring of 
immunosuppressant 
concentration

Sirolimus May increase concentration of 
sirolimus

Close monitoring or alteration 
of dose

Boosted: potential to increase 
concentration of sirolimus

Close monitoring or alteration 
of dose

No studies but potential for 
interactions with boosted 
tipranavir

Frequent monitoring of 
immunosuppressant 
concentration

Tacrolimus May increase concentration of 
tacrolimus

Close monitoring or alteration 
of dose

Boosted: potential to increase 
concentration of tacrolimus

Close monitoring or alteration 
of dose

No studies but potential for 
interactions with boosted 
tipranavir

Frequent monitoring of 
immunosuppressant 
concentration

Oral Contraceptives

Ethinylestradiol Decreases concentration of 
ethinylestradiol

Close monitoring; alternative or 
additional contraception 
recommended

Boosted: decreased 
concentration of 
ethinylestradiol

Close monitoring; alternative or 
additional contraception 
recommended

Boosted: decreases 
concentration of 
ethinylestradiol

Alternative or additional 
contraception is recommended; 
HRT – monitor for oestrogen 
deficiency

Norethindrone — — — — No significant clinical effect

Alternative or additional 
contraception is recommended; 
HRT - monitor for oestrogen 
deficiency

Progestogens Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Sex Hormones

Megestrol Acetate No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Nandrolone No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Stanozolol Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose

Testosterone Potential interaction Close monitoring or alteration 
of dose Potential interaction Close monitoring or alteration 

of dose Potential interaction Close monitoring or alteration 
of dose
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Amprenavir Atazanavir Darunavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Urological Drugs

Alfusozin — — — — — —

Apomorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Sildenafil Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Tadalafil Potential interaction
Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Vardenafil Potential interaction
Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Increases concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Increases concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Miscellaneous

Amphetamines Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Disulfiram Potential risk of toxicity due 
to propylene glycol

Contraindicated – due to 
potential for serious or life-
threatening reactions

Unspecified clinically 
significant interaction

Contraindicated – due to 
potential for serious or life-
threatening reactions

— —

Herbals etc.

Echinacea Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Garlic (capsules) Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Grapefruit Juice No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Milk Thistle (Silymarin) Potential interaction Close monitoring or 
alteration of dose

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Vitamin E Unspecified clinically 
significant interaction

Supplementary vitamin E 
contraindicated

No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Indinavir Lopinavir (ritonavir-boosted) Nelfinavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Urological Drugs

Alfusozin — — — — — —

Apomorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Sildenafil Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Tadalafil Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Vardenafil Increases concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 24 hours

Increases concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Increase concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Miscellaneous

Amphetamines Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Disulfiram — — Lopinavir/ritonavir 
formulations contain alcohol

May cause disulfiram 
reaction — —

Herbals etc.

Echinacea Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Garlic (capsules) Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Grapefruit Juice No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required

Milk Thistle (Silymarin) No clinically significant 
interaction No dose adjustment required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vitamin E No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required No clinically significant 
interaction No dose adjustment required
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Table 1. Interactions: drugs used in the treatment of HIV. The HIV-Protease Inhibitors.

Ritonavir Saquinavir Tipranavir

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Urological Drugs

Alfuzosin May increase concentration 
of alfuzosin

Contraindicated – due to 
potential for serious or life-
threatening reactions

— — — —

Apomorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Sildenafil Increases concentration of 
sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Unboosted: increases 
concentration of sildenafil

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours with boosted 
regimens

No studies but potential to 
increase concentration of 
sildenafil with boosted 
tipranavir

Caution – dose of sildenafil 
should not exceed 25mg 
every 48 hours

Tadalafil Increases concentration of 
tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Boosted: increases 
concentration of tadalafil

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours with boosted 
regimens

Potential to increase 
concentration of tadalafil 
with boosted tipranavir

Caution – dose of tadalafil 
should not exceed 10mg 
every 72 hours

Vardenafil Increases concentration of 
vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Boosted: increases 
concentration of vardenafil

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours with boosted 
regimens

No studies but potential to 
increase concentration of 
vardenafil with boosted 
tipranavir

Caution – dose of vardenafil 
should not exceed 2.5mg 
every 72 hours

Miscellaneous

Amphetamines May increase concentration 
of amphetamines

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Disulfiram Ritonavir formulations 
contain alcohol

May cause disulfiram 
reaction — — Tipranavir capsules contain 

alcohol
May cause disulfiram 
reaction

Herbals etc.

Echinacea Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Garlic (capsules) Potential interaction Close monitoring or 
alteration of dose

Unboosted: decreased 
concentration of saquinavir;
Boosted: interaction not 
evaluated 

Contraindicated Potential interaction Close monitoring or 
alteration of dose

Grapefruit Juice No clinically significant 
interaction No dose adjustment required

Unboosted: no clinically 
significant interaction; 
Boosted: not evaluated

No dose adjustment required No clinically significant 
interaction No dose adjustment required

Milk Thistle (Silymarin) Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Vitamin E No clinically significant 
interaction No dose adjustment required No clinically significant 

interaction No dose adjustment required Potential interaction Close monitoring or 
alteration of dose
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Table 2. Interactions: drugs used in the treatment of HIV. NNRTIs. 

Delavirdine Efavirenz Etravirine Nevirapine

Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment Effect Clinical Comment

Antivirals: Antiretrovirals

Protease Inhibitors

Amprenavir

Decreases 
concentration of 
delavirdine and 
increases 
concentration of 
amprenavir

Appropriate doses not 
established; Co-
administration not 
recommended

May decrease 
concentration of 
amprenavir

No established dose 
adjustment; no dose 
adjustment needed if 
used in boosted 
regimens

Boosted and 
unboosted amprenavir 
increases 
concentration of 
amprenavir

Contraindicated
May decrease 
concentration of 
amprenavir

No established dose 
adjustment; dose of 
amprenavir may need 
to be increased

Atazanavir Potential interaction No established dose 
adjustment

Decreases 
concentration of 
atazanavir

In treatment naïve 
patients - give with 
atazanavir 300mg and 
ritonavir 100mg; 
treatment experienced 
patients - no 
established dose 
adjustments

Unboosted atazanavir 
decreases 
concentration of 
atazanavir; boosted 
atazanavir decreases 
concentration of 
atazanavir and 
increases 
concentration of 
etravirine

Contraindicated
Decreases 
concentration of 
atazanavir

No established dose 
adjustment; co-
administration not 
recommended

Darunavir Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
darunavir and 
increases 
concentration of 
efavirenz

Close monitoring - 
combination may be 
associated with CNS 
toxicity

Boosted darunavir 
decreases 
concentration of 
etravirine

No dose adjustment 
required

Boosted darunavir 
increases 
concentration of 
nevirapine

Not a clinically 
significant 
interaction; co-
administration 
without dose 
adjustments

Indinavir
Increases 
concentration of 
indinavir

Dose reduction of 
indinavir to 400 to 
600mg every 8 hours 
may be appropriate

Decreases 
concentration of 
indinavir

Close monitoring, 
may need to increase 
dose of indinavir 
although appropriate 
alteration of dose not 
established

Decreases 
concentration of 
indinavir

Contraindicated
Decreases 
concentration of 
indinavir

Increased dose of 
indinavir to 1g every 
8 hours may be 
required

Indinavir/Ritonavir — — No clinically 
significant interaction

No dose adjustment 
required — — — —

Lopinavir/Ritonavir
Increases 
concentration of both 
ritonavir & lopinavir

No established dose 
adjustment

Decreases 
concentration of 
lopinavir

Do not give as a once 
daily dose; in 
treatment experienced 
patients increase dose 
of ritonavir-boosted 
lopinavir by about 
33%

Increases 
concentration of 
etravirine

Use with caution
Decreases 
concentration of 
lopinavir

Close monitoring - 
consider increasing 
dose of ritonavir-
boosted lopinavir by 
about 33% (do not 
give as a once daily 
dose)

Nelfinavir

Decreases 
concentration of 
delavirdine and 
increases 
concentration of 
nelfinavir

No established dose 
adjustment

No clinically 
significant interaction

No dose adjustment 
required

Increases 
concentration of 
nelfinavir

Contraindicated
Decreases 
concentration of 
nelfinavir

No established dose 
adjustment

Ritonavir
Increases 
concentration of 
ritonavir

No established dose 
adjustment

Increases 
concentration of both 
ritonavir and 
efavirenz

Increased adverse 
effects; monitor liver 
enzymes

Decreases 
concentration of 
etravirine

Contraindicated No clinically 
significant interaction

No dose adjustment 
required

Saquinavir

Unboosted: increases 
concentration of 
saquinavir; Boosted: 
not evaluated

May need to decrease 
dose of saquinavir

Decreases 
concentration of 
saquinavir

Should not be used as 
the sole protease 
inhibitor 

Boosted saquinavir 
decreases 
concentration of 
etravirine

No dose adjustment 
required

Unboosted saquinavir 
decreases 
concentration of 
saquinavir; boosted - 
no clinically 
significant interaction

May need to increase 
dose of saquinavir 
(hard capsule 
formulation)

Tipranavir Potential interaction Close monitoring or 
alteration of dose

Boosted: limited data 
indicates no 
significant 
interactions

Use with caution until 
more data available

Boosted tipranavir 
decreases 
concentration of 
etravirine

Contraindicated

Boosted: limited data 
indicates no 
significant 
interactions

Use with caution until 
more data available

NNRTIs

Delavirdine N/A N/A Potential interaction Close monitoring or 
alteration of dose

Increases 
concentration of 
etravirine

Contraindicated Potential interaction Close monitoring or 
alteration of dose

Efavirenz Potential interaction Close monitoring or 
alteration of dose N/A N/A

Decreases 
concentration of 
etravirine

Contraindicated
Decreases 
concentration of 
efavirenz

Contraindicated

Etravirine
Increases 
concentration of 
etravirine

Contraindicated
Decreases 
concentration of 
etravirine

Contraindicated N/A N/A
Decreases 
concentration of 
etravirine

Contraindicated

Nevirapine Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
efavirenz

Co-administration not 
recommended

Decreases 
concentration of 
etravirine

Contraindicated N/A N/A
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NsRTIs/NtRTIs

Abacavir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Didanosine

For buffered tablets – 
concentration of 
delavirdine and 
didanosine decreased

Administration of the 
two tablets should be 
separated by at least 1 
hour

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Emtricitabine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Lamivudine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Stavudine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Tenofovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Zalcitabine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required — — No clinically 

significant interaction
No dose adjustment 
required

Zidovudine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Decreases 
concentration of 
zidovudine

No dose adjustment 
required

Other Antiretrovirals

Enfuvirtide No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Maraviroc Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Raltegravir Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose

Antivirals

Aciclovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Adefovir Potential Interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Cidofovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Famciclovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Foscarnet No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Ganciclovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Ribavirin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Valaciclovir No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Other Drugs

Analgesics, Anti-inflammatory Drugs and Antipyretics

Buprenorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Fentanyl Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
fentanyl

Close monitoring or 
alteration of dose

Methadone
Increases 
concentrations of 
methadone

May need to decrease 
dose of methadone

Decreases 
concentration of 
methadone

May need to increase 
dose of methadone; 
monitor for symptoms 
of withdrawal

Potential interaction

May need to adjust 
dose of methadone; 
monitor for symptoms 
of withdrawal

Decreases 
concentration of 
methadone

May need to increase 
dose of methadone; 
monitor for symptoms 
of withdrawal

Antibacterials

Antimycobacterials

Ethambutol No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Isoniazid No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required
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Pyrazinamide No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Rifabutin
Decreases 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

Decreases 
concentration of 
rifabutin

Increase daily dose of 
rifabutin by 50%

Decreases 
concentration of 
etravirine and 
rifabutin

Contraindicated when 
given with boosted 
darunavir or 
saquinavir; if not 
given with a boosted 
protease inhibitor give 
usual daily dose of 
rifabutin

Increases 
concentration of 
rifabutin

Caution and close 
monitoring

Rifampicin
Decreases 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

Decreases 
concentration of 
efavirenz

Increase dose of 
efavirenz to 800mg 
daily

Decreases 
concentration of 
etravirine

Contraindicated
Decreases 
concentration of 
nevirapine

Contraindicated - use 
rifabutin as an 
alternative

Rifapentine Potential interaction

Co-administration not 
recommended; higher 
rate of tuberculosis 
relapse

Potential interaction

Co-administration not 
recommended; higher 
rate of tuberculosis 
relapse

Decreases 
concentration of 
etravirine

Contraindicated Potential interaction

Co-administration not 
recommended; higher 
rate of tuberculosis 
relapse

Streptomycin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Macrolides

Azithromycin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Clarithromycin
Increases 
concentration of 
clarithromycin

Reduce 
clarithromycin dose in 
patients with renal 
failure

Decreases 
concentration of 
clarithromycin 

Alternatives to 
clarithromycin should 
be considered 

Increases 
concentration of 
etravirine and 
decreases 
concentration of 
clarithromycin

Alternatives to 
clarithromycin should 
be considered

Significantly 
decreases 
concentration of 
clarithromycin

Alternatives should be 
considered

Erythromycin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Quinolones

Ciprofloxacin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Ofloxacin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Others

Clindamycin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Co-trimoxazole No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Dapsone Potential interaction May need to increase 
dose of dapsone

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Metronidazole No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Tetracyclines No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Antidepressants

Tricyclics

Doxepin Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

SSRIs

Citalopram Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Fluoxetine Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Paroxetine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Sertraline Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
sertraline

Sertraline dose may 
need to be increased Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Other Antidepressants

Bupropion Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Mirtazapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Nefazodone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
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Trazodone
Increases 
concentration of 
trazodone

Caution; may need to 
decrease dose of 
trazodone

— — — — — —

St Johns Wort
Potential to decrease 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

May decreases 
concentration of 
efavirenz 

Contraindicated 
Decreases 
concentration of 
etravirine

Contraindicated
May decrease 
concentration of 
nevirapine 

Contraindicated 

Antidiabetics (Oral)

Glipizide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Metformin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Rosiglitazone No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Tolbutamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Antiepileptics

Carbamazepine
Decreases 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

May decrease 
concentration of 
carbamazepine and/or 
efavirenz

Caution and monitor 
antiepileptic 
concentration

Decreases 
concentration of 
etravirine

Contraindicated
May decrease 
concentration of 
carbamazepine

Close monitoring or 
alteration of dose

Clonazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
clonazepam

Close monitoring or 
alteration of dose

Ethosuximide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
ethosuximide

Close monitoring or 
alteration of dose

Gabapentin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Lamotrigine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Phenobarbital
Decreases 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

Potential to decrease 
or increase 
concentrations of 
phenobarbital and/or 
efavirenz

Caution and monitor 
antiepileptic 
concentration

Decreases 
concentration of 
etravirine

Contraindicated Potential interaction Close monitoring or 
alteration of dose

Phenytoin
Decreases 
concentration of 
delavirdine

Co-administration not 
recommended; 
possible loss of 
virologic response

Potential to decrease 
or increase 
concentration of 
phenytoin and/or 
efavirenz

Caution and monitor 
antiepileptic 
concentration

Decreases 
concentration of 
etravirine

Contraindicated Potential interaction Close monitoring or 
alteration of dose

Valproate No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose

Vigabatrin No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Antifungals

Amphotericin B No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Caspofungin No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Fluconazole No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Increases 
concentration of 
etravirine

Close monitoring
Increases 
concentration of 
nevirapine

Caution and close 
monitoring – consider 
alternatives

Itraconazole Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
itraconazole 

Clinical implication 
unknown; consider an 
alternative antifungal

Increases 
concentration of 
etravirine and 
decreases 
concentration of 
itraconazole

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Ketoconazole
Increases 
concentration of 
delavirdine

Close monitoring or 
alteration of dose

May decrease 
concentration of 
ketoconazole

Clinical implication 
unknown

Increases 
concentration of 
etravirine and 
decreases 
concentration of 
ketoconazole

Close monitoring or 
alteration of dose

Decreases 
concentration of 
ketoconazole and 
increases 
concentration of 
nevirapine

Contraindicated - 
consider alternatives

Posaconazole — —
Decreases 
concentration of 
posaconazole

Not recommended - 
consider an 
alternative antifungal

Increases 
concentration of 
etravirine

Close monitoring — —

Terbinafine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required
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Voriconazole Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
voriconazole and 
increases 
concentration of 
efavirenz

Contraindicated

Increases 
concentration of 
etravirine and 
voriconazole

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Antihistamines

Astemizole Increased risk of 
cardiac arrhythmias Contraindicated Unspecified clinically 

significant interaction Contraindicated Unspecified clinical 
interaction Contraindicated Potential interaction Close monitoring or 

alteration of dose

Cetirizine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Fexofenadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Loratadine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

Terfenadine Increased risk of 
cardiac arrhythmias Contraindicated Unspecified clinically 

significant interaction Contraindicated Unspecified clinical 
interaction Contraindicated Potential interaction Close monitoring or 

alteration of dose

Antimalarials/Antiprotozoals

Amodiaquine — — Unspecified clinically 
significant interaction Contraindicated — — — —

Artemisinins Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Halofantrine Contraindicated Contraindicated Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Lumefantrine Contraindicated Contraindicated Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Quinine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Antimigraine Drugs

Ergot derivatives Increased risk of ergot 
toxicity

Contraindicated with 
ergot derivatives

Increased risk of ergot 
toxicity

Contraindicated with 
ergot derivatives

Unspecified clinical 
interaction Contraindicated

May decrease 
concentration of 
ergotamine 

Dose adjustments 
may be needed

Sumatriptan No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Antineoplastics

Cyclophosphamide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
cyclophosphamide

Close monitoring or 
alteration of dose

Paclitaxel Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Vinca alkaloids Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Anxiolytic Sedatives Hypnotics and Antipsychotics

Antipsychotics

Chlorpromazine Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Clozapine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Haloperidol No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Olanzapine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Perphenazine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Pimozide Increased risk of 
cardiac arrhythmias Contraindicated Unspecified clinically 

significant interaction Contraindicated Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Resperidone No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Thioridazine No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Benzodiazepines

Alprazolam Unspecified clinically 
significant interaction Contraindicated Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Diazepam Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Increases 
concentration of 
diazepam

May need to increase 
dose of diazepam Potential interaction Close monitoring or 

alteration of dose
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Lorazepam No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Midazolam Unspecified clinically 
significant interaction Contraindicated Unspecified clinically 

significant interaction Contraindicated Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Oxazepam No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Temazepam No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Triazolam Unspecified clinically 
significant interaction Contraindicated Unspecified clinically 

significant interaction Contraindicated Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Hypnotics

Zolpidem Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Cardiovascular Drugs

Anticoagulants

Warfarin

Potential to alter 
coagulation times; 
increases warfarin 
concentration

Monitor 
anticoagulation levels 
(INR)

Potential to alter 
coagulation times; can 
both increase or 
decrease warfarin 
concentration

Monitor 
anticoagulation levels 
(INR)

Potential to alter 
coagulation times; 
increases warfarin 
concentration

Monitor 
anticoagulation levels 
(INR)

Potential to alter 
coagulation times; can 
both increase or 
decrease warfarin 
concentration

Monitor 
anticoagulation levels 
(INR)

Antiarrhythmics

Amiodarone
Increases 
concentration of 
amiodarone

Use with caution Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
amiodarone

Close monitoring or 
alteration of dose

May decrease 
concentration of 
amiodarone

Dose adjustments 
may be needed

Disopyramide Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

May decrease 
concentration of 
disopyramide

Close monitoring or 
alteration of dose

May decrease 
concentration of 
disopyramide

Dose adjustments 
may be needed

Flecainide Potential interaction Use with caution Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
flecainide

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Lidocaine 
(systemic)

Increases 
concentration of 
lidocaine

Use with caution Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
lidocaine

Close monitoring or 
alteration of dose

May increase 
concentration of 
lidocaine

Dose adjustments 
may be needed

Mexiletine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

May decrease 
concentration of 
mexiletine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Propafenone Potential interaction Use with caution Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
propafenone

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Quinidine Potential interaction Use with caution Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
quinidine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Beta Blockers

Carvedilol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Calcium Channel Blockers (CCB)

Amlodipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Bepridil
Increases 
concentration of 
CCBs

Use with caution Unspecified clinically 
significant interaction Contraindicated

May decrease 
concentration of 
bepridil

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Diltiazem

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Decreases 
concentration of 
diltiazem

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

May decrease 
concentration of 
diltiazem

Close monitoring or 
alteration of dose

Felodipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Potential to decrease 
concentration of 
felodipine

Close monitoring or 
alteration of dose — — — —

Isradipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

— — — — — —

Nicardipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Potential to decrease 
concentration of 
nicardipine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

Nifedipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Potential to decrease 
concentration of 
nifedipine

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

May decrease 
concentration of 
nifedipine

Close monitoring or 
alteration of dose
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Nimodipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

— — — — — —

Nisoldipine

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

— — Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Verapamil

Increases 
concentration of 
dihydropyridine 
CCBs

Caution – for all 
dihydropyridine 
CCBs

Potential to decrease 
concentration of 
verapamil

Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

May decrease 
concentration of 
verapamil

Close monitoring or 
alteration of dose

Lipid Regulating Drugs

Atorvastatin
Increases 
concentration of 
atorvastatin

Use lowest possible 
dose of statin

Decreases 
concentration of 
atorvastatin

Adjust atorvastatin 
dose but do not 
exceed maximum

Decreases 
concentration of 
atorvastatin

Dose adjustment of 
atorvastatin may be 
needed

Potential interaction Close monitoring or 
alteration of dose

Cerivastatin
Increases 
concentration of 
cerivastatin

Use lowest possible 
dose of statin — — — — — —

Fluvastatin
Increases 
concentration of 
fluvastatin

Use lowest possible 
dose of statin Potential interaction Close monitoring or 

alteration of dose

Increases 
concentration of 
fluvastatin

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Lovastatin Unspecified clinically 
significant interaction

Not advised – 
increases risk of 
myopathy

Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
lovastatin

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Pravastatin No clinically 
significant interaction

No dose adjustment 
required

Decreases 
concentration of 
pravastatin

Close monitoring or 
alteration of 
pravastatin dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Simvastatin Unspecified clinically 
significant interaction

Not advised – 
increases risk of 
myopathy

Decreases 
concentration of 
simvastatin

Adjust simvastatin 
dose but do not 
exceed maximum

Decreases 
concentration of 
simvastatin

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Corticosteroids

Budesonide Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Dexamethasone
Decreases 
concentration of 
delavirdine

Use with caution Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
etravirine

For long term use 
consider alternatives Potential interaction Close monitoring or 

alteration of dose

Fluticasone
Increases 
concentration of 
fluticasone

Use with caution or 
consider an 
alternative

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Prednisolone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Gastro-intestinal Drugs

Antacids
Decreases 
concentration of 
delavirdine

Doses of the antacid 
and delavirdine 
should be separated 
by at least 1 hour

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

GI Motility Agents

Cisapride Increased risk of 
cardiac arrhythmias Contraindicated Unspecified clinically 

significant interaction Contraindicated Potential interaction Close monitoring or 
alteration of dose

May decrease 
concentration of 
cisapride

Close monitoring or 
alteration of dose

Domperidone No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Loperamide No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Metoclopramide No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

H2 Antagonists

Cimetidine
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose

No clinically 
significant interaction

No dose adjustment 
required

Famotidine
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Nizatidine
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended — — — — — —

Ranitidine
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required
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Proton Pump Inhibitors

Lansoprazole
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Omeprazole
Absorption of 
delavirdine may be 
reduced

Chronic use is not 
recommended

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

General Anaesthetics

Enflurane No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Halothane No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Ketamine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Immunosuppressants

Ciclosporin
Increases 
concentration of 
ciclosporin

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Decreases 
concentration of 
ciclosporin

Close monitoring or 
alteration of dose

May decrease 
concentration of 
ciclosporin

Dose adjustments 
may be needed

Sirolimus
Increases 
concentration of 
sirolimus

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Decreases 
concentration of 
sirolimus

Close monitoring or 
alteration of dose

May decrease 
concentration of 
sirolimus

Dose adjustments 
may be needed

Tacrolimus
Increases 
concentration of 
tacrolimus

Dose adjustments 
may be needed Potential interaction Close monitoring or 

alteration of dose

Decreases 
concentration of 
tacrolimus

Close monitoring or 
alteration of dose

May decrease 
concentration of 
tacrolimus

Dose adjustments 
may be needed

Oral Contraceptives

Ethinylestradiol
Increases 
concentration of 
ethinylestradiol

Clinical significance 
unknown; alternative 
or additional 
contraception is 
recommended

Increases 
concentration of 
ethinylestradiol

Alternative or 
additional 
contraception is 
recommended

No clinically 
significant interaction

No dose adjustment 
required

Decreases 
concentration of 
ethinylestradiol

Alternative or 
additional 
contraception 
recommended

Norethindrone — — — — No clinically 
significant interaction

No dose adjustment 
required

Decreases 
concentration of 
norethindrone

Alternative or 
additional 
contraception 
recommended

Progestogens Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose
No clinically 
significant interaction

No dose adjustment 
required Potential interaction Close monitoring or 

alteration of dose

Sex Hormones

Megestrol Acetate No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Nandrolone No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Stanozolol Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Testosterone Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Urological Drugs

Apomorphine Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Sildenafil
Increases 
concentration of 
sildenafil

Caution – increased 
risk of side effects. 
Do not exceed single 
dose sildenafil 25mg 
in 48 hours

Potential interaction Close monitoring or 
alteration of dose

Decreases 
concentration of 
sildenafil

Close monitoring; 
may need to adjust 
dose of sildenafil

Potential interaction Close monitoring or 
alteration of dose

Tadalafil Potential interaction Do not exceed 10mg 
every 72 hours Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Vardenafil Potential interaction Do not exceed 2.5mg 
ever 24 hours Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Miscellaneous

Amphetamines
Increases 
concentration of 
amphetamine

Use with caution No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

No clinically 
significant interaction

No dose adjustment 
required

Herbals etc.

Echinacea Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Garlic Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose

Milk Thistle 
(Silymarin) Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose Potential interaction Close monitoring or 

alteration of dose Potential interaction Close monitoring or 
alteration of dose
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Anxiety disorders, p.952 
Obsessive-compulsive disorder, p.952 
Panic disorder, p.952 
Phobic disorders, p.953 
Post-traumatic stress disorder, p.953 

Extrapyramidal disorders, p.953 
Ballism, p.953 
Chorea, p.953 
Tics, p.954 

Hypochondriasis, p.954 
Psychoses, p.954 

Disturbed behaviour, p.954 
Mania, p.955 
Schizophrenia, p.955 

Sedation, p.956 
Dental sedation, p.956 
Endoscopy, p.956 
Intensive care, p.957 

Sleep disorders, p.957 
Insomnia, p.957 
Sleep-associated movement disorders, p.958

The drugs in this chapter include: 
• anxiolytic sedatives, formerly called minor tranquil-

lisers, which have been used in the management of
anxiety disorders 

• drugs used to produce sleep (hypnotics) 
• drugs used in the treatment of psychoses (antipsy-

chotics, formerly called major tranquillisers). The
term neuroleptic is sometimes used to describe those
antipsychotics that have effects on the extrapyrami-
dal system 

The difference in action between anxiolytics and hyp-
notics is mainly one of degree and the same drug or
group of drugs can have both effects, larger doses be-
ing necessary to produce a state of sleep. 
The benzodiazepines (typified by Diazepam, p.986)
replaced the barbiturates (typified by Amobarbital,
p.961) and related sedatives as the major group of
drugs used as anxiolytics and hypnotics. Some benzo-
diazepines are also used for their muscle relaxant and
anticonvulsant properties. Newer anxiolytics include
buspirone (p.965), a drug that affects serotonin neuro-
transmission. 
The classical antipsychotics (typified by Chlorpro-
mazine, p.969) include the butyrophenones, the diphe-
nylbutylpiperidines, the indole derivatives, the pheno-
thiazines, and the thioxanthenes. Some newer
antipsychotics such as clozapine (p.981), risperidone
(p.1024), olanzapine (p.1012), quetiapine (p.1022),
and amisulpride (p.961) are often referred to as atypi-
cal antipsychotics because of their reduced tendency to
cause the extrapyramidal effects typical of classical
antipsychotics.
◊ General references.
1. WHO. Evaluation of methods for the treatment of mental disor-

ders. WHO Tech Rep Ser 812 1991. Available at: http://
libdoc.who.int/trs/WHO_TRS_812.pdf (accessed 15/08/08)

Anxiety disorders
Anxiety is an emotional condition characterised by feel-
ings such as apprehension and fear accompanied by phys-
ical symptoms such as tachycardia, increased respiration,
sweating, and tremor. It can be a normal emotion but when
it is severe and disabling it becomes pathological. 
Anxiety disorders are difficult to define and various classi-
fications exist: 
• in acute stress disorder anxiety is associated with a re-

cent extremely stressful event such as bereavement, and
is likely to resolve within a few weeks 

• in generalised anxiety disorder there is persistent per-
vasive anxiety and worry, usually lasting 6 months or
more, resulting in distress or marked difficulty in per-
forming daily tasks. Symptoms include fatigue and dis-
turbed sleep, motor tension, autonomic hyperactivity,
irritability, and loss of concentration 

The first step in the management of anxiety that cannot be
attributed to an underlying disease is the use of psycholog-
ical treatments such as cognitive therapy. Such therapy can
be effective in most types of anxiety. If unsuccessful,
short-term treatment with a benzodiazepine may be con-
sidered.1 Benzodiazepines exert an effect very rapidly,
possibly even after the first dose, and this makes them suit-
able for treating an acute reaction.2 However, their use in

chronic conditions such as generalised anxiety disorder is
limited by serious problems of dependence (see under Di-
azepam, p.987). Tolerance may develop to the anxiolytic
effects of benzodiazepines although this appears to be less
likely than tolerance to the psychomotor effects. No one
benzodiazepine appears more effective than the others in
the treatment of anxiety disorders.3 However, adverse ef-
fects and pharmacokinetic parameters may influence
choice. 
Buspirone, an azaspirodecanedione, appears to have
broadly similar efficacy to the benzodiazepines but a slow-
er onset of action; it may cause less sedation and depend-
ence. It is reported to lack euphoriant effect. Its efficacy is
reduced in patients who have had previous extensive use
of benzodiazepines.4,5 
Increasingly, antidepressants are considered preferable to
benzodiazepines for the treatment of generalised anxiety
disorder;1,2,4,6-10 they are particularly appropriate when
medium or long-term therapy is necessary or when depres-
sion is also present. They may take several weeks to have
an effect, so combined therapy with benzodiazepines may
be required initially. Tricyclic antidepressants such as imi-
pramine have a proven benefit in the treatment of general-
ised anxiety disorder.2-4,6-8 More recently, SSRIs have
been used as alternatives;3,11,12 paroxetine has been the
most extensively studied.8 The noradrenaline and seroton-
in reuptake inhibitor venlafaxine may also be used.1,8

These relatively newer drugs are safer in overdose and are
associated with less severe adverse effects than the tricy-
clics and in the UK NICE1 and others9 consider SSRIs to
be the antidepressants of choice in generalised anxiety dis-
order. 
Beta blockers may be useful for the control of the physical
symptoms of anxiety.12 There is little evidence to support
the efficacy of antihistamines such as hydroxyzine in anx-
ious patients,2 and the use of antihistamines solely for their
sedative effect in anxiety is not considered appropriate.
Antipsychotics have been used by some in severe anxiety
for their sedative effects; long-term use should be avoided
because of the risk of tardive dyskinesia. In a few studies,
antiepileptics such as pregabalin and tiagabine have been
found to be effective for the treatment of generalised anx-
iety disorder.13 
Anxiety may be present with other disorders such as de-
pression in mixed anxiety and depressive disorders, the
management of which is discussed under Depression on
p.373.
1. NICE. Anxiety: management of anxiety (panic disorder, with or

without agoraphobia, and generalised anxiety disorder) in adults
in primary, secondary and community care (issued December
2004). Available at: http://www.nice.org.uk/nicemedia/
pdf/CG022NICEguideline.pdf (accessed 15/08/08) 

2. Ballenger JC, et al. Consensus statement on generalized anxiety
disorder from the International Consensus Group on Depression
and Anxiety. J Clin Psychiatry 2001; 62 (suppl 11): 53–8. Also
available at: http://www.psychiatrist.com/private/supplenet/
v62s11/v62s1108.pdf (accessed 15/08/08) 

3. Sramek JJ, et al. Generalised anxiety disorder: treatment op-
tions. Drugs 2000; 62: 1635–48. 

4. Rickels K, Rynn M. Pharmacotherapy of generalized anxiety
disorder. J Clin Psychiatry 2002; 63 (suppl 14): 9–16. 

5. Chessick CA, et al. Azapirones for generalized anxiety disorder.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 11/04/08). 

6. Gorman JM. Treating generalized anxiety disorder. J Clin Psy-
chiatry 2003; 64 (suppl 2): 24–9. 

7. Kapczinski F, et al. Antidepressants for generalized anxiety dis-
order. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2003 (accessed
21/09/05). 

8. Fricchione G. Generalized anxiety disorder. N Engl J Med 2004;
351: 675–82. 

9. Baldwin DS, et al. Evidence-based guidelines for the pharmaco-
logical treatment of anxiety disorders: recommendations from
the British Association for Psychopharmacology. J Psychophar-
macol  2005;  19:  567–96.  Also  avai lab le  a t :  ht tp: / /
www.bap.org.uk/consensus/Anxiety_Disorder_Guidelines.pdf
(accessed 15/08/08/) 

10. Tyrer P, Baldwin D. Generalised anxiety disorder. Lancet 2006;
368: 2156–66. 

11. Feighner JP. Overview of antidepressants currently used to treat
anxiety disorders. J Clin Psychiatry 1999; 60 (suppl 22): 18–22. 

12. House A, Stark D. Anxiety in medical patients. BMJ 2002; 325:
207–9. 

13. Van Ameringen M, et al. Antiepileptic drugs in the treatment of
anxiety disorders: role in therapy. Drugs 2004; 64: 2199–2220.

Obsessive-compulsive disorder. Obsessive-compul-
sive disorder is associated with intrusive, recurrent, obses-
sional thoughts and/or repetitive compulsive behaviour
(e.g. hand washing) performed in a ritualistic manner. A
combination of pharmacological, behavioural, and psy-
chosocial methods appears to have the most successful

long-term outcome in its treatment. Drug therapy is
based on antidepressants that inhibit reuptake of seroton-
in.1-9 These include clomipramine, the SSRIs, and the sero-
tonin and noradrenaline reuptake inhibitor venlafaxine.
There is some evidence that clomipramine is more effec-
tive than the SSRIs but its adverse effects are more prob-
lematic.3,5,10 In the UK NICE considers SSRIs to be the
antidepressants of choice in obsessive-compulsive disor-
der.8 It may take 4 to 6 weeks before any response is ob-
tained and up to about 12 weeks to achieve an optimal ef-
fect.2,11 If one serotonin reuptake inhibitor fails then
another can be tried;2-5,8 for example, it has been suggested
that patients who fail to respond to trials with two SSRIs
might then try switching to a drug from a different class
(e.g. clomipramine or venlafaxine).6 Treatment should be
continued for at least 12 months in those who respond.8
However, about 40 to 60% of patients do not respond to
these drugs and of those who do, many do not experience
complete remission.3 Also of those who do respond, many
relapse when drug therapy is withdrawn and prolonged or
even life-long therapy may be necessary;7,11 however,
long-term efficacy and tolerability of serotonin reuptake
inhibitors in obsessive-compulsive disorder has yet to be
established.12 It has been suggested that patients may be
maintained on reduced dosage13 but the optimum dosage
remains uncertain.7 Gradual withdrawal over several
months may be more successful if patients are also receiv-
ing behavioural therapy.5 
Drugs such as buspirone, lithium, pindolol, and some
antipsychotics including the atypicals have been tried as
adjuncts when patients are refractory to serotonin
reuptake inhibitors and behavioural therapy but results of
such augmentation therapy have been variable.2-7 NICE
recommends adding an antipsychotic to an SSRI or clomi-
pramine, or using clomipramine with citalopram in such
patients.8 Intravenous clomipramine has been tried in pa-
tients refractory to augmentation therapy.6
1. Piccinelli M, et al. Efficacy of drug treatment in obsessive-com-

pulsive disorder: a meta-analytic review. Br J Psychiatry 1995;
166: 424–43. 

2. Carpenter LL, et al. A risk-benefit assessment of drugs used in
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1996; 15: 116–34. 
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treatment. J Clin Psychiatry 1999; 60 (suppl 18): 27–32. 
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360: 397–405. 

5. McDonough M, Kennedy N. Pharmacological management of
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Rev Psychiatry 2002; 10: 127–37. 

6. Kaplan A, Hollander E. A review of pharmacologic treatments
for obsessive-compulsive disorder. Psychiatr Serv 2003; 54:
1111–8. 

7. Jenike MA. Obsessive-compulsive disorder. N Engl J Med
2004; 350: 259–65. 

8. NICE. Obsessive-compulsive disorder: core interventions in the
treatment of obsessive-compulsive disorder and body dysmor-
phic disorder (issued November 2005).  Available at:
http://www.nice.org.uk/nicemedia/pdf/cg031niceguideline.pdf
(accessed 15/08/08) 

9. Heyman I, et al. Obsessive-compulsive disorder. BMJ 2006;
333: 424–9. 

10. Ackerman DL, Greenland S. Multivariate meta-analysis of con-
trolled drug studies for obsessive-compulsive disorder. J Clin
Psychopharmacol 2002; 22: 309–17. 

11. March JS, et al. The expert consensus guideline series: treat-
ment of obsessive-compulsive disorder. J Clin Psychiatry 1997;
58 (suppl 4): 1–73. 

12. Soomro GM, et al. Selective serotonin re-uptake inhibitors (SS-
RIs) versus placebo for obsessive compulsive disorder (OCD).
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2008 (accessed 11/04/08). 

13. Mundo E, et al. Long-term pharmacotherapy of obsessive-com-
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Panic disorder. Panic disorder is characterised by se-
vere, sudden, unexpected, recurrent exacerbations of anx-
iety (panic attacks). During an attack there is a feeling of
fear, terror, and impending doom or even death accompa-
nied by autonomic symptoms. Attacks are followed by
persistent worry (for at least 1 month) about further attacks
and their consequences. 
If behavioural or cognitive therapy fails in the manage-
ment of panic disorder, drug therapy can then be tried but
it may need to be prolonged as there is a high rate of re-
lapse on withdrawal.1 Antidepressants are the drugs of
choice in the treatment of panic disorder. While some also
consider the combination of psychotherapy with antide-
pressant therapy to be first-line treatment for panic
disorder2 others consider that a clear benefit of using cog-
nitive behavioural therapy with drug treatment has not yet
been shown.3 Tricyclic antidepressants or SSRIs can re-
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duce the frequency of panic attacks and can often prevent
them completely.4-7 Efficacy is broadly comparable,
although SSRIs may be associated with a lower incidence
of serious adverse effects;7-12 in the UK NICE considers
SSRIs to be the drugs of first choice in panic disorder.13

MAOIs such as phenelzine are also effective but dietary
restrictions and serious adverse effects limit their use to pa-
tients unresponsive to tricyclics and SSRIs.6,8 Other anti-
depressants such as the serotonin and noradrenaline re-
uptake inhibitor venlafaxine are being evaluated in panic
disorder. 
It may take several weeks before the effects of antidepres-
sants are seen and initially there may be an increase in anx-
iety and the frequency of panic attacks. Benzodiazepines
are sometimes used as adjuncts until antidepressants exert
their full effect.6-10,12 Short courses of benzodiazepines
may also be of use in patients who cannot tolerate, or who
are refractory to, antidepressants.4 However, any benefit
may be outweighed by the risk of dependence5 and NICE
does not recommend their use in the treatment of panic dis-
order.13 There is little evidence to support the use of beta
blockers, but they may control physical symptoms. Other
drugs that may produce beneficial effects in some patients
include valproate4,6,9,14 and possibly clonidine.15
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Phobic disorders. Phobic disorders consist of an irra-
tional or exaggerated fear of, and a wish to avoid, specific
objects, activities, or situations. As there is a strong link
between agoraphobia and panic disorder (see above) it is
treated similarly. Simple or specific phobias are usually
unresponsive to pharmacotherapy and respond better to
behavioural therapy, although paroxetine or benzodi-
azepines may be considered for disabling phobias unre-
sponsive to such measures.1 
SSRIs, particularly paroxetine, are considered to be the
drugs of choice for the treatment of social anxiety disor-
der (social phobia).1-6 The serotonin and noradrenaline re-
uptake inhibitor venlafaxine is also used.1 MAOIs such as
phenelzine are effective in social anxiety disorder and can
improve anticipatory anxiety and functional disability;7,8

however, a systematic review found them to be less con-
sistently effective than the SSRIs,9 and their use is limited
by dietary restrictions and serious adverse effects. Results
with the reversible inhibitor of monoamine oxidase mo-
clobemide have been variable.2-5,9 The benzodiazepines
bromazepam and clonazepam have been reported to be of
some benefit,1,2,4,5,7,10 although benzodiazepines should be
used with caution because of the risk of dependence and
abuse. Other drugs being investigated for the treatment of
social anxiety disorder include gabapentin and pregabal-
in.1,11 

Beta blockers may help to reduce the physical symptoms
in performance-related anxiety.4,7,10
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Post-traumatic stress disorder. In post-traumatic
stress disorder (PSTD), anxiety is precipitated by persist-
ent recall of a traumatic experience that was exceptionally
threatening or catastrophic in nature. Patients may also
suffer from negative symptoms such as avoidance, aliena-
tion, emotional numbness, and social withdrawal. The
main treatment is psychotherapy.1-5 Drug therapy is large-
ly aimed at accompanying symptoms of anxiety or depres-
sion.6 The combination of both methods of therapy is pre-
ferred for severe cases.7 Negative symptoms are usually
resistant to pharmacotherapy. Some 8 to 12 weeks of treat-
ment is generally thought necessary to judge the efficacy
of treatment.2,3 
SSRIs are the drugs of choice for most of the symptoms of
PTSD.1-3,7-10 Tricyclic antidepressants or, in refractory pa-
tients, MAOIs, may be used as alternatives to SSRIs to
help reduce traumatic recollections and nightmares, and to
repress flashbacks.1-3,8 The newer antidepressants nefazo-
done and venlafaxine have also been tried,1-3,8 generally in
patients refractory to SSRIs, and some consider these
drugs to be more suitable alternatives than tricyclics or
MAOIs, which may have serious adverse effects.9 Atypi-
cal antipsychotics have been studied as monotherapy and
as adjuncts when patients are refractory to SSRIs; they
may also be considered where paranoia or flashbacks are
prominent.9 
In the UK NICE5 recommends the use of paroxetine, mir-
tazapine, amitriptyline, or phenelzine in patients who
refuse psychotherapy, where psychotherapy is inappropri-
ate or ineffective, or as adjunctive therapy in those with
significant comorbid depression or severe hyperarousal. In
patients who do not respond, further drug therapy may be
considered with a different class of antidepressant or ad-
junctive olanzapine. Drug therapy should be continued for
at least 12 months in responders before gradual withdraw-
al. 
It has been suggested that antiepileptics should be consid-
ered in those with comorbid bipolar disorder, and where
impulsivity and anger predominate.9 Carbamazepine and
valproate appear to improve symptoms of hyper-reactivity,
violent behaviour, and angry outbursts but only a small
number of patients have been studied.8,9,11 Lamotrigine
may also relieve avoidance and intrusive symptoms al-
though, again, patient numbers are small.8,11 
Benzodiazepines may be helpful for short-term manage-
ment of anxiety and sleep disturbances (although some
studies have failed to show benefit6) but they must be used
with caution because of the risk of dependence and
abuse,1,9,10 and the possibility of worsening PTSD;10 some
do not favour their use, even short-term.3 In several small
studies, prazosin has been found to be a promising and
fairly well-tolerated drug in the management of sleep-re-
lated symptoms.12
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Extrapyramidal disorders
Extrapyramidal disorders are movement disorders involv-
ing the brain’s motor systems outside the pyramidal tract.
They are usually characterised by akinesia (a loss of move-
ment) or bradykinesia (abnormal slowness of movement)
accompanied by an increase in muscle tone (typified by
parkinsonism, p.791); or by dyskinesias (abnormal invol-
untary movements), often accompanied by a reduction in
muscle tone (see below for some examples). Drug-in-
duced extrapyramidal disorders are discussed under Chlor-
promazine, p.971.

Ballism. Ballism, sometimes called hemiballism or
hemiballismus because it is usually unilateral, consists of
involuntary flinging movements of the extremities and
most often results from acute vascular infarction or haem-
orrhage of the subthalamic nucleus. It often improves
spontaneously but dopamine-blocking antipsychotics such
as haloperidol or dopamine-depleting drugs such as
tetrabenazine may be needed to control severe symptoms.
Surgery may be necessary in severe cases.

Chorea. Chorea is characterised by brief involuntary
muscle contractions and an inability to sustain voluntary
contractions. It may be related to neurological abnormali-
ties in the caudate nucleus and putamen of the striatum as
well as other basal ganglia structures. Overactivity of
dopaminergic nigrostriatal pathways and depletion of
gamma-aminobutyric acid (GABA) and acetylcholine
may also play a part. Chorea may be an adverse effect of
some drugs, including antipsychotics, levodopa, and oral
contraceptives; it may also be a symptom of an underlying
disorder such as SLE. 
Huntington’s chorea (Huntington’s disease, progressive
hereditary chorea) is a hereditary autosomal dominant dis-
ease characterised by chorea, behavioural disturbances,
and a progressive decline in cognitive function culminat-
ing in dementia and death. The identification of a gene
marker for Huntington’s chorea now makes it possible to
identify carriers of the abnormal gene.1-3 Symptoms usual-
ly appear in mid-life, with death following after about 15
years, although there are also juvenile-onset forms. West-
phal variant, a form commonest in children, tends to be
characterised more by rigidity than by chorea.1 
Sydenham’s chorea (St Vitus’ dance; chorea minor) is an
acute, usually self-limiting, disorder with an auto-immune
basis, characterised by chorea and behavioural disturbanc-
es. It commonly occurs about 6 months after rheumatic fe-
ver but is now rare since the incidence of rheumatic fever
has declined. It may also arise during pregnancy (chorea
gravidarum). 
Treatment of chorea is symptomatic only and does not
alter the progressive decline of Huntington’s chorea;1-3

Sydenham’s chorea resolves spontaneously within weeks
or months but antibacterial prophylaxis to prevent recur-
rence of rheumatic fever (p.189) has been recommended.
Other forms of chorea may resolve with treatment of the
underlying disorder or withdrawal of any causative drug. 
Tetrabenazine has been used effectively in chorea, al-
though not all patients respond, and it may produce depres-
sion.1-3 The mode of action is thought to involve depletion
of striatal dopamine.2 Reserpine, which has a similar ac-
tion and effects, has also been used but is limited by its
adverse effects.2 
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Phenothiazines such as fluphenazine2 have dopamine-re-
ceptor blocking activity and have also been used to treat
chorea. Other antipsychotics with a similar mode of action
that have been used include haloperidol,1,2 pimozide,2 and
sulpiride.1,2 Some atypical antipsychotics2 such as olanza-
pine, quetiapine, risperidone, and zotepine have also been
tried. Adverse effects such as tardive dyskinesias may lim-
it the use of antipsychotics,1,2 and doses should be kept as
low as possible;2 attempts to control choreiform move-
ments completely are not recommended. In addition to im-
proving chorea, antipsychotics may also be of value in
controlling the behavioural symptoms associated with
Huntington’s chorea; anxiolytics and antidepressants may
also be of use.1,2 
Carbamazepine1 has been tried with some degree of suc-
cess in a limited number of patients. The use of drugs to
increase GABA activity has been of little value.2 Other
drugs being investigated include amantadine,3 minocy-
cline,2,3 and ubidecarenone.1-3 Implantation of human and
porcine fetal neural cells is being studied,1 as are various
forms of gene therapy.
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2. Bonelli RM, et al. Huntington’s disease: present treatments and

future therapeutic modalities. Int Clin Psychopharmacol 2004;
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Tics. Tics may manifest as sudden, involuntary, brief, iso-
lated, repetitive movements, both simple (e.g. eye blink-
ing, nose twitching, or head jerking) and complex (e.g.
touching, jumping, or kicking); they may also be sensory
in nature or may present in a vocal or phonic way and can
range from simple clearing of the throat to more complex
symptoms such as echolalia (involuntary repetition of oth-
ers speech) or coprolalia (involuntary and inappropriate
swearing). Symptoms can usually be suppressed voluntar-
ily and may increase with stress and decrease with distrac-
tion.1-3 Some tics persist during sleep.2,3 The most com-
mon cause is Tourette’s syndrome (Gilles de la Tourette’s
syndrome), in which behavioural disturbances usually ac-
company the tics.1-5 It is a genetic disorder with an onset
during childhood and is characterised by recurrent multi-
ple motor and vocal tics that are not due to the direct phys-
iological effects of a substance or a medical condition,
with a duration of at least 1 year. 
Most patients’ symptoms wax and wane and behavioural
therapy and reassurance may be sufficient to resolve mild
tics.1,5 Drug treatment may be necessary if tics are severe
enough to cause discomfort or embarrassment.1,2,4,6

Clonidine1,5-7 or guanfacine1,5-7 are increasingly favoured
for first-line treatment in patients with mild to moderate
symptoms, because of a relative lack of serious adverse ef-
fects. For more severe cases the classical antipsychotics
pimozide or haloperidol have been widely tried3,8 to de-
crease the frequency and severity of tics, and may improve
any accompanying behavioural disturbances. Superiority
of either drug in terms of efficacy or adverse effects has not
been clearly demonstrated,8 and the risk of developing se-
rious adverse effects such as tardive dyskinesia should be
balanced against the perceived benefits of treatment.8 Oth-
er antipsychotics such as fluphenazine, sulpiride, or ti-
apride have also been tried;4,6,8 increasingly, atypical an-
tipsychotics, notably risperidone but also including
olanzapine, quetiapine, and ziprasidone, are preferred be-
cause their adverse effect profile is seen as more accepta-
ble.7 Doses should be as low as possible, bearing in mind
that optimum treatment does not necessarily lead to the
complete control of symptoms.2,4 
Other drugs1-4,6,8 that may be used in the management of
tics and/or behavioural aspects of Tourette’s syndrome in-
clude baclofen, botulinum toxin, clonazepam, levodopa,
pergolide, and tetrabenazine. Nicotine has been reported to
produce benefit when used alone or with haloperidol in pa-
tients whose symptoms were not satisfactorily controlled
with haloperidol alone.7,9 
For drugs used in the treatment of comorbid disorders
commonly associated with Tourette’s syndrome, such as
obsessive-compulsive disorder and attention deficit hyper-
activity disorder, see above and p.2148, respectively.
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Hypochondriasis
Hypochondriasis (hypochondriacal neurosis) is a morbid
preoccupation with one’s health characterised by a fear or
belief that normal bodily sensations are indicative of seri-
ous disease. It persists despite medical reassurance and
management is difficult. If hypochondriasis is secondary
to a psychiatric disorder, particularly depression and some
anxiety disorders, treatment aimed at the primary condi-
tion may also lead to resolution of the hypochondriacal
symptoms.1-3 
Cognitive and behavioural therapies may be useful in the
treatment of hypochondriasis; drug treatment of primary
hypochondriasis has been less well studied although anti-
depressants such as the SSRIs may be effective.1-4 Pimoz-
ide is used in the management of hypochondriacal psycho-
ses such as delusions of parasitic infestation.5 Atypical
antipsychotics such as quetiapine and risperidone have
been used as alternatives to pimozide in the treatment of
delusional parasitosis.6
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Psychoses
Psychoses and psychotic disorders are terms that have
been used to describe a collection of severe psychiatric dis-
orders in which the patient has disordered thinking and
loses contact with reality due to delusions and/or halluci-
nations. There may be accompanying mood or behaviour-
al disturbances. Organic psychoses arise from organic
brain disease produced by toxic insults, metabolic distur-
bances, infections, or structural abnormalities and may be
acute (delirium) or chronic (dementia) in nature.

Disturbed behaviour. Drug therapy is sometimes indi-
cated for the immediate control of severely disturbed, agi-
tated, or violent behaviour associated with a variety of
conditions such as toxic delirium, brain damage, mania
(see Bipolar Disorder, p.372), or other psychotic disorders.
In the UK NICE has issued guidelines on the short-term
management of disturbed or violent behaviour in adults.1
Antipsychotics and benzodiazepines, either alone or in
combination, are commonly used for disturbed behaviour.
There is little agreement on the best antipsychotic for these
indications, selection depending mainly on the condition
of the patient and the adverse effect profile of the drug.2-6

Oral therapy should be tried first and parenteral therapy
only given if this is ineffective or refused. The high-poten-
cy butyrophenone haloperidol is commonly used for
acutely disturbed behaviour although it lacks any seda-
tive effects and may be associated with severe extrapyram-
idal adverse effects. The atypical antipsychotics such as
olanzapine and risperidone are increasingly used in acute
situations. A systematic review,7 albeit of 3 small studies,
concluded tentatively that there was no difference in effi-
cacy and incidence of adverse effects between low-dose
haloperidol and olanzapine or risperidone in the manage-
ment of delirium; high-dose haloperidol was associated
with a greater incidence of extrapyramidal effects. Benzo-
diazepines such as diazepam and lorazepam are valuable
sedatives for the disturbed or delirious patient. A combina-
tion of an antipsychotic and a benzodiazepine allows the
use of lower doses of each drug. However, a systematic
review8 considered that there were insufficient data to sup-
port or refute the use of benzodiazepines, either alone or
with an antipsychotic, in the treatment of acute psychosis.
Another systematic review9 found the combination of
haloperidol and the antihistamine promethazine, both giv-
en intramuscularly, to be effective. 

Other drugs that have had some success in the control of
symptoms such as agitation, aggression, rage, or violent
behaviour include beta blockers, lithium, carbamazepine,
and valproate. Buspirone and antidepressants such as the
SSRIs and trazodone may also be useful. 

Antipsychotics appear to be modestly effective for the
control of disturbed behaviour associated with the demen-
tia of chronic conditions such as Alzheimer’s disease
(p.362).10-15 However, antipsychotics can themselves pre-
cipitate confusion or exacerbate dementia and may hasten
cognitive decline, increase the risk of falls, incontinence,
and drowsiness, and interfere with the performance of mo-
tor skills.16 Elderly patients with dementia, especially
Lewy-body dementia, are reported to be highly susceptible
to the extrapyramidal adverse effects of antipsychotics and
the reaction can be life-threatening. Antipsychotics are
used only after careful consideration of the causes of dis-
turbed behaviour and the benefits and risks of antipsychot-
ic treatment. Very low doses are given at first and in-
creased gradually according to clinical response and
development of adverse effects; the necessity for contin-
ued use is reviewed periodically. Again, there is no agree-
ment over the choice of antipsychotic. A systematic re-
view noted that while there was limited evidence to
support the routine use of haloperidol for agitation in de-
mentia, it appeared to reduce aggression.17 Atypical anti-
psychotics such as olanzapine, quetiapine, and risperidone
have been used and although they may be less likely to
produce extrapyramidal effects, cerebrovascular adverse
effects are a problem. The UK CSM recommended18 in
2004 that risperidone and olanzapine should not be used to
treat behavioural problems in elderly patients with demen-
tia after analysis of placebo-controlled clinical studies re-
vealed an increased risk of stroke with these 2 atypical an-
tipsychotics. Guidelines for the management of
behavioural and psychiatric symptoms in patients with de-
mentia and a history of stroke or transient ischaemic at-
tacks issued in the UK19 state that consideration should be
given to the withdrawal of existing olanzapine and risperi-
done therapy, and starting treatment with a classical anti-
psychotic or an atypical that has not been associated with
an increased risk of cerebrovascular adverse effects. Fur-
ther placebo-controlled studies have shown an increased
risk of mortality with the use of the atypical antipsychotics
aripiprazole, olanzapine, quetiapine, and risperidone in
these patients; most of the deaths appeared due to cardio-
vascular events or infection. Consequently, in 2005 the
FDA issued advice against the use of all atypicals, includ-
ing clozapine and ziprasidone in patients with dementia-
related psychosis20 (for further details, see Dementia, un-
der Risperidone, p.1024). Furthermore, a large multicentre
study21 concluded that adverse effects of atypical antipsy-
chotics (olanzapine, quetiapine, and risperidone) outweigh
their benefits in treating behavioural disturbances in pa-
tients with Alzheimer’s disease. A long-term placebo-con-
trolled study22 in patients with Alzheimer’s disease given
antipsychotics (chlorpromazine, haloperidol, risperidone,
thioridazine, or trifluoperazine) also concluded that, for
most patients, stopping antipsychotic therapy had no over-
all detrimental effect on functional and cognitive status.
The authors suggested that although antipsychotics may
have some value in the maintenance treatment of more se-
vere behavioural disturbances, any potential benefits must
be weighed against the risk of serious adverse effects. In
addition, in 2008, the FDA extended its advice against the
use of antipsychotics in elderly patients with dementia-re-
lated psychosis to include classical antipsychotics;23 the
FDA were aware of 2 observational studies showing that
the risk of death in such patients taking classical antipsy-
chotics was similar to that seen in those taking atypical an-
tipsychotics. Methodological limitations precluded any
conclusion that classical antipsychotics have a greater
mortality risk than atypical antipsychotics. 

The sedative drug, clomethiazole, may be a useful alterna-
tive to antipsychotics for the control of agitated behaviour
in elderly patients, generally causing fewer adverse ef-
fects; respiratory depression, excessive sedation, and de-
pendence may, however, be a problem. Benzodiazepines
are not generally indicated for the management of elderly
demented patients because of the risks of dependence with
continued use, disinhibiting effects, and the particular
problems of these drugs in old people (see the Elderly, un-
der Diazepam, p.989). They are not as effective as antipsy-
chotics in reducing behavioural problems, but may be use-
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ful in short courses for the management of severe anxiety
disorders, or given as required for patients who only have
rare episodes of agitation. 
The use of antipsychotics in the control of disturbed
behaviour in children is controversial and can probably
be justified only in severe cases resistant to non-pharmaco-
logical therapy.24-26 Aggression in children (with autism,
conduct disorder, and mental retardation) has been treated
with antipsychotics on a short-term basis. High-potency
classical antipsychotics such as haloperidol may be less
likely to cause sedation or impair arousal, cognitive func-
tion, and learning. Atypical antipsychotics such as olanza-
pine and risperidone have been used for the control of ag-
gression in children with autism and conduct disorder but
are associated with weight gain.25,26 Nonetheless, in some
countries, including the USA, risperidone is licensed for
the treatment of irritability associated with autistic disor-
der in children and adolescents. Aripiprazole, quetiapine,
and ziprasidone have also been tried in the treatment of
behavioural disturbances associated with autistic disor-
der.27 The tendency of antipsychotics to lower the seizure
threshold is an important consideration in autistic children
who are at an increased risk of seizure disorders. Other
drugs that have been tried include clonidine, lithium, and
the SSRIs.25,26 Guidance on the management of autism
spectrum disorders has been issued by the American
Academy of Pediatrics.28 
Antipsychotics have been used to control the symptoms of
drug-induced psychosis in patients with Parkinson’s dis-
ease.29-31 Initially, other possible causes such as infections
or metabolic and endocrine changes should be eliminat-
ed.30 If psychotic symptoms persist, antiparkinsonian
drugs should be gradually stopped or used at the lowest
effective dose. Treatment of sleep disturbances in these pa-
tients may reduce psychosis; low doses of sedating antide-
pressants, such as mirtazapine, nortriptyline, or trazodone,
are preferable to benzodiazepines or antihistamines which
may contribute to confusion and psychosis.31 Psychosis
may be particularly difficult to treat, since the extrapyram-
idal effects of classical antipsychotics can exacerbate the
movement disorder. Benefit has been reported with the
atypical antipsychotic clozapine (which must be used with
caution because of the risk of agranulocytosis) but results
with other atypical antipsychotics such as risperidone and
olanzapine have been mixed; quetiapine appears to be rea-
sonably well tolerated. Other drugs that have been tried in-
clude anticholinesterases such as donepezil and rivastig-
mine; ECT may be considered in patients refractory to
drug treatment.30,31 
Antipsychotics have been used for palliative treatment of
agitation and restlessness in patients with terminal rest-
lessness.32,33 Although antipsychotics may exacerbate the
existing tendency to myoclonus and convulsions in these
patients and may not produce adequate sedation in the ter-
minal phase, haloperidol can be used where sedation is not
required. Some32,33 even consider haloperidol to be the
drug of choice; chlorpromazine32,33 and olanzapine have
been used as alternatives. Benzodiazepines (such as lor-
azepam or midazolam), levomepromazine, and propofol
have also been used.32 
Paraphilias and other deviant sexual behaviour are rare
in women so treatment is focused largely towards men; it
consists mainly of psychotherapy and the use of libido-
suppressing drugs such as the anti-androgens.34-36 The use
of such pharmacotherapy is controversial and involves not
only medical but legal issues. Drugs used for their anti-
androgenic action include cyproterone and medroxypro-
gesterone. Gonadorelin analogues have also been tried for
suppression of libido.35 Medroxyprogesterone has also
been used for the control of intrusive disinhibited sexual
behaviour in elderly men with dementia. SSRIs may be
used in less severe cases, especially in the control of fanta-
sies associated with various paraphilias; they may also be
used together with an antihormonal drug if the latter pro-
vides inadequate improvement alone.36 The antipsychotic
benperidol is used in some countries for the management
of sexual deviations but its value is not established. In gen-
eral, few well-controlled blinded studies have been con-
ducted into the pharmacological treatment of sexual of-
fenders and there is no evidence that drug treatment
reduces the rate of re-offending.
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Mania. Mania usually occurs as part of bipolar disorder.
The treatment of acute attacks of mania including mention
of the role of antipsychotics is described under Bipolar
Disorder, p.372.

Schizophrenia. Schizophrenia is a complex disorder as-
sociated with a high morbidity; it may be a group of related
syndromes rather than a single disorder. Schizophrenia be-
gins most commonly in late adolescence to the early twen-
ties and many patients develop a chronic illness with re-
peated relapses. The estimated prevalence is between 0.2
to 1% in the general population. The main clinical features
of acute schizophrenia syndrome can be divided into psy-
chotic features such as delusions and hallucinations, and
disorganised features involving speech, thought, and be-
haviour (together often known as ‘positive’ symptoms).
The main features of the chronic syndrome are apathy,
lack of drive, and social withdrawal (so-called ‘negative’
symptoms). Positive symptoms tend to respond better to
drug therapy than negative symptoms. The pathophysio-
logical mechanism of schizophrenia is unclear. Since clas-
sical antipsychotics used in the treatment of schizophrenia
block dopamine D2 receptors in the midbrain it has been
suggested that dopaminergic system overactivity may be
involved. However, the efficacy of atypical antipsychotics
such as clozapine (see below), which is a relatively weak
dopamine D2 inhibitor, has raised the possibility that an
imbalance of other neurotransmitters such as serotonin and
adenosine may also be involved (see also Action, under
Chlorpromazine, p.975). 
The treatment of schizophrenia consists mainly of a com-
bination of social therapy and antipsychotics.1-17 Drug
treatment must be started as soon as possible for best out-
come. There is little difference in the efficacy of classical
antipsychotics such as chlorpromazine and haloperidol.
The atypical antipsychotic clozapine appears to be more
effective than classical antipsychotics in the management
of both positive and negative symptoms, but its use is re-
stricted because it can cause potentially fatal agranulocy-
tosis. Comparative studies have shown that other atypical
antipsychotics are at least as effective on positive symp-
toms as the classical antipsychotics, although claims of
greater effects on negative symptoms remain to be proven. 
Choice of therapy depends on the risk of adverse effects
(which vary between the different groups of antipsychot-
ics), any past treatment, and, unfortunately, cost. UK
guidelines issued by NICE18 recommend that the oral
atypical antipsychotics amisulpride, olanzapine, quetiap-
ine, risperidone, and zotepine are considered as first-line
treatments for patients with newly-diagnosed schizophre-
nia. These atypical antipsychotics should also be consid-
ered in patients responding to classical antipsychotics but
experiencing unacceptable extrapyramidal or other ad-
verse effects and in those who have relapsed and who ex-
perienced poorly-controlled symptoms or unacceptable
adverse effects with their previous therapy. However, clas-
sical antipsychotics are still widely used, since the diversi-
ty of their preparations (tablets, oral liquids, injections, and
depot injections) and lower cost offer advantages over the
atypical antipsychotics. NICE therefore does not recom-
mend changing to an atypical in patients who are already
adequately controlled by classical antipsychotic treatment
without unacceptable adverse effects. Because risperidone
and olanzapine have been associated with an increased
risk of stroke when used in elderly patients with dementia
(see p.1024), UK guidelines19 have recommended that
other antipsychotics should be considered for patients with
a history of stroke, transient ischaemic attacks, or other
cere-brovascular disease even in the absence of dementia.
However, there is little evidence to guide prescribing in
older patients.20 
There is great interindividual variation in response to an-
tipsychotics, and choosing the most appropriate one may
require a trial of antipsychotics from different chemical
groups and careful adjustment of dosage. The Royal Col-
lege of Psychiatrists in the UK has issued advice for those
considering the use of higher than normally recommended
doses of antipsychotics (see under Administration in the
Uses and Administration of Chlorpromazine, p.976).
However, in recent years there has been a trend in favour
of lower doses of antipsychotics, often with adjunctive
benzodiazepines (see below). The use of more than one
antipsychotic at the same time is not usually recommend-
ed. 
About 30% of patients may have little or no response to
classical antipsychotics while many others have only a
partial response. Such resistant schizophrenia may be
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due to poor patient compliance, which is a major problem
in schizophrenic patients; lack of compliance may be a re-
sult of adverse effects (see below for possible treatments)
or because the patient experiences a relapse while on med-
ication and is unable to maintain treatment.21 A patient
should not be considered resistant to therapy until at least
2 different antipsychotics (NICE also recommends that at
least one of these should have been an atypical11) have
each been given for an adequate trial period (at least 6 to 8
weeks). If other drugs are still ineffective, clozapine may
be tried; it should be given for at least 3 months before
resorting to measures such as ECT or the use of adjunctive
drugs (see below). 
After the initial control of schizophrenia with antipsychot-
ics, relapse rates are high in those who stop treatment,
therefore maintenance therapy is probably warranted.
Some recommend the use of lower doses of antipsychotics
during maintenance to reduce adverse effects, although
this may increase the risk of relapse. The decision to with-
draw an antipsychotic completely in a stabilised patient is
complex and depends on the number of previous psychotic
episodes. In some cases maintenance therapy may need to
be indefinite. Regular injections of long-acting depot an-
tipsychotics are sometimes used for maintenance therapy
especially if compliance is a problem.22 They are particu-
larly useful for patients living in the community, and may
also be advantageous for those who respond poorly to ther-
apy because of increased first-pass metabolism or intesti-
nal malabsorption. Concern over the possibility of in-
creased extrapyramidal effects and other adverse effects
with depot antipsychotics has not been substantiated. 
Adjunctive drugs have been used in schizophrenia either
to augment antipsychotics or reduce their adverse ef-
fects.23 The short-term addition of a benzodiazepine to the
initial treatment of acute episodes of schizophrenia can
provide a useful extra sedative and anxiolytic effect. It may
also allow a smaller dose of antipsychotic to be used and
thereby reduce the likelihood of extrapyramidal effects.
However, a systematic review24 concluded that the availa-
ble evidence for such use is poor and inconclusive. 
The use of antimuscarinic antiparkinsonian drugs for the
treatment or prophylaxis of antipsychotic-induced ex-
trapyramidal adverse effects is controversial (see Extrapy-
ramidal Disorders on p.971, et seq.). They are particularly
effective in the management of acute dystonic reactions
but efficacy in drug-induced parkinsonism itself may be
minimal and little benefit has been found in akathisia.
Fears that the long-term use of antimuscarinics increases
the risk of tardive dyskinesia appear to be unfounded, al-
though they may worsen the condition and should be
stopped if it develops. However, the adverse effects of an-
timuscarinics can be troublesome and may compound the
antimuscarinic actions of the antipsychotic. Antimuscarin-
ics also have euphoric effects. Routine use of prophylactic
antimuscarinics is therefore not indicated with the possible
exception of short-term use in patients at high risk of de-
veloping dystonias, or in patients with a previous history
of drug-induced dystonias. Antimuscarinics may be given
on a short-term basis to treat dystonias. 
Addition of lithium to antipsychotic treatment may be
worthwhile in some patients who fail to respond to an an-
tipsychotic alone, although there is the danger of an inter-
action (see p.405). 
The value of treatment of depressive symptoms of schizo-
phrenia with antidepressants is not established but the ad-
dition of antidepressants such as the tricyclics is consid-
ered worth a trial for depression occurring during the
recovery phase after an acute episode of psychosis. 
Carbamazepine has produced modest benefit in some pa-
tients with refractory schizophrenia, the main effect being
a reduction in accompanying symptoms such as excite-
ment, impulsivity, and aggression, but use of car-
bamazepine with haloperidol has also resulted in reduced
haloperidol concentrations and clinical deterioration in a
few patients. A systematic review25 found no significant
benefit of adjunctive carbamazepine therapy. Valproate
has also been tried. 
Propranolol in high doses has been reported to be benefi-
cial in refractory schizophrenia but several controlled stud-
ies of adjunctive use have found slight or no benefit. How-
ever, it may be of use as an adjunct in patients who develop
akathisia unresponsive to antimuscarinics.
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Sedation
Since sedatives reduce excitement and anxiety, they may
be used before or during various medical procedures to al-
leviate fear and produce a state of calmness in the patient.
A practical aim for situations requiring conscious seda-
tion, for example in dentistry or during investigative pro-
cedures such as endoscopy, may be the reduction or aboli-
tion of physiological and psychological responses to the
stress without loss of consciousness, cooperation, or pro-
tective reflexes. A greater degree of sedation may be re-
quired for patients in intensive care and some consider that
patients should be maintained asleep but easily rousable.
The difference between sedatives and hypnotics is mainly
dose related. The same drug or group of drugs can have
both effects, larger doses being necessary for a hypnotic
effect, that is to produce a state of sleep. 
Some specific situations where sedation may be required
are discussed below. The use of sedatives in premedication
for anaesthesia is discussed on p.1780.

Dental sedation. Intravenous midazolam has largely
superseded diazepam for sedation in dental procedures.
However, midazolam needs to be given slowly in small
increments as its sedative end-point is reached much more
abruptly than with diazepam. Midazolam has a more rapid

onset of action and recovery, and produces a greater degree
of amnesia than diazepam, but it can cause hallucinations
in children.1 There is insufficient evidence to support the
routine use of intravenous sedation for dental procedures
in children under the age of 16 years and it is recommend-
ed that such use, along with the use of general anaesthetics,
combination regimens, and non-standard routes, should be
restricted to specialist centres or hospital settings.2 
Inhaled nitrous oxide (usually 20 to 40% with oxygen3) is
a widely used analgesic and sedative for conscious seda-
tion of patients with mild to moderate anxiety about dental
procedures.3,4 It is relatively safe and simple to use al-
though there is some concern over its long-term effect on
dental staff.3,4 Nitrous oxide inhalation is well tolerated by
children and remains the preferred technique in the man-
agement of anxiety in such patients although a certain
amount of patient cooperation is required1,2,5 and supple-
mentary local analgesia is recommended in potentially
painful procedures.2 
Oral sedatives may also be used to provide conscious
sedation4 and are particularly useful to ensure that the pa-
tient has a restful night before the procedure; hypnotics
may be used for 1 to 3 nights before. Those drugs used
include the benzodiazepines diazepam, nitrazepam, and
temazepam; temazepam is preferred when it is important
to minimise any residual effects. The antihistamines hy-
droxyzine and promethazine have been used in chil-
dren.1,4,5 Oral sedatives have no analgesic effects and ap-
propriate analgesia should be given.5 It has been suggested
that the efficacy of the oral sedative in adult patients can be
enhanced by the careful addition of inhaled nitrous oxide;
the depth of sedation can be changed as necessary by vary-
ing the titration of the latter.4
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Endoscopy. The practice of giving sedation routinely be-
fore endoscopy varies widely between and within coun-
tries.1-3 It is unclear whether sedation improves patient
comfort and the ease of performing the procedure;1 there
may be a failure to distinguish between the need for seda-
tion and the need for analgesia in such procedures. Ulti-
mately the acceptability of unsedated endoscopy differs
from patient to patient and procedure to procedure,2 and it
may be appropriate to offer patients the choice.4 
Intravenous benzodiazepines are commonly used for seda-
tion during endoscopy.1,2,5,6 Midazolam is generally pre-
ferred to diazepam because of its shorter duration of action
and greater amnestic effects.5 Since hypoventilation and
oxygen desaturation may occur with benzodiazepines and
the procedure itself can lower oxygen saturation, some
recommend the use of prophylactic nasal oxygen with oxy-
gen saturation monitoring.2,3,5,6 
Intravenous opioid analgesics such as morphine and pethi-
dine have also been given but they have largely been re-
placed by the newer shorter-acting opioids, for example
fentanyl, which have faster recovery times.3,5 Benzodi-
azepines have often been given with opioids, including
pethidine, since such combinations may reduce gagging
and increase patient tolerance.2 They can be used together
to achieve deep sedation at higher doses than those used
for conscious sedation.7 However, there is an increased
risk of cardiorespiratory effects and, possibly, fatalities
with such combinations.2,5,6 Therefore, the use of the low-
est effective doses has been recommended3,6 and opioids
should be given before benzodiazepines, where possible,
and their effects monitored before proceeding.6 
Low-dose intravenous propofol has also been used for
conscious sedation as an alternative to, or with, midazolam
and opioids.4 It potentiates the effects of benzodiazepines
and opioids, thus reducing the doses required for sedation
and analgesia.7 Propofol has been used alone for deep se-
dation especially in prolonged or complex procedures;
benefit has not been shown conclusively for shorter proce-
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dures.7 The risk of adverse effects may limit its use and the
presence of an anaesthetist is usually required.6,7 
Continuous monitoring of the sedated patient’s haemody-
namic and ventilatory status, and level of consciousness is
recommended.2-10 
The use of topical anaesthetics such as lidocaine should
probably be reserved for those who prefer to undergo en-
doscopy without sedation as topical anaesthesia appears to
serve little useful function in patients premedicated with
benzodiazepines or opioids.4,5,11 There appears to be no
practical difference between individual topical anaesthet-
ics. Sprays are safer and may be more effective than loz-
enges, but even when using a spray it is difficult to anaes-
thetise the oropharyngeal region effectively. 
There is great variation in the methods of sedation and an-
algesia used for children undergoing endoscopy.8-10 The
choice between general anaesthesia and sedation in these
patients is subject to debate.8 Many of the regimens used
appear to be similar to those used in adults; drugs com-
monly used include midazolam, opioids such as fentanyl
or pethidine, and propofol.8 However, the use of propofol
is generally not recommended in children (see Incidence
of Adverse Effects, under Propofol, p.1791). In the UK,
general anaesthesia is the favoured method for younger
children; premedication with oral midazolam has also
been used.9
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Intensive care. Not all patients in intensive care units
require sedatives if sufficient analgesia is achieved, partic-
ularly after the first 24 to 48 hours, but most will require a
balanced combination of analgesics and sedatives to re-
lieve pain and anxiety.1-9 It is inappropriate to use high
doses of analgesics to achieve deep sedation and it is also
inappropriate to use sedatives alone for patients who are in
pain. Adequate analgesia is recommended before giving
sedatives in order to avoid over-sedation.6,7 The required
level of sedation may vary but, in general, many consider
patients should be maintained asleep but easily rousable. 
Most sedatives and analgesics are given parenterally. Con-
tinuous intravenous infusion avoids the peaks and troughs
of analgesia and sedation associated with intermittent in-
tramuscular or intravenous dosage, but to what extent it
improves patient outcomes is unclear: sedation produced
in this way may prolong the need for mechanical ventila-
tion and increase pulmonary complications. 
Opioid analgesics have both sedative and analgesic prop-
erties and are appropriate for sedation when pain is antici-
pated, although special care is required in those not artifi-
cially ventilated. The antitussive action of the opioids may
also help ventilated patients to tolerate a tracheal tube. The
choice of opioid may vary between centres, as well as with
patient characteristics. Morphine is a suitable opioid in
many situations in intensive care6 but has a slow onset of
action. If prolonged sedation is required, analgesia can be
obtained by a loading dose followed by a continuous infu-
sion. Many centres now favour the use of one of the phe-
nylpiperidine derivatives, fentanyl, alfentanil, sufentanil,
or remifentanil.5-9 
Propofol is widely used for short-term sedation (up to 72
hours) in intensive care units,4-9 although concerns have

been raised about its safety, particularly in children (in
whom use is generally not recommended), or with pro-
longed use or higher rates of infusion (see also Incidence
of Adverse Effects, under Propofol, p.1791). It may be
particularly useful in neurosurgical patients to reduce
raised intracranial pressure,6,8 or when rapid awakening is
important.6 
Benzodiazepines induce sleep and reduce anxiety and
muscle tone as well as providing profound amnesia; how-
ever, they do not provide analgesia. Midazolam has a rapid
onset and short duration of action following single doses,
and has largely replaced diazepam as the benzodiazepine
of choice for sedation. It is particularly favoured for long-
er-term sedation (more than 72 hours).5,9 The half-life of
midazolam can be substantially increased when given as a
continuous intravenous infusion for long-term sedation in
patients in intensive care. Lorazepam has also been used1,6

particularly in the USA,6 and may be associated with less
variability in awakening times, although onset of action
may be slower than midazolam. All benzodiazepines tend
to produce cardiovascular and respiratory depression and
care is required if they are used with opioids as is usually
the case in this setting. 
Flumazenil is a specific benzodiazepine antagonist and
some suggest that it may be of use to assist the return of
spontaneous respiration and consciousness in patients re-
ceiving benzodiazepines. Multiple doses may be required
as it has a short duration of action.1 However, its routine
use after prolonged benzodiazepine treatment is not usual-
ly recommended because of the risk of inducing withdraw-
al symptoms.6 
Dexmedetomidine is also approved for use in intensive
care as a sedative; it is stated to have analgesic-sparing
properties.6 
Ketamine has been investigated for sedation in the inten-
sive care setting4 and appears to be effective; it may be
used as an adjuvant.8,9 Clonidine is also used as an adju-
vant to other drugs.3,6,8,9 In agitated or delirious patients
haloperidol may be used.4,6 
Stopping treatment with sedatives such as benzodi-
azepines, opioids, and propofol too rapidly may lead to
withdrawal symptoms,6,7 especially after high doses or
prolonged sedation (more than 1 week). Doses should be
tapered to prevent such symptoms. Tolerance to benzodi-
azepines can develop and may be related to long-term se-
dation (2 days or more); tolerance to opioids has also been
reported.7 
Methods of sedation and analgesia for children in inten-
sive care are subject to debate. Many of the regimens used
appear to be similar to those used in adults or modifica-
tions of existing regimens for paediatric sedation. Drugs
commonly used include midazolam and opioids such as
fentanyl or, in particular, morphine.3 However, there has
been some concern over a report of encephalopathy asso-
ciated with the prolonged use of midazolam with fentanyl
for sedation in infants under intensive care (see Encepha-
lopathy, under Effects on the Nervous System, p.988). As
mentioned above, propofol is not recommended for chil-
dren in intensive care.
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Sleep disorders
The exact function of sleep is uncertain but it is believed to
be involved in energy conservation, total body restoration
and recuperation, and development and growth. There are
two states of sleep: non-rapid-eye-movement (non-REM)
sleep, which is subdivided into 4 stages, and rapid-eye-
movement (REM) sleep, sometimes called stage 5. Initial-

ly there is a period of light sleep (stages 1 and 2) followed
by deep sleep (stages 3 and 4); this latter period is also
known as slow-wave sleep. After stage 4, which occurs
about 90 minutes after first falling asleep, there is a period
of REM sleep (stage 5) during which most dreams occur
and EEG traces show high-frequency waves. During a pe-
riod of sleep there are several cycles of stages 1 to 4 fol-
lowed by REM sleep, with periods of non-REM sleep be-
coming shorter and periods of REM sleep longer. It is the
slow-wave sleep that is considered to be the more restora-
tive. Most healthy adults sleep for single periods of be-
tween 7 to 8 hours a day, although there is a wide range of
normal sleeping time (from 4 to 11 hours). In old age there
is less slow-wave sleep and sleep becomes more fragment-
ed. 
Sleep disorders include insomnia (see below), hypersom-
nia such as narcolepsy, p.2148, in which the timing, length,
and quality of sleep is altered, and the parasomnias (see
Sleep-associated Movement Disorders, below) in which
abnormal events occur during sleep.

Insomnia. Insomnia is the inability to achieve or main-
tain sleep and is the most common of the sleep disor-
ders.1-14 It often leaves sufferers feeling unrefreshed by
sleep and may lead to impaired daytime performance. 
• Transient insomnia may occur in those who normally

sleep well and may be due to an alteration in the condi-
tions that surround sleep, for example noise, or to an un-
usual pattern of rest as in shift work or travelling be-
tween time zones (jet lag). It may also be associated
with acute disorders. 

• Short-term insomnia is often related to an emotional
problem or more serious medical illness such as acute
pain. It may last for a few weeks and may recur. 

• Chronic insomnia may be attributed to an underlying
psychiatric disorder, especially depression or anxiety, to
alcohol or drug abuse, to certain drug treatments, to ex-
cessive caffeine intake, to daytime napping, or to phys-
ical causes such as pain, pruritus, or dyspnoea. 

Management of insomnia requires resolution of any stress-
ful precipitant or identification and treatment of any under-
lying causes, with an emphasis on non-pharmacological
measures such as counselling, behavioural therapy, devel-
opment of relaxation techniques, and avoidance of stimu-
lant substances. Hypnotic drugs should ideally be reserved
for short courses in the acutely distressed patient; they
should be avoided in the elderly, and their use is rarely jus-
tified in children. Generally, hypnotics should be given at
the lowest effective dose for as short a period as possible.
In transient insomnia one or two doses of a short-acting
hypnotic may be indicated, whereas in short-term insom-
nia intermittent doses of a short-acting hypnotic given for
no more than 3 weeks (preferably only 1 week) may be
appropriate. Chronic insomnia rarely benefits from hypno-
tics and routine use of hypnotics is undesirable. Tolerance
can develop rapidly (in 3 to 14 days with continuous use)
and withdrawal after long-term use can lead to rebound in-
somnia and a withdrawal syndrome. 
Benzodiazepines are generally regarded as the hypnotics
of choice. They hasten sleep onset, decrease nocturnal
awakenings, increase total sleeping time, and often impart
a sense of deep and refreshing sleep. Slow-wave sleep and
REM sleep are, however, reduced and the extra sleeping
time is largely made up of relatively light sleep. A short-
acting benzodiazepine such as temazepam is generally
used when residual sedation is undesirable, if falling
asleep is a problem, or, when necessary, in elderly patients.
However, a withdrawal syndrome is more common with
the short-acting benzodiazepines. Longer-acting benzodi-
azepines such as nitrazepam are indicated when early wak-
ing is a problem and possibly when an anxiolytic effect is
needed during the day or when some impairment of psy-
chomotor function is acceptable. 
Because of the hazard of dependence with benzodi-
azepines (see p.987), the UK CSM15 has issued certain
recommendations: 
• they should be used to treat insomnia only when it is

severe, disabling, or subjecting the individual to ex-
treme distress 

• they should be given in the lowest dose which controls
symptoms (if possible, intermittently) 

• they should not be continued beyond 4 weeks 
• they should be withdrawn by gradual tapering of the

dose to zero 
Subsequently, the EU Committee on Proprietary Medici-
nal Products (CPMP) has recommended that the treatment
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period should be limited to 2 weeks when brotizolam, mi-
dazolam, or triazolam are used.16 
Tolerance to the hypnotic effects of benzodiazepines de-
velops rapidly, with sleep latency and pattern returning to
pretreatment levels within a few weeks of starting treat-
ment. 
A number of other drugs have been used as alternatives to
the benzodiazepines. Zaleplon, zopiclone, and zolpidem
act on the same receptors or receptor subtypes as the ben-
zodiazepines although structurally they are unrelated.
Their short duration of action makes them more suitable
for patients who have trouble falling asleep. The CPMP
has recommended that treatment with zolpidem should be
limited to a maximum of 4 weeks.16 It remains to be prov-
en whether these drugs offer any advantages over the ben-
zodiazepines. Indeed, the CSM considers that zopiclone
has the same potential for adverse psychiatric reactions, in-
cluding dependence, as benzodiazepines.17 NICE18 in the
UK found no compelling evidence of any clinically useful
differences between these drugs and the shorter-acting
benzodiazepines in terms of effectiveness, adverse effects,
or potential for dependence or abuse, and recommends
that patients who do not respond to zaleplon, zopiclone,
zolpidem, or benzodiazepines should not be switched be-
tween these hypnotics; patients may be switched if adverse
effects directly related to a specific drug occur. 
The use of cloral hydrate and its derivatives as hypnotics is
now very limited. They have been used as alternatives to
benzodiazepines in the elderly, although there is no con-
vincing evidence of any special value in these patients.
They used to be considered useful hypnotics for children
but such use is rarely justified. 
Clomethiazole has also been used as an alternative to ben-
zodiazepines in the elderly. Nasal and conjunctival irrita-
tion may be troublesome, and the danger of overdosage
and risk of dependence should be considered. 
Some antihistamines have hypnotic properties and a
number, including alimemazine, diphenhydramine, doxy-
lamine, and promethazine, are marketed for insomnia.
They may cause troublesome antimuscarinic effects and
those with longer half-lives may cause hangover effects.
Promethazine is also popular for use in children, but such
use is not usually justified (see Sudden Infant Death Syn-
drome under Adverse Effects of Promethazine, p.588, for
further details). 
Barbiturates are no longer recommended as hypnotics be-
cause of their adverse effects. The CSM19 has advised that
barbiturates should only be used for insomnia that is se-
vere and intractable when there are compelling reasons to,
and then only in patients already taking barbiturates. It was
also advised that attempts should be made to wean patients
off barbiturate hypnotics. Similarly, compounds such as
ethchlorvynol, glutethimide, and methaqualone are not
recommended. 
Alcohol is not recommended because it has a short weak
hypnotic action, and rebound excitation can result in early
morning insomnia. Its diuretic effects can interrupt sleep
and chronic use can lead to rapid development of tolerance
and addiction. 
Tryptophan, sometimes in the form of dietary supple-
ments, has enjoyed some popularity in the treatment of in-
somnia. Its efficacy is difficult to substantiate and, since
the publication of reports linking tryptophan with the
eosinophilic-myalgia syndrome, preparations indicated for
insomnia have been withdrawn from the market in many
countries. 
Melatonin, a hormone believed to be involved in the main-
tenance of circadian rhythms, may be useful in the treat-
ment of insomnias such as those due to jet lag20 or other
disorders (where it might act by resetting the body clock),
and in the elderly. However, its benefits have been ques-
tioned,21 and certainly evidence for a direct hypnotic effect
is less conclusive; its sleep-inducing properties are usually
only seen after very high, supraphysiological concentra-
tions have been attained.5,6 Ramelteon, a melatonin recep-
tor agonist, is used as a hypnotic in some countries.
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Sleep-associated movement disorders. Parasom-
nias are motor disorders, with or without autonomic fea-
tures, that occur during sleep or are exaggerated by sleep.
Some of the main parasomnias include nightmares, night
terrors, sleepwalking (somnambulism), nocturnal enuresis
(p.2180), bruxism (teeth grinding), head banging, and ag-
gression during sleep. Other common movement disorders
associated with sleep are restless legs syndrome and peri-
odic limb movements in sleep. Parasomnias are common
but rarely require treatment with drugs other than the
symptomatic treatment of sleep-related medical problems.
The management of some of these conditions is discussed
briefly below. 
The restless legs syndrome is characterised by an un-
pleasant creeping sensation deep in the legs with an irre-
sistible urge to move them. Symptoms begin during relax-
ation in the evenings and in bed, and interfere with the
ability to fall asleep. The aetiology of this condition is ob-
scure and treatment has been largely empirical.1-11 Drug
treatment may not always be necessary and non-pharma-
cological methods such as good sleep hygiene should be
tried initially.1,3,7,8,12 There have been reports of efficacy
with a wide range of treatments, although few have been
well studied. Dopaminergic therapy has emerged as a
common first-line treatment, a long-acting agonist, such as
cabergoline, pergolide, pramipexole, or ropinirole, being
preferred in order to avoid the complications associated
with levodopa.5,6,8-12 Anticonvulsants, such as car-
bamazepine, clonazepam, and gabapentin may be of use in
those intolerant of dopamine agonists or in those who re-
quire additional medication.5,8-11 Other drugs that have
been reported to be of benefit include some opioids, cloni-
dine, and the benzodiazepines.5,7-12 Iron supplementation
may be effective if the syndrome is associated with iron
deficiency.2-4,7-12 Many patients with restless legs syn-
drome exhibit periodic limb movements in sleep,2,3 char-
acterised by repetitive periodic leg and foot jerking during
sleep. Treatments tried are similar to those for the restless
legs syndrome; clonazepam and levodopa are amongst the
drugs shown to be of benefit. 
Some parasomnias have responded to treatment with
benzodiazepines.13,14 These include bruxism, head bang-
ing, aggression during sleep, night terrors, and sleepwalk-
ing.
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Abecarnil (rINN)

Abécarnil; Abecarnilo; Abecarnilum; ZK-112119. Isopropyl 6-
(benzyloxy)-4-(methoxymethyl)-9H-pyrido(3,4-b)indole-3-car-
boxylate.
Абекарнил
C24H24N2O4 = 404.5.
CAS — 111841-85-1.

Profile
Abecarnil is a beta-carboline compound reported to be a partial
agonist at benzodiazepine receptors. It has been studied for its
anxiolytic and anticonvulsant actions in anxiety disorders and al-
cohol withdrawal syndrome.
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Acamprosate Calcium (BANM, USAN, rINNM)

Acamprosate calcique; Acamprosate de Calcium; Acamprosato
de calcio; Acamprosatum calcicum; Akamprosaattikalsium;
Akamprosát vápenatá sůl; Akamprosatkalcium; Akamprosato ka-
lcio druska; Akamprozát-kalcium; Calcii Acamprosatum; Calcium
Acetylhomotaurinate. Calcium 3-acetamido-1-propanesulphate.
Кальций Акампрозат
C10H20CaN2O8S2 = 400.5.
CAS — 77337-76-9 (acamprosate); 77337-73-6 (acam-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Acamprosate Calcium). A white or almost white
powder. Freely soluble in water; practically insoluble in alcohol
and in dichloromethane. A 5% solution in water has a pH of 5.5
to 7.0.

Adverse Effects
The main adverse effect of acamprosate is dosage-related diar-
rhoea; nausea, vomiting, and abdominal pain occur less frequent-
ly. Other adverse effects have included pruritus, and occasionally
a maculopapular rash; bullous skin reactions have occurred rare-
ly. Depression and fluctuations in libido have also been reported.
Hypersensitivity reactions including urticaria, angioedema, and
anaphylaxis have been reported very rarely.

Effects on the skin. A case of erythema multiforme in a wom-
an with cirrhosis of the liver has been attributed to use of
acamprosate1 although both the diagnosis and any association
with acamprosate have been seriously challenged.2
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Precautions
In the UK, acamprosate is contra-indicated in patients with se-
vere hepatic impairment (Child-Pugh Class C). US licensed
product information states that acamprosate is not metabolised
via the liver and its pharmacokinetics are not altered in those with
mild to moderate hepatic impairment (Child-Pugh Classes A and
B); no change in dose is required in such patients. (No advice is
given regarding use in those with more severe impairment.) For
precautions regarding the use of acamprosate in patients with re-
nal impairment, see under Uses and Administration, below.

Pharmacokinetics
Absorption of acamprosate from the gastrointestinal tract is slow
but sustained and is subject to considerable interindividual vari-
ation. Steady-state concentrations are achieved after dosage for 7
days. Bioavailability is reduced if given with food. Acamprosate
is not protein bound and although it is hydrophilic it is reported
to cross the blood-brain barrier. Acamprosate does not appear to
be metabolised and is excreted unchanged in the urine. The elim-
ination half-life after oral doses has been reported to be about 33
hours.

◊ References.
1. Saivin S, et al. Clinical pharmacokinetics of acamprosate. Clin

Pharmacokinet 1998; 35: 331–45.

Uses and Administration
Acamprosate has a chemical structure similar to that of the en-
dogenous amino acid, homotaurine, which is a structural ana-
logue of gamma-aminobutyric acid (GABA—p.2308) and tau-
rine (p.2395). It is given as the calcium salt to prevent relapse in
alcoholics who have been weaned off alcohol. The usual oral
dose is 666 mg of acamprosate calcium given three times daily.
UK licensed product information also recommends that patients
weighing less than 60 kg should be given a dose of 666 mg at
breakfast followed by 333 mg at midday and 333 mg at night.
For doses in patients with renal impairment, see below. Treat-
ment should be started as soon as possible after alcohol with-
drawal and maintained, even if the patient relapses, for the rec-
ommended period of 1 year.

Administration in renal impairment. It is considered1 like-
ly that accumulation of acamprosate would occur with prolonged
use of therapeutic doses in patients with renal impairment. It has
been reported that the mean maximum concentration of acamp-
rosate after a single 666-mg dose was 813 nanograms/mL in 12
patients with moderate or severe renal impairment compared
with 198 nanograms/mL in 6 healthy subjects; values for the
plasma elimination half-life were 47 and 18 hours, respectively. 
Licensed product information in the UK does not recommend
the use of acamprosate in patients with renal impairment (serum
creatinine greater than 120 micromoles/litre). 
In the USA the use of acamprosate is contra-indicated in those
with severe renal impairment (creatinine clearance (CC) less
than 30 mL/minute). However, in those with moderate impair-
ment (CC 30 to 50 mL/minute), a starting dose of 333 mg three
times daily may be given.
1. Wilde MI, Wagstaff AJ. Acamprosate: a review of its pharmacol-

ogy and clinical potential in the management of alcohol depend-
ence after detoxification. Drugs 1997; 53: 1038–53.

Alcohol dependence. Acamprosate is considered to be of use
as an adjunct to psychotherapy in maintaining abstinence after
alcohol withdrawal in patients with alcohol dependence
(p.1626). Reviews1-4 of placebo-controlled studies conclude that
acamprosate helps to prevent relapse and increase the number of
drink-free days during a 1-year course of treatment and possibly
for up to one year thereafter. Efficacy appears to be dose related
but its effects in promoting abstinence may wane during treat-
ment. Use with disulfiram or naltrexone may improve results but
a large multicentre study in the USA found that adding acampro-
sate to naltrexone or behavioural therapy did not produce any
additional benefit, and that the drug was ineffective when used
alone.5 Several mechanisms have been proposed to account for

acamprosate’s action including inhibition of neuronal hyper-
excitability by antagonising excitatory amino acids such as
glutamate.
1. Wilde MI, Wagstaff AJ. Acamprosate: a review of its pharmacol-

ogy and clinical potential in the management of alcohol depend-
ence after detoxification. Drugs 1997; 53: 1038–53. 

2. Anonymous. Acamprosate for alcohol dependence? Drug Ther
Bull 1997; 35: 70–2. 

3. Mason BJ. Treatment of alcohol-dependent outpatients with
acamprosate: a clinical review. J Clin Psychiatry 2001; 62 (suppl
20): 42–8. 

4. Overman GP, et al. Acamprosate for the adjunctive treatment of
alcohol dependence. Ann Pharmacother 2003; 37: 1090–9. 

5. Anton RF, et al. Combined pharmacotherapies and behavioral
interventions for alcohol dependence. The COMBINE study: a
randomized controlled trial. JAMA 2006; 295: 2003–17.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Campral†; Austral.: Campral; Austria: Campral; Belg.: Campral;
Braz.: Campral†; Chile: Campral; Cz.: Campral; Denm.: Campral; Fr.:
Aotal; Ger.: Campral; Hong Kong: Campral; Hung.: Campral; Irl.: Cam-
pral; Mex.: Campral; Neth.: Campral; Norw.: Campral; Pol.: Campral;
Port.: Campral; S.Afr.: Besobrial; Sobrial†; Singapore: Campral†; Spain:
Campral; Zulex; Swed.: Campral; Switz.: Campral; Turk.: Campral; UK:
Campral; USA: Campral.

Acecarbromal (rINN)

Acécarbromal; Acecarbromalum; Acetcarbromal; Acetylcarbro-
mal. N-Acetyl-N′-(2-bromo-2-ethylbutyryl)urea.
Ацекарбромал
C9H15BrN2O3 = 279.1.
CAS — 77-66-7.

Profile
Acecarbromal is a bromureide with similar actions to those of
carbromal (p.967). It has been used for its sedative properties but
the use of bromides is generally deprecated.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Cz.: Afrodor; Ger.: Afrodor; Hung.: Afrodor†; Rus.:
Afrodor (Афродор).

Acepromazine (BAN, rINN)

Acepromazin; Acepromazina; Acépromazine; Acepromazinum;
Asepromatsiini. 10-(3-Dimethylaminopropyl)phenothiazin-2-yl
methyl ketone.
Ацепромазин
C19H22N2OS = 326.5.
CAS — 61-00-7.
ATC — N05AA04.
ATC Vet — QN05AA04.

Acepromazine Maleate (BANM, USAN, rINNM)

Acépromazine, Maléate d’; Acepromazini Maleas; Acetylpro-
mazine Maleate; Asepromazin Maleat; Maleato de acepromazina.
10-(3-Dimethylaminopropyl)phenothiazin-2-yl methyl ketone
hydrogen maleate.
Ацепромазина Малеат
C19H22N2OS,C4H4O4 = 442.5.
CAS — 3598-37-6.
ATC — N05AA04.
ATC Vet — QN05AA04.
Pharmacopoeias. In US for veterinary use only. Also in
BP(Vet). 
BP(Vet) 2008 (Acepromazine Maleate). A yellow crystalline
powder. Soluble in water and in alcohol; freely soluble in chloro-
form; slightly soluble in ether. A 1% solution in water has a pH
of 4.0 to 4.5. 
USP 31 (Acepromazine Maleate). pH of a 1% solution is be-
tween 4.0 and 5.5. Protect from light.
Profile
Acepromazine is a phenothiazine with general properties similar
to those of chlorpromazine (p.969). It has been given orally as the

maleate in the treatment of anxiety disorders, hiccups, and nau-
sea and vomiting. Acepromazine, as the base, has also been giv-
en in preparations for the management of insomnia.
Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Plegicil; Turk.: Plegicil.
Multi-ingredient: Fr.: Noctran.

Aceprometazine (rINN)

16-64 CB; Aceprometazina; Acéprométazine; Aceprometazi-
num. 10-(2-Dimethylaminopropyl)phenothiazin-2-yl methyl ke-
tone.
Ацепрометазин
C19H22N2OS = 326.5.
CAS — 13461-01-3.

Profile
Aceprometazine is a phenothiazine with general properties sim-
ilar to those of chlorpromazine (p.969). It is available usually as
the maleate in preparations for the management of insomnia.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: Mepronizine; Noctran.

Afobazol
Afobazole; Aphobazole; CM-346; SM-346. 5-Ethoxy-2-{[2-(4-
morpholinyl)ethyl]thio}-1H-benzimidazole Monohydrochloride.
Афобазол
C15H21N3O2S.HCl = 343.9.
CAS — 173352-39-1.

NOTE. Afobazol has also been described as the dihydrochloride.
Profile
Afobazol is a non-benzodiazepine anxiolytic used in the treat-
ment of anxiety disorders. It has been given orally in a usual dose
of 10 mg three times daily. A maximum of 60 mg may be given
daily.
◊ References.
1. Neznamov GG, et al. Aphobazol—new selective anxyolytic

drug. Zh Nevrol Psikhiatr Im S S Korsakova 2005; 105: 35–40.

Allobarbital (USAN, rINN)

Allobarbitaali; Allobarbitalum; Allobarbitone; Alobarbital; Diallyl-
barbitone; Diallylbarbituric Acid; Diallylmalonylurea; Diallymalum;
NSC-9324. 5,5-Diallylbarbituric acid.
Аллобарбитал
C10H12N2O3 = 208.2.
CAS — 52-43-7.
ATC — N05CA21.
ATC Vet — QN05CA21.
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Profile
Allobarbital is a barbiturate with general properties similar to
those of amobarbital (p.961). It has been used in combination
preparations for the treatment of sleep disorders and pain but bar-
biturates are no longer considered appropriate for such purposes.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Cz.: Dinyl†; Eunalgit†; Hung.: Demalgonil; Pol.: Kro-
ple Zoladkowe; Pabialgin P; Turk.: Spasmo-Panalgine.

Alprazolam (BAN, USAN, rINN)

Alpratsolaami; Alprazolám; Alprazolamas; Alprazolamum;
U-31889. 8-Chloro-1-methyl-6-phenyl-4H-1,2,4-triazolo[4,3-a]-
[1,4]benzodiazepine.
Алпразолам
C17H13ClN4 = 308.8.
CAS — 28981-97-7 (alprazolam).
ATC — N05BA12.
ATC Vet — QN05BA12.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of alprazolam: 
Benzo; Coffins; Dogbones; Fo’ Bars; Fo’s; Footballs; Forgetful
Pills; Four Bars; French Fries; Gold Bars; Green Bars; Quad bar;
School Buses; Sticks; Totem Poles; White Bars; X-Boxes; Xan-
Bars; Xannies; Xanny; Zanny; Z-Bars; Zan-Bars; Zannies; Zan-
ny-Bars.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Alprazolam). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
sparingly soluble in alcohol and in acetone; freely soluble in
dichloromethane. Protect from light. 
USP 31 (Alprazolam). A white to off-white crystalline powder.
Insoluble in water; soluble in alcohol; sparingly soluble in ace-
tone; freely soluble in chloroform; slightly soluble in ethyl ace-
tate.

Dependence and Withdrawal
As for Diazepam, p.987. Dependence may be a partic-
ular problem at the high doses used in the treatment of
panic attacks.

Adverse Effects and Treatment
As for Diazepam, p.987.
Effects on the liver. A patient receiving phenelzine for depres-
sion developed abnormal liver enzyme values on 2 occasions
when alprazolam was added to the treatment.1 It was not possible
to say if this was due to alprazolam alone or a synergistic effect
with phenelzine.
1. Roy-Byrne P, et al. Alprazolam-related hepatotoxicity. Lancet

1983; ii: 786–7.

Effects on the skin. There have been some reports of alpra-
zolam-induced photosensitivity.1,2

1. Kanwar AJ, et al. Photosensitivity due to alprazolam. Dermato-
logica 1990; 181: 75. 

2. Watanabe Y, et al. Photosensitivity due to alprazolam with posi-
tive oral photochallenge test after 17 days administration. J Am
Acad Dermatol 1999; 40: 832–3.

Overdosage. A retrospective analysis1 of 2063 hospital admis-
sions for benzodiazepine overdosage in one region of Australia
between January 1987 and October 2002 found that patients who
took an overdose of alprazolam were about twice as likely to re-
quire admission to intensive care. Flumazenil was required in
14% of the 131 alprazolam overdoses, and ventilation in 16%,
which was significantly more than for other benzodiazepines.
Given the apparently greater toxicity of alprazolam in overdos-
age, its increasing prescription to groups at risk of self-poisoning
was of concern.
1. Isbister GK, et al. Alprazolam is relatively more toxic than other

benzodiazepines in overdose. Br J Clin Pharmacol 2004; 58:
88–95.

Precautions
As for Diazepam, p.988.

Abuse. High doses of alprazolam taken after maintenance doses
of methadone produced a ‘high’ without pronounced sedation;
the drug was also misused by nonopioid-drug abusers.1 The usu-
al urine toxicology screens for benzodiazepines often give false-
negative results for alprazolam because of the extremely low
concentrations of metabolites excreted, making abuse difficult to
detect. A subsequent review2 considered that the literature did
not support the widely held belief that alprazolam had a greater
liability for abuse than other benzodiazepines, but the possibility
could not be discounted.
1. Weddington WW, Carney AC. Alprazolam abuse during metha-

done maintenance therapy. JAMA 1987; 257: 3363. 
2. Rush CR, et al. Abuse liability of alprazolam relative to other

commonly used benzodiazepines: a review. Neurosci Biobehav
Rev 1993; 17: 277–85.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of alprazolam on breast-fed infants is
unknown, its use by mothers during breast feeding may be of
concern since anxiolytic drugs do appear in breast milk and thus
could conceivably alter CNS function in the infant both in the
short and long term. 
From a study2 of the distribution of alprazolam into breast milk
in 8 lactating women it was estimated that the average daily dose
of alprazolam ingested by a breast-fed infant would range from
0.3 to 5 micrograms/kg or about 3% of a maternal dose.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Oo CY, et al. Pharmacokinetics in lactating women: prediction
of alprazolam transfer into milk. Br J Clin Pharmacol 1995; 40:
231–6.

Handling. Care should be taken to prevent inhaling particles of
alprazolam and exposing the skin to it.
Hepatic impairment. Alprazolam 1 mg by mouth was ab-
sorbed more slowly in 17 patients with alcoholic cirrhosis with
no ascites than in 17 healthy subjects.1 Mean peak alprazolam
concentrations were achieved after 3.34 hours in the cirrhosis pa-
tients and 1.47 hours in the healthy subjects. Mean elimination
half-life for cirrhosis patients was 19.7 hours compared with 11.4
hours for subjects from the healthy group. However, there were
no significant differences in the maximum plasma concentra-
tions achieved. The results indicate that alprazolam, in common
with other benzodiazepines that undergo oxidative metabolism,
would accumulate to a greater extent in patients with alcoholic
liver disease than in healthy subjects; the daily dose of alpra-
zolam may need to be reduced by half in this population. See also
Administration in Hepatic or Renal Impairment, below.
1. Juhl RP, et al. Alprazolam pharmacokinetics in alcoholic liver

disease. J Clin Pharmacol 1984; 24: 113–19.

Porphyria. Alprazolam is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Alprazolam is well absorbed from the gastrointestinal
tract after oral doses, peak plasma concentrations being
achieved within 1 to 2 hours of a dose. The mean plas-
ma half-life is 11 to 15 hours. Alprazolam is 70 to 80%
bound to plasma proteins, mainly albumin. It is metab-
olised in the liver, primarily by the cytochrome P450
isoenzyme CYP3A4. Metabolites include α-hydroxy-
alprazolam, which is reported to be about half as active
as the parent compound, 4-hydroxyalprazolam, and an
inactive benzophenone. Plasma concentrations of
metabolites are very low. Alprazolam is excreted in
urine as unchanged drug and metabolites.
◊ References.
1. Greenblatt DJ, Wright CE. Clinical pharmacokinetics of alpra-

zolam: therapeutic implications. Clin Pharmacokinet 1993; 24:
453–71. 

2. Wright CE, et al. Pharmacokinetics and psychomotor perform-
ance of alprazolam: concentration-effect relationship. J Clin
Pharmacol 1997; 37: 321–9. 

3. Kaplan GB, et al. Single-dose pharmacokinetics and pharmaco-
dynamics of alprazolam in elderly and young subjects. J Clin
Pharmacol 1998; 38: 14–21. 

4. Park J-Y, et al. Effect of CYP3A5*3 genotype on the pharmacok-
inetics and pharmacodynamics of alprazolam in healthy sub-
jects. Clin Pharmacol Ther 2006; 79: 590–9.

Uses and Administration
Alprazolam is a short-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). It
is used in the short-term treatment of anxiety disorders
in oral doses of 250 to 500 micrograms three times dai-
ly, increased where necessary to a total daily dose of 3

or 4 mg. In elderly or debilitated patients, an initial
dose of 250 micrograms two or three times daily has
been suggested. For doses in patients with hepatic or
renal impairment, see below. 
Doses of up to 10 mg of alprazolam daily have been
used in the treatment of panic attacks. A modified-
release preparation of alprazolam is also available for
once-daily dosing.
Administration in hepatic or renal impairment. UK li-
censed product information advises caution when using alpra-
zolam in patients with hepatic or renal impairment; it is contra-
indicated in those with severe hepatic impairment. In the USA,
licensed product information states that patients with advanced
liver disease may be given an initial dose of 250 micrograms two
or three times daily.
Anxiety disorders. The management of anxiety disorders, in-
cluding the use of benzodiazepines, is discussed on p.952. 
References.
1. Cross-National Collaborative Panic Study, Second Phase Inves-

tigators. Drug treatment of panic disorder: comparative efficacy
of alprazolam, imipramine, and placebo. Br J Psychiatry 1992;
160: 191–202. 

2. Lepola UM, et al. Three-year follow-up of patients with panic
disorder after short-term treatment with alprazolam and imi-
pramine. Int Clin Psychopharmacol 1993; 8: 115–18. 

3. Pollack MH, et al. Long-term outcome after acute treatment with
alprazolam or clonazepam for panic disorder. J Clin Psychop-
harmacol 1993; 13: 257–63. 

4. Woodman CL, et al. Predictors of response to alprazolam and
placebo in patients with panic disorder. J Affect Disord 1994; 30:
5–13. 

5. Spiegel DA. Efficacy studies of alprazolam in panic disorder.
Psychopharmacol Bull 1998; 34: 191–5.

Depression. Although they may be useful for associated anxi-
ety, benzodiazepines are not usually considered appropriate for
treatment of depression (p.373); however, some drugs such as
alprazolam have been tried for this indication.1
1. Kravitz HM, et al. Alprazolam and depression: a review of risks

and benefits. J Clin Psychiatry 1993; 54: (suppl.): 78–84.

Premenstrual syndrome. Alprazolam has been reported1-3 to
have produced a marginal to good response in the premenstrual
syndrome (p.2099) but others have not found it to be of benefit,4
and the role of benzodiazepines is limited by their adverse ef-
fects. If benzodiazepines are selected it is recommended that in
order to reduce the risk of dependence and withdrawal symptoms
they should be carefully restricted to the luteal phase in selected
patients.5 Withdrawal symptoms may be more severe after short-
acting drugs such as alprazolam. Antidepressant drugs such as
SSRIs may be preferred.
1. Smith S, et al. Treatment of premenstrual syndrome with alpra-

zolam: results of a double-blind, placebo-controlled, randomized
crossover clinical trial. Obstet Gynecol 1987; 70: 37–43. 

2. Harrison WM, et al. Treatment of premenstrual dysphoria with
alprazolam: a controlled study. Arch Gen Psychiatry 1990; 47:
270–5. 

3. Freeman EW, et al. A double-blind trial of oral progesterone,
alprazolam, and placebo in treatment of severe premenstrual
syndrome. JAMA 1995; 274: 51–7. 

4. Evans SM, et al. Mood and performance changes in women with
premenstrual dysphoric disorder: acute effects of alprazolam.
Neuropsychopharmacology 1998; 19: 499–516. 

5. Mortola JF. A risk-benefit appraisal of drugs used in the manage-
ment of premenstrual syndrome. Drug Safety 1994; 10: 160–9.

Tinnitus. Alprazolam has been tried in the management of tin-
nitus (p.1866). 
References.
1. Johnson RM, et al. Use of alprazolam for relief of tinnitus: a

double-blind study. Arch Otolaryngol Head Neck Surg 1993;
119: 842–5. 

2. Huynh L, Fields S. Alprazolam for tinnitus. Ann Pharmacother
1995; 29: 311–12. 

3. Vernon JA, Meikle MB. Masking devices and alprazolam treat-
ment for tinnitus. Otolaryngol Clin North Am 2003; 36: 307–20.

Preparations
USP 31: Alprazolam Oral Suspension; Alprazolam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alplax; Alprazol; Amziax; Ansielix; Aplacaina; Bayzolam; Becede; Be-
strol; Calmol; Emeral; Isoproxal; Krama; Medronal; Nivelan N; Prenadona;
Prinox; Psicosedol; PTA; Relaxten; Retan†; Rilow; Tensium; Thiprasolan;
Tranquinal; Xanax; Austral.: Alprax; Kalma; Xanax; Austria: Alprastad; Al-
pratyrol†; Xanor; Belg.: Alpraz; Alprazomed; Docalprazo; Topazolam;
Xanax; Braz.: Alfron; Altrox; Apraz; Constante; Frontal; Neozolam; Tran-
quinal; Canad.: Apo-Alpraz; Novo-Alprazol; Nu-Alpraz; Xanax; Chile:
Adax; Grifoalpram; Prazam; Sanerva; Tricalma; Zotran; Cz.: Frontin; Helex;
Neurol; Xanax; Denm.: Alprox; Tafil; Fin.: Alprox; Xanor; Fr.: Xanax; Ger.:
Cassadan; Tafil; Xanax; Gr.: Antanax†; Saturnil; Xanax; Hong Kong: Alprax;
Nalion; Renax; Xanax; Hung.: Frontin; Xanax; India: Alprax; Alprocontin;
Anzilum†; Pacyl; Restyl; Tranax; Xycalm; Zolam; Indon.: Alganax; Alviz;
Atarax; Calmlet; Feprax; Frixitas; Soxietas; Xanax; Zypraz; Irl.: Alprox; Cal-
max; Gerax; Xanax; Israel: Alpralid; Alprox; Xanagis; Xanax; Ital.: Al-
pravecs; Alprazig; Frontal; Ibizolam†; Mialin; Valeans; Xanax; Malaysia: Al-
pranax; Apo-Alpraz; Xanax; Mex.: Alzam; Farmapram; Irizz; Neupax; Tafil;
Neth.: Xanax; Norw.: Xanor; NZ: Xanax; Philipp.: Xanor; Pol.: Afobam;
Alprazomerck; Alprox; Neurol; Xanax; Zomiren; Port.: Alpronax†; Pa-
zolam; Prazam; Unilan; Xanax; Rus.: Alzolam (Алзолам); Helex (Хелекс);
Neurol (Неурол); Xanax (Ксанакс)†; S.Afr.: Alzam; Anxirid†; Azor; Drim-
pam†; Xanolam†; Xanor ; Zopax; Singapore: Apo-Alpraz; Dizolam†;
Xanax; Zacetin†; Spain: Trankimazin; Swed.: Xanor; Switz.: Xanax; Thai.:
Alcelam; Alnax; Alprax; Anax; Anpress; Anzion†; Dizolam; Marzolam; Mi-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tranax†; Pharnax; Siampraxol; Xanacine; Xanax; Xiemed; Turk.: Xanax;
UK: Xanax; USA: Niravam; Xanax; Venez.: Abaxon; Alpram; Ansilan; Dan-
ox†; Tafil.
Multi-ingredient: Arg.: Alplax Digest; Alplax Net; Ansielix Digest; Euci-
ton Stress; Novo Vegestabil†; Sidomal; Tensium Gastric; Tranquinal Soma;
India: Fludep Plus; Restyl Forte; Restyl Plus; Stresnil; Zopax Plus.

Amisulpride (BAN, rINN)

Amisülprid; Amisulprid; Amisulprida; Amisulpridas; Amisulpridi;
Amisulpridum; Amiszulprid; DAN-216. 4-Amino-N-[(1-ethyl-2-
pyrrolidinyl)methyl]-5-(ethylsulphonyl)-2-methoxybenzamide;
(RS)-4-Amino-N-[(1-ethylpyrrolidin-2-yl)methyl]-5-(ethylsulfo-
nyl)-o-anisamide.
Амисульприд
C17H27N3O4S = 369.5.
CAS — 71675-85-9.
ATC — N05AL05.
ATC Vet — QN05AL05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Amisulpride). A white or almost white crystalline
powder. Practically insoluble in water; sparingly soluble in dehy-
drated alcohol; freely soluble in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
Although amisulpride may share some of the adverse
effects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. Insomnia, anxiety, and agitation are
common adverse effects with amisulpride. Other less
common effects include drowsiness and gastrointesti-
nal disorders such as constipation, nausea, vomiting,
and dry mouth. Allergic reactions, abnormal liver func-
tion tests, and seizures have been reported rarely. 
Hyperprolactinaemia, which may result in galactor-
rhoea, amenorrhoea, impaired fertility, gynaecomastia,
breast pain, and sexual dysfunction, has occurred with
amisulpride use. Weight gain has also been noted.
Dose-related extrapyramidal dysfunction may occur,
but symptoms such as acute dystonia, parkinsonism,
and akathisia are generally mild at licensed doses. Tar-
dive dyskinesia has been reported after long-term use
and there have been rare cases of neuroleptic malignant
syndrome. Hypotension and bradycardia have been re-
ported occasionally; QT prolongation, in rare cases
leading to torsade de pointes, has also been noted. The
risk of QT prolongation is increased by pre-existing
conditions such as bradycardia, hypokalaemia, and
congenital or acquired QT prolongation; patients
should be reviewed for these conditions before starting
amisulpride treatment. Certain medications may also
increase the risk (see Interactions, below). 
Amisulpride should not be given to patients with phaeo-
chromocytoma or prolactin-dependent tumours. It
should be used with caution in patients with severe re-
nal impairment, or a history of epilepsy or Parkinson’s
disease. The risk of hypotension and sedation is in-
creased in elderly patients. 
Amisulpride may affect the performance of skilled
tasks including driving. 
Withdrawal symptoms have occurred rarely when ami-
sulpride has been stopped abruptly; a gradual dose re-
duction may be appropriate when stopping amisul-
pride.
Dementia. The FDA has issued advice against the use of atyp-
ical antipsychotics in the treatment of behavioural problems in
elderly patients with dementia after analysis of placebo-control-
led studies showed an increased risk of mortality with certain
drugs of this class. See under Risperidone, p.1024.

Effects on body-weight. A review1 has suggested that the risk
of weight gain with amisulpride treatment is less than with olan-
zapine or risperidone, although cases have been reported.2 The
increased risk of weight gain with some atypical antipsychotics
is also discussed under Adverse Effects of Clozapine, p.981.
1. McKeage K, Plosker GL. Amisulpride: a review of its use in the

management of schizophrenia. CNS Drugs 2004; 18: 933–56. 
2. Papadimitriou GN, et al. Acute weight gain induced by amisul-

pride monotherapy in a first-episode schizophrenic patient. Int
Clin Psychopharmacol 2006; 21: 181–4.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981.
Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.
Overdosage. The effects of overdosage of amisulpride in 2 pa-
tients have been reported.1 The first patient had taken about 3 g
of amisulpride and an unknown amount of dosulepin and was
found to have had a blood-amisulpride concentration of
9.63 micrograms/mL. Generalised convulsions, which resolved
spontaneously, were followed by coma, motor restlessness, tachy-
cardia, and slight prolongation of the QT interval. The patient
was treated with gastric lavage and had recovered within 48
hours. The second patient, who had been found dead, had a
blood-amisulpride concentration of 41.7 micrograms/mL. Se-
vere cardiotoxicity occurred in 4 further cases of amisulpride
overdoses of between about 4 and 32 g reported to Australian
poisons information centres;2 all 4 had marked QT prolongation,
with bundle branch block or torsade de pointes, and one, who
was thought to have ingested between 16 and 24 g, died after
cardiac arrest.
1. Tracqui A, et al. Amisulpride poisoning: a report on two cases.

Hum Exp Toxicol 1995; 14: 294–8. 
2. Isbister GK, et al. Amisulpride deliberate self-poisoning causing

severe cardiac toxicity including QT prolongation and torsades
de pointes. Med J Aust 2006; 184: 354–6.

Pregnancy. For comments on the use of some atypical antipsy-
chotics during pregnancy, see under Precautions of Clozapine,
p.983.

Interactions
Amisulpride should not be given with drugs that may
induce arrhythmias (including torsade de pointes);
such drugs include some antiarrhythmics, cisapride,
thioridazine, erythromycin, and halofantrine. The risk
of arrhythmias is also increased with drugs that pro-
long the QT interval, such as pimozide, haloperidol,
and tricyclic antidepressants, and with drugs that pro-
duce bradycardia or hypokalaemia, including beta
blockers, some calcium-channel blockers, clonidine,
digoxin, guanfacine, potassium-depleting diuretics,
and lithium; use of these drugs with amisulpride re-
quires caution. 
The central effects of other CNS depressants including
alcohol may be enhanced by amisulpride. Amisulpride
may also enhance the effects of antihypertensive drugs.
The dopamine-blocking activity of amisulpride may
antagonise the actions of dopaminergics such as levo-
dopa and they should not be given together.
◊ In 7 patients receiving amisulpride, introduction of lithium re-
sulted in an average increase of 32% of the dose-corrected plas-
ma concentration of amisulpride.1 An earlier study had noted that
plasma concentrations of amisulpride were raised in patients also
taking clozapine.2
1. Bergemann N, et al. Increase in plasma concentrations of ami-

sulpride after receiving co-medication with lithium. Pharma-
copsychiatry 2005; 38: 44. 

2. Bergemann N, et al. Plasma amisulpride levels in schizophrenia
or schizoaffective disorder. Eur Neuropsychopharmacol 2004;
14: 245–50.

Pharmacokinetics
Amisulpride is absorbed from the gastrointestinal tract
but bioavailability is reported to be only about 48%.
An initial peak in plasma concentration has been re-
ported to occur 1 hour after oral doses and a second
higher peak after 3 to 4 hours. Plasma protein binding
is reported to be only about 16%. Metabolism is limit-
ed, with most of a dose appearing in the urine as un-
changed drug. The terminal elimination half-life is
about 12 hours.
◊ References.
1. Rosenzweig P, et al. A review of the pharmacokinetics, tolerabil-

ity and pharmacodynamics of amisulpride in healthy volunteers.
Hum Psychopharmacol 2002; 17: 1–13.

Uses and Administration
Amisulpride is a substituted benzamide atypical anti-
psychotic. It is reported to have a high affinity for
dopamine D2 and D3 receptors. Amisulpride is used
mainly in the management of psychoses such as schiz-
ophrenia but in some countries it has also been tried in
depression (p.373). 
For acute psychotic episodes in adults and adolescents
aged 15 years and over a daily dosage of between 400
and 800 mg may be given orally in 2 divided doses,
increased if necessary to 1200 mg daily. For patients
with mainly negative symptoms, daily doses between
50 and 300 mg are recommended. Daily doses of up to
300 mg may be given as a single dose. Amisulpride has
also been given by intramuscular injection in doses of
400 mg daily.
Administration in renal impairment. For patients with re-
nal impairment, the oral dose of amisulpride should be reduced
according to creatinine clearance (CC): 
• CC between 30 and 60 mL/minute, half the usual dose 
• CC between 10 and 30 mL/minute, one-third the usual dose 
Similar reductions are also recommended when amisulpride is
given intramuscularly.
Schizophrenia. Reviews1,2 of amisulpride indicate that it may
be more effective than classical antipsychotics against general
and negative symptoms of schizophrenia (p.955), and has fewer
extrapyramidal adverse effects.
1. Leucht S, et al. Amisulpride, an unusual "atypical" antipsychot-

ic: a meta-analysis of randomized controlled trials. Am J Psychi-
atry 2002; 159: 180–90. 

2. Mota Neto JIS, et al. Amisulpride for schizophrenia. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2002 (accessed 24/05/05).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Enorden; Austral.: Solian; Austria: Majorem; Solian; Belg.: Solian;
Braz.: Socian; Chile: Socian; Cz.: Deniban; Solian; Denm.: Solian; Fr.: So-
lian; Ger.: Amisulid; Solian; Gr.: Solian; Hong Kong: Solian; Hung.: Ami-
prid; Amitrex; Irl.: Solian; Israel: Solian; Ital.: Deniban; Solian; Sulamid;
Mex.: Solian; Norw.: Solian; NZ: Solian; Philipp.: Solian; Pol.: Solian;
Port.: Amitrex; Socian; Rus.: Solian (Солиан); S.Afr.: Solian; Singapore:
Solian; Spain: Amilande†; Solian; Switz.: Solian; Turk.: Solian; UK: Solian.

Amobarbital (BAN, rINN)

Amobarbitaali; Amobarbitál; Amobarbitalis; Amobarbitalum;
Amylobarbitone; Pentymalum. 5-Ethyl-5-isopentylbarbituric acid.

Амобарбитал
C11H18N2O3 = 226.3.
CAS — 57-43-2.
ATC — N05CA02.
ATC Vet — QN05CA02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of amobarbital: 
Amys; Birds; Blue; Blue angels; Blue birds; Blue bullets; Blue
clouds; Blue devils; Blue dolls; Blue heaven; Blue heavens;
Blues.
Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Amobarbital). A white or almost white, crystalline
powder. Very slightly soluble in water; freely soluble in alcohol;
soluble in dichloromethane. Forms water-soluble compounds
with alkali hydroxides and carbonates and with ammonia.

Amobarbital Sodium (BANM, rINNM)

Amobarbitaalinatrium; Amobarbital sódico; Amobarbital sodi-
que; Amobarbital sodná sůl; Amobarbitalio natrio druska; Amo-
barbitalnatrium; Amobarbitál-nátrium; Amobarbitalum natricum;
Amylobarbitone Sodium; Barbamylum; Natrii Amobarbitalum;
Pentymalnatrium; Sodium Amobarbital; Soluble Amylobarbi-
tone. Sodium 5-ethyl-5-isopentylbarbiturate.

Натрий Амобарбитал
C11H17N2NaO3 = 248.3.
CAS — 64-43-7.
ATC — N05CA02.
ATC Vet — QN05CA02.
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Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Jpn includes Amobarbital Sodium for Injection. 
Ph. Eur. 6.2 (Amobarbital Sodium). A white or almost white,
hygroscopic, granular powder. Very soluble in carbon dioxide-
free water (a small fraction may be insoluble); freely soluble in
alcohol. A 10% solution in water has a pH of not more than 11.0.
Store in airtight containers. 
USP 31 (Amobarbital Sodium). A white, odourless, hygroscop-
ic, friable, granular powder. Very soluble in water; soluble in al-
cohol; practically insoluble in chloroform and in ether. Solutions
decompose on standing; decomposition is accelerated by heat.
pH of a 10% solution in water is not more than 11.0. Store in air-
tight containers.
Incompatibility. Amobarbital may be precipitated from prepa-
rations containing amobarbital sodium, depending on the con-
centration and pH. Amobarbital sodium has, therefore, been re-
ported to be incompatible with many other drugs, particularly
acids and acidic salts.
Dependence and Withdrawal of Barbiturates
The development of dependence is a high risk with amobarbital
and other barbiturates and may occur after regular use even in
therapeutic doses for short periods. Barbiturates should not
therefore be stopped abruptly, but should be withdrawn by grad-
ual reduction of the dose over a period of days or weeks. A long-
acting barbiturate such as phenobarbital may be substituted for a
short- or intermediate-acting one, followed by gradual reduction
of the phenobarbital dose. 
Withdrawal symptoms are similar to those of alcohol withdrawal
and are characterised after several hours by apprehension and
weakness, followed by anxiety, headache, dizziness, irritability,
tremors, nausea and vomiting, abdominal cramps, insomnia, dis-
tortion in visual perception, muscle twitching, and tachycardia.
Orthostatic hypotension and convulsions may develop after a
day or two, sometimes leading to status epilepticus. Hallucina-
tions and delirium tremens may develop after several days fol-
lowed by coma before the symptoms disappear or death occurs.
Adverse Effects
Drowsiness, sedation, and ataxia are the most frequent adverse
effects of amobarbital and other barbiturates and are a conse-
quence of dose-related CNS depression. Other adverse effects in-
clude respiratory depression, headache, gastrointestinal distur-
bances, skin reactions, confusion, and memory defects.
Paradoxical excitement and irritability may occur, particularly in
children, the elderly, and patients in acute pain. Hypersensitivity
reactions occur rarely and include skin rashes (erythema multi-
forme and exfoliative dermatitis, sometimes fatal, have been re-
ported), hepatitis and cholestasis, and photosensitivity. Blood
disorders, including megaloblastic anaemia after chronic use of
barbiturates, have also occurred occasionally. 
Neonatal intoxication, drug dependence, and symptoms resem-
bling vitamin-K deficiency have been reported in infants born to
mothers who received barbiturates during pregnancy. Congenital
malformations have been reported in children of women who
took barbiturates during pregnancy, but the causal role is a matter
of some debate. 
Nystagmus, miosis, slurred speech, and ataxia may occur with
excessive doses of barbiturates. The toxic effects of overdosage
result from profound central depression and include coma, respi-
ratory and cardiovascular depression, with hypotension and
shock leading to renal failure and death. Hypothermia may occur
with subsequent pyrexia on recovery. Erythematous or haemor-
rhagic blisters reportedly occur in about 6% of patients, but are
not characteristic solely of barbiturate poisoning. 
Solutions of the sodium salts of barbiturates are extremely alka-
line, and necrosis has followed subcutaneous injection. Intrave-
nous injection may be hazardous; hypotension, shock, laryngos-
pasm, and apnoea have occurred particularly after rapid
injection. Gangrene has resulted from intra-arterial injection into
an extremity.
Overdosage. A detailed review of drug-induced stupor and co-
ma, including that caused by barbiturates.1
1. Ashton CH, et al. Drug-induced stupor and coma: some physical

signs and their pharmacological basis. Adverse Drug React
Acute Poisoning Rev 1989; 8: 1–59.

Treatment of Adverse Effects
After an overdose of a barbiturate, endotracheal intubation may
be necessary if the patient is unconscious. Giving activated char-
coal by mouth or nasogastric tube is recommended in patients
who have ingested more than 10 mg/kg and present within 1
hour of ingestion; repeat doses may be necessary. Patients should
be managed with intensive supportive therapy, with particular at-
tention being paid to the maintenance of cardiovascular, respira-
tory, and renal functions, and to the maintenance of the electro-
lyte balance. Charcoal haemoperfusion can be life-saving in the
most severe cases and should be considered if there is no im-
provement after 24 hours of supportive care. The value of other
measures aimed at the active removal of barbiturates is question-
able.
Precautions
Amobarbital and other barbiturates are best avoided in elderly
and debilitated patients, in young adults, in children, and in those
with depression. 

Amobarbital is contra-indicated in patients with pulmonary in-
sufficiency, sleep apnoea, pre-existing CNS depression or coma,
and severe hepatic impairment, and should be given with caution
to those with renal impairment. Barbiturates given to patients in
pain may provoke a paradoxical excitatory reaction, unless an
analgesic is also given. With continued use, tolerance develops
to the sedative or hypnotic effects of the barbiturates to a greater
extent than to their lethal effects. Barbiturates may cause drowsi-
ness which may persist the next day; affected patients should not
drive or operate machinery. 
See Adverse Effects, above, for the hazards of giving barbitu-
rates during pregnancy and Breast Feeding, below, for cautions
on their use in nursing mothers. 
Dependence readily develops after use of barbiturates with a
withdrawal syndrome if stopped abruptly (see Dependence and
Withdrawal, above). 
Barbiturates are abused for their euphoriant effects.
Breast feeding. Small amounts of barbiturates are distributed
into breast milk, and most authorities, such as the BNF, consider
that they should not be taken while breast feeding. The American
Academy of Pediatrics notes1 that the long-acting antiepileptic
barbiturate, phenobarbital, has been associated with significant
effects on some nursing infants, although it suggests that some
other barbiturates may be compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04)

Porphyria. Barbiturates including amobarbital have been asso-
ciated with acute attacks of porphyria and are considered unsafe
in porphyric patients.
Interactions
Sedation or respiratory depression may be enhanced by drugs
with CNS-depressant properties; in particular alcohol should be
avoided. Barbiturates generally induce liver enzymes, and thus
increase the rate of metabolism (and decrease the activity) of
many other drugs as well as endogenous substances. Continued
use may result in induction of their own metabolism. MAOIs
may prolong the CNS depressant effects of some barbiturates,
probably by inhibition of their metabolism. However, MAOIs,
like other antidepressants, also reduce the convulsive threshold
and thereby antagonise the anticonvulsant action of barbiturates. 
For some further interactions involving barbiturates, see under
Phenobarbital, p.493.
Pharmacokinetics
Amobarbital is readily absorbed from the gastrointestinal tract. It
is about 60% bound to plasma proteins. It has a half-life of about
20 to 25 hours which is considerably extended in neonates. It
crosses the placenta and small amounts are distributed into breast
milk. Amobarbital is metabolised in the liver; up to about 50% is
excreted in the urine as 3′-hydroxyamylobarbital and up to about
30% as N-hydroxyamylobarbital, less than 1% appearing un-
changed; up to about 5% is excreted in the faeces.
Uses and Administration
Amobarbital is a barbiturate that has been used as a hypnotic and
sedative. Its use can no longer be recommended because of its
adverse effects and risk of dependence, although continued use
may occasionally be considered necessary for severe intractable
insomnia (p.957) in patients already taking it. The usual oral dose
was 100 to 200 mg of the base or 60 to 200 mg of the sodium salt,
taken at bedtime. A more rapid onset of effect was obtained with
the sodium salt. 
Barbiturates with a longer action such as phenobarbital (p.492)
are still used in epilepsy and those with a shorter action such as
methohexital (p.1788) or thiopental (p.1795) for anaesthesia.
Cerebrovascular disorders. For reference to the use of bar-
biturate-induced coma in the management of patients with cere-
bral ischaemia, see p.1796.
Epilepsy. Amobarbital is used for specialised procedures in ex-
pert epilepsy centres only. It is given by deep intramuscular or
slow intravenous injection as the sodium salt.
Preparations
USP 31: Amobarbital Sodium for Injection; Secobarbital Sodium and Amo-
barbital Sodium Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Amytal†; Neur-Amyl†; Canad.: Amytal†; Hung.: Dorlotyn†;
UK: Amytal; USA: Amytal.

Multi-ingredient: Arg.: Cuait N; Hung.: Tardyl†; S.Afr.: Repasma;
Thai.: Ama; UK: Tuinal; USA: Tuinal.

Amperozide (BAN, rINN)

Amperozida; Ampérozide; Amperozidum; FG-5606. 4-[4,4-
Bis(4-fluorophenyl)butyl]-N-ethylpiperazine-1-carboxamide.
Амперозид
C23H29F2N3O = 401.5.
CAS — 75558-90-6 (amperozide); 75529-73-6 (ampero-
zide hydrochlor ide).
ATC Vet — QN05AX90.

Profile
Amperozide is an antipsychotic that has been used in veterinary
medicine.

Aripiprazole (BAN, USAN, rINN)

Aripiprazol; Aripiprazolum; OPC-31; OPC-14597. 7-{4-[4-(2,3-
Dichlorophenyl)-piperazin-1-yl]butoxy}-3,4-dihydroquinolin-
2(1H)-one.
Арипипразол
C23H27Cl2N3O2 = 448.4.
CAS — 129722-12-9.
ATC — N05AX12.
ATC Vet — QN05AX12.

Adverse Effects, Treatment, and Precau-
tions
Although aripiprazole may share some of the adverse
effects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. Common adverse effects with arip-
iprazole include gastrointestinal disorders such as con-
stipation, dyspepsia, nausea, and vomiting, headache,
anxiety, insomnia, lightheadedness, and drowsiness.
Weight gain has been reported; however, this appears
to be slight. The incidence of extrapyramidal effects
with aripiprazole is low with akathisia being most
commonly reported. Tardive dyskinesia has been re-
ported infrequently and there have been a few cases of
neuroleptic malignant syndrome. 
Tachycardia and orthostatic hypotension are uncom-
mon with aripiprazole treatment; bradycardia, ven-
tricular arrhythmias, cardiac arrest, and sudden unex-
plained death have been reported very rarely as have
QT prolongation and torsade de pointes. Nonetheless
aripiprazole should be used with caution in patients
with cardiovascular or cerebrovascular disease, or in
those with conditions that would predispose to hypo-
tension. 
Seizures are rare with aripiprazole but it should be used
with care in those with a history of seizures or with
conditions that lower the seizure threshold. 
When aripiprazole is used as an adjunct in depression,
patients should be closely monitored during early ther-
apy until significant improvement in depression is ob-
served because suicide is an inherent risk in depressed
patients. For further details, see under Depression,
p.373. 
Aripiprazole may affect the performance of skilled
tasks including driving.
◊ References.
1. Marder SR, et al. Aripiprazole in the treatment of schizophrenia:

safety and tolerability in short-term, placebo-controlled trials.
Schizophr Res 2003; 61: 123–36.

Dementia. The FDA1 has issued advice against the use of atyp-
ical antipsychotics in the treatment of behavioural problems in
elderly patients with dementia after analysis of placebo-control-
led studies showed an increased risk of mortality with certain
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

drugs of this class, including aripiprazole; most of the deaths ap-
peared due to cardiovascular events or infection. See also under
Risperidone, p.1024. 
The manufacturer subsequently also included a warning in the
licensed product information for aripiprazole about evidence of
a dose-response relationship between cerebrovascular adverse
events and the use of aripiprazole in elderly patients with psycho-
sis associated with Alzheimer’s disease.
1. FDA. FDA issues public health advisory for antipsychotic drugs

used for treatment of behavioral disorders in elderly patients (is-
sued 11th April, 2005). Available at: http://www.fda.gov/bbs/
topics/ANSWERS/2005/ANS01350.html (accessed 24/05/05)

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981. 
Further references.
1. McQuade RD, et al. A comparison of weight change during

treatment with olanzapine or aripiprazole: results from a rand-
omized, double-blind study. J Clin Psychiatry 2004; 65 (suppl
18): 47–56.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981.

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.

Overdosage. The manufacturer has reported that patients have
taken estimated overdoses of up to 1080 mg of aripiprazole with
no fatalities. Signs and symptoms have included nausea, vomit-
ing, asthenia, diarrhoea, and somnolence. In one report a 27-
year-old woman who ingested 330 mg of aripiprazole with cy-
clobenzaprine 10 mg and quetiapine 25 mg was found to be
drowsy but easily rousable 50 minutes later.1 Initial treatment
consisted of oral activated charcoal; recovery was subsequently
uneventful. Serum concentrations of aripiprazole and its main
metabolite dehydro-aripiprazole, measured 195 minutes after in-
gestion, were 596 nanograms/mL and 120 nanograms/mL re-
spectively. In another report2 a 2 ⁄ -year-old child vomited and
became lethargic within 1 hour of taking 195 mg of aripiprazole
(17.1 mg/kg). Activated charcoal was given 3 hours after inges-
tion but she subsequently became unconscious. However, respi-
ratory support was not required and the child gradually regained
consciousness over the next 24 hours. Symptoms of somnolence,
ataxia and tremulousness resolved over 7 days. The serum con-
centration of aripiprazole plus dehydro-aripiprazole was found to
be 1873 nanograms/mL 10 hours after ingestion.
1. Carstairs SD, Williams SR. Overdose of aripiprazole, a new type

of antipsychotic. J Emerg Med 2005; 28: 311–13. 
2. Seifert SA. Aripiprazole (Abilify ) overdose in a 2.5 year-old. J

Toxicol Clin Toxicol 2003; 41: 647–8.

Pregnancy. For comments on the use of some atypical antipsy-
chotics, including aripiprazole, during pregnancy, see under Pre-
cautions of Clozapine, p.983. 
Licensed product information states that aripiprazole showed
possible teratogenic effects in some animals; it was noted that
there are no adequate and well-controlled studies in human preg-
nancy. Aripiprazole should only be used if the benefits to the
mother outweigh the risks to the fetus.

Interactions
The central effects of other CNS depressants including
alcohol may be enhanced by aripiprazole. Aripiprazole
may also enhance the effects of antihypertensive drugs.
It should be used with caution in patients also receiving
drugs that prolong the QT interval or cause electrolyte
imbalance. 
Aripiprazole is metabolised by the cytochrome P450
isoenzymes CYP3A4 and CYP2D6. Ketoconazole, a
potent CYP3A4 inhibitor, can increase aripiprazole
plasma concentrations by about 60%; licensed product
information states that the dose of aripiprazole should
be reduced by half when given with ketoconazole.
Similarly, the dose of aripiprazole should be halved
when given with quinidine, a potent inhibitor of
CYP2D6. Conversely, plasma concentrations of arip-
iprazole may decrease by about 70% when given with
carbamazepine, a potent CYP3A4 inducer; the dose of
aripiprazole should be doubled if carbamazepine is
added to aripiprazole treatment. Similar effects may
occur with other potent inhibitors or inducers of these
isoenzymes and a reduced or increased dose of arip-
iprazole, respectively, in such combinations is recom-
mended.

Antiepileptics. For a report of Stevens-Johnson syndrome oc-
curring on use of aripiprazole with lamotrigine, see p.486.

Pharmacokinetics
Aripiprazole is well absorbed from the gastrointestinal
tract after oral doses with peak plasma concentrations
reached in about 3 to 5 hours. Following intramuscular
injection, peak plasma concentrations are reached be-
tween 1 to 3 hours. The absolute bioavailability is re-
ported to be 87% with tablet formulations and 100%
with the intramuscular injection; it is widely distribut-
ed. Aripiprazole is metabolised mainly in the liver and
pathways involved include dehydrogenation and hy-
droxylation, via the cytochrome P450 isoenzymes
CYP3A4 and CYP2D6, and N-dealkylation, via
CYP3A4. The major metabolite, dehydro-aripiprazole,
is also active and represents about 40% of the plasma
levels of aripiprazole. The mean elimination half-lives
of aripiprazole and dehydro-aripiprazole are about 75
and 95 hours, respectively; in a minority of poor me-
tabolisers the half-life of aripiprazole may be extended
to about 146 hours. Protein binding of aripiprazole and
its major metabolite is about 99%, mainly to albumin.
Elimination is mostly in the faeces (about 55%), with
about 25% of a dose appearing in the urine, mainly in
the form of metabolites. On the basis of studies in rats,
it is thought to be distributed into breast milk.
◊ References.
1. Mallikaarjun S, et al. Pharmacokinetics, tolerability, and safety

of aripiprazole following multiple oral dosing in normal healthy
volunteers. J Clin Pharmacol 2004; 44: 179–87.

Uses and Administration
Aripiprazole is an atypical antipsychotic that has sero-
tonin 5-HT1A-receptor partial agonist and 5-HT2A-re-
ceptor antagonist properties as well as being a partial
agonist at dopamine D2 receptors. It is used in the man-
agement of schizophrenia and in acute manic or mixed
episodes associated with bipolar disorder. Aripiprazole
is also used as an adjunct in the treatment of depres-
sion. 
For the treatment of schizophrenia, aripiprazole is giv-
en in an initial oral dose of 10 or 15 mg once daily. The
usual maintenance dose is 15 mg once daily although
the dose may be adjusted at intervals of not less than 2
weeks up to a maximum of 30 mg daily. 
Aripiprazole is also used for the treatment of mania
associated with bipolar disorder. In the USA, it is given
in an initial oral dose of 30 mg once daily, this may
subsequently be decreased to 15 mg once daily accord-
ing to tolerance. Similar doses are licensed in the UK
although licensed product information recommends an
initial dose of 15 mg once daily. 
Aripiprazole may be given by deep intramuscular in-
jection for acute agitation in patients with schizophre-
nia or bipolar mania. The recommended initial dose is
9.75 mg although some patients may only need
5.25 mg and others up to 15 mg. If necessary, further
doses may be given after at least 2 hours, up to a max-
imum total daily dose of 30 mg. Patients should be
switched to oral therapy as soon as possible if ongoing
treatment is required. 
Aripiprazole is used as adjunctive therapy in depres-
sion. US licensed product information recommends an
initial oral dose of 2 to 5 mg once daily, which may be
adjusted in increments of up to 5 mg at intervals of not
less than 1 week to a maximum of 15 mg daily. The
usual recommended dose is 5 to 10 mg once daily. 
Dose adjustments of aripiprazole may be necessary in
patients also taking potent inhibitors or inducers of cy-
tochrome P450 isoenzymes. See Interactions, above
for further details. 
For details of uses and associated doses in children, see
below.
Administration in children. In the USA, aripiprazole may be
used for the treatment of schizophrenia in adolescents aged 13 to
17 years and for the treatment of acute manic or mixed episodes

associated with bipolar disorder in those aged 10 to 17 years. For
both indications, the recommended initial oral dose is 2 mg daily
increased to 5 mg daily after 2 days and then to the target dose of
10 mg daily after another 2 days; subsequent dose increases
should be made in 5-mg increments up to a total maximum dose
of 30 mg daily. 
Dose adjustments of aripiprazole may be necessary in patients
also taking potent inhibitors or inducers of cytochrome P450
isoenzymes. See Interactions, above for further details.

Psychiatric disorders. Aripiprazole is used in the manage-
ment of schizophrenia (p.955) and bipolar disorder (p.372).1-9

Although data are scanty, systematic reviews8,9 have concluded
that aripiprazole does not have significant advantages over other
atypical and classical antipsychotics in the treatment of schizo-
phrenia. However, it was found to have a lower risk for hyperpro-
lactinaemia and QT interval prolongation compared with other
atypical antipsychotics, and a higher risk for insomnia compared
with classical antipsychotics. Aripiprazole is also used as an ad-
junct in the treatment of depression.10,11

1. McGavin JK, Goa KL. Aripiprazole. CNS Drugs 2002; 16:
779–86. 

2. Goodnick PJ, Jerry JM. Aripiprazole: profile on efficacy and
safety. Expert Opin Pharmacother 2002; 3: 1773–81. 

3. Taylor DM. Aripiprazole: a review of its pharmacology and
clinical use. Int J Clin Pract 2003; 57: 49–54. 

4. Keck PE, McElroy SL. Aripiprazole: a partial dopamine D2 re-
ceptor agonist antipsychotic. Expert Opin Invest Drugs 2003;
12: 655–62. 

5. Bowles TM, Levin GM. Aripiprazole: a new atypical antipsy-
chotic drug. Ann Pharmacother 2003; 37: 687–94. 

6. Keck PE, et al. A placebo-controlled, double-blind study of the
efficacy and safety of aripiprazole in patients with acute bipolar
mania. Am J Psychiatry 2003; 160: 1651–8. 

7. Harrison TS, Perry CM. Aripiprazole: a review of its use in
schizophrenia and schizoaffective disorder. Drugs 2004; 64:
1715–36. 

8. El-Sayeh HG, Morganti C. Aripiprazole for schizophrenia.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2006 (accessed 15/05/06). 

9. Bhattacharjee J, El-Sayeh HGG. Aripiprazole versus typicals for
schizophrenia. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2008 (accessed
07/04/08). 

10. Berman RM, et al. The efficacy and safety of aripiprazole as
adjunctive therapy in major depressive disorder: a multicenter,
randomized, double-blind, placebo-controlled study. J Clin Psy-
chiatry 2007; 68: 843–53. 

11. Marcus RN, et al. The efficacy and safety of aripiprazole as ad-
junctive therapy in major depressive disorder: a second multi-
center, randomized, double-blind, placebo-controlled study. J
Clin Psychopharmacol 2008; 28: 156–65.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Arlemide; Groven; Irazem; Siblix; Austral.: Abilify; Belg.: Abilify;
Braz.: Abilify; Chile: Abilify; Azymol; Viza; Cz.: Abilify; Denm.: Abilify; Fin.:
Abilify; Fr.: Abilify; Ger.: Abilify; Gr.: Abilify; Hong Kong: Abilify; Hung.:
Abilify; India: Real One; Indon.: Abilify; Irl.: Abilify; Ital.: Abilify; Malaysia:
Abilify; Mex.: Abilify; Neth.: Abilify; Norw.: Abilify; NZ: Abilify; Philipp.:
Abilify; Port.: Abilify; S.Afr.: Abilify; Singapore: Abilify; Spain: Abilify;
Swed.: Abilify; Switz.: Abilify; Thai.: Abilify; UK: Abilify; USA: Abilify; Ven-
ez.: Abilify.

Avizafone (BAN, rINN)

Avizafona; Avizafonum; Prodiazepam; Ro-03-7355; Ro-03-
7355/000; Ro-03-7355/002 (avizafone hydrochloride). L-Lysyl-
(2′-benzoyl-4′-chloro-N′-methyl)glycinanilide.

Авизафон
C22H27ClN4O3 = 430.9.
CAS — 65617-86-9 (avizafone); 60067-16-5 (avizafone
hydrochloride).

Profile
Avizafone is rapidly metabolised in the body to diazepam
(p.986) and is included as the anticonvulsant component of an
intramuscular injection used by military personnel as an antidote
to nerve agents. The usual dose of avizafone given in this prepa-
ration is 10 mg, repeated every 15 minutes if necessary up to a
total dose of 30 mg.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: UK: Nerve Agent Antidote L4A1.
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Azaperone (BAN, USAN, rINN)

Atsaperoni; Azaperon; Azaperona; Azapérone; Azaperonum; R-
1929. 4′-Fluoro-4-[4-(2-pyridyl)piperazin-1-yl]butyrophenone.

Азаперон

C19H22FN3O = 327.4.
CAS — 1649-18-9.
ATC Vet — QN01AX91; QN05AD90.

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only. 
Ph. Eur. 6.2 (Azaperone for Veterinary Use; Azaperone BP(Vet)
2008). A white or almost white powder. It exhibits polymor-
phism. Practically insoluble in water; soluble in alcohol; freely
soluble in acetone and in dichloromethane. Protect from light. 
USP 31 (Azaperone). M.p. 92° to 95°. Protect from light.

Profile
Azaperone is a butyrophenone antipsychotic used as a tranquil-
liser in veterinary medicine.

Barbital (BAN, rINN)

Barbitaali; Barbitál; Barbitalis; Barbitalum; Barbitone; Diemalum;
Diethylmalonylurea. 5,5-Diethylbarbituric acid.

Барбитал

C8H12N2O3 = 184.2.
CAS — 57-44-3.
ATC — N05CA04.
ATC Vet — QN05CA04.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Barbital). A white or almost white, crystalline pow-
der or colourless crystals. Slightly soluble in water; soluble in
boiling water and in alcohol. It forms water-soluble compounds
with alkali hydroxides and carbonates and with ammonia.

Barbital Sodium (BANM, rINN)

Barbital de sodio; Barbital sódico; Barbital sodique; Barbital sod-
owy; Barbitalum Natricum; Barbitone Sodium; Diemalnatrium;
Soluble Barbitone. Sodium 5,5-diethylbarbiturate.

Барбитал Натрий

C8H11N2NaO3 = 206.2.
CAS — 144-02-5.
ATC — N05CA04.
ATC Vet — QN05CA04.

Profile
Barbital is a barbiturate with general properties similar to those
of amobarbital (p.961). It was formerly used for its hypnotic and
sedative properties but barbiturates are no longer considered ap-
propriate for such purposes.

Benperidol (BAN, USAN, rINN)

Benpéridol; Benperidoli; Benperidolis; Benperidolum; Benzperi-
dol; CB-8089; McN-JR-4584; R-4584. 1-{1-[3-(4-Fluoroben-
zoyl)propyl]-4-piperidyl}benzimidazolin-2-one.

Бенперидол

C22H24FN3O2 = 381.4.
CAS — 2062-84-2.
ATC — N05AD07.
ATC Vet — QN05AD07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Benperidol). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; slightly
soluble in alcohol; soluble in dichloromethane; freely soluble in
dimethylformamide. Protect from light.

Profile
Benperidol is a butyrophenone with general properties similar to
those of haloperidol (p.1000). Doses of 0.25 to 1.5 mg daily in
divided doses are given orally in the management of deviant sex-
ual behaviour. Elderly or debilitated patients may require re-
duced doses and half the usual dose may be sufficient. 
In some countries benperidol is given by mouth or parenterally
for the treatment of psychotic conditions (p.954).

Deviant sexual behaviour. Results of a double-blind placebo-
controlled crossover study found no difference between the ef-
fect of benperidol 1.25 mg daily, chlorpromazine 125 mg daily,
or placebo on sexual drive and arousal in 12 paedophilic sexual
offenders, except for a lower frequency of sexual thoughts with
benperidol.1 The effects of benperidol are unlikely to be suffi-
cient to control severe forms of antisocial sexually deviant be-
haviour. The management of deviant sexual behaviour is dis-
cussed under Disturbed Behaviour on p.954.
1. Tennent G, et al. The control of deviant sexual behaviour by

drugs: a double-blind controlled study of benperidol, chlorpro-
mazine, and placebo. Arch Sex Behav 1974; 3: 261–71.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Frenactil; Ger.: Glianimon; Gr.: Glianimon; Irl.: Anquil†; Neth.:
Frenactil; UK: Anquil; Benquil†.

Bentazepam (USAN, rINN)

Bentazépam; Bentazepamum; CI-718; QM-6008. 1,3,6,7,8,9-
Hexahydro-5-phenyl-2H-[1]benzothieno[2,3-e]-1,4-diazepin-2-
one.

Бентазепам
C17H16N2OS = 296.4.
CAS — 29462-18-8.

Profile
Bentazepam is a benzodiazepine with general properties similar
to those of diazepam (p.986). It has been given, in usual oral dos-
es of 25 mg every 8 hours, in the short-term treatment of anxiety
disorders; it has also been used in insomnia.

Effects on the liver. Severe chronic active hepatitis has been
reported in a 65-year-old man who had received long-term treat-
ment with bentazepam.1
1. Andrade RJ, et al. Bentazepam-associated chronic liver disease.

Lancet 1994; 343: 860.

Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Tiadipona.

Blonanserin (rINN)

AD-5423; Blonanserina; Blonansérine; Blonanserinum. 2-(4-
Ethyl-1-piperazinyl)-4-(p-fluorophenyl)-5,6,7,8,9,10-hexahydro-
cyclo-octa[b]pyridine.

Блонансерин
C23H30FN3 = 367.5.
CAS — 132810-10-7.

Profile
Blonanserin is an antipsychotic reported to be an antagonist at
dopamine D2 and serotonin (5-HT2) receptors. It is given orally
for the treatment of schizophrenia in an initial dose of 4 mg twice
daily, increased gradually according to response thereafter. The
usual maintenance dose is 8 to 16 mg daily; the maximum daily
dose is 24 mg.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Lonasen.

Brallobarbital (rINN)

Brallobarbitaali; Brallobarbitalum; Bralobarbital; UCB-5033. 5-Al-
lyl-5-(2-bromoallyl)barbituric acid.
Браллобарбитал
C10H11BrN2O3 = 287.1.
CAS — 561-86-4.

Profile
Brallobarbital is a barbiturate with general properties similar to
those of amobarbital (p.961). It has been used in preparations for
the management of insomnia but barbiturates are no longer con-
sidered appropriate for such purposes. Brallobarbital calcium has
been used similarly.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Port.: Vesparax†.

Bromazepam (BAN, USAN, rINN)

Bromatsepaami; Brómazepám; Bromazépam; Bromazepamas;
Bromazepamum; Ro-5-3350. 7-Bromo-1,3-dihydro-5-(2-pyri-
dyl)-1,4-benzodiazepin-2-one.
Бромазепам
C14H10BrN3O = 316.2.
CAS — 1812-30-2.
ATC — N05BA08.
ATC Vet — QN05BA08.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Bromazepam). A white or yellowish crystalline
powder. Practically insoluble in water; slightly soluble or spar-
ingly soluble in alcohol and in dichloromethane. Protect from
light.
Profile
Bromazepam is a benzodiazepine with general properties similar
to those of diazepam (p.992). It has been used in the short-term
treatment of anxiety disorders (p.952) occurring alone or associ-
ated with insomnia. A usual initial oral dose for anxiety is 6 to
18 mg daily in divided doses. Higher doses up to 60 mg daily
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

have occasionally been given. Initial doses for elderly and debil-
itated patients should not exceed 3 mg daily in divided doses.
◊ References.
1. Kaplan SA, et al. Biopharmaceutical and clinical pharmacoki-

netic profile of bromazepam. J Pharmacokinet Biopharm 1976;
4: 1–16. 

2. Ochs HR, et al. Bromazepam pharmacokinetics: influence of
age, gender, oral contraceptives, cimetidine, and propranolol.
Clin Pharmacol Ther 1987; 41: 562–70. 

3. Erb T, et al. Preoperative anxiolysis with minimal sedation in
elderly patients: bromazepam or clorazepate-dipotassium? Acta
Anaesthesiol Scand 1998; 42: 97–101.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Angular†; Atemperator; Benedorm; Bromatanil; Butecam; Creosedin;
Equisedin; Estomina; Fabozepam; Finaten; Gasmol; Lexotanil; Molival†; Neu-
rozepam; Nulastres; Octanyl; Sedatus†; Sipcar; Tritopan; Austral.: Lexotan;
Austria: Lexotanil; Belg.: Bromatop; Bromidem; Docbromaze; Kelalexan;
Lexotan; Braz.: Bromazepan†; Bromoxon; Brozepax†; Deptran†; Lexotan;
Lezepan; Nervium; Neurilan; Novazepam†; Relaxil; Somalium; Uni Bro-
mazepax; Canad.: Lectopam; Chile: Lexotanil; Totasedan; Cz.: Lexaurin;
Denm.: Bromam; Lexotan; Fr.: Anxyrex†; Lexomil; Quietiline; Ger.: Bro-
maLich†; Bromaz†; Bromazanil; Bromazep; durazanil; Gityl; Lexostad; Lexo-
tanil; neo OPT; Normoc; Gr.: Anconevron†; Evagelin; Lexotanil; Libronil-R;
Notorium; Pascalium; Hong Kong: Akamon; Lexilium; Lexotan; Indon.:
Lexotan; Irl.: Lexotan; Israel: Lenitin; Ital.: Brixopan; Compendium; Lexo-
tan; Malaysia: Akamon; Lexotan; Mex.: Bropamil†; Lexotan; Otedram;
Neth.: Lexotanil; Philipp.: Lexotan; Pol.: Lexotan; Sedam; Port.: Broma-
lex; Lexotan; Ultramidol; S.Afr.: Brazepam; Bromaze; Lexotan; Singapore:
Lexotan; Spain: Lexatin; Switz.: Lexotanil; Thai.: Lexotan; Venez.: Lexo-
tanil; Nervan.
Multi-ingredient: Arg.: Biorgan B; Colixane B; Debridat B; Eudon; Eumo-
til-T; Faradil Novo; Fenatrop-A; Miopropan-T; Somasedan; Vegestabil Di-
gest; Veralipral T; Braz.: Bromopirin; Sulpan; Ital.: Lexil.

Bromisoval (rINN)

Bromisovaali; Bromisovalerylurea; Bromisovalum; Bromsoval;
Bromvalerylurea; Bromvaletone; Bromylum. N-(2-Bromo-3-
methylbutyryl)urea.
Бромизовал
C6H11BrN2O2 = 223.1.
CAS — 496-67-3.
ATC — N05CM03.
ATC Vet — QN05CM03.

Pharmacopoeias. In Jpn.
Profile
Bromisoval has actions and uses similar to those of carbromal
(p.967) but the use of bromides is generally deprecated.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Pol.: Milocardin.

Bromperidol (BAN, USAN, rINN)

Bromiperidoli; Brómperidol; Brompéridol; Bromperidoli;
Bromperidolis; Bromperidolum; R-11333. 4-[4-(p-Bromophe-
nyl)-4-hydroxypiperidino]-4′-fluorobutyrophenone.
Бромперидол
C21H23BrFNO2 = 420.3.
CAS — 10457-90-6.
ATC — N05AD06.
ATC Vet — QN05AD06.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Bromperidol). A white or almost white powder.
Practically insoluble in water; slightly soluble in alcohol; spar-
ingly soluble in dichloromethane and in methyl alcohol. Protect
from light.

Bromperidol Decanoate (BANM, USAN, rINNM)

Brompéridol, décanoate de; Bromperidoldekanoat; Brómperi-
dol-dekanoát; Bromperidol-dekanoát; Bromperidoli decanoas;
Bromperidolidekanoaatti; Bromperidolio dekanoatas; De-
canoato de bromperidol; R-46541.
Бромперидола Деканоат
C31H41BrFNO3 = 574.6.
CAS — 75067-66-2.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Bromperidol Decanoate). A white or almost white
powder. Practically insoluble in water; soluble in alcohol; very
soluble in dichloromethane. It melts at about 60°. Store at a tem-
perature below 25°. Protect from light.

Profile
Bromperidol is a butyrophenone with general properties similar
to those of haloperidol (p.1000). It is given in the treatment of
schizophrenia (p.955) and other psychoses. Some bromperidol
preparations are prepared with the aid of lactic acid and may be
stated to contain bromperidol lactate. However, doses are ex-
pressed in terms of the equivalent amount of bromperidol. A usu-
al oral dose is 1 to 15 mg daily, although up to 50 mg daily has
been given. Elderly patients may require reduced doses of
bromperidol. Bromperidol has also been given by intramuscular
or intravenous injection. 
The long-acting decanoate ester may be used for patients requir-
ing long-term therapy with bromperidol. Doses are expressed in
terms of the base; bromperidol decanoate 68.4 mg is equivalent
to about 50 mg of bromperidol. Doses equivalent to up to
300 mg of bromperidol every 4 weeks have been given by deep
intramuscular injection.

◊ References.
1. Benfield P, et al. Bromperidol: a preliminary review of its phar-

macodynamic and pharmacokinetic properties, and therapeutic
efficacy in psychoses. Drugs 1988; 35: 670–84.

Schizophrenia. A systematic review1 suggested that depot
bromperidol had some benefits in schizophrenia but was less ef-
fective than depot haloperidol or fluphenazine.
1. Wong D, et al. Depot bromperidol decanoate for schizophrenia.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2004 (accessed 14/04/05).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bromodol; Erodium; Belg.: Impromen; Ger.: Impromen; Tesoprel;
Ital.: Impromen; Neth.: Impromen; Port.: Impromen†; Thai.: Brofed; Im-
promen†.

Brotizolam (BAN, USAN, rINN)

Brotitsolaami; Brotizolamum; Brotyzolam; We-941; We-941-BS.
2-Bromo-4-(2-chlorophenyl)-9-methyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a][1,4]diazepine.

Бротизолам

C15H10BrClN4S = 393.7.
CAS — 57801-81-7.
ATC — N05CD09.
ATC Vet — QN05CD09.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Brotizolam). A white or yellowish powder. Practi-
cally insoluble in water; slightly soluble in alcohol; sparingly sol-
uble or slightly soluble in methyl alcohol.

Profile
Brotizolam is a short-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.986). It is given for the short-
term (up to 2 weeks) management of insomnia (p.957) in usual
oral doses of 250 micrograms at night. The suggested dose for
elderly and debilitated patients is 125 micrograms.

Abuse. Reference to abuse of brotizolam in Germany and Hong
Kong.1

1. WHO. WHO expert committee on drug dependence: twenty-
ninth report. WHO Tech Rep Ser 856 1995.

Pharmacokinetics. References.
1. Bechtel WD. Pharmacokinetics and metabolism of brotizolam in

humans. Br J Clin Pharmacol 1983; 16: 279S–283S. 
2. Jochemsen R, et al. Pharmacokinetics of brotizolam in healthy

subjects following intravenous and oral administration. Br J Clin
Pharmacol 1983; 16: 285S–290S. 

3. Tokairin T, et al. Inhibition of the metabolism of brotizolam by
erythromycin in humans: in vivo evidence for the involvement of
CYP3A4 in brotizolam metabolism. Br J Clin Pharmacol 2005;
60: 172–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Lendorm; Belg.: Lendormin; Chile: Dormex; Noctilan; Denm.:
Lendorm†; Ger.: Lendormin; Hung.: Lendormin; Israel: Bondormin; Ital.:
Lendormin; Nimbisan; Jpn: Lendormin; Mex.: Lindormin; Neth.: Lendor-
min; Port.: Lendormin; S.Afr.: Lendormin; Spain: Sintonal; Switz.: Len-
dormine†; Venez.: Lendormin.

Buspirone Hydrochloride 

(BANM, USAN, rINNM)

Buspiron Hidroklorür; Buspirone, chlorhydrate de; Buspiron-
hydrochlorid; Buspironhydroklorid; Buspironi hydrochloridum;
Buspironihydrokloridi; Buspironu chlorowodorek; Hidrocloruro
de buspirona; MJ-9022-1. 8-[4-(4-Pyrimidin-2-ylpiperazin-1-yl)-
butyl]-8-azaspiro[4.5]decane-7,9-dione hydrochloride.

Буспирона Гидрохлорид
C21H31N5O2,HCl = 422.0.
CAS — 36505-84-7 (buspirone); 33386-08-2 (buspirone
hydrochloride).
ATC — N05BE01.
ATC Vet — QN05BE01.

(buspirone)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Buspirone Hydrochloride). A white or almost
white, crystalline powder. It exhibits polymorphism. Freely sol-
uble in water and in methyl alcohol; practically insoluble in ace-
tone. Protect from light. 
USP 31 (Buspirone Hydrochloride). A white crystalline powder.
Very soluble in water; sparingly soluble in alcohol and in ace-
tonitrile; freely soluble in dichloromethane and in methyl alco-
hol; very slightly soluble in ethyl acetate; practically insoluble in
hexanes. Store in airtight containers at a temperature between
15° and 30°. Protect from light.

Dependence and Adverse Effects
Dizziness, nausea, headache, nervousness, light-head-
edness, excitement, paraesthesias, sleep disturbances,
chest pain, tinnitus, sore throat, and nasal congestion
are amongst the most frequent adverse effects reported
after the use of buspirone hydrochloride. Other adverse
effects have included tachycardia, palpitations, drowsi-
ness, confusion, seizures, dry mouth, fatigue, and
sweating. A syndrome of restlessness appearing short-
ly after the start of treatment has been reported in a
small number of patients given buspirone. Buspirone is
reported to produce less sedation, and to have a lower
potential for dependence, than the benzodiazepines.
Effects on the nervous system. Mild acute hypertension and
panic were reported on two occasions after the addition of single
10-mg doses of buspirone to therapy with tricyclic antidepres-
sants in a 40-year-old man with panic disorder. Adrenergic or se-
rotonin dysfunction were postulated as possible mechanisms for
the reaction.1,2 Psychotic reactions associated with buspirone
treatment have also been reported in a few patients.3 There have
also been isolated reports of mania,4 and seizures have been re-
ported, primarily in overdosage.5

1. Chignon JM, Lepine JP. Panic and hypertension associated with
single dose of buspirone. Lancet 1989; ii: 46–7. 

2. Norman TR, Judd FK. Panic attacks, buspirone, and serotonin
function. Lancet 1989; ii: 615. 

3. Friedman R. Possible induction of psychosis by buspirone. Am J
Psychiatry 1991; 148: 1606. 

4. Price WA, Bielefeld M. Buspirone-induced mania. J Clin Psy-
chopharmacol 1989; 9: 150–1. 

5. Catalano G, et al. Seizures associated with buspirone overdose:
case report and literature review. Clin Neuropharmacol 1998;
21: 347–50.

EXTRAPYRAMIDAL DISORDERS. There have been isolated reports
of exacerbation or precipitation of movement disorders1-4 as-
sociated with the use of buspirone. However, buspirone has
also been reported to have been of benefit in some patients
with tardive dyskinesia (see Extrapyramidal Disorders under
Uses and Administration, below).
1. Hammerstad JP, et al. Buspirone in Parkinson’s disease. Clin

Neuropharmacol 1986; 9: 556–60. 
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2. Ritchie EC, et al. Acute generalized myoclonus following bus-

pirone administration. J Clin Psychiatry 1988; 49: 242–3. 
3. Strauss A. Oral dyskinesia associated with buspirone use in an

elderly woman. J Clin Psychiatry 1988; 49: 322–3. 
4. LeWitt PA, et al. Persistent movement disorders induced by bus-

pirone. Mov Disord 1993; 8: 331–4.

Precautions
Buspirone hydrochloride should be used with caution
in patients with renal or hepatic impairment and is con-
tra-indicated if the impairment is severe. It should not
be used in patients with epilepsy or a history of such
disorders. It does not exhibit cross-tolerance with ben-
zodiazepines or other common sedatives or hypnotics
and will not block symptoms of their withdrawal; they
should, therefore, be gradually withdrawn before start-
ing treatment with buspirone. Buspirone may impair
the patient’s ability to drive or operate machinery.
Diagnosis and testing. Buspirone may interfere with diagnos-
tic assays of urinary catecholamines.1
1. Cook FJ, et al. Effect of buspirone on urinary catecholamine as-

says. N Engl J Med 1995; 332: 401.

Hepatic impairment. Caution has been advised when using
buspirone in patients with liver disease. The mean peak plasma-
buspirone concentration after an oral dose was about 16 times
higher in cirrhotic patients than in controls1 and the elimination
half-life was prolonged about twofold. A secondary peak con-
centration was seen in some subjects, occurring between 4 and
24 hours after a dose in the cirrhotics and after between 2 and 8
hours in controls. Data from a multiple-dose study2 suggested
that there was accumulation of buspirone and its metabolite 1-(2-
pyrimidinyl)-piperazine in hepatic impairment, but that plasma
concentrations appeared to reach steady state after 3 days regard-
less of the state of liver function. The area under the curve and
mean peak concentration for buspirone were both higher in pa-
tients with hepatic impairment than in healthy subjects, but there
were no significant differences for its metabolites. Specific dos-
ing recommendations could not be made for patients with hepat-
ic impairment because of the high intra- and inter-subject varia-
tions in plasma-buspirone concentrations.
1. Dalhoff K, et al. Buspirone pharmacokinetics in patients with

cirrhosis. Br J Clin Pharmacol 1987; 24: 547–50. 
2. Barbhaiya RH, et al. Disposition kinetics of buspirone in patients

with renal or hepatic impairment after administration of single
and multiple doses. Eur J Clin Pharmacol 1994; 46: 41–7.

Pregnancy and breast feeding. In some animal studies, large
doses of buspirone during pregnancy had adverse effects on sur-
vival and on birth and weanling weight. Recommendations in
licensed product information for use during pregnancy or breast
feeding vary from avoid, if possible, to contra-indicated.
Renal impairment. Caution has been advised when giving
buspirone to patients with renal impairment.1,2 There is evidence
of accumulation of buspirone and its metabolite after repeated
doses but plasma concentrations appeared to reach steady state
after 3 days regardless of the degree of renal function. At steady
state both the area under the curve and maximum concentrations
for buspirone and its metabolite were greater in patients with re-
nal failure than in healthy subjects. The metabolite, but not the
parent drug, was removed by haemodialysis. Specific dosing
recommendations could not be made for patients with renal im-
pairment because of the high intra- and inter-subject variations in
buspirone plasma concentrations on repeated dosage.
1. Caccia S, et al. Clinical pharmacokinetics of oral buspirone in

patients with impaired renal function. Clin Pharmacokinet 1988;
14: 171–7. 

2. Barbhaiya RH, et al. Disposition kinetics of buspirone in patients
with renal or hepatic impairment after administration of single
and multiple doses. Eur J Clin Pharmacol 1994; 46: 41–7.

Interactions
The sedative effects of buspirone may be enhanced if
taken with alcohol or other CNS depressants. Because
of reports of increased blood pressure in patients re-
ceiving buspirone hydrochloride with an MAOI, li-
censed product information for buspirone recommends
that it should not be given with an MAOI. 
The metabolism of buspirone is mediated by the cyto-
chrome P450 isoenzyme CYP3A4 and therefore there
is the potential for interactions between buspirone and
other drugs that inhibit or act as a substrate for this
isoenzyme. The dose of buspirone may need to be re-
duced if given at the same time as potent inhibitors of
CYP3A4. Plasma concentrations of buspirone may be
reduced by enzyme-inducing drugs such as rifampicin.
Antibacterials. Pretreatment with erythromycin in healthy sub-
jects given buspirone resulted in mild to moderate adverse ef-
fects associated with increased plasma concentrations of bus-
pirone.1 
Pretreatment with rifampicin greatly reduced plasma concentra-
tions of buspirone in healthy subjects.2 A reduced anxiolytic ef-

fect could be expected if buspirone is used with rifampicin or
other potent inducers of the cytochrome P450 isoenzyme
CYP3A4.
1. Kivistö KT, et al. Plasma buspirone concentrations are greatly

increased by erythromycin and itraconazole. Clin Pharmacol
Ther 1997; 62: 348–54. 

2. Lamberg TS, et al. Concentrations and effects of buspirone are
considerably reduced by rifampicin. Br J Clin Pharmacol 1998;
45: 381–5.

Antidepressants. Use of buspirone with nefazodone can raise
plasma concentrations of buspirone. US licensed product infor-
mation for nefazodone recommends that the initial dose of bus-
pirone be lowered (e.g. 2.5 mg daily) and subsequent dose ad-
justments of either drug should be based on clinical assessment.
A possible serotonin syndrome (p.416) has been reported1 in a
patient using buspirone with fluoxetine.
1. Manos GH. Possible serotonin syndrome associated with bus-

pirone added to fluoxetine. Ann Pharmacother 2000; 34: 871–4.

Antifungals. Pretreatment with itraconazole in healthy subjects
given buspirone resulted in mild to moderate adverse effects as-
sociated with increased plasma concentrations of buspirone.1
1. Kivistö KT, et al. Plasma buspirone concentrations are greatly

increased by erythromycin and itraconazole. Clin Pharmacol
Ther 1997; 62: 348–54.

Antipsychotics. For the effect of buspirone on serum concen-
trations of haloperidol, see under Chlorpromazine, p.974. For a
report of potentially fatal gastrointestinal bleeding and marked
hyperglycaemia after use of buspirone with clozapine, see under
Clozapine, p.984.
Antivirals. Parkinson-like symptoms developed in a 54-year-
old man taking a drug regimen that included buspirone, indina-
vir, and ritonavir.1 It was suspected that ritonavir inhibited the
metabolism of buspirone, which is mediated by the cytochrome
P450 isoenzyme CYP3A4, leading to increased plasma concen-
trations of the latter. The inhibitory effect of indinavir on
CYP3A4 was considered to be less than that of ritonavir. Symp-
toms resolved after a change in antiviral regimen and reduction
in the dose of buspirone.
1. Clay PG, Adams MM. Pseudo-Parkinson disease secondary to

ritonavir-buspirone interaction. Ann Pharmacother 2003; 37:
202–5.

Calcium-channel blockers. Increases in buspirone plasma
concentrations have been seen in healthy subjects pretreated with
diltiazem or verapamil.1
1. Lamberg TS, et al. Effects of verapamil and diltiazem on the

pharmacokinetics and pharmacodynamics of buspirone. Clin
Pharmacol Ther 1998; 63: 640–5.

Grapefruit juice. Grapefruit juice increased the plasma con-
centrations of buspirone in healthy subjects.1
1. Lilja JJ, et al. Grapefruit juice substantially increases plasma

concentrations of buspirone. Clin Pharmacol Ther 1998; 64:
655–60.

Pharmacokinetics
Buspirone hydrochloride is rapidly absorbed from the
gastrointestinal tract reaching peak plasma concentra-
tions within 40 to 90 minutes after an oral dose. Sys-
temic bioavailability is low because of extensive first-
pass metabolism, but may be increased if given with
food as this delays absorption from the gastrointestinal
tract and thereby reduces presystemic clearance. Bus-
pirone is about 95% bound to plasma proteins. Metab-
olism in the liver is extensive via the cytochrome P450
isoenzyme CYP3A4; hydroxylation yields several in-
active metabolites and oxidative dealkylation produces
1-(2-pyrimidinyl)-piperazine, which is reported to be
about 25% as potent as the parent drug in one model of
anxiolytic activity. The elimination half-life of bus-
pirone is usually about 2 to 4 hours but half-lives of up
to 11 hours have been reported. Buspirone is excreted
mainly as metabolites in the urine, and also in the
faeces.
◊ References.
1. Mahmood I, Sahajwalla C. Clinical pharmacokinetics and phar-

macodynamics of buspirone, an anxiolytic drug. Clin Pharma-
cokinet 1999; 36: 277–87.

Uses and Administration
Buspirone hydrochloride is an azaspirodecanedione
(azapirone) anxiolytic. It is reported to be largely lack-
ing in sedative, anticonvulsant, and muscle relaxant ac-
tions. 
Buspirone hydrochloride is given, in initial oral doses
of 5 mg two or three times daily, in the short-term man-
agement of anxiety disorders. The dose may be in-
creased in increments of 5 mg at 2- to 3-day intervals if
required. The recommended maximum daily dose, to

be given in divided doses, is 45 mg in the UK and
60 mg in the USA.
◊ General reviews.
1. Fulton B, Brogden RN. Buspirone: an updated review of its clin-

ical pharmacology and therapeutic applications. CNS Drugs
1997; 7: 68–88. 

2. Apter JT, Allen LA. Buspirone: future directions. J Clin Psy-
chopharmacol 1999; 19: 86–93.

Action. Buspirone has dopaminergic, noradrenergic, and serot-
onin-modulating properties1 and its anxiolytic effects appear to
be related to its action on serotonin (5-hydroxytryptamine, 5-HT)
neurotransmission. Buspirone, and the related drugs gepirone
(p.999) and ipsapirone (p.1002), are partial agonists at 5-HT1A
receptors.1,2 While such drugs may inhibit serotonin neurotrans-
mission (most likely via 5-HT1A autoreceptor stimulation), they
may also have postsynaptic 5-HT1A agonist activity and thus fa-
cilitate serotonin neurotransmission.1 To complicate matters fur-
ther, 5-HT1A partial agonists have shown both anxiolytic and
anxiogenic properties in animal models of anxiety. Clinical stud-
ies have, however, shown that buspirone is effective in the treat-
ment of generalised anxiety.1,2 
Clinical studies with buspirone and gepirone suggest that 5-
HT1A partial agonists may be useful in the treatment of depres-
sion, possibly by downregulation of either 5-HT1A or 5-HT2 re-
ceptors or both.1 There is some suggestion that buspirone has an
anti-aggressive action in humans; it is unclear whether this is me-
diated via dopaminergic or serotonergic mechanisms. 
Buspirone also has characteristics of both a dopamine agonist
and antagonist; this may result in stimulation of both growth hor-
mone and prolactin secretion.3
1. Glitz DA, Pohl R. 5-HT  partial agonists: what is their future?

Drugs 1991; 41: 11–18. 
2. Marsden CA. The pharmacology of new anxiolytics acting on 5-

HT neurones. Postgrad Med J 1990; 66 (suppl 2): S2–S6. 
3. Meltzer HY, et al. The effect of buspirone on prolactin and

growth hormone secretion in man. Arch Gen Psychiatry 1983;
40: 1099–1102.

Administration in hepatic or renal impairment. For cau-
tions on the use of buspirone in patients with impaired liver or
kidney function see under Precautions, above.
Anxiety disorders. Buspirone has been shown to be as effec-
tive as the benzodiazepines in the short-term treatment of gener-
alised anxiety disorder (p.952) and to be less likely to cause se-
dation or psychomotor and cognitive impairment. It also appears
to have a lower propensity for interaction with alcohol and a low-
er risk of abuse and dependence. However, its usefulness may be
limited by a relatively slow response to treatment, which may
take up to 2 to 4 weeks to appear. Its efficacy may be reduced in
patients who have recently taken benzodiazepines. It appears to
be ineffective in panic disorder and convincing evidence of effi-
cacy in other anxiety disorders is lacking. 
References.
1. Deakin JFW. A review of clinical efficacy of 5-HT  agonists in

anxiety and depression. J Psychopharmacol 1993; 7: 283–9. 
2. Pecknold JC. A risk-benefit assessment of buspirone in the treat-

ment of anxiety disorders. Drug Safety 1997; 16: 118–32. 
3. Fulton B, Brogden RN. Buspirone: an updated review of its clin-

ical pharmacology and therapeutic applications. CNS Drugs
1997; 7: 68–88. 

4. Chessick CA, et al. Azapirones for generalized anxiety disorder.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 11/04/08).

Bruxism. SSRI-induced bruxism has been successfully control-
led by adjunctive therapy with buspirone.1,2

1. Romanelli F, et al. Possible paroxetine-induced bruxism. Ann
Pharmacother 1996; 30: 1246–7. 

2. Bostwick JM, Jaffee MS. Buspirone as an antidote to SSRI-in-
duced bruxism in 4 cases. J Clin Psychiatry 1999; 60: 857–60.

Cerebellar ataxias. In general the management of cerebellar
ataxias is mainly supportive; buspirone improved some symp-
toms of ataxia in a small study of patients with cerebellar cortical
activity.1
1. Trouillas P, et al. Buspirone, a 5-hydroxytryptamine  agonist, is

active in cerebellar ataxia: results of a double-blind drug placebo
study in patients with cerebellar cortical atrophy. Arch Neurol
1997; 54: 749–52.

Depression. Buspirone has been investigated for augmentation
of therapy with antidepressants with serotonin reuptake inhibit-
ing activity in patients with refractory depression (p.373), but re-
sults have been variable. 
References.
1. Fischer P, et al. Weak antidepressant response after buspirone

augmentation of serotonin reuptake inhibitors in refractory se-
vere depression. Int Clin Psychopharmacol 1998; 13: 83–6. 

2. Dimitriou EC, Dimitriou CE. Buspirone augmentation of antide-
pressant therapy. J Clin Psychopharmacol 1998; 18: 465–9. 

3. Landen M, et al. A randomized, double-blind, placebo-control-
led trial of buspirone in combination with an SSRI in patients
with treatment-refractory depression. J Clin Psychiatry 1998;
59: 664–8. 

4. Appelberg BG, et al. Patients with severe depression may benefit
from buspirone augmentation of selective serotonin reuptake in-
hibitors: results from a placebo-controlled, randomized, double-
blind, placebo wash-in study. J Clin Psychiatry 2001; 62:
448–52. 

5. Önder E, Tural Ü. Faster response in depressive patients treated
with fluoxetine alone than in combination with buspirone. J Af-
fect Disord 2003; 76: 223–7.
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Disturbed behaviour. Buspirone has been tried in various dis-
orders for the control of symptoms such as agitation, aggression,
and disruptive behaviour (see Disturbed Behaviour, p.954) but
evidence of efficacy is limited. Nonetheless, in the management
of dementia, some1 consider that it might be worth trying in
nonpsychotic patients with disturbed behaviour, especially those
with mild symptoms or those intolerant or unresponsive to anti-
psychotics.
1. Rabins PV, et al. APA Work Group on Alzheimer’s Disease and

other Dementias. Steering Committee on Practice Guidelines.
American Psychiatric Association practice guideline for the
treatment of patients with Alzheimer’s disease and other demen-
tias. Second edition. Am J Psychiatry 2007; 164 (12 suppl):
5–56. Also available at: http://www.psychiatryonline.com/
pracGuide/loadGuidelinePdf.aspx?file=AlzPG101007 (ac-
cessed 23/07/08)

Extrapyramidal disorders. Although there have been
reports1,2 that buspirone may improve symptoms of drug-in-
duced dyskinesia (p.971), drugs with dopaminergic actions have
mostly exacerbated symptoms and there are a few reports of ex-
trapyramidal disorders with buspirone (see under Adverse Ef-
fects, above).
1. Moss LE, et al. Buspirone in the treatment of tardive dyskinesia.

J Clin Psychopharmacol 1993; 13: 204–9. 
2. Bonifati V, et al. Buspirone in levodopa-induced dyskinesias.

Clin Neuropharmacol 1994; 17: 73–82.

Substance dependence. ALCOHOL. Despite an early study1

suggesting that buspirone could reduce alcohol craving in al-
cohol dependent patients, later studies2-4 have overall failed to
confirm that buspirone improves abstinence or reduces alco-
hol consumption. Although some studies4,5 have found that
buspirone may improve certain psychopathological symp-
toms in these patients, others2 have found no such benefit; a
meta-analysis6 of 5 studies favoured the former interpreta-
tion. 
The management of alcohol withdrawal and abstinence is dis-
cussed on p.1626.
1. Bruno F. Buspirone in the treatment of alcoholic patients. Psy-

chopathology 1989; 22 (suppl 1): 49–59. 
2. Malcolm R, et al. A placebo-controlled trial of buspirone in anx-

ious inpatient alcoholics. Alcohol Clin Exp Res 1992; 16:
1007–13. 

3. George DT, et al. Buspirone does not promote long term absti-
nence in alcoholics. Clin Pharmacol Ther 1995; 57: 161. 

4. Malec E, et al. Buspirone in the treatment of alcohol depend-
ence: a placebo-controlled trial. Alcohol Clin Exp Res 1996; 20:
307–12. 

5. Kranzler HR, et al. Buspirone treatment of anxious alcoholics: a
placebo-controlled trial. Arch Gen Psychiatry 1994; 51: 720–31. 

6. Malec TS, et al. Efficacy of buspirone in alcohol dependence: a
review. Alcohol Clin Exp Res 1996; 20: 853–8.

NICOTINE. Buspirone has produced conflicting results1-5 in the
management of smoking cessation (p.2354). Although some
studies suggest that in the short-term buspirone can increase
the numbers of patients who are able to cease smoking, it does
not necessarily decrease withdrawal symptoms.
1. West R, et al. Effect of buspirone on cigarette withdrawal symp-

toms and short-term abstinence rates in a smokers clinic. Psy-
chopharmacology (Berl) 1991; 104: 91–6. 

2. Hilleman DE, et al. Effect of buspirone on withdrawal symptoms
associated with smoking cessation. Arch Intern Med 1992; 152:
350–2. 

3. Hilleman DE, et al. Comparison of fixed-dose transdermal nico-
tine, tapered-dose transdermal nicotine, and buspirone in smok-
ing cessation. J Clin Pharmacol 1994; 34: 222–4. 

4. Schneider NG, et al. Efficacy of buspirone in smoking cessation:
a placebo-controlled trial. Clin Pharmacol Ther 1996; 60:
568–75. 

5. Farid P, Abate MA. Buspirone use for smoking cessation. Ann
Pharmacother 1998; 32: 1362–4.

OPIOIDS. Buspirone has been investigated in the management
of opioid withdrawal (p.101) in dependent patients.1,2

1. Rose JS, et al. Effects of buspirone in withdrawal from opiates.
Am J Addict 2003; 12: 253–9. 

2. Buydens-Branchey L, et al. Efficacy of buspirone in the treat-
ment of opioid withdrawal. J Clin Psychopharmacol 2005; 25:
230–6.

Preparations
USP 31: Buspirone Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Ansial†; Austral.: Buspar; Austria: Buspar; Belg.: Buspar; Braz.: An-
sienon†; Ansitec; Buspanil†; Buspar; Canad.: Buspar; Buspirex†; Chile:
Paxon; Cz.: Anxiron†; Buspar†; Denm.: Buspar; Stesiron†; Fin.: Buspar;
Stesiron†; Fr.: Buspar; Ger.: Anxut; Bespar; Busp; Gr.: Anchocalm; Antipsi-
chos; Bergamol; Bespar; Boronex; Epsilat; Hiremon; Hobatstress; Komasin;
Lanamont; Lebilon; Ledion; Loxapin; Nadrifor ; Nervostal; Nevrorestol;
Norbal; Pendium; Stressigal; Svitalark; Tendan†; Tensispes; Trafuril†; Umolit;
Hong Kong: Buspar; Kalmiren; Hung.: Anxiron; Spitomin; India: Buscalm;
Indon.: Tran-Q; Xiety; Irl.: Buspar; Israel: Buspirol†; Sorbon; Ital.: Ax-
oren†; Buspar; Buspimen†; Mex.: Buspar; Norw.: Buspar; Stesiron†; NZ:
Biron; Buspar; Pol.: Mabuson; Spamilan; Port.: Ansiten; Busansil; Buscalma;
Buspar; Buspium; Establix†; Itagil; Psibeter; S.Afr.: Buspar; Pasrin; Spain:
Buspar; Effiplen†; Swed.: Buspar; Switz.: Buspar; Thai.: Anxiolan; Turk.:
Buspon; UK: Buspar; USA: Buspar; Venez.: Dalpas.

Butalbital (USAN, rINN)

Alisobumalum; Allylbarbital; Allylbarbituric Acid; Butalbitaali;
Butalbitalum; Itobarbital; Tetrallobarbital. 5-Allyl-5-isobutylbarbi-
turic acid.
Буталбитал
C11H16N2O3 = 224.3.
CAS — 77-26-9.

NOTE. The name Butalbital has also been applied to talbutal, the
S-butyl analogue, which was formerly used as a hypnotic and
sedative. 
Compounded preparations of butalbital may be represented by
the following names: 
• Co-bucafAPAP (PEN)—butalbital, paracetamol, and caffeine
Pharmacopoeias. In US. 
USP 31 (Butalbital). A white odourless crystalline powder.
Slightly soluble in cold water; soluble in boiling water; freely
soluble in alcohol, in chloroform, and in ether; soluble in solu-
tions of fixed alkalis and alkali carbonates. A saturated solution
is acid to litmus.
Profile
Butalbital is a barbiturate with general properties similar to those
of amobarbital (p.961). It has been used mainly in combination
preparations with analgesics in the treatment of occasional ten-
sion-type headaches, but other treatments are generally pre-
ferred.
Preparations
USP 31: Butalbital and Aspirin Tablets; Butalbital, Acetaminophen, and Caf-
feine Capsules; Butalbital, Acetaminophen, and Caffeine Tablets; Butalbital,
Aspirin, and Caffeine Capsules; Butalbital, Aspirin, and Caffeine Tablets;
Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Canad.: Fiorinal; Fiorinal C; ratio-Tecnal; ratio-Tecnal
C; Trianal; Trianal C; Chile: Cafergot-PB†; Denm.: Gynergen Comp; Ital.:
Optalidon; S.Afr.: Cafergot-PB†; Spain: Cafergot-PB†; Switz.: Cafergot-
PB; USA: Amaphen with Codeine; Americet; Anolor; Ascomp with Co-
deine; Bupap; Butex; Dolgic; Dolgic LQ; Dolgic Plus; Endolor; Esgic; Esgic-
Plus; Fioricet; Fioricet with Codeine; Fiorinal; Fiorinal with Codeine; Marge-
sic; Marten-Tab; Medigesic; Pacaps; Phrenilin; Phrenilin w Caffeine and Co-
deine; Promacet; Prominol; Pyridium Plus; Repan; Repan CF†; Sedapap;
Tencet; Tencon; Trellium Plus; Triad.

Butobarbital (BAN)

Butethal; Butobarbitaali; Butobarbitalum; Butobarbitone. 5-Butyl-
5-ethylbarbituric acid.
C10H16N2O3 = 212.2.
CAS — 77-28-1.
ATC — N05CA03.
ATC Vet — QN05CA03.

NOTE. Butobarbital should be distinguished from Butabarbital,
which is Secbutabarbital (p.1027).
Dependence and Withdrawal
As for Amobarbital, p.962.
Adverse Effects, Treatment, and Precautions
As for Amobarbital, p.962.
Interactions
As for Amobarbital, p.962.
Antibacterials. The metabolism of butobarbital may be altered
by metronidazole.1
1. Al Sharifi MA, et al. The effect of anti-amoebic drug therapy on

the metabolism of butobarbitone. J Pharm Pharmacol 1982; 34:
126–7.

Pharmacokinetics
Butobarbital is metabolised in the liver mainly by hydroxylation;
small amounts are excreted in the urine as unchanged drug. It has
been reported to have a half-life of about 40 to 55 hours and to be
about 26% bound to plasma proteins.
Uses and Administration
Butobarbital is a barbiturate with general properties similar to
those of amobarbital (p.962). Its use can no longer be recom-

mended because of the risk of its adverse effects and of depend-
ence, although continued use may occasionally be considered
necessary for severe intractable insomnia (p.957) in patients al-
ready taking it. It is given in usual oral doses of 100 to 200 mg at
night.
Preparations
Proprietary Preparations (details are given in Part 3)
UK: Soneryl.
Multi-ingredient: Cz.: Dinyl†; Fr.: Hypnasmine†.

Calcium Bromolactobionate
Bromolactobionato de calcio; Calcium Galactogluconate Bro-
mide. Calcium bromide lactobionate hexahydrate.
Ca(C12H21O12)2,CaBr2,6H2O = 1062.6.
CAS — 33659-28-8 (anhydrous calcium bromolactobion-
ate).

Profile
Calcium bromolactobionate has sedative properties and has been
given orally in the treatment of insomnia and anxiety disorders.
The use of bromides is generally deprecated.
Overdosage. Bromide intoxication has been reported1 in a pa-
tient after overdosage with calcium bromolactobionate tablets.
1. Danel VC, et al. Bromide intoxication and pseudohyperchlo-

remia. Ann Pharmacother 2001; 35: 386–7.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Bromocalcio; Nervolta; Sedofantil; Cz.: Calabron†; Ital.: Calcibro-
nat; Mex.: Calcibronat†; Mon.: Calcibronat; Venez.: Sedabron†.

Captodiame Hydrochloride (BANM, pINNM)

Captodiame, Chlorhydrate de; Captodiami Hydrochloridum;
Captodiamine Hydrochloride; Hidrocloruro de captodiamo. 2-
(4-Butylthiobenzhydrylthio)ethyldimethylamine hydrochloride.
Каптодиама Гидрохлорид
C21H29NS2,HCl = 396.1.
CAS — 486-17-9 (captodiame); 904-04-1 (captodiame
hydrochloride).
ATC — N05BB02.
ATC Vet — QN05BB02.

(captodiame)

Profile
Captodiame hydrochloride has been given in oral doses of 50 mg
three times daily for the treatment of anxiety disorders (p.952).
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Covatine.

Carbromal (BAN, rINN)

Bromodiethylacetylurea; Carbromalum; Karbromaali; Karbromal.
N-(2-Bromo-2-ethylbutyryl)urea.
Карбромал
C7H13BrN2O2 = 237.1.
CAS — 77-65-6.
ATC — N05CM04.
ATC Vet — QN05CM04.

Profile
Carbromal is a bromureide with general properties similar to
those of the barbiturates (see Amobarbital, p.961). It was former-
ly used for its hypnotic and sedative properties. Chronic use of
carbromal could result in bromide accumulation and symptoms
resembling bromism (see Bromides, p.2269). The use of bro-
mides is generally deprecated.
Porphyria. Carbromal has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
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Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Hung.: Demalgon.

Carpipramine Hydrochloride (rINNM)

Carpipramine, Chlorhydrate de; Carpipramini Hydrochloridum;
Hidrocloruro de carpipramina; PZ-1511. 1-[3-(10,11-Dihydro-
5H-dibenz[b,f]azepin-5-yl)propyl]-4-piperidinopiperidine-4-car-
boxamide dihydrochloride monohydrate.

Карпипрамина Гидрохлорид

C28H38N4O,2HCl,H2O = 537.6.
CAS — 5942-95-0 (carpipramine); 7075-03-8 (anhydrous
carpipramine hydrochloride).

(carpipramine)

Profile
Carpipramine is structurally related both to imipramine (p.400)
and to butyrophenones such as haloperidol (p.1000). It has been
used in the management of anxiety disorders (p.952) and psy-
choses such as schizophrenia (p.955). Carpipramine is given as
the hydrochloride although doses are expressed in terms of the
base; carpipramine hydrochloride 60.2 mg is equivalent to about
50 mg of carpipramine. A usual oral dose is equivalent to
150 mg of the base daily in 2 or 3 divided doses, with a range of
50 to 400 mg daily.

Porphyria. Carpipramine is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.

Preparations

Proprietary Preparations (details are given in Part 3)
Fr.: Prazinil.

Chlordiazepoxide (BAN, rINN)

Chlordiazepoksidas; Chlordiazepoxid; Chlordiazépoxide; Chlo-
rdiazepoxidum; Chlorodiazepoksyd; Clordiazepóxido; Klooridi-
atsepoksidi; Klordiazepoksit; Klórdiazepoxid; Klordiazepoxid;
Methaminodiazepoxide. 7-Chloro-2-methylamino-5-phenyl-3H-
1,4-benzodiazepine 4-oxide.

Хлордиазепоксид

C16H14ClN3O = 299.8.

CAS — 58-25-3.

ATC — N05BA02.

ATC Vet — QN05BA02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of chlordiazepoxide: 
Lib.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Chlordiazepoxide). An almost white or light yel-
low, crystalline powder. It exhibits polymorphism. Practically in-
soluble in water; sparingly soluble in alcohol. Protect from light. 
USP 31 (Chlordiazepoxide). A yellow, practically odourless,
crystalline powder. Insoluble in water; soluble 1 in 50 of alcohol,
1 in 6250 of chloroform, and 1 in 130 of ether. Store in airtight
containers. Protect from light.

Chlordiazepoxide Hydrochloride (BANM, USAN, 

rINNM)

Chlordiazepoksido hidrochloridas; Chlordiazepoksydu chlorow-
odorek; Chlordiazépoxide, chlorhydrate de; Chlordiazepoxid-
hydrochlorid; Chlordiazepoxidi hydrochloridum; Hidrocloruro
de clordiazepóxido; Klooridiatsepoksidihydrokloridi; Klor-
diazepoksit Hidroklorür; Klórdiazepoxid-hidroklorid; Klor-
diazepoxidhydroklorid; Methaminodiazepoxide Hydrochloride;
NSC-115748; Ro-5-0690.
Хлордиазепоксида Гидрохлорид
C16H14ClN3O,HCl = 336.2.
CAS — 438-41-5.
ATC — N05BA02.
ATC Vet — QN05BA02.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Chlordiazepoxide Hydrochloride). A white or
slightly yellow, crystalline powder. It exhibits polymorphism.
Soluble in water; sparingly soluble in alcohol. Protect from light. 
USP 31 (Chlordiazepoxide Hydrochloride). A white or practi-
cally white, odourless, crystalline powder. Soluble in water;
sparingly soluble in alcohol; insoluble in petroleum spirit. Store
in airtight containers. Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.
◊ For the purpose of withdrawal regimens, 15 mg of chlor-
diazepoxide is considered equivalent to about 5 mg of diazepam.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Hepatic impairment. Progressive drowsiness began after 20
days of treatment with chlordiazepoxide in a woman with cirrho-
sis and hepatitis.1 One week after stopping the drug the patient
could not be roused, and full consciousness was not regained for
another week. Accumulation of active metabolites of chlor-
diazepoxide may have been responsible for the prolonged stupor.
1. Barton K, et al. Chlordiazepoxide metabolite accumulation in

liver disease. Med Toxicol 1989; 4: 73–6.

Porphyria. Chlordiazepoxide has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Absorption of chlordiazepoxide is almost complete af-
ter oral doses; peak plasma concentrations are
achieved after 1 to 2 hours. Absorption after intramus-
cular injection may be slow and erratic depending on
the site of injection. Chlordiazepoxide is about 96%
bound to plasma proteins. Reported values for the
elimination half-life of chlordiazepoxide have ranged
from about 5 to 30 hours, but its main active metabolite
desmethyldiazepam (nordazepam, p.1012) has a half-
life of several days. Other pharmacologically active
metabolites of chlordiazepoxide include desmethyl-
chlordiazepoxide, demoxepam, and oxazepam
(p.1014). Chlordiazepoxide passes into the CSF and
breast milk, and crosses the placenta. Unchanged drug
and metabolites are excreted in the urine, mainly as
conjugated metabolites.
◊ References.
1. Greenblatt DJ, et al. Clinical pharmacokinetics of chlo-

rdiazepoxide. Clin Pharmacokinet 1978; 3: 381–94.

Uses and Administration
Chlordiazepoxide is a benzodiazepine with general
properties similar to those of diazepam (p.992). It is
used in the short-term treatment of anxiety disorders
(p.952) and insomnia (p.957). Chlordiazepoxide is also
used in muscle spasm (p.1887), in alcohol withdrawal
syndrome (p.1626), and for premedication (p.1780). 
Chlordiazepoxide is given orally as the hydrochloride
or the base; the doses given refer equally to both. It
may also be given by deep intramuscular or slow intra-
venous injection as the hydrochloride. Preparations
formulated for intramuscular use are considered un-
suitable for intravenous injection due to the formation
of air bubbles in the solvent. 
Elderly and debilitated patients should be given one-
half or less of the usual adult dose. 

The usual oral dose for the treatment of anxiety is up
to 30 mg daily in divided doses; in severe conditions
up to 100 mg daily has been given. For acute or severe
anxiety an initial dose of 50 to 100 mg of the hydro-
chloride has been given by injection, followed if neces-
sary by 25 to 50 mg three or four times daily. 
For relief of muscle spasm a dose of 10 to 30 mg daily
orally in divided doses is recommended, and 10 to
30 mg orally may be given before bedtime for insom-
nia associated with anxiety. 
For the control of the acute symptoms of alcohol with-
drawal chlordiazepoxide or chlordiazepoxide hydro-
chloride may be given in an oral dose of 25 to 100 mg
repeated as needed up to a maximum of 300 mg daily.
For severe symptoms treatment may be begun by in-
jection of 50 to 100 mg, repeated if necessary after 2 to
4 hours. 
Chlordiazepoxide hydrochloride has also been given
for anaesthetic premedication in a dose of 50 to
100 mg intramuscularly one hour before surgery.
Preparations
BP 2008: Chlordiazepoxide Capsules; Chlordiazepoxide Hydrochloride
Tablets; 
USP 31: Chlordiazepoxide and Amitriptyline Hydrochloride Tablets; Chlo-
rdiazepoxide Hydrochloride and Clidinium Bromide Capsules; Chlo-
rdiazepoxide Hydrochloride Capsules; Chlordiazepoxide Hydrochloride for
Injection; Chlordiazepoxide Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: OCM; Braz.: Psicosedin; Cz.: Defobin†; Elenium; Denm.: Klopoxid;
Risolid; Fin.: Risolid; Ger.: Librium; Multum; Radepur; Gr.: Oasil; Hong
Kong: Librium; Hung.: Elenium; Librium; India: Equilibrium; Librium; In-
don.: Cetabrium; Librium; Irl.: Librium; Ital.: Librium; Reliberan†; Malay-
sia: Benpine; Klorpo†; Mex.: Kalmocaps†; NZ: Novapam; Pol.: Elenium;
Port.: Paxium; Rus.: Elenium (Элениум); S.Afr.: Librium; Singapore: Ben-
pine; Klorpo; Spain: Huberplex; Omnalio; Thai.: Benpine; Cozep; Epox-
ide†; UK: Librium; Tropium; USA: Libritabs†; Librium; Mitran†; Reposans†;
Venez.: Eposal.
Multi-ingredient: Arg.: Libraxin; Plafonyl†; Austria: Limbitrol; Braz.:
Limbitrol; Menotensil; Canad.: Apo-Chlorax; Librax; Chile: Aero Itan;
Aerogastrol; Antalin; Garceptol; Gaseofin†; Gastrolen; Lerogin; Libraxin;
Limbatrilin; Lironex†; Morelin; No-Ref; Profisin; Sedogastrol†; Tensoliv; Ti-
perin; Tranvagal†; Fin.: Klotriptyl; Librax; Limbitrol; Fr.: Librax; Gr.: Librax;
Hong Kong: Bralix; Epilon; Librax; Medocalum†; India: Emotrip; Equirex;
Normaxin; Spasrax; Indon.: Braxidin; Cliad; Klidibrax; Librax; Limbritol; Me-
lidox; Neurogen; Renagas; Sanmag; Spasmium; Israel: Nirvaxal; Ital.: Dia-
patol; Librax; Limbitryl; Sedans; Malaysia: Apo-Chlorax†; Liblan; Port.:
Librax; Rus.: Amixide (Амиксид); S.Afr.: Librax; Limbitrol; Singapore:
Apo-Chlorax; Chlobax; Librax; Medocalum; Spain: Psico Blocan; Switz.:
Librax; Librocol; Limbitrol; Thai.: Kenspa; Librax; Pobrax†; Tumax; Zepo-
brax†; Turk.: Klipaks; Libkol; Librax; USA: Clindex; Librax; Limbitrol; Ven-
ez.: Librax.

Chlormezanone (BAN, rINN)

Chlormethazanone; Chlormézanone; Chlormezanonum;
Clormezanona; Kloorimetsanoni; Klormezanon. 2-(4-Chloroph-
enyl)-3-methylperhydro-1,3-thiazin-4-one 1,1-dioxide.
Хлормезанон
C11H12ClNO3S = 273.7.
CAS — 80-77-3.
ATC — M03BB02.
ATC Vet — QM03BB02.

Profile
Chlormezanone has been used in the treatment of anxiety disor-
ders and insomnia. It was also used in conditions associated with
painful muscle spasm, often in compound preparations with
analgesics; its mechanism of action is not clear but is probably
related to its sedative effect. Chlormezanone was withdrawn
from use in many countries after reports of serious skin reactions
(see below).
Effects on the skin. Chlormezanone was responsible for 5 of
86 cases of fixed drug eruption detected in a Finnish hospital
from 1971 to 1980.1 In the period from 1981 to 1985 chlorme-
zanone was responsible for 1 out of 77 such eruptions.2 In a case
control study3 comparing drug use in 245 patients hospitalised
because of toxic epidermal necrolysis or Stevens-Johnson syn-
drome and 1147 controls, 13 patients and one control were found
to have taken chlormezanone. From these figures a high crude
relative risk of 62 was calculated; the excess risk was estimated
to be 1.7 cases per million users per week.
1. Kauppinen K, Stubb S. Fixed eruptions: causative drugs and

challenge tests. Br J Dermatol 1985; 112: 575–8. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Stubb S, et al. Fixed drug eruptions: 77 cases from 1981 to 1985.
Br J Dermatol 1989; 120: 583. 

3. Roujeau J-C, et al. Medication use and the risk of Stevens-John-
son syndrome or toxic epidermal necrolysis. N Engl J Med 1995;
333: 1600–7.

Porphyria. Chlormezanone has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Cardiosedantol; Restoril†.
Multi-ingredient: Chile: Adalgen†; Calmosedan; Diapam; Dioran†; Dol-
nix; Dolonase; Dolorelax†; Fibrorelax; Mesolona†; Multisedil; Neo Butar-
trol; Promidan; Sedantol; Sedilit; Silrelax†; Sin-Algin; Hong Kong: Parazone;
S.Afr.: Myoflex.

Chlorproethazine Hydrochloride (rINNM)

Chlorproéthazine, Chlorhydrate de; Chlorproethazini Hydro-
chloridum; Hidrocloruro de clorproetazina; RP-4909 (chlor-
proethazine). 3-(2-Chlorophenothiazin-10-yl)-NN-diethylpro-
pylamine hydrochloride.
Хлорпроэтазина Гидрохлорид
C19H23ClN2S,HCl = 383.4.
CAS — 84-01-5 (chlorproethazine); 4611-02-3 (chlo-
rproethazine hydrochlor ide).
ATC — N05AA07.
ATC Vet — QN05AA07.

(chlorproethazine)

Profile
Chlorproethazine is a phenothiazine derivative differing chemi-
cally from chlorpromazine by the substitution of a diethyl for a
dimethyl group. It has general properties similar to those of chlor-
promazine (below) but has been used mainly as a muscle relax-
ant in the management of muscle spasm (p.1887). Although ex-
posure of the skin to phenothiazines has been associated with
sensitivity reactions, chlorproethazine hydrochloride has been
applied topically with the warning to avoid direct exposure to
sunlight. It has also been given orally or by intramuscular or slow
intravenous injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Neuriplege†.

Chlorpromazine (BAN, rINN)

Chlorpromazinum; Clorpromazina; Klooripromatsiini; Klorpro-
mazin. 3-(2-Chlorophenothiazin-10-yl)propyldimethylamine.
Хлорпромазин
C17H19ClN2S = 318.9.
CAS — 50-53-3.
ATC — N05AA01.
ATC Vet — QN05AA01.

Pharmacopoeias. In Br. and US. 
BP 2008 (Chlorpromazine). A white or creamy-white powder or
waxy solid; odourless or almost odourless. M.p. 56° to 58°. Prac-
tically insoluble in water; freely soluble in alcohol and in ether;
very soluble in chloroform. Protect from light. 
USP 31 (Chlorpromazine). A white crystalline solid with an
amine-like odour. It darkens on prolonged exposure to light.
Practically insoluble in water; soluble 1 in 3 of alcohol, 1 in 2 of
chloroform, 1 in 3 of ether, and 1 in 2 of benzene; freely soluble
in dilute mineral acids; practically insoluble in dilute alkali hy-
droxides. Store in airtight containers. Protect from light.

Chlorpromazine Embonate (BANM, rINNM)

Chlorpromazine, Embonate de; Chlorpromazine Pamoate;
Chlorpromazini Embonas; Embonato de clorpromazina.
Хлорпромазина Эмбонат
(C17H19ClN2S)2,C23H16O6 = 1026.1.
ATC — N05AA01.
ATC Vet — QN05AA01.

Chlorpromazine Hydrochloride (BANM, rINNM)

Aminazine; Chloropromazyny chlorowodorek; Chlorpromazin
hydrochlorid; Chlorpromazine, chlorhydrate de; Chlorpromazini
hydrochloridum; Chlorpromazino hidrochloridas; Hidrocloruro
de clorpromazina; Klooripromatsiinihydrokloridi; Klorpromazin
Hidroklorür; Klórpromazin-hidroklorid; Klorpromazinhydro-
klorid.
Хлорпромазина Гидрохлорид
C17H19ClN2S,HCl = 355.3.
CAS — 69-09-0.
ATC — N05AA01.
ATC Vet — QN05AA01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Chlorpromazine Hydrochloride). A white or al-
most white crystalline powder. It decomposes on exposure to air
and light. Very soluble in water; freely soluble in alcohol. A
freshly prepared 10% solution in water has a pH of 3.5 to 4.5.
Store in airtight containers. Protect from light. 
USP 31 (Chlorpromazine Hydrochloride). A white or slightly
creamy-white odourless crystalline powder. It darkens on pro-
longed exposure to light. Soluble 1 in 1 of water, 1 in 1.5 of alco-
hol, and 1 in 1.5 of chloroform; insoluble in ether and in benzene.
Store in airtight containers. Protect from light.
Dilution. Solutions containing 2.5% of chlorpromazine hydro-
chloride may be diluted to 100 mL with 0.9% sodium chloride
solution provided the pH of the saline solution is such that the pH
of the dilution does not exceed the critical range of pH 6.7 to 6.8.1
With saline of pH 7.0 or 7.2, the final solution had a pH of 6.4.
1. D’Arcy PF, Thompson KM. Stability of chlorpromazine hydro-

chloride added to intravenous infusion fluids. Pharm J 1973;
210: 28.

Incompatibility. Incompatibility has been reported between
chlorpromazine hydrochloride injection and several other com-
pounds; precipitation of chlorpromazine base from solution is
particularly likely if the final pH is increased. Compounds re-
ported to be incompatible with chlorpromazine hydrochloride in-
clude aminophylline, amphotericin B, aztreonam, some barbitu-
rates, chloramphenicol sodium succinate, chlorothiazide
sodium, dimenhydrinate, heparin sodium, morphine sulfate
(when preserved with chlorocresol), some penicillins, and
remifentanil. 
For a warning about incompatibility between chlorpromazine so-
lution (Thorazine; GSK, USA) and carbamazepine suspension
(Tegretol; Novartis, USA), see p.471.
Sorption. There was a 41% loss of chlorpromazine hydrochlo-
ride from solution when infused for 7 hours via a plastic infusion
set (cellulose propionate burette with PVC tubing), and a 79%
loss after infusion for 1 hour from a glass syringe through silastic
tubing.1 Loss was negligible after infusion for 1 hour from a sys-
tem comprising a glass syringe with polyethylene tubing.
1. Kowaluk EA, et al. Interactions between drugs and intravenous

delivery systems. Am J Hosp Pharm 1982; 39: 460–7.

Adverse Effects
Chlorpromazine generally produces less central de-
pression than the barbiturates or benzodiazepines, and
tolerance to its initial sedative effects develops fairly
quickly in most patients. It has antimuscarinic proper-
ties and may cause adverse effects such as dry mouth,
constipation, difficulty with micturition, blurred vi-
sion, and mydriasis. Tachycardia, ECG changes (par-
ticularly Q- and T-wave abnormalities), and, rarely,
cardiac arrhythmias may occur; hypotension (usually
orthostatic) is common. Other adverse effects include
delirium, agitation and, rarely, catatonic-like states, in-
somnia or drowsiness, nightmares, depression, miosis,
EEG changes and convulsions, nasal congestion, mi-
nor abnormalities in liver function tests, inhibition of
ejaculation, impotence, and priapism. 
Hypersensitivity reactions include urticaria, exfoliative
dermatitis, erythema multiforme, and contact sensitiv-
ity. A syndrome resembling SLE has been reported.
Jaundice has occurred, and probably has an immuno-
logical origin. Prolonged therapy may lead to deposi-
tion of pigment in the skin, or more frequently the eyes;
corneal and lens opacities have occurred. Pigmentary
retinopathy has occurred only rarely with chlorpro-

mazine. Photosensitivity reactions are more common
with chlorpromazine than with other antipsychotics. 
Haematological disorders, including haemolytic anae-
mia, aplastic anaemia, thrombocytopenic purpura,
eosinophilia, and a potentially fatal agranulocytosis
have occasionally been reported; they may be manifes-
tations of a hypersensitivity reaction. Most cases of
agranulocytosis have occurred within 4 to 10 weeks of
starting treatment, and symptoms such as sore throat or
fever should be watched for and white cell counts insti-
tuted should they appear. Mild leucopenia has been
stated to occur in up to 30% of patients on prolonged
high dosage. 
Extrapyramidal dysfunction and resultant disorders in-
clude acute dystonia, a parkinsonism-like syndrome,
and akathisia; late effects include tardive dyskinesia
and perioral tremor. The neuroleptic malignant syn-
drome may also occur. 
Chlorpromazine alters endocrine and metabolic func-
tions. Patients have experienced amenorrhoea, galact-
orrhoea, and gynaecomastia due to hyperprolactinae-
mia, weight gain, and hyperglycaemia and altered
glucose tolerance. Body temperature regulation is im-
paired and may result in hypo- or hyperthermia de-
pending on environment. There have also been reports
of hypercholesterolaemia. 
There have been isolated reports of sudden death with
chlorpromazine; possible causes include cardiac ar-
rhythmias or aspiration and asphyxia due to suppres-
sion of the cough and gag reflexes. 
Pain and irritation at the injection site may occur on
injection. Nodule formation may occur after intramus-
cular injection. 
Phenothiazines do not cause dependence of the type
encountered with barbiturates or benzodiazepines.
However, withdrawal symptoms have been seen on
abrupt withdrawal in patients receiving prolonged
and/or high-dose maintenance therapy. 
Although the adverse effects of other phenothiazines
are broadly similar in nature to those of chlorpro-
mazine, their frequency and pattern tend to fall into 3
groups: 
• group 1 (e.g. chlorpromazine, levomepromazine,

and promazine) are generally characterised by pro-
nounced sedative effects and moderate antimus-
carinic and extrapyramidal effects 

• group 2 (e.g. pericyazine, pipotiazine, and thiorid-
azine) are generally characterised by moderate seda-
tive effects, marked antimuscarinic effects, and few-
er extrapyramidal effects than groups 1 or 3 

• group 3 (e.g. fluphenazine, perphenazine, prochlor-
perazine, and trifluoperazine) are generally charac-
terised by fewer sedative and antimuscarinic effects
but more pronounced extrapyramidal effects than
groups 1 or 2 

Classical antipsychotics of other chemical groups
tend to resemble the phenothiazines of group 3. They
include the butyrophenones (e.g. benperidol and ha-
loperidol); diphenylbutylpiperidines (e.g. pimozide);
thioxanthenes (flupentixol and zuclopenthixol); substi-
tuted benzamides (e.g. sulpiride); oxypertine; and
loxapine.
Carcinogenicity. See Effects on Endocrine Function, below.
Convulsions. Treatment with antipsychotics can result in EEG
abnormalities and lowered seizure threshold.1 Seizures can be in-
duced particularly in patients with a history of epilepsy or drug-
induced seizures, abnormal EEG, previous electroconvulsive
therapy, or pre-existing CNS abnormalities. The risk appears to
be greatest at the start of antipsychotic therapy, or with high dos-
es, or abrupt increases of dose, or with the use of more than one
antipsychotic. The incidence of antipsychotic-induced convul-
sions is, however, probably less than 1%. 
In general, the epileptic potential has been correlated with the
propensity of the antipsychotic to cause sedation. Phenothiazines
with marked sedative effects [group 1] such as chlorpromazine
appear to present a higher risk than those with strong extrapy-
ramidal effects [group 3]. Haloperidol appears to carry a relative-
ly low risk of seizures. The following drugs have been suggested
when classical antipsychotic therapy is considered necessary in
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patients at risk of seizures or being treated for epilepsy: fluphen-
azine, haloperidol, pimozide, or trifluoperazine. Antipsychotic
dosage should be increased slowly and the possibility of interac-
tions with antiepileptic therapy considered (see under Interac-
tions, below). 
The atypical antipsychotic clozapine appears to be associated
with a particularly high risk of seizures (see Effects on the Nerv-
ous System, under Clozapine, p.982). Risperidone may be pre-
ferred if an atypical antipsychotic is to be used in patients at risk
of seizures.
1. Pisani F, et al. Effects of psychotropic drugs on seizure thresh-

old. Drug Safety 2002; 25: 91–110.

Effects on the blood. The UK CSM provided data on the re-
ports it had received between July 1963 and January 1993 on
agranulocytosis and neutropenia.1 Several groups of drugs were
commonly implicated, among them phenothiazines for which
there were 87 reports of agranulocytosis (42 fatal) and 33 of neu-
tropenia (22 fatal). The most frequently implicated phenothi-
azines were chlorpromazine with 51 reports of agranulocytosis
(26 fatal) and 12 of neutropenia (2 fatal) and thioridazine with 20
reports of agranulocytosis (9 fatal) and 10 of neutropenia (none
fatal).
1. CSM/MCA. Drug-induced neutropenia and agranulocytosis.

Current Problems  1993; 19:  10–11. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 18/07/08)

Effects on body-weight. Most antipsychotic drugs are associ-
ated with weight gain. A meta-analysis1 found evidence of
weight gain in patients receiving both classical (chlorpromazine,
fluphenazine, haloperidol, loxapine, perphenazine, thioridazine,
tiotixene, or trifluoperazine) and atypical (clozapine, olanzapine,
quetiapine, risperidone, sertindole, and ziprasidone) antipsychot-
ics. Two drugs, molindone and pimozide, appeared in contrast to
be associated with weight loss, although in the case of pimozide
this could not be confirmed statistically. Placebo treatment was
also associated with weight loss. For further details, see Effects
on Body-weight, in Clozapine, p.981.
1. Allison DB, et al. Antipsychotic-induced weight gain: a compre-

hensive research synthesis. Am J Psychiatry 1999; 156:
1686–96.

Effects on the cardiovascular system. Orthostatic hypo-
tension is a common problem in patients taking psychotropic
drugs and is particularly pronounced with low-potency antipsy-
chotics.1 
Various EEG changes or frank arrhythmias have occurred in
patients receiving antipsychotics. T-wave changes have been re-
ported with low-potency antipsychotics; they are usually benign
and reversible, and subject to diurnal fluctuations. Low-potency
antipsychotics, particularly thioridazine and mesoridazine, and
the high-potency drug pimozide, prolong the QT interval in a
similar manner to class I antiarrhythmics such as quinidine or
procainamide; their use is therefore contra-indicated in patients
taking such antiarrhythmics. Droperidol, another high-potency
drug, has also been reported to prolong the QT interval.2 Thiorid-
azine is most frequently discussed in case reports of psychotropic
drug-induced torsade de pointes,2 which has led to restrictions on
its use (see Precautions, and Uses and Administration of Thiori-
dazine, p.1031); chlorpromazine and pimozide have also been
implicated. Torsade de pointes has also been reported after
overdosage3-5 with, or high intravenous6 doses of, the high-po-
tency antipsychotic haloperidol. There are also isolated reports
of cardiac arrhythmias after attempts at rapid control with high
doses of haloperidol.7,8 Melperone, a butyrophenone antipsy-
chotic related to haloperidol, has been reported to have class III
electrophysiologic and antiarrhythmic activity.9,10 
In the UK, the risk of arrhythmias with antipsychotic treatment
has been considered by an expert working group of the CSM;11

the following recommendations were made regarding ECG
monitoring: 
• the need for an ECG should be based on a patient’s relevant

medical history, family history, and clinical examination; the
elderly and those with a personal or family history of heart
disease or any cardiac abnormalities would benefit the most
from a baseline ECG 

• during treatment an ECG should be performed in patients who
experience palpitations or other symptoms suggestive of car-
diac disease; if the QT interval is prolonged then a reduction
in dose may be required, if it exceeds 500 milliseconds treat-
ment may need to be stopped 

• an ECG should be considered during dose increases 
• potassium levels should be monitored before and during treat-

ment and in particular during periods of acute illnesses 
Sudden unexpected deaths have long been reported in patients
receiving antipsychotics.12 Whether this is due to the disease be-
ing treated or to the treatment is still unclear. However, in a ret-
rospective cohort study13 involving about 482 000 patients, analy-
sis of 1487 sudden cardiac deaths indicated that patients receiv-
ing antipsychotics in doses of more than 100 mg of thioridazine
or its equivalent had a 2.4-fold increase in the rate of sudden
cardiac death, rising to a 3.53-fold increase in those patients with
pre-existing severe cardiovascular disease. A later case-control
study14 in 5 UK psychiatric hospitals found that sudden unex-
plained death in psychiatric patients was associated with hyper-

tension, ischaemic heart disease, and current treatment with
thioridazine. Although several mechanisms have been suggested
for the effect, prolongation of the QT interval has been implicat-
ed in a proportion of the cases.12 
Results from a case-control study15 have suggested that use of
classical antipsychotics may be associated with an increased risk
of idiopathic venous thromboembolism. The risk was most
pronounced during the first 3 months of treatment, and was high-
er for low potency than high potency antipsychotics. This study
did not examine the risk of venous thromboembolism with atyp-
ical antipsychotics, but see under Clozapine, p.982.
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Med Scand 1980; 208: 61–4. 

10. Hui WKK, et al. Melperone: electrophysiologic and an-
tiarrhythmic activity in humans. J Cardiovasc Pharmacol 1990;
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www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023860&RevisionSelectionMethod=
LatestReleased (accessed 08/08/08) 

12. Haddad PM, Anderson IM. Antipsychotic-related QTc prolon-
gation, torsade de pointes and sudden death. Drugs 2002; 62:
1649–71. 

13. Ray WA, et al. Antipsychotics and the risk of sudden cardiac
death. Arch Gen Psychiatry 2001; 58: 1161–7. 

14. Reilly JG, et al. Thioridazine and sudden unexplained death in
psychiatric in-patients. Br J Psychiatry 2002; 180: 515–22. 

15. Zornberg GL, Jick H. Antipsychotic drug use and risk of first-
time idiopathic venous thromboembolism: a case-control study.
Lancet 2000; 356: 1219–23.

Effects on endocrine function. Antipsychotics can alter the
secretion of prolactin, growth hormone, and thyrotrophin from
the anterior pituitary via their ability to block central dopamine-
D2 receptors. Therapeutic doses of classical antipsychotics (and
some atypical antipsychotics such as amisulpride and risperi-
done) increase serum-prolactin concentrations; this effect occurs
at lower doses and after shorter latent periods than the antipsy-
chotic effects. However, partial tolerance to the hyperprolacti-
naemic effect may develop on long-term use.1 Serum prolactin
declines to normal values within 3 weeks of stopping oral anti-
psychotic therapy but may remain raised for 6 months after an
intramuscular depot injection.1 
The long-term consequences of gonadal hormone deficiency,
secondary to raised prolactin concentrations, have caused con-
cern. There is evidence2 that patients taking long-term prolactin-
raising antipsychotics are at high risk of osteoporosis associated
with hypogonadism. Long-term antipsychotic treatment has also
been shown to increase the incidence of mammary tumours in
the rat. Although early studies3,4 found little or no evidence that
chronic use in humans alters the risk of breast cancer among
women with schizophrenia, a later retrospective cohort study5

found a modest dose-related increase in the risk of breast cancer
in women using antipsychotic dopamine antagonists. A similar
increase was seen in women receiving antiemetic dopamine an-
tagonists. Fears that pituitary abnormalities, including pituitary
tumours,6 might develop in patients on long-term phenothiazine
therapy have not been confirmed.7,8 
Antipsychotics can in some circumstances reduce both basal and
stimulated growth-hormone secretion but attempts to use them to
treat dysfunctions in growth-hormone regulation have not been
successful.9 Although a number of clinical studies show that
acute dosage of antipsychotics increased both basal and stimulat-
ed thyrotrophin secretion, the majority of studies find either no
change or only a small increase in thyrotrophin secretion follow-
ing long-term use. 
A small study10 has suggested that thioridazine may be more
likely than other antipsychotics to decrease serum concentrations
of testosterone or luteinising hormone in men. However, concen-
trations were within the normal range in most patients taking an-
tipsychotics. 
See also Effects on Fluid and Electrolyte Homoeostasis, below
and Effects on Sexual Function, below.
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the pituitary-gonadal axis in men. Arch Gen Psychiatry 1981;
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Effects on the eyes. Phenothiazines may induce a pigmentary
retinopathy which is dependent on both the dose and the duration
of treatment.1 Those phenothiazine derivatives with piperidine
side-chains such as thioridazine have a higher risk of inducing
retinal toxicity than other phenothiazine derivatives, with rela-
tively few cases reported for those with aliphatic side-chains
such as chlorpromazine; the piperazine group does not appear to
exert direct ocular toxicity.2 The retinopathy may present either
acutely, (sudden loss of vision associated with retinal oedema
and hyperaemia of the optic disc), or chronically, (a fine pigment
scatter appearing in the central area of the fundus, extending pe-
ripherally but sparing the macula). Chronic paracentral and peri-
central scotomas may be found. Although pigmentary distur-
bances may progress after withdrawal of thioridazine, they are
not always paralleled by deterioration in visual function; none-
theless, some cases have led to progressive chorioretinopathy.3
The critical ocular toxic dose of thioridazine is reported to be
800 mg daily1 and UK licensed product information has recom-
mended that a daily dose of 600 mg should not usually be ex-
ceeded. However, there is a report4 of pigmentary retinopathy in
a patient who received long-term thioridazine in daily doses not
exceeding 400 mg; the total dose was 752 g. 
Pigmentation may also occur in the cornea, lens, and conjunctiva
following use of phenothiazines. It may occur in association with
pigmentary changes in the skin and is dose-related. In a study of
100 Malaysian patients, ocular pigmentation was observed in
slightly more than half of those who had received a total dose of
chlorpromazine of 100 to 299 g and in 13 of 15 who had received
300 to 599 g.5 All those who had received more than 600 g of
chlorpromazine or thioridazine had ocular pigmentation. Cata-
ract formation, mainly of an anterior polar variety, has been ob-
served rarely, mainly in patients on chlorpromazine. It does not
appear to be dose-related.2 
A patient who had received fortnightly injections of fluphena-
zine 12.5 mg for 10 years (total dose 3.25 g) developed bilateral
maculopathy following unprotected exposure of less than 2-
minute’s duration to a welding arc.6 It was postulated that accu-
mulation of phenothiazine in the retinal epithelium sensitised the
patient to photic damage. However, another patient who had re-
ceived fortnightly injections of fluphenazine 25 mg for 25 years
(total dose 16.25 g) developed bilateral maculopathy without ex-
posure to any extreme photochemical sources.7 The authors con-
cluded that this was due to a direct effect of fluphenazine second-
ary to its accumulation in the retinal epithelium.
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1990; 74: 739–42. 
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737. 
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7. Lee MS, Fern AI. Fluphenazine and its toxic maculopathy. Oph-
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Effects on fluid and electrolyte homoeostasis. There have
been occasional reports of water intoxication in patients taking
antipsychotics. A review1 of hyponatraemia and the syndrome of
inappropriate antidiuretic hormone secretion associated with
psychotropics summarised 20 such reports for antipsychotics in
the literature. The drugs implicated were thioridazine (8 reports),
haloperidol (3 reports), chlorpromazine, trifluoperazine, and flu-
phenazine (2 reports each), and flupentixol, tiotixene, and cloza-
pine (1 report each). The majority of reports did not permit clear
conclusions and, particularly in the cases of prolonged treatment,
the role of the medication was unclear. However, at least 3 of the
cases were well documented and supported the view that anti-
psychotics could cause hyponatraemia. 
A report not considered by the above review described water re-
tention and peripheral oedema associated with chlorpromazine.2
A small controlled study3 found that 5 of 10 evaluated patients
receiving haloperidol decanoate had impaired fluid homoeosta-
sis.
1. Spigset O, Hedenmalm K. Hyponatraemia and the syndrome of

inappropriate antidiuretic hormone secretion (SIADH) induced
by psychotropic drugs. Drug Safety 1995; 12: 209–25. 

2. Witz L, et al. Chlorpromazine induced fluid retention masquer-
ading as idiopathic oedema. BMJ 1987; 294: 807–8. 

3. Rider JM, et al. Water handling in patients receiving haloperidol
decanoate. Ann Pharmacother 1995; 29: 663–6.

Effects on lipid metabolism. Most antipsychotics are associ-
ated with hyperlipidaemia. A review1 found evidence of a higher
risk of hyperlipidaemia in patients receiving low-potency classi-
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cal antipsychotics, such as chlorpromazine and thioridazine, or
the atypical antipsychotics, clozapine, olanzapine, and quetiap-
ine. High-potency classical antipsychotics, such as haloperidol,
and the atypical antipsychotics aripiprazole, risperidone, and
ziprasidone, appeared to be associated with a lower risk of hyper-
lipidaemia. Possible mechanisms for dyslipidaemia associated
with antipsychotic therapy include the development of glucose
intolerance, weight gain, and dietary changes. For further details,
see Effects on Body-weight under Adverse Effects of Clozapine,
p.981 and Effects on Body-weight, above.
1. Meyer JM, Koro CE. The effects of antipsychotic therapy on se-

rum lipids: a comprehensive review. Schizophr Res 2004; 70:
1–17.

Effects on the liver. Chlorpromazine and other phenothiazines
may cause hepatocanalicular cholestasis often with hepatocyte
damage suggestive of immunological liver injury.1 Only a small
number of patients taking the drug are affected and the onset is
usually in the first 4 weeks of therapy. The drug or one of its
metabolites may induce alteration in the liver-cell membrane so
that it becomes antigenic; there is also good evidence for direct
hepatotoxicity related to the production of free drug radical.
There may be an individual idiosyncrasy in the metabolism of
chlorpromazine and in the production of these radicals. A study
has suggested that patients who have poor sulfoxidation status
combined with unimpaired hydroxylation capacity may be most
likely to develop jaundice with chlorpromazine.2 
A preliminary study3 showing a high incidence of gallstones in
psychiatric inpatients in Japan found a correlation between the
presence of gallstones and the duration of illness and use of an-
tipsychotics. It was speculated that gallstones could be a conse-
quence of phenothiazine-induced cholestasis.
1. Sherlock S. The spectrum of hepatotoxicity due to drugs. Lancet

1986; ii: 440–4. 
2. Watson RGP, et al. A proposed mechanism for chlorpromazine

jaundice—defective hepatic sulphoxidation combined with rapid
hydroxylation. J Hepatol 1988; 7: 72–8. 

3. Fukuzako H, et al. Ultrasonography detected a higher incidence
of gallstones in psychiatric inpatients. Acta Psychiatr Scand
1991; 84: 83–5.

Effects on sexual function. The phenothiazines can cause
both impotence and ejaculatory dysfunction.1 Thioridazine has
been frequently implicated, and in an early report 60% of 57
male patients taking the drug reported sexual dysfunction com-
pared with 25% of 64 men taking other antipsychotics.2 There
are also several reports of priapism with phenothiazines;1,3-5 al-
pha-adrenoceptor blocking properties of these compounds may
be partly responsible. Male sexual dysfunction, including pria-
pism, has been reported only rarely with other classical antipsy-
chotics such as the butyrophenones, diphenylbutylpiperidines,
and thioxanthenes.6 Priapism has also been reported with
clozapine7 and other atypical antipsychotics. The effects of an-
tipsychotics on female sexual function are less well studied. Or-
gasmic dysfunction has been reported with thioridazine, trifluo-
perazine, and fluphenazine.8 
The effects of hyperprolactinaemia (see Effects on Endocrine
Function, above) on sexual function are described on p.2079.
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Effects on the skin. DEPOT INJECTION. Of 217 patients who
received a combined total of 2354 depot antipsychotic injec-
tions 42 (19.4%) had local problems at the site of injection; 18
(8.3%) experienced chronic complications and 30 (13.8%)
acute reactions.1 Acute problems reported included 31 epi-
sodes of unusual pain, 21 of bleeding or haematoma, 19 of
clinically important leakage of drug from injection site, 11 of
acute inflammatory indurations, and 2 of transient nodules.
Complications were more common in patients receiving con-
centrated preparations, higher doses, weekly injections, halo-
peridol decanoate or zuclopenthixol decanoate, and injection
volumes greater than 1 mL and in those treated for more than
5 years. Chronic reactions were more common in patients
aged over 50 years.
1. Hay J. Complications at site of injection of depot neuroleptics.

BMJ 1995; 311: 421.

PHOTOSENSITIVITY.  Testing in 7 subjects taking chlorpro-
mazine revealed that photosensitivity reactions manifested
primarily as immediate erythema and that sensitivity was pri-
marily to light in the long ultraviolet (UVA) and visible wave-
bands. Sensitivity to UVB was normal.1 

The incidence of photosensitivity reactions to chlorpromazine
has been given as 3%. However, a higher incidence of 16-25%
has also been reported.2 
See also Effects on the Eyes, above.
1. Ferguson J, et al. Further clinical and investigative studies of

chlorpromazine phototoxicity. Br J Dermatol 1986; 115 (suppl
30): 35. 

2. Harth Y, Rapoport M. Photosensitivity associated with antipsy-
chotics, antidepressants and anxiolytics. Drug Safety 1996; 14:
252–9.

PIGMENTATION. The pigment found in the skin of patients
treated with chlorpromazine was considered1 to be a chlor-
promazine-melanin polymer formed in a light-catalysed
anaerobic reaction. Hydrogen chloride liberated during the
reaction could account for the skin irritation. Intracutaneous
injection of a preparation of the polymer into 2 volunteers
produced a bluish-purple discoloration which faded in 3 days.
1. Huang CL, Sands FL. Effect of ultraviolet irradiation on chlo-

rpromazine II: anaerobic condition. J Pharm Sci 1967; 56:
259–64.

Extrapyramidal disorders. Antipsychotics and a number of
other drugs, including antiemetics such as metoclopramide and
some antidepressants, can produce a range of dyskinesias or in-
voluntary movement disorders involving the extrapyramidal mo-
tor system, including parkinsonism, akathisia, acute dystonia,
and chronic tardive dyskinesia.1-4 Such reactions are a major
problem in the clinical management of patients receiving anti-
psychotics. Reactions of this type can occur with any antipsy-
chotic, but (excluding tardive dyskinesia) are particularly prom-
inent during treatment with high-potency drugs such as the tricy-
clic piperazines and butyrophenones. Antipsychotics such as
clozapine carry a low risk of extrapyramidal effects and are
therefore described as atypical antipsychotics. The incidence of
tardive dyskinesia does appear to be minimal with clozapine, al-
though there is less evidence for other atypical antipsychotics
(p.982; but see also below). 
Of 2811 patients studied5 in the first few months of therapy with
prochlorperazine (a drug with a high propensity to cause extrapy-
ramidal reactions), 57 reported adverse effects, 16 of which in-
volved the extrapyramidal system. There were 4 dystonic-dysk-
inesic reactions (an incidence of 1 in 464 and 1 in 707 for patients
aged under and over 30 years respectively), 9 reports of parkin-
sonism (under 60 years, 1 in 1555; over 60 years, 1 in 159), and
3 reports of akathisia (1 in 562). 
One explanation of extrapyramidal disorders is an imbalance be-
tween dopaminergic and cholinergic systems in the brain. How-
ever, this simple model fails to explain the co-existence of a va-
riety of extrapyramidal effects, and several alternative
mechanisms have been proposed.2,6 Hypotheses based on inter-
actions between different dopamine receptor types may help to
explain the decreased tendency of some antipsychotic drugs to
induce these reactions (see Action under Uses and Administra-
tion, below).
1. CSM/MCA. Drug-induced extrapyramidal reactions. Current
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1997; 54: 2461–77. 
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AKATHISIA. Akathisia is a condition of mental and motor rest-
lessness in which there is an urge to move about constantly
and an inability to sit or stand still. It is the most common
motor adverse effect of treatment with antipsychotics.1 Acute
akathisia is dose-dependent, usually develops within a few
days of beginning treatment or after a rapid increase in dose,
and usually improves if the drug is stopped or the dose re-
duced. Antimuscarinic antiparkinsonian drugs appear to pro-
vide only limited benefit, although success may be more like-
ly in patients with concomitant parkinsonism. A low dose of
a beta blocker such as propranolol (although good evidence
is lacking2) or a benzodiazepine3 may be helpful. Improve-
ment has also been reported with clonidine and amantadine
but the usefulness of these drugs may be limited by adverse
effects or development of tolerance, respectively. The tardive
form, like tardive dyskinesia (see below), which appears after
several months of treatment, does not respond to antimus-
carinics and is difficult to treat.
1. Miller CH, Fleischhacker WW. Managing antipsychotic-induced

acute and chronic akathisia. Drug Safety 2000; 22: 73–81. 
2. Barnes TRE, et al. Central action beta-blockers versus placebo

for neuroleptic-induced acute akathisia. Available in The Co-
chrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2004 (accessed 21/08/08). 

3. Soares-Weiser K, et al. Benzodiazepines for neuroleptic-induced
acute akathisia. Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 1999 (accessed
21/08/08).

DYSTONIA. Acute dystonic reactions, which mainly affect the
muscles of the face, neck, and trunk and include jaw clench-
ing (trismus), torticollis, and oculogyric crisis are reported to
occur in up to 10% of patients taking antipsychotics. Laryn-
geal dystonia is rare, but potentially fatal.1 Dystonias usually
occur within the first few days of treatment or after a dosage
increase but may also develop on withdrawal. They are tran-
sitory, and are most common in children and young adults.
Dystonic reactions may be controlled by antimuscarinics
such as biperiden or procyclidine, or antihistamines such as
diphenhydramine or promethazine.2 Benzodiazepines such as
diazepam can also be used. Prophylactic antimuscarinics can
prevent the development of dystonias, but routine use is not
recommended as not all patients require them and tardive dys-
kinesia may be unmasked or worsened (see below); such a
strategy should probably be reserved for short-term use in
those at high risk of developing dystonic reactions, such as
young adults starting treatment with high-potency antipsy-
chotics or in patients with a history of drug-induced dysto-
nias.3,4 Some patients may develop tardive dystonia. A range
of drugs has been tried in this condition but without consistent
benefit.5
1. Koek RJ, Pi EH. Acute laryngeal dystonic reactions to neurolep-

tics. Psychosomatics 1989; 30: 359–64. 
2. van Harten PN, et al. Acute dystonia induced by drug treatment.

BMJ 1999; 319: 623–6. 
3. WHO. Prophylactic use of anticholinergics in patients on long-

term neuroleptic treatment: a consensus statement. Br J Psychi-
atry 1990; 156: 412. 

4. Barnes TRE. Comment on the WHO consensus statement. Br J
Psychiatry 1990; 156: 413–14. 

5. Raja M. Managing antipsychotic-induced acute and tardive dys-
tonia. Drug Safety 1998; 19: 57–72.

PARKINSONISM. Parkinsonism, often indistinguishable from
idiopathic Parkinson’s disease (p.791), may develop during
therapy with antipsychotics, usually after the first few weeks
or months of treatment. It is generally stated to be more com-
mon in adults and the elderly, although a retrospective study
with haloperidol found an inverse relationship between drug-
induced parkinsonism and age.1 This parkinsonism is gener-
ally reversible on drug withdrawal or dose reduction, and may
sometimes disappear gradually despite continued drug thera-
py. Antimuscarinic antiparkinsonian drugs are used to sup-
press the symptoms of parkinsonism.2 However, they are of-
ten minimally effective and commonly cause adverse effects.
Routine use for prophylaxis is not recommended because of
the risk of unmasking or exacerbating tardive dyskinesia (see
below). Amantadine is an alternative to the antimuscarinics.2
1. Moleman P, et al. Relationship between age and incidence of

parkinsonism in psychiatric patients treated with haloperidol.
Am J Psychiatry 1986; 143: 232–4. 

2. Mamo DC, et al. Managing antipsychotic-induced parkinson-
ism. Drug Safety 1999; 20: 269–75.

TARDIVE DYSKINESIA. The central feature of tardive dyskinesia
is orofacial dyskinesia characterised by protrusion of the
tongue (‘fly catching’), lipsmacking, sucking, lateral chew-
ing, and pouting of the lips and cheeks. The trunk and limbs
also become involved with choreiform movements such as re-
petitive ‘piano-playing’ hand movements, shoulder shrug-
ging, foot tapping, or rocking movements. The prevalence of
tardive dyskinesia among those receiving antipsychotics var-
ies widely but up to 60% of patients may develop symptoms.
In most cases the condition is mild and not progressive and
tends to wax and wane. Although tardive dyskinesia usually
develops after many years of antipsychotic therapy no clear
correlation has been shown between development of the con-
dition and the length of drug treatment or the type and class
of drug. However, clozapine does not appear to be associated
with the condition and in some cases use has resulted in im-
provement of established tardive dyskinesia (see Schizophre-
nia under Clozapine, p.985). Whether other atypical antipsy-
chotics also have a lower incidence of tardive dyskinesia
remains to be established, although there are some data to
suggest that this may be the case.1-3 Symptoms of tardive dys-
kinesia often develop after stopping the antipsychotic or after
dose reduction. Risk factors include old age, female sex, af-
fective disorder, schizophrenia characterised by negative
symptoms, and organic brain damage. 
Suggested causes of tardive dyskinesia include dopaminergic
overactivity, imbalance between dopaminergic and cholinergic
activity, supersensitivity of postsynaptic dopamine receptors, pre-
synaptic catecholaminergic hyperfunction, and alterations of the
gamma-aminobutyric acid (GABA) system. 
Options in the management of tardive dyskinesia include at-
tempts at treatment while maintaining antipsychotic therapy, or
withdrawal of antimuscarinic therapy, and either withdrawal of
the antipsychotic or reduction of the dosage to the minimum re-
quired or transfer to an atypical antipsychotic. 
Although many drugs have been tried in the treatment of tardive
dyskinesia there have been relatively few double-blind studies.
Reviews of tardive dyskinesia1,4-6 have concluded that there ap-
peared to be no reliable or safe treatment. Overall, classical an-
tipsychotics appeared to be the most effective in masking symp-
toms of tardive dyskinesia but tolerance may develop and a
worsening of the underlying pathophysiology by antipsychotics
had to be assumed on theoretical grounds. Other drugs with anti-
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dopaminergic actions which were probably of comparable effi-
cacy included reserpine, oxypertine, tetrabenazine, and metiro-
sine. The next most effective drugs were considered to be
noradrenergic antagonists such as clonidine. Some encouraging
results had also been obtained with GABAergic drugs such as the
benzodiazepines, baclofen, progabide, valproate, and viga-
batrin, although systematic reviews of studies of some GABAer-
gic drugs7 including benzodiazepines8 found the evidence incon-
clusive and/or unconvincing. The efficacy of cholinergics could
not be confirmed.9,10 Dopaminergics and antimuscarinics mostly
exacerbated symptoms but others11 had commented that there
was no convincing evidence that long-term use of antimuscarin-
ics increased the risk of developing the condition. Other drugs
whose value is unclear include vitamin E12 and some calcium-
channel blockers.13 
Withdrawal of the causative drug usually worsens the condition
although symptoms often diminish or disappear over a period of
weeks or sometimes a year or so. Success is most likely in
younger patients. During withdrawal, drugs such as diazepam or
clonazepam may be given to alleviate symptoms. Although clas-
sical antipsychotics are effective, their routine use to suppress
symptoms is not recommended but they may be required for
acute distressing or life-threatening reactions or in chronic tar-
dive dyskinesia unresponsive to other treatment. In extremely se-
vere resistant cases some have used an antipsychotic with val-
proate or carbamazepine or reserpine with metirosine. 
In view of the unsatisfactory management of tardive dyskinesia,
emphasis is placed on its prevention. Antipsychotics should be
prescribed only when clearly indicated, should be given in the
minimum dose, and continued only when there is evidence of
benefit. Although drug holidays have been suggested for reduc-
ing the risk of tardive dyskinesia, the limited evidence indicates
that interruptions in drug treatment may increase the risk of both
persistent dyskinesia and psychotic relapse.14 Increasing the dose
of antipsychotic generally improves the condition, but only tem-
porarily.
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tematic Reviews; Issue 4. Chichester: John Wiley; 2001 (ac-
cessed 21/08/08). 
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neuroleptic-induced tardive dyskinesia. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2004 (accessed 14/04/05). 
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nesia. Available in The Cochrane Database of Systematic Re-
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Neuroleptic malignant syndrome. The neuroleptic malig-
nant syndrome (NMS) is a potentially fatal reaction to a number
of drugs including antipsychotics and other dopamine antago-
nists such as metoclopramide. The clinical features of the classic
syndrome are usually considered to include hyperthermia, severe
extrapyramidal symptoms including muscular rigidity, autonom-
ic dysfunction, and altered levels of consciousness. Skeletal mus-
cle damage may occur and the resulting myoglobinuria may lead
to renal failure. However, there appear to be no universal criteria
for diagnosis. Some believe the classic syndrome to be the ex-
treme of a range of effects associated with antipsychotics and
have introduced the concept of milder variants or incomplete
forms. Others consider it to be a rare idiosyncratic reaction and
suggest that the term neuroleptic malignant syndrome should be
reserved for the full-blown reaction. Consequently, estimates of
the incidence vary greatly and recent estimates have ranged
from 0.02 to 2.5%. The mortality rate has been substantial; al-
though it has decreased over the years with improved diagnosis
and management, this may also be due to the detection and inclu-
sion of the milder or incomplete variants. Possible risk factors
include dehydration, pre-existing organic brain disease, and a

history of a previous episode; young males have also been re-
ported to be particularly susceptible. 
The pathogenesis of NMS is still unclear. Blockade of dopamin-
ergic receptors in the corpus striatum is thought to cause muscu-
lar contraction and rigidity generating heat while blockade of
dopaminergic receptors in the hypothalamus leads to impaired
heat dissipation. Peripheral mechanisms such as vasomotor pa-
ralysis may also play a role. Also a syndrome resembling NMS
has been seen after withdrawal of treatment with dopamine ago-
nists such as levodopa (see p.806). Symptoms develop rapidly
over 24 to 72 hours and may occur days to months after starting
antipsychotic medication or increase in dosage, but no consistent
correlation with dosage or length of therapy has been found.
Symptoms may last for up to 14 days after stopping oral antipsy-
chotics, or for up to 4 weeks after stopping depot preparations.
All antipsychotics are capable of inducing NMS; depot prepara-
tions may, however, be associated with prolonged recovery once
it develops, and hence a higher mortality rate. Use with lithium
carbonate or antimuscarinics may increase the likelihood of de-
veloping the syndrome. 
Antipsychotic medication should be withdrawn immediately
once the diagnosis of the classic syndrome is made; this should
be followed by symptomatic and supportive therapy including
cooling measures, correction of dehydration, and treatment of
cardiovascular, respiratory, and renal complications. Whether
antipsychotics should be withdrawn from patients with mild at-
tacks and how they should be managed is a matter of debate. 
The efficacy of specific drug therapy remains to be proven, and
justification for use is based mainly on case reports. 
• Dantrolene was first used because of its effectiveness in ma-

lignant hyperthermia. It has a direct action on skeletal muscle
and may be particularly effective for the reversal of hyperther-
mia of muscle origin. 

• In contrast, dopaminergic agonists may resolve hyperthermia
of central origin, restoring dopaminergic transmission and
hence alleviating extrapyramidal symptoms. There have been
isolated reports of success with amantadine and levodopa but
bromocriptine is generally preferred. Any underlying psycho-
sis may, however, be aggravated by dopaminergic drugs. 

• Since dantrolene and dopaminergics act in different ways a
combination of the two might be useful, but any advantage
remains to be demonstrated. 

• Antimuscarinics are generally considered to be of little use
and may aggravate the associated hyperthermia. 

• Benzodiazepines may be used for sedation in agitated patients
and may be of use against concomitant catatonia. ECT may be
an alternative in refractory cases of NMS or when catatonic
symptoms are present. 

Re-introduction of antipsychotic therapy may be possible but is
not always successful and extreme caution is advised. It has been
recommended that a gap of at least 5 to 14 days should be left
after resolution of the symptoms before attempting re-introduc-
tion. 
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Withdrawal. Stopping treatment with an antipsychotic abrupt-
ly may produce withdrawal symptoms, the most common of
which are nausea, vomiting, anorexia, diarrhoea, rhinorrhoea,
sweating, myalgias, paraesthesias, insomnia, restlessness, anxie-
ty, and agitation.1 Patients may also experience vertigo, alternate
feelings of warmth and coldness, and tremor. Symptoms gener-
ally begin within 1 to 4 days of withdrawal and abate within 7 to
14 days. They are more severe and frequent when antimuscarin-
ics are stopped simultaneously.
1. Dilsaver SC. Withdrawal phenomena associated with antidepres-

sant and antipsychotic agents. Drug Safety 1994; 10: 103–14.

Treatment of Adverse Effects
After an overdose of chlorpromazine, patients should
be managed with intensive symptomatic and support-
ive therapy. Activated charcoal should be given by
mouth if a substantial amount of the phenothiazine has
been taken within 1 hour of presentation, provided that
the airway can be protected; emptying the stomach by
gastric lavage has sometimes been recommended. Di-
alysis is of little or no value in poisoning by phenothi-
azines. 

Hypotension should be corrected by raising the pa-
tient’s legs, or in severe cases by intravascular volume
expansion. An inotrope such as dopamine may be con-
sidered in refractory cases. If a vasoconstrictor is con-
sidered necessary in the management of phenothi-
azine-induced hypotension the use of adrenaline or
other sympathomimetics with high beta-adrenergic ag-
onist properties should be avoided since the alpha-
blocking effects of phenothiazines may impair the usu-
al alpha-mediated vasoconstriction of these drugs, re-
sulting in unopposed beta-adrenergic stimulation and
increased hypotension. 
The treatment of neuroleptic malignant syndrome and
the difficulties of treating extrapyramidal adverse ef-
fects, especially tardive dyskinesia, are discussed
above.

Precautions
Chlorpromazine and other phenothiazines are contra-
indicated in patients with pre-existing CNS depression
or coma, bone-marrow suppression, phaeochromocy-
toma, or prolactin-dependent tumours. They should be
used with caution or not at all in patients with impaired
liver, kidney, cardiovascular, cerebrovascular, and res-
piratory function and in those with angle-closure glau-
coma, a history of jaundice, parkinsonism, diabetes
mellitus, hypothyroidism, myasthenia gravis, paralytic
ileus, prostatic hyperplasia, or urinary retention. Care
is required in patients with epilepsy or a history of sei-
zures as phenothiazines may lower the seizure thresh-
old. Debilitated patients may be more prone to the ad-
verse effects of phenothiazines as may the elderly,
especially those with dementia. For precautions of phe-
nothiazines in pregnancy, see below. 
The sedative effects of phenothiazines are most
marked in the first few days of treatment; affected pa-
tients should not drive or operate machinery. 
The effects of phenothiazines on the vomiting centre
may mask the symptoms of overdosage of other drugs,
or of disorders such as gastrointestinal obstruction. Use
at extremes of temperature may be hazardous since
body temperature regulation is impaired by phenothi-
azines. 
Regular eye examinations are advisable for patients re-
ceiving long-term phenothiazine therapy and avoid-
ance of undue exposure to direct sunlight is recom-
mended. Phenothiazines should be used with caution
in the presence of acute infection or leucopenia. Blood
counts are advised if the patient develops an unex-
plained infection or fever. 
Patients should remain supine for at least 30 minutes
after parenteral doses of chlorpromazine; blood pres-
sure should be monitored. 
Abrupt withdrawal of phenothiazine therapy is best
avoided.
AIDS. Isolated reports1,2 have suggested that patients with
AIDS may be particularly susceptible to antipsychotic-induced
extrapyramidal effects.
1. Hollander H, et al. Extrapyramidal symptoms in AIDS patients

given low-dose metoclopramide or chlorpromazine. Lancet
1985; ii: 1186. 

2. Edelstein H, Knight RT. Severe parkinsonism in two AIDS pa-
tients taking prochlorperazine. Lancet 1987; ii: 341–2.

Asthma. Findings of a retrospective case-control study1 ap-
peared to indicate that asthmatic patients given antipsychotics
were at an increased risk of death or near death from asthma.
1. Joseph KS, et al. Increased morbidity and mortality related to

asthma among asthmatic patients who use major tranquillisers.
BMJ 1996; 312: 79–82.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that the use of chlorpromazine by mothers during breast feed-
ing may be of concern, since there have been reports of galactor-
rhoea in the mother and of drowsiness, lethargy, and declines in
developmental scores in the infant. The BNF considers that the
use of antipsychotics such as chlorpromazine should be avoided
by breast-feeding mothers unless absolutely necessary. 
Chlorpromazine was detected2 in all milk samples from 4 wom-
en at concentrations ranging from 7 to 98 nanograms/mL. Two
of the women breast-fed their infants, but one infant showed no
effects while the other was noted to be drowsy and lethargic;
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milk-chlorpromazine  concentra t ions  were  7  and
92 nanograms/mL, respectively.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/10/04) 

2. Wiles DH, et al. Chlorpromazine levels in plasma and milk of
nursing mothers. Br J Clin Pharmacol 1978; 5: 272–3.

Children. Few phenothiazines are recommended for use in chil-
dren; in particular there have been concerns about the use of phe-
nothiazine derivatives in infants (see Sudden Infant Death Syn-
drome, p.588). For reference to the use of chlorpromazine in
infants suffering neonatal abstinence syndrome see Substance
Dependence, Opioids, under Uses and Administration, below. 
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Contact sensitisation. The BNF warns that because of the
risk of contact sensitisation, health workers should avoid direct
contact with chlorpromazine; tablets should not be crushed and
solutions should be handled with care.

The elderly. The risk of hip fracture has been reported to be
increased in elderly patients given antipsychotics. A large case-
control study in patients over 65 found that current users of an-
tipsychotics had a twofold increase in the risk of hip fractures.1
The effect was dose-related and the increased risk was similar for
chlorpromazine, haloperidol, and thioridazine. It was suggested
that antipsychotic-induced sedation or orthostatic hypotension
could increase the risk of falls in elderly persons. A study in 12
schizophrenic patients receiving antipsychotics plus other drugs
such as antimuscarinics or benzodiazepines has suggested that
long-term treatment with antipsychotics may decrease bone min-
eralisation.2 A later study suggested that any increased risk of
falls might be due to an effect of antipsychotics on balance as
thioridazine was found to increase sway in elderly but not young
subjects.3 A meta-analysis of 40 studies4 concluded that there
was a small, but consistent, association between the use of most
classes of psychotropic drugs, including antipsychotics, and
falls. However, the evidence from these studies was based solely
on observational data, with minimal adjustment for confounders,
dosage, or duration of therapy. 
There is some evidence5,6 to suggest that the use of antipsychot-
ics to manage behavioural complications of dementia may in-
crease the rate of cognitive decline. Elderly patients with demen-
tia, especially Lewy-body dementia, are reported to be highly
susceptible to the extrapyramidal adverse effects of antipsychot-
ic drugs,7,8 and the reaction can be extremely serious, even fatal.
If these drugs are to be used in elderly patients with dementia,
then very low doses should be used, and special care should be
taken if the dementia is suspected to be of the Lewy-body type
since sudden life-threatening deterioration may occur.9 Depot
preparations should not be used and, since dopamine D2 recep-
tors may be involved, it has been suggested that consideration
could be given to using an antipsychotic such as clozapine that
does not principally antagonise those receptors;8 however, the
FDA now recommends that atypical antipsychotics should not
be used in such patients because of evidence of an increased
death rate (see Dementia, p.1024). 
An increased risk of death has also been noted in elderly patients
given classical antipsychotics. A retrospective cohort study,10 in-
volving nearly 23 000 patients given atypical or classical antip-
sychotics, found that classical antipsychotics were at least as
likely as the atypicals to increase the risk of death in the elderly.
The authors also suggested that the greatest increase in risk oc-
curred soon after starting therapy and with higher doses of clas-
sical antipsychotics. A similar increase in risk with use of classi-
cal antipsychotics was also seen in a large retrospective
population-based study11 in elderly patients with dementia when
compared with that seen with use of atypicals in this patient
group. 
For further discussion of the problems associated with the use of
antipsychotics in disturbed behaviour in the elderly, see p.954.
1. Ray WA, et al. Psychotropic drug use and the risk of hip frac-

ture. N Engl J Med 1987; 316: 363–9. 
2. Higuchi T, et al. Certain neuroleptics reduce bone mineraliza-

tion in schizophrenic patients. Neuropsychobiology 1987; 18:
185–8. 

3. Liu Y, et al. Comparative clinical effects of thioridazine (THD)
on fall risk on young and elderly subjects. Clin Pharmacol Ther
1995; 57: 200. 

4. Leipzig RM, et al. Drugs and falls in older people: a systematic
review and meta-analysis: I. Psychotropic drugs. J Am Geriatr
Soc 1999; 47: 30–9. 

5. McShane R, et al. Do neuroleptic drugs hasten cognitive decline
in dementia? Prospective study with necropsy follow up. BMJ
1997; 314: 266–70. 

6. Holmes C, et al. Do neuroleptic drugs hasten cognitive decline
in dementia? Carriers of apolipoprotein E ε4 allele seem partic-
ularly susceptible to their effects. BMJ 1997; 314: 1411. 

7. McKeith I, et al. Neuroleptic sensitivity in patients with senile
dementia of Lewy body type. BMJ 1992; 305: 673–8. 

8. Piggott MA, et al. DRD2 Ser311/Cys311 polymorphism in
schizophrenia. Lancet 1994; 343: 1044–5. Correction. ibid.;
1170. [Title: Dopamine D2 receptors in demented patients with
severe neuroleptic sensitivity.] 

9. CSM/MCA. Neuroleptic sensitivity in patients with dementia.
Current Problems 1994; 20: 6. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015616&RevisionSelectionMethod=
LatestReleased (accessed 30/05/06) 

10. Wang PS, et al. Risk of death in elderly users of conventional
vs. atypical antipsychotic medications. N Engl J Med 2005; 353:
2335–41. 

11. Gill SS, et al. Antipsychotic drug use and mortality in older
adults with dementia. Ann Intern Med 2007; 146: 775–86.

Epilepsy. See Convulsions under Adverse Effects, above.
Folic acid deficiency. Concentrations of folate in serum and
erythrocytes were reduced in 15 patients receiving long-term
treatment with chlorpromazine or thioridazine.1 All the patients
had significant induction of hepatic microsomal enzymes. It was
suggested that folate deficiency due to the induction of micro-
somal enzymes might subsequently limit enzyme induction and
hence reduce drug metabolism, which could lead to symptoms of
toxicity in patients apparently stabilised for a number of years.
The dietary intake of patients on long-term treatment with en-
zyme-inducing drugs might be inadequate.
1. Labadarios D, et al. The effects of chronic drug administration

on hepatic enzyme induction and folate metabolism. Br J Clin
Pharmacol 1978; 5: 167–73.

Hypoparathyroidism. There have been rare reports1,2 of acute
dystonic reactions associated with the use of phenothiazines in
patients with untreated hypoparathyroidism. Caution was recom-
mended in giving phenothiazine derivatives to patients with hy-
poparathyroidism and it was suggested that any acute reaction to
such a drug should prompt investigation for some form of latent
tetany.
1. Schaaf M, Payne CA. Dystonic reactions to prochlorperazine in

hypoparathyroidism. N Engl J Med 1966; 275: 991–5. 
2. Gur H, et al. Acute dystonic reaction to methotrimeprazine in

hypoparathyroidism. Ann Pharmacother 1996; 30: 957–9.

Pregnancy. Licensed product information generally does not
recommend the use of phenothiazines in late pregnancy; such
use may be associated with intoxication of the neonate. Chlor-
promazine may prolong labour and should be withheld until the
cervix is dilated 3 to 4 cm. Overall, however, it has been
suggested1 that the criteria for the selection of an antipsychotic
for use in pregnant women do not differ from those used in non-
pregnant women. It was also concluded that the benefits of con-
tinuing antipsychotic treatment at the minimum effective dose
would usually outweigh any risks to the fetus. 
A review2 of the use of phenothiazines in pregnancy concluded
that there was no clear evidence that these drugs caused a signif-
icant increase in fetal malformations. Nevertheless it was consid-
ered advisable that if pregnant patients required such treatment,
then a single phenothiazine should be used and that it should be
one of the established drugs. 
A subsequent review3 of the literature reported that women with
schizophrenia are generally at increased risk for poor obstetric
outcomes including preterm delivery, low birth-weight, and ne-
onates who are small for their gestational age. It was also consid-
ered that there was an increased risk of congenital malformation
when the fetus was exposed to phenothiazines during weeks 4 to
10 of gestation but this conclusion and the methods used to select
the data to review have been criticised.4 
See also p.563 for the use of phenothiazines as antiemetics dur-
ing pregnancy.
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3. Patton SW, et al. Antipsychotic medication during pregnancy

and lactation in women with schizophrenia: evaluating the risk.
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4. Levinson A. Review: women with schizophrenia have poorer
pregnancy outcomes than other women, but it is unclear whether
antipsychotic medications affect their infants. Evid Based Ment
Health 2003; 6: 89.

Renal impairment. Although there do not seem to be specific
indications for dosage adjustment of phenothiazines in renal im-
pairment, the BNF considers that cerebral sensitivity to antipsy-
chotics may be increased in severe renal impairment. Phenothi-
azine-induced toxic psychosis occurred in 4 patients with
chronic renal failure who had been given chlorpromazine.1
1. McAllister CJ, et al. Toxic psychosis induced by phenothiazine

administration in patients with chronic renal failure. Clin Neph-
rol 1978; 10: 191–5.

Interactions
The most common interactions encountered with phe-
nothiazines such as chlorpromazine result from use
with drugs that have similar pharmacological actions.
Symptoms of CNS depression may be enhanced by
other drugs with CNS-depressant properties including
alcohol, general anaesthetics, hypnotics, anxiolytics,
and opioids. When given with other drugs that produce
orthostatic hypotension, dosage adjustments may be
necessary. However, it should be noted that phenothi-
azines have been reported to reduce the antihyperten-
sive action of guanethidine and other adrenergic neu-

rone blockers. As many phenothiazines possess
antimuscarinic actions they can potentiate the adverse
effects of other drugs with antimuscarinic actions, in-
cluding tricyclic antidepressants and the antimuscarin-
ic antiparkinsonian drugs that may be given to treat
phenothiazine-induced extrapyramidal effects. In theo-
ry, antipsychotics with dopamine-blocking activity and
dopaminergic drugs such as those used to treat parkin-
sonism may be mutually antagonistic. Use with meto-
clopramide may increase the risk of antipsychotic-in-
duced extrapyramidal effects. 
There is an increased risk of arrhythmias when anti-
psychotics are used with drugs that prolong the QT in-
terval, including certain antiarrhythmics, other antipsy-
chotics, some non-sedating antihistamines, antimalar-
ials, and cisapride; use with diuretics that cause
electrolyte imbalance (particularly hypokalaemia) may
also have the same effect. There is also an increased
risk of arrhythmias when tricyclic antidepressants are
used with antipsychotics that prolong the QT interval. 
Because of an increased risk of seizures US licensed
product information for chlorpromazine recommends
withdrawal before the use of metrizamide for radio-
graphic procedures.
◊ Most interactions with antipsychotics are as a result of additive
pharmacological effects.1 Since tolerance develops to many of
these adverse effects, interactions are likely to be most important
in the early stages of combination therapy.
1. Livingston MG. Interactions that matter: 11 antipsychotic drugs.

Prescribers’ J 1987; 27 (Dec): 26–9.

Alcohol. Phenothiazines may increase the CNS depressant ef-
fects of alcohol. There has been a report of akathisia and dystonia
after consumption of alcohol by patients taking antipsychotics;1
alcohol might lower the threshold of resistance to neurotoxic ad-
verse effects.
1. Lutz EG. Neuroleptic-induced akathisia and dystonia triggered

by alcohol. JAMA 1976; 236: 2422–3.

Antacids. Studies in 6 patients showed that chlorpromazine
plasma concentrations were significantly lower after giving chlo-
rpromazine with an aluminium hydroxide and magnesium trisil-
icate antacid gel (Gelusil) than after chlorpromazine alone.1 In-
vitro studies indicated that chlorpromazine was highly bound to
the gel.
1. Fann WE, et al. Chlorpromazine: effects of antacids on its gas-

trointestinal absorption. J Clin Pharmacol 1973; 13: 388–90.

Antiarrhythmics. There is an increased risk of arrhythmias
when antipsychotics are given with other drugs that prolong the
QT interval. It has been recommended that the use of pimozide
or thioridazine with antiarrhythmics (especially amiodarone,
disopyramide, procainamide, and quinidine) should be avoided.
Use of haloperidol with amiodarone is also not recommended. A
study1 in healthy subjects has suggested that quinidine might in-
crease plasma concentrations of haloperidol.
1. Young D, et al. Effect of quinidine on the interconversion kinet-

ics between haloperidol and reduced haloperidol in humans: im-
plications for the involvement of cytochrome P450IID6. Eur J
Clin Pharmacol 1993; 44: 433–8.

Antibacterials. Seven schizophrenic patients whose antituber-
cular therapy included rifampicin (in addition to isoniazid, and in
some cases also ethambutol) had lower serum concentrations of
haloperidol compared with tuberculotic schizophrenic patients
receiving no antimycobacterials and with non-tuberculotic schizo-
phrenics.1 Pharmacokinetic studies involving some of these pa-
tients indicated accelerated haloperidol clearance in the presence
of rifampicin. Abnormally high serum-haloperidol concentra-
tions were observed in 3 of 18 patients treated with isoniazid
alone. 
Black galactorrhoea occurred in a patient receiving minocycline,
perphenazine, amitriptyline hydrochloride, and diphenhy-
dramine hydrochloride.2 Simultaneous occurrence of phenothi-
azine-induced galactorrhoea and tetracycline-induced pigmenta-
tion was considered responsible. 
Sudden cardiac deaths have been reported3 in patients given
clarithromycin and pimozide. Elevated pimozide plasma con-
centrations were recorded after pretreatment with clarithromy-
cin.4 The manufacturer of pimozide has recommended that
pimozide should not be used with macrolide antibacterials.
1. Takeda M, et al. Serum haloperidol levels of schizophrenics re-

ceiving treatment for tuberculosis. Clin Neuropharmacol 1986;
9: 386–97. 

2. Basler RSW, Lynch PJ. Black galactorrhea as a consequence of
minocycline and phenothiazine therapy. Arch Dermatol 1985;
121: 417–18. 

3. Flockhart DA, et al. A metabolic interaction between clarithro-
mycin and pimozide may result in cardiac toxicity. Clin Pharma-
col Ther 1996; 59: 189. 

4. Desta Z, et al. Effect of clarithromycin on the pharmacokinetics
and pharmacodynamics of pimozide in healthy poor and exten-
sive metabolisers of cytochrome P450 2D6 (CYP2D6). Clin
Pharmacol Ther 1999; 65: 10–20.
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Anticoagulants. For reference to the effects of some antipsy-
chotics on the activity of anticoagulants, see under Warfarin,
p.1430.
Antidepressants. Interactions between antipsychotics and tri-
cyclic antidepressants are generally of two forms: additive phar-
macological effects such as antimuscarinic effects or hypoten-
sion; or pharmacokinetic interactions. Although not commonly
reported in the literature, additive antimuscarinic activity may be
a significant risk especially in the elderly. Careful drug selection
might help to prevent the development of serious adverse effects.
Mutual inhibition of liver enzymes involved in the metabolism
of both the antipsychotic and the tricyclic antidepressant might
result in increased plasma concentrations of either drug. In one
study,1 addition of nortriptyline to chlorpromazine therapy pro-
duced an increase in plasma concentrations of chlorpromazine
but this resulted in a paradoxical increase in agitation and ten-
sion. 
There is an increased risk of arrhythmias when tricyclic antide-
pressants are given with other drugs that prolong the QT interval.
It has been recommended that the use of pimozide or thioridazine
with tricyclic antidepressants should be avoided. 
Increased serum concentrations of haloperidol have occurred
when patients were also given fluoxetine,2 fluvoxamine,3 or ne-
fazodone. Isolated reports4-9 of extrapyramidal symptoms, psy-
choneuromotor syndrome, stupor, bradycardia, and urinary re-
tention associated with use of fluoxetine with antipsychotics
suggest that fluoxetine might exacerbate the adverse effects of
antipsychotics or produce additive toxicity. Similar CNS effects
have been noted in subjects given perphenazine and paroxet-
ine.10 There has also been an isolated report of a patient who
complained of amenorrhoea and galactorrhoea after fluvox-
amine was added to loxapine therapy.11 Significant increases in
the plasma concentrations of thioridazine have occurred after use
with fluvoxamine.12 Paroxetine may also inhibit the metabolism
of thioridazine, resulting in increased thioridazine plasma con-
centrations; UK licensed product information for paroxetine
contra-indicates their concomitant use. The US licensed product
information for paroxetine states that giving paroxetine with
pimozide was associated with a mean increase of 151% in the
area under the concentration-time curve of pimozide and 62% in
its mean maximum plasma concentration. Due to the narrow
therapeutic index of pimozide concomitant use of these 2 drugs
is contra-indicated. 
Combinations of antipsychotics and lithium should be used with
care. Lithium can reduce plasma-chlorpromazine concentrations
and there is a report of ventricular fibrillation on withdrawal of
lithium from a patient also taking chlorpromazine. Chlorpro-
mazine has also been reported to enhance the excretion of lithi-
um. Neurotoxic or extrapyramidal symptoms have been reported
rarely in patients taking antipsychotics and lithium; these may be
atypical cases of lithium toxicity or neuroleptic malignant syn-
drome. The above issues are discussed in detail, and references
given, on p.405. 
A patient on long-term trifluoperazine treatment developed neu-
roleptic malignant syndrome after a single dose of venlafaxine.13

The authors noted that the manufacturers of venlafaxine have re-
ceived a small number of similar reports after introduction of
venlafaxine in patients receiving antipsychotics including molin-
done. 
There have been occasional reports of sexual disinhibition in pa-
tients taking tryptophan with phenothiazines.
1. Loga S, et al. Interaction of chlorpromazine and nortriptyline in

patients with schizophrenia. Clin Pharmacokinet 1981; 6:
454–62. 

2. Goff DC, et al. Elevation of plasma concentrations of haloperi-
dol after the addition of fluoxetine. Am J Psychiatry 1991; 148:
790–2. 

3. Daniel DG, et al. Coadministration of fluvoxamine increases se-
rum concentrations of haloperidol. J Clin Psychopharmacol
1994; 14: 340–3. 

4. Tate JL. Extrapyramidal symptoms in a patient taking haloperi-
dol and fluoxetine. Am J Psychiatry 1989; 146: 399–400. 

5. Ahmed I, et al. Possible interaction between fluoxetine and
pimozide causing sinus bradycardia. Can J Psychiatry 1993; 38:
62–3. 

6. Ketai R. Interaction between fluoxetine and neuroleptics. Am J
Psychiatry 1993; 150: 836–7. 

7. Hansen-Grant S, et al. Fluoxetine-pimozide interaction. Am J
Psychiatry 1993; 150: 1751–2. 

8. D’Souza DC, et al. Precipitation of a psychoneuromotor syn-
drome by fluoxetine in a haloperidol-treated schizophrenic pa-
tient. J Clin Psychopharmacol 1994; 14: 361–3. 

9. Benazzi F. Urinary retention with fluoxetine-haloperidol combi-
nation in a young patient. Can J Psychiatry 1996; 41: 606–7. 

10. Özdemir V, et al. Paroxetine potentiates the central nervous sys-
tem side effects of perphenazine: contribution of cytochrome
P4502D6 inhibition in vivo. Clin Pharmacol Ther 1997; 62:
334–47. 

11. Jeffries J, et al. Amenorrhea and galactorrhea associated with
fluvoxamine in a loxapine-treated patient. J Clin Psychophar-
macol 1992; 12: 296–7. 

12. Carrillo JA, et al. Pharmacokinetic interaction of fluvoxamine
and thioridazine in schizophrenic patients. J Clin Psychophar-
macol 1999; 19: 494–9. 

13. Nimmagadda SR, et al. Neuroleptic malignant syndrome after
venlafaxine. Lancet 2000; 354: 289–90.

Antidiabetic drugs. Since chlorpromazine may cause hyperg-
lycaemia or impair glucose tolerance the dose of oral hypogly-
caemics or of insulin may need to be increased in diabetics.

Antiepileptics. Carbamazepine, phenobarbital, and phenytoin
are potent enzyme inducers and use may decrease plasma con-
centrations of antipsychotics or their active metabolites.1-5 The
clinical effect of any interaction has not been consistent; worsen-
ing, improvement, or no change in psychotic symptoms have all
been noted. Delirium has been reported in a patient given ha-
loperidol and carbamazepine.6 Phenytoin might also exacerbate
antipsychotic-induced dyskinesia.7 Care should be taken when
withdrawing enzyme-inducing antiepileptics as this may result
in a rise in antipsychotic serum concentrations.8 
The effect of antipsychotics on antiepileptic concentrations is
discussed on p.475 (carbamazepine) and p.499 (phenytoin). It
should also be remembered that antipsychotics may lower the
seizure threshold.
1. Loga S, et al. Interactions of orphenadrine and phenobarbitone

with chlorpromazine: plasma concentrations and effects in man.
Br J Clin Pharmacol 1975; 2: 197–208. 

2. Linnoila M, et al. Effect of anticonvulsants on plasma haloperi-
dol and thioridazine levels. Am J Psychiatry 1980; 137: 819–21. 

3. Jann MW, et al. Effects of carbamazepine on plasma haloperidol
levels. J Clin Psychopharmacol 1985; 5: 106–9. 

4. Arana GW, et al. Does carbamazepine-induced reduction of
plasma haloperidol levels worsen psychotic symptoms? Am J
Psychiatry 1986; 143: 650–1. 

5. Ereshefsky L, et al. Thiothixene pharmacokinetic interactions: a
study of hepatic enzyme inducers, clearance inhibitors, and de-
mographic variables. J Clin Psychopharmacol 1991; 11:
296–301. 

6. Kanter GL, et al. Case report of a possible interaction between
neuroleptics and carbamazepine. Am J Psychiatry 1984; 141:
1101–2. 

7. DeVeaugh-Geiss J. Aggravation of tardive dyskinesia by pheny-
toin. N Engl J Med 1978; 298: 457–8. 

8. Jann MW, et al. Clinical implications of increased antipsychotic
plasma concentrations upon anticonvulsant cessation. Psychia-
try Res 1989; 28: 153–9.

Antihistamines. For the effect of a preparation containing
chlorphenamine maleate and phenylpropanolamine hydrochlo-
ride on thioridazine, see Sympathomimetics (below). There is an
increased risk of arrhythmias when antipsychotics are given with
other drugs that prolong the QT interval. It has been recommend-
ed that the use of pimozide or thioridazine with antihistamines
such as astemizole or terfenadine should be avoided.
Antihypertensives. For discussion of the interaction between
phenothiazines and drugs with hypotensive properties, see Inter-
actions, above. For a report of chlorpromazine enhancing the hy-
perglycaemic effect of diazoxide, see p.1258. For reports of hy-
pertension or dementia in patients given methyldopa and
antipsychotics, see p.1335.
Antimalarials. Pretreatment with single doses of chloroquine
sulfate, amodiaquine hydrochloride, or sulfadoxine with py-
rimethamine increased the plasma concentrations of chlorpro-
mazine and 7-hydroxychlorpromazine, but not of chlorpro-
mazine sulfoxide, in schizophrenic patients maintained on
chlorpromazine.1 The raised plasma concentrations appeared to
be associated with a greater level of sedation. 
There is an increased risk of arrhythmias when antipsychotics are
given with other drugs that prolong the QT interval. It has been
recommended that the use of antipsychotics, and pimozide in
particular, with antimalarials such as halofantrine, mefloquine, or
quinine should be avoided. For the possible effects of the use of
quinidine with antipsychotics see Antiarrhythmics, above.
1. Makanjuola ROA, et al. Effects of antimalarial agents on plasma

levels of chlorpromazine and its metabolites in schizophrenic pa-
tients. Trop Geogr Med 1988; 40: 31–3.

Antimigraine drugs. A report1 of a patient receiving loxapine
who had a dystonic reaction within 15 minutes of subcutaneous
sumatriptan suggests that these two drugs might interact or po-
tentiate each other’s adverse effects. However, the patient had a
previous history of dystonic reactions associated with haloperi-
dol and was receiving benzatropine prophylactically. Further-
more, the dose of loxapine had been increased 2 days before the
event and this may have predisposed the patient to dystonia.
1. Garcia G, et al. Dystonic reaction associated with sumatriptan.

Ann Pharmacother 1994; 28: 1199.

Antiparkinsonian drugs. Antiparkinsonian drugs are some-
times given with antipsychotics for the management of antipsy-
chotic-induced adverse effects including extrapyramidal disor-
ders (see under Adverse Effects, above). Theoretically,
dopaminergics such as levodopa and bromocriptine might in-
duce or exacerbate psychotic symptoms. A study in 18 subjects
and review of the literature suggested that bromocriptine can be
used safely in patients at risk of psychotic illness provided they
are clinically stable and maintained on antipsychotics.1 Con-
versely, antipsychotics might antagonise the effects of dopamin-
ergics; diminished therapeutic effects of levodopa have been
noted with several antipsychotics (see p.808) and thioridazine
has been reported to oppose the prolactin-lowering action of bro-
mocriptine (see p.800). 
Additive antimuscarinic adverse effects are obviously a risk
when antimuscarinic antiparkinsonian drugs are given with an-
tipsychotics. Although these are generally mild, serious reactions
have occurred. Trihexyphenidyl2 and orphenadrine3 have both
been reported to decrease plasma concentrations of chlorpro-
mazine, possibly by interfering with absorption from the gas-
trointestinal tract. Reports suggesting that antimuscarinics may

antagonise the antipsychotic effects of antipsychotics at the neu-
rotransmitter level require substantiating.
1. Perovich RM, et al. The behavioral toxicity of bromocriptine in

patients with psychiatric illness. J Clin Psychopharmacol 1989;
9: 417–22. 

2. Rivera-Calimlim L, et al. Effects of mode of management on
plasma chlorpromazine in psychiatric patients. Clin Pharmacol
Ther 1973; 14: 978–86. 

3. Loga S, et al. Interactions of orphenadrine and phenobarbitone
with chlorpromazine: plasma concentrations and effects in man.
Br J Clin Pharmacol 1975; 2: 197–208.

Antipsychotics. Elevated plasma levels of haloperidol were
reported1 in a patient being treated for schizophrenia when chlor-
promazine or clozapine were also given.
1. Allen SA. Effect of chlorpromazine and clozapine on plasma

concentrations of haloperidol in a patient with schizophrenia. J
Clin Pharmacol 2000; 40: 1296–7.

Antivirals. Ritonavir may increase the plasma concentration of
some antipsychotics. The increases expected for pimozide were
considered in licensed product information for ritonavir to be
large enough to recommend that these drugs should not be used
together. Other classical antipsychotics predicted to have in-
creases include haloperidol, perphenazine, and thioridazine; it
was recommended that monitoring of drug concentrations and/or
adverse effects were required when used with ritonavir.
Beta blockers. Chlorpromazine and propranolol may mutually
inhibit each other’s hepatic metabolism. Propranolol has been re-
ported to increase plasma concentrations of chlorpromazine1 and
thioridazine,2,3 and pindolol to increase plasma-thioridazine con-
centrations.4 Neither beta blocker tested had a significant effect
on haloperidol concentrations,3,4 although there is a report of se-
vere hypotension or cardiopulmonary arrest occurring on 3 occa-
sions in a schizophrenic patient given haloperidol with pro-
pranolol.5 The clinical significance of antipsychotic-beta blocker
interactions is unclear. 
For the effect of chlorpromazine on propranolol, see Anxiolytics
and Antipsychotics, under Interactions of Beta Blockers, p.1228. 
There is an increased risk of arrhythmias when antipsychotics are
given with other drugs that prolong the QT interval. The use of
antipsychotics, and pimozide in particular, with sotalol should be
avoided.
1. Peet M, et al. Pharmacokinetic interaction between propranolol

and chlorpromazine in schizophrenic patients. Lancet 1980; ii:
978. 

2. Silver JM, et al. Elevation of thioridazine plasma levels by pro-
pranolol. Am J Psychiatry 1986; 143: 1290–2. 

3. Greendyke RM, Kanter DR. Plasma propranolol levels and their
effect on plasma thioridazine and haloperidol concentrations. J
Clin Psychopharmacol 1987; 7: 178–82. 

4. Greendyke RM, Gulya A. Effect of pindolol administration on
serum levels of thioridazine, haloperidol, phenytoin, and pheno-
barbital. J Clin Psychiatry 1988; 49: 105–7. 

5. Alexander HE, et al. Hypotension and cardiopulmonary arrest
associated with concurrent haloperidol and propranolol therapy.
JAMA 1984; 252: 87–8.

Buspirone. The use of haloperidol with buspirone has resulted
in increased serum haloperidol concentrations. However, while
some1 found the mean rise in serum-haloperidol concentrations
to be 26%, that observed by others2 was not statistically signifi-
cant.
1. Goff DC, et al. An open trial of buspirone added to neuroleptics

in schizophrenic patients. J Clin Psychopharmacol 1991; 11:
193–7. 

2. Huang HF, et al. Lack of pharmacokinetic interaction between
buspirone and haloperidol in patients with schizophrenia. J Clin
Pharmacol 1996; 36: 963–9.

Cimetidine. Despite expectations that cimetidine might reduce
the metabolism of chlorpromazine, mean steady-state plasma
concentrations of chlorpromazine fell rather than rose in 8 pa-
tients given cimetidine for 7 days in addition to regular chlorpro-
mazine therapy.1 The explanation was probably that cimetidine
interfered with chlorpromazine absorption. Excessive sedation,
necessitating a reduction in chlorpromazine dosage, has been
reported2 after addition of cimetidine to the drug therapy of 2
chronic schizophrenics.
1. Howes CA, et al. Reduced steady-state plasma concentrations of

chlorpromazine and indomethacin in patients receiving cimeti-
dine. Eur J Clin Pharmacol 1983; 24: 99–102. 

2. Byrne A, O’Shea B. Adverse interaction between cimetidine and
chlorpromazine in two cases of chronic schizophrenia. Br J Psy-
chiatry 1989; 155: 413–15.

Cocaine. The risk of antipsychotic-induced dystonic reactions
may be increased in cocaine abusers. Dystonia occurred in 6 of 7
cocaine abusers treated with haloperidol.1
1. Kumor K, et al. Haloperidol-induced dystonia in cocaine ad-

dicts. Lancet 1986; ii: 1341–2.

Desferrioxamine. Loss of consciousness lasting 48 to 72
hours occurred in 2 patients given prochlorperazine during des-
ferrioxamine therapy.1 Prochlorperazine may enhance the re-
moval of transition metals from brain cells by desferrioxamine.
1. Blake DR, et al. Cerebral and ocular toxicity induced by desfer-

rioxamine. Q J Med 1985; 56: 345–55.

Disulfiram. A psychotic patient, previously maintained with
plasma-perphenazine concentrations of 2 to 3 nanomol/mL on a
dose of 8 mg twice daily by mouth, was readmitted with subther-
apeutic plasma-perphenazine concentrations of less than
1 nanomol/mL, despite unchanged dosage, after disulfiram ther-
apy.1 The concentration of the sulfoxide metabolite of perphena-
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zine was much increased. After a change from oral to intramus-
cular perphenazine therapy there was a substantial clinical
improvement associated with a return to therapeutic plasma con-
centrations of perphenazine and a fall in concentration of the me-
tabolite. Disulfiram appears to greatly enhance biotransforma-
tion of oral perphenazine to inactive metabolites, but parenteral
administration avoids the ‘first-pass’ effect in the liver.
1. Hansen LB, Larsen N-E. Metabolic interaction between per-

phenazine and disulfiram. Lancet 1982; ii: 1472.

General anaesthetics. A schizophrenic patient without a his-
tory of epilepsy who was receiving oral chlorpromazine and flu-
pentixol depot injection had a convulsive seizure when given en-
flurane anaesthesia.1
1. Vohra SB. Convulsions after enflurane in a schizophrenic patient

receiving neuroleptics. Can J Anaesth 1994; 41: 420–2.

Naltrexone. Two patients maintained on thioridazine experi-
enced intense sleepiness and lethargy after receiving 2 doses of
naltrexone.1
1. Maany I, et al. Interaction between thioridazine and naltrexone.

Am J Psychiatry 1987; 144: 966.

NSAIDs. A report of severe drowsiness and confusion in pa-
tients given haloperidol with indometacin.1
1. Bird HA, et al. Drowsiness due to haloperidol/indomethacin in

combination. Lancet 1983; i: 830–1.

Opioid analgesics. For reference to the effects of phenothi-
azines on pethidine, see p.114.
Piperazine. There has been an isolated report1 of convulsions
associated with the use of chlorpromazine in a child who had
received piperazine several days earlier. Subsequent animal1-3

studies produced conflicting evidence for an interaction and it
was suggested3 that an interaction would only be clinically sig-
nificant when high concentrations of piperazine were reached in
the body.
1. Boulos BM, Davis LE. Hazard of simultaneous administration of

phenothiazine and piperazine. N Engl J Med 1969; 280: 1245–6. 
2. Armbrecht BH. Reaction between piperazine and chlorpro-

mazine. N Engl J Med 1970; 282: 1490–1. 
3. Sturman G. Interaction between piperazine and chlorpromazine.

Br J Pharmacol 1974; 50: 153–5.

Sympathomimetics. For reference to the possible interaction
between phenothiazines and adrenaline, see Treatment of Ad-
verse Effects, above. 
A 27-year-old woman with schizophrenia and T-wave abnormal-
ity of the heart,1 receiving thioridazine 100 mg daily with procy-
clidine 2.5 mg twice daily, died from ventricular fibrillation
within 2 hours of also taking a single dose of a preparation re-
ported to contain chlorphenamine maleate 4 mg with phenylpro-
panolamine hydrochloride 50 mg (Contac C).
1. Chouinard G, et al. Death attributed to ventricular arrhythmia in-

duced by thioridazine in combination with a single Contac C
capsule. Can Med Assoc J 1978; 119: 729–31.

Tobacco smoking. Smoking has been shown to decrease the
incidence of chlorpromazine-induced sedation1,2 and orthostatic
hypotension.2 Studies indicate that the clearance of chlorpro-
mazine,3 fluphenazine,4 tiotixene,5 haloperidol,6 and
thioridazine7 may be increased in patients who smoke. It has
been suggested that some of the components of smoke may act
as liver-enzyme inducers. The clinical significance of this effect
is unclear but the possible need to use increased doses in smokers
should be borne in mind.
1. Swett C. Drowsiness due to chlorpromazine in relation to ciga-

rette smoking: a report from the Boston Collaborative Drug Sur-
veillance Program. Arch Gen Psychiatry 1974; 31: 211–13. 

2. Pantuck EJ, et al. Cigarette smoking and chlorpromazine dispo-
sition and actions. Clin Pharmacol Ther 1982; 31: 533–8. 

3. Chetty M, et al. Smoking and body weight influence the clear-
ance of chlorpromazine. Eur J Clin Pharmacol 1994; 46: 523–6. 

4. Ereshefsky L, et al. Effects of smoking on fluphenazine clear-
ance in psychiatric inpatients. Biol Psychiatry 1985; 20: 329–32. 

5. Ereshefsky L, et al. Thiothixene pharmacokinetic interactions: a
study of hepatic enzyme inducers, clearance inhibitors, and de-
mographic variables. J Clin Psychopharmacol 1991; 11:
296–301. 

6. Jann MW, et al. Effects of smoking on haloperidol and reduced
haloperidol plasma concentrations and haloperidol clearance.
Psychopharmacology (Berl) 1986; 90: 468–70. 

7. Berecz R, et al. Thioridazine steady-state plasma concentrations
are influenced by tobacco smoking and CYP2D6, but not by the
CYP2C9 genotype. Eur J Clin Pharmacol 2003; 59: 45–50.

Vitamins. Giving ascorbic acid, for vitamin C deficiency, to a
patient receiving fluphenazine for bipolar disorder was associat-
ed with a fall in serum concentrations of fluphenazine and a de-
terioration of behaviour.1
1. Dysken MW, et al. Drug interaction between ascorbic acid and

fluphenazine. JAMA 1979; 241: 2008.

Xanthine-containing beverages. Studies in vitro have
shown precipitation of some antipsychotics from solution by ad-
dition of coffee and tea.1,2 However, in a study of 16 patients tak-
ing antipsychotics no correlation could be found between plas-
ma-antipsychotic concentrations or behaviour and tea or coffee
consumption.3
1. Kulhanek F, et al. Precipitation of antipsychotic drugs in interac-

tion with coffee or tea. Lancet 1979; ii: 1130. 
2. Lasswell WL, et al. In vitro interaction of neuroleptics and tricy-

clic antidepressants with coffee, tea, and gallotannic acid. J
Pharm Sci 1984; 73: 1056–8. 

3. Bowen S, et al. Effect of coffee and tea on blood levels and effi-
cacy of antipsychotic drugs. Lancet 1981; i: 1217–18.

Pharmacokinetics
Chlorpromazine is readily, although sometimes errati-
cally, absorbed from the gastrointestinal tract; peak
plasma concentrations are attained 2 to 4 hours after
ingestion. It is subject to considerable first-pass metab-
olism in the gut wall and is also extensively metabo-
lised in the liver and is excreted in the urine and bile in
the form of numerous active and inactive metabolites;
there is some evidence of enterohepatic recycling. Ow-
ing to the first-pass effect, plasma concentrations after
oral doses are much lower than those after intramuscu-
lar doses. Moreover, there is very wide intersubject
variation in plasma concentrations of chlorpromazine;
no simple correlation has been found between plasma
concentrations of chlorpromazine and its metabolites,
and their therapeutic effect (see Administration under
Uses and Administration, below). Paths of metabolism
of chlorpromazine include hydroxylation and conjuga-
tion with glucuronic acid, N-oxidation, oxidation of a
sulfur atom, and dealkylation. Although the plasma
half-life of chlorpromazine itself has been reported to
be about 30 hours, elimination of the metabolites may
be very prolonged. There is limited evidence that chlor-
promazine induces its own metabolism. 
Chlorpromazine is about 95 to 98% bound to plasma
proteins. It is widely distributed in the body and crosses
the blood-brain barrier to achieve higher concentra-
tions in the brain than in the plasma. Chlorpromazine
and its metabolites also cross the placenta and are dis-
tributed into breast milk.

Uses and Administration
Chlorpromazine is a phenothiazine antipsychotic. It
has a wide range of activity arising from its depressant
actions on the CNS and its alpha-adrenergic blocking
and antimuscarinic activities. Chlorpromazine is a
dopamine inhibitor; the turnover of dopamine in the
brain is also increased. There is some evidence that the
antagonism of central dopaminergic function, especial-
ly at the D2-dopaminergic receptor, is related to thera-
peutic effect in psychotic conditions. Chlorpromazine
possesses sedative properties but patients usually de-
velop tolerance rapidly to the sedation. It has antiemet-
ic, serotonin-blocking, and weak antihistaminic prop-
erties and slight ganglion-blocking activity. It inhibits
the heat-regulating centre so that the patient tends to
acquire the temperature of the surroundings (poikilo-
thermy). Chlorpromazine can relax skeletal muscle. 
Chlorpromazine is widely used in the management of
psychotic conditions as well as in some non-psychotic
disorders, such as: 
• acute and chronic schizophrenia (p.955) in adults

and children 
• to reduce acute mania, as in bipolar disorder (p.372) 
• control of severely disturbed, agitated, or violent be-

haviour in adults and children (p.954) and some-
times other psychiatric conditions 

• in autistic children 
• as an adjunct for the short-term treatment of severe

anxiety (but see also p.952), and to reduce pre-oper-
ative anxiety in adults and children 

• as an antiemetic in some forms of nausea and vomit-
ing (p.1700) in adults and children; it is ineffective in
motion sickness 

• in the alleviation of intractable hiccup (below) 
• as an adjunct in the treatment of tetanus in adults and

children (p.196 and p.1901) and to control symp-
toms in acute intermittent porphyria (p.1448) 

• for induction of hypothermia 
Chlorpromazine is given orally as the hydrochloride
and the embonate. For both salts, the doses are ex-
pressed as the hydrochloride; chlorpromazine em-
bonate 144 mg is equivalent to about 100 mg of chlor-
promazine hydrochloride. Chlorpromazine is also giv-
en by injection as the hydrochloride and doses are ex-
pressed in terms of this salt. The base is given rectally
as suppositories; doses are in terms of the base. 

Dosage varies both with the individual and with the
purpose for which the drug is being used. In most pa-
tients with psychiatric conditions oral treatment may
be used from the start, typically commencing with a
dosage of 25 mg of the hydrochloride, or its equivalent
as the embonate, three times daily and increasing as
necessary; daily doses of 75 mg may be given as a sin-
gle dose at night. In some patients doses of 10 mg three
times daily may be adequate. Maintenance doses,
when required, usually range from 25 to 100 mg three
times daily, although psychotic patients may require
daily doses of up to 1 g or more. 
For parenteral use, deep intramuscular injection is
preferable, but diluted solutions have sometimes been
given by slow intravenous infusion for indications
such as tetanus, severe intractable hiccup, or nausea
and vomiting associated with surgery. Subcutaneous
injection is contra-indicated. After injection of chlor-
promazine, patients should remain in the supine posi-
tion for at least 30 minutes; blood pressure should be
monitored. The usual dose by intramuscular injection
is 25 to 50 mg repeated every 6 to 8 hours if required,
although oral therapy should be substituted as soon as
possible. 
If the oral and parenteral routes are not suitable chlor-
promazine may be given rectally as suppositories con-
taining 100 mg of chlorpromazine base; this is stated to
have an effect comparable with 40 to 50 mg of the hy-
drochloride orally or 20 to 25 mg intramuscularly. The
usual rectal dose is 100 mg every 6 to 8 hours. 
Initial oral doses of chlorpromazine of one-third to
one-half the usual adult dose have been recommended
for elderly or debilitated patients; doses should be in-
creased more gradually. Intramuscular doses in the eld-
erly may need to be reduced to up to one-quarter of the
usual dose. 
Chlorpromazine hydrochloride may be given to chil-
dren aged 1 to 12 years in a dose of 500 micrograms/kg
every 4 to 6 hours orally or every 6 to 8 hours by intra-
muscular injection. However, for psychiatric indica-
tions the oral dose for children aged over 5 years is usu-
ally one-third to one-half the adult dose; alternatively,
the BNFC suggests a dose of 10 mg 3 times daily. Dai-
ly doses should not normally exceed 40 mg of chlo-
rpromazine hydrochloride for children aged 1 to 5
years or 75 mg for children over 5 years of age. Chlor-
promazine may be given to infants under 1 year of age
if considered to be life-saving. Suppositories contain-
ing 25 mg of chlorpromazine base are available in
some countries for use in children. 
Doses of 10 to 25 mg every 4 to 6 hours orally are rec-
ommended for control of nausea and vomiting. If
necessary, an initial dose of 25 mg may be given by
intramuscular injection, followed by 25 to 50 mg every
3 to 4 hours until vomiting stops. 
If intractable hiccup does not respond to an oral dose
of 25 to 50 mg three or four times daily for 2 to 3 days
then 25 to 50 mg may be given intramuscularly; if this
fails 25 to 50 mg in 500 to 1000 mL of 0.9% sodium
chloride should be given by slow intravenous infusion,
with the patient supine, and careful monitoring of the
blood pressure.
Action. The therapeutic effects of antipsychotics appear to be
mediated, at least in part, by interference with dopamine trans-
mission in the brain. Chlorpromazine, thioridazine, and thioxan-
thene derivatives have relatively equal affinity for D1 or D2 re-
ceptors, although their metabolites tend to be more potent as D2
blockers.1 Butyrophenones (such as haloperidol) and diphenyl-
butylpiperidines (such as pimozide) are relatively selective for
D2 receptors, and the substituted benzamides (such as sulpiride)
are highly D2-specific. Clozapine has complex actions: it is a rel-
atively weak inhibitor of D2 receptors but has a high affinity for
a number of other receptors including D1, D4, and serotonin2 (5-
HT2) receptors.2 Other atypicals mostly share this profile of
greater 5-HT2 than D2 antagonism.2 
The traditional hypothesis of the action of antipsychotics has
been that blockade of D2 receptors in the limbic and cortical re-
gions is responsible for the antipsychotic effects, and that adverse
extrapyramidal motor effects result from blockade of D2 recep-
tors in the striatum (a typical motor region of the basal ganglia).3
Modification of prolactin secretion results from blockade of D2
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receptors in the anterior pituitary. However, this hypothesis can-
not satisfactorily account for the pharmacological profiles of
atypical antipsychotics and the debate concerning their mecha-
nism of action continues. It has been suggested that the balance
between 5-HT2 and D2 antagonism is important in determining
‘atypicality’ (but the atypical antipsychotic amisulpride lacks
marked 5-HT2 antagonism), or that rapid dissociation from the
D2 receptor may be the determining factor (but it is not clear that
some atypicals such as risperidone meet this criterion).2 Other
systems, such as glutamate, may play a role in modulating effec-
tiveness against negative versus positive symptoms;2 it has been
suggested that the calcium antagonist actions of the diphenyl-
butylpiperidines may also be important in this respect.4 
Division of antipsychotics into low- and high-potency drugs is
discussed in Administration, below. For reference to the actions
of antipsychotics on neuroendocrine function, see Effects on En-
docrine Function under Adverse Effects, above.
1. Ereshefsky L, et al. Pathophysiologic basis for schizophrenia

and the efficacy of antipsychotics. Clin Pharm 1990; 9:
682–707. 

2. Remington G. Understanding antipsychotic ‘atypicality’: a clin-
ical and pharmacological moving target. J Psychiatry Neurosci
2003; 28: 275–84. 

3. Anonymous. Now we understand antipsychotics? Lancet 1990;
336: 1222–3. 

4. Snyder SH. Drug and neurotransmitter receptors: new perspec-
tives with clinical relevance. JAMA 1989; 261: 3126–9.

Administration. The classical antipsychotics are often divided
into: 
• low-potency drugs (phenothiazines with an aliphatic or piper-

idine side-chain or thioxanthenes with an aliphatic side-chain) 
• high-potency drugs (butyrophenones, diphenylbutylpiperi-

dines, and phenothiazines or thioxanthenes with a piperazine
side-chain) 

At doses with equipotent antipsychotic activity, the low-potency
drugs are more prone to cause sedation and antimuscarinic or
α-adrenergic-blocking effects than the high-potency drugs.
However, they are associated with a lower incidence of extrapy-
ramidal effects, with the exception of tardive dyskinesia which is
likely to occur to the same extent with all classical antipsychot-
ics. 
Equivalent doses of antipsychotics quoted in the literature have
varied considerably. In the UK the following daily doses of oral
antipsychotics have been suggested to have approximately equi-
potent antipsychotic activity for doses up to the maximum li-
censed doses: 

• chlorpromazine hydrochloride 100 mg 
• clozapine 50 mg 
• haloperidol 2 to 3 mg 
• pimozide 2 mg 
• risperidone 0.5 to 1 mg 
• sulpiride 200 mg 
• thioridazine 100 mg 
• trifluoperazine 5 mg 

It should be noted that all patients receiving pimozide require an
annual ECG and all those receiving more than 16 mg of pimoz-
ide daily require periodic ECGs (see p.1018). Thioridazine also
requires specialist supervision (p.1032). 
Suggested equipotent doses of intramuscular depot antipsychot-
ics are: 

• flupentixol decanoate 40 mg every 2 weeks 
• fluphenazine decanoate 25 mg every 2 weeks 
• haloperidol (as the decanoate) 100 mg every 4 weeks 
• pipotiazine palmitate 50 mg every 4 weeks 
• zuclopenthixol decanoate 200 mg every 2 weeks 

It has been noted1 that high doses of antipsychotics (greater than
the equivalent of 600 mg of chlorpromazine daily) are generally
not necessary for the treatment (both initial and maintenance) of
psychotic disorders, and may be associated with an increased
risk of adverse effects as well as with a diminished clinical re-
sponse. However, if high doses of antipsychotics have to be used,
then doses should be increased gradually with caution and under
the supervision of a specialist with facilities for emergency resus-
citation available. The Royal College of Psychiatrists in the UK
(which defines high-dose therapy as that involving a total daily
dose greater than the upper limit recommended in the BNF) has
issued recommendations concerning the use of high-dose anti-
psychotic medication.2 It considers: 
• current evidence does not justify the routine use of high-dose

therapy with antipsychotics 
• if high-dose therapy is used, this should only be after evi-

dence-based strategies have failed, and as a carefully-moni-
tored therapeutic trial 

• the decision to use high-dose therapy, and the expected out-
come, should be fully documented, after expert assessment of
the patient 

• the possible contra-indications to therapy, and the risk of drug
interactions, should be assessed beforehand 

• an ECG should be carried out before starting high-dose thera-
py and should be repeated after a few days, and then every 1
to 3 months in the early stages of treatment, or as clinically
indicated 

• doses should be increased in relatively small increments, with
time to assess response before a further increase 

• the use of ‘as-required’ antipsychotic medication, and of drug
combinations, should be carefully monitored to avoid the in-
advertent increase of total doses above high-dose thresholds 

The existence of a therapeutic range (or therapeutic window)
has not been demonstrated for most antipsychotics (with the pos-
sible exception of haloperidol3), and plasma concentrations of
these drugs must be interpreted with caution.1,3 Many factors
make it difficult to establish a meaningful correlation between
dose, plasma concentrations, and clinical improvement. These
include incomplete absorption, first-pass effect, enzyme induc-
tion, the presence of active and inactive metabolites, ethnicity,
smoking, and factors occurring at the receptor level.3
1. Baldessarini RJ, et al. Significance of neuroleptic dose and plas-

ma level in the pharmacological treatment of psychoses. Arch
Gen Psychiatry 1988; 45: 77–91. 

2. The Royal College of Psychiatrists. Consensus statement on
high-dose antipsychotic medication. Council Report CR138;
London: Royal College of Psychiatrists, May 2006. Available at:
http://www.rcpsych.ac.uk/files/pdfversion/CR138.pdf (accessed
30/05/06) 

3. Sramek JJ, et al. Neuroleptic plasma concentrations and clinical
response: in search of a therapeutic window. Drug Intell Clin
Pharm 1988; 22: 373–80.

Administration in children. For reference to the use of lytic
cocktails containing chlorpromazine, promethazine, and pethi-
dine, and the view that alternatives should be considered in chil-
dren, see Lytic Cocktails, under Sedation, p.115.
Bipolar disorder. Patients with bipolar disorder (p.372) suffer-
ing from acute mania with coexisting psychotic features, agita-
tion, or disruptive behaviour are usually treated with antipsy-
chotics as they produce rapid control of symptoms. Classical
antipsychotics such as chlorpromazine or haloperidol have been
widely used, although use of atypical antipsychotics, such as
clozapine or olanzapine, is growing.
Chorea. For a discussion of the management of various chore-
as, including mention of the use of phenothiazines such as chlor-
promazine, see p.953.
Dyspnoea. It has been shown that in healthy subjects an oral
dose of 25 mg of chlorpromazine hydrochloride can reduce ex-
ercise-induced breathlessness without affecting ventilation or
causing sedation.1 Although other drugs may be preferred in pa-
tients with advanced cancer and dyspnoea (p.104), chlorpro-
mazine may relieve air hunger unresponsive to usual measures,2
and, if required, can be used to sedate dying patients who have
unrelieved distress. It is recommended that initial doses should
be small: 12.5 mg by slow intravenous injection or 25 mg by
suppository may be given.
1. O’Neill PA, et al. Chlorpromazine—a specific effect on breath-

lessness? Br J Clin Pharmacol 1985; 19: 793–7. 
2. Walsh D. Dyspnoea in advanced cancer. Lancet 1993; 342:

450–1.

Dystonia. Antipsychotics such as phenothiazines, haloperidol,
or pimozide are sometimes useful in the treatment of idiopathic
dystonia (p.809) in patients who have failed to respond to other
drugs.1 However, they often act non-specifically, damping down
excessive movements by causing a degree of drug-induced par-
kinsonism and there is the risk of adding drug-induced extrapy-
ramidal disorders to the dystonia being treated (see Extrapyram-
idal Disorders under Adverse Effects, above).
1. Marsden CD, Quinn NP. The dystonias. BMJ 1990; 300: 139–44.

Eclampsia and pre-eclampsia. Drug combinations known as
lytic cocktails have been used in many countries for the manage-
ment of pre-eclampsia and imminent eclampsia. The cocktail has
usually consisted of a combination of chlorpromazine, pethidine,
and/or promethazine. In general, however, phenothiazines are
not recommended in late pregnancy, and other treatments are
preferred for hypertension (see Hypertension in Pregnancy, un-
der Hypertension, p.1171); the management of eclampsia, which
is the convulsive phase, is discussed on p.470.
Headache. Some phenothiazines such as chlorpromazine, levo-
mepromazine, and prochlorperazine have been used in migraine
to control severe nausea and vomiting unresponsive to antiemet-
ics such as metoclopramide and domperidone (see p.616), and to
relieve the pain of severe migraine attacks unresponsive to
parenteral dihydroergotamine or sumatriptan. 
References.
1. Stiell IG, et al. Methotrimeprazine versus meperidine and dimen-

hydrinate in the treatment of severe migraine: a randomized,
controlled trial. Ann Emerg Med 1991; 20: 1201–5. 

2. Jones EB, et al. Safety and efficacy of rectal prochlorperazine for
the treatment of migraine in the emergency department. Ann
Emerg Med 1994; 24: 237–41. 

3. Coppola M, et al. Randomized, placebo-controlled evaluation of
prochlorperazine versus metoclopramide for emergency depart-
ment treatment of migraine headache. Ann Emerg Med 1995; 26:
541–6. 

4. Jones J, et al. Intramuscular prochlorperazine versus metoclo-
pramide as single-agent therapy for the treatment of acute mi-
graine headache. Am J Emerg Med 1996; 14: 262–4. 

5. Kelly AM, et al. Intravenous chlorpromazine versus intramuscu-
lar sumatriptan for acute migraine. J Accid Emerg Med 1997; 14:
209–11. 

6. Bigal ME, et al. Intravenous chlorpromazine in the emergency
department treatment of migraines: a randomized controlled tri-
al. J Emerg Med 2002; 23: 141–8.

Hiccup. A hiccup is an involuntary spasmodic contraction of the
diaphragm that causes a sudden inspiration of air which is then
checked abruptly by closure of the glottis. Hiccups often have a
simple cause such as gastric distension and usually resolve spon-
taneously or respond to simple measures. Intractable hiccups
may stem from a serious underlying cause such as brain disor-
ders, metabolic or endocrine disturbances, CNS infections, and
oesophageal or other gastrointestinal disorders. Other precipi-
tants include anaesthesia or drug therapy. 
Treatment of intractable hiccups should initially be aimed at con-
trolling or removing the underlying cause including the relief of
gastric distension or oesophageal obstruction.1-5 Measures that
raise carbon dioxide pressure such as breath holding, rebreath-
ing, or alteration of normal respiratory rhythm can be effective.
Stimulation of the pharynx can also interrupt hiccups and may
explain the action of a host of remedies such as sipping iced wa-
ter, gargling, and swallowing granulated sugar. Many drugs have
been tried in the treatment of hiccups but evidence of efficacy is
largely from anecdotal reports or uncontrolled studies. An early
treatment protocol6 for intractable hiccups (based on a review of
the literature and the authors’ experience) suggested stepwise
management until an effective measure was found, as follows: 
• correction of any metabolic abnormality 
• swallowing dry granulated sugar 
• decompressing the stomach via nasogastric tube, then irrita-

tion of the pharynx 
• intravenous chlorpromazine 25 to 50 mg, repeated up to 3

times if necessary; if parenteral therapy is effective maintain
on chlorpromazine by mouth for 10 days (licensed informa-
tion recommends the use of oral therapy first —see Uses and
Administration, above) 

• metoclopramide 10 mg intravenously; if successful maintain
on metoclopramide by mouth for 10 days 

• quinidine 200 mg by mouth 4 times daily 
• if this fails, consider left phrenic nerve block and crush 
In later discussions,1,3 chlorpromazine still emerged as the most
consistently effective drug treatment; metoclopramide appeared
to be an acceptable second choice and nifedipine an appropriate
third choice,3 although haloperidol was also considered to be of
value.1,4 Other phenothiazines that have been used for intractable
hiccup include perphenazine and promazine. It was also consid-
ered that clonazepam, carbamazepine, phenytoin, and valproic
acid might be of value, especially in neuropathic hiccups.1 Some
beneficial results have been reported with amitriptyline and
amantadine; other drugs being tried in the treatment of hiccups
include baclofen and gabapentin. The BNF recommends that in
palliative care patients, a preparation combining an antacid with
an antiflatulent be given for hiccups due to gastric distension. If
this fails, metoclopramide (orally or by subcutaneous or intra-
muscular injection) should be added; baclofen, nifedipine, or
chlorpromazine should be reserved for those patients in whom
metoclopramide is also ineffective.
1. Howard RS. Persistent hiccups: if excluding or treating any un-

derlying pathology fails try chlorpromazine. BMJ 1992; 305:
1237–8. 

2. Rousseau P. Hiccups. South Med J 1995; 88: 175–81. 
3. Friedman NL. Hiccups: a treatment review. Pharmacotherapy

1996; 16: 986–95. 
4. WHO. Hiccup. In: Symptom relief in terminal illness. Geneva:

WHO, 1998. 
5. Smith HS, Busracamwongs A. Management of hiccups in the

palliative care population. Am J Hosp Palliat Care 2003; 20:
149–54. 

6. Williamson BWA, Macintyre IMC. Management of intractable
hiccup. BMJ 1977; 2: 501–3.

Lesch-Nyhan syndrome. The Lesch-Nyhan syndrome is an
inherited disorder caused by a complete deficiency of hypoxan-
thine-guanine phosphoribosyl transferase, an enzyme involved
in purine metabolism. It is characterised by hyperuricaemia,
spasticity, choreoathetosis, self-mutilation, and mental retarda-
tion. The hyperuricaemia (see p.552) can be controlled by drugs
such as allopurinol but there appears to be no effective treatment
for the neurological deficits. It has been suggested that the behav-
ioural problems might be associated with alterations in the
brain’s dopamine system. There have been rare reports of im-
provement in self-mutilation in patients given antipsychotics or
antiepileptics such as carbamazepine and gabapentin. 
References.
1. Nyhan WL, Wong DF. New approaches to understanding Lesch-

Nyhan disease. N Engl J Med 1996; 334: 1602–4.

Migraine. See under Headache, above.
Nausea and vomiting. Many antipsychotics, with the notable
exception of thioridazine, have antiemetic properties and have
been used in the prevention and treatment of nausea and vomit-
ing (p.1700) arising from a variety of causes such as radiation
sickness, malignancy, and emesis caused by drugs, including an-
tineoplastics and opioid analgesics. Reference to the risk to the
fetus of therapy with phenothiazines during pregnancy can be
found under Precautions, above and on p.563.
Schizophrenia. Classical antipsychotics such as chlorpro-
mazine, haloperidol, and thioridazine have been the traditional
drug treatment of choice for patients with schizophrenia (p.955);
however, atypical antipsychotics may now be preferred as first-
line therapy. There is little difference in efficacy between the
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classical antipsychotics, but the use of thioridazine is now re-
stricted in the treatment of schizophrenia because of the risk of
cardiotoxicity.

Substance dependence. ALCOHOL. For advice against the
use of antipsychotics for alcohol withdrawal, see p.1626.

OPIOIDS.  In a discussion of neonatal abstinence syndrome
(p.102), it was observed in 1986 that, although opioids, di-
azepam, and phenobarbital were widely used in the USA for
the management of this condition, chlorpromazine had tended
to be the preferred treatment in the UK.1 This was still true as
late as the mid-1990s, although practice varied widely.2 How-
ever, a systematic review3 found insufficient evidence to sup-
port the use of chlorpromazine in the management of neonatal
abstinence syndrome. The following dosage schedule has
been suggested:1 chlorpromazine is begun with a loading
dose of 3 mg/kg, followed by a total oral maintenance dose of
3 mg/kg daily, divided into 4 or 6 doses. The authors suggest-
ed that this dose might be increased by 3 mg/kg daily if with-
drawal symptoms were particularly severe. Once stabilised a
reduction in the dose of chlorpromazine by 2 mg/kg every
third day is attempted.1 Complications of phenothiazine us-
age have been notably absent, although rarely seizures may
occur.

1. Rivers RPA. Neonatal opiate withdrawal. Arch Dis Child 1986;
61: 1236–9. 

2. Morrison CL, Siney C. A survey of the management of neonatal
opiate withdrawal in England and Wales. Eur J Pediatr 1996;
155: 323–6. 

3. Osborn DA, et al. Sedatives for opiate withdrawal in newborn
infants. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
02/10/07).

Taste disorders. Disturbances of the sense of taste may be
broadly divided into either loss or distortion of taste. Loss of taste
may be either complete (ageusia) or partial (hypogeusia). Distor-
tion of taste (dysgeusia) may occur as aliageusia in which stimuli
such as food or drink produce an inappropriate taste or as phan-
togeusia in which an unpleasant taste is not associated with an
external stimuli and is sometimes referred to as a gustatory hal-
lucination. Taste disturbances have many causes including infec-
tions, metabolic or nutritional disturbances, radiation, CNS dis-
orders, neoplasms, drug therapy, or may occur as a consequence
of normal ageing.1 Management primarily consists of treatment
of any underlying disorder. Withdrawal of offending drug thera-
py is commonly associated with resolution but occasionally ef-
fects persist and may require treatment.2 Zinc or vitamin therapy
has been used but there is insufficient evidence to indicate
efficacy1,3 for taste disturbances secondary to drug therapy or
medical conditions that do not involve low zinc or vitamin con-
centrations. Phantogeusia might be linked to excessive activity
of dopaminergic receptors as it has been reported4 to respond to
short-term treatment with small doses of antipsychotic drugs
such as haloperidol or pimozide.

1. Schiffman SS. Taste and smell losses in normal aging and dis-
ease. JAMA 1997; 278: 1357–62. 

2. Henkin RI. Drug-induced taste and smell disorders: incidence,
mechanisms and management related primarily to treatment of
sensory receptor dysfunction. Drug Safety 1994; 11: 318–77. 

3. Heyneman CA. Zinc deficiency and taste disorders. Ann Phar-
macother 1996; 30: 186–7. 

4. Henkin RI. Salty and bitter taste. JAMA 1991; 265: 2253.

Preparations

BP 2008: Chlorpromazine Injection; Chlorpromazine Oral Solution; Chlo-
rpromazine Suppositories; Chlorpromazine Tablets; 
USP 31: Chlorpromazine Hydrochloride Injection; Chlorpromazine Hy-
drochloride Oral Concentrate; Chlorpromazine Hydrochloride Syrup;
Chlorpromazine Hydrochloride Tablets; Chlorpromazine Suppositories.

Proprietary Preparations (details are given in Part 3)

Arg.: Ampliactil; Conrax; Austral.: Largactil; Braz.: Amplictil; Clorpromaz;
Longactil; Canad.: Chlorpromanyl†; Largactil; Chile: Largactil; Cz.: Plego-
mazin; Denm.: Largactil; Fin.: Klorproman; Fr.: Largactil; Ger.: Propaphen-
in; Gr.: Largactil; Solidon; Zuledin; Hong Kong: Largactil†; Hung.: Hiber-
nal; Indon.: Cepezet; Meprosetil; Promactil; Irl.: Clonazine; Largactil†;
Israel: Taroctyl; Ital.: Largactil; Prozin; Malaysia: Matcine; Mex.: Largactil;
Neth.: Largactil; Norw.: Largactil; NZ: Largactil; Philipp.: Laractyl; Psynor;
Thorazine; Pol.: Fenactil; Port.: Largactil; Largatrex; Rus.: Aminazin
(Аминазин); S.Afr.: Largactil; Singapore: Largo; Matcine; Spain: Largactil;
Swed.: Hibernal; Switz.: Chlorazin; Thai.: Chlormazine†; Chlorpromasit;
Chlorpromed; Duncan; Matcine; Pogetol; Prozine; Turk.: Largactil; UK: Lar-
gactil; USA: Thorazine†; Venez.: Largactil†.

Multi-ingredient: Arg.: 6 Copin; India: Trinicalm Forte; Spain: Lar-
gatrex†; Thai.: Ama.

Chlorprothixene (BAN, USAN, rINN)

Chlorprothixène; Chlorprothixenum; Clorprotixeno; Klooripro-
tikseeni; Klorprotixen; N-714; Ro-4-0403. (Z)-3-(2-Chlorothiox-
anthen-9-ylidene)-NN-dimethylpropylamine.
Хлорпротиксен
C18H18ClNS = 315.9.
CAS — 113-59-7.
ATC — N05AF03.
ATC Vet — QN05AF03.

Pharmacopoeias. In Chin.

Chlorprothixene Hydrochloride (BANM, rINNM)

Chloroprotyksenu chlorowodorek; Chlorprothixène, chlorhy-
drate de; Chlorprothixen-hydrochlorid; Chlorprothixeni hydro-
chloridum; Chlorprotikseno hidrochloridas; Hidrocloruro de
clorprotixeno; Klooriprotikseenihydrokloridi; Klórprotixen-hid-
roklorid; Klorprotixenhydroklorid.
Хлорпротиксена Гидрохлорид
C18H19Cl2NS = 352.3.
ATC — N05AF03.
ATC Vet — QN05AF03.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Chlorprothixene Hydrochloride). A white or al-
most white, crystalline powder. Soluble in water and in alcohol;
slightly soluble in dichloromethane. A 1% solution in water has
a pH of 4.4 to 5.2. Protect from light.

Chlorprothixene Mesilate (BANM, rINNM)

Chlorprothixène, Mésilate de; Chlorprothixene Mesylate; Chlo-
rprothixeni Mesilas; Chlorprothixenium Mesylicum; Mesilato de
clorprotixeno.
Хлорпротиксена Мезилат
C19H22ClNO3S2,H2O = 430.0.
ATC — N05AF03.
ATC Vet — QN05AF03.

Profile
Chlorprothixene is a thioxanthene antipsychotic with general
properties similar to those of the phenothiazine, chlorpromazine
(p.969). It is used mainly in the treatment of psychoses (p.954).
Chlorprothixene is given as the acetate and the hydrochloride.
Preparations of chlorprothixene prepared with the aid of lactic
acid have been stated to contain chlorprothixene lactate. The cit-
rate and the mesilate have also been used. 
Chlorprothixene is usually given orally as the hydrochloride and
doses are expressed in terms of this salt. The acetate is given by
injection with doses expressed in terms of the base. A usual oral
initial dose for the treatment of psychoses is 15 to 50 mg three or
four times daily, increased according to response; doses of up to
600 mg or more daily have been given in severe or resistant cas-
es. It may also be given intramuscularly or intravenously in sin-
gle doses of up to 100 mg. Chlorprothixene should be used in
reduced dosage for elderly or debilitated patients.
Adverse effects. A 59-year-old man receiving chlorprothixene
(for the second time) for acute mania developed severe obstruc-
tive jaundice within a few days; he was also taking chlorpropa-
mide, digoxin, and diuretics.1 Chlorprothixene was considered
the most likely cause of the jaundice, though chlorpropamide
could not be excluded.
1. Ruddock DGS, Hoenig J. Chlorprothixene and obstructive jaun-

dice. BMJ 1973; 1: 231.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of chlorprothixene on breast-fed in-
fants is unknown, its use by mothers during breast feeding may
be of concern since antipsychotics do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term. 
Chlorprothixene and its sulfoxide metabolite were concentrated
in the breast milk of 2 mothers given chlorprothixene 200 mg
daily but it was calculated that the amount ingested by the nurs-
ing infant was only 0.1% of the maternal dose per kg body-
weight.2
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Matheson I, et al. Presence of chlorprothixene and its metabo-
lites in breast milk. Eur J Clin Pharmacol 1984; 27: 611–13.

Metabolism. Results from studies on the metabolism of chlo-
rprothixene in animals and man1 indicated that in addition to the
major metabolite chlorprothixene-sulfoxide, 2 further urinary
metabolites were identified, namely N-desmethylchlorprothix-
ene-sulfoxide and chlorprothixene-sulfoxide-N-oxide.
1. Raaflaub J. Zum Metabolismus des Chlorprothixen. Arzneimit-

telforschung 1967; 17: 1393–5.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Truxal; Truxaletten; Denm.: Truxal; Fin.: Cloxan†; Truxal; Ger.:
Truxal; Hung.: Truxal; Neth.: Truxal; Norw.: Truxal; Rus.: Truxal
(Труксал); Swed.: Truxal; Switz.: Truxal; Truxaletten.

Cinolazepam (rINN)

Cinolazépam; Cinolazepamum; OX-373. 7-Chloro-5-(2-fluor-
ophenyl)-2,3-dihydro-3-hydroxy-2-oxo-1H-1,4-benzodiazepine-
1-propionitrile.

Цинолазепам

C18H13ClFN3O2 = 357.8.
CAS — 75696-02-5.

ATC — N05CD13.

ATC Vet — QN05CD13.

Profile
Cinolazepam is a benzodiazepine derivative with general prop-
erties similar to those of diazepam (p.986) that has been used in
the short-term management of sleep disorders in usual oral doses
of 40 mg at night.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Gerodorm; Cz.: Gerodorm; Hung.: Gerodorm.

Clocapramine Hydrochloride (rINNM)

Chlorcarpipramine Hydrochloride; Clocapramine, Chlorhydrate
de; Clocapramini Hydrochloridum; Hidrocloruro de clocaprami-
na; Y-4153. 1′-[3-(3-Chloro-10,11-dihydro-5H-dibenz[b,f]azepin-
5-yl)propyl][1,4′-bipiperidine]-4′-carboxamide dihydrochloride
monohydrate.

Клокапрамина Гидрохлорид

C28H37ClN4O,2HCl,H2O = 572.0.
CAS — 47739-98-0 (clocapramine); 28058-62-0 (cloc-
apramine hydrochlor ide).

(clocapramine)

Pharmacopoeias. In Jpn.

Profile
Clocapramine is a chlorinated derivative of carpipramine
(p.968). The hydrochloride has been given orally in the treatment
of schizophrenia.
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Clomethiazole (BAN, rINN)

Chlormethiazole; Clométhiazole; Clomethiazolum; Clometiazol;
Klometiatsoli; Klometiazol. 5-(2-Chloroethyl)-4-methyl-1,3-thia-
zole.
Клометиазол
C6H8ClNS = 161.7.
CAS — 533-45-9.
ATC — N05CM02.
ATC Vet — QN05CM02.

Pharmacopoeias. In Br. 
BP 2008 (Clomethiazole). A colourless to slightly yellowish-
brown liquid with a characteristic odour. Slightly soluble in wa-
ter; miscible with alcohol, with chloroform, and with ether. A
0.5% solution in water has a pH of 5.5 to 7.0. Store at a temper-
ature of 2° to 8°.

Clomethiazole Edisilate (BANM, rINNM)

Chlormethiazole Edisylate; Chlormethiazole Ethanedisulphonate;
Clométhiazole, Edisilate de; Clomethiazole Edisylate (USAN);
Clomethiazoli Edisilas; Edisilato de clometiazol; Klometiazolu ed-
ysylan; NEX-002. 5-(2-Chloroethyl)-4-methylthiazole ethane-
1,2-disulphonate.
Клометиазола Эдизилат
(C6H8ClNS)2,C2H6O6S2 = 513.5.
CAS — 1867-58-9.
ATC — N05CM02.
ATC Vet — QN05CM02.
Pharmacopoeias. In Br. and Pol. 
BP 2008 (Clomethiazole Edisilate). A white crystalline powder
with a characteristic odour. Freely soluble in water; soluble in al-
cohol; practically insoluble in ether.
Incompatibility. Several studies have shown that clomethia-
zole edisilate may permeate through or be sorbed onto plastics
used in intravenous infusion bags or giving sets.1-4 The drug may
also react with and soften the plastic.1 The manufacturers of
clomethiazole edisilate have suggested that thrombophlebitis, fe-
ver, and headache reported in young children during prolonged
infusions may have been due to reaction with plastic giving sets
and silastic cannulae. Recommendations for intravenous use
have therefore included the use of a motor-driven glass syringe
in preference to a plastic drip set in small children, changing plas-
tic drip sets at least every 24 hours when used in older patients,
and use of teflon intravenous cannulas.
1. Lingam S, et al. Problems with intravenous chlormethiazole

(Heminevrin) in status epilepticus. BMJ 1980; 280: 155–6. 
2. Tsuei SE, et al. Sorption of chlormethiazole by intravenous infu-

sion giving sets. Eur J Clin Pharmacol 1980; 18: 333–8. 
3. Kowaluk EA, et al. Dynamics of clomethiazole edisylate inter-

action with plastic infusion systems. J Pharm Sci 1984; 73:
43–7. 

4. Lee MG. Sorption of four drugs to polyvinyl chloride and polyb-
utadiene intravenous administration sets. Am J Hosp Pharm
1986; 43: 1945–50.

Dependence and Withdrawal
Dependence may develop, particularly with prolonged
use of higher than recommended doses of clomethia-
zole. Features of dependence and withdrawal are simi-
lar to those of barbiturates (see Amobarbital, p.962).

Adverse Effects, Treatment, and Precau-
tions
Clomethiazole may produce nasal congestion and irri-
tation, sneezing, and conjunctival irritation sometimes
associated with a headache. Nasopharyngeal or bron-
chial secretions may be increased. Skin rashes and ur-
ticaria have also occurred and in rare cases bullous
eruptions have been reported. Gastrointestinal distur-
bances including nausea and vomiting, have been re-
ported after oral doses. Reversible increases in liver en-
zyme values and blood-bilirubin concentrations have
also been noted. Clomethiazole can cause excessive
drowsiness, particularly in high doses; drowsiness may
persist the next day, and patients affected should not
drive or operate machinery. Paradoxical excitation or
confusion may occur rarely. Anaphylaxis has also been
reported rarely. 
Excessive doses may produce coma, respiratory de-
pression, hypotension, and hypothermia; pneumonia

may follow increased respiratory secretion. Treatment
is as for barbiturate overdose (see Amobarbital, p.962). 
Clomethiazole is contra-indicated in patients with
acute pulmonary insufficiency, and should be given
with care to patients with sleep apnoea syndrome,
chronic pulmonary insufficiency, or renal, liver, cere-
bral, or cardiac disease. Clomethiazole should be given
with caution to elderly patients as there may be in-
creased bioavailability and delayed elimination. Para-
doxical worsening of epilepsy may occur in the Len-
nox Gastaut syndrome.
Administration by intravenous infusion. Severe adverse
effects have followed the intravenous use of clomethiazole, and
intravenous preparations are no longer generally available. Facil-
ities for intubation and resuscitation were required when clome-
thiazole was given intravenously, with care taken to ensure that
the patient’s airway was maintained since there is a risk of me-
chanical obstruction during deep sedation. At too high a rate of
infusion, sleep induced with clomethiazole could lapse into deep
unconsciousness and patients required close and constant obser-
vation. Rapid infusion has also caused transient apnoea and hy-
potension, and special care was needed in patients susceptible to
cerebral or cardiac complications, including the elderly. With
prolonged infusion there was also a risk of electrolyte imbalance
due to the water load involved with the glucose vehicle. Recov-
ery has been considerably delayed after prolonged infusion.
Effects on the heart. Cardiac arrest in 2 chronic alcoholics
might have been associated with clomethiazole infusion.1
1. McInnes GT, et al. Cardiac arrest following chlormethiazole in-

fusion in chronic alcoholics. Postgrad Med J 1980; 56: 742–3.

Overdosage. A report of clomethiazole poisoning on 16 occa-
sions in 13 patients, some of whom had also taken other drugs
and alcohol.1 There was increased salivation on 7 occasions; oth-
erwise the clinical features were those of barbiturate poisoning
(see Adverse Effects of Amobarbital, p.962). The highest plas-
ma-clomethiazole concentration was 36 micrograms/mL, with
the highest value in a conscious patient 11.5 micrograms/mL. All
the patients survived following intensive supportive treatment as
for barbiturate poisoning.
1. Illingworth RN, et al. Severe poisoning with chlormethiazole.

BMJ 1979;  2: 902–3.

Parotitis. Acute bilateral parotitis has been reported in a patient
given clomethiazole.1 The swelling disappeared after withdrawal
of clomethiazole and recurred on rechallenge.
1. Bosch X, et al. Parotitis induced by chlormethiazole. BMJ 1994;

309: 1620.

Pregnancy. There have been reports of neonates being adverse-
ly affected by clomethiazole given to their mothers for toxaemia
of pregnancy.1,2 Effects included sedation, hypotonia, and ap-
noea. In a report1 it was suggested that the effects might have
been due to a synergistic interaction between clomethiazole and
diazoxide as these drugs were given to most of the mothers with
affected infants.
1. Johnson RA. Adverse neonatal reaction to maternal administra-

tion of intravenous chlormethiazole and diazoxide. BMJ 1976; 1:
943. 

2. Wood C, Renou P. Sleepy and hypotonic neonates. Med J Aust
1978; 2: 73.

Interactions
The sedative effects of clomethiazole are enhanced by
CNS depressants such as alcohol, barbiturates, other
hypnotics and sedatives, and antipsychotics.
Alcohol. Although clomethiazole has been a popular choice for
the treatment of alcohol withdrawal symptoms (p.1626), if it is
given long-term, patients readily transfer dependency to it; if
they also continue to abuse alcohol this may lead to severe self-
poisoning with deep coma and potentially fatal respiratory de-
pression.1
1. McInnes GT. Chlormethiazole and alcohol: a lethal cocktail.

BMJ 1987; 294: 592.

Beta blockers. Sinus bradycardia developed in an 84-year-old
woman taking propranolol for hypertension 3 hours after she
took a second dose of clomethiazole 192 mg.1 Her pulse rate in-
creased on stopping propranolol and clomethiazole and later sta-
bilised when she took propranolol with haloperidol.
1. Adverse Drug Reactions Advisory Committee (Australia). Med

J Aust 1979; 2: 553.

Diazoxide. For a report of adverse reactions in neonates born to
mothers given clomethiazole and diazoxide, see Pregnancy un-
der Adverse Effects, Treatment, and Precautions, above.
Histamine H2-antagonists. A study of the pharmacokinetics
of clomethiazole edisilate 1 g orally in 8 healthy subjects, before
and after doses of cimetidine 1 g daily for 1 week, showed that
mean clearance of clomethiazole was reduced by 31% by
cimetidine.1 This was associated with an increase in the mean
peak plasma concentration of the hypnotic from 2.664 to
4.507 micrograms/mL and an increase in the mean elimination
half-life from 2.33 to 3.63 hours. After the original dose of clome-

thiazole subjects slept for 30 to 60 minutes, whereas after
cimetidine, most slept for at least 2 hours. 
Ranitidine did not significantly affect the pharmacokinetics of
clomethiazole in a study in 7 healthy subjects.2
1. Shaw G, et al. Cimetidine impairs the elimination of chlormethi-

azole. Eur J Clin Pharmacol 1981; 21: 83–5. 
2. Mashford ML, et al. Ranitidine does not affect chlormethiazole

or indocyanine green disposition. Clin Pharmacol Ther 1983;
34: 231–3.

Pharmacokinetics
Clomethiazole is rapidly absorbed from the gastroin-
testinal tract, peak plasma concentrations occurring
about 15 to 90 minutes after oral doses depending on
the formulation used. It is widely distributed in the
body and is reported to be 65% bound to plasma pro-
teins. Clomethiazole is extensively metabolised, prob-
ably by first-pass metabolism in the liver with only
small amounts appearing unchanged in the urine. The
elimination half-life has been reported to be about 4
hours but this may be increased to 8 hours or longer in
the elderly or in patients with hepatic impairment.
Clomethiazole crosses the placenta and is distributed
into breast milk.
Hepatic impairment. Studies in 8 patients with advanced cir-
rhosis of the liver and in 6 healthy men showed that the amount
of unmetabolised clomethiazole reaching the circulation after an
oral dose was about 10 times higher in the patients than in the
controls.1 Low concentrations in the controls were related to ex-
tensive first-pass metabolism in the liver.
1. Pentikäinen PJ, et al. Pharmacokinetics of chlormethiazole in

healthy volunteers and patients with cirrhosis of the liver. Eur J
Clin Pharmacol 1980; 17: 275–84.

Uses and Administration
Clomethiazole is a hypnotic and sedative with anticon-
vulsant effects. It is used orally in the treatment of agi-
tation and restlessness (see Disturbed Behaviour,
p.954) in elderly patients, in the short-term manage-
ment of severe insomnia (p.957) in the elderly, and in
the treatment of acute alcohol withdrawal symptoms
(p.1626). It was also given as an intravenous infusion
in the management of status epilepticus (p.469) and
impending or actual eclampsia (p.470); however, a
parenteral formulation of clomethiazole no longer ap-
pears to be available. 
In the UK, clomethiazole (as Heminevrin; AstraZene-
ca) is available as capsules containing 192 mg of clom-
ethiazole base and as syrup containing 250 mg of the
edisilate in 5 mL. As a result of differences in the bio-
availability of these preparations, 192 mg of the base in
the capsules is considered therapeutically equivalent to
250 mg (5 mL) of the edisilate in the syrup, i.e. one
capsule or 5 mL of syrup are equivalent in their effects. 
The usual hypnotic dose of clomethiazole for insom-
nia is 1 or 2 capsules (192 or 384 mg of the base) or the
equivalent. For restlessness and agitation in the elder-
ly 1 capsule (192 mg of the base), or the equivalent
dose as one of the other dosage forms, may be given 3
times daily. 
Various clomethiazole regimens have been suggested
for the treatment of alcohol withdrawal, usually start-
ing with 9 to 12 capsules, or the equivalent, divided
into 3 or 4 doses, on the first day, and gradually reduc-
ing the dosage over the next 5 days. Treatment should
be carried out in hospital or in specialist centres, and
use for longer than 9 days is not recommended because
of the risk of dependence (see above).
Porphyria. Clomethiazole is one of the drugs that has been used
for seizure prophylaxis in patients with porphyria (p.471) who
continue to experience convulsions while in remission.
Stroke. Clomethiazole has been studied1,2 as a neuroprotective
drug in the acute management of patients with stroke, but no ben-
eficial effect on long-term outcome was found.
1. Wahlgren NG, et al. CLASS Study Group. Clomethiazole Acute

Stroke Study (CLASS): results of a randomized, controlled trial
of clomethiazole versus placebo in 1360 acute stroke patients.
Stroke 1999; 30: 21–8. 

2. Lyden P, et al. Clomethiazole Acute Stroke Study in ischemic
stroke (CLASS-I): final results. Stroke 2002; 33: 122–8.

Substance dependence. For a discussion of the management
of opioid withdrawal symptoms, including mention of the use of
clomethiazole, see p.101.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Clomethiazole Capsules; Clomethiazole Intravenous Infusion;
Clomethiazole Oral Solution.
Proprietary Preparations (details are given in Part 3)
Austral.: Hemineurin; Belg.: Distraneurine†; Cz.: Heminevrin; Denm.:
Heminevrin; Fin.: Heminevrin†; Ger.: Distraneurin; Gr.: Distraneurine;
Heminevrin; Hong Kong: Heminevrin†; Hung.: Heminevrin; Irl.: Hem-
inevrin; Norw.: Heminevrin; Pol.: Heminevrin; Spain: Distraneurine;
Swed.: Heminevrin; Switz.: Distraneurin; UK: Heminevrin.

Cloral Betaine (BAN, rINN)

Chloral Betaine (USAN); Cloral betaína; Cloral Bétaïne; Cloralum
Betainum; Compound 5107. An adduct of cloral hydrate and
betaine.
Хлораль Бетаин
C7H12Cl3NO3,H2O = 282.5.
CAS — 2218-68-0.

Profile
Cloral betaine rapidly dissociates in the stomach to release cloral
hydrate and has actions and uses similar to those of cloral hydrate
(below). It is given orally in the short-term management of in-
somnia (p.957), as tablets containing 707 mg (equivalent to
about 414 mg of cloral hydrate). The usual hypnotic dose is one
or two tablets taken at night with water or milk. The maximum
daily dose is five tablets (equivalent to about 2 g of cloral hy-
drate). A reduction in dosage may be appropriate in frail elderly
patients or in those with hepatic impairment.
Preparations
Proprietary Preparations (details are given in Part 3)
UK: Somnwell; Welldorm.

Cloral Hydrate
Chloral Hydrate (BAN); Chloral, hydrate de; Chloralhydrát; Chlo-
rali hydras; Chloralio hidratas; Chloralu wodzian; Cloral, hidrato
de; Kloraalihydraatti; Kloral Hidrat; Klorál-hidrát; Kloralhydrat.
2,2,2-Trichloroethane-1,1-diol.
C2H3Cl3O2 = 165.4.
CAS — 302-17-0.
ATC — N05CC01.
ATC Vet — QN05CC01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of cloral hydrate: 
Jellies; Jelly beans; Joy Juice; Knockout Drops; Knock out
drops; Mickey; Mickeys; Mickey Finn; Mickey Finns; Peter;
Torpedo.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Chloral Hydrate). Colourless, transparent crystals.
Very soluble in water; freely soluble in alcohol. A 10% solution
in water has a pH of 3.5 to 5.5. Store in airtight containers. 
USP 31 (Chloral Hydrate). Colourless, transparent, or white
crystals having an aromatic, penetrating, and slightly acrid
odour. It volatilises slowly on exposure to air and melts at about
55°. Soluble 1 in 0.25 of water, 1 in 1.3 of alcohol, 1 in 2 of chlo-
roform, and 1 in 1.5 of ether; very soluble in olive oil. Store in
airtight containers.
Incompatibility. Cloral hydrate is reported to be incompatible
with alkalis, alkaline earths, alkali carbonates, soluble barbitu-
rates, borax, tannin, iodides, oxidising agents, permanganates,
and alcohol (cloral alcoholate may crystallise out). It forms a liq-
uid mixture when triturated with many organic compounds, such
as camphor, menthol, phenazone, phenol, thymol, and quinine
salts.
Dependence and Withdrawal, Adverse Effects,
and Treatment
Cloral hydrate has an unpleasant taste and is corrosive to skin
and mucous membranes unless well diluted. The most frequent
adverse effect is gastric irritation; abdominal distension and flat-
ulence may also occur. CNS effects such as drowsiness, light-
headedness, ataxia, headache, and paradoxical excitement, hallu-
cinations, nightmares, delirium, and confusion (sometimes with
paranoia) occur occasionally. Hypersensitivity reactions include
skin rashes (erythema multiforme and Stevens-Johnson syn-
drome have been reported with the related compound triclofos).
Ketonuria may occur. 

The effects of acute overdosage resemble acute barbiturate intox-
ication (see Amobarbital, p.962 and below), and are managed
similarly. In addition the irritant effect may cause initial vomit-
ing, and gastric necrosis leading to strictures. Cardiac arrhythmi-
as have been reported. Jaundice may follow liver damage, and
albuminuria may follow kidney damage. 
Tolerance may develop and dependence may occur. Features of
dependence and withdrawal are similar to those of barbiturates
(see Amobarbital, p.962).
Incidence of adverse effects. In a drug surveillance pro-
gramme,1 adverse effects of cloral hydrate, which were reversi-
ble, occurred in 2.3% of 1130 patients evaluated and included
gastrointestinal symptoms (10 patients), CNS depression (20),
and skin rash (5). In 1 patient the prothrombin time was in-
creased; in 1 patient hepatic encephalopathy seemed to worsen;
and bradycardia developed in 1 patient. In another such pro-
gramme, adverse effects occurred in about 2% of 5435 patients
given cloral hydrate.2 Three reactions were described as life-
threatening.
1. Shapiro S, et al. Clinical effects of hypnotics II: an epidemiolog-

ic study. JAMA 1969; 209: 2016–20. 
2. Miller RR, Greenblatt DJ. Clinical effects of chloral hydrate in

hospitalized medical patients. J Clin Pharmacol 1979; 19:
669–74.

Carcinogenicity. Cloral hydrate has been widely used as a sed-
ative, especially in children. Concern over warnings that cloral
hydrate was carcinogenic in rodents1 has prompted some ex-
perts, including the American Academy of Pediatrics, to review
the relative risks of the medical use of this drug.2,3 The original
warnings appear to have been based, in part, on the assumption
that cloral hydrate was a reactive metabolite of trichloroethylene
and was responsible for its carcinogenicity, but there is evidence
to suggest that the carcinogenicity of trichloroethylene is due to
a reactive intermediate epoxide metabolite. Studies in vitro indi-
cate that cloral hydrate can damage chromosomes in some mam-
malian test systems but there have been no studies of the carci-
nogenicity of cloral hydrate in humans. Some long-term studies
in mice have linked cloral hydrate with the development of he-
patic adenomas or carcinomas. However, it was noted that cloral
hydrate was not the only sedative that had been shown to be a
carcinogen in experimental animals. The American Academy of
Pediatrics considered cloral hydrate to be an effective sedative
with a low incidence of acute toxicity when given short-term as
recommended and, although the information on carcinogenicity
was of concern, it was not sufficient to justify the risk associated
with the use of less familiar sedatives. There was no evidence in
infants or children showing that any of the available alternatives
were safer or more effective. However, the use of repetitive dos-
ing with cloral hydrate to maintain prolonged sedation in ne-
onates and other children was of concern because of the potential
for accumulation of drug metabolites and resultant toxicity. A re-
cent cohort study4 found no persuasive evidence to support a re-
lationship between the use of cloral hydrate and the development
of cancer. However, the statistical power was low for weak asso-
ciations, particularly for some individual cancer sites.
1. Smith MT. Chloral hydrate warning. Science 1990; 250: 359. 
2. Steinberg AD. Should chloral hydrate be banned? Pediatrics

1993; 92: 442–6. 
3. American Academy of Pediatrics Committee on Drugs and

Committee on Environmental Health. Use of chloral hydrate for
sedation in children. Pediatrics 1993; 92: 471–3. 

4. Haselkorn T, et al. Short-term chloral hydrate administration and
cancer in humans. Drug Safety 2006; 29: 67–77.

Effects on the CNS. A 2-year-old child1 had the first of 2 sei-
zures 60 minutes after receiving cloral hydrate 70 mg/kg for se-
dation.
1. Muñoz M, et al. Seizures caused by chloral hydrate sedative dos-

es. J Pediatr 1997; 131: 787–8.

Hyperbilirubinaemia. Small retrospective studies1 have sug-
gested that prolonged use of cloral hydrate in neonates may be
associated with the development of hyperbilirubinaemia. This
may possibly be related to the prolonged half-life of the metabo-
lite trichloroethanol in neonates.
1. Lambert GH, et al. Direct hyperbilirubinemia associated with

chloral hydrate administration in the newborn. Pediatrics 1990;
86: 277–81.

Overdosage. The general management of poisoning with clo-
ral hydrate resembles that for barbiturates (see Treatment of Ad-
verse Effects, under Amobarbital, p.962). Activated charcoal
may be given orally to adults and children within 1 hour of inges-
tion of more than 30 mg/kg, provided that the airway can be pro-
tected; the value of gastric decontamination for overdose is un-
certain. Of 76 cases of cloral hydrate poisoning reported to the
UK National Poisons Information Service (NPIS), 47 were se-
vere.1 Of 39 adults, 12 had cardiac arrhythmias including 5 with
cardiac arrest. Antiarrhythmic drugs were recommended unless
obviously contra-indicated. Haemoperfusion through charcoal
or haemodialysis was recommended for patients in prolonged
coma. Cardiac arrhythmias and CNS depression were also major
features of 12 cases of cloral hydrate overdosage reported from
Australia.2 Lidocaine was not always successful in controlling
arrhythmias, but propranolol was successful in all 7 patients in
whom it was used. It was noted that resistant arrhythmias, partic-
ularly ventricular fibrillation, ventricular tachycardia, and su-
praventricular tachycardia, were the usual cause of death in pa-
tients who had taken an overdosage of cloral hydrate. Although

there had been no controlled studies of antiarrhythmic therapy in
overdosage with cloral hydrate, the successful use of beta block-
ers appeared to be a recurring feature in reports in the literature.
Indeed, the UK NPIS notes that tachyarrhythmias usually re-
spond readily to an intravenous beta blocker such as esmolol or
propranolol. 
Giving flumazenil produced an increased level of consciousness,
pupillary dilatation, and return of respiratory rate and blood pres-
sure towards normal in a patient who had taken an overdosage of
cloral hydrate.3
1. Wiseman HM, Hampel G. Cardiac arrhythmias due to chloral hy-

drate poisoning. BMJ 1978; 2: 960. 
2. Graham SR, et al. Overdose with chloral hydrate: a pharmaco-

logical and therapeutic review. Med J Aust 1988; 149: 686–8. 
3. Donovan KL, Fisher DJ. Reversal of chloral hydrate overdose

with flumazenil. BMJ 1989; 298: 1253.

Precautions
Cloral hydrate should not be used in patients with marked hepat-
ic or renal impairment or severe cardiac disease, and oral dosage
is best avoided in the presence of gastritis. As with all sedatives,
it should be used with caution in those with respiratory insuffi-
ciency. 
Cloral hydrate can cause drowsiness that may persist the next
day; affected patients should not drive or operate machinery. Pro-
longed use and abrupt withdrawal of cloral hydrate should be
avoided to prevent precipitation of withdrawal symptoms. Re-
peated doses in infants and children may lead to accumulation of
metabolites and thereby increase the risk of adverse effects. Use
is best avoided during pregnancy. 
Cloral hydrate may interfere with some tests for urinary glucose
or 17-hydroxycorticosteroids.
Breast feeding. The American Academy of Pediatrics1 states
that, although usually compatible with breast feeding, use of clo-
ral hydrate by breast-feeding mothers has been reported to cause
sleepiness in the infant.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 28/04/04)

Neonates. The half-life of trichloroethanol, an active metabo-
lite of cloral hydrate, is prolonged in neonates;1 values of up to
66 hours have been reported in some studies. Short-term sedation
in the neonate with single oral doses of 25 to 50 mg/kg of cloral
hydrate is considered1 to be probably relatively safe, but repeated
dosage carries the risk of accumulation of metabolites which
may result in serious toxicity. Toxic reactions may occur even
after the drug has been stopped since the metabolites may accu-
mulate for several days.
1. Jacqz-Aigrain E, Burtin P. Clinical pharmacokinetics of seda-

tives in neonates. Clin Pharmacokinet 1996; 31: 423–43.

Obstructive sleep apnoea. Children with obstructive sleep
apnoea could be at risk from life-threatening respiratory obstruc-
tion if cloral hydrate is used for sedation. Details of 2 such chil-
dren who suffered respiratory failure after sedation with cloral
hydrate for lung function studies have been reported.1
1. Biban P, et al. Adverse effect of chloral hydrate in two young

children with obstructive sleep apnea. Pediatrics 1993; 92:
461–3.

Porphyria. UK licensed product information recommends that
cloral hydrate should not be used in patients with porphyria, al-
though some1 consider it safe; caution would seem appropriate.
1. Welsh Medicines Information Centre. Drugs that are considered

to be safe for use in acute porphyrias. Available at: http://
www.wmic.wales.nhs.uk/pdfs/porphyria/PorphyriaSafeList.pdf
(accessed 24/06/08)

Interactions
The sedative effects of cloral hydrate are enhanced by other CNS
depressants such as alcohol (the ‘Mickey Finn’ of detective fic-
tion), barbiturates, and other sedatives. 
Cloral hydrate may alter the effects of coumarin anticoagulants
(see Warfarin, p.1430). A hypermetabolic state, apparently due
to displacement of thyroid hormones from their binding proteins,
has been reported in patients given an intravenous dose of furo-
semide subsequent to cloral hydrate.
Pharmacokinetics
Cloral hydrate is rapidly absorbed from the gastrointestinal tract
and starts to act within 30 minutes of oral doses. It is widely dis-
tributed throughout the body. It is rapidly metabolised to trichloro-
ethanol and trichloroacetic acid (p.1620) in the erythrocytes, liv-
er, and other tissues. It is excreted partly in the urine as trichloro-
ethanol and its glucuronide (urochloralic acid) and as trichloro-
acetic acid. Some is also excreted in the bile. 
Trichloroethanol is the active metabolite, and passes into the
CSF, into breast milk, and across the placenta. The half-life of
trichloroethanol in plasma is reported to range from about 7 to 11
hours but is considerably prolonged in the neonate. Trichloroace-
tic acid has a plasma half-life of several days.
Uses and Administration
Cloral hydrate is a hypnotic and sedative with properties similar
to those of the barbiturates. It is used in the short-term manage-
ment of insomnia (p.957) and has been used for sedation and as
a sedative for premedication (p.1780); its use as a hypnotic, par-
ticularly in children, is now limited. It has been widely used for
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sedation of children before diagnostic, dental, or medical proce-
dures (but see under Carcinogenicity above). 
Externally, cloral hydrate has a rubefacient action and has been
used as a counter-irritant. 
Cloral hydrate is given by mouth as an oral liquid or as gelatin
capsules with cloral hydrate dissolved in a suitable vehicle. It has
also been dissolved in a bland fixed oil and given by enema or as
suppositories. 
It should not be given as tablets because of the risk of damage to
the mucous membrane of the alimentary tract. 
The usual oral hypnotic dose in adults is 0.5 to 2 g given as a
single dose at night; as a sedative 250 mg can be given three
times daily to a maximum daily dose of 2 g. Oral dosage forms
should be taken well diluted or with plenty of water or milk. The
BNFC suggests that children aged 1 month to 12 years be given
30 to 50 mg/kg to a maximum single dose of 1 g by mouth as a
hypnotic (but see above); those aged 12 to 18 years may be given
0.5 to 1 g. Although not licensed in the UK for sedation of chil-
dren before a painless procedure, the BNFC suggests the follow-
ing oral doses, given 45 to 60 minutes beforehand: 1 month to 12
years, 30 to 50 mg/kg (maximum of 1 g), although up to
100 mg/kg (maximum of 2 g) may be used with respiratory mon-
itoring; 12 to 18 years, 1 to 2 g. The BNFC states that the doses
above may be given rectally if the oral route is unavailable. In the
USA, a suggested oral or rectal sedative dose for children is
8.3 mg/kg three times daily to a maximum daily dose of 1.5 g; a
dose of 20 to 25 mg/kg has been given as a premedicant prior to
EEG evaluation. 
A reduction in dosage may be appropriate in frail elderly patients
or in those with hepatic impairment. 
Derivatives of cloral hydrate, such as cloral betaine (above),
chloralose (p.2037), and dichloralphenazone (p.994), which
break down in the body to yield cloral hydrate, have been used
similarly.
◊ References.
1. McCarver-May DG, et al. Comparison of chloral hydrate and mi-

dazolam for sedation of neonates for neuroimaging studies. J
Pediatr 1996; 128: 573–6. 

2. Napoli KL, et al. Safety and efficacy of chloral hydrate sedation
in children undergoing echocardiography. J Pediatr 1996; 129:
287–91.

Preparations
USP 31: Chloral Hydrate Capsules; Chloral Hydrate Syrup.

Proprietary Preparations (details are given in Part 3)
Ger.: Chloraldurat; Switz.: Chloraldurat; Medianox; Nervifene; UK: Well-
dorm; USA: Aquachloral; Somnote.
Multi-ingredient: Belg.: Dentophar; Sedemol; Sulfa-Sedemol; Synthol;
Fr.: Bain de Bouche Lipha; Rus.: Efcamon (Эфкамон); Spain: Dentol Top-
ico; Turk.: Dilan.

Clorazepic Acid (BAN)

Clorazépico, ácido. 7-Chloro-2,3-dihydro-2,2-dihydroxy-5-phe-
nyl-1H-1,4-benzodiazepine-3-carboxylic acid.
C16H11ClN2O3 = 314.7.
CAS — 23887-31-2; 20432-69-3.

Clorazepate Monopotassium (USAN)

Abbott-39083; 4311-CB; Clorazepato monopotásico. Potassium
7-chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepine-3-
carboxylate.
C16H10ClKN2O3 = 352.8.
CAS — 5991-71-9.

Dipotassium Clorazepate (BANM, rINN)

Abbott-35616; AH-3232; 4306-CB; Clorazépate dipotassique;
Clorazepate Dipotassium (USAN); Clorazepato de dipotasio;
Dikalii clorazepas; Dikalio klorazepatas; Dikaliumkloratsepaatti;
Dikaliumklorazepat; Dikálium-klórazepát; Kalii Clorazepas; Ka-
liumkloratsepaatti; Klaiumklorazepat; Klorazepát didraselná sůl;
Klorazepat Dipotasyum; Potassium Clorazepate. Compound of
Potassium 7-chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzo-
diazepine-3-carboxylate with potassium hydroxide.
Дикалия Клоразепат
C16H11ClK2N2O4 = 408.9.
CAS — 57109-90-7.
ATC — N05BA05.
ATC Vet — QN05BA05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Dipotassium Clorazepate). A white or light yellow,
crystalline powder. Solutions in water and in alcohol are unstable
and should be used immediately. Freely soluble or very soluble
in water; very slightly soluble in alcohol; practically insoluble in
dichloromethane. Store in airtight containers. Protect from light. 
USP 31 (Clorazepate Dipotassium). A light yellow, crystalline
powder which darkens on exposure to light. Soluble in water but,
upon standing, may precipitate from the solution; slightly soluble
in alcohol and in isopropyl alcohol; practically insoluble in
acetone, in chloroform, in dichloromethane, in ether, and in ben-
zene. Store under nitrogen in airtight containers. Protect from
light.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precautions
As for Diazepam, p.987.

Effects on the liver. Jaundice and hepatic necrosis has been
associated with clorazepate.1

1. Parker JLW. Potassium clorazepate (Tranxene)-induced jaun-
dice. Postgrad Med J 1979; 55: 908–910.

Effects on the nervous system. For reference to extrapyram-
idal disorders associated with the use of benzodiazepines, includ-
ing clorazepate, see Diazepam, p.988.

Porphyria. Clorazepate has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Clorazepate is decarboxylated rapidly at the low pH in the stom-
ach to form desmethyldiazepam (nordazepam, see p.1012),
which is quickly absorbed.

◊ References.
1. Ochs HR, et al. Comparative single-dose kinetics of oxazolam,

prazepam, and clorazepate: three precursors of desmethyldi-
azepam. J Clin Pharmacol 1984; 24: 446–51. 

2. Bertler Å, et al. Intramuscular bioavailability of chlorazepate as
compared to diazepam. Eur J Clin Pharmacol 1985; 28: 229–30.

Uses and Administration
Clorazepate is a long-acting benzodiazepine with general prop-
erties similar to those of diazepam (p.992). It is mainly used in
the short-term treatment of anxiety disorders (p.952), as an ad-
junct in the management of epilepsy, and in the alcohol with-
drawal syndrome (p.1626). 
Dipotassium clorazepate is usually given orally but preparations
for intravenous or intramuscular use are also available in some
countries. Modified-release preparations given once daily are
available in some countries for maintenance therapy. 
In the UK, an oral dose of 7.5 mg of dipotassium clorazepate was
given up to three times daily for the treatment of anxiety. In the
USA rather higher doses have been recommended; 15 to 60 mg
of dipotassium clorazepate may be given daily, in divided doses
or as a single dose at night. 
Up to 90 mg has been given daily in divided doses in the man-
agement of epilepsy or the alcohol withdrawal syndrome.
Children aged between 9 and 12 years may be given a maximum
of 60 mg daily in the management of epilepsy. 
Reduced doses should be given to elderly or debilitated patients.

Preparations
USP 31: Clorazepate Dipotassium Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Justum; Tencilan; Tranxilium; Austria: Tranxilium; Belg.: Tranxene;
Uni-Tranxene; Braz.: Tranxilene; Canad.: Novo-Clopate; Tranxene†;
Chile: Calner; Modival†; Tranxilium; Cz.: Tranxene†; Fr.: Tranxene; Ger.:
Tranxilium; Gr.: Tranxene; Hong Kong: Tranxene; Irl.: Tranxene†; Israel:
Tranxal; Ital.: Transene; Malaysia: Sanor†; Mex.: Tranxene; Neth.:
Tranxene; Tranxilium; Philipp.: Tranxene; Pol.: Cloranxen; Tranxene;
Port.: Medipax; Tranxene; S.Afr.: Tranxene; Singapore: Tranxene; Spain:
Tranxilium; Switz.: Tranxilium; Thai.: Anxielax; Cloramed; Cloraxene; Di-
posef†; Dipot; Flulium; Manotran; Polizep; Pomadom; Posene; Sanor†; Se-
rene; Trancap; Tranclor; Trancon; Tranxene; Zetran; Turk.: Anksen; Tranx-
ilene; UK: Tranxene†; USA: Gen-Xene†; Tranxene; Venez.: Tranxen.

Multi-ingredient: Arg.: Euciton Complex; Maxitratobes; Tranxilium Di-
gest; Vegestabil; Fr.: Noctran; Spain: Dorken.

Clotiapine (BAN, rINN)

Clothiapine (USAN); Clotiapina; Clotiapinum; HF-2159. 2-Chloro-
11-(4-methylpiperazin-1-yl)dibenzo[b,f][1,4]thiazepine.

Клотиапин

C18H18ClN3S = 343.9.
CAS — 2058-52-8.
ATC — N05AX09.
ATC Vet — QN05AX09.

Profile
Clotiapine is a dibenzothiazepine antipsychotic with general
properties similar to those of the phenothiazines (see Chlorpro-
mazine, p.969). It is used in a variety of psychiatric disorders in-
cluding schizophrenia (p.955), mania (see Bipolar Disorder,
p.372), and anxiety (p.952). It is given orally in doses ranging
from 10 to 200 mg daily in divided doses; up to 360 mg daily has
been given in severe or resistant psychoses. It may also be given
by slow intravenous or deep intramuscular injection.

Psychoses. A systematic review1 found that good evidence to
support the use of clotiapine over other treatments in acute psy-
chotic illness was lacking.
1. Berk M, et al. Clotiapine for acute psychotic illnesses. Available

in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2004 (accessed 21/08/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Etumina; Belg.: Etumine; Israel: Entumin; Ital.: Entumin; S.Afr.:
Etomine; Spain: Etumina; Switz.: Entumine.

Clotiazepam (rINN)

Clotiazépam; Clotiazepamum; Y-6047. 5-(2-Chlorophenyl)-7-
ethyl-1,3-dihydro-1-methyl-2H-thieno[2,3-e]-1,4-diazepin-2-
one.

Клотиазепам
C16H15ClN2OS = 318.8.
CAS — 33671-46-4.
ATC — N05BA21.
ATC Vet — QN05BA21.

Pharmacopoeias. In Jpn.

Profile
Clotiazepam is a short-acting thienodiazepine with general prop-
erties similar to those of diazepam (p.986). A usual oral daily
dose for the short-term management of anxiety disorders (p.952)
is 5 to 15 mg given in divided doses but up to 60 mg daily has
been used. For sleep disorders (p.957) 10 mg has been given as
a single dose at night. An oral dose of 10 to 15 mg has been given
for premedication (see Anaesthesia, p.1780). Reduced doses
may be required in elderly or debilitated patients.

◊ References.
1. Jibiki I, et al. Beneficial effect of high-dose clotiazepam on in-

tractable auditory hallucinations in chronic schizophrenic pa-
tients. Eur J Clin Pharmacol 1994; 46: 367–9.

Effects on the liver. Development of hepatitis in a 65-year-old
woman was attributed to clotiazepam begun 7 months earlier.1
The patient took triazolam and lorazepam without any apparent
effect on the liver, and it was speculated that the hepatotoxic ef-
fect of clotiazepam was related to the thiophene ring present in
the chemical structure.
1. Habersetzer F, et al. Clotiazepam-induced acute hepatitis. J

Hepatol 1989; 9: 256–9.

Porphyria. Clotiazepam is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Clozan; Chile: Rize; Fr.: Veratran; Ital.: Rizen; Tienor; Jpn: Rize;
Spain: Distensan.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cloxazolam (rINN)

Cloxazolamum; CS-370; Kloksatsolaami; Kloxazolam. 10-Chloro-
11b-(2-chlorophenyl)-2,3,7,11b-tetrahydro-oxazolo[3,2-
d][1,4]benzodiazepin-6(5H)-one.
Клоксазолам
C17H14Cl2N2O2 = 349.2.
CAS — 24166-13-0.
ATC — N05BA22.
ATC Vet — QN05BA22.

Pharmacopoeias. In Jpn.
Profile
Cloxazolam is a long-acting benzodiazepine with general prop-
erties similar to those of diazepam (p.986). It has been given in
oral doses of up to 12 mg daily in divided doses for the short-
term treatment of anxiety disorders (p.952). A dose of
100 micrograms/kg may be used for premedication (p.1780).
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tolestan; Belg.: Akton; Braz.: Anoxolan; Clozal; Elum; Eutonis; Ol-
cadil; Port.: Cloxam; Olcadil; Switz.: Lubalix†.

Clozapine (BAN, USAN, rINN)

Clozapina; Clozapinum; HF-1854; Klotsapiini; Klozapin; Klozapina;
Klozapinas. 8-Chloro-11-(4-methylpiperazin-1-yl)-5H-dibenzo-
[b,e][1,4]diazepine.
Клозапин
C18H19ClN4 = 326.8.
CAS — 5786-21-0.
ATC — N05AH02.
ATC Vet — QN05AH02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Clozapine). A yellow crystalline powder. Practi-
cally insoluble in water; soluble in alcohol; freely soluble in
dichloromethane. It dissolves in dilute acetic acid. 
USP 31 (Clozapine). A yellow crystalline powder. Insoluble in
water; soluble in alcohol, in acetone, and in chloroform; sparing-
ly soluble in acetonitrile.
Stability. A suspension of clozapine 100 mg in 5 mL, made by
crushing clozapine tablets and suspending the powder in a syrup-
based mixture containing carboxymethylcellulose preserved
with methyl hydroxybenzoate and propyl hydroxybenzoate
(Guy’s Hospital paediatric base formula), was considered to be
stable for at least 18 days after preparation.1
1. Ramuth S, et al. A liquid clozapine preparation for oral adminis-

tration in hospital. Pharm J 1996; 257: 190–1.

Adverse Effects and Treatment
Although clozapine may share some of the adverse ef-
fects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary; antimuscarinic effects with clozapine
may be more pronounced. Sedation and weight gain
may also be more prominent. Clozapine can cause re-
versible neutropenia which may progress to a poten-
tially fatal agranulocytosis; strict monitoring of white
blood cell counts is essential (see Precautions, below).
Eosinophilia may also occur. Anaemia, thrombocyto-
penia, and thrombocythaemia have been reported rare-
ly. 

Extrapyramidal disorders, including tardive dyski-
nesia, appear to be rare with clozapine. Clozapine has
little effect on prolactin secretion. Clozapine appears to
have a greater epileptic potential than chlorpromazine
but a comparable risk of cardiovascular effects such as
tachycardia and orthostatic hypotension. In rare cases,
circulatory collapse with cardiac and respiratory arrest
has occurred, and hypertension has also been reported.
Clozapine is also associated with an increased risk of
developing myocarditis that may, in rare cases, be fatal;
cardiomyopathy and pericarditis have also been report-
ed. 
Additional adverse effects of clozapine include dizzi-
ness, hypersalivation (particularly at night), headache,
nausea, vomiting, constipation (which, in a few cases,
has led to gastrointestinal obstruction, faecal impac-
tion, and paralytic ileus), urinary incontinence and
retention, fatigue, and transient fever which must be
distinguished from the signs of impending agranulocy-
tosis. There have also been rare reports of dysphagia,
parotid gland enlargement, confusion, delirium,
thromboembolism, acute pancreatitis, hepatitis and
cholestatic jaundice, and very rarely fulminant hepatic
necrosis. Isolated cases of acute interstitial nephritis
have been reported. Abnormalities of glucose homoeo-
stasis and the onset of diabetes mellitus occur uncom-
monly; severe hyperglycaemia, sometimes leading to
ketoacidosis or hyperosmolar coma, has been reported
very rarely. There have also been rare reports of hyper-
cholesterolaemia and hypertriglyceridaemia. Many of
the adverse effects of clozapine are most common at
the start of therapy and may be minimised by gradual
increase in dosage.
Effects on the blood. Clozapine can cause reversible neutro-
penia which, if the drug is not withdrawn immediately, may
progress to a potentially fatal agranulocytosis. Particular con-
cern over this adverse effect dates from 1975 when 17 cases of
neutropenia or agranulocytosis, 8 of them fatal, were reported in
Finland;1 the calculated incidence2 of agranulocytosis or severe
granulocytopenia during this Finnish epidemic was 7.1 per 1000.
These reports led to the withdrawal of clozapine in some coun-
tries or to restrictions in its use and intense haematological mon-
itoring in others. After studies showing the efficacy of clozapine
in severely ill schizophrenic patients unresponsive to adequate
therapy with classical antipsychotics, the drug became available
in the UK and USA in 1990 with strict procedures for monitoring
of white blood cell counts. The UK CSM provided data on the
reports it had received between July 1963 and January 1993 on
agranulocytosis and neutropenia.3 Clozapine was one of the in-
dividual drugs most frequently implicated, with 14 reports of
agranulocytosis (1 fatal) and 119 of neutropenia (none fatal).
Various estimates of the incidence of clozapine-associated
agranulocytosis have been made; analysis of data from 11 555
patients given clozapine in the USA4 showed a cumulative inci-
dence of agranulocytosis of 8.0 per 1000 at 1 year and 9.1 per
1000 at 1 ⁄  years with the risk being increased in elderly patients.
The majority of cases of agranulocytosis occurred within 3
months of the start of treatment with the risk peaking in the third
month. The manufacturers report a lower incidence of agranulo-
cytosis of 4.8 per 1000 patients for the first 6 months5 and an
annual rate of 0.8 per 1000 patients during the next 2 ⁄  years.
These figures were based on data on 56 000 patients in the USA
given clozapine up to the end of March 1993. Analysis of data6

on 6316 patients registered in the UK and Ireland between Janu-
ary 1990 and July 1994 to receive (although not necessarily giv-
en) clozapine produced a cumulative incidence of agranulocyto-
sis of 0.7% during the first year and 0.8% over the whole study
period. Most cases of agranulocytosis and neutropenia occurred
during the first 6 to 18 weeks of treatment. The incidence of
agranulocytosis (0.07%) and neutropenia (0.7%) seen during the
second year of therapy was of the same order of magnitude noted
for some phenothiazine antipsychotics. 
These data6 and comparable data from the USA7 were consid-
ered to indicate that mandatory haematological monitoring (see
Precautions, below) helped to reduce the risks of clozapine-in-
duced neutropenia and agranulocytosis and associated deaths. 
The mechanism for clozapine-induced agranulocytosis is un-
clear and may be the result of direct toxicity or an immune re-
sponse.8,9 Predisposing factors for development of agranulocy-
tosis have not been identified, apart from a possible excess of
cases in female patients and an increased risk with increasing
age. Furthermore, both agranulocytosis and neutropenia do not
appear to be dose-related effects with clozapine. A postulated
higher incidence of agranulocytosis in patients of Jewish back-
ground may be related to genetic factors.10 Africans and Afro-
Caribbeans appear to be at increased risk of developing
neutropenia6 and it has been noted11 that many patients from

these ethnic groups are currently already excluded from treat-
ment with clozapine because their normal white blood cell and
neutrophil counts are below the recommended range for treat-
ment (see Precautions, below). However, UK licensed product
information recommends that patients who have low white blood
cell counts due to benign ethnic neutropenia may begin clozap-
ine treatment with the agreement of a haematologist. 
Evidence would suggest that development of clozapine-induced
leucopenia or granulocytopenia precludes retreatment with
clozapine at any future date; in a series of 9 re-treated patients, all
developed leucopenia or agranulocytosis again.12 In the USA,
patients who have had clozapine withdrawn because of moderate
leucopenia (judged to be when counts fall to 2000 to
3000 cells/mm3) are considered eligible for a return to clozapine
treatment when this count returns to normal; such patients are
considered to have a five- or sixfold greater risk of agranulocy-
tosis.5
1. Idänpään-Heikkilä J, et al. Agranulocytosis during treatment

with clozapine. Eur J Clin Pharmacol 1977; 11: 193–8. 
2. Anderman B, Griffith RW. Clozapine-induced agranulocytosis:

a situation report up to August 1976. Eur J Clin Pharmacol
1977; 11: 199–201. 

3. CSM/MCA. Drug-induced neutropenia and agranulocytosis.
Current Problems 1993; 19: 10–11. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 12/08/08) 

4. Alvir JMJ, et al. Clozapine-induced agranulocytosis: incidence
and risk factors in the United States. N Engl J Med 1993; 329:
162–7. 

5. Finkel MJ, Arellano F. White-blood-cell monitoring and cloza-
pine. Lancet 1995; 346: 849. 

6. Atkin K, et al. Neutropenia and agranulocytosis in patients re-
ceiving clozapine in the UK and Ireland. Br J Psychiatry 1996;
169: 483–8. 

7. Honigfeld G, et al. Reducing clozapine-related morbidity and
mortality: 5 years experience with the Clozaril National Regis-
try. J Clin Psychiatry 1998; 59 (suppl 3): 3–7. 

8. Gerson SL, et al. Polypharmacy in fatal clozapine-associated
agranulocytosis. Lancet 1991; 338: 262–3. 

9. Hoffbrand AV, et al. Mechanisms of clozapine-induced agranu-
locytosis. Drug Safety 1992; 7 (suppl 1): 1–60. 

10. Leiberman JA, et al. HLA-B38, DR4, DQw3 and clozapine-in-
duced agranulocytosis in Jewish patients with schizophrenia.
Arch Gen Psychiatry 1990; 47: 945–8. 

11. Fisher N, Baigent B. Treatment with clozapine: black patients’
low white cell counts currently mean that they cannot be treated.
BMJ 1996; 313: 1262. 

12. Safferman AZ, et al. Rechallenge in clozapine-induced agranu-
locytosis. Lancet 1992; 339: 1296–7.

Effects on body-weight. Most antipsychotic drugs are associ-
ated with weight gain. A meta-analysis1 found evidence of
weight gain in patients receiving both classical (chlorpromazine,
fluphenazine, haloperidol, loxapine, perphenazine, thioridazine,
tiotixene, or trifluoperazine) and atypical (clozapine, olanzapine,
quetiapine, risperidone, sertindole, and ziprasidone) antipsychot-
ics. Two drugs, molindone and pimozide, appeared in contrast to
be associated with weight loss, although in the case of pimozide
this could not be confirmed statistically. Placebo treatment was
also associated with weight loss. However, a later review consid-
ered that there was overwhelming evidence that atypical antipsy-
chotics induced more weight gain than classical antipsychotics.2 
A separate review3 calculated the average monthly weight gain
associated with atypical antipsychotics to be: 
• olanzapine (2.28 kg) 
• zotepine (2.28 kg) 
• quetiapine (1.76 kg) 
• clozapine (1.72 kg) 
• risperidone (0.96 kg) 
• ziprasidone (0.80 kg) 
Weight gain occurred most frequently during the first 6 to 12
months of treatment. It was recommended that if weight gain
was more than 2 kg during the first 2 weeks, a strict dietary reg-
imen should be started immediately. However, more recent opin-
ion is that a change of antipsychotic may be necessary. Anti-
obesity drugs have been tried although their routine use is not
generally recommended.2,4

1. Allison DB, et al. Antipsychotic-induced weight gain: a compre-
hensive research synthesis. Am J Psychiatry 1999; 156:
1686–96. 

2. Ananth J, et al. Atypical antipsychotic induced weight gain:
pathophysiology and management. Ann Clin Psychiatry 2004;
16: 75–85. 

3. Wetterling T. Bodyweight gain with atypical antipsychotics: a
comparative review. Drug Safety 2001; 24: 59–73. 

4. Allison DB, Casey DE. Antipsychotic-induced weight gain: a re-
view of the literature. J Clin Psychiatry 2001; 62 (suppl 7):
22–31.

Effects on carbohydrate metabolism. Treatment with cloz-
apine may be associated with an increased risk of glucose intol-
erance and diabetes mellitus; a similar association has also been
noted for some other atypical antipsychotics.1 
Data received by WHO indicated that up to December 2000,
there had been 480 reports of glucose intolerance with clozapine,
253 with olanzapine, and 138 with risperidone.2 In some cases
weight gain was also reported, which may predispose to devel-
opment of glucose intolerance. Other risk factors identified in-
cluded an underlying diabetic condition, male gender, and use
with some other medications including valproate, SSRIs, and
buspirone. Regular monitoring of weight, blood glucose, and
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blood lipids was recommended in patients receiving clozapine,
olanzapine, and risperidone. 
Glucose intolerance has also been reported for the atypical anti-
psychotic quetiapine.3,4 
Other reviewers have also found similar evidence of an increased
risk of diabetes with atypical antipsychotics.5 In September 2003
the FDA therefore requested labelling changes for all atypical
antipsychotics to include the following recommendations and
warnings: 
• patients with diabetes mellitus receiving atypical antipsychot-

ics should be monitored regularly for worsening glucose con-
trol 

• patients with risk factors for diabetes mellitus should undergo
fasting blood glucose testing at the start of, and during, treat-
ment with atypical antipsychotics 

• all patients given atypical antipsychotics should be monitored
during treatment and those who develop hyperglycaemia
should undergo fasting blood glucose testing 

• in some cases hyperglycaemia resolved on withdrawal but
some patients needed to continue antidiabetic therapy despite
withdrawal 

However, the American Diabetes Association and several other
American medical associations6 consider that the risks vary be-
tween atypical antipsychotics and have recommended that this
should be taken into account when prescribing. The risk of
weight gain, diabetes, and dyslipidaemia was considered to be
greatest for clozapine and olanzapine, with risperidone and
quetiapine having intermediate effects, and aripiprazole and
ziprasidone having little effect (see also Effects on Body-Weight,
above). They recommended that baseline monitoring should in-
clude: 
• personal and family history of obesity, diabetes, dyslipidae-

mia, hypertension, or cardiovascular disease 
• weight, height, and waist circumference 
• blood pressure 
• fasting blood glucose 
• fasting lipid profile 
Patients at risk for diabetes should receive an atypical drug with
a lower propensity for weight gain and glucose intolerance. Fol-
low-up monitoring should consist of reassessment of weight at 4,
8, and 12 weeks, and it was recommended that a change of anti-
psychotic should be considered for any patient who gained more
than 5% of their original weight during treatment. Fasting plas-
ma glucose and blood pressure should be assessed at 3 months
and annually or more frequently thereafter according to risk. Li-
pid levels should also be assessed after 3 months and, if normal,
at 5-year intervals thereafter. Any patient with worsening glycae-
mia or dyslipidaemia should be changed to an antipsychotic that
has not been associated with significant weight gain or diabetes.
1. Melkersson K, Dahl M-L. Adverse metabolic effects associated

with atypical antipsychotics: literature review and clinical impli-
cations. Drugs 2004; 64: 701–23. 

2. Hedenmalm K, et al. Glucose intolerance with atypical antipsy-
chotics. Drug Safety 2002; 25: 1107–16. 

3. Griffiths J, Springuel P. Atypical antipsychotics: impaired glu-
cose metabolism. Can Adverse Drug React News 2001; 11 (4):
3–6. Also available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v11n4-eng.pdf
(accessed 21/08/08) 

4. Adverse Drug Reactions Advisory Committee (ADRAC). Atypical
antipsychotics and hyperglycaemia. Aust Adverse Drug React Bull
2004; 23: 11–12. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr0406.htm (accessed 25/05/05) 

5. Citrome LL, Jaffe AB. Relationship of atypical antipsychotics
with development of diabetes mellitus. Ann Pharmacother 2003;
37: 1849–57. 

6. American Diabetes Association; American Psychiatric Associa-
tion; American Association of Clinical Endocrinologists; North
American Association for the Study of Obesity. Consensus de-
velopment conference on antipsychotic drugs and obesity and di-
abetes. Diabetes Care 2004; 27: 596–601. Also available at:
http://care.diabetesjournals.org/cgi/reprint/27/2/596.pdf (ac-
cessed 24/05/05)

Effects on the cardiovascular system. The UK CSM1 is-
sued a warning in November 1993 of the risk of myocarditis
with clozapine. Three patients who died while taking clozapine
had evidence of myocarditis. The CSM had also received one
other report of myocarditis and one of cardiomyopathy associat-
ed with clozapine. The Australian Adverse Drug Reactions Ad-
visory Committee (ADRAC) subsequently reported2 another 5
cases of clozapine-associated myocarditis in November 1994. A
later report3 from Australia identified 15 cases of myocarditis,
including 5 fatalities, between January 1993 and March 1999
(these figures were established using both data from ADRAC
and the Australian manufacturers). Between September 1989
and December 1999 the FDA had received reports of 28 cases of
myocarditis (18 fatal) and 41 of cardiomyopathy (10 fatal) tem-
porally associated with clozapine use.4 A review5 by the pharma-
covigilance authorities in New Zealand stated that by November
1999 the manufacturers (Novartis) had analysed 125 reports of
myocarditis received worldwide including 35 fatalities; 53% had
occurred during the first month of treatment but about 5% oc-
curred more than 2 years after starting treatment. A more recent
review6 of reports submitted to ADRAC between 1993 and 2003
identified 116 cases of myocarditis; of these, 60 patients were
known to have recovered and 12 died. Myocarditis developed
within a median of 17 days of starting clozapine therapy. In a

reminder article,7 the CSM has also commented that myocarditis
occurs most commonly in the first 2 months whereas cardiomy-
opathy generally develops later in therapy. Pericarditis and peri-
cardial effusions have also been reported. As myocarditis can be
difficult to diagnose and confirmation is not always possible, the
CSM recommended that if there was a high clinical suspicion of
myocarditis, antipsychotic medication should be stopped. Pre-
senting features might include persistent tachycardia at rest, heart
failure, arrhythmia, or symptoms mimicking myocardial infarc-
tion or pericarditis. Patients who have developed clozapine-in-
duced myocarditis or cardiomyopathy should not be re-exposed
to clozapine. 
There is also evidence that clozapine may be associated with fa-
tal thromboembolism. Between February 1990 and December
1999, the FDA8 had received 99 reports of venous thromboem-
bolism associated with clozapine treatment. Of these reports, 83
mentioned pulmonary embolism with or without deep-vein
thrombosis and 16 mentioned deep-vein thrombosis alone; 63
deaths were due to pulmonary embolism. The Swedish Adverse
Reactions Advisory Committee had received reports9 on 6 cases
(5 fatal) of pulmonary embolism and 6 of venous thrombosis as-
sociated with clozapine treatment as of March 2000. The effect
seemed to occur mainly in the first 3 months of treatment, and the
majority of the cases involved men. However, analysis of data10

from Germany and Switzerland suggests that the incidence of
clozapine-associated thromboembolism is no different from that
in psychiatric patients treated with classical antipsychotics or no
antipsychotics at all. 
There have been isolated reports11,12 of paradoxical hyperten-
sion in patients receiving clozapine. Use with atenolol has con-
trolled the hypertension and allowed clozapine therapy to be con-
tinued. 
Some studies13 have suggested that serious cardiovascular ef-
fects might occur more frequently and might be more severe in
healthy subjects given clozapine than in patients with schizo-
phrenia. The manufacturers had therefore requested that pharma-
cokinetic studies of clozapine should be performed in patients
with treatment-resistant schizophrenia rather than in healthy sub-
jects. 
For further details of effects of clozapine on the cardiovascular
system, see Benzodiazepines under Interactions, below.
1. CSM/MCA. Myocarditis with antipsychotics: recent cases with

clozapine (Clozaril). Current Problems 1993; 19: 9–10. Also
avai lab le  a t :  h t tp : / /www.mhra.gov.uk/home/ idcplg?
IdcService=GET_FILE&dDocName=CON2024456&
RevisionSelectionMethod=LatestReleased (accessed 12/08/08) 

2. Adverse Drug Reactions Advisory Committee (ADRAC). Cloz-
apine and myocarditis. Aust Adverse Drug React Bull 1994; 13
(Nov): 14–15. 

3. Kilian JG, et al. Myocarditis and cardiomyopathy associated
with clozapine. Lancet 1999; 354: 1841–5. 

4. La Grenade L, et al. Myocarditis and cardiomyopathy associat-
ed with clozapine use in the United States. N Engl J Med 2001;
345: 224–5. 

5. New Zealand Medicines and Medical Devices Safety Authority.
Potentially fatal complications of clozapine therapy: myocarditis,
venous thromboembolism and constipation. Available at: http://
www.medsafe.govt.nz/profs/puarticles/cloz1.htm (accessed
24/05/05) 

6. Haas SJ, et al. Clozapine-associated myocarditis: a review of
116 cases of suspected myocarditis associated with the use of
clozapine in Australia during 1993-2003. Drug Safety 2007; 30:
47–57. 

7. CSM/MCA. Clozapine and cardiac safety: updated advice for
prescribers. Current Problems 2002; 28: 8. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON007452&RevisionSelect ionMethod=
LatestReleased (accessed 15/05/06) 

8. Knudson JF, et al. Antipsychotic drugs and venous thromboem-
bolism. Lancet 2000; 356: 252–3. 

9. Hägg S, et al. Association of venous thromboembolism and
clozapine. Lancet 2000; 355: 1155–6. 

10. Wolstein J, et al. Antipsychotic drugs and venous thromboem-
bolism. Lancet 2000; 356: 252. 

11. Gupta S. Paradoxical hypertension associated with clozapine.
Am J Psychiatry 1994; 151: 148. 

12. Ennis LM, Parker RM. Paradoxical hypertension associated
with clozapine. Med J Aust 1997; 166: 278. 

13. Pokorny R, et al. Normal volunteers should not be used for bio-
availability or bioequivalence studies of clozapine. Pharm Res
1994; 11: 1221.

Effects on fluid and electrolyte homoeostasis. Hyponat-
raemia has been reported to be associated with clozapine,1 as
with other antipsychotics (p.970). It was emphasised that hy-
ponatraemia should be excluded as a possible trigger when con-
sidering the epileptogenic potential of clozapine.
1. Ogilvie AD, Croy MF. Clozapine and hyponatraemia. Lancet

1992; 340: 672.

Effects on the gastrointestinal tract. The UK CSM had re-
ceived 20 reports of serious gastrointestinal reactions resembling
obstruction associated with clozapine treatment as of March
1999, of which 3 were fatal.1 These reactions were thought to be
due to the antimuscarinic actions of clozapine and, therefore,
more likely to occur when clozapine was taken with other drugs
with antimuscarinic actions such as tricyclic antidepressants,
some antiparkinsonian drugs, and other antipsychotics; care was
also warranted in those patients with a history of colonic disease
or previous bowel surgery. It was also important to recognise and
treat constipation in patients receiving clozapine to prevent the

development of more serious complications such as obstruction
and paralytic ileus.
1. CSM/MCA. Clozapine (Clozaril) and gastrointestinal obstruc-

tion. Current Problems  1999; 25:  5. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023235&RevisionSelectionMethod=
LatestReleased (accessed 15/05/06)

Effects on the kidneys. There have been reports1-3 of acute
interstitial nephritis associated with clozapine treatment. All 3
patients had acute renal failure which resolved when the drug
was stopped. The authors of 1 report noted that the UK CSM had
received 7 reports of acute renal failure associated with clozapine
treatment, including 1 death, between December 1989 and Feb-
ruary 1999.2
1. Elias TJ, et al. Clozapine-induced acute interstitial nephritis.

Lancet 1999; 354: 1180–1. 
2. Fraser D, Jibani M. An unexpected and serious complication of

treatment with the atypical antipsychotic drug clozapine. Clin
Nephrol 2000; 54: 78–80. 

3. Au AF, et al. Clozapine-induced acute interstitial nephritis. Am
J Psychiatry 2004; 161: 1501.

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism, above.
Effects on the nervous system. As with other antipsychotics
(see Convulsions, p.969), clozapine can lower the seizure thresh-
old and cause EEG abnormalities, although treatment with cloz-
apine appears to be associated with a higher frequency of sei-
zures. A review1 of 1418 patients treated with clozapine in the
USA between 1972 and 1988 found that 41 had experienced
generalised tonic-clonic seizures. It was considered that the risk
of clozapine-induced seizures was dose-related. The seizure fre-
quency was calculated to be: 
• 1% at a dosage less than 300 mg daily 
• 2.7% at 300 to 599 mg daily 
• 4.4% with a dosage of 600 mg or more daily 
Six of the patients had been taking other drugs reported to lower
the seizure threshold. Therapy with clozapine was continued in
31 of the 41 patients by reducing the total daily dose of clozap-
ine; antiepileptic drug therapy was begun in about half of the pa-
tients. 
The UK CSM2 considered that, although the epileptogenic effect
of clozapine was claimed to be dose-related, the metabolism and
plasma concentrations of clozapine were highly variable, and
data from 8 cases reported to the CSM suggested that convul-
sions might possibly be related to high plasma concentrations in
susceptible individuals. A low initial dosage followed by careful
increases according to response and downward titration thereaf-
ter to a maintenance dose was recommended to avoid convul-
sions in susceptible individuals.
1. Devinsky O, et al. Clozapine-related seizures. Neurology 1991;

41: 369–71. 
2. CSM. Convulsions may occur in patients receiving clozapine

(Clozaril , Sandoz). Current Problems 31 1991. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024449&RevisionSelectionMethod=
LatestReleased (accessed 12/08/08)

Effects on the pancreas. There have been isolated reports of
pancreatitis associated with clozapine therapy1-3 and overdos-
age.4 A systematic review5 of the FDA’s surveillance database
and published case reports up to February 2002 found 192 pa-
tients who had pancreatitis (22 fatalities) after treatment with one
or more antipsychotics. This included monotherapy with clozap-
ine (72 patients), olanzapine (62), risperidone (31), and haloperi-
dol (12). Most cases occurred within 6 months of starting thera-
py.
1. Martin A. Acute pancreatitis associated with clozapine use. Am

J Psychiatry 1992; 149: 714. 
2. Frankenburg FR, Kando J. Eosinophilia, clozapine, and pancre-

atitis. Lancet 1992; 340: 251. 
3. Garlipp P, et al. The development of a clinical syndrome of

asymptomatic pancreatitis and eosinophilia after treatment with
clozapine in schizophrenia: implications for clinical care, recog-
nition and management. J Psychopharmacol 2002; 16: 399–400. 

4. Jubert P, et al. Clozapine-related pancreatitis. Ann Intern Med
1994; 121: 722–3. 

5. Koller EA, et al. Pancreatitis associated with atypical antipsy-
chotics: from the Food and Drug Administration’s MedWatch
surveillance system and published reports. Pharmacotherapy
2003; 23: 1123–30.

Extrapyramidal disorders. Clozapine retains a place in ther-
apy, despite its propensity to cause agranulocytosis, because, in
part, of its reduced rate of extrapyramidal effects (see also p.971).
Other drugs in the class have since been developed. However,
although atypical antipsychotics carry a lower risk of causing ex-
trapyramidal disorders, the risk is not zero; acute effects and tar-
dive syndromes have been reported with these drugs, and the de-
veloping tendency to use them for high-dose therapy may
perhaps narrow the margin of advantage.1
1. Pierre JM. Extrapyramidal symptoms with atypical antipsychot-

ics: incidence, prevention and management. Drug Safety 2005;
28: 191–208.

Hypersalivation. Hypersalivation has been reported1 to occur
in up to 54% of patients receiving clozapine. The pathophysiol-
ogy for this effect is unclear, but proposed mechanisms include
action at muscarinic (M3 and M4) receptors, blockade of
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α2-adrenoceptors, or distortion of the swallowing reflex. Man-
agement strategies have included chewing gum to increase fre-
quency of swallowing or reduction of clozapine dosage in stabi-
lised patients; antimuscarinics or α2-agonists have been tried
when other methods have failed. However, antimuscarinics
could potentially exacerbate the antimuscarinic adverse effects
of clozapine, and intranasal ipratropium bromide has been tried
as an alternative with beneficial results in one small uncontrolled
study.2

1. Davydov L, Botts SR. Clozapine-induced hypersalivation. Ann
Pharmacother 2000; 34: 662–5. 

2. Calderon J, et al. Potential use of ipatropium [sic] bromide for
the treatment of clozapine-induced hypersalivation: a prelimi-
nary report. Int Clin Psychopharmacol 2000; 15: 49–52.

Neuroleptic malignant syndrome. A review of the
literature1 suggested that clozapine may produce fewer extrapy-
ramidal effects and a lower rise in creatine kinase concentrations
than classical antipsychotics. The incidence of neuroleptic ma-
lignant syndrome (NMS— p.972) with clozapine appeared to be
similar to that with classical antipsychotics;1 however, its presen-
tation may differ, with fever and rigidity less frequent, and possi-
bly less severe, but diaphoresis more common.2 Nevertheless, a
later review3 concluded that manifestations of NMS associated
with the atypical antipsychotics clozapine, olanzapine, quetiap-
ine, and risperidone were of similar nature and severity to those
associated with classical antipsychotics. NMS has also been
reported4 with the use of amisulpride and aripiprazole.
1. Sachdev P, et al. Clozapine-induced neuroleptic malignant syn-

drome: a review and report of new cases. J Clin Psychopharma-
col 1995; 15: 365–71. 

2. Karagianis JL, et al. Clozapine-associated neuroleptic malignant
syndrome: two new cases and a review of the literature. Ann
Pharmacother 1999; 33: 623–30. Correction. ibid.; 1011. 

3. Ananth J, et al. Neuroleptic malignant syndrome and atypical
antipsychotic drugs. J Clin Psychiatry 2004; 65: 464–70. 

4. Adverse Drug Reactions Advisory Committee (ADRAC). Aripipra-
zole and neuroleptic malignant syndrome. Aust Adverse Drug React
Bull 2007; 26: 2. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr0704.pdf (accessed 03/04/08)

Withdrawal. Abrupt withdrawal of clozapine may be associat-
ed with symptoms that have been described as ‘cholinergic re-
bound’ although the manifestations, which may include head-
ache, profuse sweating, hypersalivation, bronchoconstriction,
agitation, enuresis, and diarrhoea also have some common fea-
tures with the serotonin syndrome (p.416); motor disorders and
exacerbation of extrapyramidal disorders have also occurred. In
addition, as with other antipsychotics, abrupt withdrawal of cloz-
apine may be associated with rapid relapse of the original psy-
chosis. In a retrospective case-note study of 29 schizophrenic pa-
tients whose clozapine treatment was withdrawn, abrupt
withdrawal in 20 resulted in a marked, immediate deterioration
in their mental state.1 Of 3 further patients who experienced de-
lirium with psychotic symptoms shortly after stopping clozapine,
symptoms developed in 1 within 24 hours despite gradual with-
drawal of clozapine over a 2-week period.2 All the patients re-
sponded rapidly to resumption of low doses of clozapine.
1. Baker M, White T. Life after clozapine. Med Sci Law 2004; 44:

217–21. 
2. Stanilla JK, et al. Clozapine withdrawal resulting in delirium

with psychosis: a report of three cases. J Clin Psychiatry 1997;
58: 252–5.

Precautions
Clozapine should not be given to patients with uncon-
trolled epilepsy, alcoholic or toxic psychoses, drug in-
toxication, or a history of circulatory collapse. It should
be used with caution in patients with a history of sei-
zures or with conditions that lower the seizure thresh-
old. It is contra-indicated in patients with bone-marrow
suppression, myeloproliferative disorders, or any ab-
normalities of white blood cell count or differential
blood count. It is also contra-indicated in patients with
a history of drug-induced neutropenia or agranulocyto-
sis with the exception of that due to chemotherapy. It
should not be used with drugs that carry a high risk of
bone-marrow suppression (see Interactions, below). 
Clozapine is contra-indicated in patients with severe
renal impairment; caution is required in mild to moder-
ate renal impairment. It should be used with caution in
hepatic impairment and avoided in symptomatic or
progressive liver disease or hepatic failure. Patients
with a history of cardiac impairment or abnormal car-
diac findings on examination should be referred to a
specialist for further evaluation, which may include an
ECG; treatment with clozapine should only then be
started if the potential benefits clearly outweigh any
risk. Clozapine should not be used in severe heart fail-
ure. 

Clozapine possesses antimuscarinic properties and
consequently it is contra-indicated in patients with par-
alytic ileus; it should also be used with caution in be-
nign prostatic hyperplasia and angle-closure glauco-
ma. 
Clinical monitoring for hyperglycaemia has been rec-
ommended, especially in patients with or at risk of de-
veloping diabetes (see Effects on Carbohydrate Metab-
olism, above). 
Monitoring the white blood cell and absolute neu-
trophil counts is mandatory during clozapine treatment
and should be carried out in accordance with official
recommendations; these may vary between countries
(see Monitoring, below for further details). Patients or
their carers should report the development of any in-
fection or signs such as fever, sore throat, or flu-like
symptoms which suggest infection. 
Patients who develop tachycardia at rest, dyspnoea, ar-
rhythmias, chest pain, or other signs and symptoms of
heart failure should be investigated immediately and
clozapine treatment stopped if a diagnosis of myocar-
ditis or cardiomyopathy is suspected. 
Because of an increased risk of collapse due to ortho-
static hypotension associated with rapid dose escala-
tion during initial titration of clozapine dosage, it is rec-
ommended that treatment should be begun under close
medical supervision. In addition, patients with Parkin-
son’s disease should have their blood pressure moni-
tored for the first weeks of treatment. 
On planned withdrawal, the dose of clozapine should
be reduced gradually over at least a 1- to 2-week period
in order to avoid the risk of rebound psychosis and oth-
er withdrawal symptoms (see above). If abrupt with-
drawal is necessary then patients should be observed
carefully. 
Clozapine may affect the performance of skilled tasks
such as driving.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of clozapine on breast-fed infants is
unknown, its use by mothers during breast feeding may be of
concern since antipsychotic drugs do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term. 
Clozapine appears to be distributed into breast milk in relatively
high concentrations.2 Concentrations in a patient given 50 mg
daily were 63.5 nanograms/mL in breast milk and
14.7 nanograms/mL in plasma; at 100 mg daily they were
115.6 nanograms/mL and 41.4 nanograms/mL, respectively. 
The manufacturers have also stated that studies in animals sug-
gest that clozapine is excreted into breast milk and has an effect
on nursing infants; they recommend that mothers receiving cloz-
apine should not breast feed.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / ful l /
pediatrics%3b108/3/776 (accessed 24/05/05) 

2. Barnas C, et al. Clozapine concentrations in maternal and fetal
plasma, amniotic fluid, and breast milk. Am J Psychiatry 1994;
151: 945.

Dementia. The FDA1 has issued advice against the use of atyp-
ical antipsychotics, including clozapine, in the treatment of be-
havioural problems in elderly patients with dementia after anal-
ysis of placebo-controlled studies showed an increased risk of
mortality with certain drugs in this class. See under Risperidone,
p.1024.
1. FDA. FDA issues public health advisory for antipsychotic drugs

used for treatment of behavioral disorders in elderly patients (is-
sued 11th April, 2005). Available at: http://www.fda.gov/bbs/
topics/ANSWERS/2005/ANS01350.html (accessed 24/05/05)

Monitoring. WHITE CELL COUNTS. A white blood cell count
and a differential blood count must be performed before start-
ing clozapine therapy and regularly throughout treatment.
Treatment should not be started if the white blood cell count
is less than 3500 cells/mm3 and the absolute neutrophil count
(ANC) is less than 2000 cells/mm3, or if there is an abnormal
differential count. Monitoring should continue throughout
therapy and for 4 weeks after withdrawal. 
In the EU, including the UK, monitoring is performed at weekly
intervals for the first 18 weeks and then at least every 2 weeks
between weeks 18 and 52; after 1 year of treatment with stable
neutrophil counts, patients may be monitored at least every 4
weeks. 

• If during therapy the white blood cell count falls to between
3000 and 3500 cells/mm3 or the ANC falls to between 1500
and 2000 cells/mm3 then monitoring should be performed
twice weekly until values stabilise or increase. 

• Clozapine should be withdrawn immediately if the white
blood cell count falls below 3000 cells/mm3 or the ANC drops
below 1500 cells/mm3; counts should be monitored daily until
they return to normal. Clozapine should not be restarted in
these patients. 

In the USA, white blood cell and ANC are monitored weekly for
the first 6 months and then every 2 weeks thereafter; after 1 year
of therapy, patients may be monitored every 4 weeks. 
• If during therapy the white blood cell count falls to between

3000 and 3500 cells/mm3 and the ANC is above
1500 cells/mm3 then monitoring should be performed twice
weekly. 

• If the white blood cell count falls below 3000 cells/mm3 or the
ANC is below 1500 cells/mm3 then clozapine treatment
should be interrupted and counts performed daily. Clozapine
may be restarted if the white blood cell count recovers to
above 3500 cells/mm3 and the ANC to above 2000 cells/mm3.
After recovery, weekly monitoring is recommended for the
next 12 months before reducing to every 2 weeks for 6
months, and then every 4 weeks thereafter. 

• Clozapine should be withdrawn if the white blood cell count
falls below 2000 cells/mm3 or the ANC drops below
1000 cells/mm3; counts should be monitored daily until they
return to normal. Clozapine should not be restarted in these
patients. 

In patients with decreased white blood cell or ANC it is especial-
ly important that they or their carers report the development of
any infection or signs such as fever, sore throat, or flu-like symp-
toms which suggest infection.
EOSINOPHIL COUNT. In the EU, clozapine should be with-
drawn if the eosinophil count is greater than 3000 cells/mm3;
it should only be restarted once the count has fallen to below
1000 cells/mm3. 
Similar advice is given in the USA although the values differ:
clozapine should be withdrawn if the eosinophil count is above
4000 cells/mm3 and restarted once the count has fallen to below
3000 cells/mm3.
PLATELET COUNT. European licensing information states that
clozapine should be stopped if the platelet count falls below
50 000 cells/mm3.
TREATMENT BREAK. If treatment with clozapine is interrupted
for reasons other than abnormal haematological values then
more frequent monitoring may be required following resump-
tion of therapy. 
In the EU, patients who have taken clozapine for at least 18
weeks and stopped therapy for more than 3 days but less than 4
weeks should resume weekly monitoring for the next 6 weeks
before reducing to at least every 4 weeks if the counts are stable;
a break of 4 weeks or more would require weekly monitoring for
the next 18 weeks. 
US licensed product information recommends resuming weekly
monitoring for 6 months in patients whose therapy has been in-
terrupted for more than 1 month; frequency of monitoring is then
reduced as described in White Cell Counts, see above. Those
who have taken clozapine for at least 6 months and stopped ther-
apy for more than 3 days but less than 4 weeks should resume
weekly monitoring for the next 6 weeks before reducing to at
least every 2 weeks for 6 months if the counts are stable; those on
clozapine for over 1 year may be monitored every 4 weeks after
initial weekly monitoring for 6 weeks.
Pregnancy. A review of the literature1 between 1993 and April
2004 suggested that clozapine and olanzapine do not appear to
increase the risk of fetal teratogenicity; literature regarding arip-
iprazole, quetiapine, risperidone, and ziprasidone was incom-
plete or not available. The rate of spontaneous abortions in preg-
nant women exposed to clozapine or olanzapine was not found
to be higher than that of the general population; however, these 2
drugs increased the risk of hyperglycaemia in pregnant women.
A prospective comparative study2 of pregnancy outcomes in
women taking clozapine, olanzapine, quetiapine, and risperidone
also concluded that atypicals do not appear to be associated with
an increased risk for major malformations when compared to the
baseline risk in the general population. The authors recommend-
ed that benefits and risks be weighed carefully in each case and
optimal control of the psychiatric disorder be maintained
throughout pregnancy and postpartum together with careful
monitoring.
1. Gentile S. Clinical utilization of atypical antipsychotics in preg-

nancy and lactation. Ann Pharmacother 2004; 38: 1265–71. 
2. McKenna K, et al. Pregnancy outcome of women using atypical

antipsychotic drugs: a prospective comparative study. J Clin
Psychiatry 2005; 66: 444–9.

Interactions
Clozapine may enhance the central effects of MAOIs
and CNS depressants including alcohol, antihista-
mines, benzodiazepines, and opioid analgesics. 
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Clozapine should not be used with drugs that carry a
high risk of bone-marrow suppression including car-
bamazepine, co-trimoxazole, chloramphenicol, peni-
cillamine, sulfonamides, antineoplastics, or pyrazolo-
ne analgesics such as azapropazone. Long-acting depot
antipsychotics have myelosuppressive potential and
should not be used with clozapine as they cannot be
withdrawn rapidly should neutropenia occur. Additive
effects may occur when clozapine is given with drugs
that possess antimuscarinic, hypotensive, or respirato-
ry depressant effects. Clozapine may reduce the effects
of alpha-adrenoceptor agonists such as noradrenaline. 
The metabolism of clozapine is mediated mainly by
the cytochrome P450 isoenzyme CYP1A2. Use with
drugs that inhibit or act as a substrate to this isoenzyme
may affect plasma concentrations of clozapine and the
dose of clozapine may need to be altered. Increased
plasma-clozapine concentrations, with an increased
risk of adverse effects, may be seen in patients who
suddenly stop smoking. Use with phenytoin or other
enzyme-inducing drugs may accelerate the metabo-
lism of clozapine and reduce its plasma concentrations.
◊ References.
1. Taylor D. Pharmacokinetic interactions involving clozapine. Br

J Psychiatry 1997; 171: 109–12.

Antibacterials. A patient with schizophrenia controlled with
clozapine therapy had a tonic-clonic seizure 7 days after starting
treatment with erythromycin.1 It appeared that erythromycin had
inhibited the metabolism of clozapine and raised its serum con-
centrations. Increased drowsiness and hypersalivation have been
seen in a patient receiving clozapine and ampicillin; he recovered
when ampicillin was replaced with doxycycline.2 
Giving clozapine with rifampicin has resulted in decreased cloz-
apine concentrations with consequent return of paranoid
thoughts in a patient with a complicated history of schizophre-
nia.3 An improvement was seen after rifampicin was replaced
with ciprofloxacin. The interaction was thought to be due to the
induction of cytochrome P450 isoenzymes, particularly
CYP1A2, by rifampicin, resulting in the accelerated metabolism
of clozapine.
1. Funderburg LG, et al. Seizure following addition of erythromy-

cin to clozapine treatment. Am J Psychiatry 1994; 151: 1840–1. 
2. Csík V, Molnár J. Possible adverse interaction between clozapine

and ampicillin in an adolescent with schizophrenia. J Child Ad-
olesc Psychopharmacol 1994; 4: 123–8. 

3. Joos AAB, et al. Pharmacokinetic interaction of clozapine and
rifampicin in a forensic patient with atypical mycobacterial in-
fection. J Clin Psychopharmacol 1998; 18: 83–5.

Antidepressants. Rises in serum concentrations of clozapine
have been found in patients receiving clozapine after addition of
fluoxetine1 or fluvoxamine2 to therapy. Increased serum concen-
trations of clozapine have also been reported when paroxetine or
sertraline was added to therapy.3 A possible serotonin syndrome
(p.416) has been reported4 in a patient receiving clomipramine
after clozapine was gradually withdrawn from the treatment reg-
imen, although the symptoms were also similar to those of cloz-
apine withdrawal (see above). There has been an isolated report5
of a patient who developed myoclonic jerks 79 days after fluox-
etine was added to treatment with clozapine and lorazepam, al-
though some6 doubt whether the effects were entirely due to an
interaction. Giving clozapine with lithium may increase the risk
of neuroleptic malignant syndrome. For reference to neurologi-
cal reactions in patients receiving lithium with clozapine, see
p.405.
1. Centorrino F, et al. Serum concentrations of clozapine and its

major metabolites: effects of cotreatment with fluoxetine or val-
proate. Am J Psychiatry 1994; 151: 123–5. 

2. Jerling M, et al. Fluvoxamine inhibition and carbamazepine in-
duction of the metabolism of clozapine: evidence from a thera-
peutic drug monitoring service. Ther Drug Monit 1994; 16:
368–74. 

3. Centorrino F, et al. Serum levels of clozapine and norclozapine
in patients treated with selective serotonin reuptake inhibitors.
Am J Psychiatry 1996; 153: 820–2. 

4. Zerjav-Lacombe S, Dewan V. Possible serotonin syndrome asso-
ciated with clomipramine after withdrawal of clozapine. Ann
Pharmacother 2001; 35: 180–2. 

5. Kingsbury SJ, Puckett KM. Effects of fluoxetine on serum cloz-
apine levels. Am J Psychiatry 1995; 152: 473. 

6. Baldessarini RJ, et al. Effects of fluoxetine on serum clozapine
levels. Am J Psychiatry 1995; 152: 473–4.

Antiepileptics. Use of phenytoin or other enzyme-inducing
antiepileptics may accelerate the metabolism of clozapine and
reduce its plasma concentrations. Studies have found that addi-
tion of sodium valproate to clozapine therapy may increase1 or
decrease2 plasma concentrations of clozapine. Although no in-
crease in clozapine-related adverse effects or loss of control of
psychotic symptoms were reported in these studies, there has
been a report3 of a patient who experienced sedation, confusion,

slurring of speech and other functional impairment after val-
proate was given with clozapine. 
See also under Benzodiazepines, below.
1. Centorrino F, et al. Serum concentrations of clozapine and its

major metabolites: effects of cotreatment with fluoxetine or val-
proate. Am J Psychiatry 1994; 151: 123–5. 

2. Finley P, Warner D. Potential impact of valproic acid therapy on
clozapine disposition. Biol Psychiatry 1994; 36: 487–8. 

3. Costello LE, Suppes T. A clinically significant interaction be-
tween clozapine and valproate. J Clin Psychopharmacol 1995;
15: 139–41.

Antipsychotics. Giving risperidone to a patient with schizo-
affective disorder partially controlled by clozapine produced
clinical improvement but was associated with a 74% rise in se-
rum-clozapine concentrations over a 2-week period.1 Although
no adverse effects occurred in this patient, the potential for seri-
ous adverse effects requires caution if these drugs are used to-
gether. Neuroleptic malignant syndrome associated with use of
clozapine with haloperidol has been reported.2 
See also under Chlorpromazine, p.974.
1. Tyson SC, et al. Pharmacokinetic interaction between risperi-

done and clozapine. Am J Psychiatry 1995; 152: 1401–2. 
2. Garcia G, et al. Neuroleptic malignant syndrome with antide-

pressant/antipsychotic drug combination. Ann Pharmacother
2001; 35: 784–5.

Antivirals. Although the UK manufacturers of ritonavir have
stated that it may increase plasma concentrations of clozapine
with a resultant increase in the risk of toxicity, there is evidence
to suggest that, in fact, ritonavir may decrease the plasma con-
centrations of clozapine.1 Ritonavir has been noted to induce the
cytochrome P450 isoenzyme CYP1A2 and hence, as clozapine
is primarily metabolised via this isoenzyme, an acceleration of
the metabolism of clozapine would be expected. US prescribing
information has been amended accordingly.
1. Penzak SR, et al. Comment: significant interactions with new

antiretrovirals and psychotropic drugs. Ann Pharmacother 1999;
33: 1372–3.

Benzodiazepines. Concern has been expressed over reports of
cardiorespiratory collapse in patients taking both clozapine and
benzodiazepines.1,2 In response, the manufacturers of clozapine
outlined3 similar cases reported to them in the USA. Of 7 cases
of respiratory arrest or depression only 2 involved recent use of
a benzodiazepine; among 26 cases of orthostatic hypotension
with syncope reported during the first year the drug was market-
ed, only 8 included recent benzodiazepine use. The manufactur-
ers concluded that an increased risk of such reactions in patients
taking both drugs simultaneously was possible but not estab-
lished, and advised caution when starting clozapine therapy in
patients taking benzodiazepines. 
Hypersalivation associated with clozapine and benzodiazepines
may be exacerbated when these drugs are used together. A
patient4 experienced increased hypersalivation, salivary thicken-
ing, and distension of the parotid glands when clonazepam was
added to treatment with clozapine. Adverse effects reported in 5
other patients given clozapine and benzodiazepines together in-
cluded hypersalivation, sedation, ataxia, and symptoms of delir-
ium.5,6

1. Sassim N, Grohmann R. Adverse drug reactions with clozapine
and simultaneous application of benzodiazepines. Pharmacops-
ychiatry 1988; 21: 306–7. 

2. Friedman LJ, et al. Clozapine—a novel antipsychotic agent. N
Engl J Med 1991; 325: 518. 

3. Finkel MJ, Schwimmer JL. Clozapine—a novel antipsychotic
agent. N Engl J Med 1991; 325: 518–19. 

4. Martin SD. Drug-induced parotid swelling. Br J Hosp Med 1993;
50: 426. 

5. Cobb CD, et al. Possible interaction between clozapine and lo-
razepam. Am J Psychiatry 1991; 148: 1606–7. 

6. Jackson CW, et al. Delirium associated with clozapine and ben-
zodiazepine combinations. Ann Clin Psychiatry 1995; 7:
139–41.

Buspirone. Potentially fatal gastrointestinal bleeding, accom-
panied by severe acidosis and hyperglycaemia, developed in a
patient given buspirone with clozapine.1 The patient had previ-
ously been taking clozapine for over a year without adverse ef-
fect, and was subsequently maintained on clozapine alone with-
out a recurrence of symptoms.
1. Good MI. Lethal interaction of clozapine and buspirone? Am J

Psychiatry 1997; 154: 1472–3.

Gastrointestinal drugs. A patient stabilised on clozapine de-
veloped increased serum clozapine concentrations and signs of
clozapine toxicity after starting treatment with cimetidine.1
Cimetidine was withdrawn and ranitidine substituted without re-
currence of toxicity. 
A marked reduction in plasma-clozapine concentrations was
seen in 2 smokers stabilised on the antipsychotic who began
treatment with omeprazole,2 which is a known inducer of the cy-
tochrome P450 isoenzyme CYP1A2. However, a small retro-
spective analysis of the effect of stopping omeprazole in 13 pa-
tients taking both drugs suggested that the effect of omeprazole
was only significant in non-smokers, and the clozapine dose did
not need to be adjusted in any of these patients.3
1. Szymanski S, et al. A case report of cimetidine-induced clozap-

ine toxicity. J Clin Psychiatry 1991; 52: 21–2. 

2. Frick A, et al. Omeprazole reduces clozapine plasma concentra-
tions: a case report. Pharmacopsychiatry 2003; 36: 121–3. 

3. Mookhoek EJ, Loonen AJ. Retrospective evaluation of the effect
of omeprazole on clozapine metabolism. Pharm World Sci 2004;
26: 180–2.

Xanthines. Caffeine may inhibit the metabolism of clozap-
ine.1,2 Care should be taken before stopping or starting caffeine-
containing beverages in patients stabilised on clozapine treat-
ment.
1. Carrillo JA, et al. Effects of caffeine withdrawal from the diet on

the metabolism of clozapine in schizophrenic patients. J Clin
Psychopharmacol 1998; 18: 311–16. 

2. Hägg S, et al. Effect of caffeine on clozapine pharmacokinetics
in healthy volunteers. Br J Clin Pharmacol 2000; 49: 59–63.

Pharmacokinetics
Although clozapine is well absorbed from the gastroin-
testinal tract, its bioavailability is limited to about 50%
by first-pass metabolism. Peak plasma concentrations
are achieved, on average, about 2.5 hours after oral
doses. Clozapine is about 95% bound to plasma pro-
teins and has a mean terminal elimination half-life of
about 12 hours at steady state. It is almost completely
metabolised and routes of metabolism include N-
demethylation, hydroxylation, and N-oxidation; the
desmethyl metabolite (norclozapine) has limited activ-
ity. The metabolism of clozapine is mediated mainly
by the cytochrome P450 isoenzyme CYP1A2. Metab-
olites and trace amounts of unchanged drug are excret-
ed mainly in the urine and also in the faeces. There is
wide interindividual variation in plasma concentra-
tions of clozapine and no simple correlation has been
found between plasma concentrations and therapeutic
effect. It is distributed into breast milk.
◊ References.
1. Jann MW, et al. Pharmacokinetics and pharmacodynamics of

clozapine. Clin Pharmacokinet 1993; 24: 161–76. 
2. Lin S-K, et al. Disposition of clozapine and desmethylclozapine

in schizophrenic patients. J Clin Pharmacol 1994; 34: 318–24. 
3. Freeman DJ, Oyewumi LK. Will routine therapeutic drug moni-

toring have a place in clozapine therapy? Clin Pharmacokinet
1997; 32: 93–100. 

4. Olesen OV. Therapeutic drug monitoring of clozapine treatment:
therapeutic threshold value for serum clozapine concentrations.
Clin Pharmacokinet 1998; 34: 497–502. 

5. Guitton C, et al. Clozapine and metabolite concentrations during
treatment of patients with chronic schizophrenia. J Clin Pharma-
col 1999; 39: 721–8. 

6. Dettling M, et al. Long-term therapeutic drug monitoring of
clozapine and metabolites in psychiatric in- and outpatients. Psy-
chopharmacology (Berl) 2000; 152: 80–6. 

7. Renwick AC, et al. Monitoring of clozapine and norclozapine
plasma concentration-time curves in acute overdose. J Toxicol
Clin Toxicol 2000; 38: 325–8. 

8. Frazier JA, et al. Clozapine pharmacokinetics in children and ad-
olescents with childhood-onset schizophrenia. J Clin Psychop-
harmacol 2003; 23: 87–91. 

9. Tang Y-L, et al. Gender, age, smoking behaviour and plasma
clozapine concentrations in 193 Chinese inpatients with schizo-
phrenia. Br J Clin Pharmacol 2007; 64: 49–56.

Bioavailability. Mean plasma concentration of clozapine in-
creased from 329 to 629 nanograms/mL in 10 patients when
switched from an extemporaneous liquid formulation to conven-
tional tablets.1
1. Coker-Adeyemi F, Taylor D. Clozapine plasma levels in patients

switched from clozapine liquid to tablets. Pharm J 2002; 269:
650–2.

Uses and Administration
Clozapine is a dibenzodiazepine derivative and the
prototype of the atypical antipsychotics. It has relative-
ly weak dopamine receptor-blocking activity at D1, D2,
D3, and D5 receptors but has a high affinity for the D4
receptor. Clozapine possesses alpha-adrenergic block-
ing, antimuscarinic, antihistaminic, antiserotonergic,
and sedative properties. 
Clozapine is used for the management of schizophre-
nia; however, because of the risk of agranulocytosis, it
is reserved for patients who fail to respond to other an-
tipsychotics, including other atypicals, or who experi-
ence severe neurological effects with such drugs. In the
USA, it may also be used for reducing the risk of recur-
rent suicidal behaviour in those with schizophrenia or
schizoaffective disorder who are at chronic risk for su-
icidal behaviour. In the UK, it is also used in the man-
agement of treatment-resistant psychoses associated
with Parkinson’s disease. 
Clozapine use must be accompanied by strict proce-
dures for the monitoring of white blood cell counts (see
Precautions, above). To minimise the incidence of ad-
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verse effects, clozapine therapy should be introduced
gradually, beginning with low doses and increasing ac-
cording to response. 
In the treatment of schizophrenia, including reducing
the risk of suicidal behaviour, the usual oral dose is
12.5 mg once or twice on the first day followed by
25 mg once or twice on the second day. Thereafter the
daily dosage may be increased gradually in steps of 25
to 50 mg to achieve a daily dose of up to 300 mg within
14 to 21 days (in the USA, up to 450 mg daily is per-
mitted by the end of 2 weeks). Subsequent increases in
steps of 50 to 100 mg may be made once or twice
weekly; a daily dosage of 900 mg should not be ex-
ceeded. Once a therapeutic response has been ob-
tained, a gradual reduction of dosage to a suitable
maintenance dose is recommended; most patients re-
spond to 200 to 450 mg daily. The total daily dose is
given in divided doses; a larger portion may be given at
night. Daily maintenance doses of 200 mg or less may
be given as a single dose in the evening. If clozapine is
to be withdrawn, this should be done gradually over a
1- to 2-week period. However, immediate withdrawal
with careful observation is essential if neutropenia de-
velops or if myocarditis or cardiomyopathy is suspect-
ed (see Precautions, above). 
Elderly patients may require lower doses of clozapine
and it is recommended that treatment should start with
a dose of 12.5 mg on the first day and that subsequent
dose increments should be restricted to 25 mg. 
For patients who are restarting treatment after an inter-
val of more than 2 days, 12.5 mg may be given once or
twice on the first day. If this dose is well tolerated it
may be possible to increase the dosage more quickly
than when first starting. However, patients who have
had respiratory or cardiac arrest with initial dosing, but
were then successfully titrated to a therapeutic dose,
should be re-titrated with extreme caution after a break
of even 24 hours. Additional monitoring of blood cell
counts may also be required if treatment is interrupted,
see Treatment Break, under Monitoring, above. 
It is recommended that oral therapy with other antipsy-
chotics should be withdrawn gradually before treat-
ment with clozapine is started. 
Clozapine has also been given by intramuscular injec-
tion. 
In the management of treatment-resistant psychoses in
Parkinson’s disease, the initial oral dose of clozapine
is no more than 12.5 mg once daily in the evening.
Thereafter, the daily dosage may be increased in incre-
ments of 12.5 mg up to twice a week; a dose of 50 mg
daily should not be reached before the end of the sec-
ond week. The usual dose ranges from 25 to 37.5 mg
daily. Increases in the daily dose above 50 mg should
only be made in exceptional cases in increments of
12.5 mg at weekly intervals up to a maximum of
100 mg daily. The total daily dose should preferably be
given as a single dose in the evening. Dosage of anti-
parkinsonian drugs may be increased when there has
been complete remission of psychotic symptoms after
at least 2 weeks of clozapine therapy. If psychotic
symptoms recur after increases in antiparkinsonian
therapy, the dose of clozapine may need to be increased
in line with the above guidance. As in patients with
schizophrenia, planned withdrawal of clozapine in pa-
tients with Parkinson’s disease should also be gradual
in decrements of 12.5 mg over 1 to 2 weeks.
Action. Antipsychotics are thought to work through inhibition
of dopamine D2-receptors (see p.975), but this hypothesis fails to
explain the activity of the atypical antipsychotics such as cloza-
pine. How clozapine produces its antipsychotic activity is not
clear; it has a high affinity for a number of different receptors.1
1. Kerwin RW. The new atypical antipsychotics: a lack of extrapy-

ramidal side-effects and new routes in schizophrenia research.
Br J Psychiatry 1994; 164: 141–8.

Administration. There has been controversy over the
bioequivalence or otherwise of different brands of clozapine. Al-
though some reports indicate that it is perfectly possible to switch
from branded to generic clozapine,1-4 the need for monitoring
and concerns about any requirement for retitration of doses (be-
cause of potential lack of bioequivalence5) have to be taken into

account. There have been a few reports of exacerbation of psy-
chotic symptoms in patients who were switched to a generic for-
mulation.6,7

1. Sajbel TA, et al. Converting patients from brand-name clozapine
to generic clozapine. Ann Pharmacother 2001; 35: 281–4. 

2. Makela EH, et al. Branded versus generic clozapine for treat-
ment of schizophrenia. Ann Pharmacother 2003; 37: 350–3. 

3. Stoner SC, et al. A program to convert patients from trade-name
to generic clozapine. Pharmacotherapy 2003; 23: 806–10. 

4. Bazire S, Burton V. Generic clozapine in schizophrenia: what is
all the fuss about? Pharm J 2004; 273: 720–1. 

5. Lam YW, et al. Branded versus generic clozapine: bioavailabil-
ity comparison and interchangeability issues. J Clin Psychiatry
2001; 62 (suppl 5): 18–22. 

6. Kluznik JC, et al. Clinical effects of a randomized switch of pa-
tients from clozaril to generic clozapine. J Clin Psychiatry 2001;
62 (suppl 5): 14–17. 

7. Mofsen R, Balter J. Case reports of the reemergence of psychotic
symptoms after conversion from brand-name clozapine to a ge-
neric formulation. Clin Ther 2001; 23: 1720–31.

Bipolar disorder. Clozapine is of benefit for the treatment of
mania in patients with bipolar disorder (p.372), and the use of
atypical antipsychotics in the management of such patients is in-
creasing. However, the adverse effects of clozapine may restrict
its use.
Dementia. Although atypical antipsychotics such as clozapine
have been tried in elderly patients with dementia, the licensing
authorities in the USA now recommend against such use, see un-
der Precautions, above. For further discussion of the manage-
ment of disturbed behaviour, see p.954.
Parkinsonism. Clozapine is used as an alternative to classical
antipsychotics in the management of treatment-resistant psy-
choses in patients with Parkinson’s disease (p.791). Some neu-
rologists even consider clozapine to be the antipsychotic of
choice in these patients,1 although this remains to be determined.
A review2 in 1994 considered that there was little evidence to
support clozapine as first choice given the quality of the available
studies and the need for extensive monitoring. However a subse-
quent double-blind, placebo-controlled study3 showed that low-
dose clozapine treatment (up to 50 mg daily) significantly im-
proved drug-induced psychosis without worsening parkinson-
ism. Adverse effects noted in this study were generally mild, al-
though in the clozapine group of 30 patients, there was 1 report
of leucopenia. A similar study also reported benefit,4 although 7
of 32 patients noted some aggravation of parkinsonism, usually
mild and transient, while receiving clozapine. Adverse effects re-
ported from other individuals have also included a patient with
parkinsonism who had worsening of psychotic symptoms when
her dose of clozapine was increased,5 and the sudden return of
psychosis in another patient with parkinsonism whose psychosis
was successfully treated with clozapine for 5 years.6 
Low-dose clozapine (about 40 mg daily) also appears to be of
benefit in the management of levodopa-induced dyskinesias in
patients with severe Parkinson’s disease.7
1. Klein C, et al. Clozapine in Parkinson’s disease psychosis: 5-

year follow-up review. Clin Neuropharmacol 2003; 26: 8–11. 
2. Pfeiffer C, Wagner ML. Clozapine therapy for Parkinson’s dis-

ease and other movement disorders. Am J Hosp Pharm 1994; 51:
3047–53. 

3. The Parkinson Study Group. Low-dose clozapine for the treat-
ment of drug-induced psychosis in Parkinson’s disease. N Engl J
Med 1999; 340: 757–63. 

4. The French Clozapine Parkinson Study Group. Clozapine in
drug-induced psychosis in Parkinson’s disease. Lancet 1999;
353: 2041–2. 

5. Auzou P, et al. Worsening of psychotic symptoms by clozapine
in Parkinson’s disease. Lancet 1994; 344: 955. 

6. Greene P. Clozapine therapeutic plunge in patient with Parkin-
son’s disease. Lancet 1995; 345: 1172–3. 

7. Durif F, et al. Clozapine improves dyskinesias in Parkinson dis-
ease: a double-blind, placebo-controlled study. Neurology 2004;
62: 381–8.

Schizophrenia. Clozapine is an effective antipsychotic for the
management of schizophrenia (p.955) but its use is limited by its
blood toxicity. Its effectiveness and superiority over classical an-
tipsychotics was shown in a multicentre study.1 Patients refracto-
ry to at least 3 different antipsychotics and who failed to improve
after a single-blind trial of haloperidol, were randomised, dou-
ble-blind, to treatment for 6 weeks with either clozapine up to
900 mg daily, or chlorpromazine hydrochloride up to 1800 mg
daily with benzatropine mesilate up to 6 mg daily. Of the 267
patients included in the evaluation, 5 of 141 (4%) improved with
chlorpromazine and benzatropine, and 38 of 126 (30%) im-
proved with clozapine. Clozapine was superior to chlorpro-
mazine in the treatment of negative as well as positive symp-
toms. Reviews2,3 of clozapine indicate that these findings have
been well replicated both in subsequent studies and in clinical
practice. It is, however, unclear for how long clozapine should be
tried: although 1 study4 identified new responses up to 12 months
after starting therapy, others have indicated that if improvement
was not seen within the first 6 to 24 weeks, it was unlikely to
occur.2,5 
Clozapine is also used to reduce suicide risk in patients with re-
fractory chronic schizophrenia.6 The reported suicide rate of
0.05% per year in 6300 patients in the UK given clozapine since
1990 was considered to be tenfold less than expected.7 A subse-
quent study8 found it to be more effective than olanzapine in pre-
venting suicide attempts in patients with schizophrenia or
schizoaffective disorder at high risk. 

Clozapine has shown consistent clinical benefit in schizophrenic
patients with persistent aggressive or violent behaviour.2,9

Whether this is due to a sedative effect, a specific antiaggressive
action, or just reflects an overall improvement in psychosis is un-
known. 
Clozapine has been advocated for use in schizophrenic patients
with moderate to severe tardive dyskinesia. It is still unclear
whether clozapine can itself cause tardive dyskinesia but some
patients with established tardive dyskinesia have experienced
improvement in their symptoms when using clozapine.10,11

1. Kane J, et al. Clozapine for the treatment-resistant schizophren-
ic: a double-blind comparison with chlorpromazine. Arch Gen
Psychiatry 1988; 45: 789–96. 

2. Buckley PF. New dimensions in the pharmacologic treatment of
schizophrenia and related psychoses. J Clin Pharmacol 1997;
37: 363–78. Correction. ibid. 1998; 38: 27. 

3. Wahlbeck K, et al. Clozapine versus typical neuroleptic medi-
cation for schizophrenia. Available in The Cochrane Database
of Systematic Reviews; Issue 4. Chichester: John Wiley; 1999
(accessed 24/05/05). 

4. Meltzer HY, et al. A prospective study of clozapine in treat-
ment-resistant schizophrenic patients I: preliminary report. Psy-
chopharmacology (Berl) 1989; 99: S68–S72. 

5. Conley RR, et al. Time to clozapine response in a standardized
trial. Am J Psychiatry 1997; 154: 1243–7. 

6. Meltzer HY, Okayli G. Reduction of suicidality during clozapine
treatment of neuroleptic-resistant schizophrenia: impact on
risk-benefit assessment. Am J Psychiatry 1995; 152: 183–90. 

7. Kerwin RW. Clozapine: back to the future for schizophrenia re-
search. Lancet 1995; 345: 1063–4. 

8. Meltzer HY, et al. Clozapine treatment for suicidality in schizo-
phrenia: International Suicide Prevention Trial (InterSePT).
Arch Gen Psychiatry 2003; 60: 82–91. Correction. ibid. 735. 

9. Volavka J, et al. Overt aggression and psychotic symptoms in
patients with schizophrenia treated with clozapine, olanzapine,
risperidone, or haloperidol. J Clin Psychopharmacol 2004; 24:
225–8. 

10. Tamminga CA, et al. Clozapine in tardive dyskinesia: observa-
tions from human and animal model studies. J Clin Psychiatry
1994; 55 (suppl B): 102–6. 

11. Nair C, et al. Dose-related effects of clozapine on tardive dysk-
inesia among "treatment-refractory" patients with schizophre-
nia. Biol Psychiatry 1996; 39: 529–30.

Preparations
USP 31: Clozapine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Lapenax; Sequax; Austral.: Clopine; Clozaril; Austria: Lanolept; Lep-
onex; Belg.: Leponex; Braz.: Leponex; Zolapin†; Canad.: Clozaril; Chile:
Leponex; Cz.: Leponex; Denm.: Leponex; Fin.: Froidir ; Leponex; Fr.: Lep-
onex; Ger.: Elcrit; Leponex; Gr.: Leponex; Hong Kong: Clozaril; Hung.:
Leponex; India: Lozapin; Sizopin; Indon.: Clozaril; Sizoril; Irl.: Clozaril; Is-
rael: Leponex; Lozapine; Ital.: Leponex; Malaysia: Clozaril; Zapine;
Mex.: Clopsine; Leponex; Neth.: Leponex; Norw.: Leponex; NZ:
Clopine; Clozaril; Philipp.: Leponex; Pol.: Klozapol; Leponex; Port.: Lep-
onex; Ozapim; Rus.: Leponex (Лепонекс); S.Afr.: Cloment; Leponex; Sin-
gapore: Clozaril; Spain: Leponex; Swed.: Leponex; Switz.: Clopin; Lep-
onex; Thai.: Cloril; Clozaril; Turk.: Leponex; UK: Clozaril; Denzapine;
Zaponex; USA: Clozaril; FazaClo; Fazalco†; Venez.: Leponex.

Cyamemazine (rINN)

Ciamemazina; Cyamémazine; Cyamemazinum; Cyamepro-
mazine; RP-7204. 10-(3-Dimethylamino-2-methylpropyl)pheno-
thiazine-2-carbonitrile.
Циамемазин
C19H21N3S = 323.5.
CAS — 3546-03-0 (cyamemazine); 93841-82-8 (cyam-
emazine tartrate).
ATC — N05AA06.
ATC Vet — QN05AA06.

Profile
Cyamemazine is a phenothiazine with general properties similar
to those of chlorpromazine (p.969). It is used in the management
of a variety of psychiatric disorders including anxiety disorders
(p.952) and aggressive behaviour (p.954). 
Cyamemazine has been given orally as the base or the tartrate
and by injection as the base. Doses are expressed in terms of the
base; cyamemazine tartrate 36.6 mg is equivalent to about 25 mg
of cyamemazine. Oral doses have ranged from 25 to 600 mg
daily, depending on the individual and the condition being treat-
ed; the daily dosage is given in 2 or 3 divided doses. Doses given
by intramuscular injection have ranged from 25 to 200 mg daily. 
Cyamemazine should be given in reduced dosage to elderly pa-
tients; the parenteral route is not recommended for the elderly.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Tercian; Port.: Tercian.

S

N
N

CH3

N
H3C

CH3
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Cyclobarbital (BAN, rINN)

Ciclobarbital; Cyclobarbitalum; Cyclobarbitone; Cyklobarbital;
Ethylhexabital; Hexemalum; Syklobarbitaali. 5-(Cyclohex-1-enyl)-
5-ethylbarbituric acid.
Циклобарбитал
C12H16N2O3 = 236.3.
CAS — 52-31-3.
ATC — N05CA10.
ATC Vet — QN05CA10.

NOTE. The name ciclobarbital has sometimes been applied to
hexobarbital.

Cyclobarbital Calcium (BANM, rINNM)

Calcii Cyclobarbitalum; Ciclobarbital cálcico; Ciclobarbital Calci-
um; Cyclobarbital Calcique; Cyclobarbitalum Calcicum; Cyclo-
barbitone Calcium; Cyklobarbital wapniowy; Hexemalcalcium.
Calcium 5-(cyclohex-1-enyl)-5-ethylbarbiturate.
Кальций Циклобарбитал
(C12H15N2O3)2Ca = 510.6.
CAS — 5897-20-1.
ATC — N05CA10.
ATC Vet — QN05CA10.

Pharmacopoeias. In Pol.
Profile
Cyclobarbital is a barbiturate with general properties similar to
those of amobarbital (p.961). The calcium salt has been used as
a hypnotic but barbiturates are no longer considered appropriate
for such purposes.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Rus.: Reladorm (Реладорм).

Delorazepam (pINN)

Chlordesmethyldiazepam; Clordesmethyldiazepam; Délor-
azépam; Delorazepamum. 7-Chloro-5-(2-chlorophenyl)-1,3-di-
hydro-2H-1,4-benzodiazepin-2-one.
Делоразепам
C15H10Cl2N2O = 305.2.
CAS — 2894-67-9.

Profile
Delorazepam is a long-acting benzodiazepine with general prop-
erties similar to those of diazepam (p.986). It has been used in the
short-term treatment of anxiety disorders, insomnia, and epilep-
sy, and for premedication.
Administration in hepatic or renal impairment. The
pharmacokinetics of total delorazepam were unchanged in pa-
tients with renal failure undergoing haemodialysis compared
with controls.1 However, the apparent volume of distribution of
unbound drug was smaller and the clearance slower. The volume
of distribution and clearance of unchanged drug was also re-
duced in patients with liver disease.2
1. Sennesael J, et al. Pharmacokinetics of intravenous and oral

chlordesmethyldiazepam in patients on regular haemodialysis.
Eur J Clin Pharmacol 1991; 41: 65–8. 

2. Bareggi SR, et al. Effects of liver disease on the pharmacokinet-
ics of intravenous and oral chlordesmethyldiazepam. Eur J Clin
Pharmacol 1995; 48: 265–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Dadumir; En.

Detomidine Hydrochloride (BANM, USAN, rINNM)

Demotidini Hydrochloridum; Detomidiinihydrokloridi; Detomi-
din hydrochlorid; Détomidine, chlorhydrate de; Detomidin-hid-
roklorid; Detomidinhydroklorid; Detomidini hydrochloridum;
Hidrocloruro de detomidina; MPV-253-AII. 4-(2,3-Dimethylben-
zyl)imidazole hydrochloride.
Детомидина Гидрохлорид
C12H14N2,HCl = 222.7.
CAS — 76631-46-4 (detomidine); 90038-01-0 (detomi-
dine hydrochloride).

(detomidine)

Pharmacopoeias. In Eur. (see p.vii) for veterinary use only. 
Ph. Eur. 6.2 (Detomidine Hydrochloride for Veterinary Use;
Detomide Hydrochloride BP(Vet) 2008). A white or almost
white, hygroscopic, crystalline powder. Soluble in water; freely
soluble in alcohol; practically insoluble in acetone; very slightly
soluble in dichloromethane. Protect from moisture.
Profile
Detomidine is an α2-adrenoceptor agonist with sedative, muscle
relaxant, and analgesic properties. It is used as the hydrochloride
in veterinary medicine.

Dexmedetomidine Hydrochloride 

(BANM, USAN, rINNM)

Deksmedetomidin Hidroklorür; Dexmédétomidine, Chlorhy-
drate de; Dexmedetomidini Hydrochloridum; Hidrocloruro de
dexmedetomidina; MPV-1440 (dexmedetomidine). (S)-4-[1-
(2,3-Xylyl)ethyl]imidazole hydrochloride.
Дексмедетомидина Гидрохлорид
C13H16N2,HCl = 236.7.
CAS — 113775-47-6 (dexmedetomidine); 145108-58-3
(dexmedetomidine hydrochloride).
ATC — N05CM18.
ATC Vet — QN05CM18.

(dexmedetomidine)

Adverse Effects and Precautions
The most frequently observed adverse effect with dexmedetomi-
dine is hypotension. Other common adverse effects include hy-
pertension, nausea and vomiting, bradycardia, tachycardia, fe-
ver, hypoxia, and anaemia. Patients should be continuously
monitored during use. Dexmedetomidine should be used with
caution in patients with advanced heart block, or hepatic or renal
impairment, or in the elderly.
Interactions
The effects of other CNS depressants may be enhanced by
dexmedetomidine. Dexmedetomidine may also increase the ef-
fects of other vasodilators or drugs such as cardiac glycosides,
that have negative chronotropic effects.
Pharmacokinetics
Dexmedetomidine is about 94% protein bound, but this has been
reported to be significantly decreased in patients with hepatic im-
pairment. Dexmedetomidine is almost completely metabolised
by direct glucuronidation or by cytochrome P450 isoenzymes. It
is excreted mainly as metabolites in the urine and faeces. The
terminal elimination half-life is about 2 hours.
◊ References.
1. Scheinin H, et al. Pharmacodynamics and pharmacokinetics of

intramuscular dexmedetomidine. Clin Pharmacol Ther 1992;
52: 537–46. 

2. Kivistö KT, et al. Pharmacokinetics and pharmacodynamics of
transdermal dexmedetomidine. Eur J Clin Pharmacol 1994; 46:
345–9. 

3. De Wolf AM, et al. The pharmacokinetics of dexmedetomidine
in volunteers with severe renal impairment. Anesth Analg 2001;
93: 1205–9. 

4. Anttila M, et al. Bioavailability of dexmedetomidine after ex-
travascular doses in healthy subjects. Br J Clin Pharmacol 2003;
56: 691–3.

Uses and Administration
Dexmedetomidine is a selective alpha2-adrenergic receptor agon-
ist with anxiolytic, analgesic, and sedative properties. It is used

for the sedation of mechanically ventilated patients in intensive
care. Dexmedetomidine is given as the hydrochloride, but doses
are expressed in terms of the base. Dexmedetomidine hydrochlo-
ride 118 micrograms is equivalent to about 100 micrograms of
dexmedetomidine. 
It is given in sodium chloride 0.9% by intravenous infusion in a
loading dose equivalent to 1 microgram/kg of dexmedetomidine
over 10 minutes, followed by a maintenance infusion of 0.2 to
0.7 micrograms/kg per hour for up to 24 hours. Reduced doses
may be necessary in patients with hepatic or renal impairment, or
in the elderly. 
The racemate, medetomidine (p.1006), is used as the hydrochlo-
ride in veterinary medicine.
◊ References.
1. Venn RM, et al. Preliminary UK experience of dexmedetomi-

dine, a novel agent for postoperative sedation in the intensive
care unit. Anaesthesia 1999; 54: 1136–42. 

2. Bhana N, et al. Dexmedetomidine. Drugs 2000; 59: 263–8. 
3. Coursin DB, et al. Dexmedetomidine. Curr Opin Crit Care

2001; 7: 221–6. 
4. Bekker A, Sturaitis MK. Dexmedetomidine for neurological sur-

gery. Neurosurgery 2005; 57 (suppl): 1–10. 
5. Szumita PM, et al. Sedation and analgesia in the intensive care

unit: evaluating the role of dexmedetomidine. Am J Health-Syst
Pharm 2007; 64: 37–44. 

6. Gerlach AT, Dasta JF. Dexmedetomidine: an updated review.
Ann Pharmacother 2007; 41: 245–53. Correction. ibid.; 530–1.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Precedex; Austral.: Precedex; Braz.: Precedex; Cz.: Precedex;
Hong Kong: Precedex; Israel: Precedex; Malaysia: Precedex; Mex.:
Precedex; NZ: Precedex; Pol.: Precedex; Singapore: Precedex†; Thai.:
Precedex; Turk.: Precedex; USA: Precedex; Venez.: Precedex†.

Diazepam (BAN, USAN, rINN)

Diatsepaami; Diazépam; Diazepám; Diazepamas; Diazepamum;
LA-III; NSC-77518; Ro-5-2807; Wy-3467. 7-Chloro-1,3-dihy-
dro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one.
Диазепам
C16H13ClN2O = 284.7.
CAS — 439-14-5.
ATC — N05BA01.
ATC Vet — QN05BA01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of diazepam: 
Benzo; Blue; Blues; Drunk pills; La Roche; Ludes; Mother’s lit-
tle helper; Mother’s little helpers; Pami; Roaches; Roachies; Ro-
che; V; V’s blues; Vallies; Vals.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Diazepam). A white or almost white, crystalline
powder. Very slightly soluble in water; soluble in alcohol. Protect
from light. 
USP 31 (Diazepam). An off-white to yellow, practically odour-
less, crystalline powder. Soluble 1 in 333 of water, 1 in 16 of al-
cohol, 1 in 2 of chloroform, and 1 in 39 of ether. Store in airtight
containers. Protect from light.
Incompatibility. Incompatibility has been reported between di-
azepam and several other drugs. Manufacturers of diazepam in-
jection (Roche and others) have advised against its admixture
with other drugs.
Sorption. Substantial adsorption of diazepam onto some plas-
tics may cause problems when giving the drug by continuous in-
travenous infusion. More than 50% of diazepam in solution may
be adsorbed onto the walls of PVC infusion bags and their use
should, therefore, be avoided. Giving sets should contain the
minimum amount of PVC tubing and should not contain a cellu-
lose propionate volume-control chamber. Suitable materials for
infusion containers, syringes, and giving sets for diazepam in-
clude glass, polyolefin, polypropylene, and polyethylene. 
References.
1. Cloyd JC, et al. Availability of diazepam from plastic containers.

Am J Hosp Pharm 1980; 37: 492–6. 
2. Parker WA, MacCara ME. Compatibility of diazepam with intra-

venous fluid containers and administration sets. Am J Hosp
Pharm 1980; 37: 496–500. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

3. Kowaluk EA, et al. Interactions between drugs and intravenous
delivery systems. Am J Hosp Pharm 1982; 39: 460–7. 

4. Kowaluk EA, et al. Factors affecting the availability of diazepam
stored in plastic bags and administered through intravenous sets.
Am J Hosp Pharm 1983; 40: 417–23. 

5. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73.

Stability. Care should be observed when diluting diazepam in-
jections for infusion because of problems of precipitation. The
manufacturer’s directions should be followed regarding diluent
and concentration of diazepam and all solutions should be fresh-
ly prepared.

Dependence and Withdrawal
The development of dependence is common after reg-
ular use of benzodiazepines, even in therapeutic doses
for short periods. Dependence is particularly likely in
patients with a history of alcohol or drug abuse and in
those with marked personality disorders. Benzodi-
azepines should therefore be withdrawn by gradual re-
duction of the dose after regular use for even a few
weeks; the time needed for withdrawal can vary from
about 4 weeks to a year or more. The extent to which
tolerance occurs has been debated but appears to in-
volve psychomotor performance more often than anx-
iolytic effects. Drug-seeking behaviour is uncommon
with therapeutic doses of benzodiazepines. High doses
of diazepam and other benzodiazepines, injected intra-
venously, have been abused for their euphoriant ef-
fects.
Benzodiazepine withdrawal syndrome. Development of
dependence to benzodiazepines cannot be predicted but risk fac-
tors include high dosage, regular continuous use, the use of ben-
zodiazepines with a short half-life, use in patients with dependent
personality characteristics or a history of drug or alcohol depend-
ence, and the development of tolerance. The mechanism of de-
pendence is unclear but may involve reduced gamma-aminobu-
tyric acid (GABA) activity resulting from down-regulation of
GABA receptors. 
Symptoms of benzodiazepine withdrawal include anxiety, de-
pression, impaired concentration, insomnia, headache, dizziness,
tinnitus, loss of appetite, tremor, perspiration, irritability, percep-
tual disturbances such as hypersensitivity to physical, visual, and
auditory stimuli and abnormal taste, nausea, vomiting, abdomi-
nal cramps, palpitations, mild systolic hypertension, tachycardia,
and orthostatic hypotension. Rare and more serious symptoms
include muscle twitching, confusional or paranoid psychosis,
convulsions, hallucinations, and a state resembling delirium tre-
mens. Broken sleep with vivid dreams and increased REM sleep
may persist for some weeks after withdrawal of benzodi-
azepines. 
Symptoms typical of withdrawal have occurred despite contin-
ued use of benzodiazepines and have been attributed either to the
development of tolerance or, as in the case of very short-acting
drugs such as triazolam, to rapid benzodiazepine elimination.
Pseudowithdrawal has been reported in patients who believed in-
correctly that their dose of benzodiazepine was being reduced.
Benzodiazepine withdrawal syndrome can theoretically be dis-
tinguished from these reactions and from rebound phenomena
(return of original symptoms at greater than pretreatment severi-
ty) by the differing time course. A withdrawal syndrome is char-
acterised by its onset, by the development of new symptoms, and
by a peak in intensity followed by resolution. Onset of withdraw-
al symptoms depends on the half-life of the drug and its active
metabolites. Symptoms can begin within a few hours after with-
drawal of a short-acting benzodiazepine, but may not develop for
up to 3 weeks after stopping a longer-acting benzodiazepine.
Resolution of symptoms may take several days or months. The
dependence induced by short- and long-acting benzodiazepines
appears to be qualitatively similar although withdrawal symp-
toms may be more severe with short-acting benzodiazepines. Re-
bound effects are also more likely with short-acting benzodi-
azepines. Rebound and withdrawal symptoms develop
particularly rapidly with the very short-acting drug triazolam. 
With increased awareness of the problems of benzodiazepine de-
pendence, emphasis has been placed on prevention by proper
use and careful patient selection. For example, the UK CSM has
recommended that benzodiazepines should be reserved for the
short-term relief (2 to 4 weeks only) of anxiety that is severe,
disabling, or subjecting the individual to unacceptable distress
and is occurring alone or in association with insomnia or short-
term psychosomatic, organic, or psychotic illness. These recom-
mendations are similar to those of the UK Royal College of Psy-
chiatrists. 
Withdrawal from long-term benzodiazepine use should gener-
ally be encouraged. Established dependence can be difficult to
treat; the patient should have professional and family support and
behavioural therapy may be helpful. Withdrawal in a specialist
centre may be required for some patients. Since abrupt with-
drawal of benzodiazepines may result in severe withdrawal
symptoms dosage should be tapered. The BNF considers that

benzodiazepines can be withdrawn in steps of about one-eighth
of the daily dose every fortnight (range one-tenth to one-quarter).
There are no comparative studies of the efficacy of various with-
drawal schedules and in practice the protocol should be titrated
against the response of the patient. Clinicians often favour trans-
ferring the patient to an equivalent dose of diazepam given at
night and the following rough dosage equivalents to diazepam
5 mg have been recommended in the UK: 

• chlordiazepoxide 15 mg 
• loprazolam 0.5 to 1 mg 
• lorazepam 500 micrograms 
• lormetazepam 0.5 to 1 mg 
• nitrazepam 5 mg 
• oxazepam 15 mg 
• temazepam 10 mg 

The daily dosage of diazepam can then be reduced in steps of 0.5
to 2.5 mg at fortnightly intervals. If troublesome abstinence ef-
fects occur the dose should be held level for a longer period be-
fore further reduction; increased dosage should be avoided if
possible. It is better to reduce too slowly than too quickly. Time
required for withdrawal can vary from about 4 weeks to a year or
longer. In many cases the rate of withdrawal is best decided by
the patient. 
Adjuvant therapy should generally be avoided. Although a beta
blocker may be given for prominent sympathetic overactivity the
BNF recommends that this be tried only if other measures fail;
antidepressants should be used only for clinical depression or
panic attacks. Antipsychotic drugs should be avoided as they
may aggravate symptoms. 
Symptoms gradually improve after withdrawal but postwith-
drawal syndromes lasting for several weeks or months have been
described. Continued support may be required for the first year
after withdrawal to prevent relapse. 
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Adverse Effects
Drowsiness, sedation, muscle weakness, and ataxia are
the most frequent adverse effects of diazepam use.
They generally decrease on continued dosage and are a
consequence of CNS depression. Less frequent effects
include vertigo, headache, confusion, depression (but
see Effects on Mental Function, below), slurred speech
or dysarthria, changes in libido, tremor, visual distur-
bances, urinary retention or incontinence, gastrointesti-
nal disturbances, changes in salivation, and amnesia.
Some patients may experience a paradoxical excitation
which may lead to hostility, aggression, and disinhibi-
tion. Jaundice, blood disorders, and hypersensitivity
reactions have been reported rarely. Respiratory de-
pression and hypotension occasionally occur with high
dosage and parenteral use. 
Pain and thrombophlebitis may occur with some intra-
venous formulations of diazepam; raised liver enzyme
values have occurred. 
Overdosage can produce CNS depression and coma or
paradoxical excitation. However, fatalities are rare
when taken alone. 
Use of diazepam in the first trimester of pregnancy has
occasionally been associated with congenital malfor-
mations in the infant but no clear relationship has been
established. This topic is reviewed under Pregnancy
below. Use of diazepam in late pregnancy has been as-
sociated with intoxication of the neonate.
Carcinogenicity. The International Agency for Research on
Cancer concluded1 that there was sufficient evidence from hu-
man studies that diazepam did not produce breast cancer, and
that there was inadequate data to support its potential carcino-

genicity at other sites. For most other benzodiazepines the lack
of human studies meant that the carcinogenic risk to humans was
not classifiable. However, there appeared to be sufficient evi-
dence of carcinogenicity in animal studies for oxazepam to be
classified as possibly carcinogenic in humans.
1. IARC/WHO. Some pharmaceutical drugs. IARC monographs on

the evaluation of carcinogenic risks to humans volume 66 1996.
Also available at: http://monographs.iarc.fr/ENG/Monographs/
vol66/volume66.pdf (accessed 15/05/06)

Effects on body temperature. Studies in healthy subjects1,2

indicate that benzodiazepines can reduce body temperature. Af-
ter a single dose of diazepam 10 mg by mouth in 11 subjects,
body temperature on exposure to cold fell to a mean of 36.93°
compared with 37.08° on exposure without the drug.1 An 86-
year-old woman developed hypothermia3 after being given ni-
trazepam 5 mg. After recovery she was mistakenly given another
5-mg dose of nitrazepam and again developed hypothermia. Mi-
dazolam (given as anaesthetic premedication) also produces
modest decreases in core body temperature, which can be abol-
ished by atropine,4 but its effects are negligible compared with
other elements of the anaesthetic regimen.5 
Hypothermia has been reported in the neonates of mothers given
benzodiazepines during the late stages of pregnancy.
1. Martin SM. The effect of diazepam on body temperature change

in humans during cold exposure. J Clin Pharmacol 1985; 25:
611–13. 

2. Matsukawa T, et al. I.M. midazolam as premedication produces
a concentration-dependent decrease in core temperature in male
volunteers. Br J Anaesth 1997; 78: 396–9. 

3. Impallomeni M, Ezzat R. Hypothermia associated with ni-
trazepam administration. BMJ 1976; 1: 223–4. 

4. Matsukawa T, et al. Atropine prevents midazolam-induced core
hypothermia in elderly patients. J Clin Anesth 2001; 13: 504–8. 

5. Kurz A, et al. Midazolam minimally impairs thermoregulatory
control. Anesth Analg 1995; 81: 393–8.

Effects on endocrine function. Galactorrhoea with normal
serum-prolactin concentrations has been noted in 4 women tak-
ing benzodiazepines.1 Gynaecomastia has been reported in a
man taking up to 140 mg diazepam daily2 and in 5 men taking
diazepam in doses of up to 30 mg daily.3 Serum-oestradiol con-
centrations were raised in the latter group. However, raised plas-
ma-testosterone concentrations have also been observed in men
taking diazepam 10 to 20 mg daily for 2 weeks.4
1. Kleinberg DL, et al. Galactorrhea: a study of 235 cases, includ-

ing 48 with pituitary tumors. N Engl J Med 1977; 296: 589–600. 
2. Moerck HJ, Magelund G. Gynaecomastia and diazepam abuse.

Lancet 1979; i: 1344–5. 
3. Bergman D, et al. Increased oestradiol in diazepam related gy-

naecomastia. Lancet 1981; ii: 1225–6. 
4. Argüelles AE, Rosner J. Diazepam and plasma-testosterone lev-

els. Lancet 1975; ii: 607.

Effects on the eyes. Brown opacification of the lens occurred
in 2 patients who took diazepam 5 mg or more daily by mouth
over several years.1 Severe visual field loss associated with very
high doses (100 mg) of diazepam has also been described.2
1. Pau H. Braune scheibenförmige Einlagerungen in die Linse nach

Langzeitgabe von Diazepam (Valium). Klin Monatsbl Augen-
heilkd 1985; 187: 219–20. 

2. Elder MJ. Diazepam and its effects on visual fields. Aust N Z J
Ophthalmol 1992; 20: 267–70.

Effects on the liver. Cholestatic jaundice1 and focal hepatic
necrosis with intracellular cholestasis2 have been associated with
the use of diazepam.
1. Jick H, et al. Drug-induced liver disease. J Clin Pharmacol

1981; 21: 359–64. 
2. Tedesco FJ, Mills LR. Diazepam (Valium) hepatitis. Dig Dis Sci

1982; 27: 470–2.

Effects on mental function. The effects of benzodiazepines
on psychomotor performance in laboratory tests1 are not easily
extrapolated to the clinical situation. For example postoperative
cognitive dysfunction in the elderly does not seem to be related
to benzodiazepine concentration in the blood.2 
Concern has been expressed over the possible effects of long-
term benzodiazepine use on the brain. A detailed study3 found
that performance of tasks involving visual-spatial ability and sus-
tained attention was poor in patients taking high doses of benzo-
diazepines for long periods of time. There was no evidence of
impairment in global measures of intellectual functioning such
as memory, flexibility, and simple reaction time. The authors
could draw no conclusions about the effect of benzodiazepine
withdrawal on these changes. A study of 17 long-term users of
benzodiazepines has indicated a dose-dependent increase in cer-
ebral ventricle size.4 
Sexual fantasies have been reported in women sedated with in-
travenous diazepam or midazolam.5 These appear to be dose-
related.6 
The view that benzodiazepines can cause depression, albeit in-
frequently, has been queried.7 
Adverse effects of alprazolam on behaviour have also been re-
viewed.8
1. Woods JH, et al. Abuse liability of benzodiazepines. Pharmacol

Rev 1987; 39: 251–413. 
2. Rasmussen LS, et al. Benzodiazepines and postoperative cogni-

tive dysfunction in the elderly. Br J Anaesth 1999; 83: 585–9. 
3. Golombok S, et al. Cognitive impairment in long-term benzodi-

azepine users. Psychol Med 1988; 18: 365–74. 
4. Schmauss C, Krieg J-C. Enlargement of cerebrospinal fluid

spaces in long-term benzodiazepine abusers. Psychol Med 1987;
17: 869–73. 
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5. Dundee JW. Fantasies during sedation with intravenous mida-

zolam or diazepam. Med Leg J 1990; 58: 29–34. 
6. Brahams D. Benzodiazepine sedation and allegations of sexual

assault. Lancet 1989; i: 1339–40. 
7. Patten SB, Love EJ. Drug-induced depression: incidence, avoid-

ance and management. Drug Safety 1994; 10: 203–19. 
8. Cole JO, Kando JC. Adverse behavioral events reported in pa-

tients taking alprazolam and other benzodiazepines. J Clin Psy-
chiatry 1993; 54 (suppl): 49–61.

Effects on the nervous system. There are a few isolated re-
ports of extrapyramidal symptoms in patients taking benzodi-
azepines.1-4 Benzodiazepines have been used to treat such symp-
toms induced by antipsychotics (see Extrapyramidal Disorders
under Chlorpromazine, p.971).
1. Rosenbaum AH, De La Fuente JR. Benzodiazepines and tardive

dyskinesia. Lancet 1979; ii: 900. 
2. Sandyk R. Orofacial dyskinesias associated with lorazepam ther-

apy. Clin Pharm 1986; 5: 419–21. 
3. Stolarek IH, Ford MJ. Acute dystonia induced by midazolam and

abolished by flumazenil. BMJ 1990; 300: 614. 
4. Joseph AB, Wroblewski BA. Paradoxical akathisia caused by

clonazepam, clorazepate and lorazepam in patients with traumat-
ic encephalopathy and seizure disorders: a subtype of benzodi-
azepine-induced disinhibition? Behav Neurol 1993; 6: 221–3.

ENCEPHALOPATHY. Prolonged use of midazolam with fentanyl
has been associated with encephalopathy in infants sedated
under intensive care.1
1. Bergman I, et al. Reversible neurologic abnormalities associated

with prolonged intravenous midazolam and fentanyl administra-
tion. J Pediatr 1991; 119: 644–9.

Effects on sexual function. The sedative effects of benzodi-
azepines may reduce sexual arousal and lead to impotence in
some patients. Conversely sexual performance may be improved
by therapy if it was previously impaired by anxiety. 
Increased libido and orgasmic function has been reported in 2
women after withdrawal of long-term benzodiazepine use.1
1. Nutt D, et al. Increased sexual function in benzodiazepine with-

drawal. Lancet 1986; ii: 1101–2.

Effects on skeletal muscle. In a report1 of 2 patients who de-
veloped rhabdomyolysis secondary to hyponatraemia it was sug-
gested that the use of benzodiazepines might have contributed to
the rhabdomyolysis. Of 8 reported cases of rhabdomyolysis as-
sociated with hyponatraemia, 5 had received benzodiazepines.
Rhabdomyolysis associated with intravenous drug abuse of oral
temazepam formulations has also been reported.2
1. Fernández-Real JM, et al. Hyponatremia and benzodiazepines

result in rhabdomyolysis. Ann Pharmacother 1994; 28: 1200–1. 
2. Deighan CJ, et al. Rhabdomyolysis and acute renal failure result-

ing from alcohol and drug abuse. Q J Med 2000; 93: 29–33.

Effects on the skin. There have been rare reports of cutaneous
reactions to benzodiazepines, including contact dermatitis, fixed
drug eruptions, toxic epidermal necrolysis, and Stevens-Johnson
syndrome. Analysis by the Boston Collaborative Drug Surveil-
lance Program of data on 15 438 patients hospitalised between
1975 and 1982 detected 2 allergic skin reactions attributed to di-
azepam among 4707 recipients of the drug.1 A reaction rate of
0.4 per 1000 recipients was calculated from these figures.
1. Bigby M, et al. Drug-induced cutaneous reactions. JAMA 1986;

256: 3358–63.

Hypersensitivity. Hypersensitivity reactions including anaphy-
laxis are very rare after use of diazepam. Reactions have been
attributed to the polyoxyl castor oil (p.1918) vehicle used for
some parenteral formulations.1 There is also a report of a type I
hypersensitivity reaction to a lipid emulsion formulation of di-
azepam.2 
See also under Effects on the Skin, above.
1. Hüttel MS, et al. Complement-mediated reactions to diazepam

with Cremophor as solvent (Stesolid MR). Br J Anaesth 1980;
52: 77–9. 

2. Deardon DJ, Bird GLA. Acute (type 1) hypersensitivity to iv Di-
azemuls. Br J Anaesth 1987; 59: 391.

Local reactions. Ischaemia and gangrene have been reported
after accidental intra-arterial injection of diazepam.1,2 Clinical
signs may not occur until several days after the event. Pain and
thrombophlebitis after intravenous use may be similarly delayed.
Local reactions after intravenous injection have been attributed
to the vehicle, and have been observed more often when di-
azepam is given as a solution in propylene glycol than in poly-
ethoxylated castor oil.3 An emulsion of diazepam in soya oil and
water has been associated with a lower incidence of local reac-
tions.3 Pain and phlebitis may also be caused by precipitation of
diazepam at the site of infusion.4 Arterial spasm experienced by
a patient given diazepam intravenously was probably due to
pressure from a cuff on the arm being inflated causing extravasa-
tion of diazepam out of the vein and into the radial artery.5 
Local irritation has also occurred after rectal use of diazepam.6 
For a report of the exacerbation of diazepam-induced throm-
bophlebitis by penicillamine, see p.991.
1. Gould JDM, Lingam S. Hazards of intra-arterial diazepam. BMJ

1977; 2: 298–9. 
2. Rees M, Dormandy J. Accidental intra-arterial injection of di-

azepam. BMJ 1980; 281: 289–90. 
3. Olesen AS, Hüttel MS. Local reactions to iv diazepam in three

different formulations. Br J Anaesth 1980; 52: 609–11. 

4. Hussey EK, et al. Correlation of delayed peak concentration with
infusion-site irritation following diazepam administration. DICP
Ann Pharmacother 1990; 24: 678–80. 

5. Ng Wing Tin L, et al. Arterial spasm after administration of di-
azepam. Br J Anaesth 1994; 72: 139. 

6. Hansen HC, et al. Local irritation after administration of di-
azepam in a rectal solution. Br J Anaesth 1989; 63: 287–9.

Overdosage. Impairment of consciousness is fairly rapid in
poisoning by benzodiazepines.1 Deep coma or other manifesta-
tions of severe depression of brainstem vital functions are rare;
more common is a sleep-like state from which the patient can be
temporarily roused by appropriate stimuli. There is usually little
or no respiratory depression, and cardiac rate and rhythm remain
normal in the absence of anoxia or severe hypotension. Since tol-
erance to benzodiazepines develops rapidly, consciousness is of-
ten regained while concentrations of drug in the blood are higher
than those which induced coma. Anxiety and insomnia can occur
during recovery from acute overdosage, while a full-blown with-
drawal syndrome, possibly with major convulsions, can occur in
patients who have previously been chronic users. 
During the years 1980 to 1989, 1576 fatal poisonings in Britain
were attributed to benzodiazepines.2 Of these, 891 were linked to
overdosage with benzodiazepines alone and another 591 to over-
dosage combined with alcohol. A comparison of these mortality
statistics with prescribing data for the same period, to calculate a
toxicity index of deaths per million prescriptions, suggested that
there were differences between the relative toxicities of individ-
ual benzodiazepines in overdosage. A later study of another 303
cases of benzodiazepine poisoning3 supported these findings of
differences in toxicity as well as pointing to the relative safety of
the benzodiazepines in overdosage.
1. Ashton CH, et al. Drug-induced stupor and coma: some physical

signs and their pharmacological basis. Adverse Drug React
Acute Poisoning Rev 1989; 8: 1–59. 

2. Serfaty M, Masterton G. Fatal poisonings attributed to benzodi-
azepines in Britain during the 1980s. Br J Psychiatry 1993; 163:
386–93. 

3. Buckley NA, et al. Relative toxicity of benzodiazepines in over-
dose. BMJ 1995; 310: 219–21.

Treatment of Adverse Effects
The treatment of benzodiazepine overdosage is gener-
ally symptomatic and supportive. Activated charcoal
may be given orally within one hour of ingestion of
more than 100 mg of diazepam (or its equivalent) by
adults, or 1 mg/kg by children, provided they are not
too drowsy. Gastric lavage is generally not advocated
in overdoses of benzodiazepines alone. The specific
benzodiazepine antagonist, flumazenil, is rarely re-
quired and can be hazardous, particularly in mixed
overdoses involving tricyclic antidepressants or in ben-
zodiazepine-dependent patients (see p.1446); the UK
Poisons Information Service, contra-indicates its use in
mixed overdoses. The BNF recommends that flumaze-
nil should be used on expert advice only.

Precautions
Diazepam should be avoided in patients with pre-exist-
ing CNS depression or coma, respiratory depression,
acute pulmonary insufficiency, myasthenia gravis, or
sleep apnoea, and used with care in those with chronic
pulmonary insufficiency. Diazepam should be given
with care to elderly or debilitated patients who may be
more prone to adverse effects. Caution is required in
patients with muscle weakness, or those with hepatic
or renal impairment, who may require reduced doses;
its use should be avoided in severe hepatic impairment.
The sedative effects of diazepam are most marked dur-
ing the first few days of use; affected patients should
not drive or operate machinery (see also Driving, be-
low). Monitoring of cardiorespiratory function is gen-
erally recommended when benzodiazepines are used
for deep sedation. 
Diazepam is not appropriate for the treatment of chron-
ic psychosis or for phobic or obsessional states. Di-
azepam-induced disinhibition may precipitate suicide
or aggressive behaviour and it should not, therefore, be
used alone to treat depression or anxiety associated
with depression; it should also be used with care in pa-
tients with personality disorders. Caution is required in
patients with organic brain changes particularly arteri-
osclerosis. In cases of bereavement, psychological ad-
justment may be inhibited by diazepam. 
Many manufacturers of diazepam and other benzodi-
azepines advise against their use in patients with glau-
coma, but the rationale for this contra-indication is un-
clear. 

For warnings on benzodiazepines during pregnancy
and breast feeding, see below. 
Dependence characterised by a withdrawal syndrome
may develop after regular use of diazepam, even in
therapeutic doses for short periods (see above); be-
cause of the risk of dependence, diazepam should be
used with caution in patients with a history of alcohol
or drug addiction. 
Since hypotension and apnoea may occur when benzo-
diazepines are given intravenously it has been recom-
mended that this route should only be used when facil-
ities for reversing respiratory depression with
mechanical ventilation are available. Patients should
remain supine and under medical supervision for at
least one hour after intravenous injection. Intravenous
infusion is best undertaken in specialist centres with in-
tensive care facilities where close and constant super-
vision can be undertaken.
Administration. INTRAVENOUS. Prolonged use of high-dose
intravenous infusions of diazepam preparations containing
benzyl alcohol can result in benzyl alcohol poisoning.1 (Such
preparations should never be used in neonates—see p.1632.)
1. López-Herce J, et al. Benzyl alcohol poisoning following di-

azepam intravenous infusion. Ann Pharmacother 1995; 29: 632.

Breast feeding. The American Academy of Pediatrics consid-
ers that benzodiazepine use by nursing mothers for long periods
was a cause for concern; anxiolytic drugs appear in breast milk
and could conceivably alter CNS function in the infant both in
the short and long term.1 Similarly, in the UK the CSM has
recommended2 that benzodiazepines should not be given to
breast-feeding mothers. In one reviewer’s opinion3 the limited
distribution into breast milk did not constitute a hazard to the
breast-fed infant but the infant should be monitored for sedation
and the inability to suckle. Another group has also reported a low
incidence of toxicity and adverse effects in the breast-fed infants
of mothers taking psychotropic drugs including benzodi-
azepines.4 It has been suggested5 that if a benzodiazepine must
be used during breast feeding it would be preferable to use a
short-acting drug with minimal distribution into breast milk and
inactive metabolites; oxazepam, lorazepam, alprazolam, or mi-
dazolam might be suitable.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at:
http: / /aappolicy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Reminder: avoid benzodiazepines in pregnancy and lactation.
Current  Problems  1997;  23:  10 .  Also  ava i lab le  a t :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023240&RevisionSelectionMethod=
LatestReleased (accessed 15/05/06) 

3. McElhatton PR. The effects of benzodiazepine use during preg-
nancy and lactation. Reprod Toxicol 1994; 8: 461–75. 

4. Birnbaum CS, et al. Serum concentrations of antidepressants and
benzodiazepines in nursing infants: a case series. Abstract: Pedi-
atrics 1999; 104: 104. Full version:
http://pediatrics.aappublications.org/cgi/content/full/104/1/e11
(accessed 28/04/04) 

5. Chisholm CA, Kuller JA. A guide to the safety of CNS-active
agents during breastfeeding. Drug Safety 1997; 17: 127–42.

Cardiovascular disorders. See under Respiratory System
Disorders, below.
Driving. Most benzodiazepines can adversely affect parameters
of driving performance in healthy subjects.1 It is not entirely
clear to what extent benzodiazepines contribute to the risk of
driving accidents. A large case-control cohort study2 in elderly
drivers suggested that the risk of accidents was increased in those
who took longer-acting benzodiazepines. However, younger
drivers are more susceptible to the effects of benzodiazepines or
zopiclone as a group;3,4 the risk is increased by alcohol consump-
tion.3 Patients affected by drowsiness while taking benzodi-
azepines should not drive or operate machinery. In the UK, it is
an offence to drive while unfit due to the influence of any drug,
and benzodiazepines are considered to be the most likely psy-
chotropic medication to impair driving performance, particularly
the long-acting compounds.5 However, it is also noted that driv-
ers with psychiatric illnesses may be safer when well controlled
with regular medication than when ill. Drowsiness often be-
comes less troublesome with continued use of these drugs.
1. Woods JH, et al. Abuse liability of benzodiazepines. Pharmacol

Rev 1987; 39: 251–413. 
2. Hemmelgarn B, et al. Benzodiazepine use and the risk of motor

vehicle crash in the elderly. JAMA 1997; 278: 27–31. 
3. Barbone F, et al. Association of road-traffic accidents with ben-

zodiazepine use. Lancet 1998; 352: 1331–6. 
4. Vanakoski J, et al. Driving under light and dark conditions: ef-

fects of alcohol and diazepam in young and older subjects. Eur J
Clin Pharmacol 2000; 56: 453–8. 

5. Driver and Vehicle Licensing Agency. For medical practitioners:
at a glance guide to the current medical standards of fitness to
drive (updated February 2008). http://www.dvla.gov.uk/media/
pdf/medical/aagv1.pdf (accessed 14/08/08)
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The elderly. Old age may alter the distribution, elimination,
and clearance of benzodiazepines.1,2 Metabolic clearance of ben-
zodiazepines metabolised principally by oxidation appears to be
reduced but not clearance of those biotransformed by glucuro-
nide conjugation or nitroreduction. Prolonged half-life in the eld-
erly may be a result of such a decrease in clearance or of an in-
crease in the volume of distribution. The clinical consequence of
these changes depends on factors such as dosage schedule and
extent of first-pass extraction by the liver. 
Irrespective of pharmacokinetic changes, the elderly may exhibit
increased sensitivity to acute doses of benzodiazepines.1-3 Im-
pairment of memory, cognitive function, and psychomotor per-
formance and behaviour disinhibition may be more common
than with younger patients.4 Long-term use commonly exacer-
bates underlying dementia in elderly patients.4 
The upshot of the pharmacokinetic and pharmacodynamic
changes of benzodiazepines in the elderly is that adverse effects
may be more frequent in these patients and lower doses are com-
monly required. An epidemiological study of persons 65 years
and older found an increased rate of hip fracture among current
users of long-acting benzodiazepines (chlordiazepoxide,
clorazepate, diazepam, and flurazepam), but not among users of
short-acting drugs (alprazolam, bromazepam, lorazepam, ox-
azepam, and triazolam).5 A case-control study6 of patients with
falls leading to femur fractures suggested that the most important
factor in increasing risk was the dose of benzodiazepine. Howev-
er, another case-control study7 found no correlation between hip
fracture and benzodiazepines either as a group or according to
half-life or to characterisation as an anxiolytic or a hypnotic;
there might, though, be an increase in risk with lorazepam. There
was also an increased risk associated with use of two or more
benzodiazepines. Nonetheless, if use of a benzodiazepine is con-
sidered necessary in elderly patients, a short-acting drug is to be
preferred. It should also be remembered that the elderly are at
increased risk of sleep-related breathing disorders, such as sleep
apnoea and the use of hypnotics such as benzodiazepines should
be avoided in these patients (see Respiratory System Disorders,
below).
1. Greenblatt DJ, et al. Implications of altered drug disposition in

elderly: studies of benzodiazepines. J Clin Pharmacol 1989; 29:
866–72. 

2. Greenblatt DJ, et al. Clinical pharmacokinetics of anxiolytics
and hypnotics in the elderly: therapeutic considerations. Clin
Pharmacokinet 1991; 21: 165–77 and 262–73. 

3. Swift CG. Pharmacodynamics: changes in homeostatic mecha-
nisms, receptor and target organ sensitivity in the elderly. Br Med
Bull 1990; 46: 36–52. 

4. Juergens SM. Problems with benzodiazepines in elderly patients.
Mayo Clin Proc 1993; 68: 818–20. 

5. Ray WA, et al. Benzodiazepines of long and short elimination
half-life and the risk of hip fracture. JAMA 1989; 262: 3303–7. 

6. Herings RMC, et al. Benzodiazepines and the risk of falling
leading to femur fractures: dosage more important than elimina-
tion half-life. Arch Intern Med 1995; 155: 1801–7. 

7. Pierfitte C, et al. Benzodiazepines and hip fractures in elderly
people: case-control study. BMJ 2001; 322: 704–8.

Hangover effects. Long-acting benzodiazepines accumulate
in the body to a greater extent than ones with a shorter half-life.
Although this might be expected to increase the frequency of
daytime sedation and impairment of performance (so-called
hangover effects) after a hypnotic dose, such a straightforward
relationship has not always been observed in practice.1 
Anterograde amnesia is more common with short-acting drugs
such as triazolam; ‘traveller’s amnesia’ has been used to describe
amnesia in persons taking benzodiazepines for sleep disturbanc-
es resulting from jet lag.2
1. Greenblatt DJ, et al. Neurochemical and pharmacokinetic corre-

lates of the clinical action of benzodiazepine hypnotic drugs. Am
J Med 1990; 88 (suppl 3A): 18S–24S. 

2. Meyboom RHB. Benzodiazepines and pilot error. BMJ 1991;
302: 1274–5.

High-altitude disorders. Sleep may be impaired at high alti-
tude due to frequent arousals associated with pronounced oxy-
gen desaturation and periodic breathing. Traditional advice has
been that sedatives should not be given at high altitude.1 Caution
may also be warranted at moderate altitudes especially in non-
acclimatised climbers.2 It has been argued that since diazepam,
and possibly other sedatives, blunt the hypoxic ventilatory re-
sponse, sleep hypoxaemia might be exacerbated. A small study3

has suggested that small doses of a short-acting benzodiazepine,
such as temazepam, might actually improve the subjective qual-
ity of sleep and reduce episodes of arterial desaturation without
changing mean oxygen saturation. However the possibility of an
interaction between acetazolamide taken for prophylaxis or treat-
ment of acute mountain sickness and the benzodiazepine should
be borne in mind; ventilatory depression in a mountain climber
with acute mountain sickness was considered to be due to the
potentiation of triazolam by acetazolamide.4
1. Sutton JR, et al. Insomnia, sedation, and high altitude cerebral

oedema. Lancet 1979; i: 165. 
2. Röggla G, et al. Effect of temazepam on ventilatory response at

moderate altitude. BMJ 2000; 320: 56. 
3. Dubowitz G. Effect of temazepam on oxygen saturation and

sleep quality at high altitude: randomised placebo controlled
crossover trial. BMJ 1998; 316: 587–9. 

4. Masuyama S, et al. ‘Ondine’s curse’: side effect of acetazola-
mide? Am J Med 1989; 86: 637.

Neonates. A retrospective review of records from 63 infants
given lorazepam or midazolam in a neonatal intensive-care unit
indicated that there were 14 cases of adverse effects associated
with benzodiazepine use (seizures in 6 cases, hypotension in 5,
and respiratory depression in 3).1 Seven of these were associated
with intravenous bolus doses of lorazepam and the remainder
with continuous midazolam infusions. Despite the limitations of
the study, the incidence of adverse effects in this group seemed
high, and the authors recommended that benzodiazepine use in
neonates be accompanied by close monitoring.
1. Ng E, et al. Safety of benzodiazepines in newborns. Ann Phar-

macother 2002; 36: 1150–5.

Nervous system disorders. Benzodiazepines can reduce cer-
ebral perfusion pressure and blood oxygenation to an extent that
results in irreversible neurological damage in patients with head
injuries. Consequently, they should be given with great care to
such patients.1,2 Their use should be avoided for the control of
seizures in patients with head injuries or other acute neurological
lesions as these patients can be managed effectively with pheny-
toin.
1. Eldridge PR, Punt JAG. Risks associated with giving benzodi-

azepines to patients with acute neurological injuries. BMJ 1990;
300: 1189–90. 

2. Papazian L, et al. Effect of bolus doses of midazolam on intrac-
ranial pressure and cerebral perfusion pressure in patients with
severe head injury. Br J Anaesth 1993; 71: 267–71.

EPILEPSY. As with other antiepileptic drugs,1 there have been
rare reports of benzodiazepines producing paradoxical exac-
erbation of seizures in patients with epilepsy.2-5

1. Guerrini R, et al. Antiepileptic drug-induced worsening of sei-
zures in children. Epilepsia 1998; 39 (suppl 3): S2–S10. 

2. Prior PF, et al. Intravenous diazepam. Lancet 1971; 2: 434–5. 
3. Tassinari CA, et al. A paradoxical effect: status epilepticus in-

duced by benzodiazepines (Valium and Mogadon). Electroen-
cephalogr Clin Neurophysiol 1971; 31: 182. 

4. Di Mario FJ, Clancy RR. Paradoxical precipitation of tonic sei-
zures by lorazepam in a child with atypical absence seizures.
Pediatr Neurol 1988; 4: 249–51. 

5. Borusiak P, et al. Seizure-inducing paradoxical reaction to antie-
pileptic drugs. Brain Dev 2000; 22: 243–5.

Porphyria. Diazepam has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients. 
Intravenous diazepam has been used successfully, however, to
control status epilepticus occurring after the acute porphyric at-
tack. For a discussion of the management of seizures associated
with acute porphyric attacks, see p.471.
Pregnancy. Benzodiazepines have been widely used in preg-
nant patients.1 Use of benzodiazepines in the third trimester and
during labour seems to be associated in some infants with neo-
natal withdrawal symptoms or the floppy infant syndrome. Also
a small number exposed in utero to benzodiazepines have shown
slow development in the early years but by 4 years of age most
had developed normally, and for those that had not it was not
possible to prove a cause-effect relationship with benzodiazepine
exposure. In a meta-analysis2 of live births after benzodiazepine
use during the first trimester of pregnancy, pooled data from co-
hort studies showed no apparent association between benzodi-
azepine use and the risk of major malformations or oral cleft
alone. There was, however, a small but significantly increased
risk of oral cleft according to data from case-control studies. Al-
though benzodiazepines did not appear to be a major human ter-
atogen, use of ultrasonography was advised to rule out visible
forms of cleft lip. The UK CSM has recommended3 that women
of child-bearing potential prescribed benzodiazepines should be
advised to contact the physician about stopping the drug if they
intend to become, or suspect that they are, pregnant.
1. McElhatton PR. The effects of benzodiazepine use during preg-

nancy and lactation. Reprod Toxicol 1994; 8: 461–75. 
2. Dolovich LR, et al. Benzodiazepine use in pregnancy and major

malformations or oral cleft: meta-analysis of cohort and case-
control studies. BMJ 1998; 317: 839–43. 

3. Committee on Safety of Medicines/Medicines Control Agency.
Reminder: avoid benzodiazepines in pregnancy and lactation.
Current Problems 1997; 23: 10. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023240&RevisionSelectionMethod=
LatestReleased (accessed 15/05/06)

Respiratory system disorders. Benzodiazepines may affect
the control of ventilation during sleep and may worsen sleep ap-
noea or other sleep-related breathing disorders especially in pa-
tients with chronic obstructive pulmonary disease or cardiac fail-
ure.1 Risk factors for sleep apnoea, which often goes
undiagnosed, include old age, obesity, male sex, postmenopausal
status in women, and a history of heavy snoring. Although ben-
zodiazepines may reduce sleep fragmentation, their long-term
use may result in conversion from partial to complete obstructive
sleep apnoea in heavy snorers or in short repetitive central sleep
apnoea in patients with recent myocardial infarction.
1. Guilleminault C. Benzodiazepines, breathing, and sleep. Am J

Med 1990; 88 (suppl 3A): 25S–28S.

Interactions
Enhanced sedation or respiratory and cardiovascular
depression may occur if diazepam or other benzodi-
azepines are given with other drugs that have CNS-
depressant properties; these include alcohol, antide-

pressants, sedative antihistamines, antipsychotics, gen-
eral anaesthetics, other hypnotics or sedatives, and opi-
oid analgesics. The sedative effect of benzodiazepines
may also be enhanced by cisapride. Adverse effects
may also be produced by use with drugs that interfere
with the metabolism of benzodiazepines. Drugs that
have been reported to alter the pharmacokinetics of
benzodiazepines are discussed in detail below but few
of these interactions are likely to be of clinical signifi-
cance. Benzodiazepines such as diazepam that are
metabolised primarily by hepatic microsomal oxida-
tion may be more susceptible to pharmacokinetic
changes than those eliminated primarily by glucuro-
nide conjugation.
Analgesics. The peak plasma concentration of oxazepam was
significantly decreased when diflunisal was given to 6 healthy
subjects, while the renal clearance of the glucuronide metabolite
was reduced and its mean elimination half-life increased from 10
to 13 hours.1 Diflunisal also displaced oxazepam from plasma
protein binding sites in vitro. Aspirin shortened the time to in-
duce anaesthesia with midazolam in 78 patients also possibly
due to competition for plasma protein binding sites.2 Paraceta-
mol produced no significant change in plasma concentrations of
diazepam or its major metabolite and only marginal changes in
urine concentrations in 4 healthy subjects.3 
Benzodiazepines such as diazepam, lorazepam, and midazolam
may be used with opioid analgesics in anaesthetic or analgesic
regimens. An additive sedative effect is to be expected4 but there
are also reports of severe respiratory depression with midazolam
and fentanyl5 or sudden hypotension with midazolam and
fentanyl6 or sufentanil.7 The clearance of midazolam appears to
be reduced by fentanyl,8 possibly as a result of competitive inhi-
bition of metabolism by the cytochrome P450 isoenzyme
CYP3A. Careful monitoring is therefore required during use of
midazolam with these opioids and the dose of both drugs may
need to be reduced. Synergistic potentiation of the induction of
anaesthesia has been reported between midazolam and fentanyl,9
but one study has suggested that midazolam can reduce the anal-
gesic effects of sufentanil.10 Pretreatment with morphine or
pethidine has decreased the rate of oral absorption of diazepam.
This has been attributed to the effect of opioid analgesics on gas-
trointestinal motility.11 
Dextropropoxyphene prolonged the half-life and reduced the
clearance of alprazolam but not diazepam or lorazepam in
healthy subjects.12

1. Van Hecken AM, et al. The influence of diflunisal on the phar-
macokinetics of oxazepam. Br J Clin Pharmacol 1985;  20:
225–34. 

2. Dundee JW, et al. Aspirin and probenecid pretreatment influ-
ences the potency of thiopentone and the onset of action of mi-
dazolam. Eur J Anaesthesiol 1986; 3: 247–51. 

3. Mulley BA, et al. Interactions between diazepam and paraceta-
mol. J Clin Pharm 1978; 3: 25–35. 

4. Tverskoy M, et al. Midazolam-morphine sedative interaction in
patients. Anesth Analg 1989; 68: 282–5. 

5. Yaster M, et al. Midazolam-fentanyl intravenous sedation in
children: case report of respiratory arrest. Pediatrics 1990; 86:
463–7. 

6. Burtin P, et al. Hypotension with midazolam and fentanyl in the
newborn. Lancet 1991; 337: 1545–6. 

7. West JM, et al. Sudden hypotension associated with midazolam
and sufentanil. Anesth Analg 1987; 66: 693–4. 

8. Hase I, et al. I.V. fentanyl decreases the clearance of midazolam.
Br J Anaesth 1997; 79: 740–3. 

9. Ben-Shlomo I, et al. Midazolam acts synergistically with fenta-
nyl for induction of anaesthesia. Br J Anaesth 1990; 64: 45–7. 

10. Luger TJ, Morawetz RF. Clinical evidence for a midazolam-suf-
entanil interaction in patients with major trauma. Clin Pharma-
col Ther 1991; 49: 133. 

11. Gamble JAS, et al. Some pharmacological factors influencing
the absorption of diazepam following oral administration. Br J
Anaesth 1976; 48: 1181–5. 

12. Abernethy DR, et al. Interaction of propoxyphene with di-
azepam, alprazolam and lorazepam. Br J Clin Pharmacol 1985;
19: 51–7.

Antiarrhythmics. An interaction between clonazepam and ex-
isting therapy with amiodarone was suspected in a 78-year-old
man who experienced symptoms of benzodiazepine toxicity 2
months after starting with clonazepam 500 micrograms given at
bedtime for restless leg syndrome;1 symptoms resolved on with-
drawal of clonazepam.
1. Witt DM, et al. Amiodarone-clonazepam interaction. Ann Phar-

macother 1993; 27: 1463–4.

Antibacterials. Both erythromycin1 and troleandomycin2 have
been reported to inhibit the hepatic metabolism of triazolam in
healthy subjects. Peak plasma-triazolam concentrations were in-
creased, half-life prolonged, and clearance reduced. Trolean-
domycin prolonged the psychomotor impairment and amnesia
produced by triazolam.2 Loss of consciousness after erythromy-
cin infusion in a child premedicated with midazolam was attrib-
uted to a similar interaction,3 and increases in peak plasma con-
centrations of midazolam with profound and prolonged sedation
have been reported after use of erythromycin.4 Use of mida-
zolam with erythromycin should be avoided or the dose of mida-
zolam reduced by 50 to 75%. The clearance of midazolam is also
reduced by clarithromycin, with an approximate doubling of the
benzodiazepine’s oral bioavailability.5 The manufacturers of
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quinupristin/dalfopristin state that it too may increase plasma
concentrations of midazolam. Roxithromycin has been reported6

to have some effects on the pharmacokinetics and pharmacody-
namics of midazolam but these changes were not thought clini-
cally relevant. However, it was recommended that as a precau-
tion the lowest possible effective dose of midazolam should be
used when given with roxithromycin. In another study7 azithro-
mycin did not appear to have any effect on the metabolism or
psychomotor effects of midazolam. 
There is an isolated report of significant rises in steady-state
blood-midazolam concentration coinciding with dosage of cip-
rofloxacin.8 Also ciprofloxacin has been reported to reduce di-
azepam clearance and prolong its terminal half-life,9 although
psychometric tests did not show any changes in diazepam’s phar-
macodynamics. However, ciprofloxacin appears to have no ef-
fect on the pharmacokinetics or pharmacodynamics of
temazepam.10 
Isoniazid has been reported to increase the half-life of a single
dose of diazepam11 and triazolam12 but not of oxazepam12 in
healthy subjects. In contrast, rifampicin has decreased the half-
life of alprazolam,13 diazepam,14 midazolam,15 and nitrazepam16

and more or less abolishes the effects of triazolam,17 while
ethambutol has no effect on diazepam pharmacokinetics.11 In pa-
tients receiving therapy for tuberculosis with isoniazid, rif-
ampicin, and ethambutol the half-life of a single diazepam dose
was shortened and its clearance increased.11 Thus the enzyme-
inducing effect of rifampicin appears to predominate over the en-
zyme-inhibiting effect of isoniazid.
1. Phillips JP, et al. A pharmacokinetic drug interaction between

erythromycin and triazolam. J Clin Psychopharmacol 1986; 6:
297–9. 

2. Warot D, et al. Troleandomycin-triazolam interaction in healthy
volunteers: pharmacokinetic and psychometric evaluation. Eur
J Clin Pharmacol 1987; 32: 389–93. 

3. Hiller A, et al. Unconsciousness associated with midazolam and
erythromycin. Br J Anaesth 1990; 65: 826–8. 

4. Olkkola KT, et al. A potentially hazardous interaction between
erythromycin and midazolam. Clin Pharmacol Ther 1993; 53:
298–305. 

5. Gorski JC, et al. The contribution of intestinal and hepatic
CYP3A to the interaction between midazolam and clarithromy-
cin. Clin Pharmacol Ther 1998; 64: 133–43. 

6. Backman JT, et al. A pharmacokinetic interaction between rox-
ithromycin and midazolam. Eur J Clin Pharmacol 1994; 46:
551–5. 

7. Mattila MJ, et al. Azithromycin does not alter the effects of oral
midazolam on human performance. Eur J Clin Pharmacol 1994;
47: 49–52. 

8. Orko R, et al. Intravenous infusion of midazolam, propofol and
vecuronium in a patient with severe tetanus. Acta Anaesthesiol
Scand 1988; 32: 590–2. 

9. Kamali F, et al. The influence of steady-state ciprofloxacin on
the pharmacokinetics and pharmacodynamics of a single dose of
diazepam in healthy volunteers. Eur J Clin Pharmacol 1993;
44: 365–7. 

10. Kamali F, et al. The influence of ciprofloxacin on the pharma-
cokinetics and pharmacodynamics of a single dose of
temazepam in the young and elderly. J Clin Pharm Ther 1994;
19: 105–9. 

11. Ochs HR, et al. Diazepam interaction with antituberculous
drugs. Clin Pharmacol Ther 1981; 29: 671–8. 

12. Ochs HR, et al. Differential effect of isoniazid on triazolam ox-
idation and oxazepam conjugation. Br J Clin Pharmacol 1983;
16: 743–6. 

13. Schmider J, et al. Simultaneous assessment of CYP3A4 and
CYP1A2 activity in vivo with alprazolam and caffeine. Phar-
macogenetics 1999; 9: 725–34. 

14. Ohnhaus EE, et al. The effect of antipyrine and rifampin on the
metabolism of diazepam. Clin Pharmacol Ther 1987; 42:
148–56. 

15. Backman JT, et al. Rifampin drastically reduces plasma concen-
trations and effects of oral midazolam. Clin Pharmacol Ther
1996; 59: 7–13. 

16. Brockmeyer NH, et al. Comparative effects of rifampin and/or
probenecid on the pharmacokinetics of temazepam and ni-
trazepam. Int J Clin Pharmacol Ther Toxicol 1990; 28: 387–93. 

17. Villikka K, et al. Triazolam is ineffective in patients taking ri-
fampicin. Clin Pharmacol Ther 1997; 61: 8–14.

Anticoagulants. Plasma binding of diazepam and desmethyl-
diazepam was reduced, and free concentrations increased, imme-
diately following heparin intravenously.1 
Benzodiazepines do not usually interact with oral anticoagulants
although there have been rare reports of altered anticoagulant ac-
tivity.
1. Routledge PA, et al. Diazepam and N-desmethyldiazepam redis-

tribution after heparin. Clin Pharmacol Ther 1980;  27: 528–32.

Antidepressants. It has been recommended that the dosage of
alprazolam should be reduced when given with fluvoxamine, as
concomitant use has resulted in doubling of plasma-alprazolam
concentrations.1 Since plasma concentrations of bromazepam2

and of diazepam3 also appear to be affected by fluvoxamine, it
has been suggested that patients taking fluvoxamine who require
a benzodiazepine should preferentially receive one such as lo-
razepam, which has a different metabolic pathway.3 Small stud-
ies suggest that fluoxetine can also increase plasma concentra-
tions of alprazolam.4,5 Fluoxetine appears to have a similar effect
on diazepam but plasma concentrations of diazepam’s active me-
tabolite desmethyldiazepam are reduced and it is considered that
the overall effect is likely to be minor.6 The potential for a clini-
cally significant interaction with sertraline, paroxetine, or citalo-
pram is considered to be less.7 
The US manufacturers have reported that alprazolam may in-
crease the steady-state plasma concentrations of imipramine and
desipramine, although the clinical significance of such changes

is unknown. For a suggestion that benzodiazepines may increase
the oxidation of amineptine to a toxic metabolite, see Effects on
the Liver under Adverse Effects of Amitriptyline, p.377. 
Nefazodone has been reported to raise concentrations of alpra-
zolam and triazolam, resulting in increased sedation, and impair-
ment of psychomotor performance.8,9 Nefazodone may inhibit
the oxidative metabolism of alprazolam and triazolam. Raised
concentrations of midazolam have similarly been seen when giv-
en by mouth with nefazodone.10 No interaction was reported
with lorazepam, which is primarily eliminated by conjugation. 
For reference to an isolated report of hypothermia after adminis-
tration of diazepam and lithium, see p.405. 
There have been occasional reports of sexual disinhibition in pa-
tients taking tryptophan with benzodiazepines.
1. Fleishaker JC, Hulst LK. A pharmacokinetic and pharmacody-

namic evaluation of the combined administration of alprazolam
and fluvoxamine. Eur J Clin Pharmacol 1994; 46: 35–9. 

2. Van Harten J, et al. Influence of multiple-dose administration of
fluvoxamine on the pharmacokinetics of the benzodiazepines
bromazepam and lorazepam: a randomized crossover study. Eur
Neuropsychopharmacol 1992; 2: 381. 

3. Perucca E, et al. Inhibition of diazepam metabolism by fluvox-
amine: a pharmacokinetic study in normal volunteers. Clin
Pharmacol Ther 1994; 56: 471–6. 

4. Lasher TA, et al. Pharmacokinetic pharmacodynamic evalua-
tion of the combined administration of alprazolam and fluoxet-
ine. Psychopharmacology (Berl) 1991; 104: 323–7. 

5. Greenblatt DJ, et al. Fluoxetine impairs clearance of alprazolam
but not of clonazepam. Clin Pharmacol Ther 1992; 52: 479–86. 

6. Lemberger L, et al. The effect of fluoxetine on the pharmacok-
inetics and psychomotor responses of diazepam. Clin Pharma-
col Ther 1988; 43: 412–19. 

7. Sproule BA, et al. Selective serotonin reuptake inhibitors and
CNS drug interactions: a critical review of the evidence. Clin
Pharmacokinet 1997; 33: 454–71. 

8. Greene DS, et al. Coadministration of nefazodone (NEF) and
benzodiazepines I: pharmacokinetic assessment. Clin Pharma-
col Ther 1994; 55: 141. 

9. Kroboth P, et al. Coadministration of nefazodone and benzodi-
azepines II: pharmacodynamic assessment. Clin Pharmacol
Ther 1994; 55: 142. 

10. Lam YWF, et al. Effect of antidepressants and ketoconazole on
oral midazolam pharmacokinetics. Clin Pharmacol Ther 1998;
63: 229.

Antiepileptics. Carbamazepine, phenobarbital, and phenytoin
are all inducers of hepatic drug-metabolising enzymes. There-
fore, in patients receiving long-term therapy with these drugs the
metabolism of benzodiazepines may be enhanced. For oral mi-
dazolam the effects of carbamazepine or phenytoin may be suf-
ficient to virtually abolish the effects of a standard dose, with a
more than 90% reduction in peak serum concentrations of the
benzodiazepine.1 Interactions between benzodiazepines and
these antiepileptics are further discussed on p.475 (car-
bamazepine) and p.499 (phenytoin). 
Results from a study2 involving 66 children and adults receiving
clobazam as adjunctive therapy for epilepsy showed a significant
increase in clobazam clearance, leading to accumulation of its
principal active metabolite N-desmethylclobazam, in the 16 pa-
tients also taking felbamate. The metabolism of clobazam and N-
desmethylclobazam was reduced by stiripentol, a potent hepatic
enzyme inhibitor, resulting in a threefold increase in the plasma
concentrations of this metabolite.3 
Serum-clonazepam concentrations fell markedly in 4 of 8 chil-
dren who had lamotrigine added to their therapy.4 
Sodium valproate has been reported to displace diazepam from
plasma-protein binding sites.5 Sporadic reports exist of adverse
effects when valproate is given with clonazepam6,7 with the de-
velopment of drowsiness and, more seriously, absence status ep-
ilepticus, but the existence of an interaction is considered to be
unproven.8 Drowsiness has also been reported when valproate
was given with nitrazepam.9 Use of valproate semisodium with
lorazepam has resulted in raised concentrations of lorazepam due
to inhibition of glucuronidation of lorazepam.10

1. Backman JT, et al. Concentrations and effects of oral mida-
zolam are greatly reduced in patients treated with car-
bamazepine or phenytoin. Epilepsia 1996; 37: 253–7. 

2. Contin M, et al. Effect of felbamate on clobazam and its metab-
olite kinetics in patients with epilepsy. Ther Drug Monit 1999;
21: 604–8. 

3. Giraud C, et al. In vitro and in vivo inhibitory effect of stiripen-
tol on clobazam metabolism. Drug Metab Dispos 2006; 34:
608–11. 

4. Eriksson A-S, et al. Pharmacokinetic interactions between
lamotrigine and other antiepileptic drugs in children with intrac-
table epilepsy. Epilepsia 1996; 37: 769–73. 

5. Dhillon S, Richens A. Valproic acid and diazepam interaction in
vivo. Br J Clin Pharmacol 1982; 13: 553–60. 

6. Watson WA. Interaction between clonazepam and sodium val-
proate. N Engl J Med 1979; 300: 678. 

7. Browne TR. Interaction between clonazepam and sodium val-
proate. N Engl J Med 1979; 300: 679. 

8. Levy RH, Koch KM. Drug interactions with valproic acid.
Drugs 1982; 24: 543–56. 

9. Jeavons PM, et al. Treatment of generalized epilepsies of child-
hood and adolescence with sodium valproate (Epilim). Dev Med
Child Neurol 1977; 19: 9–25. 

10. Samara EE, et al. Effect of valproate on the pharmacokinetics
and pharmacodynamics of lorazepam. J Clin Pharmacol 1997;
37: 442–50.

Antifungals. Both a single dose and multiple doses of ketoco-
nazole decreased the clearance of a single intravenous injection
of chlordiazepoxide.1 Studies2-4 have shown that ketoconazole
and itraconazole can produce marked pharmacokinetic interac-
tions with midazolam or triazolam and greatly increase the inten-

sity and duration of action of these benzodiazepines. The area
under the plasma concentration-time curve for midazolam was
increased by 15 times by ketoconazole and by 10 times by itra-
conazole while peak plasma concentrations of midazolam were
increased fourfold and threefold, respectively.2 The area under
the curve for triazolam was increased by 22 times by ketocona-
zole and by 27 times by itraconazole;3 peak plasma concentra-
tions of triazolam were increased about threefold by both anti-
fungals. Ketoconazole has also been reported to have a similar
effect on alprazolam.5 One study6 indicated that the risk of inter-
action persists for several days after cessation of itraconazole
therapy. It is recommended that the use of these antifungals with
benzodiazepines should be avoided or that the dose of the benzo-
diazepine should be greatly reduced. A similar but less pro-
nounced interaction occurs between fluconazole and
midazolam7 or triazolam;8 nonetheless the dosage of the benzo-
diazepine should be reduced during use together.
1. Brown MW, et al. Effect of ketoconazole on hepatic oxidative

drug metabolism. Clin Pharmacol Ther 1985; 37: 290–7. 
2. Olkkola KT, et al. Midazolam should be avoided in patients re-

ceiving the systemic antimycotics ketoconazole or itraconazole.
Clin Pharmacol Ther 1994; 55: 481–5. 

3. Varhe A, et al. Oral triazolam is potentially hazardous to patients
receiving systemic antimycotics ketoconazole or itraconazole.
Clin Pharmacol Ther 1994; 56: 601–7. 

4. Greenblatt DJ, et al. Interaction of triazolam and ketoconazole.
Lancet 1995; 345: 191. 

5. Schmider J, et al. Simultaneous assessment of CYP3A4 and
CYP1A2 activity in vivo with alprazolam and caffeine. Pharma-
cogenetics 1999; 9: 725–34. 

6. Neuvonen PJ, et al. The effect of ingestion time interval on the
interaction between itraconazole and triazolam. Clin Pharmacol
Ther 1996; 60: 326–31. 

7. Ahonen J, et al. Effect of route of administration of fluconazole
on the interaction between fluconazole and midazolam. Eur J
Clin Pharmacol 1997; 51: 415–19. 

8. Varhe A, et al. Effect of fluconazole dose on the extent of fluco-
nazole-triazolam interaction. Br J Clin Pharmacol 1996; 42:
465–70.

Antihistamines. A suggestion1 that a reduction in temazepam
metabolism caused by diphenhydramine may have contributed
to perinatal death after ingestion of these drugs by the mother.
1. Kargas GA, et al. Perinatal mortality due to interaction of

diphenhydramine and temazepam. N Engl J Med 1985; 313:
1417–18.

Antivirals. The NNRTIs delavirdine and efavirenz,1 and HIV-
protease inhibitors such as indinavir, nelfinavir, ritonavir,1-3 and
saquinavir1,4 may inhibit the hepatic microsomal systems in-
volved in the metabolism of some benzodiazepines. Prolonged
use of protease inhibitors may also induce these metabolic sys-
tems; interactions may therefore be complex and difficult to pre-
dict. Monitoring and dosage adjustments for the benzodiazepine
may be needed, or the combination should be avoided. Benzodi-
azepines which should not be used with HIV-protease inhibitors
include alprazolam, clorazepate, diazepam, estazolam, flu-
razepam, midazolam, and triazolam.
1. Antoniou T, Tseng AL. Interactions between recreational drugs

and antiretroviral agents. Ann Pharmacother 2002; 36:
1598–1613. 

2. Greenblatt DJ, et al. Extensive impairment of triazolam and al-
prazolam clearance by short-term low-dose ritonavir: the clinical
dilemma of concurrent inhibition and induction J Clin Psychop-
harmacol 1999; 19: 293–6. 

3. Greenblatt DJ, et al. Alprazolam-ritonavir interaction: implica-
tions for product labeling. Clin Pharmacol Ther 2000; 67:
335–41. 

4. Palkama VJ, et al. Effect of saquinavir on the pharmacokinetics
and pharmacodynamics of oral and intravenous midazolam. Clin
Pharmacol Ther 1999; 66: 33–9.

Beta blockers. A clear pattern of interactions between benzo-
diazepines and beta blockers has not emerged. Propranolol may
inhibit the metabolism of diazepam1,2 and bromazepam,3 and
metoprolol may inhibit the metabolism of diazepam1,4 or
bromazepam5 to some extent, although in many cases the effect
on pharmacokinetics and pharmacodynamics is unlikely to be of
clinical significance. No significant pharmacokinetic interaction
has been seen between propranolol and alprazolam,2 lorazepam,2
or oxazepam,6 although the rate of alprazolam absorption may be
decreased.2 Similarly no pharmacokinetic interaction has been
seen between atenolol and diazepam,1 labetalol and oxazepam,6
or metoprolol and lorazepam.5
1. Hawksworth G, et al. Diazepam/β-adrenoceptor antagonist inter-

actions. Br J Clin Pharmacol 1984; 17: 69S–76S. 
2. Ochs HR, et al. Propranolol interactions with diazepam, lo-

razepam, and alprazolam. Clin Pharmacol Ther 1984; 36:
451–5. 

3. Ochs HR, et al. Bromazepam pharmacokinetics: influence of
age, gender, oral contraceptives, cimetidine, and propranolol.
Clin Pharmacol Ther 1987; 41: 562–70. 

4. Klotz U, Reimann IW. Pharmacokinetic and pharmacodynamic
interaction study of diazepam and metoprolol. Eur J Clin Phar-
macol 1984; 26: 223–6. 

5. Scott AK, et al. Interaction of metoprolol with lorazepam and
bromazepam. Eur J Clin Pharmacol 1991; 40: 405–9. 

6. Sonne J, et al. Single dose pharmacokinetics and pharmacody-
namics of oral oxazepam during concomitant administration of
propranolol and labetalol. Br J Clin Pharmacol 1990; 29: 33–7.

Calcium-channel blockers. Peak plasma concentrations of
midazolam were doubled and the elimination half-life of mida-
zolam prolonged when given to healthy subjects receiving
diltiazem or verapamil.1 A similar interaction has been found be-
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tween diltiazem and triazolam.2,3 Concomitant use should be
avoided or the dose of these benzodiazepines reduced in such
use.
1. Backman JT, et al. Dose of midazolam should be reduced during

diltiazem and verapamil treatments. Br J Clin Pharmacol 1994;
37: 221–5. 

2. Varhe A, et al. Diltiazem enhances the effects of triazolam by
inhibiting its metabolism. Clin Pharmacol Ther 1996; 59:
369–75. 

3. Kosuge K, et al. Enhanced effect of triazolam with diltiazem. Br
J Clin Pharmacol 1997; 43: 367–72.

Ciclosporin. In-vitro studies suggested that ciclosporin could
inhibit the metabolism of midazolam.1 However, blood-
ciclosporin concentrations in patients given ciclosporin to pre-
vent graft rejection were considered too low to result in such an
interaction.
1. Li G, et al. Is cyclosporin A an inhibitor of drug metabolism? Br

J Clin Pharmacol 1990; 30: 71–7.

Clonidine. Anxiety was reduced and sedation was enhanced
when clonidine was given with flunitrazepam for premedica-
tion.1
1. Kulka PJ, et al. Sedative and anxiolytic interactions of clonidine

and benzodiazepines. Br J Anaesth 1994; 72 (suppl 1): 81.

Clozapine. For reports of cardiorespiratory collapse and other
adverse effects in patients taking benzodiazepines and clozapine,
see p.984.
Corticosteroids. The metabolism of midazolam was increased
in chronic users of glucocorticoids,1 perhaps due to the induction
of cytochrome P450 isoenzyme CYP3A4, or of enzymes respon-
sible for glucuronidation. The changes were not considered clin-
ically relevant if midazolam was given intravenously, but might
be so if it was given orally.
1. Nakajima M, et al. Effects of chronic administration of glucocor-

ticoid on midazolam pharmacokinetics in humans. Ther Drug
Monit 1999; 21: 507–13.

Digoxin. For the effects of alprazolam and diazepam on digoxin
pharmacokinetics, see p.1262.
Disulfiram. Evidence from healthy and alcoholic subjects sug-
gests that chronic use of disulfiram can inhibit the metabolism of
chlordiazepoxide and diazepam leading to a prolonged half-life
and reduced clearance; there was little effect on the disposition of
oxazepam.1 No significant pharmacokinetic interaction was ob-
served between disulfiram and alprazolam in alcoholic patients.2
Temazepam toxicity, attributed to use of disulfiram with
temazepam, has been reported.3 
See also under Disulfiram, p.2297.
1. MacLeod SM, et al. Interaction of disulfiram with benzodi-

azepines. Clin Pharmacol Ther 1978; 24: 583–9. 
2. Diquet B, et al. Lack of interaction between disulfiram and al-

prazolam in alcoholic patients. Eur J Clin Pharmacol 1990; 38:
157–60. 

3. Hardman M, et al. Temazepam toxicity precipitated by di-
sulfiram. Lancet 1994; 344: 1231–2.

Gastrointestinal drugs. Antacids have variable effects on the
absorption of benzodiazepines1-6 but any resulting interaction is
unlikely to be of major clinical significance. 
Several studies, usually involving single doses of diazepam giv-
en to healthy subjects, have shown that cimetidine can inhibit the
hepatic metabolism of diazepam.7-10 The clearance of diazepam
has generally been decreased and the half-life prolonged. Some
studies have also shown impaired metabolic clearance of the ma-
jor metabolite, desmethyldiazepam (nordazepam). Cimetidine
has also been reported to inhibit the metabolism of other benzo-
diazepines (generally those metabolised by oxidation) including
alprazolam,11,12 bromazepam,13 chlordiazepoxide,14 cloba-
zam,15,16 flurazepam,17 midazolam,18 nitrazepam,19 and tria-
zolam.11,12 Cimetidine does not appear to inhibit the hepatic me-
tabolism of lorazepam,17 oxazepam,17 or temazepam.20 The
clinical significance of these interactions between cimetidine and
benzodiazepines remains dubious, and little effect on cognitive
function or degree of sedation has been shown. 
Most studies have failed to find an effect of ranitidine on the he-
patic metabolism of diazepam,21-24 although one study25 reported
an increase in the bioavailability of a single oral dose of mida-
zolam, and considered that an effect on hepatic clearance was
more likely than an effect on absorption. These results were con-
sistent with those of another study which showed an enhanced
sedative effect of midazolam in patients pretreated with raniti-
dine.26 Ranitidine has been reported to have no effect on the
pharmacokinetics of lorazepam22 or on the sedative effect of
temazepam26 but has increased the bioavailability of triazolam.27 
Famotidine10 or nizatidine24 do not appear to inhibit the hepatic
metabolism of diazepam. 
Oral diazepam was absorbed more rapidly after intravenous
metoclopramide.28 Enhanced motility of the gastrointestinal tract
was implicated. Cisapride may also accelerate the absorption of
diazepam.29 
Studies of continuous omeprazole dosage on the pharmacokinet-
ics of a single intravenous dose of diazepam in healthy subjects
indicate inhibition of diazepam metabolism in a similar manner
to cimetidine.30,31 Omeprazole decreases the clearance and pro-
longs the elimination half-life of diazepam; in addition both the
formation and elimination of desmethyldiazepam appear to be
decreased. The effects may be greater in rapid than in slow
metabolisers of omeprazole32 and vary between ethnic groups.33

The clinical significance of the interaction remains to be estab-
lished. Lansoprazole34 and pantoprazole35 have been reported
not to affect the pharmacokinetics of diazepam.
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General anaesthetics. A synergistic interaction has been
found for the hypnotic effects of midazolam and thiopental.1 Al-
though midazolam failed to produce anaesthesia at the doses
used, the drug caused a twofold increase in the anaesthetic poten-
cy of thiopental. Similar synergistic interactions have been seen
between midazolam and both methohexital2 and propofol.3,4 The
interaction between midazolam and propofol could not be ex-
plained solely by alteration in free-plasma concentration of either
drug,5 although a later study6 does suggest that propofol reduces
the clearance of midazolam via its inhibitory effects on the
metabolism of midazolam by the cytochrome P450 isoenzyme

CYP3A4. It has been reported that midazolam can produce a
marked reduction in the concentration of halothane required for
anaesthesia.7
1. Short TG, et al. Hypnotic and anaesthetic action of thiopentone

and midazolam alone and in combination. Br J Anaesth 1991;
66: 13–19. 

2. Tverskoy M, et al. Midazolam acts synergistically with metho-
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6. Hamaoka N, et al. Propofol decreases the clearance of mida-
zolam by inhibiting CYP3A4: an in vivo and in vitro study. Clin
Pharmacol Ther 1999; 66: 110–7. 
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Grapefruit juice. Grapefruit juice has been reported to be able
to increase the bioavailability of oral midazolam1 or triazolam2

and to raise peak plasma concentrations. However, these results
have been contradicted by another study,3 which found no evi-
dence for an interaction.
1. Kupferschmidt HHT, et al. Interaction between grapefruit juice

and midazolam in humans. Clin Pharmacol Ther 1995; 58: 20–8. 
2. Hukkinen SK, et al. Plasma concentrations of triazolam are in-

creased by concomitant ingestion of grapefruit juice. Clin Phar-
macol Ther 1995; 58: 127–31. 

3. Vanakoski J, et al. Grapefruit juice does not enhance the effects
of midazolam and triazolam in man. Eur J Clin Pharmacol 1996;
50: 501–8.

Kava. A patient whose medication included alprazolam, cimeti-
dine, and terazosin became lethargic and disoriented after start-
ing to take kava.1 An interaction between kava and the benzodi-
azepine was suspected.
1. Almeida JC, Grimsley EW. Coma from the health food store:

interaction between kava and alprazolam. Ann Intern Med 1996;
125: 940–1.

Levodopa. For reference to the effects of benzodiazepines on
levodopa, see Anxiolytics, p.808.
Neuromuscular blockers. For reference to the effect of di-
azepam on neuromuscular blockade, see p.1904.
Oral contraceptives. Some studies with alprazolam,1 chlor-
diazepoxide,2 and diazepam3 have supported suggestions that
oral contraceptives may inhibit the biotransformation of benzo-
diazepines metabolised by oxidation, although no significant
pharmacokinetic alterations have been observed with clo-
tiazepam,4 or triazolam.1 The biotransformation of benzodi-
azepines metabolised by conjugation, such as lorazepam, ox-
azepam, or temazepam, may be enhanced1,2 or unchanged.5 No
consistent correlation has been observed between the above
pharmacokinetic changes and clinical effects. It has been
observed6 that psychomotor impairment due to oral diazepam
was greater during the menstrual pause than during the 21-daily
oral contraceptive cycle. This may have been due to an effect of
oral contraceptives on diazepam absorption. Another study7 not-
ed that women taking oral contraceptives appeared to be more
sensitive to psychomotor impairment after single oral doses of
alprazolam, lorazepam, or triazolam, than controls. The effects
of temazepam were minimal in both groups. Alterations in seda-
tive or amnesic effect could not be established with any certainty.
1. Stoehr GP, et al. Effect of oral contraceptives on triazolam,

temazepam, alprazolam, and lorazepam kinetics. Clin Pharma-
col Ther 1984; 36: 683–90. 

2. Patwardhan RV, et al. Differential effects of oral contraceptive
steroids on the metabolism of benzodiazepines. Hepatology
1983; 3: 248–53. 

3. Abernethy DR, et al. Impairment of diazepam metabolism by
low-dose estrogen-containing oral-contraceptive steroids. N
Engl J Med 1982; 306: 791–2. 

4. Ochs HR, et al. Disposition of clotiazepam: influence of age,
sex, oral contraceptives, cimetidine, isoniazid and ethanol. Eur J
Clin Pharmacol 1984; 26: 55–9. 

5. Abernethy DR, et al. Lorazepam and oxazepam kinetics in wom-
en on low-dose oral contraceptives. Clin Pharmacol Ther 1983;
33: 628–32. 

6. Ellinwood EH, et al. Effects of oral contraceptives on diazepam-
induced psychomotor impairment. Clin Pharmacol Ther 1984;
35: 360–6. 

7. Kroboth PD, et al. Pharmacodynamic evaluation of the benzodi-
azepine-oral contraceptive interaction. Clin Pharmacol Ther
1985; 38: 525–32.

Penicillamine. Phlebitis associated with intravenous diazepam
resolved with local heat but recurred on two separate occasions
after oral penicillamine.1
1. Brandstetter RD, et al. Exacerbation of intravenous diazepam-

induced phlebitis by oral penicillamine. BMJ 1981;  283: 525.

Probenecid. Probenecid increased the half-life of intravenous
lorazepam in 9 healthy subjects.1 Probenecid was considered to
impair glucuronide formation selectively and thus the clearance
of drugs like lorazepam. Probenecid has also shortened the time
to induce anaesthesia with midazolam in 46 patients.2 The effect
was considered to be due to competition for plasma protein bind-
ing sites. Probenecid has also been reported3 to reduce the clear-
ance of nitrazepam but not of temazepam.
1. Abernethy DR, et al. Probenecid inhibition of acetaminophen

and lorazepam glucuronidation. Clin Pharmacol Ther 1984; 35:
224. 
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2. Dundee JW, et al. Aspirin and probenecid pretreatment influenc-

es the potency of thiopentone and the onset of action of mida-
zolam. Eur J Anaesthesiol 1986; 3: 247–51. 

3. Brockmeyer NH, et al. Comparative effects of rifampin and/or
probenecid on the pharmacokinetics of temazepam and ni-
trazepam. Int J Clin Pharmacol Ther Toxicol 1990; 28: 387–93.

Smooth muscle relaxants. Intracavernosal papaverine pro-
duced prolonged erection in 2 patients who had been given intra-
venous diazepam as an anxiolytic before the papaverine.1
1. Vale JA, et al. Papaverine, benzodiazepines, and prolonged erec-

tions. Lancet 1991; 337: 1552.

Tobacco smoking. The Boston Collaborative Drug Surveil-
lance Program reported drowsiness as an adverse effect of di-
azepam or chlordiazepoxide less frequently in smokers than non
smokers.1 Pharmacokinetic studies have, however, been divided
between those indicating that smoking induces the hepatic me-
tabolism of benzodiazepines and those showing no effect on ben-
zodiazepine pharmacokinetics.2 Hence, diminished end-organ
responsiveness may in part account for the observed clinical ef-
fects. Taking large amounts of xanthine-containing beverages as
well may decrease any enzyme-inducing effects of smoking.3
1. Boston Collaborative Drug Surveillance Program, Boston Uni-

versity Medical Center. Clinical depression of the central nerv-
ous system due to diazepam and chlordiazepoxide in relation to
cigarette smoking and age. N Engl J Med 1973; 288: 277–80. 

2. Miller LG. Cigarettes and drug therapy: pharmacokinetic and
pharmacodynamic considerations. Clin Pharm 1990; 9: 125–35. 

3. Downing RW, Rickels K. Coffee consumption, cigarette smok-
ing and reporting of drowsiness in anxious patients treated with
benzodiazepines or placebo. Acta Psychiatr Scand 1981; 64:
398–408.

Xanthines. There are reports of aminophylline given intrave-
nously reversing the sedation from intravenous diazepam,1-3 al-
though not always completely2 nor as effectively as flumazenil.4
Blockade of adenosine receptors by aminophylline has been pos-
tulated as the mechanism of this interaction.3,5 
Xanthine-containing beverages may be expected to decrease the
incidence of benzodiazepine-induced drowsiness because of
their CNS-stimulating effects and their ability to induce hepatic
drug-metabolising enzymes. However, decreased drowsiness
has only sometimes been seen and the actions of xanthines may
themselves be decreased by heavy tobacco smoking.6,7

1. Arvidsson SB, et al. Aminophylline antagonises diazepam seda-
tion. Lancet 1982; ii: 1467. 

2. Kleindienst G, Usinger P. Diazepam sedation is not antagonised
completely by aminophylline. Lancet 1984; i: 113. 

3. Niemand D, et al. Aminophylline inhibition of diazepam seda-
tion: is adenosine blockade of GABA-receptors the mechanism?
Lancet 1984: i: 463–4. 

4. Sibai AN, et al. Comparison of flumazenil with aminophylline to
antagonise midazolam in elderly patients. Br J Anaesth 1991;
66: 591–5. 

5. Henauer SA, et al. Theophylline antagonises diazepam-induced
psychomotor impairment. Eur J Clin Pharmacol 1983; 25:
743–7. 

6. Downing RW, Rickels K. Coffee consumption, cigarette smok-
ing and reporting of drowsiness in anxious patients treated with
benzodiazepines or placebo. Acta Psychiatr Scand 1981; 64:
398–408. 

7. Ghoneim MM, et al. Pharmacokinetic and pharmacodynamic in-
teractions between caffeine and diazepam. J Clin Psychophar-
macol 1986; 6: 75–80.

Pharmacokinetics
Diazepam is readily and completely absorbed from the
gastrointestinal tract, peak plasma concentrations oc-
curring within about 30 to 90 minutes of oral doses.
Diazepam is rapidly absorbed when given as a rectal
solution; peak plasma concentrations are achieved af-
ter about 10 to 30 minutes. Absorption may be erratic
after intramuscular injection and lower peak plasma
concentrations may be obtained compared with those
after oral doses. Diazepam is highly lipid soluble and
crosses the blood-brain barrier; it acts promptly on the
brain, and its initial effects decrease rapidly as it is re-
distributed into fat depots and tissues. 
Diazepam has a biphasic half-life with an initial rapid
distribution phase and a prolonged terminal elimina-
tion phase of 1 or 2 days; its action is further prolonged
by the even longer half-life of 2 to 5 days of its princi-
pal active metabolite, desmethyldiazepam (nor-
dazepam). Diazepam and desmethyldiazepam accu-
mulate on repeated dosage and the relative proportion
of desmethyldiazepam in the body increases with long-
term use. No simple correlation has been found be-
tween plasma concentrations of diazepam or its metab-
olites and their therapeutic effect. 
Diazepam is extensively metabolised in the liver, nota-
bly via the cytochrome P450 isoenzyme CYP2C19; in
addition to desmethyldiazepam, its active metabolites
include oxazepam, and temazepam. It is excreted in the

urine, mainly in the form of free or conjugated metab-
olites. Diazepam is 98 to 99% bound to plasma pro-
teins. 
The plasma elimination half-life of diazepam and/or its
metabolites is prolonged in neonates, in the elderly, and
in patients with liver disease. In addition to crossing the
blood-brain barrier, diazepam and its metabolites also
cross the placental barrier and are distributed into
breast milk.
◊ Reviews.
1. Bailey L, et al. Clinical pharmacokinetics of benzodiazepines. J

Clin Pharmacol 1994; 34: 804–11.

Absorption and plasma concentrations. CHRONIC ORAL

ADMINISTRATION. In 36 patients who had received diazepam 2
to 30 mg daily for periods from one month to 10 years, plas-
ma-diazepam concentrations were directly related to dose and
inversely related to age.1 There was a close association be-
tween the plasma concentrations of diazepam and its metabo-
lite desmethyldiazepam and both concentrations were inde-
pendent of the duration of therapy. Plasma-diazepam
concentration ranges were 0.02 to 1.01 micrograms/mL, and
plasma-desmethyldiazepam concentration ranges were 0.055
to 1.765 micrograms/mL. A similar study2 reached the same
general conclusions.
1. Rutherford DM, et al. Plasma concentrations of diazepam and

desmethyldiazepam during chronic diazepam therapy. Br J Clin
Pharmacol 1978;  6: 69–73. 

2. Greenblatt DJ, et al. Plasma diazepam and desmethyldiazepam
concentrations during long-term diazepam therapy. Br J Clin
Pharmacol 1981; 1: 35–40.

RECTAL. In 6 adults given diazepam 10 mg by mouth or as a
solution (Valium injection) by rectum, mean bioavailability
was 76 and 81%, respectively compared with the same dose
by intravenous injection.1 Bioavailability was lower with sup-
positories than with the solution given rectally. Studies sup-
port the use of rectal solution rather than suppositories in chil-
dren.2,3

1. Dhillon S, et al. Bioavailability of diazepam after intravenous,
oral and rectal administration in adult epileptic patients. Br J
Clin Pharmacol 1982;  13: 427–32. 

2. Dhillon S, et al. Rectal absorption of diazepam in epileptic chil-
dren. Arch Dis Child 1982; 57: 264–7. 

3. Sonander H, et al. Effects of the rectal administration of di-
azepam. Br J Anaesth 1985; 57: 578–80.

Distribution into breast milk. Concentrations of diazepam
and desmethyldiazepam transferred from mother to infant via
breast milk have been measured.1,2 
See also under Precautions, above.
1. Erkkola R, Kanto J. Diazepam and breast-feeding. Lancet 1972;

i: 1235–6. 
2. Brandt R. Passage of diazepam and desmethyldiazepam into

breast milk. Arzneimittelforschung 1976; 26: 454–7.

The elderly. For mention of pharmacokinetics in the elderly,
see under Precautions, above.
Hepatic impairment. For reference to the altered pharmacok-
inetics of diazepam in patients with hepatic impairment see Ad-
ministration in Hepatic Impairment, below.
Metabolism. Most benzodiazepines are highly lipophilic com-
pounds requiring biotransformation before excretion from the
body, and many form active metabolites that affect the duration
of action. The benzodiazepines may be classified as long-, inter-
mediate-, or short-acting compounds.1 
• Long-acting benzodiazepines are either N1-desalkyl deriva-

tives (delorazepam and nordazepam) or are oxidised in the
liver to N1-desalkyl derivatives (benzodiazepines so oxidised
include chlordiazepoxide, clobazam, clorazepate, cloxa-
zolam, diazepam, flurazepam, halazepam, ketazolam, me-
dazepam, oxazolam, pinazepam, prazepam, and quazepam).
Clorazepate and prazepam may be considered as prodrugs
since the metabolite is the expected active principle. Both par-
ent drug and metabolites contribute to the activity of the other
long-acting drugs. Further biotransformation of N1-des-
alkylated metabolites proceeds much more slowly than for the
parent drug, and they therefore accumulate in the body after a
few days of treatment. The rate-limiting step of their
metabolism (with the exception of the 1,5-derivatives) is C3-
hydroxylation to the pharmacologically active oxazepam or
its 2′-halogenated analogues. 

• Intermediate-acting benzodiazepines are 7-nitrobenzodi-
azepines such as clonazepam, flunitrazepam, and nitrazepam
which are metabolised by nitroreduction with no important
known active metabolites. The metabolites of long- and inter-
mediate-acting benzodiazepines require conjugation before
excretion in the urine. 

• Short-acting benzodiazepines include the C3-hydroxylated
benzodiazepines such as lorazepam, lormetazepam, ox-
azepam, and temazepam which undergo rapid conjugation
with glucuronic acid to water-soluble inactive metabolites that
are excreted in the urine, and drugs such as alprazolam, broti-
zolam, estazolam, etizolam, midazolam, tofisopam, and tria-
zolam which require oxidation involving aliphatic hydroxyla-
tion before subsequent conjugation. Although these

hydroxylated metabolites may retain pharmacological activi-
ty, they are unlikely to contribute significantly to clinical ac-
tivity because of their negligible plasma concentrations and
rapid inactivation by glucuronidation. 

Drug-metabolising capacity is influenced by many factors in-
cluding genetics, age, sex, endocrine and nutritional status,
smoking, disease, and concurrent drug therapy. This results in
wide interindividual variation in both parent drug concentrations
and metabolite-to-parent drug ratios.
1. Caccia S, Garattini S. Formation of active metabolites of psycho-

tropic drugs: an updated review of their significance. Clin Phar-
macokinet 1990; 18: 434–59.

Pregnancy. The passage of diazepam across the placenta de-
pends in part on the relative degrees of protein binding in mother
and fetus. This in turn is influenced by factors such as stage of
pregnancy and plasma concentrations of free fatty acids in
mother and fetus.1-6 Adverse effects may persist in the neonate
for several days after birth because of immature drug-metabolis-
ing enzymes. Competition between diazepam and bilirubin for
protein binding sites could result in hyperbilirubinaemia in the
neonate.7 
For further adverse effects associated with the use of benzodi-
azepines during pregnancy, see under Precautions, above.
1. Lee JN, et al. Serum protein binding of diazepam in maternal and

foetal serum during pregnancy. Br J Clin Pharmacol 1982; 14:
551–4. 

2. Kuhnz W, Nau H. Differences in in vitro binding of diazepam
and N-desmethyldiazepam to maternal and fetal plasma proteins
at birth: relation to free fatty acid concentration and other param-
eters. Clin Pharmacol Ther 1983; 34: 220–6. 

3. Kanto J, et al. Accumulation of diazepam and N-demethyldi-
azepam in the fetal blood during the labour. Ann Clin Res 1973;
5: 375–9. 

4. Nau H, et al. Decreased serum protein binding of diazepam and
its major metabolite in the neonate during the first postnatal
week related to increased free fatty acid levels. Br J Clin Phar-
macol 1984; 17: 92–8. 

5. Ridd MJ, et al. The disposition and placental transfer of di-
azepam in cesarean section. Clin Pharmacol Ther 1989; 45:
506–12. 

6. Idänpään-Heikkilä J, et al. Placental transfer and fetal metabo-
lism of diazepam-C  in early human pregnancy. Clin Pharmacol
Ther 1971; 12: 293. 

7. Notarianni LJ. Plasma protein binding of drugs in pregnancy and
in neonates. Clin Pharmacokinet 1990; 18: 20–36.

Uses and Administration
Diazepam is a long-acting benzodiazepine with anti-
convulsant, anxiolytic, sedative, muscle relaxant, and
amnestic properties. Its actions are mediated by en-
hancement of the activity of gamma-aminobutyric acid
(GABA), a major inhibitory neurotransmitter in the
brain. Diazepam is used in the short-term treatment of
severe anxiety disorders (p.952), as a hypnotic in the
short-term management of insomnia (p.957), as a sed-
ative (p.956) and premedicant (p.1780), as an anticon-
vulsant (particularly in the management of status epi-
lepticus and febrile convulsions), in the control of
muscle spasm, and in the management of withdrawal
symptoms (see also the references below). 
Diazepam is administered orally, rectally, and
parenterally with the risk of dependence very much in-
fluencing the dose and duration of treatment. Doses
should be the lowest that can control symptoms and
courses of treatment should be short, not normally ex-
ceeding 4 weeks, with diazepam being withdrawn
gradually (see above). Elderly and debilitated patients
should be given not more than one-half the usual adult
dose. Dosage reduction may also be required in pa-
tients with hepatic or renal impairment. 
Oral use is appropriate for many indications and mod-
ified-release formulations are available in some coun-
tries. Rectal use may be by suppository or rectal solu-
tion or gel. Diazepam is also given by deep
intramuscular or slow intravenous injection, although
absorption after intramuscular injection may be erratic
and provides lower blood concentrations than those af-
ter oral doses. Intravenous injection should be carried
out slowly into a large vein of the antecubital fossa at a
recommended rate of no more than 1 mL of a 0.5% so-
lution (5 mg) per minute. It is advisable to keep the pa-
tient in the supine position and under medical supervi-
sion for at least an hour after the dose. Diazepam may
be given by continuous intravenous infusion; because
of the risk of precipitation of diazepam, solutions
should be freshly prepared following the manufactur-
er’s directions regarding diluent and concentration of
diazepam. Diazepam is substantially adsorbed onto
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some plastics (see Sorption, above). Facilities for re-
suscitation should always be available when diazepam
is given intravenously. 
Diazepam may be given for severe anxiety in oral
doses of 2 mg three times daily to a maximum of
30 mg daily. A wider dose range of 4 to 40 mg daily in
divided doses is used in the USA with children over 6
months of age receiving up to 10 mg daily. Diazepam
may be given as a rectal solution in a dose of
500 micrograms/kg repeated after 12 hours if neces-
sary or as suppositories in a dose of 10 to 30 mg. Di-
azepam may sometimes have to be given by intramus-
cular or intravenous injection when a dose of up to
10 mg may be used, repeated if necessary after 4 hours. 
The benzodiazepines have a limited role in insomnia
and diazepam is used for the short-term management
of insomnia associated with anxiety. The BNF recom-
mends an oral dose of 5 to 15 mg at bedtime, although
doses up to 30 mg are licensed. Doses of 1 to 5 mg at
bedtime have been used in children and adolescents
aged from 12 to 18 years to control night terrors and
sleepwalking. 
Diazepam may be given for premedication before
general anaesthesia or to provide sedative cover for mi-
nor surgical or investigative procedures. In adults, oral
doses are in the range of 5 to 20 mg and when given by
intravenous injection the dose is usually 100 to
200 micrograms/kg. Diazepam may also be given for
sedation during minor surgical and medical proce-
dures; in adults doses of 10 to 20 mg, given by intrave-
nous injection over 2 to 4 minutes, are recommended.
Diazepam 500 micrograms/kg may also be given as a
rectal solution. For premedication and sedation in chil-
dren and adolescents aged from 1 month to 18 years,
the BNFC suggests that an oral dose of 200 to
300 micrograms/kg may be given 45 to 60 minutes be-
forehand; the maximum dose is 10 mg for those aged
up to 12 years and 20 mg for adolescents aged up to 18
years. Diazepam 100 to 200 micrograms/kg may be
given by intravenous injection over 2 to 4 minutes, im-
mediately before the procedure, to those aged 1 month
and older; the maximum dose is 5 mg for children aged
up to 12 years and 20 mg for adolescents aged up to 18
years. When given as a rectal solution, the BNFC sug-
gests the following doses based on age: 1 to 3 years,
5 mg; 3 to 12 years, 5 to 10 mg; 12 to 18 years, 10 mg.
Some regard the perioperative use of diazepam in chil-
dren undesirable since its effect and onset of action are
unreliable and paradoxical effects may occur. 
Diazepam is used in a variety of seizures. It is given
orally as an adjunct in some types of epilepsy; for this
purpose, 2 to 60 mg may be given daily in divided dos-
es. A rectal gel formulation is also available for adjunc-
tive use in the management of episodes of increased
seizure activity in adults and children aged 2 years and
over with refractory epilepsy; doses range from 200 to
500 micrograms/kg, depending on age, repeated after 4
to 12 hours if necessary. For febrile convulsions, status
epilepticus, and convulsions due to poisoning, giving a
rectal solution may be appropriate; suppositories are
not suitable because absorption is too slow. Recom-
mended doses for the rectal solution differ but a typical
dose is 500 micrograms/kg for adults and children over
10 kg, repeated every 12 hours if necessary; if convul-
sions are not controlled by the first dose the use of other
anticonvulsive measures is recommended. Rectal solu-
tions are not licensed for such use in children under 1
year of age in the UK, but the BNFC suggests giving
the following doses, repeated after 10 minutes if neces-
sary, based on age: neonates, 1.25 to 2.5 mg; 1 month
to 2 years, 5 mg. For older children it recommends: 2
to 12 years, 5 to 10 mg; 12 to 18 years, 10 mg. Alterna-
tively, diazepam may be given intravenously to adults
in a dose of 10 to 20 mg given at a rate of 5 mg/minute
and repeated if necessary after 30 to 60 minutes. Other
schedules involve giving smaller amounts more fre-
quently or giving diazepam intramuscularly, though
again absorption may be too slow. Once the seizures

have been controlled, a slow intravenous infusion pro-
viding up to 3 mg/kg over 24 hours has been used to
protect against recurrence. Doses by intravenous injec-
tion in children are within the range of 200 to
300 micrograms/kg; alternatively 1 mg may be given
for each year of age. The BNFC has suggested that neo-
nates and children aged from 1 month to 12 years may
be given doses of 300 to 400 micrograms/kg by intra-
venous injection over 3 to 5 minutes, repeated after 10
minutes if necessary. 
Diazepam may be given orally in daily divided doses
of 2 to 15 mg to alleviate muscle spasm. The dose may
be increased in severe spastic disorders, such as cere-
bral palsy, to up to 60 mg daily in adults. The BNFC
suggests initial oral doses in children and adolescents,
based on age and given twice daily, as follows: 1 to 12
months, 250 micrograms/kg; 1 to 5 years, 2.5 mg; 5 to
12 years, 5 mg; 12 to 18 years, 10 mg (maximum of
40 mg daily). If given by intramuscular or slow intra-
venous injection the dose is 10 mg repeated if neces-
sary after 4 hours. Larger doses are used in tetanus in
adults and children aged 1 month and over with 100 to
300 micrograms/kg being given every 1 to 4 hours by
intravenous injection. Alternatively 3 to 10 mg/kg may
be given over 24 hours by continuous intravenous in-
fusion or by nasoduodenal tube using a suitable liquid
oral dose form. Diazepam may also be given by the
rectal route as a rectal solution in a dose of
500 micrograms/kg for adults and children over 10 kg
in weight, repeated every 12 hours if necessary. 
Symptoms of the alcohol withdrawal syndrome may
be controlled by diazepam given orally in a dose of 5
to 20 mg, repeated if required after 2 to 4 hours; anoth-
er approach is to give 10 mg three or four times on the
first day reducing to 5 mg three or four times daily as
required. Diazepam may need to be given by injection
if the symptoms are severe and if delirium tremens has
developed; 10 to 20 mg by intramuscular or intrave-
nous injection may be adequate, although some pa-
tients may require higher doses.
◊ Reviews.
1. Ashton H. Guidelines for the rational use of benzodiazepines:

when and what to use. Drugs 1994; 48: 25–40.

Administration in hepatic impairment. Oxidative metab-
olism of diazepam is apparently reduced in patients with hepatic
impairment, resulting in a prolonged half-life and reduced clear-
ance.1-3 A reduction in dosage was generally required in these
studies, but no specific advice is given in licensed information
for the UK or USA.
1. Branch RA, et al. Intravenous administration of diazepam in pa-

tients with chronic liver disease. Gut 1976; 17: 975–83. 
2. Klotz U, et al. Disposition of diazepam and its major metabolite

desmethyldiazepam in patients with liver disease. Clin Pharma-
col Ther 1977; 21: 430–6. 

3. Ochs HR, et al. Repeated diazepam dosing in cirrhotic patients:
cumulation and sedation. Clin Pharmacol Ther 1983; 33: 471–6.

Administration in renal impairment. Diazepam and its
metabolites are excreted in urine, and licensed drug information
suggests that dosage reduction may be required in patients with
renal impairment, but gives no specific advice on how to do this.
Cardiac arrhythmias. Although not considered to be an an-
tiarrhythmic, diazepam has been tried with good effect in treating
the cardiotoxicity of chloroquine poisoning (see p.601). Howev-
er, diazepam has been reported to possess both antiarrhythmic
and pro-arrhythmic properties, possibly depending on the dose.1
1. Kumagai K, et al. Antiarrhythmic and proarrhythmic properties

of diazepam demonstrated by electrophysiological study in hu-
mans. Clin Cardiol 1991; 14: 397–401.

Chloroquine poisoning. For reference to the possible use of
diazepam to decrease the cardiotoxic effects of chloroquine, see
p.601.
Conversion and dissociative disorders. Conversion and
dissociative disorders (formerly known as hysteria) are charac-
terised by physical symptoms that occur in the absence of organ-
ic disease. Medication has no part to play in the treatment of
these disorders unless they are secondary to conditions such as
depression or anxiety disorders requiring treatment in their own
right. 
There have been suggestions that sedatives such as diazepam or
midazolam may be used to confirm the diagnosis of hysterical
paralysis.1,2 The test tends to exacerbate organic disease while
psychiatric dysfunction may improve.
1. Ellis SJ. Diazepam as a truth drug. Lancet 1990; 336: 752–3. 
2. Keating JJ, et al. Hysterical paralysis. Lancet 1990; 336:

1506–7.

Disturbed behaviour. For a discussion of the management of
behaviour disturbances associated with various psychotic disor-
ders, and the value of benzodiazepines, see p.954. Benzodi-
azepines may sometimes be useful in palliative care for the relief
of terminal restlessness. Midazolam is often used although other
benzodiazepines such as diazepam have also been tried.1 A sug-
gested dose for diazepam is 5 to 10 mg given slowly as a rectal
solution and repeated every 8 to 12 hours. In practice, however,
haloperidol may be preferred; a review suggested that benzodi-
azepines used alone might exacerbate the problem. If agitation
was severe haloperidol or risperidone could be combined with
lorazepam, reserving subcutaneous midazolam for refractory
cases.2
1. Burke AL. Palliative care: an update on "terminal restlessness."

Med J Aust 1997; 166: 39–42. 
2. Jakobsson M, Strang P. Midazolam (Dormicum) vid terminal oro

och agitation: sistahandsalternativ i palliativ vård. Lakartidnin-
gen 1999; 96: 2079–81.

Dyspnoea. Despite the hazards of use in patients with any form
of respiratory depression or pulmonary insufficiency (see Respi-
ratory System Disorders under Precautions, above) benzodi-
azepines such as diazepam have been tried in the treatment of
dyspnoea (p.104), in the belief that reduction of an elevated res-
piratory drive may alleviate respiratory distress. However, bene-
fits have not been confirmed. Benzodiazepines may be of use in
patients with advanced cancer who have rapid shallow respira-
tion. A daily dose of 5 to 10 mg has been suggested for di-
azepam.
Eclampsia and pre-eclampsia. Diazepam has been used for
the initial control of impending or actual eclampsia (p.470), but
magnesium sulfate is now generally the preferred treatment.
Epilepsy and other convulsive disorders. Some benzodi-
azepines such as diazepam are used for the control of status epi-
lepticus (p.469), including status epilepticus in patients with por-
phyria (p.471—but see also Porphyria under Precautions,
above), and for febrile convulsions (p.470); diazepam has also
been used in eclampsia (see above) and for neonatal seizures
(p.471). Benzodiazepines such as clobazam and clonazepam
may be used in the management of epilepsy (p.465), but their
long-term use is limited by problems of sedation, dependence,
and tolerance to the antiepileptic effects. Diazepam has been
used as an adjunct in the management of some types of epilepsy
including myoclonus. 
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Extrapyramidal disorders. For reference to the use of benzo-
diazepines in the treatment of antipsychotic-induced extrapy-
ramidal disorders, see Chlorpromazine, p.971.
Irritable bowel syndrome. Although some benzodiazepines
have been used in the management of irritable bowel syndrome
(p.1699) there is no evidence to support their use in this condi-
tion. The related compound dextofisopam is under investigation.
Mania. Benzodiazepines have been used as short-term adjuncts
in the initial control of manic episodes in patients with bipolar
disorder (p.372) until lithium has achieved its full effect.
Muscle spasm. Diazepam and other benzodiazepines may be
used for the relief of muscle spasm (p.1887) of various aetiolo-
gies including that secondary to muscle or joint inflammation or
trauma, such as in acute low back pain (p.7), or resulting from
spasticity (p.1887), dystonias (p.809), stiff-man syndrome
(see below), cerebral palsy, poisoning, or tetanus (p.1901).
High doses are often required and treatment may be limited by
adverse effects or by risk of dependence.
STIFF-MAN SYNDROME. Stiff-man syndrome is a rare condition
characterised by painful intermittent spasms and rigidity of
the axial and limb muscles. Its exact cause is unknown but
there is some evidence to implicate autoantibodies against
one of the enzymes involved in the synthesis of the neuro-
transmitter gamma-aminobutyric acid. It is frequently associ-
ated with auto-immune diseases and type 1 diabetes mellitus.
Patients typically respond to benzodiazepines and this may be
of use in the differential diagnosis of the syndrome. Diazepam
has been the mainstay of treatment but clonazepam may also
be of use, especially in familial startle disease, a rare congen-
ital form of stiff-man syndrome. Although rigidity and
spasms in stiff-man syndrome are not completely resolved by
diazepam the degree of improvement can be sufficient to re-
store the functional level to near normal. However, large dos-
es are often required and sedation might be a limiting factor
in some patients. Other drugs that have been used when
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diazepam is ineffective or poorly tolerated include baclofen
or sodium valproate but benefit may be less evident. There
have been isolated anecdotal reports of improvement with
vigabatrin, tiagabine, and gabapentin. Antiepileptics or
baclofen may sometimes be combined with benzodiazepines.
Cortico-steroids may be of benefit, although any response
may take several weeks, and the chronic nature of the disorder
and the high incidence of type 1 diabetes mellitus may make
their use problematic. Other attempts at immunomodulation
such as plasmapheresis have yielded variable results; there is
some evidence of the efficacy of immunoglobulins. 
References.
1. Toro C, et al. Stiff-man syndrome. Semin Neurol 1994; 14:

154–8. 
2. Gerhardt CL. Stiff-man syndrome revisited. South Med J 1995;

88: 805–808. 
3. Stayer C, Meinck H-M. Stiff-man syndrome: an overview. Neu-

rologia 1998; 13: 83–8. 
4. Levy LM, et al. The stiff-person syndrome - an autoimmune dis-

order affecting neurotransmission of γ-aminobutyric acid. Ann
Intern Med 1999; 131: 522–30. 

5. Meinck H-M. Stiff man syndrome. CNS Drugs 2001; 15:
515–26. 

6. Dalakas MC, et al. High-dose intravenous immune globulin for
stiff-person syndrome. N Engl J Med 2001; 345: 1870–6. 

7. Vasconcelos OM, Dalakas MC. Stiff-person syndrome. Curr
Treat Options Neurol 2003; 5: 79–90.

Nausea and vomiting. Benzodiazepines, particularly lo-
razepam, are used as adjuncts in the management of nausea and
vomiting induced by cancer chemotherapy (p.1700), particularly
anticipatory emesis.

Premenstrual syndrome. For mention of the limited role of
benzodiazepines in the management of premenstrual syndrome,
see p.2099.

Schizophrenia. Benzodiazepines may be useful adjuncts to an-
tipsychotics in the initial management of schizophrenia (p.955).

Sleep-associated movement disorders. Sleep-associated
movement disorders (p.958) rarely require treatment other than
the symptomatic treatment of sleep-related medical problems. A
number of such conditions, including restless legs syndrome,
sleepwalking, and night terrors, have been reported to respond to
benzodiazepines. Although the muscle relaxant and anxiolytic
action of a benzodiazepine can be helpful in bruxism (teeth
grinding) it has been recommended that they should only be pre-
scribed on a short-term basis during the acute phase. 
References.
1. Schenck CH, Mahowald MW. Long-term, nightly benzodi-

azepine treatment of injurious parasomnias and other disorders
of disrupted nocturnal sleep in 170 adults. Am J Med 1996; 100:
333–7.

Substance dependence. The benzodiazepines are used in the
management of symptoms of alcohol withdrawal (p.1626), of
opioid withdrawal (p.101), and of cocaine withdrawal (p.1860).

Vertigo. Although intravenous diazepam has been used to abort
acute attacks of vertigo of peripheral origin (p.565), it can pro-
long compensation and recovery from vestibular lesions.1

1. Rascol O, et al. Antivertigo medications and drug-induced verti-
go: a pharmacological review. Drugs 1995; 50: 777–91.

Preparations
BP 2008: Diazepam Injection; Diazepam Oral Solution; Diazepam Rectal
Solution; Diazepam Tablets; 
USP 31: Diazepam Capsules; Diazepam Extended-release Capsules; Di-
azepam Injection; Diazepam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cuadel; Daiv; Dezepan; Diactal; Dipezona; Fabotranil; Glutasedan†;
Lembrol; Plidan; Plidex T; Rupediz†; Saromet; Timab; Valium; Austral.: An-
tenex; Ducene; Valium; Valpam; Austria: Gewacalm; Psychopax; Stesolid;
Umbrium; Valium; Belg.: Valium; Braz.: Ansilive; Calmociteno; Compaz;
Diazefast; Diazepan†; Dienpax; Kiatrium; Letansil; Menostress; Noan; Pazo-
lini; Relapax; Somaplus; Uni Diazepax; Valium; Valix†; Vetansil; Canad.: Di-
astat; Diazemuls; Novo-Dipam; Valium; Chile: Cardiosedantol; Elongal†;
Pacinax; Cz.: Apaurin; Seduxen†; Stesolid; Denm.: Apozepam; Hexalid;
Stesolid; Valaxona; Valium; Fin.: Diapam; Medipam; Stesolid; Fr.: Nova-
zam†; Valium; Ger.: Diazep; Faustan; Lamra; Stesolid; Tranquase†; Valiquid;
Valium; Valocordin-Diazepam; Gr.: Apollonset; Atarviton; Stedon; Stesolid;
Hong Kong: Diazemuls; Kratium; Stesolid; Valpam; Hung.: Seduxen; Ste-
solid; India: Anxol; Calmpose; Elcion; Paxum; Placidox; Rec-DZ; Valium;
Zepose; Indon.: Mentalium; Stesolid; Trazep; Valdimex; Valisanbe; Valium;
Irl.: Anxicalm; Diazemuls; Stesolid; Valium; Israel: Assival; Diaz; Stesolid;
Ital.: Aliseum; Ansiolin; Diazemuls; Micronoan; Noan; Tranquirit; Valium;
Vatran; Malaysia: Diapine; Diapo; Valium; Mex.: Alboral; Arzepam; AT-V†;
Benzyme; Diacepam†; Diapanil†; Diatex†; Freudal†; Ifa-Fonal; Laxyl; Ona-
pan; Ortopsique; Prizem†; Relazepam; Tandial†; Valium; Zepan; Zeprat†;
Neth.: Diazemuls; Stesolid; Valium; Norw.: Stesolid; Valium; Vival; NZ: D-
Pam; Diazemuls; Propam; Stesolid; Philipp.: Nixtensyn; Trankil; Valium;
Pol.: Relanium; Relsed; Port.: Bialzepam; Metamidol; Stesolid; Unisedil; Val-
ium; Rus.: Apaurin (Апаурин); Relanium (Реланиум); Relium (Релиум);
Seduxen (Седуксен); S.Afr.: Benzopin; Betapam; Calmpose; Doval; Pax;
Tranject; Valium; Singapore: Diapine; Diapo; Stesolid; Spain: Aneurol; As-
paserine B6 Tranq†; Complutine; Gobanal; Pacium; Sico Relax†; Stesolid;
Valium; Vincosedan; Swed.: Apozepam†; Stesolid; Switz.: Paceum; Psycho-
pax; Stesolid; Valium; Thai.: Azepam; Diano; Diapam; Diapine; Dizan;
Dizepam†; Sipam; Stesolid†; V Day Zepam†; Valenium†; Valium; Zopam;
Turk.: Diapam; Diazem; Lizan; Nervium; UK: Dialar; Diazemuls; Rimapam;

Stesolid; Tensium; Valclair ; USA: Diastat; Valium; Venez.: Talema; Telsom-
et†; Valium†.

Multi-ingredient: Arg.: Arnol; Dafne; Dislembral†; Faradil; Pasminox So-
matico; Plidex†; Tratobes; Austria: Betamed; Harmomed; Braz.: Dialudon;
Dobesix†; Moderine; Chile: Calmosedan; Diapam; Mesolona†; Multisedil;
Promidan; Sedantol; Sedilit; Cz.: Seduxen RG†; Fin.: Gastrodyn comp; Re-
lapamil; Vertipam; Gr.: Distedon; India: Depsonil-DZ; Dericip Plus; In-
don.: Analsik; Cetalgin; Danalgin; Hedix; Neurodial; Neuroval; Opineuron;
Proneuron; Ital.: Gamibetal Plus; Spasen Somatico; Spasmeridan; Spas-
momen Somatico; Valpinax; Valtrax; Mex.: Adepsique; Esbelcaps; Numen-
cial; Qual; Redotex; Port.: Gamibetal Compositum†; Rus.: Reladorm
(Реладорм); Spain: Ansium; Tepazepan; Tropargal; Turk.: Spazmo-Val-
ibrin; USA: Emergent-Ez; Venez.: Tepazepam†.

Dichloralphenazone (BAN)

Dicloralfenazona; Dikloraalifenatsoni; Dikloralfenazon.
C15H18Cl6N2O5 = 519.0.
CAS — 480-30-8.
ATC — N05CC04.
ATC Vet — QN05CC04.

Pharmacopoeias. In US. 
USP 31 (Dichloralphenazone). A white microcrystalline powder
with a slight odour characteristic of cloral hydrate. Freely soluble
in water, in alcohol, and in chloroform; soluble in dilute acids. It
is decomposed by dilute alkalis liberating chloroform.
Profile
Dichloralphenazone dissociates when given, to form cloral hy-
drate and phenazone. It has the general properties of cloral hy-
drate (p.979), although it is less likely to cause gastric irritation
after oral doses. Phenazone-induced skin eruptions may, howev-
er, occur (see p.116). Dichloralphenazone is used in some coun-
tries in combination preparations mainly for the treatment of ten-
sion and vascular headaches.
Porphyria. Dichloralphenazone has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Preparations
USP 31: Isometheptene Mucate, Dichloralphenazone, and Acetami-
nophen Capsules.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: USA: Duradrin†; Midrin; Migratine†.

Difebarbamate (rINN)

Difébarbamate; Difebarbamato; Difebarbamatum. 1,3-Bis(3-bu-
toxy-2-hydroxypropyl)-5-ethyl-5-phenylbarbituric acid dicarba-
mate ester.
Дифебарбамат
C28H42N4O9 = 578.7.
CAS — 15687-09-9.

Profile
Difebarbamate is a barbiturate with general properties similar to
those of amobarbital (p.961). Tetrabamate, a complex of difebar-
bamate, febarbamate, and phenobarbital, has been used in the
management of anxiety disorders and alcohol withdrawal syn-
drome but was also associated with the development of hepatitis.
Furthermore barbiturates are not considered appropriate in the
management of these conditions.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hung.: Atrium†.

Dixyrazine
Diksyratsiini; Dixirazina; Dixyrazin; Dixyrazinum; UCB-3412. 2-
(2-{4-[2-Methyl-3-(phenothiazin-10-yl)propyl]piperazin-1-
yl}ethoxy)ethanol.
C24H33N3O2S = 427.6.
CAS — 2470-73-7.
ATC — N05AB01.
ATC Vet — QN05AB01.

Profile
Dixyrazine is a phenothiazine with general properties similar to
those of chlorpromazine (p.969). It has a piperazine side-chain.
It is given for its antipsychotic, antiemetic, and sedative proper-
ties in oral doses ranging from 20 to 75 mg daily. Dixyrazine has
also been given by injection.
◊ References.
1. Larsson S, et al. Premedication with intramuscular dixyrazine

(Esucos ): a controlled double-blind comparison with mor-
phine-scopolamine and placebo. Acta Anaesthesiol Scand 1988;
32: 131–4. 

2. Karlsson E, et al. The effects of prophylactic dixyrazine on post-
operative vomiting after two different anaesthetic methods for
squint surgery in children. Acta Anaesthesiol Scand 1993; 37:
45–8. 

3. Oikkonen M, et al. Dixyrazine premedication for cataract sur-
gery: a comparison with diazepam. Acta Anaesthesiol Scand
1994; 38: 214–17. 

4. Feet PO, Götestam KG. Increased antipanic efficacy in combined
treatment with clomipramine and dixyrazine. Acta Psychiatr
Scand 1994; 89: 230–4. 

5. Kokinsky E, et al. Postoperative nausea and vomiting in children
using patient-controlled analgesia: the effect of prophylactic in-
travenous dixyrazine. Acta Anaesthesiol Scand 1999; 43: 191–5. 

6. Glaser C, et al. Dixyrazine for the prevention of postoperative
nausea and vomiting after laparoscopic cholecystectomy. Acta
Anaesthesiol Scand 2004; 48: 1287–91.

Porphyria. Dixyrazine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Esucos; Fin.: Esucos; Ital.: Esucos; Norw.: Esucos; Swed.: Esucos.

Droperidol (BAN, USAN, rINN)

Dropéridol; Droperidoli; Droperidolis; Droperidolum; McN-JR-
4749; R-4749. 1-{1-[3-(4-Fluorobenzoyl)propyl]-1,2,3,6-tetrahy-
dro-4-pyridyl}-benzimidazolin-2-one.
Дроперидол
C22H22FN3O2 = 379.4.
CAS — 548-73-2.
ATC — N01AX01; N05AD08.
ATC Vet — QN01AX01; QN05AD08.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Droperidol). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; sparingly
soluble in alcohol; freely soluble in dichloromethane and in
dimethylformamide. Protect from light. 
USP 31 (Droperidol). A white to light tan amorphous or micro-
crystalline powder. Practically insoluble in water; soluble 1 in
140 of alcohol, 1 in 4 of chloroform, and 1 in 500 of ether. Store
under nitrogen in airtight containers at a temperature of 8° to 15°.
Protect from light.
Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969. There is an increased risk of car-
diotoxicity and prolongation of the QT interval (see p.970) with
droperidol. Droperidol should not be used in patients with known
or suspected QT prolongation; it should also be used with ex-
treme caution in patients at risk of arrhythmias, including those
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

with impairment of cardiac function, hypokalaemia, or other
electrolyte imbalance. It is recommended that a baseline ECG is
performed in all patients before use of droperidol.

Uses and Administration
Droperidol is a butyrophenone with general properties similar to
those of haloperidol (p.1001). The duration of action of droperi-
dol has been reported to last about 2 to 4 hours although altera-
tion of alertness may last for up to 12 hours. 
One manufacturer of droperidol (Janssen-Cilag) voluntarily
withdrew it from the market worldwide in March 2001 after re-
ports of QT prolongation, serious ventricular arrhythmias, or
sudden death in association with its use. However, in the USA,
droperidol remained available from other manufacturers al-
though its use was restricted to the management of nausea and
vomiting after surgical or diagnostic procedures in patients who
fail to show an adequate response to other treatments. It is also
still available, in some other countries, for use as a premedicant,
as an adjunct in anaesthesia, and for the control of agitated pa-
tients in acute psychoses and in mania. Droperidol has been used
in the management of chemotherapy-induced nausea and vomit-
ing. It has also been used with an opioid analgesic such as fenta-
nyl citrate to maintain patients in a state of neuroleptanalgesia in
which they are calm and indifferent to the surroundings and able
to cooperate with the surgeon. The longer duration of action of
droperidol must be kept in mind when using it with such opioid
analgesics. 
For the prevention of postoperative nausea and vomiting a
maximum initial dose of 2.5 mg intramuscularly or intravenous-
ly has been given; additional doses of 1.25 mg may be given if
necessary. Children aged 2 years and over have been given a
maximum initial dose of 100 micrograms/kg intramuscularly or
intravenously.

◊ References.
1. McKeage K, et al. Intravenous droperidol: a review of its use in

the management of postoperative nausea and vomiting. Drugs
2006; 66: 2123–47.

Preparations
BP 2008: Droperidol Injection; Droperidol Tablets; 
USP 31: Droperidol Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Droleptan; Belg.: Dehydrobenzperidol; Braz.: Droperdal; Cz.:
Dehydrobenzperidol†; Xomolix; Denm.: Dehydrobenzperidol; Fin.: De-
hydrobenzperidol; Fr.: Droleptan; Gr.: Dehydrobenzperidol†; Droleptan;
India: Droperol; Ital.: Sintodian†; Neth.: Dehydrobenzperidol; NZ:
Droleptan; Port.: Dehidrobenzperidol; Xomolix; S.Afr.: Paxical; Spain:
Dehidrobenzperidol†; Swed.: Dridol; Thai.: Dehydrobenzperidol†; USA:
Inapsine.

Multi-ingredient: Arg.: Disifelit; Braz.: Nilperidol; Ital.: Leptofen.

Estazolam (USAN, rINN)

Abbott-47631; D-40TA; Estatsolaami; Estazolamum. 8-Chloro-
6-phenyl-4H-1,2,4-triazolo[4,3-a]-1,4-benzodiazepine.

Эстазолам
C16H11ClN4 = 294.7.
CAS — 29975-16-4.
ATC — N05CD04.
ATC Vet — QN05CD04.

Pharmacopoeias. In Chin. and Jpn.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precautions
As for Diazepam, p.987.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Peak plasma concentrations of estazolam are reached on average
within 2 hours of oral doses. Estazolam is about 93% protein
bound. Reported mean elimination half-lives have generally
been in the range of 10 to 24 hours. Estazolam is extensively me-
tabolised, mainly to 4-hydroxyestazolam and 1-oxoestazolam,
which are considered inactive. These metabolites are excreted,
either free or conjugated, in the urine with small amounts detect-
ed in the faeces. Only a small proportion of a dose is excreted as
unchanged drug.

Uses and Administration
Estazolam is a short-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.992). It is given as a hypnotic
in the short-term management of insomnia (p.957) in usual oral
doses of 1 to 2 mg at night. Small or debilitated elderly patients
may be given an initial dose of 0.5 mg.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Somnatrol†; Braz.: Noctal; Denm.: Domnamid†; Fr.: Nuctalon; In-
don.: Esilgan; Ital.: Esilgan; Jpn: Eurodin; Mex.: Tasedan; Philipp.: Esilgan;
Port.: Kainever; USA: Prosom†.

Eszopiclone (USAN, rINN)

Eszopiclona; Eszopiclonum; (S)-Zopiclone; (+)-Zopiclone. (+)-
(5S)-6-(5-Chloropyridin-2-yl)-7-oxo-6,7-dihydro-5H-pyrro-
lo[3,4-b]pyrazin-5-yl 4-methylpiperazine-1-carboxylate.
Эсзопикльон
C17H17ClN6O3 = 388.8.
CAS — 138729-47-2.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of eszopiclone: 
Sleepeasy.
Profile
Eszopiclone is the (+)-isomer of zopiclone (p.1039) and is used
similarly as a hypnotic in the short-term management of insom-
nia. 
The usual oral dose is 2 mg immediately before bedtime; if ap-
propriate, the dose may be started at or increased to 3 mg. In eld-
erly patients who have difficulty falling asleep, the initial dose is
1 mg; this may be increased to 2 mg. For elderly patients who
have difficulty staying asleep, the starting dose is 2 mg. 
The starting dose should be reduced in patients taking potent in-
hibitors of the cytochrome P450 isoenzyme CYP3A4; a dose not
exceeding 1 mg is recommended which may then be increased to
2 mg. For doses in patients with hepatic impairment, see below.
◊ Reviews.
1. Melton ST, et al. Eszopiclone for insomnia. Ann Pharmacother

2005; 39: 1659–66. 
2. Halas CJ. Eszopiclone. Am J Health-Syst Pharm 2006; 63: 41–8.

Administration in hepatic impairment. The starting oral
dose of eszopiclone should be reduced to 1 mg at bedtime in pa-
tients with severe hepatic impairment. No dose adjustment is
necessary in patients with mild to moderate impairment.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Inductal; USA: Lunesta.

Ethchlorvynol (BAN, rINN)

β-Chlorovinyl Ethyl Ethynyl Carbinol; Etclorvinol; Éthchlorvynol;
E-Ethchlorvynol; Ethchlorvynolum; Etkloorivinoli; Etklorvinol. 1-
Chloro-3-ethylpent-1-en-4-yn-3-ol.
Этхлорвинол
C7H9ClO = 144.6.
CAS — 113-18-8.
ATC — N05CM08.
ATC Vet — QN05CM08.

Pharmacopoeias. In US. 
USP 31 (Ethchlorvynol). A colourless to yellow, slightly viscous
liquid having a characteristic pungent odour. It darkens on expo-
sure to air and light. Immiscible with water; miscible with most
organic solvents. Store in airtight containers of glass or polyeth-
ylene, using polyethylene-lined closures. Protect from light.
Dependence and Withdrawal
Prolonged use of ethchlorvynol may lead to dependence similar
to that with barbiturates (see Amobarbital, p.962).
Adverse Effects
Adverse effects of ethchlorvynol include gastrointestinal distur-
bances, dizziness, headache, unwanted sedation and other symp-

toms of CNS depression such as ataxia, facial numbness, blurred
vision, and hypotension. Hypersensitivity reactions include skin
rashes, urticaria, and occasionally, thrombocytopenia and chole-
static jaundice. Idiosyncratic reactions include excitement, se-
vere muscular weakness, and syncope without marked hypoten-
sion. 
Acute overdosage is characterised by prolonged deep coma, res-
piratory depression, hypothermia, hypotension, and relative
bradycardia. Pancytopenia and nystagmus have occurred. 
Pulmonary oedema has followed abuse by intravenous injection.
Treatment of Adverse Effects
Treatment is as for barbiturate overdose (see Amobarbital,
p.962). Haemoperfusion may be of value in the treatment of se-
vere poisoning with ethchlorvynol.
Precautions
Ethchlorvynol should be used with caution in patients with he-
patic or renal impairment or with depression, in patients with se-
vere uncontrolled pain, and, as with all sedatives, in those with
impaired respiratory function. It may cause drowsiness; affected
patients should not drive or operate machinery. 
Excessively rapid absorption of ethchlorvynol in some patients
has been reported to produce giddiness and ataxia; this may be
reduced by giving it with food.
Porphyria. Ethchlorvynol has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Interactions
The effect of ethchlorvynol may be enhanced by alcohol, barbit-
urates, and other CNS depressants. Ethchlorvynol has been re-
ported to decrease the effects of coumarin anticoagulants.
Tricyclic antidepressants. Transient delirium has been re-
ported from the use of ethchlorvynol with amitriptyline but de-
tails of such an interaction do not appear to have been published
in the literature.
Pharmacokinetics
Ethchlorvynol is readily absorbed from the gastrointestinal tract,
peak plasma concentrations usually occurring within 2 hours of
ingestion. It is widely distributed in body tissues and is exten-
sively metabolised in the liver, and possibly to some extent in the
kidneys. It has a biphasic plasma half-life with a rapid initial
phase and a terminal phase reported to last from 10 to 20 hours.
Ethchlorvynol is excreted mainly in the urine as metabolites and
their conjugates. Ethchlorvynol crosses the placenta.
Uses and Administration
Ethchlorvynol is a hypnotic and sedative with some anticonvul-
sant and muscle relaxant properties. It is given for the short-term
management of insomnia (p.957) but has been largely supersed-
ed by other drugs. Use for periods greater than one week is not
recommended. The usual oral hypnotic dose is 500 mg at night
but doses ranging from 200 mg to 1 g have been given. Taking
doses with food has been recommended—see Precautions,
above.
Preparations
USP 31: Ethchlorvynol Capsules.

Ethyl Loflazepate (rINN)

CM-6912; Éthyle, Loflazépate d’; Ethylis Loflazepas; Loflazepato
de etilo. Ethyl 7-chloro-5-(2-fluorophenyl)-2,3-dihydro-2-oxo-
1H-1,4-benzodiazepine-3-carboxylate.
Этил Лофлазепат
C18H14ClFN2O3 = 360.8.
CAS — 29177-84-2.
ATC — N05BA18.
ATC Vet — QN05BA18.

Profile
Ethyl loflazepate is a long-acting benzodiazepine derivative with
general properties similar to those of diazepam (p.986). It is used
in the short-term treatment of anxiety disorders (p.952) in usual
oral doses of 1 to 3 mg daily in a single dose or in divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Victan†; Belg.: Victan; Fr.: Victan; Jpn: Meilax; Mex.: Victan; Port.:
Victan; Thai.: Victan.
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Etifoxine Hydrochloride (BANM, rINNM)

Etifoxin Hydrochloride; Étifoxine, Chlorhydrate d’; Etifoxini Hy-
drochloridum; Hidrocloruro de etifoxina; Hoe-36801. 6-Chloro-
4-methyl-4-phenyl-3,1-benzoxazin-2-yl(ethyl)amine hydrochlo-
ride.
Этифоксина Гидрохлорид
C17H17ClN2O,HCl = 337.2.
CAS — 21715-46-8 (etifoxine); 56776-32-0 (etifoxine hy-
drochloride).
ATC — N05BX03.
ATC Vet — QN05BX03.

(etifoxine)

Profile
Etifoxine hydrochloride is an anxiolytic used for the short-term
treatment of anxiety (p.952). It is given in usual oral doses of 150
or 200 mg daily in 2 or 3 divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Stresam.

Etizolam (rINN)

AHR-3219; Étizolam; Etizolamum; Y-7131. 4-(2-Chlorophenyl)-
2-ethyl-9-methyl-6H-thieno[3,2-f]-s-triazolo[4,3-a][1,4]diazepine.
Этизолам
C17H15ClN4S = 342.8.
CAS — 40054-69-1.
ATC — N05BA19.
ATC Vet — QN05BA19.

Pharmacopoeias. In Jpn.
Profile
Etizolam is a short-acting benzodiazepine derivative with gener-
al properties similar to those of diazepam (p.986). It is given for
the short-term treatment of insomnia (p.957) and anxiety disor-
ders (p.952) in oral doses of up to 3 mg daily in divided doses or
as a single dose at night.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Depas; Pasaden; Jpn: Depas.

Febarbamate (rINN)

Fébarbamate; Febarbamato; Febarbamatum; Go-560. 1-(3-Bu-
toxy-2-carbamoyloxypropyl)-5-ethyl-5-phenylbarbituric acid.
Фебарбамат
C20H27N3O6 = 405.4.
CAS — 13246-02-1.
ATC — M03BA05.
ATC Vet — QM03BA05.

Profile
Febarbamate is a barbiturate with general properties similar to
those of amobarbital (p.961). It has been used in the management
of anxiety, insomnia, and alcohol withdrawal symptoms. How-
ever, barbiturates are no longer considered appropriate in the
management of these conditions. 
Tetrabamate, a complex of febarbamate, difebarbamate, and
phenobarbital, has been used similarly but was associated with
the development of hepatitis.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hung.: Atrium†.

Fluanisone (BAN, rINN)

Fluanison; Fluanisona; Fluanisoni; Fluanisonum; Haloanisone; MD-
2028; R-2028; R-2167. 4′-Fluoro-4-[4-(2-methoxyphenyl)piper-
azin-1-yl]butyrophenone.
Флуанизон
C21H25FN2O2 = 356.4.
CAS — 1480-19-9.
ATC — N05AD09.
ATC Vet — QN05AD09.

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Fluanisone). White or almost white to buff-col-
oured, odourless or almost odourless crystals or powder. It exhib-
its polymorphism. M.p. 72° to 76°. Practically insoluble in water;
freely soluble in alcohol, in chloroform, in ether, and in dilute so-
lutions of organic acids. Protect from light.
Profile
Fluanisone is a butyrophenone with general properties similar to
those of haloperidol (p.1000). It has been used in the manage-
ment of agitated states in psychiatric patients and as anaesthetic
premedication. 
Fluanisone is used in veterinary medicine for neuroleptanalgesia.

Fludiazepam (rINN)

Fludiazépam; Fludiazepamum; ID-540. 7-Chloro-5-(2-fluorophe-
nyl)-1,3-dihydro-1-methyl-2H-1,4-benzodiazepin-2-one.
Флудиазепам
C16H12ClFN2O = 302.7.
CAS — 3900-31-0.
ATC — N05BA17.
ATC Vet — QN05BA17.

Pharmacopoeias. In Jpn.
Profile
Fludiazepam is a short-acting benzodiazepine with general prop-
erties similar to those of diazepam (p.986). It has been used in the
short-term treatment of anxiety disorders.

Flunitrazepam (BAN, USAN, rINN)

Flunitratsepaami; Flunitrazépam; Flunitrazepám; Flunitrazepamas;
Flunitrazepamum; Ro-5-4200. 5-(2-Fluorophenyl)-1,3-dihydro-
1-methyl-7-nitro-1,4-benzodiazepin-2-one.
Флунитразепам
C16H12FN3O3 = 313.3.
CAS — 1622-62-4.
ATC — N05CD03.
ATC Vet — QN05CD03.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of flunitrazepam: 
Benzo; Circles; Date rape drug; Forget me drug; Forget pill; For-
get-me pill; Forget-Me-Pill; Getting roached; La Rocha; La Ro-
che; Lunch money drug; Mexican valium; Pingus; R2; R-2; Rey-
nolds; Rib; Rick James Biatch; Roach 2; Roach-2; Roaches;
Roachies; Roapies; Robutal; Rochas dos; Roche; Roches;
Rolpes; Roofie; Roofies; Roopies; Rope; Rophies; Rophy; Rop-
ies; Roples; Ropples; Row-shay; Ruffies; Ruffles; Sedexes;
Wolfies.
Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Flunitrazepam). A white or yellowish crystalline
powder. Practically insoluble in water; slightly soluble in alco-
hol; soluble in acetone. Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Abuse. A WHO review1 concluded that flunitrazepam had a
moderate abuse potential that might be higher than that of other
benzodiazepines. It was reported that there was current evidence
of widespread abuse of flunitrazepam among drug abusers, par-
ticularly among those who used opioids or cocaine. 
Flunitrazepam is tasteless and odourless and has been misused to
incapacitate the victim and produce amnesia in sexual assaults2

and drug-facilitated rape (‘date rape’).3 A 1-mg dose may pro-
duce impairment for 8 to 12 hours.4 Some manufacturers have
incorporated a blue dye into flunitrazepam tablets to increase vis-
ibility when placed into drinks but caution is still necessary as it
has been reported that blue tropical drinks and punches are being
used to overcome this.3
1. WHO expert committee on drug dependence: twenty-ninth re-

port. WHO Tech Rep Ser 856 1995. Available at: http://
libdoc.who.int/trs/WHO_TRS_856.pdf (accessed 21/08/08) 

2. Simmons MM, Cupp MJ. Use and abuse of flunitrazepam. Ann
Pharmacother 1998; 32: 117–19. 

3. National Institute on Drug Abuse. Rohypnol and GHB (issued
May 2006). Available at: http://www.nida.nih.gov/PDF/
Infofacts/Rohypnol06.pdf (accessed 21/08/08) 

4. Smith KM, et al. Club drugs: methylenedioxymethampheta-
mine, flunitrazepam, ketamine hydrochloride, and γ-hydroxybu-
tyrate. Am J Health-Syst Pharm 2002; 59: 1067–76.

Breast feeding. Concentrations in breast milk the morning af-
ter a single evening 2-mg dose of flunitrazepam were considered
to be too low to produce clinical effects in breast-fed infants, al-
though accumulation in the milk might occur after repeated use.1
1. Kanto J, et al. Placental transfer and breast milk levels of fluni-

trazepam. Curr Ther Res 1979;  26: 539–46.

Local reactions. Of 43 patients given a single intravenous dose
of flunitrazepam 1 to 2 mg, two had local thrombosis 7 to 10
days later.1 The incidence was lower than in those given di-
azepam [in solution]. However, there was little difference in the
incidence of local reactions after intravenous use of fluni-
trazepam and diazepam in another study.2
1. Hegarty JE, Dundee JW. Sequelae after the intravenous injection

of three benzodiazepines—diazepam, lorazepam, and fluni-
trazepam. BMJ 1977; 2: 1384–5. 

2. Mikkelsen H, et al. Local reactions after iv injections of di-
azepam, flunitrazepam and isotonic saline. Br J Anaesth 1980;
52: 817–19.

Porphyria. Flunitrazepam has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Flunitrazepam is readily absorbed from the gastroin-
testinal tract. About 77 to 80% is bound to plasma pro-
teins. It is extensively metabolised in the liver and ex-
creted mainly in the urine as metabolites (free or
conjugated). Its principal metabolites are 7-aminoflu-
nitrazepam and N-desmethylflunitrazepam; N-des-
methylflunitrazepam is reported to be pharmacologi-
cally active. The elimination half-life of flunitrazepam

H
N CH3

N

O
H3C

Cl

Cl

N

N
S

N
N

H3C

H3C

N
O

HN
O

O

CH3

O
H2N

O
O

H3C

N

N

OCH3

O

F

NN

O

CH3

F
Cl

F

N

N
OH3C

O2N



Etifoxine Hydrochloride/Flupentixol    997

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

is reported to be between 16 and 35 hours. Fluni-
trazepam crosses the placental barrier and is distributed
into breast milk.
◊ References.
1. Davis PJ, Cook DR. Clinical pharmacokinetics of the newer in-

travenous anaesthetic agents. Clin Pharmacokinet 1986;  11:
18–35. 

2. Pariente-Khayat A, et al. Pharmacokinetics and tolerance of flu-
nitrazepam in neonates and in infants. Clin Pharmacol Ther
1999; 66: 136–9.

Pregnancy. Concentrations of flunitrazepam in umbilical-vein
and umbilical-artery plasma were lower than those in maternal
venous plasma about 11 to 15 hours after a dose of flunitrazepam
1 mg in 14 pregnant women; concentrations in amniotic fluid
were lower still.1
1. Kanto J, et al. Placental transfer and breast milk levels of fluni-

trazepam. Curr Ther Res 1979;  26: 539–46.

Uses and Administration
Flunitrazepam is a short-acting benzodiazepine with
general properties similar to those of diazepam (p.992).
It is used in the short-term management of insomnia
(p.957), as a premedicant in surgical procedures, and
for induction of anaesthesia (p.1780). 
A usual oral dose for insomnia is 0.5 to 1 mg at night;
up to 2 mg may be given if necessary. In elderly or de-
bilitated patients the initial dose should not exceed
0.5 mg at night; up to 1 mg may be given if necessary. 
A dose of 1 to 2 mg (15 to 30 micrograms/kg) has been
given intramuscularly or orally for premedication or
by slow intravenous injection for induction of general
anaesthesia.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nervocuril; Parsimonil†; Primum; Rohypnol; Austral.: Hypnodorm;
Austria: Guttanotte; Rohypnol; Somnubene; Belg.: Rohypnol; Braz.: Ro-
hydorm; Rohypnol; Chile: Ipnopen; Rohypnol†; Cz.: Rohypnol†; Denm.:
Flunipam; Rohypnol†; Ronal; Fr.: Narcozep; Rohypnol; Ger.: Fluni†; Flunibe-
ta; Flunimerck†; Fluninoc; Rohypnol; Gr.: Hipnosedon; Ilman; Neo Nifalium;
Nilium†; Vulbegal; Hong Kong: Absint†; Flunita; Rohypnol; Irl.: Rohypnol;
Israel: Hypnodorm; Ital.: Darkene; Roipnol; Valsera; Mex.: Rohypnol;
Neth.: Rohypnol; Norw.: Flunipam; Rohypnol†; Pol.: Rohypnol; Port.: Ro-
hypnol; Sedex†; S.Afr.: Hypnor†; Insom; Rohypnol; Spain: Rohipnol;
Swed.: Fluscand; Rohypnol†; Switz.: Rohypnol; Thai.: Rohypnol; UK: Ro-
hypnol†.

Flupentixol (BAN, rINN)

Flupenthixol; Flupentiksoli; Flupentixolum; LC-44; N-7009. (Z)-2-
{4-[3-(2-Trifluoromethylthioxanthen-9-ylidene)propyl]piperazin-
1-yl}ethanol.

Флупентиксол
C23H25F3N2OS = 434.5.
CAS — 2709-56-0.
ATC — N05AF01.
ATC Vet — QN05AF01.

Flupentixol Decanoate (BANM, rINNM)

Decanoato de flupentixol; Flupenthixol Decanoate; (Z)-Flupen-
thixol Decanoate; cis-Flupenthixol Decanoate; Flupentiksol
Dekanoat; Flupentixol, Décanoate de; Flupentixoli Decanoas.

Флупентиксола Деканоат
C33H43F3N2O2S = 588.8.
CAS — 30909-51-4.
ATC — N05AF01.
ATC Vet — QN05AF01.

Pharmacopoeias. In Br. 
BP 2008 (Flupentixol Decanoate). A yellow viscous oil. Very
slightly soluble in water; soluble in alcohol; freely soluble in
chloroform and in ether. Store at a temperature below −15° and
protect from light.

Flupentixol Hydrochloride (BANM, rINNM)

Flupenthixol Dihydrochloride; Flupenthixol Hydrochloride; Flu-
pentiksol Dihidroklorür; Flupentiksolidihydrokloridi; Flupentikso-
lio dihidrochloridas; Flupentixol, Chlorhydrate de; Flupentixol,
dichlorhydrate de; Flupentixol-dihidroklorid; Flupentixol-dihy-
drochlorid; Flupentixoldihydroklorid; Flupentixoli dihydrochlori-
dum; Flupentixoli Hydrochloridum; Hidrocloruro de flupentixol.

Флупентиксола Гидрохлорид

C23H25F3N2OS,2HCl = 507.4.
CAS — 2413-38-9.
ATC — N05AF01.
ATC Vet — QN05AF01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Flupentixol Dihydrochloride; Flupentixol Hydro-
chloride BP 2008). A white or almost white powder. Very soluble
in water; soluble in alcohol; practically insoluble in dichlo-
romethane. A 1% solution in water has a pH of 2.0 to 3.0. Protect
from light.

Stability. References.
1. Enever RP, et al. Flupenthixol dihydrochloride decomposition in

aqueous solution. J Pharm Sci 1979; 68: 169–71. 
2. Li Wan Po A, Irwin WJ. The photochemical stability of cis- and

trans-isomers of tricyclic neuroleptic drugs. J Pharm Pharmacol
1980; 32: 25–9.

Adverse Effects and Treatment
As for Chlorpromazine, p.969. Flupentixol is less like-
ly to cause sedation, but extrapyramidal effects are
more frequent.
Sudden death. There has been a report of sudden death in 3
patients given depot injections of flupentixol decanoate.1

1. Turbott J, Smeeton WMI. Sudden death and flupenthixol de-
canoate. Aust N Z J Psychiatry 1984; 18: 91–4.

Precautions
As for Chlorpromazine, p.972. Flupentixol is not rec-
ommended in states of excitement or overactivity, in-
cluding mania.
Porphyria. Flupentixol is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Flupentixol is readily absorbed from the gastrointesti-
nal tract and is probably subject to first-pass metabo-
lism in the gut wall. It is also extensively metabolised
in the liver and is excreted in the urine and faeces in the
form of numerous metabolites; there is evidence of en-
terohepatic recycling. Owing to the first-pass effect,
plasma concentrations after oral doses are much lower
than those after estimated equivalent doses of the intra-
muscular depot preparation. Moreover, there is very
wide intersubject variation in plasma concentrations of
flupentixol, but, in practice, no simple correlation has
been found between the therapeutic effect and plasma
concentrations of flupentixol and its metabolites. After
oral doses, peak plasma concentrations occur in about
4 hours and the biological half-life is about 35 hours.
Paths of metabolism of flupentixol include sulfoxida-
tion, side-chain N-dealkylation, and glucuronic acid
conjugation. Flupentixol is more than 95% bound to
plasma proteins. It is widely distributed in the body and
crosses the blood-brain barrier. Flupentixol crosses the
placental barrier and small amounts have been detected
in breast milk. 
The decanoate ester of flupentixol is very slowly ab-
sorbed from the site of intramuscular injection and is
therefore suitable for depot injection. It is gradually re-
leased into the bloodstream where it is rapidly hydro-
lysed to flupentixol.

Uses and Administration
Flupentixol is a thioxanthene antipsychotic with gener-
al properties similar to those of the phenothiazine,
chlorpromazine (p.975). It has a piperazine side-chain.
Flupentixol is used mainly in the treatment of schizo-

phrenia (p.955) and other psychoses. Unlike chlorpro-
mazine, an activating effect has been ascribed to flu-
pentixol, and it is not indicated in overactive or manic
patients. Flupentixol has also been used for its antide-
pressant properties. 

Flupentixol is given orally as the hydrochloride al-
though doses are expressed in terms of the base; flu-
pentixol hydrochloride 3.5 mg is equivalent to about
3 mg of flupentixol. Flupentixol is also given as the
longer-acting decanoate ester by deep intramuscular
injection. The long-acting preparation available in the
UK contains flupentixol decanoate as the cis(Z)-iso-
mer (see Action, below) and doses are expressed in
terms of the amount of cis(Z)-flupentixol decanoate. 

The usual initial oral dose for the treatment of psycho-
ses is the equivalent of 3 to 9 mg of flupentixol twice
daily adjusted according to response; the maximum
recommended daily dose is 18 mg. The initial dose in
elderly and debilitated patients may need to be reduced
to a quarter or a half of the usual starting dose. If given
by deep intramuscular injection, an initial test dose of
20 mg of the decanoate, as 1 mL of a 2% oily solution,
is used. Then after at least 7 days and according to re-
sponse, this may be followed by doses of 20 to 40 mg
every 2 to 4 weeks. Shorter dosage intervals or greater
amounts may be required according to the patient’s re-
sponse. The initial dose in elderly and debilitated pa-
tients may need to be reduced to a quarter or a half of
the usual starting dose. If doses greater than 40 mg
(2 mL) are considered necessary they should be divid-
ed between 2 separate injection sites. Another means
of reducing the volume of fluid to be injected in pa-
tients requiring high-dose therapy with flupentixol de-
canoate is to give an injection containing 100 or
200 mg/mL of the decanoate (10 or 20%). The usual
maintenance dose is between 50 mg every 4 weeks and
300 mg every 2 weeks but doses of up to 400 mg
weekly have been given in severe or resistant cases. 

Flupentixol has also been given as the hydrochloride
for the treatment of mild to moderate depression, with
or without anxiety (p.373). The usual initial oral dose,
expressed in terms of the equivalent amount of flupen-
tixol, is 1 mg (0.5 mg in the elderly) daily, increased
after 1 week to 2 mg (1 mg in the elderly) and then to a
maximum of 3 mg (2 mg in the elderly) daily. Doses
above 2 mg (1 mg in the elderly) should be given in 2
divided doses. The last dose of the day should be given
no later than 4 p.m. and if no effect has been noted
within 1 week of reaching the maximum dose, treat-
ment should be withdrawn.

Action. Patients with acute schizophrenic illnesses taking α-flu-
pentixol [(Z)-flupentixol or cis-flupentixol] improved more after
3 weeks than patients who were taking equal doses of β-flupen-
tixol [(E)-flupentixol or trans-flupentixol] or a placebo.1 The α-
isomer had more effect on the positive symptoms of the disease;
this difference was less apparent for the negative symptoms. The
difference in activity between the isomers was attributed to the
greater dopamine-receptor blocking activity of the α-isomer
rather than to differences in distribution.2

1. Johnstone EC, et al. Mechanism of the antipsychotic effect in the
treatment of acute schizophrenia. Lancet 1978; i: 848–51. 

2. Crow TJ, Johnstone EC. Mechanism of action of neuroleptic
drugs. Lancet 1978; i: 1050.

Preparations

BP 2008: Flupentixol Injection.

Proprietary Preparations (details are given in Part 3)

Austral.: Fluanxol; Austria: Fluanxol; Belg.: Fluanxol; Canad.: Fluanxol;
Chile: Fluanxol; Cz.: Fluanxol; Denm.: Fluanxol; Fin.: Fluanxol; Fr.: Fluanx-
ol; Ger.: Fluanxol; Flupendura; Hong Kong: Fluanxol; Hung.: Fluanxol; In-
dia: Fluanxol; Irl.: Depixol; Fluanxol; Israel: Fluanxol; Malaysia: Fluanxol;
Mex.: Fluanxol; Neth.: Fluanxol; Norw.: Fluanxol; NZ: Fluanxol; Psytixol†;
Philipp.: Fluanxol; Pol.: Fluanxol; Port.: Fluanxol; Rus.: Fluanxol
(Флюанксол); S.Afr.: Fluanxol; Singapore: Fluanxol; Swed.: Fluanxol;
Switz.: Fluanxol; Thai.: Fluanxol; Turk.: Fluanxol; UK: Depixol; Fluanxol.

Multi-ingredient: Austria: Deanxit; Belg.: Deanxit; Hong Kong: An-
free; Deanxit; Ital.: Deanxit†; Singapore: Deanxit; Spain: Deanxit;
Switz.: Deanxit; Thai.: Deanxit.
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Fluphenazine (BAN, rINN)

Flufenatsiini; Flufenazin; Flufenazina; Fluphénazine; Fluphenazi-
num. 2-{4-[3-(2-Trifluoromethylphenothiazin-10-yl)propyl]piper-
azin-1-yl}ethanol.
Флуфеназин
C22H26F3N3OS = 437.5.
CAS — 69-23-8.
ATC — N05AB02.
ATC Vet — QN05AB02.

Fluphenazine Decanoate (BANM, rINNM)

Decanoato de flufenazina; Flufenatsiinidekanoaatti; Flufenazin
Dekanoat; Flufenazindekanoat; Flufenazin-dekanoát; Flufenazine-
dekanoát; Flufenazino dekanoatas; Fluphénazine, décanoate de;
Fluphenazini decanoas.
Флуфеназина Деканоат
C32H44F3N3O2S = 591.8.
CAS — 5002-47-1.
ATC — N05AB02.
ATC Vet — QN05AB02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Fluphenazine Decanoate). A pale yellow viscous
liquid or a yellow solid. Practically insoluble in water; very sol-
uble in dehydrated alcohol and in dichloromethane; freely solu-
ble in methyl alcohol. Protect from light. 
USP 31 (Fluphenazine Decanoate). Store in airtight containers.
Protect from light.

Fluphenazine Enantate (BANM, rINNM)

Enantato de flufenazina; Flufenatsiinienantaatti; Flufenazinenantat;
Flufenazin-enantát; Flufenazino enantatas; Fluphénazine, enantate
de; Fluphenazine Enanthate; Fluphenazine Heptanoate; Fluphen-
azini enantas.
Флуфеназина Энантат
C29H38F3N3O2S = 549.7.
CAS — 2746-81-8.
ATC — N05AB02.
ATC Vet — QN05AB02.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Fluphenazine Enantate). A pale yellow viscous liq-
uid or a yellow solid. Practically insoluble in water; very soluble
in dehydrated alcohol and in dichloromethane; freely soluble in
methyl alcohol. Protect from light. 
USP 31 (Fluphenazine Enanthate). A pale yellow to yellow-
orange, clear to slightly turbid, viscous liquid having a character-
istic odour. Insoluble in water; soluble 1 in less than 1 of alcohol
and of chloroform and 1 in 2 of ether. Stable in air at room tem-
perature but unstable in strong light. Store in airtight containers.
Protect from light.

Fluphenazine Hydrochloride (BANM, rINNM)

Flufenatsiinihydrokloridi; Flufenazin-dihydrochlorid; Flufenazin-
hidroklorid; Flufenazinhydroklorid; Flufenazino hidrochloridas;
Flufenazyny chlorowodorek; Fluphénazine, chlorhydrate de; Flu-
phenazine Dihydrochloride; Fluphenazini Dihydrochloridum; Flu-
phenazini hydrochloridum; Hidrocloruro de flufenazina.
Флуфеназина Гидрохлорид
C22H26F3N3OS,2HCl = 510.4.
CAS — 146-56-5.
ATC — N05AB02.
ATC Vet — QN05AB02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Fluphenazine Dihydrochloride). A white or almost
white, crystalline powder. Freely soluble in water; slightly solu-
ble in alcohol and in dichloromethane. A 5% solution in water
has a pH of 1.9 to 2.4. Protect from light. 
USP 31 (Fluphenazine Hydrochloride). A white or nearly white,
odourless crystalline powder. Soluble 1 in 1.4 of water and 1 in
6.7 of alcohol; slightly soluble in acetone and in chloroform;
practically insoluble in ether and in benzene. Store in airtight
containers. Protect from light.

Adverse Effects and Treatment
As for Chlorpromazine, p.969. Fluphenazine is less
likely to cause sedation, hypotension, or antimuscarin-
ic effects but is associated with a higher incidence of
extrapyramidal effects.

Convulsions. For mention of fluphenazine as one of the anti-
psychotics suitable for patients at risk of seizures, see p.969.
Effects on the liver. A patient developed jaundice 17 days after
the first of 3 injections of a depot antipsychotic containing flu-
phenazine decanoate given over a 2-week period.1 The patient
developed indicators of severe liver toxicity, with extreme hyper-
bilirubinaemia and raised liver enzyme values, and remained
very ill for the next 4 months. The patient showed cross-sensitiv-
ity to haloperidol but not to flupentixol. 
See also under Chlorpromazine, p.971.
1. Kennedy P. Liver cross-sensitivity to antipsychotic drugs. Br J

Psychiatry 1983; 143: 312.

Overdosage. A patient who took about 30 fluphenazine hydro-
chloride 2.5-mg tablets was treated with gastric lavage.1 Twenty
hours after hospital admission he had difficulty in breathing due
to spasm of the respiratory muscles; other very severe extrapy-
ramidal adverse effects were also present. Muscle spasm was
controlled by diazepam. 
There were few adverse effects in a patient given intramuscular
fluphenazine decanoate 50 mg every 4 hours, instead of the in-
tended 4 weeks, to a total of 1050 mg.2 About 3 weeks after the
period of overdosage the patient had some degree of hypother-
mia and tachycardia, and after a further week parkinsonian signs
appeared. No specific treatment was given.
1. Ladhani FM. Severe extrapyramidal manifestations following

fluphenazine overdose. Med J Aust 1974; 2: 26. 
2. Cheung HK, Yu ECS. Effect of 1050 mg fluphenazine decanoate

given intramuscularly over six days. BMJ 1983; 286: 1016–17.

Precautions
As for Chlorpromazine, p.972. Fluphenazine may ex-
acerbate depression and therefore it is contra-indicated
in severely depressed patients.
Pregnancy. A neonate delivered to a mother who had received
fluphenazine hydrochloride 10 to 20 mg daily throughout preg-
nancy had nasal congestion with severe rhinorrhoea, respiratory
distress, vomiting, and extrapyramidal symptoms. Respiratory
symptoms appeared to respond to pseudoephedrine.
1. Nath SP, et al. Severe rhinorrhea and respiratory distress in a

neonate exposed to fluphenazine hydrochloride prenatally. Ann
Pharmacother 1996; 30: 35–7.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Fluphenazine hydrochloride is absorbed after oral dos-
es, and has a reported plasma half-life of 14.7 hours
after oral doses. Fluphenazine decanoate and fluphen-
azine enantate are very slowly absorbed from the site
of subcutaneous or intramuscular injection. They both
gradually release fluphenazine into the body and are
therefore suitable for use as depot injections. The plas-
ma half-life of fluphenazine decanoate has been report-
ed to be 6 to 9 days after intramuscular injection.
◊ References1-4 to the pharmacokinetics of fluphenazine. 
The plasma half-life of fluphenazine after a single dose was 14.7
hours in 1 patient given the hydrochloride orally and 14.9 and
15.3 hours in 2 patients given the hydrochloride by intramuscular
injection.1 The half-life was 3.6 and 3.7 days in 2 patients given
the enantate intramuscularly and 9.6 and 6.8 days in 2 patients
given the decanoate intramuscularly. Peak plasma-fluphenazine
concentrations occurred earlier in patients given fluphenazine
decanoate compared with those who received the enantate. Flu-
phenazine sulfoxide and 7-hydroxyfluphenazine were identified
in the urine and faeces.
1. Curry SH, et al. Kinetics of fluphenazine after fluphenazine di-

hydrochloride, enanthate and decanoate administration to man.
Br J Clin Pharmacol 1979; 7: 325–31. 

2. Wistedt B, et al. Slow decline of plasma drug and prolactin levels
after discontinuation of chronic treatment with depot neurolep-
tics. Lancet 1981; i: 1163. 

3. Midha KK, et al. Kinetics of oral fluphenazine disposition in hu-
mans by GC-MS. Eur J Clin Pharmacol 1983; 25: 709–11. 

4. Marder SR, et al. Plasma levels of parent drug and metabolites
in patients receiving oral and depot fluphenazine. Psychophar-
macol Bull 1989; 25: 479–82.

Uses and Administration
Fluphenazine is a phenothiazine with general proper-
ties similar to those of chlorpromazine (p.975). It has a
piperazine side-chain. Fluphenazine is used in the
treatment of psychiatric disorders including schizo-
phrenia (p.955), mania (see Bipolar Disorder, p.372),
severe anxiety (p.952), and behavioural disturbances
(p.954). Fluphenazine is given as the hydrochloride by
mouth or sometimes by intramuscular injection; for
both routes, doses are expressed in terms of fluphena-
zine hydrochloride. The longer-acting decanoate or
enantate esters of fluphenazine are given by intramus-

cular or sometimes subcutaneous injection; for both es-
ters, doses are expressed in terms of the ester. 
The usual initial oral dose of the hydrochloride for the
treatment of schizophrenia, mania, and other psycho-
ses is 2.5 to 10 mg daily in two or three divided doses;
the dose is then increased according to response up to
a usual maximum of 20 mg daily, although higher dos-
es have occasionally been given. Dosage may subse-
quently be reduced to a usual maintenance dose of 1 to
5 mg daily. A lower initial dose of 1 to 2.5 mg daily,
increased according to response up to a maximum of
10 mg daily, is recommended in the elderly. Treatment
is sometimes started with an initial intramuscular in-
jection of 1.25 mg of the hydrochloride adjusted there-
after according to response. The usual initial intramus-
cular daily dose is 2.5 to 10 mg given in divided doses
every 6 to 8 hours. In general the required parenteral
doses of fluphenazine hydrochloride have been found
to be about one-third to one-half of those given orally.
When symptoms are controlled, oral maintenance ther-
apy may be substituted. 
The long-acting decanoate or enantate esters of flu-
phenazine are usually given by deep intramuscular in-
jection and are used mainly for the maintenance treat-
ment of patients with schizophrenia or other chronic
psychoses. The onset of action is usually within 1 to 3
days of injection and significant effects on psychosis
are usually evident within 2 to 4 days. An initial dose
of fluphenazine decanoate 12.5 mg (6.25 mg in the
elderly) is given intramuscularly. Subsequent adjust-
ments in the amounts and the dosage interval should be
made according to the patient’s response; the amounts
required may range from 12.5 to 100 mg and the inter-
vals required may range from 2 weeks to 5 or 6 weeks.
Lower doses may be possible in some patients (see
Schizophrenia, below). If doses greater than 50 mg are
considered necessary, cautious increments should be
made in steps of 12.5 mg. The enantate ester of flu-
phenazine has been given in a similar dose range at in-
tervals of 1 to 3 weeks. 
Fluphenazine hydrochloride has also been given orally
in initial doses of 1 mg twice daily, increased if neces-
sary to 2 mg twice daily, for the short-term adjunctive
management of severe anxiety or behavioural distur-
bances.
Schizophrenia. References1-3 to fluphenazine decanoate in
schizophrenia (p.955) indicating that low doses (10 mg or less
every 2 weeks) may be effective in some patients. Use of stand-
ard doses at greater intervals (6 weeks) has also been tried.4 A
systematic review of the use of depot fluphenazine in schizo-
phrenia found little advantage over oral use in terms of compli-
ance.5 Another systematic review6 considered that although oral
fluphenazine is inexpensive and widely available, other drugs
may be preferable because of its adverse effects.
1. Kane JM, et al. Low-dose neuroleptic treatment of outpatient

schizophrenics: I preliminary results for relapse rates. Arch Gen
Psychiatry 1983; 40: 893–6. 

2. Marder SR, et al. Low- and conventional-dose maintenance ther-
apy with fluphenazine decanoate: two-year outcome. Arch Gen
Psychiatry 1987; 44: 581–21. 

3. Hogarty GE, et al. Dose of fluphenazine, familial expressed
emotion, and outcome in schizophrenia: results of a two-year
controlled study. Arch Gen Psychiatry 1988; 45: 797–805. 

4. Carpenter WT, et al. Comparative effectiveness of fluphenazine
decanoate injections every 2 weeks versus every 6 weeks. Am J
Psychiatry 1999; 156: 412–18. 

5. David A, et al. Depot fluphenazine decanoate and enanthate for
schizophrenia. Available in The Cochrane Database of System-
atic Reviews; Issue 2. Chichester: John Wiley; 2004 (accessed
14/04/05). 

6. Matar HE, AlMerie MQ. Oral fluphenazine versus placebo for
schizophrenia. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2007 (accessed
18/03/08).

Tourette’s syndrome. Fluphenazine has been tried1 as an al-
ternative to standard dopamine antagonists such as haloperidol
or pimozide in the symptomatic management of Tourette’s syn-
drome (p.954).
1. Singer HS, et al. Haloperidol, fluphenazine and clonidine in

tourette syndrome: controversies in treatment. Pediatr Neurosci
1985–86; 12: 71–4.

Preparations
BP 2008: Fluphenazine Decanoate Injection; Fluphenazine Tablets; 
USP 31: Fluphenazine Decanoate Injection; Fluphenazine Enanthate Injec-
tion; Fluphenazine Hydrochloride Elixir ; Fluphenazine Hydrochloride Injec-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tion; Fluphenazine Hydrochloride Oral Solution; Fluphenazine Hydrochlo-
ride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Anatensol†; Modecate; Austria: Dapotum; Belg.: Sevinol†;
Braz.: Flufenan; Canad.: Modecate; Moditen†; Chile: Modecate; Cz.:
Moditen; Denm.: Pacinol†; Siqualone; Fin.: Pacinol†; Siqualone; Fr.: Mo-
decate; Moditen; Ger.: Dapotum; Lyogen; Lyorodin; Omca; Hong Kong:
Modecate; Hung.: Moditen; India: Anatensol; Fludecan; Indon.: Anaten-
sol; Modecate; Irl.: Modecate; Israel: Fludecate; Ital.: Anatensol; Moditen;
Malaysia: Deca; Mex.: Siqualine; Neth.: Anatensol; Moditen; Norw.: Si-
qualone; NZ: Anatensol; Modecate; Philipp.: Modezine; Shrizine; Sy-
depres; Port.: Anatensol; Cenilene†; Phenazin; Rus.: Moditen (Модитен);
S.Afr.: Fludecate; Modecate; Singapore: Modecate; Spain: Modecate;
Swed.: Pacinol†; Siqualone; Switz.: Dapotum; Thai.: Deca; Fluzine†; Phar-
nazine; Phenazine†; Potensone†; Turk.: Prolixin; UK: Modecate; Moditen†;
USA: Prolixin†; Venez.: Moditen.

Multi-ingredient: Braz.: Diserim; Chile: Motitrel; Indon.: Motival; Irl.:
Motival; Ital.: Dominans; Mex.: Motival; S.Afr.: Motival; Thai.: Cetavol;
UK: Motival†.

Flurazepam (BAN, rINN)

Fluratsepaami; Flurazépam; Flurazepamum. 7-Chloro-1-(2-di-
ethylaminoethyl)-5-(2-fluorophenyl)-1,3-dihydro-1,4-benzodi-
azepin-2-one.
Флуразепам
C21H23ClFN3O = 387.9.
CAS — 17617-23-1.
ATC — N05CD01.
ATC Vet — QN05CD01.

Pharmacopoeias. In Jpn.

Flurazepam Monohydrochloride (BANM, rINNM)

Fluratsepaamimonohydrokloridi; Flurazepam hydrochlorid; Flu-
razépam, monochlorhydrate de; Flurazepami Hydrochloridum;
Flurazepami monohydrochloridum; Flurazepám-monohidroklor-
id; Flurazepammonohydroklorid; Flurazepamo monohidrochlori-
das; Monochidrocloruro de flurazepam.
Флуразепама Моногидрохлорид
C21H23ClFN3O,HCl = 424.3.
CAS — 36105-20-1.
ATC — N05CD01.
ATC Vet — QN05CD01.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Flurazepam Monohydrochloride). A white or al-
most white crystalline powder. Very soluble in water; freely sol-
uble in alcohol. A 5% solution in water has a pH of 5.0 to 6.0.
Protect from light.

Flurazepam Dihydrochloride (BANM, rINNM)

Dihidrocloruro de flurazepam; Flurazépam, Dichlorhydrate de;
Flurazepam Hydrochloride (USAN); Flurazepami Dihydrochlori-
dum; NSC-78559; Ro-5-6901.

Флуразепама Дигидрохлорид
C21H23ClFN3O,2HCl = 460.8.
CAS — 1172-18-5.
ATC — N05CD01.
ATC Vet — QN05CD01.

Pharmacopoeias. In Chin. and US. 
USP 31 (Flurazepam Hydrochloride). An off-white to yellow
crystalline powder. Is odourless or has a slight odour. Soluble 1
in 2 of water, 1 in 4 of alcohol, 1 in 90 of chloroform, 1 in 3 of
methyl alcohol, 1 in 69 of isopropyl alcohol, 1 in 5000 of ether
and of petroleum spirit, and 1 in 2500 of benzene. A solution in
water is acid to litmus. Store in airtight containers. Protect from
light.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.

Effects on the liver. Reports of cholestatic jaundice after the
use of flurazepam.1,2

1. Fang MH, et al. Cholestatic jaundice associated with flurazepam
hydrochloride. Ann Intern Med 1978;  89: 363–4. 

2. Reynolds R, et al. Cholestatic jaundice induced by flurazepam
hydrochloride. Can Med Assoc J 1981; 124: 893–4.

Effects on taste. Flurazepam had been reported to cause dys-
geusia.1

1. Willoughby JMT. Drug-induced abnormalities of taste sensation.
Adverse Drug React Bull 1983 (June): 368–71.

Porphyria. Flurazepam has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Renal impairment. Five patients on maintenance haemodialy-
sis developed encephalopathy attributed to flurazepam and di-
azepam.1

1. Taclob L, Needle M. Drug-induced encephalopathy in patients
on maintenance haemodialysis. Lancet 1976; ii: 704–5.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Flurazepam is readily absorbed from the gastrointesti-
nal tract. It undergoes extensive first-pass metabolism
and is excreted in the urine, chiefly as conjugated me-
tabolites. The major active metabolite is N-desalkylflu-
razepam, which is reported to have a half-life ranging
from 47 to 100 hours or more.

Metabolism. The metabolism of flurazepam was studied in 4
healthy male subjects given 30 mg daily for 2 weeks.1 A hydroxy-
ethyl metabolite was present in the blood shortly after a dose.
The N-desalkyl metabolite, the major metabolite in the blood,
had a half-life ranging from 47 to 100 hours. Steady-state con-
centrations were reached after 7 to 10 days and were about 5 to 6
times greater than those observed on day 1. Results from a study
in 3 patients indicated that some metabolism of flurazepam may
occur in the small bowel mucosa.2

1. Kaplan SA, et al. Blood level profile in man following chronic
oral administration of flurazepam hydrochloride. J Pharm Sci
1973; 62: 1932–5. 

2. Mahon WA, et al. Metabolism of flurazepam by the small intes-
tine. Clin Pharmacol Ther 1977; 22: 228–33.

Uses and Administration
Flurazepam is a long-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). It
is used as a hypnotic in the short-term management of
insomnia (p.957). In the USA flurazepam is given as
the dihydrochloride and doses are expressed in terms
of this salt. Flurazepam dihydrochloride 30 mg is
equivalent to about 25.3 mg of flurazepam. Doses of
15 to 30 mg orally at night are given. In the UK flu-
razepam is given as the monohydrochloride although
doses are expressed in terms of the base; flurazepam
monohydrochloride 32.8 mg is equivalent to about
30 mg of flurazepam. Doses equivalent to 15 to 30 mg
of flurazepam at night are given. A maximum initial
dose of 15 mg has been suggested in the UK and the
USA for elderly or debilitated patients.

Preparations
BP 2008: Flurazepam Capsules; 
USP 31: Flurazepam Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Fordrim†; Austria: Staurodorm; Belg.: Staurodorm; Braz.: Dalma-
dorm; Canad.: Dalmane†; Ger.: Dalmadorm; Staurodorm Neu; Hong
Kong: Dalmadorm; India: Fluraz; Indon.: Dalmadorm; Irl.: Dalmane; Ital.:
Dalmadorm; Felison; Flunox; Remdue; Valdorm; Neth.: Dalmadorm; Port.:
Dalmadorm; Morfex; S.Afr.: Dalmadorm; Singapore: Dalmadorm; Spain:
Dormodor; Switz.: Dalmadorm; Thai.: Dalmadorm; UK: Dalmane; USA:
Dalmane†; Venez.: Fluralema.

Fluspirilene (BAN, USAN, rINN)

Fluspirileeni; Fluspirilen; Fluspirilenas; Fluspirilène; Fluspirileno;
Fluspirilenum; McN-JR-6218; R-6218. 8-[4,4-Bis(4-fluorophe-
nyl)butyl]-1-phenyl-1,3,8-triazaspiro[4.5]decan-4-one.

Флуспирилен

C29H31F2N3O = 475.6.
CAS — 1841-19-6.
ATC — N05AG01.
ATC Vet — QN05AG01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Fluspirilene). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; slightly
soluble in alcohol; soluble in dichloromethane. Protect from
light.
Profile
Fluspirilene is a diphenylbutylpiperidine antipsychotic and has
general properties similar to those of the phenothiazine, chlor-
promazine (p.969). It is less likely to cause sedation. Fluspirilene
has been given by deep intramuscular injection for the treatment
of psychoses including schizophrenia (p.955). A usual initial
dose is up to 2 mg weekly by deep intramuscular injection, in-
creased according to response. Usual maintenance doses have
ranged from 1 to 10 mg weekly although higher doses have been
used in exceptional cases.
Adverse effects. References.
1. McCreadie RG, et al. Probable toxic necrosis after prolonged

fluspirilene administration. BMJ 1979; 1: 523–4.

Schizophrenia. A systematic review1 found that evidence to
support the use of depot fluspirilene over oral chlorpromazine or
other depot antipsychotics in the treatment of schizophrenia was
lacking.
1. Abhijnhan A, et al. Depot fluspirilene for schizophrenia. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2007 (accessed 18/03/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Imap; Belg.: Imap; Cz.: Imap†; Ger.: Fluspi; Imap; kivat†; Irl.: Redep-
tin†; Neth.: Imap.

Gepirone Hydrochloride (USAN, rINNM)

BMY-13805-1; Gépirone, Chlorhydrate de; Gepironi Hydrochlo-
ridum; Hidrocloruro de gepirona; MJ-13805-1; Org-33062
(gepirone). 3,3-Dimethyl-N-{4-[4-(2-pyrimidinyl)-1-piperazi-
nyl]butyl}glutarimide hydrochloride.
Гепирона Гидрохлорид
C19H29N5O2,HCl = 395.9.
CAS — 83928-76-1 (gepirone); 83928-66-9 (gepirone hy-
drochlor ide).
ATC — N06AX19.
ATC Vet — QN06AX19.

(gepirone)

Profile
Gepirone is structurally related to buspirone (p.965). It has been
investigated as the hydrochloride for the treatment of depression
and anxiety disorders.
Action. Gepirone is a partial agonist at serotonin (hydroxytryp-
tamine, 5-HT) receptors of the 5-HT1A subtype. For reference to
the actions and potential uses of such drugs, see Buspirone,
p.966. 
References.
1. Feiger AD. A double-blind comparison of gepirone extended re-

lease, imipramine, and placebo in the treatment of outpatient ma-
jor depression. Psychopharmacol Bull 1996; 32: 659–65. 

2. Rickels K, et al. Gepirone and diazepam in generalized anxiety
disorder: a placebo-controlled trial. J Clin Psychopharmacol
1997; 17: 272–7. 

3. Dogterom PP, et al. Pharmacokinetics of gepirone (Org 33062)
in subjects with normal renal function and in patients with chron-
ic renal dysfunction. Clin Pharmacol Ther 2002; 71: P95. 

4. Feiger AD, et al. Gepirone extended-release: new evidence for
efficacy in the treatment of major depressive disorder. J Clin
Psychiatry 2003; 64: 243–9. 

5. Robinson DS, et al. A review of the efficacy and tolerability of
immediate-release and extended-release formulations of
gepirone. Clin Ther 2003; 25: 1618–33. 
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6. Timmer CJ, Sitsen JM. Pharmacokinetic evaluation of gepirone

immediate-release capsules and gepirone extended-release tab-
lets in healthy volunteers. J Pharm Sci 2003; 92: 1773–8. 

7. Amsterdam JD, et al. Sustained efficacy of gepirone-IR in major
depressive disorder: a double-blind placebo substitution trial. J
Psychiatr Res 2004; 38: 259–65. 

8. Alpert JE, et al. Gepirone extended-release treatment of anxious
depression: evidence from a retrospective subgroup analysis in
patients with major depressive disorder. J Clin Psychiatry 2004;
65: 1069–75. 

9. Keller MB, et al. Relapse prevention with gepirone ER in outpa-
tients with major depression. J Clin Psychopharmacol 2005; 25:
79–84.

Glutethimide (BAN, rINN)

Glutéthimide; Glutethimidum; Glutetimid; Glutetimida; Glutetim-
ide; Glutetimidi. 2-Ethyl-2-phenylglutarimide; 3-Ethyl-3-phenyl-
piperidine-2,6-dione.

Глутетимид

C13H15NO2 = 217.3.
CAS — 77-21-4.
ATC — N05CE01.
ATC Vet — QN05CE01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of glutethimide: 
CIBAs; D; Doors; Goofers.

Profile
Glutethimide is a piperidinedione hypnotic and sedative with ef-
fects broadly similar to those of the barbiturates (see Amobarbi-
tal, p.961). It also has antimuscarinic properties. It has been given
for the short-term management of insomnia but it has been super-
seded by other drugs.

Abuse. A warning of the hazards associated with the abuse of
glutethimide in a combination with codeine termed ‘loads’.1

1. Sramek JJ, Khajawall A. "Loads". N Engl J Med 1981;  305: 231.

Porphyria. Glutethimide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hung.: Tardyl†.

Halazepam (BAN, USAN, rINN)

Halatsepaami; Halazépam; Halazepamum; Sch-12041. 7-Chloro-
1,3-dihydro-5-phenyl-1-(2,2,2-trifluoroethyl)-1,4-benzodiazepin-
2-one.

Галазепам

C17H12ClF3N2O = 352.7.
CAS — 23092-17-3.
ATC — N05BA13.
ATC Vet — QN05BA13.

Profile
Halazepam is a benzodiazepine with general properties similar to
those of diazepam (p.986). It has been given for the short-term
treatment of anxiety disorders (p.952) in usual oral doses of 20 to
40 mg every 6 to 8 hours.

Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Pacinone; Spain: Alapryl.

Haloperidol (BAN, USAN, rINN)

Aloperidolo; Halopéridol; Haloperidoli; Haloperidolis; Haloperi-
dolum; McN-JR-1625; R-1625. 4-[4-(4-Chlorophenyl)-4-hydrox-
ypiperidino]-4′-fluorobutyrophenone.
Галоперидол
C21H23ClFNO2 = 375.9.
CAS — 52-86-8.
ATC — N05AD01.
ATC Vet — QN05AD01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Haloperidol). A white or almost white powder.
Practically insoluble in water; slightly soluble in alcohol, in
dichloromethane, and in methyl alcohol. Protect from light. 
USP 31 (Haloperidol). A white to faintly yellowish amorphous
or microcrystalline powder. Practically insoluble in water; solu-
ble 1 in 60 of alcohol, 1 in 15 of chloroform, and 1 in 200 of ether.
A saturated solution is neutral to litmus. Store in airtight contain-
ers. Protect from light.
Dilution. See Incompatibility, below.
Incompatibility. A precipitate formed after dilution of ha-
loperidol (as the lactate) in sodium chloride 0.9% injection when
the final haloperidol concentration was 1 mg/mL or higher.1 
Undiluted haloperidol (5 mg/mL) injection has been reported to
be incompatible with heparin sodium (diluted in sodium chloride
0.9% or glucose 5% injection),2 sodium nitroprusside (diluted in
glucose 5%),1 cefmetazole sodium,3 and diphenhydramine.4 A
mixture of equal volumes of sargramostim 10 micrograms/mL
and haloperidol (as the lactate) 200 micrograms/mL resulted in a
precipitate at 4 hours.5
1. Outman WR, Monolakis J. Visual compatibility of haloperidol

lactate with 0.9% sodium chloride injection or injectable critical-
care drugs during simulated Y-site injection. Am J Hosp Pharm
1991; 48: 1539–41. 

2. Solomon DA, Nasinnyk KK. Compatibility of haloperidol lac-
tate and heparin sodium. Am J Hosp Pharm 1982; 39: 843–4. 

3. Hutchings SR, et al. Compatibility of cefmetazole sodium with
commonly used drugs during Y-site delivery. Am J Health-Syst
Pharm 1996; 53: 2185–8. 

4. Ukhun IA. Compatibility of haloperidol and diphenhydramine in
a hypodermic syringe. Ann Pharmacother 1995; 29: 1168–9. 

5. Trissel LA, et al. Visual compatibility of sargramostim with se-
lected antineoplastic agents, anti-infectives, or other drugs dur-
ing simulated Y-site injection. Am J Hosp Pharm 1992; 49:
402–6.

Stability. A combination of the stabilisers benzyl alcohol and
vanillin could protect haloperidol from photodegradation.1
1. Thoma K, Klimek R. Photostabilisation of drugs in dosage forms

without protection from packaging materials. Int J Pharmaceu-
tics 1991; 67: 169–75.

Haloperidol Decanoate (BANM, USAN, rINNM)

Decanoato de haloperidol; Halopéridol, décanoate d’; Haloperi-
doldekanoat; Haloperidol-dekanoát; Haloperidoli decanoas; Ha-
loperidolidekanoaatti; Haloperidolio dekanoatas; R-13672.
Галоперидола Деканоат
C31H41ClFNO3 = 530.1.
CAS — 74050-97-8.
ATC — N05AD01.
ATC Vet — QN05AD01.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Haloperidol Decanoate). A white or almost white
powder. It melts at about 42°. Practically insoluble in water; very
soluble in alcohol, in dichloromethane, and in methyl alcohol.
Store at a temperature below 25°. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. Haloperidol is less like-
ly to cause sedation, hypotension, or antimuscarinic ef-
fects, but is associated with a higher incidence of ex-
trapyramidal effects. Haloperidol should be used with
great care in children and adolescents as they may be at
increased risk of severe dystonic reactions; patients
with hyperthyroidism may also be at increased risk.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that the use of haloperidol by mothers during breast feeding
may be of concern, since there have been reports of decline in
developmental scores in breast-fed infants. Licensed product in-

formation also reports that there have been isolated cases of ex-
trapyramidal effects in breast-fed infants. 
The concentration of haloperidol in breast milk of one mother
given a mean daily dose of about 30 mg for 6 days was reported
to be 5 nanograms/mL; on day 12 the concentration 9 hours after
a 12-mg dose was 2 nanograms/mL.2
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Stewart RB, et al. Haloperidol excretion in human milk. Am J
Psychiatry 1980; 137: 849–50.

Convulsions. For mention of haloperidol as one of the antipsy-
chotics suitable for patients at risk of seizures, see p.969.
Effects on the liver. Liver dysfunction with jaundice and eosin-
ophilia developed in a 15-year-old male 4 weeks after starting
haloperidol and benzatropine mesilate.1 The drugs were stopped
2 weeks later but some symptoms lasted for 28 months. The re-
action was suggestive of a drug-induced hypersensitivity reac-
tion and haloperidol was the most likely cause. Haloperidol-in-
duced liver injury was considered to be rare.
1. Dincsoy HP, Saelinger DA. Haloperidol-induced chronic chole-

static liver disease. Gastroenterology 1982; 83: 694–700.

Overdosage. Symptoms of haloperidol overdosage in children
have ranged from the expected, such as drowsiness, restlessness,
confusion, marked extrapyramidal symptoms, and hypother-
mia,1,2 to unexpected reactions such as bradycardia (possibly
secondary to hypothermia)1 and an episode of severe, delayed
hypertension.3 
Torsade de pointes has followed overdosage in adults (for refer-
ences, see Effects on the Cardiovascular System under Chlorpro-
mazine, p.970).
1. Scialli JVK, Thornton WE. Toxic reactions from a haloperidol

overdose in two children: thermal and cardiac manifestations.
JAMA 1978; 239: 48–9. 

2. Sinaniotis CA, et al. Acute haloperidol poisoning in children. J
Pediatr 1978; 93: 1038–9. 

3. Cummingham DG, Challapalli M. Hypertension in acute ha-
loperidol poisoning. J Pediatr 1979; 95: 489–90.

Porphyria. Haloperidol is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.
Retroperitoneal fibrosis. Obstructive uropathy was noted in
a 45-year-old woman given haloperidol 5 to 15 mg daily for 8
years.1 Benzatropine was also taken during that time, and in the
previous 5 years she had taken chlorpromazine and fluphena-
zine. A diagnosis of retroperitoneal fibrosis was made and was
tentatively associated with long-term antipsychotic therapy.
1. Jeffries JJ, et al. Retroperitoneal fibrosis and haloperidol. Am J

Psychiatry 1982; 139: 1524–5.

Toxic encephalopathy. A report1 of possible toxic encepha-
lopathy after use of high intravenous doses of haloperidol. The
patient, who had a history of bipolar disorder and cerebrovascu-
lar accident, had been given increasing intravenous doses of ha-
loperidol (up to 270 mg daily) to control post-surgical agitation.
The encephalopathy had resolved 8 days after stopping haloperi-
dol.
1. Maxa JL, et al. Possible toxic encephalopathy following high-

dose intravenous haloperidol. Ann Pharmacother 1997; 31:
736–7.

Interactions
As for Chlorpromazine, p.973. 
Haloperidol must be used with extreme caution in pa-
tients receiving lithium; an encephalopathic syndrome
has been reported after their use together (see p.405).

Pharmacokinetics
Haloperidol is readily absorbed from the gastrointesti-
nal tract. It is metabolised in the liver and is excreted in
the urine and, via the bile, in the faeces; there is evi-
dence of enterohepatic recycling. Owing to first-pass
metabolism in the liver, plasma concentrations after
oral doses are lower than those after intramuscular in-
jection. Moreover, there is wide intersubject variation
in plasma concentrations of haloperidol. In practice,
however, no strong correlation has been found between
plasma concentrations of haloperidol and its therapeu-
tic effect. Paths of metabolism of haloperidol include
oxidative N-dealkylation and reduction of the ketone
group to form an alcohol known as reduced haloperi-
dol. Haloperidol has been reported to have a plasma
elimination half-life ranging from about 12 to 38 hours
after oral doses. Haloperidol is about 92% bound to
plasma proteins. It is widely distributed in the body and
crosses the blood-brain barrier. Haloperidol is distrib-
uted into breast milk. 
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The decanoate ester of haloperidol is very slowly ab-
sorbed from the site of injection and is therefore suita-
ble for depot injection. It is gradually released into the
bloodstream where it is rapidly hydrolysed to haloperi-
dol.
◊ References.
1. Kudo S, Ishizaki T. Pharmacokinetics of haloperidol: an update.

Clin Pharmacokinet 1999 37: 435–56.

Metabolites. The clinical significance of the reduced metabo-
lite of haloperidol has been much debated.1,2 Its activity appears
to be substantially less than that of the parent drug but there is
some evidence for re-oxidation of reduced haloperidol to ha-
loperidol.1-3 Some studies suggest that nonresponders to ha-
loperidol have elevated ratios of reduced haloperidol to haloperi-
dol in the plasma, although other workers have reported contrary
findings.2 Pyridinium metabolites resulting from oxidation of ha-
loperidol have been detected in the urine and there is concern that
they may be neurotoxic in a manner similar to MPTP (see Par-
kinsonism, p.791), a compound which can induce irreversible
parkinsonism.4

1. Sramek JJ, et al. Neuroleptic plasma concentrations and clinical
response: in search of a therapeutic window. Drug Intell Clin
Pharm 1988; 22: 373–80. 

2. Froemming JS, et al. Pharmacokinetics of haloperidol. Clin
Pharmacokinet 1989; 17: 396–423. 

3. Chakraborty BS, et al. Interconversion between haloperidol and
reduced haloperidol in healthy volunteers. Eur J Clin Pharmacol
1989; 37: 45–8. 

4. Eyles DW, et al. Quantitative analysis of two pyridinium metab-
olites of haloperidol in patients with schizophrenia. Clin Phar-
macol Ther 1994; 56: 512–20.

Therapeutic drug monitoring. Measurement of concentra-
tions of haloperidol or reduced haloperidol in scalp hair has been
suggested as a useful means of monitoring compliance.1,2 Evi-
dence for the existence of any relationship between plasma con-
centrations of haloperidol and therapeutic effect in schizophrenia
has been discussed.3

1. Uematsu T, et al. Human scalp hair as evidence of individual
dosage history of haloperidol: method and retrospective study.
Eur J Clin Pharmacol 1989; 37: 239–44. 

2. Matsuno H, et al. The measurement of haloperidol and reduced
haloperidol in hair as an index of dosage history. Br J Clin Phar-
macol 1990; 29: 187–94. 

3. Ulrich S, et al. The relationship between serum concentration
and therapeutic effect of haloperidol in patients with acute schiz-
ophrenia. Clin Pharmacokinet 1998; 34: 227–63.

Uses and Administration
Haloperidol is a butyrophenone with general proper-
ties similar to those of the phenothiazine, chlorpro-
mazine (p.975). It is an antipsychotic with actions most
closely resembling those of phenothiazines with a pip-
erazine side-chain. 
Haloperidol is used in the treatment of various psycho-
ses including schizophrenia (p.955) and mania (see Bi-
polar Disorder, p.372), and in behaviour disturbances
(p.954), in Tourette’s syndrome and severe tics (p.954),
in intractable hiccups (p.976), and in severe anxiety
(p.952), including for the sedation of patients in inten-
sive care (p.957) or palliative care. Haloperidol has
also been used for its antiemetic effect in the manage-
ment of nausea and vomiting of various causes
(p.1700). 
Haloperidol is usually given orally or by injection as
the base or intramuscularly as the long-acting de-
canoate ester. Some haloperidol preparations are pre-
pared with the aid of lactic acid and may be stated to
contain haloperidol lactate. Doses are expressed in
terms of the equivalent amount of haloperidol. Halo-
peridol decanoate 141 mg is equivalent to about
100 mg of haloperidol. Dosages should be reduced in
elderly or debilitated patients; a usual starting dose is
half the normal adult dose. Doses at the lower end of
the scale are also advised for adolescents. 
The usual initial oral dose for the treatment of psycho-
ses and associated behavioural disorders is 0.5 to 5 mg
two or three times daily. In severe or resistant psycho-
ses up to 30 mg daily is recommended in the UK,
whereas in the USA doses of up to 100 mg daily are
allowed; doses above 100 mg daily have rarely been
used. The dose should be reduced gradually according
to response. Maintenance doses as low as 3 to 10 mg
daily may be sufficient. A suitable initial oral dose for
children is 25 to 50 micrograms/kg daily in 2 divided

doses, increased cautiously, if necessary. A maximum
daily dose of 10 mg has been recommended in the UK
but in the USA the suggested maximum daily dose is
150 micrograms/kg as the manufacturer has stated that
there is little evidence of behaviour improvement with
daily doses of more than 6 mg. 
For the control of acute psychotic conditions, haloperi-
dol may be given intramuscularly in doses of 2 to
10 mg; subsequent doses may be given hourly, until
symptoms are controlled, although dosage intervals of
4 to 8 hours may be adequate, up to a maximum of
18 mg daily. For the emergency control of very severe-
ly disturbed patients, an initial intramuscular dose of
no more than 18 mg is recommended. The intravenous
route may also be used. 
In patients already stabilised on an oral dose of ha-
loperidol and requiring long-term therapy the long-act-
ing decanoate ester may be given by deep intramuscu-
lar injection. The usual initial dose is the equivalent of
10 to 20 times the total daily oral dose of haloperidol,
up to a maximum of 100 mg; if more than 100 mg is
required for an initial dose the excess should be given
after 3 to 7 days. Subsequent doses, usually given every
4 weeks, may be increased in steps of 50 mg to up to
300 mg or more, according to the patient’s require-
ments, both dose and dose interval being adjusted as
required. 
In the management of nausea and vomiting haloperi-
dol has been given in a dose of 0.5 to 2 mg by intra-
muscular injection; alternatively, an oral dose of 1 mg
daily may be given. In palliative care haloperidol
1.5 mg may be given orally once or twice daily, in-
creased if necessary to 5 to 10 mg daily given in divid-
ed doses; alternatively, it may be given by subcutane-
ous infusion (via a syringe driver) in doses of 2.5 to
10 mg over 24 hours. The intravenous route has also
been used. 
A starting oral dose of 0.5 to 1.5 mg three times daily
has been suggested for the management of Tourette’s
syndrome and severe tics. Up to about 30 mg daily
may be needed in Tourette’s syndrome, although re-
quirements vary considerably and the dose must be
very carefully adjusted to obtain the optimum re-
sponse; a maintenance dose of 4 mg daily is effective
for most patients. 
For intractable hiccups a suggested oral dose is 1.5 mg
given 3 times daily adjusted according to response. 
An oral dose of 500 micrograms twice daily has been
used as adjunctive treatment in the short-term manage-
ment of severe anxiety disorders. 
In palliative care, haloperidol has been given in an oral
dose of 1 to 3 mg every 8 hours for the treatment of
restlessness and confusion. It may also be given as a
subcutaneous infusion in a dose of 5 to 15 mg over 24
hours.

Ballism. Dopamine-blocking antipsychotics such as haloperidol
may sometimes be needed for the management of patients with
ballism (p.953) when symptoms are severe.

Chorea. For a discussion of the management of various chore-
as, including mention of the use of haloperidol, see p.953.

Dystonia. Antipsychotics such as phenothiazines, haloperidol,
or pimozide are sometimes useful in the treatment of idiopathic
dystonia (p.809) in patients who have failed to respond to other
drugs. However, they often act non-specifically and there is the
risk of adding drug-induced extrapyramidal disorders to the dys-
tonia being treated (see Extrapyramidal Disorders under Adverse
Effects of Chlorpromazine, p.971).

Schizophrenia. Systematic reviews1,2 of the use of haloperidol
for schizophrenia (p.955) concluded that it appears to be of sim-
ilar efficacy to chlorpromazine although it is associated with a
high incidence of extrapyramidal adverse effects. An earlier sys-
tematic review3 considered that the limited evidence did not in-
dicate any advantages of giving haloperidol in doses greater than
7.5 mg daily to patients with uncomplicated acute schizophrenia.
1. Joy CB, et al. Haloperidol versus placebo for schizophrenia.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 2006 (accessed 19/03/08). 

2. Leucht C, et al. Haloperidol versus chlorpromazine for schizo-
phrenia. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2008 (accessed
19/03/08). 

3. Waraich PS, et al. Haloperidol dose for the acute phase of schiz-
ophrenia. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2002 (accessed
19/03/08).

Sneezing. Report1 of a patient whose intractable sneezing was
controlled by haloperidol given in doses of up to 5 mg twice dai-
ly. Symptoms recurred when treatment was stopped after 5
weeks but responded again to 5 mg three times daily. On gradual
reduction of dosage over 6 months the patient had no recurrence
and had remained symptom-free after 6 months without medica-
tion.
1. Davison K. Pharmacological treatment for intractable sneezing.

BMJ 1982; 284: 1163–4.

Stuttering. Stuttering (stammering) is a disorder that affects the
fluency of speech. Developmental stuttering usually occurs in
early childhood and is more common in boys than girls. While
stuttering may cease in some children after only a few months, it
may become a chronic condition in others. Stuttering that starts
during adulthood is rarer and may be the result of a neurological
insult. It should also be remembered that stuttering may be drug
induced. While stuttering may be greatly improved with inten-
sive speech training the effectiveness of other forms of manage-
ment such as hypnosis, psychotherapy, counselling, and drug
therapy has been largely unconvincing.1 Although many drugs
have been used to treat stuttering a review of the literature2 indi-
cated that there were few adequate studies of their efficacy. Ha-
loperidol was considered to be the most well studied drug and its
efficacy had been shown by several double-blind placebo-con-
trolled studies. However, most patients needed to continue taking
haloperidol to maintain improvement but few did so because of
its adverse effects. Double-blind studies have on the whole failed
to confirm reports of benefit for drugs such as bethanechol, beta
blockers, and calcium-channel blockers although isolated pa-
tients may have marked improvement. Other drugs that have
been studied and which might be of benefit include clomi-
pramine,3 SSRIs,4 and atypical antipsychotics4 such as olanzap-
ine and risperidone; local anaesthetics and injections of botuli-
num toxin have also been tried.
1. Andrews G, et al. Stuttering. JAMA 1988; 260: 1445. 
2. Brady JP, et al. The pharmacology of stuttering: a critical review.

Am J Psychiatry 1991; 148: 1309–16. 
3. Gordon CT, et al. A double-blind comparison of clomipramine

and desipramine in the treatment of developmental stuttering. J
Clin Psychiatry 1995; 56: 238–42. 

4. Costa D, Kroll R. Stuttering: an update for physicians. Can Med
Assoc J 2000; 162: 1849–55.

Taste disorders. For reference to the use of haloperidol in the
treatment of taste disorders, see Chlorpromazine, p.977.

Tourette’s syndrome. Many patients with Tourette’s syn-
drome (p.954) do not require medication but when treatment is
needed dopamine antagonists such as the antipsychotics ha-
loperidol or pimozide are most commonly used. They often de-
crease the frequency and severity of tics and may improve any
accompanying behavioural disturbances. However, superiority
of either drug in terms of efficacy or adverse effects has not been
clearly demonstrated.1,2 Because of the potential for acute and
long-term adverse effects it is usually recommended that doses
are titrated to be as low as possible; the aim of treatment is not
necessarily to control symptoms completely. Medication can of-
ten be stopped after a few years.
1. Shapiro E, et al. Controlled study of haloperidol, pimozide, and

placebo for the treatment of Gilles de la Tourette’s syndrome.
Arch Gen Psychiatry 1989; 46: 722–30. 

2. Sallee FR, et al. Relative efficacy of haloperidol and pimozide in
children and adolescents with Tourette’s disorder. Am J Psychi-
atry 1997; 154: 1057–62.

Preparations
BP 2008: Haloperidol Capsules; Haloperidol Injection; Haloperidol Oral
Solution; Haloperidol Tablets; Strong Haloperidol Oral Solution; 
USP 31: Haloperidol Injection; Haloperidol Oral Solution; Haloperidol
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Enabran; Halopidol; Halozen; Limerix; Neupram; Zetoridal†; Aus-
tral.: Haldol; Serenace; Austria: Haldol; Belg.: Haldol; Braz.: Decan Ha-
loper; Haldol; Halo; Haloper; Loperidol; Uni Haloper; Canad.: Haldol†;
Novo-Peridol; Peridol†; Chile: Alternus; Haldol; Denm.: Serenase; Fin.:
Serenase; Fr.: Haldol; Ger.: Haldol; Haloneural†; Haloper ; Sigaperidol†;
Gr.: Aloperidin; Sevium; Hong Kong: Haldol; Serenace; India: Cizoren†;
Serenace; Indon.: Dores; Govotil; Haldol; Lodomer; Serenace; Irl.: Haldol;
Serenace; Israel: Haldol; Haloper; Pericate; Peridor; Ital.: Haldol; Serenase;
Malaysia: Avant†; Manace; Serenace†; Mex.: Haldol; Haloperil; Hispadol;
Kepsidol; Pulsit; Neth.: Haldol; Norw.: Haldol; NZ: Haldol; Serenace;
Philipp.: Haldol; Seredol; Serenace; Pol.: Decaldol; Port.: Haldol; Se-
renelfi†; Rus.: Haloper (Галопр)†; Senorm (Сенорм); S.Afr.: Serenace;
Singapore: Serenace†; Swed.: Haldol; Switz.: Haldol; Sigaperidol†; Thai.:
H-Tab; Haldol; Halo-P†; Halomed; Halopol; Haricon; Haridol; Perida; Poly-
hadon; Schizopol†; Tensidol†; Turk.: Norodol; Sedaperidol; UK: Dozic;
Haldol; Serenace; USA: Haldol; Venez.: Haldol; Tiplac.

Multi-ingredient: Fr.: Vesadol†.
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Haloxazolam (rINN)

Haloxazolamum. 10-Bromo-11b-(2-fluorophenyl)-2,3,7,11b-tet-
rahydrooxazolo[3,2-d][1,4]benzodiazepin-6(5H)-one.

Галоксазолам
C17H14BrFN2O2 = 377.2.
CAS — 59128-97-1.

Pharmacopoeias. In Jpn.

Profile
Haloxazolam is a benzodiazepine with general properties similar
to those of diazepam (p.986). It has been given orally as a hyp-
notic in the short-term management of insomnia.

Hexobarbital (BAN, rINN)

Enhexymalum; Enimal; Heksobarbitaali; Heksobarbitalis; Hexo-
barbitál; Hexobarbitalum; Hexobarbitone; Methexenyl; Methyl-
cyclohexenylmethyl-barbitursäure; Methylhexabarbital. 5-(Cy-
clohex-1-enyl)-1,5-dimethylbarbituric acid.

Гексобарбитал
C12H16N2O3 = 236.3.
CAS — 56-29-1.
ATC — N01AF02; N05CA16.
ATC Vet — QN01AF02; QN05CA16.

NOTE. The name ciclobarbital (see Cyclobarbital, p.986) has
sometimes been applied to hexobarbital.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Hexobarbital). A white or almost white, crystalline
powder. Very slightly soluble in water; sparingly soluble in alco-
hol. Forms water-soluble compounds with alkali hydroxides and
carbonates and with ammonia.

Hexobarbital Sodium (BANM, rINNM)

Enhexymalnatrium; Hexenalum; Hexobarbital sódico; Hexobar-
bital Sodique; Hexobarbitalum Natricum; Hexobarbitone Sodi-
um; Natrii Hexobarbitalum; Sodium Hexobarbital; Soluble
Hexobarbitone. Sodium 5-(cyclohex-1-enyl)-1,5-dimethylbarbit-
urate.

Натрий Гексобарбитал
C12H15N2NaO3 = 258.2.
CAS — 50-09-9.
ATC — N01AF02; N05CA16.
ATC Vet — QN01AF02; QN05CA16.

Profile
Hexobarbital is a barbiturate with the general properties of amo-
barbital (p.961). It has been used as a hypnotic and sedative but
barbiturates are no longer considered appropriate for such pur-
poses.
Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Novopan†.

Homofenazine Hydrochloride (rINNM)

D-775 (homofenazine); HFZ (homofenazine); Hidrocloruro de
homofenazina; Homofénazine, Chlorhydrate d’; Homofenazini
Hydrochloridum. 2-{Hexahydro-4-[3-(2-trifluoromethylpheno-
thiazin-10-yl)propyl]-1,4-diazepin-1-yl}ethanol dihydrochloride.

Гомофеназина Гидрохлорид
C23H28F3N3OS,2HCl = 524.5.
CAS — 3833-99-6 (homofenazine); 1256-01-5 (ho-
mofenazine hydrochloride).

(homofenazine)

Profile
Homofenazine hydrochloride is a phenothiazine with general
properties similar to those of chlorpromazine (p.969). It has been
used in the management of neuropsychiatric disorders.

Ipsapirone Hydrochloride (BANM, USAN, rINNM)

Bay-q-7821; Hidrocloruro de ipsapirona; Ipsapirone, Chlorhy-
drate d’; Ipsapironi Hydrochloridum; TVX-Q-7821. 2-[4-(4-Pyri-
midin-2-ylpiperazin-1-yl)butyl]-1,2-benzothiazol-3(2H)-one 1,1-
dioxide hydrochloride.

Ипсапирона Гидрохлорид

C19H23N5O3S,HCl = 437.9.
CAS — 95847-70-4 (ipsapirone); 92589-98-5 (ipsapirone
hydrochloride).

(ipsapirone)

Profile
Ipsapirone is structurally related to buspirone (p.965). It has been
investigated as the hydrochloride for the treatment of anxiety dis-
orders and depression.

Action. Ipsapirone is a partial agonist at serotonin (hydrox-
ytryptamine, 5-HT) receptors of the 5-HT1A subtype. For refer-
ence to the actions and potential uses of such drugs, see Bus-
pirone, p.966. 
References.
1. Cutler NR, et al. A double-blind, placebo-controlled study com-

paring the efficacy and safety of ipsapirone versus lorazepam in
patients with generalized anxiety disorder: a prospective multi-
center trial. J Clin Psychopharmacol 1993; 13: 429–37. 

2. Fuhr U, et al. Absorption of ipsapirone along the human gastro-
intestinal tract. Br J Clin Pharmacol 1994; 38: 83–6. 

3. Mandos LA, et al. Placebo-controlled comparison of the clinical
effects of rapid discontinuation of ipsapirone and lorazepam af-
ter 8 weeks of treatment for generalized anxiety disorder. Int Clin
Psychopharmacol 1995; 10: 251–6. 

4. Lapierre YD, et al. A Canadian multicenter study of three fixed
doses of controlled-release ipsapirone in outpatients with mod-
erate to severe major depression. J Clin Psychopharmacol 1998;
18: 268–73.

Ketazolam (BAN, USAN, rINN)

Ketatsolaami; Kétazolam; Ketazolamum; U-28774. 11-Chloro-
8,12b-dihydro-2,8-dimethyl-12b-phenyl-4H-[1,3]oxazino[3,2-
d][1,4]benzodiazepine-4,7(6H)-dione.

Кетазолам

C20H17ClN2O3 = 368.8.
CAS — 27223-35-4.
ATC — N05BA10.
ATC Vet — QN05BA10.

Profile
Ketazolam is a long-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.986). It is given in the short-
term treatment of anxiety (p.952) in usual oral doses of 15 to
60 mg daily, either in divided doses or as a single dose at night.
Reduced doses may be required in elderly or debilitated patients.
◊ References.
1. Angelini G, et al. Ketazolam, a new long-acting benzodiazepine,

in the treatment of anxious patients: a multicenter study of 2,056
patients. Curr Ther Res 1989; 45: 294–304.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ansieten; Belg.: Solatran†; Chile: Ansietil; Sedatival; Ital.: Anseren;
Port.: Unakalm; S.Afr.: Solatran; Spain: Marcen; Sedotime; Switz.: Solat-
ran.

Levomepromazine (BAN, USAN, rINN)

CL-36467; CL-39743; Levomepromatsiini; Levomepromazin;
Levomepromazina; Lévomépromazine; Levomepromazinum;
Methotrimeprazine; RP-7044; SKF-5116; XP-03. (−)-NN-Dime-
thyl-3-(2-methoxyphenothiazin-10-yl)-2-methylpropylamine; 3-
(2-Methoxyphenothiazin-10-yl)-2-methylpropyldimethylamine.
Левомепромазин
C19H24N2OS = 328.5.
CAS — 60-99-1.
ATC — N05AA02.
ATC Vet — QN05AA02.

Pharmacopoeias. In US. Also in BP(Vet). 
BP(Vet) 2008 (Levomepromazine). A white or slightly cream-
coloured crystalline powder. Practically insoluble in water;
slightly soluble in alcohol; freely soluble in ether. Protect from
light. 
USP 31 (Methotrimeprazine). A fine white, practically odour-
less, crystalline powder. Soluble 1 in 10 of water, of alcohol, and
of methyl alcohol, and 1 in 2 of chloroform; freely soluble in
ether; sparingly soluble in alcohol at 25° but freely soluble in
boiling alcohol. Store at a temperature of 25°, excursions permit-
ted between 15° and 30°. Protect from light.

Levomepromazine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de levomepromazina; Levomepromatsiinihy-
drokloridi; Levomepromazin hydrochlorid; Lévomépromazine,
chlorhydrate de; Levomepromazin-hidroklorid; Levomepro-
mazinhydroklorid; Levomepromazini hydrochloridum; Levome-
promazino hidrochloridas; Lewomepromazyny chlorowodorek;
Methotrimeprazine Hydrochloride.
Левомепромазина Гидрохлорид
C19H24N2OS,HCl = 364.9.
CAS — 4185-80-2; 1236-99-3.
ATC — N05AA02.
ATC Vet — QN05AA02.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Levomepromazine Hydrochloride). A white or
very slightly yellow, slightly hygroscopic crystalline powder. It
deteriorates on exposure to air and light. Freely soluble in water
and in alcohol. Store in airtight containers. Protect from light.
Incompatibility. Levomepromazine hydrochloride is reported
to be incompatible with alkaline solutions.
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Levomepromazine Maleate (BANM, USAN, rINNM)

Levomepromatsiinimaleaatti; Levomepromazin maleinát;
Lévomépromazine, maléate de; Levomepromazini maleas; Lev-
omepromazinmaleat; Levomepromazin-maleát; Levomepro-
mazino maleatas; Lewomepromazyny maleinian; Maleato de lev-
omepromazina; Methotrimeprazine Hydrogen Maleate; Methot-
rimeprazine Maleate.

Левомепромазина Малеат

C19H24N2OS,C4H4O4 = 444.5.
CAS — 7104-38-3.
ATC — N05AA02.
ATC Vet — QN05AA02.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Levomepromazine Maleate). A white or slightly
yellowish crystalline powder. It deteriorates when exposed to air
and light. Slightly soluble in water and in alcohol; sparingly sol-
uble in dichloromethane. The supernatant of a 2% dispersion in
water has a pH of 3.5 to 5.5. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969, although it may be
more sedating. See also Adverse Effects of Antihista-
mines, p.561. 
Levomepromazine may cause severe orthostatic hypo-
tension, and patients taking large initial doses, patients
over 50 years of age, or those given injections, should
be lying down. Children are very susceptible to the
hypotensive and sedative effects of levomepromazine.

Interactions
As for Chlorpromazine, p.973.

Antidepressants. Although MAOIs have been used with phe-
nothiazines without untoward effects, the use of levomepro-
mazine with MAOIs should probably be avoided as this combi-
nation has been implicated in 2 fatalities.1,2

1. Barsa JA, Saunders JC. A comparative study of tranylcypromine
and pargyline. Psychopharmacologia 1964; 6: 295–8. 

2. McQueen EG. New Zealand committee on adverse drug reac-
tions: fourteenth annual report 1979. N Z Med J 1980; 91: 226–9.

Pharmacokinetics

◊ In a study involving 5 psychiatric patients peak plasma concen-
trations of levomepromazine were noted 1 to 4 hours after oral
doses and 30 to 90 minutes after injection into the gluteal mus-
cle.1 About 50% of an oral dose reached the systemic circulation.
Although the metabolite levomepromazine sulfoxide could not
be detected after a single intramuscular injection, it was found in
concentrations higher than unmetabolised levomepromazine af-
ter single and multiple oral dosage, both substances reaching a
steady state in the plasma within 7 days of starting multiple-dose
oral therapy. Fluctuations in plasma concentration during multi-
ple-dose oral therapy indicated that until the correlation between
acute adverse effects and peak plasma concentration of levome-
promazine had been further studied the total daily dose should be
divided into 2 or 3 portions when larger oral doses of levomepro-
mazine are used.
1. Dahl SG. Pharmacokinetics of methotrimeprazine after single

and multiple doses. Clin Pharmacol Ther 1976; 19: 435–42.

Half-life. In 8 psychiatric patients given levomepromazine 50 to
350 mg daily the plasma half-life showed wide variation, from
16.5 to 77.8 hours, and did not correlate with the dose given.1

1. Dahl SG, et al. Pharmacokinetics and relative bioavailability of
levomepromazine after repeated administration of tablets and
syrup. Eur J Clin Pharmacol 1977; 11: 305–310.

Uses and Administration
Levomepromazine is a phenothiazine with pharmaco-
logical activity similar to that of both chlorpromazine
(p.975) and promethazine (p.589). It has antihistaminic
actions (p.561) as well as CNS effects resembling
those of chlorpromazine. It is also reported to have an-
algesic activity. It is used in the treatment of various
psychoses including schizophrenia (p.955), as an anal-
gesic for moderate to severe pain usually in non-ambu-
latory patients, and for premedication (p.1780). It is
also used in palliative care for the control of symptoms
such as restlessness, agitation, and as an adjunct to
opioid analgesia, as well as being an effective broad-
spectrum antiemetic in nausea and vomiting (p.1700). 
Levomepromazine is also used in veterinary medicine. 

Levomepromazine is given orally as the maleate or the
hydrochloride or by injection as the hydrochloride. In
the UK, doses such as those given below are expressed
in terms of the appropriate salt. However, in some
countries, the dose of levomepromazine may be ex-
pressed in terms of the base. The embonate has also
been used. Care is required in elderly patients because
of the risk of severe hypotension; if levomepromazine
is given to such patients reduced doses may be neces-
sary. 

The usual initial oral dose of levomepromazine
maleate for the treatment of schizophrenia is 25 to
50 mg daily; the daily dosage is usually divided into 3
portions with a larger portion taken at night. Doses of
100 to 200 mg have been given to non-ambulant pa-
tients increased gradually up to 1 g daily if necessary.
Children are very susceptible to the hypotensive and
sedative effects of levomepromazine: a suggested oral
dose for a 10-year-old is 12.5 to 25 mg of the maleate
daily in divided doses; a dose of 37.5 mg daily should
not be exceeded. 

When used in palliative care as an adjunct to analge-
sics in the management of severe terminal pain and for
the control of nausea and vomiting, levomepro-
mazine maleate may be given orally in a dose of 12.5
to 50 mg every 4 to 8 hours. The BNF also includes an
oral dose of levomepromazine maleate 6 to 25 mg dai-
ly given in 1 or 2 divided doses for the management of
nausea and vomiting where first-line antiemetics have
proved inadequate. Alternatively 12.5 to 25 mg of levo-
mepromazine hydrochloride may be given intramuscu-
larly every 6 to 8 hours but patients should remain in
bed for at least the first few doses; doses of up to 50 mg
have been given for severe agitation. Levomepro-
mazine hydrochloride may also be given intravenously
in similar doses after dilution with an equal volume of
sodium chloride 0.9% injection. Alternatively it may
be given, suitably diluted with sodium chloride 0.9%
injection, by continuous subcutaneous infusion via a
syringe driver; doses range from a total of 25 to 200 mg
daily although lower doses of 5 to 25 mg daily may
also be effective against nausea and vomiting. Experi-
ence with parenteral use of levomepromazine hydro-
chloride in children is limited but a dose of 100 to
400 micrograms/kg daily by continuous intravenous or
subcutaneous infusion has been suggested for children
aged 1 month and over in the management of nausea
and vomiting in palliative care; it has also been used in
the treatment of restlessness and confusion in palliative
care in a dose of 0.35 to 3 mg/kg daily by continuous
subcutaneous infusion in those aged 1 year and over. 

Levomepromazine hydrochloride given intramuscu-
larly has been used in some countries for the control of
acute pain, as a premedicant, and for postoperative
analgesia. In some countries levomepromazine is also
licensed for use as an anxiolytic and sedative, and in
the management of other types of pain, including
labour pain.

Pain. As levomepromazine appears to possess intrinsic analge-
sic activity in addition to its antiemetic and antipsychotic actions
it has been used for the symptomatic control of restlessness and
vomiting and as an adjunct to opioid analgesics in pain control
(see Choice of Analgesic, p.2) in terminally ill patients. 

References.
1. Oliver DJ. The use of methotrimeprazine in terminal care. Br J

Clin Pract 1985; 39: 339–40. 

2. Patt RB, et al. The neuroleptics as adjuvant analgesics. J Pain
Symptom Manage 1994; 9: 446–53. 

3. O’Neill J, Fountain A. Levomepromazine (methotrimeprazine)
and the last 48 hours. Hosp Med 1999; 60: 564–7. 

4. Skinner J, Skinner A. Levomepromazine for nausea and vomit-
ing in advanced cancer. Hosp Med 1999; 60: 568–70.

HEADACHE. Levomepromazine is one of those phenothiazines
(see p.976) that has been effective1 in relieving the pain of
severe migraine attacks.
1. Stiell IG, et al. Methotrimeprazine versus meperidine and dimen-

hydrinate in the treatment of severe migraine: a randomized,
controlled trial. Ann Emerg Med 1991; 20: 1201–5.

Preparations
BP 2008: Levomepromazine Injection; Levomepromazine Tablets; 
USP 31: Methotrimeprazine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Detenler; Levolam; Nozinan; Togrel; Austria: Nozinan; Belg.: Nozi-
nan; Braz.: Levozine; Neozine; Canad.: Apo-Methoprazine; Novo-Mepra-
zine†; Nozinan; Chile: Sinogan; Cz.: Tisercin; Denm.: Nozinan; Fin.: Lev-
ozin; Nozinan; Fr.: Nozinan; Ger.: Levium; Neurocil; Gr.: Nozinan;
Prazine†; Sinogan; Hung.: Tisercin; Irl.: Nozinan; Israel: Methozane; Noz-
inan; Ronexine; Ital.: Nozinan; Mex.: Levocina; Sinogan; Neth.: Nozinan;
Norw.: Nozinan; NZ: Nozinan; Philipp.: Nozinan; Pol.: Tisercin; Port.:
Nozinan; Rus.: Tisercin (Тизерцин); Spain: Sinogan; Swed.: Nozinan;
Switz.: Nozinan; UK: Levinan; Nozinan; Venez.: Sinogan.

Loprazolam Mesilate (BANM, rINNM)

HR-158; Loprazolam, Mésilate de; Loprazolam Mesylate; Lopra-
zolam Methanesulphonate; Loprazolami Mesilas; Mesilato de lo-
prazolam; RU-31158. 6-(2-Chlorophenyl)-2,4-dihydro-2-(4-
methylpiperazin-1-ylmethylene)-8-nitroimidazo[1,2-a][1,4]ben-
zodiazepin-1-one methanesulphonate monohydrate.

Лопразолама Мезилат

C23H21ClN6O3,CH4O3S,H2O = 579.0.
CAS — 61197-73-7 (loprazolam); 70111-54-5 (anhy-
drous loprazolam mesilate).
ATC — N05CD11.
ATC Vet — QN05CD11.

(loprazolam)

Pharmacopoeias. In Br. 
BP 2008 (Loprazolam Mesilate). A yellow crystalline powder.
Slightly soluble in water, in alcohol, and in chloroform; very
slightly soluble in ether.

Dependence and Withdrawal
As for Diazepam, p.987.

◊ For the purpose of withdrawal regimens, 0.5 to 1 mg of lopra-
zolam is considered equivalent to about 5 mg of diazepam.

Adverse Effects, Treatment, and Precautions
As for Diazepam, p.987.

Porphyria. Loprazolam is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
As for Diazepam, p.989.

Pharmacokinetics

◊ References.
1. Garzone PD, Kroboth PD. Pharmacokinetics of the newer ben-

zodiazepines. Clin Pharmacokinet 1989; 16: 337–64. 
2. Dorling MC, Hindmarch I. Pharmacokinetic profile of lopra-

zolam in 12 young and 12 elderly healthy volunteers. Drugs Exp
Clin Res 2001; 27: 151–9.

Uses and Administration
Loprazolam is an intermediate-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). 
Loprazolam mesilate is usually used for its hypnotic properties
in the short-term management of insomnia (p.957), in usual oral
doses equivalent to 1 mg of loprazolam at night. Dosage may be
increased to up to 2 mg if necessary. A starting dose of 0.5 mg
increased to a maximum of 1 mg may be appropriate for elderly
or debilitated patients.

Preparations
BP 2008: Loprazolam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dormonoct; Belg.: Dormonoct; Fr.: Havlane; Ger.: Sonin; Neth.:
Dormonoct; Port.: Dormonoct; S.Afr.: Dormonoct; Spain: Somnovit.
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Lorazepam (BAN, USAN, rINN)

Loratsepaami; Lorazépam; Lorazepám; Lorazepamas; Lorazepa-
mum; Wy-4036. 7-Chloro-5-(2-chlorophenyl)-1,3-dihydro-3-hy-
droxy-1,4-benzodiazepin-2-one.

Лоразепам

C15H10Cl2N2O2 = 321.2.

CAS — 846-49-1.

ATC — N05BA06.

ATC Vet — QN05BA06.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of lorazepam: 
Benzo; Somnios.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Lorazepam). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
sparingly soluble in alcohol; sparingly or slightly soluble in
dichloromethane. Store in airtight containers. Protect from light. 
USP 31 (Lorazepam). A white or practically white, practically
odourless powder. Insoluble in water; sparingly soluble in alco-
hol; slightly soluble in chloroform. Store in airtight containers.
Protect from light.

Incompatibility. Visual incompatibility has been noted with lo-
razepam and sargramostim1 or aztreonam.2

1. Trissel LA, et al. Visual compatibility of sargramostim with se-
lected antineoplastic agents, anti-infectives, or other drugs dur-
ing simulated Y-site injection. Am J Hosp Pharm 1992; 49:
402–6. 

2. Trissel LA, Martinez JF. Compatibility of aztreonam with select-
ed drugs during simulated Y-site administration. Am J Health-
Syst Pharm 1995; 52: 1086–90.

Solubility. The solubility of lorazepam in fluids for intravenous
use (water, glucose injection, lactated Ringer’s injection, and so-
dium chloride injection) was greatest in glucose injection (5%) at
62 micrograms/mL and lowest in sodium chloride injection
(0.9%) at 27 micrograms/mL;1 these differences in solubility ap-
peared to be pH related. Commercial injections are reported to
contain polyethylene glycol in propylene glycol to overcome this
poor solubility. However, precipitation has been noted2 in solu-
tions prepared by dilution of lorazepam injection with sodium
chlor ide in jec t ion (0 .9%) to  a  concent ra t ion  of
500 micrograms/mL. One group of workers3 have reported that
they had overcome such problems with precipitation by using
glucose injection (5%) as a diluent and by avoiding final concen-
trations of lorazepam between 0.08 mg/mL and 1 mg/mL. It was
suggested that the propylene glycol in the mixture might account
for the unusual concentration effect. Such recommendations
have been adopted by another group4 although they observed
that precipitation occurred if a formulation of lorazepam contain-
ing 4 mg/mL was used to prepare the injection; no precipitation
was noted when a formulation containing 2 mg/mL was used.
The group also commented that, in the USA, licensed product
information for lorazepam injection advises that admixtures
should be prepared with the 2 mg/mL formulation only.
1. Newton DW, et al. Lorazepam solubility in and sorption from

intravenous admixture solutions. Am J Hosp Pharm 1983; 40:
424–7. 

2. Boullata JI, et al. Precipitation of lorazepam infusion. Ann Phar-
macother 1996; 30: 1037–8. 

3. Volles DF, et al. More on usability of lorazepam admixtures for
continuous infusion. Am J Health-Syst Pharm 1996; 53: 2753–4. 

4. Levanda M. Noticeable difference in admixtures prepared from
lorazepam 2 and 4 mg/ml. Am J Health-Syst Pharm 1998; 55:
2305.

Sorption. Significant loss of lorazepam has been reported from
solutions stored in PVC1 or polypropylene2 giving equipment;
polyolefin3-5 or glass6 equipment appears to be more suitable.
1. Hoey LL, et al. Lorazepam stability in parenteral solutions for

continuous intravenous administration. Ann Pharmacother
1996; 30: 343–6. 

2. Stiles ML, et al. Stability of deferoxamine mesylate, floxuridine,
fluorouracil, hydromorphone hydrochloride, lorazepam, and mi-
dazolam hydrochloride in polypropylene infusion-pump syring-
es. Am J Health-Syst Pharm 1996; 53: 1583–8. 

3. Trissel LA, Pearson SD. Storage of lorazepam in three injectable
solutions in polyvinyl chloride and polyolefin bags. Am J Hosp
Pharm 1994; 51: 368–72. 

4. Norenberg JP, et al. Stability of lorazepam in 0.9% sodium chlo-
ride stored in polyolefin bags. Am J Health-Syst Pharm 2004;
61: 1039–41. 

5. Trissel LA, et al. Drug compatibility with new polyolefin infu-
sion solution containers. Am J Health-Syst Pharm 2006; 63:
2379–82. 

6. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73.

Dependence and Withdrawal
As for Diazepam, p.987.
◊ For the purpose of withdrawal regimens, 500 micrograms of
lorazepam may be considered equivalent to about 5 mg of di-
azepam.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. Pain and a sensation of burn-
ing have occurred following injection of lorazepam.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of lorazepam on breast-fed infants is
unknown, its use by mothers during breast feeding may be of
concern since anxiolytic drugs do appear in breast milk and thus
could conceivably alter CNS function in the infant both in the
short and long term. 
Free lorazepam concentrations in the breast milk of 4 mothers
ranged from 8 to 9 nanograms/mL four hours after receiving a
3.5-mg oral dose.2 This represented about 15 to 26% of the con-
centration in plasma, and was probably sufficiently low to cause
no adverse effects in breast-fed infants.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Summerfield RJ, Nielsen MS. Excretion of lorazepam into breast
milk. Br J Anaesth 1985; 57: 1042–3.

Effects on the blood. A case of pancytopenia associated with
oral lorazepam was reported1 in 1988; only 5 instances of throm-
bocytopenia and none of leucopenia had been reported to the UK
CSM or the UK manufacturers over the previous 13 years.
1. El-Sayed S, Symonds RP. Lorazepam induced pancytopenia.

BMJ 1988; 296: 1332.

Effects on fluid and electrolyte homoeostasis. Inappropri-
ate secretion of antidiuretic hormone related to ingestion of lo-
razepam was considered to be the cause of hyponatraemia in an
81-year-old woman.1
1. Engel WR, Grau A. Inappropriate secretion of antidiuretic hor-

mone associated with lorazepam. BMJ 1988; 297: 858.

Effects on the nervous system. For reference to extrapyram-
idal disorders associated with use of lorazepam, see Diazepam,
p.988.
The elderly. For discussion of the need for reduced dosage of
benzodiazepines in elderly patients, including mention of lo-
razepam, see Diazepam, p.989.
Formulation. There have been reports of toxicity, presumed to
be due to polyethylene glycol1,2 or propylene glycol,3 after pro-
longed parenteral use of lorazepam; polyethylene glycol in pro-
pylene glycol is included as a solubiliser in lorazepam solutions.
Diarrhoea in an infant given large enteral doses of lorazepam or
diazepam solutions may have been due to the combined osmotic
effect of polyethylene glycol and propylene glycol in these prep-
arations.4
1. Laine GA, et al. Polyethylene glycol nephrotoxicity secondary

to prolonged high-dose intravenous lorazepam. Ann Pharmaco-
ther 1995; 29: 1110–4. 

2. Tayar J et al. Severe hyperosmolar metabolic acidosis due to a
large dose of intravenous lorazepam. N Engl J Med 2002; 346:
1253–4. 

3. Seay RE, et al. Possible toxicity from propylene glycol in lo-
razepam infusion. Ann Pharmacother 1997; 31: 647–8. Woycik
CL, Walker PC. Correction and comment: possible toxicity from
propylene glycol in injectable drug preparations. ibid.: 1413. 

4. Marshall JD, et al. Diarrhea associated with enteral benzodi-
azepine solutions. J Pediatr 1995; 126: 657–9.

Hepatic impairment. Lorazepam is contra-indicated in se-
vere hepatic impairment; patients with mild to moderate impair-
ment may require reduced doses. Although the elimination half-
life of lorazepam was increased in 13 patients with alcoholic cir-
rhosis compared with 11 control subjects, this was not associated
with an impairment in systemic plasma clearance.1 With the ex-
ception of a modest decrease in the extent of plasma protein
binding, acute viral hepatitis had no effect on the disposition
kinetics of lorazepam.
1. Kraus JW, et al. Effects of aging and liver disease on disposition

of lorazepam. Clin Pharmacol Ther 1978; 24: 411–19.

Local reactions. Of 40 patients given a single intravenous dose
of lorazepam 4 mg three had local thrombosis 2 to 3 days later
and 6 had local thrombosis 7 to 10 days later.1 The incidence was
lower than in those given diazepam [in solution].
1. Hegarty JE, Dundee JW. Sequelae after the intravenous injection

of three benzodiazepines—diazepam, lorazepam, and fluni-
trazepam. BMJ 1977; 2: 1384–5.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Lorazepam is readily absorbed from the gastrointesti-
nal tract after oral doses, with a bioavailability of about
90%; peak plasma concentrations are reported to occur
about 2 hours after an oral dose. The absorption profile
after intramuscular injection is similar to that after oral
dosage. 
Lorazepam is about 85% bound to plasma proteins. It
crosses the blood-brain barrier and the placenta; it is
also distributed into breast milk. Lorazepam is metab-
olised in the liver to the inactive glucuronide, and ex-
creted in urine. The elimination half-life has been re-
ported to range from about 10 to 20 hours.
◊ References.
1. Greenblatt DJ. Clinical pharmacokinetics of oxazepam and lo-

razepam. Clin Pharmacokinet 1981; 6: 89–105. 
2. Swart EL, et al. Comparative population pharmacokinetics of lo-

razepam and midazolam during long-term continuous infusion in
critically ill patients. Br J Clin Pharmacol 2004; 57: 135–45.

Children. References to the pharmacokinetics of lorazepam in
children.
1. Relling MV, et al. Lorazepam pharmacodynamics and pharma-

cokinetics in children. J Pediatr 1989; 114: 641–6.

NEONATES. References to slow elimination of lorazepam by
neonates.
1. Cummings AJ, Whitelaw AGL. A study of conjugation and drug

elimination in the human neonate. Br J Clin Pharmacol 1981;
12: 511–15. 

2. McDermott CA, et al. Pharmacokinetics of lorazepam in critical-
ly ill neonates with seizures. J Pediatr 1992; 120: 479–83. 

3. Reiter PD, Stiles AD. Lorazepam toxicity in a premature infant.
Ann Pharmacother 1993; 27: 727–9.

Distribution. Evidence that lorazepam undergoes enterohepat-
ic recirculation with possible first-pass metabolism.1
1. Herman RJ, et al. Disposition of lorazepam in human beings:

enterohepatic recirculation and first-pass effect. Clin Pharmacol
Ther 1989; 46: 18–25.

CNS. In a study involving 6 healthy subjects, peak plasma-lor-
azepam concentrations were reached 5 minutes after the end
of a one-minute intravenous injection.1 CNS effects, as meas-
ured by EEG activity, were not maximal until 30 minutes after
injection; they declined to baseline values slowly over 5 to 8
hours in a similar manner to plasma concentrations. In con-
trast, CNS effects of diazepam were maximal immediately af-
ter the injection. They also declined more rapidly than lo-
razepam, but again in a similar way to plasma concentrations.
Studies in mice suggested that the slow onset of action of lo-
razepam that has been reported by some is at least partly ex-
plained by a delay in passage from systemic blood into brain
tissue.
1. Greenblatt DJ, et al. Kinetic and dynamic study of intravenous

lorazepam; comparison with intravenous diazepam. J Pharma-
col Exp Ther 1989; 250: 134–40.

Uses and Administration
Lorazepam is a short-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). It
is used in the short-term treatment of anxiety disorders
(p.952), as a hypnotic in the short-term management of
insomnia (p.957), and as an anticonvulsant in the man-
agement of status epilepticus (p.469). When used in the
treatment of status epilepticus lorazepam has a pro-
longed antiepileptic action and may be the preferred in-
itial treatment if intravenous access is available. It is
also used for its sedative and amnestic properties in
premedication and as an adjunct in regimens for the
control of nausea and vomiting associated with cancer
chemotherapy (p.1700). 
Lorazepam is usually given orally or by injection as the
base although the pivalate is available for oral use in
some countries. Sublingual tablets are used in some
countries in doses similar to those for standard tablets.
The intramuscular route is usually only used when oral
or intravenous dosage is not possible. Injections should
usually be diluted before use; intravenous injections
should be given at a rate of not more than 2 mg/minute
into a large vein. Lorazepam should be given in re-
duced dosage to elderly or debilitated patients; half the
usual adult dose, or less, may be sufficient. 
The usual oral dose of lorazepam for the treatment of
anxiety disorders is 1 to 6 mg daily in 2 or 3 divided
doses with the largest dose taken at night; up to
10 mg daily has been given. A dose of 25 to
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30 micrograms/kg may be given by injection every 6
hours for acute anxiety. Lorazepam has also been used
for panic attacks. A suggested dose in the BNF is 3 to
5 mg daily. A single oral dose of 1 to 4 mg at bedtime
may be given for insomnia associated with anxiety.
However, the MHRA in the UK advises against the use
of oral daily doses of lorazepam above 4 mg for anxie-
ty and phobia, and 2 mg for insomnia. 
For premedication an oral dose of 2 to 3 mg may be
given the night before the operation; the BNF suggests
that this may be followed if necessary the next morning
by a smaller dose. Alternatively, 2 to 4 mg may be giv-
en 1 to 2 hours before an operation. In the UK, al-
though lorazepam tablets are not licensed for premedi-
cation of children under 5 years of age, the BNFC
suggests that 50 to 100 micrograms/kg (maximum of
4 mg) may be given orally at least 1 hour before an op-
eration to those aged 1 month to 12 years; the same
dose may also be given the night before, in addition to,
or to replace the dose before, the operation. Lorazepam
may also be given parenterally for premedication; a
dose of 50 micrograms/kg may be given 30 to 45 min-
utes before the operation if given intravenously or 1 to
11⁄2 hours before if given intramuscularly. Again, al-
though unlicensed in the UK for premedication of chil-
dren under 12 years of age, the BNFC suggests that 50
to 100 micrograms/kg (maximum of 4 mg) may be
given by slow intravenous injection to those aged 1
month to 18 years. 
In the management of status epilepticus 4 mg may be
given as a single intravenous dose; the BNF suggests
that this may be repeated once after 10 minutes if sei-
zures recur. A dose of 2 mg has been suggested for
children by one manufacturer (Wyeth). Alternatively,
the BNFC suggests that neonates and children up to 12
years of age may be given 100 micrograms/kg (maxi-
mum of 4 mg) as a single dose sublingually, rectally, or
by slow intravenous injection; this may be repeated
once after 10 minutes if necessary. 
In patients receiving modestly emetogenic chemother-
apy, lorazepam 1 to 2 mg orally may be added to an-
tiemetic therapy with domperidone or metoclopra-
mide, for the prophylaxis of nausea and vomiting.
The addition of lorazepam may be helpful in the pre-
vention of anticipatory symptoms because of its seda-
tive and amnestic effects.
Disturbed behaviour. For a discussion of the management of
behaviour disturbances associated with various psychotic disor-
ders and the value of benzodiazepines, see p.954. 
References.
1. Bieniek SA, et al. A double-blind study of lorazepam versus the

combination of haloperidol and lorazepam in managing agita-
tion. Pharmacotherapy 1998; 18: 57–62.

Nausea and vomiting. References.
1. Malik IA, et al. Clinical efficacy of lorazepam in prophylaxis of

anticipatory, acute, and delayed nausea and vomiting induced by
high doses of cisplatin: a prospective randomized trial. Am J Clin
Oncol 1995; 18: 170–5.

Premedication and sedation. Lorazepam is used as a pre-
medicant (p.1780) and as a sedative for therapeutic and investi-
gative procedures such as dental treatment (p.956) and endosco-
py (p.956), and also in intensive care (p.957). 
References.
1. Maltais F, et al. A randomized, double-blind, placebo-controlled

study of lorazepam as premedication for bronchoscopy. Chest
1996; 109: 1195–8.

Substance dependence. Lorazepam has been used in the
management of symptoms of alcohol withdrawal (p.1626). 
References.
1. D’Onofrio G, et al. Lorazepam for the prevention of recurrent

seizures related to alcohol. N Engl J Med 1999; 340: 915–9.

Preparations
BP 2008: Lorazepam Injection; Lorazepam Tablets; 
USP 31: Lorazepam Injection; Lorazepam Oral Concentrate; Lorazepam
Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Aplacasse; Calmatron; Emotival; Kalmalin; Lorezan; Microzepam;
Nervistop; Sedatival†; Sidenar; Trapax; Tratenamin†; Austral.: Ativan; Aus-
tria: Merlit; Temesta; Belg.: Docloraze; Lauracalm; Lorazemed; Lorazetop;
Loridem; Optisedine; Serenase; Temesta; Vigiten†; Braz.: Calmogenol†;
Lorapan; Lorax; Lorazefast; Lorazepan†; Max-Pax; Mesmerin; Canad.: Ati-
van; Novo-Lorazem; Nu-Loraz; Chile: Abinol; Amparax; Cz.: Loram†;
Tavor†; Denm.: Lorabenz; Temesta; Fin.: Temesta; Fr.: Equitam†; Temesta;
Ger.: duralozam†; Laubeel; Somagerol; Tavor; Tolid; Gr.: Aripax; Ativan;
Cicletan†; Dorm; Modium; Nifalin; Novhepar; Proneurit†; Tavor; Titus;
Trankilium; Hong Kong: Ativan†; LAtiwen; Lorans; Lorivan; Silence; India:

Ativan; Calmese; Larpose; Indon.: Ativan; Merlopam; Renaquil; Irl.: Ativan;
Israel: Lorivan; Ital.: Control; Loralin; Lorans; Tavor; Zeloram; Malaysia:
Ativan; Lorans; Mex.: Ativan; Sinestron†; Neth.: Temesta; NZ: Ativan; Lo-
rapam†; Pol.: Lorafen; Port.: Ansilor; Lorenin; Lorsedal; Rialam; Rus.: Lo-
rafen (Лорафен); S.Afr.: Ativan; Tranqipam; Singapore: Ativan; Lorans;
Spain: Donix; Idalprem; Orfidal; Placinoral; Sedicepan; Swed.: Temesta;
Switz.: Lorasifar; Sedazin; Temesta; Thai.: Anta; Anxira; Ativan†; Lonza;
Lora; Loramed; Lorapam; Lorazene†; Lorazep; Ora; Razepam†; Tranavan†;
Turk.: Ativan; UK: Ativan; USA: Ativan; Venez.: Ativan.

Multi-ingredient: Austria: Somnium†; Switz.: Somnium.

Lormetazepam (BAN, USAN, rINN)

Lormetatsepaami; Lormétazépam; Lormetazepamum; Wy-
4082. (RS)-7-Chloro-5-(2-chlorophenyl)-1,3-dihydro-3-hydroxy-
1-methyl-1,4-benzodiazepin-2-one.

Лорметазепам
C16H12Cl2N2O2 = 335.2.
CAS — 848-75-9.
ATC — N05CD06.
ATC Vet — QN05CD06.

Pharmacopoeias. In Br. 
BP 2008 (Lormetazepam). A white crystalline powder. Practi-
cally insoluble in water; soluble in alcohol and in methyl alcohol.
Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.

◊ For the purpose of withdrawal regimens, 0.5 to 1 mg of
lormetazepam is considered equivalent to about 5 mg of di-
azepam.

Adverse Effects, Treatment, and Precautions
As for Diazepam, p.987.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Lormetazepam is rapidly absorbed from the gastrointestinal tract
and metabolised to the inactive glucuronide. The terminal half-
life is reported to be about 11 hours.

◊ A brief review of the pharmacokinetics of lormetazepam.1

1. Greenblatt DJ, et al. Clinical pharmacokinetics of the newer ben-
zodiazepines. Clin Pharmacokinet 1983; 8: 233–52.

Uses and Administration
Lormetazepam is a short-acting benzodiazepine with general
properties similar to those of diazepam (p.992). It is mainly used
as a hypnotic in the short-term management of insomnia (p.957)
in usual oral doses of 0.5 to 1.5 mg at night. A dose of
500 micrograms is recommended for elderly or debilitated pa-
tients. Lormetazepam is also used in some countries for premed-
ication (p.1780).

Preparations
BP 2008: Lormetazepam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dilamet†; Austria: Noctamid; Belg.: Doclormeta; Keladormet; Lo-
ramet; Loranka; Lormetamed; Metatop; Noctacalm; Noctamid; Octonox;
Sedaben; Stilaze; Chile: Nocton; Denm.: Pronoctan; Fr.: Noctamide; Ger.:
Ergocalm; Loretam; Noctamid; Gr.: Loramet; Hong Kong: Loramet†; Irl.:
Noctamid; Ital.: Axilium; Ipnolor; Luzul; Mexylor; Minias; Neth.: Loramet†;
Noctamid; NZ: Noctamid; Pol.: Noctofer; Port.: Noctamid†; S.Afr.: Lo-
ramet; Noctamid; Singapore: Loramet; Spain: Aldosomnil; Loramet;
Noctamid; Switz.: Loramet; Noctamid; Thai.: Loramet†.

Loxapine (BAN, USAN, rINN)

CL-62362; Loksapiini; Loxapin; Loxapina; Loxapinum; Oxilapine;
SUM-3170. 2-Chloro-11-(4-methylpiperazin-1-yl)dibenz[b,f]-
[1,4]oxazepine.

Локсапин
C18H18ClN3O = 327.8.
CAS — 1977-10-2.
ATC — N05AH01.
ATC Vet — QN05AH01.

Loxapine Hydrochloride (BANM, rINNM)

Hidrocloruro de loxapina; Loxapine, Chlorhydrate de; Loxapini
Hydrochloridum.
Локсапина Гидрохлорид
C18H18ClN3O,HCl = 364.3.
ATC — N05AH01.
ATC Vet — QN05AH01.

Loxapine Succinate (BANM, USAN, rINNM)

CL-71563; Loxapine, Succinate de; Loxapini Succinas; Succinato
de loxapina.
Локсапина Суксинат
C18H18ClN3O,C4H6O4 = 445.9.
CAS — 27833-64-3.
ATC — N05AH01.
ATC Vet — QN05AH01.
Pharmacopoeias. In US. 
USP 31 (Loxapine Succinate). A white to yellowish, odourless,
crystalline powder. Store in airtight containers.
Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969. 
Other adverse effects reported include nausea and vomiting,
seborrhoea, dyspnoea, ptosis, headache, paraesthesia, facial
flush, weight gain or loss, and polydipsia.
Abuse. There has been a report of 3 cases of loxapine succinate
abuse.1
1. Sperry L, et al. Loxapine abuse. N Engl J Med 1984; 310: 598.

Effects on carbohydrate metabolism. Reversible nonketot-
ic hyperglycaemia, coma, and delirium developed in a patient re-
ceiving loxapine 150 mg daily in addition to lithium therapy.1
Symptoms improved on stopping loxapine, but subsequently re-
curred when the patient was given amoxapine. The causative
agent may have been 7-hydroxyamoxapine, a common metabo-
lite of both amoxapine and loxapine.
1. Tollefson G, Lesar T. Nonketotic hyperglycemia associated with

loxapine and amoxapine: case report. J Clin Psychiatry 1983;
44: 347–8.

Mania. A patient, initially diagnosed as having schizophrenia,
developed manic symptoms after receiving loxapine.1 The diag-
nosis was revised to schizoaffective disorder but it was suspected
that loxapine had a role in the emergence of the affective symp-
toms. As loxapine shares common metabolites with the antide-
pressant amoxapine it was suggested that an antidepressant effect
might have precipitated the manic symptoms.
1. Gojer JAC. Possible manic side-effects of loxapine. Can J Psy-

chiatry 1992; 37: 669–70.

Overdosage. An 8-year-old child was treated with activated
charcoal within 30 minutes of being given 375 mg of loxapine by
accident.1 The child became drowsy and was asleep but arousa-
ble 1 hour after ingestion. The degree of sedation appeared to
peak after 3.75 hours and the child was discharged about 20
hours after ingestion.
1. Tarricone NW. Loxitane overdose. Pediatrics 1998; 101: 496.

Porphyria. Loxapine is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in in-
vitro systems.
Interactions
As for Chlorpromazine, p.973.
Pharmacokinetics
Loxapine is readily absorbed from the gastrointestinal tract; peak
plasma concentrations occur within 1 to 2 hours. It is very rapidly
and extensively metabolised and there is evidence for a first-pass
effect. It is mainly excreted in the urine, in the form of its conju-
gated metabolites, with smaller amounts appearing in the faeces
as unconjugated metabolites; a substantial proportion of a dose is
excreted in the first 24 hours. The major metabolites of loxapine
are the active 7- and 8-hydroxyloxapine, which are conjugated to
the glucuronide or sulfate; other metabolites include hydroxy-
loxapine-N-oxide, loxapine-N-oxide, and hydroxydesmethyl-
loxapine (hydroxyamoxapine). Loxapine is widely distributed
and is thought, on the basis of animal studies, to cross the placen-
ta and be distributed into breast milk.
Uses and Administration
Loxapine is a dibenzoxazepine with general properties similar to
those of the phenothiazine, chlorpromazine (p.975). It is given
orally as the succinate and by intramuscular injection as the base
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in the treatment of psychoses including schizophrenia. Doses are
expressed in terms of the base; loxapine succinate 34 mg is
equivalent to about 25 mg of loxapine. 
The usual oral dose is 20 to 50 mg daily initially, in 2 divided
doses, increased according to response over the next 7 to 10 days
to 60 to 100 mg daily or more, in 2 to 4 divided doses; the max-
imum recommended dose is 250 mg daily. Maintenance doses
are usually in the range of 20 to 60 mg daily, in divided doses.
For the control of acute conditions it is given by intramuscular
injection in daily doses of up to 300 mg in 2 or 3 divided doses.
Reduced dosage may be required in elderly patients. 
Loxapine has also been given orally and by intramuscular injec-
tion as the hydrochloride.
Disturbed behaviour. For a discussion of the use and limita-
tions of antipsychotics such as loxapine in patients with dis-
turbed behaviour, see p.954. 
References.
1. Carlyle W, et al. Aggression in the demented patient: a double-

blind study of loxapine versus haloperidol. Int J Clin Psychop-
harmacol 1993; 8: 103–8.

Schizophrenia. A brief review of loxapine1 found no conclu-
sive evidence that it was particularly effective in patients with
paranoid schizophrenia (p.955). A subsequent systematic review
considered that the limited evidence did not indicate a clear dif-
ference in its effects from other antipsychotics.2
1. Anonymous. Clozapine and loxapine for schizophrenia. Drug

Ther Bull 1991; 29: 41–2. 
2. Chakrabarti A, et al. Loxapine for schizophrenia. Available in

The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2007 (accessed 19/03/08).

Preparations
USP 31: Loxapine Capsules.
Proprietary Preparations (details are given in Part 3)
Canad.: Loxapac; Fr.: Loxapac; Gr.: Loxapac†; India: Loxapac; Spain:
Desconex†; UK: Loxapac†; USA: Loxitane.

Medazepam (BAN, rINN)

Medatsepaami; Médazépam; Medazepamum. 7-Chloro-2,3-dihy-
dro-1-methyl-5-phenyl-1H-1,4-benzodiazepine.
Медазепам
C16H15ClN2 = 270.8.
CAS — 2898-12-6.
ATC — N05BA03.
ATC Vet — QN05BA03.

Pharmacopoeias. In Jpn.

Medazepam Hydrochloride (USAN)

Medazepam, hidrocloruro de; Ro-5-4556.
C16H15ClN2,HCl = 307.2.
CAS — 2898-11-5.
ATC — N05BA03.
ATC Vet — QN05BA03.

Profile
Medazepam is a long-acting benzodiazepine with properties
similar to those of diazepam (p.986). It has been given for the
short-term treatment of anxiety disorders (p.952). A usual oral
dose is 10 to 30 mg daily in divided doses; in severe conditions
up to 60 mg daily has been given. Reduced doses should be giv-
en to elderly or debilitated patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Ansilan; Rusedal†; Ger.: Rudotel; Rusedal; Hung.: Nobrium; Rudotel;
Rusedal; Pol.: Rudotel; Rus.: Rudotel (Рудотель).
Multi-ingredient: Ital.: Debrum; Spain: Nobritol; Turk.: Tanko-Buskas;
Tranko-Buskas.

Medetomidine Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de medetomidina; Medetomidiinihydrokloridi;
Médétomidine, Chlorhydrate de; Medetomidinhydroklorid; Me-
detomidini Hydrochloridum; MPV-785. (±)-4-[1-(2,3-Xy-
lyl)ethyl]imidazole monohydrochloride.
Медетомидина Гидрохлорид
C13H16N2,HCl = 236.7.
CAS — 86347-15-1 (medetomidine hydrochlor ide);
86347-14-0 (medetomidine).

Profile
Medetomidine is an α2-adrenoceptor agonist with sedative, mus-
cle relaxant, and analgesic properties. It is used as the hydrochlo-
ride in veterinary medicine. 
Its isomer dexmedetomidine (p.986) is used as the hydrochloride
in intensive care.

Melperone Hydrochloride (BANM, rINNM)

FG-5111; Flubuperone Hydrochloride; Hidrocloruro de melper-
ona; Melperon Hidroklorür; Melpérone, Chlorhydrate de; Melp-
eroni Hydrochloridum; Methylperone Hydrochloride. 4′-Fluoro-
4-(4-methylpiperidino)butyrophenone hydrochloride.
Мелперона Гидрохлорид
C16H22FNO,HCl = 299.8.
CAS — 3575-80-2 (melperone); 1622-79-3 (melperone
hydrochloride).
ATC — N05AD03.
ATC Vet — QN05AD03.

(melperone)

Profile
Melperone is a butyrophenone with general properties similar to
those of haloperidol (p.1000). It is given as the hydrochloride by
mouth or by intramuscular injection for the management of psy-
choses such as schizophrenia (p.955) and in disturbed behaviour
(p.954); doses are expressed as the hydrochloride. A usual oral
dose is up to 400 mg daily in divided doses. In acute conditions
it may be given intramuscularly in doses of 25 to 100 mg repeat-
ed to a usual maximum of 200 mg daily.
Cardiac arrhythmias. Melperone has been reported to have
class III electrophysiologic and antiarrhythmic activity1,2 but its
clinical use as an antiarrhythmic would be limited by a high inci-
dence of adverse effects.2 For a discussion of the cardiovascular
effects of antipsychotics in general, see under Chlorpromazine,
p.970.
1. Møgelvang JC, et al. Antiarrhythmic properties of a neuroleptic

butyrophenone, melperone, in acute myocardial infarction. Acta
Med Scand 1980; 208: 61–4. 

2. Hui WKK, et al. Melperone: electrophysiologic and antiarrhyth-
mic activity in humans. J Cardiovasc Pharmacol 1990; 15:
144–9.

Pharmacokinetics. References.
1. Köppel C, et al. Gas chromatographic-mass spectrometric study

of urinary metabolism of melperone. J Chromatogr Biomed Appl
1988; 427: 144–50.

Schizophrenia. References1-3 to the use of melperone in schiz-
ophrenia. It has been suggested that melperone should be consid-
ered as an atypical antipsychotic in view of the low incidence of
extrapyramidal effects associated with its use.
1. Meltzer HY, et al. Melperone in the treatment of neuroleptic-

resistant schizophrenia. Psychiatry Res 2001; 105: 201–9. 
2. Sumiyoshi T, et al. The effect of melperone, an atypical antipsy-

chotic drug, on cognitive function in schizophrenia. Schizophr
Res 2003; 59: 7–16. 

3. Sumiyoshi T, et al. A comparison of two doses of melperone, an
atypical antipsychotic drug, in the treatment of schizophrenia.
Schizophr Res 2003; 62: 65–72.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Buronil; Neuril†; Belg.: Buronil; Cz.: Buronil; Denm.: Buronil;
Fin.: Buronil†; Melpax; Ger.: Eunerpan; Harmosin; Mel-Puren; Melneurin;
Melperomerck; Port.: Bunil; Swed.: Buronil; Turk.: Buronon.

Meprobamate (BAN, rINN)

Meprobamaatti; Meprobamát; Meprobamat; Meprobamatas;
Méprobamate; Meprobamato; Meprobamatum; Meprotanum.
2-Methyl-2-propyltrimethylene dicarbamate.
Мепробамат
C9H18N2O4 = 218.3.
CAS — 57-53-4.
ATC — N05BC01.
ATC Vet — QN05BC01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of meprobamate: 
Miltown; Mother’s little helper; Uncle Miltie.
Pharmacopoeias. In Eur. (see p.vii), US, and Viet. 
Ph. Eur. 6.2 (Meprobamate). A white or almost white, crystal-
line or amorphous powder. Slightly soluble in water; freely solu-
ble in alcohol. 
USP 31 (Meprobamate). A white powder having a characteris-
tic odour. Slightly soluble in water; freely soluble in alcohol and
in acetone; practically insoluble or insoluble in ether. Store in air-
tight containers.
Dependence and Withdrawal
As for the barbiturates (see Amobarbital, p.962).
Adverse Effects and Treatment
Drowsiness is the most frequent adverse effect of meprobamate.
Other effects include nausea, vomiting, diarrhoea, paraesthesia,
weakness, and CNS effects such as headache, paradoxical ex-
citement, dizziness, ataxia, and disturbances of vision. There
may be hypotension, tachycardia, and cardiac arrhythmias. Hy-
persensitivity reactions occur occasionally. These may be limited
to skin rashes, urticaria, and purpura or may be more severe with
angioedema, bronchospasm, or anuria. Erythema multiforme or
Stevens-Johnson syndrome, and exfoliative or bullous dermatitis
have been reported. 
Blood disorders including agranulocytosis, eosinophilia, leuco-
penia, thrombocytopenia, and aplastic anaemia have occasional-
ly been reported. 
Overdosage with meprobamate produces symptoms similar to
those of barbiturate overdosage (see Amobarbital, p.962), and is
managed similarly.
Overdosage. Two children aged 2 and 2.5 years recovered with
conservative management alone after overdosage of mep-
robamate with bendroflumethiazide despite measured plasma-
meprobamate concentrations of 170 and 158 micrograms/mL,
respectively.1 Although it had been recommended that haemo-
perfusion should be considered at plasma-meprobamate concen-
trations above 100 micrograms/mL, the authors considered that
experience with adults suggested haemoperfusion should nor-
mally only be considered at plasma concentrations above
200 micrograms/mL.
1. Dennison J, et al. Meprobamate overdosage. Hum Toxicol 1985;

4: 215–17.

Precautions
Meprobamate should be used with caution in patients with hepat-
ic or renal impairment, depression, muscle weakness, and, as
with all sedatives, in patients with impaired respiratory function.
Meprobamate should be given with care to elderly or debilitated
patients. Meprobamate may induce seizures in patients with a
history of epilepsy. 
Meprobamate may cause drowsiness; affected patients should
not drive or operate machinery.
Breast feeding. The BNF considers that the use of mep-
robamate should be avoided in breast feeding mothers as concen-
trations in milk may exceed maternal plasma concentrations
fourfold and may cause drowsiness in the infant.
Porphyria. Meprobamate has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Studies on the use of meprobamate during pregnan-
cy.
1. Milkovich L, van den Berg BJ. Effects of prenatal meprobamate

and chlordiazepoxide hydrochloride on human embryonic and
fetal development. N Engl J Med 1974; 291: 1268–71. 

2. Crombie DL, et al. Fetal effects of tranquilizers in pregnancy. N
Engl J Med 1975; 293: 198–9. 

3. Hartz SC, et al. Antenatal exposure to meprobamate and chlo-
rdiazepoxide in relation to malformations, mental development,
and childhood mortality. N Engl J Med 1975; 292: 726–8.

Interactions
The sedative effects of meprobamate are enhanced by CNS de-
pressants including alcohol. Meprobamate is capable of inducing
hepatic microsomal enzyme systems involved in drug metabo-
lism: the metabolism of other drugs may be enhanced if given
concurrently.
Pharmacokinetics
Meprobamate is readily absorbed from the gastrointestinal tract
and peak plasma concentrations occur 1 to 3 hours after inges-
tion. Meprobamate is widely distributed. It is extensively metab-
olised in the liver and is excreted in the urine mainly as an inac-
tive hydroxylated metabolite and its glucuronide conjugate.
About 10% of a dose is excreted unchanged. Meprobamate has a
half-life reported to range from about 6 to 17 hours, although this
may be prolonged after chronic use. 
It diffuses across the placenta and appears in breast milk at con-
centrations of up to 4 times those in the maternal plasma.
Uses and Administration
Meprobamate is a carbamate with hypnotic, sedative, and some
muscle relaxant properties, although in therapeutic doses its sed-
ative effect rather than a direct action may be responsible for
muscle relaxation. It has been used in the short-term treatment of
anxiety disorders (p.952) and also for the short-term manage-
ment of insomnia (p.957) but has largely been superseded by
other drugs. Meprobamate has sometimes been used, alone or
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

with an analgesic, in the management of muscle spasm (p.1887)
and painful musculoskeletal disorders but such use is no longer
considered appropriate. 
The usual anxiolytic dose is 400 mg orally three or four times
daily to a maximum of 2.4 g daily. In elderly patients, no more
than half the usual adult dose has been suggested.
Preparations
USP 31: Meprobamate Oral Suspension; Meprobamate Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Cyrpon; Epikur; Microbamat; Miltaun; Belg.: Pertranquil†; Re-
poso-Mono†; Fr.: Equanil; Ger.: Visano N†; Visano-mini N†; Hung.:
Andaxin; Israel: Mepro; Ital.: Quanil; S.Afr.: Equanil; Switz.: Meprodil;
USA: Miltown†; Neuramate†.

Multi-ingredient: Arg.: Hidromens†; Canad.: 282 Mep†; Chile: Butar-
trol; Fin.: Anervan; Crampiton; Potentol†; Fr.: Kaologeais; Mepronizine; Pal-
pipax†; Precyclan; Indon.: Deparon; Mex.: Artrilan; Norw.: Anervan;
Port.: Vitasma†; S.Afr.: Adco-Payne; Antipyn Forte; Ban Pain; Briscopyn;
Equagesic; Fevapar; Go-Pain; Medipyn; Megapyn; Meprogesic; Mepromol;
Micro-Gesic; Nopyn†; Noralget†; Painagon; Painrite; Pynmed; Salterpyn;
Spectrapain Forte; Stilpane; Stopayne; Supragesic; Synaleve; Tenston; Tri-
nagesic; Vacudol Forte; Xeramax†; Xerogesic†; Swed.: Anervan; UK: Pax-
idal; USA: Equagesic; Micrainin†.

Mesoridazine (BAN, USAN, rINN)

Mesoridatsiini; Mesoridazin; Mesoridazina; Mésoridazine; Mesori-
dazinum; Mesuridazine; Mezoridazin; NC-123; TPS-23. 10-[2-(1-
Methyl-2-piperidyl)ethyl]-2-(methylsulphinyl)phenothiazine.
Мезоридазин
C21H26N2OS2 = 386.6.
CAS — 5588-33-0.
ATC — N05AC03.
ATC Vet — QN05AC03.

Mesoridazine Besilate (BANM, rINNM)

Bencenosulfonato de mesoridazina; Mesoridazine Benzenesul-
phonate; Mésoridazine, Bésilate de; Mesoridazine Besylate; Mes-
oridazini Besilas; Mesuridazine Benzenesulphonate.
Мезоридазина Безилат
C21H26N2OS2,C6H6O3S = 544.7.
CAS — 32672-69-8 (mesor idazine besilate).
ATC — N05AC03.
ATC Vet — QN05AC03.

Pharmacopoeias. In US. 
USP 31 (Mesoridazine Besylate). A white to pale yellowish pow-
der having not more than a faint odour. Soluble 1 in 1 of water, 1
in 11 of alcohol, 1 in 3 of chloroform, and 1 in 6300 of ether; free-
ly soluble in methyl alcohol. pH of a freshly prepared 1 in 100
solution is between 4.2 and 5.7. Store in airtight containers. Pro-
tect from light.

Profile
Mesoridazine is a phenothiazine with general properties similar
to those of chlorpromazine (p.975). It has a piperidine side-chain
and is a metabolite of thioridazine (p.1031). Mesoridazine has
usually been given as the besilate, orally or by intramuscular in-
jection. 
Mesoridazine has been shown to prolong the QT interval in a
dose-related manner which increases the risk of life-threatening
arrhythmias such as torsade de pointes and sudden death; conse-
quently its use in schizophrenia has been restricted. Details of
these restrictions are given under Precautions of Thioridazine,
the parent drug of mesoridazine (see p.1031). Its use in other psy-
chiatric disorders was abandoned after it was felt that there was
an unacceptable balance of risks and benefits as a result of its
cardiotoxic potential, and it is no longer available in many coun-
tries.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of mesoridazine on breast-fed infants
is unknown, its use by mothers during breast feeding may be of
concern since antipsychotic drugs do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http: / /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04)

Preparations
USP 31: Mesoridazine Besylate Injection; Mesoridazine Besylate Oral Solu-
tion; Mesoridazine Besylate Tablets.
Proprietary Preparations (details are given in Part 3)
Turk.: Lidanil; USA: Serentil†.

Methaqualone (BAN, USAN, rINN)

CI-705; CN-38703; Metacualona; Metakvalon; Metakvalonas;
Metakvaloni; Methachalonum; Methakvalon; Méthaqualone;
Methaqualonum; QZ-2; R-148; TR-495. 2-Methyl-3-o-tolylquina-
zolin-4-(3H)-one.
Метахалон
C16H14N2O = 250.3.
CAS — 72-44-6 (methaqualone); 340-56-7 (meth-
aqualone hydrochlor ide).
ATC — N05CM01.
ATC Vet — QN05CM01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of methaqualone: 
300’s; 714; 714s; Bandits; Beiruts; Blou Bulle; Blue Balls; Blue
bulls; Disco biscuits; Down and dirtys; Drunfos; Drunken Mon-
key; Ewings; Flamingos; Flowers; Four-strokes; Fuckers; Genu-
ines; Germans; Golfsticks; Gorilla Biscuits; Humbles; Joe Fri-
days; Knoppies; Lemmon 714; Lemons; Lennons; Lewds;
Lizards; Loss-of-memory; Love drug; Lovers; Ludes; Luds; Lu-
la; Magwheels; Pressouts; Pupumala; Q; Qua; Quaa; Quaalude;
Quaaludes; Quaas; Quack; Quad; Quads; Quas; Seven fourteens;
Shiny Tops; Soaper; Sopor; Sopors; Sporos; Strawberries; Super
Sopors; Supers; Supper; Three hundreds; Vitamin Q; Wagon
Wheels; Wallbangers; Whore pills.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Methaqualone). A white or almost white, crystal-
line powder. Very slightly soluble in water; soluble in alcohol;
dissolves in dilute sulfuric acid. Protect from light.
Profile
Methaqualone is a quinazoline derivative with hypnotic and sed-
ative properties. It has been given orally in the short-term man-
agement of insomnia but the use of methaqualone for this pur-
pose is no longer considered appropriate. It has also been given
with diphenhydramine for an enhanced effect. 
Methaqualone has been withdrawn from the market in many
countries because of problems with abuse. 
Adverse effects and symptoms of overdosage are similar to those
of barbiturates (see Amobarbital, p.962) although cardiac and
respiratory depression reportedly occur less frequently.
Abuse. Although oral abuse of methaqualone has greatly de-
clined in developed countries after the widespread withdrawal of
the tablets, smoking of (usually illicitly manufactured) meth-
aqualone, generally in combination with cannabis and tobacco,
is a major public health problem in South Africa, and some other
parts of Africa and India. Although diazepam has been used to
manage dependence, controlled studies to inform the manage-
ment of the condition are lacking.1
1. McCarthy G, et al. Treatment for methaqualone dependence in

adults. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2005 (accessed
11/05/06).

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Switz.: Toquilone compositum†.

Mexazolam (rINN)

CS-386; Methylcloxazolam; Mexazolamum. 10-Chloro-11b-(2-
chlorophenyl)-2,3,7,11b-tetrahydro-3-methyloxazolo[3,2-
d][1,4]benzodiazepin-6(5H)-one.
Мексазолам
C18H16Cl2N2O2 = 363.2.
CAS — 31868-18-5.

Profile
Mexazolam is a benzodiazepine with general properties similar
to those of diazepam (p.986). It has been given by mouth for its
anxiolytic and sedative properties.
Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Sedoxil.

Midazolam (BAN, rINN)

Midatsolaami; Midazolám; Midazolamas; Midazolamum; Ro-21-
3971. 8-Chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,5-
a][1,4]benzodiazepine.
Мидазолам
C18H13ClFN3 = 325.8.
CAS — 59467-70-8.
ATC — N05CD08.
ATC Vet — QN05CD08.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Midazolam). A white or yellowish crystalline pow-
der. Practically insoluble in water; freely soluble in alcohol and
in acetone; soluble in methyl alcohol.

Midazolam Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de midazolam; Midazolam, Chlorhydrate de; Mida-
zolami Hydrochloridum; Ro-21-3981/003.
Мидазолама Гидрохлорид
C18H13ClFN3,HCl = 362.2.
CAS — 59467-96-8.
ATC — N05CD08.
ATC Vet — QN05CD08.

Incompatibility. The visual compatibility of midazolam hy-
drochloride with a range of drugs was studied over a period of 4
hours.1 A white precipitate was formed immediately with dimen-
hydrinate, pentobarbital sodium, perphenazine, prochlorperazine
edisilate, and ranitidine hydrochloride. Similar incompatibility
has been reported2,3 with furosemide, thiopental, and parenteral
nutrition solutions. Other workers4 have reported that a precipi-
tate is formed with midazolam hydrochloride if the resultant
mixture has a pH of 5 or more.
1. Forman JK, Souney PF. Visual compatibility of midazolam hy-

drochloride with common preoperative injectable medications.
Am J Hosp Pharm 1987; 44: 2298–9. 

2. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs
used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

3. Trissel LA, et al. Compatibility of parenteral nutrient solutions
with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 1295–300. 

4. Swart EL, et al. Compatibility of midazolam hydrochloride and
lorazepam with selected drugs during simulated Y-site adminis-
tration. Am J Health-Syst Pharm 1995; 52: 2020–2.

Stability. Licensed product information states that solutions of
midazolam hydrochloride in sodium chloride 0.9%, glucose 5%,
or glucose 4% with sodium chloride 0.18% are stable at room
temperature for up to 24 hours, and similar solutions containing
the equivalent of 0.5 mg/mL of the base were stable for 36 days1

when stored in glass bottles at temperatures of 4° to 6°, 24° to
26°, and 39° to 41°. Other workers2 found that a solution contain-
ing midazolam hydrochloride equivalent to 1 mg/mL of the base
in sodium chloride 0.9% was stable for at least 10 days when
stored in PVC bags. The product information advises against ad-
mixture with Compound Sodium Lactate Intravenous Infusion
(Hartmann’s solution) as the potency of midazolam is reduced.
1. Pramar YV, et al. Stability of midazolam hydrochloride in sy-

ringes and i.v. fluids. Am J Health-Syst Pharm 1997; 54: 913–15. 
2. McMullin ST, et al. Stability of midazolam hydrochloride in pol-

yvinyl chloride bags under fluorescent light. Am J Health-Syst
Pharm 1995; 52: 2018–20.

Midazolam Maleate (BANM, USAN, rINNM)

Maleato de midazolam; Midazolam, Maléate de; Midazolami
Maleas; Ro-21-3981/001.
Мидазолама Малеат
C18H13ClFN3,C4H4O4 = 441.8.
CAS — 59467-94-6.
ATC — N05CD08.
ATC Vet — QN05CD08.
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Dependence and Withdrawal
As for Diazepam, p.987.
◊ Withdrawal symptoms occurred1 in 2 children after stopping
midazolam, which had been used for sedation during mechanical
ventilation.
1. van Engelen BGM, et al. Benzodiazepine withdrawal reaction in

two children following discontinuation of sedation with mida-
zolam. Ann Pharmacother 1993; 27: 579–81.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. There have been reports of
life-threatening adverse respiratory and cardiovascular
events occurring after use of midazolam; when giving
midazolam the precautions given below should be ob-
served to lessen the risk of such reactions. Pain, tender-
ness, and thrombophlebitis have occurred after injec-
tion of midazolam. Hiccups have been reported.
Incidence of adverse effects. Death due to respiratory de-
pression, hypotension, or cardiac arrest has been reported in pa-
tients given intravenous midazolam for conscious sedation.1
Within about 6 months of its introduction in the USA in May
1986, 13 fatalities due to cardiorespiratory depression had been
reported (higher doses were used initially in the USA than those
in the UK). By January 1988, 66 deaths had been reported, al-
though in November 1987 the adult dosage recommendation had
been reduced to 70 micrograms/kg and to 50 micrograms/kg for
elderly patients. Fatalities have also occurred in the UK [where
the dose is 70 micrograms/kg, reduced in the elderly] with 4
deaths reported to the UK CSM by November 1987. 
While it appears that midazolam and diazepam produce very
similar degrees of hypoventilation and oxygen desaturation
when used in equivalent doses,2 the sedative end-point does ap-
pear to be reached more abruptly with midazolam.3 Appropriate
precautions should therefore be taken: 
• facilities for resuscitation should always be available when in-

travenous midazolam is used 
• respiratory and cardiac function should be monitored continu-

ously 
• the dose of midazolam should be carefully titrated against the

response of the patient and the product recommendations con-
cerning dosage rate be observed 

• particular care, including a reduction in midazolam dosage, is
required in patients also receiving opioid analgesics, in the
elderly and children, and in patients with compromised cardio-
respiratory function 

• similar warnings apply to the use of oral midazolam where it
is available 

The availability of the benzodiazepine antagonist, flumazenil,
should not be an encouragement to use larger doses of mida-
zolam.1 
Since endoscopy of the upper gastrointestinal tract can itself re-
duce oxygen saturation, some workers have advocated the pro-
phylactic use of nasal oxygen during this procedure for those pa-
tients at particular risk as outlined above.
1. Anonymous. Midazolam—is antagonism justified? Lancet 1988;

ii: 140–2. 
2. Bell GD. Review article: premedication and intravenous seda-

tion for upper gastrointestinal endoscopy. Aliment Pharmacol
Ther 1990; 4: 103–22. 

3. Ryder W, Wright PA. Dental sedation: a review. Br Dent J 1988;
165: 207–16.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of midazolam on breast-fed infants is
unknown its use by mothers during breast feeding may be of con-
cern since psychotropic drugs do appear in breast milk and thus
could conceivably alter CNS function in the infant both in the
short and long term. 
Midazolam could not be detected in breast milk from 11 mothers
the morning after either the first or the fifth nightly 15-mg oral
dose.2 Additional study of 2 mothers found that midazolam and
its hydroxy-metabolite disappeared rapidly from milk with unde-
tectable concentrations at 4 hours. The mean milk to plasma ratio
for midazolam was 0.15 in 6 paired samples.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Matheson I, et al. Midazolam and nitrazepam in the maternity
ward: milk concentrations and clinical effects. Br J Clin Phar-
macol 1990; 30: 787–93.

Children. An intravenous bolus injection of midazolam in chil-
dren already receiving intravenous morphine after cardiac sur-
gery produced an undesirable transient fall in cardiac output.1 It
was suggested that for patients already receiving other drugs that
provide sedation the use of midazolam in the early postoperative
period should be limited to a continuous infusion. Similarly, it
has been recommended2 that bolus intravenous doses of mida-
zolam should be avoided in neonates due to the occurrence of
hypotension. 

The initial dosage of midazolam used for continuous intravenous
sedation may need to be reduced in critically ill children under 3
years of age since the plasma clearance of midazolam appears to
be reduced in these patients.3
1. Shekerdemian L, et al. Cardiovascular effects of intravenous mi-

dazolam after open heart surgery. Arch Dis Child 1997; 76:
57–61. 

2. Jacqz-Aigrain E, Burtin P. Clinical pharmacokinetics of seda-
tives in neonates. Clin Pharmacokinet 1996; 31: 423–43. 

3. Hughes J, et al. Steady-state plasma concentrations of mida-
zolam in critically ill infants and children. Ann Pharmacother
1996; 30: 27–30.

Effects on mental function. For discussion of the adverse ef-
fects of benzodiazepines on mental function, including reports of
sexual fantasies in women sedated with intravenous midazolam,
see Diazepam, p.987.
Effects on the nervous system. For reference to acute dysto-
nia associated with use of midazolam, see Diazepam, p.988.
ENCEPHALOPATHY. For a report of prolonged use of midazolam
with fentanyl being associated with encephalopathy in infants
sedated under intensive care, see Diazepam, p.988.
MYOCLONUS.  Myoclonic twitching of all four limbs was
noted1 in 6 of 102 neonates who received a continuous intra-
venous infusion of  midazolam at  a  rate  of  30 to
60 micrograms/kg per hour. Myoclonus ceased a few hours
after stopping the infusion and never recurred. No ictal activ-
ity was detected in EEGs recorded during the myoclonus.
1. Magny JF, et al. Midazolam and myoclonus in neonate. Eur J

Pediatr 1994; 153: 389–90.

The elderly. Sedation with midazolam in elderly subjects need-
ed only about half the dose necessary to produce comparable ef-
fects in younger subjects.1 Pharmacodynamic differences due to
age suggested an increase in sensitivity of the CNS to midazolam
in the elderly subjects.
1. Albrecht S, et al. The effect of age on the pharmacokinetics and

pharmacodynamics of midazolam. Clin Pharmacol Ther 1999;
65: 630–9.

Hepatic impairment. For the precautions to be observed in
patients with impaired liver function, see under Pharmacokinet-
ics, below.
Renal impairment. Five patients with severe renal impair-
ment experienced prolonged sedation when given midazolam;
this was attributed to accumulation of conjugated metabolites.1
1. Bauer TM, et al. Prolonged sedation due to accumulation of con-

jugated metabolites of midazolam. Lancet 1995; 346: 145–7.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Absorption of midazolam is rapid, peak plasma con-
centrations being achieved within 20 to 60 minutes of
a dose, depending on the route. Extensive first-pass
metabolism results in a low systemic bioavailability af-
ter oral doses. Bioavailability is higher, but variable, af-
ter intramuscular injection; figures of more than 90%
are often cited. 
Midazolam is lipophilic at physiological pH. It crosses
the placenta and is distributed into breast milk (but see
above). Midazolam is about 96% bound to plasma pro-
teins. 
Midazolam usually has a short elimination half-life of
about 2 hours although half-lives longer than 7 hours
have been reported in some patients. The half-life of
midazolam is also prolonged in neonates, in the elder-
ly, and in patients with liver disorders. 
Midazolam is metabolised in the liver via the cyto-
chrome P450 isoenzyme CYP3A4. The major metab-
olite, 1-hydroxymidazolam (alpha-hydroxymida-
zolam) has some activity; its half-life is less than 1
hour. Midazolam metabolites are excreted in the urine,
mainly as glucuronide conjugates.
◊ References.
1. Garzone PD, Kroboth PD. Pharmacokinetics of the newer ben-

zodiazepines. Clin Pharmacokinet 1989; 16: 337–64. 
2. Swart EL, et al. Comparative population pharmacokinetics of lo-

razepam and midazolam during long-term continuous infusion in
critically ill patients. Br J Clin Pharmacol 2004; 57: 135–45.

Children. In a study1 of the pharmacokinetics of midazolam in
children the bioavailability of a dose of 0.15 mg/kg was 100, 87,
27, and 18% when given by the intravenous, intramuscular, oral,
and rectal routes, respectively. The oral bioavailability was re-
duced to 16 and 15% after increasing the dose to 0.45 and
1 mg/kg, respectively. There was bioequivalence between the
0.15 mg/kg intramuscular dose and the 0.45 mg/kg oral dose
from 45 to 120 minutes after dosage. Absorption from the rectal
route gave lower serum-midazolam concentrations than the oral
route at the 0.15 mg/kg dose. 

Midazolam appears to be absorbed rapidly when given intrana-
sally to children with mean maximum plasma concentrations be-
ing achieved within about 12 minutes;2-4 values of 30% and 55%
have been reported for the bioavailability3,4 but methods to opti-
mise nasal delivery have resulted in higher bioavailability in
studies in adults (see below). A study comparing intranasal, in-
travenous, and rectal dosage of midazolam in children found that
plasma concentrations from 45 minutes after intranasal and intra-
venous doses were similar; those after rectal doses were consist-
ently less than after these other 2 routes.2 Possible reasons sug-
gested by the authors for this included the effect that the wide
interindividual variations in rectal pH may have had on the ab-
sorption of midazolam. 
Another study has investigated the relationship between intrave-
nous dose and plasma-midazolam concentrations in children.5 
See also Children under Precautions, above.
1. Payne K, et al. The pharmacokinetics of midazolam in paediatric

patients. Eur J Clin Pharmacol 1989; 37: 267–72. 
2. Malinovsky J-M, et al. Plasma concentrations of midazolam af-

ter iv, nasal or rectal administration in children. Br J Anaesth
1993; 70: 617–20. 

3. Rey E, et al. Pharmacokinetics of midazolam in children: com-
parative study of intranasal and intravenous administration. Eur
J Clin Pharmacol 1991; 41: 355–7. 

4. Kauffman RE, et al. Intranasal absorption of midazolam. Clin
Pharmacol Ther 1995; 57: 209. 

5. Tolia V, et al. Pharmacokinetic and pharmacodynamic study of
midazolam in children during esophagogastroduodenoscopy. J
Pediatr 1991; 119: 467–71.

NEONATES. References to the pharmacokinetics of midazolam
in neonates. See also Children under Precautions, above.
1. Jacqz-Aigrain E, et al. Pharmacokinetics of midazolam in criti-

cally ill neonates. Eur J Clin Pharmacol 1990; 39: 191–2. 
2. Jacqz-Aigrain E, et al. Pharmacokinetics of midazolam during

continuous infusion in critically ill neonates. Eur J Clin Pharma-
col 1992; 42: 329–32. 

3. Burtin P, et al. Population pharmacokinetics of midazolam in ne-
onates. Clin Pharmacol Ther 1994; 56: 615–25. 

4. Jacqz-Aigrain E, Burtin P. Clinical pharmacokinetics of seda-
tives in neonates. Clin Pharmacokinet 1996; 31: 423–43. 

5. Harte GJ, et al. Haemodynamic responses and population phar-
macokinetics of midazolam following administration to ventilat-
ed, preterm neonates. J Paediatr Child Health 1997 33: 335–8. 

6. Lee TC, et al. Population pharmacokinetic modeling in very pre-
mature infants receiving midazolam during mechanical ventila-
tion: midazolam neonatal pharmacokinetics. Anesthesiology
1999; 90: 451–7. 

7. de Wildt SN, et al. Pharmacokinetics and metabolism of intrave-
nous midazolam in preterm infants. Clin Pharmacol Ther 2001;
70: 525–31.

Half-life. Data collected from 7 studies involving 90 subjects
has suggested that the prolonged midazolam half-lives reported
in a small number of patients are secondary to increases in the
volume of distribution and not a result of alterations in clearance
and metabolism.1 Prolongation of the half-life of midazolam has
been reported2 in 2 patients after sustained infusion for status
epilepticus.
1. Wills RJ, et al. Increased volume of distribution prolongs mida-

zolam half-life. Br J Clin Pharmacol 1990; 29: 269–72. 
2. Naritoku DK, Sinha S. Prolongation of midazolam half-life after

sustained infusion for status epilepticus. Neurology 2000 54:
1366–8.

Intranasal administration. Plasma concentrations of mida-
zolam sufficient to induce conscious sedation are rapidly attained
after intranasal doses.1 Although bioavailability of up to 55%
had previously been obtained in children after intranasal use (see
above), slow administration and other methods to optimise nasal
delivery had resulted in a bioavailability of 83% in adults.2,3

1. Burstein AH, et al. Pharmacokinetics and pharmacodynamics of
midazolam after intranasal administration. J Clin Pharmacol
1997; 37: 711–18. 

2. Björkman S, et al. Pharmacokinetics of midazolam given as an
intranasal spray to adult surgical patients. Br J Anaesth 1997; 79:
575–80. 

3. Knoester PD, et al. Pharmacokinetics and pharmacodynamics of
midazolam administered as a concentrated intranasal spray: a
study in healthy volunteers. Br J Clin Pharmacol 2002; 53:
501–7.

Liver disorders. The pharmacokinetics of midazolam in pa-
tients with advanced cirrhosis of the liver were characterised by
an increase in oral systemic bioavailability1 and by a decrease in
clearance with consequent prolongation of elimination half-
life.1,2 Dosage may need to be reduced. However, metabolism of
midazolam has been found in the anhepatic period of liver trans-
plantation indicating extrahepatic metabolism (see below).
1. Pentikäinen PJ, et al. Pharmacokinetics of midazolam following

intravenous and oral administration in patients with chronic liver
disease and in healthy subjects. J Clin Pharmacol 1989; 29:
272–7. 

2. MacGilchrist AJ, et al. Pharmacokinetics and pharmacodynam-
ics of intravenous midazolam in patients with severe alcoholic
cirrhosis. Gut 1986; 27: 190–5.

Metabolism. For a discussion of the metabolism of benzodi-
azepines, see Diazepam, p.992. Midazolam appears to be metab-
olised by at least 3 different cytochrome P450 isoenzymes found
in the liver and in the kidney.1 Variations in the activity of these
enzymes might account for some of the interindividual differenc-
es in pharmacokinetics and pharmacodynamics seen with mida-
zolam.2 However, a study3 in patients undergoing liver transplan-
tation has indicated that the small intestine is a significant site for
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the first-pass metabolism of midazolam, metabolism presumably
being catalysed by the cytochrome P450 isoenzyme CYP3A4
found in intestinal mucosa.
1. Wandel C, et al. Midazolam is metabolized by at least three dif-

ferent cytochrome P450 enzymes. Br J Anaesth 1994; 73:
658–61. 

2. Lown KS, et al. The erythromycin breath test predicts the clear-
ance of midazolam. Clin Pharmacol Ther 1995; 57: 16–24. 

3. Paine MF, et al. First-pass metabolism of midazolam by the hu-
man intestine. Clin Pharmacol Ther 1996; 60: 14–24.

Sublingual administration. High bioavailability (about 75%)
and reliable plasma concentrations have been achieved after sub-
lingual doses of midazolam.1
1. Schwagmeier R, et al. Midazolam pharmacokinetics following

intravenous and buccal administration. Br J Clin Pharmacol
1998; 46: 203–6.

Uses and Administration
Midazolam is a short-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992), ex-
cept that it has a more potent amnestic action. It is
mainly used for sedation (p.956) in minor surgical or
investigative procedures and in intensive care, for pre-
medication, and for induction of general anaesthesia. It
is also used as a hypnotic in the short-term manage-
ment of insomnia. When midazolam is used as a pre-
medicant or for conscious sedation, onset of sedation
occurs at about 15 minutes after intramuscular injec-
tion reaching a peak at 30 to 60 minutes, and within
about 3 to 5 minutes after intravenous injection. When
given intravenously as an anaesthetic induction agent,
anaesthesia is induced in about 2 to 2.5 minutes; onset
of action is more rapid when premedication with an
opioid analgesic has been given. 
Since the sedative end-point is reached abruptly with
midazolam, dosage must be titrated carefully against
the response of the patient; lower doses of midazolam
are required when it is used with opioid analgesics.
Respiratory and cardiac function should be monitored
continuously, and facilities for resuscitation should al-
ways be available. It is advisable to keep the patient
supine during intravenous use and throughout the pro-
cedure. The doses given below are, except where spec-
ified, the usual adult doses: midazolam should be given
in reduced doses to elderly or debilitated patients. 
Midazolam is used as the hydrochloride for oral,
parenteral, and rectal dosage; the maleate may also be
given orally. All doses are given in terms of the base;
midazolam hydrochloride 8.3 mg or midazolam
maleate 10.2 mg are both equivalent to about 7.5 mg of
midazolam. 
A usual total sedative dose for dental and minor surgi-
cal and other procedures ranges from 2.5 to 7.5 mg
(about 70 micrograms/kg) intravenously; an initial
dose of 2 mg over 30 seconds has been suggested, with
further incremental doses of 0.5 to 1 mg at intervals of
2 minutes if required until the desired end-point is
reached. In the USA a suggested initial dose of up to
2.5 mg is given intravenously over at least 2 minutes
and repeated if necessary after an additional 2 minutes
or more to a usual maximum total dose of 5 mg. 
Sedation in children aged 6 months and over may be
achieved orally. A single oral dose of 250 to
500 micrograms/kg, up to a maximum of 20 mg, is rec-
ommended although younger patients (6 months to
less than 6 years) may require up to 1 mg/kg. If the in-
travenous route is more suitable, doses of 50 to
100 micrograms/kg up to  a  to ta l  dose  of
600 micrograms/kg (but not exceeding 6 mg) are
recommended in children aged 6 months to 5 years;
children aged 6 to 12 years may be given 25 to
50 micrograms/kg up to  a  to ta l  dose  of
400 micrograms/kg (or a maximum of 10 mg). Initial
doses should be given over 2 to 3 minutes and an addi-
tional interval of at least 2 minutes is recommended be-
fore giving further doses. In some countries including
the UK, the injection may be used rectally for sedation
in children over 6 months of age; doses range from 300
to 500 micrograms/kg as a single dose. The injection
solution may be diluted with Water for Injections up to
a total volume of 10 mL if the volume is too small. The
intramuscular route should only be used in children in

exceptional cases as such injections are painful; usual
doses ranging from 50 to 150 micrograms/kg have
been suggested for intramuscular use in children aged
1 to 15 years. In the UK, although midazolam is not
licensed for sedation of children under 6 months of
age, the BNFC suggests that it may be given orally or
intravenously to those aged 1 month and over in doses
similar to those used in children aged 6 months and
over (see above). Although also unlicensed, it further
suggests that midazolam may be given buccally to chil-
dren 6 months to 10 years of age in doses of 200 to
300 micrograms/kg (maximum of 5 mg); those aged
10 to 18 years may be given 6 to 7 mg (maximum of
8 mg if weighing 70 kg or over). The injection solution
has been given intranasally to children aged 1 month
and over; however, severe irritation of the nasal muco-
sa may occur (see Administration, below) and use of
this route is not recommended in the BNFC. 
Patients in intensive care who require continuous se-
dation (p.957) can be given midazolam by intravenous
infusion .  An init ial  loading dose of 30 to
300 micrograms/kg may be given by intravenous infu-
sion over 5 minutes to induce sedation; in the USA a
lower dose of 10 to 50 micrograms/kg is recommend-
ed. The maintenance dose required varies considerably
but a dose of between 20 and 200 micrograms/kg per
hour has been suggested. The loading dose should be
reduced or omitted, and the maintenance dose reduced,
for patients with hypovolaemia, vasoconstriction, or
hypothermia. The need for continuous infusion should
be reassessed on a daily basis to reduce the risk of ac-
cumulation and prolonged recovery. Sedation can also
be achieved by giving intermittent intravenous bolus
injections of midazolam; doses of 1 to 2 mg may be
given, and repeated, until the desired level of sedation
has been reached. 
Midazolam is also used in children in intensive care
who require sedation. In those aged over 6 months, an
initial loading dose of 50 to 200 micrograms/kg is giv-
en by slow intravenous injection; maintenance doses
are given as an intravenous infusion and range from 60
to 120 micrograms/kg per hour. Neonates with a gesta-
tional age of greater than 32 weeks and infants aged up
to 6 months may be given midazolam by intravenous
infusion in a dose of 60 micrograms/kg per hour; ne-
onates with a gestational age of less than 32 weeks
should be started on 30 micrograms/kg per hour. Load-
ing doses are not recommended in infants aged under 6
months. 
Abrupt withdrawal should be avoided after prolonged
use. 
Midazolam is given intramuscularly as a premedicant
about 20 to 60 minutes before surgery. The usual dose
is  about  5 mg;  doses  range  f rom 70 to
100 micrograms/kg. Children aged 6 months and over
may be premedicated with oral midazolam in similar
doses to those used for sedation (see above). The rectal
route is used for premedication in some countries; total
doses recommended in the UK in children aged over 6
months range from 300 to 500 micrograms/kg. The in-
tramuscular route is also licensed in children aged 1 to
15 years in doses of 80 to 200 micrograms/kg; howev-
er, as before, this route should only be used in excep-
tional circumstances. 
The usual dose of midazolam for induction of anaes-
thesia (p.1780) is about 150 to 200 micrograms/kg by
slow intravenous injection in premedicated patients
and at least 300 micrograms/kg in those who have
not received a premedicant. Additional doses may
be  needed to  complete  induct ion;  up  to
600 micrograms/kg has been used in resistant cases.
Further incremental doses of midazolam of about 25%
of the induction dose have also been given as a compo-
nent of the regimens used for the maintenance of an-
aesthesia during short surgical procedures. A dose of
150 micrograms/kg has been recommended for the in-
duction of anaesthesia in children over 7 years of age;
however, the BNFC notes that such use is rare and sug-

gests a maximum total dose of 500 micrograms/kg (not
exceeding 25 mg) in those aged up to 18 years. 
Midazolam is also given for sedation in combined
anaesthesia by intravenous injection in a dose of 30 to
100 micrograms/kg repeated as required or by intrave-
nous infusion in a dose of 30 to 100 micrograms/kg
every hour. 
Midazolam maleate is also given orally for the short-
term management of insomnia; the usual dose is the
equivalent of midazolam 7.5 to 15 mg at night.
◊ References.
1. Blumer JL. Clinical pharmacology of midazolam in infants and

children. Clin Pharmacokinet 1998; 35: 37–47. 
2. Marshall J, et al. Pediatric pharmacodynamics of midazolam oral

syrup. J Clin Pharmacol 2000; 40: 578–89.

Administration. The rectal,1 intranasal,1-5 buccal,6-8 and
sublingual1,9 routes have all been proposed as alternatives to
parenteral use of midazolam. 
Intranasal midazolam has caused intense burning, irritation, and
lachrymation on instillation, and use of a lidocaine nasal spray
has been advocated before giving midazolam to children.10 The
use of midazolam spray intranasally in adults would be imprac-
tical and uncomfortable because of the large volume required. It
has therefore been tried as a nebulised solution.11

1. Wong L, McQueen KD. Midazolam routes of administration.
DICP Ann Pharmacother 1991; 25: 476–7. 

2. Theroux MC, et al. Efficacy of intranasal midazolam in facili-
tating suturing of lacerations in preschool children in the emer-
gency department. Pediatrics 1993; 91: 624–7. 

3. Louon A, et al. Sedation with nasal ketamine and midazolam for
cryotherapy in retinopathy of prematurity. Br J Ophthalmol
1993; 77: 529–30. 

4. Bates BA, et al. A comparison of intranasal sufentanil and mi-
dazolam to intramuscular meperidine, promethazine, and chlo-
rpromazine for conscious sedation in children. Ann Emerg Med
1994; 24: 646–51. 

5. Ljungman G, et al. Midazolam nasal spray reduces procedural
anxiety in children. Pediatrics 2000; 105: 73–8. 

6. Body R, Ijaz M. Buccal midazolam as an alternative to rectal
diazepam for prolonged seizures in childhood and adolescence.
Emerg Med J 2005; 22: 364–5. 

7. McIntyre J, et al. Safety and efficacy of buccal midazolam ver-
sus rectal diazepam for emergency treatment of seizures in chil-
dren: a randomised controlled trial. Lancet 2005; 366: 205–10. 

8. Baysun S, et al. A comparison of buccal midazolam and rectal
diazepam for the acute treatment of seizures. Clin Pediatr (Phi-
la) 2005; 44: 771–6. 

9. Karl HW, et al. Transmucosal administration of midazolam for
premedication of pediatric patients: comparison of the nasal and
sublingual routes. Anesthesiology 1993; 78: 885–91. 

10. Lugo RA, et al. Complication of intranasal midazolam. Pediat-
rics 1993; 92: 638. 

11. Hodgson PE, et al. Administration of nebulized intranasal mi-
dazolam to healthy adult volunteers: a pilot study. Br J Anaesth
1994; 73: 719P.

INTRATHECAL. See Pain, below.
Conversion and dissociative disorders. For reference to the
use of midazolam in the diagnosis of conversion disorders, such
as hysterical paralysis, see p.993.
Convulsions. Benzodiazepines such as diazepam or lorazepam
given parenterally are often tried first to control status epilepticus
(p.469). Midazolam has been used as an alternative.1 It may be
of value when intravenous access is difficult as effective concen-
trations of midazolam can be obtained after intramuscular injec-
tion.2,3 The BNF considers it to be the benzodiazepine of choice
when a continuous subcutaneous infusion is required for the con-
trol of convulsions, such as in palliative care, and states that it
may be given in an initial dose of 20 to 40 mg every 24 hours.
Intravenous midazolam has been used in some centres4 for status
epilepticus refractory to diazepam, lorazepam, or phenytoin but
reviews of the literature5 reveal that evidence of efficacy is lim-
ited mainly to uncontrolled studies and anecdotal reports. 
The intranasal6,7 and buccal8 routes have also been used for the
management of seizures, and UK guidelines9 consider buccal
midazolam an alternative to rectal diazepam for initial manage-
ment of status epilepticus in the home setting or where intrave-
nous access is not possible. In addition, a recent study10 found
that buccal midazolam was more effective than rectal diazepam
for treatment of children with seizures in the hospital setting and
did not appear to increase the risk of respiratory depression. The
BNF states that a dose of midazolam 10 mg, repeated once if
necessary, may be given by the buccal route to adults and chil-
dren aged over 10 years. 
The BNFC  suggests giving a single buccal dose of
300 micrograms/kg to neonates. It suggests giving the following
buccal doses, which may be repeated once if necessary, accord-
ing to age: 1 to 6 months, 300 micrograms/kg (maximum of
2.5 mg); 6 months to 1 year, 2.5 mg; 1 to 5 years, 5 mg; 5 to 10
years, 7.5 mg. Alternatively, 1 microgram/kg per minute by con-
tinuous intravenous infusion may be given to neonates, children,
and adolescents after an initial loading dose of 150 to
200 micrograms/kg. This may be increased by 1 microgram/kg
per minute every 15 minutes until the seizure is controlled or
until a maximum of 5 micrograms/kg per minute is reached.
1. Hanley DF, et al. Use of midazolam in the treatment of refrac-

tory status epilepticus. Clin Ther 1998; 20: 1093–1105. 
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2. Bauer J, Elger CE. Management of status epilepticus in adults.

CNS Drugs 1994; 1: 26–44. 
3. Towne AR, DeLorenzo RJ. Use of intramuscular midazolam for

status epilepticus. J Emerg Med 1999; 17: 323–8. 
4. Bebin M, Bleck TP. New anticonvulsant drugs: focus on fluna-

rizine, fosphenytoin, midazolam and stiripentol. Drugs 1994;
48: 153–71. 

5. Denzel D, Burstein AH. Midazolam in refractory status epilep-
ticus. Ann Pharmacother 1996; 30: 1481–3. 

6. Wallace SJ. Nasal benzodiazepines for management of acute
childhood seizures? Lancet 1997; 349: 222. 

7. Lahat E, et al. Intranasal midazolam for childhood seizures.
Lancet 1998; 352: 620. 

8. Scott RC, et al. Buccal midazolam and rectal diazepam for treat-
ment of prolonged seizures in childhood and adolescence: a ran-
domised trial. Lancet 1999; 353: 623–6. 

9. NICE. The epilepsies: the diagnosis and management of the ep-
ilepsies in adults and children in primary and secondary care
(issued October 2004). Available at: http://www.nice.org.uk/
nicemedia/pdf/CG020NICEguideline.pdf (accessed 21/08/08) 

10. McIntyre J, et al. Safety and efficacy of buccal midazolam ver-
sus rectal diazepam for emergency treatment of seizures in chil-
dren: a randomised controlled trial. Lancet 2005; 366: 205–10.

Disturbed behaviour. For a discussion of the palliative treat-
ment of terminal restlessness with benzodiazepines such as mi-
dazolam, see p.954.
Dyspnoea. Midazolam has been suggested1 as an alternative to
chlorpromazine in patients with advanced cancer and intractable
dyspnoea (p.104) to relieve air hunger and to sedate dying pa-
tients who have unrelieved distress. Suggested2 initial doses are
2.5 to 5 mg subcutaneously or 10 mg given by infusion over a
period of 24 hours, increased as necessary. It may be combined
successfully with morphine.3
1. Walsh D. Dyspnoea in advanced cancer. Lancet 1993; 342:

450–1. 
2. Davis CL. ABC of palliative care: breathlessness, cough, and

other respiratory problems. BMJ 1997; 315: 931–4. 
3. Navigante AH, et al. Midazolam as adjunct therapy to morphine

in the alleviation of severe dyspnea perception in patients with
advanced cancer. J Pain Symptom Manage 2006; 31: 38–47.

Hiccup. For the management of intractable hiccups see under
Chlorpromazine, p.976. Midazolam given intravenously or sub-
cutaneously has been reported1 to have been effective in 2 pa-
tients with metastatic cancer who had hiccups unresponsive to
conventional treatment. However, it has been noted1,2 that ben-
zodiazepines such as midazolam may exacerbate or precipitate
hiccups.
1. Wilcock A, Twycross R. Midazolam for intractable hiccup. J

Pain Symptom Manage 1996; 12: 59–61. 
2. Rousseau P. Hiccups. South Med J 1995; 88: 175–81.

Insomnia. For discussion of the management of insomnia in-
cluding limitations on the use of benzodiazepines and a recom-
mendation that the period of treatment with midazolam should
be limited to 2 weeks, see p.957. 
References.
1. Monti JM, et al. The effect of midazolam on transient insomnia.

Eur J Clin Pharmacol 1993; 44: 525–7.

Pain. The conventional use of benzodiazepines in pain manage-
ment is as muscle relaxants to relieve pain associated with skel-
etal muscle spasm (see under Choice of Analgesic, p.2). Mida-
zolam has been studied1-5 for use as an intrathecal analgesic but
efficacy has been inconsistent.
1. Cripps TP, Goodchild CS. Intrathecal midazolam and the stress

response to upper abdominal surgery. Clin J Pain 1988; 4:
125–8. 

2. Serrao JM, et al. Intrathecal midazolam for the treatment of
chronic mechanical low back pain: a controlled comparison with
epidural steroid in a pilot study. Pain 1992; 48: 5–12. 

3. Baaijens PFJ, et al. Intrathecal midazolam for the treatment of
chronic mechanical low back pain: a randomized double-blind
placebo-controlled study. Br J Anaesth 1995; 74 (suppl 1): 143. 

4. Valentine JMJ, et al. The effect of intrathecal midazolam on
post-operative pain. Eur J Anaesthesiol 1996; 13: 589–93. 

5. Batra YK, et al. Addition of intrathecal midazolam to bupi-
vacaine produces better post-operative analgesia without pro-
longing recovery. Int J Clin Pharmacol Ther 1999; 37: 519–23.

Premedication and sedation. Midazolam is used as a pre-
medicant (p.1780) and as a sedative for therapeutic and investi-
gative procedures such as dental treatment (p.956) and endosco-
py (see below). It is also used to provide continuous sedation in
patients in intensive care (p.957) although a systematic review
has raised concerns about such use in neonates. 
References.
1. Sandler ES, et al. Midazolam versus fentanyl as premedication

for painful procedures in children with cancer. Pediatrics 1992;
89: 631–4. 

2. Stenhammar L, et al. Intravenous midazolam in small bowel bi-
opsy. Arch Dis Child 1994; 71: 558. 

3. Jacqz-Aigrain E, et al. Placebo-controlled trial of midazolam
sedation in mechanically ventilated newborn babies. Lancet
1994; 344: 646–50. 

4. Mitchell V, et al. Comparison of midazolam with trimeprazine
as an oral premedicant for paediatric anaesthesia. Br J Anaesth
1995; 74 (suppl 1): 94–5. 

5. McCarver-May DG, et al. Comparison of chloral hydrate and
midazolam for sedation of neonates for neuroimaging studies. J
Pediatr 1996; 128: 573–6. 

6. Zedie N, et al. Comparison of intranasal midazolam and sufen-
tanil premedication in pediatric outpatients. Clin Pharmacol
Ther 1996; 59: 341–8. 

7. McErlean M, et al. Midazolam syrup as a premedication to re-
duce the discomfort associated with pediatric intravenous cath-
eter insertion. J Pediatr 2003; 142: 429–30. 

8. TREC Collaborative Group. Rapid tranquillisation for agitated
patients in emergency psychiatric rooms: a randomised trial of
midazolam versus haloperidol plus promethazine. BMJ 2003;
327: 708–11. 

9. Ng E, et al. Intravenous midazolam infusion for sedation of in-
fants in the neonatal intensive care unit. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2003 (accessed 24/03/06). 

10. Averley PA, et al. An RCT pilot study to test the effects of intra-
venous midazolam as a conscious sedation technique for anx-
ious children requiring dental treatment: an alternative to gener-
al anaesthesia. Br Dent J 2004; 197: 553–8.

ENDOSCOPY. Intravenous benzodiazepines such as diazepam
or midazolam are often the preferred drugs for sedation in pa-
tients undergoing endoscopy (p.956). They are sometimes
used with opioid analgesics for sedation.1 
A reduced dose of midazolam was required for endoscopy when
it was given as a bolus intravenous injection rather than as a slow
intravenous titration. A study in 788 patients undergoing endos-
copy found that a mean dose of 4.65 mg of midazolam given as
a bolus intravenous injection was safe and effective in patients
under 70 years of age whereas a mean dose of 1.89 mg was suf-
ficient for patients over 70 years of age.2 Furthermore, topical
pharyngeal anaesthesia was not required with these doses of mi-
dazolam. Intravenous boluses were also easier to give and asso-
ciated with less oxygen desaturation than titrating the dose.3
Another study found that even lower doses of midazolam
(35 micrograms/kg) were effective as premedication before gas-
troscopy, and were associated with fewer complications than
higher doses (70 micrograms/kg).4 
Intranasal5 and oral6 midazolam have also been tried for sedation
before endoscopy, particularly in children.
1. Bahal-O’Mara N, et al. Sedation with meperidine and mida-

zolam in pediatric patients undergoing endoscopy. Eur J Clin
Pharmacol 1994; 47: 319–23. 

2. Smith MR, et al. Small bolus injections of intravenous mida-
zolam for upper gastrointestinal endoscopy: a study of 788 con-
secutive cases. Br J Clin Pharmacol 1993; 36: 573–8. 

3. Morrow JB, et al. Sedation for colonoscopy using a single bolus
is safe, effective, and efficient: a prospective, randomized, dou-
ble-blind trial. Am J Gastroenterol 2000; 95: 2242–7. 

4. Campo R, et al. Efficacy of low and standard midazolam doses
for gastroscopy: a randomized, double-blind study. Eur J Gas-
troenterol Hepatol 2000; 12: 187–90. 

5. Fishbein M, et al. Evaluation of intranasal midazolam in children
undergoing esophagogastroduodenoscopy. J Pediatr Gastroen-
terol Nutr 1997; 25: 261–6. 

6. Martinez JL, et al. A comparison of oral diazepam versus mida-
zolam, administered with intravenous meperidine, as premedica-
tion to sedation for pediatric endoscopy. J Pediatr Gastroenterol
Nutr 2002; 35: 51–8.

Preparations
BP 2008: Midazolam Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Dalam; Dormicum; Dormid; Drimnorth; Gobbizolam; Ormir†; Rem;
Ukel; Austral.: Hypnovel; Austria: Dormicum; Belg.: Dormicum; Braz.:
Dormire; Dormium; Dormonid; Hipnazolam; Zolidan†; Canad.: Versed†;
Chile: Dormonid; Noctura; Terap; Zolmid; Cz.: Dormicum; Fulsed;
Denm.: Dormicum; Fin.: Dormicum; Fr.: Hypnovel; Versed; Ger.: Dormi-
cum; Midaselect†; Gr.: Damizol; Dormicum; Dormixal; Hong Kong: Dor-
micum; Hung.: Dormicum; India: Fulsed; Indon.: Dormicum; Fortanest;
Miloz; Irl.: Hypnovel; Israel: Dormicum; Midazol; Midolam; Ital.: Ipnovel;
Malaysia: Dormicum; Fulsed†; Mizolam; Mex.: Dormicum; Neth.: Dor-
micum; Norw.: Dormicum; NZ: Hypnovel; Philipp.: Dormicum; Pol.:
Dormicum; Midanium; Sopodorm; Port.: Dormicum; Zolamid; S.Afr.:
Dormicum; Midacum; Midanium; Singapore: Dormicum; Fulsed; Spain:
Dormicum; Swed.: Dormicum; Switz.: Dormicum; Thai.: Dormicum; Mi-
dazol†; Turk.: Dormicum; UK: Hypnovel; USA: Versed†; Venez.: Ben-
zosed; Doricum; Midazepin.

Molindone Hydrochloride (BANM, USAN, rINNM)

EN-1733A; Hidrocloruro de molindona; Molindone, Chlorhy-
drate de; Molindoni Hydrochloridum. 3-Ethyl-1,5,6,7-tetrahydro-
2-methyl-5-(morpholinomethyl)indol-4-one hydrochloride.
Молиндона Гидрохлорид
C16H24N2O2,HCl = 312.8.
CAS — 7416-34-4 (molindone); 15622-65-8 (molindone
hydrochloride).
ATC — N05AE02.
ATC Vet — QN05AE02.

(molindone)

Pharmacopoeias. In US. 
USP 31 (Molindone Hydrochloride). pH of a 1% solution in wa-
ter is between 4.0 and 5.0. Store in airtight containers. Protect
from light.
Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969. Molindone hydrochloride is less

likely to cause hypotension than chlorpromazine, and extrapy-
ramidal effects may be frequent but less severe. The incidence of
sedation is intermediate between that of chlorpromazine and of
phenothiazines with a piperazine side-chain. Weight gain or loss
may occur, but weight loss appears to be more prominent (see
p.970).
Effects on the liver. A report of hepatotoxicity, associated with
a flu-like syndrome, in a patient given molindone.1 Symptoms
and liver-enzyme values returned to normal on stopping the drug
and recurred on rechallenge with low doses. The effect was prob-
ably due to a hypersensitivity reaction.
1. Bhatia SC, et al. Molindone and hepatotoxicity. Drug Intell Clin

Pharm 1985; 19: 744–6.

Interactions
As for Chlorpromazine, p.973.
Pharmacokinetics
Molindone is readily absorbed after oral doses, with peak con-
centrations of unchanged molindone occurring within about 1.5
hours. It is rapidly and extensively metabolised and a large
number of metabolites have been identified. It is excreted in the
urine and faeces mainly as metabolites and less than 2 to 3% as
unchanged drug. The pharmacological effect from a single oral
dose is reported to last for 24 to 36 hours.
◊ References.
1. Zetin M, et al. Bioavailability of oral and intramuscular molin-

done hydrochloride in schizophrenic patients. Clin Ther 1985; 7:
169–75.

Uses and Administration
Molindone is an indole derivative with general properties similar
to those of the phenothiazine, chlorpromazine (p.975). It is given
as the hydrochloride for the treatment of psychoses including
schizophrenia (p.955). 
The usual oral dose of molindone hydrochloride is 50 to 75 mg
daily initially, increased in 3 or 4 days to 100 mg daily; in severe
or resistant conditions doses of up to 225 mg daily may be re-
quired. The maintenance dose can range from 15 to 225 mg daily
according to severity of symptoms. The daily dose is usually di-
vided into 3 or 4 portions. 
Molindone should be given in reduced dosage to elderly or de-
bilitated patients.
Psychiatric disorders. A systematic review1 found that, based
on limited data, molindone appeared to be effective in schizo-
phrenia and other severe psychoses but evidence of differences
from other classical antipsychotics was lacking.
1. Bagnall A, et al. Molindone for schizophrenia and severe mental

illness. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2007 (accessed
19/03/08).

Preparations
USP 31: Molindone Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Moban.

Moperone Hydrochloride (rINNM)

Hidrocloruro de moperona; Methylperidol Hydrochloride;
Mopérone, Chlorhydrate de; Moperoni Hydrochloridum; R-
1658 (moperone). 4′-Fluoro-4-(4-hydroxy-4-p-tolylpiperidi-
no)butyrophenone hydrochloride.
Моперона Гидрохлорид
C22H26FNO2,HCl = 391.9.
CAS — 1050-79-9 (moperone); 3871-82-7 (moperone hy-
drochlor ide).
ATC — N05AD04.
ATC Vet — QN05AD04.

(moperone)

Profile
Moperone is a butyrophenone with general properties similar to
those of haloperidol (p.1000). It has been given orally for the
treatment of psychoses.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Luvatren.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Mosapramine (rINN)

Clospipramine; Mosapramina; Mosapraminum; Y-516. (±)-1′-[3-
(3-Chloro-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)propyl]hex-
ahydrospiro[imidazo[1,2-a]pyridine-3(2H),4′-piperidin]-2-one.
Мозапрамин
C28H35ClN4O = 479.1.
CAS — 89419-40-9.
ATC — N05AX10.
ATC Vet — QN05AX10.

Profile
Mosapramine is an antipsychotic that has been tried in the treat-
ment of schizophrenia.
◊ References.
1. Ishigooka J, et al. Pilot study of plasma concentrations of mos-

apramine, a new iminodibenzyl antipsychotic agent, after multi-
ple oral administration in schizophrenic patients. Curr Ther Res
1994; 55: 331–42. 

2. Takahashi N, et al. Comparison of risperidone and mosapramine
addition to neuroleptic treatment in chronic schizophrenia. Neu-
ropsychobiology 1999; 39: 81–5.

Nemonapride (rINN)

Emonapride; Nemonaprida; Némonapride; Nemonapridum;
YM-09151-2. (±)-cis-N-(1-Benzyl-2-methyl-3-pyrrolidinyl)-5-
chloro-4-(methylamino)-o-anisamide.
Немонаприд
C21H26ClN3O2 = 387.9.
CAS — 93664-94-9.

Profile
Nemonapride is a substituted benzamide antipsychotic with gen-
eral properties similar to those of sulpiride (p.1028). It is given
orally in the treatment of schizophrenia in usual doses of 9 to
36 mg daily in divided doses; up to 60 mg daily may be given if
necessary.
◊ References.
1. Satoh K, et al. Effects of nemonapride on positive and negative

symptoms of schizophrenia. Int Clin Psychopharmacol 1996;
11: 279–81.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Emilace.

Nimetazepam (rINN)

Menifazepam; Nimétazépam; Nimetazepamum; S-1530. 1,3-Di-
hydro-1-methyl-7-nitro-5-phenyl-1,4-benzodiazepin-2-one.
Ниметазепам
C16H13N3O3 = 295.3.
CAS — 2011-67-8.

Profile
Nimetazepam is a benzodiazepine with the general properties of
diazepam (p.986). It has been given orally for the short-term
management of insomnia. It appears to have been subject to
abuse, especially in South East Asia.

Nitrazepam (BAN, USAN, rINN)

Nitratsepaami; Nitrazépam; Nitrazepám; Nitrazepamas; Ni-
trazepamum; NSC-58775; Ro-4-5360; Ro-5-3059. 1,3-Dihydro-
7-nitro-5-phenyl-2H-1,4-benzodiazepin-2-one.
Нитразепам
C15H11N3O3 = 281.3.
CAS — 146-22-5.
ATC — N05CD02.
ATC Vet — QN05CD02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of nitrazepam: 
Don; Moggies; Moogles; Nitro’s; The Don.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and Jpn. 
Ph. Eur. 6.2 (Nitrazepam). A yellow, crystalline powder. Prac-
tically insoluble in water; slightly soluble in alcohol. Protect
from light.

Dependence and Withdrawal
As for Diazepam, p.987.
◊ For the purpose of withdrawal regimens, 5 mg of nitrazepam
may be considered equivalent to about 5 mg of diazepam.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Effects on the digestive system. Two children given ni-
trazepam as part of their antiepileptic therapy developed drool-
ing, eating difficulty, and aspiration pneumonia; symptoms im-
proved in one patient when the dosage of nitrazepam was
reduced.1 Manometric studies indicated that the onset of normal
cricopharyngeal relaxation in swallowing was delayed in these
patients until after hypopharyngeal contraction, resulting in im-
paired swallowing and spillover of material into the trachea. Oth-
er workers2 have found similar effects on swallowing and cr-
icopharyngeal relaxation in children given nitrazepam. The
deaths of 6 epileptic children under 5 years of age who were
treated with nitrazepam have been reported.3 Three of the deaths
were unexpected, and in view of the previous reports of swallow-
ing difficulties and aspiration, it was recommended that the use
of nitrazepam in young children be restricted to those in whom
seizure control fails to improve with other antiepileptics. Anoth-
er study4 also found an apparently increased risk of death, espe-
cially in young patients with intractable epilepsy, associated with
nitrazepam therapy.
1. Wyllie E. et al. The mechanism of nitrazepam-induced drooling

and aspiration. N Engl J Med 1986; 314: 35–8. 
2. Lim HCN, et al. Nitrazepam-induced cricopharyngeal dys-

phagia, abnormal esophageal peristalsis and associated bron-
chospasm: probable cause of nitrazepam-related sudden death.
Brain Dev 1992; 14: 309–14. 

3. Murphy JV, et al. Deaths in young children receiving ni-
trazepam. J Pediatr 1987; 111: 145–7. 

4. Rintahaka PJ, et al. Incidence of death in patients with intracta-
ble epilepsy during nitrazepam treatment. Epilepsia 1999; 40:
492–6.

Porphyria. Nitrazepam has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Nitrazepam is fairly readily absorbed from the gas-
trointestinal tract, although there is some individual
variation. It is about 87% bound to plasma proteins. It
crosses the blood-brain and the placental barriers and
traces are found in breast milk. Nitrazepam is metabo-
lised in the liver, mainly by nitroreduction followed by

acetylation; none of the metabolites possess significant
activity. It is excreted in the urine in the form of its me-
tabolites (free or conjugated) with only small amounts
of a dose appearing unchanged. Up to about 20% of an
oral dose is found in the faeces. Mean elimination half-
lives of 24 to 30 hours have been reported.

Distribution into breast milk. A mean milk-to-plasma ratio
of 0.27 was obtained after giving nitrazepam 5 mg for 5 nights to
9 puerperal women.1 The accumulation of nitrazepam in milk
over the study period was similar to that in plasma.
1. Matheson I, et al. Midazolam and nitrazepam in the maternity

ward: milk concentrations and clinical effects. Br J Clin Phar-
macol 1990; 30: 787–93.

Hepatic impairment. The pharmacokinetics of intravenous
nitrazepam in 12 patients with cirrhosis of the liver has been
compared with 9 healthy subjects aged 22 to 49 years and 8
healthy elderly subjects aged 67 to 76 years.1 The mean elimina-
tion half-life of nitrazepam was 26 hours in young and 38 hours
in elderly subjects, the difference, which was not significant, be-
ing chiefly due to the greater volume of distribution in elderly
subjects. Although there was also no significant difference be-
tween young and elderly subjects in percentage of unbound ni-
trazepam (13.0 and 13.9% respectively) there was a substantially
higher unbound fraction in the patients with cirrhosis, the mean
value being 18.9%, and clearance of unbound nitrazepam was
reduced relative to healthy subjects.
1. Jochemsen R, et al. Effect of age and liver cirrhosis on the phar-

macokinetics of nitrazepam. Br J Clin Pharmacol 1983; 15:
295–302.

Metabolism. Although the acetylation of the reduced metabo-
lite of nitrazepam has been reported to be controlled by acetyla-
tor phenotype,1 no significant differences between either half-life
or residual effects of nitrazepam were observed in slow and fast
acetylators.2

1. Karim AKMB, Price Evans DA. Polymorphic acetylation of ni-
trazepam. J Med Genet 1976; 13: 17–19. 

2. Swift CG, et al. Acetylator phenotype, nitrazepam plasma con-
centrations and residual effects. Br J Clin Pharmacol 1980; 9:
312P–313P.

Uses and Administration
Nitrazepam is an intermediate-acting benzodiazepine
with general properties similar to those of diazepam
(p.992). It is used as a hypnotic in the short-term man-
agement of insomnia (p.957) and is reported to act in
30 to 60 minutes to produce sleep lasting for 6 to 8
hours. Nitrazepam has also been used in epilepsy,
notably for infantile spasms (see below). 

The usual oral dose for insomnia is 5 mg at night, al-
though 10 mg may be required in some patients. Elder-
ly or debilitated patients should not be given more than
half of the normal adult dose.

Epilepsy. Benzodiazepines are sometimes employed in the
management of epilepsy (p.465), but their long-term use is lim-
ited by problems of sedation, dependence, and tolerance to the
antiepileptic effects. Nitrazepam has perhaps been most useful in
the treatment of infantile spasms (as for example in West’s syn-
drome) and the so-called infantile myoclonic seizures. The
BNFC suggests that those aged from 1 month to 2 years may be
given initial oral doses of 125 micrograms/kg twice daily,
adjusted according to response over 2 to 3 weeks to
250 micrograms/kg twice daily (maximum 500 micrograms/kg,
but not exceeding 5 mg, twice daily); the same total daily dose
may also be given in 3 divided doses. There has been concern,
however, over swallowing difficulties with subsequent aspira-
tion and reports of unexpected death associated with the use of
nitrazepam in young children (see Effects on the Digestive Sys-
tem under Adverse Effects, above).

Preparations
BP 2008: Nitrazepam Oral Suspension; Nitrazepam Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Alodorm; Mogadon; Austria: Mogadon; Belg.: Mogadon; Braz.:
Nitrapan; Nitrazepol; Sonebon; Canad.: Mogadon; Nitrazadon; Denm.:
Apodorm; Mogadon; Pacisyn; Fin.: Insomin; Fr.: Mogadon; Ger.: Dor-
malon; Dormo-Puren; Eatan N; Imeson; Mogadan; Novanox; Radedorm;
Hong Kong: Mogadon; Hung.: Eunoctin; India: Hypnotex; Nitavan; Ni-
travet; Indon.: Dumolid; Irl.: Mogadon; Somnite†; Israel: Numbon; Ital.:
Mogadon; Malaysia: Mogadon†; Neth.: Mogadon; Norw.: Apodorm;
Mogadon; NZ: Insoma; Nitrados; Rus.: Eunoctin (Эуноктин); Nitrosun
(Нитросан); Radedorm (Радедорм); S.Afr.: Arem; Mogadon; Ormodon;
Paxadorm; Singapore: Dima; Nitrados; Swed.: Apodorm; Mogadon;
Switz.: Mogadon; Thai.: Alodorm†; Nitrados†; UK: Mogadon; Remnos;
Somnite; Venez.: Onirema.

Multi-ingredient: Arg.: Cavodan†.
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Nordazepam (rINN)

A-101; Demethyldiazepam; Desmethyldiazepam; N-Desmethyl-
diazepam; Nordazépam; Nordazepamum; Nordiazepam; Ro-5-
2180. 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-
one.
Нордазепам
C15H11ClN2O = 270.7.
CAS — 1088-11-5.
ATC — N05BA16.
ATC Vet — QN05BA16.

Profile
Nordazepam is a long-acting benzodiazepine with the general
properties of diazepam (p.986). It is the principal active metabo-
lite of a number of benzodiazepines and has a half-life of 2 to 5
days. It is given in oral doses of up to 15 mg daily for the short-
term treatment of anxiety disorders (p.952) and insomnia
(p.957).
Porphyria. Nordazepam is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Calmday; Fr.: Nordaz; Ger.: Tranxilium N; Ital.: Madar; Port.:
Sopax; Singapore: Nordaz.

Olanzapine (BAN, USAN, rINN)

LY-170053; Olantsapiini; Olanzapin; Olanzapina; Olanzapinum. 2-
Methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b][1,5]ben-
zodiazepine.
Оланзапин
C17H20N4S = 312.4.
CAS — 132539-06-1.
ATC — N05AH03.
ATC Vet — QN05AH03.

Stability. A suspension of olanzapine 1 mg/mL, made by crush-
ing olanzapine tablets and suspending the powder in a syrup-
based mixture containing carboxymethylcellulose preserved
with methyl hydroxybenzoate and propyl hydroxybenzoate
(Guy’s Hospital paediatric base formula), was considered to be
stable for 2 weeks when stored in a refrigerator.1
1. Harvey EJ, et al. The preparation and stability of a liquid olan-

zapine preparation for oral administration in hospitals. Pharm J
2000; 265: 275–6.

Adverse Effects, Treatment, and Precau-
tions
Although olanzapine may share some of the adverse
effects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. The most frequent adverse effects
with olanzapine are somnolence and weight gain; hy-
perprolactinaemia is also common, but usually asymp-
tomatic. Increased appetite, dizziness, fatigue, elevated
plasma glucose, triglyceride, and liver enzyme values,
eosinophilia, oedema, orthostatic hypotension, and
mild transient antimuscarinic effects such as constipa-
tion and dry mouth are also relatively common. More
severe abnormalities of glucose homoeostasis are

uncommon; severe hyperglycaemia, or exacerbation of
pre-existing diabetes, sometimes leading to ketoacido-
sis, coma, or death, has occurred. Clinical monitoring
for hyperglycaemia has been recommended, especially
in patients with or at risk of developing diabetes. Clin-
ical monitoring of plasma lipids and weight have also
been recommended. 
Olanzapine is associated with a low incidence of ex-
trapyramidal effects, including tardive dyskinesia, al-
though these effects may be more likely at high doses
and in the elderly; the risk of tardive dyskinesia also
increases with long-term use. Neuroleptic malignant
syndrome has been reported rarely. 
Patients receiving olanzapine intramuscularly should
be closely observed for 2 to 4 hours for hypotension,
bradyarrhythmia, and hypoventilation. Olanzapine
should not be given intramuscularly to patients with a
history of cardiovascular disease or following heart
surgery; caution is recommended when giving olanza-
pine by mouth to such patients and to those with cere-
brovascular disease or conditions predisposing to hy-
potension. It is recommended that blood pressure is
periodically assessed in elderly patients. 
The antimuscarinic effects of olanzapine contra-indi-
cate its use in patients with angle-closure glaucoma;
caution is also advised in those with conditions such as
benign prostatic hyperplasia or paralytic ileus. Olanza-
pine is also not recommended in Parkinson’s disease
since its use has commonly been associated with an in-
crease in parkinsonian symptoms and hallucinations. It
should be used with caution in patients with hepatic
impairment, or a history of blood dyscrasias, bone mar-
row depression, or myeloproliferative disease. Sei-
zures are rare with olanzapine but it should be used
with care in those with a history of seizures or with
conditions that lower the seizure threshold. 
Olanzapine may affect the performance of skilled tasks
such as driving. 
Withdrawal symptoms, including sweating, tremor,
anxiety, and nausea and vomiting, have occurred rarely
when olanzapine has been stopped abruptly; a gradual
dose reduction may be appropriate when stopping
olanzapine.
◊ References.
1. Beasley CM, et al. Safety of olanzapine. J Clin Psychiatry 1997;

58 (suppl 10): 13–17. 
2. Biswasl PN, et al. The pharmacovigilance of olanzapine: results

of a post-marketing surveillance study on 8858 patients in Eng-
land. J Psychopharmacol 2001; 15: 265–71.

Breast feeding. From a study1 of the distribution of olanzapine
into breast milk in 7 breast feeding women taking a median dose
of 7.5 mg daily, it was estimated that the weight-adjusted median
dose ingested by the breast-fed infants was 1.02% of the mater-
nal dose. Olanzapine was not detected in the plasma of the 6 in-
fants from whom a sample was taken; no adverse effects were
observed in all 7 infants. However, UK licensed product infor-
mation states that at steady state the estimated mean exposure of
breast-fed infants of mothers taking olanzapine would be 1.8%
of the maternal dose and recommends that patients should not
breast feed if they are taking olanzapine.
1. Gardiner SJ, et al. Transfer of olanzapine into breast milk, calcu-

lation of infant drug dose, and effect on breast-fed infants. Am J
Psychiatry 2003; 160: 1428–31.

Dementia. For details of a possibly increased risk of mortality
in elderly patients with dementia given olanzapine and other
atypical antipsychotics, see under Risperidone, p.1024.
Effects on the blood. A review1 has described 11 reports of
olanzapine-associated haematotoxicity that included 3 cases of
agranulocytosis, 6 of neutropenia, and 2 of leucopenia. In most
cases, the haematotoxicity developed within the first month of
treatment and patients recovered after olanzapine withdrawal.
There was a history of clozapine-associated haematotoxicity in 5
patients. It was suggested that white blood cell counts should be
monitored periodically during olanzapine treatment. 
Olanzapine has also apparently delayed recovery of granulocyte
counts in patients with clozapine-induced granulocytopenia who
were switched to olanzapine before blood counts had returned to
the normal range.2 
There have been case reports3,4 of thrombocytopenia associated
with olanzapine treatment. In one report,3 the patient improved
on stopping olanzapine but subsequently had a similar episode
associated with benzatropine therapy. In another report,4 an eld-
erly patient with pre-existing idiopathic thrombocytopenic pur-
pura died from bleeding complications due to thrombocytopenia

associated with olanzapine treatment; the patient’s plasma con-
centration of olanzapine was reported to be 10 times the usual
mean therapeutic value.
1. Tolosa-Vilella C, et al. Olanzapine-induced agranulocytosis: a

case report and review of the literature. Prog Neuropsychophar-
macol Biol Psychiatry 2002; 26: 411–4. 

2. Flynn SW, et al. Prolongation of clozapine-induced granulocyto-
penia associated with olanzapine. J Clin Psychopharmacol 1997;
17: 494–5. 

3. Bogunovic O, Viswanathan R. Thrombocytopenia possibly asso-
ciated with olanzapine and subsequently with benztropine me-
sylate. Psychosomatics 2000; 41: 277–88. 

4. Carrillo JA, et al. Thrombocytopenia and fatality associated with
olanzapine. Eur J Clin Pharmacol 2004; 60: 295–6.

Effects on body temperature. Olanzapine has been associ-
ated with occasional reports of hypothermia. In one report1 body
temperature fell as low as 33.4° over several days in a woman
receiving olanzapine for bipolar disorder. The patient, who also
had subclinical hypothyroidism, was asymptomatic, and body
temperature returned to normal once olanzapine was stopped; it
was unclear whether the endocrine abnormalities had contribut-
ed to the condition.
1. Blass DM, Chuen M. Olanzapine-associated hypothermia. Psy-

chosomatics 2004; 45: 135–9.

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981. 
Further references.
1. Haberfellner EM, Rittmannsberger H. Weight gain during long-

term treatment with olanzapine: a case series. Int Clin Psychop-
harmacol 2004; 19: 251–3. 

2. Hennen J, et al. Weight gain during treatment of bipolar I pa-
tients with olanzapine. J Clin Psychiatry 2004; 65: 1679–87. 

3. Hester EK, Thrower MR. Current options in the management of
olanzapine-associated weight gain. Ann Pharmacother 2005; 39:
302–10.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981. 
Further references for such effects associated with olanzapine
use are given below; in some cases the outcome was fatal.
1. Bettinger TL, et al. Olanzapine-induced glucose dysregulation.

Ann Pharmacother 2000; 34: 865–7. 
2. Roefaro J, Mukherjee SM. Olanzapine-induced hyperglycemic

nonketonic coma. Ann Pharmacother 2001: 35: 300–302. 
3. Bonanno DG, et al. Olanzapine-induced diabetes mellitus. Ann

Pharmacother 2001; 35: 563–5. 
4. Ragucci KR, Wells BJ. Olanzapine-induced diabetic ketoacido-

sis. Ann Pharmacother 2001; 35: 1556–8. 
5. Koller E, et al. Atypical antipsychotic drugs and hyperglycemia

in adolescents. JAMA 2001; 286: 2547–8. 
6. CSM. Olanzapine (Zyprexa) and diabetes. Current Problems

2002; 28: 3. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON007454&
RevisionSelectionMethod=LatestReleased (accessed 21/08/08) 

7. Koro CE, et al. Assessment of independent effect of olanzapine
and risperidone on risk of diabetes among patients with schizo-
phrenia: population based nested case-control study. BMJ 2002;
325: 243–5. 

8. Ramaswamy K, et al. Risk of diabetic ketoacidosis after expo-
sure to risperidone or olanzapine. Drug Safety 2007; 30: 589–99.

Effects on the cardiovascular system. Two of 3 elderly pa-
tients who developed venous thromboembolism shortly after
starting treatment with olanzapine also had symptoms of pulmo-
nary embolism.1 There have been 2 further isolated cases2,3 of
pulmonary embolism associated with olanzapine therapy; it had
been reported in a 28-year-old man2 and in a 22-year-old man3

after 10 weeks and after 6 months of olanzapine therapy, respec-
tively. Both patients recovered and were switched to another
atypical antipsychotic.
1. Hägg S, et al. Olanzapine and venous thromboembolism. Int

Clin Psychopharmacol 2003; 18: 299–300. 
2. Waage IM, Gedde-Dahl A. Pulmonary embolism possibly asso-

ciated with olanzapine treatment. BMJ 2003; 327: 1384. 
3. Health Canada. Olanzapine (Zyprexa): suspected association with

pulmonary embolism. Can Adverse React News 2005; 15 (1): 5.
Also available at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/medeff/carn-bcei_v15n1-eng.pdf (accessed
21/08/08)

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981. 
Further references.
1. Osser DN, et al. Olanzapine increases weight and serum triglyc-

eride levels. J Clin Psychiatry 1999; 60: 767–70.

Effects on the liver. A report1 of acute hepatocellular choles-
tatic jaundice that developed in a 78-year-old woman 13 days
after starting treatment with olanzapine.
1. Jadallah KA, et al. Acute hepatocellular-cholestatic liver injury

after olanzapine therapy. Ann Intern Med 2003; 138: 357–8.

Effects on the nervous system. A 31-year-old woman with
a complicated medical history suffered three generalised tonic-
clonic seizures after 13 days of therapy with olanzapine.1 She
recovered after treatment with phenytoin. Another patient with
Huntington’s disease also suffered a severe generalised tonic-
clonic seizure following treatment with olanzapine 30 mg daily
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for 1 month.2 Olanzapine was continued but carbamazepine was
added; there was no recurrence of the seizure.
1. Lee JW, et al. Seizure associated with olanzapine. Ann Pharma-

cother 1999; 33: 554–6. 
2. Bonelli RM. Olanzapine-associated seizure. Ann Pharmacother

2003; 37: 149–50.

Effects on the pancreas. There have been isolated reports of
pancreatitis associated with olanzapine.1-3 See also under Cloza-
pine, p.982.
1. Doucette DE, et al. Olanzapine-induced acute pancreatitis. Ann

Pharmacother 2000; 34: 1128–31. 
2. Hagger R, et al. Olanzapine and pancreatitis. Br J Psychiatry

2000; 177: 567. 
3. Waage C, et al. Olanzapine-induced pancreatitis: a case report.

JOP 2004; 5: 388–91.

Effects on sexual function. Priapism has been reported1,2 in 2
patients receiving olanzapine.
1. Deirmenjian JM, et al. Olanzapine-induced reversible priapism:

a case report. J Clin Psychopharmacol 1998; 18: 351–3. 
2. Songer DA, Barclay JC. Olanzapine-induced priapism. Am J

Psychiatry 2001; 158: 2087–8.

Extrapyramidal disorders. There have been isolated
reports1,2 of tardive dyskinesia associated with olanzapine treat-
ment. However, the incidence of extrapyramidal effects (p.971)
is generally lower with atypical than classical antipsychotics.
1. Herrán A, Vázquez-Barquero JL. Tardive dyskinesia associated

with olanzapine. Ann Intern Med 1999; 131: 72. 
2. Bella VL, Piccoli F. Olanzepine-induced tardive dyskinesia. Br

J Psychiatry 2003; 182: 81–2.

Mania. Although olanzapine is used in the treatment of bipolar
disorder, it has been associated with reports of mania in both
schizophrenic and bipolar patients.1-4 A report sponsored by the
manufacturers noted that no association was seen in pooled data
from 2 placebo-controlled studies involving 254 bipolar pa-
tients.5
1. Lindenmayer J-P, Klebanov R. Olanzapine-induced manic-like

syndrome. J Clin Psychiatry 1998; 59: 318–19. 
2. Fitz-Gerald MJ, et al. Olanzapine-induced mania. Am J Psychi-

atry 1999; 156: 1114. 
3. Aubry J-M, et al. Possible induction of mania and hypomania by

olanzapine or risperidone: a critical review of reported cases. J
Clin Psychiatry 2000; 61: 649–55. 

4. Henry C, Demotes-Mainard J. Olanzapine-induced mania in bi-
polar disorders. J Psychiatry Neurosci 2002; 27: 200–201. 

5. Baker RW, et al. Placebo-controlled trials do not find association
of olanzapine with exacerbation of bipolar mania. J Affect Dis-
ord 2003; 73: 147–53.

Neuroleptic malignant syndrome. Cases of neuroleptic
malignant syndrome (p.972) have been associated with olanzap-
ine therapy.1-4

1. Filice GA, et al. Neuroleptic malignant syndrome associated
with olanzapine. Ann Pharmacother 1998; 32: 1158–9. 

2. Nyfort-Hansen K, Alderman CP. Possible neuroleptic malignant
syndrome associated with olanzapine. Ann Pharmacother 2000;
34: 667. 

3. Suh H, et al. Neuroleptic malignant syndrome and low-dose
olanzapine. Am J Psychiatry 2003; 160: 796. 

4. Kogoj A, Velikonja I. Olanzapine induced neuroleptic malignant
syndrome–a case review. Hum Psychopharmacol 2003; 18:
301–9.

Overdosage. A 2 ⁄ -year-old boy was found sleeping and diffi-
cult to arouse after taking one or two 7.5-mg olanzapine tablets.1
His reported symptoms included agitation, aggressive behaviour,
miosis, hypersalivation, tachycardia, and ataxia; he recovered af-
ter 24 hours. Symptoms suggestive of diabetes insipidus, togeth-
er with mild CNS depression, have also been reported,2 in an ad-
olescent who took 75 mg of olanzapine with a small quantity of
prazepam. The polyuria responded to desmopressin. A review3

identified 29 fatalities associated with olanzapine overdose, but
evidence of a direct causative relationship was limited.
1. Yip L, et al. Olanzapine toxicity in a toddler. Pediatrics 1998;

102: 1494. 
2. Etienne L, et al. Polyuria after olanzapine overdose. Am J Psy-

chiatry 2004; 161: 1130. 
3. Chue P, Singer P. A review of olanzapine-associated toxicity and

fatality in overdose. J Psychiatry Neurosci 2003; 28: 253–61.

Parkinsonism. Worsening of motor function has been
reported1-4 in patients with parkinsonism after use of olanzapine.
1. Graham JM, et al. Olanzapine in the treatment of hallucinosis in

idiopathic Parkinson’s disease: a cautionary note. J Neurol Neu-
rosurg Psychiatry 1998 65: 774–7. 

2. Molho ES, Factor SA. Worsening of motor features of parkin-
sonism with olanzapine. Mov Disord 1999; 14: 1014–16. 

3. Goetz CG, et al. Olanzapine and clozapine: comparative effects
on motor function in hallucinating PD patients. Neurology 2000;
55: 789–94. 

4. Manson AJ, et al. Low-dose olanzapine for levodopa induced
dyskinesias. Neurology 2000; 55: 795–9.

Pregnancy. The manufacturer has reviewed both prospective
and retrospective cases of pregnancies that have been exposed to
olanzapine treatment.1 Of the 37 prospective pregnancies, there
were 14 therapeutic abortions (with no reported abnormality in
the fetus), 3 spontaneous abortions (again with no reported ab-
normality in the fetus), and 1 still-birth. The remaining 19 preg-
nancies included 16 normal births without complications and 1
premature birth; the 2 other births were complicated by post-term
deliveries. Eleven retrospective cases were also identified and in-
cluded 2 cases of major malformation (dysplastic kidney and
Down’s syndrome), 1 case of fetal death following an overdose
by the mother, and 1 case each of neonatal convulsion and sud-

den infant death. For comments on the use of some atypical an-
tipsychotics, including olanzapine, during pregnancy, see under
Precautions of Clozapine, p.983.
1. Goldstein DJ, et al. Olanzapine-exposed pregnancies and lacta-

tion: early experience. J Clin Psychopharmacol 2000; 20:
399–403.

Speech disorders. Although olanzapine may be used in the
treatment of stuttering, it has also been associated with reports of
the development of the disorder, see under Uses and Administra-
tion, below.

Interactions
The central effects of other CNS depressants, including
alcohol, may be enhanced by olanzapine. Olanzapine
may antagonise the effects of dopaminergics. Neutro-
penia may be more common when olanzapine is given
with valproate. Use with valproate or lithium has also
been associated with an increased incidence of tremor,
dry mouth, increased appetite, and weight gain.There
is a theoretical risk of QT prolongation when olanzap-
ine is given with other drugs that are known to cause
this effect. 
Drugs that induce hypotension, bradycardia, or respira-
tory depression should be used with caution in patients
given intramuscular olanzapine. Parenteral benzodi-
azepine treatment should be given at least 1 hour after
intramuscular olanzapine as it is recommended that
they are not given together. 
The metabolism of olanzapine is mediated to some ex-
tent by the cytochrome P450 isoenzyme CYP1A2. Use
with drugs that inhibit, induce, or act as a substrate to
this isoenzyme may affect plasma concentrations of
olanzapine and a dose adjustment of olanzapine may
be required. The CYP1A2 inhibitor fluvoxamine sig-
nificantly inhibits the metabolism of olanzapine. The
clearance of olanzapine is increased by tobacco smok-
ing and carbamazepine.
Valproate. In a study of 4 patients, valproate reduced plasma
concentrations of olanzapine by 32.3 to 78.8% (mean 53.6%).1
1. Bergemann N, et al. Valproate lowers plasma concentrations of

olanzapine. Pharmacopsychiatry 2005; 38: 44.

Pharmacokinetics
Olanzapine is well absorbed from the gastrointestinal
tract after oral doses but undergoes considerable first-
pass metabolism. Peak plasma concentrations are
achieved about 5 to 8 hours after oral doses and about
15 to 45 minutes after an intramuscular dose. Olanzap-
ine is about 93% bound to plasma proteins. It is exten-
sively metabolised in the liver, primarily by direct glu-
curonidation and by oxidation mediated through the
cytochrome P450 isoenzymes CYP1A2, and, to a less-
er extent, CYP2D6. The 2 major metabolites 10-N-glu-
curonide and 4′-N-desmethyl olanzapine appear to be
inactive. About 57% of a dose is excreted in the urine,
mainly as metabolites, and about 30% appears in the
faeces. The mean plasma elimination half-life has been
variously reported to be about 30 to 38 hours; half-lives
tend to be longer in female than in male patients. Olan-
zapine is distributed into breast milk.
◊ References.
1. Callaghan JT, et al. Olanzapine: pharmacokinetic and pharmaco-

dynamic profile. Clin Pharmacokinet 1999; 37: 177–93. 
2. Markowitz JS, et al. Pharmacokinetics of olanzapine after sin-

gle-dose oral administration of standard tablet versus normal and
sublingual administration of an orally disintegrating tablet in
normal volunteers. J Clin Pharmacol 2006; 46: 164–71.

Uses and Administration
Olanzapine is a thienobenzodiazepine atypical antipsy-
chotic. It has affinity for serotonin, muscarinic, hista-
mine (H1), and adrenergic (α1) receptors as well as var-
ious dopamine receptors. 
Olanzapine is used for the management of schizophre-
nia and for the treatment of moderate to severe mania
associated with bipolar disorder. 
In the UK, the usual initial oral dose for schizophrenia
is 10 mg daily as a single dose; thereafter dosage ad-
justments may be made according to response at inter-
vals of not less than 24 hours to within the range of 5 to
20 mg daily. In the USA, the starting dose is 5 to 10 mg
daily and it is recommended that dosage adjustments

beyond 10 mg daily are made at intervals of not less
than 1 week; the daily dosage should be adjusted in
steps of 5 mg. However, it is recommended that doses
above 10 mg daily should be given only after clinical
reassessment. 
For the treatment of acute mixed or manic episodes
in bipolar disorder, a recommended initial oral dose is
10 or 15 mg daily as monotherapy or 10 mg if given as
part of combination therapy; the daily dosage may be
adjusted in steps of 5 mg if necessary, at intervals of not
less than 24 hours to a dose of between 5 and 20 mg
daily. If a response is achieved, therapy may continue
at the same dosage to prevent recurrence. For preven-
tion of recurrence in patients whose manic episodes
have responded previously to olanzapine, the recom-
mended starting dose is 10 mg daily. 
For the rapid control of agitation and disturbed
behaviour in patients with schizophrenia or mania,
olanzapine may be given intramuscularly in an initial
dose of 5 to 10 mg followed by 5 to 10 mg as required
after 2 hours. Not more than 3 injections should be giv-
en in any 24-hour period and the maximum daily dose,
including olanzapine given orally, should not exceed
20 mg. Injections may be given for up to a maximum
of 3 days but transfer to oral therapy should be started
as soon as possible. 
The metabolism of olanzapine might be slower in fe-
male, elderly, or non-smoking patients; if more than
one of these factors is present, a lower initial dose (e.g.
5 mg daily if given orally) and a more gradual dose es-
calation should be considered. The intramuscular dose
should be reduced by half in the elderly. See below for
doses in patients with hepatic or renal impairment.
Administration in hepatic or renal impairment. A start-
ing dose of 5 mg daily of olanzapine orally or by intramuscular
injection may be necessary for patients with renal or hepatic im-
pairment; for patients with moderate hepatic insufficiency, the
starting dose should only be increased with caution.
Bipolar disorder. Olanzapine is of benefit for the treatment of
mania, with or without psychosis, in patients with bipolar disor-
der (p.372), and the use of atypical antipsychotics in the manage-
ment of such patients is increasing. However, there have been
individual case reports of olanzapine-induced mania (see above). 
There is also increasing interest in the use of olanzapine for the
depressive phase of bipolar disorder, and for other forms of re-
sistant depression. In some countries olanzapine is available as a
fixed-dose combination with fluoxetine for use in the former
condition. 
References.
1. Shelton RC, et al. A novel augmentation strategy for treating re-

sistant major depression. Am J Psychiatry 2001; 158: 131–4. 
2. Rendell JM, et al. Olanzapine alone or in combination for acute

mania. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2003 (accessed
24/05/05). 

3. McCormack PL, Wiseman LR. Olanzapine: a review of its use in
the management of bipolar I disorder. Drugs 2004; 64: 2709–26. 

4. Shelton RC. Olanzapine/fluoxetine combination for bipolar de-
pression. Expert Rev Neurother 2006; 6: 33–9.

Nausea and vomiting. For mention of the use of olanzapine
as a second-line drug to control nausea and vomiting in palliative
care see p.1700.
Parkinsonism. Olanzapine is associated with a relatively low
incidence of extrapyramidal disorders and has been studied1 for
use in the treatment of psychosis in patients with Parkinson’s dis-
ease (see Disturbed Behaviour, p.954). However, there have
been a number of reports of adverse effects including exacerba-
tion of the movement disorder (see Parkinsonism, under Precau-
tions, above).
1. Wolters EC, et al. Olanzapine in the treatment of dopaminomi-

metic psychosis in patients with Parkinson’s disease. Neurology
1996; 47: 1085–7.

Psychiatric disorders. The main treatment for post-traumatic
stress disorder (p.953) is psychotherapy but adjunctive olanzap-
ine may be used in patients refractory to psychotherapy and/or
drug treatment with antidepressants. Olanzapine has also been
tried for the control of aggression in children with autism and
conduct disorder (see Disturbed Behaviour, p.954).
Schizophrenia. Studies suggest that olanzapine is as effective
as haloperidol against positive symptoms of schizophrenia
(p.955) and more effective against negative symptoms in the
short-term and possibly in the long-term,1-5 although a systemat-
ic review considered the evidence equivocal.6 Quality of life has
also been judged to be greater in patients treated with olanzap-
ine.7 In comparative studies, extrapyramidal adverse effects have
been less frequent with olanzapine than haloperidol and fewer
patients have discontinued treatment with olanzapine. There are
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relatively few published comparisons with other atypical antip-
sychotics, but one systematic review8 concluded that there was
little to differentiate between olanzapine and risperidone apart
from their adverse effects; risperidone was particularly associat-
ed with movement disorders and sexual dysfunction while olan-
zapine induced rapid weight gain. Another study has suggested
that olanzapine is not inferior to clozapine.9 Olanzapine’s effica-
cy in the treatment of patients with refractory schizophrenia re-
mains to be determined; a small, randomised study found it to be
no more effective than haloperidol.10

1. Beasley CM, et al. Olanzapine HGAD Study Group. Olanzapine
versus placebo and haloperidol: acute phase results of the North
American double-blind olanzapine trial. Neuropsychopharma-
cology 1996; 14: 111–23. 

2. Beasley C, et al. Olanzapine versus haloperidol: long-term re-
sults of the multi-center international trial. Eur Neuropsychop-
harmacol 1996; 6 (suppl 3): 59. 

3. Beasley CM, et al. Olanzapine versus haloperidol: acute phase
results of the international double-blind olanzapine trial. Eur
Neuropsychopharmacol 1997; 7: 125–37. 

4. Tollefson GD, et al. Olanzapine versus haloperidol in the treat-
ment of schizophrenia and schizoaffective and schizophreni-
form disorders: results of an international collaborative trial. Am
J Psychiatry 1997; 154: 457–65. 

5. Bhana N, et al. Olanzapine: an updated review of its use in the
management of schizophrenia. Drugs 2001; 61: 111–61. 

6. Duggan L, et al. Olanzapine for schizophrenia. Available in The
Cochrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2005 (accessed 24/05/05). 

7. Hamilton SH, et al. Olanzapine versus placebo and haloperidol:
quality of life and efficacy results of the North American dou-
ble-blind trial. Neuropsychopharmacology 1998; 18: 41–9. 

8. Jayaram MB, et al. Risperidone versus olanzapine for schizo-
phrenia. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed
16/01/07). 

9. Naber D, et al. Randomized double blind comparison of olanza-
pine vs clozapine on subjective well-being and clinical outcome
in patients with schizophrenia. Acta Psychiatr Scand 2005; 111:
106–15. 

10. Buchanan RW, et al. Olanzapine treatment of residual positive
and negative symptoms. Am J Psychiatry 2005; 162: 124–9.

Stuttering. Although olanzapine may be of benefit in the treat-
ment of stuttering (p.1001),1,2 it has been associated with reports
of stuttering in 6 adult patients with schizophrenia or depres-
sion.3

1. Lavid N, et al. Management of child and adolescent stuttering
with olanzapine: three case reports. Ann Clin Psychiatry 1999;
11: 233–6. 

2. Maguire GA, et al. Olanzapine in the treatment of developmental
stuttering: a double-blind, placebo-controlled trial. Ann Clin
Psychiatry 2004; 16: 63–7. 

3. Bär KJ, et al. Olanzapine- and clozapine-induced stuttering: a
case series. Pharmacopsychiatry 2004; 37: 131–4.

Tourette’s syndrome. When drug treatment is required for
tics and behavioural disturbances in Tourette’s syndrome (see
Tics, p.954) haloperidol or pimozide are commonly used but
atypical antipsychotics, including olanzapine, are increasingly
being tried.1-4

1. Stamenkovic M, et al. Effective open-label treatment of
tourette’s disorder with olanzapine. Int Clin Psychopharmacol
2000; 15: 23–8. 

2. Onofrj M, et al. Olanzapine in severe Gilles de la Tourette syn-
drome: a 52-week double-blind cross-over study vs. low-dose
pimozide. J Neurol 2000; 247: 443–6. 

3. Budman CL, et al. An open-label study of the treatment efficacy
of olanzapine for Tourette’s disorder. J Clin Psychiatry 2001; 62:
290–4. 

4. Stephens RJ, et al. Olanzapine in the treatment of aggression and
tics in children with Tourette’s syndrome: a pilot study. J Child
Adolesc Psychopharmacol 2004; 14: 255–66.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Midax; Zyprexa; Austral.: Zyprexa; Austria: Zyprexa; Belg.:
Zyprexa; Braz.: Zyprexa; Canad.: Zyprexa; Chile: Olivin; Zyprexa; Cz.:
Zalasta; Zyprexa; Denm.: Zyprexa; Fin.: Zyprexa; Fr.: Zyprexa; Ger.:
Zyprexa; Gr.: Zyprexa; Hong Kong: Zyprexa; Hung.: Zyprexa; India:
Joyzol; Olexar; Ozapin; Psycholanz; Indon.: Zyprexa; Irl.: Zyprexa; Israel:
Zyprexa; Ital.: Zyprexa; Malaysia: Zyprexa; Mex.: Zyprexa; Neth.:
Zyprexa; Norw.: Zyprexa; NZ: Zyprexa; Philipp.: Zyprexa; Pol.: Olzapin;
Zalasta; Zolafren; Zyprexa; Port.: Olapin; Zalasta; Zolafren; Zyprexa; Rus.:
Zyprexa (Зипрекса); S.Afr.: Zyprexa; Singapore: Zyprexa; Spain:
Zyprexa; Swed.: Zyprexa; Switz.: Zyprexa; Thai.: Zyprexa; Turk.:
Zyprexa; UK: Zyprexa; USA: Zyprexa; Venez.: Zyprexa.

Multi-ingredient: Arg.: Combined†; Symbyax†; Chile: Symbyax; Mex.:
Symbyax; USA: Symbyax.

Oxazepam (BAN, USAN, rINN)

Oksatsepaami; Oksazeoam; Oksazepam; Oksazepamas; Ox-
azépam; Oxazepám; Oxazepamum; Wy-3498. 7-Chloro-1,3-di-
hydro-3-hydroxy-5-phenyl-1,4-benzodiazepin-2-one.

Оксазепам
C15H11ClN2O2 = 286.7.
CAS — 604-75-1.
ATC — N05BA04.
ATC Vet — QN05BA04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Oxazepam). A white or almost white crystalline
powder. Practically insoluble in water; slightly soluble in alco-
hol. Protect from light. 
USP 31 (Oxazepam). A creamy-white to pale yellow, practical-
ly odourless powder. Practically insoluble in water; soluble 1 in
220 of alcohol, 1 in 270 of chloroform, and 1 in 2200 of ether. pH
of a 2% suspension in water is between 4.8 and 7.0.

Dependence and Withdrawal
As for Diazepam, p.987.
◊ For the purpose of withdrawal regimens, 15 mg of oxazepam
is considered equivalent to about 5 mg of diazepam.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Hepatic impairment. All benzodiazepines should be used
with caution in patients with hepatic impairment, but short-act-
ing ones such as oxazepam may be preferred. 
Seven patients with acute viral hepatitis, 6 with cirrhosis of the
liver, and 16 age-matched healthy control subjects took a single
dose of oxazepam 15 or 45 mg orally.1 Urinary excretion rates
and plasma elimination patterns were unaltered in patients with
acute and chronic parenchymal liver disease. Oxazepam 15 mg
orally was also given three times daily for 2 weeks to 2 healthy
subjects and to 2 patients with cirrhosis and did not appear to
accumulate in any of the four.
1. Shull HJ, et al. Normal disposition of oxazepam in acute viral

hepatitis and cirrhosis. Ann Intern Med 1976; 84: 420–5.

Porphyria. Oxazepam is considered to be unsafe in patients
with porphyria although there is conflicting experimental evi-
dence of porphyrinogenicity.

Renal impairment. Pharmacokinetic studies suggest that, in
general, the dosage of oxazepam does not need adjusting in pa-
tients with renal impairment.1-3

1. Murray TG, et al. Renal disease, age, and oxazepam kinetics.
Clin Pharmacol Ther 1981; 30: 805–9. 

2. Busch U, et al. Pharmacokinetics of oxazepam following multi-
ple administration in volunteers and patients with chronic renal
disease. Arzneimittelforschung 1981; 31: 1507–11. 

3. Greenblatt DJ, et al. Multiple-dose kinetics and dialyzability of
oxazepam in renal insufficiency. Nephron 1983; 34: 234–8.

Thyroid disorders. There was a reduction in half-life and an
increase in the apparent oral clearance of oxazepam in 7 hyper-
thyroid patients.1 In 6 hypothyroid patients there was no overall
change in oxazepam elimination, although 5 of the 6 complained
of drowsiness despite a relatively low dose (15 mg).
1. Scott AK, et al. Oxazepam pharmacokinetics in thyroid disease.

Br J Clin Pharmacol 1984;  17: 49–53.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Oxazepam is well absorbed from the gastrointestinal
tract and reaches peak plasma concentrations about 2
hours after ingestion. It crosses the placenta and has
been detected in breast milk. Oxazepam is about 85 to
97% bound to plasma proteins and has been reported to
have an elimination half-life ranging from about 3 to
21 hours. It is largely metabolised to the inactive glu-
curonide which is excreted in the urine.

Pregnancy. The placental passage of oxazepam and its metab-
olism in 12 women given a single dose of oxazepam 25 mg dur-
ing labour has been studied.1 Oxazepam was readily absorbed
and peak plasma concentrations were in the same range as those
reported in healthy males and non-pregnant females given the
same dose, although the plasma half-life (range 5.3 to 7.8 hours
in 8 subjects studied) was shorter than that reported for non-preg-
nant subjects. Oxazepam was detected in the umbilical vein of all
12 patients with the ratio between umbilical to maternal vein
concentration of oxazepam reaching a value of about 1.35 and
remaining constant beyond a dose-delivery time of 3 hours. All
of the babies had a normal Apgar score value. The oxazepam
plasma half-life in the newborns was about 3 to 4 times that of
the mothers, although in 3 the plasma concentration of oxazepam
conjugate rose during the first 6 to 10 hours after delivery indi-
cating the ability of the neonate to conjugate oxazepam.
1. Tomson G, et al. Placental passage of oxazepam and its metabo-

lism in mother and newborn. Clin Pharmacol Ther 1979;  25:
74–81.

Uses and Administration
Oxazepam is a short-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). It
is used in the short-term management of anxiety disor-
ders (p.952) and insomnia (p.957) associated with anx-
iety. Oxazepam is also used for the control of symp-
toms associated with alcohol withdrawal (p.1626).
Oxazepam is usually given as the base but the hemi-
succinate has been used in some multi-ingredient prep-
arations. 
The usual oral dose of oxazepam for the treatment of
anxiety or for control of symptoms of alcohol with-
drawal is 15 to 30 mg three or four times daily. A sug-
gested initial dose for elderly or debilitated patients is
10 mg three times daily increased if necessary up to 10
to 20 mg three or four times daily. For the treatment of
insomnia associated with anxiety oxazepam 15 to
25 mg may be given one hour before retiring; up to
50 mg may occasionally be necessary.
Administration in renal impairment. For a suggestion that
dosage adjustment of oxazepam may not be necessary in patients
with renal impairment, see Renal Impairment, above.

Preparations
BP 2008: Oxazepam Tablets; 
USP 31: Oxazepam Capsules; Oxazepam Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Pausafren T; Austral.: Alepam; Murelax; Serepax; Austria: Adum-
bran; Anxiolit; Oxahexal; Praxiten; Belg.: Seresta; Tranquo; Chile:
Serepax†; Denm.: Alopam; Oxabenz; Oxapax; Serepax; Fin.: Alopam†;
Opamox; Oxamin; Oxepam†; Fr.: Seresta; Ger.: Adumbran; Azutranquil†;
durazepam; Mirfudorm; Noctazepam†; Oxa; Praxiten; Sigacalm†; Uskan;
India: Serepax; Israel: Vaben; Ital.: Limbial; Serpax; Neth.: Seresta;
Norw.: Alopam; Sobril; NZ: Ox-Pam; Pol.: Oxam; Port.: Serenal; Rus.:
Tazepam (Тазепам); S.Afr.: Medopam; Noripam; Purata; Serepax; Spain:
Adumbran†; Swed.: Oxascand; Sobril; Switz.: Anxiolit; Seresta; USA: Ser-
ax; Venez.: Anastil†.
Multi-ingredient: Arg.: Cavodan†; Pankreoflat Sedante†; Austria: Anx-
iolit plus; Chile: Novalona; Port.: Sedioton†; Spain: Novo Aerofil Se-
dante†; Suxidina; Venez.: Vuscobras.

Oxazolam (rINN)

Oxazolamum; Oxazolazepam. 10-Chloro-2,3,7,11b-tetrahydro-
2-methyl-11b-phenyloxazolo[3,2-d][1,4]benzodiazepin-6(5H)-
one.
Оксазолам
C18H17ClN2O2 = 328.8.
CAS — 24143-17-7.

Pharmacopoeias. In Jpn.
Profile
Oxazolam is a long-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.986). It has been given by
mouth for the short-term treatment of anxiety disorders. 
Oxazolam has also been used as a premedicant in general anaes-
thesia.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Oxypertine (BAN, USAN, rINN)

Oksipertiini; Oxipertin; Oxipertina; Oxypertinum; Win-18501-
2. 5,6-Dimethoxy-2-methyl-3-[2-(4-phenylpiperazin-1-yl)ethyl]-
indole.
Оксипертин
C23H29N3O2 = 379.5.
CAS — 153-87-7 (oxypertine); 40523-01-1 (oxypertine
hydrochloride).
ATC — N05AE01.
ATC Vet — QN05AE01.

Profile
Oxypertine is an indole derivative with general properties similar
to those of the phenothiazine, chlorpromazine (p.969). It has
been given orally in the treatment of psychoses including schiz-
ophrenia, mania, and disturbed behaviour, and in severe anxiety.

Paliperidone (USAN, rINN)

9-Hydroxyrisperidone; Paliperidona; Palipéridone; Paliperidon-
um; RO-76477. (±)-3-{2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)pip-
eridino]ethyl}-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyri-
do[1,2-a]pyrimidin-4-one.
Палиперидон
C23H27FN4O3 = 426.5.
CAS — 144598-75-4.
ATC — N05AX13.
ATC Vet — QN05AX13.

Paliperidone Palmitate (USAN, rINNM)

Palipéridone, Palmitate de; Paliperidoni Palmitas; Palmitato de
paliperidona; RO-92670. (9RS)-3-{2-[4-(6-Fluoro-1,2-benzisoxa-
zol-3-yl)piperidin-1-yl]ethyl}-2-methyl-4-oxo-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrimidin-9-yl hexadecanoate.
Палиперидона Палмитат
C39H57FN4O4 = 664.9.
CAS — 199739-10-1.

Profile
Paliperidone is a benzisoxazole derivative and is the major active
metabolite of the atypical antipsychotic risperidone (p.1024). It
is reported to be an antagonist at dopamine D2, serotonin (5-
HT2), adrenergic (α1 and α2), and histamine (H1) receptors. It is
used in the treatment of schizophrenia. 
The recommended oral dose of paliperidone is 6 mg once daily
as a modified-release preparation; doses may range from 3 to
12 mg daily. US licensed product information recommends that
dose increases are made in small steps of 3 mg at intervals of
more than 5 days. 
For details of dose reductions in patients with renal impairment,
see below. 
Paliperidone palmitate is being developed as a long-acting intra-
muscular formulation.
Administration in renal impairment. The plasma concen-
trations of paliperidone are increased in patients with renal im-
pairment. The usual oral daily dosage (see above) should there-
fore be adjusted according to creatinine clearance (CC). 
In the UK, licensed product information recommends the follow-
ing doses: 
• CC 50 to 80 mL/minute: initially 3 mg once daily, may be in-

creased thereafter according to response and tolerance 
• CC 30 to 50 mL/minute: 3 mg once daily 
• CC 10 to 30 mL/minute: initially 3 mg on alternate days

which may be increased thereafter to 3 mg once daily after
clinical reassessment 

However, US licensed product information recommends the fol-
lowing maximum doses: 
• CC 50 to 80 mL/minute: 6 mg once daily 
• CC 10 to 50 mL/minute: 3 mg once daily 
Paliperidone has not been studied in patients with a CC of less
than 10 mL/minute; UK product information does not recom-
mend its use in such patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Invega; Fr.: Invega; Port.: Invega; UK: Invega; USA: Invega.

Paraldehyde
Paracetaldehyde; Paraldehid; Paraldehidas; Paraldehído; Paralde-
hit; Paraldehyd; Paraldéhyde; Paraldehydi; Paraldehydum. The
trimer of acetaldehyde; 2,4,6-Trimethyl-1,3,5-trioxane.
(C2H4O)3 = 132.2.
CAS — 123-63-7.
ATC — N05CC05.
ATC Vet — QN05CC05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Paraldehyde). A colourless or slightly yellow,
transparent liquid. It solidifies on cooling to form a crystalline
mass. It may contain a suitable amount of an antoxidant. Relative
density 0.991 to 0.996. F.p. is 10° to 13°; not more than 10% dis-
tils below 123° and not less than 95% below 126°. Soluble in wa-
ter but less soluble in boiling water; miscible with alcohol and
with volatile oils. Store in small well-filled airtight containers.
Protect from light. 
USP 31 (Paraldehyde). A colourless transparent liquid with a
strong characteristic, but not unpleasant or pungent, odour. It is
subject to oxidation to form acetic acid. It may contain a suitable
stabiliser. Specific gravity is about 0.99. It has a congealing tem-
perature of not lower than 11° and distils completely between
120° and 126°. Soluble 1 in 10 of water v/v, but only 1 in 17 of
boiling water v/v; miscible with alcohol, with chloroform, with
ether, and with volatile oils. Store in well-filled airtight contain-
ers of not more than 30 mL at a temperature not exceeding 25°.
Protect from light. It must not be used more than 24 hours after
opening the container.
Incompatibility. Paraldehyde exerts a solvent action upon rub-
ber, polystyrene, and styrene-acrylonitrile copolymer and should
not be given in plastic syringes made with these materials. 
An evaluation of the compatibility of paraldehyde with plastic
syringes and needle hubs concluded that, if possible, all-glass sy-
ringes should be used with paraldehyde.1 Needles with plastic
hubs could be used. Polypropylene syringes with rubber-tipped
plastic plungers (Plastipak), or glass syringes with natural rub-
ber-tipped plastic plungers (Glaspak) were acceptable only for
the immediate administration or measurement of paraldehyde
doses.
1. Johnson CE, Vigoreaux JA. Compatibility of paraldehyde with

plastic syringes and needle hubs. Am J Hosp Pharm 1984;  41:
306–8.

Stability. Paraldehyde decomposes on storage, particularly after
the container has been opened. Partly decomposed paraldehyde
is dangerous if given. It must not be used if it has a brownish
colour or a sharp penetrating odour of acetic acid.
Dependence and Withdrawal
Prolonged use of paraldehyde may lead to dependence, especial-
ly in alcoholics. Features of dependence and withdrawal are sim-
ilar to those of barbiturates (see Amobarbital, p.962).
Adverse Effects and Treatment
Paraldehyde decomposes on storage and deaths from corrosive
poisoning have followed the use of such material. Paraldehyde
has an unpleasant taste and imparts a smell to the breath; it may
cause skin rashes. 
Oral or rectal use of paraldehyde may cause gastric or rectal irri-
tation. Intramuscular injection is painful and associated with tis-
sue necrosis, sterile abscesses, and nerve damage. Intravenous
use is extremely hazardous since it may cause pulmonary oede-
ma and haemorrhage, hypotension and cardiac dilatation, and
circulatory collapse; thrombophlebitis is also associated with in-
travenous use. 
Overdosage results in rapid laboured breathing owing to damage
to the lungs and to acidosis. Nausea and vomiting may follow an
overdose by mouth. Respiratory depression and coma as well as
hepatic and renal damage may occur. Treatment is as for barbit-
urate overdose (see Amobarbital, p.962).
Precautions
Paraldehyde should not be given to patients with gastric disor-
ders and it should be used with caution, if at all, in patients with
bronchopulmonary disease or hepatic impairment. It should not

be given rectally in the presence of colitis. Old paraldehyde must
never be used. 
Paraldehyde must be well diluted before oral or rectal use; if it is
deemed essential to give paraldehyde intravenously it must be
well diluted and given very slowly with extreme caution (see
also Adverse Effects, above and Uses, below). Intramuscular in-
jections may be given undiluted but care should be taken to avoid
nerve damage. Plastic syringes should be avoided (see Incompat-
ibility, above).
Interactions
The sedative effects of paraldehyde are enhanced by CNS de-
pressants such as alcohol, barbiturates, and other sedatives. A
few case reports suggest that disulfiram may enhance the toxicity
of paraldehyde; use together is not recommended.
Pharmacokinetics
Paraldehyde is generally absorbed readily, although absorption is
reported to be slower after rectal than after oral or intramuscular
doses. It is widely distributed and has a reported half-life of 4 to
10 hours. About 80% of a dose is metabolised in the liver proba-
bly to acetaldehyde, which is oxidised by aldehyde dehydroge-
nase to acetic acid. Unmetabolised drug is largely excreted un-
changed through the lungs; only small amounts appear in the
urine. It crosses the placental barrier and is distributed into breast
milk.
Uses and Administration
Paraldehyde is a hypnotic and sedative with antiepileptic effects.
However, because of the hazards associated with its use, its ten-
dency to react with plastic, and the risks associated with its dete-
rioration, it has largely been superseded by other drugs. It is still
occasionally used to control status epilepticus (p.469) resistant to
conventional treatment. Given rectally or intramuscularly it
causes little respiratory depression and is therefore useful where
facilities for resuscitation are poor. 
At low temperature it solidifies to form a crystalline mass. If it
solidifies, the whole should be liquefied before use. 
A usual dose for adults is 10 to 20 mL given rectally as a 10%
solution in sodium chloride 0.9% solution or diluted with 1 or 2
parts of oil. Doses of 5 to 10 mL are also occasionally given in-
tramuscularly up to a maximum of 20 mL daily with not more
than 5 mL being given at any one site. In the UK it is licensed for
intramuscular use in children; however, the BNFC advocates use
of the rectal route instead, diluted as above. Recommended sin-
gle daily doses by either route are: 
• up to 3 months, 0.5 mL (the BNFC suggests a single rectal

dose of 0.4 mL/kg (maximum of 0.5 mL) in those under 1
month) 

• 3 to 6 months, 1 mL 
• 6 to 12 months, 1.5 mL 
• 1 to 2 years, 2 mL 
• 3 to 5 years, 3 to 4 mL 
• 6 to 12 years, 5 to 6 mL 
Paraldehyde has been given by slow intravenous infusion in spe-
cialist centres with intensive care facilities but this route is not
usually recommended; it must be diluted in sodium chloride
0.9% before use. 
Paraldehyde has been given orally; it should always be well di-
luted to avoid gastric irritation.
Preparations
BP 2008: Paraldehyde Injection.
Proprietary Preparations (details are given in Part 3)
USA: Paral.

Penfluridol (BAN, USAN, rINN)

McN-JR-16341; Penfluridoli; Penfluridolum; R-16341. 4-(4-Chlo-
ro-3-trifluoromethylphenyl)-1-[3-(p,p′-difluorobenzhydryl)pro-
pyl]piperidin-4-ol.
Пенфлуридол
C28H27ClF5NO = 524.0.
CAS — 26864-56-2.
ATC — N05AG03.
ATC Vet — QN05AG03.

Pharmacopoeias. In Chin.
Profile
Penfluridol is a diphenylbutylpiperidine antipsychotic and shares
the general properties of the phenothiazine, chlorpromazine
(p.969). After oral doses it has a prolonged duration of action that
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lasts for about a week. It is used in the treatment of psychoses
including schizophrenia (p.955). 
The usual oral dose of penfluridol for the treatment of chronic
psychoses is 20 to 60 mg once a week. Doses of up to 250 mg
once a week may be required in severe or resistant conditions.

Schizophrenia. A systematic review1 concluded that penflu-
ridol appears to have a similar efficacy and adverse effects pro-
file to other classical antipsychotics used in the treatment of
schizophrenia (p.955). The authors also suggested that penflu-
ridol, in a weekly oral dose of 40 to 80 mg, is a suitable alterna-
tive, particularly for patients who do not respond to daily oral
medication or adapt well to depot drugs.
1. Soares BGO, Lima MS. Penfluridol for schizophrenia. Available

in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2006 (accessed 19/03/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Semap; Belg.: Semap; Braz.: Semap; Cz.: Semap†; Denm.: Sem-
ap; Fr.: Semap†; Gr.: Flupidol; Israel: Semap; Mex.: Semap; Neth.: Semap;
Switz.: Semap.

Pentobarbital (BAN, rINN)

Aethaminalum; Mebubarbital; Mebumal; Pentobarbitaali; Pento-
barbitál; Pentobarbitalis; Pentobarbitalum; Pentobarbitone. 5-
Ethyl-5-(1-methylbutyl)barbituric acid.

Пентобарбитал

C11H18N2O3 = 226.3.
CAS — 76-74-4.
ATC — N05CA01.
ATC Vet — QN05CA01; QN51AA01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of pentobarbital: 
Blockbuster; Menish; Nebbies; Nembies; Nemish; Nemmies;
Nimbies; Nimby; Yellow; Yellow bullets; Yellow dolls; Yellow
jackets; Yellow submarines; Yellows.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pentobarbital). Colourless crystals or a white or al-
most white, crystalline powder. Very slightly soluble in water;
freely soluble in dehydrated alcohol. It forms water-soluble com-
pounds with alkali hydroxides and carbonates, and with ammo-
nia. 
USP 31 (Pentobarbital). A white or practically white, practically
odourless, fine powder. Very slightly soluble in water and in car-
bon tetrachloride; soluble 1 in 4.5 of alcohol, 1 in 4 of chloro-
form, and 1 in 10 of ether; very soluble in acetone and in methyl
alcohol; soluble in benzene. Store in airtight containers.

Pentobarbital Calcium (BANM, rINNM)

Calcii Pentobarbitalum; Pentobarbital cálcico; Pentobarbital Cal-
cique; Pentobarbitone Calcium. Calcium 5-ethyl-5-(1-methyl-
butyl)barbiturate.

Кальций Пентобарбитал

(C11H17N2O3)2Ca = 490.6.
ATC — N05CA01.
ATC Vet — QN05CA01.

Pharmacopoeias. In Jpn.

Pentobarbital Sodium (BANM, rINNM)

Aethaminalum-Natrium; Ethaminal Sodium; Mebumalnatrium;
Natrii Pentobarbitalum; Pentobarbitaalinatrium; Pentobarbital
sódico; Pentobarbital sodique; Pentobarbital sodná sůl; Pentobar-
bitalio natrio druska; Pentobarbitalnatrium; Pentobarbitál-nátri-
um; Pentobarbitalum natricum; Pentobarbitone Sodium; Sodium
Pentobarbital; Soluble Pentobarbitone. Sodium 5-ethyl-5-(1-
methylbutyl)barbiturate.

Натрий Пентобарбитал

C11H17N2NaO3 = 248.3.
CAS — 57-33-0.
ATC — N05CA01.
ATC Vet — QN05CA01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pentobarbital Sodium). A white or almost white,
hygroscopic, crystalline powder. Very soluble in water. A 10%
solution in water has a pH of 9.6 to 11.0 when freshly prepared.
Store in airtight containers. 
USP 31 (Pentobarbital Sodium). White, crystalline granules or
white powder. Is odourless or has a slight characteristic odour.
Very soluble in water; freely soluble in alcohol; practically insol-
uble in ether. pH of a 10% solution in water is between 9.8 and
11.0. Solutions decompose on standing, the decomposition being
accelerated at higher temperatures. Store in airtight containers.

Incompatibility. Pentobarbital may be precipitated from prep-
arations containing pentobarbital sodium, depending on the con-
centration and pH. Pentobarbital sodium has, therefore, been re-
ported to be incompatible with many other drugs particularly
acids and acidic salts.

Dependence and Withdrawal
As for Amobarbital, p.962.

Adverse Effects, Treatment, and Precautions
As for Amobarbital, p.962.

Interactions
As for Amobarbital, p.962.

Pharmacokinetics
Pentobarbital is well absorbed from the gastrointestinal tract af-
ter oral or rectal doses, and is reported to be about 60 to 70%
bound to plasma proteins. The elimination half-life appears to be
dose-dependent and reported values have ranged from 15 to 50
hours. Pentobarbital is metabolised in the liver, mainly by hy-
droxylation, and excreted in the urine mainly as metabolites.

Uses and Administration
Pentobarbital is a barbiturate that has been used as a hypnotic and
sedative. It has general properties and uses similar to those of
amobarbital (p.962). It has been used as a sedative and in the
short-term management of insomnia (p.957) but barbiturates are
not considered appropriate for such purposes. Pentobarbital sodi-
um has also been used for premedication in anaesthetic proce-
dures (p.1780), but barbiturates for pre-operative sedation have
been replaced by other drugs. Pentobarbital is usually given as
the sodium salt, although pentobarbital itself and its calcium salt
have both been used. 
A usual oral dose of pentobarbital sodium for insomnia was 100
to 200 mg, given at bedtime. Usual parenteral doses for other in-
dications were 150 to 200 mg as a single intramuscular dose or
100 mg by slow intravenous injection.

Cerebrovascular disorders. For reference to the use of bar-
biturate-induced coma in the management of patients with cere-
bral ischaemia, see under Thiopental, p.1796. See also p.1181 for
reference to the use of barbiturates in the management of raised
intracranial pressure.

Status epilepticus. General anaesthesia may be used to control
refractory tonic-clonic status epilepticus (p.469). A short-acting
barbiturate such as thiopental is usually used, but pentobarbital
has been used similarly.
Preparations
BP 2008: Pentobarbital Tablets; 
USP 31: Pentobarbital Elixir ; Pentobarbital Sodium Capsules; Pentobarbital
Sodium Injection.

Proprietary Preparations (details are given in Part 3)
Canad.: Nembutal†; Denm.: Mebumal; Hong Kong: Nembutal†; S.Afr.:
Sopental; Thai.: Nembutal†; USA: Nembutal.

Multi-ingredient: Arg.: Dimaval; Canad.: Cafergot-PB†; USA: Cafatine-
PB.

Perazine Dimalonate
P-725 (perazine); Pemazine Dimalonate; Perazina, dimalonato
de. 10-[3-(4-Methylpiperazin-1-yl)propyl]phenothiazine di-
malonate.
C20H25N3S,2C3H4O4 = 547.6.
CAS — 84-97-9 (perazine); 14777-25-4 (perazine di-
malonate).
ATC — N05AB10.
ATC Vet — QN05AB10.

(perazine)

Pharmacopoeias. Pol. includes only an injection of the di-
malonate. It also includes a monograph for Perazine Dimaleate.

Profile
Perazine dimalonate is a phenothiazine with general properties
similar to those of chlorpromazine (p.969) and is used for the
treatment of psychotic conditions. It has a piperazine side-chain.
It is given orally as the dimalonate although doses are expressed
in terms of the base; perazine dimalonate 40.3 mg is equivalent
to about 25 mg of perazine. Usual doses are the equivalent of 50
to 600 mg of the base daily; up to 1000 mg daily has been given
in resistant cases. It has also been given intramuscularly. 
Perazine dimaleate given orally has been used similarly.

Adverse effects. A report of 5 patients receiving perazine di-
malonate who developed acute axonal neuropathies of superfi-
cial nerve fibres after exposure to sunlight.1

1. Roelcke U, et al. Acute neuropathy in perazine-treated patients
after sun exposure. Lancet 1992; 340: 729–30.

Preparations

Proprietary Preparations (details are given in Part 3)
Ger.: Taxilan; Pol.: Perazin; Perazyna; Pernazinum.

Pericyazine (BAN)

Periciazine (pINN); Periciazin; Periciazina; Périciazine; Periciazinum;
Perisiatsiini; Propericiazine; RP-8909; SKF-20716. 10-[3-(4-Hy-
droxypiperidino)propyl]phenothiazine-2-carbonitrile; 1-[3-(2-
Cyanophenothiazin-10-yl)propyl]piperidin-4-ol.

Перициазин

C21H23N3OS = 365.5.
CAS — 2622-26-6.
ATC — N05AC01.
ATC Vet — QN05AC01.

Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969. Sedation and orthostatic hypoten-
sion may be marked.

Interactions
As for Chlorpromazine, p.973.

Uses and Administration
Pericyazine is a phenothiazine with general properties similar to
those of chlorpromazine (p.975). It has a piperidine side-chain. It
is used in the treatment of psychoses including schizophrenia
(p.955) and disturbed behaviour (p.954), and in the short-term
management of severe anxiety (p.952). 
Pericyazine is usually given as the base but the mesilate and tar-
trate have also been used. 
The usual oral dose for the treatment of severe anxiety, agitation,
aggression, or impulsive behaviour is 15 to 30 mg daily given in
2 divided doses, the larger amount in the evening. In schizophre-
nia and severe psychoses initial doses of 75 mg daily may be giv-
en in divided doses, increased if necessary, at weekly intervals by
increments of 25 mg, to a maximum of 300 mg daily. 
A recommended initial oral dose in children aged over 1 year is
500 micrograms daily for a child weighing 10 kg; for heavier
children this initial dose may be increased by 1 mg for each ad-
ditional 5 kg, to a maximum total of 10 mg daily. Thereafter the
dose may be gradually increased according to response but the
daily maintenance dose should not exceed twice the initial dose. 
Elderly patients should be given reduced doses: a recommended
initial dose is 5 to 10 mg daily for anxiety or disturbed behaviour
and 15 to 30 mg daily for schizophrenia or psychosis, both in
divided doses.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Neuleptil; Austral.: Neulactil; Austria: Neuleptil; Braz.: Neuleptil;
Canad.: Neuleptil; Chile: Neuleptil; Cz.: Neuleptil†; Denm.: Neulactil;
Fin.: Neulactil; Fr.: Neuleptil; Gr.: Neuleptil; Hong Kong: Neulactil; Irl.:
Neulactil†; Israel: Neuleptil; Ital.: Neuleptil; Neth.: Neuleptil; NZ: Neu-
lactil; Rus.: Neuleptil (Неулептил); S.Afr.: Neulactil†; Spain: Nemactil;
UK: Neulactil; Venez.: Neuleptil.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Perospirone Hydrochloride (rINNM)

Hidrocloruro de perospirona; Pérospirone, Chlorhydrate de;
Perospironi Hydrochloridum; SM-9018. cis-N-{4-[4-(1,2-Benzi-
sothiazol-3-yl)-1-piperazinyl]butyl}-1,2-cyclohexanedicarbox-
imide hydrochloride.

Пероспирона Гидрохлорид
C23H30N4O2S,HCl = 463.0.
CAS — 150915-41-6 (perospirone); 129273-38-7 (peros-
pirone hydrochloride).

(perospirone)

Profile
Perospirone is an antipsychotic used in the treatment of schizo-
phrenia. Although it has been described as an atypical antipsy-
chotic, the incidence of extrapyramidal effects may be rather
higher than is usually seen with atypical drugs such as clozapine
(p.981). Perospirone hydrochloride is given in usual oral doses of
12 to 48 mg daily in 3 divided doses.

◊ References.
1. Onrust SV, McClellan K. Perospirone. CNS Drugs. 2001; 15:

329–37.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Lullan.

Perphenazine (BAN, rINN)

Perfenatsiini; Perfenazin; Perfenazina; Perfenazinas; Perfenazyna;
Perphénazine; Perphenazinum. 2-{4-[3-(2-Chlorophenothiazin-
10-yl)propyl]piperazin-1-yl}ethanol.

Перфеназин
C21H26ClN3OS = 404.0.
CAS — 58-39-9.
ATC — N05AB03.
ATC Vet — QN05AB03.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Jpn also includes the maleate. 
Ph. Eur. 6.2 (Perphenazine). A white or yellowish-white crys-
talline powder. Practically insoluble in water; soluble in alcohol;
freely soluble in dichloromethane; dissolves in dilute solutions of
hydrochloric acid. Protect from light. 
USP 31 (Perphenazine). A white to creamy-white odourless
powder. M.p. 94° to 100°. Practically insoluble in water; soluble
1 in 7 of alcohol and 1 in 13 of acetone; freely soluble in chloro-
form. Store in airtight containers. Protect from light.

Incompatibility. Perphenazine has been reported to be incom-
patible with cefoperazone sodium1 and with midazolam hydro-
chloride (see p.1007).
1. Gasca M, et al. Visual compatibility of perphenazine with vari-

ous antimicrobials during simulated Y-site injection. Am J Hosp
Pharm 1987; 44: 574–5.

Perphenazine Decanoate (BANM, rINNM)

Decanoato de perfenazina; Perphénazine, Décanoate de; Per-
phenazini Decanoas.

Перфеназина Деканоат
C31H44ClN3O2S = 558.2.
ATC — N05AB03.
ATC Vet — QN05AB03.

Perphenazine Enantate (BANM, rINNM)

Enantato de perfenazina; Perphénazine, Enantate de; Perphena-
zine Enanthate; Perphenazine Heptanoate; Perphenazini Enantas.
Перфеназина Энантат
C28H38ClN3O2S = 516.1.
CAS — 17528-28-8.
ATC — N05AB03.
ATC Vet — QN05AB03.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. Perphenazine has been
associated with a lower frequency of sedation, but a
higher incidence of extrapyramidal effects.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of perphenazine on breast-fed infants
is unknown, its use by mothers during breast feeding may be of
concern since antipsychotics do appear in breast milk and thus
could conceivably alter CNS function in the infant both in the
short and long term. 
The distribution of perphenazine into breast milk was studied2 in
a mother who was receiving oral perphenazine 24 mg daily, later
reduced to 16 mg daily. Breast feeding was started after it was
estimated that a breast-fed infant would ingest about 0.1% of a
maternal dose. Treatment with perphenazine lasted for 3.5
months and during this period the child thrived normally and no
drug-induced symptoms were seen.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Olesen OV, et al. Perphenazine in breast milk and serum. Am J
Psychiatry 1990; 147: 1378–9.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Perphenazine is well absorbed after oral doses and un-
dergoes some first-pass metabolism, resulting in a rel-
ative bioavailability of about 60 to 80%. Peak plasma
concentrations are achieved between 1 to 3 hours after
ingestion. It is widely distributed and crosses the pla-
centa. Perphenazine is extensively metabolised; up to
70% is excreted in the urine mainly as metabolites,
with about 5% being excreted in the faeces. The plas-
ma elimination half-life of perphenazine is between 9
and 12 hours. Perphenazine decanoate and perphena-
zine enantate are slowly absorbed from the site of intra-
muscular injection. They gradually release perphena-
zine into the body and are therefore suitable for use as
depot injections.
◊ Perphenazine 5 or 6 mg given intravenously had a plasma half-
life from 8.4 to 12.3 hours in a study of 4 schizophrenic patients
and 4 healthy subjects.1 Plasma-perphenazine concentrations
varied considerably 3 to 5 hours after dosing; this was followed
by an exponential elimination phase. Plasma concentrations
were undetectable after a 6-mg oral dose in 4 healthy subjects
and only low plasma concentrations of its sulfoxide metabolite
could be detected; this was attributed to a marked first-pass ef-
fect. Systemic availability was also variable and poor in 4 schiz-
ophrenic patients given perphenazine 12 mg three times daily.
However, it was considered that oral therapy should be given at
8-hour intervals. Intramuscular injection of perphenazine enan-
tate 50 or 100 mg every 2 weeks gave plasma-perphenazine con-
centrations similar to those after continuous oral dosage, but high
initial absorption in the first 2 to 3 days was associated with seri-
ous CNS adverse effects.
1. Hansen CE, et al. Clinical pharmacokinetic studies of perphena-

zine. Br J Clin Pharmacol 1976;  3: 915–23.

Metabolism. In a study in 12 healthy subjects there was a clear
difference in the disposition of a single oral dose of perphenazine
between poor and extensive hydroxylators of debrisoquine.1
1. Dahl-Puustinen M-L, et al. Disposition of perphenazine is relat-

ed to polymorphic debrisoquin hydroxylation in human beings.
Clin Pharmacol Ther 1989; 46: 78–81.

Uses and Administration
Perphenazine is a phenothiazine with general proper-
ties similar to those of chlorpromazine (p.975). It has a
piperazine side-chain. It is used in the treatment of var-
ious psychoses including schizophrenia (p.955) and
mania (see Bipolar Disorder, p.372) as well as dis-
turbed behaviour (p.954) and in the short-term, adjunc-
tive management of severe anxiety (p.952). Perphena-
zine is also used for the management of postoperative

or chemotherapy-induced nausea and vomiting
(p.1700) and for the treatment of intractable hiccup
(p.976). 
Perphenazine is usually given orally and sometimes by
intramuscular or intravenous injection as the base.
Long-acting decanoate or enantate esters of perphena-
zine, available in some countries, are given by intra-
muscular injection. 
The usual initial oral dose for the treatment of schizo-
phrenia, mania, and other psychoses is 4 mg three
times daily. The dose is adjusted according to response
up to a usual maximum of 24 mg daily, although up to
64 mg daily has occasionally been used in hospitalised
patients. Similar doses have been used for the manage-
ment of severe agitated or violent behaviour or in se-
vere anxiety. Perphenazine has sometimes been used
in preparations with tricyclic antidepressants such as
amitriptyline in the treatment of anxiety with depres-
sion. 
For the control of nausea and vomiting the usual oral
dose is 4 mg three times daily but up to 8 mg three
times daily may be required. 
Perphenazine may be given by deep intramuscular in-
jection for control of acute psychotic symptoms or for
severe nausea and vomiting. An initial dose of 5 or
10 mg is followed, if necessary, by 5 mg every 6 hours
to a maximum of 15 to 30 mg daily. 
Perphenazine, diluted to a concentration of
500 micrograms/mL in sodium chloride 0.9%, is occa-
sionally given by intravenous injection in divided dos-
es, not more than 1 mg being given every 1 to 2 min-
utes; the maximum intravenous dose is 5 mg. The
intravenous route is usually reserved for the control of
severe vomiting or intractable hiccup. Perphenazine
has also been given by slow infusion. 
The long-acting decanoate or enantate esters of per-
phenazine are given by deep intramuscular injection in
doses ranging from about 50 to 300 mg of ester given
at intervals of 2 to 4 weeks. 
Perphenazine and its esters should be given in reduced
doses to the elderly but it should be noted that they are
not indicated for the management of agitation and rest-
lessness in these patients.
◊ References.
1. Hartung B, et al. Perphenazine for schizophrenia. Available in

The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 2005 (accessed 14/04/05).

Preparations
BP 2008: Perphenazine Tablets; 
USP 31: Perphenazine and Amitriptyline Hydrochloride Tablets; Perphen-
azine Injection; Perphenazine Oral Solution; Perphenazine Syrup; Perphen-
azine Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Decentan; Belg.: Trilafon†; Canad.: Trilafon; Denm.: Trilafon;
Fin.: Peratsin; Fr.: Trilifan; Ger.: Decentan; Indon.: Trilafon; Israel: Per-
phenan; Ital.: Trilafon; Mex.: Leptopsique; Trilafon†; Neth.: Trilafon;
Norw.: Trilafon; Philipp.: Trilafon; Pol.: Trilafon; S.Afr.: Trilafon†; Spain:
Decentan; Swed.: Trilafon; Switz.: Trilafon; Thai.: Conazine; Pernamed;
Pernazine; Perzine†; Porazine; UK: Fentazin; USA: Trilafon†.
Multi-ingredient: Arg.: Karile; Mutabon D†; Canad.: PMS-Levazine; Tr-
iavil†; Chile: Mutabon D†; Fin.: Pertriptyl; Gr.: Minitran; Indon.: Mutabon-
D; Mutabon-M; Ital.: Mutabon; Mex.: Adepsique; Port.: Mutabon; S.Afr.:
Etrafon†; Spain: Mutabase; Thai.: Anxipress-D†; Neuragon; Polybon; UK:
Triptafen; USA: Etrafon; Triavil†.

Phenazepam
Fenazepam. 7-Bromo-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one.
C15H10BrClN2O = 349.6.
CAS — 51753-57-2.
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Profile
Phenazepam is a benzodiazepine with general properties similar
to those of diazepam (p.986). It is used in the short-term treat-
ment of anxiety disorders and as an anticonvulsant.

Phenprobamate (BAN, rINN)

Fenprobamaatti; Fenprobamat; Fenprobamato; MH-532; Phen-
probamatum; Proformiphen. 3-Phenylpropyl carbamate.
Фенпробамат
C10H13NO2 = 179.2.
CAS — 673-31-4.
ATC — M03BA01.
ATC Vet — QM03BA01.

Profile
Phenprobamate is a carbamate with general properties similar to
those of meprobamate (p.1006). It has been used for its anxiolyt-
ic and muscle relaxant actions.
Preparations
Proprietary Preparations (details are given in Part 3)
Turk.: Gamaflex; Gamakuil.

Multi-ingredient: Turk.: Kuiflex; Kuilil.

Pimozide (BAN, USAN, rINN)

McN-JR-6238; Pimotsidi; Pimozid; Pimozida; Pimozidas; Pimozi-
dum; Pimozyd; R-6238. 1-{1-[4,4-Bis(4-fluorophenyl)butyl]-4-
piperidyl}benzimidazolin-2-one; 1-{1-[3-(4,4′-Difluorobenzhydr-
yl)propyl]-4-piperidyl}benzimidazolin-2-one.
Пимозид
C28H29F2N3O = 461.5.
CAS — 2062-78-4.
ATC — N05AG02.
ATC Vet — QN05AG02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pimozide). A white or almost white powder. Prac-
tically insoluble in water; slightly soluble in alcohol; soluble in
dichloromethane; sparingly soluble in methyl alcohol. Protect
from light. 
USP 31 (Pimozide). A white crystalline powder. Insoluble in
water; soluble 1 in 1000 of alcohol, of ether, and of methyl alco-
hol, 1 in 100 of acetone, 1 in 10 of chloroform, and 1 in more than
1000 of 0.1N hydrochloric acid. Store in airtight containers. Pro-
tect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. 
Extrapyramidal effects may be more common than
with chlorpromazine but pimozide may be less likely
to cause sedation, hypotension, or antimuscarinic ef-
fects. 
Ventricular arrhythmias and other ECG abnormalities,
such as prolongation of the QT interval and T-wave
changes, have been associated with the use of pimoz-
ide; an ECG should therefore be performed before, and
repeated periodically during, treatment. If repolarisa-
tion changes appear or arrhythmias develop, the need
for continuing treatment should be reviewed; the dose
of pimozide should be reduced or, if the QT interval
exceeds 500 milliseconds, therapy should be with-
drawn. Pimozide is contra-indicated in patients with

pre-existing prolongation of the QT interval, or a fam-
ily history of congenital QT prolongation, and in pa-
tients with a history of cardiac arrhythmias. Electrolyte
disturbances such as hypokalaemia or hypomagnesae-
mia in patients receiving pimozide may lead to cardio-
toxicity.
Effects on the cardiovascular system. The UK CSM has
received reports of ventricular arrhythmias and other ECG ab-
normalities such as prolongation of the QT interval and T-wave
changes associated with the use of pimozide.1,2 In August 1990
they had received 13 reports of sudden unexpected death since
1971; many of these patients had no evidence of pre-existing car-
diac disease, and 7 were under 30 years of age. Five of the 13
were also taking other antipsychotics. Most cases were associat-
ed with doses greater than 20 mg daily and many had had the
dose increased rapidly, possibly resulting in substantial tissue ac-
cumulation. By February 1995 the CSM had received a total of
40 reports (16 fatal) of serious cardiac reactions most of which
involved arrhythmias. 
See also under Chlorpromazine, p.970.
1. CSM. Cardiotoxic effects of pimozide. Current Problems 29

1990. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024447&
RevisionSelectionMethod=LatestReleased (accessed 07/08/08) 

2. CSM/MCA. Cardiac arrhythmias with pimozide (Orap). Current
P ro b l e m s  1 9 9 5 ;  2 1 :  2 .  A l s o  a v a i l a b l e  a t :  h t t p : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015618&RevisionSelectionMethod=
LatestReleased (accessed 16/05/06)

Interactions
As for Chlorpromazine, p.973. The risk of arrhythmias
with pimozide may be increased by other drugs that
prolong the QT interval including some antiarrhyth-
mics, other antipsychotics (including depot prepara-
tions), tricyclic antidepressants, the antihistamines ter-
fenadine and astemizole, antimalarials, and cisapride;
use together should be avoided. Use with drugs that in-
duce electrolyte disturbances, such as diuretics, should
also be avoided. 
The use of pimozide with drugs that inhibit the cyto-
chrome P450 isoenzyme CYP3A4 is contra-indicated;
the resultant decrease in the metabolism of pimozide
may lead to increased plasma concentrations and hence
greater risk of cardiac arrhythmias. CYP3A4 inhibitors
include the macrolide antibacterials such as clarithro-
mycin, erythromycin, and troleandomycin; the azole
antifungals including itraconazole and ketoconazole;
the HIV-protease inhibitors; the NNRTIs; nefazodone,
and zileuton. The metabolism of pimozide may also be
inhibited by grapefruit juice and use together should be
avoided. 
Pimozide is also metabolised by CYP2D6, albeit to a
lesser extent, and in vitro data indicate that the
CYP2D6 inhibitor quinidine may reduce the metabo-
lism of pimozide; UK licensed product information
contra-indicates the use of such inhibitors with pimo-
zide. The isoenzyme CYP1A2 may also be involved in
the metabolism of pimozide and consequently there is
a theoretical possibility of interactions with CYP1A2
inhibitors. 
Pimozide should also not be used with SSRIs such as
citalopram, escitalopram, paroxetine, and sertraline.
Antibacterials. Sudden deaths have occurred in patients given
pimozide and clarithromycin, see p.973.

Pharmacokinetics
More than half of an oral dose of pimozide is reported
to be absorbed. It undergoes significant first-pass
metabolism. Peak plasma concentrations have been re-
ported after 4 to 12 hours and there is a considerable
interindividual variation in the concentrations
achieved. Pimozide is metabolised in the liver mainly
by N-dealkylation and excreted in the urine and faeces
in the form of metabolites and unchanged drug. Metab-
olism is mediated mainly by the cytochrome P450
isoenzyme CYP3A4 and to a lesser extent by
CYP2D6; CYP1A2 may also be involved. Pimozide
has a mean elimination half-life of about 55 hours, al-
though half-lives of up to 150 hours have been noted in
some patients.

Uses and Administration
Pimozide is a diphenylbutylpiperidine antipsychotic
and is structurally similar to the butyrophenones. It is a
long-acting antipsychotic with general properties sim-
ilar to those of the phenothiazine, chlorpromazine
(p.975), although it also has some calcium-blocking
activity. Pimozide is given orally in the management of
psychoses including schizophrenia, paranoid states,
and monosymptomatic hypochondria (p.954) and in
Tourette’s syndrome. An ECG should be performed in
all patients before starting treatment with pimozide
(see Adverse Effects, Treatment, and Precautions,
above). 
In schizophrenia, treatment is usually begun with a
dose of 2 mg daily (the BNFC suggests 1 mg in those
aged 12 to 18 years), adjusted thereafter according to
response in increments of 2 to 4 mg at intervals of not
less than 1 week. A maximum daily dose of 20 mg
should not be exceeded. It is usually given as a single
daily dose. 
In monosymptomatic hypochondria and paranoid
psychoses, the initial dose is 4 mg daily adjusted as
above to a maximum daily dose of 16 mg. 
Pimozide treatment should start at half the usual initial
dosage in elderly patients. 
In the USA, pimozide is used for the treatment of
Tourette’s syndrome in an initial dose of 1 to 2 mg
daily in divided doses; children may be given
50 micrograms/kg daily initially. Dosage may be in-
creased gradually to a maximum of 10 mg daily or
200 micrograms/kg daily; data are limited in children
under 12 years of age. Although not licensed in the UK
for the treatment of Tourette’s syndrome, the BNFC
suggests that children aged from 2 to 12 years may be
given 1 to 4 mg daily and those aged from 12 to 18
years, 2 to 10 mg daily.
Chorea. Antipsychotics such as pimozide have some action
against choreiform movements (p.953) as well as being of use to
control the behavioural disturbances of Huntington’s chorea. 
References.
1. Shannon KM, Fenichel GM. Pimozide treatment of Sydenham’s

chorea. Neurology 1990; 40: 186.

Dystonia. Antipsychotics such as phenothiazines, haloperidol,
or pimozide are sometimes useful in the treatment of idiopathic
dystonia (p.809) in patients who have failed to respond to other
drugs.1 In very severe dystonia combination therapy may be re-
quired. Pimozide in gradually increasing doses up to 12 mg daily
with tetrabenazine and trihexyphenidyl is sometimes effective.
However, antipsychotics often act non-specifically and there is
the risk of adding drug-induced extrapyramidal disorders to the
dystonia being treated (see Extrapyramidal Disorders under Ad-
verse Effects of Chlorpromazine, p.971).
1. Marsden CD, Quinn NP. The dystonias. BMJ 1990; 300: 139–44.

Schizophrenia. A systematic review1 concluded that pimozide
appears to be of similar efficacy to other classical antipsychotics
in the treatment of schizophrenia (p.955). There was no evidence
that it was particularly useful for those with delusional disorders
or with mainly negative symptoms.
1. Rathbone J, McMonagle T. Pimozide for schizophrenia or relat-

ed psychoses. Available in The Cochrane Database of Systematic
Reviews; Issue 3. Chichester: John Wiley; 2007 (accessed
20/03/08).

Taste disorders. For reference to the use of pimozide in the
treatment of taste disorders, see Chlorpromazine, p.977.

Tourette’s syndrome. Tourette’s syndrome (see Tics, p.954)
is a disorder characterised by motor and vocal tics and behav-
ioural disturbances. Many patients with Tourette’s syndrome do
not require medication but when treatment is needed dopamine
antagonists such as the antipsychotics haloperidol or pimozide1,2

have been most commonly used. They often decrease the fre-
quency and severity of tics and may improve any accompanying
behavioural disturbances. However, superiority of either drug in
terms of efficacy or adverse effects has not been clearly demon-
strated. Because of the potential for acute and long-term adverse
effects it is usually recommended that doses are titrated to as low
as possible; the aim of treatment is not necessarily to control
symptoms completely. Medication can often be stopped after a
few years.
1. Shapiro E, et al. Controlled study of haloperidol, pimozide, and

placebo for the treatment of Gilles de la Tourette’s syndrome.
Arch Gen Psychiatry 1989; 46: 722–30. 

2. Sallee FR, et al. Relative efficacy of haloperidol and pimozide in
children and adolescents with Tourette’s disorder. Am J Psychi-
atry 1997; 154: 1057–62.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Pimozide Tablets; 
USP 31: Pimozide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Orap; Austral.: Orap; Austria: Orap; Belg.: Orap; Braz.: Orap; Ca-
nad.: Orap; Chile: Orap; Cz.: Orap†; Denm.: Orap; Fr.: Orap; Ger.:
Orap; Gr.: Pirium; Hong Kong: Orap; India: Orap; Indon.: Orap; Irl.:
Orap; Israel: Orap; Ital.: Orap; Jpn: Orap; Neth.: Orap; NZ: Orap;
Port.: Orap; S.Afr.: Orap; Spain: Orap; Thai.: Orap; Pizide; Turk.: No-
rofren; UK: Orap; USA: Orap; Venez.: Orap.

Pinazepam (rINN)

Pinazépam; Pinazepamum. 7-Chloro-1,3-dihydro-5-phenyl-1-
(prop-2-ynyl)-2H-1,4-benzodiazepin-2-one.

Пиназепам

C18H13ClN2O = 308.8.

CAS — 52463-83-9.

ATC — N05BA14.

ATC Vet — QN05BA14.

Profile
Pinazepam is a long-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.986). It is given in oral doses
of 5 to 20 mg daily in divided doses for the short-term treatment
of anxiety disorders (p.952). Doses of 2.5 to 5 mg at night have
been used in the treatment of insomnia (p.957).

Preparations

Proprietary Preparations (details are given in Part 3)
Hong Kong: Domar; Ital.: Domar; Mex.: Yunir; Singapore: Domar;
Spain: Duna; Thai.: Domar.

Pipamperone (BAN, USAN, rINN)

Floropipamide; McN-JR-3345; Pipamperon; Pipamperona;
Pipampérone; Pipamperoni; Pipamperonum; R-3345. 1-[3-(4-
Fluorobenzoyl)propyl]-4-piperidinopiperidine-4-carboxamide.

Пипамперон

C21H30FN3O2 = 375.5.

CAS — 1893-33-0.

ATC — N05AD05.

ATC Vet — QN05AD05.

Pipamperone Hydrochloride (BANM, rINNM)

Hidrocloruro de pipamperona; Pipampérone, Chlorhydrate de;
Pipamperoni Hydrochloridum.

Пипамперона Гидрохлорид

C21H30FN3O2,2HCl = 448.4.

CAS — 2448-68-2.

ATC — N05AD05.

ATC Vet — QN05AD05.

Profile
Pipamperone is a butyrophenone with general properties similar
to those of haloperidol (p.1000). It is given orally as the hydro-
chloride for the treatment of psychoses. Doses are expressed in
terms of the base; pipamperone hydrochloride 47.8 mg is equiv-
alent to about 40 mg of pipamperone. Usual initial doses equiv-

alent to 40 mg of the base have been given 2 or 3 times daily,
increased gradually thereafter according to response; doses of
360 mg or more have been given daily in divided doses.

Preparations

Proprietary Preparations (details are given in Part 3)
Belg.: Dipiperon; Denm.: Dipiperon; Fr.: Dipiperon; Ger.: Dipiperon; Gr.:
Dipiperon; Ital.: Piperonil†; Neth.: Dipiperon; Switz.: Dipiperon.

Pipotiazine (BAN, rINN)

Pipothiazine; Pipotiatsiini; Pipotiazin; Pipotiazina; Pipotiazinum;
RP-19366. 10-{3-[4-(2-Hydroxyethyl)piperidino]propyl}-NN-
dimethylphenothiazine-2-sulphonamide; 2-{4-[3-(2-Dimethylsul-
phamoylphenothiazin-10-yl)propyl]piperazin-1-yl}ethanol.

Пипотиазин

C24H33N3O3S2 = 475.7.
CAS — 39860-99-6.
ATC — N05AC04.
ATC Vet — QN05AC04.

Pipotiazine Palmitate (BANM, USAN, rINNM)

IL-19552; Palmitato de pipotiazina; Pipothiazine Palmitate; Pipo-
tiazine, Palmitate de; Pipotiazini Palmitas; RP-19552.

Пипотиазина Палмитат

C40H63N3O4S2 = 714.1.
CAS — 37517-26-3.
ATC — N05AC04.
ATC Vet — QN05AC04.

Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969.

Effects on mental function. Manic symptoms developed in a
schizophrenic patient given pipotiazine palmitate. Symptoms re-
curred on rechallenge.1

1. Singh AN, Maguire J. Pipothiazine palmitate induced mania.
BMJ 1984; 289: 734.

Pharmacokinetics
Pipotiazine palmitate is very slowly absorbed from the site of in-
tramuscular injection. It gradually releases pipotiazine into the
body and is therefore suitable for use as a depot injection.

Uses and Administration
Pipotiazine is a phenothiazine with general properties similar to
those of chlorpromazine (p.975). It has a piperidine side-chain. It
is used in the treatment of schizophrenia (p.955) and other psy-
choses. Pipotiazine is given orally as the base and by deep intra-
muscular injection as the palmitate ester; oral doses are ex-
pressed as the base and parenteral doses are expressed as the
ester. 
A usual oral dose of pipotiazine for the treatment of psychoses is
5 to 20 mg daily in a single dose; in severe psychoses higher dos-
es have been given for brief periods, up to 60 mg daily being
permitted in some countries. 
The long-acting palmitate ester of pipotiazine is given by deep
intramuscular injection. An initial test dose of 25 mg is followed
by a further 25 to 50 mg after 4 to 7 days. The dosage is then
adjusted in increments of 25 to 50 mg according to response eve-
ry 4 weeks. Usual maintenance doses of 50 to 100 mg are given
at average intervals of 4 weeks; the maximum recommended
dose in the UK is 200 mg every 4 weeks. 
Pipotiazine should be given in reduced dosage to elderly pa-
tients; a starting dose of 5 to 10 mg has been suggested for pipo-
tiazine palmitate intramuscular injections.

Schizophrenia. A systematic review1 concluded that depot
pipotiazine palmitate appeared to be no different in terms of effi-
cacy or adverse effects to other antipsychotics given orally or by
depot injection.
1. Dinesh M, et al. Depot pipotiazine palmitate and undecylenate

for schizophrenia. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 2004 (ac-
cessed 14/04/05).

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Piportyl L4; Braz.: Piportil; Canad.: Piportil L4; Chile: Piportyl; Fr.:
Piportil; Hung.: Piportil; Irl.: Piportil; Mex.: Piportil L4; Neth.: Piportil†;
NZ: Piportil; Rus.: Piportil (Пипортил); Singapore: Piportil†; Spain: Lon-
seren; UK: Piportil.

Prazepam (BAN, USAN, rINN)

Pratsepaami; Prazépam; Prazepám; Prazepamas; Prazepamum;
W-4020. 7-Chloro-1-(cyclopropylmethyl)-1,3-dihydro-5-phenyl-
2H-1,4-benzodiazepin-2-one.

Празепам

C19H17ClN2O = 324.8.

CAS — 2955-38-6.

ATC — N05BA11.

ATC Vet — QN05BA11.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Prazepam). A white to almost white crystalline
powder. Practically insoluble in water; sparingly soluble in dehy-
drated alcohol; freely soluble in dichloromethane. Protect from
light.

Profile
Prazepam is a long-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.986). After oral doses,
prazepam undergoes extensive first-pass metabolism in the liver
to oxazepam (p.1014) and desmethyldiazepam (nordazepam,
p.1012). Desmethyldiazepam is largely responsible for the phar-
macological activity of prazepam. The usual oral dose for the
short-term treatment of anxiety disorders (p.952) is 30 mg daily
as a single nightly dose or in divided doses; in severe conditions
up to 60 mg daily has been given. In elderly or debilitated pa-
tients, treatment should start with a daily dose of no more than
15 mg.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of prazepam on breast-fed infants is
unknown, its use by mothers during breast feeding may be of
concern since anxiolytic drugs do appear in breast milk and thus
could conceivably alter CNS function in the infant both in the
short and long term. 

The ratio of desmethyldiazepam in plasma to that in breast milk
of 5 women given prazepam 20 mg three times daily for 3 days
was 9.6 from measurements 12 hours after the last dose.2 It was
estimated that a breast-fed infant of a mother on continuous
prazepam therapy would ingest the equivalent of about 4% of the
daily maternal dose.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Brodie RR, et al. Concentrations of N-descyclopropylmethyl-
prazepam in whole-blood, plasma, and milk after administration
of prazepam to humans. Biopharm Drug Dispos 1981; 2: 59–68.

Pharmacokinetics. References.

1. Ochs HR, et al. Comparative single-dose kinetics of oxazolam,
prazepam, and clorazepate: three precursors of desmethyldi-
azepam. J Clin Pharmacol 1984; 24: 446–51.

Porphyria. Prazepam is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in in-
vitro systems.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Demetrin; Belg.: Lysanxia; Fr.: Lysanxia; Ger.: Demetrin; Mono
Demetrin; Gr.: Centrac; Irl.: Centrax; Ital.: Prazene; Trepidan; Neth.: Rea-
pam; Port.: Demetrin; S.Afr.: Demetrin; Switz.: Demetrin; Thai.: Poza-
pam; Prasepine.
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Prochlorperazine (BAN, rINN)

Chlormeprazine; Prochlorpemazine; Prochlorpérazine; Prochlo-
rperazinum; Proclorperazina; Proklooriperatsiini; Proklorperazin.
2-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]phenothiazine.
Прохлорперазин
C20H24ClN3S = 373.9.
CAS — 58-38-8.
ATC — N05AB04.
ATC Vet — QN05AB04.

Pharmacopoeias. In US. 
USP 31 (Prochlorperazine). A clear, pale yellow, viscous liquid,
sensitive to light. Very slightly soluble in water; freely soluble in
alcohol, in chloroform, and in ether. Store in airtight containers.
Protect from light.

Prochlorperazine Edisilate (BANM, rINNM)

Chlormeprazine Edisylate; Edisilato de proclorperazina; Prochlo-
rpemazine Edisylate; Prochlorpérazine, Edisilate de; Prochlorper-
azine Edisylate; Prochlorperazine Ethanedisulphonate; Prochlo-
rperazini Edisilas.
Прохлорперазина Эдизилат
C20H24ClN3S,C2H6O6S2 = 564.1.
CAS — 1257-78-9.
ATC — N05AB04.
ATC Vet — QN05AB04.
Pharmacopoeias. In US. 
USP 31 (Prochlorperazine Edisylate). A white to very light yel-
low odourless crystalline powder. Soluble 1 in 2 of water and 1
in 1500 of alcohol; insoluble in chloroform and in ether. Solu-
tions in water are acid to litmus. Store in airtight containers. Pro-
tect from light.
Incompatibility. See under Prochlorperazine Mesilate, below.

Prochlorperazine Maleate (BANM, rINNM)

Chlormeprazine Maleate; Maleato de proclorperazina; Prochlo-
roperazyny maleinian; Prochlorpemazine Maleate; Prochlorpera-
zine Dihydrogen Maleate; Prochlorperazine Dimaleate; Prochlo-
rpérazine, Maléate de; Prochlorperazini maleas; Prochlorperazin-
maleinát; Prochlorperazino maleatas; Proklooriperatsiinimaleaat-
ti; Proklorperazinmaleat; Proklórperazin-maleát.
Прохлорперазина Малеат
C20H24ClN3S,2C4H4O4 = 606.1.
CAS — 84-02-6.
ATC — N05AB04.
ATC Vet — QN05AB04.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Prochlorperazine Maleate). A white or pale yellow,
crystalline powder. Very slightly soluble in water and in alcohol.
A freshly prepared saturated solution in water has a pH of 3.0 to
4.0. Protect from light. 
USP 31 (Prochlorperazine Maleate). A white or pale yellow,
practically odourless, crystalline powder. Practically insoluble in
water; soluble 1 in 1200 of alcohol; slightly soluble in warm
chloroform. Its saturated solution is acid to litmus. Store in air-
tight containers. Protect from light.

Prochlorperazine Mesilate (BANM, rINNM)

Chlormeprazine Mesylate; Mesilato de proclorperazina; Prochlo-
rpemazine Mesylate; Prochlorperazine Dimethanesulphonate;
Prochlorpérazine, mésilate de; Prochlorperazine Mesylate;
Prochlorperazine Methanesulphonate; Prochlorperazini mesilas;
Prochlorperazini Mesylas.
Прохлорперазина Мезилат
C20H24ClN3S,2CH3SO3H = 566.2.
CAS — 5132-55-8.
ATC — N05AB04.
ATC Vet — QN05AB04.
Pharmacopoeias. In Br. 
BP 2008 (Prochlorperazine Mesilate). A white or almost white,
odourless or almost odourless powder. Very soluble in water;
sparingly soluble in alcohol; slightly soluble in chloroform; prac-
tically insoluble in ether. A 2% solution in water has a pH of 2.0
to 3.0. Protect from light.
Incompatibility. Incompatibility has been reported between
the edisilate or mesilate salts of prochlorperazine and several oth-
er compounds: these include aminophylline, amphotericin B,

ampicillin sodium, aztreonam, some barbiturates, benzylpenicil-
lin salts, calcium gluconate, cefalotin sodium, cefmetazole sodi-
um, chloramphenicol sodium succinate, chlorothiazide sodium,
dimenhydrinate, heparin sodium, hydrocortisone sodium succi-
nate, midazolam hydrochloride, and some sulfonamides. Incom-
patibility between prochlorperazine edisilate and morphine sul-
fate has been attributed to phenol present in some formulations
of the opioid.1,2 Incompatibility has been reported on dilution of
prochlorperazine edisilate injection with sodium chloride injec-
tion containing methyl hydroxybenzoate and propyl hydroxy-
benzoate as preservatives.3 The problem did not occur with un-
preserved sodium chloride or when benzyl alcohol was used as
preservative. Prochlorperazine mesilate syrup has been reported
to be incompatible with magnesium trisilicate mixture.4
1. Stevenson JG, Patriarca C. Incompatibility of morphine sulfate

and prochlorperazine edisylate in syringes. Am J Hosp Pharm
1985: 42: 2651. 

2. Zuber DEL. Compatibility of morphine sulfate injection and
prochlorperazine edisylate injection. Am J Hosp Pharm 1987;
44: 67. 

3. Jett S, et al. Prochlorperazine edisylate incompatibility. Am J
Hosp Pharm 1983; 40: 210. 

4. Greig JR. Stemetil syrup and magnesium trisilicate. Pharm J
1986; 237: 504.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. Prochlorperazine may
cause less sedation and fewer antimuscarinic effects
but extrapyramidal effects may be more frequent. 
Severe dystonic reactions have followed the use of
prochlorperazine, particularly in children and adoles-
cents. It should therefore be used with extreme care in
children. In addition, in the UK, parenteral use in chil-
dren is not recommended. 
Local irritation has occurred after the use of buccal tab-
lets of prochlorperazine maleate.
Effects on the cardiovascular system. Hypertension has
been reported1 in a few patients given prochlorperazine intrave-
nously for prophylaxis of cisplatin-induced nausea and vomiting.
1. Roche H, et al. Hypertension and intravenous antidopaminergic

drugs. N Engl J Med 1985; 312: 1125–6.

Effects on the mouth. Reports of ulceration and soreness of
the lip and tongue have been associated with use of prochlorper-
azine maleate oral tablets.1,2 The erosive cheilitis resolved after
withdrawal of prochlorperazine and recurred on rechallenge.
1. Duxbury AJ, et al. Erosive cheilitis related to prochlorperazine

maleate. Br Dent J 1982; 153: 271–2. 
2. Reilly GD, Wood ML. Prochlorperazine—an unusual cause of

lip ulceration. Acta Derm Venereol (Stockh) 1984; 64: 270–1.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
◊ The pharmacokinetics of prochlorperazine were studied in 8
healthy subjects after doses of 6.25 and 12.5 mg intravenously,
and 25 mg by mouth.1 There was a marked interindividual vari-
ation in pharmacokinetics after intravenous doses but no evi-
dence of dose-dependent pharmacokinetics; mean terminal half-
lives were 6.8 hours for the higher and 6.9 hours for the lower
dose. The apparent volume of distribution was very high and
plasma clearance values were apparently greater than liver plas-
ma flow, suggesting that the liver may not be the only site of me-
tabolism. After oral doses, prochlorperazine concentrations were
detectable in only 4 of the 8 subjects, due in part to a low bio-
availability but also to the lack of sensitivity of the high-pressure
liquid chromatographic assay used. The time to peak plasma
concentration varied from 1.5 to 5 hours, and the peak concentra-
tions varied from 1.6 to 7.6 nanograms/mL. Bioavailability was
estimated to range from 0 to 16%. A low bioavailability due to
high first-pass metabolism would be expected because of the
high plasma clearance of prochlorperazine.
1. Taylor WB, Bateman DN. Preliminary studies of the pharmacok-

inetics and pharmacodynamics of prochlorperazine in healthy
volunteers. Br J Clin Pharmacol 1987; 23: 137–42.

Buccal route. Both single- and multiple-dose studies indicated
that bioavailability of prochlorperazine maleate was greater after
buccal doses than when given orally.1,2 Doses of 3 mg twice dai-
ly by the buccal route and 5 mg three times daily by mouth pro-
duced similar steady-state plasma-prochlorperazine concentra-
tions.1
1. Hessell PG, et al. A comparison of the availability of prochlo-

rperazine following im buccal and oral administration. Int J
Pharmaceutics 1989; 52: 159–64. 

2. Finn A, et al. Bioavailability and metabolism of prochlorpera-
zine administered via the buccal and oral delivery route. J Clin
Pharmacol 2005; 45: 1383–90.

Uses and Administration
Prochlorperazine is a phenothiazine antipsychotic with
general properties similar to those of chlorpromazine

(p.975). It has a piperazine side-chain. Prochlorpera-
zine and its salts are widely used in the prevention and
treatment of nausea and vomiting (p.1700) including
that associated with migraine or drug-induced emesis.
They are also used for the short-term symptomatic re-
lief of vertigo (p.565) as occurs in Ménière’s disease
(p.564) or labyrinthitis, and in the management of
schizophrenia (p.955), mania (see Bipolar Disorder,
p.372), and other psychoses. Prochlorperazine has
been used as an adjunct in the short-term management
of severe anxiety (p.952). 
Prochlorperazine maleate is generally administered by
the oral or buccal routes, while prochlorperazine edisi-
late and mesilate are given orally or parenterally. The
base has been given rectally. 
Depending on the country or the manufacturer, doses
of prochlorperazine are expressed either as the base or
the salt. Prochlorperazine edisilate 7.5 mg, prochlor-
perazine maleate 8.1 mg, or prochlorperazine mesilate
7.6 mg are equivalent to about 5 mg of prochlorpera-
zine. Most doses in the UK are expressed in terms of
the maleate or mesilate, while most doses in the USA
are expressed in terms of the base. As a result there is a
disparity in the dosage recommendations for these
countries, with the doses in the USA tending to be
higher. 
Reduced dosage may be required in elderly patients. 
For nausea and vomiting doses are as follows: 
• in the UK, the usual oral dose for prevention is 5 to

10 mg of the maleate or mesilate (roughly equivalent
to about 3 to 6.5 mg of the base) 2 or 3 times daily 

• for the treatment of nausea and vomiting, recom-
mended UK doses are 20 mg of the maleate or mesi-
late orally or 12.5 mg of the mesilate by deep intra-
muscular injection; further doses, preferably orally,
are given if necessary. The recommended buccal
dose of prochlorperazine maleate for this indication
is 3 to 6 mg twice daily 

• in the USA, the oral dose for the control of nausea
and vomiting is the equivalent of 5 or 10 mg of the
base (as edisilate or maleate) given 3 or 4 times dai-
ly; alternatively the equivalent of 10 mg of the base
twice daily or 15 mg once daily of the base (both as
the maleate) may be taken as modified-release cap-
sules. The recommended intramuscular dosage is
the equivalent of 5 to 10 mg of the base (as edisilate)
given every 3 to 4 hours if necessary, up to a total of
40 mg of the base daily. The rectal dose is 25 mg of
the base given twice daily. In the management of se-
vere nausea and vomiting the equivalent of 2.5 to
10 mg of prochlorperazine (as the edisilate) may be
given by slow intravenous injection or infusion at a
rate not exceeding 5 mg/minute; doses should not
exceed 40 mg daily 

For treatment of psychoses the following doses have
been given: 
• in the UK, prochlorperazine maleate or mesilate may

be given in an oral dose of 12.5 mg twice daily for 7
days adjusted gradually to 75 to 100 mg daily ac-
cording to response; some patients may be main-
tained on doses of 25 to 50 mg daily. The equivalent
of prochlorperazine mesilate 12.5 to 25 mg two or
three times daily may be given by deep intramuscu-
lar injection 

• in the USA, prochlorperazine is given as the maleate
or edisilate in usual initial oral doses equivalent to 5
or 10 mg of the base 3 or 4 times daily adjusted ac-
cording to response up to a maximum of 150 mg of
base daily. In acute disturbances it may be given by
deep intramuscular injection as the edisilate in doses
equivalent to 10 to 20 mg of the base and repeated
every 2 to 6 hours if necessary 

There are similar discrepancies with children’s doses.
Owing to the risk of severe extrapyramidal reactions,
prochlorperazine should be used with extreme caution
in children; it is not recommended for very young chil-
dren or those weighing less than 10 kg. Where use in
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children is unavoidable, UK licensed product informa-
tion has suggested that 250 micrograms/kg of the
maleate or mesilate may be given orally 2 or 3 times
daily to children aged 1 year and over for the preven-
tion and treatment of nausea and vomiting; the intra-
muscular route is considered unsuitable. However, the
BNFC suggests giving intramuscular doses, repeated
up to 3 times daily if necessary, according to age as fol-
lows: 2 to 5 years, 1.25 to 2.5 mg; 5 to 12 years, 5 to
6.25 mg. 

In the USA oral, rectal, and intramuscular routes have
all been advocated for children aged 2 years and over.
The usual oral or rectal antiemetic dose ranges up to
7.5 mg of the base or its equivalent daily in children
weighing 10 to 13 kg; in children 14 to 17 kg, up to
10 mg daily; from 18 to 39 kg, up to 15 mg daily. High-
er doses have been given for psychoses. The suggested
intramuscular dose for children in the USA is the
equivalent of about 130 micrograms/kg of base given
as a single deep intramuscular injection of the edisilate. 

Oral doses of 5 to 10 mg of the maleate or mesilate (or,
in the USA, the equivalent of 5 mg of the base) up to 3
or 4 times daily have been used for short-term adjunc-
tive management of severe anxiety disorders. A mod-
ified-release preparation may be given in doses similar
to those used in nausea and vomiting. 

Prochlorperazine is also used in the UK in the treat-
ment of vertigo including that due to Ménière’s dis-
ease. It is given orally in doses of 15 to 30 mg of the
maleate or mesilate daily in divided doses; after several
weeks the dose may be gradually reduced to 5 to 10 mg
daily. The recommended buccal dose of prochlorpera-
zine maleate for this indication is 3 to 6 mg twice daily.

Headache. Some phenothiazines such as prochlorperazine
have been used in the control of the symptoms of severe mi-
graine (see p.976). In comparative studies1,2 prochlorperazine
appears to have been more effective in relieving migraine head-
ache and nausea and vomiting than metoclopramide when these
drugs were given parenterally. Intravenous prochlorperazine was
shown to be effective in aborting intractable migraine in children
in a small uncontrolled study.3

1. Coppola M, et al. Randomized, placebo-controlled evaluation of
prochlorperazine versus metoclopramide for emergency depart-
ment treatment of migraine headache. Ann Emerg Med 1995; 26:
541–6. 

2. Jones J, et al. Intramuscular prochlorperazine versus metoclo-
pramide as single-agent therapy for the treatment of acute mi-
graine headache. Am J Emerg Med 1996; 14: 262–4. 

3. Kabbouche MA, et al. Tolerability and effectiveness of prochlo-
rperazine for intractable migraine in children. Pediatrics 2001;
107: 767. Full version:
http://pediatrics.aappublications.org/cgi/content/full/107/4/e62
(accessed 28/04/04)

Preparations
BP 2008: Prochlorperazine Buccal Tablets; Prochlorperazine Injection;
Prochlorperazine Oral Solution; Prochlorperazine Tablets; 
USP 31: Prochlorperazine Edisylate Injection; Prochlorperazine Maleate
Tablets; Prochlorperazine Oral Solution; Prochlorperazine Suppositories.

Proprietary Preparations (details are given in Part 3)
Austral.: Stemetil; Stemzine; Canad.: Apo-Prochlorazine; Nu-Prochlor;
Stemetil; Denm.: Stemetil; Fin.: Stemetil; Hong Kong: Dhaperazine; Ser-
atil; Stemetil; India: Bukatel†; Emidoxyn; Stemetil; Vometil; Irl.: Buccastem;
Stemetil; Ital.: Stemetil; Malaysia: Dhaperazine; Nautisol; Prochlor; Ste-
metil†; Neth.: Stemetil; Norw.: Stemetil; NZ: Antinaus; Buccastem; Ste-
metil; Pol.: Chloropernazinum; S.Afr.: Mitil; Scripto-Metic; Stemetil; Singa-
pore: Dhaperazine; Prochlor; Stemetil; Swed.: Stemetil; Thai.: Proclozine;
Stemetil; UK: Buccastem; Proziere†; Stemetil; USA: Compazine; Compro.

Multi-ingredient: Ital.: Difmetre.

Promazine (BAN, rINN)

A-145; NSC-31447; Promatsiini; Promazin; Promazina; Promazi-
num; Propazinum; 3276-RP; RP-3276; WY-1094. NN-Dimethyl-
3-phenothiazin-10-ylpropylamine.

Промазин

C17H20N2S = 284.4.

CAS — 58-40-2.

ATC — N05AA03.

ATC Vet — QN05AA03.

NOTE. The code A-145 has also been used for N-ethylcarbami-
nomethyl-L-isoleucine, a compound investigated as an antineo-
plastic

Promazine Embonate (BANM, rINNM)

Embonato de promazina; Promazine, Embonate de; Promazine
Pamoate; Promazini Embonas.
Промазина Эмбонат
(C17H20N2S)2,C23H16O6 = 957.2.
ATC — N05AA03.
ATC Vet — QN05AA03.

Promazine Hydrochloride (BANM, rINNM)

Hidrocloruro de promazina; Promatsiinihydrokloridi; Promazine,
chlorhydrate de; Promazin-hidroklorid; Promazin-hydrochlorid;
Promazinhydroklorid; Promazini hydrochloridum; Promazino
hidrochloridas; Promazyny chlorowodorek.
Промазина Гидрохлорид
C17H20N2S,HCl = 320.9.
CAS — 53-60-1.
ATC — N05AA03.
ATC Vet — QN05AA03.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Promazine Hydrochloride). A white or almost
white, slightly hygroscopic, crystalline powder. Very soluble in
water, in alcohol, and in dichloromethane. A freshly prepared 5%
solution in water has a pH of 4.2 to 5.2. Protect from light. 
USP 31 (Promazine Hydrochloride). A white or slightly yellow,
practically odourless, crystalline powder. It oxidises upon pro-
longed exposure to air and acquires a pink or blue colour. Soluble
1 in 3 of water; freely soluble in chloroform. pH of a 1 in 20
solution is between 4.2 and 5.2. Store in airtight containers. Pro-
tect from light.
Incompatibility. Incompatibility has been reported between
promazine hydrochloride and several other compounds: these in-
clude aminophylline, some barbiturates, benzylpenicillin potas-
sium, chlortetracycline, chlorothiazide sodium, dimenhydrinate,
heparin sodium, hydrocortisone sodium succinate, phenytoin so-
dium, prednisolone sodium phosphate, and sodium bicarbonate.
Sorption. A study1 of drug loss from intravenous delivery sys-
tems reported an 11% loss of promazine hydrochloride from
solution when infused for 7 hours via a plastic infusion set, and a
59% loss after infusion for one hour from a glass syringe through
silastic tubing. Loss was negligible after infusion for 1 hour from
a system comprising a glass syringe with polyethylene tubing.
1. Kowaluk EA, et al. Interactions between drugs and intravenous

delivery systems. Am J Hosp Pharm 1982; 39: 460–7.

Stability. A study of the stability of promazine diluted to a 0.1%
infusion in sodium chloride 0.9% or glucose 5% found that solu-
tions in glucose 5% remained stable for up to 6 days at 4°, and at
room temperature, provided they were stored in the dark.1 How-
ever, with sodium chloride 0.9% as the diluent, deterioration of
promazine was observed 24 hours after preparation, even when
stored in the dark, and after 8 hours when exposed to light. Tem-
perature had no effect on degradation rate.
1. Tebbett IR, et al. Stability of promazine as an intravenous infu-

sion. Pharm J 1986; 237: 172–4.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969.
Pregnancy. An increased incidence of neonatal jaundice coin-
cided with the increased use of promazine.1 A decrease in the
incidence of jaundice was noted 3 months after the total with-
drawal of the drug from the hospital although restriction of its use
during labour had no impact.
1. John E. Promazine and neonatal hyperbilirubinaemia. Med J

Aust 1975; 2: 342–4.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
The pharmacokinetics of promazine appear to be gen-
erally similar to those of chlorpromazine (p.975).

Uses and Administration
Promazine is a phenothiazine with general properties

similar to those of chlorpromazine (p.975). It has rela-
tively weak antipsychotic activity and is not generally
used for the management of psychoses. It is mainly
used for the short-term management of agitated or dis-
turbed behaviour (p.954). It has also been given for the
alleviation of nausea and vomiting (p.1700). Pro-
mazine is given as the hydrochloride by mouth, intra-
muscularly, or by slow intravenous injection. Pro-
mazine has also been given by mouth as the embonate. 
For the treatment of agitated behaviour, promazine is
given in doses equivalent to 100 to 200 mg of the hy-
drochloride 4 times daily by mouth or 50 mg by intra-
muscular injection repeated if necessary after 6 to 8
hours. It has also been given by slow intravenous injec-
tion in concentrations not exceeding 25 mg/mL, for se-
verely agitated hospitalised patients. 
An oral dose of 25 to 50 mg every 4 to 6 hours has been
given for the control of nausea and vomiting; it has
also been given by intramuscular injection for this in-
dication. 
Promazine should be given in reduced dosage to elder-
ly or debilitated patients; 25 mg orally of the hydro-
chloride initially, increasing, if necessary, to 50 mg
four times daily has been suggested for the control of
agitation and restlessness; for intramuscular injection,
a dose of 25 mg may be sufficient.
Hiccup. Promazine hydrochloride has been used in some coun-
tries for the treatment of intractable hiccup. A protocol for the
management of intractable hiccups may be found under Chlo-
rpromazine, p.976.

Preparations
BP 2008: Promazine Injection; Promazine Tablets; 
USP 31: Promazine Hydrochloride Injection; Promazine Hydrochloride
Oral Solution; Promazine Hydrochloride Syrup; Promazine Hydrochloride
Tablets.
Proprietary Preparations (details are given in Part 3)
Belg.: Prazine†; Denm.: Sparine†; Fin.: Sparine†; Ger.: Protactyl†; Si-
nophenin†; Gr.: Sinophenin; Sparine†; Ital.: Talofen; S.Afr.: Sparine;
Switz.: Prazine; USA: Prozine.

Propionylpromazine
Dipropimazine; Propionilpromazina; Propiopromazine.
CAS — 3568-24-9.

Profile
Propionylpromazine is a phenothiazine antipsychotic that has
been used for sedation and premedication in veterinary medi-
cine.

Prothipendyl Hydrochloride (BANM, rINNM)

D-206; Hidrocloruro de protipendilo; Phrenotropin; Prothi-
pendyl, Chlorhydrate de; Prothipendyli Hydrochloridum. NN-
Dimethyl-3-(pyrido[3,2-b][1,4]benzothiazin-10-yl)propylamine
hydrochloride monohydrate.
Протипендила Гидрохлорид
C16H19N3S,HCl,H2O = 339.9.
CAS — 303-69-5 (prothipendyl); 1225-65-6 (anhydrous
prothipendyl hydrochloride).
ATC — N05AX07.
ATC Vet — QN05AX07.

(prothipendyl)

Profile
Prothipendyl is an azaphenothiazine with general properties sim-
ilar to those of chlorpromazine (p.969). It is given as the hydro-
chloride in oral doses of 40 to 80 mg two to four times daily for
the treatment of psychoses and agitation, and as an adjunct to
analgesics in the treatment of severe pain. Prothipendyl hydro-
chloride may also be given by injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Dominal; Belg.: Dominal; Ger.: Dominal.
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Proxibarbal (rINN)

HH-184; Proksybarbal; Proxibarbalum; Proxibarbital. 5-Allyl-5-
(2-hydroxypropyl)barbituric acid.
Проксибарбал
C10H14N2O4 = 226.2.
CAS — 2537-29-3.
ATC — N05CA22.
ATC Vet — QN05CA22.

Pharmacopoeias. In Pol.
Profile
Proxibarbal is a barbiturate with general properties similar to
those of amobarbital (p.961). It has been used as a sedative in the
management of anxiety disorders. It has also been used in the
treatment of headache. However, barbiturates are not considered
appropriate in the management of these conditions. Proxibarbal
has been associated with severe hypersensitivity-induced thrombo-
cytopenia.
Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Vasalgin.

Pyrithyldione (rINN)

Didropyridinum; NU-903; Piritildiona; Pyrithyldionum; Pyrityldi-
on; Pyrityylidioni. 3,3-Diethylpyridine-2,4(1H,3H)-dione.
Пиритильдион
C9H13NO2 = 167.2.
CAS — 77-04-3.
ATC — N05CE03.
ATC Vet — QN05CE03.

Profile
Pyrithyldione has been given in preparations with diphenhy-
dramine in the short-term management of insomnia but there
have been reports of agranulocytosis associated with the use of
this combination.

Quazepam (BAN, USAN, rINN)

Kvatsepaami; Kvazepam; Quazépam; Quazepamum; Sch-16134.
7-Chloro-5-(2-fluorophenyl)-1,3-dihydro-1-(2,2,2-trifluoroe-
thyl)-1,4-benzodiazepine-2-thione.
Квазепам
C17H11ClF4N2S = 386.8.
CAS — 36735-22-5.
ATC — N05CD10.
ATC Vet — QN05CD10.

Pharmacopoeias. In US. 
USP 31 (Quazepam). Off-white to yellowish powder.
Dependence and Withdrawal
As for Diazepam, p.987.
Adverse Effects, Treatment, and Precautions
As for Diazepam, p.987.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of quazepam on breast-fed infants is
unknown, its use by mothers during breast feeding may be of

concern since psychotropic drugs do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term. 
However, a study in 4 women given a single 15-mg dose of
quazepam found that only about 0.1% of the dose was excreted
over 48 hours in breast milk, as quazepam and its 2 major metab-
olites.2
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Hilbert JM, et al. Excretion of quazepam into human breast milk.
J Clin Pharmacol 1984; 24: 457–62.

Interactions
As for Diazepam, p.989.
Pharmacokinetics
Quazepam is readily absorbed from the gastrointestinal tract af-
ter oral doses, peak plasma concentrations being reached in
about 2 hours. It is metabolised extensively in the liver. The prin-
cipal active metabolites are 2-oxoquazepam and N-desalkyl-2-
oxoquazepam (N-desalkylflurazepam) which have elimination
half-lives of about 39 and 73 hours respectively, compared with
a half-life of 39 hours for quazepam. Further hydroxylation oc-
curs and quazepam is excreted in urine and faeces mainly as con-
jugated metabolites. 
Quazepam and its two active metabolites are more than 95%
bound to plasma proteins. Quazepam and its metabolites are dis-
tributed into breast milk.
Uses and Administration
Quazepam is a long-acting benzodiazepine with general proper-
ties similar to those of diazepam (p.992). It is given as a hypnotic
in the short-term management of insomnia (p.957), in an initial
oral dose of 15 mg at night; in elderly or debilitated patients and
some other patients this can be reduced to 7.5 mg.
Preparations
USP 31: Quazepam Tablets.

Proprietary Preparations (details are given in Part 3)
Ital.: Quazium†; Jpn: Doral; Port.: Prosedar†; S.Afr.: Dorme†; Spain:
Quiedorm; USA: Doral.

Quetiapine Fumarate 

(BANM, USAN, pINNM)

Fumarato de quetiapina; ICI-204636; Quétiapine, Fumarate de;
Quetiapini Fumaras; ZD-5077; ZM-204636. 2-[2-(4-Diben-
zo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]ethanol fuma-
rate (2:1) salt.
Кветиапина Фумарат
(C21H25N3O2S)2, C4H4O4 = 883.1.
CAS — 111974-69-7 (quetiapine); 111974-72-2
(quetiapine fumarate).
ATC — N05AH04.
ATC Vet — QN05AH04.

(quetiapine)

Adverse Effects, Treatment, and Precau-
tions
Although quetiapine may share some of the adverse ef-
fects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. Quetiapine has been associated with
a low incidence of extrapyramidal symptoms but tar-
dive dyskinesia may occur after long-term treatment.
Rises in prolactin concentrations may be less than with
chlorpromazine. 
The most frequent adverse effects with quetiapine are
somnolence and dizziness. Mild asthenia, anxiety, fe-
ver, rhinitis, peripheral oedema, constipation, dyspep-
sia, dry mouth, and raised liver enzyme values are also
relatively common. Orthostatic hypotension associated
with dizziness, tachycardia, and syncope has been re-

ported, particularly during initial dose-titration. Pro-
longation of QT interval is rarely significant with
quetiapine. Hyperglycaemia and exacerbation of pre-
existing diabetes have been reported rarely. Clinical
monitoring for hyperglycaemia has been recommend-
ed, especially in patients with, or at risk of developing,
diabetes. Weight gain, particularly during early treat-
ment, has also been noted. Neuroleptic malignant syn-
drome is rare with quetiapine. Leucopenia, neutrope-
nia, and eosinophilia have also been reported. Other
adverse effects have included rises in plasma-triglycer-
ide and cholesterol concentrations, and reduced plas-
ma-thyroid hormone concentrations. There have been
rare reports of seizures, hypersensitivity reactions in-
cluding angioedema, and priapism. 
Asymptomatic changes in the lens of the eye have oc-
curred in patients during long-term treatment with
quetiapine; cataracts have developed in dogs during
chronic dosing studies. In the USA, it is recommended
that patients should have an eye examination to detect
cataract formation when starting therapy with quetiap-
ine and every 6 months during treatment. 
Quetiapine should be used with caution in patients with
hepatic or renal impairment, with cardiovascular dis-
ease or other conditions predisposing to hypotension,
with cerebrovascular disease, or with a history of sei-
zures or conditions that lower the seizure threshold. 
When quetiapine is used for the depressive phase in bi-
polar disorder, patients should be closely monitored
during early therapy until significant improvement in
depression is observed because suicide is an inherent
risk in depressed patients. For further details, see under
Bipolar Disorder, p.372. 
Quetiapine may affect the performance of skilled tasks
including driving. 
Gradual withdrawal of quetiapine is recommended be-
cause of the risk of withdrawal symptoms, including
nausea, vomiting, insomnia, and rebound psychoses,
with abrupt cessation.
Breast feeding. In a case report1 of a mother receiving quetiap-
ine 200 mg daily by mouth, the maximum concentration of the
drug in breast milk an hour after the dose was reported to be
62 micrograms/litre; the mean concentration over 6 hours was
13 micrograms/litre. The authors concluded that the breast-fed
infant would ingest, at maximum, the daily equivalent of 0.43%
of the weight-adjusted maternal dose. Follow-up at 4.5 months
reported no adverse effects in the infant, who had been breast fed
from 8 weeks of age. 
Licensed product information recommends that patients receiv-
ing quetiapine should not breast feed.
1. Lee A, et al. Excretion of quetiapine in breast milk. Am J Psychi-

atry 2004; 161: 1715–16.

Dementia. The FDA1 has issued advice against the use of atyp-
ical antipsychotics in the treatment of behavioural problems in
elderly patients with dementia after analysis of placebo-control-
led studies showed an increased risk of mortality with certain
drugs of this class, including quetiapine; most of the deaths ap-
peared due to cardiovascular events or infection. See also under
Risperidone, p.1024.
1. FDA. FDA issues public health advisory for antipsychotic drugs

used for treatment of behavioral disorders in elderly patients (is-
sued 11th April, 2005). Available at: http://www.fda.gov/bbs/
topics/ANSWERS/2005/ANS01350.html (accessed 30/05/05)

Effects on the blood. There have been reports of leucopenia,1
neutropenia,2 and pancytopenia3 associated with quetiapine ther-
apy; all 3 patients improved when the drug was stopped. Throm-
botic thrombocytopenic purpura has also been reported in a pa-
tient who received quetiapine on 2 separate occasions 2 years
apart.4 From December 1997 to October 2006, Health Canada5

had received 11 reports of thrombocytopenia associated with
quetiapine, 6 of which were associated with quetiapine alone. In
one of these 6 cases, thrombocytopenia recurred 3 months after
restarting quetiapine, which had stopped for 1 month.
1. Clark N, et al. Quetiapine and leukopenia. Am J Psychiatry

2001; 158: 817–18. 
2. Croarkin P, Rayner T. Acute neutropenia in a patient treated with

quetiapine. Psychosomatics 2001; 42: 368. 
3. Iraqi A. A case report of pancytopenia with quetiapine use. Am J

Geriatr Psychiatry 2003; 11: 694. 
4. Huynh M, et al. Thrombotic thrombocytopenic purpura associat-

ed with quetiapine. Ann Pharmacother 2005; 39: 1346–8. 
5. Health Canada. Quetiapine: pancreatitis and thrombocytopenia.

Can Adverse React News 2007; 17 (2): 1–2. Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/carn-bcei_v17n2_e.pdf (accessed 09/04/08)
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Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981. 
Further references.
1. Brecher M, et al. Quetiapine and long-term weight change: a

comprehensive data review of patients with schizophrenia. J
Clin Psychiatry 2007; 68: 597–603.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, including quetiapine, and recommendations for
monitoring, are discussed under Adverse Effects of Clozapine,
p.981. 
Further references for such effects associated with quetiapine use
are given below.
1. Koller EA, et al. A survey of reports of quetiapine-associated

hyperglycemia and diabetes mellitus. J Clin Psychiatry 2004;
65: 857–63. 

2. Takahashi M, et al. Rapid onset of quetiapine-induced diabetic
ketoacidosis in an elderly patient: a case report. Pharmacopsy-
chiatry 2005; 38: 183–4.

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.

Effects on the pancreas. From December 1997 to October
2006, Health Canada1 had received 9 reports of pancreatitis as-
sociated with quetiapine, 5 of which were associated with
quetiapine alone. One patient was reported to have developed se-
vere haemorrhagic pancreatitis, and another, necrotising pancre-
atitis. One report described pancreatitis occurring on two sepa-
rate occasions in the patient.
1. Health Canada. Quetiapine: pancreatitis and thrombocytopenia.

Can Adverse React News 2007; 17 (2): 1–2. Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/carn-bcei_v17n2_e.pdf (accessed 09/04/08)

Effects on the respiratory system. Hyperventilation and
respiratory alkalosis have been reported with quetiapine use.1
Acute respiratory failure developed2 in a 92-year-old woman
with a history of chronic obstructive pulmonary disease who was
given a single 50-mg dose of quetiapine.
1. Shelton PS, et al. Hyperventilation associated with quetiapine.

Ann Pharmacother 2000; 34: 335–7. 
2. Jabeen S, et al. Acute respiratory failure with a single dose of

quetiapine fumarate. Ann Pharmacother 2006; 40: 559–62.

Mania. Although it is used in the treatment of bipolar disorder,
quetiapine has been associated with mania. In one report, a 26-
year-old man with schizophrenia developed manic symptoms af-
ter starting treatment with quetiapine; the symptoms resolved
when quetiapine was withdrawn.1
1. Lykouras L, et al. Manic symptoms associated with quetiapine

treatment. Eur Neuropsychopharmacol 2003; 13: 135–6.

Overdosage. Hypotension, tachycardia, and somnolence were
the main clinical events seen in a patient who had taken an over-
dose of 3 g of quetiapine.1 Tachycardia of an unexpectedly long
duration was also noted. Management was symptomatic, includ-
ing maintenance of fluids. Asymptomatic prolongation of the QT
interval was seen in another patient who had taken a 2-g over-
dose of quetiapine.2 Her treatment regimen also included risperi-
done, and the authors warned that considerable QT interval pro-
longation may occur when patients overdose on quetiapine while
taking therapeutic doses of risperidone. 
A subsequent report3 has described a case series of 18 patients
who took from 500 mg to 24 g of quetiapine either alone (6
patients) or with other drugs (12). Quetiapine overdosage was
primarily associated with CNS and respiratory depression and
sinus tachycardia. Four of the 18 patients required mechanical
ventilation but no deaths occurred. The corrected QT interval,
but not the QT interval, was prolonged, but apart from sinus
tachycardia no patient had a dysrhythmia. Seizures occurred in 2
patients and delirium in 3. The patient who took 24 g of
quetiapine was found to have had a peak blood concentration of
20.48 micrograms/mL. She had presented 1.5 hours after inges-
tion and was intubated and treated with gastric lavage followed
by activated charcoal. About 2.5 hours later she had a generalised
tonic-clonic seizure. The patient was discharged after 40 hours
without sequelae. Another analysis4 considered 14 cases of over-
dose, the amounts varying from 1.2 to 18 g; there appeared to be
no correlation between the amount taken and the serum concen-
tration, nor was severity of intoxication necessarily correlated
with greater intake. Toxicity was generally mild, with tachycar-
dia and somnolence as the main presenting symptoms; there
were no fatalities.
1. Beelen AP, et al. Asymptomatic QTc prolongation associated

with quetiapine fumarate overdose in a patient being treated with
risperidone. Hum Exp Toxicol 2001; 20: 215–19. 

2. Pollak PT, Zbuk K. Quetiapine fumarate overdose: clinical and
pharmacokinetic lessons from extreme conditions. Clin Pharma-
col Ther 2000; 68: 92–7. 

3. Balit CR, et al. Quetiapine poisoning: a case series. Ann Emerg
Med 2003; 42: 751–8. 

4. Hunfeld NG, et al. Quetiapine in overdosage: a clinical and phar-
macokinetic analysis of 14 cases. Ther Drug Monit 2006; 28:
185–9.

Pregnancy. For comments on the use of some atypical antipsy-
chotics, including quetiapine, during pregnancy, see under Pre-
cautions of Clozapine, p.983.

Interactions
The central effects of other CNS depressants, including
alcohol, may be enhanced by quetiapine. Quetiapine
should be used with caution in patients also receiving
antihypertensives or drugs that prolong the QT inter-
val. Quetiapine may antagonise the actions of
dopaminergics such as levodopa. 
CYP3A4 is the main isoenzyme responsible for cyto-
chrome P450-mediated metabolism of quetiapine and
caution is advised when quetiapine is used with potent
inhibitors of CYP3A4 such as erythromycin, flucona-
zole, itraconazole, and ketoconazole; lower doses of
quetiapine should be used when given with such drugs.
Conversely, enzyme inducers such as carbamazepine
and phenytoin may decrease the plasma concentrations
of quetiapine, and higher doses of quetiapine may be
necessary. Thioridazine has also been reported to in-
crease the clearance of quetiapine.
Antibacterials. In a study involving 19 Chinese patients with
schizophrenia taking quetiapine 200 mg twice daily, adding
erythromycin 500 mg three times daily increased the maximum
plasma concentration, area under the concentration-time curve,
and terminal elimination half-life of quetiapine by 68, 129, and
92%, respectively. Reductions in plasma concentrations of the
metabolites of quetiapine suggested that erythromycin had prob-
ably inhibited quetiapine’s metabolism by the cytochrome P450
isoenzyme CYP3A4. Modification of dosage was recommended
in this patient group taking these two drugs together.1
1. Li K-Y, et al. Effect of erythromycin on metabolism of quetiap-

ine in Chinese suffering from schizophrenia. Eur J Clin Pharma-
col 2005; 60: 791–5.

Antipsychotics. For a report of asymptomatic QT prolongation
associated with quetiapine in a patient also receiving risperi-
done, see under Overdosage, above.

Pharmacokinetics
Quetiapine is well absorbed after oral doses and widely
distributed throughout the body. Peak plasma concen-
trations are reached in about 1.5 hours. It is about 83%
bound to plasma proteins. Quetiapine is extensively
metabolised in the liver by sulfoxidation mediated
mainly by the cytochrome P450 isoenzyme CYP3A4
and by oxidation. It is excreted mainly as inactive me-
tabolites with about 73% of a dose appearing in the
urine and about 20% in the faeces. The elimination
half-life has been reported to be about 6 to 7 hours. 
It is distributed into breast milk.
◊ References.
1. DeVane CL, Nemeroff CB. Clinical pharmacokinetics of

quetiapine: an atypical antipsychotic. Clin Pharmacokinet 2001;
40: 509–22. 

2. Jaskiw GE, et al. Pharmacokinetics of quetiapine in elderly pa-
tients with selected psychotic disorders. Clin Pharmacokinet
2004; 43: 1025–35. Correction. ibid.; 1178.

Uses and Administration
Quetiapine fumarate is a dibenzothiazepine atypical
antipsychotic. It is reported to have affinity for seroton-
in (5-HT2), histamine (H1), and adrenergic (α1 and α2)
receptors as well as dopamine D1 and D2 receptors.
Quetiapine is used in the treatment of schizophrenia
and of bipolar disorder. 
Quetiapine is given orally as the fumarate although
doses are expressed in terms of the base; 28.8 mg of
quetiapine fumarate is equivalent to about 25 mg of
quetiapine. 
The usual initial daily dose in schizophrenia is the
equivalent of 50 mg of the base on day one. In the UK,
100 mg is given on day two, 200 mg on day three, and
300 mg on day four; daily doses are given in 2 divided
doses. The dosage is then adjusted according to re-
sponse to a usual range of 300 to 450 mg daily, al-
though 150 mg daily may be adequate for some pa-
tients; the maximum recommended dose is 750 mg
daily. In the USA, the usual initial daily dose is in-
creased on days two and three in increments of 50 to
150 mg, as tolerated, to a target of 300 to 400 mg daily
by day four. The daily dose on the first day is given in

2 divided doses, but may be given in 3 divided doses
thereafter. The daily dosage may be further adjusted as
necessary in steps of 50 to 100 mg at intervals of not
less than 2 days to a usual range similar to that in the
UK. A modified-release preparation of quetiapine is
also available in some countries for once-daily dosing
up to the equivalent of 800 mg daily of the base. 
In the treatment of acute manic episodes associated
with bipolar disorder, the initial dose is 50 mg twice
daily on day one, 100 mg twice daily on day two,
150 mg twice daily on day three, and 200 mg twice
daily on day four. The dose may then be adjusted ac-
cording to response to a usual range of 400 to 800 mg
daily, although, in some patients, 200 mg daily may be
adequate. Increments in dosage should be no greater
than 200 mg daily. Quetiapine is also licensed in the
USA for use in the depressive phase of bipolar disor-
der. The initial dose is 50 mg once daily at bedtime in-
creased to 100 mg on day two, 200 mg on day three,
and 300 mg on day four. The dose may be further in-
creased to 400 mg on day five and 600 mg on day
eight, if necessary. In the USA, quetiapine is also li-
censed for the maintenance treatment of bipolar disor-
der as an adjunct to lithium or valproate; patients
should be continued on the dose that controlled their
initial symptoms. 
Quetiapine should be given in reduced doses to the eld-
erly; a recommended starting dose is 25 mg daily,
which may be increased every day in increments of 25
to 50 mg according to response; the effective dose
range is likely to be lower than in younger adults. Re-
duced doses are also recommended in patients with he-
patic or renal impairment, see below.
Administration in hepatic or renal impairment. Quetiap-
ine should be given in reduced doses to patients with hepatic im-
pairment; a recommended initial oral dose is 25 mg daily, in-
creased in steps of 25 to 50 mg daily according to response. UK
licensed product information also recommends a similar dose re-
duction in patients with renal impairment.
Bipolar disorder. Quetiapine is of benefit for the treatment of
mania in patients with bipolar disorder (p.372) and the use of
atypical antipsychotics in the management of such patients is in-
creasing. However, there have been individual case reports of
quetiapine-induced mania (see above). In some countries,
quetiapine is also licensed for use in the depressive phase of bi-
polar disorder. 
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Parkinsonism. Quetiapine has been tried as an antipsychotic1-3

in patients with parkinsonism (p.791).
1. Fernandez HH, et al. Long-term outcome of quetiapine use for

psychosis among Parkinsonian patients. Mov Disord 2003; 18:
510–14. 

2. Juncos JL, et al. Quetiapine improves psychotic symptoms and
cognition in Parkinson’s disease. Mov Disord 2004; 19: 29–35. 

3. Morgante L, et al. Quetiapine and clozapine in parkinsonian pa-
tients with dopaminergic psychosis. Clin Neuropharmacol 2004;
27: 153–6. Correction. ibid.; 256.

Schizophrenia. A systematic review1 noted that, although
quetiapine is effective for the treatment of schizophrenia, it ap-
peared comparable with classical antipsychotics and risperidone.
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The incidence of extrapyramidal effects was lower with quetia-
pine therapy but the risk of dry mouth and somnolence was high-
er. Quetiapine was not found to benefit negative symptoms.
1. Srisurapanont M, et al. Quetiapine for schizophrenia. Available

in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2004 (accessed 30/05/05).

Tourette’s syndrome. When drug treatment is required for
tics and behavioural disturbances in Tourette’s syndrome (see
Tics, p.954) haloperidol or pimozide are commonly used but
atypical antipsychotics, including quetiapine, are increasingly
being tried.1-3

1. Mukaddes NM, Abali O. Quetiapine treatment of children and
adolescents with Tourette’s disorder. J Child Adolesc Psychop-
harmacol 2003; 13: 295–9. 

2. Little AE, et al. Quetiapine in the treatment of tic disorder. Ann
Pharmacother 2006; 40: 1472. 

3. de Jonge JL, et al. Quetiapine in patients with Tourette’s disor-
der: an open-label, flexible-dose study. J Clin Psychiatry 2007;
68: 1148–50.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Quetiazic; Seroquel; Vesparax; Austral.: Seroquel; Austria: Seroquel;
Belg.: Seroquel; Braz.: Seroquel; Canad.: Seroquel; Chile: Norsic; Queti-
din; Seroquel; Cz.: Ketilept; Kventiax; Nantarid; Quepita; Questax; Quetin;
Seroquel; Stadaquel; Denm.: Seroquel; Fin.: Seroquel; Ger.: Seroquel; Gr.:
Seroquel; Hong Kong: Seroquel; Hung.: Ketilept; Seroquel; India: Quel;
Seroquin; Socalm; Indon.: Seroquel; Irl.: Seroquel; Israel: Seroquel; Ital.:
Seroquel; Jpn: Seroquel; Malaysia: Seroquel; Mex.: Seroquel; Neth.: Se-
roquel; Norw.: Seroquel; NZ: Quetapel; Seroquel; Philipp.: Seroquel;
Pol.: Ketrel; Seroquel; Port.: Alzen; Seroquel; Rus.: Seroquel (Сероквель);
S.Afr.: Seroquel; Singapore: Seroquel; Spain: Seroquel; Swed.: Seroquel;
Switz.: Seroquel; Thai.: Seroquel; Turk.: Seroquel; UK: Seroquel; USA:
Seroquel; Venez.: Seroquel.

Raclopride (BAN, rINN)

A-40664 (raclopride tartrate); FLA-870; Racloprida; Racloprid-
ium; Raclopridum; Rakloprid; Raklopridi. (S)-3,5-Dichloro-N-(1-
ethylpyrrolidin-2-ylmethyl)-2-hydroxy-6-methoxybenzamide.

Раклоприд
C15H20Cl2N2O3 = 347.2.
CAS — 84225-95-6 (raclopride); 98185-20-7 (raclopride
tartrate).

Profile
Raclopride is a substituted benzamide related to sulpiride
(p.1028). It has been investigated for the treatment of psychoses.
Since it binds selectively and with high affinity to D2 dopamin-
ergic receptors, raclopride labelled with carbon-11 has been tried
as a tracer in computerised tomographic studies of neurological
disorders associated with dysfunction of brain D2 dopaminergic
receptors.

Ramelteon (BAN, USAN, rINN)

Rameltéon; Ramelteón; Ramelteonum; TAK-375. (-)-N-{2-[(8S)-
1,6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-yl]ethyl}propana-
mide.

Рамельтеон
C16H21NO2 = 259.3.
CAS — 196597-26-9.
ATC — N05CH02.
ATC Vet — QN05CH02.

Profile
Ramelteon is a melatonin receptor agonist used as a hypnotic in
the management of insomnia (p.957), particularly in patients
who have difficulty falling asleep. The usual oral dose is 8 mg
taken within 30 minutes of bedtime; it should not be taken with
or immediately after a high-fat meal. Ramelteon is not recom-
mended for patients with severe hepatic impairment; it should be
used with caution in those with moderate impairment. 

Ramelteon is metabolised mainly via the cytochrome P450
isoenzyme CYP1A2 and consequently, it should not be used
with fluvoxamine, a potent inhibitor of this isoenzyme; it should
also be used with caution in patients taking other drugs that in-
hibit this isoenzyme.
◊ References.
1. Karim A, et al. Disposition kinetics and tolerance of escalating

single doses of ramelteon, a high-affinity MT  and MT  melaton-
in receptor agonist indicated for treatment of insomnia. J Clin
Pharmacol 2006; 46: 140–8. 

2. Greenblatt DJ, et al. Age and gender effects on the pharmacoki-
netics and pharmacodynamics of ramelteon, a hypnotic agent
acting via melatonin receptors MT  and MT . J Clin Pharmacol
2007; 47: 485–96.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Rozerem; Jpn: Rozerem; USA: Rozerem.

Rilmazafone Hydrochloride (rINNM)

Hidrocloruro de rilmazafona; Rilmazafone, Chlorhydrate de;
Rilmazafoni Hydrochloridum; 450191-S. 5-[(2-Aminoacetami-
do)methyl]-1-[4-chloro-2-(o-chlorobenzoyl)phenyl]-N,N-dime-
thyl-1H-1,2,4-triazole-3-carboxamide hydrochloride dihydrate.
Рильмазафона Гидрохлорид
C21H20Cl2N6O3,HCl,2H2O = 547.8.
CAS — 99593-25-6 (r ilmazafone); 85815-37-8 (anhy-
drous r ilmazafone hydrochlor ide).

(r ilmazafone)

Profile
Rilmazafone hydrochloride is a hypnotic and sedative used in the
short-term treatment of insomnia in usual oral doses of 1 to 2 mg
at bedtime; it is also used in similar doses as a premedicant.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Rhythmy.

Risperidone (BAN, USAN, rINN)

R-64766; Risperidon; Risperidona; Risperidonas; Rispéridone;
Risperidoni; Risperidonum; Riszperidon; Rysperydon. 3-{2-[4-(6-
Fluoro-1,2-benzisoxazol-3-yl)piperidino]ethyl}-6,7,8,9-tetrahy-
dro-2-methylpyrido[1,2-a]pyrimidin-4-one.
Рисперидон
C23H27FN4O2 = 410.5.
CAS — 106266-06-2.
ATC — N05AX08.
ATC Vet — QN05AX08.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Risperidone). A white or almost white powder. It
exhibits polymorphism. Practically insoluble in water; sparingly
soluble in alcohol; freely soluble in dichloromethane; dissolves
in dilute acid solutions. Protect from light. 
USP 31 (Risperidone). A white or almost white powder. Practi-
cally insoluble in water; sparingly soluble in alcohol; soluble in
dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
Although risperidone may share some of the adverse
effects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. Risperidone is reported to be less
likely to cause sedation or extrapyramidal effects (see
also Uses and Administration, below) but agitation
may occur more frequently. Other common adverse ef-
fects include insomnia, anxiety, and headache. Dys-
pepsia, nausea and vomiting, abdominal pain, consti-
pation, blurred vision, sexual dysfunction including
priapism, urinary incontinence, rash and other allergic
reactions, drowsiness, concentration difficulties, dizzi-
ness, fatigue, and rhinitis have been reported less com-
monly. In addition to orthostatic hypotension, hyper-
tension has been reported infrequently. Other adverse
effects with risperidone include cerebrovascular acci-
dents, tachycardia, weight gain, oedema, increased liv-
er enzyme values, and decreases in neutrophil or
thrombocyte counts. Risperidone may cause dose-
dependent increases in prolactin levels. In rare cases,
hyperglycaemia and exacerbation of pre-existing dia-
betes mellitus have also been reported. Clinical moni-
toring for hyperglycaemia has been recommended,
especially in patients with or at risk of developing
diabetes. Other rare effects include seizures, body tem-
perature dysregulation, hyponatraemia, neuroleptic
malignant syndrome, and tardive dyskinesia. 
Risperidone should be used with caution in patients
with cardiovascular disease, including conditions asso-
ciated with QT prolongation, or conditions predispos-
ing to hypotension. Caution is also recommended in
patients with a history of or at risk of developing cere-
brovascular disease, in patients with Parkinson’s dis-
ease or epilepsy, and in patients with hepatic or renal
impairment. 
Risperidone may affect the performance of skilled
tasks such as driving. 
Gradual withdrawal of risperidone is recommended
because of the risk of withdrawal symptoms, including
sweating, nausea and vomiting, and rebound psycho-
sis, with abrupt cessation.
Breast feeding. From the study of concentrations of risperi-
done and its active metabolite, 9-hydroxyrisperidone, in the
breast milk of a mother receiving 6 mg daily by mouth, it was
estimated that a breast-fed infant would ingest the daily equiva-
lent of 4.3% (as risperidone equivalents) of the weight-adjusted
maternal dose.1 Later case reports2 of 3 women receiving risperi-
done 3 mg daily, 4 mg daily, and 1.5 mg daily, by mouth, esti-
mated that a breast-fed infant would receive the daily equivalent
of 2.3%, 2.8%, and 4.7%, respectively, of the weight-adjusted
maternal dose. Where breast feeding occurred, in the latter 2 cas-
es, no adverse effects were reported in the breast-fed infants; ris-
peridone and 9-hydroxyrisperidone were not detected in the plas-
ma of either infant. 
Licensed product information states that patients receiving risp-
eridone should not breast feed; the US information also recom-
mends that patients should not breast feed for at least 12 weeks
after intramuscular injection.
1. Hill RC, et al. Risperidone distribution and excretion into human

milk: case report and estimated infant exposure during breast-
feeding. J Clin Psychopharmacol 2000; 20: 285–6. 

2. Ilett KF, et al. Transfer of risperidone and 9-hydroxyrisperidone
into human milk. Ann Pharmacother 2004; 38: 273–6.

Dementia. After analysis of data from controlled studies there
was evidence that the use of risperidone in elderly patients with
dementia appeared to be associated with an increased risk of cer-
ebrovascular adverse effects such as stroke and transient ischae-
mic attacks. In 4 studies, involving 764 such patients treated with
risperidone, there were 29 cases of cerebrovascular adverse
events (4 fatal) versus 7 cases (1 fatal) in 466 patients given pla-
cebo. Postmarketing data for elderly dementia patients, repre-
senting over 2.4 million patient-years of exposure, included 37
cases, of which 16 were fatal.1 
The UK CSM2 have therefore recommended that risperidone
should not be used to treat behavioural problems in elderly pa-
tients with dementia. Similarly, the CSM2 and the EMEA3 have
recommended that olanzapine should not be used to treat behav-
ioural problems or dementia-related psychosis in elderly patients
with dementia after analysis of placebo-controlled studies re-
vealed a threefold increase in cerebrovascular adverse effects in-
cluding stroke and a twofold increase in all-cause mortality. It
was considered2 that the risk may not be confined to use in de-
mentia and should be considered relevant to any patient with a
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history of stroke or transient ischaemic attack or other risk factors
for cerebrovascular disease, including hypertension, diabetes,
current smoking, or atrial fibrillation. The FDA4 has also issued
advice against the use of all atypical antipsychotics in the treat-
ment of behavioural problems in elderly patients with dementia.
Their advice was based on an unpublished analysis of 17 place-
bo-controlled studies involving aripiprazole, olanzapine,
quetiapine, or risperidone use in elderly demented patients with
behavioral disorders: the analysis found that 15 studies showed
an increase in the mortality rate in the drug-treated group com-
pared to the placebo-treated patients. A total of 5106 patients
were included in these studies, and a 1.6- to 1.7-fold increase in
mortality was seen; most of the deaths appeared due to cardio-
vascular events or infection. Another published meta-analysis5

of placebo-controlled studies also had similar findings. 
However, 2 large retrospective population-based studies in the
elderly (1 involving 10 385 patients given atypicals and 1015
given classical antipsychotics,6 the other involving 17 845 given
atypicals and 14 865 given classical antipsychotics7), suggested
that use of atypical antipsychotics was not associated with a sta-
tistically significant increased risk of stroke compared with the
classical drugs. 
For further discussion of the problems associated with the use of
antipsychotics in disturbed behaviour in the elderly, see p.954.
1. Janssen-Ortho Inc./Health Canada. Important drug safety informa-

tion: Risperdal (risperidone) and cerebrovascular adverse events in
placebo-controlled dementia trials (issued 11/10/02). Available at:
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/risperdal_hpc-cps-eng.pdf (accessed 21/08/08) 

2. Duff G. Atypical antipsychotic drugs and stroke: message from
Professor G Duff, Chairman of Committee on Safety of Medi-
cines (issued 09/03/04). Available at: http://www.mhra.gov.uk/
home/groups/pl-p/documents/websiteresources/con019488.pdf
(accessed 21/08/08) 

3. EMEA. EMEA public statement on the safety of olanzapine
(Zyprexa, Zyprexa Velotab): cerebrovascular adverse events and
increased mortality in elderly patients with dementia (issued
09/03/04). Available at: http://www.emea.europa.eu/pdfs/
human/press/pus/085604en.pdf (accessed 21/08/08) 

4. FDA. FDA issues public health advisory for antipsychotic drugs
used for treatment of behavioral disorders in elderly patients (is-
sued 11th April, 2005). Available at: http://www.fda.gov/bbs/
topics/ANSWERS/2005/ANS01350.html (accessed 30/05/05) 

5. Schneider LS, et al. Risk of death with atypical antipsychotic
drug treatment for dementia: meta-analysis of randomized place-
bo-controlled trials. JAMA 2005; 294: 1934–43. 

6. Herrmann N, et al. Atypical antipsychotics and risk of cerebrov-
ascular accidents. Am J Psychiatry 2004; 161: 1113–15. 

7. Gill SS, et al. Atypical antipsychotic drugs and risk of ischaemic
stroke: population based retrospective cohort study. BMJ 2005;
330: 445–8.

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981. 
Further references.
1. Safer DJ. A comparison of risperidone-induced weight gain

across the age span. J Clin Psychopharmacol 2004; 24: 429–36.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, including risperidone, and recommendations for
monitoring, are discussed under Adverse Effects of Clozapine,
p.981. 
Further references.
1. Koller EA, et al. Risperidone-associated diabetes mellitus: a

pharmacovigilance study. Pharmacotherapy 2003; 23: 735–44. 
2. Ramaswamy K, et al. Risk of diabetic ketoacidosis after expo-

sure to risperidone or olanzapine. Drug Safety 2007; 30: 589–99.

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.
Effects on the liver. There has been a report of 2 cases of hepa-
totoxicity associated with risperidone.1 An idiosyncratic reaction
to risperidone was suspected in another patient who developed
hepatotoxicity after receiving only 2 doses of risperidone.2
1. Fuller MA, et al. Risperidone-associated hepatotoxicity. J Clin

Psychopharmacol 1996; 16: 84–5. 
2. Phillips EJ, et al. Rapid onset of risperidone-induced hepatotox-

icity. Ann Pharmacother 1998; 32: 843.

Effects on the skin. A patient developed facial and periorbital
oedema 2 weeks after her dose of risperidone reached 6 mg dai-
ly.1 The oedema subsided when the dose was halved but recurred
shortly after it was again increased to 6 mg. She had previously
had a similar reaction to lithium and there was also a family his-
tory of angioedema.
1. Cooney C, Nagy A. Angio-oedema associated with risperidone.

BMJ 1995; 311: 1204.

Extrapyramidal disorders. In reports of 3 cases of tardive
dystonia associated with oral risperidone therapy,1,2 onset ranged
from 3 to 8 months after starting the drug. Dyskinesia has also
been reported 5 days after the withdrawal of oral risperidone and
citalopram therapy.3 In another report,4 three patients receiving
risperidone orally developed early-onset tardive dyskinesia de-
spite the addition of antimuscarinic therapy with biperiden or tri-
hexyphenidyl. Extrapyramidal adverse effects have also been re-
ported within 24 hours of intramuscular risperidone injection.5

However, the incidence of extrapyramidal effects (p.971) is gen-
erally lower with atypical than classical antipsychotics.
1. Vercueil L, Foucher J. Risperidone-induced tardive dystonia and

psychosis. Lancet 1999; 353: 981. 
2. Krebs MO, Olie JP. Tardive dystonia induced by risperidone.

Can J Psychiatry 1999; 44: 507–508. 
3. Miller LJ. Withdrawal-emergent dyskinesia in a patient taking

risperidone/citalopram. Ann Pharmacother 2000; 34: 269. 
4. Suzuki E, et al. Tardive dyskinesia with risperidone and anti-

cholinergics. Am J Psychiatry 2002; 159: 1948. 
5. Adamou M, Hale AS. Extrapyramidal syndrome and long-acting

injectable risperidone. Am J Psychiatry 2004; 161: 756–7.

Mania. Although it is used in the treatment of bipolar disorder,
risperidone has been associated with reports of mania in both
schizophrenic and bipolar patients.1-3

1. Dwight MM, et al. Antidepressant activity and mania associated
with risperidone treatment of schizoaffective disorder. Lancet
1994; 344: 554–5. 

2. Zolezzi M, Badr MG. Risperidone-induced mania. Ann Pharma-
cother 1999; 33: 380–1. 

3. Aubry J-M, et al. Possible induction of mania and hypomania by
olanzapine or risperidone: a critical review of reported cases. J
Clin Psychiatry 2000; 61: 649–55.

Neuroleptic malignant syndrome. Neuroleptic malignant
syndrome (p.972) has occasionally been associated with risperi-
done.1-5

1. Sharma R, et al. Risperidone-induced neuroleptic malignant syn-
drome. Ann Pharmacother 1996; 30: 775–8. 

2. Tarsy D. Risperidone and neuroleptic malignant syndrome.
JAMA 1996; 275: 446. 

3. Reeves RR, et al. Neuroleptic malignant syndrome during a
change from haloperidol to risperidone. Ann Pharmacother
2001; 35: 698–701. 

4. Gerritsen AA, et al. Het maligne neurolepticasyndroom bij ge-
bruik van risperidon. Ned Tijdschr Geneeskd 2004; 148: 1801–4. 

5. Norris B, et al. Neuroleptic malignant syndrome with delayed
onset of fever following risperidone administration. Ann Phar-
macother 2006; 40: 2260–4.

Overdosage. A 3 ⁄ -year-old child developed extrapyramidal
symptoms after accidental ingestion of a single 4-mg tablet of
risperidone.1 The child was initially treated with gastric lavage,
activated charcoal, and sorbitol; extrapyramidal symptoms re-
sponded to treatment with diphenhydramine and the child recov-
ered completely. The need to monitor for and treat hypotension
after overdosage with risperidone was highlighted in a report2 of
a 15-year-old girl who took 40 mg of risperidone. A 72-year-old
woman receiving risperidone 6 mg daily was found uncon-
scious, hypotensive, and hypothermic.3 Other reported symp-
toms include first-degree heart block, prolonged QT interval, and
respiratory arrest; she recovered after supportive treatment.
1. Cheslik TA, Erramouspe J. Extrapyramidal symptoms following

accidental ingestion of risperidone in a child. Ann Pharmacother
1996; 30: 360–3. 

2. Himstreet JE, Daya M. Hypotension and orthostasis following a
risperidone overdose. Ann Pharmacother 1998; 32: 267. 

3. Rassam S, Srinivasa R. Respiratory depression after accidental
risperidone overdose. Am J Emerg Med 2002; 20: 570.

Pregnancy. For comments on the use of some atypical antipsy-
chotics, including risperidone, during pregnancy, see under Pre-
cautions of Clozapine, p.983. 
Further references.
1. Coppola D, et al. Evaluating the postmarketing experience of ris-

peridone use during pregnancy: pregnancy and neonatal out-
comes. Drug Safety 2007; 30: 247–64.

Interactions
The central effects of other CNS depressants, including
alcohol, may be enhanced by risperidone. Risperidone
may also enhance the effects of antihypertensives.
There may be an increased risk of QT prolongation
when risperidone is given with other drugs that are
known to cause this effect. Risperidone may antago-
nise the actions of levodopa and other dopaminergics. 
Carbamazepine has been shown to decrease the anti-
psychotic fraction (risperidone plus 9-hydroxyrisperi-
done) of risperidone and a similar effect may be seen
with other enzyme inducers. Fluoxetine may increase
the plasma concentrations of the antipsychotic fraction
by raising the concentration of risperidone. Dose ad-
justment of risperidone may be necessary in such situ-
ations.
Antiepileptics. For the effect of risperidone on valproate, see
p.511.
Antipsychotics. For a report suggesting that risperidone might
increase plasma concentrations of clozapine, see p.984. For a re-
port of asymptomatic QT prolongation associated with quetiap-
ine in a patient also receiving risperidone, see under Overdosage
of Quetiapine, p.1023.
Antivirals. Dystonia and worsening of tremors were reported 1
week after adding indinavir and ritonavir to treatment with risp-
eridone in a patient with AIDS;1 he recovered once all 3 drugs
were withdrawn and following treatment with clonazepam. An
early exposure to risperidone, indinavir, and ritonavir had not re-

sulted in any extrapyramidal adverse effects. The authors consid-
ered this to reflect the patient’s relatively short exposure to risp-
eridone at the time.
1. Kelly DV, et al. Extrapyramidal symptoms with ritonavir/indina-

vir plus risperidone. Ann Pharmacother 2002; 36: 827–30.

Pharmacokinetics
Risperidone is readily absorbed after oral doses, peak
plasma concentrations being reached within 1 to 2
hours. It is extensively metabolised in the liver by hy-
droxylation to its main active metabolite, 9-hydroxy-
risperidone (paliperidone, p.1015); oxidative N-
dealkylation is a minor metabolic pathway. Hydroxyla-
tion is mediated by the cytochrome P450 isoenzyme
CYP2D6 and is the subject of genetic polymorphism.
Excretion is mainly in the urine and, to a lesser extent,
in the faeces. Risperidone and 9-hydroxyrisperidone
are about 90% and 77% bound to plasma proteins, re-
spectively. Both are distributed into breast milk.
Metabolism. Although the hydroxylation of risperidone is sub-
ject to genetic polymorphism, the pharmacokinetics and effects
of the active antipsychotic fraction (risperidone plus 9-hydroxy-
risperidone) have been reported to vary little between extensive
and poor metabolisers.1 A mean value of 19.5 hours has been
reported for the terminal elimination half-life of the active frac-
tion following oral doses of risperidone.1

1. Huang M-L, et al. Pharmacokinetics of the novel antipsychotic
agent risperidone and the prolactin response in healthy subjects.
Clin Pharmacol Ther 1993; 54: 257–68.

Uses and Administration
Risperidone is a benzisoxazole atypical antipsychotic,
reported to be an antagonist at dopamine D2, serotonin
(5-HT2), adrenergic (α1 and α2), and histamine (H1) re-
ceptors. It is given orally for the treatment of schizo-
phrenia and other psychoses and in the short-term
treatment of acute manic or mixed episodes associated
with bipolar disorder. In the USA, risperidone is used
similarly in children and also for the treatment of irrita-
bility associated with autistic disorder; for further de-
tails see Administration in Children and Disturbed Be-
haviour, below. Risperidone may also be given by deep
intramuscular injection for maintenance therapy in pa-
tients with schizophrenia or other psychoses tolerant to
oral antipsychotics. 
For schizophrenia, the usual initial oral dose of risp-
eridone is 2 mg daily; this may be increased to 4 mg
daily on the second day, and subsequently adjusted as
required in steps of 1 or 2 mg according to tolerance, at
intervals of not less than 24 hours. Most patients bene-
fit from doses of 4 to 6 mg daily. Risperidone may be
given once daily or in 2 divided doses. Extrapyramidal
symptoms may be more likely with doses above 10 mg
daily; US licensed product information does not rec-
ommend daily doses above 6 mg if divided into 2 dos-
es, although higher doses are permitted if given as a
single dose. The maximum recommended dose is
16 mg daily. 
An initial oral dose of 500 micrograms twice daily
slowly increased in steps of 500 micrograms twice dai-
ly, if necessary, to a dose of 1 to 2 mg twice daily is
recommended for elderly or debilitated patients.
Above doses of 1.5 mg twice daily, increases should be
made at intervals of at least 1 week. 
The long-acting formulation of risperidone should be
given by deep intramuscular injection every 2 weeks.
Patients with no history of risperidone use should be
given risperidone orally for several days to assess tol-
erability. Treatment may then be started as follows: 
• patients not stabilised on oral risperidone: 25 mg

every 2 weeks 
• patients stabilised on oral risperidone for at least 2

weeks in doses of 4 mg daily or less: 25 mg every 2
weeks 

• patients stabilised on oral risperidone for at least 2
weeks in doses above 4 mg daily: 37.5 mg every 2
weeks 

• elderly patients should be given a maximum of
25 mg every 2 weeks 
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Oral risperidone should be continued for the first 3
weeks after the first injection. 
Dose increases of 12.5 mg may be considered at least
4 weeks after the previous adjustment up to a maxi-
mum of 50 mg every 2 weeks; the clinical effects of a
dose adjustment may not be seen for at least 3 weeks
after the change. 
For the treatment of mania in bipolar disorder, a rec-
ommended initial oral dose is 2 to 3 mg once daily.
Dosage adjustments of 1 mg daily may be made at in-
tervals of not less than 24 hours up to a total of 6 mg
daily. The initial dosage regimen in elderly or debilitat-
ed patients should be reduced as for schizophrenia (see
above). 
Reduced doses are recommended in patients with he-
patic or renal impairment, see below.
Action. Risperidone is described as an atypical antipsychotic;
although it has a lower propensity to produce parkinsonism, dys-
tonias and akathisias have been reported.1 (See also Extrapyram-
idal Disorders, above.) The traditional hypothesis is that antipsy-
chotics work through inhibition of dopamine D2 receptors and
that extrapyramidal adverse effects result from blockade of D2
receptors in the striatum (see p.975). Like clozapine, risperidone
has a high affinity for 5-HT2 receptors and, like haloperidol, it
has a high affinity for dopamine D2 receptors. Risperidone also
binds to alpha-adrenergic and histamine H1 sites. It is unclear
whether risperidone’s antipsychotic effect is due to activity at
dopamine D2 receptors or at another site. It has been suggested1

that other potent effects of risperidone may be counterbalancing
the D2 activity to produce its atypicality.
1. Kerwin RW. The new atypical antipsychotics: a lack of extrapy-

ramidal side-effects and new routes in schizophrenia research.
Br J Psychiatry 1994; 164: 141–8.

Administration in children. In the USA, risperidone is li-
censed for the treatment of schizophrenia in adolescents aged 13
to 17 years, for the short-term treatment of acute manic or mixed
episodes associated with bipolar disorder in children and adoles-
cents aged 10 to 17 years, and for the treatment of irritability as-
sociated with autistic disorder in those aged 5 to 16 years. 
For schizophrenia or mania, an initial oral dose of
500 micrograms is given once daily in the morning or in the
evening. This may be increased in steps of 0.5 or 1 mg according
to tolerance, at intervals of not less than 24 hours, to a dose of
3 mg daily for schizophrenia or 2.5 mg daily for mania. The
maximum recommended dose for both indications is 6 mg daily.
The total daily dose may be given in 2 divided doses to those who
experience persistent somnolence. 
For the treatment of irritability associated with autistic disor-
der, the following oral doses are given once daily or in 2 divided
doses according to body-weight: 
• under 20 kg: the usual initial daily dose is 250 micrograms;

this may be increased to 500 micrograms daily after at least 4
days and subsequently adjusted as required in steps of
250 micrograms, generally at intervals of no less than 2
weeks. The maximum recommended dose is 1 mg daily. Cau-
tion should be exercised with dosage for children who weigh
less than 15 kg 

• 20 kg and over: the usual initial daily dose is 500 micrograms;
this may be increased to 1 mg daily after at least 4 days and
subsequently adjusted as required in steps of 500 micrograms,
generally at intervals of no less than 2 weeks. The maximum
recommended dose is 2.5 mg daily in those weighing over
20 kg and 3 mg daily in those over 45 kg 

• For those who experience persistent somnolence, the total dai-
ly dose may be given as a single dose at bedtime, or in 2 divid-
ed doses, or in a reduced dose 

For further details on the use of risperidone in children with
autism see Disturbed Behaviour, below. 
Risperidone is not licensed in the UK for use in children aged
under 15 years; however, the BNFC suggests that it may be used
in those aged 12 years and over for the oral treatment of acute and
chronic psychoses. Doses are similar to those used in the treat-
ment of schizophrenia in adults (see above). The BNFC also sug-
gests that risperidone may be used, under specialist supervision,
in children over 5 years of age for the short-term treatment of
severe aggression in autism; doses are similar to those licensed
for autistic disorders in the USA.

Administration in hepatic or renal impairment. The rec-
ommended initial oral dose of risperidone in patients with renal
or hepatic impairment is 500 micrograms twice daily; this may
be slowly increased in steps of 500 micrograms twice daily, if
necessary, to a dose of 1 to 2 mg twice daily. Above doses of
1.5 mg twice daily, increases should be made at intervals of at
least 1 week. 
Patients with schizophrenia who tolerate an oral dose of risperi-
done of at least 2 mg daily may be switched to the long-acting
formulation of risperidone; a dose of 25 mg by deep intramuscu-

lar injection every 2 weeks is recommended. Alternatively, an
initial dose of 12.5 mg by deep intramuscular injection may be
given.
AIDS. Risperidone was used successfully to control HIV- or
AIDS-related psychosis in 21 patients, some of whom also had
manic symptoms.1 No extrapyramidal symptoms were reported
during treatment. However, for reports suggesting that risperi-
done can induce or exacerbate manic symptoms in patients with
schizoaffective disorders, see under Mania in Adverse Effects,
above. For an interaction between risperidone and antiretroviral
therapy in a patient with AIDS, see under Interactions, above.
1. Singh AN, et al. Treatment of HIV-related psychotic disorders

with risperidone: a series of 21 cases. J Psychosom Res 1997; 42:
489–93.

Anxiety disorders. Although there have been anecdotal
reports1,2 of improvement after the addition of risperidone to
treatment in patients with obsessive-compulsive disorder refrac-
tory to conventional treatment, there has also been a report3 of a
patient whose obsessive-compulsive behaviour recurred when
he was treated with risperidone for tardive dyskinesia.
1. Jacobsen FM. Risperidone in the treatment of affective illness

and obsessive-compulsive disorder. J Clin Psychiatry 1995; 56:
423–9. 

2. McDougle CJ, et al. Risperidone addition in fluvoxamine-refrac-
tory obsessive-compulsive disorder: three cases. J Clin Psychia-
try 1995; 56: 526–8. 

3. Remington G, Adams M. Risperidone and obsessive-compulsive
symptoms. J Clin Psychopharmacol 1994; 14: 358–9.

Bipolar disorder. Risperidone is of benefit for the treatment of
mania, including in patients with bipolar disorder (p.372), and
the use of atypical antipsychotics in the management of such pa-
tients is increasing. However, there have been individual case re-
ports of risperidone-induced mania (see above). 
References.
1. Segal J, et al. Risperidone compared with both lithium and ha-

loperidol in mania: a double-blind randomized controlled trial.
Clin Neuropharmacol 1998; 21: 176–80. 

2. Sachs GS, et al. Combination of a mood stabilizer with risperi-
done or haloperidol for treatment of acute mania: a double-blind,
placebo-controlled comparison of efficacy and safety. Am J Psy-
chiatry 2002; 159: 1146–54. 

3. Yatham LN, et al. Mood stabilisers plus risperidone or placebo
in the treatment of acute mania: international, double-blind, ran-
domised controlled trial. Br J Psychiatry 2003; 182: 141–7. Cor-
rection. ibid.; 369. 

4. Hirschfeld RM, et al. Rapid antimanic effect of risperidone mon-
otherapy: a 3-week multicenter, double-blind, placebo-control-
led trial. Am J Psychiatry 2004; 161: 1057–65. 

5. Nguyen LN, Guthrie SK. Risperidone treatment of bipolar ma-
nia. Ann Pharmacother 2006; 40: 674–82. 

6. Rendell JM, et al. Risperidone alone or in combination for acute
mania. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2006 (accessed
16/05/06). 

7. Nguyen LN, Guthrie SK. Risperidone treatment of bipolar ma-
nia. Ann Pharmacother 2006; 40: 674–82.

Disturbed behaviour. Although risperidone has been used for
the management of behavioural disturbances1,2 in elderly
patients with dementia (p.954), such use is no longer recom-
mended, see Dementia, under Adverse Effects, above. Further-
more, despite anecdotal reports3 of efficacy in patients with
Lewy-body dementia, other reports4 suggest that these patients
are likely to be just as sensitive to risperidone as to classical
antipsychotics (see the Elderly in Precautions for Chlorpro-
mazine, p.973). 
There is evidence5-10 that risperidone may be effective in reduc-
ing behavioural disturbances in children with autism (see Dis-
turbed Behaviour, p.954), but it appears to have little effect on
core symptoms, and it has been pointed out that the marked hy-
perprolactinaemia induced by risperidone could lead to hypogo-
nadism, and deleterious effects on adolescent bones.11 A system-
atic review12 concluded that risperidone may be of some benefit
for symptoms such as hyperactivity, irritability, repetition, and
social withdrawal although this must be weighed against the risk
of adverse effects, notably weight gain. The authors noted that
only 3 studies were analysed, including 1 that was carried out in
adults, and the data available were limited; further studies were
considered warranted. Nonetheless, in some countries, including
the USA, risperidone is licensed for the treatment of irritability
associated with autistic disorder in children and adolescents aged
5 to 16 years; for details of doses see Administration in Children,
above.
1. De Deyn PP, et al. A randomized trial of risperidone, placebo,

and haloperidol for behavioral symptoms of dementia. Neurol-
ogy 1999; 53: 946–55. 

2. Falsetti AE. Risperidone for control of agitation in dementia pa-
tients. Am J Health-Syst Pharm 2000; 57: 862–70. 

3. Allen RL, et al. Risperidone for psychotic and behavioural
symptoms in Lewy body dementia. Lancet 1995; 346: 185. 

4. McKeith IG, et al. Neuroleptic sensitivity to risperidone in
Lewy body dementia. Lancet 1995; 346: 699. 

5. Research Units on Pediatric Psychopharmacology Autism Net-
work. Risperidone in children with autism and serious behavio-
ral problems. N Engl J Med 2002; 347: 314–21. 

6. Shea S, et al. Risperidone in the treatment of disruptive behavioral
symptoms in children with autistic and other pervasive develop-
mental disorders. Abstract: Pediatrics 2004; 114: 1329. Full ver-
sion: http://pediatrics.aappublications.org/cgi/reprint/114/5/e634
(accessed 15/01/07) 

7. Reyes M, et al. A randomized, double-blind, placebo-controlled
study of risperidone maintenance treatment in children and ad-
olescents with disruptive behavior disorders. Am J Psychiatry
2006; 163: 402–10. 

8. Reyes M, et al. Long-term safety and efficacy of risperidone in
children with disruptive behaviour disorders: results of a 2-year
extension study. Eur Child Adolesc Psychiatry 2006; 15:
97–104. 

9. Chavez B, et al. Role of risperidone in children with autism
spectrum disorder. Ann Pharmacother 2006; 40: 909–16. 

10. Scott LJ, Dhillon S. Risperidone: a review of its use in the treat-
ment of irritability associated with autistic disorder in children
and adolescents. Pediatr Drugs 2007; 9: 343–54. 

11. Valiquette G. Risperidone in children with autism and serious
behavioral problems. N Engl J Med 2002; 347: 1890–1. 

12. Jesner OS, et al. Risperidone for autism spectrum disorder.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2007 (accessed 10/04/08).

Dystonias. Antipsychotics are sometimes useful in the treat-
ment of idiopathic dystonia (p.809) in patients who have failed
to respond to treatment with levodopa or antimuscarinics, but, as
with classical antipsychotics, there is the risk of adding drug-in-
duced extrapyramidal effects to the dystonia. Risperidone has
been reported to be of benefit in a few patients with idiopathic
segmental dystonia partly insensitive to haloperidol.1

1. Zuddas A, Cianchetti C. Efficacy of risperidone in idiopathic
segmental dystonia. Lancet 1996; 347: 127–8.

Parkinsonism. There have been conflicting reports of the use
of risperidone as an antipsychotic in a small number of patients
with Parkinson’s disease (see also Disturbed Behaviour, p.954).
While some patients found that risperidone ameliorated levo-
dopa-induced hallucinations without worsening extrapyramidal
symptoms,1,2 others reported that risperidone produced a sub-
stantial worsening of symptoms.2,3

1. Meco G, et al. Risperidone for hallucinations in levodopa-treated
Parkinson’s disease patients. Lancet 1994; 343: 1370–1. 

2. Leopold NA. Risperidone treatment of drug-related psychosis in
patients with parkinsonism. Mov Disord 2000; 15: 301–4. 

3. Ford B, et al. Risperidone in Parkinson’s disease. Lancet 1994;
344: 681.

Schizophrenia. Risperidone is claimed to produce a relatively
low incidence of extrapyramidal effects and to have efficacy
against both positive and negative symptoms of schizophrenia.
Most of the earlier studies compared risperidone with haloperi-
dol but, of these, some of the major studies1-3 were criticised for
potential methodological flaws4,5 and it was difficult to deter-
mine any difference in efficacy including effect on negative
symptoms. A later systematic review6 suggested that risperi-
done’s benefits over haloperidol or other classical antipsychotics
were marginal; although it did appear to reduce the risk of ex-
trapyramidal effects compared with haloperidol, the latter pro-
duces a relatively high incidence of such effects. Furthermore,
the risk of extrapyramidal effects with risperidone appears to be
dose-dependent:7 although similar to that for placebo overall, at
doses of more than 10 mg the risk appears to approach that asso-
ciated with haloperidol. In a more recent double-blind ran-
domised study8 the relapse rate after at least 2 years of treatment
in patients with first-episode psychosis, who had initially re-
sponded to relatively small daily doses of risperidone (mean mo-
dal 3.3 mg) or haloperidol (2.9 mg), was 42% (82 of 197 pa-
tients) and 55% (111 of 203), respectively. The median time to
relapse was also longer for risperidone (466 days) when com-
pared with haloperidol (205 days). In the few comparative stud-
ies with other atypical antipsychotics, risperidone has appeared
to be of similar efficacy to clozapine.9 However, another system-
atic review10 concluded that such equivalence with clozapine
cannot be assumed. For a systematic review of studies compar-
ing risperidone with olanzapine, see p.1013. There is insufficient
evidence to indicate whether risperidone is effective for treat-
ment-resistant or poorly responsive patients but there is some ev-
idence that patients stabilised on risperidone may be less likely to
relapse.11 A systematic review12 of the use of the long-acting in-
jectable formulation of risperidone in schizophrenia considered
that, although it might offer the advantage of better compliance,
there was little evidence of benefit over oral use.
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8. Schooler N, et al. Risperidone and haloperidol in first-episode
psychosis: a long-term randomized trial. Am J Psychiatry 2005;
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Stuttering. Risperidone 0.5 to 2 mg daily was found to be of
benefit in the management of stuttering in a placebo-controlled
study1 involving 16 patients but there has also been a case report2
of a patient whose stuttering returned during treatment with risp-
eridone.
1. Maguire GA, et al. Risperidone for the treatment of stuttering. J

Clin Psychopharmacol 2000; 20: 479–82. 
2. Lee H-J, et al. A case of risperidone-induced stuttering. J Clin

Psychopharmacol 2001; 21: 115–16.

Tourette’s syndrome. When drug treatment is required for
tics and behavioural disturbances in Tourette’s syndrome (see
Tics, p.954) haloperidol or pimozide are commonly used but
atypical antipsychotics, especially risperidone, are being increas-
ingly tried.1-3

1. Bruun RD, Budman CL. Risperidone as a treatment for
Tourette’s syndrome. J Clin Psychiatry 1996; 57: 29–31. 

2. Bruggeman R, et al. Risperidone versus pimozide in Tourette’s
disorder: a comparative double-blind parallel-group study. J Clin
Psychiatry 2001; 62: 50–6. 

3. Scahill L, et al. A placebo-controlled trial of risperidone in
Tourette syndrome. Neurology 2003; 60: 1130–5.

Preparations
USP 31: Risperidone Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Dozic; Dropicine; Edalen; Restelea; Riatul; Risper; Risperdal; Risperin;
Rispex; Sequinan; Austral.: Risperdal; Austria: Belivon†; Risperdal; Rispolin;
Belg.: Risperdal; Braz.: Respidon; Risperdal; Viverdal; Zargus; Canad.: Ris-
perdal; Chile: Dagotil; Goval; Radigen; Risperdal; Spiron; Cz.: Apo-Risper;
Medorisper; Ridoner; Rigenin; Rileptid; Ripetomar; Risepro; Rispadim; Ris-
pedep; Rispedolet; Rispedospes; Rispemar; Rispen; Rispera; Risperdal; Risp-
erinin; Risperit; Rispimed; Rispolux; Risset; Rorendo; Denm.: Risperdal;
Fin.: Risperdal; Fr.: Risperdal; Ger.: Risperdal; Gr.: Adovia; Axelabron; De-
polan; Depredon; Dixine; Helposper; Isipredon; Lassen; Lucipral; Nerve;
Novoris; Preridon; Rifocus; Ripepral; Risenar; Risgal; Risidral; Rispalm; Rispe-
far; Risperascol; Risperdal; Risperom; Risperoprol; Rispogen; Wisperdon;
Zafitral; Hong Kong: Risperdal; Hung.: Hunperdal; Perdox; Ripedon; Risp-
erdal; Rispolux; Rispons; Ronkal; Rosipin; Torendo; Ziperid; India: Respidon;
Risnia; Risperdal; Rispid†; Rozidal; Sizorisp†; Indon.: Neripros; Persidal; Ris-
perdal; Rizodal; Zofredal; Irl.: Risperdal; Israel: Risperdal; Ital.: Belivon; Ris-
perdal; Jpn: Risperdal; Malaysia: Risperdal; Mex.: Risperdal; Neth.: Be-
livon; Risperdal; Rispimed; Rispimedica; Norw.: Risperdal; NZ: Ridal;
Risperdal; Philipp.: Risperdal; Pol.: Lioxam; Mepharis; Rispen; Risperatio;
Risperiwin; Risperon; Rispolept; Rispolux; Risset; Ryspolit; Speridan; Ziperid;
Port.: Belivon†; Perdin; Risperdal; Rus.: Rileptid (Рилептид); Risdonal
(Рисдонал); Rispolept (Рисполепт); Risset (Риссет); Speridan (Сперидан);
S.Afr.: Risperdal; Singapore: Risperdal; Spain: Arketin; Diaforin; Risfarmal;
Risperdal; Swed.: Risperdal; Switz.: Risperdal; Thai.: Risperdal; Turk.: Ris-
perdal; UK: Risperdal; USA: Risperdal; Venez.: Ridal; Risperdal; Risperid.

Ritanserin (BAN, USAN, rINN)

R-55667; Ritanserina; Ritansérine; Ritanserinum. 6-{2-[4-(4,4′-Di-
fluorobenzhydrylidene)piperidino]ethyl}-7-methyl[1,3]thiazo-
lo[3,2-a]pyrimidin-5-one.
Ритансерин
C27H25F2N3OS = 477.6.
CAS — 87051-43-2.

Profile
Ritanserin is a serotonin antagonist that has been studied in a va-
riety of disorders including anxiety disorders, depression, and
schizophrenia. It is reported to have little sedative action.
Action. Ritanserin is a relatively selective antagonist at seroton-
in (5-hydroxytryptamine, 5-HT) receptors of the 5-HT2 subtype,
although it also has appreciable affinity for 5-HT1C receptors.1
Unlike ketanserin (p.1320), it does not block α1-adrenergic re-
ceptors. Ritanserin has anxiolytic activity; it also hastens the on-
set of slow-wave sleep although sleep may be impaired on with-
drawal. 
Ritanserin may interfere with platelet function2,3 but has been re-
ported to have no significant effect on blood pressure, blood

flow, or heart rate in patients with hypertension.2,4 Features char-
acteristic of class III antiarrhythmic activity have also been not-
ed.2
1. Marsden CA. The pharmacology of new anxiolytics acting on 5-

HT neurones. Postgrad Med J 1990; 66 (suppl 2): S2–S6. 
2. Stott DJ, et al. The effects of the 5HT  antagonist ritanserin on

blood pressure and serotonin-induced platelet aggregation in pa-
tients with untreated essential hypertension. Eur J Clin Pharma-
col 1988; 35: 123–9. 

3. Wagner B, et al. Effect of ritanserin, a 5-hydroxytryptamine -
receptor antagonist, on platelet function and thrombin generation
at the site of plug formation in vivo. Clin Pharmacol Ther 1990;
48: 419–23. 

4. Chau NP, et al. Comparative haemodynamic effects of ketanser-
in and ritanserin in the proximal and distal upper limb circula-
tions of hypertensive patients. Eur J Clin Pharmacol 1989; 37:
215–20.

Substance dependence. Despite some encouraging prelimi-
nary data1 suggesting that ritanserin might influence the desire to
drink alcohol, subsequent studies2,3 have failed to support a role
for ritanserin in patients with alcohol dependence (p.1626).
1. Meert TF. Ritanserin and alcohol abuse and dependence. Alcohol

Alcohol 1994; 2 (suppl): 523–30. 
2. Johnson BA, et al. Ritanserin Study Group. Ritanserin in the

treatment of alcohol dependence—a multi-center clinical trial.
Psychopharmacology (Berl) 1996; 128: 206–15. 

3. Wiesbeck GA, et al. The effects of ritanserin on mood, sleep,
vigilance, clinical impression, and social functioning in alcohol-
dependent individuals. Alcohol Alcohol 2000; 35: 384–9.

Romifidine (BAN, rINN)

Romifidiini; Romifidin; Romifidina; Romifidinum; STH-2130. 2-
Bromo-6-fluoro-N-(1-imidazolin-2-yl)aniline.
Ромифидин
C9H9BrFN3 = 258.1.
CAS — 65896-16-4.
ATC Vet — QN05CM93.

Profile
Romifidine is an α2-adrenoceptor agonist with sedative, muscle
relaxant, and analgesic properties and is used in veterinary med-
icine.

Secbutabarbital (rINN)

Butabarbital; Butabarbitone; Secbutabarbitalum; Secbutobarbital
(BAN); Secbutobarbitone. 5-sec-Butyl-5-ethylbarbituric acid.
Секбутабарбитал
C10H16N2O3 = 212.2.
CAS — 125-40-6.

NOTE. Butabarbital should be distinguished from Butobarbital
(p.967).
Pharmacopoeias. In US. 
USP 31 (Butabarbital). A white, odourless, crystalline powder.
Very slightly soluble in water; soluble in alcohol, in chloroform,
in ether, and in aqueous solutions of alkali hydroxides and car-
bonates. Store in airtight containers.

Secbutabarbital Sodium (rINNM)

Butabarbital Sodium; Natrii Secbutabarbitalum; Secbutabarbital
sódico; Secbutabarbital Sodique; Secbutobarbital Sodium
(BANM); Secbutobarbitone Sodium; Secumalnatrium; Sodium
Butabarbital. Sodium 5-sec-butyl-5-ethylbarbiturate.
Натрий Секбутабарбитал
C10H15N2NaO3 = 234.2.
CAS — 143-81-7.
Pharmacopoeias. In US. 
USP 31 (Butabarbital Sodium). A white powder. Soluble 1 in 2
of water, 1 in 7 of alcohol, and 1 in 7000 of chloroform; practi-
cally insoluble in absolute ether. pH of a 10% solution in water is
between 10.0 and 11.2. Store in airtight containers.
Profile
Secbutabarbital is a barbiturate with general properties similar to
those of amobarbital (p.961). It was used as a hypnotic and sed-

ative although barbiturates are no longer considered appropriate
for such purposes. For the short-term management of insomnia
(p.957) it was usually given as the sodium salt in oral doses of 50
to 100 mg at night; as a sedative 15 to 30 mg has been given 3 or
4 times daily. Secbutabarbital base has also been given.
Preparations
USP 31: Butabarbital Sodium Elixir ; Butabarbital Sodium Tablets.
Proprietary Preparations (details are given in Part 3)
USA: Butisol.
Multi-ingredient: USA: Butibel; Phenazopyridine Plus; Urelief Plus; Ven-
ez.: Butropina; Eumidral.

Secobarbital (rINN)

Meballymal; Quinalbarbitone; Sécobarbital; Secobarbitalum;
Secobarbitone; Sekobarbitaali. 5-Allyl-5-(1-methylbutyl)barbitur-
ic acid.
Секобарбитал
C12H18N2O3 = 238.3.
CAS — 76-73-3.
ATC — N05CA06.
ATC Vet — QN05CA06; QN51AA02.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of secobarbital: 
F-40s; Marshmallow reds; M&Ms; Mexican reds; Pink ladies;
Pink lady; Pinks; RDs; Red birds; Red bullets; Red devil; Red
devils; Red dolls; Red lillies; Reds; Seccies; Seccy; Seco; Seggy.
Pharmacopoeias. In US. 
USP 31 (Secobarbital). A white amorphous or crystalline odour-
less powder. Very slightly soluble in water; freely soluble in al-
cohol, in ether, and in solutions of fixed alkali hydroxides and
carbonates; soluble in chloroform; soluble 1 in 8.5 of 0.5N sodi-
um hydroxide. A saturated solution in water has a pH of about
5.6. Store in airtight containers.

Secobarbital Sodium (BAN, rINNM)

Meballymalnatrium; Natrii Secobarbitalum; Quinalbarbitone So-
dium; Secobarbital sódico; Sécobarbital Sodique; Secobarbitalum
Natricum; Secobarbitone Sodium. Sodium 5-allyl-5-(1-methyl-
butyl)barbiturate.
Натрий Секобарбитал
C12H17N2NaO3 = 260.3.
CAS — 309-43-3.
ATC — N05CA06.
ATC Vet — QN05CA06.
Pharmacopoeias. In Chin. and US. 
USP 31 (Secobarbital Sodium). A white odourless hygroscopic
powder. Very soluble in water; soluble in alcohol; practically in-
soluble in ether. pH of a 10% solution in water is between 9.7 and
10.5. Solutions decompose on standing, heat accelerating the de-
composition. Store in airtight containers.
Incompatibility. Secobarbital may be precipitated from prepa-
rations containing secobarbital sodium depending on the concen-
tration and pH. Secobarbital sodium has, therefore, been reported
to be incompatible with many other drugs, particularly acids and
acidic salts.
Dependence and Withdrawal
As for Amobarbital, p.962.
Adverse Effects, Treatment, and Precautions
As for Amobarbital, p.962.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving secobarbital, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. However, for the view
that barbiturates should not be used in women who are breast
feeding, see under Amobarbital, p.962.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
ht tp: / /aappol icy.aappubl icat ions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 28/04/04)

Industrial exposure. Exposure to secobarbital sodium among
6 workers in the pharmaceutical industry resulted in absorption
of substantial amounts of the drug, with blood concentrations ap-
proaching those expected after a therapeutic dose.1 There contin-
ued to be evidence of absorption, despite protective masks to re-
duce inhalation, and it appeared that substantial absorption was
taking place through the skin.
1. Baxter PJ, et al. Exposure to quinalbarbitone sodium in pharma-

ceutical workers. BMJ 1986; 292: 660–1.
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Porphyria. Secobarbital has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Interactions
As for Amobarbital, p.962.
Pharmacokinetics
Secobarbital is well absorbed from the gastrointestinal tract after
oral doses and is reported to be about 46 to 70% bound to plasma
proteins. The mean elimination half-life is reported to be 28
hours. It is metabolised in the liver, mainly by hydroxylation, and
excreted in urine as metabolites and a small amount of un-
changed drug.
Uses and Administration
Secobarbital is a barbiturate that has been used as a hypnotic and
sedative. It has general properties similar to those of amobarbital
(p.962). As a hypnotic in the short-term management of insom-
nia (p.957) it was usually given in an oral dose of 100 mg of the
sodium salt at night, but barbiturates are no longer considered
appropriate for such use. 
Secobarbital sodium has also been given orally or by intramus-
cular or intravenous injection for premedication in anaesthetic
procedures (p.1780) but barbiturates for pre-operative sedation
have been replaced by other drugs.
Preparations
USP 31: Secobarbital Elixir; Secobarbital Sodium and Amobarbital Sodium
Capsules; Secobarbital Sodium Capsules; Secobarbital Sodium for Injection;
Secobarbital Sodium Injection.

Proprietary Preparations (details are given in Part 3)
UK: Seconal; USA: Seconal.
Multi-ingredient: Port.: Vesparax†; UK: Tuinal; USA: Tuinal.

Sertindole (BAN, USAN, rINN)

Lu-23-174; Sertindol; Sertindoli; Sertindolum. 1-(2-{4-[5-Chlo-
ro-1-(p-fluorophenyl)indol-3-yl]piperidino}ethyl)-2-imidazolidi-
none.
Сертиндол
C24H26ClFN4O = 440.9.
CAS — 106516-24-9.
ATC — N05AE03.
ATC Vet — QN05AE03.

Adverse Effects, Treatment, and Precautions
Although sertindole may share some of the adverse effects seen
with the classical antipsychotics (see Chlorpromazine, p.969),
the incidence and severity of such effects may vary. Sertindole is
associated with a low incidence of extrapyramidal adverse ef-
fects and does not appear to cause sedation. Prolactin elevation
may be less frequent. The most common adverse effects with
sertindole are peripheral oedema, rhinitis, dyspnoea, sexual dys-
function, dizziness, dry mouth, orthostatic hypotension, weight
gain, and paraesthesia. Hyperglycaemia, convulsions, and tar-
dive dyskinesia are uncommon. 
Marketing of sertindole has been restricted because of cardiac
arrhythmias and sudden cardiac deaths associated with its use
(see below). Since sertindole has been associated with prolonga-
tion of the QT interval, usually during the first 3 to 6 weeks of
treatment, it is recommended that patients should have an ECG
before the start of therapy and periodically during treatment. Pa-
tients with pre-existing prolongation of the QT interval or a fam-
ily history of congenital QT prolongation should not be given
sertindole and sertindole should be stopped if such prolongation
occurs during treatment. In addition, sertindole is contra-indicat-
ed in patients with a history of cardiovascular disease, heart fail-
ure, cardiac hypertrophy, arrhythmias, or bradycardia. Certain
medications may also increase the risk (see Interactions, below). 
Sertindole should not be given to patients with uncorrected hy-
pokalaemia or hypomagnesaemia. Baseline serum potassium
and magnesium screening should be performed before starting
sertindole therapy in patients who are at risk of significant elec-
trolyte disturbances. Serum potassium should be monitored in
patients with electrolyte disturbances, vomiting or diarrhoea, or
receiving diuretics during sertindole treatment. It is also recom-
mended that blood pressure should be monitored during dose
titration and in early maintenance therapy. 

Sertindole is contra-indicated in patients with severe hepatic im-
pairment. It should be used with caution in the elderly and in pa-
tients with Parkinson’s disease, mild to moderate hepatic impair-
ment, or a history of seizures. 
Sertindole may affect the performance of skilled tasks including
driving. 
Gradual withdrawal of sertindole is recommended because of the
risk of withdrawal symptoms such as sweating, nausea and vom-
iting, and rebound psychosis, with abrupt cessation.

Dementia. The FDA has issued advice against the use of atyp-
ical antipsychotics in the treatment of behavioural problems in
elderly patients with dementia after analysis of placebo-control-
led studies showed an increased risk of mortality with certain
drugs in this class. See under Risperidone, p.1024.

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981.

Effects on the cardiovascular system. Prolongation of the
QT interval is said by the manufacturer to be common in patients
given sertindole, with the effect being greater at the upper end of
the dose range. In addition, the QT interval is prolonged to a
greater extent than that seen with some other antipsychotics. QT
interval prolongation is a known risk factor for the development
of serious arrhythmias such as torsade de pointes although such
arrhythmias are uncommon with sertindole. 
In evidence presented to the FDA it was reported that as of 1st
June 1996 there had been 27 deaths, 16 due to adverse cardiac
events, among the 2194 patients given sertindole in clinical stud-
ies.1 By the end of November 1998, the UK CSM was aware of
36 suspected adverse drug reactions with a fatal outcome, 9 of
which originated in the UK.2 There had also been 13 reports of
serious but non-fatal cardiac arrhythmias in the UK. Although
not all the fatalities were related to sudden cardiac events, at the
time the CSM considered that, given the number of serious ar-
rhythmias and sudden cardiac deaths, the risk-benefit ratio of
sertindole was no longer favourable. The drug was withdrawn
from the market in the UK and subsequently in a number of other
countries, although it remained available on a named-patient ba-
sis. However, in 2001, the issue was re-evaluated by the CSM
and the European advisory body, the Committee on Proprietary
Medicinal Products, and it was recommended that sertindole
could be reintroduced in Europe under certain restrictions.3 Ini-
tially sertindole should only be prescribed to patients enrolled in
clinical studies to ensure that they are carefully selected and
monitored. In the UK, sertindole was remarketed in September
2002.
1. Barnett AA. Safety concerns over antipsychotic drug, sertindole.

Lancet 1996; 348: 256. 
2. CSM/MCA. Suspension of availability of sertindole (Serdolect).

Current Problems 1999; 25: 1. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023233&RevisionSelectionMethod=
LatestReleased (accessed 16/05/06) 

3. CSM/MCA. Restricted re-introduction of the atypical antipsychotic
sertindole (Serdolect) (issued 10th September, 2002). Available at:
http://www.mhra.gov.uk/Safetyinformation/Safetywarningsalertsa
ndrecalls/Safetywarningsandmessagesformedicines/CON019523
(accessed 21/08/08)

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.

Pregnancy. For comments on the use of some atypical antipsy-
chotics during pregnancy, see under Precautions of Clozapine,
p.983.

Interactions
The risk of arrhythmias with sertindole may be increased by oth-
er drugs that prolong the QT interval and use together should be
avoided. Sertindole should be given with caution with drugs that
produce electrolyte disturbances; monitoring of serum potassi-
um is recommended if given with potassium-depleting diuretics. 
Sertindole may antagonise the effects of dopaminergics. 
Sertindole is extensively metabolised by the cytochrome P450
isoenzymes of the group CYP3A and by CYP2D6. The use of
potent inhibitors of CYP3A such as indinavir, itraconazole, and
ketoconazole with sertindole is contra-indicated. Minor increas-
es in sertindole plasma concentrations have been noted in pa-
tients also given macrolide antibacterials or calcium-channel
blockers which also inhibit CYP3A; however, despite the small
increase, the use of these CYP3A4 inhibitors with sertindole is
not recommended. Fluoxetine and paroxetine, potent inhibitors
of CYP2D6, have increased plasma concentrations of sertindole
by a factor of 2 to 3 and lower maintenance doses of sertindole
may be required. In contrast, enzyme inducers such as rif-
ampicin, carbamazepine, phenytoin, and phenobarbital may de-
crease sertindole plasma levels by a factor of 2 to 3; in such cases,
higher doses of sertindole may be required.

Pharmacokinetics
Sertindole is slowly absorbed with peak concentrations occur-
ring about 10 hours after oral doses. It is about 99.5% bound to
plasma proteins and readily crosses the placenta. Sertindole is
extensively metabolised in the liver by the cytochrome P450
isoenzymes CYP2D6 and CYP3A. There is moderate interindi-
vidual variation in the pharmacokinetics of sertindole due to poly-
morphism in the isoenzyme CYP2D6. Poor metabolisers, defi-
cient in this isoenzyme, may have plasma concentrations of
sertindole 2 to 3 times higher than other patients. The two major
metabolites, dehydrosertindole and norsertindole, appear to be
inactive. Sertindole and its metabolites are excreted slowly,
mainly in the faeces with a minor amount appearing in the urine.
The mean terminal half-life is about 3 days.
Uses and Administration
Sertindole is an atypical antipsychotic that is an antagonist at
central dopamine (D2), serotonin (5-HT2), and adrenergic (α1) re-
ceptors. It is used in the treatment of schizophrenia (p.955) in
patients who are unable to tolerate at least one other antipsychot-
ic. In addition, sertindole should only be prescribed to patients
enrolled in clinical studies to ensure adequate monitoring, espe-
cially regular ECG measurements (see Adverse Effects, above). 
Sertindole is given in an initial oral dose of 4 mg once daily, in-
creased gradually in steps of 4 mg every 4 or 5 days to a usual
maintenance dose of 12 to 20 mg once daily. The maximum dose
is 24 mg daily. Slower dose titration and lower maintenance dos-
es are advisable for the elderly and patients with mild to moder-
ate hepatic impairment. 
If therapy is interrupted for 1 week or more, the dose of sertin-
dole should be re-titrated. An ECG should also be undertaken
before re-starting sertindole.
◊ References.
1. Lewis R. et al. Sertindole for schizophrenia. Available in The

Cochrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2005 (accessed 16/05/06).

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Serdolect; Cz.: Serdolect; Fr.: Serdolect; Gr.: Serdolect; Hung.:
Serdolect; Neth.: Serdolect; Port.: Serdolect; Rus.: Serdolect
(Сердолект); Switz.: Serdolect; UK: Serdolect.

Sulpiride (BAN, USAN, rINN)

Sulpirid; Sulpirida; Sulpiridas; Sulpiridi; Sulpiridum; Sülprid;
Szulpirid. N-(1-Ethylpyrrolidin-2-ylmethyl)-2-methoxy-5-sulpham-
oylbenzamide.
Сульпирид
C15H23N3O4S = 341.4.
CAS — 15676-16-1 (sulpir ide).
ATC — N05AL01.
ATC Vet — QN05AL01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Sulpiride). A white or almost white crystalline
powder. Practically insoluble in water; slightly soluble in alcohol
and in dichloromethane; sparingly soluble in methyl alcohol. It
dissolves in dilute solutions of mineral acids and in alkali hy-
droxides.

Levosulpiride (rINN)

Levosulpirida; Lévosulpiride; Levosulpiridum; Levosulpride; L-
Sulpiride.
Левосульпирид
C15H23N3O4S = 341.4.
CAS — 23672-07-3.
ATC — N05AL07.
ATC Vet — QN05AL07.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. 
Sleep disturbances, overstimulation, and agitation may
occur. Extrapyramidal effects appear to be as frequent
as with chlorpromazine but have usually been mild. It
has been suggested that sulpiride is less likely to cause
tardive dyskinesia but good evidence of any important
difference is lacking. Sulpiride is less likely to cause
sedation than chlorpromazine and antimuscarinic ef-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

fects are minimal. Cardiovascular effects such as hypo-
tension are generally rare although they may occur
with overdosage. 
Sulpiride should be given with care to manic or hypo-
manic patients in whom it may exacerbate symptoms.
Breast feeding. Sulpiride may be distributed into breast milk
and the BNF recommends that its use should be avoided in moth-
ers wishing to breast feed. 
On the fifth day after starting D-sulpiride, DL-sulpiride, or L-
sulpiride in a dose of 50 mg twice daily, mean concentrations of
sulpiride in breast milk from 45 women were 840, 850, and
810 nanograms/mL respectively.1

1. Polatti F. Sulpiride isomers and milk secretion in puerperium.
Clin Exp Obstet Gynecol 1982; 9: 144–7.

Effects on the cardiovascular system. Sulpiride 100 mg by
mouth caused an attack of hypertension in 6 of 26 hypertensive
patients; in 4 it induced a rise in urinary excretion of vanillylman-
delic acid and catecholamines.1 A transient rise in blood pressure
and catecholamines after sulpiride occurred in 3 patients who
were found to have a phaeochromocytoma; another patient prob-
ably had a phaeochromocytoma. The means by which sulpiride
provoked hypertension were not known but appeared to be due
to a noradrenergic effect. Sulpiride should be avoided during the
treatment of phaeochromocytoma, and prescribed with great
care in hypertensive patients.
1. Corvol P, et al. Poussées hypertensives déclenchées par le sulpir-

ide. Sem Hop Paris 1974; 50: 1265–9.

Porphyria. Sulpiride is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals.

Renal impairment. For the precautions to be observed in pa-
tients with impaired renal function, see under Uses and Admin-
istration, below.

Interactions
As for Chlorpromazine, p.973
Gastrointestinal drugs. Giving sulpiride with therapeutic
doses of sucralfate or an antacid containing aluminium and mag-
nesium hydroxides to 6 healthy subjects reduced the mean oral
bioavailability of sulpiride by 40 and 32%, respectively.1 When
sulpiride was given 2 hours after the antacid or sucralfate (each
in 2 subjects), bioavailability was reduced by about 25%. This
interaction was expected to be clinically significant, and it was
recommended that sulpiride should be given before, rather than
with or after, sucralfate or antacids.
1. Gouda MW, et al. Effect of sucralfate and antacids on the bioa-

vailability of sulpiride in humans. Int J Pharmaceutics 1984; 22:
257–63.

Pharmacokinetics
Sulpiride is slowly absorbed from the gastrointestinal
tract; peak plasma concentrations are attained 3 to 6
hours after ingestion. Bioavailability is low and subject
to interindividual variation. It is rapidly distributed to
the tissues but passage across the blood-brain barrier is
poor. Sulpiride is about 40% bound to plasma proteins
and is reported to have a plasma half-life of about 8 to
9 hours. It is excreted in the urine and faeces, mainly as
unchanged drug. Sulpiride is distributed into breast
milk.
◊ References.
1. Wiesel F-A, et al. The pharmacokinetics of intravenous and oral

sulpiride in healthy human subjects. Eur J Clin Pharmacol 1980;
17: 385–91. 

2. Bressolle F, et al. Sulpiride pharmacokinetics in humans after
intramuscular administration at three dose levels. J Pharm Sci
1984; 73: 1128–36. 

3. Bressolle F, et al. Absolute bioavailability, rate of absorption,
and dose proportionality of sulpiride in humans. J Pharm Sci
1992; 81: 26–32. 

4. Mauri MC, et al. L-sulpiride in young and elderly negative
schizophrenics: clinical and pharmacokinetic variables. Prog
Neuropsychopharmacol Biol Psychiatry 1994; 18: 355–6. 

5. Muller MJ, et al. Serum levels of sulpiride enantiomers after oral
treatment with racemic sulpiride in psychiatric patients: a pilot
study. Pharmacopsychiatry 2001; 34: 27–32.

Uses and Administration
Sulpiride is a substituted benzamide antipsychotic that
is reported to be a selective antagonist of central
dopamine (D2, D3, and D4) receptors. It is also claimed
to have mood elevating properties. 
Sulpiride is mainly used in the treatment of psychoses
such as schizophrenia (below). It has also been given in
the management of Tourette’s syndrome (below), anx-

iety disorders (p.952), depression (p.373), vertigo
(p.565), and benign peptic ulceration (below). Levo-
sulpiride, the L-isomer of sulpiride, has been used sim-
ilarly to sulpiride. 
In the treatment of schizophrenia in adults and chil-
dren aged 14 years and over, initial oral doses of 200 to
400 mg of sulpiride are given twice daily, increased if
necessary up to a maximum of 1.2 g twice daily in pa-
tients with mainly positive symptoms or up to a total of
800 mg daily in patients with mainly negative symp-
toms. Patients with mixed positive and negative symp-
toms, with neither predominating, are given usual dos-
es of 400 to 600 mg twice daily. Lower initial doses
have been recommended in elderly patients, subse-
quently adjusted as required. 
Sulpiride is also given in some countries by intramus-
cular injection, in usual doses ranging from 200 to
800 mg daily. 
Dosage adjustment is advised in patients with renal im-
pairment (see below).
Administration in renal impairment. A single intravenous
dose of sulpiride 100 mg was given to 6 healthy subjects with
normal renal function (creatinine clearance greater than
90 mL/minute) and to 3 groups of 6 patients each with creatinine
clearances (CC) in the ranges of 30 to 60, 10 to 30, and less than
10 mL/minute.1 There was a progressive diminution in the rate
of elimination and an increase in half-life with decreasing renal
function. The mean plasma elimination half-lives were 5.90,
11.02, 19.27, and 25.96 hours in the 4 groups, respectively. 
In the UK it has been recommended that the oral dose be reduced
according to CC as follows: 
• CC 30 to 60 mL/minute: two-thirds of the usual dose, or pro-

long dosage interval by a factor of 1.5 
• CC 10 to 30 mL/minute: half the usual dose, or double dosage

interval 
• CC less than 10 mL/minute: one-third of the usual dose, or

triple dosage interval 
However, the BNF suggests that sulpiride should be avoided if
CC is less than 10 mL/minute.
1. Bressolle F, et al. Pharmacokinetics of sulpiride after intrave-

nous administration in patients with impaired renal function.
Clin Pharmacokinet 1989; 17: 367–73.

Chorea. Antipsychotics have some action against choreiform
movements (p.953) as well as being of use to control the behav-
ioural disturbances of Huntington’s chorea. Although sulpiride
was found to have produced an overall reduction in abnormal
movements in 11 patients with Huntington’s chorea when com-
pared with placebo in a double-blind study1 there was generally
no accompanying functional improvement and patients with
mild disease tended to worsen when taking sulpiride.
1. Quinn N, Marsden CD. A double blind trial of sulpiride in Hunt-

ington’s disease and tardive dyskinesia. J Neurol Neurosurg Psy-
chiatry 1984; 47: 844–7.

Gastrointestinal disorders. Although sulpiride is used in
some countries as an adjunct in the treatment of peptic ulcer dis-
ease (p.1702) it is not among the more usual drugs used for this
indication. Efficacy has also been claimed for sulpiride or levo-
sulpiride in a variety of other gastrointestinal disorders, including
irritable bowel disease (p.1699), decreased gastrointestinal mo-
tility (p.1694), and nausea and vomiting (p.1700), but again they
are not among the drugs usually considered for use in these con-
ditions.

Lactation induction. Drug therapy has been used occasionally
to stimulate lactation in breast-feeding mothers, although me-
chanical stimulation of the nipple remains the primary method.
Dopamine antagonists such as sulpiride can produce modest in-
creases in breast milk production1-3 although metoclopramide
has been more widely used (see p.2003). However, there is con-
cern about the adverse effects of these drugs. As sulpiride ap-
pears in breast milk and may be associated with adverse effects
in the infant it has been recommended that it should not be used
to enhance milk production.4,5

1. Aono T, et al. Effect of sulpiride on poor puerperal lactation. Am
J Obstet Gynecol 1982; 143: 927–32. 

2. Ylikorkala O, et al. Sulpiride improves inadequate lactation.
BMJ 1982; 285: 249–51. 

3. Ylikorkala O, et al. Treatment of inadequate lactation with oral
sulpiride and buccal oxytocin. Obstet Gynecol 1984; 63: 57–60. 

4. Pons G, et al. Excretion of psychoactive drugs into breast milk:
pharmacokinetic principles and recommendations. Clin Pharma-
cokinet 1994; 27: 270–89. 

5. Lasich AJ. Sulpiride and breastfeeding. S Afr Med J 2005; 95:
624–6.

Schizophrenia. A systematic review1 of the use of sulpiride for
schizophrenia (p.955) or serious mental illness concluded that
while sulpiride might be as effective as the classical antipsychot-

ics for schizophrenia and appeared to produce few adverse ef-
fects, evidence of its value for treating negative symptoms was
lacking. Comparisons with the atypical antipsychotic drugs were
also lacking.
1. Soares B, et al. Sulpiride for schizophrenia. Available in The Co-

chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 1999 (accessed 21/08/08).

Tourette’s syndrome. When drug treatment is needed for tics
and behavioural disturbances in Tourette’s syndrome (p.954)
dopamine antagonists such as the antipsychotics haloperidol or
pimozide are most commonly used but sulpiride has also been
tried.1 Although unlicensed in the UK for the treatment of
Tourette’s syndrome, the BNFC has suggested that oral doses of
sulpiride 50 to 400 mg twice daily may be given to those aged
from 2 to 12 years, and 100 to 400 mg twice daily to adolescents
aged from 12 to 18 years.
1. Robertson MM, et al. Management of Gilles de la Tourette syn-

drome using sulpiride. Clin Neuropharmacol 1990; 13: 229–35.

Preparations
BP 2008: Sulpiride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dislep; Nivelan†; Vipral; Austria: Dogmatil; Meresa; Belg.: Docsulpiri;
Dogmatil; Levopraid; Braz.: Dogmatil; Equilid; Chile: Aplacid; Dislep; San-
blex; Sedusen; Sulpilan; Cz.: Dogmatil; Eglonyl†; Prosulpin; Sulpirol; Denm.:
Dogmatil; Fin.: Suprium; Fr.: Aiglonyl†; Dogmatil; Synedil; Ger.: Arminol;
Dogmatil; Meresa; neogama; neogama D novo†; Sulp†; Sulpivert; Vertigo-
Meresa; vertigo-neogama; Gr.: Calmoflorine; Darleton; Dogmatyl; Eclori-
on†; Noneston†; Nufarol; Nylipark†; Restful; Stamonevrol; Valirem; Hong
Kong: Dogmatil; Hung.: Depral; Indon.: Dogmatil; Irl.: Dolmatil; Israel:
Modal; Ital.: Championyl; Dobren; Equilid; Levobren; Levopraid; Jpn: Dog-
matyl; Malaysia: Dogmatil; Mex.: Dislep; Ekilid; Pontiride; Rimastine;
Neth.: Dogmatil; Philipp.: Dogmatil; Port.: Dogmatil; Gustamax†; Liso-
pride†; Rus.: Betamaks (Бетамакс); Eglek (Эглек); Eglonil (Эвитол); Pro-
sulpin (Просульпин); S.Afr.: Eglonyl; Espiride; Singapore: Dogmatil†;
Spain: Digton; Dogmatil; Guastil; Lebopride; Levogastrol; Pausedal; Psico-
cen; Sulkine†; Tepavil; Switz.: Dogmatil; Turk.: Dogmatil; Meresa; Sulpir ;
Zeprid; UK: Dolmatil; Sulpitil†; Sulpor; Venez.: Dislep; Guven†.

Multi-ingredient: Arg.: Alplax Digest; Novo Vegestabil†; Tranquinal So-
ma; Tranxilium Digest; Vegestabil; Braz.: Bromopirin; Sulpan; Mex.: Nu-
mencial; Spain: Ansium; Sirodina†; Tepazepan; Venez.: Tepazepam†.

Sultopride Hydrochloride (rINNM)

Hidrocloruro de sultoprida; LIN-1418; Sultopride, Chlorhydrate
de; Sultopridi Hydrochloridum. N-(1-Ethylpyrrolidin-2-ylmethyl)-
5-ethylsulphonyl-2-methoxybenzamide hydrochloride.

Сультоприда Гидрохлорид

C17H26N2O4S,HCl = 390.9.
CAS — 53583-79-2 (sultopr ide); 23694-17-9 (sultopride
hydrochloride).
ATC — N05AL02.
ATC Vet — QN05AL02.

(sultopr ide)

Profile
Sultopride is a substituted benzamide with general properties
similar to those of sulpiride (above). It is used in psychoses such
as schizophrenia (p.955). It has also been used in the emergency
management of agitation in psychotic or aggressive patients. It is
given as the hydrochloride but doses are expressed in terms of
the base; sultopride hydrochloride 441 mg is equivalent to about
400 mg of sultopride. 
For acute and chronic psychoses it may be given in oral doses of
400 to 800 mg daily; it may also be given intramuscularly. 
Ventricular arrhythmias, including torsade de pointes, have been
reported. It has been recommended that sultopride should not be
used in patients with bradycardia.

Porphyria. Sultopride is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in in-
vitro systems.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Barnetil†; Fr.: Barnetil†; Ital.: Barnotil†; Port.: Barnetil†.
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Tandospirone Citrate (BANM, USAN, rINNM)

Citrato de tandospirona; Metanopirone Citrate; SM-3997 (tan-
dospirone or tandospirone citrate); Tandospirone, Citrate de;
Tandospironi Citras. (1R*,2S*,3R*,4S*)-N-{4-[4-(2-Pyrimidinyl)-1-
piperazinyl]butyl}-2,3-norbornanedicarboximide citrate.

Тандоспирона Цитрат

C21H29N5O2,C6H8O7 = 575.6.
CAS — 87760-53-0 (tandospirone); 112457-95-1 (tan-
dospirone citrate).

(tandospirone)

Profile
Tandospirone, a partial agonist at serotonin (5-HT) receptors of
the 5-HT1A subtype, is an anxiolytic structurally related to bus-
pirone (p.965). It also has antidepressant actions. Tandospirone
citrate is given in usual oral doses of 30 mg daily in 3 divided
doses up to a maximum of 60 mg daily.

◊ References.
1. Sumiyoshi T, et al. The effect of tandospirone, a serotonin(1A)

agonist, on memory function in schizophrenia. Biol Psychiatry
2001; 49: 861–8. 

2. Yamada K, et al. Clinical efficacy of tandospirone augmentation
in patients with major depressive disorder: a randomized con-
trolled trial. Psychiatry Clin Neurosci 2003; 57: 183–7.

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Sediel.

Temazepam (BAN, USAN, rINN)

ER-115; 3-Hydroxydiazepam; K-3917; Ro-5-5345; Tematsepaa-
mi; Témazépam; Temazepám; Temazepamas; Temazepamum;
Wy-3917. 7-Chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-
1,4-benzodiazepin-2-one.

Темазепам

C16H13ClN2O2 = 300.7.

CAS — 846-50-4.

ATC — N05CD07.

ATC Vet — QN05CD07.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of temazepam: 
Beans; Egg; Eggs; Jellies; Knockout Pills; Mazzies; Oranges;
Rugby Balls; Temazies; Temmies; Terms; Wobbly jellies.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Temazepam). A white or almost white crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol; freely soluble in dichloromethane. Protect from light. 
USP 31 (Temazepam). A white or nearly white crystalline pow-
der. Very slightly soluble in water; sparingly soluble in alcohol.
Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.

◊ For the purpose of withdrawal regimens, 10 mg of temazepam
may be considered equivalent to about 5 mg of diazepam.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987.
Abuse. Liquid-filled temazepam capsules (known on the street
as ‘eggs’) were widely abused on the illicit drugs market, the liq-
uid gel lending itself to intravenous injection.1 This formulation
was, therefore, replaced in a number of countries by tablets or by
semi-solid gel-filled capsules, which were intended to be diffi-
cult to inject even after heating or diluting the gel in various sol-
vents.2 In spite of this there is evidence of intravenous or intra-
arterial abuse of these capsules,3-5 and there are reports of ischae-
mia, in some cases necessitating amputation.6-8 The tablets may
also be liable to abuse; there has been a report of death after in-
travenous injection of a solution containing crushed temazepam
tablets.9 The manufacturers of a temazepam elixir considered
that, because of its viscosity and its low strength relative to the
liquid in the capsules, it had a low potential for intravenous
abuse.10 Nonetheless, there have been reports3 of some drug
abusers injecting large quantities of diluted elixir. 
For mention of rhabdomyolysis associated with abuse of
temazepam, see Effects on Skeletal Muscle, under Diazepam,
p.988.
1. Farrell M, Strang J. Misuse of temazepam. BMJ 1988; 297:

1402. 
2. Launchbury AP. Temazepam abuse. Pharm J 1990; 244: 749. 
3. Ruben SM, Morrison CL. Temazepam misuse in a group of in-

jecting drug users. Br J Addict 1992; 87: 1387–92. 
4. Scott RN, et al. Intra-arterial temazepam. BMJ 1992; 304: 1630. 
5. Adiseshiah M, et al. Intra-arterial temazepam. BMJ 1992; 304:

1630. 
6. Blair SD, et al. Leg ischaemia secondary to non-medical injec-

tion of temazepam. Lancet 1991; 338: 1393–4. 
7. Fox R, et al. Misuse of temazepam. BMJ 1992; 305: 253. 
8. Feeney GFX, Gibbs HH. Digit loss following misuse of

temazepam. Med J Aust 2002; 176: 380. 
9. Vella EJ, Edwards CW. Death from pulmonary microemboliza-

tion after intravenous injection of temazepam. BMJ 1993; 307:
26. 

10. Drake J, Ballard R. Misuse of temazepam. BMJ 1988; 297:
1402.

Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of temazepam on breast-fed infants
is unknown, its use by mothers during breast feeding may be of
concern since psychotropic drugs do appear in breast milk and
thus could conceivably alter CNS function in the infant both in
the short and long term. 
Temazepam was detected in breast milk in only one of 10 moth-
ers given temazepam as a bedtime sedative;2 temazepam was
given in a dose of 10 to 20 mg and milk concentrations were
measured about 15 hours after a dose. The authors considered
that breast-fed neonates would ingest negligible amounts of
temazepam.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 28/04/04) 

2. Lebedevs TH, et al. Excretion of temazepam in breast milk. Br J
Clin Pharmacol 1992; 33: 204–6.

Effects on the skin. Generalised lichenoid drug eruption that
had persisted for 5 months in an elderly patient receiving therapy
including temazepam resolved within 10 days of stopping the
benzodiazepine.1 Bullous eruptions associated with temazepam
overdose have also been reported.2

1. Norris P, Sounex TS. Generalised lichenoid drug eruption asso-
ciated with temazepam. BMJ 1986; 293: 510. 

2. Verghese J, Merino J. Temazepam overdose associated with bul-
lous eruptions. Acad Emerg Med 1999; 6: 1071.

Hepatic impairment. All benzodiazepines should be used
with caution in patients with hepatic impairment, and licensed
product information in the UK advises that temazepam should be
avoided in severe cases. However, short-acting benzodiazepines
such as temazepam may pose less risk in patients with hepatic
impairment; in a study of 15 patients with cirrhosis and 16
healthy subjects, liver disease had no significant effect on the
pharmacokinetic parameters or pattern of elimination of
temazepam.1

1. Ghabrial H, et al. The effects of age and chronic liver disease on
the elimination of temazepam. Eur J Clin Pharmacol 1986; 30:
93–7.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Temazepam is fairly readily absorbed from the gas-
trointestinal tract, although the exact rate of absorption
depends on the formulation. It is about 96% bound to
plasma proteins. Mean elimination half-lives of about
8 to 15 hours or longer have been reported. It is excret-

ed mainly in the urine in the form of its inactive glu-
curonide conjugate together with small amounts of the
demethylated derivative, oxazepam, also in conjugated
form.

Absorption and plasma concentration. Various oral
temazepam formulations have been available worldwide. These
included powder-filled hard gelatin capsules, liquid-filled soft
gelatin capsules, semi-solid gel-filled soft gelatin capsules, and
an elixir. There has been considerable debate over the compara-
tive absorption profiles of temazepam from these formulations
which have, in some cases, been modified over the years. It
should be noted that pharmacokinetic studies of temazepam do
not always clearly state the formulation used. 
Temazepam 30 mg was given as a premedicant to 80 patients un-
dergoing surgery in the form of capsules [type not stated] or elix-
i r. 1  Mean peak p lasma concent ra t ions  of  about
800 nanograms/mL occurred 30 minutes after a dose of either
formulation although there was wide interindividual variation in
plasma concentrations. The evidence corresponded with previ-
ous suggestions that a plasma concentration of about
250 nanograms/mL or more was required to ensure sedation.
The presence or absence of anxiety did not influence the absorp-
tion of the preparations.
1. Hosie HE, Nimmo WS. Temazepam absorption in patients be-

fore surgery. Br J Anaesth 1991; 66: 20–4.

Distribution into CSF. A study in 13 male patients showed a
correlation between the unbound concentration of temazepam in
plasma and the amount of temazepam detected in CSF.1 The
mean CSF to total plasma temazepam concentration ratio was
5.2.
1. Badcock NR. Plasma and cerebrospinal fluid concentrations of

temazepam following oral drug administration. Eur J Clin Phar-
macol 1990; 38: 153–5.

Metabolism. References.
1. Locniskar A, Greenblatt DJ. Oxidative versus conjugative bi-

otransformation of temazepam. Biopharm Drug Dispos 1990;
11: 499–506.

Sex differences. The elimination half-life was significantly
longer at 16.8 hours among 17 women given temazepam 30 mg
compared with 12.3 hours among 15 men.1 The total clearance
was also lower among women. After correction for differences
in protein binding, unbound clearance was still lower in women
than men but there was no significant effect of age on this param-
eter. Time to peak plasma concentration and volume of distribu-
tion were not affected by the age or sex of the subjects.
1. Divoll M, et al. Effect of age and gender on disposition of

temazepam. J Pharm Sci 1981; 70: 1104–7.

Uses and Administration
Temazepam is a short-acting benzodiazepine with gen-
eral properties similar to those of diazepam (p.992). It
is used as a hypnotic in the short-term management of
insomnia (p.957) and for premedication before surgi-
cal or investigative procedures (p.1780). 
A usual oral dose for insomnia is 10 to 20 mg at night;
exceptionally, doses up to 40 mg may be required. For
premedication the usual oral dose is 20 to 40 mg given
half to one hour beforehand. The BNFC states that chil-
dren aged 1 year and over may be given 1 mg/kg orally
for premedication, to a maximum total dose of 30 mg. 
Temazepam should be given in reduced dosage to eld-
erly or debilitated patients; one-half the usual adult
dose, or less, may be sufficient.

Administration. For reference to the various formulations of
oral temazepam that have been used, see Abuse under Adverse
Effects, Treatment, and Precautions, above.

Administration in the elderly. In a small study1 a 7.5-mg
dose of temazepam was found to be adequate for the short-term
management of insomnia in elderly patients.
1. Vgontzas AN, et al. Temazepam 7.5 mg: effects on sleep in eld-

erly insomniacs. Eur J Clin Pharmacol 1994; 46: 209–13.

Preparations
BP 2008: Temazepam Oral Solution; Temazepam Tablets; 
USP 31: Temazepam Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Euhypnos†; Nocturne†; Normison; Temaze; Temtabs; Austria:
Levanxol; Remestan†; Belg.: Euhypnos†; Normison†; Canad.: Restoril;
Fin.: Normison; Tenox; Fr.: Normison; Ger.: Norkotral Tema; Planum;
Pronervon T; Remestan; Temazep; Gr.: Normison; Hung.: Signopam; Irl.:
Euhypnos†; Insomniger; Normison†; Nortem; Tenox; Ital.: Euipnos; Nor-
mison; Neth.: Normison; NZ: Euhypnos; Normison; Somapam†; Pol.: Si-
gnopam; Port.: Normison; Rus.: Signopam (Сигнопам); S.Afr.: Normi-
son; Switz.: Normison; Thai.: Euhypnos; USA: Restoril.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tetrazepam (BAN, pINN)

CB-4261; Tetratsepaami; Tétrazépam; Tetrazepám; Tetrazepa-
mas; Tetrazepamum. 7-Chloro-5-(cyclohex-1-enyl)-1,3-dihydro-
1-methyl-2H-1,4-benzodiazepin-2-one.

Тетразепам
C16H17ClN2O = 288.8.
CAS — 10379-14-3.
ATC — M03BX07.
ATC Vet — QM03BX07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tetrazepam). A light yellow or yellow crystalline
powder. Practically insoluble in water; soluble in acetonitrile;
freely soluble in dichloromethane. Protect from light.

Profile
Tetrazepam is a benzodiazepine with general properties similar
to those of diazepam (p.986). It is used for its muscle relaxant
properties in the treatment of muscle spasm (p.1887). The usual
initial dose is 25 to 50 mg orally increased, if necessary, to
150 mg or more daily.

Pharmacokinetics. References.
1. Bun H, et al. Plasma levels and pharmacokinetics of single and

multiple dose of tetrazepam in healthy volunteers. Arzneimittel-
forschung 1987; 37: 199–202.

Porphyria. Tetrazepam is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Myolastan; Belg.: Epsipam; Myolastan; Cz.: Myolastan; Fr.: Meg-
avix; Myolastan; Panos; Ger.: Mobiforton; Musapam; Musaril; Muskelat†;
Myospasmal; Rilex; Spasmorelax; Tethexal†; Tetra-saar ; Tetramdura;
Tetrazep; Mex.: Miolastan; Pol.: Miozepam; Myolastan; Myopam; Tetrara-
tio; Spain: Myolastan.

Thioproperazine Mesilate (BANM, rINNM)

Mesilato de tioproperazina; RP-7843; SKF-5883; Thiopropera-
zine Dimethanesulphonate; Thiopropérazine, Mésilate de; Thio-
properazine Mesylate; Thioproperazine Methanesulphonate;
Thioproperazini Mesilas. NN-Dimethyl-10-[3-(4-methylpiper-
azin-1-yl)propyl]phenothiazine-2-sulphonamide dimethanesul-
phonate.

Тиопроперазина Мезилат
C22H30N4O2S2,2CH4O3S = 638.8.
CAS — 316-81-4 (thioproperazine); 2347-80-0 (thioprop-
erazine mesilate).
ATC — N05AB08.
ATC Vet — QN05AB08.

(thioproperazine)

Pharmacopoeias. In Fr.

Profile
Thioproperazine is a phenothiazine with general properties sim-
ilar to those of chlorpromazine (p.969). It has a piperazine side-
chain. It is used in the treatment of schizophrenia (p.955), mania
(see Bipolar Disorder, p.372), and other psychoses. Thioproper-
azine is given as the mesilate although doses are expressed in
terms of the base; thioproperazine mesilate 7.2 mg is equivalent
to about 5 mg of thioproperazine. Initial daily doses of 5 mg are
given orally, increased as necessary; the usual effective dosage is
30 to 40 mg daily. In severe or resistant cases daily doses of
90 mg or more have been given.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Majeptil; Gr.: Majeptil; Mex.: Majeptil†; Rus.: Majeptil
(Мажептил); Spain: Majeptil; Venez.: Majeptil†.

Thioridazine (BAN, USAN, rINN)

Thioridazin; Thioridazinum; Tioridatsiini; Tioridazin; Tioridazina;
Tioridazinas; TP-21. 10-[2-(1-Methyl-2-piperidyl)ethyl]-2-meth-
ylthiophenothiazine.
Тиоридазин
C21H26N2S2 = 370.6.
CAS — 50-52-2.
ATC — N05AC02.
ATC Vet — QN05AC02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Thioridazine). A white or almost white powder.
Practically insoluble in water; soluble in alcohol; very soluble in
dichloromethane; freely soluble in methyl alcohol. Protect from
light. 
USP 31 (Thioridazine). A white to slightly yellow crystalline or
micronised powder; odourless or having a faint odour. Practical-
ly insoluble in water; freely soluble in dehydrated alcohol and in
ether; very soluble in chloroform. Protect from light.

Thioridazine Hydrochloride (BANM, rINNM)

Hidrocloruro de tioridazina; Thioridazin hydrochlorid; Thiori-
dazine, chlorhydrate de; Thioridazini hydrochloridum; Tioridatsi-
inihydrokloridi; Tioridazinhidroklorid; Tioridazinhydroklorid; Ti-
oridazino hidrochloridas; Tiorydazny chlorowodorek; Tiorydazy-
ny chlorowodorek.
Тиоридазина Гидрохлорид
C21H26N2S2,HCl = 407.0.
CAS — 130-61-0.
ATC — N05AC02.
ATC Vet — QN05AC02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Thioridazine Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water and in methyl
alcohol; soluble in alcohol. A 1% solution in water has a pH of
4.2 to 5.2. Protect from light. 
USP 31 (Thioridazine Hydrochloride). A white to slightly yel-
low granular powder having a slight odour. Freely soluble in wa-
ter, in chloroform, and in methyl alcohol; insoluble in ether. pH
of a 1% solution in water is between 4.2 and 5.2. Store in airtight
containers. Protect from light.
Incompatibility. For a warning about incompatibility between
thioridazine hydrochloride solution (Mellaril; Novartis, USA)
and carbamazepine suspension (Tegretol; Novartis, USA), see
p.471.
Adverse Effects and Treatment
As for Chlorpromazine, p.969. 
Thioridazine has been associated with a higher incidence of an-
timuscarinic effects, but lower incidence of extrapyramidal ef-
fects than chlorpromazine. It may also be less sedating. Howev-
er, it is more likely to induce hypotension and there is an
increased risk of cardiotoxicity and dose-related prolongation of
the QT interval. Because of this and the consequent danger of
life-threatening arrhythmias such as torsade de pointes and sud-
den death, its use has been restricted (see Precautions, and Uses
and Administration, below). Sexual dysfunction also appears to
be more frequent with thioridazine. 
Pigmentary retinopathy characterised by reduced visual acuity,
brownish colouring of vision, and impairment of night vision has
been seen particularly in patients taking large doses.
Effects on the cardiovascular system. Between 1964 and
2001, the UK CSM received 42 reports of suspected heart rate
and rhythm disorders associated with thioridazine.1 There were
21 fatalities reported out of 39 cases where the outcome was
known. 
See also under Chlorpromazine, p.970.
1. Committee on Safety of Medicines/Medicines Control Agency.

QT interval prolongation with antipsychotics. Current Problems
2001; 27: 4. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON007458&
RevisionSelectionMethod=LatestReleased (accessed 12/05/06)

Hypersensitivity. Pruritus and erythematous rash on the geni-
tals of a woman after sexual intercourse were found to be due to
thioridazine present in the seminal fluid of her husband, who was
taking 100 mg daily at night.1
1. Sell MB. Sensitization to thioridazine through sexual inter-

course. Am J Psychiatry 1985; 142: 271–2.

Overdosage. Rhabdomyolysis has been reported in a patient
after overdosage with thioridazine.1 Twenty-four hours after tak-
ing 9.4 g of thioridazine the patient presented with difficulty in
moving and speaking. On examination he had swelling and ten-
derness over his upper arms, thighs, and calves. Ataxia and tran-
sient dysarthria were attributed to generalised muscle weakness.
Other effects were consistent with antimuscarinic effects of
thioridazine. He had no signs of neuroleptic malignant syndrome
but his urine contained myoglobin. The patient was treated with
gastric lavage, activated charcoal, and rehydration. Serum bio-
chemistry returned to normal over 1 week and the muscle tender-
ness and weakness disappeared.
1. Nankivell BJ, et al. Rhabdomyolysis induced by thioridazine.

BMJ 1994; 309: 378.

Precautions
As for Chlorpromazine, p.972. Thioridazine should not be used
in patients with clinically significant cardiac disorders, uncor-
rected hypokalaemia or other electrolyte imbalance, with known
or suspected QT prolongation or a family history of QT prolon-
gation, or with a history of ventricular arrhythmias including tor-
sade de pointes. Use is also contra-indicated in patients known to
have reduced activity of the cytochrome P450 isoenzyme
CYP2D6, which is responsible for thioridazine metabolism. Use
with drugs liable to interfere with the metabolism of thioridazine,
with other drugs known to prolong the QT interval, and with
drugs likely to cause electrolyte imbalance should also be avoid-
ed (see under Interactions, below). 
For all patients starting thioridazine it is recommended that a
baseline ECG and electrolyte screening are performed. An ECG
should also be repeated before each dose increase, 1 week after
the maximum therapeutic dose has been reached, and at 6-
monthly intervals in those who continue treatment. Serum elec-
trolyte concentrations should also be monitored periodically dur-
ing treatment and any imbalance corrected.
Porphyria. Thioridazine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
As for Chlorpromazine, p.973. The metabolism of thioridazine is
mediated by the cytochrome P450 isoenzyme CYP2D6; thiori-
dazine itself is also an inhibitor of CYP2D6. Therefore, there is
the potential for interactions between thioridazine and other
drugs that inhibit or act as a substrate for this enzyme; such drugs
should not be given with thioridazine. Some examples include
antiarrhythmics, certain antidepressants including the SSRIs and
tricyclics, certain antipsychotics, beta blockers, HIV-protease in-
hibitors, and opioids. 
Use with other drugs known to prolong the QT interval such as
class IA and class III antiarrhythmics, tricyclic antidepressants,
and some other antipsychotics should also be avoided, as should
use with those drugs known to cause electrolyte imbalance.

Pharmacokinetics
The pharmacokinetics of thioridazine appear to be generally sim-
ilar to those of chlorpromazine (p.975). Thioridazine is metabo-
lised by the cytochrome P450 isoenzyme CYP2D6. Its main ac-
tive metabolite is mesoridazine (p.1007); another metabolite,
sulforidazine, also has some activity. Thioridazine and its active
metabolites are reported to be highly bound to plasma proteins
(more than 95%). The plasma half-life of thioridazine has been
estimated to be about 4 to 10 hours. It also crosses the placenta
and is distributed into breast milk.
◊ References.
1. Mårtensson E, Roos B-E. Serum levels of thioridazine in psychi-

atric patients and healthy volunteers. Eur J Clin Pharmacol
1973; 6: 181–6. 

2. Axelsson R, Mårtensson E. Serum concentration and elimination
from serum of thioridazine in psychiatric patients. Curr Ther Res
1976; 19: 242–65.

Metabolism. In 10 psychiatric patients stabilised on thiori-
dazine, therapy was replaced by equipotent doses of the side-
chain sulfoxide (mesoridazine) and side-chain sulfone (sulfori-
dazine) metabolites of thioridazine.1 Both metabolites were
shown to have an antipsychotic effect, the dose of each required
being about two-thirds that of thioridazine. The serum half-lives
were thioridazine 21 hours, mesoridazine 16 hours, and sulfori-
dazine 13 hours. Apathy, depression, and restlessness gradually
developed during treatment with the 2 metabolites and they
could not be used for any length of time. Extrapyramidal symp-
toms, hypersalivation, and drowsiness were more common with
the metabolites; 2 patients had epileptic seizures, and 1 receiving
sulforidazine developed probable cholestatic jaundice. 
There is some evidence that the metabolism of thioridazine is
influenced by debrisoquine hydroxylation phenotype.2 A single-
dose study in 19 healthy male subjects demonstrated slower for-
mation of mesoridazine, and hence higher serum-thioridazine
concentrations in poor debrisoquine hydroxylators compared
with extensive hydroxylators. Formation of thioridazine ring-

N

N

OH3C

Cl

S

N

CH3

N
S CH3

N

N
H3C

O O

S

N

N
H3C

SCH3



1032   Anxiolytic Sedatives Hypnotics and Antipsychotics
sulfoxide appeared to be compensatorily increased in slow hy-
droxylators.
1. Axelsson R. On the serum concentrations and antipsychotic ef-

fects of thioridazine, thioridazine side-chain sulfoxide and thior-
idazine side-chain sulfone, in chronic psychotic patients. Curr
Ther Res 1977; 21: 587–605. 

2. von Bahr C, et al. Plasma levels of thioridazine and metabolites
are influenced by the debrisoquin hydroxylation phenotype. Clin
Pharmacol Ther 1991; 49: 234–40.

Uses and Administration
Thioridazine is a phenothiazine with general properties similar to
those of chlorpromazine (p.975). It has a piperidine side-chain
and, unlike chlorpromazine, has little antiemetic activity. 
The use of thioridazine has been restricted to the treatment of
schizophrenia (p.955) in patients who fail to show an adequate
response to treatment with other antipsychotics. Its use in other
psychiatric disorders was abandoned after it was felt that there
was an unacceptable balance of risks and benefits as a result of
its cardiotoxic potential; it has been withdrawn in some coun-
tries, including the UK. 
For all patients starting thioridazine it is recommended that a
baseline ECG and electrolyte screening are performed. An ECG
should also be repeated before each dose increase, 1 week after
the maximum therapeutic dose has been reached, and at 6-
monthly intervals in those who continue treatment. Serum elec-
trolyte concentrations should also be monitored periodically dur-
ing treatment and any imbalance corrected. 
Thioridazine is given orally as the hydrochloride or the base, and
doses may be expressed in terms of either. In some countries,
doses of oral liquid preparations have been given in terms of the
base, whereas those of the tablets have been given as the hydro-
chloride. In the USA, all doses are given in terms of the hydro-
chloride. Thioridazine 22.8 mg is equivalent to about 25 mg of
thioridazine hydrochloride. 
In the treatment of schizophrenia thioridazine hydrochloride
should be started at the usual dose of 50 to 100 mg three times
daily and slowly titrated upwards to a maximum of 800 mg daily
if necessary; doses should be reduced once effective control is
achieved. The daily dosage range is 200 to 800 mg, which may
be given in 2 to 4 divided doses. It has been recommended that
increases in doses should be no more than 100 mg weekly. 
Thioridazine should be given in lower initial doses to patients
with a low body-mass or those with hepatic or renal impairment;
dosage increases should also be more gradual. 
In those patients who require withdrawal of thioridazine, the
dose should be gradually reduced over 1 to 2 weeks to avoid
symptoms such as gastrointestinal disorders, dizziness, anxiety,
and insomnia that are sometimes seen after abruptly stopping
high-dose or long-term treatment.
◊ References.
1. Fenton M, et al. Thioridazine for schizophrenia. Available in The

Cochrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2007 (accessed 25/03/08).

Preparations
USP 31: Thioridazine Hydrochloride Oral Solution; Thioridazine Hydro-
chloride Tablets; Thioridazine Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Arg.: Meleril†; Austral.: Aldazine; Melleril†; Austria: Melleril†; Belg.: Mel-
leril†; Braz.: Melleril†; Unitidazin; Chile: Meleril†; Nervosan†; Simultan;
Tinsenol†; Denm.: Melleril†; Fin.: Melleril†; Orsanil†; Fr.: Melleril†; Ger.:
Melleretten†; Melleril†; Gr.: Melleril†; Hong Kong: Melleril†; Hung.: Mel-
leril†; India: Thioril; Indon.: Melleril; Irl.: Melleril†; Melzine†; Thiozine†;
Israel: Ridazin; Ital.: Melleril†; Malaysia: Aldazine†; Melleril†; Mex.:
Dazithin; Melleril†; Neth.: Melleril†; Norw.: Melleril†; NZ: Aldazine; Mel-
leril†; Port.: Melleril†; Rus.: Sonapax (Сонапакс); Thiodazine (Тиодазин);
Thioril (Тиорил); Tison (Тисон); S.Afr.: Melleril†; Spain: Meleril†; Swed.:
Mallorol†; Switz.: Mellerettes†; Melleril†; Thai.: Calmaril†; Dazine†; Ri-
dazine; Thiomed; Thiosia; Turk.: Mellerettes†; Melleril†; UK: Melleril†;
Rideril†; USA: Mellaril†; Venez.: Meleril†.

Tiapride Hydrochloride (BANM, rINNM)

FLO-1347; Hidrocloruro de tiaprida; Tiapride, chlorhydrate de;
Tiaprid-hidroklorid; Tiaprid-hydrochlorid; Tiapridhydroklorid; Ti-
apridi hydrochloridum; Tiapridihydrokloridi; Tiaprido hidrochlo-
ridas. N-(2-Diethylaminoethyl)-2-methoxy-5-methylsulphonyl-
benzamide hydrochloride.
Тиаприда Гидрохлорид
C15H24N2O4S,HCl = 364.9.
CAS — 51012-32-9 (tiapr ide); 51012-33-0 (tiapride hy-
drochloride).
ATC — N05AL03.
ATC Vet — QN05AL03.

(tiapride)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tiapride Hydrochloride). A white or almost white
crystalline powder. Very soluble in water; slightly soluble in de-
hydrated alcohol; soluble in methyl alcohol. A 5% solution in
water has a pH of 4.0 to 6.0.

Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969.

Effects on the cardiovascular system. Torsade de pointes
developed after a single dose of tiapride in an elderly patient with
cardiac disease, a known risk factor for such arrhythmias.1
1. Iglesias E, et al. Tiapride-induced torsade de pointes. Am J Med

2000; 109: 509.

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Tiapride is rapidly absorbed after oral doses and peak plasma
concentrations occur after 1 to 2 hours. It is excreted largely un-
changed in the urine. The plasma half-life is reported to range
from 3 to 4 hours. It is thought to be distributed into breast milk
on the basis of animal studies.

◊ The steady-state pharmacokinetics of tiapride have been stud-
ied in 5 elderly patients with tardive dyskinesia, and in 2 patients
with Huntington’s chorea.1 All patients received tiapride 100 mg
three times daily by mouth for 7 days. The mean peak plasma
concentration of tiapride was 1.47 micrograms/mL, achieved a
mean of 1.4 hours after dosing, and the mean elimination half-
life was 3.8 hours. These values did not differ significantly from
those previously reported in younger healthy subjects, although
renal clearance was slightly lower in these patients. About half of
the dose of tiapride was excreted unchanged by the kidneys; a
metabolite, probably N-monodesethyltiapride was detected in
the urine but its identity was not confirmed.
1. Roos RAC, et al. Pharmacokinetics of tiapride in patients with

tardive dyskinesia and Huntington’s disease. Eur J Clin Pharma-
col 1986; 31: 191–4.

Uses and Administration
Tiapride is a substituted benzamide with general properties sim-
ilar to those of sulpiride (p.1028). 
It is usually given as the hydrochloride in the management of
behavioural disorders and to treat dyskinesias. Doses are ex-
pressed in terms of the equivalent amount of base; tiapride hy-
drochloride 222.2 mg is equivalent to about 200 mg of tiapride.
Oral doses of 200 to 400 mg daily are usually given, although
higher daily doses have been used, particularly in the manage-
ment of dyskinesias. Tiapride hydrochloride has also been given
by intramuscular or intravenous injection.

Disturbed behaviour. For a discussion of the management of
disturbed behaviour including limitations on the use of antipsy-
chotics, see p.954. 
References.
1. Gutzmann H, et al. Measuring the efficacy of psychopharmaco-

logical treatment of psychomotoric restlessness in dementia:
clinical evaluation of tiapride. Pharmacopsychiatry 1997; 30:
6–11. 

2. Allain H, et al. Double blind study of tiapride versus haloperidol
and placebo in agitation and aggressiveness in elderly patients
with cognitive impairment. Psychopharmacology (Berl) 2000;
148: 361–6.

Extrapyramidal disorders. Tiapride has been tried in the
treatment of antipsychotic-induced tardive dyskinesia (p.971),
but, as with all antipsychotics, improvement may only be short-
term. 
Tiapride has also been tried in the treatment of Tourette’s syn-
drome (p.954). 
For reference to the use of tiapride in suppressing the adverse
effects of levodopa on respiration, see p.806.

CHOREA. Antipsychotics have some action against choreiform
movements as well as being of use to control the behavioural
disturbances of Huntington’s chorea, and tiapride has been
quite widely used for this purpose. For a discussion of the
management of various choreas, see p.953. 
References.
1. Roos RAC, et al. Tiapride in the treatment of Huntington’s cho-

rea. Acta Neurol Scand 1982; 65: 45–50. 
2. Deroover J, et al. Tiapride versus placebo: a double-blind com-

parative study in the management of Huntington’s chorea. Curr
Med Res Opin 1984; 9: 329–38.

Substance dependence. An early review1 concluded that the
role of tiapride in acute alcohol withdrawal (p.1626) was likely
to be limited as patients at risk of severe reactions would still
require adjunctive therapy for the control of hallucinations and
seizures. Following detoxification, tiapride appeared to help, to
some degree, to alleviate distress, improve abstinence and drink-
ing behaviour, and facilitate reintegration within society.2 Inter-
est in its use with carbamazepine continues.3-5

1. Peters DH, Faulds D. Tiapride: a review of its pharmacology and
therapeutic potential in the management of alcohol dependence
syndrome. Drugs 1994; 47: 1010–32. 

2. Shaw GK, et al. Tiapride in the prevention of relapse in recently
detoxified alcoholics. Br J Psychiatry 1994; 165: 515–23. 

3. Franz M, et al. Treatment of alcohol withdrawal: tiapride and
carbamazepine versus clomethiazole: a pilot study. Eur Arch
Psychiatry Clin Neurosci 2001; 251: 185–92. 

4. Lucht M, et al. Alcohol withdrawal treatment in intoxicated vs
non-intoxicated patients: a controlled open-label study with ti-
apride/carbamazepine, clomethiazole and diazepam. Alcohol Al-
cohol 2003; 38: 168–75. 

5. Soyka M, et al. Efficacy and safety of outpatient alcohol detoxi-
fication with a combination of tiapride/carbamazepine: addition-
al evidence. Pharmacopsychiatry 2006; 39: 30–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Etiles†; Austria: Delpral; Belg.: Tiapridal; Braz.: Tiapridal; Chile:
Sereprid; Cz.: Tiapra; Tiapridal; Fr.: Clemental†; Equilium†; Tiapridal; Ger.:
Tiapridex; Gr.: Tiapridal; Hong Kong: Tiapridal†; Hung.: Tiapridal; Israel:
Doparid; Ital.: Italprid; Sereprile; Jpn: Gramalil; Neth.: Betaprid; Elbaprid;
Tiacob; Tiajac; Tiapridal; Tiastad; Tiazet; Pol.: Tiapridal; Port.: Normagit†;
Tiapridal; Rus.: Tiapridal (Тиапридал); Spain: Tiaprizal; Switz.: Tiapridal.

Timiperone (rINN)

DD-3480; Timiperona; Timipérone; Timiperonum. 4′-Fluoro-4-
[4-(2-thioxo-1-benzimidazolinyl)piperidino]butyrophenone.
Тимиперон
C22H24FN3OS = 397.5.
CAS — 57648-21-2.

Profile
Timiperone is a butyrophenone with general properties similar to
those of haloperidol (p.1000). It has been used by mouth in the
treatment of schizophrenia. Timiperone has also been given by
injection.

Tiotixene (BAN, rINN)

NSC-108165; P-4657B; Thiothixene (USAN); Tiotikseeni; Tiotix-
en; Tiotixène; Tiotixeno; Tiotixenum. (Z)-NN-Dimethyl-9-[3-(4-
methylpiperazin-1-yl)propylidene]thioxanthene-2-sulphona-
mide.
Тиотиксен
C23H29N3O2S2 = 443.6.
CAS — 5591-45-7; 3313-26-6 (tiotixene Z-isomer).
ATC — N05AF04.
ATC Vet — QN05AF04.

Pharmacopoeias. In US. 
USP 31 (Thiothixene). White to tan, practically odourless, crys-
tals. Practically insoluble in water; soluble 1 in 110 of dehydrated
alcohol, 1 in 2 of chloroform, and 1 in 120 of ether; slightly sol-
uble in acetone and in methyl alcohol. Store in airtight contain-
ers. Protect from light.

Tiotixene Hydrochloride (BANM, rINNM)

CP-12252-1; Hidrocloruro de tiotixeno; Thiothixene Hydro-
chloride (USAN); Tiotixène, Chlorhydrate de; Tiotixeni Hydro-
chloridum.
Тиотиксена Гидрохлорид
C23H29N3O2S2,2HCl,2H2O = 552.6.
CAS — 58513-59-0 (anhydrous tiotixene hydrochloride);
49746-04-5 (anhydrous tiotixene hydrochloride, Z-iso-
mer); 22189-31-7 (tiotixene hydrochlor ide dihydrate);
49746-09-0 (tiotixene hydrochlor ide dihydrate, Z-isomer).
ATC — N05AF04.
ATC Vet — QN05AF04.
Pharmacopoeias. In US, which permits both the dihydrate and
the anhydrous form. 
USP 31 (Thiothixene Hydrochloride). It is anhydrous
(C23H29N3O2S2,2HCl = 516.5) or contains two molecules of wa-
ter of hydration. A white or practically white crystalline powder
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

having a slight odour. Soluble 1 in 8 of water, 1 in 270 of dehy-
drated alcohol, and 1 in 280 of chloroform; practically insoluble
in acetone, in ether, and in benzene. Store in airtight containers.
Protect from light.
Stability. A combination of the stabilisers hydroxyquinoline
sulfate and vanillin could protect tiotixene from photodegrada-
tion.1
1. Thoma K, Klimek R. Photostabilization of drugs in dosage forms

without protection from packaging materials. Int J Pharmaceu-
tics 1991; 67: 169–75.

Adverse Effects, Treatment, and Precautions
As for Chlorpromazine, p.969. Tiotixene is less likely to cause
sedation but extrapyramidal effects are more frequent.
Interactions
As for Chlorpromazine, p.973.
Pharmacokinetics
◊ In 15 adequately controlled schizophrenic patients receiving
oral tiotixene 15 to 60 mg daily in 2, 3, or 4 divided doses, plas-
ma concentrations were found to be in the relatively narrow
range of 10 to 22.5 nanograms/mL 126 to 150 minutes after the
last daily dose despite the fourfold difference in dosage.1 Inves-
tigations in a further 5 patients indicated that peak plasma con-
centrations were obtained about 1 to 3 hours after a dose, indicat-
ing rapid absorption with an absorption half-time of about 30
minutes. There was an early plasma half-life of about 210 min-
utes and a late half-life of about 34 hours; resurgence of drug
concentrations in some subjects might have been due to entero-
hepatic recycling.
1. Hobbs DC, et al. Pharmacokinetics of thiothixene in man. Clin

Pharmacol Ther 1974;  16: 473–8.

Metabolism. There has been a study1 indicating that tiotixene
may induce its own metabolism.
1. Bergling R, et al. Plasma levels and clinical effects of thiori-

dazine and thiothixene. J Clin Pharmacol 1975; 15: 178–86.

Uses and Administration
Tiotixene is a thioxanthene antipsychotic with general properties
similar to those of the phenothiazine, chlorpromazine (p.975). It
has a piperazine side-chain. It is used in the treatment of psycho-
ses including schizophrenia (p.955). Tiotixene is given orally as
the base or hydrochloride and by intramuscular injection as the
hydrochloride. Doses are expressed in terms of the base. Tiotix-
ene 1 mg is equivalent to about 1.2 mg of tiotixene hydrochlo-
ride. 
The usual initial oral dose is 2 mg three times daily (or 5 mg
twice daily in more severe conditions) gradually increasing to 20
to 30 mg daily if necessary; once-daily dosage may be adequate.
In severe or resistant psychoses doses of up to 60 mg daily may
be given. The usual initial intramuscular dose is 4 mg two to four
times daily increased if necessary to a maximum of 30 mg daily. 
Tiotixene should be given in reduced dosage to elderly or debil-
itated patients.
Preparations
USP 31: Thiothixene Capsules; Thiothixene Hydrochloride for Injection;
Thiothixene Hydrochloride Injection; Thiothixene Hydrochloride Oral So-
lution.
Proprietary Preparations (details are given in Part 3)
Austral.: Navane; Canad.: Navane; Hong Kong: Navane; Neth.: Nav-
ane†; NZ: Thixit; USA: Navane.

Tofisopam (rINN)

EGYT-341; Tofisopaami; Tofisopamum; Tofizopam. 1-(3,4-
Dimethoxyphenyl)-5-ethyl-7,8-dimethoxy-4-methyl-5H-2,3-
benzodiazepine.
Тофизопам
C22H26N2O4 = 382.5.
CAS — 22345-47-7.
ATC — N05BA23.
ATC Vet — QN05BA23.

Pharmacopoeias. In Jpn.
Profile
Tofisopam is a 2,3-benzodiazepine related structurally to the 1,4-
benzodiazepines such as diazepam (p.986) and sharing some of
the same actions. It is reported, however, to be largely lacking in

the sedative, anticonvulsant, and muscle relaxant properties of
the conventional benzodiazepines. Tofisopam has been given
orally in the short-term treatment of anxiety disorders. The R-
(+)-isomer, dextofisopam, is under investigation in the treatment
of irritable bowel syndrome.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Grandaxin; Hung.: Grandaxin; Jpn: Grandaxin; Rus.: Grandaxin
(Грандаксин); Thai.: Grandaxin.

Triacetonamine Tosilate
Tempidon. 2,2,6,6-Tetramethyl-4-piperidone-toluenesulfonate.
Триацетонамина Тозилат
C16H25NO4S = 327.4.
CAS — 826-36-8 (tr iacetonamine); 29334-13-2 (tr iacet-
onamine tosilate).

(tr iacetonamine)

Profile
Triacetonamine tosilate has anxiolytic actions and is used in
combination preparations with analgesics.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Rus.: Tempalgin (Темпалгин); Tempanginol
(Темпангинол).

Triazolam (BAN, USAN, rINN)

Clorazolam; Triatsolaami; Triazolamum; U-33030. 8-Chloro-6-
(2-chlorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzo-
diazepine.
Триазолам
C17H12Cl2N4 = 343.2.
CAS — 28911-01-5.
ATC — N05CD05.
ATC Vet — QN05CD05.

Pharmacopoeias. In Chin. and US. 
USP 31 (Triazolam). A white to off-white, practically odourless,
crystalline powder. Practically insoluble in water and in ether;
soluble 1 in 1000 of alcohol, 1 in 25 of chloroform, and 1 in 600
of 0.1N hydrochloric acid.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects and Treatment
As for Diazepam, p.987.
Effects on the liver. A 44-year-old man developed severe pru-
ritus with jaundice which subsequently proved fatal. Liver histol-
ogy showed intense cholestasis. Triazolam was considered to be
the most likely cause.1
1. Cobden I, et al. Fatal intrahepatic cholestasis associated with tri-

azolam. Postgrad Med J 1981;  57: 730–1.

Effects on mental function. The effects of triazolam on men-
tal function have been controversial since van der Kroef first de-
scribed in 1979 a range of symptoms including anxiety, amnesia,
depersonalisation and derealisation, depression, paranoia, and
severe suicidal tendencies that he had seen in 25 patients and at-
tributed to triazolam.1 This led to suspension of triazolam in the
Netherlands (re-approved in 1990) and removal of the 1-mg tab-
let from other markets. Continued reporting of similar symptoms
of cognitive impairment with triazolam resulted in withdrawal of
the 500-microgram dosage form in several countries in 1987 and

1988 and in a gradual reduction of recommended dosage from
1 mg at night down to 125 to 250 micrograms at night. Triazolam
was withdrawn from the UK2 and some other markets in 1991.
Opinion still remains divided over the adverse effects of tria-
zolam, the main issues being its propensity to cause adverse ef-
fects relative to other benzodiazepines and whether its risk-ben-
efit ratio is acceptable to justify its continued use.3,4 
Others5 have reviewed spontaneous adverse effects reported to
the FDA in the USA for triazolam, temazepam, and flurazepam.
Daytime sedation was noted with all three, but triazolam caused
more agitation, confusion, hallucinations, and amnesia. Such ef-
fects occurred frequently with the 250-microgram dose as well
as with the 500-microgram dose. Similar results were obtained
after analysis of reports for triazolam and temazepam in the first
7 years of marketing, although the possibility that selection
factors were producing higher reporting rates for triazolam
could not be entirely excluded.6 A study7 gave triazolam
500 micrograms, lormetazepam 2 mg, or placebo, to groups of
40 patients for 25 nights and observed the greatest frequency of
daytime anxiety, panic, derealisation, and paranoia with tria-
zolam. Another8 found a greater total number of reports of mem-
ory impairment or amnesia after nightly doses of triazolam
500 micrograms compared with temazepam 30 mg. Triazolam
also impaired delayed, but not immediate, memory recall. Simi-
lar cases of memory impairment occurring with triazolam at dos-
es of 125 and 250 micrograms have reportedly been submitted to
the UK CSM.2 The emergence of daytime symptoms after more
than a few days’ treatment with triazolam could be attributed to
rebound or withdrawal phenomena occurring as a result of rapid
elimination of the drug. 
As regards the risk-benefit ratio of triazolam some workers have
questioned the hypnotic efficacy of the drug at a dose of
250 micrograms and consider that reduction of the dose has de-
creased efficacy more than adverse effects.3 
In defence of triazolam, the FDA and the manufacturers (Up-
john) have considered epidemiological studies which, unlike the
FDA spontaneous reporting scheme, have been unable to dem-
onstrate a substantial difference in its adverse effects compared
with other benzodiazepines except, perhaps, in the incidence of
amnesia.9 Retrospective studies10,11 claiming similar findings
have been the subject of criticism.12-14 Other workers have cited
studies indicating benefit of triazolam 250 micrograms for the
treatment of insomnia.15 A review by the US Institute of Medi-
cine found that triazolam was safe when given in a dose of
250 micrograms daily for 7 to 10 days but called for studies of
lower doses and of long-term use.16

1. Van der Kroef C. Reactions to triazolam. Lancet 1979; ii: 526. 
2. Anonymous. The sudden withdrawal of triazolam—reasons and

consequences. Drug Ther Bull 1991; 29: 89–90. 
3. O’Donovan MC, McGuffin P. Short acting benzodiazepines.

BMJ 1993; 306: 945–6. 
4. Ghaeli P, et al. Triazolam treatment controversy. Ann Pharma-

cother 1994; 28: 1038–40. 
5. Bixler EO, et al. Adverse reactions to benzodiazepine hypnot-

ics: spontaneous reporting system. Pharmacology 1987; 35:
286–300. 

6. Wysowski DK, Barash D. Adverse behavioral reactions attrib-
uted to triazolam in the Food and Drug Administration’s spon-
taneous reporting system. Arch Intern Med 1991; 151: 2003–8. 

7. Adam K, Oswald I. Can a rapidly-eliminated hypnotic cause
daytime anxiety? Pharmacopsychiatry 1989; 22: 115–19. 

8. Bixler EO, et al. Next-day memory impairment with triazolam
use. Lancet 1991; 337: 827–31. 

9. Drucker RF, MacLeod N. Benzodiazepines. Pharm J 1989; 243:
508. 

10. Hindmarch I, et al. Adverse events after triazolam substitution.
Lancet 1993; 341: 55. 

11. Rothschild AJ, et al. Triazolam and disinhibition. Lancet 1993;
341: 186. 

12. Hawley CJ, et al. Adverse events after triazolam substitution.
Lancet 1993; 341: 567. 

13. Vela-Bueno A. Adverse events after triazolam substitution.
Lancet 1993; 341: 567. 

14. Kales A, et al. Adverse events after triazolam substitution. Lan-
cet 1993; 341: 567–8. 

15. Gillin JC, Byerley WF. Diagnosis and management of insomnia.
N Engl J Med 1990; 323: 487. 

16. Ault A. FDA advisers find no major Halcion dangers. Lancet
1997; 350: 1760.

Precautions
As for Diazepam, p.988.
Hepatic impairment. Cirrhosis decreased the apparent oral
clearance of triazolam to an extent depending on the severity of
the liver disease.1 An initial dose of 125 micrograms was sug-
gested for patients with severe liver dysfunction. It was suggest-
ed that the relative lack of effect that mild to moderate cirrhosis
had on the metabolism of oral triazolam might be due to some
first-pass metabolism occurring in the intestinal wall.2
1. Kroboth PD, et al. Nighttime dosing of triazolam in patients with

liver disease and normal subjects: kinetics and daytime effects. J
Clin Pharmacol 1987; 27: 555–60. 

2. Robin DW, et al. Triazolam in cirrhosis: pharmacokinetics and
pharmacodynamics. Clin Pharmacol Ther 1993; 54: 630–7.

Renal impairment. Peak plasma-triazolam concentrations
were lower in 11 dialysis patients compared with 11 controls.1 It
was postulated that a relatively high basal gastric acid secretion
in dialysis patients could result in hydrolysis and opening of the
ring structure of triazolam effectively reducing its systemic avail-
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ability. Giving an antacid could reverse this effect. Renal failure
had no other effect on the pharmacokinetics of triazolam which
could probably be given in usual doses.
1. Kroboth PD, et al. Effects of end stage renal disease and alumin-

ium hydroxide on triazolam pharmacokinetics. Br J Clin Phar-
macol 1985; 19: 839–42.

Interactions
As for Diazepam, p.989.

Pharmacokinetics
Triazolam is rapidly and nearly completely absorbed
from the gastrointestinal tract, peak plasma concentra-
tions being achieved within 2 hours of an oral dose.
Triazolam has a plasma elimination half-life ranging
from 1.5 to 5.5 hours. It is reported to be about 89%
bound to plasma proteins. Hydroxylation of triazolam
in the liver is mediated by the cytochrome P450 isoen-
zyme CYP3A4. Triazolam is excreted in the urine
mainly in the form of its conjugated metabolites with
only small amounts appearing unchanged.
◊ References.
1. Garzone PD, Kroboth PD. Pharmacokinetics of the newer ben-

zodiazepines. Clin Pharmacokinet 1989; 16: 337–64. 
2. Greenblatt DJ, et al. Age and gender effects on the pharmacoki-

netics and pharmacodynamics of triazolam, a cytochrome P450
3A substrate. Clin Pharmacol Ther 2004; 76: 467–79.

Uses and Administration
Triazolam is a short-acting benzodiazepine with gener-
al properties similar to those of diazepam (p.992). It is
used as a hypnotic in the short-term management of in-
somnia (p.957) in oral doses of 125 to 250 micrograms
at night for no more than 2 weeks; doses of up to
500 micrograms at night have been used for resistant
cases but these may be associated with an increased
risk of severe adverse effects (see Effects on Mental
Function, above). Initial doses of 125 micrograms at
night have been suggested for elderly or debilitated
subjects ,  increased up to  a  maximum of
250 micrograms only if necessary.
Administration in hepatic or renal impairment. See un-
der Precautions, above.

Preparations
USP 31: Triazolam Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Halcion; Austria: Halcion; Belg.: Halcion; Braz.: Halcion†; Ca-
nad.: Apo-Triazo; Halcion; Chile: Balidon; Somese; Cz.: Halcion†; Denm.:
Halcion; Rilamir; Fin.: Halcion; Fr.: Halcion†; Ger.: Halcion; Gr.: Halcion;
Hong Kong: Halcion; Irl.: Halcion; Trilam; Israel: Halcion; Ital.: Halcion;
Songar; Malaysia: Somese; Mex.: Halcion; Neth.: Halcion†; NZ: Halcion;
Hypam; Port.: Halcion; S.Afr.: Halcion; Spain: Halcion; Swed.: Halcion;
Switz.: Halcion; Thai.: Halcion; Trycam†; USA: Halcion; Venez.: Somese.

Triclofos Sodium (BANM, USAN, rINNM)

Natrii Triclofosum; Sch-10159; Sodium Triclofos; Triclofós sódi-
co; Triclofos Sodique. Sodium 2,2,2-trichloroethyl hydrogen or-
thophosphate.

Натрий Триклофос
C2H3Cl3NaO4P = 251.4.
CAS — 306-52-5 (tr iclofos); 7246-20-0 (tr iclofos sodium).
ATC — N05CM07.
ATC Vet — QN05CM07.

Pharmacopoeias. In Br. and Jpn. 
BP 2008 (Triclofos Sodium). A white or almost white, odourless
or almost odourless, hygroscopic powder. Freely soluble in wa-
ter; slightly soluble in alcohol; practically insoluble in ether. A
2% solution in water has a pH of 3.0 to 4.5.

Dependence and Withdrawal, Adverse Effects,
Treatment, and Precautions
As for Cloral Hydrate, p.979 but causes fewer gastrointestinal
disturbances. Also, triclofos sodium is not corrosive to skin and
mucous membranes.

Interactions
As for Cloral Hydrate, p.979.

Pharmacokinetics
Triclofos sodium is rapidly hydrolysed to trichloroethanol, peak
serum concentrations being achieved within about one hour after
oral dosage. For the pharmacokinetics of trichloroethanol, see
Cloral Hydrate, p.979.
Uses and Administration
Triclofos sodium has hypnotic and sedative actions similar to
those of cloral hydrate (p.979) but it is more palatable and causes
less gastric irritation. It is used similarly in the short-term man-
agement of insomnia (p.957) and for sedation of children before
painless procedures; however, its use as a hypnotic, particularly
in children, is now limited. 
The usual adult dose as a hypnotic is 1 to 2 g orally at night. A
suggested hypnotic dose for children 1 month to 1 year of age is
25 to 30 mg/kg; children aged 1 to 5 years may be given single
doses of 250 to 500 mg, and children aged 6 to 12 years may be
given single doses of 0.5 to 1 g. Although not licensed in the UK
for sedation of children before painless procedures, the BNFC
suggests that those aged 1 month to 18 years may be given 30 to
50 mg/kg (maximum of 2 g) 45 to 60 minutes before the proce-
dure; up to 100 mg/kg (maximum of 2 g) may be used with res-
piratory monitoring.
Preparations
BP 2008: Triclofos Oral Solution.

Proprietary Preparations (details are given in Part 3)
India: Tricloryl; Irl.: Tricloryl†; Israel: Triclonam.

Trifluoperazine Hydrochloride 

(BANM, rINNM)

Hidrocloruro de trifluoperazina; Trifluoperazin Hidroklorür; Trif-
luoperazin hydrochlorid; Trifluopérazine, chlorhydrate de; Triflu-
operazinhidroklorid; Trifluoperazinhydroklorid; Trifluoperazini
hydrochloridum; Trifluoperazino hidrochloridas; Trifluoperazyny
chlorowodorek; Trifluoriperatsiinihydrokloridi; Triphthazinum.
10-[3-(4-Methylpiperazin-1-yl)propyl]-2-trifluoromethylpheno-
thiazine dihydrochloride.
Трифлуоперазина Гидрохлорид
C21H24F3N3S,2HCl = 480.4.
CAS — 117-89-5 (tr ifluoperazine); 440-17-5 (tr ifluopera-
zine hydrochlor ide).
ATC — N05AB06.
ATC Vet — QN05AB06.

(tr ifluoperazine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Trifluoperazine Hydrochloride). A white to pale
yellow, hygroscopic, crystalline powder. Freely soluble in water;
soluble in alcohol; practically insoluble in ether. A 10% solution
in water has a pH of 1.6 to 2.5. Protect from light. 
USP 31 (Trifluoperazine Hydrochloride). A white to pale yellow,
practically odourless, crystalline powder. Soluble 1 in 3.5 of wa-
ter, 1 in 11 of alcohol, and 1 in 100 of chloroform; insoluble in
ether and in benzene. pH of a 1 in 20 solution is between 1.7 and
2.6. Store in airtight containers at a temperature of 25°, excur-
sions permitted between 15° and 30°. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. Trifluoperazine is less
likely to cause sedation, hypotension, hypothermia, or
antimuscarinic effects but is associated with a higher
incidence of extrapyramidal effects particularly when
the daily dose exceeds 6 mg.
Breast feeding. The American Academy of Pediatrics1 consid-
ers that, although the effect of trifluoperazine on breast-fed in-
fants is unknown, its use by mothers during breast feeding may
be of concern since antipsychotic drugs do appear in breast milk
and thus could conceivably alter CNS function in the infant both
in the short and long term.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl icat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 29/04/04)

Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Trifluoperazine hydrochloride is readily absorbed from
the gastrointestinal tract after oral doses; peak plasma
concentrations are attained 1.5 to 6 hours after inges-
tion and bioavailability is subject to interindividual
variation. It is highly bound to plasma proteins. The
elimination of trifluoperazine is multiphasic and the
terminal half-life is about 22 hours. The major metab-
olite is the possibly active N-oxide. Other metabolites
include the sulfoxide and the 7-hydroxy derivative.
Trifluoperazine is distributed into breast milk.

Uses and Administration
Trifluoperazine is a phenothiazine antipsychotic with
general properties similar to those of chlorpromazine
(p.975). It has a piperazine side-chain. 

Trifluoperazine is used in the treatment of a variety of
psychiatric disorders including schizophrenia (p.955),
severe anxiety (p.952), and disturbed behaviour
(p.954). It is also used for the control of nausea and
vomiting (p.1700). 

Trifluoperazine is given as the hydrochloride but doses
are expressed in terms of the base. Trifluoperazine
1 mg is equivalent to about 1.2 mg of trifluoperazine
hydrochloride. A modified-release preparation is also
available in some countries. Trifluoperazine should be
given in reduced dosage to elderly or debilitated pa-
tients. 

The usual initial oral dose for the treatment of schizo-
phrenia and other psychoses is 2 to 5 mg twice daily,
gradually increased to a usual range of 15 to 20 mg dai-
ly; in severe or resistant psychoses daily doses of
40 mg or more have been given. For the control of
acute psychotic symptoms it may be given by deep in-
tramuscular injection in a dose of 1 to 2 mg, repeated
if necessary every 4 to 6 hours; more than 6 mg daily is
rarely required. The initial oral dose for use in children
is up to 5 mg daily in divided doses adjusted according
to age, body-weight, and response, or 1 mg given once
or twice daily by intramuscular injection. 

For the control of nausea and vomiting the usual adult
oral dose is 1 or 2 mg twice daily; up to 6 mg daily
may be given in divided doses. Children aged 3 to 5
years may be given up to 1 mg daily in divided doses;
this may be increased to a maximum of 4 mg daily in
children aged 6 to 12 years. 

When used as an adjunct in the short-term manage-
ment of severe anxiety disorders doses are similar to
those used for the control of nausea and vomiting.

Schizophrenia. A systematic review1 of the use of trifluopera-
zine for schizophrenia (p.955) concluded that it appeared to be of
similar efficacy to other commonly used classical antipsychotics
with a similar profile of adverse effects. However, there did not
appear to be good evidence for claims that it was effective for
schizophrenia at low doses.

1. Marques LO, et al. Trifluoperazine for schizophrenia. Available
in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2004 (accessed 17/05/05).

Preparations

BP 2008: Trifluoperazine Tablets; 
USP 31: Trifluoperazine Hydrochloride Injection; Trifluoperazine Hydro-
chloride Syrup; Trifluoperazine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Stelazine; Austral.: Stelazine; Braz.: Stelazine; Gr.: Stelazine; Stelium;
India: Trinicalm; Indon.: Stelazine; Irl.: Stelazine; Ital.: Modalina; Mex.:
Flupazine; Stelazine; NZ: Stelazine; S.Afr.: Stelazine; Terflurazine; Spain: Es-
kazine; Thai.: Psyrazine; Triflumed; Triozine; Triplex; Turk.: Stilizan; UK:
Stelazine; Venez.: Leptazine; Taclorpil†.

Multi-ingredient: Arg.: Cuait D; Cuait N; Stelapar; Braz.: Stelapar†; Ca-
nad.: Stelabid†; India: Sycot; Trinicalm Forte; Trinicalm Plus; Ital.: Parmo-
dalin; Mex.: Stelabid.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Trifluperidol (BAN, USAN, rINN)

McN-JR-2498; R-2498; Triflupéridol; Trifluperidoli; Trifluperidol-
um. 4′-Fluoro-4-[4-hydroxy-4-(3-trifluoromethylphenyl)piperidi-
no]butyrophenone.

Трифлуперидол
C22H23F4NO2 = 409.4.
CAS — 749-13-3.
ATC — N05AD02.
ATC Vet — QN05AD02.

Trifluperidol Hydrochloride (BANM, rINNM)

Hidrocloruro de trifluperidol; Triflupéridol, Chlorhydrate de; Tri-
fluperidoli Hydrochloridum.

Трифлуперидола Гидрохлорид
C22H23F4NO2,HCl = 445.9.
CAS — 2062-77-3.
ATC — N05AD02.
ATC Vet — QN05AD02.

Profile
Trifluperidol is a butyrophenone with general properties similar
to those of haloperidol (p.1000), and has been used as the hydro-
chloride in the treatment of psychoses including schizophrenia.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Triperidol.

Triflupromazine (BAN, rINN)

Fluopromazine; Triflupromazina; Triflupromazinum. NN-Dime-
thyl-3-(2-trifluoromethylphenothiazin-10-yl)propylamine.

Трифлупромазин
C18H19F3N2S = 352.4.
CAS — 146-54-3.
ATC — N05AA05.
ATC Vet — QN05AA05.

Pharmacopoeias. In US. 
USP 31 (Triflupromazine). A light amber viscous oily liquid that
crystallises into large irregular crystals during prolonged storage.
Practically insoluble in water. Store in airtight containers. Protect
from light.

Triflupromazine Hydrochloride (BANM, rINNM)

Fluopromazine Hydrochloride; Hidrocloruro de triflupromazina;
Triflupromazine, Chlorhydrate de; Triflupromazini Hydrochlori-
dum.

Трифлупромазина Гидрохлорид
C18H19F3N2S,HCl = 388.9.
CAS — 1098-60-8.
ATC — N05AA05.
ATC Vet — QN05AA05.

Pharmacopoeias. In US. 
USP 31 (Triflupromazine Hydrochloride). A white to pale tan
crystalline powder having a slight characteristic odour. Soluble 1
in less than 1 of water and of alcohol and 1 in 1.7 of chloroform;
soluble in acetone; insoluble in ether. Store in glass containers.
Protect from light.

Profile
Triflupromazine hydrochloride is a phenothiazine with general
properties similar to those of chlorpromazine (p.969). It is used
mainly in the management of psychoses (p.954) and the control
of nausea and vomiting (p.1700). Triflupromazine hydrochloride
is usually given by injection but in some countries oral prepara-
tions are available. 

In the management of psychosis, the usual dose is 60 to 150 mg
daily by intramuscular injection. For the control of nausea and
vomiting 5 to 15 mg is given intramuscularly and repeated after
4 hours if necessary up to a maximum of 60 mg daily; a dose of
1 mg to a maximum total daily dose of 3 mg may be given intra-
venously. 
A suggested intramuscular dose for children over 2 ⁄  years of age
is 200 to 250 micrograms/kg daily up to a maximum of 10 mg
daily. 
Reduced doses should be used in elderly or debilitated patients.

Preparations
USP 31: Triflupromazine Hydrochloride Injection; Triflupromazine Hydro-
chloride Tablets; Triflupromazine Oral Solution.

Proprietary Preparations (details are given in Part 3)
Austria: Psyquil; Ger.: Psyquil†; India: Siquil.

Trimetozine (USAN, rINN)

Abbott-22370; NSC-62939; PS-2383; Trimetozina; Trimétozine;
Trimetozinum. 4-(3,4,5-Trimethoxybenzoyl)morpholine.

Триметоцин
C14H19NO5 = 281.3.
CAS — 635-41-6.

Profile
Trimetozine has been used for its sedative properties.

Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Trioxazin.

Valnoctamide (USAN, rINN)

McN-X-181; NSC-32363; Valnoctamida; Valnoctamidum. 2-
Ethyl-3-methylvaleramide.

Вальноктамид
C8H17NO = 143.2.
CAS — 4171-13-5.
ATC — N05CM13.
ATC Vet — QN05CM13.

Profile
Valnoctamide, an isomer of valpromide (p.508), has been given
orally in the treatment of anxiety disorders.

◊ References.
1. Bialer M, et al. Pharmacokinetics of a valpromide isomer, val-

noctamide, in healthy subjects. Eur J Clin Pharmacol 1990; 38:
289–91. 

2. Barel S, et al. Stereoselective pharmacokinetic analysis of val-
noctamide in healthy subjects and in patients with epilepsy. Clin
Pharmacol Ther 1997; 61: 442–9.

Interactions. For a discussion of the potential interaction be-
tween carbamazepine and valnoctamide, see Antiepileptics,
p.474.

Veralipride (rINN)

Veraliprida; Véralipride; Veralipridum. N-[(1-Allyl-2-pyrrolidi-
nyl)methyl]-5-sulphamoyl-2-veratramide.

Вералиприд
C17H25N3O5S = 383.5.
CAS — 66644-81-3.
ATC — N05AL06.
ATC Vet — QN05AL06.

Profile
Veralipride is a substituted benzamide antipsychotic. It has been
used in the treatment of cardiovascular and psychological symp-
toms associated with the menopause; the usual oral dose is
100 mg daily for 20 days repeated at intervals of 7 to 10 days.
Preparations of veralipride have now been withdrawn from the
market in some countries because of the opinion that there is an
unacceptable balance of risks and benefits; adverse effects such
as anxiety, depression, and tardive dyskinesia have been associ-
ated with veralipride, both during and after treatment.

Menopausal disorders. HRT with oestrogens is the mainstay
of treatment for acute symptoms associated with the menopause
(see p.2077) but when it is considered to be unsuitable a variety
of other drugs including veralipride have been tried.1 It has also
been tried with raloxifene in postmenopausal women.2 However,
treatment with veralipride has been associated with extrapyram-
idal adverse effects.3,4

1. Young RL, et al. Management of menopause when estrogen can-
not be used. Drugs 1990; 40: 220–30. 

2. Morgante G, et al. Veralipride administered in combination with
raloxifene decreases hot flushes and improves bone density in
early postmenopausal women. Gynecol Endocrinol 2004; 18:
194–8. 

3. Masmoudi K, et al. Troubles extrapyramidaux sous véralipride
(Agréal ), traitement symptomatique des bouffées de chaleur: à
propos de 17 cas. Rev Med Interne 2005; 26: 453–7. 

4. Raja M, Azzoni A. Tardive dyskinesia after long-term veral-
ipride treatment. J Neuropsychiatr Clin Neurosci 2005; 17:
252–3.

Porphyria. Veralipride is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Veralipral; Belg.: Agreal†; Braz.: Agreal; Chile: Agreal; Fr.: Agreal†;
Ital.: Agradil; Veralipril†; Mex.: Aclimafel; Veraligral; Port.: Agreal†; Spain:
Agreal†.

Multi-ingredient: Arg.: Veralipral T.

Zaleplon (BAN, USAN, rINN)

CL-284846; L-846; LJC-10846; Tsaleploni; ZAL-846; Zaleplón;
Zaléplone; Zaleplonum. 3′-(3-Cyanopyrazolo[1,5-a]pyrimidin-7-
yl)-N-ethylacetanilide.

Залеплон
C17H15N5O = 305.3.

CAS — 151319-34-5.
ATC — N05CF03.
ATC Vet — QN05CF03.

Dependence and Withdrawal
As for Diazepam, p.987.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. Zaleplon should be used with
caution and in reduced doses in patients with hepatic
impairment, and should be avoided where this is se-
vere. 
Treatment of overdose is largely supportive. Activated
charcoal may be given orally to patients who present
within one hour of ingestion of more than 50 mg zale-
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plon by adults, or 1 mg/kg by children, provided that
the airway can be protected. Flumazenil may be con-
sidered in cases of severe CNS depression.
◊ References.
1. Israel AG, Kramer JA. Safety of zaleplon in the treatment of in-

somnia. Ann Pharmacother 2002; 36: 852–9.

Abuse. In a controlled study in healthy patients with a history of
drug abuse, zaleplon was shown to have a comparable abuse po-
tential to that of the benzodiazepine, triazolam.1
1. Rush CR, et al. Zaleplon and triazolam in humans: acute behav-

ioral effects and abuse potential. Psychopharmacology (Berl)
1999; 145: 39–51.

Breast feeding. Licensed product information for zaleplon ad-
vises that it should not be given to breast-feeding mothers since,
although only a small amount is excreted into breast milk, the
effect on the nursing infant is not known. 
Zaleplon was detected in the breast milk of 5 women who had
been given a 10-mg dose.1 The milk-to-plasma concentration ra-
tio for zaleplon was about 0.5.
1. Darwish M, et al. Rapid disappearance of zaleplon from breast

milk after oral administration to lactating women. J Clin Phar-
macol 1999; 39: 670–4.

Effects on mental function. For reports of adverse effects on
mental function, such as complex sleep-related behaviours, asso-
ciated with some hypnotics including zaleplon, see under Zolpi-
dem, below.

Hypersensitivity. For mention of anaphylactoid reactions as-
sociated with some hypnotics including zaleplon, see under
Zolpidem, below.

Interactions
As for Diazepam, p.989. Zaleplon is primarily metab-
olised by aldehyde oxidase and use with inhibitors of
this enzyme, such as cimetidine, may result in in-
creased plasma concentrations of zaleplon (see Uses
and Administration, below). Zaleplon is also partly
metabolised by the cytochrome P450 isoenzyme
CYP3A4 and, consequently, caution is advised when
zaleplon is given with drugs that are substrates for, or
potent inhibitors of, this isoenzyme. Cimetidine is also
an inhibitor of CYP3A4 and thus inhibits both the pri-
mary and secondary metabolic pathways of zaleplon. 
Use with rifampicin or other potent enzyme-inducing
drugs may accelerate the metabolism of zaleplon and
reduce its plasma concentrations.

Pharmacokinetics
Zaleplon is rapidly absorbed from the gastrointestinal
tract with peak plasma concentrations reached in about
one hour after oral dosage. A heavy meal or one with a
high-fat content delays absorption and reduces peak
concentrations. Bioavailability is about 30% due to
significant first-pass hepatic metabolism. Zaleplon is
metabolised primarily by aldehyde oxidase to form 5-
oxo-zaleplon and, to a lesser extent, by the cytochrome
P450 isoenzyme CYP3A4 to desethylzaleplon, which
is further metabolised by aldehyde oxidase to 5-oxo-
desethylzaleplon. The plasma-elimination half-life of
zaleplon is about 1 hour. About 70% of a dose is ex-
creted in the urine as these inactive metabolites or their
glucuronides; less than 1% is excreted unchanged.
About 17% of a dose is eliminated in the faeces, main-
ly as 5-oxo-zaleplon. Zaleplon is distributed into breast
milk.
◊ References.
1. Greenblatt DJ, et al. Comparative kinetics and dynamics of zal-

eplon, zolpidem, and placebo. Clin Pharmacol Ther 1998; 64:
553–61. 

2. Drover D, et al. Pharmacokinetics, pharmacodynamics, and rel-
ative pharmacokinetic/pharmacodynamic profiles of zaleplon
and zolpidem. Clin Ther 2000; 22: 1443–61. 

3. Drover DR. Comparative pharmacokinetics and pharmacody-
namics of short-acting hypnosedatives: zaleplon, zolpidem and
zopiclone. Clin Pharmacokinet 2004; 43: 227–38.

Uses and Administration
Zaleplon is a pyrazolopyrimidine with similar sedative
properties to the benzodiazepines (see Diazepam,
p.992). It is used as a hypnotic in the short-term man-
agement of insomnia. Zaleplon has a rapid onset and
short duration of action. The usual oral dose is 10 mg
at bedtime although US product information notes that
occasional patients may require 20 mg. Elderly or de-

bilitated patients or those also taking cimetidine should
be given 5 mg. For dosages in patients with hepatic im-
pairment, see below.
Administration in hepatic impairment. The oral dose of
zaleplon should be reduced to 5 mg at bedtime in patients with
mild to moderate hepatic impairment; it should not be given to
those with severe impairment.
Insomnia. Zaleplon is a pyrazolopyrimidine hypnotic. Al-
though not related structurally to the benzodiazepines it appears
to act by binding selectively to the benzodiazepine type I recep-
tor (BZ1- or ω1-receptors) on the GABA subtype A complex.
Zaleplon reduces sleep latency but has little effect on sleep dura-
tion; it is rapidly absorbed and eliminated and consequently re-
sidual effects the next day are said to be minimal. These charac-
teristics make it best suited for the treatment of patients with
insomnia (p.957) who have difficulty falling asleep; zaleplon can
either be taken at bedtime or during the night if a patient has trou-
ble falling back to sleep, provided they are assured of at least 4
hours uninterrupted sleep. 
References.
1. Anonymous. Zaleplon for insomnia. Med Lett Drugs Ther 1999;

41: 93–4. 
2. Danjou P, et al. A comparison of the residual effects of zaleplon

and zolpidem following administration 5 to 2 h before awaken-
ing. Br J Clin Pharmacol 1999; 48: 367–74. 

3. Elie R, et al. Sleep latency is shortened during 4 weeks of treat-
ment with zaleplon, a novel nonbenzodiazepine hypnotic. J Clin
Psychiatry 1999; 60: 536–44. 

4. Dooley M, Plosker GL. Zaleplon: a review of its use in the treat-
ment of insomnia. Drugs 2000; 60: 413–45. 

5. George CFP. Pyrazolopyrimidines. Lancet 2001; 358: 1623–6. 
6. Terzano MG, et al. New drugs for insomnia: comparative tolera-

bility of zopiclone, zolpidem and zaleplon. Drug Safety 2003;
26: 261–82. 

7. Barbera J, Shaprio [sic] C. Benefit-risk assessment of zaleplon in
the treatment of insomnia. Drug Safety 2005; 28: 301–18.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Hegon; Hipnodem; Austria: Sonata; Belg.: Sonata; Braz.: Sonata;
Canad.: Starnoc; Chile: Noctiplon†; Plenidon; Rhem†; Sedartryl; Somni-
pax†; Cz.: Sonata; Zerene; Denm.: Sonata; Fin.: Sonata; Ger.: Sonata; Gr.:
Sonata; Hung.: Sonata; India: Zalep; Zaplon†; Zaso; Irl.: Sonata; Ital.: So-
nata; Zerene; Mex.: Sonata†; Neth.: Sonata; Zerene; Pol.: Selofen; Port.:
Sonata; Zerene; Rus.: Andante (Анданте); Spain: Sonata; Swed.: Sonata;
Switz.: Sonata; UK: Sonata†; USA: Sonata.

Ziprasidone (BAN, rINN)

Ziprasidona; Ziprasidonum. 5-{2-[4-(1,2-Benzisothiazol-3-yl)-1-
piperazinyl]ethyl}-6-chloro-2-indolinone.
Зипрасидон
C21H21ClN4OS = 412.9.
CAS — 146939-27-7 (ziprasidone).
ATC — N05AE04.
ATC Vet — QN05AE04.

Ziprasidone Hydrochloride (BANM, USAN, rINNM)

CP-88059; CP-88059-1; Hidrocloruro de ziprasidona; Ziprasi-
done, chlorhydrate de; Ziprasidoni hydrochloridum.
Зипрасидона Гидрохлорид
C21H21ClN4OS,HCl,H2O = 467.4.
CAS — 138982-67-9.
ATC — N05AE04.
ATC Vet — QN05AE04.

Ziprasidone Mesilate (BANM, rINNM)

CP-88059/27; Mesilato de ziprasidona; Ziprasidone, Mésilate de;
Ziprasidone Mesylate (USAN); Ziprasidoni Mesilas.
Зипрасидона Мезилат
C21H21ClN4OS,CH4O3S,3H2O = 563.1.
CAS — 199191-69-0.
ATC — N05AE04.
ATC Vet — QN05AE04.

Adverse Effects, Treatment, and Precau-
tions
Although ziprasidone may share some of the adverse
effects seen with the classical antipsychotics (see Chlor-
promazine, p.969), the incidence and severity of such
effects may vary. Frequent adverse effects with ziprasi-

done include somnolence, rash or urticaria, gastroin-
testinal disturbances, dizziness, flu-like symptoms, hy-
pertension, headache, agitation, confusion, and
dyspnoea. Orthostatic hypotension may be a problem,
particularly when starting treatment. Ziprasidone may
increase prolactin levels and weight gain has also been
noted. Sexual dysfunction has been reported infre-
quently. Extrapyramidal symptoms may occur, and tar-
dive dyskinesia may develop with prolonged use.
There have also been infrequent or rare cases of chole-
static jaundice, hepatitis, seizures, blood dyscrasias in-
cluding leucopenia and thrombocytopenia, and hyper-
lipidaemia. Hyperglycaemia occurs uncommonly with
ziprasidone. Clinical monitoring for hyperglycaemia
has been recommended, especially in patients with, or
at risk of, developing diabetes. 
Ziprasidone has been associated with dose-related pro-
longation of the QT interval. Because of this and the
consequent danger of life-threatening arrhythmias
such as torsade de pointes and sudden death, its use is
contra-indicated in patients with a history of QT pro-
longation or cardiac arrhythmias, with recent acute
myocardial infarction, or with decompensated heart
failure. Certain medications may also increase the risk
(see Interactions, below). Baseline serum potassium
and magnesium screening should be performed in pa-
tients who are at risk of significant electrolyte distur-
bances and hypokalaemia or hypomagnesaemia
should be corrected before starting ziprasidone thera-
py. Serum electrolytes should be monitored in patients
who start diuretic therapy during ziprasidone treat-
ment. Patients receiving ziprasidone who have symp-
toms that might indicate torsade de pointes (e.g. dizzi-
ness, palpitations, or syncope) should be further
evaluated. 
Ziprasidone should be used with caution in patients
with a history of seizures or in conditions that lower the
seizure threshold, cardiovascular or cerebrovascular
disease, or conditions which predispose to hypoten-
sion. Since intramuscular injections are formulated
with cyclodextrin, which is cleared by renal filtration,
the manufacturer recommends caution in patients with
renal impairment. 
Ziprasidone may affect the performance of skilled
tasks including driving.
Dementia. The FDA1 has issued advice against the use of atyp-
ical antipsychotics, including ziprasidone, in the treatment of be-
havioural problems in elderly patients with dementia after anal-
ysis of placebo-controlled studies showed an increased risk of
mortality with certain drugs of this class. See under Risperidone,
p.1024.
1. Food and Drug Administration. FDA issues public health advi-

sory for antipsychotic drugs used for treatment of behavioral dis-
orders in elderly patients (issued 11/04/05). Available at: http://
www.fda.gov/bbs/topics/ANSWERS/2005/ANS01350.html (ac-
cessed 30/05/05)

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981.
Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981.
Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also Effects on
Carbohydrate Metabolism under Adverse Effects of Clozapine,
p.981.
Extrapyramidal disorders. There have been reports1-3 of tar-
dive dyskinesia associated with ziprasidone therapy; onset
ranged from 2 to 34 months after starting the drug. Acute dysto-
nia has also been reported4,5 with ziprasidone. However, the in-
cidence of extrapyramidal adverse effects (p.971) is generally
lower with atypical than classical antipsychotics.
1. Rosenquist KJ, et al. Tardive dyskinesia and ziprasidone. Am J

Psychiatry 2002; 159: 1436. 
2. Keck ME, et al. Ziprasidone-related tardive dyskinesia. Am J

Psychiatry 2004; 161: 175–6. 
3. Ananth J, et al. Tardive dyskinesia in 2 patients treated with

ziprasidone. J Psychiatry Neurosci 2004; 29: 467–9. 
4. Ziegenbein M, et al. Ziprasidone-induced Pisa syndrome after

clozapine treatment. J Neuropsychiatr Clin Neurosci 2003; 15:
458–9. 

5. Mason MN, et al. Ziprasidone-induced acute dystonia. Am J Psy-
chiatry 2005; 162: 625–6.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Mania. Although it is used in the treatment of bipolar disorder,
ziprasidone has been associated with reports of mania in bipolar
patients, see under Uses and Administration, below.

Neuroleptic malignant syndrome. Neuroleptic malignant
syndrome (NMS— p.972) has been associated with ziprasi-
done;1 however, the patient had also received lithium, a drug that
has been associated with NMS.
1. Borovicka MC, et al. Ziprasidone- and lithium-induced neu-

roleptic malignant syndrome. Ann Pharmacother 2006; 40:
139–42.

Pregnancy. For comments on the use of some atypical antipsy-
chotics, including ziprasidone, during pregnancy, see under Pre-
cautions of Clozapine, p.983. 
US licensed drug information states that ziprasidone demonstrat-
ed possible teratogenic effects in some animals; it was noted that
there are no adequate and well-controlled studies in human preg-
nancy. Ziprasidone should only be used if the benefits to the
mother outweigh the risks to the fetus.

Interactions
Use of ziprasidone with other drugs known to prolong
the QT interval is contra-indicated because of the in-
creased risk of arrhythmias. Monitoring of serum elec-
trolytes is recommended if ziprasidone is given with
diuretics. 
The metabolism of ziprasidone is mediated by the cyto-
chrome P450 isoenzyme CYP3A4. Therefore, there is
the potential for interactions between ziprasidone and
other drugs that induce, inhibit, or act as a substrate for
this enzyme. 
Ziprasidone may enhance the effects of other CNS de-
pressants and certain antihypertensives; it may antago-
nise the effects of levodopa and dopaminergics.

Pharmacokinetics
Ziprasidone is well absorbed from the gastrointestinal
tract with peak plasma concentrations being reached 6
to 8 hours after oral doses. The presence of food may
double the absorption. Following intramuscular injec-
tion, peak plasma concentrations are reached within 1
hour. Plasma protein binding is about 99%. Ziprasi-
done is extensively metabolised by aldehyde oxidase
(about 66% of a dose) and by the cytochrome P450
isoenzyme CYP3A4. The mean terminal elimination
half-life has been reported to be about 7 hours after oral
dosage and about 2 to 5 hours after intramuscular dos-
age. Ziprasidone is excreted mainly as metabolites in
the faeces (about 66%) and urine (about 20%); less
than 5% of a dose appears as unchanged drug.
◊ References.
1. Various. The pharmacokinetics of ziprasidone. Br J Clin Phar-

macol 2000; 49 (suppl 1): 1S–76S. 
2. Miceli JJ, et al. Pharmacokinetics, safety, and tolerability of in-

tramuscular ziprasidone in healthy volunteers. J Clin Pharmacol
2005; 45: 620–30. 

3. Preskorn SH. Pharmacokinetics and therapeutics of acute intra-
muscular ziprasidone. Clin Pharmacokinet 2005; 44: 1117–33.

Uses and Administration
Ziprasidone is an atypical antipsychotic reported to
have affinity for adrenergic (α1), histamine (H1), and
serotonin (5-HT2) receptors as well as dopamine (D2)
receptors. It is used for the treatment of schizophrenia
and in acute manic or mixed episodes associated with
bipolar disorder. Ziprasidone is given by mouth usually
as the hydrochloride; it is also given parenterally as the
mesilate. Doses are expressed in terms of the base;
ziprasidone hydrochloride 11.3 mg or ziprasidone
mesilate 13.6 mg are each equivalent to about 10 mg of
ziprasidone. 
For the treatment of schizophrenia, ziprasidone hy-
drochloride is given in an initial oral dose of 20 mg
twice daily with food. Doses may be increased if nec-
essary at intervals of not less than 2 days up to 80 mg
twice daily. For maintenance, doses as low as 20 mg
twice daily may be effective. 
For acute agitation in patients with schizophrenia,
ziprasidone may be given as the mesilate by intramus-
cular injection. The recommended dose is 10 to 20 mg
as required, up to a maximum of 40 mg daily for 3 con-
secutive days. Doses of 10 mg may be given every 2

hours and doses of 20 mg may be given every 4 hours.
Patients should be switched to oral therapy as soon as
possible. 
For the treatment of mania, ziprasidone hydrochloride
is given in an initial oral dose of 40 mg twice daily with
food. The dose should be increased to 60 or 80 mg
twice daily on the second day of treatment and subse-
quently adjusted according to tolerance.

Bipolar disorder. Ziprasidone is effective in the management
of acute mania in patients with bipolar disorder1 but it may also
be associated with the induction of mania or hypomania in such
patients.2

1. Keck PE, et al. Ziprasidone in the treatment of acute bipolar ma-
nia: a three-week, placebo-controlled, double-blind, randomized
trial. Am J Psychiatry 2003; 160: 741–8. 

2. Baldassano CF, et al. Ziprasidone-associated mania: a case series
and review of the mechanism. Bipolar Disord 2003; 5: 72–5.

Schizophrenia. A systematic review1 of the effectiveness and
safety of ziprasidone in patients with schizophrenia (p.955)
found that from the limited data available ziprasidone was as ef-
fective as haloperidol; it was less likely to provoke extrapyrami-
dal disorders but appeared to cause more nausea and vomiting,
and pain at the site of injection. Comparisons with other atypical
antipsychotics were lacking. A comparative study2 of intramus-
cular ziprasidone with intramuscular haloperidol also found a fa-
vourable outcome in patients with acute psychoses.
1. Bagnall A, et al. Ziprasidone for schizophrenia and severe men-

tal illness. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
20/10/05). 

2. Brook S, et al. Intramuscular ziprasidone compared with intra-
muscular haloperidol in the treatment of acute psychosis. J Clin
Psychiatry 2000; 61: 933–41.

Tourette’s syndrome. When drug treatment is required for
tics and behavioural disturbances in Tourette’s syndrome
(p.954), haloperidol or pimozide are commonly used but atypical
antipsychotics such as ziprasidone are increasingly being tried.1

1. Sallee FR, et al. Ziprasidone treatment of children and adoles-
cents with Tourette’s syndrome: a pilot study. J Am Acad Child
Adolesc Psychiatry 2000; 39: 292–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Zeldox; Austral.: Zeldox; Austria: Zeldox; Braz.: Geodon; Chile:
Zeldox; Cz.: Zeldox; Denm.: Zeldox; Fin.: Zeldox; Ger.: Zeldox; Gr.: Ge-
odon; Hong Kong: Zeldox; Hung.: Zeldox; India: Zipsydon; Irl.: Geo-
don; Israel: Geodon; Malaysia: Zeldox; Mex.: Geodon; Norw.: Zeldox;
NZ: Zeldox; Philipp.: Zeldox; Pol.: Zeldox; Port.: Zeldox; Rus.: Zeldox
(Зелдокс); S.Afr.: Geodon; Singapore: Zeldox; Spain: Geodon; Zeldox;
Swed.: Zeldox; Thai.: Zeldox; USA: Geodon; Venez.: Geodon.

Zolazepam Hydrochloride (BANM, USAN, rINNM)

CI-716; Hidrocloruro de zolazepam; Zolazépam, Chlorhydrate
de; Zolazepami Hydrochloridum. 4-(o-Fluorophenyl)-6,8-dihy-
dro-1,3,8-trimethylpirazole[3,4-e][1,4]diazepin-7(1H)-one
monohydrochloride.

Золазепама Гидрохлорид

C15H15FN4O,HCl = 322.8.

CAS — 31352-82-6 (zolazepam); 33754-49-3
(zolazepam hydrochloride).

(zolazepam)

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Zolazepam Hydrochloride). A white to off-white crys-
talline powder. Freely soluble in water and in 0.1N hydrochloric
acid; slightly soluble in chloroform; practically insoluble in
ether; soluble in methyl alcohol. pH of a 10% solution in water
is between 1.5 and 3.5. Store in airtight containers.

Profile
Zolazepam hydrochloride is a benzodiazepine with general prop-
erties similar to those of diazepam (p.992). It is used with tileta-
mine (p.1796) for general anaesthesia in veterinary medicine.

Zolpidem Tartrate (BANM, USAN, rINNM)

SL-80.0750 (zolpidem); SL-80.0750-23N; Tartrato de zolpidem;
Tsolpideemitartraatti; Zolpidem Hemitartrate; Zolpidem, tar-
trate de; Zolpidemi tartras; Zolpidemo tartratas; Zolpidem-tar-
tarát; Zolpidemtartrat; Zolpidemu winian. N,N-Dimethyl-2-(6-
methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)acetamide hem-
itartrate.
Золпидема Тартрат
(C19H21N3O)2,C4H6O6 = 764.9.
CAS — 82626-48-0 (zolpidem); 99294-93-6 (zolpidem
tartrate).
ATC — N05CF02.
ATC Vet — QN05CF02.

(zolpidem)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of zolpidem tartrate: 
Sleepeasy; Tic-Tacs.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Zolpidem Tartrate). A white or almost white hy-
groscopic crystalline powder. Slightly soluble in water; practical-
ly insoluble in dichloromethane; sparingly soluble in methyl al-
cohol. Store in airtight containers. Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.
Withdrawal symptoms. A 37-year-old man, who increased
his dose from 10 mg to 130 mg daily over 2 months, had a gen-
eralised tonic-clonic seizure after zolpidem was abruptly
stopped.1 The patient recovered after being started on a benzodi-
azepine dosage tapering programme. Symptoms attributed to
daytime abstinence after excessive night-time doses have been
reported2 in 2 patients and included anxiety, tremor, sweating,
nausea, gastric and abdominal pain, swallowing difficulties,
tachycardia, and tachypnoea. The patients had increased their
doses because of the development of tolerance to the hypnotic
effect but had begun to experience muscle twitches and myo-
clonic jerks.
1. Gilbert DL, Staats PS. Seizure after withdrawal from suprather-

apeutic doses of zolpidem tartrate, a selective omega I benzodi-
azepine receptor agonist. J Pain Symptom Manage 1997; 14:
118–20. 

2. Cavallaro R, et al. Tolerance and withdrawal with zolpidem.
Lancet 1993; 342: 374–5.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. 
Treatment of overdose is largely supportive. Activated
charcoal may be given orally within one hour of inges-
tion of 100 mg zolpidem or more by adults, or more
than 5 mg by children. Alternatively, gastric lavage
may be considered in adults if they present within 1
hour of a potentially life-threatening overdose. Fluma-
zenil may be considered in cases of severe CNS de-
pression (see also Overdosage, below).
◊ Reviews.
1. Darcourt G, et al. The safety and tolerability of zolpidem—an

update. J Psychopharmacol 1999; 13: 81–93.

Abuse. Zolpidem abuse has been reported;1,2 effects noted in-
clude a paradoxical stimulant effect when taking large doses of
zolpidem. Tolerance may also develop. Intravenous abuse has
also been reported.3 
See also under Dependence and Withdrawal, above.
1. Gericke CA, Ludolph AC. Chronic abuse of zolpidem. JAMA

1994; 272: 1721–2. 
2. Victorri-Vigneau C, et al. Evidence of zolpidem abuse and de-

pendence: results of the French Centre for Evaluation and Infor-
mation on Pharmacodependence (CEIP) network survey. Br J
Clin Pharmacol 2007; 64: 198–209. 

3. Brunelle E, et al. Zolpidem: intravenous misuse in drug abusers.
Addiction 2005; 100: 1377–8.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving zolpidem, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. 
In 5 women given a 20-mg dose of zolpidem, the amount of drug
excreted in breast milk after 3 hours ranged between 0.76 and
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3.88 micrograms, which represented 0.004 to 0.019% of the
dose.2 No detectable (below 0.5 nanograms/mL) zolpidem was
found in subsequent milk samples.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at:
http:/ /aappolicy.aappubl ications.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 29/04/04) 

2. Pons G, et al. Zolpidem excretion in breast milk. Eur J Clin
Pharmacol 1989; 37: 245–8.

Effects on the liver. Hepatitis developed on 2 separate occa-
sions in a 53-year-old woman after the use of zolpidem for in-
somnia.1

1. Karsenti D, et al. Hepatotoxicity associated with zolpidem treat-
ment. BMJ 1999; 318: 1179.

Effects on mental function. Psychotic reactions, which may
not subsequently be recalled, have been reported in patients tak-
ing therapeutic doses of zolpidem.1-4 Somnambulism has also
been reported with zolpidem.5,6 Other complex sleep-related be-
haviours, such as eating or driving while asleep, have been re-
ported with zaleplon,7 zolpidem,6,7 and zopiclone. Such behav-
iour is more likely to occur when these drugs are taken with
alcohol or other CNS depressants, or when taken in doses ex-
ceeding the recommended maximum. It is not clear if there are
differences in risk with individual drugs; however, as a precau-
tionary measure, the FDA8 had requested for labelling changes
that highlight these adverse effects to be made to all hypnotics
marketed in the USA.
1. Ansseau M, et al. Psychotic reactions to zolpidem. Lancet 1992;

339: 809. 
2. Iruela LM, et al. Zolpidem-induced macropsia in anorexic wom-

an. Lancet 1993; 342: 443–4. 
3. Brodeur MR, Stirling AL. Delirium associated with zolpidem.

Ann Pharmacother 2001; 35: 1562–4. 
4. Adverse Drug Reactions Advisory Committee (ADRAC). See-

ing things with zolpidem. Aust Adverse Drug React Bull 2002;
21: 3. Also available at: http://www.tga.gov.au/adr/aadrb/
aadr0202.pdf (accessed 21/08/08) 

5. Yang W, et al. One rare side effect of zolpidem—sleepwalking:
a case report. Arch Phys Med Rehabil 2005; 86: 1265–6. 

6. Adverse Drug Reactions Advisory Committee (ADRAC). Zolpi-
dem and bizarre sleep related effects. Aust Adverse Drug React Bull
2007; 26: 2–3. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr0702.pdf (accessed 10/03/08) 

7. Southworth MR, et al. FDA. Nonbenzodiazepine hypnotic use
and cases of "sleep driving". Ann Intern Med 2008; 148: 486–7. 

8. FDA. FDA news: FDA requests label change for all sleep disor-
der drug products (issued 14th March, 2007). Available at:
http://www.fda.gov/bbs/topics/NEWS/2007/NEW01587.html
(accessed 07/08/08)

Hypersensitivity. Rare cases of angioedema involving the
tongue, glottis, or larynx have been reported after the first or sub-
sequent doses of hypnotics such as eszopiclone, zaleplon, zolpi-
dem, and zopiclone; additional symptoms suggestive of anaphy-
laxis have also developed in some patients.

Overdosage. A retrospective analysis of 344 cases of acute
overdosage with zolpidem reported to the Paris Poison Center
and the manufacturers Synthelabo has been published.1 The in-
gested dose, where known, ranged from 10 to 1400 mg, and the
most common adverse effect was drowsiness (in 89 patients).
Other adverse effects probably associated with the overdosage
included coma in 4 patients and vomiting in 7. Recovery was
usually rapid when overdosage involved only zolpidem. It was
recommended that patients who had ingested more than 100 mg
of zolpidem should undergo gastric lavage and should be moni-
tored for at least 12 hours (see also above). Although it has been
shown that flumazenil2 can effectively antagonise the CNS ef-
fects of zolpidem the authors of this analysis1 found that in gen-
eral it was not required.
1. Garnier R, et al. Acute zolpidem poisoning—analysis of 344

cases. J Toxicol Clin Toxicol 1994; 32: 391–404. 
2. Patat A, et al. Flumazenil antagonizes the central effects of

zolpidem, an imidazopyridine hypnotic. Clin Pharmacol Ther
1994; 56: 430–6.

Interactions
As for Diazepam, p.989.

Antidepressants. A 16-year-old girl who had been taking par-
oxetine 20 mg daily for 3 days began to hallucinate and became
disorientated one hour after taking zolpidem 10 mg at night. The
delirium cleared spontaneously 4 hours later without treatment.1
When questioned, at least one other of the author’s patients re-
ceiving this combination reported transient visual hallucinations.
Other isolated cases of visual hallucinations have been reported
in patients taking zolpidem with antidepressants including bu-
propion, desipramine, fluoxetine, sertraline, and venlafaxine.2

1. Katz SE. Possible paroxetine-zolpidem interaction. Am J Psychi-
atry 1995; 152: 1689. 

2. Elko CJ, et al. Zolpidem-associated hallucinations and serotonin
reuptake inhibition: a possible interaction. J Toxicol Clin Toxicol
1998; 36: 195–203.

Antiepileptics. A 47-year-old man with a history of bipolar
disorder, who was receiving citalopram and zolpidem, had epi-
sodes of somnambulism after he was also given valproic acid for
treatment of manic symptoms.1 The episodes stopped on with-
drawal of valproic acid and returned on rechallenge. An interac-
tion between zolpidem and valproic acid was suspected (but
somnambulism has also been associated with zolpidem alone,
see Effects on Mental Function, above). 

For the suggestion that carbamazepine and phenytoin may inter-
act with zolpidem, see Rifampicin, below.

1. Sattar SP, et al. Somnambulism due to probable interaction of
valproic acid and zolpidem. Ann Pharmacother 2003; 37:
1429–33.

Antifungals. Use of ketoconazole with zolpidem has resulted in
increased plasma concentrations, and an enhanced sedative ef-
fect, of zolpidem, albeit only modest.1 The use of zolpidem with
fluconazole1 or itraconazole1,2 has resulted in small, non-signifi-
cant changes in the pharmacokinetics and sedative effects of
zolpidem.

1. Greenblatt DJ, et al. Kinetic and dynamic interaction study of
zolpidem with ketoconazole, itraconazole, and fluconazole. Clin
Pharmacol Ther 1998; 64: 661–71. 

2. Luurila H, et al. Effect of itraconazole on the pharmacokinetics
and pharmacodynamics of zolpidem. Eur J Clin Pharmacol
1998; 54: 163–6.

Antivirals. HIV-protease inhibitors such as ritonavir may in-
crease plasma concentrations of zolpidem with a risk of extreme
sedation and respiratory depression; use together is possible pro-
vided the patient is carefully monitored for excessive sedative
effects.

Rifampicin. Rifampicin reduced the hypnotic effect of zolpi-
dem in a study in 8 healthy female subjects.1 The area under the
curve for zolpidem was reduced by 73% after rifampicin and the
peak plasma concentration by 58%. The elimination half-life of
zolpidem was reduced from 2.5 to 1.6 hours. Similar effects
could be expected with other potent inducers of the cytochrome
P450 isoenzyme CYP3A4 such as carbamazepine and pheny-
toin.

1. Villikka K, et al. Rifampin reduces plasma concentrations and
effects of zolpidem. Clin Pharmacol Ther 1997; 62: 629–34.

Pharmacokinetics
Zolpidem is rapidly absorbed from the gastrointestinal
tract after oral doses, peak plasma concentrations being
reached within 3 hours. Zolpidem undergoes first-pass
metabolism and an absolute bioavailability of about
70% has been reported. Zolpidem has an elimination
half-life of about 2.5 hours and is about 92% bound
to plasma proteins. It is metabolised primarily by the
cytochrome P450 isoenzyme CYP3A4; the inactive
metabolites of zolpidem are excreted in the urine and
faeces. Zolpidem is distributed into breast milk.

◊ References.

1. Salvà P, Costa J. Clinical pharmacokinetics and pharmacody-
namics of zolpidem: therapeutic implications. Clin Pharmacok-
inet 1995; 29: 142–53. 

2. von Moltke LL, et al. Zolpidem metabolism in vitro: responsible
cytochromes, chemical inhibitors, and vivo correlations. Br J
Clin Pharmacol 1999; 48: 89–97. 

3. Drover D, et al. Pharmacokinetics, pharmacodynamics, and rel-
ative pharmacokinetic/pharmacodynamic profiles of zaleplon
and zolpidem. Clin Ther 2000; 22: 1443–61. 

4. Drover DR. Comparative pharmacokinetics and pharmacody-
namics of short-acting hypnosedatives: zaleplon, zolpidem and
zopiclone. Clin Pharmacokinet 2004; 43: 227–38. 

5. Greenblatt DJ, et al. Dynamics and kinetics of a modified-re-
lease formulation of zolpidem: comparison with immediate-re-
lease standard zolpidem and placebo. J Clin Pharmacol 2006;
46: 1469–80.

Uses and Administration
Zolpidem tartrate is an imidazopyridine that is reported
to have similar sedative properties to the benzodi-
azepines (see Diazepam, p.992), but minimal anxiolyt-
ic, muscle relaxant, and anticonvulsant properties. It
has a rapid onset and short duration of action, and is
used as a hypnotic in the short-term management of in-
somnia. The usual oral dose is 10 mg taken immediate-
ly before retiring. In elderly or debilitated patients,
treatment should be limited to a dose of 5 mg at night.
Doses should also be reduced in patients with hepatic
impairment, see below. A modified-release formula-
tion of zolpidem tartrate is also available.

Administration in hepatic impairment. In patients with
hepatic impairment, treatment with immediate-release formula-
tions of zolpidem tartrate should be started with a dose of 5 mg
at night; the dose may be increased to 10 mg, if necessary, in
those under 65 years. UK licensed product information contra-
indicates the use of zolpidem in patients with severe impairment.

Catatonia. Anecdotal reports1,2 suggesting that zolpidem may
be a useful test in the diagnosis of catatonia.
1. Thomas P, et al. Test for catatonia with zolpidem. Lancet 1997;

349: 702. 
2. Zaw ZF, Bates GDL. Replication of zolpidem test for catatonia

in an adolescent. Lancet 1997; 349: 1914.

Insomnia. Zolpidem is an imidazopyridine with strong sedative
actions, but only minor anxiolytic, muscle relaxant, or anticon-
vulsant properties. Some degree of amnesia has been reported.
Zolpidem appears to act by binding to the benzodiazepine recep-
tor component of the GABA receptor complex. It has, however,
a selective affinity for the subtype of benzodiazepine receptors
prevalent in the cerebellum (BZ1- or ω1-receptors) as opposed to
those more commonly found in the spinal cord (BZ2- or ω2-re-
ceptors) or in the peripheral tissues (BZ3- or ω3-receptors).
Zolpidem has a rapid onset and short duration of hypnotic action
and at usual doses decreases time to sleep onset and increases
duration of sleep with little apparent effect on sleep stages (see
Insomnia, p.957). Reviews agree that clinical studies have
shown zolpidem to have hypnotic activity superior to placebo
and generally similar to comparative benzodiazepines. Although
it does not appear to produce rebound insomnia to any great ex-
tent, there appears to be little evidence that zolpidem offers any
advantage over short-acting benzodiazepines in terms of residual
effects the next day, or its potential to induce tolerance or with-
drawal symptoms or dependence (see also under Dependence
and Withdrawal, above). 
References.
1. Langtry HD, Benfield P. Zolpidem: a review of its pharmacody-

namic and pharmacokinetic properties and therapeutic potential.
Drugs 1990; 40: 291–313. 

2. Lobo BL, Greene WL. Zolpidem: distinct from triazolam? Ann
Pharmacother 1997; 31: 625–32. 

3. Nowell PD, et al. Benzodiazepines and zolpidem for chronic in-
somnia: a meta-analysis of treatment efficacy. JAMA 1997; 278:
2170–7. 

4. Holm KJ, Goa KL. Zolpidem: an update of its pharmacology,
therapeutic efficacy and tolerability in the treatment of insomnia.
Drugs 2000; 59: 865–89. 

5. Terzano MG, et al. New drugs for insomnia: comparative tolera-
bility of zopiclone, zolpidem and zaleplon. Drug Safety 2003;
26: 261–82. 

6. Harrison TS, Keating GM. Zolpidem: a review of its use in the
management of insomnia. CNS Drugs 2005; 19: 65–89.

Parkinsonism. Although preliminary findings1 in 10 patients
suggested that zolpidem might improve symptoms of Parkin-
son’s disease concern has been expressed2 over the risk of falls
associated with zolpidem-induced drowsiness and the serious
consequences for these patients. Benefit has also been reported3

in the treatment of antipsychotic-induced parkinsonism in one
patient with symptoms of repetitive persistent gross tremors of
the hands.
1. Daniele A, et al. Zolpidem in Parkinson’s disease. Lancet 1997;

349: 1222–3. 
2. Lavoisy J, Marsac J. Zolpidem in Parkinson’s disease. Lancet

1997; 350: 74. 
3. Farver DK, Khan MH. Zolpidem for antipsychotic-induced par-

kinsonism. Ann Pharmacother 2001; 35: 435–7.

Permanent vegetative state. Zolpidem in a single dose of
10 mg has produced temporary arousal in 3 patients thought to
be in permanent vegetative state.1 Effects lasted for about 4
hours.
1. Clauss R, Nel W. Drug induced arousal from the permanent veg-

etative state. NeuroRehabilitation 2006; 21: 23–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Balidorm†; Dormilan; Durnit; Nocte; Somit; Sumenan; Zolodorm;
Austral.: Dormizol; Somidem; Stildem; Stilnox; Zolpibell; Austria: Ivadal;
Mondeal; Zoldem; Zolpidohexal; Belg.: Stilnoct; Braz.: Lioram; Stilnox;
Chile: Adormix; Damixan; Dormilam; Dormosol; Somnil; Somnipron;
Somno; Sucedal; Cz.: Eanox; Hypnogen; Stilnoct; Stilnox; Zolpimerck;
Zolpinox; Zolsana; Zonadin; Denm.: Eanox†; Nimadorm; Stilnoct; Zonoct;
Fin.: Somnor; Stella; Stilnoct; Fr.: Stilnox; Ger.: Bikalm; Stilnox; Zodormdu-
ra; Zoldem; Zolpi-Lich; Zolpi-Q; Zolpinox; Gr.: Alespan; Hypnoforin; Stil-
nox; Hong Kong: Stilnox; Stilpidem; Hung.: Ambien; Hypnogen; Pidezol;
Sanval; Stilnox; India: Ambiz; Sove; Zleep; Zoldem; Indon.: Stilnox; Zolmia;
Irl.: Nytamel; Stilnoct; Zoldem; Zolnod; Israel: Stilnox; Zodorm; Ital.: Ni-
otal; Nottem; Stilnox; Jpn: Myslee; Malaysia: Sobrium; Somidem; Stilnox;
Mex.: Nocte; Stilnox; Neth.: Stilnoct; Zolpidol; Norw.: Stilnoct; Philipp.:
Stilnox; Ziohex; Pol.: Hypnogen; Nasen; Polsen; Sanval; Stilnox; Xentic;
Zolpic; ZolpiGen; Zolsana; Zoratio; Port.: Cymerion; Stilnox; Rus.: Hyp-
nogen (Гипноген); Nitrest (Нитрест); Sanval (Санвал); Snovitel
(Сновител); S.Afr.: Ivedal; Noxidem; Stilnox; Zolnoxs; Zolpihexal; Singa-
pore: Stilnox; Spain: Dalparan; Stilnox; Swed.: Stilnoct; Switz.: Sedovalin;
Stilnox; Zoldorm; Zolpi-Med; Thai.: Stilnox; UK: Stilnoct; USA: Ambien;
Tovalt; Venez.: Atrimon; Stilnox; Zolpidex.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Zopiclone (BAN, rINN)

27267-RP; Tsopikloni; Zopiclona; Zopiclonum; Zopiklon; Zopik-
lonas. 6-(5-Chloro-2-pyridyl)-6,7-dihydro-7-oxo-5H-pyrro-
lo[3,4-b]pyrazin-5-yl 4-methylpiperazine-1-carboxylate.

Зопиклон

C17H17ClN6O3 = 388.8.

CAS — 43200-80-2.

ATC — N05CF01.

ATC Vet — QN05CF01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of zopiclone: Zoppies.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Zopiclone). A white or slightly yellowish powder.
Practically insoluble in water and in alcohol; sparingly soluble in
acetone; freely soluble in dichloromethane. It dissolves in dilute
mineral acids. Protect from light.

Dependence and Withdrawal
As for Diazepam, p.987.
◊ There have been reports1,2 of zopiclone dependence and asso-
ciated withdrawal symptoms on dosage reduction or cessation of
use. However, a 67-year-old man who increased his dosage of
zopiclone up to 337.5 mg daily to treat insomnia without appar-
ent adverse effects, had his zopiclone withdrawn without severe
complications over 4 weeks using drug and cognitive therapy.3 A
WHO expert committee4 considered in 2006 that the likelihood
of zopiclone abuse was low and not great enough to warrant in-
ternational control.
1. Jones IR, Sullivan G. Physical dependence on zopiclone: case

reports. BMJ 1998; 316: 117. 
2. Sikdar S. Physical dependence on zopiclone. BMJ 1998; 317:

146. 
3. Kuntze MF, et al. Excessive use of zopiclone: a case report.

Swiss Med Wkly 2002; 132: 523. 
4. WHO. WHO expert committee on drug dependence: thirty-

fourth report. WHO Tech Rep Ser 942 2006. Also available at:
http://libdoc.who.int/trs/WHO_TRS_942_eng.pdf (accessed
06/08/08)

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.987. A bitter or metallic taste in the
mouth has been the most frequently reported adverse
effect with zopiclone. 
Treatment of overdose is largely supportive. Activated
charcoal may be given orally within one hour of inges-
tion of more than 150 mg zopiclone by adults, or
1.5 mg/kg by children. Alternatively gastric lavage
may be considered in adults if they present within 1
hour of a potentially life-threatening overdose. Fluma-
zenil has been used in cases of severe CNS depression
(see also Overdosage, below).
Incidence of adverse effects. In a French postmarketing
survey1 of 20 513 patients treated with zopiclone the most com-
monly reported adverse events were bitter taste (3.6%), dry
mouth (1.6%), difficulty arising in the morning (1.3%), sleepi-
ness (0.5%), nausea (0.5%) and nightmares (0.5%). The UK
CSM2 had received 122 reports of adverse reactions to zopiclone
over a period of about one year since the product’s introduction
in November 1989. A fifth of these were neuropsychiatric reac-
tions, a proportion similar to that found with other hypnotics.
Many of these reactions were potentially serious and involved
hallucinations (3 auditory and 2 visual), amnesia (4 cases), and
behavioural disturbances (10, including 3 cases of aggression).
Most reactions started immediately or shortly after the first dose
and improved rapidly on stopping the drug. Three patients had
difficulty in stopping treatment, 2 because of withdrawal symp-
toms and one due to repeated rebound insomnia. The CSM con-
sidered that, although differing structurally from the benzodi-
azepines, zopiclone has the same potential for adverse
psychiatric reactions, including dependence. As with the benzo-
diazepines it should be reserved for patients with severe sleep

disturbance and its duration of use limited to 28 days; care should
also be taken in the elderly, those who have a history of previous
psychiatric illness, or who are prone to drug abuse.
1. Allain H, et al. Postmarketing surveillance of zopiclone in in-

somnia: analysis of 20,513 cases. Sleep 1991; 14: 408–13. 
2. Committee on Safety of Medicines. Zopiclone (Zimovane) and

neuro-psychiatric reactions. Current Problems 30 1990.

Abuse. For a report of zopiclone abuse see under Dependence
and Withdrawal, above.

Administration. Results in 9 healthy subjects given zopiclone
indicated a significant delay in onset of action when the drug was
taken in the supine, as opposed to the standing, position; this was
associated with a prolongation of more than 20 minutes in the lag
time before absorption began.1 In order to obtain a rapid and
complete hypnotic effect from zopiclone the tablet should be
swallowed in the standing position.
1. Channer KS, et al. The effect of posture at the time of adminis-

tration on the central depressant effects of the new hypnotic zo-
piclone. Br J Clin Pharmacol 1984; 18: 879–86.

Driving. For reference to the increased risk of road-traffic acci-
dents for drivers taking zopiclone, see p.988.

Effects on mental function. For reports of adverse effects on
mental function, such as complex sleep-related behaviours, asso-
ciated with some hypnotics including zopiclone, see under
Zolpidem, above.

Hepatic impairment. Zopiclone was given in a dose of
7.5 mg to 7 cirrhotic patients and 8 healthy subjects; a further 2
cirrhotic patients received 3.75 mg.1 Mean peak plasma concen-
trations were similar in healthy subjects and those with hepatic
impairment following equivalent doses but time to peak plasma
concentration was 4 hours in the latter as compared with 2 hours
in the healthy subjects. Elimination was greatly prolonged in cirr-
hotic patients, in whom the mean plasma half-life was 8.53 hours
compared with 3.5 hours. The CNS-depressant effects of zopi-
clone were delayed in the cirrhotic patients in a way consistent
with the pharmacokinetic changes. There was also some evi-
dence of an increased response in these patients. The authors rec-
ommended caution when giving zopiclone to patients with se-
vere hepatic disease; licensed product information contra-
indicates the use of zopiclone in such patients.
1. Parker G, Roberts CJC. Plasma concentrations and central nerv-

ous system effects of the new hypnotic agent zopiclone in pa-
tients with chronic liver disease. Br J Clin Pharmacol 1983; 16:
259–65.

Hypersensitivity. For mention of anaphylactoid reactions as-
sociated with some hypnotics including zopiclone, see under
Zolpidem, above.

Overdosage. Consciousness was rapidly regained after intra-
venous flumazenil was given to a patient who had taken an over-
dosage of zopiclone.1 However, fatalities after zopiclone over-
dose have also been reported.2,3

1. Ahmad Z, et al. Diagnostic utility of flumazenil in coma with
suspected poisoning. BMJ 1991; 302: 292. 

2. Boniface PJ, Russell SGG. Two cases of fatal zopiclone over-
dose. J Anal Toxicol 1996; 20: 131–3. 

3. Meatherall RC. Zopiclone fatality in a hospitalized patient. J Fo-
rensic Sci 1997; 42: 340–3.

Interactions
As for Diazepam, p.989. Use with rifampicin or other
potent inducers of the cytochrome P450 isoenzyme
CYP3A4, such as carbamazepine or phenytoin, is like-
ly to reduce the effects of zopiclone.
Antibacterials. In a study in healthy subjects erythromycin in-
creased the rate of absorption of zopiclone and prolonged its
elimination.1 In another study2 in 8 healthy subjects rifampicin
was associated with an 82% reduction in the area under the curve
for zopiclone. The peak plasma concentration of zopiclone was
reduced from 76.9 to 22.5 nanograms/mL and the elimination
half-life from 3.8 to 2.3 hours.
1. Aranko K, et al. The effect of erythromycin on the pharmacoki-

netics and pharmacodynamics of zopiclone. Br J Clin Pharma-
col 1994; 38: 363–7. 

2. Villikka K, et al. Concentrations and effects of zopiclone are
greatly reduced by rifampicin. Br J Clin Pharmacol 1997; 43:
471–4.

Pharmacokinetics
Zopiclone is rapidly absorbed and widely distributed
after oral doses. It has an elimination half-life of 3.5 to
6.5 hours and is reported to be about 45 to 80% bound
to plasma proteins. Zopiclone is extensively metabo-
lised in the liver; the 2 major metabolites, the less ac-
tive zopiclone N-oxide and the inactive N-desmethyl-
zopiclone, are excreted mainly in the urine. About 50%
of a dose is converted by decarboxylation to inactive
metabolites, which are partly eliminated via the lungs

as carbon dioxide. Only about 5% of a dose appears
unchanged in the urine and about 16% appears in the
faeces. Excretion of zopiclone in the saliva may ex-
plain reports of a bitter taste. It is also distributed into
breast milk.

◊ Reviews.
1. Fernandez C, et al. Clinical pharmacokinetics of zopiclone. Clin

Pharmacokinet 1995; 29: 431–41. 
2. Drover DR. Comparative pharmacokinetics and pharmacody-

namics of short-acting hypnosedatives: zaleplon, zolpidem and
zopiclone. Clin Pharmacokinet 2004; 43: 227–38.

Distribution into breast milk. Zopiclone was distributed into
breast milk in 12 women in concentrations about half those in
plasma.1 The calculated dose that would be received by a ne-
onate was 1.5 micrograms/kg, corresponding to 1.2% of the ma-
ternal dose.
1. Matheson I, et al. The excretion of zopiclone into breast milk. Br

J Clin Pharmacol 1990; 30: 267–71.

Uses and Administration
Zopiclone is a cyclopyrrolone with similar sedative,
anxiolytic, muscle relaxant, amnestic, and anticonvul-
sant properties to those of the benzodiazepines (see Di-
azepam, p.992). Like diazepam, its actions are mediat-
ed by enhancement of the activity of gamma-
aminobutyric acid (GABA) in the brain. Zopiclone is
reported to bind to the benzodiazepine receptor com-
ponent of the GABA receptor complex but at a differ-
ent site to the benzodiazepines. It has a short duration
of action. 
Zopiclone is used as a hypnotic in the short-term man-
agement of insomnia. The usual oral dose is 7.5 mg be-
fore bed. In elderly patients, treatment should start with
a dose of 3.75 mg before bed. Reduced doses are also
recommended in patients with hepatic or renal impair-
ment, see below. 
Eszopiclone, the (+)-isomer of zopiclone, is used sim-
ilarly (see p.995).

Administration in hepatic or renal impairment. In those
with renal impairment or mild to moderate hepatic impairment,
treatment with zopiclone should start with an oral dose of
3.75 mg before bed. It should not be given to patients with severe
hepatic impairment.

Insomnia. Zopiclone has a similar pharmacological and phar-
macokinetic profile to the short-acting benzodiazepines. It is
claimed to initiate sleep rapidly, without reduction of total rapid-
eye-movement (REM) sleep, and then sustain it with preserva-
tion of normal slow-wave sleep (see Insomnia, p.957). It is gen-
erally considered to be as effective as a hypnotic as the benzodi-
azepines. Rebound insomnia has occurred but does not appear to
be common. Residual effects the next day may be less pro-
nounced after zopiclone than after short-acting benzodiazepines
but there appears to be little evidence that zopiclone offers any
clinical advantage in terms of its potential to induce tolerance,
withdrawal symptoms, or dependence. For recommendations of
the UK CSM concerning its use as a hypnotic, see Incidence of
Adverse Effects, above. 
References.
1. Noble S, et al. Zopiclone: an update of its pharmacology, clinical

efficacy and tolerability in the treatment of insomnia. Drugs
1998; 55: 277–302. 

2. Hajak G. A comparative assessment of the risks and benefits of
zopiclone: a review of 15 years’ clinical experience. Drug Safety
1999; 21: 457–69. 

3. Terzano MG, et al. New drugs for insomnia: comparative tolera-
bility of zopiclone, zolpidem and zaleplon. Drug Safety 2003;
26: 261–82.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Foltran; Imovane; Insomnium; Austral.: Imovane; Imrest; Austria:
Sedolox; Somnal; Belg.: Imovane; Braz.: Imovane; Neurolil†; Canad.: Im-
ovane; Rhovane; Chile: Alpaz; Imovane; Losopil; Nuctane†; Zedax†; Zetix;
Zometic; Zonix; Cz.: Imovane†; Zopitin; Denm.: Imoclone; Imovane; Imo-
zop; Fin.: Imovane; Zopinox; Fr.: Imovane; Ger.: espa-dorm†; Optidorm;
Somnosan; Ximovan; Zodurat; Zop; Zopi-Puren; Zopicalm; Zopiclodura;
Gr.: Imovane; Hong Kong: Amvey; Dopareel; Eurovan; Imovane; Zolief;
Zomni; Hung.: Imovane; Somnol; Zopigen; India: Zonap†; Zopicon; Irl.:
Zileze; Zimoclone; Zimovane; Zopitan; Zorclone; Israel: Imovane; Noc-
turno; Ital.: Imovane; Nenia†; Malaysia: Imovane; Mex.: Imovane; Neth.:
Imovane; Norw.: Imovane; NZ: Imovane; Pol.: Dobroson; Imovane; Zopi-
ratio; Rus.: Imovane (Имован); Piclodorm (Пиклодорм); Relaxon
(Релаксон)†; Somnol (Сомнол); S.Afr.: Alchera; Imovane; Z-Dorm; Zopi-
gen; Zopimed; Zopivane; Singapore: Imovane; Spain: Datolan; Limovan;
Siaten; Zopicalma; Swed.: Imovane; Switz.: Imovane; Turk.: Imovane; UK:
Zileze†; Zimovane; Venez.: Imovane†.
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Zotepine (BAN, rINN)

Zotepina; Zotépine; Zotepinum. 2-[(8-Chlorodibenzo[b,f]-thie-
pin-10-yl)oxy]-N,N-dimethylethylamine.
Зотепин
C18H18ClNOS = 331.9.
CAS — 26615-21-4.
ATC — N05AX11.
ATC Vet — QN05AX11.

Adverse Effects, Treatment, and Precau-
tions
Although zotepine may share some of the adverse ef-
fects seen with the classical antipsychotics (see Chlo-
rpromazine, p.969), the incidence and severity of such
effects may vary. Common adverse effects include
asthenia, headache, hypotension and, less commonly,
orthostatic hypotension, tachycardia, gastrointestinal
disturbances, elevated liver enzyme values, leucope-
nia, agitation, anxiety, dizziness, insomnia, somno-
lence, rhinitis, sweating, and blurred vision. Other less
common adverse effects include thrombocytopenia,
hyperglycaemia, hyperlipidaemia, convulsions, sexual
dysfunction, and urinary incontinence. Extrapyramidal
symptoms have been reported and tardive dyskinesia
may occur with prolonged therapy. Neuroleptic malig-
nant syndrome has been reported rarely. Prolactin lev-
els may be increased and weight gain has been noted. 
Zotepine can prolong the QT interval and patients with
pre-existing prolongation of the QT interval should not
be given the drug. It should be used with caution in pa-
tients at risk of developing arrhythmias; in such pa-
tients an ECG should be performed before starting
treatment. Electrolytes should also be measured and
any imbalance corrected. Monitoring of ECG and elec-
trolytes should be continued during treatment especial-
ly at each dose increase. Zotepine may also increase
the heart rate and, consequently, it should be used with
care in patients with angina pectoris due to coronary
artery disease. Caution is also recommended in pa-
tients with other cardiovascular disorders such as se-
vere hypertension. 
Zotepine has uricosuric properties and should not be
given to patients with acute gout or a history of neph-
rolithiasis; it should be used with caution in patients
with a history of gout or hyperuricaemia. Zotepine
lowers the seizure threshold and should not be used in
patients with a personal or family history of epilepsy
unless the potential benefit outweighs the risk of con-
vulsions. It has antimuscarinic actions and should be
used with caution in patients with disorders such as
benign prostatic hyperplasia, urinary retention, angle-
closure glaucoma, and paralytic ileus. It should also be
used with caution in patients with hepatic impairment;
in such patients, weekly monitoring of liver function is
recommended for at least the first 3 months of therapy.
Zotepine may exacerbate the symptoms of Parkinson’s
disease. It should be used with caution in patients with
tumours of the adrenal medulla such as phaeochromo-
cytoma or neuroblastoma. 
Zotepine may affect the performance of skilled tasks
including driving. 
Gradual withdrawal of zotepine is recommended be-
cause of the risk of withdrawal symptoms such as
sweating, nausea and vomiting, and rebound psycho-
sis, with abrupt cessation.
Dementia. The FDA has issued advice against the use of atyp-
ical antipsychotics in the treatment of behavioural problems in
elderly patients with dementia after analysis of placebo-control-

led studies showed an increased risk of mortality with certain
drugs of this class. See under Risperidone, p.1024.

Effects on body-weight. The increased risk of weight gain
with some atypical antipsychotics is discussed under Adverse
Effects of Clozapine, p.981.

Effects on carbohydrate metabolism. The increased risk of
glucose intolerance and diabetes mellitus with some atypical an-
tipsychotics, and recommendations on monitoring, are discussed
under Adverse Effects of Clozapine, p.981.

Effects on lipid metabolism. The increased risk of hyperlip-
idaemia with some atypical antipsychotics is discussed under
Adverse Effects of Chlorpromazine, p.970. See also under Ad-
verse Effects of Clozapine, p.981.

Pregnancy. For comments on the use of some atypical antipsy-
chotics during pregnancy, see under Precautions of Clozapine,
p.983.

Interactions
Zotepine may enhance the effects of other CNS depres-
sants and antimuscarinics. The risk of seizures is par-
ticularly increased when zotepine is given with high
doses of other antipsychotics and the combination is
not recommended. Additive hypotensive effects may
theoretically occur with antihypertensives and some
anaesthetic drugs; however its α-blocking actions
might reduce the effects of methyldopa or clonidine. 
The risk of arrhythmias with zotepine may be in-
creased by use with other drugs that prolong the QT
interval or cause hypokalaemia. Use of zotepine with
fluoxetine or diazepam may lead to increased plasma
concentrations of zotepine.

Pharmacokinetics
Zotepine is well absorbed from the gastrointestinal
tract after oral doses with peak plasma concentrations
being achieved 2 to 3 hours later. It undergoes exten-
sive first-pass metabolism to the equipotent metabolite
norzotepine and inactive metabolites. CYP1A2 and
CYP3A4 are the major cytochrome P450 isoenzymes
involved in the metabolism of zotepine. Plasma protein
binding of zotepine and norzotepine is 97%. Zotepine
is excreted mainly in the urine and faeces as inactive
metabolites and has an elimination half-life of about 14
hours. It is thought to be distributed into breast milk on
the basis of studies in rats.

Uses and Administration
Zotepine is an atypical antipsychotic that, in addition to
its antagonist action at central dopamine (D1 and D2)
receptors, binds to serotonin (5-HT2), adrenergic (α1),
and histamine (H1) receptors and also inhibits nor-
adrenaline reuptake. It is given in the treatment of
schizophrenia in an initial oral dose of 25 mg three
times daily; this is increased according to response, at
intervals of 4 days, to a maximum of 100 mg three
times daily. There is an appreciable increase in the in-
cidence of seizures at total daily doses above the rec-
ommended maximum of 300 mg. For elderly patients,
the recommended starting dose is 25 mg given twice
daily, increased gradually up to a maximum of 75 mg
twice daily. Doses should also be reduced in patients
with hepatic or renal impairment, see below.
Administration in hepatic or renal impairment. For pa-
tients with renal or hepatic impairment, the recommended initial
oral dose of zotepine is 25 mg given twice daily increased grad-
ually up to a maximum of 75 mg twice daily.

Schizophrenia. A systematic review1 of short-term studies of
zotepine for schizophrenia (p.955) concluded tentatively that it
was as effective as classical antipsychotics and might be of ben-
efit in patients with negative symptoms; in addition, it seemed
less likely to provoke extrapyramidal disorders. Comparisons
with atypical antipsychotics were too scanty for a meaningful
comparison to be drawn.
1. DeSilva P, et al. Zotepine for schizophrenia. Available in The

Cochrane Database of Systematic Reviews ; Issue 4. Chichester:
John Wiley; 2006 (accessed 10/04/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Nipolept; Cz.: Zoleptil; Ger.: Nipolept; Indon.: Lodopin; Jpn: Lo-
dopin; Port.: Zoleptil; UK: Zoleptil.

Zuclopenthixol (BAN, rINN)

AY-62021 (clopenthixol or clopenthixol hydrochloride); Z-
Clopenthixol; cis-Clopenthixol; α-Clopenthixol; N-746 (clopen-
thixol or clopenthixol hydrochloride); NSC-64087 (clopenthix-
ol); Tsuklopentiksoli; Zuclopenthixolum; Zuclopentixol; Zuklo-
pentixol. (Z)-2-{4-[3-(2-Chloro-10H-dibenzo[b,e]thiin-10-yli-
dene)propyl]piperazin-1-yl}ethanol.
Зуклопентиксол
C22H25ClN2OS = 401.0.
CAS — 53772-83-1 (zuclopenthixol); 982-24-1 (clopen-
thixol).
ATC — N05AF05.
ATC Vet — QN05AF05.

NOTE. Clopenthixol (BAN, INN, USAN) is the racemic mixture.

Zuclopenthixol Acetate (BANM, rINNM)

Acetato de zuclopentixol; Zuclopenthixol, Acétate de; Zu-
clopenthixoli Acetas; Zuklopentiksol Asetat.
Зуклопентиксола Ацетат
C24H27ClN2O2S = 443.0.
CAS — 85721-05-7.
ATC — N05AF05.
ATC Vet — QN05AF05.
Pharmacopoeias. In Br. 
BP 2008 (Zuclopenthixol Acetate). A yellowish, viscous oil.
Very slightly soluble in water; very soluble in alcohol, in dichlo-
romethane, and in ether. Store at a temperature not exceeding −
20°. Protect from light.

Zuclopenthixol Decanoate (BANM, rINNM)

Decanoato de zuclopentixol; Tsuklopentiksolidekanoaatti; Zu-
clopenthixol, décanoate de; Zuclopenthixoli decanoas; Zuklo-
penthixol-dekanoát; Zuklopentiksol Dekanoat; Zuklopentiksolio
dekanoatas; Zuklopentixoldekanoat; Zuklopentyksolu dekanoni-
an.
Зуклопентиксола Деканоат
C32H43ClN2O2S = 555.2.
CAS — 64053-00-5.
ATC — N05AF05.
ATC Vet — QN05AF05.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Zuclopenthixol Decanoate). A yellow viscous oily
liquid. Very slightly soluble in water; very soluble in alcohol and
in dichloromethane. Store under an inert gas in airtight contain-
ers at a temperature not exceeding −20°. Protect from light.

Zuclopenthixol Hydrochloride (BANM, rINNM)

Hidrocloruro de zuclopentixol; Zuclopenthixol, Chlorhydrate
de; Zuclopenthixol Dihydrochloride; Zuclopenthixoli Hydro-
chloridum; Zuklopentiksol Dihidroklorür.
Зуклопентиксола Гидрохлорид
C22H25ClN2OS,2HCl = 473.9.
CAS — 58045-23-1.
ATC — N05AF05.
ATC Vet — QN05AF05.
Pharmacopoeias. In Br. 
BP 2008 (Zuclopenthixol Hydrochloride). An off-white granular
powder. Very soluble in water; sparingly soluble in alcohol;
slightly soluble in chloroform; very slightly soluble in ether. A
1% solution in water has a pH of 2.0 to 3.0. Protect from light.
Stability. References.
1. Li Wan Po A, Irwin WJ. The photochemical stability of cis- and

trans-isomers of tricyclic neuroleptic drugs. J Pharm Pharmacol
1980; 32: 25–9.

Adverse Effects, Treatment, and Precau-
tions
As for Chlorpromazine, p.969. Zuclopenthixol is less
likely to cause sedation but extrapyramidal effects are
more frequent.
Porphyria. Zuclopenthixol is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.
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Interactions
As for Chlorpromazine, p.973.

Pharmacokinetics
Zuclopenthixol is absorbed after oral doses with peak
plasma concentrations occurring 3 to 6 hours later. The
biological half-life after oral doses is reported to be
about 1 day. Paths of metabolism of zuclopenthixol in-
clude sulfoxidation, side-chain N-dealkylation, and
glucuronic acid conjugation. It is mainly excreted in
the faeces as unchanged drug and its N-dealkylated
metabolite. Zuclopenthixol is about 98% bound to
plasma proteins. It is widely distributed in the body and
crosses the blood-brain barrier. Small amounts of drug
or metabolites cross the placenta and are distributed
into breast milk. 
On intramuscular injection the acetate and decanoate
esters of zuclopenthixol are hydrolysed to release zu-
clopenthixol. Zuclopenthixol acetate has a relatively
quick onset of action after injection and a duration of
action of 2 to 3 days. It is therefore useful for the con-
trol of acute psychotic symptoms while avoiding re-
peated injections. The decanoate has a much longer du-
ration of action and is a suitable depot preparation for
maintenance treatment.
Metabolism. Determination of metaboliser phenotype with re-
gard to cytochrome P450 isoenzyme CYP2D6 appeared to be of
limited value in patients receiving zuclopenthixol as interindi-
vidual variation appeared to be the main factor affecting dose to
serum concentration ratios.1
1. Linnet K, Wiborg O. Influence of Cyp2D6 genetic polymor-

phism on ratios of steady-state serum concentration to dose of
the neuroleptic zuclopenthixol. Ther Drug Monit 1996; 18:
629–34.

Uses and Administration
Zuclopenthixol is a thioxanthene of high potency with
general properties similar to the phenothiazine, chlor-
promazine (p.975). It has a piperazine side-chain. 
Zuclopenthixol is used for the treatment of schizophre-
nia (see below), mania (see Bipolar Disorder, p.372),
and other psychoses. It may be particularly suitable for
agitated or aggressive patients who may become over-
excited with flupentixol. Zuclopenthixol hydrochlo-

ride is usually given orally with doses expressed in
terms of the base; zuclopenthixol hydrochloride
11.8 mg is equivalent to about 10 mg of zuclopenthix-
ol. Zuclopenthixol hydrochloride has also been given
intramuscularly. Zuclopenthixol acetate and zuclopen-
thixol decanoate are given by deep intramuscular in-
jection; doses are expressed in terms of the ester. The
acetate ester has a rapid onset of action and a duration
of action of 2 to 3 days; it is used as a 5% oily solution
for the initial treatment of acute psychoses and for ex-
acerbations of chronic psychoses. The longer-acting
decanoate ester is used as a 20% oily solution for the
maintenance treatment of chronic psychoses; a 50%
solution is available for those requiring high doses. 
• The usual initial oral dose of the hydrochloride for

the treatment of psychoses is the equivalent of 20 to
30 mg of the base daily in divided doses; in severe or
resistant cases up to 150 mg daily has been given.
The usual maintenance dose is 20 to 50 mg daily. 

• The usual dose of zuclopenthixol acetate is 50 to
150 mg by deep intramuscular injection repeated, if
necessary, after 2 or 3 days. Some patients may need
an additional injection between 1 and 2 days after the
first dose. 
Zuclopenthixol acetate is not intended for mainte-
nance treatment; no more than 4 injections should be
given in a maximum course of 2 weeks and the total
dose should not exceed 400 mg. When maintenance
treatment is required, oral zuclopenthixol hydro-
chloride may be introduced 2 to 3 days after the last
injection of zuclopenthixol acetate, or intramuscular
injections of the decanoate (see below) begun with
the last injection of the acetate. 

• The long-acting decanoate should be given by deep
intramuscular injection; treatment is usually started
with a test dose of 100 mg. This may be followed
after at least 1 week by a dose of 200 to 500 mg or
more, every 1 to 4 weeks, adjusted according to re-
sponse. Injection volumes greater than 2 mL should
be divided between 2 separate injection sites. The
maximum recommended dose of zuclopenthixol de-
canoate is 600 mg weekly. 

Elderly or debilitated patients should be given reduced
doses of zuclopenthixol. Licensed product information
states that the dose of the hydrochloride or the de-
canoate may need to be reduced to one-quarter or one-
half of the usual initial dose; in addition, the maximum
single dose of the acetate should be limited to 100 mg.

Administration in hepatic or renal impairment. Li-
censed product information recommends that for zuclopenthixol
acetate, half the normal recommended intramuscular dose
should be used for patients with hepatic impairment; a dosage
reduction is considered to be unnecessary in patients with renal
impairment but where there is renal failure half the normal intra-
muscular dosage is recommended.

Schizophrenia. A systematic review1 comparing zuclopen-
thixol decanoate with other depot antipsychotics considered that
although it may induce more adverse effects, limited data sug-
gested it might offer advantages such as lower relapse rates and
increased acceptability in the treatment of schizophrenia (p.955)
and similar serious mental illnesses. Similar reviews of the use of
the acetate2 or hydrochloride3 found, however, that evidence of
additional benefit over other antipsychotics was lacking.
1. Coutinho E, et al. Zuclopenthixol decanoate for schizophrenia

and other serious mental illnesses. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 1999 (accessed 14/04/05). 

2. Gibson RC, et al. Zuclopenthixol acetate for acute schizophrenia
and similar serious mental illnesses. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2004 (accessed 14/04/05). 

3. Kumar A, Strech D. Zuclopenthixol dihydrochloride for schizo-
phrenia. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2005 (accessed
12/05/06).

Preparations
BP 2008: Zuclopenthixol Acetate Injection; Zuclopenthixol Decanoate In-
jection; Zuclopenthixol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Clopixol; Austral.: Clopixol; Austria: Cisordinol; Belg.: Clopixol;
Braz.: Clopixol; Canad.: Clopixol; Chile: Cisordinol; Cz.: Cisordinol;
Denm.: Cisordinol; Fin.: Cisordinol; Fr.: Clopixol; Ger.: Ciatyl-Z; Gr.:
Clopixol; Hong Kong: Clopixol; Hung.: Cisordinol; India: Clopixol; Irl.:
Clopixol; Israel: Clopixol; Ital.: Clopixol; Malaysia: Clopixol; Mex.:
Clopixol; Neth.: Cisordinol; Clopixol; Norw.: Cisordinol; NZ: Clopixol;
Philipp.: Clopixol; Pol.: Clopixol; Port.: Cisordinol; Rus.: Clopixol
(Клопиксол); S.Afr.: Clopixol; Colpixol; Singapore: Clopixol; Spain: Cis-
ordinol; Clopixol; Swed.: Cisordinol; Switz.: Clopixol; Thai.: Clopixol;
Turk.: Clopixol; UK: Clopixol.
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Haemolytic anaemia, p.1043 
Iron-deficiency anaemia, p.1044 
Megaloblastic anaemia, p.1044 
Normocytic-normochromic anaemia, p.1044 
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Haemostasis and Fibrinolysis, p.1045 
Acquired haemorrhagic disorders, p.1047 
Disseminated intravascular coagulation, p.1048 
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Inherited haemorrhagic disorders, p.1050 
Neonatal intraventricular haemorrhage, p.1050 
Thrombocytopenia, p.1051 
von Willebrand’s disease, p.1051 

Neutropenia, p.1051

This chapter describes the management of blood disor-
ders including some anaemias, haemorrhagic disor-
ders, and neutropenia. It covers blood, blood products
and substitutes, and colloid plasma expanders; crystal-
loid plasma expanders are generally solutions of sodi-
um chloride (p.1686) or glucose (p.1945) or both. Also
included in the chapter are haemostatic drugs and
erythropoietin and other colony-stimulating factors.
The management of haematological malignancies is
covered in the Antineoplastics chapter, p.635.

Haematopoiesis
In the embryo and fetus, the formation and develop-
ment of blood cells occurs at various sites including the
liver, spleen, thymus, lymph nodes, and bone marrow;
from birth throughout the rest of life it occurs mainly in
the bone marrow with a small amount occurring in the
lymph nodes. The bone marrow contains pluripotent
stem cells that differentiate into different types of pro-
genitor cells (committed stem cells); these then mature
into various types of blood cells under the influence of
growth factors and hormones. The main cellular com-
ponents of blood are red blood cells (erythrocytes),
white blood cells (leucocytes), and platelets. 
Erythrocyte production is stimulated by erythropoietin,
a hormone released by the kidney in response to anae-
mia or hypoxia. 

The leucocytes are classified according to their mor-
phological appearance into granulocytes, lym-
phocytes, and monocytes. The granulocytes are further
classified as neutrophils, eosinophils, and basophils,
according to the characteristics of their cytoplasmic
granules. The term polymorphonuclear leucocytes can
be applied to granulocytes in general but applies in par-
ticular to neutrophils. Most lymphocytes are matured
in the lymph nodes, thymus, and spleen, from bone
marrow lymphocyte precursors. Lymphocytes enter
the bloodstream via the lymphatics, but only a small
proportion are present in the blood. Monocytes are re-
leased into the blood but then enter the tissues to be-
come fixed tissue macrophages. The maturation of leu-
cocytes is stimulated by granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), and macrophage
colony-stimulating factor (M-CSF). 
Platelet maturation is stimulated by thrombopoietin. 
Other growth factors involved at various stages of
blood cell development include stem cell factor and in-
terleukins-1, -3, -4, -5, -6, and -11. 
The average blood cell counts in adults are: 
• erythrocytes (men): 5.0 × 1012 cells/litre 
• erythrocytes (women): 4.3 × 1012 cells/litre 
• leucocytes: 7.0 × 109 cells/litre (7000 cells/mm3)

but the value can vary markedly, even in the same
individual  a t  different  t imes,  f rom 4 to
11 × 109 cells/litre. This total is made up of: 

neutrophils (40 to 80%) 
lymphocytes (20 to 40%) 
monocytes (2 to 10%) 
eosinophils (1 to 6%) 
basophils (<1 to 2%) 

• platelets: 150 to 450 × 109 cells/litre (150 000 to
450 000 cells/mm3)

Anaemias
Anaemia is usually understood to mean a lowering of
haemoglobin concentration, red cell count, or packed
cell volume to below ‘normal’ values, but the criteria
for normality are difficult to establish. WHO’s suggest-

ed definition of anaemia in populations living at
around sea level is a haemoglobin concentration be-
low: 
• 13 g per 100 mL in men 
• 12 g per 100 mL in women 
• 11 g per 100 mL in pregnant women 
• 12 g per 100 mL in children aged 12 to 14 years 
• 11.5 g per 100 mL in children aged 5 to 11 years 
• 11 g per 100 mL in children aged 6 to 59 months 
However, because of individual variation, some appar-
ently normal individuals have blood haemoglobin con-
centrations below these values, while others may be
above these values and still be effectively anaemic. 
Reduction in overall haemoglobin concentrations may
be due to fewer red cells, with the cells retaining nor-
mal amounts of haemoglobin (normochromic anae-
mia), or the amount of haemoglobin in the cells may be
reduced (hypochromic anaemia). Red cells themselves
may be reduced in size (microcytic), enlarged (macro-
cytic), or normal in size (normocytic). 
The immediate cause of anaemia may be decreased red
cell production (due to defective proliferation and/or
maturation of red cells from their precursors in bone
marrow), increased red cell destruction (i.e. haemoly-
sis), or loss of red cells from the circulation due to
haemorrhage, either occult or overt. These conditions
may occur due to underlying disease, nutritional defi-
ciency, congenital disorders, or toxicity due to drugs or
other substances and the cause must always be sought
before an appropriate treatment can be determined. 
The symptoms of anaemia are as variable as its causes
but may include fatigue, pallor, dyspnoea, palpitations,
headache, faintness or lightheadedness, tinnitus, ano-
rexia and gastrointestinal disturbances, and loss of libi-
do; tachycardia, heart failure, and retinal haemorrhage
may occur in severe anaemia. 
The treatment of anaemia depends upon its type and
cause. Some of the principal types are classified in Ta-
ble 1, below, and their management is discussed in
more detail under the relevant headings. Sickle-cell
disease and β-thalassaemia are discussed under Hae-
moglobinopathies.
◊ Reviews.
1. Spivak JL. The blood in systemic disorders. Lancet 2000; 355:

1707–12. 
2. Tefferi A. Anemia in adults: a contemporary approach to diagno-

sis. Mayo Clin Proc 2003; 78: 1274–80. 
3. Tefferi A. Practical algorithms in anemia diagnosis. Mayo Clin

Proc 2004; 79: 955–6.

Aplastic anaemia
Aplastic anaemia is characterised by pancytopenia (a defi-
ciency of all cellular elements of the blood) and hypoplasia
of the bone marrow, with less than 25% of the marrow oc-
cupied by haematopoietic cells but without evident fibro-
sis or malignant infiltration. It is relatively rare, although it
may be somewhat more common in the Far East, and is
mainly seen in younger adults. Some forms, such as Fan-
coni’s anaemia, are inherited but most are induced, for ex-
ample by the effects of cytotoxic drugs or radiation, idio-
syncratic reactions to other drugs, seronegative fulminant
hepatitis, or auto-immune reactions. Since all cell lines are
affected patients develop thrombocytopenia and neutrope-
nia as well as anaemia, and symptoms include bleeding
syndromes and infections as well as typical symptoms of
anaemia. Paroxysmal nocturnal haemoglobinuria (see
Haemolytic Anaemia, below), in which genetic mutation
causes the production of abnormal blood cells and results
in haemolysis, can be associated with aplastic anaemia. 
Although spontaneous recovery has occurred, untreated
aplastic anaemia is usually fatal. Management may be di-
vided into supportive care and attempts to restore bone-
marrow function with bone marrow transplantation or im-
munosuppression, and has been the subject of guidelines
and reviews.1-4 
Supportive care involves the prevention and treatment of
infection (see Infections in Immunocompromised Pa-

Table 1. Types of anaemias.

Classification Anaemia
Mean cell 
volume Haemoglobin Associated with

Microcytic 

Macrocytic

Normocytic

Haemolytic

Iron-deficiency anaemia

Hereditary sideroblastic anaemia

Thalassaemias

Megaloblastic anaemia

Acquired sideroblastic anaemia

Normocytic-normochromic 
anaemia

Haemolytic anaemia

Sickle-cell anaemia

Decreased (or 
normal in 
early stages)

Decreased

Decreased

Increased

Increased

Normal

Increased

Hypochromic

Hypochromic

Hypochromic

Normochromic

Hypochromic

Normochromic

Blood loss, malabsorption, 
inadequate iron intake

Vitamin B12 deficiency, folate 
deficiency (including drug 
induced)

Alcoholism, drug or other 
toxicity

Anaemia of chronic disorders, 
bone-marrow disorders 
(including aplastic anaemia), 
malignancy, renal failure, 
endocrine disorders, 
prematurity

Immune disorders, drug 
toxicity, hereditary disorders
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tients, p.174), the control of haemorrhage with platelet
concentrates, and where necessary, infusions of red blood
cells (with platelets to prevent haemorrhage) for anaemia.
Transfusions should be minimised in candidates for bone
marrow transplant (see below). 
In patients aged under 40 years with severe disease and
with a suitable HLA-matched donor, bone marrow trans-
plantation offers the prospect of long-term cure, and is
considered the treatment of choice.1-5 Ideally this should
be performed early before the patient has received too
many transfusions, which increase the risk of rejection,
and before infection develops. Transfusion of cord blood
from an HLA-identical sibling can also produce perma-
nent engraftment, and may be associated with less acute
graft-versus-host disease than bone marrow transplanta-
tion.2 However, recent results have suggested that chronic
graft-versus-host disease and overall survival may be
worse when peripheral blood stem cells are used rather
than bone marrow.3 
In patients unsuitable for bone marrow transplantation, or
where a suitable donor is not available, treatment with
immunosuppressants may be tried. About 50% of pa-
tients are reported to respond to a course of antilym-
phocyte immunoglobulin within 3 months, and the addi-
tion of ciclosporin further improves response rates to
between 60 and 80% and 5-year survival to between 75
and 90%.1,2 However, one long-term study6 providing fol-
low-up data for 11 years has found no significant differ-
ence in survival between regimens of antilymphocyte im-
munoglobulin with or without ciclosporin.6 Ciclosporin
has been used alone but is less effective than antilym-
phocyte immunoglobulin.1,3 
Despite these good rates of response with the addition of
ciclosporin, relapse is not uncommon.7 A second course of
antilymphocyte immunoglobulin is recommended if there
is no response, or there is relapse, after 3 months.2
Ciclosporin is continued after a response has occurred and
until the blood count has been stable for at least 6 months;
it may then be slowly withdrawn, usually over many
months and depending on blood counts.2 Some patients
may require continued therapy.3,4 
Good response rates have been reported from combined
regimens including a granulocyte colony-stimulating fac-
tor.8 However, there are concerns about long-term use and
the role of these factors is still under investigation.2,3,9

There has been interest in the use of other haematopoietic
growth factors including granulocyte-macrophage colony-
stimulating factor, ancestim (stem cell factor), epoetin, in-
terleukin-1, interleukin-3, and interleukin-6, either alone
or with immunosuppression, but results have generally
been poor or trials stopped because of toxicity, and so the
use of these factors is not recommended.2,9 However, short
courses of granulocyte colony-stimulating factor may be
considered for supportive therapy in neutropenic patients
with severe systemic infections that are not responding to
antibacterial or antifungal therapy.2 
Oxymetholone was used extensively before the availabili-
ty of antilymphocyte immunoglobulin and ciclosporin. It
can increase the response to antilymphocyte immunoglob-
ulin alone, but it can be hepatotoxic and causes virilisation,
and is generally used for patients who have failed several
courses of antilymphocyte immunoglobulin with
ciclosporin, or where this regimen cannot be used.2 Myco-
phenolate mofetil is under investigation in patients who
are ineligible for bone marrow transplantation and refrac-
tory to standard immunosuppressive therapy.2 Cyclophos-
phamide is commonly used in preparation for bone mar-
row transplantation and complete remission has also been
reported with high-dose cyclophosphamide alone.10,11

However, a randomised trial12 of high-dose cyclophospha-
mide plus ciclosporin compared with conventional immu-
nosuppression was stopped early when a higher mortality
was observed in those receiving cyclophosphamide. Fur-
ther follow-up13 also found that relapse rates were no dif-
ferent. Nonetheless, cyclophosphamide continues to be of
investigational interest.4 
Responses to immunosuppressants are often partial, but
this may be sufficient to free the patient from dependency
on transfusions and intensive antibacterial cover, and is
considered well worth achieving.1,2 Nevertheless, the pro-
cedure is not curative; patients appear to retain some un-
derlying defect in marrow function, and in the long term
about 15% of them develop leukaemias or myelodysplasi-
as.1 
Children with severe aplastic anaemia are treated similar-
ly to adults.14 Although some reports have suggested that

the response to immunosuppressant therapy may be lower
in children under 5 years of age, others have shown the
opposite. The choice of treatment in children may also
need to take into account the potential long-term adverse
effects of treatment, particularly with immunosuppres-
sants or irradiation, on endocrine function, growth, fertili-
ty, and the development of secondary malignancies. 
Older patients tend to be treated with immunosuppres-
sant therapy rather than bone marrow transplantation.2 A
retrospective cohort study15 that compared patients older
than 50 years with younger patients found that more older
patients had received ciclosporin alone, that the response
to immunosuppression was independent of age at the time
of treatment, and that although survival decreased with age
deaths were similar to those in a general population and
were not related to the type of treatment or the number of
courses of treatment. 
The outcome of pregnancy in women who had previously
been treated for aplastic anaemia with an immunosuppres-
sant regimen has been described.16 Of 36 pregnancies, 22
were uncomplicated and 7 were complicated by relapse of
aplastic anaemia; complications appeared to be more like-
ly in women with low platelet counts and paroxysmal noc-
turnal haemoglobinuria. Rarely, aplastic anaemia can de-
velop during pregnancy, and although the disease may
remit spontaneously after termination or delivery, this does
not occur in all cases.17,18 Supportive care is the mainstay
for management of aplastic anaemia during pregnancy, al-
though the use of ciclosporin may be considered if transfu-
sions are required.2 
Patients with non-severe aplastic anaemia may require
supportive therapy only. For those who do require immu-
nosuppression there is less evidence on which to base
treatment, but one prospective study19 of patients with
non-severe disease who had become transfusion-depend-
ent reported that the combination of antilymphocyte im-
munoglobulin and ciclosporin produced a higher response
rate with an earlier onset than ciclosporin alone. Although
survival was no different between the groups, combination
therapy was associated with less disease progression and a
higher probability of disease-free survival.
1. Young NS. Acquired aplastic anemia. Ann Intern Med 2002;

136: 534–46. 
2. Marsh JCW, et al. British Committee for Standards in Haema-

tology. Guidelines for the diagnosis and management of ac-
quired aplastic anaemia. Br J Haematol 2003; 123: 782–801.
Correction. ibid. 2004; 126: 625. [dose] Also available at:
http://www.bcshguidelines.com/pdf/AAAguidelines.pdf (ac-
cessed 18/10/05) 

3. Marsh JCW. Management of acquired aplastic anaemia. Blood
Rev 2005; 19: 143–51. 

4. Brodsky RA, Jones RJ. Aplastic anaemia. Lancet 2005; 365:
1647–56. 

5. Georges GE, Storb R. Stem cell transplantation for aplastic ane-
mia. Int J Hematol 2002; 75: 141–6. 

6. Frickhofen N, et al. Antithymocyte globulin with or without cy-
closporin A: 11-year follow-up of a randomized trial comparing
treatments of aplastic anemia. Blood 2003; 101: 1236–42. 

7. Rosenfeld S, et al. Antithymocyte globulin and cyclosporine for
severe aplastic anemia: association between hematologic re-
sponse and long-term outcome. JAMA 2003; 289: 1130–5. 

8. Bacigalupo A, et al. Antilymphocyte globulin, cyclosporine,
prednisolone, and granulocyte colony-stimulating factor for se-
vere aplastic anemia: an update of the GITMO/EBMT study on
100 patients. Blood 2000; 95: 1931–4. 

9. Marsh JCW. Hematopoietic growth factors in the pathogenesis
and for the treatment of aplastic anemia. Semin Hematol 2000;
37: 81–90. 

10. Brodsky RA, et al. Complete remission in severe aplastic ane-
mia after high-dose cyclophosphamide without bone marrow
transplantation. Blood 1996; 87: 491–4. 

11. Brodsky RA, et al. Durable treatment-free remission after high-
dose cyclophosphamide therapy for previously untreated severe
aplastic anemia. Ann Intern Med 2001; 135: 477–83. 

12. Tisdale JF, et al. High-dose cyclophosphamide in severe aplas-
tic anaemia: a randomised trial. Lancet 2000; 356: 1554–9. 

13. Tisdale JF, et al. Late complications following treatment for se-
vere aplastic anemia (SAA) with high-dose cyclophosphamide
(Cy): follow-up of a randomized trial. Blood 2002; 100:
4668–70. 

14. Locasciulli A. Acquired aplastic anemia in children: incidence,
prognosis and treatment options. Pediatr Drugs 2002; 4: 761–6. 
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Haemolytic anaemia
The normal life span of an erythrocyte is about 120 days;
a haemolytic state is defined as a reduction in this mean
life span due to premature destruction of red cells, either
intravascularly, or more commonly after sequestration by
the spleen or liver. Healthy bone marrow can compensate
for even quite severe haemolysis by increased erythropoi-
esis; however, if the red cell survival-time is less than 15
days, or if the bone marrow is abnormal, or there is a defi-
ciency of folate, iron, or other necessary nutrients, then
compensation will be inadequate and haemolytic anaemia
will result. In addition to typical symptoms of anaemia
(above) patients frequently exhibit jaundice and splenom-
egaly, while the increased erythropoiesis results in reticu-
locytosis (elevated counts of immature red cells). 
Haemolytic anaemias may be either congenital or ac-
quired. The congenital disorders include: 
• those due to membrane defects in the erythrocyte, such

as spherocytosis or elliptocytosis 
• those due to enzyme defects (including the various

forms of glucose-6-phosphate dehydrogenase (G6PD)
deficiency) 

• those due to haemoglobin defects (haemoglobinopa-
thies), including sickle-cell disease and β-thalassaemia
(below) 

The acquired haemolytic anaemias arise from numerous
causes but may be divided into immune and non-immune
types. The immune types include: 
• some drug-induced haemolytic anaemias (including

those produced by penicillins, rifampicin, and methyl-
dopa) 

• auto-immune haemolytic anaemia (further classified
into warm or cold depending on the temperature at
which the red cell antibodies are most active) 

• paroxysmal nocturnal haemoglobinuria, resulting from
complement-mediated red cell lysis 

• haemolytic disease of the newborn (see p.2204) 
The non-immune types include: 
• haemolysis due to infections such as malaria 
• chemically-induced haemolysis (due to a direct effect

on the red cell rather than an immunologically-mediated
one, and including the effects of toxins such as copper
and arsenic as well as some snake venoms, and drugs
such as amphotericin B, dapsone, and sulfasalazine) 

• the effects of mechanical trauma 
Treatment of haemolytic anaemia depends on the under-
lying cause, although general supportive measures (bed
rest, transfusion if haemodynamic abnormalities make it
necessary, and supplementation with folate) will be similar
in all poorly-compensated patients. Well compensated
haemolysis may require no treatment at all, although clear-
ly elucidation and, where possible, removal of the cause is
desirable. 
Hereditary haemolytic disorders such as spherocytosis1

mostly respond well to splenectomy, although milder
forms may not require treatment. In patients with G6PD
deficiency, treatment consists essentially of avoidance of
drugs or foodstuffs likely to provoke haemolysis. 
Acquired haemolytic anaemia is best treated by identifica-
tion and where possible elimination of any underlying
cause. Most drug-induced haemolytic anaemias respond
rapidly to withdrawal of the offending substance. 
Auto-immune haemolytic anaemias require treatment
aimed at maintaining the patient and controlling haemoly-
sis. Although treatment may need to be prolonged, in
many patients with idiopathic disease antibodies eventual-
ly disappear or decrease to insignificant titres after months
or years. The auto-immune haemolytic anaemias may be
secondary to other disorders including leukaemias, lym-
phomas, and SLE; correction of the underlying disease of-
ten results in marked improvement of accompanying
haemolysis. 
In patients with warm auto-immune haemolytic anaemia
treatment starts with corticosteroids.2 A typical initial dose
is prednisone or prednisolone 1 to 1.5 mg/kg by mouth
daily. The onset of response is usually rapid and most pa-
tients demonstrate benefit within 10 to 14 days. The initial
effective dose of corticosteroid should be continued until a
satisfactory response has been obtained, and once there is
haematologic stabilisation the dose may be gradually re-
duced. Many patients will require low-dose maintenance
therapy. If symptoms do not respond to tolerable doses of
corticosteroids splenectomy should be considered. Immu-
nosuppressants such as azathioprine or cyclophosphamide
may be considered in patients refractory to other therapy;
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responses are reportedly variable, but they sometimes per-
mit reduction of corticosteroid maintenance doses. There
are some reports of benefit from the use of danazol and
some cases have responded to rituximab. High-dose intra-
venous normal immunoglobulin may be used in some pa-
tients if the adverse effects of long-term corticosteroid or
immunosuppressant therapy are severe. Plasma exchange
may be useful for acute management of severe haemolysis
while other therapies are taking effect.2 Transfusion is
problematic in these patients because of the difficulty in
establishing compatibility between patient and donor.3
Nonetheless, transfusion may be life-saving in acute dis-
ease, and the least incompatible blood should be used. 
In patients with cold auto-immune haemolytic anaemias
such as cold haemagglutinin disease it is additionally im-
portant to keep the patient warm.2 Corticosteroids and
splenectomy are generally of no benefit in these patients
(although there may be a responsive subgroup), but treat-
ment with chlorambucil 2 to 4 mg daily by mouth may
produce a response. Blood transfusion should be avoided
if possible, and if given it should be preferably via a warm-
ing coil and infused slowly. Rituximab has also been tried
with some success in cold auto-immune haemolytic anae-
mia. 
In paroxysmal nocturnal haemoglobinuria, red cells are
more sensitive to complement-mediated lysis because of a
deficiency in protective membrane proteins on the cell sur-
face. Haemolysis may be accompanied by neutropenia,
thrombocytopenia, and venous thrombosis, and in some
patients there may be some overlap with aplastic anaemia,
see above. Curative therapy for paroxysmal nocturnal hae-
moglobinuria is possible with allogeneic haematopoietic
stem cell transplantation. More recently, eculizumab has
become available; a monoclonal antibody directed at the
complement protein C5, it inhibits terminal complement
activation to reduce haemolysis and transfusion require-
ments.4
1. Bolton-Maggs PHB, et al. General Haematology Task Force of

the British Committee for Standards in Haematology. Guidelines
for the diagnosis and management of hereditary spherocytosis.
Br J Haematol 2004; 126: 455–74. Also available at: http://
www.bcshguidelines.com/pdf/hereditaryspherocytosis.pdf (ac-
cessed 01/11/05) 

2. Petz LD. Treatment of autoimmune hemolytic anemias. Curr
Opin Hematol 2001; 8: 411–16. 

3. Buetens OW, Ness PM. Red blood cell transfusion in autoim-
mune hemolytic anemia. Curr Opin Hematol 2003; 10: 429–33. 

4. Brodsky RA. Advances in the diagnosis and therapy of paroxys-
mal nocturnal hemoglobinuria. Blood Rev 2008; 22: 65–74.

Iron-deficiency anaemia
For a discussion of iron deficiency anaemia and its man-
agement, see under Iron, p.1951.

Megaloblastic anaemia
For a discussion of megaloblastic anaemia and its manage-
ment, see under Vitamin B12, p.1982.

Normocytic-normochromic anaemia
Anaemias in which red cell size and cellular haemoglobin
are not significantly different from normal (normocytic-
normochromic anaemias) form a substantial proportion of
all cases. Such anaemias are usually secondary to another
disease and include: 
• anaemia of chronic disorders (associated with chronic

infection such as tuberculosis, malignancy, inflammato-
ry disorders such as inflammatory bowel disease, poly-
myalgia rheumatica, rheumatoid arthritis, and SLE) 

• anaemia of renal failure 
• anaemia of prematurity 
• anaemia associated with endocrine disorders such as hy-

pothyroidism or hypopituitarism 
• anaemias associated with primary bone-marrow failure

(including aplastic anaemia, above, pure red cell apla-
sia, marrow fibrosis or infiltration as in myelodysplasia
or leukaemia, and marrow failure associated with
AIDS). 

Iron-deficiency anaemia (p.1951), which is usually classi-
fied as microcytic and hypochromic may in fact be neither,
particularly in the early stages, and should be differentiated
from anaemia of chronic disease. The latter is also accom-
panied by changes in iron metabolism, notably sequestra-
tion of iron in reticuloendothelial cells: plasma iron is low
but in contrast to iron deficiency the total iron binding ca-
pacity is reduced and serum ferritin is often increased. 
The treatment of most of these anaemias is essentially
that of the underlying disease. Blood transfusion has been

given when anaemia is severe. In patients with anaemia of
renal failure, which is due at least in part to decreased
erythropoietin production by the damaged kidney, regular
subcutaneous or intravenous injection of recombinant hu-
man erythropoietins (epoetins) can completely reverse the
anaemia. Epoetins may also have a role in anaemia of pre-
maturity and some drug-induced anaemias, and have been
investigated in patients with the anaemia of chronic dis-
ease and some other normocytic-normochromic anaemias. 
Further references.
1. Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J

Med 2005; 352: 1011–23.

Sideroblastic anaemia
The sideroblastic anaemias are characterised by a popula-
tion of hypochromic red cells in the presence of increased
serum-iron concentrations, and abnormal erythroid pre-
cursors, known as ring sideroblasts, in the bone marrow.
They are associated with abnormalities in porphyrin bio-
synthesis leading to diminished production of haem, and
increased mitochondrial iron uptake. Sideroblastic anae-
mias may be of various types, and are classified as ac-
quired or hereditary. 
Acquired sideroblastic anaemia. Acquired sideroblastic
anaemia may either be idiopathic, or secondary to either a
drug or toxin (such as alcohol, isoniazid, chloramphenicol,
or lead) or to a disease (including hypothyroidism, rheu-
matoid arthritis, haemolytic or megaloblastic anaemias,
leukaemias, and lymphomas). The treatment of the sec-
ondary forms is essentially the treatment of the underlying
disease or removal of the precipitating cause. The anaemia
is usually mild and often macrocytic. 
Patients with idiopathic disease usually have only mild
anaemia, and most require no treatment. Although rarely
suffering from vitamin B6 deficiency a few patients will
respond at least partially to high doses of pyridoxine by
mouth, up to 400 mg daily, and a trial is considered worth-
while in all patients. If patients become symptomatic,
transfusion may be required, but should be kept to a mini-
mum because of the problems of iron overload. All pa-
tients with sideroblastic anaemia must have their serum-
iron and -ferritin concentrations regularly monitored, and
be given desferrioxamine by regular bolus injection when
there is evidence of iron overload. The use of epoetins and
granulocyte colony-stimulating factor is under investiga-
tion. 
Hereditary sideroblastic anaemia. The hereditary forms
of the disease appear to be sex-linked, and almost always
manifest themselves in males. The anaemia may be more
severe than in acquired sideroblastic anaemia, and is usu-
ally microcytic. 
A trial of pyridoxine is considered worthwhile as some
forms are responsive, but in many cases there is no benefit.
Some patients develop gradually increasing iron loads,
and may eventually develop haemosiderosis; to prevent
this, regular venesection or the use of desferrioxamine are
indicated if there is evidence of iron accumulation. Alloge-
neic bone marrow or haematopoietic stem cell transplanta-
tion is under investigation. 
General references.
1. Alcindor T, Bridges KR. Sideroblastic anaemias. Br J Haematol

2002; 116: 733–43.

Haemoglobinopathies
Haemoglobinopathies are clinical abnormalities due to
altered structure, function, or production of haemo-
globin. Human haemoglobins are tetramers, construct-
ed of 4 globin chains each enfolding an iron-containing
haem moiety: two of these globins are of the ‘α-like’
types (globins α or ζ) and two are ‘non-α’ (types β, γ, δ,
or ε). The normal major adult haemoglobin, haemo-
globin A, comprises two α and two β chains, while the
predominant fetal haemoglobin, haemoglobin F (also
present in minute amounts in normal adults), is com-
posed of two α and two γ globins. The erythroblast in-
herits two genes for the production of α globin and one
for β globin production from each parent, and a muta-
tion in a single α gene will therefore affect only 25% of
the haemoglobin produced, whereas a single β muta-
tion will affect 50%: the β-haemoglobinopathies, due
to defective β globin production, are therefore more
likely to produce symptoms, and the most widespread
forms are the β-thalassaemias and sickle-cell disease,
which are discussed below.

Sickle-cell disease
Sickle-cell disease is a haemoglobinopathy (see above) in
which a structural abnormality in the β globin chain results
in the formation of an abnormal haemoglobin, haemoglob-
in S. In the deoxygenated state haemoglobin S is less
soluble and polymerises into rod-like fibres, and cells
containing high concentrations of haemoglobin S subse-
quently become deformed into a sickle shape. Normal
haemoglobins can be incorporated into the polymer but
some, such as fetal haemoglobin (haemoglobin F), are not;
increasing concentrations of these in the red cell reduce the
rate of sickling. 
The heterozygous form, sickle-cell trait, is generally
asymptomatic except in conditions of extreme anoxia, al-
though characteristic abnormalities of renal function (in-
adequate concentration of the urine) may be present. As
with thalassaemia trait (see below) it is more common in
populations of tropical origin, and has been postulated to
offer a degree of protection against malaria. In the ho-
mozygous form a varying degree of haemolytic anaemia is
present, accompanied by increased erythropoiesis. In addi-
tion to shortened survival, the decreased flexibility of the
deformed erythrocytes can lead to occlusion of the micro-
vasculature, and sickle-cell crisis. The latter may manifest
as excruciating pain due to infarction of the blood supply
to the bones, or infarction of other organs including lung,
liver, kidney, penis (leading to priapism), and brain
(stroke). An acute chest syndrome occurs in many pa-
tients, and may be fatal. It is a form of acute lung injury
associated with infarction, fat embolism, and infection,
and may progress to acute respiratory distress syndrome.
Occasionally a large proportion of red cell mass may be-
come trapped in the spleen or liver (sequestration crisis)
with death due to gross anaemia. Chronic complications
include skin ulceration, renal failure, retinal detachment,
and increased susceptibility to infection. 
Treatment of sickle-cell disease is essentially symptomat-
ic.1-5 Young children should receive prophylactic penicil-
lin and pneumococcal vaccine, to reduce the risk of infec-
tion (see Spleen Disorders, p.194). Infection should be
treated early, and folate supplementation given if neces-
sary since the increased erythropoiesis resulting from
chronic haemolysis may increase folate requirements. 
Sickle-cell crisis requires hospitalisation, with the use of
large volumes of intravenous fluids for dehydration,
analgesia including opioids for pain (see p.9), and treat-
ment of any concurrent infection. Oxygen should be given
if the patient is hypoxaemic. Where crisis affects a vital
organ with life-threatening or potentially disabling conse-
quences partial exchange transfusion should be carried out
promptly, as no other therapy exists. Where rapid enlarge-
ment of spleen or liver indicates a sequestration crisis,
transfusion is also important to avoid fatal anaemia. 
Maintenance transfusion is rarely indicated, although it
may be given to patients who have already had a stroke;
measures to avoid iron overload such as phlebotomy or
desferrioxamine chelation are necessary in patients receiv-
ing regular transfusions. Prophylactic transfusions in chil-
dren at high risk have been reported6 to reduce the inci-
dence of first stroke but the risks and benefits of treatment
must be carefully considered. A further study7 investigated
whether prophylactic transfusions could be safely stopped
after 30 months in children who had not had an overt
stroke and who had reverted to low stroke risk. The study
was stopped early when it was found that in those who
stopped transfusions there was a significant return to high
risk and that some patients had subsequently suffered a
stroke. Splenectomy may be recommended in the manage-
ment of recurrent splenic sequestration. 
Research into specific therapy for sickling has produced
some promising results. Because haemoglobin F is known
to protect against sickling, considerable interest has cen-
tred on attempts to stimulate fetal haemoglobin produc-
tion. Most studies have used hydroxycarbamide. Initial tri-
als showed some elevation in mean fetal haemoglobin
concentrations, but responses were very variable. Howev-
er, a subsequent randomised controlled study in 299
patients8 reported that therapy with hydroxycarbamide
caused a 44% reduction in the median annual rate of pain-
ful crises. The beneficial effects did not become evident
for several months. Observational follow-up of 233 pa-
tients in this group,9 for up to 9 years, suggested that hy-
droxycarbamide also reduced mortality. Beneficial effects
have also been reported in initial studies in children10-12

and sustained benefits have been reported in longer-term
cohort studies.13,14 Results from a small study15 in children
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suggested that hydroxycarbamide, with serial phlebotomy
to reduce iron overload, may be an effective replacement
for secondary stroke prophylaxis in patients who are una-
ble to continue with long-term maintenance transfusions.
Although one study,14 in which some children had re-
ceived hydroxycarbamide for up to 8 years, found no evi-
dence of mutagenic changes or cases of malignancy, the
potential toxicity of long-term therapy remains a concern.
A short-chain fatty acid, butyric acid, which has a low or-
der of toxicity, has been reported to stimulate fetal haemo-
globin in patients with sickle-cell disease when given by
infusion as arginine butyrate.16 Promising results have also
been reported in small studies17 using oral sodium phenyl-
butyrate. Other drugs under investigation include clotrim-
azole, decitabine, inhaled nitric oxide, and the nonionic
surfactant poloxamer 188. There is also some investiga-
tion into gene therapy. 
As in thalassaemia (see below), bone marrow transplanta-
tion is potentially curative in a small minority of patients,
but the indications for transplantation are much less well
established.18
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β-Thalassaemia
β-Thalassaemia is a haemoglobinopathy (above) that is
due to a deficiency in β globin production accompanied by
normal production of α globin chains that, in the absence
of sufficient partner chains, are insoluble and precipitate
out in erythrocytes and erythroid precursors as large cellu-
lar inclusions. These interfere with red cell maturation re-
sulting in ineffective haematopoiesis, retard the passage of
red cells from the bone marrow, and create a tendency for
those red cells that do mature to be trapped and destroyed
in the spleen. The condition is therefore characterised by a
hypochromic, microcytic anaemia accompanied by
haemolysis. In the heterozygous form, where only one of
the β globin genes is affected (known as thalassaemia trait
or thalassaemia minor) the anaemia is mild and clinically
insignificant. There is some evidence that patients with
this form of the disease experience a degree of protection
from malaria, which may account for the more frequent
distribution of the trait in the populations of areas such as
the Mediterranean, parts of Africa, and Asia. 
The more severe forms of the disease (known as thalassae-
mia intermedia if haemoglobin levels are high enough not
to require regular transfusion, or thalassaemia major in
transfusion-dependent patients) occur in homozygous pa-

tients who inherit a defective β globin gene from both par-
ents. Severe anaemia develops in the first year of life as
fetal haemoglobin production (which does not involve a β
globin) is replaced by the production of adult haemoglob-
in. The anaemia stimulates erythropoietin production, and
if not corrected massive proliferation of red cell precursors
develops within, and eventually beyond, the bone marrow,
resulting in recurrent bone fractures, deformity of the skull
due to expansion of the marrow spaces, and compression
of vital structures such as the spinal cord with consequent
paresis. Other symptoms include splenomegaly and hyper-
splenism (resulting in neutropenia and thrombocytopenia),
increased susceptibility to infection, and hypermetabolism
which may lead to folate deficiency because of the in-
creased folate requirement. If untreated, death in patients
with thalassaemia major usually occurs by the 2nd or 3rd
year. 
Treatment. The mainstay of treatment for severe β-thalas-
saemia is regular blood transfusion to correct the anaemia.
Transfusions should be started as early as possible in life
once it is clear that anaemia is severe enough to warrant
them. Various transfusion regimens have been used based
on different pretransfusion haemoglobin concentrations.1
The Thalassaemia International Federation2 recommends
regular blood transfusions, usually every 2 to 5 weeks, to
maintain a pretransfusion haemoglobin concentration of 9
to 10.5 g per 100 mL. The post-transfusion concentration
should not exceed 15 g per 100 mL. It is also recommend-
ed that patients should receive leucocyte-depleted packed
red cells in order to minimise adverse reactions and plate-
let allo-immunisation (an immune response to donor plate-
lets). Washed red cells may be used in patients who have
repeated severe allergic transfusion reactions. The use of
leucocyte-depleted red cells is also desirable in patients
who are candidates for haematopoietic stem cell transplan-
tation to reduce the risk of graft rejection and CMV reacti-
vation.1 An increase in transfusion requirements is a sign
of hypersplenism, and splenectomy may be indicated de-
pending on the state of iron overload. However, splenecto-
my should be avoided if possible below the age of 5 years
because of the increased risk of infection.2 For a discussion
of antibacterial prophylaxis in splenectomised patients,
see Spleen Disorders, p.194. 
If anaemia is corrected by transfusion, growth and devel-
opment proceed fairly normally in thalassaemic children.
However, because the body lacks a mechanism for the ex-
cretion of excess iron, repeated transfusion invariably re-
sults in iron overload (p.1442), leading eventually to
haemochromatosis. The consequences of haemochroma-
tosis include liver dysfunction, endocrine dysfunction
(failure of the adolescent growth spurt, hypogonadism,
sometimes diabetes and hypothyroidism), and particularly
heart disease (pericarditis, heart failure, and arrhythmias).
If unchecked, the iron build-up usually leads to death
(mainly through heart failure or arrhythmia) by the time
patients reach their mid-20s. The accumulation of iron can
be retarded by the chelator desferrioxamine and regular
systemic use has been shown to improve survival in thalas-
saemic children,2,3 and to protect against the cardiac com-
plications of iron overload.2-4 The greatest increase in iron
excretion may be seen in patients given the drug by contin-
uous subcutaneous infusion rather than intramuscular bo-
lus. Continuous intravenous infusion may be considered in
patients with severe iron overload or cardiac complica-
tions.2 There is some suggestion that intensive desferriox-
amine therapy can improve impaired organ function,3 but
it is considered preferable to begin chelation therapy as
early as possible to try to prevent organ damage develop-
ing in the first place. In practice, desferrioxamine therapy
is started after the first 10 to 20 transfusions or when the
ferritin concentration rises above 1 mg/litre, usually at
about 3 years of age.2,5 If therapy is started before this age,
careful monitoring of growth and bone development is
recommended2 and liver biopsy has been advocated.3 Bet-
ter iron excretion is achieved if patients are given ascorbic
acid 100 to 200 mg daily in addition to desferrioxamine
(but see under Interactions for Desferrioxamine, p.1440).
Patients with thalassaemia may have increased folate re-
quirements and folate supplementation may also be neces-
sary. Although it is not yet certain how much chelation
therapy will prolong survival the fact that a nearly normal
iron balance can be achieved long term seems hopeful. De-
feriprone has been used as an oral alternative to desferriox-
amine,6 but there are conflicting reports regarding its effi-
cacy and safety in the longer term.7,8 It may have a role in
patients for whom desferrioxamine therapy is unsuitable.2

Investigation of combination therapy using desferrioxam-
ine with deferiprone is underway, as is the development of
other oral chelators.5 
In addition to the essentially symptomatic treatment of tha-
lassaemia a very few patients may be candidates for bone
marrow transplantation where suitable facilities and com-
patible donors exist; if transplantation is carried out before
organ damage is marked, successfully transplanted pa-
tients are apparently cured and can lead a normal life.9,10

Gene therapy is also under investigation. 
An alternative approach using hydroxycarbamide in an at-
tempt to stimulate fetal haemoglobin production and ‘mop
up’ some of the excess α globin chains has been tried ex-
perimentally but results have been mixed. Results of an in-
itial study in patients given butyric acid (as an arginine bu-
tyrate infusion) for the same purpose appeared more
promising11 although a subsequent study failed to show
any benefit.12 Mixed results have also been reported with
the use of oral butyrate derivatives such as sodium
phenylbutyrate13 and isobutyramide.14
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Haemostasis and Fibrinolysis
Haemostasis is the physiological response that occurs
when blood vessels are damaged. It results in coagula-
tion (formation of a blood clot) and thus arrests bleed-
ing. The initial response is the formation of a plug of
platelets, which adhere both to the injured tissue and to
each other. The vessel injury, with factors released by
the platelets, trigger a series of reactions (the coagula-
tion ‘cascade’) mediated by proteins circulating in the
plasma (blood clotting factors). This results in forma-
tion of an insoluble fibrin clot that reinforces the initial
platelet plug. Regulatory mechanisms come into oper-
ation to prevent widespread coagulation. Lysis of the
clot (fibrinolysis) then occurs when wound healing and
tissue repair are underway. 
Platelet aggregation. Platelets usually circulate in
plasma in an inactive form. Contact with damaged en-
dothelium causes them to become activated and to ad-
here to the site of injury. This adhesion is partly medi-
ated by binding of von Willebrand factor, a plasma
protein that also acts as a carrier for factor VIII, to a
glycoprotein (termed GPIb) on the platelet membrane
surface. Substances are secreted by the activated plate-
lets which cause further platelet aggregation (adeno-
sine diphosphate and thromboxane A2) and vaso-
constriction (serotonin and thromboxane A2).
Thromboxane A2 secreted by platelets is derived from
arachidonic acid. 
• The enzyme cyclo-oxygenase is required for the

synthesis of thromboxane A2 and this enzyme is in-
hibited by the antiplatelet drugs aspirin and sulfin-
pyrazone. Aspirin binds irreversibly to the enzyme
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and therefore the antiplatelet effect lasts for the life-
time of the platelet. Sulfinpyrazone is a reversible in-
hibitor of the enzyme. 

Platelet aggregation involves interaction of fibrinogen
with a receptor, glycoprotein IIb/IIIa, on the platelet
surface. 
• Antiplatelet drugs such as abciximab act by blocking

this receptor. 
In addition to their action in forming the initial haemo-
static plug, platelets are also involved in coagulation by
providing a surface on which interactions between
clotting factors take place, resulting in more efficient
coagulation. 
Coagulation. The series of reactions that results in for-
mation of a fibrin clot may be conveniently considered
as two pathways, the intrinsic pathway (triggered with-
in the blood) and the extrinsic pathway (triggered by
substances extraneous to the blood). While this distinc-
tion is useful for understanding in-vitro coagulation
and is the basis for tests that are specific for each path-
way (see below), the mechanism of in-vivo coagulation
is not so segregated and factors appearing in one path-
way are also necessary for reactions in the other path-
way. The intrinsic and extrinsic pathways of coagula-
tion and the in-vivo pathways are discussed further
below and are represented in summary form in Figure
1, p.1047 and Figure 2, p.1048 respectively. Factors
circulate in the blood in an inactive form and are acti-
vated by cleavage of peptide bonds. The numerals at-
tached to the factors reflect the order in which they
were discovered and not their importance or position in
the chain of reaction. The letter ‘a’ after a factor name
or number denotes the activated form. Factors involved
in blood coagulation are listed in Table 2, below. Once
the coagulation cascade is started, activated factors act
in positive feedback mechanisms to amplify the activa-
tion steps thus producing rapid coagulation. Cofactors
are necessary as they increase the speed of the reac-
tions. Other components necessary for coagulation are

calcium ions and a membrane surface. Calcium ions
are required for nearly all the reactions. Many of the
activation steps, notably those involving factors VII,
IX, and X, take place on a membrane surface express-
ing tissue factor, or platelets. Factors bind to phosphol-
ipids on the membrane surface. 
The extrinsic pathway begins when tissue factor (fac-
tor III) is released from damaged tissue. This forms a
complex with factor VII and factor VIIa and directly
activates factor X. The intrinsic pathway begins when
blood comes into contact with a negatively charged
surface. Factor XII interacts with high molecular
weight kininogen (Fitzgerald factor) and prekallikrein
(Fletcher factor) to produce kallikrein, which activates
factor XII. The active factor XIIa then activates factor
XI, which in turn activates factor IX. Factor VIII is ac-
tivated by thrombin to factor VIIIa to act as a cofactor
for factor IXa, which converts factor X to factor Xa.
The extrinsic and intrinsic pathways therefore con-
verge with the activation of factor X. Factor V is acti-
vated by thrombin to factor Va to be a cofactor for fac-
tor Xa, which converts prothrombin (factor II) to
thrombin with the subsequent formation of a fibrin gel.
Factor XIII is also activated by thrombin to factor XI-
IIa, which stabilises the fibrin gel to form a stable clot. 
The dependence of many steps in the coagulation cas-
cade on calcium ions allows coagulation in vitro to be
blocked by the addition of calcium chelators, such as
sodium citrate, to collected blood. When collected
blood is tested for coagulation function, addition of cal-
cium ions allows clotting to proceed. Tests of coagula-
tion function include activated partial thromboplastin
time (APTT), which is a measure of the activity of the
intrinsic system, prothrombin time (PT), a measure of
the activity of the extrinsic system, and thrombin clot-
ting time, which measures the conversion of fibrinogen
to fibrin. 
The factors involved in triggering the in-vitro intrinsic
pathway, that is prekallikrein, factor XII, and possibly

factor XI, are probably not important in in-vivo blood
coagulation as deficiency of any of these factors is not
associated with a serious bleeding disorder. The impor-
tant step in the clotting cascade in vivo is release of tis-
sue factor (factor III) from damaged tissue. As has al-
ready been mentioned, tissue factor forms a complex
with factor VII and factor VIIa that activates factor X.
Factor Xa activates prothrombin resulting in formation
of a fibrin clot which occurs as described above under
the in-vitro systems. To enhance coagulation, various
positive feedback mechanisms and other clotting fac-
tors operate to increase production of activated factors
VII and X. For example, formation of factor VIIa is
amplified by factor VIIa itself and by factor Xa. For-
mation of factor Xa is amplified by factor IXa pro-
duced by the action of thrombin on factor XI. 
Regulation of coagulation. The process of blood co-
agulation is regulated to ensure that it remains localised
at the site of injury and does not result in more
widespread clotting. This is achieved by dilution of
clotting factors in flowing blood, by rapid hepatic
clearance of many activated factors or products, and by
natural anticoagulant mechanisms, which include anti-
thrombin III, protein C, and protein S (see Figure 2).
Antithrombin III inhibits the serine protease clotting
factors, that is, thrombin, IXa, Xa, XIa, and XIIa.
Antithrombin III is activated by binding to gly-
cosaminoglycans, such as heparan glycosaminoglycan
and dermatan sulfate, present in vascular endothelium. 
• Heparin and low-molecular-weight heparins act as

anticoagulants by binding antithrombin III at a spe-
cific binding site and enhancing its inhibitory effect
on the serine protease clotting factors. At therapeutic
doses of heparin the factors inhibited are thrombin
and factor Xa. Low-dose heparin, such as that given
for the prophylaxis of thromboembolism, inhibits
factor Xa. Very high doses of heparin have a direct
inhibitory effect on antithrombin III. Heparinoids
which lack the specific binding site for antithrombin
III do not have the anticoagulant properties of
heparin. Low-molecular-weight heparins have a
higher ratio of anti-factor-Xa to antithrombin activi-
ty than heparin and therefore mainly inhibit factor
Xa. 

Proteins C and S are both vitamin K-dependent plasma
proteins. Protein C circulates in plasma in an inactive
form. It is activated by contact with thrombin that is
bound to thrombomodulin, a receptor located on the
surface of endothelial cells. Activated protein C inhib-
its factors Va and VIIIa and therefore slows blood clot-
ting. Protein S acts as a cofactor in this inhibition. 
Vitamin K is essential for the activities of factors II,
VII, IX, and X. It is also essential for the activity of
proteins C and S. These factors contain glutamic acid
residues that undergo carboxylation in the liver, a reac-
tion requiring reduced vitamin K as a cofactor. This
carboxylation step allows the factors to bind calcium, a
reaction necessary for their function in the clotting cas-
cade. 
• Deficiency of vitamin K or the use of oral anticoag-

ulants (which are vitamin K antagonists) therefore
impairs the function of these clotting factors. Oral
anticoagulants have no effect on circulating clotting
factors and thus the time required before the antico-
agulant effect is seen depends on the individual
clearance rate of the factor. 

Fibrinolysis is the mechanism of clot dissolution. It is
mediated by plasminogen, which circulates in plasma
in an inactive form; conversion to its active form, plas-
min, occurs when plasminogen binds to fibrin in the
presence of a plasminogen activator (see Figure 2).
Plasmin, a proteolytic enzyme, digests fibrin clots and
hydrolyses other proteins, including factors II, V, VIII,
and XII. As fibrin is lysed, plasmin is released which is
inhibited by α2-antiplasmin to prevent a systemic lytic
state developing. There are two types of plasminogen
activator, tissue plasminogen activator (tPA), which
originates from the endothelium, and urokinase, which

Table 2. Proteins involved in blood coagulation and in fibrinolysis.

Proteins Synonyms

Blood coagulation

Fibrinolysis

Factor I
Factor II*
Factor III
Factor IV
Factor V
Factor VI (unassigned)
Factor VII*
Factor VIII
Factor IX*

Factor X*
Factor XI
Factor XII
Factor XIII
von Willebrand factor
High molecular weight 

kininogen
Prekallikrein

Plasminogen
Prourokinase
Tissue plasminogen 

activator
Antithrombin III
Protein C*
Protein S*
α2-Antiplasmin

Fibrinogen
Prothrombin
Tissue thromboplastin; tissue factor
Calcium ion
Ac-globulin; labile factor; proaccelerin

Proconvertin; SPCA; stable factor
Antihaemophilic factor; AHF
Christmas factor; plasma thromboplastin 

component; PTC
Stuart factor; Stuart-Prower factor
Plasma thromboplastin antecedent; PTA
Hageman factor
Fibrin stabilising factor; FSF
Factor VIII-related antigen; vWF
HMWK; Fitzgerald factor

Fletcher factor

tPA

Major antithrombin; AT-III; Heparin cofactor
Autoprothrombin IIA; Factor XIV

* denotes vitamin K-dependent factor
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is activated from prourokinase. Activators of prourok-
inase include plasmin. Tissue plasminogen activator
binds to fibrin and thus activates plasminogen bound to
fibrin much more rapidly than circulating plasmino-
gen; therefore the fibrinolytic action of tissue plas-
minogen activator is fibrin specific. Urokinase does
not bind to fibrin, and therefore its fibrinolytic action is
not fibrin specific, although it is activated by plasmin
that is bound to fibrin. In vivo, fibrinolysis is almost
entirely due to the activity of tissue plasminogen acti-
vator. 
• The two types of plasminogen activator with their

different modes of action provide the basis for the
specificity of thrombolytics (the so-called ‘clot spe-
cific’ effect), which act by promoting the conversion
of plasminogen to plasmin. The tissue plasminogen
activators alteplase and tenecteplase are fibrin-spe-
cific thrombolytics, and streptokinase and urokinase
are fibrin-nonspecific. 

• The antifibrinolytic drugs aminocaproic acid and
tranexamic acid act primarily by blocking the bind-
ing of plasminogen and plasmin to fibrin, thereby
preventing the breakdown of fibrin clots. 

• Aprotinin, an inhibitor of proteolytic enzymes, acts
as a haemostatic by inhibiting the action of plasmin
and therefore preventing the breakdown of fibrin
clots. Other drugs acting as haemostatics include ba-
troxobin, which is reported to promote the produc-
tion of fibrin from fibrinogen, and etamsylate, which
has a stabilising effect on the capillary wall. Drugs

such as oxidised cellulose, calcium alginate, colla-
gen, and gelatin act by providing a physical mesh-
work within which clotting can occur. Adrenaline,
adrenalone, and noradrenaline produce haemostasis
by causing vasoconstriction. Drugs with astringent
properties such as alum and ferric chloride are also
used for haemostasis. 

The use of haemostatics may be considered when
bleeding cannot be controlled by direct measures such
as the application of pressure, suture or ligation, or
electrocoagulation. 
Dysfunction of the haemostatic mechanisms or the sys-
tems regulating haemostasis produces haemorrhagic
disorders (acquired and inherited, see below) or throm-
boembolic (p.1187) disorders.
◊ General references.
1. Furie B, Furie BC. Molecular and cellular biology of blood co-

agulation. N Engl J Med 1992; 326: 800–806. 
2. Dahlbäck B. Blood coagulation. Lancet 2000; 355: 1627–32. 
3. Hoffman M. Remodeling the blood coagulation cascade. J

Thromb Thrombolysis 2003; 16: 17–20.

Acquired haemorrhagic disorders
Bleeding disorders sometimes arise due to disturbances in
either clotting factors or platelets, or to vascular wall de-
fects occurring as a result of a disease or a medical or sur-
gical procedure. Disturbances and defects may also be
drug-induced. In some conditions, including renal and liv-
er disease, cardiopulmonary bypass procedures, or follow-
ing massive blood transfusion, disturbances in many of the
homoeostatic mechanisms occur simultaneously produc-
ing complex haemorrhagic disorders, sometimes referred
to as complex acquired coagulopathies. 

One of the commoner causes of haemorrhagic disorder
caused by disturbance of clotting factors is overdose with
heparin, oral anticoagulants, or thrombolytics. Different
approaches are used in the management of overdose with
these drugs, as discussed in Treatment of Adverse Effects
under Heparin (p.1302), Warfarin Sodium (p.1426), and
Streptokinase (p.1404). 
Deficiencies in clotting factors may occur in several dis-
eases. Vitamin K is essential for the activity of a number of
clotting factors and plasma proteins (see Haemostasis and
Fibrinolysis, above), and disorders that cause a deficiency
of vitamin K can lead to impairment of these. Diseases of
the small bowel and biliary tract can impair absorption of
vitamin K, and liver disease reduces the production of clot-
ting factors. Deficiency is generally treated by giving vita-
min K, although this is not always effective in patients
with liver diseases. Vitamin K is widely used for the pre-
vention and treatment of neonatal vitamin K deficiency
bleeding (p.1997). Examples of other acquired disorders
that affect clotting factors but occur rarely include ac-
quired haemophilia affecting factor VIII (see Haemophili-
as, below) and von Willebrand syndrome (see von Wille-
brand’s Disease, below). 
Low platelet concentrations can be associated with many
other illnesses and increase the risk of bleeding; manage-
ment is discussed in Thrombocytopenia, below. 
Various drugs are used, or are under investigation, for their
effect on perioperative blood loss.1,2 Topical treatments
such as fibrin glue, gelatin-based films and sponges, oxi-
dised cellulose, and thrombin are used for a local haemo-
static effect in surgical procedures. The antifibrinolytic
drugs aprotinin, aminocaproic acid, and tranexamic acid
are used to reduce bleeding and transfusion requirements
in procedures such as liver transplantation and cardiac sur-
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1048   Blood Products Plasma Expanders and Haemostatics

gery involving cardiopulmonary bypass. Desmopressin is
used in surgical patients with some congenital and ac-
quired bleeding disorders, but in patients without pre-ex-
isting bleeding disorders it has not consistently been
shown to be of benefit. Recombinant activated factor VII
(eptacog alfa) is used in the management of bleeding in
patients with haemophilia, but it is also under investigation
in surgical patients with normal haemostasis.
1. Porte RJ, Leebeek FWG. Pharmacological strategies to decrease

transfusion requirements in patients undergoing surgery. Drugs
2002; 62: 2193–2211. 

2. Mahdy AM, Webster NR. Perioperative systemic haemostatic
agents. Br J Anaesth 2004; 93: 842–58.

Disseminated intravascular coagulation
Disseminated intravascular coagulation (DIC) is an acute
or chronic syndrome resulting from an underlying condi-
tion that causes pathological stimulation of coagulation at
some point in the coagulation pathway (above); thrombin
generation triggered by uncontrolled tissue factor is prob-
ably the main factor in most cases. Causes include obstet-
ric emergencies (placental abruption, amniotic fluid embo-
lism), infection (bacterial septicaemia, viraemia),
neoplasms, trauma (head injury, burns), venomous snake
bites, transfusion of incompatible blood, liver disease, and
various vascular causes. 
Stimulation of coagulation leads to microvascular throm-
bosis that produces widespread tissue ischaemia and may
lead to ischaemia of major organs. Simultaneously, sec-

ondary activation of the fibrinolytic system and consump-
tion of coagulation factors produces bleeding, which is of-
ten the predominant manifestation. Symptoms are
therefore very variable and include those of bleeding, such
as spontaneous bruising, prolonged bleeding from intrave-
nous puncture sites, and gastrointestinal and pulmonary
haemorrhage, and those of thrombosis, such as acute renal
failure, venous thromboembolism, skin necrosis, liver fail-
ure, cerebral infarction, acute respiratory distress, and co-
ma. Some cases may be asymptomatic. 
Treatment of DIC is aimed primarily at the underlying
cause since the condition will not resolve until the under-
lying trigger is removed. Recovery is often fairly rapid
once treatment is started. Supportive therapy to ensure ad-
equate hydration and tissue oxygenation is also vital.
These measures may be sufficient in patients with asymp-
tomatic DIC. Most patients with symptomatic DIC also re-
quire therapy with plasma and platelets to replace coagu-
lation factors and arrest bleeding. Coagulation factor
concentrates such as fibrinogen concentrate or cryoprecip-
itate are not favoured, as they do not contain all coagula-
tion factors and they may be contaminated with traces of
activated coagulation factors, which can exacerbate the co-
agulation disorder in these patients. Heparin has been used
in the management of DIC with the aim of switching off
the coagulatory mechanisms. Although benefit has been
shown with some underlying causes, heparin may worsen
bleeding and its use in DIC is considered by some to be

controversial. Where the risk of bleeding is relatively mi-
nor and thrombosis predominates, heparin may be appro-
priate. Other measures that have been tried in limited num-
bers of patients include use of a low-molecular-weight
heparin. Concentrates of activated protein C, and more re-
cently the recombinant form drotrecogin alfa (activated),
have been used in DIC associated with severe sepsis and
have improved coagulation abnormalities and mortality.
Antithrombin III has also been used, but despite beneficial
reports of use in sepsis-related DIC a large study found no
benefit. 
General references.
1. de Jonge E, et al. Current drug treatment strategies for dissemi-

nated intravascular coagulation. Drugs 1998; 55: 767–77. 
2. Levi M, ten Cate H. Disseminated intravascular coagulation. N

Engl J Med 1999; 341: 586–92. 
3. Toh CH, Dennis M. Disseminated intravascular coagulation: old

disease, new hope. BMJ 2003; 327: 974–7. 
4. Bick RL. Disseminated intravascular coagulation: current con-

cepts of etiology, pathophysiology, diagnosis, and treatment. He-
matol Oncol Clin North Am 2003; 17: 149–76. 

5. Franchini M, Manzato F. Update on the treatment of disseminat-
ed intravascular coagulation. Hematology 2004; 9: 81–5. 

6. Levi M, et al. New treatment strategies for disseminated intra-
vascular coagulation based on current understanding of the
pathophysiology. Ann Med 2004; 36: 41–9.

Haemophilias
The haemophilias are bleeding disorders caused by low
concentrations of specific coagulation factors. Acquired
haemophilia is rare and most patients have inherited
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forms. The most well known are haemophilia A (factor
VIII deficiency) and haemophilia B (factor IX deficiency).
Factor XI deficiency, originally called haemophilia C, is
mentioned under Inherited Haemorrhagic Disorders, be-
low. 
Haemophilia A (classical haemophilia, factor VIII defi-
ciency) is the most common of the serious hereditary
bleeding disorders.1 It is an X-linked recessive disorder
and therefore, with rare exceptions, males are affected and
females are carriers. The condition is due to deficiency of
factor VIII and severity of bleeding is related to the resid-
ual factor level. The condition is severe when there is less
than 1% of normal factor VIII activity, moderate when the
factor VIII concentration is 1 to 5% of normal, and mild
when the factor concentration is greater than 5%. Clots are
slow to form and break up easily, and bleeding after trau-
ma or surgery may be prolonged. In moderate and severe
haemophilia A bleeding may occur into major joints pro-
ducing long-term joint destruction, a major cause of mor-
bidity in haemophilia. Other frequent sites of bleeding are
large muscles, and renal and intestinal tracts. CNS haem-
orrhage may also occur, especially after trauma. 
Treatment of bleeding episodes depends on the severity of
the haemophilia.1-4 Patients with moderate to mild haemo-
philia A can be satisfactorily treated with desmopressin,5,6

which produces an increase in factor VIII and von Wille-
brand factor, and increases platelet adhesion and expres-
sion of tissue factor. Desmopressin also transiently stimu-
lates plasma fibrinolytic activity, and it has been suggested
that use with an antifibrinolytic, such as tranexamic acid,
may inhibit this effect. However, there is no evidence for
haemostatic improvement with this combination, although
tranexamic acid itself is effective in the management of
mucosal bleeding and during dental surgery.5 Desmo-
pressin is usually given intravenously. The subcutaneous
route is an alternative but the maximum effect is slower. It
can also be given intranasally, and this route is used by pa-
tients to treat themselves outside hospital. In patients with
more severe haemophilia A, desmopressin is ineffective
and treatment of bleeding episodes requires replacement
of factor VIII. The amount given depends on the severity
of bleeding. 
Desmopressin and factor VIII preparations are also used
for the prevention of bleeding episodes in situations where
haemorrhage may be anticipated, for example before sur-
gery or dental treatment;7,8 patients with haemophilia A
should also not be given intramuscular injections (because
of potential muscle damage and bleeding into muscle) un-
less they are given during a period when the patient is cov-
ered by replacement factor. Prophylactic cover with an an-
tifibrinolytic, such as tranexamic acid given orally (or, in
dentistry, also topically as a mouthwash), may also be used
and should be continued for 5 to 7 days after the procedure.
Fibrin glue can also be useful in the control of local bleed-
ing.8 
An alternative method of management has been practised
in Sweden since 1958 where continuous prophylaxis with
factor VIII is given to patients with severe haemophilia A
with the aim of preventing arthropathy. Therapy is started
at 1 to 2 years of age and the factor VIII concentration is
maintained at a level of at least 1% of normal. Patients who
began receiving prophylaxis before the age of 2 have had
almost no bleeding episodes and joints have remained nor-
mal for up to 16 years of follow-up.9,10 This approach has
subsequently been adopted in a number of other countries,
although questions remain about the best age at which to
start therapy, when to stop, the optimum dose, and effects
on quality of life.1,2,11 
There are various factor VIII preparations available that
vary in activity and source.4 Most products were previous-
ly derived from pooled donor plasma and were associated
with transmission of viruses including HIV (leading to the
subsequent development of AIDS), hepatitis B, and other
hepatitis viruses. The introduction of products treated with
heat or chemicals, and efforts to screen the donor material
from which factor VIII is obtained, seem to have over-
come problems with transmission of HIV and hepatitis B
and C, although there is concern that non-lipid-enveloped
viruses such as human parvovirus B19 and hepatitis A
may still be transmitted. It is recommended that patients
not already immune should be vaccinated against hepatitis
A and B. There is some concern that variant Creutzfeldt-
Jakob disease (vCJD) may be transmitted by plasma-de-
rived clotting factor products, but there is no proof as yet

that this has occurred. Factor VIII produced by recom-
binant DNA technology may avoid the dangers of possible
viral transmission and is therefore the factor VIII prepara-
tion of choice (but see also Transmission of Infections un-
der Factor VIII, p.1067). It has been suggested that high-
purity plasma-derived factor VIII preparations slow the
decline in CD4 count in haemophiliac patients who are
HIV-positive, but this was based on the measurement of
surrogate markers and the purity of clotting factor prepara-
tions has been found not to affect the development of
AIDS. Factor VIII preparations are usually given by bolus
injection, but there is increasing interest in the use of con-
tinuous infusion2,11 because it can maintain a steady state
of clotting factor concentrations and reduce the amount of
concentrate used. Evidence from controlled studies is
needed to confirm the perceived benefits of this method. 
A serious complication of replacement therapy in haemo-
philia A is the development of antibodies to factor VIII
(often called inhibitors). The reported incidence varies
widely, up to about 30%. Antibodies are more likely to de-
velop in young patients with severe haemophilia who re-
ceive continuous prophylaxis, but can also arise in patients
with mild haemophilia, typically after intensive replace-
ment therapy; some patients appear to have a genetic pre-
disposition.12 Antibody concentrations can be measured
and may be classified as either low-titre or high-titre; pa-
tients are further described as low or high responders ac-
cording to the increase in antibody production when given
factor VIII.13 
The management of acute bleeding episodes can be prob-
lematic in these patients, and depends on the characteris-
tics of the antibodies.12-14 Patients with low-titre low-re-
sponding antibodies are generally treated with high-dose
factor VIII. Porcine factor VIII may be useful in high-titre
or highly-responding patients at least in the short term, al-
though with longer use antibodies to the porcine material
can develop in turn. Otherwise, when high-titre highly-re-
sponding antibodies are present, bleeding episodes are
managed with factor VIII inhibitor bypassing fraction, or
recombinant factor VIIa, which bypass the factor VIII-de-
pendent step in the coagulation cascade. The removal of
antibodies by plasmapheresis, with or without extracor-
poreal immunoadsorption, followed by high-dose factor
VIII, has been used in high-titre patients when other meas-
ures have failed.14 
Attempts have been made to induce tolerance and eradi-
cate the antibodies.12,13,15 Regimens have used regular
doses of factor VIII over prolonged periods, sometimes
with immunosuppression by cyclophosphamide, immu-
nomodulation by normal immunoglobulin, or extracorpor-
eal immunoadsorption. The treatment of bleeding epi-
sodes during immune tolerance induction therapy can be
difficult, requiring the use of factor VIII inhibitor bypass-
ing fraction or recombinant factor VIIa. 
A future development that may provide a clinical cure for
haemophilia is gene therapy.1,16 However, despite success-
ful treatment in animal models, initial human trials for
haemophilia A and B have shown no sustained responses. 
Haemophilia B (factor IX deficiency; Christmas disease)
is less common than haemophilia A. The classification and
clinical features of this form are the same as for haemo-
philia A, but are related to a deficiency of factor IX. Treat-
ment follows the same principles as for haemophilia A,1-4

except that desmopressin does not affect factor IX concen-
trations and is therefore ineffective in haemophilia B.
Bleeding episodes are treated with factor IX replacement,
preferably using recombinant factor IX or plasma-derived
highly purified factor IX preparations that do not contain
other clotting factors. Low-purity factor IX preparations
derived from plasma that contain other clotting factors in
addition to factor IX (prothrombin complex concentrates)
are associated with thromboembolic complications, partic-
ularly in patients with liver disease and others at increased
risk of thromboembolism or disseminated intravascular
coagulation. Fresh frozen plasma may be used in emergen-
cies if specific factor IX products are unavailable. Antifi-
brinolytic drugs may be used in patients treated with puri-
fied factor IX preparations, but should be avoided in those
given prothrombin complex concentrates because of the
increased risk of thrombosis.3 Continuous prophylaxis us-
ing factor IX preparations has also been used in haemo-
philia B.9,10 As in patients with haemophilia A, vaccina-
tion against hepatitis A and hepatitis B is recommended
for all haemophiliacs not already immune. 

Antibody inhibitors of factor IX can be produced although
the incidence of antibody formation is lower than that seen
in haemophilia A. Acute bleeding episodes in these pa-
tients may be managed using recombinant factor VIIa.1 In-
duction of tolerance has also been used for antibodies in
haemophilia B, but the response is not as good as for hae-
mophilia A and these patients appear to be at risk of ana-
phylaxis and nephrotic syndrome.1,12 
As mentioned under haemophilia A, gene therapy is under
investigation as a possible clinical cure. 
Acquired haemophilia is a rare disease in which autoan-
tibodies form against factor VIII.17 In about 50% of cases,
factor VIII autoantibodies are idiopathic; the rest are asso-
ciated with other conditions including the postpartum pe-
riod, malignancies, auto-immune diseases, and adverse
drug reactions. The bleeding pattern is different to congen-
ital haemophilia and usually occurs as bleeding in the skin
or muscles, haematuria, haematemesis or melaena, and
prolonged postpartum or postoperative bleeding; haemar-
throses are relatively uncommon. 
Treatment for acute episodes depends on the severity of
bleeding and the antibody titre. Desmopressin is only ef-
fective in patients with low inhibitor titres. Large doses of
plasma-derived or recombinant factor VIII may be effec-
tive, but the dose required to saturate the autoantibodies
can be difficult to predict and therapy must be closely
monitored to adjust dosage according to factor VIII con-
centrations. The use of porcine factor VIII concentrate is
an alternative. A small number of patients have been man-
aged with factor VIII inhibitor bypassing fraction or re-
combinant factor VIIa, and these may be used when the
titre is very high or bleeding persists despite the use of fac-
tor VIII concentrates. 
Up to a third of patients with acquired haemophilia have a
spontaneous resolution of their autoantibodies. For other
patients, treatment to eradicate or suppress the autoanti-
bodies is often based on a corticosteroid, such as pred-
nisone, given alone or combined with cyclophosphamide;
evidence for the efficacy of such treatment is largely anec-
dotal however. Other combinations that have also been
tried include a corticosteroid with azathioprine, or a corti-
costeroid with cyclophosphamide plus vincristine.
Ciclosporin, alone or with a corticosteroid, has been used
as a salvage therapy. Intravenous immunoglobulin has
been tried, but any benefit is questionable. Similarly, plas-
mapheresis and immunoadsorption have been used, but
their contribution to the success of treatment is difficult to
assess because they are usually combined with immuno-
suppressive drug therapy. Factor VIII immune tolerance
regimens are rarely, if ever, used in acquired haemophilia.
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Inherited haemorrhagic disorders
Inherited disorders that lead to abnormal bleeding include
platelet disorders and disturbances in clotting factors. 
Inherited platelet disorders can affect platelet function,
size, and number. Platelet function disorders include ab-
normalities in platelet receptors (such as Glanzmann’s
thrombasthenia), platelet granules (storage pool deficien-
cies), signal transduction pathways and granule release,
and membrane phospholipids.1,2 Treatment depends on
the disorder, but in some conditions desmopressin or plate-
let transfusions are useful in the management of bleeding.1
Inherited thrombocytopenias are discussed under Throm-
bocytopenia, below. 
Inherited disorders that result in deficiencies or abnormal-
ities of clotting factors can cause variable degrees of bleed-
ing. The most common inherited disorders of clotting fac-
tors are haemophilias A and B (above) and von Willebrand
disease (below). Other inherited disorders are rare3 but in-
clude abnormalities of fibrinogen, deficiencies of the indi-
vidual factors II, V, VII, X, XI (haemophilia C), XIII, and
combined deficiencies of factors V and VIII, or of factors
II, VII, IX, and X. Management depends on the clotting
factors affected and the degree or risk of bleeding. In gen-
eral, antifibrinolytics such as tranexamic acid may be ade-
quate for control of mucosal bleeding and menorrhagia,
and fibrin glue may be useful for local haemostasis. Severe
bleeding requires the replacement of clotting factors, pref-
erably using specific factor concentrates or recombinant
factor products; fresh frozen plasma may be a suitable al-
ternative when more specific products are not available.
Vitamin K treatment may be considered in patients with
deficiencies of vitamin K-dependent clotting factors (II,
VII, IX, and X).
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Neonatal intraventricular haemorrhage
Intraventricular haemorrhage, also referred to as periven-
tricular or periventricular-intraventricular haemorrhage, is
bleeding from vessels in or around the ventricles of the
brain. It is the major cause of death in very low birth-
weight neonates and can affect up to 60% of neonates
weighing less than 1500 g. Intraventricular haemorrhage
is rare in neonates over 32 weeks of gestation, since the
vessels that bleed involute early in the third trimester. In-
traventricular haemorrhage usually develops within the
first 3 days of life. The haemorrhage may be graded from
1 to 4 according to severity, the higher numbered grades
being the most severe and most likely to produce the long-
term consequences of impaired motor and mental func-
tion. The aetiology is probably multifactorial and may in-
clude fluctuations in cerebral blood flow due to failure of
autoregulatory mechanisms and tissue damage caused by
oxygen free-radicals. 
Once intraventricular haemorrhage has occurred treat-
ment is supportive and includes correction of anaemia, hy-
potension, and acidaemia, and management of raised in-
tracranial pressure. 
As intraventricular haemorrhage is a major risk factor for
impaired motor and mental development prevention is
very important. Numerous interventions aim to reduce its
incidence and include prevention of premature births,
avoidance of hypercapnia, correction of major haemody-
namic disturbances, and correction of coagulation abnor-
malities. Various drugs have also been tried including cor-
ticosteroids, etamsylate, indometacin, pancuronium,
phenobarbital, vitamin E, and vitamin K. Some of these

drugs have been given to the mother antenatally since the
development of intraventricular haemorrhage may be re-
lated to perinatal events. 
• Giving corticosteroids to pregnant women at risk of pre-
term delivery is recommended to prevent neonatal respira-
tory distress syndrome (p.1508) and may also reduce the
incidence of intraventricular haemorrhage.1 A review of
data from 12 controlled studies involving antenatal corti-
costeroid use (primarily to prevent respiratory distress syn-
drome)2 suggested that the risk of intraventricular haemor-
rhage was also reduced but this was based on limited data.
Further studies3-6 have supported this finding, although
few have involved randomised doses of corticosteroids.
The mechanism for the beneficial effect of corticosteroids
is not clear but avoidance of neonatal hypotension has
been suggested.3 
• Etamsylate limits capillary bleeding through its action on
hyaluronic acid and initial studies showed a reduction in
intraventricular haemorrhage. A subsequent study7

showed little evidence of benefit on short-term follow-up,
although confidence intervals were wide. Follow-up8 of
these infants at 2 years of age found that etamsylate had
not reduced the risk of death, impairment, or disability.
Follow-up of another study9 also found that despite a re-
ported reduction in intraventricular haemorrhage with eta-
msylate, developmental outcome assessments at about 4
years of age showed that it had not reduced cerebral palsy
compared with the control group. 
• Indometacin may reduce cerebral blood flow as a result
of vasoconstriction, reduce oxygen free-radical damage,
and accelerate maturation of blood vessels around the ven-
tricles. Early studies produced conflicting results but a lat-
er larger multicentre study10 showed a reduction in both
incidence and severity although there was an unusually
large number of neonates with severe intraventricular
haemorrhage in the control group.11 A concern with the
use of indometacin is the possibility that it may produce
cerebral ischaemia due to its vasoconstrictor action and
therefore increase the risk of developmental handicaps.11

However, follow-up of the infants included in the multi-
centre study at the ages of 3 years,12 4.5 years,13 and 8
years,14 reported no adverse effects on cognitive or motor
development. Further analysis of the data from this cohort
has suggested that indometacin may reduce intraventricu-
lar haemorrhage in boys but have little effect in girls;15 a
true difference in effect between the sexes remains to be
confirmed however. Another large multicentre study16

also found that although indometacin reduced the inci-
dence of severe haemorrhage, it did not improve survival
without neurosensory impairment at 18 months. A subse-
quent systematic review17 concluded that although in-
dometacin prophylaxis reduced the rate of severe intraven-
tricular haemorrhage, it did not improve the rate of
survival free of neurosensory disability. 
• Neuromuscular blockers, such as pancuronium, abolish
non-synchronous respiration and therefore stabilise both
cerebral and arterial blood flow velocity and some studies
have shown a reduction in intraventricular haemorrhage in
mechanically ventilated neonates (see Intensive Care,
p.1901). However, other studies have produced conflicting
results and routine use in all ventilated neonates is not rec-
ommended. 
• Phenobarbital was also suggested to act by stabilising
fluctuations in cerebral blood flow, and studies of use in
neonates show similarly inconsistent results with many
showing no benefit. A meta-analysis18 concluded that
postnatal phenobarbital could not be recommended as
prophylaxis, and was associated with an increased need for
mechanical ventilation. Initial studies of antenatal pheno-
barbital were more promising with a decrease in severity
of haemorrhage being reported.19 However, a larger ran-
domised study20 in 610 women failed to show any effect
of antenatal phenobarbital on incidence or severity of in-
traventricular haemorrhage. An assessment of surviving
infants who could be traced at about 20 months of age also
found that antenatal phenobarbital had no apparent effect
on neurodevelopmental outcome.21 A concern with the
use of phenobarbital in the perinatal period is that it may
lower Apgar scores and produce respiratory depression. A
meta-analysis22 did not support the maternal use of pheno-
barbital. 
• Vitamin E protects polyunsaturated fatty acids, and thus
membranes, from oxidation. As oxygen free-radical dam-
age may contribute to the development of intraventricular
haemorrhage, vitamin E may have a role in its prevention.

Results have been conflicting. A systematic review23 of
studies in preterm infants (gestational age less than 37
weeks or birth-weight less than 2500 g) found that vitamin
E reduced the risk of intraventricular haemorrhage overall,
but only reduced the risk of severe haemorrhage in surviv-
ing very low birth-weight infants (less than 1000 g). There
was also a suggestion that intravenous vitamin E may have
no effect compared with other dosage routes. However, the
strength of these findings is limited and there was an in-
creased risk of sepsis associated with vitamin E use, such
that the role of supplementation with this vitamin has not
been established in preterm infants. 
• The activity of vitamin K-dependent coagulation factors
is reduced in neonates and antenatal vitamin K in mothers
has been tried as a means of preventing intraventricular
haemorrhage. However, results of studies have not been
promising. Most trials have been too small to produce con-
clusive results and a larger randomised controlled study24

in 139 mothers failed to find any benefit from vitamin K
prophylaxis. A subsequent systematic review25 of 5 trials,
including this one, also concluded that antenatal vitamin K
use did not prevent intraventricular haemorrhage in pre-
term infants. 
Plasma volume expansion using fresh frozen plasma or a
plasma substitute has also been thought to reduce intraven-
tricular haemorrhage by stabilising the circulation, but a
prospective multicentre study found no evidence of reduc-
tion in haemorrhage26 or subsequent death and disability27

after the use of plasma or gelatin as volume expanders.
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Thrombocytopenia
Platelet concentrations in healthy individuals range from
150 × 109 cells/litre to 450 × 109 cells/litre, and thrombo-
cytopenia is often defined as a reduction in the number of
circulating platelets to less than 150 × 109 cells/litre
(150 000 cells/mm3). As the platelet count falls the risk of
bleeding increases, although spontaneous bleeding is
uncommon unless the count falls below 10 × 109 cells/litre
to 20 × 109 cells/litre, or there is an abnormality in platelet
function. Thrombocytopenia can result from decreased
production, increased destruction, or abnormal splenic se-
questration of platelets. 
There are a number of congenital forms of thrombocyto-
penia that can affect platelet size, number, and function.
They range across a wide clinical spectrum from mild
forms, which may only be discovered incidentally and do
not require specific treatment, to severe forms that are as-
sociated with a high risk of bleeding and may ultimately
require haematopoietic stem cell transplantation.1 
Secondary thrombocytopenia can be associated with
many other illnesses.2 Decreased platelet production may
occur in bone marrow diseases such as leukaemias and
aplastic anaemia, some viral illnesses, chronic alcohol tox-
icity, and liver disease. Increased destruction of platelets
occurs in many disorders including idiopathic thrombocy-
topenic purpura (p.1505), sepsis, disseminated intravascu-
lar coagulation (above), and thrombotic thrombocytopenic
purpura and haemolytic-uraemic syndrome (see Throm-
botic Microangiopathies, p.1076). Gestational
thrombocytopenia3 is a mild form that usually occurs in
late pregnancy, in which platelet concentrations return to
normal within 12 weeks after delivery. More severe throm-
bocytopenia may be caused by obstetric conditions includ-
ing pre-eclampsia and HELLP (haemolysis, elevated liver
enzymes,  low platelets)  syndrome.  Neonatal
thrombocytopenia4 that is mild and of early onset (in the
first 72 hours of life) may be secondary to placental insuf-
ficiency and reduced platelet production. More severe
thrombocytopenia of later onset may result from platelet
destruction associated with sepsis or necrotising enterocol-
itis. In neonatal allo-immune thrombocytopenia, maternal
antibodies against fetal platelet antigens cross the placenta
to cause disease ranging from mild self-limiting thrombo-
cytopenia to neonatal intracranial haemorrhage. In neona-
tal auto-immune thrombocytopenia there is placental
transfer of maternal platelet autoantibodies in mothers
with conditions such as idiopathic thrombocytopenic pur-
pura or SLE. 
Drug-induced thrombocytopenia has been reported with
many drugs.5-9 Decreased platelet production can be
caused by drugs that have a toxic effect on bone marrow,
including many antineoplastics. Drugs that are often impli-
cated in immune-mediated platelet destruction include an-
ticonvulsants, cinchona alkaloid derivatives (quinine, qui-
nidine), diuretics, disease-modifying antirheumatic drugs
(penicillamine, gold salts), NSAIDs, and sulfonamides.
The 2 types of heparin-induced thrombocytopenia have
been well documented (see p.1302). 
Treatment of thrombocytopenia is based on management
of the underlying disorder where appropriate, or stopping
the offending drug. Platelet infusions are used in the treat-
ment of active bleeding or in thrombocytopenic patients
who are at risk of bleeding. They should not be used when
there is a thrombotic process such as in thrombotic throm-
bocytopenic purpura or heparin-induced thrombocytope-
nia. The platelet count at which infusion may be consid-
ered depends on various factors including the cause of
thrombocytopenia, the presence of additional risk factors
such as sepsis, the degree of bleeding, and whether the risk
is related to surgery. For example, if there is active bleed-
ing or invasive procedures are contemplated, platelet infu-
sion may be used when the count is less than
50 × 109 cells/litre. In patients with no bleeding and no ad-

ditional risk factors, a lower threshold of 5 × 109 cells/litre
may be adequate.2,10 Patients requiring long-term treat-
ment may develop antibodies to HLA with repeated trans-
fusions from random donors, which results in impaired re-
sponsiveness to subsequent transfusion; these patients
should receive platelets obtained from a single donor for
each transfusion, preferably HLA-matched.2,10 In platelet
refractoriness, when thrombocytopenia is a result of non-
immune platelet destruction, treatment is problematic and
although prophylactic platelet infusions may be given, it is
not known whether this is effective.10 
Oprelvekin (recombinant human interleukin-11) is a plate-
let growth factor that has recently been introduced for the
prevention of severe antineoplastic-induced thrombocyto-
penia. Recombinant human thrombopoietin and the non-
peptide thrombopoietin receptor agonist, eltrombopag, are
also under investigation.
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von Willebrand’s disease
von Willebrand’s disease (vWD)1,2 is a congenital bleed-
ing disorder caused by a deficiency or dysfunction of von
Willebrand factor (vWF), a plasma protein that stimulates
platelet aggregation and acts as a carrier for factor VIII to
protect it from premature destruction. There is also a sec-
ondary deficiency of factor VIII, because of its depend-
ence on vWF. There are 3 main phenotypes of vWD: 
• type 1 is the most common and is characterised by mild

to moderate deficiencies of vWF and factor VIII 
• type 2 results in qualitative abnormalities of vWF, and is

further divided into subtypes according to the defect 
• type 3 is rare but is a severe bleeding disorder due to

very low or undetectable plasma levels of vWF, with
low but usually detectable concentrations of factor VIII. 

The clinical presentation of vWD includes easy bruising
and bleeding from mucosal surfaces, such as epistaxis; se-
verely affected patients may suffer spontaneous soft-tissue
bleeding resulting in haematomas and haemarthroses. Ex-
cessive and prolonged bleeding can occur after surgery,
and women may experience excessive bleeding during
menstruation and childbirth.1,2 
Patients are usually only treated at the time of spontaneous
bleeding or given prophylaxis before invasive procedures.
Desmopressin transiently increases both vWF and factor
VIII levels and is used in patients with type 1 disease. It is
less likely to be effective in type 2 disease where vWF is
dysfunctional, and it is generally contra-indicated in type
2B disease because the abnormal vWF that is released may
induce platelet aggregation and thrombocytopenia. Type 3
disease does not respond to desmopressin because of the
lack of vWF stores.1,2 
Plasma concentrates that contain both vWF and factor VIII
are used when desmopressin is not suitable. A concentrate
that contains highly purified vWF, with very little factor
VIII, is available in some countries. Very highly purified
factor VIII preparations, or recombinant forms, should not
be used; they do not contain appreciable amounts of vWF
so the factor VIII therefore has a very short half-life, mak-
ing it ineffective (but see also below, about the manage-
ment of patients with alloantibodies). When haemorrhage
is not controlled despite adequate factor VIII levels, plate-
let concentrates may be required.1,2 Cryoprecipitate may
be used as a source of clotting factors and vWF when other

measures have failed, but it does not consistently correct
bleeding time and has a higher risk of transfusion-trans-
mitted infection.2 
Some patients with type 3 disease who have received mul-
tiple transfusions develop alloantibodies that inactivate
vWF and form circulating immune complexes. Further use
of concentrates that contain vWF is contra-indicated be-
cause of the risk of anaphylaxis. There are a few reports of
successful control of surgical bleeding in such patients by
continuous infusion of recombinant forms of factor VIII
and activated factor VII, which contain no vWF.1,2 
Antifibrinolytic drugs, such as tranexamic acid or aminoc-
aproic acid, may be sufficient in the management of less
severe forms of mucosal bleeding, and are used as adjuncts
to desmopressin or plasma concentrates in patients under-
going surgery.1,2 Hormonal contraceptives can reduce
bleeding in women with vWD and menorrhagia.1,2 
Acquired von Willebrand syndrome is rare, and is usually
associated with conditions such as lymphoproliferative
and myeloproliferative diseases, cancers, auto-immune
diseases, and hypothyroidism. Some drugs have been re-
ported to cause an acquired von Willebrand syndrome, in-
cluding ciprofloxacin and valproic acid. Depending on the
underlying cause, vWF activity may be affected by accel-
erated clearance, reduced synthesis, or an inhibition of
function. Management is based on treatment of the under-
lying cause, but specific options for treatment of bleeding
include desmopressin, factor concentrates, and intrave-
nous immunoglobulin.1-3 Plasma exchange and extracor-
poreal immunoadsorption have also been used successful-
ly.2,3

1. Mannucci PM. Treatment of von Willebrand’s disease. N Engl J
Med 2004; 351: 683–94. 

2. Pasi KJ, et al. Management of von Willebrand disease: a guide-
line from the UK Haemophilia Centre Doctors’ Organization.
Haemophilia 2004; 10: 218–31. 

3. Kumar S, et al. Acquired von Willebrand disease. Mayo Clin
Proc 2002; 77: 181–7.

Neutropenia
A ci rcula t ing  neut rophi l  count  be low
1.5 × 109 cells/litre (1500 cells/mm3) is usually regard-
ed as abnormal and neutrophil counts below
0.5 × 109 cells/litre are associated with increased risk
of infections. Neutropenia may be a result of reduced
production, increased peripheral destruction, or in-
creased peripheral pooling of neutrophils, and can be
inherited or acquired. 
Inherited forms of neutropenia are rare and include
congenital agranulocytosis (Kostmann’s syndrome: se-
vere persistent neutropenia with frequent and severe
infections that start in infancy) and cyclic neutropenia
(fluctuating periods of neutropenia accompanied by fe-
ver, mouth ulceration, and serious infection). 
Granulocyte colony-stimulating factors have been
shown to reduce the incidence of severe infections and
have improved substantially the quality of life of pa-
tients with congenital neutropenias although there are
some concerns over their safety. As patients survive
longer with such treatment they show an increased risk
of developing myelodysplastic syndrome and leukae-
mia. However, it is unclear whether prolonged survival
unmasks the natural course of the disease or whether
granulocyte colony-stimulating factor further increases
the risk of leukaemic transformation. Haematopoietic
stem cell transplantation may be indicated for patients
whose disease is refractory to colony-stimulating ther-
apy or has transformed into myelodysplastic syndrome
or leukaemia. Cyclic neutropenia is also managed with
granulocyte colony-stimulating factor, but leukaemic
transformation does not seem to occur in these patients. 
There are many causes of acquired neutropenia.
Drugs are a common cause, either by direct toxicity to
the bone marrow, or by immune-mediated marrow
suppression or peripheral destruction. Drugs that cause
dose-related direct toxicity include cytotoxic and im-
munosuppressive drugs, flucytosine, ganciclovir, and
zidovudine. Drugs that appear to cause neutropenia by
immune-mediated mechanisms include sulfur-contain-
ing drugs (such as captopril, co-trimoxazole, and some
antithyroid drugs), clozapine, penicillins, and cepha-
losporins. Patients with drug-induced neutropenia usu-
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ally present with fever of sudden onset, sore throat,
mouth ulcers, headache, and malaise. This condition is
also known as agranulocytosis. Other causes of ac-
quired neutropenia include serious bacterial and viral
infections, radiotherapy, neoplasms that invade bone
marrow, and some auto-immune disorders. 
The management of acquired neutropenia includes the
treatment of any contributory condition. Drug-induced
neutropenia is usually managed by withdrawal of the
offending drug. After an idiosyncratic reaction the im-
plicated drug should not be given again, since abrupt
neutropenia will usually be precipitated. Colony-stim-
ulating factors can be used to manage drug-induced
neutropenia. 
In all neutropenic patients onset of fever is indicative of
serious infection and is treated immediately with em-
pirical antibacterial therapy as described on p.174.
◊ General references.
1. Zeidler C, et al. Congenital neutropenias. Rev Clin Exp Hematol

2003; 7: 72–83. 
2. Bhatt V, Saleem A. Drug-induced neutropenia—pathophysiolo-

gy, clinical features, and management. Ann Clin Lab Sci 2004;
34: 131–7. 

3. James RM, Kinsey SE. The investigation and management of
chronic neutropenia in children. Arch Dis Child 2006; 91: 852–8.

Albumin ⊗ 
Albümin; Albúmina; Albumine; Albuminum.
ATC — B05AA01.
ATC Vet — QB05AA01; QV08DA01 (microspheres of hu-
man albumin).

Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Human Albumin Solution; Albumini Humani Solu-
tio). An aqueous solution of protein obtained from the plasma of
healthy donors; the plasma is tested for the absence of hepatitis
B surface antigen and antibodies against HIV-1 and HIV-2 and
hepatitis C virus. It is prepared as a concentrated solution con-
taining 15 to 25% of total protein or as an isotonic solution con-
taining 3.5 to 5% of total protein; not less than 95% of the total
protein is albumin. A suitable stabiliser, such as sodium oc-
tanoate or N-acetyltryptophan or a combination of the two, may
be added but no antimicrobial preservative is added. It contains
not more than 160 mmol of sodium per litre and not more than
200 micrograms of aluminium per litre. The solution is sterilised
by filtration and distributed aseptically into containers which are
sealed to prevent contamination and maintained at 59° to 61° for
not less than 10 hours. Finally, the containers are incubated for
not less than 14 days at 30° to 32° or for not less than 4 weeks at
20° to 25° and examined visually for signs of microbial contam-
ination. It should be stored in a colourless glass container and
protected from light. 
A clear, almost colourless, yellow, amber, or green slightly vis-
cous liquid. A solution in sodium chloride 0.9% containing 1%
protein has a pH of 6.7 to 7.3. 
The BP 2008 gives Albumin and Human Albumin as approved
synonyms. 
USP 31 (Albumin Human). A sterile, nonpyrogenic, preparation
of serum albumin obtained by fractionating material (blood,
plasma, serum, or placentas) from healthy human donors, the
source material being tested for the absence of hepatitis B surface
antigen. It is made by a process that yields a product that is safe
for intravenous use. It contains 4, 5, 20, or 25% of serum albumin
and not less than 96% of the total protein is albumin. It may con-
tain sodium acetyltryptophanate with or without sodium capr-
ylate as a stabilising agent; it contains no added antimicrobial
agent. It contains 130 to 160 mmol of sodium per litre. It is a
practically odourless, moderately viscous, clear, brownish fluid.
It should be stored in airtight containers.

Adverse Effects and Precautions
Adverse reactions to albumin infusion occur rarely and
include nausea and vomiting, increased salivation,
flushing, urticaria, hypotension, tachycardia, and fe-
brile reactions. These effects usually respond to slow-
ing or stopping the infusion. Allergic reactions, includ-
ing severe anaphylactic shock, are possible. Rapid
increases in circulatory volume can cause vascular
overload, hypertension, haemodilution, and pulmo-
nary oedema. Solutions containing albumin 20 or 25%
are hyperosmotic and draw fluid from the extravascu-
lar compartment. 
Infusion of albumin solutions is contra-indicated in pa-
tients with severe anaemia or heart failure. They should

be given with caution to patients with hypertension or
low cardiac reserve. Dehydrated patients may require
additional fluids. Injured or postoperative patients
should be observed carefully when given albumin as
the rise in blood pressure may result in bleeding from
previously undetected sites. 
Human albumin preparations carry a risk of viral trans-
mission. Manufacturing processes, including heating
to about 60°, have reduced the risk of transmitting
some viral infections.
Aluminium toxicity. Albumin solutions may contain appreci-
able amounts of aluminium. Marked increases in plasma-alu-
minium concentrations have been demonstrated in patients re-
ceiving large volumes by infusion and accumulation of
aluminium may occur in patients with renal impairment.1-3 In the
UK albumin solutions with an aluminium content of less than
200 micrograms/litre are available for use in premature infants
and patients undergoing dialysis.
1. Milliner DS, et al. Inadvertent aluminum administration during

plasma exchange due to aluminum contamination of albumin-
replacement solutions. N Engl J Med 1985; 312: 165–7. 

2. Maher ER, et al. Accumulation of aluminium in chronic renal
failure due to administration of albumin replacement solutions.
BMJ 1986; 292: 306. 

3. Maharaj D, et al. Aluminium bone disease in patients receiving
plasma exchange with contaminated albumin. BMJ 1987; 295:
693–6.

Critically ill patients. Volume expansion with albumin (a col-
loid) has been widely used in critically ill patients, although its
use had never been formally tested in large controlled studies. A
systematic review based on available studies up to March 1998
(relatively small, old trials that recorded only a small number of
deaths) suggested that albumin was of no benefit in critically ill
patients with hypovolaemia, burns, or hypoalbuminaemia, and
that it might be linked to increased mortality.1 The authors of the
review stressed that these results should be treated with caution
but nevertheless called for an urgent reconsideration of the use of
albumin in critically ill patients. 
The review was severely criticised2 and while it was recognised
that albumin had probably been overused in the past it was con-
sidered that more studies were required to define the effect of
albumin on mortality.3-5 Another review6 found that the use of
albumin did not significantly affect mortality; this meta-analysis
had broader criteria and included studies that were considered to
be relevant but that had been excluded by the other review. 
In response to this debate, albumin 4% was compared with sodi-
um chloride 0.9% for resuscitation in a study of 6997 hypovolae-
mic patients in intensive care (the SAFE study).7 This large, ran-
domised, double-blind study found equivalent rates of death
from any cause during the 28-day study period. Survival-time
during the 28 days, length of stay in the intensive care unit and in
hospital, time on mechanical inhalation or renal replacement
therapy, and development of organ failure were also similar. Al-
though these two fluids seem clinically equivalent in a heteroge-
neous population of patients in intensive care, further study of
selected groups, such as those with trauma or severe sepsis, is
required. 
An update to the original 1998 review included the results of
SAFE. The authors maintained that patients with burns (a group
excluded from the large trial) or hypoproteinaemia might still be
at risk of increased mortality, and although no longer suggesting
a generally increased risk, concluded that there was no evidence
that albumin reduced mortality in patients with hypovolaemia.
Whether highly selected groups of critically ill patients might
benefit is as yet unclear.8 
Pharmacovigilance data reported to albumin suppliers over 3
years (1998 to 2000) has also been analysed.9 During this period
of heightened awareness about possible adverse effects of albu-
min, due to the publication of the 1998 review, a total of
1.62 × 107 doses of 40 g had been distributed. Serious adverse
effects possibly or probably related to albumin were found to be
rare, and no death was classified as probably related to albumin
use. 
On a broader level, debate continues about the relative merits and
risks of such colloid solutions, compared with those of crystal-
loids such as glucose or sodium chloride solutions, in the man-
agement of hypovolaemia and shock (p.1183).
1. Cochrane Injuries Group Albumin Reviewers. Human albumin

administration in critically ill patients: systematic review of ran-
domised controlled trials. BMJ 1998; 317: 235–40. 

2. Various. Human albumin administration in critically ill patients.
BMJ 1998; 317: 882–6. [Letters.] 

3. Tomlin M. Albumin usage in the critically ill. Pharm J 1998;
261: 193. 

4. McClelland B. Albumin: don’t confuse us with the facts. BMJ
1998; 317: 829–30. 

5. Committee on Safety of Medicines/Medicines Control Agency.
The safety of human albumin. Current Problems 1999; 25: 11.
Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023234&RevisionSelectionMethod=
LatestReleased (accessed 08/06/06) 

6. Wilkes MM, Navickis RJ. Patient survival after human albumin
administration: a meta-analysis of randomized, controlled trials.
Ann Intern Med 2001; 135: 149–64. 

7. The SAFE Study Investigators. A comparison of albumin and
saline for fluid resuscitation in the intensive care unit. N Engl J
Med 2004; 350: 2247–56. 

8. The Albumin Reviewers. Human albumin solution for resuscita-
tion and volume expansion in critically ill patients. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2004 (accessed 27/10/05). 

9. Vincent J-L, et al. Safety of human albumin—serious adverse
events reported worldwide in 1998–2000. Br J Anaesth 2003;
91: 625–30.

Dilution. If concentrated albumin solutions are to be diluted be-
fore use, a suitable solution such as sodium chloride 0.9% or glu-
cose 5% must be used. Albumin 25% that was erroneously dilut-
ed with water to produce a hypo-osmolar albumin 5% solution
has produced severe haemolysis and renal failure in patients un-
dergoing plasmapheresis,1,2 including a fatality in one patient.3
1. Steinmuller DR. A dangerous error in the dilution of 25 percent

albumin. N Engl J Med 1998; 338: 1226. 
2. Pierce LR, et al. Hemolysis and renal failure associated with use

of sterile water for injection to dilute 25% human albumin solu-
tion. Am J Health-Syst Pharm 1998; 55: 1057,1062, 1070. 

3. Anonymous. Hemolysis associated with 25% human albumin di-
luted with sterile water—United States, 1994–1998. MMWR
1999; 48: 157–9.

Transmission of infections. There has been concern that al-
bumin preparations may carry a potential risk of transmission of
viral and subviral particles, notably Creutzfeldt-Jakob disease. In
1993, Pasteur-Mérieux (one of the largest producers of blood
products) withdrew all products containing albumin derived
from placental blood1 due to uncertainty regarding the adequacy
of screening procedures for placentas as a source. It was consid-
ered that the agent responsible for Creutzfeldt-Jakob disease
might be contained in placentas from women who have been
treated with growth hormone derived from cadaver pituitaries.
More recently, the production of blood products (including albu-
min) using plasma from UK donors has been phased out due to
the possible risk of transmission of new variant Creutzfeldt-Ja-
kob disease.
1. Anonymous. Placental-derived albumin preparations with-

drawn. WHO Drug Inf 1994; 8: 29–30.

Uses and Administration
Albumin is the major protein involved in maintaining
colloid osmotic pressure in the blood. It also binds a
number of endogenous and exogenous substances in-
cluding bilirubin, steroid hormones, and many, mainly
acidic, drugs. 
Albumin solutions are used for plasma volume re-
placement and to restore colloid osmotic pressure.
They have been used in conditions such as burns, se-
vere acute albumin loss, and acute hypovolaemic
shock (p.1183). They are also used as an exchange flu-
id in therapeutic plasmapheresis. Concentrated albu-
min solutions are used in neonatal hyperbilirubinaemia
associated with haemolytic disease of the newborn
(p.2204). They have also been suggested for short-term
management of hypoproteinaemia in hepatic disease
and in diuretic-resistant patients with nephrotic syn-
drome but are of little value in chronic hypoproteinae-
mias. 
Albumin may be included in diagnostic preparations
such as those labelled with technetium-99m (p.2055)
for use as radiopharmaceuticals in scanning of the
heart, lung, liver, spleen, bone marrow, veins, and lym-
phatic system. Albumin labelled with iodine-125
(p.2054) is used to measure blood and plasma vol-
umes, blood circulation, and cardiac output. A suspen-
sion of albumin microspheres with perflutren (p.1488)
is available for enhancing cardiac ultrasound imaging. 
Recombinant forms of human albumin have been de-
veloped as excipients for vaccines and other drug prod-
ucts, and for the treatment of hypoalbuminaemia and
hypovolaemic shock. 
Albumin solutions are usually available as 4.5% or 5%
solutions, which are iso-osmotic with plasma, and as
20% or 25% solutions which are hyperosmotic with re-
spect to plasma, and cause a movement of fluid from
the extravascular to the intravascular compartment.
These concentrated solutions may be used undiluted or
may be diluted with a suitable solution, commonly so-
dium chloride 0.9% or glucose 5%. Adequate hydra-
tion should be maintained and electrolytes monitored
in patients receiving hyperosmotic solutions of albu-
min. 
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The amount of albumin solution given will depend
upon the clinical condition of the patient and the re-
sponse to treatment. The following doses have been
suggested: 
• acute hypovolaemic shock: an initial dose of 25 g for

adults (for example, 500 mL of a 5% solution or
100 mL of a 25% solution) and up to about 1 g/kg
for children 

• hypoproteinaemia: a maximum of 2 g/kg daily 
• neonatal hyperbilirubinaemia: 1 g/kg before ex-

change transfusion 
The rate of infusion should be adjusted according to the
indication and patient response, but in general, sug-
gested rates of infusion are up to 5 mL/minute (5% so-
lution) or 1 to 2 mL/minute (20% solution). In plas-
mapheresis the albumin infusion rate should be
adjusted according to the rate of removal. 
Albumin solutions should not be used for parenteral
nutrition.
◊ References.
1. Nicholson JP, et al. The role of albumin in critical illness. Br J

Anaesth 2000; 85: 599–610. 
2. Matejtschuk P, et al. Production of human albumin solution: a

continually developing colloid. Br J Anaesth 2000; 85: 887–95. 
3. Haynes GR, et al. Albumin administration–what is the evidence

of clinical benefit? A systematic review of randomized control-
led trials. Eur J Anaesthesiol 2003; 20: 771–93. 

4. Mendez CM, et al. Albumin therapy in clinical practice. Nutr
Clin Pract 2005; 20: 314–20. 

5. McLeod BC. Therapeutic apheresis: use of human serum albu-
min, fresh frozen plasma and cryosupernatant plasma in thera-
peutic plasma exchange. Best Pract Res Clin Haematol 2006;
19: 157–67. 

6. Kobayashi K. Summary of recombinant human serum albumin
development. Biologicals 2006; 34: 55–9.

Preparations
Ph. Eur.: Human Albumin Solution; 
USP 31: Albumin Human.

Proprietary Preparations (details are given in Part 3)
Arg.: Buminate; Zenalb†; Austral.: Albumex; Austria: Albuminativ; Braz.:
Albumax†; Albuminar; Beribumin; Blaubimax; Blaubumin†; Plasbumin; Ze-
nalb†; Canad.: Plasbumin; Chile: Plasbumin; Cz.: Flexbumin; Denm.: Oc-
talbin; Fin.: Albuminativ; Octalbin; Fr.: Octalbine; Vialebex; Ger.: Humanal-
bin; Gr.: Zenalb; Hong Kong: Albuminar; Albutein; Biseko; Buminate;
Kamapharm; Plasbumin; Indon.: Albapure; Alburaas; Albutein; Farmin; Fi-
malbumin; Octalbin; Plasbumin; Israel: Albuminar; Egg Plus; Plasbumin†;
Ital.: Albital; Albuman†; Alburex; Albutein; Plasbumin; Jpn: Medway; Ma-
laysia: Albutein; Buminate; Plasbumin†; Zenalb; Mex.: Albital†; Albumar†;
Albumyn†; Biomina†; Buminate†; Hi-Bumin†; Octalbin; Probialbumin†; Ser-
albumin†; Vanderbumin; Neth.: Albuminativ†; Cealb; Octalbine; NZ: Al-
bumex; Philipp.: Albumax; Albuminar; Albutein; Plasbumin; Pol.: Biseko;
Port.: Flexbumin; Rus.: Plasbumin (Плазбумин); S.Afr.: Albusol; Singa-
pore: Albutein; Plasbumin†; Zenalb; Spain: Octalbin; Plasbumin; Swed.:
Albuminativ; Switz.: Albuman; Thai.: Alburaas; Albutein; Buminate; Ze-
nalb; Turk.: Alba; Albuman; Albuminar; Cealb; Plasbumin; Zenalb; UK:
Alba†; Albutein; Zenalb; USA: Albumarc; Albuminar; Albutein; Buminate;
Plasbumin.

Multi-ingredient: Denm.: Pharmalgen Albumin; Swed.: Tisseel Duo
Quick.

Aminaphthone
Aminaftona; Aminaftone; Aminaphtone; Aminonaphthone. 2-
Hydroxy-3-methylnaphtho-1,4-hydroquinone 2-(4-aminobenzo-
ate); 3-Methylnaphthalene-1,2,4-triol 2-(4-aminobenzoate).
C18H15NO4 = 309.3.
CAS — 14748-94-8.

Profile
Aminaphthone is a haemostatic. Daily doses of 150 to 225 mg
orally have been used.

Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Capilarema; Ital.: Capillarema; Port.: Capilarema; Spain: Capilare-
ma†.

Aminocaproic Acid (BAN, USAN, rINN)

Acide aminocaproïque; Ácido aminocapróico; Ácido aminocap-
roico; Acidum aminocaproicum; Aminokapronihappo; Aminoka-
prono ru

_
gštis; Aminokapronsav; Aminokapronsyra; CL-10304;

CY-116; EACA; Epsilon Aminocaproic Acid; JD-177; Kwas ε-ami-
nokapronowy; Kyselina aminokapronová; NSC-26154. 6-Amino-
hexanoic acid.

Аминокапроновая Кислота
C6H13NO2 = 131.2.
CAS — 60-32-2.
ATC — B02AA01.
ATC Vet — QB02AA01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Aminocaproic Acid). A white or almost white,
crystalline powder or colourless crystals. Freely soluble in water;
slightly soluble in alcohol. A 20% solution in water has a pH of
7.5 to 8.0. 
USP 31 (Aminocaproic Acid). A fine, white, odourless or prac-
tically odourless, crystalline powder. Soluble 1 in 3 of water and
1 in 450 of methyl alcohol; slightly soluble in alcohol; practically
insoluble in chloroform and in ether; freely soluble in acids and
in alkalis. Its solutions are neutral to litmus. Store in airtight con-
tainers.

Adverse Effects
Adverse effects associated with aminocaproic acid in-
clude dose-related gastrointestinal disturbances, dizzi-
ness, tinnitus, headache, nasal and conjunctival con-
gestion, and skin rashes. Aminocaproic acid may cause
muscle damage. This has usually occurred with high
doses given for prolonged periods; renal failure may
develop. Thrombotic complications have been report-
ed, although they are usually a consequence of inap-
propriate use. If aminocaproic acid is given by rapid
intravenous injection it can produce hypotension,
bradycardia, and arrhythmias. There have been reports
of a few patients suffering from convulsions, dry ejac-
ulation, or cardiac and hepatic damage.
Effects on the blood. Very high doses of aminocaproic acid
(36 g or more daily) have been given intravenously in the man-
agement of subarachnoid haemorrhage (see Stroke, p.1185). One
study1 reported rebleeding and excessive intra-operative bleed-
ing and suggested that this was due to an antiplatelet effect of the
aminocaproic acid. However, a comment on this report2 pointed
out that any antiplatelet effect was independent of its antifibrino-
lytic action and that this effect could only aggravate rebleeding,
if it occurs, rather than causing it. However, early surgical inter-
vention is now used to manage subarachnoid haemorrhage, and
in a series of 307 patients treated with high-dose short-term ami-
nocaproic acid before early surgery it was found that, compared
with older reports in the literature, there was a low rate of re-
bleeding without an apparent increase in adverse effects.3
1. Glick R, et al. High dose ε-aminocaproic acid prolongs the

bleeding time and increases rebleeding and intraoperative hem-
orrhage in patients with subarachnoid hemorrhage. Neurosur-
gery 1981; 9: 398–401. 

2. Kassell NF. Comment. Neurosurgery 1981; 9: 401. 
3. Leipzig TJ, et al. Reducing the risk of rebleeding before early

aneurysm surgery: a possible role for antifibrinolytic therapy. J
Neurosurg 1997; 86: 220–5.

Effects on the kidneys. Adverse renal effects of aminocaproic
acid are rare but have included renal arterial thrombosis, glomer-
ular capillary thrombosis, and renal pelvic or ureteral obstruction
caused by upper urinary tract thrombosis.1 Cases of acute renal
failure associated with myopathy are described under Effects on
the Muscles, below.
1. Manjunath G, et al. Epsilon-aminocaproic acid and renal compli-

cations: case report and review of the literature. Clin Nephrol
2002; 58: 63–7.

Effects on the muscles. There have been cases of reversible
myopathy,1-4 associated with daily doses of aminocaproic acid
ranging from 10 to 49 g and treatment durations of about 1 to 3
months. In some patients myoglobinuria or acute tubular necro-
sis also occurred. Suggested mechanisms for the reaction have
included a direct dose-related effect on the muscle fibre2 or a de-
fect in aerobic energy provision induced by aminocaproic acid.3
1. Brown JA, et al. Myopathy induced by epsilon-aminocaproic ac-

id. J Neurosurg 1982; 57: 130–4. 
2. Vanneste JAL, van Wijngaarden GK. Epsilon-aminocaproic acid

myopathy. Eur Neurol 1982; 21: 242–8. 
3. Van Renterghem D, et al. Epsilon amino caproic acid myopathy:

additional features. Clin Neurol Neurosurg 1984; 86: 153–7. 
4. Seymour BD, Rubinger M. Rhabdomyolysis induced by epsilon-

aminocaproic acid. Ann Pharmacother 1997; 31: 56–8.

Precautions
As for Tranexamic Acid, p.1081. 
The range of adverse effects that have been noted with
aminocaproic acid indicates that caution is required in
patients with renal or cardiac disorders. Should treat-
ment be prolonged, it is advisable to monitor creatine
phosphokinase values for signs of muscle damage.
Renal impairment. High anion gap metabolic acidosis devel-
oped in a 65-year-old woman with sepsis and acute renal failure
who received aminocaproic acid for a haemorrhagic coagulopa-
thy.1 The acidosis improved temporarily after haemodialysis and
resolved on withdrawal of aminocaproic acid and systemic alka-
linisation. Although the dose of aminocaproic acid had been re-
duced because of renal impairment, it was suggested that more
conservative dosing and close monitoring may be indicated in
such patients. Hyperkalaemia has been attributed to the use of
aminocaproic acid in a few patients with chronic renal failure.2
1. Budris WA, et al. High anion gap metabolic acidosis associated

with aminocaproic acid. Ann Pharmacother 1999; 33: 308–11. 
2. Nzerue CM, Falana B. Refractory hyperkalaemia associated

with use of epsilon-aminocaproic acid during coronary bypass in
a dialysis patient. Nephrol Dial Transplant 2002; 17: 1150–1.

Interactions
Retinoids. Aminocaproic acid should be used with caution in
patients receiving oral tretinoin (see Antifibrinolytics, p.1619).

Pharmacokinetics
Aminocaproic acid is readily absorbed when given
orally and peak plasma concentrations are reached
within 2 hours. It is widely distributed and is rapidly
excreted in the urine, mainly unchanged, with a termi-
nal elimination half-life of about 2 hours.

Uses and Administration
Aminocaproic acid is an antifibrinolytic used similarly
to tranexamic acid (p.1081) in the treatment and proph-
ylaxis of haemorrhage associated with excessive fibri-
nolysis. It has also been used in the prophylaxis of he-
reditary angioedema (below). 
A plasma concentration of about 130 micrograms/mL
is considered to be necessary for effective inhibition of
fibrinolysis and the recommended dosage schedules
are aimed at producing and maintaining this concentra-
tion for as long as is necessary. For the treatment and
prophylaxis of haemorrhage, aminocaproic acid may
be given orally in an initial dose of 4 to 5 g, followed
by 1 to 1.25 g every hour. Alternatively, the same dose
may be given intravenously as a 2% solution; the initial
dose (4 to 5 g) should be given over one hour followed
by a continuous infusion of 1 g/hour. Up to 8 hours of
treatment is often sufficient. Should treatment need to
be extended, then the maximum dose over 24 hours
should not normally exceed 24 g. 
In patients with haemophilia (p.1048) who undergo
dental extraction, aminocaproic acid has been given in
an initial dose of 6 g orally immediately after the pro-
cedure, followed by 6 g orally every 6 hours for up to
10 days. 
Care is required when aminocaproic acid is used in pa-
tients with renal impairment and dosage should be re-
duced.
Hereditary angioedema. In the management of hereditary
angioedema (p.1081), antifibrinolytic drugs may be used as an
alternative to androgens for the prophylaxis of attacks. The usual
oral dose of aminocaproic acid in such patients is 1 g three or
four times daily. It has also been used intravenously for acute
attacks, and anecdotal reports suggest it may be modestly help-
ful, but there is no published evidence suggesting significant
benefit.1
1. Zuraw BL. Current and future therapy for hereditary angioede-

ma. Clin Immunol 2005; 114: 10–16.

Preparations
USP 31: Aminocaproic Acid Injection; Aminocaproic Acid Syrup; Aminoc-
aproic Acid Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Ipsilon; Austral.: Amicar†; Braz.: Ipsilon; Canad.: Amicar†; Fr.: Hex-
alense†; Hung.: Acepramin; India: Hemocid; Ital.: Caprolisin; Mex.:
Amicar†; NZ: Amicar†; Port.: Epsicaprom; Spain: Caproamin; USA:
Amicar; Venez.: Caproamin.

Multi-ingredient: Braz.: Eaca Balsamico; Expectovac†; Ginurovac†;
Spain: Caprofides Hemostatico.
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Aminomethylbenzoic Acid
Aminometilbenzoico, ácido; PAMBA. 4-Aminomethylbenzoic ac-
id.
C8H9NO2 = 151.2.
CAS — 56-91-7.
ATC — B02AA03.
ATC Vet — QB02AA03.

Profile
Aminomethylbenzoic acid is an antifibrinolytic with actions and
uses similar to those of tranexamic acid (p.1080). It is given oral-
ly in typical doses of 300 mg to 1 g daily, in 3 or 4 divided doses;
it is also given by intramuscular injection, or intravenously by
slow injection or infusion.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Gumbix†; Cz.: Gumbix†; Pamba; Ger.: Gumbix; Pamba.

Ancestim (USAN, rINN)

Ancestimum; r-metHuSCF; SCF; Stem Cell Factor. N-L-Methio-
nyl-1–165-haematopoietic cell growth factor KL (human clone
V19.8:hSCF162), dimer.
Анцестим
CAS — 163545-26-4.
ATC — L03AA12.
ATC Vet — QL03AA12.

Adverse Effects and Precautions
Injection site reactions commonly occur with the use of ances-
tim. Other skin reactions, including pruritus, rash, and urticaria,
are less frequent. Systemic hypersensitivity reactions are also
common and may be life-threatening. Premedication with anti-
histamines (both H1- and H2-antagonists) and an inhaled beta2
agonist bronchodilator should be used, and the patient observed
for at least an hour after ancestim is given. Tachycardia and res-
piratory symptoms including pharyngitis, dyspnoea, and cough,
have also been reported. 
Ancestim should not be given in the period from 24 hours before
to 24 hours after a dose of cytotoxic chemotherapy or radiother-
apy.
Uses and Administration
Ancestim is a recombinant human stem cell factor. It is used with
filgrastim (p.1070) to mobilise peripheral blood progenitor cells
that are to be collected by apheresis harvest and used for autolo-
gous transplantation. The dose of ancestim is 20 micrograms/kg
daily by subcutaneous injection; the injections of ancestim and
filgrastim must be given at separate sites.
◊ References.
1. Chin-Yee IH, et al. Optimising parameters for peripheral blood

leukapheresis after r-metHuG-CSF (filgrastim) and r-metHuSCF
(ancestim) in patients with multiple myeloma: a temporal analy-
sis of CD34(+) absolute counts and subsets. Bone Marrow
Transplant 2002; 30: 851–60. 

2. Prosper F, et al. Mobilization of peripheral blood progenitor cells
with a combination of cyclophosphamide, r-metHuSCF and fil-
grastim in patients with breast cancer previously treated with
chemotherapy. Leukemia 2003; 17: 437–41. 

3. To LB, et al. Successful mobilization of peripheral blood stem
cells after addition of ancestim (stem cell factor) in patients who
had failed a prior mobilization with filgrastim (granulocyte col-
ony-stimulating factor) alone or with chemotherapy plus filgras-
tim. Bone Marrow Transplant 2003; 31: 371–8. 

4. da Silva MG, et al. Ancestim (recombinant human stem cell fac-
tor, SCF) in association with filgrastim does not enhance chem-
otherapy and/or growth factor-induced peripheral blood progen-
itor cell (PBPC) mobilization in patients with a prior insufficient
PBPC collection. Bone Marrow Transplant 2004; 34: 683–91.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Stemgen; Canad.: Stemgen; NZ: Stemgen.

Antithrombin III (BAN, rINN)

Antithrombin III Human; Antithrombine III; Antithrombinum III;
Antitrombiini III; Antitrombin III; Antitrombina III; Antitrombina III
humana; Antytrombina III; AT-III; Cofactor I de la heparina;
Heparin Cofactor; Heparin Cofactor I; Major Antithrombin.
Антитромбин III
CAS — 52014-67-2.
ATC — B01AB02.
ATC Vet — QB01AB02.

Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Human Antithrombin III Concentrate; Antithrombi-
num III Humanum Densatum). A preparation of a glycoprotein
fraction obtained from human plasma that inactivates thrombin
in the presence of an excess of heparin. The plasma is obtained
from healthy donors and is tested for the absence of hepatitis B
surface antigen and antibodies against HIV-1 and HIV-2 and
hepatitis C virus. The method of preparation includes a step or
steps that have been shown to remove or to inactivate known
agents of infection. The antithrombin III concentrate is passed
through a bacteria-retentive filter, distributed into sterile contain-
ers, and immediately frozen. The preparation is freeze-dried and
the containers sealed under vacuum or in an atmosphere of inert
gas. No antimicrobial preservative is added but a suitable stabi-
liser (such as albumin) is permitted. When reconstituted in the
volume of solvent stated on the label, the resulting solution con-
tains not less than 25 international units of antithrombin III per
mL. 
A white or almost white, hygroscopic, friable solid or powder.
Store in airtight containers. Protect from light. 
USP 31 (Antithrombin III Human). A glycoprotein, which is the
major inhibitor of thrombin and other activated clotting factors,
including factors IX, X, XI, and XII, and the cofactor through
which heparin exerts its effect. It is obtained from human plasma
of healthy donors who must, as far as can be ascertained, be free
from detectable agents of infection transmissible by transfusion
of blood or blood derivatives. The method of manufacturing in-
cludes steps that have been shown to remove or inactivate known
agents of infection. The antithrombin III concentrate is passed
through a bacteria-retentive filter, filled aseptically into its final,
sterile containers, and immediately frozen. It is then freeze-dried,
and the containers are closed under vacuum. No antimicrobial
preservative is added at any stage of production. When reconsti-
tuted in the recommended volume of diluent, the pH is between
6.0 and 7.5, and the potency is not less than 25 USP units of an-
tithrombin III per mL. 
Store at a temperature of 2° to 8°, excursions permitted up to 25°.
Protect from light.

Antithrombin Alfa (USAN, rINN)

Antithrombine Alfa; Antithrombinum Alfa; Antitrombina alfa;
Human Antithrombin III from the milk of transgenic goats (glyco-
form alfa); Recombinant Human Antithrombin.
Антитромбин Альфа
CAS — 84720-88-7.

Units
The potency of antithrombin III is expressed in in-
ternational units and preparations may be assayed
using the second International Standard for anti-
thrombin concentrate (1997); each ampoule con-
tains 4.7 international units of functional activity and
5.1 international units of antigenic activity. 
One USP unit is described as the amount of anti-
thrombin III that forms a complex with 1 unit of
thrombin at 25° in the presence of heparin at a pH of
8.4. Since assays of antithrombin III are carried out at
37°, it is unclear whether USP units and international
units are precisely equivalent, but in practice US prep-
arations, like those elsewhere, appear to have their po-
tency defined in international units. 
The potency of antithrombin alfa is also expressed in
international units.

Adverse Effects and Precautions
Adverse effects of antithrombin III include flushing,
headache, dizziness, chest tightness, nausea, a foul
taste in the mouth, chills, and cramps. These can be
controlled by slowing or stopping the infusion. Aller-
gic reactions occur rarely. 
Human plasma-derived antithrombin III preparations
carry a risk of viral transmission. Manufacturing proc-
esses, including heating to about 60°, have reduced the
risk of transmitting some viral infections. Anti-
thrombin alfa is produced in the milk of transgenic
goats, and should not be used in patients who are hy-
persensitive to goat proteins or goat milk components.

Uses and Administration
Antithrombin III is a protein in plasma; it is the major
endogenous inhibitor of thrombin and other activated
clotting factors including factors IX, X, XI, and XII
(p.1045), and is the cofactor through which heparin
(p.1303) exerts its effect. Genetic and acquired defi-

ciency of antithrombin III occurs and is associated with
susceptibility to thromboembolic disorders. 
Human plasma-derived antithrombin III is given intra-
venously to patients with antithrombin III deficiency in
the treatment of thromboembolism and for prophylaxis
associated with surgical and obstetric procedures. The
aim of therapy is to restore plasma-antithrombin III
concentrations to at least 80% of normal. The dose,
frequency, and duration of therapy are individualised
for each patient taking into account the patient’s
pretreatment concentration and presence of active
coagulation. A usual initial dose is about 30 to
50 international units/kg. 
Antithrombin alfa is used similarly in the prophylaxis
of venous thromboembolism in surgical patients with
congenital antithrombin III deficiency. The dose is in-
dividualised, but a usual initial dose is about 20 to
25 international units/kg given as an intravenous infu-
sion over 15 minutes, followed by a maintenance infu-
sion of about 4 to 5 international units/kg per hour.
◊ References.
1. Bucur SZ, et al. Uses of antithrombin III concentrate in congen-

ital and acquired deficiency states. Transfusion 1998; 38:
481–98. 

2. Roemisch J, et al. Antithrombin: a new look at the actions of a
serine protease inhibitor. Blood Coag Fibrinol 2002; 13:
657–70. 

3. Konkle BA, et al. Use of recombinant human antithrombin in
patients with congenital antithrombin deficiency undergoing
surgical procedures. Transfusion 2003; 43: 390–4.

Septicaemia. Antithrombin III has been used in septicaemia
(p.190) in an attempt to manage the pro-coagulant state that oc-
curs. Initial small studies reported a reduction in mortality1 but a
large controlled study2 (KyberSept) found that treatment with
antithrombin III had no effect on 28-day mortality. A further
small observational study and meta-analysis also found no bene-
fit from the use of antithrombin III in septicaemia.3 These studies
had used antithrombin III for less than 7 days, and a small study4

in surgical patients with septicaemia found that 14 days of treat-
ment with antithrombin III did improve measures of coagulation
and fibrinolysis, the changes being most evident in the second
week of therapy. However, the study was not large enough to test
effects on mortality. Subsequent analysis of data from the Kyber-
Sept study appeared to show that 28-day mortality was in fact
reduced in patients who had not been given heparin as well as
antithrombin III;5 combined use increased the risk of bleeding
and apparently decreased the benefits of treatment with anti-
thrombin III.
1. Eisele B, et al. Antithrombin III in patients with severe sepsis: a

randomized, placebo-controlled, double-blind multicenter trial
plus a meta-analysis on all randomized, placebo-controlled, dou-
ble-blind trials with antithrombin III in severe sepsis. Intensive
Care Med 1998; 24: 663–72. 

2. Warren BL, et al. KyberSept Trial Study Group. High-dose anti-
thrombin III in severe sepsis: a randomized controlled trial.
JAMA 2001; 286: 1869–78. Correction. ibid. 2002; 287: 192. 

3. Messori A, et al. Antithrombin III in patients admitted to inten-
sive care units: a multicenter observational study. Crit Care
2002; 6: 447–51. 

4. Hoffmann JN, et al. Effect of long-term and high-dose anti-
thrombin supplementation on coagulation and fibrinolysis in pa-
tients with severe sepsis. Crit Care Med 2004; 32: 1851–9. 

5. Hoffmann JN, et al. The KyberSept Investigators. Benefit/risk
profile of high-dose antithrombin in patients with severe sepsis
treated with and without concomitant heparin. Thromb Haemost
2006; 95: 850–6.

Veno-occlusive disease. There is some evidence1 from case
reports and small studies that antithrombin III may have a bene-
ficial effect on veno-occlusive disease associated with haemat-
opoietic stem cell transplantation (p.1811).
1. Ibrahim RB, et al. Anti-thrombin III in the management of he-

matopoietic stem-cell transplantation–associated toxicity. Ann
Pharmacother 2004; 38: 1053–9.

Preparations
Ph. Eur.: Human Antithrombin III Concentrate; 
USP 31: Antithrombin III Human.

Proprietary Preparations (details are given in Part 3)
Arg.: Kybernin P; Austral.: Thrombotrol-VF; Austria: Atenativ; Kybernin P;
Thrombhibin; Braz.: Kybernin P; Canad.: Thrombate; Cz.: Anbinex;
ATryn; Kybernin P; Denm.: Atenativ; Fin.: Atenativ; Fr.: Aclotine; Ger.: An-
binex; AT III; Atenativ; Kybernin; Gr.: Atenativ; Kybernin P; Hung.: Atenativ;
Kybernin P; Indon.: Kybernin P; Ital.: Anbin; Atenativ; Kybernin P; Jpn:
Neuart; Mex.: Atend; Octatit; Neth.: Atenativ; Norw.: Atenativ; NZ:
Thrombotrol-VF; Port.: Atenativ; ATryn; Spain: Anbinex; Atenativ; Ky-
bernin P; Swed.: Atenativ; Switz.: Atenativ; Kybernin; Turk.: Kybernin P;
UK: ATryn; USA: Thrombate III.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aprotinin (BAN, USAN, rINN)

Aprotiniini; Aprotinina; Aprotininas; Aprotinine; Aprotininum;
Aprotynina; Bayer A-128; Riker 52G; RP-9921.
Апротинин
CAS — 9087-70-1.
ATC — B02AB01.
ATC Vet — QB02AB01.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Aprotinin). A polypeptide consisting of 58 amino
acids that inhibits the activity of several proteolytic enzymes
such as chymotrypsin, kallikrein (kallidinogenase), plasmin
(fibrinolysin), and trypsin. It contains not less than
3 Ph. Eur. units/mg calculated with reference to the dried sub-
stance. An almost white, hygroscopic powder. Soluble in water
and in isotonic solutions; practically insoluble in organic sol-
vents. Store in airtight containers. Protect from light. 
Ph. Eur. 6.2 (Aprotinin Concentrated Solution). A solution of
aprotinin containing not less than 15 Ph. Eur. units/mL. A clear
colourless solution. Store in airtight containers. Protect from
light. 
USP 31 (Aprotinin). A polypeptide consisting of a chain of 58
amino acid residues, which inhibits stoichiometrically the activ-
ity of several proteolytic enzymes such as chymotrypsin, kal-
likrein (kallidinogenase), plasmin (fibrinolysin), and trypsin. It is
obtained from bovine tissues and purified by a suitable process,
and is stored as a bulk solution or lyophilised powder. Its potency
is not less than 3 USP units/mg calculated with reference to the
dried substance. 
The lyophilised powder should be stored in airtight containers at
a temperature between 8° and 15°. Protect from light. The bulk
solution should be stored in airtight containers at a temperature
not exceeding 25°. Do not allow to freeze.
Incompatibility. Aprotinin is reported to be incompatible with
corticosteroids, heparin, tetracyclines, and nutrient solutions
containing amino acids or fat emulsions.
Units
The potency of aprotinin is expressed in terms of kallikrein (ka-
llidinogenase) inactivator units (KIU) or of trypsin inactivation
(Ph. Eur. units). One KIU is contained in 140 nanograms of apro-
tinin. One Ph. Eur. and one USP unit is equivalent to about
1800 KIU. 
Potency has also been expressed in terms of plasmin inactivation
(antiplasmin units).
Adverse Effects and Precautions
Aprotinin is usually well tolerated. Local thrombophlebitis can
occur. Adverse effects including bronchospasm, hypotension,
cardiac arrhythmias, gastrointestinal disturbances, and skin rash-
es are considered to be hypersensitivity reactions; anaphylaxis,
including fatalities, has occurred. Licensed UK product informa-
tion warns that the risk of anaphylactic reaction increases when
re-exposure occurs within 6 months, but product information in
the US extends this warning to contra-indicate the use of apro-
tinin for 12 months after a previous exposure. A test dose is rec-
ommended for all patients and the use of prophylactic histamine
antagonists may be considered; a hypersensitivity reaction to the
therapeutic dose of aprotinin can still occur even after an une-
ventful test dose. There have been reports of renal dysfunction
and reversible renal failure in patients given aprotinin during
open-heart surgery with extracorporeal circulation; the risk may
be increased in patients with pre-existing renal impairment or
risk factors for altered renal function. For further details of an
increased risk of cardiovascular and cerebrovascular events, re-
nal failure, and death in patients undergoing surgery, see Haem-
orrhagic Disorders under Uses and Administration, below.
Disseminated intravascular coagulation. Fatal disseminat-
ed intravascular coagulation has been reported in a patient after
the use of intraoperative autotransfusion and aprotinin during
surgery.1 Activation of the clotting system occurs during au-
totransfusion although this usually causes no systemic adverse
effects. While there were other possible causes, it was suggested
that aprotinin could have contributed to deposition of fibrin mi-
crothrombi in the microvasculature and prevented subsequent fi-
brinolysis.
1. Milne AA, et al. Disseminated intravascular coagulation after

aortic aneurysm repair, intraoperative salvage autotransfusion,
and aprotinin. Lancet 1994; 344: 470–1.

Effects on coagulation tests. In patients receiving heparin,
aprotinin may prolong the activated clotting time when meas-
ured by some methods, but this may not represent increased an-
ticoagulation. It has been recommended that an alternative to the
activated clotting time should be used to monitor heparin therapy
when aprotinin is used concurrently. 
It should also be noted that aprotinin injection and heparin injec-
tion are pharmaceutically incompatible.
Effects on the respiratory system. Acute respiratory dis-
tress syndrome developed in a 24-year-old male 2 hours after the
start of an intravenous infusion of aprotinin for bleeding after
tonsillectomy.1 Mechanical ventilation was required for 4 days.
1. Vucicevic Z, Suskovic T. Acute respiratory distress syndrome

after aprotinin infusion. Ann Pharmacother 1997; 31: 429–32.

Hypersensitivity. Hypersensitivity reactions, including anaph-
ylaxis, can occur with the use of aprotinin both on primary and

secondary exposure. In a study1 of 248 re-exposures to aprotinin
in 240 patients undergoing cardiac surgery, there were 7 cases of
anaphylactic reactions ranging from mild to severe with a higher
incidence of reactions occurring in those patients re-exposed
within 6 months of the previous dose. A review2 of 124 reported
reactions in 122 patients also found that reactions ranged from
mild to severe, and that about half were life-threatening and 11
were fatal. The risk of reaction was greatest with re-exposure to
aprotinin as this had been the situation in 80% of the cases, al-
though there were 19 cases associated with the first use of apro-
tinin. The average risk of anaphylaxis was estimated to be 2.8%
in re-exposed patients. Most reactions occurred within 6 months
of previous exposure, and the risk was greatest in the first 3
months. Various diagnostic tests have been tried in an attempt to
predict hypersensitivity risk. Aprotinin-specific serum-IgG was
reported to be detectable in about 50% of patients who had re-
ceived only one aprotinin treatment, but other tests such as pre-
operative skin testing were not found to be reliable. 
A number of measures have been suggested in order to reduce
the risk of hypersensitivity reactions to aprotinin, including the
use of an intravenous test dose in all patients, but it must be noted
that these also have the potential to trigger a reaction.1 For pa-
tients who have previously received aprotinin it has been recom-
mended that re-exposure should be avoided for at least 6
months,1,2 that aprotinin-specific antibody screening should be
done,2 and that prophylactic histamine H1- and H2-antagonists
should be given to ameliorate severe anaphylactic reactions1 al-
though there are reports of reactions occurring despite antihista-
mine and corticosteroid prophylaxis.2 It has also been suggested
that in cardiac surgery, aprotinin should only be given when car-
diopulmonary bypass is available to assist resuscitation.1,2 
There have also been rare reports of hypersensitivity reactions on
re-exposure to aprotinin used locally as a component of fibrin
sealant.3,4 In one fatal case4 the previous exposure to fibrin seal-
ant had been 5 years before.
1. Dietrich W, et al. Prevalence of anaphylactic reactions to apro-

tinin: analysis of two hundred forty-eight reexposures to apro-
tinin in heart operations. J Thorac Cardiovasc Surg 1997: 113:
194–201. 

2. Beierlein W, et al. Forty years of clinical aprotinin use: a review
of 124 hypersensitivity reactions. Ann Thorac Surg 2005; 79:
741–8. 

3. Beierlein W, et al. An immediate, allergic skin reaction to apro-
tinin after reexposure to fibrin sealant. Transfusion 2000; 40:
302–5. 

4. Oswald A-M, et al. Fatal intraoperative anaphylaxis related to
aprotinin after local application of fibrin glue. Anesthesiology
2003; 99: 762–3.

Interactions
Heparin. For comment on the use of aprotinin with heparin, see
Effects on Coagulation Tests, above.
Neuromuscular blockers. For reports of apnoea when apro-
tinin was used with neuromuscular blockers, see p.1904.
Retinoids. Aprotinin should be used with caution in patients re-
ceiving oral tretinoin (see Antifibrinolytics, p.1619).
Pharmacokinetics
Aprotinin, being a polypeptide, is inactivated in the gastrointes-
tinal tract. After intravenous use, it is excreted in the urine as
inactive degradation products. The terminal elimination half-life
is about 5 to 10 hours.
Renal impairment. The terminal elimination half-life of apro-
tinin was reported as 13.3 and 14.9 hours, respectively, in two
patients with chronic renal impairment given aprotinin by intra-
venous infusion over 30 minutes.1 A study2 of cardiac surgical
patients undergoing cardiopulmonary bypass also found that
aprotinin clearance was reduced in those with renal impairment.
The elimination half-life was about 20 hours in patients with end
stage renal disease compared with about 8 hours in those with
creatinine clearance greater than 50 mL/min.
1. Müller FO, et al. Pharmacokinetics of aprotinin in two patients

with chronic renal impairment. Br J Clin Pharmacol 1996; 41:
619–20. 

2. O’Connor CJ, et al. The impact of renal dysfunction on aprotinin
pharmacokinetics during cardiopulmonary bypass. Anesth Analg
1999; 89: 1101–7.

Uses and Administration
Aprotinin is a haemostatic. It is an inhibitor of proteolytic en-
zymes including chymotrypsin, kallikrein (kallidinogenase),
plasmin, and trypsin. 
Aprotinin has been used to reduce blood loss and transfusion re-
quirements in patients at increased risk of major blood loss dur-
ing coronary artery bypass graft surgery with cardiopulmonary
bypass. However, the marketing of aprotinin injection has been
suspended worldwide because of a possible increased risk of
death associated with its use in cardiac surgery (see Haemorrhag-
ic Disorders, below). Nevertheless, it may be available in some
countries, such as the USA, using a special access protocol. It has
also been used in the treatment of hyperfibrinolytic haemorrhage
associated with raised plasma concentrations of plasmin. Apro-
tinin is applied topically as a component of fibrin glues (p.1069). 
It is recommended that because of the risk of hypersensitivity
reactions an intravenous test dose of 10 000 KIU should be given
to all patients at least 10 minutes before the therapeutic dose. All
intravenous doses of aprotinin should be given through a central
venous line. 

In coronary artery bypass graft surgery, the test dose is fol-
lowed by a loading dose given with the patient in a supine posi-
tion, after induction of anaesthesia but before incision;
2 000 000 KIU is given intravenously over 20 to 30 minutes. The
loading dose is followed by a continuous infusion of
500 000 KIU/hour until the end of the operation. An additional
dose of 2 000 000 KIU is added to the prime volume of the ex-
tracorporeal circuit. In patients with septic endocarditis, a dose of
3 000 000 KIU is added to the prime volume of the circuit and
the continuous infusion may be continued into the early postop-
erative period. The total amount of aprotinin used is usually no
more than 7 000 000 KIU. A regimen using half the dose for
loading, maintenance, and to prime the circuit, may be used in
low-risk patients.

Haemorrhagic disorders. Aprotinin has been used in the
treatment of life-threatening haemorrhage caused by raised plas-
ma concentrations of plasmin. It has also been used in the treat-
ment of severe bleeding arising from overdosage with thrombo-
lytics (see Treatment of Adverse Effects under Streptokinase,
p.1404). 
Aprotinin has been used to reduce blood loss in patients under-
going surgery, particularly cardiac surgery involving cardiopul-
monary bypass. This bypass procedure is complicated by a post-
perfusion syndrome that includes impairment of haemostasis and
pulmonary dysfunction. Contributing factors include ischaemia
reperfusion, surgical trauma, endotoxaemia, and blood contact
with the artificial surfaces of the bypass apparatus. This syn-
drome has been interpreted as a ‘whole body inflammatory re-
sponse’, and the beneficial effect of aprotinin has been attributed
to an attenuation of this response. As well as its inhibitory effect
on fibrinolysis, aprotinin is thought to have effects on the com-
plement system, cytokines, neutrophil activation, and platelet
function.1,2 Aprotinin has reduced blood loss and transfusion re-
quirements in patients undergoing both primary and repeat cardi-
ac surgery.1,3-6 The usual dosage regimen (as given in Uses and
Administration, above) and low-dosage regimens (50% of the
usual dose) appear to be equally effective, but regimens that use
aprotinin only as a pump prime dose appear to be less effective.1,5 
The safety of aprotinin in cardiac surgery has been questioned,
however, because of the results of two observational studies. One
analysis7 of patient outcome after the use of aminocaproic acid,
aprotinin, tranexamic acid, or no treatment, found that although
the three drugs had reduced blood loss to a similar extent, apro-
tinin was associated with an increased risk of cardiovascular and
cerebrovascular events (myocardial infarction, heart failure,
stroke, or encephalopathy) and renal failure. Observational fol-
low-up also found that aprotinin, but not aminocaproic acid or
tranexamic acid, was associated with an increased risk of death
in the 5 years after surgery.8 In another study9 that compared data
from patients who had received either aprotinin or tranexamic
acid, there was an increased risk of renal dysfunction associated
with aprotinin, particularly in patients with abnormal pre-opera-
tive renal function. In response to these studies, the FDA
recommended10 that patients receiving aprotinin should be care-
fully monitored, and that physicians should consider limiting its
use to situations where the clinical benefit of reduced blood loss
is essential and outweighs the potential risks. The concerns
raised by these studies and the FDA’s recommendation prompted
further analysis of data relating to the effects of aprotinin. A
meta-analysis5 that included studies in different types of surgery,
although the majority were in cardiac surgery, found no in-
creased risk of death, cardiovascular events, or renal failure.
However, because the reporting of renal function was lacking for
many studies, and therefore a potential for bias, the authors were
not confident that a modest increase in risk could be ruled out.
Another meta-analysis11 that was limited to studies in cardiac
surgery also found no increased risk of death or cardiovascular
events with aprotinin. There was also no increase in the risk of
dialysis-dependent renal failure, but high-dose aprotinin did in-
crease the risk of renal dysfunction, compared with placebo. Two
large retrospective studies, which attempted to account for con-
founding variables, were also undertaken in cohorts of patients
who had undergone coronary artery bypass graft surgery. One
study found that, compared with aminocaproic acid, aprotinin in-
creased the risk of in-hospital death.12 The other found increased
in-patient renal dysfunction, and death at 30 days and 1 year, in
patients given aprotinin compared with aminocaproic acid or no
antifibrinolytic therapy. Survival estimates also found an associ-
ation between aprotinin use and reduced survival for up to 10
years after surgery.13 Preliminary data analysis from a ran-
domised study (BART) also found an increased risk of death
with aprotinin, compared with aminocaproic acid or tranexamic
acid, and in November 2007, authorities such as the FDA14 and
EMEA15 recommended that marketing of aprotinin injection be
suspended. 
Aprotinin has been used to reduce transfusion requirements dur-
ing liver transplantation, by its effect on intra-operative hyperfi-
brinolysis.16,17 However, concerns about an increased risk of
thromboembolism in these patients has been raised.18 A system-
atic review19 of 23 studies using antifibrinolytic drugs, 18 of
which used aprotinin, found no evidence of an increased risk of
thromboembolic complications in liver transplant patients, but
noted that the studies were underpowered and that identification
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of subgroups of patients at risk may have been missed. Aprotinin
has also been used to reduce transfusion requirements during or-
thopaedic surgery.20

1. Peters DC, Noble S. Aprotinin: an update of its pharmacology
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bypass surgery. Drugs 1999; 57 233–60. 

2. Mojcik CF, Levy JH. Aprotinin and the systemic inflammatory
response after cardiopulmonary bypass. Ann Thorac Surg 2001;
71: 745–54. 

3. Bidstrup BP, et al. Aprotinin cardiac centers in the United King-
dom. Ann Thorac Surg 1993; 55: 971–6. 

4. Laupacis A, Fergusson D. Drugs to minimize perioperative
blood loss in cardiac surgery: meta-analyses using perioperative
blood transfusion as the outcome. Anesth Analg 1997; 85:
1258–67. 

5. Henry DA, et al. Anti-fibrinolytic use for minimising perioper-
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Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2007 (accessed 25/06/08). 
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coronary artery bypass graft surgery: a systematic review and
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9. Karkouti K, et al. A propensity score case-control comparison
of aprotinin and tranexamic acid in high-transfusion-risk cardi-
ac surgery. Transfusion 2006; 46: 327–38. 

10. FDA. Aprotinin injection (marketed as Trasylol) (issued 8th
February, 2006). Available at: http://www.fda.gov/cder/drug/
advisory/aprotinin.htm (accessed 26/11/07) 
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Pancreatitis. Aprotinin has been tried in the management of
pancreatitis (p.2361) because of the postulated role of proteolytic
enzymes in this condition. However, results have been largely
disappointing.
Preparations
BP 2008: Aprotinin Injection; 
USP 31: Aprotinin Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Quagu-Test; Rivilina; Austral.: Trasylol†; Austria: Pantinol†; Trasylol†;
Belg.: Trasylol†; Braz.: Trasylol†; Canad.: Trasylol†; Chile: Trasylol†; Cz.:
Antilysin†; Gordox†; Trasylol†; Denm.: Trasylol†; Fin.: Trasylol†; Fr.: Trasy-
lol†; Ger.: Trasylol†; Gr.: Trasylol†; Hong Kong: Trasylol†; Hung.: Gor-
dox†; Trasylol†; Indon.: Trasylol; Israel: Protosol; Malaysia: Trasylol†;
Mex.: Protinin†; Trasylol†; Neth.: Trasylol†; NZ: Trasylol†; Pol.: Trasko-
lan†; Trasylol†; Rus.: Aprotex (Апротекс); Contrykal (Контрикал); Gor-
dox (Гордокс); Trasylol (Трасилол)†; S.Afr.: Trasylol†; Singapore: Trasy-
lol†; Spain: Trasylol†; Swed.: Trasylol†; Switz.: Trasylol†; Thai.: Trasylol†;
Turk.: Trasylol†; UK: Trasylol†; USA: Trasylol†; Venez.: Trasylol†.
Multi-ingredient: Arg.: Beriplast P; Lacrimax; Maxus; Optilac; Tissucol;
Tissucol Duo Quick†; Austral.: Tisseel Duo; Austria: Beriplast; TachoC-
omb; Tissucol; Tissucol Duo Quick; Belg.: Tissucol Duo; Braz.: Beriplast P;
Tissucol†; Canad.: Tisseel; Chile: Beriplast P; Cz.: TachoComb†; Tissucol;
Denm.: Tisseel Duo Quick; Fin.: Tisseel Duo Quick; Fr.: Beriplast; Tissucol;
Ger.: Beriplast; TachoComb†; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P;
Hong Kong: Beriplast P; TachoComb; Tisseel; Hung.: Beriplast P; TachoC-
omb†; Tissucol-Kit; Indon.: Beriplast; Israel: Beriplast; Tisseel; Ital.: Beri-
plast; Tissucol; Mex.: Beriplast P; Tissucol†; Neth.: Beriplast P; Tissucol;
Tissucol Duo; Pol.: Beriplast; Port.: Tissucol Duo; Rus.: TachoComb
(ТахоКомб); Spain: Beriplast P Combi; Tissucol Duo; Swed.: Tisseel Duo
Quick; Switz.: Beriplast P; Tissucol; Tissucol Duo S; Thai.: TachoComb†;
Turk.: Beriplast P; Tisseel VH; UK: Tisseel.

Batroxobin (rINN)

Batroxobina; Batroxobine; Batroxobinum.
Батроксобин
CAS — 9039-61-6 (batroxobin); 9001-13-2 (haemocoag-
ulase).
ATC — B02BX03.
ATC Vet — QB02BX03.

Profile
Batroxobin is an enzyme obtained from the venom of the viper
Bothrops atrox. It has also been obtained from Bothrops moojeni
and a similar preparation is derived from Bothrops jararaca. 

Batroxobin is reported to act on fibrinogen to produce a fibrin
monomer that can be converted by thrombin to a fibrin clot. It is
used both as a haemostatic and, in larger doses, to induce a hy-
pofibrinogen state in the management of thromboembolic disor-
ders. When used as a haemostatic it is usually given with a factor-
X activator; such a combined preparation is known as haemoco-
agulase (hemocoagulase). Batroxobin has been given parenteral-
ly or by local application.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Defibrase; Reptilase; Fr.: Reptilase†; India: Reptilase; Ital.: Botro-
pase†; Port.: Reptilase†.

Blood ⊗ 
Sangre.

Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Whole Blood). It is blood that has been collected from
suitable human donors under rigid aseptic precautions for trans-
fusion or for further processing into one or more of its compo-
nents for transfusion. It contains a citrate-based anticoagulant
(Anticoagulant Citrate Dextrose Solution, Anticoagulant Citrate
Phosphate Dextrose Solution, or Anticoagulant Citrate Phos-
phate Dextrose Adenine Solution). 
Whole blood must be tested for syphilis, hepatitis B virus, human
T-cell lymphotropic virus (HTLV) type I and type II, hepatitis C,
and HIV. It should also be tested for blood group and rhesus fac-
tors, and for unexpected antibodies to red cell antigens. 
One unit (dose) of whole blood contains a minimum of 50 g of
haemoglobin. One unit of whole blood filtered for removal of
leucocytes (Whole Blood, Leukocytes Reduced), contains less
than 5 × 106 residual leucocytes. 
Whole blood is stored in the original container or transferred to
an equivalent one using a technique that does not compromise
sterility. It should be stored at 1° to 6°, unless platelets are to be
prepared, in which case the blood is stored for no longer than 8
hours after collection at room temperature. 
Whole blood collected in Anticoagulant Citrate Dextrose Solu-
tion, Anticoagulant Citrate Phosphate Dextrose Solution, or in
Anticoagulant Citrate Phosphate Dextrose-Dextrose Solution
may be stored for up to 21 days at 1° to 6° after the blood has
been drawn. Whole blood collected in Anticoagulant Citrate
Phosphate Dextrose Adenine Solution may be stored for up to 35
days at 1° to 6°. If the hermetic seal of the container is broken
during collection, preparation, or further processing, the expiry
date is not later than 24 hours after the seal is broken (when blood
is stored at 1° to 6°), but not to exceed the original expiry date of
the unit. 
It is a deep red, opaque liquid from which the corpuscles readily
settle upon standing for 24 to 48 hours, leaving a clear, yellowish
or pinkish supernatant layer of plasma. 
The USP 31 gives the names ACD Whole Blood, CPD Whole
Blood, CPDA-1 Whole Blood, and Heparin Whole Blood,
which specify the anticoagulant used.

Adverse Effects
The rapid transfusion of large volumes of whole blood
may overload the circulation and cause pulmonary
oedema. Transfusion of very large volumes of citrated
blood can lead to hypocalcaemia, although this is not
usually a problem unless there is hepatic impairment or
hypothermia. Hyperkalaemia may occur but on its own
is rarely clinically significant. Hypothermia may result
from rapid transfusion of large volumes of cooled
blood and may, combined with hypocalcaemia, hyper-
kalaemia, and resultant acidosis, lead to cardiac toxici-
ty. Disseminated intravascular coagulation may also
occur in patients receiving large-volume transfusions.
Repeated transfusions of blood, as in thalassaemia,
may lead to iron overload. 
The transfusion of incompatible blood causes haemol-
ysis, possibly with renal failure. Pyrexia, rigors, and ur-
ticaria may be due to antibodies towards a number of
blood components. Severe allergic reactions and ana-
phylaxis can occur. Delayed reactions may occur more
than 24 hours after transfusion in patients in whom pre-
vious transfusion or pregnancy has induced sensitisa-
tion; these reactions are usually mild and manifest as
fever, chills, fall in haemoglobin concentration, and
haemoglobinuria. 
Transmission of infections. The use of blood, blood
components, or blood products has been associated
with the transmission of viruses, most notably hepatitis
B virus and HIV; other reports of transmission include
CMV, hepatitis C and possibly other hepatitis viruses,

HTLV-I and -II, and the agent causing Creutzfeldt-Ja-
kob disease. Transmission of bacterial and parasitic
diseases is also possible including syphilis, Chagas’
disease, and malaria. 
The main methods of minimising the risk of transmis-
sion of infection are by rigorous selection of blood do-
nors and by microbiological screening tests. Contami-
nation during collection and processing is minimised
by using closed systems and by strict aseptic technique.
Treatment of blood products with heat or chemicals
can inactivate some organisms including some viruses,
in particular HIV-1, but blood and blood components
cannot be treated in either of these ways. Patients re-
ceiving multiple transfusions of pooled plasma prod-
ucts are at increased risk of contracting infections and
can be offered immunological protection, for example
hepatitis B vaccine.
◊ Reviews.
1. Contreras M, Mollison PL. Immunological complications of

transfusion. In: Contreras M, ed. ABC of transfusion. 3rd ed.
London: BMJ Books, 1998: 53–7. 

2. Barbara JAJ, Contreras M. Infectious complications of blood
transfusion: bacteria and parasites. In: Contreras M. ed. ABC of
transfusion. 3rd ed. London: BMJ Books, 1998: 58–61. 

3. Barbara JAJ, Contreras M. Infectious complications of blood
transfusion: viruses. In: Contreras M. ed. ABC of transfusion. 3rd
ed. London: BMJ Books, 1998: 62–6. 

4. Regan F, Taylor C. Blood transfusion medicine. BMJ 2002; 325:
143–7. 

5. Goodnough LT. Risks of blood transfusion. Crit Care Med 2003;
31 (suppl): S678–S686. 

6. Pomper GJ, et al. Risks of transfusion-transmitted infections:
2003. Curr Opin Hematol 2003; 10: 412–18. 

7. Hardy J-F, et al. Massive transfusion and coagulopathy: patho-
physiology and implications for clinical management. Can J An-
esth 2004; 51: 293–310. 

8. McClelland DBL, ed. Handbook of transfusion medicine: United
Kingdom Blood Services. 4th ed. London: The Stationery Office,
2007. 
Also available at: http://www.transfusionguidelines.org.uk/docs/
pdfs/htm_edition-4_all-pages.pdf (accessed 15/02/07)

Creutzfeldt-Jakob disease. While there is no proof that trans-
mission of Creutzfeldt-Jakob disease by blood or blood products
has occurred,1 3 cases have been reported of possible transmis-
sion of variant Creutzfeldt-Jakob disease (vCJD) by blood trans-
fusion.2-4 It is recognised that there is a need for further assess-
ment of the potential risk of transmission of vCJD by such
products. 
A number of precautionary measures have been implemented in
the UK to minimise transmission of vCJD by blood or tissues:5 
• plasma is imported from outside the UK for fractionation to

manufacture plasma derivatives 
• leucocytes are removed from donated blood (leucodepletion)

as it was thought that this would remove infectivity. However,
animal studies have shown that this is not the case and that
prion concentration in the blood is likely to be reduced by only
about 40%6 

• plasma is imported for clinical use in patients born after Janu-
ary 1996 (this date was chosen because it was considered that
foods infected with bovine spongiform encephalopathy had
been largely eliminated from the diet by this time6) 

• donations of blood, platelets, and live bone are not accepted
from donors who themselves have received blood compo-
nents since 1 January 1980, or from any donors who have re-
ceived intravenous immunoglobulin prepared from UK plas-
ma or who have undergone plasma exchange anywhere in the
world 

Concern at the risk of transmitting Creutzfeldt-Jakob disease by
albumin prepared from placental blood has led to restriction on
this source of albumin (see Transmission of Infections under Al-
bumin, p.1052).
1. Wilson K, et al. Risk of acquiring Creutzfeldt-Jakob disease

from blood transfusions: systematic review of case-control stud-
ies. BMJ 2000; 321: 17–19. 

2. Llewelyn CA, et al. Possible transmission of variant Creutzfeldt-
Jakob disease by blood transfusion. Lancet 2004; 363: 417–21. 

3. Peden AH, et al. Preclinical vCJD after blood transfusion in a
PRNP codon 129 heterozygous patient. Lancet 2004; 364:
527–9. 

4. Wroe SJ, et al. Clinical presentation and pre-mortem diagnosis
of variant Creutzfeldt-Jakob disease associated with blood trans-
fusion: a case report. Lancet 2006; 368: 2061–7. 

5. McClelland DBL, ed. Handbook of transfusion medicine: United
Kingdom Blood Services. 4th ed. London: The Stationery Office,
2007. 
Also available at: http://www.transfusionguidelines.org.uk/docs/
pdfs/htm_edition-4_all-pages.pdf (accessed 15/02/07) 

6. Ludlam CA, Turner ML. Managing the risk of transmission of
variant Creutzfeldt Jakob disease by blood products. Br J Hae-
matol 2005; 132: 13–24.

Effects on leucocytes. A study of 50 patients in an intensive
care unit found that 45 of them developed leucocytosis after
transfusion of packed red blood cells.1 The leucocytosis, which
was accounted for by neutrophils, occurred immediately after
transfusion and persisted for 12 hours. A further study2 of 96 crit-
ically ill patients found that leucocytosis commonly occurred in
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those who were not septic and had received unfiltered packed red
cells. Mean white cell counts were increased significantly 2
hours after infusion, remained elevated for about 12 hours, and
returned to baseline by 24 hours. In 11 patients who required
more than one transfusion, the use of filtered packed red cells
was not associated with leucocytosis. Concentrations of inter-
leukin-8 were found to be raised in unfiltered blood after 4 weeks
of storage, and were higher in the transfused blood that caused
leucocytosis. The authors suggested that cytokines produced by
leucocytes in stored blood might be responsible for leucocytosis
in recipients of unfiltered packed red cells.
1. Fenwick JC, et al. Blood transfusion as a cause of leucocytosis

in critically ill patients. Lancet 1994; 344: 855–6. 
2. Izbicki G, et al. Transfusion-related leukocytosis in critically ill

patients. Crit Care Med 2004; 32: 439–42.

Effects on the lungs. A rare but life-threatening complication
of transfusion of blood or other plasma-containing products is
acute lung injury, often termed transfusion-related acute lung in-
jury (TRALI). Symptoms develop during or within 6 hours of
infusion and are those of acute respiratory distress syndrome1-3

(p.1498). Treatment is the same as for acute respiratory distress
of any cause but oxygen exchange usually begins to improve be-
tween 24 and 48 hours; if the patient survives there appear to be
no long-term sequelae.1 The presence of HLA-specific antileu-
cocyte antibodies in plasma from multiparous female donors ap-
pears to play a role in starting the reaction;1,3 such antibodies
have also been identified in some implicated male donors.2 An-
other mechanism, the neutrophil priming hypothesis, proposes
that TRALI results from 2 independent events. The first event
causes the recipient’s neutrophils to be primed and is related to
the recipient’s condition; in the second event the infused blood
product activates the primed neutrophils in the lung, which caus-
es endothelial damage.2,3

1. Wallis JP. Transfusion-related acute lung injury (TRALI)—un-
der-diagnosed and under-reported. Br J Anaesth 2003; 90:
573–6. 

2. Holness L, et al. Fatalities caused by TRALI. Transfus Med Rev
2004; 18: 184–8. 

3. Kleinman S, et al. Toward an understanding of transfusion-relat-
ed acute lung injury: statement of a consensus panel. Transfusion
2004; 44: 1774–89.

Graft-versus-host disease. Acute graft-versus-host disease
(see Haematopoietic Stem Cell Transplantation, p.1811) has
been reported in both immunocompromised and immunocompe-
tent patients after blood transfusion.1 Symptoms include fever,
rash, abnormal liver function tests, diarrhoea, and pronounced
leucopenia and pancytopenia. The reaction can be severe and fa-
tal. 
High-risk immunocompromised groups include bone marrow
transplant recipients, patients with congenital immunodeficien-
cies, fetuses receiving intra-uterine transfusions, patients with
Hodgkin’s disease, and patients treated with purine analogue
drugs such as fludarabine. Patients at less risk include those with
acute leukaemia, non-Hodgkin’s lymphoma, solid tumours treat-
ed with intensive chemotherapy or radiotherapy, premature in-
fants and those undergoing exchange transfusion, and solid or-
gan transplant recipients. 
Immunocompetent patients who share an HLA haplotype with
HLA-homozygous blood donors also appear to be at increased
risk. Such cases have been reported particularly in Japan, where
practices have included the use of transfusions from blood rela-
tives. There is also a high incidence of shared haplotype in the
population. 
Infusion of products containing viable lymphocytes appears to
be responsible. Treatment of graft-versus-host disease associated
with transfusion is largely ineffective and patients considered to
be at risk should be given products depleted of viable lym-
phocytes by irradiation. Blood products depleted of leucocytes
by filtration still contain a small percentage of viable leucocytes,
and this should not be used as the sole method to prevent graft-
versus-host disease.
1. Schroeder ML. Transfusion-associated graft-versus-host dis-

ease. Br J Haematol 2002; 117: 275–87.

Malignant neoplasms. It has been suggested that periopera-
tive allogeneic blood transfusion is associated with an increase in
the risk of recurrence, and decreased long-term survival, after re-
section of malignancy. This suggestion was based on retrospec-
tive observational studies, and was attributed to immunosuppres-
sant effects of allogeneic blood. Randomised controlled trials
have produced conflicting results, but a 1996 review1 did not find
a detrimental effect on the risk of cancer recurrence, and suggest-
ed that the findings of the observational studies probably resulted
from the confounding effect of factors associated with the need
for transfusion. A later meta-analysis2 of 32 studies of perioper-
ative transfusion in patients undergoing colorectal surgery con-
cluded that the cancer recurrence rate was increased (odds ratio
1.68) in patients given transfusions. Risk factors associated with
this increase were rectal disease, more advanced disease, and an
increased number of transfused units. However, many of the in-
cluded studies had small sample sizes, there was significant het-
erogeneity, and other possible surgery-related risk factors could
not be evaluated, such that a causal association between the in-
creased risk of cancer recurrence and transfusion could not be

established. Other systematic reviews have come to different
conclusions. A meta-analysis3 of studies in patients undergoing
resection of any type of solid tumour included only studies that
used an active comparator (leucocyte-depleted or autologous
blood). Only 8 studies met the inclusion criteria and the analysis
provided no evidence of an increased risk of death or cancer re-
currence in patients given allogeneic blood. The proposed detri-
mental immunosuppressive effect of perioperative allogeneic
blood transfusion was studied in colorectal cancer patients given
either allogeneic packed red cells (buffy coat removed) or leuco-
cyte-depleted red cells.4 Although the leucocyte count is reduced
when the buffy coat is removed, more leucocytes are removed
from leucocyte-depleted red cells, which should reduce any im-
munosuppressive effect. However, after 5 years there was no dif-
ference in survival or recurrence rates between the two groups.
Survival was better for a third group of non-transfused patients,
but this may be explained by a higher incidence of rectal cancer
in the transfused groups, and the better clinical status of patients
not requiring transfusion. A review5 of individual studies and
meta-analyses concluded that a causal relationship between allo-
geneic blood transfusion and solid cancer recurrence had not
been proven. There was some evidence for transfusion-associat-
ed immunomodulation, but the mechanisms of effect and the
specific constituents of allogeneic blood that mediate the effect
remain unclear. 
Epidemiological studies have reported an increase in the inci-
dence of non-Hodgkin’s lymphoma coinciding with the increase
in the use of allogeneic blood transfusions since the 1950s. Pro-
posed mechanisms have included transfusion-associated immu-
nosuppression, transmission of oncogenic viruses, and blood do-
nation by prelymphomatous donors.6,7 Although some case-
control studies have reported no association between blood
transfusion and the development of non-Hodgkin’s lympho-
ma,8,9 others have reported a positive association, particularly for
some subtypes of lymphoma.10 Reviews6,7 of these and other
studies have found considerable disagreement between reports.
This may result from biases in study design, confounding factors
such as HIV infection, and lack of consensus on lymphoma clas-
sification.
1. Vamvakas EC. Transfusion-associated cancer recurrence and

postoperative infection: meta-analysis of randomized, control-
led clinical trials. Transfusion 1996; 36: 175–86. 

2. Amato AC, Pescatori M. Effect of perioperative blood transfu-
sions on recurrence of colorectal cancer: meta-analysis strati-
fied on risk factors. Dis Colon Rectum 1998; 41: 570–85. 

3. McAlister FA, et al. Perioperative allogeneic blood transfusion
does not cause adverse sequelae in patients with cancer: a meta-
analysis of unconfounded studies. Br J Surg 1998; 85: 171–8. 

4. van de Watering LMG, et al. Perioperative blood transfusions,
with or without allogeneic leucocytes, relate to survival, not to
cancer recurrence. Br J Surg 2001; 88: 267–72. 

5. Vamvakas EC, Blajchman MA. Deleterious clinical effects of
transfusion-associated immunomodulation: fact or fiction?
Blood 2001; 97: 1180–95. 

6. Vamvakas EC. Allogeneic blood transfusion as a risk factor for
the subsequent development of non-Hodgkin’s lymphoma.
Transfus Med Rev 2000; 14: 258–68. 

7. Chow EJ, Holly EA. Blood transfusions and non-Hodgkin’s
lymphoma. Epidemiol Rev 2002; 24: 269–79. 

8. Maguire-Boston EK, et al. Blood transfusion and risk of non-
Hodgkin’s lymphoma. Am J Epidemiol 1999; 149: 1113–18. 

9. Chow EJ, Holly EA. Blood transfusions as a risk factor for non-
Hodgkin’s lymphoma in the San Francisco Bay Area: a popula-
tion-based study. Am J Epidemiol 2002; 155: 725–31. 

10. Cerhan JR, et al. Blood transfusions and risk of non-Hodgkin’s
lymphoma subtypes and chronic lymphocytic leukemia. Cancer
Epidemiol Biomarkers Prev 2001; 10: 361–8.

Precautions
Whole blood should generally not be transfused unless
the ABO and Rh groups of the patient’s and the donor’s
blood have been verified and a compatibility check
made between the patient’s serum and the donor’s red
cells (see under Blood Groups, below). 
The Rh group of the recipient should always be deter-
mined and ideally all patients should be transfused
with blood of homologous Rh groups. 
To reduce the possibility of cardiac arrest from cardiac
hypothermia when large volumes are used or the blood
is transfused rapidly, and to minimise postoperative
shivering, stored blood should be carefully warmed to
about 37° before transfusion. 
Whole blood should not be given to patients with
chronic anaemia who have a normal or elevated plas-
ma volume. 
Drugs should not be added to blood. 
Transfusion of blood from donors who have recently
been receiving drug treatment may be hazardous to the
recipient.
◊ Guidelines1-4 for accepting blood from donors who have been
receiving drugs have been published.
1. Ferner RE, et al. Drugs in donated blood. Lancet 1989; ii: 93–4. 

2. Stichtenoth DO, et al. Blood donors on medication: are deferral
periods necessary? Eur J Clin Pharmacol 2001; 57: 433–40. 

3. UK Blood Transfusion Services. Whole blood and components
donor selection guidelines: drug index (revised 23/04/08). Avail-
a b l e  a t :  h t t p : / / w w w. t r a n s f u s i o n g u i d e l i n e s . o rg . u k /
index.asp?Publication=DI&Section=4 (accessed 29/08/08) 

4. American Red Cross. Blood donation eligibility guidelines (re-
vised 08/05/08). Available at: http://www.redcross.org/services/
biomed/0,1082,0_557_,00.html#med (accessed 29/08/08)

Abuse. References to the infusion of whole blood or packed red
blood cells to enhance athletic performance.1,2

1. Ekblom BT. Blood boosting and sport. Baillieres Best Pract Res
Clin Endocrinol Metab 2000; 14: 89–98. 

2. Leigh-Smith S. Blood boosting. Br J Sports Med 2004; 38:
99–101.

Blood groups. The chief blood group systems are the
ABO system and the Rhesus system. 
In simple terms red blood cells carry on their surface ge-
netically determined antigens. A person with antigen A, B,
A plus B, or neither is classified as group A, B, AB, or O
respectively. Such persons will have, in their serum, anti-
bodies to B, A, neither, or both respectively—anti-B (β),
anti-A (α), or anti-B plus anti-A (α + β). Giving blood con-
taining red cells from a person of group A to a person with
anti-A results in agglutination or possibly haemolysis. For
the determination of the ABO group the agglutinogens of
the red cells and the agglutinins of the serum are deter-
mined by testing against known standards. 
In the Rhesus system many persons carry an antigen (Rh-
positive) which stimulates antibody formation in Rh-neg-
ative persons; subsequent exposure to Rh-positive blood
causes haemolysis. 
Many variants of these and other systems, are recognised.

Uses and Administration
Blood is a complex fluid with many functions includ-
ing the maintenance of hydration of the tissues, main-
tenance of body temperature, and the transport within
the body of gases, ions, nutrients, hormones, enzymes,
antibodies, waste products of metabolism, and drugs. 
The main components of blood are plasma, red blood
cells (erythrocytes), white blood cells (leucocytes), and
platelets (for further information on different blood
cells and their formation, and average counts in adults,
see Haematopoiesis, p.1042). Serum is the fluid which
remains once blood or plasma has clotted; it is, in ef-
fect, plasma with fibrinogen removed. 
Whole blood is used as a source of red cell concen-
trates, clotting factors, platelets, plasma and plasma
fractions, and immunoglobulins, each of which has
specific indications for use. Because of the risks in-
volved in transfusing whole blood and the need for
economy in its use, the appropriate blood component
should be used whenever possible. 
Whole blood may be used where replacement of plas-
ma proteins as well as red blood cells is needed, for
example after acute blood loss during surgery or severe
haemorrhage. It may also be used to supplement the
circulation during cardiac bypass surgery. 
The amount of whole blood transfused and the rate at
which it is given depend upon the patient’s age and
general condition, upon the state of their circulatory
system, and upon the therapeutic indication for transfu-
sion. 
The expression ‘unit of blood’ generally represents a
volume of about 510 mL, including anticoagulant. For
blood preparations a unit generally refers to the quanti-
ty of a blood component obtained from 1 unit of whole
blood. Specific units of activity are used for some
blood components. 
The haemoglobin concentration of the blood of the av-
erage adult is raised by about 1 g per 100 mL by the
transfusion of 1 unit of whole blood.
◊ Reviews and guidelines for the use of blood and blood compo-
nents.
1. Contreras M, ed. ABC of transfusion. 3rd ed. London: BMJ

Books, 1998. 
2. Goodnough LT, et al. Transfusion medicine: blood transfusion.

N Engl J Med 1999; 340: 438–47. 
3. World Health Organization. The clinical use of blood in medi-

cine, obstetrics, paediatrics, surgery and anaesthesia, trauma
and burns. Geneva: World Health Organization, 2001. Also
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available as The clinical use of  blood handbook  a t:
http://whqlibdoc.who.int/publications/2001/9241545399.pdf
(accessed 27/10/05) 

4. Cable R, et al. American Red Cross practice guidelines for
blood transfusion: a compilation from recent peer-reviewed lit-
erature (May 2002). Available at: 
http://www.newenglandblood.org/professional/pgbtscreen.pdf
(accessed 27/10/05) 

5. Australian Red Cross Blood Service. Transfusion medicine
manual. Available at: http://www.manual.transfusion.com.au/
Home.aspx (accessed 29/08/08) 

6. British Committee for Standards in Haematology Transfusion
Task Force. Transfusion guidelines for neonates and older chil-
dren. Br J Haematol 2004; 124: 433–53. Correction. ibid. 2007;
136: 514–16. Also available at: 
http://www.bcshguidelines.com/pdf/Neonates_124_4_2004.pdf
(accessed 27/10/05) 

7. McClelland DBL, ed. Handbook of transfusion medicine: Unit-
ed Kingdom Blood Services. 4th ed. London: The Stationery Of-
fice, 2007. Also available at: 
h t tp : / /www.t ransfus ionguide l ines .org .uk/docs/pdfs /
htm_edition-4_all-pages.pdf (accessed 15/02/07) 

8. British Committee for Standards in Haematology. Guidelines on
the management of massive blood loss. Br J Haematol 2006;
135: 634–41. 

9. Klein HG, et al. Red blood cell transfusion in clinical practice.
Lancet 2007; 370: 415–26. 

10. Council of Europe. Guide to the preparation, use and quality
assurance of blood components. 13th ed. Strasbourg: Council of
Europe Publishing, 2007.

Autologous blood transfusion. Reviews and guidelines have
been published on autologous blood transfusion, a procedure
where a patient acts as their own blood donor, the blood usually
being collected shortly before elective surgery or salvaged dur-
ing the surgical procedure.1-6

1. British Committee for Standards in Haematology Blood Transfu-
sion Task Force. Guidelines for autologous transfusion II: peri-
operative haemodilution and cell salvage. Br J Anaesth 1997; 78:
768–71. Also available at: http://www.bcshguidelines.com/pdf/
bja768.pdf (accessed 27/10/05) 

2. Gillon J, Thomas DW. Autologous transfusion. In: Contreras M,
ed. ABC of transfusion. 3rd ed. London: BMJ Books, 1998:
23–8. 

3. Goodnough LT, et al. Transfusion medicine: blood conservation.
N Engl J Med 1999; 340: 525–33. 

4. Vanderlinde ES, et al. Autologous transfusion. BMJ 2002; 324:
772–5. 

5. Carless P, et al. Autologous transfusion techniques: a systematic
review of their efficacy. Transfus Med 2004; 14: 123–44. 

6. British Committee for Standards in Haematology, Transfusion
Task Force. Guidelines for policies on alternatives to allogeneic
blood transfusion. 1. Predeposit autologous blood donation and
transfusion. Transfus Med 2007; 17: 354–65. Also available at:
http://www.bcshguidelines.com/pdf/alt_allogeneic_blood_
transfusion.pdf (accessed 09/06/08)

Preparations
USP 31: Whole Blood.

Calcium Alginate
Alginato cálcico; E404.
CAS — 9005-35-0.
ATC — B02BC08.
ATC Vet — QB02BC08.

Profile
Calcium alginate is the calcium salt of alginic acid, a polyuronic
acid composed of residues of D-mannuronic and L-guluronic ac-
ids. It may be obtained from seaweeds, mainly species of Lami-
naria. Calcium alginate is used as an absorbable haemostatic and
for the promotion of wound healing (p.1585); it is also used in
the form of a mixed calcium-sodium salt of alginic acid as a fibre
made into a dressing or packing material. Calcium ions in the
calcium alginate fibres are exchanged for sodium ions in the
blood and exudate to form a hydrophilic gel. 
Alginic acid and its calcium and sodium salts are widely used in
the food industry.

◊ References.
1. Thomas S. Alginate dressings in surgery and wound manage-

ment–part 1. J Wound Care 2000; 9: 56–60. 
2. Thomas S. Alginate dressings in surgery and wound manage-

ment: part 2. J Wound Care 2000; 9: 115–19. 
3. Thomas S. Alginate dressings in surgery and wound manage-

ment: part 3. J Wound Care 2000; 9: 163–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Kaltostat; Nu-Derm Alginato; Tegagen†; Austral.: Kaltostat†; Mel-
gisorb; Sorbsan†; Canad.: Algisite†; Kaltostat; Melgisorb; Restore Calci-
Care; Tegagen†; Fr.: Algosteril; Coalgan; Sorbalgon; Stop Hemo; Ger.: Al-
gosteril†; Urgosorb; Gr.: Stop Hemo†; Irl.: Kaltostat; Sorbsan; Ital.:
Algosteril; Cutinova Alginate; Kaltostat; Sorbsan†; Port.: Sorbsan†; S.Afr.:
Kaltostat; UK: Algosteril; Comfeel SeaSorb; Kaltostat; Sorbsan; USA: Cala-
lgin.

Multi-ingredient: Arg.: Comfeel Plus; Comfeel Purilon†; Comfeel Sea-
Sorb†; Fibracol Plus; Mylanta Reflux; Purilon; Seasorb; Canad.: Carboflex†;
Fr.: Amivia†; Askina Sorb†; Clip Hemo; Melgisorb; Purilon; Seasorb; Ur-
gosorb; Ger.: Algosteril Trionic†; Comfeel Plus; Purilon; SeaSorb Soft; Isra-
el: Kaltocarb; Kaltostat; Port.: Askina Sorb†; Carboflex†; Kaltostat; UK:
Comfeel Plus; SeaSorb Soft; Venez.: Mylanta Plus†.

Carbazochrome (rINN)

AC-17; Adrenochrome Monosemicarbazone; Carbazochro-
mum; Carbazocromo. 3-Hydroxy-1-methyl-5,6-indolinedione
semicarbazone.
Карбазохром
C10H12N4O3 = 236.2.
CAS — 69-81-8 (carbazochrome); 13051-01-9 (carbazo-
chrome salicylate); 51460-26-5 (carbazochrome sodium
sulfonate).
ATC — B02BX02.
ATC Vet — QB02BX02.

Pharmacopoeias. Jpn includes Carbazochrome Sodium Sul-
fonate (C10H11N4NaO5S,3H2O = 376.3).
Profile
Carbazochrome, an oxidation product of adrenaline, has been
given as a haemostatic. Carbazochrome sodium sulfonate may
be given orally in doses ranging from 30 to 150 mg daily, in at
least 3 divided doses. Parenteral doses of 10 mg may be given
subcutaneously or intramuscularly, and up to 100 mg may be
given intravenously. It has also been given as the dihydrate and
as the salicylate.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Adrenoplasma†; Adrenoxil†; Ger.: Adrenoxyl†; Hong Kong: Ado-
na; India: Sigmachrome; Siochrome; Styptocid; Indon.: Adona; Adrome;
Ital.: Adona; Jpn: Adona; Port.: Adrenoxil; Thai.: Neo-Hesna.
Multi-ingredient: India: Cadisper C; CKP; Siochrome; Styptocid; Stypto-
cip†; Ital.: Fleboside; Mex.: Hemosin-K; Spain: Cromoxin K†; Flebeside†;
Perfus Multivitaminico; Venez.: Dremo-K†.

Darbepoetin Alfa (BAN, USAN, rINN) ⊗ 
Darbepoetiinialfa; Darbepoetina alfa; Darbépoétine Alfa; Darbe-
poetinum Alfa; NESP; Novel Erythropoiesis Stimulating Protein.
30-L-Asparagine-32-L-threonine-87-L-valine-88-L-asparagine-90-
L-threonineerythropoietin (human).
Дарбепоетин Альфа
CAS — 209810-58-2.
ATC — B03XA02.
ATC Vet — QB03XA02.

Adverse Effects and Precautions
As for Epoetins, p.1061.

Pharmacokinetics
On subcutaneous injection the bioavailability of darbe-
poetin alfa is about 37% and absorption is slow. It un-
dergoes extensive metabolism, with terminal half-lives
of 21 and 49 hours after intravenous and subcutaneous
use respectively.
◊ References.
1. Heatherington AC, et al. Pharmacokinetics of novel erythropoi-

esis stimulating protein (NESP) in cancer patients: preliminary
report. Br J Cancer 2001; 84 (suppl): 11–16. 

2. Allon M, et al. Pharmacokinetics and pharmacodynamics of dar-
bepoetin alfa and epoetin in patients undergoing dialysis. Clin
Pharmacol Ther 2002; 72: 546–55. 

3. Lerner G, et al. Pharmacokinetics of darbepoetin alfa in pediatric
patients with chronic kidney disease. Pediatr Nephrol 2002; 17:
933–7. 

4. Heatherington AC, et al. Pharmacokinetics of darbepoetin alfa
after intravenous or subcutaneous administration in patients with
non-myeloid malignancies undergoing chemotherapy. Clin
Pharmacokinet 2006; 45: 199–211.

Uses and Administration
Darbepoetin alfa is an analogue of the endogenous pro-
tein hormone erythropoietin with similar properties to
the epoetins (p.1062). It is used in the management of
anaemia associated with chronic renal failure (see Nor-
mocytic-normochromic Anaemia, p.1044) and for
anaemia caused by chemotherapy in patients with non-
myeloid malignancies. 
For anaemia associated with chronic renal failure in
adults and children aged 11 years and older, the aim of
treatment is to increase the haemoglobin concentration
to 10 to 12 g per 100 mL. The rate of rise in haemo-
globin should be gradual to minimise adverse effects

such as hypertension; a rate not exceeding 2 g per
100 mL per month is suggested. Darbepoetin alfa is
given by subcutaneous or intravenous injection in an
initial dose of 450 nanograms/kg once weekly, as a sin-
gle injection. In patients on haemodialysis, the intrave-
nous route is recommended to reduce the risk of devel-
oping neutralising antibodies and pure red cell aplasia
(see Effects on the Blood under Epoetins, p.1061). The
dose should be adjusted at intervals of not less than 4
weeks, according to response, until the target haemo-
globin concentration is achieved. In general, adjust-
ments are made by increasing or decreasing the dose by
about 25%. Maintenance doses may then be continued
once weekly. Patients may be converted from weekly
doses to once every 2 weeks, and should receive a dose
that is equal to twice the dose that had been given once
weekly. Alternatively, for patients who are not on
dialysis, an initial dose of 750 nanograms/kg subcuta-
neously once every 2 weeks may be used, followed by
dose adjustment. When the target haemoglobin con-
centration is achieved, a maintenance dose may be giv-
en once a month; this is equal to twice the dose that had
been given once every 2 weeks. 
For anaemia in chemotherapy patients with non-
myeloid malignancies, darbepoetin alfa is given subcu-
taneously in an initial dose of 500 micrograms
(6.75 micrograms/kg) once every 3 weeks; if the re-
sponse is inadequate after 9 weeks, further therapy
with darbepoetin alfa may not be effective. Alterna-
tively, it may be given in an initial dose of
2.25 micrograms/kg once weekly. If the response is in-
adequate after 6 weeks, the dose may be increased to
4.5 micrograms/kg once weekly. Darbepoetin alfa
should be stopped after the course of chemotherapy has
finished, but it may be continued for up to 4 weeks in
the UK. The rate of rise in haemoglobin should be
gradual; a rate not exceeding 2 g per 100 mL per
month, and a target haemoglobin of not more than 12 g
per 100 mL, are suggested. Once the desired haemo-
globin target has been reached, the dose should be re-
duced by 25 to 50% to maintain that level.
◊ Reviews.
1. Ibbotson T, Goa KL. Darbepoetin alfa. Drugs 2001; 61:

2097–2104. 
2. The NESP Usage Guidelines Group. Practical guidelines for the

use of NESP in treating renal anaemia. Nephrol Dial Transplant
2001; 16 (suppl 3): 22–8. 

3. Overbay DK, Manley HJ. Darbepoetin-α: a review of the litera-
ture. Pharmacotherapy 2002; 22: 889–97. 

4. Joy MS. Darbepoetin alfa: a novel erythropoiesis-stimulating
protein. Ann Pharmacother 2002; 36: 1183–92. 

5. Cvetkovic RS, Goa KL. Darbepoetin alfa in patients with chem-
otherapy-related anaemia. Drugs 2003; 63: 1067–74. 

6. Siddiqui MAA, Keating GM. Darbepoetin alfa: a review of its
use in the treatment of anaemia in patients with cancer receiving
chemotherapy. Drugs 2006; 66: 997–1012.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Aranesp; Austria: Aranesp; Belg.: Aranesp; Canad.: Aranesp;
Cz.: Aranesp; Nespo; Denm.: Aranesp; Fin.: Aranesp; Fr.: Aranesp; Ger.:
Aranesp; Gr.: Aranesp; Hong Kong: Aranesp; Hung.: Aranesp; Irl.:
Aranesp; Israel: Aranesp; Ital.: Aranesp; Nespo; Neth.: Aranesp; Nespo;
Norw.: Aranesp; Pol.: Aranesp; Port.: Aranesp; Nespo; Spain: Aranesp;
Swed.: Aranesp; Switz.: Aranesp; Turk.: Aranesp; UK: Aranesp; USA:
Aranesp.

Dextran 1 (BAN, rINN) ⊗ 
Dekstraani 1; Dekstranas 1; Dextrán 1; Dextranum 1.
Декстран 1
CAS — 9004-54-0 (dextran).
ATC — B05AA05.
ATC Vet — QB05AA05.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Dextran 1 for Injection). A low-molecular-weight
fraction of dextran, consisting of a mixture of isomalto-oligosac-
charides. It is obtained by hydrolysis and fractionation of dex-
trans produced by fermentation of sucrose using a certain strain
or substrains of Leuconostoc mesenteroides. The average rela-
tive molecular mass is about 1000. 
A white or almost white, hygroscopic powder. Very soluble in
water; very slightly soluble in alcohol. 
USP 31 (Dextran 1). A low-molecular-weight fraction of dex-
tran, consisting of a mixture of isomalto-oligosaccharides. It is
obtained by controlled hydrolysis and fractionation of dextrans
produced by fermentation of certain strains of Leuconostoc me-
senteroides, in the presence of sucrose. It is a glucose polymer in
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

which the linkages between glucose units are almost exclusively
α-1,6. Its weight average molecular weight is about 1000. 
A white to off-white, hygroscopic powder. Very soluble in water;
sparingly soluble in alcohol. pH of a 15% solution in water is be-
tween 4.5 and 7.0. Store at a temperature between 4° and 30°.
Profile
Dextran 1 is used to prevent severe anaphylactic reactions to in-
fusions of dextran. It is reported to occupy the binding sites of
dextran-reactive antibodies and so prevent the formation of large
immune complexes with higher molecular weight dextrans. 
Dextran 1 is given in usual doses of 20 mL of a solution contain-
ing 150 mg/mL by intravenous injection about 1 to 2 minutes
before the infusion of the higher molecular weight dextran; the
interval should not exceed 15 minutes. A suggested dose for chil-
dren is 0.3 mL/kg. The dose of dextran 1 should be repeated if
further infusions of dextran are required more than 48 hours after
the initial dose.
Use. Two large multicentre studies (involving about 29 200 and
34 950 patients) have suggested that dextran 1 prevented ana-
phylactic reactions by hapten inhibition in a dose-dependent
way.1,2 It did not reduce the incidence of mild reactions, which
are not generally mediated by antibodies. Another large study3

comparing the effects of giving dextran 1 either 2 minutes before
injection of dextran 40 or 70 or mixed with the injection, was
stopped after the occurrence of 2 severe reactions in the admix-
ture group. A comparison4 of severe anaphylactic reactions to
dextran infusion during the period 1983 to 1992 (when prophy-
laxis with dextran 1 was used) with reactions reported during the
period 1975 to 1979 (no prophylaxis) found that the use of dex-
tran 1 was associated with a 35-fold reduction in severe anaphy-
lactic reactions to dextran infusion. 
There were 21, 20, and 2 adverse reactions to dextran 1 in the
first 3 studies respectively, including nausea, skin reactions,
bradycardia, and hypotension. Apart from one patient, reactions
to dextran 1 were mild and were considered to be of minor clin-
ical importance. In the fourth study, adverse effects to dextran 1
were reported in about one case per 100 000 doses.
1. Ljungström K-G, et al. Prevention of dextran-induced anaphy-

lactic reactions by hapten inhibition I: a Scandinavian multicent-
er study on the effects of 10 mL dextran 1, 15% administered
before dextran 70 or dextran 40. Acta Chir Scand 1983; 149:
341–8. 

2. Renck H, et al. Prevention of dextran-induced anaphylactic reac-
tions by hapten inhibition III: Scandinavian multicenter study on
the effects of 20 mL dextran 1, 15% administered before dextran
70 or dextran 40. Acta Chir Scand 1983; 149: 355–60. 

3. Renck H, et al. Prevention of dextran-induced anaphylactic reac-
tions by hapten inhibition II: a comparison of the effects of
20 mL dextran 1, 15% administered either admixed to or before
dextran 70 or dextran 40. Acta Chir Scand 1983; 149: 349–53. 

4. Ljungström K-G. Safety of dextran in relation to other colloids -
ten years experience with hapten inhibition. Infusionsther Trans-
fusionsmed 1993; 20: 206–10.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Promit; Austria: Praedex; Promit; Denm.: Promiten; Ger.:
Promit†; Hung.: Promit; Neth.: Promiten; Norw.: Promiten; S.Afr.:
Promit; Swed.: Promiten; Switz.: Promit†; USA: Promit.

Dextran 40 (BAN, USAN, rINN) ⊗ 
Dekstraani 40; Dekstran 40; Dekstranas 40; Dextrán 40; Dextra-
num 40; LMD; LMWD; Low-molecular-weight Dextran; LVD.
Декстран 40
CAS — 9004-54-0 (dextran).
ATC — B05AA05.
ATC Vet — QB05AA05.
Pharmacopoeias. In Chin., Jpn, and US. 
Eur. (see p.vii) and Jpn describe Dextran 40 for Injection. 
Ph. Eur. 6.2 (Dextran 40 for Injection). A mixture of polysac-
charides, principally of the α-1,6-glucan type, obtained by hy-
drolysis and fractionation of dextrans produced by fermentation
of sucrose using a certain strain or substrains of Leuconostoc me-
senteroides. The average relative molecular mass is about
40 000. 
A white or almost white powder. Very soluble in water; very
slightly soluble in alcohol. 
USP 31 (Dextran 40). It is derived by controlled hydrolysis and
fractionation of polysaccharides elaborated by the fermentative
action of certain strains of Leuconostoc mesenteroides on a su-
crose substrate. It is a glucose polymer in which the linkages be-
tween glucose units are almost entirely of the α-1:6 type. Its
weight average molecular weight is in the 35 000 to 45 000
range. A 10% solution in water has a pH of 4.5 to 7.0. Store at a
temperature of 25°, excursions permitted between 15° and 30°.
Incompatibility. Incompatibilities may arise from the slightly
acid pH of dextran 40 preparations.
Adverse Effects, Treatment, and Precautions
As for Dextran 70, p.1059. 
Rapid renal excretion of dextran 40 in patients with reduced
urine flow can result in high urinary concentrations which in-
crease urinary viscosity and may cause oliguria or acute renal
failure. Therefore, infusions of dextran 40 are contra-indicated in

renal disease with oliguria; should anuria or oliguria occur dur-
ing treatment dextran 40 should be withdrawn. Dehydration
should preferably be corrected before giving dextran 40. Dextran
40 can cause capillary oozing of wound surfaces.
Effects on the kidneys. Acute renal failure has been associat-
ed with dextran 401-4 and less frequently with dextran 70.1 The
mechanism of the effect is unclear but suggestions include an in-
crease in plasma oncotic pressure that decreases filtration pres-
sure in the glomerulus and hence decreases glomerular filtration
rate,2 obstruction within the tubules,2,4 or a direct toxic effect on
renal cells.4 Plasmapheresis has been used successfully to re-
move dextran from the circulation.2-4

1. Feest TG. Low molecular weight dextran: a continuing cause of
acute renal failure. BMJ 1976; 2: 1300. 

2. Tsang RKY, et al. Acute renal failure in a healthy young adult
after dextran 40 infusion for external-ear reattachment surgery.
Br J Plast Surg 2000; 53: 701–3. 

3. Kato A, et al. Complication of oliguric acute renal failure in pa-
tients treated with low-molecular weight dextran. Ren Fail 2001;
23: 679–84. 

4. Vos SCB, et al. Acute renal failure during dextran-40 antithrom-
botic prophylaxis: report of two microsurgical cases. Ann Plast
Surg 2002; 48: 193–6.

Hypersensitivity. For reports of anaphylactic reactions associ-
ated with use of dextran 40, see Dextran 70, below, and Dextran
1, above.
Pharmacokinetics
After intravenous infusion dextran 40 is slowly metabolised to
glucose. About 70% of a dose is excreted unchanged in the urine
within 24 hours. A small amount is excreted into the gastrointes-
tinal tract and eliminated in the faeces.
Uses and Administration
Dextran 40 is a plasma volume expander used in the manage-
ment of hypovolaemic shock (p.1183). As a 10% solution, dex-
tran 40 exerts a slightly higher colloidal osmotic pressure than
plasma proteins and thus produces a greater expansion of plasma
volume than dextrans of a higher molecular weight, although the
expansion may have a shorter duration because of more rapid
renal excretion. Dextran 40 also reduces blood viscosity and in-
hibits sludging or aggregation of red blood cells. It is used in the
prophylaxis and treatment of postoperative thromboembolic dis-
orders, in conditions where improved circulatory flow is re-
quired, and as a priming solution during extracorporeal circula-
tion. 
Dextran 40 is given by intravenous infusion as a 10% solution in
sodium chloride 0.9% or glucose 5%. Doses depend on the clin-
ical condition of the patient. 
In shock, a maximum of 20 mL/kg during the first 24 hours has
been recommended; the first 10 mL/kg may be given by rapid
intravenous infusion. Doses of up to 10 mL/kg may be given dai-
ly thereafter for up to 5 days. Dehydration should preferably be
corrected before dextran 40 is given. 
In the treatment of thromboembolic disorders a suggested reg-
imen is 500 to 1000 mL over 4 to 6 hours on the first day, then
500 mL over 4 to 6 hours on the next and subsequent alternate
days for not more than 10 days. 
For prophylaxis of postoperative thromboembolic disorders,
500 mL over 4 to 6 hours may be given during or at the end of
surgery and the dose repeated on the next day; treatment may be
continued in high risk patients on alternate days for up to 10 days. 
Infants may be given up to 5 mL/kg and children up to 10 mL/kg. 
A dose of 10 to 20 mL/kg has been added to extracorporeal per-
fusion fluids. 
Dextran 40 is also an ingredient of artificial tears.
Post-dural puncture headache. Dextran 40 has been used in
the treatment of post-dural puncture headache (p.1851) when
other measures, including epidural autologous blood patch, have
been ineffective. Reports1-3 have described dextran 40 given in
an epidural bolus dose of 20 mL. Sometimes this has been fol-
lowed by a continuous epidural infusion of 3 to 4 mL/hour, and
in these cases headache was relieved within 20 hours of starting
the infusion.1,2

1. Aldrete JA. Persistent post-dural-puncture headache treated with
epidural infusion of dextran. Headache 1994; 34: 265–7. 

2. Reynvoet MEJ, et al. Epidural dextran 40 patch for postdural
puncture headache. Anaesthesia 1997; 52: 886–8. 

3. Souron V, Hamza J. Treatment of postdural puncture headaches
with colloid solutions: an alternative to epidural blood patch. An-
esth Analg 1999; 89: 1333–4.

Thromboembolic disorders. Dextran 40 is only one of a va-
riety of drugs that have been used for the prophylaxis of venous
thromboembolism (p.1189) resulting from surgical operations
such as hip replacement surgery. Dextran 40 may be used to pre-
vent thromboembolic complications in some types of vascular
surgery including carotid endarterectomy.1
1. Abir F, et al. Efficacy of dextran solutions in vascular surgery.

Vasc Endovascular Surg 2004; 38: 483–91.
Preparations
BP 2008: Dextran 40 Intravenous Infusion; 
USP 31: Dextran 40 in Dextrose Injection; Dextran 40 in Sodium Chloride
Injection.
Proprietary Preparations (details are given in Part 3)
Austria: Elorheo; Rheofusin†; Rheomacrodex; Braz.: Volumax D 40†; Ca-
nad.: Gentran 40; Cz.: Rheodextran†; Denm.: Rheomacrodex; Ger.: In-
fukoll M 40†; Longasteril 40†; Rheomacrodex†; Gr.: Rheomacrodex†;

Hung.: Rheomacrodex; Israel: Rheomacrodex; Ital.: Eudextran; Plander
R; Solplex 40†; Mex.: Rheomacrodex; Norw.: Rheomacrodex; Philipp.:
LM Dextran; Port.: Neodextril 40; Rus.: Rheomacrodex (Реомакродекс);
Rheopolydex (Реополидекс) ;  Rheopolyglukin with Glucose
(Реополиглюкин С Глюкозой); S.Afr.: Rheomacrodex; Spain: Rheomac-
rodex; Swed.: Perfadex; Rheomacrodex; Switz.: Rheomacrodex†; Thai.:
Onkovertin; Turk.: Rheomacrodex; UK: Gentran 40; USA: Gentran 40;
Rheomacrodex.

Multi-ingredient: Indon.: Otsutran; Port.: Bas-Dextrano; Rus.: Rhe-
ogluman (Реоглюман).

Dextran 60 (BAN, rINN) ⊗ 
Dekstraani 60; Dekstranas 60; Dextrán 60; Dextranum 60.

Декстран 60
CAS — 9004-54-0 (dextran).
ATC — B05AA05.
ATC Vet — QB05AA05.

Pharmacopoeias. Eur. (see p.vii) describes Dextran 60 for In-
jection. 
Ph. Eur. 6.2 (Dextran 60 for Injection). A mixture of polysac-
charides, principally of the α-1,6-glucan type, obtained by hy-
drolysis and fractionation of dextrans produced by fermentation
of sucrose using a certain strain or substrains of Leuconostoc me-
senteroides. The average relative molecular mass is about
60 000. 
A white or almost white powder. Very soluble in water; very
slightly soluble in alcohol.

Incompatibility. Incompatibilities may arise from the slightly
acid pH of dextran 60 preparations.

Profile
Dextran 60 is a plasma volume expander with actions and uses
similar to those of dextran 70 (below). It is given by intravenous
infusion as a 3 or 6% solution in sodium chloride 0.9% or a mix-
ture of electrolytes. 
Dextran 60 is also used topically for dry eyes.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Macrodex; Ger.: Macrodex†; Hung.: Macrodex; Mex.: Res-
cuesol†; Norw.: Plasmodex; Swed.: Plasmodex.

Dextran 70 (BAN, USAN, rINN) ⊗ 
Dekstraani 70; Dekstran 70; Dekstranas 70; Dextrán 70; Dextra-
num 70; Polyglucin (dextran).

Декстран 70
CAS — 9004-54-0 (dextran).
ATC — B05AA05.
ATC Vet — QB05AA05.

Pharmacopoeias. In Chin., Jpn, and US. 
Eur. (see p.vii) describes Dextran 70 for Injection. 
Ph. Eur. 6.2 (Dextran 70 for Injection). A mixture of polysac-
charides, principally of the α-1,6-glucan type, obtained by hy-
drolysis and fractionation of dextrans produced by fermentation
of sucrose using a certain strain or substrains of Leuconostoc me-
senteroides. The average relative molecular mass is about
70 000. 
A white or almost white powder. Very soluble in water; very
slightly soluble in alcohol. 
USP 31 (Dextran 70). It is derived by controlled hydrolysis and
fractionation of polysaccharides elaborated by the fermentative
action of certain appropriate strains of Leuconostoc mesenter-
oides on a sucrose substrate. It is a glucose polymer in which the
linkages between glucose units are almost entirely of the α-1:6
type. Its weight average molecular weight is in the 63 000 to
77 000 range. A 6% solution in water has a pH of 4.5 to 7.0. Store
at a temperature of 25°, excursions permitted between 15° and
30°.

Incompatibility. Incompatibilities may arise from the slightly
acid pH of dextran 70 preparations.

Storage. Crystals may form in solutions of dextran if they are
stored at low temperatures. These may be redissolved by warm-
ing for a short time.

Adverse Effects and Treatment
Infusions of dextrans may occasionally produce hyper-
sensitivity reactions such as fever, nasal congestion,
joint pains, urticaria, hypotension, and bronchospasm.
Severe anaphylactic reactions occur rarely and may be
fatal. Dextran-reactive antibodies have been detected
in patients who have not previously received dextran.
This may possibly be in response to dietary or bacterial
polysaccharides. Nausea and vomiting have also been
reported. These reactions are treated symptomatically
after withdrawal of the dextran. 
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Dextran 1 (p.1058) may be used to block the formation
of dextran-reactive antibodies and hence the hypersen-
sitivity reactions.
Effects on the blood. A syndrome of acute hypotension, pul-
monary oedema, coagulopathy, and anaemia, has occurred after
the intra-uterine instillation of 32% solution of dextran 70 for
hysteroscopy.1 The volumes of solution that were used in 10 re-
ported cases ranged from 300 to 1200 mL, and these large vol-
umes may have contributed to the intravascular absorption of
dextran. The pathogenesis and role of dextran in this syndrome
are unclear but suggestions have included acute volume over-
load, direct alveolar endothelial damage, and release of tissue
factors that promote fibrinolysis and a consumptive coagulopa-
thy.
1. Ellingson TL, Aboulafia DM. Dextran syndrome: acute hypoten-

sion, noncardiogenic pulmonary edema, anemia, and coagulopa-
thy following hysteroscopic surgery using 32% dextran 70.
Chest 1997; 111: 513–18.

Effects on the kidneys. For a report of acute renal failure as-
sociated with use of dextran 70, see Dextran 40, above.
Hypersensitivity. In a retrospective study of allergic reactions
to dextran 40 and dextran 70 reported in Sweden from 1970 to
1979,1 there were 478 reports of reactions, 458 of which were
considered to be due to dextran, out of 1 365 266 infusions given.
There was a male to female ratio of 1.5 to 1 for all reactions and
a ratio of 3 to 1 for the most severe reactions. The mean age of
the patients was higher in those with severe reactions. Of the 28
fatal reactions, 27 occurred within 5 minutes of the start of the
infusion and 25 when less than 25 mL had been infused. Three
of the fatal reactions occurred after a test dose of only 0.5 to 1 mL
and it was strongly recommended that such test doses should not
be used. 
An anaphylactic reaction has also been reported2 more than 75
minutes after intraperitoneal instillation. After successful symp-
tomatic treatment symptoms recurred 20 minutes later, due to
slow absorption of dextran from the peritoneal cavity. No further
reaction occurred after removal of 200 mL of intraperitoneal flu-
id by culdocentesis. 
Anaphylactoid reactions after BCG vaccination have been attrib-
uted to hypersensitivity to dextran in the formulation.3 
The use of dextran 1 for the prevention of hypersensitivity reac-
tions is discussed under that monograph (p.1058).
1. Ljungström K-G, et al. Adverse reactions to dextran in Sweden

1970–1979. Acta Chir Scand 1983; 149: 253–62. 
2. Borten M, et al. Recurrent anaphylactic reaction to intraperito-

neal dextran 75 used for prevention of postsurgical adhesions.
Obstet Gynecol 1983; 61: 755–7. 

3. Rudin C, et al. Anaphylactoid reaction to BCG vaccine contain-
ing high molecular weight dextran. Eur J Pediatr 1995; 154:
941–2.

Precautions
Dextran infusions produce a progressive dilution of
oxygen-carrying capacity, coagulation factors, and
plasma proteins and may overload the circulation.
They are therefore contra-indicated in patients with se-
vere heart failure, bleeding disorders such as hypofi-
brinogenaemia or thrombocytopenia, or renal failure
and should be used with caution in patients with renal
impairment, haemorrhage, chronic liver disease, or
those at risk of developing pulmonary oedema or heart
failure. Central venous pressure should be monitored
during the initial period of infusion to detect fluid over-
load. Also patients should be watched closely during
the early part of the infusion period, and the infusion
stopped immediately if signs of anaphylactic reactions
appear. Infusions should also be stopped if there are
signs of oliguria or renal failure. The haematocrit
should not be allowed to fall below 30% and all pa-
tients should be observed for early signs of bleeding
complications. The bleeding time may be increased es-
pecially in patients receiving large volumes of dex-
trans. Deficiency of coagulation factors should be cor-
rected and fluid and electrolyte balance maintained.
Dehydration should be corrected before or at least dur-
ing dextran infusions, in order to maintain an adequate
urine flow. 
The anticoagulant effect of heparin may be enhanced
by dextran. 
The higher molecular weight dextrans may interfere
with blood grouping and cross-matching of blood,
while the lower molecular weight dextrans may inter-
fere with some methods. Therefore, whenever possi-
ble, a sample of blood should be collected before giv-
ing the dextran infusion and kept frozen in case such
tests become necessary. 

The presence of dextran may interfere with the deter-
mination of glucose, bilirubin, or protein in blood.

Pharmacokinetics
After intravenous infusion dextrans with a molecular
weight of less than 50 000 are excreted unchanged by
the kidney. Dextrans with a molecular weight greater
than 50 000 are slowly metabolised to glucose. Small
amounts of dextrans are excreted into the gastrointesti-
nal tract and eliminated in the faeces. 
About 50% of dextran 70 is excreted unchanged in the
urine within 24 hours.

Uses and Administration
Dextran 70 is a plasma volume expander used in the
management of hypovolaemic shock (p.1183). As a
6% solution dextran 70 exerts a colloidal osmotic pres-
sure similar to that of plasma proteins and thus produc-
es less expansion of plasma volume than dextrans of a
lower molecular weight, although the expansion may
have a longer duration because of less rapid renal ex-
cretion. Dextran 70 also reduces blood viscosity, inter-
feres with fibrin polymerisation, has an antiplatelet ef-
fect, and inhibits sludging or aggregation of red blood
cells. It may be used in the prophylaxis of postopera-
tive thromboembolic disorders (p.1189). 
Dextran 70 is given by intravenous infusion as a 6%
solution, usually in sodium chloride 0.9% or glucose
5%. 
Doses depend on the severity of the plasma loss and on
the degree of haemoconcentration. 
In shock, the usual initial dose for rapid expansion of
plasma volume is 500 to 1000 mL infused at a rate of
20 to 40 mL/minute. A suggested maximum dose is
20 mL/kg during the first 24-hour period and
10 mL/kg per day thereafter; treatment should not con-
tinue for longer than 3 days. Patients may also require
blood, coagulation factors, and electrolytes. A hyper-
tonic solution of 6% dextran 70 in sodium chloride
7.5% is also available for use as a plasma expander,
given in a single intravenous dose of 250 mL over 2 to
5 minutes, followed by isotonic fluids as required. 
For the prophylaxis of pulmonary embolism or venous
thrombosis in moderate- to high-risk patients under-
going surgery, a dose of 500 to 1000 mL may be given
over 4 to 6 hours either during or immediately after sur-
gery. A dose of 500 mL should be given on the next
day and in high-risk patients on subsequent alternate
days for up to 2 weeks after the operation. 
A 32% solution of dextran 70 has been instilled into the
uterus in a dose of 50 to 100 mL as a rinsing and dila-
tation fluid to aid hysteroscopy. 
Dextran 70 is also an ingredient of artificial tears.
Hypertonic solutions. There is some evidence to suggest that
hypertonic solutions of dextran 70 in sodium chloride 7.5% may
be an effective treatment option for hypovolaemic shock result-
ing from trauma.1,2

1. Wade CE, et al. Efficacy of hypertonic 7.5% saline and 6% dex-
tran-70 in treating trauma: a meta-analysis of controlled clinical
studies. Surgery 1997; 122: 609–16. 

2. Alpar EK, Killampalli VV. Effects of hypertonic dextran in hy-
povolaemic shock: a prospective clinical trial. Injury 2004; 35:
500–506.

Preparations
BP 2008: Dextran 70 Intravenous Infusion; 
USP 31: Dextran 70 in Dextrose Injection; Dextran 70 in Sodium Chloride
Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Hyskon; Braz.: Volumax D 70†; Canad.: Gentran 70; Cz.: Ten-
siton†; Denm.: Macrodex; RescueFlow; Fin.: RescueFlow; Ger.: Longasteril
70†; RescueFlow†; Israel: Macrodex; Ital.: Plander; Solplex 70†; Mex.:
Macrodex†; Neth.: RescueFlow; Norw.: Macrodex; RescueFlow; Port.:
Neodextril 70; RescueFlow; S.Afr.: Macrodex; RescueFlow; Swed.: Macro-
dex; RescueFlow; Switz.: Dialens; Macrodex†; Turk.: Macrodex; UK: Gen-
tran 70; RescueFlow; USA: Gentran 70; Hyskon; Macrodex; Venez.: Lacri-
dos; Lacrimart; Lagrimas Artificiales.

Multi-ingredient: Arg.: Alcon Lagrimas; Kalopsis Lagrimas; Phoenix La-
grimas; Tears Naturale; Visine Plus; Austral.: Bion Tears; Opti-Free Com-
fort†; Poly-Tears; Tears Naturale; Visine Advanced Relief; Belg.: Alcon Ad-
equad; Lacrystat; Tears Naturale; Braz.: Lacribell; Lacrima Plus; Lacrima†;
Trisorb; Canad.: Artificial Tears; Bion Tears; Tears Naturale; Tears Naturale
Forte; Visine Advance Triple Action; Chile: Lagrimas Artificiales; Napht-
ears; Nico Drops; Nicotears; Tears Naturale; Cz.: Tears Naturale; Denm.:
Dacriosol; Ger.: Isopto Naturale; Gr.: Tears Naturale; Hong Kong: Bion
Tears; Tears Naturale Forte; Hung.: Dacrolux; Tears Naturale; Indon.: Isot-

ic Tearin; Tears; Tears Naturale II; Irl.: Tears Naturale; Israel: Tears Natu-
rale; Ital.: Dacriosol; Malaysia: Bion Tears; Dacrolux; Tears Naturale;
Mex.: Lacrima Plus; Naphtears; Naturalag; Tears Naturale; Visine Extra;
Neth.: Duratears; Norw.: Tears Naturale; NZ: Poly-Tears; Tears Naturale;
Visine Advanced Relief; Philipp.: Gentle Tears; Tears Naturale; Pol.: Tears
Naturale; Port.: Tears Naturale†; Rus.: Tears Naturale (Слеза
Натуральная); S.Afr.: Tears Naturale; Singapore: Bion Tears; Dacrolux†;
Tears Naturale; Spain: Dacrolux; Tears Humectante; Swed.: Bion Tears;
Switz.: Tears Naturale; Thai.: Bion Tears; Tears Naturale; Turk.: Dacrolux;
Tears Naturale; UK: Tears Naturale; USA: Advanced Relief Visine; Aqua-
site†; Bion Tears; Lacri-Tears; LubriTears; Moisture Drops; Nature’s Tears;
Ocucoat; Tears Naturale; Tears Renewed.

Dextran 75 (BAN, USAN, rINN) ⊗ 
Dextrán 75; Dextranum 75.
Декстран 75
CAS — 9004-54-0 (dextran).
ATC — B05AA05.
ATC Vet — QB05AA05.

Profile
Dextran 75 consists of dextrans (glucose polymers) of weight av-
erage molecular weight about 75 000 that are derived from the
dextrans produced by the fermentation of sucrose by means of a
certain strain of Leuconostoc mesenteroides. 
Dextran 75 is a plasma volume expander with actions and uses
similar to dextran 70 (p.1059). It is given by intravenous infusion
as a 6% solution in sodium chloride 0.9% or glucose 5%.

Ecallantide (USAN, rINN)

DX-88; Ecalantida; Écallantide; Ecallantidum. Human plasma kal-
likrein-inhibitor (synthetic protein).
Экальлантид
CAS — 460738-38-9.

Profile
Ecallantide is a recombinant inhibitor of human plasma kal-
likrein. It is under investigation in the management of hereditary
angioedema (p.1081).
◊ Reviews.
1. Levy JH, O’Donnell PS. The therapeutic potential of a kallikrein

inhibitor for treating hereditary angioedema. Expert Opin Invest
Drugs 2006; 15: 1077–90.

Eltrombopag (rINN)

Eltrombopagum. 3′-{(2Z)-2-[1-(3,4-Dimethylphenyl)-3-methyl-
5-oxo-1,5-dihydro-4H-pyrazol-4-ylidene]diazanyl}-2′-hydroxybi-
phenyl-3-carboxylic acid.
Элтромбопаг
C25H22N4O4 = 442.5.
CAS — 496775-61-2.

Eltrombopag Olamine (USAN, rINNM)

Eltrombopag olamina; Eltrombopagum Olaminum; SB-497115-
GR. 3′-{(2Z)-2-[1-(3,4-Dimethylphenyl)-3- methyl-5-oxo-1,5-di-
hydro-4H-pyrazol-4-ylidene]diazanyl}-2′-hydroxybiphenyl-3-car-
boxylic acid compound with 2-aminoethanol (1:2).
Элтромбопаг Оламин
C25H22N4O4,2(C2H7NO) = 564.6.
CAS — 496775-62-3.

Profile
Eltrombopag is a non-peptide thrombopoietin receptor agonist. It
is under investigation as a platelet growth factor given orally for
the management of thrombocytopenia in patients with hepatitis
C infection, and in idiopathic thrombocytopenic purpura.
◊ References.
1. McHutchison JG, et al. Eltrombopag for thrombocytopenia in

patients with cirrhosis associated with hepatitis C. N Engl J Med
2007; 357: 2227–36. 

2. Bussel JB, et al. Eltrombopag for the treatment of chronic idio-
pathic thrombocytopenic purpura. N Engl J Med 2007; 357:
2237–47.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Epoetins ⊗ 
Epoetinas.
ATC — B03XA01.
ATC Vet — QB03XA01.

Description. Erythropoietin is a glycosylated protein hormone
and a haematopoietic growth factor produced primarily in the
kidneys. 
Erythropoietin for clinical use is produced by recombinant DNA
technology and the name epoetin is often applied to such materi-
al. Epoetin alfa, epoetin beta, epoetin gamma, epoetin omega,
and epoetin zeta are recombinant human erythropoietins derived
from a cloned human erythropoietin gene. All have the same 165
amino acid sequence but differ in the glycosylation pattern. Epo-
etin delta is a recombinant human erythropoietin derived from a
genetically engineered continuous human cell line. It has the
same amino acid sequence and glycosylation pattern as human
erythropoietin.
Pharmacopoeias. Eur. (see p.vii) includes Erythropoietin
Concentrated Solution. 
Ph. Eur. 6.2 (Erythropoietin Concentrated Solution). A clear or
slightly turbid colourless solution, containing 0.05 to 1% of glyc-
oproteins indistinguishable from naturally occurring human
erythropoietin in terms of amino acid sequence and glycosyla-
tion pattern. It has a potency of not less than 100 000 units per
mg of active substance. Store in airtight containers below −20°
and avoid repeated freezing and thawing.

Epoetin Alfa (BAN, USAN, rINN) ⊗ 
EPO; Epoetina alfa; Époétine Alfa; Epoetinum Alfa. 1–165-Eryth-
ropoietin (human clone λHEPOFL13 protein moiety), glycoform
α.
Эпоэтин Альфа
CAS — 113427-24-0.
ATC — B03XA01.
ATC Vet — QB03XA01.

Epoetin Beta (BAN, USAN, rINN) ⊗ 
BM-06.019; EPOCH; Epoetina beta; Époétine Bêta; Epoetinum
Beta. 1–165-Erythropoietin (human clone λHEPOFL13 protein
moiety), glycoform β.
Эпоэтин Бета
CAS — 122312-54-3.
ATC — B03XA01.
ATC Vet — QB03XA01.

Epoetin Delta (USAN, rINN) ⊗ 
Epoetina delta; Époétine Delta; Epoetinum Delta; GA-EPO;
HMR-4396. 1–165-Erythropoietin (human HMR4396), glyco-
form δ.
Эпоетин Дельта
CAS — 261356-80-3.
ATC — B03XA01.
ATC Vet — QB03XA01.

Epoetin Gamma (BAN, rINN) ⊗ 
BI-71.052; Epoetina gamma; Époétine Gamma; Epoetinum Gam-
ma. 1–165-Erythropoietin (human clone λHEPOFL13 protein
moiety), glycoform γ.
Эпоэтин Гамма
CAS — 130455-76-4.
ATC — B03XA01.
ATC Vet — QB03XA01.

Epoetin Omega (rINN) ⊗ 
Epoetina omega; Époétine Oméga; Epoetinum Omega. 1–165-
Erythropoietin (human clone λHEPOFL13 protein moiety), gly-
coform ω.
Эпоэтин Омега
CAS — 148363-16-0.
ATC — B03XA01.
ATC Vet — QB03XA01.

Epoetin Zeta (rINN) ⊗ 
Epoetina Dseta; Époétine Zêta; Epoetinum Zeta. 1–165-Eryth-
ropoietin (human clone B03XA01), glycoform ζ.
Эпоетин Цета
CAS — 604802-70-2.
ATC — B03XA01.
ATC Vet — QB03XA01.

Stability. Proprietary preparations of recombinant human eryth-
ropoietin may contain albumin or amino acids for stability. Use
in neonates may necessitate making very dilute solutions. A
study of the stability of epoetin alfa in various intravenous fluids1

found that a minimum of 0.05% protein was required to prevent
loss of drug from solutions containing epoetin alfa 0.1 units/mL.
In another study,2 0.0125% albumin was sufficient to prevent
loss of drug from a solution containing epoetin alfa
100 units/mL. Epoetin alfa was stable for up to 24 hours in a so-
lution for enteral use in neonates, formulated to mimic amniotic

fluid, which also contained filgrastim and electrolytes.3 Epoetin
alfa and filgrastim were stable for at least 24 hours when refrig-
erated and for at least 3 weeks when frozen. At room temperature
epoetin alfa was stable for 24 hours and filgrastim was stable for
18 hours. Lowered epoetin alfa concentrations were thought to
be due to adsorption to the plastic infusion bag or tubing, and this
was overcome by priming the tubing.
1. Ohls RK, Christensen RD. Stability of human recombinant epo-

etin alfa in commonly used neonatal intravenous solutions. Ann
Pharmacother 1996; 30: 466–8. 

2. Widness JA, Schmidt RL. Comment: epoetin alfa loss with NaCl
0.9% dilution. Ann Pharmacother 1996; 30: 1501–2. 

3. Calhoun DA, et al. Stability of filgrastim and epoetin alfa in a
system designed for enteral administration in neonates. Ann
Pharmacother 2000; 34: 1257–61.

Adverse Effects and Treatment
Adverse effects of epoetins include flu-like symptoms
such as fever, chills, headache, arthralgias, myalgias,
asthenia, dizziness, and tiredness, which occur espe-
cially at the start of treatment. Other effects include
rashes, urticaria, nausea and vomiting, diarrhoea, hy-
perkalaemia, and reactions at the injection site. Severe
hypersensitivity reactions have been reported rarely.
Pure red cell aplasia associated with neutralising anti-
bodies has also been reported rarely in patients with
chronic renal failure. Modest increases in the platelet
count within the normal range may occur during epoe-
tin therapy. 
Hypertension is common with the use of epoetins, par-
ticularly in patients with renal failure, and is associated
with a rapid rise in haematocrit. Hypertensive crisis
with encephalopathy and seizures has been reported,
even in patients with initially normal or low blood
pressure. 
Reports of thromboembolism include myocardial is-
chaemia and infarction, transient ischaemic attacks and
cerebrovascular accidents, deep-vein thrombosis, and
pulmonary embolism. Shunt thromboses may occur in
the arteriovenous fistulae of dialysis patients, and oc-
clusion of the dialysis system is possible, due to an in-
creased haematocrit.
◊ General references.
1. Sowade B, et al. The safety of treatment with recombinant hu-

man erythropoietin in clinical use: a review of controlled studies.
Int J Mol Med 1998; 1: 303–14. 

2. Vaziri ND. Mechanism of erythropoietin-induced hypertension.
Am J Kidney Dis 1999; 33: 821–8. 

3. Smith KJ, et al. The cardiovascular effects of erythropoietin.
Cardiovasc Res 2003; 59: 538–48.

Effects on the blood. The use of recombinant human erythro-
poietin has been associated with an increase in thrombotic
events, including vascular access thrombosis in haemodialysis
patients. A number of mechanisms have been proposed for this
increase such as increased blood viscosity, effects on proteins in-
volved in coagulation, activation of platelets and the endotheli-
um, and a vasoconstrictor effect on vascular smooth muscle.1 
Pure red cell aplasia has been reported rarely in patients with
chronic renal failure after months to years of treatment with epo-
etin alfa; most patients have been found to have antibodies to
epoetins.2 There have also been a few cases in patients treated
with epoetin beta.3-5 A review5 of cases reported between Janu-
ary 1988 and April 2004 found that the number peaked in 2001
and 2002, and decreased rapidly when changes were made to
recommendations for storage, handling, and use of epoetin alfa
preparations. The effect appeared to be brand specific6-8 and as-
sociated particularly with the subcutaneous use of preparations
containing polysorbate 80 as a stabiliser.9 Other possible causes
have been proposed including contamination with silicone lubri-
cant used in pre-filled syringes or release of organic compounds
from rubber plungers.10 Subsequently, manufacturers have re-
ported that cases of red cell aplasia with neutralising antibodies
have also occurred in chronic renal failure patients treated with
subcutaneous darbepoetin alfa.11 They also warn that because of
cross-reactivity, patients who develop antibody-mediated anae-
mia with either an epoetin or darbepoetin alfa should not be
swapped to another erythropoietic protein. 
Epoetin-induced red cell aplasia has been managed with with-
drawal of the epoetin and treatment with immunosuppressants
including corticosteroids, cyclophosphamide, and ciclosporin.
Intravenous normal immunoglobulin has also been used. Kidney
transplantation is reported to bring about a rapid recovery.10,12

1. Smith KJ, et al. The cardiovascular effects of erythropoietin.
Cardiovasc Res 2003; 59: 538–48. 

2. Casadevall N, et al. Pure red-cell aplasia and antierythropoietin
antibodies in patients treated with recombinant erythropoietin.
N Engl J Med 2002; 346: 469–75. 

3. Krüger A, et al. PRCA in a patient treated with epoetin beta.
Nephrol Dial Transplant 2003; 18: 1033–4. 

4. Tolman C, et al. Four cases of pure red cell aplasia secondary to
epoetin β, with strong temporal relationships. Nephrol Dial
Transplant 2004; 19: 2133–6. 

5. Bennett CL, et al. Pure red-cell aplasia and epoetin therapy. N
Engl J Med 2004; 351: 1403–8. 

6. Gershon SK, et al. Pure red-cell aplasia and recombinant eryth-
ropoietin. N Engl J Med 2002; 346: 1584–5. 

7. Casadevall N, Mayeux P. Pure red-cell aplasia and recombinant
erythropoietin. N Engl J Med 2002; 346: 1585. Correction.
ibid.; 347: 458. 

8. Macdougall IC. Pure red cell aplasia with anti-erythropoietin
antibodies occurs more commonly with one formulation of epo-
etin alfa than another. Curr Med Res Opin 2004; 20: 83–6. 

9. Janssen-Ortho. Important drug safety information: Eprex (epo-
etin alfa) sterile solution revised prescribing information for pa-
tients with chronic renal failure (January 13, 2004). Available
at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/eprex_3_hpc-cps-eng.pdf (accessed 29/08/08) 

10. Rossert J, et al. Anti-erythropoietin antibodies and pure red cell
aplasia. J Am Soc Nephrol 2004; 15: 398–406. 

11. Amgen USA. Aranesp (darbepoetin alfa), November 2005.
Available at: http://www.fda.gov/medwatch/safety/2005/
Aranesp_DHCP.pdf (accessed 11/04/06) 

12. Verhelst D, et al. Treatment of erythropoietin-induced pure red
cell aplasia: a retrospective study. Lancet 2004; 363: 1768–71.

Effects on electrolytes. Hyperkalaemia and hyperphospha-
taemia may occur in patients receiving recombinant human
erythropoietin. However, hypophosphataemia has also been re-
ported in cirrhotic patients given erythropoietin before autolo-
gous blood donation.1
1. Kajikawa M, et al. Recombinant human erythropoietin and hy-

pophosphatemia in patients with cirrhosis. Lancet 1993; 341:
503–4.

Effects on mental function. Visual hallucinations occurred in
4 patients during treatment with recombinant human erythropoi-
etin, stopped when treatment was withdrawn, and recurred in 2
patients when erythropoietin was reinstituted.1 Commenting on
these and a further 7 cases,2 the manufacturers considered the
reaction to be extremely rare and that the contribution of concur-
rent medication could not be discounted. In two groups of dialy-
sis patients treated with recombinant human erythropoietin, 15 of
134 and 2 of 103 experienced visual hallucinations.3 Increasing
age appeared to be a risk factor. Hallucination, associated with
hypertension, has occurred during epoetin therapy in a patient
with a history of bone marrow transplantation.4
1. Steinberg H. Erythropoietin and visual hallucinations. N Engl J

Med 1991; 325: 285. 
2. Stead RB. Erythropoietin and visual hallucinations. N Engl J

Med 1991; 325: 285. 
3. Steinberg H, et al. Erythropoietin and visual hallucinations in

patients on dialysis. Psychosomatics 1996; 37: 556–63. 
4. van den Bent MJ, et al. Erythropoietin induced visual hallucina-

tions after bone marrow transplantation. J Neurol 1999; 246:
614–16.

Effects on the skin. Skin rashes may occur during treatment
with recombinant human erythropoietin. 
Pseudoporphyria cutanea tarda, a photosensitivity disorder, has
been reported in 2 children undergoing peritoneal dialysis and
receiving erythropoietin.1 However, it was pointed out that this
disorder has occurred in adults undergoing dialysis and the chil-
dren were also receiving other potential photosensitisers.
1. Harvey E, et al. Pseudoporphyria cutanea tarda: two case reports

on children receiving peritoneal dialysis and erythropoietin ther-
apy. J Pediatr 1992; 121: 749–52.

Effects on the spleen. Aggravation of splenomegaly was re-
ported in 2 patients with myeloproliferative disorders after use of
recombinant human erythropoietin.1 Splenic infarction has been
reported in a patient with aplastic anaemia given erythropoietin,2
and peliosis of the spleen was discovered at autopsy in a patient
with end-stage renal failure who had been receiving erythropoi-
etin.3
1. Iki S, et al. Adverse effect of erythropoietin in myeloprolifera-

tive disorders. Lancet 1991; 337: 187–8. 
2. Imashuku S, et al. Splenic infarction after erythropoietin thera-

py. Lancet 1993; 342: 182–3. 
3. Lam KY, et al. Peliosis of the spleen: possible association with

chronic renal failure and erythropoietin therapy. Postgrad Med J
1995; 71: 493–6.

Effects of subcutaneous injection. Localised pain can occur
on subcutaneous injection of human recombinant erythropoietin.
In comparisons of preparations it has been suggested that differ-
ent excipients may affect this.1-5 It has generally been reported
that epoetin alfa preparations containing citrate buffer are more
painful than those with phosphate buffer, and that epoetin beta
preparations are less painful than epoetin alfa preparations.
1. Frenken LAM, et al. Assessment of pain after subcutaneous in-

jection of erythropoietin in patients receiving haemodialysis.
BMJ 1991; 303: 288. 

2. Lui SF, et al. Pain after subcutaneous injection of erythropoietin.
BMJ 1991; 303: 856. 

3. Yu AW, et al. Pain perception following subcutaneous injections
of citrate-buffered and phosphate-buffered epoetin alfa. Int J Ar-
tif Organs 1998; 21: 341–3. 

4. Veys N, et al. Pain at the injection site of subcutaneously admin-
istered erythropoietin: phosphate-buffered epoetin alpha com-
pared to citrate-buffered epoetin alpha and epoetin beta. Clin Ne-
phrol 1998; 49: 41–4. 

5. Cumming MN, et al. Subcutaneous erythropoietin alpha (Eprex)
is more painful than erythropoietin beta (Recormon). Nephrol
Dial Transplant 1998; 13: 817.

Treatment of adverse effects. Venesection1 and
erythropheresis2 have been used to treat raised haematocrit and
haemoglobin concentrations caused by recombinant human
erythropoietin overdose. Venesection also successfully reduced
the blood pressure in 4 patients with life-threatening hyperten-
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sion associated with recombinant human erythropoietin treat-
ment.3 None of the patients had a raised haematocrit and the hy-
pertension had been unresponsive to antihypertensive therapy.
1. Brown KR, et al. Recombinant erythropoietin overdose. Am J

Emerg Med 1993; 11: 619–21. 
2. Hoffman RS, et al. Erythropoietin overdose treated with emer-

gent erythropheresis. Vet Hum Toxicol 2002; 44: 157–9. 
3. Fahal IH, et al. Phlebotomy for erythropoietin-associated malig-

nant hypertension. Lancet 1991; 337: 1227.

Precautions
Epoetins should be used with caution in patients with
hypertension, a history of seizures, thrombocytosis,
chronic hepatic impairment, ischaemic vascular dis-
ease, or in patients with malignant tumours. Hyperten-
sion should be well controlled before treatment is start-
ed and blood pressure monitored during treatment. 
Response to epoetins may be diminished by iron defi-
ciency, infection or inflammatory disorders, haemoly-
sis, or aluminium intoxication. Anaemia due to folic
acid and vitamin B12 deficiencies should also be ex-
cluded, since these may also reduce the response. Pa-
tients developing sudden lack of efficacy should be in-
vestigated. If pure red cell aplasia is diagnosed
treatment should be stopped and testing for epoetin an-
tibodies considered; patients should not be transferred
to another epoetin. 
Patients undergoing dialysis may require increased
doses of heparin in view of the increase in packed cell
volume. 
Platelet counts, haemoglobin concentrations, and se-
rum-potassium concentrations should be monitored
regularly. 
Dosage must be carefully controlled to avoid too fast
an increase in haematocrit and haemoglobin, and rec-
ommended values should not be exceeded because of
the increased risks of hypertension and thrombotic
events. 
For reference to the uncertainty of the effect of epoetins
on tumour progression and progression-free survival
when used in patients with cancer, see under Anaemias
in Uses and Administration, p.1063.
Abuse. The potential dangers from abuse of recombinant hu-
man erythropoietin by athletes have been reviewed.1 Normally,
optimal athletic conditioning leads to little change in red cell vol-
ume but a significant increase in plasma volume and total blood
volume. In contrast, the artificial increase in the red cell mass
induced by epoetin is usually accompanied by a decrease in plas-
ma volume and no change in total blood volume. Lack of medi-
cal supervision and fluid loss during endurance events increase
the risk of serious adverse consequences of these changes in
blood viscosity produced by such misuse of epoetin. In one
case,2 cerebral sinus thrombosis in a cyclist was attributed to the
combined use of epoetin, human growth hormone, and high dos-
es of vitamins A and E.
1. Spivak JL. Erythropoietin use and abuse: when physiology and

pharmacology collide. Adv Exp Med Biol 2001; 502: 207–24. 
2. Lage JMM, et al. Cyclist’s doping associated with cerebral sinus

thrombosis. Neurology 2002; 58: 665.

Haematocrit and haemoglobin. A study1 involving 1233
patients undergoing haemodialysis and suffering from heart fail-
ure or ischaemic heart disease found that erythropoietin in doses
sufficient to increase haematocrit to 42% (within the normal
range) was associated with lack of benefit and a trend towards
increased mortality when compared with doses sufficient to
maintain a lower haematocrit of around 30%. However, these re-
sults are difficult to interpret, since within each group, increased
haematocrit was associated with lower mortality, despite the be-
tween-group differences. The possibility that intravenous iron
supplementation might have contributed to these adverse results
was considered, but commentators suggested that until further
data were available aiming for a haematocrit of 33 to 36%, and
using intravenous iron supplementation where necessary, was
still appropriate.2 
Two studies have looked at the effects of adjusting haemoglobin
to different concentrations in patients with chronic renal impair-
ment who did not yet need dialysis. In the CHOIR study3 of 1432
patients, epoetin alfa was used to adjust haemoglobin to either
11.3 or 13.5 g per 100 mL. The risk of cardiovascular complica-
tions, particularly death and hospitalisation for congestive heart
failure, was increased in the group with the higher haemoglobin
target, without any additional improvement in quality of life. The
CREATE study4 included 603 patients who were treated with
epoetin beta to adjust haemoglobin to either 13.0 to 15.0 g per
100 mL or 10.5 to 11.5 g per 100 mL. Although the measures for
quality of life were better in the group adjusted to the higher tar-
get and there was no statistically significant difference between

the groups in the risk of cardiovascular complications, there was
a trend towards a more favourable outcome in the low-target
group. The FDA subsequently issued a reminder5 that in patients
receiving epoetins or darbepoetin alfa, a target haemoglobin
range of 10 to 12 g per 100 mL is recommended, and that hae-
moglobin concentrations and blood pressure should be moni-
tored.
1. Besarab A, et al. The effects of normal as compared with low

hematocrit values in patients with cardiac disease who are re-
ceiving hemodialysis and epoetin. N Engl J Med 1998; 339:
584–90. 

2. Adamson JW, Eschbach JW. Erythropoietin for end-stage renal
disease. N Engl J Med 1998; 339: 625–7. 

3. Singh AK, et al. Correction of anemia with epoetin alfa in chron-
ic kidney disease. N Engl J Med 2006; 355: 2085–98. 

4. Drüeke TB, et al. Normalization of hemoglobin level in patients
with chronic kidney disease and anemia. N Engl J Med 2006;
355: 2071–84. 

5. FDA. Information for healthcare professionals: erythropoiesis
stimulating agents (ESA) [Aranesp (darbepoetin), Epogen (epo-
etin alfa), and Procrit (epoetin alfa)] (issued 16/11/06). Available
a t :  h t t p : / / ww w. fda .g ov /cd e r / d ru g / In foSh ee t s / HC P/
RHE_HCP.htm (accessed 20/11/06)

Resistance. Many factors may contribute to a poor response to
recombinant human erythropoietin (see Precautions, above). A
study in patients with anaemia of end-stage renal disease1 found
that inadequate dialysis was associated with a reduced response
to erythropoietin treatment. The dialysis time and mode of dial-
ysis may also influence response to erythropoietin therapy.2 An-
tibodies to recombinant human erythropoietin have also been re-
ported.3,4 Delayed clinical response to recombinant human
erythropoietin in a patient5 could have been due to an inherited
subclinical pyruvate kinase deficiency.
1. Ifudu O, et al. The intensity of hemodialysis and the response to

erythropoietin in patients with end-stage renal disease. N Engl J
Med 1996; 334: 420–5. 

2. Locatelli F, et al. The modality of dialysis treatment: does it in-
fluence the response to erythropoietin treatment? Nephrol Dial
Transplant 2001; 16: 1971–4. 

3. Peces R, et al. Antibodies against recombinant human erythro-
poietin in a patient with erythropoietin-resistant anemia. N Engl
J Med 1996; 335: 523–4. 

4. Viron B, et al. Anticorps anti-érythropoïétine humaine recom-
binante: une cause exceptionnelle de résistance à l’érythropoïé-
tine. Nephrologie 2002; 23: 19–22. 

5. Zachée P, et al. Pyruvate kinase deficiency and delayed clinical
response to recombinant human erythropoietin treatment. Lancet
1989; i: 1327–8.

Pharmacokinetics
Epoetins exhibit some differences in their pharmacok-
inetics, possibly due to differences in glycosylation and
in the formulation of the commercial preparations. 
Epoetin alfa is slowly and incompletely absorbed after
subcutaneous injection, and a relative bioavailability of
about 10 to 20% has been reported. Peak concentra-
tions after epoetin alfa intravenously are attained with-
in 15 minutes, and within 5 to 24 hours after subcuta-
neous injection. 
The elimination half-life of epoetin alfa after intrave-
nous doses has been reported to be 4 to 13 hours in pa-
tients with chronic renal failure; the half-life is general-
ly less in patients with normal renal function. An
estimated elimination half-life of about 24 hours has
been reported for epoetin alfa given subcutaneously. 
Epoetin beta is similarly slowly and incompletely ab-
sorbed after subcutaneous injection, and its absolute bi-
oavailability has been reported to be 23 to 42%. Peak
serum concentrations are attained within 12 to 28 hours
of subcutaneous doses. An elimination half-life of 4 to
12 hours has been reported after intravenous doses and
a terminal half-life of 13 to 28 hours after subcutaneous
doses. 
Epoetin delta has a bioavailability after subcutaneous
injection of between 26 and 36%, the peak serum con-
centration occurs after 8 to 36 hours, and the half-life
in patients is about 27 to 33 hours. After intravenous
injection, it has an elimination half-life of about 4 to 13
hours in patients with chronic renal failure, which is
about double that measured in healthy subjects. 
Epoetin zeta has a bioavailability of about 20% after
subcutaneous injection, and peak serum concentrations
occur after about 12 to 18 hours. The half-life after sub-
cutaneous injection has been estimated to be about 24
hours. After intravenous injection, a half-life of about
4 hours has been measured in healthy subjects, and
about 5 hours in patients with chronic renal failure; the
half-life in children is about 6 hours.
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Uses and Administration
Erythropoietin is a glycosylated protein hormone and a
haematopoietic growth factor. It is secreted primarily
by the kidneys, although a small amount is produced in
extrarenal sites such as the liver. Erythropoietin regu-
lates erythropoiesis by stimulating the differentiation
and proliferation of erythroid precursors, the release of
reticulocytes into the circulation, and the synthesis of
cellular haemoglobin. The release of erythropoietin is
promoted by hypoxia or anaemia, and up to 1000 times
the normal serum-erythropoietin concentration may be
reached under these conditions; this response may be
impaired in some disease states such as chronic renal
failure. The haematological response to erythropoietin
is reduced if there is an inadequate supply of iron. For
an outline of blood cell formation in general and aver-
age cell counts in adults see Haematopoiesis, p.1042. 
Epoetins alfa, beta, delta, and zeta are recombinant hu-
man erythropoietins available for clinical use that have
the same pharmacological actions as endogenous
erythropoietin. They are used in the management of
anaemia associated with chronic renal failure in dialy-
sis and predialysis patients; they may reduce or obviate
the need for blood transfusions in these patients. Epoe-
tins alfa, beta, and zeta are also used in the manage-
ment of chemotherapy-induced anaemia in patients
with non-myeloid malignant disease. Epoetin alfa is
used in zidovudine-related anaemia in HIV-positive
patients. Epoetin beta is used in the management of
anaemia of prematurity. Recombinant human erythro-
poietin is also being evaluated in the management of
other types of normocytic-normochromic anaemias,
including that associated with inflammatory disorders
such as rheumatoid arthritis. In all patients, iron status
should be monitored and supplementation provided if
necessary. 
Epoetins alfa, beta, and zeta may also be used in pa-
tients with moderate anaemia (but no iron deficiency)
before elective surgery to increase the yield of blood
collected for autologous blood transfusion. Epoetin
alfa may also be used in such patients to reduce the
need for allogeneic blood transfusion. 
In the management of anaemia of chronic renal fail-
ure epoetin alfa, beta, or delta may be given intrave-
nously or subcutaneously; epoetin zeta may only be
given intravenously. For haemodialysis patients the
dose of epoetin should be given intravenously because
of the risk of pure red cell aplasia reported with subcu-
taneous use (see Effects on the Blood, above); it may
be given during or at the end of the dialysis session us-
ing the dialysis vascular access. For predialysis and
peritoneal dialysis patients, in whom intravenous ac-
cess is not readily available, doses should be given sub-
cutaneously. The aim of treatment in adults is to in-
crease the haemoglobin concentration to 10 to 12 g per
100 mL or to increase the haematocrit to 30 to 36%.
The rate of rise in haemoglobin should be gradual to
minimise adverse effects such as hypertension; a rate
not exceeding 2 g per 100 mL per month is suggested. 
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Epoetin alfa may be given subcutaneously or by intra-
venous injection over at least 1 minute; slow intrave-
nous injection over 5 minutes may be used in patients
who experience flu-like symptoms as adverse effects.
Epoetin zeta may be given intravenously. 
• In predialysis and haemodialysis patients, a recom-

mended initial dose of epoetin alfa or zeta is
50 international units/kg three times weekly. For
epoetin alfa, a higher initial dose of 50 to
100 units/kg three times weekly has been suggested
in the USA. 

• Doses may be increased at 4-week intervals in incre-
ments of 25 units/kg three times weekly until the tar-
get is reached. 

• In patients on peritoneal dialysis an initial dose of
50 units/kg given twice weekly may be used. 

Once the target is reached doses may need to be adjust-
ed for maintenance therapy. 
• The usual total weekly maintenance dose of epoetin

alfa or zeta in predialysis patients is 50 to
100 units/kg given in three divided doses, and in
haemodialysis patients it is about 75 to 300 units/kg
given in three divided doses. In predialysis patients a
total weekly dose of 600 units/kg should not be ex-
ceeded. In patients on peritoneal dialysis, the usual
total weekly maintenance dose is 50 to 100 units/kg
given in two divided doses. 

In children, epoetin alfa or zeta may be given intrave-
nously to those on haemodialysis. 
• The initial dose is 50 units/kg three times weekly.

The dose may be increased at 4-week intervals in in-
crements of 25 units/kg three times weekly until a
target haemoglobin concentration of 9.5 to 11 g per
100 mL is reached. 

The usual total weekly maintenance dose given in three
divided doses is: 
• 225 to 450 units/kg for those weighing less than

10 kg 
• 180 to 450 units/kg for those weighing 10 to 30 kg 
• 90 to 300 units/kg for those weighing over 30 kg 
Epoetin beta is used similarly in the management of
anaemia of chronic renal failure in dialysis and predial-
ysis patients. It may be given subcutaneously or by in-
travenous injection over 2 minutes. The following dos-
ages may be used in adults and children: 
• For subcutaneous injection the initial dose is

60 units/kg weekly for 4 weeks; the total weekly
dose may be divided to be given in daily doses or
three times a week 

• For intravenous injection the initial dose is
40 units/kg three times weekly for 4 weeks; the dose
may then be increased to 80 units/kg three times
weekly 

• Thereafter the dose of epoetin beta may be increased
at 4-week intervals, for both subcutaneous and intra-
venous injection, in increments of 60 units/kg week-
ly in divided doses, until the target haemoglobin con-
centration or haematocrit is reached. A total weekly
dose of 720 units/kg of epoetin beta should not be
exceeded 

For maintenance, the dose is halved initially and then
adjusted every 1 to 2 weeks according to response. The
weekly subcutaneous maintenance dose may be divid-
ed into 1, 3, or 7 doses; in patients stabilised on a once-
weekly dose, it may be possible to adjust to a single
dose every 2 weeks. 
Epoetin delta is also used in the management of anae-
mia of chronic renal failure in dialysis and predialysis
patients. 
• For subcutaneous injection, the initial dose is

50 units/kg twice weekly. 
• For intravenous injection, the initial dose is

50 units/kg three times weekly. 
• Dosage may be adjusted by 25 to 50%, at intervals of

at least 4 weeks, as required. 

In adults receiving chemotherapy for non-myeloid
malignant disease, epoetin alfa, beta, or zeta may be
given by subcutaneous injection for symptomatic
anaemia, usually when the haemoglobin concentration
has fallen to 10 g or lower per 100 mL. The rise in hae-
moglobin should be gradual; a rate not exceeding 2 g
per 100 mL per month, and a target haemoglobin con-
centration of not more than 12 g per 100 mL, are sug-
gested. 
• Epoetin alfa or zeta may be given in an initial dose of

150 units/kg three times weekly or 450 units/kg
once weekly. The dose may be increased after 4 or 8
weeks, if necessary, to 300 units/kg three times
weekly. If the response is still inadequate after 4
weeks at this higher dose, treatment should be
stopped. Epoetin alfa may also be given in a once-
weekly dose of 40 000 units, which may be in-
creased to 60 000 units after 4 weeks if necessary. 

• Epoetin beta may be given in an initial dose of
30 000 units (about 450 units/kg) weekly, as a single
dose or divided into 3 to 7 doses. The dose may be
doubled after 4 weeks if necessary, but treatment
should be stopped if the response is still inadequate
after 4 weeks at the higher dose. The total weekly
dose should not exceed 60 000 units. Once the de-
sired haemoglobin concentration has been reached,
the dose should be reduced by 25 to 50% for mainte-
nance therapy, and adjusted as necessary. 

Epoetins should be stopped after the end of chemother-
apy, but epoetin alfa, beta, or zeta may be continued for
up to one month in the UK. 
In children, epoetin alfa may be given intravenously in
a single weekly dose of 600 units/kg (to a maximum of
40 000 units). The dose may be increased if necessary
after 4 weeks to 900 units/kg (maximum 60 000 units). 
In adult HIV-positive patients on zidovudine therapy,
epoetin alfa may be beneficial if the endogenous se-
rum-erythropoietin concentration is 500 milliunits/mL
or less. Epoetin alfa is given by subcutaneous or intra-
venous injection in an initial dose of 100 units/kg three
times weekly for 8 weeks. The dose may then be in-
creased every 4 to 8 weeks by 50 to 100 units/kg three
times weekly according to response. However, patients
are unlikely to benefit from doses above 300 units/kg
three times weekly if this dose has failed to elicit a sat-
isfactory response. 
In the management of anaemia of prematurity epoe-
tin beta is given subcutaneously in a dose of
250 units/kg three times weekly. Treatment should be
started as early as possible and continued for 6 weeks. 
To increase the yield of autologous blood in adults,
epoetin alfa, beta, or zeta may be used with iron supple-
mentation. The dose depends on the volume of blood
required for collection and on factors such as the pa-
tient’s whole blood volume and haematocrit. Suggest-
ed regimens are: 
• epoetin alfa or zeta 600 units/kg given intravenously

twice weekly starting 3 weeks before surgery 
• up to 800 units/kg of epoetin beta intravenously, or

up to 600 units/kg subcutaneously, twice weekly for
4 weeks before surgery 

To reduce the need for allogeneic blood transfusion in
adults, epoetin alfa may be given in a dose of
600 units/kg subcutaneously once weekly starting 3
weeks before surgery, with a fourth dose given on the
day of surgery. Alternatively, when the time before sur-
gery is short, 300 units/kg subcutaneously daily may
be given for 10 days before surgery, on the day of sur-
gery, and for 4 days after.
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Administration in neonates. Recombinant human erythro-
poietin may be given to neonates for anaemia of prematurity (see
Anaemias, below). It is usually given by subcutaneous injection.
Intravenous infusion in total parenteral nutrition solutions pro-
duced satisfactory results in a group of 20 neonates.1 Enteral dos-
age in one small study2 increased plasma-erythropoietin concen-
trations and peak reticulocyte counts, but in another larger study3

it had no effect. 
For a warning about diluting recombinant human erythropoietin
solutions, see Stability, above.
1. Ohls RK, et al. Pharmacokinetics and effectiveness of recom-

binant erythropoietin administered to preterm infants by contin-
uous infusion in total parenteral nutrition solution. J Pediatr
1996; 128: 518–23. 

2. Ballin A, et al. Erythropoietin, given enterally, stimulates eryth-
ropoiesis in premature infants. Lancet 1999; 353: 1849. 

3. Juul SE. Enterally dosed recombinant human erythropoietin does
not stimulate erythropoiesis in neonates. J Pediatr 2003; 143:
321–6.

Anaemias. Epoetins are used in normocytic-normochromic
anaemias (p.1044) associated with low endogenous erythropoie-
tin concentrations. 
Anaemia associated with chronic renal disease is primarily a re-
sult of inadequate production of erythropoietin in the kidney.
Other factors that can contribute to the anaemia include iron de-
ficiency, blood loss associated with dialysis, and severe hyper-
parathyroidism. The use of epoetins in the management of renal
anaemia is well established,1,2 as consistently good results have
been obtained not only for correction of anaemia but also for im-
provement in quality of life.1,3 In predialysis patients, epoetins
also correct anaemia, reduce the requirement for blood transfu-
sions, and improve quality of life and exercise capacity, but there
may be increased hypertension2,4 and it is not known whether the
need for dialysis is delayed.4 Over 90% of patients with renal
anaemia respond to treatment with epoetins.1 Many factors can
contribute to a poor response (see Precautions, above) and the
patient should always be investigated and the cause corrected
where possible. Common causes of inadequate response are iron
deficiency, inflammatory disorders, chronic blood loss, hyper-
parathyroidism, and aluminium toxicity.1,5 
Epoetins may be given intravenously or subcutaneously. Epoetin
given subcutaneously produces lower but more sustained plasma
concentrations and total weekly maintenance doses are re-
duced.1,2,6 The subcutaneous route is generally used in predialy-
sis patients and those on peritoneal dialysis,1,2 partly because of
the need to avoid venepuncture of veins that are likely to be need-
ed for future haemodialysis access. While subcutaneous injec-
tion can also be used for haemodialysis patients, the intravenous
route is preferred because of the rare risk of pure red cell aplasia
reported with subcutaneous use1 (see Effects on the Blood,
above) and the ready availability of intravenous access. The dos-
age frequency may also be important in maximising the response
to treatment, but may be influenced by the epoetin being used,
route of administration, treatment phase, and patient preference.
For example, giving epoetins 2 or 3 times a week may allow for
a lower total weekly dose than once weekly, and may be more
effective, but dosing once weekly may be more convenient for
maintenance therapy.1,2 A systematic review7 concluded that
there was no evidence to support one frequency over another in
terms of maintaining target haemoglobin. See Uses and Admin-
istration, above, for examples of licensed doses, routes, and dose
frequency for epoetins. Darbepoetin alfa (p.1058) is given at
longer dosage intervals than epoetins and there is no difference
in weekly dosage requirements between subcutaneous and intra-
venous routes.2,6 
Intraperitoneal use of epoetins has also been proposed and inves-
tigated.8,9 However, this route is rarely used because the doses
must be given into a dry abdomen,1 dose requirements are gen-
erally higher than those for intravenous or subcutaneous use, and
there is the potential for more frequent episodes of peritonitis.1,2 
Blood transfusions are often used to treat anaemia of prematuri-
ty, and epoetins have been investigated as a means of reducing
transfusion requirements. A systematic review10 found that al-
though epoetin reduced transfusion needs, the effect was only
modest and there was considerable variation between studies.
More selective reviews of very-low-birth-weight infants (less
than 1500 g) also found modest reductions in transfusion re-
quirements, whether epoetin was started within the first week of
life11 or after one week,12 although transfusion requirements
were unlikely to be eliminated completely. Response to the late
use of epoetin was also found to be dose-dependent.12 
Factors contributing to cancer-related anaemia include chemo-
therapy, radiotherapy, and the malignancy itself. Epoetin therapy
can reduce the need for blood transfusions in cancer patients13,14

and may improve quality of life.14,15 Guidelines for the use of
epoetins in chemotherapy-induced anaemia have been issued
(see Anaemia, under Bone-marrow Depression, p.639). There
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has, however, been some concern raised about the effect of epo-
etin therapy on patient survival. A placebo-controlled study of
epoetin alfa to maintain normal haemoglobin concentrations (12
to 14 g per 100 mL) in patients receiving chemotherapy for met-
astatic breast cancer was terminated early when an increase in
death was found in the epoetin group.16 In another placebo-con-
trolled study17 of patients with head and neck cancer undergoing
radiotherapy, epoetin beta was associated with correction of
anaemia but poorer locoregional progression-free survival. In
contrast, analysis of a study18 in patients with lymphoprolifera-
tive malignancies found no effect of epoetin beta on patient sur-
vival. Two meta-analyses14,19 found no conclusive evidence that
epoetins affected tumour response or survival, but pointed out
that few studies were primarily designed to assess these out-
comes. Subsequently, a study of the quality of life in anaemic
patients with advanced non-small cell lung cancer was stopped
early, when an unplanned safety analysis suggested a reduced
overall survival in patients given epoetin alfa.20 However, two
later studies did aim to investigate whether epoetin therapy influ-
enced cancer treatment outcome and survival. One study in
women treated with radiochemotherapy for advanced cervical
cancer reported no positive correlation between haemoglobin in-
crease and improvement in clinical outcomes, and could not
draw a definite conclusion as to whether epoetin beta had an ef-
fect on disease progression or survival.21 Another study, in wom-
en given chemotherapy for metastatic breast cancer, found that
epoetin beta had no significant effect on overall survival.22 Nev-
ertheless, a further meta-analysis23 of studies in cancer patients
found that epoetin or darbepoetin alfa therapy was associated
with increased risks of venous thromboembolism and death.
Studies to date have generally used haemoglobin targets of 12 g
and above per 100 mL, and further information is needed on the
benefits and risks associated with the lower targets now advised
(see Uses and Administration, above). In response to these con-
cerns, authorities have strengthened warnings in licensed prod-
uct information regarding the use of epoetins and related prod-
ucts in patients with cancer. The MHRA has also advised24 that
blood transfusion should be the preferred option for the manage-
ment of anaemia in patients with cancer, particularly in those re-
ceiving adjuvant chemotherapy or who are being treated with
curative intent. They also suggest that transfusion may be prefer-
able in patients with advanced or metastatic cancer who have a
good survival prognosis. 
Epoetins are sometimes used to treat anaemias from other caus-
es. Potential applications include zidovudine-induced anaemia in
AIDS patients (see Effects on the Blood under Zidovudine,
p.914), postpartum anaemia,25,26 anaemia in critically ill pa-
tients,27-29 and anaemia of chronic diseases such as rheumatoid
arthritis,30,31 inflammatory bowel disease,32-34 and chronic heart
failure.35
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S1–S146. Correction. ibid.; 48: 518. Also available at: http://
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ii16–ii31. Also available at: http://ndt.oxfordjournals.org/cgi/
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alysis patients. Available in The Cochrane Database of System-
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8. Kausz AT, et al. Intraperitoneal erythropoietin in children on
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11. Kotto-Kome AC, et al. Effect of beginning recombinant eryth-
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Cardiovascular diseases. There is some interest in the non-
haematopoietic effects of erythropoietin, including protection
from apoptosis, antoxidant activity, and pro-angiogenic effects.
A possible role in the management of ischaemic stroke and my-
ocardial infarction is under investigation.1
1. van der Meer P, et al. Erythropoietin in cardiovascular diseases.

Eur Heart J 2004; 25: 285–91.

Surgery. Concern over the safety of blood transfusions and the
need to conserve blood supplies has led to interest in methods of
reducing blood use in surgery. Recombinant human erythropoie-
tin has been used to increase the number of units harvested for
autologous transfusion1 and to reduce transfusion require-
ments.2-4 It has also been used as an alternative to blood transfu-
sions in Jehovah’s Witnesses.5-8

1. Goodnough LT, et al. Erythropoietin therapy. N Engl J Med
1997; 336: 933–8. 

2. Laupacis A, Fergusson D. Erythropoietin to minimize perioper-
ative blood transfusion: a systematic review of randomized tri-
als. Transfus Med 1998; 8: 309–17. 

3. Earnshaw P. Blood conservation in orthopaedic surgery: the role
of epoetin alfa. Int Orthop 2001; 25: 273–8. 

4. Alghamdi AA, et al. Does the use of erythropoietin reduce the
risk of exposure to allogeneic blood transfusion in cardiac sur-
gery? A systematic review and meta-analysis. J Card Surg 2006;
21: 320–6. 

5. Busuttil D, Copplestone A. Management of blood loss in Je-
hovah’s Witnesses. BMJ 1995; 311: 1115–16. 

6. Cothren C, et al. Blood substitute and erythropoietin therapy in
a severely injured Jehovah’s Witness. N Engl J Med 2002; 346:
1097–8. 

7. Hashem B, Dillard TA. A 44-year-old Jehovah’s Witness with
life-threatening anemia from uterine bleeding. Chest 2004; 125:
1151–4. 

8. Holt RL, et al. Jehovah’s Witnesses requiring complex urgent
cardiothoracic surgery. Ann Thorac Surg 2004; 78: 695–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Epogen; Eprex; Eritrogen; Hemax; Hypercrit; Pronivel; Recormon;
Austral.: Eprex; NeoRecormon; Austria: Culat; Erypo; NeoRecormon;
Recormon; Belg.: Eprex; NeoRecormon; Braz.: Eprex; Eritina; Eritromax;
Hemax-Eritron; Hemoprex; Mepotin†; Recormon; Tinax; Canad.: Eprex;
Chile: Epokine; Eprex; Hypercrit; Recormon; Cz.: Binocrit; Dynepo;
Epomax†; Eprex; NeoRecormon; Recormon†; Retacrit; Silapo; Denm.:
Eprex; NeoRecormon; Fin.: Eprex; NeoRecormon; Fr.: Eprex; NeoRecor-
mon; Ger.: Eprex; Erypo; NeoRecormon; Gr.: Eprex; NeoRecormon;
Hong Kong: Eprex; Recormon; Hung.: Eprex; NeoRecormon; India:
Wepox; Indon.: Epotrex-NP; Eprex; Hemapo; Recormon; Irl.: Eprex; Ne-
oRecormon; Israel: Eprex; Recormon; Ital.: Epoxitin†; Eprex; Globuren†;
NeoRecormon; Jpn: Epogin; Espo; Malaysia: Eprex; Recormon; Mex.:
Bioyetin; Epomax; Eprex; Erlan; Exetin-A; Hypercrit; Negortire; Recormon;
Yepotin; Neth.: Dynepo; Eprex; NeoRecormon; Norw.: Eprex; Ne-
oRecormon; NZ: Eprex; Recormon; Philipp.: Epokine; Eposino; Eprex;
Recormon; Renogen; Pol.: Eprex; NeoRecormon; Port.: Dynepo; Eprex;
NeoRecormon; Recormon†; Retacrit; Silapo; Rus.: Epocrin (Эпокрин);
Eprex (Эпрекс); Erythrostim (Эритростим); Recormon (Рекормон);
S.Afr.: Eprex; Recormon; Repotin; Singapore: Eprex; Recormon; Spain:
Epopen; Eprex; NeoRecormon; Swed.: Eprex; NeoRecormon; Switz.:
Eprex; Recormon; Thai.: Epokine; Eprex; Espogen; Hemax; Recormon;
Turk.: Eprex; NeoRecormon; UAE: Epotin; UK: Binocrit; Dynepo; Eprex;
NeoRecormon; Retacrit; USA: Epogen; Procrit; Venez.: Eprex; Hypercrit;
Recormon.

Etamsylate (BAN, rINN)

Cyclonamine; E-141; Etamsilat; Etamsilatas; Etamsilato; Etamsy-
laatti; Etamsylát; Etamsylat; Étamsylate; Etamsylatum; Etamszilát;
Ethamsylate (USAN); MD-141. Diethylammonium 2,5-dihydroxy-
benzenesulphonate.
Этамзилат
C10H17NO5S = 263.3.
CAS — 2624-44-4.
ATC — B02BX01.
ATC Vet — QB02BX01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Etamsylate). A white or almost white, crystalline
powder. It shows polymorphism. Very soluble in water; soluble
in dehydrated alcohol; practically insoluble in dichloromethane;
freely soluble in methyl alcohol. A 10% solution in water has a
pH of 4.5 to 5.6. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
Nausea, vomiting, diarrhoea, fever, headache, and skin
rash have occurred after use of etamsylate. Headache
and skin rashes may disappear on reduced dosage, and
gastrointestinal disturbances are reduced by giving et-
amsylate after food. Transient hypotension has been re-
ported following intravenous injection.
Porphyria. Etamsylate is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

Pharmacokinetics
Etamsylate is absorbed from the gastrointestinal tract.
It is excreted unchanged, mainly in the urine. Etam-
sylate is distributed into breast milk.

Uses and Administration
Etamsylate is a haemostatic that appears to maintain
the stability of the capillary wall and correct abnormal
platelet adhesion. It is given for the prophylaxis and
control of haemorrhages from small blood vessels. 
For short-term blood loss in menorrhagia a dose of
500 mg is given orally four times daily during men-
struation. For the prophylaxis and treatment of periv-
entricular haemorrhage in low birth-weight neonates
12.5 mg/kg is given by intramuscular or intravenous
injection every 6 hours. For the control of haemorrhage
after surgery etamsylate may be given orally to adults,
or by intramuscular or intravenous injection in a dose
of 250 to 500 mg; this dose may be repeated every 4 to
6 hours as necessary.
Menorrhagia. When given during menstruation to women with
idiopathic menorrhagia (p.2126), etamsylate was as effective as
mefenamic acid in reducing uterine blood loss in 1 study,1 but
was ineffective in another.2 A review, which included published
and unpublished results from these and 2 earlier studies, reported
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that etamsylate produced about a 10 to 15% reduction in men-
strual blood loss.3 Etamsylate is now considered to be less effec-
tive than other treatments for menorrhagia, and is no longer rec-
ommended.4

1. Chamberlain G, et al. A comparative study of ethamsylate and
mefenamic acid in dysfunctional uterine bleeding. Br J Obstet
Gynaecol 1991; 98: 707–11. 

2. Bonnar J, Sheppard BL. Treatment of menorrhagia during men-
struation: randomised controlled trial of ethamsylate, mefenamic
acid, and tranexamic acid. BMJ 1996; 313: 579–82. 

3. Coulter A, et al. Treating menorrhagia in primary care: an over-
view of drug trials and a survey of prescribing practice. Int J
Technol Assess Health Care 1995; 11: 456–71. 

4. National Collaborating Centre for Women’s and Children’s
Health/NICE. Heavy menstrual bleeding (issued January 2007).
Avai lable  a t :  h t tp: / /www.nice.org .uk/n icemedia /pdf /
CG44FullGuideline.pdf (accessed 06/03/08)

Neonatal intraventricular haemorrhage. Etamsylate is
one of several drugs that have been tried in the prevention of in-
traventricular haemorrhage in very low birth-weight infants
(p.1050). In a multicentre, placebo-controlled, double-blind
study,1 etamsylate was given in an initial dose of 12.5 mg/kg in-
travenously or intramuscularly within 1 hour of delivery, fol-
lowed by the same dose intravenously every 6 hours for 4 days
to a total dose of 200 mg/kg. Of 330 infants who had had no ev-
idence of haemorrhage soon after delivery, the subsequent inci-
dence of haemorrhage in the 162 who received etamsylate was
reduced, particularly the more extensive grades when compared
with the 168 who received placebo. Of a further 30 infants with
evidence of periventricular haemorrhage before treatment, 21
were given etamsylate and 9 placebo; treatment with etamsylate
limited the extension of bleeding. There was also a reduction in
patent ductus arteriosus in the treated infants. However, a subse-
quent study using the same dosage regimen,2 showed little bene-
fit on short-term follow-up. It was considered that the study size
may have been too small and the drug given too late; the initial
dose was given within 4 hours of birth whereas, in the previous
study, treatment was started within 1 hour of birth. Follow-up3 of
these infants at 2 years of age found that etamsylate had not re-
duced the risk of death, impairment, or disability. Developmental
outcome assessments at about 4 years of age in patients from the
first study4 also found that despite the original reduction in intra-
ventricular haemorrhage with etamsylate, it had not reduced cer-
ebral palsy compared with the control group.
1. Benson JWT, et al. Multicentre trial of ethamsylate for preven-

tion of periventricular haemorrhage in very low birthweight in-
fants. Lancet 1986; ii: 1297–1300. 

2. The EC Ethamsylate Trial Group. The EC randomised controlled
trial of prophylactic ethamsylate for very preterm neonates: early
mortality and morbidity. Arch Dis Child 1994; 70: F201–F205. 

3. Elbourne D, et al. Randomised controlled trial of prophylactic
etamsylate: follow up at 2 years of age. Arch Dis Child Fetal
Neonatal Ed 2001; 84: F183–F187. 

4. Schulte J, et al. Developmental outcome of the use of etamsylate
for prevention of periventricular haemorrhage in a randomised
controlled trial. Arch Dis Child Fetal Neonatal Ed 2005; 90:
F31–F35.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Impedil; Belg.: Dicynone; Braz.: Dicinone; Chile: Om-Dicynone†;
Cz.: Dicynone; Fr.: Dicynone; Hung.: Dicynone; India: Alstat; Ethacid;
Ethamcip; Ethasyl; Hemsyl; Revici-E; Indon.: Dicynone; Irl.: Dicynene; Ital.:
Dicynone; Eselin; Mex.: Dicynone; Rus.: Dicynone (Дицинон); Singa-
pore: Dicynone†; Spain: Dicinone; Hemo 141; Switz.: Dicynone; UK:
Dicynene; Venez.: Dicynone.

Etherified Starches ⊗ 
Almidón, éteres de; HES; Hydroxyethyl Starch; Hydroxyéthyla-
midon; Hydroxyethylamylum. 2-Hydroxyethyl ether starch.

CAS — 9005-27-0.

ATC — B05AA07.

ATC Vet — QB05AA07.

(hetastarch)

Description. Etherified starches are starches that are composed
of more than 90% of amylopectin and that have been etherified
to varying extents. 

• hetastarch (BAN, USAN): an average of 7 to 8 of the hydroxy
groups in each 10 D-glucopyranose units of starch polymer
have been converted into OCH2CH2OH groups 

• pentastarch (BAN, USAN): an average of 4 to 5 of the hydroxy
groups in each 10 D-glucopyranose units of the starch polymer
have been converted to OCH2CH2OH groups 

Etherified starches also vary in terms of average molecular
weight and the position of etherification within the glucopyran-
ose unit.

Incompatibility. Hetastarch is incompatible with many com-
pounds including a number of injectable antibacterials. 
References.
1. Wohlford JG, Fowler MD. Visual compatibility of hetastarch

with injectable critical-care drugs. Am J Hosp Pharm 1989; 46:
995–6. 

2. Wohlford JG, et al. More information on the visual compatibility
of hetastarch with injectable critical-care drugs. Am J Hosp
Pharm 1990; 47: 297–8.

Adverse Effects and Precautions
Hypersensitivity reactions including anaphylactic re-
actions have occurred after infusion of etherified
starches. Pruritus can occur after long-term use of high
doses of etherified starches; the onset may be delayed
until weeks after the last infusion. Serum-amylase con-
centrations may appear to increase during infusion of
etherified starches due to formation of an enzyme-sub-
strate complex that is only eliminated slowly. 
Precautions that should be observed with plasma ex-
panders are described under Dextran 70, p.1060, and
these should be considered when etherified starches
are used. There may be some interference with blood
grouping and cross-matching of blood.
◊ Reviews.
1. Wiedermann CJ. Hydroxyethyl starch - can the safety problems

be ignored? Wien Klin Wochenschr 2004; 116: 583–94.

Effects on the blood. Use of plasma expanders causes dilution
of clotting factors and may also have direct effects on coagula-
tion. Effects of etherified starches on the coagulation system
include1,2 a decrease in clotting factor VIII and von Willebrand
factor that results in an acquired type I von Willebrand disease
(see p.1051), a prolongation of the activated partial thromboplas-
tin time, and a reduction in platelet volume. The extent of these
effects appears to depend on the molecular weight and the rate of
degradation in vivo of the starch. Etherified starches of high mo-
lecular weight that are more slowly degraded (due to a high de-
gree of substitution or a high ratio of hydroxyethylation at the
C2:C6 positions) have a greater effect on blood coagulation than
medium and low molecular weight, easily degraded, etherified
starches. Coagulopathy and haemorrhage have been reported
with the use of solutions of etherified starches.1,3 Serious compli-
cations such as intracranial bleeding and cerebral oedema have
been reported in studies of patients with ischaemic stroke and
other brain injuries who have been treated with etherified starch-
es of various molecular weights and degrees of substitution, and
several trials have been stopped prematurely as a result.4

1. Treib J, et al. Coagulation disorders caused by hydroxyethyl
starch. Thromb Haemost 1997; 78: 974–83. 

2. de Jonge E, Levi M. Effects of different plasma substitutes on
blood coagulation: a comparative review. Crit Care Med 2001;
29: 1261–7. 

3. Jonville-Béra A-P, et al. Acquired type I von Willebrand’s dis-
ease associated with highly substituted hydroxyethyl starch. N
Engl J Med 2001; 345: 622–3. 

4. Wiedermann CJ. Complications of hydroxyethyl starch in acute
ischemic stroke and other brain injuries. Pathophysiol Haemost
Thromb 2003; 33: 225–8.

Effects on the kidneys. Osmotic-nephrosis-like lesions found
at biopsy in some transplanted kidneys have been attributed to
use of solutions of etherified starches in the donor patient.1 Such
use has also been reported to impair immediate graft function.2
However, another study3 found no association between the use of
these solutions in the donor patient and osmotic-nephrosis-like
lesions or delayed graft function. Oliguric acute renal failure and
osmotic-nephrosis-like lesions occurred in a patient who was
given an etherified starch infusion during surgery for carcinoma
of the tonsils.4 
Etherified starches should be used with caution in patients with
renal impairment.5

1. Legendre CH, et al. Hydroxyethylstarch and osmotic-nephrosis-
like lesions in kidney transplantation. Lancet 1993; 342: 248–9. 

2. Cittanova ML, et al. Effect of hydroxyethylstarch in brain-dead
kidney donors on renal function in kidney-transplant recipients.
Lancet 1996; 348: 1620–22. 

3. Coronel B, et al. Hydroxyethylstarch and renal function in kid-
ney transplant recipients. Lancet 1997; 349: 884. 

4. De Labarthe A, et al. Acute renal failure secondary to hydrox-
yethylstarch administration in a surgical patient. Am J Med 2001;
111: 417–18. 

5. Boldt J. Hydroxyethylstarch as a risk factor for acute renal fail-
ure: is a change of clinical practice indicated? Drug Safety 2002;
25: 837–46.

Effects on the skin. Pruritus has been reported after infusion of
etherified starches.1 It appears to be associated with tissue depo-
sition of the starch although the actual mechanism by which this
provokes pruritus is unresolved. The effect appears to be dose-
related, which may explain the differences in reported incidences
that have ranged from less than 10% to more than 60% of pa-
tients being affected. The molecular weight and degree of substi-
tution of the etherified starch do not appear to be risk factors. The
pruritus is usually generalised, but there are reports of localised
pruritus affecting the trunk, extremities, anogenital area, and
head and neck. It is frequently severe, persistent, and refractory
to treatment, causing sleep disturbances and adversely affecting
quality of life. Attacks of pruritus may be precipitated by heat,
sweating, exercise, bathing, mechanical pressure, and mental
stress. It typically has a delayed onset of 1 to 6 weeks after expo-
sure to the etherified starch. Average durations of 9 to 15 weeks
have been reported, but in some cases pruritus has continued for
up to 2 years. The condition is generally unresponsive to treat-
ment, although there have been reports of relief with topical cap-
saicin, ultraviolet therapy, or oral naltrexone. 
Marked and persistent periocular swelling developed in a patient
after 15 daily infusions of hetastarch.2 Abnormal accumulation
of hetastarch was found in the periocular tissues.
1. Bork K. Pruritus precipitated by hydroxyethyl starch: a review.

Br J Dermatol 2005; 152: 3–12. 
2. Kiehl P, et al. Decreased activity of acid α-glucosidase in a pa-

tient with persistent periocular swelling after infusions of hy-
droxyethyl starch. Br J Dermatol 1998; 138: 672–77.

Pharmacokinetics
Etherified starches consist of mixtures of molecules
with a range of molecular weights and with varying de-
grees of etherification. After intravenous infusion the
molecules with a molecular weight of less than 50 000
are readily excreted unchanged by the kidney; larger
molecules are metabolised and eliminated more slow-
ly. The rate of metabolism depends upon the size of the
molecule and the degree and position of etherification,
with a high molecular weight, high degree of etherifi-
cation, and etherification predominantly at the C2 po-
sition leading to a slower rate of metabolism and hence
a longer duration of action. About 33% of a dose of
high-molecular-weight hetastarch (weight average
molecular weight 450 000) and about 70% of a dose of
medium-molecular-weight pentastarch (weight aver-
age molecular weight 250 000) is excreted in the urine
in 24 hours. Etherified starches may be distributed to
various tissues; a small proportion of the dose may per-
sist in the body for several years.
◊ References.
1. Mishler JM, et al. Changes in the molecular composition of cir-

culating hydroxyethyl starch following consecutive daily infu-
sions in man. Br J Clin Pharmacol 1979; 7: 505–9. 

2. Mishler JM, et al. Post-transfusion survival of hydroxyethyl
starch 450/0.70 in man: a long-term study. J Clin Pathol 1980;
33: 155–9. 

3. Yacobi A, et al. Pharmacokinetics of hydroxyethyl starch in nor-
mal subjects. J Clin Pharmacol 1982; 22: 206–12. 

4. Jungheinrich C, Neff TA. Pharmacokinetics of hydroxyethyl
starch. Clin Pharmacokinet 2005; 44: 681–99.

Uses and Administration
Etherified starches are plasma volume expanders used
in the management of hypovolaemic shock (p.1183).
Those most commonly used include high-molecular-
weight hetastarch (weight average molecular weight
450 000 to 480 000) and medium-molecular-weight
pentastarch (weight average molecular weight 200 000
to 250 000). Other etherified starches that are used in-
clude low-molecular-weight pentastarch and medium-
molecular-weight hexastarch, which has a degree of
etherification between that of pentastarch and hetas-
tarch. A higher molecular weight hetastarch is also
available. Iso-oncotic solutions of etherified starches,
for example, 6% hetastarch or 6% medium-molecular-
weight pentastarch, exert a similar colloidal osmotic
pressure to human albumin, and when given by intra-
venous infusion produce an expansion of plasma vol-
ume slightly in excess of the infused volume. Hyperon-
cotic solutions, for example 10% medium-molecular-
weight pentastarch, produce an expansion of plasma
volume of about 1.5 times the infused volume. The du-
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ration of effect depends on the characteristics of the
starch used; for 6% hetastarch the effect lasts for 24 to
36 hours. 
Etherified starches are given intravenously as solutions
in sodium chloride 0.9% or other electrolytes; concen-
trations used are usually 6 or 10%, although 3% solu-
tions are also available for some. The dose and rate of
infusion depend on the amount of fluid lost and degree
of haemoconcentration; usual doses are in the range of
500 to 2500 mL daily, depending on the preparation
used, and the infusion rate may be up to about
20 mL/kg per hour if necessary. 
Hetastarch and pentastarch increase the erythrocyte
sedimentation rate when added to whole blood. They
are therefore used in leucapheresis procedures to in-
crease the yield of granulocytes. Doses of 250 to
700 mL may be added to venous blood in the ratio 1
part to at least 8 parts of whole blood in such proce-
dures. Up to 2 such procedures per week and a total of
7 to 10 have been reported to be safe. 
Hetastarch and hexastarch have also been used in ex-
tracorporeal perfusion fluids.
◊ References.
1. Treib J, et al. An international view of hydroxyethyl starches.

Intensive Care Med 1999; 25: 258–68.

Administration in children. Etherified starches of various
degrees of substitution and molecular weights have been used as
plasma expanders in children.1-4

1. Boldt J, et al. Volume replacement with hydroxyethyl starch so-
lutions in children. Br J Anaesth 1993; 70: 661–5. 

2. Brutocao D, et al. Comparison of hetastarch with albumin for
postoperative volume expansion in children after cardiopulmo-
nary bypass. J Cardiothorac Vasc Anesth 1996; 10: 348–51. 

3. Paul M, et al. A randomized, controlled study of fluid manage-
ment in infants and toddlers during surgery: hydroxyethyl starch
6% (HES 70/0.5) vs lactated Ringer’s solution. Paediatr Anaesth
2003; 13: 603–8. 

4. Liet J-M, et al. Plasma volume expansion by medium molecular
weight hydroxyethyl starch in neonates: a pilot study. Pediatr
Crit Care Med 2003; 4: 305–7.

Stroke. Haemodilution with pentastarch has been tried in pa-
tients with acute ischaemic stroke (p.1185) in an attempt to im-
prove reperfusion of the brain by lowering blood viscosity. How-
ever, one study was terminated early when an excess mortality
was noted in the haemodilution group.1 The early fatalities oc-
curred almost exclusively in patients with severe strokes; cere-
bral oedema was the main cause of death within one week of the
onset of symptoms. Among the survivors neurological recovery
was better among those who received haemodilution. A system-
atic review2 of 18 haemodilution studies, which included 5 using
etherified starches, found no benefit in terms of fatality or func-
tional outcome with haemodilution. See also Effects on the
Blood, above
1. Hemodilution in Stroke Study Group. Hypervolemic hemodilu-

tion treatment of stroke: results of a randomized multicenter trial
using pentastarch. Stroke 1989; 20: 317–23. 

2. Asplund K. Haemodilution for acute ischaemic stroke. Available
in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2002 (accessed 27/10/05).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Hemohes†; Hessico; Infukoll HES; Venofundin; Voluven; Austria: Elo-
hast; Expafusin; Expahes; HAES-steril; Hyperhes; Isohes; Osmohes; Plasmas-
teril; Varihes; Voluven; Braz.: Pentaspan†; Canad.: Hextend; Pentaspan;
Chile: HAES-steril; Hemohes; Voluven; Cz.: Elohast†; HAES-steril; Hemo-
hes; HyperHAES; Serag-HAES; Tetraspan; Voluven; Denm.: HAES-steril;
HyperHAES; Venofundin; Voluven; Fin.: HAES-steril; Hemohes; Hyper-
HAES; Plasmafusin†; Venofundin; Voluven; Fr.: Heafusine†; Hesteril; Hyper-
hes; Voluven; Ger.: Expafusin; Haemofusin; HAES-Rheopond; HAES-steril;
Hemohes; HyperHAES; Infukoll HES; Plasmafusin†; Plasmasteril†; Rheohes;
Serag-HAES; Venofundin; Vitafusal; VitaHES; Voluven; Gr.: HAES-steril; He-
mohes; Venofundin; Voluven; Hong Kong: Voluven; Hung.: HAES-steril;
Hemohes; HyperHAES; Isohes†; Osmohes†; Tetraspan; Voluven; Indon.:
Expafusin; Fima HES; HAES-steril; Hemohes; Voluven; WIDAHES; Israel:
HAES-sterile; Ital.: Amidolite; HAES-steril; HyperHAES; Voluven; Jpn:
Hespander; Malaysia: HAES-steril†; Voluven; Mex.: HAES-steril; Hestar;
Pentaspan†; Voluven; Neth.: Elohaes; HAES-steril; Hemohes; HyperHAES;
Venofundin; Voluven; Norw.: HAES-steril†; Hemohes; HyperHAES; Volu-
ven; NZ: Hemohes; Pentaspan†; Philipp.: HAES-steril; Voluven; Pol.:
HAES-steril; Hemohes; Voluven; Port.: HAES-steril; Hemohes; Hyper-
HAES; Tetraspan; Venofundin; Voluven; Rus.: HAES-steril (ХАЕС-стерил);
HyperHAES (ГиперХАЕС); Infukoll HES (Инфукол ГЭК); Refortan
(Рефортан); Stabisol (Стабизол); Voluven (Волювен); S.Afr.: HAES-steril;
Voluven; Singapore: HAES-steril; Hemohes†; Spain: Elohes; HAES Esteril;
Hemohes; Hes Grifols; Hesteril; Voluven; Swed.: HAES-steril; Hemohes†;
HyperHAES; Venofundin; Voluven; Switz.: Expahes†; HAES-steril; Hemo-
hes; HyperHAES; Isohes†; Plasmasteril†; Varihes†; Venofundin; Voluven;
Thai.: HAES-steril; Hemohes; Hespander†; Voluven; Turk.: Biohes; Bio-
plazma; Expahes; HAES-steril; Hemohes; Isohes; Plasmasteril; Varihes; Volu-
ven; UK: Elohaes†; HAES-steril; Hemohes; HyperHAES; Infukoll; Venofun-
din; Volulyte; Voluven; USA: Hespan; Pentaspan; Voluven; Venez.: HAES-
steril†.

Factor VII
Facteur VII; Proconvertin; SPCA; Stable Factor.
ATC — B02BD05.
ATC Vet — QB02BD05.

Description. Factor VII is a plasma protein involved in blood
coagulation. It may be obtained from human plasma or produced
by recombinant DNA technology. The name Eptacog Alfa (Ac-
tivated) is in use for a recombinant factor VIIa.
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Coagulation Factor VII; Factor VII Coagula-
tionis Humanus; Dried Factor VII Fraction BP 2008). A plasma
protein fraction that contains the single-chain glycoprotein factor
VII and may also contain small amounts of the activated form,
the two-chain derivative factor VIIa, as well as coagulation fac-
tors II, IX, and X, and protein C and protein S. It is prepared
from human plasma obtained from blood from healthy donors;
the plasma is tested for the absence of hepatitis B surface
antigen and antibodies against HIV-1 and HIV-2 and hepatitis
C virus. The method of preparation is designed to minimise
activation of any coagulation factor and includes a step or steps
that have been shown to remove or inactivate known agents of
infection. The factor VII fraction is dissolved in a suitable
liquid, passed through a bacteria-retentive filter, distributed
aseptically into the final containers, and immediately frozen.
The preparation is freeze-dried and the containers sealed under
vacuum or under an inert gas. Heparin, antithrombin, and other
auxiliary substances such as a stabiliser may be added. No
antimicrobial preservative is added. The specific activity is not
less than 2 international units of factor VII per mg of protein be-
fore the addition of any protein stabiliser. When reconstituted as
stated on the label the resulting solution contains not less than
15 international units/mL. 
A white or almost white, pale yellow, green, or blue hygroscopic
powder or friable solid. Store in airtight containers. Protect from
light.

Eptacog Alfa (Activated) (BAN, rINN)

Eptacog alfa (activado); Eptacog Alfa (activé); Eptacogum Alfa
(activatum). Blood-coagulation factor VII (human clone
λHVII2463 protein moiety).
Эптаког Альфа (Активированный)
CAS — 102786-52-7; 102786-61-8.
ATC — B02BD08.
ATC Vet — QB02BD08.

Units
The potency of factor VII is expressed in international
units and preparations may be assayed using the Inter-
national Standard for blood coagulation factor VII con-
centrate, human (1998). 
The potency of factor VIIa (activated factor VII) is ex-
pressed in international units and preparations may be
assayed using the first International Standard for blood
coagulation factor VIIa concentrate (1993).

Adverse Effects and Precautions
Use of eptacog alfa (activated) may be associated with
minor skin reactions, fever, headache, and changes in
blood pressure. Eptacog alfa (activated) should be used
with caution in patients with conditions associated with
circulating tissue factor, such as advanced atheroscle-
rosis, crush injury, or septicaemia, since there is a risk
of precipitating thrombosis or disseminated intravas-
cular coagulation.
Effects on the cardiovascular system. Reports of 185 seri-
ous thromboembolic events associated with eptacog alfa (acti-
vated), that had been received by the FDA up to the end of 2004,
have been reviewed.1 Data were collected from both clinical tri-
als and spontaneous reports. Various forms of arterial and venous
thrombosis had been described, and most events were found to
have occurred after its use for unlicensed indications in patients
without haemophilia.
1. O’Connell KA, et al. Thromboembolic adverse events after use

of recombinant human coagulation factor VIIa. JAMA 2006;
295: 293–8.

Uses and Administration
Factor VII may be used as replacement therapy in pa-
tients with rare genetic deficiencies of factor VII. 
Factor VIIa (activated factor VII) is used to treat bleed-
ing episodes and to prevent bleeding associated with
surgery in patients with haemophilia A or haemophilia
B who have developed antibodies to factor VIII or fac-
tor IX, respectively, and in acquired haemophilia (see

Haemophilias, p.1048). It may also be used in congen-
ital factor VII deficiency and Glanzmann’s throm-
basthenia (see Inherited Haemorrhagic Disorders,
p.1050). Factor VIIa may also be useful in patients
with von Willebrand’s disease (p.1051). Factor VIIa is
given as the recombinant form, eptacog alfa (activat-
ed). Eptacog alfa (activated) 100 micrograms is equiv-
alent to 5000 international units. 
In the treatment of bleeding episodes in patients with
haemophilia, an initial dose of eptacog alfa (activated)
90 micrograms/kg is given by intravenous bolus
injection over 2 to 5 minutes. Further doses may be
given as required to achieve and maintain haemostasis,
initially every 2 to 3 hours. The dose may then be
adjusted (effective doses have ranged from 35 to
120 micrograms/kg), or the dosing interval increased,
according to response. Treatment may need to be con-
tinued for up to 3 weeks or more following serious
bleeding episodes. A similar regimen may be used in
patients with haemophilia when they undergo an inva-
sive procedure or surgery, in which case the initial dose
should be given immediately before the intervention. 
In factor VII deficiency, the usual dose of eptacog alfa
(activated) for treating bleeding episodes due to sur-
gery or invasive procedures is 15 to 30 micrograms/kg
every 4 to 6 hours until haemostasis is achieved. 
In Glanzmann’s thrombasthenia that is refractory to
platelet transfusions, the usual dose of eptacog alfa (ac-
tivated) for treating bleeding episodes or preventing
bleeding due to surgery or invasive procedures is
90 micrograms/kg every 2 hours; at least 3 doses
should be given.
◊ Reviews.
1. Poon M-C. Use of recombinant factor VIIa in hereditary bleed-

ing disorders. Curr Opin Hematol 2001; 8: 312–18. 
2. Midathada MV, et al. Recombinant factor VIIa in the treatment

of bleeding. Am J Clin Pathol 2004; 121: 124–37. 
3. Anonymous. Novoseven for non-hemophilia hemostasis. Med

Lett Drugs Ther 2004; 46: 33–4. 
4. Mathew P. The use of rFVIIa in non-haemophilia bleeding con-

ditions in paediatrics: a systematic review. Thromb Haemost
2004; 92: 738–46. 

5. Parameswaran R, et al. Dose effect and efficacy of rFVIIa in the
treatment of haemophilia patients with inhibitors: analysis from
the Hemophilia and Thrombosis Research Society Registry.
Haemophilia 2005; 11: 100–106. 

6. Siddiqui MAA, Scott LJ. Recombinant factor VIIa (eptacog al-
fa): a review of its use in congenital or acquired haemophilia and
other congenital bleeding disorders. Drugs 2005; 65: 1161–77. 

7. Mariani G, et al. Congenital factor VII deficiency: therapy with
recombinant activated factor VII—a critical appraisal. Haemo-
philia 2006; 12: 19–27.

Administration. Recombinant factor VIIa is usually given by
bolus intravenous injection. The successful use of continuous in-
fusion has been described in a few small studies and case re-
ports.1
1. Stachnik JM, Gabay MP. Continuous infusion of coagulation

factor products. Ann Pharmacother 2002; 36: 882–91.

Haemorrhagic disorders. As well as being used in patients
with haemophilia, recombinant factor VIIa has been tried or in-
vestigated in patients with bleeding of various other causes.1
There have been reports of recombinant factor VIIa used to man-
age or prevent bleeding in patients receiving warfarin2-4 or a low-
molecular-weight heparin.5 There are also a few reports of it suc-
cessfully controlling bleeding associated with diffuse alveolar
haemorrhage6-8 or dengue haemorrhagic fever;9 it has also been
studied in the management of acute variceal bleeding (p.2346).
In the management of massive postpartum haemorrhage
(p.2003), recombinant factor VIIa is increasingly being used
when standard medical and surgical therapies are inadequate.
There are suggestions that it may reduce the need for blood prod-
ucts, control bleeding sufficiently to allow transfer of the patient
to a facility where angiography and embolisation can be per-
formed, and reduce the need for hysterectomy.10 However, evi-
dence consists largely of case reports and case series. Although
advice has been published, based on this evidence and expert
opinion,11 the place of recombinant factor VIIa in the treatment
of postpartum haemorrhage remains to be confirmed. Initial in-
vestigation of recombinant factor VIIa in the acute management
of intracerebral haemorrhage was promising,12 but a phase 3
study found that it did not reduce the rates of death or severe
disability, compared with placebo.13 Recombinant factor VIIa is
also under investigation in the management of serious bleeding
after surgery or trauma.14,15

1. Lam MSH, Sims-McCallum RP. Recombinant factor VIIa in the
treatment of non-hemophiliac bleeding. Ann Pharmacother
2005; 39: 885–91. 

2. Deveras RAE, Kessler CM. Reversal of warfarin-induced ex-
cessive anticoagulation with recombinant human factor VIIa
concentrate. Ann Intern Med 2002; 137: 884–8. 
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3. Freeman WD, et al. Recombinant factor VIIa for rapid reversal
of warfarin anticoagulation in acute intracranial hemorrhage.
Mayo Clin Proc 2004; 79: 1495–1500. 

4. Talkad A, et al. Reversal of warfarin-induced anticoagulation
with factor VIIa prior to rt-PA in acute stroke. Neurology 2005;
64: 1480–1. 

5. Hu Q, Brady JO. Recombinant activated factor VII for treatment
of enoxaparin-induced bleeding. Mayo Clin Proc 2004; 79: 827. 

6. Betensley AD, Yankaskas JR. Factor VIIa for alveolar hemor-
rhage in microscopic polyangiitis. Am J Respir Crit Care Med
2002; 166: 1291–2. 

7. Pastores SM, et al. Diffuse alveolar hemorrhage after allogeneic
hematopoietic stem-cell transplantation: treatment with recom-
binant factor VIIa. Chest 2003; 124: 2400–2403. 

8. Henke D, et al. Successful treatment of diffuse alveolar hemor-
rhage with activated factor VII. Ann Intern Med 2004; 140:
493–4. 

9. Chuansumrit A, et al. The use of recombinant activated factor
VII for controlling life-threatening bleeding in dengue shock
syndrome. Blood Coag Fibrinol 2004; 15: 335–42. 

10. Karalapillai D, Popham P. Recombinant factor VIIa in massive
postpartum haemorrhage. Int J Obstet Anesth 2007; 16: 29–34. 

11. Welsh A, et al. Guidelines for the use of recombinant activated
factor VII in massive obstetric haemorrhage. Aust N Z J Obstet
Gynaecol 2008; 48: 12–16. 

12. Mayer SA, et al. Recombinant activated factor VII for acute in-
tracerebral hemorrhage. N Engl J Med 2005; 352: 777–85. 

13. Mayer SA, et al. FAST Trial Investigators. Efficacy and safety
of recombinant activated factor VII for acute intracerebral hem-
orrhage. N Engl J Med 2008; 358: 2127–37. 

14. Dutton RP, et al. Factor VIIa for correction of traumatic coagu-
lopathy. J Trauma 2004; 57: 709–18. 

15. Levi M, et al. Efficacy and safety of recombinant factor VIIa for
treatment of severe bleeding: a systematic review. Crit Care
Med 2005; 33: 883–90.

Preparations
Ph. Eur.: Human Coagulation Factor VII.
Proprietary Preparations (details are given in Part 3)
Arg.: NovoSeven; Austral.: NovoSeven; Austria: NovoSeven; Belg.:
NovoSeven; Braz.: NovoSeven; Canad.: NiaStase; Chile: NovoSeven;
Cz.: NovoSeven; Denm.: NovoSeven; Fin.: NovoSeven; Fr.: NovoSeven;
Ger.: NovoSeven; Gr.: NovoSeven; Hong Kong: NovoSeven; Hung.:
NovoSeven; Irl.: NovoSeven; Israel: NovoSeven; Ital.: NovoSeven;
Provertin-UM TIM 3; Jpn: NovoSeven; Malaysia: NovoSeven; Mex.:
NovoSeven; Neth.: NovoSeven; Norw.: NovoSeven; NZ: NovoSeven;
Philipp.: NovoSeven; Pol.: NovoSeven; Port.: NovoSeven; Rus.: Novo-
Seven (НовоСэвен); S.Afr.: NovoSeven; Singapore: NovoSeven; Spain:
NovoSeven; Swed.: NovoSeven; Switz.: NovoSeven; Thai.: NovoSeven;
Turk.: NovoSeven; UK: NovoSeven; USA: NovoSeven.

Factor VIII
AHF; Antihaemophilic Factor; Facteur VIII.
ATC — B02BD02.
ATC Vet — QB02BD02.

Description. Factor VIII is a plasma protein involved in blood
coagulation. It may be obtained from human plasma or produced
by recombinant DNA technology. The names Moroctocog Alfa
(see below) and Octocog Alfa (see below) are in use for recom-
binant factor VIII.
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Human Coagulation Factor VIII; Factor VIII Coagu-
lationis Humanus; Dried Factor VIII Fraction BP 2008). A plasma
protein fraction that contains the glycoprotein coagulation factor
VIII with varying amounts of von Willebrand factor, depending
on the method of preparation. It is prepared from human plasma
obtained from blood from healthy donors; the plasma is tested
for the absence of hepatitis B surface antigen and antibodies
against HIV-1 and HIV-2 and hepatitis C virus. The method of
preparation includes a step or steps that have been shown to re-
move or inactivate known agents of infection. The factor VIII
fraction is dissolved in an appropriate liquid, passed through a
bacteria-retentive filter, distributed aseptically into the final con-
tainers, and immediately frozen. The preparation is freeze-dried
and the containers sealed under vacuum or under an inert gas.
Auxiliary substances such as a stabiliser may be added. No anti-
microbial preservative is added. The specific activity is not less
than 1 international unit of factor VIII:C per mg of total protein
before the addition of any protein stabiliser. When reconstituted
as stated on the label the resulting solution contains not less than
20 international units of factor VIII:C per mL. 
A white or pale yellow hygroscopic powder or friable solid.
Store in airtight containers. Protect from light. 
Ph. Eur. 6.2 (Human Coagulation Factor VIII (rDNA); Factor VIII
Coagulationis Humanus (ADNr)Dried Factor VIII (rDNA) BP
2008). A freeze-dried preparation of glycoproteins having the
same activity as coagulation factor VIII in human plasma. It is
prepared as full-length factor VIII (octocog alfa), or as a short-
ened two-chain structure (relative molecular mass 90 000 and
80 000), in which the B-domain has been deleted from the heavy
chain (moroctocog alfa). Full-length human rDNA coagulation
factor VIII contains 25 potential N-glycosylation sites, 19 in the
B-domain of the heavy chain, 3 in the remaining part of the
heavy chain (relative molecular mass 90 000) and 3 in the light
chain (relative molecular mass 80 000). 
Human coagulation factor VIII (rDNA) is produced by recom-
binant DNA technology in mammalian cell culture. Auxiliary
substances such as a stabiliser may be added. A white or slightly
yellow powder or friable mass. pH of the reconstituted prepara-
tion is 6.5 to 7.5. Protect from light. 

USP 31 (Antihemophilic Factor). A sterile freeze-dried powder
containing the factor VIII fraction prepared from units of human
venous plasma that have been tested for the absence of hepatitis
B surface antigen, obtained from whole-blood donors and
pooled; it may contain heparin sodium or sodium citrate. It con-
tains not less than 100 units per g of protein. Unless otherwise
specified it should be stored at 2° to 8° in hermetically-sealed
containers. It should be used within 4 hours of reconstitution and
should be administered with equipment that includes a filter. 
A white or yellowish powder. On reconstitution it is opalescent
with a slight blue tinge or is a yellowish liquid. 
USP 31 (Cryoprecipitated Antihemophilic Factor). A sterile fro-
zen concentrate of human antihaemophilic factor prepared from
the cryoprotein fraction, rich in factor VIII, of human venous
plasma obtained from suitable whole-blood donors from a single
unit of plasma derived from whole blood or by plasmapheresis,
collected and processed in a closed system. It contains no pre-
servative. It has an average potency of not less than 80 units per
container. It should be stored at or below −18° in hermetically-
sealed containers. It should be thawed to 20° to 37° before use;
this liquid should be stored at room temperature and used within
6 hours of thawing; it should also be used within 4 hours of open-
ing the container and administered with equipment that includes
a filter. 
A yellowish frozen solid. On thawing it becomes a very viscous,
yellow, gummy liquid.

Moroctocog Alfa (BAN, rINN)

Moroctocogum Alfa; Moroktokog Alfa; Moroktokogialfa. (1—
742)–(1637—1648)-Blood-coagulation factor VIII (human re-
duced) complex with 1649—2332-blood-coagulation factor VIII
(human reduced).

Мороктоког Альфа

CAS — 284036-24-4.

Pharmacopoeias. Eur. (see p.vii) includes under the title Hu-
man Coagulation Factor VIII (rDNA) (see above).

Octocog Alfa (BAN, rINN)

Bay-w-6240; Factor VIII (rDNA); Octocogum Alfa. Blood-coag-
ulation factor VIII (human), glycoform α.

Октоког Альфа

CAS — 139076-62-3;.

Pharmacopoeias. Eur. (see p.vii) includes under the title Hu-
man Coagulation Factor VIII (rDNA) (see above).

Units
The potency of factor VIII is expressed in international
units and preparations may be assayed using the sixth
International Standard for blood coagulation factor
VIII concentrate, human (1998).

Adverse Effects and Precautions
Allergic reactions may sometimes follow the use of
factor VIII preparations; the chills, urticaria, and head-
ache experienced by some patients may be allergic
manifestations. There is the possibility of intravascular
haemolysis in patients with blood groups A, B, or AB
receiving high doses or frequently repeated doses of
factor VIII preparations due to the content of blood
group isoagglutinins; also massive doses of some prep-
arations may produce hyperfibrinogenaemia. Such
risks should be reduced with more highly purified
preparations. 
Factor VIII preparations have been associated with the
transmission of some viral infections, including hepa-
titis B and C, and more notably transmission of HIV.
Strenuous efforts are now undertaken to screen the do-
nor material from which factor VIII material is ob-
tained and new methods of manufacture have also been
introduced with the aim of inactivating any viruses
present. Vaccination against hepatitis A and B is rec-
ommended for patients not already immune. Recom-
binant preparations are also available. 
Some patients develop antibodies to factor VIII (see
Resistance, below).
Effects on blood platelets. There have been case reports of
thrombocytopenia associated with use of porcine factor VIII.1 A
retrospective study2 of patients treated with porcine factor VIII
found that the platelet count fell in 61% of 175 infusions given to
57 patients. The fall was generally clinically insignificant and
platelet count appeared to recover within an hour. The effect was,

however, dose-related, and larger reductions in platelet count
were usually associated with intensive replacement over several
days for surgery or trauma.
1. Green D, Tuite GF. Declining platelet counts and platelet aggre-

gation during porcine VIII:C infusions. Am J Med 1989; 86:
222–4. 

2. Hay CRM, et al. Safety profile of porcine factor VIII and its use
as hospital and home-therapy for patients with haemophilia-A
and inhibitors: the results of an international survey. Thromb
Haemost 1996; 75: 25–9.

Resistance. Some patients with haemophilia A develop inhibi-
tory antibodies to factor VIII (see Haemophilias, p.1048). The
risk is highest within the first 20 to 100 treatments. Low-titre an-
tibodies are usually transient and overcome by increased or con-
tinuing treatment with factor VIII. With high-titre highly re-
sponding antibodies, however, bleeding episodes may need to be
managed with factor VIII inhibitor bypassing fraction (activated
prothrombin complex concentrate), or recombinant factor VIIa.
Highly responding antibodies can be eradicated by immune tol-
erance regimens, using regular infusion of factor concentrates
over long periods, with additional immunosuppression and im-
muno-adsorption in some cases.1 Postmarketing monitoring in
Europe has revealed a higher number of cases of inhibitory anti-
bodies associated with recombinant factor VIII preparations than
would be expected from experience with plasma-derived prod-
ucts.2 However, a review3 by the EMEA found that, on the basis
of available data, it was not possible to estimate and compare the
incidence of inhibitors between different recombinant factor VIII
products. They warned that recurrence of low-titre antibodies
had occurred after switching from one product to another in pre-
viously treated patients with more than 100 exposure days who
had a history of inhibitor development. They also requested that
further investigation be undertaken by companies that market re-
combinant factor VIII products. 
There have also been reports of lack of effect with the use of the
recombinant factor VIII, moroctocog alfa, for prophylaxis, in pa-
tients who have no evidence of antibodies to factor VIII.4
1. Bolton-Maggs PHB, Pasi KJ. Haemophilias A and B. Lancet

2003; 361: 1801–9. 
2. EMEA. EMEA public statement: review of recombinant factor

VIII (FVIII) products and inhibitor development: Advate, Ko-
genate Bayer/Helixate NexGen, Kogenate/Helixate, Recombi-
nate, ReFacto (issued 18 October 2005). Available at: http://
www.emea.europa.eu/pdfs/human/press/pus/33131605en.pdf
(accessed 13/06/08) 

3. EMEA. Public statement: EMEA completes the review of re-
combinant factor VIII products and inhibitor development (is-
sued 31 July 2007). Available at: http://www.emea.europa.eu/
pdfs/human/press/pus/31022507en.pdf (accessed 13/06/08) 

4. Wyeth Canada. Important safety information about Refacto
(moroctocog alfa), antihemophilic factor (recombinant) [BDDr-
FVIII] (issued September 15, 2003). Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/medeff/
refacto_hpc-cps-eng.pdf (accessed 29/08/08)

Transmission of infections. Treatment with heat or chemicals
and efforts to screen the donor material from which factor VIII
and other clotting factors are obtained seem to have overcome
problems with transmission of HIV and hepatitis B and C, al-
though there is concern that non-lipid-enveloped viruses, such as
human parvovirus B19 and hepatitis A, may still be transmitted.
Vaccination against hepatitis A and B has been recommended for
all patients who receive or may require blood products. Plasma-
derived clotting factor preparations, or recombinant preparations
containing added albumin, may carry a risk of transmission of
variant Creutzfeldt-Jakob disease (see under Blood, p.1056).
There has also been some concern about the use of human and
animal products in the culture media used to manufacture recom-
binant clotting factor preparations, because of the theoretical risk
of viral transmission from infected cell lines. Recombinant man-
ufacturing techniques and formulations have changed over time
and human and animal products are no longer used in some prep-
arations.1
1. Keeling D, et al. United Kingdom Haemophilia Center Doctors’

Organisation (UKHCDO). Guideline on the selection and use of
therapeutic products to treat haemophilia and other hereditary
bleeding disorders. Haemophilia 2008; 14: 671–84. Also availa-
ble at: http://www.robsoft.plus.com/ukhcdo/docs/guidelines/
2008_guideline_on_the_selection_and_use_of_therapeutic_
products.pdf (accessed 13/08/08)

Pharmacokinetics
In patients with haemophilia A, factor VIII prepara-
tions have a terminal half-life of about 12 hours,
whether human-derived or of recombinant origin.
◊ References.
1. Messori A, et al. Clinical pharmacokinetics of factor VIII in pa-

tients with classic haemophilia. Clin Pharmacokinet 1987; 13:
365–80. 

2. Björkman S, et al. Pharmacokinetics of factor VIII in humans:
obtaining clinically relevant data from comparative studies. Clin
Pharmacokinet 1992; 22: 385–95.

Uses and Administration
Factor VIII is used as replacement therapy in patients
with haemophilia A, a genetic deficiency of factor VI-
II; it may also be used in acquired haemophilia (see
Haemophilias, p.1048). 
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Preparations of factor VIII may be derived from hu-
man plasma or recombinant sources. They are used to
control bleeding episodes in the treatment of patients
with haemophilia A and to prevent bleeding episodes
in such patients undergoing dental and surgical proce-
dures. They may also be used for long-term prophylax-
is in patients with severe haemophilia A. 
Preparations of factor VIII are given by slow intrave-
nous injection or short infusion, and some octocog alfa
preparations may also be given by continuous infusion.
The dosage of factor VIII should be determined for
each patient and will vary with the circumstances in-
volving bleeding or type of surgery to be performed. In
adults, a dose of 1 international unit/kg has been re-
ported to raise the plasma concentration of factor VIII
by about 2% (of normal). The response may be lower
in children. A suggested formula to calculate, approxi-
mately, the dose required for a given effect is: 

units = wt (kg) × 0.5 × % desired increase (of normal) 
Recommended doses vary depending on the prepara-
tion used, but the following increments in plasma con-
centration of factor VIII have been suggested: 
• for mild to moderate haemorrhage an increase to 20 to 30%

of normal, usually with a single dose of 10 to 15 units/kg 
• for more serious haemorrhage or minor surgery an increase

to 30 to 50% of normal, by a usual initial dose of 15 to
25 units/kg followed by 10 to 15 units/kg every 8 to 12
hours if required 

• for severe haemorrhage or major surgery an increase to 80
to 100% of normal may be necessary, the usual initial dose
being 40 to 50 units/kg followed by 20 to 25 units/kg every
8 to 12 hours. Some octocog alfa preparations may also be
given for major surgery as an initial pre-operative bolus fol-
lowed by a continuous infusion, adjusted postoperatively to
daily clearance and desired factor VIII concentrations 

For long-term prophylaxis in severe haemophilia A,
doses of 10 to 50 units/kg every 2 or 3 days, as re-
quired, may be used. 
In patients with inhibitory antibodies to human factor
VIII, a porcine factor VIII preparation may be used in
doses of 25 to 150 units/kg depending upon the sever-
ity of the haemorrhage. 
Some factor VIII concentrates also contain von Wille-
brand factor and these preparations may be used in the
management of von Willebrand’s disease (p.1051).
Commercial very highly purified and recombinant fac-
tor VIII preparations do not contain appreciable
amounts of von Willebrand factor and are thus ineffec-
tive. 
Cryoprecipitate is an alternative source of clotting fac-
tors and contains factor VIII, factor XIII, von Wille-
brand factor, fibrinogen, and fibronectin. It has been
used in the treatment of haemophilia A and von Wille-
brand’s disease but safer more specific clotting factor
alternatives are now available and preferred.
◊ Reviews.
1. McCormack PL, Plosker GL. Octocog alfa, plasma/albumin-free

method. Drugs 2005; 65: 2613–20. 
2. Frampton JE, Wagstaff AJ. Sucrose-formulated octocog alfa: a

review of its use in patients with haemophilia A. Drugs 2008; 68:
839–53.

Administration. Surgical prophylaxis or significant haemor-
rhage in patients with haemophilia A is usually managed with
injections of factor VIII given intravenously every 8 to 12 hours.
However, continuous intravenous infusion has been used as an
alternative.1,2 It prevents wide fluctuations in factor VIII plasma
concentrations and there is a progressive decrease in clearance
associated with steady state. Studies have suggested that contin-
uous infusion is as effective as bolus injection, but with a lower
concentrate requirement. Concerns about continuous infusion in-
clude factor VIII stability, bacterial contamination, local irrita-
tion and thrombophlebitis, and inhibitor formation.
1. Stachnik JM, Gabay MP. Continuous infusion of coagulation

factor products. Ann Pharmacother 2002; 36: 882–91. 
2. Schulman S. Continuous infusion. Haemophilia 2003; 9:

368–75.

Preparations
Ph. Eur.: Human Coagulation Factor VIII; Human Coagulation Factor VIII
(rDNA); 
USP 31: Antihemophilic Factor; Cryoprecipitated Antihemophilic Factor.
Proprietary Preparations (details are given in Part 3)
Arg.: Beriate P; Emoclot; Fanhdi; Haemate; Haemoctin SDH; Hemofil M;
Immunate; Koate-DVI†; Monarc-M†; Monoclate-P; Octanate; Recombinate;
ReFacto†; Austral.: AHF†; Biostate; Kogenate; Recombinate; ReFacto;
Austria: Advate; Beriate; Haemate; Haemoctin SDH; Helixate; Immunate;

Kogenate; Monoclate-P†; Octanate; Recombinate; ReFacto; Belg.: Advate;
Factane; Haemate; Helixate; Kogenate; Recombinate; ReFacto; Braz.: Ber-
iate P; Fatori 8Y†; Haemate; Immunate†; Koate†; Kryobulin†; Monoclate-P;
Octavi†; Vueffe†; Canad.: Helixate; Humate-P; Kogenate; Recombinate;
ReFacto; Chile: Emoclot; Fanhdi; Koate-DVI; Octanate†; Cz.: Advate; Emo-
clot†; Fanhdi; Haemate; Haemoctin SDH; Helixate; Hemofil M†; Immunate;
Kogenate; Metoda M†; Monoclate-P†; Octanate; Recombinate; ReFacto;
Denm.: Advate; Haemate; Helixate; Kogenate; Monoclate-P†; Recombi-
nate; ReFacto; Fin.: Advate; Amofil; Kogenate; Recombinate; ReFacto; Fr.:
Advate; Factane; Helixate; Hemofil M†; Kogenate; Monoclate-P†; Recombi-
nate; ReFacto; Ger.: Advate; Beriate P; Fanhdi; Haemate; Haemoctin SDH;
Helixate; Hemofil†; Immunate; Kogenate; Monoclate-P†; Octanate; Pro-
filate†; Recombinate; ReFacto; Wilate; Gr.: 8Y; Advate; Fanhdi; Fibrogam-
min P; Haemoctin; Helixate; Hemofil M; Immunate; Kogenate; Monoclate-
P†; Octanate; Recombinate; ReFacto; Hong Kong: Alphanate; Haemate;
Hemofil M; Koate-DVI; Recombinate; Hung.: Beriate P; Fanhdi; Haemate;
Haemoctin SDH; Hemofil M; Humafactor-8; Immunate; Koate†; Kogenate;
Octanate; Recombinate; ReFacto; Indon.: Koate; Irl.: Haemate†; Kogenate;
Monoclate-P†; ReFacto; Israel: Fanhdi; Haemate; Haemoctin SDH; Hemo-
fil M; Hyate:C; Koate; Monarc-M; Monoclate-P; Omrixate; Profilate; Recom-
binate; Ital.: Advate; Alphanate; Beriate P; Emoclot; Fanhdi; Haemate; He-
lixate; Hemofil M; Immunate; Kogenate; Recombinate; ReFacto; Uman-Cry
DI†; Vueffe†; Jpn: Advate; Recombinate; Malaysia: Alphanate; Fanhdi; He-
mofil; Koate-DVI†; Mex.: Emoclot†; Hemofil M†; Immunate†; Koate-DVI†;
Monoclate-P; Octanate; Neth.: Advate; Alphanate; Haemate; Helixate; He-
mofil; Immunate; Kogenate; Recombinate; ReFacto; Norw.: Helixate; Ko-
genate; Recombinate; ReFacto; NZ: Advate; AHF; Biostate; Kogenate; Oc-
tanate; Recombinate; ReFacto; Philipp.: Alphanate; Hemofil M; Koate-DVI;
Pol.: Czynnik VIII (Metoda M); Haemoctin; Hemofil; Immunate; Port.: Be-
riate P; Emoclot; Factane; Fanhdi; Haemate; Haemoctin SDH; Helixate; Im-
munate; Kogenate; Octanate; Recombinate; ReFacto; Wilate; Rus.: Emo-
clot (Эмоклот); Koate (Коэйт-ДВИ); Octanate (Октанат); S.Afr.:
Haemosolvate; Singapore: Alphanate; Fanhdi; Haemoctin SDH; Hemofil
M†; Koate-DVI†; Optivate; Spain: Advate; Beriate P; Fanhdi; Haemate; He-
lixate; Hemofil M; Kogenate; Monoclate-P†; Octanate; Recombinate; Re-
Facto; Swed.: Advate; Beriate P†; Haemate; Helixate; Hemofil M†; Immu-
nate; Kogenate; Monoclate-P†; Octonativ-M; Recombinate; ReFacto;
Switz.: Advate; Beriate P; Haemate; Helixate; Immunate; Kogenate; Octan-
ate; Recombinate; ReFacto; Thai.: Alphanate; Fanhdi; Haemoctin SDH; He-
moraas; Method M†; Octanate; Turk.: Beriate P; Emoclot; Factane; Fanhdi;
Haemate; Haemoctin SDH; Haemoetin; Hemofil M; Immunate; Koate-DVI;
Liberate; Monarc-M; Octanate; UK: Advate; Alphanate; Beriate P; Fanhdi;
Haemate; Helixate; Hemofil M†; Hyate:C; Kogenate; Liberate†; Monoclate-
P; Optivate; Recombinate; ReFacto; Replenate; USA: Advate; Alphanate;
Bioclate†; Helixate; Hemofil M; Humate-P; Hyate:C†; Koate-DVI; Kogenate;
Monarc-M; Monoclate-P; Recombinate; ReFacto; Xyntha; Venez.: Fandhi;
Hemofil M†; Immunate†.
Multi-ingredient: Fr.: Innobranduo†.

Factor VIII Inhibitor Bypassing Fraction
Activated Prothrombin Complex Concentrate; Anti-inhibitor
Coagulant Complex; Complejo coagulante antiinhibidor del fac-
tor VIII; Faktör VIII Inhibitör Baypaslayan Fraksiyonu.
ATC — B02BD03.
ATC Vet — QB02BD03.

Adverse Effects and Precautions
Hypersensitivity reactions may follow the use of preparations
with factor VIII inhibitor bypassing activity. Rapid infusion may
cause headache, flushing, and changes in blood pressure and
pulse rate. 
It should not be given if disseminated intravascular coagulation
is suspected or if there are signs of fibrinolysis. It should be used
with caution in patients with liver disease. The risk of throm-
boembolism may be increased with the use of high doses or in
patients with thrombotic risk factors. 
As with other plasma-derived products, there is a risk of trans-
mission of infection.
Safety. References.
1. Ehrlich HJ, et al. Safety of factor VIII inhibitor bypass activity

(FEIBA): 10-year compilation of thrombotic adverse events.
Haemophilia 2002; 8: 83–90. 

2. Luu H, Ewenstein B. FEIBA  safety profile in multiple modes
of clinical and home-therapy application. Haemophilia 2004; 10
(suppl): 10–16.

Uses and Administration
Preparations with factor VIII inhibitor bypassing activity are pre-
pared from human plasma and contain factors II, IX, and X, and
activated factor VII; small amounts of factor VIII and factors of
the kallikrein-kinin system are also present. They are used in pa-
tients with haemophilia A who have antibodies to factor VIII and
in patients with acquired antibodies to factor VIII (see Haemo-
philias, p.1048). The dose is given intravenously and depends on
the preparation used.
◊ References.
1. White GC. Seventeen years’ experience with Autoplex/Autoplex

T: evaluation of inpatients with severe haemophilia A and factor
VIII inhibitors at a major haemophilia centre. Haemophilia
2000; 6: 508–12. 

2. Wilde JT. Evidence for the use of activated prothrombin complex
concentrates (aPCCs) in the treatment of patients with haemo-
philia and inhibitors. Pathophysiol Haemost Thromb 2002; 32
(suppl): 9–12. 

3. Sallah S. Treatment of acquired haemophilia with factor eight
inhibitor bypassing activity. Haemophilia 2004; 10: 169–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Feiba; Austria: Feiba; Belg.: Feiba; Braz.: Feiba†; Canad.: Feiba; Cz.:
Feiba; Ocplex; Denm.: Feiba; Fin.: Feiba; Fr.: Feiba; Ger.: Autoplex†; Feiba;
Hong Kong: Feiba†; Hung.: Feiba; Israel: Feiba; Ital.: Feiba; Malaysia:
Autoplex T†; Feiba; Mex.: Feiba†; Neth.: Cofact; Feiba; NZ: Feiba; Pol.:
Feiba; Port.: Feiba; S.Afr.: Feiba; Spain: Feiba; Swed.: Autoplex†; Feiba;
Ocplex; Switz.: Feiba; Turk.: Feiba; UK: Feiba; USA: Autoplex T†; Feiba.

Factor IX
Christmas Factor; Facteur IX; Plasma Thromboplastin Compo-
nent; PTC.
ATC — B02BD04.
ATC Vet — QB02BD04.

Description. Factor IX is a plasma protein involved in blood
coagulation. It may be obtained from human plasma or produced
by recombinant DNA technology. The name Nonacog Alfa is in
use for recombinant factor IX.
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Human Coagulation Factor IX; Factor IX Coagula-
tionis Humanus; Dried Factor IX Fraction BP 2008). A plasma
protein fraction containing coagulation factor IX, prepared by a
method that effectively separates it from other prothrombin com-
plex factors (factors II, VII, and X). It is prepared from human
plasma obtained from healthy donors; the plasma is tested for the
absence of hepatitis B surface antigen and antibodies against
HIV-1 and HIV-2 and hepatitis C virus. The method of prepara-
tion is designed to maintain functional integrity of factor IX, to
minimise activation of any coagulation factor, and includes a
step or steps that have been shown to remove or inactivate
known agents of infection. The factor IX fraction is dissolved in
a suitable liquid, passed through a bacteria-retentive filter, dis-
tributed aseptically into the final containers, and immediately
frozen. The preparation is freeze-dried and the containers are
sealed under vacuum or under an inert gas. Heparin, anti-
thrombin, or other auxiliary substances such as a stabiliser may
be included. No antimicrobial preservative is added. The specific
activity is not less than 50 international units of factor IX per mg
of total protein before the addition of any protein stabiliser. The
dried product is a white or pale yellow hygroscopic powder or
friable solid. Store in airtight containers. Protect from light.
When reconstituted as stated on the label the resulting solution
contains not less than 20 international units/mL. 
Ph. Eur. 6.2 (Human Prothrombin Complex; Prothrombinum
Multiplex Humanum; Dried Prothrombin Complex BP 2008). It
contains factor IX with variable amounts of coagulation factors
II, VII, and X. It is prepared by fractionation of human plasma
obtained from blood from healthy donors; the plasma is tested
for the absence of hepatitis B surface antigen and antibodies
against HIV-1 and HIV-2 and hepatitis C virus. The method of
preparation is designed in particular to minimise thrombogenic-
ity and includes a step or steps that have been shown to remove
or inactivate known agents of infection. The prothrombin com-
plex fraction is dissolved in a suitable liquid, sterilised by filtra-
tion, distributed aseptically into final containers, and immediate-
ly frozen. The preparation is freeze-dried and the containers are
sealed under vacuum or under an inert gas. No antimicrobial pre-
servative is added. Heparin, antithrombin, and other auxiliary
substances such as a stabiliser may be added. The potency of the
preparation is not less than 0.6 international units of factor IX per
mg of total protein before the addition of any protein stabiliser.
The dried product is a white or slightly coloured, very hygro-
scopic, powder or friable solid. Store in airtight containers. Pro-
tect from light. When reconstituted as stated on the label the re-
sulting solution contains not less than 20 international units/mL. 
USP 31 (Factor IX Complex). A sterile freeze-dried powder
consisting of partially purified factor IX fraction, as well as con-
centrated factor II, VII, and X fractions of venous plasma ob-
tained from healthy human donors. It contains no preservatives.
It should be stored at 2° to 8° in hermetically-sealed containers.
It should be used within 4 hours after reconstitution and admin-
istered with equipment that includes a filter.

Nonacog Alfa (BAN, USAN, rINN)

Nonacogum Alfa; Nonakog Alfa; Nonakogialfa. Blood-coagula-
tion factor IX (human), glycoform α; Blood-coagulation factor IX
(synthetic human); .
Нонаког Альфа
CAS — 113478-33-4; 181054-95-5;.
ATC — B02BD09.
ATC Vet — QB02BD09.

Units
The activity of factor IX is expressed in terms of inter-
national units and preparations may be assayed using
the third International Standard for blood coagulation
factor IX concentrate, human (1996).

Adverse Effects and Precautions
Hypersensitivity reactions may follow the use of factor
IX preparations and there may be chills and urticaria.
Other adverse effects include nausea and vomiting,
headache, and flushing particularly after rapid infu-
sion. Intravascular coagulation and thrombosis have
been reported, mainly in patients with liver disease,
and factor IX should be used with care in patients at
risk of thromboembolism or disseminated intravascu-
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lar coagulation. The risk should be less with more
highly purified preparations. 
As with other plasma derivatives there is a possibility
of transmitting viral infection, although selection of
donors and heat or chemical treatments of products are
used to minimise the risk. Vaccination against hepatitis
A and B is recommended for patients not already im-
mune. 
Antibodies to factor IX may develop rarely.
Effects on the cardiovascular system. Some factor IX prep-
arations derived from plasma contain other clotting factors in ad-
dition to factor IX (prothrombin complex concentrates), and
some preparations have also contained activated clotting factors.
Such preparations have the potential to produce thromboembolic
complications.1,2 Reported complications include arterial and ve-
nous thrombosis, pulmonary embolism, acute myocardial infarc-
tion, and disseminated intravascular coagulation. Risk factors in
haemophiliacs include liver disease, severe muscle haemorrhag-
es, crush injuries, immobilisation, and orthopaedic surgery. Rap-
id infusion of factor IX concentrates, or repeated large doses,
may also increase the risk of thromboembolism. The risks of
thromboembolism have been reduced with the development of
more purified prothrombin complex concentrates, and highly pu-
rified factor IX preparations that do not contain other clotting
factors.1,3

1. Köhler M. Thrombogenicity of prothrombin complex concen-
trates. Thromb Res 1999; 95 (suppl): S13–S17. 

2. Najaf SM, et al. Myocardial infarction during factor IX infusion
in hemophilia B: case report and review of the literature. Ann
Hematol 2004; 83: 604–7. 

3. Santagostino E, et al. Markers of hypercoagulability in patients
with hemophilia B given repeated, large doses of factor IX con-
centrates during and after surgery. Thromb Haemost 1994; 71:
737–40.

Uses and Administration
Factor IX is used as replacement therapy in patients
with haemophilia B (Christmas disease), a genetic de-
ficiency of factor IX (see Haemophilias, p.1048). 
There are two forms of factor IX preparation derived
from plasma; one is of high purity, the other is rich in
other clotting factors (prothrombin complex concen-
trates). A recombinant factor IX preparation, nonacog
alfa, is also available. Preparations that contain other
factors as well as factor IX may sometimes be useful
for the treatment of bleeding due to deficiencies of fac-
tors II, VII, and X, as well as IX, and in the preparation
of such patients for surgery; they may also be used for
immediate reversal of coumarin anticoagulants and in
the management of patients with haemophilia A who
have antibodies to factor VIII. 
Factor IX is given by slow intravenous infusion. In pa-
tients with factor IX deficiency the dosage should be
determined for each patient and will vary with the
preparation used and the circumstances of bleeding or
type of surgery to be performed. Suggested target fac-
tor IX concentrations for patients with haemophilia B
vary, but the following have been suggested: 
• for mild to moderate haemorrhage the plasma con-

centration of factor IX should be raised to 20 to 30%
of normal 

• for more serious haemorrhage or minor surgery it
should be raised to 30 to 60% of normal 

• for severe haemorrhage or major surgery an increase
to 60 to 100% of normal may be necessary 

Calculation of the appropriate dose varies according to
the manufacturers’ recommendations. 
For long-term prophylaxis in severe haemophilia B,
doses of 20 to 40 international units/kg every 3 or 4
days, as required, may be used.
Preparations
Ph. Eur.: Human Coagulation Factor IX; Human Prothrombin Complex; 
USP 31: Factor IX Complex.

Proprietary Preparations (details are given in Part 3)
Arg.: Aimafix; Benefix; Berinin P; Immunine; Mononine; Octanine; Pro-
tromplex; Replenine†; Austral.: Benefix; Monofix-VF; Austria: Benefix;
Beriplex; Immunine; Octanine; Octaplex; Prothromplex S-TIM 4; Belg.:
Benefix; Mononine; Octanine; PPSB Conc SD; Braz.: Bebulin†; Benefix†;
Berinin; Beriplex PN; Immunine†; Mononine; Octanyne†; Prothromplex-T†;
Replenine†; Canad.: Benefix; Immunine; Mononine; Chile: Aimafix; Bene-
fix†; Octanyne†; Cz.: Benefix; Immunine; Mononine; Nonafact; Octanine;
Prothromplex; Denm.: Benefix; Immunine†; Mononine†; Fin.: Bemofil†;
Benefix; Nonafact; Fr.: Benefix; Betafact; Kaskadil; Mononine; Octafix; Ger.:
Alphanine; Benefix; Berinin; Beriplex PN; Immunine; Mononine; Octanine;
Octaplex; PPSB Konzentrat S-TIM; Prothrombinkomplex BaWu†; Gr.: Ben-
efix; Betafact; Mononine; Replenine; Hong Kong: Alphanine; Profilnine;
Proplex T†; Hung.: Berinin P; Beriplex PN; Humafactor-9; Immunine; Oc-

tanine F; Prothromplex; Irl.: Mononine†; Israel: Betafact; Profilnine; Pro-
plex; Replenine; Ital.: Aimafix; Alphanine; Benefix; Immunine; Mononine;
Protromplex TIM 3; Uman-Complex DI; Malaysia: Alphanine; Profilnine;
Proplex T†; Replenine; Mex.: Benefix†; Berinin P; Immunine†; Konyne†;
Octanine F; Replenine; Neth.: Alphanine; Benefix; Betafact; Immunonine;
Mononine; Nonafact; Norw.: Benefix; NZ: Benefix; Monofix; Prothrombin-
ex; Philipp.: Alphanine; Profilnine; Pol.: Immunine; Prothromplex; Port.:
Benefix; Betafact; Immunine; Mononine; Nanotiv; Nonafact; Octaninef; Oc-
taplex; Rus.: Aimafix (Аимафикс); Octanine (Октанайн Ф); S.Afr.:
Haemosolvex; Prothromplex-T TIM 4; Singapore: Alphanine; Profilnine;
Replenine; Spain: Benefix; Berinin P; Immunine; Mononine; Nanotiv; Pro-
thromplex; Swed.: Benefix; Immunine; Mononine; Nanotiv; Switz.: Benefix;
Berinin HS; Beriplex; Immunine; Octanine F; Prothromplex Total S-TIM 4;
Thai.: Alphanine; Octanine; Profilnine; Turk.: Aimafix; Berinin P; Betafact;
Immunine; Kaskadil; Konyne; Octanine F; Octanyne; Replenine; UK: Alpha-
nine; Benefix; Beriplex PN; Defix†; Hipfix†; Mononine; Replenine; USA: Al-
phanine; Bebulin VH; Benefix; Mononine; Profilnine; Proplex T; Venez.: In-
munine†; Proplex†.
Multi-ingredient: Arg.: Beriplex PN.

Factor XI
Facteur XI; Plasma Thromboplastin Antecedent; PTA.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Coagulation Factor XI; Factor XI Coagula-
tionis Humanus; Dried Factor XI Fraction BP 2008). A plasma
protein fraction that contains coagulation factor XI. It is prepared
from human plasma obtained from blood from healthy donors;
the plasma is tested for the absence of hepatitis B surface antigen
and antibodies against HIV-1 and HIV-2 and hepatitis C virus.
The method of preparation includes a step or steps that have been
shown to remove or inactivate known agents of infection. The
factor XI fraction is dissolved in a suitable liquid, distributed
aseptically into the final containers, and immediately frozen. The
preparation is freeze-dried and the containers sealed under vacu-
um or under nitrogen. Heparin, C1-esterase inhibitor, and anti-
thrombin III, may be added. No antimicrobial preservative is
added. When reconstituted as stated on the label the resulting so-
lution contains not less than 50 units/mL. 
A white or almost white powder or friable solid. pH of the recon-
stituted preparation is 6.8 to 7.4. Store at a temperature of 2° to
8°. Protect from light.
Profile
Factor XI is used as replacement therapy in patients with congen-
ital factor XI deficiency (haemophilia C; see Inherited Haemor-
rhagic Disorders, p.1050) for the prevention and treatment of
haemorrhage. The dose is based on the degree of factor XI defi-
ciency and the condition of the patient.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Hemoleven.

Factor XIII
Fibrin-stabilising Factor; FSF.
ATC — B02BD07.
ATC Vet — QB02BD07.

Profile
Factor XIII is used as replacement therapy in patients with a ge-
netic deficiency of factor XIII (see Inherited Haemorrhagic Dis-
orders, p.1050). It may also be used in patients with acquired de-
ficiency of factor XIII (see Acquired Haemorrhagic Disorders,
p.1047), and for supportive therapy in postoperative wound heal-
ing. Dosage of factor XIII is based on the degree of deficiency
and the condition of the patient. For prophylaxis of haemorrhage
in patients with genetic deficiency about 10 units/kg may be giv-
en intravenously once a month. The interval between doses may
be shortened if spontaneous haemorrhage occurs. For pre-opera-
tive use, a dose of up to 35 units/kg may be given immediately
before the operation and followed by adequate doses to maintain
efficacy until the wound is healed. For the treatment of severe
bleeding episodes 10 to 20 units/kg should be given daily, until
bleeding stops. In acute bleeding, especially intracranial bleed-
ing, doses of up to 50 units/kg may be needed to raise factor XIII
to normal levels. Doses of at least 15 to 20 units/kg may be re-
quired for the treatment of haemorrhage in acquired factor XIII
deficiency. In the promotion of postoperative wound healing, a
dose of 10 units/kg may be given on the day of the operation and
on each of the next 3 days. Like other clotting factor preparations
(see Factor VIII, p.1067), the use of factor XIII may be associat-
ed with risks of hypersensitivity reactions, thrombosis, and viral
infection transmission; inhibitors of factor XIII may occur very
rarely. 
Cryoprecipitate is also used as a source of factor XIII. 
Factor XIII is also a component of fibrin glues (see Fibrin,
p.1069).
Inflammatory bowel disease. Some patients with inflamma-
tory bowel disease (p.1697) may be deficient in factor XIII, pos-
sibly due to increased intestinal blood loss seen in severe ulcera-
tive colitis or increased mucosal deposition of factor XIII in
Crohn’s disease. Factor XIII concentrate given intravenously has
produced beneficial results in 12 patients with active ulcerative
colitis resistant to conventional therapy with corticosteroids and
mesalazine1 and has also been associated with healing of intrac-

table fistulae in 3 of 4 patients with Crohn’s disease.2 However,
a controlled study3 found no benefit from factor XIII in active
corticosteroid-refractory ulcerative colitis.
1. Lorenz R, et al. Factor XIII substitution in ulcerative colitis.

Lancet 1995; 345: 449–50. 
2. Oshitani N, et al. Treatment of Crohn’s disease fistulas with co-

agulation factor XIII. Lancet 1996: 347: 119–20. 
3. Bregenzer N, et al. Lack of clinical efficacy of additional factor

XIII treatment in patients with steroid refractory colitis. Z Gas-
troenterol 1999; 37: 999–1004.

Wounds and ulcers. Topical factor XIII has been reported to
promote wound healing in patients with refractory leg ulcers.1-3

1. Wozniak G, et al. Factor XIII in ulcerative leg disease: back-
ground and preliminary clinical results. Semin Thromb Hemost
1996; 22: 445–50. 

2. Herouy Y, et al. Factor XIII-mediated inhibition of fibrinolysis
and venous leg ulcers. Lancet 2000; 355: 1970–1. 

3. Hildenbrand T, et al. Treatment of nonhealing leg ulcers with
fibrin-stabilizing factor XIII: a case report. Dermatol Surg 2002;
28: 1098–9.

Preparations
Ph. Eur.: Fibrin Sealant Kit.

Proprietary Preparations (details are given in Part 3)
Arg.: Fibrogammin P; Austria: Fibrogammin; Belg.: Fibrogammin; Braz.:
Fibrogammin; Cz.: Fibrogammin P†; Ger.: Fibrogammin; Hong Kong: Fi-
brogammin P; Israel: Fibrogammin P; Switz.: Fibrogammin; UK: Fibrogam-
min P.

Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; Tissucol; Tissucol Duo Quick; Belg.:
Tissucol Duo; Braz.: Beriplast P; Canad.: Tisseel; Chile: Beriplast P; Cz.:
Tissucol; Denm.: Tisseel Duo Quick; Fin.: Tisseel Duo Quick; Fr.: Beriplast;
Tissucol; Ger.: Beriplast; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P; Hong
Kong: Beriplast P; Tisseel; Hung.: Beriplast P; Tissucol-Kit; Indon.: Beri-
plast; Israel: Beriplast; Tisseel; Ital.: Beriplast; Mex.: Beriplast P; Tissucol†;
Neth.: Beriplast P; Tissucol; Tissucol Duo; Pol.: Beriplast; Port.: Tissucol
Duo; Spain: Beriplast P Combi; Tissucol Duo; Swed.: Tisseel Duo Quick;
Switz.: Beriplast P; Tissucol; Tissucol Duo S; Turk.: Beriplast P; UK: Tisseel.

Fibrin (rINN)

Fibrina; Fibrine; Fibrinum.
Фибрин

Pharmacopoeias. Many pharmacopoeias have monographs
for fibrin preparations, including Eur. (see p.vii). 
Ph. Eur. 6.2 (Fibrin Sealant Kit; Fibrini Glutinum). It is composed
of two components, a fibrinogen concentrate containing human
fibrinogen (component 1), and a human thrombin preparation
(component 2). The kit may also contain other ingredients, such
as human factor XIII, a fibrinolysis inhibitor, or calcium ions.
Stabilisers such as human albumin may be added. The human
constituents are obtained from plasma for fractionation and the
method of preparation includes a step or steps that have been
shown to remove or inactivate known agents of infection. The
constituents are passed through a bacteria-retentive filter and dis-
tributed aseptically into sterile containers. Containers of freeze-
dried constituents are sealed under vacuum or filled with oxy-
gen-free nitrogen or other suitable inert gas before sealing. No
antimicrobial preservative is added. When thawed or reconstitut-
ed as stated on the label, the fibrinogen concentrate contains not
less than 40 g/litre of clottable protein; the activity of the
thrombin preparation varies over a wide range (about 4 to
1000 international units/mL). Protect from light.
Profile
Fibrin glue is prepared by mixing solutions containing fibrino-
gen, thrombin, and calcium ions, with the addition of aprotinin to
inhibit fibrinolysis. It may also include factor XIII and other clot-
ting components. Fibrin glue is used as a haemostatic to control
haemorrhage during surgical procedures or as a spray to bleeding
surfaces. 
A dry artificial sponge of human fibrin, known as human fibrin
foam, has been used similarly; it is prepared by clotting human
thrombin with a foam of human fibrinogen solution. A collagen
sponge coated with thrombin and fibrinogen is also available.
Adverse effects. Fatal neurotoxicity has been reported1 after
the use of a fibrin sealant during neurosurgical procedures. The
toxicity may have been due to the presence of tranexamic acid as
a stabiliser in the formulation, and such formulations should not
be used in surgical operations where contact with the CSF or
dura mater could occur.2 
For rare reports of hypersensitivity reactions to aprotinin used
locally as a component of fibrin sealant, see p.1055.
1. Committee on Safety of Medicines/Medicines Control Agency.

Quixil human surgical sealant: reports of fatal reactions. Current
P ro b l e ms  1 999 ;  25 :  19 .  A l so  a va i l a b l e  a t :  h t tp : / /
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON2023713&RevisionSelectionMethod=
LatestReleased (accessed 31/05/06) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Quixil human surgical sealant: update on fatal neurotoxic reac-
tions. Current Problems 2000; 26: 10. Also available at: http://
w w w. m h r a . g o v. u k / h o m e / i d c p l g ? I d c S e r v i c e = G E T _
FILE&dDocName=CON007460&RevisionSelectionMethod=
LatestReleased (accessed 31/05/06)

Use. Reviews.
1. Dunn CJ, Goa KL. Fibrin sealant: a review of its use in surgery

and endoscopy. Drugs 1999; 58: 863–86. 
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2. Carless PA, et al. Fibrin sealant use for minimising peri-opera-

tive allogeneic blood transfusion. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 1. Chichester: John Wiley;
2003 (accessed 03/06/05). 

3. MacGillivray TE. Fibrin sealants and glues. J Card Surg 2003;
18: 480–5. 

4. Fattahi T, et al. Clinical applications of fibrin sealants. J Oral
Maxillofac Surg 2004; 62: 218–24. 

5. Schexneider KI. Fibrin sealants in surgical or traumatic hemor-
rhage. Curr Opin Hematol 2004; 11: 323–6.

Preparations
Ph. Eur.: Fibrin Sealant Kit.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; TachoSil; Tissucol; Tissucol Duo
Quick; Belg.: Tissucol Duo; Braz.: Beriplast P; Tissucol†; Canad.: Tisseel;
Chile: Beriplast P; Cz.: TachoSil; Tissucol; Denm.: TachoSil; Tisseel Duo
Quick; Fin.: TachoSil; Tisseel Duo Quick; Fr.: Beriplast; TachoSil; Tissucol;
Ger.: Beriplast; TachoSil; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P;
Hong Kong: Beriplast P; Tisseel; Hung.: Beriplast P; Tissucol-Kit; Indon.:
Beriplast; Israel: Beriplast; Tisseel; Ital.: Beriplast; TachoSil; Tissucol; Mex.:
Beriplast P; Tissucol†; Neth.: Beriplast P; TachoSil; Tissucol; Tissucol Duo;
Norw.: TachoSil; Pol.: Beriplast; Port.: TachoSil; Tissucol Duo; Spain: Beri-
plast P Combi; TachoSil; Tissucol Duo; Swed.: TachoSil; Tisseel Duo Quick;
Switz.: Beriplast P; TachoSil; Tissucol; Tissucol Duo S; Turk.: Beriplast P;
UK: TachoSil; Tisseel; USA: Artiss.

Fibrinogen
Factor I; Fibrinogène; Fibrinógeno; Fibrinogenum; Fibrinojen; Fi-
brynogen.
ATC — B02BB01; B02BC10.
ATC Vet — QB02BB01.
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Fibrinogen; Fibrinogenum Humanum). It
contains the soluble constituent of human plasma that is trans-
formed to fibrin on addition of thrombin. It is obtained from plas-
ma for fractionation and the method of preparation includes a
step or steps that have been shown to remove or inactivate
known agents of infection. Stabilisers, including protein such as
human albumin, salts, and buffers may be added. No antimicro-
bial preservative is added. When dissolved in the volume of sol-
vent stated on the label, the solution contains not less than
10 g/litre of fibrinogen. 
A white or pale yellow hygroscopic powder or friable solid.
Store in airtight containers. Protect from light.
Profile
Fibrinogen has been used to control haemorrhage associated
with low blood-fibrinogen concentration in afibrinogenaemia or
hypofibrinogenaemia although plasma or cryoprecipitate is usu-
ally preferred. Fibrinogen has also been used in disseminated in-
travascular coagulation (p.1048). It is a component of fibrin glue
(see Fibrin, above). Recombinant human fibrinogen is under in-
vestigation. 
Fibrinogen labelled with radionuclides has also been used in di-
agnostic procedures.
Preparations
Ph. Eur.: Fibrin Sealant Kit; Human Fibrinogen.
Proprietary Preparations (details are given in Part 3)
Austria: Haemocomplettan; Cz.: Haemocomplettan; Ger.: Haemocom-
plettan; Gr.: Haemocomplettan; Hung.: Haemocomplettan; Neth.:
Haemocomplettan; Port.: Haemocomplettan; Switz.: Haemocomplettan;
Thai.: Fibroraas.
Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; TachoComb; TachoSil; Tissucol; Tissu-
col Duo Quick; Belg.: Tissucol Duo; Braz.: Beriplast P; Tissucol†; Canad.:
Tisseel; Chile: Beriplast P; Cz.: TachoComb†; TachoSil; Tissucol; Denm.:
TachoSil; Tisseel Duo Quick; Fin.: TachoSil; Tisseel Duo Quick; Fr.: Beri-
plast; TachoSil; Tissucol; Ger.: Beriplast; Quixil; TachoComb†; TachoSil; Tis-
sucol Duo S; Tissucol-Kit; Gr.: Beriplast P; Hong Kong: Beriplast P; Tacho-
Comb; Tisseel; Hung.: Beriplast P; TachoComb†; Tissucol-Kit; Indon.:
Beriplast; Israel: Beriplast; Tisseel; Ital.: Beriplast; Quixil; TachoSil; Mex.:
Beriplast P; Tissucol†; Neth.: Beriplast P; Quixil; TachoSil; Tissucol; Tissucol
Duo; Norw.: TachoSil; Pol.: Beriplast; Port.: TachoSil; Tissucol Duo; Rus.:
TachoComb (ТахоКомб); Spain: Beriplast P Combi; TachoSil; Tissucol
Duo; Swed.: TachoSil; Tisseel Duo Quick; Switz.: Beriplast P; TachoSil; Tis-
sucol; Tissucol Duo S; Thai.: Fibrin Glue†; TachoComb†; Turk.: Beriplast
P; Tisseel VH; UK: TachoSil; Tisseel; USA: Artiss.

Filgrastim (BAN, USAN, rINN)

Filgrastiimi; Filgrastimum; r-metHuG-CSF. A recombinant human
granulocyte colony-stimulating factor.
Филграстим
CAS — 121181-53-1.
ATC — L03AA02.
ATC Vet — QL03AA02.

Pegfilgrastim (BAN, rINN)

Pegfilgrastiimi; Pegfilgrastimum; Pegfilgrastimun. Filgrastim conju-
gated with monomethoxy polyethylene glycol.
Пегфильграстим
CAS — 208265-92-3.
ATC — L03AA13.
ATC Vet — QL03AA13.

Incompatibility. References.
1. Trissel LA, Martinez JF. Compatibility of filgrastim with select-

ed drugs during simulated Y-site administration. Am J Hosp
Pharm 1994; 51: 1907–13.

Stability. Solutions of filgrastim must not be diluted with sodi-
um chloride solutions as precipitation will occur. Glucose 5% so-
lution may be used if dilution is necessary. However, filgrastim
in diluted solution may be adsorbed onto glass or plastic materi-
als and so it should not be diluted below the recommended min-
imum concentration (2 micrograms/mL). Also, to protect from
adsorption, solutions that are diluted to concentrations of filgras-
tim below 15 micrograms/mL must have albumin added to give
a final concentration of 2 mg/mL. For mention of the stability of
filgrastim in a solution intended for enteral use in neonates, see
Stability under Epoetins, p.1061.

Adverse Effects
The main adverse effects of granulocyte colony-stimu-
lating factors such as filgrastim during short-term treat-
ment are musculoskeletal pain and dysuria. Hypersen-
sitivity reactions have been reported rarely. In patients
receiving long-term treatment the most frequent ad-
verse effects are bone pain and musculoskeletal pain.
Other adverse effects include splenic enlargement,
thrombocytopenia, anaemia, epistaxis, headache, diar-
rhoea, and cutaneous vasculitis. There have been re-
ports of pulmonary infiltrates leading to respiratory
failure or acute respiratory distress syndrome, and rare
reports of splenic rupture. Rises in lactate dehydroge-
nase, alkaline phosphatase, and uric acid, are usually
mild to moderate, dose-dependent, and reversible. 
Colony-stimulating factors are fetotoxic in animal
studies.
◊ General references.
1. Vial T, Descotes J. Clinical toxicity of cytokines used as haemo-

poietic growth factors. Drug Safety 1995; 13: 371–406. 
2. Gutierrez-Delgado F, Bensinger W. Safety of granulocyte colo-

ny-stimulating factor in normal donors. Curr Opin Hematol
2001; 8: 155–60. 

3. Cottle TE, et al. Risk and benefit of treatment of severe chronic
neutropenia with granulocyte colony-stimulating factor. Semin
Hematol 2002; 39: 134–40. 

4. Crawford J. Safety and efficacy of pegfilgrastim in patients re-
ceiving myelosuppressive chemotherapy. Pharmacotherapy
2003; 23 (suppl): 15S–19S.

Disseminated intravascular coagulation. Long-term treat-
ment with granulocyte colony-stimulating factor in a 7-year-old
boy with HIV infection and zidovudine-induced neutropenia
produced evidence of disseminated intravascular coagulation on
2 occasions.1
1. Mueller BU, et al. Disseminated intravascular coagulation asso-

ciated with granulocyte colony-stimulating factor therapy in a
child with human immunodeficiency virus infection. J Pediatr
1995; 126: 749–52.

Effects on the bones. Bone mineral loss and osteoporosis
have been reported in children with severe congenital neutrope-
nia receiving granulocyte colony-stimulating factor for long pe-
riods.1-3 However, the role of granulocyte colony-stimulating
factor in producing this effect is uncertain since bone mineral
loss may be a feature of the underlying disease.
1. Bishop NJ, et al. Osteoporosis in severe congenital neutropenia

treated with granulocyte colony-stimulating factor. Br J Haema-
tol 1995; 89: 927–8. 

2. Yakisan E, et al. High incidence of significant bone loss in pa-
tients with severe congenital neutropenia (Kostmann’s syn-
drome). J Pediatr 1997; 131: 592–7. 

3. Sekhar RV, et al. Severe osteopenia in a young boy with Kost-
mann’s congenital neutropenia treated with granulocyte colony-
stimulating factor: suggested therapeutic approach. Abstract:
Pediatrics 2001; 108: 756–7. Full version: 
http://pediatrics.aappublications.org/cgi/content/full/108/3/e54
(accessed 27/10/05)

Effects on the eyes. Subretinal haemorrhage resulting in irre-
versible loss of vision in one eye occurred in a 4-year-old girl
who received filgrastim and nartograstim for chemotherapy-in-
duced neutropenia and for mobilising peripheral blood stem
cells.1 It was postulated that the colony-stimulating factor reacti-
vated a primary ocular inflammation probably caused by an in-
fection. Bilateral peripapillary and macular retinal haemorrhage
occurred in an adult being treated for mantle cell lymphoma.2 It
was attributed to retinal leucostasis secondary to hyperleucocy-
tosis resulting from the use of filgrastim for stem cell mobilisa-
tion. Vision improved after cessation of filgrastim and the use of
leucapheresis.
1. Matsumura T, et al. Subretinal haemorrhage after granulocyte

colony-stimulating factor. Lancet 1997; 350: 336. Correction.
ibid.; 1406. 

2. Salloum E, et al. Hyperleukocytosis and retinal hemorrhages af-
ter chemotherapy and filgrastim administration for peripheral
blood progenitor cell mobilization. Bone Marrow Transplant
1998; 21: 835–7.

Effects on the lungs. There have been reports of exacerbation
of chemotherapy-induced pulmonary toxicity in patients receiv-
ing granulocyte colony-stimulating factor (G-CSF) with bleo-

mycin, cyclophosphamide, or methotrexate. A systematic
review1 of 73 cases noted that the doses of the antineoplastics
were below the usual toxic cumulative dose, suggesting that G-
CSF may have lowered the threshold for pulmonary toxicity of
these drugs. It has been proposed that G-CSF has an activating
effect on neutrophils that makes them toxic to the alveolar capil-
lary wall. The review also included 2 cases of pulmonary toxicity
in non-neutropenic patients treated with G-CSF alone. The cir-
cumstances of 9 other cases suggested that neutropenic patients
with a recent history of pulmonary infiltrates may be at increased
risk of acute respiratory distress syndrome during neutropenia re-
covery. The true role of G-CSF in these cases of pulmonary tox-
icity remains unclear, however.
1. Azoulay E, et al. Granulocyte colony-stimulating factor or neu-

trophil-induced pulmonary toxicity: myth or reality? Systematic
review of clinical case reports and experimental data. Chest
2001; 120: 1695–1701.

Effects on the skin. Skin reactions may occur in patients given
colony-stimulating factors. In a study in women with inflamma-
tory breast cancer, a pruritic skin reaction developed at the sub-
cutaneous injection site in all 7 given granulocyte-macrophage
colony-stimulating factor.1 A review2 of 8 cases of generalised
pruritic maculopapular rash associated with granulocyte or gran-
ulocyte-macrophage colony-stimulating factor found that in 6 of
them the rash resolved in 4 to 17 days even though therapy was
continued and half the patients did not receive any treatment for
the rash. A localised lichenoid reaction has been described for
granulocyte colony-stimulating factor.3 Exacerbation of
psoriasis4 and precipitation or exacerbation of neutrophilic der-
matoses including Sweet’s syndrome,5-7 pyoderma gangreno-
sum,8 and neutrophilic eccrine hidradenitis9 have been reported
following use of granulocyte colony-stimulating factor.
1. Steger GG, et al. Cutaneous reactions to GM-CSF in inflamma-

tory breast cancer. N Engl J Med 1992; 327: 286. 
2. Álvarez-Ruiz S, et al. Maculopapular eruption with enlarged

macrophages in eight patients receiving G-CSF or GM-CSF. J
Eur Acad Dermatol Venereol 2004; 18: 310–13. 

3. Viallard AM, et al. Lichenoid cutaneous drug reaction at injec-
tion sites of granulocyte colony-stimulating factor (filgrastim).
Dermatology 1999; 198: 301–3. 

4. Kavanaugh A. Flare of psoriasis and psoriatic arthritis following
treatment with granulocyte colony-stimulating factor. Am J Med
1996; 101: 567. 

5. Petit T, et al. Lymphoedema-area-restricted Sweet syndrome
during G-CSF treatment. Lancet 1996; 347: 690. 

6. Garty BZ, et al. Sweet syndrome associated with G-CSF treat-
ment in a child with glycogen storage disease type Ib. Pediatrics
1996; 97: 401–3. 

7. Hasegawa M, et al. Sweet’s syndrome associated with granulo-
cyte colony-stimulating factor. Eur J Dermatol 1998; 8: 503–5. 

8. Johnson ML, Grimwood RE. Leukocyte colony-stimulating fac-
tors: a review of associated neutrophilic dermatoses and vascu-
litides. Arch Dermatol 1994; 130: 77–81. 

9. Bachmeyer C, et al. Neutrophilic eccrine hidradenitis induced by
granulocyte colony-stimulating factor. Br J Dermatol 1998; 139:
354–5.

Effects on the thyroid. Reversible thyroid dysfunction has
been reported in patients with pre-existing thyroid antibodies
during treatment with granulocyte-macrophage colony-stimulat-
ing factor,1 but not with granulocyte colony-stimulating factor.2
However, clinical hypothyroidism has been reported in a patient
with no history of thyroid dysfunction or thyroid antibodies dur-
ing treatment with granulocyte colony-stimulating factor.3
1. Hoekman K, et al. Reversible thyroid dysfunction during treat-

ment with GM-CSF. Lancet 1991; 338: 541–2. 
2. van Hoef MEHM, Howell A. Risk of thyroid dysfunction during

treatment with G-CSF. Lancet 1992; 340: 1169–70. 
3. de Luis DA, Romero E. Reversible thyroid dysfunction with fil-

grastim. Lancet 1996; 348: 1595–6.

Inflammatory disorders. Reactivation of various inflamma-
tory disorders including rheumatoid arthritis1 and pseudogout2,3

has been reported after use of granulocyte colony-stimulating
factors. For further reports of reactivation of sites of inflamma-
tion, see under Effects on the Eyes and Effects on the Skin,
above.
1. Vildarsson B, et al. Reactivation of rheumatoid arthritis and de-

velopment of leukocytoclastic vasculitis in a patient receiving
granulocyte colony-stimulating factor for Felty’s syndrome. Am
J Med 1995; 98: 589–91. 

2. Sandor V, et al. Exacerbation of pseudogout by granulocyte col-
ony-stimulating factor. Ann Intern Med 1996; 125: 781. 

3. Teramoto S, et al. Increased synovial interleukin-8 and inter-
leukin-6 levels in pseudogout associated with granulocyte colo-
ny-stimulating factor. Ann Intern Med 1998; 129: 424–5.

Precautions
Since granulocyte colony-stimulating factors such as
filgrastim can promote growth of myeloid cells in vitro
their use in myeloid malignancies has been contra-in-
dicated, although recently colony-stimulating factors
have been used in some patients with myeloid diseases
without stimulation of malignant cells. However, cau-
tion is required when they are used in patients with any
pre-malignant or malignant myeloid condition. Fil-
grastim and lenograstim should not be used from 24
hours before until 24 hours after cytotoxic chemother-
apy because of the sensitivity of rapidly dividing mye-
loid cells. Pegfilgrastim should not be used from 14
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

days before until 24 hours after chemotherapy. The
safety and efficacy of granulocyte colony-stimulating
factor therapy has not been established in patients re-
ceiving chemoradiotherapy, and concomitant use is
generally avoided. 
Granulocyte colony-stimulating factors should be used
with caution in patients with sickle-cell disease. Prepa-
rations of filgrastim may contain sorbitol as an excipi-
ent; care is advisable in patients with hereditary fruc-
tose intolerance. 
The complete blood count should be monitored regu-
larly during therapy with granulocyte colony-stimulat-
ing factors. Treatment should be withdrawn in patients
who develop signs of pulmonary infiltrates. Transient
positive changes in bone imaging findings have oc-
curred with growth factor therapy, and should be con-
sidered when interpreting results. Bone density should
be monitored in patients with osteoporosis who are re-
ceiving long-term treatment with filgrastim.
Sickle-cell disease. Granulocytosis occurs during sickle-cell
crisis (p.1044) although the role of granulocytes in vaso-occlu-
sion has not been established. Sickle-cell crisis has occurred in
patients with sickle-cell disease who have been given granulo-
cyte colony-stimulating factor.1-3

1. Abboud M, et al. Granulocytosis causing sickle-cell crisis. Lan-
cet 1998; 351: 959. 

2. Adler BK, et al. Fatal sickle cell crisis after granulocyte colony-
stimulating factor administration. Blood 2001; 97: 3313–14. 

3. Wei A, Grigg A. Granulocyte colony-stimulating factor–induced
sickle cell crisis and multiorgan dysfunction in a patient with
compound heterozygous sickle cell/β  thalassemia. Blood 2001;
97: 3998–9.

Pharmacokinetics
After subcutaneous injection, peak serum concentra-
tions of filgrastim occur within about 8 hours. The se-
rum elimination half-life of filgrastim after intravenous
or subcutaneous injection is about 3.5 hours. Pegfil-
grastim peak concentrations occur later, at 16 to 120
hours after subcutaneous doses. Elimination of pegfil-
grastim is non-linear and clearance becomes saturated
and decreases with increasing dose. It is mainly elimi-
nated by neutrophil-mediated clearance, such that the
serum concentration of pegfilgrastim declines rapidly
with neutrophil recovery. It has a half-life of 15 to 80
hours after subcutaneous injection.
◊ Reviews.
1. Zamboni WC. Pharmacokinetics of pegfilgrastim. Pharmaco-

therapy 2003; 23 (suppl): 9S–14S.

Uses and Administration
Filgrastim is a granulocyte colony-stimulating factor
(G-CSF), a haematopoietic growth factor that stimu-
lates the development of granulocytes (see Haemat-
opoiesis, p.1042). It is used to treat or prevent neutro-
penia in patients receiving myelosuppressive cancer
chemotherapy and to reduce the period of neutropenia
in patients undergoing bone marrow transplantation. It
is also used to mobilise peripheral blood progenitor
cells for collection and subsequent use in autologous or
allogeneic peripheral blood stem cell transplantation.
Filgrastim is also used in the management of chronic
neutropenia (congenital, cyclic, or idiopathic), and for
persistent neutropenia in patients with advanced HIV
infection. 
Filgrastim may be given intravenously or subcutane-
ously. Doses may be expressed in micrograms or in
units; 10 micrograms is equivalent to 1 million units. 
As an adjunct to antineoplastic therapy, filgrastim is
given in a dose of 5 micrograms/kg daily starting not
less than 24 hours after the last dose of antineoplastic.
It can be given as a single daily subcutaneous injection,
as a continuous intravenous or subcutaneous infusion,
or as a daily intravenous infusion over 15 to 30 min-
utes. Treatment is continued until the neutrophil count
has stabilised within the normal range which may take
up to 14 days or more. A formulation of filgrastim con-
jugated with monomethoxy polyethylene glycol (peg-
filgrastim) may also be used to reduce the incidence of
neutropenia associated with antineoplastic therapy; it is
given by subcutaneous injection in a single dose of

6 mg, given not less than 24 hours after the last dose of
antineoplastic. 
The initial dose of filgrastim following bone marrow
transplantation is 10 micrograms/kg daily, adjusted
according to response. This may be given by intrave-
nous infusion over 30 minutes or 4 hours, or by contin-
uous intravenous or subcutaneous infusion over 24
hours. 
For mobilisation of peripheral blood progenitor cells
for autologous peripheral blood stem cell transplanta-
tion, a dose of 10 micrograms/kg daily of filgrastim
may be given subcutaneously as a single daily injection
or by continuous infusion for 4 to 7 days until the last
leucapheresis procedure (usually performed on days 5
to 7 as required). If filgrastim is given after myelosup-
pressive chemotherapy, the dose is halved to
5 micrograms/kg daily by subcutaneous injection. It is
given from the first day after completion of chemother-
apy until the expected neutrophil nadir is passed and
the neutrophil count has recovered to the normal range,
so that leucapheresis can be performed. For mobilisa-
tion of cells in healthy donors, to use in allogeneic
transplantation, a dose of 10 micrograms/kg daily may
be given subcutaneously for 4 or 5 days until leuca-
pheresis (usually started on day 5). 
In patients with congenital neutropenia the initial
dose is 12 micrograms/kg daily and in patients with id-
iopathic or cyclic neutropenia the initial dose is
5 micrograms/kg daily. In these forms of neutropenia
the dose is given subcutaneously in single or divided
doses and should be adjusted according to response. 
In patients with HIV infection and persistent neutro-
penia the initial dose is 1 microgram/kg daily by sub-
cutaneous injection. The dose may be titrated up to a
maximum of 4 micrograms/kg daily until a normal
neutrophil count is achieved and then adjusted for
maintenance according to response. Maintenance dos-
es of 300 micrograms daily on 1 to 7 days a week have
been used. 
The filgrastim doses described above for patients re-
ceiving antineoplastic therapy and for chronic neutro-
penias may also be given to children. Pegfilgrastim
should not be used in children or adolescents weighing
less than 45 kg.
◊ Some reviews of filgrastim and pegfilgrastim.
1. Dale DC, ed. Filgrastim anniversary supplement: reviewing 10

years of clinical experience, a seminar-in-print. Drugs 2002; 62
(suppl 1): 1–98. 

2. Curran MP, Goa KL. Pegfilgrastim. Drugs 2002; 62: 1207–13. 
3. Willis F, Pettengell R. Pegfilgrastim. Expert Opin Biol Ther

2002; 2: 985–92.

Aplastic anaemia. Colony-stimulating factors, including
granulocyte colony-stimulating factors, have been tried in pa-
tients with aplastic anaemia (p.1042).
Infections. As well as stimulating the development and matura-
tion of haematopoietic precursors, granulocyte and granulocyte-
macrophage colony-stimulating factors have been found to en-
hance neutrophil chemotaxis and phagocytosis, enhance oxida-
tive activity, increase microbicidal activity and antibody-mediat-
ed cellular cytotoxicity, and delay neutrophil apoptosis.
Granulocyte-macrophage colony-stimulating factor also modi-
fies macrophage and monocyte functions in inflammation and
cellular immune response.1 It has therefore been suggested that
colony-stimulating factors might be useful adjuncts in the treat-
ment of infections in non-neutropenic patients, but their clinical
role is yet to be established. 
The use of granulocyte colony-stimulating factor was reported2

to reduce mortality rates in patients with septic shock due to the
bacterial infection melioidosis (p.178). In small placebo-control-
led studies of patients with the protozoal infection cutaneous
leishmaniasis (p.824), ulcers healed faster in those treated with
granulocyte-macrophage colony-stimulating factor, as an ad-
junct to antimony therapy, by intralesional injection3 and topical
application.4 
However, granulocyte colony-stimulating factor does not appear
to be of benefit as an adjunct in the management of pneumonia5

(p.186). In diabetic foot infections (see Diabetic Complications,
p.433) granulocyte colony-stimulating factor does not appear to
affect wound healing, although there is some suggestion that it
may reduce the likelihood of surgical intervention.6 
In HIV infection (p.856), granulocyte-macrophage colony-stim-
ulating factor has been reported to improve CD4+ cell counts.7 
Granulocyte-macrophage colony-stimulating factor has been in-
vestigated as an adjuvant for hepatitis B vaccination in healthy

subjects, patients with chronic renal failure or on haemodialysis,
and in HIV-infected patients. Overall, the colony-stimulating
factor appears to improve seroconversion rates and antibody ti-
tres, but further study is needed.8
1. Root RK, Dale DC. Granulocyte colony-stimulating factor and

granulocyte-macrophage colony-stimulating factor: compari-
sons and potential for use in the treatment of infections in non-
neutropenic patients. J Infect Dis 1999; 179 (suppl): S342–S352. 

2. Cheng AC, et al. Adjunctive granulocyte colony-stimulating fac-
tor for treatment of septic shock due to melioidosis. Clin Infect
Dis 2004; 38: 32–7. 

3. Almeida R, et al. Randomized, double-blind study of stibogluco-
nate plus human granulocyte macrophage colony-stimulating
factor versus stibogluconate alone in the treatment of cutaneous
leishmaniasis. J Infect Dis 1999; 180: 1735–7. 

4. Santos JB, et al. Antimony plus recombinant human granulo-
cyte-macrophage colony-stimulating factor applied topically in
low doses enhances healing of cutaneous leishmaniasis ulcers: a
randomized, double-blind, placebo-controlled study. J Infect Dis
2004; 190: 1793–6. 

5. Cheng AC, et al. Granulocyte-colony stimulating factor (G-
CSF) as an adjunct to antibiotics in the treatment of pneumonia
in adults. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2007 (accessed
16/06/08). 

6. Cruciani M, et al. Are granulocyte colony-stimulating factors
beneficial in treating diabetic foot infections? A meta-analysis.
Diabetes Care 2005; 28: 454–60. 

7. Deresinski SC. Granulocyte-macrophage colony-stimulating
factor: potential therapeutic, immunological and antiretroviral
effects in HIV infection. AIDS 1999; 13: 633–43. 

8. Cruciani M, et al. Granulocyte macrophage colony-stimulating
factor as an adjuvant for hepatitis B vaccination: a meta-analysis.
Vaccine 2007; 25: 709–18.

Ischaemia. Colony-stimulating factors have been investigated
for their ability to mobilise stem cells and modulate inflamma-
tion in cardiovascular disorders characterised by ischaemia. In
patients with atherosclerotic coronary artery disease (p.1159)
filgrastim1 and molgramostim2 have been tried in an attempt to
promote neovascularisation; there was no cardiac benefit with
the former, and although the latter promoted collateral artery
growth the balance of benefit to risk was questionable, since 2 of
7 actively treated patients developed an acute coronary syn-
drome. Benefit has been reported in 7 patients with acute ischae-
mic stroke (p.1185) given filgrastim 15 micrograms/kg subcuta-
neously daily for 5 days in addition to the usual care given to 3
controls.3 There was a greater improvement in neurological
function in filgrastim-treated patients on 12 months of follow-up,
but larger studies are required to confirm the benefit.
1. Hill JM, et al. Outcomes and risks of granulocyte colony-stimu-

lating factor in patients with coronary artery disease. J Am Coll
Cardiol 2005; 46: 1643–8. 

2. Zbinden S, et al. Safety and efficacy of subcutaneous-only gran-
ulocyte-macrophage colony-stimulating factor for collateral
growth promotion in patients with coronary artery disease. J Am
Coll Cardiol 2005; 46: 1636–42. 

3. Shyu W-C, et al. Granulocyte colony-stimulating factor for acute
ischemic stroke: a randomized controlled trial. Can Med Assoc J
2006; 174: 927–33.

Neutropenia. Granulocyte colony-stimulating factors are used
in the management of neutropenia. They may be used1 long-term
in the management of inherited forms of neutropenia (p.1051).
They are used short-term2-5 to treat or prevent antineoplastic-in-
duced neutropenia (p.640) and have also been used in patients
with neutropenia induced by a wide range of other drugs.6-11 The
use of colony-stimulating factors has been investigated12 in the
management of neutropenia in patients with HIV-associated in-
fection (p.857). A controlled study13 in 258 patients with ad-
vanced HIV infection found that prophylactic use of granulocyte
colony-stimulating factor reduced the incidence of severe neu-
tropenia and also suggested that the incidence and duration of
bacterial infections was reduced. 
Due to immature neutrophil production and function, neonates
are susceptible to infection and preterm neonates are at particular
risk. The use of colony-stimulating factors for prophylaxis or as
adjuncts in the treatment of septicaemia (p.190) in neonates has
been investigated in a few small trials but there is insufficient
evidence of benefit to recommend the use of granulocyte or gran-
ulocyte-macrophage colony-stimulating factors in these patients.
Although there is limited evidence to suggest that they may re-
duce mortality as adjuncts to treatment in patients with sepsis and
severe neutropenia, further study is needed.14,15 Granulocyte col-
ony-stimulating factors have also been tried with mixed results
in neonates with the rare condition of alloimmune neutrope-
nia.16,17

1. Zeidler C, et al. Management of Kostmann syndrome in the G-
CSF era. Br J Haematol 2000; 109: 490–5. 

2. Repetto L, et al. EORTC Cancer in the Elderly Task Force
guidelines for the use of colony-stimulating factors in elderly
patients with cancer. Eur J Cancer 2003; 39: 2264–72. 

3. Sung L, et al. Prophylactic granulocyte colony-stimulating fac-
tor and granulocyte-macrophage colony-stimulating factor de-
crease febrile neutropenia after chemotherapy in children with
cancer: a meta-analysis of randomized controlled trials. J Clin
Oncol 2004; 22: 3350–6. 

4. Clark OAC, et al. Colony-stimulating factors for chemotherapy-
induced febrile neutropenia: a meta-analysis of randomized
controlled trials. J Clin Oncol 2005; 23: 4198–4214. 

5. Smith TJ, et al. 2006 Update of recommendations for the use of
white blood cell growth factors: an evidence-based clinical
practice guideline. J Clin Oncol 2006; 24: 3187–3205. Also
available at: http://www.jco.org/cgi/reprint/24/19/3187 (ac-
cessed 20/09/06) 
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6. Wickramanayake PD, et al. Use of granulocyte colony-stimulat-

ing factor (filgrastim) in the treatment of non-cytotoxic drug-
induced agranulocytosis. Eur J Med Res 1995; 1: 153–6. 

7. Murphy PT, Casey MC. Sulphasalazine induced agranulocytosis
revisited. Ir Med J 1998; 91: 216. 

8. Bhidayasiri R, et al. Correction of mesalazine-induced neutro-
penia with high dose G-CSF. Am J Gastroenterol 2000; 95:
3321–2. 

9. Andrès E, et al. Nonchemotherapy drug-induced agranulocyto-
sis in elderly patients: the effects of granulocyte colony-stimu-
lating factor. Am J Med 2002; 112: 460–4. 

10. Andrès E, et al. Modern management of non-chemotherapy
drug-induced agranulocytosis: a monocentric cohort study of 90
cases and review of the literature. Eur J Intern Med 2002; 13:
324–8. 

11. Hägg S, et al. Long-term combination treatment with clozapine
and filgrastim in patients with clozapine-induced agranulocyto-
sis. Int Clin Psychopharmacol 2003; 18: 173–4. 

12. Kuritzkes DR. Neutropenia, neutrophil dysfunction, and bacte-
rial infection in patients with human immunodeficiency virus
disease: the role of granulocyte colony-stimulating factor. Clin
Infect Dis 2000; 30: 256–60. 

13. Kuritzkes DP, et al. Filgrastim prevents severe neutropenia and
reduces infective morbidity in patients with advanced HIV in-
fection: results of a randomized, multicenter, controlled trial.
AIDS 1998; 12: 65–74. 

14. Banerjea MC, Speer CP. The current role of colony-stimulating
factors in prevention and treatment of neonatal sepsis. Semin
Neonatol 2002; 7: 335–49. 

15. Carr R, et al. G-CSF and GM-CSF for treating or preventing
neonatal infections. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2003 (ac-
cessed 27/10/05). 

16. Felix JK, Calhoun DA. Neonatal alloimmune neutropenia in
premature monozygous twins. Pediatrics 2000; 106: 340–2. 

17. Maheshwari A, et al. Resistance to recombinant human granu-
locyte colony-stimulating factor in neonatal alloimmune neutro-
penia associated with anti-human neutrophil antigen-2a (NB1)
antibodies. Abstract: Pediatrics 2002; 109: 698. Full version:
http://pediatrics.aappublications.org/cgi/content/full/109/4/e64
(accessed 27/10/05)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Filgen; Neupogen; Neutrofil; Neutromax; Austral.: Neulasta; Neup-
ogen; Austria: Neulasta; Neupogen; Belg.: Neulasta; Neupogen; Braz.:
Filgrastine; Granulen; Granulokine; Leucin; Neulastim; Canad.: Neulasta;
Neupogen; Chile: Neupogen; Neutromax; Cz.: Neulasta; Neupogen; Ne-
upopeg; Denm.: Neulasta; Neupogen; Fin.: Neulasta; Neupogen; Fr.:
Neulasta; Neupogen; Ger.: Neulasta; Neupogen; Gr.: Granulokine; Neulas-
ta; Hong Kong: Neupogen; Hung.: Neulasta; Neupogen; India: Neupo-
gen; Indon.: Neulastim; Neupogen; Irl.: Neulasta; Neupogen; Israel: Ne-
upogen; Ital.: Granulokine; Neulasta; Neupogen; Neupopeg; Jpn: Gran;
Malaysia: Neupogen; Peglasta; Mex.: Filatil; Neulastim; Neupogen;
Neth.: Neulasta; Neupogen; Neupopeg; Norw.: Neulasta; Neupogen;
NZ: Neupogen; Philipp.: Granulokine; Pol.: Neulasta; Neupogen; Port.:
Neulasta; Neupogen; Neupopeg; Rus.: Neupogen (Нейпоген); S.Afr.:
Neupogen; Singapore: Neulastim; Neupogen; Spain: Neulasta; Neupo-
gen; Swed.: Neulasta; Neupogen; Switz.: Neulasta; Neupogen; Thai.: Ne-
upogen; Neutromax; Turk.: Neupogen; UK: Neulasta; Neupogen; USA:
Neulasta; Neupogen; Venez.: Neupogen.

Gelatin ⊗ 
Gelatina; Gélatine; Liivate; Modifiye Jelatin; Želatina; Żelatyna;
Zselatin.
ATC — B02BC01 (absorbable gelatin sponge); B05AA06
(gelatin).
ATC Vet — QB02BC01 (absorbable gelatin sponge);
QB05AA06 (gelatin).

Grades. Gelling grades of gelatin are usually graded by gel
strength, expressed as ‘Bloom value’, ‘Bloom strength’, or
‘Bloom rating’.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and Viet.
Also in USNF. 
The gelatin described in some pharmacopoeias is not necessarily
suitable for preparations for parenteral use or for other special
purposes. 
Ph. Eur. 6.2 (Gelatin). A purified protein obtained either by par-
tial acid hydrolysis (type A), by partial alkaline hydrolysis (type
B), or by enzymatic hydrolysis of collagen from animals (includ-
ing fish and poultry); it may also be a mixture of different types.
The hydrolysis leads to gelling and non-gelling product grades.
Gelling grades are characterised by the gel strength (Bloom val-
ue). It is not suitable for parenteral use or for other special pur-
poses. 
A faintly yellow or light yellowish-brown solid, usually occur-
ring as translucent sheets, shreds, powder, or granules. 
Gelling grades of gelatin swell in cold water and on heating give
a colloidal solution which on subsequent cooling forms a more
or less firm gel. Gelatin is practically insoluble in common or-
ganic solvents. Different gelatins form aqueous solutions that
vary in clarity and colour. A 1% solution in water at about 55°
has a pH of 3.8 to 7.6. Protect from heat and moisture. 
USNF 26 (Gelatin). It is obtained by the partial hydrolysis of
collagen derived from the skin, white connective tissue, and
bones of animals. Gelatin derived from an acid-treated precursor
is known as Type A, and gelatin derived from an alkali-treated
precursor is known as Type B. 
Faintly yellow or amber sheets, flakes, or shreds, or a coarse to
fine powder, the colour varying in depth according to the particle
size. A solution has a slight, characteristic, bouillon-like odour. It
is stable in air when dry, but is subject to microbial decomposi-

tion when moist or in solution. Gelatin swells and softens when
immersed in cold water, gradually absorbing 5 to 10 times its
weight of water. Soluble in hot water, in 6N acetic acid, and in a
hot mixture of glycerol and water; insoluble in alcohol, in chlo-
roform, in ether, and in fixed and volatile oils.
Incompatibility. A white precipitate was formed immediately
when vancomycin injection was infused through a giving set
containing modified fluid gelatin solution.1
1. Taylor A, Hornbrey P. Incompatibility of vancomycin and gela-

tin plasma expanders. Pharm J 1991; 246: 466.

Adverse Effects
Hypersensitivity reactions including anaphylactic re-
actions have occurred after the infusion of gelatin or its
derivatives. Rapid infusion of gelatin derivatives may
directly stimulate the release of histamine and other va-
soactive substances. 
For adverse reactions associated with the topical use of
gelatin, see Haemostasis under Uses and Administra-
tion, below.
Hypersensitivity. Severe anaphylactoid reactions have been
reported with infusion of modified fluid gelatin solutions.1,2 As
of June 2006, the Australian Adverse Drug Reactions Advisory
Committee (ADRAC)3 had also received 70 reports of hypoten-
sion or hypersensitivity reactions associated with succinylated
gelatin. Although severe hypersensitivity reactions to gelatin-
based plasma expanders appear to be rare, they may be under-
reported and fatalities have occurred.2 The possibility of cross
reactivity between succinylated gelatin and polygeline has also
been considered; there are a few reports of patients who, after a
reaction during clinical use with one plasma expander, have
shown a positive skin test result to the other.4,5 Some hypersensi-
tivity reactions have been attributed to the use of gelatin as an
excipient in vaccines6-8 and other injectable drug products.9 A
haemostatic gelatin sponge put into place at the end of spinal sur-
gery for a disc hernia was thought to be responsible for a delayed
hypersensitivity reaction that caused oedema of the soft tissues
and subsequent tingling and paresis of the lower limbs; removal
of the sponge produced improvement.10 
For reports of fatal reactions in asthmatic patients given gelatin
derivatives, see Polygeline, p.1077.
1. Blanloeil Y, et al. Accidents anaphylactoïdes sévères après per-

fusion d’une gélatine fluide modifiée en solution équilibrée
Therapie 1983; 38: 539–46. 

2. Walker SR, MacSweeney ST. Plasma expanders used to treat or
prevent hypotension can themselves cause hypotension. Post-
grad Med J 1998; 74: 492–4. 

3. Adverse Drug Reactions Advisory Committee (ADRAC). Prob-
lems with colloids in fluid resuscitation. Aust Adverse Drug Re-
act Bull 2006; 25: 10. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0606.pdf (accessed 07/12/06) 

4. Russell WJ, Fenwick DG. Anaphylaxis to Haemaccel  and cross
reactivity to Gelofusin . Anaesth Intensive Care 2002; 30:
481–3. 

5. Russell WJ, Fenwick DG. Cross-reactivity between Gelofusin
and Haemaccel. Anaesth Intensive Care 2003; 31: 121–2. 

6. Kelso JM. The gelatin story. J Allergy Clin Immunol 1999; 103:
200–202. 

7. Patja A, et al. Allergic reactions to measles-mumps-rubella vac-
cination. Abstract: Pediatrics 2001; 107: 398. Full version:
http://pediatrics.aappublications.org/cgi/content/full/107/2/e27
(accessed 27/10/05) 

8. Pool V, et al. Prevalence of anti-gelatin IgE antibodies in people
with anaphylaxis after measles-mumps-rubella vaccine in the
United States. Abstract: Pediatrics 2002; 110: 1241. Full ver-
sion: http://pediatrics.aappublications.org/cgi/content/full/110/
6/e71 (accessed 27/10/05) 

9. Sakaguchi M, et al. A case of anaphylaxis to gelatin included in
erythropoietin products. J Allergy Clin Immunol 1999; 103:
349–50. 

10. Purello-D’Ambrosio F, et al. Allergy to gelatin. Allergy 2000;
55: 414–15.

Precautions
When gelatin or its derivatives are used as plasma ex-
panders the precautions under Dextran 70 (p.1060)
should be considered. There does not appear to be any
interference with blood grouping and cross-matching
of blood. 
When gelatin is used as an absorbable haemostatic the
precautions under Oxidised Cellulose (p.1075) should
be considered.

Pharmacokinetics
After infusion of modified fluid gelatin (succinylated
gelatin), 75% of the dose is excreted in the urine in 24
hours. The half-life is about 4 hours.

Uses and Administration
Gelatin is a protein that has both clinical and pharma-
ceutical uses. 
Gelatin is used as a haemostatic in surgical procedures
as an absorbable film or sponge and can absorb many

times its weight of blood. It is also employed as a plas-
ma volume expander similarly to the dextrans in hypo-
volaemic shock (p.1183). A 4% solution of a modified
fluid gelatin (succinylated gelatin) has been infused in
doses of 500 to 1000 mL. It may also be used in the
form of a gelatin-derived polymer, see Polygeline,
p.1077. 
Gelatin rods may be employed to temporarily block
tear outflow in the diagnosis of dry eye (p.2140). 
Gelatin is used in the preparation of pastes, pastilles,
suppositories, tablets, and hard and soft capsule shells.
It is also used for the microencapsulation of drugs and
other industrial materials. It has been used as a vehicle
for injections: Pitkin’s Menstruum, which consists of
gelatin, glucose, and acetic acid, has been used in a
modified form for heparin while hydrolysed gelatin
has been used for corticotropin. Gelatin is an ingredient
of preparations used for the protection of stomas and
lesions.
Haemostasis. Gelatin acts as a haemostatic (p.1045) by pro-
viding a physical meshwork within which clotting can occur. 
Gelatin powder may be applied dry to wound beds and may be
most useful when mixed with saline or thrombin and applied to
bone. Gelatin sponge can be applied dry or soaked in saline or
thrombin solutions. When applied to skin wounds the gelatin liq-
uefies within 2 to 5 days; when implanted into tissues it is ab-
sorbed within 4 to 6 weeks. Adverse reactions include an in-
creased incidence of infection, compression of surrounding
tissue due to fluid absorption, granuloma formation, and fibrosis.
Generally, gelatin sponges cause little tissue reaction and can be
applied to bone, dura, and pleural tissue (but see also Hypersen-
sitivity, above). 
References.
1. Larson PO. Topical hemostatic agents for dermatologic surgery.

J Dermatol Surg Oncol 1988; 14: 623–32. 
2. Schonauer C, et al. The use of local agents: bone wax, gelatin,

collagen, oxidized cellulose. Eur Spine J 2004; 13 (suppl):
S89–S96. 

3. Gabay M. Absorbable hemostatic agents. Am J Health-Syst
Pharm 2006; 63: 1244–53.

Neonatal intraventricular haemorrhage. Plasma volume
expansion in preterm neonates has been thought to help prevent
neonatal intraventricular haemorrhage (p.1050). However, a
study using plasma or gelatin as plasma volume expanders,1,2

found no evidence of a decreased risk of such haemorrhage or
subsequent death or disability.
1. The Northern Neonatal Nursing Initiative Trial Group. A rand-

omized trial comparing the effect of prophylactic intravenous
fresh frozen plasma, gelatin or glucose on early mortality and
morbidity in preterm babies. Eur J Pediatr 1996; 155: 580–8. 

2. Northern Neonatal Nursing Initiative Trial Group. Randomised
trial of prophylactic early fresh-frozen plasma or gelatin or glu-
cose in preterm babies: outcome at 2 years. Lancet 1996; 348:
229–32.

Preparations
USP 31: Absorbable Gelatin Film; Absorbable Gelatin Sponge.

Proprietary Preparations (details are given in Part 3)
Arg.: Gelafundin; Geloplasma; Infukoll; Austral.: Gelfilm†; Gelfoam; Gelo-
fusine; Austria: Gelofusin; Belg.: Gelfoam†; Gelofusine†; Braz.: Cola-
genan; Gelfoam; Canad.: Gelfilm; Gelfoam; Chile: Gelfoam; Gelofusine;
Geloplasma; Cz.: Gelofusine; Geloplasma; Fin.: Gelofusine; Fr.: Bloxang;
Gel-Phan; Gelodiet; Gelofusine†; Hydrocoll; Ger.: Gelafundin; Gelafusal;
Gelaspon; Gelastypt; Spongostan; stypro; Thomaegelin†; Gr.: Gelofusine;
Hong Kong: Gelfoam†; Gelofusine; Hung.: Gelaspon†; Gelofusine; India:
Seraccel†; Indon.: Gelafundin; Israel: Gelfoam; Ital.: Cutanplast; Eufusin;
Gelofusine; Spongostan; Malaysia: Gelfoam; Neth.: Gelfilm†; Gelfoam†;
Gelofusine; Geloplasma; Willospon†; NZ: Gelfilm; Gelfoam; Gelofusine;
Philipp.: Gelfoam; Pol.: Gelofusine; Port.: Gelafundina; Gelofusine; S.Afr.:
Gelofusine; Singapore: Gelfoam; Gelofusine†; Switz.: Physiogel; Thai.:
Gelafundin; Gelofusine; Turk.: Gelofusin; UK: Gelofusine; Geloplasma; Vol-
plex; USA: Gelfilm; Gelfoam; Venez.: Gelfoam; Gelofusine.
Multi-ingredient: Arg.: Megaplus; Mucobase; Austral.: Orabase; Ora-
hesive†; Stomahesive†; Austria: Gelacet; Canad.: Orabase†; Orahesive†;
Tegasorb; Fr.: Plasmion; Rectopanbiline; Ger.: Gelacet N†; Irl.: Orabase;
Israel: Orabase†; Ital.: Solecin; Mex.: Gelafundin; NZ: Orabase; Stoma-
hesive; Port.: Dagragel; Varihesive†; S.Afr.: Granuflex; Orabase; Switz.:
Gelacet†; UK: Orabase; Orahesive; Stomahesive; USA: Dome-Paste.

Haemoglobin ⊗ 
Hemoglobina.

Hemoglobin Glutamer (rINN) ⊗ 
Haemoglobin Glutamer; Hemoglobina glutámero; Hémoglobine
Glutamère; Hemoglobinum Glutamerum.
Гемоглобин Глутамер
ATC — B05AA10 (bovine).
ATC Vet — QB05AA10 (bovine); QB05AA90.

NOTE. The species of origin and average molecular mass should
be indicated (e.g. hemoglobin glutamer-250 (bovine) indicates a
polymerised haemoglobin of bovine origin with an average mass
of 250 kD).
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Haemoglobin has the property of reversible oxygenation and is
the respiratory pigment of blood. Solutions of haemoglobin or
modified haemoglobin are being investigated as blood substi-
tutes. 
Hemoglobin glutamer-250 (bovine) (HBOC-201; haemoglobin-
based oxygen carrier-201) is a polymerised bovine haemoglobin
that is used for the treatment of anaemia in surgical patients. 
Hemoglobin glutamer-200 (bovine) (HBOC-301) is used in vet-
erinary medicine for the treatment of anaemia in dogs.
Use. The structure of haemoglobin gives a non-linear oxygen
dissociation curve; almost maximum oxygen saturation occurs in
normal arterial blood without the need for oxygen-enriched air.
Thus the use of haemoglobin solutions for emergencies appears
logical. Initial animal experiments with haemoglobin from
haemolysed erythrocytes resulted in serious renal damage but
haemoglobin is not itself nephrotoxic and the development of
stroma-free haemoglobin solutions reduced this toxicity. How-
ever, once released from the erythrocytes, haemoglobin loses its
ability to hold 2,3-diphosphoglycerate, which is essential for the
delivery of oxygen, and haemoglobin, being a small molecule, is
rapidly excreted by the kidneys. Various methods have been tried
to overcome these problems; formation of crosslinked haemo-
globin restores the oxygen affinity to that of whole blood and
conjugation, polymerisation, or microencapsulation in a lipid
membrane extend the half-life. Although there is ongoing devel-
opment of these preparations there are reservations concerning
haemoglobin solutions as blood substitutes. Bovine blood is one
source used for production but there are concerns about potential
antigenicity or disease transmission; the use of outdated donated
human blood is limited by availability. There is also concern
about impairment of immune mechanisms. The development of
recombinant human haemoglobin may overcome these prob-
lems and may allow further modification of the haemoglobin
molecule. 
References.
1. Farrar D, Grocott M. Intravenous artificial oxygen carriers. Hosp

Med 2003; 64: 352–6. 
2. Creteur J, Vincent J-L. Hemoglobin solutions. Crit Care Med

2003; 31 (suppl): S698–S707. 
3. Chang TMS. Hemoglobin-based red blood cell substitutes. Artif

Organs 2004; 28: 789–94. 
4. Mackenzie CF, Bucci C. Artificial oxygen carriers for trauma:

myth or reality. Hosp Med 2004; 65: 582–8. 
5. Awasthi V. Pharmaceutical aspects of hemoglobin-based oxygen

carriers. Curr Drug Deliv 2005; 2: 133–42. 
6. Stowell CP. What happened to blood substitutes? Transfus Clin

Biol 2005; 12: 374–9. 
7. Spahn DR, Kocian R. Artificial O2 carriers: status in 2005. Curr

Pharm Des 2005; 11: 4099–4114.
Preparations
Proprietary Preparations (details are given in Part 3)
S.Afr.: Hemopure.
Multi-ingredient: India: Blosyn; Haem Up.

Interleukin-3
IL-3; Interleucina 3.

Profile
Interleukin-3 is a cytokine that acts as a colony-stimulating fac-
tor. It is under investigation in the management of myelosuppres-
sion associated with cancer chemotherapy and after bone mar-
row transplantation. A fusion molecule with granulocyte-
macrophage colony-stimulating factor, known as milodistim
(PIXY-321), has also been investigated but results have been dis-
appointing.

Lenograstim (BAN, USAN, rINN)

Lenograstiimi; Lénograstim; Lenograstimum; rG-CSF. A recom-
binant human granulocyte colony-stimulating factor.
Ленограстим
CAS — 135968-09-1.
ATC — L03AA10.
ATC Vet — QL03AA10.

Stability. Solutions of colony-stimulating factors may be ad-
sorbed onto glass or plastic materials. Solutions of lenograstim
should not be diluted below the minimum recommended con-
centration for the formulation used.

Adverse Effects and Precautions
As for Filgrastim, p.1070.

Uses and Administration
Lenograstim is a granulocyte colony-stimulating factor
with actions and uses similar to those of filgrastim
(p.1071). It is used to treat or prevent neutropenia in
patients receiving myelosuppressive cancer chemo-
therapy and to reduce the period of neutropenia in pa-
tients undergoing bone marrow transplantation

(p.640). It is also used to mobilise peripheral blood
progenitor cells for collection and subsequent use in
autologous or allogeneic peripheral blood stem cell
transplantation. 
Lenograstim may be given for neutropenia in a dose of
150 micrograms/m2 (19.2 million international units/m2)
daily to patients after bone marrow transplantation and
also to patients established on antineoplastic therapy;
in post-transplant patients it is given by intravenous in-
fusion over 30 minutes or by subcutaneous injection,
and in patients on antineoplastics it is given subcutane-
ously. Treatment is given until the neutrophil count has
stabilised within the normal range, but a maximum
treatment period of 28 consecutive days should not be
exceeded. 
For mobilisation of peripheral blood progenitor
cells for autologous peripheral blood stem cell
transplantation, a dose of 150 micrograms/m2

(19.2 million international units/m2) daily may be giv-
en by subcutaneous injection. It is started the day
after completion of chemotherapy and given until
the expected neutrophil nadir is passed and the
neutrophil count has recovered to the normal range,
so that leucapheresis can be performed. When used
alone, a lenograstim dose of 10 micrograms/kg
(1.28 million international units/kg) daily is given sub-
cutaneously for 4 to 6 days, with leucapheresis usually
performed between days 5 and 7. For mobilisation of
cells in healthy donors, to use in allogeneic transplan-
tation, a dose of 10 micrograms/kg daily may be given
subcutaneously for 5 or 6 days before leucapheresis.
◊ References.
1. Frampton JE, et al. Lenograstim: a review of its pharmacological

properties and therapeutic efficacy in neutropenia and related
clinical settings. Drugs 1995; 49: 767–93. 

2. Dunn CJ, Goa KL. Lenograstim: an update of its pharmacologi-
cal properties and use in chemotherapy-induced neutropenia and
related clinical settings. Drugs 2000; 59: 681–717. 

3. Martino M, et al. Harvesting peripheral blood progenitor cells
from healthy donors: retrospective comparison of filgrastim and
lenograstim. J Clin Apher 2005; 20: 129–36.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Granocyte†; Lenobio; Leumostin†; Austral.: Granocyte; Austria:
Granocyte; Belg.: Granocyte; Braz.: Granocyte; Chile: Granocyte; Cz.:
Granocyte†; Denm.: Granocyte; Fin.: Granocyte; Fr.: Granocyte; Ger.:
Granocyte; Gr.: Granocyte; Hung.: Granocyte; Indon.: Granocyte; Irl.:
Granocyte; Israel: Granocyte; Ital.: Granocyte; Myelostim; Jpn: Neutrogin;
Malaysia: Granocyte; Neth.: Granocyte; Norw.: Granocyte; NZ: Grano-
cyte; Philipp.: Granocyte; Pol.: Granocyte; Port.: Granocyte; Rus.:
Granocyte (Граноцит); S.Afr.: Granocyte; Singapore: Granocyte; Spain:
Euprotin; Granocyte; Swed.: Granocyte; Switz.: Granocyte; Thai.: Grano-
cyte; UK: Granocyte; Venez.: Granocyte.

Leucocytes
Leucocitos.

Description. Preparations of leucocytes contain granulocytes
with a variable content of red blood cells, lymphocytes, and
platelets. Depending on the method of collection they may also
contain dextran or hetastarch.
Adverse Effects and Precautions
Leucocyte transfusions may cause severe transfusion reactions
and fever. As with other blood products, there is a risk of trans-
mission of infection. Severe lung reactions, including fluid over-
load with pulmonary oedema, are a particular problem in patients
with active pulmonary infections. 
Red blood cell compatibility testing is necessary because of the
content of red blood cells. Graft-versus-host disease may occur
in immunosuppressed recipients, and can be avoided by irradiat-
ing the product before it is given.
Uses and Administration
Transfusion of leucocytes has been used in patients with severe
granulocytopenia and infection which has not been controlled by
treatment with appropriate antimicrobials. Transfusion of
1 × 1010 granulocytes once or twice daily has been suggested as
an effective dose. Daily transfusions for at least 3 to 4 days are
usually advised. Hydrocortisone and chlorphenamine may be
given intravenously before transfusion to reduce the severity of
adverse reactions.
◊ References.
1. Brozović B, et al. Platelet and granulocyte transfusions. In: Con-

treras M, ed. ABC of transfusion. 3rd ed. London: BMJ Books,
1998: 17–22. 

2. Yeghen T, Devereux S. Granulocyte transfusion: a review. Vox
Sang 2001; 81: 87–92. 

3. Hubel K, Engert A. Granulocyte transfusion therapy for treat-
ment of infections after cytotoxic chemotherapy. Onkologie
2003; 26: 73–9. 

4. Briones MA, et al. Granulocyte transfusion: revisited. Curr He-
matol Rep 2003; 2: 522–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Immodin; Ger.: LeukoNorm.

Mirimostim (rINN)

Mirimostimum. A macrophage colony-stimulating factor; 1–214-
Colony-stimulating factor 1 (human clone p3ACSF-69 protein
moiety reduced), homodimer.
Миримостим
CAS — 121547-04-4.

Profile
Mirimostim is a macrophage colony-stimulating factor (M-
CSF). It promotes the differentiation and proliferation of mono-
cytes and macrophage precursors, and stimulates secretion of
granulocyte and granulocyte-macrophage colony-stimulating
factors (see Haematopoiesis, p.1042). Mirimostim is used in the
management of neutropenia in patients receiving myelosuppres-
sive cancer chemotherapy.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Leukoprol.

Molgramostim (BAN, USAN, rINN)

Molgramostiimi; Molgramostimum; Sch-39300. A recombinant
human granulocyte-macrophage colony-stimulating factor; Colo-
ny-stimulating factor 2 (human clone pHG25 protein moiety re-
duced).
Молграмостим
CAS — 99283-10-0.
ATC — L03AA03.
ATC Vet — QL03AA03.
Pharmacopoeias. Eur. (see p.vii) includes a concentrated so-
lution. 
Ph. Eur. 6.2 (Molgramostim Concentrated Solution; Molgramos-
timi Solutio Concentrata). A solution of a protein having the
structure of the granulocyte-macrophage colony-stimulating fac-
tor which is produced and secreted by various human blood cell
types. It contains not less than 2.0 mg of protein per mL. A clear,
colourless liquid. Store in airtight containers at a temperature be-
low −65°. Protect from light.
Stability. Solutions of molgramostim may be adsorbed onto
glass and plastic materials and therefore should not be diluted
below the recommended minimum concentration of
7 micrograms/mL.
Adverse Effects
Granulocyte-macrophage colony-stimulating factors such as
molgramostim may cause transient hypotension and flushing,
bone pain and musculoskeletal pain, fever and chills, dyspnoea,
rash, fatigue, and gastrointestinal effects. Antibodies have been
detected. Anaphylactic reactions, pleural and pericardial effu-
sion, and cardiac arrhythmias have been reported rarely. 
Colony-stimulating factors are fetotoxic in animal studies.
◊ General references.
1. Vial T, Descotes J. Clinical toxicity of cytokines used as haemo-

poietic growth factors. Drug Safety 1995; 13: 371–406. 
2. Moleski RJ. Comparison of G-CSF and GM-CSF adverse event

profiles in office-based practices: preliminary study results.
Pharmacotherapy 2000; 20 (suppl): 112S–117S. 

3. Milkovich G, et al. Comparative safety of filgrastim versus sar-
gramostim in patients receiving myelosuppressive chemothera-
py. Pharmacotherapy 2000; 20: 1432–40.

Antibodies. Antibodies can develop in patients given recom-
binant granulocyte-macrophage colony-stimulating factors. The
antibodies have been reported to occur more commonly, and in
higher titres, in patients who are not immunocompromised com-
pared with those who are.1,2 Although some binding antibodies
are non-neutralising and have no apparent clinical effect,3 neu-
tralising antibodies can reduce the efficacy of the colony-stimu-
lating factor in repeated treatment cycles.1,2 However, antibodies
have been reported to become undetectable after a number of
weeks2 and do not appear to have long-term effects.1 Cross-reac-
tivity between different granulocyte-macrophage colony-stimu-
lating factors has been reported,1-3 and antibody formation may
also be product dependent.2
1. Ragnhammar P, et al. Induction of anti-recombinant human

granulocyte-macrophage colony-stimulating factor (Escherichia
coli-derived) antibodies and clinical effects in nonimmunocom-
promised patients. Blood 1994; 84: 4078–87. 

2. Wadhwa M, et al. Immunogenicity of granulocyte-macrophage
colony-stimulating factor (GM-CSF) products in patients under-
going combination therapy with GM-CSF. Clin Cancer Res
1999; 5: 1353–61. 

3. Ullenhag G, et al. Incidence of GM-CSF antibodies in cancer
patients receiving GM-CSF for immunostimulation. Clin Immu-
nol 2001; 99: 65–74.

Effects on the skin. See under Filgrastim, p.1070.
Effects on the thyroid. See under Filgrastim, p.1070.
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Precautions
Since granulocyte-macrophage colony-stimulating factors such
as molgramostim can promote growth of myeloid cells in vitro
their use in myeloid malignancies has been contra-indicated, al-
though recently colony-stimulating factors have been used in
some patients with myeloid diseases without stimulation of ma-
lignant cells. However, caution is required when they are used in
patients with any pre-malignant or malignant myeloid condition.
They should not be used from 24 hours before until 24 hours
after cytotoxic chemotherapy or radiotherapy because of the sen-
sitivity of rapidly dividing myeloid cells. 
Granulocyte-macrophage colony-stimulating factors should be
used with caution in patients with pulmonary disease as they may
be predisposed to dyspnoea. Treatment should be withdrawn in
patients who develop signs of pulmonary infiltrates. Caution is
also necessary in patients with fluid retention or heart failure as
fluid retention may be aggravated. 
The complete blood count should be monitored regularly during
therapy.
Uses and Administration
Molgramostim is a granulocyte-macrophage colony-stimulating
factor (GM-CSF), a haematopoietic growth factor that stimulates
the development of white blood cells, particularly granulocytes,
macrophages, and monocytes (see Haematopoiesis, p.1042). It is
used to treat or prevent neutropenia in patients receiving myelo-
suppressive cancer chemotherapy and to reduce the period of
neutropenia in patients undergoing bone marrow transplantation
(p.640). It has also been used to reduce ganciclovir-induced neu-
tropenia (see Effects on the Blood, p.879). 
As an adjunct to antineoplastic therapy, molgramostim is giv-
en by subcutaneous injection, starting 24 hours after the last dose
of antineoplastic, in a dose of 5 to 10 micrograms/kg (60 000 to
110 000 international units/kg) daily. Treatment should be con-
tinued for 7 to 10 days. 
Following bone marrow transplantation, molgramostim may
be given by intravenous infusion over 4 to 6 hours in a dose of
10 micrograms/kg (110 000 international units/kg) daily. Treat-
ment should be begun the day after bone marrow transplantation
and continued for up to 30 days depending on the neutrophil
count. 
For the management of ganciclovir-induced neutropenia, mol-
gramostim has been given by subcutaneous injection in a dose of
5 micrograms/kg (60 000 international units/kg) daily. After 5
doses have been given the dose of molgramostim should be ad-
justed according to the neutrophil count. 
The maximum dose for any indication should not exceed
10 micrograms/kg (110 000 international units/kg) daily. 
Granulocyte colony-stimulating factors such as filgrastim
(p.1070) and macrophage colony-stimulating factors such as mi-
rimostim (p.1073) are also used.
◊ General references.
1. Armitage JO. Emerging applications of recombinant human

granulocyte-macrophage colony-stimulating factor. Blood 1998;
92: 4491–4508. 

2. Mangi MH, Newland AC. Febrile neutropenia: prophylactic and
therapeutic use of GM-CSF. Eur J Cancer 1999; 35 (suppl):
S4–S7. 

3. Croockewit S. GM-CSF in haematopoietic stem cell transplanta-
tion. Eur J Cancer 1999; 35 (suppl): S11–S13. 

4. Sung L, et al. Prophylactic granulocyte colony-stimulating fac-
tor and granulocyte-macrophage colony-stimulating factor de-
crease febrile neutropenia after chemotherapy in children with
cancer: a meta-analysis of randomized controlled trials. J Clin
Oncol 2004; 22: 3350–6. 

5. Smith TJ, et al. 2006 Update of recommendations for the use of
white blood cell growth factors: an evidence-based clinical prac-
tice guideline. J Clin Oncol 2006; 24: 3187–3205. Also available
at: http://www.jco.org/cgi/reprint/24/19/3187 (accessed
20/09/06)

Infections. See under Filgrastim, p.1071, and under HIV Infec-
tion and AIDS in Sargramostim, p.1079.
Ischaemia. For mention of the use of molgramostim in patients
with atherosclerotic coronary artery disease see under Filgrastim,
p.1071.
Respiratory disorders. Pulmonary alveolar proteinosis is a
rare diffuse lung disease that may result from impaired alveolar
macrophage function caused by neutralising autoantibodies. It is
characterised by excessive surfactant accumulation, and is usual-
ly managed with whole-lung lavage. Several months of therapy
with subcutaneous granulocyte-macrophage colony-stimulating
factor, typically in doses of 5 or 6 micrograms/kg daily, has been
reported to induce remission in a number of these patients.1-6

There has also been a case report7 of the effective use of inhaled
granulocyte-macrophage colony-stimulating factor.
1. Barraclough RM, Gillies AJ. Pulmonary alveolar proteinosis: a

complete response to GM-CSF therapy. Thorax 2001; 56: 664–5. 
2. Seymour JF, et al. Therapeutic efficacy of granulocyte-macro-

phage colony-stimulating factor in patients with idiopathic ac-
quired alveolar proteinosis. Am J Respir Crit Care Med 2001;
163: 524–31. 

3. Schoch OD, et al. BAL findings in a patient with pulmonary al-
veolar proteinosis successfully treated with GM-CSF. Thorax
2002; 57: 277–80. 

4. Romero A, et al. GM-CSF therapy in pulmonary alveolar protei-
nosis. Thorax 2002; 57: 837. 

5. Khanjari F, et al. GM-CSF and proteinosis. Thorax 2003; 58:
645. 

6. Abdul Rahman JA, et al. Pulmonary alveolar proteinosis associ-
ated with psoriasis and complicated by mycobacterial infection:
successful treatment with granulocyte-macrophage colony stim-
ulating factor after a partial response to whole lung lavage.
Respirology 2004; 9: 419–22. 

7. Arai T, et al. Serum neutralizing capacity of GM-CSF reflects
disease severity in a patient with pulmonary alveolar proteinosis
successfully treated with inhaled GM-CSF. Respir Med 2004;
98: 1227–30.

Wounds and ulcers. Macrophages and granulocyte-macro-
phage colony-stimulating factors play important roles in several
mechanisms essential to wound healing.1 Recombinant granulo-
cyte-macrophage colony-stimulating factors are being tried in
non-healing wounds and ulcers (p.1585), particularly chronic ve-
nous leg ulcers. They have been given by perilesional subcutane-
ous injection and topical application in a few small studies and
case reports with apparent promotion of wound healing.1 In a
study2 of patients with pressure ulcers, healing was better during
a 35-day period of treatment with granulocyte-macrophage col-
ony-stimulating factor compared with placebo. However, a year
after the treatment period there was no difference.3 In a group of
3 patients with inherited disorders of neutrophil function, topical
sargramostim was reported to be of benefit in wound healing.4 In
1 case sargramostim was also given by continuous subcutaneous
infusion for 72 hours into the surgical site of a gastrostomy clo-
sure. Topical molgramostim has also been used to promote heal-
ing of sickle-cell leg ulcers.5 Molgramostim has been used as a
mouthwash to relieve severe recurrent aphthous mouth ulcers in
a small number of patients with AIDS.6 There has also been
some investigation of the use of granulocyte-macrophage colo-
ny-stimulating factor for oral mucositis in cancer patients, partic-
ularly those undergoing radiotherapy for head and neck cancers.
Small studies of subcutaneous injection or topical application as
a mouthwash have provided some optimistic results.7,8 Compar-
ative studies, however, have found molgramostim to be no better
than hydrocortisone mouthwash9 and perhaps only slightly better
than sucralfate mouthwash.10

1. Groves RW, Schmidt-Lucke JA. Recombinant human GM-CSF
in the treatment of poorly healing wounds. Adv Skin Wound
Care 2000; 13: 107–12. 

2. Robson MC, et al. Sequential cytokine therapy for pressure ul-
cers: clinical and mechanistic response. Ann Surg 2000; 231:
600–611. 

3. Payne WG, et al. Long-term outcome study of growth factor-
treated pressure ulcers. Am J Surg 2001; 181: 81–6. 

4. De Ugarte DA, et al. Treatment of chronic wounds by local de-
livery of granulocyte-macrophage colony-stimulating factor in
patients with neutrophil dysfunction. Pediatr Surg Int 2002; 18:
517–20. 

5. Méry L, et al. Topical effectiveness of molgramostim (GM-
CSF) in sickle cell leg ulcers. Dermatology 2004; 208: 135–7. 

6. Herranz P, et al. Successful treatment of aphthous ulcerations in
AIDS patients using topical granulocyte-macrophage colony-
stimulating factor. Br J Dermatol 2000; 142: 171–6. 

7. Fung SM, Ferrill MJ. Granulocyte macrophage-colony stimu-
lating factor and oral mucositis. Ann Pharmacother 2002; 36:
517–20. 

8. Mantovani G, et al. Phase II clinical trial of local use of GM-
CSF for prevention and treatment of chemotherapy- and con-
comitant chemoradiotherapy-induced severe oral mucositis in
advanced head and neck cancer patients: an evaluation of effec-
tiveness, safety and costs. Oncol Rep 2003; 10: 197–206. 

9. Sprinzl GM, et al. Local application of granulocyte-macrophage
colony stimulating factor (GM-CSF) for the treatment of oral
mucositis. Eur J Cancer 2001; 37: 2003–9. 

10. Saarilahti K, et al. Comparison of granulocyte-macrophage col-
ony-stimulating factor and sucralfate mouthwashes in the pre-
vention of radiation-induced mucositis: a double-blind prospec-
tive randomized phase III study. Int J Radiat Oncol Biol Phys
2002; 54: 479–85.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Growgen-GM; Leucomax†; Molcass; Austria: Leucomax†; Belg.:
Leucomax†; Braz.: Gramostim†; Leucocitim; Leucomax†; Chile: Leuco-
max†; Cz.: Leucomax†; Denm.: Leucomax†; Fin.: Leucomax†; Ger.: Leu-
comax†; Gr.: Leucomax; Mielogen; Hong Kong: Leucomax†; Hung.: Leu-
comax†; India: Leucomax; Irl.: Leucomax; Israel: Leucomax; Ital.:
Leucomax†; Mielogen†; Malaysia: Leucomax†; Mex.: Gramal; Leuco-
max†; Neth.: Leucomax†; Norw.: Leucomax†; NZ: Leucomax; S.Afr.:
Leucomax†; Spain: Leucomax†; Swed.: Leucomax†; Switz.: Leucomax†;
Thai.: Leucomax†; UK: Leucomax†; Venez.: Leucomax†.

Naftazone (BAN, rINN)

Naftazona; Naftazonum. 1,2-Naphthoquinone 2-semicarbazone.
Нафтазон
C11H9N3O2 = 215.2.
CAS — 15687-37-3.

Profile
Naftazone is a haemostatic, and is reported to increase venous
tone and have a capillary stabilising effect. It has been used in
venous insufficiency of the lower limbs and diabetic retinopathy,
in oral doses of 30 mg daily. It was formerly given by injection.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Mediaven; Fr.: Etioven; Switz.: Mediaven.

Nartograstim (rINN)

Nartograstimum. A recombinant human granulocyte colony-
stimulating factor; N-L-Methionyl-1-L-alanine-3-L-threonine-4-L-
tyrosine-5-L-arginine-17-L-serine colony-stimulating factor (hu-
man clone 1034).
Нартограстим
CAS — 134088-74-7.

Profile
Nartograstim is a granulocyte colony-stimulating factor with
properties similar to those of filgrastim (p.1070). It has been giv-
en by intravenous or subcutaneous injection in the management
of neutropenia.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Neu-Up.

Oprelvekin (USAN, rINN)

Oprelvekina; Oprelvékine; Oprelvekinum. 2-178-Interleukin 11
(human clone pXM/IL-11).
Опрельвекин
C854H1411N253O235S2 = 19047.0.
CAS — 145941-26-0.
ATC — L03AC02.
ATC Vet — QL03AC02.

Adverse Effects and Precautions
Fluid retention may occur and lead to peripheral oedema, dysp-
noea and pulmonary oedema, capillary leak syndrome, and exac-
erbation of pre-existing pleural effusions; caution is required
when giving oprelvekin to patients with a history or signs of
heart failure. Dilutional anaemia may occur. Fluid balance and
electrolytes should be monitored in patients receiving long-term
diuretic therapy. Transient atrial arrhythmias commonly occur;
there have also been some reports of ventricular arrhythmias oc-
curring within 2 to 7 days of starting oprelvekin. Other adverse
effects include exfoliative dermatitis, blurred vision, and con-
junctival injection. Hypersensitivity reactions, including anaph-
ylaxis, have been reported with the use of oprelvekin. Papil-
loedema has been reported, and oprelvekin should be used with
caution in patients with pre-existing papilloedema or tumours in-
volving the CNS. 
Use of oprelvekin after myeloablative chemotherapy and bone
marrow transplantation is considered to be contra-indicated be-
cause of an increased incidence of adverse effects. 
Fetotoxicity has been reported in animals.
◊ Reviews.
1. Smith JW. Tolerability and side-effect profile of rhIL-11. Oncol-

ogy (Huntingt) 2000; 14 (suppl 8): 41–7.

Effects on the eyes. Papilloedema has been reported in pa-
tients treated with oprelvekin,1 and was found to be a dose-limit-
ing adverse effect in a study of safety and pharmacokinetics in
children.2
1. Peterson DC, et al. Oprelvekin-associated bilateral optic disk

edema. Am J Ophthalmol 2005; 139: 367–8. 
2. Cairo MS, et al. Phase I/II dose escalation study of recombinant

human interleukin-11 following ifosfamide, carboplatin and
etoposide in children, adolescents and young adults with solid
tumours or lymphoma: a clinical, haematological and biological
study. Br J Haematol 2005; 128: 49–58.

Pharmacokinetics
The bioavailability of oprelvekin after subcutaneous injection is
about 80%, peak serum concentrations are reached after about 3
hours, and it has a terminal half-life of about 7 hours. Oprelvekin
is metabolised before excretion by the kidneys, and its clearance
is reduced in renal impairment.
Uses and Administration
Oprelvekin, a recombinant human interleukin-11, is a platelet
growth factor that stimulates the proliferation and maturation of
megakaryocytes and thus increases the production of platelets.
Oprelvekin is given by subcutaneous injection in a dose of
50 micrograms/kg daily to prevent severe thrombocytopenia and
reduce the need for platelet transfusions in high-risk patients af-
ter myelosuppressive, but not myeloablative, chemotherapy for
non-myeloid malignancies (see Thrombocytopenia under Treat-
ment of Adverse Effects in Antineoplastics, p.640). The dose
should be reduced in severe renal impairment (see below). The
initial dose should be given 6 to 24 hours after the last dose of
antineoplastic, and continued up to a maximum of 21 days.
Treatment with oprelvekin should be stopped at least 2 days be-
fore starting the next planned cycle of chemotherapy. 
Oprelvekin is under investigation for the treatment of Crohn’s
disease, rheumatoid arthritis, and chronic hepatitis C.
Administration in renal impairment. In severe renal im-
pairment (creatinine clearance less than 30 mL/min) the recom-
mended dose of oprelvekin is 25 micrograms/kg daily by subcu-
taneous injection.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Thrombocytopenia. References.
1. Tepler I, et al. A randomized placebo-controlled trial of recom-

binant human interleukin-11 in cancer patients with severe
thrombocytopenia due to chemotherapy. Blood 1996; 87:
3607–14. 

2. Isaacs C, et al. Randomized placebo-controlled study of recom-
binant human interleukin-11 to prevent chemotherapy-induced
thrombocytopenia in patients with breast cancer receiving dose-
intensive cyclophosphamide and doxorubicin. J Clin Oncol
1997; 15: 3368–77. 

3. Reynolds CH. Clinical efficacy of rhIL-11. Oncology (Huntingt)
2000; 14 (suppl 8): 32–40.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Neumega†; Braz.: Neumega; Chile: Neumega†; Mex.: Neumega†;
USA: Neumega; Venez.: Neumega.

Oxidised Cellulose
Cellulosic Acid; Celulosa oxidada; Oxidized Cellulose.
CAS — 9032-53-5.
ATC — B02BC02.
ATC Vet — QB02BC02.

Description. Oxidised cellulose is a sterile polyanhydroglu-
curonic acid, prepared by the oxidation of a suitable form of cel-
lulose.
Pharmacopoeias. In US which also includes Oxidized Regen-
erated Cellulose. 
USP 31 (Oxidized Cellulose). It contains not less than 16% and
not more than 24% of carboxyl groups, calculated on the dried
basis. It is a slightly off-white gauze or lint with a slight, charred
odour. Insoluble in water and in acids; soluble in dilute alkalis.
Store at a temperature not exceeding 8°. Protect from direct sun-
light. 
USP 31 (Oxidized Regenerated Cellulose). It contains 18 to 24%
of carboxyl groups calculated on the dried basis. It is a slightly
off-white knit fabric, with a slight odour. Insoluble in water and
in dilute acids; soluble in dilute alkalis. Store at a temperature be-
tween 15° and 30°. Protect from direct sunlight.

Adverse Effects and Precautions
Foreign body reactions may occur after the use of oxi-
dised cellulose or oxidised regenerated cellulose.
Headache, burning, and stinging have been reported
and sneezing has been noted after use in epistaxis. Ox-
idised cellulose swells on contact with a bleeding sur-
face; this could result in tissue necrosis, nerve damage,
obstruction, or vascular stenosis if packed closely, es-
pecially into bony cavities, or if wrapped tightly
around blood vessels. To minimise such complications
the removal of excess material should be considered
after haemostasis is achieved, and oxidised cellulose
should always be removed after use near the spinal
cord or optic nerve. Oxidised cellulose should not be
used in packing or implantation for fractures since it
may interfere with bone regeneration or cause cyst for-
mation. It should not be used as a surface dressing, ex-
cept for immediate control of haemorrhage, as it inhib-
its epithelialisation. 
Oxidised cellulose should be used as the dry material
since moistening will reduce its ability to absorb blood.
Silver nitrate or other escharotic chemicals should not
be applied before use as cauterisation might inhibit ab-
sorption of oxidised cellulose. Thrombin is inactivated
by the low pH of oxidised cellulose; it is recommended
that oxidised cellulose should not be impregnated with
other haemostatics or antibacterials.

Uses and Administration
Oxidised cellulose and oxidised regenerated cellulose
are absorbable haemostatics (p.1045). When applied to
a bleeding surface, they swell to form a gelatinous
mass which aids in the formation of a clot. It is gradu-
ally absorbed by the tissues, usually within 7 to 14
days. These materials also have a weak bactericidal ac-
tion. They are used in surgery as adjuncts in the control
of moderate bleeding where suturing or ligation is im-
practicable or ineffective; they should not be used to
control haemorrhage from large arteries. The gauze,
lint, or knitted material should be laid on the bleeding
surface or held firmly against the tissues until haemos-
tasis is achieved; removal should then be considered
(see Adverse Effects and Precautions, above). Oxi-

dised cellulose should be used as the dry material as
moistening will reduce its ability to absorb blood.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Surgicel; Ger.: Tabotamp; Hong Kong: Seal On†; Irl.: Alltracel P†;
Premdoc†; Seal-On; Traumacel P; Ital.: Tabotamp; UK: Oxycel; StopBleed;
USA: Oxycel; Surgicel.
Multi-ingredient: Fr.: Promogran; Irl.: Alltracel S†; Ital.: Promogran;
UK: Seal-On.

Oxypolygelatin ⊗ 
Oxipoligelatina.

Profile
Oxypolygelatin is a polymer derived from gelatin (p.1072). It is
used as a 5.5% solution as a plasma volume expander. There
have been reports of anaphylaxis.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gelifundol†; Austria: Gelifundol; Cz.: Gelifundol†; Ger.: Gelifundol†;
Hong Kong: Gelifundol†; Hung.: Gelifundol†; S.Afr.: Gelifundol†; Thai.:
Gelifundol.

Pegzerepoetin Alfa ⊗ 
Methoxy Polyethylene Glycol-Epoetin Beta; Pegserepoetin Alfa;
R-744; Ro-50-3821. 1-165-Erythropoietin (human) monoamide
with α-(3-carboxypropyl)-ω-methoxypoly(oxy-1,2-ethanediyl).
CAS — 677324-53-7.
ATC — B03XA03.
ATC Vet — QB03XA03.

Adverse Effects and Precautions
As for Epoetins, p.1061.
Pharmacokinetics
In patients with chronic renal impairment, pegzerepoetin alfa is
absorbed after subcutaneous injection with an absolute bioavail-
ability of about 60%. It has a terminal elimination half-life of
about 134 hours after intravenous injection and about 140 hours
when given subcutaneously. Haemodialysis does not affect the
pharmacokinetics of pegzerepoetin alfa.
Uses and Administration
Pegzerepoetin alfa is described as a continuous erythropoietin re-
ceptor activator (CERA). It has similar properties to the epoetins
(p.1062), but a longer duration of action. Pegzerepoetin alfa is
used in the treatment of anaemia associated with chronic renal
failure (see Normocytic-normochromic Anaemia, p.1044). A
starting dose of 600 nanograms/kg is given once every 2 weeks
as a single intravenous or subcutaneous injection. The dose may
be adjusted by about 25%, at monthly intervals, so that the rate
of rise of haemoglobin is between 1 and 2 g per 100 mL each
month. When the target haemoglobin concentration of between
11 and 12 g per 100 mL has been achieved, a maintenance dose
of pegzerepoetin alfa may be given once monthly; this is equal to
twice the dose that had been given once every 2 weeks. 
Pegzerepoetin alfa is also under investigation in the treatment of
anaemia in patients with non-myeloid malignant disease receiv-
ing chemotherapy.
◊ References.
1. de Francisco ALM, et al. BA16260 Study Investigators. Contin-

uous Erythropoietin Receptor Activator (C.E.R.A.) administered
at extended administration intervals corrects anaemia in patients
with chronic kidney disease on dialysis: a randomised, multicen-
tre, multiple-dose, phase II study. Int J Clin Pract 2006; 60:
1687–96. 

2. Sulowicz W, et al. PROTOS Study Investigators. Once-monthly
subcutaneous C.E.R.A. maintains stable hemoglobin control in
patients with chronic kidney disease on dialysis and converted
directly from epoetin one to three times weekly. Clin J Am Soc
Nephrol 2007; 2: 637–46. 

3. Levin NW, et al. MAXIMA study investigators. Intravenous
methoxy polyethylene glycol-epoetin beta for haemoglobin con-
trol in patients with chronic kidney disease who are on dialysis:
a randomised non-inferiority trial (MAXIMA). Lancet 2007;
370: 1415–21. 

4. Österborg A, et al. Phase II study of three dose levels of contin-
uous erythropoietin receptor activator (C.E.R.A.) in anaemic pa-
tients with aggressive non-Hodgkin’s lymphoma receiving com-
bination chemotherapy. Br J Haematol 2007; 136: 736–44.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Mircera; Fr.: Mircera; Port.: Mircera; UK: Mircera; USA: Mircera.

Plasma
Pharmacopoeias. Many pharmacopoeias have monographs,
including Eur. (see p.vii). 
Ph. Eur. 6.2 (Human Plasma for Fractionation; Plasma Humanum
ad Separationem). The liquid part of human blood remaining af-
ter separation of the cellular elements from whole blood or col-
lected in an apheresis procedure; it is intended for the manufac-
ture of plasma-derived products. It is obtained from healthy

donors and is tested for the absence of hepatitis B surface antigen
and antibodies against HIV-1 and HIV-2 and hepatitis C virus. 
A light yellow to green, clear or slightly turbid liquid, without
visible signs of haemolysis. Frozen plasma should be stored at or
below −20°; it may still be used for fractionation if the tempera-
ture is between −20° and −15° for not more than a total of 72
hours without exceeding −15° on more than one occasion as long
as the temperature is at all times −5° or lower. 
Ph. Eur. 6.2 (Human Plasma (Pooled and Treated for Virus Inac-
tivation); Plasma Humanum Coagumentum Conditumque ad Ex-
stinguendum Virum). A frozen or freeze-dried, sterile, non-pyro-
genic preparation obtained from human plasma derived from
donors belonging to the same ABO blood group. The plasma
used complies with the requirements for Human Plasma for
Fractionation (above). The method of preparation is designed to
minimise activation of any coagulation factor and includes a step
or steps that have been shown to inactivate known agents of in-
fection. 
The frozen preparation, after thawing, is a clear or slightly opal-
escent liquid free from solid and gelatinous particles. The freeze-
dried preparation is an almost white or slightly yellow powder or
friable solid.

Adverse Effects and Precautions
As for Blood, p.1056, though with a low risk of trans-
mitting cell-associated viruses. However, the produc-
tion of blood products using plasma from UK donors
has been phased out due to the possible risk of trans-
mission of Creutzfeldt-Jakob disease.

Uses and Administration
Fresh frozen plasma contains useful amounts of clot-
ting factors. It should be reserved for patients with
proven abnormalities in blood coagulation. Indications
include congenital deficiencies in clotting factors for
which specific concentrates are unavailable, severe
multiple clotting factor deficiencies (for example in pa-
tients with liver disease), rapid reversal of the action of
coumarin anticoagulants, and disseminated intravascu-
lar coagulation. It may be used after massive blood
transfusion when there is evidence of coagulation defi-
ciency but its value for routine prophylaxis against ab-
normal bleeding tendencies in patients receiving mas-
sive blood transfusions is contentious except where
clotting abnormalities have been confirmed. It has also
been used in the treatment of thrombotic thrombocyto-
penic purpura and as a source of plasma proteins. 
The amount of fresh frozen plasma transfused depends
on the required level of clotting factors. A unit of fresh
frozen plasma refers to the quantity of plasma obtained
from 1 unit of whole blood; this generally represents a
volume of about 250 mL, including anticoagulant. 
Fresh frozen plasma should not be used as a volume
expander or as a nutritional source. 
Therapeutic plasma exchange or plasmapheresis (see
below) are used in a wide variety of disorders. 
Plasma is used to prepare blood products including al-
bumin, antithrombin III, blood clotting factors, immu-
noglobulins, and platelets. Other preparations include
cryoprecipitate depleted plasma, which is deficient in
fibrinogen, factor VIII, von Willebrand factor, cry-
oglobulin, and fibronectin, and single donor plasma,
which is not frozen. A solvent-detergent-treated plas-
ma preparation is available.
Guidelines and reviews. General references to the use of plas-
ma.
1. Fresh-frozen Plasma, Cryoprecipitate, and Platelets Administra-

tion Practice Guidelines Development Task Force of the College
of American Pathologists. Practice parameter for the use of
fresh-frozen plasma, cryoprecipitate, and platelets. JAMA 1994;
271: 777–81. 

2. Cohen H, et al. Plasma, plasma products, and indications for
their use. In: Contreras M, ed. ABC of transfusion. 3rd ed. Lon-
don; BMJ Books, 1998: 40–44. 

3. British Committee for Standards in Haematology, Blood Transfu-
sion Task Force. Guidelines for the use of fresh-frozen plasma,
cryoprecipitate and cryosupernatant. Br J Haematol 2004; 126:
11–28. Also available at: http://www.bcshguidelines.com/pdf/
freshfrozen_280604.pdf (accessed 27/10/05) Addenda, amend-
ments, and corrections (4 sets) at http://www.bcshguidelines.com/
pdf/Amendments_FFP_091205.pdf (issued 07/12/05), ibid. 2007;
136:  514–16,  a t  ht tp:/ /www.bcshguidel ines.com/pdf/
FFPAmendment_1_17_Oct_2007.pdf (issued 17/10/07), at
http://www.bcshguidelines.com/pdf/FFPAmendment_2_17_Oct_
2007.pdf (issued 17/10/07) (accessed 19/06/08) 

4. Stanworth SJ, et al. Is fresh frozen plasma clinically effective? A
systematic review of randomized controlled trials. Br J Haema-
tol 2004; 126: 139–52.
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Hereditary angioedema. For a mention of fresh frozen plas-
ma being used in hereditary angioedema, see p.1081.
Neonatal intraventricular haemorrhage. Plasma volume
expansion in preterm neonates has been thought to help prevent
neonatal intraventricular haemorrhage (p.1050). However, a
study using plasma or gelatin as plasma volume expanders,1,2

found no evidence of a decreased risk of such haemorrhage or
subsequent death or disability.
1. The Northern Neonatal Nursing Initiative Trial Group. A rand-

omized trial comparing the effect of prophylactic intravenous
fresh frozen plasma, gelatin or glucose on early mortality and
morbidity in preterm babies. Eur J Pediatr 1996; 155: 580–8. 

2. Northern Neonatal Nursing Initiative Trial Group. Randomised
trial of prophylactic early fresh-frozen plasma or gelatin or glu-
cose in preterm babies: outcome at 2 years. Lancet 1996; 348:
229–32.

Plasma exchange. Therapeutic plasma exchange or plas-
mapheresis are procedures in which plasma is selectively re-
moved from the body while the cellular constituents of blood are
retained. Although the two terms are commonly used synony-
mously, plasmapheresis generally involves the removal of small
volumes of plasma, whereas plasma exchange removes larger
volumes which must be replaced with a suitable fluid. 
They have been tried in a number of disorders, including many
with an immunological basis, when conventional treatment has
not been successful. The aim is removal or reduction of those
constituents of plasma causing or aggravating a disease or re-
placement of deficient plasma factors if the deficiency is the
cause of the disorder. 
Volume and frequency of plasma exchange is determined by the
pathophysiology of the undesirable plasma constituent. For ex-
ample, removal of antibody usually requires exchange of 1.5
times the estimated plasma volume (3 to 4 litres) repeated daily
or on alternate days until the desired reduction is obtained. The
replacement fluid used depends on the volume and the condition
being treated; albumin solutions, plasma expanders, or sodium
chloride 0.9% are frequently used, whereas in conditions where
there is deficiency of a plasma factor replacement of blood com-
ponents such as immunoglobulins may be required. Fresh frozen
plasma has been used as a replacement fluid but is associated
with a high incidence of adverse effects and is generally reserved
for the management of thrombotic thrombocytopenic purpura. 
Technological developments, such as the use of specific adsorb-
ents and the use of multiple filters with different pore sizes, may
enable removal of only the desired constituent and avoid remov-
al and subsequent replacement of total plasma. 
References.
1. Urbaniak SJ, Robinson EA. Therapeutic apheresis. In: Contreras

M, ed. ABC of transfusion. 3rd ed. London: BMJ Books, 1998:
67–70. 

2. Michaud D, et al. Therapeutic plasma exchange. Dynamics
2001; 12: 18–24. 

3. Madore F. Plasmapheresis: technical aspects and indications.
Crit Care Clin 2002; 18: 375–92. 

4. McLeod BC. Therapeutic apheresis: use of human serum albu-
min, fresh frozen plasma and cryosupernatant plasma in thera-
peutic plasma exchange. Best Pract Res Clin Haematol 2006;
19: 157–67.

Thrombotic microangiopathies. Thrombotic thrombocyto-
penic purpura and haemolytic-uraemic syndrome are both syn-
dromes characterised by intravascular platelet clumping.1-6

Thrombocytopenia also occurs and fragmentation of erythro-
cytes, partly caused by the red cells passing through areas of the
microvasculature occluded by the platelet aggregation, leads to
microvascular haemolytic anaemia. In thrombotic thrombocy-
topenic purpura (TTP) the platelet aggregation is extensive and
obstructs the vessels of various organs producing ischaemia or
even infarction. The CNS, notably the brain, is often the area pre-
dominantly affected although some degree of renal involvement
may occur. It is an uncommon disorder; adult women, in whom
the condition presents as a chronic relapsing illness, are slightly
more frequently affected. It may be associated with abnormali-
ties of von Willebrand factor due to deficiency or impaired activ-
ity of a protease, ADAMTS-13.5,6 
In haemolytic-uraemic syndrome (HUS) the platelet aggrega-
tion is relatively less widespread and less severe and mainly af-
fects the renal microvasculature although extra-renal manifesta-
tions may also occur. The primary consequences are
hypertension and acute renal insufficiency or ultimately, if
untreated, renal failure. Most cases of HUS occur in early child-
hood and follow a diarrhoeal illness caused by Shigella dysente-
riae or Escherichia coli. However, the condition is becoming in-
creasingly recognised in adults, particularly the elderly. Some
cases may be drug induced. With appropriate symptomatic ther-
apy HUS is typically a self-limiting disease with spontaneous re-
covery although fatalities have been known. 
The supportive management of both syndromes follows similar
lines.1,3,4 In HUS, or TTP with renal symptoms, special attention
needs to be directed towards the prevention of renal failure. Hy-
povolaemia should be corrected, with careful control of fluid and
electrolyte balance and hypertension. Haemodialysis will be
needed if renal failure develops. Severe anaemia requires blood
transfusion, but platelet transfusion should be avoided. 
Plasma exchange (see above) is considered to be the mainstay of
therapy for TTP.1-6 The optimal regimen has not been deter-
mined, but it is usually performed daily. There is also some de-

bate about the preferred fluid replacement; plasma exchange us-
ing cryosupernatant (the plasma remaining after cryoprecipitate
is prepared, and which is depleted of von Willebrand factor) may
be more efficacious than fresh frozen plasma.3 When plasma ex-
change is not available, infusion of fresh frozen plasma may be
used.1,3 In HUS, there is some debate over the use of plasma ex-
change or infusion. Some consider that these have no proven
benefit in HUS2,3 but others1 have challenged this belief. 
Antiplatelet therapy and corticosteroids are often given, although
neither has been adequately investigated and antiplatelets such as
ticlopidine and clopidogrel have been reported to cause TTP (see
p.1411). Aspirin and dipyridamole have been used, but are not
recommended when profound thrombocytopenia is present be-
cause of the potential bleeding risk, without proven benefit.
However, low-dose aspirin may be used when platelet counts
have recovered after plasma exchange in TTP.1,3 Some reports
have described improved outcome in both syndromes with corti-
costeroids.7 They are often used with plasma exchange in
TTP.1,3,4 However, a randomised, double-blind trial8 in children
with HUS failed to show any difference between oral corticoster-
oids and placebo in terms of haematological or neurological re-
covery, although renal function appeared to improve more rapid-
ly in those receiving corticosteroids. 
Other drugs may also be tried, particularly in refractory TTP.
Some treatments that have been reported to be beneficial in case
reports or small series include normal immunoglobulin,1,4 aza-
thioprine,1 ciclosporin,1,3 cyclophosphamide,3 and vincristine.1-4

The monoclonal antibody, rituximab, is under investigation.2
The use of a protein-A immuno-adsorption column may be con-
sidered in the management of TTP associated with malignancy
or bone marrow transplantation.3 Epoprostenol may be tried in
order to inhibit platelet-endothelial interactions but again has not
been subject to controlled studies; anecdotal evidence presents
both favourable and negative results.9 Alteplase has been used
successfully in one patient with HUS.10 Splenectomy may also
be considered.1,3,4

1. Elliott MA, Nichols WL. Thrombotic thrombocytopenic purpu-
ra and hemolytic uremic syndrome. Mayo Clin Proc 2001; 76:
1154–62. 

2. Moake JL. Thrombotic microangiopathies. N Engl J Med 2002;
347: 589–600. 

3. British Society for Haematology. Guidelines on the diagnosis
and management of the thrombotic microangiopathic haemolyt-
ic anaemias. Br J Haematol 2003; 120: 556–73. Also available
at: http://www.bcshguidelines.com/pdf/BJH556.pdf (accessed
27/10/05) 

4. Nabhan C, Kwaan HC. Current concepts in the diagnosis and
management of thrombotic thrombocytopenic purpura. Hematol
Oncol Clin North Am 2003; 17: 177–99. 

5. Mayer SA, Aledort LM. Thrombotic microangiopathy: differen-
tial diagnosis, pathophysiology and therapeutic strategies. Mt
Sinai J Med 2005; 72: 166–75. 

6. George JN. Thrombotic thrombocytopenic purpura. N Engl J
Med 2006; 354: 1927–35. 

7. Bell WR, et al. Improved survival in thrombotic thrombocyto-
penic purpura-hemolytic uremic syndrome: clinical experience
in 108 patients. N Engl J Med 1991; 325: 398–403. 

8. Perez N, et al. Steroids in the hemolytic uremic syndrome. Pedi-
atr Nephrol 1998; 12: 101–4. 

9. Bobbio-Pallavicini E, et al. Intravenous prostacyclin (as epo-
prostenol) infusion in thrombotic thrombocytopenic purpura:
four case reports and review of the literature. Haematologica
1994; 79: 429–37. 

10. Kruez W, et al. Successful treatment of haemolytic-uraemic
syndrome with recombinant tissue-type plasminogen activator.
Lancet 1993; 341: 1665–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Octaplas; Cz.: Octaplas; Fin.: Octaplas; Ger.: Octaplas; Ital.: Oc-
taplas; Plasmasafe; Mex.: Octaplas; Neth.: Octaplas; Norw.: Octaplas; NZ:
Octaplas; Port.: Novoplas; Octaplas; Swed.: Octaplas; Switz.: Octaplas;
UK: Octaplas.
Multi-ingredient: Port.: Quixil.

Plasma Protein Fraction ⊗ 
Fracción proteica del plasma.

Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Plasma Protein Fraction). A sterile preparation of serum
albumin and globulin obtained by fractionating material (blood,
plasma, or serum) from healthy human donors, the source mate-
rial being tested for the absence of hepatitis B surface antigen. It
contains 5% of protein; not less than 83% of the total protein is
albumin; not more than 17% is alpha and beta globulins; not
more than 1% has the electrophoretic properties of gamma glob-
ulin. It contains sodium acetyltryptophanate with or without so-
dium caprylate as a stabilising agent but no antimicrobial pre-
servative. It contains 130 to 160 mmol/litre of sodium, and not
more than 2 mmol/litre of potassium. A solution in 0.15M sodi-
um chloride containing 1% protein has a pH between 6.7 and 7.3.
It should be used within 4 hours of opening the container.
Profile
Plasma protein fraction consists mainly of albumin with a small
proportion of globulins; it does not contain blood-clotting fac-
tors. It has properties and uses similar to those of other albumin
solutions (p.1052). It is given intravenously as a solution contain-
ing 5% of total protein. The amount of plasma protein fraction
given will depend upon the clinical condition of the patient. For

hypovolaemic shock an initial infusion of up to 500 mL for
adults has been suggested at a rate not normally exceeding
10 mL/minute. A suggested dose in infants and small children
for shock with dehydration is up to 33 mL/kg given at a rate of
up to 5 to 10 mL/minute. In hypoproteinaemia, 1 to 1.5 litres of
a 5% solution will provide 50 to 75 g of protein. Patients with
normal blood volume may require slow infusion to prevent ex-
cessive volume expansion. 
As with other albumin solutions, plasma protein fraction should
not be used for parenteral nutrition.
Preparations
USP 31: Plasma Protein Fraction.

Proprietary Preparations (details are given in Part 3)
Austria: Biseko; Cz.: Biseko†; Ger.: Biseko; Gr.: Alburex; Hung.: Biseko;
Indon.: Plasmanate; Israel: Plasmanate; Ital.: Haimaserum†; PPS; Uman-
Serum; Malaysia: Plasmanate†; Philipp.: Plasmanate; S.Afr.: Bioplasma
FDP; Thai.: Biseko; USA: Plasma-Plex; Plasmanate; Protenate.
Multi-ingredient: Fin.: Tisseel Duo Quick; Ger.: Tissucol Duo S; Tissu-
col-Kit; Hung.: Tissucol-Kit; Ital.: Tissucol; Swed.: Tisseel Duo Quick;
Switz.: Tissucol Duo S.

Platelets
Plaquetas.

Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Platelets). The portion of blood that contains platelet
cells derived from human whole blood from which red blood
cells and a portion of the plasma are removed by centrifugation,
sedimentation, or apheresis. Platelets derived from whole blood
may be pooled from multiple donors to form one dose of plate-
lets. The source blood for platelets must be tested for syphilis,
hepatitis B, human T-cell lymphotropic virus (HTLV) Type I and
Type II, hepatitis C, and HIV Type 1 and Type 2. 
Platelets derived from whole blood should have a minimum of
5.5 × 1010 platelet cells suspended in a volume of 40 to 70 mL of
original plasma. Platelets produced by apheresis should have a
minimum of 3.0 × 1011 platelet cells suspended in 100 to 500 mL
of original plasma or in an approved additive solution. 
Platelets derived from whole blood or by apheresis may be fur-
ther processed by filtration for removal of leucocytes, or by irra-
diation to inactivate lymphocytes. 
The names of the different platelet preparations are: 
• Platelets—prepared from a single unit of whole human blood

within 8 hours of collection 
• Platelets, Pooled—individual platelet units derived from

whole human blood and pooled by aseptic techniques, la-
belled with a unique identifying number related to the number
of individual units pooled, and with an expiry date of 4 hours
after pooling of the individual units 

• Platelets, Pheresis—prepared by apheresis from a single do-
nor 

• Platelets, Leukocyte Reduced—prepared from whole blood,
either by centrifugation or by sedimentation, and filtered to
yield less than 8.3 × 105 white blood cells in the final contain-
er 

• Platelets, Pheresis, Leukocyte Reduced—contains less than
5 × 106 white blood cells, prepared by apheresis, with or with-
out a filter 

Platelets may be stored in plasma or in an approved additive so-
lution at 20° to 24° with continuous gentle agitation for no more
than 5 days after date of preparation. The pH must be greater than
6.2 throughout the storage period. 
USP 31 (Platelet Concentrate). It contains the platelets taken
from plasma obtained, in a single procedure, by whole blood col-
lection, plasmapheresis, or plateletpheresis from a single suitable
human donor. The platelets are suspended in a specified volume
(20 to 30 mL, or 30 to 50 mL) of the original plasma. The sus-
pension contains not less than 5.5 × 1010 platelets per unit in not
less than 75% of the units tested. It should be stored in hermeti-
cally-sealed sterile containers at 20° to 24° (30 to 50 mL vol-
ume), or at 1° to 6° (20 to 30 mL volume) except during transport
when the temperature may be 1° to 10°. The expiration time is
not more than 72 hours from the time of collection of the source
material. Continuous gentle agitation must be maintained if
stored at 20° to 24°. The suspension must be used within 4 hours
of opening the container and should be administered with equip-
ment that contains a filter.

Adverse Effects and Precautions
Transmission of infection has been associated with the
transfusion of blood products including platelets
(p.1056). Since platelets are stored at room tempera-
ture there is increased risk of bacterial infection after
transfusion. Transfusion reactions including fever and
urticaria are not uncommon. Recipients of multiple
transfusions of platelet concentrates from random do-
nors may develop antibodies to HLA which result in
impaired responsiveness to subsequent transfusions.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Use of leucocyte-depleted platelet concentrates reduc-
es the incidence of transfusion reactions and of HLA
sensitisation. Platelet concentrates prepared from
Rh(D)-positive donors should generally not be given to
Rh(D)-negative women of child-bearing potential. Ide-
ally platelet concentrates should also be ABO-compat-
ible with the recipient.
ABO compatibility. Platelets express the ABO blood group
antigens and the plasma component of platelet concentrates may
contain alloantibodies from the donor (see Blood Groups,
p.1057). Ideally, ABO-identical platelet concentrates should be
used, but ABO-compatible concentrates are often used and in-
compatible concentrates may be used in an emergency. Howev-
er, the use of ABO-mismatched platelets can reduce the efficacy
of the platelet transfusion. Also, acute haemolytic reactions can
occur after infusion of mismatched platelets if the infused plasma
contains high antibody titres or the volume of plasma infused is
large. Some have suggested that screening donors for high anti-
body titres should be routine in order to avoid this, but there is no
consensus as to the definition of critical titre. There have been
mixed reports on whether the use of ABO-mismatched platelets
has an effect on the recipient’s long-term clinical course. 
Reviews.
1. Lozano M, Cid J. The clinical implications of platelet transfu-

sions associated with ABO or Rh(D) incompatibility. Transfus
Med Rev 2003; 17: 57–68.

HLA antibodies. Platelets obtained from single donors have
been used in patients receiving multiple transfusions of platelet
concentrates to reduce the formation of antibodies to HLA.
Some practitioners suggest1 that patients who are likely to need
long-term platelet support should be typed for HLA A and B an-
tigens and screened for HLA antibodies. Leucocyte-depleted
platelets and UVB-irradiated platelets have also been tried. A
study2 in 530 patients found that the incidence of platelet refrac-
toriness was reduced from 13% of those patients receiving
pooled platelet concentrates to 3% and 5% of those receiving
leucocyte-depleted and UVB-irradiated platelets, respectively. A
meta-analysis3 of this and earlier small studies also concluded
that leucocyte depletion reduced the risk of alloimmunisation
and platelet refractoriness. Some guidelines4 have nonetheless
considered that there is no convincing evidence of clinical bene-
fit from routine use.
1. Dan ME, Schiffer CA. Strategies for managing refractoriness to

platelet transfusions. Curr Hematol Rep 2003; 2: 158–64. 
2. The Trial to Reduce Alloimmunization to Platelets Study Group.

Leukocyte reduction and ultraviolet B irradiation of platelets to
prevent alloimmunization and refractoriness to platelet transfu-
sions. N Engl J Med 1997; 337: 1861–9. 

3. Vamvakas EC. Meta-analysis of randomized controlled trials of
the efficacy of white cell reduction in preventing HLA-alloim-
munization and refractoriness to random-donor platelet transfu-
sions. Transfus Med Rev 1998; 12: 258–70. 

4. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines on the clinical use of leucocyte-
depleted blood components. Transfus Med 1998; 8: 59–71. Also
available at: http://www.bcshguidelines.com/pdf/trans129.pdf
(accessed 27/10/05)

Uses and Administration
Blood platelets assist in the haemostatic process
(p.1045) by aggregating to form a platelet thrombus,
and by releasing factors involved in initiating coagula-
tion. 
Transfusions of platelet concentrates are given to pa-
tients with thrombocytopenic haemorrhage (see
p.1051). They are also given prophylactically to reduce
the frequency of haemorrhage in thrombocytopenia as-
sociated with the chemotherapy of neoplastic disease
(see p.640).
◊ References.
1. Fresh-frozen Plasma, Cryoprecipitate, and Platelets Administra-

tion Practice Guidelines Development Task Force of the College
of American Pathologists. Practice parameter for the use of
fresh-frozen plasma, cryoprecipitate, and platelets. JAMA 1994;
271: 777–81. 

2. Brozović B, et al. Platelet and granulocyte transfusions. In: Con-
treras M, ed. ABC of transfusion. 3rd ed. London: BMJ Books,
1998: 17–22. 

3. Schiffer CA, et al. Platelet transfusion for patients with cancer:
clinical practice guidelines of the American Society of Clinical
Oncology. J Clin Oncol 2001; 19: 1519–38. Also available at:
http://www.jco.org/cgi/reprint/19/5/1519.pdf (accessed
27/10/05) 

4. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines for the use of platelet transfusions.
Br J Haematol 2003; 122: 10–23. Also available at: http://
www.bcshguidelines.com/pdf/platelettrans040703.pdf (ac-
cessed 27/10/05) 

5. Heal JM, Blumberg N. Optimizing platelet transfusion therapy.
Blood Rev 2004; 18: 149–65. 

6. Stroncek DF, Rebulla P. Platelet transfusions. Lancet 2007; 370:
427–38.

Preparations
USP 31: Platelet Concentrate; Platelets.

Plerixafor (USAN, rINN)

AMD-3100; JM-3100; Plérixafor; Plerixaforum; SDZ-SID-791;
SID-791. 1,1′-(1,4-Phenylenebismethylene)bis(1,4,8,11-tetraaza-
cyclotetradecane).
Плериксафор
C28H54N8 = 502.8.
CAS — 110078-46-1 (pler ixafor); 155148-31-5 (plerixa-
for hydrochlor ide).

Profile
Plerixafor is a CXCR4 receptor antagonist. It is under investiga-
tion for the mobilisation of haematopoietic stem cells for collec-
tion and subsequent autologous or allogeneic transplantation.

Policresulen (rINN)

Acidum Metacresolsulfonicum c. Formaldehydo; m-Cresolsul-
phonic acid-formaldehyde condensation product; Dicresulene
polymer; Dihydroxydimethyldiphenylmethanedisulphonic acid
polymer; Formaldehydhaltig Metakresolsulfonsyra; Formaldehy-
dipitoinen Metakresolisulfonihappo; Metacresolsulfonic Acid-
Formaldehyde; Metacresolsulphonic Acid-Formaldehyde; Meth-
ylenebis(hydroxytoluenesulphonic acid) polymer; Policrésulène;
Policresuleno; Policresulenum; Polikresuleeni; Polikresulen;
Polímero de dicresuleno; Polycresolsulfonate. α-(4-Hydroxy-2-
methyl-5-sulfobenzyl)-ω-(4-hydroxy-5-sulfo-o-tolyl)poly[(4-hy-
droxy-2-methyl-5-sulfo-m-phenylene)methylene]; 2-Hydroxy-p-
toluenesulfonic acid, polymer with formaldehyde.
Поликрезулен
(C8H9O4S)(C8H8O4S)n(C7H7O4S).
CAS — 9011-02-3; 101418-00-2.
ATC — D08AE02; G01AX03.
ATC Vet — QD08AE02; QG01AX03; QG51AD02.

Profile
Policresulen is used as a topical haemostatic and antiseptic. It is
also used similarly in veterinary medicine.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Albocresil; Braz.: Albocresil; Chile: Albocresil†; Cz.: Vagothyl; Fr.:
Negatol†; Ger.: Albothyl; Hong Kong: Albothyl; Hung.: Vagothyl; Indon.:
Albothyl; Ital.: Emaftol; Negatol; Malaysia: Albothyl; Mex.: Albothyl;
Philipp.: Albothyl; Pol.: Albothyl; Vagothyl; Port.: Nelex; Rus.: Vagothyl
(Ваготил); S.Afr.: Nelex†; Singapore: Albothyl; Switz.: Negatol; Negatol
Dental.
Multi-ingredient: Arg.: Proctyl; Braz.: Proctyl; Cz.: Faktu; Fin.: Faktu†;
Ger.: Faktu; Hong Kong: Faktu; Indon.: Faktu; Mex.: Proctoacid;
Philipp.: Faktu; Port.: Faktu; Singapore: Faktu†; Switz.: Faktu.

Polygeline (BAN, pINN) ⊗ 
Poligelina; Polygéline; Polygelinum.
Полигелин
CAS — 9015-56-9.
ATC — B05AA10.

Description. Polygeline is a polymer prepared by cross-linking
polypeptides derived from denatured gelatin with a di-isocyanate
to form urea bridges.
Incompatibility. Intravenous preparations of polygeline con-
tain calcium ions and are incompatible with citrated blood.

Adverse Effects
As for Gelatin, p.1072.
Hypersensitivity. Fatal reactions after polygeline infusion
have been reported in 2 patients with bronchial asthma.1,2 Both
patients were undergoing epidural analgesia with bupivacaine
and polygeline was given to correct hypotension that had not re-
sponded to infusion of crystalloids. One patient developed focal
seizures.2 Both patients developed refractory bronchospasm and

cardiac arrhythmias and died despite intensive resuscitation at-
tempts. 
Licensed drug information recommends that prophylaxis with
histamine H1- and H2-antagonists should be given to patients
with known allergic conditions such as asthma. Similar advice
has been offered3 for patients undergoing anaesthesia and receiv-
ing polygeline following findings of an increased incidence of
severe histamine-related reactions in such patients. Nevertheless,
severe respiratory distress developed in an asthmatic patient giv-
en polygeline under spinal anaesthesia despite premedication
with bronchodilators and antihistamines.4 
There is a possibility of cross reactivity between polygeline and
succinylated gelatin (see Gelatin, p.1072).
1. Freeman MK. Fatal reaction to haemaccel. Anaesthesia 1979;

34: 341–3. 
2. Barratt S, Purcell GJ. Refractory bronchospasm following

"Haemaccel" infusion and bupivacaine epidural anaesthesia.
Anaesth Intensive Care 1988; 16: 208–11. 

3. Lorenz W, et al. Incidence and clinical importance of periopera-
tive histamine release: randomised study of volume loading and
antihistamines after induction of anaesthesia. Lancet 1994; 343:
933–40. 

4. Kathirvel S, et al. Severe life threatening reaction to Haemaccel
in a patient with bronchial asthma. Eur J Anaesthesiol 2001; 18:
122–3.

Precautions
Precautions that should be observed with plasma ex-
panders are described under Dextran 70, p.1060, and
should be considered when polygeline is used for this
purpose. 
Polygeline preparations contain calcium ions and
therefore should be used with caution in patients being
treated with cardiac glycosides.

Pharmacokinetics
Like gelatin, polygeline is excreted mainly in the urine.
The half-life is about 5 to 8 hours.
Renal impairment. In a study1 in 52 patients with normal or
impaired renal function given 500 mL of polygeline 3.5% about
50% of the dose was excreted in the urine within 48 hours in
those with normal renal function. Excretion of polygeline in
those with renal impairment, based on the patient’s glomerular
filtration rate (GFR), was found to be: 
• GFR 31 to 90 mL/minute: unimpaired 
• GFR 11 to 30 mL/minute: slightly reduced 
• GFR 2 to 10 mL/minute: reduced to 27% in 48 hours 
• GFR 0.5 to 2 mL/minute: reduced to 9.3% in 48 hours 
The mean half-life of the elimination phase was 505 minutes in
those with adequate renal function, increasing to 985 minutes in
those with end-stage renal failure. Polygeline 500 mL of 3.5%
solution could be given twice weekly for 1 to 2 months even in
patients with total anuria.
1. Köhler H, et al. Elimination of hexamethylene diisocyanate

cross-linked polypeptides in patients with normal or impaired re-
nal function. Eur J Clin Pharmacol 1978; 14: 405–12.

Uses and Administration
Polygeline is a plasma volume expander used as a
3.5% solution with electrolytes in the management of
hypovolaemic shock (p.1183). The rate of infusion de-
pends on the condition of the patient and does not nor-
mally exceed 500 mL in 60 minutes although it may be
greater in emergencies. Initial doses for hypovolaemic
shock usually consist of 500 to 1000 mL; up to
1500 mL of blood loss can be replaced by polygeline
alone. Patients losing greater volumes of blood will re-
quire blood transfusion as well as plasma expanders. 
Polygeline is also used in extracorporeal perfusion flu-
ids, as a perfusion fluid for isolated organs, as fluid re-
placement in plasma exchange, and as a carrier solu-
tion for insulin. For plasma exchange, up to 2 litres of
polygeline may be given as sole replacement fluid.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Haemaccel†; Austral.: Haemaccel; Austria: Haemaccel; Belg.:
Haemaccel†; Braz.: Haemaccel; Chile: Haemaccel†; Cz.: Haemaccel†;
Ger.: Haemaccel; Gr.: Haemaccel†; Hong Kong: Haemaccel†; India:
Haemaccel; Indon.: Haemaccel; Irl.: Haemaccel†; Israel: Haemaccel†;
Ital.: Emagel; Gelplex; Malaysia: Haemaccel†; Mex.: Haemaccel; Phyge-
lin; Neth.: Haemaccel; Norw.: Haemaccel†; NZ: Haemaccel; Port.:
Haemaccel; S.Afr.: Haemaccel; Singapore: Haemaccel; Switz.: Haemac-
cel†; Thai.: Haemaccel; Plasmax; UK: Haemaccel.

Protein C
Autoprothrombin IIA; Factor XIV; Proteína C.
ATC — B01AD12.
ATC Vet — QB01AD12.
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Drotrecogin Alfa (Activated) (BAN, rINN)

Drotrecogina alfa (activada); Drotrécogine Alfa (activé); Drot-
recoginum Alfa; Drotrecoginum Alfa (activatum); Drotrekogiini-
alfa; Drotrekogin Alfa; LY-203638.
Дротрекогин Альфа (activated)
CAS — 98530-76-8.
ATC — B01AD10.
ATC Vet — QB01AD10.

Incompatibility. In a simulated Y-site study,1 only 6 of 34
drugs were found to be both physically and chemically compati-
ble with drotrecogin alfa (activated); these were ceftriaxone, cis-
atracurium, fluconazole, glyceryl trinitrate, potassium chloride,
and vasopressin. Drugs found to be incompatible were adrena-
line hydrochloride, albumin, amiodarone hydrochloride, ampi-
cillin with sulbactam, ceftazidime, ciclosporin, ciprofloxacin,
clindamycin, dobutamine hydrochloride, dopamine hydrochlo-
ride, fosphenytoin, furosemide, gentamicin sulfate, heparin sodi-
um, imipenem with cilastatin, insulin, levofloxacin, magnesium
sulfate, metronidazole, midazolam hydrochloride, nitroprusside
sodium, noradrenaline acid tartrate, piperacillin with tazo-
bactam, potassium phosphate, ranitidine hydrochloride, ticarcil-
lin with clavulanic acid, tobramycin sulfate, and vancomycin hy-
drochloride.
1. Mann HJ, et al. Physical and chemical compatibility of drotrec-

ogin alfa (activated) with 34 drugs during simulated Y-site ad-
ministration. Am J Health-Syst Pharm 2004; 61: 2664–71. Cor-
rection. ibid. 2005; 62: 1134.

Adverse Effects and Precautions
As with other plasma-derived products, protein C prep-
arations carry a risk of transmission of infection. Hy-
persensitivity reactions have been reported infrequent-
ly. Antibodies to protein C may develop in patients
treated for congenital protein C deficiency. 
Drotrecogin alfa (activated) may increase the risk of
severe bleeding episodes. When used in patients with
severe sepsis, it is therefore contra-indicated in those
who are at low risk for death, such as those with single-
organ failure, especially after surgery. It is also contra-
indicated in patients with active internal bleeding and
in those in which bleeding could be associated with a
high risk of death or significant morbidity. Drotrecogin
alfa (activated) should be used with caution when there
is any other increased risk of bleeding. Drotrecogin
alfa (activated) should be stopped 2 hours before any
invasive surgery or procedure with an inherent risk of
bleeding; it may be restarted 12 hours after major inva-
sive procedures or surgery, or immediately after
uncomplicated less invasive procedures, if adequate
haemostasis has been achieved.
Effects on the blood. The safety data from early clinical stud-
ies and spontaneous reports during clinical use of drotrecogin
alfa (activated) have been reviewed.1 The overall rate of serious
bleeding events was 5.3% during the 28-day study period. Seri-
ous bleeding events that were considered to be probably related
to the use of drotrecogin alfa (activated) occurred in between
2.1% and 2.8% of patients, and often during the infusion period.
Risks associated with serious bleeding events were invasive pro-
cedures and severe thrombocytopenia; meningitis may also be a
risk factor for intracranial haemorrhage. It was recommended
that drotrecogin alfa (activated) should not be used when the
platelet count is less than 30 000/mm3. 
A subsequent large, multicentre randomised study in patients
with severe sepsis, but a low risk of death (the ADDRESS
study), confirmed the increased incidence of bleeding in patients
with single organ failure who had undergone recent surgery
(within 30 days); these patients also had an increased death rate
(see Severe Sepsis, below).
1. Bernard GR, et al. Safety assessment of drotrecogin alfa (activat-

ed) in the treatment of adult patients with severe sepsis. Crit
Care 2003; 7: 155–63.

Interactions
When oral anticoagulants such as warfarin are started
in patients receiving protein C replacement therapy, a
transient hypercoagulable state may occur because of
the rapid suppression of vitamin K-dependent protein
C activity. An initial low dose of the oral anticoagulant
should be increased gradually, and protein C replace-
ment continued, until anticoagulation is stabilised. The
risk of bleeding may be increased if tissue plasminogen
activator and protein C are used together. 
The risk of bleeding with drotrecogin alfa (activated)
may be increased if it is used with other drugs that af-
fect haemostasis, such as thrombolytics, oral anticoag-
ulants, antiplatelet drugs, glycoprotein IIb/IIIa-recep-

tor antagonists, and prostacyclins. Low doses of
heparin for venous thromboembolism prophylaxis
may be used with drotrecogin alfa (activated) without
increased risk of serious bleeding. However, in a study
of patients with severe sepsis who were already receiv-
ing prophylactic heparin, the risks of death and serious
adverse events were increased if heparin was stopped
when drotrecogin alfa (activated) was started; the rea-
son for this was unclear.

Pharmacokinetics
During continuous infusion for the management of se-
vere sepsis, steady-state plasma concentrations of drot-
recogin alfa (activated) are reached in about 2 hours. It
is inactivated by plasma protease inhibitors and rapidly
cleared from the circulation, falling to below measura-
ble limits within about 2 hours of stopping the infusion.
◊ References.
1. Macias WL, et al. Pharmacokinetic-pharmacodynamic analysis

of drotrecogin alfa (activated) in patients with severe sepsis. Clin
Pharmacol Ther 2002; 72: 391–402. 

2. Levy H, et al. Obesity does not alter the pharmacokinetics of
drotrecogin alfa (activated) in severe sepsis. Ann Pharmacother
2005; 39: 262–7.

Uses and Administration
Protein C is an endogenous inhibitor of blood coag-
ulation (see Haemostasis and Fibrinolysis, p.1045).
A preparation of protein C purified from human
plasma is used in the management of thromboem-
bolic disorders in patients with congenital deficien-
cy of protein C. The dose should be adjusted accord-
ing to response in protein C activity. Licensed UK
product information suggests an initial dose of 60 to
80 international units/kg. In the USA, an initial dose
of 100 to 120 international units/kg is suggested for
acute episodes and short-term prophylaxis of throm-
boembolism, followed by 3 doses of 60 to 80 units/kg
every 6 hours, then maintenance doses of 45 to
60 units/kg every 6 or 12 hours. Doses of 45 to
60 units/kg every 12 hours are suggested for long-term
prophylaxis. As a solution of 100 international units/mL
it is given by intravenous injection at a maximum rate
of 2 mL/minute. 
Drotrecogin alfa (activated) is a recombinant activated
protein C that is used in the management of severe sep-
sis in high-risk patients with multiple organ failure. It
is given by intravenous infusion in a dose of
24 micrograms/kg per hour for 96 hours. Treatment
should be started within 48 hours, and preferably with-
in 24 hours, of the onset of sepsis-induced organ dys-
function. 
For the use of protein C and drotrecogin alfa (activat-
ed) in children, see below.
Administration in children. Dosage regimens of protein C
used for children and neonates with protein C deficiency are the
same as those used in adults (see above). However, for children
weighing less than 10 kg the rate of injection should not exceed
0.2 mL/kg per minute. 
Drotrecogin alfa (activated) is not licensed for use in children
under 18 years of age (see also Severe Sepsis, below).
Severe sepsis. Severe sepsis (sepsis associated with acute or-
gan dysfunction; see Septicaemia, p.190) involves a systemic in-
flammatory response, inappropriate coagulation, and impaired
fibrinolysis. These contribute to the development of disseminat-
ed intravascular coagulation (DIC) and microvascular thrombo-
sis (p.1048). Endogenous protein C becomes depleted as it is ac-
tivated in an attempt to restore homoeostasis. In the small
number of cases that have been reported,1-3 protein C replace-
ment appeared to improve rate of survival and clinical outcome
in the management of purpura fulminans and DIC in severe
meningococcaemia. Protein C has also been used in a few pa-
tients with purpura fulminans associated with sepsis caused by
other organisms such as Streptococcus pneumoniae.4 
Drotrecogin alfa (activated) has been studied in the management
of severe sepsis and found to reduce morbidity and mortality, but
with an increased risk of serious bleeding events5-9 (see also Ef-
fects on the Blood, above). Pooled study data suggested that ear-
lier treatment (within 24 hours of first organ dysfunction) was
associated with more benefit than later treatment,10 and subgroup
analysis suggested that the benefits were greatest in those at
greater risk of death.11 A subsequent large, multicentre ran-
domised study12 (the ADDRESS trial) examined the effects of
drotrecogin alfa (activated) in patients with severe sepsis but a

low risk of death (APACHE II score less than 25, or single organ
failure). The study was terminated early, as interim analysis indi-
cated that there was no benefit from active therapy, and in the
subgroup of patients with single organ failure who had under-
gone surgery within the last 30 days, those given the drug ap-
peared to have a higher mortality rate than those assigned to pla-
cebo. Various regulatory bodies have issued guidance restricting
the use of drotrecogin alfa (activated) to high-risk patients under
specialist care.13-15 
Similar results to those in adults have been reported in initial
studies of drotrecogin alfa (activated) in children.16,17 However,
a large placebo-controlled study was stopped early when an in-
terim analysis found that drotrecogin alfa (activated) was highly
unlikely to show an improvement over placebo in the primary
end-point of composite time to complete organ failure resolution
over 14 days.18 The analysis also found an increase in the rate of
CNS bleeding in the drotrecogin alfa (activated) group. The effi-
cacy of drotrecogin alfa (activated) does not appear to depend on
the identity of the infective organism.19

1. Rintala E, et al. Protein C in the treatment of coagulopathy in
meningococcal disease. Lancet 1996; 347: 1767. 

2. Smith OP, et al. Use of protein-C concentrate, heparin, and
haemodiafiltration in meningococcus-induced purpura fulmin-
ans. Lancet 1997; 350: 1590–3. 

3. Alberio L, et al. Protein C replacement in severe meningococ-
cemia: rationale and clinical experience. Clin Infect Dis 2001;
32: 1338–46. Correction. ibid.; 1803. 

4. Rintala E, et al. Protein C substitution in sepsis-associated pur-
pura fulminans. Crit Care Med 2000; 28: 2373–8. 

5. Bernard GR, et al. The Recombinant Human Activated Protein
C Worldwide Evaluation in Severe Sepsis (PROWESS) Study
Group. Efficacy and safety of recombinant human activated
protein C for severe sepsis. N Engl J Med 2001; 344: 699–709. 

6. Lyseng-Williamson KA, Perry CM. Drotrecogin alfa (activat-
ed). Drugs 2002; 62: 617–30. 

7. Vincent J-L, et al. Effects of drotrecogin alfa (activated) on or-
gan dysfunction in the PROWESS trial. Crit Care Med 2003;
31: 834–40. 

8. Bernard GR, et al. Extended evaluation of recombinant human
activated protein C United States Trial (ENHANCE US): a sin-
gle-arm, phase 3B, multicenter study of drotrecogin alfa (acti-
vated) in severe sepsis. Chest 2004; 125: 2206–16. 

9. Vincent J-L, et al. Drotrecogin alfa (activated) treatment in se-
vere sepsis from the global open-label trial ENHANCE: further
evidence for survival and safety and implications for early treat-
ment. Crit Care Med 2005; 33: 2266–77. 

10. Vincent J-L, et al. Use of an integrated clinical trial database to
evaluate the effect of timing of drotrecogin alfa (activated)
treatment in severe sepsis. Crit Care 2006; 10: R74. 

11. Ely EW, et al. Drotrecogin alfa (activated) administration across
clinically important subgroups of patients with severe sepsis.
Crit Care Med 2003; 31: 12–19. 

12. Abraham E, et al. Drotrecogin alfa (activated) for adults with
severe sepsis and a low risk of death. N Engl J Med 2005; 353:
1332–41. 

13. NICE. Drotrecogin alfa (activated) for severe sepsis: Technolo-
gy Appraisal 84 (September 2004). Available at: http://
www.nice.org.uk/nicemedia/pdf/TA084guidance.pdf (accessed
01/09/08) 

14. European Medicines Agency (EMEA) Committee for Medici-
nal Products for Human Use. Press release (issued 21st April
2005). Available at: http://www.emea.europa.eu/pdfs/human/
press/pr/13844405en.pdf (accessed 01/09/08) 

15. Commission on Human Medicines/Medicines and Healthcare
products Regulatory Agency. Drotrecogin alfa (activated) (Xi-
gris): risk-benefit in the management of sepsis. Current Prob-
lems 2006; 31: 3. Available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2023860&
RevisionSelectionMethod=LatestReleased (accessed 23/05/07) 

16. Barton P, et al. Safety, pharmacokinetics, and pharmacodynam-
ics of drotrecogin alfa (activated) in children with severe sepsis.
Pediatrics 2004; 113: 7–17. 

17. Goldstein B, et al. ENHANCE: results of a global open-label
trial of drotrecogin alfa (activated) in children with severe sep-
sis. Pediatr Crit Care Med 2006; 7: 200–211. 

18. Nadel S, et al. REsearching severe Sepsis and Organ dysfunc-
tion in children: a gLobal perspective (RESOLVE) study group.
Drotrecogin alfa (activated) in children with severe sepsis: a
multicentre phase III randomised controlled trial. Lancet 2007;
369: 836–43. 

19. Opal SM, et al. Systemic host responses in severe sepsis ana-
lyzed by causative microorganism and treatment effects of drot-
recogin alfa (activated). Clin Infect Dis 2003; 37: 50–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Xigris; Austral.: Xigris; Austria: Ceprotin; Xigris; Belg.: Ceprotin;
Xigris; Braz.: Xigris; Canad.: Xigris; Chile: Xigris; Cz.: Ceprotin; Xigris;
Denm.: Ceprotin; Xigris; Fin.: Ceprotin; Xigris; Fr.: Ceprotin; Protexel; Xi-
gris; Ger.: Ceprotin; Xigris; Gr.: Ceprotin; Xigris; Hong Kong: Xigris;
Hung.: Xigris; India: Xigris; Irl.: Xigris; Israel: Xigris; Ital.: Ceprotin; Xigris;
Malaysia: Xigris; Mex.: Xigris; Neth.: Ceprotin; Xigris; Norw.: Ceprotin;
Xigris; NZ: Xigris; Pol.: Ceprotin; Xigris; Port.: Ceprotin; Xigris; Rus.: Xi-
gris (Зигрис); S.Afr.: Xigris; Singapore: Xigris; Spain: Ceprotin; Xigris;
Swed.: Ceprotin; Xigris; Switz.: Ceprotin; Xigris; Turk.: Xigris; UK: Cepr-
otin; Xigris; USA: Ceprotin; Xigris; Venez.: Xigris.

Red Blood Cells ⊗ 
Eritrocitos.

Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Red Blood Cells). It is the portion of blood that contains
haemoglobin and is derived from human whole blood (from
which plasma and platelets are removed by centrifugation, sedi-
mentation) or by apheresis. Red blood cells may be further proc-
essed by addition of red cell preservatives, irradiation to inacti-
vate lymphocytes, filtration for removal of leucocytes, washing
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

to remove proteins, freezing and thawing, or rejuvenation using
validated and approved procedures. 
For preparations derived from whole blood, one unit (dose) of
Red Blood Cells contains a minimum of 50 g of haemoglobin.
One unit of Red Blood Cells, Leukocytes Reduced contains a
minimum of 42.5 g of haemoglobin and has a residual leucocyte
count of less than 5 × 106. One unit of Red Blood Cells, Deglyc-
erolized contains a minimum of 40 g of haemoglobin. One unit
of Red Blood Cells, Leukocytes Reduced and Deglycerolized
contains a minimum of 34 g of haemoglobin and has a residual
leucocyte count of less than 5 × 106. 
For preparations derived by apheresis, one unit (dose) of Red
Blood Cells, Pheresis contains a mean haemoglobin content of
60 g of haemoglobin. One unit of Red Blood Cells, Pheresis,
Leukocytes Reduced contains a mean haemoglobin content of
51 g of haemoglobin and has a residual leucocyte count of less
than 5 × 106. 
Red blood cells should be stored in the original container, or
transferred to an equivalent container using a technique that
does not compromise sterility. An approved additive solution
may be added after removal of the plasma. Liquid red blood
cells is stored at 1° to 6°. Frozen red blood cells is stored at or
below −65°. 
Red blood cells in Anticoagulant Citrate Dextrose Solution, An-
ticoagulant Citrate Phosphate Dextrose Solution, or in Anticoag-
ulant Citrate Phosphate Dextrose-Dextrose Solution may be
stored for up to 21 days at 1° to 6° after the blood has been drawn.
Red blood cells in Anticoagulant Citrate Dextrose Phosphate
Adenine Solution may be stored for up to 35 days at 1° to 6°. Red
blood cells may be stored in an approved additive solution for up
to 42 days at 1° to 6°. 
Frozen red blood cells prepared with low glycerol content (20%)
may be stored at or below −120° for not later than 10 years from
years from the date of collection. Frozen red blood cells prepared
with high glycerol content (40%) may be stored at or below −65°
for not later than 10 years from years from the date of collection.
If the frozen red blood cells is processed for freezing or for thaw-
ing, in an open system, the expiry date for the thawed red blood
cells is 24 hours after removal from −65° storage, provided it is
then stored at the temperature of unfrozen red blood cells. 
Dark red in colour when packed and may show a slight creamy
layer on the surface and a small supernatant layer of yellow or
opalescent plasma.

Adverse Effects and Precautions
As for Blood, p.1056.
Antibody formation. Patients with sickle-cell anaemia fre-
quently require repeated transfusions of red blood cells. Alloim-
munisation is a common problem in these patients, and has the
potential to cause haemolytic transfusion reactions.1 Alloanti-
bodies were detected in 32 of 107 black patients with sickle-cell
anaemia who had received red cell transfusions compared with 1
of 19 non-black patients who had received transfusions for other
chronic anaemias.2 The incidence of antibody formation was re-
lated to the number of transfusions received. An analysis of the
red cell phenotypes suggested that the high rate of alloimmunisa-
tion among patients with sickle-cell anaemia could be due to ra-
cial differences between donors and recipients. Alloimmunisa-
tion can also occur in thalassaemia patients who are given
transfusions,3 and the incidence in these patients may also be af-
fected by racial differences between donors and recipients.4
Erythrocyte autoantibody formation has also been reported.1,3

1. Aygun B, et al. Clinical significance of RBC alloantibodies and
autoantibodies in sickle cell patients who received transfusions.
Transfusion 2002; 42: 37–43. 

2. Vichinsky EP, et al. Alloimmunization in sickle cell anemia and
transfusion of racially unmatched blood. N Engl J Med 1990;
322: 1617–21. 

3. Singer ST, et al. Alloimmunization and erythrocyte autoimmuni-
zation in transfusion-dependent thalassemia patients of predom-
inantly Asian descent. Blood 2000; 96: 3369–73. 

4. Ho H-K, et al. Alloimmunization in Hong Kong southern Chi-
nese transfusion-dependent thalassemia patients. Blood 2001;
97: 3999–4000.

Uses and Administration
Transfusions of red blood cells are given for the treat-
ment of severe anaemia without hypovolaemia
(p.1042). 
Red blood cells are also used for exchange transfusion
in babies with haemolytic disease of the newborn
(p.2204). Red cells may be used with volume expand-
ers for acute blood loss of less than half of the blood
volume; if more than half of the blood volume has been
lost, whole blood should be used. 
Other red blood cell products are available. Concen-
trated red cells in an optimal additive solution contain-
ing sodium chloride, adenine, glucose, and mannitol
has reduced viscosity and an extended shelf-life. Leu-
cocyte-depleted red cells may be used in patients who
have developed antibodies to previous transfusions or
in whom development of antibodies is undesirable.

Frozen, thawed, and washed red cell concentrates in
which plasma proteins are removed in addition to leu-
cocytes and platelets may be used in patients with rare
antibodies.
◊ Reviews and guidelines.
1. Davies SC, Williamson LM. Transfusion of red cells. In: Contre-

ras M, ed. ABC of transfusion. 3rd ed. London: BMJ Books,
1998: 10–16. 

2. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines on the clinical use of leucocyte-
depleted blood components. Transfus Med 1998; 8: 59–71. Also
available at: http://www.bcshguidelines.com/pdf/trans129.pdf
(accessed 27/10/05) 

3. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines for the clinical use of red cell
transfusions. Br J Haematol 2001; 113: 24–31. Also available at:
http://www.bcshguidelines.com/pdf/bjh2701.pdf (accessed
27/10/05) 

4. Hill SR, et al. Transfusion thresholds and other strategies for
guiding allogeneic red blood cell transfusion. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2000 (accessed 16/06/05).

Preparations
USP 31: Red Blood Cells.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Vulnofilin Compuesto†.

Romiplostim (USAN, rINN)

AMG-531; Romiplostimum. L-Methionyl[human immunoglobulin
heavy constant gamma 1-(227 C-terminal residues)-peptide (Fc
fragment)] fusion protein with 41 amino acids peptide, (7-
7′:10,10′)-bisdisulfide dimer.
Ромиплостим
CAS — 267639-76-9.

Profile
Romiplostim is a protein that acts as an agonist at the throm-
bopoietin receptor to stimulate platelet production, although it
has no sequence homology with endogenous thrombopoietin. It
is under investigation in the treatment of chronic idiopathic
thrombocytopenic purpura.
◊ References.
1. Bussel JB, et al. AMG 531, a thrombopoiesis-stimulating pro-

tein, for chronic ITP. N Engl J Med 2006; 355: 1672–81. Correc-
tion. ibid.; 2054. 

2. Kuter DJ, et al. Efficacy of romiplostim in patients with chronic
immune thrombocytopenic purpura: a double-blind randomised
controlled trial. Lancet 2008; 371: 395–403.

Sargramostim (BAN, USAN, rINN)

BI-61.012; rhu GM-CSF; Sargramostimum. A recombinant hu-
man granulocyte-macrophage colony-stimulating factor; 23-L-
Leucinecolony-stimulating factor 2 (human clone pHG25 protein
moiety).
Сарграмостим
CAS — 123774-72-1.
ATC — L03AA09.
ATC Vet — QL03AA09.

Pharmacopoeias. In US. 
USP 31 (Sargramostim). A single chain, glycosylated polypep-
tide of 127 amino acid residues expressed from Saccharomyces
cerevisiae. The glycoprotein primarily consists of three molecu-
lar species having relative molecular weights of about 19 500,
16 800, and 15 500 due to different levels of glycosylation. Sar-
gramostim has the property of generating granulocyte, macro-
phage, and mixed granulocyte macrophage colonies from hae-
matopoietic progenitor cells found in bone marrow. Store in
sealed containers at a temperature of −20° or below.
Stability. Solutions of sargramostim may be adsorbed onto
glass or plastic materials and so albumin must be added to give a
final concentration of 1 mg/mL to solutions that are diluted to
concentrations of sargramostim below 10 micrograms/mL.

Adverse Effects and Precautions
As for Molgramostim, p.1073.

Uses and Administration
Sargramostim is a granulocyte-macrophage colony-
stimulating factor with actions and uses similar to those
of molgramostim (p.1074). It is used to treat or prevent
neutropenia in patients receiving myelosuppressive
cancer chemotherapy and to reduce the period of neu-
tropenia in patients undergoing bone marrow trans-
plantation (p.640). It is also used after bone marrow
transplantation when engraftment is delayed or has
failed. Sargramostim may be used to mobilise periph-
eral blood progenitor cells for collection and subse-

quent use in autologous peripheral blood stem cell
transplantation, as well as after transplantation to im-
prove engraftment. 
As an adjunct to antineoplastic therapy, sargramos-
tim is given by intravenous infusion over 4 hours in a
dose of 250 micrograms/m2 daily for up to 42 days as
required. 
After bone marrow transplantation, sargramostim
may be given in a dose of 250 micrograms/m2 daily by
intravenous infusion over 2 hours. When engraftment
is delayed or has failed, a course of sargramostim
250 micrograms/m2 daily for 14 days may be used.
The dose can be repeated after a 7-day interval if en-
graftment has not occurred. A third course of
500 micrograms/m2 daily for 14 days may be tried af-
ter another 7-day interval if needed, but further dose
escalation is unlikely to be of benefit. 
For mobilisation of peripheral blood progenitor cells a
dose of 250 micrograms/m2 daily is given by continu-
ous intravenous infusion over 24 hours or by subcuta-
neous injection, with leucapheresis usually starting on
day 5. The same dosing regimen may be used after pe-
ripheral blood stem cell transplantation, until neu-
trophil recovery.
HIV infection and AIDS. Sargramostim has been evaluated in
the management of HIV infection (p.856). There is some evi-
dence to suggest that it might help to decrease and suppress viral
load, and increase CD4+ cell counts, by enhancing the activity of
antiretroviral drugs and increasing the resistance of monocytes to
HIV infection.1-3 However, in a study4 of patients who were
medically stable but had incompletely controlled HIV replica-
tion, sargramostim did not have a significant antiviral effect and
there was only a trend towards increased CD4+ counts. The ef-
fect of molgramostim has been studied in a small trial5 in which
it was found to blunt viral rebound following interruption of
HAART.
1. Skowron G, et al. The safety and efficacy of granulocyte-macro-

phage colony-stimulating factor (sargramostim) added to indina-
vir- or ritonavir-based antiretroviral therapy: a randomized dou-
ble-blind, placebo-controlled trial. J Infect Dis 1999; 180:
1064–71. 

2. Brites C, et al. A randomized, placebo-controlled trial of granu-
locyte-macrophage colony-stimulating factor and nucleoside an-
alogue therapy in AIDS. J Infect Dis 2000; 182: 1531–5. 

3. Angel JB, et al. Phase III study of granulocyte-macrophage col-
ony-stimulating factor in advanced HIV disease: effect on infec-
tions, CD4 cell counts and HIV suppression. AIDS 2000; 14:
387–95. 

4. Jacobson JM, et al. Granulocyte-macrophage colony-stimulating
factor induces modest increases in plasma human immunodefi-
ciency virus (HIV) type 1 RNA levels and CD4+ lymphocyte
counts in patients with uncontrolled HIV infection. J Infect Dis
2003; 188: 1804–14. 

5. Fagard C, et al. A controlled trial of granulocyte macrophage-
colony stimulating factor during interruption of HAART. AIDS
2003; 17: 1487–92.

Inflammatory bowel disease. A small dose-escalating
study1 reported a beneficial effect from the use of sargramostim
in Crohn’s disease (see Inflammatory Bowel Disease, p.1697). A
subsequent larger placebo-controlled study2 in moderate to se-
vere active disease found that the rate of response to sargramos-
tim was not significantly different from that of placebo. Al-
though disease severity and quality of life improved in the
sargramostim group, later unpublished study results were said to
be disappointing, and in June 2007 the manufacturer declared
that it would not be investigating sargramostim any further in
Crohn’s disease.
1. Dieckgraefe BK, Korzenik JR. Treatment of active Crohn’s dis-

ease with recombinant human granulocyte-macrophage colony-
stimulating factor. Lancet 2002; 360: 1478–80. 

2. Korzenik JR, et al. Sargramostim for active Crohn’s disease. N
Engl J Med 2005; 352: 2193–2201.

Malignant neoplasms. It has been suggested that granulocyte-
macrophage colony-stimulating factor may be able to increase
antitumour immune activity. Sargramostim, given by nebuliser
to stimulate a local response, has been investigated in patients
with lung metastases.1,2

1. Anderson PM, et al. Aerosol granulocyte macrophage-colony
stimulating factor: a low toxicity, lung-specific biological thera-
py in patients with lung metastases. Clin Cancer Res 1999; 5:
2316–23. 

2. Rao RD, et al. Aerosolized granulocyte macrophage colony-
stimulating factor (GM-CSF) therapy in metastatic cancer. Am J
Clin Oncol 2003; 26: 493–8.

Wounds and ulcers. See under Molgramostim (p.1074) for
mention of the use of sargramostim in the promotion of wound
healing.

Preparations
USP 31: Sargramostim for Injection.
Proprietary Preparations (details are given in Part 3)
USA: Leukine.
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Thrombin (rINN)

Factor IIa; Thrombine; Thrombinum; Trombin; Trombina.
Тромбин
CAS — 9002-04-4.
ATC — B02BC06; B02BD30.
ATC Vet — QB02BC06; QB02BD30.
Pharmacopoeias. Many pharmacopoeias have monographs,
including US. 
USP 31 (Thrombin). A sterile, freeze-dried powder derived
from bovine plasma containing the protein substance prepared
from prothrombin through interaction with added thromboplas-
tin in the presence of calcium. It is capable, without the addition
of other substances, of causing the clotting of whole blood, plas-
ma, or a solution of fibrinogen. It should be stored at 2° to 8°.
Once reconstituted, solutions should be used within a few hours
of preparation. The label should state that the prepared solution
should not be injected into or otherwise allowed to enter large
blood vessels. 
A white to greyish, amorphous substance dried from the frozen
state.

Thrombin Alfa (USAN, rINN)

Human thrombin (recombinant, glycosylated); Thrombine Alfa;
Thrombinum Alfa; Trombina Alfa. Human thrombin (recom-
binant, glycofrom α).
Тромбин Альфа
CAS — 869858-13-9.

Adverse Effects and Precautions
Hypersensitivity reactions, including anaphylaxis, have occurred
rarely. Thrombin solutions must not be injected into blood ves-
sels.
Antibody formation. Exposure to thrombin preparations of
bovine origin has led to the development of antibodies to bovine
thrombin and factor V with cross-reactivity, in some cases, to hu-
man factors. The presence of inhibitors to human factors may
produce bleeding abnormalities and interfere with clotting meas-
urements. Platelet infusions, fresh frozen plasma, and activated
prothrombin complex concentrates have been used in the man-
agement of acute haemorrhagic complications, though often
with limited success. Treatments that have been tried, in order to
reduce the antibody titre, have included corticosteroids,
ciclosporin, antineoplastics, intravenous immunoglobulin, and
plasmapheresis.1,2 Despite the availability of preparations con-
taining virus-inactivated human fibrinogen the use of bovine
thrombin is reported to be widespread and cases of acquired fac-
tor V inhibitor continue to occur.3
1. Ortel TL. Clinical and laboratory manifestations of anti-factor V

antibodies. J Lab Clin Med 1999; 133: 326–34. 
2. Streiff MB, Ness PM. Acquired FV inhibitors: a needless iatro-

genic complication of bovine thrombin exposure. Transfusion
2002; 42: 18–26. 

3. Kirkeby KM, Aronowitz P. Acquired factor V inhibitor: a com-
mon and avoidable complication of topical bovine thrombin ap-
plication. Am J Med 2005; 118: 805.

Uses and Administration
Thrombin is a protein substance produced in vivo from pro-
thrombin that converts soluble fibrinogen into insoluble fibrin
thus producing coagulation. 
Thrombin of either human or bovine origin is applied topically to
control bleeding from capillaries and small venules. It is applied
directly to the bleeding surface either as a solution or dry powder.
It may also be used with absorbable gelatin sponge during surgi-
cal procedures. Thrombin alfa, a recombinant human thrombin,
is used similarly. 
Thrombin is a component of fibrin glue (p.1069).
General references. Reviews.
1. Lundblad RL, et al. A review of the therapeutic uses of thrombin.

Thromb Haemost 2004; 91: 851–60.

Pseudoaneurysm. An acute pseudoaneurysm is an arterial
rupture, contained by fibromuscular tissue, that communicates
with the artery via a narrow neck. Insertion-site femoral pseu-
doaneurysm can occur as a result of procedures such as cardiac
catheterisation and peripheral angiography. It is usually treated
with ultrasound-guided compression, but this time-consuming
technique causes discomfort for both the patient and the staff car-
rying out the procedure, and may be of limited success for large
pseudoaneurysms and patients receiving anticoagulation. Surgi-
cal repair may be required in some patients. As an alternative to
pressure or surgery, thrombin has been given by ultrasound-guid-
ed percutaneous injection. In reported series,1-4 complete throm-
bosis of the pseudoaneurysm sac occurred in more than 90% of
patients with one injection of bovine thrombin. Bovine thrombin
has also been used when compression has failed,4,5 and a com-
parative study6 in 30 patients found thrombin to be more success-
ful than compression. Human thrombin has also been used suc-
cessfully.7 A retrospective review8 concluded that bovine and
human thrombin were equally effective. The successful use of
autologous thrombin in a few patients has also been described.9
1. La Perna L, et al. Ultrasound-guided thrombin injection for the

treatment of postcatheterization pseudoaneurysms. Circulation
2000; 102: 2391–5. 

2. Mohler ER, et al. Therapeutic thrombin injection of pseudoaneu-
rysms: a multicenter experience. Vasc Med 2001; 6: 241–4. 

3. Olsen DM, et al. A prospective study of ultrasound scan-guided
thrombin injection of femoral pseudoaneurysm: a trend toward
minimal medication. J Vasc Surg 2002; 36: 779–82. 

4. Stone P, et al. Iatrogenic pseudoaneurysms: comparison of treat-
ment modalities, including duplex-guided thrombin injection. W
V Med J 2003; 99: 230–2. 

5. Lönn L, et al. Treatment of femoral pseudoaneurysms: percuta-
neous US-guided thrombin injection versus US-guided compres-
sion. Acta Radiol 2002; 43: 396–400. 

6. Lönn L, et al. Prospective randomized study comparing ultra-
sound-guided thrombin injection to compression in the treatment
of femoral pseudoaneurysms. J Endovasc Ther 2004; 11: 570–6. 

7. Maleux G, et al. Percutaneous injection of human thrombin to
treat iatrogenic femoral pseudoaneurysms: short- and midterm
ultrasound follow-up. Eur Radiol 2003; 13: 209–12. 

8. Vázquez V, et al. Human thrombin for treatment of pseudoaneu-
rysms: comparison of bovine and human thrombin sonogram-
guided injection. Am J Roentg 2005; 184: 1665–71. 

9. Quarmby JW, et al. Autologous thrombin for treatment of pseu-
doaneurysms. Lancet 2002; 359: 946–7.

Preparations
Ph. Eur.: Fibrin Sealant Kit; 
USP 31: Thrombin.
Proprietary Preparations (details are given in Part 3)
Austral.: Thrombostat†; Canad.: Thrombostat†; NZ: Thrombostat; Pol.:
Gastrotrombina; S.Afr.: Tisseel; USA: Evithrom; Recothrom; Thrombinar;
Thrombogen†; Thrombostat.
Multi-ingredient: Arg.: Beriplast P; Tissucol; Tissucol Duo Quick†; Aus-
tral.: Tisseel Duo; Austria: Beriplast; TachoComb; TachoSil; Tissucol; Tissu-
col Duo Quick; Belg.: Tissucol Duo; Braz.: Beriplast P; Tissucol†; Canad.:
Tisseel; Chile: Beriplast P; Cz.: TachoComb†; TachoSil; Tissucol; Denm.:
TachoSil; Tisseel Duo Quick; Fin.: TachoSil; Tisseel Duo Quick; Fr.: Beri-
plast; Quixil; TachoSil; Tissucol; Ger.: Beriplast; Quixil; TachoComb†;
TachoSil; Tissucol Duo S; Tissucol-Kit; Gr.: Beriplast P; Hong Kong: Beri-
plast P; TachoComb; Tisseel; Hung.: Beriplast P; TachoComb†; Tissucol-Kit;
Indon.: Beriplast; Israel: Beriplast; Quixil; Tisseel; Ital.: Beriplast; Quixil;
TachoSil; Tissucol; Mex.: Beriplast P; Tissucol†; Neth.: Beriplast P; Quixil;
TachoSil; Tissucol; Tissucol Duo; Norw.: TachoSil; Pol.: Beriplast; Port.:
Quixil; TachoSil; Tissucol Duo; Rus.: TachoComb (ТахоКомб); Spain:
Beriplast P Combi; TachoSil; Tissucol Duo; Swed.: TachoSil; Tisseel Duo
Quick; Switz.: Beriplast P; TachoSil; Tissucol; Tissucol Duo S; Thai.: Fibrin
Glue†; TachoComb†; Turk.: Beriplast P; Tisseel VH; UK: TachoSil; Tisseel;
USA: Artiss.

Thrombomodulin Alfa (rINN)

ART-123; Thrombomoduline Alfa; Thrombomodulinum Alfa;
Trombomodulina alfa. 1–498-Thrombomodulin (human clone
TMP26/TMJ1 protein moiety reduced).
Тромбомодулин Альфа
CAS — 120313-91-9.

Profile
Endogenous thrombomodulin is a transmembrane protein found
on the surface of endothelial cells, which acts as a thrombin re-
ceptor. Thrombomodulin-bound thrombin activates protein C,
which then inactivates clotting factors and so limits coagulation. 
Thrombomodulin alfa, a recombinant form of thrombomodulin,
is under investigation in the prophylaxis of venous thromboem-
bolism and the treatment of disseminated intravascular coagula-
tion.
◊ References.
1. Kearon C, et al. Dose-response study of recombinant human sol-

uble thrombomodulin (ART-123) in the prevention of venous
thromboembolism after total hip replacement. J Thromb Hae-
most 2005; 3: 962–8. 

2. Saito H, et al. Efficacy and safety of recombinant human soluble
thrombomodulin (ART-123) in disseminated intravascular coag-
ulation: results of a phase III, randomized, double-blind clinical
trial. J Thromb Haemost 2007; 5: 31–41.

Thromboplastin
Cytozyme; Thrombokinase; Tromboplastina; Tromboplastyna.

Profile
Tissue thromboplastin (tissue factor; factor III) is a membrane
glycoprotein that is released from damaged tissue and initiates
coagulation. The term thromboplastin may also be applied to
other related substances with similar activity. Commercial prep-
arations may contain tissue extracts comprising a variety of such
substances. 
Preparations of thromboplastin have been used as haemostatics. 
A preparation of thromboplastin derived from rabbit brain is
used in the determination of the prothrombin time for the control
of anticoagulant therapy (for further details see Uses and Admin-
istration of Warfarin Sodium, p.1432).
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Clauden.
Multi-ingredient: Braz.: Claudemor; Port.: Claudemor†; Venez.: Clau-
demor†.

Thrombopoietin
Trombopoyetina.

Profile
Thrombopoietin is a naturally occurring colony-stimulating fac-
tor that regulates thrombopoiesis (see Haematopoiesis, p.1042).

Recombinant thrombopoietin, and a form of recombinant throm-
bopoietin conjugated with polyethylene glycol (pegacaristim,
PEG-megakaryocyte growth and development factor, PEG-
rHuMGDF), are under investigation. They have been studied in
the management of thrombocytopenia (p.1051) in patients re-
ceiving myelosuppressive or myeloablative chemotherapy, and
in patients with myelodysplastic syndrome or HIV-associated
thrombocytopenia. There is also some interest in the use of re-
combinant forms of thrombopoietin in stem cell mobilisation
regimens and to increase platelet counts in healthy apheresis do-
nors. However, some results have been disappointing and there
are reports of neutralising antibody development.
General references. Studies and reviews.
1. Vadhan-Raj S, et al. Safety and efficacy of transfusions of autol-

ogous cryopreserved platelets derived from recombinant human
thrombopoietin to support chemotherapy-associated severe
thrombocytopenia: a randomised cross-over study. Lancet 2002;
359: 2145–52. 

2. Nomura S, et al. Effects of pegylated recombinant human meg-
akaryocyte growth and development factor in patients with idio-
pathic thrombocytopenic purpura. Blood 2002; 100: 728–30. 

3. Schuster MW, et al. The effects of pegylated recombinant human
megakaryocyte growth and development factor (PEG-rHuM-
GDF) on platelet recovery in breast cancer patients undergoing
autologous bone marrow transplantation. Exp Hematol 2002; 30:
1044–50. 

4. Kuter DJ, Begley CG. Recombinant human thrombopoietin: ba-
sic biology and evaluation of clinical studies. Blood 2002; 100:
3457–69. 

5. Linker C, et al. Recombinant human thrombopoietin augments
mobilization of peripheral blood progenitor cells for autologous
transplantation. Biol Blood Marrow Transplant 2003; 9: 405–13. 

6. Vadhan-Raj S, et al. Importance of predosing of recombinant hu-
man thrombopoietin to reduce chemotherapy-induced early
thrombocytopenia. J Clin Oncol 2003; 21: 3158–67. 

7. Geissler K, et al. Prior and concurrent administration of recom-
binant human megakaryocyte growth and development factor in
patients receiving consolidation chemotherapy for de novo acute
myeloid leukemia—a randomized, placebo-controlled, double-
blind safety and efficacy study. Ann Hematol 2003; 82: 677–83.

Tranexamic Acid (BAN, USAN, rINN)

Acide tranexamique; Ácido tranexámico; Acidum tranexami-
cum; AMCA; trans-AMCHA; CL-65336; Kyselina tranexamová;
Traneksaamihappo; Traneksamik Asit; Traneksamo ru

_
gštis;

Tranexámsav; Tranexamsyra. trans-4-(Aminomethyl)cyclohex-
anecarboxylic acid.
Транексамовая Кислота
C8H15NO2 = 157.2.
CAS — 1197-18-8.
ATC — B02AA02.
ATC Vet — QB02AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Tranexamic Acid). A white or almost white, crys-
talline powder. Freely soluble in water and in glacial acetic acid;
practically insoluble in alcohol and in acetone. A 5% solution in
water has a pH of 7.0 to 8.0.
Incompatibility. Solutions of tranexamic acid are incompatible
with benzylpenicillin.

Adverse Effects
Tranexamic acid appears to be well tolerated. It can
produce dose-related gastrointestinal disturbances.
Hypotension has occurred, particularly after rapid in-
travenous dosage. Thrombotic complications have
been reported in patients receiving tranexamic acid,
but these are usually a consequence of its inappropriate
use (see Precautions, below). There have been a few
instances of transient disturbance of colour vision asso-
ciated with use of tranexamic acid; in such cases the
drug should be stopped. Hypersensitivity skin reac-
tions have also been reported.
Effects on the eyes. Tranexamic acid has been associated with
retinopathy1 and visual impairment.2 A haemodialysis patient
developed almost total loss of vision within 2 weeks of starting
daily tranexamic acid injections after emergency surgery for a
bleeding peptic ulcer. Vision was largely restored within a few
days of stopping tranexamic acid,2 although some impairment
persisted in conditions of poor light. The patient had experienced
visual impairment previously when given tranexamic acid. The
authors noted that doses of tranexamic acid should be reduced in
patients with renal impairment undergoing dialysis. 
A patient undergoing regular peritoneal dialysis for Epstein’s
syndrome developed ligneous conjunctivitis, gingival hyperpla-

CO2H

NH2
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sia, and peritoneal protein loss associated with the use of tran-
examic acid.3
1. Snir M, et al. Central venous stasis retinopathy following the use

of tranexamic acid. Retina 1990; 10: 181–4. 
2. Kitamura H, et al. Tranexamic acid-induced visual impairment

in a hemodialysis patient. Clin Exp Nephrol 2003; 7: 311–14. 
3. Diamond JP, et al. Tranexamic acid-associated ligneous con-

junctivitis with gingival and peritoneal lesions. Br J Ophthalmol
1991; 75: 753–4.

Effects on the skin. A widespread, patchy rash with associated
blisters, considered on skin biopsy to be a fixed-drug eruption,
occurred in a 33-year-old woman.1 Tranexamic acid, which she
had taken for 8 years and which had been well tolerated, was
identified as the cause. Desensitisation was unsuccessful. Tran-
examic acid was also suspected as being the cause of a fixed-
drug eruption in a 36-year-old woman.2 Pruritic, vesicle-bullous
lesions appeared within a few hours of starting tranexamic acid
and the lesions resolved completely 3 days after stopping therapy
even though other drug treatment was continued.
1. Kavanagh GM, et al. Tranexamic acid (Cyklokapron )-induced

fixed-drug eruption. Br J Dermatol 1993; 128: 229–30. 
2. Carrión-Carrión C, et al. Bullous eruption induced by tranexam-

ic acid. Ann Pharmacother 1994; 28: 1305–6.

Precautions
Tranexamic acid should not be used in patients with
active intravascular clotting because of the risk of
thrombosis. Patients with a predisposition to thrombo-
sis are also at risk if given antifibrinolytic therapy.
Haemorrhage due to disseminated intravascular coag-
ulation should therefore not be treated with antifibrino-
lytic compounds unless the condition is predominantly
due to disturbances in fibrinolytic mechanisms; tran-
examic acid has been used when the latter conditions
are met, but with careful monitoring and anticoagulant
cover. 
Lysis of existing extravascular clots may be inhibited
in patients receiving tranexamic acid. Clots in the renal
system can lead to intrarenal obstruction, so caution is
required in patients with haematuria. Doses of tran-
examic acid should be reduced in patients with renal
impairment. Licensed product information recom-
mends that regular eye examinations and liver function
tests should be performed if tranexamic acid is used
long term. 
Some studies have suggested that tranexamic acid
when given to patients after a subarachnoid haemor-
rhage increases the incidence of cerebral ischaemic
complications (see Haemorrhagic Disorders under Us-
es, below). 
Rapid intravenous dosage may be associated with ad-
verse effects (see above).

Interactions
Drugs with actions on haemostasis should be given
with caution to patients on antifibrinolytic therapy. The
potential for thrombus formation may be increased by
oestrogens, for example, or the action of the antifibri-
nolytic antagonised by compounds such as thrombo-
lytics.
Retinoids. Antifibrinolytics should be used with caution in pa-
tients receiving oral tretinoin as thrombotic events have been re-
ported in patients being treated with tranexamic acid and tretin-
oin (see Antifibrinolytics, p.1619).

Pharmacokinetics
Tranexamic acid is absorbed from the gastrointestinal
tract with peak plasma concentrations occurring after
about 3 hours. Bioavailability is about 30 to 50%.
Tranexamic acid is widely distributed throughout the
body and has very low protein binding. It diffuses
across the placenta and is distributed into breast milk.
Tranexamic acid has a plasma elimination half-life of
about 2 hours. It is excreted in the urine mainly as un-
changed drug.
◊ References.
1. Andersson L, et al. Role of urokinase and tissue activator in sus-

taining bleeding and the management thereof with EACA and
AMCA. Ann N Y Acad Sci 1968; 146: 642–56. 

2. Kullander S, Nilsson IM. Human placental transfer of an antifi-
brinolytic agent (AMCA). Acta Obstet Gynecol Scand 1970; 49:
241–2. 

3. Pilbrant Å, et al. Pharmacokinetics and bioavailability of tran-
examic acid. Eur J Clin Pharmacol 1981; 20: 65–72.

Uses and Administration
Tranexamic acid is an antifibrinolytic drug that inhibits
breakdown of fibrin clots. It acts primarily by blocking
the binding of plasminogen and plasmin to fibrin; di-
rect inhibition of plasmin occurs only to a limited de-
gree. Tranexamic acid is used in the treatment and
prophylaxis of haemorrhage associated with excessive
fibrinolysis. It is also used in the prophylaxis of hered-
itary angioedema. 
Tranexamic acid is given by mouth and by slow intra-
venous injection or continuous infusion. Parenteral
dosage is usually changed to oral after a few days. Al-
ternatively, an initial intravenous injection may be fol-
lowed by continuous infusion. 
For short-term use in haemorrhage, oral doses are 1 to
1.5 g (or 15 to 25 mg/kg) 2 to 4 times daily. When giv-
en by slow intravenous injection doses are 0.5 to 1 g (or
10 mg/kg) 3 times daily. Tranexamic acid is given by
continuous infusion at a rate of 25 to 50 mg/kg daily. 
Tranexamic acid is given for prolonged periods in he-
reditary angioedema in doses of 1 to 1.5 g by mouth
2 or 3 times daily. 
Children may be given doses of 25 mg/kg orally or
10 mg/kg intravenously, usually 2 or 3 times daily, de-
pending on the indication. 
Reduced doses are recommended for patients with re-
nal impairment (see below). 
Solutions of tranexamic acid have been applied topi-
cally, for example as a bladder irrigation or mouth-
wash.
Administration in renal impairment. Licensed drug infor-
mation recommends reduced doses of tranexamic acid for pa-
tients with renal impairment, based on the serum-creatinine con-
centration (SCC): 
• SCC 120 to 250 micromoles/litre: 15 mg/kg twice daily oral-

ly, or 10 mg/kg twice daily intravenously 
• SCC 250 to 500 micromoles/litre: 15 mg/kg once daily orally,

or 10 mg/kg once daily intravenously 
• SCC higher than 500 micromoles/litre: 7.5 mg/kg once daily

or 15 mg/kg once every 48 hours orally, or 5 mg/kg once daily
or 10 mg/kg once every 48 hours intravenously (some prod-
ucts contra-indicate use in severe renal impairment)

Haemorrhagic disorders. Tranexamic acid and aminocapro-
ic acid are structurally related synthetic antifibrinolytic drugs that
block the binding of plasminogen and plasmin to fibrin, thereby
preventing dissolution of the haemostatic plug.1,2 A plasma con-
centration of tranexamic acid of 5 to 10 micrograms/mL has
been considered necessary for effective inhibition of fibrinoly-
sis.2 
Antifibrinolytics are used to control haemorrhage that is consid-
ered to be caused by excessive fibrinolysis. Antifibrinolytic ther-
apy may also be indicated in the prevention of rebleeding in
some haemorrhagic conditions, the rationale being to retard dis-
solution of the haemostatic plug formed in response to vascular
injury. 
In haemorrhage caused by a congenital or acquired deficiency of
blood coagulation factors, haemostatic drugs have a secondary
role and may be useful in reducing requirements of factor con-
centrates. In patients with haemophilias (p.1048) antifibrinolyt-
ics may be added to coagulation factor replacement before dental
surgery, and used in the prevention and treatment of mucosal
bleeding after the procedure. The route depends on the severity
of the coagulation factor deficiency and the procedure to be un-
dertaken; for example, tooth extraction will probably require
more prophylactic cover than dental scaling. Regimens therefore
vary,3-7 but an initial oral or intravenous dose of tranexamic acid
may be followed by oral use, or topical 5% mouthwash contin-
ued for up to 7 days after dental procedures. Tranexamic acid has
been used similarly in patients with von Willebrand’s disease4

(p.1051). An approach using tranexamic acid mouthwashes has
also been used to reduce the risk of bleeding after oral surgery in
patients on anticoagulant therapy.8,9 Tranexamic acid may prove
beneficial in patients with other congenital bleeding disorders
such as α2-antiplasmin deficiency.10 Aminocaproic acid has been
tried in a few patients with hereditary haemorrhagic telangiecta-
sia with mixed results.11 Tranexamic acid has been reported to be
effective in the control of epistaxis in these patients; reports gen-
erally describe oral use,12,13 but tranexamic acid has also been
applied directly as nasal drops.14 
Tranexamic acid and aminocaproic acid have each been used in
an attempt to prevent rebleeding in patients with subarachnoid
haemorrhage (see Stroke, p.1185), particularly if surgery is to be
delayed. However, while rebleeding may be reduced, there can
be an increase in the incidence of cerebral ischaemic complica-
tions resulting in little overall improvement in outcome.15 Para-
doxically, rebleeding has been noted in patients given high doses

of aminocaproic acid after subarachnoid haemorrhage (see Ef-
fects on the Blood under Aminocaproic Acid, p.1053). 
Tranexamic acid has been used to control gastrointestinal haem-
orrhage, e.g. due to peptic ulcer disease (p.1702) or oesophageal
varices (see Variceal Haemorrhage under Monoethanolamine,
p.2346). In a meta-analysis16 of 6 studies, involving a total of
1267 patients given tranexamic acid for acute upper gastrointes-
tinal haemorrhage, treatment with tranexamic acid was associat-
ed with a 20 to 30% decrease in the rate of rebleeding, a 30 to
40% decrease in the need for surgery, and a 40% decrease in
mortality. However, the validity of one study included in the
analysis has been disputed,17,18 and it is not the usual treatment in
these patients. 
Tranexamic acid or aminocaproic acid have been suggested to
control bleeding in many other conditions. These include haem-
orrhage after surgical or other procedures including prostatecto-
my, bladder surgery, and cervical conisation. They may be used
to reduce perioperative blood loss and allogeneic transfusion re-
quirements.19-23 They may also be effective in other conditions
associated with excessive fibrinolysis such as menorrhagia (see
below), epistaxis, and placental abruption.
1. Mannucci PM. Hemostatic drugs. N Engl J Med 1998; 339:

245–53. 
2. Dunn CJ, Goa KL. Tranexamic acid: a review of its use in sur-

gery and other indications. Drugs 1999; 57: 1005–32. 
3. Zanon E, et al. Proposal of a standard approach to dental extrac-

tion in haemophilia patients: a case-control study with good re-
sults. Haemophilia 2000; 6: 533–6. 

4. Stubbs M, Lloyd J. A protocol for the dental management of von
Willebrand’s disease, haemophilia A and haemophilia B. Aust
Dent J 2001; 46: 37–40. 

5. Villar A, et al. The use of haemostatic drugs in haemophilia:
desmopressin and antifibrinolytic agents. Haemophilia 2002; 8:
189–93. 

6. Scully C, et al. Oral care for people with hemophilia or a hered-
itary bleeding tendency (World Federation of Hemophilia,
Treatment of Hemophilia series, October 2002, No 27). Availa-
ble at: http://www.wfh.org/2/docs/Publications/Dental_Care/
TOH-27_English_Oral_Care.pdf (accessed 25/10/05) 

7. Lee APH, et al. Effectiveness in controlling haemorrhage after
dental scaling in people with haemophilia by using tranexamic
acid mouthwash. Br Dent J 2005; 198: 33–8. 

8. Carter G, Goss A. Tranexamic acid mouthwash—a prospective
randomized study of a 2-day regimen vs 5-day regimen to pre-
vent postoperative bleeding in anticoagulated patients requiring
dental extractions. Int J Oral Maxillofac Surg 2003; 32: 504–7. 

9. Carter G, et al. Tranexamic acid mouthwash versus autologous
fibrin glue in patients taking warfarin undergoing dental extrac-
tions: a randomized prospective clinical study. J Oral Maxillo-
fac Surg 2003; 61: 1432–5. 

10. Favier R, et al. Congenital α -plasmin inhibitor deficiencies: a
review. Br J Haematol 2001; 114: 4–10. 

11. Annichino-Bizzacchi JM, et al. Hereditary hemorrhagic tel-
angiectasia response to aminocaproic acid treatment. Thromb
Res 1999; 96: 73–6. 

12. Sabbà C, et al. Efficacy of unusually high doses of tranexamic
acid for the treatment of epistaxis in hereditary hemorrhagic te-
langiectasia. N Engl J Med 2001; 345: 926. 

13. Sabbà C, et al. Rendu-Osler-Weber disease: experience with 56
patients. Ann Ital Med Int 2002; 17: 173–9. 

14. Klepfish A, et al. Intranasal tranexamic acid treatment for se-
vere epistaxis in hereditary hemorrhagic telangiectasia. Arch In-
tern Med 2001; 161: 767. 

15. Roos YBWEM, et al. Antifibrinolytic therapy for aneurysmal
subarachnoid haemorrhage. Available in The Cochrane Data-
base of Systematic Reviews; Issue 2. Chichester: John Wiley;
2003 (accessed 27/10/05). 

16. Henry DA, O’Connell DL. Effects of fibrinolytic inhibitors on
mortality from upper gastrointestinal haemorrhage. BMJ 1989;
298: 1142–6. 

17. Brown C, Rees WDW. Drug treatment for acute upper gastroin-
testinal bleeding. BMJ 1992; 304: 135–6. 

18. Barer D. Drug treatment for acute upper gastrointestinal bleed-
ing. BMJ 1992; 304: 383. 

19. Levi M, et al. Pharmacological strategies to decrease excessive
blood loss in cardiac surgery: a meta-analysis of clinically rele-
vant endpoints. Lancet 1999; 354: 1940–7. 

20. Schmarts. Antifibrinolytics. Acta Anaesthesiol Belg 2003; 54:
319–22. 

21. Ho KM, Ismail H. Use of intravenous tranexamic acid to reduce
allogeneic blood transfusion in total hip and knee arthroplasty:
a meta-analysis. Anaesth Intensive Care 2003; 31: 529–37. 

22. Brown JR, et al. Meta-analysis comparing the effectiveness and
adverse outcomes of antifibrinolytic agents in cardiac surgery.
Circulation 2007; 115: 2801–13. 

23. Henry DA, et al. Anti-fibrinolytic use for minimising perioper-
ative allogeneic blood transfusion. Available in The Cochrane
Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2007 (accessed 27/06/08).

Hereditary angioedema. Hereditary angioedema, formerly
known as hereditary angioneurotic oedema, is a rare autosomal
dominant disease caused by either a deficiency of complement
C1 esterase inhibitor or, more rarely, a lack of functioning inhib-
itor.1-6 The disease presents as episodic attacks of oedema, usu-
ally of the extremities and face, and often involving the gastroin-
testinal mucosa producing abdominal pain. A non-pruritic rash
may also occur. A few patients develop life-threatening laryngeal
oedema. Attacks generally last about 1 to 3 days and may occur
as frequently as weekly or there may be years between attacks.
The first attack may occur at any age although initial presentation
in childhood is most common. Trauma, especially dental surgery,
illness, and emotional stress may provoke an attack although of-
ten there is no precipitating factor. 
Treatment of the acute attack is essentially supportive. If laryn-
geal oedema is present adrenaline, antihistamines, and corticos-
teroids may be given (as for Anaphylaxis, p.1205) even though
patients with hereditary angioedema often fail to respond ade-
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quately to them. The mainstay of treatment of an acute attack is
replacement therapy with complement C1 esterase inhibitor.
Fresh frozen plasma has been used although there is a risk of
initially exacerbating the oedema due to the presence of other
complements in the plasma. Tracheostomy or tracheal intubation
may be necessary. 
Once the acute attack has subsided most patients will not require
further treatment, but those who experience life-threatening at-
tacks, repeated episodes of swelling around the face or neck, or
incapacitating attacks require long-term prophylactic therapy.
A synthetic androgen (danazol or stanozolol) or an antifibrinolyt-
ic (aminocaproic acid or tranexamic acid) is effective for long-
term prophylaxis.1,2,4,6 Danazol and stanozolol raise serum con-
centrations of C1 esterase inhibitor possibly by enhancing its
synthesis in the liver.2,6 Aminocaproic acid and tranexamic acid
may act by inhibiting plasmin activation.7 A synthetic androgen
is often preferred because these seem to be more effective than
antifibrinolytics. In children, however, androgens are generally
avoided because of their adverse effects. Nevertheless, they have
been used in children, with close monitoring, when antifibrino-
lytics have been ineffective.3 In exceptional circumstances, long-
term prophylaxis with twice weekly C1 esterase inhibitor may be
indicated for adults when antifibrinolytics and androgens are in-
effective, not tolerated, or contra-indicated.6 
Short-term prophylaxis may be used in situations expected to
provoke an attack, such as surgery or dental work. Complement
C1 esterase inhibitor is given within 24 hours before the proce-
dure, or fresh frozen plasma may be used if this is not available.
Alternatively, a synthetic androgen or antifibrinolytic may be
used, but these must be started several days before the procedure
and continued for 2 days after. 
Investigational therapies for the management of hereditary an-
gioedema include a recombinant complement C1 esterase inhib-
itor, icatibant acetate (a bradykinin receptor antagonist), and
ecallantide (an inhibitor of human plasma kallikrein).
1. Nzeako UC, et al. Hereditary angioedema: a broad review for

clinicians. Arch Intern Med 2001; 161: 2417–29. 
2. Fay A, Abinun M. Current management of hereditary angio-

oedema (C’1 esterase inhibitor deficiency). J Clin Pathol 2002;
55: 266–70. 

3. Farkas H, et al. Clinical management of hereditary angio-oede-
ma in children. Pediatr Allergy Immunol 2002; 13: 153–61. 

4. Bowen T, et al. Canadian 2003 international consensus algo-
rithm for the diagnosis, therapy, and management of hereditary
angioedema. J Allergy Clin Immunol 2004; 114: 629–37. 

5. Zuraw BL. Current and future therapy for hereditary angioede-
ma. Clin Immunol 2005; 114: 10–16. 

6. Gompels MM, et al. C1 inhibitor deficiency: consensus docu-
ment. Clin Exp Immunol 2005; 139: 379–94. Correction. ibid.;
141: 189–90. [dose] 

7. Ritchie BC. Protease inhibitors in the treatment of hereditary an-
gioedema. Transfus Apheresis Sci 2003; 29: 259–67.

Menorrhagia. Tranexamic acid is used in women with menor-
rhagia (p.2126) who do not require contraception or hormonal
therapy. It reduces uterine blood loss in such women when used
during menstruation.1-3 A comparative trial1 found tranexamic
acid 1 g by mouth every 6 hours to be more effective than the
NSAID mefenamic acid, a commonly used treatment for the
condition, and etamsylate. It is also more effective than cyclical
norethisterone2 (although less so than a progesterone-releasing
intra-uterine device3). A review,4 which included these and some
other studies, reported that tranexamic acid reduces menstrual
blood loss by about 34 to 59% over 2 to 3 cycles.
1. Bonnar J, Sheppard BL. Treatment of menorrhagia during men-

struation: randomised controlled trial of ethamsylate, mefenamic
acid, and tranexamic acid. BMJ 1996; 313: 579–82. 

2. Preston JT, et al. Comparative study of tranexamic acid and
norethisterone in the treatment of ovulatory menorrhagia. Br J
Obstet Gynaecol 1995; 102: 401–406. 

3. Milsom I, et al. A comparison of flurbiprofen, tranexamic acid,
and a levonorgestrel-releasing intrauterine contraceptive device
in the treatment of idiopathic menorrhagia. Am J Obstet Gynecol
1991; 164: 879–83. 

4. Wellington K, Wagstaff AJ. Tranexamic acid: a review of its use
in the management of menorrhagia. Drugs 2003; 63: 1417–33.

Preparations
BP 2008: Tranexamic Acid Injection; Tranexamic Acid Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Cyklokapron; Austria: Cyklokapron; Belg.: Exacyl; Braz.: He-
moblock; Transamin; Canad.: Cyklokapron; Chile: Espercil; Cz.: Cykloka-
pron†; Exacyl; Denm.: Cyklokapron; Fin.: Caprilon; Cyklokapron; Fr.: Exa-
cyl; Spotof; Ger.: Anvitoff†; Cyklokapron; Gr.: Transamin; Hong Kong: CP-
Tran; Cyklokapron; Qualixamin; Transamin; Hung.: Exacyl; India: Tranarest;
Tranfib; Traxamic†; Indon.: Asamnex; Clonex; Ditranex; Intermic; Kalnex;
Lunex; Nexa; Plasminex; Pytramic; Ronex; Theranex; Tranexid; Transamin;
Irl.: Cyklokapron; Israel: Hexakapron; Ital.: Tranex; Ugurol; Jpn:
Transamin; Malaysia: Transamin; Tren; Neth.: Cyklokapron; Norw.:
Cyklokapron; NZ: Cyklokapron; Philipp.: Cyclotrax; Cyklokapron; Dostan;
Fibrinon; Fimoplas; Hemoclot; Hemostan; Hemotrex; Micranex; Proklot;
Trenaxin; Pol.: Exacyl; S.Afr.: Cyklokapron; Singapore: Cyklokapron;
Spain: Amchafibrin; Swed.: Cyklo-F; Cyklokapron; Tranon; Switz.: Anvit-
off†; Cyklokapron; Thai.: Tramic; Transamin; Turk.: Transamine; UK:
Cyklokapron; USA: Cyklokapron; Venez.: Ciclokapron.
Multi-ingredient: Fr.: Quixil; Ger.: Quixil; India: Tranfib MF; Ital.: Quix-
il; Jpn: Sin Colgen Kowa Kaze; Neth.: Quixil; Port.: Quixil.

von Willebrand Factor
Facteur Willebrand humain (human von Willebrand factor); Fac-
tor humanus von Willebrandi (human von Willebrand factor);
Factor VIII-related Antigen; vWF.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Human von Willebrand Factor). A preparation of
a plasma protein fraction that contains the glycoprotein von Wil-
lebrand factor with varying amounts of coagulation factor VIII,
depending on the method of preparation. It is prepared from hu-
man plasma obtained from blood from healthy donors: the plas-
ma is tested for the absence of hepatitis B surface antigen and an-
tibodies against HIV-1 and HIV-2 and hepatitis C virus. 
When reconstituted as stated on the label, the potency is not less
than 20 international units of von Willebrand factor per mL. It is
a white or pale yellow, hygroscopic powder or friable solid. Store
in airtight containers. Protect from light.

Profile
von Willebrand factor is used in the treatment and prophylaxis of
bleeding in von Willebrand’s disease (p.1051), usually when
desmopressin is ineffective or contra-indicated. It is generally
contained in plasma concentrate preparations with factor VIII,
but highly purified preparations that contain very little factor
VIII are also available in some countries. Dosage depends on the
extent and source of bleeding. Hypersensitivity reactions may
occur rarely, and as for other plasma-derived preparations, the
risk of transmission of infective agents cannot be totally exclud-
ed.

◊ References.
1. Smith MP, et al. Continuous infusion therapy with very high pu-

rity von Willebrand factor concentrate in patients with severe
von Willebrand disease. Blood Coag Fibrinol 1997; 8: 6–12. 

2. Goudemand J, et al. Clinical management of patients with von
Willebrand’s disease with a VHP vWF concentrate: the French
experience. Haemophilia 1998; 4 (suppl 3): 48–52.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Wilfactin; Wilstart; Gr.: Wilfactin.
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Bone and Bone Disease, p.1083 
Hypercalcaemia of malignancy, p.1083 
Malignant neoplasms, p.1083 
Osteogenesis imperfecta, p.1083 
Osteomalacia and rickets, p.1084 
Osteoporosis, p.1084 
Paget’s disease of bone, p.1086 
Renal osteodystrophy, p.1086 
Rickets, p.1087 

Parathyroid Disorders, p.1087 
Hyperparathyroidism, p.1087 
Hypoparathyroidism, p.1087

The processes of bone turnover, and the regulation of
body calcium, are intimately connected. The concen-
tration of calcium in plasma is normally kept within a
narrow range (p.1667). It is regulated by the absorption
and excretion of calcium, and also by modulation of
the normal resorption and formation of bone and hence
the movement of calcium to and from the skeletal res-
ervoir. The endogenous substances parathyroid hor-
mone, calcitonin, and vitamin D, are involved in the
regulation of calcium homoeostasis. 
Drugs described in this chapter affect bone resorption
or formation, with effects on serum calcium. They in-
clude: 
• bisphosphonates 
• bone morphogenetic proteins 
• calcitonins 
• cinacalcet hydrochloride 
• gallium nitrate 
• parathyroid hormone 
• strontium ranelate 
• teriparatide 
The inorganic fluoride salts, which can promote bone
formation when given in appropriate doses, are dis-
cussed in the chapter on Nutritional Agents (see Sodi-
um Fluoride, p.1962).

Bone and Bone Disease
The skeleton acts as mechanical support and protection
to softer tissues and organs. It is also important in elec-
trolyte homoeostasis, acting as a reservoir of certain
ions and minerals such as calcium, phosphorus, and
magnesium. 
Bone has two components: an organic matrix, called
osteoid, consisting mainly of collagen, and a mineral
phase deposited through that matrix; the latter, com-
prising about 70% of the skeletal mass, is composed
chiefly of hydroxyapatite (a complex crystalline salt of
calcium and phosphate). There are two structural forms
known in mature bone, namely cortical (lamellar)
bone, which has a dense, continuous structure, and
trabecular (cancellous) bone, which has a ‘spongy’
structure of linked plates and is associated with high
bone turnover and growth. The peripheral or appendic-
ular parts of the skeleton are mainly cortical bone,
while the axial or central parts, such as the spine and
pelvis, contain substantial amounts of trabecular bone. 
Bone is a dynamic tissue: once new bone has been laid
down it is subject to a continual process of formation
and resorption called remodelling. Remodelling takes
place along bone surfaces and is carried out by bone
cells (osteoclasts and osteoblasts) that originate in the
marrow and share common origins with blood cells.
Stimulated by physical or chemical signals, osteoclasts
dig a cavity into the bone (bone resorption); they are
then replaced by osteoblasts that synthesise new oste-
oid to fill the cavity (bone formation) and may help to
promote its subsequent mineralisation. The actions of
these two types of bone cell are closely linked, and
agents that suppress resorption ultimately decrease
bone formation too. However, at any given time there
is a deficit in potential bone mass, the remodelling
space, which represents sites of bone resorption that
have not yet been filled in. Any stimulus that affects

bone turnover by altering the recruitment of osteoblasts
and osteoclasts to remodelling will result in an increase
or decrease in the remodelling space, until a new
steady state is achieved, and this will be seen as a de-
crease or increase in bone mass. Lifelong accumulation
of remodelling deficits leads to age-related bone loss. 
Bone also contains osteocytes, which are cells derived
from osteoblasts thought to be involved in the move-
ment of minerals. 
Bone cells are controlled by systemic hormones in-
cluding parathyroid hormone, 1,25-dihydroxychole-
calciferol (calcitriol), calcitonin, and local regulators
such as bone morphogenetic proteins and cytokines. A
local signalling system involving the protein RANKL
(receptor activator of nuclear factor-kappa B ligand),
which induces osteoclast differentiation and activation
and promotes bone resorption, and the protein osteo-
protegerin, which inhibits osteoclast formation and
prevents bone resorption, is mediated via the receptor
RANK found on osteoclasts and their precursors. 
Bone diseases may be due to defects in the production
of osteoid or its mineralisation, or to an imbalance in
resorption and formation of bone. Bone balance can be
affected by diverse stimuli such as dietary insufficien-
cy, hormones, including sex hormones, and drugs such
as corticosteroids.

Hypercalcaemia of malignancy
About 10% of patients with cancer develop hypercalcae-
mia of malignancy, which is typically severe and progres-
sive.1,2 The condition is thought to be mediated usually by
parathyroid hormone-related protein released from tumour
tissue, which acts both locally and systemically to enhance
osteoclastic bone resorption and increase renal tubular cal-
cium reabsorption. Increased levels of parathyroid hor-
mone-related protein have been found in hypercalcaemic
patients, especially those with solid tumours, regardless of
the existence of bone metastases.3,4 Other causes of hyper-
calcaemia of malignancy include the activation of osteo-
clasts by the local release of bone-resorbing cytokines
such as interleukin-1, interleukin-6, tumour necrosis fac-
tors, and growth factors;3,4 this mechanism occurs particu-
larly in those with myeloma.4 The RANKL signalling sys-
tem may play an important role.5 Some lymphomas
secrete active vitamin D, enhancing osteoclastic bone re-
sorption and intestinal calcium absorption. Rarely, ectopic
secretion of parathyroid hormone may cause hypercalcae-
mia.6 
Bisphosphonates are the preferred drugs for treating hy-
percalcaemia once the patient has been adequately rehy-
drated with intravenous sodium chloride 0.9% (see Hyper-
calcaemia, p.1668). It has been recommended6 that
therapy be begun as soon as possible, since a response is
only seen after 2 to 4 days; in about 60 to 90% of patients
serum calcium concentrations normalise within 4 to 7
days, and responses last for up to 3 weeks.6 There is some
evidence that bisphosphonates may be less effective in pa-
tients with high initial levels of parathyroid hormone-relat-
ed protein; in addition, they have no effect on the renal tu-
bular resorption of calcium.2 There is no consensus as to
the best bisphosphonate to choose. Pamidronate has been
widely used and is considered by many to be the drug of
choice.7 A systematic review,2 which noted that aminobi-
sphosphonates were most effective in this condition, con-
sidered low-dose clodronate less effective than pamidro-
nate although no difference was seen at higher doses.
Others have queried the existence of a dose response for
clodronate;1 the fact it can be given subcutaneously, or
orally (after intravenous therapy) may be useful.1,4 Etidro-
nate, which can also be given orally, is also less effective
than pamidronate,7,8 and prolonged therapy may cause os-
teomalacia. Alendronate has been found to be as effective
as clodronate, and superior to etidronate.2 Studies with
neridronate, olpadronate, and risedronate have been more
limited;1 incadronate has also been used.2 However, newer
aminobisphosphonates such as ibandronate and zoledro-
nate may be the most effective option, with longer dura-
tions of response and more convenient dosage than pamid-
ronate.1,4 In patients unresponsive to low initial doses of

bisphosphonates, some recommend larger doses;6 alterna-
tively, other drugs may be considered. 
Calcitonin has a rapid onset of action, and is particularly
useful in life-threatening hypercalcaemia.1,7 This effect,
however, is short-lived, and calcitonin is generally used as
adjunctive therapy.1 When given with bisphosphonates,
calcitonin reduces serum calcium more rapidly than bi-
sphosphonates given alone.4 
Plicamycin, a cytotoxic antibiotic with particular activity
against osteoclasts, has been used to obtain a rapid (within
24 hours) and sustained reduction in plasma-calcium con-
centrations in severe hypercalcaemia. However, it is high-
ly toxic and its use no longer recommended.1,5 Gallium ni-
trate also inhibits bone resorption; initial studies in patients
with hypercalcaemia associated with malignancy have in-
dicated beneficial effects,3 but bisphosphonates are still
likely to be preferred.4,5 
Corticosteroids are useful in hypercalcaemia associated
with corticosteroid-sensitive haematological malignancies
such as lymphoma or myeloma.1,4,6 In addition they may
be useful to overcome renal tubular resistance to
calcitonin9 but otherwise are not usually effective.10 There
have been individual reports of beneficial results using
somatostatin analogues such as octreotide for the treat-
ment of hypercalcaemia of malignancy.
1. Body J-J. Hypercalcemia of malignancy. Semin Nephrol 2004;

24: 48–54. 
2. Saunders Y, et al. Systematic review of bisphosphonates for hy-

percalcaemia of malignancy. Palliat Med 2004; 18: 418–31. 
3. Leyland-Jones B. Treatment of cancer-related hypercalcemia:

the role of gallium nitrate. Semin Oncol 2003; 30 (suppl):
13–19. 

4. Ralston SH, et al. Medical management of hypercalcemia. Cal-
cif Tissue Int 2004; 74: 1–11. 

5. Lumachi F, et al. Medical treatment of malignancy-associated
hypercalcemia. Curr Med Chem 2008; 15: 415–21. 

6. Stewart AF. Hypercalcemia associated with cancer. N Engl J
Med 2005; 352: 373–9. 

7. Davidson TG. Conventional treatment of hypercalcemia of ma-
lignancy. Am J Health-Syst Pharm 2001; 58 (suppl 3): S8–S15. 

8. Berenson JR. Treatment of hypercalcemia of malignancy with
bisphosphonates. Semin Oncol 2002; 29 (suppl 21): 12–18. 

9. Hosking DJ, et al. Potentiation of calcitonin by corticosteroids
during the treatment of the hypercalcaemia of malignancy. Eur
J Clin Pharmacol 1990; 38: 37–41. 

10. Percival RC, et al. Role of glucocorticoids in management of
malignant hypercalcaemia. BMJ 1984; 389: 287.

Malignant neoplasms
The bisphosphonates and calcitonins are used to control
the hypercalcaemia that often accompanies malignant dis-
ease (see above). Bisphosphonates are also used in meta-
static bone disease (p.660) to control bone pain and to re-
duce skeletal complications such as fractures. Evidence of
the ability of bisphosphonates to prevent the development
of bone metastases is conflicting. Bisphosphonates have
been found to be effective in reducing the skeletal compli-
cations of multiple myeloma (p.658) and are recommend-
ed in those patients with bone disease.

Osteogenesis imperfecta
Osteogenesis imperfecta (brittle bone syndrome) is a het-
erogeneous inherited disorder of connective tissue charac-
terised by bone fragility, osteopenia, short stature, joint
laxity, teeth defects, and hearing abnormalities.1,2 It is of-
ten classified into 4 forms, I-IV, which vary in clinical se-
verity, and radiological and genetic aspects;1 some distin-
guish 3 further forms, V, VI, and VII.2 
Orthopaedic treatment and physical activity programmes
form the basis of therapy: at present there is no curative
drug therapy.1-3 Calcitonins were commonly used in man-
agement, but their use has declined.1 Beneficial effects
have been reported with growth hormone, especially in
moderate forms of the disease.1 Bisphosphonates have
yielded substantial improvements in chronic pain, bone
mineral density, fracture rate and mobility,3,4 without sig-
nificant adverse effects, and may be especially beneficial
in severe osteogenesis imperfecta.1 Cyclic intravenous pa-
midronate has been the most widely used bisphosphonate,
but benefit has also been reported with intermittent intra-
venous neridronate,5,6 as well as daily oral clodronate,7
and daily oral olpadronate.8 Alendronate and zoledronate
are under investigation.4 Bisphosphonates may also be
useful for associated immobilisation hypercalcaemia.9 Im-
mobilisation can also result in calcium and vitamin D de-

The symbol † denotes a preparation no longer actively marketed
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ficiency, and prophylactic supplementation may be use-
ful.3 Bone marrow transplantation and the potential of
antisense gene therapy are being investigated.1,2

1. Antoniazzi F, et al. Osteogenesis imperfecta: practical treatment
guidelines. Pediatr Drugs 2000; 2: 465–88. 

2. Rauch F, Glorieux FH. Osteogenesis imperfecta. Lancet 2004;
363: 1377–85. 

3. Chevrel G, Meunier PJ. Osteogenesis imperfecta: lifelong man-
agement is imperative and feasible. Joint Bone Spine 2001; 68:
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Osteomalacia and rickets
Osteomalacia occurs in adults when there is impaired min-
eralisation of the bone matrix, and rickets occurs in chil-
dren due to defective mineralisation of the cartilaginous
growth plate.1-3 Generally the inadequate bone mineralisa-
tion results from deficiency or abnormal metabolism of vi-
tamin D,1,2,4 calcium deficiency,1,5 or phosphate deficien-
cy or depletion.1-3 Several hereditary disorders are
associated with the development of rickets including vita-
min D-pseudodeficiency rickets (vitamin D-dependent
rickets), in which there is impaired synthesis of 1,25-dihy-
droxycholecalciferol (Type I) or receptor resistance to
1,25-dihydroxycholecalciferol (Type II), and X-linked hy-
pophosphataemic rickets.2,6 Osteomalacia also occurs in
renal osteodystrophy2 associated with chronic renal failure
(see below). Oncogenic osteomalacia is a rare form char-
acterised by hypophosphataemia and renal phosphate
wasting caused by a tumour, usually mesenchymal.2,3

Some drugs including various antiepileptics (p.496), etid-
ronate, and aluminium salts, can interfere with bone min-
eralisation and cause osteomalacia. Osteomalacia may
present with generalised or local bone pain, polyarthral-
gias, or muscle weakness.2 Rickets characteristically caus-
es skeletal deformities, epiphyseal enlargement, muscle
hypotonia, and teeth defects.1-4,6 
Treatment of osteomalacia and rickets is mainly aimed at
correcting any underlying deficiency.2 Vitamin D sub-
stances, calcium, or phosphate supplements can be given
orally as appropriate but doses require careful individual
adjustment to maintain calcium and phosphate concentra-
tions within normal limits.2,5 Vitamin D requirements are
probably greater in those with reduced calcium intake, and
calcium requirements greater in those with limited sun-
light exposure and dietary vitamin D intake.5 A variety of
forms or analogues of vitamin D are available (see
p.1986). For the treatment of simple vitamin D deficiency
colecalciferol or ergocalciferol are generally preferred.4 If
malabsorption is suspected, larger doses or parenteral use
may be necessary, but where large doses are required it
may be preferable to use one of the more potent forms of
vitamin D such as calcitriol.2 Simple calcium deficiency
may be a more important cause of rickets than vitamin D
deficiency in some populations. A study in African chil-
dren with rickets found that their calcium intake was low
and that they responded better to calcium supplementa-
tion, with or without vitamin D, than to vitamin D alone.5 
Type I vitamin D-pseudodeficiency rickets requires re-
placement therapy with calcitriol. In Type II disease, re-
sistance to calcitriol treatment may be so extreme that only
very large supplements of calcium may be effective. X-
linked hypophosphataemic rickets is considered to be best
treated with combined phosphate supplementation and
calcitriol.3 There has also been some interest in the use of
growth hormone in children with hypophosphataemic
rickets.7 A form of hypophosphataemic rickets, rickets of
prematurity (see under Osteomalacia, p.1684), may occur
in small, premature infants fed exclusively on breast milk,
and phosphate supplementation plus calcium and vitamin
D has been suggested in such cases. Prophylaxis of calci-
um or vitamin D deficiencies through adequate dietary in-
take or supplementation is controversial given difficulties
in definitive requirements (see Human Requirements un-
der Calcium, p.1677, and Human Requirements, p.1988,
and Osteomalacia, p.1990, under vitamin D).
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Osteoporosis
Osteoporosis is a disease characterised by low bone mass
and microarchitectural deterioration of bone tissue, lead-
ing to enhanced bone fragility and risk of fracture, partic-
ularly of the long bones (distal forearm and neck of the
femur) and the vertebrae.1-9 Although bone formation out-
strips resorption in youth, accumulated small deficits from
remodelling (see Bone and Bone Disease, above) result in
a gradual loss of bone mass after the third or fourth dec-
ades.2-4,6,10 Primary osteoporosis is therefore usually an
age-related disease. It can affect both sexes, though wom-
en are at greater risk because bone loss is accelerated, to a
variable degree, after the menopause.1-3,5,6,10,11 Osteoporo-
sis can also be secondary to chronic endocrine or metabol-
ic conditions1,5,6,10-12 such as hyperparathyroidism
(p.1087), hyperthyroidism (p.2165), diabetes mellitus
(p.431), Cushing’s syndrome (p.2344), malabsorption
syndromes, anorexia nervosa, or inflammatory bowel dis-
ease (p.1697) affecting calcium and vitamin D absorption.
Other conditions associated with bone loss and osteoporo-
sis include osteogenesis imperfecta (p.1083), rheumatoid
arthritis (p.11), complex regional pain syndrome (p.6),
chronic renal disease, and multiple myeloma (p.658); osteo-
porosis may also follow organ and tissue transplantation or
prolonged immobilisation. Other secondary causes in-
clude the use of drugs1,5,6,10,11 such as corticosteroids
(p.1491), thyroid hormones, anticonvulsants, gonadorelin
analogues (p.2106), and heparin (p.1302). 
Risk factors for osteoporosis include non-modifiable pre-
dictors of low bone mineral density (BMD), such as fe-
male sex, increased age, Caucasian or Asian race, while
other factors are potentially modifiable but may be inde-
pendent of BMD, such as cigarette smoking, alcohol con-
sumption, low body-weight, and physical inactivity. Other
factors include early menopause, prolonged amenorrhoea,
high caffeine intake, and nutritional deficiencies such as
low calcium intake and vitamin D deficiency.1,3,6,10,13 The
most important risk factors for osteoporosis-related frac-
ture are a previous history of low-trauma fracture as an
adult (40 years of age or older) and low BMD.1,3,4 
Patients are usually asymptomatic until fractures occur,6,13

and up to two-thirds of vertebral fractures may also be
asymptomatic.1,6 Fractures can result in pain, deformity
(kyphosis, loss of height), and disability.1 Currently, the
most reliable method of assessing osteoporosis and frac-
ture risk is measurement of BMD, usually by dual energy
X-ray absorptiometry.1,3,4,6,14 WHO have defined osteo-
porosis as a BMD 2.5 standard deviations or more below
the young adult mean, and severe or established oste-
oporosis as this BMD in the presence of one or more fra-
gility fractures.3 There is no universally agreed policy on
screening for osteoporosis, but measurement of BMD
should be considered in those thought to be at risk of oste-
oporosis if the result is likely to affect treatment deci-
sions.2,3,7,10,15,16 
Since osteoporosis is defined in terms of BMD, the distinc-
tion between clinical consequences, such as fractures, and
risk, is blurred. Thus, differences between prevention and
treatment are increasingly difficult to define; objectives
are similar and interventions the same.3 Goals in manage-
ment are to prevent fractures, optimise skeletal develop-
ment to maximise peak BMD at skeletal maturity, stabilise
BMD and prevent bone loss, preserve structural skeletal
integrity, and to decrease morbidity and mortality from
fractures.1,4 Secondary causes of osteoporosis should be
identified and treated as appropriate.4 
General non-pharmacological measures include: 
• ensuring adequate dietary calcium and vitamin D intake

(see under Human Requirements, p.1677 and p.1988),
especially during growth.1,3,4,17 Supplementation may
be necessary, see below. 

• regular weight-bearing exercise; during growth this op-
timises peak bone mass,3,4,16,17 but is also beneficial in
pre- and postmenopausal women in terms of increasing

BMD and reducing the risk of fractures.1,4,16,18 Howev-
er, exercise does not appear to prevent fractures in post-
menopausal women during the first 2 years of exer-
cise.19 

• lifestyle modifications such as smoking cessation
(p.2354) and moderation of caffeine and alcohol in-
take.1,3,9,18,20 

• interventions to reduce or prevent falls and injuries;
measures to protect the patient should falls occur may
also be considered.1,16,18,20 

• Supportive therapy in the acute phase of a fracture, in-
cluding pain relief, surgery or appropriate orthopaedic
management.17 

Pharmacological treatment aims to increase bone mass,
either by inhibiting bone resorption, or by stimulating
bone formation through anabolic effects.1,21 While many
drugs are used, not all have been well evaluated for their
effect on fracture rates, and there is little comparative da-
ta.22 Furthermore, many studies have been conducted in
postmenopausal osteoporotic women, and evaluation in
postmenopausal women with normal BMD, osteopenic
women with no fracture, or men, is limited.3,16 
• Calcium and vitamin D supplementation is accepted

baseline adjunctive treatment for osteoporosis and may
also be used as a prophylactic measure.4,7,17,21 Calcium
supplementation has a small but positive effect on BMD
and tends to reduce the incidence of vertebral fractures.
Low vitamin D status has been associated with reduced
BMD, and increased risk of falls and hip fracture in eld-
erly people; however, differences in baseline vitamin D
concentrations make comparison of studies difficult.8
Vitamin D supplementation appears to reduce the risk of
hip and non-vertebral fractures,7,8 especially in those
with vitamin D deficiency. Excessive vitamin D should
be avoided, as this may decrease BMD.2 Studies of sup-
plementation with calcium plus vitamin D show equiv-
ocal results on fracture rates.8 However, daily calcium
with vitamin D supplementation is recommended for
elderly institutionalised people with limited exposure to
sunlight.15,16,18 

• Bisphosphonates are antiresorptive drugs that are used
first-line for the treatment and prevention of osteoporo-
sis.4,15,16,20 While aminobisphosphonates and non-nitro-
gen-containing bisphosphonates differ in their effect on
BMD,14,23 no comparative studies have been done and
BMD changes do not necessarily correlate with fracture
reduction;23 some consider effect on fracture rates to be
similar.14 
There is good evidence that alendronate or risedronate,
given orally, can prevent bone loss,4,11 improve
BMD,1,4,6 and reduce the risk of both vertebral and non-
vertebral fractures.1,2,8,9,13,21 These effects are seen with-
in 1 year of starting treatment,24 and effects on BMD
persist for some while after stopping the drug, particu-
larly with alendronate.14 Evidence for other bisphos-
phonates is more patchy: oral or intravenous ibandro-
nate,11 and intravenous pamidronate6 or zoledronate1,11

have all been shown to increase BMD at the spine and
hip. Oral ibandronate has been shown to decrease verte-
bral fracture risk in women with osteoporosis, as well as
non-vertebral fracture risk in those with severe dis-
ease.11,25 Intravenous ibandronate has been associated
with a reduction in the incidence of new fractures.11 In a
controlled study,26 a once-yearly infusion of zoledronate
given over a 3-year period significantly reduced the risk
of vertebral, hip, and other fractures. BMD at the hip,
femoral neck, and lumbar spine also increased signifi-
cantly compared with placebo. Oral cyclical etidronate
has been shown to decrease the risk of vertebral frac-
tures,1,3 (as has oral clodronate17), but evidence for an
effect on non-vertebral fractures is less clear.17 In the
UK, NICE27 recommends the use of bisphosphonates
for the secondary prevention of osteoporotic fragility
fractures in postmenopausal women. Alendronate, etid-
ronate, or risedronate may be given to all women aged
75 years and older, to women aged between 65 and 74
years with confirmed osteoporosis, and to postmeno-
pausal women younger than 65 with very low BMD or
with confirmed osteoporosis and one or more additional
age-independent risk factors. 

• Calcitonins are antiresorptive agents with an adjunctive
or second-line role in the treatment of osteoporosis; cal-
citonin (salmon) is given by subcutaneous injection or
intranasally as a spray. Both routes have been found to
increase spinal BMD;1,4,5 decreases in vertebral4,28 frac-
ture risk have been seen with the nasal spray, although
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the beneficial effect on nonvertebral fracture may be
less than with bisphosphonates.29 It has been suggested
that the analgesic effects of calcitonins may be valuable
in patients with acute pain due to osteoporotic frac-
tures,2,3,15,21 the analgesia being achieved within 2
weeks.6 

• In postmenopausal women, HRT (p.2077) was initially
considered first-line,28 as its antiresorptive action has
been shown to preserve BMD and decrease hip and ver-
tebral fracture risk.1,2,21 However, results from the
Women’s Health Initiative and Million Women studies
suggested that long-term use of HRT could increase the
risk of breast and some other cancers (see p.2071), while
not reducing cardiovascular risk or improving cognitive
function. The UK CSM has thus recommended that
HRT no longer be considered as a first-line therapy for
the prevention of osteoporosis in women aged over 50
years and at increased risk of fractures;30 it remains an
option for those intolerant of or refractory to other ther-
apies, and for prevention of osteoporosis in women with
premature menopause until the age of 50. It has been
suggested that treatment not exceed 5 years,21 although
others suggest treatment of 7 to 10 years in order to
maximise effect in those women considered at greater
benefit than risk with HRT.2 A large study found that
women who had stopped using HRT more than 5 years
previously had similar hip fracture risk to those who had
never used HRT. However, those who had stopped us-
ing HRT within the previous 5 years had a higher risk of
hip fracture than in those who had never taken HRT.31 

• Raloxifene is a selective oestrogen receptor modulator
(SERM) that partially mimics the effects of oestrogen in
bone and the cardiovascular system, but without the
stimulatory effects on the endometrium and breast.3
Raloxifene significantly increases BMD in postmeno-
pausal women and reduces vertebral fracture risk in
those women with osteoporosis,32 although it may exac-
erbate cardiovascular problems.11,15 Risk of non-verte-
bral fracture is not affected,3,15 and some consider
SERMs less effective than the bisphosphonates.6 NICE
recommends raloxifene27 for the secondary prevention
of osteoporotic fragility fractures in women unable to
take bisphosphonates or who have had an unsatisfactory
response to bisphosphonate treatment. 

• Combination therapy of HRT or raloxifene with bis-
phosphonates has increased BMD but with no effects on
fracture reduction.17 

• Tibolone is a synthetic steroid with combined oestro-
genic, progestogenic, and androgenic properties, that in-
creases BMD comparably to HRT, relieves vasomotor
symptoms, and does not cause endometrial prolifera-
tion.3 However, there are limited data on fracture pre-
vention, and some do not recommend its use for treat-
ment of osteoporosis.21 A large study33,34 of the
treatment of osteoporosis in postmenopausal women
was stopped early when it was found that although tibo-
lone reduced the risk of fracture there was an increased
risk of stroke. However, the full results of this study are
yet to be published. 

• Fluoride has a direct anabolic effect on the osteoblast,
stimulating bone formation; it has been given as sodium
fluoride or sodium monofluorophosphate in the treat-
ment of osteoporosis.3,35 However, increases in lumbar
BMD with fluoride have not resulted in decreased ver-
tebral fracture rate, and may even be associated with in-
creased bone fragility and an increase in non-vertebral
fractures.3,36 Thus fluoride is not widely recommended
for osteoporosis management; fluoride water concentra-
tions should be taken into account if it is used.3 

• Parathyroid hormone and its analogue teriparatide also
have anabolic effects on bone, and increase BMD at the
spine.20,21 Daily subcutaneous injections of teriparatide
reduced the risk of vertebral and non-vertebral fractures
in postmenopausal women with osteoporosis.4,35 Teri-
paratide has also been shown to increase lumbar and
femoral BMD, and reduce non-vertebral fractures to a
greater extent than alendronate.5 The response to parath-
yroid hormone may be modified by previous or concur-
rent treatment with antiresorptive drugs.8 Combination
therapy with alendronate offered no advantage over par-
athyroid hormone (or teriparatide) monotherapy in
terms of changes in BMD. However, after 1 year of par-
athyroid hormone monotherapy, BMD gains were
maintained or increased when followed with alendro-
nate therapy, but lost if followed by placebo.37 NICE

recommends teriparatide as an option for the secondary
prevention of osteoporotic fragility fractures in women
aged 65 years and older who have had an unsatisfactory
response to bisphosphonates or who are intolerant to bis-
phosphonates, and who have an extremely low BMD (4
standard deviations or more below the mean) or a very
low BMD (3 standard deviations or more) plus one or
more additional risk factors.27 

• Strontium ranelate has both anabolic and resorptive
properties.17 It has been found to increase BMD at the
spine and hip, and reduce new vertebral, non-vertebral,
and hip fractures in postmenopausal women with oste-
oporosis.9,11 

• Anabolic steroids such as nandrolone have been found
to increase BMD similarly to HRT, but adverse effects
and limited data on fracture reduction efficacy have lim-
ited their use.3,16 

• There is some suggestion that HMG-CoA reductase in-
hibitors (statins) can stimulate bone formation and have
the potential to reduce fracture risk, but data are conflict-
ing, and further trials are needed.35,38,39 

• Thiazide diuretics reduce urinary calcium excretion and
observational studies have found patients to have a
higher BMD and fewer hip fractures;3 however, effects
are small and therapy is likely to be restricted to an ad-
junctive preventative role.1,3,5 

• Ipriflavone is a synthetic isoflavone that may inhibit
bone resorption; results on BMD from trials are con-
flicting, and data on fracture reduction lacking.1,3 

• Vitamin K plays a role in bone metabolism, and is li-
censed in some countries in the management of osteo-
porosis; it has been suggested that vitamin K substances
should be given to patients at risk of reduced bone min-
eralisation.40 A systematic review and meta-analysis
found that vitamin K supplementation was associated
with increased BMD and a reduced fracture incidence,
especially of the hip;41 however, routine supplementa-
tion is not considered justified until these results are
confirmed in a large randomised study with fractures as
primary outcome. 

• Potential anabolic agents in the management of osteo-
porosis include growth hormone and insulin-like
growth factor I.5,35 Novel antiresorptive agents under
investigation include cathepsin K inhibitors, cytokine
inhibitors,5,21 the RANKL monoclonal antibody deno-
sumab,42 and osteoprotegerin.5,43 

There is less evidence to guide decisions on the manage-
ment of osteoporosis in men3,44 than in postmenopausal
women. Calcium and vitamin D intake or supplementa-
tion, nutritional and lifestyle advice are similar to that for
women.44-46 In hypogonadal men with osteoporosis, testo-
sterone replacement therapy should be used.3,44,45 In eug-
onadal men, there are concerns regarding the potential
long-term adverse effects of exogenous testosterone.44,46

Therefore, in men with idiopathic osteoporosis, bisphos-
phonates may be the treatment of choice.45 Alendronate
has been found to increase BMD at all sites and decrease
vertebral fracture rates in men with osteoporosis,45 and
there have been some reports of beneficial effects on lum-
bar BMD have been reported with cyclical etidronate. Pre-
liminary results with risedronate indicate favourable in-
creases in lumbar BMD and a decrease in vertebral
fracture risk.44 
Beneficial effects on both lumbar and femoral BMD have
been reported with teriparatide; its effect on BMD when
used alone was found to be greater than when used with
alendronate, or that of alendronate alone.45 While efficacy
in fracture prevention is lacking, it may be considered sec-
ond-line for patients unable to take bisphosphonates.44 Na-
sal calcitonin (salmon) has been found to increase lumbar
BMD in men with idiopathic osteoporosis,45 but most sim-
ilarly reserve its use for those who cannot tolerate bisphos-
phonates.44,46 
Of the other available drugs, fluoride has increased BMD
and decreased vertebral but not non-vertebral fractures.45

Thiazide diuretics have been reported to be of benefit, but
data on BMD and fracture risk are conflicting; they may be
given as adjunctive therapy in men with hypercalciuria.44

Use of growth hormone in men with idiopathic osteoporo-
sis led to gains in BMD in a small uncontrolled study.46
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Paget’s disease of bone
Paget’s disease of bone (osteitis deformans) is a progres-
sive bone disease of unknown aetiology, characterised by
excessive and disorganised bone resorption and forma-
tion.1-4 It may affect single (monostotic) or multiple bones
(polyostotic);1,2,5 the most commonly affected bones in-
clude the pelvis, femur, lumbar spine, skull, and tibia.2,4,5

Although its prevalence appears to be decreasing,1,2,4,6

Paget’s disease occurs in about 3% of the population over
40 years of age1 and its frequency increases with age.1,2

Patients may be asymptomatic, but some present with
musculoskeletal and bone pain, or with bone weakness
and deformity that can result in fractures.2-4,7 Other com-
plications include hearing loss, osteoarthritis, spinal steno-
sis, nerve compression (especially of the spinal cord), cra-
nial nerve palsies, and rarely, hydrocephalus or brainstem
compression. Cardiac output increases due to increased
skeletal vascularity, but high-output heart failure is rare, as
is malignant transformation to osteosarcoma.2-4 
Patients who are asymptomatic may require no treat-
ment;5,8 however treatment is warranted, in those patients
with biochemical markers of active disease or in whom the
sites of disease are associated with a risk of progression
and future complications.4,8 Drug therapy is guided by
monitoring biochemical improvement in disease activi-
ty.2,6 
Bone pain may be treated with analgesics or NSAIDs, or
with drugs that reduce bone resorption, such as the calci-
tonins and bisphosphonates.2,4,5 
Bisphosphonates are indicated for persistent bone pain, or
to prevent further progression of the disease, especially if
complications such as spinal-cord compression are present
or there is a risk of such complications.3,8 Disease activity
may be reduced for several months, or years, after bisphos-
phonate therapy has ceased.8 However, while bone turn-
over is suppressed, and osteolytic lesions may be healed,
the underlying disorder is not cured; data on long-term ef-
fects of bisphosphonates on fractures, bone deformity, or
osteoarthritis are limited and they may theoretically exac-
erbate hearing loss.2 
Initial experience was with etidronate,1,6,8 but it is less ef-
fective than the newer drugs, and with high doses or pro-
longed treatment can affect bone mineralisation;4,6,8 while
some still consider it effective,8 others consider it to have
little place in the management of Paget’s disease.3,6,9

Clodronate appears to provide a higher and more sustained
response than etidronate.8 Pamidronate, more effective at
healing lesions than etidronate, also gives a prolonged re-
sponse, although its effects may diminish due to resist-
ance.8 Alendronate or risedronate both reduce biochemical
markers of disease activity with sustained remission,4,8,9

are more effective than etidronate,9 and overcome resist-
ance to pamidronate;3 risedronate may be useful after in-
complete response to etidronate.8 Tiludronate is also more
effective than etidronate, with no effect on bone minerali-
sation, no reported resistance,1,8 and may be a viable op-
tion for those patients unable to tolerate other bisphosphon-
ates.4 Neridronate has been reported to be beneficial in
those patients with resistance to etidronate and clodro-
nate.8 Preliminary studies indicate suppression of disease
activity with ibandronate.6 Olpadronate and zoledronate
have shown benefit in refractory disease, and some sug-
gest zoledronate should be a first-line option.7 
Bisphosphonates have superseded calcitonins,1,3,5,6,8

which have a short-lived effect and which generally are
less effective in suppressing bone turnover and improving
bone pain.2 Calcitonins may still have a role in those pa-
tients for whom bisphosphonates are intolerable or inef-
fective;5,6 however, resistance to both bisphosphonates
and calcitonins may occur.1,4 
Plicamycin, a cytotoxic antibiotic with particular activity
against osteoclasts, is highly effective in the treatment of
Paget’s disease of bone.8 However, it is associated with se-
vere toxicity and is therefore now avoided or reserved for
patients refractory to other drugs.4,6,8 
Studies with gallium nitrate, another inhibitor of bone re-
sorption, have indicated beneficial effects in the treatment

of Paget’s disease of bone, but long-term haematological
safety has not been established,1,8 and routine use is not
recommended.6 Ipriflavone has also been reported to be of
benefit, but remains investigational for Paget’s disease.8 
In selected patients, orthopaedic surgery for a fracture,
knee or hip replacement, spinal stenosis, or correction of a
bone deformity may be appropriate.4,6,8 A calcitonin or bis-
phosphonate may be given for up to 3 months before sur-
gery in order to reduce bone vascularity and minimise
blood loss during the operation,2,4,8 although this effect has
not been verified in studies.6 Such treatment also helps to
prevent development of hypercalcaemia due to prolonged
immobilisation.4
1. Roux C, Dougados M. Treatment of patients with Paget’s disease
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bone. Rheumatology (Oxford) 2004; 43: 955–9. 
3. Walsh JP. Paget’s disease of bone. Med J Aust 2004; 181: 262–5. 
4. Lyles KW, et al. A clinical approach to diagnosis and manage-

ment of Paget’s disease of bone. J Bone Miner Res 2001; 16:
1379–87. 

5. Whyte MP. Paget’s disease of bone. N Engl J Med 2006; 355:
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6. Selby PL, et al. Guidelines on the management of Paget’s disease
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9. Drake WM, et al. Consensus statement on the modern therapy of
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Renal osteodystrophy
Patients with chronic renal failure (p.1672) may develop
complex changes  to  bone known as  renal
osteodystrophy1-6 as part of the wider metabolic derange-
ment know as chronic kidney disease-mineral and bone
disorder (CKD-MBD).7,8 These are often classified ac-
cording to the state of bone turnover1,3,5 and bone biopsy
is the gold standard for diagnosis and classification.2-6 Pro-
gressive renal failure is associated with hypocalcaemia,
hyperphosphataemia, and some decrease in vitamin D me-
tabolism, which increase the production of parathyroid
hormone. This leads to secondary hyperparathyroidism
(see below) and high bone turnover disease.1,3-5 This
manifests as osteitis fibrosa,1,3-5 a condition characterised
by increased osteoclastic and osteoblastic activity, woven
and irregular osteoid, and bone marrow fibrosis.2-6 Low
bone turnover disease includes osteomalacia (see above)
and adynamic bone disease.1-5 These are characterised by
defective mineralisation, decreased bone formation, and
an absence of osteoclasts and osteoblasts; osteoid seams
are wider or increased in osteomalacia, but normal or de-
creased in adynamic bone disease.1-4,9 Osteomalacia, asso-
ciated with vitamin D deficiency or aluminium toxicity
(which has adverse effects on bone, see p.1706), is de-
creasing in incidence with the removal of aluminium from
dialysate solutions and decreasing use of aluminium-con-
taining phosphate binders.1-3,5,10 The pathogenesis of ady-
namic bone disease is not fully understood; its increasing
incidence is thought to be due to suppression of parathy-
roid hormone secretion caused by increased exposure to
calcium salts, as phosphate binders or in dialysate fluid,
and vitamin D analogues.1-6,9,10 Risk factors for its devel-
opment include elderly age, diabetes mellitus, and perito-
neal dialysis.1-3,5,9 Mixed uraemic osteodystrophy has
features of both high bone turnover with hyperparathy-
roidism, and defective bone mineralisation or osteomala-
cia.1-6 
Patients with renal osteodystrophy may develop osteope-
nia or osteoporosis.11 
Treatment is aimed at preventing bone disease by control-
ling the plasma concentrations of phosphate, calcium, para-
thyroid hormone, and correcting vitamin D deficiency; it
should therefore be begun early in the course of renal im-
pairment.1,2,4,5 
• Hyperphosphataemia (p.1669) is initially controlled

with a low-phosphate diet but many patients, especially
those on dialysis, also need an oral phosphate binder to
complex with dietary phosphate in the gastrointestinal
tract and reduce its absorption.1,4 
Calcium salts such as the carbonate or acetate are effec-
tive phosphate binders and have been found to suppress
parathyroid hormone concentrations.1,2,4,12 Calcium cit-
rate is not recommended, because it increases intestinal
aluminium absorption.3,4,12 Calcium salts also raise
plasma-calcium concentrations but hypercalcaemia can
occur.4,9 The use of dialysis fluids with a lower calcium

content has been suggested for these patients.4 Use of
calcium can also contribute to the development of ady-
namic bone disease1,9 and precipitate exogenous calci-
um deposition in the soft tissues;1,9,12 coronary artery
calcification is a particular problem contributing to car-
diac mortality in patients with chronic renal failure.2-4,13

Hyperphosphataemia or use of vitamin D can exacer-
bate calcification.4,12,13 
Aluminium-based phosphate binders have been given
but relatively large doses are required and, as mentioned
above, aluminium accumulation can lead to osteomala-
cia and adynamic bone disease in patients with impaired
renal function; their use is no longer generally recom-
mended.2,3,12 Magnesium carbonate also binds phos-
phate, but may cause hypermagnesaemia and interfere
with bone mineralisation.2 Dialysate magnesium con-
tent may need to be reduced.4 
Other phosphate binders that do not contain calcium or
aluminium have been tried. Sevelamer is a cationic poly-
mer capable of binding phosphate2,3 without affecting
serum calcium.4 It has been shown to be equivalent to
calcium-based binders,2,3,12 and is effective in dialysis
patients.1 It has been reported to reduce calcium scores
in the coronary artery when compared with calcium
salts.4 Lanthanum carbonate is a cation with a high af-
finity for phosphate and similar efficacy to calcium car-
bonate.3 It has been used effectively in dialysis patients
but long-term potential toxic effects are as yet undeter-
mined.4 

• Vitamin D compounds that do not require renal hydrox-
ylation, such as calcitriol or its synthetic analogue, alfa-
calcidol, are used to correct hypocalcaemia and to
contribute to the control of secondary hyperparathy-
roidism;1,4 calcium supplements may also occasionally
be required. Oversuppression of parathyroid hormone
concentration should be avoided to deter the develop-
ment of adynamic bone disease.1 Calcitriol is given
orally at first, but may also be given intravenously or
intraperitoneally to patients on dialysis;2,4-6 doses are
adjusted according to response but the effect should be
carefully monitored as hypercalcaemia and hyperphos-
phataemia may develop.1,4,5 Use of alfacalcidol in the
early stages of renal failure, before dialysis is required,
has been reported to improve subclinical bone disease.1
Newer vitamin D analogues suppress parathyroid activ-
ity but with potentially less effect on serum calcium and
phosphate;2-4,13 these include doxercalciferol, maxacal-
citol, paricalcitol, and falecalcitriol (see Hyperparathy-
roidism, p.1989). 
Calcimimetics increase the sensitivity of the calcium-
sensing receptor of the parathyroid cells.3 Cinacalcet
has reduced parathyroid hormone concentrations2 with-
out inducing hypercalcaemia or hyperphosphataemia13

in dialysis patients. 
Patients with hyperparathyroidism unresponsive to drug
therapy, or who develop hypercalcaemia (which may it-
self further aggravate the decline in renal function), may
require sub-total or total parathyroidectomy.2-4 There is
a risk of inducing a low turnover bone state; hyperpar-
athyroidism can also recur after surgery.4 Bone mineral
density improves after surgery.2 
Bisphosphonates can be used in the acute management
of hypercalcaemia,2 but seem to be of little use in the
long-term treatment of hyperparathyroidism. They may
be effective in increasing bone mineral density in
haemodialysis patients.3 Some, however, consider their
use is unjustified, even in those with documented osteo-
penia or osteoporosis, and that they may exacerbate
adynamic bone disease due to their effects on bone min-
eralisation.11 

• Adynamic bone disease is treated by stimulating parath-
yroid hormone-driven bone turnover and mineralisa-
tion.2,3 Calcium and vitamin D supplementation may
need to be reduced or stopped, and dialysate calcium
concentrations reduced.2,9 Aluminium deposition needs
to be excluded; the use of aluminium-based phosphate
binders is clearly undesirable in these patients.2,9 On
bone biopsy, if aluminium accumulation is evident, che-
lation with desferrioxamine may be considered.2,4 

• Osteomalacia may respond to vitamin D treatment.2 
• Treatment of mixed uraemic osteodystrophy involves

management of both hyperparathyroidism and mineral-
isation defects.2
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Rickets
See Osteomalacia and Rickets, above.

Parathyroid Disorders
Parathyroid hormone, secreted by the parathyroid
gland, maintains concentrations of ionised calcium in
extracellular fluid within normal limits. It acts directly
on the kidney to enhance renal reabsorption of calci-
um, to increase phosphate excretion, and to promote
the conversion of vitamin D to its active metabolite,
1,25-dihydroxycholecalciferol, which in turn, enhanc-
es calcium absorption from the gastrointestinal tract.
Parathyroid hormone also acts on bone, to accelerate
bone resorption and the release of calcium and phos-
phate into the extracellular fluid. Secretion of parathy-
roid hormone is primarily regulated by the extracellu-
lar concentration of ionised calcium; hypocalcaemia
stimulates secretion whereas hypercalcaemia has an
inhibitory effect. 1,25-Dihydroxycholecalciferol can
also suppress parathyroid hormone secretion. 
Disorders of parathyroid hormone secretion cause a
disruption of calcium homoeostasis and in the long-
term, may result in bone disease.

Hyperparathyroidism
Primary hyperparathyroidism is a disorder of parathyroid
hormone hypersecretion usually caused by adenomas or
hyperplasia of the parathyroid glands; parathyroid carcino-
ma is a rare cause.1-4 Patients are often asymptomatic, or
have non-specific constitutional symptoms such as fa-
tigue, weakness, anorexia, or bone pain.3-6 About 20% of
patients present with nephrolithiasis, overt bone disease, or
neuromuscular weakness.5 Symptoms and signs of hyper-
calcaemia (p.1668) may occur;3,5 hypercalcaemia is usual-
ly mild or even intermittent, and severe hypercalcaemia is
rare.7 
Secondary hyperparathyroidism is common in chronic re-
nal failure (p.1672). Other causes of hypocalcaemia or vi-
tamin D deficiency resulting in increased parathyroid hor-
mone secretion include dietary deficiencies or
malabsorption, or lack of exposure to sunlight.1,3 While
patients may also be asymptomatic, manifestations can in-
clude arthritis, bone pain, myopathy, tendon rupture, or
complications such as coronary artery calcification and
calciphylaxis; symptoms of the underlying cause can oc-
cur.3 
Tertiary hyperparathyroidism results from autonomous
hypersecretion by the parathyroid gland in patients with
long-standing secondary hyperparathyroidism, and often
occurs after kidney transplantation.1,3 
Surgical parathyroidectomy is the treatment of choice for
symptomatic primary hyperparathyroidism.1-4,6,8 In pa-
tients with asymptomatic primary hyperparathyroidism,
no treatment may be necessary, and patients are monitored
for serum calcium, serum creatinine, and bone mineral
density;3,5,6,9 the timing of any surgical intervention has
been subject to debate.1,2,4 
In patients for whom surgery is not an option, hypercalcae-
mia must be controlled. Restriction of dietary calcium is
not generally recommended, as this may raise parathyroid

hormone levels further.3,5,6,9,10 While vitamin D supple-
mentation may be reasonable in patients with low concen-
trations of 1,25-dihydroxycholecalciferol, high doses can
worsen hypercalcaemia and cause hypercalciuria.5 Oral
phosphate supplements have been given in the short-term
to alleviate hypercalciuria and hypercalcaemia; intrave-
nous use is no longer recommended.9 The more potent bis-
phosphonates can be used in the acute management of hy-
percalcaemia,9 but seem to be of little benefit in the long-
term treatment of hyperparathyroidism.1,9 However, bi-
sphosphonates such as alendronate may be of use in those
patients with low bone mineral density.3,5,8-12 Although
calcitonins have a rapid hypocalcaemic effect it is usually
short-lived;9 they are therefore generally given as adjunc-
tive therapy with a bisphosphonate.2 Oestrogens have
been reported to increase bone mineral density in post-
menopausal women with primary hyperparathyroidism,
and to have a small effect on calcium concentrations;5
however, the high doses needed, and the risks associated
with HRT, generally preclude their use.3,5,6 Raloxifene, a
selective oestrogen receptor modulator, may be an alterna-
tive, having been found to decrease serum calcium and
bone turnover in a small, short-term trial.13 Calcium recep-
tor agonists (calcimimetics) may be of benefit in primary
hyperparathyroidism by increasing the sensitivity of the
calcium-sensing receptor.5,8-10 In a small dose-finding
study,14 cinacalcet decreased serum calcium and lowered
parathyroid hormone concentrations without increasing
urinary calcium excretion in all dose groups. A larger, pla-
cebo-controlled trial by the same group found that cinacal-
cet rapidly normalised serum calcium and modestly de-
creased parathyroid hormone concentrations; this effect
was sustained over 52 weeks.15 Use of parathyroid hor-
mone peptides to induce autoantibodies against parathy-
roid hormone resulted in improvement in hypercalcaemia
in a woman with parathyroid carcinoma.16 
Treatment of secondary hyperparathyroidism is usually
aimed at the underlying cause of the hypocalcaemia;1 early
treatment of patients with chronic renal failure can prevent
or delay its onset. Treatment is based on appropriate vita-
min D replacement and reduction of hyperphosphatae-
mia.1,3 Oral phosphate binders bind dietary phosphate in
the gastrointestinal tract reducing its absorption.1,3 These
have included calcium salts such as the carbonate and ac-
etate, which raise serum calcium but carry the risk of in-
ducing hypercalcaemia. Aluminium hydroxide also binds
phosphate, but can cause osteomalacia (p.1084) and ady-
namic bone disease (see Renal Osteodystrophy, above).
Sevelamer is a polymer that does not contain calcium or
aluminium, and is capable of binding phosphate.3 Vitamin
D compounds that do not require renal hydroxylation for
activation, such as calcitriol or its analogue alfacalcidol,
are used to lower parathyroid hormone, but the high doses
required can induce hypercalcaemia and hyperphospha-
taemia;3 newer analogues include doxercalciferol, falecal-
citriol, maxacalcitol, and paricalcitol (see p.1989). Cina-
calcet is also given orally in the treatment of secondary
hyperparathyroidism in patients with chronic kidney dis-
ease and on haemodialysis. In a placebo-controlled
study,17 cinacalcet lowered parathyroid hormone levels
and reduced serum calcium and phosphate concentrations. 
In patients refractory to medical therapy for secondary hy-
perparathyroidism, parathyroidectomy may be an option;
percutaneous ethanol injection has been used as an alterna-
tive.3,10 Kidney transplantation (p.1813) may cause regres-
sion of secondary hyperparathyroidism in some patients,
but the condition recurs in about a third of renal graft recip-
ients.1 Tertiary hyperparathyroidism is usually treated with
surgery.1,3
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Hypoparathyroidism
Hypoparathyroidism occurs when there is a deficiency of
parathyroid hormone secretion. This may be due to dam-
age or destruction of the glands, e.g. by surgery1 or dis-
ease.2 Hypoparathyroidism can also arise from auto-im-
mune disease, agenesis of the parathyroid glands
(DiGeorge syndrome), defective synthesis of parathyroid
hormone (familial hypoparathyroidism), or mutations of
the parathyroid and renal calcium-sensing receptors (auto-
somal dominant hypocalcaemic hypercalciuria) leading to
defective regulation of parathyroid hormone secretion.1,2

Other factors that may lead to a deficiency in parathyroid
hormone include hypomagnesaemia and parathyroid ade-
nomas. Where the deficiency results from resistance to
parathyroid hormone the condition is termed pseudohy-
poparathyroidism.1 Parathyroid hormone, as teriparati-
de, is used in the differential diagnosis of hypoparathy-
roidism and pseudohypoparathyroidism. 
Hypoparathyroidism leads to hypocalcaemia and hyper-
phosphataemia,1,3 although in some patients these may not
become significant until there is an increased calcium de-
mand, as in pregnancy. Vitamin D deficiency also devel-
ops.1,3 Clinical features reflect the underlying cause of the
hypoparathyroidism, but if it occurs rapidly, hypocalcae-
mia can be acute, with consequent paraesthesia, tetany,
and seizures.1 In chronic hypoparathyroidism, chronic hy-
pocalcaemia may cause cataracts and visual impairment.1
Hypomagnesaemia and metabolic alkalosis may also oc-
cur.3 
Treatment is aimed at correcting the hypocalcaemia
(p.1668) that results mainly from decreased renal tubular
calcium resorption.3 In patients with acute hypocalcaemic
tetany parenteral doses of calcium salts, along with either
oral or parenteral calcitriol, may be necessary.1,3 In those
with chronic hypocalcaemia treatment is usually with oral
calcium, such as calcium carbonate (which has the advan-
tage of binding phosphate), and vitamin D compounds
such as calcitriol (which increase the intestinal absorption
of calcium).1,3 Calcium concentrations and renal function
require careful monitoring as resultant hypercalcaemia can
cause hypercalciuria, nephrolithiasis, and renal damage.1
Thiazide diuretics may also minimise renal calcium loss-
es.3 Efficacy of treatment may vary depending on the un-
derlying cause.1,2 
Teriparatide has been shown to be effective in the treat-
ment of chronic hypoparathyroidism. In 2 studies compar-
ing it with calcium and calcitriol treatment,4,5 teriparatide
maintained serum calcium in the normal range, and de-
creased urine calcium excretion. 
Parathyroid tissue transplantation is rarely possible as allo-
grafts require immunosuppression. Autografting may re-
sult in recurrence of pre-parathyroidectomy hyperparathy-
roidism.1 However, good results have been reported after
transplantation of parathyroid cells, depleted of antigen-
bearing cells, in a few patients with postsurgical hypopar-
athyroidism.6,7
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Alendronate
ATC — M05BA04.
ATC Vet — QM05BA04.

Alendronic Acid (BAN, rINN)

Acide Alendronique; Ácido alendrónico; Acidum Alendronicum;
AHButBP; Alendronihappo; Alendronik Asit; Alendronsyra; Ami-
nohydroxybutylidene Diphosphonic Acid. 4-Amino-1-hydroxy-
butane-1,1-diylbis(phosphonic acid).
Алендроновая Кислота
C4H13NO7P2 = 249.1.
CAS — 66376-36-1.
ATC — M05BA04.
ATC Vet — QM05BA04.

Alendronate Sodium (USAN, rINNM)

Alendronat Sodyum; Alendronate de Sodium; Alendronato
sódico; G-704650; L-670452; MK-0217; MK-217; Monosodium
alendronate; Natrii alendronas; Natrii Alendronas Trihydricus;
Natrio alendronatas; Natriumalendronaatti; Natriumalendronat;
Nátrium-alendronát; Natrium-alendronát trihydrát; Sodium Al-
endronate (BANM); Sodium, alendronate de. Sodium trihydrogen
(4-amino-1-hydroxybutylidene)diphosphonate trihydrate.
Натрий Алендронат
C4H12NNaO7P2,3H2O = 325.1.
CAS — 121268-17-5.
ATC — M05BA04.
ATC Vet — QM05BA04.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Sodium Alendronate). A white or almost white
crystalline powder. Soluble in water; practically insoluble in
dichloromethane; very slightly soluble in methyl alcohol. A 1%
solution in water has a pH of 4.0 to 5.0. 
USP 31 (Alendronate Sodium). A white, free-flowing powder.
Soluble in water; practically insoluble in alcohol, in acetone, in
acetonitrile, in chloroform, and in isopropyl alcohol; very slight-
ly soluble in dimethyl sulfoxide, in methyl alcohol, and in pro-
pylene glycol.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. Gastroin-
testinal symptoms such as abdominal pain, dyspepsia,
diarrhoea or constipation are the most frequent adverse
effects with alendronate. Severe oesophageal reactions
such as oesophagitis, erosions, ulceration, and stricture
have occurred (see below); patients should be advised
to stop taking the tablets and seek medical attention if
they develop symptoms such as dysphagia, new or
worsening heartburn, pain on swallowing, or retroster-
nal pain. Peptic ulceration has also been reported. 
Alendronate should not be given to patients with ab-
normalities of the oesophagus or other factors that
might delay oesophageal emptying, or those unable to
stand or sit upright for at least 30 minutes. It should be
used with caution in patients with upper gastrointesti-
nal abnormalities. To minimise the risk of oesophageal
reactions: 
• patients should be instructed to swallow alendronate

tablets whole with plenty of water (not less than
200 mL), in an upright position (standing or sitting).
Mineral water with a high concentration of calcium
should be avoided 

• tablets should be taken on rising for the day, on an
empty stomach, at least 30 minutes before breakfast
and any other oral medication 

• patients should remain upright after taking the tab-
lets (the BNF recommends standing or sitting up-
right for at least 30 minutes), and should not lie down
before eating the first meal of the day 

• alendronate should not be taken at bedtime, or before
getting up for the day 

Hypocalcaemia should be corrected before starting al-
endronate therapy, and other disorders affecting miner-
al metabolism such as vitamin D deficiency or hy-
poparathyroidism should also be treated; serum
calcium in these patients should be monitored during
therapy.
Effects on the eyes. For reports of ocular effects with the bis-
phosphonates, including alendronate, see under Bisphospho-
nates, p.1090.
Effects on the heart. For a report of a possible association
between alendronate and atrial fibrillation, see Effects on the
Heart, under Bisphosphonates, p.1090.
Effects on the kidneys. Renal failure has been associated with
the aminobisphosphonates, including alendronate, see under Bis-
phosphonates, p.1091.
Effects on the liver. Hepatitis1,2 and hepatocellular damage
with raised liver enzyme concentrations3,4 have been reported af-
ter therapy with alendronate.
1. Lieverse RJ. Hepatitis after alendronate. Neth J Med 1998; 53:

271–2. 
2. Carrère C, et al. Hépatite aiguë sévère imputable á l’alendronate.

Gastroenterol Clin Biol 2002; 26: 179–80. 
3. Halabe A, et al. Liver damage due to alendronate. N Engl J Med

2000; 343: 365. 
4. de la Serna Higuera C, et al. Lesión hepatocelular inducida por

alendronato. Gastroenterol Hepatol 2001; 24: 244–6.

Effects on mental state. Auditory hallucinations and red-
coloured visual disturbances were reported1 in a patient taking
alendronate for osteoporosis.
1. Coleman CI, et al. Alendronate-induced auditory hallucinations

and visual disturbances. Pharmacotherapy 2004; 24: 799–802.

Effects on the musculoskeletal system. A 63-year old
woman given alendronate 70 mg once weekly for osteoporosis
developed diffuse severe myalgia and transient acute symmetri-
cal polyarthritis 12 hours after ingestion. Symptoms did not recur
after stopping the drug.1 From the initial marketing of alendro-
nate up until November 2002, the FDA had received reports of
severe bone, joint, and/or muscle pain in 118 patients, including
a child given the drug in error. Of 83 patients for whom informa-
tion was available, 55 improved after stopping alendronate; in
most of these improvement was gradual, although some experi-
enced immediate relief. Nine of these 83 patients had recurrence
of pain when given alendronate again. It was suggested that pain
might tend to be under-reported since it is subjective, and might
be attributed to underlying osteoporosis.2 As of May 2006, 7
cases of synovitis linked to alendronate use had been reported in
New Zealand; in one case, severe synovitis caused carpal tunnel
syndrome that required urgent decompression.3 
Concerns have been raised about potential oversuppression of
bone turnover during long-term therapy with alendronate. In a
report on 9 patients who developed spontaneous non-spinal frac-
tures while taking alendronate, fracture healing was absent or
incomplete in 6 patients who continued therapy for between 3
months and 2 years after fracture onset. When alendronate was
stopped, fracture healing was still incomplete in 4 patients after
8 to 12 months. Use of estrogen (in 3 cases) or the presence of
glucocorticoid-induced osteoporosis (in 2) may have contributed
to the development of bone turnover suppression in some, but 4
patients had received alendronate as monotherapy; duration of
therapy was also considered to be a factor as bone suppression
might be cumulative.4 
Osteonecrosis of the jaw has been reported after the use of bis-
phosphonates, including alendronate (see Effects on the Muscu-
loskeletal System, under Adverse Effects of Bisphosphonates,
p.1091).
1. Gerster JC, Nicole F. Acute polyarthritis related to once-weekly

alendronate in a woman with osteoporosis. J Rheumatol 2004;
31: 829–30. 

2. Wysowski DK, Chang JT. Alendronate and risedronate: reports
of severe bone, joint, and muscle pain. Arch Intern Med 2005;
165: 346–7. 

3. Savage R. Alendronate and inflammatory adverse reactions (is-
sued May 2006). Available at: http://www.medsafe.govt.nz/
profs/puarticles/alendinflam.htm#Myalgia (accessed 15/04/08) 

4. Odvina CV, et al. Severely suppressed bone turnover: a potential
complication of alendronate therapy. J Clin Endocrinol Metab
2005; 90: 1294–1301.

Effects on the oesophagus. Between September 1995 and
March 1996 the UK CSM had received 10 reports of adverse
effects on the oesophagus in patients receiving alendronate sodi-
um.1 Of these, 4 were of oesophageal reflux, 4 of oesophagitis,
and 2 of oesophageal ulceration. As of March 1996, worldwide

an estimated 475 000 patients had received alendronate and 199
patients had oesophageal reactions reported to the manufacturer,
of which 51 were serious or severe.2 Endoscopic findings includ-
ed erosions, ulcerations, exudative inflammation, and thickening
of the oesophagus. Bleeding was rare, and oesophageal perfora-
tion was not reported. Most oesophageal reactions occurred
within 1 week to 2 months of starting alendronate therapy. Re-
covery occurred when alendronate was stopped; however, it was
considered important that patients be followed up for the possi-
ble development of strictures.2 In about 60% of the cases where
the information was available, alendronate had not been taken in
accordance with the precautions for use (see above). 
The CSM subsequently noted3 that it had continued to receive
reports of reactions; by July 1998 there had been 97 reports in the
UK, in 1 case associated with a fatality. It was estimated that 1 to
2% of patients might experience oesophageal reactions even
when following the precautions for use. Some have reported a
much higher incidence of unacceptable upper gastrointestinal
symptoms in clinical practice.4 However, a large placebo-con-
trolled trial of alendronate did not find any increase in upper gas-
trointestinal events in patients taking alendronate.5
1. Committee on Safety of Medicines/Medicines Control Agency.

Oesophageal reactions with alendronate sodium (Fosamax).
Current Problems  1996;  22:  5 .  Avai lable  at :  h t tp: / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015620&RevisionSelectionMethod=
LatestReleased (accessed 23/07/08) 

2. de Groen PC, et al. Esophagitis associated with the use of alen-
dronate. N Engl J Med 1996; 335: 1016–21. 

3. Committee on Safety of Medicines/Medicines Control Agency.
Reminder: severe oesophageal reactions with alendronate sodi-
um (Fosamax). Current Problems 1998; 24: 13. Also available
at: http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023231&RevisionSelectionMethod=
LatestReleased (accessed 25/05/06) 

4. Kelly R, Taggart H. Incidence of gastrointestinal side effects due
to alendronate is high in clinical practice. BMJ 1997; 315: 1235. 

5. Bauer DC, et al. Upper gastrointestinal tract safety profile of al-
endronate: the fracture intervention trial. Arch Intern Med 2000;
160: 517–25.

Hypersensitivity. Allergic reactions to bisphosphonates do oc-
cur but appear to be rare, see p.1091.

Interactions
As for the bisphosphonates in general, p.1091.

Pharmacokinetics
Like other bisphosphonates, alendronate is poorly ab-
sorbed after oral doses. Absorption is decreased by
food, especially by products containing calcium or oth-
er polyvalent cations. Bioavailability is about 0.4%
when taken half an hour before food, reduced from
0.7% in the fasting state; absorption is negligible when
taken up to 2 hours after a meal. Plasma protein bind-
ing is about 78%. Bisphosphonates do not appear to be
metabolised. About half of the absorbed portion is ex-
creted in the urine; the remainder is sequestered to
bone for a prolonged period.
◊ References.
1. Gertz BJ, et al. Studies of the oral bioavailability of alendronate.

Clin Pharmacol Ther 1995; 58: 288–98. 
2. Cocquyt V, et al. Pharmacokinetics of intravenous alendronate.

J Clin Pharmacol 1999; 39: 385–93. 
3. Porras AG, et al. Pharmacokinetics of alendronate. Clin Pharma-

cokinet 1999; 36: 315–28.

Uses and Administration
Alendronate is an aminobisphosphonate with general
properties similar to those of the other bisphosphonates
(p.1091). It is a potent inhibitor of bone resorption and
is given in the management of osteoporosis either
alone or with vitamin D. Alendronate is used for the
treatment of Paget’s disease of bone. It has also been
given in the treatment of bone metastases and hyper-
calcaemia of malignancy. 
Alendronate is given orally as the sodium salt, but dos-
es are expressed in terms of alendronic acid; alendro-
nate sodium 1.3 mg is equivalent to about 1 mg of al-
endronic acid. The specific instructions given in
Adverse Effects and Precautions, above should be fol-
lowed to minimise adverse effects and permit adequate
absorption. 
The usual dosage for the treatment of osteoporosis in
men and women is 10 mg daily. Postmenopausal
women may be given 5 mg daily for prophylaxis. It
may also be given once weekly to postmenopausal
women in a dose of 70 mg for treatment of osteoporo-
sis, or 35 mg for prophylaxis. Men with osteoporosis
may be treated with 70 mg once weekly. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

For the treatment and prevention of corticosteroid-
induced osteoporosis a dose of 5 mg daily is given;
postmenopausal women who do not take HRT should
be given 10 mg daily. 
In adults with Paget’s disease of bone the usual dose is
40 mg daily for 6 months; treatment may be repeated if
necessary after an interval of a further 6 months. 
Alendronate has also been given by intravenous infu-
sion.
Administration. Alendronate once-weekly was considered to
be therapeutically equivalent to once-daily dosing in both the
treatment1,2 and prevention3 of osteoporosis, although the treat-
ment study1 was considered4,5 to lack information about other
drugs being taken and reasons for withdrawal, and studied bone
mineral density, not fracture. Tolerability of a once-weekly regi-
men was comparable to placebo in one study6 and to once-daily
dosing in another;7 a review5 concluded that weekly dosage car-
ried a lower risk of upper gastrointestinal symptoms.
1. Schnitzer T, et al. Therapeutic equivalence of alendronate 70 mg

once-weekly and alendronate 10 mg daily in the treatment of os-
teoporosis. Aging (Milano) 2000; 12: 1–12. 

2. The Alendronate Once-Weekly Study Group. Two-year results
of once-weekly administration of alendronate 70 mg for the
treatment of postmenopausal osteoporosis. J Bone Miner Res
2002; 17: 1988–96. 

3. Luckey MM, et al. Therapeutic equivalence of alendronate 35
milligrams once weekly and 5 milligrams daily in the prevention
of postmenopausal osteoporosis. Obstet Gynecol 2003; 101:
711–21. 

4. Tsun EC, Heck AM. Intermittent dosing of alendronate. Ann
Pharmacother 2001; 35: 1471–5. 

5. Sambrook P. Once weekly alendronate. Drugs Today 2003; 39:
339–46. 

6. Greenspan S, et al. Tolerability of once-weekly alendronate in
patients with osteoporosis: a randomized, double-blind, placebo-
controlled study. Mayo Clin Proc 2002; 77: 1044–52. 

7. Simon JA, et al. Patient preference for once-weekly alendronate
70 mg versus once-daily alendronate 10 mg: a multicenter, ran-
domized, open-label, crossover study. Clin Ther 2002; 24:
1871–86.

Administration in renal impairment. Elimination of alen-
dronate is reduced in rats with kidney failure and is likely to be
reduced in patients with renal impairment. Licensed product in-
formation makes the following recommendations for oral dosage
based on creatinine clearance (CC): 
• mild to moderate renal impairment (CC greater than

35 mL/minute): no dose adjustment needed 
• severe renal impairment (CC less than 35 mL/minute): use is

not recommended due to lack of experience with alendronate
in this population

Charcot neuroarthropathy. Six months of treatment with
once-weekly alendronate has been reported1 to improve signs
and symptoms of Charcot neuroarthropathy (a sometimes pain-
ful deformity in limbs that have lost sensory innervation).
1. Pitocco D, et al. Six-month treatment with alendronate in acute

Charcot neuroarthropathy: a randomized controlled trial. Diabe-
tes Care 2005; 28: 1214–15.

Complex regional pain syndrome. Osteoporosis is one of
the features of complex regional pain syndrome (p.6). Bisphos-
phonates may be of benefit in controlling associated pain in some
patients. In a small study,1 intravenous alendronate 7.5 mg daily
for 3 days significantly improved pain, tenderness, swelling, and
motion compared with placebo.
1. Adami S, et al. Bisphosphonate therapy of reflex sympathetic

dystrophy syndrome. Ann Rheum Dis 1997; 56: 201–4.

Gaucher disease. In a placebo-controlled study of patients
with Gaucher disease (p.2249), the addition of oral alendronate
40 mg daily to enzyme therapy increased lumbar bone mineral
density, but had no effect on focal lesions;1 the authors concluded
that alendronate may be useful adjunctive therapy especially in
those patients at risk of osteopenic fracture.
1. Wenstrup RJ, et al. Gaucher disease: alendronate disodium im-

proves bone mineral density in adults receiving enzyme therapy.
Blood 2004; 104: 1253–7.

Hypercalcaemia. Bisphosphonates are the preferred drugs for
treating hypercalcaemia of malignancy (p.1083) once the patient
has been adequately rehydrated. A randomised dose-response
study1 found that single intravenous doses of alendronate 5 mg
or more effectively lowered serum-calcium concentrations in pa-
tients with tumour-induced hypercalcaemia. Alendronate has
also been used to treat hypercalcaemia associated with vitamin D
intoxication in children.2,3

1. Nussbaum SR, et al. Dose-response study of alendronate sodium
for the treatment of cancer-associated hypercalcemia. J Clin On-
col 1993; 11: 1618–23. 

2. Orbak Z, et al. Vitamin D intoxication and therapy with alendr-
onate (case report and review of literature). Eur J Pediatr 2006;
165: 583–4. 

3. Doneray H, et al. Intragastric alendronate therapy in two infants
with vitamin D intoxication: a new method. Clin Toxicol  2008;
46: 300–2.

Hyperparathyroidism. Bisphosphonates have been used to
inhibit bone resorption in the treatment of hypercalcaemia asso-
ciated with hyperparathyroidism (p.1087), but seem to be of little
benefit for long-term treatment. In patients with primary hyper-
parathyroidism, oral alendronate significantly increased bone

mineral density, especially at the lumbar spine; virtually all of
this gain appeared to occur within the first year of treatment. Al-
endronate is considered to be useful in those patients for whom
parathyroidectomy is not possible.1-4

1. Rossini M, et al. Effects of oral alendronate in elderly patients
with osteoporosis and mild primary hyperparathyroidism. J Bone
Miner Res 2001; 16: 113–19. 

2. Parker CR, et al. Alendronate in the treatment of primary hyper-
parathyroid-related osteoporosis: a 2-year study. J Clin Endocri-
nol Metab 2002; 87: 4482–9. 

3. Chow CC, et al. Oral alendronate increases bone mineral density
in postmenopausal women with primary hyperparathyroidism. J
Clin Endocrinol Metab 2003; 88: 581–7. 

4. Khan AA, et al. Alendronate in primary hyperparathyroidism: a
double-blind, randomized, placebo-controlled trial. J Clin Endo-
crinol Metab 2004; 89: 3319–25.

Osteoporosis. Bisphosphonates are used for the prevention
and treatment of osteoporosis (p.1084). Alendronate significant-
ly increases bone mineral density (BMD) of the lumbar spine and
femoral neck in postmenopausal women with osteoporosis;1,2 it
increases vertebral BMD in postmenopausal women without os-
teoporosis, but not quite to the same extent as HRT.1 
Continuous long-term therapy appears to be more effective than
short-term treatment in terms of skeletal benefits,1-4 but a residu-
al effect on BMD remains for several years after stopping treat-
ment,3-5 despite resumption of bone loss after withdrawal of al-
endronate.4-6 Studies7,8 in early postmenopausal women
suggested that a higher initial dosage might be more effective in
terms of BMD gain and residual effect. 
The effect of alendronate on fracture risk may depend on base-
line bone mineral density.2 Treatment reduced the incidence of
new vertebral and nonvertebral fractures in women with prior
fractures; in women without prior fractures, alendronate reduced
the incidence of clinical fractures in those with osteoporosis,9 but
not in those with higher BMD.10 A systematic review11 found
that alendronate showed a clinically important benefit in the sec-
ondary prevention of all osteoporotic fractures; statistically sig-
nificant reductions in vertebral, non-vertebral, hip, and wrist
fractures were seen. No significant reductions were found for pri-
mary prevention of osteoporotic fractures, but the reduction in
vertebral fractures with alendronate was deemed to be clinically
important. 
Alendronate is also used in men with osteoporosis; in a 2-year
randomised study, 10 mg daily by mouth was found to increase
vertebral and nonvertebral BMD and help prevent vertebral frac-
tures.12 Alendronate at 70 mg weekly by mouth also increased
BMD significantly in osteoporotic men after 1 year when com-
pared to placebo; fracture incidence, not a primary end-point,
was similar in both groups.13 
Alendronate also increases bone mass density in men and wom-
en receiving oral corticosteroids at doses equivalent to at least
7.5 mg prednisone daily,14,15 and may be of some benefit in re-
ducing bone loss after heart16 and liver17 transplantation. 
In men with prostate cancer given androgen deprivation therapy,
BMD of the spine and hip significantly improved in those given
once-weekly alendronate compared with those given calcium
and vitamin D supplementation alone.18 
Limited available data suggest that alendronate may be safe and
effective for patients with HIV who have decreased BMD.19

1. Sharpe M, et al. Alendronate: an update of its use in osteoporo-
sis. Drugs 2001; 61: 999–1039. 

2. Pérez-López FR. Postmenopausal osteoporosis and alendronate.
Maturitas 2004; 48: 179–92. 

3. Tonino RP, et al. Skeletal benefits of alendronate: 7-year treat-
ment of postmenopausal osteoporotic women. J Clin Endocri-
nol Metab 2000; 85: 3109–15. 

4. Bone HG, et al. Ten years’ experience with alendronate for os-
teoporosis in postmenopausal women. N Engl J Med 2004; 350:
1189–99. 

5. Black DM, et al. FLEX Research Group. Effects of continuing
or stopping alendronate after 5 years of treatment: the Fracture
Intervention Trial Long-term Extension (FLEX): a randomized
trial. JAMA 2006; 296: 2927–38. 

6. Ravn P, et al. Alendronate in early postmenopausal women: ef-
fects on bone mass during long-term treatment and after with-
drawal. J Clin Endocrinol Metab 2000; 85: 1492–7. 

7. Sambrook PN, et al. Alendronate in the prevention of oste-
oporosis: 7-year follow-up. Osteoporosis Int 2004; 15: 483–8. 

8. McClung MR, et al. Early Postmenopausal Intervention Cohort
(EPIC) Group Study. Prevention of postmenopausal bone loss:
six-year results from the Early Postmenopausal Intervention
Cohort Study. J Clin Endocrinol Metab 2004; 89: 4879–85. 

9. Black DM, et al. Fracture risk reduction with alendronate in
women with osteoporosis: the fracture intervention trial. J Clin
Endocrinol Metab 2000; 85: 4118–24. 

10. Cummings SR, et al. Effect of alendronate on risk of fracture in
women with low bone density but without vertebral fractures:
results from the Fracture Intervention Trial. JAMA 1998; 280:
2077–82. 

11. Wells GA, et al. Alendronate for the primary and secondary pre-
vention of osteoporotic fractures in postmenopausal women.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2008 (accessed 15/04/08). 

12. Orwoll E, et al. Alendronate for the treatment of osteoporosis in
men. N Engl J Med 2000; 343: 604–10. 

13. Miller PD, et al. Weekly oral alendronic acid in male osteoporo-
sis. Clin Drug Invest 2004; 24: 333–41. 

14. Saag KG, et al. Alendronate for the prevention and treatment of
glucocorticoid-induced osteoporosis. N Engl J Med 1998; 339:
292–9. 

15. de Nijs RNJ, et al. STOP Investigators. Alendronate or alfacal-
cidol in glucocorticoid-induced osteoporosis. N Engl J Med
2006; 355: 675–84. 

16. Shane E, et al. Alendronate versus calcitriol for the prevention
of bone loss after cardiac transplantation. N Engl J Med 2004;
350: 767–76. 

17. Atamaz F, et al. The prevention of bone fractures after liver
transplantation: experience with alendronate treatment. Trans-
plant Proc 2006; 38: 1448–52. 

18. Greenspan SL, et al. Effect of once-weekly oral alendronate on
bone loss in men receiving androgen deprivation therapy for
prostate cancer: a randomized trial. Ann Intern Med 2007; 146:
416–24. 

19. Lin D, Rieder MJ. Interventions for the treatment of decreased
bone mineral density associated with HIV infection. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2007 (accessed 15/04/08).

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease. Alen-
dronate, at oral doses of 40 mg daily for 6 months, has been
shown to be more effective than both etidronate and placebo in
the treatment of Paget’s disease,1 although an earlier study2

found a more sustained reduction in biochemical markers with
an oral dose of 80 mg daily.
1. Reid IR, Siris E. Alendronate in the treatment of Paget’s disease

of bone. Int J Clin Pract 1999; 101 (suppl): 62–6. 
2. Khan SA, et al. Alendronate in the treatment of Paget’s disease

of bone. Bone 1997; 20: 263–71.

Polymyositis and dermatomyositis. Alendronate has been
reported to be effective in the treatment of calcinosis1 associated
with juvenile dermatomyositis (p.1510).
1. Mukamel M, et al. New insight into calcinosis of juvenile der-

matomyositis: a study of composition and treatment. J Pediatr
2001; 138: 763–6.

Preparations
USP 31: Alendronate Sodium Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Actimax; Alenato; Arendal; Berlex; Brek; Dronat; Elandur†; Filxine;
Findeclin; Findeclin Combi; Fosamax; Lafedam†; Lendronal; Marvil; Max-
tral†; Oseotenk; Osteobon; Osteofene; Osteonate; Phostarac†; Regenesis;
Silidral; Tilios; Austral.: Adronat; Alendro; Fosamax; Ossmax; Austria: Al-
endronHexal; Fosamax; Belg.: Fosamax; Braz.: Alendil; Bonalen; Cleveron;
Endronax; Fosamax; Minusorb†; Ossomax†; Ostenan; Osteofar; Osteo-
form; Osteoral; Osteotrat†; Recalfe†; Terost; Canad.: Fosamax; Chile: Al-
drox; Arendal; Fosamax; Fosval; Holadren; Leodrin; Osdren; Oseotal; Oste-
ofem†; Osteosan; Pasodron; Cz.: Alendrogen; Alenwin; Bonalen; Fosamax;
Fosteofos; Gendron; Lindron; Ralenost; Siranin; Denm.: Fosamax; Fin.:
Fosamax; Fr.: Fosamax; Ger.: Alendro-Q; Fosamax; Tevanate; Gr.: Aldro-
max; Alefos; Alendo; Alendral; Ampine; Aurodren; Bestalen; Bonedron; Cal-
tera; Dargol; Debenal; Deparex; Difonate; Discozal; Dronalent; Fosalen;
Fosamax; Fosazom; Jamax-S; Osaston; Ostalert; Ostomax; Promax; Ridon;
Riledron; Tevanate; Tivarun; Hong Kong: Fosamax; Osteofos; Hung.: Al-
endromax; Alendron; Epolar ; Fortimax; Fosamax; Massidron; Sedron;
Trabecan; India: Bifosa; Osteofos; Indon.: Alexonal; Alovell; Fosamax; Ni-
chospor; Osteofar; Voroste; Irl.: Fosamax; Osteomel; Israel: Fosalan; Max-
ibone; Ital.: Adronat; Alendros; Dronal; Fosamax; Genalen; Jpn: Bonalon;
Onclast†; Malaysia: Fosamax; Mex.: Apodrolen; Blindafe; Dronadil; Dro-
vitan; Fosamax; Fosfacid; Landrolen; Sinfract; Synostep; Zondra; Neth.:
Fosamax; Norw.: Fosamax; NZ: Fosamax; Philipp.: Fosamax; Pol.: Alen-
ato; Fosamax; Lindron; Osalen; Ostemax; Ostenil; Ostolek; Rekostin; Port.:
Adronat; Fosamax; Rus.: Fosamax (Фосамакс); Tevanate (Теванат);
S.Afr.: Fosagen; Fosamax; Osteobon; Singapore: Fosamax; Spain: Fosa-
max; Swed.: Alenat; Fosamax; Switz.: Fosamax; Thai.: Fosamax; Turk.:
Andante; Bonemax; Fosamax; Osteomax; UK: Fosamax; USA: Fosamax;
Venez.: Aldronac; Aliot; Defixal; Denfos†; Fixopan; Fosamax; Genalmen†;
Osteodur; Osteomax; Porosal.

Multi-ingredient: Arg.: Fosamax Plus; Regenesis Max; Silidral Plus; Aus-
tral.: Fosamax Plus; Belg.: Fosavance; Braz.: Alendil Calcio D; Cz.: Adrov-
ance; Fosavance; Fin.: Fosavance; Fr.: Adrovance; Fosavance; Ger.: Fosa-
vance; Gr.: Adrovance; Fosavance; Hong Kong: Fosamax Plus; Hung.:
Calcisedron-D; Fosavance; Indon.: Fosamax Plus; Irl.: Fosavance; Ital.:
Fosavance; Malaysia: Fosamax Plus; Mex.: Fosamax Plus; NZ: Fosamax
Plus; Philipp.: Fosavance; Port.: Fosavance; Singapore: Fosamax Plus;
Spain: Fosavance; UK: Fosavance; USA: Fosamax Plus.

Bisphosphonates
Bifosfonatos; Biphosphonates; Diphosphonates.

Bisphosphonates are analogues of pyrophosphate, in
which the central oxygen atom is replaced by a carbon
atom with two further substituents—see Figure 1,
p.1090. Like pyrophosphate they have a strong affinity
for bone. The bisphosphonates are used chiefly for
their antiresorptive and hypocalcaemic properties (see
Uses and Administration, below).

Adverse Effects, Treatment, and Precau-
tions
Bisphosphonates may cause gastrointestinal distur-
bances including abdominal pain, nausea and vomit-
ing, and diarrhoea or constipation. Peptic ulceration
has been reported. Existing gastrointestinal problems
may be exacerbated, and oral bisphosphonates should
generally be given with care or avoided if acute upper
gastrointestinal inflammation is present. Gastrointesti-
nal disturbances may be more frequent with aminobis-
phosphonates such as alendronate, ibandronate, and
risedronate; oesophagitis has also occurred. General
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precautions to minimise the risk of oesophageal reac-
tions, (see under Alendronate, p.1088) should be ob-
served. 

Disturbances in serum electrolytes may occur, most
commonly hypocalcaemia and hypophosphataemia.
Existing hypocalcaemia or other disturbances of bone
and mineral metabolism should be effectively treated
before starting bisphosphonate therapy. Adequate in-
take of calcium and vitamin D is important, and sup-
plementation may be needed if dietary intake is insuf-
ficient. Bisphosphonates may cause musculoskeletal
pain (which can be severe and incapacitating), os-
teonecrosis of the jaw (see also Dental Care, below),
ocular disturbances, and headache. Hypersensitivity
reactions have occurred rarely; angioedema, rashes, ur-
ticaria, and pruritus have been reported. Other rare ad-
verse effects include blood disorders such as anaemia,
thrombocytopenia, leucopenia and disturbances in liv-
er enzyme values. 

Transient fever and flu-like symptoms have been re-
ported, usually at the start of treatment, and are com-
mon with infusions of ibandronate, pamidronate, and
zoledronate. There may be local reactions, including
thrombophlebitis, after parenteral doses. Dizziness,
vertigo, asthenia, peripheral oedema, paraesthesia,
taste disturbances, and joint disorders have also oc-
curred. 

Impairment of renal function has been reported with
bisphosphonates, particularly when given parenterally.
As a result their use should generally be avoided in pa-
tients with moderate to severe renal impairment and

they should be used with care in those with lesser de-
grees of renal impairment. 
Etidronate interferes with bone mineralisation, espe-
cially at higher doses, which can result in osteomalacia
and an increased incidence of fracture. Etidronate
should be stopped if a fracture occurs, until healing is
complete. It has also been associated with a flare in
bone pain in some patients with Paget’s disease. Im-
paired mineralisation is much less marked at usual dos-
es of other bisphosphonates. 
Overdosage with bisphosphonates would be likely to
result in symptoms of hypocalcaemia; if necessary,
parenteral infusion of a calcium salt could be given.
Giving milk or antacids, to bind the bisphosphonate
and minimise absorption, has been suggested for oral
overdosage. 
There is little clinical experience with bisphosphonates
in pregnancy and they are generally contra-indicated;
bisphosphonates have been associated with skeletal ab-
normalities in the fetus when given to pregnant ani-
mals.
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Dental care. Osteonecrosis of the jaw has been reported in pa-
tients given bisphosphonates (see Effects on the Musculoskeletal
System, below). Of the published cases most were associated
with intravenous therapy in cancer patients, although some have
followed oral therapy in patients with osteoporosis. In many cas-
es the effect followed dental surgery. The Adverse Drug Reac-
tions Advisory Committee in Australia has recommended that all
patients scheduled to receive intravenous bisphosphonates
should have a dental review,1 and that any dental procedures be
completed before beginning the drug.1,2 Furthermore, health pro-
fessionals should be aware of the presenting clinical features of
osteonecrosis.2 In the UK, the Commission on Human Medi-
cines has recommended that a dental review should be consid-
ered before bisphosphonate treatment in patients with risk factors
such as cancer, chemotherapy, corticosteroid therapy, or poor
oral hygiene.3 Licensed information for some bisphosphonates
has been amended in a number of countries to include similar
warnings.4
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Effects on the ears. For mention of ototoxicity associated with
the use of etidronate in 2 patients with pre-existing otosclerosis,
and a recommendation that such patients be monitored when giv-
en bisphosphonates, see p.1097. For similar effects with pamid-
ronate, see p.1101.
Effects on the eyes. Ocular effects have been associated with
bisphosphonates and although reactions to pamidronate ap-
peared to be rare, the manufacturers were aware of 23 cases up
to September 1993 that were possibly associated with the drug.1
The reactions included anterior uveitis in 7 patients and unilateral
episcleritis or scleritis in 3. In one previously reported case,2 bi-
lateral iritis was associated with risedronate and subsequently pa-
midronate in a patient who had earlier received etidronate
without ill-effect. There have been subsequent reports of unilat-
eral and bilateral scleritis with pamidronate, requiring the drug to
be stopped.3 Anterior3,4 and posterior5 uveitis have continued to
be reported, and more recently, diplopia with conjunctival swell-
ing and eyelid oedema.6,7 Similarly, alendronate8-11 and
zoledronate12 have been associated with scleritis and anterior
uveitis. Scleritis,13 episcleritis,14 and uveitis15 have also been re-
ported with risedronate, and bilateral anterior uveitis with clodro-
nate.16 Non-specific conjunctivitis and abnormal or blurred vi-

sion have occurred with most of the bisphosphonates, including
etidronate.13 Dry eye, sore eye, and conjunctivitis were the most
frequently reported ophthalmological events assessed as related
to risedronate therapy in a prescription-event monitoring study in
England.17 The Australian Adverse Drug Reactions Advisory
Committee was aware of 38 reports of serious ocular reactions to
bisphosphonates as of April 2004; these were associated with pa-
midronate or alendronate in 18 cases each, and risedronate or
zoledronate in 1 case each.15 Most reports were of inflammatory
reactions such as uveitis, iritis, scleritis, episcleritis, or optic neu-
ritis, and occurred a median of 3 weeks after starting therapy. The
risk might be higher with intravenous bisphosphonates, but the
frequency of reports was thought to relate mostly to usage.15

Acute retinal pigment epitheliitis has been reported after an intra-
venous infusion of zoledronate.18 Patients who have ocular pain
or vision loss while taking bisphosphonates should have the drug
stopped and be referred to an ophthalmologist.13
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Effects on the heart. In a study of once-yearly zoledronate for
the treatment of postmenopausal osteoporosis, the number of pa-
tients who had arrhythmia in the zoledronate group was signifi-
cantly higher than that in the placebo group.1 An increased inci-
dence of serious atrial fibrillation was also seen in the
zoledronate group. Fifty patients in the zoledronate group had
serious atrial fibrillation, compared with 20 patients in the place-
bo group. Among the 50 patients, the events occurred more than
30 days after infusion in 47 patients, by which time zoledronate
would be undetectable in the circulation. The mechanism by
which bisphosphonates might cause arrhythmia or atrial fibrilla-
tion is unclear; little or no effect on serum calcium concentrations
was seen when measured 9 to 11 days after zoledronate infusion. 
In an analysis2 of a randomised study of alendronate in postmen-
opausal women with osteoporosis, 47 serious atrial fibrillation
adverse events were reported in the alendronate group, compared
with 31 events among those receiving placebo. There was no in-
creased risk of all atrial fibrillation adverse events. 
Although the observed association might have been due to
chance,1 it was felt that the possibility of an increased risk of atri-
al fibrillation with bisphosphonates should be explored.2 Two
case-control studies examining the association3,4 came to oppo-
site conclusions as to whether bisphosphonate treatment in-
creased the risk of atrial fibrillation. In the UK, the MHRA stated
in July 2008 that any risk appeared low and the balance of risk
and benefit for bisphosphonates remained favourable.5 The FDA
in the USA, which came to similar preliminary conclusions, was
said to be seeking additional data for a more detailed analysis.
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Figure 1. Comparative structures of the bisphosphonates.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Effects on the kidneys. Renal failure was associated with the
intravenous use of etidronate in 2 patients with hypercalcaemia
of malignancy.1 One had been given a high dose (1 g) by short
intravenous infusion on two successive days and the other had an
elevated serum-creatinine concentration before treatment. A
third patient given clodronate, who also developed renal failure,
also had a slightly raised serum-creatinine concentration before-
hand. Others2 commented that with smaller doses of etidronate
or clodronate (up to 300 mg daily) by intravenous infusion over
2 to 3 hours, renal impairment had not been seen in more than 40
patients treated. They noted a trend towards raised creatinine
concentrations which was reversed when etidronate infusions
were stopped. Another group3 found increased serum-creatinine
concentrations after the first infusion of etidronate when com-
pared with placebo, but not after subsequent infusions. An over-
dose of parenteral etidronate led to acute renal failure in one pa-
tient.4 Pamidronate has been associated with nephrotoxicity,5
proteinuria,6 acute tubular necrosis,7,8 and collapsing focal seg-
mental glomerulosclerosis.9 Over a period of 2 years, 72 cases of
renal failure associated with intravenous zoledronate were re-
ported to the FDA.10 Of 7 cases reported over the course of 3.5
years in France, 3 patients recovered completely, and 1 partially,
after stopping zoledronate. Two fatalities were reported, but co-
morbidities prohibited a direct causal link to zoledronate; the out-
come in the remaining case was unknown.11 Six cases of acute
tubular necrosis have been reported with zoledronate;12 all pa-
tients had received pamidronate on previous occasions, and most
had mildly raised baseline serum creatinine. While pamidronate
may have potentiated the renal toxicity seen with zoledronate,
the authors noted that the patterns of nephrotoxicity differ be-
tween the 2 drugs. Reports to the Australian Adverse Drug Re-
actions Advisory Committee have suggested that renal failure or
renal impairment may occur more often with zoledronate than
with other bisphosphonates. While the deterioration in renal
function with zoledronate was acute, in many cases it appeared
to be unrelated to the infusion rate; patients may also have been
predisposed to renal impairment.13 There has also been a report
of acute renal failure with alendronate treatment in a patient with
myeloma,14 and with tiludronate in a patient treated for hypercal-
caemia of malignancy.15
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Effects on the musculoskeletal system. Osteonecrosis of
the jaw has been reported with the use of some bisphospho-
nates.1-8 The majority of reports have been in cancer patients
treated with intravenous bisphosphonates who were also receiv-
ing chemotherapy and corticosteroids. However, osteonecrosis
has also been reported in patients receiving oral bisphosphonates
for osteoporosis or Paget’s disease. Most cases have been associ-
ated with dental procedures such as tooth extraction, and many
patients had local infection including osteomyelitis.6,7,9,10 Pre-
senting features may include altered local sensation, maxillofa-
cial pain, toothache, denture sore spots, loose teeth, exposed
bone or impaired healing, recurrent or persistent soft tissue infec-
tion in the oral cavity, and marked oral odour.7 A history of un-
derlying dental problems, such as infection, dental extraction, or
maxillofacial surgery may exacerbate the problem.1 Other pre-
disposing factors include oral trauma, periodontitis, and poor
dental hygiene.11 For recommendations on dental care in patients
prescribed intravenous bisphosphonates see above. 
Length of exposure was found to correlate with development of
osteonecrosis,9,12,13 although some cases have occurred only a
few months after bisphosphonate use.9 There is also some evi-
dence for a dose-response relationship.8 Furthermore, the type of

bisphosphonate used may affect the risk; intravenous use of bis-
phosphonates containing an aminoterminal group of a nitrogen-
containing side-chain appear to present the highest risk,9 and
there is some suggestion that the risk may be higher with zoledro-
nate than with pamidronate.1,12 The incidence appears to be
higher in patients with multiple myeloma,1,9,12 and elderly myel-
oma patients may be at increased risk.9,13 
The mechanism by which bisphosphonates induce osteonecrosis
has not been fully elucidated. Avascular necrosis of the hip has
been reported; it is possible that osteonecrosis may be a systemic
bone disease with initial manifestation in the jaw.13 A case of os-
teonecrosis of the auditory canal has been reported;14 the patient
had concurrent osteonecrosis of the jaw. 
No effective treatment is known and there is no consensus on
management. Stopping bisphosphonate therapy does not neces-
sarily promote healing of the necrotic process;8,9,13 recovery of
normal osteoclast function and bone turnover may be too gradual
for this measure to have clinical significance.10 However, there
have been anecdotal reports of healing and complete resolution
of lesions several months after cessation of therapy.10 Treatment
is directed towards control of pain and infection and careful local
debridement of necrotic bone, but not wide excision of le-
sions.8,10
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Effects on the respiratory system. Bronchospasm induced
by bisphosphonates has been reported in 2 patients who were
aspirin-sensitive asthmatics. The first patient complained of
shortness of breath and wheezing 10 minutes after the start of an
infusion of clodronate while the second developed similar symp-
toms 2 days after the start of cyclical therapy with etidronate by
mouth. Oral rechallenge in both patients resulted in a fall in the
forced expiratory values at 1 second.1 The reaction in these 2 pa-
tients was not considered to be immune-mediated. Risedronate
reportedly induced bronchiolitis obliterans organising pneumo-
nia in a patient with sarcoidosis.2 
For a report of fatal cardiorespiratory failure secondary to acute
respiratory distress syndrome caused by etidronate, see Effects
on the Skin, under Etidronate, p.1097.
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Hypersensitivity. Bisphosphonates may rarely cause hyper-
sensitivity reactions such as angioedema, urticaria, and pruritus.
Reports include a severe allergic reaction to medronate disodium
when given as a radiopharmaceutical,1 and mild skin rashes in 2
patients given oral pamidronate.2 There has also been a report of
erythroderma with lesions of the mucous membranes associated
with use of clodronate in one patient,3 and severe epidermal
necrosis may have been associated with tiludronate in another.4
A possibly drug-related rash has also been reported in a patient
receiving alendronate.5 Other cutaneous reactions reported with
alendronate include urticaria,6 erythematous papules and pe-
techiae,7 gyrate erythema,8 and drug-induced lichen planus;9

licensed product information states that Stevens-Johnson syn-
drome has been reported. Two patients with cutaneous reactions
to pamidronate or clodronate were able to continue oral clodro-
nate after desensitisation.10 Licensed product information states
that zoledronate has been associated with rare reports of hyper-
sensitivity, including angioedema and bronchoconstriction, and
very rarely, with anaphylaxis.
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Interactions
The bisphosphonates are not well absorbed from the
gastrointestinal tract, and dosage with food further im-
pairs their absorption. 
Compounds containing aluminium, calcium, iron, or
magnesium, including antacids and mineral supple-
ments and some osmotic laxatives, can also impair the
absorption of bisphosphonates given by mouth. 
It has been suggested that the use of certain bisphos-
phonates with NSAIDs may result in an increased inci-
dence of gastrointestinal or renal adverse effects. 
There may be additive hypocalcaemic effects with
aminoglycosides.
Aminoglycosides. Severe hypocalcaemia has been reported
after treatment with amikacin,1 or netilmicin2 in patients who had
previously received clodronate. In both cases, signs of aminogly-
coside toxicity were evident; clodronate had been withdrawn in
one patient upon starting the aminoglycoside,1 and in the other
several weeks before.2 Bisphosphonates and aminoglycosides
can induce hypocalcaemia by different mechanisms and the ef-
fects of both drugs may persist for several weeks; care should be
taken when giving them together.1,2

1. Mayordomo JI, Rivera F. Severe hypocalcaemia after treatment
with oral clodronate and aminoglycoside. Ann Oncol 1993; 4:
432–3. 

2. Pedersen-Bjergaard U, Myhre J. Severe hypocalcaemia after
treatment with diphosphonate and aminoglycoside. BMJ 1991;
302: 295. Correction. ibid.; 791.

Pharmacokinetics
The bisphosphonates are poorly absorbed after oral
doses, with bioavailabilities in the fasting state ranging
from about 0.7% (alendronate; risedronate) to up to 6%
(etidronate; tiludronate). Absorption is reduced by
food, especially by products containing calcium or oth-
er polyvalent cations. They have a high affinity for
bone, with about 50% of an absorbed dose sequestered
to ossified tissues and retained in the body for pro-
longed periods. Excretion is in the urine, as unchanged
drug; they do not appear to be metabolised.
◊ References.
1. Cremers SCLM, et al. Pharmacokinetics/pharmacodynamics of

bisphosphonates: use for optimisation of intermittent therapy for
osteoporosis. Clin Pharmacokinet 2005; 44: 551–70.

Uses and Administration
The bisphosphonates inhibit bone resorption and thus
have a hypocalcaemic effect. They are pyrophosphate
analogues that have a high affinity for the hydroxyapa-
tite of bone, and that inhibit bone resorption by osteo-
clasts; because of the coupling of resorption and for-
mation this results in an overall reduction in
remodelling and bone turnover (see Bone and Bone
Disease, p.1083). Their antiresorptive potency varies
widely. The bisphosphonates also inhibit the formation
and dissolution of hydroxyapatite crystals and thus
have the potential to interfere with bone mineralisation.
The degree to which the bisphosphonates inhibit min-
eralisation in clinical practice varies; etidronate is the
most potent inhibitor of those now in general clinical
use. 
Because bone resorption increases plasma-calcium
concentrations, the bisphosphonates are used as ad-
juncts to the treatment of severe hypercalcaemia, espe-
cially when associated with malignancy. They are also
used in disorders associated with excessive bone re-
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sorption and turnover, such as Paget’s disease of bone
and osteoporosis, as well as in the management of bone
metastases. Etidronate has been used in the prevention
and treatment of ectopic ossification. 
The affinity of bisphosphonates for bone allows com-
plexes labelled with radioactive technetium-99m (see
p.2055) to be used diagnostically as bone scanning
agents. 
Bisphosphonates have been given by intravenous infu-
sion or orally. In the latter case food should be avoided
for a suitable period before and after a dose, especially
foods with a high calcium content such as milk.
◊ References.
1. Brown DL, Robbins R. Developments in the therapeutic applica-

tions of bisphosphonates. J Clin Pharmacol 1999; 39: 651–60. 
2. Shoemaker LR. Expanding role of bisphosphonate therapy in

children. J Pediatr 1999; 134: 264–7. 
3. Rogers MJ. New insights into the molecular mechanisms of ac-

tion of bisphosphonates. Curr Pharm Des 2003; 9: 2643–58. 
4. Cohen SB. An update on bisphosphonates. Curr Rheumatol Rep

2004; 6: 59–65. 
5. Licata AA. Discovery, clinical development, and therapeutic

uses of bisphosphonates. Ann Pharmacother 2005; 39: 668–77. 
6. Russell RG. Bisphosphonates: mode of action and pharmacolo-

gy. Pediatrics 2007; 119 (suppl 2): S150–S162. 
7. Kimmel DB. Mechanism of action, pharmacokinetic and phar-

macodynamic profile, and clinical applications of nitrogen-con-
taining bisphosphonates. J Dent Res 2007; 86: 1022–33. 

8. Russell RG, et al. Bisphosphonates: an update on mechanisms of
action and how these relate to clinical efficacy. Ann N Y Acad Sci
2007; 1117: 209–57.

Complex regional pain syndrome. Osteoporosis is one of
the features of complex regional pain syndrome (p.6). Bisphos-
phonates may be of benefit in controlling associated pain in some
patients.
Ectopic ossification. Bisphosphonates that are potent inhibi-
tors of mineralisation such as etidronate have been advocated for
prevention of ectopic ossification (p.100), but they do not pre-
vent the formation of the osteoid matrix, and delayed mineralisa-
tion may occur once they are withdrawn.
Hypercalcaemia. In patients with severe symptomatic hyper-
calcaemia restoration and maintenance of adequate hydration
and urine flow is essential, and helps to reduce plasma-calcium
concentrations by promoting calcium diuresis. In hypercalcae-
mia of malignancy (p.1083) therapy with inhibitors of bone re-
sorption such as the bisphosphonates is used. Although sus-
tained, the action of bisphosphonates is not particularly rapid;
they may be used with a calcitonin where both rapid and pro-
longed diminution of plasma-calcium concentration is desired.
Hyperparathyroidism. Bisphosphonates have been used to
inhibit bone resorption in the treatment of hypercalcaemia asso-
ciated with hyperparathyroidism (p.1087), but seem to be of little
benefit for long-term treatment.
Juvenile idiopathic arthritis. Bisphosphonates may have a
role1 in preventing low bone mineral density and fragility frac-
tures in children with juvenile idiopathic arthritis (p.10).
1. Thornton J, et al. Systematic review of effectiveness of bisphos-

phonates in treatment of low bone mineral density and fragility
fractures in juvenile idiopathic arthritis. Arch Dis Child 2006;
91: 753–61.

Malignant neoplasms of the bone. There is good evidence
that some bisphosphonates are of benefit in treatment of pa-
tients with metastatic bone disease (p.660) not only to control
bone pain1,2 and to manage the attendant hypercalcaemia, but
also to reduce skeletal complications such as fractures.2-8 Maxi-
mum benefit in terms of skeletal events occurs only after 6
months of treatment.9 It has been suggested that given the
strength of the evidence, treatment with bisphosphonates should
be begun at first diagnosis of bone metastases, and continued un-
til no longer clinically relevant.2,10 While some continue treat-
ment despite disease progression, others advocate changing to a
more potent bisphosphonate, or stopping treatment altogether.9
Starting bisphosphonates in women with breast cancer without
evidence of bone metastases is not recommended.11 
There are concerns over the development of osteonecrosis of the
jaw with bisphosphonate treatment (see Effects on the Muscu-
loskeletal System, under Adverse Effects, above), and a possibly
increased incidence in patients with multiple myeloma. Some
have recommended12,13 that monthly intravenous bisphospho-
nate therapy continue for 2 years in myeloma patients. After 2
years, therapy can be stopped in those who have achieved a com-
plete response or who are in a stable plateau phase. If disease is
still active, frequency of infusion can be decreased to once every
3 months. However, others recommend stopping therapy after 1
year in those with a complete response or very good partial re-
sponse. For those with a poorer response and ongoing active
bone disease, bisphosphonates may be continued for up to 2
years.14 In newly diagnosed patients, pamidronate is favoured
over zoledronate as data suggest the risk of osteonecrosis may be
higher with the latter.12-14 However, routinely switching patients
from zoledronate to pamidronate is not recommended, as no data

suggest that this will prevent osteonecrosis. Multiple myeloma
patients without evidence of skeletal involvement should not
routinely be given bisphosphonates.12 
There is also much interest in the use of bisphosphonates to pre-
vent the development of bone metastases;2,4,5,8 however, prelim-
inary evidence of their efficacy is conflicting. Specific references
may be found under the individual drugs.
1. Wong R, Wiffen PJ. Bisphosphonates for the relief of pain sec-

ondary to bone metastases. Available in The Cochrane Database
of Systematic Reviews; Issue 2. Chichester: John Wiley; 2002
(accessed 30/11/06). 

2. Aapro M, et al. Guidance on the use of bisphosphonates in solid
tumours: recommendations of an international expert panel.
Ann Oncol 2008; 19: 420–32. 

3. Rule S. Managing cancer-related skeletal events with bisphos-
phonates. Hosp Med 2004; 65: 355–60. 

4. Brown JE, et al. The role of bisphosphonates in breast and pros-
tate cancers. Endocr Relat Cancer 2004; 11: 207–24. 

5. Pavlakis N, et al. Bisphosphonates for breast cancer. Available
in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2005 (accessed 30/11/06). 

6. Saad F, Schulman CC. Role of bisphosphonates in prostate can-
cer. Eur Urol 2004; 45: 26–34. 

7. Djulbegovic B, et al. Bisphosphonates in multiple myeloma.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 2002 (accessed 30/11/06). 

8. Michaelson MD, Smith MR. Bisphosphonates for treatment and
prevention of bone metastases. J Clin Oncol 2005; 23: 8219–24. 

9. Gainford MC, et al. Recent developments in bisphosphonates
for patients with metastatic breast cancer. BMJ 2005; 330:
769–73. 

10. Ross JR, et al. Systematic review of role of bisphosphonates on
skeletal morbidity in metastatic cancer. BMJ 2003; 327:
469–72. Correction. ibid. 2004; 328: 384. 

11. Hillner BE, et al. American Society of Clinical Oncology 2003
Update on the role of bisphosphonates and bone health issues in
women with breast cancer. J Clin Oncol 2003; 21: 4042–57.
Correction. ibid. 2004; 22: 1351. 

12. Lacy MQ, et al. Mayo clinic consensus statement for the use of
bisphosphonates in multiple myeloma. Mayo Clin Proc 2006;
81: 1047–53. 

13. Kyle RA, et al. American Society of Clinical Oncology. Amer-
ican Society of Clinical Oncology 2007 clinical practice guide-
line update on the role of bisphosphonates in multiple myeloma.
J Clin Oncol 2007; 25: 2464–72. 

14. Durie BGM, et al.. International Myeloma Working Group. Use
of bisphosphonates in multiple myeloma: IMWG response to
Mayo Clinic consensus statement. Mayo Clin Proc 2007; 82:
516–7; author reply 517–18.

Osteogenesis imperfecta. Bisphosphonates have been tried
in osteogenesis imperfecta (p.1083), but orthopaedic treatment
and physical activity programmes form the basis of therapy.
Osteoporosis. Bisphosphonates are used first-line in the pre-
vention and treatment of osteoporosis (p.1084). Alendronate,
risedronate and cyclical etidronate are used orally; clodronate
and ibandronate have been used both orally and parenterally, and
ibandronate, pamidronate, and zoledronate by intermittent intra-
venous infusion. Generally, in the management of postmeno-
pausal osteoporosis, bisphosphonates increase bone mineral
density (BMD) at both the spine and hip and reduce vertebral
fractures; effect on non-vertebral fractures varies.1,2 Treatment in
women at highest risk, with prevalent fractures or low BMD, is
considered most effective.2 In the UK, NICE3 recommends the
use of bisphosphonates for the secondary prevention of oste-
oporotic fragility fractures in postmenopausal women. Alendro-
nate, etidronate, or risedronate may be given to all women aged
75 years and older, to women aged between 65 and 74 years with
confirmed osteoporosis, and to postmenopausal women younger
than 65 with very low BMD or with confirmed osteoporosis and
one or more additional age-independent risk factors. Data also
suggest that the more severe the osteoporosis, the greater the
benefit, and since bone density continues to decline with age, and
vertebral fracture incidence rises after age 75, some consider it
more beneficial in older women.4 However, others have ex-
pressed concern about a possible increase in brittleness of bones
with long-term bisphosphonate treatment.5 
Although there is less evidence for the efficacy of bisphospho-
nates for the treatment of idiopathic osteoporosis in men, some
consider them the treatment of choice. A systematic review6 stat-
ed that, while further evaluation of bisphosphonate therapy in
children with secondary osteoporosis is warranted, evidence
does not support their use as standard therapy. 
Bisphosphonates are also considered effective at prevention and
treatment of corticosteroid-induced osteoporosis.7 Fracture risk
(see p.1491) may also be reduced although a systematic review
was inconclusive in this respect.7 
A meta-analysis of bisphosphonate use in the early post-trans-
plant period found that they were effective in reducing BMD
decline at the lumbar spine; however, prolonged and more inten-
sive treatment may increase the risk of adynamic or low bone
turnover disease.8
1. Watts NB. Bisphosphonate treatment of osteoporosis. Clin Ger-

iatr Med 2003; 19: 395–414. 
2. Masud T, Giannini S. Preventing osteoporotic fractures with bi-

sphosphonates: a review of the efficacy and tolerability. Aging
Clin Exp Res 2003; 15: 89–98. 

3. NICE. Bisphosphonates (alendronate, etidronate, risedronate),
selective oestrogen receptor modulators (raloxifene) and parath-
yroid hormone (teriparatide) for the secondary prevention of os-
teoporotic fragility fractures in postmenopausal women: Tech-
nology Appraisal 87 (issued January 2005). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA087guidance.pdf (ac-
cessed 23/07/08) 

4. Dhesi JK, et al. The implications of a growing evidence base for
drug use in elderly patients. Part 4: vitamin D and bisphospho-
nates for fractures and osteoporosis. Br J Clin Pharmacol 2006;
61: 521–8. 

5. Ott S. New treatments for brittle bones. Ann Intern Med 2004;
141: 406–7. 

6. Ward L, et al. Bisphosphonate therapy for children and adoles-
cents with secondary osteoporosis. Available in The Cochrane
Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2007 (accessed 18/04/08). 

7. Homik J, et al. Bisphosphonates for steroid induced osteoporo-
sis. Available in The Cochrane Database of Systematic Reviews;
Issue 1. Chichester: John Wiley; 1999 (accessed 22/02/05). 

8. Mitterbauer C, et al. Effects of bisphosphonates on bone loss in
the first year after renal transplantation—a meta-analysis of ran-
domized controlled trials. Nephrol Dial Transplant 2006; 21:
2275–81.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease.

Bone Morphogenetic Proteins
BMP; Proteínas morfogenéticamente óseas.
Костные Морфогенетические Белки
ATC — M05BC01 (BMP-2); M05BC02 (BMP-7).

Dibotermin Alfa (BAN, USAN, rINN)

Dibotermina alfa; Dibotermine Alfa; Diboterminum Alfa; hrBMP-
2; rhBMP-2. Human recombinant bone morphogenetic protein
2.
Диботермин Альфа
CAS — 246539-15-1.
ATC Vet — QM05BC01.

Eptotermin Alfa (rINN)

Eptotermina alfa; Eptotermine Alfa; Eptoterminum Alfa; hrBMP-
7; OP-1; Osteogenic Protein-1. Human recombinant bone mor-
phogenetic protein 7.
Эптотермин Альфа
CAS — 129805-33-0.
ATC Vet — QM05BC02.

Profile
Bone morphogenetic proteins (BMPs) are growth factors that
promote ectopic bone formation and can be extracted from de-
mineralised bone matrix. Several have been identified and devel-
oped for use in orthopaedic and reconstructive surgery; some
have been produced by recombinant technology. 
Eptotermin alfa is a recombinant form used in adults for the treat-
ment of non-union of tibia of at least 9 months duration in cases
where autograft has failed or is unfeasible. Dibotermin alfa, an-
other recombinant form, is used as an adjunct to standard care for
the treatment of acute tibia fractures in adults, as an implant con-
taining 12 mg. The implant is also indicated for anterior lumbar
spine fusion, as a substitute for bone grafting, in adults with
degenerative disc disease who have had at least 6 months of
non-operative treatment. Dibotermin alfa is also used as an alter-
native to bone grafting for sinus augmentation, and for localised
alveolar ridge augmentations for defects associated with extrac-
tion sockets. Osteogenin (BMP-3) is under investigation.
◊ References.
1. Croteau S, et al. Bone morphogenetic proteins in orthopedics:

from basic science to clinical practice. Orthopedics 1999; 22:
686–95. 

2. Groeneveld EH, Burger EH. Bone morphogenetic proteins in
human bone regeneration. Eur J Endocrinol 2000; 142: 9–21. 

3. Valentin-Opran A, et al. Clinical evaluation of recombinant hu-
man bone morphogenetic protein-2. Clin Orthop 2002; 395:
110–20. 

4. Govender S, et al. Recombinant human bone morphogenetic
protein-2 for treatment of open tibial fractures: a prospective,
controlled, randomized study of four hundred and fifty patients.
J Bone Joint Surg Am 2002; 84: 2123–34. 

5. Johnsson R, et al. Randomized radiostereometric study compar-
ing osteogenic protein-1 (BMP-7) and autograft bone in human
noninstrumented posterolateral lumbar fusion. Spine 2002; 27:
2654–61. 

6. Khan SN, Lane JM. The use of recombinant human bone mor-
phogenetic protein-2 (rhBMP-2) in orthopaedic applications.
Expert Opin Biol Ther 2004; 4: 741–8. 

7. Westerhuis RJ, et al. Use of bone morphogenetic proteins in
traumatology. Injury 2005; 36: 1405–12. 

8. Giannoudis PV, Tzioupis C. Clinical applications of BMP-7: the
UK perspective. Injury 2005; 36 (suppl 3): S47–S50. 

9. Wikesjö UM, et al. Tissue engineering with recombinant human
bone morphogenetic protein-2 for alveolar augmentation and
oral implant osseointegration: experimental observations and
clinical perspectives. Clin Implant Dent Relat Res 2005; 7:
112–19. 

10. Granjeiro JM, et al. Bone morphogenetic proteins: from struc-
ture to clinical use. Braz J Med Biol Res 2005; 38: 1463–73. 

11. Garrison KR, et al. Clinical effectiveness and cost-effectiveness
of bone morphogenetic proteins in the non-healing of fractures
and spinal fusion: a systematic review. Health Technol Assess
2007; 11: 1–150. 

12. Mussano F, et al. Bone morphogenetic proteins and bone de-
fects: a systematic review. Spine 2007; 32: 824–30.

Adverse effects. The FDA issued a warning in July 2008 that
use of recombinant human bone morphogenetic protein products
in cervical spine fusion had been associated with at least 38 re-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ports of swelling of neck and throat tissue, with resultant com-
pression of the airway or vulnerable neurological structures.
Complications were often life-threatening, and had required res-
piratory support and/or tracheotomy in some cases. The use of
alternative treatments or enrollment in approved clinical studies
was recommended when treating cervical spine problems.1
1. FDA. FDA Public Health Notification: Life-threatening compli-

cations associated with recombinant human bone morphogenetic
protein in cervical  spine fusion. Available at:  http:/ /
www.fda.gov/cdrh/safety/070108-rhbmp.html (accessed
17/07/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: InductOs; Cz.: InductOs; Osigraft; Denm.: InductOs; Osigraft; Fin.:
InductOs; Gr.: InductOs; Osigraft; Irl.: InductOs; Ital.: Osigraft; Neth.: Os-
igraft; Norw.: InductOs; Port.: Osigraft; Spain: InductOs; Osigraft; Swed.:
InductOs; UK: InductOs; USA: Infuse Bone Graft.

Calcitonins
Calcitoninas.
ATC — H05BA01 (salmon synthetic); H05BA02 (pork nat-
ural); H05BA03 (human synthetic).
ATC Vet — QH05BA01 (salmon synthetic); QH05BA02
(pork natural); QH05BA03 (human synthetic).

Calcitonin (Human)
Calcitonina (humana); Calcitonin-human; Human Calcitonin.
C151H226N40O45S3 = 3417.8.
CAS — 21215-62-3.
ATC — H05BA03 (human synthetic).
ATC Vet — QH05BA03 (human synthetic).

Description. Calcitonin (human) is a synthetic polypeptide
comprising 32 amino acids in the same linear sequence as in nat-
urally occurring human calcitonin.

Calcitonin (Pork) (BANM)

Calcitonina (cerdo).
CAS — 12321-44-7.
ATC — H05BA02 (pork natural).
ATC Vet — QH05BA02 (pork natural).

NOTE. The synonym thyrocalcitonin and the CAS number 9007-
12-9 have been used for calcitonin that is often of pork origin. 
Description. Calcitonin (pork) is a polypeptide hormone ob-
tained from pork thyroid.

Calcitonin (Salmon) (BAN)

Calcitonina (salmón); Calcitonin-salmon; Calcitoninum salmonis;
Kalcitonin lososí; Kalcytonina łososiowa; Kalsitoniini (lohi); Kalsi-
tonin (Somon); Lašišų kalcitoninas; Laxkalcitonin; Lazac-kalciton-
in; Salcatonin; Salkatonin; Salmon Calcitonin; SCT-1; SMC-20-
051.
C145H240N44O48S2 = 3431.9.
CAS — 47931-85-1.
ATC — H05BA01 (salmon synthetic).
ATC Vet — QH05BA01 (salmon synthetic).

NOTE. There may be some confusion between the terms Salcaton-
in and Calcitonin (Salmon) (Salmon Calcitonin; Calcitonin-
salmon) although in practice these names appear to be used for
the same substance. 
• The Ph. Eur. 6.2 defines Calcitonin (Salmon) as a polypeptide

having the structure determined for salmon calcitonin I. It is
available as an acetate. 

• Calcitonin (Salmon)/Salcatonin (BAN) is defined as a compo-
nent of natural salmon calcitonin. The BP 2008 defines Calci-
tonin (Salmon)/Salcatonin as a synthetic polypeptide having
the structure determined for salmon calcitonin I. 

• In the USA, Calcitonin (USAN) includes calcitonin (human)
and calcitonin (salmon) and there Salcatonin is understood to
be a synthetic polypeptide structurally similar to natural salm-
on calcitonin (Calcitonin Salmon (Synthesis)). The US manu-
facturers use Calcitonin-salmon for a synthetic polypeptide
with the same structure as calcitonin of salmon origin.

Pharmacopoeias. In Chin, Eur. (see p.vii), and US.. 
Ph. Eur. 6.2 (Calcitonin (Salmon)). A white or almost white
powder. It is obtained by chemical synthesis or by a method
based on recombinant DNA (rDNA) technology. Freely soluble
in water. Store at 2° to 8°. If the substance is sterile store in a ster-
ile, airtight, tamper-proof container. Protect from light. 
USP 31 (Calcitonin Salmon). It is a polypeptide that has the same
sequence as that of the hormone that regulates calcium metabo-
lism and is secreted by the ultimobranchial gland of salmon. It is
produced from either synthetic processes or microbial processes
using recombinant DNA (rDNA) technology. One mg of acetic
acid-free, anhydrous calcitonin salmon is equivalent to
6000 USP units. Store in airtight containers at a temperature of
2° to 8°, or maintain in a frozen state. Protect from light.

Elcatonin (rINN)

[Aminosuberic Acid 1,7]-eel Calcitonin; [Asu1,7]-E-CT; Carbocal-
citonin; Elcatonina; Elcatonine; Elcatoninum. 1-Butyric acid-7-(L-
2-aminobutyric acid)-26-L-aspartic acid-27-L-valine-29-L-alanine-
calcitonin (salmon).
Элькатонин
C148H244N42O47 = 3363.8.
CAS — 60731-46-6.
ATC — H05BA04.
ATC Vet — QH05BA04.

Description. Elcatonin is a synthetic analogue of eel calcitonin.
Pharmacopoeias. In Jpn.
Incompatibility. Like some other peptide drugs, calcitonin
may be adsorbed onto the plastic of intravenous giving sets; it
has been suggested that solutions for intravenous infusion should
contain some protein to prevent the sorption and consequent loss
of potency (see under Administration, below).

Units
0.8 units of calcitonin, porcine, are contained in one
ampoule of the second International Standard Prepara-
tion (1991). 
128 units of calcitonin, salmon, are contained in
approximately 20 micrograms of freeze-dried purified
synthetic salmon calcitonin, with mannitol 2 mg in one
ampoule of the second International Standard Prepara-
tion (1989). 
17.5 units of calcitonin, human, are contained in one
ampoule of the second International Standard Prepara-
tion (1991). 
88 units of calcitonin, eel, are contained in one am-
poule of the first International Standard Preparation
(1989). 
Potency of calcitonins is estimated by comparing the
hypocalcaemic effect, in rats, with that of the standard
preparation, and is expressed in international or MRC
units which are considered to be equivalent. One man-
ufacturer states that 100 international units by this
assay is equivalent to 1 mg of porcine or human
calcitonin, and to 25 micrograms of salmon calcitonin
although other, slightly different, equivalencies have
been cited for other preparations. However, although
1 unit of pork calcitonin, 1 unit of salmon calcitonin,
and 1 unit of human calcitonin should give the same
response in humans this is not necessarily the case.
Doses of calcitonin that have been considered approx-
imately equivalent in practice are: 
• 80 units of pork calcitonin 
• 50 units of salmon calcitonin 
• 500 micrograms of human calcitonin 
Clinically, doses of pork and salmon calcitonin are ex-
pressed in units whereas those of human calcitonin can
be expressed by weight, probably a reflection of its
purity.

Adverse Effects, Treatment, and Precau-
tions
Calcitonins may cause nausea, vomiting, diarrhoea,
dizziness, flushing, and tingling of the hands. These re-
actions are dose dependent, usually transient, and oc-
cur more often with intravenous doses. Other adverse
effects have included skin rash, an unpleasant taste, ab-
dominal pain, urinary frequency, and tremor. A diabe-
togenic effect has been reported rarely. Inflammatory
reactions at the injection site have been reported with
some calcitonins, and rhinitis and other local reactions
have been reported with nasal formulations. Transient
hypocalcaemia may occur after injections of calci-
tonin, and use is contra-indicated in patients with hy-
pocalcaemia. 
Calcitonins should be given with care to patients with
renal impairment (see below) or heart failure. If chil-
dren receive calcitonin it should preferably be for short
periods and bone growth should be monitored. 
Circulating antibodies may develop after several
months of use but resistance does not necessarily fol-
low (see also below). In patients with suspected sensi-
tivity, a skin test has been advised before use as hyper-

sensitivity reactions, including anaphylaxis, have
occurred. 
Calcitonin has inhibited lactation in animals. 
Nausea and vomiting may be reduced by giving doses
at bedtime or by giving an antiemetic beforehand. 
Calcitonin (pork) may contain trace amounts of thyroid
hormones, but clinical effects are unlikely in most pa-
tients.
Antibody formation. Long-term treatment with heterologous
calcitonins may lead to the formation of neutralising antibodies.
This appears to be common in patients given calcitonin (pork) or,
to a lesser extent, calcitonin (salmon). Calcitonin (human) is less
immunogenic than pork or salmon, but a study1 has also detected
antibodies to human calcitonin in 1 of 33 women with postmen-
opausal osteoporosis after 6 months of therapy. 
The degree to which such antibodies affect therapeutic activity is
uncertain. Some studies have suggested a significant loss of ther-
apeutic activity in patients who developed neutralising antibod-
ies to calcitonin (salmon),2 or a restoration in activity after a
switch from salmon to human calcitonin in such patients;3 equal-
ly, others have presented evidence that the activity of calcitonin
(salmon) was not reduced by the development of antibodies to
the drug.4
1. Grauer A, et al. Formation of neutralizing antibodies after treat-

ment with human calcitonin. Am J Med 1993; 95: 439–42. 
2. Grauer A, et al. In vitro detection of neutralizing antibodies after

treatment of Paget’s disease of bone with nasal salmon calciton-
in. J Bone Miner Res 1990; 5: 387–91. 

3. Muff R, et al. Efficacy of intranasal human calcitonin in patients
with Paget’s disease refractory to salmon calcitonin. Am J Med
1990; 89: 181–4. 

4. Reginster JY, et al. Influence of specific anti-salmon calcitonin
antibodies on biological effectiveness of nasal salmon calcitonin
in Paget’s disease of bone. Scand J Rheumatol 1990; 19: 83–6.

Effect on glucose metabolism. A single subcutaneous injec-
tion of calcitonin (salmon) has been reported to increase blood-
glucose concentrations,1 but long-term treatment with calci-
tonins was considered unlikely to cause diabetes.2 Nevertheless,
deterioration in diabetic control has been noted in a patient given
calcitonin (pork)3 and postprandial release of insulin was abol-
ished by intravenous salmon calcitonin in 8 patients with duode-
nal ulcers.4
1. Gattereau A, et al. Hyperglycaemic effect of synthetic salmon

calcitonin. Lancet 1977; ii: 1076–7. 
2. Evans IMA, et al. Hyperglycaemic effect of synthetic salmon

calcitonin. Lancet 1978; i: 280. 
3. Thomas DW, et al. Deterioration in diabetic control during cal-

citonin therapy. Med J Aust 1979; 2: 699–70. 
4. Jonderko K. Effect of calcitonin on gastric emptying in patients

with an active duodenal ulcer. Gut 1989; 30: 430–5.

Gynaecomastia. A 62-year-old man developed painful gynae-
comastia on two occasions after treatment with calcitonin (salm-
on) given by subcutaneous injection.1
1. Vankrunkelsven PJ, Thijs MM. Salcatonin and gynaecomastia.

Lancet 1994; 344: 482.

Interactions
There is a theoretical possibility that dosage adjust-
ments of cardiac glycosides or calcium-channel block-
ers may be required in patients who are given injec-
tions of calcitonin, because of the effects of the latter on
serum calcium.

Pharmacokinetics
Calcitonins are rapidly inactivated when given orally.
After injection, calcitonins are quickly metabolised,
primarily in the kidneys but also in blood and peripher-
al tissues. Bioavailability has been reported to be about
70%; plasma protein binding is about 30 to 40%. The
inactive metabolites and a small proportion of
unchanged drug are excreted in the urine. The elimina-
tion half-life after injection of calcitonin (human) is
stated to be 60 minutes and that of calcitonin (salmon)
about 70 to 90 minutes. 
Calcitonins are also absorbed through the nasal and
rectal mucosa. Although figures have varied widely,
about 3% of an intranasal dose of calcitonin (salmon)
is reported to be bioavailable compared with the same
dose given by intramuscular injection, with peak plas-
ma concentrations occurring after about 30 to 40 min-
utes compared with 15 to 25 minutes after the parenter-
al dose. Elimination half-life has been reported to be
about 16 to 43 minutes.
◊ After the subcutaneous injection of 19.9 micrograms of syn-
thetic calcitonin (salmon) in 16 healthy subjects,1 absorption was
rapid with an absorption half-life of 23.4 minutes. The maximum
mean plasma concentration was 384 picograms/mL at 60 min-
utes after which excretion was fairly rapid with an elimination
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half-life of 87 minutes. These results and those from previously
reported investigations of salmon, human, and porcine calcitonin
could not easily be compared, especially since different assay
methods had been used. Nevertheless it was concluded that bio-
availability from subcutaneous and intramuscular injection sites
was good; that dosage may need to be adjusted in renal insuffi-
ciency because of low metabolic clearance rate; and that the
higher potency of calcitonin (salmon) is due to higher intrinsic
activity at the receptor site rather than to pharmacokinetic differ-
ences. The US manufacturers have cited a half-life of 1.02 hours
after a single subcutaneous injection of calcitonin (human)
500 micrograms. The plasma elimination half-life of elcatonin
was about 4.8 hours after intramuscular injection in healthy sub-
jects.2 
Calcitonins are absorbed on intranasal or rectal dosage. Peak
plasma concentrations of calcitonin (salmon) were achieved af-
ter 20 to 60 minutes when given by nasal spray in doses ranging
from 200 to 400 units.3 In another study4 calcitonin (salmon)
200 units, repeated once after 3 hours, was given by nasal spray
or suppository to healthy subjects. Absorption was prompt and
the total amount absorbed was similar with either route. Howev-
er, whereas intranasal dosage produced low peaks with calci-
tonin (salmon) still detectable in the blood after 3 to 5 hours,
rectal dosage produced peak plasma concentrations about 6 to 8
times higher but the drug was undetectable within 2 hours; plas-
ma concentrations were lower than those found after injection.
Another group5 found calcitonin (human) to be poorly absorbed
when given intranasally to healthy subjects. Absorption from
nasal powder or spray solutions was improved by the presence of
the surfactants dihydrofusinate or glycocholate. 
Investigations carried out in 4 osteoporotic patients6 suggested
that the rectal calcitonin (salmon) could provide 65% of the bio-
availability of intramuscular doses. 
A study of an oral formulation of calcitonin (salmon) in healthy
subjects evaluated different oral doses in comparison to intra-
venous dosing, and found 1.2 mg orally to be comparable to
10 micrograms intravenously, in terms of bioavailability and ef-
ficacy.7
1. Nüesch E, Schmidt R. Comparative pharmacokinetics of calci-

tonins. In: Pecile A, ed. Calcitonin international congress series
no. 540. Amsterdam: Excerpta Medica, 1980: 352–64. 

2. Segre G, et al. Pharmacokinetics of carbocalcitonin in humans.
Clin Trials J 1986; 23 (suppl 1): 23–8. 

3. Kurose H, et al. Intranasal absorption of salmon calcitonin. Cal-
cif Tissue Int 1987; 41: 249–51. 

4. Buclin T, et al. The effect of rectal and nasal administration of
salmon calcitonin in normal subjects. Calcif Tissue Int 1987; 41:
252–8. 

5. Pontiroli AE, et al. Nasal administration of glucagon and human
calcitonin to healthy subjects: a comparison of powders and
spray solutions and of different enhancing agents. Eur J Clin
Pharmacol 1989; 37: 427–30. 

6. Gennari C, et al. Pharmacodynamic activity of synthetic salmon
calcitonin in osteoporotic patients: comparison between rectal
and intramuscular administration: pilot study. Curr Ther Res
1993; 53: 301–8. 

7. Buclin T, et al. Bioavailability and biological efficacy of a new
oral formulation of salmon calcitonin in healthy volunteers. J
Bone Miner Res 2002; 17: 1478–85.

Uses and Administration
Calcitonin is a hormone produced by mammalian thy-
roid parafollicular cells or the ultimobranchial gland in
non-mammalian vertebrates. In man its secretion and
biosynthesis are regulated by the plasma-calcium con-
centration. It has a hypocalcaemic action that is due
primarily to inhibition of osteoclastic bone resorption;
of less importance is a direct effect on the kidneys re-
sulting in increased urinary excretion of calcium and
phosphorus. Calcitonin contains 32 amino acids; the
sequence varies according to the species. Synthetic cal-
citonin (salmon) and synthetic calcitonin (human) are
in clinical use; calcitonin (salmon) is the most potent.
Naturally occurring calcitonin (pork) has been used
and elcatonin, a synthetic derivative of eel calcitonin, is
available in some countries. 
Calcitonins are used in the treatment of diseases char-
acterised by high bone turnover such as Paget’s disease
of bone. They are also given as an adjunct in the treat-
ment of severe hypercalcaemia, especially that associ-
ated with malignancy. Some calcitonins are used in the
management of osteoporosis. 
Calcitonins are generally given by subcutaneous or
intramuscular injection; some have been given intra-
nasally, rectally, or by intravenous infusion or slow in-
travenous injection. 
In Paget’s disease of bone the usual dose range for cal-
citonin (salmon) is 50 units three times weekly to
100 units daily in single or divided doses by subcutane-
ous or intramuscular injection. Calcitonin (human) is
usually given by subcutaneous or intramuscular injec-

tion; doses range from 500 micrograms two to three
times weekly, to 250 or 500 micrograms daily; severe
cases may require up to 1 mg daily in divided doses. 
As an adjunct to the treatment of hypercalcaemia, cal-
citonins have a rapid effect which is greatest in patients
with an increased bone turnover. Calcitonin (salmon)
may be given by subcutaneous or intramuscular injec-
tion in a dose of 4 units/kg every 12 hours, increased if
necessary after one or two days to 8 units/kg every 12
hours, up to a maximum of 8 units/kg every 6 hours
after a further two days. Alternatively, 100 units every
6 to 8 hours may be given, increased after one or two
days to a maximum of 400 units every 6 to 8 hours.
Doses greater than 8 units/kg every 6 hours are consid-
ered to have no additional benefit. In the emergency
treatment of hypercalcaemic crisis, calcitonin (salmon)
has also been given intravenously: a suggested dose is
up to 10 units/kg diluted in 500 mL of sodium chloride
0.9% and given by slow intravenous infusion over at
least 6 hours (see also under Administration below for
the problems of intravenous dosage). Calcitonin (hu-
man) 500 micrograms every 6 hours has also been giv-
en by slow intravenous injection for hypercalcaemia of
malignancy. 
Calcitonin (salmon) is used in the treatment of post-
menopausal osteoporosis in a dose of 200 units daily
intranasally by nasal spray, alternating nostrils each
day. In some countries it has also been given in a dose
of 100 units daily or every other day by subcutaneous
or intramuscular injection. Supplementary calcium
(equivalent to at least 600 mg of elemental calcium
daily) and, if necessary, vitamin D (400 units daily)
should also be given. 
Calcitonin (salmon) is also used for the prevention of
acute bone loss due to sudden immobilisation such as
in patients with recent osteoporotic fractures. The rec-
ommended dose is 100 units daily (or 50 units twice
daily) by subcutaneous or intramuscular injection, for
2 to 4 weeks. The dose may be reduced to 50 units dai-
ly at the start of remobilisation; treatment is maintained
until patients are fully mobilised. 
Calcitonin (salmon) has also been used for the control
of bone pain due to malignant neoplasms although
in the EU such use is no longer considered appropriate. 
Oral formulations of calcitonin (salmon) are being
studied.
Administration. Calcitonins have poor oral bioavailability and
are usually given by subcutaneous or intramuscular injection. To
improve patient acceptability, especially in diseases requiring
long-term drug therapy, alternative routes have been investigat-
ed:1 
• calcitonin (salmon) has proved effective when given intrana-

sally in usual doses of 50 to 200 units daily (for references, see
Osteoporosis below), and intranasal products for osteoporosis
are available. 

• suppositories containing 300 units of calcitonin (salmon) have
been used rectally in the management of hypercalcaemia; one
suppository being given three times daily (total daily dose of
900 units).2,3 Daily doses of 100 units of calcitonin (salmon)
by suppository have been tried in postmenopausal
osteoporosis4 and in patients with bone pain.5 

• calcitonins have been given by intravenous infusion, but this
is rarely necessary and may cause more adverse effects. If in-
travenous use is essential, it has been suggested6 that some
protein must be present in the solution to prevent adsorption
onto the plastic of the giving set. However, in practice this
does not seem to be the case; in the UK, manufacturer’s rec-
ommendations are for dilution with normal saline, while ac-
knowledging that such dilution results in a loss of potency, and
dosage is adjusted accordingly. Presumably dilution with a
protein-containing solution would allow lower doses to be
used. The manufacturers do specify that solutions for infusion
should be prepared immediately before use and that glass or
hard plastic containers should not be used. 

Novel formulations of an orally active calcitonin have been in-
vestigated; one such formulation using a low-molecular-weight
carrier, was considered effective and well-tolerated in a Phase I
study.7
1. Inzerillo AM, et al. Calcitonin: physiological actions and clinical

applications. J Pediatr Endocrinol Metab 2004; 17: 931–40. 
2. Thiébaud D, et al. Effectiveness of salmon calcitonin adminis-

tered as suppositories in tumor-induced hypercalcemia. Am J
Med 1987; 82: 745–50. 

3. Thiébaud D, et al. Fast and effective treatment of malignant hy-
percalcemia: combination of suppositories of calcitonin and a
single infusion of 3-amino 1-hydroxypropylidene-1-bisphospho-
nate. Arch Intern Med 1990; 150: 2125–8. 

4. Gonnelli S, et al. Effect of rectal salmon calcitonin treatment on
bone mass and bone turnover in patients with established post-
menopausal osteoporosis: a 1-year crossover study. Curr Ther
Res 1993; 54: 458–65. 

5. Mannarini M, et al. Analgesic effect of salmon calcitonin sup-
positories in patients with bone pain. Curr Ther Res 1994; 55:
1079–83. 

6. Stevenson JC. Current management of malignant hypercalcae-
mia. Drugs 1988; 36: 229–38. 

7. Buclin T, et al. Bioavailability and biological efficacy of a new
oral formulation of salmon calcitonin in healthy volunteers. J
Bone Miner Res 2002; 17: 1478–85.

Administration in renal impairment. Calcitonins are
metabolised mainly in the kidneys and pharmacokinetic studies
(see above) have indicated that the dosage of calcitonins may
need to be reduced in patients with renal insufficiency, but there
have been no specific guidelines.
Charcot neuroarthropathy. In a small study in patients with
acute Charcot neuroarthropathy, intranasal calcitonin with calci-
um supplementation significantly reduced bone turnover com-
pared with calcium supplementation alone.1
1. Bem R, et al. Intranasal calcitonin in the treatment of acute Char-

cot neuroosteoarthropathy: a randomized controlled trial. Diabe-
tes Care 2006; 29: 1392–4.

Hypercalcaemia. Calcitonins can be used in addition to rehy-
dration and diuresis in the management of moderate to severe
symptomatic hypercalcaemia (p.1668), including that of malig-
nancy (p.1083). Because of their rapid effect, they may be partic-
ularly useful in life-threatening hypercalcaemia. However, al-
though they have a rapid effect it is usually short-lived;
calcitonins are therefore generally given as an adjunct with other
therapy such as a bisphosphonate.
Malignant neoplasms of the bone. Calcitonins may be use-
ful adjuvants in the treatment of malignant disease involving the
bone (p.660), not only to correct hypercalcaemia of malignancy
(p.1083), but perhaps to relieve bone pain and osteolysis. A sys-
tematic review1 concluded however that available evidence did
not support the use of calcitonin for metastatic bone pain; the
review was limited to only a few studies. Other therapeutic meas-
ures were recommended until further studies are done. In the EU,
the use of injectable calcitonins for metastatic bone pain is no
longer recommended.
1. Martinez-Zapata MJ, et al. Calcitonin for metastatic bone pain.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 18/04/08).

Osteogenesis imperfecta. There have been reports1,2 of ben-
eficial effects with calcitonins in the treatment of osteogenesis
imperfecta (p.1083), but their use has declined in favour of bis-
phosphonates.
1. Castells S, et al. Therapy of osteogenesis imperfecta with syn-

thetic salmon calcitonin. J Pediatr 1979; 95: 807–11. 
2. Nishi Y, et al. Effect of long-term calcitonin therapy by injection

and nasal spray on the incidence of fractures in osteogenesis im-
perfecta. J Pediatr 1992; 121: 477–80.

Osteoporosis. Calcitonins may be used in the prevention and
treatment of osteoporosis (p.1084). In the treatment of postmen-
opausal osteoporosis they are usually second-line agents; how-
ever, because of their analgesic effect, they may be useful for the
initial treatment of those with bone pain due to vertebral crush
fractures.1 Calcitonin (salmon) nasal spray has been shown to
significantly reduce the risk of vertebral fractures in women with
established osteoporosis,2 although the study has been criticised3

for a high drop-out rate. Any effect on hip fracture is unestab-
lished.1,2 In the management of corticosteroid-induced osteo-
porosis, calcitonin appears to maintain bone mineral density
(BMD) at the lumbar spine, but not at the femoral neck. Effects
on prevention of fractures have not been established.1,4 Nasal
calcitonin (salmon) has been found to increase lumbar spine
BMD in men with idiopathic osteoporosis.1
1. Silverman SL. Calcitonin. Endocrinol Metab Clin North Am

2003; 32: 273–84. 
2. Chesnut CH, et al. A randomized trial of nasal spray salmon cal-

citonin in postmenopausal women with established osteoporosis:
the Prevent Recurrence of Osteoporotic Fractures Study. Am J
Med 2000; 109: 267–76. 

3. Cummings SR, Chapurlat RD. What PROOF proves about calci-
tonin and clinical trials. Am J Med 2000; 109: 330–1. 

4. Cranney A, et al. Calcitonin for preventing and treating corticos-
teroid-induced osteoporosis. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
2000 (accessed 22/02/05).

Paget’s disease of bone. Calcitonins may be indicated for pa-
tients with Paget’s disease of bone (p.1086) if bone pain is per-
sistent, or to prevent further progression of the disease. However,
the bisphosphonates have largely superseded the calcitonins in
this role.
Pain. In addition to bone pain associated with malignancy and
with bone disorders such as Paget’s disease, calcitonins may also
have other analgesic properties. Beneficial results have been
seen in various painful conditions, including complex regional
pain syndrome (p.6), and particularly with intranasal salmon cal-
citonin.1 Salmon calcitonin 100 or 200 units intravenously has
also provided relief2 from phantom limb pain (p.9) after amputa-
tion. A small double-blind crossover study of intravenous calci-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tonin in amputee patients with phantom limb pain found it was
ineffective, however, in contrast to ketamine.3 Intranasal calci-
tonin at a dose of 200 units also provided only transient relief of
phantom limb sensation after spinal cord injury in a patient re-
fractory to clomipramine;4 the authors speculated that optimal
dosage may not have been used and noted that all previous stud-
ies were in amputees. 
For a discussion on pain and its management, see p.2.
1. Appelboom T. Calcitonin in reflex sympathetic dystrophy syn-

drome and other painful conditions. Bone 2002; 30 (suppl):
84S–86S. 

2. Wall GC, Heyneman CA. Calcitonin in phantom limb pain. Ann
Pharmacother 1999; 33: 499–501. 

3. Eichenberger U, et al. Chronic phantom limb pain: the effects of
calcitonin, ketamine, and their combination on pain and sensory
thresholds. Anesth Analg 2008; 106: 1265–73. 

4. Shapiro S, et al. Calcitonin treatment for phantom limb pain.
Can J Psychiatry 2004; 49: 499.

Preparations
BP 2008: Calcitonin (Salmon) Injection; 
USP 31: Calcitonin Salmon Injection; Calcitonin Salmon Nasal Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Anguilce†; Calsynar†; Citonina†; Osmil†; Salmocalcin†; Austral.: Mi-
acalcic; Austria: Calcitonin; Calco; Casalm; Cibacalcin; Elcimen†; Miacalcic†;
Ucecal; Belg.: Calsynar; Miacalcic; Steocalcin; Braz.: Acticalcin; Calsynar;
Cibacalcina†; Miacalcic; Seacalcit; Serocalcin; Canad.: Calcimar; Caltine; Mi-
acalcin; Chile: Calfosina†; Calnisan; Miacalcic; Cz.: Calsynar†; Caltine†; Fix-
ocal†; Miacalcic; Osteodon; Ostostabil†; Tonocalcin; Ucecal†; Denm.: Mia-
calcic; Fin.: Miacalcic; Fr.: Cadens; Calsyn; Cibacalcine; Miacalcic; Ger.:
Azucalcit†; Calci; Calsynar†; Casalm†; Cibacalcin†; Karil; Osteos; Ostostabil;
Gr.: Alciton; Arsipor; Assocals; Aurocalcin; Brosidon; Calci-10; Calcicontrol;
Calcideron; Calciphar; Calciplus; Calcispren; Calcitherapy; Calciton; Calco;
Calsal; Calsynar; Caltec; Crocalcin; Doctadryle; Farmicalcine; Galcin; Gene-
calcin; Iamacalcin; Iricalcin; Latonina; Lixocam; Miacalcic; Miadenil; Mioser;
Neostesin; Nopremin; Norcalcin; Nylex; Osanit; Osivan; Osteonorm; Osti-
calcin†; Ostifix; Ostoplus; Ostosalm; Pluston; Rafacalcin; Redicalcin; Rothrin;
Sal-Cal; Salmocalcin; Salmofar†; Salmoten; Sanopor; Steocin; Tendolon;
Tonocalcin; Tosicalcin; Transcalcium; Velkacalcin; Hong Kong: Miacalcic; Os-
teocalcin†; Hung.: Biostin; Calco; Miacalcic; India: Miacalcic; Zycalcit; In-
don.: Miacalcic; Tonocalcin; Israel: Cibacalcin; Miacalcic; Salco; Ital.: Biocal-
cin; Calciben†; Calciosint†; Calcioton†; Calcitonina; Calco†; Carbicalcin†;
Catonin†; Ipocalcin†; Miacalcic†; Miadenil†; Osteocalcin†; Osteotonina†;
Osteovis; Rulicalcin†; Salmofar; Steocin†; Tonocalcin†; Turbocalcin†; Jpn:
Calcitoran; Elcitonin; Malaysia: Menocal†; Miacalcic; Osteocalcin†; Mex.:
Endocal†; Miacalcic; Oseum; Tonocalcin†; Norw.: Miacalcic; NZ: Miacalcic;
Philipp.: Miacalcic; Pol.: Calcihexal; Calcitonin; Miacalcic; Tonocalcin;
Port.: Calcimon†; Calcitar; Calogen†; Calsyn; Cibacalcina†; Forcaltonin; Mi-
acalcic; Osseocalcina; Osteodon; Ostinate; Ostosalm†; Salcat; Tonocaltin;
Rus.: Miacalcic (Миакальцик); S.Afr.: Miacalcic; Singapore: Calco†; Men-
ocal†; Miacalcic; Spain: Calogen; Calsynar; Carbicalcin; Diatin; Miacalcic;
Oseototal; Ospor; Osteobion; Ostetan; Sical†; Tonocaltin; Ucecal†; Swed.:
Miacalcic; Switz.: Miacalcic; Thai.: Calco; Miacalcic; Osteocalcin†; Tonocal-
cin; Turk.: Calcitonina; Miacalcic; Salmocalcin; Tonocalcin; Ucecal; UK: Cal-
synar†; Miacalcic; USA: Calcimar; Fortical; Miacalcin; Osteocalcin; Venez.:
Calnisan†; Caltanid†; Miacalcic†; Serocalcin†.

Cinacalcet Hydrochloride (BANM, USAN, rINNM)

AMG-073 (cinacalcet); Cinacalcet, Chlorhydrate de; Cinacalceti
Hydrochloridum; Hidrocloruro de cinacalcet; KRN-1493. N-
[(1R)-1-(Naphthalen-1-yl)ethyl]-3-[3-(trifluoromethyl)phenyl]-
propan-1-amine hydrochloride.
Цинакальцета Гидрохлорид
C22H22F3N,HCl = 393.9.
CAS — 364782-34-3.
ATC — H05BX01.
ATC Vet — QH05BX01.

(cinacalcet)

Adverse Effects and Precautions
Hypocalcaemia and adynamic bone disease can occur; serum
calcium and intact parathyroid hormone concentrations should
be monitored regularly, especially in patients with a history of
seizure disorders or hepatic impairment. Other adverse effects of
cinacalcet include gastrointestinal disturbances, myalgia, dizzi-
ness, paraesthesia, hypertension, asthenia, anorexia, rashes, and
non-cardiac chest pain. There have been isolated reports of hypo-
tension, worsening heart failure, or both, in patients with im-
paired cardiac function. Hypersensitivity reactions have been re-
ported rarely.
Interactions
Cinacalcet is partly metabolised by cytochrome P450 isoen-
zymes CYP3A4 and CYP1A2. Concentrations of cinacalcet
have almost doubled when given with the CYP3A4 inhibitor ke-
toconazole. Dose adjustments of cinacalcet may be required if
therapy with strong inhibitors or inducers of CYP3A4 is started,
or stopped. Plasma levels of cinacalcet may be lower in smokers
due to induction of CYP1A2-mediated metabolism, and dose ad-
justments may be necessary if patients start or stop smoking.

Cinacalcet is a strong inhibitor of cytochrome P450 isoenzyme
CYP2D6; exposure to amitriptyline, desipramine, and nortriptyl-
ine has been increased when given with cinacalcet.

Pharmacokinetics
Peak plasma concentrations are obtained 2 to 6 hours after an
oral dose of cinacalcet, and are substantially increased if given
with food. Clearance from plasma is biphasic, with a terminal
half-life of about 30 to 40 hours. Cinacalcet is approximately 93
to 97% bound to plasma proteins. It is rapidly and extensively
metabolised by cytochrome P450 isoenzymes CYP3A4 and
CYP1A2. Metabolites are renally excreted, with 80% of the dose
recovered in the urine, and 15% in the faeces.

◊ References.
1. Kumar GN, et al. Metabolism and disposition of calcimimetic

agent cinacalcet HCl in humans and animal models. Drug Metab
Dispos 2004; 32: 1491–1500. 

2. Padhi D, et al. No effect of renal function or dialysis on pharma-
cokinetics of cinacalcet (Sensipar /Mimpara ). Clin Pharma-
cokinet 2005; 44: 509–16.

Uses and Administration
Cinacalcet is a calcimimetic agent that increases the sensitivity to
extracellular calcium of the calcium-sensing receptors of the para-
thyroid gland, which regulate parathyroid hormone secretion;
this results in a reduction in parathyroid hormone secretion as
well as a decrease in serum calcium. Cinacalcet hydrochloride is
given orally in the treatment of secondary hyperparathyroidism
in patients with chronic kidney disease on dialysis, as well as for
the reduction of hypercalcaemia in patients with parathyroid car-
cinoma or primary hyperparathyroidism (where parathyroidec-
tomy is not an option). Doses are expressed in terms of the base;
cinacalcet hydrochloride 33 mg is equivalent to about 30 mg of
cinacalcet. 
In the treatment of secondary hyperparathyroidism, the initial
dose is 30 mg once daily, increased at intervals of 2 to 4 weeks
by 30 mg to a maximum of 180 mg daily. 
For the treatment of hypercalcaemia in patients with parathy-
roid carcinoma or primary hyperparathyroidism, cinacalcet is
given in an initial dose of 30 mg twice daily, increased sequen-
tially at intervals of 2 to 4 weeks to a maximum of 90 mg three
or four times daily.

◊ References.
1. Franceschini N, et al. Cinacalcet HCl: a calcimimetic agent for

the management of primary and secondary hyperparathyroidism.
Expert Opin Invest Drugs 2003; 12: 1413–21. 

2. Shoback DM, et al. The calcimimetic cinacalcet normalizes se-
rum calcium in subjects with primary hyperparathyroidism. J
Clin Endocrinol Metab 2003; 88: 5644–9. 

3. Block GA, et al. Cinacalcet for secondary hyperparathyroidism
in patients receiving hemodialysis. N Engl J Med 2004; 350:
1516–25. 

4. Joy MS, et al. Calcimimetics and the treatment of primary and
secondary hyperparathyroidism. Ann Pharmacother 2004; 38:
1871–80. 

5. Peacock M, et al. Cinacalcet hydrochloride maintains long-term
normocalcemia in patients with primary hyperparathyroidism. J
Clin Endocrinol Metab 2005; 90: 135–41. 

6. Barman Balfour JA, Scott LJ. Cinacalcet hydrochloride. Drugs
2005; 65: 271–81. 

7. Cunningham J, et al. Effects of the calcimimetic cinacalcet HCl
on cardiovascular disease, fracture, and health-related quality of
life in secondary hyperparathyroidism. Kidney Int 2005; 68:
1793–1800. 

8. Dong BJ. Cinacalcet: an oral calcimimetic agent for the manage-
ment of hyperparathyroidism. Clin Ther 2005; 27: 1725–51. 

9. NICE. Cinacalcet for the treatment of secondary hyperparathy-
roidism in patients with end-stage renal disease on maintenance
dialysis therapy: Technology Appraisal Guidance 117 (issued
January 2007). Available at: http://www.nice.org.uk/nicemedia/
pdf/TA117guidance.pdf (accessed 18/04/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Sensipar; Canad.: Sensipar; Cz.: Mimpara; Parareg; Denm.:
Mimpara; Fin.: Mimpara; Fr.: Mimpara; Ger.: Mimpara; Gr.: Mimpara;
Hung.: Mimpara; Irl.: Mimpara; Ital.: Mimpara; Parareg; Neth.: Mimpara;
Parareg; Norw.: Mimpara; NZ: Sensipar; Pol.: Mimpara; Port.: Mimpara;
Parareg; Spain: Mimpara; Swed.: Mimpara; Switz.: Mimpara; UK: Mim-
para; USA: Sensipar.

Clodronate
ATC — M05BA02.
ATC Vet — QM05BA02.

Clodronic Acid (BAN, USAN, rINN)

Acide clodronique; Ácido clodrónico; Acidum clodronicum;
Cl2MBP; Cl2MDP; DkhMDF; Klodronihappo; Klodronsyra.
(Dichloromethylene)diphosphonic acid.

Клодроновая Кислота
CH4Cl2O6P2 = 244.9.
CAS — 10596-23-3.
ATC — M05BA02.
ATC Vet — QM05BA02.

Clodronate Disodium (USAN, rINNM)

177501; BM-06.011; Clodronas Dinatricum; Clodronate dis-
odique; Clodronate Sodium; Clodronato disódico; Dichlo-
romethane Diphosphonate Disodium; Dichloromethylene Di-
phosphonate Disodium; Dinatrii clodronas; Dinatriumklodron-
aatti; Dinatriumklodronat; Disodium Clodronate; Sodium Clodr-
onate (BANM); Sodyum Klodronat; ZK-00091106. Disodium
(dichloromethylene)diphosphonate tetrahydrate.
Динатрий Клодронат
CH2Cl2Na2O6P2,4H2O = 360.9.
CAS — 22560-50-5.
ATC — M05BA02.
ATC Vet — QM05BA02.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Clodronate Disodium Tetrahydrate). A white or al-
most white, crystalline powder. Freely soluble in water; practi-
cally insoluble in alcohol; slightly soluble in methyl alcohol. A
5% solution in water has a pH of 3.0 to 4.5.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. Gas-
trointestinal symptoms with oral clodronate may be re-
duced by giving it in divided doses rather than as a sin-
gle daily dose. Reversible increases in liver enzyme
values and serum parathyroid hormone have occurred;
transient moderate leucopenia has been reported. Mon-
itoring of hepatic and renal function, white cell counts,
and serum calcium and phosphate is advised. Clodro-
nate has precipitated bronchospasm, even in patients
with no history of asthma. Transient proteinuria has
been reported immediately after intravenous infusion.
Effects on the eyes. For reports of ocular effects associated
with the bisphosphonates, including clodronate, see under Bis-
phosphonates, p.1090.
Effects on the kidneys. For mention of renal failure develop-
ing in a patient with slightly raised serum-creatinine concentra-
tions who subsequently received an intravenous infusion of
clodronate, see under Bisphosphonates, p.1091.
Effects on the musculoskeletal system. Osteonecrosis of
the jaw has been reported after the use of bisphosphonates, in-
cluding clodronate (see Effects on the Musculoskeletal System,
under Adverse Effects of Bisphosphonates, p.1091).
Effects on the respiratory system. For a report of broncho-
spasm in an aspirin-sensitive asthmatic, induced by an infusion
of clodronate, see p.1091.
Hypersensitivity. Allergic reactions to bisphosphonates are
rare. For published reports of cutaneous reactions associated
with clodronate, see p.1091.

Interactions
As for the bisphosphonates in general, p.1091.
Aminoglycosides. Severe hypocalcaemia has been reported
after treatment with amikacin1, or netilmicin2 in patients who had
previously received clodronate. In both cases, signs of aminogly-
coside toxicity were evident; clodronate had been withdrawn in
one patient upon starting the aminoglycoside,1 and in the other
several weeks before.2 Bisphosphonates and aminoglycosides
can induce hypocalcaemia by different mechanisms and the ef-
fects of both drugs may persist for several weeks; care should be
taken when giving them together.1,2

1. Mayordomo JI, Rivera F. Severe hypocalcaemia after treatment
with oral clodronate and aminoglycoside. Ann Oncol 1993; 4:
432–3. 

2. Pedersen-Bjergaard U, Myhre J. Severe hypocalcaemia after
treatment with diphosphonate and aminoglycoside. BMJ 1991;
302: 295. Correction. ibid.; 791.

Pharmacokinetics
Like other bisphosphonates, clodronate is poorly ab-
sorbed after oral doses. Absorption is decreased by
food, especially by products containing calcium or oth-
er polyvalent cations. Bioavailability is only 1 to 4%,
and may differ appreciably between different oral for-
mulations. On absorption or intravenous dosage it is
cleared rapidly from the blood with a reported plasma
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half-life of only about 2 hours, but has a high affinity
for bone. Binding to serum plasma proteins is low.
Clodronate is not metabolised. Over 70% of an intrave-
nous dose is excreted unchanged in the urine within 24
hours, the remainder being sequestered to bone tissue.
◊ References.
1. Conrad KA, Lee SM. Clodronate kinetics and dynamics. Clin

Pharmacol Ther 1981; 30: 114–20. 
2. Yakatan GJ, et al. Clodronate kinetics and bioavailability. Clin

Pharmacol Ther 1982; 31: 402–10. 
3. Ylitalo P, et al. Comparison of pharmacokinetics of clodronate

after single and repeated doses. Int J Clin Pharmacol Ther 1999;
37: 294–300.

Bioavailability. Enhanced bioavailability tablets of clodronate
disodium are available in some countries, the licensed dose of
which is less than the dose of the standard formulations (see be-
low). However, an open, randomised, crossover study in 88 sub-
jects found that a 1040-mg dose of the enhanced tablet formula-
tion provided only 52% of the bioavailable dose of 1600 mg of
the standard capsule formulation.1
1. Lapham G, et al. Bioavailability of two clodronate formulations.

Br J Hosp Med 1996; 56: 231–3.

Uses and Administration
Clodronate is a bisphosphonate with general properties
similar to those of the other bisphosphonates (p.1091).
It inhibits bone resorption, but appears to have less ef-
fect on bone mineralisation than etidronate at compara-
ble doses. Clodronate is used, generally as the diso-
dium salt, as an adjunct in the treatment of severe
hypercalcaemia associated with malignancy. In addi-
tion, it is used in the management of osteolytic lesions
and bone pain associated with skeletal metastases.
Doses are expressed in terms of anhydrous clodronate
disodium; 125 mg of clodronate disodium tetrahydrate
is equivalent to about 100 mg of anhydrous substance. 
Clodronate is given by slow intravenous infusion, di-
luted in sodium chloride 0.9% or glucose 5%, or orally,
as a single daily dose or in 2 divided doses; food should
be avoided for at least 1 hour before or 1 hour after an
oral dose. Clodronate disodium is available in capsules
of 400 mg and standard tablets of 800 mg. Tablets of
clodronate disodium 520 mg are also available in some
countries, and have a greater bioavailability than the
capsules or standard tablets; one such tablet of clodro-
nate disodium 520 mg is equivalent to about two cap-
sules each containing clodronate disodium 400 mg or
one 800-mg standard tablet (but see Bioavailability,
above). 
In the management of osteolytic lesions, hypercal-
caemia, and bone pain associated with skeletal
metastases in patients with breast cancer or multiple
myeloma, clodronate disodium 1.6 g daily (4 capsules
or 2 standard tablets) is given orally, and may be in-
creased if necessary to a maximum of 3.2 g daily. Al-
ternatively a dose of 1.04 g (2 tablets) daily, increased
if necessary up to 2.08 g daily, may be given as en-
hanced bioavailability tablets. 
In hypercalcaemia of malignancy clodronate diso-
dium is given by intravenous infusion over not less
than 2 hours in a dose of 300 mg in 500 mL of infusion
solution daily on successive days until normocalcae-
mia is achieved (usually within 5 days); duration of
treatment should not exceed 10 days. Alternatively, it
may be given as a single intravenous infusion of 1.5 g
in 500 mL of infusion solution over a period of 4 hours.
Once serum-calcium concentrations have been re-
duced to an acceptable level, maintenance therapy may
be given orally in similar doses to those used for initial
oral treatment of metastases. If hypercalcaemia recurs,
the intravenous dose may be repeated.
◊ General references.
1. Plosker GL, Goa KL. Clodronate: a review of its pharmacologi-

cal properties and therapeutic efficacy in resorptive bone dis-
ease. Drugs 1994; 47: 945–82. 

2. Kanis JA, McCloskey EV. Clodronate. Cancer 1997; 80 (suppl):
1691–5. 

3. Brandi ML. Impiego del clodronato nei disordini del metabolis-
mo minerale: stato dell’arte nell’anno 2000. Minerva Med 2001;
92: 251–68. 

4. Dando TM, Wiseman LR. Clodronate: a review of its use in the
prevention of bone metastases and the management of skeletal
complications associated with bone metastases in patients with
breast cancer. Drugs Aging 2004; 21: 949–62.

Administration. In Italy, clodronate is also used intramuscu-
larly.1,2 The usual dose for maintenance therapy of hypercalcae-
mia is 100 mg daily for 2 to 3 weeks; in the prevention and treat-
ment of postmenopausal osteoporosis, 100 mg is given every 7
to 14 days. However, injection into the gluteal muscle caused lo-
cal hardening; severe pain at the injection site may limit pro-
longed use of this route.1 In Canada, clodronate has been given
subcutaneously in doses of 1500 mg in 50 to 250 mL of infusion
solution over 2 to 3 hours, to treat hypercalcaemia associated
with malignancy. The chest and abdomen were the sites most fre-
quently used; pain was the most common adverse effect.3
1. Rossini M, et al. Intramuscular clodronate therapy in postmeno-

pausal osteoporosis. Bone 1999; 24: 125–9. 
2. Filipponi P, et al. Intermittent versus continuous clodronate ad-

ministration in postmenopausal women with low bone mass.
Bone 2000; 26: 269–74. 

3. Roemer-Bécuwe C, et al. Safety of subcutaneous clodronate and
efficacy in hypercalcaemia of malignancy: a novel route of ad-
ministration. J Pain Symptom Manage 2003; 26: 843–8.

Administration in renal impairment. A pharmacokinetic
study1 found that renal clearance of intravenous clodronate was
highly dependent on renal function. While recommending cau-
tion in interpreting these results for patients with malignancy or
severe bone disease, the authors recommended the following
dose adjustments based on creatinine clearance (CC): 
• CC 50 to 80 mL/minute: up to 25% reduction in dose 
• CC 12 to 49 mL/minute: 25 to 50% dose reduction 
• CC less than 12 mL/minute: 50% dose reduction 
However, some manufacturers recommend that intravenous in-
fusion of clodronate should be avoided in patients with moderate
to severe renal impairment (serum creatinine greater than
440 micromoles/litre). Others recommend, where multiple infu-
sions are given, adjustment according to creatinine clearance
(CC) as follows: 
• mild renal impairment (CC 50 to 80 mL/minute): 25% reduc-

tion in dose 
• moderate renal impairment (CC 10 to 50 mL/minute): 25 to

50% dose reduction 
• severe impairment (CC below 10 mL/minute): contra-indicat-

ed 
For the oral route the following adjustments may be made: 
• CC between 10 and 30 mL/minute: 50% dose reduction 
• CC below 10 mL/minute (or serum creatinine greater than

440 micromoles/litre): contra-indicated
1. Saha H, et al. Pharmacokinetics of clodronate in renal failure. J

Bone Miner Res 1994; 9: 1953–8.

Complex regional pain syndrome. Osteoporosis is one of
the features of complex regional pain syndrome (p.6). Bisphos-
phonates may be of benefit in controlling associated pain in some
patients. In a small study,1 intravenous clodronate 300 mg daily
for 10 days significantly improved pain, tenderness, swelling,
and motion compared with placebo.
1. Varenna M, et al. Intravenous clodronate in the treatment of re-

flex sympathetic dystrophy syndrome: a randomized, double
blind, placebo controlled study. J Rheumatol 2000; 27: 1477–83.

Hypercalcaemia. Bisphosphonates are the preferred drugs for
treating hypercalcaemia of malignancy (p.1083) once the patient
has been adequately rehydrated. Clodronate has been shown to
be effective1-4 in the treatment of malignant hypercalcaemia. A
small dose-response study3 found low-dose clodronate for mild
cases to be as effective as high-dose clodronate for moderate to
severe cases of tumour-induced hypercalcaemia.
1. O’Rourke NP, et al. Effective treatment of malignant hypercal-

caemia with a single intravenous infusion of clodronate. Br J
Cancer 1993; 67: 560–3. 

2. Elomaa I, Blomqvist C. Clodronate and other bisphosphonates as
supportive therapy in osteolysis due to malignancy. Acta Oncol
1995; 34: 629–36. 

3. Shah S, et al. Is there a dose response relationship for clodronate
in the treatment of tumour induced hypercalcaemia? Br J Cancer
2002; 86: 1235–7. 

4. Roemer-Bécuwe C, et al. Safety of subcutaneous clodronate and
efficacy in hypercalcaemia of malignancy: a novel route of ad-
ministration. J Pain Symptom Manage 2003; 26: 843–8.

Malignant neoplasms of the bone. Bisphosphonates are of
benefit in some patients with metastatic bone disease (p.660) not
only to manage bone pain and hypercalcaemia, but to reduce
skeletal complications such as fractures. Clodronate is licensed
for such use in many countries. Studies in breast cancer patients
with bone metastases found that clodronate reduced the inci-
dence of fractures,1,2 and delayed the time to onset of new bone
events.2,3 Whether bisphosphonates can prevent the develop-
ment of new skeletal metastases is unclear. Results of studies us-
ing clodronate to reduce skeletal metastases in women with
breast cancer have been conflicting,1,4-6 and one study in women
with node-positive disease actually suggested an increase in con-
comitant visceral metastases.5 Overall, the studies appeared lim-
ited by duration, and further data are needed.7 In a trial of patients
with multiple myeloma,8 oral clodronate was found to slow the
progression of skeletal disease, especially in those patients with
less overt disease at diagnosis; the authors suggested starting
clodronate early in the course of the disease.
1. Kanis JA, et al. Clodronate decreases the frequency of skeletal

metastases in women with breast cancer. Bone 1996; 19: 663–7. 

2. Kristensen B, et al. Oral clodronate in breast cancer patients with
bone metastases: a randomized study. J Intern Med 1999; 246:
67–74. 

3. Tubiana-Hulin M, et al. Essai comparatif randomisé en double
aveugle clodronate oral 1600 mg/j versus placebo chez des pa-
tientes avec métastases osseuses de cancer du sein: double-blind-
ed controlled study comparing clodronate versus placebo in pa-
tients with breast cancer bone metastases. Bull Cancer 2001; 88:
701–7. 

4. Diel IJ, et al. Reduction in new metastases in breast cancer with
adjuvant clodronate treatment. N Engl J Med 1998; 339: 357–63. 

5. Saarto T, et al. Adjuvant clodronate treatment does not reduce
the frequency of skeletal metastases in node-positive breast can-
cer patients: 5-year results of a randomized controlled trial. J
Clin Oncol 2001; 19: 10–17. 

6. Powles T, et al. Randomized, placebo-controlled trial of clodro-
nate in patients with primary operable breast cancer. J Clin On-
col 2002; 20: 3219–24. 

7. Hurst M, Noble S. Clodronate: a review of its use in breast can-
cer. Drugs Aging 1999; 15: 143–67. 

8. McCloskey EV, et al. A randomized trial of the effect of clodro-
nate on skeletal morbidity in multiple myeloma. Br J Haematol
1998; 100: 317–25.

Osteogenesis imperfecta. Clodronate has been reported to
be of benefit in a boy with osteogenesis imperfecta (p.1083) type
I. Starting at 13 ⁄  years old he was given oral clodronate 400 mg
daily for 5 years, and sustained no new low-trauma fractures dur-
ing this time. Treatment was stopped for 8 months, but bone min-
eral density remained below normal limits. Clodronate was re-
started at 800 mg daily and given with no untoward effects, until
the patient was 22 years old, 8 years after initial referral.1
1. Ashford RU, et al. Oral clodronate as treatment of osteogenesis

imperfecta. Arch Dis Child 2003; 88: 945.

Osteoporosis. Bisphosphonates are used for the prevention
and treatment of osteoporosis (p.1084). Clodronate is licensed
for this use in some countries. Studies of its use in daily oral dos-
es, or intermittent intravenous infusions,1 or intramuscular injec-
tions (at 7-, 10- or 14-day intervals)1,2 found increases in bone
mineral density at various sites in postmenopausal women with
osteoporosis or low bone mass. A large study3 in postmenopau-
sal women with vertebral osteopenia found that oral clodronate
800 mg daily prevented bone loss in the lumbar spine and femo-
ral trochanter, but not the femoral neck; this dose has been shown
to reduce vertebral fracture risk in women with postmenopausal
or secondary osteoporosis.4 The risk of vertebral fractures was
also reduced in patients with arthritis receiving corticosteroids,
who were given intramuscular clodronate once weekly.5 Oral
clodronate may be of benefit in reducing bone loss after heart
transplantation,6 but the benefits of intravenous clodronate in a
small prospective study in patients receiving parenteral nutrition
(who are at high risk of osteoporosis) were uncertain.7
1. Filipponi P, et al. Intermittent versus continuous clodronate ad-

ministration in postmenopausal women with low bone mass.
Bone 2000; 26: 269–74. 

2. Rossini M, et al. Intramuscular clodronate therapy in postmeno-
pausal osteoporosis. Bone 1999; 24: 125–9. 

3. Välimäki MJ, et al. Prevention of bone loss by clodronate in ear-
ly postmenopausal women with vertebral osteopenia: a dose-
finding study. Osteoporosis Int 2002; 13: 937–47. 

4. McCloskey E, et al. Clodronate reduces vertebral fracture risk in
women with postmenopausal or secondary osteoporosis: results
of a double-blind, placebo-controlled 3-year study. J Bone Miner
Res 2004; 19: 728–36. 

5. Frediani B, et al. Effects of 4-year treatment with once-weekly
clodronate on prevention of corticosteroid-induced bone loss and
fractures in patients with arthritis: evaluation with dual-energy
X-ray absorptiometry and quantitative ultrasound. Bone 2003;
33: 575–81. 

6. Ippoliti G, et al. Clodronate treatment of established bone loss in
cardiac recipients: a randomized study. Transplantation 2003;
75: 330–4. 

7. Haderslev KV, et al. Effect of cyclical intravenous clodronate
therapy on bone mineral density and markers of bone turnover in
patients receiving home parenteral nutrition. Am J Clin Nutr
2002; 76: 482–8.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease. A
review1 of clodronate stated that oral doses of 800 to 1600 mg
daily were effective in reducing bone turnover in patients with
Paget’s disease, and that remission after stopping was longer
with the higher dose. Duration of therapy also appears to affect
response;1 longer treatment was associated with a longer time to
relapse.2 Short-term intravenous clodronate (300 mg daily for 5
to 10 days) has also been found to reduce biochemical markers
of bone turnover, and sustain remission for up to 1 year.1,3

1. Plosker GL, Goa KL. Clodronate: a review of its pharmacologi-
cal properties and therapeutic efficacy in resorptive bone dis-
ease. Drugs 1994; 47: 945–82. 

2. Khan SA, et al. Duration of response with oral clodronate in
Paget’s disease of bone. Bone 1996; 18: 185–90. 

3. Broggini M, et al. Short courses of intravenous clodronate in the
treatment of Paget’s disease of bone: a long-term follow-up trial.
Int J Clin Pharmacol Res 1993; 13: 301–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Bonefos; Austria: Ascredar; Bonefos; Lodronat; Belg.: Bonefos;
Ostac†; Braz.: Bonefos; Ostac; Canad.: Bonefos; Ostac; Chile: Lodronat†;
Cz.: Bonefos; Lodronat; Denm.: Bonefos; Fin.: Bonefos; Fr.: Clastoban;
Lytos; Ger.: Bonefos; Clodron; Clodron beta; Ostac; Gr.: Bonefos; Ostac;
Hong Kong: Bonefos; Ostac; Hung.: Bonefos; Lodronat†; Indon.: Bone-
fos; Irl.: Bonefos; Loron; Israel: Bonefos; Ostac; Ital.: Clasteon; Climaclod;
Clodeosten; Clodron; Clody; Difosfonal; Dolkin†; Moticlod; Niklod; Ossiten;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Osteonorm; Osteostab; Malaysia: Bonefos; Mex.: Bonefos; Neth.:
Bonefos; Ostac; Norw.: Bonefos; Philipp.: Bonefos; Pol.: Bonefos; Sindro-
nat; Port.: Bonefos; Ostac; Rus.: Bonefos (Бонефос); S.Afr.: Bonephos;
Ostac†; Singapore: Bonefos; Spain: Bonefos; Hemocalcin†; Mebonat†;
Swed.: Bonefos; Ostac; Switz.: Bonefos; Ostac; Thai.: Bonefos; Turk.:
Bonefos; UK: Bonefos; Clasteon; Loron.

Denosumab (USAN, rINN)

AMG-162; Dénosumab; Denosumabum.

Денозумаб
CAS — 615258-40-7.

Profile
Denosumab is a human monoclonal antibody that specifically
targets the receptor activator of nuclear factor-kappa B ligand
(RANKL), a mediator of the resorptive phase of bone remodel-
ling. Denosumab is under investigation for various conditions,
including osteoporosis, treatment-induced bone loss, rheumatoid
arthritis, bone metastases, and multiple myeloma.
◊ References.
1. Lewiecki EM. RANK ligand inhibition with denosumab for the

management of osteoporosis. Expert Opin Biol Ther 2006; 6:
1041–50. 

2. Body J-J, et al. A study of the biological receptor activator of
nuclear factor-kappaB ligand inhibitor, denosumab, in patients
with multiple myeloma or bone metastases from breast cancer.
Clin Cancer Res 2006; 12: 1221–8. 

3. McClung MR, et al. Denosumab in postmenopausal women with
low bone mineral density. N Engl J Med 2006; 354: 821–31. 

4. Hamdy NA. Targeting the RANK/RANKL/OPG signaling path-
way: a novel approach in the management of osteoporosis. Curr
Opin Investig Drugs 2007; 8: 299–303. 

5. Lewiecki EM, et al. AMG 162 Bone Loss Study Group. Two-
year treatment with denosumab (AMG 162) in a randomized
phase 2 study of postmenopausal women with low BMD. J Bone
Miner Res 2007; 22: 1832–41. 

6. Lipton A, et al. Randomized active-controlled phase II study of
denosumab efficacy and safety in patients with breast cancer-re-
lated bone metastases. J Clin Oncol 2007; 25: 4431–7. 

7. Bone HG, et al. Effects of denosumab on bone mineral density
and bone turnover in postmenopausal women. J Clin Endocrinol
Metab 2008; 93: 2149–57. 

8. Cohen SB, et al. Denosumab Rheumatoid Arthritis Study Group.
Denosumab treatment effects on structural damage, bone miner-
al density, and bone turnover in rheumatoid arthritis: a twelve-
month, multicenter, randomized, double-blind, placebo-control-
led, phase II clinical trial. Arthritis Rheum 2008; 58: 1299–1309. 

9. Miller PD, et al. Effect of denosumab on bone density and turn-
over in postmenopausal women with low bone mass after long-
term continued, discontinued, and restarting of therapy: a rand-
omized blinded phase 2 clinical trial. Bone 2008; 43: 222–9.

Etidronate
ATC — M05BA01.
ATC Vet — QM05BA01.

Etidronic Acid (BAN, USAN, rINN)

Acide Étidronique; Ácido etidrónico; Acidum Etidronicum; Etid-
ronihappo; Etidronsyra. 1-Hydroxyethylidenedi(phosphonic ac-
id).

Этидроновая Кислота
C2H8O7P2 = 206.0.
CAS — 2809-21-4.
ATC — M05BA01.
ATC Vet — QM05BA01.

Etidronate Disodium (USAN, rINNM)

Dinatrii etidronas; Dinatriumetidronaatti; Dinatriumetidronat;
Dinatrium-etidronát; Disodium Etidronate (BANM); Disodu etyd-
ronian; Disodyum Etidronat; EHDP; Etidronas Dinatricum; Étid-
ronate disodique; Etidronate Disodique; Etidronato disódico.
Disodium dihydrogen (1-hydroxyethylidene)diphosphonate.

Динатрий Этидронат
C2H6Na2O7P2 = 250.0.
CAS — 7414-83-7.
ATC — M05BA01.
ATC Vet — QM05BA01.

NOTE. Other etidronic acid sodium salts are designated as etidro-
nate monosodium, etidronate trisodium, and etidronate tetraso-
dium. The name etidronate sodium is used only in Martindale
where the salt cannot be identified more precisely.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Etidronate Disodium). A white or yellowish, hy-
groscopic powder. Freely soluble in water; practically insoluble
in alcohol and in acetone. A 1% solution in water has a pH of 4.2
to 5.2. Store in airtight containers. 
USP 31 (Etidronate Disodium). A white powder that may con-
tain lumps. Freely soluble in water; practically insoluble in alco-
hol. Store in airtight containers. pH of a 1% solution in water is
between 4.2 and 5.2.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. Unlike
the newer bisphosphonates etidronate produces
marked impairment of bone mineralisation at high
therapeutic doses. An increase in bone pain may occur
in patients with Paget’s disease. Impairment of bone
mineralisation may result in osteomalacia, and frac-
tures have been reported. If a fracture occurs etidronate
should be stopped until healing is complete. Hyper-
phosphataemia may occur, usually at high doses, but
generally resolves 2 to 4 weeks after the end of therapy.
There have been reports of paraesthesias, peripheral
neuropathy, and confusion. Burning of the tongue, alo-
pecia, erythema multiforme, and exacerbation of asth-
ma have occurred rarely. Transient loss or alteration of
taste has been reported mainly during and after intrave-
nous infusion.
Effects on the blood. For a report of pancytopenia caused by
etidronate therapy, see Effects on the Skin, below.
Effects on the ears. Ototoxicity, manifest as tinnitus and hear-
ing loss, has been reported1 in 2 patients given etidronate for os-
teoporosis; both patients had pre-existing otosclerosis and the au-
thors recommended that those with ear pathology be monitored
audiometrically when given bisphosphonates.
1. Yeşil S, et al. Further hearing loss during osteoporosis treatment

with etidronate. Postgrad Med J 1998; 74: 363–4.

Effects on the eyes. For reports of ocular effects associated
with the bisphosphonates, including etidronate, see under Bis-
phosphonates, p.1090.
Effects on the gastrointestinal tract. Oral etidronate was
not associated with an increased incidence of upper gastrointes-
tinal problems in a retrospective cohort study.1 There was also no
evidence of an increased incidence of gastrointestinal effects
when given with NSAIDs or corticosteroids. Similarly, another
large cohort study found no increased risk of peptic ulcer disease
associated with the use of cyclical etidronate.2 However,
oesophageal ulceration has been reported with daily etidro-
nate;3,4 in one case possibly associated with incorrect use,3 and in
another, complicated by prior use of diclofenac, and a history of
gastro-oesophageal reflux disease.4
1. van Staa T, et al. Upper gastrointestinal adverse events and cy-

clical etidronate. Am J Med 1997; 103: 462–7. 
2. Burger H, et al. Cyclical etidronate use is not associated with

symptoms of peptic ulcer disease. Eur J Clin Pharmacol 2000;
56: 319–22. 

3. Macedo G, et al. Ulcerative esophagitis caused by etidronate.
Gastrointest Endosc 2001; 53: 250–1. 

4. Maroy B. Ulcère géant de l’œsophage probablement dû à la prise
d’étidronate. Gastroenterol Clin Biol 2001; 25: 917–18.

Effects on the kidneys. Bisphosphonates are excreted by the
kidneys, thus caution is advised in patients with renal impair-
ment. When given by intravenous infusion for the treatment of
hypercalcaemia of malignancy they have been reported to affect
renal function adversely; hypercalcaemia or malignancy may
also have contributed. For reports of renal failure associated with
etidronate see under Bisphosphonates, p.1091.
Effects on mental state. Sensory hallucinations and confu-
sion were reported in an elderly woman given daily etidronate
for a week. Symptoms resolved on stopping the drug and re-
curred on rechallenge.1 Mood disturbances, lack of concentra-
tion, and memory impairment were also reported in 3 patients
receiving longer-term cyclical treatment; symptoms again
diminished on stopping etidronate and reappeared after rechal-
lenge.2
1. Burnet SP, Petrie JP. ‘Wake up and smell the roses’—a drug re-

action to etidronate. Aust N Z J Med 1999; 29: 93. 
2. Wolffenbuttel BHR, van der Klauw MM. Psychische bijwerkin-

gen van behandeling met bisfosfonaten. Ned Tijdschr Geneeskd
2003; 147: 35–7.

Effects on the respiratory system. For a report of broncho-
spasm induced by etidronate in an aspirin-sensitive asthmatic,
see p.1091. For a report of fatal cardiorespiratory failure second-
ary to acute respiratory distress syndrome caused by etidronate,
see Effects on the Skin, below.
Effects on the skin. A 47-year old woman with a history of
auto-immune rheumatic disease developed toxic epidermal
necrolysis, pancytopenia, and acute respiratory distress syn-
drome 7 days after starting etidronate for osteoporosis; she died

of cardiorespiratory failure, secondary to the acute respiratory
distress syndrome, despite aggressive supportive measures.1
1. Coakley G, Isenberg DA. Toxic epidermal necrolysis, pancyto-

penia and adult respiratory syndrome. Br J Rheumatol 1995; 34:
798.

Hypersensitivity. Allergic reactions to bisphosphonates do
occur but appear to be rare (see p.1091).

Interactions
As for the bisphosphonates in general, p.1091.
Anti-inflammatory drugs. For a lack of apparent interaction
between cyclical etidronate and corticosteroids or NSAIDs see
under Effects on the Gastrointestinal Tract, above.

Pharmacokinetics
After oral doses of etidronate, absorption is variable
and appears to be dose dependent. At usual doses about
1 to 6% of a dose is absorbed. Absorption is reduced by
food, especially by products containing calcium or oth-
er polyvalent cations. Etidronate is rapidly cleared
from the blood and has been reported to have a plasma
half-life of 1 to 6 hours. It is not metabolised. About
50% is excreted in the urine within 24 hours, the re-
mainder being sequestered to bone and slowly elimi-
nated. The half-life of etidronate in bone exceeds 90
days. Unabsorbed etidronate appears in the faeces.

Uses and Administration
Etidronate is a bisphosphonate with general properties
similar to those of the other bisphosphonates (p.1091).
It inhibits the growth and dissolution of hydroxyapatite
crystals in bone and may also directly impair osteoclast
activity. It diminishes bone resorption and thus reduces
bone turnover. 
Etidronate is used as an adjunct in the treatment of se-
vere hypercalcaemia, especially when associated with
malignancy. It is also given in bone disorders in which
excessive bone resorption is a problem, such as Paget’s
disease of bone and osteoporosis. In addition, it may be
used for the prevention and treatment of ectopic (heter-
otopic) ossification. A chelate of etidronate with radio-
active technetium-99m (p.2055) is used diagnostically
as a bone scanning agent and a similar compound with
rhenium-186 for the palliation of bone metastases in
prostate cancer (see below). 
Etidronate is given as the disodium salt, by intravenous
infusion over at least 2 hours, or orally, usually as a sin-
gle daily dose. Food should be avoided for 2 hours be-
fore and after oral doses. 
In the treatment of Paget’s disease, etidronate diso-
dium is given orally in a usual initial dose of 5 mg/kg
daily for not more than 6 months. Doses above
10 mg/kg daily should be reserved for severe disease
and should not be given for more than 3 months at a
time. The maximum dose is 20 mg/kg daily. The re-
sponse to etidronate may be slow in onset and may
continue for several months after stopping therapy.
Therefore, further treatment should only be given after
a drug-free interval of at least 3 months and after evi-
dence of relapse; it should not be given for longer than
the initial treatment. 
In the treatment of hypercalcaemia of malignancy the
recommended dose of etidronate disodium by slow in-
travenous infusion is 7.5 mg/kg daily for 3 successive
days, although infusions may be continued for up to 7
days if necessary. This daily dose should be diluted in
at least 250 mL of sodium chloride 0.9% and infused
over at least 2 hours. There should be at least a 7-day
interval between courses of treatment. Once serum-
calcium concentrations have been reduced to an ac-
ceptable level, maintenance therapy with oral etidro-
nate disodium 20 mg/kg daily for 30 days may be start-
ed on the day after the last intravenous dose; treatment
may be extended to a maximum of 90 days. 
For the prevention and treatment of ectopic ossifica-
tion complicating hip replacement etidronate disodium
has been given orally in a dose of 20 mg/kg daily for 1
month before and 3 months after the operation. For ec-
topic ossification due to spinal cord injury it has been
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given in a dose of 20 mg/kg daily for 2 weeks followed
by 10 mg/kg daily for 10 weeks. 
For the treatment of osteoporosis, the prevention of
bone loss in postmenopausal women, and the preven-
tion and treatment of corticosteroid-induced osteo-
porosis, etidronate is given in an intermittent or cycli-
cal regimen with a calcium salt; oral etidronate
disodium 400 mg is given daily for 14 days followed
by the equivalent of 500 mg of elemental calcium
orally for 76 days. Treatment has continued for 3 years
in most patients; a small number of patients have been
successfully treated for up to 7 years. The optimum
duration of treatment has not been established.
Administration in renal impairment. Some manufacturers
have recommended that etidronate disodium should not be given
intravenously to patients with serum-creatinine concentrations
greater than 50 mg/litre, and that doses may need to be reduced
in those with concentrations between 25 and 49 mg/litre. Re-
duced oral doses are similarly recommended in mild renal im-
pairment, and avoidance in moderate to severe impairment.
Ectopic ossification. Bisphosphonates that inhibit bone miner-
alisation such as etidronate have been used to prevent ectopic os-
sification (p.100). Some studies, using higher and more pro-
longed dosage (20 mg/kg daily by mouth for 6 months) than is
generally recommended for treatment after spinal cord injury,
have suggested that this may improve effectiveness.1,2 Etidronate
has also been used to treat calciphylaxis and vascular and soft-
tissue calcification associated with haemodialysis.3-5

1. Banovac K, et al. Treatment of heterotopic ossification after spi-
nal cord injury. J Spinal Cord Med 1997; 20: 60–65. 

2. Banovac K. The effect of etidronate on late development of het-
erotopic ossification after spinal cord injury. J Spinal Cord Med
2000; 23: 40–4. 

3. Hashiba H, et al. Inhibition of the progression of aortic calcifi-
cation by etidronate treatment in hemodialysis patients: long-
term effects. Ther Apher Dial 2006; 10: 59–64. 

4. Shiraishi N, et al. Successful treatment of a patient with severe
calcific uremic arteriolopathy (calciphylaxis) by etidronate diso-
dium. Am J Kidney Dis 2006; 48: 151–4. 

5. Mori H, et al. Etidronate for the treatment of progressive tumoral
calcinosis in hemodialysis patients. Intern Med 2007; 46:
1485–6.

Hypercalcaemia. Bisphosphonates (including etidronate al-
though other bisphosphonates may be more suitable) are the pre-
ferred drugs for treating hypercalcaemia of malignancy (p.1083)
once the patient has been adequately rehydrated. 
There are reports of response1-3 to etidronate 5 mg/kg twice daily
by mouth in the treatment of hypercalcaemia associated with
subcutaneous fat necrosis of the newborn refractory to standard
treatment.
1. Rice AM, Rivkees SA. Etidronate therapy for hypercalcemia in

subcutaneous fat necrosis of the newborn. J Pediatr 1999; 134:
349–51. 

2. Wiadrowski TP, Marshman G. Subcutaneous fat necrosis of the
newborn following hypothermia and complicated by pain and
hypercalcaemia. Australas J Dermatol 2001; 42: 207–10. 

3. Trullemans B, et al. Etidronate per os dans le cadre d’une hyper-
calcémie secondaire à une cytostéatonécrose compliquée de né-
phrocalcinose. Arch Pediatr 2007; 14: 170–2.

Malignant neoplasms of the bone. Bisphosphonates are of
benefit in some patients with metastatic bone disease (p.660).
Etidronate, labelled with rhenium-186 or its isotope rhenium-
188, is used for the palliation of painful bone metastases of pros-
tate,1,2 breast,3,4 lung,4,5 and various other cancers.4
1. Han SH, et al. The Placorhen study: a double-blind, placebo-

controlled, randomized radionuclide study with Re-etidronate
in hormone-resistant prostate cancer patients with painful bone
metastases. J Nucl Med 2002; 43: 1150–6. 

2. Liepe K, et al. Therapeutic efficiency of rhenium-188-HEDP in
human prostate cancer skeletal metastases. Br J Cancer 2003;
89: 625–9. 

3. Sciuto R, et al. Metastatic bone pain palliation with 89-Sr and
186-Re-HEDP in breast cancer patients. Breast Cancer Res Treat
2001; 66: 101–9. 

4. Li S, et al. Rhenium-188 HEDP to treat painful bone metastases.
Clin Nucl Med 2001; 26: 919–22. 

5. Zhang H, et al. Rhenium-188-HEDP therapy for the palliation of
pain due to osseous metastases in lung cancer patients. Cancer
Biother Radiopharm 2003; 18: 719–26.

Osteoporosis. Bisphosphonates are used in the prevention and
treatment of osteoporosis (p.1084). Etidronate is used in a cycli-
cal regimen for both the treatment and prevention of postmeno-
pausal osteoporosis. It increases bone mineral density (BMD),
largely in the lumbar spine and femoral neck, and reduces the
risk of vertebral fractures,1,2 but not non-vertebral fractures.2 Ad-
ditive effects on BMD have been found when etidronate was
used with oestrogen.1 Etidronate also prevents bone loss and
maintains or increases BMD in corticosteroid-induced oste-
oporosis,1,3 and has shown some benefit in reducing bone loss
after organ transplantation.1 In an uncontrolled study4 in men
with idiopathic vertebral osteoporosis, cyclical etidronate in-
creased BMD at the lumbar spine.
1. Hanley DA, et al. Etidronate therapy in the treatment and pre-

vention of osteoporosis. J Clin Densitom 2000; 3: 79–95. 

2. Wells GA, et al. Etidronate for the primary and secondary pre-
vention of osteoporotic fractures in postmenopausal women.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2008 (accessed 15/04/08). 

3. Adachi JD, et al. A pooled data analysis on the use of intermit-
tent cyclical etidronate therapy for the prevention and treatment
of corticosteroid induced bone loss. J Rheumatol 2000; 27:
2424–31. 

4. Anderson FH, et al. Effect of intermittent cyclical disodium etid-
ronate therapy on bone mineral density in men with vertebral
fractures. Age Ageing 1997; 26: 359–65.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease. Initial
experience was with etidronate, but bisphosphonates that have
less effect on bone mineralisation may be preferred. In studies,
alendronate1 and risedronate2 were found to be more effective
than etidronate.
1. Siris E, et al. Comparative study of alendronate versus etidronate

for the treatment of Paget’s disease of bone. J Clin Endocrinol
Metab 1996; 81: 961–7. 

2. Miller PD, et al. A randomized, double-blind comparison of rise-
dronate and etidronate in the treatment of Paget’s disease of
bone. Am J Med 1999; 106: 513–20.

Preparations
USP 31: Etidronate Disodium Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Difosfen; Austral.: Didronel; Austria: Detidron; Didronel; Belg.:
Didronel†; Osteodidronel; Canad.: Didronel; Chile: Osteotop†; Denm.:
Didronate; Fin.: Didronate; Fr.: Didronel; Ger.: Didronel; Diphos; Etidron;
Gr.: Anfozan; Biotredine†; Dralen†; Etidron; Etiplus; Feminoflex; Maxibral;
Oflocin; Osfo; Ostedron; Osteodrug; Osteoton; Ostogene; Ostopor; So-
maflex†; Sterodome†; Sviroxit; Tilferan†; Hong Kong: Didronel†; India:
Dronate-OS; Irl.: Didronel; Israel: Didronel; Ital.: Didronel†; Etidron; Jpn:
Didronel; Neth.: Didronel; NZ: Didronel; Etidrate; Pol.: Ostedron; Port.:
Didronel†; Singapore: Difosfen; Spain: Difosfen; Osteum; Swed.: Didro-
nate; Etidrel; Switz.: Didronel; Thai.: Difosfen; Turk.: Didronat; UK: Did-
ronel; USA: Didronel.
Multi-ingredient: Arg.: Emoform Total; Squam; Austral.: Didrocal; Ca-
nad.: Didrocal; Denm.: Didronate Calcium; Fin.: Didronate + Calcium;
Ger.: Didronel Kit; Etidron Kombi; Irl.: Didronel PMO; Neth.: Didrokit;
Norw.: Didronate + Calsium; Swed.: Didronate + Calcium; Etidrel Kit; UK:
Didronel PMO; Tiloetca Combi.

Gallium Nitrate (USAN)

Galio, nitrato de; NSC-15200; WR-135675.
Ga(NO3)3,9H2O = 417.9.
CAS — 13494-90-1 (anhydrous gallium nitrate); 135886-
70-3 (gallium nitrate nonahydrate).

Adverse Effects, Treatment, and Precautions
Gallium nitrate may produce serious nephrotoxicity, especially
when given as a brief intravenous infusion; continuous infusion,
with adequate hydration, may reduce the incidence of renal dam-
age. Serum creatinine should be monitored during therapy and
treatment stopped if it exceeds 25 mg/litre. Gallium nitrate
should be given with great care and in reduced doses, if at all, to
patients with existing renal impairment. 
Gastrointestinal disturbances, rashes, metallic taste, visual and
auditory disturbances, anaemia, hypophosphataemia, and hypoc-
alcaemia have also been reported.
Effects on the nervous system. Although it has been sug-
gested, given the chemical similarity of gallium to aluminium,
that repeated doses, particularly in the presence of renal impair-
ment, might lead to severe neurotoxicity,1 studies in rats do not
provide any evidence of central neurological abnormalities.2
1. Altmann P, Cunningham J. Hazards of gallium for the treatment

of Paget’s disease of bone. Lancet 1990; 335: 477. 
2. Matkovic V, et al. Hazards of gallium for Paget’s disease of

bone. Lancet 1990; 335: 1099. Correction. ibid.; 1352.

Uses and Administration
Gallium nitrate is an inorganic metallic salt with hypocalcaemic
properties. It acts to decrease bone resorption by osteoclasts, with
a lesser and probably indirect increase in bone formation, and a
consequent decline in serum calcium. 
Gallium nitrate is used in the treatment of hypercalcaemia asso-
ciated with malignant neoplasms. It has been investigated in oth-
er disorders associated with abnormally enhanced bone turnover,
such as Paget’s disease of bone, and is under investigation in re-
fractory non-Hodgkin’s lymphoma. For the treatment of hyper-
calcaemia of malignancy doses of 100 to 200 mg/m2 may be giv-
en daily for up to 5 days, diluted in 1 litre of sodium chloride
0.9% or glucose 5% and infused intravenously over 24 hours.
Treatment may be repeated after 2 to 4 weeks, if necessary. Ad-
equate hydration before and during treatment is essential: a uri-
nary output of at least 2 litres daily should be maintained, and
renal function should be regularly monitored.
Hypercalcaemia. Gallium nitrate is used in the treatment of
hypercalcaemia of malignancy (p.1083). It appears to be effec-
tive in patients with solid tumours and increased levels of parath-
yroid-related protein.1,2

1. Chitambar CR. Gallium nitrate revisited. Semin Oncol 2003; 30
(suppl): 1–4. 

2. Leyland-Jones B. Treatment of cancer-related hypercalcemia:
the role of gallium nitrate. Semin Oncol 2003; 30 (suppl); 13–19.

Paget’s disease of bone. Beneficial results1 were reported
when gallium nitrate was given subcutaneously in doses of 250

or 500 micrograms/kg daily for 14 days to patients with ad-
vanced Paget’s disease of bone (p.1086). In this pilot multicentre
study 14 days of gallium nitrate injections were followed by 4
weeks off medication and the cycle repeated once.
1. Bockman RS, et al. A multicenter trial of low dose gallium ni-

trate in patients with advanced Paget’s disease of bone. J Clin
Endocrinol Metab 1995; 80: 595–602.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Ganite.

Ibandronate
ATC — M05BA06.
ATC Vet — QM05BA06.

Ibandronic Acid (BAN, rINN)

Acide Ibandronique; Ácido ibandrónico; Acidum Ibandronicum;
BM-21.0955; Ibandronik Asit. [1-Hydroxy-3-(methylpentylami-
no)propylidene]diphosphonic acid.
Ибандроновая Кислота
C9H23NO7P2 = 319.2.
CAS — 114084-78-5.
ATC — M05BA06.
ATC Vet — QM05BA06.

Ibandronate Sodium (USAN)

Sodium Ibandronate (BANM, rINNM); Ibandronate de Sodium;
Ibandronato sódico; Natrii Ibandronas; Natriumibandronaatti;
Natriumibandronat.
Натрий Ибандронат
C9H22NNaO7P2,H2O = 359.2.
CAS — 138926-19-9.
ATC — M05BA06.
ATC Vet — QM05BA06.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. Gas-
trointestinal symptoms such as abdominal pain, dys-
pepsia, and nausea are the most frequent adverse ef-
fects with oral ibandronate. Severe oesophageal
reactions such as oesophagitis, and ulceration have oc-
curred; patients should be advised to stop taking the
tablets and seek medical attention if they develop
symptoms such as new or worsening dysphagia, pain
on swallowing, retrosternal pain, or heartburn. Gastric
ulceration has been reported. To minimise the risk of
oesophageal reactions, precautions similar to those for
alendronate (see p.1088) should be observed. Anaemia
and bronchospasm have occurred rarely, as has taste
disturbance, paraesthesia, and uraemia. Serum calci-
um, magnesium, and phosphate should be monitored.
Hypocalcaemia should be corrected before starting
ibandronate therapy; adequate intake of calcium and
vitamin D is important. Transient fever after parenteral
use is common. Flu-like symptoms have been reported
after both parenteral and intermittent oral use, typically
after the first dose.
Effects on the musculoskeletal system. Osteonecrosis of
the jaw has been reported after the use of bisphosphonates, in-
cluding ibandronate (see Effects on the Musculoskeletal System,
under Adverse Effects of Bisphosphonates, p.1091).

Interactions
As for the bisphosphonates in general, p.1091.

Pharmacokinetics
Like other bisphosphonates, ibandronate is poorly ab-
sorbed after oral doses; absolute bioavailability is less
than 1%. Absorption is decreased by food, especially
by products containing calcium or other polyvalent
cations. Bioavailability is reduced by about 90%
when given with food, by about 30% when given half
an hour before food, and by about 75% when given
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2 hours after food. About half of the absorbed portion
is sequestered to bone; the remainder is excreted in
urine. Plasma protein binding is about 87%. Bisphos-
phonates do not appear to be metabolised, and the
unabsorbed fraction of ibandronate is excreted
unchanged in the faeces.
◊ References.
1. Bergner R, et al. Renal safety and pharmacokinetics of ibandro-

nate in multiple myeloma patients with or without impaired renal
function. J Clin Pharmacol 2007; 47: 942–50.

Uses and Administration
Ibandronate is an aminobisphosphonate (p.1089) that
is a potent inhibitor of bone resorption. It is used as the
sodium salt in hypercalcaemia of malignancy, for the
prevention of fracture and bone complications in pa-
tients with breast cancer and bone metastases, and for
the treatment and prevention of postmenopausal osteo-
porosis. 
Ibandronate sodium is given by intravenous infusion or
orally, the dose being expressed in terms of ibandronic
acid; ibandronate sodium 1.13 mg is equivalent to
about 1 mg of ibandronic acid. Specific instructions for
oral use (see Precautions in Alendronate, p.1088)
should be followed to minimise adverse effects and
permit adequate absorption. 
For hypercalcaemia of malignancy, a single intrave-
nous dose of the equivalent of 2 to 4 mg ibandronic
acid is given, up to a maximum of 6 mg; it is diluted in
500 mL of sodium chloride 0.9% or glucose 5%, and
infused over 2 hours. 
For the prevention of skeletal events in patients with
breast cancer and bone metastases, the equivalent of
6 mg ibandronic acid is given intravenously, diluted in
100 mL of sodium chloride 0.9% or glucose 5%, and
infused over at least 15 minutes. The dose is repeated
every 3 to 4 weeks. Alternatively, ibandronic acid
50 mg daily may be given orally. 
For the prevention and treatment of postmenopausal
osteoporosis, ibandronate is given orally in a usual
dose equivalent to 150 mg of ibandronic acid once
monthly on the same date each month; alternatively,
2.5 mg daily by mouth may be given. If the once-
monthly dose is missed, and the next scheduled dose is
more than 7 days away, the dose should be taken the
next morning, and the patient should then return to the
original schedule. However, if the next dose is less than
7 days away, then the patient should wait until that next
scheduled dose; 2 tablets must not be taken within the
same week. Alternatively, treatment may be given in-
travenously, in a dose equivalent to 3 mg of ibandronic
acid once every 3 months; the injection is given over
15 to 30 seconds. If the dose is missed, the injection
should be given as soon as possible; the next injection
should then be rescheduled 3 months from this injec-
tion, as it should not be given more frequently than
once every 3 months.
◊ General references.
1. Dooley M, Balfour JA. Ibandronate. Drugs 1999; 57: 101–108. 
2. Barrett J, et al. Ibandronate: a clinical pharmacological and phar-

macokinetic update. J Clin Pharmacol 2004; 44: 951–65. 
3. Anonymous. Ibandronate (Boniva): a new oral bisphosphonate.

Med Lett Drugs Ther 2005; 47: 35. 
4. Guay DR. Ibandronate, an experimental intravenous bisphos-

phonate for osteoporosis, bone metastases, and hypercalcemia of
malignancy. Pharmacotherapy 2006; 26: 655–73. 

5. Zaidi M, et al. Progression of efficacy with ibandronate: a para-
digm for the development of new bisphosphonates. Ann N Y
Acad Sci 2007; 1117: 273–82. 

6. Reginster JY, et al. Ibandronate in profile: drug characteristics
and clinical efficacy. Expert Opin Drug Metab Toxicol 2008; 4:
941–51.

Administration in renal impairment. UK and US licensed
product information for ibandronate states that the dose should
be adjusted on the basis of creatinine clearance (CC). 
When used for the prevention of skeletal events in patients with
breast cancer and bone metastases, the following oral doses are
recommended: 
• mild or moderate renal impairment (CC equal to or greater

than 30 mL/minute): no adjustment necessary 
• CC below 30 mL/minute: 50 mg once weekly 
Since a 15-minute infusion time has not been studied in cancer
patients with a CC less than 50 mL/minute, the following intra-

venous doses are recommended, to be given every 3 to 4 weeks
in a solution of sodium chloride 0.9% or glucose 5%: 
• CC equal to or greater than 50 mL/minute: no adjustment nec-

essary 
• CC less than 50 mL/minute, but equal to or greater than

30 mL/minute: 6 mg in 500 mL of infusion solution, infused
over 1 hour 

• CC less than 30 mL/minute: 2 mg in 500 mL of infusion solu-
tion, infused over 1 hour 

In patients with osteoporosis, the following recommendations
are given, for oral or intravenous use: 
• mild or moderate renal impairment (CC equal to or greater

than 30 mL/minute): no adjustment necessary 
• CC below 30 mL/minute: not recommended
Hypercalcaemia. Bisphosphonates are the preferred drugs for
treating hypercalcaemia of malignancy (p.1083) once the patient
has been adequately rehydrated. In a dose-response study,1 2 mg
of ibandronate was found to be significantly less effective than 4
or 6 mg in correcting hypercalcaemia, and response was better in
those patients with breast cancer or haematological tumours. In
comparison to pamidronate,2 ibandronate was reported to be
more effective in those patients with higher initial baseline serum
calcium; duration of response was also longer with ibandronate.
In a series of case reports, intravenous ibandronate rapidly cor-
rected hypercalcaemia and restored renal function in multiple
myeloma patients. The authors suggested that, although unli-
censed for this use, ibandronate should be considered in this pa-
tient population.3
1. Ralston SH, et al. Dose-response study of ibandronate in the

treatment of cancer-associated hypercalcaemia. Br J Cancer
1997; 75: 295–300. 

2. Pecherstorfer M, et al. Efficacy and safety of ibandronate in the
treatment of hypercalcemia of malignancy: a randomized multi-
centric comparison to pamidronate. Support Care Cancer 2003;
11: 539–47. 

3. Henrich D, et al. Ibandronate for the treatment of hypercalcemia
or nephrocalcinosis in patients with multiple myeloma and acute
renal failure: case reports. Acta Haematol (Basel) 2006; 116:
165–72.

Malignant neoplasms of the bone. Bisphosphonates are of
benefit in some patients with metastatic bone disease (p.660) not
only to manage bone pain and hypercalcaemia, but to reduce
skeletal complications such as fractures. Ibandronate is licensed
for such use in many countries. In patients with bone metastases
from breast cancer, both oral1 and intravenous2 ibandronate re-
duced the skeletal morbidity period rate (the number of 12-week
periods with new bone complications). A pilot study3 in 18 pa-
tients with skeletal metastases from various tumours, and with
bone pain insufficiently controlled with opioid analgesics, found
short-term intensive intravenous ibandronate (4 mg for 4 consec-
utive days) to significantly reduce bone pain scores; this analge-
sic effect was obtained within 7 days, and sustained for a further
5 weeks. A review4 concluded that once-monthly intravenous
dosing could aid compliance, since it can be given simultaneous-
ly with cancer therapy; the absence of any apparent renal toxicity
associated with ibandronate was a further advantage in its use in
cancer patients. 
Whether bisphosphonates can prevent the development of new
skeletal metastases is unclear.
1. Tripathy D, et al. Oral ibandronate for the treatment of metastatic

bone disease in breast cancer: efficacy and safety results from a
randomized, double-blind, placebo-controlled trial. Ann Oncol
2004; 15: 743–50. 

2. Body J-J, et al. Intravenous ibandronate reduces the incidence of
skeletal complications in patients with breast cancer and bone
metastases. Ann Oncol 2003; 14: 1399–1405. 

3. Mancini I, et al. Efficacy and safety of ibandronate in the treat-
ment of opioid-resistant bone pain associated with metastatic
bone disease: a pilot study. J Clin Oncol 2004; 22: 3587–92. 

4. McCormack PL, Plosker GL. Ibandronic acid: a review of its use
in the treatment of bone metastases of breast cancer. Drugs 2006;
66: 711–28.

Osteoporosis. Bisphosphonates are used for the prevention
and treatment of osteoporosis (p.1084). In the treatment of post-
menopausal osteoporosis, oral ibandronate in intermittent regi-
mens of 20 mg every alternate day,1 or 20 mg weekly2 has been
found to have equivalent effects on bone mineral density (BMD)
to 2.5 mg daily. Intermittent oral ibandronate (20 mg every alter-
nate day for 12 doses every 3 months) was also as effective as the
lower daily dose in reducing the incidence of osteoporotic frac-
tures in postmenopausal women.3 In the prevention of postmen-
opausal osteoporosis, both 2.5 mg daily4 and 20 mg weekly5 pre-
vented bone loss at the spine and hip. A large study comparing
three different monthly regimens with the 2.5 mg daily regimen
found them to be of similar efficacy in terms of improvement in
lumbar BMD after 1 year; 150 mg given once monthly was con-
sidered to be superior to the low-dose daily regimen.6 A review7

concluded that this unique once-monthly regime could benefit
patients by improving compliance. 
Intravenous ibandronate 2 mg given every 3 months has also
proven effective in increasing BMD in the treatment8 and
prevention9 of postmenopausal osteoporosis. A large, ran-
domised, double-blind study compared 2 intravenous regimens
(2 mg every 2 months and 3 mg every 3 months) with oral iban-
dronate 2.5 mg daily in postmenopausal women with osteoporo-
sis. After 1 year, both intravenous regimens increased lumbar
BMD scores significantly more than the oral regimen. Similar

results were obtained for proximal femoral BMD scores, except
that for femoral neck BMD, the 2-monthly regimen and daily
oral regimen were not significantly different.10 After 2 years,
these results were reported to have been maintained.11 In corti-
costeroid-induced osteoporosis, intravenous ibandronate 2 mg
every 3 months was better than daily oral alfacalcidol at reducing
vertebral fractures.12,13 Intravenous ibandronate has also shown
to be of benefit in reducing bone loss after kidney transplanta-
tion.14 A pilot study15 of intermittent ibandronate given intrave-
nously to men with severe osteoporosis significantly increased
BMD at the lumbar spine, trochanter, and femoral neck.
1. Riis BJ, et al. Ibandronate: a comparison of oral daily dosing

versus intermittent dosing in postmenopausal osteoporosis. J
Bone Miner Res 2001; 16: 1871–8. 

2. Cooper C, et al. Efficacy and safety of oral weekly ibandronate
in the treatment of postmenopausal osteoporosis. J Clin Endo-
crinol Metab 2003; 88: 4609–15. 

3. Chesnut CH, et al. Effects of oral ibandronate administered dai-
ly or intermittently on fracture risk in postmenopausal oste-
oporosis. J Bone Miner Res 2004; 19: 1241–9. 

4. McClung MR, et al. Oral daily ibandronate prevents bone loss
in early postmenopausal women without osteoporosis. J Bone
Miner Res 2004; 19: 11–18. 

5. Tankó LB, et al. Oral weekly ibandronate prevents bone loss in
postmenopausal women. J Intern Med 2003; 254: 159–67. 

6. Miller PD, et al. Monthly oral ibandronate therapy in postmen-
opausal osteoporosis: 1-year results from the MOBILE study. J
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addressing adherence: a review of oral ibandronate. Drugs
2006; 66: 1351–9. 

8. Adami S, et al. Efficacy and safety of ibandronate given by in-
travenous injection once every 3 months. Bone 2004; 34: 881–9. 

9. Stakkestad JA, et al. Intravenous ibandronate injections given
every three months: a new treatment option to prevent bone loss
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10. Delmas PD, et al. Intravenous ibandronate injections in post-
menopausal women with osteoporosis: one-year results from
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of osteoporosis. Drugs 2006; 66: 1593–1601. 

12. Ringe JD, et al. Intermittent intravenous ibandronate injections
reduce vertebral fracture risk in corticosteroid-induced oste-
oporosis: results from a long-term comparative study. Oste-
oporosis Int 2003; 14: 801–7. 

13. Ringe JD, et al. Three-month ibandronate bolus injection offers
favourable tolerability and sustained efficacy advantage over
two years in established corticosteroid-induced osteoporosis.
Rheumatology (Oxford) 2003; 42: 743–9. 

14. Grotz W, et al. Effect of ibandronate on bone loss and renal
function after kidney transplantation. J Am Soc Nephrol 2001;
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Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bandrobon; Bonviva; Elasterin; Femorel; Idena; Modifical; Austria:
Bondronat; Belg.: Bondronat; Chile: Bondronat; Bonviva; Cz.: Bondenza;
Bondronat; Bonviva; Denm.: Bondronat; Fin.: Bondronat; Bonviva; Fr.:
Bondronat; Bonviva; Ger.: Bondronat; Bonviva; Gr.: Bondronat; Bonviva;
Hong Kong: Bondronat; Hung.: Bondronat; Bonviva; Indon.: Bonviva; Irl.:
Bondronat; Bonviva; Israel: Bonat; Ital.: Bondronat; Bonviva; Malaysia:
Bonviva; Mex.: Bondronat; Neth.: Bondenza; Bondronat; Bonviva; Destara;
Norw.: Bondronat; Philipp.: Bondronat; Bonviva; Pol.: Bondronat; Bonvi-
va†; Port.: Bondenza; Bondronat; Bonviva; Rus.: Bondronat (Бондронат);
S.Afr.: Bondronat; Singapore: Bondronat; Bonviva; Spain: Bondronat;
Swed.: Bondronat; Bonviva; Switz.: Bondronat; Thai.: Bondronat; UK:
Bondronat; Bonviva; USA: Boniva.
Multi-ingredient: Arg.: Femorel Max.

Incadronate

Incadronic Acid (rINN)

Acide Incadronique; Ácido incadrónico; Acidum Incadronicum;
Cimadronic Acid; YM-175. [(Cycloheptylamino)methylene]di-
phosphonic acid.
Инкадроновая Кислота
C8H19NO6P2 = 287.2.
CAS — 124351-85-5.

Incadronate Disodium
Disodium Incadronate (rINNM); Incadronas Dinatricum; Incadro-
nate Disodique; Incadronato disódico. Disodium [(cyclohep-
tylamino)methylene]diphosphonate.
Динатрий Инкадронат
C8H17NNa2O6P2 = 331.2.
CAS — 138330-18-4.

Profile
Incadronate is an aminobisphosphonate (p.1089) that is a potent
inhibitor of bone resorption. It is given by intravenous infusion
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as incadronate disodium for hypercalcaemia of malignancy in a
dose of 10 mg over 2 to 4 hours; if necessary this dose may be
repeated at intervals of no less than 1 week. Hypocalcaemia and
hypotension may occur. Incadronate is under investigation for
the treatment of bone metastases in patients with breast cancer.

◊ References.
1. Usui T, et al. Pharmacokinetics of incadronate, a new bisphos-

phonate, in healthy volunteers and patients with malignancy-as-
sociated hypercalcemia. Int J Clin Pharmacol Ther 1997; 35:
239–44. 

2. Matsumoto T, et al. Comparative study of incadronate and elca-
tonin in patients with malignancy-associated hypercalcaemia. J
Int Med Res 2002; 30: 230–43.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Bisphonal; Philipp.: Bisphonal; Thai.: Bisphonal.

Ipriflavone (rINN)

FL-113; Ipriflavona; Ipriflavonum. 7-Isopropoxyisoflavone.

Иприфлавон
C18H16O3 = 280.3.
CAS — 35212-22-7.
ATC — M05BX01.
ATC Vet — QM05BX01.

Profile
Ipriflavone is a synthetic isoflavonoid that inhibits resorption of
bone and is available in some countries for the treatment of osteo-
porosis (p.1084). It is given orally in a dose of 200 mg three
times daily.

Osteoporosis. Despite an earlier favourable report,1 a prospec-
tive randomised controlled study in postmenopausal women
with low bone mass failed to show prevention of bone loss or
improvements in markers of bone metabolism with ipriflavone.2
There was also a significant incidence of lymphopenia with the
drug.
1. Agnusdei D, et al. Effects of ipriflavone on bone mass and bone

remodeling in patients with established postmenopausal oste-
oporosis. Curr Ther Res 1992; 51: 82–91. 

2. Alexandersen P, et al. Ipriflavone in the treatment of postmeno-
pausal osteoporosis: a randomized controlled trial. JAMA 2001;
285: 1482–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ipriosten†; Braz.: Osteoplus; Rebone; Ital.: Iprosten†; Osteofix; Jpn:
Osten.

Multi-ingredient: Indon.: Vosteon; UK: Osteopro.

Medronate

Medronic Acid (BAN, USAN, pINN)

Acid medronique; Acide Médronique; Ácido medrónico; Aci-
dum medronicum. Methylenebis(phosphonic acid).

Медроновая Кислота
CH6O6P2 = 176.0.
CAS — 1984-15-2.

Medronate Disodium (USAN, pINNM)

Disodium Medronate (BANM); Disodium Methylene Diphospho-
nate; MDP; Medronas Dinatricum; Médronate Disodique; Medr-
onato disódico. Disodium dihydrogen methylenediphosphonate.

Динатрий Медронат
CH4Na2O6P2 = 220.0.
CAS — 25681-89-4.

Profile
Medronate is a bisphosphonate with general properties similar to
those of the other bisphosphonates (p.1089). It has a strong affin-
ity for bone. Complexes of medronate disodium and stannous

chloride or fluoride, or medronic acid, stannous chloride dihy-
drate, and ascorbic acid, are labelled with radioactive techne-
tium-99m (p.2055) and used diagnostically as bone scanning
agents; they are given intravenously.

Hypersensitivity. For reference to a severe allergic reaction at-
tributed to the medronate component of a radiopharmaceutical,
see under Adverse Effects and Precautions of Bisphosphonates,
p.1091.

Minodronate

Minodronic Acid (rINN)

Acide Minodronique; Ácido minodrónico; Acidum minodroni-
cum; YH-529; YM-529. (1-Hydroxy-2-imidazo[1,2-a]pyridin-3-
ylethylidene)diphosphonic acid.

Минодроновая Кислота

C9H12N2O7P2 = 322.1.
CAS — 127657-42-5.

Profile
Minodronate is a bisphosphonate under investigation for osteo-
porosis, multiple myeloma, and bone metastases.

Neridronate

Neridronic Acid (rINN)

Acide Néridronique; Ácido neridrónico; Acidum neridronicum;
AHDP; AHHexBP; Aminohexane Diphosphonate. (6-Amino-1-
hydroxyhexylidene)diphosphonic acid.

Неридроновая Кислота

C6H17NO7P2 = 277.1.
CAS — 79778-41-9.

Neridronate Sodium (rINNM)

Natrii Neridronas; Néridronate de Sodium; Neridronato sódico.

Натрий Неридронат

Profile
Neridronate is an aminobisphosphonate with similar properties
to those of the bisphosphonates in general (p.1089). It inhibits
bone resorption and is given intravenously as the sodium salt in
the management of osteogenesis imperfecta (p.1083); it has been
used in the treatment of malignant hypercalcaemia (p.1083) and
diseases associated with excessive bone turnover such as Paget’s
disease of bone (p.1086) and osteoporosis (p.1084).

◊ References.
1. O’Rourke NP, et al. Treatment of malignant hypercalcaemia

with aminohexane bisphosphonate (neridronate). Br J Cancer
1994; 69: 914–17. 

2. Filipponi P, et al. Paget’s disease of bone: benefits of neridronate
as a first treatment and in cases of relapse after clodronate. Bone
1998; 23: 543–8. 

3. Adami S, et al. Short-term intravenous therapy with neridronate
in Paget’s disease. Clin Exp Rheumatol 2002; 20: 55–8. 

4. Adami S, et al. Intravenous neridronate in adults with osteogen-
esis imperfecta. J Bone Miner Res 2003; 18: 126–30. 

5. Braga V, et al. Intravenous intermittent neridronate in the treat-
ment of postmenopausal osteoporosis. Bone 2003; 33: 342–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Nerixia.

Olpadronate

Olpadronic Acid (rINN)

Acide Olpadronique; Ácido olpadrónico; Acidum olpadronicum;
Alpudronic Acid. [3-(Dimethylamino)-1-hydroxypropylidene]di-
phosphonic acid.

Олпадроновая Кислота

C5H15NO7P2 = 263.1.
CAS — 63132-39-8.

Olpadronate Disodium
IG-8801; Sodium Olpadronate.

C5H13NNa2O7P2 = 307.1.
CAS — 121368-58-9.

Profile
Olpadronate is an aminobisphosphonate with similar properties
to those of the bisphosphonates in general (p.1089). It has been
investigated for the treatment of Paget’s disease of bone and os-
teogenesis imperfecta.

◊ References.
1. González DC, Mautalen CA. Short-term therapy with oral olpa-

dronate in active Paget’s disease of bone. J Bone Miner Res
1999; 14: 2042–7. 

2. Soerdjbalie-Maikoe V, et al. Strontium-89 (Metastron) and the
bisphosphonate olpadronate reduce the incidence of spinal cord
compression in patients with hormone-refractory prostate cancer
metastatic to the skeleton. Eur J Nucl Med Mol Imaging 2002;
29: 494–8. 

3. Cremers SCLM, et al. Relationships between pharmacokinetics
and rate of bone turnover after intravenous bisphosphonate (ol-
padronate) in patients with Paget’s disease of bone. J Bone Miner
Res 2003; 18: 868–75. 

4. Eekhoff MEMW, et al. Determinants of induction and duration
of remission of Paget’s disease of bone after bisphosphonate (ol-
padronate) therapy. Bone 2003; 33: 831–8. 

5. Sakkers R, et al. Skeletal effects and functional outcome with
olpadronate in children with osteogenesis imperfecta: a 2-year
randomised placebo-controlled study. Lancet 2004; 363:
1427–31.

Oxidronate

Oxidronic Acid (BAN, USAN, pINN)

Acide Oxidronique; Ácido oxidrónico; Acidum Oxidronicum.
(Hydroxymethylene)diphosphonic acid.

Оксидроновая Кислота

CH6O7P2 = 192.0.
CAS — 15468-10-7.

Oxidronate Disodium (pINNM)

Disodium Oxidronate; HMDP; Oxidronas Dinatricum; Oxidro-
nate Disodique; Oxidronate Sodium; Oxidronato disódico; So-
dium Oxidronate (BANM). Disodium (hydroxymethylene)diphos-
phonate.

Динатрий Оксидронат

CH4Na2O7P2 = 236.0.
CAS — 14255-61-9.

Profile
Oxidronate is a bisphosphonate with general properties similar to
those of the other bisphosphonates (p.1089). It has a strong affin-
ity for bone. A chelate of oxidronate disodium with radioactive
technetium-99m (p.2055) is used diagnostically as a bone scan-
ning agent; it is given intravenously.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pamidronate
ATC — M05BA03.
ATC Vet — QM05BA03.

Pamidronic Acid (BAN, rINN)

Acide Pamidronique; Ácido pamidrónico; Acidum Pamidroni-
cum; Aminohydroxypropylidenebisphosphonate; APD; Pamid-
ronihappo; Pamidronsyra. 3-Amino-1-hydroxypropylidene-
bis(phosphonic acid).

Памидроновая Кислота
C3H11NO7P2 = 235.1.
CAS — 40391-99-9.
ATC — M05BA03.
ATC Vet — QM05BA03.

Pamidronate Disodium (USAN, rINNM)

Aminohydroxypropylidenebisphosphonate Disodium; CGP-
23339A; CGP-23339AE; Dinatrii pamidronas pentahydricus; Di-
natriumpamidronaattipentahydraatti; Dinatrium-pamidronát
pentahydrát; Disodium Aminohydroxypropylidenediphospho-
nate; Disodium Pamidronate (BANM); Disodu pamidronian pię-
ciowodny; Disodyum Pamidronat; Pamidronaattidinatrium; Pa-
midronas Dinatricum; Pamidronatdinatrium; Pamidronatdinatri-
umpentahydrat; Pamidronate Disodique; Pamidronate disodique
pentahydraté; Pamidronato disódico; Pamidronatum Dinatricum.
Disodium 3-amino-1-hydroxypropylidenebisphosphonate pen-
tahydrate.

Динатрий Памидронат
C3H9NNa2O7P2,5H2O = 369.1.
CAS — 109552-15-0 (pamidronate disodium pentahy-
drate); 57248-88-1 (anhydrous pamidronate disodium).
ATC — M05BA03.
ATC Vet — QM05BA03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Pamidronate Disodium Pentahydrate). A white or
almost white, crystalline powder. Soluble in water; practically
insoluble in dichloromethane. It is sparingly soluble in dilute
mineral acids and dissolves in dilute alkaline solutions. A 1.0%
solution in water has a pH of 7.8 to 8.8. 
USP 31 (Pamidronate Disodium). A white crystalline powder.
Soluble in water and in 2N sodium hydroxide; sparingly soluble
0.1N acetic acid and in 0.1N hydrochloric acid; practically insol-
uble in organic solvents. pH of a 1% solution in water is between
7.8 and 8.8. Store in airtight containers at a temperature not ex-
ceeding 30°.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. 
Fever and flu-like symptoms (sometimes accompanied
by malaise, rigors, fatigue, and flushes) are common
during intravenous infusion of pamidronate but gener-
ally resolve spontaneously. Pamidronate should not be
given by bolus injection, as severe local reactions and
thrombophlebitis have occurred. CNS effects include
agitation, confusion, dizziness, lethargy, insomnia, and
somnolence. There have been isolated cases of sei-
zures, and visual hallucinations. In addition to hypo-
calcaemia and hypophosphataemia, which are com-
mon, hypomagnesaemia or hypokalaemia may occur,
and rarely, hypernatraemia, or hyperkalaemia. Both
hypotension and hypertension have been reported.
Anaemia, thrombocytopenia, and lymphocytopenia
may occur. Bronchospasm and interstitial pneumonitis
have occurred rarely. 
Pamidronate should be used with caution in those with
cardiac disease, because of the potential for fluid over-
load, and in those who have had thyroid surgery, be-
cause of the increased risk of hypocalcaemia due to rel-
ative hypoparathyroidism. Serum electrolytes, calcium
and phosphate should be monitored during therapy,

along with renal function. Patients should be warned
against driving or operating machinery after treatment
if somnolence or dizziness occur.
Effects on the ears. Ototoxicity, manifest as tinnitus and sud-
den hearing loss, has been reported1 in 2 patients given both in-
travenous and oral pamidronate for pre-existing otosclerosis.1 A
patient given 5 pamidronate infusions for Paget’s disease devel-
oped tinnitus, vertigo, and hearing loss; the latter two symptoms
resolved over 9 months, but tinnitus persisted.2
1. Boumans LJJM, Poublon RML. The detrimental effect of amino-

hydroxypropylidene bisphosphonate (APD) in otospongiosis.
Eur Arch Otorhinolaryngol 1991; 248: 218–21. 

2. Reid IR, et al. Ototoxicity associated with intravenous bisphos-
phonate administration. Calcif Tissue Int 1995; 56: 584–5.

Effect on electrolytes. Pamidronate has precipitated severe
hypocalcaemia, resulting in tetany and paraesthesia, in 2 pa-
tients. In each case, other conditions interfered with the expected
compensatory physiological response to the hypocalcaemia.1
1. Peter R, et al. Severe hypocalcaemia after being given intrave-

nous bisphosphonate. BMJ 2004; 328: 335–6.

Effects on the eyes. For reports of ocular effects with the bis-
phosphonates, including pamidronate, see under Bisphospho-
nates, p.1090.
Effects on the gastrointestinal tract. The tolerability of pa-
midronate given orally may depend to some extent on the partic-
ular formulation. Gastrointestinal disturbances (in 21.8%) and
haematological abnormalities (in 9.4%) were the main adverse
effects associated with oral pamidronate in an open study of eld-
erly patients.1 Oesophagitis, noted earlier2 in 4 of 49 patients giv-
en a different formulation, was not reported in this study.1
1. Spivacow FR, et al. Tolerability of oral pamidronate in elderly

patients with osteoporosis and other metabolic bone diseases.
Curr Ther Res 1996; 57: 123–30. 

2. Lufkin EG, et al. Pamidronate: an unrecognised problem in gas-
trointestinal tolerability. Osteoporosis Int 1994; 4: 320–2.

Effects on the kidneys. Like other bisphosphonates (see
p.1091), pamidronate may cause adverse renal effects. UK li-
censed product information notes that there have been isolated
cases of haematuria, acute renal failure, and deterioration of pre-
existing renal disease. Renal function should be monitored dur-
ing long-term pamidronate therapy, especially in patients with
pre-existing renal disease or a predisposition to renal impair-
ment. Longer infusion times may reduce the risk of renal toxicity,
and various infusion rates have been recommended, see Uses
and Administration, below.
Effects on mental state. Palpitations, followed by visual hal-
lucinations, suicidal ideation, and clinical depression were re-
ported in an elderly man after a single infusion of pamidronate
for Paget’s disease; he had no previous psychiatric history. Treat-
ment with thioridazine reduced the frequency and effect of the
hallucinations.1
1. Foley-Nolan D, et al. Pamidronate associated hallucinations.

Ann Rheum Dis 1992; 51: 927–8.

Effects on the musculoskeletal system. Although
pamidronate appears to be a less potent inhibitor of bone miner-
alisation than etidronate, mineralisation defects have been re-
ported in patients with Paget’s disease of bone receiving pamid-
ronate.1 The resultant osteomalacia was not associated with any
adverse clinical effects. Pamidronate-induced osteopetrosis has
also been reported.2 Acute pseudogout arthritis in a woman treat-
ed with pamidronate for acute hypercalcaemia was possibly due
to deposition of calcium in the joints.3 Severe bone pain occurred
in more patients than expected when pamidronate was used for
treatment of low bone density in cystic fibrosis;4 an increase in
proinflammatory cytokines was postulated as a mechanism for
this effect.5 
Osteonecrosis of the jaw has been reported after the use of bis-
phosphonates, including pamidronate (see Effects on the Musc-
uloskeletal System, under Adverse Effects of Bisphosphonates,
p.1091).
1. Adamson BB, et al. Mineralisation defects with pamidronate

therapy for Paget’s disease. Lancet 1993; 342: 1459–60. 
2. Whyte MP, et al. Bisphosphonate-induced osteopetrosis. N Engl

J Med 2003; 349: 457–63. 
3. Malnick SDH et al. Acute pseudogout as a complication of pa-

midronate. Ann Pharmacother 1997; 31: 499–500. 
4. Haworth CS, et al. Severe bone pain after intravenous pamidro-

nate in adult patients with cystic fibrosis. Lancet 1998; 352:
1753–4. 

5. Teramoto S, et al. Increased cytokines and pamidronate-induced
bone pain in adults with cystic fibrosis. Lancet 1999; 353: 750.

Hypersensitivity. Allergic reactions to bisphosphonates are
rare. Rash and pruritus occasionally follow pamidronate infu-
sion. Mild skin rashes have also been reported in some patients
taking oral pamidronate (see also under Bisphosphonates,
p.1091).
Pregnancy. Bisphosphonates cross the placenta in animals and
humans. These drugs also persist in mineralised bone for many
years. Thus, in theory, even if use were to be avoided during
pregnancy, the fetus might still be exposed to bisphosphonates
from prior therapy released from the maternal skeleton. Further-
more, suppressed bone turnover caused by residual bisphospho-
nate might cause maternal complications during pregnancy.1
However, no adverse effects were seen during pregnancy in 2

women with osteogenesis imperfecta given intravenous pamid-
ronate before conception. One infant had transient asymptomatic
hypocalcaemia, and one had bilateral talipes equinovarus (a con-
genital deformity in which the foot turns downwards and in-
wards). No other skeletal abnormalities were noted. The authors
advised monitoring of neonatal calcium concentrations in infants
born to mothers treated with pamidronate.1 In another report of 3
women given long-term pamidronate before conception, 4
healthy infants were born with no evidence of biochemical or
skeletal abnormalities.2
1. Munns CFJ, et al. Maternal and fetal outcome after long-term

pamidronate treatment before conception: a report of two cases.
J Bone Miner Res 2004; 19: 1742–5. 

2. Chan B, Zacharin M. Maternal and infant outcome after pamid-
ronate treatment of polyostotic fibrous dysplasia and osteogene-
sis imperfecta before conception: a report of four cases. J Clin
Endocrinol Metab 2006; 91: 2017–20.

Interactions
As for the bisphosphonates in general, p.1091.

Pharmacokinetics
Plasma concentrations of pamidronate rise rapidly af-
ter the start of an intravenous infusion; the apparent
plasma half-life is 0.8 hours. Plasma protein binding is
about 54%. Pamidronate is not metabolised, and about
20 to 55% of the dose is excreted in the urine un-
changed within 72 hours; the remainder is mainly se-
questered to bone and only very slowly eliminated. Re-
nal clearance is slower in patients with severe renal
impairment and infusion rates may need to be reduced
(see below). 
Like all bisphosphonates, oral pamidronate is poorly
absorbed from the gastrointestinal tract; bioavailability
is about 1 to 3%.

Uses and Administration
Pamidronate is an aminobisphosphonate with general
properties similar to those of the other bisphosphonates
(p.1091). It inhibits bone resorption, but appears to
have less effect on bone mineralisation than etidronate
at comparable doses. 
Pamidronate is used as an adjunct in the treatment of
severe hypercalcaemia, especially when associated
with malignancy. It is also used in the treatment of os-
teolytic lesions and bone pain in multiple myeloma or
bone metastases associated with breast cancer. It may
also be of benefit in bone disorders associated with ex-
cessive bone resorption, including Paget’s disease of
bone. 
Pamidronate disodium is given by slow intravenous in-
fusion. UK licensed product information recommends
infusion at a rate not exceeding 60 mg/hour (or not ex-
ceeding 20 mg/hour in patients with established or sus-
pected renal impairment) and at a concentration not ex-
ceeding 60 mg per 250 mL of infusion solution
(sodium chloride 0.9% or glucose 5%). In the USA, the
recommended concentration of infusion and rate vary
depending on the indication. 
In hypercalcaemia of malignancy pamidronate diso-
dium is given by slow intravenous infusion in a total
dose of 15 to 90 mg according to the initial plasma-
calcium concentration. In the UK, the total dose is giv-
en as a single infusion or in divided doses over 2 to 4
days. In the USA, the total dose is given as a single
infusion, doses of 60 mg to 90 mg being given over 2
to 24 hours. Plasma-calcium concentrations generally
start declining 24 to 48 hours after a dose of pamidro-
nate with normalisation within 3 to 7 days. Treatment
may be repeated if normocalcaemia is not achieved
within this time or if hypercalcaemia recurs. 
In patients with osteolytic lesions and bone pain of
multiple myeloma or bone metastases associated with
breast cancer, pamidronate disodium may be given in
doses of 90 mg by intravenous infusion every 3 to 4
weeks. 
In the treatment of Paget’s disease the dosage regimen
in the UK is 30 mg by slow infusion once a week for 6
weeks (total dose 180 mg), or 30 mg in the first week
then 60 mg every other week for 6 weeks (total dose
210 mg). These courses may be repeated every 6
months, and the total dose increased if necessary up to
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a maximum of 360 mg. Alternatively, the dose used in
the USA is 30 mg by infusion over 4 hours, repeated on
consecutive days to a total dose of 90 mg. This course
is repeated when clinically indicated. 
Pamidronate has also been given orally.
◊ General references.
1. Coukell AJ, Markham A. Pamidronate: a review of its use in the

management of osteolytic bone metastases, tumour-induced hy-
percalcaemia and Paget’s disease of bone. Drugs Aging 1998;
12: 149–68.

Administration in renal impairment. Pharmacokinetic
studies suggest that no dosage reduction of pamidronate diso-
dium is required in patients with any degree of renal impair-
ment.1 However, UK product information currently recom-
mends that the rate of infusion be reduced to a maximum of
20 mg/hour for patients with established or suspected renal im-
pairment; use in those with severe renal impairment (creatinine
clearance less than 30 mL/minute) is not advised as clinical ex-
perience is limited.
1. Berenson JR, et al. Pharmacokinetics of pamidronate disodium

in patients with cancer with normal or impaired renal function. J
Clin Pharmacol 1997; 37: 285–90.

Complex regional pain syndrome. Osteoporosis is one of
the features of complex regional pain syndrome (p.6). Bisphos-
phonates may be of benefit in controlling associated pain in some
patients. In small studies, intravenous pamidronate 30 mg daily
for 3 days, or at 1 mg/kg daily for 1 or 3 days,1 or 60 mg daily for
3 days,2 significantly improved pain and range of movement in
cases refractory to previous treatment.
1. Maillefert JF, et al. Pooled results from 2 trials evaluating bi-

sphosphonates in reflex sympathetic dystrophy. J Rheumatol
1999; 26: 1856–7. 

2. Kubalek I, et al. Treatment of reflex sympathetic dystrophy with
pamidronate: 29 cases. Rheumatology (Oxford) 2001; 40:
1394–7.

Gaucher disease. Treatment with oral pamidronate disodium
in doses of 600 mg daily in adults,1 and 150 to 300 mg daily in
children,2 or intravenous pamidronate disodium in doses of
45 mg every 3 weeks,3 has been reported to improve bone le-
sions of Gaucher disease (p.2249) in a few patients.
1. Harinck HIJ, et al. Regression of bone lesions in Gaucher’s dis-

ease during treatment with aminohydroxypropylidene bisphos-
phonate. Lancet 1984; ii: 513. 

2. Samuel R, et al. Aminohydroxy propylidine bisphosphonate
(APD) treatment improves the clinical skeletal manifestations of
Gaucher’s disease. Pediatrics 1994; 94: 385–9. 

3. Ciana G, et al. Short-term effects of pamidronate in patients with
Gaucher’s disease and severe skeletal involvement. N Engl J
Med 1997; 337: 712.

Hypercalcaemia. Bisphosphonates, of which pamidronate is
one of the most effective, are the preferred drugs for treating hy-
percalcaemia of malignancy (p.1083) once the patient has been
adequately rehydrated.

Malignant neoplasms of the bone. Bisphosphonates are of
benefit in some patients with metastatic bone disease (p.660) not
only to manage bone pain and hypercalcaemia, but to reduce
skeletal complications such as fractures. Pamidronate is licensed
for such use in many countries. A literature review1 of phase II
and III studies concluded that pamidronate was effective in the
treatment of pain and skeletal complications from metastatic dis-
ease, particularly in patients with breast cancer or multiple myel-
oma, but that its efficacy in those with other neoplasms needed
confirmation. A long-term follow-up2 of 2 randomised trials of
pamidronate in women with breast cancer confirmed its efficacy
over placebo. However, a pooled analysis3 of its use for pallia-
tion of bone pain in men with metastatic prostate cancer found no
treatment benefit with pamidronate over placebo. Whether bis-
phosphonates can prevent the development of new skeletal
metastases is unclear.
1. Ripamonti C, et al. Role of pamidronate disodium in the treat-

ment of metastatic bone disease. Tumori 1998; 84: 442–55. 
2. Lipton A, et al. Pamidronate prevents skeletal complications and

is effective palliative treatment in women with breast carcinoma
and osteolytic bone metastases: long term follow-up of two ran-
domized, placebo-controlled trials. Cancer 2000; 88: 1082–90. 

3. Small EJ, et al. Combined analysis of two multicenter, rand-
omized, placebo-controlled studies of pamidronate disodium for
the palliation of bone pain in men with metastatic prostate can-
cer. J Clin Oncol 2003; 21: 4277–84.

Osteogenesis imperfecta. Pamidronate has produced benefit
in patients with osteogenesis imperfecta (p.1083). Although the
dosage and timing varied between centres and age groups, all
patients were given cyclical intravenous pamidronate;1-5 bone
mineral density increased, fracture incidence decreased, and pa-
tients reported improvements in mobility, pain and chronic fa-
tigue. Treated infants achieved motor milestones earlier than un-
treated controls; vertebral height was also improved.5 While
bone size and density also increased in patients given pamidro-
nate, especially in those with larger baseline deficits in bone
mass,6 serum calcium decreased markedly, and bone turnover
was suppressed;7 clinical problems were not evident if calcium
intake was sufficient, but consequences of a chronically low

bone turnover are unknown. A study in young patients found that
bone metabolism is still suppressed, and that bone mass gains
continue, for 2 years after stopping therapy.8
1. Glorieux FH, et al. Cyclic administration of pamidronate in chil-

dren with severe osteogenesis imperfecta. N Engl J Med 1998;
339: 947–52. 

2. Plotkin H, et al. Pamidronate treatment of severe osteogenesis
imperfecta in children under 3 years of age. J Clin Endocrinol
Metab 2000; 85: 1846–50. 

3. Åström E, Söderhäll S. Beneficial effect of long term intrave-
nous bisphosphonate treatment of osteogenesis imperfecta. Arch
Dis Child 2002; 86: 356–64. 

4. Falk MJ, et al. Intravenous bisphosphonate therapy in children
with osteogenesis imperfecta. Pediatrics 2003; 111: 573–8. 

5. Åström E, et al. Intravenous pamidronate treatment of infants
with severe osteogenesis imperfecta. Arch Dis Child 2007; 92:
332–8. 

6. Rauch F, et al. Bone mass, size, and density in children and ado-
lescents with osteogenesis imperfecta: effect of intravenous pa-
midronate therapy. J Bone Miner Res 2003; 18: 610–14. 

7. Rauch F, et al. Osteogenesis imperfecta types I, III, and IV: effect
of pamidronate therapy on bone and mineral metabolism. J Clin
Endocrinol Metab 2003; 88: 986–92. 

8. Rauch F, et al. Pamidronate in children and adolescents with os-
teogenesis imperfecta: effect of treatment discontinuation. J Clin
Endocrinol Metab 2006; 91: 1268–74.

Osteoporosis. Bisphosphonates are used in the prevention and
treatment of osteoporosis (p.1084). A placebo-controlled trial of
oral pamidronate 150 mg daily found it to be effective in increas-
ing bone mineral density (BMD) of the lumbar spine and femoral
neck in both men and women.1 Intravenous pamidronate at
30 mg every 3 months, or 60 mg every 6 months, also increased
BMD in the lumbar spine, femoral neck, and trochanter in an
observational, retrospective study.2 Single intravenous infusions
of pamidronate given every 3 months have also been reported to
increase BMD and reduce fracture rates in children with osteo-
porosis;3,4 annual doses were in the region of 4 mg/kg. 
An open study5 in men with prostate cancer (but no bone metas-
tases) and receiving leuprolide, found that addition of pamidro-
nate 60 mg intravenously every 12 weeks prevented therapy-
induced bone loss in the hip and lumbar spine. Acute bone loss
from the femur and pelvis after hip arthroplasty was also reduced
by a single infusion of 90 mg pamidronate in a small prospective
study.6 Similarly, in premenopausal women with chemotherapy-
induced bone loss, pamidronate 60 mg intravenously every 3
months prevented bone loss at the spine and hip compared with
placebo.7 
In a small study8 of patients receiving corticosteroids, pamidro-
nate given intravenously either as a single infusion of 90 mg, or
as 90 mg followed by 30 mg every 3 months for 1 year, signifi-
cantly increased BMD at the lumbar spine, femoral neck, and
total hip. In lymphoma patients receiving corticosteroids as part
of chemotherapy regimens, pamidronate 30 mg intravenously
every 3 months reduced bone loss when compared with place-
bo.9 Pamidronate has shown beneficial increases in or preserva-
tion of BMD in patients after heart,10,11 liver,11 lung,12 or stem
cell13 transplantation.
1. Brumsen C, et al. Daily oral pamidronate in women and men

with osteoporosis: a 3-year randomized placebo-controlled clin-
ical trial with a 2-year open extension. J Bone Miner Res 2002;
17: 1057–64. 

2. Chan SSY, et al. Intravenous pamidronate in the treatment and
prevention of osteoporosis. Intern Med J 2004; 34: 162–6. 

3. Steelman J, Zeitler P. Treatment of symptomatic pediatric oste-
oporosis with cyclic single-day intravenous pamidronate infu-
sions. J Pediatr 2003; 142: 417–23. 

4. Gandrud LM, et al. Low-dose intravenous pamidronate reduces
fractures in childhood osteoporosis. J Pediatr Endocrinol Me-
tab 2003; 16: 887–92. 

5. Smith MR, et al. Pamidronate to prevent bone loss during an-
drogen-deprivation therapy for prostate cancer. N Engl J Med
2001; 345: 948–55. 

6. Wilkinson JM, et al. Effect of pamidronate in preventing local
bone loss after total hip arthroplasty: a randomized, double-
blind, controlled trial. J Bone Miner Res 2001; 16: 556–64. 

7. Fuleihan GE-H, et al. Pamidronate in the prevention of chemo-
therapy-induced bone loss in premenopausal women with breast
cancer: a randomized controlled trial. J Clin Endocrinol Metab
2005; 90: 3209–14. 

8. Boutsen Y, et al. Primary prevention of glucocorticoid-induced
osteoporosis with intravenous pamidronate and calcium: a pro-
spective controlled 1-year study comparing a single infusion, an
infusion given once every 3 months, and calcium alone. J Bone
Miner Res 2001; 16: 104–12. 

9. Kim SH, et al. Effect of pamidronate on new vertebral fractures
and bone mineral density in patients with malignant lymphoma
receiving chemotherapy. Am J Med 2004; 116: 524–8. 

10. Krieg MA, et al. Intravenous pamidronate as treatment for oste-
oporosis after heart transplantation: a prospective study. Oste-
oporosis Int 2001; 12: 112–16. 

11. Dodidou P, et al. Better late than never? Experience with intra-
venous pamidronate treatment in patients with low bone mass or
fractures following cardiac or liver transplantation. Osteoporo-
sis Int 2003; 14: 82–9. 

12. Cahill BC, et al. Prevention of bone loss and fracture after lung
transplantation: a pilot study. Transplantation 2001; 72:
1251–5. 

13. Grigg AP, et al. Pamidronate reduces bone loss after allogeneic
stem cell transplantation. J Clin Endocrinol Metab 2006; 91:
3835–43.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease. Pa-
midronate was initially used orally for Paget’s disease, but intra-

venous therapy has been preferred because of a lower incidence
of adverse effects.1,2 With the usual total dose of 180 mg, remis-
sion is considered likely in most patients with mild to moderate
disease, but unlikely if disease is severe.2 However, higher doses
(about 340 mg) were found to be effective in those with very ac-
tive disease, and also associated with a longer remission.1 In a 2-
year study3 of 3 different doses, pamidronate increased bone
mineral density in pagetic bone of the lumbar spine, femoral
neck, and total hip, but lacked this effect on non-pagetic bone in
the same areas; loss of density was apparent in non-pagetic fore-
arm bone in the group given the highest dose (240 mg). Patients
with co-existent osteoarthritis or arthropathy responded less well
to pamidronate in terms of pain perception, than those patients
without joint disease.4 While hearing loss may or may not im-
prove with pamidronate,5,6 there has been a report of successful
treatment of optic neuropathy due to Paget’s disease with pamid-
ronate and dexamethasone.7 Bisphosphonates have also been
given in other bone diseases with a similar pathology, particular-
ly increased osteoclastic resorption. For example, pamidronate
has had beneficial effects in patients with fibrous dysplasia of
bone, a rare congenital disease leading to osteolytic lesions.8-10

1. Selby PL. Pamidronate in the treatment of Paget’s disease. Bone
1999; 24: 57S–58S. 

2. Tucci JR, Bontha S. Intravenously administered pamidronate in
the treatment of Paget’s disease of bone. Endocr Pract 2001; 7:
423–9. Correction. ibid. 2002; 8: 78. 

3. Gutteridge DH, et al. Bone density changes in Paget’s disease 2
years after iv pamidronate: profound, sustained increases in
pagetic bone with severity-related loss in forearm nonpagetic
cortical bone. Bone 2003; 32: 56–61. 

4. Vasireddy S, et al. Patterns of pain in Paget’s disease of bone
and their outcomes on treatment with pamidronate. Clin Rheu-
matol 2003; 22: 376–80. 

5. Donáth J, et al. Effect of bisphosphonate treatment in patients
with Paget’s disease of the skull. Rheumatology (Oxford) 2004;
43: 89–94. 

6. Murdin L, Yeoh LH. Hearing loss treated with pamidronate. J R
Soc Med 2005; 98: 272–4. 

7. Isasi C, et al. Successful treatment of optic neuropathy in ostei-
tis deformans. Rheumatology (Oxford) 2002; 41: 948–50. 

8. Liens D, et al. Long-term effects of intravenous pamidronate in
fibrous dysplasia of bone. Lancet 1994; 343: 953–4. 

9. Zacharin M, O’Sullivan M. Intravenous pamidronate treatment
of polyostotic fibrous dysplasia associated with the McCune Al-
bright syndrome. J Pediatr 2000; 137: 403–9. 

10. Plotkin H, et al. Effect of pamidronate treatment in children
with polyostotic fibrous dysplasia of bone. J Clin Endocrinol
Metab 2003; 88: 4569–75.

Rheumatoid arthritis and spondyloarthropathies.
Intravenous1 and oral2 use of pamidronate has reportedly pro-
duced some modification of disease in a few patients with rheu-
matoid arthritis (p.11). Continuous oral pamidronate therapy was
shown to be effective in preserving and increasing bone mass in
a 3-year randomised controlled trial involving 105 patients with
rheumatoid arthritis.3 In contrast, a small controlled study4 in 26
patients found no significant effect on rheumatoid arthritis dis-
ease activity with intravenous pamidronate. There are reports of
an analgesic response to pamidronate in patients with acute rheu-
matic pain of various aetiologies, including arthritis and ankylos-
ing spondylitis, and a trial5 in patients with ankylosing spondyli-
tis found a dose-dependent therapeutic effect with pamidronate.6
Use of intravenous pamidronate and methylprednisolone has
also been investigated as part of the management of patients with
NSAID-unresponsive ankylosing spondylitis.7
1. Eggelmeijer F, et al. Clinical and biochemical response to single

infusion of pamidronate in patients with active rheumatoid ar-
thritis: a double blind placebo controlled study. J Rheumatol
1994: 21: 2016–20. 

2. Maccagno A, et al. Double blind radiological assessment of con-
tinuous oral pamidronic acid in patients with rheumatoid arthri-
tis. Scand J Rheumatol 1994; 23: 211–14. 

3. Eggelmeijer F, et al. Increased bone mass with pamidronate
treatment in rheumatoid arthritis: results of a three-year rand-
omized, double-blind trial. Arthritis Rheum 1996; 39: 396–402. 

4. Lodder MC, et al. Effects of high dose intravenous pamidronate
on disease activity and bone metabolism in patients with active
rheumatoid arthritis: a randomized, double-blind, placebo-con-
trolled trial. J Rheumatol 2003; 30: 2080–1. 

5. El-Shafei A, et al. Is pamidronate effective for acute rheumatic
pain? Ann Rheum Dis 2002; 61: 183. 

6. Maksymowych WP, et al. A six-month randomized, controlled,
double-blind, dose-response comparison of intravenous pamidr-
onate (60 mg versus 10 mg) in the treatment of nonsteroidal an-
tiinflammatory drug-refractory ankylosing spondylitis. Arthritis
Rheum 2002; 46: 766–73. 

7. Malaviya AN, et al. A new strategy of drug treatment in NSAID-
unresponsive ankylosing spondylitis: combination of pamidro-
nate and methylprednisolone monthly intravenous infusions on
the background of a combination of disease modifying drugs sul-
fasalazine and methotrexate. J Assoc Physicians India 2007; 55:
193–7.

Preparations
BP 2008: Pamidronate Disodium Intravenous Infusion; 
USP 31: Pamidronate Disodium for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Aminomux; Pamdosa; Pandrat; Austral.: Aredia; Pamisol; Austria:
Aredia; Pamitor; Belg.: Aredia; Pamidrin; Braz.: Aredia; Pamidrom; Ca-
nad.: Aredia; Chile: Aminomux; Aredia†; Cz.: Aredia; Pamitor; Denm.:
Aredia; Pamifos; Fin.: Aredia; Pamifos; Fr.: Aredia; Ostepam; Ger.: Aredia;
Pamidro-cell; Pamidron; Pamifos; Ribodronat; Gr.: Aredia; Pamerit; Hong
Kong: Aredia; Pamisol; Hung.: Aredia; Pamifos; Pamitor ; India: Are-
dronet†; Pamidria; Pamifos; Indon.: Aredia; Irl.: Aredia; Israel: Aredia;
Ital.: Amidrox; Aredia; Malaysia: Aredia; Pamired; Pamisol; Mex.: Aredia;
Pamisol; Neth.: Aredia; Pamipro; Norw.: Aredia†; NZ: Aredia†; Pamisol;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Philipp.: Aredia; Pol.: Aredia; Pamifos; Pamitor; Port.: Aredia†; Pamidran;
Rus.: Aredia (Аредиа); S.Afr.: Aredia; Singapore: Aredia†; Pamisol;
Spain: Aredia; Linoten; Pamifos; Xinsidona; Swed.: Aredia; Pamifos; Switz.:
Aredia; Thai.: Aredia; Pamisol; Turk.: Aredia; UK: Aredia; USA: Aredia;
Venez.: Aminomux; Aredia†.

Parathyroid Hormone (BAN, USAN, rINN)

1-84 Parathormone; ALX1-11 (human recombinant parathyroid
hormone); Hormona paratiroidea; Hormone Parathyroïde; Hor-
monum Parathyroidum; Parathormone; Parathyrin; Parathyroid
hormone (1-84); PTH; PTH (1-84).
Паратироид Гормон
CAS — 9002-64-6; 68893-82-3 (human parathyroid hor-
mone); 345663-45-8 (human recombinant parathyroid
hormone).
ATC — H05AA03.
ATC Vet — QH05AA03.

Adverse Effects, Treatment, and Precautions
Transient hypercalcaemia and hypercalciuria are very common
with parathyroid hormone treatment; persistent hypercalcaemia
may necessitate dose reduction or withdrawal of therapy (see
Uses and Administration, below). Patients should be monitored
at months 1, 3, and 6 for elevated concentrations of serum or uri-
nary calcium; monitoring beyond 6 months is not considered
necessary for those whose serum calcium is within normal limits
at 6 months. On injection, serum calcium concentrations reach a
maximum after 6 to 8 hours, returning to baseline after 20 to 24
hours; blood samples for monitoring should thus be taken at least
20 hours after the most recent dose. Gastrointestinal disturbanc-
es, especially nausea, also occur commonly, as do headache, diz-
ziness, fatigue, palpitations, muscle cramps, extremity or back
pain, and injection site erythema. Hyperuricaemia has also been
reported.
Pharmacokinetics
Subcutaneous parathyroid hormone produces peak plasma con-
centrations 1 to 2 hours after injection. The average half-life is
about 1.5 hours and the absolute bioavailability is about 55%.
Parathyroid hormone is removed from the blood by a receptor-
mediated process in the liver and broken down into smaller pep-
tide fragments, which either undergo further degradation within
the cell or are released back into the blood and renally cleared.
Uses and Administration
Parathyroid hormone is a single-chain polypeptide isolated from
the parathyroid glands. It contains 84 amino acids and in man the
first (N-terminal) 34 appear to be responsible for the hormonal
activity. The amino-acid sequence varies according to the source. 
Endogenous parathyroid hormone is involved in the mainte-
nance of plasma-calcium concentrations through its actions on
bone, kidney, and indirectly on the gastrointestinal tract (see also
under Parathyroid Disorders, p.1087). 
Exogenous parathyroid hormone was formerly used in acute hy-
poparathyroidism with tetany. It has also been used in the differ-
ential diagnosis of hypoparathyroidism and pseudohypoparathy-
roidism. A human recombinant form is under investigation for
the treatment of hypoparathyroidism. 
The human recombinant form is used for the treatment of osteo-
porosis in postmenopausal women at high risk of fractures. The
recommended dose is 100 micrograms once daily, given by sub-
cutaneous injection into the abdomen; treatment may be contin-
ued for up to 24 months. Supplemental calcium and vitamin D
may be needed if dietary intake is inadequate. However, if serum
calcium becomes persistently raised, and there is no underlying
disease, calcium and vitamin D should be withdrawn, and para-
thyroid hormone dosing changed to 100 micrograms on every
other day. If elevated concentrations persist, parathyroid hor-
mone therapy should be stopped until values return to normal. 
Synthetic preparations of the first 34 amino acids of human and
bovine parathyroid hormones are now used for diagnostic pur-
poses, and for the treatment of osteoporosis (see Teriparatide,
p.1105).
◊ References.
1. Rittmaster RS, et al. Enhancement of bone mass in osteoporotic

women with parathyroid hormone followed by alendronate. J
Clin Endocrinol Metab 2000; 85: 2129–34. 

2. Hodsman AB, et al. Efficacy and safety of human parathyroid
hormone-(1–84) in increasing bone mineral density in postmen-
opausal osteoporosis. J Clin Endocrinol Metab 2003; 88:
5212–20. 

3. Anonymous. ALX 111: ALX1-11, parathyroid hormone (1-
84)–NPS Allelix, PREOS, PTH, recombinant human parathyroid
hormone, rhPTH (1-84). Drugs R D 2003; 4: 231–5. 

4. White H, Ahmad A. PREOS NPS (Allelix/Nycomed). Curr Opin
Investig Drugs 2005; 6: 1057–66. 

5. Shrader SP, Ragucci KR. Parathyroid hormone (1-84) and treat-
ment of osteoporosis. Ann Pharmacother 2005; 39: 1511–16. 

6. Moen MD, Scott LJ. Recombinant full-length parathyroid hor-
mone (1-84). Drugs 2006; 66: 2371–81; discussion 2382–5. 

7. Greenspan SL, et al. Treatment of Osteoporosis with Parathyroid
Hormone Study Group. Effect of recombinant human parathy-
roid hormone (1-84) on vertebral fracture and bone mineral den-
sity in postmenopausal women with osteoporosis: a randomized
trial. Ann Intern Med 2007; 146: 326–39.

Administration in renal or hepatic impairment. UK li-
censed product information states that no dose adjustment is nec-
essary for parathyroid hormone when it is used in patients with

mild to moderate renal or hepatic impairment, defined as those
with a creatinine clearance of 30 to 80 mL/minute, and a total
score of 7 to 9 on the Child-Pugh scale, respectively. Use in se-
vere renal or hepatic impairment is not recommended due to lack
of data.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Preotact; Gr.: Preotact; UK: Preotact.

Plicamycin (BAN, USAN, rINN)

A-2371; Aureolic Acid; Mithramycin; Mithramycinum; Mitramy-
cin; Mitramysiini; NSC-24559; PA-144; Plicamicina; Plicamycine;
Plicamycinum.

Пликамицин
C52H76O24 = 1085.1.
CAS — 18378-89-7.
ATC — L01DC02.
ATC Vet — QL01DC02.

Description. Plicamycin is an antineoplastic antibiotic pro-
duced by the growth of Streptomyces argillaceus, S. plicatus and
S. tanashiensis.
Pharmacopoeias. In US. 
USP 31 (Plicamycin). A yellow, odourless, hygroscopic, crystal-
line powder, with a potency of not less than 900 micrograms/mg,
calculated on the dry basis. It loses not more than 8% of its
weight when dried. Slightly soluble in water and in methyl alco-
hol; very slightly soluble in alcohol; freely soluble in ethyl ace-
tate. A 0.05% solution in water has a pH of 4.5 to 5.5. Store at 2°
to 8° in airtight containers. Protect from light.

Profile
Plicamycin is a highly toxic antibiotic with antineoplastic and
hypocalcaemic properties. It may act by complexing with DNA
in the presence of divalent cations and inhibiting synthesis of ri-
bonucleic acid. Lowering of serum calcium concentrations has
been suggested to result from antagonism of the effects of vita-
min D and parathyroid hormone on osteoclasts. 
Plicamycin has been used in the symptomatic management of
hypercalcaemia and hypercalciuria associated with malignancy
if it cannot be managed by other means (see below). It has also
been used in the treatment of malignant neoplasms of the testis
not susceptible to surgery or radiotherapy; however, other agents
are preferred (p.673). 
The major adverse effect of plicamycin is a dose-related bleeding
syndrome, manifest initially as epistaxis, which may progress to
haematemesis and potentially fatal haemorrhage. Severe throm-
bocytopenia may also occur due to bone-marrow depression.
Gastrointestinal effects are common and other adverse effects in-
clude fever, malaise, drowsiness, lethargy and weakness, head-
ache, depression, skin rashes, facial flushing, and reduced serum
concentrations of calcium, phosphorus, and potassium. There
may also be reversible impairment of renal and hepatic function. 
Extravasation of plicamycin solutions may cause local irritation,
cellulitis, and phlebitis.

Hypercalcaemia. Where treatment is required for hypercal-
caemia it is aimed at increasing urinary excretion of calcium and
maintaining adequate hydration. Drugs that inhibit bone resorp-
tion may also be used if hypercalcaemia is severe, particularly
when it is associated with malignancy (see p.1083). Plicamycin
is highly toxic, and the bisphosphonates and calcitonins are gen-
erally preferred; however, it has been given in a dose of
25 micrograms/kg intravenously over 4 to 6 hours.1,2 Although a
single dose might be sufficient to normalise the serum calcium
concentration, the dose can be repeated several times at intervals
of 24 to 72 hours.
1. Bilezikian JP. Management of acute hypercalcemia. N Engl J

Med 1992; 326: 1196–1203. 
2. Hall TG, Schaiff RAB. Update on the medical treatment of hy-

percalcemia of malignancy. Clin Pharm 1993; 12: 117–25.

Paget’s disease of bone. Plicamycin has been used as a sec-
ond- or third-line drug in the therapy of Paget’s disease of bone
(p.1086), reserved for patients refractory to other treatment.
Nonetheless, occasional successes are reported: one patient with
refractory Paget’s disease had apparent cure of her symptoms af-
ter treatment with plicamycin 25 micrograms/kg daily for 15
doses, followed by 1500 micrograms weekly for about 2 months
and every 2 weeks for 6 weeks.1 She had remained asymptomat-
ic for 18 years after treatment. However, similar regimens have
been used in other patients without this degree of success.1 An-
other patient, who was refractory to calcitonin and pamidronate
therapy, showed a considerable improvement in pain relief and
biochemical parameters when treated with 30 micrograms/kg
plicamycin daily for 3 days.2

1. Ryan WG, et al. Apparent cure of Paget’s disease of bone. Am J
Med 1990; 89: 825–6. 

2. Wimalawansa SJ. Dramatic response to plicamycin in a patient
with severe Paget’s disease refractory to calcitonin and pamidr-
onate. Semin Arthritis Rheum 1994; 23: 267.

Preparations
USP 31: Plicamycin for Injection.
Proprietary Preparations (details are given in Part 3)
Gr.: Mithracin†.

Risedronate
Risedronaatti; Risedronat; Risedronatum.
ATC — M05BA07.
ATC Vet — QM05BA07.

Risedronic Acid (BAN, rINN)

Acide Risédronique; Ácido risedrónico; Acidum Risedronicum.
[1-Hydroxy-2-(3-pyridinyl)ethylidene]diphosphonic acid.
Ризедроновая Кислота
C7H11NO7P2 = 283.1.
CAS — 105462-24-6.
ATC — M05BA07.
ATC Vet — QM05BA07.

Risedronate Sodium (BANM, USAN, rINNM)

Monosodium Risedronate; Natrii Risedronas; NE-58095; Risedr-
onat Sodyum; Risédronate de Sodium; Risedronato sódico; So-
dium Risedronate. Sodium trihydrogen [1-hydroxy-2-(3-pyri-
dyl)ethylidene]diphosphonate.
Натрий Ризедронат
C7H10NNaO7P2 = 305.1.
CAS — 115436-72-1.
ATC — M05BA07.
ATC Vet — QM05BA07.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. The
most frequent adverse effects during risedronate thera-
py are arthralgia and gastrointestinal disturbances. To
minimise the risk of gastrointestinal effects precautions
similar to those for alendronate should be observed
(see p.1088), although UK licensed product informa-
tion allows for the tablets to be taken other than on ris-
ing (but not at bedtime or within 2 hours of food or
drink). Hypocalcaemia should be corrected before be-
ginning risedronate therapy.
Effects on the eyes. For reports of ocular effects with the bis-
phosphonates, including risedronate, see under Bisphospho-
nates, p.1090.
Effects on the gastrointestinal tract. Although, like other
oral bisphosphonates, it is recommended that risedronate be tak-
en with care (see above) to avoid gastrointestinal effects, pooled
analysis of 9 studies involving 10 068 patients receiving risedro-
nate 5 mg daily indicated that the drug was not associated with
an increased frequency of upper gastrointestinal effects, even
among patients at increased risk due to active gastrointestinal
disease or treatment with aspirin or NSAIDs as well.1 However,
it was noted that comprehensive postmarketing data would be
required to see how these results would be reflected in clinical
practice. Studies in women previously intolerant to alendronate
found that risedronate 5 mg daily2 and 30 mg once weekly3 were
well tolerated. 
In 2 large trials, male and female patients with mild to moderate
osteoarthritis of the knee were given risedronate 5 mg once daily,
15 mg once daily, 35 mg once weekly, 50 mg once weekly, or
placebo. Patients were allowed continued use of aspirin or
NSAIDs. Again, pooled analysis found no increased frequency
of upper gastrointestinal adverse events in those given risedro-
nate, even in those patients considered at increased risk for such
events.4
1. Taggart H, et al. Upper gastrointestinal tract safety of risedro-

nate: a pooled analysis of 9 clinical trials. Mayo Clin Proc 2002;
77: 262–70. Correction. ibid.; 601. 

2. Adachi JD, et al. Tolerability of risedronate in postmenopausal
women intolerant of alendronate. Aging (Milano) 2001; 13:
347–54. 

3. Delaney MF, et al. Bone density changes with once weekly rise-
dronate in postmenopausal women. J Clin Densitom 2003; 6:
45–50. 

4. Adami S, et al. Upper gastrointestinal tract safety of daily oral
risedronate in patients taking NSAIDs: a randomized, double-
blind, placebo-controlled trial. Mayo Clin Proc 2005; 80:
1278–85.
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Effects on the musculoskeletal system. From the initial
marketing of risedronate until June 2003, the FDA had received
6 reports of severe bone, joint, or muscle pain. It was suggested
that pain might tend to be under-reported since it is subjective,
and might be attributed to underlying osteoporosis.1 
Osteonecrosis of the jaw has been reported after the use of bis-
phosphonates, including risedronate (see Effects on the Muscu-
loskeletal System, under Adverse Effects of Bisphosphonates,
p.1091).
1. Wysowski DK, Chang JT. Alendronate and risedronate: reports

of severe bone, joint, and muscle pain. Arch Intern Med 2005;
165: 346–7.

Effects on the respiratory system. For a report of bronchi-
olitis obliterans organising pneumonia induced by risedronate,
see p.1091.
Hypersensitivity. Allergic reactions to bisphosphonates are
rare, see p.1091. Angioedema, generalised rashes, and bullous
skin reactions, some severe, have been reported with risedronate.

Interactions
As for the bisphosphonates in general, p.1091.

Pharmacokinetics
Like other bisphosphonates, risedronate is poorly ab-
sorbed orally. Absorption is reduced by food, especial-
ly by products containing calcium or other polyvalent
cations. The mean bioavailability is 0.63% in the fast-
ing state, and is reduced by 30% when given 1 hour
before breakfast, and by 55% when given half an hour
before breakfast. Plasma protein binding is about 24%.
Risedronate is not metabolised. About half of the ab-
sorbed portion is excreted in the urine within 24 hours;
the remainder is sequestered to bone for a prolonged
period. Unabsorbed drug is eliminated unchanged in
the faeces.
Absorption. Absorption of a single dose of risedronate was
comparable when given 0.5 to 1 hour before breakfast or 2 hours
after an evening meal in a study in healthy subjects.1 The phar-
macokinetics of risedronate are dose-proportional after a single
oral dose.2
1. Mitchell DY, et al. The effect of dosing regimen on the pharma-

cokinetics of risedronate. Br J Clin Pharmacol 1999; 48:
536–42. 

2. Mitchell DY, et al. Dose-proportional pharmacokinetics of rise-
dronate on single-dose oral administration to healthy volunteers.
J Clin Pharmacol 2000; 40: 258–65.

Uses and Administration
Risedronate is an aminobisphosphonate with similar
properties to those of the bisphosphonates in general
(p.1091). It inhibits bone resorption and is used either
alone or with calcium, or with calcium and vitamin D
for the prevention and treatment of postmenopausal os-
teoporosis. It is also used for the treatment of osteo-
porosis in men. Risedronate is also used for prevention
and treatment of corticosteroid-induced osteoporosis,
and for the treatment of Paget’s disease of bone. 
Risedronate is given orally as the sodium salt. The spe-
cific instructions given in Adverse Effects and Precau-
tions, above should be followed to minimise gastroin-
testinal adverse effects and permit adequate
absorption. The recommended dosage for Paget’s dis-
ease of bone is 30 mg of risedronate sodium once daily
for 2 months. Treatment may be repeated once if nec-
essary after an interval of a further 2 months. The rec-
ommended dosage for the treatment or prevention of
postmenopausal or corticosteroid-induced osteoporo-
sis is 5 mg daily. Alternatively, for postmenopausal os-
teoporosis, 35 mg may be taken once weekly, 75 mg
may be taken on 2 consecutive days of each month, or
150 mg may be taken once a month. For men with os-
teoporosis, the recommended dose is 35 mg once
weekly.
◊ General references.
1. Crandall C. Risedronate: a clinical review. Arch Intern Med

2001; 161: 353–60. 
2. Dunn CJ, Goa KL. Risedronate: a review of its pharmacological

properties and clinical use in resorptive bone disease. Drugs
2001; 61: 685–712. 

3. Umland EM, Boyce EG. Risedronate: a new oral bisphospho-
nate. Clin Ther 2001; 23: 1409–21. 

4. White NJ, Perry CM. Risedronate once a week. Treat Endocrinol
2003; 2: 415–20.

Administration. A procedure for the extemporaneous prepara-
tion of an oral solution from risedronate tablets has been pro-

posed,1 for use in patients who cannot swallow whole tablets or
require feeding tubes.
1. Dansereau RJ, Crail DJ. Extemporaneous procedures for dis-

solving risedronate tablets for oral administration and for feed-
ing tubes. Ann Pharmacother 2005; 39: 63–7.

Administration in renal impairment. Renal clearance of
risedronate significantly correlated to renal function in a pharma-
cokinetic study,1 although the authors concluded that generally
no dosage adjustment appears necessary for patients with mild to
moderate renal impairment (creatinine clearance (CC) greater
than 20 mL/minute). Licensed product information states that no
dosage adjustment is necessary when CC is greater than
30 mL/minute; however, use of risedronate is contra-indicated in
patients with severe renal impairment (CC less than
30 mL/minute), due to a lack of clinical data.
1. Mitchell DY, et al. Effect of renal function on risedronate phar-

macokinetics after a single oral dose. Br J Clin Pharmacol 2000;
49: 215–22.

Osteoporosis. Bisphosphonates are used for the prevention
and treatment of osteoporosis (p.1084). Risedronate improves
bone mineral density (BMD) and reduces the risk of both verte-
bral and non-vertebral fractures in postmenopausal osteoporo-
sis;1-4 effects are maintained for at least 5 years.5 In corticoster-
oid-induced osteoporosis, risedronate increases BMD at the
lumbar spine, femoral neck, and trochanter.3,6 Risedronate is also
used to treat men with osteoporosis. In a controlled study in eld-
erly men after a stroke, those given risedronate had increased
BMD and a decreased risk of hip fracture.7 In a prospective con-
trolled study, 12 months of daily risedronate significantly in-
creased BMD at the lumbar spine, femoral neck, and hip, and
significantly reduced the incidence of new vertebral fractures in
men with primary or secondary osteoporosis.8 
A once-monthly regimen of risedronate was found to be similar
in efficacy and safety to the once-daily regimen.9
1. Sickels JM, Nip C-S. Risedronate for the prevention of fractures

in postmenopausal osteoporosis. Ann Pharmacother 2002; 36:
664–70. 

2. Crandall C. Risedronate: a clinical review. Arch Intern Med
2001; 161: 353–60. 

3. Umland EM, Boyce EG. Risedronate: a new oral bisphospho-
nate. Clin Ther 2001; 23: 1409–21. 

4. Wells G, et al. Risedronate for the primary and secondary pre-
vention of osteoporotic fractures in postmenopausal women.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2008 (accessed 16/04/08). 

5. Sorensen OH, et al. Long-term efficacy of risedronate: a 5-year
placebo-controlled clinical experience. Bone 2003; 32: 120–6. 

6. Dougherty JA. Risedronate for the prevention and treatment of
corticosteroid-induced osteoporosis. Ann Pharmacother 2002;
36: 512–16. 

7. Sato Y, et al. Risedronate sodium therapy for prevention of hip
fracture in men 65 years or older after stroke. Arch Intern Med
2005; 165: 1743–8. 

8. Ringe JD, et al. Efficacy of risedronate in men with primary and
secondary osteoporosis: results of a 1-year study. Rheumatol Int
2006; 26: 427–31. 

9. Delmas PD, et al. Efficacy and safety of risedronate 150 mg once
a month in the treatment of postmenopausal osteoporosis. Bone
2008; 42: 36–42.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease. Rised-
ronate has been found to improve pagetic bone lesions,1 and to
be more effective than etidronate.2
1. Brown JP, et al. Improvement of pagetic bone lesions with rise-

dronate treatment: a radiologic study. Bone 2000; 26: 263–7. 
2. Miller PD, et al. A randomized, double-blind comparison of rise-

dronate and etidronate in the treatment of Paget’s disease of
bone. Am J Med 1999; 106: 513–20.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Actonel; Ductonar; Rentop; Ribastamin; Ridron; Risedon; Austral.:
Actonel; Austria: Actonel; Belg.: Actonel; Braz.: Actonel; Risedross; Ca-
nad.: Actonel; Chile: Actonel; Cz.: Actonel; Norsed; Risendros; Fin.:
Optinate; Fr.: Actonel; Ger.: Actonel; Gr.: Actonel; Hong Kong: Actonel;
Hung.: Actonel; India: Actonel; Risofos; Indon.: Actonel; Osteonate; Irl.:
Actonel; Israel: Actonel; Ital.: Actonel; Optinate; Jpn: Benet; Malaysia:
Actonel; Mex.: Actonel; Seralis; Neth.: Actonel; Norw.: Optinate;
Philipp.: Actonel; Pol.: Actonel; Port.: Actonel; Norsed; S.Afr.: Actonel;
Singapore: Actonel; Spain: Acrel; Actonel; Swed.: Optinate; Optinate
Septimum; Switz.: Actonel; Thai.: Actonel; Turk.: Actonel; UK: Actonel;
USA: Actonel; Venez.: Actonel.

Multi-ingredient: Arg.: Ribastamin Duo; Ridron Pack; Austral.: Actonel
Combi; Fr.: Actonelcombi; Hung.: Actonel Trio; Irl.: Actonel Combi;
Neth.: Actokit; Swed.: Optinate Combi; UK: Actonel Combi; USA: Ac-
tonel with Calcium.

Strontium Ranelate (rINNM)

FK-481; Ranelate de Strontium; Ranelato de estroncio; S-12911;
Strontii Ranelas. 2-(2-Carboxy-4-cyano-5-[N,N-di(carboxyme-
thyl)amino]thiophen-3-yl) acetic acid distrontium salt.
Стронций Ранелат
C12H6N2O8SSr2 = 513.5.
CAS — 135459-87-9.
ATC — M05BX03.
ATC Vet — QM05BX03.

Adverse Effects and Precautions
Common adverse effects of strontium ranelate include gastroin-
testinal disturbances, headache, dermatitis, and eczema. Distur-
bances in consciousness, memory loss, and seizures may occur.
Treatment with strontium ranelate has been associated with an
increased incidence in venous thromboembolism including pul-
monary embolism, and should be given with caution to those pa-
tients considered at risk or with a history of thromboembolic dis-
orders. Transient reversible increases in creatine kinase activity
have been reported. Hypersensitivity reactions, including rash,
pruritus, urticaria, angioedema, and Stevens-Johnson syndrome
have occurred. Drug rash with eosinophilia and systemic symp-
toms (DRESS), sometimes fatal, has also been reported. Stron-
tium may interfere with certain methods used for the determina-
tion of serum and urinary calcium. 
Strontium ranelate should not be given with food or antacids—
see Interactions, below.
Hypersensitivity. As of November 2007, the EMEA had re-
ceived reports of 16 cases of drug rash with eosinophilia and sys-
temic symptoms (DRESS), a serious and life-threatening condi-
tion, in patients treated with strontium ranelate. Two fatalities
were reported. Reactions appeared within 3 to 6 weeks of starting
therapy, with skin rash, accompanied by fever, swollen glands,
eosinophilia, and effects on the liver, kidneys, and lungs. Patients
are advised to stop treatment with strontium ranelate if a rash
occurs and to seek medical advice; treatment should not be re-
started.1 Similar advice, and a reminder that the drug should also
be used with caution in patients with risk factors for venous
thromboembolism, was issued in June 2008 by the Australian
regulatory authorities; although there had been no fatalities, they
had seen 16 reports of rash, one accompanied by fever and one
by eosinophilia.2
1. EMEA. EMEA recommends changes in the product information

for Protelos/Osseor due to the risk of severe hypersensitivity re-
actions (issued 16th November 2007). Available at: http://
www.emea.europa.eu/humandocs/PDFs/EPAR/protelos/
PressRelease_Protelos_41745807en.pdf (accessed 21/01/08) 

2. Adverse Drug Reactions Advisory Committee (ADRAC). Se-
vere skin reactions and venous thromboembolism with strontium
ranelate (Protos). Aust Adverse Drug React Bull 2008; 27: 10.
Also available at: http://www.tga.gov.au/adr/aadrb/aadr0806.pdf
(accessed 17/07/08)

Interactions
Food, milk, and calcium-containing compounds may reduce the
bioavailability of strontium ranelate; antacids containing alumin-
ium or magnesium may reduce its absorption. Such products
should be given at least 2 hours apart from, and, in the case of
antacids, preferably after, strontium ranelate. Because of possible
complex formation, strontium ranelate should not be given with
oral tetracyclines or quinolones.
Pharmacokinetics
Strontium ranelate has an absolute bioavailability of about 25%
after an oral dose; calcium or food reduces the bioavailability by
about 60 to 70%. Peak plasma concentrations are achieved 3 to 5
hours after an oral dose. Plasma protein binding is low. Strontium
ranelate has a high affinity for bone tissue. It is not metabolised,
and has a half-life of about 60 hours. Excretion occurs via the
kidneys and gastrointestinal tract.
Uses and Administration
Strontium ranelate is claimed to stimulate bone formation as well
as reduce bone resorption. It is given orally in the treatment of
postmenopausal osteoporosis to reduce the risk of vertebral and
hip fractures. The recommended dose is 2 g daily by mouth, giv-
en preferably at night and at least 2 hours after food.
◊ References.
1. Marie PJ. Strontium ranelate: new insights into its dual mode of

action. Bone 2007; 40 (suppl 1): S5–S8. 
2. Fonseca JE. Rebalancing bone turnover in favour of formation

with strontium ranelate: implications for bone strength. Rheuma-
tology (Oxford) 2008; 47 (suppl 4): iv17–iv19.

Administration in renal impairment. Strontium excretion
occurs via the kidneys and clearance decreases as creatinine
clearance (CC) decreases. UK licensed product information
states that no dosage adjustment of strontium ranelate is required
in patients with mild to moderate renal impairment (CC 30 to
70 mL/minute). However, it is not recommended for those with
severe renal impairment (CC below 30 mL/minute) because of a
lack of pharmacokinetic data in these patients; continuation of
treatment in patients developing severe renal impairment should
be considered on an individual basis.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Osteoporosis. Strontium ranelate, given orally with calcium
and vitamin D supplements, has been found to reduce the risk of
vertebral1 and non-vertebral2 fractures in postmenopausal wom-
en with osteoporosis. A pooled analysis of data from these 2
studies concluded that strontium ranelate reduced both vertebral
and non-vertebral fractures in patients aged 80 years or older.3
Protection against fractures was detected within 12 months, and
sustained throughout 3 years of treatment. Hip fractures were
also reduced over 3 years, but this did not reach statistical signif-
icance; the authors concluded that the analysis may not have
been sufficiently powered in this respect. A systematic review4

concluded that while strontium ranelate reduces vertebral frac-
tures, there is less of a reduction with non-vertebral fractures, and
the effect on hip fracture remains unclear. Some have cautioned
about the interpretation of bone mineral density (BMD) changes
with strontium ranelate, since stronger X-ray attenuation by
strontium compared with calcium must be corrected for to avoid
overestimating the effect. However, increases in BMD could be
useful clinically in gauging long-term compliance.5 
A review6 of the place of strontium ranelate in therapy consid-
ered that although it might be an alternative in patients who could
not tolerate a bisphosphonate there was no convincing published
evidence to support claims that it stimulated bone formation as
well as reducing resorption. Further reviews4,7 concluded that
additional research to confirm its mechanism of action is re-
quired and that long-term fracture data are needed, along with
comparative trials evaluating the efficacy of strontium ranelate
relative to other therapies such as bisphosphonates.
1. Meunier PJ, et al. The effects of strontium ranelate on the risk of

vertebral fracture in women with postmenopausal osteoporosis.
N Engl J Med 2004; 350: 459–68. 

2. Reginster JY, et al. Strontium ranelate reduces the risk of nonver-
tebral fractures in postmenopausal women with osteoporosis:
treatment of peripheral osteoporosis (TROPOS) study. J Clin
Endocrinol Metab 2005; 90: 2816–22. 

3. Seeman E, et al. Strontium ranelate reduces the risk of vertebral
and nonvertebral fractures in women eighty years of age and old-
er. J Bone Miner Res 2006; 21: 1113–20. 

4. O’Donnell S, et al. Strontium ranelate for preventing and treat-
ing postmenopausal osteoporosis. Available in The Cochrane
Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2006 (accessed 01/06/07). 

5. Fogelman I, Blake GM. Strontium ranelate for the treatment of
osteoporosis: is useful, but changes in bone mineral density need
careful interpretation. BMJ 2005; 330: 1400–1. 

6. Anonymous. Strontium ranelate for osteoporosis? Drug Ther
Bull 2006; 44: 29–32. 

7. Stevenson M, et al. The clinical effectiveness and cost-effective-
ness of strontium ranelate for the prevention of osteoporotic fra-
gility fractures in postmenopausal women. Health Technol As-
sess 2007; 11: 1–134.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Osteovital; Protos; Austral.: Protos; Belg.: Protelos; Braz.: Protos;
Cz.: Osseor; Protelos; Denm.: Protelos; Fr.: Protelos; Ger.: Protelos; Gr.:
Protelos; Hong Kong: Protos; Hung.: Protelos; Indon.: Protos; Irl.: Pro-
telos; Ital.: Osseor; Protelos; Malaysia: Protaxos; Neth.: Osseor; Prote-
los; NZ: Protos; Philipp.: Protos; Pol.: Protelos; Port.: Osseor; Protelos;
Rus.: Bivalos (Бивалос); S.Afr.: Protos; Singapore: Protos; Spain: Osse-
or; Protelos; Swed.: Protelos; UK: Protelos.

Teriparatide (USAN, rINN)

(1-34) Human parathormone; (1-34) Human parathyroid hor-
mone; 1-34 Parathormone (human); hPTH 1-34; Human par-
athormone (1-34); Human parathyroid hormone (1-34); Human
PTH (1-34); LY-333334; Parathyroid hormone peptide (1-34);
Teriparatid; Teriparatida; Tériparatide; Teriparatidum.
Терипаратид
C181H291N55O51S2.
CAS — 52232-67-4.
ATC — H05AA02.
ATC Vet — QH05AA02.

Teriparatide Acetate (USAN, rINNM)

Acetato de teriparatida; Tériparatide, Acétate de; Teriparatidi
Acetas.
Терипаратида Ацетат
C181H291N55O51S2,xH2O,yC2H4O2.
CAS — 99294-94-7 (teriparatide acetate).
ATC — H05AA02.
ATC Vet — QH05AA02.

Adverse Effects and Precautions
Gastrointestinal disturbances, pain in the limb of injection, head-
ache, and dizziness are the most common adverse effects in pa-
tients treated with subcutaneous teriparatide. Dizziness, vertigo,
and syncope may be associated with transient orthostatic hypo-
tension in some patients, particularly when beginning treatment.
Those so affected should not drive or operate potentially hazard-
ous machinery. Asthenia, arthralgia, and rhinitis may occur. An-
gina pectoris, depression, dyspnoea, leg cramps, pneumonia, uri-
nary disorders, and sciatica have also been reported. A metallic
taste, tingling of the extremities, and pain at the site of injection
have occasionally been associated with the intravenous infusion
of teriparatide acetate. It is a peptide and the possibility of sys-

temic hypersensitivity reactions should be borne in mind. Hyper-
calcaemia may develop with teriparatide or the acetate and it is
therefore contra-indicated in patients with pre-existing hypercal-
caemia. 
Teriparatide is contra-indicated in patients with severe renal im-
pairment and should be used with caution with those with mod-
erate impairment. 
There have been reports of osteosarcoma in rats given teripara-
tide and patients who may be at increased risk, including those
with a history of skeletal metastases or previous radiotherapy to
the skeleton, should not receive it. It is also contra-indicated in
those with metabolic bone disease including Paget’s disease and
hyperparathyroidism, or unexplained elevations of serum alka-
line phosphatase. Use in children or those with open epiphyses is
also contra-indicated. In the UK treatment is also limited to a
maximum of 18 months.

Pharmacokinetics
Teriparatide is extensively absorbed after subcutaneous injec-
tion; peak plasma concentrations are reached after about 30 min-
utes. Absolute bioavailability is reported to be about 95%. The
serum half-life is 5 minutes after intravenous use, and approxi-
mately 1 hour after subcutaneous injection (reflecting time need-
ed for absorption from the injection site). No studies have been
done on the metabolism or excretion of teriparatide; parathyroid
hormone is believed to be enzymatically metabolised in the liver
and excreted by the kidneys.

Uses and Administration
Teriparatide is a synthetic polypeptide that consists of the 1-34
amino-acid biologically active N-terminal region of human par-
athyroid hormone (p.1103). It is used in the treatment of estab-
lished postmenopausal osteoporosis, especially in those with a
high fracture risk, and in men with primary or hypogonadal osteo-
porosis who are at increased risk of fracture. The usual dose is
20 micrograms subcutaneously daily into the thigh or abdominal
wall. Treatment is limited to a maximum of 18 months in the UK,
although it has been used for up to 2 years in the USA. Teripara-
tide acetate has been given by intravenous infusion in the differ-
ential diagnosis of hypoparathyroidism and pseudohypoparathy-
roidism.

Hypoparathyroidism. Hypoparathyroidism is characterised
by a deficiency in endogenous parathyroid hormone, whereas
pseudohypoparathyroidism is characterised by resistance to the
effects of parathyroid hormone (see p.1087). Teriparatide acetate
is used diagnostically to distinguish between these 2 conditions.1
A synthetic 1-38 fragment of human parathyroid hormone
(hPTH 1-38) has been used similarly.2 Teriparatide has also been
used to treat hypoparathyroidism.3-5

1. Mallette LE. Synthetic human parathyroid hormone 1-34 frag-
ment for diagnostic testing. Ann Intern Med 1988; 109: 800–4. 

2. Kruse K, Kracht U. A simplified diagnostic test in hypoparathy-
roidism and pseudohypoparathyroidism type I with synthetic 1-
38 fragment of human parathyroid hormone. Eur J Pediatr 1987;
146: 373–7. 

3. Winer KK, et al. Synthetic human parathyroid hormone 1-34 vs
calcitriol and calcium in the treatment of hypoparathyroidism.
JAMA 1996; 276: 631–6. 

4. Winer KK, et al. A randomized, cross-over trial of once-daily
versus twice-daily parathyroid hormone 1-34 in treatment of hy-
poparathyroidism. J Clin Endocrinol Metab 1998; 83: 3480–6. 

5. Winer KK, et al. Long-term treatment of hypoparathyroidism: a
randomized controlled study comparing parathyroid hormone-
(1-34) versus calcitriol and calcium. J Clin Endocrinol Metab
2003; 88: 4214–20.

Osteoporosis. Parathyroid hormone is capable of stimulating
both formation and resorption of bone. Continuous infusion of
teriparatide leads to a persistent elevation of parathyroid hor-
mone and greater bone resorption by stimulating osteoclasts,
with a net decrease in bone volume, and resultant hypercalcae-
mia; in contrast, daily (intermittent) injections increase bone vol-
ume by increasing osteoblastic proliferation.1-3 Teriparatide ap-
pears to have less effect on cortical than trabecular bone,3
suggesting that, although it may be helpful in preventing verte-
bral fractures, its impact on fractures of the proximal femur may
be more limited. However, while treatment with teriparatide sub-
stantially increases lumbar spine bone mineral density (BMD),
beneficial increases are also seen at the hip,1 and in a pivotal
study (the Fracture Prevention Trial)4 in postmenopausal wom-
en with osteoporosis (p.1084), it decreased the risk of both verte-
bral and non-vertebral fracture. In a follow-up study, the reduc-
tion in vertebral fracture risk in patients treated with teriparatide
for a mean of 19 months persisted for at least an additional 18
months after daily treatment was stopped.5 Teriparatide appears
to improve bone geometry, with no detrimental effect on cortical
bone.6 In the UK, NICE recommends teriparatide as an option
for the secondary prevention of osteoporotic fragility fractures in
women aged 65 years and older who have had an unsatisfactory
response to bisphosphonates or who are intolerant to bisphos-
phonates, and who have an extremely low BMD (4 standard de-
viations or more below the mean) or a very low BMD (3 standard
deviations or more) plus one or more additional risk factors.7 It
has been pointed out that evidence of reduction in teriparatide’s
effect with current or recent alendronate therapy (see below)
might make its use as a second-line agent problematic.8 

Data on combination therapy are limited, but some studies sug-
gest that teriparatide with HRT is more effective than HRT
alone.9 The effect of teriparatide with the antiresorptive bisphos-
phonates has yet to be determined.2,6,9,10 Although there is some
suggestion that teriparatide still increases bone formation after
treatment with alendronate,9 a study in men found that, when
given together, alendronate impaired the anabolic effects of teri-
paratide.11 For this reason, some consider that teriparatide be
started immediately after stopping bisphosphonates.10 It has been
suggested that the degree of suppression of bone turnover before
treatment may dictate the response to teriparatide.6 A study of
daily or cyclical teriparatide in women with osteoporosis found
that although the teriparatide-induced increase in BMD may be
slightly lower in women who had previously taken alendronate
than in those who had never received it, the increase in spinal
BMD was still impressive. Intermittent cyclical treatment with
teriparatide was found to have similar effects on BMD to those
induced by daily dosage.12 
In postmenopausal women with osteoporosis taking HRT and
corticosteroids,13 the addition of teriparatide significantly in-
creased BMD of the lumbar spine; modest changes in hip bone
mass were not significant. 
In men with osteoporosis, teriparatide increased BMD in the
lumbar spine and at the femoral neck;9 risk of fracture was also
reduced.1
1. Cappuzzo KA, Delafuente JC. Teriparatide for severe oste-

oporosis. Ann Pharmacother 2004; 38: 294–302. 
2. Madore GR, et al. Parathyroid hormone. J Am Acad Orthop

Surg 2004; 12: 67–71. 
3. Brixen KT, et al. Teriparatide (biosynthetic human parathyroid

hormone 1–34): a new paradigm in the treatment of osteoporo-
sis. Basic Clin Pharmacol Toxicol 2004; 94: 260–70. 

4. Neer RM, et al. Effect of parathyroid hormone (1-34) on frac-
tures and bone mineral density in postmenopausal women with
osteoporosis. N Engl J Med 2001; 344: 1434–41. 

5. Lindsay R,et al. Sustained vertebral fracture risk reduction after
withdrawal of teriparatide in postmenopausal women with oste-
oporosis. Arch Intern Med 2004; 164: 2024–30. 

6. Rubin MR, Bilezikian JP. Parathyroid hormone as an anabolic
skeletal therapy. Drugs 2005; 65: 2481–98. 

7. NICE. Bisphosphonates (alendronate, etidronate, risedronate),
selective oestrogen receptor modulators (raloxifene) and parath-
yroid hormone (teriparatide) for the secondary prevention of os-
teoporotic fragility fractures in postmenopausal women: Tech-
nology Appraisal 87 (issued January 2005). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA087guidance.pdf (ac-
cessed 23/07/08) 

8. Anonymous. Teriparatide for postmenopausal osteoporosis.
Drug Ther Bull 2004; 42: 93–5. 

9. Quattrocchi E, Kourlas H. Teriparatide: a review. Clin Ther
2004; 26: 841–54. 

10. Deal C. The use of intermittent human parathyroid hormone as
a treatment for osteoporosis. Curr Rheumatol Rep 2004; 6:
49–58. 

11. Finkelstein JS, et al. The effects of parathyroid hormone, alen-
dronate, or both in men with osteoporosis. N Engl J Med 2003;
349: 1216–26. 

12. Cosman F, et al. Daily and cyclic parathyroid hormone in wom-
en receiving alendronate. N Engl J Med 2005; 353: 566–75. 

13. Lane NE, et al. Parathyroid hormone treatment can reverse cor-
ticosteroid-induced osteoporosis. J Clin Invest 1998; 102:
1627–33.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Forteo; Austral.: Forteo; Belg.: Forsteo; Braz.: Forteo; Canad.:
Forteo; Chile: Forteo; Cz.: Forsteo; Denm.: Forsteo; Fin.: Forsteo; Fr.:
Forsteo; Ger.: Forsteo; Gr.: Forsteo; Hong Kong: Forteo; Hung.: Forsteo;
Irl.: Forsteo; Israel: Forteo; Ital.: Forsteo; Malaysia: Forteo; Mex.:
Forteo; Norw.: Forsteo; NZ: Forteo; Philipp.: Forteo; Port.: Forsteo;
S.Afr.: Forteo; Singapore: Forteo; Spain: Forsteo; Swed.: Forsteo;
Switz.: Forsteo; Thai.: Forteo; UK: Forsteo; USA: Forteo; Venez.:
Forteo.

Tiludronate
ATC — M05BA05.
ATC Vet — QM05BA05.

Tiludronic Acid (BAN, rINN)

Acide Tiludronique; Ácido tiludrónico; Acidum Tiludronicum;
ME-3737; SR-41319; Tiludronihappo; Tiludronik Asit; Tiludron-
syra. {[(p-Chlorophenyl)thio]methylene}diphosphonic acid.
Тилудроновая Кислота
C7H9ClO6P2S = 318.6.
CAS — 89987-06-4.
ATC — M05BA05.
ATC Vet — QM05BA05.
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Tiludronate Disodium (USAN)

Tiludronate Sodium (BANM, rINNM); Disodium Tiludronate; Natrii
Tiludronas; Sodium Tiludronate; SR-41319B; Tiludronate de So-
dium; Tiludronato sódico. Disodium dihydrogen {[(p-chlorophe-
nyl)thio]methylene}diphosphonate hemihydrate.
Натрий Тилудронат
C7H7ClNa2O6P2S, ⁄ H2O = 371.6.
CAS — 149845-07-8 (anhydrous disodium tiludronate);
155453-10-4 (tiludronate disodium hemihydrate).
ATC — M05BA05.
ATC Vet — QM05BA05.

Adverse Effects, Treatment, and Precau-
tions
As for the bisphosphonates in general, p.1089. Asthe-
nia and dizziness have been reported rarely.
Effects on the kidneys. Renal failure has been associated with
the aminobisphosphonates, including tiludronate, see under Bis-
phosphonates, p.1091.
Effects on the skin. As with other bisphosphonates, tiludro-
nate has been associated with rash and pruritus. For reference to
a case of massive epidermal necrosis possibly associated with
tiludronate, see Hypersensitivity, under Bisphosphonates,
p.1091.

Interactions
As for the bisphosphonates in general, p.1091. In-
dometacin may increase the bioavailability of tiludro-
nate two to fourfold; diclofenac does not appear to
have this effect. Aspirin may decrease the bioavailabil-
ity of tiludronate by 50%.

Pharmacokinetics
Like other bisphosphonates tiludronate is poorly ab-
sorbed after oral doses. Absorption is reduced by food,
especially by products containing calcium or other
polyvalent cations. The oral bioavailability of tiludro-
nate is about 6% in the fasting state, and is reduced by
about 90% when given within 2 hours of food. Plasma
protein binding is about 90%, mostly to albumin.
Tiludronate is not metabolised. About half of the ab-
sorbed portion is excreted in the urine; the remainder is
sequestered to bone for a prolonged period.

Uses and Administration
Tiludronate is a bisphosphonate with similar properties
to those of the bisphosphonates in general (p.1091). It
inhibits bone resorption and is used for Paget’s disease
of bone. 
It is given orally as tiludronate disodium, but doses are
expressed in terms of the equivalent amount of
tiludronic acid; 117 mg of tiludronate disodium is
equivalent to about 100 mg of tiludronic acid. To en-
sure adequate absorption doses should be taken with
plenty of water (at least 200 mL), at least 2 hours be-
fore or after meals. In Paget’s disease of bone the usual
dose is 400 mg once daily for 3 months, and this may
be repeated if necessary after an interval of at least 3 to
6 months. 
Tiludronate has been tried in postmenopausal osteo-
porosis, but results were disappointing.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Skelid; Austria: Skelid; Belg.: Skelid; Fin.: Skelid†; Fr.: Skelid;
Ger.: Skelid; Hung.: Skelid; Neth.: Skelid; Port.: Skelid; Spain: Skelid;
Swed.: Skelid†; Switz.: Skelid; UK: Skelid; USA: Skelid.

Zoledronate
ATC — M05BA08.
ATC Vet — QM05BA08.

Zoledronic Acid (BAN, USAN, rINN)

Acide Zolédronique; Ácido zoledrónico; Acidum Zoledronicum;
CGP-42446; Tsoledronihappo; Zoledronik Asit; Zoledronsyra.
(1-Hydroxy-2-imidazol-1-ylethylidene)diphosphonic acid.
Золедроновая Кислота
C5H10N2O7P2 = 272.1.
CAS — 118072-93-8 (anhydrous zoledronic acid);
165800-06-6 (zoledronic acid monohydrate).
ATC — M05BA08.
ATC Vet — QM05BA08.

Zoledronate Disodium (BANM, USAN, rINNM)

CGP-42446A; ZOL-446; Zoledronas Dinatricum; Zolédronate
Disodique; Zoledronato disódico. Disodium dihydrogen (1-hy-
droxy-2-imidazol-1-ylethylidene)diphosphonate tetrahydrate.
Динатрий Золедронат
C5H8N2Na2O7P2,4H2O = 388.1.
CAS — 165800-07-7.
ATC — M05BA08.
ATC Vet — QM05BA08.

Zoledronate Trisodium (BANM, USAN, rINNM)

CGP-42446B; Zoledronas Trinatricum; Zolédronate Trisodique;
Zoledronato trisódico. Trisodium hydrogen (1-hydroxy-2-imida-
zol-1-ylethylidene)diphosphonate hydrate (5:2).
Тринатрий Золедронат
C5H7N2Na3O7P2,2 ⁄ H2O = 383.1.
CAS — 165800-08-8.
ATC — M05BA08.
ATC Vet — QM05BA08.

Adverse Effects and Precautions
As for Pamidronate, p.1101. It is important to ensure
adequate hydration before and after doses of zoledron-
ic acid as dehydration predisposes to deterioration in
renal function.
Effect on electrolytes. Zoledronate has more potent effects on
calcium than some of the other bisphosphonates, and has precip-
itated severe hypocalcaemia, resulting in tetany and paraesthesia,
in some patients.1,2 In most cases, pre-existing conditions inter-
fered with the expected compensatory physiological response to
the hypocalcaemia.1 Vitamin D deficiency should be treated be-
fore starting zoledronate.1,2

1. Peter R, et al. Severe hypocalcaemia after being given intrave-
nous bisphosphonate. BMJ 2004; 328: 335–6. 

2. Breen TL, Shane E. Prolonged hypocalcemia after treatment
with zoledronic acid in a patient with prostate cancer and vitamin
D deficiency. J Clin Oncol 2004; 22: 1531–2.

Effects on the eyes. For reports of ocular effects with bisphos-
phonates, including zoledronate, see p.1090.
Effects on the heart. For a report of a possible association
between zoledronate and serious atrial fibrillation, see Effects on
the Heart, under Bisphosphonates, p.1090.
Effects on the kidneys. Renal failure has been associated with
the aminobisphosphonates, see under Bisphosphonates, p.1091.
Doses may need adjusting in some patients with renal impair-
ment (see Administration in Renal Impairment, below).
Effects on the musculoskeletal system. Osteonecrosis of
the jaw has been reported after the use of bisphosphonates, in-
cluding zoledronate (see Effects on the Musculoskeletal System,
under Adverse Effects of Bisphosphonates, p.1091).

Interactions
As for the bisphosphonates in general, p.1091.

Pharmacokinetics
Plasma concentrations of zoledronate rise rapidly after
the start of an intravenous infusion. Plasma protein
binding is low; it has been variously reported as 22 or
56%. Zoledronate is not metabolised, and about 23 to
55% of the dose is excreted in the urine unchanged
within 24 hours; the remainder is mainly sequestered to
bone and only very slowly eliminated. Renal clearance
is slower in patients with severe renal impairment (see
Administration in Renal Impairment, below).
◊ References.
1. Chen T, et al. Pharmacokinetics and pharmacodynamics of

zoledronic acid in cancer patients with bone metastases. J Clin
Pharmacol 2002; 42: 1228–36.

Uses and Administration
Zoledronate is an aminobisphosphonate (p.1089) that
is a potent inhibitor of bone resorption. Zoledronic acid
is given as an intravenous infusion over not less than 15
minutes. 

It is used for hypercalcaemia of malignancy, in a sin-
gle dose of 4 mg, diluted with 100 mL of sodium chlo-
ride 0.9% or glucose 5%. The treatment may be repeat-
ed if necessary after at least 7 days, at a dose of 4 mg.
Individual doses should not exceed 4 mg, as there is an
increased risk of adverse renal effects, including renal
failure. 
Zoledronic acid is given for the prevention of skeletal
events in patients with advanced bone malignancies
(p.660) at a dose of 4 mg, diluted as above, every 3 to
4 weeks. 
For the treatment of Paget’s disease of bone, zoledron-
ic acid is given as a single intravenous infusion of
5 mg. 
Zoledronic acid is also used for the treatment of osteo-
porosis in postmenopausal women; the recommended
dose is a single intravenous infusion of 5 mg given
once a year.
◊ Reviews.
1. Cheer SM, Noble S. Zoledronic acid. Drugs 2001; 61: 799–805. 
2. Theriault RL. Zoledronic acid (Zometa) use in bone disease. Ex-

pert Rev Anticancer Ther 2003; 3: 157–66. 
3. Neville-Webbe H, Coleman RE. The use of zoledronic acid in the

management of metastatic bone disease and hypercalcaemia.
Palliat Med 2003; 17: 539–53. 

4. Li EC, Davis LE. Zoledronic acid: a new parenteral bisphospho-
nate. Clin Ther 2003; 25: 2669–2708. 

5. Wellington K, Goa KL. Zoledronic acid: a review of its use in the
management of bone metastases and hypercalcaemia of malig-
nancy. Drugs 2003; 63: 417–37. 

6. Perry CM, Figgitt DP. Zoledronic acid: a review of its use in
patients with advanced cancer. Drugs 2004; 64: 1197–1211. 

7. Saad F. New research findings on zoledronic acid: survival, pain,
and anti-tumour effects. Cancer Treat Rev 2008; 34: 183–92.

Administration in renal impairment. Despite the fact that
renal clearance of zoledronic acid correlates to renal function, a
pharmacokinetic study1 concluded that no dosage adjustment ap-
peared necessary in patients with mild to moderate renal impair-
ment (creatinine clearance 50 to 80 mL/minute, and 10 to
50 mL/minute, respectively). 
Licensed product information also states that no adjustment is
necessary in mild to moderate renal impairment for patients with
hypercalcaemia of malignancy, but defines this degree of impair-
ment in terms of serum creatinine less than 400 micromoles/litre
or less than 4.5 mg per 100 mL. 
However, for patients with advanced bone malignancies, the in-
travenous dose of zoledronic acid should be adjusted on the basis
of creatinine clearance (CC) as follows: 
• CC greater than 60 mL/minute: 4 mg (no adjustment neces-

sary) 
• CC 50 to 60 mL/minute: 3.5 mg 
• CC 40 to 49 mL/minute: 3.3 mg 
• CC 30 to 39 mL/minute: 3 mg 
• CC below 30 mL/minute: treatment not recommended 
Serum creatinine should be measured before each dose and treat-
ment withheld if renal function has deteriorated. Renal deteriora-
tion is defined as an increase of 44 micromoles/litre or 0.5 mg
per 100 mL for those patients with normal baseline creatinine,
and an increase of 88 micromoles/litre or 1 mg per 100 mL for
those with abnormal baseline creatinine. Treatment may be re-
started at the dose used before treatment interruption once the
creatinine returns to within 10% of the baseline value. 
For patients with Paget’s disease or osteoporosis, UK licensed
product information states that no dose adjustment is considered
necessary for those with CC of 40 mL/minute or more; due to a
lack of clinical data, treatment is not recommended for those
with CC of less than 40 mL/minute.
1. Skerjanec A, et al. The pharmacokinetics and pharmacodynam-

ics of zoledronic acid in cancer patients with varying degrees of
renal function. J Clin Pharmacol 2003; 43: 154–62.

Hypercalcaemia. Bisphosphonates are the preferred drugs for
treating hypercalcaemia of malignancy (p.1083) once the patient
has been adequately rehydrated. Zoledronate has been shown to
have a faster onset, higher response rate, and longer duration of
action than pamidronate.1 It also has a shorter infusion time than
pamidronate,1 and some consider it the treatment of choice for
hypercalcaemia of malignancy.2-4 However, zoledronate has
caused severe hypocalcaemia in some patients, see Effects on
Electrolytes, above.
1. Major P, et al. Zoledronic acid is superior to pamidronate in the

treatment of hypercalcemia of malignancy: a pooled analysis of
two randomized, controlled clinical trials. J Clin Oncol 2001;
19: 558–67. 

2. Major P. The use of zoledronic acid, a novel, highly potent bi-
sphosphonate, for the treatment of hypercalcemia of malignancy.
Oncologist 2002; 7: 481–91. 

3. Wellington K, Goa KL. Zoledronic acid: a review of its use in the
management of bone metastases and hypercalcaemia of malig-
nancy. Drugs 2003; 63: 417–37. 

4. Perry CM, Figgitt DP. Zoledronic acid: a review of its use in
patients with advanced cancer. Drugs 2004; 64: 1197–1211.

Malignant neoplasms of the bone. Bisphosphonates are of
benefit in some patients with metastatic bone disease (p.660) not
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

only to manage bone pain and hypercalcaemia, but to reduce
skeletal complications such as fractures. Zoledronate is licensed
for such use in many countries.1 
In the treatment of skeletal complications from bone metastases
secondary to multiple myeloma or breast cancer, zoledronate
was more effective than pamidronate in reducing the risk of com-
plications from breast cancer; it was of similar efficacy in those
with multiple myeloma.2 In a placebo-controlled study in pa-
tients with prostate cancer,3 zoledronate reduced the number of
skeletal-related events, and increased the median time to events.
In patients with bone metastases arising from lung cancer and
other solid tumours (excluding breast or prostate cancer), zoled-
ronate reduced skeletal morbidity; the primary end-point, which
excluded hypercalcaemia as a skeletal-related event, did not
reach statistical significance.4 However, the authors noted that
the patient groups had a shorter-than-expected survival-time. A
longer term follow-up of this study5 confirmed a sustained re-
duction in risk of developing skeletal events with zoledronate.
Whether bisphosphonates can prevent the development of new
skeletal metastases is unclear.
1. Dhillon S, Lyseng-Williamson KA. Zoledronic Acid: a review of

its use in the management of bone metastases of malignancy.
Drugs 2008; 68: 507–34. 

2. Rosen LS, et al. Long-term efficacy and safety of zoledronic acid
compared with pamidronate disodium in the treatment of skeletal
complications in patients with advanced multiple myeloma or
breast carcinoma: a randomized, double-blind, multicenter, com-
parative trial. Cancer 2003; 98: 1735–44. 

3. Saad F, et al. Long-term efficacy of zoledronic acid for the pre-
vention of skeletal complications in patients with metastatic hor-
mone-refractory prostate cancer. J Natl Cancer Inst 2004; 96:
879–82. 

4. Rosen LS, et al. Zoledronic acid versus placebo in the treatment
of skeletal metastases in patients with lung cancer and other solid
tumors: a phase III, double-blind, randomized trial—the
Zoledronic Acid Lung Cancer and Other Solid Tumors Study
Group. J Clin Oncol 2003; 21: 3150–7. 

5. Rosen LS, et al. Long-term efficacy and safety of zoledronic acid
in the treatment of skeletal metastases in patients with nonsmall
cell lung carcinoma and other solid tumors: a randomized, phase
III, double-blind, placebo-controlled trial. Cancer 2004; 100:
2613–21.

Osteoporosis. Bisphosphonates are used for the prevention
and treatment of osteoporosis (p.1084). Five different dosage
regimens of zoledronate all increased bone mineral density
(BMD) in postmenopausal women when given intermittently

over the course of 1 year in a placebo-controlled study.1 Com-
pared with placebo, a once-yearly infusion of zoledronate over a
3-year period significantly reduced the risk of vertebral, hip, and
other fractures in postmenopausal women with osteoporosis.2
BMD was also significantly increased. Adverse events were sim-
ilar in both groups, including renal function changes; however,
serious atrial fibrillation occurred more frequently in the zoledr-
onate group (see Effects on the Heart, under Bisphosphonates,
p.1090). Once-yearly infusion of zoledronate beginning within
90 days after surgical repair of a low-trauma hip fracture was as-
sociated with a reduction in the rate of new vertebral and non-
vertebral fractures, although the reduction in the risk of new hip
fractures was non-significant.3 
Preliminary results from a study evaluating zoledronate for the
prevention of cancer treatment-induced bone loss, in postmen-
opausal women with early breast cancer treated with letrozole,
suggest that adding zoledronate to the regimen from the start is
more effective than delaying treatment until there is evidence of
bone loss.4 In a small study,5 zoledronate also improved the cal-
cium content of cancellous bone, maintained femoral neck
BMD, and increased lumbar spine BMD after kidney transplan-
tation. In a similar study of liver transplant recipients, zoledro-
nate also had favourable effects on BMD. This effect tended to
diminish at 12 months when compared with placebo; the authors
considered this to be due to improved general health, mobility,
muscle mass, and nutrition as a consequence of improved liver
function.6

1. Reid IR, et al. Intravenous zoledronic acid in postmenopausal
women with low bone mineral density. N Engl J Med 2002; 346:
653–61. 

2. Black DM, et al. Once-yearly zoledronic acid for treatment of
postmenopausal osteoporosis. N Engl J Med 2007; 356:
1809–22. 

3. Lyles KW, et al. HORIZON Recurrent Fracture Trial. Zoledronic
acid and clinical fractures and mortality after hip fracture. N Engl
J Med 2007; 357: 1799–1809. 

4. Brufsky A, et al. Zoledronic acid inhibits adjuvant letrozole-in-
duced bone loss in postmenopausal women with early breast
cancer. J Clin Oncol 2007; 25: 829–36. 

5. Haas M, et al. Zoledronic acid to prevent bone loss in the first 6
months after renal transplantation. Kidney Int 2003; 63: 1130–6. 

6. Crawford BAL, et al. Zoledronic acid prevents bone loss after
liver transplantation: a randomized, double-blind, placebo-con-
trolled trial. Ann Intern Med 2006; 144: 239–48.

Paget’s disease of bone. Bisphosphonates may be indicated
for patients with Paget’s disease of bone (p.1086) if bone pain is
persistent, or to prevent further progression of the disease.
Zoledronate is highly effective in Paget’s disease. Single infu-
sions of up to 400 micrograms have been shown to inhibit bone
resorption in patients with active Paget’s disease.1,2 In a patient3
with disease refractory to other bisphosphonates, a single infu-
sion of 4 mg improved symptoms and improved biochemical
markers of disease activity. A placebo-controlled study com-
pared a single infusion of 5 mg zoledronic acid with a 60-day
course of oral risedronate 30 mg daily. Patients receiving
zoledronic acid had significantly more rapid and marked reduc-
tion in serum alkaline phosphatase concentrations, higher re-
sponse rates, and shorter median times to response than those on
risedronate. During an open extension study, patients on risedro-
nate had a significantly larger loss of therapeutic response than
those given zoledronic acid.4 A review5 concluded that zoledron-
ic acid was an important first-line treatment for Paget’s disease.
1. Arden-Cordone M, et al. Antiresorptive effect of a single infu-

sion of microgram quantities of zoledronate in Paget’s disease of
bone. Calcif Tissue Int 1997; 60: 415–18. 

2. Buckler H, et al. Single infusion of zoledronate in Paget’s dis-
ease of bone: a placebo-controlled, dose-ranging study. Bone
1999; 24 (suppl): 81S–85S. 

3. Chung G, Keen RW. Zoledronate treatment in active Paget’s dis-
ease. Ann Rheum Dis 2003; 62: 275–6. 

4. Reid IR, et al. Comparison of a single infusion of zoledronic acid
with risedronate for Paget’s disease. N Engl J Med 2005; 353:
898–908. 

5. Keating GM, Scott LJ. Zoledronic acid: a review of its use in the
treatment of Paget’s disease of bone. Drugs 2007; 67: 793–804.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aclasta; Rionit; Zometa; Austral.: Zometa; Austria: Zometa; Belg.:
Aclasta; Zometa; Braz.: Zometa; Canad.: Aclasta; Zometa; Chile: Zome-
ta; Cz.: Aclasta; Zometa; Denm.: Aclasta; Zometa; Fin.: Aclasta; Zometa;
Fr.: Aclasta; Zometa; Ger.: Aclasta; Zometa; Gr.: Aclasta; Zometa; Hong
Kong: Zometa; Hung.: Aclasta; Zometa; India: Zoldria; Zometa; Indon.:
Zometa; Irl.: Aclasta; Zometa; Israel: Zomera; Ital.: Zometa; Malaysia:
Zometa; Mex.: Zometa; Neth.: Zometa; Norw.: Aclasta; Zometa; NZ:
Zometa; Philipp.: Zometa; Pol.: Zometa; Port.: Zometa; Rus.: Zometa
(Зомета); S.Afr.: Zometa; Singapore: Zometa; Spain: Aclasta; Zometa;
Swed.: Aclasta; Zometa; Switz.: Zometa; Thai.: Zometa; Turk.: Zometa;
UK: Aclasta; Zometa; USA: Reclast; Zometa; Venez.: Zoldria; Zometa.
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This chapter includes many of those drugs used for
their bronchodilator or anti-inflammatory properties in
the management of reversible airways obstruction,
such as asthma and chronic obstructive pulmonary dis-
ease. 
The main bronchodilators discussed in this chapter are
the sympathomimetic beta agonists (stimulants of
beta-adrenoceptors), and the xanthines (mainly theo-
phylline). The antimuscarinic bronchodilators ipratro-
pium, oxitropium, and tiotropium are also included.
The major class of anti-inflammatory drugs, the corti-
costeroids, are discussed separately, on p.1490; other
drugs considered to act on the processes of airway
inflammation and which are included in this section in-
clude sodium cromoglicate and its analogues, and the
various drugs that act on leukotriene synthesis and re-
ceptor binding, on platelet-activating factor (PAF), or
on other aspects of the inflammatory cascade.

Anti-asthma Drug Groups
Antimuscarinics. The parasympathetic nervous system plays
a role in the regulation of bronchomotor tone, and antimuscarinic
drugs have bronchodilator properties. The quaternary ammoni-
um compounds ipratropium bromide, oxitropium bromide, and
tiotropium bromide are the main antimuscarinic (anticholiner-
gic) bronchodilators in current use; as well as reduced CNS ef-
fects they have less effect on mucociliary clearance than drugs
such as atropine, which can produce accumulation of viscid low-
er airway secretions and a risk of mucus plugging in these pa-
tients. An antimuscarinic may be the bronchodilator of choice in
the management of chronic obstructive pulmonary disease. In
patients with asthma they are usually reserved for use in life-
threatening acute asthma exacerbations.
Described in this chapter are

Ipratropium, p.1124 Tiotropium, p.1148 
Oxitropium, p.1129

Beta agonists. The sympathetic nervous system plays a role in
the regulation of bronchomotor tone and beta2-adrenoceptors in
bronchial smooth muscle produce bronchodilatation when stim-
ulated. Short-acting selective agonists of beta2-adrenoceptors
(beta2 agonists; beta2 stimulants), of which salbutamol is the para-
digmatic example, are therefore first-line drugs for the relief of
asthma symptoms. They are also widely used in the management
of chronic obstructive pulmonary disease, although antimus-
carinic bronchodilators may be preferred or used in addition.
Long-acting beta2 agonists are used in asthma in patients also
requiring anti-inflammatory therapy.
Described in this chapter are

Arformoterol, p.1115 Orciprenaline, p.1129 
Bambuterol, p.1115 Pirbuterol, p.1130 
Bitolterol, p.1116 Procaterol, p.1130 
Clenbuterol, p.1120 Reproterol, p.1131 
Fenoterol, p.1121 Salbutamol, p.1131 
Formoterol, p.1122 Salmeterol, p.1135 
Hexoprenaline, p.1123 Terbutaline, p.1138 
Indacaterol, p.1123 Tretoquinol, p.1149 
Isoetarine, p.1125 Tulobuterol, p.1150 
Levosalbutamol, p.1125

Corticosteroids. Corticosteroids are widely used for their anti-
inflammatory (glucocorticoid) properties in the management of
asthma, and may be beneficial in some patients with chronic ob-
structive pulmonary disease. Because of the potential adverse ef-
fects associated with prolonged systemic corticosteroid therapy,
inhalation of corticosteroids with reduced systemic activity is
preferred; oral corticosteroids are generally only used in short
courses, and at relatively low doses, to gain control of the dis-
ease. The actions and uses of the corticosteroids are discussed in
much greater detail in the section beginning on p.1490.
Leukotriene inhibitors and antagonists. Leukotrienes ap-
pear to play an important role in the inflammatory process of
asthma, and some drugs may modify or inhibit this action. Leu-
kotriene synthesis may be prevented by blockade of the enzyme
5-lipoxygenase with inhibitors such as zileuton. Alternatively,
leukotriene receptor antagonists such as zafirlukast may be used
to block specific receptors (usually those of leukotriene D4) and
prevent their activation. These anti-leukotriene drugs have a role
in the prophylactic management of asthma as an alternative
when inhaled corticosteroids cannot be used in mild asthma, and
as add-on therapy in more severe asthma.
Described in this chapter are

Amlexanox, p.1115 Pranlukast, p.1130 
Ibudilast, p.1123 Tipelukast, p.1149 
Montelukast, p.1126 Zafirlukast, p.1150 
Pemirolast,p.1129 Zileuton, p.1151

Mast cell stabilisers. The role of the mast cell in starting an
inflammatory cascade has long been recognised as important,

and the best established of the mast cell stabilisers are sodium
cromoglicate and nedocromil sodium. These compounds inhibit
mast cell degranulation in response to antigens or other stimuli,
and hence prevent the release of histamine, leukotrienes, and oth-
er inflammatory mediators. They are usually well tolerated and
guidelines for the treatment of asthma mention their use for pro-
phylactic therapy as an alternative, or a supplement, to corticos-
teroids, particularly in children. However, it is generally consid-
ered that the corticosteroids are more effective.
Described in this chapter are

Amlexanox, p.1115 Repirinast, p.1131
Nedocromil, p.1127 Sodium Cromoglicate, p.1136 
Pemirolast, p.1129 Tranilast, p.1149

Xanthines. Xanthines are drugs with complex actions that in-
clude, in varying degrees, relaxation of bronchial smooth muscle
and relief of bronchospasm, stimulant effects on respiration, and
anti-inflammatory effects. Theophylline and its derivatives have
long been used for their bronchodilator properties in the manage-
ment of asthma and chronic obstructive pulmonary disease, but
the narrow therapeutic range and the propensity for interactions
with other drugs make theophylline a difficult drug to use, and it
tends to be reserved for combination therapy in patients who can-
not be managed with other bronchodilators (such as the beta2 ag-
onists) plus inhaled corticosteroids.
Described in this chapter are

Acefylline piperazine, p.1114 Doxofylline, p.1120 
Ambroxol acefyllinate, p.1114 Etamiphylline Camsilate, p.1120
Aminophylline, p.1114 Etofylline, p.1121 
Bamifylline, p.1116 Heptaminol Acefyllinate, p.1123
Bufylline, p.1116 Proxyphylline, p.1130 
Caffeine, p.1116 Theobromine, p.1140 
Choline Theophyllinate, p.1119 Theophylline, p.1140
Diprophylline, p.1120

Management of Reversible Airways 
Obstruction

Asthma
Asthma is a chronic inflammatory disease in which the pa-
tient has episodes of reversible airways obstruction due to
bronchial hyperresponsiveness. It is a common disorder,
the prevalence of which has increased sharply over the last
40 years, particularly in children, with prevalence greater
than 30% in some areas. More than 10% of the population
in developed countries are affected. Rates are increasing in
developing countries as they become more westernised,1
and global differences in prevalence appear to be lessen-
ing.2 It has been suggested that asthma is probably not one
illness, but a collection of different phenotypes which meet
the criteria for clinical diagnosis of asthma.3,4 Although
there is no clear definition of the asthma phenotype, 3
categories have been suggested: clinical phenotypes such
as severity-defined or defined by age at onset, trigger-relat-
ed phenotypes such as allergy- or aspirin-induced asthma,
and inflammatory phenotypes such as eosinophilic asth-
ma.4 Current guidelines classify by severity according to
the clinical features present before treatment.5-7 Asthma
may be described as extrinsic when it is associated with
exposure to a specific allergen such as pollen or house-dust
mite, or to a non-specific stimulus such as a chemical irri-
tant or exercise. It may be described as intrinsic when no
external precipitating factor is identifiable. 
The aetiology of asthma is poorly understood, but both ge-
netic and environmental factors are believed to contribute
to development and progression of the disease.1,8,9 Resist-
ance to airflow in asthma is increased by a number of
abnormalities, including contraction of the airway smooth
muscle, the presence of excessive secretions within the air-
way lumen, and inflammatory cell infiltration. The inflam-
mation in chronic asthma causes remodelling, found as
shedding and thickening of the airway epithelium, and
hypertrophy and hyperplasia of smooth muscle.8,9 Airway
remodelling or thickening may be important in more se-
vere disease and can result in relatively irreversible nar-
rowing of the airways.7 
The principal symptoms of asthma are wheezing, dysp-
noea (breathlessness), chest tightness, and cough, and
these symptoms tend to be variable, intermittent, worse at
night or early morning, and provoked by particular trig-
gers. In an acute attack, the respiratory rate is rapid and
tachycardia is common.5-7 The peak expiratory flow (PEF)
and forced expiratory volume in the first second (FEV1)
are decreased in asthma, and in a severe asthmatic attack
the PEF is generally less than 50% of predicted values.
Life-threatening features include exhaustion, cyanosis,
bradycardia, hypotension, confusion, and coma.5-7 

Management of asthma. As asthma is a chronic disease,
management involves prophylactic measures to reduce in-
flammation and airway resistance and to maintain airflow,
as well as specific regimens for the treatment of acute at-
tacks. Measurements of lung function play an important
part in determining treatment and patients are encouraged
to monitor their own disease by using a simple peak flow
meter to measure PEF and adjust their therapy according-
ly,5-7 Spirometry is used to measure airflow limitation and
reversibility in hospitals and surgeries.5-7 Use of exhaled
nitric oxide has been investigated to monitor disease con-
trol with corticosteroids;10 however, an asthma treatment
strategy using exhaled nitric oxide did not result in a large
reduction in exacerbations or less use of inhaled corticos-
teroids.11 
Drug therapy is preferably given by inhalation to deliver
the drugs directly to the desired site of action. This produc-
es higher local concentrations and permits smaller doses
than would be required orally, with a consequent reduction
in adverse effects. Systematic reviews12-14 have found that
hand-held inhaler devices including pressurised metered-
dose inhalers (MDIs), dry powder inhalers, and breath ac-
tuated pressurised MDIs, are generally equally effective
for the delivery of short-acting beta2 agonists and corticos-
teroids in stable asthma. Choice of inhaler should be indi-
vidualised, especially in children, taking into account ease
of use, safety, and convenience.6,7,14 Differences in drug
delivery exist between inhaler devices and this should be
considered when substituting one device for another.7 
Spacer devices can be fitted to some MDIs to act as reser-
voirs for the drug to make it easier for the patient to inhale
each dose correctly. Use of MDIs with spacer devices pro-
duce outcomes which are at least equivalent to nebuliser
therapy.14,15 Nebulisers tend to be reserved for patients
who are unable or unwilling to use these devices, although
the choice of spacer and method of use may substantially
affect drug delivery.5,16 A large volume spacer device is
recommended for the inhalation of high doses of corticos-
teroids to reduce oropharyngeal deposition and systemic
absorption.5,7 Specially adapted or modified inhalation de-
vices, as well as spacer devices, are also available to enable
children to achieve a correct technique when using inhaled
drug therapy, but alternative routes of delivery such as oral
dosage or nebulisation may be necessary for some infants
and small children.16 Frequent intermittent or continuous
nebulisation of short-acting beta2 agonists are both effec-
tive in patients with severe bronchoconstriction.14 
The standard drugs used in the management of asthma are
the beta2 agonists and corticosteroids.5-7 
Beta2 agonists relax the bronchial smooth muscle to pro-
duce bronchodilatation by selectively stimulating beta2-
adrenergic receptors. Short-acting selective beta2 agonists
such as salbutamol or terbutaline are the initial drugs of
choice for use as required to relieve acute bronchospasm;
if inhaled, they can have an almost immediate bronchodi-
lating effect. Regular use of beta2 agonists is mainly re-
stricted to long-acting beta2 agonists such as salmeterol
xinafoate in patients also requiring anti-inflammatory pro-
phylactic treatment; a short-acting beta2 agonist should
still be used as required.5-7 
Corticosteroids are the most effective preventer therapy
available for the management of asthma.17 They are used
for their anti-inflammatory properties and to reduce bron-
chial hyperresponsiveness; they must be taken regularly to
achieve maximum benefit. Corticosteroid therapy is rec-
ommended both for acute attacks and chronic asthma
prophylaxis. Meta-analysis suggests that systemic corti-
costeroids speed the resolution of exacerbations and re-
duce the rate of relapse.18,19 It has also been suggested that
inhaled corticosteroids may be of benefit in acute asthma
if multiple doses are inhaled at intervals of less than 30
minutes, over a 90 to 120 minute period.20 In chronic asth-
ma, regular inhaled corticosteroids are one of the corner-
stones of management. Combining inhaled corticosteroids
with long-acting beta2 agonists may have synergistic ben-
efits;17,21,22 such a combination is more effective than
combining inhaled corticosteroids with anti-leukotriene
drugs.23 The use of an inhaled corticosteroid, budesonide,
and a rapid and long-acting beta2 agonist, formoterol, in a
combined inhaler as both regular maintenance therapy and
as a reliever when required, has been studied. Giving addi-
tional corticosteroid with each reliever inhalation in re-



Bronchodilators and Anti-asthma Drugs    1109

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sponse to symptoms could be expected to provide im-
proved control of airway inflammation,24 and reductions
in the rate of exacerbations have been reported25,26 with
relatively lower doses of inhaled corticosteroid in patients
with uncontrolled persistent asthma, compared with more
conventional treatment regimens using a beta2 agonist as a
reliever. While the place of budesonide/formoterol mainte-
nance and reliever therapy in the management of asthma is
not yet clearly defined,24 some guidelines6,7 include this
regimen (referred to by the manufacturer, AstraZeneca, as
Symbicort® Maintenance and Reliever Therapy, or
SMART®) as an option for adults at Step 3 (see below). 
Exercise-induced bronchoconstriction is also reduced in
both adults and children by regular use of inhaled corticos-
teroids.27 
Various studies have examined the role that inhaled corti-
costeroids might play in modifying the development of
asthma in symptomatic children.28-30 Although the short-
term therapeutic efficacy varied between studies, possibly
due to the differing lengths of treatment and study popula-
tions used, in all 3 studies the long-term clinical and func-
tional outcomes did not differ in children treated with in-
haled corticosteroids compared with placebo. 
Xanthines such as aminophylline or theophylline may be
given for their bronchodilating properties although there is
evidence that the long-acting beta2 agonist salmeterol pro-
duces a greater improvement in lung function, reduces the
need for rescue short-acting beta2 agonists, and has fewer
adverse effects compared with theophylline.31 There is
disagreement about adding xanthine treatment to beta2
agonists for the management of acute severe asthma (see
below). 
Inhaled antimuscarinics such as ipratropium bromide or
oxitropium bromide, used with beta2 agonists, are given in
acute asthma; a systematic review32 found that inhaled
multiple doses of antimuscarinic reduced hospital admis-
sions and improved lung function tests compared with
beta2 agonists alone. 
Cromoglicate or nedocromil may be used as an alternative
to corticosteroids for the prophylaxis of less severe asthma
or combined with other therapy. Anti-leukotrienes such as
the leukotriene receptor antagonist zafirlukast and the leu-
kotriene inhibitor zileuton are another alternative or ad-
junct to inhaled corticosteroids. When used with inhaled
corticosteroids, anti-leukotrienes bring modest improve-
ments in lung function compared with inhaled corticoster-
oids alone.33 They may also be useful in exercise-induced
bronchoconstriction in some patients.5-7 The anti-IgE
monoclonal antibody omalizumab17,34 is available for use
in selected patients with allergen-induced asthma. A sys-
tematic review of omalizumab,35 as adjunctive therapy to
corticosteroids, found that treatment led to a reduction, and
in some cases, withdrawal of regular inhaled corticoster-
oid, as well as a reduction in asthma exacerbations; longer
term evaluation of adverse effects, direct comparison with
inhaled corticosteroids, and assessment in children is
needed. 
CHRONIC ASTHMA 
Advice for patients with chronic asthma includes avoid-
ance of smoking, of allergens such as pollen, and of bron-
choconstricting drugs such as beta blockers. Patients who
have had asthma induced by aspirin and NSAIDs should
also avoid these drugs. Skin testing to determine allergen
sensitivity may be advisable.5-7 US guidelines5 suggest
consideration of immunotherapy to desensitise patients
with poorly controlled disease unavoidably exposed to a
precipitating allergen. Although there is increasing evi-
dence of benefit from such treatment36 the size of the ben-
efit overall remains somewhat uncertain, and the potential
adverse effects make it controversial (see under Allergen
Immunotherapy, p.2251). UK guidelines6 consider that al-
though there is evidence of benefit from immunotherapy
when compared with placebo, comparative studies with
other asthma treatments are needed. 
Gastro-oesophageal reflux has been suggested as another
exacerbating factor;37 symptoms of gastro-oesophageal re-
flux disease are about one and a half times more common
among individuals with asthma than the general popula-
tion,38 although the exact nature of the association remains
unclear. A 2003 systematic review of acid suppressive
therapy concluded that it did not benefit asthma in most
patients;39 more recent studies on the subject support this
view,40,41 although one did note reduced exacerbations and
an improvement in the asthma quality of life in patients
given lansoprazole compared with placebo.41 

Guidelines for drug therapy of chronic asthma have been
issued in many countries including Australia,42 Cana-
da,43,44 and the UK,6 and the USA,5 and by the Global In-
itiative for Asthma (GINA),7 and are broadly similar, pro-
viding a stepwise approach. Guidelines specifically for the
management of childhood asthma have recently been
issued by The European Pediatric Asthma Group.45 Initial
control is achieved with the early use of anti-inflammatory
drugs at doses most appropriate for the severity of disease.
In mild to moderate asthma, starting inhaled corticoster-
oids at very high doses and stepping down confers no ben-
efit,46,47 and relatively low initial doses are recommend-
ed.5-7 
Guidelines vary slightly in their definition of low, moder-
ate and high inhaled corticosteroid doses—for the defini-
tions of these terms in UK, US, and global asthma guide-
lines see Asthma, under Choice of Corticosteroid, p.1499. 
In adults and older children 
The UK recommendations for adults and children over 5
years of age with chronic asthma are as follows: 
• Step 1; mild intermittent asthma 

Patients requiring only occasional relief from symptoms
may be adequately managed with an inhaled short-act-
ing beta2 agonist such as salbutamol or terbutaline taken
when needed. 

• Step 2; regular preventer therapy 
Regular inhaled corticosteroids may be added at an ap-
propriate starting dose for the severity of the disease, if
symptoms are present or an inhaled beta2agonist is re-
quired three times a week or more, or if symptoms wake
the patient from sleep one night a week. Patients who
have had an exacerbation of asthma requiring oral corti-
costeroids in the last 2 years should also be considered
for regular inhaled corticosteroids. Alternatives are cro-
moglicate or nedocromil, leukotriene receptor antago-
nists, or modified-release oral theophylline, but these
are less effective. 

• Step 3; initial add-on therapy 
If adequate control is not achieved, the preferred treat-
ment is to supplement low-dose inhaled corticosteroids
with a long-acting inhaled beta2 agonist such as salme-
terol xinafoate. If there is only suboptimal response, the
long-acting beta2 agonist is continued and inhaled corti-
costeroid increased to a moderate dose. If there is no re-
sponse to a long-acting beta2 agonist, it should be
stopped and inhaled corticosteroid increased to a mod-
erate dose; if control is still inadequate addition of either
a leukotriene receptor antagonist or modified-release
oral theophylline should be considered. 

• Step 4; persistent poor control 
For patients with persistent poor control of asthma de-
spite use of inhaled moderate-dose corticosteroids and
an additional drug (usually a long-acting inhaled beta2
agonist), increasing the inhaled corticosteroid to a high
dose should be considered. Patients over 12 years of age
may alternatively benefit from addition of either a leu-
kotriene receptor antagonist, modified-release oral
theophylline, or an oral modified-release beta2 agonist.
If a trial of a particular treatment option is ineffective,
the drug is stopped (or in the case of an increased dose
of inhaled corticosteroid, reduced). 

• Step 5; continuous or frequent use of oral corticosteroids 
If further control is needed, then an oral corticosteroid
such as prednisolone may also be given in single daily
doses at the lowest dose providing adequate control.
High-dose inhaled corticosteroids should also be main-
tained. Other treatments may be considered to minimise
the use of corticosteroid tablets, such as a 6 week trial of
treatment with long-acting beta2 agonists, leukotriene
receptor antagonists, or theophylline. If a trial of a par-
ticular treatment option is not effective, the drug is
stopped. When other treatments have proved unsuccess-
ful in patients over 12 years of age, a 3 month trial of
immunomodulators such as methotrexate, ciclosporin,
and gold may be considered for their anti-inflammatory,
immunosuppressant, and corticosteroid-sparing proper-
ties: their use must be balanced against their potentially
serious adverse effects. Referral for specialist care is ad-
vised for all patients at this step. 

The US recommendations for chronic asthma manage-
ment in adults and children over 5 years are: 
• Step 1 

A short-acting inhaled beta2 agonist is recommended,
taken as required to relieve symptoms. 

• Step 2 
As in UK guidelines, if regular controller therapy is
needed, then a low-dose inhaled corticosteroid is the
preferred treatment. Other alternatives include cromo-
glicate, nedocromil, a leukotriene receptor antagonist,
and theophylline. 

• Step 3 
The preferred treatment for patients over 12 years who
are not controlled with low-dose inhaled corticosteroids,
is either addition of a long-acting inhaled beta2 agonist
or increasing the inhaled corticosteroid to a moderate
dose. In children aged 5 to 12 years either a leukotriene
receptor antagonist or modified-release oral theophyl-
line are equally acceptable treatment options in place of
a long-acting inhaled beta2 agonist; however, they are
secondary options for patients 12 years and over long
with the leukotriene inhibitor zileuton. 

• Step 4 
An increase in the inhaled corticosteroid to a moderate
dose is recommended in patients not controlled by Step
3. A long-acting inhaled beta2 agonist is the preferred
addition to this; alternatives include either a leukotriene
receptor antagonist or modified-release theophylline, or
in patients 12 years and over, the leukotriene inhibitor
zileuton. 

• Step 5 
High-dose inhaled corticosteroid in addition to a long-
acting inhaled beta2 agonist is the preferred treatment
for patients on Step 5. Alternatively, children aged 5 to
11 years may benefit from either a leukotriene receptor
antagonist or modified-release theophylline in place of
a long-acting inhaled beta2 agonist. Omalizumab may
be considered for patients 12 years and over who have
allergies. 

• Step 6 
As in Step 5 of the UK guidelines above, an oral corti-
costeroid may be added to the inhaled high-dose corti-
costeroid and long-acting beta2 agonist. Alternatively,
children aged 5 to 11 years may benefit from either a
leukotriene receptor antagonist or modified-release
theophylline in place of a long-acting beta2 agonist.
Omalizumab may be considered for patients 12 years
and over who have allergies. 

Consultation with an asthma specialist is recommended
from Step 4. 
Global guidelines for the management of asthma in adults
and children aged over 5 years recommend: 
• Step 1, as for UK guidelines, a short-acting inhaled beta2

agonist is the recommended reliever treatment. An in-
haled antimuscarinic such as ipratropium, a short-acting
oral beta2 agonist, or immediate-release theophylline
may be considered as alternatives. 

• Step 2; reliever medication plus single controller 
Similar to UK guidelines, but an anti-leukotriene is the
only alternative recommended to the preferred treat-
ment with a low-dose inhaled corticosteroid. 

• Step 3; reliever medication plus one or two controllers 
A low-dose inhaled corticosteroid with a long-acting in-
haled beta2 agonist (the preferred option in adolescents
and adults), or else increasing the inhaled corticosteroid
to a moderate (the preferred option in children over 5
years) or high dose should be considered. Alternative
treatment options for all ages are a combination of low-
dose inhaled corticosteroid with either an anti-leukot-
riene or modified-release theophylline. 

• Step 4; reliever medication plus two or more controllers 
The preferred treatment at Step 4 is to combine a mod-
erate or high dose of an inhaled corticosteroid with a
long-acting inhaled beta2 agonist. Addition of either an
anti-leukotriene or modified-release theophylline may
also provide benefit. High-dose inhaled corticosteroids
should be reserved for patients who are not controlled
by moderate doses combined with a long-acting inhaled
beta2 agonist and/or an additional controller; they are
recommended only on a trial basis for 3 to 6 months. 

• Step 5 
As in Step 5 of UK guidelines and Step 6 of US guide-
lines, an oral corticosteroid may be considered in addi-
tion to another controller medication. Omalizumab is an
option for patients with allergic asthma who remain
uncontrolled on combinations of other controllers in-
cluding a high dose of inhaled or oral corticosteroids. 

Referral to an asthma specialist is recommended from Step 4. 
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A short ‘rescue’ course of oral prednisolone 30 to 60 mg
daily may also be needed at any time and at any step for an
acute exacerbation. 
In children under 5 years of age 
Recommendations for the management of chronic asthma
in children under 5 years of age have also been issued in
the UK6 and USA.5 There is limited information available
for this age group, however, and some recommendations
are based on extrapolations from studies in older children
and adults. These guidelines also provide a stepwise ap-
proach to management. UK recommendations for man-
agement of chronic asthma in children under 5 years of age
are as follows: 
• Step 1; mild intermittent asthma 

Inhaled short-acting beta2 agonist as required. 
• Step 2; regular preventer therapy 

A low-dose inhaled corticosteroid may be added if con-
trol is poor. If a corticosteroid cannot be used, an alter-
native to be considered is a leukotriene receptor antago-
nist. 

• Step 3; initial add-on therapy 
In children aged 2 to 5 years, addition of a leukotriene
receptor antagonist may be considered if control is poor
in those already taking inhaled corticosteroids. In those
taking a leukotriene receptor antagonist alone, addition
of a low-dose inhaled corticosteroid should be reconsid-
ered. Children under 2 years and those who have persist-
ent poor control on Step 3, may be referred to a respira-
tory paediatrician (Step 4). 

The US makes the following recommendations for the
management of chronic asthma in children under 5 years
of age: 
• Step 1, as for UK guidelines above. 
• Step 2 

As in UK guidelines, addition of a low-dose inhaled cor-
ticosteroid is recommended. Alternative, but less prefer-
able, treatments include the leukotriene receptor antag-
onist montelukast, and cromoglicate. 

• Step 3 
An increase in the inhaled corticosteroid to moderate-
dose should be considered. 

• Step 4 
In addition to moderate-dose inhaled corticosteroid,
consider either a long-acting inhaled beta2 agonist or
montelukast. 

• Step 5 
The inhaled corticosteroid is increased to high-dose, in
addition to either a long-acting beta2 agonist or monte-
lukast. 

• Step 6 
In patients who remain uncontrolled, an oral corticoster-
oid may be added. 

Consultation with an asthma specialist is recommended
from step 4 onwards. 
As in adults and older children, a short course of oral pred-
nisolone (1 to 2 mg/kg daily) may be needed for acute
exacerbations of asthma. 
For all ages, treatment should be regularly reviewed and
reduced in a stepwise manner if asthma is well controlled.
Patients should be maintained on the lowest possible dose
of inhaled corticosteroid; a reduction in dose every 3
months should be considered, decreasing the dose by
about 25 to 50% each time. 
ACUTE SEVERE ASTHMA 
An acute attack of severe asthma (status asthmaticus) is
potentially life-threatening and treatment should be insti-
tuted as soon as possible. UK guidelines6 provide guid-
ance on the assessment and initial treatment of exacerba-
tions of asthma in general practice and in the accident and
emergency department. Patients with any features of a life-
threatening attack, or a severe attack persisting after initial
treatment with high-dose short-acting beta2 agonist and an
oral corticosteroid, require admission to hospital. 
In adults. 
Guidelines suggest the following regimen for the hospital
management of adults:6 
• Initially, oxygen should be given at the highest concen-

tration available (40 to 60%) with a high flow rate. 
• High doses of inhaled short-acting beta2 agonists (sal-

butamol 5 mg or terbutaline 10 mg) and antimuscarinic
(ipratropium bromide 500 micrograms) should be given
via a nebuliser with oxygen, or compressed air if oxygen

is not available; if neither of these is available, multiple
actuations of a MDI into a large volume spacer device
may be used. 

• High doses of systemic corticosteroids are also required:
for example, prednisolone 40 to 50 mg by mouth or hy-
drocortisone 100 mg intravenously, or both. 

• A single intravenous dose of magnesium sulfate (1.2 to
2 g infused over 20 minutes) may be considered at this
stage if life-threatening features are still present. The
role of magnesium sulfate has not been fully estab-
lished, however, and results of clinical studies have been
conflicting. A meta-analysis concluded that its routine
use was not justified, but that it appears to be safe and
beneficial in some patients with severe exacerbations.48 

• Subsequently, oxygen therapy should be continued as
should corticosteroid treatment (oral prednisolone 40 to
50 mg daily or hydrocortisone 100 mg every 6 hours in-
travenously). 

• Nebulised beta2 agonists and ipratropium bromide may
be given every 4 to 6 hours. If the patient’s condition has
not improved after 15 to 30 minutes, the nebulised beta2
agonist should be given more frequently (up to every 15
minutes, or in a continuous regimen such as salbutamol
10 mg hourly). 

• If progress is still unsatisfactory, then an infusion of
aminophylline (5 mg/kg over 20 minutes then 500 to
700 micrograms/kg per hour, monitoring blood concen-
trations if continued for more than 24 hours; the loading
dose should not be given to patients already on mainte-
nance oral therapy), or a parenteral beta2 agonist may be
considered, although there is limited evidence to sup-
port the routine use of either of these drugs. 

• Patients who deteriorate further with drowsiness,
unconsciousness, or respiratory arrest need transferral to
an intensive care unit and intermittent positive-pressure
ventilation. 

Once lung function is stabilised the patient can be dis-
charged taking inhaled corticosteroids and bronchodila-
tors, and a short course of oral corticosteroid, which has
been shown to reduce the chance of relapse and use of
short-acting beta2 agonists.49 
In children. 
UK guidelines suggest the following regimen for children
aged 2 years and over: 
• Severe acute attacks in children are initially treated with

oxygen given via either a face mask or nasal cannula.
High-dose short-acting beta2 agonists are also given,
either via a nebuliser (salbutamol 2.5 mg or terbutaline
5 mg in children aged 2 to 5 years; up to 5 mg of sal-
butamol and up to 10 mg of terbutaline may be given in
children over 5 years) using oxygen as the driving gas,
or as multiple actuations of a MDI into a large volume
spacer device.6 There is some evidence that in children
with acute asthma, use of spacers rather than nebulisers
improves oxygenation, and reduces adverse effects and
time spent in the emergency department.15 

• A systemic corticosteroid at a high dose is also required,
either oral prednisolone (20 mg daily in children aged 2
to 5 years, and 30 to 40 mg daily in those over 5 years of
age: children already receiving maintenance oral corti-
costeroids should receive 2 mg/kg up to a maximum of
60 mg daily), or intravenous hydrocortisone (4 mg/kg
every 4 hours in more severely affected children). 

• If life-threatening features are present, or response to
beta2 agonists is poor, nebulised ipratropium bromide
(250 micrograms) may be added. Bronchodilators may
be repeated every 20 to 30 minutes. 

• If no improvement is seen, transferral to a paediatric in-
tensive care unit is recommended. Further treatment op-
tions to consider are intravenous salbutamol
(15 micrograms/kg over 10 minutes followed by an in-
fusion of 1 to 5 micrograms/kg per minute of a
200 microgram/mL solution); intravenous aminophyl-
line (5 mg/kg over 20 minutes then 1 mg/kg per hour;
the loading dose should not be given in children already
receiving oral theophylline); and, for children over 5
years of age, a single intravenous dose of magnesium
sulfate (40 mg/kg to a maximum of 2 g over 20 min-
utes). 

Subsequent management follows a similar routine to that
in adults. 
For children under 2 years of age with acute asthma UK
guidelines recommend beginning with oxygen and a trial
of short-acting beta2 agonist given by multiple actuations
of an MDI into a large volume spacer, and repeated every

1 to 4 hours if responding. If a poor response is seen, neb-
ulised ipratropium is added, and a short course of a high-
dose oral corticosteroid (prednisolone 10 mg daily for up
to 3 days) may be considered. 
Global guidelines for acute severe asthma are similar to
those in the UK; however, US guidelines for acute severe
asthma in adults and children are slightly different.5 Al-
though subcutaneous adrenaline or terbutaline has been
used in the management of acute severe asthma in the
USA, the guidelines suggest that the parenteral use of beta2
agonists is of unproven value. Moreover, in contrast to the
UK the intravenous use of xanthines is not recommended.
In compiling the UK guidelines the British Thoracic Soci-
ety has taken the view that although most patients on max-
imal doses of nebulised beta2 agonists and corticosteroids
derive no additional benefit from intravenous aminophyl-
line, some could obtain additional bronchodilatation;
intravenous aminophylline was therefore recommended
for patients with life-threatening unresponsive acute asth-
ma attacks;6 some evidence in children,50 although not in
adults,51 supports this. In contrast, the most recent US
guidelines issued by the National Asthma Education and
Prevention Program do not recommend the use of xan-
thines as they are considered to offer no benefit over the
optimal use of inhaled short-acting beta2 agonists and in-
creases the frequency of adverse effects.5 In consequence,
in the US guidelines, adult patients whose asthma cannot
be managed with oxygen, inhaled short-acting beta2
agonists and antimuscarinics, and systemic corticosteroids
may be considered for treatment with intravenous magne-
sium sulfate or nebulisation with a mixture of helium and
oxygen (heliox) in order to avoid intubation and mechani-
cal ventilation. UK guidelines consider there is no evi-
dence to support the use of heliox; a meta-analysis52 con-
cluded that the existing evidence on heliox failed to show
a clear benefit, and although lung function might be im-
proved in the most severe acute asthma patients, the
number and size of studies available for analysis was small
and the quality variable. 
OTHER ASPECTS OF ASTHMA MANAGEMENT 
Other therapeutic approaches for the management of asth-
ma are currently under investigation. Ultra-long-acting
beta2 agonists under development such as carmoterol,
GSK-159797 (TD-3327), and indacaterol are suitable for
once daily use, leading to increased convenience for pa-
tients.53 Carbamazepine has shown potential as a treat-
ment for asthma in addition to regular asthma therapy;54

improved lung function and fewer exacerbations have
been reported. The recombinant human B-type natriuretic
peptide (BNP), nesiritide, has been reported to be an effec-
tive bronchodilator when given intravenously;55 its clini-
cal role, if any, remains to be determined. As well as their
established antibacterial effect, it has been suggested that
macrolides also have immunomodulatory effects that
could be useful in the management of respiratory diseases.
However, a systematic review1 found insufficient evi-
dence to support or refute the use of macrolides in chronic
asthma although some clinical data indicated a positive ef-
fect; routine use was not recommended and further studies
were warranted. Ketolides also appear to have immu-
nomodulatory effects: a 10-day course of oral telithromy-
cin started with standard treatment for acute asthma in
adults was reported to improve asthma symptoms, regard-
less of infection with Chlamydophila pneumoniae
(Chlamydia pneumoniae) or Mycoplasma pneumoniae.56

The mechanism of this effect is unclear, however, and fur-
ther studies are needed.57 
Interestingly, furosemide given by inhalation has been
found to protect against bronchoconstriction induced by
exercise58 and external stimuli,59,60 but was not effective in
improving bronchial hyperresponsiveness in a 4-week
study,61 and provided no additional benefit when added to
salbutamol for the treatment of acute asthma in a small
study in children.62 Any clinical application has yet to be
determined.63 There has been some interest in heparin
given by inhalation,63-65 and nebulised lidocaine may be of
some benefit;63,66,67 intravenous lidocaine or oral mexilet-
ine have been shown to block reflex bronchoconstric-
tion.68 Inhaled magnesium sulfate may also be of some ad-
junctive benefit to beta2 agonists in the management of
acute episodes.69 
There is increasing study of the cellular mechanisms of in-
flammation in asthma and ways of controlling them.70

Phosphodiesterase type-4 is an enzyme that hydrolyses
cyclic adenosine monophosphate (cyclic AMP), stimulat-
ing the release of acute inflammatory mediators and im-
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mune responses; it is found in airways smooth muscle,
pulmonary nerves, and inflammatory and immune cells
relevant to the pathogenesis of asthma. Phosphodiesterase
type-4 inhibitors such as cilomilast and roflumilast are un-
der investigation for their anti-inflammatory and bron-
chodilator activity.70,71 The thromboxane A2 antagonist,
seratrodast, is being tried for its effects on pulmonary func-
tion and mucus secretion. Asthma-relevant cytokines or
chemokines have been targeted in a number of ways. Inter-
leukin-4 (IL-4) stimulates a range of inflammatory proc-
esses in asthma, and soluble recombinant interleukin-4 re-
ceptor (IL-4R; rhuIL-4R) is being investigated72,73 as an
antagonist to bind and neutralise interleukin-4. Investiga-
tion into the recombinant human IL-4 variant, pitrakinra,
is showing promising results in late phase asthmatic re-
sponses to allergen challenge.74 The anti-CD25 inter-
leukin-2 antagonist daclizumab has also been investigated
with some reported benefit. An anti-interleukin-5 anti-
body, mepolizumab, has also been investigated;70,73 al-
though reductions in airway and bone-marrow eosinophils
were observed, no clinical benefits were noted. Cytokines
which have a potential anti-inflammatory effect are inter-
leukin-10,70 interleukin-12, and interferon gamma.70,73

TNF-α may also play a role in severe asthma. The anti-
TNF antibody infliximab, and the TNF receptor blocker
etanercept have been shown to be effective in other inflam-
matory diseases.70 Small studies using parenteral etaner-
cept have shown some benefit on lung function and symp-
toms;75,76 promising results have also been reported with
intravenous infliximab.77 
The effects of diet and dietary supplements on asthma
have also been of interest. Modification of dietary fatty
acids in the first 5 years of life,78 did not reduce the risk of
asthma or allergic disease in children considered to be at
high risk for developing asthma. Dietary ascorbic acid
supplementation has been investigated in a small group of
adult patients with asthma and exercise-induced bronchoc-
onstriction;79 an improvement in post-exercise lung func-
tion and symptoms were noted compared with placebo.
Maternal diet during pregnancy has also been examined;
Vitamin D deficiency has been suggested as playing a pos-
sible role in immune-mediated disorders such as asthma.80 
Exercise-induced asthma. For most patients exercise-
induced asthma is an expression of poorly controlled asth-
ma and regular treatment with inhaled corticosteroids
should be reviewed.6 Immediately before exercise, short-
acting beta2 agonists are the drugs of choice.6,7 If exercise
is a specific problem in patients taking inhaled corticoster-
oids, consideration may be given to leukotriene receptor
antagonists, long-acting beta2 agonists (although some tol-
erance may occur), cromoglicate, oral beta2 agonists or
theophylline.6 
Pregnancy. It is particularly important that asthma should
be well controlled during pregnancy; where this is
achieved asthma has no important effects on pregnancy,
labour, or the fetus.5-7,81-84 
Inhalation has particular advantages as a means of giving
drugs during pregnancy because the therapeutic action can
be achieved without the need for plasma drug concentra-
tions liable to have a pharmacological effect on the fetus.
Systemic treatment should not be withheld if indicated, al-
though there is insufficient information to support the use
of anti-leukotrienes, except as continued treatment in
women who were taking these before pregnancy for asth-
ma not controlled by other medications.6,82,83 
Severe exacerbations can have an adverse effect on preg-
nancy and should be treated promptly with conventional
therapy, including oral or parenteral corticosteroids, oxy-
gen, and nebulisation of a beta2 agonist.6,83 Prednisolone is
a suitable corticosteroid for oral use since very little of the
drug reaches the fetus.82 
Occupational asthma. More than 10% of adult-onset
asthma cases can be attributed to occupational exposure to
pulmonary irritants.85 Reduction or avoidance of exposure
to the trigger is ideally an important component of man-
agement.6,7,85 Symptoms may still persist; however, the
prognosis for workers with occupational asthma is worse
for those who remain exposed for more than one year after
symptoms develop, compared with those removed earlier.6 
Rhinitis and asthma. There is a significant association
between allergic rhinitis and asthma.7,86 It has been pro-
posed that they are both manifestations of a single inflam-
matory process within the respiratory tract.87 Asthma out-
comes may be improved by following a combined
therapeutic approach to comorbid allergic rhinitis and

asthma.86 Intranasal corticosteroids, an effective treatment
for allergic rhinitis, have produced conflicting results in
studies which assessed their effects on asthma symp-
toms.86 Leukotriene receptor antagonists have produced
benefits for patients with both allergic rhinitis and asthma
and the anti-IgE antibody omalizumab may have a role in
more severe cases.86,88
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Chronic obstructive pulmonary disease
Chronic obstructive pulmonary disease (COPD, chronic
obstructive lung disease, chronic obstructive airways dis-
ease) is a common disorder characterised by airflow ob-
struction which is more or less continuous and not fully
reversible, unlike asthma. The airflow limitation is usually
progressive and is associated with chronic inflammation
which is mainly caused by cigarette smoking;1,2 passive
smoking exposure3 genetic factors, infections, environ-
mental pollution, and occupational dust and chemical
exposure4 may also have an aetiological role. Symptoms
of COPD include chronic and progressive dyspnoea,
wheeze, frequent respiratory-tract infections, cough, and
sputum production.1,2 COPD may affect central or proxi-
mal airways, peripheral airways, lung parenchyma, and
pulmonary vasculature to varying degrees in individuals
with the disease1,5 
• Central airways. Hypertrophy of the mucous glands

and an increase in the number of goblet cells within the
bronchial mucosa leads to an increase in mucus produc-
tion (chronic bronchitis). Patients suffer from a chronic
productive cough with excessive sputum production,
and have been described as ‘blue bloaters’. Airway wall
changes include squamous metaplasia of the airway epi-
thelium, loss of cilia and ciliary dysfunction, and in-
creased smooth muscle and connective tissue. 

• Peripheral airways. Bronchiolitis is present in the
small airways. Goblet cell hyperplasia, squamous cell
metaplasia, inflammatory cell infiltration, and fibrosis
are all seen, leading to irreversible narrowing of the air-
ways. 

• Lung parenchyma. Emphysema occurs in the lung pa-
renchyma in COPD. An abnormal permanent enlarge-
ment of air spaces distal to the terminal bronchioles is
accompanied by destruction of the alveolar wall without
obvious fibrosis. There is excessive airway collapse
upon expiration and irreversible airways obstruction.
Dyspnoea is a prominent symptom; a marked loss of

weight may also be noted. Patients may hyperventilate
to maintain oxygen levels in the blood and have been
called ‘pink puffers’ in contrast to the ‘blue bloaters’ of
the classic bronchitic presentation. Emphysema can
sometimes be caused by a hereditary deficiency of
alpha1-proteinase inhibitor (alpha1 antitrypsin), see
p.2253. Microscopic lesions can progress to form bul-
lae, which are defined as an emphysematous space
greater than 1 cm in diameter. 

• Pulmonary vasculature. Initially these changes are
characterised by thickening of the vessel wall and en-
dothelial dysfunction. These are followed by increased
vascular smooth muscle and inflammatory cell infiltra-
tion. In advanced stages of the disease there is collagen
deposition and emphysematous destruction of the capil-
lary bed. 

• Extrapulmonary changes. Patients with severe COPD
with hypoxaemia and hypercapnia can develop cor pul-
monale (heart disease secondary to disease of the lungs
and respiratory system) marked by pulmonary hyper-
tension, right ventricular hypertrophy, and right heart
failure.5,6 COPD is also associated with systemic in-
flammation and skeletal muscle wasting.5 

Management of COPD. Although there is less consensus
than for asthma, guidelines for the treatment of COPD
have been issued in a number of countries,1,2,5,7-9 and some
clinicians have developed clinical algorithms for manage-
ment.10 The most important therapeutic intervention is en-
couraging those patients who smoke to stop; this is the
only intervention clearly shown to reduce disease progres-
sion.1,11 Psychological support and adjunctive drug thera-
py may be required (see Smoking Cessation, p.2354). Pre-
vention of respiratory infection should be considered;
influenza vaccination is recommended1,2,5,7,8 and can re-
duce serious illness and death in patients with COPD by
about 50%.1,5,7,8 Compared with influenza vaccination,
there is less well-defined benefit from pneumococcal vac-
cination in patients with COPD.7,8 It is generally recom-
mended however,1,2,7 and a study found most benefit in
younger patients and those with more severe disease.12 
Drug treatment is primarily symptomatic and palliative us-
ing bronchodilators, corticosteroids, and oxygen therapy. 
First-line drug therapy for the treatment of COPD consists
of bronchodilators to alleviate bronchospasm and any re-
versible component of the airways obstruction. Either an
inhaled short-acting antimuscarinic, such as ipratropium
bromide, or a short-acting beta2 agonist, is suggested as
the initial bronchodilator.1,2,7 Short-acting beta2 agonists,
have a more rapid action, but there is some suggestion that
short-acting antimuscarinics have a more prolonged ef-
fect.7 Nevertheless, patients vary in their responsiveness
and a beta2 agonist should be tried in those who do not
respond well to an antimuscarinic, and vice versa.1 In mild
disease inhaled bronchodilators can be used on an as-
needed basis.1,2,7,8 In moderate and more severe disease,
therapeutic options include the regular use of these bron-
chodilators either alone7 or in combination,1,2,7,8 or the ad-
dition of long-acting bronchodilators such as the beta2
agonists salmeterol and formoterol or the antimuscarinic
tiotropium.1,2,5,8 A review13 of the role of long-acting bron-
chodilators in COPD found that they effectively improved
lung function; however, they differed in their effects on
other outcomes. Only tiotropium had consistent superiori-
ty to the short-acting bronchodilator ipratropium. A reduc-
tion in COPD exacerbations and related hospitalisations
and improved symptoms and quality of life have been re-
ported in two systematic reviews14,15 of tiotropium com-
pared with either placebo or ipratropium; improvements in
lung function compared with either placebo, ipratropium,
or a long-acting beta2 agonist were also noted. A treatment
algorithm for the introduction of long-acting bronchodila-
tors has been proposed.13 Regular treatment with long-
acting bronchodilators is more effective and convenient
than with shorter acting drugs.1,2,7 Combining bronchodi-
lators with different mechanisms and durations of action
may increase the degree of bronchodilatation while avoid-
ing the need for high doses and the associated adverse
effects.1,2 Ipratropium given with salmeterol has been as-
sociated with beneficial effects on quality of life and lung
function compared with salmeterol alone.16 Beneficial ef-
fects on lung function have also been reported with tiotro-
pium plus formoterol compared with either treatment
alone.17,18 A xanthine such as an oral modified-release
preparation of theophylline may also be considered, usual-
ly where short and long-acting bronchodilators are ineffec-
tive, or in patients unable to use inhaled therapy, as there is

an increased risk of adverse effects and drug interactions
as well as a need for monitoring.1,2,7,8,19 Low-dose theo-
phylline has been reported to reduce exacerbations in pa-
tients with COPD but does not increase post-bronchodila-
tor lung function;1 it may have positive cardiac inotropic
effects which could be of value in cor pulmonale, see un-
der Chronic Obstructive Pulmonary Disease, p.1148. 
Guidelines recommend regular treatment with an inhaled
corticosteroid combined with a long-acting beta2 agonist
for symptomatic patients with moderate to severe COPD
and repeated exacerbations;1,2,5 inhaled corticosteroids
have been reported to reduce the rate of exacerbations.20-22

Whether inhaled corticosteroids improve the long-term
outcomes of COPD is less clear. There has been some sug-
gestion that inhaled corticosteroids reduce mortality,23,24

although a subsequent systematic review22 did not find
any significant effect. The effect, if any, that inhaled corti-
costeroids have on the rate of decline in lung function seen
in COPD patients has also been studied. A pooled
analysis25 found that, although small but significant im-
provements in FEV1 were recorded in the first 6 months of
treatment with inhaled corticosteroid compared with pla-
cebo (particularly in ex-smokers and women), the rate of
decline was not affected after the first 6 months. A system-
atic review22 came to similar conclusions regarding lung
function decline, but reported a slowing in the rate of de-
cline in quality of life. 
Although some guidelines7 still recommend that patients
requiring frequent bronchodilator therapy should receive a
trial of oral prednisolone to assess whether inhaled corti-
costeroids are indicated, a large study26 found that the re-
sponse to a trial of oral prednisolone was unrelated to the
change in FEV1 and health status over the next 3 years of
treatment with either inhaled fluticasone or placebo. A
subsequent systematic review22 also found that bronchodi-
lator reversibility and bronchial hyper-responsiveness did
not predict response to inhaled corticosteroids. Other
guidelines1,2 have therefore concluded that a short course
of oral corticosteroid is a poor predictor of long-term re-
sponse to inhaled therapy, and do not recommend this as-
sessment. 
Combined therapy with an inhaled corticosteroid and a
long-acting beta2 agonist is recommended for patients
with more severe disease;1,2,5,8 combination treatment
should be stopped if there is no benefit after 4 weeks.2 A
study27 designed to assess the effect of a combination in-
haler containing an inhaled corticosteroid (fluticasone)
and the long-acting beta2 agonist salmeterol on survival in
COPD patients did not show a significant reduction in all-
cause mortality, but benefits were seen in the rate of exac-
erbations, lung function, and health status compared with
placebo. Unexpectedly, the study investigators also report-
ed a higher probability of pneumonia being reported as an
adverse effect amongst patients given medications con-
taining fluticasone. A later case-control study28 examining
the association between inhaled corticosteroids and pneu-
monia, also found an excess risk in patients with COPD
which increased with higher doses of inhaled corticoster-
oids. Neither of these studies was able to confirm the diag-
nosis of pneumonia radiographically. Subsequent meta-
analyses compared combined inhaled corticosteroid and
long-acting beta2 agonist in one inhaler with either place-
bo,29 long-acting beta2 agonist,30 or inhaled corticoster-
oid.31 Combination therapy led to a significant reduction in
exacerbation rates compared with placebo, long-acting
beta2 agonist, and inhaled corticosteroid. All-cause mortal-
ity was reduced with combination therapy compared with
either placebo or inhaled corticosteroid, but no impact was
seen in comparison with long-acting beta2 agonists. Again,
the increased incidence of pneumonia in the inhaled corti-
costeroid groups was a cause of concern. Recently the UK
MHRA has warned32 of the need to be vigilant for the de-
velopment of pneumonia and other infections in those with
COPD who are receiving inhaled corticosteroids as the
symptoms of infection often overlap with those of exacer-
bation of COPD; the use of corticosteroids should be re-
considered if such infections develop. 
Long-term maintenance use of oral corticosteroids is not
generally recommended,1,2,5,7,8 although they have a place
in the short-term management of exacerbations (see be-
low), and withdrawal after an exacerbation may be diffi-
cult in some patients with advanced disease.2 
In patients with severe COPD and persistent hypoxaemia,
supplemental oxygen provided on an almost continuous
long-term basis at home has been found to improve surviv-
al and alleviate complications such as cor pulmonale,
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polycythaemia and neuropsychological impairment.33,34

Guidelines recommend starting oxygen therapy in patients
whose resting PaO2 is less than 55 mmHg (about 7.3 kPa),
or whose arterial-oxygen saturation is less than about
88%.1,2,5,7,8 It may also be considered when PaO2 is
between 55 and 60 mmHg (7.3 to 8 kPa) or arterial-
oxygen saturation is less than 90%, or if there is evidence
of polycythaemia, pulmonary hypertension, or right heart
failure.1,2,5,7,8 Nocturnal oxygen therapy may benefit some
patients who suffer from nocturnal hypoxaemia,2,5,7 but
not all guidelines recommend it, as evidence for clinical
benefits and improvement in survival is lacking.5,8 Evi-
dence of benefit from short-term, ‘as-needed’ oxygen in-
halation after exertion is also lacking,35 although a review
of studies using ambulatory oxygen during an exercise test
reported an improvement in exercise performance versus
placebo;36 selected patients might gain some benefits.2,37 
A meta-analysis38 of the use of mucolytics suggested a
small reduction in exacerbations and in the total number of
days of disability; benefit may be greater in patients with
frequent or prolonged exacerbations. Although most
guidelines do not recommend widespread use,1,2,7 patients
with chronic productive cough may be considered for
treatment.1,2 Patients who are not prescribed inhaled corti-
costeroids may also gain some benefit.38 Improved pulmo-
nary function has been reported in patients given aero-
solised surfactant.39 
There is some evidence that treatment with cardiovascular
drugs can produce improvements in some pulmonary
measures. Cohort and case control studies have reported a
reduced COPD and pneumonia/influenza mortality risk in
association with the use of statins.40 Another case control
study41 also reported a reduction in pulmonary as well as
cardiovascular outcomes with statins, ACE inhibitors, and
angiotensin II receptor inhibitors, the largest benefits oc-
curring with the combination of statins and either ACE in-
hibitors or angiotensin II receptor inhibitors. This combi-
nation was associated with a reduction in COPD
hospitalisations, total mortality in both high- and low-risk
groups, and myocardial infarction in the high-risk group. 
A systematic review42 to assess the effects of cardioselec-
tive beta blockers on respiratory function of patients with
COPD found no adverse effects on lung function or respi-
ratory symptoms compared with placebo, and concluded
that they should not be routinely withheld from patients
with COPD and cor pulmonale. Additionally, a retrospec-
tive study43 noted a reduced mortality associated with beta
blocker use in patients hospitalised for acute exacerbations
of COPD. 
Surgery may be used in selected patients with end-stage
disease who remain symptomatic despite optimal medical
treatment. Bullectomy may be used to remove a large bulla
that does not contribute to gas exchange.1,2,5,7,8,44 Lung
transplantation (p.1815) may be used in very advanced
COPD,1,2,5,7,8 particularly in patients with idiopathic em-
physema or alpha1 antitrypsin deficiency.44 In severe
COPD with hyperinflation and obvious target areas, lung
volume reduction surgery may be considered; it may be a
better option than medical therapy to reduce mortality in
patients with predominantly upper-lobe emphysema and
low exercise capacity.1,2,5,7,8,45 
Much investigational therapy has focussed, with variable
results, on three key processes in COPD: oxidative tissue
damage, protease-mediated tissue destruction, and leuco-
cyte-driven chronic inflammation.46,47 Oxidative stress
has been targeted with antoxidants, particularly acetyl-
cysteine.1,48 Various mediators of the inflammatory proc-
esses have also been targeted, for example, inhibitors of
interleukin-848,49 and phosphodiesterase type 4.48,50,51

Other therapies which have been considered include inhib-
itors of cell signalling, TNF, and adhesion molecules and
chemokines.48 Retinoids have been studied in emphysema
for potential positive effects on lung repair.52 An inhaled
formulation of trospium chloride is under development for
the treatment of COPD. There is also evidence that oral
therapy with polyunsaturated fatty acids (including
omega-3 and omega-6 fatty acids) may improve exercise
capacity.53 As well as their established antibacterial effect,
it has been suggested that macrolides also have immu-
nomodulatory effects that could be useful in the manage-
ment of respiratory diseases; however, their role in COPD
remains to be determined. 
Exacerbations. Patients with COPD frequently suffer
acute exacerbations of their symptoms, and may require
hospitalisation. They are triggered mainly by respiratory
viruses and bacteria, which infect the lower airway and in-

crease inflammation.54 Treatment options include maxi-
mal bronchodilators, antibacterials, systemic corticoster-
oids, and oxygen as necessary, with appropriate
management of any associated cardiovascular disor-
der.1,2,5,7,8,55 
For bronchodilator therapy a short-acting beta2 agonist
may be combined with a short-acting antimuscarinic such
as ipratropium,1,5,7,8 although evidence for the effective-
ness of this combination is lacking.56 Some guidelines1,2

further advocate use of a xanthine such as intravenous
theophylline in unresponsive patients, although evidence
of a clear benefit with systemic xanthines is inconsistent.57 
Systemic corticosteroids are beneficial in acute exacerba-
tions of COPD.1,2,5,7,8 Studies58,59 of severe acute exacer-
bation requiring hospitalisation have found systemic corti-
costeroids to improve lung function and reduce the length
of hospital stay, and a later meta-analysis confirmed that
early treatment with oral or parenteral corticosteroids re-
duced treatment failure and the need for additional treat-
ment, although it was also associated with an increased
risk of adverse effects.60 Some consider that the most ef-
fective dose and duration of treatment is yet to be estab-
lished,60,61 although one study58 found that a 2-week
course was as effective as a longer course of 8 weeks.
Guidelines suggest oral doses of prednisolone 30 to 50 mg
daily, or equivalent, for 7 to 14 days.1,2,5,7,8 There is also no
evidence of long-term benefit.58,59 Nebulised budesonide
may be an alternative to oral corticosteroids in the treat-
ment of non-acidotic exacerbations.1 
The use of antibacterials for acute exacerbations has long
been controversial. Meta-analysis62 has suggested a
decrease in mortality, treatment failure, and sputum puru-
lence compared with placebo in moderately to severely ill
patients, although the analysis included only a small
number of studies, with important differences in design
(see also Bronchitis, p.165). Guidelines recommend their
use on an empirical basis where signs of infection are
present1,2,5,7,8 but do not support prophylactic antibacterial
cover for those with recurrent acute exacerbations.1,2,5,7

Short courses of antibacterial therapy (5 days or less) are
as effective as longer courses in mild to moderate exacer-
bations.63 
Oxygen therapy is required in patients with hypoxia; the
goal is to maintain oxygen saturation above 90% but pre-
vent increasing CO2 retention.1,2,5,7 The initial concentra-
tion of oxygen to give in COPD exacerbations is contro-
versial. During the transfer to hospital, UK guidelines2

recommend starting at 40% and titrating upwards if the ox-
ygen saturation falls below 90% and downwards if the pa-
tient becomes drowsy or if the saturation exceeds 93 to
94%. Special care is needed for patients with known type
II respiratory failure, especially if they require a long am-
bulance journey or receive oxygen at home for a pro-
longed period before an ambulance arrives, as uncon-
trolled oxygen therapy can result in suppression of
respiratory drive, carbon dioxide narcosis, and respiratory
arrest. In hospital, arterial blood gases should be used to
guide treatment. Other guidelines7 consider that lower ini-
tial oxygen concentrations of 24 to 28% are usually suffi-
cient. A 2006 systematic review64 found a lack of evidence
on the safest way to provide initial oxygen treatment in
COPD exacerbations. 
Respiratory stimulants such as doxapram65 are of limited
use but may be considered when non-invasive ventilation
is unavailable or inappropriate.1,2 
Despite intensive therapy, some patients progress to respi-
ratory muscle fatigue and require ventilatory support.
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Acefylline Piperazine (BAN, rINN)

Acefilina piperazina; Acéfylline Pipérazine; Acefyllinum Piperazi-
num; Acepifylline; Piperazine Theophylline Ethanoate. Piperazine
bis(theophyllin-7-ylacetate) (1:1).
Ацефиллин Пиперазин
(C9H10N4O4)2,C4H10N2 = 562.5.
CAS — 18833-13-1; 18428-63-2.
ATC — R03DA09.
ATC Vet — QR03DA09.

Profile
Acefylline piperazine is a derivative of theophylline (p.1140)
that has been used for its bronchodilator effects. It is not convert-
ed to theophylline in the body.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Etophylate†; Indon.: Etaphylline.
Multi-ingredient: India: Cadiphylate.

Ambroxol Acefyllinate (BANM, rINNM)

Acebrofylline; Acebrophylline; Acefilinato de ambroxol; Am-
broxol Acéfylline; Ambroxoli Acefyllinas.
Амброксола Ацефиллинат
C13H18Br2N2O,C9H10N4O4 = 616.3.
CAS — 96989-76-3.

Profile
Ambroxol acefyllinate is a xanthine derivative that is used as a
bronchodilator. It is given in an oral dose of 100 mg twice daily.
For doses in children see below.
Administration in children. Ambroxol acefyllinate can be
used as a bronchodilator in children. Children from 1 to 6 years
of age may be given an oral dose of 25 mg twice daily, and chil-
dren from 6 to 12 years, 50 mg twice daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dogistin†; Mucomex†; Braz.: Brismucol; Brondilat; Bronfilil; Cebron-
filina; Expecdilat; Filinar; Teomuc; Ital.: Ambromucil; Broncomnes; Surfolase;
Mex.: Brismucol; Port.: Surfolase†; Tusolven†; Venez.: Brixilon; Bronilis.

Aminophylline (BAN, pINN)

Aminofilin; Aminofilina; Aminofylin; Aminofylliini; Aminofyllin;
Aminophyllinum; Euphyllinum; Metaphyllin; Teofilinas-etilendiam-
inas; Teofillinetiléndiamin; Teofylliinietyleenidiamiini; Teofyllinety-
lendiamin; Theophyllaminum; Theophylline and Ethylenediamine;
Theophylline Ethylenediamine Compound; Théophylline-éthyl-
ènediamine; Theophyllinum et ethylenediaminum. A mixture of
theophylline and ethylenediamine (2:1), its composition approx-
imately corresponding to the formula below.
Аминофиллин
(C7H8N4O2)2,C2H4(NH2)2 = 420.4.
CAS — 317-34-0 (anhydrous aminophylline).
ATC — R03DA05.
ATC Vet — QR03DA05.

Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet. Some
pharmacopoeias include anhydrous and hydrated aminophylline
in one monograph. Some pharmacopoeias do not specify the hy-
dration state. 
Ph. Eur. 6.2 (Theophylline-ethylenediamine; Aminophylline BP
2008). It contains 84.0 to 87.4% of anhydrous theophylline and
13.5 to 15.0% of anhydrous ethylenediamine. A white or slightly
yellowish powder, sometimes granular. Freely soluble in water
(the solution becomes cloudy through absorption of carbon diox-
ide); practically insoluble in dehydrated alcohol. Store in airtight
containers. Protect from light. 
USP 31 (Aminophylline). It is anhydrous or contains not more
than two molecules of water of hydration. It contains not less
than 84.0 and not more than 87.4% of anhydrous theophylline. It
consists of white or slightly yellowish granules or powder, hav-
ing a slight ammoniacal odour. Upon exposure to air it gradually
loses ethylenediamine and absorbs carbon dioxide with the liber-
ation of theophylline. One g dissolves in 25 mL of water to give
a clear solution; 1 g dissolved in 5 mL of water crystallises upon
standing, but redissolves when a small amount of ethylenedi-
amine is added; insoluble in alcohol and in ether. Its solutions are
alkaline to litmus. Store in airtight containers.

Aminophylline Hydrate (BANM, pINNM)

Aminofilina dwuwodna; Aminofilina hidratada; Aminofylin hydra-
tovaný; Aminophylline, Hydrate d’; Aminophyllini Hydratum;
Aminophyllinum Dihydricum; Aminophyllinum Hydricum; Te-
ofylliinietyleenidiamiinihydraatti; Teofyllinetylendiaminhydrat;
Théophylline-éthylènediamine hydratée; Theophyllinum et ethyl-
enediaminum hydricum.
Аминофиллина Гидрат
(C7H8N4O2)2,C2H4(NH2)2,2H2O = 456.5.
CAS — 49746-06-7 (aminophylline dihydrate).
ATC — R03DA05.
ATC Vet — QR03DA05.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet.
Some pharmacopoeias include anhydrous and hydrated amino-
phylline in one monograph. Some pharmacopoeias do not spec-
ify the hydration state. 
Ph. Eur. 6.2 (Theophylline-ethylenediamine Hydrate; Amino-
phylline Hydrate BP 2008). It contains 84.0 to 87.4% of anhy-
drous theophylline and 13.5 to 15.0% of anhydrous ethylenedi-
amine. A white or slightly yellowish powder, sometimes
granular. Freely soluble in water (the solution becomes cloudy
through absorption of carbon dioxide); practically insoluble in
dehydrated alcohol. Store in well-filled airtight containers. Pro-
tect from light. 
USP 31 (Aminophylline). It is anhydrous or contains not more
than two molecules of water of hydration. It contains not less
than 84.0 and not more than 87.4% of anhydrous theophylline. It
consists of white or slightly yellowish granules or powder, hav-
ing a slight ammoniacal odour. Upon exposure to air it gradually
loses ethylenediamine and absorbs carbon dioxide with the liber-
ation of theophylline. One g dissolves in 25 mL of water to give
a clear solution; 1 g dissolved in 5 mL of water crystallises upon
standing, but redissolves when a small amount of ethylenedi-
amine is added; insoluble in alcohol and in ether. Its solutions are
alkaline to litmus. Store in airtight containers.
Incompatibility. Aminophylline solutions should not be al-
lowed to come into contact with metals. 
Solutions of aminophylline are alkaline and if the pH falls below
8, crystals of theophylline will deposit.1 Drugs known to be un-
stable in alkaline solutions, or that would lower the pH below the
critical value, should not be mixed with aminophylline.
1. Edward M. pH—an important factor in the compatibility of ad-

ditives in intravenous therapy. Am J Hosp Pharm 1967; 24:
440–9.

Adverse Effects, Treatment, and Precau-
tions
As for Theophylline, p.1140. Hypersensitivity has
been associated with the ethylenediamine content.
Porphyria. Aminophylline is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.

Interactions
As for Theophylline, p.1142.

Pharmacokinetics
Aminophylline, a complex of theophylline with ethyl-
enediamine, readily liberates theophylline in the body.
The pharmacokinetics of theophylline are discussed on
p.1145.
◊ Studies in healthy subjects suggested that ethylenediamine
does not affect the pharmacokinetics of theophylline after oral or
intravenous dosage.1,2

1. Aslaksen A, et al. Comparative pharmacokinetics of theophyl-
line and aminophylline in man. Br J Clin Pharmacol 1981; 11:
269–73. 

2. Caldwell J, et al. Theophylline pharmacokinetics after intrave-
nous infusion with ethylenediamine or sodium glycinate. Br J
Clin Pharmacol 1986; 22: 351–5.

Uses and Administration
Aminophylline has the actions and uses of theophyl-
line (see p.1146) and is used similarly as a bronchodi-
lator in the management of asthma (p.1108) and chron-
ic obstructive pulmonary disease (p.1112).
Aminophylline is also used to relieve neonatal apnoea
(p.1118). It was formerly used as an adjunct in the
treatment of heart failure, and may occasionally have a
role in patients with this condition who are also suffer-
ing from obstructive airways disease. Aminophylline
is usually preferred to theophylline when greater solu-
bility in water is required, particularly in intravenous
formulations. 
Aminophylline may be given in the anhydrous form or
as the hydrate, and doses may be expressed as either;
aminophylline hydrate 1.09 mg is equivalent to about
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

1 mg of aminophylline. The USP 31 specifies that ami-
nophylline preparations should be labelled with respect
to their anhydrous theophylline content. As the phar-
macokinetics of theophylline are affected by a number
of factors including age, smoking, disease, diet, and
drug interactions, the dose of aminophylline must be
carefully individualised and serum-theophylline con-
centrations monitored (see Uses and Administration of
Theophylline, p.1146). 
In the management of acute severe bronchospasm,
aminophylline may be given intravenously by slow in-
jection or infusion. To reduce adverse effects, intrave-
nous aminophylline should not be given at a rate great-
er than 25 mg/minute. In adults who have not been
taking aminophylline, theophylline, or other xanthine-
containing medication, a loading dose of 5 mg/kg ideal
(lean) body-weight or 250 to 500 mg of aminophylline
may be given intravenously over 20 to 30 minutes by
slow injection or infusion, followed by a maintenance
infusion dose of 500 micrograms/kg per hour. Older
patients and those with cor pulmonale, heart failure, or
liver disease may require lower maintenance doses;
smokers often need higher maintenance doses. A load-
ing dose may not be considered necessary unless the
patient’s condition is deteriorating. 
Intravenous aminophylline is best avoided in patients
already taking theophylline, aminophylline, or other
xanthine-containing medication but, if considered nec-
essary, the serum-theophylline concentration should
first be assessed and the initial loading dose should be
calculated on the basis that each 600 micrograms/kg of
aminophylline (equivalent to 500 micrograms/kg theo-
phylline) will increase serum-theophylline concentra-
tion by 1 microgram/mL. 
In the management of chronic bronchospasm amino-
phylline may be given orally as modified-release prep-
arations; a usual dose is aminophylline hydrate 225 to
450 mg twice daily. Therapy should start with the low-
er dose and be increased as appropriate. Retitration of
the dosage is required if the patient is changed from
one modified-release preparation to another as the bio-
availability of modified-release aminophylline prepa-
rations may vary. 
For doses of aminophylline used in children, see Ad-
ministration in Children, below. 
Intramuscular injection of aminophylline causes in-
tense local pain and is not recommended. 
Aminophylline has also been used as the hydrochlo-
ride.
Administration. RECTAL ADMINISTRATION. Absorption from
aminophylline suppositories is erratic and this dose form has
been associated with toxicity, hence the warnings that suppos-
itories should not be used, especially in children. In the UK
suppositories are no longer readily available and one hospital
wishing to use the rectal route for apnoea in premature infants
(see Neonatal Apnoea, p.1118) achieved therapeutic plasma-
theophylline concentrations with a specially formulated rectal
gel.1
1. Cooney S, et al. Rectal aminophylline gel in treatment of apnoea

in premature newborn babies. Lancet 1991; 337: 1351.

Administration in children. Aminophylline may be given in-
travenously, by slow injection or infusion, to manage acute
severe bronchospasm in children. Doses should be calculated
using ideal or lean body-weight. In children who have not been
taking aminophylline, theophylline or other xanthine-containing
medicine, UK licensed product information recommends a load-
ing dose of 5 mg/kg given by slow injection or infusion over 20
to 30 minutes. Initial maintenance dose ranges are: 
• 6 months up to 10 years of age: 1 mg/kg per hour 
• 10 to 16 years of age: 800 micrograms/kg per hour 
Although unlicensed in the UK for use in children under 6
months, the BNFC allows a dose of 1 mg/kg per hour from 1
month of age. Children aged from 16 years and above may be
given adult doses, see Uses and Administration, above. Serum-
theophylline concentrations should be used to guide further dose
adjustments. 
Children who are already receiving theophylline, aminophylline
or other xanthine-containing medicines, should not normally re-
ceive intravenous aminophylline unless serum-theophylline con-
centration is available to guide dosage. Loading doses are based
on the expectation that each 500 micrograms/kg lean body-
weight of theophylline will result in a 1-microgram/mL increase
in serum-theophylline concentration. 

Oral modified-release preparations are given to children with a
body-weight over 40 kg in the long-term management of chronic
bronchospasm. An initial dose of 225 mg twice daily may be
given if the child has not previously received xanthine prepara-
tions, increased after 1 week to 450 mg twice daily according to
serum-theophylline concentrations. Different modified-release
preparations are not considered interchangeable. 
Aminophylline may also be used in the management of neonatal
apnoea (see p.1118). Although the injection is unlicensed in the
UK in children under 6 months of age, the BNFC recommends
an initial dose of 6 mg/kg by intravenous injection over 20 min-
utes. This is followed by 2.5 mg/kg every 12 hours, increased if
necessary to 3.5 mg/kg every 12 hours. The plasma theophylline
concentration for optimum response in neonatal apnoea is 8 to
12 mg/litre. For further information on the dosage of theophyl-
line itself in neonates, see Administration in Infants, p.1147.
Erectile dysfunction. For reference to the use of a cream con-
taining aminophylline, isosorbide dinitrate, and codergocrine
mesilate in the treatment of erectile dysfunction, see under Glyc-
eryl Trinitrate, p.1298.
Methotrexate neurotoxicity. For reference to the use of ami-
nophylline or theophylline to relieve the acute neurotoxicity of
methotrexate, see Other Drugs, under Treatment of Adverse Ef-
fects, p.747.
Motor neurone disease. A study1 in 25 patients with amyo-
trophic lateral sclerosis (see p.2380) found that aminophylline
improved the endurance of respiratory muscles and increased the
handgrip strength of skeletal muscles; it may have some potential
therapeutic benefit in such patients.
1. Berto MC, et al. Acute action of aminophylline in patients with

amyotrophic lateral sclerosis. Acta Neurol Scand 2007; 115:
301–5.

Reduction of body fat. Cosmetic aminophylline cream has
been promoted for its supposed ability to remove fat (‘cellulite’)
from the thighs.1 Concern has been raised about the potential for
topical sensitisation.2
1. Dickinson BI, Gora-Harper ML. Aminophylline for cellulite re-

moval. Ann Pharmacother 1996; 30: 292–3. 
2. Simon PA. Comment: aminophylline-containing cream. Ann

Pharmacother 1996; 30: 1341.

Preparations
BP 2008: Aminophylline Injection; Aminophylline Tablets; 
USP 31: Aminophylline Delayed-release Tablets; Aminophylline Injection;
Aminophylline Oral Solution; Aminophylline Rectal Solution; Aminophylline
Suppositories; Aminophylline Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cardirenal†; Fadafilina; Larjanfilina; Austria: Euphyllin; Mundiphyllin†;
Braz.: Aminoima; Aminoliv; Asmafin; Asmapen; Asmodrin; Asmoquinol;
Minoton; Unifilin; Canad.: Phyllocontin; Chile: Cardiomin†; Cz.: Pharo-
phyllin†; Syntophyllin; Denm.: Teofylamin; Fin.: Aminocont; Ger.: Phyllo-
temp†; Hung.: Diaphyllin; Indon.: Phyllocontin; Irl.: Phyllocontin; Ital.:
Aminomal; Tefamin; Jpn: Neophyllin; Mex.: Amofilin; Drafilyn-Z; Neth.:
Euphyllin†; Port.: Filotempo; S.Afr.: Peterphyllin; Phyllocontin; Swed.: Te-
ofyllamin; Switz.: Escophylline†; Phyllotemp†; Thai.: Asmalia; Fileen†;
Turk.: Aminocardol; Asmafilin; Carena; UK: Amnivent†; Phyllocontin; USA:
Truphylline†; Venez.: Broncophilina.

Multi-ingredient: Austria: Asthma-Hilfe; Limptar; Myocardon; Braz.:
Alergo Filinal; Alergotox Expectorante†; Alergotox†; Dispneitrat; Ger.:
Limptar†; Hong Kong: Asmeton; Mex.: Isobutil†; Paliatil; Port.: Anti-As-
matico; S.Afr.: Diphenamill†; Genasma; Lotussin Expectorant†; Natrophyl-
line Compound; Repasma; Thai.: Asmeton†; USA: Emergent-Ez; Venez.:
Fedratal†.

Amlexanox (BAN, USAN, rINN)

AA-673; Amlexanoxo; Amlexanoxum; Amoxanox; CHX-3673.
2-Amino-7-isopropyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine-
3-carboxylic acid.
Амлексанокс
C16H14N2O4 = 298.3.
CAS — 68302-57-8.
ATC — A01AD07; R03DX01.
ATC Vet — QA01AD07; QR03DX01.

Profile
Amlexanox has a stabilising action on mast cells resembling that
of sodium cromoglicate (p.1136) and also acts as a leukotriene
inhibitor. It is given orally in the management of asthma (p.1108)
and for allergic rhinitis (p.565); a dose of 25 or 50 mg three times
daily has been suggested. Amlexanox is also given as a metered-
dose nasal spray for allergic rhinitis. 
Amlexanox is also applied as a 5% oral paste four times daily in
the management of aphthous ulcers (see Mouth Ulceration,
p.1700). A 2-mg biodegradable oral disc designed to deliver am-
lexanox locally is also available.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Solfa; Neth.: Miraftil; USA: Aphthasol.

Arformoterol Tartrate (USAN, rINNM) ⊗ 
Arformotérol, Tartrate d’; Arformoteroli Tartras; R,R-Formoterol
Tartrate; Tartrato de arformoterol. (-)-N-[2-Hydroxy-5-((1R)-1-
hydroxy-2-{[(1R)-2-(4-methoxyphenyl)-1-methylethyl]ami-
no}ethyl)phenyl]formamide hydrogen (2R,3R)-2,3-dihydroxybu-
tanedioate.
Арформотерола Тартрат
C19H24N2O4,C4H6O6 = 494.5.
CAS — 67346-49-0 (arformoterol); 200815-49-2 (arfor-
moterol tartrate).

(arformoterol)

Profile
Arformoterol is the R,R-enantiomer of the beta2-adrenoceptor
agonist formoterol (p.1122) and has similar properties. Arfor-
moterol is a long-acting selective beta2 agonist which is used as
a bronchodilator in the management of chronic obstructive pul-
monary disease (p.1112). It is given as the tartrate, but doses are
described in terms of the base; 22 micrograms of arformoterol
tartrate is equivalent to about 15 micrograms of arformoterol.
Given as a nebulised solution, a usual inhaled dose of arformot-
erol is 15 micrograms given every 12 hours.
◊ References.
1. Lötvall J, et al. The effect of formoterol over 24 h in patients

with asthma: the role of enantiomers. Pulm Pharmacol Ther
2005; 18: 109–13. 

2. Anonymous. Arformoterol (Brovana) for COPD. Med Lett
Drugs Ther 2007; 49: 53–5. 

3. Baumgartner RA, et al. Nebulized arformoterol in patients with
COPD: a 12-week, multicenter, randomized, double-blind, dou-
ble-dummy, placebo- and active-controlled trial. Clin Ther 2007;
29: 261–78. 

4. Matera MG, Cazzola M. Ultra-long-acting β -adrenoceptor ago-
nists: an emerging therapeutic option for asthma and COPD?
Drugs 2007; 67: 503–15.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Brovana.

Bambuterol Hydrochloride (BANM, rINNM) ⊗ 
Bambutérol, chlorhydrate de; Bambuterol-hidroklorid; Bam-
buterol-hydrochlorid; Bambuterolhydroklorid; Bambuteroli hy-
drochloridum; Bambuterolihydrokloridi; Bambuterolio hidro-
chloridas; Hidrocloruro de bambuterol; KWD-2183. (RS)-5-(2-
tert-Butylamino-1-hydroxyethyl)-m-phenylene bis(dimethylcar-
bamate) hydrochloride.
Бамбутерола Гидрохлорид
C18H29N3O5,HCl = 403.9.
CAS — 81732-65-2 (bambuterol); 81732-46-9 (bam-
buterol monohydrochloride).
ATC — R03CC12.
ATC Vet — QR03CC12.

(bambuterol)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Bambuterol Hydrochloride). A white or almost
white crystalline powder. It exhibits polymorphism. Freely solu-
ble in water; soluble in alcohol.
Adverse Effects and Precautions
As for Salbutamol, p.1131. Bambuterol is not recommended for
patients with severe hepatic impairment as its metabolism would
be unpredictable. The dose of bambuterol should be reduced in
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renal impairment (see below). It is unsuitable for the relief of
acute bronchospasm or in patients with unstable respiratory dis-
ease.

Effects on the heart. A prescription event monitoring study
found an excess risk of non-fatal heart failure in elderly patients
receiving bambuterol, particularly in the first month of treat-
ment.1 See also under Salbutamol, p.1131.
1. Martin RM, et al. Risk of non-fatal cardiac failure and ischaemic

heart disease with long acting β  agonists. Thorax 1998; 53:
558–62.

Interactions
As for Salbutamol, p.1132. Bambuterol inhibits plasma
cholinesterases and can prolong the action of drugs such as sux-
amethonium (see Sympathomimetics, under Suxamethonium,
p.1912) that are inactivated by these enzymes.

Pharmacokinetics
Nearly 20% of a dose of bambuterol is absorbed from the gas-
trointestinal tract after oral doses. It is slowly metabolised in the
body to its active metabolite, terbutaline; peak terbutaline con-
centrations are reported to occur about 4 to 7 hours after a dose
of bambuterol as tablets. The slow rate at which metabolism oc-
curs determines the prolonged duration of action of bambuterol
of at least 24 hours. Hydrolysis of bambuterol is catalysed by
plasma cholinesterase; however, bambuterol also inhibits plasma
cholinesterase and therefore partly inhibits its own metabolism.
For the metabolism and excretion of terbutaline, see p.1139.

◊ References.
1. Sitar DS. Clinical pharmacokinetics of bambuterol. Clin Phar-

macokinet 1996; 31: 246–56. 
2. Nyberg L, et al. Pharmacokinetics of bambuterol in healthy sub-

jects. Br J Clin Pharmacol 1998; 45: 471–8. 
3. Bang U, et al. Pharmacokinetics of bambuterol in subjects ho-

mozygous for the atypical gene for plasma cholinesterase. Br J
Clin Pharmacol 1998; 45: 479–84. 

4. Ahlström H, et al. Pharmacokinetics of bambuterol during oral
administration to asthmatic children. Br J Clin Pharmacol 1999;
48: 299–308. 

5. Rosenborg J, et al. Pharmacokinetics of bambuterol during oral
administration of plain tablets and solution to healthy adults. Br
J Clin Pharmacol 2000; 49: 199–206.

Uses and Administration
Bambuterol is an inactive prodrug of terbutaline (p.1138), a
direct-acting sympathomimetic with mainly beta-adrenergic ac-
tivity and a selective action on beta2 receptors (a beta2 agonist).
It has similar actions to those of salbutamol (p.1133) except that
it has a more prolonged duration of action (at least 24 hours).
Bambuterol hydrochloride is used as a long-acting bronchodila-
tor for persistent reversible airways obstruction in conditions
such as asthma (p.1108). The usual dose is 10 to 20 mg orally
once daily at bedtime. Doses may need to be reduced in renal
impairment (see below).

Administration in renal impairment. Licensed product in-
formation recommends that the initial dose of bambuterol hydro-
chloride should be halved in patients with renal impairment
(glomerular filtration rate less than 50 mL/minute). Further dos-
es should be adjusted according to response.

Asthma. References.
1. Fugleholm AM, et al. Therapeutic equivalence between bam-

buterol, 10 mg once daily, and terbutaline controlled release,
5 mg twice daily, in mild to moderate asthma. Eur Respir J 1993;
6: 1474–8. 

2. Gunn SD, et al. Comparison of the efficacy, tolerability and pa-
tient acceptability of once-daily bambuterol tablets against
twice-daily controlled release salbutamol in nocturnal asthma.
Eur J Clin Pharmacol 1995; 48: 23–8. 

3. Zarkovic JP, et al. The Bambuterol Multicentre Study Group.
One-year safety study with bambuterol once daily and terbuta-
line three times daily in 2-12-year-old children with asthma.
Pediatr Pulmonol 2000; 29: 424–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Bambec; Braz.: Bambec; Cz.: Bambec†; Denm.: Bambec; Fr.:
Oxeol; Ger.: Bambec; Hong Kong: Bambec†; Hung.: Bambec†; India:
Bambudil; Ital.: Bambec†; Malaysia: Bambec†; Norw.: Bambec; NZ:
Bambec; Philipp.: Bambec; Singapore: Bambec; Spain: Bambec; Swed.:
Bambec; Thai.: Bambec; UK: Bambec.

Multi-ingredient: India: Montair Plus.

Bamifylline Hydrochloride (BANM, USAN, rINNM)

AC-3810; Bamifylline, Chlorhydrate de; Bamifyllini Hydrochlori-
dum; BAX-2739Z; 8102-CB; CB-8102; Hidrocloruro de bamifili-
na. 8-Benzyl-7-[2-(N-ethyl-N-2-hydroxyethylamino)ethyl]theo-
phylline hydrochloride.

Бамифиллина Гидрохлорид
C20H27N5O3,HCl = 421.9.
CAS — 2016-63-9 (bamifylline); 20684-06-4 (bamifylline
hydrochloride).
ATC — R03DA08.
ATC Vet — QR03DA08.

(bamifylline)

Profile
Bamifylline hydrochloride is a theophylline derivative (p.1140)
that is used for its bronchodilator properties in reversible airways
obstruction. It is not converted to theophylline in the body. It is
given in usual oral doses of 600 or 900 mg daily in 2 or 3 divided
doses. It is also given rectally as suppositories, and by slow intra-
venous infusion.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Trentadil; Braz.: Bamifix; Fr.: Trentadil; Ital.: Airest†; Bamifix; Bamix-
ol†; Briofil.

Bitolterol Mesilate (BANM, rINNM) ⊗ 
Bitoltérol, Mésilate de; Bitolterol Mesylate (USAN); Bitolteroli
Mesilas; Mesilato de bitolterol; Win-32784. 4-[2-(tert-Butylami-
no)-1-hydroxyethyl]-o-phenylene di-p-toluate methanesulpho-
nate.

Битолтерола Мезилат
C28H31NO5,CH4O3S = 557.7.
CAS — 30392-40-6 (bitolterol); 30392-41-7 (bitolterol
mesilate).
ATC — R03AC17.
ATC Vet — QR03AC17.

(bitolterol)

Profile
Bitolterol is an inactive prodrug that is hydrolysed in the body to
colterol, a direct-acting sympathomimetic with mainly beta-
adrenergic activity and a selective action on beta2 receptors (a
beta2 agonist). It has similar properties to those of salbutamol
(p.1131). 
It has been used as a bronchodilator in the management of dis-
eases with reversible airways obstruction such as asthma
(p.1108) or in some patients with chronic obstructive pulmonary
disease (p.1112); inhalation results in the rapid onset of bron-
chodilatation (2 to 4 minutes) with a duration of action of 5 or
more hours. 
Bitolterol has been given by inhalation via a metered-dose aero-
sol supplying 370 micrograms of bitolterol mesilate per inhala-
tion. For the relief of bronchospasm the usual adult dose is 2 in-
halations (740 micrograms) followed by a third inhalation
(370 micrograms) if required. For the prevention of bronchos-
pasm the usual adult dose is 2 inhalations (740 micrograms) eve-
ry 8 hours. Maximum doses have been stated to be 3 inhalations
(1110 micrograms) every 6 hours or 2 inhalations
(740 micrograms) every 4 hours. In patients with asthma, as-
required beta agonist therapy is preferable to regular use. An in-
creased need for, or decreased duration of effect of, bitolterol in-
dicates deterioration of asthma control and the need for review of
therapy. 
Alternatively, a 0.2% inhalation solution of bitolterol mesilate
has been given by nebulisation. Using continuous flow nebulisa-
tion, the usual adult dose is from 1.5 to 3.5 mg three or four times
daily as required, to a maximum daily dose of 14 mg. Using
intermittent flow nebulisation, the usual adult dose is 0.5 to 2 mg

three or four times daily as required, up to a maximum daily dose
of 8 mg. In all cases dosage intervals should be greater than or
equal to 4 hours.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Tornalate.

Bufylline (BAN)

Ambuphylline (USAN); Bufilina; Theophylline-aminoisobutanol. 2-
Amino-2-methylpropan-1-ol theophyllinate.
Буфиллин
C11H19N5O3 = 269.3.
CAS — 5634-34-4.
ATC — R03DA10.
ATC Vet — QR03DA10.

Profile
Bufylline is a theophylline derivative (p.1140) that has been used
for its bronchodilator effects as an ingredient of preparations pro-
moted for coughs and other respiratory-tract disorders. The ethi-
odide has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Broncolex†; EMS Expectorante; Revenil; Reve-
nil Dospan; Revenil Expectorante; S.Afr.: Nethaprin Dospan; Nethaprin
Expectorant.

Caffeine (BAN)

Anhydrous Caffeine; Cafeína; Caféine; Coffeinum; Guaranine;
Kofeiini; Kofein; Kofeina; Kofeinas; Koffein; Methyltheobromine;
Théine. 1,3,7-Trimethylpurine-2,6(3H,1H)-dione; 1,3,7-Trimeth-
ylxanthine; 7-Methyltheophylline.
Кофеин
C8H10N4O2 = 194.2.
CAS — 58-08-2.
ATC — N06BC01.
ATC Vet — QN06BC01.

NOTE. Compounded preparations of caffeine may be represented
by the following names: 
• Co-bucafAPAP (PEN)—butalbital, paracetamol, and caf-

feine.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet.
Some pharmacopoeias include caffeine and caffeine hydrate un-
der one monograph. 
Ph. Eur. 6.2 (Caffeine). A white or almost white, crystalline
powder or silky white or almost white crystals. It sublimes read-
ily. Sparingly soluble in water; freely soluble in boiling water;
slightly soluble in dehydrated alcohol. It dissolves in concentrat-
ed solutions of alkali benzoates or salicylates. 
USP 31 (Caffeine). It is anhydrous or contains one molecule of
water of hydration. An odourless white powder or white, glisten-
ing needles, usually matted together. The hydrate is efflorescent
in air. The hydrate is soluble 1 in 50 of water, 1 in 75 of alcohol,
1 in 6 of chloroform, and 1 in 600 of ether. The hydrate should
be stored in airtight containers.

Caffeine Citrate (BANM)

Cafeína, citrato de; Citrated Caffeine; Coffeinum Citricum.
Кофеина Цитрат
C8H10N4O2,C6H8O7 = 386.3.
CAS — 69-22-7.
ATC — N06BC01.
ATC Vet — QN06BC01.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Caffeine Hydrate (BANM)

Cafeína monohidrato; Caféine monohydratée; Caffeine Mono-
hydrate; Coffeinum monohydricum; Kofeiinimonohydraatti; Ko-
fein monohydrát; Kofeinas monohidratas; Koffein-monohidrát;
Koffeinmonohydrat.
Кофеин Моногидрат
C8H10N4O2,H2O = 212.2.
CAS — 5743-12-4.
ATC — N06BC01.
ATC Vet — QN06BC01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. Some pharmacopoeias include caffeine and caffeine hy-
drate under one monograph. 
Ph. Eur. 6.2 (Caffeine Monohydrate; Caffeine Hydrate BP 2008).
A white or almost white, crystalline powder or silky white or al-
most white crystals. It sublimes readily. Sparingly soluble in wa-
ter; freely soluble in boiling water; slightly soluble in dehydrated
alcohol. It dissolves in concentrated solutions of alkali benzoates
or salicylates. 
USP 31 (Caffeine). It is anhydrous or contains one molecule of
water of hydration. An odourless white powder or white, glisten-
ing needles, usually matted together. The hydrate is efflorescent
in air. The hydrate is soluble 1 in 50 of water, 1 in 75 of alcohol,
1 in 6 of chloroform, and 1 in 600 of ether. The hydrate should
be stored in airtight containers.
Stability. References to the stability of caffeine and caffeine ci-
trate.
1. Eisenberg MG, Kang N. Stability of citrated caffeine solutions

for injectable and enteral use. Am J Hosp Pharm 1984; 41:
2405–6. 

2. Nahata MC, et al. Stability of caffeine injection in intravenous
admixtures and parenteral nutrition solutions. DICP Ann Phar-
macother 1989; 23: 466–7. 

3. Hopkin C, et al. Stability study of caffeine citrate. Br J Pharm
Pract 1990; 12: 133. 

4. Donnelly RF, Tirona RG. Stability of citrated caffeine injectable
solution in glass vials. Am J Hosp Pharm 1994; 51: 512–14. 

5. Fraser BD. Stability of caffeine citrate injection in polypropyl-
ene syringes at room temperature. Am J Health-Syst Pharm
1997; 54: 1106, 1108.

Adverse Effects, Treatment, and Precau-
tions
As for Theophylline, p.1140. 
Tolerance occurs rapidly to the stimulating effects of
caffeine; physical signs of withdrawal including irrita-
bility, restlessness, lethargy, and headache may occur if
intake is stopped abruptly.
◊ General references.
1. Wills S. Drugs and substance misuse: caffeine. Pharm J 1994;

252: 822–4. 
2. Fredholm BB, et al. Actions of caffeine in the brain with special

reference to factors that contribute to its widespread use. Phar-
macol Rev 1999; 51: 83–133.

Breast feeding. Studies examining the transfer of caffeine into
breast milk after oral doses of 35 to 336 mg of caffeine have re-
corded peak maternal plasma concentrations of 2.4 to
4.7 micrograms/mL, peak maternal saliva concentrations of 1.2
to 9.2 micrograms/mL, and peak breast-milk concentrations of
1.4 to 7.2 micrograms/mL. At these concentrations in breast
milk, the calculated daily caffeine ingestion by breast-fed infants
ranged from 1.3 to 3.1 mg, which was not thought to present a
hazard, although irritability and a poor sleeping pattern have
been reported.1-4 
The American Academy of Pediatrics5 states that caffeine is ex-
creted slowly by the infant and may be associated with irritability
and poor sleeping pattern when ingested by breast-feeding moth-
ers. However, no effects occur with moderate intake of caffeinat-
ed beverages (2 to 3 cups daily) and caffeine is usually compati-
ble with breast feeding.
1. Tyrala EE, Dodson WE. Caffeine secretion into breast milk. Arch

Dis Child 1979; 54: 787–800. 
2. Hildebrandt R, et al. Transfer of caffeine to breast milk. Br J Clin

Pharmacol 1983; 15: 612P. 
3. Sagraves R, et al. Pharmacokinetics of caffeine in human breast

milk after a single oral dose of caffeine. Drug Intell Clin Pharm
1984; 18: 507. 

4. Berlin CM, et al. Disposition of dietary caffeine in milk, saliva,
and plasma of lactating women. Pediatrics 1984; 73: 59–63. 

5. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 19/03/08)

Effects on the cardiovascular system. An increased caf-
feine intake has been associated with an increase in daytime
blood pressure.1 The study, in 82 healthy, normotensive adoles-
cents, suggested that caffeine consumption may be a factor con-
tributing to essential hypertension in young people. 
High dose caffeine (25 mg/kg) used as a loading dose in the pre-
vention and treatment of neonatal apnoea (see p.1118) resulted in
a marked reduction of cerebral and intestinal blood flow velocity
in preterm infants;2 no changes were noted in left ventricular out-
put, blood pressure, or heart rate. The authors attributed the effect
on blood flow velocity to vasoconstriction, and suggested a

smaller caffeine loading dose, repeated several hours later. A lat-
er study, also in preterm infants, which examined the effect of a
divided loading dose of caffeine (12.5 mg/kg repeated after 4
hours), found that cerebral blood flow velocity was decreased
after the second dose; intestinal blood flow velocity and left ven-
tricular output remained unchanged.3 The authors concluded that
the 20% reduction in cerebral blood flow velocity observed was
probably not meaningful for infants with adequate cerebral oxy-
gen supply; however, an infant’s ability to respond to hypoxae-
mia by vasodilatation may be compromised. 
For a discussion of the effects of caffeine-containing beverages
on cardiovascular risk factors, see p.2415.
1. Savoca MR, et al. Association of ambulatory blood pressure and

dietary caffeine in adolescents. Am J Hypertens 2005; 18:
116–20. 

2. Hoecker C, et al. Caffeine impairs cerebral and intestinal blood
flow velocity in preterm infants. Pediatrics 2002; 109: 784–7. 

3. Hoecker C, et al. Effects of a divided high loading dose of caf-
feine on circulatory variables in preterm infants. Arch Dis Child
Fetal Neonatal Ed 2006; 91: F61–F64.

Effects on mental function. A report of 6 cases of excessive
daytime sleepiness associated with high caffeine intake.1
1. Regestein QR. Pathologic sleepiness induced by caffeine. Am J

Med 1989; 87: 586–8.

Headache. Headache is a recognised symptom of caffeine
withdrawal and even subjects who drink moderate amounts of
coffee can develop headaches lasting 1 to 6 days when switched
to a decaffeinated brand.1 It has also been suggested that postop-
erative headache could be attributed to caffeine withdrawal as
fasting patients are required to abstain from drinking tea or coffee
before surgical procedures. Several studies2-4 have found a posi-
tive association between postoperative headache and daily caf-
feine consumption, although there have also been negative find-
ings.5 A prospective study suggested that a prophylactic
intravenous dose of caffeine on the day of surgery reduced the
likelihood of postoperative headache in patients at risk of caf-
feine withdrawal.6 
In a case-control study,7 investigating the possible association of
dietary and medicinal caffeine use with chronic daily headache
(CDH), caffeine was found to be a modest risk factor for CDH
onset, regardless of headache type. Patients suffering from CDH
were more likely overall to have been high caffeine consumers
before the onset of CDH; no association was found with current
caffeine consumption.
1. van Dusseldorp M, Katan MB. Headache caused by caffeine

withdrawal among moderate coffee drinkers switched from ordi-
nary to decaffeinated coffee: a 12 week double blind trial. BMJ
1990; 300: 1558–9. 

2. Galletly DC, et al. Does caffeine withdrawal contribute to pos-
tanaesthetic morbidity? Lancet 1989; i: 1335. 

3. Weber JG, et al. Perioperative ingestion of caffeine and postop-
erative headache. Mayo Clin Proc 1993; 68: 842–5. 

4. Nikolajsen L, et al. Effect of previous frequency of headache,
duration of fasting and caffeine abstinence on perioperative
headache. Br J Anaesth 1994; 72: 295–7. 

5. Verhoeff FH, Millar JM. Does caffeine contribute to postopera-
tive morbidity? Lancet 1990; 336: 632. 

6. Weber JG, et al. Prophylactic intravenous administration of caf-
feine and recovery after ambulatory surgical procedures. Mayo
Clin Proc 1997; 72: 621–6. 

7. Scher AI, et al. Caffeine as a risk factor for chronic daily head-
ache: a population-based study. Neurology 2004; 63: 2022–7.

Overdosage. Reports and reviews of caffeine toxicity.
1. Zimmerman PM, et al. Caffeine intoxication: a near fatality. Ann

Emerg Med 1985; 14: 1227–9. 
2. Dalvi RR. Acute and chronic toxicity of caffeine: a review. Vet

Hum Toxicol 1986; 28: 144–50. 
3. Rivenes SM, et al. Intentional caffeine poisoning in an infant.

Pediatrics 1997; 99: 736–8. 
4. Anderson BJ, et al. Caffeine overdose in a premature infant: clin-

ical course and pharmacokinetics. Anaesth Intensive Care 1999;
27: 307–11. 

5. Ergenekon E, et al. Caffeine intoxication in a premature neonate.
Paediatr Anaesth 2001; 11: 737–9. 

6. Holstege CP, et al. Massive caffeine overdose requiring vaso-
pressin infusion and hemodialysis. J Toxicol Clin Toxicol 2003;
41: 1003–7.

Pregnancy. In the USA, the FDA has advised pregnant women
to limit their intake of caffeine and caffeine-containing beverages
to a minimum, but this recommendation was based largely on
animal studies and the effect of caffeine on the human fetus and
fetal loss during pregnancy is controversial.1 Although some
studies found no evidence that moderate caffeine use increased
the risk of spontaneous abortion,2,3 others have reported conflict-
ing results.4,5 There is some evidence for an effect on fetal
growth, but again it is not clear that this applies generally: a pro-
spective population-based study in the UK found that a de-
creased birth-weight with increased caffeine intake was only sig-
nificant in smokers.6 The authors of this study concurred that a
reduction in caffeine intake during pregnancy would be prudent,
together with stopping smoking. An association between high
maternal caffeine intake during pregnancy and an increased risk
of the sudden infant death syndrome has also been reported,7 al-
though another study found no such association.8
1. Eskenazi B. Caffeine during pregnancy: grounds for concern?

JAMA 1993; 270; 2973–4. 
2. Mills JL, et al. Moderate caffeine use and the risk of spontaneous

abortion and intrauterine growth retardation. JAMA 1993; 269:
593–7. 

3. Klebanoff MA, et al. Maternal serum paraxanthine, a caffeine
metabolite, and the risk of spontaneous abortion. N Engl J Med
1999; 341: 1639–44. 

4. Infante-Rivard C, et al. Fetal loss associated with caffeine intake
before and during pregnancy. JAMA 1993; 270: 2940–3. 

5. Cnattingius S, et al. Caffeine intake and the risk of first-trimester
spontaneous abortion. N Engl J Med 2000; 343: 1839–45. 

6. Cook DG, et al. Relation of caffeine intake and blood caffeine
concentrations during pregnancy to fetal growth: prospective
population based study. BMJ 1996; 313: 1358–62. 

7. Ford RPK, et al. Heavy caffeine intake in pregnancy and sudden
infant death syndrome. Arch Dis Child 1998; 78: 9–13. 

8. Alm B, et al. Caffeine and alcohol as risk factors for sudden in-
fant death syndrome. Arch Dis Child 1999; 81: 107–11.

Interactions
Like theophylline (see p.1142) caffeine undergoes ex-
tensive metabolism by hepatic microsomal cyto-
chrome P450 isoenzyme CYP1A2, and is subject to
numerous interactions with other drugs and substances
which enhance or reduce its metabolic clearance.
◊ Reviews.
1. Carrillo JA, Benitez J. Clinically significant pharmacokinetic in-

teractions between dietary caffeine and medications. Clin Phar-
macokinet 2000; 39: 127–53.

Alcohol. In a study of 8 healthy subjects given an oral dose of
alcohol of 2.2 mL/kg, caffeine 150 mg by mouth did not antago-
nise the central effects of alcohol and, instead, a synergistic inter-
action occurred which further increased reaction time. The com-
mon practice of drinking coffee after drinking alcohol in order to
sober up is not supported by these results.1 Another study2 found
that some antagonism of the central effects of alcohol was pro-
duced by caffeine, although there was no reversal of subjective
sensations of drunkenness; however the dose of caffeine in this
study (400 mg) was considerably higher.
1. Oborne DJ, Rogers Y. Interactions of alcohol and caffeine on hu-

man reaction time. Aviat Space Environ Med 1983; 54: 528–34. 
2. Azcona O, et al. Evaluation of the central effects of alcohol and

caffeine interaction. Br J Clin Pharmacol 1995; 40: 393–400.

Antiarrhythmics. In 7 healthy subjects and 5 patients with car-
diac arrhythmias, mexiletine in a single dose of 200 mg and a
dose of 600 mg daily respectively, reduced the elimination of
caffeine by 30 to 50%.1 Lidocaine, flecainide, and tocainide had
no effect on caffeine elimination in healthy subjects.1
1. Joeres R, Richter E. Mexiletine and caffeine elimination. N Engl

J Med 1987; 317: 117.

Antibacterials. Caffeine elimination half-life has been report-
ed to be increased and clearance decreased when given with cip-
rofloxacin,1-3 enoxacin,2,3 and pipemidic acid,2,3 whereas lome-
floxacin,4 norfloxacin,2,3 and ofloxacin2,3 had little or no effect on
these parameters. Enoxacin had the greatest inhibitory effect on
caffeine clearance.2,3

1. Healy DP, et al. Interaction between oral ciprofloxacin and caf-
feine in normal volunteers. Antimicrob Agents Chemother 1989;
33: 474–8. 

2. Harder S, et al. Ciprofloxacin-caffeine: a drug interaction estab-
lished using in vivo and in vitro investigations. Am J Med 1989;
87 (suppl 5A): 89–91S. 

3. Barnett G, et al. Pharmacokinetic determination of relative po-
tency of quinolone inhibition of caffeine disposition. Eur J Clin
Pharmacol 1990; 39: 63–9. 

4. Healy DP, et al. Lack of interaction between lomefloxacin and
caffeine in normal volunteers. Antimicrob Agents Chemother
1991; 35: 660–4.

Antidepressants. Fluvoxamine has been reported to signifi-
cantly reduce the clearance and prolong the elimination half-life
of caffeine.1 The clinical importance of this interaction, attribut-
ed to inhibition of cytochrome P450 isoenzyme CYP1A2 by flu-
voxamine, remains to be established.
1. Culm-Merdek KE, et al. Fluvoxamine impairs single-dose caf-

feine clearance without altering caffeine pharmacodynamics. Br
J Clin Pharmacol 2005; 60: 486–93.

Antiepileptics. The mean clearance of caffeine was increased
and its half-life decreased in epileptic patients taking phenytoin
compared with healthy controls, resulting in lower plasma-caf-
feine concentrations. Treatment with carbamazepine or valproic
acid had no effect on the pharmacokinetics of caffeine.1
1. Wietholtz H, et al. Effects of phenytoin, carbamazepine, and val-

proic acid on caffeine metabolism. Eur J Clin Pharmacol 1989;
36: 401–6.

Antifungals. In a single-dose study in healthy subjects, terbin-
afine 500 mg by mouth decreased the clearance and increased
the elimination half-life of caffeine 3 mg/kg given intravenously.
Ketoconazole 400 mg by mouth did not prolong the elimination
of caffeine to a significant extent.1
1. Wahlländer A, Paumgartner G. Effect of ketoconazole and ter-

binafine on the pharmacokinetics of caffeine in healthy volun-
teers. Eur J Clin Pharmacol 1989; 37: 279–83.

Antigout drugs. In a study in 2 healthy subjects, the plasma
half-life of caffeine was essentially unchanged by 7 days of treat-
ment with allopurinol 300 mg or 600 mg daily by mouth. How-
ever, allopurinol caused a specific, dose-dependent inhibition of
the conversion of 1-methylxanthine to 1-methyluric acid.1
1. Grant DM, et al. Effect of allopurinol on caffeine disposition in

man. Br J Clin Pharmacol 1986; 21: 454–8.
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Gastrointestinal drugs. Cimetidine 1 g daily by mouth re-
duced the systemic clearance of caffeine and prolonged its elim-
ination half-life in 5 healthy subjects. Although the steady-state
plasma-caffeine concentration would increase by about 70%, it
was thought unlikely that this would produce adverse clinical ef-
fects.1 However, in contrast a study in 11 children given cimeti-
dine in doses of 11 to 36 mg/kg daily for gastritis found no evi-
dence that it altered the metabolism of a dose of 13C-labelled
caffeine.2
1. Broughton LJ, Rogers HJ. Decreased systemic clearance of caf-

feine due to cimetidine. Br J Clin Pharmacol 1981; 12: 155–9. 
2. Parker AC, et al. Lack of inhibitory effect of cimetidine on caf-

feine metabolism in children using the caffeine breath test. Br J
Clin Pharmacol 1997; 43: 467–70.

Lithium. For mention of the effect of caffeine on serum-lithium
concentrations, see Xanthines, p.405.
Methoxsalen. Single oral doses of 1.2 mg/kg methoxsalen
have reduced the clearance of caffeine in patients with psoria-
sis,1,2 consistent with a cytochrome P450 isoenzyme CYP1A2-
dependent inhibition of caffeine demethylation.2
1. Mays DC, et al. Methoxsalen is a potent inhibitor of the metab-

olism of caffeine in humans. Clin Pharmacol Ther 1987; 42:
621–6. 

2. Bendriss EK, et al. Inhibition of caffeine metabolism by 5-meth-
oxypsoralen in patients with psoriasis. Br J Clin Pharmacol
1996; 41: 421–4.

Sex hormones. The clearance of caffeine has been reported to
be reduced and its elimination half-life increased in women tak-
ing oral contraceptives.1-3 This interaction was thought to be due
to impairment of hepatic metabolism of caffeine by sex hor-
mones and could result in increased accumulation of caffeine.
Similar results have been reported4 in a study of postmenopausal
women given oestrogens for hormone replacement therapy and
caffeine.
1. Patwardhan RV, et al. Impaired elimination of caffeine by oral

contraceptive steroids. J Lab Clin Med 1980; 95: 603–8. 
2. Abernethy DR, Todd EL. Impairment of caffeine clearance by

chronic use of low-dose oestrogen-containing oral contracep-
tives. Eur J Clin Pharmacol 1985; 28: 425–8. 

3. Balogh A, et al. Influence of ethinylestradiol-containing combi-
nation oral contraceptives with gestodene or levonorgestrel on
caffeine elimination. Eur J Clin Pharmacol 1995; 48: 161–6. 

4. Pollock BG, et al. Inhibition of caffeine metabolism by estrogen
replacement therapy in postmenopausal women. J Clin Pharma-
col 1999; 39: 936–40.

Sympathomimetics. Use of caffeine 400 mg with phenylpro-
panolamine 75 mg, both given orally as modified-release prepa-
rations, produced greater plasma-caffeine concentrations in
healthy subjects than caffeine alone. Greater increases in blood
pressure and more reports of physical adverse effects occurred
after the combination than after either drug alone.1 
Giving caffeine with ephedrine has been reported to produce sig-
nificant cardiovascular, metabolic, and hormonal responses, in-
cluding increased systolic blood pressure and heart rate, and
raised fasting glucose and insulin.2 These enhanced effects ap-
pear to be the result of a pharmacodynamic rather than a pharma-
cokinetic interaction, and led to the issue of a warning by Health
Canada in 2006 not to use weight loss products containing both
caffeine and ephedrine, since the combination had caused report-
ed adverse effects ranging from dizziness, tremors, headaches,
and irregularities in heart rate to seizures, psychosis, heart at-
tacks, and stroke.3 Those particularly at risk include individuals
suffering from ischaemic heart disease, hypertension, and diabe-
tes.2,3

1. Lake CR, et al. Phenylpropanolamine increases plasma caffeine
levels. Clin Pharmacol Ther 1990; 47: 675–85. 

2. Haller CA, et al. Enhanced stimulant and metabolic effects of
combined ephedrine and caffeine. Clin Pharmacol Ther 2004;
75: 259–73. 

3. Health Canada. Health Canada advises consumers not to use
weight loss products containing ephedrine and caffeine (issued
23rd May 2006). Available at: http://www.hc-sc.gc.ca/ahc-asc/
media/advisories-avis/_2006/2006_33-eng.php (accessed
09/07/08)

Theophylline. For the effect of caffeine on the metabolism and
elimination of theophylline, see p.1144.

Pharmacokinetics
Caffeine is absorbed readily after oral doses and is
widely distributed throughout the body. It is also ab-
sorbed through the skin. Absorption when given rectal-
ly by suppository may be slow and erratic. Absorption
after intramuscular injection may be slower than after
oral doses. Caffeine passes readily into the CNS and
into saliva; low concentrations are also present in
breast milk. Caffeine crosses the placenta. 
In adults, caffeine is metabolised almost completely in
the liver via oxidation, demethylation, and acetylation,
and is excreted in the urine as 1-methyluric acid, 1-
methylxanthine, 7-methylxanthine, 1,7-dimethylxan-
thine (paraxanthine), 5-acetylamino-6-formylamino-
3-methyluracil (AFMU), and other metabolites with
only about 1% unchanged. Hepatic cytochrome P450
isoenzyme CYP1A2 is involved in caffeine enzymatic

metabolism. Neonates have a greatly reduced capacity
to metabolise caffeine, due to their immature hepatic
enzyme systems, and it is largely excreted unchanged
in the urine. By 9 months of age, urinary excretion is
similar to that seen in adults. Elimination half-lives are
about 3 to 7 hours in adults but may be about 3 to 4
days in neonates.
Metabolism and excretion. The metabolism of caffeine has
been shown to be dose dependent1,2 with clearance decreasing as
the dose is increased suggesting saturable metabolism. Four- to
fivefold differences in plasma half-lives of caffeine are common
among healthy people. The plasma half-life of caffeine is de-
creased by smoking3 and by exercise,4 and is increased by liver
disease such as cirrhosis and viral hepatitis,3,5 and in pregnancy.3
The plasma half-life of caffeine is not affected by old age6 or
obesity.7 Drug interactions also affect the pharmacokinetics of
caffeine (see above).
1. Cheng WSC, et al. Dose-dependent pharmacokinetics of caf-

feine in humans: relevance as a test of quantitative liver function.
Clin Pharmacol Ther 1990; 47: 516–24. 

2. Denaro CP, et al. Dose-dependency of caffeine metabolism with
repeated dosing. Clin Pharmacol Ther 1990; 48: 277–85. 

3. Kalow W. Variability of caffeine metabolism in humans. Arzne-
imittelforschung 1985; 35: 319–24. 

4. Collomp K, et al. Effects of moderate exercise on the pharma-
cokinetics of caffeine. Eur J Clin Pharmacol 1991; 40: 279–82. 

5. Scott NR, et al. The pharmacokinetics of caffeine and its dimeth-
ylxanthine metabolites in patients with chronic liver disease. Br
J Clin Pharmacol 1989; 27: 205–13. 

6. Blanchard J, Sawers SJA. Comparative pharmacokinetics of caf-
feine in young and elderly men. J Pharmacokinet Biopharm
1983; 11: 109–26. 

7. Abernethy DR, et al. Caffeine disposition in obesity. Br J Clin
Pharmacol 1985; 20: 61–6.

Uses and Administration
Caffeine is a methylxanthine that, like theophylline
(p.1146), inhibits the enzyme phosphodiesterase and
has an antagonistic effect at central adenosine recep-
tors. It is a stimulant of the CNS, particularly the higher
centres, and it can produce a condition of wakefulness
and increased mental activity. It may also stimulate the
respiratory centre, increasing the rate and depth of res-
piration. Its bronchodilating properties are weaker than
those of theophylline. Caffeine facilitates the perform-
ance of muscular work and increases the total work
that can be performed by a muscle. The diuretic action
of caffeine is weaker than that of theophylline. 
Caffeine is used as a mild CNS stimulant in usual oral
doses of 50 to 100 mg, although doses of up to 200 mg
may be used. Doses should not be taken more often
than every 3 hours. It is also frequently included in oral
analgesic preparations with aspirin, paracetamol, or
codeine in unit doses of about 15 to 65 mg but its clin-
ical benefit is debated (see Pain, below). Caffeine is
sometimes given with ergotamine in preparations for
the treatment of migraine, usually in unit doses of
100 mg. Caffeine citrate has been used similarly. For
details of doses in children, see Administration in Chil-
dren, below. 
Caffeine and sodium benzoate and caffeine and sodi-
um salicylate are readily soluble in water and have
been used when caffeine is to be given by injection. 
Beverages of coffee, tea, and cola provide active doses
of caffeine (see p.2415).
◊ General references.
1. Sawynok J. Pharmacological rationale for the clinical use of caf-

feine. Drugs 1995; 49: 37–50.

Administration in children. Caffeine is used in the short-
term treatment of neonatal apnoea of prematurity (below). An
initial loading dose of caffeine citrate is 20 mg/kg (equivalent to
10 mg/kg caffeine), followed by a maintenance dose of caffeine
citrate 5 mg/kg daily. These doses may be given either orally or
by intravenous infusion. Serum concentrations of caffeine
should be measured before starting treatment in infants who have
already been treated with theophylline (which is metabolised to
caffeine in infants) or whose mothers consumed caffeine before
delivery; serious toxicity has been associated with serum con-
centrations greater than 50 micrograms/mL.
Asthma. Caffeine’s bronchodilating activity is about 40% that
of theophylline1 and oral doses of 5 or 10 mg/kg have been
shown to produce an effect.2,3 Because of its weak action other
xanthines are generally recommended in asthma (p.1108), but it
may need to be avoided before tests of lung function.4
1. Gong H, et al. Bronchodilator effects of caffeine in coffee: a

dose-response study of asthmatic subjects. Chest 1986; 89:
335–42. 

2. Becker AB, et al. The bronchodilator effects and pharmacokinet-
ics of caffeine in asthma. N Engl J Med 1984; 310: 743–6. 

3. Bukowskyj M, Nakatsu K. The bronchodilator effect of caffeine
in adult asthmatics. Am Rev Respir Dis 1987; 135: 173–5. 

4. Bara AI, Barley EA. Caffeine for asthma. Available in The Co-
chrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2001 (accessed 19/03/08).

Dementia. A cohort study in 7017 patients aged 65 years and
over examined the association between caffeine intake, cognitive
decline, and incident dementia.1 Caffeine consumption itself was
found to be significantly associated with a wide range of varia-
bles also associated with cognitive decline, such as age, gender,
depressive symptoms, and cardiovascular disease. Although no
relationship was found between baseline caffeine intake and in-
cident dementia in a 4-year follow-up period, caffeine consump-
tion appeared to reduce cognitive decline in women without de-
mentia. The authors concluded that further studies are required to
ascertain whether caffeine may be of value in prolonging the pe-
riod of mild cognitive impairment in women before a diagnosis
of dementia.
1. Ritchie K, et al. The neuroprotective effects of caffeine: a pro-

spective population study (the Three City Study). Neurology
2007; 69: 536–45.

Diabetes mellitus. A single dose of caffeine 250 mg proved
beneficial in augmenting warning symptoms and physiological
responses to experimentally-induced hypoglycaemia in diabetic
patients,1 and was suggested as a potentially useful adjunct for
diabetics who have difficulty in recognising the onset of
hypoglycaemia (see Diabetic Emergencies, p.435). In a subse-
quent placebo-controlled crossover study oral caffeine 200 mg
twice daily appeared to enhance the intensity of hypoglycaemic
warning symptoms in patients with type 1 diabetes on a low-
caffeine diet.2 A later study3 reported an association between caf-
feine and a reduction in the frequency of nocturnal hypoglycae-
mia in patients with type 1 diabetes, which the authors suggested
may explain the increase in warning symptoms and hormonal
responses previously reported in daytime hypoglycaemia. Caf-
feine has also been seen to impair postprandial glucose metabo-
lism in patients with type 2 diabetes,4 raising concern about the
potential hazards of caffeine in these patients for whom decreas-
es in insulin sensitivity might increase average glucose levels
and the risk of diabetic complications.
1. Debrah K, et al. Effect of caffeine on recognition of and physio-

logical responses to hypoglycaemia in insulin-dependent diabe-
tes. Lancet 1996; 347: 19–24. 

2. Watson JM, et al. Influence of caffeine on the frequency and per-
ception of hypoglycemia in free-living patients with type 1 dia-
betes. Diabetes Care 2000; 23: 455–9. 

3. Richardson T, et al. Influence of caffeine on frequency of hy-
poglycaemia detected by continuous interstitial glucose monitor-
ing system in patients with long-standing type 1 diabetes. Diabe-
tes Care 2005; 28: 1316–20. 

4. Lane JD, et al. Caffeine impairs glucose metabolism in type 2
diabetes. Diabetes Care 2004; 27: 2047–8.

Diagnosis and testing. Caffeine excretion assessed by meas-
uring its urinary metabolites or by the exhalation of labelled CO2
in breath after doses of 13C- or 14C-labelled caffeine has been
used to develop liver function tests and to determine the activity
of specific enzymes such as xanthine oxidase, P450 cyto-
chromes, and polymorphic N-acetyltransferase.1 
Caffeine given orally has been used to assess acetylator status by
determining the metabolic ratio of the metabolites 5-acetylami-
no-6-formylamino-1-methyluracil (AFMU) to 1-methylxan-
thine in urine,2 but some have questioned its value.3 
Caffeine has also been investigated in the diagnosis of suscepti-
bility to malignant hyperthermia.4 Intramuscular injection in-
duced a temporary hypermetabolic reaction in subjects suscepti-
ble to malignant hyperthermia, but not in non-susceptible
subjects or healthy controls. The authors suggested that monitor-
ing of carbon dioxide, produced by hypermetabolism, might of-
fer a minimally invasive test for such susceptibility.
1. Kalow W, Tang B-K. The use of caffeine for enzyme assays: a

critical appraisal. Clin Pharmacol Ther 1993; 53: 503–14. 
2. Hildebrand M, Seifert W. Determination of acetylator phenotype

in caucasians with caffeine. Eur J Clin Pharmacol 1989; 37:
525–6. 

3. Notarianni LJ, et al. Caffeine as a metabolic probe: NAT2 phe-
notyping. Br J Clin Pharmacol 1996; 41: 169–73. 

4. Anetseder M, et al. Diagnosis of susceptibility to malignant
hyperthermia by use of a metabolic test. Lancet 2002; 359:
1579–80.

ECT. In patients whose seizure duration is declining despite
maximal ECT stimulation, pretreatment with high-dose intrave-
nous caffeine increases seizure duration without affecting seizure
threshold. Theophylline has been used similarly, see p.1142. 
References.
1. Hinkle PE, et al. Use of caffeine to lengthen seizures in ECT. Am

J Psychiatry 1987; 144: 1143–8. 
2. Coffey CE, et al. Caffeine augmentation of ECT. Am J Psychia-

try 1990; 147: 579–85. 
3. Kelsey MC, Grossberg GT. Safety and efficacy of caffeine-aug-

mented ECT in elderly depressives: a retrospective study. J Ger-
iatr Psychiatry Neurol 1995; 8: 168–72.

Neonatal apnoea. Apnoea of infancy has been defined as ces-
sation of breathing either lasting 20 seconds or more or associat-
ed with bradycardia, cyanosis, pallor, and marked hypotonia, for
which no specific cause can be identified.1 Premature infants
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(less than 37 weeks of gestation) can exhibit periodic breathing
with pathological apnoea (apnoea of prematurity); this usually
resolves as the infant approaches term and the neurological sys-
tems controlling ventilation mature.1,2 
The management of neonatal apnoea for which no underlying
disorder can be found may involve supportive measures such as
cardiorespiratory monitoring;1 continuous positive airways pres-
sure and drug therapy may be required.3 
The methylxanthines, aminophylline, theophylline, and caffeine,
reduce the frequency of apnoea and the need for mechanical ven-
tilation in preterm infants during the first seven days of therapy.4
In preterm infants given intermittent positive airway pressure,
prophylactic methylxanthine treatment increases the chances of
successful extubation within one week.5 There is evidence to
suggest that this benefit might be more helpful in infants of ex-
tremely low birth-weight extubated in the first week. High doses
of caffeine, 20 mg/kg daily, have been used around the time of
extubation in neonates born at less than 30 weeks of gestation.
Short term benefits were noted,6 and no evidence of harm in the
first year of life. Caffeine has also been reported to reduce the
incidence of bronchopulmonary dysplasia in infants with very
low birth-weight,3 so that positive airways pressure could be
stopped earlier in infants given caffeine compared with those
given placebo. A later evaluation of these infants found that caf-
feine therapy improved the rate of survival without neurodevel-
opmental disability at 18 to 21 months.7 The incidence of cere-
bral palsy and cognitive delay were also reduced. Earlier
stopping of positive airway pressure in the infants assigned to
caffeine explained almost half of the beneficial long-term effect
of caffeine, but further studies are required to ascertain other po-
tential mechanisms of action. Caffeine has a wider therapeutic
index, fewer peripheral adverse effects than theophylline, and a
longer half-life enabling once-daily dosage, and is therefore pre-
ferred.4,8 Caffeine is given as the citrate salt. It is well absorbed
when given orally; intravenous treatment is rarely necessary. For
details of doses, see Administration in Children, above. The
BNFC considers appropriate serum concentrations in neonatal
apnoea to be 8 to 12 micrograms/mL for theophylline and 10 to
20 micrograms/mL for caffeine. Higher caffeine concentrations
of 25 to 35 micrograms/mL may sometimes be required. Previ-
ous treatment with theophylline, infants born to mothers who
consumed caffeine before delivery, infants showing signs of tox-
icity, or infants who require higher doses will require monitoring
of plasma caffeine concentrations; however, routine monitoring
of plasma concentrations is not always considered necessary.9
During the first year of life, the elimination half-life of both caf-
feine and theophylline decreases significantly as the infant ma-
tures; regular monitoring of serum concentrations and constant
dosage adjustments are therefore required if therapy is pro-
longed.1 
For details of the adverse effects on the cardiovascular system
associated with caffeine during treatment of neonatal apnoea, see
Effects on the Cardiovascular System, above. 
Use of doxapram may be considered for apnoea that does not
respond to xanthine therapy.1,2,10 It is reported to be similar in
effect to the methylxanthines, and may also be of benefit as an
addition to xanthine therapy.11,12 Doxapram is poorly absorbed
orally and adverse effects such as hypertension, CNS stimula-
tion, and heart block have been reported.13

1. Kriter KE, Blanchard J. Management of apnea in infants. Clin
Pharm 1989; 8: 577–87. 

2. Ruggins NR. Pathophysiology of apnoea in preterm infants.
Arch Dis Child 1991; 66: 70–73. 

3. Schmidt B, et al. Caffeine therapy for apnea of prematurity. N
Engl J Med 2006; 354: 2112–21. 

4. Henderson-Smart DJ, Steer P. Methylxanthine treatment for ap-
nea in preterm infants. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2001 (ac-
cessed 19/03/08). 

5. Henderson-Smart DJ, Davis PG. Prophylactic methylxanthines
for extubation in preterm infants. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2003 (accessed 19/03/08). 

6. Steer P, et al. High dose caffeine citrate for extubation of pre-
term infants: a randomised controlled trial. Arch Dis Child Fetal
Neonatal Ed 2004; 89: F499–F503. 

7. Schmidt B, et al. Long-term effects of caffeine therapy for ap-
nea of prematurity. N Engl J Med 2007; 357: 1893–1902. 

8. Steer PA, Henderson-Smart DJ. Caffeine versus theophylline
for apnea in preterm infants. Available in The Cochrane Data-
base of Systematic Reviews; Issue 2. Chichester: John Wiley;
1998 (accessed 19/03/08). 

9. Natarajan G, et al. Therapeutic drug monitoring for caffeine in
preterm neonates: an unnecessary exercise? Pediatrics 2007;
119: 936–40. 

10. Hascoet J-M, et al. Risks and benefits of therapies for apnoea in
premature infants. Drug Safety 2000; 23: 363–79. 

11. Eyal F, et al. Aminophylline versus doxapram in idiopathic ap-
nea of prematurity: a double-blind controlled study. Pediatrics
1985; 75: 709–13. 

12. Peliowski A, Finer NN. A blinded, randomized, placebo-con-
trolled trial to compare theophylline and doxapram for the treat-
ment of apnea of prematurity. J Pediatr 1990; 116: 648–53. 

13. Henderson-Smart DJ, Steer P. Doxapram versus methylxanthine
for apnea in preterm infants. Available in The Cochrane Data-
base of Systematic Reviews; Issue 4. Chichester: John Wiley;
2000 (accessed 19/03/08).

Obesity. A 1999 review1 of non-prescription weight loss sup-
plements concluded that controlled studies have not shown fat
loss in overweight individuals using caffeine without an energy-
restricted diet. A later study2 examined a herbal combination
product, containing amongst its active ingredients caffeine (from
kola nut) and ephedrine (from ephedra), in the treatment of over-
weight and obesity without other lifestyle modifications. Some
beneficial effects on body-weight were reported after 12 weeks
of treatment compared with placebo; however, although no seri-
ous adverse effects were seen in the healthy subjects enrolled in
this study, the herbal product used contained relatively low
amounts of active ingredients compared with preparations used
in other similar studies. The FDA has since banned the sale of
dietary supplements containing ephedra as they present an unrea-
sonable risk to health (see Ephedra, p.1558), and concerns have
been raised about potential additive stimulant effects of prepara-
tions containing both caffeine and ephedrine, see Sympathomi-
metics under Interactions, above.
1. Egger G, et al. The effectiveness of popular, non-prescription

weight loss supplements. Med J Aust 1999; 171: 604–8. 
2. Coffey CS, et al. A randomized double-blind placebo-controlled

clinical trial of a product containing ephedrine, caffeine, and oth-
er ingredients from herbal sources for treatment of overweight
and obesity in the absence of lifestyle treatment. Int J Obes Relat
Metab Disord 2004; 28: 1411–19.

Orthostatic hypotension. Caffeine has been of benefit in the
treatment of orthostatic hypotension (p.1530) due to autonomic
failure in some patients, especially for postprandial hypoten-
sion.1-3 However, efficacy has only been shown in mild cases and
it is usually ineffective in severe cases.4
1. Onrot J, et al. Hemodynamic and humoral effects of caffeine in

autonomic failure. N Engl J Med 1985; 313: 549–54. 
2. Hoeldtke RD, et al. Treatment of orthostatic hypotension with

dihydroergotamine and caffeine. Ann Intern Med 1986; 105:
168–73. 

3. Tonkin AL. Postural hypotension. Med J Aust 1995; 162: 436–8. 
4. Mathias CJ. Orthostatic hypotension. Prescribers’ J 1995; 35:

124–32.

Pain. Caffeine has been widely used in analgesic preparations to
enhance the effects of both non-opioid and opioid analgesics but
is of debatable benefit (see under Choice of Analgesic, p.2).
Some investigators have failed to show that caffeine offers any
benefit1,2 but others have shown that the adjuvant use of caffeine
can increase analgesic activity.3-8 A meta-analysis of 10 studies
comparing paracetamol plus caffeine with paracetamol alone in
women with postpartum uterine cramp found any benefit of the
combination to be minimal.9 A literature review10 concluded that
there was some evidence that caffeine may be useful as an
analgesic adjuvant in relieving headache, but that the dose may
need to be at least 65 mg and that these higher doses increase the
risk of nervousness and dizziness. Evidence for the effects of caf-
feine in other types of pain, such as postpartum, postoperative,
dental, rheumatic, and cancer pain, was inconclusive. 
In the UK it is generally recommended that caffeine-containing
analgesic preparations should not be used not only because of
doubts about caffeine enhancing the analgesic effect but because
it can add to gastrointestinal adverse effects and in large doses
can itself cause headache. 
Whether caffeine enhances the gastrointestinal absorption of er-
gotamine in preparations for the relief of migraine is not clear.
1. Winter L, et al. A double-blind, comparative evaluation of

acetaminophen, caffeine, and the combination of acetami-
nophen and caffeine in outpatients with post-operative oral sur-
gery pain. Curr Ther Res 1983; 33: 115–22. 

2. Sawynok J. Pharmacological rationale for the clinical use of
caffeine. Drugs 1995; 49: 37–50. 

3. Laska EM, et al. Caffeine as an analgesic adjuvant. JAMA 1984;
251: 1711–18. 

4. Rubin A, Winter L. A double-blind randomized study of an as-
pirin/caffeine combination versus acetaminophen/aspirin com-
bination versus acetaminophen versus placebo in patients with
moderate to severe post-partum pain. J Int Med Res 1984; 12:
338–45. 

5. Schachtel BP, et al. Caffeine as an analgesic adjuvant: a double-
blind study comparing aspirin with caffeine to aspirin and pla-
cebo in patients with sore throat. Arch Intern Med 1991; 151:
733–7. 

6. Migliardi JR, et al. Caffeine as an analgesic adjuvant in tension
headache. Clin Pharmacol Ther 1994; 56: 576–86. 

7. Kraetsch HG, et al. Analgesic effects of propyphenazone in
comparison to its combination with caffeine. Eur J Clin Phar-
macol 1996; 49: 377–82. 

8. Diener HC, et al. The fixed combination of acetylsalicylic acid,
paracetamol and caffeine is more effective than single substanc-
es and dual combination for the treatment of headache: a multi-
centre, randomized, double-blind, single-dose, placebo-control-
led parallel group study. Cephalalgia 2005; 25: 776–87. 

9. Zhang WY, Li Wan Po A. Analgesic efficacy of paracetamol and
its combination with codeine and caffeine in surgical pain—a
meta-analysis. J Clin Pharm Ther 1996; 21: 261–82. 

10. Zhang W-Y. A benefit-risk assessment of caffeine as an analge-
sic adjuvant. Drug Safety 2001; 24: 1127–42.

POST-DURAL PUNCTURE HEADACHE. Intravenous caffeine sodi-
um benzoate may relieve post-dural puncture headache
(p.1851) that persists despite conservative therapy.

Psoriasis. The efficacy of a 10% formulation of topical caffeine
in the treatment of psoriasis has been investigated in a group of
39 patients with stable plaque psoriasis.1 Improvements were

seen at each 2-week follow-up stage, but the difference only be-
came significant after 8 weeks. The only adverse effect noted
during the study was mild itching, reported by 2 of the caffeine
recipients.
1. Vali A, et al. Evaluation of the efficacy of topical caffeine in the

treatment of psoriasis vulgaris. J Dermatol Treat 2005; 16:
234–7.

Preparations
BP 2008: Aspirin and Caffeine Tablets; Caffeine Citrate Injection; Caffeine
Citrate Oral Solution; 
USP 31: Acetaminophen and Caffeine Tablets; Acetaminophen, Aspirin,
and Caffeine Tablets; Butalbital, Acetaminophen, and Caffeine Capsules;
Butalbital, Acetaminophen, and Caffeine Tablets; Butalbital, Aspirin, and Caf-
feine Capsules; Butalbital, Aspirin, and Caffeine Tablets; Butalbital, Aspirin,
Caffeine, and Codeine Phosphate Capsules; Caffeine and Sodium Benzoate
Injection; Caffeine Citrate Injection; Caffeine Citrate Oral Solution; Ergot-
amine Tartrate and Caffeine Suppositories; Ergotamine Tartrate and Caf-
feine Tablets; Propoxyphene Hydrochloride, Aspirin, and Caffeine Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Guarana; Percutafeine; Austria: Coffekapton; Braz.: Percutafeine†;
Canad.: Wake-Up Tablets; Chile: Asafen Nueva Formula†; Jaquedryl; Cz.:
Kinedryl; Fin.: Cofi-Tabs; Fr.: Percutafeine; Ger.: Percoffedrinol N†; Gr.:
Cafcit; Irl.: Pro-Plus; Mex.: Ifa Kafen†; Kafen†; Pol.: Kofex; Port.: Bioregime
SlimKit†; Rus.: Vasobral (Вазобрал); Spain: Durvitan; UK: Pro-Plus; USA:
Cafcit; Caffedrine; Enerjets; Keep Alert; Lucidex; NoDoz; Stay Alert; Vivarin.

Multi-ingredient: numerous preparations are listed in Part 3.

Choline Theophyllinate (BAN, rINN)

Choline, Théophyllinate de; Cholini Theophyllinas; Koliinite-
ofyllinaatti; Kolinteofyllinat; Oxtriphylline; Teofilinato de colina;
Theophylline Cholinate.

Холина Теофиллинат
C12H21N5O3 = 283.3.
CAS — 4499-40-5.
ATC — R03DA02.
ATC Vet — QR03DA02.

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Choline Theophyllinate). A white crystalline powder,
odourless or with a faint amine-like odour. It contains between
41.9% and 43.6% of choline and between 61.7% and 65.5% of
theophylline, each calculated with reference to the dried sub-
stance. Very soluble in water; soluble in alcohol; very slightly
soluble in chloroform and in ether. Store at a temperature not ex-
ceeding 25°. Protect from light. 
USP 31 (Oxtriphylline). A white crystalline powder, having an
amine-like odour. It contains not less than 61.7% and not more
than 65.5% of anhydrous theophylline. Soluble 1 in 1 of water;
freely soluble in alcohol; very slightly soluble in chloroform. A
1% solution in water has a pH of about 10.3. Store in airtight con-
tainers.

Profile
Choline theophyllinate is a theophylline salt that liberates theo-
phylline (p.1140) in the body; choline theophyllinate 1.57 mg is
equivalent in theophylline content to about 1 mg of anhydrous
theophylline. It is used as a bronchodilator for reversible airways
obstruction. The usual oral maintenance dose for adults is
800 mg daily, in 4 divided doses. The daily dose should be ad-
justed according to clinical response and serum-theophylline
concentrations (see Uses and Administration of Theophylline,
p.1146). For details of doses in children see Administration in
children, below.
Administration in children. Choline theophyllinate can be
given to children in oral doses of 10 to 20 mg/kg daily, in 3 or 4
divided doses.
Preparations
BP 2008: Choline Theophyllinate Tablets; 
USP 31: Oxtriphylline Delayed-release Tablets; Oxtriphylline Extended-re-
lease Tablets; Oxtriphylline Oral Solution; Oxtriphylline Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Brondecon Elixir ; Canad.: Choledyl; Ger.: Euspirax†; Gr.:
Choledyl; Swed.: Teovent; USA: Choledyl†.

Multi-ingredient: Austral.: Brondecon Expectorant; Canad.: Choledyl
Expectorant; NZ: Broncelix; Brondecon; Pharmacycare Cough Expecto-
rant†; Port.: Vitasma†.

Cilomilast (USAN, rINN)

Cilomilastum; SB-207499. cis-4-Cyano-4-[3-(cyclopentyloxy)-4-
methoxyphenyl]cyclohexanecarboxylic acid.

Циломиласт
C20H25NO4 = 343.4.
CAS — 153259-65-5.

H3CO

O
NC

CO2H

H
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Profile
Cilomilast is a phosphodiesterase type-4 inhibitor that has been
investigated in the treatment of chronic obstructive pulmonary
disease.

Clenbuterol Hydrochloride (BANM, rINNM) ⊗ 
Clenbutérol, chlorhydrate de; Clenbuteroli hydrochloridum; Hid-
rocloruro de clenbuterol; Klenbuterol hydrochlorid; Klenbuterol-
hidroklorid; Klenbuterolhydroklorid; Klenbuterolihydrokloridi;
Klenbuterolio hidrochloridas; NAB-365 (clenbuterol). 1-(4-Ami-
no-3,5-dichlorophenyl)-2-tert-butylaminoethanol hydrochloride.
Кленбутерола Гидрохлорид
C12H18Cl2N2O,HCl = 313.7.
CAS — 37148-27-9 (clenbuterol); 21898-19-1 (clen-
buterol hydrochloride).
ATC — R03AC14; R03CC13.
ATC Vet — QR03AC14; QR03CC13.

(clenbuterol)

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of clenbuterol: 
Angel Dust; 
Clen.
Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Clenbuterol Hydrochloride). A white or almost
white crystalline powder. Soluble in water and in alcohol; slight-
ly soluble in acetone. A 5% solution in water has a pH of 5.0 to
7.0.
Profile
Clenbuterol hydrochloride is a direct-acting sympathomimetic
with mainly beta-adrenergic activity and a selective action on
beta2 receptors (a beta2 agonist). It has properties similar to those
of salbutamol (p.1131). It is used as a bronchodilator in the man-
agement of reversible airways obstruction, as in asthma (p.1108)
and in certain patients with chronic obstructive pulmonary dis-
ease (p.1112). A usual oral dose is 20 micrograms twice daily;
doses of up to 40 micrograms twice daily have occasionally been
given. Clenbuterol hydrochloride has also been given by inhala-
tion. In patients with asthma, as-required beta agonist therapy is
preferable to regular use. An increased need for, or decreased du-
ration of effect of, clenbuterol indicates deterioration of asthma
control and the need for review of therapy.
Abuse. Clenbuterol has been used illicitly in animal feeds in an
attempt to promote weight gain and to increase muscle to lipid
mass. Adverse effects typical of sympathomimetic activity have
been attributed to such misuse both in farmers perpetrating such
acts1 and in innocent persons consuming meat products from af-
fected animals.2-5 Clenbuterol has been abused by sportsmen for
its anabolic effects,6 although it is doubtful as to whether it en-
hances performance.7 Myocardial infarction was described in an
otherwise healthy 17-year-old bodybuilder after abuse of clen-
buterol.8 Coronary artery spasm and/or temporary thrombosis
were suggested as possible explanations for this adverse effect.
Contamination of illicit heroin with clenbuterol has also been re-
ported.9
1. Dawson J. β Agonists put meat in the limelight again. BMJ 1990;

301: 1238–9. 
2. Martínez-Navarro JF. Food poisoning related to consumption of

illicit β-agonist in liver. Lancet 1990; 336: 1311. 
3. Maistro S, et al. Beta blockers to prevent clenbuterol poisoning.

Lancet 1995; 346: 180. 
4. Brambilla G, et al. Food poisoning following consumption of

clenbuterol-treated veal in Italy. JAMA 1997; 278: 635. 
5. Ramos F, et al. Proposed guidelines for clenbuterol food poison-

ing. Am J Med 2004; 117: 362. 
6. Anonymous. Muscling in on clenbuterol. Lancet 1992; 340: 403. 
7. Spann C, Winter ME. Effect of clenbuterol on athletic perform-

ance. Ann Pharmacother 1995; 29: 75–7. 
8. Kierzkowska B, et al. Myocardial infarction in a 17-year-old

body builder using clenbuterol. Circ J 2005; 69: 1144–6. 
9. CDC. Atypical reactions associated with heroin use: five states,

January-April 2005. MMWR 2005; 54: 793–6. Correction. ibid.;
852.

Urinary incontinence. A systematic review of the use of
adrenergic agonists, including clenbuterol, in urinary inconti-
nence, found that there was weak evidence to suggest that their
use was better than placebo.1 Although only minor adverse ef-
fects were reported, the authors noted that there was still poten-
tial for rare but serious adverse effects reported elsewhere in the
literature.
1. Alhasso A, et al. Adrenergic drugs for urinary incontinence in

adults. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
15/01/08).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bronq-C; Clembumar; Oxibron; Austria: Spiropent; Chile: Airum;
Asmeren; Broncotosil†; Cz.: Spiropent; Ger.: Contraspasmin†; Spiropent;
Gr.: Spiropent; Hong Kong: Clenasma†; Hung.: Spiropent; Indon.:
Spiropent; Ital.: Clenasma†; Monores; Prontovent†; Spiropent; Jpn:
Spiropent; Mex.: Novegam; Oxyflux; Spiropent; Philipp.: Spiropent;
Port.: Broncoterol; Cesbron; Spain: Spiropent†; Ventolase; Venez.: Brodi-
lan; Brodilin; Buclen; Clenbunal; Risopent.

Multi-ingredient: Arg.: Mucosolvon Compositum; Oxibron NF; Aus-
tria: Mucospas; Ger.: Spasmo-Mucosolvan; Mex.: Ambodil-C; Balsibron-
C; Brogal Compositum; Bronolban-M; Brosolan C; Broxofar Compuesto;
Broxol Plus; Broxolim-C; Ebromin P; Fludexol-CL; Loxorol; Mucosolvan
Compositum; Mucovibrol C; Sekretovit Ex; Septacin Ex; Seraxol; Serbol;
Port.: Clembroxol; Mucospas; Ventoliber; Venez.: Ambromuco Composi-
tum; Arbixil; Clenbuxol; Litusix Compositum; Mucolin; Mucosolvan Com-
positum.

Diprophylline (BAN, rINN)

Dihydroxypropyltheophyllinum; Diprofilina; Diprofilinas; Diprofil-
lin; Diprofylin; Diprofylliini; Diprofyllin; Diprophyllinum; Dyphyl-
line; Glyphyllinum; Hyphylline. 7-(2,3-Dihydroxypropyl)-1,3-
dimethylxanthine; 7-(2,3-Dihydroxypropyl)theophylline.

Дипрофиллин
C10H14N4O4 = 254.2.
CAS — 479-18-5.
ATC — R03DA01.
ATC Vet — QR03DA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Diprophylline). A white or almost white, crystal-
line powder. Freely soluble in water; slightly soluble in alcohol.
Protect from light. 
USP 31 (Dyphylline). A white, odourless, amorphous or crystal-
line solid. Freely soluble in water; sparingly soluble in alcohol
and in chloroform; practically insoluble in ether. A 1% solution
in water has a pH of 5.0 to 7.5. Store in airtight containers.

Adverse Effects, Treatment, and Precautions
As for Theophylline, p.1140. Diprophylline is primarily excreted
unchanged in the urine and should therefore be used with caution
in patients with renal impairment; dose adjustments may be re-
quired. However, unlike theophylline, plasma concentrations of
diprophylline are not greatly affected by changes in liver func-
tion or hepatic enzyme activity such as those produced by smok-
ing or age.

Breast feeding. In a study of 20 women given diprophylline by
intramuscular injection,1 diprophylline was found to concentrate
in breast milk, with a milk to serum concentration ratio of about
2. However, it was felt that the quantity of diprophylline a breast-
fed infant would ingest was unlikely to produce any pharmaco-
logical action unless the child was very sensitive. The American
Academy of Pediatrics2 also considers that the use of diprophyl-
line is usually compatible with breast feeeding.
1. Jarboe CH, et al. Dyphylline elimination kinetics in lactating

women: blood to milk transfer. J Clin Pharmacol 1981; 21:
405–10. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 19/03/08)

Interactions
Since diprophylline does not undergo metabolism by hepatic mi-
crosomal cytochrome P450 it does not exhibit the numerous in-
teractions seen with theophylline (p.1142). However, the possi-
bility of synergistic effects should be borne in mind if it is
prescribed with other xanthines.

Probenecid. Probenecid has been reported to decrease the
clearance of diprophylline thus prolonging its half-life.1-3

1. May DC, Jarboe CH. Inhibition of clearance of dyphylline by
probenecid. N Engl J Med 1981; 304: 791. 

2. May DC, Jarboe CH. Effect of probenecid on dyphylline elimi-
nation. Clin Pharmacol Ther 1983; 33: 822–5. 

3. Acara M, et al. Probenecid inhibition of the renal excretion of
dyphylline in chicken, rat and man. J Pharm Pharmacol 1987;
39: 526–30.

Pharmacokinetics
Diprophylline is rapidly absorbed from the gastrointestinal tract
and from the site of intramuscular injections. Diprophylline is
not converted to theophylline in the body. It is largely excreted

unchanged in the urine with an elimination half-life of about 2
hours. Diprophylline is distributed into breast milk.
Uses and Administration
Diprophylline is a theophylline derivative which is used similar-
ly to theophylline (p.1146) as a bronchodilator in reversible air-
ways obstruction. 
The usual oral dose of diprophylline is up to 15 mg/kg every 6
hours. It has also been given intramuscularly. Diprophylline is
also an ingredient of preparations that have been promoted for
coughs.
Action. Improvements in measurements of lung function after
diprophylline in oral doses of 15 and 20 mg/kg were only one-
third to one-half those obtained after oral theophylline 6 mg/kg.1
1. Furukawa CT, et al. Diphylline versus theophylline: a double-

blind comparative evaluation. J Clin Pharmacol 1983; 23:
414–18.

Preparations
USP 31: Dyphylline and Guaifenesin Elixir; Dyphylline and Guaifenesin Tab-
lets; Dyphylline Elixir ; Dyphylline Injection; Dyphylline Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Austrophyllin†; Gr.: Silbephylline†; Hong Kong: Syneophylline;
Ital.: Katasma; Port.: Neufil; Turk.: Difilin; USA: Dilor†; Dylix; Lufyllin.

Multi-ingredient: Fr.: Ozothine a la Diprophylline; Israel: Philinal; Phili-
net; Ital.: Cort-Inal; Spain: Alergical Expect; Bronsal; Novofilin†; UK: No-
radran; USA: Difil-G; Dilex-G; Dy-G; Dyflex-G; Dyline GG†; Dyphylline-
GG; Jay-Phyl; Lufyllin-EPG†; Lufyllin-GG; Panfil G.

Doxofylline (USAN, rINN)

ABC 12/3; Doxofilina; Doxofyllinum. 7-(1,3-Dioxolan-2-ylme-
thyl)theophylline.
Доксофиллин
C11H14N4O4 = 266.3.
CAS — 69975-86-6.
ATC — R03DA11.
ATC Vet — QR03DA11.

Profile
Doxofylline is a theophylline derivative (p.1140) which is used
as a bronchodilator in reversible airways obstruction. It is given
in oral doses of up to 1200 mg daily. It may also be given by slow
intravenous injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Ansimar; Mex.: Axofin; Philipp.: Ansimar; Thai.: Puroxan.

Etamiphylline Camsilate (BANM, rINNM)

Camsilato de etamifilina; Diétamiphylline Camphosulfonate;
Étamiphylline, Camsilate d’; Etamiphylline Camsylate; Etamiphyl-
lini Camsilas; Etamphyllin Camsylate. 7-(2-Diethylaminoethyl)-
1,3-dimethylxanthine camphor-10-sulphonate; 7-(2-Diethylami-
noethyl)theophylline camphor-10-sulphonate.
Этамифиллина Камзилат
C23H37N5O6S = 511.6.
CAS — 314-35-2 (etamiphylline); 19326-29-5 (etami-
phylline camsilate).
ATC — R03DA06.
ATC Vet — QR03DA06.

(etamiphylline)

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Etamiphylline Camsilate). A white or almost
white powder. Very soluble in water; soluble in alcohol and in
chloroform; very slightly soluble in ether. A 10% solution in
water has a pH of 3.9 to 5.4.
Profile
Etamiphylline camsilate is a derivative of theophylline (p.1140)
and has been used as a bronchodilator in reversible airways ob-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

struction. Etamiphylline does not liberate theophylline in the
body. Etamiphylline camsilate is used in veterinary medicine. 
The hydrochloride salt has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Solufilina.

Etofylline (BAN, rINN)

Aethophyllinum; Etofilina; Etofilinas; Etofillin; Etofylin; Etofylliini;
Etofyllin; Étofylline; Etofyllinum; Hydroxyaethyltheophyllinum;
Hydroxyéthylthéophylline; Oxyetophylline. 7-(2-Hydroxyethyl)-
1,3-dimethylxanthine; 3,7-Dihydro-7-(2-hydroxyethyl)-1,3-dime-
thyl-1H-purine-2,6-dione; 7-(2-Hydroxyethyl)theophylline.

Этофиллин
C9H12N4O3 = 224.2.
CAS — 519-37-9.
ATC — C04AD04.
ATC Vet — QC04AD04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Etofylline). A white or almost white, crystalline
powder. Soluble in water; slightly soluble in alcohol. Protect
from light.

Profile
Etofylline is a derivative of theophylline (p.1140) that is an ingre-
dient of preparations promoted for respiratory and cardiovascu-
lar disorders. It is not converted to theophylline in the body. 
Etofylline nicotinate has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Oxyphyllin.

Multi-ingredient: Austria: Instenon; Cz.: Ersilan; Oxantil; Hong Kong:
Instenon; India: Albutamol; Bronchilet†; Dericip; Deriphyllin; Etyofil†; Ter-
phylin; Rus.: Instenon (Инстенон); S.Afr.: Actophlem; Alcophyllex; Dilinct;
Solphyllex; Solphyllin; Theophen; Theophen Comp; Thai.: Instenon†.

Fenoterol (BAN, USAN, rINN) ⊗ 
Fénotérol; Fenoteroli; Fenoterolum. 1-(3,5-Dihydroxyphenyl)-2-
(4-hydroxy-α-methylphenethylamino)ethanol.

Фенотерол
C17H21NO4 = 303.4.
CAS — 13392-18-2.
ATC — G02CA03; R03AC04; R03CC04.
ATC Vet — QG02CA03; QR03AC04; QR03CC04.

Fenoterol Hydrobromide (BANM, rINNM) ⊗ 
Fénotérol, bromhydrate de; Fenoterol-hidrobromid; Fenoterol-
hydrobromid; Fenoterol-hydrobromid; Fenoteroli hydrobromi-
dum; Fenoterolihydrobromidi; Fenoterolio hidrobromidas;
Fenoterolu bromowodorek; Hidrobromuro de fenoterol; TH-
1165a. 1-(3,5-Dihydroxyphenyl)-2-(4-hydroxy-α-methylphen-
ethylamino)ethanol hydrobromide.

Фенотерола Гидробромид
C17H21NO4,HBr = 384.3.
CAS — 1944-12-3.
ATC — G02CA03; R03AC04; R03CC04.
ATC Vet — QG02CA03; QR03AC04; QR03CC04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Fenoterol Hydrobromide). A white or almost
white, crystalline powder. Soluble in water and in alcohol. A 4%
solution in water has a pH of 4.2 to 5.2. Protect from light.

Adverse Effects and Precautions
As for Salbutamol, p.1131.
Increased mortality. Since the introduction of metered-dose
aerosols of beta agonists there have been two reported epidemics
of increased morbidity and mortality in asthmatic patients asso-
ciated with their use. The first occurred in the 1960s and was
linked with the use of high-dose isoprenaline inhalers.1 The use
of isoprenaline was subsequently largely stopped in favour of
more selective beta2 agonists. 
The second epidemic occurred in New Zealand in the late 1970s
and 1980s and was associated with the use of fenoterol.1-5 When
use of fenoterol fell in New Zealand, so too did the asthma mor-
tality rate.5 Heavy or regular use of fenoterol was implicated.6,7

Fenoterol was also implicated in increased asthma morbidity and
mortality in a study in Canada,7 as was salbutamol, and results
from Japan also suggested a relation between asthma deaths and
excessive use of beta agonists, particularly fenoterol.8 However,
an analysis of the New Zealand deaths could not identify such a
risk with beta agonists other than fenoterol.5 
There is still debate about this second epidemic. The individual
case control studies, including the one from Canada,7 showed an
increased morbidity and mortality in patients taking fenoterol,
but a meta-analysis of the accumulated data to 1992 suggested
that the increase in mortality in the patients taking beta2 agonists
was slight and only significant when they were given by nebuli-
sation.9 Also a working party of the UK CSM considered10 that
a causal link between asthma mortality and beta-agonist use
could neither be confirmed nor refuted. 
Not surprisingly there are different views on the cause of the in-
creased asthma mortality. The cardiotoxicity of the beta agonist
might have to be considered, although evidence for such an ef-
fect is felt by some to be slight.11 The severity of the asthma
might have been a factor in two different ways. One hypothesis
is that patients used more fenoterol because they had severe asth-
ma and were already at increased risk of dying.12 Another pro-
poses that heavy beta-agonist use led to an increase in asthma
severity13 which could be explained by a down regulation of beta
receptors.14 
This may appear to be only of historical interest since mortality
rates have fallen and current recommendations for the use of
short-acting beta2 agonists, which are generally more selective
than fenoterol, are for them to be taken as required rather than on
a regular basis; indeed increasing use of such drugs is seen as an
indication to amend the treatment schedule. Moreover, the dose
of fenoterol has been reduced in recent years. However, contro-
versy over regular use of short-acting beta2 agonists continues to
be fed by conflicting studies of their benefit. More recently 2 fur-
ther observational studies have reported an association between
use of short-acting beta2 agonists and adverse effects on mortal-
ity.15,16 A cohort study,15 designed to evaluate the effect of respi-
ratory medications on asthma death, found an association be-
tween the excessive use of short-acting beta2 agonists and an
increased risk of asthma death; no additional risk was found with
fenoterol beyond the risk associated with beta2 agonists as a
class. It was unknown whether excessive use was a symptom or
a cause of worsening asthma. A case-control study16 similarly
found a modestly increased risk of mortality associated with use
of short-acting beta2 agonists in the previous 1 to 5 years. How-
ever, the study had insufficient power to come to any conclusions
regarding the effects of fenoterol, which was rarely prescribed
alone, and concluded that evidence for a direct adverse effect of
beta2 agonists was inconclusive; other explanations might in-
clude lack of more appropriate asthma care, more severe disease
or increasing severity of disease, or a tendency for patients whose
disease was not responding to receive a wider range of treat-
ments. 
For discussion of similar concerns about the use of long-acting
beta2 agonists in asthma, see Salmeterol, p.1135.
1. Pearce N, et al. Beta agonists and asthma mortality: déjà vu.

Clin Exp Allergy 1991; 21: 401–10. 
2. Crane J, et al. Prescribed fenoterol and death from asthma in

New Zealand, 1981-83: case-control study. Lancet 1989; i:
917–22. 

3. Pearce N, et al. Case-control study of prescribed fenoterol and
death from asthma in New Zealand, 1977–81. Thorax 1990; 45:
170–5. 

4. Grainger J, et al. Prescribed fenoterol and death from asthma in
New Zealand, 1981–7: a further case-control study. Thorax
1991; 46: 105–111. 

5. Pearce N, et al. End of the New Zealand asthma mortality epi-
demic. Lancet 1995; 345: 41–4. 

6. Sears MR, et al. Regular inhaled beta-agonist treatment in bron-
chial asthma. Lancet 1990; 336: 1391–6. 

7. Spitzer WO, et al. The use of β-agonists and the risk of death
and near death from asthma. N Engl J Med 1992; 326: 501–6. 

8. Beasley R, et al. β-agonist therapy and asthma mortality in Ja-
pan. Lancet 1998; 351: 1406–7. 

9. Mullen M, et al. The association between β-agonist use and
death from asthma: a meta-analytic integration of case control
studies. JAMA 1993; 270: 1842–5. 

10. Committee on Safety of Medicines. Beta-agonist use in asth-
ma: report from the CSM Working Party. Current Problems 33
1992.  Avai lab le  a t :  h t tp : / /www.mhra .gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024451&
RevisionSelectionMethod=LatestReleased (accessed 15/01/08) 

11. Sears MR, Taylor DR. The β -agonist controversy: observa-
tions, explanations and relationship to asthma epidemiology.
Drug Safety 1994; 11: 259–83. 

12. Fuller RW. Use of β  agonists in asthma: much ado about noth-
ing? BMJ 1994; 309: 795–6. 

13. Sears MR. Asthma deaths in New Zealand. Lancet 1995; 345:
655–6. 

14. Tattersfield AE. Use of β  agonists in asthma: much ado about
nothing? BMJ 1994; 309: 794–5. 

15. Lanes SF, et al. Respiratory medications and risk of asthma
death. Thorax 2002; 57: 683–6. 

16. Anderson HR, et al. Bronchodilator treatment and deaths from
asthma: case-control study. Abridged version: BMJ 2005; 330:
117. Full version: http://www.bmj.com/cgi/reprint/330/7483/117
(accessed 15/01/08)

Pulmonary oedema. Pulmonary oedema has occurred in
women given beta agonists, including fenoterol,1 for premature
labour. The risk factors, the most important of which is fluid
overload, are discussed under Precautions for Salbutamol, on
p.1132.
1. Hawker F. Pulmonary oedema associated with β -sympathomi-

metic treatment of premature labour. Anaesth Intensive Care
1984; 12: 143–51.

Interactions
As for Salbutamol, p.1132.

Pharmacokinetics
Fenoterol is incompletely absorbed from the gastroin-
testinal tract and is also subject to extensive first-pass
metabolism by sulfate conjugation. It is excreted in the
urine and bile almost entirely as the inactive sulfate
conjugate. Fenoterol is distributed into breast milk.
◊ References.
1. Warnke K, et al. The pharmacokinetics of the beta 2-adrenocep-

tor agonist fenoterol in healthy women. Eur J Clin Pharmacol
1992; 43: 663–5. 

2. Hochhaus G, Möllmann H. Pharmacokinetic/pharmacodynamic
characteristics of the beta-2-agonists terbutaline, salbutamol and
fenoterol. Int J Clin Pharmacol Ther Toxicol 1992; 30: 342–62. 

3. Hildebrandt R, et al. Pharmacokinetics of fenoterol in pregnant
and nonpregnant women. Eur J Clin Pharmacol 1993; 45:
275–7.

Uses and Administration
Fenoterol is a direct-acting sympathomimetic with
beta-adrenoceptor stimulant activity largely selective
for beta2 receptors (a beta2 agonist). It has actions and
uses similar to those of salbutamol (p.1133) and is used
as a bronchodilator in the management of reversible
airways obstruction, as occurs in asthma (p.1108) and
in some patients with chronic obstructive pulmonary
disease (p.1112). On inhalation, fenoterol acts rapidly
(5 minutes) and has a duration of action of about 6 to 8
hours. 
In the management of reversible airways obstruc-
tion, fenoterol hydrobromide may be given from a
metered-dose aerosol in a dose of 1 or 2 inhalations of
100 micrograms up to 3 or 4 times daily, to a maximum
of 800 micrograms daily. Current asthma guidelines
recommend that inhaled short-acting beta2 agonists
such as fenoterol be used on an ‘as-required’, not reg-
ular, basis. In those patients requiring more than occa-
sional use of fenoterol, anti-inflammatory therapy is
also needed. An increased requirement for, or de-
creased duration of effect of, fenoterol indicates deteri-
oration of asthma control and the need for increased
anti-inflammatory therapy. 
Fenoterol hydrobromide may be given as a nebulised
solution; the usual dose for inhalation by this route is
0.5 to 1 mg. In more refractory cases up to 2.5 mg may
be given. Treatment may be repeated every 6 hours as
required. 
Fenoterol hydrobromide may also be given orally for
the relief of bronchospasm at a dose of 2.5 to 5 mg
three times daily. 
For doses in children, see Administration in Children,
below. 
Fenoterol hydrobromide has also been used similarly
to salbutamol, in the management of premature
labour (see p.2003). A suggested dose, by intravenous
infusion, has been 1 to 3 micrograms/minute, up to a
maximum of 5 micrograms/minute, followed by oral
doses of 5 mg every 3 to 6 hours.
Administration in children. In some countries fenoterol has
been given via a metered-dose inhaler to children over 6 years of
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1122   Bronchodilators and Anti-asthma Drugs
age, at the same doses used in adults (see Uses and Administra-
tion, above). 
Fenoterol hydrobromide is also given orally to children for the
relief of bronchospasm in the following doses: 
• children aged 1 to 3 years, 1.25 mg three times daily 
• children aged 4 to 10 years, 2.5 mg three times daily 
• children aged over 10 years, as for adults (see Uses and Ad-

ministration, above)
Preparations
BP 2008: Fenoterol Pressurised Inhalation.

Proprietary Preparations (details are given in Part 3)
Arg.: Alveofen; Asmopul; Berotec; Austral.: Berotec†; Austria: Berotec;
Belg.: Berotec; Braz.: Berotec; Bromifen; Bromotec; Febiotec†; Fenozan;
Canad.: Berotec; Chile: Berotec†; Parsistene†; Cz.: Berotec; Partusisten†;
Denm.: Berotec; Fin.: Berotec†; Ger.: Berotec; Partusisten; Hong Kong:
Berotec†; Hung.: Berotec; Indon.: Berotec; Ital.: Dosberotec; Jpn: Bero-
tec; Malaysia: Berotec; Feno; Mex.: Berotec†; Partusisten; Neth.: Bero-
tec; Partusisten; Norw.: Berotec; Philipp.: Berotec; Pol.: Berotec; Port.:
Berotec; Rus.: Berotec (Беротек); Partusisten (Партусистен); S.Afr.:
Berotec; Singapore: Berotec; Spain: Berotec†; Swed.: Berotec†; Switz.:
Berotec; Thai.: Berotec; Venez.: Berotec†; Segamol.

Multi-ingredient: Arg.: Berodual; Duotec†; Ipradual; Austria: Berodual;
Berodualin; Ditec; Belg.: Duovent; Braz.: Duovent; Fymnal†; Canad.: Du-
ovent; Chile: Berodual; Cz.: Berodual; Ditec†; Denm.: Berodual; Fin.:
Atrovent Comp; Fr.: Bronchodual; Ger.: Berodual; Ditec†; Gr.: Berodual;
Hong Kong: Berodual†; Hung.: Berodual; Duotec†; India: Fenovent; In-
don.: Berodual; Irl.: Duovent; Ital.: Duovent; Iprafen; Malaysia: Berodual;
Duovent; Mex.: Berodual; Berosolvon; Neth.: Berodual; Philipp.: Berod-
ual; Pol.: Berodual; Port.: Berodual; Rus.: Berodual (Беродуал); Ditec
(Дитек); S.Afr.: Atrovent Beta; Berodual; Duovent; Sabax Nebrafen; Sin-
gapore: Berodual; Duovent; Spain: Berodual†; Switz.: Berodual; Thai.:
Berodual; Inhalex; Punol; UK: Duovent; Venez.: Berodual; Berosolvon†;
Duovent; Respidual.

Fenspiride Hydrochloride (USAN, rINNM)

Decaspiride; Fenspiride, Chlorhydrate de; Fenspiridi Hydrochlo-
ridum; Hidrocloruro de fenspirida; JP-428; NAT-333; NDR-
5998A. 8-Phenethyl-1-oxa-3,8-diazaspiro[4.5]decan-2-one hy-
drochloride.
Фенспирида Гидрохлорид
C15H20N2O2,HCl = 296.8.
CAS — 5053-06-5 (fenspir ide); 5053-08-7 (fenspir ide hy-
drochloride).
ATC — R03BX01; R03DX03.
ATC Vet — QR03BX01; QR03DX03.

(fenspir ide)

Profile
Fenspiride is reported to have bronchodilator and anti-inflamma-
tory properties. It is given as the hydrochloride in asthma
(p.1108) and other respiratory disorders in usual oral doses of
160 to 240 mg daily in divided doses before meals. It has also
been given rectally and by intramuscular or intravenous injec-
tion.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Pneumorel; Hong Kong: Pneumorel; Ital.: Pneumorel; Pol.: Eurespal;
Port.: Fenspin†; Pneumorel; Rus.: Eurespal (Эреспал).

Formoterol Fumarate (BANM, USAN, 

rINNM) ⊗ 
BD-40A; CGP-25827A; Eformoterol Fumarat; Eformoterol Fu-
marate; Formoterol Fumarat; Formotérol, fumarate de; Formot-
erolfumarat; Formoterol-fumarát; Formoteroli fumaras; Formot-
erolifumaraatti; Formoterolio fumaratas; Formoterolu fumaran;
Fumarato de formoterol; YM-08316. (±)-2′-Hydroxy-5′-[(RS)-1-
hydroxy-2-{[(RS)-p-methoxy-α-methylphenethyl]ami-
no}ethyl]formanilide fumarate.
Формотерола Фумарат
(C19H24N2O4)2,C4H4O4 = 804.9.
CAS — 73573-87-2 (formoterol); 43229-80-7 (formoterol
fumarate).
ATC — R03AC13.
ATC Vet — QR03AC13.

(formoterol)

Pharmacopoeias. In Jpn. Eur. (see p.vii) includes the dihy-
drate. 
Ph. Eur. 6.2 (Formoterol Fumarate Dihydrate; Formoteroli Fu-
maras Dihydricus). A white or almost white or slightly yellow
powder. Slightly soluble in water and in isopropyl alcohol; prac-
tically insoluble in acetonitrile; soluble in methyl alcohol. A
0.1% solution in water has a pH of 5.5 to 6.5. Protect from light.

Adverse Effects and Precautions
As for Salbutamol, p.1131. Inhalation of formoterol
may be associated with paradoxical bronchospasm,
and high doses have been associated with an increase
in severe exacerbations of asthma. It should not be
used in patients who are not also receiving an inhaled
corticosteroid. 
Long-acting beta2 agonists such as formoterol are not
appropriate for the treatment of acute bronchospasm. 
Conjunctival irritation and eyelid oedema have been
reported in isolated cases.
◊ References.
1. Wilton LV, Shakir SA. A post-marketing surveillance study of

formoterol (Foradil ): its use in general practice in England.
Drug Safety 2002; 25: 213–23. 

2. Pauwels RA, et al. Formoterol as relief medication in asthma: a
worldwide safety and effectiveness trial. Eur Respir J 2003; 22:
787–94.

Asthma. A review of 3 controlled studies comparing inhaled
formoterol with placebo, concluded that regular use of high-dose
formoterol (48 micrograms daily) may be associated with more
frequent serious asthma exacerbations.1 The concomitant use of
inhaled corticosteroids was allowed but not mandatory, and was
not reported in the review, which led to debate on whether the
results of the study would be applicable when current prescribing
guidelines for asthma were followed.2,3 
In contrast to this, a subsequent study,4 designed to test the hy-
pothesis of a dose-related increase in serious asthma exacerba-
tions with formoterol therapy, did not show any increase in seri-
ous asthma exacerbations between different formoterol doses
and placebo. Again, inhaled corticosteroid use was allowed but
not mandatory, with 62.4% of patients reported as receiving reg-
ular anti-inflammatory therapy. 
A systematic review5 firmly concluded that the addition of a
long-acting beta2 agonist (such as formoterol) to low or high dos-
es of inhaled corticosteroids reduced the risk of asthma exacer-
bations compared with ongoing treatment with similar doses of
inhaled corticosteroids alone. The addition of a long-acting beta2
agonist reduced by 19% the relative risk and by 5% the absolute
risk of patients requiring systemic corticosteroids for an asthma
exacerbation, over 4 to 54 weeks. 
For discussion of serious adverse effects associated with long-
acting beta2 agonists in asthma, see Increased Mortality, under
Salmeterol p.1135.
1. Mann M, et al. Serious asthma exacerbations in asthmatics treat-

ed with high-dose formoterol. Chest 2003; 124: 70–4. 
2. Rissmiller RW, et al. Asthma exacerbations and formoterol.

Chest 2004; 125: 1590–1. 
3. van der Molen T. Formoterol and asthma exacerbations. Chest

2004; 125: 1591. 
4. Wolfe J, et al. Formoterol, 24μg bid, and serious asthma exacer-

bations: similar rates compared with formoterol, 12μg bid, with
and without extra doses taken on demand, and placebo. Chest
2006; 129: 27–38. 

5. Ni Chroinin M, et al. Long-acting beta2-agonists versus placebo
in addition to inhaled corticosteroids in children and adults with
chronic asthma. Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 2005 (accessed
15/01/08).

Effects on skeletal muscle. Myalgia and muscle weakness
associated with elevated creatine kinase has been reported during
formoterol therapy.1 Subsequent muscle biopsy suggested mito-
chondrial dysfunction. No inflammatory changes were seen and
symptoms resolved on withdrawal of formoterol.
1. Kiernan MC, et al. Mitochondrial dysfunction and rod-like le-

sions associated with administration of β2 adrenoceptor agonist
formoterol. Neuromuscul Disord 2004; 14: 375–7.

Tolerance. Regular use of formoterol produced bronchodilator
desensitisation,1-3 and tachyphylaxis to bronchoprotection
against methacholine, effects that have been noted with other

long-acting beta2 agonists (see Salmeterol, p.1135) and short-
acting beta2 agonists (see Salbutamol, p.1132).
1. van der Woude HJ, et al. Decreased bronchodilating effect of

salbutamol in relieving methacholine induced moderate to se-
vere bronchoconstriction during high dose treatment with long
acting β  agonists. Thorax 2001; 56: 529–35. 

2. Jones SL, et al. Reversing acute bronchoconstriction in asthma:
the effect of bronchodilator tolerance after treatment with for-
moterol. Eur Respir J 2001; 17: 368–73. 

3. Haney S, Hancox RJ. Tolerance to bronchodilation during treat-
ment with long-acting beta-agonists, a randomised controlled tri-
al. Respir Res  2005; 6:  107. Also available at: http://
respiratory-research.com/content/pdf/1465-9921-6-107.pdf (ac-
cessed 15/01/08)

Interactions
As for Salbutamol, p.1132.

Pharmacokinetics
Inhaled formoterol is rapidly absorbed. It is largely me-
tabolised by glucuronidation and O-demethylation,
with about 10% being excreted in the urine as un-
changed drug. The mean terminal elimination half-life
after inhalation is estimated to be 10 hours.
Stereoselectivity. Formoterol occurs as a racemic mixture, of
which arformoterol (p.1115) is the R,R-enantiomer. Only the
R,R-enantiomer is active.1,2 It has been suggested that stereose-
lective metabolism and excretion may account for the individual
variation in duration of effect seen with formoterol, although the
exact mechanism remains unclear.1,3

1. Zhang M, et al. Stereoselective glucuronidation of formoterol by
human liver microsomes. Br J Clin Pharmacol 2000; 49: 152–7. 

2. Lötvall J, et al. The effect of formoterol over 24 h in patients
with asthma: the role of enantiomers. Pulm Pharmacol Ther
2005; 18: 109–13. 

3. Zhang M, et al. Stereoselective urinary excretion of formoterol
and its glucuronide conjugate in human. Br J Clin Pharmacol
2002; 54: 246–50.

Uses and Administration
Formoterol is a direct-acting sympathomimetic with
mainly beta-adrenoceptor stimulant activity specific to
beta2 receptors (a beta2 agonist). It has properties simi-
lar to those of salbutamol (p.1133), but like salmeterol
(p.1135) it has a prolonged duration of action of up to
12 hours; it is therefore not considered suitable for the
symptomatic relief of acute attacks of bronchospasm.
It is used when the regular use of a long-acting beta2
agonist is needed for management of reversible air-
ways obstruction, as in chronic asthma (p.1108) or in
some patients with chronic obstructive pulmonary dis-
ease (p.1112). 
Formoterol is given by inhalation as the fumarate but
how the dose is expressed may depend on the formula-
tion. 
• A usual dose is 12 micrograms of formoterol fuma-

rate twice daily from inhalational capsules, in-
creased to 24 micrograms twice daily if necessary in
severe disease. 

• Metered doses from a dry powder inhaler may be ex-
pressed as the amount delivered into the mouthpiece
(multiples of 6 micrograms per inhalation) or the
amount delivered from the mouthpiece (correspond-
ing to multiples of 4.5 micrograms per inhalation).
Usual doses, expressed as the amount delivered into
the mouthpiece, are 6 or 12 micrograms once or
twice daily, increased if necessary in severe disease
to 24 micrograms twice daily. 

• Metered doses from an aerosol inhaler may also be
expressed as the amount delivered into the mouth-
piece (12 micrograms per inhalation) or the amount
delivered from the mouthpiece (corresponding to
10.1 micrograms per inhalation). Usual doses are 1
or 2 inhalations twice daily. 

Treatment should be reassessed if this proves inade-
quate; in the UK, some preparations are licensed for
additional short-term symptom relief, but such use is
contrary to current asthma guidelines (see p.1108). 
Formoterol fumarate may also be inhaled via a nebulis-
er in a dose of 20 micrograms twice daily. Oral doses
of 80 micrograms have been given twice daily in
adults. 
For doses of formoterol fumarate used in children, see
Administration in Children, below.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

◊ Reviews.
1. Faulds D, et al. Formoterol: a review of its pharmacological

properties and therapeutic potential in reversible obstructive air-
ways disease. Drugs 1991; 42: 115–37. 

2. Bartow RA, Brogden RN. Formoterol: an update of its pharma-
cological properties and therapeutic efficacy in the management
of asthma. Drugs 1998; 55: 303–22. 

3. Sovani MP, et al. A benefit-risk assessment of inhaled long-act-
ing β -agonists in the management of obstructive pulmonary dis-
ease. Drug Safety 2004; 27: 689–715.

Administration in children. Doses of formoterol fumarate
inhaled from inhalational capsules in children aged 5 years or
older are the same as those for adults, see Uses and Administra-
tion, above. 
Formoterol fumarate may be given by metered-dose dry powder
inhaler to children 6 years of age and over. The usual dose, ex-
pressed as the amount delivered into the mouthpiece, is 6 to
12 micrograms once or twice daily. Occasionally up to
48 micrograms daily may be required (maximum single dose
should not exceed 12 micrograms). 
In some countries, such as Japan, formoterol fumarate has been
given orally to children from the age of 6 months at a dose of
4 micrograms/kg daily, in 2 or 3 divided doses.
Asthma. Formoterol is a long-acting beta2 agonist (duration of
action about 12 hours). Guidelines on the management of asth-
ma, see p.1108, generally recommend that the use of long-acting
beta2 agonists be reserved for patients with chronic asthma who
have already progressed to inhaled corticosteroids; it is not a sub-
stitute for corticosteroids. The exact dose of inhaled corticoster-
oid at which to add additional therapy, such as a long-acting beta2
agonist, has yet to be determined. There is some evidence to sug-
gest that, apart from in severe exacerbations, adding a long-act-
ing beta2 agonist to standard dose inhaled corticosteroid therapy
may be more effective than increasing the dose of corticosteroid,
or than combining a corticosteroid and an anti-leukotriene drug.
Combinations of formoterol with an inhaled corticosteroid, used
as both maintenance and reliever therapy, have also been studied.
Results are seemingly encouraging, although what role such
combinations should play in therapy is not yet clearly defined.
Some asthma guidelines include this regimen as an option for
adults at treatment step 3, see p.1108. Formoterol may also be
useful in controlling persistent nocturnal asthma or preventing
exercise-induced attacks. There is some evidence that after pro-
longed use, protection against bronchoconstriction is reduced
(see Tolerance, above), and high-dose therapy may be associated
with an increased rate of severe exacerbations (see Asthma under
Adverse Effects and Precautions, above). 
References.
1. van der Molen T, et al. Effects of the long acting β agonist for-

moterol on asthma control in asthmatic patients using inhaled
corticosteroids. Thorax 1996; 52: 535–9. 

2. Pauwels RA, et al. Effect of inhaled formoterol and budesonide
on exacerbations of asthma. N Engl J Med 1997; 337: 1405–11.
Correction. ibid.; 1998; 338: 139. 

3. O’Byrne PM, et al. Low dose inhaled budesonide and formoter-
ol in mild persistent asthma: the OPTIMA randomized trial. Am
J Respir Crit Care Med 2001; 164: 1392–7. 

4. Goldsmith DR, Keating GM. Budesonide/formoterol: a review
of its use in asthma. Drugs 2004; 64: 1597–1618. 

5. Rabe KF, et al. Effect of budesonide in combination with for-
moterol for reliever therapy in asthma exacerbations: a ran-
domised controlled, double-blind study. Lancet 2006; 368:
707–8. 

6. Pedersen S. Budesonide plus formoterol for reliever therapy in
asthma. Lancet 2006; 368: 707–8. 

7. Pohunek P, et al. Budesonide/formoterol improves lung func-
tion compared with budesonide alone in children with asthma.
Pediatr Allergy Immunol 2006; 17: 458–65. Correction. ibid.;
551. 

8. Berger WE. The use of inhaled formoterol in the treatment of
asthma. Ann Allergy Asthma Immunol 2006; 97: 24–33. Correc-
tion. ibid.; 562. [dosage error in text] 

9. Hermansen MN, et al. Acute relief of exercise-induced bron-
choconstriction by inhaled formoterol in children with persist-
ent asthma. Chest 2006; 129: 1203–9. 

10. Bateman ED, et al. Budesonide/formoterol and formoterol pro-
vide similar rapid relief in patients with acute asthma showing
refractoriness to salbutamol. Respir Res 2006; 7: 13. 

11. O’Byrne PM, Parameswaran K. Pharmacological management
of mild or moderate persistent asthma. Lancet 2006; 368:
794–803. 

12. O’Byrne PM, et al. Budesonide/formoterol combination thera-
py as both maintenance and reliever medication in asthma. Am
J Respir Crit Care Med 2005; 171: 129–36.

Stuttering. Inhaled formoterol 12 micrograms daily was re-
ported to improve stuttering (p.1001) in 3 children between 14
and 20 years old. In 2 males, the onset of effect was about 6
weeks, but long-term follow-up was not possible. In the female
patient there was early improvement that persisted during 45
weeks of treatment.1
1. Pešák J. Preliminary experience with formoterol for the treat-

ment of stuttering. Ann Pharmacother 2004; 38: 1323.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fordilen; Oxis; Xanol; Austral.: Foradile; Oxis; Austria: Foradil; Oxis;
Belg.: Foradil; Oxis; Braz.: Fluir ; Foradil; Formocaps; Oxis; Canad.: Foradil;
Oxeze; Cz.: Atimos; Foradil; Forair ; Formano; Formovent; Oxis; Denm.:
Delnil; Foradil; Oxis; Fin.: Foradil; Oxis; Fr.: Foradil; Ger.: Foradil; Forair;
Formatris; FormoLich; Formotop; Oxis; Gr.: Broncoteril; Foradil; Forair ;
Forcap; Formopen; Formotil; Imotec; Oxez; Hong Kong: Foradil†; Oxis;
Hung.: Atimos; Diffumax; Foradil; Fortofan; Oxis; India: Foratec; Irl.: Fo-
radil; Oxis; Israel: Foradil; Oxis; Ital.: Atimos; Eolus; Foradil; Liferol; Oxis;

Jpn: Atock; Malaysia: Foradil†; Oxis; Mex.: Foradil; Oxis; Neth.: Foradil;
Oxis; Norw.: Foradil; Oxis; NZ: Foradil; Oxis; Philipp.: Atock; Foradil; Ox-
is; Pol.: Atimos; Diffumax; Foradil; Forastmin; Oxis; Oxodil; Zafiron; Port.:
Asmatec; Atimos; Eformax; Foradil; Forair ; Formaxa; Oxis; Rus.: Atimos
(Атимос); Foradil (Форадил); Oxis (Оксис); S.Afr.: Foradil; Foratec; Oxis;
Singapore: Foradil; Oxis; Spain: Broncoral; Foradil; Neblik; Oxis; Swed.:
Foradil; Oxis; Switz.: Foradil; Oxis; Thai.: Oxis†; Turk.: Foradil; Oxis; UK:
Atimos Modulite; Foradil; Oxis; USA: Foradil; Perforomist; Venez.: Fluir;
Foradil; Formotec; Oxis†.
Multi-ingredient: Arg.: Neumoterol; Symbicort; Austral.: Symbicort;
Austria: Symbicort; Belg.: Symbicort; Braz.: Alenia; Foraseq; Symbicort;
Canad.: Symbicort; Chile: Symbicort; Cz.: Combair; Formodual; Symbi-
cort; Denm.: Symbicort; Fin.: Symbicort; Fr.: Innovair ; Symbicort; Ger.:
Symbicort; Gr.: Symbicort; Hong Kong: Symbicort; Hung.: Symbicort;
India: Duova; Foracort; Indon.: Symbicort; Irl.: Symbicort; Israel: Symbi-
cort; Ital.: Assieme; Sinestic; Symbicort; Malaysia: Foracort; Symbicort;
Mex.: Symbicort; Neth.: Assieme; Sinestic; Symbicort; Norw.: Symbicort;
NZ: Symbicort; Philipp.: Symbicort; Pol.: Symbicort; Port.: Assieme; For-
modual; Foster; Symbicort; Rus.: Simbicort (Симбикорт); S.Afr.: Symbi-
cord; Singapore: Symbicort; Spain: Rilast; Symbicort; Swed.: Symbicort;
Switz.: Symbicort; Thai.: Symbicort; Turk.: Symbicort; UK: Fostair ; Sym-
bicort; USA: Symbicort; Venez.: Foraseq; Symbicort.

Heptaminol Acefyllinate (rINNM)

Acefilinato de heptaminol; Acéfyllinate d’Heptaminol; Acefylli-
num Heptaminolum; Heptaminol Acéfylline; Heptaminol Ace-
phyllinate; Heptaminol Theophylline Ethanoate; Heptaminol
Theophylline-7-acetate; Heptaminoli Acefyllinas. The 6-amino-2-
methylheptan-2-ol salt of theophyllin-7-ylacetic acid .
Гептаминола Ацефиллинат
C8H19NO,C9H10N4O4 = 383.4.
CAS — 5152-72-7; 10075-18-0.
ATC — C01DX08.
ATC Vet — QC01DX08.

Profile
Heptaminol acefyllinate is a derivative of theophylline (p.1140)
that has been used for its bronchodilator and cardiovascular ef-
fects.
Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Cariamyl.
Multi-ingredient: Braz.: Sureptil; Spain: Clinadil Compositum; Diclami-
na.

Hexoprenaline Hydrochloride (BANM, rINNM) ⊗ 
Hexoprénaline, Chlorhydrate d’; Hexoprenalini Hydrochlori-
dum; Hidrocloruro de hexoprenalina; ST-1512. N,N′-Hexameth-
ylenebis[4-(2-amino-1-hydroxyethyl)pyrocatechol] dihydrochlo-
ride; N,N′-Hexamethylenebis[2-amino-1-(3,4-dihydroxyphe-
nyl)ethanol] dihydrochloride.
Гексопреналина Гидрохлорид
C22H32N2O6,2HCl = 493.4.
CAS — 3215-70-1 (hexoprenaline); 4323-43-7 (hexopre-
naline dihydrochloride).
ATC — R03AC06; R03CC05.
ATC Vet — QR03AC06; QR03CC05.

(hexoprenaline)

Hexoprenaline Sulfate (USAN, rINNM) ⊗ 
Hexoprénaline, Sulfate d’; Hexoprenaline Sulphate (BANM); Hex-
oprenalini Sulfas; Sulfato de hexoprenalina. (±)-α,α′-[Hexameth-
ylenebis(iminomethylene)]-bis[3,4-dihydroxybenzyl alcohol] sul-
fate (1:1).
Гексопреналина Сульфат
C22H32N2O6,H2SO4 = 518.6.
CAS — 32266-10-7.
ATC — R03AC06; R03CC05.
ATC Vet — QR03AC06; QR03CC05.

Profile
Hexoprenaline is a direct-acting sympathomimetic with mainly
beta-adrenergic activity selective to beta2 receptors (a beta2 ago-
nist). It has properties similar to those of salbutamol (p.1131) and
has been used as a bronchodilator in the treatment of reversible

airways obstruction as occurs with asthma (p.1108) and in some
patients with chronic obstructive pulmonary disease (p.1112). It
has sometimes been used similarly to salbutamol in the manage-
ment of premature labour (p.2003). 
Hexoprenaline is usually given as the hydrochloride or sulfate. 
For the relief of bronchoconstriction, a typical adult oral dose
of the salts has been 0.5 to 1 mg three times daily. By inhalation,
hexoprenaline sulfate has been given by aerosol inhaler in doses
of 100 to 200 micrograms up to 6 times daily, and the hydrochlo-
ride has been given by nebulisation in doses of 250 to
500 micrograms every 4 to 6 hours to a maximum of 3 mg daily.
In patients with asthma, as-required beta agonist therapy is pref-
erable to regular use. An increased need for, or decreased dura-
tion of effect of, hexoprenaline indicates deterioration of asthma
control and the need for review of therapy. 
In the management of premature labour an intravenous infu-
sion of hexoprenaline sulfate, diluted in glucose 5% or sodium
chloride 0.9%, can be given at an initial rate of about
300 nanograms/minute. Infusion may be preceded by slow intra-
venous injection of 10 micrograms as a loading dose over 5 to 10
minutes. A prolonged infusion of 75 nanograms/minute has been
used when there is no cervical change. Therapy may be changed
from intravenous to oral once suppression of labour has been
achieved for at least 24 hours.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Argocian; Austria: Gynipral; Ipradol; Chile: Gynipral†; Cz.: Gynipral;
Hong Kong: Ipradol; Hung.: Gynipral†; Ipradol†; Rus.: Gynipral
(Гинипрал); S.Afr.: Ipradol; Switz.: Gynipral; Thai.: Ipradol†.

Ibudilast (rINN)

AV-411; Ibudilastum; KC-404; MN-166. 1-(2-Isopropylpyrazo-
lo[1,5-a]pyridin-3-yl)-2-methyl-1-propanone.
Ибудиласт
C14H18N2O = 230.3.
CAS — 50847-11-5.
ATC — R03DC04.
ATC Vet — QR03DC04.

Profile
Ibudilast is an orally active leukotriene antagonist (p.1108),
phosphodiesterase inhibitor, and platelet-activating factor antag-
onist. It is given orally in the management of asthma (p.1108) in
a dose of 10 mg twice daily. 
Ibudilast is also promoted for the management of dizziness sec-
ondary to impaired cerebral circulation following cerebral inf-
arction, in doses of 10 mg three times daily. 
Ibudilast is also under investigation for the treatment of multiple
sclerosis and for chronic neuropathic pain.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Ketas.

Indacaterol (rINN) ⊗ 
Indacatérol; Indacaterolum; QAB-149. 5-{(1R)-2-[(5,6-Diethyl-
2,3-dihydro-1H-inden-2-yl)amino]-1-hydroxyethyl}-8-hydroxy-
quinolin-2(1H)-one.
Индакатерол
C24H28N2O3 = 392.5.
CAS — 312753-06-3.

Profile
Indacaterol is a long-acting beta2 agonist under investigation in
asthma and chronic obstructive pulmonary disease.
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Ipratropium Bromide (BAN, USAN, rINN)

Bromuro de ipratropio; Ipratropii bromidum; Ipratropii Bromi-
dum Monohydricum; Ipratropio bromidas; Ipratropiowy bro-
mek; Ipratropium bromid monohydrát; Ipratropium, bromure d’;
Ipratropiumbromid; Ipratropium-bromid; Ipratropiumbromidi;
Ipratropyum Bromür; Sch-1000; Sch-1000-Br-monohydrate.
(1R,3r,5S,8r)-8-Isopropyl-3-[(±)-tropoyloxy]tropanium bromide
monohydrate.
Ипратропия Бромид
C20H30BrNO3,H2O = 430.4.
CAS — 22254-24-6 (anhydrous ipratropium bromide);
66985-17-9 (ipratropium bromide monohydrate).
ATC — R01AX03; R03BB01.
ATC Vet — QR01AX03; QR03BB01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Ipratropium Bromide). White or almost white crys-
talline powder. Soluble in water; slightly soluble in alcohol; free-
ly soluble in methyl alcohol. The pH of a 1% solution in water is
5.0 to 7.5. 
USP 31 (Ipratropium Bromide). A white to off-white, crystalline
powder. Soluble in water; slightly soluble in alcohol; freely sol-
uble in methyl alcohol. A 10% solution has a pH of 5 to 7. Store
in airtight containers.
Stability. In a study1 of the stability of admixtures of ipratro-
pium and salbutamol nebuliser solutions equal ratio mixtures
were found to retain more than 90% of their initial concentrations
after storage for 5 days at 4° or 22° in the dark or at 22° under
continuous fluorescent lighting.
1. Jacobson GA, Peterson GM. Stability of ipratropium bromide

and salbutamol nebuliser admixtures. Int J Pharm Pract 1995; 3:
169–73.

Adverse Effects and Precautions
Ipratropium and other inhaled antimuscarinic bron-
chodilators commonly cause dry mouth and constipa-
tion, and rarely, urinary retention. They should be used
with care in prostatic hyperplasia. Acute angle-closure
glaucoma has been reported; the mist or solution
should not be allowed to enter the eyes, particularly in
patients susceptible to glaucoma. As with other bron-
chodilators, paradoxical bronchospasm has occurred.
Tachycardia, palpitations, and arrhythmias have been
reported with ipratropium. Hypersensitivity reactions,
including urticaria, angioedema, rash, and anaphylaxis
have occurred rarely. Nausea and vomiting, dyspepsia,
headaches, and dizziness have also been reported. 
Intranasal ipratropium has been associated with nasal
dryness, irritation, and epistaxis. 
For details of the adverse effects of, and precautions
for, antimuscarinics in general, see Atropine, p.1219.
Buccal ulceration. A report1 of inflammation and ulceration of
the buccal mucosa associated with the use of an ipratropium bro-
mide inhaler.
1. Spencer PA. Buccal ulceration with ipratropium bromide. BMJ

1986; 292: 380.

Effects on the eyes. Ocular complications have been reported
with the use of aerosolised ipratropium. A patient with a history
of glaucoma developed angle-closure glaucoma after use of ipra-
tropium from a metered dose inhaler (MDI) with nebulised sal-
butamol.1 Pupillary dilatation2 and blurred vision3 have been re-
ported in association with ipratropium given through a spacer
device in patients also given salbutamol therapy, and a 4-year-old
child who attempted to self-administer an ipratropium MDI de-
veloped anisocoria (unequal dilatation of the pupils) and ataxia.4
Angle-closure glaucoma,5-7 pupillary dilatation,7-10 and
anisocoria11,12 have been reported in patients given nebulised
ipratropium, usually with salbutamol, through a poorly fitting
face mask. The antimuscarinic effects of ipratropium can lead to
impaired drainage of aqueous humour in the eyes of patients pre-
disposed to angle-closure glaucoma; use with salbutamol may

intensify this problem by increasing the production of aqueous
humour.6 Studies13,14 suggest that patients with a history of an-
gle-closure glaucoma might be at an increased risk of developing
glaucoma when nebulised ipratropium and salbutamol are used
together.
1. Hall SK. Acute angle-closure glaucoma as a complication of

combined β-agonist and ipratropium bromide therapy in the
emergency department. Ann Emerg Med 1994; 23: 884–7. 

2. Weir REP, et al. Pupil blown by a puffer. Lancet 2004; 363:
1853. 

3. Kizer KM, et al. Blurred vision from ipratropium bromide inha-
lation. Am J Health-Syst Pharm 2000; 57: 996–7. 

4. Bond DW, et al. Mydriasis due to self-administered inhaled
ipratropium bromide. Eur J Pediatr 2002; 161: 178. 

5. Packe GE, et al. Nebulised ipratropium bromide and salbutamol
causing closed-angle glaucoma. Lancet 1984; ii: 691. 

6. Shah P, et al. Acute angle closure glaucoma associated with
nebulised ipratropium bromide and salbutamol. BMJ 1992; 304:
40–1. 

7. Mulpeter KM, et al. Ocular hazards of nebulized bronchodila-
tors. Postgrad Med J 1992; 68: 132–3. 

8. Roberts TE, Pearson DJ. Wide eyed and breathless. BMJ 1989;
299: 1348. 

9. Woelfle J, et al. Unilateral fixed dilated pupil in an infant after
inhalation of nebulized ipratropium bromide. J Pediatr 2000;
136: 423–4. 

10. Openshaw H. Unilateral mydriasis from ipratropium in trans-
plant patients. Neurology 2006; 67: 914–15. 

11. Lust K, Livingstone I. Nebulizer-induced anisocoria. Ann Intern
Med 1998; 128: 327. 

12. Iosson N. Nebulizer-associated anisocoria. N Engl J Med 2006;
354: e8. 

13. Watson WTA, et al. Effect of nebulized ipratropium bromide on
intraocular pressures in children. Chest 1994; 105: 1439–41. 

14. Kalra L, Bone MF. The effect of nebulized bronchodilator ther-
apy on intraocular pressures in patients with glaucoma. Chest
1988; 93: 739–41.

Effects on the gastrointestinal tract. Paralytic ileus devel-
oped shortly after starting ipratropium therapy in 2 patients, ap-
parently due to the inadvertent swallowing of the drug during
inhalation.1,2 Both patients also had other predisposing factors
for paralytic ileus (cystic fibrosis,1 spastic diplegia2).
1. Mulherin D, FitzGerald MX. Meconium ileus equivalent in asso-

ciation with nebulised ipratropium bromide in cystic fibrosis.
Lancet 1990; 355: 552. 

2. Markus HS. Paralytic ileus associated with ipratropium. Lancet
1990; 355: 1224.

Effects on the respiratory tract. Antimuscarinics typically
inhibit mucociliary clearance and inhibit secretions of the nose,
mouth, pharynx, and bronchi. However, inhaled ipratropium
bromide has virtually no effect on sputum viscosity or volume
and, in contrast to atropine, it does not affect mucociliary func-
tion in the respiratory tract.1,2

1. Gross NJ. Ipratropium bromide. N Engl J Med 1988; 319:
486–94. 

2. Mann KV, et al. Use of ipratropium bromide in obstructive lung
disease. Clin Pharm 1988; 7: 670–80.

BRONCHOSPASM. Paradoxical bronchoconstriction occurring
after the use of ipratropium was reported in 3 patients.1 A fur-
ther report2 of paradoxical bronchoconstriction after neb-
ulised salbutamol and ipratropium suggested that this adverse
effect might have been caused by benzalkonium chloride
present in the nebuliser solutions. Nebuliser solutions of ipra-
tropium in some countries contain benzalkonium chloride as
a preservative. Solutions available in the UK are preservative-
free but licensed product information still recommends that
the first doses of ipratropium nebuliser solution should be in-
haled under medical supervision.
1. Connolly CK. Adverse reaction to ipratropium bromide. BMJ

1982; 285: 934–5. 
2. Boucher M, et al. Possible associations of benzalkonium chlo-

ride in nebulizer solutions with respiratory arrest. Ann Pharma-
cother 1992; 26: 772–4.

Effects on the urinary tract. Treatment with nebulised ipra-
tropium bromide has resulted in urinary retention in elderly men
especially those with prostatic hyperplasia.1,2

1. Lozewicz S. Bladder outflow obstruction induced by ipratro-
pium bromide. Postgrad Med J 1989; 65: 260–1. 

2. Pras E, et al. Urinary retention associated with ipratropium bro-
mide. DICP Ann Pharmacother 1991; 25: 939–40.

Increased mortality. A case-control study found an unexpect-
ed association between death from asthma and treatment with
ipratropium, which was not explained by co-morbidity due to
chronic obstructive airways disease.1 A retrospective cohort
study2 of elderly patients found no increase in all-cause mortality
associated with the use of ipratropium for chronic obstructive
pulmonary disease (COPD). In patients with asthma there was a
slight increase in the risk of death, but this may have been due to
the confounding effect of disease severity. A later longitudinal
cohort study of 1100 patients with obstructive lung disease found
an increased risk of premature death associated with ipratropium
in both asthma and COPD patients.3 After adjusting for con-
founding factors such as forced expiratory volume, smoking sta-
tus, BMI, and presence of cor pulmonale, ipratropium was asso-
ciated with a mortality risk ratio (RR) of 2.4 in asthmatic patients
and 1.6 in COPD patients. Again, residual confounding by dis-
ease severity could not be ruled out.
1. Guite HF, et al. Risk factors for death from asthma, chronic ob-

structive pulmonary disease, and cardiovascular disease after a
hospital admission for asthma. Thorax 1999; 54: 301–7. 

2. Sin DD, Tu JV. Lack of association between ipratropium bro-
mide and mortality in elderly patients with chronic obstructive
airway disease. Thorax 2000; 55: 194–7. 

3. Ringbæk T, Viskum K. Is there any association between inhaled
ipratropium and mortality in patients with COPD and asthma?
Respir Med 2003; 97: 264–72.

Interactions
For interactions associated with antimuscarinics in
general, see Atropine, p.1220. However, these interac-
tions are not usually seen with antimuscarinics, such as
ipratropium, given by inhalation.
Salbutamol. For reference to nebulised salbutamol exacerbat-
ing the adverse effects of nebulised ipratropium in patients pre-
disposed to angle-closure glaucoma, see under Effects on the
Eyes, above.

Pharmacokinetics
After inhalation, around 10 to 30% of a dose is depos-
ited in the lungs where it exerts its therapeutic effect.
Only a small amount of ipratropium reaches the sys-
temic circulation. The majority of a dose is swallowed
but is poorly absorbed from the gastrointestinal tract.
Ipratropium and its metabolites are eliminated in the
urine and faeces.
◊ References.
1. Ensing K, et al. Pharmacokinetics of ipratropium bromide after

single dose inhalation and oral and intravenous administration.
Eur J Clin Pharmacol 1989; 36: 189–94.

Uses and Administration
Ipratropium bromide is a quaternary ammonium
antimuscarinic (p.1108). It is used by inhalation as a
bronchodilator in the treatment of reversible airways
obstruction, as in asthma and chronic obstructive pul-
monary disease (see below). 
In the UK the dose of ipratropium bromide from the
metered-dose aerosol is expressed in terms of the
amount of drug released from the valve into the mouth-
piece (20 micrograms) whereas in the USA it is ex-
pressed in terms of the dose emitted from the mouth-
piece (17 micrograms, equivalent to 21 micrograms
released from the valve); recommended doses may
therefore appear lower in the USA. For reversible
airways obstruction, the usual UK dose from a
metered-dose aerosol is 1 or 2 inhalations (20 or
40 micrograms) three or four times daily; single doses
of up to 4 inhalations may be required. Comparable
doses are used in the USA, but it is recommended that
the daily dose should not exceed 12 inhalations. 
Dry powder inhalation capsules are also available; the
usual dose is 40 micrograms three or four times daily,
to a maximum of 320 micrograms daily. 
Ipratropium bromide may be given by inhalation as a
nebulised solution in doses of 250 to 500 micrograms
up to 4 times daily. 
Ipratropium bromide, given intranasally, is also used in
the management of rhinorrhoea associated with rhini-
tis. A dose of 42 micrograms is given into each nostril
by metered-dose nasal spray 2 or 3 times daily. US
licensing also permits higher doses of 84 micrograms
into each nostril 3 or 4 times daily, for up to 4 days
when rhinorrhoea is associated with the common cold;
doses of 84 micrograms may be given into each nostril
4 times daily, for up to 3 weeks when rhinorrhoea is
associated with seasonal allergic rhinitis. 
For details of doses in children, see Administration in
Children, below.
Administration in children. Children may be given ipratro-
pium bromide via a metered dose aerosol in the treatment of
reversible airways obstruction. UK licensed product informa-
tion recommends doses by age as follows: 
• under 6 years: 1 inhalation of 20 micrograms three times daily 
• 6 to 12 years: 1 or 2 inhalations of 20 micrograms three times

daily 
• 12 years and over: adult doses, see above 
Dry powder inhalation capsules are also available, and are li-
censed for use in children from 12 years of age using the adult
dose, see above. 
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Ipratropium bromide may also be given by inhalation as a neb-
ulised solution. UK licensed product information recommends
the following doses: 
• under 6 years, for the treatment of acute asthma only: 125 to

250 micrograms, given no more often than every 6 hours up
to a total daily dose of 1 mg 

• 6 to 12 years, for the treatment of acute or chronic asthma:
250 micrograms, repeated if necessary up to a total daily dose
of 1 mg 

• 12 years and over: adult doses, see above. 
Ipratropium bromide is used in the management of rhinorrhoea
associated with rhinitis. A dose of 42 micrograms may be given
into both nostrils two or three times daily. In the UK this dose
may be given to children from 12 years of age, but in the USA
this dose is licensed in children from 6 years of age. 
US licensing also permits higher doses for up to 4 days when
rhinorrhoea is associated with the common cold: 
• 5 to 11 years: 84 micrograms into each nostril three times

daily 
• 12 years and over: adult doses, see above 
Higher doses are also permitted in the USA for up to 3 weeks
when rhinorrhoea is associated with seasonal allergic rhinitis.
Children 5 years of age and over may be given the same dose as
adults, see above.

Asthma. Ipratropium bromide is currently recommended as an
adjunct to beta2 agonists in the management of acute severe asth-
ma, see p.1108. Antimuscarinic drugs, mainly ipratropium but
also including oxitropium (p.1129), glycopyrronium and atro-
pine, have been reviewed in the treatment of both acute and
chronic asthma. A systematic review and meta-analysis1 of the
effectiveness of antimuscarinics in the treatment of acute asthma
in children and adults, found they produced significant reduc-
tions in hospital admissions. Combined treatment with an in-
haled beta2 agonist also produced a significant increase in respi-
ratory function. 
Systematic reviews of antimuscarinic drugs have concluded that
there is currently insufficient evidence to justify their routine use
in adults2 or children3 with chronic asthma.
1. Rodrigo GJ, Castro-Rodriguez JA. Anticholinergics in the treat-

ment of children and adults with acute asthma: a systematic re-
view with meta-analysis. Thorax 2005; 60: 740–6. 

2. Westby M, et al. Anticholinergic agents for chronic asthma in
adults. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2004 (accessed
18/02/08). 

3. McDonald NJ, et al. Anticholinergic therapy for chronic asthma
in children over 2 years of age. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
2003 (accessed 18/02/08).

Chronic obstructive pulmonary disease. Inhaled antimus-
carinics, such as ipratropium bromide, are currently recommend-
ed as bronchodilators in chronic obstructive pulmonary disease
(COPD) guidelines, see p.1112. A systematic review compared
regular treatment with ipratropium (given for at least 4 weeks)
with treatment using regular short-acting beta2 agonists in stable
COPD;1 it found small benefits on lung function outcomes and
quality of life with ipratropium compared with a short-acting
beta2 agonist; a reduction in the requirements for oral corticoster-
oids was also seen. Combination therapy with ipratropium and a
short-acting beta2 agonist was associated with some clinically
meaningful lung function outcomes compared with the beta2
agonist alone, but these were not reflected in subjective improve-
ments or symptom scores. 
A systematic review comparing ipratropium with a long-acting
beta2 agonist in stable COPD,2 found that salmeterol had more
effect than ipratropium on lung function, but no major differenc-
es were seen between symptom responses to ipratropium and sal-
meterol. Combination treatment with these two drugs was better
than salmeterol alone in terms of quality of life.
1. Appleton S, et al. Ipratropium bromide versus short acting beta-

2 agonists for stable chronic obstructive pulmonary disease.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2006 (accessed 18/02/08). 

2. Appleton S, et al. Ipratropium bromide versus long-acting beta-
2 agonists for stable chronic obstructive pulmonary disease.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 18/02/08).

Rhinitis. Ipratropium bromide is used intranasally for the treat-
ment of rhinorrhoea in allergic and non-allergic rhinitis (p.565).
It has also relieved rhinorrhoea and sneezing associated with the
common cold. 
References.
1. Georgitis JW, et al. Ipratropium bromide nasal spray in non-al-

lergic rhinitis: efficacy, nasal cytological response and patient
evaluation on quality of life. Clin Exp Allergy 1994; 24:
1049–55. 

2. Hayden FG, et al. Effectiveness and safety of intranasal ipratro-
pium bromide in common colds: a randomized, double-blind,
placebo-controlled trial. Ann Intern Med 1996; 125: 89–97. 

3. Dockhorn R, et al. Ipratropium bromide nasal spray 0.03% and
beclomethasone nasal spray alone and in combination for the
treatment of rhinorrhea in perennial rhinitis. Ann Allergy Asthma
Immunol 1999; 82: 349–59. 

4. Bonadonna P, et al. Cold-induced rhinitis in skiers—clinical as-
pects and treatment with ipratropium bromide nasal spray: a ran-
domized controlled trial. Am J Rhinol 2001; 15: 297–301. 

5. Kim KT, et al. Pediatric Atrovent Nasal Spray Study Group. Use
of 0.06% ipratropium bromide nasal spray in children aged 2 to
5 years with rhinorrhea due to a common cold or allergies. Ann
Allergy Asthma Immunol 2005; 94: 73–9.

Preparations
BP 2008: Ipratropium Nebuliser Solution; Ipratropium Powder for Inhala-
tion; Ipratropium Pressurised Inhalation.

Proprietary Preparations (details are given in Part 3)
Arg.: Aerotrop; Atrovent; Iprabron; Austral.: Aeron; Apoven; Atrovent;
Ipratrin; Ipravent; Austria: Atrovent; Itrop; Belg.: Atronase; Atrovent;
Braz.: Alvent†; Ares; Atrovent; Bromovent; Iprabon; Ipraneo; Canad.:
Apo-Ipravent; Atrovent; Novo-Ipramide; Chile: Atrovent; Neorinol†; Cz.:
Atrovent; Itrop†; Denm.: Atrovent; Fin.: Atrovent; Fr.: Atrovent; Ger.:
Atrovent; Itrop; Gr.: Atrovent; Hong Kong: Atrovent; Cyclovent;
Ipravent†; Hung.: Atrovent; India: Ipranase; Ipravent; Indon.: Atrovent;
Irl.: Atrovent; Rinatec; Israel: Aerovent; Apovent; Atrovent; Ital.: Atem;
Rinovagos; Jpn: Atrovent; Malaysia: Atrovent; Mex.: Atrovent; Neth.:
Atrovent; Ipraxa; Norw.: Atrovent; Respontin†; NZ: Apo-Ipravent; Atrov-
ent; Ipra†; Philipp.: Atrovent; Pol.: Atrovent; Port.: Atrovent; Rus.: Atro-
vent (Атровент); S.Afr.: Atrovent; Ipvent; Singapore: Atrovent; Spain:
Atrovent; Swed.: Atrovent; Switz.: Atrovent; Rhinovent; Thai.: Atrovent;
Turk.: Atrovent; UAE: Atropulm; UK: Atrovent; Respontin; Rinatec; USA:
Atrovent; Venez.: Alovent.

Multi-ingredient: Arg.: Berodual; Combivent; Ipradual; Iprasalb; Salbutral
AC; Salbutrop†; Austral.: Combivent; Austria: Berodual; Berodualin;
Combivent; Di-Promal; Belg.: Combivent; Duovent; Braz.: Combivent;
Duovent; Canad.: Combivent; Duovent; ratio-Ipra Sal UDV; Chile: Berod-
ual; Combivent; Salbutral AC; Cz.: Berodual; Combivent†; Denm.: Berod-
ual; Combivent; Fin.: Atrodual; Atrovent Comp; Fr.: Bronchodual; Combiv-
ent; Ger.: Berodual; Gr.: Berodual; Berovent; Hong Kong: Berodual†;
Combivent; Hung.: Berodual; India: Duolin; Fenovent; Indon.: Berodual;
Combivent; Irl.: Combivent; Duovent; Ipramol; Ital.: Breva; Duovent; Ipraf-
en; Malaysia: Berodual; Combivent; Duovent; Ipramol; Mex.: Berodual;
Combivent; Neth.: Berodual; Combivent; NZ: Combivent; Duolin;
Philipp.: Berodual; Combipul; Combivent; Duavent; Pol.: Berodual; Port.:
Berodual; Combivent; Rus.: Berodual (Беродуал); S.Afr.: Atrovent Beta;
Berodual; Combivent; Duolin; Duovent; Sabax Combineb; Sabax Nebrafen;
Singapore: Berodual; Combivent; Duovent; Spain: Berodual†; Combiv-
ent; Legis†; Swed.: Combivent; Switz.: Berodual; Dospir ; Thai.: Berodual;
Combivent; Inhalex; Punol; Turk.: Combivent; UK: Combivent; Duovent;
Ipramol; USA: Combivent; DuoNeb; Venez.: Berodual; Combivent; Duo-
lin; Duovent; Ipralin; Respidual.

Isoetarine (BAN, rINN) ⊗ 
Isoetariini; Isoetarin; Isoetarina; Isoétarine; Isoetarinum; Iso-
etharine (USAN); Win-3406. 1-(3,4-Dihydroxyphenyl)-2-isopro-
pylaminobutan-1-ol.
Изоэтарин
C13H21NO3 = 239.3.
CAS — 530-08-5.
ATC — R03AC07; R03CC06.
ATC Vet — QR03AC07; QR03CC06.

Isoetarine Hydrochloride (BANM, rINNM) ⊗ 
Etyprenaline Hydrochloride; Hidrocloruro de isoetarina; Isoé-
tarine, Chlorhydrate d’; Isoetarini Hydrochloridum; Isoetharine
Hydrochloride; N-Isopropylethylnoradrenaline Hydrochloride.
Изоэтарина Гидрохлорид
C13H21NO3,HCl = 275.8.
CAS — 50-96-4; 2576-92-3.
ATC — R03AC07; R03CC06.
ATC Vet — QR03AC07; QR03CC06.
Pharmacopoeias. In US. 
USP 31 (Isoetharine Hydrochloride). A white to off-white,
odourless, crystalline solid. Soluble in water; sparingly soluble in
alcohol; practically insoluble in ether. A 1% solution in water has
a pH of 4.0 to 5.6. Store in airtight containers.

Isoetarine Mesilate (BANM, rINNM) ⊗ 
Isoétarine, Mésilate d’; Isoetarini Mesilas; Isoetharine Mesylate;
Isoetharine Methanesulphonate; N-Isopropylethylnoradrenaline
Mesylate; Mesilato de isoetarina.
Изоэтарина Мезилат
C13H21NO3,CH4O3S = 335.4.
CAS — 7279-75-6.
ATC — R03AC07; R03CC06.
ATC Vet — QR03AC07; QR03CC06.
Pharmacopoeias. In US. 
USP 31 (Isoetharine Mesylate). White or practically white,
odourless, crystals. Freely soluble in water; soluble in alcohol;
practically insoluble in acetone and in ether. A 1% solution in
water has a pH of 4.5 to 5.5. Store in airtight containers.

Profile
Isoetarine is a sympathomimetic with mainly beta-adrenergic ac-
tivity. It has actions similar to those of salbutamol (p.1131) but is
less selective for beta2 adrenoceptors. Isoetarine has been used as
a bronchodilator in the management of reversible airways ob-
struction. 
Isoetarine is given by inhalation, as a nebulised solution of the
hydrochloride in strengths up to 0.25%; a 1% solution can be
given by a hand nebuliser.
Preparations
USP 31: Isoetharine Inhalation Solution; Isoetharine Mesylate Inhalation
Aerosol.

Levosalbutamol (rINN) ⊗ 
Levalbuterol; Lévosalbutamol; Levosalbutamolum. (R)-α1-[(tert-
Butylamino)methyl]-4-hydroxy-m-xylene-α,α′-diol.
Левосальбутамол
C13H21NO3 = 239.3.
CAS — 34391-04-3.

Levosalbutamol Hydrochloride (rINNM) ⊗ 
Hidrocloruro de levosalbutamol; Levalbuterol Hydrochloride
(USAN); Lévosalbutamol, Chlorhydrate de; Levosalbutamoli Hy-
drochloridum. (R)-α1-[(tert-Butylamino)methyl]-4-hydroxy-m-
xylene-α,α′-diol hydrochloride.
Левосальбутамола Гидрохлорид
C13H21NO3,HCl = 275.8.
CAS — 50293-90-8.
Pharmacopoeias. In US. 
USP 31 (Levalbuterol Hydrochloride). A 1% solution has a pH
of 4.5 to 5.5. Store in airtight containers at 20° to 25°, excursions
permitted between 15° and 30°. Protect from light.

Levosalbutamol Sulfate (rINNM) ⊗ 
Levalbuterol Sulfate (USAN); Lévosalbutamol, Sulfate de; Levos-
albutamol Sulphate; Levosalbutamoli Sulfas; Sulfato de levosalb-
utamol. (R)-α1-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene-
αα′-diol sulfate (2:1).
Левосальбутамола Сульфат
(C13H21NO3)2,H2SO4 = 576.7.
CAS — 148563-16-0.

Levosalbutamol Tartrate (rINNM) ⊗ 
Levalbuterol Tartrate (USAN); Lévosalbutamol, Tartrate de; Lev-
osalbutamoli Tartras; Tartrato de levosalbutamol. (α1R)-α1-
{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-1,3-benzened-
imethanol (2R,3R)-2,3-dihydroxybutanedioate (2:1).
Левосальбутамола Тартрат
2(C13H21NO3),C4H6O6 = 628.7.
CAS — 661464-94-4.

Adverse Effects and Precautions
As for Salbutamol, p.1131.
Incidence of adverse effects. Some studies have reported
that beta-adrenergic adverse effects (e.g. nervousness and in-
creased heart rate) are less frequent with inhaled levosalbutamol
than with racemic salbutamol.1-3 Despite preliminary evidence
that the increased airway hyperresponsiveness occasionally seen
with long-term racemic salbutamol (see Tolerance, p.1132) may
be due to the S(+)-enantiomer, and therefore might not occur
with levosalbutamol,4 a small study was unable to find any
favourable protective effect.5
1. Nelson HS, et al. Improved bronchodilation with levalbuterol

compared with racemic albuterol in patients with asthma. J Al-
lergy Clin Immunol 1998; 102: 943–52. 

2. Milgrom H, et al. Low-dose levalbuterol in children with asth-
ma: safety and efficacy in comparison with placebo and racemic
albuterol. J Allergy Clin Immunol 2001; 108: 938–45. 

3. Handley DA, et al. Dose-response evaluation of levalbuterol
versus racemic albuterol in patients with asthma. J Asthma 2000;
37: 319–27. 

4. Perrin-Fayolle M. Salbutamol in the treatment of asthma. Lancet
1995; 346: 1101. 

5. Sjöswärd KN, et al. Single-isomer R-salbutamol is not superior
to racemate regarding protection for bronchial hyperresponsive-
ness. Respir Med 2004; 98: 990–9.

Interactions
As for Salbutamol, p.1132.
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Pharmacokinetics
There is some systemic absorption of inhaled levosalbutamol.
After a single dose levosalbutamol has a half-life of 3.3 hours.
For details of the metabolism and excretion of salbutamol enan-
tiomers, see Stereoselectivity, under Salbutamol p.1133.

Metabolism. There is evidence that levosalbutamol is metabo-
lised faster than S(+)-salbutamol. 
References.
1. Boulton DW, Fawcett JP. Enantioselective disposition of salb-

utamol in man following oral and intravenous administration. Br
J Clin Pharmacol 1996; 41: 35–40. 

2. Lipworth BJ, et al. Pharmacokinetics and extrapulmonary β
adrenoceptor activity of nebulised racemic salbutamol and its R
and S isomers in healthy volunteers. Thorax 1997; 52: 849–52. 

3. Gumbhir-Shah K, et al. Pharmacokinetic and pharmacodynamic
characteristics and safety of inhaled albuterol enantiomers in
healthy volunteers. J Clin Pharmacol 1998; 38: 1096–1106. 

4. Boulton DW, Fawcett JP. The pharmacokinetics of levosalbuta-
mol: what are the clinical implications? Clin Pharmacokinet
2001; 40: 23–40.

Uses and Administration
Levosalbutamol, the R(−)-enantiomer of salbutamol (p.1131),
may be used as an alternative to racemic salbutamol for the man-
agement of asthma (p.1108). It is given as the hydrochloride, sul-
fate, or tartrate but doses are usually expressed in terms of the
base; 1.15 mg of levosalbutamol hydrochloride, 2.4 mg of levos-
albutamol sulfate, and 2.63 mg of levosalbutamol tartrate are
equivalent to about 1 mg of levosalbutamol. For the relief of
acute bronchospasm, 1 or 2 inhalations of the equivalent of
45 micrograms of levosalbutamol can be given from a metered-
dose aerosol, repeated every 4 to 6 hours as required. 
Levosalbutamol may also be inhaled via a nebuliser; usual doses
equivalent to levosalbutamol 630 micrograms are inhaled three
times daily, increased if necessary to 1.25 mg three times daily.
For children’s doses, see Administration in Children below. In
patients with asthma, as-required beta agonist therapy is prefera-
ble to regular use. An increased need for, or decreased duration
of effect of, levosalbutamol indicates deterioration of asthma
control and the need for review of therapy. 
Levosalbutamol is also under investigation in a topical formula-
tion for the treatment of cutaneous lupus erythematosus.

◊ General reviews.
1. Jenne JW. The debate on S-enantiomers of β-agonists: tempest in

a teapot or gathering storm? J Allergy Clin Immunol 1998; 102:
893–5. 

2. Nowak R. Single-isomer levalbuterol: a review of the acute data.
Curr Allergy Asthma Rep 2003; 3: 172–8. 

3. Berger WE. Levalbuterol: pharmacologic properties and use in
the treatment of pediatric and adult asthma. Ann Allergy Asthma
Immunol 2003; 90: 583–91. 

4. Datta D, et al. An evaluation of nebulized levalbuterol in stable
COPD. Chest 2003; 124: 844–9. 

5. Kelly HW. Levalbuterol for asthma: a better treatment? Curr Al-
lergy Asthma Rep 2007; 7: 310–14.

Action. In vitro, levosalbutamol had slightly higher affinity than
racemic salbutamol for beta1 and beta2 adrenoceptors.1 The S(+)-
enantiomer had low affinity for these receptors. All 3 were mild-
ly selective for beta2 adrenoceptors.
1. Penn RB, et al. Comparison of R-, S-, and RS-albuterol interac-

tion with human β - and β -adrenergic receptors. Clin Rev Aller-
gy Immunol 1996; 14: 37–45.

Administration in children. Children aged 4 years and older
may be given levosalbutamol via a metered-dose aerosol at the
same dose as that used for adults, see Uses and Administration,
above. 
Children aged from 6 to 11 years of age may be given levosalb-
utamol via a nebuliser in doses from 310 to 630 micrograms
three times daily.

Asthma. Controlled studies comparing levosalbutamol with ra-
cemic salbutamol for the treatment of asthma have produced var-
iable results. Levosalbutamol provided greater bronchodilatation
than the equivalent amount of the racemate in some studies.1,2 A
decrease in hospital admissions and an increase in patient-dis-
charge rates have also been reported.3-5 Two controlled studies
comparing levosalbutamol with racemic salbutamol in children
with acute asthma failed to show any clinical benefit over the
racemate.6,7 A review concluded that, although current studies
did not provide evidence of a substantial advantage for levosalb-
utamol over racemic salbutamol, the data were insufficient to de-
termine whether subsets of the patient population might benefit
from single isomer therapy.8
1. Pleskow WW, et al. Pairwise comparison of levalbuterol versus

racemic albuterol in the treatment of moderate-to-severe asthma.
Allergy Asthma Proc 2004; 25: 429–36. 

2. Nowak R, et al. A comparison of levalbuterol with racemic al-
buterol in the treatment of acute severe asthma exacerbations in
adults. Am J Emerg Med 2006; 24: 259–67. 

3. Carl JC, et al. Comparison of racemic albuterol and levalbuterol
for the treatment of acute asthma. J Pediatr 2003; 143: 731–6. 

4. Schreck DM, Babin S. Comparison of racemic albuterol and le-
valbuterol in the treatment of acute asthma in the ED. Am J
Emerg Med 2005; 23: 842–7. 

5. Truitt T, et al. Levalbuterol compared to racemic albuterol: effi-
cacy and outcomes in patients hospitalized with COPD or asth-
ma. Chest 2003; 123: 128–35. 

6. Qureshi F, et al. Clinical efficacy of racemic albuterol versus le-
valbuterol for the treatment of acute pediatric asthma. Ann
Emerg Med 2005; 46: 29–36. 

7. Hardasmalani MD, et al. Levalbuterol versus racemic albuterol
in the treatment of acute exacerbation of asthma in children.
Pediatr Emerg Care 2005; 21: 415–19. 

8. Kelly HW. Levalbuterol for asthma: a better treatment? Curr Al-
lergy Asthma Rep 2007; 7: 310–14.

Preparations
USP 31: Levalbuterol Inhalation Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Albulair ; Ventoplus; India: Levolin; USA: Xopenex.

Montelukast Sodium (BANM, USAN, rINNM)

L-706631; MK-476; Montelukast sódico; Montélukast Sodique;
Natrii Montelukastum. Sodium 1-[({(R)-m-[(E)-2-(7-chloro-2-
quinolyl)-vinyl]-α-[o-(1-hydroxy-1-methylethyl)phenethyl]-ben-
zyl}thio)methyl] cyclopropaneacetate.
Натрий Монтелукаст
C35H35ClNNaO3S = 608.2.
CAS — 158966-92-8 (montelukast); 151767-02-1 (mon-
telukast sodium).
ATC — R03DC03.
ATC Vet — QR03DC03.

(montelukast)

Adverse Effects and Precautions
As for Zafirlukast, p.1150.
◊ Suspected adverse effects reported to the UK CSM after the
launch of montelukast included oedema, agitation and restless-
ness, allergy (including anaphylaxis, angioedema, and urticaria),
chest pain, tremor, dry mouth, vertigo, and arthralgia.1 Further
suspected adverse effects included nightmares, sedation, palpita-
tions, and increased sweating.2 In March 2008 the FDA
announced3 that it was investigating a possible association be-
tween the use of montelukast and behaviour/mood changes, sui-
cidality, and suicide. Other postmarketing adverse events that
had been incorporated into the US licensed product information
in the previous year had included: tremor, depression, suicidality,
and anxiousness.
1. Committee on Safety of Medicines/Medicines Control Agency.

Leukotriene antagonists: a new class of asthma treatment. Cur-
rent Problems  1998; 24:  14. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023231&RevisionSelectionMethod=
LatestReleased (accessed 14/04/08) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Leukotriene receptor antagonists: update on adverse reaction
profiles. Current Problems 1999; 25: 14. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023713&RevisionSelectionMethod=
LatestReleased (accessed 14/04/08) 

3. FDA. Early communication about an ongoing safety review of
montelukast (Singulair) (issued 27th March 2008). Available at:
http://www.fda.gov/cder/drug/early_comm/montelukast.htm
(accessed 22/05/08)

Churg-Strauss syndrome. Churg-Strauss syndrome has been
reported with the use of montelukast.1-5 Relapse has occurred in
a patient with Churg-Strauss syndrome who was in complete re-
mission when montelukast therapy was started.5 For discussion
of the unresolved role of leukotriene antagonists in this disorder
and precautions to be observed, see under Zafirlukast, p.1150.
1. Franco J, Artés MJ. Pulmonary eosinophilia associated with

montelukast. Thorax 1999; 54: 558–60. 
2. Tuggey JM, Hosker HSR. Churg-Strauss syndrome associated

with montelukast therapy. Thorax 2000; 55: 805–6. 
3. Meghjee SPL, White JS. Montelukast and Churg-Strauss syn-

drome. Thorax 2001; 56: 244. 
4. Gal AA, et al. Cutaneous lesions of Churg-Strauss syndrome as-

sociated with montelukast therapy. Br J Dermatol 2002; 147:
618–19. 

5. Solans R, et al. Montelukast and Churg-Strauss syndrome. Tho-
rax 2002; 57: 183–5.

Hepatic impairment. Although there is evidence of effects on
the liver in patients receiving montelukast, and although it is
largely eliminated by hepatic metabolism, montelukast (unlike
zafirlukast) is not considered by UK licensed product informa-
tion to be contra-indicated in hepatic impairment, and no dose
adjustment is considered necessary in mild to moderate hepatic
impairment.

Interactions
Licensed product information recommends caution
when potent inducers of the cytochrome P450 isoen-

zyme CYP3A4 such as phenytoin, phenobarbital, or rif-
ampicin are given with montelukast.
Corticosteroids. For a report of peripheral oedema in a patient
given montelukast and prednisone, see Leukotriene Antagonists,
p.1495.
Phenobarbital. Peak serum concentrations after a single dose
of montelukast 10 mg were reduced by 20% in 14 healthy sub-
jects who took phenobarbital 100 mg daily for 14 days, and area
under the serum concentration-time curve was reduced by 38%.
However, it was not thought that montelukast doses would need
adjustment if given with phenobarbital.1
1. Holland S, et al. Metabolism of montelukast (M) is increased by

multiple doses of phenobarbital (P). Clin Pharmacol Ther 1998;
63: 231.

Pharmacokinetics
Peak plasma concentrations of montelukast are
achieved in 3 to 4 hours after oral doses. The mean oral
bioavailability is 64%. Montelukast is more than 99%
bound to plasma proteins. It is extensively metabolised
in the liver by cytochrome P450 isoenzymes CYP3A4,
CYP2A6, and CYP2C9, and is excreted principally in
the faeces via the bile.
◊ References.
1. Knorr B, et al. Montelukast dose selection in 6- to 14-year-olds:

comparison of single-dose pharmacokinetics in children and
adults. J Clin Pharmacol 1999; 39: 786–93. 

2. Knorr B, et al. Montelukast dose selection in children ages 2 to
5 years: comparison of population pharmacokinetics between
children and adults. J Clin Pharmacol 1999; 41: 612–19. 

3. Migoya E, et al. Pharmacokinetics of montelukast in asthmatic
patients 6 to 24 months old. J Clin Pharmacol 2004; 44: 487–94. 

4. Knorr B, et al. Pharmacokinetics and safety of montelukast in
children aged 3 to 6 months. J Clin Pharmacol 2006; 46: 620–7. 

5. Kearns GL, et al. Pharmacokinetics and safety of montelukast
oral granules in children 1 to 3 months of age with bronchiolitis.
J Clin Pharmacol 2008; 48: 502–11.

Uses and Administration
Montelukast is a selective leukotriene receptor antago-
nist with actions and uses similar to those of zafirlukast
(p.1150) although it is reported to have a longer dura-
tion of action. It is used as the sodium salt, but doses are
expressed in terms of the base; montelukast sodium
10.38 mg is equivalent to about 10 mg of montelukast. 
In the management of chronic asthma (see below), al-
lergic rhinitis (see below), and as prophylaxis for exer-
cise-induced asthma, montelukast sodium is given in
doses equivalent to 10 mg of montelukast once daily in
the evening. It should not be used to treat an acute asth-
ma attack. 
For details of doses in children, see below.
Administration in children. Montelukast sodium is available
as oral granules and chewable tablets for use in children. Oral
granules are suitable for infants as they may be given directly
into the mouth or mixed with a small amount of soft food. UK
licensed oral doses for the management of chronic asthma and as
prophylaxis for exercise-induced asthma, expressed as montelu-
kast, are as follows: 
• 6 months to 5 years, 4 mg daily taken in the evening 
• 6 to 14 years, 5 mg daily taken in the evening 
• 15 years and over, use the adult dose, see above 
In the USA these doses are licensed from 1 year of age in asthma
and from 15 years in exercise-induced asthma. Montelukast is
also licensed for use in allergic rhinitis (p.565) in the USA. The
above doses can be given from 2 years of age in seasonal allergic
rhinitis and from 6 months of age in perennial allergic rhinitis.
Asthma. Use of montelukast in asthma has been reviewed,1-3

(further general references for leukotriene antagonists can be
found under Zafirlukast, p.1151). Montelukast produced modest
improvements compared with placebo in chronic asthma and ex-
ercise-induced asthma in both adults4,5 and children.6-8 In a sys-
tematic review9 of studies in adults and children comparing leu-
kotriene receptor antagonists with inhaled corticosteroids for
mild to moderate asthma, in which more than half of the studies
used montelukast, leukotriene antagonists were found to be less
effective in maintaining asthma control. A more recent study in
children came to a similar conclusion,10 but another 12-month
study in children with mild persistent asthma, reported that mon-
telukast was not inferior to an inhaled corticosteroid (flutica-
sone);11 similar numbers of days without rescue medication, the
primary outcome in this study, were reported with both treat-
ments. However, some of the conclusions drawn from the latter
study have been questioned12 since patients who received in-
haled fluticasone achieved better secondary outcomes such as
fewer asthma attacks and less requirement for systemic corticos-
teroids. 
Addition of montelukast to an inhaled corticosteroid has signifi-
cantly improved asthma control in adults13 and children14,15 with
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mild to moderate asthma. Significant improvements in quality of
life have also been reported,16 in association with a fall in the
levels of exhaled inflammatory mediators leading the authors of
this study to conclude that leukotriene receptor antagonists may
provide a complementary effect to inhaled corticosteroids when
suppression of inflammation is incomplete. Another study17 has
reported that the use of montelukast did permit reduction in the
dose of inhaled corticosteroid; adding montelukast to an inhaled
corticosteroid (budesonide) may be as effective as doubling the
dose of the corticosteroid.18 
There is some evidence that montelukast may be more effective
than inhaled salmeterol for the chronic treatment of exercise-in-
duced asthma,19,20 and although a later study21 found similar ef-
fects on lung function with the two drugs, a more favourable ef-
fect was seen on gas exchange during moderate exercise with the
use of montelukast. 
An intravenous form of montelukast is under investigation for
the treatment of severe acute asthma.22,23

1. Anonymous. Montelukast for persistent asthma. Med Lett
Drugs Ther 1998; 40: 71–3. 

2. Anonymous. Montelukast and zafirlukast in asthma. Drug Ther
Bull 1998; 36: 65–8. 

3. Jarvis B, Markham A. Montelukast: a review of its therapeutic
potential in persistent asthma. Drugs 2000; 59: 891–928. 

4. Leff JA, et al. Montelukast, a leukotriene-receptor antagonist,
for the treatment of mild asthma and exercise-induced bron-
choconstriction. N Engl J Med 1998; 339: 147–52. 

5. Reiss TF, et al. Montelukast, a once-daily leukotriene receptor
antagonist, in the treatment of chronic asthma: a multicenter,
randomized, double-blind trial. Arch Intern Med 1998; 158:
1213–20. 

6. Knorr B, et al. Montelukast for chronic asthma in 6- to 14-year-
old children: a randomized, double-blind trial. JAMA 1998;
279: 1181–6. 

7. Kemp JP, et al. Montelukast once daily inhibits exercise-in-
duced bronchoconstriction in 6- to 14-year-old children with
asthma. J Pediatr 1998; 133: 424–8. 

8. Knorr B, et al. Montelukast, a leukotriene receptor antagonist,
for the treatment of persistent asthma in children aged 2 to 5
years. Abstract: Pediatrics 2001; 108: 754–5. Full version:
http://pediatrics.aappublications.org/cgi/content/full/108/3/e48
(accessed 14/04/08) 

9. Ducharme FM, Di Salvio F. Anti-leukotriene agents compared
to inhaled corticosteroids in the management of recurrent and/or
chronic asthma in adults and children. Available in The Co-
chrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2004 (accessed 14/04/08). 

10. Ostrom NK, et al. Comparative efficacy and safety of low-dose
fluticasone propionate and montelukast in children with persist-
ent asthma. J Pediatr 2005; 147: 213–20. 

11. Garcia Garcia ML, et al. Montelukast, compared with flutica-
sone, for control of asthma among 6- to 14-year-old patients
with mild asthma: the MOSAIC study. Pediatrics 2005; 116:
360–9. 

12. Turkalj M, Plavec D. “Inferiority complex” for a reason. Pedi-
atrics 2006; 117: 588–90. 

13. Vaquerizo MJ, et al. CASIOPEA (Capacidad de Singulair Oral
en la Prevencion de Exacerbaciones Asmaticas) Study Group.
Effect of montelukast added to inhaled budesonide on control of
mild to moderate asthma. Thorax 2003; 58: 204–10. 

14. Phipatanakul W, et al. Montelukast improves asthma control in
asthmatic children maintained on inhaled corticosteroids. Ann
Allergy Asthma Immunol 2003; 91: 49–54. 

15. Johnston NW, et al. Attenuation of the September epidemic of
asthma exacerbations in children: a randomized, controlled trial
of montelukast added to usual therapy. Pediatrics 2007; 120:
e702–e712. 

16. Biernacki WA, et al. Effect of montelukast on exhaled leukot-
rienes and quality of life in asthmatic patients. Chest 2005; 128:
1958–63. 

17. Löfdahl C-G, et al. Randomised, placebo controlled trial of ef-
fect of a leukotriene receptor antagonist, montelukast, on taper-
ing inhaled corticosteroids in asthma. BMJ 1999; 319: 87–90. 

18. Price DB, et al. Clinical Outcomes with Montelukast as a Part-
ner Agent to Corticosteroid Therapy (COMPACT) International
Study Group. Randomised controlled trial of montelukast plus
inhaled budesonide versus double dose inhaled budesonide in
adult patients with asthma. Thorax 2003; 58: 211–16. 

19. Villaran C, et al. Montelukast versus salmeterol in patients with
asthma and exercise-induced bronchoconstriction. J Allergy
Clin Immunol 1999; 104: 547–53. 

20. Edelman JM, et al. Oral montelukast compared with inhaled sal-
meterol to prevent exercise-induced bronchoconstriction: a ran-
domized, double-blind trial. Ann Intern Med 2000; 132:
97–104. 

21. Steinshamn S, et al. Effects of montelukast and salmeterol on
physical performance and exercise economy in adult asthmatics
with exercise-induced bronchoconstriction. Chest 2004; 126:
1154–60. 

22. Dockhorn RJ, et al. Comparison of the effects of intravenous
and oral montelukast on airway function: a double blind, place-
bo controlled, three period, crossover study in asthmatic pa-
tients. Thorax 2000; 55: 260–5. 

23. Camargo CA, et al. A randomized controlled trial of intrave-
nous montelukast in acute asthma. Am J Respir Crit Care Med
2003; 167: 528–33.

Bronchiolitis. Bronchiolitis due to RSV infection is often fol-
lowed by post-bronchiolitic reactive airways disease, character-
ised by asthma-like wheeze and other symptoms. In a pilot
study,1 montelukast 5 mg orally daily was given for 4 weeks to
infants who had been admitted for moderate to severe bronchi-
olitis. Symptom-free days and nights were increased, daytime
cough was reduced, and exacerbations were delayed compared
with placebo. The benefit of montelukast over placebo was only
apparent after the first 2 weeks of treatment. Although the safety
and efficacy of such treatment remains to be properly estab-

lished,2 there is some interest in whether montelukast can pre-
vent or modify more persistent asthma that has been associated
with RSV.
1. Bisgaard H. Study Group on Montelukast and Respiratory Syn-

cytial Virus. A randomized trial of montelukast in respiratory
syncytial virus postbronchiolitis. Am J Respir Crit Care Med
2003; 167: 379–83. 

2. Szefler SJ, Simoes EAF. Montelukast for respiratory syncytial
virus bronchiolitis: significant effect or provocative findings?
Am J Respir Crit Care Med 2003; 167: 290–1.

Cystic fibrosis. A small study in children with cystic fibrosis
(p.166) found that montelukast reduced eosinophilic inflamma-
tion.1 A later study,2 reported improved lung function and a re-
duction in coughing and wheezing, and concluded that montelu-
kast may have measurable anti-inflammatory activity in patients
with cystic fibrosis. In a small group of adult patients with cystic
fibrosis3 montelukast improved symptoms, in particular exercise
tolerance and peak expiratory flow rates. The patients who ben-
efited the most had positive Aspergillus serology, and the authors
suggested that colonisation of the airways in cystic fibrosis by
Aspergillus stimulates T helper cell inflammation and leukot-
riene synthesis. A review of leukotriene receptor antagonists in
cystic fibrosis4 concluded that clinical benefit seemed likely in a
subset of patients with cystic fibrosis who experience bronchial
hyperresponsiveness similar to that seen in asthma. 
A study into the pharmacokinetics of montelukast in cystic
fibrosis5 found that the dose of montelukast and the dosing inter-
val do not need to be modified if the goal of therapy is to achieve
similar serum concentrations as for asthma treatment; however
the effectiveness of these concentrations for the inflammatory
lung disease of patients with cystic fibrosis was unknown.
1. Schmitt-Grohé S, et al. Anti-inflammatory effects of montelu-

kast in mild cystic fibrosis. Ann Allergy Asthma Immunol 2002;
89: 599–605. 

2. Stelmach I, et al. Effects of montelukast treatment on clinical
and inflammatory variables in patients with cystic fibrosis. Ann
Allergy Asthma Immunol 2005; 95: 372–80. 

3. Morice AH, et al. Montelukast sodium in cystic fibrosis. Thorax
2001; 56: 244–5. 

4. Schmitt-Grohé S, Zielen S. Leukotriene receptor antagonists in
children with cystic fibrosis lung disease: anti-inflammatory and
clinical effects. Pediatr Drugs 2005; 7: 353–63. 

5. Graff GR, et al. Montelukast pharmacokinetics in cystic fibrosis.
J Pediatr 2003; 142: 53–6.

Eczema. Despite early indications from some small clinical
studies and case reports1-3 that montelukast might be of benefit in
eczema (p.1579) larger, more recent studies have failed to show
any improvement compared with placebo.4,5

1. Capella GL, et al. A randomized trial of leukotriene receptor an-
tagonist montelukast in moderate-to-severe atopic dermatitis of
adults. Eur J Dermatol 2001; 11: 209–13. 

2. Hon KLE, et al. Brief case series: montelukast, at doses recom-
mended for asthma treatment, reduces disease severity and in-
creases soluble CD14 in children with atopic dermatitis. J Der-
matolog Treat 2005; 16: 15–18. 

3. Angelova-Fischer I, Tsankov N. Successful treatment of severe
atopic dermatitis with cysteinyl leukotriene receptor antagonist
montelukast. Acta Dermatovenerol Alp Panonica Adriat 2005;
14: 115–19. 

4. Veien NK, et al. Montelukast treatment of moderate to severe
atopic dermatitis in adults: a randomized, double-blind, placebo-
controlled trial. J Am Acad Dermatol 2005; 53: 147–9. 

5. Friedmann PS, et al. A double-blind, placebo-controlled trial of
montelukast in adult atopic eczema. Clin Exp Allergy 2007; 37:
1536–40.

Gastrointestinal disorders. Benefit has been reported1 with
the use of montelukast in patients with eosinophilic oesophagitis,
a rare condition involving eosinophilic infiltration of the
oesophagus with intermittent painful dysphagia. A systematic re-
view with recommendations for the diagnosis and treatment of
eosinophilic oesophagitis2 concluded that although leukotriene
receptor antagonists had been shown to induce symptomatic re-
lief at high doses, no significant improvements in histology were
noted and their use for the treatment of eosinophilic oesophagitis
is not supported by the current literature.
1. Attwood SEA, et al. Eosinophilic oesophagitis: a novel treat-

ment using montelukast. Gut 2003; 52: 181–5. 
2. Furuta GT, et al. American Gastroenterological Association;

North American Society of Pediatric Gastroenterology, Hepatol-
ogy, and Nutrition. Eosinophilic esophagitis in children and
adults: a systematic review and consensus recommendations for
diagnosis and treatment. Gastroenterology 2007; 133: 1342–63.
Also available at: http://download.journals.elsevierhealth.com/
pdfs/journals/0016-5085/PIIS0016508507014746.pdf (accessed
14/04/08)

Graft-versus-host disease. A pilot study in refractory, chron-
ic graft-versus-host disease (GVHD) after allogeneic haemat-
opoietic stem cell transplantation (p.1811),1 saw an improvement
in 15 of 19 patients after montelukast was added to their standard
immunosuppressive regimens; in 4 patients signs of chronic
GVHD were resolved, 2 showed significant improvement, and 9
showed moderate improvement.
1. Or R, et al. Sparing effect by montelukast treatment for chronic

graft versus host disease: a pilot study. Transplantation 2007;
83: 577–81.

Mastocytosis. Montelukast has been tried, with some success,
in the treatment of systemic mastocytosis (p.1138) in an infant.1
1. Tolar J, et al. Leukotriene-receptor inhibition for the treatment of

systemic mastocytosis. N Engl J Med 2004; 350: 735–6.

Rhinitis. Montelukast is used in allergic rhinitis (p.565), where
large placebo-controlled studies have shown it to relieve symp-
toms in both seasonal allergic rhinitis,1,2 and perennial allergic
rhinitis.3 However, a meta-analysis4 of leukotriene antagonists
(mainly montelukast) for management of allergic rhinitis con-
cluded that while leukotriene antagonists were modestly more
effective than placebo and of similar efficacy to antihistamines,
in reducing nasal symptoms and improving rhinoconjunctivitis,
they were less effective than corticosteroids even when used with
antihistamines. A later systematic review5 commented that some
studies in allergic rhinitis using a combination of montelukast
and an antihistamine had produced results comparable with in-
tranasal corticosteroids. Also, in patients with both allergic rhin-
itis and asthma, montelukast had resulted in significant improve-
ments in both when compared with placebo.
1. Philip G, et al. Montelukast for treating seasonal allergic rhinitis:

a randomized, double-blind, placebo-controlled trial performed
in the spring. Clin Exp Allergy 2002; 32: 1020–8. 

2. van Adelsberg J, et al. Randomized controlled trial evaluating
the clinical benefit of montelukast for treating spring seasonal
allergic rhinitis. Ann Allergy Asthma Immunol 2003; 90: 214–22. 

3. Patel P, et al. Randomized, double-blind, placebo-controlled
study of montelukast for treating perennial allergic rhinitis. Ann
Allergy Asthma Immunol 2005; 95: 551–7. 

4. Wilson AM, et al. Leukotriene receptor antagonists for allergic
rhinitis: a systematic review and meta-analysis. Am J Med 2004;
116: 338–44. 

5. Nayak A, Langdon RB. Montelukast in the treatment of allergic
rhinitis: an evidence-based review. Drugs 2007; 67: 887–901.

Sleep-disordered breathing. Montelukast with an intranasal
corticosteroid has been reported to be beneficial in a small study
in children with residual sleep-disordered breathing after tonsil-
lectomy and adenoidectomy.1
1. Kheirandish L, et al. Intranasal steroids and oral leukotriene

modifier therapy in residual sleep-disordered breathing after ton-
sillectomy and adenoidectomy in children. Pediatrics 2006; 117:
e61–e66.

Urticaria. Montelukast has been investigated in the treatment
of urticaria (p.1584) with variable results.1 However, urticaria
has also been described as a suspected adverse effect of monte-
lukast therapy (see above). 
Montelukast has been reported to be more effective than placebo
when used with the antihistamine desloratadine in the treatment
of delayed pressure urticaria.2
1. McBayne TO, Siddall OM. Montelukast treatment of urticaria.

Ann Pharmacother 2006; 40: 939–42. 
2. Nettis E, et al. Desloratadine in combination with montelukast

suppresses the dermagraphometer challenge test papule, and is
effective in the treatment of delayed pressure urticaria: a rand-
omized, double-blind, placebo-controlled study. Br J Dermatol
2006; 155: 1279–82.
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Proprietary Preparations (details are given in Part 3)
Arg.: Lukair†; Singulair ; Austral.: Singulair ; Austria: Singulair; Belg.: Singu-
lair ; Braz.: Singulair; Canad.: Singulair ; Chile: Brondilat; Leukast†; Singulair ;
Cz.: Singulair; Denm.: Singulair ; Fin.: Singulair ; Fr.: Singulair ; Ger.: Singu-
lair ; Gr.: Singulair ; Hong Kong: Singulair ; Hung.: Singulair ; India: Montair ;
Montelast; Irl.: Singulair ; Israel: Singulair; Ital.: Lukasm; Montegen; Singu-
lair ; Jpn: Kipres; Malaysia: Singulair ; Mex.: Singulair ; Neth.: Singulair ;
Norw.: Singulair; NZ: Singulair ; Philipp.: Singulair ; Pol.: Singulair; Port.:
Lukair ; Singulair ; Singulergy; Synglarin; Rus.: Singulair (Сингуляр); S.Afr.:
Singulair; Singapore: Singulair ; Spain: Singulair; Swed.: Singulair ; Switz.:
Singulair; Thai.: Singulair ; Turk.: Singulair ; UK: Singulair ; USA: Singulair ;
Venez.: Airon; Inuvic; Monukast; Singulair.
Multi-ingredient: India: Montair Plus.

Nedocromil Sodium (BANM, USAN, rINNM)

FPL-59002 (nedocromil); FPL-59002KC (nedocromil calcium);
FPL-59002KP (nedocromil sodium); Natrii Nedocromilum; Né-
docromil Sodique; Nedocromilo sódico; Nedocromilum Natri-
cum; Nedokromiilinatrium; Nedokromil Sodyum; Nedokromil-
natrium. Disodium 9-ethyl-6,9-dihydro-4,6-dioxo-10-propyl-4H-
pyrano[3,2-g]quinoline-2,8-dicarboxylate.
Натрий Недокромил
C19H15NNa2O7 = 415.3.
CAS — 69049-73-6 (nedocromil); 69049-74-7 (ne-
docromil sodium); 101626-68-0 (nedocromil calcium).
ATC — R01AC07; R03BC03; S01GX04.
ATC Vet — QR01AC07; QR03BC03; QS01GX04.

(nedocromil)
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Adverse Effects and Precautions
Inhaled nedocromil sodium may cause headache, gas-
trointestinal disturbances (nausea, vomiting, dyspep-
sia, and abdominal discomfort). An unusual or un-
pleasant taste is reported rarely. Paradoxical
bronchospasm may occur. Eye drops may cause tran-
sient burning and stinging. 
It should not be used for the treatment of acute asthma
attacks. The general cautions described under sodium
cromoglicate (see p.1136) also apply.
Incidence of adverse effects. A review1 of nedocromil sodi-
um noted that adverse effects were infrequent, mild, and short-
lived. The most common effect appeared to be an unpleasant or
bitter taste, which was experienced by 12 to 13% of patients, al-
though less than 1% of patients stopped treatment because of it.
Other adverse effects included cough (in 7%), headache (6%),
sore throat (5.7%), nausea (4%), and vomiting (1.7%).
1. Brogden RN, Sorkin EM. Nedocromil sodium: an updated re-

view of its pharmacological properties and therapeutic efficacy
in asthma. Drugs 1993; 45: 693–715.

Pharmacokinetics
Nedocromil sodium is poorly absorbed from the gas-
trointestinal tract; about 10% of the inhaled dose is ab-
sorbed from the lungs. Absorption is also poor after
topical ophthalmic use, and occurs mainly through the
nasal mucosa. Nedocromil sodium is excreted un-
changed in the urine and faeces. The half-life is stated
to range from about 1 to 3.3 hours.
◊ The extent of absorption or bioavailability of nedocromil sodi-
um after inhalation in healthy subjects was 7 to 9% of the dose,
including 2 to 3% oral absorption and 5 to 6% absorption from
the respiratory tract.1 After inhalation of nedocromil sodium
4 mg the  mean peak p lasma concentra t ion  was
3.3 nanograms/mL in healthy subjects and 2.8 nanograms/mL in
asthmatic patients, with peak values being reached at about 20
and 40 minutes respectively. The mean total urinary excretion 24
hours after a single dose was 5.4% of the dose in healthy subjects
and 2.3% in asthmatics.
1. Neale MG, et al. The pharmacokinetics of nedocromil sodium, a

new drug for the treatment of reversible obstructive airways dis-
ease, in human volunteers and patients with reversible obstruc-
tive airways disease. Br J Clin Pharmacol 1987; 24: 493–501.

Uses and Administration
Nedocromil sodium has a stabilising action on mast
cells resembling that of sodium cromoglicate (p.1137)
and is used similarly in the management of chronic
asthma. It should not be used to treat an acute attack of
asthma. 
For asthma, nedocromil sodium is inhaled from a
metered-dose aerosol. The usual dose for adults and
children from 6 years of age is 4 mg inhaled four times
daily which may be decreased to 4 mg twice daily after
control of symptoms is achieved. Clinical improve-
ment may not be obtained for 1 week or longer after
beginning therapy. 
Nedocromil sodium is also used topically in the treat-
ment of allergic conjunctivitis and allergic rhinitis.
For seasonal and perennial allergic conjunctivitis it is
given as a 2% solution, instilled into each eye twice
daily. This may be increased to 4 times daily if neces-
sary, which is the usual dose in vernal keratoconjuncti-
vitis. In seasonal allergic conjunctivitis, treatment is
usually given for no more than 12 weeks. In allergic
rhinitis nedocromil sodium is used as a 1% nasal spray:
one spray is given into each nostril 4 times daily. For
details of doses in children, see Administration in Chil-
dren, below.
◊ General references.
1. Brogden RN, Sorkin EM. Nedocromil sodium: an updated re-

view of its pharmacological properties and therapeutic efficacy
in asthma. Drugs 1993; 45: 693–715. 

2. Parish RC, Miller LJ. Nedocromil sodium. Ann Pharmacother
1993; 27: 599–606.

Administration in children. Nedocromil sodium is given by
metered-dose aerosol inhalation for the treatment of asthma in
children from 6 years of age at the adult dose, see above. Al-
though unlicensed in the UK for younger children, the BNFC
recommends the same dose from 5 years of age. 
Similarly, for the topical treatment of seasonal allergic conjunc-
tivitis and vernal keratoconjunctivitis, the adult dose may be giv-
en to children from 6 years of age, see above. Treatment of per-
ennial allergic conjunctivitis with nedocromil sodium is not

licensed in children in the UK, but the BNFC recommends adult
doses from 6 years of age.
Asthma. Nedocromil sodium is generally considered to be an
alternative to sodium cromoglicate in the management of asthma
(p.1108). Nedocromil has been shown to improve symptoms and
reduce bronchodilator intake in adults1 and children2 with chron-
ic asthma. However, a systematic review3 of nedocromil for
chronic asthma in children subsequently found that although a
number of small studies have shown that nedocromil improves
airflow limitation, reduces symptoms, and reduces bronchial
hyperresponsiveness, this has not been confirmed in a larger
long-term study of children with milder asthma. Its place in rela-
tion to other asthma therapies for children is also unclear. It may
be used before exercise to reduce exercise-induced bronchocon-
striction,4 and appears to be as effective as sodium cromoglicate
for this indication.5
1. Edwards AM, Stevens MT. The clinical efficacy of inhaled ne-

docromil sodium (Tilade) in the treatment of asthma. Eur Respir
J 1993; 6: 35–41. 

2. Armenio L, et al. Double blind, placebo controlled study of ne-
docromil sodium in asthma. Arch Dis Child 1993; 68: 193–7. 

3. Sridhar AV, McKean M. Nedocromil sodium for chronic asthma
in children. Available in The Cochrane Database of Systematic
Reviews; Issue 3. Chichester: John Wiley; 2006 (accessed
14/04/08). 

4. Spooner CH, et al. Nedocromil sodium for preventing exercise-
induced bronchoconstriction. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
2002 (accessed 14/04/08). 

5. Kelly K, et al. Nedocromil sodium versus sodium cromoglycate
for preventing exercise-induced bronchoconstriction in asthmat-
ics. Available in The Cochrane Database of Systematic Reviews;
Issue 3. Chichester: John Wiley; 2000 (accessed 14/04/08).

Cough. For references indicating a positive response to sodium
cromoglicate but not to nedocromil sodium in the management
of cough induced by ACE inhibitor therapy, see Cough, p.1137.
Rhinitis and conjunctivitis. Nedocromil has been used in the
management of allergic rhinitis (p.565) and conjunctivitis
(p.564). In the management of seasonal allergic rhinitis, there is
some evidence that prophylactic mometasone furoate (p.1539)
reduces symptoms more effectively than nedocromil.1 In vernal
keratoconjunctivitis (see p.1138) nedocromil may be more effec-
tive than cromoglicate, but is less effective than fluorometholo-
ne.2
1. Pitsios C, et al. Efficacy and safety of mometasone furoate vs

nedocromil sodium as prophylactic treatment for moderate/se-
vere seasonal allergic rhinitis. Ann Allergy Asthma Immunol
2006; 96: 673–8. 

2. Tabbara KF, Al-Kharashi SA. Efficacy of nedocromil 2% versus
fluorometholone 0.1%: a randomised, double masked trial com-
paring the effects on severe vernal keratoconjunctivitis. Br J
Ophthalmol 1999; 83: 180–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Tilade; Austria: Tilade; Tilarin; Tilavist; Braz.: Tilade; Canad.:
Alocril; Tilade†; Cz.: Tilade; Tilarin†; Tilavist†; Denm.: Tilade; Tilavist; Fin.:
Tilade; Tilarin†; Tilavist†; Fr.: Tilavist; Ger.: Halamid†; Irtan; Tilade; Gr.: Ti-
lade; Hong Kong: Tilade†; Hung.: Tilade†; Irl.: Tilade; Tilavist†; Israel:
Tilade; Tilavist; Ital.: Kovilen; Kovinal; Tilade; Tilarin; Tilavist; Mex.: Irtan;
Neth.: Tilade; Tilavist; Norw.: Tilavist; NZ: Tilade; Port.: Tilavist; Rus.: Ti-
lade (Тайлед); Spain: Brionil; Cetimil; Tilad; Tilavist; Swed.: Tilavist; Switz.:
Tilade†; Tilarin; Tilavist; Turk.: Tilade; UK: Rapitil; Tilade; USA: Alocril; Ti-
lade.

Multi-ingredient: Ital.: Zarent†.

Omalizumab (BAN, USAN, rINN)

CGP-51901; E-25; IGE-025; Olizumab; Omalizumabum; rhuM-
Ab-E25. Immunoglobulin G, anti-(human immunoglobulin E Fc
region)(human-mouse monoclonal E25 clone pSVIE26 γ-chain),
disulfide with human-mouse monoclonal E25 clone pSVIE26 κ-
chain, dimer.
Омализумаб
CAS — 242138-07-4.
ATC — R03DX05.
ATC Vet — QR03DX05.

Adverse Effects and Precautions
Injection site reactions are common with the use of
omalizumab. Other adverse effects that have been re-
ported include generalised pain, fatigue, arthralgia,
dizziness, earache, gastrointestinal disturbances, head-
ache, and alopecia. An increased incidence of parasitic
infection has been reported in patients at high risk for
helminthic infections. Viral infections, upper respirato-
ry-tract infections, sinusitis, pharyngitis, and flu-like
illness can also occur. Churg-Strauss syndrome has
also been reported. Hypersensitivity reactions such as
urticaria, dermatitis, and pruritus can occur. Rarely,
systemic reactions, including potentially life-threaten-
ing anaphylaxis, have occurred. Anaphylactic reac-

tions may occur up to 4 days after a dose, and as early
as the first dose or more than 1 year after beginning
regular treatment. 
Severe thrombocytopenia has been reported with use
of omalizumab. 
Licensed product information notes an increased inci-
dence of malignancies in patients given omalizumab. 
Omalizumab should not be used for the treatment of
acute asthma attacks, and inhaled corticosteroids
should not be abruptly withdrawn on starting omalizu-
mab therapy.

Pharmacokinetics
Omalizumab is absorbed after subcutaneous injection
with a bioavailability of about 62%, reaching peak se-
rum concentrations after 7 to 8 days. It is removed by
IgG and IgE clearance processes in the liver, with a se-
rum elimination half-life of about 26 days. During
treatment with omalizumab, the serum concentration
of free IgE decreases but that of total IgE increases be-
cause the omalizumab-IgE complex has a slower elim-
ination rate than free IgE.
◊ References.
1. Hayashi N, et al. A mechanism-based binding model for the pop-

ulation pharmacokinetics and pharmacodynamics of omalizum-
ab. Br J Clin Pharmacol 2007; 63: 548–61.

Uses and Administration
Omalizumab is a recombinant humanised monoclonal
antibody that selectively binds to IgE. It inhibits the
binding of IgE on the surface of mast cells and ba-
sophils, thus reducing the release of mediators of the
allergic response. Omalizumab is used in the prophy-
lactic management of moderate to severe, persistent al-
lergic asthma (p.1108). The dose depends on the pa-
tient’s weight and pre-treatment serum-IgE
concentrations; regimens range from 75 to 300 mg
every 4 weeks to 225 to 375 mg every 2 weeks. Omal-
izumab is given by subcutaneous injection, and not
more than 150 mg should be given at one injection site.
Total IgE concentrations rise during treatment (see
Pharmacokinetics, above), remaining elevated for up
to 1 year after withdrawal, and cannot be used to deter-
mine continued dosage. Dose determination after treat-
ment interruptions lasting up to 1 year should be based
on pre-treatment serum-IgE concentrations. 
Omalizumab is under investigation in the prophylactic
management of seasonal allergic rhinitis.
◊ References.
1. Ädelroth E, et al. Recombinant humanized mAb-E25, an anti-

IgE mAb, in birch pollen-induced seasonal allergic rhinitis. J Al-
lergy Clin Immunol 2000; 106: 253–9. 

2. Easthope S, Jarvis B. Omalizumab. Drugs 2001; 61: 253–60. 
3. Casale TB, et al. Effect of omalizumab on symptoms of seasonal

allergic rhinitis: a randomized controlled trial. JAMA 2001; 286:
2956–67. 

4. Chervinsky P, et al. Omalizumab, an anti-IgE antibody, in treat-
ment of adults and adolescents with perennial allergic rhinitis.
Ann Allergy Asthma Immunol 2003; 91: 160–7. 

5. Hanf G, et al. Omalizumab inhibits allergen challenge-induced
nasal response. Eur Respir J 2004; 23: 414–18. 

6. Vignola AM, et al. Efficacy and tolerability of anti-immunoglob-
ulin E therapy with omalizumab in patients with concomitant al-
lergic asthma and persistent allergic rhinitis: SOLAR. Allergy
2004; 59: 709–17.

Aspergillosis. Successful treatment of allergic bronchopulmo-
nary aspergillosis with omalizumab has been reported in children
with cystic fibrosis.1,2 In one such report,1 repeated improvement
in symptoms and normalisation in lung function within 2 to 4
hours of giving omalizumab led to complete withdrawal of cor-
ticosteroid treatment in a 12 year old girl. Others2 have reported
similar benefits.
1. van der Ent CK, et al. Successful treatment of allergic bronchop-

ulmonary aspergillosis with recombinant anti-IgE antibody. Tho-
rax 2007; 62: 276–7. 

2. Zirbes JM, Milla CE. Steroid-sparing effect of omalizumab for
allergic bronchopulmonary aspergillosis and cystic fibrosis.
Pediatr Pulmonol 2008; 43: 607–10.

Asthma. Current guidelines recommend omalizumab as an op-
tion for the treatment of severe persistent allergic (IgE mediated)
asthma as an add-on therapy to optimised standard therapy in
adults (see Asthma, p.1108). It has been shown to reduce exacer-
bations and corticosteroid requirement compared with placebo in
adults with moderate-to-severe allergic asthma.1 It also reduced
exacerbation rates in patients with inadequately controlled,
severe persistent asthma,2 and is considered to be an effective
therapy in difficult-to-treat, high-risk adult patients.3,4 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

A systematic review5 of omalizumab therapy for chronic asthma
found that omalizumab was more effective than placebo at re-
ducing exacerbations and improving quality of life. Although
omalizumab had an inhaled-corticosteroid-sparing effect, the
clinical significance of the magnitude of reduction remains open
to interpretation, and other factors such as cost-effectiveness and
comparative efficacy compared to other add-on therapy should
be considered. In patients on oral corticosteroids, no significant
impact was seen on either exacerbations or oral corticosteroid
dose. 
Omalizumab has been investigated in the treatment of childhood
asthma with encouraging results.6,7

1. Solèr M, et al. The anti-IgE antibody omalizumab reduces exac-
erbations and steroid requirement in allergic asthmatics. Eur
Respir J 2001; 18: 254–61. 

2. Humbert M, et al. Benefits of omalizumab as add-on therapy in
patients with severe persistent asthma who are inadequately con-
trolled despite best available therapy (GINA 2002 step 4 treat-
ment): INNOVATE. Allergy 2005; 60: 309–16. 

3. Hendeles L, Sorkness CA. Anti-immunoglobulin E therapy with
omalizumab for asthma. Ann Pharmacother  2007; 41:
1397–1410. 

4. Price D. The use of omalizumab in asthma. Prim Care Respir J
2008; 17: 62–72. 

5. Walker S, et al. Anti-IgE for chronic asthma in adults and chil-
dren. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed
14/04/08). 

6. Berger W, et al. Evaluation of long-term safety of the anti-IgE
antibody, omalizumab, in children with allergic asthma. Ann Al-
lergy Asthma Immunol 2003; 91: 182–8. 

7. Milgrom H, et al. Treatment of childhood asthma with anti-im-
munoglobulin E antibody (omalizumab). Pediatrics 2001; 108:
E36. Full version: http://pediatrics.aappublications.org/cgi/
content/reprint/108/2/e36.pdf (accessed 14/04/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Xolair; Austral.: Xolair ; Belg.: Xolair ; Canad.: Xolair ; Cz.: Xolair;
Fr.: Xolair ; Gr.: Xolair ; Hung.: Xolair ; Israel: Xolair ; Malaysia: Xolair;
NZ: Xolair ; Pol.: Xolair ; Port.: Xolair ; Singapore: Xolair ; Swed.: Xolair;
UK: Xolair ; USA: Xolair ; Venez.: Xolair.

Orciprenaline Sulfate (rINNM) ⊗ 
Metaproterenol Sulfate (USAN); Metaproterenol Sulphate; Orci-
prenalin sulfát; Orciprénaline, sulfate d’; Orciprenaline Sulphate
(BANM); Orciprenalini sulfas; Orciprenalino sulfatas; Orciprenalin-
sulfat; Orciprenalin-szulfát; Orcyprenaliny siarczan; Orsiprenaliini-
sulfaatti; Orsiprenalin Sülfat; Sulfato de orciprenalina; Th-152. 1-
(3,5-Dihydroxyphenyl)-2-isopropylaminoethanol sulphate; N-
Isopropyl-N(β,3,5-trihydroxyphenethyl)ammonium sulphate.

Орципреналина Сульфат
(C11H17NO3)2,H2SO4 = 520.6.
CAS — 586-06-1 (orciprenaline); 5874-97-5 (orciprena-
line sulfate).
ATC — R03AB03; R03CB03.
ATC Vet — QR03AB03; QR03CB03.

(orciprenaline)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Orciprenaline Sulphate). A white, slightly hygro-
scopic, crystalline powder. Freely soluble in water; slightly solu-
ble in alcohol; practically insoluble in dichloromethane. A 10%
solution in water has a pH of 4.0 to 5.5. Store in airtight contain-
ers. Protect from light. 
USP 31 (Metaproterenol Sulfate). A white to off-white crystal-
line powder. Freely soluble in water. A 10% solution in water has
a pH of 4.0 to 5.5. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for Salbutamol, p.1131. Adverse effects are more common
because of the non-selective beta agonist effect of orciprenaline.
For the adverse effects and precautions pertaining to non-selec-
tive beta agonists see under Sympathomimetics, p.1407.

Interactions
As for Salbutamol, p.1132.

Pharmacokinetics
After oral doses orciprenaline is absorbed from the gastrointesti-
nal tract and undergoes extensive first-pass metabolism in the
liver; about 40% of an oral dose is reported to reach the circula-
tion unchanged. It is excreted in the urine primarily as metabo-
lites.

Uses and Administration
Orciprenaline sulfate is a direct-acting sympathomimetic with
mainly beta-adrenoceptor stimulant activity. It has actions and
uses similar to those of salbutamol (p.1133) but is less selective
for beta2 receptors. 
Orciprenaline sulfate is used as a bronchodilator in the manage-
ment of reversible airways obstruction, as in asthma (p.1108) and
in some patients with chronic obstructive pulmonary disease
(p.1112). However, more selective beta2 agonists such as salb-
utamol or terbutaline are now preferred. On inhalation, the onset
of action is usually within 30 minutes and can last from 1 to 5
hours. 
A typical adult dose for the relief of acute bronchospasm has
been 1 or 2 inhalations of orciprenaline sulfate 750 micrograms
from a metered-dose aerosol, repeated as needed up to a maxi-
mum of 12 inhalations (9 mg) in 24 hours. In patients with asth-
ma, ‘as-required’ beta agonist therapy is preferable to regular
use. An increased need for, or decreased duration of effect of,
orciprenaline indicates deterioration of asthma control and the
need for review of therapy. 
Orciprenaline sulfate has also been inhaled in 5% solution from
a hand nebuliser, the usual adult dose being 10 inhalations. If the
solution is used with any other nebulising device such as an in-
termittent positive-pressure breathing (IPPB) apparatus the adult
dose is 0.2 to 0.3 mL of a 5% solution diluted up to about 2.5 mL
with physiological saline (i.e. dilution to a 0.4 to 0.6% solution)
given not more often than every 4 hours. Unit-dose vials contain-
ing a prediluted solution of orciprenaline sulfate 0.4 and 0.6% are
also available for nebulisation by an IPPB device. 
In the chronic management of reversible airways obstruction, or-
ciprenaline sulfate has been given orally in a usual adult dose of
20 mg three or four times daily. 
Orciprenaline sulfate has also been used similarly to isoprenaline
(see p.1317) for its cardiovascular effects in the treatment of
bradycardia of various types, notably in AV heart block and si-
nus bradycardia. In such cases oral doses of up to 240 mg daily
in divided doses, or 250 to 500 micrograms by slow intravenous
injection have been given; orciprenaline sulfate may also be giv-
en by intravenous infusion, or intramuscular or subcutaneous in-
jection. For doses of orciprenaline used in children, see Admin-
istration in Children, below.
Administration in children. Although more selective beta
agonists are generally preferred, in some countries orciprenaline
sulfate is licensed for use in children via a metered-dose inhaler
in similar doses to adults; in the USA, use is not recommended
under 12 years of age. A metered-dose inhaler was formerly
available in the UK and licensed doses in children were: 
• under 6 years of age: 1 inhalation of 750 micrograms as nec-

essary; doses should not be repeated within 30 minutes. A
maximum of 4 inhalations in 24 hours was suggested 

• 6 to 12 years of age: 1 or 2 inhalations of 750 micrograms as
necessary; doses should not be repeated within 30 minutes. A
maximum of 8 inhalations in 24 hours was suggested 

In patients with asthma, ‘as-required’ beta agonist therapy is
preferable to regular use, and chronic oral treatment with orci-
prenaline would generally be regarded as inappropriate in chil-
dren. Nonetheless, a syrup is licensed for such use in the UK,
licensed oral doses in children being: 
• up to 1 year: 5 mg three times daily, increased if necessary to

a maximum of 10 mg three times daily 
• 1 to 3 years: 5 mg four times daily, increased if necessary to a

maximum of 10 mg four times daily 
• 3 to 12 years: 10 mg four times daily, increased if necessary to

a maximum of 20 mg three times daily 
• over 12 years: as for adults (see above)
Preparations
BP 2008: Orciprenaline Tablets; 
USP 31: Metaproterenol Sulfate Inhalation Aerosol; Metaproterenol Sul-
fate Inhalation Solution; Metaproterenol Sulfate Syrup; Metaproterenol Sul-
fate Tablets.
Proprietary Preparations (details are given in Part 3)
Austral.: Alupent†; Austria: Alupent; Canad.: Alupent†; Ger.: Alupent;
Gr.: Alupent; India: Alupent; Indon.: Alupent; Irl.: Alupent; Ital.: Alupent;
Jpn: Alotec; Mex.: Alupent; Pol.: Astmopent; Rus.: Astmopent
(Астмопент); Thai.: Alupent†; UK: Alupent; USA: Alupent; Venez.: Alu-
pent†.
Multi-ingredient: Chile: Broncodual Compuesto; Cloval Compuesto;
Pulbronc; Solvanol; Tusabron; Vapoflu; Indon.: Silomat Compositum; Irl.:
Alupent Expectorant; Mex.: Bisolpent Ex; Philipp.: Bisolpent; S.Afr.:
Adco-Linctopent; Benylin Chesty; Bisolvon Linctus DA; Bronkese Com-
pound; Flemeze; Silomat DA†; UAE: Orcinol; Venez.: Bisolpent†; Silomat
Compositum†.

Oxitropium Bromide (BAN, rINN)

Ba-253; Bromuro de oxitropio; Oksitropiumbromidi; Oxitropii
bromidum; Oxitropium, bromure d’; Oxitropiumbromid. 6,7-
Epoxy-8-ethyl-3-[(S)-tropoyloxy]tropanium bromide; (3s,6R,7S,-
8r)-8-Ethyl-3-[(S)-tropoyloxy]-6,7-epoxytropanium bromide.
Окситропия Бромид
C19H26BrNO4 = 412.3.
CAS — 30286-75-0.
ATC — R03BB02.
ATC Vet — QR03BB02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Oxitropium Bromide). A white or almost white,
crystalline powder. It exhibits polymorphism. Very soluble in
water; sparingly soluble in alcohol; freely soluble in methyl alco-
hol; practically insoluble in dichloromethane.
Profile
Oxitropium bromide is a quaternary ammonium antimuscarinic
with actions similar to those of ipratropium bromide (p.1124), to
which it is structurally related. It is used as a bronchodilator in the
treatment of reversible airways obstruction, as in asthma
(p.1108) and chronic obstructive pulmonary disease (p.1112).
Doses of 100 or 200 micrograms by inhalation from a metered-
dose aerosol have been given 2 or 3 times daily. Oxitropium bro-
mide may also be given as a nebulised solution in doses of
1.5 mg inhaled 2 or 3 times daily. Animal studies have shown
reproductive toxicity with high doses of oxitropium, hence the
recommendation that it should not be used during pregnancy.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Oxivent†; Fin.: Ventox†; Fr.: Tersigat†; Ger.: Ventilat†; Irl.: Oxiv-
ent†; Ital.: Oxivent; Jpn: Tersigan; UK: Oxivent†; Venez.: Tersigat†.

Pemirolast Potassium (USAN, rINNM)

BL-5617; BMY-26517; Kalii Pemirolastum; Pemirolast potásico;
Pémirolast Potassique. Potassium 9-methyl-3-(1H-tetrazol-5-yl)-
4H-pyrido[1,2-a]pyrimidin-4-one.
Калия  Пемироласт
C10H7KN6O = 266.3.
CAS — 69372-19-6 (pemirolast); 100299-08-9 (pemiro-
last potassium).

(pemirolast)

Profile
Pemirolast potassium has mast cell stabilising properties like so-
dium cromoglicate (p.1136) and may also be a leukotriene inhib-
itor. It has been used in the treatment of chronic asthma (p.1108)
and in the prophylaxis of allergic rhinitis (p.565) and conjuncti-
vitis (p.564). Pemirolast potassium has no bronchodilator prop-
erties and should not be used for the treatment of acute asthma
attacks. 
For asthma, the usual dose is 10 mg orally twice daily after food.
For allergic rhinitis the dose is halved. Pemirolast potassium
0.1% eye drops are instilled 4 times daily in the prophylactic
management of allergic conjunctivitis. For details of doses in
children, see below. 
Pemirolast has also been investigated for the prevention of reste-
nosis after coronary artery stent placement.
◊ References.
1. Tinkelman DG, Berkowitz RB. A pilot study of pemirolast in pa-

tients with seasonal allergic rhinitis. Ann Allergy 1991; 66:
162–5. 

2. Hasegawa T, et al. Kinetic interaction between theophylline and
a newly developed anti-allergic drug, pemirolast potassium. Eur
J Clin Pharmacol 1994; 46: 55–8. 

3. Anonymous. New drugs for allergic conjunctivitis. Med Lett
Drugs Ther 2000; 42: 39–40. 

4. Abelson MB, et al. Pemirolast potassium 0.1% ophthalmic solu-
tion is an effective treatment for allergic conjunctivitis: a pooled
analysis of two prospective, randomized, double-masked, place-
bo-controlled, phase III studies. J Ocul Pharmacol Ther 2002;
18: 475–88. 

5. Shulman DG. Two mast cell stabilizers, pemirolast potassium
0.1% and nedocromil sodium 2%, in the treatment of seasonal
allergic conjunctivitis: a comparative study. Adv Therapy 2003;
20: 31–40. 

6. Ohsawa H, et al. Preventive effect of an antiallergic drug,
pemirolast potassium, on restenosis after stent placement: quan-
titative coronary angiography and intravascular ultrasound stud-
ies. J Cardiol 2003; 42: 13–22. 

7. Gous P, Ropo A. A comparative trial of the safety and efficacy
of 0.1 percent pemirolast potassium ophthalmic solution dosed
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twice or four times a day in patients with seasonal allergic con-
junctivitis. J Ocul Pharmacol Ther 2004; 20: 139–50. 

8. Yahata H, et al. Prophylactic effect of pemirolast, an antiallergic
agent, against hypersensitivity reactions to paclitaxel in patients
with ovarian cancer. Int J Cancer 2006; 118: 2636–8.

Administration in children. Pemirolast potassium may be
used in the management of asthma in children in the following
oral doses: 
• 1 to 4 years: 2.5 mg twice daily after food 
• 5 to 10 years: 5 mg twice daily after food 
• 11 years and above: use adult doses, see above 
For allergic rhinitis, the above doses are halved. 
Pemirolast potassium 0.1% eye drops can be used four times
daily in children over 3 years with allergic conjunctivitis.
Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Pemirox; Indon.: Alegysal; Jpn: Alegysal; Philipp.: Alegysal;
Thai.: Pemirox; USA: Alamast.

Pirbuterol (BAN, rINN) ⊗ 
Pirbutérol; Pirbuteroli; Pirbuterolum; Pyrbuterol. 2-tert-Butylami-
no-1-(5-hydroxy-6-hydroxymethyl-2-pyridyl)ethanol.
Пирбутерол
C12H20N2O3 = 240.3.
CAS — 38677-81-5.
ATC — R03AC08; R03CC07.
ATC Vet — QR03AC08; QR03CC07.

Pirbuterol Acetate (BANM, USAN, rINNM) ⊗ 
Acetato de pirbuterol; CP-24314-14; Pirbutérol, Acétate de; Pir-
buteroli Acetas; Pyrbuterol Acetate.
Пирбутерола Ацетат
C12H20N2O3,C2H4O2 = 300.4.
CAS — 65652-44-0.
ATC — R03AC08; R03CC07.
ATC Vet — QR03AC08; QR03CC07.

Pirbuterol Hydrochloride (BANM, USAN, rINNM) ⊗ 
CP-24314-1; Hidrocloruro de pirbuterol; Pirbutérol, Chlorhy-
drate de; Pirbuteroli Hydrochloridum; Pyrbuterol Hydrochloride.
Пирбутерола Гидрохлорид
C12H20N2O3,2HCl = 313.2.
CAS — 38029-10-6.
ATC — R03AC08; R03CC07.
ATC Vet — QR03AC08; QR03CC07.

Profile
Pirbuterol is a direct-acting sympathomimetic with mainly beta-
adrenoceptor stimulant activity and a selective action on beta2
receptors (a beta2 agonist). It has properties similar to those of
salbutamol (p.1131). 
Pirbuterol is used for its bronchodilating properties. It is given as
the acetate in the management of reversible airways obstruction,
as in asthma (p.1108) and in some patients with chronic obstruc-
tive pulmonary disease (p.1112). On inhalation, pirbuterol exerts
an effect within 10 minutes, which is reported to last at least 5
hours. 
Pirbuterol is given by inhalation as the acetate but doses are ex-
pressed in terms of the base: pirbuterol acetate 250 micrograms
is equivalent to about 200 micrograms of pirbuterol. It is given
via a metered-dose aerosol in a usual dose equivalent to pirbu-
terol 200 to 400 micrograms (1 to 2 inhalations) as required but
not more often than every four hours. A total daily dose of
2.4 mg (12 inhalations) should not be exceeded. In patients with
asthma, ‘as-required’ beta agonist therapy is preferable to regular
use. An increased need for, or decreased duration of effect of,
pirbuterol indicates deterioration of asthma control and the need
for review of therapy. 
Pirbuterol has also been given orally as the hydrochloride.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Exirel†; Fr.: Maxair; Switz.: Maxair†; USA: Maxair.

Pitrakinra (rINN)

Pitrakinrum. L-Methionyl-[121-aspartic acid,124-aspartic acid]in-
terleukin-4.
Питракинра

Profile
Pitrakinra is a dual interleukin-4 and -13 receptor antagonist that
is under investigation in the treatment of asthma.

Pranlukast (BAN, rINN)

ONO-1078; Pranlukastum. N-[4-Oxo-2-(1H-tetrazol-5-yl)-4H-
1-benzopyran-8-yl]-p-(4-phenylbutoxy)benzamide.

Пранлукаст
C27H23N5O4 = 481.5.
CAS — 103177-37-3.
ATC — R03DC02.
ATC Vet — QR03DC02.

Profile
Pranlukast is a selective antagonist of the leukotriene C4, D4, and
E4 receptors with similar properties to zafirlukast (p.1150). It is
used in the management of asthma (p.1108) and allergic rhinitis
(p.565), at a usual oral dose of pranlukast hydrate 225 mg twice
daily. For details of doses in children, see below.

◊ References.
1. Tamaoki J, et al. Leukotriene antagonist prevents exacerbation

of asthma during reduction of high-dose inhaled corticosteroid.
Am J Respir Crit Care Med 1997; 155: 1235–40. 

2. Barnes NC, et al. Pranlukast, a novel leukotriene receptor antag-
onist: results of the first European, placebo-controlled, multicen-
tre clinical study in asthma. Thorax 1997; 52: 523–7. 

3. Grossman J, et al. Results of the first US double-blind, placebo-
controlled, multicenter clinical study in asthma with pranlukast,
a novel leukotriene receptor antagonist. J Asthma 1997; 34:
321–8. 

4. Keam SJ, et al. Pranlukast: a review of its use in the management
of asthma. Drugs 2003; 63: 991–1019.

Administration in children. Children with asthma may be
given 3.5 mg/kg of pranlukast hydrate orally twice daily. The
maximum daily dose is 10 mg/kg, not to exceed the usual adult
daily dose of 450 mg (see above).

Churg-Strauss syndrome. Churg-Strauss syndrome has been
reported with the use of pranlukast.1-3 For discussion of the unre-
solved role of leukotriene antagonists in this disorder and precau-
tions to be observed, see under Zafirlukast, p.1150.
1. Kobayashi S, et al. Churg-Strauss syndrome (CSS) in a patient

receiving pranlukast. Clin Rheumatol 2003; 22: 491–2. 
2. Katsura T, et al. The Churg-Strauss syndrome after pranlukast

treatment in a patient not receiving corticosteroids. Ann Intern
Med 2003; 139: 386–7. 

3. Shimbo J, et al. Churg-Strauss syndrome and the leukotriene re-
ceptor antagonist pranlukast. Clin Rheumatol 2005; 24: 661–2.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Onon; Mex.: Azlaire; Venez.: Azlaire.

Procaterol Hydrochloride (BANM, USAN, rINNM) ⊗ 
CI-888; Hidrocloruro de procaterol; OPC-2009; Procatérol,
Chlorhydrate de; Procateroli Hydrochloridum; Prokaterolhy-
droklorid; Prokaterolihydrokloridi. (±)-erythro-8-Hydroxy-5-(1-
hydroxy-2-isopropylaminobutyl)quinolin-2(1H)-one hydrochlo-
ride; (±)-8-Hydroxy-5-[(1R*,2S*)-1-hydroxy-2-isopropylami-
nobutyl]-2-quinolone hydrochloride.

Прокатерола Гидрохлорид
C16H22N2O3,HCl = 326.8.
CAS — 72332-33-3 (procaterol); 59828-07-8 (procaterol
hydrochloride).
ATC — R03AC16; R03CC08.
ATC Vet — QR03AC16; QR03CC08.

(procaterol)

NOTE. Commercial procaterol hydrochloride is the hemihydrate
(C16H22N2O3,HCl, ⁄ H2O = 335.8).
Pharmacopoeias. Chin. and Jpn include the hemihydrate.

Profile
Procaterol hydrochloride is a direct-acting sympathomimetic
with mainly beta-adrenoceptor stimulant activity selective to
beta2 receptors (a beta2 agonist). It has properties similar to those
of salbutamol (p.1131) and it is used as a bronchodilator in the
management of reversible airways obstruction, as in asthma
(p.1108) or in some patients with chronic obstructive pulmonary
disease (p.1112). On inhalation it produces an effect within 5
minutes and the effect can last up to 8 hours. 
To relieve acute bronchospasm, a usual dose of 20 micrograms
of procaterol hydrochloride is given by inhalation from a
metered-dose aerosol or dry powder inhaler up to 4 times daily.
In patients with asthma, ‘as-required’ beta agonist therapy is
preferable to regular use. An increased need for, or decreased du-
ration of effect of, procaterol indicates deterioration of asthma
control and the need for review of therapy. An inhalation solution
containing 100 micrograms/mL has been given via a nebuliser in
usual doses of 30 to 50 micrograms. Procaterol hydrochloride
can also be given orally in doses of 50 micrograms once or twice
daily.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Lontermin; Hong Kong: Meptin; Hung.: Lontermin†; Indon.: Ataroc;
Meptin; Ital.: Procadil; Propulm; Jpn: Meptin; Malaysia: Meptin; Philipp.:
Meptin; Port.: Onsudil; S.Afr.: Normalin†; Singapore: Meptin; Spain:
Onsukil†; Thai.: Caterol; Meptin.

Proxyphylline (BAN, rINN)

Proksifilinas; Proksifylliini; Proxifilina; Proxifillin; Proxifyllin; Proxyfy-
lin; Proxyphyllinum. 7-(2-Hydroxypropyl)-1,3-dimethylxanthine;
(RS)-1,3-Dimethyl-7-(2-hydroxypropyl)purine-2,6(3H,1H)-di-
one; 7-(2-Hydroxypropyl)theophylline.

Проксифиллин

C10H14N4O3 = 238.2.
CAS — 603-00-9.
ATC — R03DA03.
ATC Vet — QR03DA03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Proxyphylline). A white or almost white, crystal-
line powder. Very soluble in water; soluble in alcohol. Protect
from light.

Profile
Proxyphylline is a derivative of theophylline (p.1140) which is
used as a bronchodilator and for its cardiovascular properties.
Proxyphylline is readily absorbed from the gastrointestinal tract
and it is not converted to theophylline in the body.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Purofilina†.

Multi-ingredient: Austria: Asthma Efeum; Omega; Braz.: Santussal;
Ger.: Antihypertonicum S; Spain: Novofilin†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Repirinast (USAN, rINN)

MY-5116; Répirinast; Repirinastum. Isopentyl 5,6-dihydro-7,8-
dimethyl-4,5-dioxo-4H-pyrano[3,2-c]quinoline-2-carboxylate.

Репиринаст

C20H21NO5 = 355.4.

CAS — 73080-51-0.

Profile
Repirinast is an orally active anti-allergic with a stabilising action
on mast cells resembling that of sodium cromoglicate (p.1136).
It has been given orally in the management of asthma (p.1108).

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Romet†.

Reproterol Hydrochloride (BANM, USAN, rINNM) ⊗ 
D-1959 (reproterol); Hidrocloruro de reproterol; Réprotérol,
Chlorhydrate de; Reproteroli Hydrochloridum; W-2946M. 7-{3-
[(3,5,β-Trihydroxyphenethyl)amino]propyl}theophylline hydro-
chloride.

Репротерола Гидрохлорид

C18H23N5O5,HCl = 425.9.

CAS — 54063-54-6 (reproterol); 13055-82-8 (reproterol
hydrochloride).

ATC — R03AC15; R03CC14.

ATC Vet — QR03AC15; QR03CC14.

(reproterol)

Profile
Reproterol is a direct-acting sympathomimetic with mainly beta-
adrenergic activity and a selective action on beta2 receptors (a
beta2 agonist). It has properties similar to those of salbutamol
(p.1131). 
Reproterol hydrochloride is used as a bronchodilator in the man-
agement of reversible airways obstruction, as in asthma (p.1108)
and in some patients with chronic obstructive pulmonary disease
(p.1112). 
For the relief of acute attacks of bronchospasm the usual dose of
reproterol hydrochloride is 1 or 2 inhalations of 500 micrograms
from a metered-dose aerosol repeated every 3 to 6 hours as re-
quired. Reproterol is often used with sodium cromoglicate in
combined preparations. In patients with asthma, ‘as-required’
beta agonist therapy is preferable to regular use. An increased
need for, or decreased duration of effect of, reproterol indicates
deterioration of asthma control and the need for review of thera-
py. It has also been given orally: adult doses are 10 to 20 mg three
times daily. A slow intravenous injection of 90 micrograms, re-
peated after 10 minutes if necessary, has been used in the treat-
ment of status asthmaticus. 
For doses of reproterol used in children, see Administration in
Children, below.

Administration in children. Reproterol hydrochloride has
been given via a metered-dose aerosol to relieve bronchospasm
in children from 6 years of age at the same dose used in adults

(see Uses and Administration, above). Reproterol is often used
with sodium cromoglicate in combined preparations. 
Reproterol hydrochloride has also been given orally to children
from 6 years of age at a dose of 10 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Bronchospasmin; Ital.: Broncospasmine†.

Multi-ingredient: Ger.: Aarane N; Allergospasmin; Switz.: Aarane†; Al-
lergospasmine†.

Roflumilast (USAN, rINN)

APTA-2217; B-9302-107; BY-217; BYK-20869; Roflumilastum. 3-
(Cyclopropylmethoxy)-N-(3,5-dichloro-4-pyridyl)-4-(difluor-
omethoxy)benzamide.

Рофлумиласт
C17H14Cl2F2N2O3 = 403.2.
CAS — 162401-32-3.
ATC — R03DX07.
ATC Vet — QR03DX07.

Profile
Roflumilast is a phosphodiesterase type-4 inhibitor. It is under
investigation in the treatment of asthma and chronic obstructive
pulmonary disease.

◊ References.
1. Spina D. Phosphodiesterase-4 inhibitors in the treatment of in-

flammatory lung disease. Drugs 2003; 63: 2575–94. 
2. Lipworth BJ. Phosphodiesterase-4 inhibitors for asthma and

chronic obstructive pulmonary disease. Lancet 2005; 365:
167–75. 

3. Rabe KF, et al. Roflumilast—an oral anti-inflammatory treat-
ment for chronic obstructive pulmonary disease: a randomised
controlled trial. Lancet 2005; 366: 563–71. 

4. Karish SB, Gagnon JM. The potential role of roflumilast: the
new phosphodiesterase-4 inhibitor. Ann Pharmacother 2006; 40:
1096–1104. 

5. Bateman ED, et al. Efficacy and safety of roflumilast in the treat-
ment of asthma. Ann Allergy Asthma Immunol 2006; 96: 679–86. 

6. Calverley PM, et al. Effect of 1-year treatment with roflumilast
in severe chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2007; 176: 154–61. 

7. Hermann R, et al. Steady-state pharmacokinetics of roflumilast
and roflumilast N-oxide in patients with mild and moderate liver
cirrhosis. Clin Pharmacokinet 2007; 46: 403–16. 

8. Bethke TD, et al. Dose-proportional intraindividual single- and
repeated-dose pharmacokinetics of roflumilast, an oral, once-
daily phosphodiesterase 4 inhibitor. J Clin Pharmacol 2007; 47:
26–36. 

9. Field SK. Roflumilast: an oral, once-daily selective PDE-4 in-
hibitor for the management of COPD and asthma. Expert Opin
Invest Drugs 2008; 17: 811–8.

Salbutamol (BAN, rINN) ⊗ 
AH-3365; Albuterol (USAN); Salbutamoli; Salbutamolis; Salbuta-
molum; Sch-13949W; Szalbutamol. 2-tert-Butylamino-1-(4-hy-
droxy-3-hydroxymethylphenyl)ethanol.

Сальбутамол
C13H21NO3 = 239.3.
CAS — 18559-94-9.
ATC — R03AC02; R03CC02.
ATC Vet — QR03AC02; QR03CC02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Salbutamol). A white or almost white, crystalline
powder. Sparingly soluble in water; soluble in alcohol. Protect
from light. 
USP 31 (Albuterol). A white crystalline powder. Sparingly sol-
uble in water; soluble in alcohol. Protect from light.

Salbutamol Sulfate (rINNM) ⊗ 
Albuterol Sulfate (USAN); Salbutamol Hemisulphate; Salbutamol,
sulfate de; Salbutamol Sulphate (BANM); Salbutamoli sulfas; Salb-
utamolio sulfatas; Salbutamolisulfaatti; Salbutamolsulfat; Salbuta-
mol-sulfát; Salbutamolu siarczan; Sulfato de salbutamol; Szalbuta-
mol-szulfát.
Сальбутамола Сульфат
(C13H21NO3)2,H2SO4 = 576.7.
CAS — 51022-70-9.
ATC — R03AC02; R03CC02.
ATC Vet — QR03AC02; QR03CC02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Salbutamol Sulphate). A white or almost white
crystalline powder. Freely soluble in water; practically insoluble
or very slightly soluble in alcohol and in dichloromethane. Pro-
tect from light. 
USP 31 (Albuterol Sulfate). A white or practically white powder.
Freely soluble in water; slightly soluble in alcohol, in chloro-
form, and in ether. Protect from light.
Stability. For mention of the stability of a 1:1 mixture of salb-
utamol and ipratropium nebuliser solutions, see under Ipratro-
pium, p.1124.

Adverse Effects
As for Sympathomimetics, p.1407. Salbutamol has
mainly beta-agonist effects and, like other beta ago-
nists, may cause fine tremor of skeletal muscle (partic-
ularly the hands), palpitations, tachycardia, nervous
tension, headaches, peripheral vasodilatation, and rare-
ly muscle cramps. Inhalation causes fewer adverse ef-
fects than systemic dosage, and the more selective
beta2 agonists cause fewer adverse effects than less se-
lective beta agonists. Potentially serious hypokalaemia
has been reported after large doses. Myocardial ischae-
mia has also been reported. Hypersensitivity reactions
have occurred, including paradoxical bronchospasm,
angioedema, urticaria, hypotension, and collapse. 
The high doses of salbutamol used intravenously to de-
lay premature labour have additionally been associated
with nausea and vomiting, and with severe adverse car-
diac and metabolic effects and pulmonary oedema.
Effects on the CNS. Visual hallucinations lasting for an hour
have been reported1 after use of nebulised salbutamol in an eld-
erly patient. At the time of the report the manufacturers were
aware of 3 cases of hallucinations in children given oral salbuta-
mol but no such reaction had been previously reported in adults
given recommended doses. 
Hyperactivity and restlessness have been reported with the use of
salbutamol; however, a small placebo-controlled study of 19
children,2 failed to show a statistically significant difference in
activity levels after a nebulised dose of salbutamol.
1. Khanna PB, Davies R. Hallucinations associated with the admin-

istration of salbutamol via a nebuliser. BMJ 1986; 292: 1430. 
2. Hadjikoumi I, et al. Bronchodilator therapy and hyperactivity in

preschool children. Arch Dis Child 2002; 86: 202–4. Also avail-
able at: http://adc.bmj.com/cgi/reprint/86/3/202 (accessed
15/01/08)

Effects on electrolytes and metabolism. Salbutamol, in
common with other beta2-agonists, may cause hypokalaemia and
hyperglycaemia. These effects are related to the dose and route
of salbutamol used; hypokalaemia is more common after
parenteral and nebulised use. Hypokalaemia may be potentiated
by therapy with corticosteroids, diuretics, or xanthines, and by
hypoxia; potassium concentrations should therefore be moni-
tored in severe asthma.
Effects on the eyes. It has been suggested that salbutamol and
to a greater extent ritodrine may contribute to retinopathy in the
premature infant when used for premature labour.1 
A case of acute angle-closure glaucoma was attributed to dilata-
tion of the pupil by stimulation of the sympathetic nervous sys-
tem secondary to local absorption of nebulised salbutamol in the
eye; the patient also had other risk factors for developing glauco-
ma.2 For reports of glaucoma precipitated by the combined use
of ipratropium bromide and salbutamol via a nebuliser, see Ipra-
tropium Bromide, p.1124.
1. Michie CA, et al. Do maternal β-sympathomimetics influence

the development of retinopathy in the premature infant? Arch Dis
Child 1994; 71: F149. 

2. Rho DS. Acute angle-closure glaucoma after albuterol nebulizer
treatment. Am J Ophthalmol 2000; 130: 123–4.

Effects on the heart. The main adverse cardiac effect of salb-
utamol is tachycardia due to increased sympathetic effects on the
cardiovascular system. Such tachycardia is dose dependent and
is more common after systemic than inhaled therapy. A meta-
analysis1 of randomised, placebo-controlled studies in patients
with asthma or chronic obstructive pulmonary disease (COPD)
confirmed that single doses of beta2 agonists can cause an in-
crease in heart rate and a reduction in potassium concentrations
(see also Effects on Electrolytes and Metabolism, above). The
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longer-term effects of beta2 agonists on the cardiovascular sys-
tem were also assessed and an increased risk of adverse cardio-
vascular events due to sinus tachycardia was found. There was
also a trend towards an increase in major adverse events includ-
ing ventricular tachycardia, atrial fibrillation, syncope, heart fail-
ure, myocardial infarction, cardiac arrest, and sudden death.
Myocardial ischaemia has been reported in association with sal-
butamol when used to delay premature labour.2 Eleven of 17 re-
ports were considered serious, including one fatality. Most of
these reports involved the use of parenteral formulations; none
involved the use of inhaled salbutamol formulations for the relief
of bronchospasm. However, there is some evidence that high
doses of inhaled salbutamol can decrease coronary flow reserve,
and might exacerbate ischaemia in patients with coronary artery
disease.3 Case-control studies4,5 have also suggested that the use
of inhaled beta2 agonists is associated with an increased risk of
myocardial infarction, and another case-control study6 found an
increased risk of cardiac arrest in patients with asthma being
treated with inhaled short-acting beta2 agonists, but not in those
with COPD. In contrast, however, a cohort study7 of patients
with COPD found no increase in the risk of myocardial infarc-
tion associated with the use of beta2 agonists given by inhalation,
nebulisation, or mouth. Case-control and cohort studies have
also suggested that patients with pre-existing heart failure may
be at increased risk of hospitalisation from arrhythmias8 or exac-
erbation of heart failure9,10 with the use of beta2 agonists. 
A causal relationship cannot necessarily be established from
these case-control and cohort studies, however, because of con-
founding factors such as co-morbidity, and because the extent of
beta2 agonist use could only be estimated from prescription
record systems. 
See also Pregnancy, below.
1. Salpeter SR, et al. Cardiovascular effects of β-agonists in pa-

tients with asthma and COPD: a meta-analysis. Chest 2004;
125: 2309–21. 

2. GlaxoSmithKline, Canada. Health Canada endorsed important
safety information on Ventolin  I.M. injection and Ventolin
I.V. infusion solution: for pregnant women & labour and deliv-
e ry  ( i ssued  12th  June  2007) .  Ava i lab le  a t :  h t tp : / /
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/ventolin_hpc-cps-eng.pdf (accessed 09/07/08) 

3. Kochiadakis GE, et al. Effect of inhaled salbutamol on coronary
circulation in humans. Int J Cardiol 2007; 117: 408–10. 

4. Au DH, et al. The risk of myocardial infarction associated with
inhaled β-adrenoceptor agonists. Am J Respir Crit Care Med
2000; 161: 827–30. 

5. Au DH, et al. Association between inhaled β-agonists and the
risk of unstable angina and myocardial infarction. Chest 2002;
121: 846–51. 

6. Lemaitre RN, et al. Inhaled beta-2 adrenergic receptor agonists
and primary cardiac arrest. Am J Med 2002; 113: 711–16. 

7. Suissa S, et al. Inhaled short acting β agonist use in COPD and
the risk of acute myocardial infarction. Thorax 2003; 58: 43–6. 

8. Bouvy ML, et al. Use of sympathomimetic drugs leads to in-
creased risk of hospitalization for arrhythmias in patients with
congestive heart failure. Arch Intern Med 2000; 160: 2477–80. 

9. Au DH, et al. Risk of mortality and heart failure exacerbations
associated with inhaled β-adrenoceptor agonists among patients
with known left ventricular systolic dysfunction. Chest 2003;
123: 1964–9. 

10. Au DH, et al. Association between chronic heart failure and in-
haled β-2-adrenoceptor agonists. Am Heart J 2004; 148:
915–20.

Effects on the respiratory system. Paradoxical bronchoc-
onstriction has occasionally been reported after bronchodilating
therapy. With nebuliser solutions, it has been suggested that the
preservatives present could be responsible (see also under Ipra-
tropium, p.1124), or that the pH may contribute if non-neutral. In
addition, regular use of beta2 agonists such as salbutamol (as op-
posed to use on an as-needed basis) has been shown to increase
airway hyperresponsiveness to various stimuli and to lead to the
possible development of tolerance to the bronchoprotective ef-
fect (see below). 
The increased risk of pulmonary oedema associated with salb-
utamol is mentioned under Pulmonary Oedema, below.

Increased mortality. The increased incidence of morbidity
and mortality that occurred in asthmatic patients mainly involved
fenoterol, but salbutamol has been implicated. The debate on the
relevance of beta agonist therapy to this increased morbidity and
mortality is discussed under Fenoterol on p.1121.

Overdosage. Reports of overdosage with salbutamol1-6 have
generally only described the features that may be expected with
beta2 agonists such as tachycardia, CNS stimulation, tremor, hy-
pokalaemia, and hyperglycaemia. Symptomatic treatment of the
adverse effects has proved successful although it is unlikely to be
required after repeated inhalation. Activated charcoal may be
considered after oral overdose in patients who have taken a po-
tentially toxic amount and present within 1 hour. The plasma-
potassium concentration and pulse rate have been found to cor-
relate with the plasma concentration of salbutamol.7
1. Morrison GW, Farebrother MJB. Overdose of salbutamol. Lan-

cet 1973; ii: 681. 
2. O’Brien IAD, et al. Hypokalaemia due to salbutamol overdos-

age. BMJ 1981; 282: 1515–16. 
3. Prior JG, et al. Self-poisoning with oral salbutamol. BMJ 1981;

282: 1932. 
4. Connell JMC, et al. Metabolic consequences of salbutamol poi-

soning reversed by propranolol. BMJ 1982; 285: 779. 

5. Spiller HA, et al. A two-year retrospective study of accidental
pediatric albuterol ingestions. Pediatr Emerg Care 1993; 9:
338–40. 

6. Leikin JB, et al. Hypokalemia after pediatric albuterol overdose:
a case series. Am J Emerg Med 1994; 12: 64–6. 

7. Lewis LD, et al. A study of self poisoning with oral salbuta-
mol—laboratory and clinical features. Hum Exp Toxicol 1993;
12: 397–401. Correction. ibid. 1994; 13: 371.

Pregnancy. Most adverse effects associated with salbutamol in
pregnancy relate to the cardiovascular and metabolic effects of
the very high doses given by intravenous infusion in attempts to
delay premature labour (see also under Pulmonary Oedema, be-
low). Maternal effects include myocardial ischaemia,1,2 unifocal
ventricular ectopics associated with the hypokalaemic response
to intravenous salbutamol,3 and heart failure in a hypertensive
woman.4 Similarly, serious fetal and neonatal cardiovascular
complications have also been associated with tocolytic salbuta-
mol.5 
Metabolic acidosis after salbutamol infusions in diabetic women
has also been reported.6,7 
For reports of retinopathy in the infant see Effects on the Eyes
above.
1. Whitehead MI, et al. Myocardial ischaemia after withdrawal of

salbutamol for pre-term labour. Lancet 1979; ii: 904. 
2. GlaxoSmithKline, Canada. Health Canada endorsed important

safety information on Ventolin  I.M. injection and Ventolin  I.V.
infusion solution: for pregnant women & labour and delivery (is-
sued 12th June 2007). Available at: 
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/
medeff/ventolin_hpc-cps-eng.pdf (accessed 09/07/08) 

3. Chew WC, Lew LC. Ventricular ectopics after salbutamol infu-
sion for preterm labour. Lancet 1979; ii: 1383–4. 

4. Whitehead MI, et al. Acute congestive cardiac failure in a hyper-
tensive woman receiving salbutamol for premature labour. BMJ
1980; 280: 1221–2. 

5. Katz VL, Seeds JW. Fetal and neonatal cardiovascular complica-
tions from β-sympathomimetic therapy for tocolysis. Am J Ob-
stet Gynecol 1989; 161: 1–4. 

6. Chapman MG. Salbutamol-induced acidosis in pregnant diabet-
ics. BMJ 1977; 1: 639–40. 

7. Thomas DJB, et al. Salbutamol-induced diabetic ketoacidosis.
BMJ 1977; 2: 438.

Pulmonary oedema. Pulmonary oedema has occurred in
women given beta2 agonists, including salbutamol,1-4 for prema-
ture labour. The risk factors, the most important of which is fluid
overload, are discussed under Precautions, below.
1. Hawker F. Pulmonary oedema associated with β -sympathomi-

metic treatment of premature labour. Anaesth Intensive Care
1984; 12: 143–51. 

2. Pisani RJ, Rosenow EC. Pulmonary edema associated with toc-
olytic therapy. Ann Intern Med 1989; 110: 714–18. 

3. Chapuis C, et al. Œdème aigu du poumon au décours d’une toc-
olyse par nicardipine et salbutamol lors d’une menace d’ac-
couchement prématuré sur grossesse gémellaire. J Gynecol Ob-
stet Biol Reprod (Paris) 2005; 34: 493–6. 

4. Hamel H, et al. Œdème pulmonaire et tocolyse par bêta-mimé-
tiques. Rev Mal Respir 2002; 19: 241–4.

Tolerance. Some studies suggest that regular inhalation of a
short-acting beta2 agonist, although it continues to produce bron-
chodilatation, increases airway hyperresponsiveness and may re-
duce the protective effect against bronchoconstriction provoked
by stimuli such as bradykinin, methacholine, or allergen.1-6 Such
tolerance is considered another argument against regular use of
short-acting drugs.1 Reduced bronchoprotective effects have
also been demonstrated with long-acting beta2 agonists (see Sal-
meterol, p.1135). 
It has been suggested that reduced benefit with salbutamol may
be due to the S(+)-enantiomer,7,8 which unlike the R(−)-enanti-
omer (levosalbutamol, p.1125) does not possess bronchodilating
activity. Stereoselective metabolism (see under Pharmacokinet-
ics, below) means that regular use of the racemate could lead to
accumulation of the S-enantiomer, which provides a possible
mechanism for the effect. Genetic polymorphism of the beta2-
adrenoceptor has also been proposed as another possible mecha-
nism.9,10

1. Cockcroft DW, et al. Regular inhaled salbutamol and airway re-
sponsiveness to allergen. Lancet 1993; 342: 833–7. 

2. O’Connor BJ, et al. Tolerance to the nonbronchodilator effects
of inhaled β -agonists in asthma. N Engl J Med 1992; 327:
1204–8. 

3. Cockcroft DW, et al. Regular use of inhaled albuterol and the
allergen-induced late asthmatic response. J Allergy Clin Immu-
nol 1995; 96: 44–9. 

4. Inman MD, O’Byrne PM. The effect of regular inhaled albuterol
on exercise-induced bronchoconstriction. Am J Respir Crit Care
Med 1996; 153: 65–9. 

5. Crowther SD, et al. Varied effects of regular salbutamol on air-
way responsiveness to inhaled spasmogens. Lancet 1997; 350:
1450. 

6. Hancox RJ, et al. Tolerance to beta-agonists during acute bron-
choconstriction. Eur Respir J 1999; 14: 283–7. 

7. Perrin-Fayolle M. Salbutamol in the treatment of asthma. Lan-
cet 1995; 346: 1101. 

8. Handley D. The asthma-like pharmacology and toxicology of
(S)-isomers of β agonists. J Allergy Clin Immunol 1999; 104
(suppl): S69–S76. 

9. Israel E, et al. Use of regularly scheduled albuterol treatment in
asthma: genotype-stratified, randomised, placebo-controlled
cross-over trial. Lancet 2004; 364: 1505–12. 

10. Broadley KJ. β-Adrenoceptor responses of the airways: for bet-
ter or worse? Eur J Pharmacol 2006; 533: 15–27.

Precautions
Salbutamol and other beta agonists should be given
with caution in hyperthyroidism, myocardial insuffi-
ciency, arrhythmias, susceptibility to QT-interval pro-
longation, hypertension, and diabetes mellitus (espe-
cially on intravenous use—blood glucose should be
monitored since ketoacidosis has been reported). 
In severe asthma particular caution is also required to
avoid inducing hypokalaemia as this effect may be
potentiated by hypoxia or by the effect of other anti-
asthma drugs on potassium (see Interactions, below);
plasma-potassium concentrations should be monitored. 
Beta2 agonists such as salbutamol are not appropriate
for use alone in the treatment of more than mild asthma
(see Asthma, p.1108). Increasing need for, or de-
creased duration of effect of, inhaled salbutamol and
other short-acting beta2 agonists indicates deterioration
of asthma control and the likely requirement for in-
creased anti-inflammatory therapy. 
In women being treated for premature labour the risk
of pulmonary oedema means that the patient’s state of
hydration and cardiac and respiratory function should
be monitored very carefully; the volume of infusion
fluid should be kept to the minimum (normally using
glucose 5% as the diluent), and beta2-agonist therapy
should be stopped immediately and diuretic therapy
started if signs of pulmonary oedema develop. Other
risk factors for pulmonary oedema include multiple
pregnancy and heart disease. Ischaemic heart disease
or significant risk factors for ischaemic heart disease
are specific contra-indications; where heart disease is
suspected assessment by a physician experienced in
cardiology is needed. Eclampsia and severe pre-
eclampsia are also contra-indications, with special care
needed in mild to moderate pre-eclampsia. Other
contra-indications include intra-uterine infection, intra-
uterine fetal death, antepartum haemorrhage (which re-
quires immediate delivery), placenta praevia, and cord
compression; beta2 agonists should not be used for
threatened miscarriage. See also Uses and Administra-
tion, below. 
For details of the precautions to be observed with sym-
pathomimetics in general, see p.1407.
Abuse. Salbutamol inhalers have been subject to abuse, partic-
ularly by children and young adults.1-5 This has occurred in both
asthmatic and non-asthmatic individuals and has been thought to
be for the effect of sympathetic stimulation and for the effect of
the fluorocarbon propellants. The introduction of fluorocarbon-
free inhalers should reduce the latter motivation, although not the
former.
1. Brennan PO. Inhaled salbutamol: a new form of drug abuse?

Lancet 1983; ii: 1030–1. 
2. Thompson PJ, et al. Addiction to aerosol treatment: the asthmat-

ic alternative to glue sniffing. BMJ 1983; 287: 1515–16. 
3. Brennan PO. Addiction to aerosol treatment. BMJ 1983; 287:

1877. 
4. Wickramasinghe H, Liebeschuetz HJ. Addiction to aerosol treat-

ment. BMJ 1983; 287: 1877. 
5. O’Callaghan C, Milner AD. Aerosol treatment abuse. Arch Dis

Child 1988; 63: 70.

Interactions
Use of salbutamol and other beta2 agonists with corti-
costeroids, diuretics, or xanthines increases the risk of
hypokalaemia, and monitoring of potassium concen-
trations is recommended in severe asthma, where such
combination therapy is common (see also Effects on
Electrolytes and Metabolism, above). For an outline of
interactions associated with sympathomimetics in gen-
eral, see p.1407.
Beta2 agonists. Patients receiving salmeterol may require salb-
utamol to control an acute attack of bronchospasm. One study
indicated that the effects might be additive,1 but another showed
that patients receiving salmeterol had reduced sensitivity to salb-
utamol and might need higher doses of the latter for acute relief.2
However, a study in asthmatics admitted to a hospital emergency
department with acute exacerbations of their illness, found that
previous salmeterol therapy did not reduce the effectiveness of
standard doses of salbutamol.3 Others have also noted attenua-
tion of the bronchoprotective effects of a beta2 agonist (in this
case, fenoterol) by salmeterol.4
1. Smyth ET, et al. Interaction and dose equivalence of salbutamol

and salmeterol in patients with asthma. BMJ 1993; 306: 543–5. 
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2. Grove A, Lipworth BJ. Bronchodilator subsensitivity to salbuta-
mol after twice daily salmeterol in asthmatic patients. Lancet
1995; 346: 201–6. 

3. Korosec M, et al. Salmeterol does not compromise the bron-
chodilator response to albuterol during acute episodes of asthma.
Am J Med 1999; 107: 209–13. 

4. van Veen A, et al. Regular use of long-acting β -adrenoceptor
agonists attenuates the bronchoprotective efficacy of short-act-
ing β -adrenoceptor agonists in asthma. Br J Clin Pharmacol
2000; 50: 499P.

Beta blockers. Non-cardioselective beta blockers oppose the
bronchodilator effects of beta-agonist bronchodilators and are
contra-indicated in asthmatic patients as they may cause serious
bronchoconstriction, even if given as eye drops. No adverse in-
teraction normally occurs between beta-agonist bronchodilators
and cardioselective beta blockers; however, bronchospasm can
sometimes occur in asthmatic patients, particularly if high doses
are used. In a case-control study in postoperative coronary artery
bypass graft patients, use of sotalol with salbutamol led to an in-
creased risk for postoperative atrial fibrillation.1
1. Vader C, et al. Interaction between sotalol and albuterol after

CABG: influence on postoperative arrhythmias and length of
stay at an intensive care unit. Br J Clin Pharmacol 2002; 53:
555P–556P.

Cardiac glycosides. Hypokalaemia produced by beta2 agonists
may result in an increased susceptibility to digitalis-induced
arrhythmias although salbutamol intravenously and by mouth
can also decrease serum concentrations of digoxin (see Beta2
Agonists, p.1262).
Corticosteroids. Corticosteroids and beta2 agonists may both
produce falls in plasma potassium concentrations; there is evi-
dence that such falls can be exacerbated by use together.1 The
possibility of enhanced hyperglycaemic effects from such a com-
bination should also be borne in mind. 
It has been suggested that in acute severe asthma, corticosteroids
may modify beta receptors, reversing the beta receptor desensiti-
sation and downregulation caused by beta2 agonists and enhanc-
ing the bronchodilator response.2 In chronic asthma there is little
evidence to support this theory; however, combination therapy
with corticosteroids and beta2 agonists has been found to have
beneficial effects on asthma control; the exact mechanism for
this remains unclear.
1. Taylor DR, et al. Interaction between corticosteroid and beta-

agonist drugs: biochemical and cardiovascular effects in normal
subjects. Chest 1992; 102: 519–24. 

2. Taylor DR, Hancox RJ. Interactions between corticosteroids and
β agonists. Thorax 2000; 55: 595–602.

Diuretics. Hypokalaemia is known to be a possible adverse ef-
fect during treatment with beta2 agonists such as salbutamol or
terbutaline, and this may be enhanced if diuretics are also giv-
en;1,2 in addition the arrhythmogenic potential of this interaction
may be clinically important in patients with ischaemic heart dis-
ease.1
1. Lipworth BJ, et al. Prior treatment with diuretic augments the

hypokalemic and electrocardiographic effects of inhaled albuter-
ol. Am J Med 1989; 86: 653–7. 

2. Newnham DM, et al. The effects of frusemide and triamterene
on the hypokalaemic and electrocardiographic responses to in-
haled terbutaline. Br J Clin Pharmacol 1991; 32: 630–2.

Neuromuscular blockers. Salbutamol given intravenously
has been reported to enhance the neuromuscular blockade pro-
duced by pancuronium and by vecuronium (see Sympathomi-
metics, p.1905).
Xanthines. An enhanced hypokalaemic effect may occur when
salbutamol is given with theophylline.1,2 See also under Terbuta-
line, p.1139 and Sympathomimetics, under Theophylline,
p.1145 for the potentiation of other effects.
1. Whyte KF, et al. Salbutamol induced hypokalaemia: the effect of

theophylline alone and in combination with adrenaline. Br J Clin
Pharmacol 1988; 25: 571–8. 

2. Kolski GB, et al. Hypokalemia and respiratory arrest in an infant
with status asthmaticus. J Pediatr 1988; 112: 304–7.

Pharmacokinetics
Salbutamol is readily absorbed from the gastrointesti-
nal tract. When given by inhalation, 10 to 20% of the
dose reaches the lower airways. The remainder is re-
tained in the delivery system or is swallowed and ab-
sorbed from the gut. 
Salbutamol is subject to first-pass metabolism in the
liver and possibly in the gut wall but does not appear to
be metabolised in the lung; the main metabolite is the
inactive sulfate conjugate. 
Salbutamol is rapidly excreted, mainly in the urine, as
metabolites and unchanged drug; a smaller proportion
is excreted in the faeces. 
The plasma half-life of salbutamol has been estimated
to range from 4 to 6 hours.
◊ General references.
1. Walker SR, et al. The clinical pharmacology of oral and inhaled

salbutamol. Clin Pharmacol Ther 1972; 13: 861–7. 

2. Hetzel MR, Clark TJH. Comparison of intravenous and aerosol
salbutamol. BMJ 1976; 2: 919. 

3. Lin C, et al. Isolation and identification of the major metabolite
of albuterol in human urine. Drug Metab Dispos 1977; 5: 234–8. 

4. Morgan DJ, et al. Pharmacokinetics of intravenous and oral salb-
utamol and its sulphate conjugate. Br J Clin Pharmacol 1986;
22: 587–93. 

5. Lipworth BJ, et al. Single dose and steady-state pharmacokinet-
ics of 4 mg and 8 mg oral salbutamol controlled-release in pa-
tients with bronchial asthma. Eur J Clin Pharmacol 1989; 37:
49–52. 

6. Rey E, et al. Pharmacokinetics of intravenous salbutamol in re-
nal insufficiency and its biological effects. Eur J Clin Pharmacol
1989; 37: 387–9. 

7. Hindle M, Chrystyn H. Determination of the relative bioavaila-
bility of salbutamol to the lung following inhalation. Br J Clin
Pharmacol 1992; 34: 311–15. 

8. Milliez JM, et al. Pharmacokinetics of salbutamol in the preg-
nant woman after subcutaneous administration with a portable
pump. Obstet Gynecol 1992; 80: 182–5.

Stereoselectivity. The R(−)-enantiomer of salbutamol (levos-
albutamol—p.1125) is preferentially metabolised and is there-
fore cleared from the body more rapidly than the S(+)-enanti-
omer, which lacks bronchodilator activity but may be implicated
in some of the adverse effects of salbutamol (see Tolerance, un-
der Adverse Effects, above). 
References.
1. Boulton DW, Fawcett JP. Enantioselective disposition of salb-

utamol in man following oral and intravenous administration. Br
J Clin Pharmacol 1996; 41: 35–40. 

2. Boulton DW, et al. Transplacental distribution of salbutamol
enantiomers at Caesarian section. Br J Clin Pharmacol 1997; 44:
587–90. 

3. Lipworth BJ, et al. Pharmacokinetics and extrapulmonary β
adrenoceptor activity of nebulised racemic salbutamol and its R
and S isomers in healthy volunteers. Thorax 1997; 52: 849–52. 

4. Ward JK, et al. Enantiomeric disposition of inhaled, intravenous
and oral racemic-salbutamol in man — no evidence of enantiose-
lective lung metabolism. Br J Clin Pharmacol 2000; 49: 15–22.

Uses and Administration
Salbutamol is a direct-acting sympathomimetic with
mainly beta-adrenergic activity and a selective action
on beta2 receptors (a beta2 agonist—p.1108). This re-
sults in its bronchodilating action being more promi-
nent than its effect on the heart. 
Salbutamol and salbutamol sulfate are used as bron-
chodilators in the management of reversible airways
obstruction, as in asthma and in some patients with
chronic obstructive pulmonary disease. Salbutamol
also decreases uterine contractility and may be given as
the sulfate to arrest premature labour (p.2003). 
Inhalation results in the rapid onset (within 5 minutes)
of bronchodilatation, which lasts for about 3 to 6 hours.
After oral doses, the onset of action is within 30 min-
utes, with a peak effect between 2 to 3 hours after the
dose, and a duration of action of up to 6 hours; modi-
fied-release preparations that have a longer duration of
action are available. 
Salbutamol is used as the base or sulfate in aerosol in-
halers and as the sulfate in other preparations. The dos-
age is expressed in terms of salbutamol base; salbuta-
mol sulfate 1.2 mg is equivalent to about 1 mg of
salbutamol. 
For the relief of acute bronchospasm, 1 or 2 inhala-
tions of salbutamol 100 micrograms may be given
from a conventional metered-dose aerosol as required,
up to 4 times daily. Two inhalations may also be given
just before exertion for the prophylaxis of exercise-in-
duced bronchospasm. (In the USA these inhalations
may be expressed as supplying 100 micrograms, the
amount del ivered into  the mouthpiece,  or
90 micrograms, the amount delivered from the mouth-
piece.) Current asthma guidelines (see p.1108) recom-
mend that inhaled short-acting beta2 agonists such as
salbutamol be used on an as-required, not regular,
basis. In those patients requiring more than occasional
use of salbutamol, anti-inflammatory therapy is also
needed. An increased requirement for, or decreased du-
ration of effect of, salbutamol indicates deterioration of
asthma control and the need for increased anti-inflam-
matory therapy. Salbutamol sulfate is now available in
chlorofluorocarbon (CFC)-free aerosols. Doses for
these aerosols (expressed in terms of salbutamol) are
the same as for conventional aerosols. 
Salbutamol may also be inhaled as the sulfate from dry
powder inhalation capsules or discs, particularly by
patients who experience difficulty in using aerosol

formulations. Owing to differences in the relative bio-
availability to the lungs between these dry powder
systems and the inhalation aerosol a 200-microgram
dose (expressed in terms of salbutamol) from an inha-
lation capsule or disc is about equivalent in activity to
a 100-microgram dose from a conventional aerosol;
usual recommended doses are 200 or 400 micrograms
up to four times daily. 
When inhalation is ineffective, oral salbutamol may be
given in a dose of 2 to 4 mg three or four times daily as
the sulfate; some patients may require doses of up to
8 mg three or four times daily, but such increased doses
are unlikely to be tolerated or to provide much extra
benefit. Elderly patients should be given the lower dos-
es initially. Modified-release preparations are also
available; a usual adult dose is 8 mg twice daily. 
In more severe or unresponsive bronchospasm salbuta-
mol sulfate may be given intermittently via a nebuliser
in adults and children. Licensed doses are 2.5 to 5 mg
of salbutamol repeated up to 4 times daily; continuous
use is also possible, usually at a rate of 1 to 2 mg/hour.
However, guidelines allow for more frequent use or
continuous use at a higher rate in acute severe asthma
(see under Asthma, p.1108). Single-dose units of 0.1%
or 0.2%, or a concentrated solution of salbutamol
0.5%, are available for nebulisation. Continuous use is
usually as a 0.005 to 0.01% solution in sodium chloride
0.9%. Patients with acute severe asthma may require
supplemental oxygen. 
In acute severe asthma where delivery via nebuliser is
not available, 4 to 6 inhalations of salbutamol
100 micrograms from a metered-dose inhaler may be
given at intervals of 10 to 20 minutes via a large vol-
ume spacer. 
In the management of a severe attack of bronchospasm
a slow intravenous injection of salbutamol
250 micrograms as  a  solut ion  conta in ing
50 micrograms/mL as the sulfate may be required; al-
ternatively salbutamol may be given by intravenous in-
fusion of a solution containing 5 mg in 500 mL
(10 micrograms/mL) at a usual rate of 3 to
20 micrograms/minute according to the patient’s need;
higher dosages have been used in patients with respira-
tory failure. 
Salbutamol sulfate can also be given for bronchospasm
by subcutaneous or intramuscular injection in doses of
salbutamol 500 micrograms every 4 hours as required. 
For the arrest of uncomplicated premature labour be-
tween 24 and 33 weeks of gestation salbutamol sulfate
is given by intravenous infusion, preferably with the
aid of a syringe pump at a concentration of
200 micrograms/mL of salbutamol in glucose 5%. If
no syringe pump is available then the infusion should
be with a more dilute solution of 20 micrograms/mL in
glucose 5%. The same dose is used as with the syringe
pump. The recommended initial rate of infusion is
10 micrograms/minute increased at intervals of 10
minutes until there is a response; the rate is then in-
creased slowly until contractions cease. The usual ef-
fective dose is 10 to 45 micrograms/minute. The infu-
sion should be maintained at the rate at which
contractions cease for 1 hour, then reduced by decre-
ments of 50% at intervals of 6 hours. Prolonged thera-
py should be avoided as the risks to the mother (see
Precautions, above) increase after 48 hours, and there
is a lack of evidence of benefit from further treatment. 
The maternal pulse should be monitored throughout
the infusion and the infusion rate adjusted to avoid a
maternal heart rate of more than 140 beats/minute. A
close watch should also be kept on the patient’s state of
hydration since fluid overload is considered to be a key
risk factor for pulmonary oedema. 
Salbutamol may subsequently be given orally in a dose
of 4 mg three or four times daily but such usage is not
recommended by the BNF, given the problems with
prolonged therapy already mentioned. 
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For doses of salbutamol used in children, see Adminis-
tration in Children below.
Administration. Beta2 agonists are used extensively in the
management of reversible airways obstruction. A common, ef-
fective, and convenient method of dosage is by a pressurised aer-
osol inhaler. With this route relief is provided rapidly and fewer
systemic adverse effects are likely to occur than with oral use. It
is important that patients using conventional inhalers employ the
correct technique, which involves coordinating actuation of the
aerosol with inhalation; if patients have difficulty with this, alter-
natives are available. Spacer devices may be used with inhalers.
These are added on to the inhaler and reduce the velocity of the
aerosol; also more propellant may evaporate before inhalation
allowing a greater proportion of the drug to reach the lungs, and
coordination of actuation of the aerosol and inhalation is less im-
portant. Breath-actuated aerosol inhalers and dry powder inhal-
ers are also available and are actuated by the patient’s inspiration
and thus avoid entirely the need for coordination of actuation and
inhalation; however, inhalation of the dry powder has occasion-
ally caused irritation of the throat or coughing. 
The oral route can be used although generally a form of inhaled
therapy as described above is preferable. Formulations intended
for oral use are commercially available, including modified-
release formulations. Nebulisation is an alternative method of
delivery and this may be used in the management of severe acute
attacks as may parenteral therapy. 
Chlorofluorocarbon (CFC) propellants in pressurised aerosol in-
halers are being replaced by hydrofluoroalkane (HFA) propel-
lants. Conventional and breath-actuated HFA preparations are
available. HFA aerosols may feel and taste different to CFC aer-
osols.
Administration in children. For the treatment of reversible
airways obstruction, including nocturnal asthma, and prevention
of exercise-induced bronchospasm in children, the BNFC sug-
gests the following doses: 
by aerosol inhalation 
• 1 month to 18 years of age, 100 or 200 micrograms (1 or

2 inhalations) up to four times daily, for occasional use only 
by inhalation of dry powder from inhalation capsules or discs 
• 5 to 12 years of age, 200 micrograms up to four times daily,

for occasional use only 
• over 12 years of age, doses as for adults, see Uses and Admin-

istration, above 
Inhaled therapy is generally considered first-line treatment, but
oral therapy may be necessary if an inhaler device cannot be
used. In the UK salbutamol syrup is licensed for children from 2
years of age and modified-release oral preparations from 3 years
of age. 
by mouth using an immediate-release preparation 
• 1 month to 2 years of age, 100 micrograms/kg (up to a maxi-

mum dose of 2 mg) three or four times daily 
• 2 to 6 years of age, 1 to 2 mg three or four times daily 
• 6 to 12 years of age, 2 mg three or four times daily 
• over 12 years of age, doses as for adults, see Uses and Admin-

istration, above 
by mouth using a modified-release preparation 
• 3 to 12 years of age, 4 mg twice daily 
• over 12 years of age, as for adults, see above 
In the management of acute mild to moderate exacerbations of
asthma, salbutamol may be given using a metered-dose aerosol
inhaler via a spacer device. For children of all ages, 1 inhalation
(100 micrograms) may be given every 15 to 30 seconds up to a
maximum of 10 inhalations. The dose may be repeated after 20
to 30 minutes if required. In more severe exacerbations, salbuta-
mol can be given intermittently via a nebuliser. A dose of 2.5 mg,
which can be increased to 5 mg in children over 5 years of age,
can be repeated every 20 to 30 minutes if necessary. Immediate
transfer to hospital and inhalation of oxygen is also required.
Children under 18 months of age often respond poorly to bron-
chodilators; nebulised beta2 agonists have been associated with
mild paradoxical bronchospasm and transient worsening of oxy-
gen saturation. 
Although parenteral salbutamol is not licensed in the UK for use
in children, the BNFC recommends the following doses in the
management of acute severe or life-threatening acute asthma: 
by intravenous injection over 5 minutes 
• 1 month to 2 years of age, 5 micrograms/kg as a single dose 
• 2 to 18 years of age, 15 micrograms/kg (to a maximum of

250 micrograms) as a single dose 
by continuous intravenous infusion 
• 1 month to 18 years of age, 60 to 300 micrograms/kg per hour,

adjusted according to response and heart rate. Doses above
120 micrograms/kg per hour require close monitoring 

Salbutamol can be used to treat severe hyperkalaemia in chil-
dren (see Hyperkalaemia below). The BNFC recommends: 
by intravenous injection over 5 minutes 
• children of all ages, 4 micrograms/kg as a single dose; repeat-

ed if necessary 

by inhalation of nebulised solution (although intravenous injec-
tion is preferred) 
• children of all ages, 2.5 or 5 mg as a single dose; repeated if

necessary
Asthma. Short-acting beta2 agonists such as salbutamol are
used for short-term relief in all patients with symptomatic asthma
(p.1108). High doses are used in acute asthma, but current rec-
ommendations for chronic asthma are for low doses to be inhaled
as required rather than regularly. When patients with mild asth-
ma find that symptomatic relief is needed more than 2 or 3 times
a week, then that should be a sign for additional treatment with
anti-inflammatory drugs. Increasing need for, or decreased effect
of, short-acting beta2 agonists indicates deteriorating asthma and
the requirement for stepping up therapy. In one placebo-control-
led study,1 patients with stable asthma receiving regular high
doses of a short-acting inhaled beta2 agonist were able to reduce
the dose considerably with no change in asthma control, lending
further support to the recommendation for ‘as-required’ rather
than regular use of these drugs. The discussion under Fenoterol
on p.1121 on the increased mortality that has been observed in
asthma patients and the connection with asthma therapy includes
a view that regular use might have contributed to the increased
mortality. However, a systematic review2 of studies of short-act-
ing beta2 agonists, most of which used salbutamol, found no
clear clinical advantage or detriment from regular use compared
with taking them as required.
1. Harrison TW, et al. Randomised placebo controlled trial of β ag-

onist dose reduction in asthma. Thorax 1999; 54: 98–102. 
2. Walters EH, et al. Inhaled short acting beta2-agonist use in

chronic asthma: regular versus as needed treatment. Available in
The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 2003 (accessed 15/01/08).

Bronchiolitis. Acute bronchiolitis (inflammation of the bron-
chioles associated with viral respiratory-tract infection, usually
due to RSV—see p.860) is a poorly defined respiratory condition
seen in infants and young children. The diagnostic criteria, and
the usual management, vary considerably from country to coun-
try. Beta2 agonists such as salbutamol are widely prescribed in
the USA, but not in the UK, and attempts to establish their bene-
fits have produced conflicting results.1 Modest benefit (but no
difference in hospital admission rate) has been reported from a
meta-analysis of bronchodilator therapy in general,2 but a meta-
analysis of beta2-agonist therapy in bronchiolitis did not show it
to be effective.3 Some comparative studies have suggested that
nebulised adrenaline is more effective than salbutamol.4,5 How-
ever, one study in hospitalised children found no benefit from
nebulised salbutamol in terms of improved oxygenation or
length of hospital stay,6 and another7 found no difference in effi-
cacy between nebulised adrenaline, salbutamol, and sodium
chloride 0.9%. 
The use of oral salbutamol in infants with acute viral bronchioli-
tis has been found to be no more effective than placebo and so is
not recommended.8
1. Everard ML. Acute bronchiolitis—a perennial problem. Lancet

1996; 348: 279–80. 
2. Gadomski AM, Bhasale AL. Bronchodilators for bronchiolitis.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 25/01/08). 

3. Flores G, Horwitz RI. Efficacy of β -agonists in bronchiolitis: a
reappraisal and meta-analysis. Pediatrics 1997; 100: 233–9. 

4. Reijonen T, et al. The clinical efficacy of nebulized racemic
epinephrine and albuterol in acute bronchiolitis. Arch Pediatr
Adolesc Med 1995; 149: 686–92. 

5. Menon K, et al. A randomized trial comparing the efficacy of
epinephrine with salbutamol in the treatment of acute bronchioli-
tis. J Pediatr 1995; 126: 1004–7. 

6. Dobson JV, et al. The use of albuterol in hospitalized infants with
bronchiolitis. Pediatrics 1998; 101: 361–8. 

7. Patel H, et al. A randomized, controlled trial of the effectiveness
of nebulized therapy with epinephrine compared with albuterol
and saline in infants hospitalized for acute viral bronchiolitis. J
Pediatr 2002; 141: 818–24. 

8. Patel H, et al. Randomized, double-blind, placebo-controlled tri-
al of oral albuterol in infants with mild-to-moderate acute viral
bronchiolitis. J Pediatr 2003; 142: 509–14.

Chronic obstructive pulmonary disease. Salbutamol and
other beta2 agonist bronchodilators form part of the first-line
treatment of chronic obstructive pulmonary disease (p.1112).
Cough. For studies of inhaled salbutamol in the treatment of
cough, see under Beclometasone, p.1518.
Hyperkalaemia. Salbutamol can lower plasma-potassium
concentrations by promoting intracellular uptake,1,2 and this ef-
fect has been used in treating mild hyperkalaemia (p.1669) asso-
ciated with chronic disorders such as renal failure3,4 and hyper-
kalaemic periodic paralysis.5 However, such use is controversial:
the effects of salbutamol may be inconsistent6 and some clini-
cians prefer to avoid the use of beta2 agonists because of fears
that large doses may induce cardiac arrhythmias.7 
Salbutamol has been used to lower plasma-potassium concentra-
tions in children8 and premature neonates9 with some success.
For doses of salbutamol used to treat severe hyperkalaemia in
children, see Administration in Children above.
1. Bushe C. Salbutamol for hyperkalaemia. Lancet 1983; ii: 797. 
2. Anonymous. Hyperkalaemia—silent and deadly. Lancet 1989; i:

1240. 
3. Allon M, et al. Nebulized albuterol for acute hyperkalemia in

patients on hemodialysis. Ann Intern Med 1989; 110: 426–9. 

4. McClure RJ, et al. Treatment of hyperkalaemia using intrave-
nous and nebulised salbutamol. Arch Dis Child 1994; 70: 126–8. 

5. Wang P, Clausen T. Treatment of attacks in hyperkalaemic famil-
ial periodic paralysis by inhalation of salbutamol. Lancet 1976;
i: 221–3. 

6. Wong S-L, Maltz HC. Albuterol for the treatment of hyperkale-
mia. Ann Pharmacother 1999; 33: 103–6. 

7. Halperin ML, Kamel KS. Potassium. Lancet 1998; 352: 135–40. 
8. Helfrich E, et al. Salbutamol for hyperkalaemia in children. Acta

Paediatr 2001; 90: 1213–16. 
9. Singh BS, et al. Efficacy of albuterol inhalation in treatment of

hyperkalemia in premature neonates. J Pediatr 2002; 141:
16–20.

Lymphangioleiomyomatosis. Inhaled beta2 agonists are of-
ten helpful in treating the reversible component of airway ob-
struction in women with pulmonary lymphangioleiomyomato-
sis, and a trial of treatment is warranted.1,2 For mention of the use
of medroxyprogesterone in this rare disease, see Respiratory Dis-
orders, p.2114.
1. Johnson S. Lymphangioleiomyomatosis: clinical features, man-

agement and basic mechanisms. Thorax 1999; 54: 254–64. 
2. Johnson SR, Tattersfield AE. Clinical experience of lymphangi-

oleiomyomatosis in the UK. Thorax 2000; 55: 1052–7.

Muscular dystrophies. There is some evidence that beta2
agonists affect muscle strength and have an anabolic effect. Sal-
butamol has therefore been investigated in a small number of pa-
tients in the management of muscular dystrophies (p.1507). Oral
doses of modified-release salbutamol up to 12 mg daily have
been used in boys aged between 5 and 11 years with Duchenne
or Becker muscular dystrophies,1,2 and doses of 8 or 16 mg twice
daily have been given to adults with facioscapulohumeral dystro-
phy.3,4 Although some improvements in muscle strength and
muscle mass have been reported, not all muscle groups respond
and the long-term effects of treatment are not known.
1. Fowler EG, et al. Pilot trial of albuterol in Duchenne and Becker

muscular dystrophy. Neurology 2004; 62: 1006–8. 
2. Skura CL, et al. Albuterol increases lean body mass in ambula-

tory boys with Duchenne or Becker muscular dystrophy. Neurol-
ogy 2008; 70: 137–43. 

3. Kissel JT, et al. Randomized, double-blind, placebo-controlled
trial of albuterol in facioscapulohumeral dystrophy. Neurology
2001; 57: 1434–40. 

4. van der Kooi EL, et al. Strength training and albuterol in facio-
scapulohumeral muscular dystrophy. Neurology 2004; 63:
702–8.

Premature labour. Beta2 agonists such as salbutamol have
been used as tocolytics in the management of premature labour
(p.2003), and can postpone labour for a few days, but the risk of
adverse cardiovascular and metabolic events including pulmo-
nary oedema (see above) means that great care and appropriate
monitoring of the patient’s heart rate and state of hydration are
needed.
Proctalgia fugax. Inhalation of salbutamol from a metered-
dose inhaler at the beginning of an attack has been shown to re-
duce the duration of pain in patients with proctalgia fugax.1
1. Eckardt VF, et al. Treatment of proctalgia fugax with salbutamol

inhalation. Am J Gastroenterol 1996; 91: 686–9.

Preparations
BP 2008: Salbutamol Injection; Salbutamol Nebuliser Solution; Salbutamol
Oral Solution; Salbutamol Powder for Inhalation; Salbutamol Pressurised
Inhalation; Salbutamol Tablets; 
USP 31: Albuterol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Airomir†; Airsalbu; Amocasin; Asmatol; Butamol; Duopack; Medihal-
er†; Microterol; Nebutrax; Respiret; Salbulin; Salbutol; Salbutral; Salbutral +
Aeromed; Ventolin; Yontal; Zoom; Austral.: Airomir ; Asmol; Butamol;
Epaq; Respax; Ventolin; Austria: Buventol; Sultanol; Belg.: Airomir; Doc-
salbuta; Ventolin; Braz.: Acobelin†; Aero-Ped†; Aerodini; Aerogreen†; Aer-
ojet; Aerolin; Aerotamol†; Aerotrat; Asmakil; Asmaliv; Bronconal; Bron-
quil†; Butovent; Dilamol; Oxiterol†; Prodotamol; Pulmoflux; Salburin†;
Salbutalin†; Salbutam; Salbutamax; Salbutib†; Salrolin†; Teoden†; Tussiliv;
Canad.: Airomir; Apo-Salvent; Novo-Salmol†; Ventodisk; Ventolin; Chile:
Aero-Sal†; Aerolin; Airomir; Asmavent; Broncoterol†; Bropil; Butotal; Fese-
ma; Respolin; Salbutral; Sinasmal; Cz.: Apo-Salvent†; Asthalin†; Broncova-
leas†; Butovent†; Buventol; Ecosal; Etinoline†; Salamol†; Steri-Neb Salam-
ol†; Ventodisks†; Ventolin; Volmax†; Denm.: Airomir; Buventol; Salbudan†;
Salbuvent; Ventoline; Volmax; Fin.: Airomir; Buventol; Salbuvent†; Vento-
line; Fr.: Airomir; Asmasal; Buventol; Salbumol; Spreor†; Ventexxair†; Ven-
tilastin; Ventodisks†; Ventoline; Ger.: Apsomol; Asthmalitan; Broncho Fer-
tiginhalat; Broncho Inhalat; Bronchospray; Epaq; Loftan; Padiamol; Pentamol;
Salbu; Salbubreathe; Salbuhexal; Salbulair ; Salbulind; Salbupp†; Salmundin†;
Salvent†; Sultanol; Ventilastin; Volmac; Gr.: Aerolin; Asthmotrat; Buventol†;
Normobron; Salbunova; Hong Kong: Airomir; Apo-Salvent†; Azmacon;
Buto Asma†; Cybutol; Respolin; Respreve†; Salamol; Salmol; Ventodisks;
Ventolin; Ventomol; Volmax; Zenmolin; Hung.: Ac-Butamol†; Buventol;
Ecosal; Huma-Salmol†; Salvuron†; Ventolin; India: Asthalin; Derihaler; Sal-
betol; Salmaplon; Salsol; Indon.: Asmacare; Azmacon; Buventol; Fartolin;
Glisend; Hivent; Lasal; Librentin; Pritasma; Salbron; Salbuven; Suprasma;
Ventolin; Volmax; Irl.: Aerolin; Airomir; Asmasal; Gerivent; Salamol; Steri-
Neb Salamol; Ventamol; Ventodisks†; Ventolin; Israel: Ventolin; Volmax†;
Ital.: Aerotec†; Broncovaleas; Salbufax†; Salbutard†; Ventmax; Ventolin;
Volmax; Malaysia: Airomir; Asmovent†; Beatolin; Butahale†; Buventol;
Colin†; Respolin†; Salbuterol†; Salmax; Salmol†; Ventamol†; Ventolin; Vol-
max; Mex.: Anebron†; Apo-Salvent; Assal; Avedox-FC; Azyrol; Biorenyn;
Bolbasalt†; Bonair ; Butotal†; Capacit; Cobamol; Dicoterol; Exafil; Oladin;
Salamol; Salbulin†; Salbutalan; Salcomed; Unibron; Ventolin; Volmax; Zibil;
Neth.: Airomir; Butovent; Ventolin; Norw.: Airomir; Buventol; Ventoline;
NZ: Airomir; Apo-Salvent; Asmigen; Asmol†; Buventol; Respigen; Respolin;
Salamol; Salapin; Ventolin; Volmax; Philipp.: Activent; Airomir; Amoltex;
Asbunyl; Asfrenon; Asmacaire; Asmalin; Astagen; Asvimol; Axmaxolv; Cle-
tal; Emplusal; Hivent; Librentin; Provexel NS; Prox-S; Resdil; Rhinol; Sal-
bumed; Salvex; Sedalin; Venalax; Ventar; Vento-Broncho; Ventolin; Ventosal;
Pol.: Steri-Neb Salamol; Velaspir ; Ventodisk; Ventolin; Port.: Ventilan; Rus.:
Salamol (Саламол); Salben (Сальбен); Salgim (Сальгим); Saltos (Сальтос);
Ventolin (Вентолин); S.Afr.: Airomir; Asthavent; Breatheze†; Cybutol†;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Salbulin†; Venteze; Ventodisk†; Ventolin; Volmax; Singapore: Airomir†; Az-
masol; Butahale; Buto Asma†; Buventol; Medolin; Respolin†; Sabutol†;
Salamol†; Salbuair ; Salmol; Venderol; Ventolin; Volmax; Spain: Aldobron-
quial; Asmasal†; Buto Air; Buto Asma; Emican†; Respiroma; Ventadur; Ven-
tilastin; Ventolin; Swed.: Airomir; Buventol; Ventoline; Switz.: Airomir†; Bu-
ventol†; Ecovent; Ventodisk; Ventolin; Volmax; Thai.: Airomir†; Asmasal;
Asthmolin†; Butamol; Buto Asma; Butovent; Buventol; Respolin†; Salbusian;
Salbutac; Salda; Salmol; Solia; Venterol; Ventolin; Violin; Volmax†; Zebu;
Turk.: Asthavent; Salbulin; Salbutam; Salbutol; Ven-o-sal; Ventodisks; Vento-
lin; Volmax; UAE: Butalin; UK: Airomir; Asmasal; Kentamol†; Pulvinal Salb-
utamol; Salamol; Salapin; Salbulin; Ventmax; Ventodisks†; Ventolin; Volmax;
USA: Accuneb; ProAir ; Proventil; Ventolin; Volmax†; VoSpire; Venez.:
Asthalin; Butahale†; Butoas; Respolin†; Salbulis; Salbumed; Salburol; Salbu-
tan; Ventolin†.

Multi-ingredient: Arg.: Beclasma; Butocort; Butosol; Combivent; Fatigan
Bronquial†; Iprasalb; Salbutol Beclo; Salbutral AC; Salbutrop†; Ventide; Ven-
tolin Compuesto†; Austral.: Combivent; Austria: Combivent; Di-Promal;
Ventide; Belg.: Combivent; Braz.: Aeroflux; Aerotide; Clenil Compositum;
Combivent; Canad.: Combivent; ratio-Ipra Sal UDV; Chile: Aero-Plus;
Aerosoma; Asmavent-B; Beclasma†; Belomet; Broncoterol-B†; Butotal B;
Combivent; Herolan Aerosol; Salbutral AC; Ventide; Cz.: Combivent†; Intal
Plus†; Denm.: Combivent; Fin.: Atrodual; Redol Comp; Fr.: Combivent;
Gr.: Berovent; Hong Kong: Combivent; Ventide; Ventolin Expectorant; In-
dia: Aerocort; Albutamol; Ambrodil-S; Amcof; Asthacrom; Asthalin AX;
Asthalin Expectorant; Axalin-AX; Axalin†; Bronchilet†; Budesal†; Deletus
A†; Duolin; Kofarest; Mucolinc; Okaril; Pulmo-Rest; Pulmo-Rest Expecto-
rant; Suprivent; Suprivent-A; Theo-Asthalin; Ventorlin; Indon.: Combivent;
Fartolin Expectorant; Lasal Expectorant; Proventol Expectorant; Salbron
Expectorant; Salbuven Expectorant; Teosal; Ventide; Ventolin Expectorant;
Irl.: Combivent; Ipramol; Ital.: Breva; Clenil Compositum; Plenaer; Ventolin
Espettorante†; Ventolin Flogo†; Zarent†; Malaysia: Beatolin Expecto-
rant†; Combivent; Ipramol; Salbutamol Expectorant; Ventamol Expecto-
rant†; Ventolin Expectorant; Mex.: Aeroflux; Broxol Air ; Combivent;
Flamebin; Fluvicil; Fluxol; Fultac; Mucoflux; Musaldox; Neumyn-AS; Removil;
Salamflux; Sibilex; Ulax-C; Ventide; Neth.: Combivent; NZ: Combivent;
Duolin; Philipp.: Asbunyl Plus; Asfrenon GF; Asmalin Broncho; Broncaire
Expectorant; Clarituss Plus; Combipul; Combivent; Duavent; Hicaryl; His-
taril; Neovent; Pecof; Pulmovent; Salvex XP; SGX; Solmux-Broncho (Refor-
mulated); Ventar EXP; Vento-Broncho G; Ventolin Expectorant; Venzadril;
Port.: Combivent; Propavente; Rus.: Ascoril Expectorant (Аскорил
Экспекторант); Biasten (Биастен); S.Afr.: Combivent; Duolin; Sabax
Combineb; Singapore: Clenil Compositum†; Combivent; Ventide†;
Spain: Butosol; Combivent; Legis†; Swed.: Combivent; Switz.: Dospir;
Thai.: Almasal; Asmasal Expectorant†; Biovent; Clenil Compositum; Com-
bivent; Royalin; Salmol Expectorant; Ventide†; Ventolin Expectorant; Turk.:
Combivent; Ventide; UK: Combivent; Ipramol; USA: Combivent; DuoNeb;
Venez.: Aerocort; Aeroflux; Beclomet Compositum†; Beclosal; Broxodin;
Butosol; Combivent; Duolin; Ipralin; Salbomex†; Salbutide†; Venticort; Ven-
tide.

Salmeterol Xinafoate (BANM, USAN, rINNM) 
⊗ 
GR-33343G; Salmaterol Xinafoate; Salmeterol 1-Hydroxy-2-
naphthoate; Salmeterol Ksinafoat; Salmétérol, xinafoate de; Salm-
eteroli xinafoas; Salmeteroliksinafoaatti; Salmeterolio ksinafoatas;
Salmeterol-xinafoát; Sameterolxinafoat; Xinafoato de Salmeter-
ol. (RS)-5-{1-Hydroxy-2-[6-(4-phenylbutoxy)hexylamino]ethyl}-
salicyl alcohol 1-hydroxy-2-naphthoate.

Салметерола Ксинафоат

C25H37NO4,C11H8O3 = 603.7.

CAS — 89365-50-4 (salmeterol); 94749-08-3 (salmeterol
xinafoate).

ATC — R03AC12.

ATC Vet — QR03AC12.

(salmeterol)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Salmeterol Xinafoate). A white or almost white
powder. Practically insoluble in water; slightly soluble in dehy-
drated alcohol; soluble in methyl alcohol. Protect from light.

Adverse Effects and Precautions
As for Salbutamol, p.1131. Inhalation of salmeterol
may be associated with paradoxical bronchospasm,
and it should not be used in patients who are not also
receiving an inhaled corticosteroid. 
Salmeterol is not appropriate for the treatment of acute
bronchospasm or for patients whose asthma is deterio-
rating.
Effects on the cardiovascular system. A pooled analysis1 of
safety data from 7 studies of salmeterol in chronic obstructive
pulmonary disease found no evidence of an increased risk of car-
diovascular adverse effects. The duration of these studies had
ranged from 12 weeks to 1 year.
1. Ferguson GT, et al. Cardiovascular safety of salmeterol in

COPD. Chest 2003; 123: 1817–24.

Effects on the respiratory system. Transient paradoxical
bronchoconstriction with breathlessness, wheeze, or cough has
been reported in 6 asthmatic patients after inhalation of salmeter-
ol from a metered-dose aerosol but not after inhalation of the dry
powder formulation by diskhaler.1 The fluorocarbon propellants
in the metered-dose aerosol were suspected as the irritants caus-
ing bronchoconstriction.
1. Wilkinson JRW, et al. Paradoxical bronchoconstriction in asth-

matic patients after salmeterol by metered dose inhaler. BMJ
1992; 305: 931–2.

Effects on the skin. Urticarial rash associated with inhaled sal-
meterol, of which the propellant was not the cause, has been re-
ported. Although many urticarial reactions and a variety of rash-
es had been attributed to beta-agonist therapy their
reproducibility had not always been documented.1

1. Hatton MQF, et al. Salmeterol rash. Lancet 1991; 337: 1169–70.

Increased mortality. Interim results from a large controlled
study (SMART)1 designed to evaluate the safety of salmeterol
compared with placebo, found a small but statistically significant
increase in respiratory-related and asthma-related deaths or life-
threatening episodes in the total population receiving salmeterol
compared with placebo. This imbalance occurred mainly in the
African-American subpopulation, and combined with difficul-
ties in enrolment, led to early termination of the study. Various
factors may have influenced the differences in outcomes seen
with salmeterol; greater disease severity was noted at baseline in
the African-American subgroup compared to Caucasian sub-
jects, and nearly half of all participants were not receiving in-
haled corticosteroids. 
A subsequent meta-analysis2 of 19 placebo-controlled studies of
patients with asthma who were taking the long-acting beta2
agonists salmeterol or formoterol (see p.1122), reported an
increased risk of hospitalisation for an asthma exacerbation,
life-threatening asthma attacks, and asthma-related deaths com-
pared with placebo. A sub-group analysis that examined studies
in which more than 75% of patients were also receiving inhaled
corticosteroids also found an increased risk of hospital admis-
sion. The applicability of this review to therapy as recommended
by current guidelines has been questioned,3 as many of the stud-
ies included in the primary analysis did not require inhaled corti-
costeroids to be used, and studies which compared different asth-
ma maintenance regimens were excluded because they were not
placebo-controlled. Concomitant asthma treatments and adher-
ence to treatment,4,5 differences in baseline disease severity,1,4 ra-
cial or genetic factors,1 polymorphism,6 tolerance,6,7 and mask-
ing of underlying airway inflammation by long-acting beta2
agonists6 have all been proposed as possible explanations for the
increased risk of adverse outcomes reported with long-acting
beta2 agonists. 
In contrast to the above studies, a case-control study8 that includ-
ed 532 patients under age 65 who had died from asthma,
matched with 532 controls with a hospital admission for asthma,
found no evidence of adverse effects on mortality with medium
to long-term use of inhaled long-acting beta2 agonists. An earlier
observational cohort study also found no evidence that salmeter-
ol contributed to deaths reported from asthma.9 
Current guidelines advocate use of a long-acting beta2 agonist in
addition to inhaled corticosteroids, and not as monotherapy, see
Management of Asthma, p.1108 
A recent review10 by the UK MHRA concluded that: 
• epidemiological data indicated that since the introduction of

long-acting beta-agonists there had been a reduction in asth-
ma-related hospitalisations in adolescents and a decrease in
asthma related-mortality in all ages. 

• data from controlled clinical study did not reflect the safety
concern from postmarketing studies, possibly due to more
consistent use of corticosteroids in controlled settings 

• the data supported the use of long-acting beta-agonists with
inhaled corticosteroids consistent with the UK guidelines on
the management of asthma and that to aid compliance in the
concomitant use of a corticosteroid, a combination inhaler
should be used when appropriate

1. Nelson HS, et al. The salmeterol multicenter asthma research
trial: a comparison of usual pharmacotherapy for asthma or usu-
al pharmacotherapy plus salmeterol. Chest 2006; 129: 15–26. 

2. Salpeter SR, et al. Meta-analysis: effect of long-acting β-ago-
nists on severe asthma exacerbations and asthma-related deaths.
Ann Intern Med 2006; 144: 904–12. 

3. Ernst P, et al. Safety and effectiveness of long-acting inhaled β-
agonist bronchodilators when taken with inhaled corticoster-
oids. Ann Intern Med 2006; 145: 692–4. 

4. Glassroth J. The role of long-acting β-agonists in the manage-
ment of asthma: analysis, meta-analysis, and more analysis. Ann
Intern Med 2006; 144: 936–7. 

5. Nelson HS, Dorinsky PM. Safety of long-acting β-agonists. Ann
Intern Med 2006; 145: 706. 

6. Currie GP, et al. Long-acting β -agonists in asthma: not so
SMART? Drug Safety 2006; 29: 647–56. 

7. Weinberger M, Abu-Hasan M. Life-threatening asthma during
treatment with salmeterol. N Engl J Med 2006; 355: 852–3. 

8. Anderson HR, et al. Bronchodilator treatment and deaths from
asthma: case-control study. Abridged version: BMJ 2005; 330:
117. Full version: http://www.bmj.com/cgi/content/full/330/
7483/117 (accessed 15/01/08) 

9. Mann RD, et al. Salmeterol: a study by prescription-event mon-
itoring in a UK cohort of 15,407 patients. J Clin Epidemiol
1996; 49: 247–50. 

10. MHRA/CHM. Long-acting β  agonists for asthma: review.
Drug Safety Update 2008: 1 (6): 9. Available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2033510&RevisionSelectionMethod=
LatestReleased (accessed 22/05/08)

Tolerance. As with short-acting beta2 agonists (see Salbutamol,
p.1132), there is evidence that regular use of long-acting beta2
agonists such as salmeterol produces tachyphylaxis to their pro-
tective effect against bronchoconstriction, as provoked by stimu-
li such as allergen, methacholine, or exercise.1-4 The authors of a
study of the long-term effect of salmeterol on exercise-induced
asthma concluded that the decreased bronchoprotective effect
over time was due to a decrease in duration of action (to less than
9 hours) rather than tachyphylaxis,5 but this interpretation was
criticised.6,7 
There is also some evidence to suggest that symptomatic relief
by short-acting beta2 agonists is significantly reduced by regular
use of long-acting beta2 agonists.8,9 Receptor downregulation,
induced by regular use of a long-acting beta2 agonist, has been
suggested as the mechanism for this reduction in response and
may lead to patients requiring higher doses of beta2 agonists to
attain relief from an acute asthma attack.9,10 One study suggested
that the greater tachyphylaxis to short-acting beta2 agonists seen
with salmeterol compared with formoterol might represent the
expression of partial antagonism by salmeterol at beta2 recep-
tors.8 Whatever the mechanism, the reduced bronchoprotective
effect is perhaps more of a concern with long-acting beta2
agonists, since, unlike the short-acting beta2 agonists, their use on
a regular basis is recommended.11 See also Beta2 Agonists, under
Interactions of Salbutamol, p.1132.
1. Cheung D, et al. Long-term effects of a long-acting β -adreno-

ceptor agonist, salmeterol, on airway hyperresponsiveness in
patients with mild asthma. N Engl J Med 1992; 327: 1198–1203. 

2. Bhagat R, et al. Rapid onset of tolerance to the bronchoprotec-
tive effect of salmeterol. Chest 1995; 108: 1235–9. 

3. Booth H, et al. Salmeterol tachyphylaxis in steroid treated asth-
matic subjects. Thorax 1996; 51: 1100–4. 

4. Simons FER, et al. Tolerance to the bronchoprotective effect of
salmeterol in adolescents with exercise-induced asthma using
concurrent inhaled glucocorticoid treatment. Pediatrics 1997;
99: 655–9. 

5. Nelson JA, et al. Effect of long-term salmeterol treatment on
exercise-induced asthma. N Engl J Med 1998; 339: 141–6. 

6. Aziz I, Lipworth BJ. Exercise-induced asthma. N Engl J Med
1998; 339: 1783. 

7. Dickey BF, Adachi R. Exercise-induced asthma. N Engl J Med
1998; 339: 1783–4. 

8. van Veen A, et al. A comparison of salmeterol and formoterol in
attenuating airway responses to short-acting β -agonists. Pulm
Pharmacol Ther 2003; 16: 153–61. 

9. Haney S, Hancox RJ. Tolerance to bronchodilation during treat-
ment with long-acting beta-agonists, a randomised controlled
trial. Abridged version: Respir Res 2005; 6: 107. Full version:
http://respiratory-research.com/content/6/1/107 (accessed
15/01/08) 

10. Lipworth BJ. Airway subsensitivity with long-acting β -ago-
nists: is there cause for concern? Drug Safety 1997; 16:
295–308. 

11. Abisheganaden J, Bonshey HA. Long-acting inhaled β -ago-
nists and the loss of "bronchoprotective" efficacy. Am J Med
1998; 104: 494–7.

Interactions
As for Salbutamol, p.1132.
◊ For a study suggesting a decreased effect of salbutamol in pa-
tients receiving salmeterol, as well as a report of additive effects,
see Beta2 Agonists under Interactions of Salbutamol, p.1132.

Pharmacokinetics
Plasma concentrations of salmeterol are negligible af-
ter inhalation of therapeutic doses.
◊ Reviews.
1. Cazzola M, et al. Clinical pharmacokinetics of salmeterol. Clin

Pharmacokinet 2002; 41: 19–30.

Uses and Administration
Salmeterol is a direct-acting sympathomimetic with
beta-adrenoceptor stimulant activity and a selective
action on beta2 receptors (a beta2 agonist). When given
by inhalation, salmeterol acts as a bronchodilator. The
onset of action is about 10 to 20 minutes but the full
effect may not be apparent until after several doses.
Unlike short-acting beta2 agonists (see Salbutamol,
p.1133), salmeterol is therefore not suitable for the
symptomatic relief of an acute attack of bronchospasm.
However, it is long-acting with a duration of action of
about 12 hours and is indicated where the regular use
of a long-acting beta2 agonist is required for persistent
reversible airways obstruction, as in chronic asthma or
in some patients with chronic obstructive pulmonary
disease. It may be useful in protecting against noctur-
nal and exercise-induced asthma attacks. Short-acting
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beta2 agonists (on an as-required basis) and regular
anti-inflammatory therapy should continue to be used. 
Salmeterol is used in the form of the xinafoate; doses
are expressed in terms of the equivalent amount of sal-
meterol; salmeterol xinafoate 1.45 micrograms is
equivalent to about 1 microgram of salmeterol. 
The usual dose is 50 micrograms of salmeterol twice
daily from a metered-dose aerosol or dry powder inhal-
er; if necessary, up to 100 micrograms may be inhaled
twice daily. For doses of salmeterol used in children,
see Administration in Children, below.
◊ Reviews.
1. Meyer JM, et al. Salmeterol: a novel, long-acting beta -agonist.

Ann Pharmacother 1993; 27: 1478–87. 
2. Bennett J, Tattersfield A. Drugs in focus: 15. Salmeterol. Pre-

scribers’ J 1995; 35: 84–8. 
3. Adkins JC, McTavish D. Salmeterol: a review of its pharmaco-

logical properties and clinical efficacy in the management of
children with asthma. Drugs 1997; 54: 331–54. 

4. Jackson CM, Lipworth B. Benefit-risk assessment of long-acting
β -agonists in asthma. Drug Safety 2004; 27: 243–70. 

5. Sovani MP, et al. A benefit-risk assessment of inhaled long-act-
ing β -agonists in the management of obstructive pulmonary dis-
ease. Drug Safety 2004; 27: 689–715.

Administration in children. For persistent reversible airways
obstruction which requires regular bronchodilatation, including
nocturnal asthma and prevention of exercise-induced asthma,
children aged 4 to 12 years may be given 50 micrograms of sal-
meterol twice daily by inhalation.
Asthma. Salmeterol is a long-acting beta2 agonist (duration of
action about 12 hours). Guidelines on the management of asth-
ma, see p.1108, generally recommend that salmeterol should be
reserved for use in patients with chronic asthma who have al-
ready progressed to inhaled corticosteroids; it is not a substitute
for corticosteroids. Evidence suggests that, apart from in severe
exacerbations, adding a long-acting beta2 agonist to standard
dose inhaled corticosteroid therapy may be more effective than
increasing the dose of corticosteroid, or than combining a corti-
costeroid and an anti-leukotriene drug. Salmeterol may also be
useful in controlling persistent nocturnal asthma or preventing
exercise-induced attacks. There is some evidence that after pro-
longed use, duration of protection against exercise-induced bron-
choconstriction is reduced (see Tolerance, above). 
References.
1. Lockey RF, et al. Nocturnal asthma: effect of salmeterol on

quality of life and clinical outcomes. Chest 1999; 115: 666–73. 
2. Shrewsbury S, et al. Meta-analysis of increased dose of inhaled

steroid or addition of salmeterol in symptomatic asthma (MIAS-
MA). BMJ 2000; 320: 1368–73. 

3. Holimon TD, et al. Nocturnal asthma uncontrolled by inhaled
corticosteroids: theophylline or long-acting beta2 agonists.
Drugs 2001; 61: 391–418. 

4. Johansson G, et al. Comparison of salmeterol/fluticasone propi-
onate combination with budesonide in patients with mild-to-
moderate asthma. Clin Drug Invest 2001; 21: 633–42. 

5. Heyneman CA, et al. Fluticasone versus salmeterol/low-dose
fluticasone for long-term asthma control. Ann Pharmacother
2002; 36: 1944–9. 

6. Bateman ED, et al. Can guideline-defined asthma control be
achieved? The gaining optimal asthma control study. Am J
Respir Crit Care Med 2004; 170: 836–44. 

7. Weiler JM, et al. Effect of fluticasone/salmeterol administered
via a single device on exercise-induced bronchospasm in pa-
tients with persistent asthma. Ann Allergy Asthma Immunol
2005; 94: 65–72. 

8. Ni Chroinin M, et al. Long-acting beta2-agonists versus placebo
in addition to inhaled corticosteroids in children and adults with
chronic asthma. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2005 (ac-
cessed 15/01/08). 

9. Gibson PG, et al. Long-acting beta2-agonists as an inhaled cor-
ticosteroid-sparing agent for chronic asthma in adults and chil-
dren. Available in The Cochrane Database of Systematic Re-
views; Issue 4. Chichester: John Wiley; 2005 (accessed
15/01/08). 

10. Masoli M, et al. Moderate dose inhaled corticosteroids plus sal-
meterol versus higher doses of inhaled corticosteroids in symp-
tomatic asthma. Thorax 2005; 60: 730–4. 

11. Ducharme FM, et al. Long-acting beta2-agonists versus anti-
leukotrienes as add-on therapy to inhaled corticosteroids for
chronic asthma. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2006 (ac-
cessed 15/01/08). 

12. Walters EH, et al. Long-acting beta2-agonists for chronic asth-
ma in adults and children where background therapy contains
varied or no inhaled corticosteroid. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2007 (accessed 15/01/08). 

13. The American Lung Association Asthma Clinical Research
Centers. Randomized comparison of strategies for reducing
treatment in mild persistent asthma. N Engl J Med 2007; 356:
2027–39.

Chronic obstructive pulmonary disease. Short-acting
beta2 agonists are used as bronchodilators in patients with chron-
ic obstructive pulmonary disease (see p.1112), although there is
some evidence to suggest that an antimuscarinic might be prefer-
able. Guidelines indicate that long-acting beta2 agonists such as
salmeterol may be used for maintenance therapy in moderate and
more severe disease. Improvement in lung function and symp-

toms has been seen in such patients after regular treatment with
inhaled salmeterol;1-3 a reduction in exacerbations has also been
seen.4 Additional benefit has been reported from the use of salm-
eterol with inhaled corticosteroids.5-7

1. Boyd G, et al. An evaluation of salmeterol in the treatment of
chronic obstructive pulmonary disease (COPD). Eur Respir J
1997; 10: 815–21. 

2. Mahler DA, et al. Efficacy of salmeterol xinafoate in the treat-
ment of COPD. Chest 1999; 115: 957–65. 

3. Stockley RA, et al. Addition of salmeterol to existing treatment
in patients with COPD: a 12 month study. Thorax 2006; 61:
122–8. 

4. Appleton S, et al. Long-acting beta2-agonists for poorly revers-
ible chronic obstructive pulmonary disease. Available in The Co-
chrane Database of Systematic Reviews; Issue 3. Chichester:
John Wiley; 2006 (accessed 15/01/08). 

5. Calverley P, et al. Combined salmeterol and fluticasone in the
treatment of chronic obstructive pulmonary disease: a ran-
domised controlled trial. Lancet 2003; 361: 449–56. Correction.
ibid.; 1660. 

6. Keating GM, McCormack PL. Salmeterol/fluticasone propion-
ate: a review of its use in the treatment of chronic obstructive
pulmonary disease. Drugs 2007; 67: 2383–2405. 

7. Kardos P, et al. Impact of salmeterol/fluticasone propionate ver-
sus salmeterol on exacerbations in severe chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2007; 175:
144–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Abrilar†; Serevent; Austral.: Serevent; Austria: Serevent; Belg.: Ser-
event; Braz.: Serevent; Canad.: Serevent; Chile: Kolpovent†; Serevent;
Xemos; Cz.: Serevent; Denm.: Serevent; Fin.: Serevent; Fr.: Serevent;
Ger.: Aeromax; Serevent; Gr.: Serevent; Hong Kong: Serevent; Hung.:
Serevent; India: Salmeter; Serobid; Indon.: Serevent; Irl.: Serevent; Israel:
Serevent; Ital.: Arial; Salmetedur; Serevent; Jpn: Serevent; Malaysia: Ser-
event; Mex.: Serevent; Neth.: Serevent; Norw.: Serevent; NZ: Serevent;
Philipp.: Serevent; Pol.: Serevent; Port.: Dilamax; Serevent; Ultrabeta;
Rus.: Seretide (Серетид); Serevent (Серевент); S.Afr.: Serevent; Singa-
pore: Serevent; Spain: Beglan; Betamican; Inaspir ; Serevent; Swed.: Sere-
vent; Switz.: Serevent; Thai.: Serevent; Turk.: Astmerole; Serevent; UK:
Serevent; USA: Serevent; Venez.: Salmeter†; Salspray; Serevent.

Multi-ingredient: Arg.: Flutivent; Neumotide; Seretide; Austral.:
Seretide; Austria: Seretide; Viani; Belg.: Seretide; Braz.: Seretide; Canad.:
Advair; Chile: Aerometrol Plus; Aurituss; Brexotide; Seretide; Cz.: Duaspir;
Seretide; Denm.: Seretide; Fin.: Seretide; Fr.: Seretide; Ger.: Atmadisc;
Viani; Gr.: Seretide; Viani†; Hong Kong: Seretide; Hung.: Seretide;
Thoreus; India: Forair ; Seretide; Seroflo; Indon.: Seretide; Irl.: Seretide;
Israel: Seretide; Ital.: Aliflus; Seretide; Malaysia: Seretide; Mex.: Seretide;
Neth.: Seretide; Viani; Norw.: Seretide; NZ: Seretide; Philipp.: Seretide;
Pol.: Seretide; Port.: Brisomax; Maizar ; Seretaide; Veraspir ; S.Afr.:
Seretide; Singapore: Seretide; Spain: Anasma; Brisair ; Inaladuo; Plusvent;
Seretide; Swed.: Seretide; Switz.: Seretide; Thai.: Seretide; Turk.:
Seretide; UK: Seretide; USA: Advair; Venez.: Seretide.

Seratrodast (USAN, rINN)

A-73001; AA-2414; Abbott-73001; ABT-001; Sératrodast; Sera-
trodastum. (±)-2,4,5-Trimethyl-3,6-dioxo-ζ-phenyl-1,4-cyclohex-
adiene-1-heptanoic acid.
Сератродаст
C22H26O4 = 354.4.
CAS — 112665-43-7; 103186-19-2.
ATC — R03DX06.
ATC Vet — QR03DX06.

Profile
Seratrodast is a thromboxane A2 antagonist that is reported to
reduce airway hyperresponsiveness. It is given orally in the pro-
phylactic management of asthma (p.1108), in single doses of
80 mg in the evening after food. 
Adverse effects include gastrointestinal disturbances, drowsi-
ness, headache, palpitations, and hepatitis. Hepatic function
should be monitored and the drug should be withdrawn if hyper-
sensitivity reactions such as rashes and pruritus occur, or if there
is elevation of liver enzyme values. Seratrodast should be used
with care in patients with pre-existing hepatic impairment. It is
not suitable for the treatment of an acute asthmatic attack.
◊ References.
1. Tamaoki J, et al. Effect of a thromboxane A  antagonist on spu-

tum production and its physicochemical properties in patients
with mild to moderate asthma. Chest 2000; 118: 73–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Bronica.

Sodium Cromoglicate (BANM, rINNM)

Cromoglicate de Sodium; Cromoglicato de sodio; Cromoglicato
disódico; Cromolyn Sodium (USAN); Dinatrii Cromoglicas; Di-
natrium-chromoglykát; Disodium Cromoglycate; FPL-670; Natrii
cromoglicas; Natrio kromoglikatas; Natriumchromoglicat; Natri-
umkromoglikaatti; Natriumkromoglikat; Nátrium-kromoglikát;
Sodium, cromoglicate de; Sodium Cromoglycate; Sodyum Kro-
moglikat. Disodium 4,4′-dioxo-5,5′-(2-hydroxytrimethylenedi-
oxy)di(4H-chromene-2-carboxylate).

Натрий Кромоглициат
C23H14Na2O11 = 512.3.
CAS — 16110-51-3 (cromoglicic acid); 15826-37-6 (sodi-
um cromoglicate).
ATC — A07EB01; D11AX17; R01AC01; R03BC01;
S01GX01.
ATC Vet — QA07EB01; QD11AX17; QR01AC01;
QR03BC01; QS01GX01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Sodium Cromoglicate). A white or almost white,
hygroscopic, crystalline powder. Soluble in water; practically in-
soluble in alcohol. Store in airtight containers. Protect from light. 
USP 31 (Cromolyn Sodium). A white, odourless, hygroscopic,
crystalline powder. Soluble in water; insoluble in alcohol and in
chloroform. Store in airtight containers.

Adverse Effects
Inhalation of sodium cromoglicate may cause transient
bronchospasm, wheezing, cough, nasal congestion,
and irritation of the throat. Nausea, headache, dizzi-
ness, an unpleasant taste, and joint pain and swelling
have been reported. Other reactions include aggra-
vation of existing asthma, urticaria, rashes, pulmonary
infiltrates with eosinophilia, dysuria, and urinary
frequency. Severe reactions such as marked broncho-
spasm, laryngeal oedema, angioedema, and anaphy-
laxis have been reported rarely. 
Intranasal use of sodium cromoglicate may cause tran-
sient irritation of the nasal mucosa, sneezing, and occa-
sionally epistaxis. Nausea, skin rashes, and joint pains
have occurred when it is taken orally. Transient burn-
ing and stinging have occasionally been reported after
use of sodium cromoglicate eye drops.
Formulation. Some of the adverse effects reported with sodi-
um cromoglicate may be due to its formulation: there is a view
that some of the irritant effects reported on inhalation may be due
to the use of dry powder inhalers. It has also been suggested that
in some patients receiving sodium cromoglicate via a nebuliser,
hypotonicity of the nebuliser solution may induce bronchos-
pasm,1 although others consider this debatable.2 Nausea, bloat-
ing, abdominal cramps, and flatulence developed in a 24-year-
old lactase-deficient woman 2 hours after the use of sodium cro-
moglicate (Intal) inhalation capsules via a turbo-haler for exer-
cise-induced asthma.3 These symptoms recurred on rechallenge
and were attributed to ingestion of lactose contained within the
capsules.
1. Chin TW, Nussbaum E. Detrimental effect of hypotonic cromo-

lyn sodium. J Pediatr 1992; 120: 641–3. 
2. Rachelefsky GS, et al. Detrimental effects of hypotonic cromo-

lyn sodium. J Pediatr 1992; 121: 992. 
3. Brandstetter RD, et al. Lactose intolerance associated with Intal

capsules. N Engl J Med 1986; 315: 1613–14.

Precautions
Sodium cromoglicate has no role in the treatment of
acute asthmatic attacks. Withdrawal of sodium cromo-
glicate may lead to recurrence of the symptoms of asth-
ma. Should withdrawal be necessary it has been sug-
gested that the dose be reduced gradually over a period
of one week; patients in whom sodium cromoglicate
therapy has permitted a reduction of corticosteroid dos-
age may require restoration of full corticosteroid cover. 
Systemic corticosteroid therapy that has been reduced
or stopped in asthmatic patients may need to be rein-
stated if symptoms increase, during periods of stress
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

such as infection, illness, trauma, or severe antigen
challenge, or where airways obstruction impairs inha-
lation of sodium cromoglicate.

Pharmacokinetics
Sodium cromoglicate is poorly absorbed from the gas-
trointestinal tract, with a reported bioavailability of
only 1%. It has been reported that on inhalation as a
fine powder only about 8% of a dose is deposited in the
lungs from where it is rapidly absorbed and excreted
unchanged in the urine and bile. Less than 7% of an
intranasal dose appears to be absorbed. The majority of
an inhaled or an intranasal dose is swallowed and ex-
creted unchanged via the gastrointestinal tract. About
0.03% of an ophthalmic dose is reported to be ab-
sorbed. The terminal elimination half-life has been re-
ported to be about 20 minutes after intravenous dosage,
but the elimination half-life after oral doses or inhala-
tion is about 80 minutes.
◊ A study1 in patients with exercise-induced asthma concluded
that the plasma concentration of cromoglicate was almost cer-
tainly not related directly to its protective effect, although anoth-
er study in asthmatic children given sodium cromoglicate by dry-
powder inhalation, found both blood concentration and clinical
response to be correlated with inhalation technique.2
1. Patel KR, et al. Plasma concentrations of sodium cromoglycate

given by nebulisation and metered dose inhalers in patients with
exercise-induced asthma: relationship to protective effect. Br J
Clin Pharmacol 1986; 21: 231–3. 

2. Yahav Y, et al. Sodium cromoglycate in asthma: correlation be-
tween response and serum concentrations. Arch Dis Child 1988;
63: 592–7.

Uses and Administration
Sodium cromoglicate is used for the prevention of
allergic reactions. Although its precise mode of action
remains uncertain, it is believed to act primarily by
preventing release of mediators of inflammation from
sensitised mast cells through stabilisation of mast-cell
membranes. It has no direct antihistamine or anti-in-
flammatory action. 
Sodium cromoglicate can prevent the asthmatic re-
sponse to a variety of allergic and non-allergic stimuli.
It is used in the management of chronic asthma that
cannot be managed with inhaled beta2 agonists alone;
it is not used for acute attacks of asthma. 
Sodium cromoglicate is also used in the prophylaxis
and treatment of seasonal and perennial allergic rhinitis
and allergic conditions of the eye including acute and
chronic allergic conjunctivitis and vernal keratocon-
junctivitis. It has been given orally, with dietary restric-
tion, for the prevention of food allergies, and is also
used in the treatment of mastocytosis. 
It is important that the regular use of sodium cromogli-
cate is maintained, both in the prophylactic control of
asthma and in the management of other allergic condi-
tions. Beneficial effects may take several weeks to be-
come established. 
In the prophylaxis of asthma, sodium cromoglicate is
given by inhalation either as a dry powder, or as a neb-
ulised solution, or from a metered-dose aerosol. The
usual dose as dry powder or nebulised solution is
20 mg by inhalation 4 times daily increased, if neces-
sary, to 6 or 8 times daily. Once the asthma has been
stabilised it may be possible to reduce the dosage. In
different countries, sodium cromoglicate is available in
different strengths of metered-dose aerosol. Using a
metered-dose aerosol providing 5 mg per inhalation,
the usual dose is 10 mg four times daily, increased to 6
to 8 times daily if necessary; it may be possible to re-
duce the dosage to 5 mg four times daily once the asth-
ma has been stabilised. Additional doses as the aerosol
or dry powder may be taken before exercise. Metered-
dose aerosols providing 1 mg per inhalation are also
available. The usual dose is 2 mg four times daily,
which can be doubled if necessary. The adequacy of
the lower dosage has been questioned (see under Ad-
ministration, below). 
Inhalation of sodium cromoglicate may cause bron-
chospasm; separate inhalation of a beta2 agonist such

as salbutamol a few minutes beforehand should pre-
vent this. Use of a combination product containing a
beta2 agonist is not recommended as this is liable to be
used inappropriately for relief of bronchospasm rather
than for its prophylactic effect. 
For the prophylaxis of allergic rhinitis, a 2 or 4%
sodium cromoglicate solution can be given as a spray
into both nostrils. The 2% spray contains about 2.5 mg
per actuation and is given 4 to 6 times daily, and the 4%
spray contains about 5 mg per actuation and is given 2
to 4 times daily. Prophylactic treatment for seasonal al-
lergic rhinitis should begin 2 to 3 weeks before expo-
sure to the offending allergen and should continue
throughout the season. In allergic conjunctivitis and
vernal keratoconjunctivitis, sodium cromoglicate is
used as drops of 2 or 4%, applied 4 to 6 times daily. 
In food allergy and in mastocytosis, sodium cromo-
glicate may be given in oral doses of 200 mg four times
daily before meals. If satisfactory control is not
achieved within 2 to 3 weeks the dosage may be dou-
bled, but should not exceed 40 mg/kg daily; a reduc-
tion in dosage may be possible once symptoms have
been controlled. 
For details of doses in children, see Administration in
Children below.
Action. Sodium cromoglicate has a range of actions at cellular
level that may be important for its protective effect in asthma. It
is known as a mast cell stabiliser that inhibits the release of his-
tamine and other inflammatory mediators from sensitised mast
cells. Other reported actions include a direct effect on airway
nerves1,2 and antagonism3 of substance P, which ties up with its
inhibition of the effects of platelet activating factor (PAF).4,5 
There have been a few reports6-8 of sodium cromoglicate produc-
ing bronchodilatation. However, in practice other drugs with ac-
cepted bronchodilating activity are used for this effect in asthma
treatment schedules, see p.1108.
1. Barnes PJ. Asthma as an axon reflex. Lancet 1986; i: 242–5. 
2. Dixon M, et al. The effects of sodium cromoglycate on lung ir-

ritant receptors and left ventricular cardiac receptors in the
anaesthetized dog. Br J Pharmacol 1979; 67: 569–74. 

3. Page C. Sodium cromoglycate, a tachykinin antagonist? Lancet
1994; 343: 70. 

4. Morley J, et al. The platelet in asthma. Lancet 1984; ii: 1142–4. 
5. Morley J. PAF and airway hyperreactivity: prospects for novel

prophylactic anti-asthma drugs. In: PAF, Platelets, and Asthma,
Basel, Birkhäuser Verlag, 1987: 87–95. 

6. Horn CR, et al. Bronchodilator effect of disodium cromoglycate
administered as a dry powder in exercise induced asthma. Br J
Clin Pharmacol 1984; 18: 798–801. 

7. Weiner P, et al. Bronchodilating effect of cromolyn sodium in
asthmatic patients at rest and following exercise. Ann Allergy
1984; 53: 186–8. 

8. Yuksel B, Greenough A. Bronchodilator effect of nebulized so-
dium cromoglycate in children born prematurely. Eur Respir J
1993; 6: 387–90.

Administration. The effectiveness of sodium cromoglicate
2 mg four times daily by metered-dose aerosol inhaler has been
reported by controlled studies in adults and children with asth-
ma.1-5 However, although sodium cromoglicate 2 mg by inhala-
tion from a metered-dose aerosol was reported6 to be as effective
as 20 mg inhaled as powder, the tenfold difference in dosage has
been questioned,7 and others have reported contrary results.8,9 It
has been suggested that an aerosol supplying 5 mg per metered
dose (see Uses and Administration, above) would be prefera-
ble.10 In a comparison of single-dose pretreatment from metered-
dose inhalers, sodium cromoglicate 10 mg (2 × 5 mg puffs) was
as effective as beclometasone dipropionate 200 micrograms in
inhibiting bronchial responsiveness to histamine.11 
Care is required if inhaled sodium cromoglicate is given via a
spacer device; evidence suggests that these may greatly influ-
ence the amount of drug delivered, reducing it to one-third of the
dose delivered by inhaler actuation in some cases.12

1. Geller-Bernstein C, Levin S. Sodium cromoglycate pressurised
aerosol in childhood asthma. Curr Ther Res 1983; 34: 345–9. 

2. Wheatley D. Sodium cromoglycate in aerosol form in regular
users of bronchodilator drugs. Curr Med Res Opin 1983; 8:
333–7. 

3. Rubin AE, et al. The treatment of asthma in adults using sodium
cromoglycate pressurized aerosol: a double-blind controlled tri-
al. Curr Med Res Opin 1983; 8: 553–8. 

4. Blumenthal MN, et al. A multicenter evaluation of the clinical
benefits of cromolyn sodium aerosol by metered-dose inhaler in
the treatment of asthma. J Allergy Clin Immunol 1988; 81:
681–7. 

5. Selcow JE, et al. Clinical benefits of cromolyn sodium aerosol
(MDI) in the treatment of asthma in children. Ann Allergy 1989;
62: 195–9. 

6. Latimer KM, et al. Inhibition by sodium cromoglycate of bron-
choconstriction stimulated by respiratory heat loss: comparison
of pressurised aerosol and powder. Thorax 1984; 39: 277–81. 

7. Anonymous. Sodium cromoglycate aerosol. Drug Ther Bull
1982; 20: 27. 

8. Robson RA, et al. Sodium cromoglycate: spincaps or metered
dose aerosol. Br J Clin Pharmacol 1981; 11: 383–4. 

9. Bar-Yishay E, et al. Duration of action of sodium cromoglycate
on exercise induced asthma: comparison of 2 formulations.
Arch Dis Child 1983; 58: 624–7. 

10. Tullett WM, et al. Dose-response effect of sodium cromogly-
cate pressurised aerosol in exercise induced asthma. Thorax
1985; 40: 41–4. 

11. Cockcroft DW, Murdock KY. Comparative effects of inhaled
salbutamol, sodium cromoglycate, and beclomethasone dipropi-
onate on allergen-induced early asthmatic responses, late asth-
matic responses, and increased bronchial responsiveness to his-
tamine. J Allergy Clin Immunol 1987; 79: 734–40. 

12. Barry PW, O’Callaghan C. Inhalational drug delivery from sev-
en different spacer devices. Thorax 1996; 51: 835–40.

Administration in children. Children may be given sodium
cromoglicate for prophylactic management of asthma and aller-
gic rhinitis, and in the prophylaxis and treatment of acute and
chronic allergic conjunctivitis and vernal keratoconjunctivitis,
using adult doses, see Uses and Administration, above. Different
countries may have different licensed lower age limits and some
inhalation dosage forms are unsuitable in very young children. 
In food allergy and in mastocytosis, sodium cromoglicate may be
given orally to children from 2 years of age. A dose of 100 mg is
given four times daily before meals. If satisfactory control is not
achieved within 2 to 3 weeks the dosage may be doubled but
should not exceed 40 mg/kg daily; a reduction in dosage may be
possible once symptoms have been controlled. For food allergy,
adult doses may be given to children from 14 years of age, and
from 13 years for mastocytosis, see above.

Asthma. Sodium cromoglicate is used as a prophylactic agent
in the management of chronic asthma (p.1108), but in practice
inhaled corticosteroids are preferred if regular prophylactic treat-
ment is indicated, i.e. if the condition cannot be managed with
occasional use of an inhaled short-acting beta2 agonist alone.
Even in children, in whom cromoglicate has tended to be more
widely used, inhaled corticosteroids are considered first-line pre-
venters. A systematic review1 comparing sodium cromoglicate
with inhaled corticosteroids found that inhaled corticosteroids
were superior in terms of asthma control and lung function for
both children and adults with chronic asthma. However, guide-
lines still specify the use of cromoglicate or nedocromil as a valid
alternative to inhaled corticosteroids in some circumstances. 
Response to treatment with nebulised sodium cromoglicate was
found to be age-related in a study of children under 2 years of age
with recurrent or persistent wheezy bronchitis and a history of
allergic symptoms.2 It was effective in children of 12 to 24
months of age but not in those below 12 months. Similarly, neb-
ulised sodium cromoglicate was no more effective than placebo
in the treatment of a group of 31 infants with persistent wheezing
aged under 1 year,3 and long-term inhalation therapy was inef-
fective in children aged 1 to 4 years.4

1. Guevara JP, et al. Inhaled corticosteroids versus sodium cromo-
glycate in children and adults with asthma. Available in The Co-
chrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2006 (accessed 14/04/08). 

2. Geller-Bernstein C, Levin S. Nebulised sodium cromoglycate in
the treatment of wheezy bronchitis in infants and young children.
Respiration 1982; 43: 294–8. 

3. Furfaro S, et al. Efficacy of cromoglycate in persistently wheez-
ing infants. Arch Dis Child 1994; 71: 331–4. 

4. Tasche MJA, et al. Randomised placebo-controlled trial of in-
haled sodium cromoglycate in 1-4-year-old children with mod-
erate asthma. Lancet 1997; 350: 1060–4. Correction. ibid. 1998;
351: 376.

Cogan’s syndrome. Sodium cromoglicate eye drops improved
blurred vision in a patient who had had Cogan’s syndrome
(p.1502) for 18 years.1 Sodium cromoglicate capsules [by
mouth] also reduced the frequency of fever attacks in this patient.
1. Carter F, Nabarro J. Cromoglycate for Cogan’s syndrome. Lan-

cet 1987; i: 858.

Cough. Sodium cromoglicate has been used with modest suc-
cess by aerosol inhalation to suppress the cough associated with
ACE inhibitor therapy (p.1194) in some patients.1,2 However, in-
halation of nedocromil sodium was not helpful in the treatment
of ACE inhibitor induced cough in 6 diabetic patients.3 A sys-
tematic review4 considered that there was no good evidence to
support the use of inhaled cromoglicate or nedocromil in the
treatment of non-specific cough in children.
1. Keogh A. Sodium cromoglycate prophylaxis for angiotensin-

converting enzyme inhibitor cough. Lancet 1993; 341: 560. 
2. Hargreaves MR, Benson MK. Inhaled sodium cromoglycate in

angiotensin-converting enzyme inhibitor cough. Lancet 1995;
345: 13–16. 

3. Puolijoki H, Rekiaro M. Lack of effect of nedocromil sodium in
ACE-inhibitor-induced cough. Lancet 1995; 345: 394. 

4. Chang A, et al. Inhaled cromones for prolonged non-specific
cough in children. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 1. Chichester: John Wiley; 2004 (ac-
cessed 14/04/08).

Eczema. Application of a 4% sodium cromoglicate lotion was
found to be of benefit in improving symptoms and reducing top-
ical corticosteroid use in a study1 in children with moderately se-
vere atopic dermatitis (p.1579).
1. Stainer R, et al. Efficacy and acceptability of a new topical skin

lotion of sodium cromoglicate (Altoderm) in atopic dermatitis in
children aged 2–12 years: a double-blind, randomized, placebo-
controlled trial. Br J Dermatol 2005; 152: 334–41.
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Food allergy. Oral sodium cromoglicate has been used in the
prophylaxis of food allergy reactions (p.564). However, efficacy
has not been unequivocally established.

Mastocytosis. Mastocytosis is a rare condition characterised by
abnormal proliferation of mast cells and their accumulation in
body tissues.1-3 Signs and symptoms of the disease result from
the spontaneous or induced release of mast cell mediators. Mas-
tocytosis occurs in cutaneous or systemic forms, which are fur-
ther subdivided based on clinical presentation and prognosis.
Clinical algorithms and recommendations for diagnosis, treat-
ment, and response criteria have been developed.4 
• Cutaneous mastocytosis most often manifests as urticaria pig-

mentosa (disseminated red-brown macules, papules, or
plaques); other symptoms include flushing, pruritus, urticaria,
blistering, and dermatographism. Mastocytomas may occur as
brownish solitary or multiple nodular accumulations of mast
cells. In children with cutaneous mastocytosis, symptoms will
resolve in about half by adolescence. 

• Systemic mastocytosis can involve diverse organs and tissues
including the bones, liver, spleen, lymph nodes, haematopoi-
etic system, gastrointestinal tract, and also the skin. General
symptoms include fatigue, weight loss, fever, and sweats.
Gastrointestinal complaints such as abdominal pain and diar-
rhoea are common, and some patients may experience malab-
sorption, steatorrhoea, or peptic ulcer disease. Bone marrow
involvement may result in bone pain, osteoporosis, fractures,
bone marrow fibrosis, and myeloproliferative and myelodys-
plastic diseases. Other systemic effects include lymphadenop-
athy, hepatosplenomegaly, headache and other neuropsychiat-
ric symptoms, syncope, and anaphylactoid reactions. 

Avoidance of trigger factors is an important measure in the man-
agement of mastocytosis. Such factors include exposure to ex-
tremes of cold or heat (hot bath or sunbathing), emotional stress,
mechanical irritation (vigorous towel rubbing, massage), infec-
tions, alcohol, some drugs (e.g. aspirin, NSAIDs, opioid analge-
sics, sympathomimetics, polymyxin B, dextran, radiographic
dyes), and animal venoms.1,2,5 
Treatment is aimed at relieving symptoms and does not alter the
course of the disease.1,2,4-6 H1-antagonist antihistamines such as
hydroxyzine and cyproheptadine are used to provide relief of
flushing, pruritus, urticaria, blistering, and abdominal pain. Pa-
tients at risk of anaphylactoid reactions should carry adrenaline
for self-injection, and those who have repeated reactions should
be given prophylactic antihistamines. H2-antagonist antihista-
mines such as cimetidine, and proton pump inhibitors such as
omeprazole, are used to manage gastrointestinal symptoms, par-
ticularly gastritis and peptic ulcer disease. Bisphosphonates may
be helpful for osteopenia and bone pain. Sodium cromoglicate is
given to manage abdominal pain, nausea, and diarrhoea. It may
also provide some relief of headache, neuropsychiatric symp-
toms, and skin symptoms in some patients. Photochemotherapy
using an oral psoralen with ultraviolet A irradiation (PUVA—see
p.1606) has been used to reduce cutaneous manifestations of
mastocytosis, but urticaria pigmentosa usually recurs within sev-
eral weeks. Topical PUVA appears to be ineffective. Mastocyto-
mas that cause symptoms may be treated with local PUVA or
potent topical corticosteroids. Although surgical removal may be
considered, the majority of mastocytomas will involute sponta-
neously. 
Other treatments have also been tried in the treatment of small
numbers of patients with aggressive systemic mastocytosis.
Mixed results have been reported with the use of interferon alfa.1
There is a report of ciclosporin with methylprednisolone being
used successfully.4 Imatinib has been used successfully in sys-
temic mastocytosis with associated eosinophilia and with a mu-
tation of the platelet-derived growth factor receptor-α gene on
chromosome 4q12.6 Beneficial responses to cladribine have also
occurred in a small number of patients with systemic disease.6,7

1. Hartmann K, Henz BM. Mastocytosis: recent advances in defin-
ing the disease. Br J Dermatol 2001; 144: 682–95. 

2. Carter MC, Metcalfe DD. Paediatric mastocytosis. Arch Dis
Child 2002; 86: 315–19. 

3. Castells MC. Mastocytosis: classification, diagnosis, and clini-
cal presentation. Allergy Asthma Proc 2004; 25: 33–6. 

4. Valent P, et al. Standards and standardization in mastocytosis:
consensus statements on diagnostics, treatment recommenda-
tions and response criteria. Eur J Clin Invest 2007; 37: 435–53. 

5. Almahroos M, Kurban AK. Management of mastocytosis. Clin
Dermatol 2003; 21: 274–7. 

6. Tefferi A, Pardanani A. Systemic mastocytosis: current concepts
and treatment advances. Curr Hematol Rep 2004; 3: 197–202. 

7. Kluin-Nelemans HC, et al. Cladribine therapy for systemic mas-
tocytosis. Blood 2003; 102: 4270–6.

Rhinitis and conjunctivitis. Many drugs, including sodium
cromoglicate, are used in the management of allergic rhinitis
(p.565) and conjunctivitis (p.564). There is some evidence that
nedocromil1 or lodoxamide2 may be more effective than cromo-
glicate in the management of vernal keratoconjunctivitis.
1. El Hennawi M. A double-blind placebo controlled group com-

parative study of ophthalmic sodium cromoglycate and ne-
docromil sodium in the treatment of vernal keratoconjunctivitis.
Br J Ophthalmol 1994; 78: 365–9. 

2. Leonardi A, et al. Effect of lodoxamide and disodium cromogly-
cate on tear eosinophil cationic protein in vernal keratoconjunc-
tivitis. Br J Ophthalmol 1997; 81: 23–6.

Preparations
BP 2008: Sodium Cromoglicate Eye Drops; Sodium Cromoglicate Powder
for Inhalation; 
USP 31: Cromolyn Sodium Inhalation Powder; Cromolyn Sodium Inhala-
tion Solution; Cromolyn Sodium Nasal Solution; Cromolyn Sodium Oph-
thalmic Solution.
Proprietary Preparations (details are given in Part 3)
Arg.: Claroftal; Clo-5†; Intal; Klonalcrom; Sificrom†; Austral.: Cromese; In-
tal; Opticrom; Rynacrom; Austria: Acromax; Aeropaxyn†; Allergo-CO-
MOD; Coldacrom; Cromal†; Cromoglin; Cromophtal; Intal; Lomusol; Viv-
idrin; Belg.: Cromabak; Cromonez-Pos; Cromophta-Pos; Lomudal;
Lomusol; Opticrom; Braz.: Cromabak; Cromocato; Cromolerg; Intal; Max-
icrom; Rilan†; Canad.: Apo-Cromolyn; Cromolyn; Gen-Cromolyn†; Intal;
Nalcrom; Opticrom; Solu-Crom; Chile: Oftacon; Cz.: Allergo-COMOD;
Allergocrom; Cromobene; Cromogen†; Cromohexal; Cromolyn†; Cusi-
crom; DNCG†; Hay-Crom†; Intal†; Lecrolyn; Nalcrom; Stadaglicin†; Steri-
Neb Cromogen†; Vividrin†; Denm.: Hexacroman†; Lecrolyn; Lomudal;
Fin.: Glinor; Lecrolyn; Lomudal; Fr.: Allergo-COMOD†; Alloptrex; Crom-
abak; Cromadoses; Cromoptic; Cromosoft†; Intercron; Lomudal; Lomusol;
Multicrom; Nalcron†; Ophtacalm; Opticron; Ger.: Acecromol†; Alerg†; Al-
lergo-COMOD; Allergocrom; Allergoval; Colimune; Crom-Ophtal; Cro-
mo; Cromoglicin†; Cromohexal; Cromolind; Cromopp; Diffusyl; Dispac-
romil; DNCG; duracroman†; Fenistil†; Flenid†; Flui-DNCG; Intal; IsoCrom;
Lomupren; Opticrom; Otriven H†; Padiacrom; Pentacrom†; Pentatop; Pul-
bil†; Siozwo Allerg†; Vividrin; Gr.: Allergojovis; Allergostop; Allergotin;
Botastin; Crolidin†; Cromabak; Cromo-POS; Cromodal; Cromolergin UD;
Duobetic†; Erystamine-K; Fluvet†; Indoprex†; Iopanchol; Kaosyl; Lomudal;
Nalcrom; Spaziron; Ufocollyre; Vekfanol; Vividrin; Zineli; Zulboral; Hong
Kong: Cromabak; Cromal; Intal†; Mitayaku; Opticrom†; Stadaglicin; Hung.:
Cromohexal; Cromolyn†; Cusicrom†; Intal; Lecrolyn; Opticrom;
Stadaglicin†; Taleum; India: Cromal; Fintal†; Indon.: Crom-Ophtal; Irl.:
Cromogen; Hay-Crom; Intal; Nalcrom; Opticrom; Rynacrom; Vividrin; Isra-
el: Cromogen†; Cromolyn; Cromoptic; Cronase; Lomudal; Opticrom; Vi-
crom; Ital.: Acticrom†; Brunicrom; Cromabak; Cromantal; Cromosan†;
Frenal†; Gastrofrenal; Lomudal; Lomuspray†; Nalcrom; Sificrom; Jpn: Intal;
Malaysia: Allergocrom†; Cusicrom; Intal†; Opticrom; Stadaglicin; Vivid-
rin†; Mex.: Alercrom; Exaler†; Intal; Livari; Maxicrom; Oftacon†; Opticrom;
Rynacrom; Spralyn; Mon.: Zallyre; Neth.: Allerg-Abak; Allergo-COMOD;
Allergocrom†; Lomudal; Lomusol; Nalcrom; Opticrom; Otrivin hooik-
oorts†; Prevalin; Vividrin; Norw.: Lecrolyn; Lomudal; NZ: Cromolux; Intal;
Nalcrom; Opticrom; Optrex Hayfever Allergy; Rynacrom; Vicrom;
Philipp.: Cromabak; Lecrolyn; Vividrin; Pol.: Allergo-COMOD; Aller-
gocrom; Cromogen; Cromohexal; Cromosol; Cromoxal; Cropoz G; Cusi-
crom; Lecrolyn; Nalcrom; Polcrom; Vividrin; Port.: Croglina; Cromabak;
Cromex†; Cusicrom†; Davicrome; Fenolip; Intal; Opticrom; Rynacrom†;
Rus.: Cromoglin (Кромоглин); Cromohexal (Кромогексал); Cropoz
(Кропоз); Hay-Crom (Хай-кром); Ifiral (Ифирал); Intal (Интал); Lecrolyn
(Лекролин); S.Afr.: Cromabak†; Cromohexal; Stop-Allerg; Vividrin†; Sin-
gapore: Cromabak; Intal; Opticrom; Rynacrom†; Sificrom†; Vividrin;
Spain: Alergocrom; Cromo Asma†; Cusicrom; Farmacrom; Frenal; Gas-
trofrenal; Intal†; Nebulasma; Nebulcrom; Poledin†; Primover; Renocil; Rini-
lyn†; Rinofrenal; Swed.: Lecrolyn; Lomudal; Pollyferm; Rinil†; Switz.: Aller-
go-COMOD; Cromabak; Cromodyn; Cromosol ophta; Cromosol UD;
Glicinal†; Lomudal; Lomusol; Nalcrom; Opticrom; Vividrin; Thai.: Intal;
Lecrolyn†; Opticrom†; Rynacrom; Vividrin; Turk.: Allergo-COMOD; Aller-
gocrom; Allersol; Intal; Opticrom; Rynacrom; UK: Clariteyes; Clarityn; Cro-
mogen†; Hay-Crom; Hayfever Eye Drops; Intal; Nalcrom; Opticrom; Op-
trex Allergy; Pollenase Allergy; Rynacrom; Vivicrom; Vividrin; USA: Crolom;
Gastrocrom; Intal; Nasalcrom; Opticrom; Venez.: Alergocrom†; Cromisol;
Cromo-Spray†; Cromoftal; Maxicrom†.
Multi-ingredient: Arg.: Duotec†; Hyalcrom; Rinogel; Austria: Ditec;
Cz.: Allergocrom Kombi; Ditec†; Intal Plus†; Ger.: Aarane N; Allergospas-
min; Ditec†; Lomupren compositum†; Hung.: Duotec†; India: Asthacrom;
Ital.: Cromozil; Rinofrenal; Visuglican; Malaysia: Rynacrom Compound†;
Port.: Rinoglin†; Rus.: Ditec (Дитек); Spain: Frenal Compositum; Rinof-
renal Plus; Switz.: Aarane†; Allergospasmine†; Lomusol-X†; Thai.: Rynac-
rom Compound†; Turk.: Rynacrom Compound; UK: Rynacrom Com-
pound†.

Suplatast Tosilate (rINN)

IPD-1151T; Suplatast, Tosilate de; Suplatast Tosylate; Suplatastum
Tosilas; Tosilato de suplatast. (±)-(2-{[p-(3-Ethoxy-2-hydroxypro-
poxy)phenyl]carbamoyl}ethyl)dimethylsulphonium p-toluenesul-
phonate; (3-{[4-(3-Ethoxy-2-hydroxypropoxy)phenyl]amino}-3-
oxopropyl)dimethylsulphonium p-toluenesulphonate.
Суплатаст Тозилат
C23H33NO7S2 = 499.6.
CAS — 94055-76-2.

Profile
Suplatast tosilate is an anti-allergic given orally in the prophylac-
tic management of asthma and other allergic conditions.
◊ References.
1. Sano Y, et al. Anti-inflammatory effect of suplatast tosilate on

mild asthma. Chest 1997; 112: 862–3. 
2. Nihei Y, et al. Suplatast tosilate (IPD), a new immunoregulator,

is effective in vitiligo treatment. J Dermatol 1998; 25: 250–5. 
3. Tamaoki J, et al. Effect of suplatast tosilate, a Th2 cytokine in-

hibitor, on steroid-dependent asthma: a double-blind randomised
study. Lancet 2000; 356: 273–8. 

4. Shioya T, et al. Effect of suplatast tosilate, a Th2 cytokine inhib-
itor, on cough variant asthma. Eur J Clin Pharmacol 2002; 58:
171–6. 

5. Matsuda Y, et al. Improvement of alanine aminotransferase by
administration of suplatast tosilate plus ursodeoxycholic acid in
patients with resistance to ursodeoxycholic acid monotherapy on
hepatitis C virus-related chronic liver disease. Intern Med 2002;
41: 774–9. 

6. Sakuma-Oyama Y, et al. A case of recurrent cutaneous eosi-
nophilic vasculitis: successful adjuvant therapy with suplatast
tosilate. Br J Dermatol 2003; 149: 901–3. 

7. Sano T, et al. Higashishikoku Asthma Research Group. Add-on
effects of suplatast tosilate in bronchial asthma patients treated
with inhaled corticosteroids. Lung 2003; 181: 227–35. 

8. Teraki Y, Fukuda T. Pemphigoid nodularis associated with pso-
riatic erythroderma: successful treatment with suplatast tosilate.
Br J Dermatol 2008; 158: 424–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: IPD.

Terbutaline Sulfate (USAN, rINNM) ⊗ 
KWD-2019; Sulfato de terbutalina; Terbutaliinisulfaatti; Terbutalin
Sülfat; Terbutaline, sulfate de; Terbutaline Sulphate (BANM); Terb-
utalini sulfas; Terbutalino sulfatas; Terbutalinsulfat; Terbutalin-
sulfát; Terbutalin-szulfát. 2-tert-Butylamino-1-(3,5-dihydroxyphe-
nyl)ethanol sulphate.
Тербуталина Сульфат
(C12H19NO3)2,H2SO4 = 548.6.
CAS — 23031-25-6 (terbutaline); 23031-32-5 (terbuta-
line sulfate).
ATC — R03AC03; R03CC03.
ATC Vet — QR03AC03; QR03CC03.

(terbutaline)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Terbutaline Sulphate). A white or almost white
crystalline powder. It exhibits polymorphism. Freely soluble in
water; slightly soluble in alcohol. 
USP 31 (Terbutaline Sulfate). A white to grey-white crystalline
powder; odourless or has a faint odour of acetic acid. Soluble in
water and in 0.1N hydrochloric acid; insoluble in chloroform;
slightly soluble in methyl alcohol. Store at 15° to 30°. Protect
from light.

Adverse Effects and Precautions
As for Salbutamol, p.1131.
Overdosage. An overdose of terbutaline due to transcutaneous
absorption has been reported after inappropriate topical applica-
tion to skin infected with tinea.1 Transcutaneous absorption
should be considered especially when children with facial ecze-
ma or dermatitis are given terbutaline via a nebuliser and mask. 
For general effects of beta2 agonists after overdose, see Salbuta-
mol p.1132.
1. Ingrams GJ, Morgan FB. Transcutaneous overdose of terbuta-

line. BMJ 1993; 307: 484.

Pulmonary oedema. Pulmonary oedema has occurred in
women given beta2 agonists, including terbutaline, for premature
labour.1 The risk factors, the most important of which is fluid
overload, are discussed under Precautions for Salbutamol,
p.1132.
1. Perry KG, et al. Incidence of adverse cardiopulmonary effects

with low-dose continuous terbutaline infusion. Am J Obstet
Gynecol 1995; 173: 1273–7.

Tolerance. As with other beta2 agonists (see p.1132) there is
some evidence1 that tolerance may develop to terbutaline when
it is used regularly.
1. Hancox RJ, et al. Tolerance to beta-agonists during acute bron-

choconstriction. Eur Respir J 1999; 14: 283–7.

Tooth erosion. The pH of some inhaled powder formulations
of terbutaline, as well as of some corticosteroids, was found to be
below 5.5, and it was suggested that this might contribute to the
dissolution of enamel surfaces of teeth.1 A later cohort study
found no association between asthma and tooth erosion; howev-
er only about 10% of the medication prescribed for asthma in the
cohort had a pH lower than 5.5.2
1. O’Sullivan EA, Curzon MEJ. Drug treatments for asthma may

cause erosive tooth damage. BMJ 1998; 317: 820. 
2. Dugmore CR, Rock WP. Asthma and tooth erosion: is there an

association? Int J Paediatr Dent 2003; 13: 417–24.

Interactions
As for Salbutamol, p.1132.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Xanthines. The metabolic and cardiovascular responses to
terbutaline infusion were significantly enhanced by theophylline
in a study in 7 healthy subjects; in particular the fall in serum
potassium was greater when both drugs were given.1 Careful
monitoring of serum potassium is recommended in severe asth-
ma where theophylline and beta2-agonists may be given together. 
Terbutaline conversely has an effect on theophylline. Terbutaline
can reduce serum-theophylline concentrations by increasing its
systemic clearance. This may, or may not, have clinical implica-
tions, as improved clinical scores have still occurred with com-
bined therapy despite the theophylline concentration being lower
than when used alone; if respiratory symptoms persist, an in-
crease in dosage may be contemplated while monitoring theo-
phylline adverse effects and concentration.2
1. Smith SR, Kendall MJ. Potentiation of the adverse effects of in-

travenous terbutaline by oral theophylline. Br J Clin Pharmacol
1986; 21: 451–3. 

2. Garty M, et al. Increased theophylline clearance in asthmatic pa-
tients due to terbutaline. Eur J Clin Pharmacol 1989; 36: 25–8.

Pharmacokinetics
On inhalation of terbutaline, less than 10% of the drug
is absorbed from the airways. The remainder is swal-
lowed where it is variably absorbed from the gastroin-
testinal tract. Fasting bioavailability after oral doses is
reported to be about 14 to 15% and is reduced by food.
Terbutaline undergoes extensive first-pass metabolism
by sulfate (and some glucuronide) conjugation in the
liver and the gut wall. It is excreted in the urine and
faeces partly as the inactive sulfate conjugate and part-
ly as unchanged terbutaline, the ratio depending upon
the route by which it is given. The terminal half-life
after single and multiple dosing is reported to be be-
tween 16 and 20 hours. There is some placental trans-
fer. Trace amounts are distributed into breast milk.
Stereoselectivity. Terbutaline, like many other sympathomi-
metics, exists in two stereoisometric forms but only the (−)-enan-
tiomer of terbutaline is pharmacologically active. Pharmacoki-
netic studies have been conducted on the two enantiomers and on
the racemate. 
The oral bioavailability of (−)-terbutaline was 14.8%, which was
similar to that of the racemate; the bioavailability of (+)-terbuta-
line was much lower at 7.5%. The difference in bioavailability
between the two enantiomers was mainly due to a difference in
absorption (about 75% and 50% respectively) although a small
difference in subsequent first-pass metabolism also occurred,
with the (+)-isomer undergoing slightly more metabolism. It ap-
peared that the (+)-isomer governed the elimination behaviour,
both first-pass metabolism and renal clearance, of the racemate
whereas the (−)-isomer determined the absorption.1 
Other studies have also shown stereoselective sulfate conjuga-
tion of terbutaline with sulfation of the (+)-enantiomer being
double that of the (−)-enantiomer.2 The primary site of terbuta-
line sulfation for both enantiomers appears to be in the gut and is
significantly correlated with the activity of catechol sulfotrans-
ferase.3
1. Borgström L, et al. Pharmacokinetic evaluation in man of terbu-

taline given as separate enantiomers and as the racemate. Br J
Clin Pharmacol 1989; 27: 49–56. 

2. Walle T, Walle UK. Stereoselective sulphate conjugation of ra-
cemic terbutaline by human liver cytosol. Br J Clin Pharmacol
1990; 30: 127–33. 

3. Pacifici GM, et al. (+) and (−) terbutaline are sulphated at a high-
er rate in human intestine than in the liver. Eur J Clin Pharmacol
1993; 45: 483–7.

Uses and Administration
Terbutaline sulfate is a direct-acting sympathomimetic
with mainly beta-adrenergic activity and a selective ac-
tion on beta2 receptors (a beta2 agonist). It has actions
and uses similar to those of salbutamol (p.1133). 
Terbutaline is given as the sulfate for its bronchodilat-
ing properties in reversible airways obstruction, as oc-
curs in asthma (p.1108) and in some patients with
chronic obstructive pulmonary disease (p.1112). It also
decreases uterine contractility and may be used to ar-
rest premature labour (p.2003). 
On inhalation, the bronchodilating effect of terbutaline
usually begins within 5 minutes and lasts for up to 6
hours. The onset of action after oral doses is 30 to 45
minutes and its duration is up to 8 hours; the maximum
effect occurs 1 to 4 hours after the dose. 
Current asthma guidelines (see p.1108) recommend
that inhaled short-acting beta2 agonists such as terbuta-
line be used on an ‘as-required’, not regular, basis. In
those patients requiring more than occasional use of
terbutaline, anti-inflammatory therapy is also needed.
An increased requirement for, or decreased duration of

effect of, terbutaline indicates deterioration of asthma
control and the need for increased anti-inflammatory
therapy. 
• To relieve acute bronchospasm the usual dose is 1

or  2  inha la t ions  of  te rbuta l ine  sul fa te
250 micrograms as required from a metered-dose
aerosol every 4 to 6 hours, to a maximum of 8 inha-
lations in 24 hours. 

• A breath-actuated metered-dose powder inhaler
containing terbutaline sulfate is also available; one
inhalation of 500 micrograms is taken when re-
quired up to a maximum of 6 inhalations in 24 hours. 

• When inhalation is ineffective, terbutaline sulfate
may be given orally; the usual initial dose is 2.5 or
3 mg three times daily increased up to 5 mg three
times daily as necessary. Modified-release tablets
are also available; the usual adult dose is 7.5 mg
twice daily. 

• Severe or unresponsive bronchospasm may require
the use of terbutaline sulfate intermittently via a neb-
uliser. A usual dose is 5 to 10 mg inhaled 2 to 4 times
daily. Single-dose units or a suitable dilution of a
concentrated solution containing terbutaline sulfate
1% are used for this purpose. 

Guidelines also allow for beta2 agonists to be given
more frequently or by continuous dosage at a higher
rate in acute severe asthma (see under Asthma,
p.1108). 
• In the treatment of severe forms of bronchospasm,

terbutaline sulfate may be given by subcutaneous,
intramuscular, or slow intravenous injection; a dose
of 250 to 500 micrograms may be given up to 4
times daily. Terbutaline sulfate may also be given by
intravenous infusion, as a solution containing 3 to
5 micrograms/mL at a rate of 0.5 to 1 mL/minute. 

Terbutaline sulfate is also used to arrest uncomplicated
premature labour between 24 and 33 weeks of gesta-
tion. It is given by intravenous infusion in glucose 5%,
preferably by syringe pump when the concentration is
100 micrograms/mL. If no syringe pump is available
then the concentration of the infusion should be
10 micrograms/mL. The recommended initial rate of
infusion is 5 micrograms/minute increased by
2.5 micrograms/minute at intervals of 20 minutes until
contractions stop. Usually, a rate of up to
10 micrograms/minute is sufficient; rates in excess of
20 micrograms/minute should not be used and if that
maximum rate does not delay labour then the infusion
should be stopped. The maternal pulse should be mon-
itored throughout the infusion which should be adjust-
ed to avoid a maternal heart rate of more than 135
beats/minute. A close watch should also be kept on the
patient’s state of hydration since fluid overload is con-
sidered to be a key risk factor for pulmonary oedema.
Once contractions have ceased, the infusion should be
given for 1 hour, then the dose may be decreased by
2.5 micrograms/minute at 20-minute intervals to the
lowest maintenance dose that produces continued sup-
pression of contractions. After a further 12 hours, oral
maintenance therapy with 5 mg three times daily may
be started. However, such usage is not recommended
by the BNF as the risks to the mother (see Precautions
under Salbutamol, p.1132) increase after 48 hours, and
furthermore there is a lack of evidence of benefit from
further  t rea tment .  Subcutaneous  doses  of
250 micrograms four times daily have been given for a
few days before oral treatment was commenced. 
For terbutaline sulfate doses used for bronchospasm in
children, see Administration in Children, below. 
Terbutaline in a bioadhesive vaginal gel is under inves-
tigation for the treatment of infertility linked to en-
dometriosis.
Administration in children. To relieve acute bronchospasm
in children, the BNFC recommends a dose of 500 micrograms of
terbutaline sulfate, inhaled via a metered-dose powder inhaler,
up to four times daily in children aged 5 years and over. Oral
doses, although not recommended and unlicensed in the UK for

children under 7 years of age, may be given in doses ranging
from: 
• 1 month to 7 years of age, 75 micrograms/kg (maximum dose

2.5 mg) three times daily 
• 7 to 15 years of age, 2.5 mg two or three times daily 
• over 15 years of age, as for adults (see Uses and Administra-

tion, above) 
Severe or unresponsive bronchospasm may require the use of
terbutaline sulfate inhaled via a nebuliser. UK licensed product
information gives doses based on weight and age: 
• under 3 years of age, average body-weight 10 kg, 2 mg given

2 to 4 times daily 
• 3 to 5 years of age, average body-weight 15 kg, 3 mg given 2

to 4 times daily 
• 6 to 7 years of age, average body-weight 20 kg, 4 mg given 2

to 4 times daily 
• 8 years of age and over, body-weight greater than 25 kg, 5 mg

given 2 to 4 times daily 
In the treatment of severe forms of bronchospasm, terbutaline
sulfate may be given by subcutaneous or slow intravenous injec-
tion; in children 2 years of age and over, the BNFC recommends
a dose of 10 micrograms/kg given every 6 hours as required. A
maximum single dose of 300 micrograms is recommended in
children from 2 to 15 years of age, and in children over 15 years
a maximum single dose of 500 micrograms is recommended. 
Terbutaline sulfate may also be given by intravenous infusion;
the BNFC recommends an initial dose of 2 to 4 micrograms/kg,
then 1 to 10 micrograms/kg per hour according to response and
heart rate. Although the injection is unlicensed in the UK for
children under 2 years of age, the BNFC allows this dose for chil-
dren from 1 month of age.
Cardiac disorders. A case report on the use of oral terbutaline
for chronotropic support, in the setting of acute rejection after
heart transplantation, found it to be effective and without any sig-
nificant adverse effects.1
1. Coons JC, et al. Terbutaline for chronotropic support in heart

transplantation. Ann Pharmacother 2004; 38: 586–9.

Hypoglycaemia. Giving terbutaline 5 mg orally at night re-
duced the risk of nocturnal hypoglycaemia in a study in patients
with type 1 diabetes.1 A later study2 reproduced these results in
21 patients with type 1 diabetes; however, hyperglycaemia was
seen the next morning.
1. Saleh TY, Cryer PE. Alanine and terbutaline in the prevention of

nocturnal hypoglycemia in IDDM. Diabetes Care 1997; 20:
1231–6. 

2. Raju B, et al. Nocturnal hypoglycaemia in type 1 diabetes: an
assessment of preventive bedtime treatments. J Clin Endocrinol
Metab 2006; 91: 2087–92.

Systemic capillary leak syndrome. Systemic capillary leak
syndrome is a rare disorder marked by shifts of plasma from the
intravascular to the extracellular space, and is often fatal. Acute
attacks are treated with intravenous fluid resuscitation, but there
is some anecdotal evidence that treatment with terbutaline com-
bined with aminophylline or theophylline, both orally, may be
useful in preventing further attacks.1-3 Infusion of epoprostenol
has also been used in acute management.4
1. Droder RM, et al. Control of systemic capillary leak syndrome

with aminophylline and terbutaline. Am J Med 1992; 92: 523–6. 
2. Amoura Z, et al. Systemic capillary leak syndrome: report on 13

patients with special focus on course and treatment. Am J Med
1997; 103: 514–19. 

3. Tahirkheli NK, Greipp PR. Treatment of the systemic capillary
leak syndrome with terbutaline and theophylline: a case series.
Ann Intern Med 1999; 130: 905–9. 

4. Fellows IW, et al. Epoprostenol in systemic capillary leak syn-
drome. Lancet 1988; ii: 1143.

Urticaria. Patients with various types of urticaria unresponsive
to conventional therapy with antihistamines (see p.1584) have
obtained benefit from treatment with a combination of terbuta-
line and ketotifen; the urticarias have included chronic idiopathic
urticaria,1 dermographism,1 and cold urticaria.1,2 Terbutaline on
its own was relatively ineffective and the mechanism of the com-
bination was believed to be due to a stabilising effect on mast
cells.1 
Treatment of cold urticaria with a combination of terbutaline and
aminophylline has also been studied.3 The effectiveness of this
combined therapy was reported to vary considerably between
patients, but complete remission of the urticarial response was
eventually seen in 37 of the 42 patients. Treatment was stopped
in 3 patients in the first week due to cardiac adverse effects.
1. Saihan EM. Ketotifen and terbutaline in urticaria. Br J Dermatol

1981; 104: 205–6. 
2. Edge JA, Osborne JP. Terbutaline and ketotifen in cold urticaria

in a child. J R Soc Med 1989; 82: 439–40. 
3. Husz S, et al. Treatment of cold urticaria. Int J Dermatol 1994;

33: 210–13.

Preparations
BP 2008: Terbutaline Tablets; 
USP 31: Terbutaline Sulfate Inhalation Aerosol; Terbutaline Sulfate Injec-
tion; Terbutaline Sulfate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Bricanyl; Austral.: Bricanyl; Austria: Bricanyl; Belg.: Bricanyl; Braz.:
Bricanyl; Terbutil; Canad.: Bricanyl; Chile: Bricanyl†; Cz.: Bricanyl; Denm.:
Bricanyl; Fin.: Bricanyl; Fr.: Bricanyl; Ger.: Aerodur; Arubendol†; Asthmo-
protect†; Bricanyl; Butaliret†; Butalitab†; Contimit; Terbul; Terbuturmant†;
Gr.: Bricanyl; Dracanyl; Hong Kong: Ataline; Bricanyl; Butylin†; Dhatalin;
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Lanterbine; Terbron; Terbuta; Tolbin†; Vida-Butaline; Hung.: Bricanyl; India:
Bricanyl; Indon.: Astherin; Brasmatic; Bricasma; Forasma; Lasmalin; Nairet;
Pulmobron; Relivan; Sedakter; Tabas; Terasma; Tismalin; Yarisma; Irl.: Brica-
nyl; Israel: Bricalin; Terbulin; Ital.: Bricanyl; Malaysia: Ataline; Bricanyl; Bu-
canil; Butaline; Butanil†; Terbron†; Terbulin†; Tolbin; Mex.: Bricanyl†; Tazik-
en†; Terbuken; Neth.: Bricanyl; Terbasmin; Norw.: Bricanyl; NZ: Bricanyl;
Philipp.: Alloxygen; Astebron; Bricanyl; Bronchodam; Pulmonyl; Pulmoxcel;
Terbulin; Port.: Bricanyl; S.Afr.: Bricanyl; Singapore: Ataline; Bricanyl; Bu-
canil†; Tolbin†; Spain: Tedipulmo; Terbasmin; Swed.: Bricanyl; Switz.: Bri-
canyl; Thai.: Asmaline; Asthmasian; Bricanyl; Broncholine; Bronchonyl;
Bronco Asmo; Bucaril; Cencanyl; Med-Broncodil†; Proasma-T; Sulterline;
Terbron†; Terbulin; Terbuno; Tolbin; Vacanyl†; Turk.: Bricanyl; UK: Bricanyl;
Monovent†; USA: Brethine; Bricanyl†; Venez.: Bricanil†; Nortol†.
Multi-ingredient: Austria: Bricanyl comp; Braz.: Bricanyl Composto;
Ger.: Bricanyl comp†; Hong Kong: Bricanyl Expectorant†; India: Ascoril
+; Asmotone Plus; Bricarex; Bro-Zedex; Bronchosolvin; Cof QX; Grilinctus-
BM; Mucaryl-AX†; Mucosol; Okaril Plus; Tergil; Tergil-T; Terpect; Terphylate;
Terphylin; Theobric; Toscof; Tuspel Plus; Indon.: Bricasma Expectorant; Te-
rasma Expectorant; Irl.: Bricanyl Expectorant; Mex.: Bricanyl EX; Philipp.:
Bricanyl Expectorant; S.Afr.: Benylin Bronchospect; Bronchoped; Bron-
chospect†; Spain: Terbasmin Expectorante; Thai.: Bricanyl Expectorant†;
Cofbron; Med-Broncodil Expectorant†; Terbosil†; Terbron Expectorant†;
Tolbin.

Theobromine (BAN)

Santheose; Teobromiini; Teobromin; Teobromina; Teobrominas;
Theobromin; Théobromine; Theobrominum. 3,7-Dihydro-3,7-
dimethylpurine-2,6(1H)-dione; 3,7-Dimethylxanthine.
Теобромин
C7H8N4O2 = 180.2.
CAS — 83-67-0.
ATC — C03BD01; R03DA07.
ATC Vet — QC03BD01; QR03DA07.

Pharmacopoeias. In Eur. (see p.vii) 
Ph. Eur. 6.2 (Theobromine). A white or almost white powder.
Very slightly soluble in water and in dehydrated alcohol; slightly
soluble in ammonia. It dissolves in dilute solutions of alkali hy-
droxides and in mineral acids.
Profile
Theobromine has the general properties of the other xanthines
(see Theophylline, p.1140). It has a weaker activity than theo-
phylline or caffeine and has practically no stimulant effect on the
CNS. Large doses can cause nausea and vomiting. Theobromine
has been used for its bronchodilating properties and in the treat-
ment of cardiovascular disorders. Theobromine and calcium sal-
icylate (theosalicin), theobromine and sodium acetate, and theo-
bromine and sodium salicylate (themisalum, theobromsal) have
all been used similarly to theobromine. 
Theobromine is the chief xanthine in the beverage cocoa
(p.2415). It is also present in chocolate and in small amounts in
tea. Theobroma oil may contain up to 2% theobromine.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Asthma-Hilfe; Braz.: Urodonal†.

Theophylline (BAN)

Anhydrous Theophylline; Teofilin; Teofilina; Teofilinas; Teofillin;
Teofillina; Teofylliini; Teofyllin; Theofylin; Théophylline; Theo-
phyllinum. 3,7-Dihydro-1,3-dimethylpurine-2,6(1H)-dione; 1,3-
Dimethylxanthine.
Теофиллин
C7H8N4O2 = 180.2.
CAS — 58-55-9.
ATC — R03DA04.
ATC Vet — QR03DA04.

Pharmacopoeias. In Eur. (see p.vii), Jpn, US, and Viet. Some
pharmacopoeias include anhydrous and hydrated theophylline in
one monograph. 
Ph. Eur. 6.2 (Theophylline). A white or almost white, crystalline

powder. Slightly soluble in water; sparingly soluble in dehydrat-
ed alcohol. It dissolves in solutions of alkali hydroxides, in am-
monia, and in mineral acids. 
USP 31 (Theophylline). It contains one molecule of water of hy-
dration or is anhydrous. It is a white, odourless, crystalline pow-
der. Slightly soluble in water, more soluble in hot water; sparing-
ly soluble in alcohol, in chloroform, and in ether; freely soluble
in solutions of alkali hydroxides and in ammonia.

Theophylline Hydrate (BANM)

Teofilina monohidrato; Teofilinas monohidratas; Teofylliinimono-
hydraatti; Teofyllinmonohydrat; Theofylin monohydrát; Theo-
phylline Monohydrate; Théophylline monohydratée; Theophylli-
num monohydricum.
Теофиллина Гидрат
C7H8N4O2,H2O = 198.2.
CAS — 5967-84-0.
ATC — R03DA04.
ATC Vet — QR03DA04.

Pharmacopoeias. In Chin., Eur. (see p.vii), US, and Viet.
Some pharmacopoeias include anhydrous and hydrated theo-
phylline in one monograph. 
Ph. Eur. 6.2 (Theophylline Monohydrate; Theophylline Hydrate
BP 2008). A white or almost white, crystalline powder. Slightly
soluble in water; sparingly soluble in dehydrated alcohol. It dis-
solves in solutions of alkali hydroxides, in ammonia, and in min-
eral acids. 
USP 31 (Theophylline). It contains one molecule of water of hy-
dration or is anhydrous. It is a white, odourless, crystalline pow-
der. Slightly soluble in water, more soluble in hot water; sparing-
ly soluble in alcohol, in chloroform, and in ether; freely soluble
in solutions of alkali hydroxides and in ammonia.

Stability. Alcohol-free theophylline liquid repackaged in clear
or amber polypropylene oral syringes could be stored at room
temperature under continuous fluorescent lighting for at least
180 days without significant change in the concentration of
theophylline.1 However, it was recommended that solutions be
protected from light because of the potential for discoloration. 
Extemporaneous oral preparations of theophylline 5 mg/mL in
commercial suspension vehicles were found2 to be stable for up
to 90 days in amber plastic bottles stored at 23° to 25°.
1. Johnson CE, Drabik BT. Stability of alcohol-free theophylline

liquid repackaged in plastic oral syringes. Am J Hosp Pharm
1989; 46: 980–1. 

2. Johnson CE, et al. Stability of anhydrous theophylline in extem-
poraneously prepared alcohol-free oral suspensions. Am J
Health-Syst Pharm 2005; 62: 2518–20.

Adverse Effects
The adverse effects commonly encountered with theo-
phylline and xanthine derivatives irrespective of the
route, are gastrointestinal irritation and stimulation of
the CNS. Serum concentrations of theophylline greater
than 20 micrograms/mL (110 micromol/litre) are asso-
ciated with an increased risk of adverse effects (but see
below). 
Theophylline may cause nausea, vomiting, abdominal
pain, diarrhoea, and other gastrointestinal disturbances,
insomnia, headache, anxiety, irritability, restlessness,
tremor, and palpitations. Overdosage may also lead to
agitation, diuresis and repeated vomiting (sometimes
haematemesis) and consequent dehydration, cardiac
arrhythmias including tachycardia, hypotension, elec-
trolyte disturbances including profound hypokalaemia,
hyperglycaemia, hypomagnesaemia, metabolic acido-
sis, rhabdomyolysis, convulsions, and death. Severe
toxicity may not be preceded by milder symptoms.
Convulsions, cardiac arrhythmias, severe hypotension,
or cardiac arrest may follow rapid intravenous injec-
tion, and fatalities have been reported. The drug is too
irritant for intramuscular use. Proctitis may follow re-
peated use of suppositories.
◊ Adverse effects are uncommon at serum-theophylline concen-
trations of 5 to 10 micrograms/mL but become more frequent at
15 micrograms/mL or above, and are greatly increased in fre-
quency and severity at concentrations greater than
20 micrograms/mL.1-3 The severity of toxicity is generally corre-
lated with age, underlying disease, and serum-theophylline con-
centration, but a distinction has been made between acute and
chronic theophylline intoxication; symptoms appear to occur at
a lower theophylline concentration in chronic toxicity than after
acute ingestion of large amounts.1,2,4,5 Young infants and the eld-
erly (over 60 years) appear to be at particular risk from chronic
intoxication with theophylline.6,7 Older patients with chronic in-
toxication may be at greater risk of major toxic effects, such as
arrhythmias, seizures, and death, than those with acute intoxica-
tion.5 

Common clinical manifestations of theophylline toxicity after
overdosage of aminophylline or theophylline include nausea,
vomiting, diarrhoea, agitation, tremor, hypertonicity, hyperventi-
lation, supraventricular and ventricular arrhythmias, hypoten-
sion, and seizures. Metabolic disturbances such as hypokalae-
mia, hyperglycaemia, hypophosphataemia, hypercalcaemia,
metabolic acidosis, and respiratory alkalosis often occur.1-3 Other
toxic effects reported include dementia,8 toxic psychosis,9 symp-
toms of acute pancreatitis,10 rhabdomyolysis11-13 with associated
renal failure,11 and acute compartment syndrome.14 
Serious toxic symptoms may not be preceded by minor symp-
toms. In acute intoxication with sustained-release preparations
the onset of major toxic symptoms may be delayed for up to 24
hours1 and prolonged monitoring of such patients is required. Pa-
tients have recovered despite serum-theophylline concentrations
in excess of 200 micrograms/mL12,14 but fatalities have occurred
with much lower serum concentrations.10,15,16 Mortality in se-
vere poisoning may be as high as 10%.
1. Dawson AH, Whyte IM. The assessment and treatment of theo-

phylline poisoning. Med J Aust 1989; 151: 689–93. 
2. Minton NA, Henry JA. Acute and chronic human toxicity of

theophylline. Hum Exp Toxicol 1996; 15: 471–81. 
3. Hardy CC, Smith J. Adverse reactions profile: theophylline and

aminophylline. Prescribers’ J 1997; 37: 96–101. 
4. Olson KR, et al. Theophylline overdose: acute single ingestion

versus chronic repeated overmedication. Am J Emerg Med
1985; 3: 386–94. 

5. Shannon M. Life-threatening events after theophylline over-
dose: a 10-year prospective analysis. Arch Intern Med1999;
159: 989–94. 

6. Shannon M, Lovejoy FH. Effect of acute versus chronic intoxi-
cation on clinical features of theophylline poisoning in children.
J Pediatr 1992; 121: 125–30. 

7. Shannon M. Predictors of major toxicity after theophylline
overdose. Ann Intern Med 1993; 119: 1161–7. 

8. Drummond I. Aminophylline toxicity in the elderly. BMJ 1982;
285: 779–80. 

9. Wasser WG, et al. Theophylline madness. Ann Intern Med 1981;
95: 191. 

10. Burgan THS, et al. Fatal overdose of theophylline simulating
acute pancreatitis. BMJ 1982; 284: 939–40. 

11. Macdonald JB, et al. Rhabdomyolysis and acute renal failure
after theophylline overdose. Lancet 1985; i: 932–3. 

12. Rumpf KW, et al. Rhabdomyolysis after theophylline overdose.
Lancet 1985; i: 1451–2. 

13. Modi KB, et al. Theophylline poisoning and rhabdomyolysis.
Lancet 1985; ii: 160–1. 

14. Lloyd DM, et al. Acute compartment syndrome secondary to
theophylline overdose. Lancet 1990; ii: 312. 

15. Whyte KF, Addis GJ. Toxicity of salbutamol and theophylline
together. Lancet 1983; ii: 618–19. 

16. Davies RJ, Hawkey CJ. Fatal theophylline toxicity precipitated
by in situ pulmonary artery thrombosis. Postgrad Med J 1989;
65: 49–50.

Effects on carbohydrate metabolism. Hyperglycaemia is
frequent in theophylline intoxication, and is thought to be sec-
ondary to theophylline-induced adrenal catecholamine release.1,2

Whether the effects on blood glucose are significant at more
modest serum concentrations of theophylline is unclear, al-
though in 29 preterm infants, mean plasma-glucose concentra-
tions were significantly higher after treatment with intravenous
aminophylline and oral theophylline than in those not treated.
Two of 15 treated infants developed clinically significant hyper-
glycaemia and glycosuria. It was recommended that plasma-glu-
cose concentrations be monitored in preterm infants receiving
theophylline.3
1. Kearney TE, et al. Theophylline toxicity and the beta-adrenergic

system. Ann Intern Med 1985; 102: 766–9. 
2. Shannon M. Hypokalemia, hyperglycemia and plasma catecho-

lamine activity after severe theophylline intoxication. J Toxicol
Clin Toxicol 1994; 32: 41–7. 

3. Srinivasan G, et al. Plasma glucose changes in preterm infants
during oral theophylline therapy. J Pediatr 1983; 103: 473–6.

Effects on electrolytes. Hypokalaemia is a common metabol-
ic disturbance in theophylline intoxication, but it has also been
reported1 in patients with plasma-theophylline concentrations
within the therapeutic range. It is considered to be secondary to
theophylline-induced adrenal catecholamine release, with cellu-
lar influx of potassium ions.2 It is recommended1 that plasma-
potassium is monitored during intravenous theophylline therapy
particularly if other drugs predisposing to hypokalaemia are also
given (see also Interactions, below). Hypophosphataemia1,3 and
hyponatraemia1 can also occur at therapeutic plasma-theophyl-
line concentrations. Hypomagnesaemia4 and hypercalcaemia5

have occurred in theophylline overdose.
1. Zantvoort FA, et al. Theophylline and serum electrolytes. Ann

Intern Med 1986; 104: 134–5. 
2. Minton NA, Henry JA. Acute and chronic human toxicity of the-

ophylline. Hum Exp Toxicol 1996; 15: 471–81. 
3. Laaban J-P, et al. Hypophosphatemia complicating management

of acute severe asthma. Ann Intern Med 1990; 112: 68–9. 
4. Hall KW, et al. Metabolic abnormalities associated with inten-

tional theophylline overdose. Ann Intern Med 1984; 101:
457–62. 

5. McPherson ML, et al. Theophylline-induced hypercalcemia.
Ann Intern Med 1986; 105: 52–4.

Effects on the heart. ARRHYTHMIAS. Theophylline or amino-
phylline can precipitate sinus tachycardia and supraventricu-
lar and ventricular premature contractions at therapeutic se-
rum-theophylline concentrations1 and in overdose.2,3

Multifocal atrial tachycardia has also been associated with
both theophylline overdose2 and serum-theophylline concen-
trations within the generally accepted therapeutic range of 10
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to 20 micrograms/mL.4 Use of theophylline with oral beta-
adrenoceptor stimulants is associated with a significant in-
crease in the mean heart rate.5,6

1. Josephson GW, et al. Cardiac dysrhythmias during the treatment
of acute asthma: a comparison of two treatment regimens by a
double blind protocol. Chest 1980; 78: 429–35. 

2. Greenberg A, et al. Severe theophylline toxicity: role of conserv-
ative measures, antiarrhythmic agents, and charcoal hemoper-
fusion. Am J Med 1984; 76: 854–60. 

3. Minton NA, Henry JA. Acute and chronic human toxicity of the-
ophylline. Hum Exp Toxicol 1996; 15: 471–81. 

4. Levine JH, et al. Multifocal atrial tachycardia: a toxic effect of
theophylline. Lancet 1985; i: 12–14. 

5. Coleman JJ, et al. Cardiac arrhythmias during the combined use
of β-adrenergic agonist drugs and theophylline. Chest 1986; 90:
45–51. 

6. Conradson T-B, et al. Arrhythmogenicity from combined bron-
chodilator therapy in patients with obstructive lung disease and
concomitant ischemic heart disease. Chest 1987; 91: 5–9.

Effects on the kidneys. For a report of rhabdomyolysis-in-
duced acute renal failure occurring after aminophylline over-
dose, see the general discussion on toxicity, above.
Effects on mental function. As mentioned in the general dis-
cussion on toxicityabove, theophylline toxicity has been associ-
ated with reports of dementia and toxic psychosis, as well as the
more common adverse effects of anxiety and restlessness.
LEARNING AND BEHAVIOUR PROBLEMS. Several small studies1-3

have suggested that theophylline may be associated with
learning and behaviour problems in children, especially those
with a low IQ. However, the FDA has concluded4 that such
studies provide insufficient evidence to support an adverse ef-
fect of theophylline on learning behaviour or school perform-
ance. Other studies have found no marked behavioural ad-
verse effects that could be attributed to theophylline.5,6

Additionally, academic achievement generally appeared to be
unaffected by either asthma or by treatment with appropriate
doses of theophylline.7
1. Furukawa CT, et al. Learning and behaviour problems associated

with theophylline therapy. Lancet 1984; i: 621. 
2. Springer C, et al. Clinical, physiologic, and psychologic compar-

ison of treatment by cromolyn or theophylline in childhood asth-
ma. J Allergy Clin Immunol 1985; 76: 64–9. 

3. Schlieper A, et al. Effect of therapeutic plasma concentrations of
theophylline on behavior, cognitive processing, and affect in
children with asthma. J Pediatr 1991; 118: 449–55. 

4. Anonymous. Theophylline and school performance. FDA Drug
Bull 1988; 18: 32–3. 

5. Bender B, Milgrom H. Theophylline-induced behavior change in
children: an objective evaluation of parents’ perceptions. JAMA
1992; 267: 2621–4. 

6. Bender BG, et al. Neuropsychological behavioral changes in
asthmatic children treated with beclomethasone dipropionate
versus theophylline. Pediatrics 1998; 101: 355–60. 

7. Lindgren S, et al. Does asthma or treatment with theophylline
limit children’s academic performance? N Engl J Med 1992;
327: 926–30.

Effects on the nervous system. CONVULSIONS. The risk of
convulsions with acute theophylline toxicity is low at serum
theophylline concentrations less than 60 micrograms/mL;1

seizures are most likely in patients with peak concentrations
above 100 micrograms/mL.2 However, the risk of seizures is
much greater after chronic overdosage;1,2 seizure activity has
been reported at serum concentrations just above or even
within the therapeutic range.3 Elderly patients or those with
previous brain injury or neurological disease may be at in-
creased risk,2-4 although some have questioned the associa-
tion.1 The outcome of seizures appears to be variable: death
and severe neurological deficit have occurred,2,3 but other se-
ries have recorded recovery without serious morbidity.4
1. Paloucek FP, Rodvold KA. Evaluation of theophylline overdoses

and toxicities. Ann Emerg Med 1988; 17: 135–44. 
2. Olson KR, et al. Theophylline overdose: acute single ingestion

versus chronic repeated overmedication. Am J Emerg Med 1985;
3: 386–94. 

3. Bahls FH, et al. Theophylline-associated seizures with "thera-
peutic" or low toxic serum concentrations: risk factors for seri-
ous outcome in adults. Neurology 1991; 41: 1309–12. 

4. Covelli HD, et al. Predisposing factors to apparent theophylline-
induced seizures. Ann Allergy 1985; 54: 411–15.

Effects on the skin. For reports of cutaneous reactions to theo-
phylline and aminophylline, see under Hypersensitivity, below.
Effects on the urinary tract. Although diuresis is more com-
monly seen, urinary retention has been reported in male patients
during therapy with aminophylline1 or theophylline.2
1. Owens GR, Tannenbaum R. Theophylline-induced urinary re-

tention. Ann Intern Med 1981; 94: 212–13. 
2. Prakash M, Washburne JD. Theophylline and urinary retention.

Ann Intern Med 1981; 94: 823.

Hypersensitivity. Hypersensitivity reactions have been report-
ed after oral or intravenous doses of aminophylline. Reactions
include erythematous rash with pruritus,1,2 erythroderma,2 and
exfoliative dermatitis.3 Aminophylline can produce both type I
(immediate) and type IV (delayed) hypersensitivity reactions,
the latter being due to the ethylenediamine component and can
be confirmed by skin patch tests.1-3 If hypersensitivity to ethyl-
enediamine is confirmed it is recommended that aminophylline
is avoided and treatment continued with theophylline or another
theophylline salt.1,3,4 Hypersensitivity reactions to theophylline
have been reported rarely but type I reactions have occurred.4 An
erythematous, maculopapular rash has been reported5 during

treatment with a modified-release theophylline preparation,
which did not occur when another modified-release theophylline
product was given.
1. Hardy C, et al. Allergy to aminophylline. BMJ 1983; 286:

2051–2. 
2. Mohsenifar Z, et al. Two cases of allergy to aminophylline. Ann

Allergy 1982; 49: 281–2. 
3. Nierenberg DW, Glazener FS. Aminophylline-induced exfolia-

tive dermatitis: cause and implications. West J Med 1982; 137:
328–31. 

4. Gibb WRG. Delayed-type hypersensitivity to theophylline/ami-
nophylline. Lancet 1985; i: 49. 

5. Mendel S, et al. Dermatologic reaction to a sustained-release
theophylline product. Clin Pharm 1985; 4: 334–5.

Hyperuricaemia. In a study of 112 asthmatic patients receiv-
ing modified-release theophylline 200 to 400 mg 12-hourly,
there was a significant correlation of serum-uric acid concentra-
tions and serum-theophylline concentrations.1 Gout has been re-
ported in a woman receiving theophylline and aminophylline;2
her serum-uric acid concentration was increased while receiving
the xanthines, but subsequently fell when they were stopped, and
rose again when treatment was resumed.
1. Morita Y, et al. Theophylline increases serum uric acid levels. J

Allergy Clin Immunol 1984; 74: 707–12. 
2. Toda K, et al. Gout due to xanthine derivatives. Br J Rheumatol

1997; 36: 1131–2.

Necrotising enterocolitis. Although there have been reports
of neonatal necrotising enterocolitis associated with oral theo-
phylline or aminophylline,1,2 a study of 275 infants concluded
that theophylline did not significantly contribute to its develop-
ment.3 It has been suggested that the high osmolality of liquid
feeds and drugs including oral theophylline preparations may be
involved in the aetiology of necrotising enterocolitis.4
1. Robinson MJ, et al. Xanthines and necrotising enterocolitis.

Arch Dis Child 1980; 55: 494–5. 
2. Williams AJ. Xanthines and necrotising enterocolitis. Arch Dis

Child 1980; 55: 973–4. 
3. Davis JM, et al. Role of theophylline in pathogenesis of necro-

tizing enterocolitis. J Pediatr 1986; 109: 344–7. 
4. Watkinson M, et al. Hyperosmolar preparations for neonates.

Pharm J 1987; 241: 488.

Withdrawal syndromes. Episodes of apnoea beginning 28
hours after birth and increasing in frequency and severity over
the next 4 days occurred in a neonate whose mother had taken
aminophylline and theophylline throughout pregnancy. Meas-
urement of serum-theophylline concentration showed the in-
creasing apnoea coincided with falling theophylline concentra-
tion. The infant’s apnoea resolved on giving theophylline;
treatment was stopped after 4 months.1 
Worsening asthma control may occur when theophylline is with-
drawn; there is some evidence of a rebound deterioration in lung
function due to the development of tolerance.2
1. Horowitz DA, et al. Apnea associated with theophylline with-

drawal in a term neonate. Am J Dis Child 1982; 136: 73–4. 
2. Bennett JA, et al. The airway effects of stopping regular oral

theophylline in patients with asthma. Br J Clin Pharmacol 1998;
45: 402–4.

Treatment of Adverse Effects
After theophylline or aminophylline overdosage, elim-
ination may be enhanced by repeated oral doses of ac-
tivated charcoal regardless of the route of overdose
(see below). An osmotic laxative may also be consid-
ered. Treatment is symptomatic and supportive; ECG
monitoring is recommended. Serum-theophylline con-
centrations should be monitored and if modified-re-
lease preparations have been taken monitoring should
be prolonged. Metabolic abnormalities, particularly
hypokalaemia, should be corrected; hypokalaemia
may be so severe as to require intravenous infusion of
potassium. In the non-asthmatic patient severe tachy-
cardia, hypokalaemia, and hyperglycaemia may be re-
versed by a non-selective beta blocker (see also be-
low). Patients with asthma or chronic obstructive
pulmonary disease (COPD) who, after correction of
hypokalaemia, have severe tachycardia, may be treated
with intravenous verapamil. Alternatively direct cur-
rent (DC) cardioversion may be considered. Ventricu-
lar arrhythmias causing haemodynamic compromise
should also be treated with DC cardioversion. Isolated
convulsions may be controlled by intravenous di-
azepam or a barbiturate; phenytoin may be less effec-
tive. In the most refractory cases general anaesthesia,
and neuromuscular blockade, with ventilation, may be
required. 
Charcoal haemoperfusion or haemodialysis may be re-
quired.
◊ Reviews.
1. Dawson AH, Whyte IM. The assessment and treatment of theo-

phylline poisoning. Med J Aust 1989; 151: 689–93. 

2. Skinner MH. Adverse reactions and interactions with theophyl-
line. Drug Safety 1990; 5: 275–85. 

3. Minton NA, Henry JA. Treatment of theophylline overdose. Am
J Emerg Med 1996; 14: 606–12.

Activated charcoal. Multiple-dose oral activated charcoal is
considered the cornerstone of treatment for theophylline and
xanthine poisoning. It reduces the absorption of oral theophyl-
line, and also enhances the elimination of theophylline from the
body even after absorption or intravenous doses of xanthine. Ag-
gressive antiemetic therapy may be required to allow use and re-
tention of activated charcoal, since theophylline toxicity causes
protracted vomiting. A cathartic such as sorbitol may be given
with the activated charcoal to aid elimination of theophylline, but
can cause fluid and electrolyte disturbances. For oral theophyl-
line overdose the use of gastric lavage before oral activated char-
coal may not be better than activated charcoal alone. 
References.
1. Neuvonen PJ, et al. Comparison of activated charcoal and ipecac

syrup in prevention of drug absorption. Eur J Clin Pharmacol
1983; 24: 557–62. 

2. Berlinger WG, et al. Enhancement of theophylline clearance by
oral activated charcoal. Clin Pharmacol Ther 1983; 33: 351–4. 

3. Mahutte CK, et al. Increased serum theophylline clearance with
orally administered activated charcoal. Am Rev Respir Dis 1983;
128: 820–2. 

4. Park GD, et al. Effects of size and frequency of oral doses of
charcoal on theophylline clearance. Clin Pharmacol Ther 1983;
34: 663–6. 

5. Goldberg MJ, et al. The effect of sorbitol and activated charcoal
on serum theophylline concentrations after slow-release theo-
phylline. Clin Pharmacol Ther 1987; 41: 108–11. 

6. Al-Shareef AH, et al. The effects of charcoal and sorbitol (alone
and in combination) on plasma theophylline concentrations after
a sustained-release formulation. Hum Exp Toxicol 1990; 9:
179–82. 

7. Minton NA, et al. Prevention of drug absorption in simulated
theophylline overdose. Hum Exp Toxicol 1995; 14: 170–4.

Beta blockers. Infusion of propranolol after theophylline over-
dose in 2 patients was associated with improvement in hypergly-
caemia, hypokalaemia, tachycardia, and hypotension. Beta-
adrenergic blockade may therefore be of benefit in the manage-
ment of the metabolic changes of theophylline poisoning,
especially in the non-asthmatic patient.1,2 However, in asthmatic
patients, beta blockers should be reserved for those with severe
hypokalaemia or cardiac arrhythmias when mechanical ventila-
tion is available as beta blockers can cause bronchoconstric-
tion.1,2 Propranolol reduces the clearance of theophylline (see
under Interactions, below) and it has been suggested that a
non-interacting beta blocker may be more appropriate.3 Esmolol
has been used successfully to manage cardiovascular symptoms
of overdosage.4
1. Kearney TE, et al. Theophylline toxicity and the beta-adrenergic

system. Ann Intern Med 1985; 102: 766–9. 
2. Amin DN, Henry JA. Propranolol administration in theophylline

overdose. Lancet 1985; i: 520–1. 
3. Farrar KT, Dunn AM. Beta-blockers in treatment of theophylline

overdose. Lancet 1985; i: 983. 
4. Seneff M, et al. Acute theophylline toxicity and the use of es-

molol to reverse cardiovascular instability. Ann Emerg Med
1990; 19: 671–3.

Endoscopy. Absorption is delayed after overdosage with mod-
ified-release oral preparations of aminophylline or theophylline
and may be further prolonged by the formation of tablet aggre-
gates, or bezoars, in the stomach.1-3 Of 11 patients admitted with
overdosage, one vomited a bezoar, 2 had bezoars removed at
gastroscopy, and in one a bezoar was found at necropsy.3 If bez-
oar formation occurs gastric lavage and activated charcoal will
have little if any effect and the patient may appear to stabilise
before experiencing increasing serum-theophylline concentra-
tion and clinical deterioration;1,2 fatalities have been reported.1
Endoscopy should be considered in cases of modified-release
theophylline overdosage in which clinical signs and serial con-
centration measurements suggest continuing drug absorption.2
1. Coupe M. Self-poisoning with sustained-release aminophylline:

a mechanism for observed secondary rise in serum theophylline.
Hum Toxicol 1986; 5: 341–2. 

2. Cereda J-M, et al. Endoscopic removal of pharmacobezoar of
slow release theophylline. BMJ 1986; 293: 1143. 

3. Smith WDF. Endoscopic removal of a pharmacobezoar of slow
release theophylline. BMJ 1987; 294: 125.

Haemodialysis and haemoperfusion. Extracorporeal theo-
phylline removal techniques after overdosage of aminophylline
or theophylline have been reviewed.1 Neither peritoneal dialysis
nor exchange transfusion produced a significant increase in the
total body clearance of theophylline, whereas haemodialysis
could be expected to double clearance, and haemoperfusion re-
sults in four- to sixfold increases in clearance. Charcoal haemo-
perfusion should be considered if the plasma-theophylline con-
centration exceeds 100 micrograms/mL in an acute intoxication,
or 60 micrograms/mL in chronic overdose (40 micrograms/mL
if there is significant respiratory or heart failure, or liver disease)
though plasma concentrations alone should not determine its use
(see under Adverse Effects, above). If there is intractable vomit-
ing, arrhythmias, or seizures charcoal haemoperfusion should be
started without delay. In most patients a 4-hour haemoperfusion
allows significant clinical improvement, but treatment should
cont inue  unt i l  p lasma concent ra t ions  are  be low
15 micrograms/mL. Plasma concentrations should be followed
at least every 4 hours for the first 12 hours post-perfusion, as re-
bound increases have been noted on terminating perfusion.
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Haemodialysis may rarely be an alternative if haemoperfusion is
not available, or in series with haemoperfusion if significant
rhabdomyolysis is present. There has been a case report2 of con-
tinuous venovenous haemofiltration used to treat severe theo-
phylline toxicity.
1. Heath A, Knudsen K. Role of extracorporeal drug removal in

acute theophylline poisoning: a review. Med Toxicol 1987; 2:
294–308. 

2. Henderson JH, et al. Continuous venovenous haemofiltration for
the treatment of theophylline toxicity. Thorax 2001; 56: 242–3.

Precautions
Theophylline or aminophylline should be given with
caution to patients with peptic ulceration, porphyria,
hyperthyroidism, hypertension, cardiac arrhythmias or
other cardiovascular disease, or epilepsy, as these con-
ditions may be exacerbated. They should also be given
with caution to patients with heart failure, hepatic dys-
function, acute febrile illness, and to neonates and the
elderly, since in all of these circumstances theophylline
clearance may be decreased, resulting in increases in
serum-theophylline concentrations and serum half-life.
Conversely, smoking and alcohol consumption in-
crease theophylline clearance. Many drugs interact
with theophylline; for details see Interactions, below. 
Intravenous injections of theophylline or aminophyl-
line must be given very slowly to prevent dangerous
CNS and cardiovascular adverse effects resulting from
the direct stimulant effect. 
Dosage requirements of theophylline vary widely be-
tween subjects; in view of the many factors affecting
theophylline pharmacokinetics, serum concentration
monitoring is necessary to ensure concentrations are
within the therapeutic range. 
Patients should not be transferred from one modified-
release theophylline or aminophylline preparation to
another without clinical assessment and the measure-
ment of serum-theophylline concentrations because of
bioavailability differences.
Acute febrile illness. A reduction in theophylline clearance
has been noted in patients presenting with acute respiratory
illness1 and appears to be associated with the severity of the un-
derlying pulmonary disease and the rate of change in the patient’s
condition.2 Caution has been advised in giving theophylline to
patients with chronic obstructive pulmonary disease with acute
exacerbations, since these patients appear most likely to exhibit
altered theophylline metabolism.2 
Similarly, a decrease in theophylline clearance and an increase in
the incidence of adverse effects has been reported during acute
viral infections such as influenza in children receiving theophyl-
line therapy for chronic asthma.3,4 Another study in asthmatic
children found that acute febrile illness accompanied by in-
creased C-Reactive Protein (CRP) level may affect theophylline
metabolism.5 The authors postulated that cytokines released in
the process of acute illness were responsible. Influenza vaccina-
tion has also been reported to reduce theophylline clearance (see
under Interactions, below). The mechanism by which theophyl-
line metabolism is reduced in these patients may be related to
increased interferon production during the acute febrile response.
A dosage reduction of one half has been recommended6 in chil-
dren receiving chronic theophylline therapy who are febrile for
more than 24 hours. Further dose adjustments should be based on
serum-theophylline concentrations until the patients have recov-
ered from their acute illness and are restabilised on their usual
dosage. However, conflicting results have been reported and in
one controlled study RSV infection was found to have no signif-
icant effect on theophylline disposition in children.7
1. Vozeh S, et al. Changes in theophylline clearance during acute

illness. JAMA 1978; 240: 1882–4. 
2. Richer M, Lam YWF. Hypoxia, arterial pH and theophylline dis-

position. Clin Pharmacokinet 1993; 25: 283–99. 
3. Chang KC, et al. Altered theophylline pharmacokinetics during

acute respiratory viral illness. Lancet 1978; i: 1132–3. 
4. Kraemer MJ, et al. Altered theophylline clearance during an in-

fluenza B outbreak. Pediatrics 1982; 69: 476–80. 
5. Yamaguchi A, et al. Higher incidence of elevated body tempera-

ture or increased C-reactive protein level in asthmatic children
showing transient reduction of theophylline metabolism. J Clin
Pharmacol 2000; 40: 284–9. 

6. American Academy of Pediatrics Committee on Drugs. Precau-
tions concerning the use of theophylline. Pediatrics 1992; 89:
781–3. 

7. Muslow HA, et al. Lack of effect of respiratory syncytial virus
infection on theophylline disposition in children. J Pediatr 1992;
121: 466–71.

Age. For the effects of age on the metabolism and excretion of
theophylline see under Pharmacokinetics, below. Dosage regi-
mens for infants are discussed under Administration in Infants,
in Uses and Administration, below.

Breast feeding. From one study of 3 women it was estimated
that less than 1% of the total theophylline eliminated was found
in breast milk.1 Another study of 5 women estimated that a
breast-fed infant would receive less than 10% of the maternal
dose of theophylline.2 These amounts were considered unlikely
to cause toxicity, but it has been reported that irritability in one
infant seemed to occur on the intermittent days when the mother
took aminophylline. The American Academy of Pediatrics3

states that theophylline is usually compatible with breast feeding,
although it noted that irritability has been reported in infants
whose mothers were receiving theophylline.
1. Stec GP, et al. Kinetics of theophylline transfer to breast milk.

Clin Pharmacol Ther 1980; 28: 404–8. 
2. Yurchak AM, Jusko WJ. Theophylline secretion into breast milk.

Pediatrics 1976; 57: 518–20. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 19/03/08)

ECT. Patients receiving theophylline are at risk of prolonged sei-
zures during ECT, and status epilepticus has been reported.1,2

The ability of theophylline to prolong seizures has led to it being
used as an adjunct in ECT.3 Caffeine has been used similarly, see
p.1118.
1. Peters SG, et al. Status epilepticus as a complication of concur-

rent electroconvulsive and theophylline therapy. Mayo Clin Proc
1984; 59: 568–70. 

2. Rasmussen KG, Zorumski CF. Electroconvulsive therapy in pa-
tients taking theophylline. J Clin Psychiatry 1993; 54: 427–31. 

3. Leentjens AFG, et al. Facilitation of ECT by intravenous admin-
istration of theophylline. Convuls Ther 1996; 12: 232–7.

Porphyria. Theophylline has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Pregnancy. It has been recommended1 that serum-theophylline
concentrations are measured at monthly intervals throughout
pregnancy and 1 and 4 weeks after delivery since the pharmacok-
inetics of theophylline may be altered. An increase in the volume
of distribution of theophylline, a decrease in plasma-protein
binding, and a continuing decrease in clearance throughout preg-
nancy have been noted in some patients, especially during the
later part of pregnancy,2-4 but other studies have noted an in-
crease in theophylline clearance during pregnancy.1,5 Some stud-
ies have found that after delivery there is a return of clearance
values to those existing before pregnancy,2 while others have
not.4 
In a study of 12 neonates whose mothers received various theo-
phylline preparations throughout their pregnancies6 maternal,
cord, and neonatal heelstick theophylline concentrations ranged
from 2.3 to 19.6 micrograms/mL. Transient jitteriness was seen
in 2 neonates and tachycardia in one, at cord theophylline con-
centrations of 11.7 to 17 micrograms/mL. There were no instanc-
es of vomiting, seizure, arrhythmias, diarrhoea, or feeding distur-
bances, which had been reported previously.
1. Rubin PC. Prescribing in pregnancy: general principles. BMJ

1986; 293: 1415–17. 
2. Carter BL, et al. Theophylline clearance during pregnancy. Ob-

stet Gynecol 1986; 68: 555–9. 
3. Frederiksen MC, et al. Theophylline pharmacokinetics in preg-

nancy. Clin Pharmacol Ther 1986; 40: 321–8. 
4. Gardner MJ, et al. Longitudinal effects of pregnancy on the phar-

macokinetics of theophylline. Eur J Clin Pharmacol 1987; 31:
289–95. 

5. Romero R, et al. Pharmacokinetics of intravenous theophylline
in pregnant patients at term. Am J Perinatol 1983; 1: 31–5. 

6. Labovitz E, Spector S. Placental theophylline transfer in preg-
nant asthmatics. JAMA 1982; 247: 786–8.

Renal impairment. Theophylline is eliminated mainly by
hepatic metabolism and usual doses of aminophylline or theo-
phylline can be given to patients with renal impairment. In
patients undergoing haemodialysis the clearance of theophylline
is increased and its elimination half-life reduced; mean values of
84.8 and 83 mL/minute and 2.5 and 2.3 hours respectively have
been reported.1,2 Haemodialysis removes up to 40% of a dose of
theophylline.1 Peritoneal dialysis has little effect on the pharma-
cokinetics of theophylline removing about 3.2% of a dose.1
1. Lee C-SC, et al. Comparative pharmacokinetics of theophylline

in peritoneal dialysis and hemodialysis. J Clin Pharmacol 1983;
23: 274–80. 

2. Anderson JR, et al. Effects of hemodialysis on theophylline ki-
netics. J Clin Pharmacol 1983; 23: 428–32.

Smoking. Certain components of tobacco smoke, notably aro-
matic hydrocarbons, induce hepatic drug-metabolising enzymes
and cigarette smoking has been reported1-3 to increase theophyl-
line clearance and shorten its elimination half-life. The effect of
smoking may override factors that tend to decrease theophylline
clearance, such as old age.4 The duration of enzyme induction
after stopping smoking is uncertain; theophylline clearance
decreased by 38% after one week of abstinence from smoking in
one study,5 while others have found changes in clearance persist-
ing for at least 3 months.1 Tobacco chewing has also been report-
ed to increase theophylline clearance,6 but nicotine chewing gum
appears to have no effect.5
1. Hunt SN, et al. Effect of smoking on theophylline disposition.

Clin Pharmacol Ther 1976; 19: 546–51. 
2. Jusko WJ, et al. Enhanced biotransformation of theophylline in

marihuana and tobacco smokers. Clin Pharmacol Ther 1978; 24:
406–10. 

3. Grygiel JJ, Birkett DJ. Cigarette smoking and theophylline clear-
ance and metabolism. Clin Pharmacol Ther 1981; 30: 491–6. 

4. Cusack B, et al. Theophylline kinetics in relation to age: the im-
portance of smoking. Br J Clin Pharmacol 1980; 10: 109–14. 

5. Lee BL, et al. Cigarette abstinence, nicotine gum, and theophyl-
line disposition. Ann Intern Med 1987; 106: 553–5. 

6. Rockwood R, Henann N. Smokeless tobacco and theophylline
clearance. Drug Intell Clin Pharm 1986; 20: 624–5.

Interactions
The toxic effects of theophylline, aminophylline, and
other xanthines are additive. Use with other xanthine
medications should therefore be avoided; if intrave-
nous aminophylline is to be given for acute bronchos-
pasm in patients who have been taking maintenance
theophylline therapy, serum-theophylline concentra-
tions should be measured first and the initial dose re-
duced as appropriate (see Uses and Administration, be-
low). 
Theophylline clearance may be reduced by interaction
with other drugs including allopurinol, some
antiarrhythmics, cimetidine, disulfiram, fluvoxamine,
interferon alfa, macrolide antibacterials and quinolo-
nes, oral contraceptives, tiabendazole, and viloxazine,
and the dose of theophylline may need to be reduced.
Phenytoin and some other antiepileptics, ritonavir, rif-
ampicin, and sulfinpyrazone may increase theophyl-
line clearance, and require an increase in dose or dos-
ing frequency of theophylline. 
Xanthines can potentiate hypokalaemia caused by hy-
poxia or associated with the use of beta2-adrenoceptor
stimulants (beta2 agonists), corticosteroids, and diuret-
ics. There is a risk of synergistic toxicity if theophylline
is given with halothane or ketamine, and it may antag-
onise the effects of adenosine and of competitive neu-
romuscular blockers; lithium elimination may be en-
hanced with a consequent loss of effect. The
interaction between theophylline and beta blockers is
complex (see below) but use together tends to be
avoided on pharmacological grounds since beta block-
ers produce bronchospasm.
◊ Theophylline is metabolised by several hepatic cytochrome
P450 isoenzymes, of which the most important seems to be
CYP1A2.1 Numerous drugs affect the metabolic clearance of
theophylline and aminophylline,2 but the variability in theophyl-
line pharmacokinetics makes the clinical significance of these in-
teractions difficult to predict. Giving theophylline with drugs that
inhibit its metabolism should be avoided but, if unavoidable, the
dose of theophylline should be halved.3 There is some evidence
to suggest that less of a dose reduction is required in the presence
of severe liver dysfunction,4 aside from that already required by
impaired hepatic metabolism, see Administration in Hepatic Im-
pairment, below. Subsequent doses should be adjusted based on
serum-theophylline monitoring.3 Even when introducing medi-
cation for which no interaction is suspected, a check on the
serum-theophylline concentration within 24 hours of beginning
the new drug has been advised.3 
Theophylline reduces liver plasma flow5 and may therefore pro-
long the half-life and increase steady-state levels of hepatically
eliminated drugs but it is claimed to have no effect on antipyrine
clearance.6
1. Ha HR, et al. Metabolism of theophylline by cDNA-expressed

human cytochromes P-450. Br J Clin Pharmacol 1995; 39:
321–6. 

2. Upton RA. Pharmacokinetic interactions between theophylline
and other medication. Clin Pharmacokinet 1991; 20: 66–80 (part
I) and 135–50 (part II). 

3. American Academy of Pediatrics Committee on Drugs. Precau-
tions concerning the use of theophylline. Pediatrics 1992; 89:
781–3. 

4. Orlando R, et al. Liver dysfunction markedly decreases the inhi-
bition of cytochrome P450 1A2-mediated theophylline metabo-
lism by fluvoxamine. Clin Pharmacol Ther 2006; 79: 489–99. 

5. Onrot J, et al. Reduction of liver plasma flow by caffeine and
theophylline. Clin Pharmacol Ther 1986; 40: 506–10. 

6. Døssing M, et al. Effect of theophylline and salbutamol on he-
patic drug metabolism. Hum Toxicol 1989; 8: 225–8.

Antiarrhythmics. An increase in serum-theophylline concen-
tration from 93.2 to 194.2 micromol/litre with symptoms of tach-
ycardia, nervousness, and tremors occurred in a patient 9 days
after starting amiodarone therapy.1 Elevated theophylline con-
centrations and/or decreased clearance have also been reported
following addition of mexiletine to theophylline therapy.2-6 Ami-
odarone and mexiletine probably interact with theophylline
through inhibition of its hepatic metabolism. Tocainide has also
been found to impair theophylline metabolism resulting in a re-
duction in theophylline clearance but the effect was substantially
smaller than that of mexiletine.7 In one patient stabilised on the-
ophylline therapy, an increase in the plasma-theophylline con-
centration with subsequent toxicity was noted after starting treat-
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ment with propafenone.8 See also under Calcium-channel
Blockers, below.
1. Soto J, et al. Possible theophylline-amiodarone interaction.

DICP Ann Pharmacother 1990; 24: 1115. 
2. Stanley R, et al. Mexiletine-theophylline interaction. Am J Med

1989; 86: 733–4. 
3. Ueno K, et al. Interaction between theophylline and mexiletine.

DICP Ann Pharmacother 1990; 24: 471–2. 
4. Hurwitz A, et al. Mexiletine effects on theophylline disposition.

Clin Pharmacol Ther 1991; 50: 299–307. 
5. Loi C-M, et al. Inhibition of theophylline metabolism by mexi-

letine in young male and female nonsmokers. Clin Pharmacol
Ther 1991; 49: 571–80. 

6. Ueno K, et al. Mechanism of interaction between theophylline
and mexiletine. DICP Ann Pharmacother 1991; 25: 727–30. 

7. Loi C-M, et al. The effect of tocainide on theophylline metabo-
lism. Br J Clin Pharmacol 1993; 35: 437–40. 

8. Lee BL, Dohrmann ML. Theophylline toxicity after propafenone
treatment: evidence for drug interaction. Clin Pharmacol Ther
1992; 51: 353–5.

Antibacterials. IMIPENEM. Seizures have been reported in 3
patients receiving theophylline who were given imipenem,1
although serum concentrations of theophylline were not af-
fected.
1. Semel JD, Allen N. Seizures in patients simultaneously receiv-

ing theophylline and imipenem or ciprofloxacin or metronida-
zole. South Med J 1991; 84: 465–8.

ISONIAZID. Isoniazid inhibits oxidative enzymes in the liver
and has been found to impair the elimination of theophylline.
Both clearance and volume of distribution of theophylline
were reduced with an increase in serum-theophylline concen-
trations in healthy subjects after 14 days of pretreatment with
isoniazid1 and theophylline toxicity has been reported2 in a
patient one month after adding theophylline to isoniazid ther-
apy.
1. Samigun, et al. Lowering of theophylline clearance by isoniazid

in slow and rapid acetylators. Br J Clin Pharmacol 1990; 29:
570–3. 

2. Torrent J, et al. Theophylline-isoniazid interaction. DICP Ann
Pharmacother 1989; 23: 143–5.

MACROLIDES.  There are conflicting reports of the effect of
erythromycin on the pharmacokinetics of theophylline. Sig-
nificant decreases in the clearance of theophylline and pro-
longed elimination half-life have been reported1-3 but other
studies have found no interaction.4,5 It has also been noted
that the serum concentrations and bioavailability of erythro-
mycin may be reduced by theophylline6,7 (see also p.271).
The clearance of theophylline is also markedly decreased by
troleandomycin,8-10 but there have been reports that for clini-
cal purposes the pharmacokinetics of theophylline do not
seem to be significantly altered by dirithromycin,11-13 josamy-
cin,9,14 midecamycin,10,15,16 rokitamycin,17 roxithromycin,18

or spiramycin.19 Clarithromycin also seems unlikely to have
a significant effect in most patients, but in a few theophylline
dosage may need to be adjusted.20,21 In one case report,
serum-theophylline concentrations fell over a few days after
the withdrawal of azithromycin.22

1. Zarowitz BJM, et al. Effect of erythromycin base on theophyl-
line kinetics. Clin Pharmacol Ther 1981; 29: 601–5. 

2. Renton KW, et al. Depression of theophylline elimination by
erythromycin. Clin Pharmacol Ther 1981; 30: 422–6. 

3. May DC, et al. The effects of erythromycin on theophylline
elimination in normal males. J Clin Pharmacol 1982; 22:
125–30. 

4. Maddux MS, et al. The effect of erythromycin on theophylline
pharmacokinetics at steady state. Chest 1982; 81: 563–5. 

5. Hildebrandt R, et al. Lack of clinically important interaction be-
tween erythromycin and theophylline. Eur J Clin Pharmacol
1984; 26: 485–9. 

6. Iliopoulou A, et al. Pharmacokinetic interaction between theo-
phylline and erythromycin. Br J Clin Pharmacol 1982; 14:
495–9. 

7. Paulsen O, et al. The interaction of erythromycin with theophyl-
line. Eur J Clin Pharmacol 1987; 32: 493–8. 

8. Weinberger M, et al. Inhibition of theophylline clearance by
troleandomycin. J Allergy Clin Immunol 1977; 59: 228–31. 

9. Brazier JL, et al. Retard d’élimination de la théophylline dû à la
troléandomycine: absence d’effet de la josamycine. Therapie
1980; 35: 545–9. 

10. Lavarenne J, et al. Influence d’un nouveau macrolide, la midé-
camycine, sur les taux sanguins de théophylline. Therapie 1981;
36: 451–6. 

11. Bachmann K, et al. Changes in the steady-state pharmacokinet-
ics of theophylline during treatment with dirithromycin. J Clin
Pharmacol 1990; 30: 1001–5. 

12. Bachmann K, et al. Steady-state pharmacokinetics of theophyl-
line in COPD patients treated with dirithromycin. J Clin Phar-
macol 1993; 33: 861–5. 

13. McConnell SA, et al. Lack of effect of dirithromycin on theo-
phylline pharmacokinetics in healthy volunteers. J Antimicrob
Chemother 1999; 43: 733–6. 

14. Ruff F, et al. Macrolide et théophylline: absence d’interaction
josamycine-théophylline. Nouv Presse Med 1981; 10: 175. 

15. Principi N, et al. Effect of miocamycin on theophylline kinetics
in children. Eur J Clin Pharmacol 1987; 31: 701–4. 

16. Couet W, et al. Lack of effect of ponsinomycin on the plasma
pharmacokinetics of theophylline. Eur J Clin Pharmacol 1989;
37: 101–4. 

17. Ishioka T. Effect of a new macrolide antibiotic, 3′′-O-propionyl-
leucomycin A  (rokitamycin) on serum concentrations of theo-
phylline and digoxin in the elderly. Acta Ther 1987; 13: 17–24. 

18. Saint-Salvi B, et al. A study of the interaction of roxithromycin
with theophylline and carbamazine. J Antimicrob Chemother
1987; 20 (suppl B): 121–9. 

19. Debruyne D, et al. Spiramycin has no effect on serum theophyl-
line in asthmatic patients. Eur J Clin Pharmacol 1986; 30:
505–7. 

20. Bachand RT. Comparative study of clarithromycin and ampicil-
lin in the treatment of patients with acute bacterial exacerba-
tions of chronic bronchitis. J Antimicrob Chemother 1991; 27
(suppl A): 91–100. 

21. Gillum JG, et al. Effect of combination therapy with cipro-
floxacin and clarithromycin on theophylline pharmacokinetics
in healthy volunteers. Antimicrob Agents Chemother 1996; 40:
1715–16. 

22. Pollak PT, Slayter KL. Reduced serum theophylline concentra-
tions after discontinuation of azithromycin: evidence for an un-
usual interaction. Pharmacotherapy 1997; 17: 827–9.

QUINOLONES. The fluoroquinolone antibacterials vary in their
propensity to interact with theophylline. Enoxacin shows the
most marked interaction and has been reported1 to cause seri-
ous nausea and vomiting, tachycardia, and headaches, associ-
ated with unexpectedly high plasma-theophylline concentra-
tions in patients with respiratory-tract infections. Studies,2-5

mainly in healthy subjects, have found that enoxacin decreas-
es theophylline clearance by up to 74%3 with an increase in
the elimination half-life and serum-theophylline concentra-
tion. 
Ciprofloxacin2,6-8 and pefloxacin2 interact with theophylline to a
lesser extent than enoxacin, decreasing theophylline clearance
by about 30%. Eight clinically important interactions between
ciprofloxacin and theophylline had been reported to the UK
CSM9 including 1 death. A ciprofloxacin-induced seizure has
been reported10 which may have been due to the combined inhib-
itory effects of the 2 drugs on GABA binding. It has been recom-
mended that ciprofloxacin should not be used in patients treated
with theophylline.9 
Norfloxacin4,11-13 and ofloxacin4,11,14 have been reported to have
minor effects on the pharmacokinetics of theophylline. Although
their effects were usually considered not to be clinically signifi-
cant, the US FDA had received 9 reports of theophylline toxicity
associated with use with norfloxacin, including 1 death.15 Fler-
oxacin,16 flumequine,17 lomefloxacin,8,18,19 moxifloxacin,20 and
rufloxacin21 have been reported to have no significant effect on
the pharmacokinetics of theophylline in small studies in healthy
subjects. 
The mechanism of interaction involves a reduction in the meta-
bolic clearance of theophylline due to inhibition of hepatic mi-
crosomal enzymes. However, the exact mechanism is unknown
and it is difficult to predict which patients will be at risk. Extreme
caution should be used when giving quinolones with theophyl-
line, particularly in the elderly15 and it may be advisable to use a
non-interacting fluoroquinolone, although theophylline concen-
trations should still be monitored. 
Of the non-fluorinated quinolones, nalidixic acid2 has been re-
ported not to affect theophylline clearance whereas pipemidic
acid has markedly inhibited theophylline clearance.19
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4. Sano M, et al. Inhibitory effect of enoxacin, ofloxacin and nor-
floxacin on renal excretion of theophylline in humans. Eur J
Clin Pharmacol 1989; 36: 323–4. 
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RIFAMPICIN. Rifampicin induces hepatic oxidative enzymes
and a dose of 600 mg daily by mouth for 6 to 14 days has been
shown to increase mean plasma-theophylline clearance by 25
to 82% due to enhancement of hepatic theophylline metabo-
lism. This increase in clearance is sufficient to require dosage
adjustment in some patients,1-4 including children.5
1. Straughn AB, et al. Effect of rifampin on theophylline disposi-

tion. Ther Drug Monit 1984; 6: 153–6. 
2. Robson RA, et al. Theophylline-rifampicin interaction: non-se-

lective induction of theophylline metabolic pathways. Br J Clin
Pharmacol 1984; 18: 445–8. 

3. Boyce EG, et al. The effect of rifampin on theophylline kinetics.
J Clin Pharmacol 1986; 26: 696–9. 

4. Adebayo GE, et al. Attenuation of rifampicin-induced theophyl-
line metabolism by diltiazem/rifampicin coadministration in
healthy volunteers. Eur J Clin Pharmacol 1989; 37: 127–31. 

5. Brocks DR, et al. Theophylline-rifampin interaction in a pediat-
ric patient. Clin Pharm 1986; 5: 602–4.

TETRACYCLINES. Tetracycline weakly inhibited theophylline
clearance after 5 days of therapy in 5 non-smoking adults with
chronic obstructive airways disease1 and theophylline toxici-
ty has been reported2 in a patient given a 10-day course of
tetracycline during theophylline therapy. Doxycycline has
been reported not to have any significant effect on theophyl-
line pharmacokinetics in healthy subjects.3
1. Gotz VP, Ryerson GG. Evaluation of tetracycline on theophylline

disposition in patients with chronic obstructive airways disease.
Drug Intell Clin Pharm 1986; 20: 694–7. 

2. McCormack JP, et al. Theophylline toxicity induced by tetracy-
cline. Clin Pharm 1990; 9: 546–9. 

3. Jonkman JHG, et al. No influence of doxycycline on theophyl-
line pharmacokinetics. Ther Drug Monit 1985; 7: 92–4.

Antidepressants. Significantly reduced clearance and in-
creased plasma concentrations of theophylline have been report-
ed when given with viloxazine.1,2 The dosage of theophylline
should be decreased and its plasma concentrations monitored
when viloxazine is also prescribed.2 The interaction probably in-
volves competition between the two drugs for hepatic microsom-
al enzymes. 
Fluvoxamine has also been associated with a significant reduc-
tion in theophylline clearance3,4 and theophylline toxicity has
been described in patients when fluvoxamine was added to their
therapy.5,6 This interaction which is due to potent liver enzyme
inhibition7 has been the subject of a warning by the UK CSM8 in
which they issued the standard advice of avoiding the two drugs
if at all possible and, where they could not be avoided, of giving
half the dose of theophylline and monitoring plasma concentra-
tions. A small study evaluating the effect of liver cirrhosis on the
interaction between fluvoxamine and theophylline observed a
decrease in fluvoxamine-induced inhibition of theophylline
clearance as the severity of liver cirrhosis increased.4 The authors
suggest that theophylline may require less of a dose reduction in
the presence of severe liver dysfunction, aside from that already
required by impaired hepatic metabolism, see Administration in
Hepatic Impairment, below. 
St John’s wort may have decreased theophylline concentrations
and increased the theophylline dosage requirement in one case
report.9 However, a study10 in 12 healthy subjects found that 15
days of treatment with St John’s wort did not significantly
change theophylline pharmacokinetics. 
For a mention of the effect of theophylline on the renal clearance
of lithium, see Xanthines, under Interactions of Lithium, p.405.
1. Thomson AH, et al. Theophylline toxicity following coadmin-

istration of viloxazine. Ther Drug Monit 1988; 10: 359–60. 
2. Perault MC, et al. A study of the interaction of viloxazine with

theophylline. Ther Drug Monit 1989; 11: 520–2. 
3. Donaldson KM, et al. The effect [of] fluvoxamine at steady state

on the pharmacokinetics of theophylline after a single dose in
healthy male volunteers. Br J Clin Pharmacol 1994; 37: 492P. 

4. Orlando R, et al. Liver dysfunction markedly decreases the in-
hibition of cytochrome P450 1A2-mediated theophylline me-
tabolism by fluvoxamine. Clin Pharmacol Ther 2006; 79:
489–99. 

5. Sperber AD. Toxic interaction between fluvoxamine and sus-
tained release theophylline in an 11-year-old boy. Drug Safety
1991; 6: 460–2. 

6. Thomson AH, et al. Interaction between fluvoxamine and theo-
phylline. Pharm J 1992; 249: 137. 

7. Rasmussen BB, et al. Selective serotonin reuptake inhibitors
and theophylline metabolism in human liver microsomes: po-
tent inhibition by fluvoxamine. Br J Clin Pharmacol 1995; 39:
151–9. 

8. Committee on Safety of Medicines/Medicines Control Agency.
Fluvoxamine increases plasma theophylline levels. Current
Prob lems  1994 ;  20:  12 .  A l so  ava i la b l e  a t :  h t tp : / /
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2015615&RevisionSelectionMethod=
LatestReleased (accessed 20/05/08) 

9. Nebel A, et al. Potential metabolic interaction between St John’s
wort and theophylline. Ann Pharmacother 1999; 33: 502. 

10. Morimoto T, et al. Effect of St. John’s wort on the pharmacoki-
netics of theophylline in healthy volunteers. J Clin Pharmacol
2004; 44: 95–101.

Antiepileptics. Phenytoin markedly decreases the elimination
half-life and increases the clearance of theophylline, probably
due to hepatic enzyme induction, at therapeutic serum-phenytoin
concentrations,1-3 at subtherapeutic phenytoin concentrations,2,4
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and even in heavy smokers.2 A preliminary report suggested that
the serum concentration of phenytoin may be decreased simulta-
neously,5 perhaps due to enzyme induction by theophylline5 or
reduced phenytoin absorption.6 The interaction has been report-
ed to occur within 5 to 14 days of taking phenytoin and theophyl-
line, and theophylline clearance has increased by up to 350%,
and reductions in serum half-life have ranged from 25 to 70% of
initial values.3,4 
Carbamazepine has also been seen to increase theophylline
elimination. In one patient, theophylline serum half-life was de-
creased by about 24 to 60%, and clearance was increased by
about 35 to 100% when carbamazepine was given.2 In an 11-
year-old girl theophylline-serum half-life was almost halved
with loss of asthma control after 3 weeks of concurrent car-
bamazepine therapy.7 In turn, theophylline has been reported to
reduce serum concentrations of carbamazepine—see p.475. 
Although phenobarbital was not found to have a significant ef-
fect on the pharmacokinetics of a single dose of theophylline giv-
en intravenously,8 enhanced theophylline clearance has been
seen in patients after longer periods of treatment with phenobar-
bital.9,10 The magnitude of the changes in theophylline elimina-
tion appears to be smaller with phenobarbital than phenytoin.
Pentobarbital in high doses has also been reported to increase
theophylline metabolism.11 A more recent study12 has also
shown that therapeutic doses of pentobarbital (100 mg daily) in-
crease plasma clearance of theophylline by a mean of 40%, al-
though this was subject to marked interindividual variations. Re-
nal clearance was not affected, suggesting hepatic enzyme
induction as the probable mechanism.
1. Marquis J-F, et al. Phenytoin-theophylline interaction. N Engl J

Med 1982; 307: 1189–90. 
2. Reed RC, Schwartz HJ. Phenytoin-theophylline-quinidine in-

teraction. N Engl J Med 1983; 308: 724–5. 
3. Sklar SJ, Wagner JC. Enhanced theophylline clearance second-

ary to phenytoin therapy. Drug Intell Clin Pharm 1985; 19:
34–6. 

4. Miller M, et al. Influence of phenytoin on theophylline clear-
ance. Clin Pharmacol Ther 1984; 35: 666–9. 

5. Taylor JW, et al. The interaction of phenytoin and theophylline.
Drug Intell Clin Pharm 1980; 14: 638. 

6. Hendeles L, et al. Decreased oral phenytoin absorption follow-
ing concurrent theophylline administration. J Allergy Clin Im-
munol 1979; 63: 156. 

7. Rosenberry KR, et al. Reduced theophylline half-life induced
by carbamazepine therapy. J Pediatr 1983; 102: 472–4. 

8. Piafsky KM, et al. Effect of phenobarbital on the disposition of
intravenous theophylline. Clin Pharmacol Ther 1977; 22:
336–9. 

9. Jusko WJ, et al. Factors affecting theophylline clearances: age,
tobacco, marijuana, cirrhosis, congestive heart failure, obesity,
oral contraceptives, benzodiazepines, barbiturates, and ethanol.
J Pharm Sci 1979; 68: 1358–66. 

10. Saccar CL, et al. The effect of phenobarbital on theophylline
disposition in children with asthma. J Allergy Clin Immunol
1985; 75: 716–19. 

11. Gibson GA, et al. Influence of high-dose phenobarbital on the-
ophylline pharmacokinetics: a case report. Ther Drug Monit
1985; 7: 181–4. 

12. Dahlqvist R, et al. Induction of theophylline metabolism by
pentobarbital. Ther Drug Monit 1989; 11: 408–10.

Antifungals. There have been reports that ketoconazole does
not appear significantly to alter the pharmacokinetics of theo-
phylline.1,2 The manufacturer of fluconazole has, however, stated
that plasma clearance of theophylline may be decreased by flu-
conazole. A 16% reduction in theophylline clearance has been
reported3 after oral fluconazole but fluconazole was considered
to have only a minor inhibitory effect on theophylline metabo-
lism and theophylline disposition was not significantly affected.
Theophylline metabolism has been inhibited to a similar degree
by terbinafine.4
1. Brown MW, et al. Effect of ketoconazole on hepatic oxidative

drug metabolism. Clin Pharmacol Ther 1985; 37: 290–7. 
2. Heusner JJ, et al. Effect of chronically administered ketocona-

zole on the elimination of theophylline in man. Drug Intell Clin
Pharm 1987; 21: 514–17. 

3. Konishi H, et al. Effect of fluconazole on theophylline disposi-
tion in humans. Eur J Clin Pharmacol 1994; 46: 309–12. 

4. Trépanier EF, et al. Effect of terbinafine on theophylline pharma-
cokinetics in healthy volunteers. Antimicrob Agents Chemother
1998; 42: 695–7.

Antigout drugs. Allopurinol 300 mg by mouth daily for 7 days
was found to have no effect on the pharmacokinetics of theo-
phylline after a single intravenous dose of aminophylline1,2 or
after oral theophylline given to steady state.1 However, oral
allopurinol 600 mg daily for 28 days has been found to inhibit the
metabolism of theophylline,3 increasing the mean half-life by
25% after 14 days and 29% after 28 days and there has been a
report of allopurinol increasing peak plasma-theophylline con-
centrations by 38% in one patient within 2 days of use together.4 
Probenecid has been reported5 to have no effect on the hepatic
metabolism or total body clearance of theophylline in a single-
dose study in healthy subjects. 
Sulfinpyrazone 800 mg daily for 7 days increased the total plas-
ma clearance of theophylline by 22% in healthy subjects due to
selective induction of certain cytochrome P450 isoenzymes.6
1. Grygiel JJ, et al. Effects of allopurinol on theophylline metabo-

lism and clearance. Clin Pharmacol Ther 1979; 26: 660–7. 
2. Vozeh S, et al. Influence of allopurinol on theophylline disposi-

tion in adults. Clin Pharmacol Ther 1980; 27: 194–7. 
3. Manfredi RL, Vesell ES. Inhibition of theophylline metabolism

by long-term allopurinol administration. Clin Pharmacol Ther
1981; 29: 224–9. 

4. Barry M, Feely J. Allopurinol influences aminophenazone elim-
ination. Clin Pharmacokinet 1990; 19: 167–9. 

5. Chen TWD, Patton TF. Effect of probenecid on the pharmacoki-
netics of aminophylline. Drug Intell Clin Pharm 1983; 17:
465–6. 

6. Birkett DJ, et al. Evidence for a dual action of sulphinpyrazone
on drug metabolism in man: theophylline-sulphinpyrazone inter-
action. Br J Clin Pharmacol 1983; 15: 567–9.

Antineoplastics. There has been a report of increased clear-
ance of theophylline in 3 patients given aminoglutethimide.1 
The clearance of theophylline (given as theophylline, amino-
phylline, or choline theophyllinate) was reported to decrease by
an average of 19% in 8 patients with severe corticosteroid-de-
pendent asthma given low-dose weekly intramuscular injections
of methotrexate.2 A high degree of interpatient variability was
seen. Three patients reported nausea; one of whom required a
decrease in theophylline dose. The authors reported that the most
likely explanation for the change in theophylline clearance was
inhibition of microsomal enzyme activity. 
For reference to a possible interaction between theophylline and
lomustine, see Lomustine, p.741.
1. Lønning PE, et al. Effect of aminoglutethimide on antipyrine,

theophylline, and digitoxin disposition in breast cancer. Clin
Pharmacol Ther 1984; 36: 796–802. 

2. Glynn-Barnhart AM, et al. Effect of low-dose methotrexate on
the disposition of glucocorticoids and theophylline. J Allergy
Clin Immunol 1991; 88: 180–6.

Antivirals. A single injection of recombinant human interferon
alfa reduced theophylline clearance by 33 to 81% in 8 of 9 sub-
jects, resulting in a 1.5- to sixfold increase in the theophylline
elimination half-life.1 Injection of interferon alfa once daily for 3
days in 11 healthy subjects also reduced theophylline clearance
and increased elimination half-life,2 but the magnitude of the
changes were of a similar order to normal intra-individual varia-
tion and the interaction was considered of minor clinical signifi-
cance. 
Licensed product information for ritonavir states that it substan-
tially increases the clearance of theophylline; theophylline dos-
age may need to be increased to maintain efficacy. 
There is evidence3 that aciclovir inhibits theophylline metabo-
lism, resulting in accumulation.
1. Williams SJ, et al. Inhibition of theophylline metabolism by in-

terferon. Lancet 1987; ii: 939–41. 
2. Jonkman JHG, et al. Effects of α-interferon on theophylline phar-

macokinetics and metabolism. Br J Clin Pharmacol 1989; 27:
795–802. 

3. Maeda Y, et al. Inhibition of theophylline metabolism by aciclo-
vir. Biol Pharm Bull 1996; 19: 1591–5.

Benzodiazepines. For reference to the antagonism of benzodi-
azepine sedation by aminophylline, see Xanthines, under Inter-
actions of Diazepam, p.992.
Beta blockers. Propranolol reduced theophylline clearance by
36% in healthy subjects given aminophylline intravenously. Me-
toprolol did not reduce clearance in the group as a whole, but a
reduction was noted in some smokers whose theophylline clear-
ance was initially high.1 Propranolol is thought to exert a dose-
dependent selective inhibitory effect on the separate cytochrome
P450 isoenzymes involved in theophylline demethylation and 8-
hydroxylation.2 The less lipophilic beta blockers atenolol3,4 and
nadolol4 had no significant effect on the pharmacokinetics of
theophylline. 
In general, however, beta blockers should be avoided in patients
taking theophylline as they can dangerously exacerbate bron-
chospasm in patients with a history of asthma or chronic obstruc-
tive pulmonary disease.
1. Conrad KA, Nyman DW. Effects of metoprolol and propranolol

on theophylline elimination. Clin Pharmacol Ther 1980; 28:
463–7. 

2. Miners JO, et al. Selectivity and dose-dependency of the inhibi-
tory effect of propranolol on theophylline metabolism in man. Br
J Clin Pharmacol 1985; 20: 219–23. 

3. Cerasa LA, et al. Lack of effect of atenolol on the pharmacoki-
netics of theophylline. Br J Clin Pharmacol 1988; 26: 800–2. 

4. Corsi CM, et al. Lack of effect of atenolol and nadolol on the
metabolism of theophylline. Br J Clin Pharmacol 1990; 29:
265–8.

Caffeine. Abstention from dietary methylxanthines by healthy
subjects has resulted in faster elimination of theophylline.1 While
the addition of extra caffeine to the diet has been reported not to
alter theophylline disposition,2 some studies in healthy subjects
have indicated that the ingestion of moderate amounts of caffeine
(120 to 900 mg daily), which could be consumed by drinking
several cups of coffee daily, can have a pronounced influence on
the pharmacokinetics of theophylline.3,4 In these latter studies the
mean theophylline clearance was reduced by 23 and 29% with a
corresponding increase in the elimination half-lives.
1. Monks TJ, et al. Influence of methylxanthine-containing foods

on theophylline metabolism and kinetics. Clin Pharmacol Ther
1979; 26: 513–24. 

2. Monks TJ, et al. The effect of increased caffeine intake on the
metabolism and pharmacokinetics of theophylline in man. Biop-
harm Drug Dispos 1981; 2: 31–7. 

3. Jonkman JHG, et al. The influence of caffeine on the steady-state
pharmacokinetics of theophylline. Clin Pharmacol Ther 1991;
49: 248–55. 

4. Sato J, et al. Influence of usual intake of dietary caffeine on sin-
gle-dose kinetics of theophylline in healthy human subjects. Eur
J Clin Pharmacol 1993; 44: 295–8.

Calcium-channel blockers. Verapamil has been reported1 to
decrease the clearance of theophylline by a mean of 14% in
healthy subjects and although this was not considered to be clin-
ically significant, symptoms of theophylline toxicity, associated
with near doubling of the serum-theophylline concentration have
occurred in a 76-year-old woman taking theophylline after 6
days of therapy with verapamil.2 Studies in healthy subjects and
asthmatic patients have produced conflicting results of the effect
of nifedipine on the pharmacokinetics of theophylline. Reduced
clearance1 and an increase in the volume of distribution3,4 of the-
ophylline have been reported and both decreased4 and increased5

serum-theophylline concentrations; theophylline toxicity has
been reported.6,7 However, most studies have concluded that the
effects of nifedipine are unlikely to be of clinical impor-
tance.1,4,5,8 
Serum concentrations of theophylline have been reported to be
increased by diltiazem5 and reduced by felodipine;9 neither of
these effects were considered to be clinically significant.
1. Robson RA, et al. Selective inhibitory effects of nifedipine and

verapamil on oxidative metabolism: effects on theophylline. Br
J Clin Pharmacol 1988; 25: 397–400. 

2. Burnakis TG, et al. Increased serum theophylline concentrations
secondary to oral verapamil. Clin Pharm 1983; 2: 458–61. 

3. Jackson SHD, et al. The interaction between iv theophylline and
chronic oral dosing with slow release nifedipine in volunteers.
Br J Clin Pharmacol 1986; 21: 389–92. 

4. Adebayo GI, Mabadeje AFB. Effect of nifedipine on antipyrine
and theophylline disposition. Biopharm Drug Dispos 1990; 11:
157–64. 

5. Smith SR, et al. The influence of nifedipine and diltiazem on
serum theophylline concentration-time profiles. J Clin Pharm
Ther 1989; 14: 403–8. 

6. Parrillo SJ, Venditto M. Elevated theophylline blood levels from
institution of nifedipine therapy. Ann Emerg Med 1984; 13:
216–17. 

7. Harrod CS. Theophylline toxicity and nifedipine. Ann Intern
Med 1987; 106: 480. 

8. Spedini C, Lombardi C. Long-term treatment with oral nifed-
ipine plus theophylline in the management of chronic bronchial
asthma. Eur J Clin Pharmacol 1986; 31: 105–6. 

9. Bratel T, et al. Felodipine reduces the absorption of theophylline
in man. Eur J Clin Pharmacol 1989; 36: 481–5.

Cannabis. A search of the literature1 revealed 2 studies, both
published in the 1970s, that showed that marijuana smoking in-
creased the clearance of theophylline.
1. Brown D. Influence on theophylline clearance. Pharm J 1994;

253: 595.

Corticosteroids. In 3 patients with acute severe asthma given
aminophylline intravenously, serum-theophylline concentrations
rose rapidly from the therapeutic range to between 40 and
50 micrograms/mL when hydrocortisone was given intrave-
nously.1 In studies in healthy subjects, no significant changes in
serum-theophylline concentrations were noted when hydrocorti-
sone, methylprednisolone,2 or prednisone3 were given, although
there was a trend towards increased theophylline clearance dur-
ing corticosteroid therapy.2,3 In preterm neonates, exposure to
betamethasone in utero stimulated the hepatic metabolism of
theophylline,4,5 but did not affect dosage requirements. 
The possibility that adverse effects such as hypokalaemia may be
potentiated by use of theophylline with corticosteroids should be
borne in mind.
1. Buchanan N, et al. Asthma—a possible interaction between hy-

drocortisone and theophylline. S Afr Med J 1979; 56: 1147–8. 
2. Leavengood DC, et al. The effect of corticosteroids on theophyl-

line metabolism. Ann Allergy 1983; 50: 249–51. 
3. Anderson JL, et al. Potential pharmacokinetic interaction be-

tween theophylline and prednisone. Clin Pharm 1984; 3: 187–9. 
4. Jager-Roman E, et al. Increased theophylline metabolism in pre-

mature infants after prenatal betamethasone administration. Dev
Pharmacol Ther 1982; 5: 127–35. 

5. Baird-Lambert J, et al. Theophylline metabolism in preterm ne-
onates during the first weeks of life. Dev Pharmacol Ther 1984;
7: 239–44.

Disulfiram. In a study involving 20 recovering alcoholic pa-
tients, disulfiram decreased the plasma clearance and prolonged
the elimination half-life of theophylline in a dose-dependent
manner.1 It was concluded that disulfiram exerts a dose-depend-
ent inhibitory effect on the hepatic metabolism of theophylline
and that, in order to minimise the risk of toxicity, the dosage of
theophylline may need to be reduced by up to 50% if given to-
gether.
1. Loi C-M, et al. Dose-dependent inhibition of theophylline me-

tabolism by disulfiram in recovering alcoholics. Clin Pharmacol
Ther 1989; 45: 476–86.

Diuretics. Although increased mean serum-theophylline con-
centrations were noted in 10 patients given continuous intrave-
nous aminophylline infusions after intravenous injection of furo-
semide,1 in 8 patients with chronic stable asthma, mean peak
serum-theophylline concentrations were reduced from
12.14 micrograms/mL with placebo to 7.16 micrograms/mL
when furosemide was given. Reduced concentrations were noted
for up to 6 hours after furosemide.2 Decreased theophylline con-
centrations were also noted in 4 neonates receiving oral or intra-
venous theophylline when given furosemide.3 Serum-theophyl-
line concentrations returned to normal when furosemide and
theophylline were given more than 2 hours apart. 
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The possibility that adverse effects such as hypokalaemia may be
potentiated if theophylline is given with diuretics should be
borne in mind.
1. Conlon PF, et al. Effect of intravenous furosemide on serum the-

ophylline concentration. Am J Hosp Pharm 1981; 38: 1345–7. 
2. Carpentiere G, et al. Furosemide and theophylline. Ann Intern

Med 1985; 103: 957. 
3. Toback JW, Gilman ME. Theophylline-furosemide inactivation.

Pediatrics 1983; 71: 140–1.

Gastrointestinal drugs. Oral antacids do not appear to affect
the total absorption of theophylline from the gut.1-5 However,
some studies have shown a reduction in the rate of absorption
from both immediate-1 and modified-release theophylline
preparations2 after antacids. Also an increase in peak serum-theo-
phylline concentrations has been noted with certain modified-
release formulations.3 
Cimetidine inhibits the oxidative metabolism of theophylline re-
ducing its clearance by 20 to 35% and prolonging its serum half-
life;6-8 toxic effects have been reported.6 It has been recommend-
ed that the dose of aminophylline should be reduced by about
one-third if given with cimetidine.6 This inhibition of theophyl-
line metabolism may be enhanced by liver disease,9 but there is
wide interindividual variation. The reduction in clearance may
be greater in smokers.10 Studies have suggested that ranitidine
does not significantly inhibit theophylline metabolism,11-14 even
at very high doses.15 However, there have been occasional re-
ports of theophylline toxicity after use with ranitidine.16-18

Famotidine19 has also been reported to not alter theophylline dis-
position but one small study found a significant decrease in theo-
phylline clearance in some patients with chronic obstructive pul-
monary disease.20 
Omeprazole, lansoprazole, and pantoprazole generally have in-
significant or no effect on theophylline clearance.21,22 In
CYP2C19 poor metabolisers there may be an increase in ome-
prazole concentrations and subsequent induction of CYP1A, a
major enzyme of theophylline metabolism. A pharmacokinetic
study23 of this induction in 5 poor metabolisers given omepra-
zole did find a trend towards an increase in theophylline clear-
ance.
1. Arnold LA, et al. Effect of an antacid on gastrointestinal absorp-

tion of theophylline. Am J Hosp Pharm 1979; 36: 1059–62. 
2. Shargel L, et al. Effect of antacid on bioavailability of theophyl-
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335–40. 
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General anaesthetics. There have been several reports1,2 of
increased cardiotoxicity when patients taking theophylline were
anaesthetised with halothane. There was also an early report of

seizures and tachycardia attributed to an interaction between theo-
phylline and ketamine.3
1. Barton MD. Anesthetic problems with aspirin-intolerant pa-

tients. Anesth Analg 1975; 54: 376–80. 
2. Richards W, et al. Cardiac arrest associated with halothane an-

esthesia in a patient receiving theophylline. Ann Allergy 1988;
61: 83–4. 

3. Hirschman CA, et al. Ketamine-aminophylline-induced de-
crease in seizure threshold. Anesthesiology 1982; 56: 464–7.

Leukotriene inhibitors and antagonists. Zileuton prolongs
the half-life and reduces the clearance of theophylline;1 dosage
of theophylline should be reduced to avoid toxicity when both
drugs are given together, and plasma-theophylline concentra-
tions should be monitored. Use of zafirlukast with theophylline
decreased zafirlukast plasma concentrations but had no effect on
theophylline plasma concentrations in clinical trials. However,
toxic serum-theophylline concentrations occurred in one patient
when zafirlukast was added to therapy, and recurred on rechal-
lenge.2 A dose of montelukast 10 mg daily did not affect the
pharmacokinetics of theophylline, but doses of 200 mg and
600 mg daily reduced the maximum plasma concentration, area
under the concentration-time curve, and elimination half-life of
theophylline.3
1. Granneman GR, et al. Effect of zileuton on theophylline pharma-

cokinetics. Clin Pharmacokinet 1995; 29 (suppl 2): 77–83. 
2. Katial RK, et al. A drug interaction between zafirlukast and the-

ophylline. Arch Intern Med 1998; 158: 1713–15. 
3. Malmstrom K, et al. Effect of montelukast on single-dose theo-

phylline pharmacokinetics. Am J Ther 1998; 5: 189–95.

Methoxsalen. In a single-dose pharmacokinetic study in 3
healthy subjects, the rate of elimination of theophylline was de-
creased after a single oral dose of methoxsalen, while urinary ex-
cretion of unchanged theophylline increased.1 Methoxsalen
probably inhibits the metabolism of cytochrome P450 isoen-
zyme CYP1A2,2 and it has been suggested that theophylline
dose reductions are likely to be required when used with system-
ic methoxsalen but seem unlikely to be necessary with topical
PUVA therapy.
1. Apseloff G, et al. Inhibition and induction of theophylline metab-

olism by 8-methoxypsoralen: in vivo study in rats and humans.
Drug Metab Dispos 1990; 18: 298–303. 

2. Tantcheva-Poór I, et al. Liver cytochrome P450 CYP1A2 is
markedly inhibited by systemic but not by bath PUVA in derma-
tological patients. Br J Dermatol 2001; 144: 1127–32.

Neuromuscular blockers. For reference to resistance to neu-
romuscular block with pancuronium in patients receiving amino-
phylline, see Xanthines, p.1905.
Oral contraceptives. Oral contraceptives have been reported
to decrease the clearance of theophylline by about 30%, and se-
rum concentrations may be increased,1-3 due to the inhibitory ef-
fects of oral contraceptives on hepatic P450 isoenzymes.
1. Tornatore KM, et al. Effect of chronic oral contraceptive steroids

on theophylline disposition. Eur J Clin Pharmacol 1982; 23:
129–34. 

2. Gardner MJ, et al. Effects of tobacco smoking and oral contra-
ceptive use on theophylline disposition. Br J Clin Pharmacol
1983; 16: 271–80. 

3. Roberts RK, et al. Oral contraceptive steroids impair the elimi-
nation of theophylline. J Lab Clin Med 1983; 101: 821–5.

Sympathomimetics. The effect of beta-adrenoceptor agonists
on the pharmacokinetics of theophylline is unclear. Whereas
some studies have found that orciprenaline1 or terbutaline2 had
no effect on theophylline disposition, others have shown an in-
crease in theophylline clearance after isoprenaline3,4 or terbuta-
line.5,6 
Use of theophylline with beta-adrenoceptor agonists can potenti-
ate adverse effects including hypokalaemia,7,8 hyperglycaemia,7
tachycardia,7,8 hypertension,7 and tremor.9 Of 9 patients reported
to the UK CSM with hypokalaemia during such combined ther-
apy, 4 had clinical sequelae of cardiorespiratory arrest, intestinal
pseudo-obstruction, or confusion. Monitoring of serum-potassi-
um concentrations was recommended in patients with severe
asthma given both beta-adrenoceptor agonists and xanthine de-
rivatives.10 
The possibility of an interaction with phenylpropanolamine
should also be borne in mind, as it has been shown to reduce the
clearance of theophylline significantly.11
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4. Griffith JA, Kozloski GD. Isoproterenol-theophylline interac-
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5. Danziger Y, et al. Reduction of serum theophylline levels by
terbutaline in children with asthma. Clin Pharmacol Ther 1985;
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6. Garty M, et al. Increased theophylline clearance in asthmatic
patients due to terbutaline. Eur J Clin Pharmacol 1989; 36:
25–8. 

7. Smith SR, Kendall MJ. Potentiation of the adverse effects of
intravenous terbutaline by oral theophylline. Br J Clin Pharma-
col 1986; 21: 451–3. 

8. Whyte KF, et al. Salbutamol induced hypokalaemia: the effect
of theophylline alone and in combination with adrenaline. Br J
Clin Pharmacol 1988; 25: 571–8. 

9. van der Vet APH, et al. Pharmacodynamics (lungfunction tests,
tremor measurements and cAMP determinations) of a single
dose of 0.5 mg terbutaline subcutaneously during sustained-re-
lease theophylline medication in patients with asthmatic bron-
chitis. Int J Clin Pharmacol Ther Toxicol 1986; 24: 569–73. 

10. Committee on Safety of Medicines. β  agonists, xanthines and
hypokalaemia. Current Problems 28 1990. Also available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2024446&RevisionSelectionMethod=
LatestReleased (accessed 20/05/08) 

11. Wilson HA, et al. Phenylpropanolamine significantly reduces
the clearance of theophylline. Am Rev Respir Dis 1991; 143:
A629.

Tacrine. Results of a study in healthy subjects indicated that ta-
crine reduced theophylline clearance by about 50% and in-
creased plasma-theophylline concentrations. Competitive inhibi-
tion by tacrine of theophylline metabolism was proposed.1
1. deVries TM, et al. Effect of multiple-dose tacrine administration

on single-dose pharmacokinetics of digoxin, diazepam, and the-
ophylline. Pharm Res 1993; 10 (suppl): S333.

Tiabendazole. Tiabendazole has been reported1,2 to increase
serum-theophylline concentrations and to decrease theophylline
clearance. It has been recommended2 that theophylline dosage
should be reduced by 50% when tiabendazole therapy is started.
1. Sugar AM, et al. Possible thiabendazole-induced theophylline

toxicity. Am Rev Respir Dis 1980; 122: 501–3. 
2. Lew G, et al. Theophylline-thiabendazole drug interaction. Clin

Pharm 1989; 8: 225–7.

Ticlopidine. Theophylline elimination half-life was increased
and plasma clearance was decreased in 10 healthy subjects after
the use of ticlopidine 500 mg daily by mouth for 10 days.1
1. Colli A, et al. Ticlopidine-theophylline interaction. Clin Phar-

macol Ther 1987; 41: 358–62.

Vaccines. Transient inhibition of the hepatic metabolism of theo-
phylline, possibly secondary to interferon production, resulting
in increased theophylline serum half-life and concentration has
been reported after BCG vaccination1 and influenza vaccina-
tion.2,3 Other studies have not been able to confirm the interac-
tion with influenza vaccine.4-7 The differing findings are proba-
bly due to differences in vaccine; modern purified subvirion
vaccines which do not induce interferon production do not ap-
pear to alter theophylline metabolism.8,9
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2. Renton KW, et al. Decreased elimination of theophylline after
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3. Walker S, et al. Serum theophylline levels after influenza vacci-
nation. Can Med Assoc J 1981; 125: 243–4. 
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5. Fischer RG, et al. Influence of trivalent influenza vaccine on se-
rum theophylline levels. Can Med Assoc J 1982; 126: 1312–13. 

6. Britton L, Ruben FL. Serum theophylline levels after influenza
vaccination. Can Med Assoc J 1982; 126: 1375. 

7. Patriarca PA, et al. Influenza vaccination and warfarin or theo-
phylline toxicity in nursing-home residents. N Engl J Med 1983;
308: 1601–2. 

8. Stults BM, Hashisaki PA. Influenza vaccination and theophylline
pharmacokinetics in patients with chronic obstructive lung dis-
ease. West J Med 1983; 139: 651–4. 

9. Winstanley PA, et al. Lack of effect of highly purified subunit
influenza vaccination on theophylline metabolism. Br J Clin
Pharmacol 1985; 20: 47–53.

Pharmacokinetics
Theophylline is rapidly and completely absorbed from
liquid preparations, capsules, and uncoated tablets; the
rate, but not the extent, of absorption is decreased by
food, and food may also affect theophylline clearance.
Peak serum-theophylline concentrations occur 1 to 2
hours after ingestion of liquid preparations, capsules,
and uncoated tablets. Modified-release preparations
exhibit considerable variability in their absorption
characteristics and in the effect of food. They are gen-
erally not considered to be interchangeable; if a patient
needs to be transferred from one such preparation to
another then the dose should be retitrated. Rectal ab-
sorption is rapid from enemas, but may be slow and
erratic from suppositories. Absorption after intramus-
cular injection is slow and incomplete. 
Theophylline is about 40 to 60% bound to plasma pro-
teins, but in neonates, or adults with liver disease, bind-
ing is reduced. Optimum therapeutic serum concentra-
tions for bronchodilatation are generally considered to
range from 10 to 20 micrograms/mL (55 to
110 micromol/litre) although some consider a lower
range appropriate (see Therapeutic Drug Monitoring,
below). 
Theophylline is metabolised in the liver to 1,3-dimeth-
yluric acid, 1-methyluric acid (via the intermediate 1-
methylxanthine), and 3-methylxanthine. Demethyla-
tion to 3-methylxanthine (and possibly to 1-methylx-
anthine) is catalysed by the cytochrome P450 isoen-
zyme CYP1A2; hydroxylation to 1, 3-dimethyluric
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acid is catalysed by CYP2E1 and CYP3A3. Both the
demethylation and hydroxylation pathways of theo-
phylline metabolism are capacity-limited, resulting in
non-linear elimination. The metabolites are excreted in
the urine. In adults, about 10% of a dose of theophyl-
line is excreted unchanged in the urine, but in neonates
around 50% is excreted unchanged, and a large propor-
tion is excreted as caffeine. Considerable interindivid-
ual differences in the rate of hepatic metabolism of theo-
phylline result in large variations in clearance, serum
concentrations, and half-lives. Hepatic metabolism is
further affected by factors such as age, smoking, dis-
ease, diet, and drug interactions. The serum half-life of
theophylline in an otherwise healthy, non-smoking
asthmatic adult is 7 to 9 hours, in children 3 to 5 hours,
in cigarette smokers 4 to 5 hours, in neonates and prem-
ature infants 20 to 30 hours, and in elderly non-smok-
ers 10 hours. The serum half-life of theophylline may
be increased in patients with heart failure or liver dis-
ease. Steady state is usually achieved within 48 hours
with a consistent dosing schedule. 
Theophylline crosses the placenta; it is also distributed
into breast milk.
Absorption. FOOD. Food has substantial but variable effects
on the absorption of theophylline from modified-release for-
mulations but it is difficult to predict whether a particular for-
mulation will be affected.1 Some formulations are not affect-
ed by the presence of food but for others increases or
decreases in the rate and/or extent of absorption have been
reported. The composition and fluid content of the food ap-
pears to be important and a rapid release of theophylline
(‘dose-dumping’) has occurred with some formulations after
a meal, especially one with a high fat content. 
A diet high in protein and low in carbohydrate has been reported
to increase theophylline clearance, and a low-protein, high-car-
bohydrate diet to decrease theophylline clearance.2-6 The con-
sumption of methylxanthines, particularly caffeine, in the diet
may decrease theophylline clearance (see Caffeine, under Inter-
actions, above).
1. Jonkman JHG. Food interactions with sustained-release theo-

phylline preparations: a review. Clin Pharmacokinet 1989; 16:
162–79. 

2. Kappas A, et al. Influence of dietary protein and carbohydrate on
antipyrine and theophylline metabolism in man. Clin Pharmacol
Ther 1976; 20: 643–53. 
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theophylline metabolism in children. Pediatrics 1980; 66:
956–62. 

4. Feldman CH, et al. Interaction between nutrition and theophyl-
line metabolism in children. Ther Drug Monit 1982; 4: 69–76. 

5. Juan D, et al. Effects of dietary protein on theophylline pharma-
cokinetics and caffeine and aminopyrine breath tests. Clin Phar-
macol Ther 1986; 40: 187–94. 

6. Juan D, et al. Impairment of theophylline clearance by a hypoc-
aloric low-protein diet in chronic obstructive pulmonary disease.
Ther Drug Monit 1990; 12: 111–14.

Metabolism and excretion. AGE. From about 1 year of age
until adolescence, children have a rapid theophylline clear-
ance.1 Premature infants and those under 1 year of age have a
slower clearance2,3 due to immature metabolic pathways.3-5

In neonates the capacity of hepatic cytochrome P450 en-
zymes is much reduced compared with older children and
adults, and N-demethylation and oxidation reactions play a
minor role in the metabolism of theophylline.4-6 Neonates are,
however, capable of methylating theophylline at the N7 posi-
tion to form caffeine, which is present at about one-third the
concentration of theophylline at steady state.5,6 The propor-
tion of theophylline excreted unchanged is also increased in
premature neonates and decreases with age as hepatic enzyme
systems develop.6 More rapid clearance on the first day of life
in premature neonates has been reported.7 
Some studies have found a progressive decline in clearance
throughout adult years8 whereas others have not.9 Similarly,
some studies have noted a decreased clearance in the elderly10,11

but others have found no significant change.12,13
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ance in patients with chronic obstructive pulmonary disease.
Clin Pharmacokinet 1981; 6: 469–74. 

13. Fox RW, et al. Theophylline kinetics in a geriatric group. Clin
Pharmacol Ther 1983; 34: 60–7.

ELIMINATION KINETICS. There is evidence that the elimination
of theophylline is dose-dependent and that at high serum con-
centrations, a small change in dose of a theophylline prepara-
tion could cause a disproportionate increase in serum-theo-
phylline concentration, due to a reduction in clearance.1-3

However, it is not clear that this effect is clinically significant
when serum-theophylline concentrations are within the ther-
apeutic range.4-8 It has also been suggested that repeated oral
dosing of theophylline might result in a decrease of clearance
compared with pre-treatment values.9
1. Weinberger M, Ginchansky E. Dose-dependent kinetics of theo-

phylline disposition in asthmatic children. J Pediatr 1977; 91:
820–4. 

2. Tang-Liu DD-S, et al. Nonlinear theophylline elimination. Clin
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3. Butcher MA, et al. Dose-dependent pharmacokinetics with sin-
gle daily dose slow release theophylline in patients with chronic
lung disease. Br J Clin Pharmacol 1982; 13: 241–3. 

4. Koëter GH, et al. Pharmacokinetics of sustained release theo-
phylline in low and high multidose regimens. Br J Clin Pharma-
col 1981; 12: 647–51. 

5. Rovei V, et al. Pharmacokinetics of theophylline: a dose-range
study. Br J Clin Pharmacol 1982; 14: 769–78. 

6. Gundert-Remy U, et al. Non-linear elimination processes of the-
ophylline. Eur J Clin Pharmacol 1983; 24: 71–8. 

7. Brown PJ, et al. Lack of dose dependent kinetics of theophylline.
Eur J Clin Pharmacol 1983; 24: 525–7. 

8. Milavetz G, et al. Dose dependency for absorption and elimina-
tion rates of theophylline: implications for studies of bioavaila-
bility. Pharmacotherapy 1984; 4: 216–20. 

9. Efthimiou H, et al. Influence of chronic dosing on theophylline
clearance. Br J Clin Pharmacol 1984; 17: 525–30.

GENDER. A higher theophylline clearance and shorter elimina-
tion half-life has been reported in healthy premenopausal
women than in healthy men, probably due to sex-related dif-
ferences in hepatic metabolism.1 Changes in the pharmacoki-
netics of theophylline in women have also been reported ac-
cording to the stage of the menstrual cycle;2,3 another study4

found no changes.
1. Nafziger AN, Bertino JS. Sex-related differences in theophylline

pharmacokinetics. Eur J Clin Pharmacol 1989; 37: 97–100. 
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1990; 39: 59–61. 

3. Nagata K, et al. Increased theophylline metabolism in the men-
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4. Matsuki S, et al. Pharmacokinetic changes of theophylline and
amikacin through the menstrual cycle in healthy women. J Clin
Pharmacol 1999; 39: 1256–62.

Pregnancy and breast feeding. For mention of the pharma-
cokinetics of theophylline during pregnancy and breast feeding,
see under Precautions, above.
Protein binding. Albumin is the major plasma binding protein
for theophylline, binding is pH-dependent, and the percentage of
theophylline bound at physiological pH is reported to range from
about 35 to 45%.1,2 Some studies have found the plasma protein
binding of theophylline to be concentration dependent,3 but oth-
ers have not confirmed this.1,4 Protein binding has been reported
to be slightly but significantly higher in patients with bronchial
asthma than in healthy controls.5 Reduced protein binding occurs
in patients with hypoalbuminaemia;6,7 it has also been found in
obese subjects8 (possibly due to elevated concentrations of free
fatty acids, which can displace theophylline from binding sites).
1. Buss D, et al. Determinants of the plasma protein binding of the-
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3. Gundert-Remy U, Hildebrandt R. Binding of theophylline and its
metabolites to human plasma proteins. Br J Clin Pharmacol
1983; 16: 573–4. 

4. Buss DC, et al. Protein binding of theophylline. Br J Clin Phar-
macol 1985; 19: 529–31. 

5. Trnavská Z. Theophylline protein binding. Arzneimittelforsc-
hung 1990; 40: 166–9. 

6. Leopold D, et al. The ex vivo plasma protein binding of theo-
phylline in renal disease. Br J Clin Pharmacol 1985; 19: 823–5. 

7. Connelly TJ, et al. Characterization of theophylline binding to
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Therapeutic drug monitoring. Dosage requirements of theo-
phylline preparations vary widely between subjects and even
vary with time in individuals, since serum-theophylline concen-
trations are influenced by factors including disease states, other

drugs, diet, smoking, and age. Serious toxicity is related to serum
concentration and may not be preceded by minor symptoms. For
these reasons it is recommended that serum-theophylline con-
centrations should be monitored. 
The generally accepted optimal serum concentration is between
10 and 20 micrograms/mL,1-4 but this should be regarded as a
guide and not a rigid barrier and clinical decisions should never
be based solely on the serum concentration.1 The therapeutic
range in the treatment of neonatal apnoea is usually considered
to be 5 to 15 micrograms/mL although some babies may respond
at lower concentrations.5 Some now consider that this is a more
appropriate range in asthma (except perhaps acute severe asth-
ma).6 It has been suggested that pulmonary function tests provide
a better guide in long-term therapy with theophylline.7 
Serum-theophylline concentrations were originally measured by
spectrophotometry but this is subject to considerable interference
from other drugs. High performance liquid chromatography is
now the method of choice when extreme accuracy is important
and the enzyme multiplied immunoassay technique (EMIT) has
become popular because of its rapidity and adaptability to
processing large batches.2 Devices are also available that provide
serum-theophylline measurements within several minutes using
monoclonal antibody technology.2,8 
The use of salivary concentrations for monitoring theophylline
dosage requirements has been tried, because it is noninvasive,
but poor correlations between salivary- and serum-theophylline
concentrations mean it has not gained general usage.
1. Hampson JP. The theophylline "therapeutic window"—fact or
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2. Bierman CW, Williams PV. Therapeutic monitoring of theophyl-
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3. Holford N, et al. Theophylline target concentration in severe air-
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4. Pesce AJ, et al. Standards of laboratory practice: theophylline
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6. Hardy CC, Smith J. Adverse reactions profile: theophylline and
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7. Ashutosh K, et al. Use of serum theophylline level as a guide to
optimum therapy in patients with chronic obstructive lung dis-
ease. J Clin Pharmacol 1990; 30: 324–9. 
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three rapid theophylline assay methods. Clin Pharm 1988; 7:
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Uses and Administration
Theophylline is a xanthine (p.1108) and relaxes bron-
chial smooth muscle, relieves bronchospasm, and has
a stimulant effect on respiration. It stimulates the myo-
cardium and CNS, decreases peripheral resistance and
venous pressure, and causes diuresis. It is still not clear
how theophylline exerts these effects. Inhibition of
phosphodiesterase with a resulting increase in intracel-
lular cyclic adenosine monophosphate (cyclic AMP)
occurs, and may play a role. Other proposed mecha-
nisms of action include adenosine receptor antago-
nism, prostaglandin antagonism, and effects on intrac-
ellular calcium. In addition, theophylline may also
have an anti-inflammatory effect. 
Theophylline is used as a bronchodilator in the man-
agement of reversible airways obstruction, such as in
asthma. Although selective beta2 adrenoceptor stimu-
lants (beta2 agonists) such as salbutamol are generally
the preferred bronchodilators for initial treatment, theo-
phylline is commonly used as an adjunct to beta2 agon-
ist and corticosteroid therapy in patients requiring an
additional bronchodilating effect. Some patients with
chronic obstructive pulmonary disease also have a ben-
eficial response to theophylline therapy. Theophylline
is also used to relieve apnoea in neonates. It was for-
merly used as an adjunct in the treatment of heart fail-
ure, and may occasionally have a role in patients with
this condition who are also suffering from obstructive
airways disease. 
Theophylline may be given in the anhydrous form or as
the hydrate. Doses of theophylline are usually ex-
pressed as anhydrous theophylline; theophylline hy-
drate 1.1 mg is equivalent to about 1 mg of theophyl-
line. 
The pharmacokinetics of theophylline may be altered
by factors including age, smoking, disease, diet, and
drug interactions (see above under Precautions, Inter-
actions, and Pharmacokinetics). Theophylline doses
should therefore be adjusted for each individual patient
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according to clinical response, adverse effects, and
serum-theophylline concentrations. 
• Optimum therapeutic serum concentrations of

theophylline are traditionally considered to range
from 10 to  20 micrograms/mL (55 to
110 micromoles/litre) and toxic effects are more
common above 20 micrograms/mL. A range of 5 to
15 micrograms/mL may be effective, and associated
with fewer adverse effects. 

For long-term use, once a maintenance dose has been
established, monitoring of serum-theophylline concen-
trations at 6- to 12-monthly intervals has been recom-
mended. 
In the management of acute severe bronchospasm,
theophylline may be given by intravenous infusion
where available, though usually aminophylline is pre-
ferred (see p.1114). (Anhydrous theophylline 1 mg is
equivalent to about 1.18 mg anhydrous aminophylline
or 1.28 mg aminophylline hydrate.) 
• In patients who have not received theophylline, ami-

nophylline, or other xanthine-containing medica-
tions in the previous 24 hours, a suggested loading
dose of 4 to 5 mg/kg may be given by intravenous
infusion over 20 to 30 minutes followed by a sug-
ges ted  maintenance  dose  of  400 to
600 micrograms/kg per hour. Lower doses should be
used in the elderly and those with cor pulmonale,
heart failure, or liver disease; smokers may require a
higher maintenance dose. Dosage should be calcu-
lated in terms of lean or ideal body-weight. 

• Intravenous theophylline therapy is best avoided in
patients already taking theophylline, aminophylline,
or other xanthine-containing medication but, if con-
sidered necessary, serum-theophylline concentra-
tions should be measured to determine a loading
dose. Loading doses are based on the expectation
that each 500 micrograms of theophylline/kg of lean
body-weight will result in an increase of serum-theo-
phylline concentration of 1 microgram/mL. 

In the treatment of acute bronchospasm that has not
required intravenous therapy, theophylline has been
given orally in conventional dosage forms; modified-
release preparations are not suitable. 
• In adults not currently taking theophylline or xan-

thine-containing products a suggested loading dose
is 5 mg/kg, to produce an average peak serum con-
centration of 10 micrograms/mL. Doses should
again be reduced in the elderly and those with cor
pulmonale, heart failure, or liver disease; smokers
may require a higher maintenance dose. 

In the long-term management of chronic broncho-
spasm, theophylline may be given orally in doses
ranging from 300 to 1000 mg daily in divided doses as
conventional tablets, capsules, liquid preparations, or
modified-release preparations. For conventional dos-
age forms the divided doses are generally given every
6 to 8 hours. However, modified-release preparations
are more commonly used as they reduce adverse ef-
fects and the need for frequent dosing, especially in pa-
tients with a rapid theophylline clearance. 
• A usual dose of modified-release theophylline is 175

to 500 mg every 12 hours, though the bioavailability
of different modified-release theophylline prepara-
tions may not be comparable and retitration of dos-
age is required if the patient is changed from one
modified-release preparation to another. Larger dos-
es may be given in either the evening or the morning
to achieve optimum therapeutic effect when symp-
toms are most severe. Modified-release preparations
which are given once daily are also available; usual
doses are 400 or 600 mg daily. 

• Initially, low doses of theophylline should be given
and they should be gradually adjusted according to
clinical response and serum-theophylline measure-
ments. In the USA a preferred approach to initial
dosage titration in adults may be to begin with

300 mg daily, in divided doses, for 3 days; if well
tolerated, the total daily dose is increased to 400 mg
for 3 days, and then, if tolerated and required, to
600 mg. For doses of theophylline used in children,
see Administration in Children, below. 

Intramuscular injection and dosage by suppository are
not recommended due to severe local irritation and
slow unreliable absorption. 
Theophylline is an ingredient of some preparations
promoted for coughs. 
There are topical cosmetic preparations containing theo-
phylline derivatives, particularly aminophylline, that
have been promoted for the local reduction of body fat
(p.1115). 
Theophylline monoethanolamine (theophylline
olamine), theophylline calcium salicylate, theophylline
and sodium acetate (theophylline sodium acetate),
theophylline sodium glycinate (theophylline sodium
aminoacetate), theophylline calcium glycinate, and
theophylline glycinate have all been used similarly to
theophylline.
◊ General references.
1. Vasallo R, Lipsky JJ. Theophylline: recent advances in the un-

derstanding of its mode of action and uses in clinical practice.
Mayo Clin Proc 1998; 73: 346–54.

Administration. Various methods have been proposed for es-
timating theophylline pharmacokinetic parameters to enable op-
timisation of initial dosage but none should be substituted for the
subsequent determination of serum-theophylline concentrations
and clearance at steady state.1-3 
It was noted in 1997 that dosage requirements for theophylline
had declined relative to those of historical controls, apparently
due to a downward shift in theophylline clearance in the US pop-
ulation (perhaps due to environmental changes, such as a de-
crease in exposure to tobacco smoke).4 It was suggested that
earlier dosage guidelines for theophylline needed to be revised in
the light of these data, so that the initial oral dose did not exceed
300 mg daily—for an approach to initial dosage titration conso-
nant with this view, see Uses and Administration, above.
1. Erdman SM, et al. An updated comparison of drug dosing meth-

ods part II: theophylline. Clin Pharmacokinet 1991; 20: 280–92. 
2. Hogue SL, Phelps SJ. Evaluation of three theophylline dosing

equations for use in infants up to one year of age. J Pediatr 1993;
123: 651–6. 

3. Lee TC, et al. Theophylline population pharmacokinetics from
routine monitoring data in very premature infants with apnoea.
Br J Clin Pharmacol 1996; 41: 191–200. 

4. Asmus MJ, et al. Apparent decrease in population clearance of
theophylline: implications for dosage. Clin Pharmacol Ther
1997; 62: 483–9.

Administration in children. In the management of acute
severe bronchospasm in children, theophylline may be given by
intravenous infusion where available, although aminophylline is
preferred (see p.1115). In children who have not had theophyl-
line, aminophylline or other xanthine-containing medicine in the
previous 24 hours, a suggested loading dose of 4 to 5 mg/kg may
be given by intravenous infusion over 20 to 30 minutes. Initial
maintenance doses are designed to achieve a serum-theophylline
concentration of 10 micrograms/mL. The following doses, based
on lean or ideal body-weight, have been suggested: 
• 1 to 9 years of age, 0.8 to 1 mg/kg per hour 
• 9 to 12 years of age, 0.7 to 0.77 mg/kg per hour 
Serum-theophylline concentrations should be used to guide fur-
ther dose adjustments. See Administration in Infants, below for
doses used in children under 1 year of age. Children 12 years of
age and over can receive similar doses to adults, see Uses and
Administration, above. 
If intravenous theophylline therapy is considered necessary in
children who are already being given theophylline, aminophyl-
line or other xanthine-containing medicine, serum-theophylline
concentrations should be measured to determine a loading dose.
Loading doses are based on the expectation that each
500 micrograms of theophylline/kg of lean body-weight will re-
sult in a 1-microgram/mL increase in serum-theophylline con-
centration. 
In the treatment of acute bronchospasm that has not required
intravenous therapy, theophylline has been given orally using
immediate-release preparations to children aged 1 year old and
above, using doses similar to those used in adults, see Uses and
Administration, above. For doses used in children under 1 year
of age, see Administration in Infants, below. 
Oral modified-release preparations of theophylline are given to
children from 6 months of age in the long-term management of
chronic bronchospasm. Dose and dosage frequency depend on
the preparation being used, and licensed product information
should be consulted; different formulations are not considered
interchangeable.
ADMINISTRATION IN INFANTS. Theophylline clearance is re-
duced in premature neonates and infants under 1 year of age
due to an immature hepatic microsomal enzyme system (see

under Metabolism and Excretion in Pharmacokinetics,
above). Postconceptional age may have a slight influence on
theophylline clearance but postnatal age is thought to be more
significant.1 
Theophylline dosage guidelines for infants under 1 year of age
were issued by the FDA2 in 1985, but a number of clinicians con-
sidered that higher doses might be necessary.1,3,4 Subsequent
guidelines for oral theophylline,5 issued in 1995, suggested a
modified regimen: premature infants should be given initial dos-
es of 1 mg/kg every 12 hours if less than 24 days postnatal age,
or 1.5 mg/kg every 12 hours if more than 24 days; in full-term
infants up to 1 year of age initial daily dosage (to be given in 3 or
4 divided doses) could be calculated on the basis of the equation: 
 

Daily dose (mg/kg) = (0.2 × age in weeks) + 5.0 
 
Subsequent dosage should be adjusted based on steady-state
serum-theophylline concentrations, which might take as long as
5 days to be achieved in premature neonates if a loading dose is
not used.5 The recommended serum concentrations were 5 to
10 micrograms/mL in neonates and 10 to 15 micrograms/mL in
older infants. If a loading dose is considered necessary, 5 mg/kg
(or 1 mg/kg for each 2 micrograms/mL increase in serum-theo-
phylline concentration in those already being given theophylline)
has been suggested. 
Other equations and models of population pharmacokinetics
have been proposed for the calculation of appropriate theophyl-
line doses in neonates.6-8 
Theophylline may be given by intravenous infusion, where
available, in the management of acute severe bronchospasm in
infants, although aminophylline is preferred (see p.1115). In in-
fants who have not had theophylline, aminophylline or other
xanthine-containing medicine in the previous 24 hours, a sug-
gested loading dose of 4 to 5 mg/kg may be given by intravenous
infusion over 20 to 30 minutes. In neonates the following initial
maintenance doses have been suggested by the American Hospi-
tal Formulary Service to achieve a serum-theophylline concen-
tration of 7.5 micrograms/mL : 
• neonate, postnatal age 24 days or less, 1 mg/kg every 12 hours 
• neonate, postnatal age over 24 days, 1.5 mg/kg every 12 hours 
To achieve a serum-theophyll ine concentration of
10 micrograms/mL the following initial maintenance doses have
been suggested by the Canadian Pharmacists Association: 
• neonate, 170 micrograms/kg per hour 
• 6 weeks to 6 months of age, 430 micrograms/kg per hour 
• 6 months to 1 year of age, 500 to 600 micrograms/kg per hour 
Serum-theophylline concentrations should be used to guide fur-
ther dose adjustments. 
Theophylline may be given prophylactically to reduce some of
the adverse renal consequences of perinatal asphyxia (see be-
low). 
Theophylline has been used in neonatal apnoea, although caf-
feine is preferred. See Neonatal Apnoea, under Caffeine p.1118.
1. Gilman JT, Gal P. Inadequacy of FDA dosing guidelines for the-

ophylline use in neonates. Drug Intell Clin Pharm 1986; 20:
481–4. 

2. Anonymous. Use of theophylline in infants. FDA Drug Bull
1985; 15: 16–17. 

3. Murphy JE, et al. New FDA guidelines for theophylline dosing
in infants. Clin Pharm 1986; 5: 16. 

4. Kriter KE, Blanchard J. Management of apnea in infants. Clin
Pharm 1989; 8: 577–87. 

5. Hendeles L, et al. Revised FDA labeling guideline for theophyl-
line oral dosage forms. Pharmacotherapy 1995; 15: 409–27. 

6. Hogue SL, Phelps SJ. Evaluation of three theophylline dosing
equations for use in infants up to one year of age. J Pediatr 1993;
123: 651–6. 

7. Lee TC, et al. Theophylline population pharmacokinetics from
routine monitoring data in very premature infants with apnoea.
Br J Clin Pharmacol 1996; 41: 191–200. 

8. Gagnon AJ. Aminophylline dosing in the treatment of apnea of
prematurity—a commentary. Pharmacotherapy 1996; 16:
317–18.

Administration in hepatic impairment. Theophylline
clearance is reduced by 50% or more in patients with hepatic in-
sufficiency such as cirrhosis, acute hepatitis, or cholestasis. Care-
ful attention to dose reduction and frequent monitoring of serum-
theophylline concentrations are required.
Asthma. Theophylline and its derivatives may be used in the
treatment of chronic asthma (p.1108) as an adjunct to beta2
agonists and corticosteroid therapy when an additional bron-
chodilator is indicated. Modified-release preparations can be
useful in the control of nocturnal asthma. 
Evidence suggests1,2 that adding low-dose oral theophylline to
inhaled corticosteroids is as effective as increasing the dose of
corticosteroid in patients with moderate asthma and persistent
symptoms. A systematic review3 of studies that compared theo-
phylline with long-acting beta2 agonists found that they were
both effective for control of nocturnal asthma, but that long-act-
ing beta2 agonists may be more effective in reducing asthma
symptoms, including night waking and the need for rescue med-
ication, and are associated with fewer adverse effects. 
The use of xanthines in acute asthma attacks is more controver-
sial. UK guidelines permit the use of intravenous aminophylline
in patients with severe or life-threatening acute asthma unrespon-
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sive to maximal doses of bronchodilators and oral corticoster-
oids, (a point supported in children4 but not in adults5 by system-
atic review) whereas US guidelines do not consider xanthines
have any benefit over the optimal use of beta agonists and conse-
quently do not recommend their use (see p.1108).
1. Wang Y, et al. Comparison of inhaled corticosteroid combined

with theophylline and double-dose inhaled corticosteroid in
moderate to severe asthma. Respirology 2005; 10: 189–95. 

2. Lim S, et al. Comparison of high dose inhaled steroids, low dose
inhaled steroids plus low dose theophylline, and low dose in-
haled steroids alone in chronic asthma in general practice. Tho-
rax 2000; 55: 837–41. 

3. Tee AKH, et al. Long acting beta-agonists versus theophylline
for maintenance treatment of asthma. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2007 (accessed 19/03/08). 

4. Mitra A, et al. Intravenous aminophylline for acute severe asth-
ma in children over two years receiving inhaled bronchodilators.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 2. Chichester: John Wiley; 2005 (accessed 19/03/08). 

5. Parameswaran K, et al. Addition of intravenous aminophylline
to beta2-agonists in adults with acute asthma. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2000 (accessed 19/03/08).

Cardiac arrhythmias. Theophylline has been tried in various
bradyarrhythmias, usually when other treatment has failed or is
contra-indicated.1-6 It appears to be of little value in bradyasysto-
lic cardiac arrest.7,8

1. Viskin S, et al. Aminophylline for bradyasystolic cardiac arrest
refractory to atropine and epinephrine. Ann Intern Med 1993;
118: 279–81. 

2. Sra JS, et al. Comparison of cardiac pacing with drug therapy in
the treatment of neurocardiogenic (vasovagal) syncope with
bradycardia or asystole. N Engl J Med 1993; 328: 1085–90. 

3. Bertolet BD, et al. Theophylline for the treatment of atrioven-
tricular block after myocardial infarction. Ann Intern Med 1995;
123: 509–11. 

4. Alboni P, et al. Effects of permanent pacemaker and oral theo-
phylline in sick sinus syndrome: the THEOPACE study: a rand-
omized controlled trial. Circulation 1997; 96: 260–6. 

5. Ling CA, Crouch MA. Theophylline for chronic symptomatic
bradycardia in the elderly. Ann Pharmacother 1998; 32: 837–9. 

6. Cawley MJ, et al. Intravenous theophylline — an alternative to
temporary pacing in the management of bradycardia secondary
to AV nodal block. Ann Pharmacother 2001; 35: 303–7. 

7. Abu-Laban RB, et al. Aminophylline in bradyasystolic cardiac
arrest: a randomised placebo-controlled trial. Lancet 2006; 367:
1577–84. 

8. Hayward E, et al. Aminophylline in bradyasystolic cardiac ar-
rest. Emerg Med J 2007; 24: 582–3.

Cheyne-Stokes respiration. Oral theophylline considerably
reduced Cheyne-Stokes respiration (periodic breathing) and epi-
sodes of central apnoea in 2 studies in patients with stable heart
failure and left ventricular systolic dysfunction.1,2 This was asso-
ciated with an improvement in arterial-oxygen saturation during
sleep. One study1 observed no significant change in cardiac func-
tion, although pulmonary function did improve. Theophylline
was also effective in a patient with Cheyne-Stokes respiration
possibly related to diabetic autonomic neuropathy3 (the use of
the term Cheyne-Stokes respiration to describe this patient’s res-
piratory disorder has been questioned4,5).
1. Javaheri S, et al. Effect of theophylline on sleep-disordered

breathing in heart failure. N Engl J Med 1996; 335: 562–7. 
2. Hu K, et al. The effect of theophylline on sleep-disordered

breathing in patients with stable chronic congestive heart failure.
Chin Med J 2003; 116: 1711–16. 

3. Pesek CA, et al. Theophylline therapy for near-fatal Cheyne-
Stokes respiration: a case report. Ann Intern Med 1999; 130:
427–30. 

4. Sin DD, Bradley TD. Theophylline therapy for near-fatal
Cheyne-Stokes respiration. Ann Intern Med 1999; 131: 713. 

5. Geigel EJ, Chediak AD. Theophylline therapy for near-fatal
Cheyne-Stokes respiration. Ann Intern Med 1999; 131: 713–14.

Chronic obstructive pulmonary disease. In the treatment
of chronic obstructive pulmonary disease (p.1112), the bron-
chodilators of first choice are usually either an antimuscarinic
such as ipratropium bromide, or a beta2 agonist such as salbuta-
mol, given by inhalation. However the addition of an oral xan-
thine such as theophylline may be of value in some patients to
maximise respiratory function and for its positive cardiac ino-
tropic effects. 
A systematic review1 of studies comparing oral theophylline
with placebo in patients with moderate to severe chronic obstruc-
tive pulmonary disease (COPD), found that theophylline treat-
ment improved lung function, ventilatory capacity, and arterial
blood gas tensions. A decrease in thoracic gas entrapment and
hyperinflation, and an increase in respiratory muscle function
and diaphragmatic strength could be responsible for the im-
provement in symptoms. Improvements in arterial blood gas
tensions may result from an increased tidal volume caused by
either a direct positive inotropic effect on the respiratory mus-
cles, or a central stimulatory action, or both. The authors con-
cluded that theophylline produced an improvement in lung func-
tion similar to that reported for long acting beta2 agonists in
COPD patients, and that with close monitoring beneficial effects
may be obtained from theophylline therapy in those patients who
remain symptomatic from COPD despite first-line bronchodila-
tor therapy. Theophylline has been reported to exert an inhibitory

effect on airway inflammation in COPD, particularly at plasma
concentrations below 10 micrograms/mL.2 It has also been sug-
gested that low-dose theophylline may restore corticosteroid re-
sponsiveness in COPD patients, but further research is required
to assess its role.
1. Ram FSF, et al. Oral theophylline for chronic obstructive pulmo-

nary disease. Available in The Cochrane Database of Systematic
Reviews; Issue 3. Chichester: John Wiley; 2002 (accessed
19/03/08). 

2. Barnes PJ. Theophylline for COPD. Thorax 2006; 61: 742–4.

Contrast nephropathy. For mention of theophylline as a po-
tential protectant against kidney damage induced by iodinated
contrast media, see Effects on the Kidneys, under Amidotrizoic
Acid, p.1476.

ECT. For mention of the use of theophylline as an adjunct to
electroconvulsive therapy, see under Precautions, above.

Erythrocytosis. When pharmacological treatment is required
for secondary erythrocytosis (p.1198), current UK guidelines1,2

recommend an ACE inhibitor or an angiotensin II receptor
antagonist as the usual drugs of first choice. Although theophyl-
line appears to be less effective than an ACE inhibitor in post-
transplantation erythrocytosis3 an oral daily dose of 8 mg/kg has
produced beneficial effects.4,5 Theophylline may be of use given
either alone or with an ACE inhibitor in those who fail to respond
to first-line therapy. Theophylline treatment may also reduce
erythrocytosis associated with chronic obstructive pulmonary
disease.6

1. McMullin MF, et al. General Haematology Task Force of the
British Committee for Standards in Haematology. Guidelines for
the diagnosis, investigation and management of polycythae-
mia/erythrocytosis. Br J Haematol 2005; 130: 174–95. Also
a v a i l a b l e  a t :  h t t p : / / w w w. b c s h g u i d e l i n e s . c o m / p d f /
polycythaemia_05.pdf (accessed 19/03/08) 

2. McMullin MF, et al. National Cancer Research Institute, Myelo-
proliferative Disorder Subgroup. British Committee for Standards
in Haematology. Amendment to the guideline for diagnosis and in-
vestigation of polycythaemia/erythrocytosis. Br J Haematol 2007;
138: 821–2. Also available at: http://www.bcshguidelines.com/
pdf/polycythaemia_amendment_07.pdf (accessed 19/03/08) 

3. Ok E, et al. Comparison of the effects of enalapril and theophyl-
line on polycythemia after renal transplantation. Transplantation
1995; 59: 1623–45. 

4. Bakris GL, et al. Effects of theophylline on erythropoietin pro-
duction in normal subjects and in patients with erythrocytosis
after renal transplantation. N Engl J Med 1990; 323: 86–90. 

5. Ilan Y, et al. Erythrocytosis after renal transplantation: the re-
sponse to theophylline treatment. Transplantation 1994; 57:
661–4. 

6. Oren R, et al. Effect of theophylline on erythrocytosis in chronic
obstructive pulmonary disease. Arch Intern Med 1997; 157:
1474–8.

Methotrexate neurotoxicity. For reference to the use of ami-
nophylline or theophylline to relieve the acute neurotoxicity of
methotrexate, see Other Drugs, under Treatment of Adverse Ef-
fects, p.747.

Perinatal asphyxia. Perinatal asphyxia frequently results in
damage to the kidneys;1 vasomotor nephropathy or acute renal
failure may develop as a result of decreased perfusion to the kid-
neys.2 Theophylline has been studied for the prevention of renal
dysfunction associated with perinatal asphyxia in both term and
preterm neonates.1-3 Beneficial effects have been observed after
early use of intravenous theophylline, including significant de-
creases in serum creatinine1-3 and urinary β2-microglobulin (an
indicator of tubular performance),1,3 and a significant increase in
creatinine clearance.1-3 A single dose of 8 mg/kg theophylline,
by slow intravenous injection in the first hour of life, was given
to neonates at term.1,3 Lower doses were used for preterm ne-
onates; 1 mg/kg daily for 3 consecutive days.2

1. Bhat MA, et al. Theophylline for renal function in term neonates
with perinatal asphyxia: a randomised, placebo-controlled trial.
J Pediatr 2006; 149: 180–4. 

2. Cattarelli D, et al. A randomised, double blind, placebo control-
led trial of the effect of theophylline in prevention of vasomotor
nephropathy in very preterm neonates with respiratory distress
syndrome. Arch Dis Child Fetal Neonatal Ed 2006; 91:
F80–F84. 

3. Jenik AG, et al. A randomized, double-blind, placebo-controlled
trial of the effects of prophylactic theophylline on renal function
in term neonates with perinatal asphyxia. Pediatrics 2000; 105:
e45. Also available at: http://pediatrics.aappublications.org/cgi/
content/full/105/4/e45 (accessed 19/03/08)

Preparations
BP 2008: Prolonged-release Theophylline Tablets; 
USP 31: Theophylline and Guaifenesin Capsules; Theophylline and Guaife-
nesin Oral Solution; Theophylline Capsules; Theophylline Extended-release
Capsules; Theophylline in Dextrose Injection; Theophylline Oral Solution;
Theophylline Sodium Glycinate Elixir ; Theophylline Sodium Glycinate Tab-
lets; Theophylline Tablets; Theophylline, Ephedrine Hydrochloride, and
Phenobarbital Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aminofilin†; Asmabiol†; Crisasma; Drilyna; Nefoben; Teodosis; Teoso-
na; Teosona Sol; Theo-Dur†; Austral.: Nuelin; Austria: Aerodyne†; Afon-
ilum; Euphyllin; Respicur; Theoplus; Theospirex; Unifyl; Belg.: Euphyllin;
Theo-2; Theolair; Xanthium; Braz.: Bermacia†; Codrinan; Talofilina; Teofil-
ab; Teolong; Teophyl; Teoston; Canad.: Apo-Theo; Novo-Theophyl; Qui-
bron-T†; Theo-Dur†; Theolair ; Uniphyl; Chile: Elixine; Cz.: Afonilum; Eu-
phyllin; Euphylong†; Spophyllin; Teotard†; Theo-Dur†; Theophyllard†;
Theoplus; Uni-Dur†; Unilair†; Denm.: Nuelin; Pulmo-Timelets; Theo-Dur;

UniXan; Uno-Lin†; Fin.: Euphyllin†; Nuelin; Retafyllin; Theo-Dur†; Theofol;
Fr.: Euphylline; Theostat; Xanthium†; Ger.: Aerobin; Afonilum; Afonilum
novo; afpred-THEO; Bronchoparat; Bronchoretard; Contiphyllin; Cronas-
ma†; duraphyllin; Euphylong; Pulmidur†; Pulmo-Timelets; Solosin; Theo;
Theolair†; Tromphyllin; Unilair ; Uniphyllin; Gr.: Aberten; Mediphyllin Chro-
no; Novaphylline†; Theo-Bros; Theo-Dur; Theoplus; Uniphyllin; Hong
Kong: CP-Theo; Euphylong; Novo-Theophyl†; Nuelin; Slo-Theo; Theo-
Dur†; Theotrim; Hung.: Egifilin; Euphylong; Retafyllin; Theophtard; Theos-
pirex; India: Phylobid; Phyloday; Theo PA; Theobid; Theoday; Theoped;
Unicontin; Indon.: Bronchophylin; Brondilex; Bronsolvan; Euphyllin; Qui-
bron-T; Retaphyl; Theobron; Irl.: Nuelin; Slo-Phyllin; Uniphyllin Continus;
Zepholin; Israel: Glyphyllin; Theotard; Theotrim; Ital.: Aminomal; Diffumal;
Euphyllina; Frivent; Paidomal; Respicur; Tefamin; Theo-24; Theo-Dur; The-
olair ; Jpn: Theodur; Theolong; Malaysia: Apo-Theo; Nuelin; Numalin†;
Retafyllin; Theolin†; Mex.: Apoteoprol†; Elixofilina; Fluidasa; Pharmafil; Slo-
Bid†; Teolong†; Uni-Dur†; Neth.: Euphylong; Theolair ; Norw.: Nuelin;
Theo-Dur; NZ: Nuelin; Philipp.: Asmasolon; Brondil (Reformulated);
Nuelin; Phenedrine; Theo-Dur; Pol.: Afonilum; Euphyllin; Theoplus; Theo-
spirex; Theovent; Port.: Eufilina; Lepobron†; Teonibsa†; Teovent†; Unicon-
tin; Rus.: Teotard (Теотард); S.Afr.: Alcophyllin; Chronophyllin†; Euphyllin;
Microphyllin; Nuelin; Pulmophyllin; Theoplus; Uniphyl; Singapore: Apo-
Theo; Nuelin; Retafyllin†; Theolin; Theoplus†; Xanthium†; Spain: Chanta-
line†; Elixifilin; Eufilina; Histafilin; Pulmeno; Teolixir ; Teromol; Theo Max†;
Theo-Dur; Theolair ; Theoplus; Unilong†; Vent Retard†; Swed.: Euphy-
long†; Theo-Dur; Switz.: Euphyllin; Sodip-phylline†; Theolair ; Unifyl; Thai.:
Aerobin†; Almarion; Asmasolon; Bronoday; Franol; Med-Phylline†; Nuelin;
Retafyllin; Temaco; Theotrim; Xanthium; Turk.: Bronkolin; Pirasmin; Tal-
otren; Teobag; Teokap; Teosel; Theo-Dur; Xanthium; UAE: Theophar; UK:
Nuelin; Slo-Phyllin; Uniphyllin Continus; USA: Accurbron; Aerolate; Aqua-
phyllin†; Asmalix; Elixomin†; Elixophyllin; Quibron-T†; Respbid†; Slo-Bid;
Slo-Phyllin; Sustaire†; T-Phyl; Theo-24; Theo-X†; Theochron; Theoclear†;
Theolair; Theovent†; Uniphyl; Venez.: Nuelin; Teobid.

Multi-ingredient: Arg.: Airbronal†; Bronkasma†; Dexa Aminofilin; Dexa
Teosona; Fatigan Bronquial†; Inastmol†; Sedacris; Austria: Ambredin; Asth-
ma 23 D; Braz.: Abacateirol†; Alergotox†; Asmatiron†; Bronquitos; Endo-
tussin; Franol; Marax; Canad.: ratio-Theo-Bronc; Cz.: Oxantil; Fin.: Theo-
fol Comp; Fr.: Hypnasmine†; Ger.: Broncho-Euphyllin; Gr.: Gulamyl; India:
Alergin; Asmapax; Asthmino†; Broncofol-P†; Broncofol†; Dericip; Dericip
Plus; Deriphyllin; Etyofil†; Marax; Tergil-T; Theo-Asthalin; Theobric; Indon.:
Asmadex; Asmano; Asmasolon; Asthma Soho; Neo Napacin; Prinasma; Te-
osal; Theochodil; Tusapres; Irl.: Franol Expectorant†; Malaysia: Asthma;
Brondal†; Grenin†; Theophylline Expectorant; Mex.: Aminoefedrison;
Philipp.: Mucophylline; Pol.: Baladex; Port.: Cosmaxil†; Prelus†; S.Afr.:
Actophlem; Alcophyllex; Diatussin; Metaxol; Solphyllex; Solphyllin; The-
ophen; Theophen Comp; Spain: Novofilin†; Teolixir Compositum; Thai.:
Almasal; Asiabron; Bronchil; Brondil; Mila-Asma; Polyphed; Qualiton; UK:
Do-Do ChestEze; Franol Plus†; Franol†; USA: Elixophyllin-GG; Elixophyllin-
KI; Glyceryl-T; Hydrophed; Marax; Neoasma; Quadrinal; Quibron†; Slo-
Phyllin GG†; Tedrigen; Theodrine; Theomax DF; Venez.: Marax†; Metilfe-
drin†; Metoxifilin; Teofedril†.

Tiotropium Bromide (BAN, rINN)

Ba-679; Ba-679BR; Bromuro de tiotropio; Tiotropii bromidum;
Tiotropium, bromure de; Tiotropyum Bromür. 6β,7β-Epoxy-3β-
hydroxy-8-methyl-1αH,5αH-tropanium bromide di-2-thienylgly-
colate.

Тиотропия Бромид

C19H22BrNO4S2 = 472.4.

CAS — 186691-13-4 (tiotropium); 139404-48-1 (anhy-
drous tiotropium bromide or tiotropium bromide hydrate);
136310-93-5 (anhydrous tiotropium bromide); 411207-
31-3 (tiotropium bromide monohydrate).

ATC — R03BB04.

ATC Vet — QR03BB04.

Adverse Effects and Precautions
As for Ipratropium Bromide (p.1124). 
Pharyngitis, sinusitis, rhinitis, and epistaxis have also
been reported after inhalation. 
Patients with moderate to severe renal impairment
(creatinine clearance 50 mL/minute or less) should be
closely monitored as tiotropium bromide is mainly ex-
creted by the kidneys.
Effects on the cerebrovascular system. In March 2008 the
FDA reported1 that the manufacturer of tiotropium bromide
(Boehringer Ingelheim) had informed them that they had identi-
fied a possible increased risk of stroke in patients taking tiotro-
pium bromide. From pooled analysis of 29 clinical studies in pa-
tients with chronic obstructive pulmonary disease preliminary
estimates of the risk of stroke were 8 per 1000 patients treated for

CH3

N+
H3C

O

Br-

O

O

HO S

S



Tiotropium Bromide/Tretoquinol Hydrochloride    1149

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

one year with tiotropium compared with 6 per 1000 patients giv-
en placebo for one year. The FDA had not yet confirmed the
analyses and urged caution in interpreting these preliminary re-
sults.
1. FDA. Early communication about ongoing safety review of tio-

tropium (marketed as Spiriva HandiHaler) (issued 18th March
2008). Available at: http://www.fda.gov/cder/drug/early_comm/
tiotropium.htm (accessed 22/05/08)

Effects on the skin. Subacute cutaneous lupus erythematosus
has been reported in a patient inhaling tiotropium.1 Skin lesions
developed one week after introduction of the drug, resolved
when the drug was stopped, and recurred on rechallenge. 
Inhaled tiotropium has also been associated with a photosensi-
tive lichenoid eruption in another patient,2 22 months after start-
ing treatment. The lesions resolved when the drug was stopped;
patch testing however, gave a negative result. Rechallenge was
not attempted.
1. Pham H-C, Saurat J-H. Inhalation route inducing subacute cuta-

neous lupus erythematosus with tiotropium. Arch Dermatol
2005; 141: 911–12. 

2. Pérez-Pérez L, et al. Photosensitive lichenoid eruption and in-
haled tiotropium bromide. Dermatology 2007; 214: 97–8.

Interactions
For interactions associated with antimuscarinics in
general, see Atropine, p.1220. However, these interac-
tions are not usually seen with antimuscarinics, such as
tiotropium, given by inhalation.

Pharmacokinetics
After inhalation, some tiotropium bromide is absorbed
from the lung, with the majority deposited in the gas-
trointestinal tract. In healthy subjects a systemic bioa-
vailability of about 20% is reported after dry powder
inhalation, and about 33% after inhalation of the solu-
tion. Tiotropium is about 72% bound to plasma pro-
teins. It is excreted largely unchanged in the urine, al-
though it may undergo some metabolism by non-
enzymatic cleavage and by the cytochrome P450
isoenzymes CYP2D6 and CYP3A4. The terminal
elimination half-life is between 5 and 6 days.

Uses and Administration
Tiotropium bromide is a quaternary ammonium
antimuscarinic that is structurally related to ipratro-
pium but has a prolonged bronchodilator action. It is
used similarly to ipratropium (p.1124) in the mainte-
nance treatment of reversible airways obstruction, as in
chronic obstructive pulmonary disease (below); tiotro-
pium is not suitable for the initial treatment of acute
bronchospasm. Tiotropium bromide can be given as
inhala t ion powder in  capsules  containing
22.5 micrograms of tiotropium bromide monohydrate,
equivalent to 18 micrograms of tiotropium, and sup-
plying 10 micrograms of tiotropium from the mouth-
piece of the inhaler device. The contents of one capsule
are inhaled daily, at the same time each day. 
Tiotropium bromide can also be given as inhalation
solution via a metered-dose inhaler. Each metered dose
contains 3.124 micrograms of tiotropium bromide
monohydrate equivalent to 2.5 micrograms of tiotro-
pium. Two doses of 2.5 micrograms are inhaled daily,
at the same time each day.
◊ References.
1. Hvizdos KM, Goa KL. Tiotropium bromide. Drugs 2002; 62:

1195–1203.

Chronic obstructive pulmonary disease. In chronic ob-
structive pulmonary disease (COPD; p.1112) tiotropium bro-
mide has been shown to be effective at improving dyspnoea,1-3

health-related quality of life,1,3 symptom-limited exercise toler-
ance,2 lung function measurements,3 and reducing
exacerbations1,3,4 compared with placebo. 
Tiotropium has also been found to be more effective than iprat-
ropium at improving dyspnoea, health-related quality of life,5
and lung function,5,6 and reducing exacerbations;5 consideration
of tiotropium as first-line maintenance treatment in COPD has
been suggested. 
Similarly, tiotropium has produced better bronchodilatation, re-
duced dyspnoea, and improved health-related quality of life
scores compared with salmeterol.7 
Combining tiotropium therapy with an inhaled corticosteroid
and a long-acting beta2 agonist did not statistically influence
rates of COPD exacerbations but did improve lung function,
quality of life, and hospitalisation rates in patients with moderate
to severe COPD.8 

A systematic review9 and a meta-analysis10 confirmed that tio-
tropium reduces exacerbations and related hospitalisations, im-
proves quality of life and symptoms in stable COPD. Tiotropium
may also have slowed the decline in forced expiratory volume
(FEV) seen in COPD; however, the authors concluded that fur-
ther studies are required to evaluate the effect of tiotropium on
FEV and to clarify its role in relation to long-acting beta2 ago-
nists. 
The role of tiotropium in the management of COPD has been
extensively reviewed.11-14

1. Casaburi R, et al. A long-term evaluation of once-daily inhaled
tiotropium in chronic obstructive pulmonary disease. Eur
Respir J 2002; 19: 217–24. 

2. Maltais F, et al. Improvements in symptom-limited exercise per-
formance over 8 h with once-daily tiotropium in patients with
COPD. Chest 2005; 128: 1168–78. 

3. Brusasco V, et al. Health outcomes following treatment for six
months with once daily tiotropium compared with twice daily
salmeterol in patients with COPD. Thorax 2003; 58: 399–404. 

4. Niewoehner DE, et al. Prevention of exacerbations of chronic
obstructive pulmonary disease with tiotropium, a once-daily in-
haled anticholinergic bronchodilator: a randomized trial. Ann
Intern Med 2005; 143: 317–26. 

5. Vincken W, et al. Improved health outcomes in patients with
COPD during 1 yr’s treatment with tiotropium. Eur Respir J
2002; 19: 209–16. 

6. van Noord JA, et al. A randomised controlled comparison of
tiotropium and ipratropium in the treatment of chronic obstruc-
tive pulmonary disease. Thorax 2000; 55: 289–94. 

7. Donohue JF, et al. A 6-month, placebo-controlled study com-
paring lung function and health status changes in COPD patients
treated with tiotropium or salmeterol. Chest 2002; 122: 47–55. 

8. Aaron SD, et al. Tiotropium in combination with placebo, salm-
eterol, or fluticasone-salmeterol for treatment of chronic ob-
structive pulmonary disease: a randomized trial. Ann Intern Med
2007; 146: 545–55. 

9. Barr RG, et al. Tiotropium for stable chronic obstructive pulmo-
nary disease. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2005 (accessed
18/02/08). 

10. Barr RG, et al. Tiotropium for stable chronic obstructive pulmo-
nary disease: a meta-analysis. Thorax 2006; 61: 854–62. Cor-
rection. ibid.; 62: 191. 

11. Gross NJ. Tiotropium bromide. Chest 2004; 126: 1946–53. 
12. Olin JL. Tiotropium: an inhaled anticholinergic for chronic ob-

structive pulmonary disease. Am J Health-Syst Pharm 2005; 62:
1263–9. 

13. Somand H, Remington TL. Tiotropium: a bronchodilator for
chronic obstructive pulmonary disease. Ann Pharmacother
2005; 39: 1467–75. 

14. Burns G, Bianchi S. Chronic obstructive pulmonary disease: the
evidence for use of tiotropium. Br J Hosp Med 2006; 67: 85–91.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Spiriva; Austral.: Spiriva; Austria: Spiriva; Belg.: Spiriva; Braz.: Spiri-
va; Canad.: Spiriva; Chile: Spiriva; Cz.: Spiriva; Denm.: Spiriva; Fin.: Spiri-
va; Fr.: Spiriva; Ger.: Spiriva; Gr.: Spiriva; Hong Kong: Spiriva; Hung.: Spiri-
va; India: Tiova; Indon.: Spiriva; Irl.: Spiriva; Israel: Spiriva; Ital.: Spiriva;
Jpn: Spiriva; Malaysia: Spiriva; Mex.: Spiriva; Neth.: Spiriva; Norw.: Spiri-
va; NZ: Spiriva; Philipp.: Spiriva; Pol.: Spiriva; Port.: Spiriva; Rus.: Spiriva
(Спирива); S.Afr.: Spiriva; Singapore: Spiriva; Spain: Spiriva; Swed.: Spiri-
va; Switz.: Spiriva; Thai.: Spiriva; Turk.: Spiriva; UK: Spiriva; USA: Spiriva;
Venez.: Spiriva.

Multi-ingredient: India: Duova.

Tipelukast (USAN, rINN)

KCA-757; MN-001; Tipélukast; Tipelukastum. 4-(6-Acetyl-3-{3-
[(4-acetyl-3-hydroxy-2-propylphenyl)sulfanyl]propoxy}-2-pro-
pylphenoxy)butanoic acid.

Типелукаст
C29H38O7S = 530.7.
CAS — 125961-82-2.

Profile
Tipelukast is a leukotriene receptor antagonist (p.1108), a phos-
phodiesterase inhibitor, and 5-lipoxygenase inhibitor that is un-
der investigation for the treatment of asthma.

Tranilast (USAN, rINN)

MK-341; N-5′; Tranilastum. N-(3,4-Dimethoxycinnamoyl)an-
thranilic acid.

Траниласт
C18H17NO5 = 327.3.
CAS — 53902-12-8.

Adverse Effects and Precautions
Adverse effects reported with tranilast have included gastrointes-
tinal disturbances, headache, drowsiness or insomnia, dizziness,
malaise, and skin rashes and generalised pruritus. Rarely, liver
function disturbance or jaundice, renal dysfunction, cystitis-like
symptoms, anaemia, leucopenia, thrombocytopenia, palpita-
tions, oedema, facial flushing, and stomatitis may occur. Trani-
last should be used with caution in patients with impaired hepatic
or renal function. Haematological monitoring is recommended. 
Irritation and blepharitis have been reported after topical applica-
tion to the eye. 
Licensed product information advises against the use of tranilast
in pregnancy because of teratogenicity in animal studies. 
Tranilast should not be used for the treatment of acute asthma
attacks. The general cautions described under sodium cromogli-
cate (p.1136) also apply.
Uses and Administration
Tranilast has a stabilising action on mast cells resembling that of
sodium cromoglicate (p.1137). It is also stated to inhibit collagen
synthesis in fibroblasts. It is used in the prophylactic manage-
ment of asthma (p.1108) and in allergic rhinitis (p.565), conjunc-
tivitis (p.564), and eczema (p.1579). It is also used in the man-
agement of keloids and hypertrophic scarring. The usual oral
adult dose is 100 mg three times daily. For details of doses in
children, see below. Eye drops containing tranilast 0.5% are used
four times daily for allergic conjunctivitis. 
Tranilast has been investigated for the prevention of restenosis
after coronary artery revascularisation procedures but was found
to be ineffective.
Administration in children. Tranilast is given to children for
the prophylactic management of asthma, in allergic rhinitis and
eczema, and in the management of keloids and hypertrophic
scars. An oral daily dose of 5 mg/kg, given in 3 divided doses,
may be used.
Sarcoidosis. For a mention of possible benefit from tranilast in
cutaneous sarcoidosis, see p.1512.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Rizaben.

Tretoquinol Hydrochloride (pINNM) ⊗ 
AQ-110 (tretoquinol); Hidrocloruro de tretoquinol; Ro-07-
5965; Trétoquinol, Chlorhydrate de; Tretoquinoli Hydrochlori-
dum; Trimethoquinol Hydrochloride; Trimetoquinol Hydrochlo-
ride. (−)-1,2,3,4-Tetrahydro-1-(3,4,5-trimethoxybenzyl)isoquino-
line-6,7-diol hydrochloride monohydrate.
Третохинола Гидрохлорид
C19H23NO5,HCl,H2O = 399.9.
CAS — 30418-38-3 (tretoquinol); 18559-59-6 (anhydrous
tretoquinol hydrochlor ide).
ATC — R03AC09; R03CC09.
ATC Vet — QR03AC09; QR03CC09.

(tretoquinol)

Pharmacopoeias. In Jpn.
Profile
Tretoquinol is a direct-acting sympathomimetic reported to have
a selective action on beta2 receptors (a beta2 agonist). It has prop-
erties similar to those of salbutamol (p.1131). It is given as the
hydrochloride for its bronchodilating properties in the manage-
ment of reversible airways obstruction, as in asthma (p.1108) or
in some patients with chronic obstructive pulmonary disease
(p.1112).
Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Inolin; Jpn: Inolin†.
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Tulobuterol Hydrochloride (BANM, rINNM) ⊗ 
C-78; Hidrocloruro de tulobuterol; HN-078 (tulobuterol); Tu-
lobutérol, Chlorhydrate de; Tulobuterolhydroklorid; Tulobuteroli
Hydrochloridum; Tulobuterolihydrokloridi. 2-tert-Butylamino-1-
o-chlorophenylethanol hydrochloride.

Тулобутерола Гидрохлорид

C12H18ClNO,HCl = 264.2.
CAS — 41570-61-0 (tulobuterol); 56776-01-3 (tulobuter-
ol hydrochlor ide).
ATC — R03AC11; R03CC11.
ATC Vet — QR03AC11; QR03CC11.

(tulobuterol)

Pharmacopoeias. In Jpn.

Profile
Tulobuterol is a direct-acting sympathomimetic with mainly
beta-adrenergic activity and a selective action on beta2 receptors
(a beta2 agonist). It has properties similar to those of salbutamol
(p.1131). 
Tulobuterol is used as a bronchodilator in the management of re-
versible airways obstruction, as in asthma (p.1108) and in some
patients with chronic obstructive pulmonary disease (p.1112). It
is given orally as the hydrochloride. The initial oral dose in adults
is 1 or 2 mg of tulobuterol hydrochloride twice daily, which can
be increased to 3 mg twice daily if necessary. An increased need
for, or decreased duration of effect of, tulobuterol indicates dete-
rioration of asthma control and the need for review of therapy.
Tulobuterol has also been given as the base by inhalation from a
metered-dose inhaler. A transdermal formulation of tulobuterol
base is also available; a dose of 2 mg daily is used together with
anti-inflammatory therapy. 
For doses of tulobuterol used in children aged 14 years and un-
der, see Administration in Children, below.

◊ References to the transdermal formulation of tulobuterol.
1. Uematsu T, et al. The pharmacokinetics of the β -adrenoceptor

agonist, tulobuterol, given transdermally and by inhalation. Eur
J Clin Pharmacol. 1993; 44: 361–4. 

2. Iikura Y, et al. Pharmacokinetics and pharmacodynamics of the
tulobuterol patch, HN-078, in childhood asthma. Ann Allergy
1995; 74: 147–51. 

3. Fukuchi Y, et al. Clinical efficacy and safety of transdermal tu-
lobuterol in the treatment of stable COPD: an open-label com-
parison with inhaled salmeterol. Treat Respir Med 2005; 4:
447–55. 

4. Yoshihara S, et al. The use of patch formulation of tulobuterol, a
long-acting beta2-adrenoceptor agonist, in the treatment of se-
vere pediatric asthma. Ann Allergy Asthma Immunol 2006; 96:
879–80. 

5. Fujimoto K, et al. Comparison of the clinical efficacy of salme-
terol and sustained-release tulobuterol (patch) on inadequately
controlled asthma patients on inhaled corticosteroids. J Asthma
2006; 43: 501–7. 

6. Nishiyama O, et al. Comparison of the effects of tulobuterol
patch and salmeterol in moderate to severe asthma. Clin Exp
Pharmacol Physiol 2006; 33: 1016–21. 

7. Kobayashi Y, et al. Addition of transdermal or inhaled long-act-
ing β -agonists in adult asthmatic patients treated with inhaled
corticosteroids: switchover study from tulobuterol patch to sal-
meterol dry powder inhaler. J Asthma 2007; 44: 77–81.

Administration in children. Tulobuterol hydrochloride has
been used to treat bronchospasm in children in the following oral
doses: 
• 1 to 6 years of age, 0.25 to 0.5 mg twice daily 
• 6 to 10 years of age, 0.5 to 1 mg twice daily 
• 10 to 14 years of age, 1 to 1.5 mg twice daily 
In some countries, children 12 years of age and over may be giv-
en the adult dose of tulobuterol, see above. 
Transdermal delivery of tulobuterol is also used in children, in
the following doses: 
• 6 months to 3 years of age, 0.5 mg once daily 
• 3 to 9 years of age, 1 mg once daily 
• 9 years of age and older, as for adults (see above)

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Bremax; Belg.: Respacal†; Ger.: Atenos; Brelomax; Jpn: Hokun-
alin; Mex.: Bremax; Philipp.: Bremax; Port.: Atenos†; Venez.: Bremax†;
Bretol.

Zafirlukast (BAN, USAN, rINN)

ICI-204219; Tsafirlukasti; Zafirlukastum. Cyclopentyl 3-{2-meth-
oxy-4-[(o-tolylsulfonyl)carbamoyl]benzyl}-1-methylindole-5-car-
bamate.
Зафирлукаст
C31H33N3O6S = 575.7.
CAS — 107753-78-6.
ATC — R03DC01.
ATC Vet — QR03DC01.

Adverse Effects and Precautions
Headache, an increased incidence of respiratory-tract
infection (in the elderly), and gastrointestinal distur-
bances have been reported with zafirlukast and other
leukotriene antagonists. Other adverse effects have in-
cluded generalised and abdominal pain, arthralgia, my-
algia, fever, malaise, insomnia, and dizziness. Eleva-
tions in liver enzyme values have occurred, and rarely,
symptomatic hepatitis or hyperbilirubinaemia (see also
below); fatalities have occurred. Hypersensitivity reac-
tions, including rashes, pruritus, urticaria, and an-
gioedema, have been reported. There have also been
rare reports of agranulocytosis, bleeding, bruising and
oedema. There have been a few reports of systemic
eosinophilia consistent with Churg-Strauss syndrome
in patients receiving zafirlukast (see below); treatment
should be withdrawn in these patients. 
Zafirlukast and other leukotriene antagonists should
not be used for the treatment of acute asthma attacks.
Zafirlukast is contra-indicated in patients with hepatic
impairment or cirrhosis.
Incidence of adverse effects. An observational study1 of
7976 patients prescribed zafirlukast found it to be generally well
tolerated. Similarly to UK licensed product information, the
most frequently reported adverse effects (1 to 2% of patients)
were headache, rash, abdominal pain, malaise, and gastrointesti-
nal disturbances such as nausea, diarrhoea, and dyspepsia. Dizzi-
ness and palpitations were more common in the first month of
treatment. An increased incidence of depression was also noted.
1. Twaites BR, et al. Safety of zafirlukast: results of a postmarket-

ing surveillance study on 7976 patients in England. Drug Safety
2007; 30: 419–29.

Churg-Strauss syndrome. Pulmonary infiltrates and eosi-
nophilia, resembling the Churg-Strauss syndrome, with dilated
cardiomyopathy, were reported after withdrawal of corticoster-
oid therapy in 8 patients taking zafirlukast.1 Symptoms respond-
ed to withdrawal of zafirlukast and treatment with corticoster-
oids, with or without cyclophosphamide. It has been suggested
that the patients’ original asthmatic symptoms had been part of
an unrecognised vasculitic syndrome that was unmasked by
stopping corticosteroids.2,3 However, others have reported
Churg-Strauss syndrome associated with zafirlukast in those not
receiving corticosteroids,4,5 although these cases were not incon-
sistent with the view that treatment with leukotriene antagonists
was coincidental.6 It has also been noted that leukotriene receptor
antagonists tend to be prescribed for patients with more severe
asthma, which may be a precursor to the development of Churg-
Strauss syndrome.3 In addition, eosinophilic syndromes have
been reported for other anti-asthma drugs including inhaled flu-
ticasone and sodium cromoglicate, evidence supporting a non-
drug-related aetiology.6 However, the number of reports with
zafirlukast and the other leukotriene antagonists, montelukast
(see p.1126) and pranlukast,7 means that a particular class-effect
cannot be ruled out.3,8 It has been suggested that patients should
be monitored carefully (e.g. by measuring erythrocyte sedimen-
tation rate, C reactive protein, and eosinophil counts) if the intro-
duction of an anti-asthma drug such as a leukotriene antagonist
permits the reduction of oral corticosteroid dosage.9 In addition,
in patients with asthma and features of multisystem disease, the
possibility of underlying Churg-Strauss syndrome (p.1501) may
be worth considering.
1. Wechsler ME, et al. Pulmonary infiltrates, eosinophilia, and car-

diomyopathy following corticosteroid withdrawal in patients
with asthma receiving zafirlukast. JAMA 1998; 279: 455–7. 

2. Churg A, Churg J. Steroids and Churg-Strauss syndrome. Lancet
1998; 352: 32–3. 

3. Keogh KA. Leukotriene receptor antagonists and Churg-Strauss
syndrome: cause, trigger or merely an association? Drug Safety
2007; 30: 837–43. 

4. Katz RS, Papernik M. Zafirlukast and Churg-Strauss syndrome.
JAMA 1998; 279: 1949. 

5. Green RL, Vayonis AG. Churg-Strauss syndrome after zafirlu-
kast in two patients not receiving systemic steroid treatment.
Lancet 1999; 353: 725–6. 

6. Wechsler M, Drazen JM. Churg-Strauss syndrome. Lancet 1999;
353: 1970. 

7. Kinoshita M, et al. Churg-Strauss syndrome after corticosteroid
withdrawal in an asthmatic patient treated with pranlukast. J Al-
lergy Clin Immunol 1999; 103: 534–5. 

8. Green RL, Vayonis AG. Churg-Strauss syndrome. Lancet 1999;
353: 1971. 

9. D’Cruz DP, et al. Difficult asthma or Churg-Strauss syndrome?
BMJ 1999; 318: 475–6.

Effects on the liver. Severe hepatotoxicity has been associated
with zafirlukast.1-4 The Canadian manufacturer reported4 in
April 2004 that from worldwide postmarketing surveillance of
zafirlukast there had been 46 reports of hepatitis, 14 of hepatic
failure, 3 of which progressed to fulminant hepatitis, and 59 re-
ports of other clinically significant hepatic dysfunction; 7 fatali-
ties had occurred. In most, but not all, cases symptoms had abat-
ed and liver enzymes had returned to normal after stopping
zafirlukast. It was important that prescribers, patients and/or their
carers were alert to the signs and symptoms of hepatotoxicity.
Licensed product information for zafirlukast advises stopping
treatment if hepatotoxicity is suspected, and performing liver
function tests;
1. Grieco AJ, Burstein-Stein J. Oral montelukast versus inhaled

salmeterol to prevent exercise-induced bronchoconstriction. Ann
Intern Med 2000; 133: 392. 

2. Reinus JF, et al. Severe liver injury after treatment with the leu-
kotriene receptor antagonist zafirlukast. Ann Intern Med 2000;
133: 964–8. 

3. Danese S, et al. Severe liver injury associated with zafirlukast.
Ann Intern Med 2001; 135: 930. 

4. AstraZeneca Canada. Important safety information regarding re-
ports of serious hepatic events in patients receiving Accolate
(zafirlukast) (issued 14th April 2004). Available at: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/medeff/
accolate_2_hpc-cps-eng.pdf (accessed 09/07/08)

Lupus. Zafirlukast was thought to be responsible for the devel-
opment of lupus in a 9-year-old girl.1
1. Finkel TH, et al. Drug-induced lupus in a child after treatment

with zafirlukast (Accolate). J Allergy Clin Immunol 1999; 103:
533–4.

Renal impairment. The UK licensed product information
states that zafirlukast should be used with caution in patients with
moderate or severe renal impairment because of limited experi-
ence in this group. However, the US product information men-
tions no such caution, and states that the pharmacokinetics of
zafirlukast in patients with renal impairment do not appear to dif-
fer from those in patients with normal renal function. Only about
10% of a dose is reported to be excreted in the urine.

Interactions
Zafirlukast is metabolised by hepatic cytochrome
P450, specifically the CYP2C9 isoenzyme, and has
been shown to inhibit the activity of isoenzymes
CYP2C9 and CYP3A4. Therefore, use with other
drugs that are metabolised by these hepatic enzymes
may result in increases in plasma concentrations, and
possibly, adverse effects. Patients receiving warfarin
may develop prolongation of the prothrombin time and
anticoagulant dosage should be adjusted accordingly.
Erythromycin, terfenadine, and theophylline may re-
duce plasma concentrations of zafirlukast; zafirlukast
has rarely been reported to increase plasma-theophyl-
line concentrations. Increased plasma concentrations
of zafirlukast have been seen when given with high
doses of aspirin.

Pharmacokinetics
Peak plasma concentrations of zafirlukast occur about
3 hours after oral doses. The absolute bioavailability is
uncertain, but taking it with food reduces both the rate
and extent of absorption, decreasing bioavailability by
about 40%. Zafirlukast is about 99% bound to plasma
proteins. It is extensively metabolised in the liver,
mainly by the cytochrome P450 isoenzyme CYP2C9,
and excreted principally in faeces, as unchanged drug
and metabolites. About 10% of a dose is excreted in
urine as metabolites. The terminal elimination half-life
of zafirlukast is about 10 hours. Studies in animals sug-
gest that small amounts cross the placenta; it is also dis-
tributed into breast milk.
◊ Reviews.
1. Dekhuijzen PNR, Koopmans PP. Pharmacokinetic profile of

zafirlukast. Clin Pharmacokinet 2002; 41: 105–14.

Uses and Administration
Zafirlukast is a selective and competitive antagonist of
the leukotriene C4, D4, and E4 receptors (p.1108), stim-
ulation of which by circulating leukotrienes is thought
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to play a role in the pathogenesis of asthma. The drug
suppresses both early and late bronchoconstrictor re-
sponses to inhaled antigens or irritants, but is not suita-
ble for the management of acute attacks of asthma. 
Zafirlukast is used in the management of chronic asth-
ma (see below). It is given orally in doses of 20 mg
twice daily, taken at least 1 hour before or 2 hours after
meals. For details of doses in children, see below.
◊ General references.
1. García-Marcos L, et al. Benefit-risk assessment of antileukot-

rienes in the management of asthma. Drug Safety 2003; 26:
483–518. 

2. Anonymous. Leukotriene receptor antagonists—an update.
Drug Ther Bull 2005; 43: 85–8. 

3. Currie GP, McLaughlin K. The expanding role of leukotriene re-
ceptor antagonists in chronic asthma. Ann Allergy Asthma Immu-
nol 2006; 97: 731–41. 

4. Riccioni G, et al. Antileukotriene drugs: clinical application, ef-
fectiveness and safety. Curr Med Chem 2007; 14: 1966–77.

Administration in children. In the management of chronic
asthma, US licensed product information recommends a zafirlu-
kast dose of 10 mg twice daily orally in children aged from 5 to
11 years. Children 12 years of age and over may be given the
adult dose, see above. In the UK, zafirlukast is unlicensed in chil-
dren under 12 years of age.
Asthma. Zafirlukast produces modest improvement in mild-to-
moderate asthma,1,2 which was of a similar order to that seen
with inhaled sodium cromoglicate in one study,3 but less than
that of inhaled salmeterol in another.4 It has also been found to be
less effective than inhaled fluticasone in persistent asthma.5-7

Guidelines for the management of asthma (p.1108) permit the
use of zafirlukast as an alternative to inhaled corticosteroids in
patients with mild persistent asthma, who cannot be managed
with inhaled beta2 agonists on an as-needed basis alone. It can
also be considered for use in moderate or severe persistent asth-
ma, usually added to standard therapy of inhaled corticosteroids
and long-acting inhaled beta2 agonists. Combination of anti-leu-
kotriene drugs with inhaled corticosteroids alone seems, howev-
er, to be less effective than a combination of the latter with long-
acting inhaled beta2 agonists. In a study in patients presenting to
the emergency room with acute severe asthma, adding zafirlu-
kast to standard therapy in hospital and for 28 days after dis-
charge was associated with a reduced rate of relapse, and a reduc-
tion in the need for extended care.8
1. Suissa S, et al. Effectiveness of the leukotriene receptor antago-

nist zafirlukast for mild-to-moderate asthma: a randomized, dou-
ble-blind, placebo-controlled trial. Ann Intern Med 1997; 126:
177–83. 

2. Fish JE, et al. Zafirlukast for symptomatic mild-to-moderate
asthma: a 13-week multicenter study. Clin Ther 1997; 19:
675–90. 

3. Nathan RA, et al. Two first-line therapies in the treatment of
mild asthma: use of peak flow variability as a predictor of effec-
tiveness. Ann Allergy Asthma Immunol 1999; 82: 497–503. 

4. Busse W, et al. Comparison of inhaled salmeterol and oral
zafirlukast in patients with asthma. J Allergy Clin Immunol 1999;
103: 1075–80. 

5. Busse W, et al. Fluticasone propionate compared with zafirlukast
in controlling persistent asthma: a randomized double-blind, pla-
cebo-controlled trial. J Fam Pract 2001; 50: 595–602. 

6. Nathan RA, et al. A comparison of short-term treatment with
inhaled fluticasone propionate and zafirlukast for patients with
persistent asthma. Am J Med 2001; 111: 195–202. 

7. Brabson JH, et al. Efficacy and safety of low-dose fluticasone
propionate compared with zafirlukast in patients with persistent
asthma. Am J Med 2002; 113: 15–21. 

8. Silverman RA, et al. Zafirlukast treatment for acute asthma:
evaluation in a randomized, double-blind, multicenter trial.
Chest 2004; 126: 1480–9.

Rhinitis. Although it was reported to improve symptoms of sea-
sonal allergic rhinitis (p.565) in one study,1 zafirlukast 20 mg
twice daily was not effective when compared with placebo and
intranasal beclometasone in another.2 Some benefits have been
reported in perennial allergic rhinitis, in particular an improve-
ment in nasal obstruction.3,4 A review of the role of leukotrienes
in allergic rhinitis concluded that leukotriene receptor antago-
nists have modest efficacy given alone but can be usefully added
to other treatments.5
1. Donnelly AL, et al. The leukotriene D -receptor antagonist, ICI

204,219, relieves symptoms of acute seasonal allergic rhinitis.
Am J Respir Crit Care Med 1995; 151: 1734–9. 

2. Pullerits T, et al. Randomized placebo-controlled study compar-
ing a leukotriene receptor antagonist and a nasal glucocorticoid
in seasonal allergic rhinitis. Am J Respir Crit Care Med 1999;
159: 1814–18. 

3. Jiang R-S. Efficacy of a leukotriene receptor antagonist in the
treatment of perennial allergic rhinitis. J Otolaryngol 2006; 35:
117–21. 

4. Ho C-Y, Tan C-T. Comparison of antileukotrienes and antihista-
mines in the treatment of allergic rhinitis. Am J Rhinol 2007; 21:
439–43. 

5. Peters-Golden M, Henderson WR. The role of leukotrienes in
allergic rhinitis. Ann Allergy Asthma Immunol 2005; 94: 609–18.

Urticaria. Leukotriene antagonists, such as zafirlukast, are re-
ported to have some benefit in the management of chronic urti-
caria (p.1584).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Accolate; Vanticon†; Zafirasmal†; Austral.: Accolate; Belg.: Accolate;
Resma; Braz.: Accolate; Canad.: Accolate; Chile: Accolate; Cz.: Accolate;
Fin.: Accolate; Hong Kong: Accolate; Hung.: Accolate; India: Zuvair ; In-
don.: Accolate; Irl.: Accolate; Ital.: Accoleit; Zafirst; Mex.: Accolate;
Philipp.: Accolate; Pol.: Accolate; Port.: Accolate; Rus.: Accolate
(Аколат); S.Afr.: Accolate; Singapore: Accolate; Spain: Accolate; Aero-
nix; Olmoran; Switz.: Accolate; Thai.: Accolate†; Turk.: Accolate; UK:
Accolate; USA: Accolate; Venez.: Accolate.

Zileuton (BAN, USAN, rINN)

A-64077; Abbott-64077; Zileutón; Zileutonum. (±)-1-(1-Ben-
zo[b]thien-2-ylethyl)-N-hydroxyurea.

Зилейтон
C11H12N2O2S = 236.3.
CAS — 111406-87-2.

Pharmacopoeias. In US. 
USP 31 (Zileuton). A white to off-white powder. Store in air-
tight containers. Protect from light.

Adverse Effects and Precautions
The most commonly reported adverse effects associated with zi-
leuton treatment are headache, pain including pharyngolaryngeal
pain, gastrointestinal disturbances, myalgia, and sinusitis. Hy-
persensitivity, urticaria, rash, and leucopenia have been reported
in a few patients. Zileuton has also been associated with raised
liver enzyme values and severe hepatic injury. 
Zileuton is not suitable for the treatment of acute asthma attacks.

Effects on the liver. Cases of severe hepatotoxicity including
fatalities, jaundice, hyperbilirubinaemia, and raised liver
enzymes have been reported in patients taking zileuton. US
licensed product information therefore contraindicates the use of
zileuton in patients with active liver disease or liver transaminase
elevations greater than or equal to three times the upper limit of
normal. Caution is required in patients with a history of liver dis-
ease or who consume substantial quantities of alcohol. Alanine
aminotransferase (ALT) is considered the most sensitive indica-
tor of liver injury due to zileuton. Most rises in ALT concentra-
tions occurred in the first 3 months of zileuton therapy,1 and
monitoring is therefore recommended before starting zileuton
therapy, once a month for the first 3 months of therapy, every 2
to 3 months for the remainder of the first year of therapy, and
periodically thereafter.
1. Watkins PB, et al. Clinical pattern of zileuton-associated liver

injury: results of a 12-month study in patients with chronic asth-
ma. Drug Safety 2007; 30: 805–15.

Interactions
Zileuton has been reported to impair the metabolism of some
drugs metabolised via hepatic cytochrome P450 enzymes, in-
cluding propranolol, terfenadine, theophylline, and warfarin.

Pharmacokinetics
Zileuton is reported to be well absorbed from the gastrointestinal
tract after oral dosage, with peak plasma concentrations of im-
mediate-release preparations occurring within about 2 hours of a
dose. It is about 93% bound to plasma proteins. It is extensively
metabolised in the liver by the cytochrome P450 isoenzymes
CYP1A2, CYP2C9, and CYP3A4, and excreted in the urine,
largely as glucuronide metabolites. The elimination half-life is
reported to be about 2.5 hours for the immediate-release prepara-
tion and about 3 hours for the controlled-release preparation.

◊ References.
1. Wong SL, et al. The pharmacokinetics of single oral doses of

zileuton 200 to 800 mg, its enantiomers, and its metabolites, in
normal healthy volunteers. Clin Pharmacokinet 1995; 29 (suppl
2): 9–21. 

2. Awni WM, et al. Pharmacokinetics and pharmacodynamics of
zileuton after oral administration of single and multiple dose reg-
imens of zileuton 600 mg in healthy volunteers. Clin Pharma-
cokinet 1995; 29 (suppl 2): 22–33. 

3. Braeckman RA, et al. The pharmacokinetics of zileuton in
healthy young and elderly volunteers. Clin Pharmacokinet 1995;
29 (suppl 2): 42–8. 

4. Awni WM, et al. Population pharmacokinetics of zileuton, a se-
lective 5-lipoxygenase inhibitor, in patients with rheumatoid ar-
thritis. Eur J Clin Pharmacol 1995; 48: 155–60. 

5. Awni WM, et al. The effect of mild or moderate hepatic impair-
ment (cirrhosis) on the pharmacokinetics of zileuton. Clin Phar-
macokinet 1995; 29 (suppl 2): 49–61. 

6. Awni WM, et al. Pharmacokinetics of zileuton and its metabo-
lites in patients with renal impairment. J Clin Pharmacol 1997;
37: 395–404. 

7. Dubé LM, et al. Zileuton, a leukotriene synthesis inhibitor in the
management of chronic asthma: clinical pharmacokinetics and
safety. Clin Rev Allergy Immunol 1999; 17: 213–21.

Uses and Administration
Zileuton is an orally active 5-lipoxygenase inhibitor and there-
fore inhibits leukotriene formation (p.1108). It is used in the
management of chronic asthma (see below) but has no bron-
chodilator properties and is not suitable for the management of
acute attacks. Zileuton is given in oral doses of 600 mg 4 times
daily as an immediate-release preparation. A controlled-release
formulation of zileuton is also available; the usual oral dose is
1.2 g twice daily. 
It has also been tried in other disorders including arthritis, aller-
gic rhinitis, and inflammatory bowel disease.
Asthma. Zileuton has been found to be of some benefit in asth-
ma, including that provoked by cold air, exercise, and NSAIDs.
US guidelines for the management of asthma (p.1108) permit its
use in addition to inhaled corticosteroid therapy in moderate per-
sistent asthma. Combination of anti-leukotriene drugs with in-
haled corticosteroids alone seems however to be less effective
than a combination of the latter with long-acting inhaled beta2
agonists. Due to a lack of data on efficacy and the need for liver
function monitoring, zileuton is also considered a less desirable
treatment option for addition to inhaled corticosteroids than the
leukotriene receptor antagonists. 
An intravenous form of zileuton is under investigation for use in
asthma. 
References.
1. Israel E, et al. The effects of a 5-lipoxygenase inhibitor on asth-

ma induced by cold, dry air. N Engl J Med 1990; 323: 1740–4. 
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5. O’Connor BJ, et al. Zileuton added to low-dose inhaled beclom-
ethasone for the treatment of moderate to severe persistent asth-
ma. Respir Med 2007; 101: 1088–96.

Inflammatory bowel disease. Despite initial hopes that inhi-
bition of lipoxygenase might prove of benefit in patients with ul-
cerative colitis,1 a study in those with mild or moderately active
relapsing disease found that the symptomatic benefits of zileuton
were confined to those not already receiving sulfasalazine.2 A
subsequent study showed zileuton was not significantly better
than placebo in maintaining remission.3 For a discussion of in-
flammatory bowel disease and its management, see p.1697.
1. Laursen LS, et al. Selective 5-lipoxygenase inhibition in ulcera-

tive colitis. Lancet 1990; 335: 683–5. 
2. Laursen LS, et al. Selective 5-lipoxygenase inhibition by zileu-

ton in the treatment of relapsing ulcerative colitis: a randomized
double-blind placebo-controlled multicentre trial. Eur J Gastro-
enterol Hepatol 1994; 6: 209–15. 

3. Hawkey CJ, et al. A trial of zileuton versus mesalazine or place-
bo in the maintenance of remission of ulcerative colitis. Gastro-
enterology 1997; 112: 718–24.

Rhinitis. A study in 8 patients with allergic rhinitis (p.565)
found that a single dose of zileuton 800 mg reduced the response
to a nasal antigen challenge 3 hours later,1 including reduced
sneezing and nasal congestion.
1. Knapp HR. Reduced allergen-induced nasal congestion and leu-

kotriene synthesis with an orally active 5-lipoxygenase inhibitor.
N Engl J Med 1990; 323: 1745–8.
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Cardiovascular Drug Groups, p.1152 

ACE inhibitors, p.1152 
Adrenergic neurone blockers, p.1152 
Alpha blockers, p.1153 
Angiotensin II receptor antagonists, p.1153 
Antiarrhythmics, p.1153 
Anticoagulants, p.1153 
Antiplatelet drugs, p.1154 
Beta blockers, p.1154 
Calcium-channel blockers, p.1154 
Cardiac inotropes, p.1154 
Centrally acting antihypertensives, p.1154 
Diuretics, p.1155 
Endothelin receptor antagonists, p.1155 
Ganglion blockers, p.1155 
Lipid regulating drugs, p.1155 
Nitrates, p.1155 
Potassium-channel openers, p.1155 
Prostaglandins, p.1155 
Sympathomimetics, p.1155 
Thrombolytics, p.1156 
Vasodilators, p.1156 

Management of Cardiovascular Disorders, p.1156 
Advanced cardiac life support, p.1156 
Angina pectoris, p.1157 
Ascites, p.1159 
Atherosclerosis, p.1159 
Cardiac arrhythmias, p.1160 
Cardiomyopathies, p.1163 
Cardiovascular risk reduction, p.1164 
Cerebrovascular disease, p.1165 
Heart failure, p.1165 
High-altitude disorders, p.1168 
Hyperlipidaemias, p.1169 
Hypertension, p.1171 
Hypotension, p.1174 
Kawasaki disease, p.1175 
Myocardial infarction, p.1175 
Patent ductus arteriosus, p.1178 
Peripheral arterial thromboembolism, p.1178 
Peripheral vascular disease, p.1178 
Phaeochromocytoma, p.1179 
Pulmonary hypertension, p.1179 
Raised intracranial pressure, p.1181 
Reperfusion and revascularisation procedures, p.1181 
Shock, p.1183 
Stroke, p.1185 
Thromboembolic disorders, p.1187 
Valvular heart disease, p.1187 
Vasospastic arterial disorders, p.1188 
Venous thromboembolism, p.1189

This chapter describes drugs used principally in the
management of cardiovascular disorders, as well as the
choice of treatment for a particular disorder. Blood
products, plasma expanders, and haemostatics, which
also have a role in cardiovascular disease, are de-
scribed elsewhere (p.1042).

The Circulatory System
The cardiovascular system consists of the heart and
two vascular systems, the pulmonary and systemic cir-
culations. The heart (below) pumps blood from the
right ventricle through the pulmonary circulation, in
which gas exchange occurs, and the oxygenated blood
then returns to the left side of the heart, where the left
ventricle pumps it to the systemic circulation which
delivers blood to individual organs. Arteries supply
blood at high pressure whereas arterioles are smaller
vessels with muscular walls which allow direct control
of flow through the capillary beds. Capillaries have
thin walls, comprising a single layer of endothelial
cells, which allow exchange of substances such as nu-
trients, hormones, and waste products between blood
and tissues. Veins return blood from the capillary beds
to the heart, and contain about 70% of the circulating
blood volume. 
Cardiac output is the product of heart rate and stroke
volume; typically, in a 70-kg adult, these might be
around 70 beats per minute, and 70 mL respectively,
giving an output of around 5 litres per minute. Stroke
volume in turn is dependent on preload (the ventricu-
lar volume at the end of diastole, when the ventricle
relaxes and fills), afterload (the resistance to ventricu-
lar ejection, or systemic vascular resistance, deter-
mined mainly by the diameter of the arterioles), and

contractility, or the strength of contraction of the heart
muscle, which is influenced by the sympathetic nerv-
ous system but also by many other factors, including
drugs, acid-base balance, and myocardial oxygen sup-
ply. In a healthy individual, cardiac output should ad-
just to match metabolic demand. 
Blood pressure and flow is controlled by complex
neurohormonal systems, involving the autonomic
nervous system and peptides and regulators released
by the kidneys and the circulatory system itself, such as
the renin-angiotensin system and the natriuretic pep-
tides. Substances such as nitric oxide and prostacyclin,
produced by the endothelium of the vascular system,
play an important role in controlling local blood flow. 
All these systems can be manipulated by pharmacolog-
ical therapy with the various drug groups (see below)
used in the treatment of cardiovascular disorders
(p.1156).

The Heart
The heart acts as a pump, maintaining circulation of
blood around the body. It does this by coordinated con-
traction and relaxation of the cardiac muscle (myocar-
dium). In a normal cardiac cycle the atria contract first
(atrial systole), forcing blood into the ventricles, which
then contract (ventricular systole), pumping blood out
into the blood vessels; atria and ventricles then both re-
lax (diastole), allowing the atria to refill before the cy-
cle begins again. Each cycle corresponds to a heart beat
and in a healthy 70-kg person at rest cycles occur reg-
ularly at a rate of 70 to 75 beats/minute, although the
exact rate varies more widely than this depending on
circumstances. 
The contraction of myocardial cells is controlled by
electrical changes across the cell membrane, which can
be represented by the action potential. The action po-
tential in cardiac cells has 5 phases, although the exact
pattern depends on the type of cell. A typical ventricu-
lar action potential is shown in Figure 1 (below). 
• phase 0 is the depolarisation phase when there is rap-

id influx of sodium ions (lasting a few milliseconds)
and the cell contracts 

• in phase 1, there is a transient rapid efflux of potassi-
um ions and the cell begins to repolarise 

• a slow influx of calcium ions then occurs which bal-
ances the potassium efflux leading to a plateau stage
(phase 2) and maintenance of contraction 

• this is followed by an increase in potassium efflux,
while calcium influx stops, and repolarisation (phase
3) occurs 

• the cell then relaxes and finally returns to the resting
membrane potential (phase 4), and ion pumps return
the balance of sodium and potassium to the baseline
state 

The depolarisation of one cell triggers action potentials
in adjacent cells, allowing the electrical impulse to
spread rapidly across the myocardium so that in a
healthy heart all of the cells contract at the same time
in a coordinated fashion. 

Certain cells within the heart undergo spontaneous
depolarisation during phase 4 and the initial depolari-
sation depends mainly on calcium ion influx rather
than sodium ions. These pacemaker cells are able to
initiate impulses. Although a number of cells have this
property, impulses are normally generated in the sino-
atrial (SA) or sinus node; the resulting heart rhythm is
known as sinus rhythm, and has been defined as a sinus
node rate of 60 to 100 beats/minute. Impulses generat-
ed in the SA node spread across the atria, causing them
to contract, but normally only pass to the ventricles
through the specialised conducting cells of the atrio-
ventricular (AV) node. From the AV node, the impulse
passes through the bundle of His and down the Purkin-
je fibres to the ventricles, which then contract. The de-
lay caused by this selective conduction through the AV
node means that the atria contract before the ventricles
and ensures the forward movement of the blood. 
The movement of electrical impulses can be recorded
as an electrocardiogram (ECG). The ECG corresponds
to the phases of the action potential in different parts of
the heart and depends on the position of the recording
leads; a typical ECG trace is shown in Figure 2, below.
The P wave corresponds to atrial depolarisation, while
the QRS complex corresponds to ventricular depolari-
sation; the PR interval corresponds to the delay be-
tween atrial and ventricular depolarisation. Phases 0
and 1 of the ventricular action potential produce the R
and S waves, and phase 2 corresponds to the ST inter-
val. The T wave represents ventricular repolarisation
(phase 3).

Cardiovascular Drug Groups
Although very diverse, cardiovascular drugs can be
broadly classified according to their pharmacological
action. Basic details of the major groups follow, togeth-
er with lists of the drugs described in this chapter.

ACE inhibitors
The main uses of  ACE (angiotensin-converting enzyme)
inhibitors are in the management of heart failure, hyper-
tension, and myocardial infarction. Their actions and uses
are discussed in more detail on p.1193.
Described in this chapter are

Alacepril, p.1206 Moexipril, p.1343 
Benazepril, p.1223 Perindopril, p.1368 
Captopril, p.1239 Quinapril, p.1382 
Cilazapril, p.1244 Ramipril, p.1385 
Delapril, p.1256 Spirapril, p.1399 
Enalapril, p.1276 Temocapril, p.1409 
Enalaprilat, p.1276 Teprotide, p.1410 
Fosinopril, p.1291 Trandolapril, p.1416 
Imidapril, p.1313 Zofenopril, p.1434 
Lisinopril, p.1325

Adrenergic neurone blockers
Adrenergic neurone blockers are used in hypertension al-
though they have largely been superseded by other drugs
less likely to cause orthostatic hypotension. They have
also been used in open-angle glaucoma. 
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Figure 1. The action potential.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adrenergic neurone blockers act by selectively inhibiting
transmission in postganglionic adrenergic nerves. They
are believed to act mainly by preventing the release of
noradrenaline at nerve endings; they cause the depletion of
noradrenaline stores in peripheral sympathetic nerve ter-
minals. They do not prevent the secretion of catecho-
lamines by the adrenal medulla.
Described in this chapter are

Debrisoquine, p.1256 Guanadrel, p.1300 
Guabenxan, p.1299 Guanethidine, p.1300

Alpha blockers
Alpha blockers are used mainly in the management of hy-
pertension and to relieve urinary obstruction in benign pro-
static hyperplasia. 
Alpha blockers are also known as alpha-adrenergic antag-
onists or alpha-adrenergic receptor antagonists. Some
have particular affinities for one of the subtypes of the al-
pha adrenoceptor. Drugs such as indoramin or prazosin are
much more potent in blocking alpha1 than alpha2 adreno-
ceptors and are often termed selective alpha1 blockers.
Blockade of alpha1 adrenoceptors inhibits the vasocon-
striction induced by endogenous catecholamines. Both ar-
teriolar and venous vasodilatation may occur resulting in a
fall in blood pressure because of decreased peripheral re-
sistance. Blockade of alpha2 adrenoceptors with a selec-
tive drug such as yohimbine (p.2200) can conversely lead
to a rise in blood pressure. With phenoxybenzamine and
phentolamine, which broadly have similar affinities for
both the alpha1 and alpha2 subtypes of receptor, any in-
crease in blood pressure due to alpha2 blockade is prevent-
ed by the inhibition of vasoconstriction caused by alpha1
blockade. Alpha blockers also act at alpha adrenoceptors
in nonvascular smooth muscle, for example in the bladder
where alpha blockade produces decreased resistance to
urinary outflow; alpha blockers used mainly for urinary
disorders are discussed under Urological Drugs, p.2178.
Most alpha blockers are reversible or ‘competitive’ inhib-
itors of alpha adrenoceptors; phenoxybenzamine is an irre-
versible or ‘non-competitive’ alpha blocker and is particu-
larly useful in phaeochromocytoma. 
References.
Described in this chapter are

Bunazosin, p.1237 Phentolamine, p.1370 
Doxazosin, p.1275 Prazosin, p.1375 
Indoramin, p.1315 Terazosin, p.1410 
Moxisylyte, p.1344 Tolazoline, p.1415 
Phenoxybenzamine, p.1369 Urapidil, p.1419

1. Frishman WH, Kotob F. Alpha-adrenergic blocking drugs in
clinical medicine. J Clin Pharmacol 1999; 39: 7–16.

Angiotensin II receptor antagonists
Angiotensin II receptor antagonists (angiotensin II recep-
tor blockers) are used in the management of hypertension;
they may have a particular role in patients who develop
cough with ACE inhibitors. Some are also used in diabetic
nephropathy and in the management of heart failure. They
act mainly by selective blockade of AT1 receptors thus re-
ducing the pressor effects of angiotensin II. 
References.
Described in this chapter are

Candesartan, p.1238 Olmesartan,p.1361 
Eprosartan, p.1281 Telmisartan, p.1409 
Irbesartan, p.1316 Valsartan, p.1420 
Losartan, p.1326

1. Schiffrin EL. Vascular and cardiac benefits of angiotensin recep-
tor blockers. Am J Med 2002; 113: 409–18. Correction. ibid.;
705.

Antiarrhythmics
Antiarrhythmics (formerly described as cardiac depres-
sants) are a diverse group of drugs that affect the conduc-
tion of electrical impulses within the heart (see p.1152).
Many of them, such as beta blockers (p.1225), digoxin
(p.1259), lidocaine (p.1862), magnesium (p.1678), and
phenytoin (p.495) have important actions in addition to
their antiarrhythmic properties and thus, have a wide range
of other clinical applications. 
The most widely used classification of antiarrhythmics is
that proposed by Vaughan Williams (later modified by
Harrison) and is based largely on their in-vitro electro-
physiological effects. There are 4 main classes:
◊ Class I includes drugs that block the fast inward sodium
channels and therefore interfere with depolarisation (phase
0 of the action potential); these drugs have been called

membrane-stabilising drugs and have both antiarrhythmic
and local anaesthetic properties. They have different prop-
erties depending on their affinity for different states of the
sodium channel (open, closed, or inactivated) and can be
further subdivided depending on additional characteris-
tics. 
Class Ia drugs slow the rate of change of the depolarisation
phase of the action potential, although less so than class Ic
drugs. They also prolong the repolarisation phase (phase
3), possibly by an effect on potassium channels. They pro-
long the PR, QRS, and QT intervals on the ECG.
Described in this chapter are

Ajmaline, p.1206 Pirmenol, p.1373 
Disopyramide, p.1269 Procainamide, p.1377 
Hydroquinidine, p.1312 Quinidine, p.1383

◊ Class Ib drugs have little effect on the rate of change of
the depolarisation phase of the action potential in normal
cells, but have a more selective effect in ischaemic or dis-
eased tissue; they are also more effective if external potas-
sium concentrations are high. They shorten the repolarisa-
tion phase, shorten the QT interval, and elevate the
fibrillation threshold. The local anaesthetic lidocaine has
class Ib properties.
Described in this chapter are

Aprindine, p.1216 Tocainide, p.1414 
Mexiletine, p.1339

◊ Class Ic drugs markedly slow the rate of change of the
depolarisation phase of the action potential, but have little
effect on the repolarisation phase. They prolong the PR
and QRS intervals.
Described in this chapter are

Ethacizine, p.1283 Pilsicainide, p.1371 
Flecainide, p.1288 Propafenone, p.1379

◊ Class II drugs are characterised by beta-blocking activi-
ty; they reduce both heart rate and myocardial contractility,
and also slow conduction of impulses through the myocar-
dial conducting system. They reduce the rate of spontane-
ous depolarisation in cells with pacemaker activity but
have little effect on the action potential in most myocardial
cells.
Described in this chapter are

Beta blockers (but Bretylium, p.1236 
sotalol has mainly class 
III activity), p.1225

◊ Class III drugs slow the repolarisation phase (phase 3)
and prolong the action potential duration and the QT inter-
val. Various mechanisms may be involved, but most class
III drugs act by potassium channel blockade.
Described in this chapter are

Amiodarone, p.1210 Dofetilide, p.1272 
Azimilide, p.1222 Ibutilide, p.1312 
Bretylium, p.1236 Nifekalant, p.1357 
Cibenzoline, p.1244 Sotalol, p.1398

◊ Class IV drugs are calcium-channel blockers (p.1154)
that act by blocking the slow inward calcium current and
particularly affect the pacemaker cells where calcium
influx is relatively more important. However, differences
in tissue specificity mean that not all calcium-channel
blockers have antiarrhythmic properties.
Described in this chapter are

Cibenzoline, p.1244 Verapamil, p.1421 
Diltiazem, p.1265

◊ A major limitation of the Vaughan Williams classifica-
tion is that many antiarrhythmics have multiple actions,
and may not fit neatly into a single class. Some are as-
signed to several classes, while others are included in one
class although they also have characteristics of another.
Bretylium is included in both class II and class III, whereas
propafenone is usually considered a class Ic drug despite
possessing beta-blocking properties. Beta blockers are tra-
ditionally described as class II, although some also have
class I actions, while sotalol, despite sharing the properties
of beta blockers, has mainly class III activity and is usually
described as a class III drug. Drugs such as adenosine and
digoxin do not fit into the Vaughan Williams classification
at all. 
Another problem with the Vaughan Williams classifica-
tion is that the electrophysiological effects of antiarrhyth-
mics are not clearly related to their effectiveness in treating
a particular arrhythmia in an individual patient. Alterna-
tive classification systems have therefore been suggested,
for example based on the cardiac tissue that the drug af-
fects. Thus drugs that act on the sino-atrial node include
beta blockers, class IV antiarrhythmics, and cardiac glyco-

sides such as digoxin; class I and class III antiarrhythmics
act on the ventricles; and drugs acting on atrial arrhythmias
include class Ia, Ic, and III antiarrhythmics and beta block-
ers. Class Ia and III antiarrhythmics act on accessory path-
ways and drugs acting on the AV node include class Ic and
IV antiarrhythmics, beta blockers, and cardiac glycosides.
A simplification of this scheme is to classify drugs into
those that act on both ventricular and supraventricular
arrhythmias such as amiodarone, beta blockers, disopyra-
mide, procainamide, and quinidine, those that act mainly
on ventricular arrhythmias such as lidocaine, mexiletine,
and phenytoin, and those that act mainly on supraventricu-
lar arrhythmias such as verapamil. The Sicilian Gambit is
another approach based on the mechanisms by which
arrhythmias are generated and the ways that drugs could
influence them. 
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Anticoagulants
Anticoagulants are used in the treatment and prophylaxis
of thromboembolic disorders. They may be divided into
direct anticoagulants such as the heparins, low-molecular-
weight heparins, heparinoids, and direct thrombin inhibi-
tors, and indirect anticoagulants such as the coumarin and
indanedione derivatives.

◊ Direct anticoagulants 
Heparin inhibits clotting of blood in vitro and in vivo by
enhancing the action of antithrombin III. Antithrombin III,
which is present in plasma, inhibits the activity of activated
clotting factors including thrombin (factor IIa) and activat-
ed factor X (factor Xa). With normal therapeutic doses
heparin has an inhibitory effect on both thrombin and fac-
tor Xa. The low doses that are given subcutaneously for
the prophylaxis of thromboembolism have a selective ef-
fect on antithrombin III’s inhibition of factor Xa. Very high
doses are reported to reduce the activity of antithrombin
III. Heparin also has some effect on platelet function, in-
hibits the formation of a stable fibrin clot, and has an antil-
ipidaemic effect. 
Low-molecular-weight heparins are salts of fragments of
heparin produced by chemical or enzymatic depolymeri-
sation of the heparin molecule. Commercially available
low-molecular-weight heparins differ in their method of
production, molecular-weight range, and degree of sulfa-
tion. Like heparin, these compounds enhance the action of
antithrombin III but they are characterised by a higher ratio
of anti-factor Xa to anti-factor IIa (antithrombin activity)
than heparin. Although the possibility that such selective
factor-Xa inhibition would result in antithrombotic activi-
ty without anticoagulant, and hence haemorrhagic, effects
has not been confirmed by clinical experience, they have
more predictable effects and require less monitoring than
heparin. Low-molecular-weight heparins also have less ef-
fect on platelet aggregation than heparin. 
Fondaparinux and idraparinux are synthetic polysaccha-
rides that act as direct inhibitors of factor Xa. Rivaroxaban,
an oral factor Xa inhibitor, is under investigation.
Described in this chapter are

Ardeparin, p.1216 Low-molecular-weight 
Bemiparin, p.1223 Heparins, p.1329 
Certoparin, p.1242 Nadroparin, p.1346 
Dalteparin, p.1255 Parnaparin, p.1366 
Enoxaparin, p.1277 Reviparin, p.1388 
Fondaparinux, p.1291 Rivaroxaban, p.1389 
Heparin, p.1301 Tinzaparin, p.1413 
Idraparinux, p.1312

◊ The direct thrombin inhibitors bind to the active
thrombin site and inhibit both free and clot-bound
thrombin. Most are recombinant forms or synthetic ana-
logues of hirudin and need to be given parenterally, but
oral thrombin inhibitors have been developed. Dabigatran,
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given orally as the prodrug dabigatran etexilate, is used in
the prophylaxis of venous thromboembolism. Ximelagat-
ran, another synthetic small molecule with oral activity,
was withdrawn from the market due to toxicity (as was
melagatran, the parenteral form). 
References.
Described in this chapter are

Argatroban, p.1217 Hirudin, p.1305 
Bivalirudin, p.1234 Lepirudin, p.1323 
Dabigatran, p.1254 Melagatran, p.1332 
Desirudin, p.1257 Ximelagatran, p.1332

1. Di Nisio M, et al. Direct thrombin inhibitors. N Engl J Med
2005; 353: 1028–40. Correction. ibid.; 2827.

◊ The term heparinoid includes heparin derivatives and
has also been used more loosely to include naturally occur-
ring and synthetic highly sulfated polysaccharides of sim-
ilar structure, such as danaparoid and dermatan sulfate.
Some compounds have been described in many ways;
some of the terms used include sulfated glucosaminogly-
cans, glycosaminoglycan polysulfate compounds, or sul-
fated mucopolysaccharides.
Described in this chapter are

Danaparoid, p.1255 Sodium Apolate, p.1397 
Dermatan Sulfate, p.1256 Suleparoid, p.1406 
Pentosan Polysulfate Sulodexide, p.1406 

Sodium, p.1367

◊ Indirect anticoagulants 
Indirect anticoagulants act by depressing the hepatic vita-
min K-dependent synthesis of coagulation factors II (pro-
thrombin), VII, IX, and X, and of the anticoagulant protein
C and its cofactor protein S. Warfarin, a coumarin, is the
main drug used; other coumarins (although not all cou-
marins have anticoagulant activity) and indanediones such
as phenindione are also available. Since they act indirectly,
they have no effect on existing clots. Also as the coagula-
tion factors involved have half-lives ranging from 6 to 60
hours, several hours are required before an effect is ob-
served. A therapeutic effect is usually apparent by 24
hours, but the peak effect may not be achieved until 2 or 3
days after a dose; the overall effect may last for 5 days.
Described in this chapter are

Acenocoumarol, p.1201 Fluindione, p.1290 
Anisindione, p.1216 Phenindione, p.1369 
Dicoumarol, p.1258 Phenprocoumon, p.1370 
Ethyl Biscoumacetate, Tioclomarol, p.1413 

p.1284 Warfarin, p.1425

Antiplatelet drugs
Platelet aggregation is important in haemostasis (p.1045)
and is also involved in thrombus formation, particularly in
the arterial circulation. Antiplatelet drugs reduce platelet
aggregation and are used to prevent further thromboem-
bolic events in patients who have suffered myocardial
infarction, ischaemic stroke or transient ischaemic attacks,
or unstable angina, and for primary prevention of a throm-
boembolic event in patients at risk. Some are also used for
the prevention of reocclusion or restenosis following angi-
oplasty and bypass procedures. 
Antiplatelet drugs act through a wide range of mecha-
nisms. Aspirin (p.20) is the most widely used and studied;
it acts by irreversibly inhibiting platelet cyclo-oxygenase
and thus preventing synthesis of thromboxane A2. Revers-
ible cyclo-oxygenase inhibitors such as indobufen are also
available, and thromboxane synthase inhibitors and
thromboxane receptor antagonists have also been used. 
Drugs that interfere with adenosine metabolism have an
antiplatelet effect and those used include some prostaglan-
dins, which act by increasing platelet cyclic adenosine
monophosphate levels; the thienopyridines clopidogrel
and ticlopidine, which interfere with adenosine diphos-
phate mediated platelet activation; and the adenosine
reuptake inhibitor dipyridamole. 
Thrombin inhibitors such as heparin and the hirudins have
antiplatelet and anticoagulant effects. Glycoprotein IIb/II-
Ia-receptor antagonists, such as abciximab, eptifibatide,
and tirofiban, interfere with the final step in platelet aggre-
gation and are used in unstable angina and as adjuncts in
reperfusion and revascularisation procedures. 
References.
Described in this chapter are

Abciximab, p.1192 Picotamide, p.1371 
Cilostazol, p.1245 Prasugrel, p.1374 
Clopidogrel, p.1250 Sarpogrelate, p.1390 
Cloricromen, p.1251 Sibrafiban, p.1390 
Dipyridamole, p.1268 Ticlopidine, p.1411 
Ditazole, p.1271 Tirofiban, p.1414 
Eptifibatide, p.1281 Trapidil, p.1416 

Indobufen, p.1315 Triflusal, p.1418 
Lamifiban, p.1322 Xemilofiban, p.1434 
Orbofiban, p.1364
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4. Kikano GE, Brown MT. Antiplatelet therapy for atherothrombot-
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Beta blockers
Beta blockers are competitive antagonists at beta-adrener-
gic receptor sites and are used in the management of cardi-
ovascular disorders such as hypertension, angina pectoris,
cardiac arrhythmias, myocardial infarction, and heart fail-
ure. They are also given to control symptoms of sympa-
thetic overactivity in alcohol withdrawal, anxiety states,
hyperthyroidism, and tremor and in the prophylaxis of mi-
graine and of bleeding associated with portal hypertension.
Their actions and uses are discussed in more detail on
p.1225. 
Beta blockers used mainly as eye drops to reduce raised
intra-ocular pressure in glaucoma and ocular hypertension
are discussed under Miotics, Mydriatics, and Antiglauco-
ma Drugs, p.1873.
Described in this chapter are

Acebutolol, p.1200 Indenolol, p.1315 
Alprenolol, p.1207 Labetalol, p.1321 
Amosulalol, p.1215 Landiolol, p.1323 
Arotinolol, p.1217 Mepindolol, p.1333 
Atenolol, p.1217 Metoprolol, p.1338 
Betaxolol, p.1231 Nadolol, p.1345 
Bevantolol, p.1231 Nebivolol, p.1347 
Bisoprolol, p.1234 Oxprenolol, p.1365 
Bopindolol, p.1235 Penbutolol, p.1366 
Bucindolol, p.1236 Pindolol, p.1372 
Bupranolol, p.1238 Propranolol, p.1380 
Carazolol, p.1240 Sotalol, p.1398 
Carteolol, p.1241 Talinolol, p.1409 
Carvedilol, p.1241 Tertatolol, p.1411 
Celiprolol, p.1242 Tilisolol, p.1412 
Esatenolol, p.1282 Timolol, p.1412 
Esmolol, p.1282

Calcium-channel blockers
The main use of calcium-channel blockers is in the man-
agement of angina pectoris and hypertension; some are
also used in cardiac arrhythmias. 
Calcium-channel blockers, (calcium antagonists, calcium-
entry blockers, or slow-channel blockers) inhibit the cellu-
lar influx of calcium that is responsible for maintenance of
the plateau phase of the action potential. Thus calcium-
channel blockers primarily affect tissues in which depo-
larisation is dependent upon calcium rather than sodium
influx, such as vascular smooth muscle, myocardial cells,
and cells within the sino-atrial (SA) and atrioventricular
(AV) nodes. The main actions of the calcium-channel
blockers include dilatation of coronary and peripheral ar-
teries and arterioles with little or no effect on venous tone,
a negative inotropic action, reduction of heart rate, and
slowing of AV conduction. However, the effects of indi-
vidual drugs, and therefore their uses, are modified by their
selectivity of action at different tissue sites and by barore-
ceptor reflexes. 
Traditionally, calcium-channel blockers have been classi-
fied according to their chemical structure; other methods
of classification relate to the subtypes of calcium channels
which they block, and their effects on heart rate. There are
three major groups that are highly specific blockers of cal-
cium channels. 
Dihydropyridine calcium-channel blockers (such as
nifedipine) act on slow, L-type channels. They have a
greater selectivity for vascular smooth muscle than for myo-
cardium and therefore their main effect is vasodilatation.
They are non-rate-limiting, with little or no action at the
SA or AV nodes, and negative inotropic activity is rarely
seen at therapeutic doses. They are used for their antihy-
pertensive and anti-anginal properties. Some dihydropyri-
dine derivatives, for example nimodipine, cross the blood-
brain barrier and are used in cerebral ischaemia. 
Benzothiazepine calcium-channel blockers (such as
diltiazem) and phenylalkylamine calcium-channel block-
ers (such as verapamil) also act on L-type channels but
they have less selective vasodilator activity than dihydro-

pyridine derivatives. They are classed as rate-limiting and
have a direct effect on myocardium, causing depression of
SA and AV nodal conduction. They are used for their
antiarrhythmic, anti-anginal, and antihypertensive proper-
ties. 
Drugs acting principally on the fast T-type calcium chan-
nels have also been investigated. Mibefradil, a benzimida-
zolyl-substituted tetraline derivative, is an example of this
class. It is rate-limiting, and causes coronary and peripher-
al vasodilatation. However, it is no longer used clinically
due to serious interactions with a wide range of drugs. 
For further discussion of the actions and uses of the three
main groups of calcium-channel blockers, see Nifedipine,
p.1350, Diltiazem, p.1265, and Verapamil, p.1421, respec-
tively. 
References.
Described in this chapter are

Amlodipine, p.1214 Lacidipine, p.1322 
Aranidipine, p.1216 Lercanidipine, p.1324 
Azelnidipine, p.1222 Lidoflazine, p.1325 
Barnidipine, p.1222 Manidipine, p.1330 
Benidipine, p.1224 Mibefradil, p.1340 
Bepridil, p.1225 Nicardipine, p.1348 
Cilnidipine, p.1245 Nifedipine, p.1350 
Diltiazem, p.1265 Nilvadipine, p.1357 
Efonidipine, p.1276 Nimodipine, p.1357 
Felodipine, p.1285 Nisoldipine, p.1358 
Gallopamil, p.1295 Nitrendipine, p.1358 
Isradipine, p.1319 Verapamil, p.1421

1. Abernethy DR, Schwartz JB. Calcium-antagonist drugs. N Engl
J Med 1999; 341: 1447–57. 

2. Eisenberg MJ, et al. Calcium channel blockers: an update. Am J
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Cardiac inotropes
Positive cardiac inotropes increase the force of contraction
of the myocardium and are therefore used in the manage-
ment of acute and chronic heart failure. Some inotropes
also increase or decrease the heart rate (positive or nega-
tive chronotropes), provide vasodilatation (inodilators), or
improve myocardial relaxation (positive lusitropes), and
these additional properties influence the choice of drug in
specific situations. Drugs that are used mainly for their ino-
tropic effects include the cardiac glycosides and phos-
phodiesterase inhibitors; sympathomimetics have a role as
inotropes but also have other important uses. 
References.
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◊ Cardiac glycosides, such as digoxin, possess positive
inotropic activity, which is mediated by inhibition of sodi-
um-potassium adenosine triphosphatase (Na/K-ATPase).
They also reduce conductivity in the heart, particularly
through the atrioventricular node, and therefore have a
negative chronotropic effect. The cardiac glycosides have
very similar pharmacological effects but differ considera-
bly in their speed of onset and duration of action. They are
used to slow the heart rate in supraventricular arrhythmias,
especially atrial fibrillation, and are also given in chronic
heart failure.
Described in this chapter are

Acetyldigoxin, p.1201 Digoxin, p.1259 
Deslanoside, p.1257 Lanatoside C, p.1322 
Digitalis Lanata Leaf, Metildigoxin, p.1336 

p.1258 Ouabain, p.1364 
Digitalis Leaf, p.1258 Proscillaridin, p.1382 
Digitoxin, p.1259 Strophanthin-K, p.1406

◊ Phosphodiesterase inhibitors are potent inotropes; they
also have vasodilator effects. They are used in the short-
term treatment of severe heart failure; long-term oral ther-
apy with some phosphodiesterase inhibitors has been asso-
ciated with increased mortality.
Described in this chapter are

Amrinone, p.1215 Olprinone, p.1361 
Enoximone, p.1278 Pimobendan, p.1371 
Milrinone, p.1341 Vesnarinone, p.1425

Centrally acting antihypertensives
Centrally acting antihypertensives include alpha2-adreno-
ceptor agonists such as clonidine and methyldopa. Stimu-
lation of alpha2 adrenoceptors in the CNS results in a re-
duction in sympathetic tone and a fall in blood pressure.
Heart rate is also reduced. They are used in the manage-
ment of hypertension, although other drugs with fewer
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adverse effects are generally preferred. Apraclonidine
(p.1877) and brimonidine (p.1878) are alpha2-adrenocep-
tor agonists that are used in the management of glaucoma.
Described in this chapter are

Clonidine, p.1247 Methyldopa, p.1334 
Guanabenz, p.1299 Moxonidine, p.1345 
Guanfacine, p.1301 Rilmenidine, p.1388

Diuretics
Diuretics promote the excretion of water and electrolytes
by the kidneys. They are used in the treatment of heart fail-
ure or in hepatic, renal, or pulmonary disease when salt
and water retention has resulted in oedema or ascites. Diu-
retics are also used, either alone, or in association with oth-
er drugs, in the treatment of hypertension, although the
mechanism for their antihypertensive effect is poorly un-
derstood. 
The principal groups of diuretics are as follows.
◊ Carbonic anhydrase inhibitors such as acetazolamide
(p.1875) are weak diuretics and are used mainly to reduce
intra-ocular pressure in glaucoma. They are described un-
der Miotics, Mydriatics, and Antiglaucoma Drugs, p.1873.
◊ ‘Loop’ or ‘high-ceiling’ diuretics produce an intense,
dose-dependent diuresis of relatively short duration.
Described in this chapter are

Azosemide, p.1222 Furosemide, p.1292 
Bumetanide, p.1237 Piretanide, p.1372 
Etacrynic Acid, p.1283 Torasemide, p.1415 
Etozolin, p.1284

◊ Osmotic diuretics raise the osmolality of plasma and
renal tubular fluid. They are used to reduce or prevent cere-
bral oedema, to reduce raised intra-ocular pressure, and in
acute renal failure.
Described in this chapter are

Isosorbide, p.1317 Mannitol, p.1330

◊ Potassium-sparing diuretics have a relatively weak di-
uretic effect and are normally used in conjunction with thi-
azide or loop diuretics. Canrenone, eplerenone, potassium
canrenoate, and spironolactone are aldosterone antago-
nists and are particularly used in conditions where aldos-
terone contributes to the pathophysiology.
Described in this chapter are

Amiloride, p.1209 Spironolactone, p.1400 
Canrenone, p.1239 Triamterene, p.1417 
Eplerenone, p.1279 
Potassium Canrenoate, 

p.1374

◊ Thiazides (benzothiadiazines), such as bendroflumethi-
azide and hydrochlorothiazide, and certain other com-
pounds, such as metolazone, with structural similarities to
the thiazides, inhibit sodium and chloride reabsorption in
the kidney tubules and produce a corresponding increase
in potassium excretion.
Described in this chapter are

Altizide, p.1209 Hydroflumethiazide, p.1311 
Bemetizide, p.1223 Indapamide, p.1314 
Bendroflumethiazide, Mebutizide, p.1331 

p.1224 Mefruside, p.1332 
Benzthiazide, p.1225 Methyclothiazide, p.1334 
Butizide, p.1238 Meticrane, p.1336 
Chlorothiazide, p.1243 Metipamide, p.1336 
Chlortalidone, p.1243 Metolazone, p.1337 
Clopamide, p.1250 Polythiazide, p.1373 
Cyclopenthiazide, p.1254 Quinethazone, p.1383 
Cyclothiazide, p.1254 Teclothiazide, p.1409 
Epitizide, p.1279 Trichlormethiazide, p.1418 
Hydrochlorothiazide, Tripamide, p.1419 

p.1307 Xipamide, p.1434

Endothelin receptor antagonists
Endothelin receptor antagonists act by blocking the effects
of endothelin, a potent vasoconstrictor. Bosentan blocks
both the endothelin ETA and ETB receptors, whereas am-
brisentan and sitaxentan are selective for ETA. They are
used in the management of pulmonary hypertension.
Tezosentan, which blocks both ETA and ETB, has been in-
vestigated in heart failure.
Described in this chapter are

Ambrisentan, p.1209 Sitaxentan, p.1396 
Bosentan, p.1235 Tezosentan, p.1411

1. Attinà T, et al. Endothelin antagonism in pulmonary hyperten-
sion, heart failure, and beyond. Heart 2005; 91: 825–31.

Ganglion blockers
Ganglion blockers are nicotinic antagonists that inhibit the
transmission of nerve impulses in both sympathetic and
parasympathetic ganglia. Their antihypertensive action is

due to sympathetic blockade, which produces peripheral
vasodilatation; there is also a direct vasodilator effect on
peripheral blood vessels.
Described in this chapter are

Azamethonium, p.1222 Trimetaphan, p.1419 
Mecamylamine, p.1331

Lipid regulating drugs
Lipid regulating drugs are used to modify blood lipid con-
centrations in the management of hyperlipidaemias and
for the reduction of cardiovascular risk. The principal
groups of lipid regulating drugs are the statins, fibrates,
bile-acid binding resins, nicotinates, and omega-3 triglyc-
erides; ezetimibe, an inhibitor of intestinal cholesterol ab-
sorption, is also used.
◊ The statins are inhibitors of 3-hydroxy-3-methylglutar-
yl-coenzyme A (HMG-CoA) reductase, the rate-determin-
ing enzyme for cholesterol synthesis. They reduce choles-
terol by stimulating an increase in low-density-lipoprotein
(LDL)-receptors on hepatocyte membranes, thereby in-
creasing the clearance of LDL from the circulation. Their
main effect is to reduce LDL-cholesterol, but they may
also reduce triglycerides to a modest extent and increase
high-density-lipoprotein (HDL)-cholesterol. They are
generally considered to be the most effective lipid lower-
ing drugs.
Described in this chapter are

Atorvastatin, p.1218 Pitavastatin, p.1373 
Fluvastatin, p.1290 Pravastatin, p.1374 
Lovastatin, p.1328 Rosuvastatin, p.1389 
Mevastatin, p.1339 Simvastatin, p.1390

◊ The fibrates include derivatives of fibric acid and related
compounds. They are activators of peroxisome prolifera-
tor-activated receptor (PPAR)-α and inhibit the synthesis
of cholesterol and bile acids, and enhance the secretion of
cholesterol in bile. Their main effect is to reduce triglycer-
ides by reducing the concentration of very-low-density
lipoproteins (VLDL); they also increase HDL-cholesterol
and have variable effects on LDL-cholesterol. They are
used mainly in patients with hypertriglyceridaemia.
Described in this chapter are

Bezafibrate, p.1232 Fenofibrate, p.1286 
Ciprofibrate, p.1246 Gemfibrozil, p.1295 
Clinofibrate, p.1246 Pirifibrate, p.1372 
Clofibrate, p.1246 
Etofylline Clofibrate, 

p.1284

◊ Bile-acid binding resins (bile-acid sequestrants) lower
cholesterol by combining with bile acids in the gastrointes-
tinal tract and preventing their reabsorption. This leads to
an increased oxidation of cholesterol to replace the lost
bile acids, and an increase in LDL-receptor synthesis on
hepatocytes, resulting primarily in a reduction of LDL-
cholesterol.
Described in this chapter are

Colesevelam, p.1252 Colestyramine, p.1252 
Colestilan, p.1252 Colextran, p.1254 
Colestipol, p.1252

◊ Nicotinates include nicotinic acid (p.1957) and its deriv-
atives. Nicotinic acid is a member of the vitamin B group
and, in high doses, has beneficial effects on blood lipids; it
reduces triglycerides and increases HDL-cholesterol, and
may also modestly reduce LDL-cholesterol. Nicotinates
are mainly used in hypertriglyceridaemia. Compounds de-
rived from both nicotinic acid and clofibrate (nicotinate-
fibrate derivatives) are also used.
Described in this chapter are

Acipimox, p.1201 Niceritrol, p.1348 
Binifibrate, p.1234 Tocoferil Nicotinate, 
Etofibrate, p.1284 p.1415

◊ Omega-3 fatty acids are long-chain polyunsaturated
fatty acids that primarily reduce triglycerides.
Described in this chapter are

Omega-3 Fatty Acids, 
p.1362

Nitrates
Nitrates are peripheral and coronary vasodilators used in
the management of angina pectoris, heart failure, and myo-
cardial infarction. Some of them may also be used to con-
trol blood pressure during surgery. Nitrates are believed to
exert their vasodilator effect through release of nitric oxide
(p.1358), which causes stimulation of guanylate cyclase in
the vascular smooth muscle cells; this results in an increase
in cyclic guanosine monophosphate. This nucleotide in-
duces relaxation, probably by lowering the free calcium

concentration in the cytosol. Nitrates are thus termed nitro-
vasodilators. In their action on vascular muscle, venous
dilatation predominates over dilatation of the arterioles.
Venous dilatation decreases venous return as a result of ve-
nous pooling, and lowers left ventricular diastolic volume
and pressure (termed a reduction in preload). The smaller
or less important dilatation of arterioles reduces both
peripheral vascular resistance and left ventricular pressure
at systole (termed a reduction in afterload). The conse-
quent effect is a reduction in the primary determinants of
myocardial oxygen demand. The effect on preload is not
shared by beta blockers or calcium-channel blockers.
Nitrates also have a coronary vasodilator effect which
improves regional coronary blood flow to ischaemic areas
resulting in improved oxygen supply to the myocardium.
Described in this chapter are

Eritrityl Tetranitrate, Linsidomine, p.1325 
p.1282 Molsidomine, p.1343 

Glyceryl Trinitrate, Pentaerithrityl 
p.1296 Tetranitrate, p.1366 

Isosorbide Dinitrate, Propatylnitrate, p.1380 
p.1317 Sodium Nitroprusside, 

Isosorbide Mononitrate, p.1397 
p.1318 Tenitramine, p.1410

Potassium-channel openers
Potassium-channel openers (potassium-channel activa-
tors) have been used in the management of hypertension;
nicorandil is used in angina pectoris. They have a direct
relaxant effect on smooth muscle. They act at potassium
channels to allow cellular efflux of potassium which hy-
perpolarises the cell membrane and leads to a reduction in
intracellular calcium. The reduction in intracellular calci-
um produces relaxation of smooth muscle. Activation of
potassium channels in blood vessels produces vasodilata-
tion. Potassium-channel openers may also have potential
use in other conditions caused by smooth muscle contrac-
tion, for example asthma and urinary incontinence.
Described in this chapter are

Nicorandil, p.1349 Pinacidil, p.1371

Prostaglandins
Prostaglandins (p.2374) are endogenous substances with a
wide range of actions. Epoprostenol (the synthetic form of
prostacyclin or prostaglandin I2 ) and its analogues have
vasodilator and antiplatelet properties and are used in pul-
monary hypertension and peripheral vascular disease, and
to prevent clotting of blood in extracorporeal circuits. Lim-
aprost, an analogue of alprostadil (prostaglandin E1), has
similar properties and is used in peripheral vascular dis-
ease.
Described in this chapter are

Beraprost, p.1225 Limaprost, p.1325 
Epoprostenol, p.1279 Treprostinil, p.1417 
Iloprost, p.1313

Sympathomimetics
Sympathomimetics produce either direct or indirect stim-
ulation of adrenergic receptors and have various effects de-
pending on the specific receptors involved. Their actions
and uses are described in more detail on p.1407. In cardio-
vascular disorders, they are mainly used for their alpha1
and beta1 properties to provide haemodynamic support in
the management of acute heart failure and shock. 
Sympathomimetics with primarily non-cardiovascular
uses include alpha agonists, such as phenylephrine
(p.1568), pseudoephedrine (p.1571), and naphazoline
(p.1565), which are used to produce vasoconstriction of
the nasal mucosa for the symptomatic relief of nasal con-
gestion. Apraclonidine (p.1877) and brimonidine (p.1878)
are examples of sympathomimetics with alpha2-agonist
properties that are used to lower intra-ocular pressure and
treat glaucoma. Beta2 agonists are used as bronchodilators
and in premature labour and are described under Bron-
chodilators and Anti-asthma Drugs, p.1108.
Described in this chapter are

Adrenaline, p.1203 Mephentermine, p.1332 
Amezinium, p.1209 Metaraminol, p.1333 
Arbutamine, p.1216 Methoxamine, p.1333 
Denopamine, p.1256 Midodrine, p.1341 
Dimetofrine, p.1268 Noradrenaline, p.1360 
Dobutamine, p.1271 Norfenefrine, p.1361 
Docarpamine, p.1272 Octodrine, p.1361 
Dopamine, p.1273 Oxedrine, p.1364 
Dopexamine, p.1274 Oxilofrine, p.1364 
Etilefrine, p.1284 Pholedrine, p.1371 
Ibopamine, p.1312 Prenalterol, p.1377 
Isoprenaline, p.1316 Xamoterol, p.1433
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Thrombolytics
Thrombolytics are used in the treatment of thromboembol-
ic disorders such as myocardial infarction, peripheral arte-
rial thromboembolism, and venous thromboembolism
(deep-vein thrombosis and pulmonary embolism), and
some may be used in ischaemic stroke. They are also used
to clear blocked cannulas and shunts. 
Thrombolytics activate plasminogen to form plasmin, a
proteolytic enzyme that degrades fibrin and thus produces
dissolution of clots. Some thrombolytics, such as alteplase,
act only on fibrin-bound plasminogen and have little effect
on circulating, unbound plasminogen; these thrombolytics
are termed fibrin-specific agents. Thrombolytics, such as
streptokinase, that affect circulating, unbound as well as
fibrin-bound plasminogen are termed fibrin-nonspecific
agents. Although it has been suggested that the degree of
fibrin specificity should influence the risk of haemorrhage,
the clinical significance of this has not been established
(see Haemorrhage under Adverse Effects of Streptokinase,
p.1403). 
References.
Described in this chapter are

Alteplase, p.1207 Pamiteplase, p.1365 
Anistreplase, p.1216 Plasminogen, p.1373 
Defibrotide, p.1256 Reteplase, p.1388 
Duteplase, p.1275 Saruplase, p.1390 
Fibrinolysin, p.1287 Staphylokinase, p.1402 
Lanoteplase, p.1323 Streptokinase, p.1402 
Monteplase, p.1344 Tenecteplase, p.1410 
Nasaruplase, p.1346 Urokinase, p.1420 
Nateplase, p.1346

1. Ross AM. New plasminogen activators: a clinical review. Clin
Cardiol 1999; 22: 165–71. 

2. Verstraete M. Third-generation thrombolytic drugs. Am J Med
2000; 109: 52–8.

Vasodilators
Vasodilator is a broad term applied to drugs that produce
dilatation of blood vessels. The main groups of drugs pro-
ducing vasodilatation are ACE inhibitors (p.1193), nitrates
(above), and direct-acting vasodilators.
◊ Direct-acting vasodilators act predominantly on the ar-
terioles reducing peripheral resistance and producing a fall
in blood pressure. Their main use is in hypertension, al-
though other drugs are generally preferred. Some of them
are used in hypertensive crises.
Described in this chapter are

Cadralazine, p.1238 Hydralazine, p.1305 
Diazoxide, p.1257 Minoxidil, p.1342 
Dihydralazine, p.1264 Todralazine, p.1415 
Endralazine, p.1277 Tolazoline, p.1415

◊ Other vasodilators may be used for ischaemic heart dis-
ease.
Described in this chapter are

Carbocromen, p.1241 Fendiline, p.1286 
Cinepazet, p.1246 Hexobendine, p.1305 
Cloridarol, p.1251 Oxyfedrine, p.1365 
Dilazep, p.1265 Trapidil, p.1416 
Etafenone, p.1283 Trimetazidine, p.1419

◊ Vasodilators are also used for cerebral and peripheral
vascular disorders. Some of these are now thought to im-
prove microcirculatory flow disturbances by altering the
rheological properties of blood or tissue metabolism, and
this may be more important than their vasodilator effects.
Described in this chapter are

Azapetine, p.1222 Ifenprodil, p.1313 
Bamethan, p.1222 Inositol Nicotinate, 
Bencyclane, p.1224 p.1316 
Buflomedil, p.1236 Naftidrofuryl, p.1346 
Butalamine, p.1238 Nicotinyl Alcohol, p.1349 
Calcitonin Gene-related Pentifylline, p.1366 

Peptide, p.1238 Pentoxifylline, p.1367 
Cetiedil, p.1243 Pipratecol, p.1372 
Cinepazide, p.1246 Propentofylline, p.1380 
Cyclandelate, p.1254 Raubasine, p.1386 
Di-isopropylammonium Xantinol Nicotinate, 

Dichloroacetate, p.1265 p.1433 
Fasudil, p.1285

Management of Cardiovascular Disorders
Management of the main cardiovascular disorders is
discussed below. These overviews focus on pharmaco-
logical therapy, but other options are also mentioned
where they form an important part of treatment.

Advanced cardiac life support
Cardiac arrest is the cessation of effective cardiac
mechanical activity and is usually a result of ischaemic

heart disease in adults and respiratory or circulatory failure
in children. It may be associated with four arrhythmias,
namely ventricular fibrillation, pulseless ventricular
tachycardia, asystole, and electromechanical dissocia-
tion (pulseless electrical activity). Ventricular fibrillation
is the commonest in adults and asystole in children. In ven-
tricular fibrillation and pulseless ventricular tachycardia
there is chaotic electrical and mechanical activity; in asys-
tole a total absence of both activities; and in electrome-
chanical dissociation an absence of mechanical activity, or
undetectable activity, in the presence of some electrical ac-
tivity. 
Cardiac arrest is an emergency situation1,2 and should be
treated with full life support measures. 
International recommendations3 for advanced life support
and the immediate period of cardiac arrest have been pub-
lished, developed by the International Liaison Committee
on Resuscitation. American,4 European,5 and UK6 guide-
lines have also been published; these are based on the in-
ternational recommendations and, apart from some differ-
ences in detail, are broadly similar. 
In order to maintain cardiorespiratory function, basic life
support (cardiopulmonary resuscitation; CPR) consisting
of chest compression and ventilation (mouth-to-
mouth/mask or mouth-to-nose) should be started immedi-
ately and continued during the resuscitation attempt. Sub-
sequent procedures will depend to some extent on the
type of arrhythmia present. For the commonest, ventricu-
lar fibrillation, rapid defibrillation is of paramount impor-
tance and should not be delayed by other necessary meas-
ures such as giving oxygen, intubation, and providing
intravenous access. Defibrillation is intended to produce
momentary asystole and allow the natural pacemakers to
resume normal activity. Adrenaline is given principally to
increase the efficacy of basic life support rather than as an
adjunct to defibrillation although evidence that it improves
survival is limited; through its alpha agonist effects it in-
creases myocardial and cerebral blood flow. A dose of
1 mg of adrenaline is regarded as the ‘standard’ intrave-
nous dose for adults. A higher dose of 5 mg has been used
in some clinical trials, but there is no evidence that this
dose is associated with an improvement in overall survival
rate and it is not generally recommended. For children, the
usual initial dose is 10 micrograms/kg; as in adults, higher
doses have been used subsequently but again there is no
evidence that this is beneficial.7 Vasopressin has been tried
as an alternative although it has not been shown to be su-
perior to adrenaline.8 In the case of asystole, atropine may
be given to block excess vagal tone. Amiodarone may be
considered for ventricular tachycardia or fibrillation; lido-
caine may be used if amiodarone is not available. A study9

comparing lidocaine with amiodarone for shock-resistant
ventricular fibrillation found that survival to hospital ad-
mission was higher in those given amiodarone. Survival to
discharge was not increased, however, but the study was
not powered to assess this outcome. Other drugs that may
be given for specific indications during resuscitation
attempts include buffering agents such as intravenous
sodium bicarbonate for acidosis, calcium, magnesium, or
potassium salts for known deficiencies, and aminophyl-
line for refractory bradycardia. Therapeutic hypothermia
may be beneficial in patients who remain unconscious
after resuscitation, and cooling to 32° to 34° has been
recommended3-6 in unconscious adults whose initial
rhythm was ventricular fibrillation. Specific guidelines for
the different types of arrhythmia are as follows. 
Ventricular fibrillation and pulseless ventricular tachy-
cardia are treated in the same way. The guidelines for
adults emphasise that the first defibrillating shock must be
given as quickly as possible, although a short period of
CPR may be appropriate first if the arrest was not wit-
nessed. In cases of witnessed cardiac arrest a precordial
thump, which sometimes aborts the arrhythmia if given
within 30 seconds of the loss of cardiac output, may be
given before attaching the monitor/defibrillator, but the at-
tachment of the defibrillator must not be delayed. Al-
though a strategy of three initial shocks has been the stand-
ard, it is now recommended that a single shock is given,
since this appears to be as effective as three shocks while
minimising the interruption to chest compressions.
Monophasic or biphasic shocks may be given, depending
on the equipment available. For monophasic devices, the
recommended energy for all shocks is 360J. For biphasic
devices the optimum energy varies; in the UK and Europe
an initial shock of 150-200J is recommended, with subse-

quent shocks of 150-360J, but in other countries devices
using lower energies may be available. 
After the initial shock, CPR should be immediately re-
sumed for 2 minutes before reassessing the rhythm; a fur-
ther shock should then be given if indicated, followed by
immediate resumption of CPR, and this cycle of assess-
ment, shock, and CPR should be continued throughout re-
suscitation. At the same time, drug therapy may be started.
In the UK and Europe, adrenaline 1 mg intravenously is
recommended before the third shock, repeated every 3 to
5 minutes (roughly every 2 cycles) while resuscitation
continues; in the USA, adrenaline may be started before
the second or third shock. If the intravenous route is not
available, the same dose may be given by intraosseous in-
jection. Endotracheal dosage is a further alternative; doses
2 to 3 times greater than those given intravenously are sug-
gested, although studies investigating this route have had
mixed results.10,11 A single dose of vasopressin (as ar-
gipressin) 40 units intravenously may be given instead of
the first or second dose of adrenaline,4 but this is not uni-
versally recommended.5,6 Amiodarone may be given be-
fore the fourth shock (before the third or fourth shock in
the USA); lidocaine is an alternative if amiodarone is not
available. Other drugs (such as those described above)
may be used as appropriate. Cycles of CPR, shocks, and
adrenaline should continue for as long as defibrillation is
indicated. The total number of cycles is a matter of judge-
ment but a resuscitation attempt may reasonably last for
anything from 10 minutes to 1 hour. 
Ventricular fibrillation in children is unusual; the basic
management is the same as in adults, but the energies used
for defibrillation and the doses of drugs used are different
and a precordial thump is not generally given. The dose of
adrenaline is 10 micrograms/kg by intravenous or intraos-
seous injection. A higher dose of 100 micrograms/kg has
been used for the second and subsequent doses but is no
longer recommended.3-6 The endotracheal route is an al-
ternative, but only if intravenous or intraosseous access
cannot be obtained; the suggested endotracheal dose is
100 micrograms/kg. 
In survivors of ventricular fibrillation and pulseless ven-
tricular tachycardia in whom it is considered there is a high
risk of recurrence, implantable cardioverter defibrillators
may be used. Drug therapy may also be used prophylacti-
cally (see Ventricular Tachycardia under Cardiac Arrhyth-
mias, p.1160). 
Asystole and electromechanical dissociation have a
much less favourable prognosis than ventricular fibrilla-
tion or pulseless ventricular tachycardia, although there
are certain causes such as hypovolaemia, hypoxia, pneu-
mothorax, pulmonary embolism, drug overdose, hypo-
thermia, and electrolyte imbalances that may respond to
treatment and these should be considered and the appropri-
ate therapy given promptly once resuscitation has been
started. As described above, a precordial thump may be
appropriate if the cardiac arrest is witnessed. Once ven-
tricular fibrillation or tachycardia is positively excluded,
CPR should begin immediately and adrenaline 1 mg
should be given by intravenous or intraosseous injection
every 3 to 5 minutes; in the USA, a single dose of vaso-
pressin may be given instead of either the first or second
dose of adrenaline if the patient is in asystole.4 For asystole
a single dose of atropine 3 mg intravenously is also given
to block vagal activity;5,6 in the American guidelines4 atro-
pine is recommended in repeated doses of 1 mg to a total
maximum dose of 3 mg. Other drugs (such as buffering
agents) may be considered. Cardiac pacing may be started
once there is evidence of electrical activity. Resuscitation
should generally continue for at least 20 to 30 minutes
from the time of collapse; it is not usually prolonged as
recovery rarely occurs after 15 to 20 minutes of asystole if
there has been no response. 
For children with asystole or electromechanical dissocia-
tion, the initial dose of adrenaline recommended is
10 micrograms/kg given by intravenous or intraosseous
injection; as for ventricular fibrillation, higher doses have
been used subsequently but are not generally recommend-
ed. Alternatively, adrenaline may be given by the endotra-
cheal route in doses of 100 micrograms/kg. Atropine is not
generally used and a precordial thump is not recommend-
ed.
1. Eisenberg MS, Mengert TJ. Cardiac resuscitation. N Engl J Med

2001; 344: 1304–13. 
2. Vincent R. Resuscitation. Heart 2003; 89: 673–80. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)
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COR). 2005 International consensus on cardiopulmonary resus-
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Angina pectoris
Angina pectoris is a syndrome that arises from an inade-
quate myocardial oxygen supply (myocardial ischaemia)
and is part of the spectrum of coronary or ischaemic heart
disease. Myocardial oxygen supply depends upon coro-
nary blood flow, which normally increases to meet in-
creased oxygen demands. Ischaemia occurs when blood
flow either cannot be increased, or is reduced; this may be
due to a fixed obstruction in the coronary arteries, vaso-
constriction, thrombus formation, or platelet aggregation.
The main symptom is transient precordial discomfort
ranging from a mild ache to severe pain. Some patients
may also experience dyspnoea, nausea, sweating, and left
arm discomfort. 
Three main types of angina have been described: stable an-
gina; unstable angina; and Prinzmetal’s angina. Although
these are discrete groups, stable angina may become unsta-
ble, and Prinzmetal’s angina may co-exist with stable or
unstable angina. 
Stable angina (effort angina) is usually brought on by ex-
ertion and relieved by rest. It is often called chronic stable
angina and as the name implies the frequency, intensity,
and duration of the attacks are stable. The main underlying
disorder is coronary atherosclerosis causing a fixed ob-
struction in one or more coronary arteries. While the re-
stricted coronary blood flow is still adequate for oxygena-
tion of the unstressed heart, it is not capable of being
increased to meet the increase in myocardial oxygen de-
mand that may occur during exercise, cold exposure, emo-
tional stress, or after eating. 
Unstable angina and the related condition non-ST eleva-
tion myocardial infarction are acute coronary syndromes
intermediate between stable angina pectoris and acute myo-
cardial infarction. There are 3 main presentations: 
• angina that presents from the beginning as severe and

frequent attacks 
• an increase in the frequency, intensity, and/or duration

of previously stable angina, often with diminishing re-
sponsiveness to sublingual nitrates (crescendo angina) 

• recurring or prolonged angina at rest 
As in stable angina, the underlying disorder is usually cor-
onary atherosclerosis, but the decreased coronary artery
blood flow is usually caused by disruption of an athero-
sclerotic plaque, which leads to platelet adhesion and ag-
gregation, thrombus formation, and vasoconstriction. This
may result in partial occlusion of one or more coronary ar-
teries, and the coronary blood flow can be so restricted that
it does not meet the oxygenation demands of the
unstressed heart. However, in unstable angina the ischae-
mia is not severe enough to cause myocardial damage,
whereas in non-ST elevation myocardial infarction some
degree of myocardial necrosis occurs, although to a lesser
extent than in acute myocardial infarction. Patients with
the different acute coronary syndromes may present simi-
larly and definitive diagnosis is only possible retrospec-
tively once the results of biochemical measurements such
as cardiac troponins or cardiac enzymes are available or
the ECG shows evidence of new Q waves. However, pa-
tients without ST-elevation on the presenting ECG rarely
develop Q waves and are managed as for unstable angina;
those with ST-elevation should be treated as for acute

myocardial infarction (p.1175). Patients with unstable
angina are at an increased risk of sudden death or progres-
sion to myocardial infarction, and those with rest pain are
at the greatest risk. 
Prinzmetal’s angina (variant angina) is a rare form of an-
gina caused by coronary vasospasm, although it is often
associated with atherosclerosis. It occurs spontaneously at
rest and with greater frequency during the night or early
hours of the morning. It is associated with transient ST-
segment elevation and carries a risk of progression to my-
ocardial infarction. Prolonged vasospasm may also lead to
ventricular arrhythmias, heart block, or death. 
Patients who have angina with normal coronary arter-
ies as shown by angiography may have microvascular dys-
function or altered cardiac pain perception. Prognosis is
generally better than in other forms of angina although
quality of life may be significantly impaired.1,2 
In addition to the types of angina described above periods
of silent myocardial ischaemia (asymptomatic transient
myocardial ischaemia) in which there is no anginal pain
have been identified during ECG monitoring. In some pa-
tients all ischaemic episodes are asymptomatic. However,
asymptomatic ischaemic episodes also occur in patients
with angina and seem to be more common than sympto-
matic episodes. It is not clear why some episodes of is-
chaemia are symptomatic while others are not. 
Treatment depends on the type of angina and involves
symptomatic management of acute anginal pain, anti-
thrombotic therapy to prevent progression to myocardial
infarction, and long-term management both to prevent an-
gina attacks and to reduce the risk of other cardiovascular
events. Anti-anginal treatment is used in both stable and
unstable angina and is described in more detail below; it
includes drug therapy (nitrates, beta blockers, calcium-
channel blockers, and potassium-channel openers), and
non-pharmacological interventions. Antithrombotics are
used in unstable angina and include anticoagulants and
antiplatelet drugs (see Treatment of Unstable Angina, be-
low). Long-term measures to reduce cardiovascular risk
are important in all patients, even when symptoms are con-
trolled, and include antiplatelet therapy (which should be
given to all patients unless contra-indicated), lipid lower-
ing therapy, and lifestyle changes; these interventions are
discussed in more detail under Cardiovascular Risk Re-
duction, p.1164. Patients with ischaemic heart disease who
undergo non-cardiac surgery are at risk of complications
resulting from perioperative myocardial ischaemia. 
Anti-anginal drugs act in a variety of ways. Glyceryl trin-
itrate and other organic nitrates have a vasodilator effect
with venodilatation predominating over dilatation of the
arterioles. Dilatation of veins decreases venous return as a
result of venous pooling and lowers left ventricular diasto-
lic volume and pressure (together termed a reduction in
preload). The smaller or less important dilatation of arteri-
oles reduces both peripheral vascular resistance and left
ventricular pressure at systole (termed a reduction in after-
load). The consequence of these effects is a reduction in
myocardial oxygen demand. Also the vasodilator effect
improves regional coronary blood flow to ischaemic areas,
and alleviates coronary spasm. Beta blockers cause a slow-
ing of the heart rate and reduction in contractility and
therefore reduce myocardial oxygen demand. Calcium-
channel blockers reduce the work of the heart by dilating
peripheral arteries, and diltiazem and verapamil also slow
the heart rate. Calcium-channel blockers also act on the
coronary circulation preventing spasm. Potassium-chan-
nel openers act as coronary vasodilators, while nicorandil
also has a nitrate component that may contribute to its ef-
fect. 
The main non-pharmacological treatments used are per-
cutaneous coronary interventions (PCI), such as balloon
angioplasty and stenting, and bypass surgery. Balloon an-
gioplasty is a catheter-based technique that mechanically
dilates the occluded artery; coronary stents are used to pre-
vent recoil and to reduce the incidence of restenosis. Ni-
trates and calcium-channel blockers may be given to alle-
viate coronary spasm due to the procedure. Coronary
artery bypass surgery uses a vein or artery graft to bypass
the occlusion. Both PCI and bypass surgery abolish or re-
duce episodes of angina in most patients but symptoms
commonly recur over a period of time due to restenosis.
Adjunctive therapy is therefore needed both to prevent
short-term thromboembolic complications and long-term
reocclusion (see Reperfusion and Revascularisation Pro-
cedures, p.1181). Other non-pharmacological methods
that have been tried in refractory angina include enhanced

external counterpulsation, transmyocardial revascularisa-
tion, and spinal cord stimulation;3,4 gene- and stem cell-
based therapies are also under investigation.4 
Treatment of stable angina. Management of the patient
with stable angina4-10 mainly involves the use of anti-angi-
nal drugs, antiplatelet therapy, and measures to reduce car-
diovascular risk. Any contributory conditions, such as
anaemia, should be identified and treated. 
Treatment of infrequent angina episodes (less than about 2
attacks per week) usually consists of glyceryl trinitrate giv-
en when required, generally sublingually; alternatively, a
buccal tablet or spray formulation may be used. Isosorbide
dinitrate, in the form of sublingual tablets or spray, may be
used, although it has a slower onset of action than glyceryl
trinitrate. Glyceryl trinitrate in sublingual or buccal forms
may also be used before an activity or circumstance that
might precipitate an attack. 
When episodes occur more frequently, sublingual glyceryl
trinitrate, at least on its own, may no longer be appropriate,
and regular symptomatic treatment has to be considered.
Choice depends upon patient characteristics and any con-
current medical conditions. 
• Beta blockers are the mainstay of therapy. They are gen-

erally considered to be first-line treatment if sublingual
glyceryl trinitrate is not adequate since they provide ef-
fective symptom control and have also been shown to
reduce mortality in certain patients with high cardiovas-
cular risk.5,6,9 The different beta blockers have similar
efficacy in terms of symptom control, but those with
beta1-selectivity may be preferred;9 beta blockers with
intrinsic sympathomimetic activity may be less effec-
tive for secondary prevention after myocardial infarc-
tion and are not recommended.11 

• Calcium-channel blockers appear to have similar effica-
cy to beta blockers in terms of symptom control and car-
diovascular outcomes12 and long-acting calcium-chan-
nel blockers may be used as alternative first-line
therapy,5,9 particularly in patients unable to tolerate beta
blockers. Both dihydropyridines (such as nifedipine)
and rate-limiting calcium-channel blockers (diltiazem
and verapamil) may be used, with choice depending on
individual patient characteristics and adverse effects.
Short-acting preparations of nifedipine have been asso-
ciated with increased mortality and are not recommend-
ed (see under Adverse Effects of Nifedipine, p.1350). 

• Regular nitrate therapy is a further alternative, and in-
cludes modified-release forms of glyceryl trinitrate, for
example transdermal patches, and the long-acting ni-
trates such as isosorbide dinitrate or isosorbide mononi-
trate; it may be particularly suitable in patients with left
ventricular dysfunction. Diminished effectiveness or
tolerance occurs, particularly with nitrate preparations
that produce sustained plasma concentrations, and dos-
age regimens including a nitrate-free period should be
used (see Nitrate Tolerance, p.1297). 

• Nicorandil, which is both a potassium-channel opener
and a nitrate, is another alternative that can be used for
monotherapy.6,9 Ivabradine, a selective sinus node If in-
hibitor, may be used in patients with normal sinus
rhythm, who have a contra-indication or intolerance for
beta blockers. Other drugs that are sometimes used in-
clude trimetazidine, which has anti-ischaemic effects
through a metabolic action and may be of benefit in re-
fractory angina, and the nitrovasodilator molsidomine.
Several other vasodilators have also been used (see
p.1156) but no longer have an established role. 

Where optimal therapy with a single drug fails to control
symptoms, combination therapy may be used. There is ad-
ditional benefit from nitrates with beta blockers, since ni-
trates can moderate the excessive effects that beta blockers
may have in increasing left ventricular diastolic volume
and pressure and in inducing bradycardia. Calcium-chan-
nel blockers may also be used with nitrates; the use of ve-
rapamil or diltiazem with a nitrate may be preferrable to
nifedipine (or other dihydropyridine derivative) with ni-
trates as both nifedipine and nitrates cause reflex tachycar-
dia, hypotension, and headaches. Use of beta blockers with
calcium-channel blockers may also be of benefit,13 al-
though adverse effects can be a problem. Combined thera-
py with beta blockers and dihydropyridines or diltiazem
improves exercise tolerance, but caution is needed with di-
hydropyridines in patients with heart failure (although am-
lodipine and felodipine appear to be safe) and with
diltiazem in patients with conduction disorders. Verapamil
should generally be avoided with beta blockers as the risk
of conduction disorders is particularly high (see p.1422).
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Nicorandil may also be given with other anti-anginals.
Ranolazine, which has metabolic effects, is another drug
that may be used as an adjunct to standard therapy, al-
though its role is not yet established. 
Triple therapy using a nitrate, a beta blocker, and a calci-
um-channel blocker may sometimes be used although it is
likely to be associated with more adverse effects. 
If medical treatment does not control the angina the patient
should be investigated to determine suitability for revascu-
larisation.9,14 The choice between PCI and coronary artery
bypass surgery in patients with coronary artery disease is
not entirely clear, and a systematic review15 found that
both procedures had similar effects on mortality, but the
need for further revascularisation procedures was lower
with bypass surgery. In general, PCI is preferred in patients
with single-vessel disease, whereas bypass surgery is usual
in patients with triple-vessel disease, disease of the left
main coronary artery, or impaired left ventricular func-
tion.16,17 PCI has also been used in patients whose angina
is controlled with medical therapy, but its role is not clear.
Although symptom control and quality of life may be
higher with PCI than medical therapy,18,19 a meta
analysis20 found no evidence that it improved mortality or
reduced the incidence of major cardiovascular events. 
Treatment of unstable angina. Unstable angina and non-
ST segment elevation myocardial infarction are managed
similarly,21-28 and are generally regarded as an emergency.
Patients with a change in the pattern of previously stable
angina or with recurring or prolonged angina at rest should
therefore be hospitalised and rapidly assessed. Presenting
symptoms are similar for all the acute coronary syndromes
and a resting ECG should be obtained as a priority. This
allows identification of patients with ST elevation, who re-
quire treatment for acute myocardial infarction (p.1175),
and also allows initial risk stratification. In patients with-
out ST elevation, the immediate priority is to control
symptoms and reduce ischaemia; at the same time, the risk
of progression to acute myocardial infarction should be as-
sessed, and subsequent treatment planned as appropriate.
Initial treatment involves antiplatelet drugs, anticoagu-
lants, nitrates, beta blockers, and possibly calcium-channel
blockers; additional antiplatelet therapy and urgent revas-
cularisation may then be considered. Once the patient has
been stabilised, underlying risk factors should be identi-
fied and treated, and long-term anti-anginal therapy may
be given. 
• Aspirin is routinely included in the initial treatment. It

inhibits platelet aggregation and substantially reduces
the incidence of myocardial infarction and death, al-
though it has not been shown to reduce the number of
ischaemic episodes or to relieve pain during the acute
phase. 

• Clopidogrel or ticlopidine may be alternatives if aspirin
is not tolerated, although clopidogrel has fewer adverse
effects and is generally preferred. Dual antiplatelet ther-
apy with clopidogrel and aspirin, both started immedi-
ately, may provide additional benefit29 and has been rec-
ommended.21,23,28 

• Anticoagulants are generally given in addition to aspirin
to reduce thrombin generation and fibrin formation, al-
though the optimum choice is unclear.21 
Both unfractionated heparin30,31 and low-molecular-
weight heparin31 reduce the number of ischaemic epi-
sodes and major cardiovascular events during the acute
phase, and also longer term. There is some evidence that
low-molecular-weight heparins may be more effective
than unfractionated heparin.32-34 They may also be eas-
ier to use since low-molecular-weight heparins are giv-
en subcutaneously, whereas unfractionated heparin is
generally given by continuous infusion for at least 48
hours,22 although it may also be effective subcutaneous-
ly.35 Reactivation of unstable angina may occur when
treatment with either unfractionated36 or low-molecu-
lar-weight heparin37 is stopped; it is less likely in
patients who are also taking aspirin,36 and the risk may
be reduced if treatment is stopped gradually. Guide-
lines21,23,28 therefore allow the use of either unfraction-
ated or low-molecular-weight heparin; unfractionated
heparin may be preferred in patients undergoing bypass
surgery21 but either is suitable for PCI.38 
The pentasaccharide fondaparinux may be an alterna-
tive; it is at least as effective as enoxaparin39 and may be
the preferred option in patients for whom urgent PCI is
not planned;23 however, the incidence of catheter throm-
bosis was increased with fondaparinux in patients un-

dergoing PCI40 and unfractionated heparin should be
given at the time of the procedure if PCI is per-
formed.21,23 For patients in whom early PCI is planned,
the direct thrombin inhibitor bivalirudin is another alter-
native; a study41,42 in patients scheduled for PCI found
that bivalirudin was as effective as heparin (unfraction-
ated or low-molecular-weight) and the risk of bleeding
was reduced. 

• Nitrates are widely used although evidence from con-
trolled studies is limited.21,23 The initial treatment may
be given intravenously to produce a fast response and to
provide better dose control than can be achieved with
other routes. Glyceryl trinitrate or isosorbide dinitrate
are used. Generally, the intravenous route is only used
during the acute phase, and once the patient is stabilised
the infusion is withdrawn, usually within about 48
hours. Sublingual glyceryl trinitrate may be tried initial-
ly in patients with less severe symptoms. 

• Treatment with a beta blocker is started during the acute
phase to reduce myocardial oxygen demand. Oral treat-
ment is usually preferred,21,23 although the intravenous
route may be used initially if required. Beta blockers
with intrinsic sympathomimetic activity do not reduce
resting heart rate and are not recommended.11,21,22 

• Calcium-channel blockers may be added to therapy al-
though they are generally reserved for patients with an-
gina refractory to treatment with the above drugs, or in
whom beta blockers are contra-indicated. However, cal-
cium-channel blockers are the drugs of choice if the an-
gina has a vasospastic aetiology, for example in Prinz-
metal’s angina. The choice of calcium-channel blocker
is described under the treatment of stable angina above. 

• Thrombolytics have been tried in unstable angina but do
not improve outcome and are associated with an excess
of bleeding complications; thrombolytic therapy is
therefore not recommended in patients with unstable an-
gina.21,22 

Once the initial therapy has been started patients at high or
intermediate risk of progression to acute myocardial inf-
arction, including those with recurrent ischaemia and those
with raised cardiac troponins, should be assessed for addi-
tional treatment. Patients may be assigned to either an in-
vasive or a conservative strategy. For those in whom an
invasive strategy is chosen, early angiography is per-
formed, with urgent revascularisation if appropriate. For
those assigned to a conservative strategy and in patients at
lower risk, angiography and revascularisation are only per-
formed if medical therapy fails to control symptoms or if
indicated by stress testing. Choice between the two re-
mains controversial. Meta-analyses43-45 have suggested
that an invasive strategy is associated with a reduction in
recurrent angina; there may also be a reduction in myocar-
dial infarction and mortality in the longer term, although a
later review46 was unable to confirm this. Most benefit ap-
pears to be in higher risk patients, and a conservative strat-
egy may be appropriate in those at lower risk. 
• Additional antiplatelet therapy with glycoprotein IIb/IIIa

inhibitors may have a role in patients treated invasively
or conservatively.47 Benefit has been established in pa-
tients undergoing PCI (see Reperfusion and Revascular-
isation Procedures, p.1181), but results in patients treat-
ed medically have been less consistent. A meta-
analysis48 of studies of glycoprotein IIb/IIIa inhibitors in
unstable angina or non-ST elevation myocardial infarc-
tion found that they reduced the risk of death or myocar-
dial infarction in patients who were not scheduled for
early revascularisation, particularly in those at high risk
of progression, such as those with raised troponins.
However, many of the patients included in the analysis
did receive revascularisation and the use of glycoprotein
IIb/IIIa inhibitors in patients not undergoing interven-
tion remains questionable.21 Whether all the glycopro-
tein IIb/IIIa inhibitors are effective is also unclear. For
patients not undergoing PCI, individual studies have re-
ported beneficial results with tirofiban and aspirin,
alone49 or in combination with heparin therapy,50 and
with eptifibatide51 in addition to standard therapy, but
not with abciximab52 in addition to aspirin and heparin.
The benefit of treatment with glycoprotein IIb/IIIa in-
hibitors in patients already taking aspirin and clopidog-
rel is also not yet established.53,54 

• The use of statins early after admission for acute coro-
nary syndromes has been recommended,23 although
meta-analyses have come to differing conclusions re-
garding their benefit. One analysis55 found early use of

statins had no effect on outcomes at 1 or 4 months after
the initial event, but another56 reported a reduction in
cardiovascular events with statin therapy for 6 months
or longer; benefit may be increased with high-dose reg-
imens.57 

After discharge, patients should continue to take aspirin
and a beta blocker; clopidogrel should also continue to be
added to aspirin for up to 9 to 12 months.21,23,58 Statins
should also be continued, and other measures to reduce
cardiovascular risk should be adopted. Anti-ischaemic
drugs should be given as required; some patients are given
a long-acting nitrate for long-term prophylaxis, although
nitrates have not been shown to protect against subsequent
cardiovascular events. Long-term oral anticoagulation has
been used but is not routine therapy, and studies of warfa-
rin with aspirin have given mixed results.59,60 Prolonged
use of low-molecular-weight heparins has been investigat-
ed,61,62 but benefit has not been confirmed. 
Treatment of Prinzmetal’s angina. This should be treat-
ed like unstable angina with the addition of a calcium-
channel blocker; the selection of an appropriate calcium-
channel blocker is described above under the treatment of
stable angina. Once stabilised, maintenance should in-
clude a nitrate, or calcium-channel blocker, or both to pro-
tect against further spasm. Surgery may be considered in
some patients. 
Treatment of angina with normal coronary arteries.
Symptomatic treatment with standard anti-anginal drugs is
the mainstay in patients with angina but no evidence of
coronary artery disease, although response varies. Beta
blockers appear to be the most effective treatment and are
usually considered first-line.1,2 
Treatment of silent myocardial ischaemia. Silent myo-
cardial ischaemia has been recognised as a potential risk
factor for future cardiovascular morbidity and mortality
and research has been undertaken to assess whether sup-
pressing such episodes can improve long-term outcome.
Although many of the therapies used in angina reduce the
incidence of silent ischaemia it is not yet clear whether
complete suppression of ischaemia affects prognosis.63,64

Other studies have suggested that periods of ischaemia
may protect the heart during subsequent myocardial inf-
arction, although the clinical relevance of this is un-
clear.65,66
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Ascites
Ascites is the accumulation of fluid within the peritoneal
cavity. Although it is not strictly a cardiovascular disorder,
treatment depends mainly on cardiovascular drugs. Alco-
holic hepatic cirrhosis is probably the commonest underly-
ing cause in the western world; others include malignant
neoplasms, heart failure, and tuberculosis. The following
discussion is restricted mainly to cirrhotic ascites. 
The mechanism of ascites formation in hepatic cirrhosis
has been explained by various hypotheses. Whatever the
mechanism, ascites formation is linked to renal sodium
and water retention partly as a result of increased circulat-
ing renin and aldosterone concentrations. Portal hyperten-
sion and hypoalbuminaemia may be contributory factors.
More details may be found in reviews of the pathophysiol-
ogy of ascites formation.1-3 
Small amounts of ascitic fluid may go undetected but as it
accumulates abdominal distension becomes apparent, and

there is a feeling of discomfort. There may be respiratory
distress and cardiac dysfunction in severe cases. Peripheral
oedema may, or may not, be present. Renal dysfunction
may progress to severe impairment (the hepatorenal syn-
drome). Patients are at risk of primary (spontaneous) bac-
terial peritonitis (p.184). 
Management1-10 depends on the severity of ascites but the
mainstays are dietary sodium restriction and diuretic treat-
ment. In mild to moderate ascites, sodium restriction alone
may sometimes be effective but most patients also require
diuretics. Bed rest has been advocated but is no longer gen-
erally recommended.10 Response is monitored by measur-
ing the daily reduction in body-weight. The diuretic of
choice is the aldosterone antagonist spironolactone, with
the addition of a loop diuretic such as furosemide if neces-
sary. Amiloride or another potassium-sparing diuretic may
be used as an alternative to spironolactone if adverse ef-
fects are a problem. Spironolactone together with furo-
semide from the outset has also been used; benefit has also
been suggested with combined furosemide and albumin in
selected patients.11 In tense or refractory ascites, large-
volume or total paracentesis (removal of ascitic fluid by
drainage) is often used initially; patients may then be main-
tained on diuretics or repeated paracentesis may be used.
Plasma volume replacement with albumin or dextrans af-
ter paracentesis is usual, particularly if large volumes are
removed. Where ascites remains refractory or repeated pa-
racentesis is not tolerated various shunting procedures
have been tried, although their role is not established. In
severe cases liver transplantation may be necessary. 
In malignant ascites (ascites due to malignant neoplasms;
see Malignant Effusions, p.659), paracentesis is often nec-
essary but spironolactone may be of benefit in some pa-
tients.
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Atherosclerosis
Atherosclerosis is a pathological condition affecting medi-
um and large arteries in which lipid-rich lesions (athero-
mas) develop in the intimal lining, leading to arterial dys-
function, obstruction of blood flow, and ischaemia.
Ischaemic heart disease (coronary heart or coronary ar-
tery disease), which includes angina pectoris (p.1157) and
myocardial infarction (p.1175), is the most common mani-
festation of atherosclerosis and in most industrialised
countries ischaemic heart disease is a leading cause of
death. Atherosclerosis of peripheral or cerebral arteries
leads to peripheral vascular disease (p.1178) or ischaemic
stroke (p.1185). Atherosclerotic diseases are thus a major
cause of mortality and morbidity and the prevention and
treatment of atherosclerosis has an important role in the
management of these diseases. 
Atherosclerosis is a progressive condition and various
stages of atheroma development are recognised.1-3 Early
lesions include fatty streaks, which develop from infancy
and are composed of lipid-filled macrophages (foam
cells). These progress to fibrous plaques, which consist of
a core of lipid and lipid-rich macrophages surrounded by a
connective-tissue matrix. Plaques may undergo calcifica-
tion and may become sufficiently large to obstruct the
lumen of the artery. However, acute occlusion more com-
monly occurs as a result of thrombosis at the site of a
plaque, due to endothelial denudation or disruption of the
plaque (plaque rupture or fissuring) with exposure of the
thrombogenic core. Endothelial dysfunction is an impor-
tant underlying factor, promoting both the development of
atheromas (atherogenesis) and subsequent thrombosis.4,5
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Although symptoms depend on the site of obstruction,
atherosclerosis is essentially a generalised condition and
patients with peripheral vascular disease, for example, are
also likely to develop, or to have evidence of, ischaemic
heart disease. 
The management of atherosclerotic diseases involves
treatment of the clinical manifestations (as discussed un-
der the specific diseases) and measures to reduce the risk
of cardiovascular events occurring (see Cardiovascular
Risk Reduction, p.1164). Some of the measures used to re-
duce risk, such as lipid regulating drugs or antihyperten-
sives, may also reduce the progression of atherosclerosis.
Other approaches have been targeted more directly at the
atherosclerotic process, and some of these are discussed
below. 
Oxidation of low-density lipoprotein (LDL) is thought to
be a crucial step in atherogenesis6-8 and a number of stud-
ies have investigated the use of dietary antoxidants such as
vitamins E and C and betacarotene (see Prophylaxis of
Ischaemic Heart Disease, p.1926). Although some studies
have found a reduction in the progression of atherosclero-
sis, others have not confirmed this finding, and several
large studies have failed to find any effect on the risk of
clinical events. Polyphenol compounds found in various
foods, including red wine, have also received much atten-
tion for their possible role in the prevention of atheroscle-
rosis. 
Hyperhomocysteinaemia has been suggested as a risk fac-
tor for atherosclerosis, although its importance is not
clear.9 Interventions to reduce homocysteine, such as the
use of folic acid or vitamin B supplements (see Cardiovas-
cular Disease, p.1941), have been tried. Some effects on
endothelial function have been noted, but there is as yet no
evidence that clinical events are reduced. 
Inflammation appears to have an important role in the de-
velopment and progression of atherosclerosis, and in acute
events due to plaque instability.10,11 Various studies have
shown an association between C-reactive protein, a mark-
er of inflammation, and cardiovascular events, although its
precise role is unclear.9 Statins, which lower blood lipids
and have an established role in reducing clinical events,
have also been shown to reduce the progression of athero-
sclerosis,5 possibly through an effect on inflammation, and
high doses may induce regression.12 Other non-lipid ef-
fects such as improvement of endothelial dysfunction, or
an effect on thrombosis, have also been suggested. 
Another possible cause of inflammation that has been in-
vestigated is infection,13 and serological and pathological
studies have found an association with a number of organ-
isms. The evidence appears to be strongest for Chlamydo-
phila pneumoniae (Chlamydia pneumoniae), although its
precise role in the development or progression of athero-
sclerosis is unclear.14 Treatment with antibacterials has
been tried in patients with atherosclerotic disorders but any
benefit has not yet been confirmed;13,14 meta-analyses15,16

of trials using antichlamydial drugs in patients with ischae-
mic heart disease have found no evidence that they re-
duced either mortality or further cardiovascular events.
Some antibacterials may also have a direct anti-inflamma-
tory action that could contribute to their effects.14 
Chelation therapy with disodium edetate has been tried, as
calcium deposition has been proposed as another factor in
the development of atherosclerosis; however, the benefits
remain to be established (see Atherosclerosis under Sodi-
um Edetate, p.1464). 
Women have a lower risk of atherosclerotic disease than
men of a comparable age, although the difference narrows
with increasing age postmenopausally, and the use of HRT
has therefore been investigated. HRT lowers lipid concen-
trations and some angiographic or ultrasound studies have
shown beneficial effects on the progress of atherosclerosis,
although others have failed to confirm these findings.
However, controlled studies do not support a role for HRT
in the prevention of cardiovascular disease in postmeno-
pausal women (see Effects on the Cardiovascular System,
p.2073). 
Therapeutic angiogenesis (the development and growth of
blood vessels) is also under investigation to improve per-
fusion in atherosclerotic diseases. Preliminary studies of
growth factor proteins, such as vascular endothelial
growth factor (VEGF) and fibroblast growth factor (FGF),
and gene therapy to stimulate VEGF production, have
shown promise.17,18 The use of stem cells is also being in-
vestigated.19 However, since neovascularisation of the

vessel wall and plaque angiogenesis may play a role in
atherosclerosis, anti-angiogenic therapy may also have po-
tential.20
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Cardiac arrhythmias
Cardiac arrhythmias are disorders of the rhythm of the
heart (p.1152) that may affect its ability to maintain blood
circulation. They can be asymptomatic and in some cases
benign, but often cause symptoms and may lead to synco-
pe and sudden death; thromboembolic disorders associat-
ed with atrial arrhythmias are a common cause of stroke. 
Definitions. A cardiac arrhythmia can be defined as any
abnormality of rate, regularity, or site of origin of the car-
diac impulse or as a disturbance in conduction that causes
an abnormal sequence of activation. Arrhythmias may
therefore occur due to disorders of the SA node, affecting
initiation of impulses; disorders of the AV node and con-
ducting system, affecting spread of the impulse to the ven-
tricles; or abnormal conduction through other myocardial
cells such as accessory pathways. Impulses may be gener-
ated outside the SA node (ectopic pacemakers), particular-
ly in the AV node or the His-Purkinje system. The normal
rate of impulse generation by these ectopic pacemakers is
less than that of the SA node and therefore they do not usu-
ally trigger the heart beat, although they may become
dominant in some situations. Since the action potential de-
pends on the movement of ions across cell membranes,
electrolyte disorders may be an important cause of arrhyth-
mias; congenital disorders affecting the ion channels
(channelopathies) are also increasingly being recognised
as a cause. 
Arrhythmias may be classified as bradyarrhythmias (slow)
or tachyarrhythmias (fast), depending on the heart rate,
and as supraventricular (atrial or AV junctional) or ven-
tricular, depending on their presumed site of origin. They
may also be divided on the basis of the underlying mecha-
nism into those associated with abnormal automaticity, re-
entry, or triggered activity (see Tachyarrhythmias, below).
Symptoms depend on the arrhythmia but may include
fatigue, dyspnoea, dizziness, and syncope; sudden death
may occur. Palpitations, an unacceptable awareness of the
beating heart, may occur normally in circumstances such
as emotion, exercise, or stress but can occur in association
with arrhythmias. 
Bradyarrhythmias are commonly caused by sinus node
dysfunction (sick sinus syndrome), which either depresses
impulse generation or disturbs the conduction of impulses
from the sinus node to the atria.1 In some patients periods

of bradycardia and tachycardia alternate (bradycardia-
tachycardia syndrome), making management difficult.
Heart block (AV block) is another cause of bradycardia,
and involves disturbance of conduction of the atrial im-
pulse to the ventricles. First-degree block, in which the im-
pulse is delayed, is usually asymptomatic but may
progress to second- or third-degree block, with intermit-
tent (second-degree) or complete (third-degree) failure of
atrial impulses to reach the ventricles. This usually causes
bradycardia since the intrinsic rate of ventricular contrac-
tion is slower than that of the atria, but in AV dissociation
ventricular activity is faster than, and independent of, the
atrial activity. 
Tachyarrhythmias may arise in either the atria or the ven-
tricles. The precise mechanism is often unclear, but for
many of the clinically important tachyarrhythmias it in-
volves re-entry. Impulses normally spread in a single di-
rection and die out once ventricular contraction occurs, but
in re-entry the impulse continues to propagate in a cyclical
manner, reactivating the heart. Abnormal automaticity and
triggered activity are alternative mechanisms that may be
involved. 
Ectopic beats, extrasystoles, or premature contractions
can arise in either the atria or the ventricles and, although
their precise meaning and definition differs, for practical
purposes they can be considered equivalent. Generally,
they cause few or no symptoms and usually have no prog-
nostic value although some patients suffer distressing
symptoms or palpitations. 
Diagnosis. The precise identification of an arrhythmia is
not always easy, but is important for correct management
since inappropriate use of antiarrhythmics may be not only
ineffective but actively harmful. Clinical symptoms may
be useful, but the mainstay of diagnosis is the electrocardi-
ogram (ECG), which records the electrical rhythm of the
heart. A typical normal ECG trace is shown in Figure 2,
p.1152. Many arrhythmias have distinctive ECG patterns,
but this is not always the case; an arrhythmia with a narrow
QRS complex is always supraventricular in origin whereas
a broad QRS complex can indicate either a supraventricu-
lar or ventricular origin. Other specialised tests and fea-
tures relevant to the individual arrhythmias may aid diag-
nosis. 
Management. Treatment of arrhythmias may be indicated
to relieve symptoms and/or to improve survival and may
involve antiarrhythmic drugs (see p.1153 for an explana-
tion of the classification of antiarrhythmics), electrical car-
dioversion, or cardiac pacing; surgical or catheter ablation
of arrhythmic pathways also has an increasingly important
role. Drug therapy is mainly used for tachyarrhythmias
and these are the focus of the following discussion. For
bradyarrhythmias, cardiac pacing is the treatment of
choice,1-3 although atropine2 or sympathomimetics have
been used. 
Atrial fibrillation is a supraventricular tachyarrhythmia
with an underlying mechanism of re-entry. It is the com-
monest arrhythmia encountered clinically, and has been
the subject of reviews4-11 and guidelines.12-14 Atrial fibril-
lation is usually associated with disorders that predispose
the atria to re-entry, although it is now recognised that the
arrhythmia may start from an ectopic focus, often in the
pulmonary vein. The main underlying cardiovascular dis-
orders are ischaemic or hypertensive heart disease and
heart failure, and the incidence increases markedly with
age. Rheumatic heart disease is also an important cause,
although this is now less common in developed countries.
Other causes include hyperthyroidism and acute alcohol
intoxication. Atrial fibrillation is also relatively common
after cardiothoracic surgery, although this is usually self-
limiting. In some patients there is no obvious cause (‘lone’
atrial fibrillation). 
Atrial fibrillation is characterised by an irregular and very
rapid atrial rate (usually more than 300 beats/minute) and,
although the AV node is incapable of conducting all the
impulses adequately, the increased ventricular response re-
sults in a rapid and totally irregular ventricular rate. Atrial
fibrillation has been classified in several ways, but patients
with 2 or more episodes are generally considered to have
recurrent atrial fibrillation; this may be classed as paroxys-
mal (intermittent) if the arrhythmia terminates spontane-
ously, or persistent (chronic) if it is sustained. Persistent
atrial fibrillation that does not respond to cardioversion or
where cardioversion is not attempted is classed as perma-
nent. 
Although atrial fibrillation can cause distressing symp-
toms such as severe palpitations and exercise intolerance it
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is not usually immediately life-threatening; however, it
does result in long-term morbidity and mortality. The in-
creased rate may lead to tachycardia-induced cardiomyop-
athy, while left atrial dilatation and reduced cardiac output
lead to stasis of blood in the left atrium, which can result in
thrombus formation and subsequent systemic embolisa-
tion, notably ischaemic stroke. Thromboembolic events
are relatively rare in lone atrial fibrillation but the risk is
very much increased if other cardiovascular disease is
present, especially rheumatic heart disease. 
Management of atrial fibrillation aims to control symp-
toms and prevent long-term morbidity and mortality, in-
cluding thromboembolic complications. The available
approaches are to restore and maintain sinus rhythm
(rhythm control), or to control the ventricular rate while
allowing atrial fibrillation to continue (rate control). Use
of anticoagulation depends on the risk of thromboembolic
events but may be required with either strategy. 
• Rate control may be used for both acute management of

symptoms and maintenance therapy and generally in-
volves drugs that act on the AV node to slow conduc-
tion.15 Digoxin has traditionally been used, but has a
slow onset of action and is not effective during exercise
and is no longer considered first-line in most patients.
Beta blockers or rate-limiting calcium-channel blockers
such as diltiazem or verapamil are usually the preferred
treatment; they provide effective rate control, including
during exercise, and may be given intravenously when
acute control is needed. Digoxin may be used in seden-
tary patients, and is also useful in patients with heart
failure; it is often given with beta blockers or calcium-
channel blockers since many patients require more than
one drug to maintain an adequate rate. Amiodarone,
which has rate-limiting properties as well as an antifi-
brillatory effect, may be used if symptoms are not con-
trolled with digoxin and beta blockers or calcium-
channel blockers; catheter ablation of AV conduction
pathways followed by permanent pacing may be neces-
sary in patients intolerant or unresponsive to drug thera-
py. 

• In a rhythm control approach, restoration of sinus
rhythm (cardioversion) may be achieved either by syn-
chronised direct current or by drugs, but both methods
must be preceded by anticoagulation unless fibrillation
is of recent onset (less than 24 hours). Both methods are
effective and choice depends on the duration of atrial fib-
rillation, availability, and preference; direct current car-
dioversion restores sinus rhythm more rapidly and is
more effective than pharmacological cardioversion if
atrial fibrillation is not of recent onset but has the disad-
vantage that it needs to be performed under sedation or
general anaesthesia. Various drugs have been used but
evidence of efficacy is limited in some cases13,14,16 and
adverse effects may be a problem. Flecainide and
propafenone are most widely recommended as first-
line;12-14 ibutilide and dofetilide are alternatives.12,14

Amiodarone may also be used;12-14 it has a slower onset
but is equally effective17 and is particularly useful in pa-
tients with structural heart disease.13 Evidence is more
limited for quinidine, procainamide, disopyramide, and
sotalol. Adjunctive pharmacological therapy may be
started before electrical cardioversion to increase the
success of the procedure and to reduce the risk of early
recurrence;13,14 drugs used include amiodarone, flecain-
ide, ibutilide, propafenone, and sotalol. 
Once sinus rhythm has been achieved, long-term main-
tenance drug therapy needs to be considered since re-
lapse is common. Patients with a first episode of atrial
fibrillation are rarely started on maintenance therapy,
particularly if a reversible cause has been identified and
can be treated.13,14 However, patients who have trouble-
some symptoms due to paroxysmal or recurrent atrial
fibrillation are usually given long-term antiarrhythmics.
Drugs used are similar to those used for cardioversion,
and again there is limited evidence to guide choice.18

Beta blockers may be tried initially,13 particularly in pa-
tients with lone atrial fibrillation,14 and they have the ad-
vantage of providing rate control if relapse occurs, but
flecainide, propafenone, or sotalol are often required.
Amiodarone and dofetilide may also be used; amiodar-
one may be more effective than other antiarrhythmics19

but its use is limited by long-term adverse effects and it
is generally only recommended in resistant cases or in
patients with heart failure who are unsuitable for alter-
native therapy. Catheter ablation procedures (for exam-
ple, isolation of the pulmonary veins20) are an alterna-

tive to drugs, and surgery or implantable defibrillators
may be used in selected cases. Patients with infrequent
episodes of paroxysmal atrial fibrillation and good re-
sponse to drugs may be prescribed single doses of fle-
cainide or propafenone for outpatient use (‘pill-in-the-
pocket’) if symptoms recur.13,14,21 

The choice between rate and rhythm control has been de-
bated. Rhythm control has theoretical advantages since
restoration of sinus rhythm should both alleviate symp-
toms and reduce thromboembolic risk. However, the ad-
verse effects and limited efficacy of antiarrhythmic drugs
in preventing relapse may limit any benefit. A review22

and meta-analyses23,24 of studies comparing rate control
with rhythm control found little difference between the
two strategies in terms of symptom control or clinical
events, and choice therefore depends on patient character-
istics and preference.12-14,25 For elderly patients with min-
imal symptoms rate control is generally the preferred op-
tion, whereas younger patients or those who remain
symptomatic despite rate control should be considered for
rhythm control. 
Prophylaxis of atrial fibrillation may have a role in some
situations. Although atrial fibrillation after cardiothoracic
surgery is usually self-limiting, it may be associated with
increased morbidity and mortality, and prophylaxis should
be considered. Beta blockers, amiodarone, and sotalol are
effective,13,14,26,27 and some benefit has also been reported
with magnesium28,29 and corticosteroids.30 Use of statins31

or omega-3 fatty acids32 has also been investigated. For
non-surgical patients, there is some evidence of a lower in-
cidence of atrial fibrillation in patients taking drugs affect-
ing the renin-angiotensin system,33 but the benefit of pro-
phylactic use requires confirmation in controlled studies. 
Prevention of thromboembolic events, particularly
ischaemic stroke, is a major aspect of atrial fibrillation
management and has been the subject of several
reviews34-38 as well as being addressed in the general re-
views and guidelines quoted above. Patients are at risk
both during cardioversion procedures and long-term, and
should be given appropriate antithrombotic therapy. If atri-
al fibrillation has been present for 48 hours or more it is
generally recognised that there is a potential risk of caus-
ing systemic embolisation once sinus rhythm is restored.
In unstable patients who require immediate cardioversion,
intravenous heparin should be given. In more stable pa-
tients cardioversion should be delayed until the patient has
received adequate anticoagulation with warfarin for 3 to 4
weeks, but if more rapid cardioversion is preferred, intra-
venous heparin may be started, followed by transoesopha-
geal echocardiography to exclude the presence of thrombi.
Control of the ventricular rate as outlined above should be
undertaken while the patient is waiting for cardioversion,
and oral anticoagulants are usually continued for at least 4
weeks after a successful procedure.39 There is some
evidence40 that subcutaneous low-molecular weight
heparin may be an alternative to intravenous heparin fol-
lowed by oral anticoagulants when transoesophageal
echocardiography is used. 
Long-term prophylaxis is indicated in selected patients.
The risk of stroke is increased about 17 times in atrial fib-
rillation associated with rheumatic heart disease and the
benefits of long-term prophylaxis with warfarin are well-
established. For non-rheumatic heart disease the risk is
less, but is still increased by about fivefold and affects
many more patients; however, the use of warfarin is more
controversial. Meta-analyses have clearly shown that war-
farin is effective in the primary41,42 and secondary41,43 pre-
vention of stroke in patients with non-rheumatic atrial fib-
rillation, and cohort studies44,45 have reported similar
findings. Oral anticoagulants are therefore recommended
in all patients with atrial fibrillation and a history of stroke
or transient ischaemic attack,13,14,39,46 but for primary pre-
vention the relative risks and benefits are less clear and the
decision to treat depends on individual patient factors. Oral
anticoagulants are recommended for all patients at high
risk of thromboembolism, including older patients and
those with ischaemic or hypertensive heart disease, heart
failure, hyperthyroidism, or history or evidence of throm-
boembolism.39,46 In some patients, alternative strategies
may be appropriate. Antiplatelet therapy is widely used
and there is good evidence that aspirin reduces the risk of
stroke.47,48 However, antiplatelets are generally consid-
ered less effective than warfarin for both primary41 and
secondary prevention,41,49 and are usually only recom-
mended where the risk of stroke is outweighed by the risk
of haemorrhage, or in those who are unwilling or unable to

take anticoagulants. Use of low-dose warfarin with aspirin
has been shown50,51 to be less effective than adjusted-dose
warfarin and is not recommended, although a study52 us-
ing triflusal and moderate-dose phenprocoumon reported
beneficial effects. A study53 using clopidogrel in addition
to aspirin found that the combination was less effective
than warfarin. 
Atrial flutter is an arrhythmia somewhat similar in nature
to atrial fibrillation and has been discussed in reviews54

and guidelines.55 Like atrial fibrillation it is characterised
by a rapid (about 300 beats/minute) atrial rate, although
the atrial rhythm is more regular and organised, and by a
corresponding increase in the ventricular rate. It is far less
common than atrial fibrillation, to which it often degener-
ates if left untreated; it may revert to normal sinus rhythm
in some cases. Unlike atrial fibrillation, atrial flutter has
not been considered to carry an increased risk of throm-
boembolic episodes, but several studies have suggested
this may not be the case.56-58 Anticoagulation may there-
fore have a role in patients with recurrent or chronic atrial
flutter,39,54,55 and has been recommended prior to cardio-
version.39,55 Management strategies for atrial flutter are
broadly similar to those outlined above for atrial fibrilla-
tion, namely controlling the increased ventricular response
rate and cardioversion. However, in general terms drug
therapy for either of these interventions is less successful
in flutter than in fibrillation. Cardioversion with drug ther-
apy has a relatively low success rate and cardiac pacing is
usually used, which often results in a self-terminating atri-
al fibrillation. Synchronised direct current cardioversion
may be used to restore sinus rhythm if pacing fails. Radio-
frequency ablation may also be used,55 and may be the
treatment of choice if long-term therapy is required.54 
Other atrial arrhythmias include atrial premature beats
and various types of atrial tachycardia. Premature beats
are usually asymptomatic but if symptoms are severe (the
awareness of a pause between normal beats) beta blockers
may be used.59 Atrial tachycardia may also be treated with
beta blockers or rate-limiting calcium-channel block-
ers,55,60,61 but if it is due to digoxin toxicity, withdrawal of
digoxin may be all that is required.55 
Paroxysmal supraventricular tachycardia is a re-entry
arrhythmia. The term paroxysmal atrial tachycardia was
formerly used, but became obsolete when it was realised
that many such arrhythmias arise in the atrioventricular
junction rather than in atrial muscle. The re-entry circuit
can be either due to an accessory pathway between the
atria and ventricles (atrioventricular reciprocating tachy-
cardia; AVRT) or re-entry can occur at the site of the node
itself (atrioventricular nodal reciprocating tachycardia;
AVNRT). It is a relatively common arrhythmia occurring
in otherwise healthy individuals. It may resolve spontane-
ously, or reflex vagal stimulation by respiratory manoeu-
vres, prompt squatting, or pressure over one carotid sinus
may restore normal sinus rhythm. If symptoms associated
with the rapid heart rate are severe, treatment will be need-
ed. For termination of paroxysmal supraventricular tachy-
cardia adenosine given intravenously is often the drug of
choice;55,59,60,62,63 intravenous verapamil or diltiazem, or
intravenous beta blockers, are alternatives. If there is no
response, or in patients with a wide QRS complex and
unclear diagnosis, propafenone, flecainide, procainamide,
sotalol, amiodarone, or ibutilide may be used.55,59,60,63 Di-
rect current cardioversion may be necessary in some cases,
particularly in those who are unstable. Long-term mainte-
nance therapy to prevent recurrence is required in some
patients, but there is limited evidence to guide choice of
therapy.55 For many patients radiofrequency catheter abla-
tion is the preferred treatment, particularly in those with
AVRT and an accessory pathway. Alternatively, pharma-
cological therapy may be used. Drugs that block AV con-
duction are first-line and include beta blockers, rate-limit-
ing calcium-channel blockers, and digoxin. Flecainide and
propafenone, class Ic drugs that act on atrial refractoriness,
may be used if first-line drugs are ineffective; amiodarone
is generally preferred if patients have structural heart dis-
ease. Other drugs that may be used include sotalol, quini-
dine, procainamide, and dofetilide. 
Wolff-Parkinson-White syndrome64 is a congenital abnor-
mality characterised by an accessory atrioventricular con-
duction pathway known as a Kent bundle that leads to ven-
tricular pre-excitation. Although many patients remain
asymptomatic, there is an increased risk of atrial fibrilla-
tion or paroxysmal supraventricular tachycardia with a
danger of degeneration into ventricular fibrillation, partic-
ularly if AV-blocking drugs are used. Antiarrhythmics
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should be used with great caution in such patients, and
catheter ablation of the accessory pathway is the treatment
of choice.55,63 
Supraventricular tachycardia can occur rarely in utero and
is associated with hydrops fetalis and perinatal mortality
and morbidity. Treatment is with antiarrhythmic drugs
such as digoxin, flecainide, sotalol, or amiodarone given to
the mother (transplacental therapy).61,65,66 In resistant cas-
es direct intraperitoneal or intravascular dosage to the fetus
may be necessary. 
Ventricular tachycardia67-70 is usually a re-entry arrhyth-
mia and is often associated with underlying cardiovascular
disease such as myocardial infarction or cardiomyopa-
thies. It may also be caused by drugs that prolong the QT
interval, or by digoxin toxicity. Congenital channelopa-
thies such as Brugada syndrome71 and long QT syndrome
may cause ventricular arrhythmias in patients with struc-
turally normal hearts. The heart rate is about 120 to 250
beats/minute and the tachycardia, which arises in the ven-
tricles below the AV node, can be paroxysmal, consisting
of short self-terminating episodes, or can be sustained
(lasting 30 seconds or longer). Ventricular tachycardia can
be asymptomatic (if the episodes are non-sustained) or
cause minimal symptoms such as palpitations, but is po-
tentially a serious condition which may lead to reduced
cardiac output, shock, and progression to ventricular
fibrillation and cardiac arrest. It is one of the most com-
mon causes of sudden unexplained cardiac death.72 The
ECG trace of ventricular tachycardia may be confused
with that of supraventricular tachycardia but since the
treatments differ markedly, every effort should be made to
obtain the correct diagnosis; if the diagnosis is unclear the
patient should be treated for ventricular tachycardia.2,55 
The initial treatment of ventricular tachycardia depends
largely on the haemodynamic status of the patient. Unsta-
ble patients with ventricular fibrillation or pulseless ven-
tricular tachycardia, and patients with irregular sustained
ventricular tachycardia, should be given defibrillation, as
outlined under Advanced Cardiac Life Support (p.1156).
More stable patients with regular monomorphic ventricu-
lar tachycardia may be treated with intravenous
antiarrhythmics or by sedation and direct current cardio-
version; pacing may be effective in some patients. Amio-
darone is widely recommended;2,73,74 procainamide is an
alternative2,73 and may be preferred if a rapid effect is re-
quired.74 Sotalol may also be used, and lidocaine (which
was previously the drug of choice) may have a role in
some patients, although it is generally less effective. Other
alternatives that are available in some countries include aj-
maline, flecainide, and propafenone. In some patients with
non-sustained ventricular tachycardia, beta blockers may
be effective; catheter ablation may have a role if termina-
tion of the arrhythmia is not urgent.74 
After restoration of normal sinus rhythm maintenance
therapy needs to be considered. Long-term treatment is
generally not warranted in low risk patients such as those
who have experienced asymptomatic non-sustained ven-
tricular tachycardia, but patients with severe symptoms or
those at high risk of sudden cardiac death, such as survi-
vors of ventricular fibrillation and pulseless ventricular
tachycardia, require treatment. Although antiarrhythmic
drugs have been used, studies have shown that implantable
cardioverter defibrillators reduce mortality more effective-
ly, and these are now recommended for most patients.74-76

Beta blockers are also effective and may be used,74 but
there is little evidence to support the use of other drugs,
even when electrophysiological testing is used, and this is
no longer generally recommended. Sotalol, or amiodarone
with a beta blocker, may have a role if implantable cardio-
verter defibrillators are considered inappropriate, or to
prevent frequent device activation in patients with
implantable cardioverter defibrillators and recurrent
arrhythmias.74,77 There is also some evidence that drugs
that are beneficial for cardiovascular risk reduction may
reduce the risk of ventricular arrhythmias, including ACE
inhibitors and omega-3 fatty acids, but their role is not yet
established.74 
Myocardial infarction is a particular risk factor for ven-
tricular arrhythmias and prophylactic treatment has there-
fore been tried. Arrhythmias are particularly common
early after acute myocardial infarction and lidocaine has
been used prophylactically; however, there is little evi-
dence of benefit and routine use is no longer recommend-
ed.78,79 Implantable cardioverter defibrillators may be used
for primary prevention of sudden cardiac death in patients

with evidence of sustained ventricular tachycardia more
than 48 hours after acute myocardial infarction, particular-
ly in patients who also have heart failure; beta blockers,80,81

amiodarone,82 or sotalol, may also be considered. Patients
with asymptomatic ventricular arrhythmias may also be at
increased risk of sudden death but use of antiarrhythmic
drugs increases mortality80,81,83 and is not advised. 
Primary prophylaxis may also have a role in other cardiac
disorders that are known to cause ventricular arrhythmias
and sudden cardiac death, including heart failure, cardio-
myopathies, and Brugada syndrome or similar congenital
disorders. Implantable cardioverter defibrillators are rec-
ommended in high risk patients; beta blockers and amio-
darone may have a role in specific cases.74 
QT prolongation and drug-induced arrhythmias. Anti-
arrhythmic drugs also have proarrhythmic properties and
may exacerbate or induce arrhythmias of all kinds, and
non-cardiac drugs may also have proarrhythmic effects.
Torsade de pointes is a particularly serious ventricular
arrhythmia that is often drug-induced. It is associated with
prolongation of the QT interval (prolongation of ventricu-
lar repolarisation), which allows afterdepolarisations to
trigger a re-entry tachycardia; this is often non-sustained,
but may persist for long enough to cause syncope or it may
even progress to ventricular fibrillation. Drugs that cause
QT prolongation include antiarrhythmics and several non-
cardiac drugs84-89 including phenothiazines, tricyclic anti-
depressants, antihistamines such as astemizole and ter-
fenadine, antibacterials such as erythromycin, the antima-
larial halofantrine, and the lipid lowering drug probucol.
Patients with congenital channelopathies may also have
QT prolongation and develop torsade de pointes, often in
response to stress- or exercise-induced tachycardia; other
causes include electrolyte disorders and bradycardia. If
torsade de pointes is drug-induced, withdrawal and subse-
quent avoidance of the offending drug is mandatory. Initial
therapy is usually with intravenous magnesium, to correct
any contributory magnesium deficiency, with temporary
pacing of the atria or ventricles and correction of any other
electrolyte disorders as appropriate. Isoprenaline has been
given cautiously to increase the heart rate and shorten the
QT interval, until pacing is instituted. Congenital long QT
syndromes are usually treated with beta blockers and/or
pacing.84,85
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Cardiomyopathies
Cardiomyopathy is a term used to describe diseases of the
heart muscle associated with cardiac dysfunction. Al-
though formerly used to describe conditions with an
unknown cause (idiopathic), increased awareness of dis-
ease mechanisms and genetic factors has broadened the
definition. Cardiomyopathies may develop as a conse-
quence of other cardiovascular or systemic disorders, such
as systemic or pulmonary hypertension, ischaemic heart
disease, valvular heart disease, congenital abnormalities,
metabolic disorders, inflammatory or infectious diseases,
and drug-induced conditions. Primary cardiomyopathies
(those affecting only or predominantly the heart muscle)
have usually been divided into 3 distinct types namely di-
lated cardiomyopathy, hypertrophic cardiomyopathy, and
restrictive cardiomyopathy; the dilated and hypertrophic
forms are the two major types. Other forms identified
more recently, such as arrhythmogenic right ventricular
cardiomyopathy, do not fit readily into this classification
and differentiation based on genetic or non-genetic origin
may now be preferred.1 The management of the individual
forms has been reviewed.2-15 
In dilated cardiomyopathy (previously known as con-
gestive cardiomyopathy) the main finding is systolic dys-
function with dilated and poorly contracting ventricles and
a low cardiac output. The right, left, or both ventricles may
be affected. Although there may be some ventricular
hypertrophy, because of the dilatation there is no overall
increase in the thickness of the ventricle walls. Dilated car-
diomyopathy may be asymptomatic for some time but the
initial manifestations are commonly those of heart failure;
chest pain, systemic and pulmonary embolism, and
arrhythmias may also occur. Management should general-
ly follow the conventional strategies for heart failure (see
p.1165), including ACE inhibitors, diuretics, and beta
blockers. Early studies16-18 with beta blockers in patients
with dilated cardiomyopathy found significant improve-
ments in cardiac function and symptoms, together with
prevention of clinical deterioration, but failed to show a
significant effect on overall mortality. However, a further
trial evaluating carvedilol therapy in patients with heart
failure, including patients with dilated cardiomyopathy,
was terminated early because mortality was significantly
reduced in the carvedilol groups19 and the CIBIS-II trial20

using bisoprolol was also terminated early because of fa-
vourable results. A further long-term study21 using meto-
prolol has also reported a significantly higher survival rate
in those taking metoprolol for up to 7 years. Although cal-
cium-channel blockers are not usually used in heart fail-
ure, symptomatic improvement has also been reported
with the calcium-channel blocker diltiazem.22 
Patients with dilated cardiomyopathy may be at particular
risk for systemic or pulmonary thromboembolism, due to
blood stasis in the poorly contracting ventricle. Chronic
oral anticoagulation has therefore been suggested, al-
though current recommendations generally limit its use to
those with atrial fibrillation, previous systemic embolism,
or severe left ventricular dysfunction.2,23 Arrhythmias
should be treated as appropriate (see Cardiac Arrhythmias,
p.1160); amiodarone may be particularly suitable as it has
no negative inotropic effect. Low-dose amiodarone has
been tried in patients at high risk of sudden death, but its
role has not yet been confirmed.2,8 
Surgical treatments that restore ventricular shape and func-
tion have been tried but cardiac transplantation remains the
main method of improving survival in these patients. Oth-

er therapies that have been tried include growth hormone,
levothyroxine, pentoxifylline, levocarnitine, and immuno-
suppressants for presumed myocarditis. 
In hypertrophic cardiomyopathy (previously known as
obstructive cardiomyopathy) there is, as the name implies,
ventricular hypertrophy but the ventricles are not dilated.
This leads to diastolic dysfunction since diastolic filling is
impaired by the stiff hypertrophied ventricular walls. It is
an inherited condition occurring as an autosomal dominant
trait and can occur at any age although presentation during
the second decade of life is common. Patients may be
asymptomatic or may experience chest pain, syncope, dys-
pnoea, or arrhythmias. Sudden death associated with emo-
tional stress or exercise is not an uncommon finding and
patients should avoid intense exercise. However, overall
life expectancy is similar to that of the general population
and many patients have little or no disability and do not
require treatment.5,11 
Patients should be investigated for the presence of any
arrhythmias and treated appropriately (see Cardiac
Arrhythmias, p.1160) although this may not necessarily
prevent sudden death. Atrial fibrillation is particularly im-
portant and is probably most effectively treated with amio-
darone.4,5,11-13 Anticoagulation should be considered in all
patients with sustained atrial fibrillation.4,5,11-13 
Beta blockers may be used for control of symptoms. They
curtail emotion- or exercise-induced tachycardia. Anginal
pain is also reduced and syncopal attacks may be prevent-
ed. Calcium-channel blockers (usually verapamil) also im-
prove symptoms and exercise tolerance and may be con-
sidered in those who continue to have disabling symptoms
or who are unable to tolerate beta blockers; however, ver-
apamil may have adverse effects in patients with outflow
obstruction and it should be used with caution in such pa-
tients.9-13 In a crossover study,24 exercise capacity was not
improved by either verapamil or nadolol, although most
patients preferred one or other of the drugs rather than pla-
cebo and quality of life did appear to be improved by ver-
apamil. Other drugs that may provide symptomatic relief
include disopyramide, which is used for its negative ino-
tropic effect and is often given with beta blockers. Diuret-
ics may be needed for congestive symptoms but may also
reduce cardiac output. Surgery or septal ablation to reduce
outflow obstruction may be of benefit in some patients
whose symptoms are resistant to drug therapy.4,5,9-13 
The risk of sudden death is difficult to assess, particularly
in asymptomatic patients. Neither beta blockers nor vera-
pamil, as used for possible symptomatic relief, prevent
ventricular arrhythmias. However, there is some
evidence25 that high-dose therapy with beta blockers may
improve survival in children with hypertrophic cardiomy-
opathy. Low-dose amiodarone may have a role in high risk
patients, but adverse effects may limit its use;9,11 implant-
able cardioverter-defibrillators are also used in some pa-
tients.11-13,26 
In restrictive cardiomyopathy the filling of the ventricles
is impaired, often due to endomyocardial fibrosis, result-
ing in mostly diastolic dysfunction. Diuretics may im-
prove congestive symptoms but should be used cautiously
as they may decrease cardiac output. Arrhythmias should
be treated if they are symptomatic and anticoagulation is
advised, particularly in patients with atrial fibrillation, val-
vular disorders, or a low cardiac output.6 
Management of arrhythmogenic right ventricular car-
diomyopathy may involve implantation of a defibrillator,
the use of antiarrhythmic drugs (notably sotalol), or cathe-
ter ablation.27-30
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Cardiovascular risk reduction
Atherosclerotic cardiovascular disease includes ischaemic
(coronary) heart disease (myocardial infarction and angina
pectoris), ischaemic stroke, and peripheral vascular dis-
ease. Ischaemic heart disease, in particular, is a major
cause of mortality in developed countries, and cardiovas-
cular disease overall is associated with considerable mor-
bidity. The benefits of a number of interventions are well
established in patients at high risk of cardiovascular dis-
ease, and identification and treatment of such people is
therefore an important healthcare strategy.1-6 
Overall cardiovascular risk depends on a number of fac-
tors. Those who are at the highest risk are those with mani-
festations of atherosclerosis, particularly those who have
already had a cardiovascular event such as a myocardial
infarction or ischaemic stroke, but also those with symp-
toms of angina or peripheral vascular disease. The major
modifiable risk factors identified through epidemiological
studies are tobacco smoking, raised blood pressure, and
raised blood-lipid concentrations;7,8 other established risk
factors include age, sex, left ventricular hypertrophy, and
family history. Diabetics are also at considerable risk of
ischaemic heart disease, even when treated, and aggressive
therapy to reduce risk may be appropriate. Obesity, lack of
exercise, abnormal blood clotting profile, and hyperhomo-
cysteinaemia have also been associated with increased
risk, although their relevance is less established;9 psycho-
social factors may also be involved.10 Patients with ab-
dominal obesity, hypertension, dyslipidaemia, and glucose
intolerance are considered to have the metabolic syn-
drome, and are at increased risk of both cardiovascular
disease and diabetes mellitus.11-13 
The aim of cardiovascular risk reduction is to prevent clin-
ical events occurring by abolishing or reducing any modi-
fiable risk factors that are present. This requires both indi-

vidual intervention, to identify and treat those at high risk,
and also a population approach based on general health
promotion and education to reduce the overall levels of
risk factors in the general populace. Guidelines1,3-6 have
been published for identification and management at the
individual level, including specific guidelines for
women14 and the elderly.15 Since atheroma development
may begin in childhood, approaches to risk reduction
should also be considered from an early age,16 especially
in those at high risk.17 
Lifestyle and dietary modifications are the mainstay of risk
reduction, particularly at a population level, and include
advice not to smoke, avoidance of obesity, increased exer-
cise, moderation of alcohol intake, and a diet that is low in
saturated fat and high in fruit, vegetables, and fish.1,3-6,18-21

In unselected populations, these efforts probably produce
only modest changes in risk factors,22,23 and while the in-
cidence of ischaemic heart disease is falling in many pop-
ulations, the WHO MONICA project (Monitoring the
Trends and Determinants in Cardiovascular Diseases)
found only a weak association between changes in classic
risk factors and changes in event rates.24 In individuals
with established modifiable risk factors, drug treatment
may also be required. Smoking cessation should be en-
couraged in all smokers, and specific strategies are dis-
cussed on p.2354. Influenza vaccination may reduce the
risk of cardiovascular events and has been recommend-
ed.25 Treatment of hypertension and hyperlipidaemias de-
pends on their severity and the patient’s overall risk and is
discussed under the individual diseases (see p.1171 and
p.1169, respectively). Assessment of risk is a complex pro-
cedure and risk and treatment tables are available to aid
decisions about when to start therapy in patients without
established cardiovascular disease.3,4 Guidelines differ as
to the level of risk at which treatment should start; this is a
matter of judgement and may depend on economic factors
and the balance between benefit and risk of adverse effects
in otherwise healthy people. Tight control of blood glucose
is important in diabetic patients (see Diabetic Complica-
tions, p.433). Other interventions that may be of benefit in
some individuals include antiplatelet therapy, reduction of
lipids in those with normal lipid concentrations, and ACE
inhibitors. 
Antiplatelet therapy has been investigated for primary and
secondary prevention of various cardiovascular disorders.
Numerous studies26 have established that antiplatelet ther-
apy reduces the risk of subsequent cardiovascular events
but that the risk of bleeding is increased, and absolute ben-
efit therefore depends on the individual level of risk. In pa-
tients with a previous vascular event, the use of antiplatelet
drugs for secondary prevention is well established.3-6

Aspirin, given in the acute phase and continued long-term,
reduces the risk of re-infarction and death after myocardial
infarction and should be given indefinitely.26 Long-term
prophylaxis with aspirin also reduces the risk of future se-
rious vascular events, including stroke, in patients who
have suffered an ischaemic stroke or transient ischaemic
attack,26-28 regardless of age.29 A number of studies also
support the benefits of antiplatelet drugs for primary pre-
vention of cardiovascular events in individuals at high risk.
Aspirin may reduce the risk of first myocardial infarction
in patients with stable chronic angina.30 The Thrombosis
Prevention Trial31 in males at high risk of developing oc-
clusive vascular disease and the Hypertension Optimal
Treatment (HOT) trial32 in hypertensive patients have,
more recently, confirmed that aspirin reduces the inci-
dence of myocardial infarction in these at-risk groups, al-
though both studies reported little or no effect on the over-
all incidence of stroke. The Primary Prevention Project,33

a study in patients with at least one major risk factor,
showed a reduction in cardiovascular mortality and in a
composite of cardiovascular events including death, myo-
cardial infarction, and stroke. 
Primary prevention in healthy individuals is more contro-
versial, and studies have produced conflicting results. A
study in healthy male physicians in the UK34 found no re-
duction in the incidence of fatal and non-fatal myocardial
infarction in those who had taken aspirin, while a similar
study in the US35 showed a reduction in subjects 50 years
of age or older; both showed a slight non-significant in-
crease in the number of disabling strokes which, in the US
study, were attributed to cerebral haemorrhage. In women,
a large observational study in healthy US nurses36 indicat-
ed that aspirin might reduce the risk of first myocardial in-
farction, but a randomised trial37 found no effect on either
myocardial infarction or death, although the incidence of

stroke was reduced. Meta-analyses26,38,39 have generally
concluded that for most healthy individuals, aspirin thera-
py is inappropriate. 
Aspirin has been the most widely studied antiplatelet drug
and appears to be effective over a range of doses (see
p.24); however, some patients are resistant to its effects
and remain at high risk for cardiovascular events.40 Other
drugs may be used in those intolerant of aspirin, and com-
bination therapy may also be considered. In the CAPRIE
study,41 clopidogrel was shown to be at least as effective as
aspirin in reducing cardiovascular events, including myo-
cardial infarction and stroke, in individuals at high risk. In
patients with ischaemic stroke, dipyridamole, given alone
or with aspirin, is effective for secondary prevention,42 but
use of clopidogrel with aspirin increases the risk of bleed-
ing without reducing the risk of ischaemic events.43 Clopi-
dogrel with aspirin is of benefit in patients with acute cor-
onary syndromes, but in patients with high cardiovascular
risk who do not present acutely the increased bleeding risk
appears to outweigh any benefit.44 Oral anticoagulants
may be more effective than antiplatelet therapy but the risk
of bleeding is increased,31,45 and they are generally only
recommended in patients unable to take antiplatelet drugs
or in whom they are ineffective. Addition of antiplatelet
drugs in patients taking oral anticoagulants for other indi-
cations only appears to be beneficial in those with mechan-
ical heart valves.46 
Lipid lowering therapy has an established role in cardio-
vascular risk reduction, and the benefits of statins, in par-
ticular, have been demonstrated in a wide range of pa-
tients. Meta-analyses47-52 have shown that statins improve
outcomes when used for primary or secondary prevention,
and that this includes patients with raised or average cho-
lesterol concentrations, women, and older individuals. The
absolute benefit depends on the patient’s initial cardiovas-
cular risk and the degree of cholesterol reduction
achieved,51 and increased benefit has been reported53-55

with the use of intensive lipid lowering regimens. Al-
though most recent studies have used statins, fibrates56 and
other lipid lowering drugs may also be effective; beneficial
effects for secondary prevention of ischaemic heart dis-
ease have been reported for gemfibrozil57 in men whose
primary lipid abnormality was a low HDL-cholesterol lev-
el, and for omega-3 marine triglycerides58 in a Mediterra-
nean population. 
There has been concern that there might be an association
between low cholesterol concentrations and increased
morbidity and mortality from non-cardiac causes includ-
ing haemorrhagic stroke, cancer, accidents and suicide,
and chronic respiratory, liver, and bowel disease.59-64 Al-
though controlled studies suggest that the risk of haemorr-
hagic stroke may be increased,65 meta-analyses have
shown that statin therapy reduces both cardiovascular and
all-cause mortality,47,50,51 and that there is no significant
increase in non-illness mortality.66 
The use of ACE inhibitors has mainly been investigated in
individuals with established cardiovascular disease.
Studies67,68 in patients with heart failure suggested that
ACE inhibitors also reduced the risk of myocardial infarc-
tion, while in the HOPE study,69 treatment with ramipril
significantly reduced the rate of death, myocardial infarc-
tion, and stroke in patients at high risk for cardiovascular
disease. A reduction in cardiovascular events was also
found70 in patients with stable ischaemic heart disease giv-
en perindopril, but not in a trial using trandolapril;71 the
authors suggested that patients in the trandolapril trial may
have been at lower risk due to intensive treatment of other
risk factors. 
The main benefit seen with ACE inhibitors is due to the
reduction in blood pressure they cause, but blockade of the
renin-angiotensin system may also have other beneficial
effects.72 A study73 using perindopril, alone or with a diu-
retic, found that the risk of recurrent stroke was reduced in
patients with a history of stroke or transient ischaemic at-
tack, irrespective of whether they had normal or raised
blood pressure at study entry. However, a study74 using
enalapril in patients with ischaemic heart disease and nor-
mal blood pressure found no significant effect on cardio-
vascular events and no benefit when compared with am-
lodipine. Angiotensin II receptor antagonists have been
tried as an alternative to ACE inhibitors; a study75 compar-
ing losartan with a beta blocker in hypertensive patients
with left ventricular hypertrophy found that there was a
greater reduction in cardiovascular events with losartan
despite a similar effect on blood pressure. 
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Women have a lower risk of atherosclerotic disease than
men of a comparable age, although the difference narrows
with increasing age postmenopausally, and the use of HRT
has therefore been investigated. Some epidemiological
studies have suggested that HRT lowers the risk of cardio-
vascular events, although other studies have produced
conflicting results (see p.2076). However, randomised tri-
als have failed to confirm a beneficial effect on clinical
events76,77 and HRT is no longer recommended14 for either
the primary or secondary prevention of cardiovascular dis-
ease in women. 
Specific interventions to reduce the progression of athero-
sclerosis are discussed on p.1159.
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Cerebrovascular disease
The term ‘cerebrovascular disease’ may cover disorders of
the cerebral circulation such as ischaemic stroke and sub-
arachnoid haemorrhage (see Stroke, p.1185), but is often
used to cover the rather vague concept of cerebrovascular
insufficiency. 
At one time it was believed that the dementia associated
with Alzheimer’s disease (p.362) was due to cerebrovas-
cular insufficiency and many drugs with vasodilator activ-
ity have been tried, but overall there is little convincing evi-
dence of benefit.1 Ergot derivatives such as codergocrine
mesilate and nicergoline have been commonly used; how-
ever, any effectiveness is now attributed to their action as
metabolic enhancers or nootropic drugs rather than to va-
sodilatation and their place in therapy has still to be estab-
lished. The calcium-channel blocker nimodipine has
shown benefit in some patients with dementia. Other va-
sodilators used have included buflomedil, cyclandelate,
isoxsuprine, naftidrofuryl, pentoxifylline, and propen-
tofylline.
1. Erkinjuntti T. Cerebrovascular dementia: pathophysiology, diag-

nosis and treatment. CNS Drugs 1999; 12: 35–48.

Heart failure
Heart failure is a clinical diagnosis made in a patient with
a known or suspected cardiac disorder who presents with
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dyspnoea, fatigue, and oedema (peripheral and/or pulmo-
nary). It may be graded as mild, moderate, or severe de-
pending upon whether symptoms such as dyspnoea and
fatigue appear on ordinary physical exertion, on little exer-
tion, or at rest, respectively. Another grading system (that
of the New York Heart Association) has four grades (NY-
HA grades I, II, III, IV), again partly classified on appear-
ance of symptoms in relation to exertion (with grade IV
representing the most severe form). The discussion that
follows focuses on the chronic form of heart failure; acute
heart failure, which may result in cardiogenic shock, is
covered under Shock, p.1183. 
Heart failure is a common condition1 and is a consequence
of abnormalities in cardiac structure or function. It may re-
sult from disorders or diseases of the heart muscle, injury,
or cardiovascular stress such as hypertension or valve dis-
orders. Myocardial infarction is one of the leading causes
of heart failure, and chronic myocardial ischaemia may
also be a contributing factor. Cardiomyopathies, cor pul-
monale, infections causing myocardial damage, and cardio-
toxicity arising from alcoholism or induced by drugs may
also lead to heart failure. The increased demands put on the
heart by chronic severe anaemia or hyperthyroidism can
also be precipitating factors. 
Traditionally, heart failure has been thought of in purely
haemodynamic terms, as a condition in which the heart is
unable to provide an adequate blood flow to meet the met-
abolic demands of the body. However, it is now appreciat-
ed that compensatory neurohormonal mechanisms play
just as important a role in its development.2-4 Echocardiog-
raphy, the most useful investigative procedure in patients
with heart failure, assesses haemodynamic factors; it al-
lows assessment of ventricular function and ejection frac-
tion, enables structural changes to be observed, and rapidly
identifies patients with potentially correctable abnormali-
ties such as valvular disease. Measurement of blood con-
centrations of brain natriuretic peptide has been suggested
as another useful investigation;5-8 this relates to the neuro-
hormonal mechanisms involved. 
Echocardiography may identify dysfunction of either the
right or left ventricle (right- or left-sided heart failure), al-
though dysfunction of both ventricles is likely to be
present to some extent. In most patients, the predominant
finding is that of a dilated and poorly contracting left ven-
tricle, with a reduction in both ventricular ejection fraction
and cardiac output. This represents left ventricular systolic
dysfunction, and is particularly common in patients with
heart failure after myocardial infarction. Patients with
symptoms of heart failure but a preserved left ventricular
ejection fraction are often described as having diastolic
dysfunction or isolated left ventricular diastolic dysfunc-
tion;9-11 cardiac output is usually normal in such patients,
but fails to increase in response to exercise. Diastolic dys-
function is more common in the elderly and also occurs in
some cardiomyopathies (see p.1163); many patients have
both diastolic and systolic dysfunction. Asymptomatic left
ventricular dysfunction has been found in some patients,
especially those in the early postmyocardial infarction
period, and although these patients are not strictly defined
as having heart failure, treatment may be given to prevent
the development of full symptomatic disease. 
Neurohormonal disturbances both result from, and con-
tribute to, the deterioration in ventricular function.3,4 Myo-
cardial injury or impairment leads to an inability of the
ventricles to empty adequately during systole. The result-
ing ventricular dilatation increases wall tension and initial-
ly leads to an increase in contraction while the decrease in
cardiac output and blood pressure results in activation of
the sympathetic nervous system, leading to an increase in
the force and frequency of contraction. Reduced blood
flow to the kidney also leads to activation of the renin-an-
giotensin-aldosterone system, resulting in vasoconstric-
tion and fluid retention. At the same time, an increase in
wall stress also occurs in the atria, leading to secretion of
atrial natriuretic peptide; this inhibits the release of nor-
adrenaline but also has direct vasodilator and natriuretic
actions that lower the haemodynamic load on the heart.
Thus, in the short term, compensation for myocardial inju-
ry can occur and cardiac output may be maintained. In the
long term, these compensatory haemodynamic and neuro-
hormonal mechanisms become ineffective. Ventricular
dilatation progresses, the sympathetic nervous system and
renin-angiotensin system are persistently activated, ven-
tricular hypertrophy occurs, and ventricular function dete-
riorates progressively. 

Management. Heart failure is a progressively disabling
condition associated with considerable morbidity and
mortality. Management is aimed therefore not only at
providing symptomatic relief, but also at improving
prognosis, in terms of both progression and mortality.
Reviews6,12-18 and guidelines5,7,8 about management have
been published; these are generally specific to heart failure
due to left ventricular systolic dysfunction. The manage-
ment of patients with preserved left ventricular ejection
fraction, or diastolic dysfunction, is less clear.8-11,19 In
theory, this should differ from systolic dysfunction, but
few trials have specifically studied such patients. While
many of the early drug trials were based on a clinical diag-
nosis of heart failure and may have included patients with
diastolic dysfunction, therapy for such patients is not es-
tablished and the following discussion is specific for pa-
tients with systolic dysfunction unless stated otherwise. 
Treatment involves non-pharmacological and pharmaco-
logical interventions. Any underlying cause or exacerbat-
ing factors should be corrected, and several general meas-
ures may be beneficial. Weight reduction should be
attempted in the overweight and moderate salt restriction
may be undertaken. In acute heart failure bed rest may be-
come necessary, but in controlled chronic heart failure ex-
ercise should be encouraged and specific exercise pro-
grammes may be of benefit.5,8,20,21 Immunisation with
influenza and pneumococcal vaccines is advised.5,7,8,19

Anaemia may be both a cause and a consequence of heart
failure and should be treated appropriately (see p.1042).
Drug therapy of heart failure is based on the use of diuret-
ics, ACE inhibitors or angiotensin II receptor antagonists,
and beta blockers; aldosterone antagonists, cardiac glyco-
sides, and vasodilators may also be used. Surgical inter-
ventions and implantable devices may have a role in
selected patients. 
Diuretics have been the mainstay in the treatment of heart
failure, and continue to have an important role. They pro-
vide very effective symptomatic control in patients with
peripheral or pulmonary oedema and rapidly relieve dysp-
noea. If symptoms of fluid retention are only mild, a thi-
azide diuretic, such as bendroflumethiazide or hydrochlo-
rothiazide, may be adequate. However, in most cases,
especially in moderate or severe fluid retention, a loop di-
uretic such as furosemide will be necessary. Combination
treatment with diuretics that behave synergistically by act-
ing at different sites (the principle of sequential nephron
blockade) may be needed in some patients, especially
when there is diuretic resistance.22 A loop diuretic with ei-
ther a thiazide or metolazone is often used,5,7,19 but severe
fluid and electrolyte disturbances may occur, particularly
with metolazone; loop diuretics with potassium-sparing
diuretics have also been used7 but should be reserved for
patients with hypokalaemia. Spironolactone is an aldoster-
one antagonist and has diuretic and possibly additional ef-
fects, as discussed below. 
However, diuretics are not a sufficient treatment on their
own as clinical stability tends to deteriorate over time. In
addition, although a meta-analysis23 has suggested that di-
uretics have beneficial effects on symptoms and mortality,
there have been no long-term trials assessing the effect of
diuretics on prognosis, and drugs that have been shown to
have a mortality benefit are also required. 
At all stages of chronic heart failure, ACE inhibitors given
orally produce additional clinical benefit to that seen with
diuretics. They relieve symptoms such as dyspnoea and
improve exercise tolerance. Studies have also shown that
ACE inhibitors improve survival and reduce the progres-
sion of mild or moderate heart failure to more severe
stages.24 ACE inhibitors may also be beneficial in asymp-
tomatic left ventricular dysfunction.25 The Studies of Left
Ventricular Dysfunction (SOLVD)26 trials indicated that
ACE inhibitors, in this case enalapril, might protect
against myocardial infarction, unstable angina, and cardiac
death in patients with either symptomatic or asymptomatic
heart failure. ACE inhibitors are therefore now
recommended7,8,19 in all patients with symptomatic heart
failure due to left ventricular systolic dysfunction, includ-
ing those whose symptoms are controlled with diuretic
therapy. Some guidelines7,8,19 recommend that ACE inhib-
itors should be given to all patients with significantly re-
duced left ventricular ejection fraction, whether or not they
have symptoms. Where tolerated, doses should be titrated
to those found to be effective in randomised trials, rather
than according to symptomatic response. 
ACE inhibitors have also been given to patients shortly af-
ter suffering myocardial infarction (p.1175) but before the

development of symptomatic heart failure and appear to be
beneficial. However, it is not yet clear which patients
should be given such therapy or when it should be started. 
The precise mode of action of ACE inhibitors in heart fail-
ure is not completely understood but appears to be a result
of both haemodynamic and neurohormonal mechanisms.
They are vasodilators and cause both arteriolar and venous
dilatation, mainly through reduction of angiotensin II for-
mation. They also attenuate the ventricular dilatation and
prevent the ventricular remodelling that develops after a
myocardial injury. It has also been suggested that they may
protect against the development of arrhythmias,27 al-
though this has not been confirmed.28 
Angiotensin II receptor antagonists have been investigat-
ed both as alternatives to ACE inhibitors, and also with
ACE inhibitors to provide more complete blockade of the
renin-angiotensin system. Although an early study29 sug-
gested that losartan improved mortality compared with
enalapril, this was not confirmed in the larger ELITE II
study,30 although losartan was found to be better tolerated.
Studies with losartan31 and valsartan32 in patients with
heart failure after myocardial infarction also failed to show
superiority over ACE inhibitors. However, there were gen-
erally fewer adverse effects with angiotensin II receptor
antagonists, and a further study33 found that candesartan
was of benefit in patients who could not take ACE inhibi-
tors. Guidelines therefore continue to recommend ACE in-
hibitors as first-line therapy, with angiotensin II receptor
antagonists as an alternative, particularly in those unable to
tolerate ACE inhibitors. 
Dual inhibition of the renin-angiotensin system using
ACE inhibitors and angiotensin II receptor antagonists to-
gether may be of benefit; both candesartan34 and
valsartan35 have been shown to reduce hospitalisation for
heart failure when added to ACE inhibitors, although the
effects on mortality are unclear. Although one study35 sug-
gested detrimental effects in patients who were also taking
beta blockers, this has not been confirmed. Use of ACE
inhibitors and angiotensin II receptor antagonists together
may therefore be considered in patients who remain symp-
tomatic despite standard therapy, including patients receiv-
ing beta blockers.7,8,19 
Beta blockers have negative inotropic properties and have
generally been contra-indicated in patients with heart fail-
ure. However, persistent activation of the sympathetic
nervous system is associated with disease progression and
the benefit of beta blockers in the long-term management
of heart failure is now established.36-39 It is not clear
whether all beta blockers are equally effective.40 Bisopro-
lol, carvedilol, and metoprolol have shown positive effects
on mortality and morbidity in patients with varying de-
grees of heart failure and are acceptable therapy, although
a meta-analysis41 in patients with mild to moderate heart
failure has suggested that vasodilating beta blockers such
as carvedilol have a greater effect on overall mortality than
those that do not produce vasodilatation. A large study42

comparing carvedilol with metoprolol also found a greater
mortality reduction with carvedilol, although the equiva-
lence of the doses used in the study has been questioned.43

Another beta blocker with vasodilator properties, nebivo-
lol, has shown benefit in elderly patients with heart fail-
ure.44 The role of beta blockers in severe heart failure is
less established; a study with bucindolol45 was stopped
early because no mortality benefit was found, although
carvedilol was found to reduce mortality in a similar
study.46 Beta blockers are now recommended5,7,8,19 in all
patients with clinically stable heart failure due to left ven-
tricular systolic dysfunction and should be given with
ACE inhibitors and diuretics. They must be introduced
cautiously since symptoms may initially worsen, but if tol-
erated the doses should then be titrated to those found to be
effective in randomised trials. Beta blockers also appear to
be of value in heart failure due to idiopathic dilated cardi-
omyopathy (see Cardiomyopathies, p.1163) and possibly
in isolated diastolic dysfunction. 
Although the precise neurohormonal mechanisms leading
to the development of heart failure are still not clear, there
is evidence that raised levels of aldosterone may contribute
to the pathophysiology.47 ACE inhibitor therapy suppress-
es aldosterone production but this effect is not complete
and aldosterone antagonists have therefore been studied
in combination with ACE inhibitors. In patients with se-
vere heart failure, addition of low-dose spironolactone to
ACE inhibitors and loop diuretics reduced the risk of death
or hospitalisation.48 Another aldosterone antagonist, epler-
enone, has shown benefit49 in patients with heart failure
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after myocardial infarction. Guidelines7,8,19 therefore rec-
ommend that aldosterone antagonists may be added to
standard therapy in patients with severe heart failure, and
in patients with heart failure after myocardial infarction. In
patients with less severe heart failure, their role remains to
be established, although a small study50 has suggested that
spironolactone may be of benefit. However, adverse ef-
fects may limit use, and all patients taking spironolactone
with ACE inhibitors must have their plasma-potassium
concentrations closely monitored. 
Cardiac glycosides such as digoxin or digitoxin have an
extremely long history in the management of heart failure.
They are positive inotropes and increase the contractility
of the heart thereby increasing cardiac output. Additional
effects in heart failure appear to be due to neuroendocrine
suppression such as inhibition of the sympathetic nervous
system and indirect arterial vasodilatation. 
The benefit of cardiac glycosides in heart failure accompa-
nied by atrial fibrillation is not disputed although beta
blockers are generally preferred. However, their role in pa-
tients with sinus rhythm has been debated. There is evi-
dence that withdrawal of digoxin from patients taking diu-
retics (the PROVED trial)51 or ACE inhibitors (the
RADIANCE study)52 carries a considerable risk of clinical
deterioration, and patients stable on such combinations
should therefore be continued on them. However, the large
DIG study53 found that, while addition of digoxin to diu-
retics and ACE inhibitors improved symptoms, there was
no effect on mortality, and a systematic review54 came to a
similar conclusion. The role of digoxin therefore appears
to be limited, although it may be used in patients who re-
main symptomatic despite ACE inhibitor, diuretic, and
beta-blocker therapy.5,7,8,19 
Various vasodilators have been studied in heart failure.
There appears to be no specific role for direct-acting
vasodilators, but some benefit has been reported with a
combination of isosorbide dinitrate and hydralazine. The
rationale for using them together has been that nitrates pro-
duce a predominantly venous dilatation whereas hydrala-
zine produces arterial vasodilatation, although other mech-
anisms may also be involved. Used together, they alleviate
peripheral vasoconstriction and produce symptomatic
control, including a benefit on exercise tolerance, but are
of somewhat limited efficacy in long-term control. A mod-
est improvement in long-term survival has been noted but
this effect is less than that seen with ACE inhibitors. Sub-
group analysis suggested that the effect might be greater in
black patients, and a later study55 in black patients found
that addition of isosorbide dinitrate and hydralazine to
standard therapy improved both morbidity and mortality.
Use of isosorbide dinitrate with hydralazine may be con-
sidered in patients with left ventricular dysfunction who
are unable to tolerate ACE inhibitors or angiotensin II
receptor antagonists;8 they may also be used as adjuncts in
patients who remain symptomatic despite therapy with
ACE inhibitors, diuretics, beta blockers, and digoxin. 
Calcium-channel blockers, like beta blockers, have gen-
erally been contra-indicated in heart failure because of
their negative inotropic activity. Despite this, their use as
adjuncts has been investigated but studies have failed to
show any additional benefit in patients given standard
therapy for heart failure. However, in both the PRAISE
study56 (using amlodipine) and the V-HeFT III study57 (us-
ing felodipine), no adverse effect on morbidity or mortality
was found. Amlodipine or felodipine might therefore be
suitable as a treatment for angina or hypertension in pa-
tients with heart failure, although experience is limited
with felodipine in severe heart failure. 
Phosphodiesterase inhibitors act as both positive ino-
tropes and vasodilators, a combination of mechanisms that
appears particularly attractive in heart failure. Short-term
use improves haemodynamic variables, and intravenous
amrinone or milrinone may have a role in patients with
severe heart failure unresponsive to other treatment. How-
ever, studies with long-term oral phosphodiesterase inhib-
itors have generally been disappointing. A systematic
review58 found that treatment with oral phosphodiesterase
inhibitors was associated with a significant increase in
mortality in patients with heart failure, and their use is not
therefore recommended. 
Antiarrhythmics are not routinely used in heart failure
since many have a negative inotropic effect. However,
sudden deaths in patients with severe heart failure have
been attributed to ventricular arrhythmias,59 and anti-
arrhythmics such as amiodarone, which is not a negative
inotrope, have therefore been tried. A meta-analysis60 of 5

studies involving 1452 patients with symptomatic com-
pensated heart failure indicated that amiodarone reduced
the rate of arrhythmic or sudden death in high-risk patients
and that this resulted in an overall reduction in mortality,
but a later study61 in mild to moderate heart failure found
no survival benefit. Adverse effects may also limit the use
of amiodarone, and it is currently only recommended in
patients who also have symptomatic arrhythmias. Implant-
able devices may be an alternative. A reduction in mortal-
ity has been shown61 with use of implantable cardioverter-
defibrillators. Resynchronisation therapy using biventricu-
lar pacemakers improves symptoms and reduces mortality
from progressive heart failure, although a meta-analysis62

found that the effect on overall mortality was not signifi-
cant. Both implantable cardioverter-defibrillators and re-
synchronisation therapy may therefore be considered in
selected patients,5,7,8,19 and there is evidence that they may
be used safely together.63 
The risk of thromboembolism is increased in heart failure,
but the role of routine antithrombotic therapy is unclear.64

Anticoagulants should be given to patients who have addi-
tional indications, such as atrial fibrillation. The use of
aspirin in heart failure has been controversial, since there
has been some suggestion that it might reduce the benefit
of ACE inhibitors. However, such an effect has not been
confirmed and guidelines5,7 therefore recommend that
aspirin should be given to heart failure patients with appro-
priate indications, such as atherosclerosis. 
Miscellaneous drugs targeting a number of mechanisms
have been tried in heart failure, but in most cases results
have been disappointing, and toxicity and increased mor-
tality have also been seen. Flosequinan, an arterial and ve-
nous vasodilator, and epoprostenol, a prostaglandin that
causes vasodilatation, have both been associated with in-
creased mortality. Oral sympathomimetic inotropes in-
cluding xamoterol, a partial β1-adrenoceptor agonist, and
ibopamine, an oral dopamine agonist, have similarly pro-
duced negative effects. Increased mortality has also been
reported with long-term intermittent dobutamine infu-
sions, although a small study65 suggested that survival
might be increased if patients were also given amiodarone.
Moxonidine, a centrally-acting antihypertensive, has also
been associated with increased mortality. Endothelin an-
tagonists such as bosentan appear to be ineffective.66 Dis-
appointing results have also been reported67 with tumour
necrosis factor antagonists such as etanercept and inflixi-
mab, and there have been reports68 of exacerbation of heart
failure in some patients. 
Other approaches that have been tried include inhibition of
neutral endopeptidase, the enzyme that inactivates atrial
natriuretic peptide, with drugs such as candoxatril. Oma-
patrilat, a dual inhibitor of endopeptidase and angiotensin-
converting enzyme, has shown some benefit,69 but adverse
effects may limit its use. Vasopressin antagonists, such as
conivaptan and tolvaptan, are also under investigation.
Positive haemodynamic effects have been reported with
growth hormone, although further studies are needed.70

There is also some evidence that statins may be of bene-
fit.71,72 
Many patients with chronic heart failure have exacerba-
tions of their condition (decompensated heart failure) re-
quiring hospitalisation.73,74 Guidelines for treatment are
limited.75,76 Patients with peripheral or pulmonary oedema
due to fluid overload may need intravenous diuretics. In-
travenous vasodilators reduce cardiac filling pressure and
increase cardiac output and may be needed if symptoms
are severe or there is an inadequate response to diuretics.
Intravenous nitrates are often used; nesiritide, a natriuretic
peptide with vasodilator properties, is an alternative, al-
though its effects on mortality are controversial.77 If cardi-
ac output is low, intravenous inotropes, such as dob-
utamine or milrinone, may be required. Levosimendan, a
calcium-sensitiser with both vasodilator and inotropic ac-
tions, may also be used. Patients who cannot be weaned
from intravenous inotropes may require long-term contin-
uous infusions, either as palliative therapy or as a bridge to
transplantation, but regular intermittent infusions may in-
crease mortality and are not generally recommended.19 
Some patients with refractory heart failure may be suit-
able for surgical management. Heart transplantation is the
optimum surgical therapy but availability is limited and
various alternatives have been tried.78 Left ventricular
assist devices may be useful as a bridge to recovery or
transplantation, but are not yet established for long-term
use. Revascularisation or mitral valve repair may have a
role in selected patients, but procedures to augment the

heart muscle or reduce ventricular dilatation are not gener-
ally recommended since there is limited evidence to sup-
port their use.7
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High-altitude disorders
Rapid ascent (ascent without time to acclimatise) to high
altitudes may produce a spectrum of illness (altitude ill-
ness) ranging from the usually benign acute mountain
sickness to life-threatening pulmonary oedema and cere-
bral oedema. Factors influencing the development of alti-
tude illness include rate of ascent, altitude attained, sleep-
ing altitude, and length of stay at altitude. Individual
susceptibility is also an important factor. Symptoms of al-
titude sickness are common at altitudes above 2500 metres
(8125 feet), although susceptible individuals may be af-
fected at altitudes as low as 2000 metres (6500 feet).1-3 Re-
ported incidences at higher altitudes vary, but in general
symptoms occur in about 50% of people ascending rapidly
to altitudes of over 4000 metres (13 000 feet) and in about
75% of people at 4500 metres (14 625 feet); they are se-
vere (pulmonary oedema or cerebral oedema) in about 4%. 
Symptoms of acute mountain sickness include head-
ache, which is worse in the supine position, nausea, vom-
iting, anorexia, lethargy, insomnia, and dizziness. These
may develop during ascent, but characteristically occur 6
to 48 hours after arrival at altitude. They are usually short-
lived and resolve after a few days at altitude. In a very few
people symptoms persist for longer. Chronic mountain
sickness, characterised by persistent severe hypoxia and
polycythaemia, may develop during prolonged residence
at high altitude. The discussion that follows is limited to
management of the acute forms. A small proportion of
people with acute mountain sickness suddenly deteriorate
and develop pulmonary oedema or cerebral oedema, both
of which may be life-threatening. Occasionally, pulmo-
nary or cerebral oedema develops without symptoms of
acute mountain sickness. Symptoms of pulmonary oede-
ma include rapid onset of breathlessness and tachypnoea
at rest, and a dry cough which may develop into haemopt-
ysis. Symptoms of cerebral oedema include increasing
headache, ataxia, mental disturbances, drowsiness and
eventually coma. Pulmonary and cerebral oedema fre-
quently occur together. 
The pathogenesis of altitude illness is not fully under-
stood, and it is not known whether the mechanisms of
acute mountain sickness and pulmonary or cerebral oede-
ma differ in nature or merely degree. Hypoxia, a result of
the reduced partial pressure of oxygen at high altitudes, is
considered the primary stimulus in the development of al-
titude illness.1-4 When ascent to high altitudes occurs grad-
ually, the bicarbonate concentration and the pH of extra-
cellular fluid fall progressively. The falling pH increases
the sensitivity of chemoreceptors to hypoxia and so per-
mits greater ventilation, thus allowing acclimatisation.
Rapid ascent to high altitudes does not allow time for these
changes to occur and although the hypoxia stimulates hy-
perventilation, it produces a respiratory alkalosis which
limits the ventilatory response to hypoxia. The hypoxae-
mia produced leads to neurohumoral and haemodynamic
changes that ultimately result in the symptoms of altitude
illness.1 Symptoms are often worse at night when ventila-
tion is reduced leading to a worsening of the hypoxaemia. 
Prophylaxis. Altitude illness may be avoided by ascend-
ing to high altitudes slowly and thereby allowing time for
acclimatisation. This may be achieved by spending several
days at 1500 to 3000 metres and avoiding strenuous phys-
ical activity, thus allowing the body to adapt to the reduced
oxygen pressure and to ascend above 3000 metres without
sickness. Acclimatisation may also be achieved when go-
ing above 3000 metres by increasing the sleeping altitude
by no more than 300 to 600 metres a day and by adding a
rest day for every 1000 metres climbed;1,2,4 slower rates of
ascent than this have also been advised. 
However, when time for acclimatisation is limited or when
abrupt arrival at high altitude (for instance by air) cannot
be avoided, drug prophylaxis may be considered. Prophy-
laxis should also be considered for those individuals who

have developed symptoms on ascending to high altitudes
on previous occasions. 
Acetazolamide is the most frequently used drug1-4 and has
been shown5,6 to effectively reduce the frequency of symp-
toms, although the optimum dose is not clear. It produces
a mild metabolic acidosis which has the effect of stimulat-
ing chemoreceptors to produce an increase in the rate of
respiration and tidal volume, and it therefore accelerates
the process of acclimatisation. Although acetazolamide
has diuretic actions it does not prevent fluid retention or
prevent or protect against pulmonary or cerebral oedema.
It improves sleep hypoxaemia and quality of sleep, reduces
proteinuria, improves exercise performance, and reduces
loss of muscle mass, probably by improving oxygen sup-
ply to the tissues.7 Acetazolamide should be taken on the
day of ascent or 1 or 2 days before ascent to altitudes above
3000 metres, and continued for several days at the higher
altitudes.1,4 However, there has been concern that the use
of acetazolamide to prevent symptoms of acute mountain
sickness may encourage too rapid an ascent and perhaps
increase the risk of developing pulmonary or cerebral
oedema.7 
Dexamethasone has also been shown5 to be effective in the
prevention of acute mountain sickness. The rationale for
its use is to control the mild cerebral oedema thought to
contribute to the symptoms of acute mountain sickness, al-
though it has also been shown to prevent the development
of pulmonary oedema.8 However, as the adverse effects
associated with dexamethasone are more severe than those
associated with acetazolamide, it is not considered suitable
for routine prophylaxis; it may have a role if acetazolamide
is unavailable or contra-indicated.1,2,4 If it is used, dexam-
ethasone should be started a few hours before ascent;4 ad-
verse effects may be fewer if the dose is tapered before
stopping.5 
Nifedipine has been shown to lower pulmonary artery
pressure and to protect against pulmonary oedema in peo-
ple susceptible to the development of pulmonary symp-
toms at altitude9 but is not usually recommended for
prophylaxis due to the risk of adverse effects. 
Other drugs that have shown some benefit in small studies
include spironolactone,5 sildenafil,10,11 and sumatriptan.12

Ginkgo biloba has also been used, but a randomised trial6
found no benefit. A study13 with inhaled salmeterol sug-
gested that it reduced the risk of pulmonary oedema in
people considered to be at high risk, while tadalafil re-
duced the risk of pulmonary oedema but did not prevent
acute mountain sickness.8 Aspirin was reported14 to reduce
the incidence of headache in a small study in people with
a history of headache at high altitude. 
Treatment. Once symptoms of altitude illness develop the
course of action should be determined by the severity and
nature of the symptoms. 
When symptoms are mild and are not suggestive of pul-
monary or cerebral oedema, rest and mild analgesics for
headache are usually all that is required; symptoms resolve
within a few days and further ascent is possible.1,2,4 Aceta-
zolamide may have some benefit in relieving symp-
toms1-3,15 although studies have been small. If mild symp-
toms of pulmonary oedema are present, such as dyspnoea
and cough, rest with supplementary oxygen and further
oxygen at night may resolve the symptoms and allow fur-
ther ascent; however signs and symptoms at altitude may
be confusing and it is always safest to descend. The use of
hypnotics at altitude is not generally advised since there is
a risk that respiratory depression may further reduce oxy-
gen saturation. However, a small study16 using the short-
acting benzodiazepine temazepam reported that sleep
quality was improved without an alteration in mean oxy-
gen saturation. 
When symptoms are moderate to severe, and are progress-
ing or suggestive of cerebral oedema, immediate descent
is necessary.1-4 Descending by as little as 400 to
500 metres is beneficial. Various drugs and therapies have
been given to alleviate symptoms and to facilitate descent
and should also be used when immediate descent is not
possible. For example, dexamethasone can reduce the
symptoms of acute mountain sickness and might be used
in emergencies.17,18 Portable hyperbaric chambers are
available19 and provide rapid but short-term improvement.
They may be useful in combination with dexamethasone,
which has a more sustained effect.20 
If pulmonary oedema is present, oxygen, which relieves
hypoxia and reduces pulmonary hypertension, should be
given;1-4 nifedipine, which suppresses the exaggerated hy-
poxic pulmonary vasoconstrictor response seen in people
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with pulmonary oedema, has provided benefit.21 Positive-
pressure expiration may also be useful;2 it has the effect of
increasing oxygen saturation and partial pressure of car-
bon dioxide at altitude. Inhalation of nitric oxide has also
been reported to improve oxygenation but use may not be
feasible at altitude.22 
People with cerebral oedema should be given dexametha-
sone and oxygen therapy.3
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Hyperlipidaemias
Hyperlipidaemia results from a disorder in the synthesis
and degradation of plasma lipoproteins. Although the
main concern has generally been the overall elevation of
plasma lipids (hyperlipidaemia), it is now increasingly rec-
ognised that the balance of lipids in the plasma is also im-
portant, and the term dyslipidaemia is often used. Dyslipi-
daemias have genetic and other causes, and are often
associated with a high-fat diet. Although patients with hy-
perlipidaemia may have symptoms that require treatment,
the major concern is their increased risk of ischaemic heart
disease. 
The lipids that are of relevance in hyperlipidaemias are
cholesterol, an essential component of cell membranes and
a precursor of steroid hormone synthesis, and triglyceride,
an important energy source. They are transported in the
blood as lipoproteins. 
Lipoproteins are complex particles1,2 comprising a hy-
drophilic coat of phospholipids, free cholesterol, and spe-
cific polypeptides termed apolipoproteins (apoproteins)
around a core of varying proportions of triglyceride and
cholesterol (present as cholesteryl ester). The lipoproteins
are characterised by their density, which in general in-
creases as they are metabolised and the proportion of
cholesteryl ester to triglyceride increases. Table 1, below,
lists the principal lipoproteins and their associated lipids.
The lowest density lipoproteins are the chylomicrons
which transport triglyceride derived from dietary fat, and
the VLDL (very low-density lipoproteins; pre-β lipopro-
teins) which transport endogenous triglyceride mainly
synthesised in the liver, to peripheral tissues. The triglyc-
eride is hydrolysed in the peripheral tissues by lipoprotein
lipase, which is activated by apolipoprotein CII present in
the lipoproteins. Both chylomicrons and VLDL are pro-
gressively depleted of triglyceride, yielding increasingly

dense lipoprotein particles termed ‘remnant’ particles.
Chylomicron remnants are cleared rapidly from plasma by
the liver where they are metabolised, releasing free choles-
terol. VLDL remnants, which include IDL (intermediate-
density lipoproteins; broad β-lipoproteins), may also be
cleared by the liver or converted to LDL (low-density
lipoprotein; β-lipoprotein). HDL (high-density lipopro-
teins; α-lipoproteins) are synthesised in the liver and small
intestine and have a role in the transport of cholesterol
from the peripheral tissues back to the liver, where it is
either utilised or excreted in the bile as bile acids and unes-
terified cholesterol. The majority is reabsorbed from the
intestines and a small proportion is excreted in the faeces. 
Defining hyperlipidaemia is difficult due to the marked
variation in lipid concentrations between different popula-
tions. Apparently ‘normal’ lipid concentrations may still
be associated with a significant risk of cardiovascular dis-
ease, and this may depend on which lipids are affected. Ep-
idemiological data show a progressive and continuous re-
lationship between plasma-cholesterol concentrations and
mortality from ischaemic heart disease. The Framingham
Study3 found a 9% increase in death from cardiovascular
disease for each 10 mg/dL (0.26 mmol/litre) rise in total
plasma-cholesterol concentration. Plasma-cholesterol
concentrations of 5.2 mmol/litre (200 mg/dL) or less are
associated with a low risk of ischaemic heart disease. The
increased risk is due mainly to raised LDL-cholesterol. In
contrast, HDL-cholesterol is inversely associated with is-
chaemic heart disease. Low plasma concentrations of
HDL-cholesterol (below 1 mmol/litre or 40 mg/dL) are
generally associated with increased risk of ischaemic heart
disease, whereas high concentrations are protective.4
There also appears to be an association between plasma-
triglyceride concentrations and risk of ischaemic heart dis-
ease.5 Some triglyceride-rich lipoproteins such as chylom-
icron remnant particles and IDL are atherogenic and the
risk of heart disease increases as triglyceride concentra-
tions increase in patients who also have high total choles-
terol and low HDL-cholesterol concentrations. Hypertrig-
lyceridaemia alone (greater than 2.3 mmol/litre or
200 mg/dL) may be an independent risk factor for ischae-
mic heart disease, but any clinical benefit from interven-
tion to lower triglyceride levels is yet to be established.6
However, the absolute risk for any individual also depends
on other cardiovascular risk factors, including smoking
and hypertension, and treatment decisions should in gener-
al be based on assessment of overall risk (see Cardiovas-
cular Risk Reduction, p.1164). 
Hyperlipidaemias may result from a number of underlying
defects and various methods have been used for classifica-
tion.7 A simple system is to divide them on the basis of
whether raised serum cholesterol (hypercholesterolae-
mia), triglyceride (hypertriglyceridaemia), or both (mixed
or combined hyperlipidaemia) is the predominant abnor-
mality. Alternatively, the Frederickson/WHO method (see
Table 2, below) describes them in terms of the lipoprotein
abnormality (hyperlipoproteinaemia), although this is less
useful clinically. Within these systems, primary hyperlipi-
daemias are those with an underlying genetic defect,
whereas secondary hyperlipidaemias are caused by anoth-
er disease state or by drug therapy. Primary and secondary
causes of hyperlipidaemia may co-exist. 
Primary hyperlipidaemias (see Table 3, p.1170) may be
monogenic, relating to a single genetic defect, but much
more commonly they are due to the interaction of a
number of genes with dietary and other factors (polygen-
ic). Individuals with common, polygenic (multifactorial)
hypercholesterolaemia tend to have only mild or moderate

elevations of plasma-cholesterol, whereas those with
monogenic hyperlipidaemias tend to have much higher
plasma-lipid concentrations. 
Secondary hyperlipidaemias may have various causes.
Diseases producing hypertriglyceridaemia include diabe-
tes mellitus, chronic renal failure, and bulimia. Hypercho-
lesterolaemia can occur in hypothyroidism, nephrotic syn-
drome, biliary obstruction, and anorexia nervosa. Drugs
that may produce hypertriglyceridaemia and/or hypercho-
lesterolaemia include thiazide diuretics (in high doses),
beta blockers, corticosteroids, and antivirals in patients
with HIV infection. Excessive alcohol intake may produce
elevated plasma-triglyceride concentrations. 
The degree of hyperlipidaemia seen in patients with either
primary or secondary hyperlipidaemia is influenced by
various factors, including, importantly, diet. A diet rich in
saturated fat and cholesterol and poor in fibre can produce
hypercholesterolaemia. Obesity further predisposes to hy-
perlipidaemia. Other factors that may influence lipid con-
centrations include pregnancy, lack of exercise, and smok-
ing. After myocardial infarction cholesterol levels may be
temporarily reduced for several weeks; therefore, to meas-
ure the patient’s usual level of cholesterol, blood samples
should be taken within a few hours of the infarction. 
The majority of people with hyperlipidaemia have plasma-
lipid concentrations that are only mildly or moderately el-
evated, and they exhibit no clinical symptoms. At the oth-
er end of the spectrum, severe hypercholesterolaemia can
cause tendon, tuberous, or planar xanthomas, xanthelas-
ma, and arcus corneae; it is also associated with an in-
creased risk of ischaemic stroke. Severe hypertriglyceri-
daemia can cause acute severe abdominal pain due to
pancreatitis; hepatic and splenic enlargement, eruptive
xanthomas, and lipaemia retinalis may also occur. Howev-
er, the main concern in patients with hyperlipidaemias is
the increased risk of ischaemic heart disease. In patients
with very severe hypercholesterolaemia, such as familial
hypercholesterolaemia, this may occur at a very young
age; in those with the heterozygous form onset of heart dis-
ease during their 20s or 30s is not unusual, and in the rarer
homozygous form ischaemic heart disease may develop
by the age of 10. 
Treatment of hyperlipidaemias. In patients with clinical
symptoms, treatment is indicated to promote the regres-
sion or non-progression of disfiguring xanthomas, or to
prevent attacks of acute pancreatitis in those with severe
hypertriglyceridaemia. The main aim of treatment, howev-
er, particularly in patients with only mildly elevated lipids,
is to reduce the risk of ischaemic heart disease.1,8-12 
Since the relationship between plasma-cholesterol con-
centrations and ischaemic heart disease is continuous, the
level at which treatment with lipid regulating drugs should
be started has been widely debated. Guidelines recom-
mend that the decision to treat should be based on the over-
all risk profile of the patient and that other risk factors

Table 2. Classification of hyperlipoproteinaemias.

Plasma lipids affected

WHO classification Lipoproteins elevated Cholesterol Triglyceride

I
IIa
IIb
III

IV
V

Chylomicrons
LDL
LDL and VLDL
VLDL with abnormally high 
cholesterol content

VLDL
Chylomicrons and VLDL

Normal or elevated
Elevated
Elevated
Elevated

Normal or elevated
Elevated

Elevated
Normal
Elevated
Elevated

Elevated
Elevated

Table 1. Principal lipoproteins and associated lipids.

Lipoprotein Lipid

Chylomicron
VLDL
IDL
LDL
HDL

Triglyceride
Triglyceride
Cholesterol and triglyceride
Cholesterol
Cholesterol
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should also be treated (see Cardiovascular Risk Reduction,
p.1164). Specifically, British guidelines13 advise that all
high-risk patients should have drug therapy, including pa-
tients with established cardiovascular disease, most dia-
betics, patients with a ratio of total plasma cholesterol to
HDL-cholesterol 6.0 or higher, and those with familial dy-
slipidaemias. In all cases, the target for therapy is total cho-
lesterol below 4.0 mmol/litre and LDL-cholesterol below
2.0 mmol/litre; alternatively, a 25% reduction in total cho-
lesterol and a 30% reduction in LDL-cholesterol should be
the target if this results in a lower concentration. European
guidelines14 suggest that diabetics and patients with
established cardiovascular disease should have a target of
total cholesterol below 4.5 mmol/litre (and below
4.0 mmol/litre if feasible) and LDL-cholesterol below
2.5 mmol/litre (and below 2.0 mmol/litre if feasible); pa-
tients with total cholesterol above 8 mmol/litre or LDL-
cholesterol above 6 mmol/litre should be treated irrespec-
tive of their other risk factors. US guidelines2,15 suggest
that drug treatment should be considered if the LDL-cho-
lesterol level is 190 mg/dL or higher. For patients with 2 or
more risk factors, drug therapy should be considered if the
LDL-cholesterol is 160 mg/dL or higher, and for those
with existing cardiovascular disease, diabetes mellitus, or
particularly high risk, drug therapy should be considered if
LDL-cholesterol is 130 mg/dL or higher. The US guide-
lines also give target LDL-cholesterol levels of less than
160 mg/dL, less than 130 mg/dL, and less than
100 mg/dL, respectively, for the three risk groups. Howev-
er, it has been suggested16 that treatment may be appropri-
ate in some very high risk patients at LDL-cholesterol con-
centrations below 100 mg/dL and that a goal of below
70 mg/dL may be reasonable; others consider that there is
little good clinical evidence to support such targets.17 Al-
though low HDL-cholesterol is an additional risk factor,
the benefits of raising HDL-cholesterol are not established
and no target is therefore specified in the current guide-
lines. 
The main methods of treating hyperlipidaemias are dietary
and lifestyle changes and the use of lipid regulating
drugs.2,13-15 Some surgical and other procedures may also
be used in familial hypercholesterolaemia (see below). 
Dietary therapy should be started in all patients with hy-
perlipidaemia with the aim of weight reduction in the
obese and a reduction in total fat intake. Dietary
recommendations13,15 include a reduction in saturated fat-
ty acids, restriction of trans fatty acids, increased con-
sumption of fish or other sources of long-chain n-3 poly-
unsaturated fatty acids, and increased intake of fruit and
vegetables; the intake of cholesterol and n-6 polyunsatu-
rated fatty acids should be restricted. Increased physical
exercise is also recommended. Moderation of alcohol in-
take is advised, particularly in patients with hypertriglyc-
eridaemia, in whom alcohol may precipitate pancreatitis.
However, more rigorous diet than that often recommended
may be necessary for diet alone to be of much value,18 and
most patients will require drug therapy to achieve target
lipid concentrations. Patients at low cardiovascular risk
should have a trial of dietary therapy before drugs are start-
ed, but in those with established cardiovascular disease or
major risk factors drug therapy and dietary changes may
be started at the same time. 
The principal groups of lipid regulating drugs (hypolipi-
daemic drugs) are the statins, fibric acid derivatives and
related compounds, bile-acid binding resins, nicotinic acid

and its derivatives, the omega-3 marine triglycerides, and
ezetimibe.1,10-12,19,20 Statins (HMG-CoA reductase inhibi-
tors) reduce cholesterol by stimulating an increase in LDL-
receptors on hepatocyte membranes, thereby increasing
the clearance of LDL from the circulation. Their main ef-
fect is to reduce LDL-cholesterol, but they may also re-
duce triglycerides to a modest extent and increase HDL-
cholesterol. They are generally considered to be the most
effective lipid lowering drugs. Fibrates inhibit the synthe-
sis of cholesterol and bile acids, and enhance the secretion
of cholesterol in bile. Their main effect is to reduce triglyc-
erides by reducing the concentration of VLDL; they also
increase HDL-cholesterol and have variable effects on
LDL-cholesterol. They are used mainly in patients with
hypertriglyceridaemia. Bile-acid binding resins lower cho-
lesterol by combining with bile acids in the gastrointestinal
tract and preventing their reabsorption. This leads to an in-
creased oxidation of cholesterol to replace the lost bile ac-
ids, and an increase in LDL-receptor synthesis on hepato-
cytes, resulting primarily in a reduction of LDL-
cholesterol. Nicotinic acid inhibits production of VLDL in
the liver; it lowers LDL-cholesterol and triglycerides and
increases HDL-cholesterol, but adverse effects may limit
its use. Omega-3 fatty acids primarily reduce triglycerides.
Ezetimibe is a cholesterol absorption inhibitor and reduces
intestinal absorption of both dietary and biliary cholester-
ol.21 Dietary supplements containing soluble fibre, such as
guar gum or ispaghula, or plant stanols or sterols, may also
be used to reduce cholesterol absorption; garlic prepara-
tions and other supplements have also been used, although
their role is not established.22 Other drugs that have been
tried include cholesteryl ester transfer protein inhibitors,
which increase HDL; however, they have not yet been
shown to have clinical benefits,23 and development of
torcetrapib was stopped as it was found to increase mortal-
ity. In postmenopausal women, oestrogen therapy reduces
lipid concentrations, but the adverse effects may outweigh
any benefit (see Effects on the Cardiovascular System,
p.2073); soya protein may have a similar effect. 
Choice of therapy ideally depends upon the lipid profile
of the individual patient since the drug groups differ in
their effects on the different lipid components. In practice,
most patients have common, polygenic hypercholestero-
laemia, and can be treated effectively with statins as first-
line therapy. Bile-acid binding resins or nicotinic acid may
be alternatives, but are generally less well tolerated.
Ezetimibe or fibrates may also be used, but are generally
only recommended when patients are unable to take stat-
ins.24,25 Combination therapy may be required in some pa-
tients to reach target lipid concentrations, but the risk of
adverse effects is increased in patients taking statins and
fibrates together (see Effects on Skeletal Muscle under
Adverse Effects of Simvastatin, p.1391). In patients with
hypertriglyceridaemia, statins or fibrates may be used, al-
though fibrates should only be given first-line in severe,
isolated hypertriglyceridaemia;25 resins should not be used
alone since they may increase triglyceride concentrations. 
Patients with the less common familial dyslipidaemias26

generally have higher lipid concentrations and require
more intensive therapy. Specific treatment strategies are as
follows: 
• FAMILIAL HYPERCHOLESTEROLAEMIA. Patients with famil-

ial hypercholesterolaemia usually have very high plas-
ma-cholesterol concentrations, which rarely respond
adequately to diet alone and drug therapy is therefore

often necessary in this high-risk group. Aggressive ther-
apy may lead to regression of atherosclerotic lesions.27

The first-line drugs are the statins. In severe cases com-
bination therapy is usually required, such as a statin with
a bile-acid binding resin, ezetimibe, or nicotinic acid. A
low dose of the bile-acid binding resin may be suffi-
cient. In the homozygous form of familial hypercholes-
terolaemia there may be a complete lack of functional
LDL-receptors and drugs that act by increasing LDL-
receptors, such as statins and bile-acid binding resins,
may be less effective. However, statins may be useful as
adjunctive therapy in those patients who have some
LDL-receptor function. In some forms of familial hy-
percholesterolaemia, and where plasma-cholesterol
concentrations are very high, plasma-triglyceride con-
centrations may also be raised. In these cases a fibric
acid derivative or nicotinic acid may be effective, and in
more severe cases the combination of a bile-acid bind-
ing resin together with a fibric acid derivative or a statin
may be used. In patients with the homozygous form liv-
er transplantation is the most definitive treatment. Plas-
ma exchange (weekly or fortnightly) or more selective
procedures such as LDL apheresis, including the use of
heparin to precipitate LDL (the HELP system—
Heparin Extracorporeal LDL Precipitation) may also be
used in combination with lipid regulating drugs. Gene
therapy is under investigation as a treatment for familial
hypercholesterolaemia. 

• FAMILIAL HYPERTRIGLYCERIDAEMIA. In patients with
familial hypertriglyceridaemia dietary therapy is gener-
ally adequate, but drugs may be required if there is a
high risk of acute pancreatitis or if there is a family his-
tory of atherosclerosis. The risk of acute pancreatitis is
high when plasma-triglyceride concentrations are above
20 mmol/litre. Nicotinic acid or the fibric acid deriva-
tives, particularly gemfibrozil, are generally recom-
mended and may be used in combination in severe cas-
es. Omega-3 marine triglycerides may also be of value.
In severe intractable hypertriglyceridaemia, particularly
type V hyperlipoproteinaemia, norethisterone has been
suggested for women or oxandrolone for men. 

• FAMILIAL COMBINED HYPERLIPIDAEMIA. Drug therapy
may be used in patients who do not respond to dietary
therapy alone. The choice will depend on the predomi-
nant lipid abnormality. A statin is the first choice, partic-
ularly in cases where hypercholesterolaemia is predom-
inant. A fibric acid derivative may be used when
hypertriglyceridaemia predominates, and nicotinic acid
is useful where plasma concentrations of triglyceride
and cholesterol are raised to a similar degree. Bile-acid
binding resins should not be used alone since they can
aggravate hypertriglyceridaemia, but they may be use-
ful with a triglyceride-lowering drug in some patients.
Treatment with a combination of drugs that lowers both
cholesterol and triglyceride concentrations may be re-
quired in some patients especially in those with marked-
ly raised plasma concentrations of triglyceride or cho-
lesterol, as treatment of these patients with drugs
effective against only the predominant lipid may pro-
duce a rise in the plasma-concentrations of the other
lipid. The choice of treatment in these cases is largely
empirical as responses are not always predictable in
individual patients. 

• FAMILIAL DYSBETALIPOPROTEINAEMIA (remnant hyperli-
poproteinaemia; remnant particle disease). In this lipid

Table 3. Primary hyperlipidaemias.

Lipoprotein Abnormality Typical lipid concentrations (mmol/L)

(WHO type) Prevalence Cholesterol Triglyceride Risk of IHD Pancreatitis

Common (polygenic) 
hypercholesterolaemia

Familial hypercholesterolaemia
Familial hypertriglyceridaemia
Familial combined hyperlipidaemia
Familial dysbetalipoproteinaemia or 

remnant hyperlipoproteinaemia
Abnormal lipoprotein lipase function

IIa or IIb

IIa or IIb
IV or V
IIa, IIb, IV, or V
III

I

Very common

Moderately common
Common
Common
Uncommon

Rare

6.5 to 9.0

7.5 to 16.0
6.5 to 12.0
6.5 to 10.0
9.0 to 14.0

< 6.5

< 2.3

< 2.3
10 to 30
2.3 to 12.0
9.0 to 14.0

10.0 to 30.0

+

+++
?

++
++

–

–

–
++
–
+

+++

+ = elevated risk; – = no risk; ? = uncertain risk; IHD = ischaemic heart disease
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disorder the degree of hyperlipidaemia is usually severe
and, although it may respond remarkably to dietary ther-
apy, drug treatment is usually necessary. Fibric acid de-
rivatives, statins, or nicotinic acid may be used. 

• ABNORMAL LIPOPROTEIN LIPASE FUNCTION (chylomicro-
naemia). Drug therapy is largely ineffective, although fi-
brates and nicotinic acid may have modest effects. The
condition is treated with severe restriction of dietary fat;
the diet may be supplemented by medium-chain triglyc-
erides to improve tolerability, but their value is contro-
versial.8
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Hypertension
Hypertension, particularly essential or primary hyperten-
sion, is widespread. Although it is usually asymptomatic,
hypertension is a major risk factor for cardiovascular
morbidity and mortality, especially that associated with
stroke, and control of hypertension is therefore a major
aspect of cardiovascular risk reduction. National1-3 and
international4,5 guidelines on management have been pub-
lished, but several areas of controversy remain,6,7 and in

many patients hypertension continues to be difficult to
treat.8 
Definitions. The term blood pressure generally means ar-
terial blood pressure, that is, the pressure of the blood on
artery walls. It is usually measured indirectly in the brachi-
al artery just above the elbow using an appropriately cali-
brated sphygmomanometer9 and is expressed in mmHg.
Two measurements are made: 
• systolic or maximum blood pressure (achieved during

ventricular contraction of the heart) 
• diastolic or minimum blood pressure (achieved during

ventricular dilatation) 
Hypertension means a higher than ‘normal’ blood pres-
sure; it has been defined as the level of blood pressure
above which intervention has been shown to reduce the as-
sociated cardiovascular risk. Many factors influence blood
pressure, resulting in a bell-shaped distribution curve in
the general population, and in consequence it is difficult to
define an absolute norm. 
Classification and subsequent treatment decisions should
be based on blood pressure measurements taken on several
occasions over a period that varies according to the sever-
ity of hypertension. Ambulatory blood pressure monitor-
ing may have advantages in some situations1,2,5,9,10 and
automated devices for home monitoring may also have a
role.1,5,9 However, home and ambulatory blood pressures
tend to be lower than those measured in healthcare set-
tings, and different thresholds for normal and abnormal
values apply.1,5,9,10 Guidelines generally use conventional
blood pressure measurements to determine treatment deci-
sions since this is the basis of most outcome studies. 
Normal adult blood pressure has been arbitrarily de-
fined as a systolic pressure below 130 mmHg together
with a diastolic pressure below 85 mmHg (i.e. below
130/85 mmHg), but more recent studies have suggested
that optimal blood pressure, in terms of cardiovascular
risk, may be lower than this. US guidelines2 now define
normal blood pressure as below 120/80 mmHg, while
European5 and British1 guidelines classify this as optimal.
Blood pressures of 130–139/85–89 mmHg are regarded as
high normal1,5 or are included in the classification of pre-
hypertension.2 Although hypertension was formerly de-
fined in terms of diastolic blood pressure alone, it is now
recognised that systolic pressure is also important in deter-
mining risk, and current guidelines give equal emphasis to
both. 
Blood pressure above 140 mmHg systolic, and/or
90 mmHg diastolic is generally considered to represent
hypertension. Although classifications of mild, moderate,
and severe hypertension have been widely used, these
terms may be misleading since absolute cardiovascular
risk is more important in determining the need for treat-
ment and depends on other factors in addition to blood
pressure. Most guidelines1,4,5 therefore use a grading sys-
tem to classify hypertension, as follows: 

grade 1: 140–159/90–99 mmHg; 
grade 2: 160–179/100–109 mmHg; 
grade 3: ≥180/≥110 mmHg. 

In the US guidelines,2 stage 1 hypertension corresponds to
grade 1, whereas stage 2 includes both grades 2 and 3. 
When systolic and diastolic pressure fall into different cat-
egories the higher value is used for classification purposes. 
The term malignant or accelerated hypertension has been
used for rapidly progressing severe hypertension associat-
ed with retinopathy and often renal impairment, but this is
now generally considered part of the spectrum of hyper-
tensive crises (see below). 
Isolated systolic hypertension occurs mainly in the elderly
and has been defined1,5 as systolic pressure of 140 mmHg
or more and diastolic pressure under 90 mmHg. 
Origins. In the majority of cases of hypertension the cause
is unknown, and such primary or essential hypertension is
probably multifactorial in origin, with genotype, as well as
external factors such as diet and body-weight, playing a
role.11,12 Hypertension may also be associated with sur-
gery or pregnancy and is prevalent in diabetics. In a limited
number of cases hypertension is secondary to some other
condition, such as renal disease, Cushing’s syndrome,
phaeochromocytoma, or the adverse effects of drugs such
as oestrogens, and such causes may be suspected particu-
larly in resistant or malignant hypertension.13 Although
treatment of the underlying condition will generally be de-
sirable, the resultant hypertension will not necessarily be
abolished by this. 

Management of hypertension. Most of what follows re-
lates to primary or essential hypertension in adults. Hyper-
tensive crises, hypertension in children, and hypertension
associated with surgery, diabetes, renal disease, or preg-
nancy are also discussed below under separate headings. 
Hypertension may be discovered because of adverse vas-
cular events, especially in the eyes, brain, kidneys, or
heart, but is more often asymptomatic and only discovered
on routine measurement of blood pressure. Once diag-
nosed, decisions have to be made about the need for treat-
ment. It is well-established that hypertension is a risk fac-
tor for the development of stroke, heart failure, and renal
damage, and to a lesser extent ischaemic heart disease, and
a reduction in blood pressure is generally beneficial, al-
though mortality remains higher than in non-hyperten-
sives.14 However, it is important to assess hypertension in
the context of overall cardiovascular risk, including the
presence of target-organ disease, such as left ventricular
hypertrophy or renal disease, associated conditions such as
atherosclerosis or diabetes, and other risk factors such as
hyperlipidaemia or smoking. Treatment of hypertension
may involve both non-pharmacological and pharmacolog-
ical interventions to reduce blood pressure, as well as
assessment and treatment of any other cardiovascular risk
factors (see Cardiovascular Risk Reduction, p.1164); any
co-existing diseases should also be treated. Differences in
the detail of guidelines on the management of hyperten-
sion reflect varying judgements on the justification for in-
tervention and the relative risks and benefits of different
treatments. 
Non-pharmacological treatment. Adopting a healthy
lifestyle is beneficial for all individuals, and any patient
with raised blood pressure should be encouraged to make
lifestyle changes that will reduce their cardiovascular risk.
Some of these changes may also reduce blood pres-
sure,11,15,16 and in those who are at low overall risk no
other treatment may be needed; a trial of non-pharmaco-
logical treatment is recommended in most patients before
starting drug therapy,1,2,4,5 but should not unnecessarily de-
lay treatment, especially if the patient is at high risk.1,5 In-
terventions that have been shown to reduce blood pressure
include: 
• reduction in excess weight 
• reduction in excess alcohol consumption 
• reduction in sodium intake 
• adequate exercise 
• reduced fat intake 
• increased fruit and vegetable consumption 
Other interventions that have been tried, but with less evi-
dence of benefit, include: 
• increased intake of potassium, magnesium, and calcium 
• increased polyunsaturated fat intake with reduced satu-

rated fat intake 
• relaxation therapies for stress reduction. 
These lifestyle changes may also be promoted in the pop-
ulation as a whole, or in individuals most likely to develop
hypertension, in strategies for the primary prevention of
high blood pressure.17 
Pharmacological treatment. The main decisions in drug
treatment relate to the blood pressure at which therapy
should be begun, the target blood pressure, and the most
appropriate drug regimen to use. Controversies exist in all
these areas. 
When to intervene with antihypertensive drugs depends
on factors including both the measured blood pressure and
the overall cardiovascular risk. 
• Patients with grade 3 hypertension (180/110 mmHg or

higher) should receive prompt drug treatment.1,2,5 
• In grade 2 hypertension, drug therapy is indicated if

blood pressure remains at 160/100 mmHg or higher af-
ter a period of lifestyle modification, which varies de-
pending on the overall level of risk;1,2,5 prompt drug
therapy is advised for those at high or very high risk.5 

• For patients with grade 1 hypertension, the need for
treatment is less well established; those with associated
risk factors should be given drug therapy if lifestyle
modification is inadequate, but some guidelines suggest
that antihypertensives are not indicated in those at lower
risk,1 or state that priority should be given to those at
highest risk.4 

• Lower thresholds may apply in patients with renal dis-
ease or diabetes (see below), but whether there is any
benefit in treating uncomplicated patients with prehy-
pertension is controversial.18 
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For elderly patients (over 60 years) there is evidence19-22

to support the benefit of treating hypertension, including
isolated systolic hypertension,23 and this applies up to at
least 80 years of age, suggesting a strict age limit to drug
therapy is inappropriate. Guidelines therefore generally
recommend that treatment decisions should not be based
on age, although slower titration of drugs has been
suggested5 in older patients since they may be more sus-
ceptible to adverse effects. In the very old (those over 80
years) the benefit of starting therapy is less clear,21,23,24 al-
though a study25 in patients aged 80 years and over found
a reduction in mortality; those already being treated should
continue.1,5 
Target blood pressures are also controversial. There has
been concern that over-aggressive reduction of diastolic
pressure might increase the risk of ischaemic heart dis-
ease,26 although a meta-analysis27 suggested that any in-
creased mortality at low blood pressures was not linked to
antihypertensive therapy but may have been due to poor
health as a cause of low blood pressure. The HOT study28

found that effective control to maintain the diastolic pres-
sure below 90 mmHg (at about 85 mmHg) reduced the
rate of cardiovascular events, but lower pressures (of
around 70 mmHg) did not provide any further benefit,
while a meta-analysis29 found no evidence of a threshold
for treatment benefit down to a blood pressure of at least
115/75 mmHg. Target blood pressures of below
140/90 mmHg2,5 or below 140/85 mmHg1 are now rec-
ommended; lower targets may be considered if tolerated
by the patient, particularly in patients at high risk.5 A lower
target of below 130/80 mmHg has also been suggested for
patients with established ischaemic heart disease,30 and
lower targets may also be appropriate in diabetics and pa-
tients with renal disease (see below). 
The drug regimen may include drugs with differing phar-
macological actions; the antihypertensive mechanism is
not fully understood in all cases. Historically, thiazide diu-
retics and beta blockers have been the mainstay of drug
therapy for hypertension, but calcium-channel blockers,
ACE inhibitors, angiotensin II receptor antagonists, and
alpha blockers are now also widely used. 
Choice of initial therapy depends on antihypertensive effi-
cacy, safety, and long term effects on morbidity and mor-
tality.31,32 Studies such as the TOMHS33 (comparing chlor-
talidone, acebutolol, amlodipine, enalapril, and
doxazosin), and a similar study34 (comparing hydrochloro-
thiazide, atenolol, diltiazem, captopril, prazosin, and cloni-
dine), have shown that the main types of antihypertensive
drug reduce blood pressure to a similar extent and in a sim-
ilar proportion of patients, although the response may also
depend on individual factors such as age35 and race.36,37

Angiotensin II receptor antagonists also effectively reduce
blood pressure. However, it is now generally acknowl-
edged that a single drug is unlikely to control blood pres-
sure adequately and most patients will require more than
one drug to reach their treatment target. Tolerance of the
drug groups is also similar, although there has been con-
cern about the metabolic effects of thiazides and beta
blockers. Alpha blockers (specifically doxazosin38) have
been associated with an increased risk of heart failure,
which may limit their use. The safety of short-acting dihy-
dropyridine calcium-channel blockers has also been ques-
tioned, and they are no longer generally recommended for
hypertension (see Effects on Mortality under Adverse Ef-
fects of Nifedipine, p.1350); long-acting dihydropyrid-
ines, however, are of established benefit.39 
All of the main drug groups are therefore established as
effective antihypertensives, but their effects on long-term
mortality and morbidity have been less clear. The different
drug groups have differing effects on several surrogate
outcomes, such as left ventricular hypertrophy40 and en-
dothelial dysfunction,41 but the clinical significance of this
has not been established, although there is some
evidence42 that regression of left ventricular hypertrophy
is associated with a reduction in clinical events. Diuretics
(particularly thiazides) and beta blockers were the first
drugs to demonstrate an effect on mortality in long-term
outcome studies and have therefore been preferred for ini-
tial therapy. However, long-term studies with other drug
groups have now been performed, and have generally
shown comparable effects on mortality and morbidity. A
meta-analysis43 concluded that there was little difference
in overall cardiovascular outcomes for regimens based on
ACE inhibitors, angiotensin II receptor antagonists, calci-
um-channel blockers, beta blockers, or diuretics, suggest-
ing the major benefit of treatment related to reduction of

blood pressure rather than to specific properties of the in-
dividual drugs. However, cause-specific outcomes did dif-
fer between the drug groups, and some large studies have
also questioned the benefit of certain regimens. A study44

(ALLHAT) comparing treatment based on a diuretic (chlor-
talidone), an ACE inhibitor (lisinopril), or a calcium-
channel blocker (amlodipine), found no differences in
all-cause mortality, but another arm of the study based on
an alpha blocker (doxazosin) was stopped early due to an
excess of heart failure in this group.38 Another study45

(ASCOT-BP-LA) was also stopped early when results
suggested that a regimen of amlodipine with addition of
perindopril if required, prevented major cardiovascular
events more effectively than a regimen of atenolol with ad-
dition of a thiazide if required. However, blood pressure
reductions were greater in patients receiving the am-
lodipine-based regimen, making the significance of the re-
sults unclear. Subsequent meta-analyses37,46,47 have, how-
ever, found that beta blockers may be less effective than
the other major groups of antihypertensives, particularly in
older patients,37 and their role in initial therapy has there-
fore been questioned. 
In general, guidelines acknowledge that lowering blood
pressure appears to be more important than which drug is
chosen for initial therapy, and that most patients will re-
quire a combination of drugs, making the initial choice less
important. Thiazide diuretics, ACE inhibitors, angiotensin
II receptor antagonists, or calcium-channel blockers may
all be used, and choice should take into account individual
patient characteristics, including age, ethnicity, contra-in-
dications or compelling indications for specific drugs, ad-
verse effects, and relative cost-effectiveness.1,2,4,5 Strict
guidance is therefore not generally given, although for
uncomplicated patients US2 and international4 guidelines
recommend thiazide diuretics as first-line, whereas in the
UK3 diuretics or calcium-channel blockers are recom-
mended for older patients (55 years or over) and black pa-
tients, while in younger, non-black patients ACE inhibitors
or angiotensin II receptor antagonists are preferred. Com-
pelling indications in all the guidelines include the use of
ACE inhibitors or angiotensin II receptor blockers in pa-
tients with nephropathy, diuretics or calcium-channel
blockers in elderly patients, and beta blockers in patients
who have had a myocardial infarction. The use of beta
blockers as initial therapy in patients who have not had a
myocardial infarction remains controversial; UK
guidelines3 issued since the publication of ASCOT-BPLA
suggest that they should be avoided except in younger pa-
tients who are unable to take ACE inhibitors or angio-
tensin II receptor antagonists and in women of child-bear-
ing potential, whereas more recent European guidelines5

allow their use in all patients other than those at risk of
metabolic effects. 
Having decided what drug to use, treatment is started at the
lowest recommended dose. If this is ineffective or only
partially effective the dose may be increased (except in the
case of thiazide diuretics where there is generally no addi-
tional benefit, but more adverse effects); alternatively
another first-line drug may either be substituted (sequen-
tial therapy) or added (combination therapy). Two-drug
combinations will control blood pressure in a higher pro-
portion of patients and may be necessary in most patients
to achieve optimal levels, although the effects of the two
drugs may not be fully additive. Combination therapy also
allows lower doses of the individual drugs to be used with
a consequent reduction in adverse effects. Initial treatment
with a low-dose combination may be considered in some
patients.2,5 The most effective combinations involve drugs
that act on different physiological systems. Appropriate
combinations therefore include: 
• diuretic plus beta blocker 
• diuretic plus ACE inhibitor 
• diuretic plus angiotensin II receptor antagonist 
• calcium-channel blocker plus ACE inhibitor 
• calcium-channel blocker plus angiotensin II receptor

antagonist 
• calcium-channel blocker (except verapamil) plus beta

blocker 
Alpha blockers may be used with any of the other classes
but are usually reserved for third-line therapy unless spe-
cifically indicated for another reason. A 3-drug combina-
tion is often required, especially in severe hypertension. In
patients who maintain an elevated diastolic blood pressure
despite triple therapy the possibility of secondary hyper-
tension should be considered, although factors such as

non-compliance, NSAID use, or alcohol abuse may con-
tribute to resistance.7,8 
Other classes of antihypertensive drugs that are sometimes
used include: centrally acting drugs such as clonidine,
methyldopa, and the less sedating moxonidine; direct-act-
ing vasodilators such as hydralazine and minoxidil; the al-
dosterone antagonist, eplerenone; and the renin inhibitor,
aliskiren. Older drugs like the adrenergic neurone blocker
guanethidine and the rauwolfia alkaloid reserpine are rare-
ly recommended now. Endopeptidase inhibitors and en-
dothelin antagonists are among various drug groups that
are under investigation. 
Withdrawal of drug treatment. It has been standard teach-
ing that drug treatment for hypertension is continued in-
definitely, but there have been some reports of successful
withdrawal in selected patients.48-50 If this is attempted,
blood pressure must be closely monitored and lifestyle
measures should be continued indefinitely.3,5 
Hypertension in children. Hypertension is less common
in children than in adults but the incidence may be increas-
ing in parallel with an increase in childhood obesity,51 and
guidelines for diagnosis and management have been pub-
lished.52 Lifestyle measures are the mainstay of treatment,
particularly in children with less severe hypertension and
no evidence of target organ damage, since the benefits of
treatment and the risks of long-term drug therapy are not
established. However, drug treatment may be required in
some cases and should generally be based on individual
patient characteristics. 
Hypertensive crises. Patients with severe hypertension
may be divided into those in whom there is evidence of
rapid or progressive CNS, cardiovascular, or renal deterio-
ration (hypertensive emergencies) and those with no evi-
dence of target-organ damage (urgent hypertensive crises
or hypertensive urgencies).2,53-57 In the former case the
goal is a reduction in mean arterial blood pressure by 25%,
or a fall in diastolic blood pressure to 100 to 110 mmHg,
over a period of several minutes to several hours depend-
ing on the clinical situation; intravenous therapy is often
required although oral therapy may be adequate. In the lat-
ter case a drastic reduction in blood pressure is inappropri-
ate and oral therapy is preferred, with the aim of a reduc-
tion in blood pressure over several hours to days. In both
situations too rapid a reduction of blood pressure may be
detrimental and may lead to cerebral infarction and blind-
ness, to deterioration in renal function, and to myocardial
ischaemia. 
If oral treatment can be given and there is no evidence of
ongoing target-organ damage, beginning standard antihy-
pertensive therapy is appropriate, although the patient
should be closely monitored. Short-acting drugs with a
rapid effect are often used, although caution is required
since they may lower blood pressure abruptly. Drugs that
have been recommended2,55,56 include the beta blocker la-
betalol, the centrally acting drug clonidine, the ACE inhib-
itor captopril, and the alpha blocker prazosin (especially
when there are increased circulating catecholamines); cal-
cium-channel blockers such as amlodipine, felodipine, and
isradipine may also be suitable.56 Diuretics may have a
role in volume overload but many patients with hyperten-
sive crises are volume depleted and diuretics may there-
fore be less appropriate in the initial stages. Nifedipine and
captopril have been given sublingually for a faster onset,
but there appears to be no clearly defined clinical advan-
tage for this route and it is generally considered that nifed-
ipine should not be used.2,54,56,58 
In the emergency situation, when parenteral therapy is re-
quired, choice of therapy depends on concomitant clinical
conditions.53,54,56 Sodium nitroprusside given by intrave-
nous infusion, has most often been the drug of choice, but
close monitoring is required as toxicity may be a prob-
lem.2,53,55,56 Intravenous labetalol, nicardipine, or fe-
noldopam are suitable alternatives in most situations. Oth-
er drugs that are used in specific indications include
glyceryl trinitrate (in patients with coronary ischaemia),
phentolamine (in phaeochromocytoma and other states as-
sociated with catecholamine excess such as the MAOI-
tyramine interaction), enalaprilat (in acute heart failure),
esmolol (particularly in aortic dissection or perioperative-
ly), and hydralazine (in eclampsia, but see Hypertension in
Pregnancy, below). Trimetaphan54 and urapidil56 have also
been used. 
Hypertensive emergencies in children are managed simi-
larly to those in adults.52,59,60 
Hypertension during surgery. Giving antihypertensive
drugs to patients about to undergo surgery is not only safe
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but probably best continued up to and including the morn-
ing of surgery.2,61 
Perioperative hypertension may occur as a result of sur-
gery and often needs to be controlled with parenteral anti-
hypertensives since the oral route may not be available.
The parenteral drug of choice is often sodium nitroprus-
side; others include glyceryl trinitrate (especially after cor-
onary artery bypass), labetalol, enalaprilat, esmolol, fe-
noldopam, and nicardipine; diazoxide, hydralazine, and
methyldopa have also been used.61-63 
Hypertension in diabetic patients. Hypertension is twice
as common in diabetic as in nondiabetic subjects, and up
to 50% of patients with type 2 diabetes mellitus become
hypertensive.64,65 The reasons proposed for this increased
prevalence are controversial, but insulin resistance has
been implicated.66 In addition to being a major risk factor
for atherosclerosis in large blood vessels, hypertension in
diabetes appears to contribute to small vessel disease and
is a risk factor for diabetic nephropathy and possibly for
diabetic retinopathy. The UK Prospective Diabetes Study
(UKPDS) Group has reported67 that tight control of blood
pressure (with a target of below 150/85 mmHg) reduces
the risk of diabetes-related death and diabetic complica-
tions, including diabetic retinopathy, in type 2 diabetics. 
The threshold for intervention with drug treatment may be
lower in diabetic than in non-diabetic hypertensive pa-
tients and treatment targets are also lower. An initial target
of 140/80 mmHg has been suggested,1 while a target be-
low 130/80 mmHg may be optimal and is recommended
in many guidelines;1,2,4,5,13,68 the lower target is particular-
ly advised in type 1 diabetics with nephropathy. 
All the main groups of antihypertensive drugs can be used
in diabetics,69 and most patients will require at least two
drugs to achieve target blood pressure. ACE inhibitors
(with angiotensin II receptor antagonists as an alternative)
have been particularly recommended, as there is evidence
of benefit in preserving renal function in patients with
nephropathy. However, a systematic review70 found limit-
ed evidence to support a specific renoprotective action in
diabetics, independent of their effect on blood pressure.
Diuretics and beta blockers have often been avoided be-
cause of their potential adverse effects on glucose and lipid
metabolism, but may be used where indicated. In the
UKPDS treatment with an ACE inhibitor (captopril) or a
beta blocker (atenolol) was equally effective in reducing
the risk of diabetic complications, although the ACE in-
hibitor appeared to be better tolerated.71 Although there
has been concern regarding the safety of calcium-channel
blockers, long-acting calcium-channel blockers have been
shown to be a suitable choice.72 
Hypertension and renal disease. Hypertension is closely
linked with the kidney—the kidney may have a role in the
pathogenesis of hypertension and it may also be a prime
target of damage caused by hypertension. Both renal pa-
renchymal disorders and renovascular disorders may be
associated with hypertension. In the former, hypertension
is often resistant to treatment and a combination of drugs,
including vasodilators, may be required. Antihypertensive
therapy is also important in these patients since it may
slow the decline in renal function in patients with nephrop-
athy.73 There is some evidence that ACE inhibitors may
have a greater protective effect than other antihyperten-
sives,74,75 although this is not certain,70 and they have been
recommended as the basis of therapy (with angiotensin II
receptor antagonists as an alternative), usually with a diu-
retic.1,2,5 The effect of blood pressure reduction appears to
be related to the degree of proteinuria, and studies have
shown that patients with proteinuria higher than 1 g/day
benefit from lower blood pressures.75 Current
guidelines1,2,5 recommend a target blood pressure of be-
low 130/80 mmHg in patients with nephropathy, with a
lower target1 of 125/75 mmHg in those with proteinuria of
1 g/day or over. 
Renovascular hypertension has been defined as arterial
hypertension resulting from obliteration or compression of
one or both renal arteries, the commonest cause being ste-
nosis due to atherosclerosis. Underperfusion of the kidney
leads to increased release of renin and a consequent rise in
blood pressure. However, the relationship between reno-
vascular hypertension and renal artery stenosis is not clear
cut; the two conditions may simply co-exist or hyperten-
sion may cause the stenosis rather than the other way
round.76,77 
Renovascular hypertension may be difficult to distinguish
clinically, but carries a worse prognosis than essential hy-
pertension, may be less amenable to treatment, carries a

higher risk of progression to accelerated or malignant hy-
pertension, and may result in irreversible ischaemic failure
of the affected kidney. 
Diagnostic methods used to detect renovascular hyperten-
sion include imaging studies such as ultrasonography and
angiography, and functional tests such as the captopril test
(see under ACE inhibitors on p.1198 for further details);
renal scintigraphy with and without ACE inhibition is also
used. 
Although blood pressure in renovascular hypertension can
often be controlled by antihypertensive drugs, patients
with renal artery stenosis are often treated by angioplasty
of the affected artery. There is some evidence that angi-
oplasty lowers blood pressure more effectively than drug
therapy, particularly in patients with bilateral stenosis, but
the relative effects on other outcomes are less clear.77,78

Renal function may deteriorate in patients given antihy-
pertensives since blood flow to the kidney is reduced;
however, sudden restoration of blood flow by angioplasty
may also have deleterious effects. Reduced blood flow is a
particular concern with the use of ACE inhibitors or angi-
otensin II receptor antagonists, since renal perfusion may
be dependent on angiotensin II in patients with renal artery
stenosis, and renovascular hypertension is often consid-
ered a contra-indication to the use of these drugs, particu-
larly in patients with bilateral stenosis or stenosis affecting
the only functioning kidney. However, they may be re-
quired in patients with resistant hypertension,79 although
they must be used cautiously and in low doses, with care-
ful monitoring of renal function (see Precautions for ACE
inhibitors, p.1195). 
Hypertension in pregnancy. Hypertension in pregnancy
may be life-threatening to both mother and fetus. It may be
pre-existing or may develop for the first time during preg-
nancy. Definitions vary, but hypertension presenting be-
fore 20 weeks of gestation generally continues long-term
and is considered chronic hypertension. After the twenti-
eth week (gestational hypertension) it may be transient
(pregnancy-induced hypertension), chronic, or represent
pre-eclampsia. Gestational hypertension is usually defined
as a blood pressure of 140/90 mmHg or more on at least
two occasions in a previously normotensive woman; it is
considered transient hypertension if the blood pressure has
returned to normal limits by the twelfth week postpartum.
In pre-eclampsia, increased blood pressure occurs with
proteinuria; abnormal coagulation, liver dysfunction, and
oedema may also be present. Pre-eclampsia may progress
to eclampsia, a convulsive phase. 
Recommendations about the treatment of gestational or
pre-existing hypertension during pregnancy have been
controversial. Most women with chronic or transient hy-
pertension will have grade 1 or grade 2 hypertension and a
low risk of cardiovascular complications during the short
period of pregnancy, and the benefits of treatment in such
patients are not established. It is usually agreed that blood
pressures of 170/110 mmHg or above should be treated as
an emergency,5,80 but recommendations for management
of lower blood pressures are less clear. Although treatment
of patients with blood pressures of 140/90 mmHg or above
has been suggested,5,80,81 there is little evidence that this
improves maternal or neonatal outcomes, although the in-
cidence of severe hypertension is reduced.82 Some guide-
lines allow withdrawal of antihypertensives in pregnant
women with pre-existing hypertension, with treatment re-
started if the blood pressure exceeds specific threshold val-
ues.2,81,83 However, women with mild hypertension are at
an increased risk of developing pre-eclampsia, regardless
of whether they receive antihypertensives, and should be
closely monitored. 
For women with mild to moderate hypertension in whom
the decision is made to give antihypertensives, optimum
choice of drug therapy is unclear. Women with pre-exist-
ing hypertension usually continue their existing treatment,
although ACE inhibitors and angiotensin II receptor antag-
onists are contra-indicated in pregnancy and should be
changed to an alternative. For gestational hypertension,
methyldopa or beta blockers have generally been pre-
ferred, although there is little evidence that outcomes differ
for any of the main drug groups.82 A systematic review84

found no evidence of substantive benefits with beta block-
ers, but another review82 found that they reduced the risk
of severe hypertension more effectively than methyldopa.
Methyldopa has the advantage of reassuring long-term
safety results in the infant, whereas there have been con-
cerns about fetal growth retardation with beta blockers,
particularly with atenolol.85-87 Nifedipine81,88 or

hydralazine81 may also be used. Diuretics are not generally
recommended for controlling hypertension in pregnancy
because of the theoretical risk of exacerbating the volume
depletion of pre-eclampsia; however, they appear to be
safe in practice and may be used if necessary.1,83 
For patients with pre-eclampsia81,89-92 the definitive treat-
ment is delivery (although pre-eclampsia may also devel-
op post-partum92), but where the maternal condition al-
lows this is usually delayed to allow fetal maturation.
Antihypertensive therapy is therefore given to reduce the
risk of maternal complications, and prophylactic anticon-
vulsants, particularly magnesium sulfate, may also be giv-
en in those at high risk for eclampsia (see p.470). Evidence
to guide choice of antihypertensive in severe hypertension
is limited.93 Oral therapy may be appropriate, in which
case methyldopa or beta blockers (preferably labetalol5,92)
are usually first-line; calcium-channel blockers such as
nifedipine are an alternative. However, in acute pre-ec-
lampsia or if delivery is imminent, parenteral antihyper-
tensives are required. Intravenous hydralazine is widely
used,2,92 although there is some evidence that it may be
less effective and have more adverse effects than other
drugs,94 and some guidelines recommend that it should be
avoided.5 Intravenous labetalol and oral nifedipine are also
used, and sodium nitroprusside may be required in some
patients.2,5 Glyceryl trinitrate may be used if there is pul-
monary oedema.5 Other drugs that have been given in-
clude diazoxide and clonidine. 
Prevention of pre-eclampsia. It was hoped that prevention
of pre-eclampsia might be possible by reducing the local
platelet aggregation thought to be responsible for some of
its manifestations. Several small studies suggested that
low-dose aspirin reduced the risk of pregnancy-induced
hypertension and intra-uterine growth retardation in high-
risk patients.95 However, larger studies in women at lower
risk generally failed to confirm this benefit96,97 and in
one97 the risk of placental abruption was higher in those
taking aspirin. Findings of the CLASP (Collaborative
Low-dose Aspirin Study in Pregnancy) multicentre
study98 involving over 9000 women considered to be at
increased risk of pre-eclampsia or intra-uterine growth re-
tardation did not support the routine prophylactic or thera-
peutic use of antiplatelet therapy in all such women. A fur-
ther study99 in high-risk women also failed to show any
benefit, although aspirin appeared to be safe for mother
and fetus. However, systematic reviews100,101 have con-
cluded that antiplatelet therapy provides a small to moder-
ate benefit in patients at risk of developing pre-eclampsia,
although it is not clear which women are most likely to
benefit.101 Calcium supplementation has also been
shown102 to reduce the risks of pregnancy-induced hyper-
tension and pre-eclampsia, although its role is not yet
established. Preliminary evidence suggested that supple-
mentation with vitamins C and E might be beneficial in
women at high risk,103 but further studies104,105 were una-
ble to confirm this effect.
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Hypotension
As discussed under Hypertension (above) many factors in-
fluence blood pressure making it difficult to define an ab-
solute norm. The link between chronically raised blood
pressure and cardiovascular risk is well established, and
definitions of ‘normal’ blood pressure are based on esti-
mates of this risk. For adults, a systolic pressure below
130 mmHg, with a diastolic pressure below 85 mmHg (i.e.
below 130/85 mmHg) has generally been considered as
normal, although recent guidelines1,2 have suggested that
a blood pressure below 120/80 mmHg may be more desir-
able. Exactly how far below these values blood pressure
can safely be remains uncertain. Although acute hypoten-
sion leads to symptoms such as syncope (fainting) or
shock, the consequences of chronically low blood pressure
are much less clear. Thus, while there are national and in-
ternational guidelines relating to the diagnosis and treat-
ment of hypertension, there is no accepted definition for
low blood pressure or hypotension. 
Despite such shortcomings over definition, the existence
of several acute and chronic hypotensive disorders is rec-
ognised. 
Hypotension can occur after haemorrhage or in other
forms of shock and the management of this acute and po-
tentially dangerous form of low blood pressure is usually
with volume replacement and vasopressors (see Shock,
p.1183); sympathomimetics with vasoconstrictor proper-
ties, such as noradrenaline and dopamine, are particularly
useful when blood pressure is very low. Another situation
in which acute hypotension can develop is during anaes-
thesia and surgery; spinal or epidural block is associated
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with a greater risk than many other forms of anaesthesia.
Hypotension results from venodilatation and decreased
cardiac output due to sympathetic block, and the usual
treatment is again with sympathomimetics, particularly
ephedrine or phenylephrine (see p.1559). 
Recurrent forms of acute hypotension may also occur.
These include orthostatic (postural) hypotension and neu-
rally mediated hypotension; both are important causes of
syncope.3,4 Orthostatic hypotension may be due to auto-
nomic failure and loss of the reflex vasoconstriction that
usually occurs on rising, or may be related to volume de-
pletion. Drug treatment is usually with fludrocortisone
(see p.1530). For neurally mediated hypotension, howev-
er, choice of therapy is less clear.3,5-9 
Neurally mediated hypotension (neurocardiogenic synco-
pe, neurally mediated reflex syncope, vasodepressor syn-
cope, or vasovagal syncope) is a common cause of recur-
rent lightheadedness (presyncope) and syncope in persons
with structurally normal hearts. It is characterised by a para-
doxical neurocardiogenic reflex; although the mechanism
is not entirely clear, reduced cardiac filling appears to stim-
ulate cardiac receptors that normally respond to hyperten-
sion, and there is an inappropriate autonomic response
leading to vasodilatation, bradycardia, and hypotension.
Diagnostic tests may be required to exclude structural or
arrhythmic cardiac disorders as a cause of the syncope, and
tilt-testing may be necessary to confirm the diagnosis.3
Treatment primarily involves reassurance and non-phar-
macological measures such as avoidance of triggering fac-
tors, an increase in dietary salt and fluid intake, and physi-
cal manoeuvres such as crossing the legs or tensing the
muscles if presyncope occurs.3,9 Cardiac pacing may be
required in some patients, although there is limited evi-
dence of benefit.10 
Drug treatment for neurally mediated hypotension is more
controversial and there is little evidence that any drugs are
effective.4-6,8,9 Fludrocortisone and beta blockers have
been widely used, but controlled studies11,12 with beta
blockers have found no evidence that they are superior to
placebo; beta blockers may also lead to an increase in ad-
verse effects.3,8 Disopyramide has also been used, but is
not considered first-line.8 SSRIs have been effective in
some cases.5-7 Benefit has also been reported with vaso-
constrictors, including the alpha agonist midodrine.5,9,13,14

Antimuscarinics, such as propantheline bromide, have
also been tried.6,8 
One contentious issue has been whether general and non-
specific symptoms of ill health such as mental and physi-
cal fatigue, depression, and anxiety could be attributed to
a chronically low blood pressure (for example, a systolic
pressure below 110 mmHg or diastolic pressure below
60 mmHg).15 In the UK and the USA such an association
has not generally been accepted whereas in some Europe-
an countries (e.g. Germany) a wide range of preparations,
usually containing a sympathomimetic, has been available
for treatment. There is some evidence that depression16-18

and reduced general well-being19 are associated with low
blood pressure, and there may also be a link with cognitive
impairment.20 Studies have also suggested an association
between chronic fatigue syndrome and either neurally-
mediated21,22 or orthostatic23 hypotension. However, any
implications for treatment are far from clear.
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Kawasaki disease
Cardiac effects including coronary artery abnormalities
are the major complications of Kawasaki disease, also
known as mucocutaneous lymph node syndrome of child-
hood. Normal immunoglobulin and aspirin are used in its
initial management, and antiplatelet therapy, usually with
aspirin, may be continued long term to prevent coronary
thrombosis. Further details concerning the overall man-
agement of Kawasaki disease are provided under Normal
Immunoglobulins, p.2228.

Myocardial infarction
Myocardial infarction is an acute coronary syndrome in
which necrosis of the heart muscle occurs as a result of
acute ischaemia. In the initial stages, clinical symptoms
are similar to those of unstable angina, but necrosis results
in irreversible damage to the myocardium and long-term
complications. The definition of myocardial infarction has
changed considerably as the accuracy of detecting myo-
cardial necrosis has improved. It is now considered that
any degree of necrosis associated with clinical ischaemia
should be defined as myocardial infarction,1 since it is as-
sociated with a worse prognosis, although this definition
includes many cases that would formerly have been clas-
sified as unstable angina. However, most evidence for
treatment is based on earlier classifications, and in practice
the diagnosis of acute myocardial infarction is generally
made on clinical grounds, determined by characteristic
symptoms, ECG changes (ST-segment elevation or bundle
branch block), and changes in biochemical markers. The
following discussion relates to the management of acute
ST-elevation myocardial infarction (STEMI); the manage-
ment of other acute coronary syndromes is discussed un-
der Angina Pectoris (p.1157). 
Although the incidence may be declining, myocardial
infarction remains a leading cause of mortality in western
societies. The introduction of aspirin and reperfusion tech-
niques has transformed the management of acute STEMI,
but a significant number of sudden deaths occur within the
first hour and therefore before treatment can be begun.
While new therapies for the management of acute STEMI
may further reduce in-hospital mortality, earlier recogni-
tion and presentation for treatment is important if survival
is to be improved further, and primary prophylaxis in pa-
tients at risk or at a population level may also have a role
(see Cardiovascular Risk Reduction, p.1164). Patients
who survive a myocardial infarction are at high risk for
further cardiovascular events and often develop complica-
tions such as arrhythmias, left ventricular failure, persist-
ent angina, and venous thromboembolism. Management
of acute STEMI therefore involves both early treatment of
the acute condition, and long-term therapy in survivors to
reduce risk and to treat and prevent complications. 

Myocardial ischaemia generally occurs as a result of coro-
nary artery occlusion, usually due to thrombosis at the site
of a recently ruptured atheromatous plaque; in a few pa-
tients coronary embolism or spasm, arteritis, spontaneous
thrombosis, or a sudden severe rise in blood pressure, as in
phaeochromocytoma, is responsible. The immediate con-
sequence of coronary occlusion is myocardial ischaemia,
which leads to impaired contractility, arrhythmias, and
eventually myocardial cell death. The lay term ‘heart at-
tack’ describes both sudden cardiac death and myocardial
infarction. Sudden death is usually due to ventricular fib-
rillation and most patients who are resuscitated from ven-
tricular fibrillation develop features of myocardial infarc-
tion or have coronary artery disease. In many cases
myocardial infarction is asymptomatic or ‘silent’ and is
only diagnosed due to characteristic changes on the ECG.2 
Early management. Guidelines,3-7 recommendations,8
and reviews9-11 emphasise the importance of rapid recog-
nition and treatment of patients with acute STEMI. The
initial symptoms are usually chest pain, breathlessness,
and sweating. The chest pain is typically severe and resem-
bles that of angina pectoris, being precordial with radiation
to the neck, lower jaw, and left arm; chest pain lasting
more than 20 minutes is generally considered to indicate
myocardial infarction, although this is absent in many pa-
tients. Other signs and symptoms include nausea and vom-
iting, bradycardia, hypotension, and apprehension. The
characteristic ECG changes confirm the clinical diagnosis
and guide initial treatment; elevation of biochemical mark-
ers such as troponins and cardiac enzymes develops later
and is useful for confirming the diagnosis and determining
prognosis. 
Those patients with myocardial infarction who develop
ventricular fibrillation very quickly have a high mortality
and require rapid provision of life support measures. Ven-
tricular fibrillation is treated by defibrillation followed by
adrenaline and possibly antiarrhythmics if defibrillation
alone is unsuccessful (see Advanced Cardiac Life Support,
p.1156, for further details). Paramedic ambulance teams
experienced in defibrillation and programmes aimed at ed-
ucating the public in the basic techniques of cardiopulmo-
nary resuscitation have an important role. Patients with
suspected myocardial infarction should be admitted to
hospital and where possible managed in a coronary care
unit. 
The immediate priority in patients with suspected acute
STEMI is to give aspirin (as discussed below), to relieve
pain and anxiety, and to confirm the diagnosis so that
reperfusion can be achieved as rapidly as possible. 
Pain should be relieved with an opioid analgesic, usually
diamorphine or morphine given intravenously (see Myo-
cardial Infarction Pain, p.8); an antiemetic such as meto-
clopramide intravenously may also be necessary. Supple-
mental oxygen should also be given. An inhaled mixture
of nitrous oxide and oxygen (Entonox) has sometimes
been used to provide pain relief before arrival in hospital;
sublingual glyceryl trinitrate or an alternative fast-acting
nitrate may also be given. A benzodiazepine may be useful
for anxiety. 
Reperfusion. In patients with confirmed STEMI, the value
of rapid reperfusion is well established. The extent of myo-
cardial necrosis or recovery depends on the speed and
completeness with which coronary blood flow can be re-
stored,12 and reperfusion should therefore be achieved as
rapidly as possible. Two methods are commonly used:
pharmacological reperfusion with intravenous thrombo-
lytics, or mechanical reperfusion with percutaneous coro-
nary intervention (PCI). Combination of the two methods
has been tried but benefit has not yet been established. 
Thrombolytics are given intravenously to break up the
thrombus or clot and restore the patency of the coronary
artery, thereby limiting infarct size and irreversible dam-
age to the myocardium. Several large studies have estab-
lished that thrombolytics can preserve left ventricular
function and improve short-term and long-term mortality
in patients with ECG evidence of ST elevation or new left
bundle branch block (for more details see Ischaemic Heart
Disease under Uses of Streptokinase, p.1405). The greatest
benefit is seen in those given thrombolytics early;13 mor-
tality is significantly reduced in those receiving treatment
within 6 hours of symptom onset, and there is also benefit
up to 12 hours. In those presenting later than 12 hours, the
benefits are less well established; there has been some ev-
idence of early excess mortality due to cardiac rupture in
some patients given late thrombolytics. Evidence of bene-
fit in patients over the age of 75 years is also limited;13
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there is some evidence of increased short-term mortality,
but this may be outweighed by improved longer-term out-
comes.14 
Streptokinase has been the most widely used thrombolytic,
although fibrin-specific thrombolytics such as alteplase
are increasingly preferred,7 particularly in patients present-
ing late after symptom onset.3 Overall efficacy appears to
be similar for all the drugs available and factors such as
cost, method of use, and contra-indications help to deter-
mine the choice. If streptokinase or anistreplase, so-called
antigenic thrombolytics, have been used recently, non-an-
tigenic drugs such as alteplase or urokinase should be giv-
en. However, choice of thrombolytic is probably less im-
portant than ensuring that one is given as soon as possible;
recommendations are for a delay of no more than 90 min-
utes between calling the medical services and thrombolyt-
ic therapy (‘call to needle’ time),3 and for no more than 30
minutes between admission to hospital and therapy (‘door
to needle’ time).3,5 Prehospital thrombolysis is feasible
and reduces the time to give a thrombolytic, and short-term
mortality.15 Five-year follow-up of one study16 has sug-
gested that there is also a beneficial effect on long-term
mortality. 
Percutaneous coronary interventions include balloon
angioplasty, coronary stenting, and similar procedures.
They are effective methods for reopening occluded coro-
nary arteries,17 including in elderly patients,14 and can be
used in acute coronary syndromes (primary PCI) and in
stable coronary heart disease. However, specialist facilities
are required, and availability may be limited. PCI is also
safe and effective in patients in whom thrombolytics have
failed to achieve adequate reperfusion (rescue PCI)18 and
appears to be more effective than repeated thrombolytics
or conservative therapy.19 Routine PCI after successful
thrombolysis (facilitated PCI) has also been tried but ap-
pears to provide no additional benefit and may be detri-
mental, particularly if a full dose of thrombolytic has been
given.20,21 
Choice of reperfusion strategy is controversial and de-
pends on patient factors and availability.12,17 PCI is more
effective at opening occluded arteries than thrombolysis.
Studies have shown that it is associated with lower mortal-
ity and re-infarction rates both early and late after STE-
MI,22 with benefit maintained up to 5 years,23 including in
patients with cardiogenic shock.24 However, the advantage
of PCI over thrombolysis appears to diminish as the delay
to reperfusion increases; although some analyses25 have
found that PCI is superior to thrombolysis irrespective of
the time delay, others have suggested26 that thrombolysis
may be preferred if the delay to PCI is 90 minutes or more,
although this depends on patient characteristics.27

Guidelines3,4,7 therefore recommend that all patients with
STEMI presenting within 12 hours should be reperfused.
For those with a symptom duration of 3 hours or less, pri-
mary PCI is preferred if it can be performed within 90 min-
utes or the delay to treatment is less than 1 hour longer than
for thrombolysis; PCI is also preferred if symptom dura-
tion is greater than 3 hours, if the patient has cardiogenic
shock or heart failure, or if thrombolytics are contra-indi-
cated. Patients presenting more than 12 hours after symp-
tom onset should generally only receive thrombolysis or
PCI if there is evidence of ongoing ischaemia. 
The overall effectiveness of reperfusion is limited by per-
sistent coronary occlusion, re-occlusion, and infrequent
but serious bleeding complications (including intracranial
haemorrhage with thrombolytics), and long-term resteno-
sis after PCI. Antiplatelet and antithrombin drugs are giv-
en as adjuncts to thrombolytics to improve reperfusion
and limit re-occlusion,28 and have been given in the ambu-
lance as an adjunct to prehospital thrombolysis.29 Adjunc-
tive therapy is also necessary with PCI to prevent re-occlu-
sion and restenosis but is discussed under Reperfusion and
Revascularisation Procedures (p.1181). 
Antiplatelet drugs. The value of giving oral aspirin as an
antiplatelet drug was shown by the ISIS-2 study,30 in
which aspirin started during the first 24 hours after myo-
cardial infarction reduced mortality and also reduced the
incidence of re-infarction and stroke. Use with streptoki-
nase proved to be more effective than either streptokinase
or aspirin alone. Aspirin should therefore be taken as soon
as possible when myocardial infarction is suspected and
the tablet chewed so that some buccal absorption occurs;4
alternatively, it has been given intravenously.. 
Additional antiplatelet therapy has been investigated in an
attempt to further improve outcomes. There is some evi-
dence that early use of clopidogrel in addition to aspirin

and other standard therapies improves short-term out-
comes,31,32 including mortality,32 and immediate dual
antiplatelet therapy with aspirin and clopidogrel is now
recommended.6,7 Glycoprotein IIb/IIIa inhibitors may also
add to the effects of aspirin in some patients, and a reduc-
tion in mortality has been shown with abciximab in pa-
tients receiving primary angioplasty.33 However, in those
given thrombolytics, no mortality benefit has been shown
with abciximab,33,34 although early patency rates may be
improved.35 Similarly disappointing results have been re-
ported with eptifibatide36 and tirofiban.37 
Anticoagulants. Heparin was widely used in acute myo-
cardial infarction before thrombolytics were available, but
the necessity for adjuvant therapy with heparin in addition
to aspirin in patients treated with thrombolytics is not cer-
tain. An overview of randomised studies38 found that in
patients receiving aspirin, addition of heparin (either intra-
venous or subcutaneous) produced a small reduction in
mortality but was associated with an excess of major
bleeds, while a later meta-analysis39 found no conclusive
benefit with intravenous unfractionated heparin, although
most of the studies included were underpowered to show
an effect on mortality. In addition, many of the studies sup-
porting the use of thrombolytics included unfractionated
heparin, and it continues to be widely used. It has been
suggested that heparin may provide benefit by preventing
re-occlusion of the artery after thrombolysis, a problem
that occurs particularly with fibrin-specific thrombolytics
such as alteplase. Heparin, normally given for up to 48
hours, has therefore been suggested when alteplase or sim-
ilar thrombolytics are used, but may not be necessary with
streptokinase;3,4 however, updated guidelines6 recom-
mend that anticoagulants should be given irrespective of
the thrombolytic used. Low-molecular-weight heparins
have also been tried. They appear to be more effective than
unfractionated heparin,39,40 and may therefore be pre-
ferred; however, studies have generally compared short-
term unfractionated heparin (up to 48 hours) with longer-
term low-molecular-weight heparin (4 to 8 days), and any
benefit may reflect the longer duration of treatment. Fon-
daparinux, a direct factor Xa inhibitor, is also effective,41

and may be used as an alternative.6,7 Direct thrombin in-
hibitors have generally proved disappointing (see Ischae-
mic Heart Disease under Lepirudin, p.1323), although
they may have a role in patients with heparin-induced
thrombocytopenia.4 Longer-term use of heparin to prevent
systemic embolisation may be considered in patients at
risk of developing left ventricular mural thrombosis or in
those with complications likely to result in immobility. 
Standard early therapy for STEMI therefore consists of
antiplatelet drugs, anticoagulants, and immediate pharma-
cological or mechanical reperfusion. Other early
treatments that have been tried include beta blockers, ni-
trates, ACE inhibitors, magnesium, and metabolic support. 
Beta blockers. In studies performed before the routine use
of thrombolytics, intravenous beta blockers, such as aten-
olol and metoprolol, given in the early period after myo-
cardial infarction were associated with a reduction in mor-
tality. Contributory mechanisms were considered to be a
reduction in size of infarction or number of re-infarctions
and an antiarrhythmic effect, although the ISIS-1 study42

suggested that beta blockers improved early survival by re-
ducing the incidence of cardiac rupture. The role of intra-
venous beta blockers in the reperfusion era is less clear. A
systematic review43 of randomised studies found that early
use of beta blockers provided, at most, a small mortality
benefit; most of the studies preceded routine use of reper-
fusion, although some thrombolytic studies were included.
A later randomised study,44 in which about half of the pa-
tients received thrombolytics, found that early intravenous
metoprolol followed by oral dosage did not reduce mortal-
ity at 28 days; there was a reduction in re-infarction and
ventricular fibrillation but this was offset by an increase in
deaths due to cardiogenic shock, particularly during the
first few days. Current recommendations6,7 are that intra-
venous beta blockers should not be used in patients with
cardiogenic shock or other contra-indications, and it has
been suggested6 that early use should be reserved for pa-
tients with hypertension. 
Nitrates. Intravenous nitrates are widely used in acute myo-
cardial infarction, although evidence to support their use in
patients undergoing reperfusion is limited. An overview45

of studies carried out before reperfusion (thrombolysis or
PCI) became routine found that the use of intravenous ni-
trates (glyceryl trinitrate or sodium nitroprusside) within
24 hours of the onset of pain was associated with a reduc-

tion in mortality, but whether they are of benefit in addition
to reperfusion is not clear. However, they appear to be
safe46 and should therefore be given where clinically indi-
cated for ongoing ischaemic pain.4,7 Nicorandil, which is
both a potassium-channel opener and a nitrate, has also
been tried in the early stages of myocardial infarction, but
results have been mixed.47,48 
ACE inhibitors. ACE inhibitors have an established role
in the long-term management of patients after myocardial
infarction, but their use in the early stages is more contro-
versial (see p.1199). A systematic review49 of studies of
ACE inhibitors started within the first 1 to 2 days after
acute myocardial infarction found that 30-day mortality
and the incidence of heart failure were reduced in those
given ACE inhibitors, although the greatest absolute ben-
efit was seen in high-risk patients such as those who had
already developed heart failure. Guidelines3,4 therefore
agree that patients with evidence of heart failure should be
given early treatment with ACE inhibitors; routine use in
all patients may be considered4,7 but is less well-estab-
lished. 
Magnesium. Magnesium has an important physiological
role in maintaining the ion balance in muscle including the
myocardium and it has been suggested that use of magne-
sium in acute myocardial infarction might protect against
both arrhythmias and reperfusion injury. Although early
studies reported some benefit, larger studies found no ef-
fect on mortality, and a systematic review50 concluded that
it was unlikely that magnesium reduced mortality; ven-
tricular arrhythmias were less frequent, but profound hy-
potension and bradycardia were increased. Routine use of
magnesium is therefore not currently recommended. 
Metabolic support. Infusions containing glucose, insulin,
and potassium have been used in small numbers of pa-
tients with the aim of providing metabolic support in the
acute phase of myocardial infarction. A meta-analysis of
randomised controlled trials that were performed before
the widespread use of thrombolytics found that mortality
was reduced in recipients of glucose-insulin-potassium,51

but large randomised studies52 in patients undergoing
reperfusion have found no overall effect on mortality. In-
tensive glucose control, including insulin-glucose infu-
sions, is however of benefit in diabetics with acute myo-
cardial infarction (see Myocardial Infarction under
Insulin, p.452) and short-term outcomes may also be im-
proved in non-diabetics with hyperglycaemia treated with
insulin.53 
Other early treatments that are being investigated54 in-
clude hypothermia, hyperbaric oxygen, calcium modula-
tion, and complement inhibitors such as pexelizumab.
Early use of stem cell infusions55 or colony-stimulating
factors56 to promote myocardial repair has also been tried,
but the optimum approach remains unclear.57 
Long-term management. Patients who survive the im-
mediate post-infarction period remain at high risk for car-
diovascular mortality. The main predictors of poor out-
come are the extent of left ventricular dysfunction, residual
myocardial ischaemia, and ventricular arrhythmias. Fol-
low-up should include cardiac rehabilitation and the iden-
tification and modification of risk factors for ischaemic
heart disease (see Cardiovascular Risk Reduction,
p.1164). Exercise testing, echocardiography, myocardial
imaging techniques, and pharmacological stress testing
(see Myocardial Imaging under Dipyridamole, p.1268)
can be used after myocardial infarction to help identify
those at high risk for recurrent ischaemic events and to se-
lect patients needing coronary angiography.3,4 In patients
who develop angina soon after myocardial infarction, ex-
ercise testing may be unhelpful and potentially hazardous,
although many will need angiography to determine wheth-
er angioplasty or bypass surgery is required. 
Drug therapy is important in the long-term management
of patients after myocardial infarction, both for symptom
control and for secondary prevention.3,4,58,59 
• Aspirin, given during the acute phase and then contin-

ued for one to two years, has been shown to reduce mor-
tality and re-infarction rates. A meta-analysis60 con-
firmed the benefit of prolonged antiplatelet treatment in
the secondary prevention of myocardial infarction and
patients should receive antiplatelet therapy indefinitely.
Clopidogrel appears to be as effective as aspirin61 and
should be considered in patients intolerant of, or with
contra-indications to, aspirin. Dual antiplatelet therapy
with both aspirin and clopidogrel for 2 to 4 weeks may
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also be considered after acute STEMI,6,58 and it may be
reasonable to continue for longer.6 

• Routine use of oral anticoagulation after acute myocar-
dial infarction in patients without another indication is
not usually recommended, although warfarin may be
used in patients unable to take antiplatelet drugs.58

There is some evidence that medium-intensity warfarin
anticoagulation (INR 2.0 to 2.5) given with aspirin may
be more effective than aspirin alone,62 but bleeding is
increased and the combination is only generally recom-
mended as an alternative in patients requiring dual
antiplatelet therapy who are unable to take clopidogrel.58 

• Long-term prophylactic treatment with oral beta block-
ers (most studies have used propranolol, metoprolol, or
timolol) has reduced mortality and the rate of re-infarc-
tion.43 In patients with no contra-indications to beta-
blocker therapy (see Precautions, p.1227) they are usu-
ally started before hospital discharge and continued for
a minimum of one year; indefinite use has been recom-
mended.3,4,6,58 A survey of 201 752 patients who had a
myocardial infarction found that low-risk patients and
those with conditions often considered to be contra-in-
dications also benefited from a beta blocker.63 There is
also clear evidence of benefit in the elderly,64,65 al-
though beta blockers have often been underused in such
patients. 

• Calcium-channel blockers are not routinely used in the
long-term management of myocardial infarction, al-
though in selected patients without heart failure vera-
pamil or diltiazem may be of some benefit if beta block-
ers are contra-indicated. 

• ACE inhibitors reduce left ventricular remodelling, a
process which sometimes follows myocardial infarction
and is a recognised precursor of symptomatic heart fail-
ure. Myocardial infarction patients with left ventricular
dysfunction benefit from long-term oral ACE inhibitors
started early after infarction and continued for at least 4
to 6 weeks.66,67 Long-term use of ACE inhibitors in pa-
tients without left ventricular dysfunction is less estab-
lished, since less benefit has been found in this group.
However, the HOPE study68 found that treatment with
ramipril significantly improved outcome in patients at
high risk for cardiovascular disease, including patients
with previous myocardial infarction but preserved left
ventricular function, and some guidelines6,58 therefore
consider that long-term use of ACE inhibitors is reason-
able in all patients after myocardial infarction. 

• Angiotensin II receptor antagonists may be an alterna-
tive; a study69 comparing valsartan with captopril found
that both were equally effective, although another
study70 comparing losartan with captopril suggested
that ACE inhibitors should remain first-line. 

• Aldosterone receptor blockade with a drug such as
eplerenone is recommended in patients with evidence of
heart failure.6,7,58 

• Statins are effective in the primary and secondary pre-
vention of myocardial infarction in patients with both
high and average cholesterol concentrations and their
use has been advocated in all patients who have suffered
a myocardial infarction (see Cardiovascular Risk Re-
duction, p.1164). 

• Omega-3 acid ethyl esters may be considered if dietary
intake is inadequate.58 

• Some patients, for example those with myocardial
ischaemia or poor left ventricular function, may require
long-term nitrates, but there is no evidence to support
their routine use in all patients.3 

Post-infarction problems such as heart failure (left ven-
tricular dysfunction), angina pectoris, and arrhythmias are
discussed on p.1165, p.1157, and p.1160, respectively.
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Patent ductus arteriosus
The ductus arteriosus is a vascular channel present in the
fetal circulation that connects the pulmonary artery and the
descending aorta. In some infants the ductus arteriosus
fails to close, a condition known as persistent patent ductus
arteriosus. Details of its management are given on p.68.

Peripheral arterial thromboembolism
Occlusion of the peripheral arteries may occur due to em-
bolism or thrombosis (see Thromboembolic Disorders,
p.1187). Sudden or acute occlusion causes reduction of
blood flow to the distal portions of the limb and may lead
to critical limb ischaemia. Emergency treatment with sur-
gery or thrombolytic drugs is often required to restore
blood flow and preserve the limb. 
Acute peripheral arterial thromboembolism produces
pain, pallor, and coldness in the affected limb. Numbness
and paraesthesia may occur and if the clot is not removed,
gangrene develops. Sudden onset is usually due to occlu-
sion by an embolus. The heart is a frequent source of em-
boli; atrial fibrillation, cardiomyopathy, myocardial infarc-
tion, and valvular heart disease are all associated with
peripheral arterial embolism. Peripheral arterial thrombo-
sis often has a more gradual onset due to collateral vessels
maintaining some perfusion of the limb. Thrombosis is
usually the result of thrombus formation at a site of athero-
ma in an atherosclerotic artery; thus it may occur in pa-
tients with chronic occlusive arterial disease (see Peripher-
al Vascular Disease, p.1178). Thrombosis is now more
common than pure embolism although the two may co-
exist. 
Sudden arterial occlusion requires emergency treatment to
restore circulation and to avoid gangrene and possible am-
putation of the limb. Where there is imminent danger to
the limb surgery is necessary to rapidly restore blood flow.
In patients with embolism in otherwise healthy arteries
surgical removal of the embolus by catheter (embolecto-
my) is used and usually results in restoration of blood flow.
Sudden arterial occlusion due to thrombosis where gan-
grene is imminent requires emergency bypass surgery to
restore blood flow; surgical removal of a thrombus
(thrombectomy) is not usually successful as most arterial
thromboses are superimposed on atheromatous plaques,
particularly in elderly patients, and thrombectomy adds to
the intimal damage. 
Where the risk from ischaemia is less acute, angiography
may be performed to confirm the type of occlusion, and
intra-arterial thrombolysis may be used as initial therapy,
particularly if the cause is thrombotic.1-3 This method is
particularly useful for occlusion of smaller vessels, distal
occlusions in surgically inaccessible small arteries, or in
patients too ill to undergo surgery. However, it is a slower
method of restoring blood flow and its use in limb-threat-
ening ischaemia is controversial.4 The TOPAS study5 re-
ported no significant difference in outcomes in patients
with acute arterial occlusion treated initially with throm-
bolysis or surgery, although the rate of bleeding complica-
tions was higher with thrombolysis. It has therefore been
suggested that thrombolysis may be appropriate for initial
therapy in acute occlusion, providing this will not lead to
an unacceptable delay in reperfusion.6-8 However, others9

consider that thrombolysis should not be used as first-line
therapy due to the lack of significant benefit and the in-
creased risk of bleeding. 
Thrombolytics may be given intravenously, but giving low
doses of intra-arterial thrombolytics directly into the clot is
often preferred. Despite the use of low doses the risk of
major haemorrhage is still about 10%. Continuous intra-
arterial infusion, pulse infusion, and different thrombolyt-
ics (alteplase, streptokinase, or urokinase) are used; the op-
timal technique and choice of thrombolytic are unclear.
Local treatment with low-dose streptokinase or urokinase
infused into the clot is successful in about 50 to 80% of
patients and recanalisation is sustained for a year in 50%.
Thrombolytic therapy is more likely to be successful if it
is begun soon after thrombosis occurs. If no lysis has
occurred within the first 12 to 24 hours the procedure is
unlikely to be successful, but where thrombolysis is occur-

ring infusion has been continued for several days. There is
rather less experience with alteplase; it is claimed to pro-
duce more rapid thrombolysis than streptokinase although
studies have been too small to provide evidence of reduced
limb loss or mortality.1 On completion of thrombolytic
therapy angiography should be repeated to identify the un-
derlying abnormalities that caused the original occlusion.
The lesions can then be treated by balloon angioplasty or
surgical repair, and this should be done as soon as possible
to avoid rethrombosis, which occurs in about 10 to 30% of
patients. 
Intra-arterial thrombolysis may also be used in conjunc-
tion with surgical techniques, particularly when surgery
fails to restore blood flow due to distal occlusions.10-13 
Adjunctive treatment with antithrombotics, such as
heparin and aspirin, is often given to patients with periph-
eral arterial thromboembolism to prevent propagation of
the clot and also to prevent postoperative thromboembolic
complications. However, there is an increased risk of seri-
ous bleeding complications if heparin is used with throm-
bolytic therapy.5 Glycoprotein IIb/IIIa-receptor antago-
nists, such as abciximab, have also been tried.14 Where the
occlusion has been due to embolism, the patient should be
investigated for a possible source of emboli and long-term
oral anticoagulation should be considered to prevent recur-
rent embolism.
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Peripheral vascular disease
The term peripheral vascular disease is often used for
atherosclerotic or occlusive arterial disease but in its wid-
est sense covers both arterial and venous disorders and
may be due to atherosclerosis, vasospasm, or thromboem-
bolism. Peripheral arterial occlusive disorders are the sub-
ject of the following discussion; for reviews of vasospastic
arterial disorders see p.1188. Venous disorders are covered
under Venous Thromboembolism (p.1189); for chronic
venous disease see also Varicose Veins (p.2347) and
Wounds and Ulcers (p.1585). 
The commonest form of occlusive arterial disease is
caused by atherosclerosis. It may well be only one mani-
festation of a generalised atherosclerotic process and suf-
ferers also usually experience, or are at increased risk of,
ischaemic heart disease. Thromboangiitis obliterans
(Buerger’s disease)1 is also an occlusive arterial disease,
but, rather than being caused by atherosclerosis, it is a re-
sult of inflammatory and proliferative lesions in medium
and small arteries and veins of the limbs. The lesions are
mainly thrombotic in nature. It progresses more rapidly
than atherosclerotic disease; severe ulceration and gan-
grene, necessitating amputation, may often occur. Suffer-
ers are typically heavy smokers. Intermittent claudication

is a major feature of occlusive arterial disease of the lower
limbs and is characterised by pain that develops during
exercise and which usually disappears at rest although it
may persist in severe forms of disease. The pain is due to
ischaemia (insufficient oxygen supply) resulting from the
obstruction or vasoconstriction of peripheral arteries.
Ischaemia may also result in trophic changes in the skin. In
severe or advanced disease, ulceration of skin and tissues
can occur and may even progress to gangrene. Although
the cause of arterial obstruction is usually atherosclerosis,
ischaemia is commonly precipitated by thrombosis.
Smoking causes vasoconstriction and is frequently a con-
tributory factor. 
Management. Patients with occlusive arterial disease are
at high risk of other cardiovascular events such as myocar-
dial infarction and stroke, and treatment is important both
to reduce this risk and to improve symptoms.2-11 Measures
to reduce cardiovascular risk (see p.1164) include general
lifestyle changes, antiplatelet therapy, treatment of hyper-
tension and hyperlipidaemia, and smoking cessation. In
the case of thromboangiitis obliterans, cessation of smok-
ing is essential to halt progression of the disease. These
measures do not generally improve symptoms in those
with intermittent claudication, although supervised exer-
cise programmes have been shown12 to improve walking
distance and are recommended,7 and there is also some
evidence13,14 that lipid lowering therapy may do the same. 
Many drugs have been used for symptom control in occlu-
sive arterial disease, but studies have often been unsatis-
factory and their efficacy and/or overall place in manage-
ment remains to be firmly established.15,16 
Vasodilators have been the most commonly used drugs in
intermittent claudication, although any purported benefit
is probably due to mechanisms other than vasodilatation,
such as actions on blood cells or changes in blood rheolo-
gy. Vasodilators do not preferentially dilate the affected ar-
teries, which may in any case be fully dilated already. Dil-
atation of arteries supplying non-ischaemic tissues
elsewhere in the body may actually divert blood away
from the affected ischaemic area—the so-called ‘steal’
phenomenon; this is a known risk with all vasodilators, but
especially with powerful arterial vasodilators such as hy-
dralazine and this type of drug is not suitable for use in
peripheral arterial disease. Cilostazol, which has antiplate-
let and vasodilator effects, has been shown to increase
walking distance,17,18 and has been recommended in pa-
tients with disabling claudication.7,19 Naftidrofuryl and
pentoxifylline have been widely used; they may increase
the time and distance walked before the onset of pain, but
evidence of benefit is limited.15,20 Pentoxifylline may be
considered7 as second-line therapy to cilostazol. Other
vasodilators that have been promoted for the treatment of
intermittent claudication include buflomedil, cinnarizine,
cyclandelate, and inositol nicotinate; ketanserin, which in-
hibits vasoconstriction and also changes indices of blood
rheology, has also been used. 
Prostaglandins such as alprostadil (prostaglandin E1) and
epoprostenol (prostacyclin) act as vasodilators and have
been used in obstructive arterial disease.2,3 A beneficial ef-
fect on rest pain has been noted and some ulcers have ei-
ther regressed or healed; in selected patients this form of
therapy has avoided the need for amputation. However,
their role remains unclear. A systematic review21 conclud-
ed that prostaglandin E1 and its analogues, given intrave-
nously or intra-arterially, were beneficial, but their use
may not be practical in most patients.7 Oral prostaglandins
such as beraprost have also been tried but do not appear to
be effective and are not recommended.7,9,19 Topical dino-
prostone has also been used. 
Other drugs that have shown positive results in small stud-
ies include arginine,16 ginkgo biloba,15 glutathione,16 levo-
carnitine,15,22 policosanol,16 and sulodexide.23 Growth
factors24 (given locally) and gene therapy25 have also been
tried. 
If intermittent claudication is severe, and does not respond
to medical treatment, non-pharmacological techniques
such as bypass surgery, endarterectomy, percutaneous
transluminal angioplasty, or intravascular stenting should
be considered.7,9 After these procedures, treatment to pre-
vent postoperative thrombosis and restenosis may be nec-
essary (see Reperfusion and Revascularisation Proce-
dures, p.1181). 
Sudden or acute arterial occlusion due to emboli or to
thrombosis may occur in 10% of patients with atheroscle-
rotic disease, but is rare in thromboangiitis obliterans. The
initial approach has been surgical removal; dissolution of
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the thrombus using local or systemic thrombolytic therapy
may be considered. For further details, see Peripheral Ar-
terial Thromboembolism, p.1178.
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Phaeochromocytoma
Phaeochromocytoma is a rare catecholamine-secreting tu-
mour of the adrenal medulla. Patients with phaeochromo-
cytoma are usually hypertensive and suffer headache, pal-
pitations, and excessive sweating; the hypertension may
be either episodic or sustained. However, if the tumour is
mainly adrenaline-secreting, tachyarrhythmias may be as-
sociated with a normal or even decreased arterial pressure
and if the tumour secretes mainly noradrenaline, vasocon-
striction may lead to contraction of the venous pool and
hypovolaemia. If the effects of the release of catecho-
lamines are not controlled a life-threatening crisis ulti-
mately ensues and may range from a shock-like syndrome
with multiple organ failure to hypertensive crisis, depend-
ing on the predominance of the catecholamine secreted. 
For a diagnosis of phaeochromocytoma, history and clini-
cal symptoms are important, but a firm diagnosis requires
further investigative techniques. Raised plasma or urinary
concentrations of catecholamine metabolites indicate the
presence of a tumour; measurement of urinary or plasma
concentrations of adrenaline and noradrenaline may be
necessary to confirm the diagnosis in some patients. The
precise location of the tumour can be established by proce-
dures such as computed tomography, magnetic resonance

imaging, or scintigraphy with 131I-iobenguane (131I-m-
iodobenzylguanidine). Other tests that may be used in-
clude use of drugs such as clonidine that suppress catecho-
lamine release in normal patients but not in those with
phaeochromocytoma. A glucagon stimulation test may
also be used but other provocative tests are generally con-
sidered obsolete. 
Although surgery to remove the tumour is the ultimate
treatment goal, the initial step in management must be the
prevention of the pressor and other effects of catechol-
amines. Alpha blockers, given orally, are the mainstay of
therapy; they both reduce the blood pressure and allow the
plasma volume to return to normal. Phenoxybenzamine is
the alpha blocker of choice since the long-lasting, non-
competitive blockade that it produces cannot be overrid-
den by surges of catecholamine release, as may happen
with competitive blockers. In patients who are unable to
tolerate phenoxybenzamine, a selective alpha1-adrenocep-
tor blocker such as prazosin may be used; it results in less
tachycardia and may be preferable if the tumour is pre-
dominantly adrenaline-secreting, but hypotension may be
a problem. Phentolamine may be given intravenously in
patients with hypertensive crises. The initial dose of alpha
blocker should be small and should be increased gradually
until all signs of pressor activity are suppressed. Once, but
not until, alpha blockade is successfully established, tachy-
cardia can be controlled by the cautious use of a beta
blocker. A beta1-selective blocker is preferred so that
peripheral beta2-mediated vasodilatation is unaffected.
α-Methyltyrosine, which suppresses catecholamine syn-
thesis, may be tried in selected patients such as those resist-
ant to alpha blockade or those in whom the effects of alpha
or beta blockade may be undesirable. 
Once the pressor effects of catecholamine secretion are
controlled, surgery can be undertaken. Drugs used for pre-
medication and anaesthesia should be chosen so as to
avoid those which may cause pressor responses or tachy-
cardia and ideally should suppress the adrenergic response
to surgical stimuli. This will still not be adequate to prevent
catecholamine release when the tumour is handled and po-
tent vasodilators such as sodium nitroprusside or glyceryl
trinitrate have been given intravenously to prevent danger-
ously high arterial pressures; the alpha blocker phen-
tolamine has also been advocated although tachycardia is
invariably a problem. Cardioselective beta blockers such
as atenolol may be given, often in high dosage, to control
tachycardia during surgery. 
If it proves impossible to remove all the active tissue of a
phaeochromocytoma during surgery, or in patients who
are unsuitable for surgery or who have malignant phaeo-
chromocytoma, maintenance therapy with alpha and beta
blockade needs to be continued or α-methyltyrosine may
be used. Alternatively, 131I-iobenguane has been given in
high doses sufficient to cause radionecrosis; antineoplastic
therapy has also been used. 
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Pulmonary hypertension
Pulmonary hypertension is a disorder in which there is an
increase in pulmonary vascular resistance, leading to an
increase in pulmonary arterial pressure. Mean pulmonary
artery pressure in a resting individual at sea level is nor-
mally about 15 mmHg; pulmonary hypertension is usually
defined as a pressure above 25 mmHg at rest, or above
30 mmHg during exercise. Pressures will be correspond-
ingly higher at higher altitudes. 
Pulmonary hypertension has been classified in a number
of ways and the terminology used has changed as the un-
derlying pathophysiology has become clearer. The most
common classification used has been to divide pulmonary
hypertension into primary and secondary forms, depend-
ing on the absence or presence of an underlying cause.
However, this classification has little meaning in terms of
the pathophysiology or treatment and guidelines1,2 now
recommend against the use of these terms. Pulmonary

arterial hypertension is the preferred term where the in-
creased pressure is due to a disorder of the pulmonary
arteries themselves. This includes both idiopathic and fa-
milial forms (previously classified as primary pulmonary
hypertension), as well as forms that were previously clas-
sified as secondary, including those associated with con-
nective tissue disorders, infections, drugs and toxins, and a
number of other disorders. The discussion that follows re-
lates to the management of these forms. Other types are
classified into groups covering pulmonary hypertension
associated with cardiac, pulmonary, thromboembolic, or
other disorders, for which management primarily involves
treatment of the underlying disease. 
Pulmonary arterial hypertension3-8 is a progressive dis-
ease with a high mortality rate, and patients appear to be
prone to sudden death. Idiopathic pulmonary arterial hy-
pertension occurs in patients of all ages and in both sexes
but women in the fourth decade of life are those typically
seen. A functional classification system similar to the New
York Heart Association grades used for heart failure (see
p.1165) may be used to indicate severity.1,2 Initial com-
plaints include dyspnoea on exertion, fatigue, and chest
discomfort or pain. In advanced disease, cor pulmonale
(an enlargement of the right ventricle due to either dilata-
tion, hypertrophy, or both) occurs and may progress to
right-sided heart failure. The pulmonary arteries may also
be affected by thromboembolic disease. 
The aim of treatment in pulmonary arterial hypertension
has generally been to decrease the pulmonary arterial pres-
sure, preferably in conjunction with an increase in cardiac
output, and thus improve symptoms. However, more re-
cent therapies also improve survival and reduce the need
for transplantation, and this is reflected in current
guidelines1,9,10 for management. Although most studies
have been in patients with idiopathic pulmonary arterial
hypertension, there is some evidence that patients with
pulmonary arterial hypertension associated with other dis-
orders respond similarly,1,6,10 and they are usually man-
aged in the same way. Improved understanding of the
pathophysiology of pulmonary arterial hypertension has
also led to the development of new treatments, although
evidence of long-term benefit is limited in most cases. 
General treatment for pulmonary arterial hypertension1,9,10

includes measures to prevent hypoxia, since this causes
pulmonary vasoconstriction, and treatment of associated
right-sided heart failure. Oxygen therapy may be needed in
some patients, and anaemia should be avoided. Pneumo-
coccal and influenza vaccines are recommended to reduce
the risk of pulmonary infections. Diuretics produce symp-
tomatic benefit in patients with fluid retention, and should
be given as appropriate. Digoxin has been used, although
its role is less clearly established unless patients also have
atrial fibrillation. Patients with pulmonary arterial hyper-
tension also appear to be at risk of thromboembolic com-
plications, and oral anticoagulation has been advised. 
Specific therapy has generally been based on the use of
vasodilators. Vasoconstriction is believed to play an im-
portant role in the pathophysiology of pulmonary arterial
hypertension, and many of the vasodilators used in sys-
temic hypertension have therefore been tried.11 While
most reduce pulmonary artery pressure, they also reduce
systemic blood pressure,12 producing undesirable and
sometimes intolerable adverse effects, and this limits their
use. Those with an established role in pulmonary arterial
hypertension are calcium-channel blockers and prostacyc-
lin analogues. 
Calcium-channel blockers improve pulmonary haemody-
namics, and there is some evidence of a survival benefit;
an observational study13 over a 5-year period found that
survival was improved in patients given high doses. How-
ever, only a small proportion of patients respond,14 and ad-
verse effects may be a concern. Guidelines1,9,10 therefore
recommend that an acute response test should be per-
formed in all patients before starting long-term treatment.
Although oral calcium-channel blockers have been used
for testing, this has been associated with severe adverse ef-
fects and it is now recommended that only short-acting va-
sodilators such as intravenous epoprostenol, intravenous
adenosine, or inhaled nitric oxide, should be used. Those
who respond may then be started on oral calcium-channel
blockers, with the choice usually being nifedipine in pa-
tients with relative bradycardia, and diltiazem in those
with relative tachycardia. The dose should be increased
gradually, as tolerated, and long-term therapy should only
be continued in patients with a sustained response. 
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Prostacyclin is a potent endogenous vasodilator and there
is evidence that it may be deficient in patients with pulmo-
nary arterial hypertension. Epoprostenol, a synthetic form
of prostacyclin, was originally used in patients with end-
stage pulmonary hypertension to sustain them long
enough to have a heart-lung transplant. However, some
studies have suggested that long-term therapy with epo-
prostenol may also have a role as an alternative to trans-
plantation. Sustained clinical improvement and improved
survival have been reported15,16 in some patients given
long-term intravenous therapy using portable infusion
pumps, and guidelines1,9,10 now recommend that epopros-
tenol may be used in patients with pulmonary arterial
hypertension who do not respond to calcium-channel
blockers and who are in functional class III or class IV.
Continuous intravenous iloprost, a more stable analogue,
has also shown some benefit,17 and may be an alternative.
Another analogue, treprostinil, can be given by continuous
subcutaneous infusion18,19 and may be used, particularly in
patients for whom intravenous treatment is not suitable;10

a small study20 has reported the safe transfer of patients
from epoprostenol to treprostinil therapy. However, severe
pain may occur with subcutaneous treprostinil, and it may
be given intravenously if required.10,21 Prostaglandin ana-
logues have also been given by inhalation. Epoprostenol
has been used, but iloprost, which has a longer action, is
generally preferred;10,22 treprostinil has also been used.23

Another analogue, beraprost sodium, has been given oral-
ly,24-26 but is not widely available. Although primarily
thought to act as vasodilators, epoprostenol and its ana-
logues also affect vascular remodelling and platelet aggre-
gation and this may contribute to their beneficial effects. 
Endothelin receptor antagonists may also be used. Endo-
thelin-1 is a potent endogenous vasoconstrictor and ap-
pears to be overproduced in pulmonary arterial hyperten-
sion; it also stimulates vascular remodelling and has pro-
inflammatory effects. Bosentan, an oral endothelin recep-
tor antagonist, has been shown27,28 to improve haemody-
namics and exercise capacity, and there is some evidence
that survival may also be improved.29 It may be used as an
alternative to prostacyclin analogues in patients in func-
tional class III and a small study30 has suggested that some
patients can be safely transferred from prostacyclin ana-
logues to bosentan. However, in unstable functional class
IV patients, epoprostenol is usually preferred.1,10 Studies
with sitaxentan31 and ambrisentan,32 which are selective
for the endothelin ETA-receptor, have also demonstrated
positive results. 
Phosphodiesterase inhibitors such as sildenafil have also
shown some benefit in pulmonary arterial hyperten-
sion,33,34 and may have a role, particularly in patients who
fail to respond to other therapies.1,10 Another alternative
may be to use a combination of treatments, such as a pros-
tacyclin analogue with an endothelin receptor antagonist,
but this suggestion is based on limited evidence and is not
yet established.1,6,10 There have been case reports35-37 sug-
gesting benefit with imatinib, a platelet-derived growth
factor antagonist, but controlled studies are needed. 
Surgical intervention, and ultimately lung or heart-lung
transplantation may be needed in patients who do not re-
spond to vasodilator therapy.1,9 
Pulmonary hypertension associated with an estab-
lished cardiopulmonary disorder is much more com-
mon than pulmonary arterial hypertension and the clinical
manifestations are dominated by those of the underlying
condition. Chronic obstructive pulmonary disease is the
commonest respiratory cause, but it may also occur in pa-
tients with respiratory distress syndromes, sarcoidosis, or
cryptogenic fibrosing alveolitis. Pulmonary arterial pres-
sure may also be raised in thromboembolic disease, and in
patients with impaired left ventricular function, for exam-
ple associated with myocardial infarction or mitral valve
disease. Management generally involves appropriate treat-
ment of the underlying disorder. Inhaled nitric oxide has
been used in patients with acute pulmonary hypertension
following cardiac surgery or associated with respiratory
distress syndrome.38 There have also been reports39 of
long-term use in patients with chronic lung disease. 
Persistent pulmonary hypertension of the newborn,
sometimes also termed persistent fetal circulation, is a
form of pulmonary hypertension specifically affecting neo-
nates. It can be primary in nature (that is, idiopathic, affect-
ing infants with an anatomically normal heart and no pul-
monary disease) or secondary, being associated with a
number of cardiopulmonary conditions including congen-
ital heart disease, diaphragmatic hernia, meconium aspira-

tion, respiratory distress syndrome, or sepsis. The pulmo-
nary hypertension and altered vasoreactivity lead to a
right-to-left shunting of blood across the patent ductus ar-
teriosus or foramen ovale and this often results in critical
hypoxaemia. 
Management generally involves high-frequency oscillat-
ory ventilation (to achieve optimal lung inflation) and, if
necessary, extracorporeal membrane oxygenation. Treat-
ment to reduce pulmonary vascular resistance may also be
tried. Mechanical hyperventilation has been used to induce
alkalosis, since this reduces pulmonary vasoconstriction;
intravenous sodium bicarbonate may be an alternative.40

Inhaled nitric oxide which is a potent, selective pulmonary
vasodilator, is also widely used.41 Studies42-46 have shown
that it can cause marked improvement in oxygenation and
a reduction in the need for extracorporeal membrane oxy-
genation, but no effect on mortality has been found. Al-
though there have been concerns that use of inhaled nitric
oxide might adversely affect neurodevelopmental out-
come more than conventional therapy, this has not been
confirmed in infants followed up for up to 2 years.47,48 Use
of inhaled nitric oxide in combination with high-frequency
oscillatory ventilation may have additional benefits.49 
Nitric oxide is not effective in all patients and alternatives
may be required.50,51 Intravenous vasodilators have been
used, although, as discussed above, this is generally limit-
ed by their systemic effects. Tolazoline has been most
commonly used, and may be given intravenously or by the
endotracheal route. Intravenous epoprostenol is also used;
it has also been given by inhalation,52,53 which may reduce
systemic effects. Phosphodiesterase inhibitors may have a
role; dipyridamole has been used, and there have been
reports54,55 of benefit with sildenafil. Other vasodilators
that have been tried include intravenous adenosine,56,57 in-
travenous magnesium sulfate,58-60 and inhaled sodium ni-
troprusside,61 but none of these has an established role.
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Raised intracranial pressure
The intracranial compartment consists of brain parenchy-
ma, vascular tissue, and cerebrospinal fluid (CSF). Since
the skull is a rigid structure an increase in the volume of
any one of these compartments will raise intracranial pres-
sure. This may be due to the formation of cerebral oedema
after head injury or around tumours, mass-lesions such as
tumours or haemorrhage, CNS infections, or metabolic
disorders. Other mechanisms that can raise intracranial
pressure include increased dural sinus venous pressure, in-
creased resistance to CSF outflow, and an increased rate of
formation of CSF. In idiopathic intracranial hypertension
there is no obvious cause. Raised intracranial pressure (in-
tracranial hypertension) can produce irreversible damage
to the CNS and is potentially fatal; herniation of brain tis-
sue can occur and reduced cerebral blood flow can lead to
cerebral ischaemia. Symptoms of raised intracranial pres-
sure include headache, which is often worse in the morn-
ing and may wake the patient from sleep, vomiting, drow-
siness, and visual disturbances; most patients have
papilloedema on examination. 
There are several ways of reducing raised intracranial
pressure, the choice of treatment being determined mainly
by the underlying cause.1-8 Whatever the cause, in acutely
raised intracranial pressure the initial aim is to reduce the
volume of the intracranial contents as quickly as possible
to prevent brain damage. For patients with haematoma or
tumours the treatment of choice is often surgery but other
methods may be used to control intracranial pressure be-
fore surgery. 
Intracranial pressure monitoring can be helpful in guiding
therapy since reducing the intracranial pressure too far is
also deleterious. Patients may be sedated to avoid eleva-
tions of intracranial pressure due to unnecessary move-
ment but if this is ineffective the use of neuromuscular
blockers such as pancuronium or atracurium with artificial
ventilation should be considered. Hyperventilation reduc-
es the intracranial pressure by constricting the cerebral
blood vessels and controlled hyperventilation has been
used; however, it also reduces cerebral blood flow and rou-
tine use is not generally advised.4,5 Raising the patient’s
head to promote venous drainage may be helpful. Al-
though restriction of fluid intake has been advised, hypo-
tension reduces cerebral blood flow and should be avoid-
ed, and intravenous fluids should therefore be given as
required.4 Removal of CSF through a ventricular catheter
may also be effective. Controlled hypothermia has been
used, but a review9 of its use in head injury found no evi-
dence that it improves outcome. 
The mainstay of pharmacological treatment for acutely
raised intracranial pressure is diuretic therapy, usually with
an osmotic diuretic. Mannitol is most often used but urea,
glycerol, sorbitol, and hypertonic glucose or sodium chlo-
ride solutions have also been given.3 Osmotic diuretics act
by increasing the osmolality of plasma and drawing water
out of the tissues, as well as by promoting an osmotic diu-
resis. They should not be given to patients with intracranial
bleeding after head injury since they can exacerbate the
bleeding,6 and should also be avoided in patients who are
already dehydrated. Mannitol decreases intracranial pres-
sure and increases cerebral blood flow both by an osmotic
effect and by decreasing blood viscosity.4,10 It is widely
used to reduce intracranial pressure after severe head inju-
ry,4,5,8 although evidence from randomised studies is lim-
ited.11 It is also used to control intracranial pressure before
surgery, and has been suggested for cerebral oedema in he-
patic failure.12 Mannitol has also produced beneficial re-
sponses in children with raised intracranial pressure from
birth asphyxia,13 diabetic ketoacidosis,14 or Reye’s syn-
drome.15,16 The use of osmotic diuretics to reduce intracra-
nial pressure in patients with cerebral malaria is not rou-
tinely recommended and is controversial in other CNS
infections. 
In addition to its ability to lower intracranial pressure glyc-
erol is reported to be able to increase blood flow to areas
of brain ischaemia. It has been used orally or intravenously
in an attempt to reduce cerebral oedema and raised intra-
cranial pressure in a variety of conditions including Reye’s
syndrome17 and meningitis;18 it has been reported to be in-
effective in hepatic coma.19 Some patients have experi-

enced severe adverse effects including haemolysis, haemo-
globinuria, and renal failure. Strongly hyperosmotic
glucose solutions (25 to 50%) have been used to reduce
raised intracranial pressure and cerebral oedema caused by
delirium or acute alcohol intoxication. Hypertonic sodium
chloride has been shown to reduce intracranial pressure in
several studies. It may have a role in resistant cases,4,20 and
has also been suggested in place of mannitol in acute head
injury.21 
If control is required for more than a few hours, repeated
doses or continuous administration of osmotic diuretics
may be necessary. Mannitol may accumulate with contin-
uous infusion and repeated bolus doses are generally pre-
ferred. Fluid and electrolyte balance and plasma osmolal-
ity should be closely monitored. 
Loop diuretics such as furosemide are also effective and
may be used as alternatives to osmotic diuretics, particu-
larly where a sustained effect is required. They may in-
crease the effect of osmotic diuretics and may be used as
adjuncts, usually given after the osmotic diuretic. Furo-
semide decreases cerebral water content and possibly also
reduces secretion of CSF. It may be preferred to mannitol
in patients undergoing neurosurgery.22 
Corticosteroids have an accepted and important role in the
management of raised intracranial pressure associated
with tumour-induced cerebral oedema. They may be used
intravenously in high doses to control acutely raised in-
tracranial pressure due to a rapidly expanding tumour.
Lower doses are given orally for maintenance or where the
onset of cerebral oedema is more insidious. Corticoster-
oids have also been tried in patients with stroke, but results
have been disappointing. Although corticosteroids have
been widely used in traumatic head injury, a large ran-
domised trial23 found that they increased the risk of mor-
tality and they are no longer routinely recommended.24 
The use of barbiturate-induced coma with intravenous thi-
opental or pentobarbital for raised intracranial pressure
has been controversial but it may be of benefit in patients
refractory to conventional therapies.4,5 In addition to their
effect on intracranial pressure barbiturates may be able to
protect the brain from ischaemia. Trometamol is reported
to lower raised intracranial pressure in patients with head
injury; it may do this by causing metabolic acidosis lead-
ing to vasoconstriction of cerebral vessels.3 
Idiopathic intracranial hypertension (pseudotumor cer-
ebri) is a rare disorder of unknown cause in which there is
a raised intracranial pressure in the absence of an intracra-
nial mass or obstruction to CSF outflow. Although it was
previously known as benign intracranial hypertension,
since it is not life-threatening and is usually self-limiting,
symptoms may be severe or become chronic, and there is
a risk of irreversible visual loss.25,26 Patients are often
obese and tend to be young and female. Drug-induced in-
tracranial hypertension may also occur. 
Management of mild symptoms usually involves diuretic
treatment with furosemide, a thiazide, or acetazolamide.
Analgesics, tricyclic antidepressants, or the antiepileptic
topiramate may be used to control headache.25 Cortico-
steroids can control acute symptoms but long-term adverse
effects limit their use. Repeated lumbar puncture to re-
move CSF may relieve symptoms and has been used every
2 to 5 days to induce remission. In patients who cannot be
controlled medically, surgical methods such as lumboperi-
toneal shunting may be required. There has been an anec-
dotal report of beneficial effects with octreotide in a few
patients.27 
Acetazolamide has also been tried in the treatment of pa-
tients with chronically raised intracranial pressure due to
cryptococcal meningitis.28
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Reperfusion and revascularisation procedures
Ischaemia due to impaired blood flow is a major factor in
cardiovascular disorders such as angina pectoris (p.1157),
myocardial infarction (p.1175), peripheral vascular dis-
ease (p.1178) and ischaemic stroke (p.1185). The underly-
ing cause is usually atherosclerosis (p.1159); this leads to
narrowing of arteries with a consequent reduction in blood
flow, while rupture of the atherosclerotic plaque may lead
to thrombosis and acute occlusion of the artery. Restora-
tion of blood flow is therefore one of the main aims of
treatment for atherosclerotic disorders, and may be
achieved by pharmacological and non-pharmacological
methods. The choice of method depends on the condition
being treated and is discussed under the individual diseas-
es. Pharmacological methods such as thrombolysis are
usually only used in acute occlusion to break down the
blood clot and restore flow. Non-pharmacological meth-
ods may be used in acute occlusion or electively in situa-
tions where stenosis of the blood vessel restricts but does
not totally obstruct flow. The methods used in the coronary
circulation include percutaneous coronary interventions
(PCI) such as balloon angioplasty and stenting,1-3 and sur-
gical procedures such as coronary artery bypass grafting
(CABG); similar techniques are used for peripheral vascu-
lar and cerebrovascular disease. Where non-pharmacolog-
ical methods are used, adjunctive drug therapy is required
to prevent and treat acute and long-term complications,
and this is the focus of the following discussion. 
Patients undergoing surgery or PCI are at risk of thrombo-
sis during and immediately after the procedure due to dam-
age to the arteries at the site of intervention and the use of
angioplasty catheters or extracorporeal circulation. Anti-
thrombotic therapy with anticoagulants and antiplatelet
drugs therefore has an important role2-4 at the time of the
procedure and may also be needed long-term (see below). 
Anticoagulants are used in both surgery and PCI. 
• For surgery involving cardiopulmonary bypass, high

doses of unfractionated heparin are given by intrave-
nous infusion. The dose is usually adjusted according to
the activated clotting time (ACT), although monitoring
blood-heparin concentrations may be an alternative. A
target ACT of 400 to 480 seconds has been suggested,5
with reversal of anticoagulation at the end of surgery. 



1182   Cardiovascular Drugs

Lower doses may be adequate in patients undergoing
‘off-pump’ or ‘beating-heart’ surgery (target ACT 250
seconds5) and in peripheral bypass surgery, although the
optimum degree of anticoagulation is not established. 

• Alternatives to heparin have been tried and positive re-
sults have been reported with hirudins (bivalirudin6 and
lepirudin7) and with the direct thrombin inhibitor arga-
troban,8 although they are usually reserved for patients
with heparin-induced thrombocytopenia.5 

• Antifibrinolytics have been given to reduce bleeding
complications after surgery, although there is some evi-
dence that use of aprotinin may be detrimental (see
Haemorrhagic Disorders under Uses and Administra-
tion of Aprotinin, p.1055). 

• In PCI, unfractionated heparin is generally used since it
can be rapidly reversed if emergency surgery is re-
quired, but the high doses (target ACT 250 to 350
seconds2,3) make bleeding a problem and alternatives
have been tried. Lower doses of heparin may be effec-
tive and safer, particularly if glycoprotein IIb/IIIa-recep-
tor antagonists are also used, and a target ACT of 200 to
250 seconds has been suggested;2,3 however, an
analysis9 found no clear relation between heparin dose
and outcome. 

• Low-molecular-weight heparins have been used, al-
though evidence for their efficacy is limited;2,3,10,11 a
meta-analysis12 that included mostly non-blinded stud-
ies found that low-molecular-weight heparin was as safe
and effective as unfractionated heparin, and further
studies13,14 have come to similar conclusions. 

• Direct thrombin inhibitors may be another alterna-
tive;2,3,11 bivalirudin appears to be as effective as
heparin,15,16 while a study with desirudin17 found fewer
early ischaemic events but no long term benefit com-
pared with heparin. 

• Fondaparinux has also been tried,18 but the risk of cath-
eter thrombosis may be increased and additional unfrac-
tionated heparin is recommended at the time of the pro-
cedure.3,11 

Antiplatelet drugs have an important role in reducing
acute thrombotic complications and in long-term treat-
ment. 
• In patients undergoing surgical bypass, they are not usu-

ally started until after the procedure since they increase
the risk of bleeding, and patients who are already taking
such drugs usually have them withheld for several days
before elective surgery.19 Continuation of antiplatelet
therapy pre-operatively increases blood loss and the
need for blood products,20-22 although there is some ev-
idence that use of aspirin pre-operatively may improve
outcomes.23 

• In patients undergoing PCI, the use of antiplatelet drugs
with anticoagulants during the procedure is of estab-
lished benefit. Aspirin is considered standard thera-
py,2,3,11 and patients who are not already taking aspirin
are usually given a loading dose at least 2 hours before
the procedure; a thienopyridine such as clopidogrel or
ticlopidine may be used in patients unable to tolerate
aspirin. However, aspirin does not completely inhibit
platelet function and combination therapy and more po-
tent drugs have also been studied. 

• Use of clopidogrel with aspirin improves outcomes and
is now generally recommended,2,3,11 although the dose
and timing have been debated. Pretreatment with clopi-
dogrel appears to be most effective, but the increased
bleeding risk may be of concern if emergency surgery is
required. Use of a 300-mg loading dose shortly before
the procedure appears to be safe, but efficacy may be
reduced if it is given less than 6 hours before the
intervention2,3 and there is some evidence that it needs
to be given at least 15 hours before.24 A higher dose of
600 mg may be effective if given at least 2 hours before
PCI25,26 and has been recommended,3 particularly in pa-
tients with non-ST elevation acute coronary syn-
dromes.11 However, in patients with stable angina, rou-
tine use of a 600-mg loading dose at least 6 hours before
angiography was no more effective than a selective
strategy in which the same dose was given immediately
after angiography only to those patients proceeding to
PCI.27 

• Glycoprotein IIb/IIIa-receptor antagonists such as ab-
ciximab, eptifibatide, and tirofiban given intravenously
improve outcomes in a variety of patients undergoing
PCI,28 including those with acute coronary syndromes,
those undergoing elective PCI, and patients receiving

intracoronary stents. However, recommendations for
their use vary,2,3,11,29 and some guidelines consider them
unnecessary in low-risk patients unless complications
occur. Evidence for tirofiban is limited to patients with
acute coronary syndromes, while abciximab is general-
ly preferred in patients undergoing PCI for acute myo-
cardial infarction. 
In most studies glycoprotein IIb/IIIa-receptor antago-
nists have been given as adjuncts to heparin and aspirin,
and their role in patients also taking clopidogrel is less
clear; studies in patients undergoing PCI electively30 or
for acute coronary syndromes31 have found that abcixi-
mab adds no further benefit to clopidogrel pretreatment
except in patients with raised troponins. There is also
some evidence32 that use of glycoprotein IIb/IIIa-recep-
tor antagonists (in this case eptifibatide) with both clopi-
dogrel and aspirin may make the routine use of heparin
unnecessary. 

Other acute complications during PCI include vaso-
spasm, reperfusion injury, and arrhythmias; lack of reflow
in the target artery (‘no-reflow’) may result from vaso-
spasm or distal embolisation. Vasodilators such as nitrates
or calcium-channel blockers may be given at the start of
the procedure to reduce vasospasm;2 verapamil, adenos-
ine, or sodium nitroprusside may be used to treat
no-reflow,2 but are not recommended for routine prophy-
laxis.33 Various drugs have been tried for cardioprotec-
tion,34 and to protect against myocardial reperfusion inju-
ry,35 but none yet has an established role. 
Long-term treatment. Patients undergoing surgical or
percutaneous revascularisation remain at risk of thrombo-
sis after the procedure as the endothelium heals, and are
also at risk of further cardiovascular events due to general-
ised atherosclerosis. Antithrombotic therapy should there-
fore be continued long-term, and patients should also be
assessed for their overall cardiovascular risk and treated as
appropriate (see Cardiovascular Risk Reduction, p.1164). 
Anticoagulants are usually only given intravenously at the
time of the procedure and oral anticoagulants such as war-
farin are not routinely used. They may have a role in addi-
tion to aspirin in patients at high risk of graft occlusion af-
ter peripheral artery bypass,36 although a study37

comparing oral anticoagulants with aspirin found no dif-
ference in reocclusion or mortality, whereas bleeding was
higher in patients receiving anticoagulants. 
Antiplatelet drugs have an established role in reducing
major coronary events after surgical and percutaneous
revascularisation procedures,38,39 and may also reduce
reocclusion after peripheral percutaneous interventions.40

Aspirin is recommended indefinitely in all patients.11,19,36

Clopidogrel may be used as an alternative in patients una-
ble to take aspirin, but may also be given as additional ther-
apy. There is evidence that it reduces major coronary
events when given with aspirin after PCI,41 and long-term
use of the combination has been recommended,3,11,19 espe-
cially in patients with coronary stents. 
Coronary artery stents1,42 were initially developed to treat
or prevent acute occlusion of the vessel due to elastic recoil
after balloon angioplasty, but are now used routinely in
most PCI to reduce the risk of restenosis (see below), al-
though their effect on mortality is unclear.43 Thrombotic
occlusion 2 to 14 days after the procedure (subacute stent
thrombosis) is a major complication with stent use, and in-
itially led to the use of intensive anticoagulant/antiplatelet
regimens.42 However, with optimal stent deployment and
use of heparin during the procedure, oral antiplatelet drugs
alone appear to be adequate, and a combination of aspirin
with clopidogrel is now recommended. Aspirin should be
continued indefinitely, but the optimum duration for clopi-
dogrel therapy is less clear. For patients with bare metal
stents, clopidogrel should be given for at least 2 to 4
weeks,2 and treatment for 12 months has been recom-
mended.3,19 For patients with drug-eluting stents, the risk
of occlusion persists for longer, and the benefit of continu-
ing clopidogrel is better established.44,45 Combination
therapy is therefore recommended for at least 12
months,3,19,46 and may be continued indefinitely if tolerat-
ed.19 Cilostazol has also been used, both as an alternative
to thienopyridines,47,48 and as part of a triple platelet regi-
men.49 Heparin-coated stents may also have a role.50 
Restenosis is a specific long-term complication of percu-
taneous procedures.1,51,52 Several pathological processes
are believed to be responsible, including platelet aggrega-
tion and thrombus formation, elastic recoil, vascular re-
modelling, and neointimal hyperplasia. Symptomatic rest-
enosis often requires a repeat revascularisation procedure

and increases the risk for clinical events. Stents reduce res-
tenosis by preventing elastic recoil and vascular remodel-
ling, but are associated with a higher risk of neointimal
hyperplasia, and in-stent restenosis is a particular prob-
lem.53,54 This has led to the investigation of drugs to pre-
vent restenosis, but results have generally been disappoint-
ing. Greater success has been reported with drug-eluting
stents, and these are now widely used, as discussed below;
however, they are not without complications, and oral
therapies continue to be investigated. 
Although systemic therapy with antiplatelet drugs and
anticoagulants reduces the risk of thrombus formation,
there is little evidence that they reduce the degree of reste-
nosis; studies with cilostazol have suggested that it may
have some effect,55,56 but this is not yet established. Lipid-
regulating drugs are indicated in most PCI patients for car-
diovascular risk reduction, but again their effects on reste-
nosis are unclear;51 there is weak evidence that omega-3
fatty acids57 reduce restenosis, while mixed results have
been reported with statins58,59 and with probucol.60,61

Folate therapy (folic acid, vitamin B6, and vitamin B12)
has been tried since it reduces plasma-homocysteine con-
centrations, a risk factor for atherosclerosis and possibly
restenosis, but again results have been mixed.62 
Antiproliferative drugs have been tried, but early positive
results have generally not been confirmed in larger stud-
ies.51,63 Sirolimus, which is widely used in drug-eluting
stents, has shown benefit64-66 when given orally. Other
drugs for which positive or mixed results have been report-
ed include angiotensin II receptor antagonists,67,68 calci-
um-channel blockers,69,70 corticosteroids,71 and thiazolid-
inediones,72 but none has an established place in therapy. 
The disappointing results with systemic drug treatment
may relate to the difficulty in achieving adequate concen-
trations at the target site and localised methods of treat-
ment have therefore been tried. Intracoronary radiotherapy
(brachytherapy) has reduced the rates of restenosis after
angioplasty,73 and after stenting,74 but is complex to per-
form and availability may be limited. Drug-eluting stents
are now generally the preferred treatment. 
These usually consist of metal stents coated with a poly-
mer containing the drug, which is then released over a
period of time, and they allow the localised delivery of
high doses of drugs to the site of vessel injury. Heparin-
coated stents have been used to reduce periprocedural
thrombosis and may reduce long-term stenosis,50 but stents
releasing antiproliferative drugs are most widely used.
Both sirolimus- and paclitaxel-eluting stents have been
shown75,76 to reduce neointimal proliferation and clinical
events, including the need for repeat revascularisation, and
they appear to be more effective than intravascular brachy-
therapy.77,78 Outcomes may be better with sirolimus than
with paclitaxel,79 but this does not appear to be clinically
important.80,81 Other drugs that are used include sirolimus
analogues such as everolimus and zotarolimus, and dexa-
methasone; lanreotide, and the sirolimus analogues tac-
rolimus and biolimus A9 are under investigation. Use of a
paclitaxel-coated angioplasty balloon has also been tried,82

and local gene therapy is also under investigation. 
Although drug-eluting stents clearly reduce the incidence
of restenosis, late stent thrombosis has been reported83,84

and appears to occur more frequently than with bare-metal
stents;85 possible mechanisms include delayed endotheli-
alisation due to the drug or hypersensitivity reactions pos-
sibly related to the polymer coating.86 However, analyses
using different definitions of late thrombosis have
suggested87 that there is no significant difference between
the types of stent, and the clinical relevance of any increase
in the incidence of late thrombosis remains unclear. The
effect of drug-eluting stents on mortality has also been de-
bated; some analyses88,89 have reported an increased mor-
tality with drug-eluting stents, whereas others85,90 have
found no significant effect. There is some evidence91,92

that outcomes with drug-eluting stents are worse in high-
risk clinical situations, although observational studies93,94

suggest they are as safe as bare metal stents in such pa-
tients, and it appears that late events may be related to du-
ration of antiplatelet therapy.84 The FDA has stated46 that
the concerns about thrombosis do not outweigh the bene-
fits of drug-eluting stents when used for their approved in-
dications, but that outcomes may not be the same in other
patients.
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Shock
Shock is a complex clinical syndrome in which there is a
failure of the circulatory system to maintain cellular per-
fusion and function. There are many aetiologies, but the
underlying defect is either inadequate venous return to the
heart due to an absolute or relative reduction in plasma
volume, or failure of the pumping action of the heart. A
traditional approach has been to place the cause of shock
into one of several basic groups: 
• Hypovolaemic shock results from fluid loss; cardiac out-

put is reduced due to inadequate filling pressure. Haem-
orrhagic causes include severe gastrointestinal bleeding
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and traumatic injury, while non-haemorrhagic causes
include severe vomiting and diarrhoea, polyuria, and
burns. Hypovolaemia can also be present in other forms
of shock; in septic or anaphylactic shock fluid loss from
the vasculature may occur due to capillary leakage,
while peripheral vasodilatation may lead to relative hy-
povolaemia 

• Cardiogenic shock usually results from acute cardiac
dysfunction or failure, leading to an inadequate stroke
volume and reduced cardiac output. It has a number of
causes, but is most often associated with acute myocar-
dial infarction. Other cardiac causes include valvular
heart disease, cardiomyopathies, and severe cardiac
arrhythmias; episodes of acute heart failure may also oc-
cur due to decompensation in patients with chronic heart
failure. Shock due to circulatory disorders such as mas-
sive pulmonary embolism is also sometimes classified
as cardiogenic. Other forms of shock may also have a
cardiac component 

• Septic shock occurs as a complication of infectious dis-
ease and is described and defined in more detail under
Septicaemia, p.190. Hypotension occurs primarily due
to peripheral vasodilatation, but fluid loss and direct ef-
fects on the heart may also be involved. Cardiac output
may be reduced due to hypovolaemia; however, if circu-
latory volume is adequate, cardiac output is often high 

• Anaphylactic shock (p.1205) is the result of a hypersen-
sitivity reaction and is similar haemodynamically to
septic shock 

In the early stages of shock, compensatory mechanisms
are usually sufficient to maintain the blood pressure, but
these generally become inadequate and patients in decom-
pensated shock classically present with hypotension, tach-
ycardia, and tachypnoea. The skin is often cold, clammy,
and cyanotic, due to compensatory peripheral vasocon-
striction, while impaired organ perfusion results in dulled
mental alertness, which may progress to stupor or coma;
oliguria or anuria, due to impaired renal perfusion, are also
frequent. Pulmonary oedema may occur as a result of im-
paired cardiac output in cardiogenic shock. Complications
of shock include disseminated intravascular coagulation
due to platelet sludging and microvascular insufficiency,
acute respiratory distress syndrome (previously termed
‘shock lung’) (p.1498), and acute renal failure. The terms
multiple organ failure syndrome (MOFS) and multiple or-
gan dysfunction syndrome (MODS) are applied to the
consequences of shock where several organs or body sys-
tems have become hypoperfused and are unable to main-
tain their normal function. 
Management. The initial aim of treatment in all forms of
shock is to restore tissue perfusion by correcting hypovol-
aemia and hypotension, and restoring cardiac output.1-6

Hypoxaemia should be avoided and supplemental oxygen
or mechanical ventilation may be required. Intravenous
opioid analgesics may be needed for pain, and an adequate
diuresis should be maintained in order to prevent renal fail-
ure; diuretics may also be required if there is pulmonary
oedema. Impaired tissue perfusion often leads to lactic
acidosis, but the need for specific treatment (see Metabolic
Acidosis, p.1667) is unclear; sodium bicarbonate may be
given for severe acidosis,1 although some4 consider that it
should not be used. Other electrolyte abnormalities should
be corrected as appropriate. 
Hypovolaemia. Restoration of the circulating volume is
essential, both to replace lost fluids in hypovolaemia and
to maintain cardiac filling pressure in other forms of
shock; small volumes may be beneficial in cardiogenic
shock, but should be given cautiously to prevent pulmo-
nary oedema. Replacement fluids available include blood
products and crystalloid or colloid plasma expanders,7-9

and the choice depends on the clinical situation. Blood
products are expensive and not always available, while the
relative merits of crystalloids and colloids continue to be
debated. 
In haemorrhage, volume expansion to maintain organ per-
fusion is initially the most important consideration,10 al-
though in trauma patients the optimum timing and quantity
of fluid to give is not clear.8,9,11 Anaemia is generally better
tolerated than hypovolaemia, but where blood loss is ex-
tensive (usually considered as 40% or more of the total
blood volume), red cell replacement is also required.10,12

This usually takes the form of packed red cells with plasma
expanders, and other plasma components as required.
Blood substitutes are also under investigation as an alter-
native to red cell products, but none yet has an established
role.8,9 

In non-haemorrhagic hypovolaemia, plasma expanders
alone are used. Crystalloids (solutions containing solutes
such as glucose or sodium chloride that can pass a semi-
permeable membrane) rapidly expand both the intravascu-
lar and extravascular compartments, which could be bene-
ficial since both become depleted in hypovolaemia.
However, large volumes may be required and the duration
of effect is short as fluid is rapidly redistributed. Hyperton-
ic crystalloid solutions may allow smaller volumes to be
used. Colloids (solutions containing large molecules such
as albumin, dextrans, gelatins, and etherified starches,
which do not pass semipermeable membranes) expand the
intravascular space more effectively; they have a longer
duration of effect and smaller volumes are required. This
may be beneficial since it causes less haemodilution, but
the exact significance of this has been questioned; the risk
of hypersensitivity reactions, including anaphylaxis, may
also be a concern. 
Studies comparing the use of crystalloids and colloids in
hypovolaemia have generally been of poor quality and the
results are difficult to interpret. A systematic review13 of
trials in critically ill patients concluded that there was a
small increase in mortality associated with the use of col-
loids, and that since they were more expensive and of no
proven benefit they should not be routinely used. A further
review,14 looking specifically at the use of albumin, also
suggested an increased mortality with use of the colloid.
Both reviews were severely criticised,15-17 and the relative
benefits of the different types of fluid continue to be debat-
ed. A large trial18 comparing the use of albumin and sodi-
um chloride 0.9% in intensive care patients who required
fluid resuscitation found no difference in mortality at 28
days. Updates to both reviews19,20 to include this study
found that there was no evidence of any benefit for col-
loids compared with crystalloids, and the authors contin-
ued to state that colloids should not be routinely used.
However, there was no clear difference in mortality be-
tween patients given colloids or crystalloids, other than a
suggestion20 that albumin might increase mortality in pa-
tients with burns or hypoproteinaemia. In practice, a mix-
ture of colloids and crystalloids tends to be given. Choice
of the best crystalloid or colloid to give remains unclear;
systematic reviews have found no evidence that one col-
loid is better than another,21 or that hypertonic solutions
are better than isotonic solutions if crystalloids are used.22 
Hypotension and low cardiac output. Although correc-
tion of hypovolaemia may be sufficient to restore blood
pressure, hypotension in shock may be profound (some-
times a systolic pressure of less than 70 mmHg) despite
fluid replacement, and additional therapy with inotropes
and vasopressors is often needed to improve cardiac out-
put and reverse signs of impaired organ function.1,4 Sym-
pathomimetics are often used since they may have effects
on the heart and the vasculature, but alternative vasocon-
strictors and inotropes may also have a role. Choice de-
pends on individual patient characteristics and the type of
shock,23 although this is generally based on theoretical
considerations; a systematic review24 of the use of vaso-
pressors in shock found insufficient evidence to make any
recommendations. 
In cardiogenic or hypovolaemic shock cardiac output is
usually low but peripheral resistance is high and drugs that
have predominantly inotropic effects, such as dobutamine
or dopamine, are often chosen. Dobutamine causes some
peripheral vasodilatation and is useful where hypotension
is not significant; dopamine similarly causes peripheral
vasodilatation at low doses but at higher doses vasocon-
striction occurs. Low-dose dopamine has been widely
used as an adjunct to other inotropes since it was thought
that the vasodilatation would lead to renal protection, but
clinical benefit has not been established and such use is no
longer recommended (see Surgery and Intensive Care,
p.1274). Phosphodiesterase inhibitors such as amrinone
and milrinone can also be considered in low cardiac output
states; they have positive inotropic activity and produce
peripheral vasodilatation, and may be particularly useful in
patients with decompensated chronic heart failure who
have been taking beta blockers.2,4,5 Vasodilators such as
intravenous glyceryl trinitrate or sodium nitroprusside
may also be beneficial for patients in shock with a low car-
diac output but adequate blood pressure, as well as in pa-
tients with pulmonary oedema.1,2,5 They act by reducing
cardiac afterload but must be used with care as there is a
risk of precipitating hypotension. 
In septic or anaphylactic shock, where cardiac output is
generally high but peripheral resistance is low, vasocon-

strictors such as noradrenaline or dopamine are usually
preferred;1,6 they may be given with more potent inotropes
such as dobutamine or adrenaline. Adrenaline has also
been given alone although renal artery vasoconstriction
may limit its use; it has also been reported to cause lactic
acidosis,25 but a study26 comparing noradrenaline plus
dobutamine with adrenaline alone found no difference in
outcomes in patients with septic shock. Vasopressin may
be an alternative,6,27,28 particularly in patients with vasodil-
atation that is resistant to sympathomimetics, but is not rec-
ommended for routine use. It may also be used as an ad-
junct to sympathomimetics, although no clear benefit has
been shown compared with sympathomimetics alone.29. 
The opioid antagonist naloxone may also improve blood
pressure in shock,30 but its role is not established. 
Specific therapies are indicated in some types of shock. In
cardiogenic shock associated with myocardial infarc-
tion,2,31 specific therapy to restore myocardial perfusion is
also required (see p.1175). 
In septic shock appropriate antibacterial therapy should be
given as outlined under Septicaemia on p.190. Methods of
inhibiting endogenous mediators released in response to
sepsis that are thought to be responsible for the haemody-
namic effects are also under investigation but clinical
benefits have not yet been shown.3,32 However, improved
outcomes have been reported33,34 with the use of low-dose
corticosteroids, and in severe sepsis activated protein C
may also be used.6 
Adrenaline is the cornerstone of management in anaphy-
lactic shock (see p.1205).
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Stroke
Stroke, sometimes called a cerebrovascular accident, is the
major consequence of cerebrovascular disease and has
been defined as an acute neurological dysfunction of vas-
cular origin with sudden (within seconds) or at least rapid
(within hours) occurrence of symptoms and signs corre-
sponding to the involvement of focal areas of the brain. If
signs and symptoms persist for more than 24 hours or lead
to death the event is termed a completed stroke, whereas if
they disappear within a few minutes or hours, or at most
within 24 hours, the event is termed a transient ischaemic
attack. 
Strokes may be ischaemic (infarction-related) or haemor-
rhagic.1-4 Ischaemic stroke is by far the commonest type
and generally results from occlusion of cerebral arteries.
This may be caused by local thrombosis at sites of athero-
ma, but more commonly results from thromboemboli
arising from outside the brain and lodging in the cerebral
vessels; an example of the latter is cardioembolic infarc-
tion associated with atrial fibrillation or acute myocardial
infarction. Arterial occlusion results in inadequate cerebral
perfusion, which leads to ischaemia and subsequently to
stroke. About 20% of patients with acute ischaemic stroke
experience worsening of symptoms within a few days of
onset. This is termed progressing stroke, stroke-in-evolu-
tion, or unstable stroke, and may be due to progression of
the thrombosis; haemorrhagic conversion, with bleeding
into the infarcted area, may also occur. Transient ischae-
mic attacks are acute episodes of focal neurological defi-
cit or monocular visual loss (amaurosis fugax), mainly due
to ischaemia associated with atherothrombosis. There is
usually complete clinical recovery but a tendency for re-
currence, and patients are also at an increased risk of
stroke. Haemorrhagic stroke is secondary to subarach-
noid or to intracerebral haemorrhage. Subarachnoid
haemorrhage is bleeding into the fluid-filled subarachnoid
space between the brain and the skull, and usually occurs
after rupture of an aneurysm; other causes include arterio-
venous malformations and hypertensive microaneurysms.
Intracerebral haemorrhage is bleeding into the parenchy-
ma of the brain, and may result from rupture of arteries
damaged by chronic hypertension. Haemorrhage produces
a focal haematoma causing a local increase in pressure
which may lead to further bleeding and enlargement of the
haematoma. The increase in pressure in the area of the hae-
matoma may also produce local ischaemia. 
Clinical presentation of stroke can vary enormously in se-
verity and combination of signs and symptoms, and de-
pends on the site and extent of infarction or haemorrhage.
Haemorrhagic stroke is typically of sudden onset with se-
vere headaches, vomiting, and rapid deterioration of con-
sciousness – all signs of raised intracranial pressure – but
mild to moderate haemorrhage may be difficult to distin-
guish from infarction on the basis of clinical signs alone.
Neurological deficits in all forms of stroke may include
impairments to speech, balance, vision, touch sensation,
and movement. Recovery is variable and patients have
been classed as major or minor stroke (reversible ischae-
mic neurological deficit) victims according to their degree
of recovery at a given time after the stroke. 
Accurate diagnosis of the type of stroke is important since
management is very different and interventions that are
beneficial in infarction may be dangerous in patients with
haemorrhage. Although clinical presentation may suggest

the type of stroke this is not always reliable and imaging is
usually required to distinguish between haemorrhagic and
ischaemic stroke. Computed tomography (CT) is the pre-
ferred technique, but magnetic resonance imaging may
also be used.5,6 Diagnosis of transient ischaemic attacks
usually rests on the patient’s history as these short attacks
are seldom witnessed by a physician and there are no ob-
jective confirmatory tests; however, imaging has an im-
portant role in determining aetiology and guiding subse-
quent management.7,8 
Management of stroke involves immediate treatment of
the acute stroke, treatment and prevention of complica-
tions such as swallowing disorders or spasticity, rehabilita-
tion, and long-term treatment for secondary prevention.
Where possible, patients should be managed within a
stroke unit since this has been shown to improve outcome.
Primary prevention may be considered in individuals at
risk of ischaemic stroke. This includes those with atrial
fibrillation, a major risk factor for stroke (see Cardiac
Arrhythmias, p.1160), and those with risk factors for
atherosclerosis (see Cardiovascular Risk Reduction
p.1164); the role of endarterectomy in individuals with
carotid artery stenosis is discussed under Long-term Man-
agement, below. 
Ischaemic stroke. Reviews9-14 and guidelines5,6,15 em-
phasise that, as in myocardial infarction, early recognition
of symptoms and prompt evaluation and treatment of
stroke are of vital importance. The aim of treatment is to
limit or reverse damage to the brain. Ischaemia deprives
the cells of oxygen and glucose, leading to infarction, but
this appears to be time-dependent. While some tissue may
be irreversibly damaged when the patient presents, there is
evidence that surrounding tissue (the ‘ischaemic penum-
bra’) may be salvageable. Restoration or improvement of
blood flow is therefore a logical means to preserve this tis-
sue; strategies to protect the cells from the consequences of
ischaemia are an alternative approach. 
Acute management involves general supportive measures,
and specific treatments to reverse ischaemia and protect
the brain tissue. General supportive measures include en-
suring adequate oxygenation and fluid and electrolyte bal-
ances, avoiding hypercapnia and hyperglycaemia or hy-
poglycaemia, abolishing seizures, and treating fever;
nutritional status should also be assessed. Control of hy-
pertension is controversial since lowering the blood pres-
sure may reduce cerebral perfusion and worsen ischaemia,
and hypertension usually resolves spontaneously without
treatment.16 Antihypertensive therapy may be indicated in
specific patients, such as those with severe hypertension or
those being considered for thrombolytic therapy. 
Specific therapy for ischaemic stroke is limited. As in myo-
cardial infarction, the main cause of ischaemic stroke is
thromboembolic occlusion, and use of antithrombotic
drugs such as antiplatelets, heparin, and thrombolytics,
therefore appears logical. However, evidence of benefit is
not as clear as it is in myocardial infarction, and the risks
may be greater; the presence of haemorrhage must be ex-
cluded and the risk of potentiating spontaneous secondary
brain haemorrhage (haemorrhagic transformation) must
be borne in mind. Other strategies to improve blood flow
or to limit the effects of ischaemia using neuroprotectants
have also been tried, but results to date have been disap-
pointing. 
Antiplatelet drugs. Aspirin has been evaluated in two
large studies—the International Stroke Trial (IST)17 and
the Chinese Acute Stroke Trial (CAST).18 The combined
results of these studies18 found that aspirin 160 mg18 or
300 mg17 daily started within 48 hours of symptom onset
produced about 9 fewer deaths or non-fatal strokes per
1000 patients in the first few weeks following ischaemic
stroke. Aspirin has therefore been recommended for pa-
tients with ischaemic stroke who are not receiving throm-
bolytic or anticoagulant therapy, and should be started
within 48 hours of stroke onset.5,6,19 Other antiplatelet
drugs are under investigation, but do not yet have an estab-
lished role;5,6 a study with the glycoprotein IIb/IIIa antag-
onist abciximab was stopped early due to an increased in-
cidence of bleeding.20 
Anticoagulants are not routinely recommended in the
early management of acute ischaemic stroke,5 although
they may have a role in selected patients.6 Anticoagulation
should prevent further thrombus formation and limit the
size of the cerebral infarct; however, any benefit may be
offset by an increase in intracranial haemorrhage, and a
systematic review21 has suggested there is no evidence to
support routine use. The IST,17 which evaluated two dos-

ages of heparin (5000 units or 12 500 units subcutaneous-
ly twice daily), found no benefit from either regimen and
the higher dose particularly was associated with haemor-
rhagic stroke and bleeding. Another study,22 comparing
the low-molecular-weight heparin tinzaparin with aspirin,
similarly found no benefit. It had been suggested that pa-
tients with cardioembolic stroke were likely to benefit
from heparin therapy,23 even though there is a special risk
of haemorrhagic transformation in these patients, which
means that early anticoagulation is often hazardous. How-
ever, the IST17 failed to show any benefit in this group, and
a study24 of low-molecular-weight heparin in patients with
acute ischaemic stroke and atrial fibrillation also showed
no benefit. No improvement in outcome was reported after
3 months in a study of danaparoid given in acute ischaemic
stroke.25 A study26 with ancrod found an improvement in
outcome when given within 3 hours of stroke onset, but a
further study was terminated due to lack of benefit. 
The risk of venous thromboembolism (deep-vein throm-
bosis and pulmonary embolism) is increased after stroke,
particularly in immobile patients, and prophylaxis with
low-dose subcutaneous heparin or low-molecular-weight
heparin may be considered in those at high risk.6,19 
Thrombolytics. Intravenous thrombolytics increase the
risk of cerebral haemorrhage and have therefore generally
been contra-indicated in both ischaemic and haemorrhagic
stroke. However, there is evidence that use of thrombolyt-
ics in ischaemic stroke may be of benefit, despite the in-
creased risk of bleeding, and they may have a role in se-
lected patients,27-29 particularly if they can be given in the
early stages.30 A study31 with alteplase given within 3
hours of the onset of stroke (NINDS—National Institute of
Neurological Disorders and Stroke rt-PA Stroke Trial)
found that clinical outcome was improved, despite an in-
creased incidence of symptomatic intracerebral haemor-
rhage. Patients treated with alteplase were more likely to
have minimal or no disability 3 months after stroke,31 and
this benefit was maintained at 12 months.32 However,
there was no difference in mortality or rate of recurrence of
stroke. On the basis of this study, guidelines5,6,19 now rec-
ommend alteplase for selected patients if it can be given
within 3 hours of stroke onset, and this appears to be safe
in practice.33,34 Other thrombolytics, such as streptokinase,
have generally produced less favourable results, and none
of these are currently recommended. The intra-arterial
route has also been tried and may be used in selected pa-
tients.5,6,19 Combined use of intravenous and intra-arterial
alteplase,35 as well as use of adjunctive therapies such as
therapeutic ultrasound36 or antithrombotics, are under in-
vestigation but do not yet have an established role.5 
Other approaches that have been tried include various
methods to improve cerebral blood flow. Haemodilution
with dextran or pentastarch has generally been disappoint-
ing and is not usually recommended.5,6 Drug-induced hy-
pertension may also increase cerebral blood flow and ap-
pears to be safe,37 but clinical benefit remains to be
established.5 Hypoxia and hypocapnia may cause cerebral
vasoconstriction as well as directly contributing to ischae-
mic injury, and there have been anecdotal reports and
small studies reporting benefit with hyperbaric oxygen
therapy, although a systematic review38 suggested that
clinical benefit was unlikely. Treatment with corticoster-
oids or hyperosmolar diuretics such as glycerol or manni-
tol in an attempt to reduce the cerebral oedema has also
been disappointing. There may be some benefit with glyc-
erol, but further evidence is needed.39 
Neuroprotection. Ischaemia leads to a complex series of
biochemical changes, the ‘ischaemic cascade’, resulting
eventually in cell necrosis. The process is incompletely
understood, but steps include calcium influx and release of
neurotransmitters. Drugs acting at different steps in this
ischaemic cascade, sometimes termed neuroprotectants,
have been tried in acute ischaemic stroke in the hope of
limiting the damage caused by ischaemia. Results of stud-
ies so far have been largely disappointing, and no drug has
yet been found to be effective. However, research contin-
ues,40 with many trials focusing on starting treatment in the
first few hours after ischaemic stroke.41 
Long-term management. Patients who have had an
ischaemic stroke or transient ischaemic attack are at risk of
further stroke but are also at increased risk of other cardio-
vascular events, including myocardial infarction and sud-
den death. Long-term treatment for secondary prevention
therefore has an important role.6,42-46 All patients should
be assessed for standard cardiovascular risk factors, partic-
ularly hypertension, and these should be treated as appro-
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priate (see Cardiovascular Risk Reduction, p.1164). There
is some evidence that reduction of blood pressure and lip-
ids reduces the risk of stroke irrespective of the presence of
hypertension or hyperlipidaemia,44 and the use of ACE in-
hibitors or angiotensin II receptor antagonists47 and
statins6 has been recommended. Atrial fibrillation is a spe-
cific risk factor for stroke and should also be treated (see
Cardiac Arrhythmias, p.1160). Hypercoagulability may
increase the risk of stroke and blood screening for poly-
cythaemia, thrombocytosis, and abnormal coagulation
function has been recommended. Carotid endarterectomy
is of established benefit for secondary prevention in pa-
tients with clinically significant carotid stenosis,6,48 but its
role in primary prevention is less clear.49,50 Antithrombotic
therapy may also have a specific role. 
Antiplatelet drugs. Long-term prophylaxis with aspirin re-
duces the risk of future serious vascular events including
stroke in patients who have already suffered an ischaemic
stroke or transient ischaemic attack,19,45,46,51 regardless of
age.52 The optimum dose is unclear; medium doses of 75
to 325 mg of aspirin daily have been most widely studied51

and an analysis of trials using aspirin over a dose range of
50 to 1500 mg daily found no relationship between dose
and the reduction in risk of stroke.53 In patients undergoing
carotid endarterectomy the risk of stroke, myocardial
infarction, and death over 3 months may be lower for those
taking medium dose aspirin compared with higher doses.54

Dipyridamole is also effective,55,56 and has been used in
patients unable to tolerate aspirin, but it is more effective
when given with aspirin56,57 and combination therapy is
now preferred.6,19,45 Clopidogrel is another alternative,58

but should not be given with aspirin since any benefit is
offset by an increased risk of bleeding.59 Ticlopidine has
also been used, but adverse effects are a problem and a
study60 in black patients found that it was less effective
than aspirin. 
Anticoagulants. Oral anticoagulants have an established
role in patients with cardioembolic stroke, but in patients
with non-cardioembolic stroke or with transient ischaemic
attacks they have no clear advantage over antiplatelet
drugs,61,62 and some studies63,64 comparing warfarin with
aspirin have been stopped early due to increased bleeding
risks with the anticoagulant. Anticoagulants are therefore
not generally recommended for secondary prevention in
non-cardioembolic stroke6,45,46 although they have been
used in patients with recurrent symptoms despite antiplate-
let therapy and may be considered in other selected pa-
tients.6,19,45 
Subarachnoid haemorrhage.  Subarachnoid
haemorrhage65-68 is associated with high morbidity and
mortality, early deaths being due to damage from initial
bleeding, recurrence of bleeding, and infarction. Infarction
is often a result of vasospasm which is one of the patho-
physiological mechanisms that contributes to stopping the
bleeding; clot formation and increasing intracranial pres-
sure are other processes involved. Up to a quarter of pa-
tients with subarachnoid haemorrhage develop delayed
cerebral ischaemia mainly between days 5 and 14 after the
initial bleed, and again vasospasm may be a contributory
factor. Early medical treatment aims to prevent delayed
cerebral ischaemia, to prevent rebleeding, and to stabilise
the patient. Surgical or endovascular interventions to clip
or embolise the aneurysm or correct the arteriovenous
malformation are then performed to prevent further haem-
orrhage. Vasospasm and delayed cerebral ischaemia may
be prevented by maintaining or slightly increasing plasma
volume and blood pressure, and a fluid intake of 2 to 3
litres daily has been recommended.65 However, there is no
good evidence to support routine volume expansion.69

Oral nimodipine is of benefit70 and should be started as
soon as possible after diagnosis of subarachnoid haemor-
rhage. Antiplatelet drugs have also been tried and may im-
prove outcomes, but this remains to be confirmed.71 Estab-
lished vasospasm may be treated by angioplasty, or intra-
arterial vasodilators may be given. There is some evidence
of benefit with intra-arterial papaverine,72 although ad-
verse effects have also been reported;73 verapamil has also
been used.74 Use of antifibrinolytics such as aminocaproic
acid or tranexamic acid to prevent rebleeding is no longer
generally recommended.65 A systematic review75 found
that any benefits were offset by an increase in poor out-
comes due to cerebral ischaemia; paradoxically, rebleed-
ing has been noted in patients given high doses of amino-
caproic acid after subarachnoid haemorrhage (see Effects
on the Blood, under Adverse Effects of Aminocaproic Ac-
id, p.1053). Headache can be managed with analgesics

such as paracetamol, dextropropoxyphene, codeine, or tra-
madol. Localised haematomas may be amenable to surgi-
cal evacuation, and intraventricular thrombolytics have
also been used.76 
Intracerebral haemorrhage. Outcome of intracerebral
haemorrhage depends on the location and size of the hae-
matoma (determined by computed tomography), on the
level of consciousness, and on the progression of neuro-
logical signs, and development of increased intracranial
pressure.77-79 Any known cause of bleeding, such as war-
farin anticoagulation, should be reversed. Optimum man-
agement of blood pressure is uncertain; it should probably
be lowered when it is very high (>200 mmHg systolic80),
but hypoperfusion should be avoided. Short-acting antihy-
pertensives such as labetalol, esmolol, or sodium nitro-
prusside are generally used,80 although theoretically nitro-
prusside may increase intracranial pressure and should be
avoided if this is already raised.79 Surgical drainage of the
haematoma may sometimes be possible, but its role is
uncertain;79,80 routine early surgery has not been shown81

to improve outcome. Instillation of a thrombolytic to im-
prove aspiration of the haematoma has been reported,82

but benefit has not been established. Raised intracranial
pressure should be controlled80 (see p.1181). Antiepileptic
prophylaxis may be necessary in some patients.80 Use of
activated factor VII to reduce the risk of further bleeding
provided some benefit,83 but has not been shown to im-
prove survival or functional outcome.84 Long-term man-
agement of risk factors, particularly hypertension, should
be considered for secondary prevention.
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Thromboembolic disorders
The term thromboembolic disorder has been applied
loosely to cardiovascular disorders associated with throm-
bus and embolus formation in blood vessels. A thrombus
is a stationary blood clot composed of fibrin and platelets
and other cellular elements. Thrombosis is occlusion of a
vein or artery by a thrombus. An embolus is a fragment of
blood clot, atheromatous material, or other foreign matter
carried along in the bloodstream. Occlusion of a blood ves-
sel by an embolus is termed embolism or thromboembo-
lism. 
Formation of blood clots in the body is the result of a co-
agulation cascade (see Haemostasis and Fibrinolysis,
p.1045). Under normal circumstances systemic coagula-
tion is prevented by natural antithrombotic systems that
limit blood clots to sites of vascular injury. Thromboem-
bolic disorders occur when there is an imbalance between
these systems. Three factors are involved, namely damage
to the endothelial lining of blood vessels, reduced blood
flow, or changes in the coagulation mechanisms of the
blood. A further factor that increases the risk of clotting is
the presence of an artificial surface in contact with the

blood, for example mechanical heart valves, intravascular
catheters, or during extracorporeal circulation procedures.
Thromboembolism can occur in any part of the circula-
tion, including the heart and the capillaries, but the charac-
teristics of the thrombi, the consequences, and the manage-
ment of thromboembolism depend to a large extent upon
whether the arterial or venous system is involved. 
The mainstay of management for thromboembolic disor-
ders is antithrombotic drugs. These act at different points
in the coagulation cascade and include anticoagulants and
antiplatelet drugs, which are used to limit the extent of
thrombosis or thromboembolism and to prevent further
thromboembolic events occurring, and thrombolytics,
which are used to lyse the clot. 
Arterial thromboembolism is almost always a conse-
quence of damage to the endothelium due to atherosclero-
sis (p.1159); the atheroma may block the blood vessel or,
more commonly, occlusion is a result of thrombus forma-
tion at a site of a recently ruptured atheromatous plaque.
Arterial thrombi contain more platelets than venous
thrombi and tend to remain fixed, but emboli may break
off and occlude distal vessels. Arterial emboli may also re-
sult from thrombosis within the heart, for example due to
arrhythmias or valvular heart disorders. 
Thrombosis or thromboembolism in the arterial circula-
tion produces ischaemia in the tissues perfused by the ar-
tery, which may lead to infarction. It may therefore result
in myocardial infarction (p.1175) or unstable angina
(p.1157) if it occurs in coronary arteries, stroke (p.1185) if
it occurs in cerebral arteries, or critical limb ischaemia if it
occurs in peripheral arteries (p.1178). 
Venous thromboembolism (p.1189) is usually a conse-
quence of stasis of the blood, but other factors such as local
trauma or coagulation activation are also required. Re-
duced venous blood flow occurs in many conditions, in-
cluding obesity, heart failure, and during prolonged immo-
bilisation. Abnormal clotting may occur in conditions such
as malignancy, pregnancy, and the nephrotic syndrome, or
during oestrogen therapy; it may also be due to inherited or
acquired clotting disorders or thrombophilias (see below).
Surgical operations are particularly associated with venous
thromboembolism; trauma activates clotting factors and
reduced blood flow may occur during the procedure and
recovery period. 
Venous thrombi have a ‘red tail’ of fibrin and red cells that
may occlude the vein but which often separates to form an
embolus; this is most likely during the early stages when
the thrombus is only loosely attached. Thrombosis or
thromboembolism in the venous circulation produces
oedema or inflammation in the tissue drained by the affect-
ed vein. The commonest type of venous thrombosis is
deep-vein thrombosis, which is associated especially with
immobility and the postoperative period. Pulmonary em-
bolism is the most serious complication of deep-vein
thrombosis and occurs when part of the thrombus migrates
in the circulation and becomes lodged in the pulmonary
artery. Hypercoagulable states may result in deep-vein
thrombosis or more generalised clotting in microvessels
(microvessel thrombosis), such as thrombotic thrombocy-
topenic purpura or purpura fulminans (see Thrombotic
Microangiopathies, p.1076). 
Thrombophilias are acquired or inherited disorders of the
clotting system in which the antithrombotic mechanisms
are impaired. Inherited deficiencies of antithrombin III,
protein C and protein S all predispose to thromboembo-
lism. Resistance to activated protein C has been identified
as a major cause of inherited thrombophilia and appears to
be due to a mutation in the factor V gene (factor V Leiden).
A mutation in the prothrombin (factor II) gene is associat-
ed with increased concentrations of prothrombin and risk
of thrombosis. Acquired thrombophilias may occur sec-
ondary to disorders such as malignancy, infection, or col-
lagen-vascular disorders; in many cases antiphospholipid
antibodies (such as lupus anticoagulant) are present. Hy-
perhomocysteinaemia is another risk factor and may have
both inherited and acquired causes. 
Inherited thrombophilias generally result in venous throm-
boembolism; this is often recurrent and may occur in unu-
sual sites or at a young age. They often present when some
further risk factor is present, such as pregnancy, use of
combined oral contraceptives, or surgery, but the value of
screening asymptomatic patients remains unclear. Ac-
quired thrombophilias may lead to arterial or venous
thromboembolism. 
Patients with thrombophilias who develop thromboembo-
lism should be treated conventionally, with anticoagulants

or thrombolytics as appropriate. There continues to be de-
bate regarding the duration of therapy, with some authori-
ties recommending life-long anticoagulant therapy after a
single episode and others recommending life-long therapy
only in those with recurrent thrombosis. The optimum in-
tensity of long-term anticoagulation in patients with
thrombophilia is also debated. If anticoagulation is not
continued, thromboprophylaxis should be given during
high risk situations. Thromboprophylaxis is probably also
necessary during pregnancy, particularly in women with
antiphospholipid antibodies who are at risk for recurrent
fetal loss (see Systemic Lupus Erythematosus, p.1513),
but the risks to the fetus from anticoagulant therapy must
also be considered (see Venous Thromboembolism,
p.1189). Replacement of antithrombotic factors may have
a role in some situations. 
References.
1. Rosendaal FR. Venous thrombosis: a multicausal disease. Lan-

cet 1999; 353: 1167–73. 
2. Seligsohn U, Lubetsky A. Genetic susceptibility to venous

thrombosis. N Engl J Med 2001; 344: 1222–31. 
3. Bauer KA. The thrombophilias: well-defined risk factors with

uncertain therapeutic implications. Ann Intern Med 2001; 135:
367–73. 

4. O’Donnell J, Perry DJ. Pharmacotherapy of hyperhomocystein-
aemia in patients with thrombophilia. Expert Opin Pharmacoth-
er 2002; 3: 1591–8. 

5. Crowther MA, et al. A comparison of two intensities of warfarin
for the prevention of recurrent thrombosis in patients with the
antiphospholipid antibody syndrome. N Engl J Med 2003; 349:
1133–8. Correction. ibid.; 2577. 

6. Schafer AI, et al. Thrombotic disorders: diagnosis and treat-
ment. Hematology (Am Soc Hematol Educ Program) 2003;
520–39. 

7. Kujovich JL. Thrombophilia and pregnancy complications. Am
J Obstet Gynecol 2004; 191: 412–24. 

8. Lee AY. Management of thrombosis in cancer: primary preven-
tion and secondary prophylaxis. Br J Haematol 2005; 128:
291–302. 

9. Hoffman R, Brenner B. Thrombophilia related issues in women
and children. Semin Thromb Hemost 2005; 31: 97–103. 

10. Johnson CM, et al. Hypercoagulable states: a review. Vasc En-
dovascular Surg 2005; 39: 123–33. 

11. Robertson L, et al. Thrombophilia in pregnancy: a systematic
review. Br J Haematol 2006; 132: 171–96. 

12. Maclean PS, Tait RC. Hereditary and acquired antithrombin de-
ficiency: epidemiology, pathogenesis and treatment options.
Drugs 2007; 67: 1429–40.

Valvular heart disease
Valvular heart disease affects the normal function of the
heart and leads to disorders of blood circulation. The prin-
cipal cause of valvular disease in the developing world is
rheumatic heart disease. Other causes are more common in
Western countries; they include congenital abnormalities,
cardiovascular disorders such as ischaemic heart disease
and hypertension, and degenerative disorders. Any of the
heart valves may be affected but disorders of the aortic and
mitral valves are most significant; more than one valve
may be involved in some patients. 
The symptoms of valvular heart disease depend upon the
valve that is affected, and whether the problem is stenosis
or regurgitation. All valve disorders place a haemodynam-
ic burden on the heart and ultimately lead to heart failure.
Other consequences include the development of pulmo-
nary hypertension and arrhythmias. Infective endocarditis
and thromboembolic disorders, in particular stroke or sys-
temic embolism, are important complications. 
The main aims of treatment in patients with valvular heart
disease are to reduce symptoms, prevent complications,
and reduce mortality.1-3 Surgical management is usually
necessary once symptoms develop and may also be war-
ranted in some patients who are asymptomatic. Medical
therapy is generally reserved for pre-operative symptom
control and for patients who are unsuitable for surgery. 
Medical treatment for symptomatic patients is similar to
that used in other forms of heart failure (see p.1165). In
acute situations sodium nitroprusside and inotropes such
as dopamine or dobutamine may be indicated, but for
chronic therapy diuretics, digoxin, ACE inhibitors, and
beta blockers are used. The choice of drug depends on the
valve affected. ACE inhibitors and other vasodilators have
generally been avoided in aortic stenosis since any reduc-
tion in blood pressure cannot be balanced by an increase in
cardiac output and there is a theoretical risk of severe hy-
potension. However, symptomatic improvement has been
reported4 with enalapril in patients with severe aortic sten-
osis and preserved left ventricular function, although it
was not tolerated in those with left ventricular dysfunction,
and sodium nitroprusside has been used successfully for
acute symptoms.5 Some guidelines also recommend that
beta blockers should be avoided in aortic stenosis.3 For pa-
tients with aortic regurgitation who require medical thera-
py, vasodilators may be of particular value, especially in
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severe forms.6 Symptomatic benefit has also been
reported7 with ACE inhibitors in mitral stenosis. Arrhyth-
mias should be treated with standard antiarrhythmics (see
p.1160). 
Drug therapy to prevent the progression of valvular disor-
ders has generally been disappointing. Although similari-
ties have been suggested between aortic stenosis and
atherosclerosis, an observational study8 in asymptomatic
patients taking ACE inhibitors for hypertension found no
effect on the progression of stenosis, and initial indications
of benefit8 with statins in patients with calcific aortic sten-
osis were not confirmed in later studies,9,10 except in a
small group of patients with very early disease.9 The re-
sults of an early study11 indicating that long-term vasodila-
tor therapy with nifedipine improved outcome in asympto-
matic patients with severe aortic regurgitation have not
been confirmed by a later study of long-term therapy with
nifedipine or enalapril.12 Another study13 found no benefit
with ACE inhibitors in asymptomatic patients with mitral
regurgitation. 
Surgery is the mainstay of treatment in valvular heart dis-
ease and generally involves valve replacement with either
bioprosthetic (tissue) or mechanical valves; the latter are
longer lasting, but pose a greater risk for thromboembo-
lism. Valve repair may be suitable in some cases, particu-
larly for mitral regurgitation, while balloon valvulotomy
may have a role in some patients with stenosis.2 Valve re-
placement alleviates symptoms, but patients remain at risk
for complications. 
In asymptomatic patients and in those with prosthetic
valves, the main aim of therapy is to prevent the complica-
tions of bacterial endocarditis and of systemic embolism
from thrombus formation within the heart. Antibacterial
prophylaxis should be given to patients with valvular heart
disease where indicated (see Endocarditis, p.168). Long-
term thromboembolism prophylaxis is generally only rec-
ommended in patients with another risk factor for emboli-
sation, such as atrial fibrillation, a dilated left atrium, left
ventricular dysfunction, a hypercoagulable state, or previ-
ous systemic embolism,2,14,15 and in those with mechani-
cal replacement valves. However, antiplatelet drugs may
be considered in other patients. 
Long-term treatment with an oral anticoagulant such as
warfarin is generally regarded as essential for patients with
a mechanical prosthetic heart valve,2,3,15 but the optimum
level of anticoagulation is unclear. The risk of thromboem-
bolism depends upon the type and position of the valve
and the presence of other risk factors, but must be balanced
against bleeding risk. In the UK, specific target INRs are
recommended where the valve type and position are
known and vary between 2.5 and 3.5 for valves in the aor-
tic position and between 3.0 and 3.5 for valves in the mitral
position. If specific information is not available a generic
target of 3.0 is recommended for valves in the aortic posi-
tion and 3.5 for valves in the mitral position.16 In the USA,
the recommended INR range is 2.5 to 3.5, with a lower
range of 2.0 to 3.0 suggested as being adequate for most
types of valves in the aortic position when there are no oth-
er risk factors.2,15 However, a large study17 in patients
stratified to different target INR ranges found that the risk
of moderate to severe thromboembolism and of bleeding
complications was comparable for INRs ranging from 2.0
to 4.5; patients had aortic or mitral valve replacement, or
both, and all had one particular type of valve. There is ev-
idence that adding an antiplatelet drug (dipyridamole or
low-dose aspirin) further reduces the risk of death and
thromboembolism although the risk of bleeding is in-
creased.18 Adjunctive antiplatelet drugs may be consid-
ered for patients with additional risk factors such as embo-
lism while on warfarin therapy, or ischaemic heart
disease.2,3,15 Alternatively, or in addition, patients with
systemic embolism despite an adequate INR may have
their target INR range increased.15 
For patients with bioprosthetic heart valves anticoagulants
are recommended for the first 3 months after replace-
ment,15 although aspirin may be equally effective,19 and it
is often used instead of anticoagulants when only the aortic
valve is involved. Longer term oral anticoagulant therapy
is generally considered necessary only for patients with
additional risk factors (as for asymptomatic patients,
above).2,15 An INR of 2.0 to 3.0 appears adequate for pa-
tients with bioprosthetic heart valves. Low-dose aspirin
has been recommended2,15 in patients with bioprosthetic
valves who do not require oral anticoagulants, although
other guidelines3 state that there is no evidence to support
this. 

For patients on long-term anticoagulation, interruption of
therapy for surgical procedures or due to bleeding compli-
cations exposes patients to the risk of thromboembolism.
A study20 in patients with haemorrhage suggested that it is
safe to withhold oral anticoagulants. For patients undergo-
ing surgery, the evidence for either withholding anticoag-
ulants or converting to an alternative form of antithrom-
botic therapy perioperatively is not conclusive, although
recommendations have been made.2,3 In procedures with a
low bleeding risk, anticoagulation can usually be contin-
ued. In procedures with a higher bleeding risk, anticoagu-
lants may be withheld if the risk of thromboembolism is
low, but otherwise conversion to heparin is recommended.
Intravenous unfractionated heparin is preferred;2,3 low-
molecular-weight heparin may be suitable as an alterna-
tive, but there have been concerns about its safety and this
remains controversial.21 
The use of anticoagulants is also controversial in patients
with infective endocarditis because of the substantial
increase in risk of haemorrhage in these patients. Routine
anticoagulation is not advised, and patients who are
already taking oral anticoagulants should generally stop
therapy until it is clear that surgery is not required and the
patient is stable.15 
If obstruction of prosthetic valves by thrombus formation
occurs, surgical intervention is usually recommended.2,3,22

Thrombolytics such as streptokinase or urokinase may be
used15 but are often ineffective and are associated with
high risk. They are therefore usually reserved for patients
at greatest risk from surgical intervention,2,3 although a
study23 of patients with left-sided prosthetic valve throm-
bosis found thrombolytics to be more successful than sur-
gery, especially in the critically ill. Repeated treatments24

may increase the success rate. Heparin may have a role in
non-obstructive thrombosis. Patients who have had a valve
thrombosis should have their anticoagulant control opti-
mised;3 higher target INRs or adjunctive antiplatelet ther-
apy may be considered.2,15 
The haemodynamic changes that occur during pregnancy
may complicate the management of women with valvular
heart disease.25-27 In addition, pregnancy is a known risk-
factor for thromboembolism and patients with valvular
heart disease who become pregnant are therefore at in-
creased risk.28 However, long-term prophylaxis with an
oral anticoagulant such as warfarin presents a problem
since warfarin is generally contra-indicated in pregnancy
(see Adverse Effects under Warfarin, p.1425). Women
with mechanical prosthetic valves must continue anticoag-
ulation but choice of therapy is unclear.2,29 A systematic
review30 found that continued use of oral anticoagulants
increased the risk to the fetus, but that thromboembolic
complications were higher with heparin. Most guidelines
therefore advise that the choice should be discussed with
the patient, balancing the risks for each individual, but spe-
cific recommendations vary.2,3,31 The main risk of embry-
opathy with warfarin is between weeks 6 and 12 of gesta-
tion and heparin therapy is often substituted during this
period and also at term (to avoid an anticoagulated neo-
nate). However, satisfactory outcomes have been
reported32 with use of warfarin throughout pregnancy, in-
cluding the first trimester. The risk of embryopathy ap-
pears to be lower with daily warfarin doses of 5 mg or low-
er, and patients with an adequate INR at this dose may
continue warfarin until the 36th week, before switching to
heparin.2,3 If heparin is substituted for warfarin, either dur-
ing the first trimester or throughout pregnancy, use of an
adequate dosage is critical, and strict monitoring is re-
quired. Adjusted-dose subcutaneous heparin, with an ini-
tial dose of 17 500 to 20 000 units subcutaneously every
12 hours has been suggested;31 intravenous heparin may
be an alternative, but low-dose subcutaneous heparin
should not be used as it provides inadequate protection.
Low-molecular-weight heparin has also been used, al-
though this is controversial;2,3,21 if it is used, anti-factor Xa
concentrations should be monitored carefully. Low-dose
aspirin may be used as an adjunct to subcutaneous heparin
or warfarin in women at high risk of thromboembolism.2,31
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Vasospastic arterial disorders
Raynaud’s syndrome is the most important form of vaso-
spastic peripheral arterial disease and forms part of the
spectrum of peripheral vascular disease (see p.1178).
Vasospastic arterial disorders represent an inappropriate
response to temperature, resulting in vasoconstriction
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and/or vasospasm; Raynaud’s syndrome, acrocyanosis,
and chilblains are usually induced by cold, whereas eryth-
romelalgia is caused by heat. 
In Raynaud’s syndrome, paroxysmal attacks of pallor
and cyanosis, usually of the digits, occur in response to
cold, or sometimes emotional stress. Erythema replaces
the cyanosis as the attacks resolve. The cause of primary
Raynaud’s syndrome (Raynaud’s disease) is unknown.
Features identified include intense vasoconstriction or
vasospasm, disturbance of sympathetic nerve supply,
changes in circulating catecholamines, enhanced platelet
aggregation, red cell deformability, and fibrinolysis. It is
probable that not all cases are due to the same mechanism.
It has been suggested that the underlying problem may not
be an overreaction to the initial cold insult but a defect in
the normal ensuing adaptive response. Secondary Ray-
naud’s syndrome (Raynaud’s phenomenon) frequently co-
exists with arterial occlusive disease such as thromboangi-
itis obliterans and connective tissue disorders, in particular
scleroderma (systemic sclerosis). Trauma and certain
drugs, notably beta blockers and ergotamine, may also be
responsible for inducing secondary Raynaud’s syndrome. 
Management. In mild cases of Raynaud’s syndrome,
where attacks are infrequent and of limited severity, pro-
tective measures to keep warm are the mainstay of treat-
ment; this involves wearing appropriate clothing and the
use of appliances such as heated gloves. Smoking should
be avoided because of the vasoconstriction caused. Any
underlying or co-existing disease or cause in secondary
Raynaud’s syndrome should be treated. Drug therapy is in-
dicated in more severe cases.1-7 It is directed towards pro-
ducing vascular smooth muscle relaxation and vasodilata-
tion in order to improve resting blood flow, thereby
reducing the extent of tissue ischaemia. Some drugs may
also act by modifying platelet aggregation or blood rheol-
ogy. Numerous drugs have been tried in Raynaud’s syn-
drome, although only a few have an established role. 
• Calcium-channel blockers have been of benefit and are

widely used in Raynaud’s syndrome, but it is not entire-
ly clear which of their pharmacological actions is re-
sponsible. Dihydropyridines are usually preferred; the
most widely used and studied is nifedipine. 

• Moxisylyte, an alpha blocker with vasodilating activity,
is also widely employed. Other alpha blockers, for ex-
ample, phenoxybenzamine and prazosin, as well as re-
serpine, have been used although in some cases adverse
effects have limited their usefulness. 

• Cinnarizine, naftidrofuryl, pentoxifylline, and nicotinic
acid derivatives such as inositol nicotinate have had
widespread use in Raynaud’s syndrome but evidence of
efficacy is lacking. Topical vasodilators, including glyc-
eryl trinitrate, have also been used. 

• In severe Raynaud’s syndrome complicated by ulcera-
tion and gangrene, prostaglandins have been promising.
Alprostadil, epoprostenol, and iloprost have been given
by intravenous infusion. In some cases the beneficial ef-
fects have persisted for a few months after treatment and
two or three infusions given at intervals over the winter
months have prevented the severe complications of
Raynaud’s suffered in previous years. Oral iloprost has
also been reported to reduce the severity of attacks.
Prostaglandins applied topically in ulcerative cases in-
clude dinoprostone. 

• Small studies or anecdotal reports have noted variable
effects with many other drugs including the ACE inhib-
itors captopril and enalapril, the serotonin reuptake in-
hibitors fluoxetine and venlafaxine, ketanserin, pira-
cetam, sodium nitroprusside, calcitonin gene-related
peptide, and losartan. None of these therapies appears,
however, to have an established role. There is also some
evidence8 that phosphodiesterase type-5 inhibitors such
as sildenafil may be of benefit. 

Acrocyanosis is characterised by a persistent blue discol-
oration of the skin. There is an abnormal constriction of
arterioles, even at normal environmental conditions and
this is potentiated by cold. Chilblains are an inflammatory
condition (perniosis) affecting the extremities and symp-
toms include erythema, pruritus, and ulceration; they may
be acute or chronic. Chilblains are more common in cold
damp conditions. Acrocyanosis and chilblains do not gen-
erally require specific treatment; smoking cessation, pro-
tection from the cold, or symptomatic antipruritic treat-
ment are often sufficient. However, if severe, the drugs
described above under Raynaud’s syndrome may be con-
sidered. 

Erythromelalgia (sometimes also called erythermalgia)
is a vasospastic condition usually provoked by heat al-
though it may also be drug-induced or secondary to other
conditions. It is characterised by painful, red extremities
together with a burning sensation and increased skin tem-
perature of the affected area. Thrombocythaemia (p.654)
is the most common underlying cause and, indeed, eryth-
romelalgia may be the presenting feature of this disorder;
in thrombocythaemia, arteriolar occlusion may occur as a
result of platelet aggregation. Small doses of aspirin have
produced considerable relief in some patients, presumably
by preventing platelet aggregation. Beta blockers may also
be of some help, and there are anecdotal reports of benefit
with various other drugs.9 Attacks should be prevented
wherever possible by avoiding exposure to heat.
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Venous thromboembolism
The term venous thromboembolism embraces both deep-
vein thrombosis (DVT) and pulmonary embolism;1 the
two often co-exist and should be considered as a single
clinical entity. In DVT a thrombus forms, often in the
pockets of valves, and blocks the veins of the lower limbs
or main pelvic veins. Pulmonary embolism occurs when
the thrombus or part of it migrates in the circulation and
blocks the pulmonary artery. About 70% of patients with
confirmed pulmonary embolism have thrombosis in their
deep leg veins and about 40% of patients with confirmed
DVT have silent pulmonary embolism. Proximal DVT is
associated with a higher risk of pulmonary embolism than
distal DVT. 
Venous thromboembolism is a common but underdiag-
nosed condition and causes considerable morbidity and
mortality, especially among hospitalised patients. Various
factors underlie the development of thrombosis and there
are a number of conditions that predispose patients to ve-
nous thromboembolism (see Thromboembolic Disorders,
p.1187). 
Symptoms of deep-vein thrombosis include a tender and
swollen calf; increased temperature, cyanosis, and en-
gorgement of the superficial veins of the affected limb;
fever; and tachycardia. However, about half of all cases
may be symptomless. In the longer term chronic venous
insufficiency and venous ulceration often occur (post-
phlebitic or post-thrombotic syndrome). As most clinical
signs of DVT are non-specific, the diagnosis should al-
ways be confirmed before committing a patient to long-
term anticoagulation treatment. UK guidelines2 suggest
that assessment of clinical probability and measurement of
D-dimer concentrations may be used to exclude the diag-
nosis in symptomatic outpatients, but diagnostic imaging
is recommended for patients with a moderate or high clin-
ical probability or with raised D-dimer concentrations, and
also for all patients with a history of venous thromboem-
bolism or who are pregnant. It should be noted that D-dim-
er assays may be affected by heparin use, and where pos-
sible should be done on blood taken before heparin is
given.2 Where imaging is required, noninvasive tech-
niques are usually adequate, although venography may be
required in some patients.3,4 Compression ultrasound is the
preferred method; impedance plethysmography may also
be used,3 but is less sensitive. Pulmonary embolism may
present in a number of ways depending on its extent and
duration. Acute massive embolism causes serious haemo-
dynamic disturbance with a sudden reduction in cardiac
output and circulatory collapse. The most common form
of pulmonary embolism seen, however, is acute minor em-
bolism where the patient may present with pleuritic pain,
haemoptysis, dyspnoea, tachycardia, and fever. Diagnosis
may involve perfusion/ventilation scans, angiography, or
computed tomography (CT); echocardiography may also
be used.5,6 

Prophylaxis of venous thromboembolism. Prophylaxis
with anticoagulants aims to prevent DVT and hence pul-
monary embolism in patients at risk. Ideally all medical
and surgical hospital inpatients should be assessed for risk
factors and should be given prophylaxis according to their
degree of risk at least until discharge or, for those at higher
risk, after discharge; however, considerable underuse has
been reported.7 A prophylactic regimen should be chosen
for a particular patient after balancing the degree of risk
against the potential complications of prophylaxis. Guide-
lines have been published in the UK8-10 and the USA.11 
Patients can be categorised as being at low, medium, or
high risk of venous thromboembolism according to the du-
ration and type of operation in those undergoing surgery,
to age, and to the presence of other risk factors such as can-
cer, heart failure, and lung disease.10,11 Low-risk patients
include young patients undergoing short operative proce-
dures. Older age, operations lasting longer than 30 min-
utes, and a history of thrombophilia or previous throm-
boembolism indicate medium risk. Orthopaedic surgery is
associated with a high risk of venous thromboembolism in
all patients. Other patients at high risk include those with
multiple risk factors. Non-surgical patients are also at risk
of thromboembolism, particularly if they are immobile, or
have major trauma or spinal cord injury. Pregnancy is also
a risk factor and is discussed in more detail below. 
Methods of prophylaxis may be physical or pharmacolog-
ical. Physical methods act by increasing venous blood
flow and include elevation of the legs, early ambulation,
graduated compression stockings, and intermittent pneu-
matic compression devices. Pharmacological methods
generally involve anticoagulation with heparin, low-
molecular-weight heparins, or an oral anticoagulant. Other
therapies that have been used include antiplatelet drugs,
dihydroergotamine, dextrans, heparinoids such as dana-
paroid, and the direct thrombin inhibitor desirudin. Fonda-
parinux is a more recently introduced alternative. Ancrod
and argatroban have been used in patients who have devel-
oped heparin-induced thrombocytopenia or thrombosis. 
For low-risk surgical patients measures such as early am-
bulation and the use of graduated compression stockings
are generally considered adequate. Moderate- and high-
risk patients require pharmacological methods, although
physical methods alone may be used in those who are at
high risk from bleeding complications. Physical methods
are not suitable in patients with significant peripheral vas-
cular disease. In practice, a combination of mechanical and
pharmacological methods is often used, and may give bet-
ter protection than either method alone.8,10,11 
For moderate-risk patients, such as those undergoing gen-
eral surgical procedures lasting more than 30 minutes,
low-dose subcutaneous heparin has been the most widely
used pharmacological method. Alternatively, subcutane-
ous low-molecular-weight heparins may be used,8,9,11 and
may be preferred.9,10 Fondaparinux may also be used.10,11

High-risk patients may require more aggressive prophy-
laxis with higher doses of low-molecular-weight heparin;
higher doses of unfractionated heparin or oral anticoagu-
lants may also be used. 
The use of unfractionated heparin for surgical throm-
boembolism prophylaxis is well established. It is usually
given subcutaneously in a low dose (‘standard heparin
prophylaxis’); a typical regimen is 5000 units subcutane-
ously 2 hours pre-operatively, then every 8 or 12 hours
postoperatively for 7 days or until the patient is mobile. In
an overview12 of more than 70 randomised studies in
16 000 patients heparin reduced the risk of subclinical
DVT by 67% in general surgery, 68% in orthopaedic sur-
gery, and 75% in urological surgery. There was also a 40%
reduction in non-fatal cases of pulmonary embolism, a
64% reduction in fatal cases, and a 47% reduction of all
cases. Surgical thromboembolism prophylaxis with
heparin also decreased total mortality. Adjusted-dose
heparin may be more effective in higher risk patients but
the need for laboratory monitoring and the risk of bleeding
complications limit its use. 
Low-molecular-weight heparins have a number of poten-
tial advantages over unfractionated heparin, including less
frequent dosage and no need for monitoring, and they are
widely used. However, they have not been clearly shown
to reduce the risk of bleeding and they may increase the
risk of spinal haematoma with spinal or epidural anaesthe-
sia, which may limit their use. Generally, studies have
shown low-molecular-weight heparins to be as effective as
unfractionated or standard heparin, but meta-analyses
have come to differing conclusions regarding superiority.
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The evidence suggests that low-molecular-weight
heparins are better in orthopaedic surgery,13-16 particularly
with regard to proximal DVT;15 however a systematic
review17 concluded that, in patients having surgery for hip
fracture, there was not enough evidence to say whether ei-
ther is better, or to confirm protection against pulmonary
embolism. In general surgery both types of heparin appear
to be of equivalent efficacy, although one analysis14 report-
ed that low-molecular-weight heparins were superior. A
large study18 showed low-molecular-weight heparins to be
as effective as heparin for prophylaxis after major abdom-
inal surgery and to be associated with fewer bleeding com-
plications. UK9 and US11 guidelines suggest that, in gener-
al surgery, either may be used. Two meta-analyses of 45
studies19 and 56 studies20 respectively evaluated the effica-
cy of several prophylactic methods (such as aspirin, dex-
tran, oral anticoagulants, heparin, heparin with dihydroer-
gotamine, low-molecular-weight heparins, and
intermittent pneumatic compression) against DVT after
major hip surgery and concluded that low-molecular-
weight heparins should be the method of choice. A meta-
analysis21 of low-molecular-weight heparins in major
orthopaedic surgery found no evidence that giving the first
dose pre- rather than postoperatively was more effective;
there were similar risks for major bleeds. Either option is
therefore acceptable; first dosage close to the time of sur-
gery may be more effective but has been associated with
increased risk of major bleeds. Low-molecular-weight
heparins may also be more effective than unfractionated
heparin in patients with major trauma.22 
The optimum duration of prophylaxis is unclear.23 Proph-
ylaxis is usually only continued during hospitalisation but
extended prophylaxis may have a role, particularly in
high-risk patients after orthopaedic surgery,8,10,11 or in very
high-risk general surgical patients.8,11 After orthopaedic
surgery there is an increased risk for DVT detected by
venography up to a month after discharge, which may be
reduced by low-molecular-weight heparin.24,25 However,
the clinical significance of this finding has been
questioned26 and a systematic review27 suggested that the
benefit of extended prophylaxis may have been overesti-
mated. A meta-analysis28 of 2 studies in patients having
surgery for cancer also found a reduction in thrombosis
when enoxaparin or dalteparin was given for 4 weeks. 
Oral anticoagulants have not been so widely used as sub-
cutaneous heparin although US guidelines11 allow the use
of adjusted-dose warfarin to give an international normal-
ised ratio (INR) of 2.0 to 3.0 in patients having hip or knee
replacement surgery. 
Antiplatelet drugs such as aspirin have been considered
less effective antithrombotics than anticoagulants in the
venous circulation and to be of limited value in preventing
venous thromboembolism. An overview29 of randomised
trials of antiplatelet therapy (mainly aspirin) available up
to March 1990 and a more recent placebo-controlled trial30

of aspirin in patients having hip surgery have suggested
that antiplatelet drugs reduce the risk of venous throm-
boembolism and should thus be considered in high-risk
patients. However, both reports have been criticised and,
while some guidelines recommend the use of aspirin,8 oth-
ers suggest it should not be used alone since other methods
are generally more effective.11 Long-term use of low-dose
aspirin appears to have little effect on the incidence of ve-
nous thromboembolism.31 
Direct thrombin inhibitors have been tried.32 Desirudin
has been shown to be effective and was reported to be
superior to both low-dose subcutaneous heparin and to a
low-molecular-weight heparin in patients undergoing hip
replacement surgery. Bivalirudin has also been tried.
Dabigatran, an oral direct thrombin inhibitor, is effective33

and may be used in patients having hip or knee replace-
ment. 
The direct inhibitor of factor Xa, fondaparinux, a synthet-
ic pentasaccharide, has been reported34 to be more effec-
tive than low-molecular-weight heparin for orthopaedic
surgery, and may be used as an alternative,9-11 although
bleeding may be increased. Extended prophylaxis may be
of benefit.35 Rivaroxaban, an oral factor Xa inhibitor, has
also been tried.36 
Of the other drugs tried for surgical thromboembolism
prophylaxis, dihydroergotamine can reduce venous stasis
by vasoconstriction of capacitance vessels and has en-
hanced postoperative prophylaxis when used with low-
dose heparin, but there is a risk of peripheral ischaemia and
it is no longer widely used. Dextrans (dextran 70 or dex-
tran 40) alone, or with dihydroergotamine, have also been

used for prophylaxis, but their use involves the infusion of
500 to 1000 mL of fluid, a procedure which is cumber-
some and may interfere with fluid balance. 
In non-surgical patients, meta-analyses37,38 have con-
firmed that anticoagulant prophylaxis reduces the risk of
symptomatic venous thromboembolism, but it is less clear
which patients require treatment.39 Use of low-dose sub-
cutaneous heparin or low-molecular-weight heparin
should be considered in patients at high risk;8,11 low-
molecular-weight heparin may be preferred.9 Patients with
cancer are at particular risk;40 one study41 showed that
very-low-dose warfarin (average daily dose of 2.6 mg)
was safe and effective in patients given chemotherapy for
metastatic breast cancer. Prophylaxis with low-molecular-
weight heparin has been shown to be effective in patients
with immobilisation of the leg,42 and in acutely ill medical
patients with risk factors for venous thromboembo-
lism.43,44 Standard unfractionated heparin prophylaxis,
however, had no effect on mortality in patients admitted to
hospital with infection.45 A study46 in older medical pa-
tients found that fondaparinux may be effective. Although
some studies47,48 have shown an increased risk of venous
thromboembolism after prolonged travel, the role of
prophylaxis is unclear. A systematic review49 suggested
that compression stockings were effective in preventing
flight-related venous thromboembolism in low- to high-
risk patients; compression stockings and low-dose aspirin
may be considered, while low-molecular-weight heparin
may be needed in those at high risk.8 Other guidelines11,50

make similar recommendations but do not support the use
of aspirin. 
Treatment of venous thromboembolism. Treatment of
deep-vein thrombosis3,51,52 aims to prevent the develop-
ment of pulmonary embolism, to prevent extension of the
thrombus, to reduce the risk of recurrence, and to reduce
the long-term complications of chronic venous insuffi-
ciency and venous ulceration. Non-pharmacological ther-
apy may include bed rest with the foot of the bed raised,
limb exercise, and graduated compression stockings.53

These measures may be adequate in patients with small
thrombi confined to the calf veins, although this is contro-
versial. Heparin and oral anticoagulants are the mainstay
of treatment; they prevent further thrombosis while allow-
ing natural thrombolytic mechanisms to act on the existing
clot. Anticoagulants may be used with non-pharmacologi-
cal methods; graduated compression stockings may re-
duce the risk of post-phlebitic symptoms in patients re-
ceiving anticoagulants,54,55 and are recommended for 2
years.56 Thrombolytics or surgical thrombectomy may
sometimes have a role.57 
Heparin has an immediate effect whereas oral anticoagu-
lants such as warfarin take several days to achieve their full
anticoagulant effect. Heparin is therefore used for initial
therapy and oral anticoagulants are used for maintenance.
Doses of unfractionated heparin and oral anticoagulants
must be adjusted according to laboratory monitoring. In
the initial treatment of DVT, unfractionated heparin is giv-
en intravenously, as a loading dose of 5000 units, and then
continuous infusion at a dose of 18 units/kg per hour, ad-
justed according to response;9,56 doses are usually in the
range of 1000 to 2000 units/hour. Alternatively, the infu-
sion may be replaced with a similar total daily dose given
subcutaneously in 2 divided doses;9 in the USA, an initial
dose of 17 500 units subcutaneously every 12 hours is rec-
ommended.56 However, low-molecular-weight heparins
have a number of advantages and are now generally pre-
ferred.9,56 A number of meta-analyses58,59 have shown
them to be at least as effective and safe as unfractionated
heparin in the treatment of deep-vein thrombosis and pul-
monary embolism, and a systematic review60 has found
that once daily treatment may be as safe and effective as
twice daily treatment. They are also safe and effective for
the outpatient treatment of DVT61,62 and have been recom-
mended for outpatient treatment in patients with uncom-
plicated pulmonary embolism.6 
Fondaparinux has been reported63 to be an effective alter-
native to low-molecular-weight heparin in the initial treat-
ment of venous thromboembolism. Ancrod, argatroban, or
the recombinant hirudin, lepirudin, may be used as an al-
ternative to heparin in patients who have developed
heparin-induced thrombocytopenia or thrombosis. A
heparinoid such as danaparoid or a low-molecular-weight
heparin may also be suitable, although there may be cross-
reactivity. 
Treatment with an oral anticoagulant (usually warfarin)
should generally be started at the same time as heparin.56

A standard loading dose is usually given, and dosage is
then adjusted to maintain the INR within recommended
limits.56,64 Heparin should be continued until the INR is
stable and in the therapeutic range;56 5 to 7 days is usually
adequate. The optimum duration of oral anticoagulation is
unclear. Meta-analyses65,66 of studies comparing different
lengths of treatment have found that recurrence is reduced
for as long as anticoagulation is continued; therefore, to
prevent recurrence, treatment should ideally be continued
for as long as the patient is at risk. This must be assessed
for each patient.23,67 Thromboembolism is most likely to
recur in patients with ongoing risk factors or idiopathic
thromboembolism, and men may be at higher risk of recur-
rence than women.68 However, risk of recurrence needs to
be balanced against the risk of haemorrhage. One of the
meta-analyses65 found that, overall, the absolute risk of re-
currence decreased with time but the bleeding risk re-
mained the same, suggesting that lifelong treatment was
probably not routinely indicated. The other analysis66

found that clinical benefit was maintained after stopping
anticoagulation, although at a reduced level, but that pro-
longed treatment did not significantly increase bleeding
risk. A shorter duration of therapy is therefore generally
considered adequate for patients with transient risk factors,
while those with ongoing or unknown risk factors may re-
quire longer treatment. How long this should be in each
case, however, is less clear. Although one study69 conclud-
ed that 1 month of treatment was adequate in patients with
postoperative thromboembolism, analysis of other
studies70 has suggested that patients with transient risk fac-
tors should be treated for 3 months. Guidelines reflect this
uncertainty. Both UK64 and US56 guidelines recommend
treatment for at least 3 months in patients with transient
risk factors, although in the UK treatment for at least 6
weeks is considered appropriate for patients with calf-vein
thromboembolism. For patients with idiopathic venous
thromboembolism, periods at least of 6 months64 or at least
3 months56 are recommended, and lifelong treatment may
be considered.56 Lifelong treatment may also be consid-
ered for patients with repeated thromboembolic events or
with a continuing risk factor. 
The limitations of long-term oral anticoagulation, includ-
ing bleeding complications and recurrent thromboembo-
lism, have led to the investigation of other approaches. A
meta-analysis71 has shown that low-molecular-weight
heparins may be as safe and effective as warfarin when
given for 3 months; they may be more effective than con-
tinued warfarin in patients with recurrence during warfarin
therapy.72 They may also be more effective than warfarin
as initial therapy in patients with cancer,73 and are
recommended56 for the first 3 to 6 months of long-term
anticoagulant therapy in such patients. Use of lower-inten-
sity warfarin regimens has been tried for extended proph-
ylaxis, and may reduce the risk of recurrence compared
with no therapy.74 However, a study75 comparing low- and
high-intensity regimens found that the lower intensity reg-
imen was less effective and did not reduce the risk of
bleeding. Subcutaneous idraparinux, a factor Xa inhibitor,
has also been tried,76 but may cause more bleeding than
standard therapy when given for extended periods.77 In pa-
tients who have contra-indications to anticoagulation or in
whom thrombosis recurs despite anticoagulation, insertion
of a vena caval filter may be appropriate. The use of filters
with anticoagulation has also been investigated.78 Al-
though the incidence of pulmonary embolism was reduced
during the first 12 days, no effect on mortality was shown
at 2 years. 
Therapy with thrombolytics such as streptokinase is gen-
erally reserved for very extensive thrombosis. A systemat-
ic review79 showed no effect on mortality in patients with
DVT and the main advantages are continued venous pat-
ency and reduced incidence of post-phlebitic syndrome.
There may be a small risk of increased bleeding. Since
thrombolytic activity fades when infusion stops, heparin
followed by oral anticoagulation is given to prevent re-oc-
clusion. 
Minor pulmonary embolism is treated with heparin or low-
molecular-weight heparin and oral anticoagulants as de-
scribed for DVT (above).6,80-85 Fondaparinux may be an
alternative to heparin.83,84,86 For more severe pulmonary
embolism the initial bolus dose of heparin may be dou-
bled. An initial dose of unfractionated heparin may also be
given before treatment with low-molecular-weight
heparins.6 Acute massive pulmonary embolism with
major haemodynamic disturbance may be treated initially
with thrombolytic therapy;5,6,83,84 surgical methods such
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as embolectomy or percutaneous catheter fragmentation
may be preferred in some patients.83,84,87,88 Streptokinase,
urokinase, and alteplase have all been shown to accelerate
the lysis of pulmonary emboli and to decrease pulmonary
vascular obstruction. However, their effects on mortality
are uncertain and bleeding risk is increased;89 a meta-
analysis90 found benefit only in studies that included pa-
tients at high risk, and they are therefore not recommended
in non-massive pulmonary embolism.6 Comparisons be-
tween thrombolytics have been difficult because the doses
used in different studies have not always been comparable.
Probably more important than the choice of thrombolytic
is ensuring that treatment starts quickly in patients where it
is indicated.80 
Venous thromboembolism in children. Venous throm-
boembolism is relatively rare in children and has differing
epidemiology to that in adults.91,92 Although guidelines93

for its management have been published they generally
rely on extrapolation from studies in adults. 
Venous thromboembolism in pregnancy. Pregnancy is a
known risk factor for venous thromboembolism and, al-
though the absolute risk is low, pulmonary embolism is the
commonest cause of maternal death during pregnancy in
the UK. Anticoagulation during pregnancy may be neces-
sary either to prevent or treat venous thromboembolism;
continued anticoagulation may also be needed in pregnant
patients at risk of systemic embolism because of valvular
heart disease or prosthetic heart valves (see above). 
Oral anticoagulants such as warfarin cross the placenta and
may harm the fetus; they are generally contra-indicated
during pregnancy. Heparin does not appear to cross the
placenta and despite potential maternal complications
such as osteoporosis and thrombocytopenia remains the
anticoagulant of choice in pregnancy. Low-molecular-
weight heparins appear to be as safe as unfractionated
heparin during pregnancy94 and may have advantages, in-
cluding a lower risk of osteoporosis and thrombocytope-
nia.95 
The management of venous thromboembolism in preg-
nancy has been reviewed96-100 and guidelines have been
published in the UK101,102 and the US.95 Prophylactic
anticoagulation is not necessary in all pregnancies, but
should be considered in women at special risk of venous
thromboembolism either because of a history of throm-
boembolism and/or a thrombophilic abnormality such as
inherited deficiency of antithrombin III, protein C, or pro-
tein S or acquired thrombophilia due to antiphospholipid
antibodies in plasma. Patients must be managed individu-
ally and current strategies differ. In those women with a
history of thromboembolism but without thrombophilic
abnormalities some authors recommend prophylactic anti-
coagulation at delivery and for 6 weeks post partum pro-
vided there has been only one episode of thromboembo-
lism and there are no additional risk factors; others
advocate prophylaxis with subcutaneous heparin through-
out pregnancy. However, a prospective study103 has sug-
gested that it is safe to withhold anticoagulation until after
delivery in such patients, and this approach has been rec-
ommended.95 Although standard low-dose heparin has
been recommended, higher doses may be necessary during
pregnancy.95-97 Low-molecular-weight heparins may also
be used.95,97,99,102 Those with inherited or acquired throm-
bophilic abnormalities but no evidence of thrombosis do
not necessarily require anticoagulation, but must be
assessed carefully. 
If acute venous thromboembolism occurs during pregnan-
cy it should be treated with low-molecular-weight heparin
or intravenous heparin as in non-pregnant patients (see
above). Antenatal patients need to continue anticoagula-
tion for the rest of their pregnancy, usually by substituting
adjusted-dose subcutaneous heparin every 12 hours after 6
to 10 days of intravenous therapy; low-molecular-weight
heparins may be an alternative,95,97 and may be pre-
ferred.101 Special care must be taken at delivery. Patients
given full therapeutic doses of heparin should have their
dose reduced or stopped on the day of delivery; this may
not be necessary in those on lower prophylactic doses of
heparin. Low-molecular-weight heparins should be
stopped 24 hours before planned delivery.95,101 If possible
patients taking warfarin should be changed to heparin 2 or
3 weeks before labour or delivery and not later than 36
weeks’ gestation. Anticoagulants should be continued af-
ter delivery, but can usually be stopped after 6 weeks; the
total duration of treatment should be at least 3 months.101 
During pregnancy, especially the third trimester, laborato-
ry monitoring of anticoagulation may be less reliable be-

cause high procoagulant concentrations particularly of fac-
tor VIII and fibrinogen, may result in low activated partial
thromboplastin time (APTT) values despite adequate
heparin concentrations in plasma.
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Abciximabum; Absiksimab; Absiksimabi; Absiximab; c7E3; c7E3
Fab; 7E3. Immunoglobulin G (human-mouse monoclonal c7E3
clone p7E3VHhC 4 Fab fragment anti-human platelet glycopro-
tein IIb/IIIa complex), disulphide with human-mouse monoclonal
c7E3 clone p7E3V hC  light chain.
Абциксимаб
C2101H3229N551O673S15 = 47455.4.
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ATC — B01AC13.
ATC Vet — QB01AC13.

Adverse Effects
Bleeding during the first 36 hours after a dose is the
most common adverse effect of abciximab. Other ad-
verse effects include hypotension, nausea and vomit-
ing, back pain, chest pain, headache, haematoma,
bradycardia, fever, cardiac tamponade, and thrombo-
cytopenia. Hypersensitivity reactions (see Precautions,
below) have occurred on repeated use.
Effects on the blood. In clinical studies increased bleeding has
been the most common adverse effect of abciximab, and this has
also been reported1 during clinical use. Thrombocytopenia is
also a well documented adverse effect of abciximab therapy. In a
review2 of the major clinical studies of abciximab, mild throm-
bocytopenia was reported in 4.2% of patients and severe throm-
bocytopenia in 1.0%; patients also received heparin. There have
also been a number of case reports of patients developing severe
thrombocytopenia.3,4 It is recommended that platelet counts
should be monitored before and 2 hours after starting abciximab,
and that the drug should be withdrawn if thrombocytopenia oc-
curs.3 However, pseudothrombocytopenia also occurs in some
patients and should be excluded before withdrawing therapy.5,6

Although there have been case reports, the incidence of throm-
bocytopenia does not appear to be increased with other glycopro-
tein IIb/IIIa receptor inhibitors,2 and there have been reports of
the successful use of eptifibatide7 and tirofiban8 in patients who
developed thrombocytopenia with abciximab.
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Precautions
Abciximab should not be given to patients who are
actively bleeding or to patients at increased risk of
haemorrhage. Such patients include: those with haem-
orrhagic disorders, including thrombocytopenia; those
with cerebrovascular disorders, including intracerebral
neoplasms, aneurysms, or arteriovenous malforma-
tion, and those with a history of stroke; those with
uncontrolled hypertension; or those who have recently
undergone major surgery or severe trauma. Other pa-
tients in whom caution is required include those with
severe renal impairment, vasculitis, haemorrhagic
retinopathy, acute pericarditis, or aortic dissection. Ab-
ciximab should be stopped if serious uncontrolled
bleeding occurs or emergency surgery is required. Ab-
ciximab should not be given to patients with severe re-
nal impairment requiring haemodialysis, or to those

with severe hepatic impairment, in whom coagulation
may be affected. Platelet counts should be monitored
before and after giving abciximab. 
Antibodies may develop 2 to 4 weeks after a dose of
abciximab and hypersensitivity reactions could occur
when other monoclonal antibodies are used or after re-
administration of abciximab (see below). Hypersensi-
tivity reactions have not been noted after a single dose
but the possibility should be considered.
Readministration. Antibodies to abciximab develop in about
5.8% of patients after use and could lead to hypersensitivity re-
actions or to reduced efficacy if use of abciximab is repeated. In
a retrospective study1 in 164 patients given a second course of
therapy with abciximab, efficacy was not affected and no allergic
or anaphylactic reactions occurred. However, severe thrombocy-
topenia was noted in 4% of patients, and the incidence was high-
est in those receiving abciximab within 2 weeks of the first
course. Similar results were reported from a larger registry
study;2 the patients included had received abciximab at least 7
days previously without developing thrombocytopenia, suggest-
ing that platelet counts need to be monitored in patients receiving
a first or repeated course of abciximab.
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Interactions
There may be an increased risk of bleeding if abcixi-
mab is given with other drugs that affect bleeding, in-
cluding anticoagulants, other antiplatelet drugs, or
thrombolytics.

Pharmacokinetics
After intravenous doses of abciximab free plasma con-
centrations fall rapidly due to binding to platelet recep-
tors. Platelet function recovers over about 48 hours al-
though abciximab may remain in the circulation for 15
days or more in a platelet-bound state.

Uses and Administration
Abciximab is the Fab fragment of the chimeric mono-
clonal antibody 7E3. It binds to the glycoprotein
IIb/IIIa receptor on the surface of platelets. This pre-
vents binding of fibrinogen, von Willebrand factor, and
other adhesive molecules to the receptor sites and in-
hibits platelet aggregation. It is used as an adjunct to
heparin and aspirin therapy for the prevention of acute
ischaemic complications in patients undergoing percu-
taneous transluminal coronary procedures including
angioplasty, atherectomy, and stenting. It is also used in
patients with unstable angina who are candidates for
such procedures. It has been investigated in acute is-
chaemic stroke. 
Abciximab is given intravenously as a bolus injection
over 1 minute in a dose of 250 micrograms/kg followed
immediately by an infusion of 0.125 micrograms/kg per
minute (to a maximum dose of 10 micrograms/minute).
For stabilisation in patients with unstable angina the
bolus dose followed by the infusion should be started
up to 24 hours before the possible intervention and
continued for 12 hours after; for other patients the bo-
lus should be given 10 to 60 minutes before the inter-
vention followed by the infusion for 12 hours.
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Ischaemic heart disease. Antiplatelet drugs have an estab-
lished role as adjuncts to medical or interventional treatment in
patients with ischaemic heart disease (stable angina, unstable
angina, or myocardial infarction) and abciximab has been used to
provide additional antiplatelet effects during interventional pro-
cedures and in patients with acute myocardial infarction. 
In patients undergoing acute or elective percutaneous coronary
intervention (PCI; see Reperfusion and Revascularisation Proce-
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dures, p.1181), use of abciximab as an adjunct to heparin and
aspirin improves short-term1-3 and long-term4,5 outcomes in var-
ious groups of patients, including those receiving coronary
stents.6-8 Most benefit has been seen in patients given abciximab
as a bolus injection immediately before intervention followed by
intravenous infusion for 12 hours,1,2 and in a study9 in which ab-
ciximab was given for 18 to 24 hours before angioplasty and for
1 hour after, the initial benefit was not maintained at 6 months. 
For patients undergoing PCI who are pretreated with both aspirin
and clopidogrel, the role of abciximab is less clear. In stable pa-
tients undergoing elective PCI, no benefit was found at 30
days,10 or at 1 year.11 A study12 in diabetic patients also found no
effect on mortality or risk of myocardial infarction at 1 year, de-
spite their higher risk, although restenosis was reduced. Howev-
er, in patients undergoing PCI for non-ST elevation acute coro-
nary syndromes, use of abciximab in addition to aspirin and
clopidogrel pretreatment improved clinical outcomes at 30 days,
although this effect was restricted to patients with raised tropon-
ins.13 Positive results have also been reported14,15 with abcixi-
mab given as a single bolus injection without subsequent infu-
sion in patients undergoing coronary stenting. 
In acute ST-elevation myocardial infarction (p.1175), abciximab
has been used as an adjunct to primary PCI, including coronary
stenting, and has been shown to reduce reinfarction rates and
mortality,16 with benefit persisting long-term.17 There is some
evidence that starting treatment as soon as possible rather than
immediately before the procedure may provide additional bene-
fit.18,19 Abciximab has also been used as an adjunct to thrombol-
ysis and some benefit has been shown,20 but this appears to be
offset by an increased bleeding rate, even when reduced doses of
thrombolytics are used.21,22 In patients with unstable angina
(p.1157) receiving noninterventional treatment, a large study23

with abciximab failed to show any benefit over placebo, al-
though other glycoprotein IIb/IIIa inhibitors have a role in such
patients. 
Some promising results have been reported with intracoronary
abciximab in patients with acute coronary syndromes,24 and with
abciximab-coated stents in patients with acute myocardial infarc-
tion.25
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Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: ReoPro†; Austral.: ReoPro; Austria: ReoPro; Belg.: ReoPro; Braz.:
ReoPro; Canad.: ReoPro; Chile: ReoPro; Cz.: ReoPro; Denm.: ReoPro;
Fin.: ReoPro; Fr.: ReoPro; Ger.: ReoPro; Gr.: ReoPro; Hong Kong: Reo-
Pro; India: ReoPro; Irl.: ReoPro; Israel: ReoPro; Ital.: ReoPro; Malaysia:
ReoPro; Mex.: ReoPro; Neth.: ReoPro; Norw.: ReoPro; NZ: ReoPro;
Pol.: ReoPro; Port.: ReoPro; Rus.: ReoPro (Реопро); S.Afr.: ReoPro; Sin-
gapore: ReoPro; Spain: ReoPro; Swed.: ReoPro; Switz.: ReoPro; Thai.:
ReoPro; UK: ReoPro; USA: ReoPro.

Acadesine (BAN, USAN, rINN)

Acadesina; Acadésine; Acadesinum; AICA Riboside; GP-1-110;
GP-1-110-0. 5-Amino-1-(β-D-ribofuranosyl)imidazole-4-carbox-
amide.
Акадезин
C9H14N4O5 = 258.2.
CAS — 2627-69-2.
ATC — C01EB13.
ATC Vet — QC01EB13.

Profile
Acadesine is a purine nucleoside analogue reported to have car-
dioprotective effects. It is being investigated in the management
of myocardial ischaemia, particularly in patients undergoing cor-
onary artery bypass graft surgery. Acadesine may protect against
further ischaemia by influencing metabolism in ischaemic cells,
enhancing the release of adenosine in preference to inosine after
the breakdown of adenosine monophosphate. 
Acadesine is also under investigation for chronic lymphocytic
leukaemia.
◊ References.
1. Leung JM, et al. An initial multicenter, randomized controlled

trial on the safety and efficacy of acadesine in patients undergo-
ing coronary artery bypass graft surgery. Anesth Analg 1994; 78:
420–34. 

2. Alkhulaifi AM, Pugsley WB. Role of acadesine in clinical myo-
cardial protection. Br Heart J 1995; 73: 304–5. 

3. Mangano DT. Effects of acadesine on myocardial infarction,
stroke, and death following surgery: a meta-analysis of the 5 in-
ternational randomized trials. JAMA 1997; 277: 325–32. 

4. Mangano DT, et al. Multicenter Study of Perioperative Ischemia
(McSPI) Research Group. Post-reperfusion myocardial infarc-
tion: long-term survival improvement using adenosine regula-
tion with acadesine. J Am Coll Cardiol 2006; 48: 206–14.

ACE Inhibitors
Angiotensin-converting Enzyme Inhibitors; Inhibidores de la
ECA.

There appear to be few significant differences between
ACE inhibitors. They may be distinguished from each

other by the presence or absence of a sulfhydryl group,
whether they are prodrugs or not, their route of elimi-
nation, and their affinity for angiotensin-converting en-
zyme in vascular and other tissue, although whether
these characteristics modify pharmacodynamics and
therefore clinical efficacy is uncertain. Differences in
these characteristics do however influence onset and
duration of action of ACE inhibitors.

Adverse Effects and Treatment
Many of the adverse effects of ACE inhibitors relate to
their pharmacological action and all therefore have a
similar spectrum of adverse effects. Some effects, such
as taste disturbances and skin reactions, were at one
time attributed to the presence of a sulfhydryl group (as
in captopril) but have now also been reported with oth-
er ACE inhibitors; however, they may be more com-
mon with captopril. 
The most common adverse effects are due to the vas-
cular effects of ACE inhibitors and include hypoten-
sion, dizziness, fatigue, headache, and nausea and
other gastrointestinal disturbances. 
Pronounced hypotension may occur at the start of ther-
apy with ACE inhibitors, particularly in patients with
heart failure and in sodium- or volume-depleted pa-
tients (for example, those given previous diuretic ther-
apy). Myocardial infarction and stroke have been re-
ported and may relate to severe falls in blood pressure
in patients with ischaemic heart disease or cerebrovas-
cular disease. Other cardiovascular effects that have
occurred include tachycardia, palpitations, and chest
pain. 
Deterioration in renal function, including increasing
blood concentrations of urea and creatinine, may oc-
cur, and reversible acute renal failure has been report-
ed. Renal effects are most common in patients with ex-
isting renal or renovascular dysfunction or heart
failure, in whom vasodilatation reduces renal perfusion
pressure; it may be aggravated by hypovolaemia. Pro-
teinuria has also occurred and in some patients has pro-
gressed to nephrotic syndrome. Hyperkalaemia and
hyponatraemia may develop due to decreased aldoster-
one secretion. 
Other adverse effects include persistent dry cough and
other upper respiratory tract symptoms, and angioede-
ma; these may be related to effects on bradykinin or
prostaglandin metabolism. Skin rashes (including ery-
thema multiforme and toxic epidermal necrolysis) may
occur; photosensitivity, alopecia, and other hypersensi-
tivity reactions have also been reported. 
Blood disorders have been reported with ACE inhibi-
tors and include neutropenia and agranulocytosis (es-
pecially in patients with renal failure and in those with
collagen vascular disorders such as systemic lupus ery-
thematosus and scleroderma), thrombocytopenia, and
anaemias. 
Other less common adverse effects reported with ACE
inhibitors include stomatitis, abdominal pain, pancrea-
titis, hepatocellular injury or cholestatic jaundice, mus-
cle cramps, paraesthesias, mood and sleep disturbanc-
es, and impotence. 
ACE inhibitors have been associated with fetal toxicity
(see Pregnancy under Precautions, below). 
Most of the adverse effects of ACE inhibitors are re-
versible on withdrawing therapy. Symptomatic hypo-
tension, including that after overdosage, generally re-
sponds to volume expansion with an intravenous
infusion of sodium chloride 0.9%.
◊ General reviews.
1. Parish RC, Miller LJ. Adverse effects of angiotensin converting

enzyme (ACE) inhibitors: an update. Drug Safety 1992; 7:
14–31. 

2. Alderman CP. Adverse effects of the angiotensin-converting en-
zyme inhibitors. Ann Pharmacother 1996; 30: 55–61. 

3. Agusti A, et al. Adverse effects of ACE inhibitors in patients
with chronic heart failure and/or ventricular dysfunction : meta-
analysis of randomised clinical trials. Drug Safety 2003; 26:
895–908. 

4. Adam A, et al. Physiopathologie des effets secondaires aigus des
inhibiteurs de l’enzyme de conversion de l’angiotensine. Bull
Acad Natl Med 2007; 191: 1433–43.
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Angioedema. See under Hypersensitivity, below.
Cough. Treatment with ACE inhibitors has been associated
with the development of cough in up to 20% of hypertensive pa-
tients; cough may be less troublesome in those with heart fail-
ure,1 although the incidence may be higher.2 The cough is report-
ed to be persistent, paroxysmal, and non-productive; it causes
irritation of the throat, may be accompanied by voice changes
(hoarseness or huskiness), and is often worse when lying
down.1,3,4 It is more common in women and non-smokers, and
may be delayed in onset by weeks or even months. 
The majority of reports of this adverse effect concern captopril
and enalapril,3,4 but it has also occurred in patients receiving
many of the other ACE inhibitors,5 suggesting that the effect is
common to all drugs of this class. 
The mechanism that produces the reaction is uncertain but ap-
pears to be related to the non-specific blockade of ACE since
angiotensin II receptor antagonists are associated with a much
lower incidence of cough.6 The sensitivity of the cough reflex is
increased.7 Prostaglandins released in the respiratory tract have
been proposed as mediators,3 but other mediators such as
bradykinin8 or substance P,9 both of which are substrates for
ACE, have been suggested. However, attempts to show a link
between the effects of ACE inhibitors on cough, and bronchial
hyperreactivity of the type found in obstructive airways disease
and asthma have produced conflicting evidence, with bronchial
hyperreactivity being shown in some studies10 but not in others.11 
Where the patient can tolerate the cough, it may be reasonable to
continue treatment; in some cases reducing the dose may help.
Spontaneous recovery or improvement in the cough has been re-
ported.12 Changing to an alternative ACE inhibitor is not advised
since it is rarely effective.7 Drugs that inhibit prostaglandin syn-
thesis, including the NSAIDs sulindac13 and indometacin,14 have
been reported to suppress the cough, but NSAIDs and ACE in-
hibitors may interact adversely (see under Interactions, below).
The calcium-channel blocker nifedipine also reduced cough, al-
though to a lesser extent than indometacin, possibly by a similar
mechanism.14 Inhaled bupivacaine,15 inhaled sodium cromogli-
cate,16,17 oral baclofen,18 oral picotamide,19 and oral ferrous sul-
fate,20 have also been reported to be of help. However, in many
patients there will be no alternative but to withdraw the ACE in-
hibitor, and this is recommended by some in all patients present-
ing with ACE-inhibitor induced cough.21 Angiotensin II receptor
antagonists may be a suitable alternative in patients with hyper-
tension.21

1. Anonymous. Cough caused by ACE inhibitors. Drug Ther Bull.
1994; 32: 28 and 55–6. 

2. Ravid D, et al. Angiotensin-converting enzyme inhibitors and
cough: a prospective evaluation in hypertension and congestive
heart failure. J Clin Pharmacol 1994; 34: 1116–20. 

3. Coulter DM, Edwards IR. Cough associated with captopril and
enalapril. BMJ 1987; 294: 1521–3. 

4. Berkin KE, Ball SG. Cough and angiotensin converting enzyme
inhibition. BMJ 1988; 296: 1279–80. 

5. Israili ZH, Hall WD. Cough and angioneurotic edema associat-
ed with angiotensin-converting enzyme inhibitor therapy. Ann
Intern Med 1992; 117: 234–42. 
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induced cough and angioedema. Ann Pharmacother 1998; 32:
1060–6. 

7. Overlack A. ACE inhibitor-induced cough and bronchospasm.
Drug Safety 1996; 15: 72–8. 

8. Ferner RE, et al. Effects of intradermal bradykinin after inhibi-
tion of angiotensin converting enzyme. BMJ 1987; 294:
1119–20. 

9. Morice AH, et al. Angiotensin-converting enzyme and the
cough reflex. Lancet 1987; ii: 1116–18. 

10. Bucknall CE, et al. Bronchial hyperreactivity in patients who
cough after receiving angiotensin converting enzyme inhibitors.
BMJ 1988; 296: 86–8. 

11. Boulet L-P, et al. Pulmonary function and airway responsive-
ness during long-term therapy with captopril. JAMA 1989; 261:
413–16. 

12. Reisin L, Schneeweiss A. Spontaneous disappearance of cough
induced by angiotensin-converting enzyme inhibitors (captopril
or enalapril). Am J Cardiol 1992; 70: 398–9. 

13. Nicholls MG, Gilchrist NL. Sulindac and cough induced by con-
verting enzyme inhibitors. Lancet 1987; i: 872. 

14. Fogari R, et al. Effects of nifedipine and indomethacin on cough
induced by angiotensin-converting enzyme inhibitors: a double-
blind, randomized, cross-over study. J Cardiovasc Pharmacol
1992; 19: 670–3. 

15. Brown RC, Turton CWG. Cough and angiotensin converting en-
zyme inhibition. BMJ 1988; 296: 1741. 

16. Keogh A. Sodium cromoglycate prophylaxis for angiotensin-
converting enzyme inhibitor cough. Lancet 1993; 341: 560. 

17. Hargreaves MR, Benson MK. Inhaled sodium cromoglycate in
angiotensin-converting enzyme inhibitor cough. Lancet 1995;
345: 13–16. 

18. Dicpinigaitis PV. Use of baclofen to suppress cough induced by
angiotensin-converting enzyme inhibitors. Ann Pharmacother
1996; 30: 1242–5. 

19. Malini PL, et al. Thromboxane antagonism and cough induced
by angiotensin-converting-enzyme inhibitor. Lancet 1997; 350:
15–18. 

20. Lee S-C, et al. Iron supplementation inhibits cough associated
with ACE inhibitors. Hypertension 2001; 38: 166–70. 

21. Dicpinigaitis PV. Angiotensin-converting enzyme inhibitor-in-
duced cough: ACCP evidence-based clinical practice guide-
lines. Chest 2006; 129 (suppl): 169S–173S.

Effects on the blood. Blood disorders have occurred in pa-
tients receiving ACE inhibitors, although there have been few
reports in the literature. A reduction in haemoglobin concentra-
tion and haematocrit may occur but is not usually clinically sig-
nificant, although an unfavourable effect on recovery from anae-
mia has been reported;1 ACE inhibitors have also been used

therapeutically to reduce the haematocrit (see Erythrocytosis un-
der Uses, below). Cases of neutropenia and agranulocytosis (par-
ticularly in patients with renal or collagen vascular disorders),
and thrombocytopenia have been noted. Aplastic anaemia has
also occurred2,3 and may be fatal.3
1. Ripamonti V, et al. Angiotensin-converting enzyme inhibitors

slow recovery from anemia following cardiac surgery. Chest
2006; 130: 79–84. 

2. Kim CR, et al. Captopril and aplastic anemia. Ann Intern Med
1989; 111: 187–8. 

3. Harrison BD, et al. Fatal aplastic anaemia associated with lisino-
pril. Lancet 1995; 346: 247–8.

Effects on the kidneys. ACE inhibitors have complex effects
on the kidney;1,2 they have established renoprotective effects but
also cause acute deterioration in renal function in some patients.
These apparently contradictory effects are related to the action of
ACE inhibitors on the renin-angiotensin-aldosterone system. 
The renin-angiotensin-aldosterone system has an important role
in maintaining normal renal blood flow and renal function. A re-
duction in renal perfusion, for example due to hypovolaemia,
heart failure, or renal artery stenosis, leads to activation of this
system and an increase in angiotensin II release. This results
mainly in post-glomerular renal vasoconstriction, which main-
tains renal glomerular pressure and thus glomerular filtration, de-
spite the fall in renal blood flow. 
In normal individuals with unrestricted sodium intake, the renin-
angiotensin-aldosterone system is suppressed and ACE inhibi-
tors have little effect on renal function. In patients with essential
hypertension ACE inhibitors generally increase renal blood flow
despite the reduction in arterial blood pressure, since this is ex-
ceeded by the effects of renal vasodilatation. However, filtration
fraction falls since the pressure within the glomerulus is reduced,
and there are only minor changes in glomerular filtration rate.
The increase in renal blood flow is more pronounced during
sodium restriction and in younger patients. 
These effects are generally beneficial. However, in patients with
reduced renal perfusion, glomerular filtration rate may be criti-
cally dependent on the renin-angiotensin-aldosterone system and
the use of ACE inhibitors may provoke problems. Severe renal
function loss or even anuria have been reported in patients with
a single transplanted kidney with renal artery stenosis, or patients
with bilateral renal artery disease. The stenotic kidney maintains
its filtering capacity by preferential vasoconstriction of the effer-
ent arterioles, a mechanism mainly mediated by the renin-angio-
tensin system; under ACE inhibition, vasodilatation of the effer-
ent arterioles combined with the drop in arterial pressure can
result in a critical decrease in filtration pressure. Hypovolaemia
or sodium depletion, for example due to diuretics, also leads to
activation of the renin-angiotensin-aldosterone system and pre-
disposes patients to renal impairment. Most patients developing
renal insufficiency have been using diuretics and sodium reple-
tion can restore renal function despite continuing ACE inhibi-
tion. 
Patients with heart failure may also be at risk of a decline in renal
function on long-term ACE inhibitor therapy. This is because in
chronic heart failure, angiotensin-II mediated systemic and renal
vasoconstriction is again important in the maintenance of renal
perfusion pressure. The decline may be alleviated by reduction
of the dosage of diuretics or liberalisation of dietary salt intake,
despite continuing the ACE inhibitor. An additional risk factor in
elderly patients with heart failure is the high incidence of occult
renovascular disease in these patients.3 
Moderate impairment of renal function either before or during
use of ACE inhibitors is not necessarily an indication to stop
therapy. The effects of ACE inhibitors on renal function are gen-
erally reversible, and the reduction in filtration pressure may re-
sult in renoprotection. A review4 of studies of the use of ACE
inhibitors in patients with renal impairment found that those who
initially lost renal function had the greatest long-term benefit. 
In addition to pathophysiological effects ACE inhibitors may in-
duce membranous glomerulopathy or interstitial nephritis. The
former has been associated with captopril use, particularly at
high doses, but is rare, and seems less likely to occur at the lower
doses favoured today. The proteinuria usually clears without ap-
preciable renal function loss irrespective of whether or not the
drug is continued, although persistent proteinuria and renal func-
tion loss have been described. Proven interstitial nephritis has
also been reported rarely, and may possibly be due to an allergic
mechanism.
1. Navis G, et al. ACE inhibitors and the kidney: a risk-benefit as-

sessment. Drug Safety 1996; 15: 200–11. 
2. Schoolwerth AC, et al. Renal considerations in angiotensin con-

verting enzyme inhibitor therapy: a statement for healthcare pro-
fessionals from the Council on the Kidney in Cardiovascular
Disease and the Council for High Blood Pressure Research of the
American Heart Association. Circulation 2001; 104: 1985–91. 

3. MacDowall P, et al. Risk of morbidity from renovascular disease
in elderly patients with congestive cardiac failure. Lancet 1998;
352: 13–16. 

4. Bakris GL, Weir MR. Angiotensin-converting enzyme inhibitor-
associated elevations in serum creatinine: is this a cause for con-
cern? Arch Intern Med 2000; 160: 685–93.

Effects on the liver. Hepatotoxicity has been reported with
ACE inhibitors, including captopril,1,2 enalapril,2 lisinopril,2 and
ramipril.3 Most reports have been associated with captopril. In a
report1 of 3 cases of liver disease apparently caused or aggravat-
ed by captopril, it was noted that jaundice due to captopril is usu-

ally mainly cholestatic in nature but acute hepatocellular injury
has also been seen. Of 29 cases of liver dysfunction due to cap-
topril and reported to the UK CSM, 9 had hepatocellular jaun-
dice, with 2 deaths; 8 were cholestatic jaundice, with 1 fatality;
and 3 patients had hepatorenal syndrome, all of whom died.
Worldwide, excluding the UK, 164 cases of hepatic adverse re-
actions had been notified to the WHO by January 1989. The in-
cidence of such reactions is estimated at 0.09 per 1000 patients
but this is likely to be an underestimate. Resolution may take a
long time and captopril should be withdrawn immediately at the
earliest hint of liver sensitivity.
1. Bellary SV, et al. Captopril and the liver. Lancet 1989; ii: 514. 
2. Hagley MT, et al. Hepatotoxicity associated with angiotensin-

converting enzyme inhibitors. Ann Pharmacother 1993; 27:
228–31. 

3. Yeung E, et al. Ramipril-associated hepatotoxicity. Arch Pathol
Lab Med 2003; 127: 1493–7.

Effects on the mouth. Aphthous and tongue ulcers may occur
during treatment with ACE inhibitors. There have been a few
reports of a ‘scalded mouth syndrome’, described as similar to
being scalded by hot liquids, associated with captopril,1 enal-
april,1 and lisinopril2 therapy.
1. Vlasses PH, et al. "Scalded mouth" caused by angiotensin-con-

verting enzyme inhibitors. BMJ 1982; 284: 1672–3. 
2. Savino LB, Haushalter NM. Lisinopril-induced "scalded mouth

syndrome." Ann Pharmacother 1992; 26: 1381–2.

Effects on the nervous system. Encephalopathy and focal
neurological signs,1 and peripheral neuropathy,2,3 including
Guillain-Barré neuropathy,3 have been reported in patients re-
ceiving captopril. Some CNS effects of captopril may be attrib-
utable to alterations in cerebral blood flow. In a study in patients
with severe heart failure, cerebral blood flow in patients aged un-
der 65 was improved by a single dose of captopril 12.5 mg, but
in patients aged over 70 there was a 13% reduction.4 Two
patients in whom captopril 6.25 mg produced impaired con-
sciousness and paraesthesias, and dizziness, blurred vision, and
aphasia, were found to have stenosis of the carotid arteries.5 Agi-
tation, panic, extreme depression, and insomnia was reported in
a patient 4 weeks after starting treatment with enalapril; depres-
sive episodes recurred on rechallenge.6 There have been reports
of mania possibly precipitated by captopril,7 and visual halluci-
nations have been reported in association with captopril and
enalapril therapy.8
1. Rapoport S, Zyman P. Captopril and central nervous system ef-

fects. Ann Intern Med 1983; 98: 1023. 
2. Samanta A, Burden AC. Peripheral neuropathy due to captopril.

BMJ 1985; 291: 1172. 
3. Chakraborty TK, Ruddell WSJ. Guillain-Barré neuropathy dur-

ing treatment with captopril. Postgrad Med J 1987; 63: 221–2. 
4. Britton KE, et al. Angiotensin-converting-enzyme inhibitors and

treatment of heart failure. Lancet 1985; ii: 1236. 
5. Jensen H, et al. Carotid artery stenosis exposed by an adverse

effect of captopril. BMJ 1986; 293: 1073–4. 
6. Ahmad S. Enalapril-induced acute psychosis. DICP Ann Phar-

macother 1991; 25: 558–9. 
7. Peet M, Peters S. Drug-induced mania. Drug Safety 1995; 12:

146–53. 
8. Haffner CA, et al. Hallucinations as an adverse effect of angi-

otensin converting enzyme inhibition. Postgrad Med J 1993; 69:
240.

Effects on the pancreas. The manufacturers of captopril,
enalapril, and lisinopril have all been reported1 to have data on
file on drug-associated pancreatitis. In 1994 the UK CSM2 noted
that there had been 23 reports of pancreatitis associated with
ACE inhibitors (captopril 11, enalapril 10, fosinopril 1, and quin-
april 1) although whether or not this was causal was not certain.
1. Dabaghi S. ACE inhibitors and pancreatitis. Ann Intern Med

1991; 115: 330–1. 
2. Committee on Safety of Medicines/Medicines Control Agency.

Drug-induced pancreatitis. Current Problems 1994; 20: 2–3.
Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024457&RevisionSelectionMethod=
LatestReleased (accessed 04/04/08)

Effects on the respiratory system. Cough is a recognised
adverse effect of ACE inhibitors but evidence for a link with
bronchial hyperreactivity or airways obstruction is controversial
(see Cough, above). In reports of adverse respiratory reactions to
ACE inhibitors submitted to the Swedish Adverse Drug Reac-
tions Advisory Committee and to WHO, symptoms of airway
obstruction such as dyspnoea, asthma, and bronchospasm oc-
curred rarely, usually within the first few weeks of treatment.1
However, the evidence for a causal link between ACE inhibitors
and these symptoms was questioned.2 
Severe nasal obstruction was associated with enalapril treatment
in a 45-year-old woman with a history of mild rhinorrhoea and
sneezing. Symptoms cleared within 2 days of stopping enalapril
and recurred on rechallenge.3 Another woman taking enalapril
developed obstructive sleep apnoea,4 which improved when the
enalapril was stopped. 
There have been case reports of pneumonitis associated with
treatment with captopril5 and perindopril.6
1. Lunde H, et al. Dyspnoea, asthma, and bronchospasm in relation

to treatment with angiotensin converting enzyme inhibitors.
BMJ 1994; 308: 18–21. 

2. Inman WHW, et al. Angiotensin converting enzyme inhibitors
and asthma. BMJ 1994; 308: 593–4. 

3. Fennerty A, et al. Enalapril-induced nasal blockage. Lancet
1986; ii: 1395–6. 
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4. Cicolin A, et al. Angiotensin-converting enzyme inhibitors and
obstructive sleep apnea. Mayo Clin Proc 2006; 81: 53–5. 

5. Kidney JC, et al. Captopril and lymphocytic alveolitis. BMJ
1989; 299: 981. 

6. Benard A, et al. Perindopril-associated pneumonitis. Eur Respir
J 1996; 9: 1314–16.

Effects on skeletal muscle. Severe muscle pain and weak-
ness, accompanied by morning stiffness, was reported1 in a pa-
tient taking enalapril. Symptoms resolved within a few days of
stopping the drug.
1. Leloët X, et al. Pseudopolymyalgia rheumatica during treatment

with enalapril. BMJ 1989; 298: 325.

Effects on the skin. Skin rashes may occur during treatment
with ACE inhibitors; they have been reported in 1 to 6% of pa-
tients receiving captopril. Angioedema is also an adverse effect
of ACE inhibitors (see Hypersensitivity, below). There have
been reports of bullous pemphigoid,1 hyperhidrosis,2 Kaposi’s
sarcoma,3 lichen planus,4 onycholysis,5,6 pemphigus,7,8 and cuta-
neous hypersensitivity vasculitis9 associated with use of capto-
pril. Kaposi’s sarcoma has also been reported10 with lisinopril.
Onycholysis has also occurred with enalapril,11 pemphigus with
enalapril12,13 and ramipril,14 and bullous pemphigoid with lisino-
pril.15 Lichen planus pemphigoides has been reported with ram-
ipril.16 A severe cutaneous reaction, resembling early mycosis
fungoides, and possibly allergic in nature, has been reported after
use of captopril or enalapril.17 Captopril has also been reported to
exacerbate psoriasis.18 Vulvovaginal pruritus with dysuria19 has
been noted in a patient receiving enalapril.
1. Mallet L, et al. Bullous pemphigoid associated with captopril.

DICP Ann Pharmacother 1989; 23: 63. 
2. Morse MH. Hyperhidrosis: a possible side effect of captopril

treatment. BMJ 1984; 289: 1272. 
3. Puppin D, et al. Kaposi’s sarcoma associated with captopril.

Lancet 1990; 336: 1251–2. 
4. Cox NH, et al. Lichen planus associated with captopril: a further

disorder demonstrating the ‘tin-tack’ sign. Br J Dermatol 1989;
120: 319–21. 

5. Brueggemeyer CD, Ramirez G. Onycholysis associated with
captopril. Lancet 1984; i: 1352–3. 

6. Borders JV. Captopril and onycholysis. Ann Intern Med 1986;
105: 305–6. 

7. Parfrey PS, et al. Captopril-induced pemphigus. BMJ 1980;
281: 194. 

8. Butt A, Burge SM. Pemphigus vulgaris induced by captopril. Br
J Dermatol 1995; 132: 315–16. 

9. Miralles R, et al. Captopril and vasculitis. Ann Intern Med 1988;
109: 514. 

10. Bilen N, et al. Possible causal role of lisinopril in a case of Ka-
posi’s sarcoma. Br J Dermatol 2002; 147: 1042–4. 

11. Gupta S, et al. Nail changes with enalapril. BMJ 1986; 293: 140. 
12. Kuechle MK, et al. Angiotensin-converting enzyme inhibitor-

induced pemphigus: three case reports and literature review.
Mayo Clin Proc 1994; 69: 1166–71. 

13. Frangogiannis NG, et al. Pemphigus of the larynx and esopha-
gus. Ann Intern Med 1995; 122: 803–4. 

14. Vignes S, et al. Ramipril-induced superficial pemphigus. Br J
Dermatol 1996; 135: 657–8. 

15. Kalińska-Bienias A, et al. Can pemphigoid be provoked by lisi-
nopril? Br J Dermatol 2006; 155: 854–5. 

16. Ogg GS, et al. Ramipril-associated lichen planus pemphigoides.
Br J Dermatol 1997; 136: 412–14. 

17. Furness PN, et al. Severe cutaneous reactions to captopril and
enalapril; histological study and comparison with early mycosis
fungoides. J Clin Pathol 1986; 39: 902–7. 

18. Hamlet NW, et al. Does captopril exacerbate psoriasis? BMJ
1987; 295: 1352. 

19. Heckerling PS. Enalapril and vulvovaginal pruritus. Ann Intern
Med 1990; 112: 879–80.

Gynaecomastia. Painful unilateral gynaecomastia was report-
ed in a patient with systemic lupus erythematosus and renal im-
pairment who was given captopril for hypertension.1 In view of
reports of breast enlargement in women given penicillamine it
was suggested that the sulfhydryl structure might be responsible;
however, gynaecomastia has also been reported in 2 patients re-
ceiving enalapril,2,3 which does not contain the sulfhydryl group-
ing.
1. Markusse HM, Meyboom RHB. Gynaecomastia associated with

captopril. BMJ 1988; 296: 1262–3. 
2. Nakamura Y, et al. Gynaecomastia induced by angiotensin con-

verting enzyme inhibitor. BMJ 1990; 300: 541. 
3. Llop R, et al. Gynecomastia associated with enalapril and di-

azepam. Ann Pharmacother 1994; 28: 671–2.

Hypersensitivity. Some of the adverse effects of ACE inhibi-
tors might be mediated by the immune system, but evidence of
specific hypersensitivity reactions seems to be limited. The
presence of an IgG antibody to captopril was demonstrated in the
serum of 2 of 45 patients taking the drug but the clinical signifi-
cance was unclear.1 A reaction resembling serum sickness was
reported in a patient given captopril, with deposition of immune
complexes in the glomerular basement membrane, and symp-
toms of rash, arthralgia, epidermolysis, fever, and lymphadenop-
athy.2 Eosinophilia has also been reported in a number of pa-
tients.3 The formation of antinuclear antibodies and lupus-like
reactions have been described.4,5 
Treatment with ACE inhibitors (enalapril, captopril, or lisinopril)
has been associated with the development of anaphylactoid re-
actions in patients undergoing high-flux haemodialysis using
polyacrylonitrile membrane (AN69).6,7 The UK CSM has ad-
vised that the combined use of ACE inhibitors and such mem-
branes should be avoided.8 Similar anaphylactoid reactions have
occurred in patients taking ACE inhibitors while being treated
for severe hypercholesterolaemia by extracorporeal removal of
low-density lipoproteins (LDL-apheresis) with dextran sulfate

columns.9 These reactions are thought to be bradykinin-mediat-
ed. Prolonging the interval between the last dose of ACE inhibi-
tor and dextran sulfate apheresis has averted the reaction;10 suc-
cessful prevention has also been reported with the bradykinin
receptor antagonist icatibant acetate (p.2324).11 Hypotensive re-
actions associated with blood transfusion through bedside leu-
coreduction filters in patients taking ACE inhibitors have also
been attributed to bradykinin.12 There have also been rare reports
of severe allergic reactions, including anaphylaxis, occurring in
patients taking ACE inhibitors who were stung by insects or dur-
ing desensitisation with Hymenoptera venom (e.g. bee or wasp
venom).13 
Angioedema, a known adverse effect of ACE inhibitors,14-17 is
reported to occur in 0.1 to 0.2% of patients.16,17 The incidence
may be higher in black American18 or Afro-Caribbean19 patients.
There is no evidence that it results from an immunological mech-
anism in these patients and it has been suggested that the effect is
due to impaired kinin degradation. However, angioedema has
been reported with lisinopril in a patient who had previously tol-
erated captopril.20 The onset of angioedema has usually been
within hours or at most a week of starting treatment with the
ACE inhibitor,16 but can occur after prolonged therapy for sever-
al months or years.21-24 It may also occur episodically with long
symptom-free intervals.24 Visceral angioedema presenting as ab-
dominal pain with diarrhoea, nausea, and vomiting, has also been
reported.25,26 If angioedema occurs the ACE inhibitor should be
withdrawn and if there is swelling affecting the tongue, glottis, or
larynx likely to cause airway obstruction, adrenaline should be
given (see p.1204). Fatalities have occurred.27 Angiotensin II re-
ceptor antagonists have been suggested as an alternative in pa-
tients unable to tolerate ACE inhibitors, but there have also been
reports of angioedema associated with their use (see under Losa-
rtan Potassium, p.1326). For a report of angioedema occurring
after use of alteplase for stroke in patients taking ACE inhibitors,
see under Interactions of Alteplase, p.1207.
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Overdosage. There have been reports of overdosage with cap-
topril,1,2 enalapril,3-6 and lisinopril.7,8 The main adverse effect is
hypotension which usually responds to supportive treatment and
volume expansion. Activated charcoal may be given in severe
overdosage if the patient presents within 1 hour of ingestion. If
hypotension persists, sympathomimetics may be given, although
they are not usually required. Specific therapy with angiotensina-
mide (p.1216) may be considered if conventional therapy is inef-
fective,5,6,8 but it is not widely available. There has also been a
report9 of the successful use of naloxone after captopril overdos-
age.
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Precautions
ACE inhibitors are usually contra-indicated in patients
with aortic stenosis or outflow tract obstruction (but
see below). They should not generally be used in pa-
tients with renovascular disease or suspected renovas-
cular disease, but are occasionally necessary for severe
resistant hypertension in such patients, when they
should only be given with great caution and under
close specialist supervision. The elderly, or patients
with peripheral vascular diseases or generalised
atherosclerosis, may be at high risk because they may
have clinically silent renovascular disease. Renal func-
tion should be assessed in all patients before use of
ACE inhibitors and should be monitored during thera-
py. Patients with existing renal disease or taking high
doses should be monitored regularly for proteinuria.
Regular white blood cell counts may be necessary in
patients with collagen vascular disorders, such as sys-
temic lupus erythematosus and scleroderma, or in pa-
tients receiving immunosuppressive therapy, especial-
ly when they also have impaired renal function. ACE
inhibitors should be used with caution in patients with
a history of idiopathic or hereditary angioedema. 
Patients with heart failure and patients who are likely
to be sodium or water depleted (for example, those
receiving treatment with diuretics or dialysis) may
experience symptomatic hypotension during the initial
stages of ACE inhibitor therapy. Treatment should
therefore be started under close medical supervision,
using a low dose and with the patient in a recumbent
position to minimise this effect. 
Anaphylactoid reactions have occurred in patients
taking ACE inhibitors during haemodialysis using
high-flux polyacrylonitrile membranes, during LDL-
apheresis with dextran sulfate columns, and during
desensitisation with wasp or bee venom (see Hyper-
sensitivity under Adverse Effects, above). 
ACE inhibitors have been associated with fetal toxicity
and should not be used during pregnancy (see below).
Aortic stenosis. Vasodilators, including ACE inhibitors, are
usually contra-indicated in obstructive cardiac disorders such as
aortic stenosis since cardiac output cannot increase to compen-
sate for systemic vasodilatation and there is a risk of severe hy-
potension. However, a study1 in patients with symptomatic aortic
stenosis found that enalapril was well-tolerated and improved
symptoms, and a drug withdrawal study2 in hypertensive patients
with asymptomatic aortic stenosis suggested that ACE inhibitors
had beneficial haemodynamic effects. Another study3 in patients
with heart failure and perceived contra-indications to ACE inhib-
itors (including 17.3% with aortic stenosis) found that survival
was improved in those given ACE inhibitors. There is also some
evidence that ACE inhibitors may slow the progression of calcif-
ic aortic stenosis, but this remains to be confirmed.4
1. Chockalingam A, et al. Safety and efficacy of angiotensin-con-

verting enzyme inhibitors in symptomatic severe aortic stenosis:
Symptomatic Cardiac Obstruction-Pilot study of Enalapril in
Aortic Stenosis (SCOPE-AS). Am Heart J 2004; 147: E19. 
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zyme inhibitors in hypertensive patients with aortic valve steno-
sis: a drug withdrawal study. Heart 2005; 91: 1311–18. 

3. Ahmed A, et al. A propensity score analysis of the impact of
angiotensin-converting enzyme inhibitors on long-term survival
of older adults with heart failure and perceived contraindica-
tions. Am Heart J 2005; 149: 737–43. 

4. Newby DE, et al. Emerging medical treatments for aortic steno-
sis: statins, angiotensin converting enzyme inhibitors, or both?
Heart 2006; 92: 729–34.

Diarrhoea. Several reports have indicated that life-threatening
hypotension and signs of renal failure may develop in patients
receiving captopril1-3 or enalapril3 after volume depletion due to
diarrhoea.
1. McMurray J, Matthews DM. Effect of diarrhoea on a patient tak-

ing captopril. Lancet 1985; i: 581. 
2. Benett PR, Cairns SA. Captopril, diarrhoea, and hypotension.

Lancet 1985; i: 1105. 
3. McMurray J, Matthews DM. Consequences of fluid loss in pa-

tients treated with ACE inhibitors. Postgrad Med J 1987; 63:
385–7.

Ethnicity. ACE inhibitors are less effective as antihypertensives
in Afro-Caribbean black patients than in white patients. A similar
difference has been reported in heart failure; in a pooled analysis1

of the Studies of Left Ventricular Dysfunction (SOLVD) treat-
ment and prevention trials, treatment with enalapril significantly
reduced the risk of hospitalisation for heart failure in white pa-
tients with left ventricular dysfunction, but not in similar black
patients. However, analysis2 of the prevention arm alone showed
that enalapril reduced the relative risk of disease progression to a
similar extent in black and white patients.
1. Exner DV, et al. Lesser response to angiotensin-converting-en-

zyme inhibitor therapy in black as compared with white patients
with left ventricular dysfunction. N Engl J Med 2001; 344:
1351–7. 

2. Dries DL, et al. Efficacy of angiotensin-converting enzyme inhi-
bition in reducing progression from asymptomatic left ventricu-
lar dysfunction to symptomatic heart failure in black and white
patients. J Am Coll Cardiol 2002; 40: 311–17. Correction. ibid.;
1019.

Hepatic cirrhosis. It has been suggested that in patients with
cirrhosis, captopril could cause a marked reduction in arterial
pressure and severely compromise renal function, since mainte-
nance of glomerular filtration rate might be mediated by angi-
otensin II in these patients.1 This theory was supported by a re-
port of a reduction in glomerular filtration rate in response to a
fall in mean arterial pressure in 4 patients with resistant ascites
secondary to hepatic cirrhosis.2 The fall in mean arterial pressure
was associated with orthostatic hypotension and increasing en-
cephalopathy. Severe confusion has also been reported in 2 pa-
tients with cirrhosis during treatment with captopril 6.25 to
12.5 mg three times daily.3
1. Ring T. Captopril and resistant ascites: a word of caution. Lancet

1983; ii: 165. 
2. Wood LJ, et al. Adverse effects of captopril in treatment of re-

sistant ascites, a state of functional bilateral renal artery stenosis.
Lancet 1985; ii: 1008–9. 

3. Jørgensen F, et al. Captopril and resistant ascites. Lancet 1983;
ii: 405.

Huntington’s disease. The condition of a woman with Hunt-
ington’s disease deteriorated dramatically during treatment with
captopril and improved on withdrawal of the drug.1
1. Goldblatt J, Bryer A. Huntington’s disease: deterioration in clin-

ical state during treatment with angiotensin converting enzyme
inhibitor. BMJ 1987; 294: 1659–60.

Peripheral vascular disease. Patients with peripheral vascu-
lar disease may have a high incidence of renal artery stenosis and
are therefore at high risk of renal failure with ACE inhibitor ther-
apy (see Effects on the Kidneys, above). Mild renal artery steno-
sis was found in 64 of 374 patients (17%) with peripheral vascu-
lar disease, and severe renal artery stenosis in 52 (14%); the
stenosis was bilateral in 43 (12%).1 Renal function should be
carefully monitored in any patient with peripheral vascular dis-
ease who receives ACE inhibitors.
1. Salmon P, Brown MA. Renal artery stenosis and peripheral vas-

cular disease: implications for ACE inhibitor therapy. Lancet
1990; 336: 321.

Pregnancy. There is evidence from animal studies that use of
ACE inhibitors during pregnancy is associated with fetal toxicity
and an increase in still-births.1 In humans, the main effect of
ACE inhibitors is on the kidneys. Several case reports have de-
scribed the development of fetal renal failure, with oligohydram-
nios or neonatal anuria, in the offspring of mothers receiving
captopril2-4 or enalapril;5 there have been fetal4 and neonatal3
deaths. A literature search up to the end of 1989 indicated that the
use of ACE inhibitors during pregnancy can cause severe distur-
bances of fetal and neonatal renal function, long-lasting neonatal
anuria, and pulmonary hypoplasia.6 There are also 2 case reports
in which maternal captopril7 or enalapril8 therapy, in association
with other drugs, was associated with birth defects including de-
fective ossification of the skull. A registry study9 found that 2 of
19 infants exposed to ACE inhibitors during pregnancy had
serious life-threatening conditions: one had prolonged anuria re-
quiring dialysis; the other had microcephaly and a large occipital
encephalocele. 
The FDA has re-emphasised that ACE inhibitors can cause inju-
ry and even death to the developing fetus in the second and third
trimester.10 Although use of ACE inhibitors in the first trimester

had been thought to carry a lesser risk,11-13 a review of the avail-
able experimental and clinical data concluded that the use of
ACE inhibitors should be avoided throughout pregnancy.14 Also,
a later cohort study15 of 29 507 infants found a significantly in-
creased risk of major congenital malformations in 209 who had
been exposed to ACE inhibitors alone in the first trimester and
concluded that such use should be avoided.
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6. Hanssens M, et al. Fetal and neonatal effects of treatment with
angiotensin-converting enzyme inhibitors in pregnancy. Obstet
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Interactions
Excessive hypotension may occur when ACE inhibi-
tors are used with diuretics, other antihypertensives, or
other agents, including alcohol, that lower blood pres-
sure. An additive hyperkalaemic effect is possible in
patients receiving ACE inhibitors with potassium-
sparing diuretics, potassium supplements (including
potassium-containing salt substitutes), or other drugs
that can cause hyperkalaemia (such as ciclosporin or
indometacin), and serum-potassium concentrations
should be monitored. Potassium-sparing diuretics and
potassium supplements should generally be stopped
before starting ACE inhibitors in patients with heart
failure. However, ACE inhibitor therapy does not ob-
viate the possible need for potassium supplementation
in patients given potassium-wasting diuretics and po-
tassium concentrations should also be monitored in
these patients. The adverse effects of ACE inhibitors
on the kidneys may be potentiated by other drugs, such
as NSAIDs, that can affect renal function.
◊ General references.
1. Shionoiri H. Pharmacokinetic drug interactions with ACE inhib-

itors. Clin Pharmacokinet 1993; 25: 20–58. 
2. Mignat C, Unger T. ACE inhibitors: drug interactions of clinical

significance. Drug Safety 1995; 12: 334–7.

Allopurinol. For reports of reactions in patients taking captopril
and allopurinol, see p.553.
Antacids. Use of captopril with antacids reduced the bioavaila-
bility of captopril although this did not significantly alter the ef-
fects on blood pressure and heart rate.1 The bioavailability of
fosinopril, and possibly other ACE inhibitors, may also be re-
duced by use with antacids.
1. Mäntylä R, et al. Impairment of captopril bioavailability by con-

comitant food and antacid intake. Int J Clin Pharmacol Ther Tox-
icol 1984; 22: 626–9.

Antidiabetics. Hypoglycaemia was noted in 3 type 1 diabetics
when captopril was added to their therapeutic regimen; it was
also seen in a type 2 diabetic, in whom withdrawal of hypogly-
caemic drugs became necessary.1 Subsequent study suggested
that the effect was due to enhanced insulin sensitivity.1 Similar
instances of a reduction in blood sugar in both non-diabetic2 and
diabetic3 patients given enalapril have occurred. Two case-con-
trol studies in diabetic patients receiving insulin or oral hypogly-
caemics suggested that patients treated with ACE inhibitors were
at increased risk of developing severe hypoglycaemia.4,5 Howev-
er, other studies in diabetic patients given captopril or enalapril
have failed to find any significant alterations in blood-glucose
control,6,7 and ACE inhibitors are widely used in the treatment of
hypertension in diabetic patients (see p.1171) and also have a

role in the management of diabetic complications such as neph-
ropathy (see Kidney Disorders under Uses, below).
1. Ferriere M, et al. Captopril and insulin sensitivity. Ann Intern

Med 1985; 102: 134–5. 
2. Helgeland A, et al. Enalapril, atenolol, and hydrochlorothiazide

in mild to moderate hypertension: a comparative multicentre
study in general practice in Norway. Lancet 1986; i: 872–5. 

3. McMurray J, Fraser DM. Captopril, enalapril, and blood glu-
cose. Lancet 1986; i: 1035. 

4. Herings RMC, et al. Hypoglycaemia associated with use of in-
hibitors of angiotensin converting enzyme. Lancet 1995; 345:
1195–8. 

5. Morris AD, et al. ACE inhibitor use is associated with hospital-
ization for severe hypoglycemia in patients with diabetes. Dia-
betes Care 1997; 20: 1363–7. 

6. Passa P, et al. Enalapril, captopril, and blood glucose. Lancet
1986; i: 1447. 

7. Winocour P, et al. Captopril and blood glucose. Lancet 1986; ii:
461.

Azathioprine. Leucopenia has been reported in a patient given
captopril with azathioprine; the effect did not occur when either
drug was given alone.1 In a similar report, neutropenia in a pa-
tient taking a regimen including azathioprine and captopril did
not recur when captopril was reintroduced after stopping azathi-
oprine.2
1. Kirchertz EJ, et al. Successful low dose captopril rechallenge

following drug-induced leucopenia. Lancet 1981; i: 1363. 
2. Edwards CRW, et al. Successful reintroduction of captopril fol-

lowing neutropenia. Lancet 1981; i: 723.

Ciclosporin. An additive hyperkalaemic effect with ACE in-
hibitors and ciclosporin is possible. Also, acute renal failure has
been reported in 2 patients on ciclosporin after renal transplanta-
tion who were given enalapril.1 Renal function recovered when
the ACE inhibitor was withdrawn.
1. Murray BM, et al. Enalapril-associated acute renal failure in re-

nal transplants: possible role of cyclosporine. Am J Kidney Dis
1990; 16: 66–9.

Digoxin. For reports of an increase in serum-digoxin concentra-
tions during therapy with ACE inhibitors, see p.1261.
Diuretics. Excessive hypotension may occur when ACE inhib-
itors are used with diuretics. Deterioration in renal function has
also been reported with metolazone (see p.1337). Severe hyper-
kalaemia may occur if ACE inhibitors are used with spironolac-
tone (see p.1401).
Epoetins. An additive hyperkalaemic effect may occur when
ACE inhibitors are given with epoetins. ACE inhibitors have
also been reported to antagonise the haematopoietic effects of
epoetins.
General anaesthetics. Marked hypotension may occur during
general anaesthesia in patients taking ACE inhibitors. In addition
corrected cerebral blood flow was significantly lower in 11 pa-
tients who took captopril before general anaesthesia induced
with thiopental and maintained with nitrous oxide and enflurane,
than in 9 patients pretreated with metoprolol and 9 untreated con-
trols.1 Although there were no complications of anaesthesia as-
sociated with captopril pretreatment, stopping ACE inhibitor
therapy before anaesthesia should be considered. However, oth-
ers have suggested2 that since there is no clear evidence for stop-
ping them, ACE inhibitors may be continued with care.
1. Jensen K, et al. Cerebral blood flow during anaesthesia: influ-

ence of pretreatment with metoprolol or captopril. Br J Anaesth
1989; 62: 321–3. 

2. Anonymous. Drugs in the peri-operative period: 4 – cardiovas-
cular drugs. Drug Ther Bull 1999; 37: 89–92.

Gold salts. The nitritoid reaction (flushing, nausea, dizziness,
and hypotension associated with the first weeks of gold treat-
ment) occurred soon after commencing treatment with an ACE
inhibitor (captopril, lisinopril, or enalapril) in 4 patients who had
been receiving sodium aurothiomalate for at least 2 years.1
1. Healey LA, Backes MB. Nitritoid reactions and angiotensin-

converting-enzyme inhibitors. N Engl J Med 1989; 321: 763.

Interferons. Severe granulocytopenia has been reported1 in 3
patients with mixed cryoglobulinaemia treated with interferon
alfa-2a who also received ACE inhibitors. The effect was consid-
ered to be due to synergistic haematological toxicity. However,
in a further report,2 2 patients developed only mild granulocyto-
penia that was reversible despite continued therapy, while a third
patient retained a normal granulocyte count.
1. Casato M, et al. Granulocytopenia after combined therapy with

interferon and angiotensin-converting enzyme inhibitors: evi-
dence for a synergistic hematologic toxicity. Am J Med 1995; 99:
386–91. 

2. Jacquot C, et al. Granulocytopenia after combined therapy with
interferon and angiotensin-converting enzyme inhibitors: evi-
dence for a synergistic hematologic toxicity. Am J Med 1996;
101: 235–6.

Interleukin-3. Marked hypotension occurred in 3 patients1 re-
ceiving ACE inhibitors who were given interleukin-3 following
chemotherapy; blood pressure returned to normal when the ACE
inhibitors were stopped.
1. Dercksen MW, et al. Hypotension induced by interleukin-3 in

patients on angiotensin-converting enzyme inhibitors. Lancet
1995; 345: 448.

Lithium. For reports of lithium toxicity in patients taking ACE
inhibitors, see p.404.
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Muscle relaxants. For a report of severe hypotension in a pa-
tient taking lisinopril and tizanidine, see p.1898.

NSAIDs. Indometacin and possibly other NSAIDs, including
aspirin, have been reported to reduce or abolish the hypotensive
action of ACE inhibitors. A similar effect has been reported1

with rofecoxib. NSAIDs cause sodium and water retention and
thus may attenuate the effects of various antihypertensives. It has
also been suggested that part of the hypotensive effect of ACE
inhibitors is prostaglandin-dependent, which might explain this
interaction with drugs such as NSAIDs that block prostaglandin
synthesis. However, in a double-blind study designed to assess
the role of prostaglandins,2 indometacin did not influence the
hypotensive effect of captopril or enalapril, suggesting that the
effects on prostaglandins are not significant. 
The possibility of an interaction between low-dose aspirin and
ACE inhibitors has caused concern.3-5 Retrospective analysis of
some studies of ACE inhibitors in patients with heart failure after
myocardial infarction suggested that outcome was poorer in
those who were also receiving aspirin. A number of small studies
have investigated the effects of aspirin plus ACE inhibitors on
haemodynamic parameters, but results have been conflicting and
the clinical relevance of these findings is not clear. Given the
well-established benefits of both ACE inhibitors and aspirin in
patients with heart failure associated with ischaemic heart dis-
ease, it is generally recommended that patients should continue
to receive treatment with both.4,5 A systematic review6 of long-
term studies using ACE inhibitors came to a similar conclusion,
and an observational study7 in patients with both ischaemic and
non-ischaemic heart failure found that ACE inhibitors improved
outcomes, irrespective of whether or not patients were taking
aspirin. 
The combination of NSAIDs and ACE inhibitors may also have
variable effects on renal function since they act at different parts
of the glomerulus.8 When given to patients whose kidneys are
underperfused, for example because of heart failure, liver cirrho-
sis, or haemorrhage, renal function may deteriorate. Use of
NSAIDs in patients taking ACE inhibitors with diuretics may be
particularly hazardous.9 However, specific patient groups with-
out reduced renal perfusion may benefit from combining an
NSAID with an ACE inhibitor. 
Indometacin, and possibly other NSAIDs, may have an additive
hyperkalaemic effect.
1. Brown CH. Effect of rofecoxib on the antihypertensive activity
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3. Stys T, et al. Does aspirin attenuate the beneficial effects of an-
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tern Med 2000; 160: 1409–13. 

4. Mahé I, et al. Interaction between aspirin and ACE inhibitors in
patients with heart failure. Drug Safety 2001; 24: 167–82. 
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Ann Pharmacother 2001; 35: 1653–8. 

6. Teo KK, et al. Effects of long-term treatment with angiotensin-
converting-enzyme inhibitors in the presence or absence of aspi-
rin: a systematic review. Lancet 2002; 360: 1037–43. Correction.
ibid. 2003; 361: 90. 

7. McAlister FA, et al. Aspirin use and outcomes in a community-
based cohort of 7352 patients discharged after first hospitaliza-
tion for heart failure. Circulation 2006; 113: 2572–8. 

8. Sturrock NDC, Struthers AD. Non-steroidal anti-inflammatory
drugs and angiotensin converting enzyme inhibitors: a common-
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tion. Br J Clin Pharmacol 1993; 35: 343–8. 
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Probenecid. Giving probenecid to 4 healthy subjects during in-
travenous infusion of captopril caused increases in the steady-
state plasma-captopril concentration. The interaction was con-
sidered to be due to a reduction of tubular secretion of captopril
by probenecid.1
1. Singhvi SM, et al. Renal handling of captopril: effect of probene-

cid. Clin Pharmacol Ther 1982; 32: 182–9.

Pharmacokinetics
Most ACE inhibitors are given orally. Apart from cap-
topril and lisinopril, they are generally prodrugs and af-
ter absorption undergo rapid metabolism by ester hy-
drolysis to the active diacid form; for example,
enalapril is converted to enalaprilat. Metabolism oc-
curs mainly in the liver. Excretion as active drug or ac-
tive metabolite is principally in the urine; some, such as
benazeprilat and fosinoprilat, are also excreted via the
biliary tract. Elimination of the diacid is polyphasic
and there is a prolonged terminal elimination phase,
which is considered to represent binding to the angi-
otensin-converting enzyme at a saturable binding site.
This bound fraction does not contribute to accumula-
tion of drug following multiple doses. The terminal
elimination half-life does not therefore predict the ki-

netics observed with multiple dosing and the effective
half-life for accumulation is the value usually quoted.
◊ Reviews.
1. Burnier M, Biollaz J. Pharmacokinetic optimisation of angi-

otensin converting enzyme (ACE) inhibitor therapy. Clin Phar-
macokinet 1992; 22: 375–84. 

2. Hoyer J, et al. Clinical pharmacokinetics of angiotensin convert-
ing enzyme (ACE) inhibitors in renal failure. Clin Pharmacoki-
net 1993; 24: 230–54. 

3. Song JC, White CM. Clinical pharmacokinetics and selective
pharmacodynamics of new angiotensin converting enzyme in-
hibitors: an update. Clin Pharmacokinet 2002; 41: 207–24.

Uses and Administration
ACE inhibitors are antihypertensive drugs that act as
vasodilators and reduce peripheral resistance. They in-
hibit angiotensin-converting enzyme (ACE), which is
involved in the conversion of angiotensin I to angi-
otensin II. Angiotensin II stimulates the synthesis and
secretion of aldosterone and raises blood pressure via a
potent direct vasoconstrictor effect. ACE is identical to
bradykininase (kininase II) and ACE inhibitors also re-
duce the degradation of bradykinin, which is a direct
vasodilator and is also involved in the generation of
prostaglandins. The pharmacological actions of ACE
inhibitors are thought to be primarily due to the inhibi-
tion of the renin-angiotensin-aldosterone system, but
since they also effectively reduce blood pressure in pa-
tients with low renin concentrations other mechanisms
are probably also involved. ACE inhibitors produce a
reduction in both preload and afterload in patients with
heart failure. They also reduce left ventricular remod-
elling, a process that sometimes follows myocardial in-
farction. Normally, renal blood flow is increased with-
out a change in glomerular filtration rate. ACE
inhibitors also reduce proteinuria associated with
glomerular kidney disease. 
ACE inhibitors are used in the treatment of hyperten-
sion and heart failure and are given to improve survival
after myocardial infarction and for the prophylaxis of
cardiovascular events in patients with certain risk fac-
tors. They are also used in the treatment of diabetic
nephropathy. They are generally given orally. 
In some hypertensive patients there may be a precipi-
tous fall in blood pressure when starting therapy with
an ACE inhibitor and the first dose should preferably
be given at bedtime; if possible, any diuretic therapy
should be stopped a few days beforehand and resumed
later if necessary. 
In patients with heart failure taking loop diuretics, se-
vere first-dose hypotension is common on introduction
of an ACE inhibitor, but temporary withdrawal of the
diuretic may cause rebound pulmonary oedema. Thus
treatment should start with a low dose under close
medical supervision.
◊ Reviews.
1. Lopéz-Sendón J, et al. The Task Force on ACE-inhibitors of the

European Society of Cardiology. Expert consensus document on
angiotensin converting enzyme inhibitors in cardiovascular dis-
ease. Eur Heart J 2004; 25: 1454–70. Also available at: http://
www.escardio.org/guidel ines-surveys/esc-guidel ines/
GuidelinesDocuments/guidelines-ACEI-FT.pdf (accessed
25/07/08)

Action. The renin-angiotensin system plays a major role in reg-
ulation of cardiovascular and renal function and blockade of this
system has complex physiological effects.1 Although the main
target for ACE inhibitors was initially thought to be the endo-
crine renin-angiotensin system in the circulation this mechanism
alone cannot readily explain all the actions of ACE inhibitors.2
Endogenous renin-angiotensin systems exist in many tissues and
ACE inhibitors also have localised effects.3 This may underlie
some of the long-term effects of ACE inhibition, including im-
proved endothelial function, increased arterial wall compliance,
improved left ventricular function in heart failure, regression of
vascular and left ventricular hypertrophy, and delayed progres-
sion of diabetic nephropathy. ACE inhibitors differ in their de-
gree of binding to tissue ACE and in their tissue distribution, but
the clinical significance of this is not clear. In one study4 endothe-
lial function improved with quinapril, which has high tissue spe-
cificity, but a similar effect was not seen with the less-specific
enalapril, despite an earlier study5 showing it to be effective. 
ACE inhibitors also have effects on the kinin system and there is
some evidence that the cardiovascular actions of ACE inhibitors
also involve localised accumulation of kinins.6-8 It has been

suggested9 that the free radical scavenging property of captopril
may contribute to some of its actions, although not all studies
have confirmed this effect.10
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Bartter’s syndrome. Captopril has been reported to produce
beneficial responses in patients with Bartter’s syndrome1-5

(p.1670), which is characterised by hyperaldosteronism, hypoka-
laemia, and hyperreninaemia, but with normal or reduced blood
pressure. Captopril may also be used diagnostically with scintig-
raphy.6
1. Aurell M, Rudin A. Effects of captopril in Bartter’s syndrome. N
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Diabetic complications. Control of blood pressure plays a
major role in the prevention of the sequelae of diabetes mellitus
(p.433). ACE inhibitors have been reported1 to reduce the risk of
major cardiovascular events in patients, including a broad range
of diabetics, with either a history of cardiovascular disease or at
least one additional cardiovascular risk factor. A study2 of diabet-
ics with no cardiovascular disease (but unknown risk factors)
also found a reduction in mortality with use of ACE inhibitors.
Some of the studies of ACE inhibitors for cardiovascular risk re-
duction have also suggested that ACE inhibitors may prevent the
development of diabetes in non-diabetic patients,3-7 but a ran-
domised study8 in subjects with moderately impaired glucose
metabolism but low cardiovascular risk was unable to confirm
this effect. 
ACE inhibitors may also have benefits in other diabetic compli-
cations. They have an established role in the management of
nephropathy in patients with type 1 and type 2 diabetes (see
Kidney Disorders, below). 
It has been reported9 that ACE inhibitors may reduce the pro-
gression of retinopathy in normotensive patients with type 1 dia-
betes mellitus. However, progression of retinopathy was a sec-
ondary end-point of the study and it was suggested that further
studies were needed to confirm the beneficial results. 
A preliminary report10 has suggested that ACE inhibitors may
improve peripheral neuropathy in diabetic patients, but again fur-
ther studies are needed.
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Erythrocytosis. Secondary erythrocytosis (secondary poly-
cythaemia) is an absolute increase in red cell mass that may oc-
cur as a result of tissue hypoxia (as in chronic obstructive airways
disease), or excessive erythropoietin production (as in some re-
nal tumours or after renal transplantation). Treatment may be
necessary for hyperviscosity symptoms and to reduce the risk of
thromboembolic complications, and mainly involves removal of
red blood cells by venesection and the use of drugs such as ACE
inhibitors that inhibit erythropoiesis. 
Post-transplantation erythrocytosis may resolve spontaneous-
ly in some patients but for the remainder the aim of therapy is to
minimise the risk of thromboembolic and other complications by
reducing the haematocrit to less than 45%. Originally treatment
was by venesection but this led to severe iron deficiency. There
is now evidence of beneficial effects using ACE inhibitors1-4 or
angiotensin II receptor antagonists such as losartan5-9 and current
guidelines recommend these drugs for first-line therapy.10,11 The-
ophylline may also be used but appears to be less effective than
ACE inhibitors1 and is usually reserved for patients who do not
respond to first-line therapy; it may also be used with an ACE
inhibitor but venesection may need to be used until the haemat-
ocrit falls to 45%. 
Guidelines11 recommend that patients who develop erythrocy-
tosis secondary to hypoxic pulmonary disease should first be
considered for methods to improve oxygenation, including long-
term oxygen therapy. Those who have hyperviscosity or a hae-
matocrit greater than 56% should undergo venesection. ACE in-
hibitors or angiotensin II receptor antagonists might be of use for
patients who do not tolerate venesection;11 beneficial responses
have been reported with enalapril in altitude polycythaemia,12

and with losartan in erythrocytosis secondary to chronic obstruc-
tive pulmonary disease.13 Theophylline has also been reported to
be of benefit.
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Genetic disorders. Small studies have suggested that ACE in-
hibitors may be of benefit in patients with cardiac disorders asso-
ciated with Marfan syndrome,1,2 as well as in Duchenne muscu-
lar dystrophy.3,4
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Heart failure. ACE inhibitors given orally produce clinical
benefit in all stages of chronic heart failure (p.1165) additional to
that seen with diuretics. They relieve symptoms and improve
survival and reduce the progression of mild or moderate heart

failure to more severe stages. Thus, it is now recommended that
all patients with heart failure due to left ventricular systolic dys-
function should receive ACE inhibitors, even if they are asymp-
tomatic with diuretics alone. The studies that have shown a
benefit with ACE inhibitors have tended to use higher doses than
those used in practice. A study1 with lisinopril found that higher
doses reduced the combined end-point of death or hospitalisation
more than low doses and were equally well tolerated, suggesting
that higher doses should be used. Studies with enalapril have
failed to show a benefit of standard doses over lower doses,2 or
high doses over standard doses.3 It is now recommended4,5 that
doses should be titrated to those found to be effective in ran-
domised trials, rather than according to symptomatic response,
although lower doses may still be of benefit if higher doses are
not tolerated.4 Combination of ACE inhibitors with angiotensin
II receptor antagonists to produce a more complete blockade of
the renin-angiotensin system may also be of benefit,6-8 and may
therefore be considered4,5 in patients who remain symptomatic
despite standard therapy, including patients receiving beta block-
ers. ACE inhibitors may also have a role in patients with asymp-
tomatic left ventricular dysfunction, although this is less well es-
tablished; no effect on short-term mortality was found in
asymptomatic patients in the SOLVD trial, but a significant sur-
vival benefit was found on long-term follow-up.9 In patients with
heart failure and preserved left ventricular function (diastolic
dysfunction) the role of ACE inhibitors is unclear, although they
may provide symptomatic benefit.10 ACE inhibitors may be ben-
eficial in patients with heart failure associated with valve disor-
ders (but see under Precautions, above for discussion of their use
in aortic stenosis). There is also some evidence that ACE inhibi-
tors may prevent the development of antineoplastic-induced car-
diotoxicity,11 although this remains to be confirmed. 
The mechanism of action in heart failure is not established. ACE
inhibitors have beneficial haemodynamic effects; they produce
arterial and venous dilatation,12 reducing both preload and after-
load and thus improving cardiac output without increasing heart
rate. Their neurohormonal effects also play a part,13 as do their
effects on cytokines. Further actions that may contribute include
reduction of left ventricular hypertrophy, and an indirect action
to prevent cardiac arrhythmias.14-16 
Captopril and enalapril have both been used in infants with se-
vere heart failure (see Administration in Children, p.1240, and
p.1277, respectively).
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Hypertension. ACE inhibitors have an established role in the
management of hypertension (p.1171) and appear to have com-
parable effects to the other main groups of antihypertensives.1

The Captopril Prevention Project (CAPPP) trial,2 which com-
pared captopril-based therapy with beta blocker- or diuretic-
based therapy, suggested that cardiovascular mortality was lower
with captopril, although the risk of stroke was increased in those
receiving captopril and overall mortality did not differ between
the groups. In the large ALLHAT study,3 which compared an
ACE inhibitor with a calcium-channel blocker or a diuretic,
overall mortality did not differ significantly between any of the
groups, although there were slightly higher rates of stroke and
heart failure in those given the ACE inhibitor compared with the
diuretic group. ACE inhibitors are particularly recommended in
diabetic patients with nephropathy as they may have beneficial
effects on the kidney, and also in patients with heart failure. Other
advantages that have been suggested include their lack of ad-
verse effects on serum lipids, a reduction in left ventricular
hypertrophy,4 and a reduction in plasma fibrinogen levels,5 but
the clinical significance of these effects is not established. 
The antihypertensive actions of ACE inhibitors may be potenti-
ated by drugs that activate the renin-angiotensin system. Hence,
combination therapy with diuretics or with calcium-channel
blockers may be particularly useful.
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DIAGNOSIS OF RENOVASCULAR HYPERTENSION.  Captopril has
been used to diagnose renovascular hypertension, since the
increase in plasma renin activity after blockade of the conver-
sion of angiotensin I to angiotensin II is greater in renovascu-
lar hypertension than in primary hypertension.1 However, a
meta-analysis2 of various tests used for the diagnosis of reno-
vascular hypertension found that the accuracy of the captopril
test is low when compared with imaging methods such as
computed tomography or magnetic resonance angiography.
Captopril is also used to enhance the sensitivity and specifici-
ty of renal scintigraphy.3 For reference to the use of captopril
scintigraphy to diagnose Bartter’s syndrome see above.
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in patients suspected of having renovascular hypertension: a
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Ischaemic heart disease. ACE inhibitors have clinical bene-
fits in patients with ischaemic heart disease and other atheroscle-
rotic conditions. They have an established role in the treatment
of patients after acute myocardial infarction (see below) and may
also have a preventative effect; in the SAVE1 and SOLVD2 stud-
ies, use of ACE inhibitors in patients with heart failure was noted
to lead to a reduction in the incidence of myocardial infarction.
In the HOPE study,3 treatment with ramipril significantly re-
duced the rate of death, myocardial infarction, and stroke in pa-
tients at high risk for cardiovascular disease, while in the EU-
ROPA study4 perindopril was found to reduce cardiovascular
events in patients with stable ischaemic heart disease. In the
QUO VADIS study,5 giving quinapril for 1 year after coronary
artery bypass grafting reduced the incidence of clinical ischae-
mic events although there was no effect on ischaemia during ex-
ercise testing or Holter monitoring. 
The mechanisms by which ACE inhibitors produce benefit in
these patients is less clear. Although a direct action to reduce
atherosclerosis (p.1159) has been suggested, studies have failed
to confirm this effect. In the TREND study,6 giving quinapril for
6 months was reported to improve endothelial dysfunction in pa-
tients with ischaemic heart disease, but apparently no effects on
the progression of atherosclerosis or the incidence of cardiac
events were found in the QUIET study7 which used a lower dose
of quinapril given for 3 years. In the PART-2 study,8 ramipril had
no effect on the progression of carotid atherosclerosis, while the
PARIS study9 found an increase in angiographic restenosis after
use of quinapril. 
A lack of acute anti-ischaemic effect has been found with short-
term use of captopril and enalapril in patients with stable
angina,10 and with enalapril in Prinzmetal’s angina;11 however, a
further study12 in patients with stable angina reported an im-
provement in the results of maximal exercise testing after sublin-
gual captopril dosage. Symptomatic benefit has also been
reported13 in patients with atherosclerotic peripheral arterial dis-
ease, and a case-control study14 has suggested that patients with
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aortic disease may have a lower risk of ruptured aortic aneurysm
if they are taking ACE inhibitors.
1. Pfeffer MA, et al. Effect of captopril on mortality and morbidity

in patients with left ventricular dysfunction after myocardial in-
farction: results of the Survival and Ventricular Enlargement
Trial. N Engl J Med 1992; 327: 669–77. 
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258–65. 
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with coronary or other occlusive arterial disease. J Am Coll Car-
diol 2000; 36: 438–43. 

9. Meurice T, et al. Effect of ACE inhibitors on angiographic res-
tenosis after coronary stenting (PARIS): a randomised, double-
blind, placebo-controlled trial. Lancet 2001; 357: 1321–4. 

10. Longobardi G, et al. Failure of protective effect of captopril and
enalapril on exercise and dipyridamole-induced myocardial
ischemia. Am J Cardiol 1995; 76: 255–8. 

11. Guazzi M, et al. Ineffectiveness of angiotensin converting en-
zyme inhibition (enalapril) on overt and silent myocardial
ischemia in vasospastic angina and comparison with verapamil.
Clin Pharmacol Ther 1996; 59: 476–81. 

12. Gemici K, et al. The effects of sublingual administration of cap-
topril on parameters of exercise test and neurohormonal activa-
tion in patients with stable angina pectoris. Int J Angiol 1998; 7:
238–43. 

13. Ahimastos AA, et al. Ramipril markedly improves walking
ability in patients with peripheral arterial disease: a randomized
trial. Ann Intern Med 2006; 144: 660–4. 

14. Hackam DG, et al. Angiotensin-converting enzyme inhibitors
and aortic rupture: a population-based case-control study. Lan-
cet 2006; 368: 659–65.

Kidney disorders. The effects of ACE inhibitors on the kidney
are complex. Although they may reduce renal function and
should be used with caution in patients with renal impairment
(see Adverse Effects and Treatment, above), ACE inhibitors may
also have beneficial effects in diabetic and nondiabetic renal dis-
ease. Reducing blood pressure protects renal function regardless
of the class of antihypertensive used,1 since hypertension and the
resultant proteinuria both cause kidney damage. A number of
studies have shown that ACE inhibitors and other drugs that
block the renin-angiotensin-aldosterone system (RAS), such as
angiotensin II receptor antagonists, are particularly effective1

and they may therefore be preferred for blood pressure control in
kidney disorders. However, whether they have a specific reno-
protective effect beyond their antihypertensive effect is unclear.2 
Most experience has been gained in patients with diabetic neph-
ropathy (see Diabetic Complications, p.433), which is often as-
sociated with hypertension and may progress from microalbu-
minuria to the nephrotic syndrome and end-stage renal failure. In
patients with proteinuria, the use of ACE inhibitors now appears
to be of established benefit, whether they are hypertensive or nor-
motensive or whether they have type 1 or type 2 diabetes melli-
tus. Angiotensin II receptor antagonists are also effective3,4 and
may be used as an alternative, although only ACE inhibitors
have been shown to have a mortality benefit;5 dual therapy with
an ACE inhibitor and an angiotensin II receptor antagonist has
also been tried and may be more effective than either alone.6,7 In
patients with early diabetic nephropathy, ACE inhibitors also
slow progression of microalbuminuria,4,8 and they have been
recommended, in conjunction with tight glycaemic control, in all
diabetic patients with microalbuminuria.9 They may also have
benefits in patients with normal renal albumin excretion and
have been reported to reduce the incidence of microalbuminuria
in both hypertensive and normotensive type 2 diabetics,10 al-
though the clinical significance remains to be established. 
ACE inhibitors may also be of benefit in renal disease unrelated
to diabetes, although their role is less established. Proteinuria is
an important indicator of glomerular kidney disease (p.1504) of
various causes and may range from asymptomatic to severe. A
number of studies11-18 have reported that ACE inhibitors reduce
both proteinuria and the rate of decline of renal function in pa-
tients with various non-diabetic renal disorders. Meta-
analyses19,20 have concluded that ACE inhibitors are more effec-
tive than other antihypertensives, although others suggest this is
uncertain.2 As in diabetic nephropathy, dual therapy with an
ACE inhibitor and an angiotensin II receptor antagonist may
provide additional benefit,6 although there is less evidence for
angiotensin II receptor antagonists alone in non-diabetic renal
disease.3 

Patients with systemic sclerosis (see Scleroderma, p.1817) are
considered to be at high risk of adverse effects from ACE inhib-
itors; however there is evidence that these drugs are of benefit in
the management of scleroderma-associated hypertension and re-
nal crisis.21

1. Ravera M, et al. Importance of blood pressure control in chronic
kidney disease. J Am Soc Nephrol 2006; 17 (4 suppl 2):
S98–S103. 

2. Casas JP, et al. Effect of inhibitors of the renin-angiotensin sys-
tem and other antihypertensive drugs on renal outcomes: sys-
tematic review and meta-analysis. Lancet 2005; 366: 2026–33. 

3. Thurman JM, Schrier RW. Comparative effects of angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers
on blood pressure and the kidney. Am J Med 2003; 114: 588–98. 

4. Thomas MC, Atkins RC. Blood pressure lowering for the pre-
vention and treatment of diabetic kidney disease. Drugs 2006;
66: 2213–34. 

5. Strippoli GFM, et al. Angiotensin converting enzyme inhibitors
and angiotensin II receptor antagonists for preventing the pro-
gression of diabetic kidney disease. Available in The Cochrane
Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2006 (accessed 25/04/08). 

6. MacKinnon M, et al. Combination therapy with an angiotensin
receptor blocker and an ACE inhibitor in proteinuric renal dis-
ease: a systematic review of the efficacy and safety data. Am J
Kidney Dis 2006; 48: 8–20. 

7. Kunz R, et al. Meta-analysis: effect of monotherapy and combi-
nation therapy with inhibitors of the renin-angiotensin system
on proteinuria in renal disease. Ann Intern Med 2008; 148:
30–48. 

8. The ACE Inhibitors in Diabetic Nephropathy Trialist Group.
Should all patients with type 1 diabetes mellitus and microalbu-
minuria receive angiotensin-converting enzyme inhibitors? A
meta-analysis of individual patient data. Ann Intern Med 2001;
134: 370–9. 

9. Mogensen CE, et al. Prevention of diabetic renal disease with
special reference to microalbuminuria. Lancet 1995; 346:
1080–4. 

10. Strippoli GFM, et al. Antihypertensive agents for preventing di-
abetic kidney disease. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2005 (ac-
cessed 04/04/08). 

11. Gansevoort RT, et al. Long-term benefits of the antiproteinuric
effect of angiotensin-converting enzyme inhibition in nondia-
betic renal disease. Am J Kidney Dis 1993; 22: 202–6. 

12. Hannedouche T, et al. Randomised controlled trial of enalapril
and β blockers in non-diabetic chronic renal failure. BMJ 1994;
309: 833–7. 

13. Maschio G, et al. Effect of the angiotensin-converting-enzyme
inhibitor benazepril on the progression of chronic renal insuffi-
ciency. N Engl J Med 1996; 334: 939–45. 

14. The GISEN Group (Gruppo Italiano di Studi Epidemiologici in
Nefrologia). Randomised placebo-controlled trial of effect of
ramipril on decline in glomerular filtration rate and risk of ter-
minal renal failure in proteinuric, non-diabetic nephropathy.
Lancet 1997; 349: 1857–63. 

15. Ruggenenti P, et al. Renal function and requirement for dialysis
in chronic nephropathy patients on long-term ramipril: REIN
follow-up trial. Lancet 1998; 352: 1252–6. 

16. Ruggenenti P, et al. Renoprotective properties of ACE-inhibi-
tion in non-diabetic nephropathies with non-nephrotic proteinu-
ria. Lancet 1999; 354: 359–64. 

17. Agodoa LY, et al. Effect of ramipril vs amlodipine on renal out-
comes in hypertensive nephrosclerosis: a randomized controlled
trial. JAMA 2001; 285: 2719–28. 

18. Hou FF, et al. Efficacy and safety of benazepril for advanced
chronic renal insufficiency. N Engl J Med 2006; 354: 131–40. 

19. Giatras I, et al. Effect of angiotensin-converting enzyme inhib-
itors on the progression of nondiabetic renal disease: a meta-
analysis of randomized trials. Ann Intern Med 1997; 127:
337–45. 

20. Jafar TH, et al. Angiotensin-converting enzyme inhibitors and
progression of nondiabetic renal disease: a meta-analysis of pa-
tient-level data. Ann Intern Med 2001; 135: 73–87. 

21. Steen VD, et al. Outcome of renal crisis in systemic sclerosis:
relation to availability of angiotensin converting enzyme (ACE)
inhibitors. Ann Intern Med 1990; 113: 352–7.

Malignant neoplasms. Animal and in vitro studies have sug-
gested that ACE inhibitors may protect against the development
of cancer, and there has been a case report1 of regression of Ka-
posi’s sarcoma in a patient treated with captopril (but see Effects
on the Skin, above). A retrospective cohort study2 suggested that
the incidence of cancer in hypertensive patients receiving ACE
inhibitors was lower than expected. However, a subsequent case
control study3 in postmenopausal women found no evidence of a
reduced risk of breast cancer associated with ACE inhibitor ther-
apy. 
See under Heart Failure, above for a suggestion that ACE inhib-
itors may protect against antineoplastic-induced cardiotoxicity.
1. Vogt B, Frey FJ. Inhibition of angiogenesis in Kaposi’s sarcoma

by captopril. Lancet 1997; 349: 1148. 
2. Lever AF, et al. Do inhibitors of angiotensin-I-converting en-

zyme protect against risk of cancer? Lancet 1998; 352: 179–84. 
3. Meier CR, et al. Angiotensin-converting enzyme inhibitors, cal-

cium channel blockers, and breast cancer. Arch Intern Med 2000;
160: 349–53.

Marfan syndrome. For mention of the use of ACE inhibitors
in patients with Marfan syndrome see Genetic Disorders, above.
Migraine. Observations that attacks of migraine occurred less
frequently in hypertensive patients treated with lisinopril, were
confirmed by a small placebo-controlled study1 in 47 non-hyper-
tensive patients with migraine (p.616).
1. Schrader H, et al. Prophylactic treatment of migraine with angi-

otensin converting enzyme inhibitor (lisinopril): randomised,
placebo controlled, crossover study. BMJ 2001; 322: 19–22.

Muscular dystrophy. For reference to the use of ACE inhibi-
tors in patients with Duchenne muscular dystrophy see Genetic
Disorders, above.

Myocardial infarction. ACE inhibitors may be of benefit in
both the prevention and treatment of myocardial infarction
(p.1175). They reduce left ventricular remodelling, a process
which sometimes follows myocardial infarction and is a recog-
nised precursor of symptomatic heart failure. Studies in patients
with evidence of left ventricular dysfunction have shown benefit
from long-term oral use of ACE inhibitors such as captopril (the
SAVE study),1 ramipril (the AIRE and AIRE extension (AIREX)
studies),2-4 or trandolapril (the TRACE study)5,6 started about 3
days, or more, after infarction, and long-term ACE inhibitors are
now established therapy in such patients.7,8 
Early treatment with ACE inhibitors as an adjunct to standard
thrombolytic therapy is less well established. Favourable results
have been reported in the GISSI-39 and the ISIS-410 studies
where lisinopril and captopril, respectively, were given orally
starting within 24 hours of the onset of chest pain and in the
Chinese Cardiac Study11 (CCS-1) where captopril was given
orally within 36 hours of the onset of symptoms. In the GISSI-3
study the beneficial effects were maintained at 6 months.12 How-
ever, the CONSENSUS II study was stopped early when it was
found that enalapril, given intravenously as enalaprilat and be-
gun within 24 hours of the onset of chest pain, did not improve
survival during the 180 days after infarction.13 A substudy on
some of the patients did however suggest that they may have
benefited from early treatment since left ventricular dilatation
was attenuated.14 An interaction between aspirin and enalapril
was postulated as one of the reasons for the overall lack of bene-
fit seen, and further analysis of the CONSENSUS II results
found that the beneficial effect of enalapril was reduced in those
patients already taking aspirin,15 although a systematic
overview16 failed to support this finding. A systematic review of
the CONSENSUS II, GISSI-3, ISIS-4, and CCS-1 studies found
lower 30-day cumulative mortality and incidence of non-fatal
heart failure among ACE inhibitor recipients.17 However, the
size of benefit in these studies of largely unselected patients is
much smaller than in the studies of patients with left ventricular
dysfunction, and there remains no clear consensus as to whether
all patients should be given ACE inhibitors or only those who
develop evidence of left ventricular dysfunction.
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Raynaud’s syndrome. ACE inhibitors are among many drugs
that have been tried in Raynaud’s syndrome, a vasospastic pe-
ripheral vascular disease (p.1178). Variable effects have been re-
ported. In a patient with Raynaud’s syndrome captopril im-
proved blood circulation in the fingers both acutely and during
long-term therapy with a dose of 37.5 mg daily; the effect was
apparently related to its effects on kinins rather than inhibition of
angiotensin II formation.1 However, a double-blind crossover
study in 15 patients with Raynaud’s phenomenon given captopril
25 mg or placebo three times daily for 6 weeks found that the
drug improved blood flow but not the frequency or severity of
attacks,2 and a similar study in patients given enalapril failed to
find any subjective or objective benefits.3 
There has also been a report4 of a patient in whom peripheral
ischaemia induced by ergotamine was rapidly reversed by capto-
pril.
1. Miyazaki S, et al. Relief from digital vasospasm by treatment

with captopril and its complete inhibition by serine proteinase
inhibitors in Raynaud’s phenomenon. BMJ 1982; 284: 310–11. 

2. Rustin MHA, et al. The effect of captopril on cutaneous blood
flow in patients with primary Raynaud’s phenomenon. Br J Der-
matol 1987; 117: 751–8. 

3. Challenor VF, et al. Subjective and objective assessment of enal-
april in primary Raynaud’s phenomenon. Br J Clin Pharmacol
1991; 31: 477–80. 

4. Zimran A, et al. Treatment with captopril for peripheral ischae-
mia induced by ergotamine. BMJ 1984; 288: 364.

Stroke. Antihypertensive therapy reduces the risk of stroke
(p.1185) in patients with hypertension. However, in patients who
have had a stroke, antihypertensive therapy has often been avoid-
ed due to the perceived risk of reducing cerebral perfusion. A
study1 of blood-pressure lowering with the ACE inhibitor perin-
dopril, alone or with a diuretic, found that the risk of recurrent
stroke was reduced in patients with a history of stroke or transient
ischaemic attack, irrespective of whether they had a normal or
raised blood pressure at study entry. Retrospective studies2,3 have
also suggested that stroke severity may be reduced in patients
who are already taking ACE inhibitors. The beneficial effects of
ACE inhibitors in stroke may not be entirely due to their antihy-
pertensive effects; in the HOPE study,4 ramipril reduced the inci-
dence of stroke in patients with high cardiovascular risk despite
only a small reduction in blood pressure. 
There have also been reports5,6 that ACE inhibitors may reduce
the risk of pneumonia in patients with a history of stroke, possi-
bly by an effect on symptomless dysphagia.7
1. PROGRESS Collaborative Group. Randomised trial of a perin-

dopril-based blood-pressure-lowering regimen among 6105 in-
dividuals with previous stroke or transient ischaemic attack.
Lancet 2001; 358: 1033–41. Corrections. ibid.; 1556 and 2002;
359: 2120. 

2. Kumar S, et al. Antiplatelets, ACE inhibitors, and statins combi-
nation reduces stroke severity and tissue at risk. Neurology 2006;
66: 1153–8. 

3. Chitravas N, et al. Is prestroke use of angiotensin-converting en-
zyme inhibitors associated with better outcome? Neurology
2007; 68: 1687–93. 

4. Bosch J, et al. Use of ramipril in preventing stroke: double blind
randomised trial. BMJ 2002; 324: 699–702. 
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352: 1069. 

6. Arai T, et al. ACE inhibitors and pneumonia in elderly people.
Lancet 1998; 352: 1937–8. 

7. Arai T, et al. ACE inhibitors and symptomless dysphagia. Lancet
1998; 352: 115–6.

Acebutolol (BAN, USAN, rINN) ⊗ 
Acébutolol; Acebutololum; Asebutolol; Asebutololi. (±)-3′-
Acetyl-4′-(2-hydroxy-3-isopropylaminopropoxy)butyranilide.
Ацебутолол
C18H28N2O4 = 336.4.
CAS — 37517-30-9.
ATC — C07AB04.
ATC Vet — QC07AB04.

Acebutolol Hydrochloride (BANM, rINNM) ⊗ 
Acébutolol, chlorhydrate d’; Acebutolol-hidroklorid; Acebutolol-
hydrochlorid; Acebutololhydroklorid; Acebutololi hydrochlori-
dum; Acebutololio hidrochloridas; Acebutololu chlorowodorek;
Asebutololihydrokloridi; Hidrocloruro de acebutolol; IL-17803A;
M&B-17803A.
Ацебутолола Гидрохлорид
C18H28N2O4,HCl = 372.9.
CAS — 34381-68-5.
ATC — C07AB04.
ATC Vet — QC07AB04.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Acebutolol Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water and in alcohol;
very slightly soluble in acetone and in dichloromethane. A 1%
solution in water has a pH of 5.0 to 7.0. Protect from light. 
USP 31 (Acebutolol Hydrochloride). A white or almost white
crystalline powder. Soluble in water and in alcohol; very slightly
soluble in acetone and in dichloromethane; practically insoluble
in ether. pH of a 1% solution in water is between 4.5 and 7.0.
Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Concentrations of acebutolol and its active
metabolite diacetolol in breast milk are higher than those in ma-
ternal plasma.1 Pharmacological effects in the neonate, including
hypotension, bradycardia, and tachypnoea, have been reported,1
and the American Academy of Pediatrics therefore considers2

that acebutolol should be given with caution to breast-feeding
mothers.
1. Boutroy MJ, et al. To nurse when receiving acebutolol: is it dan-

gerous for the neonate? Eur J Clin Pharmacol 1986; 30: 737–9. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Effects on the liver. Six cases of hepatotoxicity associated
with acebutolol were reported1 in the USA to the FDA between
1985 and 1989. The syndrome consisted of markedly elevated
transaminase concentrations, moderately elevated alkaline phos-
phatase concentrations, and other constitutional symptoms such
as fever, nausea, abdominal pain, and headache. The duration of
therapy before onset of symptoms ranged from 10 to 31 days; 5
patients received a daily dose of 400 mg; the dose was unspeci-
fied in the sixth patient. The syndrome resolved when acebutolol
was stopped but reappeared in 2 patients who were rechallenged.
1. Tanner LA, et al. Hepatic toxicity after acebutolol therapy. Ann

Intern Med 1989; 111: 533–4.

Effects on respiratory function. Bronchospasm is a recog-
nised adverse effect of beta blockers, but other respiratory disor-
ders have also been reported. Pleurisy and pulmonary granulo-
mas developed in a patient given acebutolol and a diuretic;
acebutolol was considered to be responsible.1 Hypersensitivity
pneumonitis has also been reported in a patient taking acebu-
tolol.2
1. Wood GM, et al. Pleurisy and pulmonary granulomas after treat-

ment with acebutolol. BMJ 1982; 285: 936. 
2. Akoun GM, et al. Acebutolol-induced hypersensitivity pneumo-

nitis. BMJ 1983; 286: 266–7.

Hypersensitivity. See Effects on Respiratory Function, above
and Lupus, below.

Lupus. An increase in antinuclear antibodies has been seen with
acebutolol.1 A report of a lupus syndrome in an elderly patient
given acebutolol and clonidine described remission of symptoms
when acebutolol was withdrawn, but the high antinuclear anti-
body titre persisted for more than 9 months.2 Acebutolol was
also reported to have caused subacute cutaneous lupus erythema-
tosus in a 57-year-old woman. The condition had resolved com-
pletely 4 months after acebutolol was stopped.3 The authors
noted that there had been 9 previous reports of lupus in patients
taking acebutolol, but only one had skin manifestations.
1. Wilson JD. Antinuclear antibodies and cardiovascular drugs.

Drugs 1980; 19: 292–305. 
2. Hourdebaigt-Larrusse P, et al. Une nouvelle observation de lu-

pus induit par acébutolol. Ann Cardiol Angeiol (Paris) 1985; 34:
421–3. 

3. Fenniche S,et al. Acebutolol-induced subacute cutaneous lupus
erythematosus. Skin Pharmacol Physiol 2005; 18: 230–3.

Pregnancy. Both acebutolol and its active metabolite diacetolol
cross the placenta. In a study1 in 29 pregnant women who had
received acebutolol for at least one month before delivery, there
was evidence of bradycardia in 12 of the 31 offspring and tachy-
pnoea in 6.
1. Boutroy MJ, et al. Infants born to hypertensive mothers treated

by acebutolol. Dev Pharmacol Ther 1982; 4 (suppl 1): 109–15.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Acebutolol is well absorbed from the gastrointestinal
tract, but undergoes extensive first-pass metabolism in
the liver. Although the bioavailability of acebutolol is
reported to be only about 40%, the major metabolite
diacetolol is active. After oral doses, peak plasma con-
centrations of acebutolol and diacetolol are reached in
about 2 and 4 hours, respectively. 

Acebutolol and diacetolol are widely distributed in the
body, but they have low to moderate lipid solubility
and penetration into the CSF is poor. They cross the
placenta and higher concentrations are achieved in
breast milk than in maternal plasma. Acebutolol is only
about 26% bound to plasma proteins, but is about 50%
bound to erythrocytes. The plasma elimination half-
lives for acebutolol and diacetolol are 3 to 4 hours and
8 to 13 hours respectively. Half-life values for acebu-
tolol and diacetolol may be increased in the elderly and
the half-life for diacetolol may be prolonged up to 32
hours in patients with severe renal impairment. Acebu-
tolol and diacetolol are excreted in the urine and in the
bile and may undergo enterohepatic recycling; acebu-
tolol is also reported to be excreted directly from the
intestinal wall, and more than 50% of an oral dose can
be recovered from the faeces. Acebutolol and diace-
tolol are removed by dialysis.

Uses and Administration
Acebutolol is a cardioselective beta blocker (p.1225).
It is reported to have some intrinsic sympathomimetic
activity and membrane stabilising properties. 
Acebutolol is used in the management of hypertension
(p.1171), angina pectoris (p.1157), and cardiac arrhyth-
mias (p.1160). 
Acebutolol is used as the hydrochloride, but doses are
usually expressed in terms of the base; 110.8 mg of
acebutolol hydrochloride is equivalent to 100 mg of
base. It is generally given orally although slow intrave-
nous injection has been used for the emergency treat-
ment of arrhythmias. 
In hypertension the usual initial oral dose is 400 mg
once daily or 200 mg twice daily, increased if neces-
sary after 2 weeks to 400 mg twice daily. Doses up to
1.2 g daily in divided doses may be given. 
The usual oral dose for angina pectoris is 400 mg
once daily or 200 mg twice daily, but up to 300 mg
three times daily may be required for severe cases and
total daily doses of 1.2 g have been given. 
The usual initial oral dose for cardiac arrhythmias is
200 mg twice daily, increased according to response;
up to 1.2 g daily in divided doses has been required. 
Reduced doses may be required in patients with im-
paired renal function (see below). Elderly patients may
also require lower maintenance doses; doses greater
than 800 mg daily should be avoided.
Action. Acebutolol is generally considered to be a cardioselec-
tive beta blocker but there has been considerable controversy as
to the degree of its selectivity and the selectivity of its primary
metabolite, diacetolol.1-3 In a review of beta blockers,4 acebu-
tolol was stated to be less cardioselective than other drugs such
as atenolol or metoprolol. It was proposed5 that this may be be-
cause the metabolite accumulates during chronic dosage to reach
concentrations that affect both beta1 and beta2 receptors since
cardioselectivity is only a relative and dose-related phenomenon.
This remains uncertain and there is some evidence6 that at least
after single doses, diacetolol is actually more cardioselective
than acebutolol itself.
1. Whitsett TL, et al. Comparison of the beta  and beta  adrenocep-

tor blocking properties of acebutolol and propranolol. Chest
1982; 82: 668–73. 

2. Nair S, et al. The effect of acebutolol, a beta adrenergic blocking
agent, and placebo on pulmonary functions in asthmatics. Int J
Clin Pharmacol Ther Toxicol 1981; 19: 519–26. 

3. Leary WP, et al. Respiratory effects of acebutolol hydrochloride:
a new selective beta-adrenergic blocking agent. S Afr Med J
1973; 47: 1245–8. 

4. Feely J, et al. Beta-blockers and sympathomimetics. BMJ 1983;
286: 1043–7. 

5. Feely J, Maclean D. New drugs: beta blockers and sympathomi-
metics. BMJ 1983; 286: 1972. 

6. Thomas MS, Tattersfield AE. Comparison of beta-adrenoceptor
selectivity of acebutolol and its metabolite diacetolol with meto-
prolol and propranolol in normal man. Eur J Clin Pharmacol
1986; 29: 679–83.

Administration in renal impairment. The dose of acebu-
tolol should be reduced in patients with renal impairment. It is
recommended that the dose should be reduced by 50% in pa-
tients with a creatinine clearance between 25 and 50 mL/minute
and by 75% in those with a creatinine clearance of less than
25 mL/minute. The dose frequency should not exceed once
daily.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Acebutolol Capsules; Acebutolol Tablets; 
USP 31: Acebutolol Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
Belg.: Sectral; Canad.: Monitan; Rhotral; Sectral; Chile: Beloc; Grifobutol;
Cz.: Acecor; Apo-Acebutol; Sectral; Denm.: Diasectral; Fin.: Diasectral;
Espesil; Fr.: Sectral; Ger.: Prent; Hong Kong: Sectral; Irl.: Sectral†; Israel:
Sectral; Ital.: Prent; Sectral; Malaysia: Sectral†; Neth.: Sectral; NZ: ACB;
Pol.: Abutol; Sectral; Port.: Prent; S.Afr.: Butobloc; Sectral; Singapore:
ACB†; Sectral; Spain: Sectral†; Switz.: Sectral†; Turk.: Prent; UK: Sectral;
USA: Sectral; Venez.: Flebutol†.

Multi-ingredient: Belg.: Sectrazide; Ger.: Sali-Prent; Tredalat; Indon.:
Sectrazide; Neth.: Secadrex†; Spain: Secadrex†; UK: Secadrex†.

Acenocoumarol (BAN, rINN)

Acénocoumarol; Acenocoumarolum; Acenocumarin; Acenocu-
marol; Acenokumarol; Asenokumarol; G-23350; Nicoumalone;
Nikumalon. (RS)-4-Hydroxy-3-[1-(4-nitrophenyl)-3-oxobutyl]-
coumarin.

Аценокумарол
C19H15NO6 = 353.3.
CAS — 152-72-7.
ATC — B01AA07.
ATC Vet — QB01AA07.

Pharmacopoeias. In Br. and Pol. 
BP 2008 (Acenocoumarol). An almost white to buff-coloured
odourless or almost odourless powder. It exhibits polymorphism.
Practically insoluble in water and in ether; slightly soluble in al-
cohol and in chloroform; dissolves in aqueous solutions of alkali
hydroxides.

Adverse Effects, Treatment, and Precau-
tions
As for Warfarin Sodium, p.1425.
Effects on the fetus. In a group of women who received aceno-
coumarol for anticoagulant prophylaxis of mechanical heart
valves during pregnancy,1 fetal loss occurred in 13 of 61 preg-
nancies where oral anticoagulation was continued during the first
trimester. Apart from 1 case of hydrocephalus no malformations
were reported in the remaining neonates.
1. Meschengieser SS, et al. Anticoagulation in pregnant women

with mechanical heart valve prostheses. Heart 1999; 82: 23–6.

Interactions
The interactions associated with oral anticoagulants
are discussed in detail under warfarin (p.1427). Specif-
ic references to interactions involving acenocoumarol
can be found there under the headings for the following
drug groups: analgesics; antiarrhythmics; antibacteri-
als; antidepressants; antifungals; antigout drugs; anti-
histamines; antineoplastics; antiplatelets; antivirals; di-
uretics; gastrointestinal drugs; immunosuppressants;
lipid regulating drugs; sex hormones; and vaccines.

Pharmacokinetics
Acenocoumarol is readily absorbed from the gastroin-
testinal tract and is excreted chiefly in the urine mainly
as metabolites. It is extensively bound to plasma pro-
teins. Figures reported for elimination half-life vary;
UK licensed product information gives a range of 8 to
11 hours. Acenocoumarol crosses the placenta; only
small quantities have been detected in breast milk. It is
given as a racemic mixture; the R-isomer is more po-
tent. The stereo-isomers have different pharmacokinet-
ics. Metabolism of the S-isomer is mediated mainly by
the cytochrome P450 isoenzyme CYP2C9, which
shows genetic polymorphism; other isoenzymes as
well are involved in the metabolism of the R-isomer.
◊ References.
1. Ufer M. Comparative pharmacokinetics of vitamin K antago-

nists: warfarin, phenprocoumon and acenocoumarol. Clin Phar-
macokinet 2005; 44: 1227–46.

Uses and Administration
Acenocoumarol is an oral coumarin anticoagulant with
actions similar to those of warfarin (p.1432). It is used
in the management of thromboembolic disorders
(p.1187). The usual dose is 4 to 12 mg on the first day
and 4 to 8 mg on the second day; subsequent mainte-
nance doses range from 1 to 8 mg depending on the
response. Acenocoumarol is given in a single dose at
the same time every day.
Preparations
BP 2008: Acenocoumarol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Acenotromb; Antitrom; Azecar; Cumarol; Fortonol; Saxion; Sintrom;
Austria: Sintrom; Belg.: Sintrom; Canad.: Sintrom; Chile: Acenox;
Coarol; Isquelium; Neo-Sintrom; Fr.: Mini-sintrom; Sintrom; Gr.: Sintrom;
Hung.: Syncumar; India: Acitrom; Israel: Sintrom; Ital.: Sintrom; Mex.:
Sintrom; Neth.: Sintrom Mitis; Pol.: Sintrom; Syncumar; Port.: Sintrom;
Spain: Sintrom; Switz.: Sintrom; UK: Sinthrome.

Acetyldigoxin
Acetildigoxina; Acetyldigoxin-beta; Acetyldigoxinum; β-Acetyldi-
goxinum; Acetyldigoxinum Beta; β-Acetylodigoksyna; Asetyylidi-
goksiini; Desglucolanatoside C. 3β-[(O-3-O-Acetyl-2,6-dideoxy-
β-D-ribo-hexopyranosyl-(1→4)-O-2,6-dideoxy-β-D-ribo-hexo-
pyranosyl-(1→4)-2,6-dideoxy-β-D-ribo-hexopyranosyl)oxy]-12β,-
14-dihydroxy-5β,14β-card-20(22)-enolide (α-acetyldigoxin); 3β-
[(O-4-O-Acetyl-2,6-dideoxy-β-D-ribo-hexopyranosyl-(1→4)-O-
2,6-dideoxy-β-D-ribo-hexopyranosyl-(1→4)-2,6-dideoxy-β-D-
ribo-hexopyranosyl)oxy]-12β,14-dihydroxy-5β,14β-card-20(22)-
enolide (β-acetyldigoxin).
C43H66O15 = 823.0.
CAS — 5511-98-8 (α-acetyldigoxin); 5355-48-6 (β-
acetyldigoxin).
ATC — C01AA02.
ATC Vet — QC01AA02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (β-Acetyldigoxin). A white or almost white powder.
Practically insoluble in water; slightly soluble in alcohol; spar-
ingly soluble in dichloromethane. Protect from light.
Profile
Acetyldigoxin is a cardiac glycoside with positive inotropic ac-
tivity. It has the general properties of digoxin (p.1259) and has
been used similarly in the management of some cardiac arrhyth-
mias (p.1160) and in heart failure (p.1165). Usual oral mainte-
nance doses for the β-isomer are 200 to 400 micrograms daily;
the α-isomer has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Corotal; Lanatilin; Novodigal; Ger.: Digostada; Digotab; Digox; Di-
goxin "Didier"†; Novodigal; Stillacor; Ital.: Cardioreg†.

Multi-ingredient: Austria: Digi-Aldopur; Gladixol.

Acipimox (BAN, rINN)

Acipimoxum; Asipimoks; Asipimoksi; K-9321. 5-Methylpyrazine-
2-carboxylic acid 4-oxide.
Аципимокс
C6H6N2O3 = 154.1.
CAS — 51037-30-0.
ATC — C10AD06.
ATC Vet — QC10AD06.

Adverse Effects and Precautions
Acipimox may cause peripheral vasodilatation result-
ing in flushing, itching, and a sensation of heat. Rash
and erythema may occur. Gastrointestinal disturbances
including heartburn, epigastric pain, nausea, and diar-
rhoea have been reported, as well as headache, ma-
laise, myalgia, myositis, arthralgia, and dry eye. Urti-
caria, angioedema, and bronchospasm may occur
rarely. 
Acipimox is contra-indicated in patients with peptic ul-
cer disease. It should be used with caution in renal im-
pairment.

Incidence of adverse effects. In a study involving 3009
hyperlipidaemic patients with type 2 diabetes,1 adverse effects
associated with acipimox occurred in 8.8%, resulting in with-
drawal in 5.5% of patients. The most frequent adverse effects in-
volved the skin (57.6%), gastrointestinal tract (25.8%), and CNS
(9.7%). Labial oedema occurred in 3 cases and an urticarial erup-
tion, collapse, and dyspnoea in another. The incidence of adverse
effects was almost twice as high in females as in males, the dif-
ference being mainly due to a greater incidence of flushing, pru-
ritus, and skin rashes. The incidence was not affected by age.
There was a mean 15.3% reduction in fasting blood-glucose con-
centrations and an 8.5% reduction in glycosylated haemoglobin
during treatment with acipimox.
1. Lavezzari M, et al. Results of a phase IV study carried out with

acipimox in type II diabetic patients with concomitant hyperlipo-
proteinaemia. J Int Med Res 1989; 17: 373–80.

Pharmacokinetics
Acipimox is rapidly and completely absorbed from the
gastrointestinal tract and peak plasma concentrations
occur within 2 hours. It does not bind to plasma pro-
teins and the plasma half-life is about 2 hours. It is not
significantly metabolised and is excreted in the urine,
largely unchanged.

Uses and Administration
Acipimox is a lipid regulating drug related to nicotinic
acid (p.1957). It is used to reduce cholesterol and trig-
lycerides in the management of hyperlipidaemias (see
Action, below), including type IIa, IIb, or IV hyperli-
poproteinaemias. 
Acipimox is given orally in a usual dose of 250 mg two
or three times daily, taken with meals. Doses of up to
1200 mg daily have been used. The dose should be ad-
justed in renal impairment (see below).
Action. Acipimox is used in the management of hyperlipidae-
mias (p.1169); it is a derivative of nicotinic acid and has similar
effects on plasma lipoproteins but is better tolerated.1 Its primary
action is inhibition of lipolysis, leading to a reduction in circulat-
ing free fatty acids and consequently a reduction in very-low-
density lipoprotein (VLDL) production in the liver. This results
in a reduction of triglycerides, particularly in patients with hyper-
triglyceridaemia;2 there may also be a decrease in low-density
lipoprotein (LDL)-cholesterol and total cholesterol, and an in-
crease in high-density lipoprotein (HDL)-cholesterol. Similar ef-
fects have been reported in patients with mixed hyperlipoprotei-
naemias, although the reduction of triglycerides and LDL-
cholesterol was not significant.3 
Reduction of free fatty acids by acipimox has a number of other
physiological effects that have been utilised. Insulin secretion
and sensitivity may be modified, and acipimox has been tried in
type 2 diabetes mellitus; it improves plasma lipids and may also
reduce blood-glucose concentrations,4 and has been of benefit in
patients with type A insulin resistance.5 Beneficial effects have
also been reported6 in patients with HIV-associated lipodystro-
phy and insulin resistance. Growth hormone secretion is stimu-
lated in obese subjects, and acipimox has been used in the inves-
tigation of growth hormone disorders.7 There is also an increase
in glucose uptake by the heart, and acipimox has been used to
enhance myocardial imaging in 18F-fluorodeoxyglucose posi-
tron-emission tomography.8

1. Tornvall P, Walldius G. A comparison between nicotinic acid and
acipimox in hypertriglyceridaemia—effects on serum lipids, li-
poproteins, glucose tolerance and tolerability. J Intern Med
1991; 230: 415–21. 

2. Ball MJ, et al. Acipimox in the treatment of patients with hyper-
lipidaemia: a double blind trial. Eur J Clin Pharmacol 1986; 31:
201–4. 

3. Otto C, et al. Effects of acipimox on haemorheology and plasma
lipoproteins in patients with mixed hyperlipoproteinaemia. Br J
Clin Pharmacol 1998; 46: 473–8. 

4. Lavezzari M, et al. Results of a phase IV study carried out with
acipimox in type II diabetic patients with concomitant hyperlipo-
proteinaemia. J Int Med Res 1989; 17: 373–80. 

5. Kumar S, et al. Suppression of non-esterified fatty acids to treat
type A insulin resistance syndrome. Lancet 1994; 343: 1073–4. 

6. Hadigan C, et al. Inhibition of lipolysis improves insulin sensi-
tivity in protease inhibitor-treated HIV-infected men with fat re-
distribution. Am J Clin Nutr 2003; 77: 490–4. 

7. Cordido F, et al. Effect of acute pharmacological reduction of
plasma free fatty acids on growth hormone (GH) releasing hor-
mone-induced GH secretion in obese adults with and without hy-
popituitarism. J Clin Endocrinol Metab 1998; 83: 4350–4. 

8. Knuuti MJ, et al. Enhancement of myocardial [fluorine-18]fluor-
odeoxyglucose uptake by a nicotinic acid derivative. J Nucl Med
1994; 35: 989–98.

Administration in renal impairment. Acipimox is contra-
indicated in patients with a creatinine clearance below
30 mL/minute. In patients with creatinine clearance between 30
and 60 mL/minute, the interval between doses should be in-
creased.
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Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Olbetam; Belg.: Olbetam; Braz.: Olbetam†; Chile: Olbetam;
Denm.: Olbetam; Ger.: Olbemox†; Gr.: Olbetam; Hong Kong: Olbetam;
Hung.: Olbetam; Irl.: Olbetam†; Israel: Olbetam; Ital.: Olbetam; Mex.:
Olbetam†; Neth.: Nedios; Olbetam; NZ: Olbetam; S.Afr.: Olbetam; Sin-
gapore: Olbetam; Switz.: Olbetam; Thai.: Olbetam; UK: Olbetam.

Adenosine (BAN, USAN)

Adenocin; Adenosiini; Adenosin; Adenosina; Adénosine; Ade-
nosinum; Adenozin; Adenozinas; Adenozyna; SR-96225; SUNY-
4001. 6-Amino-9-β-D-ribofuranosyl-9H-purine.
Аденозин
C10H13N5O4 = 267.2.
CAS — 58-61-7.
ATC — C01EB10.
ATC Vet — QC01EB10.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Adenosine). A white, or almost white, crystalline
powder. Slightly soluble in water; soluble in hot water; practical-
ly insoluble in alcohol and in dichloromethane; dissolves in di-
lute mineral acids. 
USP 31 (Adenosine). A white, odourless crystalline powder.
Slightly soluble in water; practically insoluble in alcohol. Store
in airtight containers. Protect from light.
Stability. Adenosine was found to be stable1 when it was mixed
with glucose 5%, lactated Ringer’s, sodium chloride 0.9%, or a
mixture of glucose 5% and lactated Ringer’s and stored in poly-
propylene syringes or PVC bags.
1. Ketkar VA, et al. Stability of undiluted and diluted adenosine at

three temperatures in syringes and bags. Am J Health-Syst
Pharm 1998; 55: 466–70.

Adverse Effects, Treatment, and Precau-
tions
Adverse effects of adenosine are usually transient, last-
ing less than a minute, due to its very short plasma half-
life. They include nausea, lightheadedness, flushing,
headache, angina-like chest pain, apprehension, and
dyspnoea. Bronchospasm has been reported. Like oth-
er antiarrhythmics, adenosine may worsen arrhythmi-
as. Bradycardia and heart block have been reported.
Adenosine is a vasodilator and reduces blood pressure;
the larger doses given by intravenous infusion may
rarely produce significant hypotension and reflex tachy-
cardia. Infusion may also be associated with abdominal,
throat, neck, and jaw discomfort. Treatment is rarely
needed for adverse effects but in persistent cases amino-
phylline or theophylline may be given. 
Adenosine is contra-indicated in patients with second-
or third-degree AV block or in those with sick sinus
syndrome (unless they have a pacemaker) and should
be avoided or used with caution in patients with QT
prolongation since torsade de pointes has occurred
very rarely. It is also contra-indicated in asthmatic sub-
jects and should be used with caution in patients with
obstructive pulmonary disease. Intravenous infusion of
adenosine should be used with caution in patients who
may develop hypotensive complications such as those
with autonomic dysfunction, pericarditis, or stenotic
valvular heart disease. Patients with recent heart trans-
plantation may have increased sensitivity to the cardiac
effects of adenosine.
◊ Use of the University of Wisconsin solution [UW Solution;
Belzer UW Solution (commercially available as Viaspan)] for
the hypothermic storage of kidneys before transplantation has
been associated with bradycardia, prolonged PR intervals, and
heart block.1,2 The solution contains hetastarch, allopurinol, glu-
tathione, and adenosine. The adenosine was considered to be the
arrhythmogenic factor. Some centres had used the solution to

flush kidneys before implantation,2 a use for which it was never
intended.3 When used properly the adenosine in solution is ca-
tabolised to hypoxanthine and inosine, which do not cause cardi-
ac problems, but this takes some time in hypothermic condi-
tions.3
1. Prien T, et al. Bradyarrhythmia with University of Wisconsin

preservation solution. Lancet 1989; i: 1319–20. 
2. Vanrenterghem Y, et al. University of Wisconsin preservation

solute and bradyarrhythmia. Lancet 1989; ii: 745. 
3. Belzer FO. Correct use of University of Wisconsin preservation

solution. Lancet 1990; 335: 362.

Effects on the heart. Like most antiarrhythmics, adenosine
can worsen arrhythmias, and both bradyarrhythmias and tach-
yarrhythmias have been reported.1 Atrial fibrillation may devel-
op in patients given adenosine for paroxysmal supraventricular
tachycardia, and in a prospective study2 occurred in 12% of 200
patients. Although most arrhythmias are of minor importance,
ventricular arrhythmias and haemodynamic compromise have
been reported3,4 in patients given adenosine for presumed su-
praventricular tachycardia who were later discovered to have
Wolff-Parkinson-White syndrome. Fatal cardiac arrest has also
occurred5 after the use of adenosine for arrhythmias in 2 patients
with underlying cardiopulmonary disorders. 
There have also been reports6,7 of myocardial infarction in pa-
tients with ischaemic heart disease given adenosine during stress
imaging. 
For arrhythmias associated with the use of adenosine in organ
preservation solutions see above.
1. Mallet ML. Proarrhythmic effects of adenosine: a review of the

literature. Emerg Med J 2004; 21: 408–10. 
2. Strickberger SA, et al. Adenosine-induced atrial arrhythmia: a

prospective analysis. Ann Intern Med 1997; 127: 417–22. 
3. Exner DV, et al. Proarrhythmia in patients with the Wolff-Par-

kinson-White syndrome after standard doses of intravenous ade-
nosine. Ann Intern Med 1995; 122: 351–2. 

4. Nagappan R, et al. Potential dangers of the Valsalva maneuver
and adenosine in paroxysmal supraventricular tachycardia—be-
ware preexcitation. Crit Care Resusc 2002; 4: 107–11. 

5. Haynes BE. Two deaths after prehospital use of adenosine. J
Emerg Med 2001; 21: 151–4. 

6. Polad JE, Wilson LM. Myocardial infarction during adenosine
stress test. Abstract: Heart 2002; 87: 106. Full version:
http://heart.bmj.com/cgi/reprint/87/2/e2.pdf (accessed 10/07/07) 

7. Reyes E, et al. Acute myocardial infarction during adenosine
myocardial perfusion imaging. J Nucl Cardiol 2004; 11: 97–9.

Effects on the respiratory system. Acute exacerbation of
asthma can be provoked by inhalation of adenosine. Broncho-
spasm has also been reported in patients with asthma1,2 or a his-
tory of asthma3 given adenosine intravenously and bronchos-
pasm followed by respiratory failure in a patient with obstructive
pulmonary disease.4 Respiratory arrest has also been reported in
an asthmatic patient.5
1. DeGroff CG, Silka MJ. Bronchospasm after intravenous admin-

istration of adenosine in a patient with asthma. J Pediatr 1994;
125: 822–3. 

2. Drake I, et al. Bronchospasm induced by intravenous adenosine.
Hum Exp Toxicol 1994; 13: 263–5. 

3. Hintringer F, et al. Supraventricular tachycardia. N Engl J Med
1995; 333: 323. 

4. Burkhart KK. Respiratory failure following adenosine adminis-
tration. Am J Emerg Med 1993; 11: 249–50. 

5. Patton JW, Sharma GK. Adenosine-induced respiratory arrest in
an asthmatic patient. South Med J 2008; 101: 328–9.

Migraine. A 35-year-old man with a history of migraine devel-
oped symptoms identical to those of his usual episodes of mi-
graine immediately after 2 intravenous bolus doses of adenos-
ine.1
1. Brown SGA, Waterer GW. Migraine precipitated by adenosine.

Med J Aust 1995; 162: 389–91.

Interactions
Dipyridamole inhibits adenosine uptake and therefore
may potentiate the action of adenosine; if use of the
two drugs is essential the dosage of adenosine should
be reduced. Theophylline and other xanthines are com-
petitive antagonists of adenosine. The risk of AV block
may be increased if adenosine is used with other drugs
that slow AV conduction.

Pharmacokinetics
Intravenous adenosine is rapidly taken up by an active
transport system into erythrocytes and vascular en-
dothelial cells where it is metabolised to inosine and
adenosine monophosphate. The plasma half-life is less
than 10 seconds.

Uses and Administration
Adenosine is an endogenous adenine nucleoside that is
one of the components of nucleic acids (p.2355) and
many coenzymes; as such, it is involved in many bio-
logical processes. It acts as an antiarrhythmic by stim-
ulating adenosine A1-receptors and slowing conduc-
tion through the AV node. It does not fit into the usual
classification of antiarrhythmics (p.1153). It also pro-

duces peripheral and coronary vasodilatation by stimu-
lating adenosine A2-receptors. 
Adenosine is used to restore sinus rhythm in the treat-
ment of paroxysmal supraventricular tachycardia, in-
cluding that associated with the Wolff-Parkinson-
White syndrome (but see Effects on the Heart, above).
It is also used for the differential diagnosis of broad or
narrow complex supraventricular tachycardias and in
myocardial imaging. 
In the treatment of paroxysmal supraventricular
tachycardia, adenosine may be given in an initial dose
of 3 mg by rapid intravenous injection. If this dose is
not effective within 1 to 2 minutes, 6 mg may be given
and if necessary, 12 mg after a further 1 to 2 minutes.
Alternatively, an initial dose of 6 mg followed if neces-
sary by two further doses of 12 mg at 1 to 2 minute
intervals may be used, but this higher initial dose
should not be given to heart transplant patients as they
have an increased sensitivity to adenosine. For differ-
ential diagnosis of supraventricular tachycardias a
similar dosage regimen is used, beginning with a dose
of 3 mg followed by 6 mg and then 12 mg at 1 to 2
minute intervals if required. Doses for children with
paroxysmal supraventricular tachycardia are discussed
below. 
In myocardial imaging adenosine is given by intrave-
nous infusion in a dose of 140 micrograms/kg per
minute for 6 minutes. The radionuclide is injected after
3 minutes of the infusion. 
Adenosine and its derivatives, such as adenosine phos-
phate (p.2247) and adenosine triphosphate (p.2247),
have been used in various metabolic disorders because
of their role in biological processes. Adenosine triphos-
phate, as the disodium salt, has been used as an
antiarrhythmic.
Administration in children. Adenosine may be used for the
management of paroxysmal supraventricular tachycardia in chil-
dren. Dosage recommendations vary. Licensed product informa-
tion in the USA states that children weighing less than 50 kg,
including neonates and infants, may be given an initial dose of 50
to 100 micrograms/kg; if this is not effective the dose may be
increased by 50 to 100 micrograms/kg increments at 1 to 2
minute intervals until the arrhythmia is controlled or a single
dose of 300 micrograms/kg is reached. Paediatric advanced car-
diac life support guidelines1 in the USA recommend an initial
dose of 100 micrograms/kg (maximum 6 mg) followed by a sec-
ond dose of 200 micrograms/kg (maximum 12 mg) if required,
and are applicable to infants and children. In the UK, the BNFC
recommends an initial dose of 100 micrograms/kg for children
aged 1 to 12 years, or 150 micrograms/kg for neonates and in-
fants up to 1 year; the dose may be increased by increments of 50
to 100 micrograms/kg at 2 minute intervals, to a maximum
single dose of 300 micrograms/kg for neonates and
500 micrograms/kg for infants and children.
1. The American Heart Association. 2005 American Heart Associ-

ation guidelines for cardiopulmonary resuscitation and emergen-
cy cardiovascular care. Part 12: pediatric advanced life support.
Circulation 2005; 112: (suppl 1): IV167–IV187. Also available
at: http://circ.ahajournals.org/cgi/reprint/112/24_suppl/IV-167
(accessed 10/07/07)

Cardiac arrhythmias. Adenosine is used for the termination
of paroxysmal supraventricular tachycardia1-4 (p.1160) and may
often be the drug of choice. Bolus intravenous injection of ade-
nosine produces a rapid response and the extremely short plasma
half-life (less than 10 seconds) allows dosage titration every 1 to
2 minutes so that most episodes can be controlled within 5 min-
utes without the danger of drug accumulation. 
Adenosine has been used successfully in pregnant women with
paroxysmal supraventricular tachycardia5-8 and cardioversion of
fetal supraventricular tachycardia by direct fetal therapy with ad-
enosine has been reported.9,10 
Adenosine can be used for the differential diagnosis of broad
complex tachycardia where the mechanism is not known.1 If the
cause is supraventricular, adenosine will terminate the arrhyth-
mia or produce AV block to reveal the underlying atrial rhythm.
If the cause is ventricular, adenosine will have no effect on the
tachycardia, whereas if an alternative treatment such as vera-
pamil is given to these patients severe hypotension and cardiac
arrest can occur.
1. Faulds D, et al. Adenosine: an evaluation of its use in cardiac

diagnostic procedures, and in the treatment of paroxysmal su-
praventricular tachycardia. Drugs 1991; 41: 596–624. 

2. Garratt CJ, et al. Adenosine and cardiac arrhythmias. BMJ
1992; 305: 3–4. 

3. Rankin AC, et al. Adenosine and the treatment of supraventricu-
lar tachycardia. Am J Med 1992; 92: 655–64. 
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4. Anonymous. Adenosine for acute cardiac arrhythmias. Drug
Ther Bull 1993; 31: 49–50. 

5. Mason BA, et al. Adenosine in the treatment of maternal parox-
ysmal supraventricular tachycardia. Obstet Gynecol 1992; 80:
478–80. 

6. Afridi I, et al. Termination of supraventricular tachycardia with
intravenous adenosine in a pregnant woman with Wolff-Parkin-
son-White syndrome. Obstet Gynecol 1992; 80: 481–3. 

7. Hagley MT, Cole PL. Adenosine use in pregnant women with
supraventricular tachycardia. Ann Pharmacother 1994; 28:
1241–2. 

8. Hagley MT, et al. Adenosine use in a pregnant patient with su-
praventricular tachycardia. Ann Pharmacother 1995; 29: 938. 

9. Blanch G, et al. Cardioversion of fetal tachyarrhythmia with ad-
enosine. Lancet 1994; 344: 1646. 

10. Kohl T, et al. Direct fetal administration of adenosine for the
termination of incessant supraventricular tachycardia. Obstet
Gynecol 1995; 85: 873–4.

Ischaemic heart disease. Adenosine produces coronary
vasodilatation and may be used to provide a pharmacological
stress in patients undergoing assessment of their ischaemic heart
disease when exercise stress is inappropriate.1 It has been used
with radionuclide imaging, echocardiography, and magnetic res-
onance imaging. 
Adenosine has also been tried as an adjunct to prevent reper-
fusion injury in the management of acute myocardial infarction.
Improved coronary blood flow has been reported2 with intracor-
onary adenosine, and both intracoronary3 and intravenous4 ade-
nosine have reduced infarct size, but no improvement in clinical
outcomes has been shown.5-7 A reduction in myonecrosis has
also been reported8 with intracoronary adenosine given at the
start of non-urgent percutaneous coronary interventions.
1. Ali Raza J, et al. Pharmacological stress agents for evaluation of

ischemic heart disease. Int J Cardiol 2001; 81: 157–67. 
2. Vijayalakshmi K, et al. Prospective, randomised, controlled trial

to study the effect of intracoronary injection of verapamil and
adenosine on coronary blood flow during percutaneous coronary
intervention in patients with acute coronary syndromes. Heart
2006; 92: 1278–84. 

3. Claeys MJ, et al. Effect of intracoronary adenosine infusion dur-
ing coronary intervention on myocardial reperfusion injury in
patients with acute myocardial infarction. Am J Cardiol 2004;
94: 9–13. 

4. Mahaffey KW, et al. Adenosine as an adjunct to thrombolytic
therapy for acute myocardial infarction: results of a multicenter,
randomized, placebo-controlled trial: the Acute Myocardial Inf-
arction STudy of ADenosine (AMISTAD) trial. J Am Coll Car-
diol 1999; 34: 1711–20. 

5. Ross AM, et al. A randomized, double-blinded, placebo-control-
led multicenter trial of adenosine as an adjunct to reperfusion in
the treatment of acute myocardial infarction (AMISTAD-II). J
Am Coll Cardiol 2005; 45: 1775–80. 

6. Quintana M, et al. Left ventricular function and cardiovascular
events following adjuvant therapy with adenosine in acute myo-
cardial infarction treated with thrombolysis: results of the AT-
Tenuation by Adenosine of Cardiac Complications (ATTACC)
study. Eur J Clin Pharmacol 2003; 59: 1–9. 

7. Petronio AS, et al. Left ventricular remodeling after primary cor-
onary angioplasty in patients treated with abciximab or intracor-
onary adenosine. Am Heart J 2005; 150: 1015. Full version:
http://download.journals.elsevierhealth.com/pdfs/journals/
0002-8703/PIIS0002870305007313.pdf (accessed 26/06/07) 

8. Lee C-H, et al. Pretreatment with intracoronary adenosine reduc-
es the incidence of myonecrosis after non-urgent percutaneous
coronary intervention: a prospective randomized study. Eur
Heart J 2007; 28: 19–25.

Pain. Adenosine receptors are present in the CNS and there is
some evidence1,2 that adenosine, given intravenously or intrath-
ecally, may have an analgesic effect.
1. Hayashida M, et al. Clinical application of adenosine and ATP

for pain control. J Anesth 2005; 19: 225–35. 
2. Gan TJ, Habib AS. Adenosine as a non-opioid analgesic in the

perioperative setting. Anesth Analg 2007; 105: 487–94.

Pulmonary hypertension. Vasodilators have been tried in
persistent pulmonary hypertension of the newborn (p.1179), but
their use is generally restricted by lack of selectivity for the pul-
monary circulation. A randomised placebo-controlled study1 in
18 term infants with persistent pulmonary hypertension indicat-
ed that intravenous infusion of adenosine improved oxygenation
without causing hypotension or tachycardia; however, the study
was too small to assess any effect on mortality and/or the need
for extracorporeal membrane oxygenation. Another observation-
al study2 in neonates with an inadequate response to inhaled
nitric oxide suggested that addition of adenosine infusion also
improved oxygenation.
1. Konduri GG, et al. Adenosine infusion improves oxygenation in

term infants with respiratory failure. Pediatrics 1996; 97:
295–300. 

2. Ng C, et al. Adenosine infusion for the management of persistent
pulmonary hypertension of the newborn. Pediatr Crit Care Med
2004; 5: 10–13.

Preparations
USP 31: Adenosine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Euritsin†; Austral.: Adenocor; Adenoscan; Austria: Adenoscan;
Adrekar ; Belg.: Adenocor ; Braz.: Adenocard; Canad.: Adenocard;
Chile: Tricor; Cz.: Adenocor; Adenoscan†; Denm.: Adenocor; Fin.: Ad-
enocor ; Adenoscan†; Fr.: Adenoscan; Krenosin; Ger.: Adenoscan;
Adrekar; Gr.: Adenocor; Hong Kong: Adenoscan; Hung.: Adenocor; In-
dia: Adenoject; Irl.: Adenocor; Israel: Adenocor; Ital.: Adenoscan; Kre-
nosin; Jpn: Adenoscan; Malaysia: Adenocor; Mex.: Krenosin; Neth.: Ad-
enocor ; Adenoscan; Norw.: Adenocor ; NZ: Adenocor ; Philipp.:
Cardiovert; Pol.: Adenocor; Rus.: Vita-Iodurol (Вита-иодурол); S.Afr.:
Adenocor; Singapore: Adenocor; Spain: Adenocor; Adenoscan; Switz.:

Krenosine; Thai.: Adenocor; UK: Adenocor; Adenoscan; USA: Adeno-
card; Adenoscan; Venez.: Adenocor†.
Multi-ingredient: Belg.: Vitacic; Braz.: Aminotox†; Anekron; Betaliver†;
Biohepax; Enterofigon; Epativan; Epocler; Hepacitron†; Hepatobe†; Hepa-
tox; Hormo Hepatico†; Necro B-6; Cz.: Laevadosin†; Hung.: Vitacic†;
Mon.: Vitacic; Philipp.: Godex; Rus.: Oftan Catachrom (Офтан
Катахром); Vitacic (Витасик)†; Spain: Vitaphakol.

Adrenaline (BAN) ⊗ 
Epinephrine (BAN, rINN); Adrenaliini; Adrenalin; Adrenalina;
Adrénaline; Adrenalinum; Epinefriini; Epinefrin; Epinefrina; Epine-
fryna; Épinéphrine; Epinephrinum; Epirenamine; Levorenin; Su-
prarenin. (R)-1-(3,4-Dihydroxyphenyl)-2-methylaminoethanol.
Эпинефрин
C9H13NO3 = 183.2.
CAS — 51-43-4.
ATC — A01AD01; B02BC09; C01CA24; R01AA14;
R03AA01; S01EA01.
ATC Vet — QA01AD01; QB02BC09; QC01CA24;
QR01AA14; QR03AA01; QS01EA01.

NOTE. Endogenous adrenaline and the monograph substance are
the laevo-isomer. 
ADN and EPN are codes approved by the BP 2008 for use on
single unit doses of eye drops containing adrenaline where the in-
dividual container may be too small to bear all the appropriate la-
belling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
US also includes the racemic substances Racepinephrine
(Racepinefrine (rINN)) and Racepinephrine Hydrochloride
(Racepinefrine Hydrochloride (rINNM)). 
Ph. Eur. 6.2 (Adrenaline). A white or almost white crystalline
powder, becoming coloured on exposure to air and light. Practi-
cally insoluble in water, in alcohol, and in dichloromethane. It
dissolves in hydrochloric acid. Store under nitrogen. Protect
from light. 
USP 31 (Epinephrine). A white to practically white, odourless,
microcrystalline powder or granules, gradually darkening on ex-
posure to light and air. With acids, it forms salts that are readily
soluble in water, and the base may be recovered by the addition
of ammonia water or alkali carbonates. Very slightly soluble in
water and in alcohol; insoluble in chloroform, in ether, and in
fixed and volatile oils. Solutions are alkaline to litmus. Store in
airtight containers. Protect from light.

Adrenaline Acid Tartrate (BANM) ⊗ 
Epinephrine Bitartrate (rINNM); Adrenaliinitartraatti; Adrenaline
Bitartrate; Adrenaline Tartrate; Adrénaline, Tartrate d’; Adrena-
lini Bitartras; Adrenalini tartras; Adrenalinii Tartras; Adrenalinium
Hydrogentartaricum; Adrenalino tartratas; Adrenalin-tartarát;
Adrenalintartrat; Bitartrato de epinefrina; Epinefrin-tartarát;
Epinefryny wodorowinian; Epinephrine Acid Tartrate (BANM);
Épinéphrine, Bitartrate d’; Epinephrine Hydrogen Tartrate;
Epinephrini Bitartras; Epinephrini Tartras; Epirenamine Bitartrate.
Эпинефрина Битартрат
C9H13NO3,C4H6O6 = 333.3.
CAS — 51-42-3.
ATC — A01AD01; B02BC09; C01CA24; R01AA14;
R03AA01; S01EA01.
ATC Vet — QA01AD01; QB02BC09; QC01CA24;
QR01AA14; QR03AA01; QS01EA01.
Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Adrenaline Tartrate; Adrenaline Acid Tartrate BP
2008; Epinephrine Acid Tartrate BP 2008). A white to greyish-
white, crystalline powder. Freely soluble in water; slightly solu-
ble in alcohol. Store in airtight containers, or preferably in a
sealed tube under vacuum or under an inert gas. Protect from
light. 
USP 31 (Epinephrine Bitartrate). A white, or greyish-white or
light brownish-grey, odourless, crystalline powder. It slowly
darkens on exposure to air and light. Soluble 1 in 3 of water;
slightly soluble in alcohol; practically insoluble in chloroform
and in ether. Its solutions in water are acid to litmus, having a pH
of about 3.5. Store in airtight containers. Protect from light.
Stability. Studies on the stability of adrenaline injections.
1. Taylor JB, et al. Effect of sodium metabisulphite and anaerobic

processing conditions on the oxidative degradation of adrenaline
injection BP [1980]. Pharm J 1984; 232: 646–8. 

2. Stepensky D et al. Long-term stability study of -adrenaline in-
jections: kinetics of sulfonation and racemization pathways of
drug degradation. J Pharm Sci 2004; 93: 969–80.

Adrenaline Hydrochloride (BANM) ⊗ 
Epinephrine Hydrochloride (BANM, rINNM); Adrenalin Hidroklor-
ür; Épinéphrine, Chlorhydrate d’; Epinephrini Hydrochloridum;
Hidrocloruro de epinefrina.

Эпинефрина Гидрохлорид

C9H13NO3,HCl = 219.7.
CAS — 55-31-2.
ATC — A01AD01; B02BC09; C01CA24; R01AA14;
R03AA01; S01EA01.
ATC Vet — QA01AD01; QB02BC09; QC01CA24;
QR01AA14; QR03AA01; QS01EA01.

Adverse Effects
Adrenaline is a potent sympathomimetic and may ex-
hibit the adverse effects typical of both alpha- and beta-
adrenoceptor stimulation (see p.1407). Adverse effects
such as anxiety, dyspnoea, hyperglycaemia, restless-
ness, palpitations, tachycardia (sometimes with angi-
nal pain), tremors, sweating, hypersalivation, weak-
ness, dizziness, headache, and coldness of extremities
may occur even with low doses. Since adrenaline does
not readily cross the blood-brain barrier, its central ef-
fects may be largely a somatic response to its peripher-
al effects. Overdosage may cause cardiac arrhythmias
and a sharp rise in blood pressure (sometimes leading
to cerebral haemorrhage and pulmonary oedema);
these effects may occur at normal dosage in susceptible
subjects. 
Adrenaline is a potent vasoconstrictor and gangrene
may occur if adrenaline-containing local anaesthetic
solutions are infiltrated into digits. Extravasation of
parenteral adrenaline also results in intense vasocon-
striction, leading to tissue necrosis and sloughing. Top-
ical application of adrenaline to mucosal surfaces sim-
ilarly causes vasoconstriction, which may induce
hypoxia leading to compensatory rebound congestion
of the mucosa. Inhalation of adrenaline has been asso-
ciated with epigastric pain, which has been attributed
to ingestion of some of the inhalation; it can be mini-
mised by rinsing the mouth and throat with water after
inhaling. 
Adrenaline eye drops may produce severe smarting,
blurred vision, and photophobia on instillation; they
may also leave melanin-like deposits in the cornea and
conjunctiva, and this has led to obstruction of the naso-
lachrymal ducts. Repeated use may cause oedema, hy-
peraemia, and inflammation of the eyes.
Effects on the eyes. In addition to the possibility of pigment
deposition and local pain (see above) adrenaline eye drops have
been associated with maculopathy, particularly in aphakic eyes
(those devoid of a lens).1 In one report,2 maculopathy was noted
in 15 patients over a period of 4 years; the patients were using
adrenaline eye drops containing the hydrochloride, acid tartrate,
or adrenaline borate complex (epinephryl borate). Blurring and
distortion of vision were followed by decreased visual acuity,
and by the appearance of oedema and sometimes haemorrhage
in the macular region. A few patients developed cysts near the
fovea. These effects appeared within a few weeks of, or several
months after, starting therapy and were usually reversible. All
except 1 of the patients were aphakic, and retrospective studies
have suggested that the incidence of this complication may be up
to 30% in aphakic patients.1,2

1. Classé JG. Epinephrine maculopathy. J Am Optom Assoc 1980;
51: 1091–3. 

2. Kolker AE, Becker B. Epinephrine maculopathy. Arch Ophthal-
mol 1968; 79: 552–62.

Overdosage. Solutions of racepinefrine for nebulisation have
inadvertently been given intravenously, resulting in severe over-
dosage of adrenaline. A 13-month-old infant1 was given the
equivalent of about 327 micrograms/kg of laevo-adrenaline.
Marked pallor, pulselessness, and profound bradycardia devel-
oped, but the child responded to cardiopulmonary resuscitation
and was subsequently discharged with no evidence of long-term
sequelae. However, a 2-year-old child2 given the equivalent of
about 1800 micrograms/kg developed hypertension, tachycar-
dia, and pulmonary oedema, followed by hypotension and sub-
sequent renal failure, requiring transplantation. Subcutaneous
overdosage with laevo-adrenaline in another child3 led to
arrhythmias and myocardial ischaemia, and there has also been a
report4 of myocardial infarction and acute renal failure in an
adult after injection of the solution from an adrenaline inhaler.
1. Kurachek SC, Rockoff MA. Inadvertent intravenous administra-

tion of racemic epinephrine. JAMA 1985; 253: 1441–2. 
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2. Dybvik T, et al. Accidental intravenous administration of 50 mg

of racemic adrenaline in a 2-year-old boy. Eur J Anaesthesiol
1995; 12: 181–3. 

3. Davis CO, Wax PM. Prehospital epinephrine overdose in a child
resulting in ventricular dysrhythmias and myocardial ischemia.
Pediatr Emerg Care 1999; 15: 116–18. 

4. Woodard ML, Brent LD. Acute renal failure, anterior myocardial
infarction, and atrial fibrillation complicating epinephrine abuse.
Pharmacotherapy 1998; 18: 656–8.

Treatment of Adverse Effects
As for Sympathomimetics, p.1407. Adrenaline has a
short duration of activity due to inactivation in the
body and treatment of severe toxic reactions in hyper-
sensitive patients or after overdose is primarily sup-
portive.
Digital injection. Inadvertent digital injection of adrenaline
from autoinjector devices may cause acute ischaemia. Phen-
tolamine injection has been successfully used to reverse the va-
soconstriction,1 and there has also been a report2 of the use of
iloprost infusion followed by a stellate ganglion block.
1. Velissariou I, et al. Management of adrenaline (epinephrine) in-

duced digital ischaemia in children after accidental injection
from an EpiPen. Emerg Med J 2004; 21: 387–8. 

2. Barkhordarian AR, et al. Accidental digital injection of adrena-
line from an autoinjector device. Br J Dermatol 2000; 143: 1359.

Precautions
As for Sympathomimetics, p.1407. Adrenaline is fre-
quently used in emergency situations and any contra-
indications are therefore relative. 
Adrenaline may delay the second stage of labour and
some licensed product information recommends that it
should not be used during this time. 
Adrenaline eye drops are contra-indicated in angle-clo-
sure glaucoma unless an iridectomy has been carried
out.
Contact lenses. Adrenochrome staining of soft-contact lenses
of patients using adrenaline eye drops has been reported.1 Mela-
nin deposits may also become locked into the lens; such deposits
may be broken down by hydrogen peroxide. The prodrug,
dipivefrine hydrochloride (p.2295) has been used without stain-
ing soft lenses.
1. Ingram DV. Spoiled soft contact lenses. BMJ 1986; 292: 1619.

Infection. An open study1 comparing adrenaline with dopamine
for cardiovascular support in 23 patients critically ill with severe
sepsis or malaria suggested that use of adrenaline was limited by
the development of lactic acidosis. However, it has been pointed
out2 that 20 of the patients had responded to fluids, a situation in
which the use of inotropic or vasopressor support was considered
questionable, and that adrenaline has been widely used in the
treatment of septic shock. A further controlled study3 found that
although adrenaline led to higher lactate concentrations than
noradrenaline with dobutamine, the effect was transient. Never-
theless, it has been recommended4 that adrenaline should only be
used in septic shock if other treatments are ineffective.
1. Day NPJ, et al. The effects of dopamine and adrenaline infusions

on acid-base balance and systemic haemodynamics in severe in-
fection. Lancet 1996; 348: 219–23. Correction. ibid.; 902. 

2. Barry B, Bodenham A. Effects of dopamine and adrenaline infu-
sions in severe infection. Lancet 1996; 348: 1099–1100. 

3. Levy B, et al. Comparison of norepinephrine and dobutamine to
epinephrine for hemodynamics, lactate metabolism, and gastric
tonometric variables in septic shock: a prospective, randomized
study. Intensive Care Med 1997; 23: 282–7. 

4. Hollenberg SM, et al. American College of Critical Care Medi-
cine. Practice parameters for hemodynamic support of sepsis in
adult patients: 2004 update. Crit Care Med 2004; 32: 1928–48.

Interactions
As for Sympathomimetics, p.1407; adrenaline has di-
rect alpha- and beta-agonist actions and its interactions
are complex and may be hazardous. Particular caution
is needed if adrenaline is given to patients taking beta
blockers since severe hypertension may result; patients
taking beta blockers may also have an impaired re-
sponse to adrenaline if it is needed for anaphylaxis.
Local anaesthetics. It is common practice to give adrenaline
with a local anaesthetic to produce vasoconstriction; the lowest
effective concentration of adrenaline should be used. However,
use with cocaine may increase the risk of cardiac arrhythmias
and particular caution is required. See p.1860 for a report of se-
vere complications with use of such a combination in otolaryn-
gology.

Pharmacokinetics
As a result of enzymatic degradation in the gut and
first-pass metabolism in the liver, adrenaline is almost
totally inactive when given orally. Systemic absorption
can occur after topical application for example of eye

drops. Adrenaline acts rapidly after intramuscular and
subcutaneous injection; the latter route is, however,
sometimes considered to be slower and therefore less
reliable for emergency use. Although absorption is
slowed by local vasoconstriction it can be hastened by
massaging the injection site. 
Most adrenaline that is either injected into the body or
released into the circulation from the adrenal medulla,
is very rapidly inactivated by processes that include up-
take into adrenergic neurones, diffusion, and enzymat-
ic degradation in the liver and body tissues. The half-
life of circulating adrenaline is only about 1 minute.
One of the enzymes responsible for the chemical inac-
tivation of adrenaline is catechol-O-methyltransferase
(COMT), the other is monoamine oxidase (MAO). In
general, adrenaline is methylated to metanephrine by
COMT followed by oxidative deamination by MAO
and eventual conversion to 4-hydroxy-3-methoxyman-
delic acid (formerly termed vanillylmandelic acid;
VMA), or oxidatively deaminated by MAO and con-
verted to 3,4-dihydroxymandelic acid which, in turn, is
methylated by COMT, once again to 4-hydroxy-3-
methoxymandelic acid; the metabolites are excreted in
the urine mainly as their glucuronide and ethereal sul-
fate conjugates. 
The ability of COMT to effect introduction of a methyl
group is an important step in the chemical inactivation
of adrenaline and similar catecholamines (in particular,
noradrenaline). It means that the termination of the
pharmacological response of catecholamines is not
simply dependent upon MAO. In its role of neurotrans-
mitter intraneuronal catecholamine (mainly noradrena-
line) is, however, enzymatically regulated by MAO. 
Adrenaline crosses the placenta to enter fetal circula-
tion.

Uses and Administration
Adrenaline is an endogenous substance that is pro-
duced in the adrenal medulla and has important physi-
ological effects. It is also used pharmacologically as a
direct-acting sympathomimetic (see p.1408). It is a po-
tent agonist at both alpha and beta adrenoceptors, al-
though the effect on beta adrenoceptors is more
marked, particularly at lower doses. These properties
explain many aspects of its pharmacology, although
the reflex compensating responses of the body also
modulate its effects. 
The major effects of adrenaline are dose-related and in-
clude: 
• increased speed and force of cardiac contraction

(with lower doses this causes increased systolic pres-
sure yet reduced diastolic pressure since overall pe-
ripheral resistance is lowered, but with higher doses
both systolic and diastolic pressure are increased as
stimulation of peripheral alpha receptors increases
peripheral resistance) 

• increased blood flow to skeletal muscle (reduced
with higher doses); reduced blood flow in the kid-
neys, mucosa, and skin; little direct effect on cerebral
blood flow 

• relaxation of bronchial smooth muscle 
• hyperglycaemia and markedly increased oxygen

consumption due to metabolic effects 
Adrenaline has an important role in the management of
acute allergic reactions and can be life-saving in pa-
tients with anaphylaxis and anaphylactic shock (be-
low). It is also used in advanced cardiac life support
(below). Adrenaline has been used in the treatment of
acute asthma but more selective drugs are available,
and it has no role in the chronic management of asthma
(p.1108). It has been given by nebulisation in severe
croup (p.1502). Other uses include the control of minor
bleeding from the skin and mucous membranes, the
management of open-angle (simple) glaucoma
(p.1873), and use as an adjunct to local anaesthesia
(p.1852). Adrenaline was formerly incorporated into
creams used in the treatment of rheumatic and muscu-

lar disorders, and in rectal preparations used in the
treatment of haemorrhoids. Racepinefrine (racemic
adrenaline) and racepinefrine hydrochloride have been
used for bronchodilatation. 
Adrenaline is usually given by intramuscular injection,
although it may also be given subcutaneously. In ex-
treme emergencies, where a more rapid effect is re-
quired, adrenaline may be given as a dilute solution (1
in 10 000 or 1 in 100 000) by very slow intravenous
injection or by slow intravenous infusion. Alternative-
ly, if intravenous access cannot be obtained, it may also
be given by the intraosseous (usually into the marrow
of the tibia) or endotracheal routes. Adrenaline has
sometimes been injected directly in the heart but cur-
rent guidelines for the management of cardiac emer-
gencies recommend intravenous injection; this may be
into a central vein or peripherally, but in the latter case
should be followed by 20 mL of intravenous fluid.
Adrenaline may also be applied topically or given by
inhalation. Aqueous solutions of adrenaline are usually
prepared using the acid tartrate or the hydrochloride
but the dosage is generally stated in terms of the equiv-
alent content of adrenaline. Adrenaline acid tartrate
1.8 mg or adrenaline hydrochloride 1.2 mg is equiva-
lent to about 1 mg of adrenaline. 
The usual dose of adrenaline in anaphylactic shock is
500 micrograms (0.5 mL of a 1 in 1000 solution) by
intramuscular injection repeated as necessary every 5
minutes. A dose of 300 micrograms (0.3 mL of a 1 in
1000 solution) may be appropriate for emergency self-
administration, for example by autoinjector. The dose
for children depends on age and weight, but is usually
about 10 micrograms/kg by intramuscular injection.
For further details on doses for children and for intra-
venous doses, see Anaphylaxis and Anaphylactic
Shock, below. 
In advanced cardiac life support the initial dose of
adrenaline for adults is 1 mg intravenously (10 mL of a
1 in 10 000 solution) and this may be repeated as often
as every 2 to 3 minutes throughout the resuscitation
procedure. The dose for children is 10 micrograms/kg
intravenously. Higher intravenous doses have been
used in both adults and children for the second and sub-
sequent doses but are no longer generally recommend-
ed. Intraosseous doses for adults and children are the
same as those used intravenously. Endotracheal doses
for adults are 2 to 3 times the intravenous dose; chil-
dren may be given 100 micrograms/kg. 
Adrenaline relaxes the bronchial musculature and has
sometimes been injected subcutaneously or intramus-
cularly in the management of acute asthmatic
attacks. However, in general, the use of adrenaline in
asthma has been superseded by beta2 agonists, such as
salbutamol, which can alleviate bronchospasm with
fewer effects on the heart. If adrenaline is to be used,
the adult dose is 0.3 to 0.5 mL of a 1 in 1000 aqueous
solution (300 to 500 micrograms); children have re-
ceived 0.01 mL/kg (10 micrograms/kg) to a maximum
of 0.5 mL (500 micrograms). Aqueous solutions with
an adrenaline content equivalent to 1 in 100 have occa-
sionally been used by inhalation as a spray to alleviate
asthmatic attacks; these solutions must never be con-
fused with the weaker strength used for injection. Pres-
surised aerosols delivering metered doses equivalent to
about 160 micrograms to 275 micrograms of adrena-
line have also been used; adults have been given 1 or 2
metered inhalations, repeated, if necessary, after 3
hours. 
Adrenaline is often added to local anaesthetics to re-
tard diffusion and limit absorption, to prolong the dura-
tion of effect, and to lessen the danger of toxicity. A
concentration of 1 in 200 000 (5 micrograms/mL) is
usually used; adrenaline should not be added when
procedures involve digits, ears, nose, penis, or scrotum
because of the risk of ischaemic tissue necrosis. A con-
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centration of up to 1 in 80 000 (12.5 micrograms/mL)
may be used in dental preparations where the total dose
given is small. 
Adrenaline constricts arterioles and capillaries and
causes blanching when applied locally to mucous
membranes and exposed tissues. It is used as an aque-
ous solution in strengths up to a 1 in 1000 dilution to
check capillary bleeding, epistaxis, and bleeding from
superficial wounds and abrasions, but it does not stop
internal haemorrhage. It is usually applied as a spray or
on pledgets of cotton wool or gauze. 
In ophthalmology, adrenaline solutions of 0.5%, 1%,
or 2% are used as eye drops instilled once or twice dai-
ly to reduce intra-ocular pressure in open-angle glau-
coma and ocular hypertension. An adrenaline borate
complex (epinephryl borate) is also used.
Advanced cardiac life support. Adrenaline has an important
role in advanced cardiac life support (p.1156) since, through its
alpha agonist effects, it causes peripheral vasoconstriction, thus
increasing myocardial and cerebral blood flow. This should im-
prove the efficacy of cardiopulmonary resuscitation or basic life
support procedures, although there is no clinical study evidence
for benefit.1 Depending on the arrhythmia that has led to cardiac
arrest, treatment starts with cardiopulmonary resuscitation and
defibrillation. If these measures fail to restore a conventional
rhythm, the next step involves the use of adrenaline. 
For adults, adrenaline is given in a dose of 1 mg, ideally intra-
venously into a central vein. If such venous access is not practi-
cable adrenaline may be given through a peripheral vein fol-
lowed by a flush of 20 mL or more of sodium chloride injection;
however, the response is slower than with central venous injec-
tion. This intravenous dose of 1 mg may be given about every 3
to 5 minutes2-5 in further cycles of cardiopulmonary resusci-
tation and, if necessary, shocks. A higher dose of 5 mg or
100 micrograms/kg has been given but there is insufficient evi-
dence of benefit and this is not recommended.2-5 In ventricular
fibrillation or pulseless ventricular tachycardia, a resuscitation
attempt may reasonably last for anything from 10 minutes to 1
hour with adrenaline being given every 3 to 5 minutes during this
period. Where the arrest is associated with asystole it is unlikely
that a response will be achieved after 15 to 20 minutes. 
The initial dose of 1 mg is reported to be based on the dose that
was given by intracardiac injection, so it would be expected that
a higher dose would be required for intravenous use. Although
myocardial and cerebral perfusion are increased more with high-
er doses, a meta-analysis6 of studies in adults found no evidence
that this gave any survival benefit. 
The intravenous dose for children is 10 micrograms/kg. Higher
doses of 100 or 200 micrograms/kg have been used for the sec-
ond and subsequent doses; however, as with adults, the use of the
higher dose is not routinely recommended and both
retrospective7 and prospective8 studies have found no improve-
ment in outcome. 
The intraosseous route is a practicable alternative to intravenous
injection for adults as well as for children; doses are identical to
those given intravenously. Alternatively, adrenaline can be given
through the endotracheal tube that will have been inserted, but
only if the intravenous or intraosseous route is unavailable. En-
dotracheal doses for adults should be 2 to 3 times those used in-
travenously; for children doses of 100 micrograms/kg have been
suggested. The adrenaline solution should be diluted and admin-
istered deeply using a catheter; several rapid ventilations or infla-
tions should follow. It is recognised that the endotracheal route is
imperfect2-4 and some workers consider it to be ineffective.9 
Although covering a somewhat different clinical situation some
guidelines also include resuscitation of newborn infants (during
the first few hours after birth).2-5 Adrenaline may be used when
the heart rate remains below 60 beats/minute despite adequate
ventilation and chest compression. The dose of adrenaline is 10
to 30 micrograms/kg given intravenously (generally into the um-
bilical vein) or by intraosseous injection. If neither of these routes
are available, it may be given via the endotracheal tube; standard
doses are probably ineffective10 and doses of up to
100 micrograms/kg may be required, although there is little evi-
dence to support this.2,4,5

1. Morley P. Vasopressin or epinephrine: which initial vasopressor
for cardiac arrests? Lancet 2001; 358: 85–6. 

2. European Resuscitation Council. European Resuscitation Coun-
cil guidelines for resuscitation 2005. Resuscitation 2005; 67
(suppl 1): S1–S190. Also available at: http://www.erc.edu/
index.php/guidelines_download_2005/en/? (accessed 09/02/06) 

3. Resuscitation Council (UK). Resuscitation Guidelines 2005.
Available at: http://www.resus.org.uk/pages/guide.htm (ac-
cessed 09/02/06) 

4. The International Liaison Committee on Resuscitation (IL-
COR). 2005 International consensus on cardiopulmonary resus-
citation and emergency cardiovascular care science with treat-
ment recommendations. Circulation 2005; 112 (suppl I):

III1–III136. Also available at: http://intl-circ.ahajournals.org/
content/vol112/22_suppl/ (accessed 09/02/06) Also published
in Resuscitation 2005; 67: 157–341. 

5. The American Heart Association. 2005 American Heart Associ-
ation guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Circulation 2005; 112 (suppl 1):
IV1–IV203. Available at: http://intl-circ.ahajournals.org/
content/vol112/24_suppl/ (accessed 09/02/06) 

6. Vandycke C, Martens P. High dose versus standard dose epine-
phrine in cardiac arrest — a meta-analysis. Resuscitation 2000;
45: 161–6. 

7. Carpenter TC, Stenmark KR. High-dose epinephrine is not su-
perior to standard-dose epinephrine in pediatric in-hospital car-
diopulmonary arrest. Pediatrics 1997; 99: 403–8. 

8. Perondi MBM, et al. A comparison of high-dose and standard-
dose epinephrine in children with cardiac arrest. N Engl J Med
2004; 350: 1722–30. 

9. McCrirrick A, Monk CR. Comparison of i.v. and intra-tracheal
administration of adrenaline. Br J Anaesth 1994; 72: 529–32. 

10. Barber CA, Wyckoff MH. Use and efficacy of endotracheal ver-
sus intravenous epinephrine during neonatal cardiopulmonary
resuscitation in the delivery room. Pediatrics 2006; 118:
1028–34.

Anaphylaxis and anaphylactic shock. Anaphylaxis is usual-
ly a type 1 hypersensitivity reaction (p.561) in which there is
IgE-mediated activation of mast cells and basophils, usually as a
result of exposure to allergens such as drugs, foods, latex, and
insect venoms. A clinically identical reaction can, however, be
provoked by a type II mechanism, as in blood transfusion reac-
tions, or a type III mechanism, as in drug-induced serum sickness
reactions; anaphylactoid reactions are similar, but are caused by
direct histamine release rather than hypersensitivity. Symptoms
of anaphylaxis and anaphylactoid reactions include erythema,
pruritus, urticaria, and angioedema; respiratory obstruction may
result from oedema of the larynx or epiglottis. Gastrointestinal
disturbances, bronchospasm, hypotension, and coma can occur
in severe reactions. 
Anaphylaxis is a medical emergency and prompt treatment of
laryngeal oedema, bronchospasm, and hypotension is necessary.
Adrenaline causes bronchodilatation and peripheral vasocon-
striction, reducing oedema and increasing blood pressure, and is
the cornerstone of management.1-11 However, it may not always
be effective,5 and its use is not without hazard.12 Antihistamines
and corticosteroids may also have a role. 
In early anaphylaxis, adrenaline is given by intramuscular injec-
tion. At this stage, vasodilatation is the main pathological change
and cardiac output and blood flow to skin and muscle may be
increased enabling intramuscular absorption of adrenaline to be
sufficiently rapid and effective. The subcutaneous route has been
used, especially by patients treating themselves, but intramuscu-
lar absorption is more rapid and is generally preferred.3,5,6 Pre-
filled syringes for intramuscular or subcutaneous use may be giv-
en to those known to be at high risk of developing anaphylactic
shock, allowing patients to self-administer their initial emergen-
cy treatment; however, they should still seek medical assistance
as additional treatment may be required. Adrenaline has been
given by inhalation in milder reactions, often with an antihista-
mine.13 However, this should not be a substitute for adrenaline
injection in patients with severe symptoms or a history of acute
attacks, and the number of inhalations required may limit the use
of this route in children.14 As anaphylaxis progresses the intra-
vascular volume becomes depleted, leading to the development
of shock. At this stage it is probably necessary to give adrenaline
intravenously, since absorption from other routes will be com-
promised; however, this route is hazardous and should only be
used in life-threatening situations,3,5,12 and by those experienced
in its use.5 The general principles used in the management of hy-
povolaemia and hypotension in shock are outlined on p.1183. 
The dose of adrenaline for intramuscular injection is usually
500 micrograms (0.5 mL of a 1 in 1000 solution); this may be
repeated at 5-minute intervals, according to blood pressure
and pulse, until improvement occurs. A lower dose of
300 micrograms may be used,3 and may be the highest dose
available as an auto-injector.5 Similar doses have been given sub-
cutaneously. A more dilute solution of 1 in 10 000 is used intra-
venously; the dose is 500 micrograms (5 mL) given slowly at a
rate of 100 micrograms/minute (1 mL/minute), stopping when a
response has been obtained.3 Alternatively, the UK Resuscitation
Council recommends5 that an intravenous bolus dose of
50 micrograms should be given, titrated according to response. 
Various adrenaline dosage regimens have been suggested for
children,2,5,6 although there is little evidence to guide choice.15

Most regimens are based on a dose of 10 micrograms/kg, and the
following age-specific intramuscular doses, given as a 1 in 1000
solution, have been widely used: 
• under 6 months: 50 micrograms (0.05 mL) 
• 6 months to 6 years: 120 micrograms (0.12 mL) 
• 6 to 12 years: 250 micrograms (0.25 mL) 
However, to simplify dosing, particularly where auto-injectors
are used, the UK Resuscitation Council now recommends5 an
intramuscular dose of 150 micrograms (0.15 mL) for children
aged 6 years and younger (including those under 6 months) and
300 micrograms (0.3 mL) for those aged over 6 years; children
aged over 12 years may be given 300 or 500 micrograms de-
pending on body size and pubertal status. This may represent a
relative overdose in children aged under 6 months but this may
be considered acceptable if it allows an auto-injector to be

used.15 Intravenous therapy should only be used in specialist pae-
diatric settings.5 The BNFC recommends use of the 1 in 10 000
solution in a dose of 1 microgram/kg, given by slow intravenous
injection over several minutes, repeated as required; a maximum
single dose of 50 micrograms should not be exceeded. 
A slow intravenous injection of an antihistamine, such as chlor-
phenamine, may be given immediately after the adrenaline and
repeated over the next 24 to 48 hours to prevent relapse. Al-
though antihistamines are particularly effective in the manage-
ment of angioedema, pruritus, and urticaria, they remain second-
line treatment. Intravenous corticosteroids have little place in the
immediate management of anaphylaxis, since their beneficial
effects are delayed for several hours, but in severely ill patients
early use of hydrocortisone may help prevent deterioration after
the primary treatment has been given. Patients should also be
given oxygen as required. 
Continuing deterioration with circulatory collapse, broncho-
spasm, or laryngeal oedema requires further treatment including
intravenous fluids, a nebulised beta2 agonist (such as salbutamol
or terbutaline), intravenous aminophylline, assisted respiration
(if necessary), and possibly, emergency tracheostomy.3,4 
Patients taking non-cardioselective beta blockers may be rela-
tively refractory to the effects of adrenaline used for anaphylactic
shock (see Interactions for Sympathomimetics, p.1407); in such
cases the use of a more selective beta2 agonist such as salbutamol
by intravenous injection should be considered. Glucagon is
another alternative to adrenaline in such patients.3,16 Vasopressin
has also been used successfully,17 including in a patient who
failed to respond to adrenaline. 
Prevention of anaphylaxis is important7,8 and primarily involves
avoidance of known allergens; other measures include desensiti-
sation, particularly in patients who have reacted to bee or wasp
venom.
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providers (revised January 2008). Available at: http://
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14. Simons FER, et al. Can epinephrine inhalations be substituted
for epinephrine injection in children at risk for systemic anaph-
ylaxis? Pediatrics 2000; 106: 1040–4. 
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Haemorrhage. Adrenaline has a long history of topical use to
check minor bleeding. It constricts arterioles and capillaries and
causes blanching. Local injection of adrenaline under endoscop-
ic control is highly effective in controlling bleeding peptic ulcers
(p.1702), and has also been combined with other therapies such
as a contact thermal probe.1 Nebulised adrenaline has been
reported2 to successfully control oropharyngeal haemorrhage.
1. Chung SSC, et al. Randomised comparison between adrenaline

injection alone and adrenaline injection plus heat probe treat-
ment for actively bleeding ulcers. BMJ 1997; 314: 1307–11. 

2. Rowlands RG, et al. Novel use of nebulised adrenaline in the
treatment of secondary oropharyngeal haemorrhage. J Laryngol
Otol 2002; 116: 123–4.

Priapism. Alpha agonists such as adrenaline may be effective
in the treatment of priapism (see under Metaraminol, p.1333).
Low doses of dilute adrenaline solution have been given by int-
racavernosal injection in priapism caused by alprostadil (see
p.2184). Aspiration of blood followed by intracavernosal irriga-
tion with a dilute adrenaline solution was also reported to be ef-
fective treatment for priapism in a group of young patients (age
range, 3.9 to 18.3 years) with sickle-cell disease.1
1. Mantadakis E, et al. Outpatient penile aspiration and epinephrine

irrigation for young patients with sickle cell anemia and pro-
longed priapism. Blood 2000; 95: 78–82.
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Respiratory-tract disorders. Nebulised adrenaline may be
used to reverse airway obstruction in inflammatory disorders
such as croup since it relieves inflammation and also causes
bronchodilatation. Although some studies in acute viral bronchi-
olitis (see Respiratory Syncytial Virus Infection, p.860) have
shown improvement in clinical scores,1,2 randomised studies
have failed to find any difference in outcome between infants
treated with adrenaline and either salbutamol3 or placebo.4 A
systematic review5 found insufficient evidence to support the use
of adrenaline in inpatients, although there was a suggestion that
it might be of short-term benefit in outpatients. 
However, the BNF states that for severe croup not effectively
controlled with corticosteroids, nebulised adrenaline solution 1
in 1000 may be given with close clinical monitoring in a dose of
400 micrograms/kg (up to a maximum of 5 mg) repeated after 30
minutes if necessary. The effects of nebulised adrenaline are ex-
pected to last 2 to 3 hours. 
There has also been a report6 of the successful use of nebulised
adrenaline in a 15-month-old child with airway inflammation
secondary to the ingestion of sodium hypochlorite.
1. Reijonen T, et al. The clinical efficacy of nebulized racemic

epinephrine and albuterol in acute bronchiolitis. Arch Pediatr
Adolesc Med 1995; 149: 686–92. 

2. Menon K, et al. A randomized trial comparing the efficacy of
epinephrine with salbutamol in the treatment of acute bronchioli-
tis. J Pediatr 1995; 126: 1004–7. 

3. Patel H, et al. A randomized, controlled trial of the effectiveness
of nebulized therapy with epinephrine compared with albuterol
and saline in infants hospitalized for acute viral bronchiolitis. J
Pediatr 2002; 141: 818–24. 

4. Wainwright C, et al. A multicenter, randomized, double-blind,
controlled trial of nebulized epinephrine in infants with acute
bronchiolitis. N Engl J Med 2003; 349: 27–35. 

5. Hartling L, et al. Epinephrine for bronchiolitis. Available in The
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Preparations
BP 2008: Adrenaline Eye Drops; Adrenaline Injection; Adrenaline Solution;
Bupivacaine and Adrenaline Injection; Dilute Adrenaline Injection 1 in
10,000; Lidocaine and Adrenaline Injection; 
USP 31: Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical
Solution; Epinephrine Bitartrate for Ophthalmic Solution; Epinephrine
Bitartrate Inhalation Aerosol; Epinephrine Bitartrate Ophthalmic Solution;
Epinephrine Inhalation Aerosol; Epinephrine Inhalation Solution; Epine-
phrine Injection; Epinephrine Nasal Solution; Epinephrine Ophthalmic Solu-
tion; Epinephryl Borate Ophthalmic Solution; Lidocaine Hydrochloride and
Epinephrine Injection; Prilocaine and Epinephrine Injection; Procaine Hy-
drochloride and Epinephrine Injection; Racepinephrine Inhalation Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: EpiPen; Austral.: EpiPen; Austria: EpiPen; Suprarenin; Belg.: EpiPen;
Braz.: Drenalin; Nefrin†; Canad.: EpiPen; Twinject; Vaponefrin; Cz.: Ana-
pen; EpiPen; Glaucon†; Denm.: EpiPen; Fin.: EpiPen; Fr.: Anahelp; Anapen;
Ger.: Anapen; Fastjekt; InfectoKrupp; Suprarenin; Gr.: Anapen; EpiPen;
Hung.: Anapen; EpiPen; Tonogen; Irl.: Anapen; Eppy†; Israel: EpiPen; Ital.:
Fastjekt; Malaysia: EpiPen; Mex.: Pinadrina; Neth.: EpiPen; Norw.: Epi-
Pen; NZ: EpiPen; Philipp.: Adrenin; Pol.: Anapen; EpiPen; Fastjekt; Port.:
Anapen; EpiPen; S.Afr.: Adrenotone; Ana-Guard; EpiPen; Eppy; Simplene;
Spain: Adreject; Swed.: Anapen; EpiPen; Eppy†; Switz.: EpiPen; UK: An-
apen; EpiPen; USA: AsthmaHaler Mist; AsthmaNefrin; Epifrin†; Epinal; Epi-
Pen; Glaucon†; microNefrin; Nephron; Primatene Mist; Primatene Mist Sus-
pension; S-2.

Multi-ingredient: Arg.: Asmopul†; Yanal; Austral.: Rectinol; Ger.: Links-
Glaukosan†; Mydrial-Atropin†; Hung.: Hemorid; Noditran†; India:
Brovon; Irl.: Ganda; Ital.: Pilodren†; Rinantipiol†; Port.: Adrinex†; Spain:
Coliriocilina Adren Astr ; Epistaxol; Switz.: Haemocortin; UK: Brovon;
USA: Ana-Kit; E-Pilo†; Emergent-Ez; PE†.

Used as an adjunct in: Arg.: Caina G; Duracaine; Gobbicaina; Larjancaina;
Xylocaina; Austral.: Citanest Dental; Lignospan†; Marcain; Nurocain; Scan-
donest†; Xylocaine; Austria: Neo-Xylestesin; Neo-Xylestesin forte; Scan-
donest; Septanest; Ubistesin; Ultracain Dental; Xylanaest; Xylocain; Belg.:
Citanest; Marcaine; Ubistesin†; Xylocaine; Braz.: Bupiabbott Plus; Lidocab-
bott; Lidogeyer†; Marcaina; Neocaina; Novabupi; Xylestesin; Xylocaina; Ca-
nad.: Astracaine†; Citanest†; Marcaine; Sensorcaine; Xylocaine; Cz.: Mar-
caine; Scandonest; Septanest S; Supracain; Ubistesin; Ultracain D-S†;
Xylestesin-A†; Denm.: Carbocain; Marcain; Scandonest; Septanest; Septo-
caine; Ubistesin; Xylocain; Xyloplyin; Fin.: Marcain; Septocaine; Ubistesin;
Ultracain D-Suprarenin; Xylocain; Fr.: Alphacaine; Marcaine†; Predesic†;
Ubistesin Adrenalinee; Xylocaine; Ger.: Ubistesin; Ultracain D-S; Ultracain
Suprarenin; Xylestesin-A, Xylestesin centro†; Xylestesin-S†; Xylocain; Xy-
locitin; Xylonest; Gr.: Marcaine; Xylocaine; Hong Kong: Marcain; Ubistesin;
Xylestesin-A; Xylocaine; Hung.: Ubistesin; Ultracain D-S; India: Gesicain;
Xylocaine; Indon.: Extracaine; Pehacain; Irl.: Marcain; Xylocaine; Israel:
Kamacaine; Lidocadren†; Marcaine; Ital.: Alfacaina; Bupicain; Bupiforan;
Bupisen; Bupisolver; Bupixamol; Carbocaina; Carbosen; Cartidont; Citocar-
tin; Ecocain; Lident Adrenalina†; Lident Andrenor†; Marcaina; Mepi-Mynol;
Mepicain; Mepident; Mepiforan; Mepisolver; Mepivamol; Molcain†; Opto-
cain; Primacaine†; Sarticain; Scandonest; Septanest; Ubistesin; Xilo-Mynol;
Xylonor; Xyloplyina; Malaysia: Denkan; Marcain; Mex.: Buvacaina; Pis-
acaina; Unicaine; Xylocaina; Neth.: Bupiforan; Citanest; Lignospan; Mar-
caine; Scandicaine; Septanest; Ubistesin; Ultracain D-S; Xylocaine; Norw.:
Marcain; Septocaine; Xylocain; NZ: Marcain; Septanest; Topicaine; Xylestes-
in-A; Xylocaine; Philipp.: Dentocaine; Pol.: Marcaine; Port.: Alphacaine;
Artinibsa; Artinostrum; Bupinostrum; Lidonostrum; Lincaina; Meganest;
Octocaine; Scandinibsa; Septanest; Ubistesin; Xilonibsa; Rus.: Ultracain
(Ультракаин); S.Afr.: Lignospan Special†; Macaine; Scandonest†; Xylotox;
Singapore: Xylocaine; Spain: Anestesia Topi Braun C/A; Articaina C/E;
Meganest; Octocaine; Scandinibsa; Ultracain; Xilonibsa; Xylonor Especial;
Swed.: Carbocain; Marcain; Xylocain; Switz.: Alphacaine; Carbostesin;
Lignospan†; Rapidocaine; Rudocaine; Scandonest; Septanest; Ubistesin; Ul-
tracaine D-S; Xylestesin-S "special"†; Xylocain; Xylonest; Xyloplyin†; Thai.:

Lidocation; Lidocaton†; Xylocaine; Turk.: Jetokain; Jetosel; Ultracain; UAE:
Ecocain; UK: Lignostab-A†; Septanest; Xylocaine; Xylotox†; USA: Citanest;
Duranest†; Marcaine; Octocaine; Sensorcaine; Septocaine; Xylocaine.

Ajmaline
Aimaliini; Ajmalin; Ajmalina; Ajmalinum; Rauwolfine. (17R,21R)-
Ajmalan-17,21-diol.

Аймалин
C20H26N2O2 = 326.4.
CAS — 4360-12-7.
ATC — C01BA05.
ATC Vet — QC01BA05.

Pharmacopoeias. In Jpn.

Adverse Effects
Ajmaline depresses the conductivity of the heart, and at high dos-
es can cause heart block. At very high doses it may produce a
negative inotropic effect. High doses may cause cardiac arrhyth-
mias, coma, and death. Arrhythmias have also been reported af-
ter usual intravenous doses (see below). Adverse neurological ef-
fects have been reported including eye twitching, convulsions,
and respiratory depression. Hepatotoxicity and agranulocytosis
may occasionally occur.

Effects on the heart. Electrophysiologic study1 in 1955 pa-
tients revealed that ajmaline 1 mg/kg given intravenously could
induce arrhythmias; 63 developed a supraventricular arrhythmia
and 7 an atrioventricular re-entrant tachycardia. Ventricular
tachycardia2,3 and torsade de pointes4 have been reported during
diagnostic use.
1. Brembilla-Perrot B, Terrier de la Chaise A. Provocation of su-

praventricular tachycardias by an intravenous class I antiarrhyth-
mic drug. Int J Cardiol 1992; 34: 189–98. 

2. Rolf S, et al. The ajmaline challenge in Brugada syndrome: di-
agnostic impact, safety, and recommended protocol. Eur Heart J
2003; 24: 1104–12. 

3. Pinar Bermúdez E, et al. Spontaneous sustained monomorphic
ventricular tachycardia after administration of ajmaline in a pa-
tient with Brugada syndrome. Pacing Clin Electrophysiol 2000;
23: 407–9. 

4. Haverkamp W, et al. Torsade de pointes induced by ajmaline. Z
Kardiol 2001; 90: 586–90.

Precautions
As for Quinidine, p.1384.

Interactions

Antiarrhythmics. Oral use of quinidine with ajmaline in-
creased plasma concentrations of ajmaline considerably in 4
healthy subjects; the elimination half-life of ajmaline was in-
creased about twofold.1 The pharmacokinetics of quinidine did
not seem to be affected by ajmaline.
1. Hori R, et al. Quinidine-induced rise in ajmaline plasma concen-

tration. J Pharm Pharmacol 1984; 36: 202–4.

Uses and Administration
Ajmaline is an alkaloid obtained from the root of Rauwolfia ser-
pentina (Apocynaceae). It is a class Ia antiarrhythmic (p.1153)
used in the treatment of supraventricular and ventricular arrhyth-
mias (p.1160) and for differential diagnosis of Wolff-Parkinson-
White syndrome. Ajmaline is given by intravenous injection in a
usual dose of 50 mg over at least 5 minutes. It may also be given
by intravenous infusion, and has been given orally and by intra-
muscular injection. 
Ajmaline has also been used as the hydrochloride, monoeth-
anolate, and phenobarbital salts.

Brugada syndrome. Brugada syndrome is a congenital disor-
der affecting myocardial sodium channels and may be associated
with sudden cardiac death. Class 1a antiarrhythmics such as
ajmaline block the sodium channel and may have a role in the
diagnosis of Brugada syndrome, although they are not suitable
for treatment. 
References.
1. Rolf S, et al.The ajmaline challenge in Brugada syndrome: diag-

nostic impact, safety, and recommended protocol. Eur Heart J
2003; 24: 1104–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Gilurytmal; Cz.: Gilurytmal†; Ger.: Gilurytmal.

Alacepril (rINN)

Alacépril; Alaceprilum; DU-1219. N-{1-[(S)-3-Mercapto-2-meth-
ylpropionyl]-L-prolyl}-3-phenyl-L-alanine acetate.

Алацеприл
C20H26N2O5S = 406.5.
CAS — 74258-86-9.

Pharmacopoeias. In Jpn.

Profile
Alacepril is an ACE inhibitor (p.1193) used in the treatment of
hypertension (p.1171). It is converted to captopril and desacety-
lalacepril (DU-1227) in the body after oral doses. It is given oral-
ly in a usual dose of 25 to 75 mg daily, as a single dose or in two
divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Cetapril.

Aliskiren Fumarate (USAN, rINNM)

Aliskiren Hemifumarate; Aliskirène, Fumarate de; Aliskireni Fu-
maras; CGP-60536B; Fumarato de aliskireno; SPP-100 (aliskiren
or aliskiren fumarate). Bis(2S,4S,5S,7S)-5-amino-N-(2-carbamoyl-
2-methylpropyl)-4-hydroxy-2-isopropyl-7-[4-methoxy-3-(3-meth-
oxypropoxy)benzyl]-8-methylnonanamide fumarate (2:1).

Алискирена Фумарат
(C30H53N3O6)2,C4H4O4 = 1219.6.
CAS — 173334-57-1 (aliskiren); 173334-58-2 (aliskiren
fumarate).
ATC — C09XA02.
ATC Vet — QC09XA02.

(aliskiren)

Adverse Effects and Precautions
Aliskiren is generally well-tolerated but may produce
dose-related gastrointestinal adverse effects including
diarrhoea, abdominal pain, dyspepsia, and gastro-
oesophageal reflux. Other adverse effects include hy-
potension, headache, dizziness, fatigue, back pain, and
cough; rashes, hyperuricaemia, gout, and renal calculi
may also occur. Angioedema has been reported rarely,
and there have also been reports of seizures. As with
other inhibitors of the renin-angiotensin system, dose-
related decreases in haemoglobin have been reported. 
Aliskiren should be avoided in pregnancy since drugs
acting on the renin-angiotensin system have been asso-
ciated with fetal and neonatal morbidity and mortality.
It should be used with caution in patients with renal im-
pairment or renovascular hypertension. Patients with
sodium or volume depletion (for example those receiv-
ing high-dose diuretics) may experience symptomatic
hypotension on starting aliskiren and treatment should
begin under close medical supervision.

Interactions
Use of aliskiren with other antihypertensives or drugs
that cause hypotension may have an additive effect.
Renal function and electrolytes should be monitored in
diabetic patients taking aliskiren and ACE inhibitors
since there is an increased risk of hyperkalaemia and
renal impairment. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aliskiren is metabolised to a small extent by the cyto-
chrome P450 isoenzyme CYP3A4 but few significant
interactions have been reported. Plasma-aliskiren con-
centrations may be reduced by irbesartan and increased
by atorvastatin and ketoconazole but the clinical rele-
vance is not clear. Aliskiren has caused significant de-
creases in furosemide concentrations.

Pharmacokinetics
Aliskiren is poorly absorbed from the gastrointestinal
tract with a bioavailability of about 2.5%. Peak plasma
concentrations are reached about 1 to 3 hours after an
oral dose. Absorption is reduced when aliskiren is tak-
en with a high-fat meal. Aliskiren is about 50% bound
to plasma proteins. It is excreted mainly in the faeces,
possibly via the bile; about 25% of the absorbed dose
is excreted in the urine as unchanged drug. Aliskiren is
a substrate for the cytochrome P450 isoenzyme
CYP3A4 but metabolism appears to be minimal. The
elimination half-life is about 24 to 40 hours, and
steady-state concentrations are reached in about 7 to 8
days.

Uses and Administration
Aliskiren is an orally active renin inhibitor used in the
management of hypertension; it prevents the conver-
sion of angiotensinogen into angiotensin I and there-
fore inhibits the production of angiotensin II and aldos-
terone. It is given as the fumarate, although licensed
product information in some countries specifies the
base. Doses are expressed in terms of the base;
165.8 mg of aliskiren fumarate is equivalent to about
150 mg of aliskiren. The usual initial oral dose of al-
iskiren is 150 mg once daily, increased to 300 mg once
daily if necessary. Doses may be taken before or after
food, but patients should establish a routine pattern
with regard to meals. 
Aliskiren is also under investigation in heart failure and
diabetic nephropathy.
◊ Reviews.
1. Van Tassell BW, Munger MA. Aliskiren for renin inhibition: a

new class of antihypertensives. Ann Pharmacother 2007; 41:
456–64. 

2. Frampton JE, Curran MP. Aliskiren: a review of its use in the
management of hypertension. Drugs 2007; 67: 1767–92. 

3. Chrysant SG. Aliskiren-hydrochlorothiazide combination for the
treatment of hypertension. Expert Rev Cardiovasc Ther 2008; 6:
305–14. 

4. Jensen C, et al. Aliskiren: the first renin inhibitor for clinical
treatment. Nat Rev Drug Discov 2008; 7: 399–410. 

5. Sureshkumar KK, et al. Aliskiren: clinical experience and future
perspectives of renin inhibition. Expert Opin Pharmacother
2008; 9: 825–37. 

6. Kappert K, et al. Aliskiren. Dtsch Med Wochenschr 2008; 133:
1308–12.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Enviage; Rasilez; Riprazo; Sprimeo; Tekturna; Fr.: Rasilez; Port.: En-
viage; Rasilez; Riprazo; Tekturna; UK: Rasilez; USA: Tekturna.

Alprenolol (BAN, rINN) ⊗ 
Alprénolol; Alprenololi; Alprenololum. 1-(2-Allylphenoxy)-3-iso-
propylaminopropan-2-ol.
Альпренолол
C15H23NO2 = 249.3.
CAS — 13655-52-2.
ATC — C07AA01.
ATC Vet — QC07AA01.

Alprenolol Benzoate (BANM, rINNM) ⊗ 
Alprénolol, benzoate d’; Alprenololi benzoas; Benzoato de alpre-
nolol.
Альпренолола Бензоат
C22H29NO4 = 371.5.
ATC — C07AA01.
ATC Vet — QC07AA01.

Alprenolol Hydrochloride (BANM, USAN, rINNM) ⊗ 
Alprénolol, chlorhydrate d’; Alprenolol-hidroklorid; Alprenolol-
hydrochlorid; Alprenololhydroklorid; Alprenololi hydrochlori-
dum; Alprenololihydrokloridi; Alprenololio hidrochloridas;
H56/28; Hidrocloruro de alprenolol.

Альпренолола Гидрохлорид
C15H23NO2,HCl = 285.8.
CAS — 13707-88-5.
ATC — C07AA01.
ATC Vet — QC07AA01.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Alprenolol Hydrochloride). A white, or almost
white, crystalline powder or colourless crystals. Very soluble in
water; freely soluble in alcohol and in dichloromethane. Protect
from light.

Profile
Alprenolol is a non-cardioselective beta blocker (p.1225). It is
reported to have intrinsic sympathomimetic activity and some
membrane-stabilising properties. 
Alprenolol has been given orally, as the benzoate or hydrochlo-
ride, in the management of hypertension, angina pectoris, and
cardiac arrhythmias.

Alteplase (BAN, USAN, rINN)

Alteplaasi; Alteplas; Alteplasa; Altéplase; Alteplasum; Alteplaz; G-
11035; G-11044; G-11021 (2-chain form); Recombinant Tissue-
type Plasminogen Activator; rt-PA.

Альтеплаза
CAS — 105857-23-6.
ATC — B01AD02; S01XA13.
ATC Vet — QB01AD02; QS01XA13.

Description. Alteplase is a glycosylated protein of 527 residues
having the amino acid sequence of human tissue plasminogen
activator (t-PA) and produced by recombinant DNA technology.
Pharmacopoeias. In US. Eur. (see p.vii) includes Alteplase for
Injection. 
Ph. Eur. 6.2 (Alteplase for Injection; Alteplasum ad Iniectabile). A
sterile, freeze-dried preparation of alteplase, a tissue plasmino-
gen activator produced by recombinant DNA technology. It has
a potency of not less than 500 000 units/mg of protein. It is a
white or slightly yellow powder or friable mass. The reconstitut-
ed preparation has a pH of 7.1 to 7.5. Store in colourless glass
containers, under vacuum or an inert gas, at a temperature be-
tween 2° and 30°. Protect from light. Alteplase consists of 527
amino acids with carbohydrate moieties attached. 
USP 31 (Alteplase). A highly purified glycosylated serine pro-
tease with fibrin-binding properties and plasminogen-specific
proteolytic activities. It is produced by recombinant DNA syn-
thesis in mammalian cell culture. It has a potency of 522 000 to
667 000 USP units/mg of protein. Store in airtight containers in
the frozen state at a temperature of −20° or below.

Incompatibility and stability. Alteplase has been reported1 to
be incompatible with dobutamine, dopamine, glyceryl trinitrate,
and heparin, although a subsequent study found no incompatibil-
ity between alteplase and glyceryl trinitrate.2 Another study3

found that dilution of a proprietary preparation of alteplase (Ac-
tivase) to 0.09 and 0.16 mg/mL with glucose 5% resulted in pre-
cipitation of the drug. Alteplase is formulated with arginine as a
solubilising agent, and dilution with glucose 5% to concentra-
tions below 0.5 mg/mL of alteplase makes precipitation possible.
Dilution with sodium chloride 0.9% is possible to concentrations
down to 0.2 mg/mL before precipitation becomes a risk. 
Studies4,5 have suggested that a 1 mg/mL solution of alteplase
retains its activity when frozen at −20° or below for up to 6
months.
1. Lee CY, et al. Visual and spectrophotometric determination of

compatibility of alteplase and streptokinase with other injectable
drugs. Am J Hosp Pharm 1990; 47: 606–8. 

2. Lam XM, et al. Stability and activity of alteplase with injectable
drugs commonly used in cardiac therapy. Am J Health-Syst
Pharm 1995; 52: 1904–9. 

3. Frazin BS. Maximal dilution of Activase. Am J Hosp Pharm
1990; 47: 1016. 

4. Calis KA, et al. Bioactivity of cryopreserved alteplase solutions.
Am J Health-Syst Pharm 1999; 56: 2056–7. 

5. Wiernikowski JT, et al. Stability and sterility of recombinant tis-
sue plasminogen activator at −30°C. Lancet 2000; 355: 2221–2.

Units
The activity of alteplase can be measured in terms of
international units using the third International Stand-
ard for tissue plasminogen activator recombinant,
human, established in 1999, although doses are gener-
ally expressed by weight.

Adverse Effects, Treatment, and Precau-
tions
As for Streptokinase, p.1402. Allergic reactions are
less likely with alteplase than with streptokinase and
repeated use may be possible.
Hypersensitivity. An anaphylactoid reaction to alteplase oc-
curred in a patient with a history of atopy.1 For comment on this
unexpected reaction, see Hypersensitivity under Adverse Effects
of Streptokinase, p.1404. (See also ACE Inhibitors under Inter-
actions, below).
1. Purvis JA, et al. Anaphylactoid reaction after injection of al-

teplase. Lancet 1993; 341: 966–7.

Thrombin generation. Alteplase produces considerable
thrombin generation which may result from direct activation of
the coagulation system by plasmin or by positive feedback of the
coagulation system by clot-bound thrombin. This excessive
thrombin generation was considered a possible cause of myocar-
dial infarction in a patient undergoing thrombolytic therapy with
alteplase for venous thrombosis.1 Streptokinase produced no ev-
idence of excessive thrombin generation.
1. Baglin TP, et al. Thrombin generation and myocardial infarction

during infusion of tissue-plasminogen activator. Lancet 1993;
341: 504–5.

Interactions
As for Streptokinase, p.1404.
ACE inhibitors. Angioedema has been reported rarely in pa-
tients treated with alteplase, but the risk may be increased in
those taking ACE inhibitors. A prospective study1 found that out
of 176 patients treated with alteplase for acute stroke, 9 devel-
oped angioedema; the risk was strongly associated with use of an
ACE inhibitor (7 of the 9).
1. Hill MD, et al. Hemi-orolingual angioedema and ACE inhibition

after alteplase treatment of stroke. Neurology 2003; 60: 1525–7.

Glyceryl trinitrate. Although thrombolytics and nitrates are
both frequently used in acute myocardial infarction a report sug-
gested that this combination may result in impaired thromboly-
sis. Giving alteplase and glyceryl trinitrate intravenously to 36
patients with acute myocardial infarction produced lower plas-
ma-antigen concentrations of tissue-plasminogen activator than
alteplase given alone to 11 patients.1 Reperfusion was sustained
in only 44% of patients receiving both drugs compared with 91%
of patients given alteplase alone. The authors of a subsequent
study2 suggested that these lower plasma concentrations may be
due to increased hepatic metabolism of alteplase as a result of
glyceryl trinitrate’s effect of increasing hepatic blood flow.
1. Nicolini FA, et al. Concurrent nitroglycerin therapy impairs tis-

sue-type plasminogen activator-induced thrombolysis in patients
with acute myocardial infarction. Am J Cardiol 1994; 74: 662–6. 

2. Romeo F, et al. Concurrent nitroglycerin administration reduces
the efficacy of recombinant tissue-type plasminogen activator in
patients with acute anterior wall myocardial infarction. Am
Heart J 1995; 130: 692–7.

Pharmacokinetics
Alteplase is cleared rapidly from the plasma, mainly by
metabolism in the liver. It has an initial half-life of 4 to
5 minutes and a terminal half-life of about 40 minutes.
◊ References.
1. Krause J. Catabolism of tissue-type plasminogen activator (t-

PA), its variants, mutants and hybrids. Fibrinolysis 1988; 2:
133–42.

Uses and Administration
Alteplase is a thrombolytic drug. It is a mainly single-
chain form of the endogenous enzyme tissue plasmino-
gen activator and is produced by recombinant DNA
technology. Like endogenous tissue plasminogen acti-
vator, alteplase converts fibrin-bound plasminogen to
the active form plasmin, resulting in fibrinolysis and
dissolution of clots. The mechanisms of fibrinolysis
are discussed further under Haemostasis and Fibrinol-
ysis on p.1045. Alteplase has relatively little effect on
circulating, unbound plasminogen and thus may be
termed a fibrin-specific thrombolytic (see p.1156). 
Alteplase is used similarly to streptokinase (p.1404) in
the treatment of thromboembolic disorders, particular-
ly myocardial infarction (p.1175) and venous throm-
boembolism (p.1189), and to clear occluded catheters
(see below). Alteplase may also be used in patients
with acute ischaemic stroke (p.1185). 
In the treatment of acute myocardial infarction, al-
teplase is given intravenously as soon as possible after
the onset of symptoms in a total dose of 100 mg; the
total dose should not exceed 1.5 mg/kg in patients
weighing less than 65 kg. The total dose may be given
either over 11⁄2 hours (accelerated or ‘front-loaded’ al-
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teplase) or over 3 hours. The accelerated schedule has
been recommended if given within 6 hours of myocar-
dial infarction, while the 3-hour schedule has been rec-
ommended when used more than 6 hours after myocar-
dial infarction. The schedule over 11⁄2 hours is as
follows: 15 mg as an intravenous bolus, then
0.75 mg/kg, up to a maximum of 50 mg, by intrave-
nous infusion over 30 minutes, followed by the re-
mainder infused over the subsequent 60 minutes. The
schedule over 3 hours is as follows: 10 mg as an intra-
venous bolus, then 50 mg by intravenous infusion over
1 hour, followed by the remainder infused over the sub-
sequent 2 hours. 
In the treatment of acute, massive pulmonary embo-
lism a total dose of 100 mg is given; the total dose
should not exceed 1.5 mg/kg in patients weighing less
than 65 kg. The first 10 mg is given as an intravenous
bolus and the remainder by intravenous infusion over 2
hours. 
In acute ischaemic stroke, alteplase is given within 3
hours of the onset of symptoms in a dose of 0.9 mg/kg
up to a maximum total dose of 90 mg. The dose is giv-
en intravenously over 60 minutes with 10% of it as a
bolus during the first minute. 
To restore function in central venous lines, alteplase
is instilled into the catheter at a concentration of
1 mg/mL. The usual dose is 2 mg, repeated after 2
hours if necessary. A total dose of 4 mg should not be
exceeded. For patients weighing less than 30 kg, the
dose is 110% of the internal lumen volume of the cath-
eter, but should not exceed 2 mg, and may be repeated
after 2 hours if necessary.
◊ General references.
1. Gillis JC, et al. Alteplase: a reappraisal of its pharmacological

properties and therapeutic use in acute myocardial infarction.
Drugs 1995; 50: 102–36. 

2. Wagstaff AJ, et al. Alteplase: a reappraisal of its pharmacology
and therapeutic use in vascular disorders other than acute myo-
cardial infarction. Drugs 1995; 50: 289–316. 

3. Semba CP, et al. Society of Cardiovascular and Interventional
Radiology (SCVIR). Alteplase and tenecteplase: applications in
the peripheral circulation. Tech Vasc Interv Radiol 2001; 4:
99–106. 

4. Lindley RI, et al. Alteplase and ischaemic stroke: have new re-
views of old data helped? Lancet Neurol 2005; 4: 249–53. 

5. De Keyser J, et al. Intravenous alteplase for stroke: beyond the
guidelines and in particular clinical situations. Stroke 2007; 38:
2612–8. 

6. Quinn TJ, et al. Past, present and future of alteplase for acute
ischemic stroke. Expert Rev Neurother 2008; 8: 181–92.

Arterial and venous thromboembolism. For the use of al-
teplase for arterial or venous thromboembolism in children, see
Administration in Children under Streptokinase, p.1405.

Catheters and cannulas. Alteplase has been used successful-
ly to clear thrombi in central venous catheters.1,2 Typical doses
have been 2 mg injected as a bolus into the blocked catheter.
Children have been treated similarly; in one study3 where pa-
tients’ weight started from 3 kg, doses ranged from 0.1 to 2.0 mg
(as a 1 mg/mL solution), depending on the size of the catheter.
Similarly, a later study using a 1 mg/mL solution gave doses of
2 mg to children weighing 30 kg or more, and a volume equal to
110% of the calculated internal volume of the catheter (rounded
to the nearest 0.1 mL and not to exceed 2 mL in total) in children
weighing less than 30 kg.4 The dwell time was up to 2 hours, and
doses were repeated once in patients in whom catheter function
was not restored after this period. A cohort study5 used doses of
0.5 mg for children weighing 10 kg or under, and 1 to 2 mg
above this weight, with a dwell time of 2 to 4 hours. In another
report, 2 children6 were successfully treated with intravenous al-
teplase in doses of 0.01 to 0.05 mg/kg per hour for venous throm-
bosis associated with indwelling intravascular catheters. 
Alteplase has also been instilled into central haemodialysis lines
to preserve patency between dialysis sessions.7 Urokinase has
been used similarly in children with long-term venous access de-
vices for antineoplastic therapy.8 
For reports covering the use of alteplase to treat intracardiac
thrombosis resulting from the placement of central venous lines,
see Intracardiac Thrombosis, below.
1. Paulsen D, et al. Use of tissue plasminogen activator for reopen-

ing of clotted dialysis catheters. Nephron 1993; 64: 468–9. 
2. Haire WD, et al. Urokinase versus recombinant tissue plasmino-

gen activator in thrombosed central venous catheters: a double-
blinded, randomized trial. Thromb Haemost 1994; 72: 543–7. 

3. Jacobs BR, et al. Recombinant tissue plasminogen activator in
the treatment of central venous catheter occlusion in children. J
Pediatr 2001; 139: 593–6. 

4. Blaney M, et al. CAPS Investigators. Alteplase for the treatment
of central venous catheter occlusion in children: results of a pro-
spective, open-label, single-arm study (The Cathflo Activase
Pediatric Study). J Vasc Interv Radiol 2006; 17: 1745–51. 

5. Choi M, et al. The use of alteplase to restore patency of central
venous lines in pediatric patients: a cohort study. J Pediatr 2001;
139: 152–6. 

6. Doyle E, et al. Thrombolysis with low dose tissue plasminogen
activator. Arch Dis Child 1992; 67: 1483–4. 

7. Gittins NS, et al. Comparison of alteplase and heparin in main-
taining the patency of paediatric central venous haemodialysis
lines: a randomised controlled trial. Arch Dis Child 2007; 92:
499–501. 

8. Dillon PW, et al. Prophylactic urokinase in the management of
long-term venous access devices in children: a Children’s Oncol-
ogy Group study. J Clin Oncol 2004; 22: 2718–23.

Intracardiac thrombosis. Alteplase has been used, in a dose
of 100 mg given intravenously over 2 hours, for thrombosis of
prosthetic heart valves.1 
Alteplase has been used successfully in a neonate to treat intra-
cardiac thrombosis associated with the use of a central venous
line.2 A dose of 500 micrograms/kg given over 10 minutes was
followed by infusion of 200 micrograms/kg per hour for 3 days.
In another report,3 4 preterm infants were treated successfully.
All received 400 to 500 micrograms/kg of alteplase in a 20 to 30
minute bolus. This was followed in one case by a 3-hour infusion
at 100 micrograms/kg per hour. 
Although thrombolytics are usually contra-indicated in patients
with infective endocarditis (see Precautions for Streptokinase,
p.1404), alteplase has been used successfully in children with in-
dwelling catheters who developed infective endocarditis; coagu-
lation was monitored and fresh frozen plasma was given to main-
tain fibrinogen concentrations.4
1. Astengo D, et al. Recombinant tissue plasminogen activator for

prosthetic mitral-valve thrombosis. N Engl J Med 1995; 333:
259. 

2. Van Overmeire B, et al. Intracardiac thrombus formation with
rapidly progressive heart failure in the neonate: treatment with
tissue type plasminogen activator. Arch Dis Child 1992; 67:
443–5. 

3. Ferrari F, et al. Early intracardiac thrombosis in preterm infants
and thrombolysis with recombinant tissue type plasminogen ac-
tivator. Arch Dis Child Fetal Neonatal Ed 2001; 85: F66–F69. 

4. Levitas A, et al. Successful treatment of infective endocarditis
with recombinant tissue plasminogen activator. J Pediatr 2003;
143: 649–52.

Microvessel thrombosis. Alteplase has been used in condi-
tions where the underlying pathology is occlusion of small blood
vessels by microthrombi. 
Purpura and loss of circulation in the hands of a patient recover-
ing from fulminant meningococcaemia1 responded to intra-ar-
terial infusion of alteplase 20 to 40 micrograms/kg per hour for
22 hours in the right hand, and 20 micrograms/kg per hour for 11
hours in the left. Perfusion was successfully restored to both
hands, and full function subsequently attained in them. Improve-
ment was also achieved when alteplase was given to 2 infants
with septic shock and purpura fulminans caused by meningococ-
cal infection.2 
Six patients3 with ulcers caused by livedoid vasculitis and re-
fractory to conventional treatment were treated with alteplase
10 mg infused intravenously over 4 hours daily for 14 days. Most
ulcers healed rapidly; one patient required re-treatment with con-
comitant anticoagulation. Healing of ulcers associated with cal-
ciphylaxis has also been reported4 with a similar alteplase regi-
men. 
A 4-year-old girl5 with haemolytic-uraemic syndrome (see
under Thrombotic Microangiopathies, p.1076) responded to
treatment with an intravenous infusion of alteplase
200 micrograms/kg per hour for 5 hours, subsequently reduced
to 50 micrograms/kg per hour for 14 days. 
Alteplase use has been reviewed6 and mixed results found, in pa-
tients with veno-occlusive disease of the liver, a serious compli-
cation of bone marrow transplantation that may be caused by dif-
fuse thrombi in the hepatic venules. Although results in patients
with established veno-occlusive disease have been disappoint-
ing,7 one study8 suggested that alteplase given early in the course
of the disease improves response rate.
1. Keeley SR, et al. Tissue plasminogen activator for gangrene in

fulminant meningococcaemia. Lancet 1991; 337: 1359. 
2. Zenz W, et al. Recombinant tissue plasminogen activator treat-

ment in two infants with fulminant meningococcemia. Pediat-
rics 1995; 96: 44–8. 

3. Klein KL, Pittelkow MR. Tissue plasminogen activator for treat-
ment of livedoid vasculitis. Mayo Clin Proc 1992; 67: 923–33. 

4. Sewell LD, et al. Low-dose tissue plasminogen activator for cal-
ciphylaxis. Arch Dermatol 2004; 140: 1045–8. 

5. Kruez W, et al. Successful treatment of haemolytic uraemic syn-
drome with recombinant tissue-type plasminogen activator. Lan-
cet 1993; 341: 1665–6. 

6. Terra SG, et al. A review of tissue plasminogen activator in the
treatment of veno-occlusive liver disease after bone marrow
transplantation. Pharmacotherapy 1997; 17: 929–37. 

7. Bearman SI, et al. Treatment of hepatic venocclusive disease
with recombinant human tissue plasminogen activator and
heparin in 42 marrow transplant patients. Blood 1997; 89:
1501–6. 

8. Schriber J, et al. Tissue plasminogen activator (tPA) as therapy
for hepatotoxicity following bone marrow transplantation. Bone
Marrow Transplant 1999; 24: 1311–14.

Ocular disorders. Intra-ocular alteplase has been used to treat
postoperative fibrinous deposits that can form after procedures
such as surgery for cataracts1 or glaucoma,2 including cataracts
in children.3 Doses ranging from 6 to 25 micrograms have been
used. Intra-ocular bleeding has occurred as a complication of
such use.2,4 Alteplase has also been used prophylactically in chil-
dren undergoing surgery for congenital cataracts.5 
Intra-ocular alteplase has also been used for treatment of sub-
hyaloid haemorrhage,6,7 including that seen in shaken baby syn-
drome.8 Successful treatment of subretinal macular haemorrhage
with alteplase injected directly into the subretinal area around the
clot has also been reported.9
1. Heiligenhaus A, et al. Recombinant tissue plasminogen activator

in cases with fibrin formation after cataract surgery: a prospec-
tive randomised multicentre study. Br J Ophthalmol 1998; 82:
810–15. 

2. Lundy DC, et al. Intracameral tissue plasminogen activator after
glaucoma surgery: indications, effectiveness, and complications.
Ophthalmology 1996; 103: 274–82. 

3. Mehta JS, Adams GGW. Recombinant tissue plasminogen acti-
vator following paediatric cataract surgery. Br J Ophthalmol
2000; 84: 983–6. 

4. Azuara-Blanco A, Wilson RP. Intraocular and extraocular bleed-
ing after intracameral injection of tissue plasminogen activator.
Br J Ophthalmol 1998; 82: 1345–6. 

5. Siatiri H, et al. Intracameral tissue plasminogen activator to pre-
vent severe fibrinous effusion after congenital cataract surgery.
Br J Ophthalmol 2005; 89: 1458–61. 

6. Schmitz K, et al. Therapy of subhyaloidal haemorrhage by intra-
vitreal application of rtPA and SF  gas. Br J Ophthalmol 2000;
84: 1324–5. 

7. Koh HJ, et al. Treatment of subhyaloid haemorrhage with intra-
vitreal tissue plasminogen activator and C F  gas injection. Br J
Ophthalmol 2000; 84: 1329–30. 

8. Conway MD, et al. Intravitreal tPA and SF  promote clearing of
premacular subhyaloid hemorrhages in shaken and battered baby
syndrome. Ophthalmic Surg Lasers 1999; 30: 435–41. 

9. Singh RP, et al. Management of subretinal macular haemorrhage
by direct administration of tissue plasminogen activator. Br J
Ophthalmol 2006; 90: 429–31.

Peripheral arterial thromboembolism. Thrombolytics, in-
cluding alteplase, may be used in the management of peripheral
arterial thromboembolism (p.1178). Alteplase has been injected
intravenously or intra-arterially directly into the clot as an alter-
native to surgical treatment of the occlusion. It has also been in-
fused intra-arterially to remove distal clots during a surgical pro-
cedure. Alteplase is claimed to produce more rapid thrombolysis
than streptokinase although studies have been too small to pro-
vide evidence of reduced limb loss or mortality.1 The most com-
mon dose range is 0.5 to 1 mg/hour given intra-arterially.1-3 
An intravenous dose of 500 micrograms/kg per hour for the first
hour followed by 250 micrograms/kg per hour until clot lysis oc-
curred has been used in infants.4 Treatment of arterial thrombosis
in neonates has been reported, using doses of alteplase ranging
from 100 to 500 micrograms/kg per hour intravenously.5,6 The
BNFC recommends a dose for any intravascular thrombosis in
neonates and children of 100 to 500 micrograms/kg per hour by
intravenous infusion over 3 to 6 hours; a second dose may be
given if needed. The maximum daily dose should not exceed
100 mg. However, a retrospective study7 of 80 infants and chil-
dren with arterial or venous thrombi found that although treat-
ment with alteplase may be effective, it is associated with a low
safety margin and an unknown risk-benefit ratio. 
Where a thrombolytic is used to remove distal clots during a sur-
gical procedure alteplase has been given intra-arterially as three
doses of 5 mg at 10-minute intervals.8
1. Wolfe JH. Critical limb ischaemia. Prescribers’ J 1994; 34:

50–8. 
2. Anonymous. Non-coronary thrombolysis. Lancet 1990; 335:

691–3. 
3. Ward AS, et al. Peripheral thrombolysis with tissue plasminogen

activator: results of two treatment regimens. Arch Surg 1994;
129: 861–5. 

4. Zenz W, et al. Tissue plasminogen activator (alteplase) treatment
for femoral artery thrombosis after cardiac catheterisation in in-
fants and children. Br Heart J 1993; 70: 382–5. 

5. Weiner GM, et al. Successful treatment of neonatal arterial
thromboses with recombinant tissue plasminogen activator. J
Pediatr 1998; 133: 133–6. 

6. Farnoux C, et al. Recombinant tissue-type plasminogen activator
therapy of thrombosis in 16 neonates. J Pediatr 1998; 133:
137–40. 

7. Gupta AA, et al. Safety and outcomes of thrombolysis with tis-
sue plasminogen activator for treatment of intravascular throm-
bosis in children. J Pediatr 2001; 139: 682–8. 

8. Chester JF, et al. Peroperative t-PA thrombolysis. Lancet 1991;
337: 861–2.

Preparations
USP 31: Alteplase for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Actilyse; Austral.: Actilyse; Austria: Actilyse; Belg.: Actilyse; Braz.:
Actilyse; Canad.: Activase; Cathflo; Chile: Actilyse; Cz.: Actilyse; Denm.:
Actilyse; Fin.: Actilyse; Fr.: Actilyse; Ger.: Actilyse; Gr.: Actilyse; Hong
Kong: Actilyse; Hung.: Actilyse; India: Actilyse; Indon.: Actilyse; Irl.: Ac-
tilyse; Israel: Actilyse; Ital.: Actilyse; Jpn: Activacin; Malaysia: Actilyse;
Mex.: Actilyse; Neth.: Actilyse; Norw.: Actilyse; NZ: Actilyse; Philipp.:
Actilyse; Pol.: Actilyse; Port.: Actilyse; Rus.: Actilyse (Актилизе); S.Afr.:
Actilyse; Singapore: Actilyse; Spain: Actilyse; Swed.: Actilyse; Switz.: Ac-
tilyse; Thai.: Actilyse; Turk.: Actilyse; UK: Actilyse; USA: Activase; Venez.:
Actilyse.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Altizide (rINN) ⊗ 
Althiazide (USAN); Altizida; Altizidum; P-1779. 3-Allylthiomethyl-
6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulphona-
mide 1,1-dioxide.
Альтизид
C11H14ClN3O4S3 = 383.9.
CAS — 5588-16-9.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Altizide). A white or almost white powder. Practi-
cally insoluble in water; soluble in methyl alcohol; practically
insoluble in dichloromethane. It exhibits polymorphism.
Profile
Altizide is a thiazide diuretic (see Hydrochlorothiazide, p.1307)
that is used in the treatment of oedema and hypertension. It is
frequently used with spironolactone.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Aldactazine; Fr.: Aldactazine; Practazin; Spi-
roctazine; Port.: Aldactazine; Spain: Aldactacine.

Ambrisentan (BAN, rINN)

Ambrisentán; Ambrisentanum; BSF-208075; LU-208075. (+)-
(2S)-2-[(4,6-Dimethylpyrimidin-2-yl)oxy]-3-methoxy-3,3-diphe-
nylpropanoic acid.
Амбризентан
C22H22N2O4 = 378.4.
CAS — 177036-94-1.
ATC — C02KX02.
ATC Vet — QC02KX02.

Adverse Effects and Precautions
As for Bosentan, p.1235.
Interactions
Ambrisentan is a substrate for a number of enzymes and trans-
porters and interactions could potentially occur with inducers or
inhibitors of the cytochrome P450 isoenzymes CYP3A4 and
CYP2C19, P-glycoprotein, uridine diphosphate glucuronosyl-
transferases, and organic anion transporting polypeptide
(OATP).
Pharmacokinetics
Ambrisentan is rapidly absorbed from the gastrointestinal tract
and peak plasma concentrations occur about 2 hours after oral
doses. It is about 99% bound to plasma proteins. Ambrisentan is
excreted mainly by the liver, although the relative contribution of
hepatic metabolism and biliary excretion is not known. The ter-
minal elimination half-life is about 15 hours.
Uses and Administration
Ambrisentan is an endothelin receptor antagonist (p.1155) with
similar actions to bosentan (p.1235), although it has a higher se-
lectivity for the endothelin ETA-receptor. It is used in the man-
agement of pulmonary hypertension functional class II or III
(p.1179). It is given orally in an initial dose of 5 mg once daily;
the dose may be increased to 10 mg once daily if tolerated.
◊ References.
1. Galié N, et al. Ambrisentan therapy for pulmonary arterial hy-

pertension. J Am Coll Cardiol 2005; 46: 529–35. 
2. Vatter H, Seifert V. Ambrisentan, a non-peptide endothelin re-

ceptor antagonist. Cardiovasc Drug Rev 2006; 24: 63–76. 
3. Barst RJ. A review of pulmonary arterial hypertension: role of

ambrisentan. Vasc Health Risk Manag 2007; 3: 11–22. 
4. Anonymous. Ambrisentan (Letairis) for pulmonary arterial hy-

pertension. Med Lett Drugs Ther 2007; 49: 87–8.
Preparations
Proprietary Preparations (details are given in Part 3)
UK: Volibris; USA: Letairis.

Amezinium Metilsulfate (rINN) ⊗ 
Ametsiniummetilsulfaatti; Amezinii Metilsulfas; Amezinium Meth-
ylsulphate; Amézinium, Métilsulfate d’; Ameziniummetilsulfat;
Metilsulfato de amezinio. 4-Amino-6-methoxy-1-phenylpyrida-
zinium methylsulfate.
Амезиния Метилсульфат
C12H15N3O5S = 313.3.
CAS — 30578-37-1.

Profile
Amezinium metilsulfate is a sympathomimetic (p.1407) used for
its vasopressor effects in the treatment of hypotensive states
(p.1174). It is given orally in a usual dose of 10 mg up to three
times daily. It has also been given by slow intravenous injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Regulton; Ger.: Regulton; Supratonin.

Amiloride Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Amilorid Hidroklorür; Amilorid hydrochlorid dihydrát; Amilo-
ride, chlorhydrate d’; Amilorid-hidroklorid; Amiloridhydroklorid;
Amiloridi hydrochloridum; Amiloridi Hydrochloridum Dihydri-
cum; Amiloridihydrokloridi; Amilorido hidrochloridas; Amilorydu
chlorowodorek; Amipramizide; Cloridrato de Amilorida; Hidro-
cloruro de amilorida; MK-870. N-Amidino-3,5-diamino-6-chlo-
ropyrazine-2-carboxamide hydrochloride dihydrate.
Амилорида Гидрохлорид
C6H8ClN7O,HCl,2H2O = 302.1.
CAS — 2609-46-3 (amilor ide); 2016-88-8 (anhydrous
amiloride hydrochloride); 17440-83-4 (amilor ide hydro-
chlor ide dihydrate).
ATC — C03DB01.
ATC Vet — QC03DB01.

(amiloride)

NOTE. Compounded preparations of amiloride hydrochloride
may be represented by the following names: 
• Co-amilofruse (BAN)—amiloride hydrochloride 1 part and

furosemide 8 parts (w/w) 
• Co-amilozide (BAN)—amiloride hydrochloride 1 part and hy-

drochlorothiazide 10 parts (w/w) 
• Co-amilozide (PEN)—amiloride hydrochloride and hydro-

chlorothiazide.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Amiloride Hydrochloride). A pale yellow to green-
ish-yellow powder. Slightly soluble in water and in dehydrated
alcohol. Protect from light. 
USP 31 (Amiloride Hydrochloride). A yellow to greenish-yel-
low, odourless or practically odourless, powder. Slightly soluble
in water; insoluble in acetone, in chloroform, in ether, and in
ethyl acetate; freely soluble in dimethyl sulfoxide; sparingly sol-
uble in methyl alcohol.

Adverse Effects
Amiloride can cause hyperkalaemia, particularly in
elderly patients, diabetics, and patients with renal im-
pairment. Hyponatraemia has been reported in patients
taking amiloride with other diuretics. Amiloride may
cause nausea, vomiting, abdominal pain, diarrhoea or
constipation, paraesthesia, thirst, dizziness, skin rash,
pruritus, weakness, muscle cramps, headache, and
minor psychiatric or visual changes. Orthostatic hypo-
tension and rises in blood-urea-nitrogen concentrations
have been reported. Other adverse effects of amiloride
may include alopecia, cough, dyspnoea, jaundice, en-

cephalopathy, impotence, angina pectoris, arrhythmi-
as, and palpitations.
Effects on electrolyte balance. There have been reports of
metabolic acidosis associated with amiloride or triamterene1 and
with co-amilozide.2
1. Kushner RF, Sitrin MD. Metabolic acidosis: development in two

patients receiving a potassium-sparing diuretic and total
parenteral nutrition. Arch Intern Med 1986; 146: 343–5. 

2. Wan HH, Lye MDW. Moduretic-induced metabolic acidosis and
hyperkalaemia. Postgrad Med J 1980; 56: 348–50.

POTASSIUM. Hyperkalaemia is the main adverse effect when
amiloride is given alone but may also occur when amiloride
is given with a potassium-wasting diuretic. Severe hyperka-
laemia has been reported during co-amilozide therapy, partic-
ularly in patients with renal impairment1,2 and has been ac-
companied by metabolic acidosis in one such patient.3
1. Whiting GFM, et al. Severe hyperkalaemia with Moduretic. Med

J Aust 1979; 1: 409. 
2. Jaffey L, Martin A. Malignant hyperkalaemia after amiloride/hy-

drochlorothiazide treatment. Lancet 1981; i: 1272. 
3. Wan HH, Lye MDW. Moduretic-induced metabolic acidosis and

hyperkalaemia. Postgrad Med J 1980; 56: 348–50.

SODIUM. For reports of severe hyponatraemia in patients tak-
ing diuretics such as amiloride with potassium-wasting diu-
retics, see Hydrochlorothiazide, p.1308.
Effects on the skin. For a report of photosensitivity reactions
in patients taking co-amilozide, see Hydrochlorothiazide,
p.1309.

Precautions
Amiloride has the same precautions as spironolactone
with regard to hyperkalaemia (see p.1400). It should be
stopped at least 3 days before glucose-tolerance tests
are performed in patients who may have diabetes mel-
litus because of the risks of provoking severe hyperka-
laemia.

Interactions
There is an increased risk of hyperkalaemia if amilo-
ride is given with potassium supplements or with other
potassium-sparing diuretics. Hyperkalaemia may also
occur in patients given amiloride with ACE inhibitors,
angiotensin II receptor antagonists, NSAIDs,
ciclosporin, or trilostane. In patients taking amiloride
with NSAIDs or ciclosporin the risk of nephrotoxicity
may also be increased. Diuretics may reduce the excre-
tion of lithium and increase the risk of lithium toxicity,
but this does not appear to occur with amiloride. Se-
vere hyponatraemia may occur in patients taking a po-
tassium-sparing diuretic with a thiazide; this risk may
be increased in patients taking chlorpropamide. Amilo-
ride may reduce the ulcer-healing properties of
carbenoxolone. As with other diuretics, amiloride may
enhance the effects of other antihypertensive drugs.
Digoxin. For the effects of amiloride on digoxin clearance, see
p.1262.
Quinidine. For a report of amiloride producing arrhythmias in
patients receiving quinidine, see p.1384.

Pharmacokinetics
Amiloride is incompletely absorbed from the gastroin-
testinal tract; bioavailability is about 50% and is re-
duced by food. It is not significantly bound to plasma
proteins and has a plasma half-life of 6 to 9 hours; the
terminal half-life may be 20 hours or more. It is excret-
ed unchanged by the kidneys.
◊ General references.
1. Weiss P, et al. The metabolism of amiloride hydrochloride in

man. Clin Pharmacol Ther 1969; 10: 401–6.

Hepatic impairment. In patients with acute hepatitis the ter-
minal half-life of amiloride was 33 hours compared with 21
hours in healthy subjects.1 The proportion of the dose excreted in
the urine was increased from 49 to 80%.
1. Spahn H, et al. Pharmacokinetics of amiloride in renal and he-

patic disease. Eur J Clin Pharmacol 1987; 33: 493–8.

Renal impairment. Studies of the pharmacokinetics of
amiloride1,2 have reported an increase in terminal elimination
half-life from 20 hours in healthy subjects to 100 hours in pa-
tients with end-stage renal disease. The natriuretic effect of ami-
loride was reduced1 in patients with creatinine clearance below
50 mL/minute. In patients with renal impairment amiloride
could aggravate potassium retention due to renal disease. Studies
in elderly patients have found increased half-life3 and steady-
state concentrations4 associated with reduced renal function.
1. Knauf H, et al. Limitation on the use of amiloride in early renal

failure. Eur J Clin Pharmacol 1985; 28: 61–6. 
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2. Spahn H, et al. Pharmacokinetics of amiloride in renal and he-

patic disease. Eur J Clin Pharmacol 1987; 33: 493–8. 
3. Sabanathan K, et al. A comparative study of the pharmacokinet-

ics and pharmacodynamics of atenolol, hydrochlorothiazide and
amiloride in normal young and elderly subjects and elderly hy-
pertensive patients. Eur J Clin Pharmacol 1987; 32: 53–60. 

4. Ismail Z, et al. The pharmacokinetics of amiloride-hydrochloro-
thiazide combination in the young and elderly. Eur J Clin Phar-
macol 1989; 37: 167–71.

Uses and Administration
Amiloride is a weak diuretic that appears to act mainly
on the distal renal tubules. It is described as potassium-
sparing since, like spironolactone, it increases the ex-
cretion of sodium and reduces the excretion of potassi-
um. Unlike spironolactone, however, it does not act by
specifically antagonising aldosterone. Amiloride does
not inhibit carbonic anhydrase. It takes effect about 2
hours after oral dosage and its diuretic action reaches a
peak in 6 to 10 hours and has been reported to persist
for about 24 hours. 
Amiloride diminishes the kaliuretic effects of other di-
uretics, and may produce an additional natriuretic ef-
fect. It is mainly used as an adjunct to thiazide diuretics
such as hydrochlorothiazide and loop diuretics such as
furosemide, to conserve potassium in those at risk from
hypokalaemia during the long-term treatment of oede-
ma associated with hepatic cirrhosis (including ascites,
p.1159) and heart failure (p.1165). It is also used with
other diuretics in the treatment of hypertension
(p.1171). Diuretic-induced hypokalaemia and its man-
agement, including the role of potassium-sparing diu-
retics such as amiloride, is discussed under Effects on
Electrolyte Balance in the Adverse Effects of Hydro-
chlorothiazide, p.1308. Amiloride is sometimes used
to manage hypokalaemia in primary hyperaldos-
teronism (p.1402). 
Amiloride by inhalation has also been investigated in
the management of cystic fibrosis patients with lung
disease (see below). 
In the treatment of oedema amiloride is given orally as
the hydrochloride and doses are expressed in terms of
the anhydrous substance. 1 mg of anhydrous hydro-
chloride is equivalent to about 1.14 mg of the hydrated
substance. Treatment may be started with a dose of 5 to
10 mg daily, increased, if necessary, to a maximum of
20 mg daily. An initial dose of 2.5 mg once daily may
be used in patients already taking other diuretics or an-
tihypertensives. Similar doses to those given for oede-
ma are used to reduce potassium loss in patients receiv-
ing thiazide or loop diuretics. 
Potassium supplements should not be given.
Cystic fibrosis. Pulmonary disease is the major cause of mor-
tality in cystic fibrosis (p.166). Experimental treatment aimed at
modifying the pulmonary disease process has included giving
amiloride by inhalation.1,2 No evidence of pulmonary or system-
ic toxicity was seen in 14 patients treated for 25 weeks.1 The
mechanism of action is unclear but could be the sodium-channel
blocking effect1 or anti-inflammatory effects3 of amiloride. Con-
cern has been expressed4 over possible consequences of the inhi-
bition of endogenous urokinase by amiloride although others5

considered this to be unlikely at the concentrations studied. How-
ever, a systematic review6 found no evidence that amiloride was
of clinical benefit.
1. Knowles MR, et al. A pilot study of aerosolized amiloride for the

treatment of lung disease in cystic fibrosis. N Engl J Med 1990;
322: 1189–94. 

2. App EM, et al. Acute and long-term amiloride inhalation in cyst-
ic fibrosis lung disease: a rational approach to cystic fibrosis
therapy. Am Rev Respir Dis 1990; 141: 605–12. 

3. Gallo RL. Aerosolized amiloride for the treatment of lung dis-
ease in cystic fibrosis. N Engl J Med 1990; 323: 996–7. 

4. Henkin J. Aerosolized amiloride for the treatment of lung dis-
ease in cystic fibrosis. N Engl J Med 1990; 323: 997. 

5. Knowles MR, et al. Aerosolized amiloride for the treatment of
lung disease in cystic fibrosis. N Engl J Med 1990; 323: 997–8. 

6. Burrows E, et al. Sodium channel blockers for cystic fibrosis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2006 (accessed 28/04/08).

Diabetes insipidus. Thiazide diuretics are commonly used in
nephrogenic diabetes insipidus (p.2179) and NSAIDs may also
be employed; both result in an overall decrease in urine produc-
tion. Hydrochlorothiazide with amiloride has been reported to be
at least as effective as hydrochlorothiazide plus indometacin in 5
patients.1 In addition, amiloride obviated the need for potassium
supplements. Hydrochlorothiazide with amiloride was also ef-

fective and well tolerated in a group of 4 children with nephro-
genic diabetes insipidus who were treated for up to 5 years.2
1. Knoers N, Monnens LAH. Amiloride-hydrochlorothiazide ver-

sus indomethacin-hydrochlorothiazide in the treatment of neph-
rogenic diabetes insipidus. J Pediatr 1990; 117: 499–502. 

2. Kirchlechner V, et al. Treatment of nephrogenic diabetes insip-
idus with hydrochlorothiazide and amiloride. Arch Dis Child
1999; 80: 548–52.

Renal calculi. Patients with idiopathic hypercalciuria and a his-
tory of renal calculi (p.2181) are usually given a thiazide diuretic
such as hydrochlorothiazide to reduce calcium excretion. In pa-
tients with calcium oxalate calculi an inherited cellular defect in
oxalate transport may also be involved and this might be correct-
ed by amiloride.1
1. Baggio B, et al. An inheritable anomaly of red-cell oxalate trans-

port in "primary" calcium nephrolithiasis correctable with diu-
retics. N Engl J Med 1986; 314: 599–604.

Preparations
BP 2008: Amiloride Tablets; Co-amilofruse Tablets; Co-amilozide Oral So-
lution; Co-amilozide Tablets; 
USP 31: Amiloride Hydrochloride and Hydrochlorothiazide Tablets; Ami-
loride Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Kaluril; Midamor; Austria: Midamor; Canad.: Midamor; Cz.:
Amiclaran; Denm.: Amikal†; Nirulid; Fin.: Medamor†; Fr.: Modamide; NZ:
Midamor; Swed.: Midamor†; Switz.: Midamor†; UK: Amilamont; USA:
Midamor.
Multi-ingredient: Arg.: Amiloclor†; Diflux; Diur Pot; Diurex A; Errolon
A; Furdiuren†; Hidrenox A; Lasiride; Moducren†; Moduretic; Nuriban A;
Plenacor D; Prenomod†; Ren-Ur; Vericordin Compuesto; Austral.: Amiz-
ide; Moduretic; Austria: Aldoretic; Amiloral/HCT; Amiloretik; Amilorid
comp; Amilostad HCT; Lanuretic; Loradur; Moducrin; Moduretic; Belg.:
Belidral†; Co-Amiloride; Frusamil; Kalten†; Moduretic; Braz.: Amiretic; Di-
upress; Diurezin-A; Diurisa; Moduretic; Canad.: Apo-Amilzide; Gen-Am-
ilazide; Moduret; Novamilor; Nu-Amilzide; Chile: Furdiuren; Hidrium; Hid-
ropid; Cz.: Amicloton; Amilorid/HCT; Apo-Amilzide; Limorid†; Loradur;
Moduretic; Rhefluin; Denm.: Amilco; Buram; Frusamil; Moduretic†; Sparkal;
Fin.: Amitrid; Diuramin; Diurex; Miloride; Moduretic; Sparkal; Fr.: Logirene;
Moducren; Moduretic; Ger.: Amilocomp beta; Amiloretik; Amilorid comp;
Amilorid/HCT; Amilozid†; Aquaretic†; Diaphal; Diursan; durarese†; Esm-
alorid†; Moducrin; Moduretik; Tensoflux; Gr.: Frumil; Ividol; Moduretic; Tia-
den; Hong Kong: Amilco†; Amithiazide; Apo-Amilzide; Moducren; Mo-
duretic; Navispare; Sefaretic; Hung.: Amilorid Comp; Amilozid-B; India:
Biduret; Frumil; Hipres-D; Indon.: Lorinid; Irl.: Amilco†; Buram; Fru-Co;
Frumil; Lasoride†; Moducren; Moduret; Israel: Kaluril; Ital.: Moduretic;
Malaysia: Ami-Hydrotride; Amizide; Apo-Amilzide; Moduretic; Mex.:
Moduretic; Neth.: Moduretic; Norw.: Moduretic; Normorix; NZ: Amizide;
Frumil; Pol.: Tialorid; Port.: Aldoretic†; Amiloride Composto†; Chibreti-
co†; Diurene; Moducren†; Moduretic; S.Afr.: Adco-Retic; Amiloretic; Be-
taretic; Hexaretic; Moducren; Moduretic; Servatrin; Singapore: Apo-
Amilzide; Spain: Ameride; Diuzine; Kalten; Swed.: Amiloferm; Moduretic;
Normorix; Sparkal; Switz.: Agorex†; Amilo-basan†; Amiloride/HCTZ;
Betadiur†; Co-Amilorid†; Comilorid; Ecodurex; Escoretic; Frumil†; Gro-
durex; Kalten; Moducren; Moduretic; Rhefluin; Thai.: Bilduretic; Hydrozide
Plus; Hyperretic; Miduret†; Milorex†; Miretic; Modulan†; Moduretic; Moure-
M; Poli-Uretic; Renase; Sefaretic; Turk.: Moduretic; UK: Amil-Co; Aridil;
Burinex A; Froop Co†; Fru-Co; Frumil; Kalten; Komil; Lasoride†; Mo-
ducren†; Moduret; Moduretic; Navispare; USA: Moduretic; Venez.: Furdi-
uren; Moduretic.

Amiodarone (BAN, USAN, rINN)

Amiodaron; Amiodarona; Amiodaroni; Amiodaronum; L-3428;
51087-N; SKF-33134-A. 2-Butylbenzofuran-3-yl 4-(2-diethylami-
noethoxy)-3,5-di-iodophenyl ketone.
Амиодарон
C25H29I2NO3 = 645.3.
CAS — 1951-25-3.
ATC — C01BD01.
ATC Vet — QC01BD01.

Amiodarone Hydrochloride (BANM, rINNM)

Amiodaron Hidroklorür; Amiodarone, chlorhydrate d’; Amio-
daron-hidroklorid; Amiodaron-hydrochlorid; Amiodaronhydro-
klorid; Amiodaroni hydrochloridum; Amiodaronihydrokloridi;
Amjodarono hidrochloridas; Hidrocloruro de amiodarona.
Амиодарона Гидрохлорид
C25H29I2NO3,HCl = 681.8.
CAS — 19774-82-4.
ATC — C01BD01.
ATC Vet — QC01BD01.
Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Amiodarone Hydrochloride). A white or almost
white, fine crystalline powder. Very slightly soluble in water;
sparingly soluble in alcohol; freely soluble in dichloromethane;

soluble in methyl alcohol. Store at a temperature not exceeding
30°. Protect from light.
Adsorption. Amiodarone is known to be adsorbed by PVC, al-
though the amount of adsorption has varied in different studies.
A study1 using amiodarone hydrochloride 600 micrograms/mL
in glucose 5% found that the concentration fell by 10% in 3 hours
followed by a steady decrease to 60% of the initial concentration
after 5 days when stored in flexible PVC bags at ambient temper-
ature.1 However, another study2 using amiodarone hydrochlo-
ride 1.8 to 2 mg/mL in glucose 5% found only that the concen-
tration remained 97.3% of the initial value after 24 hours in PVC
infusion bags. In the first study, perfusion of the solution through
PVC giving sets resulted in the concentration falling to 82% after
15 minutes, whereas the second study found the concentration
fell to 95.1% after 1 hour but then returned to the initial value. No
loss was noted in either study when glass or rigid PVC containers
were used, suggesting that the losses were caused by the plasti-
ciser, di-2-ethylhexylphthalate (DEHP). Amiodarone may also
leach out DEHP and other plasticisers, and it has been suggested
that bags and tubing containing DEHP should not be used for
giving amiodarone in order to minimise patient exposure.
1. Weir SJ, et al. Sorption of amiodarone to polyvinyl chloride in-

fusion bags and administration sets. Am J Hosp Pharm 1985; 42:
2679–83. 

2. Peters PG, Hayball PJ. A comparative analysis of the loss of ami-
odarone from small and large volume PVC and non-PVC infu-
sion systems. Anaesth Intensive Care 1990; 18: 241–5.

Incompatibility. Amiodarone injection has been reported to be
incompatible with aminophylline,1 flucloxacillin,2 heparin,3 and
sodium bicarbonate.4 A further study5 reported incompatibility
with ampicillin/sulbactam sodium, ceftazidime sodium, digoxin,
furosemide, imipenem/cilastatin sodium, magnesium sulfate,
piperacillin sodium, piperacillin/tazobactam sodium, potassium
phosphate, and sodium phosphate. UK licensed product infor-
mation states that it is incompatible with sodium chloride solu-
tions.
1. Hasegawa GR, Eder JF. Visual compatibility of amiodarone hy-

drochloride injection with other injectable drugs. Am J Hosp
Pharm 1984; 41: 1379–80. 

2. Taylor A, Lewis R. Amiodarone and injectable drug incompati-
bility. Pharm J 1992; 248: 533. 

3. Cairns CJ. Incompatibility of amiodarone. Pharm J 1986; 236:
68. 

4. Korth-Bradley JM. Incompatibility of amiodarone hydrochlo-
ride and sodium bicarbonate injections. Am J Health-Syst Pharm
1995; 52: 2340. 

5. Chalmers JR, et al. Visual compatibility of amiodarone hydro-
chloride injection with various intravenous drugs. Am J Health-
Syst Pharm 2001; 58: 504–6.

Stability. An oral suspension prepared from tablets1 and con-
taining amiodarone hydrochloride 5 mg/mL was stable for 3
months at 4° and 6 weeks at 25°.
1. Nahata MC. Stability of amiodarone in an oral suspension stored

under refrigeration and at room temperature. Ann Pharmacother
1997; 31: 851–2.

Adverse Effects and Treatment
Adverse effects are common with amiodarone. Many
are dose-related and reversible with reduction in dose;
however, because of its long half-life this can take
some time and adverse effects may develop after treat-
ment is stopped. 
Adverse cardiovascular effects associated with amio-
darone include severe bradycardia, sinus arrest, and
conduction disturbances. Severe hypotension may fol-
low intravenous use, particularly (though not exclu-
sively) at rapid infusion rates. Amiodarone may also
produce ventricular tachyarrhythmias; torsade de
pointes has been reported but appears to be less of a
problem with amiodarone than other antiarrhythmics.
Rarely, heart failure may be precipitated or aggravated. 
Amiodarone reduces the peripheral transformation of
thyroxine (T4) to tri-iodothyronine (T3) and increases
the formation of reverse-T3. It can affect thyroid func-
tion and may induce hypo- or hyperthyroidism. 
There have been reports of severe pulmonary toxicity
including pulmonary fibrosis and interstitial pneumo-
nitis. These effects are usually reversible on withdraw-
al of amiodarone but are potentially fatal. 
Amiodarone can adversely affect the liver. There may
be abnormal liver function tests and cirrhosis or hepa-
titis; fatalities have been reported. 
Prolonged use of amiodarone causes the development
of benign yellowish-brown corneal microdeposits in
the majority of patients, sometimes associated with
coloured haloes of light; these are reversible on stop-
ping therapy. Photosensitivity reactions are also com-
mon and more rarely blue-grey discoloration of the
skin may occur. 
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Other adverse effects reported include benign intracra-
nial hypertension, haemolytic or aplastic anaemia,
peripheral neuropathy, paraesthesias, myopathy, ataxia,
tremor, nausea, vomiting, a metallic taste, nightmares,
headaches, sleeplessness, fatigue, and epididymitis. 
Thrombophlebitis can occur if amiodarone is injected
regularly or infused for prolonged periods into a
peripheral vein. Rapid intravenous injection has been
associated with anaphylactic shock, hot flushes, sweat-
ing, and nausea. 
It has been suggested that amiodarone-induced phos-
pholipidosis may explain some of its adverse effects.
Amiodarone’s iodine content contributes to its thyro-
toxicity.
◊ Reviews of the adverse effects of amiodarone.
1. Naccarelli GV, et al. Adverse effects of amiodarone: pathogene-

sis, incidence and management. Med Toxicol Adverse Drug Exp
1989; 4: 246–53. 

2. Kerin NZ, et al. Long-term efficacy and toxicity of high- and
low-dose amiodarone regimens. J Clin Pharmacol 1989; 29:
418–23. 

3. Perkins MW, et al. Intraoperative complications in patients re-
ceiving amiodarone: characteristics and risk factors. DICP Ann
Pharmacother 1989; 23: 757–63. 

4. Vrobel TR, et al. A general overview of amiodarone toxicity: its
prevention, detection, and management. Prog Cardiovasc Dis
1989; 31: 393–426. 

5. Morgan DJR. Adverse reactions profile: amiodarone. Prescrib-
ers’ J 1991; 31: 104–11. 

6. Committee on Safety of Medicines/Medicines Control Agency.
Amiodarone (Cordarone X). Current Problems 1996; 22: 3–4.
Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024458&RevisionSelectionMethod=
LatestReleased (accessed 21/06/07) 

7. Vorperian VR, et al. Adverse effects of low dose amiodarone: a
meta-analysis. J Am Coll Cardiol 1997; 30: 791–8. 

8. Bongard V, et al. Incidence rate of adverse drug reactions during
long-term follow-up of patients newly treated with amiodarone.
Am J Ther 2006; 13: 315–19.

Effects on electrolyte balance. Hyponatraemia associated
with the syndrome of inappropriate secretion of antidiuretic hor-
mone has been reported1-4 in patients taking amiodarone. In each
case, the hyponatraemia improved when the dose was reduced or
amiodarone was stopped.
1. Odeh M, et al. Hyponatremia during therapy with amiodarone.

Arch Intern Med 1999; 159: 2599–2600. 
2. Ikegami H, et al. Syndrome of inappropriate antidiuretic hor-

mone secretion (SIADH) induced by amiodarone: a report on
two cases. J Cardiovasc Pharmacol Ther 2002; 7: 25–8. 

3. Patel GP, Kasiar JB. Syndrome of inappropriate antidiuretic hor-
mone-induced hyponatremia associated with amiodarone. Phar-
macotherapy 2002; 22: 649–51. 

4. Aslam MK, et al. Syndrome of inappropriate antidiuretic hor-
mone secretion induced by amiodarone therapy. Pacing Clin
Electrophysiol 2004; 27: 831–2.

Effects on the eyes. Slit-lamp examination showed corneal
abnormalities in 103 of 105 patients treated with amiodarone for
3 months to 7 years.1 The most advanced abnormality comprised
whorled patterns with uniform granular opacities. The corneal
deposits became denser if amiodarone dosage was increased and
regressed if dosage was reduced. Ocular symptoms were report-
ed in only 12 patients. Photophobia was reported in 3 patients,
while 2 had visual haloes, 1 had blurring of vision, and a further
6 had lid irritation. However, lid irritation was considered a pho-
tosensitive skin reaction and blurred vision was probably not due
to amiodarone. No patient had any deterioration in visual acuity
attributable to amiodarone. In 16 patients amiodarone was with-
drawn with complete clearing of corneal abnormalities within 7
months and routine ophthalmological monitoring was consid-
ered unnecessary in patients without ocular symptoms. Howev-
er, optic neuropathy2-4 and neuritis with visual impairment have
been reported with amiodarone and UK licensed product infor-
mation recommends that annual ophthalmological examinations
should be performed. 
A sicca syndrome with diminished tear and saliva production has
been reported5 during amiodarone treatment.
1. Ingram DV, et al. Ocular changes resulting from therapy with

amiodarone. Br J Ophthalmol 1982; 66: 676–9. 
2. Feiner LA, et al. Optic neuropathy and amiodarone therapy.

Mayo Clin Proc 1987; 62: 702–17. 
3. Macaluso DC, et al. Features of amiodarone-induced optic neu-

ropathy. Am J Ophthalmol 1999; 127: 610–12. 
4. Johnson LN, et al. The clinical spectrum of amiodarone-associ-

ated optic neuropathy. J Natl Med Assoc 2004; 96: 1477–91. 
5. Dickinson EJ, Wolman RL. Sicca syndrome associated with ami-

odarone therapy. BMJ 1986; 293: 510.

Effects on the genitalia. Epididymal swelling and scrotal pain
have been reported with amiodarone.1-3 Time to onset varied
from 7 to 71 months after starting treatment, and resolution oc-
curred within 10 weeks despite continuation of amiodarone in
some patients. The mechanism of the reaction is unknown, but in
1 patient2 the concentration of desethylamiodarone in semen was
fivefold that in serum. 

Brown discoloration of semen and sweat has also been associat-
ed with amiodarone therapy.4
1. Gasparich JP, et al. Non-infectious epididymitis associated with

amiodarone therapy. Lancet 1984; ii: 1211–12. 
2. Ward MJ, et al. Association of seminal desethylamiodarone con-

centration and epididymitis with amiodarone treatment. BMJ
1988; 296: 19–20. 

3. Sadek I, et al. Amiodarone-induced epididymitis: report of a new
case and literature review of 12 cases. Can J Cardiol 1993; 9:
833–6. 

4. Adams PC, et al. Amiodarone in testis and semen. Lancet 1985;
i: 341.

Effects on the heart. Amiodarone has the potential to provoke
arrhythmias; it prolongs the QT interval and there have been re-
ports of torsade de pointes. However, a review of the literature1

indicated that the frequency of proarrhythmic events was low.
The risk of torsade de pointes also appears to be lower with ami-
odarone than with other class III antiarrhythmics, possibly due to
additional actions of amiodarone such as blockade of calcium
channels.2
1. Hohnloser SH, et al. Amiodarone-associated proarrhythmic ef-

fects: a review with special reference to torsade de pointes tach-
ycardia. Ann Intern Med 1994; 121: 529–35. 

2. Brendorp B, et al. A benefit-risk assessment of class III an-
tiarrhythmic agents. Drug Safety 2002; 25: 847–65.

Effects on lipid metabolism. Amiodarone increases phos-
pholipid concentrations in tissues and this may be responsible for
some of its adverse effects.1 Although hyperlipidaemia may re-
sult from hypothyroidism, amiodarone can also increase serum-
cholesterol concentrations independently of any effect on the
thyroid.2,3 The effect on triglyceride concentrations is not clear.3
1. Kodavanti UP, Mehendale HM. Cationic amphiphilic drugs and

phospholipid storage disorder. Pharmacol Rev 1990; 42:
327–54. 

2. Wiersinga WM, et al. An increase in plasma cholesterol inde-
pendent of thyroid function during long-term amiodarone thera-
py: a dose-dependent relationship. Ann Intern Med 1991; 114:
128–32. 

3. Lakhdar AA, et al. Long-term amiodarone therapy raises serum
cholesterol. Eur J Clin Pharmacol 1991; 40: 477–80.

Effects on the liver. Plasma concentrations of liver enzymes
are often increased in patients taking amiodarone but this is usu-
ally asymptomatic. However, there have been reports of hepatic
injury,1,2 including hepatitis and cirrhosis, with histological
changes resembling alcoholic liver disease.1 Fatal cirrhosis has
been reported, usually in patients receiving high doses or long-
term therapy,3-8 and may develop after stopping amiodarone.
However, rapidly progressive fatal hepatic failure has occurred9

only one month after starting treatment. There have also been
reports of severe cholestasis, including a case that was reversi-
ble,10 and another that was fatal, despite amiodarone being
stopped.11 Acute hepatitis occurring within 24 hours of intrave-
nous amiodarone has been reported,12-14 but in 1 case13 did not
recur with subsequent oral therapy, suggesting that the reaction
may have been related to the vehicle used in the intravenous for-
mulation.
1. Simon JB, et al. Amiodarone hepatotoxicity simulating alcohol-

ic liver disease. N Engl J Med 1984; 311: 167–72. 
2. Babatin M, et al. Amiodarone hepatotoxicity. Curr Vasc Phar-

macol 2008; 6: 228–36. 
3. Lim PK, et al. Neuropathy and fatal hepatitis in a patient receiv-

ing amiodarone. BMJ 1984; 288: 1638–9. 
4. Tordjman K, et al. Amiodarone and the liver. Ann Intern Med

1985; 102: 411–12. 
5. Rinder HM, et al. Amiodarone hepatotoxicity. N Engl J Med

1986; 314: 318–19. 
6. Richer M, Robert S. Fatal hepatotoxicity following oral admin-

istration of amiodarone. Ann Pharmacother 1995; 29: 582–6. 
7. Singhal A, et al. Low dose amiodarone causing pseudo-alcohol-

ic cirrhosis. Age Ageing 2003; 32: 224–5. 
8. Oikawa H, et al. Liver cirrhosis induced by long-term adminis-

tration of a daily low dose of amiodarone: a case report. World
J Gastroenterol 2005; 11: 5394–7. 

9. Lwakatare JM, et al. Fatal fulminating liver failure possibly re-
lated to amiodarone treatment. Br J Hosp Med 1990; 44: 60–1. 

10. Morse RM, et al. Amiodarone-induced liver toxicity. Ann Intern
Med 1988; 109: 838–40. 

11. Chang C-C, et al. Severe intrahepatic cholestasis caused by ami-
odarone toxicity after withdrawal of the drug: a case report and
review of the literature. Arch Pathol Lab Med 1999; 123: 251–6. 

12. Pye M, et al. Acute hepatitis after parenteral amiodarone admin-
istration. Br Heart J 1988; 59: 690–1. 

13. James PR, Hardman SMC. Acute hepatitis complicating
parenteral amiodarone does not preclude subsequent oral thera-
py. Heart 1997; 77: 583–4. 

14. Chan AL, et al. Fatal amiodarone-induced hepatotoxicity: a
case report and literature review. Int J Clin Pharmacol Ther
2008; 46: 96–101.

Effects on the lungs. Pulmonary toxicity is one of the most
severe adverse effects associated with amiodarone therapy.
Reviews1 have suggested that it may occur in up to 10% of pa-
tients (although the incidence in controlled studies appears to be
lower2) and fatalities have been reported.3,4 The onset is usually
chronic, and patients often present several months after starting
amiodarone with increasing dyspnoea, cough, and pleuritic chest
pain; however, the onset may also be more acute, and in one
patient5 occurred within days of starting amiodarone. Acute re-
actions have also developed in patients undergoing surgery or
other procedures;2,6 two patients with amiodarone pulmonary
toxicity died less than 1 hour and 24 hours, respectively after pul-
monary angiography.7 Different forms of toxicity have been re-
ported, including interstitial and alveolar infiltration,8 fibrosis,3
and pneumonitis;9 amiodarone-induced asthma has also been re-

ported.10 Although there is some evidence that toxicity is dose-
related,8 it has also occurred at low doses,11 and different mech-
anisms may be involved;1,6 some patients have evidence of direct
toxicity, while in others9 an immunological reaction appears to
be involved. Most patients recover gradually if amiodarone is
stopped, but treatment with corticosteroids may be given if nec-
essary,1,8 and has been particularly recommended6 in acute lung
injury.
1. Martin WJ, Rosenow EC. Amiodarone pulmonary toxicity: rec-

ognition and pathogenesis. Chest 1988; 93: 1067–75 (part 1)
and 1242–8 (part 2). 

2. Sunderji R, et al. Pulmonary effects of low dose amiodarone: a
review of the risks and recommendations for surveillance. Can
J Cardiol 2000; 16: 1435–40. 

3. Morera J, et al. Amiodarone and pulmonary fibrosis. Eur J Clin
Pharmacol 1983; 24: 591–3. 

4. Committee on Safety of Medicines. Recurrent ventricular tach-
ycardia: adverse drug reactions. BMJ 1986; 292: 50. 

5. Goldstein I, et al. Very early onset of acute amiodarone pulmo-
nary toxicity presenting with hemoptysis. Chest 1997; 111:
1446–7. 

6. Ashrafian H, Davey P. Is amiodarone an underrecognized cause
of acute respiratory failure in the ICU? Chest 2001; 120:
275–82. 

7. Wood DL, et al. Amiodarone pulmonary toxicity: report of two
cases associated with rapidly progressive fatal adult respiratory
distress syndrome after pulmonary angiography. Mayo Clin
Proc 1985; 60: 601–3. 

8. Marchlinski FE, et al. Amiodarone pulmonary toxicity. Ann In-
tern Med 1982; 97: 839–45. 

9. Venet A, et al. Five cases of immune-mediated amiodarone
pneumonitis. Lancet 1984; i: 962–3. 

10. Yavuzgil O, et al. New-onset bronchial asthma induced by low-
dose amiodarone. Ann Pharmacother 2005; 39: 385–6. 

11. Ott MC, et al. Pulmonary toxicity in patients receiving low-dose
amiodarone. Chest 2003; 123: 646–51.

Effects on mental state. There have been isolated reports of
patients (age range 54 to 80 years) developing delirium within
about 4 to 17 days of starting amiodarone therapy.1-3 Mental sta-
tus improved on withdrawal of amiodarone.
1. Trohman RG, et al. Amiodarone-induced delirium. Ann Intern

Med 1988; 108: 68–9. 
2. Barry JJ, Franklin K. Amiodarone-induced delirium. Am J Psy-

chiatry 1999; 156: 1119. 
3. Athwal H, et al. Amiodarone-induced delirium. Am J Geriatr

Psychiatry 2003; 11: 696–7.

Effects on the nervous system. Neurological toxicity is a
recognised adverse effect of amiodarone. A study1 in 10 patients
treated with amiodarone for more than 2 years found that 3 had
evidence of peripheral neuropathy, possibly correlated with high
doses and high serum concentrations of amiodarone.
1. Fraser AG, McQueen INF. Adverse reactions during treatment

with amiodarone hydrochloride. BMJ 1983; 287: 612.

Effects on the pancreas. Pancreatitis has been reported1 in a
patient 4 days after starting amiodarone. Symptoms resolved af-
ter withdrawal of the drug but returned on re-exposure.
1. Bosch X, Bernadich O. Acute pancreatitis during treatment with

amiodarone. Lancet 1997; 350: 1300.

Effects on the skin and hair. The most common adverse skin
reaction associated with amiodarone is photosensitivity. This is a
phototoxic rather than a photoallergic reaction1-3 and the wave-
lengths responsible extend from the long-wave ultraviolet
(UVA) into the visible light range.1 Affected patients should be
advised to wear protective clothing and avoid exposure to sun-
light. Topical sunblock preparations, such as those containing
zinc or titanium oxides, may reduce the risk of reaction and a
reduction in amiodarone dosage may also be useful.1 Although
pyridoxine has been reported4 to protect against amiodarone-in-
duced photosensitivity, results from a double-blind placebo-con-
trolled study5 indicated that it may enhance the photosensitivity.
Photosensitivity may continue for several weeks after withdraw-
al of amiodarone due to its extensive distribution, and persistence
for longer periods has been reported.6 There have also been
reports7 of basal cell carcinoma, possibly related to amiodarone-
induced photosensitivity. 
Blue-grey2,3,8 and golden-brown3 pigmentation of light-exposed
skin have been reported during long-term amiodarone use. The
pigmentation is usually slowly reversible on withdrawing amio-
darone but may not completely disappear. The mean concentra-
tions of amiodarone and its desethyl metabolite in light-exposed
pigmented skin have been found to be 10 times the concentra-
tions in non-exposed skin.2 Discoloration of semen and sweat
has also been noted (see Effects on the Genitalia, above). 
Cutaneous vasculitis,9,10 exfoliative dermatitis,11 and fatal toxic
epidermal necrolysis12,13 have been reported. Alopecia14,15 has
been associated with amiodarone but increased hair growth,3
possibly due to the vasodilator activity of amiodarone, has also
been reported. Extravasation of amiodarone injection has caused
severe skin necrosis.16

1. Ferguson J, et al. Prevention of amiodarone-induced photosen-
sitivity. Lancet 1984; ii: 414. 

2. Zachary CB, et al. The pathogenesis of amiodarone-induced
pigmentation and photosensitivity. Br J Dermatol 1984; 110:
451–6. 

3. Ferguson J, et al. A study of cutaneous photosensitivity induced
by amiodarone. Br J Dermatol 1985; 113: 537–49. 

4. Kaufmann G. Pyridoxine against amiodarone-induced photo-
sensitivity. Lancet 1984; i: 51–2. 

5. Mulrow JP, et al. Pyridoxine and amiodarone-induced photo-
sensitivity. Ann Intern Med 1985; 103: 68–9. 

6. Yones SS, et al. Persistent severe amiodarone-induced photo-
sensitivity. Clin Exp Dermatol 2005; 30: 500–502. 
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mentation after amiodarone treatment: molecular characteriza-
tion of amiodarone in the skin. Arch Dermatol 2008; 144: 92–6. 

9. Starke ID, Barbatis C. Cutaneous vasculitis associated with
amiodarone therapy. BMJ 1985; 291: 940. 

10. Gutierrez R, et al. Vasculitis associated with amiodarone treat-
ment. Ann Pharmacother 1994; 28: 537. 

11. Moots RJ, Banerjee A. Exfoliative dermatitis after amiodarone
treatment. BMJ 1988; 296: 1332–3. 

12. Bencini PL, et al. Toxic epidermal necrolysis and amiodarone
treatment. Arch Dermatol 1985; 121: 838. 

13. Yung A, et al. Two unusual cases of toxic epidermal necrolysis.
Australas J Dermatol 2002; 43: 35–8. 

14. Samanta A, et al. Adverse reactions during treatment with ami-
odarone hydrochloride. BMJ 1983; 287: 503. 

15. Samuel LM, et al. Amiodarone and hair loss. Postgrad Med J
1992; 68: 771. 

16. Russell SJ, Saltissi S. Amiodarone induced skin necrosis. Heart
2006; 92: 1395.

Effects on thyroid function. Amiodarone has complex effects
on thyroid function1-3 and, while the majority of euthyroid pa-
tients receiving amiodarone remain clinically euthyroid, both
hypo- and hyperthyroidism may occur. Amiodarone has direct
effects on the thyroid gland, but also alters serum concentrations
of thyroid hormones, complicating the interpretation of thyroid
function tests. Use of amiodarone results in a reduction of the
peripheral conversion of thyroxine (T4) to tri-iodothyronine (T3)
with a resulting increase in T4, a modest fall in T3, and an in-
crease in reverse-T3 concentrations; the basal serum-TSH (thy-
roid-stimulating hormone; thyrotrophin) concentration rises ini-
tially but tends to return to normal after about 3 months of
treatment. 
The prevalence of clinical hypo- and hyperthyroidism appears to
correlate with dietary iodine intake, with hypothyroidism being
more common in areas of adequate iodine intake and hyperthy-
roidism in areas of lower intake; the overall incidence of thyroid
disorders has been suggested2 to be anywhere between 1 to 32%.
Although the exact mechanism for the toxicity is not known,
amiodarone has a high iodine content (about 75 mg of iodine in
each 200-mg tablet) and the large iodine load may affect the thy-
roid, particularly in patients with an underlying subclinical thy-
roid defect. Auto-immune mechanisms may also contribute and
antithyroid antibodies have been detected during amiodarone
therapy. The high iodine load appears to be the main mechanism
for hypothyroidism, but for hyperthyroidism two mechanisms
may be involved. Type I amiodarone-induced thyrotoxicosis ap-
pears to be precipitated by the iodine load, whereas type II ami-
odarone-induced thyrotoxicosis is a destructive thyroiditis that is
probably caused by a direct toxic effect on the thyroid gland. 
Assessment of thyroid function is recommended in patients be-
fore starting amiodarone treatment and periodically during treat-
ment; TSH concentrations should be measured, along with free
T3 and T4. 
Amiodarone-induced hypothyroidism usually presents similarly
to other forms of hypothyroidism1-3 and treatment is with lev-
othyroxine, starting with a low dose and gradually increasing un-
til control is achieved; amiodarone may be continued. 
Amiodarone-induced hyperthyroidism is a more complex prob-
lem and may be difficult to diagnose and manage.1-4 Patients
may present with classical symptoms such as tachycardia, trem-
or, weight loss, nervousness, and irritability, but in other cases
reappearance of angina, or a worsening of arrhythmia may be the
only indication. Amiodarone is usually stopped if clinical hyper-
thyroidism develops, but may be continued if necessary while
the hyperthyroidism is treated.1-5 Management depends on
whether the patient has type I or type II hyperthyroidism. Treat-
ment of type I is usually with the thiourea drugs carbimazole,
thiamazole, or propylthiouracil; in resistant cases potassium per-
chlorate may be used with a thiourea to reduce the thyroid iodine
load. Lithium carbonate has been used as an alternative, but its
role is not yet established.1,2 In type II thyrotoxicosis, treatment
is usually with corticosteroids, and they may also be used with
thioureas where the type is mixed or unclear. Oral cholecysto-
graphic contrast media such as iopanoic acid have also been
used, but appear to be less effective.6 Radio-iodine can be used
but may not be effective if the uptake of radio-iodine by the thy-
roid is low due to the iodine load from amiodarone; radio-iodine
has also been used7 to allow amiodarone to be restarted in pa-
tients with a history of amiodarone-induced hyperthyroidism.
Thyroidectomy may have a role1-4,8 in the treatment of resistant
amiodarone-induced hyperthyroidism.
1. Loh K-C. Amiodarone-induced thyroid disorders: a clinical re-

view. Postgrad Med J 2000; 76: 133–40. 
2. Martino E, et al. The effects of amiodarone on the thyroid. En-

docr Rev 2001; 22: 240–54. 
3. Basaria S, Cooper DS. Amiodarone and the thyroid. Am J Med

2005; 118: 706–14. 
4. Bartalena L, et al. Diagnosis and management of amiodarone-

induced thyrotoxicosis in Europe: results of an international sur-
vey among members of the European Thyroid Association. Clin
Endocrinol (Oxf) 2004; 61: 494–502. 

5. Uzan L, et al. Continuation of amiodarone therapy despite type
II amiodarone-induced thyrotoxicosis. Drug Safety 2006; 29:
231–6. 

6. Bogazzi F, et al. Treatment of type II amiodarone-induced thyro-
toxicosis by either iopanoic acid or glucocorticoids: a prospec-
tive, randomized study. J Clin Endocrinol Metab 2003; 88:
1999–2002. 

7. Hermida J-S, et al. Radioiodine ablation of the thyroid to allow
the reintroduction of amiodarone treatment in patients with a pri-
or history of amiodarone-induced thyrotoxicosis. Am J Med
2004; 116: 345–8. 

8. Gough IR, Gough J. Surgical management of amiodarone-asso-
ciated thyrotoxicosis. Med J Aust 2002; 176: 128–9.

Lupus. There have been reports1-3 of lupus developing in pa-
tients treated with amiodarone; the condition improved when
amiodarone was stopped.
1. Susano R, et al. Amiodarone induced lupus. Ann Rheum Dis

1999; 58: 655–6. 
2. Sheikhzadeh A, et al. Drug-induced lupus erythematosus by

amiodarone. Arch Intern Med 2002; 162: 834–6. 
3. Kundu AK. Amiodarone-induced systemic lupus erythematosus.

J Assoc Physicians India 2003; 51: 216–17.

Precautions
Amiodarone should not be given to patients with
bradycardia, sino-atrial block, AV block or other se-
vere conduction disorders (unless the patient has a
pacemaker), severe hypotension, or severe respiratory
failure. It may be used, but with caution, in patients
with heart failure. Electrolyte disorders should be cor-
rected before starting treatment. The use of amiodar-
one should be avoided in patients with iodine sensitiv-
ity, or evidence or history of thyroid disorders. Patients
taking amiodarone should avoid exposure to sunlight. 
Thyroid function should be monitored regularly in
order to detect amiodarone-induced hyper- or hypothy-
roidism. Thyroxine, tri-iodothyronine, and thyro-
trophin (thyroid-stimulating hormone; TSH) concen-
trations should be measured; clinical assessment is
important but is unreliable alone. See also Effects on
Thyroid Function under Adverse Effects and Treat-
ment, above. 
Tests of liver and pulmonary function should also be
carried out regularly in patients on long-term therapy.
Ophthalmological examinations should be performed
annually. Although urinary excretion is not a major
route for the elimination of amiodarone or its metabo-
lites, there is a possibility of iodine accumulation in re-
nal impairment. 
Intravenous injections of amiodarone should be given
slowly: if prolonged or repeated infusions are envis-
aged, the use of a central venous catheter should be
considered. 
Some of the contra-indications for amiodarone may
not apply when it is given intravenously in emergency
situations.
Administration. For the problems of controlling the delivery
rate of amiodarone by intravenous infusion, see under Uses and
Administration, below.
Breast feeding. Amiodarone is distributed into breast milk1,2

and significant amounts may be ingested if infants are breast fed.
Licensed product information therefore contra-indicates the use
of amiodarone during breast feeding, and the American Acade-
my of Pediatrics considers3 that the use of amiodarone may be of
concern due to the risk of hypothyroidism in the infant. In one
study,2 amiodarone was still detectable in breast milk several
weeks after amiodarone was stopped, suggesting that caution is
still required. However, there has been a report4 of an infant who
was successfully breast fed with close monitoring of thyroid
function; the mother stopped amiodarone at delivery.
1. Pitcher D, et al. Amiodarone in pregnancy. Lancet 1983; i:

597–8. 
2. Plomp TA, et al. Use of amiodarone during pregnancy. Eur J

Obstet Gynecol Reprod Biol 1992; 43: 201–7. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07) 

4. Hall CM, McCormick KPB. Amiodarone and breast feeding.
Arch Dis Child Fetal Neonatal Ed 2003; 88: F255–F258.

Porphyria. Amiodarone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.
Pregnancy. Each 200-mg tablet of amiodarone contains about
75 mg of iodine. The potential effect of this iodine load on the
fetus has limited the use of amiodarone in pregnancy since iodine
freely crosses the placenta and may cause thyroid disorders in the
fetus. In addition, amiodarone and desethylamiodarone both
cross the placenta, with respective concentrations in cord blood
at delivery of about 10% and 25% of the maternal plasma con-
centrations, and direct effects on the fetus are therefore possible.
However, a review1 of 64 reported cases of amiodarone use dur-
ing pregnancy found no evidence of an increased incidence of
fetal malformations; hypothyroidism occurred in 14 neonates
(22%), but only 2 had detectable goitre, and 2 neonates had tran-

sient hyperthyroidism. Neurodevelopmental follow-up was lim-
ited, but mild abnormalities were reported in some cases; this ap-
peared to be independent of thyroid status, suggesting it may
have been due to a direct effect of amiodarone.
1. Bartalena L, et al. Effects of amiodarone administration during

pregnancy on neonatal thyroid function and subsequent neurode-
velopment. J Endocrinol Invest 2001; 24: 116–30.

Interactions
Amiodarone should be used with caution with other
drugs liable to induce bradycardia, such as beta block-
ers or calcium-channel blockers, and with other anti-
arrhythmic drugs. Use with arrhythmogenic drugs,
particularly drugs that prolong the QT interval such as
phenothiazine antipsychotics, tricyclic antidepressants,
halofantrine, and terfenadine, should be avoided.
Drugs that cause hypokalaemia or hypomagnesaemia
may also increase the risk of arrhythmias with amio-
darone. Amiodarone is metabolised by the cytochrome
P450 isoenzymes CYP3A4 and CYP2C8 and interac-
tions may occur with inhibitors of these enzymes, par-
ticularly with inhibitors of CYP3A4 such as HIV-pro-
tease inhibitors, cimetidine, and grapefruit juice.
Enzyme inducers such as rifampicin and phenytoin
may reduce amiodarone concentrations. In addition,
amiodarone is an inhibitor of some cytochrome P450
isoenzymes, including CYP3A4 and CYP2D6, result-
ing in higher plasma concentrations of other drugs
metabolised by these enzymes. Examples of these in-
clude ciclosporin, clonazepam, digoxin, flecainide,
phenytoin, procainamide, quinidine, simvastatin, and
warfarin. Amiodarone also inhibits P-glycoprotein and
could affect drugs that are P-glycoprotein substrates.
◊ Reviews.
1. Marcus FI. Drug interactions with amiodarone. Am Heart J

1983; 106: 924–30. 
2. Lesko LJ. Pharmacokinetic drug interactions with amiodarone.

Clin Pharmacokinet 1989; 17: 130–40.

Agalsidase. For the effect of the use of amiodarone with agal-
sidase alfa or beta, see p.2252.
Antibacterials. Palpitations and activation of an implantable
cardioverter defibrillator occurred1 in a woman receiving amio-
darone when rifampicin was added. Serum concentrations of
amiodarone were reduced, probably due to induction of metabo-
lising enzymes by rifampicin.
1. Zarembski DG, et al. Impact of rifampin on serum amiodarone

concentrations in a patient with congenital heart disease. Phar-
macotherapy 1999; 19: 249–51.

Antiepileptics. The interaction between phenytoin and amio-
darone resulting in increased plasma-phenytoin concentrations is
widely recognised (see p.498). However, phenytoin is a hepatic
enzyme inducer and has been reported1 to decrease serum-amio-
darone concentrations by 32 and 49% after 1 and 2 weeks of use
respectively.
1. Nolan PE, et al. Effect of phenytoin on the clinical pharmacoki-

netics of amiodarone. J Clin Pharmacol 1990; 30: 1112–19.

Antivirals. A potential interaction has been suggested between
amiodarone and HIV-protease inhibitors due to inhibition of
amiodarone metabolism. Raised serum concentrations of amio-
darone have been reported1 in a patient who received indinavir
for postexposure prophylaxis; no clinical signs of toxicity oc-
curred.
1. Lohman JJHM, et al. Antiretroviral therapy increases serum con-

centrations of amiodarone. Ann Pharmacother 1999; 33: 645–6.

Grapefruit juice. A study1 in healthy subjects reported that
grapefruit juice decreased the metabolism of amiodarone; the
area under the plasma concentration-time curve (AUC) and the
maximum plasma concentration of amiodarone were both in-
creased.
1. Libersa CC, et al. Dramatic inhibition of amiodarone metabo-

lism induced by grapefruit juice. Br J Clin Pharmacol 2000; 49:
373–8.

Histamine H2-antagonists. Cimetidine inhibits hepatic me-
tabolism and an increase in the serum-amiodarone concentration
has been reported1 in 8 out of 12 patients given amiodarone and
cimetidine.
1. Hogan C, et al. Cimetidine-amiodarone interaction. J Clin Phar-

macol 1988; 28: 909.

Theophylline. For a report of increased serum-theophylline
concentrations and resultant adverse effects in a patient when
amiodarone was added to therapy, see Antiarrhythmics, p.1142.

Pharmacokinetics
Amiodarone is absorbed variably and erratically from
the gastrointestinal tract; the average bioavailability is
about 50%, but varies widely, and both the rate and ex-
tent of absorption are increased by food. It is extensively
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distributed to body tissues and accumulates notably in
fat as well as in skeletal muscles and highly perfused
tissues such as liver, lungs, and spleen; it has been re-
ported to be about 96% bound to plasma proteins. The
terminal elimination half-life is about 50 days with a
range of about 20 to 100 days due to its extensive tissue
distribution. On stopping prolonged amiodarone thera-
py a pharmacological effect is evident for a month or
more. A major metabolite, desethylamiodarone, has
antiarrhythmic properties. There is very little urinary
excretion of amiodarone or its metabolites, the major
route of excretion being in faeces via the bile; some en-
terohepatic recycling may occur. Amiodarone and des-
ethylamiodarone are reported to cross the placenta and
to be distributed into breast milk. 
After intravenous injection the maximum effect is
achieved within 1 to 30 minutes and persists for 1 to 3
hours.
◊ Reviews.
1. Latini R, et al. Clinical pharmacokinetics of amiodarone. Clin

Pharmacokinet 1984; 9: 136–56. 
2. Roden DM. Pharmacokinetics of amiodarone: implications for

drug therapy. Am J Cardiol 1993; 72: 45F–50F.

Uses and Administration
Amiodarone is an antiarrhythmic with mainly class III
properties (see p.1153). It is used in the control of ven-
tricular and supraventricular arrhythmias, including
arrhythmias associated with Wolff-Parkinson-White
syndrome. It has been tried for the prevention of
arrhythmias in patients with myocardial infarction or
heart failure. 
Amiodarone hydrochloride is given orally in initial
doses of 200 mg three times daily for a week, then
200 mg twice daily for a week, and then a usual main-
tenance dosage of 200 mg or less daily, according to
response. In the USA, amiodarone is only licensed for
ventricular arrhythmias and higher doses are used:
loading doses of amiodarone hydrochloride are up to
1.6 g daily for 1 to 3 weeks, followed by 600 to 800 mg
daily for a month, then a usual maintenance dose of
400 mg daily. Consideration should be given to poten-
tial adverse effects, and patients should be given the
minimum effective dose. 
Amiodarone hydrochloride may be given intravenous-
ly where facilities for close monitoring of cardiac func-
tion and resuscitation are available. It is usually given
as a dilute solution in glucose 5%. Solutions containing
less than 600 micrograms/mL are unstable but high
concentrations are irritating to the veins, and solutions
containing more than 2 mg/mL should be given via a
central catheter; a central catheter is also preferred if
repeated or continuous infusion is required. The usual
dose is 1 to 1.2 g over 24 hours, given by intermittent
or continuous infusion as follows: 
• in the UK, an initial infusion of 5 mg/kg in 250 mL

of glucose 5% is given over 20 to 120 minutes; the
infusion may be repeated if required, up to a total
dose of 1.2 g in 24 hours, diluted in up to 500 mL of
glucose 5% 

• in the USA, an initial dose of 150 mg in 100 mL of
glucose 5% is given over 10 minutes, followed by
900 mg in 500 mL of glucose 5% over 24 hours, giv-
en at a rate of 1 mg/minute for 6 hours and then
500 micrograms/minute for 18 hours; if necessary
the maintenance infusion may be continued at a rate
of 500 micrograms/minute using a 1 to 6 mg/mL so-
lution 

• In emergencies, amiodarone hydrochloride may be
given in doses of 150 to 300 mg in 10 to 20 mL of
glucose 5% by slow intravenous injection over a
period of not less than 3 minutes; a second injection
should not be given until at least 15 minutes after the
first 

For the use of amiodarone in children, see below.
◊ General references.
1. Goldschlager N, et al. Practical guidelines for clinicians who

treat patients with amiodarone. Arch Intern Med 2000; 160:
1741–8. 

2. Anonymous. Using oral amiodarone safely. Drug Ther Bull
2003; 41: 9–12. Correction. ibid.; 40. 

3. Siddoway LA. Amiodarone: guidelines for use and monitoring.
Am Fam Physician 2003; 68: 2189–96. 

4. Vassallo P, Trohman RG. Prescribing amiodarone: an evidence-
based review of clinical indications. JAMA 2007; 298: 1312–22.

Administration. Addition of amiodarone hydrochloride to an
intravenous infusion solution reduces the drop size delivered1,2

and the reduction in size is greater as the concentration of amio-
darone is increased. This resulted1 in a reduction of about 30% in
the expected delivery rate when amiodarone hydrochloride 1.2 g
was given in 500 mL of glucose 5%. The reduction in drop size
has been attributed to a reduction in surface tension caused by
inclusion of Tween 80 (polysorbate 80) in the commercial injec-
tion.1 Allowances should be made for the changes in drop size
causing a reduction of the delivery rate of infusions of amiodar-
one hydrochloride. US licensed product information contra-indi-
cates the use of drop-counter infusion sets and requires the use of
a volumetric infusion pump when intravenous amiodarone is
given.
1. Capps PA, Robertson AL. Influence of amiodarone injection on

the delivery rate of intravenous fluids. Pharm J 1985; 234:
14–15. 

2. Chouhan UM, Lynch E. Amiodarone intravenous infusion.
Pharm J 1985; 235: 466.

Administration in children. Amiodarone has been used oral-
ly and intravenously in infants and children1-3 although use of the
injection is generally contra-indicated in neonates because of the
presence of benzyl alcohol, a preservative that has been associat-
ed with fatalities in neonates due to the ‘gasping syndrome’ (see
Neonates, under Benzyl Alcohol, p.1632) and may cause ad-
verse effects in children up to 3 years old. In the management of
cardiac arrhythmias, amiodarone hydrochloride may be given
orally in a loading dose of 10 to 20 mg/kg daily (or 500 mg/m2

daily) for 7 to 10 days, followed by the lowest possible mainte-
nance dose, ranging from 5 to 10 mg/kg daily (or 250 mg/m2 dai-
ly) according to response. It has also been given intravenously in
a loading dose of 5 mg/kg given over 20 minutes to 2 hours, fol-
lowed by a maintenance dose of 10 to 15 mg/kg daily. The
BNFC suggests intravenous doses of 5 mg/kg given over 30 min-
utes and repeated every 12 to 24 hours for neonates, and 5 to
10 mg/kg given over 20 minutes to 2 hours and followed by con-
tinuous infusion of 300 micrograms/kg per hour (maximum
1.5 mg/kg per hour) for infants and children.
1. Shuler CO, et al. Efficacy and safety of amiodarone in infants.

Am Heart J 1993; 125: 1430–2. 
2. Figa FH, et al. Clinical efficacy and safety of intravenous amio-

darone in infants and children. Am J Cardiol 1994; 74: 573–7. 
3. Saul JP, et al. Intravenous amiodarone for incessant tachyar-

rhythmias in children: a randomized, double-blind, antiarrhyth-
mic drug trial. Circulation 2005; 112: 3470–7.

Advanced cardiac life support. Cardiac arrest should be
treated by starting full life support measures (see Advanced Car-
diac Life Support, p.1156). Amiodarone may be considered in
cardiac arrest due to ventricular fibrillation or pulseless ventricu-
lar tachycardia that is refractory to rapid defibrillation. Although
higher doses have been used, guidelines1-3 now recommend an
intravenous dose of 300 mg, with a further dose of 150 mg if
necessary; it may be given by intraosseous injection if the intra-
venous route is not available.2 In the UK1 and European guide-
lines,3 this may be followed by an infusion of 900 mg over 24
hours. A study4 in patients with cardiac arrest outside hospital
found that amiodarone improved survival to admission, while
another study5 found that it was more effective than lidocaine in
this setting. Retrospective studies6,7 of its use in cardiac arrest
occurring in hospital, however, have not found it to be of benefit.
1. Resuscitation Council (UK). Resuscitation Guidelines 2005.

Available at: http://www.resus.org.uk/pages/guide.htm (ac-
cessed 10/07/07) 

2. The American Heart Association. 2005 American Heart Associ-
ation guidelines for cardiopulmonary resuscitation and emergen-
cy cardiovascular care. Circulation 2005; 112: (suppl 1):
IV1–IV203. Available at: http://intl-circ.ahajournals.org/
content/vol112/24_suppl/ (accessed 10/07/07) 

3. European Resuscitation Council. European Resuscitation Coun-
cil guidelines for resuscitation 2005. Resuscitation 2005; 67
(suppl 1): S1–S190. Also available at: http://www.erc.edu/
index.php/guidelines_download_2005/en/? (accessed 10/07/07) 

4. Kudenchuk PJ, et al. Amiodarone for resuscitation after out-of-
hospital cardiac arrest due to ventricular fibrillation. N Engl J
Med 1999; 341: 871–8. 

5. Dorian P, et al. Amiodarone as compared with lidocaine for
shock-resistant ventricular fibrillation. N Engl J Med 2002; 346:
884–90. Correction. ibid.; 347: 955. 

6. Pollak PT, et al. The use of amiodarone for in-hospital cardiac
arrest at two tertiary care centres. Can J Cardiol 2006; 22:
199–202. 

7. Rea RS, et al. Comparing intravenous amiodarone or lidocaine,
or both, outcomes for inpatients with pulseless ventricular ar-
rhythmias. Crit Care Med 2006; 34: 1617–23.

Cardiac arrhythmias. Amiodarone is an effective drug for the
treatment of symptomatic supraventricular and ventricular
arrhythmias1,2 (p.1160); it has a relatively low risk of cardiovas-
cular adverse effects and may be particularly useful in patients
with structural heart disease. It is also used to prevent recurrence
of both supraventricular and ventricular arrhythmias, although
non-cardiac toxicity may limit its long-term use;2 a small study3

suggested that short-term use (4 weeks) delayed the recurrence
of atrial fibrillation after electrical cardioversion, but the benefits

of this approach require confirmation in larger studies. Amiodar-
one has been used in children (see above), and has been given by
various routes to terminate fetal arrhythmias.4,5 
Perioperative use6-8 reduces the incidence of atrial fibrillation
and other arrhythmias after cardiac surgery. Amiodarone may
also have a role in the management of cardiac arrest (see Ad-
vanced Cardiac Life Support, above); it has been tried for its an-
tiarrhythmic effect in the management of heart failure (see be-
low). 
Amiodarone has been used for the prevention of sudden cardiac
death in patients with asymptomatic ventricular arrhythmias fol-
lowing myocardial infarction, in patients with a history of abort-
ed sudden cardiac death, and in patients with hypertrophic cardio-
myopathy or other cardiac disorders that place them at high risk.
Although amiodarone may reduce mortality the effect appears to
be small,2,9,10 and early use of high doses after myocardial infarc-
tion may be detrimental.11 For long-term prophylaxis, implanta-
ble cardioverter defibrillators are more effective than an-
tiarrhythmic drugs and are usually preferred; amiodarone may
have a role as an adjunct to implantable cardioverter defibrilla-
tors to prevent frequent shocks,12 and may also be used in pa-
tients who cannot be given an implantable cardioverter defibril-
lator. 
While amiodarone can cause torsade de pointes it appears to do
so rarely13 and patients who have had this form of ventricular
tachycardia as a result of other antiarrhythmic therapy have been
given amiodarone subsequently without a recurrence.14

1. Desai AD, et al. The role of intravenous amiodarone in the man-
agement of cardiac arrhythmias. Ann Intern Med 1997; 127:
294–303. Correction. ibid. 1998; 128: 505. 

2. Connolly SJ. Evidence-based analysis of amiodarone efficacy
and safety. Circulation 1999; 100: 2025–34. 

3. Boos C, et al. A short course of oral amiodarone improves sinus
rhythm maintenance post-cardioversion for atrial fibrillation.
Heart 2004; 90: 1063–4. 

4. Flack NJ, et al. Amiodarone given by three routes to terminate
fetal atrial flutter associated with severe hydrops. Obstet Gyne-
col 1993; 82: 714–16. 

5. Strasburger JF, et al. Amiodarone therapy for drug-refractory
fetal tachycardia. Circulation 2004; 109: 375–9. 

6. Aasbo JD, et al. Amiodarone prophylaxis reduces major cardi-
ovascular morbidity and length of stay after cardiac surgery: a
meta-analysis. Ann Intern Med 2005; 143: 327–36. 

7. Mitchell LB, et al. Prophylactic oral amiodarone for the preven-
tion of arrhythmias that begin early after revascularization,
valve replacement, or repair: PAPABEAR: a randomized con-
trolled trial. JAMA 2005; 294: 3093–3100. 

8. Khanderia U, et al. Amiodarone for atrial fibrillation following
cardiac surgery: development of clinical practice guidelines at a
university hospital. Clin Cardiol 2008; 31: 6–10. 

9. Amiodarone Trials Meta-Analysis Investigators. Effect of pro-
phylactic amiodarone on mortality after acute myocardial inf-
arction and in congestive heart failure: meta-analysis of individ-
ual data from 6500 patients in randomised trials. Lancet 1997;
350: 1417–24. 

10. Hilleman DE, Bauman JL. Role of antiarrhythmic therapy in pa-
tients at risk for sudden cardiac death: an evidence-based re-
view. Pharmacotherapy 2001; 21: 556–75. 

11. Elizari MV, et al. Morbidity and mortality following early ad-
ministration of amiodarone in acute myocardial infarction. Eur
Heart J 2000; 21: 198–205. 

12. Connolly SJ, et al. Comparison of β-blockers, amiodarone plus
β-blockers, or sotalol for prevention of shocks from implantable
cardioverter defibrillators: the OPTIC Study: a randomized trial.
JAMA 2006; 295: 165–71. 

13. Hohnloser SH, et al. Amiodarone-associated proarrhythmic ef-
fects: a review with special reference to torsade de pointes tach-
ycardia. Ann Intern Med 1994; 121: 529–35. 

14. Mattioni TA, et al. Amiodarone in patients with previous drug-
mediated torsade de pointes: long-term safety and efficacy. Ann
Intern Med 1989; 111: 574–80.

Heart failure. Sudden deaths in patients with severe heart fail-
ure (p.1165) have been attributed to ventricular arrhythmias but
routine use of antiarrhythmics is not recommended since many
have a negative inotropic effect. Amiodarone, which is not a neg-
ative inotrope, is usually the drug of choice in patients with heart
failure and symptomatic arrhythmias, but its role for prophylaxis
is less clear. In the GESICA study (Grupo de Estudio de la So-
brevida en la Insuficiencia Cardiaca en Argentina)1 amiodarone
appeared to reduce mortality in patients with severe chronic heart
failure who were without symptomatic ventricular arrhythmias.
The decrease in mortality appeared to be greater than could be
expected from antiarrhythmic activity alone. However, in the
CHF-STAT study (Survival Trial of Antiarrhythmic Therapy in
Congestive Heart Failure)2 involving patients with heart failure
and premature ventricular contractions, overall survival did not
appear to be improved by amiodarone. A meta-analysis3 includ-
ing these and 3 further studies concluded that amiodarone re-
duced the rate of arrhythmic or sudden death in high-risk patients
and that this resulted in an overall reduction in mortality. How-
ever a further study4 found that amiodarone had no effect on
long-term survival, whereas implantable cardioverter defibrilla-
tors reduced mortality by 23%, and a retrospective analysis5 of a
study in patients with heart failure after acute myocardial infarc-
tion found that mortality was higher in those taking amiodarone.
Although some studies1,6,7 have suggested that amiodarone may
also improve cardiac function, adverse effects limit its use, and it
is not currently recommended in heart failure except in patients
with symptomatic ventricular arrhythmias.
1. Doval HC, et al. Randomised trial of low-dose amiodarone in

severe congestive heart failure. Lancet 1994; 344: 493–8. 
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2. Singh SN, et al. Amiodarone in patients with congestive heart

failure and asymptomatic ventricular arrhythmia. N Engl J Med
1995; 333: 77–82. 

3. Amiodarone Trials Meta-Analysis Investigators. Effect of pro-
phylactic amiodarone on mortality after acute myocardial infarc-
tion and in congestive heart failure: meta-analysis of individual
data from 6500 patients in randomised trials. Lancet 1997; 350:
1417–24. 

4. Bardy GH, et al. Amiodarone or an implantable cardioverter-de-
fibrillator for congestive heart failure. N Engl J Med 2005; 352:
225–37. 

5. Thomas KL, et al. Amiodarone use after acute myocardial inf-
arction complicated by heart failure and/or left ventricular dys-
function may be associated with excess mortality. Am Heart J
2008; 155: 87–93. 

6. Takemura K, et al. Low-dose amiodarone for patients with ad-
vanced heart failure who are intolerant of beta-blockers. Circ J
2002; 66: 441–4. 

7. Choo DC, et al. Amiodarone rescue therapy for severe decom-
pensated heart failure initially unsuitable for beta-blockers. J
Cardiovasc Pharmacol Ther 2003; 8: 187–92.

Preparations
BP 2008: Amiodarone Intravenous Infusion; Amiodarone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Amiocar; Angoten; Asulblan; Atlansil; Coronax; Coronovo; Miodaro-
na; Miotenk; Ritmocardyl; Austral.: Aratac; Cardinorm; Cordarone X; Rith-
mik; Austria: Sedacoron; Belg.: Cordarone; Braz.: Amiobal; Amioron†;
Ancoron; Angiodarona; Angyton†; Atlansil; Cardicoron; Cor Mio†; Diodar-
one; Miocoron; Miodarid; Miodaron; Canad.: Cordarone; Chile: Atlansil;
Cordarone; Ritmocardyl; Cz.: Amiohexal; Amiokordin; Cordarone; Rit-
mopuls; Rivodaron; Sedacoron; Denm.: Cordan; Cordarone; Fin.: Cordar-
one; Fr.: Corbionax; Cordarone; Ger.: Amiobeta†; Amiod†; Amiodarex;
Amiodura; Amiogamma; Amiohexal; Cordarex; Cornaron; Tachydaron†;
Gr.: Angoron; Hong Kong: Cordarone; Sedacoron; Hung.: Amiokordin†;
Cordarone; Sedacoron; India: Aldarone†; Cordarone; Eurythmic; Indon.:
Cordarone; Kendaron; Tiaryt; Irl.: Cordarone X; Israel: Amiodacore; Pro-
cor; Ital.: Amiodar; Cordarone; Jpn: Ancaron; Malaysia: Aratac; Cordar-
one; Mex.: Braxan; Cardiorona†; Cordarone; Forken; Keritmon; Sinarona;
Neth.: Cordarone; Norw.: Cordarone; NZ: Aratac; Cordarone X;
Philipp.: Cordarone; Pol.: Amiokordin; Cordarone; Opacorden; Port.:
Corbionax; Cordarone; Miodrone; Rus.: Amiokordin (Амиокордин); Car-
diodarone (Кардиодарон); Cordarone (Кордарон); Rhythmiodarone
(Ритмиодарон); Sedacoron (Седакорон); S.Afr.: Arycor; Cordarone X;
Hexarone; Singapore: Aratac; Cordarone; Spain: Trangorex; Swed.:
Cordarone; Switz.: Amiodar ; Cordarone; Escodarone; Rivodarone†;
Thai.: Amdarone; Amidarone 200; Aratac; Cordarone; Turk.: Cordarone;
UAE: Amirone; UK: Amyben; Cordarone X; USA: Cordarone; Pacerone;
Venez.: Arycor†; Coradona; Diarona; Eudarona; Novarona; Trangorex.

Amlodipine Besilate (BANM, rINNM)

Amlodipiinibesilaatti; Amlodipin Besilat; Amlodipinbesilat; Am-
lodipin-besylát; Amlodipin-bezilát; Amlodipine, bésilate d’; Am-
lodipine Besylate (USAN); Amlodipini besilas; Amlodipino besila-
tas; Besilato de amlodipino; UK-48340-26; UK-48340-11 (am-
lodipine maleate). 3-Ethyl 5-methyl 2-(2-aminoethoxymethyl)-4-
(2-chlorophenyl)-1,4-dihydro-6-methylpyridine-3,5-dicarboxy-
late monobenzenesulphonate.

Амлодипина Безилат
C20H25ClN2O5,C6H6O3S = 567.1.
CAS — 88150-42-9 (amlodipine); 111470-99-6 (am-
lodipine besilate); 88150-47-4 (amlodipine maleate).
ATC — C08CA01.
ATC Vet — QC08CA01.

(amlodipine)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Amlodipine Besilate). A white or almost white
powder. Slightly soluble in water and in isopropyl alcohol; spar-
ingly soluble in dehydrated alcohol; freely soluble in methyl al-
cohol. Store in airtight containers. Protect from light. 
USP 31 (Amlodipine Besylate). A white or almost white powder.
Slightly soluble in water and isopropyl alcohol; sparingly soluble
in alcohol; freely soluble in methyl alcohol. Store in airtight con-
tainers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).
Incidence of adverse effects. Of 1091 patients prescribed
amlodipine for hypertension, 128 (11.7%) stopped the drug be-

cause of adverse effects.1 The commonest adverse effects were
ankle oedema, flushing, headache, skin rash, and fatigue.
1. Benson E, Webster J. The tolerability of amlodipine in hyperten-

sive patients. Br J Clin Pharmacol 1995; 39: 578P–579P.

Heart failure. Calcium-channel blockers are normally avoided
in patients with heart failure but amlodipine has not been found
to have any adverse effects on morbidity or mortality in patients
with severe heart failure receiving the drug.1 Therefore, it may be
a suitable treatment for angina pectoris or hypertension in such
patients. However, a study2 in hypertensive patients (ALLHAT)
found that amlodipine was less effective than the diuretic chlor-
talidone in preventing the development of heart failure.
1. Packer M, et al. Effect of amlodipine on morbidity and mortality

in severe chronic heart failure. N Engl J Med 1996; 335:
1107–14. 

2. The ALLHAT Officers and Coordinators for the ALLHAT Col-
laborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981–97. Correction. ibid.
2003; 289: 178.

Porphyria. Although there have been reports1,2 of the success-
ful use of amlodipine in patients with porphyria, acute exacerba-
tion has also occurred.3

1. Gorchein A. Drug treatment of hypertension in acute intermittent
porphyria: doxazosin and amlodipine. Br J Clin Pharmacol
1997; 43: 339–40. 

2. Cinemre H, et al. Safety of amlodipine use in patients with acute
intermittent porphyria. Br J Clin Pharmacol 2007; 64: 246–7. 

3. Kepple A, Cernek PK. Amlodipine-induced acute intermittent
porphyria exacerbation. Ann Pharmacother 1997; 31: 253.

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Amlodipine is well absorbed after oral doses with peak
blood concentrations occurring after 6 to 12 hours. The
bioavailability varies but is usually about 60 to 65%.
Amlodipine is reported to be about 97.5% bound to
plasma proteins. It has a prolonged terminal elimina-
tion half-life of 35 to 50 hours and steady-state plasma
concentrations are not achieved until after 7 to 8 days
of use. Amlodipine is extensively metabolised in the
liver; metabolites are mostly excreted in urine together
with less than 10% of a dose as unchanged drug. Am-
lodipine is not removed by dialysis.
◊ General reviews.
1. Meredith PA, Elliott HL. Clinical pharmacokinetics of am-

lodipine. Clin Pharmacokinet 1992; 22: 22–31. 
2. Kang D, et al. Population analyses of amlodipine in patients liv-

ing in the community and patients living in nursing homes. Clin
Pharmacol Ther 2006; 79: 114–24.

Absorption. Results of studies involving 24 healthy subjects
indicated that absorption of amlodipine from a capsule was
equivalent to that from a solution, suggesting that the slow trans-
fer of amlodipine into the blood is a property of the drug not of
the dosage form; it was also shown that absorption was not af-
fected by food.1

1. Faulkner JK, et al. Absorption of amlodipine unaffected by food:
solid dose equivalent to solution dose. Arzneimittelforschung
1989; 39: 799–801.

Metabolism. The metabolites of amlodipine have been charac-
terised in animals and in human subjects.1 Metabolism of am-
lodipine is complex and extensive, and in common with other
dihydropyridines oxidation to the pyridine analogue represents a
major step. About 5% of a dose was recovered from urine as un-
changed amlodipine.
1. Beresford AP, et al. Biotransformation of amlodipine. Arzneim-

ittelforschung 1989; 39: 201–9.

Uses and Administration
Amlodipine is a dihydropyridine calcium-channel
blocker with actions similar to those of nifedipine
(p.1354). It is used in the management of hypertension
(p.1171) and angina pectoris (p.1157). 
Amlodipine is given orally as the besilate, but doses are
usually expressed in terms of the base; amlodipine be-
silate 6.9 mg is equivalent to about 5 mg of am-
lodipine. The camsilate, maleate, and mesilate are also
used. 
In hypertension the usual initial dose is 5 mg once dai-
ly, increased, if necessary, to 10 mg once daily. Similar
doses are given in the treatment of stable angina and
Prinzmetal’s angina. Lower initial doses may be used

in elderly patients and those with hepatic impairment
(see below). 
The (S)-isomer of amlodipine besilate has also been
used.
◊ Reviews.
1. Murdoch D, Heel RC. Amlodipine: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic use in
cardiovascular disease. Drugs 1991; 41: 478–505. 

2. Haria M, Wagstaff AJ. Amlodipine: a reappraisal of its pharma-
cological properties and therapeutic use in cardiovascular dis-
ease. Drugs 1995; 50: 560–86.

Administration in children. Amlodipine has been used to re-
duce blood pressure in children and adolescents with hyperten-
sion. In a study1 in 28 children aged 3 to 19 years, amlodipine 5
to 10 mg (about 200 to 300 micrograms/kg) once daily signifi-
cantly reduced blood pressure; therapy was withdrawn in 5 pa-
tients due to oedema and flushing. Another study2 in 268 chil-
dren aged 6 to 16 years found that amlodipine in a dose of 2.5 or
5 mg (ranging from about 20 to 340 micrograms/kg) once daily
was well tolerated; doses above 60 micrograms/kg daily signifi-
cantly reduced blood pressure. Younger children may need high-
er doses than older children. In a study3 in 21 patients aged 6 to
17 years, the mean dose required in children under 13 years was
290 micrograms/kg daily compared with 160 micrograms/kg
daily for children 13 years and over. Another study4 in 55 chil-
dren aged 13 months to 20 years reported similar mean doses, but
also found that many of the younger children needed twice daily
dosing. Amlodipine was well tolerated in both studies. The need
for a higher dose was supported by a pharmacokinetic study,5
which found that amlodipine clearance was increased in younger
children.
1. Pfammatter JP, et al. Amlodipine once-daily in systemic hyper-

tension. Eur J Pediatr 1998; 157: 618–21. 
2. Flynn JT, et al. A randomized, placebo-controlled trial of am-

lodipine in children with hypertension. J Pediatr 2004; 145:
353–9. 

3. Tallian KB, et al. Efficacy of amlodipine in pediatric patients
with hypertension. Pediatr Nephrol 1999; 13: 304–10. 

4. Flynn JT, et al. Treatment of hypertensive children with am-
lodipine. Am J Hypertens 2000; 13: 1061–6. 

5. Flynn JT, et al. Population pharmacokinetics of amlodipine in
hypertensive children and adolescents. J Clin Pharmacol 2006;
46: 905–16.

Administration in hepatic impairment. The clearance of
amlodipine is reduced in patients with hepatic impairment and
lower doses should be considered; an initial dose of 2.5 mg once
daily has been recommended.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Abloom; Amloc; Amlodine; Amlotens; Amze; Anexa; Angiofilina; An-
gipec; Arteriosan; Calpres; Carboplex; Cardiorex; Cardivas; Coroval; Dron-
alden; Hipertensal; Ilduc; Mitokor; Nexotensil; Nikor; Pelmec; Sinop†; Ter-
loc; Tervalon; Zundic; Austral.: Norvasc; Perivasc; Austria: Amlodanorm;
Amloreg; Norvasc; Belg.: Amlogal; Amlor; Braz.: Amilopil; Amlocor; Am-
loprax†; Amlovasc†; Anlo; Anlodibal; Cordarex; Cordipina; Lodipen†; Lodi-
pil; Nemodine†; Nicord; Norvasc; Pressat; Roxflan; Tensaliv; Tensodin; Ca-
nad.: Norvasc; Chile: Amdipin; Amloc; Avirin†; Norvasc; Presilam;
Presovasc; Terloc; Cz.: Afiten; Agen; Alozur; Amilostad; Amlodigamma;
Amlopp; Amlotenz; Amlozek; Apo-Amlo; Cardilopin; Genam; Hipres; Nor-
modipine; Norvasc; Orcal; Recotens; Tensigal; Torella; Zeppeliton; Zorem;
Zufalm; Denm.: Norvasc; Fin.: Norvasc; Fr.: Amlor; Ger.: Amlo Tad; Amlo
Wolff; Amlo-corax; Amlo-Isis; Amlo-Q; Amlobeta; Amlocard; Amloclair ;
Amlodigamma; Amlodoc; AmloLich; Amparo; Norvasc; Gr.: Aggovask;
Amlibon; Amlodil; Amlopen; Amlopress; Amloretin; Amlosilat; Amlotens;
Amodipan; Baruden; Dafor; Evangio; Flodil; Hypertel; Kaprin; Lodipin; Nax-
uril; Nolvac; Nordex; Norfan; Normodin; Norvasc; Precardin; Ramlet;
Rovoxid; Vascodin; Hong Kong: Norvasc; Hung.: Agen; Amlodep; Am-
lodigamma; Amlodowin; Amlozek; Cardilopin; Normodipine; Norvasc; Ten-
ox; India: Amdepin; Amlodac; Amlogard; Amlopres; Amlosafe†; Amlostat;
Amlotrust; Calchek; Lama; Myodura; S-Amlip; Indon.: Amdixal; Norvask;
Tensivask; Irl.: Amlid; Amlist; Amlode; Istin; Myostin; Israel: Amlow; Nor-
vasc; Ital.: Antacal; Monopina; Norvasc; Jpn: Amlodin; Norvasc; Malay-
sia: Nordipine; Norvasc; Sunvasc; Vamlo; Mex.: Amlibon; Nexus; Norvas;
Oralcam; Neth.: Amlo; Amlonor; Amlostad; Amlosyl; Norvasc; Norw.:
Norvasc; NZ: Calvasc; Norvasc; Philipp.: Norvasc; Pol.: Aldan; Amlopin;
Amloratio; Amlozek; Apo-Amlo; Cardilopin; Normodipine; Norvasc; Su-
plar; Tenox; Vilpin; Port.: Cardionox; Corpress†; Famonor; Ibotec; Mibral;
Monodin; Nivelcor†; Norvasc; Tiflodipine; Rus.: Akridipin (Акридипин);
Amlodil (Амлодил); Amlotop (Амлотоп); Amlovas (Амловас); Calchek
(Калчек); Cardilopin (Кардилопин); Corvadil (Корвадил); Normodipine
(Нормодипин); Norvasc (Норваск); Omelar Cardio (Омелар Кардио);
S.Afr.: Amlate; Amloc; Amlosyn; Norvasc; Singapore: Norvasc; Spain:
Amlodeq†; Amlor ; Amlotabs†; Astudal; Kerniox; Norvas; Presdeten;
Swed.: Norvasc; Switz.: Alzar; Amlo eco; Amlopin; Amlovasc; Norvasc;
Thai.: Amlopine; Deten; Lovas; Norvasc; Turk.: Amlodis; Amlokard; Am-
lovas; Biocard; Dilopin; Monovas; Nipidol; Norlopin; Normopres; Norvadin;
Norvasc; Vasocard; Vazkor; UK: Amlostin; Istin; USA: Amvaz†; Norvasc;
Venez.: Amlibon; Amlip; Amloc†; Amlopin; Amlovas; Angiovan; Dilotex;
Lodipin; Nilan†; Norvasc; Pinam; Stamlo†; Unidoscor†.

Multi-ingredient: Arg.: Adrebloc†; Amlopril; Amzepril†; Arteriosan Plus;
Coroval B; Diovan A; Diovan Triple; Hipertensal Combi; Ilduc Duo; Lipoar-
teriosan; Pelmec Duo; Terloc Duo; Austral.: Caduet; Braz.: Atmos; Betal-
or; Caduet; Diovan Amlo; Naprix A; Sinergen; Chile: Caduet; Cz.: Caduet;
Copalia; Dafiro; Exforge; Imprida; Fr.: Caduet; Gr.: Copalia; Dafiro; Exforge;
Hung.: Caduet; Lisonorm; India: Alsartan-AM; Amace-BP; Amdepin-AT;
Amlopres AT; Amlopres L; Amlopres Z; Amlosafe-AT†; Amlosafe-LS†; Am-
lostat-AT; Biopril-AM†; Calchek L; Dilvas AM; Tenochek; Tenolol-AM; Ma-
laysia: Caduet; Mex.: Amlidual; Caduet; Philipp.: Envacar; Port.: Caduet;
Copalia; Dafiro; Imprida; Rus.: Ampliton (Амплитон); Tenochek
(Теночек); S.Afr.: Caduet; Singapore: Caduet; UK: Exforge; USA: Azor;
Caduet; Exforge; Lotrel; Venez.: Amlibon B; Caduet; Diovan/Amlibon; Du-
opres.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Amosulalol Hydrochloride (rINNM) ⊗ 
Amosulalol, Chlorhydrate d’; Amosulaloli Hydrochloridum; Hid-
rocloruro de amosulalol; YM-09538. (±)-5-(1-Hydroxy-2-{[2-(o-
methoxyphenoxy)ethyl]amino}ethyl)-o-toluenesulphonamide
hydrochloride.

Амосулалола Гидрохлорид
C18H24N2O5S,HCl = 416.9.
CAS — 85320-68-9 (amosulalol); 70958-86-0 (amosula-
lol hydrochloride); 93633-92-2 (amosulalol hydrochloride).

(amosulalol)

Profile
Amosulalol is a beta blocker (p.1225); it also has alpha-blocking
activity. It has been given orally as the hydrochloride in the man-
agement of hypertension.

Amrinone (BAN, rINN)

Amrinon; Amrinona; Amrinoni; Amrinonum; Inamrinone (USAN);
Win-40680. 5-Amino-3,4′-bipyridyl-6(1H)-one.

Амринон
C10H9N3O = 187.2.

CAS — 60719-84-8.
ATC — C01CE01.
ATC Vet — QC01CE01.

Pharmacopoeias. In Chin. and US. 
USP 31 (Inamrinone). A pale yellow to tan powder; odourless
or with a faint odour. Practically insoluble in water and in chlor-
oform; slightly soluble in methyl alcohol. Store at a temperature
of 25°, excursions permitted between 15° and 30°. Protect from
light.

Amrinone Lactate (BANM, rINNM)

Amrinone, Lactate d’; Amrinoni Lactas; Lactato de amrinona.

Амринона Лактат
C10H9N3O,C3H6O3 = 277.3.
CAS — 75898-90-7.
ATC — C01CE01.
ATC Vet — QC01CE01.

Incompatibility. The manufacturer has reported that amrinone
lactate injection is physically incompatible with glucose-con-
taining solutions and with furosemide. 
Precipitation occurred1 when amrinone was mixed with sodium
bicarbonate injection, probably because of the reduced solubility
of amrinone in alkaline solutions.
1. Riley CM, Junkin P. Stability of amrinone and digoxin, procain-

amide hydrochloride, propranolol hydrochloride, sodium bicar-
bonate, potassium chloride, or verapamil hydrochloride in intra-
venous admixtures. Am J Hosp Pharm 1991; 48: 1245–52.

Adverse Effects
Amrinone produces gastrointestinal disturbances that
may necessitate withdrawal of treatment. It produces
dose-dependent thrombocytopenia. Hepatotoxicity
may occur, particularly during long-term oral treat-
ment. Hypotension and cardiac arrhythmias have been
reported. Other adverse effects include headache,
fever, chest pain, nail discoloration, and decreased tear
production. Hypersensitivity reactions including myo-
sitis and vasculitis have been reported. Local pain and
burning may occur at the site of intravenous injection. 

The adverse effects associated with oral use have made
this route unacceptable and amrinone is now only giv-
en intravenously for short-term use. Studies with other
inotropic phosphodiesterase inhibitors have shown that
their prolonged oral use can increase the mortality rate.
◊ References.
1. Wynne J, et al. Oral amrinone in refractory congestive heart fail-

ure. Am J Cardiol 1980; 45: 1245–9. 
2. Wilmshurst PT, Webb-Peploe MM. Side effects of amrinone

therapy. Br Heart J 1983; 49: 447–51. 
3. Wilmshurst PT, et al. The effects of amrinone on platelet count,

survival and function in patients with congestive cardiac failure.
Br J Clin Pharmacol 1984; 17: 317–24. 

4. Silverman BD, et al. Clinical effects and side effects of amri-
none: a study of 24 patients with chronic congestive heart failure.
Arch Intern Med 1985; 145: 825–9. 

5. Webster MWI, Sharpe DN. Adverse effects associated with the
newer inotropic agents. Med Toxicol 1986; 1: 335–42. 

6. Mattingly PM, et al. Pancytopenia secondary to short-term,
high-dose intravenous infusion of amrinone. DICP Ann Pharma-
cother 1990; 24: 1172–4. 

7. Ross MP, et al. Amrinone-associated thrombocytopenia: phar-
macokinetic analysis. Clin Pharmacol Ther 1993; 53: 661–7.

Precautions
Amrinone should be used with caution in severe ob-
structive aortic or pulmonary valvular disease or in
hypertrophic cardiomyopathy. Blood pressure and
heart rate should be monitored during parenteral use.
The fluid and electrolyte balance should be main-
tained. Platelet counts and liver function should also be
monitored.

Pharmacokinetics
Although amrinone is rapidly absorbed from the gas-
trointestinal tract it is no longer given orally. The half-
life is variable and after intravenous injection has been
reported to be about 4 hours in healthy subjects and
about 6 hours in patients with heart failure. Binding to
plasma proteins is generally low. Amrinone is partially
metabolised in the liver and excreted in the urine as
unchanged drug and metabolites; up to about 40% is
excreted as unchanged drug after intravenous use.
About 18% of an oral dose has been detected in the
faeces over 72 hours.
◊ General references.
1. Rocci ML, Wilson H. The pharmacokinetics and pharmacody-

namics of newer inotropic agents. Clin Pharmacokinet 1987; 13:
91–109. Correction. ibid. 1988; 14: (contents page).

Infants. For reference to the pharmacokinetics of amrinone in
neonates and infants, see under Uses and Administration, below.

Renal impairment. Studies in a child with multi-organ failure
and anuria1 and in 3 adults with anuria after cardiac surgery2

have shown that amrinone is effectively removed by haemofil-
tration but clearance varies widely between patients. Non-renal
clearance may also be altered in critically ill patients and moni-
toring of plasma-amrinone concentrations has been suggested.2

1. Lawless S, et al. Effect of continuous arteriovenous haemofiltra-
tion on pharmacokinetics of amrinone. Clin Pharmacokinet
1993; 25: 80–2. 

2. Hellinger A, et al. Elimination of amrinone during continuous
veno-venous haemofiltration after cardiac surgery. Eur J Clin
Pharmacol 1995; 48: 57–9.

Uses and Administration
Amrinone is a phosphodiesterase inhibitor that has va-
sodilator and positive inotropic properties. It is used in
the management of heart failure (p.1165). Although
amrinone is effective when given orally this route has
been associated with an unacceptable level of adverse
effects, and the drug is now only given intravenously
for the short-term management of heart failure unre-
sponsive to other forms of therapy. 
The mode of action is not fully known, but appears to
involve an increase in cyclic adenosine monophos-
phate concentration secondary to inhibition of phos-
phodiesterase, leading to an increased contractile force
in cardiac muscle. 
Amrinone is given intravenously as the lactate and dos-
es are expressed in terms of the base. Amrinone lactate
1.48 mg is equivalent to about 1 mg of amrinone. The
initial loading dose is 750 micrograms/kg by slow in-
travenous injection over 2 to 3 minutes. This is fol-
lowed by a maintenance infusion, although the loading

dose may be repeated after 30 minutes if necessary.
Maintenance doses are 5 to 10 micrograms/kg per
minute by infusion to a usual maximum total dose (in-
cluding loading doses) of 10 mg/kg in 24 hours. Doses
of up to 18 mg/kg daily have been used for short peri-
ods in a limited number of patients.
Administration in infants. Pharmacokinetic and pharmaco-
dynamic studies1,2 in infants undergoing cardiac surgery indicat-
ed that the dose needed for infants to achieve a plasma-amrinone
concentration of 2 to 7 micrograms/mL was an initial intrave-
nous bolus of 3 to 4.5 mg/kg in divided doses followed by a con-
tinuous infusion of 10 micrograms/kg per minute. Neonates
appear to eliminate amrinone more slowly than infants, possibly
due to their immature renal function;1,3 it was therefore suggested1

that neonates should receive a similar bolus dose to infants, fol-
lowed by a continuous infusion of 3 to 5 micrograms/kg per
minute. In a further study4 that included mainly infants and older
children, amrinone clearance and volume of distribution varied
widely between patients but did not appear to be related to age.
1. Lawless S, et al. Amrinone in neonates and infants after cardiac

surgery. Crit Care Med 1989; 17: 751–4. 
2. Lawless ST, et al. The acute pharmacokinetics and pharmacody-

namics of amrinone in pediatric patients. J Clin Pharmacol
1991; 31: 800–3. 

3. Laitinen P, et al. Pharmacokinetics of amrinone in neonates and
infants. J Cardiothorac Vasc Anesth 2000; 14: 378–82. 

4. Allen-Webb EM, et al. Age-related amrinone pharmacokinetics
in a pediatric population. Crit Care Med 1994; 22: 1016–24.

Preparations
USP 31: Inamrinone Injection.

Proprietary Preparations (details are given in Part 3)
Cz.: Wincoram†; Ger.: Wincoram†; India: Amicor; Cardiotone†; Israel:
Inocor; Ital.: Inocor†; Jpn: Amcoral†; Cartonic†; Malaysia: Inocor†;
Mex.: Inocor; Port.: Inocor†; Spain: Wincoram†; USA: Inocor.

Ancrod (BAN, USAN, rINN)

Ancrodum.
Анкрод
CAS — 9046-56-4.
ATC — B01AD09.
ATC Vet — QB01AD09.

Description. Ancrod is an enzyme obtained from the venom of
the Malayan pit-viper (Calloselasma rhodostoma = Agkistrodon
rhodostoma).
Adverse Effects and Treatment
Haemorrhage may occur during treatment with ancrod and usu-
ally responds to its withdrawal. If haemorrhage is severe, cryo-
precipitate can be used to raise plasma fibrinogen concentrations;
plasma may be used if cryoprecipitate is not available. An anti-
venom has been used to neutralise ancrod. 
Skin rash, transient chills, and fever have been reported with the
use of ancrod.
Precautions
As for Heparin, p.1303. 
Ancrod should not be given to patients with severe infections or
disseminated intravascular coagulation. It should be used cau-
tiously in patients with cardiovascular disorders that may be
complicated by defibrination. It is very important that when
ancrod is given by intravenous infusion it should be given slowly
to prevent the formation of large amounts of unstable fibrin. 
Ancrod is not recommended during pregnancy; high doses in an-
imals have caused placental haemorrhage and fetal death.
Interactions
Ancrod should not be used with antifibrinolytics such as amino-
caproic acid or with plasma volume expanders such as dextrans.
Uses and Administration
Ancrod is an anticoagulant. It reduces the blood concentration of
fibrinogen by the cleavage of microparticles of fibrin which are
rapidly removed from the circulation by fibrinolysis or phagocy-
tosis. It reduces blood viscosity but has no effect on established
thrombi. Haemostatic concentrations of fibrinogen are normally
restored in about 12 hours and normal concentrations in 10 to 20
days. 
Ancrod has been used in the treatment of thromboembolic disor-
ders, particularly in deep-vein thrombosis and to prevent throm-
bosis after surgery in patients requiring anticoagulation but who
have developed heparin-induced thrombocytopenia or thrombo-
sis (see Venous Thromboembolism, p.1189). It is under investi-
gation in the treatment of ischaemic stroke and has also been giv-
en for priapism.
◊ References.
1. Sherman DG, et al. Intravenous ancrod for treatment of acute

ischemic stroke: the STAT study: a randomized controlled trial.
JAMA 2000; 283: 2395–2403. 

2. Hennerici MG, et al. ESTAT investigators. Intravenous ancrod
for acute ischaemic stroke in the European Stroke Treatment
with Ancrod Trial: a randomised controlled trial. Lancet 2006;
368: 1871–8.
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Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Arwin.

Angiotensinamide (BAN, rINN)

Angiotensiiniamidi; Angiotensin Amide (USAN); Angiotensinamid;
Angiotensinamida; Angiotensinamidum; NSC-107678. Asn-Arg-
Val-Tyr-Val-His-Pro-Phe; [1-Asparagine,5-valine]angiotensin II.

Ангиотенсинамид
C49H70N14O11 = 1031.2.
CAS — 11128-99-7 (angiotensin II); 53-73-6 (angiotensi-
namide).
ATC — C01CX06.
ATC Vet — QC01CX06.

Profile
Angiotensinamide is a vasopressor related to the naturally occur-
ring peptide angiotensin II. It increases the peripheral resistance
mainly in cutaneous, splanchnic, and renal blood vessels. The
increased blood pressure is accompanied by a reflex reduction in
heart rate, and cardiac output may also be reduced. 
Angiotensinamide has been used in the treatment of hypotension
associated with shock. It has also been given in the management
of overdosage of ACE inhibitors, when conventional therapy has
been ineffective. 
Angiotensinamide should not be given to patients being treated
with an MAOI or within 14 days of stopping such treatment as a
hypertensive crisis may be precipitated.

◊ References.
1. Jackson T, et al. Enalapril overdose treated with angiotensin in-

fusion. Lancet 1993; 341: 703. 
2. Newby DE, et al. Enalapril overdose and the corrective effect of

intravenous angiotensin II. Br J Clin Pharmacol 1995; 40:
103–4. 

3. Yunge M, Petros A. Angiotensin for septic shock unresponsive
to noradrenaline. Arch Dis Child 2000; 82: 388–9.

Anisindione (BAN, rINN)

Anisindiona; Anisindionum. 2-(4-Methoxyphenyl)indan-1,3-di-
one.

Анизиндион
C16H12O3 = 252.3.
CAS — 117-37-3.

Profile
Anisindione is an oral indanedione anticoagulant with actions
similar to those of warfarin (p.1425). It has been used in the man-
agement of thromboembolic disorders (p.1187) but, as the indan-
ediones are generally more toxic than warfarin (see Phenindione,
p.1369), its use is limited. 
Use of anisindione may colour the urine pink or orange.

Anistreplase (BAN, USAN, rINN)

Anisoylated Plasminogen Streptokinase Activator Complex; An-
istreplaasi; Anistreplas; Anistreplasa; Anistreplasum; APSAC;
BRL-26921. p-Anisoylated (human) lys-plasminogen streptoki-
nase activator complex (1:1).

Анистреплаза
CAS — 81669-57-0.
ATC — B01AD03.
ATC Vet — QB01AD03.

Storage. The manufacturer recommends that anistreplase
should be stored at 2° to 8°.
Adverse Effects, Treatment, and Precautions
As for Streptokinase, p.1402. Like streptokinase, anistreplase ap-
pears to be antigenic and may be neutralised by streptokinase
antibodies.

Back pain. For references to back pain associated with ani-
streplase infusion, see under Streptokinase, p.1402.

Interactions
As for Streptokinase, p.1404.

Pharmacokinetics
Anistreplase is reported to be cleared from plasma at about half
the rate of streptokinase and has a fibrinolytic half-life of about

90 minutes. It is metabolised to the plasminogen-streptokinase
complex at a steady rate.

◊ References.
1. Gemmill JD, et al. A comparison of the pharmacokinetic proper-

ties of streptokinase and anistreplase in acute myocardial infarc-
tion. Br J Clin Pharmacol 1991; 31: 143–7.

Uses and Administration
Anistreplase is a thrombolytic drug. It consists of a complex of
the lys-form of plasminogen and streptokinase with the addition
of a p-anisoyl group. After intravenous injection the anisoyl
group undergoes deacylation at a steady rate to release the active
complex which converts plasminogen to plasmin, a proteolytic
enzyme that has fibrinolytic effects. The mechanisms of fibrinol-
ysis are discussed further under Haemostasis and Fibrinolysis on
p.1045. 
Anistreplase is used similarly to streptokinase (p.1404) in the
treatment of acute myocardial infarction (p.1175). It is given as a
single intravenous injection in a dose of 30 units over 5 minutes,
as soon as possible after the onset of symptoms.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Eminase; Belg.: Eminase†; Ger.: Eminase; Neth.: Eminase†.

Multi-ingredient: Israel: Eminase†.

Aprindine Hydrochloride (BANM, USAN, rINNM)

AC-1802; Aprindine, Chlorhydrate d’; Aprindini Hydrochlori-
dum; Compound 83846; Compound 99170 (aprindine); Hidro-
cloruro de aprindina. N-(3-Diethylaminopropyl)-N-indan-2-
ylaniline hydrochloride; NN-Diethyl-N′-indan-2-yl-N′-phenyltri-
methylenediamine hydrochloride.

Априндина Гидрохлорид
C22H30N2,HCl = 358.9.
CAS — 37640-71-4 (aprindine); 33237-74-0 (aprindine
hydrochloride).
ATC — C01BB04.
ATC Vet — QC01BB04.

(aprindine)

Adverse Effects and Precautions
Adverse effects of aprindine are usually dose-related and most
commonly affect the CNS. They include tremor, vertigo, ataxia,
diplopia, memory impairment, hallucinations, and convulsions.
Gastrointestinal effects include nausea, vomiting, and bloating.
There have been reports of agranulocytosis, including fatalities.
Hepatitis and cholestatic jaundice have occasionally been report-
ed; blood and liver function tests should be performed during
treatment. 
Aprindine is contra-indicated in patients with advanced heart
failure or severe conduction disturbances. Some licensed product
information has recommended that aprindine should not be used
in patients with parkinsonism or convulsive disorders. It should
be used with caution in patients with bradycardia, hypotension,
and hepatic or renal impairment.

Interactions

Antiarrhythmics. Steady-state plasma-aprindine concentra-
tions increased in 2 patients after starting amiodarone and this
coincided with the appearance of adverse effects.1
1. Southworth W, et al. Possible amiodarone-aprindine interaction.

Am Heart J 1982; 104: 323.

Pharmacokinetics
Aprindine is readily absorbed from the gastrointestinal tract. It
has a long plasma half-life, usually between 20 and 27 hours, and
is about 85 to 95% bound to plasma proteins. It is excreted in the
urine and the bile.

Uses and Administration
Aprindine is a class Ib antiarrhythmic (p.1153) used in the man-
agement of ventricular and supraventricular arrhythmias
(p.1160). 
Aprindine is given as the hydrochloride in usual oral mainte-
nance doses of 50 to 100 mg daily. Initial doses of 150 to 200 mg
daily, in divided doses, may be given under strict surveillance for
the first 2 to 3 days; up to 300 mg may be given on the first day
if necessary. Therapy should be monitored by ECG during initial
stabilisation of the dose and intermittently thereafter. Aprindine
has also been given intravenously.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Fiboran†; Fr.: Fiboran†; Neth.: Fiboran.

Aranidipine (rINN)

Aranidipino; Aranidipinum; MPC-1304. (±)-Acetonyl methyl 1,4-
dihydro-2,6-dimethyl-4-(o-nitrophenyl)-3,5-pyridinedicarboxy-
late.
Аранидипин
C19H20N2O7 = 388.4.
CAS — 86780-90-7.

Profile
Aranidipine is a dihydropyridine calcium-channel blocker used
in the management of hypertension.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Bec; Flaspas†; Sapresta.

Arbutamine Hydrochloride (BANM, USAN, rINNM) ⊗ 
Arbutamine, Chlorhydrate d’; Arbutamini Hydrochloridum; GP-
2-121-3 (arbutamine or arbutamine hydrochloride); Hidrocloru-
ro de arbutamina. (R)-4-(1-Hydroxy-2-[4-(4-hydroxyphenyl)-
butylamino]ethyl)pyrocatechol hydrochloride.
Арбутамина Гидрохлорид
C18H23NO4,HCl = 353.8.
CAS — 128470-16-6 (arbutamine); 125251-66-3 (arb-
utamine hydrochloride).
ATC — C01CA22.
ATC Vet — QC01CA22.

(arbutamine)

Profile
Arbutamine hydrochloride is a sympathomimetic (p.1407) with
beta-agonist properties and like dobutamine (p.1272) has been
used for cardiac stress testing in patients unable to exercise.
◊ References.
1. Anonymous. Arbutamine for stress testing. Med Lett Drugs Ther

1998; 40: 19–20.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Genesa†.

Ardeparin Sodium (USAN, rINN)

Ardeparina sódica; Ardéparine Sodique; Ardeparinum Natricum;
Wy-90493-RD.
Ардепарин Натрий
CAS — 9041-08-1.

Description. Ardeparin sodium is prepared by peroxide degra-
dation of heparin obtained from the intestinal mucosa of pigs.
The end chain structure appears to be the same as the starting
material with no unusual sugar residues present. The molecular
weight of 98% of the components is between 2000 and 15 000
and the average molecular weight is about 5500 to 6500. The de-
gree of sulfation is about 2.7 per disaccharide unit.
Profile
Ardeparin sodium is a low-molecular-weight heparin (p.1329)
with anticoagulant activity that has been used for the prevention
of postoperative venous thromboembolism.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Argatroban (BAN, USAN, rINN)

Argatrobanum; Argipidine; DK-7419; GN-1600; MCI-9038; MD-
805. (2R,4R)-4-Methyl-1-[(S)-N2-{[(RS)-1,2,3,4-tetrahydro-3-me-
thyl-8-quinolyl]sulfonyl}arginyl]pipecolic acid.

Аргатробан
C23H36N6O5S = 508.6.
CAS — 74863-84-6 (anhydrous argatroban); 141396-28-
3 (argatroban monohydrate).
ATC — B01AE03.
ATC Vet — QB01AE03.

Incompatibility. Trace evidence of precipitation was seen im-
mediately after mixing solutions of argatroban and amiodarone.1
No visual incompatibility was noted for solutions of argatroban
with furosemide, nesiritide, sodium nitroprusside, or a total
parenteral nutrition solution, but changes in pH occurred over 24
hours, suggesting such mixtures should be used with caution.1
1. Honisko ME, et al. Compatibility of argatroban with selected

cardiovascular agents. Am J Health-Syst Pharm 2004; 61:
2415–18.

Adverse Effects and Precautions
As for Lepirudin, p.1323. 
If argatroban and warfarin are given together there is an
effect on the measurement of the INR values. The man-
ufacturer provides guidelines for interpreting the INR
during the change from combined therapy to warfarin
alone.
Administration in the critically ill. Four critically ill patients
became excessively anticoagulated1 when treatment with arga-
troban was started after cardiac surgery, despite use of only the
recommended doses or lower. All four had relatively normal
hepatic function. Clearance of the drug appeared to be prolonged
after it was stopped. In a patient2 who had no significant direct
hepatic dysfunction but severe hepatic congestion secondary to
acute renal failure, the effect of argatroban was prolonged and
reduction in dose was necessary. Haemodialysis had little or no
effect on clearance. Further cases of excessive anticoagulation
have been reported in patients with multiple organ failure,3 and
in an elderly patient with multiple comorbidities.4 Patients devel-
oping heparin-induced thrombocytopenia after cardiac surgery
may also be more sensitive to argatroban, and an initial dose of
500 nanograms/kg per minute has been suggested.5
1. Reichert MG, et al. Excessive argatroban anticoagulation for

heparin-induced thrombocytopenia. Ann Pharmacother 2003;
37: 652–4. 

2. de Denus S, Spinler SA. Decreased argatroban clearance unaf-
fected by hemodialysis in anasarca. Ann Pharmacother 2003;
37: 1237–40. 

3. Beiderlinden M, et al. Argatroban anticoagulation in critically ill
patients. Ann Pharmacother 2007; 41: 749–54. 

4. Kubiak DW, et al. Extensive prolongation of aPTT with arga-
troban in an elderly patient with improving renal function, nor-
mal hepatic enzymes, and metastatic lung cancer. Ann Pharma-
cother 2005; 39: 1119–23. 

5. Hoffman WD, et al. Reduced argatroban doses after coronary
artery bypass graft surgery. Ann Pharmacother 2008; 42:
309–16.

Overdosage. A critically ill patient receiving low-dose contin-
uous intravenous argatroban for thromboembolism prophylaxis
was mistakenly given an additional infusion of 125 mg of arga-
troban over 1 hour (26.1 micrograms/kg per minute).1 He was
given repeated doses of fresh frozen plasma and no bleeding
complications occurred, but the prothrombin time remained pro-
longed for over 48 hours. Although the total dose given was
comparable to doses used in other indications, critically ill pa-
tients may be particularly sensitive to the effects of argatroban
(see above).
1. Yee AJ, Kuter DJ. Successful recovery after an overdose of arga-

troban. Ann Pharmacother 2006; 40: 336–9.

Interactions
As for Lepirudin, p.1323.
Warfarin. Although caution is necessary in interpreting the
INR when argatroban and warfarin are given together (see Ad-

verse Effects and Precautions, above), a study in healthy
subjects1 showed no pharmacokinetic interaction.
1. Brown PM, Hursting MJ. Lack of pharmacokinetic interactions

between argatroban and warfarin. Am J Health-Syst Pharm 2002;
59: 2078–83.

Pharmacokinetics
Argatroban is about 54% bound to plasma proteins.
Metabolism, mainly hydroxylation and aromatisation,
takes place in the liver, with the main metabolite hav-
ing weak anticoagulant activity. Anticoagulant effects
are seen immediately upon starting infusion; steady-
state concentrations occur within 1 to 3 hours and are
maintained until the infusion is stopped or the dose ad-
justed. The terminal elimination half-life of argatroban
is between 39 and 51 minutes. It is excreted primarily
in the faeces, via the bile as metabolites and as
unchanged drug. About 16% of a dose is excreted
unchanged in the urine, and at least 14% unchanged in
faeces.

Uses and Administration
Argatroban is a synthetic direct thrombin inhibitor (see
Lepirudin, p.1323) with anticoagulant and antiplatelet
activity. It is used for the treatment and prophylaxis of
thromboembolism in patients with heparin-induced
thrombocytopenia (see Effects on the Blood under
Heparin, p.1302), and as an adjunct in patients under-
going percutaneous coronary interventions (see Reper-
fusion and Revascularisation Procedures, p.1181) who
have or are at risk of heparin-induced thrombocytope-
nia. It has also been used in other thromboembolic dis-
orders. 
In the management of heparin-induced thrombocyto-
penia, argatroban is given by intravenous infusion in an
initial dose of 2 micrograms/kg per minute, adjusted
according to the activated partial thromboplastin time
(APTT), to a maximum dose of 10 micrograms/kg per
minute. 
In percutaneous coronary interventions in patients at
risk of or with heparin-induced thrombocytopenia,
argatroban is given by intravenous infusion in an ini-
tial dose of 25 micrograms/kg per minute, and an in-
travenous injection of 350 micrograms/kg is given si-
multaneously over 3 to 5 minutes. Close monitoring
of the activated clotting time (ACT) is required. If
necessary, additional intravenous bolus doses of
150 micrograms/kg may be given, and the infusion
rate adjusted to between 15 and 40 micrograms/kg
per minute. 
Doses should be reduced in patients with hepatic im-
pairment (see below).
◊ References.
1. Kondo LM, et al. Argatroban for prevention and treatment of

thromboembolism in heparin-induced thrombocytopenia. Ann
Pharmacother 2001; 35: 440–51. 

2. McKeage K, Plosker GL. Argatroban. Drugs 2001; 61: 515–22. 
3. Verme-Gibboney CN, Hursting MJ. Argatroban dosing in pa-

tients with heparin-induced thrombocytopenia. Ann Pharmaco-
ther 2003; 37: 970–5. 

4. Lewis BE, et al. Effects of argatroban therapy, demographic var-
iables, and platelet count on thrombotic risks in heparin-induced
thrombocytopenia. Chest 2006; 129: 1407–16. 

5. Martin ME, et al. Argatroban for anticoagulation during cardiac
surgery. Eur J Haematol 2007; 78: 161–6. 

6. Bartholomew JR, et al. Argatroban anticoagulation for heparin-
induced thrombocytopenia in elderly patients. Drugs Aging
2007; 24: 489–99. 

7. Beiderlinden M, et al. Argatroban in extracorporeal membrane
oxygenation. Artif Organs 2007; 31: 461–5. 

8. Boggio LN, Oza VM. Argatroban use in heparin-induced throm-
bocytopenia. Expert Opin Pharmacother 2008; 9: 1963–7.

Administration in hepatic impairment. In patients with
heparin-induced thrombocytopenia with hepatic impairment the
initial dose of argatroban should be reduced.1 US licensed
product information recommends an initial dose of
500 nanograms/kg per minute in moderate hepatic impairment.
Reversal of anticoagulant effects after stopping argatroban may
take more than 4 hours, due to decreased clearance and increased
elimination half-life. High doses of argatroban should not be
used in patients with significant hepatic impairment undergoing
percutaneous coronary interventions.
1. Levine RL, et al. Argatroban therapy in heparin-induced throm-

bocytopenia with hepatic dysfunction. Chest 2006; 129:
1167–75.

Administration in renal impairment. Argatroban is not
significantly excreted by the kidneys and dosage adjustment is
not usually required in renal impairment, although excessive
anticoagulation has been reported in critically ill patients, includ-
ing some with compromised renal function (see Administration
in the Critically Ill under Adverse Effects, above). Argatroban
has been successfully used for anticoagulation in patients under-
going chronic haemodialysis who developed thrombocytopenia
with heparin.1 Argatroban was not significantly removed by di-
alysis and no dosage adjustment was required. The use of arga-
troban in patients with renal impairment has been reviewed.2
1. Tang IY, et al. Argatroban and renal replacement therapy in pa-

tients with heparin-induced thrombocytopenia. Ann Pharmaco-
ther 2005; 39: 231–6. 

2. Hursting MJ, Murray PT. Argatroban anticoagulation in renal
dysfunction: a literature analysis. Nephron Clin Pract 2008; 109:
c80–c94.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Novastan; Neth.: Arganova; Swed.: Novastan; USA: Argatroban.

Arotinolol Hydrochloride (rINNM) ⊗ 
Arotinolol, Chlorhydrate d’; Arotinololi Hydrochloridum; Hidro-
cloruro de arotinolol; S-596. (±)-5-[2-{[3-(tert-Butylamino)-2-hy-
droxypropyl]thio}-4-thiazolyl]-2-thiophenecarboxamide hydro-
chloride.
Аротинолола Гидрохлорид
C15H21N3O2S3,HCl = 408.0.
CAS — 68377-92-4 (arotinolol); 68377-91-3 (arotinolol
hydrochloride).

(arotinolol)

Pharmacopoeias. In Jpn.
Profile
Arotinolol is a non-cardioselective beta blocker (p.1225); it also
has alpha1-blocking activity. It is used as the hydrochloride in the
management of hypertension (p.1171), angina pectoris (p.1157),
cardiac arrhythmias (p.1160), and essential tremor (p.1231). The
usual oral dose is 20 mg daily in 2 divided doses although up to
30 mg daily may be given. The initial dose for essential tremor is
10 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Almarl.

Atenolol (BAN, USAN, rINN) ⊗ 
Aténolol; Atenololi; Atenololis; Atenololum; ICI-66082. 2-{p-[2-
Hydroxy-3-(isopropylamino)propoxy]phenyl}acetamide.
Атенолол
C14H22N2O3 = 266.3.
CAS — 29122-68-7; 60966-51-0.
ATC — C07AB03.
ATC Vet — QC07AB03.

NOTE. Compounded preparations of atenolol may be represented
by the following names: 
• Co-tenidone (BAN)—atenolol 4 parts and chlortalidone 1 part

(w/w) 
• Co-tenidone (PEN)—atenolol and chlortalidone.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Atenolol). A white or almost white powder. Spar-
ingly soluble in water; soluble in dehydrated alcohol; slightly
soluble in dichloromethane. 
USP 31 (Atenolol). White or practically white, odourless pow-
der. Slightly soluble in water and in isopropyl alcohol; sparingly
soluble in alcohol; freely soluble in methyl alcohol.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
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Breast feeding. Atenolol is distributed into breast milk and
there has been a report of cyanosis and bradycardia in a breast-
fed neonate whose mother had been taking atenolol (see under
Pharmacokinetics, below). The American Academy of Pediat-
rics therefore considers1 that it should be given with caution to
breast-feeding mothers.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Effects on the eyes. Visual symptoms without headache were
associated with atenolol for migraine prophylaxis in a patient
who had experienced a similar reaction with nadolol.1
1. Kumar KL, Cooney TG. Visual symptoms after atenolol therapy

for migraine. Ann Intern Med 1990; 112: 712–13. Correction.
ibid.; 113: 257.

Effects on the heart. Beta blockers are used in the manage-
ment of cardiac arrhythmias. However, atenolol 2.5 mg by intra-
venous injection induced atrial fibrillation in 6 of 12 predisposed
patients.1
1. Rassmussen K, et al. Atrial fibrillation induced by atenolol. Eur

Heart J 1982; 3: 276–81.

Effects on lipid metabolism. For a report of acute pancreati-
tis due to hypertriglyceridaemia in a patient taking atenolol and
metoprolol, see p.1227.
Effects on the liver. Adverse hepatic reactions in patients re-
ceiving atenolol have included reversible cholestatic hepatitis in
one1 and hepatic dysfunction in another.2
1. Schwartz MS, et al. Atenolol-associated cholestasis. Am J Gas-

troenterol 1989; 84: 1084–6. 
2. Yusuf SW, Mishra RM. Hepatic dysfunction associated with at-

enolol. Lancet 1995; 346: 192.

Overdosage. Atenolol appears to lack membrane-stabilising
activity and may have fewer adverse cardiac effects than some
other beta blockers. However, cardiovascular toxicity has been
noted after massive overdosage: ventricular asystole1 and hypo-
tension with ECG abnormalities2 have been reported. Severe car-
diovascular effects also occurred3 in a patient with mixed over-
dosage including atenolol and diltiazem, and were attributed to
additive toxicity.
1. Stinson J, et al. Ventricular asystole and overdose with atenolol.

BMJ 1992; 305: 693. 
2. Love JN, Elshami J. Cardiovascular depression resulting from

atenolol intoxication. Eur J Emerg Med 2002; 9: 111–14. 
3. Snook CP, et al. Severe atenolol and diltiazem overdose. J Toxi-

col Clin Toxicol 2000; 38: 661–5.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
About 50% of an oral dose of atenolol is absorbed.
Peak plasma concentrations are reached in 2 to 4 hours.
Atenolol has low lipid solubility. It crosses the placenta
and is distributed into breast milk where concentrations
higher than those in maternal plasma have been
achieved. Only small amounts are reported to cross the
blood-brain barrier, and plasma-protein binding is min-
imal. The plasma half-life is about 6 to 7 hours. Aten-
olol undergoes little or no hepatic metabolism and is
excreted mainly in the urine. It is removed by haemo-
dialysis.
Breast feeding. Atenolol diffuses into breast milk in concen-
trations similar1 to or higher2 than those in maternal blood. Cya-
nosis and bradycardia associated with ingestion of atenolol in
breast milk has been reported in a 5-day-old term infant. The
baby improved when breast feeding was stopped.3
1. Thorley KJ, McAinsh J. Levels of the beta-blockers atenolol and

propranolol in the breast milk of women treated for hypertension
in pregnancy. Biopharm Drug Dispos 1983; 4: 299–301. 

2. White WB, et al. Atenolol in human plasma and breast milk. Ob-
stet Gynecol 1984; 63: 42S–44S. 

3. Schimmel MS, et al. Toxic effects of atenolol consumed during
breast feeding. J Pediatr 1989; 114: 476–8.

Pregnancy. Creatinine clearance increases during pregnancy,
and a study in 17 pregnant patients found that the elimination
half-life was shorter and renal clearance of atenolol faster during
the second and third trimesters compared with three months post
partum.1 In another study,2 postpartum samples were taken from
the maternal and umbilical serum of 6 women who had been tak-
ing atenolol for at least 6 days before delivery; atenolol was de-
tected in both maternal and cord blood in about equal concentra-
tions. Atenolol was not detected in the maternal or cord blood of
another patient who had stopped taking atenolol one day before
delivery; the authors concluded that atenolol levels in the mother
and fetus are equal at steady state, and that fetal accumulation
does not occur. Atenolol concentrations in 35 term neonates
whose mothers had received atenolol were examined.3 It was
found that the elimination rate for the neonates was 4 times slow-

er than in adults, possibly because of immaturity of renal func-
tion. Transient bradycardia developed in 14 neonates.
1. Hebert MF, et al. Pharmacokinetics and pharmacodynamics of

atenolol during pregnancy and postpartum. J Clin Pharmacol
2005; 45: 25–33. 

2. Melander A, et al. Transplacental passage of atenolol in man.
Eur J Clin Pharmacol 1978; 14: 93–4. 

3. Rubin PC, et al. Atenolol elimination in the neonate. Br J Clin
Pharmacol 1983; 16: 659–62.

Uses and Administration
Atenolol is a cardioselective beta blocker (p.1225). It is
reported to lack intrinsic sympathomimetic activity
and membrane-stabilising properties. 
Atenolol is used in the management of hypertension
(p.1171), angina pectoris (p.1157), cardiac arrhythmias
(p.1160), and myocardial infarction (p.1175). It may
also be used for the prophylaxis of migraine (p.616). 
In hypertension atenolol is given orally in a dose of 50
to 100 mg daily, as a single dose, although 50 mg daily
is generally adequate. The full effect is usually evident
within 1 to 2 weeks. 
The usual dose for angina pectoris is 50 to 100 mg
daily orally, given as a single dose or in divided doses.
Additional benefit is not usually obtained from higher
doses of atenolol although up to 200 mg daily has been
given. 
For the emergency treatment of cardiac arrhythmias
atenolol may be given by intravenous injection in a
dose of 2.5 mg injected at a rate of 1 mg/minute, re-
peated if necessary every 5 minutes to a maximum to-
tal dosage of 10 mg. Alternatively atenolol may be giv-
en by intravenous infusion over 20 minutes in a dose of
150 micrograms/kg. The injection or infusion proce-
dure may be repeated every 12 hours if necessary.
When control is achieved maintenance oral doses of 50
to 100 mg daily may be given. 
Atenolol is also used in the early management of acute
myocardial infarction. Treatment should be given
within 12 hours of the onset of chest pain; atenolol 5 to
10 mg should be given by slow intravenous injection at
a rate of 1 mg/minute, followed after 15 minutes with
50 mg orally, provided no adverse effects result from
the injection; alternatively an intravenous dose of 5 mg
may be repeated after 10 minutes followed by an oral
dose of 50 mg after a further 10 minutes. A further
50 mg may be given orally after 12 hours, and subse-
quent dosage maintained, after a further 12 hours, with
100 mg daily. 
In the prophylaxis of migraine an oral dose of 50 to
100 mg daily has been used. 
Reduced doses may be required in patients with im-
paired renal function (see below).
Administration in renal impairment. The dose of atenolol
should be reduced in patients with renal impairment, depending
on the creatinine clearance (CC) as follows: 
• CC 15 to 35 mL/minute per 1.73 m2: 50 mg daily orally or

10 mg once every two days intravenously 
• CC less than 15 mL/minute per 1.73 m2: 25 mg daily or

50 mg on alternate days orally or 10 mg once every four days
intravenously 

• dialysis patients: 25 to 50 mg orally after each dialysis.

Preparations
BP 2008: Atenolol Injection; Atenolol Oral Solution; Atenolol Tablets; Co-
tenidone Tablets; 
USP 31: Atenolol and Chlorthalidone Tablets; Atenolol Injection; Atenolol
Oral Solution; Atenolol Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Atel; Atenoblock; Atenovit; Cardioblock; Corpaz; Fabotenol; Felobits;
Ilaten; Myocord; Plenacor; Prenormine; Telvodin; Tensilol; Tozolden; Veri-
cordin; Austral.: Anselol; Atehexal; Noten; Tenormin; Tensig; Austria: Ar-
cablock; Atehexal; Atenolan; Atenotyrol†; Betasyn; Tenormin; Belg.: Aten-
otop; Athenol†; Docateno; Tenormin; Braz.: Ablok; Angipress; Atecard;
Atenegran; Ateneo; Atenobal; Atenokin; Atenol; Atenolab; Atenopress†;
Atenorm; Atenuol; Atepress; Biotenor†; Ditenol†; Neotenol†; Plenacor;
Sifnolol†; Canad.: Apo-Atenol; Novo-Atenol; Nu-Atenol; Tenolin†; Tenor-
min; Chile: Betacar; Grifotenol; Labotensil; Tenormin†; Cz.: Apo-Atenol;
Ateblocor†; Atehexal; Atenobene; Catenol†; Corotenol†; Tenormin;
Denm.: Atenet; Atenodan; Atenor; Tenormin; Uniloc; Fin.: Atenblock; At-
enol; Tenoblock; Tenoprin; Fr.: Betatop; Tenormine; Ger.: Ate Lich; Ate†;
Atebeta; Atehexal; Atendol†; Ateno; Atenogamma; Blocotenol†; Cux-
anorm; duratenol†; Evitocor†; Falitonsin†; Jenatenol; Juvental; Tenormin;
Gr.: Adenamin; Azectol; Blocotenol; Estanolin†; Fealin; Galol†; Hemon†;
Mesonex; Mezarid†; Neocardon; Silder†; Synarome; Tenormin; Tradiver†;
Umoder; Hong Kong: Adoll; Antipressan; Apo-Atenol; Ateno†; CP-Aten-
ol; Hypernol; Lo-Ten; Martenol; Normaten; Nortelol; Oraday; Tenormin;
Ternolol; Tredol; Vascoten; Velorin; Hung.: Atenobene; Atenomel; Blok-
ium; Huma-Atenol†; Prinorm; India: Atecard†; Aten; Beta; Beten; Cadpres;
Hipres; Lonol; Teno; Tenolol; Tenormin; Tensimin†; Indon.: Betablok; Far-

normin; Hiblok; Internolol; Tenblok; Tenormin; Tensinorm; Zumablok; Irl.:
Amolin; Atecor; Ateni; Atenogen; Atenomel; Tenormin; Trantalol; Israel:
Normalol; Normiten; Ital.: Atenol; Atermin; Seles Beta; Tenomax; Tenor-
min; Malaysia: Apo-Atenol; Beten; Corotenol†; Loten; Normaten†;
Noten; Oraday†; Ranlol; Renotol†; Tenormin; Ternolol†; Uphanormin†;
Urosin; Vascoten; Mex.: Atenol; Atoken; Biofilen; Blotex; Min-T; Nosbal;
Tenormin; Trebanol; Neth.: Tenormin; Norw.: Alinor†; Tenormin; Uniloc;
NZ: Anselol†; Lo-Ten; Philipp.: Atestad; Cardioten; Durabeta; Tenor-Bloc;
Tenormin; Tenostat; Tensimin; Therabloc; Velorin; Pol.: Normocard; Port.:
Ancoren†; Atenolac†; Blokium†; Tenormin; Tessifol; Rus.: Atenolan
(Атенолан); Betacard (Бетакард); Catenol (Катенол); Hypoten
(Хайпотен); Tenolol (Тенолол); S.Afr.: Atenoblok; B-Vasc†; Hexa-Blok;
Ten-Bloka; Tenormin; Venapulse; Singapore: Alonet†; Apo-Atenol; Hyper-
nol; Normaten; Noten; Prenolol; Tenolol; Tenormin; Ternolol†; Vascoten;
Velorin†; Spain: Blokium; Neatenol; Tanser; Tenormin; Swed.: Selinol†;
Tenormin; Uniloc†; Switz.: Atenil; ateno-basan†; Atesifar†; Cardaxen; Pri-
matenol†; Selobloc; Tenormin; Thai.: Atcard; Atenol; Coratol; Nolol;
Nortelol; Oraday; Preloc; Prenolol; Tenocor; Tenol; Tenolol; Tenormin; Te-
talin; Vascoten; Velorin; Turk.: Nortan; Tensidif; Tensinor; UAE: Tensotin;
UK: Antipressan; Atenix; Tenormin; USA: Tenormin; Venez.: Artenolol†;
Atenoval†; Beloc; Blokium; Ritmilan; Tenormin.
Multi-ingredient: Arg.: Atel C†; Atel N†; Plenacor D; Prenomod†;
Prenoretic; Vericordin Compuesto; Austria: Arcablock comp; Atenolan
comp; Atenolol comp; Atenotyrol comp†; Beta-Adalat; Nif-Ten; Polinorm;
Tenoretic; Belg.: Beta-Adalat†; Kalten†; Tenif; Tenoretic; Braz.: Ablok Plus;
Angipress CD; Atenoclor†; Atenoric; Atenuol CRT; Betalor; Nifelat; Teno-
retic; Canad.: Apo-Atenidone; Tenoretic; Chile: Tenoretic†; Cz.: At-
edon†; Atenolol Compositum†; Tenoretic; Denm.: Tenidon; Tenoretic;
Fin.: Nif-Ten; Fr.: Beta-Adalate; Tenordate; Tenoretic; Ger.: Ate Lich comp;
Atehexal comp; Atel; AteNif beta; Ateno comp; Atenogamma comp; At-
enolol AL comp; Atenolol comp; Blocotenol comp†; Bresben; Diu-Aten-
olol; duratenol comp†; Nif-Ten; Nifatenol; Sigabloc†; Teneretic; TRI-Norm-
in; Gr.: Apress†; Chlotenor; Obosan; Tenoretic; Typofen; Hong Kong: Nif-
Ten; Target; Tenoret; Tenoretic; Hung.: Atenolol Comp†; Blokium Diu; In-
dia: Amdepin-AT; Amlopres AT; Amlosafe-AT†; Amlostat-AT; Atecard-
D†; Beta Nicardia†; Cardif Beta; Cardules Plus; Depten; Hipres-D; Lerez-
AT†; Nifetolol; Presolar; Tenochek; Tenoclor; Tenofed; Tenolol-AM; Ten-
olol-D†; Tenoric; Indon.: Nif-Ten; Tenoret; Tenoretic; Irl.: Atecor CT; At-
enetic; Beta-Adalat; Nif-Ten; Tenoret; Tenoretic; Ital.: Atenigron; Atinorm;
Carmian; Clortanol; Diube; Eupres; Igroseles; Mixer; Nif-Ten; Nor-Pa; Nor-
mopress; Target; Tenolone†; Tenoretic; Malaysia: Apo-Atenidone; Prete-
nol C; Target; Tenoret; Tenoretic; Mex.: Plenacor; Tenoretic; Neth.: Nif-
Ten†; Tenoretic; Philipp.: Nif-Ten; Tenoretic; Port.: Blokium Diu†; Teno-
retic; Rus.: Atehexal Compositum (Атегексал Композитум); Tenochek
(Теночек); Tenoric (Тенорик); Tenorox (Тенорокс); S.Afr.: Adco-Loten;
Atenoblok Co†; Tenchlor; Tenoretic; Singapore: Beta Nicardia; Nif-Ten;
Nifetex; Tenoret; Tenoretic; Spain: Blokium Diu; Kalten; Neatenol Diu;
Neatenol Diuvas; Normopresil; Tenoretic; Switz.: Atedurex; ateno-basan
comp†; Beta-Adalat; Cardaxen plus; Co-Atenolol†; Cotenolol-Neo; Co-
tesifar†; Kalten; Nif-Atenil; Nif-Ten; Primatenol Plus†; Tenoretic; Thai.: Ten-
oret†; Tenoretic†; Turk.: Tenoretic; UK: AtenixCo; Beta-Adalat; Kalten;
Tenchlor; Tenif; Tenoret; Tenoretic; Totaretic; USA: Tenoretic; Venez.: Blok-
iuret; Tenoretic.

Atorvastatin Calcium (BANM, USAN, rINNM)

Atorvastatina cálcica; Atorvastatine calcique; Atorvastatinum cal-
cicum; Calcii Atorvastatinum; CI-981. Calcium (βR,δR)-2-(p-
fluorophenyl)-β,δ-dihydroxy-5-isopropyl-3-phenyl-4-(phenylcar-
bamoyl)pyrrole-1-heptanoic acid (1:2) trihydrate.
Кальций Аторвастатин
C66H68CaF2N4O10,3H2O = 1209.4.
CAS — 134523-00-5 (ator vastatin); 134523-03-8 (ator-
vastatin calcium).
ATC — C10AA05.
ATC Vet — QC10AA05.

(ator vastatin)

Adverse Effects and Precautions
As for Simvastatin, p.1390.
◊ General references.
1. Black DM, et al. An overview of the clinical safety profile of

atorvastatin (Lipitor), a new HMG-CoA reductase inhibitor.
Arch Intern Med 1998; 158: 577–84. 

2. Bernini F, et al. Safety of HMG-CoA reductase inhibitors: focus
on atorvastatin. Cardiovasc Drugs Ther 2001; 15: 211–18. 

3. Waters DD. Safety of high-dose atorvastatin therapy. Am J Car-
diol 2005; 96 (suppl 5A): 69F–75F. 

4. Arca M. Atorvastatin: a safety and tolerability profile. Drugs
2007; 67 (suppl 1): 63–9.

Effects on the skin. Toxic epidermal necrolysis apparently
caused by atorvastatin has been reported.1 The authors were not
aware of this adverse effect previously having been associated
with any of the statin lipid regulating drugs.
1. Pfeiffer CM, et al. Toxic epidermal necrolysis from atorvastatin.

JAMA 1998; 279: 1613–14.

Interactions
As for Simvastatin, p.1392.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
Atorvastatin is rapidly absorbed from the gastrointesti-
nal tract. It has low absolute bioavailability of about
12% due to presystemic clearance in the gastrointesti-
nal mucosa and/or first-pass metabolism in the liver, its
primary site of action. Atorvastatin is metabolised by
the cytochrome P450 isoenzyme CYP3A4 to a number
of active metabolites. It is 98% bound to plasma pro-
teins. The mean plasma elimination half-life of atorv-
astatin is about 14 hours although the half-life of inhib-
itory activity for HMG-CoA reductase is about 20 to
30 hours due to the contribution of the active metabo-
lites. Atorvastatin is excreted as metabolites, primarily
in the bile.
◊ Reviews.
1. Lennernäs H. Clinical pharmacokinetics of atorvastatin. Clin

Pharmacokinet 2003; 42: 1141–60.

Uses and Administration
Atorvastatin, a 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitor (or statin), is a lipid
regulating drug with actions on plasma lipids similar to
those of simvastatin (p.1394). It is used to reduce LDL-
cholesterol, apolipoprotein B, and triglycerides, and to
increase HDL-cholesterol in the treatment of hyperlip-
idaemias (p.1169), including hypercholesterolaemias
and combined (mixed) hyperlipidaemia (type IIa or IIb
hyperlipoproteinaemias), hypertriglyceridaemia (type
IV), and dysbetalipoproteinaemia (type III). Atorvasta-
tin can be effective as adjunctive therapy in patients
with homozygous familial hypercholesterolaemia who
have some LDL-receptor function. It is also used for
primary and secondary prophylaxis of cardiovascular
events (see Cardiovascular Risk Reduction, p.1164) in
patients with multiple risk factors, including diabetes
mellitus. 
Atorvastatin is given orally as the calcium salt although
doses are expressed in terms of the base; 10.82 mg of
atorvastatin calcium trihydrate is equivalent to 10 mg
of base. The usual initial dose is 10 to 20 mg of atorv-
astatin once daily; an initial dose of 40 mg daily may
be used in patients who require a large reduction in
LDL-cholesterol. The dose may be adjusted at inter-
vals of 4 weeks up to a maximum of 80 mg daily. 
For patients taking drugs that interact with atorvastatin,
dose reduction is advised as follows: 
• patients taking ciclosporin, maximum dose 10 mg

once daily 
• patients taking clarithromycin, initial dose 10 mg

once daily and maximum dose 20 mg once daily 
• patients taking itraconazole, initial dose 10 mg once

daily and maximum dose 40 mg once daily 
• patients taking ritonavir-boosted lopinavir or ritona-

vir-boosted saquinavir, doses above 20 mg once dai-
ly should be used with caution 

For the use of atorvastatin in children and adolescents,
see below.
◊ General reviews.
1. Lea AP, McTavish D. Atorvastatin: a review of its pharmacology

and therapeutic potential in the management of hyperlipidaemi-
as. Drugs 1997; 53: 828–47. 

2. Malinowski JM. Atorvastatin: a hydroxymethylglutaryl-coen-
zyme A reductase inhibitor. Am J Health-Syst Pharm 1998; 55:
2253–67. 

3. Malhotra HS, Goa KL. Atorvastatin: an updated review of its
pharmacological properties and use in dyslipidaemia. Drugs
2001; 61: 1835–81. 

4. Croom KF, Plosker GL. Atorvastatin: a review of its use in the
primary prevention of cardiovascular events in patients with type
2 diabetes mellitus. Drugs 2005; 65: 137–52. 

5. Poli A. Atorvastatin: pharmacological characteristics and lipid-
lowering effects. Drugs 2007; 67 (suppl 1): 3–15. 

6. Bybee KA, et al. Cumulative clinical trial data on atorvastatin
for reducing cardiovascular events: the clinical impact of atorv-
astatin. Curr Med Res Opin 2008; 24: 1217–29.

Administration in children. In children and adolescents aged
10 to 17 years with hypercholesterolaemia or combined (mixed)
hyperlipidaemia, atorvastatin is licensed for use orally in an ini-
tial dose of 10 mg once daily, adjusted if necessary at intervals of
at least 4 weeks to a maximum dose of 20 mg once daily. A 6-
month study1 with this dose regimen in children with familial or
severe hypercholesterolaemia found that atorvastatin was both
safe and effective. Atorvastatin has also been used in children

with hyperlipidaemia associated with renal2 or heart3 transplan-
tation.
1. McCrindle BW, et al. Efficacy and safety of atorvastatin in chil-

dren and adolescents with familial hypercholesterolemia or se-
vere hyperlipidemia: a multicenter, randomized, placebo-con-
trolled trial. J Pediatr 2003; 143: 74–80. 

2. Argent E, et al. Atorvastatin treatment for hyperlipidemia in
pediatric renal transplant recipients. Pediatr Transplant 2003; 7:
38–42. 

3. Chin C, et al. Efficacy and safety of atorvastatin after pediatric
heart transplantation. J Heart Lung Transplant 2002; 21:
1213–17.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ampliar; Atarva; Ateroclar; Atorvastan; Finlipol; Liparex; Lipibec; Lip-
ifen; Lipitor; Lipocambi; Lipofin; Liponorm; Lipostop; Lipovastinklonal; Nor-
malip; Plan; Tialipol; Torivas; Vastina; Zarator; Austral.: Lipitor; Austria:
Sortis; Belg.: Lipitor; Braz.: Citalor; Lipitor; Canad.: Lipitor; Chile: Aten-
far; Atorlip; Dislipor; Hipolixan; Lipitor; Lipotropic; Lipox; Lowden; Zarator;
Zurinel; Cz.: Atogal; Atoris; Atorpharm; Bisatum; Sortis; Torvacard; Triglyx;
Tulip; Vaston; Denm.: Zarator; Fin.: Lipitor; Fr.: Tahor; Ger.: Sortis; Gr.:
Altoram; Antorcin; Arvastatil; Ator-Chol; Atorgon; Atorolnga; Atorstat;
Atorval; Atorvanox; Atorvin; Atrost; Atrosterol; Atrovita; Biger; Delipost;
Holisten; Lipigan; Lipitor; Lipizem; Lipodial; Lipostatin; Lipovast; Lorvaten;
Rotova; Torvastin; Vastazor ; Xanator ; Zarator ; Hong Kong: Lipitor ;
Hung.: Atoris; Atorva; Atorvox; Hypolip; Liprimar; Sortis; Torvacard; In-
dia: Atorlip; Atorva; Attor; Liporest; X’tor; Indon.: Atorsan; Lipitor; Irl.:
Lipitor; Israel: Lipitor; Torid; Ital.: Lipitor†; Torvast; Totalip; Xarator†; Jpn:
Lipitor; Malaysia: Lipitor; Storvas; Mex.: Lipitor; Neth.: Cardyl; Lipitor;
Prevencor; Zarator; Norw.: Lipitor; NZ: Lipitor; Philipp.: Lipitor; Pol.:
Atoris; Atrox; Sortis; Torvacard; Tulip; Port.: Sortis; Zarator; Rus.: Atomax
(Атомакс); Atoris (Аторис); Liprimar (Липримар); Liptonorm
(Липтонорм); Torvacard (Торвакард); Tulip (Тулип); S.Afr.: Lipitor; Sin-
gapore: Lipitor ; Spain: Cardyl; Prevencor ; Zarator ; Swed.: Lipitor ;
Switz.: Sortis; Thai.: Lipitor; Turk.: Ator; Kolestor ; Lipitaksin; Lipitor ;
Saphire; Tarden; UK: Lipitor; USA: CTR; Lipitor; Venez.: Atovarol; Glustar;
Lipitor; Tarimyl.
Multi-ingredient: Arg.: Ampliar Duo; Ateroclar Duo; Hipertensal Com-
bi; Liparex Duo; Lipibec Duo; Lipoarteriosan; Liponorm Duo; Torimibe;
Austral.: Caduet; Braz.: Caduet; Chile: Caduet; Cz.: Caduet; Fr.: Caduet;
Hung.: Caduet; India: Zetitor†; Malaysia: Caduet; Mex.: Caduet;
Philipp.: Envacar ; Port.: Caduet; S.Afr.: Caduet; Singapore: Caduet;
USA: Caduet; Venez.: Caduet.

Atropine (BAN)

Atropiini; Atropin; Atropina; Atropinas; Atropinum; (±)-Hyo-
scyamine. (1R,3r,5S,8r)-Tropan-3-yl (RS)-tropate.
C17H23NO3 = 289.4.
CAS — 51-55-8.
ATC — A03BA01; S01FA01.
ATC Vet — QA03BA01; QS01FA01.

Description. Atropine is an alkaloid that may be obtained from
solanaceous plants, or prepared by synthesis.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Atropine). A white or almost white, crystalline
powder or colourless crystals. Very slightly soluble in water;
freely soluble in alcohol and in dichloromethane. Protect from
light. 
USP 31 (Atropine). White crystals, usually needle-like, or white
crystalline powder. Soluble 1 in 460 of water, 1 in 90 of water at
80°, 1 in 2 of alcohol, 1 in 1 of chloroform, and 1 in 25 of ether;
soluble in glycerol. Its saturated solution in water is alkaline to
phenolphthalein. Store in airtight containers. Protect from light.

Atropine Methobromide (BANM)

Atropina, metilbromuro de; Atropine Methylbromide; Methylat-
ropine Bromide; Méthylatropine, bromure de; Methylatropini
bromidum; Methylatropinii Bromidum; Methylatropinium Bro-
matum; Methylatropinium-bromid; Metilatropin-bromid; Metilat-
ropino bromidas; Metylatropinbromid; Metyyliatropiinibromidi;
Mydriasine. (1R,3r,5S)-8-Methyl-3-[(±)-tropoyloxy]tropanium
bromide.
C18H26BrNO3 = 384.3.
CAS — 2870-71-5.
ATC — A03BA01.
ATC Vet — QA03BA01.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Methylatropine Bromide; Atropine Methobromide
BP 2008). Colourless crystals or a white or almost white crystal-
line powder. Freely soluble in water; sparingly soluble in alco-
hol. Protect from light.

Atropine Methonitrate (BANM, rINN)

Atrop. Methonit.; Atropiinimetonitraatti; Atropine, Méthonitrate
d’; Atropini Methonitras; Atropinmetonitrat; Methylatropine Ni-
trate (USAN); Méthylatropine, nitrate de; Methylatropini nitras;
Methylatropinii Nitras; Methylatropinium nitrát; Metilatropin-ni-
trát; Metilatropino nitratas; Metilnitrato de atropina; Metonitrato
de atropina; Metylatropinnitrat; Metyyliatropiininitraatti. (1R,3r,-
5S)-8-Methyl-3-[(±)-tropoyloxy]tropanium nitrate.
Атропина Метонитрат
C18H26N2O6 = 366.4.
CAS — 52-88-0.
ATC — A03BB02.
ATC Vet — QA03BB02.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Methylatropine Nitrate; Atropine Methonitrate BP
2008). A white or almost white, crystalline powder or colourless
crystals. Freely soluble in water; soluble in alcohol. Protect from
light.
Stability. Aqueous solutions of atropine methonitrate are unsta-
ble; stability is enhanced in acid solutions of pH below 6.

Atropine Sulfate
Atrop. Sulph.; Atropiinisulfaatti; Atropin Sülfat; Atropina, sulfato
de; Atropine, sulfate d’; Atropine Sulphate (BANM); Atropini sul-
fas; Atropini Sulfas Monohydricus; Atropino sulfatas; Atropinsul-
fat; Atropin-sulfát monohydrát; Atropin-szulfát; Atropiny siarc-
zan.
(C17H23NO3)2,H2SO4,H2O = 694.8.
CAS — 55-48-1 (anhydrous atropine sulfate); 5908-99-6
(atropine sulfate monohydrate).
ATC — A03BA01; S01FA01.
ATC Vet — QA03BA01; QS01FA01.

NOTE. Compounded preparations of atropine sulfate may be rep-
resented by the following names: 
• Co-phenotrope (BAN)—atropine sulfate 1 part and diphenox-

ylate hydrochloride 100 parts (w/w). 
ATR is a code approved by the BP 2008 for use on single unit
dose eye drops containing atropine sulfate where the individ-
ual container may be too small to bear all the appropriate
labelling information.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Atropine Sulphate). A white or almost white, crys-
talline powder or colourless crystals. Very soluble in water; free-
ly soluble in alcohol. A 2% solution in water has a pH of 4.5 to
6.2. Protect from light. 
USP 31 (Atropine Sulfate). Odourless, colourless crystals or
white crystalline powder. It effloresces in dry air. Soluble 1 in 0.5
of water, 1 in 2.5 of boiling water, 1 in 5 of alcohol, and 1 in 2.5
of glycerol. Store in airtight containers.
Incompatibility. Incompatibility between atropine sulfate and
hydroxybenzoate preservatives has been seen,1 resulting in a
total loss of the atropine in 2 to 3 weeks.
1. Deeks T. Oral atropine sulphate mixtures. Pharm J 1983; 230:

481.

Adverse Effects
The pattern of adverse effects seen with atropine and
other antimuscarinics can mostly be related to their
pharmacological actions at muscarinic and, at high
doses, nicotinic receptors (see Actions of Antimus-
carinics, below). These effects are dose-related and are
usually reversible when therapy is stopped. The
peripheral effects of atropine and other antimuscarin-
ics are a consequence of their inhibitory effect on mus-
carinic receptors within the autonomic nervous system.
At therapeutic doses, adverse effects include dryness of
the mouth with difficulty in swallowing and talking,
thirst, reduced bronchial secretions, dilatation of the
pupils (mydriasis) with loss of accommodation (cy-
cloplegia) and photophobia, flushing and dryness of
the skin, transient bradycardia followed by tachycar-
dia, with palpitations and arrhythmias, and difficulty in
micturition, as well as reduction in the tone and motil-
ity of the gastrointestinal tract leading to constipation.
Some of the central effects of atropine and other terti-
ary antimuscarinics seen at toxic doses (see below)
may also occur at therapeutic doses. 
In overdosage, the peripheral effects become more
pronounced and other symptoms such as hyperther-
mia, hypertension, increased respiratory rate, and nau-
sea and vomiting may occur. A rash may appear on the
face or upper trunk. Toxic doses also cause CNS stim-
ulation marked by restlessness, confusion, excitement,
ataxia, incoordination, paranoid and psychotic reac-
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tions, hallucinations and delirium, and occasionally
seizures. However, in severe intoxication, central stim-
ulation may give way to CNS depression, coma, circu-
latory and respiratory failure, and death. 
There is considerable variation in susceptibility to atro-
pine; recovery has occurred even after 1 g, whereas
deaths have been reported from doses of 100 mg or less
for adults and 10 mg for children. 
Quaternary ammonium antimuscarinics, such as atro-
pine methobromide or methonitrate and propantheline
bromide, have some ganglion-blocking activity and
high doses may cause orthostatic hypotension and im-
potence; in toxic doses non-depolarising neuromuscu-
lar block may be produced. 
Systemic toxicity may be produced by the local instil-
lation of antimuscarinic eye drops, particularly in chil-
dren and in the elderly. Prolonged application of atro-
pine to the eye may lead to local irritation, hyperaemia,
oedema, and conjunctivitis. An increase in intra-ocular
pressure may occur, especially in patients with angle-
closure glaucoma. 
Hypersensitivity to atropine is not uncommon and
may occur as conjunctivitis or a skin rash.
Effects on body temperature. Atropine can cause hyper-
thermia as a result of inhibition of sweating. This may be attenu-
ated by atropine’s ability to dilate cutaneous blood vessels. How-
ever, there has been a report of hypothermia in a 14-year-old
feverish patient after intravenous use of atropine.1 
For reports of fatal heat stroke in patients taking an antimuscarin-
ic with an antipsychotic see under Interactions in Benzatropine,
p.797.
1. Lacouture PG, et al. Acute hypothermia associated with atropine.

Am J Dis Child 1983; 137: 291–2.

Effects on the eyes. In addition to the expected ocular effects
of atropine (see above) there have been instances of acute angle-
closure glaucoma in patients receiving nebulised atropine.1
1. Berdy GJ, et al. Angle closure glaucoma precipitated by aero-

solized atropine. Arch Intern Med 1991; 151: 1658–60.

Effects on the gastrointestinal tract. Antimuscarinics re-
duce gastrointestinal tone and paralytic ileus has been reported1

in a 77-year-old man with Parkinson’s disease who had been re-
ceiving atropine sulfate orally to control excess salivation. An
increased risk of oesophageal cancer has also been reported2

with antimuscarinics, possibly due to reductions in lower
oesophageal sphincter tone increasing the risk of gastro-
oesophageal reflux.
1. Beatson N. Atropine and paralytic ileus. Postgrad Med J 1982;

58: 451–3. 
2. Lagergren J, et al. Association between medications that relax

the lower esophageal sphincter and risk for esophageal adeno-
carcinoma. Ann Intern Med 2000; 133: 165–75.

Effects on the heart. Atropine sulfate, to a total of 1 mg per
70 kg body-weight, given intravenously to 79 patients before
surgery produced arrhythmias in over 20% of patients, especially
in the young.1 Atrioventricular dissociation was the most com-
mon disturbance in adults and in children atrial rhythm distur-
bances were common. In another study2 premedication includ-
ing atropine or glycopyrronium given intramuscularly resulted in
a significantly greater incidence of tachycardia during anaesthet-
ic induction and intubation compared with controls who received
no antimuscarinic drug. Patients who received glycopyrronium
also had a higher incidence of tachycardia during surgery than
the controls. No significant difference in bradycardia or extrasys-
toles was found in the atropine- or the glycopyrronium-treated
patients. Atrial fibrillation has been reported in 2 elderly glauco-
ma patients after post-surgical application of atropine ointment
or eye drops to the eye.3
1. Dauchot P, Gravenstein JS. Effects of atropine on the electrocar-

diogram in different age groups. Clin Pharmacol Ther 1971; 12:
274–80. 

2. Shipton EA, Roelofse JA. Effects on cardiac rhythm of premed-
ication with atropine or glycopyrrolate. S Afr Med J 1984; 66:
287–8. 

3. Merli GJ, et al. Cardiac dysrhythmias associated with ophthal-
mic atropine. Arch Intern Med 1986; 146: 45–7.

Effects on mental function. A study1 in patients with Parkin-
son’s disease and healthy control subjects suggested that al-
though short-term memory was impaired in patients receiving
long-term antimuscarinic therapy the effect was reversible on
stopping. An epidemiological study2 similarly reported lower
cognitive performance in elderly patients receiving antimus-
carinics. 
See also under Trihexyphenidyl (p.820) and under Oxybutynin
(p.2191).
1. Van Herwaarden G, et al. Short-term memory in Parkinson’s dis-

ease after withdrawal of long-term anticholinergic therapy. Clin
Neuropharmacol 1993; 16: 438–43. 

2. Lechevallier-Michel N, et al. Drugs with anticholinergic proper-
ties and cognitive performance in the elderly: results from the
PAQUID Study. Br J Clin Pharmacol 2005; 59: 143–51.

Hypersensitivity. A report1 of anaphylactic shock developing
in a 38-year-old woman after an intravenous injection of atro-
pine.
1. Aguilera L, et al. Anaphylactic reaction after atropine. Anaesthe-

sia 1988; 43: 955–7.

Overdosage. Reports of atropine poisoning or overdosage
have included a respiratory therapist1 who had given 10 atropine
sulfate aerosol treatments in the preceding 24 hours and children
who had taken overdoses of a preparation containing diphenox-
ylate and atropine.2
1. Larkin GL. Occupational atropine poisoning via aerosol. Lancet

1991; 337: 917. 
2. McCarron MM, et al. Diphenoxylate-atropine (Lomotil) over-

dose in children: an update (report of eight cases and review of
the literature). Pediatrics 1991; 87: 694–700.

Treatment of Adverse Effects
If a patient presents within an hour of an overdose of
atropine by mouth the stomach may be emptied or ac-
tivated charcoal given to reduce absorption. Support-
ive therapy should be given as required. 
Physostigmine has been tried for antimuscarinic poi-
soning (see p.1884) but such use can be hazardous and
is not generally recommended. Diazepam may be giv-
en to control marked excitement and convulsions; phe-
nothiazines should not be given as they may exacerbate
antimuscarinic effects. Antiarrhythmics are not recom-
mended if arrhythmias develop; hypoxia and acidosis
should be corrected and sodium bicarbonate may be
given even if acidosis is not present.

Precautions
Atropine should be used with caution in children and
the elderly, who may be more susceptible to its adverse
effects. It is contra-indicated in patients with prostatic
enlargement, in whom it may lead to urinary retention,
and in those with paralytic ileus or pyloric stenosis. In
patients with ulcerative colitis its use may lead to ileus
or megacolon, and its effects on the lower oesophageal
sphincter may exacerbate reflux. Caution is generally
advisable in any patient with diarrhoea. It should not be
given to patients with myasthenia gravis except to re-
duce adverse muscarinic effects of an anticholineste-
rase. 
Atropine should not be given to patients with angle-
closure glaucoma or with a narrow angle between the
iris and the cornea, since it may raise intra-ocular pres-
sure and precipitate an acute attack. Acute angle-clo-
sure glaucoma has been reported in patients receiving
nebulised atropine. Some licensed product information
recommends that atropine eye drops should not be
used in infants aged less than 3 months due to the pos-
sible association between the induced cycloplegia and
the development of amblyopia. Systemic reactions
have followed the absorption of atropine from eye
drops; overdosage is less likely if the eye ointment is
used. In the event of blurred vision after topical appli-
cation of atropine to the eye patients should not drive
or operate machinery. Systemic use of antimuscarinics
may also cause blurred vision, dizziness, and other ef-
fects that may impair a patient’s ability to perform
skilled tasks such as driving. 
Because of the risk of provoking hyperthermia, atro-
pine should not be given to patients, especially chil-
dren, when the ambient temperature is high. It should
also be used cautiously in patients with fever. 
Atropine and other antimuscarinics need to be used
with caution in conditions characterised by tachycardia
such as thyrotoxicosis, heart failure, and in cardiac sur-
gery, where they may further accelerate the heart rate.
Care is required in patients with acute myocardial inf-
arction, as ischaemia and infarction may be made
worse, and in patients with hypertension. 
Atropine may cause confusion, especially in the elder-
ly. Reduced bronchial secretion caused by systemic
atropine may be associated with the formation of mu-
cous plugs. 
In the treatment of parkinsonism, increases in dosage
and transfer to other forms of treatment should be grad-
ual and the antimuscarinic should not be withdrawn

abruptly. Minor reactions may be controlled by reduc-
ing the dose until tolerance has developed. 
Persons with Down’s syndrome appear to have an in-
creased susceptibility to some of the actions of atro-
pine, whereas those with albinism may have a reduced
susceptibility.
Breast feeding. No adverse effects have been observed in
breast-feeding infants whose mothers were receiving atropine,
and the American Academy of Pediatrics1 considers that it is
therefore usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 01/06/04)

Interactions
The effects of atropine and other antimuscarinics may
be enhanced by use with other drugs having antimus-
carinic properties, such as amantadine, some antihista-
mines, phenothiazine antipsychotics, and tricyclic anti-
depressants. Inhibition of drug-metabolising enzymes
by MAOIs may possibly enhance the effects of an-
timuscarinics. The reduction in gastric motility caused
by antimuscarinics may affect the absorption of other
drugs. Antimuscarinics may also antagonise the gas-
trointestinal effects of cisapride, domperidone, and
metoclopramide. Antimuscarinics and parasympatho-
mimetics may counteract each others effects.

Pharmacokinetics
Atropine is readily absorbed from the gastrointestinal
tract; it is also absorbed from mucous membranes, the
eye, and to some extent through intact skin. It is rapidly
cleared from the blood and is distributed throughout
the body. It crosses the blood-brain barrier. It is incom-
pletely metabolised in the liver and is excreted in the
urine as unchanged drug and metabolites. A half-life of
about 4 hours has been reported. Atropine crosses the
placenta and traces appear in breast milk. 
Quaternary ammonium salts of atropine, such as the
methonitrate, are less readily absorbed after oral doses.
They are highly ionised in body fluids and being poor-
ly soluble in lipids they do not readily cross the blood-
brain barrier.
Pregnancy. Studies of the pharmacokinetics of atropine in
mother and fetus in late pregnancy1-3 indicated that atropine rap-
idly crosses the placenta. However, whereas peak concentrations
of atropine in fetal cord blood were reached about 5 minutes after
intravenous doses, the maximum effect on fetal heart rate oc-
curred after about 25 minutes.
1. Barrier G, et al. La pharmacocinétique de l’atropine chez la

femme enceinte et le foetus en fin de grossesse. Anesth Analg
Reanim 1976; 33: 795–800. 

2. Onnen I, et al. Placental transfer of atropine at the end of preg-
nancy. Eur J Clin Pharmacol 1979; 15: 443–6. 

3. Kanto J, et al. Placental transfer and pharmacokinetics of atro-
pine after a single maternal intravenous and intramuscular ad-
ministration. Acta Anaesthesiol Scand 1981; 25: 85–8.

Uses and Administration
Atropine is a tertiary amine antimuscarinic alkaloid
with both central and peripheral actions (see below). It
is usually given as the sulfate. It first stimulates and
then depresses the CNS and has antispasmodic actions
on smooth muscle and reduces secretions, especially
salivary and bronchial secretions; it also reduces per-
spiration, but has little effect on biliary or pancreatic
secretion. Atropine depresses the vagus and thereby in-
creases the heart rate. When given orally atropine re-
duces smooth-muscle tone and diminishes gastric and
intestinal motility but has little effect on gastric secre-
tion in usual therapeutic doses. Quaternary ammonium
derivatives, such as the methonitrate, have less effect
on the CNS but strong ganglion-blocking activity. 
Because of its effects on heart rate, atropine is used in
the treatment of bradycardia and asystole of various
causes, including in acute cardiopulmonary resuscita-
tion procedures. It has also had many other uses, in-
cluding: in anaesthetic practice as a premedicant and to
counteract the muscarinic effects of anticholinesterases
such as neostigmine and other parasympathomimetics;
as an antispasmodic in gastrointestinal disorders; as an
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adjunct to opioid analgesics for the symptomatic relief
of biliary or renal colic; to treat or prevent broncho-
spasm; and in the treatment of poisoning with mush-
rooms that contain muscarine and in organophospho-
rus pesticide poisoning. Atropine is used topically as a
mydriatic and cycloplegic in ophthalmology. 
See under headings below for details of dosage and ad-
ministration of atropine and its derivatives in specific
indications.
Actions of antimuscarinics. Antimuscarinic drugs such as at-
ropine are competitive inhibitors of the actions of acetylcholine
at the muscarinic receptors of autonomic effector sites innervated
by parasympathetic (cholinergic postganglionic) nerves; they are
also inhibitors of the action of acetylcholine on smooth muscle
lacking cholinergic innervation. They have been described as
parasympatholytic, atropinic, atropine-like, and as anticholiner-
gic, although the latter term should encompass compounds that
also have antinicotinic actions. 
At least 5 different pharmacologically identifiable types of mus-
carinic receptor (M1, M2, M3, M4, and M5) have been described
as have 5 different molecular forms (m1, m2, m3, m4, and m5) of
these receptors. While the traditional antimuscarinics appear to
be relatively non-specific, newer compounds like pirenzepine
and telenzepine have a selective action on the M1 receptors with-
in ganglia supplying cholinergic postganglionic nerves to the
gastrointestinal tract. 
Antimuscarinics can be classified as tertiary amine or quater-
nary ammonium compounds. Atropine and other naturally oc-
curring alkaloids such as hyoscine and hyoscyamine are tertiary
amines, that is they have a tertiary nitrogen atom; semisynthetic
derivatives or synthetic antimuscarinics may be either tertiary
(e.g. homatropine or trihexyphenidyl) or quaternary ammonium
(e.g. homatropine methylbromide or ipratropium) compounds. 
At therapeutic doses tertiary amine antimuscarinics have little ef-
fect on the actions of acetylcholine at nicotinic receptors. How-
ever, the quaternary ammonium antimuscarinics exhibit a greater
degree of antinicotinic potency, and some of their effects at high
doses are due to ganglionic blockade; excessively high doses
may even produce neuromuscular block. There are also pharma-
cokinetic differences between tertiary amine and quaternary am-
monium antimuscarinics. Quaternary ammonium compounds
are less lipid soluble than tertiary amines; their gastrointestinal
absorption is poor and they do not readily pass the blood-brain
barrier or conjunctiva. 
Antimuscarinics can produce a wide range of effects at therapeu-
tic doses. The peripheral antimuscarinic effects that are pro-
duced as the dose increases are: 
• decreased production of secretions from the salivary, bronchi-

al, and sweat glands 
• dilatation of the pupils (mydriasis) and paralysis of accommo-

dation (cycloplegia) 
• increased heart rate 
• inhibition of micturition and reduction in gastrointestinal tone 
• inhibition of gastric acid secretion 
As for central effects, with the exception of hyoscine, which
causes CNS depression at therapeutic doses, tertiary amines
stimulate the medulla and higher cerebral centres producing mild
central vagal excitation and respiratory stimulation. At toxic dos-
es all tertiary amines, including hyoscine, cause stimulation of
the CNS with restlessness, disorientation, hallucinations, and de-
lirium. As the dose increases stimulation is followed by central
depression and death from respiratory paralysis. Synthetic terti-
ary amines are less potent in their central effects than natural ter-
tiary amines; quaternary ammonium compounds have negligible
central effects.
Anaesthesia. Antimuscarinics, including atropine, hyoscine,
and glycopyrronium, have been used pre-operatively to inhibit
salivation and excessive secretions of the respiratory tract during
anaesthesia (p.1780), although this use is less important now that
less irritating anaesthetics are used. Atropine and glycopyrro-
nium are also given to reduce intra-operative bradycardia and hy-
potension induced by drugs such as suxamethonium, halothane,
or propofol, or following vagal stimulation. Glycopyrronium
causes less tachycardia than atropine when given intravenously.
When hyoscine is used as a premedicant it also provides some
amnesia, sedation, and antiemesis but, unlike atropine, may
cause bradycardia rather than tachycardia. Atropine or, prefera-
bly, glycopyrronium is also used before, or with, anticholineste-
rases such as neostigmine to prevent their muscarinic adverse ef-
fects (see Uses and Administration of Neostigmine, p.632). 
For premedication 300 to 600 micrograms of atropine sulfate
may be given by subcutaneous or intramuscular injection, usual-
ly 30 to 60 minutes before anaesthesia. Alternatively 300 to
600 micrograms of atropine sulfate may be given intravenously
immediately before induction of anaesthesia. Suitable paediatric
subcutaneous or intramuscular premedication doses of atropine
sulfate are: 
• children up to 3 kg in weight: 100 micrograms 
• children 7 to 9 kg in weight: 200 micrograms 
• children 12 to 16 kg in weight: 300 micrograms 
• children over 20 kg in weight: the adult dose. 

For intra-operative bradycardia the BNF states that 300 to
600 micrograms may be given intravenously; larger doses may
be used in emergencies. Children may be given 10 to
20 micrograms/kg. 
To counteract the muscarinic effects of anticholinesterases
when they are used to reverse the effects of competitive muscle
relaxants adults are given atropine sulfate 0.6 to 1.2 mg by intra-
venous injection before or with the anticholinesterase. Neonates,
infants, and children may be given a dose of 20 micrograms/kg
(maximum dose 600 micrograms).
Anoxic seizures. A reflex anoxic seizure is a paroxysmal event
triggered by a noxious stimulus which, by vagal stimulation,
causes pronounced bradycardia or cardiac arrest and consequent
relative cerebral ischaemia.1 Certain features of the attack may
lead to a misdiagnosis of epilepsy. To avoid confusion with epi-
leptic seizures (p.465), reflex anoxic seizures have also been
called white or type 2 breath holding attacks. Depending on the
degree of vagal hypersensitivity or noxious stimulus, attacks
may occur infrequently or several times a day. 
Infants and young children are mainly affected, however, the
condition usually resolves by early childhood. It is generally be-
nign and children do not suffer cardiac or cerebral damage.
Treatment is seldom necessary, but atropine has been advocated
to prevent vagal hypersensitivity in those children with frequent,
persistent attacks. As atropine may require frequent doses with
an attendant risk of overdosage, transdermal hyoscine has been
tried as an alternative.2
1. Appleton RE. Reflex anoxic seizures. BMJ 1993; 307: 214–5. 
2. Palm L, Blennow G. Transdermal anticholinergic treatment of

reflex anoxic seizures. Acta Paediatr Scand 1985; 74: 803–4.

Biliary and renal colic. Atropine has been used as an adjunct
to opioid analgesics for symptomatic relief of biliary or renal col-
ic (see p.5).
Cardiac disorders. Atropine depresses the vagus and thereby
increases the heart rate. It is therefore used in a variety of disor-
ders or circumstances in which bradyarrhythmias occur. It is fre-
quently used in sudden onset bradyarrhythmias and although it
may also be given for the initial treatment of chronic arrhythmias
(p.1160), cardiac pacing is generally preferred for long-term con-
trol. Examples of acute use include the prevention and treatment
of arrhythmias associated with anaesthesia (see above), the treat-
ment of other drug-induced arrhythmias, and in cardiac arrest
due to asystole or electromechanical dissociation (pulseless elec-
trical activity—p.1156). Atropine sulfate has been used in the
management of bradycardia of acute myocardial infarction;
however, caution is required, as atropine may exacerbate ischae-
mia or infarction in these patients. 
For advanced life support in adults with asystole or electrome-
chanical dissociation, European1 and UK guidelines2 recom-
mend atropine in a single dose of 3 mg intravenously; US
guidelines3 recommend repeated doses of 1 mg to a total maxi-
mum dose of 3 mg. 
In bradycardia, atropine is given1-3 in doses of 500 micrograms
intravenously repeated every 3 to 5 minutes to a total dose of
3 mg. 
If an intravenous line cannot be established, atropine can be giv-
en via an endotracheal tube; 2 to 3 times the intravenous dose
should be given, diluted in 10 mL of sterile water or sodium
chloride 0.9%.
1. European Resuscitation Council. European Resuscitation Coun-

cil guidelines for resuscitation 2005. Resuscitation 2005; 67
(suppl 1): S1–S190. Also available at: http://www.erc.edu/
index.php/guidelines_download_2005/en/? (accessed 07/03/06) 

2. Resuscitation Council (UK). Resuscitation Guidelines 2005.
Available at: http://www.resus.org.uk/pages/guide.htm (ac-
cessed 07/03/06) 

3. The American Heart Association. 2005 American Heart Associ-
ation guidelines for cardiopulmonary resuscitation and emergen-
cy cardiovascular care. Circulation 2005; 112 (suppl 1):
IV1–IV203. Also available at: http://intl-circ.ahajournals.org/
content/vol112/24_suppl/ (accessed 09/02/06)

Eye disorders. Atropine is used to produce mydriasis and cy-
cloplegia (p.1874) for ophthalmic examination. One local appli-
cation can take up to 40 minutes or more to produce mydriasis,
which lasts for a week or more; marked paralysis of accommo-
dation is obtained in 1 to 3 hours with recovery in 6 to 12 days.
However, other antimuscarinics such as cyclopentolate, homat-
ropine, or tropicamide may be preferred because they have a
more rapid onset and shorter duration of action than atropine.
Atropine is also used in the management of uveitis and iritis, and
in strabismus. It is used in the treatment of iritis and uveitis to
immobilise the ciliary muscle and iris and to prevent or break
down adhesions. Because of its powerful cycloplegic action at-
ropine is also used in the determination of refraction in children
below the age of 6 and in children with convergent strabismus
(p.1874). 
In the treatment of inflammatory eye disorders such as uveitis
or iritis (p.1515), the dose of atropine sulfate for adults is 1 or 2
drops of a 0.5 or 1% solution instilled into the eye(s) up to four
times daily. The dose in children is 1 or 2 drops of a 0.5% solu-
tion (or one drop of a 1% solution) instilled up to three times
daily. For refraction in adults the dose is one drop of a 1% solu-
tion of atropine sulfate; this may be instilled either twice daily for
1 or 2 days before the procedure or on a single occasion one hour
before the procedure. In children the dose for refraction is 1 or 2

drops of a 0.5% solution (or one drop of a 1% solution) instilled
twice daily for 1 to 3 days before the procedure, with a further
dose given one hour before the procedure. An ophthalmic oint-
ment of atropine sulfate 1% may be preferred for children under
5 years and particularly in infants under 3 months who are at in-
creased risk of systemic effects with eye drops. Some manufac-
turers recommend that atropine sulfate should not be used in the
eyes of children younger than 3 months due to a possible associ-
ation between the cycloplegia produced and the development of
amblyopia. 
Atropine borate has also been used in ophthalmic preparations. 
References.
1. Stolovitch C, et al. Atropine cycloplegia: how many instillations

does one need? J Pediatr Ophthalmol Strabismus 1992; 29:
175–6. 

2. Foley-Nolan A, et al. Atropine penalisation versus occlusion as
the primary treatment for amblyopia. Br J Ophthalmol 1997; 81:
54–7. 

3. Pediatric Eye Disease Investigator Group. A randomized trial of
atropine vs. patching for treatment of moderate amblyopia in
children. Arch Ophthalmol 2002; 120: 268–78.

Gastrointestinal disorders. Antimuscarinics may be used in
gastrointestinal disorders as antispasmodics (see p.1692), be-
cause of their marked inhibitory effect on gastrointestinal motil-
ity, and for their antisecretory effects. Atropine (as the sulfate or
quaternary derivatives such as the methobromide or methoni-
trate) has been used to reduce smooth-muscle tone and diminish
motility, but has little effect on gastric secretion at usual thera-
peutic doses (about 200 micrograms of atropine sulfate). It has
been tried as an adjunct to the treatment of benign gastric and
duodenal ulcers and the antispasmodic action of atropine has
been used to facilitate radiological examination of the gut. Atro-
pine sulfate has also been used in the treatment of irritable bowel
syndrome. Atropine oxide hydrochloride is also used for gas-
trointestinal disorders.
Poisoning. Atropine is used in the management of overdosage
or poisoning due to anticholinesterase compounds including
organophosphorus pesticides,1,2 chemical warfare nerve gases,3
and parasympathomimetics such as neostigmine. It is also used
to antagonise the effects of cholinomimetic substances in the
treatment of overdosage with parasympathomimetics such as
bethanechol, and in the treatment of poisoning with mushrooms
that contain muscarine. Atropine blocks the action of these com-
pounds at muscarinic receptors, reversing bradycardia and de-
creasing tracheobronchial secretions, bronchoconstriction, intes-
tinal secretions, and intestinal motility. 
• In the treatment of poisoning with organophosphorus pesti-

cides or chemical warfare nerve gases atropine sulfate may be
given to adults in an initial dose of 2 mg intramuscularly or
intravenously every 10 to 30 minutes until muscarinic effects
disappear or signs of atropine toxicity are seen. In severe cases
injections have been given as often as every 5 minutes in some
centres. Continuous infusion has also been used.4,5 A dose of
at least 50 micrograms/kg has been suggested for children by
some;6 the BNF includes a dose of 20 micrograms/kg given
every 5 to 10 minutes. 

• In moderate to severe poisoning a state of atropinisation is
usually maintained for at least 2 days and continued for as
long as symptoms are evident. In severely poisoned patients
this may entail prolonged treatment.7,8 As large amounts of
atropine may be required it is important to use a preservative-
free preparation to avoid the potential toxicity associated with
use of excess quantities of preservatives such as benzyl alco-
hol or chlorobutanol. 

• Since atropine is ineffective against any nicotinic effects of
these compounds a cholinesterase reactivator such as pral-
idoxime (p.1460) may be used as an adjunct. 

The use of atropine in poisoning or overdosage with other com-
pounds having muscarinic actions is similar to that for organo-
phosphorus pesticides but the duration of treatment necessary is
usually shorter. An initial dose of 0.6 to 1 mg given subcutane-
ously, intramuscularly, or intravenously and repeated every 2
hours may be adequate for overdosage with cholinomimetics
such as bethanechol.
1. Singh S, et al. Is atropine alone sufficient in acute severe organ-

ophosphorus poisoning: experience of a North West Indian hos-
pital. Int J Clin Pharmacol Ther 1995; 33: 628–30. 

2. Eddleston M, et al. Management of severe organophosphorus
pesticide poisoning. Crit Care 2002; 6: 259. 

3. Anonymous. Treatment of nerve gas poisoning. Med Lett Drugs
Ther 1995; 37: 43–4. 

4. Ram JS, et al. Continuous infusion of high doses of atropine in
the management of organophosphorus compound poisoning. J
Assoc Physicians India 1991; 39: 190–3. 

5. Sungur M, Güven M. Intensive care management of organophos-
phate insecticide poisoning. Crit Care 2001; 5: 211–15. 

6. Rotenberg JS, Newmark J. Nerve agent attacks on children: di-
agnosis and management. Pediatrics 2003; 112: 648–58. 

7. Golsousidis H, Kokkas V. Use of 19 590 mg of atropine during
24 days of treatment, after a case of unusually severe parathion
poisoning. Hum Toxicol 1985; 4: 339–40. 

8. Afzaal S, et al. High dose atropine in organophosphorus poison-
ing. Postgrad Med J 1990; 66: 70–1.

Respiratory-tract disorders. Although atropine is a potent
bronchodilator its use in the management of reversible airways
obstruction has largely been replaced by other antimuscarinics
such as ipratropium (p.1124). Atropine is sometimes used in
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combination preparations with antihistamines and decongestants
for the symptomatic relief of symptoms of the common cold. 
References.
1. Sur S, et al. A random double-blind trial of the combination of

nebulized atropine methylnitrate and albuterol in nocturnal asth-
ma. Ann Allergy 1990; 65: 384–8. 

2. Vichyanond P, et al. Efficacy of atropine methylnitrate alone and
in combination with albuterol in children with asthma. Chest
1990; 98: 637–42.

Preparations
BP 2008: Atropine Eye Drops; Atropine Eye Ointment; Atropine Injection;
Atropine Tablets; Morphine and Atropine Injection; 
USP 31: Atropine Sulfate Injection; Atropine Sulfate Ophthalmic Oint-
ment; Atropine Sulfate Ophthalmic Solution; Atropine Sulfate Tablets;
Diphenoxylate Hydrochloride and Atropine Sulfate Oral Solution; Diphe-
noxylate Hydrochloride and Atropine Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Endotropina; Klonatropina; Austral.: Atropt; Belg.: Stellatropine;
Braz.: Atropion; Sulfatina†; Canad.: Atropisol†; Fin.: Oftan Atropin†;
Ger.: Atropinol†; Dysurgal; India: Bell Pino-Atrin; Indon.: Isotic Cycloma;
Israel: Atrospan; Malaysia: Atrop†; Mex.: Atro Grin†; Atro Ofteno; At-
ropisa; Tropyn; NZ: Atropt; Port.: Atropocil; Switz.: Bellafit N; Skiatro-
pine†; Turk.: Atrosol; USA: AtroPen; Ocu-Tropine; Sal-Tropine; Venez.:
Atropicel†.
Multi-ingredient: Arg.: Asmopul†; Otorinazol†; Saldeva†; Trixol†; Yanal;
Austral.: Donnagel; Donnalix; Donnatab; Neo-Diophen†; Austria: Causat;
Ichtho-Bellol; Lactolavol; Myocardon; Braz.: Espasmocron; Neogrein; Or-
migrein; Sedabel†; Tonaton; Vagostesyl; Chile: Buton; Dipatropin; Dispas-
mol†; Dolospam; Papatropin†; Cz.: Spasmoveralgin Neo†; Ger.: Ichtho-
Bellol compositum S†; Ichtho-Bellol†; Mydrial-Atropin†; Hong Kong: Vir-
ulex Forte; Hung.: Meristin†; India: Atrisolon; Brovon; Pino-Cort; Indon.:
Aludonna; Israel: Patropin; Spasmalgin; Ital.: Cardiostenol; Deltamidrina;
Genatrop; Mex.: Paliatil; Redotex; Redotex NF; Pol.: Tolargin; Port.: Cos-
maxil†; S.Afr.: Colstat; Donnatal; Famucaps; Millerspas; Virobis†; Spain:
Abdominol; Midriati; Sulmetin Papaver ; Sulmetin Papaverina†; Tabletas
Quimpe; Swed.: Dilaudid-Atropin; Switz.: Dilaudid-Atropin†; Dolopy-
rine†; Nardyl; Spasmosol; Thai.: Alkamine; Alumag; Alupep; Donnatal†;
Droximag†; Stomac; UK: Actonorm; Brovon; Nerve Agent Antidote L4A1;
Valonorm; USA: Accuhist LA†; Alkabel; Antispasmodic Elixir ; Atrosept;
Barbidonna†; Bellahist-D; Bellatal; Dolsed†; Donnatal; DuoDote; Emergent-
Ez; Hyosophen; MHP-A; Prosed/DS; Stahist; Susano; Trac Tabs 2X†; UAA;
Uridon Modified†; Urised; Uriseptic; Uritact; Venez.: Butropina; Carbargal
con Atropina; Eumidral; Fenopol†.
Used as an adjunct in: Austral.: Lofenoxal; Lomotil; Braz.: Colestase; Lo-
motil; Canad.: Lomotil; Cz.: Reasec; Fr.: Diarsed; Hong Kong: Dhamotil;
Dimotil; Lomotil; Hung.: Reasec; India: Lomofen; Lomotil; Irl.: Lomotil;
Malaysia: Atrotil†; Beamotil; Dhamotil; Lomotil†; Setmotil†; NZ: Diastop;
Lomotil†; Pol.: Reasec; Port.: Lomotil†; S.Afr.: Lomotil; Singapore:
Beamotil; Dhamotil; Lomotil; Remodil†; Thai.: Dilomil†; Lomotil; Turk.: Lo-
motil; UAE: Intard; UK: Dymotil; Lomotil; USA: Enlon-Plus†; Logen; Lomo-
til; Lonox; Motofen; Neostigmine Min-I-Mix; Venez.: Lomotil†.

Azamethonium Bromide (BAN, rINN)

Azamethonii Bromidum; Azaméthonium, Bromure d’; Bromuro
de azametonio; Pentamethazene Bromide; Pentaminum. 2,2′-
Methyliminobis(diethyldimethylammonium) dibromide.
Азаметония Бромид
C13H33Br2N3 = 391.2.
CAS — 60-30-0 (azamethonium); 306-53-6 (azamethoni-
um bromide).

Profile
Azamethonium bromide is a ganglion blocker used in the treat-
ment of hypertension.

Azapetine Phosphate (BANM)

Atsapetiinifosfaatti; Azapethine Phosphate; Azapetinfosfat;
Azepine Phosphate; Ro-2-3248. 6-Allyl-6,7-dihydro-5H-di-
benz[c,e]azepine dihydrogen phosphate.
C17H17N,H3PO4 = 333.3.
CAS — 146-36-1 (azapetine); 130-83-6 (azapetine phos-
phate).
ATC — C04AX30.
ATC Vet — QC04AX30.

(azapetine)

Profile
Azapetine is a vasodilator that has been used, as the phosphate,
in peripheral vascular disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Peridil.

Azelnidipine (rINN)

Azelnidipino; Azelnidipinum; CS-905. 3-[1-(Diphenylmethyl)-3-
azetidinyl] 5-isopropyl (±)-2-amino-1,4-dihydro-6-methyl-4-(m-
nitrophenyl)-3,5-pyridinedicarboxylate.
Азелнидипин
C33H34N4O6 = 582.6.
CAS — 123524-52-7.

Profile
Azelnidipine is a long-acting dihydropyridine calcium-channel
blocker used in the management of hypertension.
◊ Reviews.
1. Wellington K, Scott LJ. Azelnidipine. Drugs 2003; 63: 2613–21.

Azimilide Hydrochloride (BANM, rINNM)

Azimilide, Chlorhydrate d’; Azimilide Dihydrochloride (USAN);
Azimilidi Hydrochloridum; Hidrocloruro de azimilida; NE-10064.
1-{[5-(p-Chlorophenyl)furfurylidene]amino}-3-[4-(4-methyl-1-
piperazinyl)butyl]hydantoin dihydrochloride.
Азимилида Гидрохлорид
C23H28ClN5O3,2HCl = 530.9.
CAS — 149908-53-2 (azimilide); 149888-94-8 (azimilide
hydrochloride).

(azimilide)

Profile
Azimilide hydrochloride is a class III antiarrhythmic (p.1153)
being studied in the management of supraventricular arrhythmi-
as. It has also been tried in ventricular arrhythmias.
◊ References.
1. Clemett D, Markham A. Azimilide. Drugs 2000; 59: 271–7. 
2. Pritchett ELC, et al. Effects of azimilide on heart rate and ECG

conduction intervals during sinus rhythm in patients with a his-
tory of atrial fibrillation. J Clin Pharmacol 2002; 42: 388–94. 

3. Connolly SJ, et al. Symptoms at the time of arrhythmia recur-
rence in patients receiving azimilide for control of atrial fibril-
lation or flutter: results from randomized trials. Am Heart J
2003; 146: 489–93. 

4. Singer I, et al. Azimilide decreases recurrent ventricular tach-
yarrhythmias in patients with implantable cardioverter defibril-
lators. J Am Coll Cardiol 2004; 43: 39–43. 

5. Camm AJ, et al. Mortality in patients after a recent myocardial
infarction: a randomized, placebo-controlled trial of azimilide
using heart rate variability for risk stratification. Circulation
2004; 109: 990–6. 

6. Dorian P, et al. Placebo-controlled, randomized clinical trial of
azimilide for prevention of ventricular tachyarrhythmias in pa-
tients with an implantable cardioverter defibrillator. Circulation
2004; 110: 3646–54. 

7. Pritchett ELC, et al. Antiarrhythmic efficacy of azimilide in pa-
tients with atrial fibrillation: maintenance of sinus rhythm after
conversion to sinus rhythm. Am Heart J 2006; 151: 1043–9. 

8. Kerr CR, et al. Efficacy of azimilide for the maintenance of si-
nus rhythm in patients with paroxysmal atrial fibrillation in the
presence and absence of structural heart disease. Am J Cardiol
2006; 98: 215–18. 

9. Pratt CM, et al. Cumulative experience of azimilide-associated
torsades de pointes ventricular tachycardia in the 19 clinical
studies comprising the azimilide database. J Am Coll Cardiol
2006; 48: 471–7. 

10. Lombardi F, et al. Azimilide vs. placebo and sotalol for persist-
ent atrial fibrillation: the A-COMET-II (Azimilide-CardiOver-
sion MaintEnance Trial-II) trial. Eur Heart J 2006; 27:
2224–31.

Azosemide (USAN, rINN) ⊗ 
Azosemida; Azosémide; Azosemidum; BM-02001; Ple-1053. 2-
Chloro-5-(1H-tetrazol-5-yl)-4-(2-thenylamino)benzenesul-
phonamide.

Азосемид
C12H11ClN6O2S2 = 370.8.
CAS — 27589-33-9.

Profile
Azosemide is a diuretic with actions similar to those of furosem-
ide (p.1292) that has been used in the management of oedema.

Bamethan Sulfate (USAN, rINNM)

Bametanu siarczan; Baméthan, Sulfate de; Bamethan Sulphate
(BANM); Bamethani Sulfas; Sulfato de bametán. 2-Butylamino-1-
(4-hydroxyphenyl)ethanol sulfate.

Баметана Сульфат
(C12H19NO2)2,H2SO4 = 516.6.
CAS — 3703-79-5 (bamethan); 5716-20-1 (bamethan
sulfate).
ATC — C04AA31.
ATC Vet — QC04AA31.

(bamethan)

Pharmacopoeias. In Jpn and Pol.

Profile
Bamethan sulfate is a vasodilator used in the management of
peripheral vascular disorders. 
Bamethan nicotinate and bamethan succinate have been used
similarly.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dilartan; Braz.: Vasculat; Ger.: Emasex A†.

Multi-ingredient: Arg.: Flaval; Grafic Forte; Vefluxan†; Fr.: Escinogel†;
Ger.: Emasex-N†; Medigel†.

Barnidipine Hydrochloride (rINNM)

Barnidipine, Chlorhydrate de; Barnidipini Hydrochloridum; Hid-
rocloruro de barnidipino; LY-198561; Mepirodipine Hydrochlo-
ride; YM-730; YM-09730-5. (+)-(3′S,4S)-1-Benzyl-3-pyrrolidinyl
methyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5-pyridin-
edicarboxylate hydrochloride.

Барнидипина Гидрохлорид
C27H29N3O6,HCl = 528.0.
CAS — 104713-75-9 (barnidipine); 104757-53-1 (bar-
nidipine hydrochlor ide).
ATC — C08CA12.
ATC Vet — QC08CA12.

(barnidipine)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Barnidipine is a dihydropyridine calcium-channel blocker with
general properties similar to those of nifedipine (p.1350). It is
given orally as the hydrochloride in the management of hyper-
tension (p.1171). The initial dose is 5 to 10 mg once daily, in-
creased, according to response, to a usual maintenance dose of
10 to 20 mg once daily.
◊ Reviews.
1. Malhotra HS, Plosker GL. Barnidipine. Drugs 2001; 61: 989–96. 
2. Liau CS. Barnidipine: a new calcium channel blocker for hyper-

tension treatment. Expert Rev Cardiovasc Ther 2005; 3: 207–13.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dilacor†; Belg.: Vasexten; Cz.: Vasexten; Gr.: Vasexten; Ital.: Libra-
din; Osipine; Vasexten; Jpn: Hypoca; Neth.: Cyress; Libradin; Vasexten;
Philipp.: Hypoca; Port.: Cyress; Libradin; Vasexten; Spain: Libradin;
Thai.: Hypoca.

Bemetizide (BAN, rINN) ⊗ 
Bemetizida; Bémétizide; Bemetizidum; Diu-60. 6-Chloro-3,4-di-
hydro-3-(α-methylbenzyl)-2H-1,2,4-benzothiadiazine-7-sulphon-
amide 1,1-dioxide.
Беметизид
C15H16ClN3O4S2 = 401.9.
CAS — 1824-52-8.

Profile
Bemetizide is a thiazide diuretic (see Hydrochlorothiazide,
p.1307) that is used, often with triamterene, in the treatment of
oedema and hypertension.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Diucomb†; Ger.: dehydro sanol tri; Diucomb.

Bemiparin Sodium (BAN, rINN)

Bemiparina sódica; Bémiparine Sodique; Bemiparinum Natricum.
Бемипарин Натрий
CAS — 9041-08-1.
ATC — B01AB12.
ATC Vet — QB01AB12.

Description. Bemiparin sodium is prepared by alkaline degra-
dation of heparin obtained from the intestinal mucosa of pigs.
The majority of the components have a 2-O-sulfo-4-enepyrano-
suronic acid structure at the non-reducing end and a 2-N,6-O-di-
sulfo-D-glucosamine structure at the reducing end of their chain.
The average relative molecular mass is about 3600 (3000 to
4200). The degree of sulfation is about 2 per disaccharide unit.

Units
As for Low-molecular-weight Heparins, p.1329.

Adverse Effects, Treatment, and Precau-
tions
As for Low-molecular-weight Heparins, p.1329. 
Severe bleeding with bemiparin sodium may be re-
duced by intravenous protamine sulfate; 1.4 mg of pro-
tamine sulfate is stated to inhibit the effects of
100 units of bemiparin sodium.

Interactions
As for Low-molecular-weight Heparins, p.1329.

Pharmacokinetics
Bemiparin sodium is rapidly absorbed after subcutane-
ous injection with a bioavailability of about 96%. Peak
plasma activity is reached in about 2 to 4 hours, de-
pending on the dose. The elimination half-life is about
5 to 6 hours.

Uses and Administration
Bemiparin sodium is a low-molecular-weight heparin
(p.1329) with anticoagulant activity. It is used for the
prevention and treatment of venous thromboembolism
(p.1189), and to prevent clotting during extracorporeal
circulation. 
In the prophylaxis of venous thromboembolism dur-
ing general surgery with moderate risk, bemiparin so-
dium is given subcutaneously in a dose of 2500 units
once daily, with the first dose given 2 hours before or 6
hours after surgery; in patients undergoing orthopaedic
surgery with high risk of thromboembolism the dose
should be 3500 units initially and then once daily.
Treatment should be continued for at least 7 to 10 days
and until the patient is fully ambulant. For treatment of
thromboembolism, a dose of 115 units/kg is given sub-
cutaneously once daily. 
In some countries bemiparin sodium is used for proph-
ylaxis in non-surgical patients at moderate or high risk
of venous thromboembolism, a dose of 2500 or
3500 units being given daily according to risk. Bemi-
parin sodium is also used in some countries for second-
ary prevention of venous thromboembolism in patients
with transitory risk factors, a dose of 3500 units being
given daily for up to 3 months as an alternative to oral
anticoagulant therapy. 
For the prevention of clotting in the extracorporeal cir-
culation during haemodialysis, bemiparin sodium is
given into the arterial side of the dialyser in a single
dose of 2500 units for patients weighing less than
60 kg and 3500 units for patients weighing more than
60 kg.
◊ References.
1. Kakkar VV, et al. A comparative double-blind, randomised trial

of a new second generation LMWH (bemiparin) and UFH in the
prevention of post-operative venous thromboembolism. Thromb
Haemost 2000; 83: 523–9. 

2. Chapman TM, Goa KL. Bemiparin: a review of its use in the
prevention of venous thromboembolism and treatment of deep
vein thrombosis. Drugs 2003; 63: 2357–77. 

3. Martínez-González J, et al. Bemiparin: second-generation, low-
molecular-weight heparin for treatment and prophylaxis of ve-
nous thromboembolism. Expert Rev Cardiovasc Ther 2008; 6:
793–802.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Badyket; Cz.: Zibor; Gr.: Ivor; Ivormax; Hung.: Zibor; Ital.: Ivor;
Port.: Ivor; Spain: Hibor; UK: Zibor.

Benazepril Hydrochloride 

(BANM, USAN, rINNM)

Benatsepriilihydrokloridi; Bénazépril, chlorhydrate de; Benazepril
Hidroklorür; Benazeprilhydroklorid; Benazeprili  hydrochlori-
dum; Benazeprili Hydrochloridum; CGS-14824A (benazepril or
benazepril hydrochloride); Hidrocloruro de benazepril. {(3S)-3-
[(1S)-1-Ethoxycarbonyl-3-phenylpropylamino]-2,3,4,5-tetrahy-
dro-2-oxo-1H-1-benzazepin-1-yl}acetic acid hydrochloride; 1-
Carboxymethyl-3-[1-ethoxycarbonyl-3-phenyl-(1S)-propylami-
no]-2,3,4,5-tetrahydro-1H-1(3S)-benzazepin-2-one hydrochlo-
ride.

Беназеприла Гидрохлорид
C24H28N2O5,HCl = 461.0.

CAS — 86541-75-5 (benazepril); 86541-74-4
(benazepril hydrochloride).
ATC — C09AA07.

ATC Vet — QC09AA07.

(benazepril)

Pharmacopoeias. In US. 
USP 31 (Benazepril Hydrochloride). A white to off-white crys-
talline powder. Soluble in water, in alcohol, and in methyl alco-
hol. Store at a temperature below 30°, preferably between 15°
and 30°.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Benazepril acts as a prodrug of the diacid benazeprilat,
its active metabolite. At least 37% of an oral dose of
benazepril is absorbed. Benazepril is almost complete-
ly metabolised in the liver to benazeprilat. Peak plasma
concentrations of benazeprilat after an oral dose of
benazepril have been achieved in 1 to 2 hours in the
fasting state or 2 to 4 hours in the nonfasting state. Both
benazepril and benazeprilat are about 95% bound to
plasma proteins. Benazeprilat is excreted mainly in the
urine; about 11 to 12% is excreted in the bile. The ef-
fective half-life for accumulation of benazeprilat is 10
to 11 hours after multiple doses of benazepril. The
elimination of benazeprilat is slowed in renal impair-
ment, although biliary excretion may compensate to
some extent. Small amounts of benazepril and
benazeprilat are distributed into breast milk.
◊ References.
1. Kaiser G, et al. Pharmacokinetics of the angiotensin converting

enzyme inhibitor benazepril HCl (CGS 14 824A) in healthy vol-
unteers after single and repeated administration. Biopharm Drug
Dispos 1989; 10: 365–76. 

2. Kaiser G, et al. Pharmacokinetics of a new angiotensin-convert-
ing enzyme inhibitor, benazepril hydrochloride, in special popu-
lations. Am Heart J 1989; 117: 746–51. 

3. Kaiser G, et al. Pharmacokinetics and pharmacodynamics of the
ace inhibitor benazepril hydrochloride in the elderly. Eur J Clin
Pharmacol 1990; 38: 379–85. 

4. Macdonald N-J, et al. A comparison in young and elderly sub-
jects of the pharmacokinetics and pharmacodynamics of single
and multiple doses of benazepril. Br J Clin Pharmacol 1993; 36:
201–4.

Uses and Administration
Benazepril is an ACE inhibitor (p.1193). It is used in
the treatment of hypertension (p.1171) and heart failure
(p.1165). 
Benazepril owes its activity to benazeprilat to which it
is converted after oral dosage. The haemodynamic ef-
fects are seen within 1 hour of a single oral dose and the
maximum effect occurs after about 2 to 4 hours, al-
though the full effect may not develop for 1 to 2 weeks
during chronic dosing. The haemodynamic action lasts
for about 24 hours, allowing once-daily dosing.
Benazepril is given orally as the hydrochloride. 
In the treatment of hypertension, the usual initial dose
of benazepril hydrochloride is 10 mg once daily. An in-
itial dose of 5 mg once daily is suggested for patients
with renal impairment (see below) or who are receiv-
ing a diuretic; if possible the diuretic should be with-
drawn 2 or 3 days before benazepril is started and re-
sumed later if necessary. 
The usual maintenance dose is 20 to 40 mg daily,
which may be given in 2 divided doses if control is
inadequate with a single dose; doses of up to 80 mg
daily have been used. 
In the treatment of heart failure the usual initial dose
of benazepril hydrochloride is 2.5 mg once daily, ad-
justed according to response to a maximum dose of
20 mg daily.
Administration in children. Experience with benazepril in
children is limited. US licensed product information recom-
mends an initial oral dose of 200 micrograms/kg once daily for
hypertension in children 6 years of age and over. Maintenance
doses up to 600 micrograms/kg daily (maximum 40 mg daily)
have been studied. Insufficient evidence is available to recom-
mend doses for younger children or for any children with creati-
nine clearance below 30 mL/minute.
Administration in renal impairment. In patients with a cre-
atinine clearance of less than 30 mL/minute, the initial dose of
benazepril hydrochloride for hypertension is 5 mg once daily
and the maintenance dose should not exceed 40 mg daily.

S

NHHN

S OO

NH2

CH3

Cl

O

O

N
H

O O N

COOH

O
H3C



1224   Cardiovascular Drugs

Preparations
USP 31: Benazepril Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Boncordin†; Belg.: Cibacen; Braz.: Lotensin; Canad.: Lotensin;
Denm.: Cibacen; Fr.: Briem; Cibacene; Ger.: Cibacen; Gr.: Cibacen;
Hung.: Lotensin; India: Benace; Indon.: Cibacen; Irl.: Cibacen; Israel: Ci-
bacen; Ital.: Cibacen; Tensanil; Zinadril; Mex.: Lotensin; Neth.: Cibacen;
Philipp.: Cibacen; Pol.: Lisonid; Lotensin; Rus.: Lotensin (Лотензин);
S.Afr.: Cibace; Spain: Cibacen; Labopal; Switz.: Cibacen; Turk.: Cibacen;
USA: Lotensin; Venez.: Lotensin†.

Multi-ingredient: Arg.: Adrebloc†; Amlopril; Amzepril†; Arteriosan Plus;
Coroval B; Ilduc Duo; Pelmec Duo; Terloc Duo; Braz.: Lotensin H; Fr.:
Briazide; Cibadrex; Ger.: Benazeplus; Benazepril comp; Benazepril HCT;
Cibadrex; Gr.: Cibadrex; Hung.: Lotensin HCT; India: Amace-BP; Ital.:
Cibadrex; Tensadiur ; Zinadiur ; Neth.: Cibadrex; Pol.: Lotensin HCT;
S.Afr.: Cibadrex; Spain: Cibadrex; Labodrex; Switz.: Cibadrex; Turk.: Ci-
badrex; USA: Lotensin HCT; Lotrel; Venez.: Amlibon B.

Bencyclane Fumarate (rINNM)

Bencyclane, Fumarate de; Bencyclane Hydrogen Fumarate; Ben-
cyclani Fumaras; Bensiklan Hidrojen Fumarat; Fumarato de ben-
ciclano. 3-(1-Benzylcycloheptyloxy)-NN-dimethylpropylamine
hydrogen fumarate.

Бенциклана Фумарат

C19H31NO,C4H4O4 = 405.5.
CAS — 2179-37-5 (bencyclane); 14286-84-1 (bencyclane
fumarate).
ATC — C04AX11.
ATC Vet — QC04AX11.

(bencyclane)

Profile
Bencyclane fumarate is a vasodilator used in the management of
peripheral (p.1178) and cerebral vascular disorders (p.1165) in
usual oral doses of 100 to 200 mg three times daily. It has also
been given intravenously. 
Bencyclane acefyllinate has also been used.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ludilat; Braz.: Fludilat; Ger.: Fludilat; Hung.: Halidor ; Indon.:
Fludilat; Pol.: Halidor; Port.: Fludilat†; Fluxema†; Rus.: Halidor (Галидор);
Thai.: Fludilat; Turk.: Angiodel; Venez.: Dantifar†; Fludilat.

Bendroflumethiazide (BAN, rINN) ⊗ 
Bendrofluaz.; Bendrofluazide; Bendroflumethiazid; Bend-
rofluméthiazide; Bendroflumethiazidum; Bendroflumetiatsidi;
Bendroflumetiazid; Bendroflumetiazida; Bendroflumetiazidas;
Benzydroflumethiazide; FT-81. 3-Benzyl-3,4-dihydro-6-trifluor-
omethyl-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-diox-
ide.

Бендрофлуметиазид

C15H14F3N3O4S2 = 421.4.

CAS — 73-48-3.

ATC — C03AA01.

ATC Vet — QC03AA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Bendroflumethiazide). A white or almost white
crystalline powder. Practically insoluble in water; soluble in al-
cohol; freely soluble in acetone. 
USP 31 (Bendroflumethiazide). A white to cream-coloured,
finely divided, crystalline powder. Is odourless or has a slight

odour. Practically insoluble in water; soluble 1 in 23 of alcohol
and 1 in 200 of ether; freely soluble in acetone. Store in airtight
containers.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307.
Breast feeding. Bendroflumethiazide is used to suppress lacta-
tion (see Uses below). However, the American Academy of
Pediatrics considers1 that it is usually compatible with breast
feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Porphyria. Bendroflumethiazide is considered to be unsafe in
patients with porphyria because it has been shown to be porphy-
rinogenic in animals or in-vitro systems.

Overdosage. Tonic-clonic convulsions occurred in a previous-
ly healthy 14-year-old girl after ingestion of bendroflumethi-
azide 150 to 200 mg.1 The convulsions were not associated with
any measurable disturbance of serum electrolytes.
1. Hine KR, et al. Bendrofluazide convulsions. Lancet 1982; i: 564.

Interactions
As for Hydrochlorothiazide, p.1309.

Pharmacokinetics
Bendroflumethiazide has been reported to be com-
pletely absorbed from the gastrointestinal tract and to
have a plasma half-life of about 3 or 4 hours. It is high-
ly bound to plasma proteins. There are indications that
bendroflumethiazide is fairly extensively metabolised;
about 30% is excreted unchanged in the urine.
◊ References.
1. Beermann B, et al. Pharmacokinetics of bendroflumethiazide.

Clin Pharmacol Ther 1977; 22: 385–8. 
2. Beermann B, et al. Pharmacokinetics of bendroflumethiazide in

hypertensive patients. Eur J Clin Pharmacol 1978; 13: 119–24.

Uses and Administration
Bendroflumethiazide is a thiazide diuretic with actions
and uses similar to those of hydrochlorothiazide
(p.1310). It is used for hypertension (p.1171), either
alone or with other antihypertensives such as ACE in-
hibitors and beta blockers. It is also used for oedema,
including that associated with heart failure (p.1165),
and with renal or hepatic disorders. Other indications
have included the suppression of lactation. 
Bendroflumethiazide is given orally; diuresis starts in
about 2 hours after a dose, peaks after about 3 to 6
hours, and lasts for 12 to 18 hours or longer. 
In the treatment of hypertension bendroflumethiazide
2.5 mg daily, either alone or with other antihyperten-
sives, is usually adequate although doses of up to
20 mg daily have sometimes been suggested. 
In the treatment of oedema the usual initial dose is 5 to
10 mg daily or on alternate days; in some cases initial
doses of up to 20 mg may be necessary. Maintenance
dosage schedules have varied from 2.5 to 10 mg once
to three times weekly in the UK to 2.5 to 5 mg daily or
intermittently in the USA. 
An initial dose for children is up to 400 micrograms/kg
daily, reduced to 50 to 100 micrograms/kg for mainte-
nance. 
Doses of 5 mg twice daily for about 5 days have been
used to suppress lactation. 
In the management of idiopathic hypercalciuria (see
Renal Calculi, p.2181) the BNF considers that, with in-
creased fluid intake, a sufficient dose is 2.5 mg daily.
Preparations
BP 2008: Bendroflumethiazide Tablets; 
USP 31: Bendroflumethiazide Tablets; Nadolol and Bendroflumethiazide
Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Aprinox; Denm.: Centyl; Irl.: Centyl; Norw.: Centyl; NZ: Neo-
NaClex; Swed.: Salures; UK: Aprinox; Neo-NaClex; USA: Naturetin†.

Multi-ingredient: Arg.: Hidromens†; Pertenso; Sumal; Austria: Indere-
tic†; Sali-Aldopur; Belg.: Inderetic†; Braz.: Diserim; Denm.: Centyl med
Kaliumklorid; Fr.: Precyclan; Tensionorme; Ger.: Docidrazin†; Dociretic;
Pertenso N; Sali-Aldopur†; Sotaziden N; Spirostada comp†; Tensoflux; Irl.:

Centyl K; Low Centyl K; Mex.: Corgaretic; Neth.: Inderetic; Norw.: Centyl
med Kaliumklorid; S.Afr.: Corgaretic; Inderetic†; Spain: Betadipresan Diu†;
Neatenol Diu; Neatenol Diuvas; Spirometon; Swed.: Centyl K; Salures-K;
Switz.: Inderetic†; UK: Centyl K; Corgaretic†; Inderetic†; Inderex†; Neo-
NaClex-K; Prestim; USA: Corzide; Rauzide†.

Benfluorex Hydrochloride (BANM, pINNM)

Benfluoreksihydrokloridi; Benfluorekso hidrochloridas; Benfluo-
rex, chlorhydrate de; Benfluorex-hidroklorid; Benfluorex-hydro-
chlorid; Benfluorexhydroklorid; Benfluorexi hydrochloridum;
Hidrocloruro de benfluorex; JP-992; SE-780. 2-[α-Methyl-3-(trif-
luoromethyl)phenethylamino]ethyl benzoate hydrochloride.
Бенфлуорекса Гидрохлорид
C19H20F3NO2,HCl = 387.8.
CAS — 23602-78-0 (benfluorex); 35976-51-3 (± benflu-
orex); 23642-66-2 (benfluorex hydrochloride).
ATC — C10AX04.
ATC Vet — QC10AX04.

(benfluorex)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Benfluorex Hydrochloride). A white or almost
white powder. It exhibits polymorphism. Slightly soluble in wa-
ter; sparingly soluble or soluble in alcohol; soluble in dichlo-
romethane; freely soluble in methyl alcohol.
Profile
Benfluorex hydrochloride is a lipid regulating drug used in the
treatment of hyperlipidaemias (p.1169). It has also been used as
an adjunct in the management of type 2 diabetes mellitus (p.431). 
Benfluorex hydrochloride is given orally in usual doses of
150 mg three times daily with meals.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Mediator; Gr.: Lipophoral; Hong Kong: Mediaxal; Ital.: Mediaxal†;
Malaysia: Axal; Mediaxal; Port.: Mediator; Singapore: Mediaxal; Spain:
Modulator†; Venez.: Lipascor.

Benidipine Hydrochloride (rINNM)

Bénidipine, Chlorhydrate de; Benidipini Hydrochloridum; Hidro-
cloruro de benidipino; KW-3049; Nakadipine Hydrochloride.
(±)-(R*)-3-[(R*)-1-Benzyl-3-piperidyl]methyl 1,4-dihydro-2,6-di-
methyl-4-(m-nitrophenyl)-3,5-pyridinedicarboxylate hydrochlo-
ride.
Бенидипина Гидрохлорид
C28H31N3O6,HCl = 542.0.
CAS — 105979-17-7 (benidipine); 91599-74-5 (be-
nidipine hydrochlor ide).
ATC — C08CA15.
ATC Vet — QC08CA15.

(benidipine)

Pharmacopoeias. In Jpn.
Profile
Benidipine is a dihydropyridine calcium-channel blocker with
general properties similar to those of nifedipine (p.1350). It is
given orally as the hydrochloride in the management of hyper-
tension (p.1171) and angina pectoris (p.1157). In hypertension,
the usual dose is 2 to 4 mg once daily, increased to 8 mg once
daily if necessary. In angina pectoris, the usual dose is 4 mg twice
daily.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Caritec; Jpn: Coniel; Philipp.: Coniel.

CH3

N
CH3

O

N
H

NH
SS

F3C

H2N

O O O O

CH3

F

F
F

H
N

O

O

N
H

O O

OO

H3C CH3

N+
-O

O

CH3

N

H

H



Bencyclane Fumarate/Beta Blockers    1225

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Benzthiazide (BAN, rINN) ⊗ 
Benzthiazidum; Benztiazida; P-1393. 3-Benzylthiomethyl-6-chlo-
ro-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.
Бензтиазид
C15H14ClN3O4S3 = 431.9.
CAS — 91-33-8.

Profile
Benzthiazide is a thiazide diuretic with properties similar to those
of hydrochlorothiazide (p.1307). It is used for oedema, including
that associated with heart failure (p.1165), and has also been used
for hypertension (p.1171). It has been given alone but is often
given with triamterene. The usual initial oral dose for oedema is
75 mg daily, although higher doses have been given. The dose is
reduced for maintenance; intermittent dosing may be adequate.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Exna†.

Multi-ingredient: India: Ditide; Switz.: Dyrenium compositum; UK:
Dytide.

Bepridil Hydrochloride (BANM, USAN, rINNM)

Bepridiilihydrokloridi; Bépridil, Chlorhydrate de; Bepridilhy-
droklorid; Bepridili Hydrochloridum; CERM-1978; Hidrocloruro
de bepridil; Org-5730. N-Benzyl-N-(3-isobutoxy-2-pyrrolidin-1-
ylpropyl)aniline hydrochloride monohydrate.
Бепридила Гидрохлорид
C24H34N2O,HCl,H2O = 421.0.
CAS — 64706-54-3 (bepridil); 49571-04-2 (bepridil);
64616-81-5 (anhydrous bepridil hydrochloride); 74764-
40-2 (bepridil hydrochloride monohydrate).
ATC — C08EA02.
ATC Vet — QC08EA02.

(bepr idil)

Profile
Bepridil is a calcium-channel blocker (p.1154). It has similar
properties to nifedipine (p.1350) but reduces the heart rate and
does not usually cause reflex tachycardia. It also has antiarrhyth-
mic activity. It is not related chemically to other calcium-channel
blockers such as diltiazem, nifedipine, or verapamil. 
Bepridil is used as the hydrochloride in the management of angi-
na pectoris (p.1157). Ventricular arrhythmias, including torsade
de pointes, and agranulocytosis have been associated with bepri-
dil and, as a result, it is usually reserved for patients who have not
responded adequately to other anti-anginal drugs. The usual ini-
tial dose is 200 mg of bepridil hydrochloride orally once daily.
Provided that prolongation of the QT interval has not occurred
after 2 to 4 weeks, the dose may be increased, if necessary, to a
maximum of 300 mg once daily. Elderly patients and those with
hepatic or renal impairment may be given an initial dose of
100 mg once daily; in exceptional circumstances this may be in-
creased to a maximum of 200 mg once daily.
◊ References.
1. Hollingshead LM, et al. Bepridil: a review of its pharmacologi-

cal properties and therapeutic use in stable angina pectoris.
Drugs 1992; 44: 835–57. 

2. Awni WM, et al. Pharmacokinetics of bepridil and two of its me-
tabolites in patients with end-stage renal disease. J Clin Pharma-
col 1995; 35: 379–83.

Porphyria. Bepridil is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in in-
vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Unicordium; USA: Vascor†.

N

NH
SS

H2N

Cl
S

O O O O

N

N

O

CH3

CH3

Beraprost Sodium (USAN, rINNM)

Beraprost sódico; Béraprost Sodique; ML-1129; ML-1229 (ber-
aprost); Natrii Beraprostum; TRK-100. Sodium (±)-
(1R,2R,3aS,8bS)-2,3,3a,8b-tetrahydro-2-hydroxy-1-[(E)-(3S,4RS)-
3-hydroxy-4-methyl-1-octen-6-ynyl]-1H-cyclopenta[b]benzo-
furan-5-butyrate.

Натрий Берапрост
C24H29NaO5 = 420.5.
CAS — 88430-50-6 (beraprost); 88475-69-8 (beraprost
sodium).
ATC — B01AC19.
ATC Vet — QB01AC19.

(beraprost)

Profile
Beraprost is a synthetic analogue of epoprostenol (prostacyclin)
that causes vasodilatation and prevents platelet aggregation. It is
given orally as the sodium salt in the management of pulmonary
hypertension (p.1179) and peripheral vascular disease (p.1178). 
In primary pulmonary hypertension, beraprost sodium is given in
an initial dose of 60 micrograms daily in three divided doses; this
may be increased gradually if necessary to 180 micrograms daily
in three or four divided doses. For peripheral vascular disease a
dose of 120 micrograms daily in three divided doses is used. 
Adverse effects of beraprost include headache, flushing, nausea,
diarrhoea, and increased liver enzyme, bilirubin, and triglyceride
concentrations.

Cardiovascular disorders. References to the use of beraprost
for pulmonary hypertension or intermittent claudication;1-7 re-
sults of studies for the latter indication have been conflicting. It

O

O

HO

H3C
H3C

OH

OH

H

H

has been tried with sildenafil in patients with pulmonary hyper-
tension.8

1. Nagaya N, et al. Effect of orally active prostacyclin analogue on
survival of outpatients with primary pulmonary hypertension. J
Am Coll Cardiol 1999; 34: 1188–92. 

2. Lievre M, et al. Oral beraprost sodium, a prostaglandin I  ana-
logue, for intermittent claudication: a double-blind, randomized,
multicenter controlled trial. Circulation 2000; 102: 426–31. 

3. Melian EB, Goa KL. Beraprost: a review of its pharmacology
and therapeutic efficacy in the treatment of peripheral arterial
disease and pulmonary arterial hypertension. Drugs 2002; 62:
107–33. 

4. Galiè N, et al. Effects of beraprost sodium, an oral prostacyclin
analogue, in patients with pulmonary arterial hypertension: a
randomized, double-blind, placebo-controlled trial. J Am Coll
Cardiol 2002; 39: 1496–1502. 

5. Mohler ER, et al. Treatment of intermittent claudication with be-
raprost sodium, an orally active prostaglandin I  analogue: a
double-blinded, randomized, controlled trial. J Am Coll Cardiol
2003; 41: 1679–86. 

6. Barst RJ, et al. Beraprost therapy for pulmonary arterial hyper-
tension. J Am Coll Cardiol 2003; 41: 2119–25. 

7. Hashiguchi M, et al. Studies on the effectiveness and safety of
cilostazol, beraprost sodium, prostaglandin E1 for the treatment
of intermittent claudication. Yakugaku Zasshi 2004; 124:
321–32. 

8. Ikeda D, et al. Addition of oral sildenafil to beraprost is a safe
and effective therapeutic option for patients with pulmonary hy-
pertension. J Cardiovasc Pharmacol 2005; 45: 286–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Indon.: Dorner; Jpn: Dorner; Philipp.: Dorner; Thai.: Dorner.

Beta Blockers ⊗ 
β-Bloqueantes.

Бета-блокаторы

Beta blockers (beta-adrenoceptor blocking drugs or an-
tagonists) are competitive antagonists of catecho-
lamines at beta-adrenergic receptors in a wide range of
tissues. Although they have broadly similar properties
they differ in their affinity for beta1 or beta2 receptor
subtypes, intrinsic sympathomimetic activity, mem-
brane-stabilising activity, blockade of alpha-adrenergic
receptors, and pharmacokinetic properties including
differences in lipid solubility (see Table 4, below, for
some of these characteristics). These differences may
affect the choice of drug in specific situations.

Table 4. Characteristics of beta blockers.

Beta blocker Beta1 selectivity ISA* MSA** Vasodilator 
activity

Acebutolol
Alprenolol
Atenolol
Betaxolol
Bisoprolol
Carteolol
Carvedilol
Celiprolol
Esmolol
Labetalol
Levobunolol
Metipranolol
Metoprolol
Nadolol
Nebivolol
Oxprenolol
Penbutolol
Pindolol
Propranolol
Sotalol
Timolol

+
0
+
+
+
0
0
+
+
0
0
0
+
0
+
0
0
0
0
0
0

+
+
0
0
0
+
0
+
0
0
0
0
0
0
0
+
0

++
0
0
0

+
0
0
0
0
0
0
–
0
0
0
0
0
0
0
+
0
0

++
0
0

0
0
0
0
0
0
+
+
0
+
0
0
0
0
+
0
0
0
0
0
0

0 = absent or low; + = moderate; ++ = high; – = no information
* ISA = Intrinsic sympathomimetic activity
** MSA = Membrane-stabilising activity
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Adverse Effects
Beta blockers are generally well tolerated and most ad-
verse effects are mild and transient. Reactions may be
more severe after intravenous than oral doses; ocular
use has also been associated with systemic adverse ef-
fects. The most frequent and serious adverse effects are
related to their beta-adrenergic blocking activity.
Among the most serious adverse effects are heart fail-
ure, heart block, and bronchospasm. Troublesome sub-
jective effects include fatigue and coldness of the ex-
tremities; when beta blockers are used for long-term
treatment of asymptomatic diseases such as hyperten-
sion, such effects may be an important determinant of
patient compliance. 
Cardiovascular effects include bradycardia and hypo-
tension; heart failure or heart block may be precipitated
or worsened in patients with underlying cardiac disor-
ders. Abrupt withdrawal of beta blockers may exacer-
bate angina and may lead to sudden death. (For further
details on withdrawal of beta blockers, see Precautions,
below.) 
Bronchospasm, shortness of breath, and dyspnoea may
be precipitated, particularly in patients with a history of
obstructive airways disease, due to blockade of beta2
receptors in bronchial smooth muscle. Drugs with se-
lectivity for beta1 receptors or with intrinsic sympatho-
mimetic activity at beta2 receptors may be less likely to
induce bronchospasm (but see Precautions, below).
Pneumonitis, pulmonary fibrosis, and pleurisy have
also been reported. 
CNS effects include headache, depression, dizziness,
hallucinations, confusion, amnesia, and sleep distur-
bances including nightmares. Coma and convulsions
have been reported after beta-blocker overdosage. Beta
blockers that are lipid soluble are more likely to enter
the brain and would be expected to be associated with
a higher incidence of CNS adverse effects, although
this is not proven. 
Fatigue is a common adverse-effect of beta blockers.
Paraesthesia, arthralgia, and myopathies, including
muscle cramps, have been reported. Reduced peripher-
al circulation can produce coldness of the extremities
and may exacerbate peripheral vascular disease such as
Raynaud’s syndrome. 
Adverse gastrointestinal effects include nausea and
vomiting, diarrhoea, constipation, and abdominal
cramping. 
Beta blockers interfere with carbohydrate and lipid
metabolism and can produce hypoglycaemia, hyperg-
lycaemia, and changes in blood concentrations of trig-
lycerides and cholesterol (see below for further de-
tails). 
Skin rash, pruritus, exacerbation of psoriasis, excess
sweating, and reversible alopecia have occurred with
use of beta blockers. 
Decreased tear production, blurred vision, conjunctivi-
tis, and soreness are among the ocular symptoms that
have been reported. Adverse effects specific to ocular
use are also discussed below. 
Haematological reactions include nonthrombocyto-
penic purpura, thrombocytopenia, and rarely agranulo-
cytosis. Transient eosinophilia can occur. 
An asymptomatic increase in antinuclear antibodies
has occurred with many beta blockers; SLE has also
been reported. Other adverse effects reported with
some beta blockers include dry mouth, raised liver en-
zymes, male impotence, sclerosing peritonitis, and ret-
roperitoneal fibrosis.
Carcinogenicity. An apparent excess of deaths from cancer
was noted in elderly men, but not women, given atenolol during
a study of antihypertensive therapy.1 However, 2 subsequent
studies found no evidence of a link between atenolol and can-
cer.2,3

1. MRC Working Party. Medical Research Council trial of treat-
ment of hypertension in older adults: principal results. BMJ
1992; 304: 405–12. 

2. Fletcher AE, et al. Cancer mortality and atenolol treatment. BMJ
1993; 306: 622–3. 

3. Hole DJ, et al. Incidence of and mortality from cancer in hyper-
tensive patients. BMJ 1993; 306: 609–11.

Effects on bones and joints. Adverse effects on the bones and
joints have occurred in patients receiving beta blockers. Five
cases of arthralgia associated with the use of metoprolol had been
reported to the FDA;1 there had also been 6 reports of similar
symptoms with propranolol, and 1 with atenolol. A case of poly-
myalgia rheumatica-like syndrome has also been reported.2 
However, epidemiological studies have also suggested that beta
blockers may increase bone mineral density3 and reduce the risk
of fractures,3,4 although another study5 could not confirm this ef-
fect.
1. Sills JM, Bosco L. Arthralgia associated with β-adrenergic

blockade. JAMA 1986; 255: 198–9. 
2. Snyder S. Metoprolol-induced polymyalgia-like syndrome. Ann

Intern Med 1991; 114: 96–7. 
3. Pasco JA, et al. β-Adrenergic blockers reduce the risk of fracture

partly by increasing bone mineral density: Geelong Osteoporosis
Study. J Bone Miner Res 2004; 19: 19–24. 

4. Schlienger RG, et al. Use of β-blockers and risk of fractures.
JAMA 2004; 292: 1326–32. 

5. Reid IR, et al. β-Blocker use, BMD, and fractures in the study of
osteoporotic fractures. J Bone Miner Res 2005; 20: 613–18.

Effects on the breast. A 54-year-old woman developed breast
pain and swelling a few weeks after starting atenolol for hyper-
tension;1 it resolved when the atenolol was stopped.
1. Kelleher JA. Atenolol-induced breast pain in a woman with hy-

pertension. Ann Pharmacother 2006; 40: 990–2.

Effects on carbohydrate metabolism. The sympathetic
nervous system is involved in the control of carbohydrate metab-
olism and beta blockers can interfere with carbohydrate and in-
sulin regulation; both hypoglycaemia and hyperglycaemia have
been reported in patients with no history of diabetes, as well as in
patients with types 1 or 2 diabetes mellitus. 
Beta blockers cause hypoglycaemia in non-diabetics, possibly
by increasing peripheral glucose uptake through increased insu-
lin sensitivity.1 Those most at risk include fasting or nutritional-
ly-compromised patients, haemodialysis patients, neonates after
maternal treatment with beta blockers, and patients with liver
disease;1 those undertaking vigorous exercise2 and children may
also be at risk. Glucose metabolism is controlled by the action of
catecholamines at the beta2 receptor, and therefore cardioselec-
tive beta blockers are less likely to cause hypoglycaemia than
their non-cardioselective counterparts;1 however, hypoglycae-
mia was reported3 in a non-diabetic patient given the cardioselec-
tive beta blocker metoprolol pre-operatively for cardiovascular
protection. 
Traditionally beta blockers have been considered unsafe in dia-
betics because of reports that they may precipitate and prolong
hypoglycaemia, an effect that was first seen in the 1960s in adult
type 1 diabetics taking propranolol; however, in a long-term
study4 in type 2 diabetics, there was no difference in the inci-
dence of hypoglycaemia in patients receiving captopril or the
cardioselective beta blocker atenolol, and both significantly im-
proved outcome. A case-control study5 and a review6 of the use
of beta blockers in diabetic patients both concluded that the inci-
dence of hypoglycaemia was not increased and that beta blockers
were appropriate therapy for diabetics. Nonetheless, beta block-
ers may mask the adrenaline-mediated symptoms of hypogly-
caemia such as tachycardia and tremor, and non-cardioselective
beta blockers may delay recovery in patients given glucose for
hypoglycaemia;6 cardioselective beta blockers are less likely to
mask the signs of hypoglycaemia and are therefore preferred in
diabetics.7 
Both cardioselective and non-cardioselective beta blockers may
increase fasting blood glucose concentrations in non-diabetic hy-
pertensive patients,8,9 and epidemiological studies have shown
that the risk of developing diabetes mellitus is increased by beta
blockers.10-12 The mechanism is possibly through inhibition of
pancreatic insulin release,1,13 although it has been suggested that
hypertensive patients are predisposed to diabetes mellitus and
beta blockers act as a precipitating factor;10,14 changes in body-
weight in some of the studies may also have confounded the re-
sults.6 Hyperglycaemia can also occur in diabetic patients treated
with beta blockers;14 however, the established benefits generally
outweigh the risk. 
Although the adverse effects of beta blockers on carbohydrate
metabolism are well-established, there is some evidence that the
newer, vasodilating beta blockers, such as carvedilol15,16 and
nebivolol,17,18 may have beneficial effects on insulin resistance
or glucose control, and weight gain may be less with carvedilol.19

New onset diabetes was also more likely to occur with metopro-
lol than carvedilol in a study on patients with heart failure.20

1. Pandit MK, et al. Drug-induced disorders of glucose tolerance.
Ann Intern Med 1993; 118: 529–39. 

2. Holm G, et al. Severe hypoglycaemia during physical exercise
and treatment with beta-blockers. BMJ 1981; 282: 1360. 

3. Brown DR, Brown MJ. Hypoglycemia associated with preoper-
ative metoprolol administration. Anesth Analg 2004; 99:
1427–8. 

4. UK Prospective Diabetes Study Group. Efficacy of atenolol and
captopril in reducing risk of macrovascular and microvascular
complications in type 2 diabetes: UKPDS 39. BMJ 1998; 317:
713–20. 

5. Thamer M, et al. Association between antihypertensive drug
use and hypoglycemia: a case-control study of diabetic users of
insulin or sulfonylureas. Clin Ther 1999; 21: 1387–1400. 

6. Sawicki PT, Siebenhofer A. Betablocker treatment in diabetes
mellitus. J Intern Med 2001; 250: 11–17. 

7. The Task Force on Beta-Blockers of the European Society of
Cardiology. Expert consensus document on β-adrenergic recep-
tor blockers. Eur Heart J 2004; 25: 1341–62. 

8. Veterans Administration Cooperative Study Group on Antihy-
pertensive Agents. Propranolol or hydrochlorothiazide alone for
the initial treatment of hypertension IV: effect on plasma glu-
cose and glucose tolerance. Hypertension 1985; 7: 1008–16. 

9. Pollare T, et al. Sensitivity to insulin during treatment with at-
enolol and metoprolol: a randomised, double blind study of ef-
fects on carbohydrate and lipoprotein metabolism in hyperten-
sive patients. BMJ 1989; 298: 1152–7. 

10. Samuelsson O, et al. Diabetes mellitus in treated hypertension:
incidence, predictive factors and the impact of non-selective
beta-blockers and thiazide diuretics during 15 years treatment of
middle-aged hypertensive men in the Primary Prevention Trial
in Göteborg, Sweden. J Hum Hypertens 1994; 8: 257–63. 

11. Gress TW, et al. Hypertension and antihypertensive therapy as
risk factors for type 2 diabetes mellitus. N Engl J Med 2000;
342: 905–12. 

12. Taylor EN, et al. Antihypertensive medications and the risk of
incident type 2 diabetes. Diabetes Care 2006; 29: 1065–70. 

13. Luna B, Feinglos MN. Drug-induced hyperglycemia. JAMA
2001; 286: 1945–8. 

14. O’Byrne S, Feely J. Effects of drugs on glucose tolerance in
non-insulin-dependent diabetics (part 1). Drugs 1990; 40: 6–18. 

15. Bakris GL, et al. Metabolic effects of carvedilol vs metoprolol
in patients with type 2 diabetes mellitus and hypertension: a ran-
domized controlled trial. JAMA 2004; 292: 2227–36. Correc-
tion. ibid.; 2583. 

16. Giugliano D, et al. Metabolic and cardiovascular effects of
carvedilol and atenolol in non-insulin-dependent diabetes mel-
litus and hypertension: a randomized, controlled trial. Ann In-
tern Med 1997; 126: 955–9. 

17. Celik T, et al. Comparative effects of nebivolol and metoprolol
on oxidative stress, insulin resistance, plasma adiponectin and
soluble P-selectin levels in hypertensive patients. J Hypertens
2006; 24: 591–6. 

18. Poirier L, et al. Effects of nebivolol and atenolol on insulin sen-
sitivity and haemodynamics in hypertensive patients. J Hyper-
tens 2001; 19: 1429–35. 

19. Messerli FH, et al. Body weight changes with beta-blocker use:
results from GEMINI. Am J Med 2007; 120: 610–15. 

20. Torp-Pedersen C, et al. Effects of metoprolol and carvedilol on
pre-existing and new onset diabetes in patients with chronic
heart failure: data from the Carvedilol Or Metoprolol European
Trial (COMET). Heart 2007; 93: 968–73.

Effects on the circulation. Hypotension is a recognised ad-
verse effect of beta blockers, and severe reactions have been re-
ported. Near-fatal shock occurred1 in an elderly patient with
chronic bronchitis and angina pectoris within 40 minutes of tak-
ing acebutolol 400 mg. Hypotension, leading to a rise in serum
creatinine indicative of kidney ischaemia, occurred2 in 2 women
after a single oral dose of atenolol 100 mg or 2 oral doses of
atenolol 50 mg; both had presented with severe hypertension,
hyponatraemia, hypokalaemia, and high renin activity. Renal
artery thrombosis believed to be due to the hypotensive effect of
atenolol was reported3 in a 70-year-old man with a history of cir-
culatory and cardiac disorders. He had received atenolol 100 mg
for treatment of moderate hypertension. 
Beta blockers have been tried in neurally mediated hypotension
(see Hypotension under Uses, below), but this may be hazard-
ous: a 27-year-old man had4 ten episodes of syncope with severe
bradycardia after taking atenolol for recurrent vasovagal synco-
pe; episodes ceased on stopping the atenolol. The authors sug-
gested that the atenolol aggravated the vasovagal syncope, and
recommended careful monitoring of patients given beta blockers
for this condition.
1. Tirlapur VG, et al. Shock syndrome after acebutolol. Br J Clin

Pract 1986; 40: 33–4. 
2. Kholeif M, Isles C. Profound hypotension after atenolol in se-

vere hypertension. BMJ 1989; 298: 161–2. 
3. Shaw AB, Gopalka SK. Renal artery thrombosis caused by anti-

hypertensive treatment. BMJ 1982; 285: 1617. 
4. Wang C-C, et al. Worsening of vasovagal syncope after beta-

blocker therapy. Chest 1994; 106: 963–5.

Effects on the gastrointestinal tract. Sclerosing peritonitis
was noted as part of the ‘oculomucocutaneous syndrome’ that
occurred with practolol. However, while both sclerosing perito-
nitis and retroperitoneal fibrosis have also been reported with a
number of other beta blockers, including atenolol,1,2 metopro-
lol,3,4 oxprenolol,5 propranolol,6 sotalol,7 and timolol,8,9 a
review10 of 100 cases of retroperitoneal fibrosis concluded that
beta blockers could not be considered as the cause. 
Abdominal pain and bloody diarrhoea were reported11 in a pa-
tient the day after treatment was started with propranolol; symp-
toms were attributed to splanchnic vasoconstriction caused by
the drug, which may have exacerbated pre-existing mesenteric
ischaemia.
1. Nielsen BV, Pedersen KG. Sclerosing peritonitis associated with

atenolol. BMJ 1985; 290: 518. 
2. Johnson JN, McFarland J. Retroperitoneal fibrosis associated

with atenolol. BMJ 1980; 280: 864. 
3. Thompson J, Julian DG. Retroperitoneal fibrosis associated with

metoprolol. BMJ 1982; 284: 83–4. 
4. Clark CV, Terris R. Sclerosing peritonitis associated with meto-

prolol. Lancet 1983; i: 937. 
5. McCluskey DR, et al. Oxprenolol and retroperitoneal fibrosis.

BMJ 1980; 281: 1459–60. 
6. Pierce JR, et al. Propranolol and retroperitoneal fibrosis. Ann

Intern Med 1981; 95: 244. 
7. Laakso M, et al. Retroperitoneal fibrosis associated with sota-

lol. BMJ 1982; 285: 1085–6. 
8. Baxter-Smith DC, et al. Sclerosing peritonitis in patient on

timolol. Lancet 1978; ii: 149. 
9. Rimmer E, et al. Retroperitoneal fibrosis associated with

timolol. Lancet 1983; i: 300. 
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10. Pryor JP, et al. Do beta-adrenoceptor blocking drugs cause ret-
roperitoneal fibrosis? BMJ 1983; 287: 639–41. 

11. Köksal AŞ, et al. Propranolol-exacerbated mesenteric ischemia
in a patient with hyperthyroidism. Ann Pharmacother 2005; 39:
559–62.

Effects on lipid metabolism. The adrenergic system is in-
volved in the control of lipid metabolism and beta blockers may
therefore have effects on plasma-lipid concentrations. In general,
beta blocker therapy results in increased concentrations of very-
low-density lipoprotein and triglycerides, a reduction in high-
density lipoprotein, and no change in low-density lipoprotein.1
These effects may be less pronounced with beta1 cardioselective
drugs, beta blockers with intrinsic sympathomimetic activity,
and beta blockers that also block alpha-adrenergic receptors. For
example, pindolol,2,3 a beta blocker with intrinsic sympathomi-
metic activity, and arotinolol4 and carvedilol,5 which possess al-
pha-adrenergic blocking properties, are reported to have no ad-
verse effects on plasma-lipid concentrations, although acute
pancreatitis due to severe hypertriglyceridaemia has been
reported6 in a patient treated with metoprolol followed by aten-
olol. However, the effects on lipid concentrations are generally
fairly small, and a review of the subject7 concluded that there was
little or no evidence that such effects negated the beneficial ef-
fects of beta blockers on cardiovascular outcomes.
1. Krone W, Nägele H. Effects of antihypertensives on plasma lip-

ids and lipoprotein metabolism. Am Heart J 1988; 116: 1729–34. 
2. Hunter Hypertension Research Group. Effects of pindolol, or a

pindolol/clopamide combination preparation, on plasma lipid
levels in essential hypertension. Med J Aust 1989; 150: 646–52. 

3. Terént A, et al. Long-term effect of pindolol on lipids and lipo-
proteins in men with newly diagnosed hypertension. Eur J Clin
Pharmacol 1989; 36: 347–50. 

4. Sasaki J, et al. Effects of arotinolol on serum lipid and apolipo-
protein levels in patients with mild essential hypertension. Clin
Ther 1989; 11: 580–3. 

5. Sharp RP, et al. Impact of carvedilol on the serum lipid profile.
Ann Pharmacother 2008; 42: 564–71. 

6. Durrington PN, Cairns SA. Acute pancreatitis: a complication of
beta-blockade. BMJ 1982; 284: 1016. 

7. Weir MR, Moser M. Diuretics and β-blockers: is there a risk for
dyslipidemia? Am Heart J 2000; 139: 174–84.

Effects on mental state. Beta blockers can cross the blood-
brain barrier and there are numerous reports of adverse psychiat-
ric effects. Theoretically this is more likely with lipophilic drugs
(such as propranolol, timolol, and metoprolol) but there have
also been reports of psychosis1 and delirium2 with atenolol. 
Although beta blockers have been associated with depression,3
the risk may not be as high as has sometimes been suggested; a
review4 of randomised studies in myocardial infarction, heart
failure, or hypertension, which included over 35 000 patients,
found no significant increase in the risk of depression in those
taking beta blockers.
1. Viadero JJ, et al. Acute psychotic behavior associated with aten-

olol. Am J Psychiatry 1983; 140: 1382. 
2. Arber N, et al. Delirium induced by atenolol. BMJ 1988; 297:

1048. 
3. Parker WA. Propranolol-induced depression and psychosis. Clin

Pharm 1985; 4: 214–18. 
4. Ko DT, et al. β-Blocker therapy and symptoms of depression,

fatigue, and sexual dysfunction. JAMA 2002; 288: 351–7.

Effects after ophthalmic use. Ophthalmic use of beta block-
ers may produce ocular irritation (including hypersensitivity),
blepharitis, keratitis, decreased corneal sensitivity, visual distur-
bances, diplopia, photophobia, and ptosis. Uveitis has been re-
ported with metipranolol eye drops.1 Iris depigmentation has
occurred2 after the use of topical levobunolol. Older patients
using topical beta blockers may be at greater risk of decreased
corneal sensitivity or corneal anaesthesia with the consequent
risk of keratitis.3 
Systemic absorption may occur after the use of beta blockers in
eye drops. Excess drug can drain into the lachrymal ducts to be
absorbed through the nasal mucosa. Absorption also occurs via
the ophthalmic and facial veins. After such absorption the beta
blocker reaches the systemic circulation without undergoing
first-pass hepatic metabolism. 
The main systemic effects associated with topical ocular use of
beta blockers are on the pulmonary, cardiovascular, and central
nervous systems.4,5 
Both cardioselective and non-cardioselective topical beta block-
ers have been shown to cause pulmonary effects, and these can
occur in patients without a history of obstructive airways dis-
ease.6 Reported events include acute pulmonary oedema associ-
ated with use of metipranolol eye drops,7 and wheezing after a
single dose of topical levobunolol, which developed into severe
respiratory distress requiring hospitalisation after a second dose.8
Myocardial infarction has been reported9 shortly after a single
dose of betaxolol eye drops; the patient was also taking atenolol
and indapamide for hypertension. Systemic effects have also
been reported in patients using timolol eye drops, including de-
pression and bradycardia, with a rise in blood pressure and neu-
rological signs of stroke after rapid withdrawal of the drops,10

syncope and falls,11 and severe nausea and vomiting, which re-
solved within a few days of withdrawal but recurred on rechal-
lenge.12 A number of cases of alopecia associated with ocular use
of beta blockers have also been reported.13

1. Akingbehin T, Villada JR. Metipranolol-associated granuloma-
tous anterior uveitis. Br J Ophthalmol 1991; 75: 519–23. 

2. Doyle E, Liu C. A case of acquired iris depigmentation as a pos-
sible complication of levobunolol eye drops. Br J Ophthalmol
1999; 83: 1405–6. 

3. Weissman SS, Asbell PA. Effects of topical timolol (0.5%) and
betaxolol (0.5%) on corneal sensitivity. Br J Ophthalmol 1990;
74: 409–12. 

4. Everitt DE, Avorn J. Systemic effects of medications used to
treat glaucoma. Ann Intern Med 1990; 112: 120–5. 

5. Vander Zanden JA, et al. Systemic adverse effects of ophthal-
mic β-blockers. Ann Pharmacother 2001; 35: 1633–7. 

6. Kirwan JF, et al. Do selective topical β antagonists for glaucoma
have respiratory side effects? Br J Ophthalmol 2004; 88: 196–8. 

7. Johns MD, Ponte CD. Acute pulmonary edema associated with
ocular metipranolol use. Ann Pharmacother 1995; 29: 370–3. 

8. Stubbs GM. Betagan drops. Med J Aust 1994; 161: 576. 
9. Chamberlain TJ. Myocardial infarction after ophthalmic betax-

olol. N Engl J Med 1989; 321: 1342. 
10. Rao MR, et al. Systemic hazards of ocular timolol. Br J Hosp

Med 1993; 50: 553. 
11. Müller ME, et al. Syncope and falls due to timolol eye drops.

BMJ 2006; 332: 960–1. 
12. Wolfhagen FHJ, et al. Severe nausea and vomiting with timolol

eye drops. Lancet 1998; 352: 373. 
13. Fraunfelder FT, et al. Alopecia possibly secondary to topical

ophthalmic β-blockers. JAMA 1990; 263: 1493–4.

Hypersensitivity. For the suggestion that beta blockers may
exacerbate anaphylactic reactions, see under Precautions, below.
Overdosage. Many cases of beta-blocker overdosage1 are
uneventful, but some patients develop severe and occasionally
fatal cardiovascular depression. Effects can include bradycardia,
cardiac conduction block, hypotension, heart failure, and cardio-
genic shock. Convulsions, coma, respiratory depression, and
bronchoconstriction can also occur, although infrequently. Most
reports of serious toxic reactions after overdosage concern beta
blockers with significant membrane-stabilising activity, such as
propranolol or oxprenolol, which may have quinidine-like ef-
fects (see p.1383). Overdosage of beta blockers with intrinsic
sympathomimetic activity may present with tachycardia and hy-
pertension. Overdosage of sotalol, a beta blocker with class II
and III antiarrhythmic properties, usually presents as ventricular
tachyarrhythmia.
1. DeWitt CR, Waksman JC. Pharmacology, pathophysiology and

management of calcium channel blocker and β-blocker toxicity.
Toxicol Rev 2004; 23: 223–38.

Treatment of Adverse Effects
Beta blockers are generally well tolerated and adverse
effects usually respond to a reduction in dose. In over-
dosage, use of activated charcoal or gastric lavage
should be considered if the patient presents within 1
hour of ingestion. Mild hypotension may respond to in-
travenous fluids. If hypotension continues, intravenous
glucagon should be given; sympathomimetics may be
used as an alternative or given with glucagon. Isopren-
aline has been the sympathomimetic of choice since it
acts mainly at beta receptors, but other sympathomi-
metics are often used; very high doses may be required
(see below). Atropine may be given intravenously for
bradycardia; sympathomimetics or a cardiac pacemak-
er may also be required. Beta2 agonists or xanthines
may be given for bronchospasm; hypoglycaemia may
respond to glucose or glucagon. Haemodialysis may be
of benefit for severe overdosage with renally excreted
beta blockers, but is usually unnecessary.
Overdosage. Atropine, glucagon, and sympathomimetics are
the mainstay of treatment for severe beta blocker overdosage
(see above). Very high doses of sympathomimetics have been
used in some patients; a woman1 who had taken acebutolol, la-
betalol, and trimipramine required isoprenaline at a rate of
1660 micrograms/minute and dopamine at a rate of
200 micrograms/kg per minute to maintain her blood pressure.
However, standard therapy is not effective in all patients and al-
ternatives have been tried. 
The phosphodiesterase inhibitor enoximone has been used suc-
cessfully in patients resistant to standard treatment,2,3 and a dra-
matic response to calcium chloride has been reported in a patient
with electromechanical dissociation after propranolol overdos-
age.4 It has been suggested5,6 that high doses of insulin given
with glucose (hyperinsulinaemia/euglycaemia therapy) may be
of benefit, although there is no clinical evidence to support this.
There has also been a report7 of the successful use of sodium
bicarbonate in a patient with cardiac arrest after overdosage with
multiple drugs, including propranolol; it was suggested that the
increased sodium load counteracted the sodium-channel block-
ing effect of propranolol.
1. Lewis M, et al. Survival following massive overdose of adrener-

gic blocking agents (acebutolol and labetalol). Eur Heart J 1983;
4: 328–32. 

2. Hoeper MM, Boeker KHW. Overdose of metoprolol treated with
enoximone. N Engl J Med 1996; 335: 1538. 

3. Sandroni C, et al. Enoximone in cardiac arrest caused by pro-
pranolol: two case reports. Acta Anaesthesiol Scand 2006; 50:
759–61. 

4. Brimacombe JR, et al. Propranolol overdose—a dramatic re-
sponse to calcium chloride. Med J Aust 1991; 155: 267–8. 

5. Shepherd G. Treatment of poisoning caused by β-adrenergic and
calcium-channel blockers. Am J Health-Syst Pharm 2006; 63:
1828–35. 

6. Mégarbane B, et al. The role of insulin and glucose (hyperinsuli-
naemia/euglycaemia) therapy in acute calcium channel antago-
nist and β-blocker poisoning. Toxicol Rev 2004; 23: 215–22. 

7. Shanker UR, et al. Sodium bicarbonate to treat massive β blocker
overdose. Emerg Med J 2003; 20: 393.

Precautions
Beta blockers should not be given to patients with
bronchospasm or asthma or to those with a history of
obstructive airways disease. This contra-indication
generally applies even to those beta blockers consid-
ered to be cardioselective. However, cardioselective
beta blockers may be used with extreme caution when
there is no alternative treatment (see Obstructive Air-
ways Disease, below). Other contra-indications in-
clude metabolic acidosis, cardiogenic shock, hypoten-
sion, severe peripheral arterial disease, sinus
bradycardia, and second- or third-degree AV block;
caution should be observed in first-degree block. Al-
though beta blockers are used in the management of
heart failure, they should not be given to patients with
uncontrolled heart failure and treatment should be be-
gun with great care, starting with a low dose and cau-
tiously titrating upwards. Patients with phaeochromo-
cytoma should not be given beta blockers without
alpha-adrenoceptor blocking therapy as well. 
Beta blockers may mask the symptoms of hyperthy-
roidism and of hypoglycaemia. They may unmask
myasthenia gravis. Psoriasis may be aggravated. Beta
blockers may increase the number of attacks of chest
pain in patients with Prinzmetal’s angina; this occurs
especially with non-cardioselective beta blockers,
which should be avoided. Beta blockers increase sensi-
tivity to allergens and also the severity of anaphylac-
toid reactions; patients with a history of anaphylaxis to
an antigen may be more reactive to repeated challenge
with the antigen while taking beta blockers (see Hyper-
sensitivity, below). 
Abrupt withdrawal of beta blockers has sometimes re-
sulted in angina, myocardial infarction, ventricular
arrhythmias, and death. Patients on long-term treat-
ment with a beta blocker should have their medication
stopped gradually over a period of 1 to 2 weeks. In pa-
tients undergoing surgery, beta blockers may reduce
the risk of arrhythmias but increase the risk of hypoten-
sion; the decision to withdraw or continue therapy de-
pends on individual patient risk—see Cardiovascular
Risk Reduction, below. If beta blockers are withdrawn,
this should take place at least 24 to 48 hours before sur-
gery; if they are continued, atropine may be given to
counter increases in vagal tone and anaesthetics caus-
ing myocardial depression, such as ether, cyclopro-
pane, and trichloroethylene, are best avoided. It is of
the greatest importance that the anaesthetist is aware
that beta blockers are being taken. 
Use of beta blockers in pregnancy shortly before deliv-
ery has occasionally resulted in bradycardia and other
adverse effects such as hypoglycaemia and hypoten-
sion in the neonate. Many beta blockers are distributed
into breast milk. 
Similar precautions apply when beta blockers are used
as eye drops since systemic absorption can occur.
Contact lenses. Beta blockers may reduce tear flow, leading to
irritation of the eye in wearers of contact lenses and potentially to
the dehydration of soft lenses.1
1. McGuire T. Drugs interfering with contact lenses. Aust J Hosp

Pharm 1987; 17: 55–6.

Hypersensitivity. Anaphylactic reactions to stings and other
antigens may be potentiated by beta blockers1-3 and the risk of
serious reactions may be increased. In addition, beta blockers
may antagonise the effects of adrenaline in the management of
anaphylaxis (see Interactions under Sympathomimetics,
p.1408). Particular caution is necessary when beta blockers are
used in patients with a history of anaphylaxis.3
1. Hannaway PJ, Hopper GDK. Severe anaphylaxis and drug-in-

duced beta-blockade. N Engl J Med 1983; 308: 1536. 
2. Pedersen DL. Hymenoptera stings and beta-blockers. Lancet

1989; ii: 619. 
3. Lang DM. Anaphylactoid and anaphylactic reactions: hazards of

β-blockers. Drug Safety 1995; 12: 299–304.
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Obstructive airways disease. Beta blockers may precipitate
bronchospasm and are generally contra-indicated in patients
with obstructive airways disease.1,2 However, systematic re-
views have suggested that short-term use of cardioselective beta
blockers does not produce adverse respiratory effects in patients
with mild to moderate asthma3 or chronic obstructive pulmonary
disease.4 The reviewers concluded that, given the established
benefits of beta blockers in cardiovascular disorders, they should
not be withheld in such patients, although patients should be
carefully monitored since long-term effects were less clear. A
retrospective study5 found that use of beta blockers increased the
rate of hospitalisations and emergency department visits in pa-
tients with asthma, but not in those with non-asthmatic chronic
obstructive pulmonary disease, suggesting that the benefits and
risks need to be assessed for each patient individually. Another
study6 found that patients with acute exacerbations of chronic
obstructive pulmonary disease who were given beta blockers had
lower mortality than those who were not.
1. Committee on Safety of Medicines/Medicines Control Agency.

Reminder: beta-blockers contraindicated in asthma. Current
Problems 1996; 22: 2. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024458&RevisionSelectionMethod=
LatestReleased (accessed 10/01/08) 

2. The Task Force on Beta-Blockers of the European Society of
Cardiology. Expert consensus document on β-adrenergic recep-
tor blockers. Eur Heart J 2004; 25: 1341–62. 

3. Salpeter S, et al. Cardioselective beta-blockers for reversible air-
way disease. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2002 (accessed
10/01/08). 

4. Salpeter S, et al. Cardioselective beta-blockers for chronic ob-
structive pulmonary disease. Available in The Cochrane Data-
base of Systematic Reviews; Issue 4. Chichester: John Wiley;
2005 (accessed 10/01/08). 

5. Brooks TWA, et al. Rates of hospitalizations and emergency de-
partment visits in patients with asthma and chronic obstructive
pulmonary disease taking β-blockers. Pharmacotherapy 2007;
27: 684–90. 

6. Dransfield MT, et al. Use of beta blockers and the risk of death
in hospitalised patients with acute exacerbations of COPD. Tho-
rax 2008; 63: 301–5.

Pregnancy. Many beta blockers cross the placenta, and giving
them to pregnant women shortly before delivery may result in
neonatal adrenergic blockade, with symptoms of bradycardia,
hypoglycaemia or hypotension. Furthermore, the treatment of
maternal hypertension with beta blockers, particularly atenolol,
in early pregnancy or for a long duration has been associated
with growth retardation of the fetus.1-3 However, beta blockers
are recommended therapy for maternal conditions such as hyper-
tension, pre-eclampsia, cardiac arrhythmias, and ischaemic heart
disease;4,5 cardioselective agents with no effect on uterine con-
traction are preferred.5
1. Butters L, et al. Atenolol in essential hypertension during preg-

nancy. BMJ 1990; 301: 587–9. 
2. Lydakis C, et al. Atenolol and fetal growth in pregnancies com-

plicated by hypertension. Am J Hypertens 1999; 12: 541–7. 
3. Magee LA, Duley L. Oral beta-blockers for mild to moderate

hypertension during pregnancy. Available in the Cochrane Data-
base of Systematic Reviews; Issue 3. Chichester: John Wiley;
2003 (accessed 10/01/08). 

4. Task Force on the Management of Cardiovascular Diseases Dur-
ing Pregnancy of the European Society of Cardiology. Expert
consensus document on management of cardiovascular diseases
during pregnancy. Eur Heart J 2003; 24: 761–81. 

5. Task Force on Beta-Blockers of the European Society of Cardi-
ology. Expert consensus document on β-adrenergic receptor
blockers. Eur Heart J 2004; 25: 1341–62.

Withdrawal. The abrupt withdrawal of beta blockers may lead
to rebound hypertension or overshoot hypertension where the
patient’s blood pressure is higher than before treatment. Angina
can be exacerbated, myocardial infarction induced, and fatalities
have occurred.1,2

1. Houston MC, Hodge R. Beta-adrenergic blocker withdrawal
syndromes in hypertension and other cardiovascular diseases.
Am Heart J 1988; 116: 515–23. 

2. Psaty BM, et al. The relative risk of incident coronary heart dis-
ease associated with recently stopping the use of β-blockers.
JAMA 1990; 263: 1653–7.

Interactions
Both pharmacodynamic and pharmacokinetic interac-
tions have been reported with beta blockers. Pharma-
codynamic interactions may occur with drugs whose
actions enhance or antagonise the various effects of
beta blockers at beta1 and beta2 receptors, including
their antihypertensive effect, cardiodepressant effect,
effect on carbohydrate metabolism, or effect on bron-
chial beta2 receptors. The characteristics of the individ-
ual beta blocker must therefore be borne in mind when
considering likely interactions; for more details on the
characteristics of different beta blockers, see Uses and
Administration, below. 
Drugs that enhance the antihypertensive effects of beta
blockers, such as ACE inhibitors, calcium-channel
blockers, and clonidine may be useful in controlling
hypertension (but see Antihypertensives, below).

Drugs that cause hypotension such as aldesleukin and
general anaesthetics also enhance the antihypertensive
effects of beta blockers while other drugs, for example
NSAIDs, antagonise the antihypertensive effects. 
Use of beta blockers with other cardiac depressants
such as antiarrhythmics and rate-limiting calcium-
channel blockers can precipitate bradycardia and heart
block; the combination of intravenous verapamil and
beta blockers should especially be avoided. Sotalol is
particularly prone to interactions with other drugs af-
fecting cardiac conduction (see p.1398). Beta blockers
may potentiate bradycardia due to digoxin. 
The interaction between beta blockers and sympatho-
mimetics is complex and depends on the selectivity of
both drugs (see under Sympathomimetics, p.1408). Pa-
tients taking beta blockers may have an exaggerated
hypertensive response to adrenaline, caused by unop-
posed alpha-mediated vasoconstriction, while the
bronchodilator effects are inhibited; the response to
adrenaline given for anaphylaxis may also be reduced
in patients on long-term treatment with beta blockers. 
In diabetic patients beta blockers can reduce the re-
sponse to insulin and oral hypoglycaemics through
their effects on pancreatic beta receptors (see Effects
on Carbohydrate Metabolism, above). 
Pharmacokinetic interactions occur with drugs that
alter the absorption or metabolism of beta blockers. Al-
though these interactions may alter the beta blocker
plasma concentration, they are not usually clinically
significant since there is little association between plas-
ma concentrations and therapeutic effect or toxicity
and there are wide interindividual differences in
steady-state plasma concentrations of beta blockers. 
Drugs that reduce absorption include aluminium salts
(but see also Antacids, below) and bile-acid binding
resins such as colestyramine. 
Metabolism of some beta blockers can be increased by
drugs such as barbiturates and rifampicin and de-
creased with drugs such as cimetidine, erythromycin,
fluvoxamine, and hydralazine. Drugs that alter hepatic
blood flow also affect metabolism of some beta block-
ers. For example, cimetidine and hydralazine decrease
hepatic blood flow and this contributes to the de-
creased hepatic clearance seen with these drugs. Drugs
that influence hepatic metabolism affect beta blockers
that are extensively metabolised, such as labetalol, pro-
pranolol, and timolol, while beta blockers that are
excreted largely unchanged, for example atenolol and
nadolol, are unaffected. 
Since systemic absorption can occur after ocular use of
beta blockers the possibility of similar interactions
should be considered.
◊ General references.
1. McDevitt DG. Interactions that matter: 12. β-adrenoceptor antag-

onists. Prescribers’ J 1988; 28: 25–30. 
2. Blaufarb I, et al. β-Blockers: drug interactions of clinical signif-

icance. Drug Safety 1995; 13: 359–70. 
3. Brodde OE, Kroemer HK. Drug-drug interactions of beta-adren-

oceptor blockers. Arzneimittelforschung 2003; 53: 814–22.

Antacids. Bioavailability of metoprolol was increased when
given with an antacid containing aluminium and magnesium
salts, but the bioavailability of atenolol was reduced. Variable re-
sults on bioavailability of propranolol have been reported when
aluminium hydroxide was given with propranolol.1
1. Gugler R, Allgayer H. Effects of antacids on the clinical pharma-

cokinetics of drugs: an update. Clin Pharmacokinet 1990; 18:
210–19.

Antiarrhythmics. Use of beta blockers with antiarrhythmic
drugs and other drugs affecting cardiac conduction can precipi-
tate bradycardia and heart block. 
Bradycardia, cardiac arrest, and ventricular fibrillation have been
reported shortly after starting beta-blocker therapy in patients re-
ceiving amiodarone.1 Amiodarone was found to increase plas-
ma-metoprolol concentrations in patients with cardiac arrhyth-
mias, probably through inhibition of the cytochrome P450
isoenzyme CYP2D6 by the metabolite desethylamiodarone.2
However, an analysis3 of the CAMIAT and EMIAT studies in
patients after myocardial infarction found that patients taking
amiodarone and beta blockers had better outcomes than patients
on one, or neither, drug, suggesting that any interaction may not
always be detrimental. Use of flecainide with propranolol pro-
duced additive negative inotropic effects on the heart and in-
creased serum concentrations of both drugs.4 In a pharmacoki-

netic study in 12 healthy males, giving propafenone with
propranolol resulted in increases in serum-propranolol concen-
trations but only modest enhancement of beta-blocking activity.5
An increase in serum-metoprolol concentration has been report-
ed after use of propafenone with metoprolol.6 The metabolism of
metoprolol may be decreased by quinidine.7 Both quinidine and
beta blockers have a negative inotropic action on the heart;
bradycardia8 and hypotension9 have occurred in patients given
quinidine with beta blockers. 
For a report of reduced clearance of disopyramide by atenolol,
see p.1270. 
The interactions of sotalol are discussed on p.1398.
1. Lesko LJ. Pharmacokinetic drug interactions with amiodarone.

Clin Pharmacokinet 1989; 17: 130–40. 
2. Fukumoto K, et al. Effect of amiodarone on the serum concen-

tration/dose ratio of metoprolol in patients with cardiac arrhyth-
mia. Drug Metab Pharmacokinet 2006; 21: 501–5. 

3. Boutitie F, et al. Amiodarone interaction with β-blockers: analy-
sis of the merged EMIAT (European Myocardial Infarct Amio-
darone Trial) and CAMIAT (Canadian Amiodarone Myocardial
Infarction Trial) databases. Circulation 1999; 99: 2268–75. 

4. Holtzman JL, et al. The pharmacodynamic and pharmacokinetic
interaction of flecainide acetate with propranolol: effects on car-
diac function and drug clearance. Eur J Clin Pharmacol 1987;
33: 97–9. 

5. Kowey PR, et al. Interaction between propranolol and propaf-
enone in healthy volunteers. J Clin Pharmacol 1989; 29:
512–17. 

6. Wagner F, et al. Drug interaction between propafenone and me-
toprolol. Br J Clin Pharmacol 1987; 24: 213–20. 

7. Leemann T, et al. Single-dose quinidine treatment inhibits meto-
prolol oxidation in extensive metabolizers. Eur J Clin Pharma-
col 1986; 29: 739–41. 

8. Dinai Y, et al. Bradycardia induced by interaction between qui-
nidine and ophthalmic timolol. Ann Intern Med 1985; 103:
890–1. 

9. Loon NR, et al. Orthostatic hypotension due to quinidine and
propranolol. Am J Med 1986; 81: 1101–4.

Antibacterials. Serum-atenolol concentrations in 6 healthy
subjects were reduced by a 1-g oral dose of ampicillin.1 Plasma
concentrations of propranolol,2 metoprolol,3 celiprolol,4 and
bisoprolol5 may be reduced by rifampicin. Licensed product in-
formation for telithromycin states that it causes increased plasma
concentrations of metoprolol.
1. Schäfer-Korting M, et al. Atenolol interaction with aspirin, al-

lopurinol, and ampicillin. Clin Pharmacol Ther 1983; 33: 283–8. 
2. Shaheen O, et al. Influence of debrisoquin phenotype on the in-

ducibility of propranolol metabolism. Clin Pharmacol Ther
1989; 45: 439–43. 

3. Bennett PN, et al. Effect of rifampicin on metoprolol and antipy-
rine kinetics. Br J Clin Pharmacol 1982; 13: 387–91. 

4. Lilja JJ, et al. Rifampicin reduces plasma concentrations of
celiprolol. Eur J Clin Pharmacol 2004; 59: 819–24. 

5. Kirch W, et al. Interaction of bisoprolol with cimetidine and ri-
fampicin. Eur J Clin Pharmacol 1986; 31: 59–62.

Anticoagulants. For the effect of beta blockers on the pharma-
cokinetics of some oral anticoagulants, see p.1430.
Antidepressants. Bradycardia and heart block, occurring
shortly after starting fluoxetine therapy, have been reported in pa-
tients receiving metoprolol1 and propranolol.2 Possible mecha-
nisms include impaired conduction through the AV node and in-
hibition by fluoxetine of the oxidative metabolism of beta
blockers. Use of fluoxetine also increased the plasma concentra-
tion of carvedilol in patients with heart failure but no clinical ef-
fects were noted.3 
Fluvoxamine inhibits oxidative metabolism, and increased plas-
ma concentrations of propranolol have been noted in patients re-
ceiving fluvoxamine.
1. Walley T, et al. Interaction of metoprolol and fluoxetine. Lancet

1993; 341: 967–8. 
2. Drake WM, Gordon GD. Heart block in a patient on propranolol

and fluoxetine. Lancet 1994; 343: 425–6. 
3. Graff DW, et al. Effect of fluoxetine on carvedilol pharmacoki-

netics, CYP2D6 activity, and autonomic balance in heart failure
patients. J Clin Pharmacol 2001; 41: 97–106.

Antihypertensives. An enhanced antihypertensive effect is
seen when other antihypertensives are given with beta blockers.
However, some combinations should be avoided (see Calcium-
channel Blockers, below). Beta blockers can potentiate the se-
vere orthostatic hypotension that may follow the initial dose of
alpha blockers such as prazosin and can exacerbate rebound hy-
pertension after withdrawal of clonidine treatment (see Precau-
tions, p.1247).
Antimalarials. Antimalarials such as halofantrine, mefloquine,
and quinine can cause cardiac conduction defects and caution is
necessary if they are used with beta blockers. Cardiopulmonary
arrest has occurred after a single dose of mefloquine in a patient
taking propranolol.1
1. Anonymous. Mefloquine for malaria. Med Lett Drugs Ther

1990; 32: 13–14.

Antimigraine drugs. For the effect of propranolol on riza-
triptan, see p.625. 
See also under Ergotamine Tartrate, p.621, for further interac-
tions with drugs used in the treatment of migraine.
Anxiolytics and antipsychotics. Plasma concentrations of
some beta blockers may be reduced by barbiturates.1-3 Increased
plasma-propranolol concentrations and bioavailability, and re-
duced metabolism, have been reported in healthy subjects also
given chlorpromazine.4 
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See p.990 for the effect of beta blockers on the pharmacokinetics
of some benzodiazepines.
1. Sotaniemi EA, et al. Plasma clearance of propranolol and sotalol

and hepatic drug-metabolizing enzyme activity. Clin Pharmacol
Ther 1979; 26: 153–61. 

2. Haglund K, et al. Influence of pentobarbital on metoprolol plas-
ma levels. Clin Pharmacol Ther 1979; 26: 326–9. 

3. Seideman P, et al. Decreased plasma concentrations and clinical
effects of alprenolol during combined treatment with pentobar-
bitone in hypertension. Br J Clin Pharmacol 1987; 23: 267–71. 

4. Vestal RE, et al. Inhibition of propranolol metabolism by chlo-
rpromazine. Clin Pharmacol Ther 1979; 25: 19–24.

Calcium-channel blockers. Use of calcium-channel blockers
with beta blockers has resulted in hypotension, bradycardia, con-
duction defects, and heart failure.1 
Beta blockers should be avoided if possible with rate-limiting
calcium-channel blockers such as verapamil (see p.1422) and
diltiazem. Although they are reportedly safe with dihydropyrid-
ines such as nifedipine,2 heart failure and severe hypotension
have been reported (see under Nifedipine, p.1353). Reported
pharmacokinetic interactions include increased plasma concen-
trations of propranolol and of metoprolol with concurrent use of
diltiazem3 or verapamil,1 and increased plasma concentrations of
propranolol with nicardipine.4
1. Lam YWF, Shepherd AMM. Drug interactions in hypertensive

patients: pharmacokinetic, pharmacodynamic and genetic con-
siderations. Clin Pharmacokinet 1990; 18: 295–317. 

2. Reid JL. First-line and combination treatment for hypertension.
Am J Med 1989; 86 (suppl 4A): 2–5. 

3. Tateishi T, et al. Effect of diltiazem on the pharmacokinetics of
propranolol, metoprolol and atenolol. Eur J Clin Pharmacol
1989; 36: 67–70. 

4. Schoors DF, et al. Influence of nicardipine on the pharmacoki-
netics and pharmacodynamics of propranolol in healthy volun-
teers. Br J Clin Pharmacol 1990; 29: 497–501.

Cardiac glycosides. For reference to an interaction between
beta blockers and digoxin, see p.1262.
Ciclosporin. For the effect of carvedilol on plasma-ciclosporin
concentrations, see p.1827.
Ergot derivatives. Nicergoline enhanced the cardiac depres-
sant action of propranolol in healthy subjects.1 
For reports of enhanced vasoconstrictor action in patients taking
ergot alkaloids and beta blockers, see p.621.
1. Boismare F, et al. Potentiation by an alpha-adrenolytic agent,

nicergoline, of the cardiac effects of propranolol. Methods Find
Exp Clin Pharmacol 1983; 5: 83–8.

Food. Studies in healthy subjects found that grapefruit juice
greatly reduced the plasma concentration of celiprolol1 and ta-
linolol,2 but had much less effect on acebutolol.3 An effect on
gastrointestinal absorption was suggested as the mechanism.1,2

Studies with orange juice have found a similar effect on
celiprolol4 and, to a lesser extent, atenolol.5
1. Lilja JJ, et al. Itraconazole increases but grapefruit juice greatly

decreases plasma concentrations of celiprolol. Clin Pharmacol
Ther 2003; 73: 192–8. 

2. Schwarz UI, et al. Grapefruit juice ingestion significantly reduc-
es talinolol bioavailability. Clin Pharmacol Ther 2005; 77:
291–301. 

3. Lilja JJ, et al. Effects of grapefruit juice on the pharmacokinetics
of acebutolol. Br J Clin Pharmacol 2005; 60: 659–63. 

4. Lilja JJ, et al. Orange juice substantially reduces the bioavaila-
bility of the beta-adrenergic-blocking agent celiprolol. Clin
Pharmacol Ther 2004; 75: 184–90. 

5. Lilja JJ, et al. Effects of orange juice on the pharmacokinetics of
atenolol. Eur J Clin Pharmacol 2005; 61 337–40.

General anaesthetics. Beta blockers are usually continued
perioperatively although the anaesthetist must be informed of
their use (see Precautions, above). However, the hypotensive ef-
fects of beta blockers may be potentiated by general anaesthetics,
and anaesthetics that cause myocardial depression, such as ether,
cyclopropane, and trichloroethylene should preferably be avoid-
ed.
Histamine H2-antagonists. Plasma concentrations of pro-
pranolol and metoprolol may be increased by cimetidine;1 phar-
macokinetic studies indicate that cimetidine exerts its effect by
reducing hepatic blood flow and impairing beta blocker metabo-
lism. Cimetidine has been reported to increase the bioavailability
of labetalol,1 and to increase the systemic effects of timolol eye
drops.2
1. Smith SR, Kendall MJ. Ranitidine versus cimetidine: a compar-

ison of their potential to cause clinically important drug interac-
tions. Clin Pharmacokinet 1988; 15: 44–56. 

2. Ishii Y, et al. Drug interaction between cimetidine and timolol
ophthalmic solution: effect on heart rate and intraocular pressure
in healthy Japanese volunteers. J Clin Pharmacol 2000; 40:
193–9.

Local anaesthetics. For details of the effect of beta blockers in
reducing the clearance of bupivacaine, see p.1855, and of lido-
caine, see p.1863. For the effects of propranolol with cocaine,
see p.1860.
Neuromuscular blockers. For the effects of beta blockers on
neuromuscular blockers, see under Atracurium, p.1904.
NSAIDs. The antihypertensive effect of beta blockers may be
impaired by some NSAIDs, possibly due to their inhibition of
renal synthesis of vasodilating prostaglandins. This interaction
probably occurs with all beta blockers but may not occur with all

NSAIDs. For example, sulindac appears to affect blood pressure
control less than indometacin.1 
A randomised study2 in 12 healthy subjects found that celecoxib
significantly inhibited the metabolism of metoprolol by the cyto-
chrome P450 isoenzyme CYP2D6.
1. Lam YWF, Shepherd AMM. Drug interactions in hypertensive

patients: pharmacokinetic, pharmacodynamic and genetic con-
siderations. Clin Pharmacokinet 1990; 18: 295–317. 

2. Werner U, et al. Celecoxib inhibits metabolism of cytochrome
P450 2D6 substrate metoprolol in humans. Clin Pharmacol Ther
2003; 74: 130–7.

Opioid analgesics. Bioavailability of propranolol and meto-
prolol was increased in subjects given dextropropoxyphene;1
dextropropoxyphene is an inhibitor of the cytochrome P450
isoenzyme CYP2D6 and was reported2 to increase serum con-
centrations of metoprolol, a CYP2D6 substrate, in a patient given
both drugs, resulting in bradycardia. Intravenous morphine may
increase serum concentrations of esmolol.3
1. Lundborg P, et al. The effect of propoxyphene pretreatment on

the disposition of metoprolol and propranolol. Clin Pharmacol
Ther 1981; 29: 263–4. 

2. Marraffa JM, et al. Profound metoprolol-induced bradycardia
precipitated by acetaminophen-propoxyphene. Clin Pharmacol
Ther 2006; 79: 282–6. 

3. Lowenthal DT, et al. Clinical pharmacology, pharmacodynamics
and interactions with esmolol. Am J Cardiol 1985; 56: 14F–17F.

Oral contraceptives. Plasma-metoprolol concentrations were
increased in some women taking oral contraceptives.1
1. Kendall MJ, et al. Metoprolol pharmacokinetics and the oral

contraceptive pill. Br J Clin Pharmacol 1982; 14: 120–2.

Parasympathomimetics. For the effect of beta blockers on
the response to anticholinesterases, see p.632.
Thyroid drugs. For a discussion of thyroid status and its effect
on plasma-propranolol concentrations and the effects of pro-
pranolol on thyroid hormone metabolism, see p.2172.
Xanthines. For details of reduced theophylline clearance in pa-
tients receiving some beta blockers, see p.1144.

Pharmacokinetics
Beta blockers differ widely in their pharmacokinetic
properties. Differences in lipid solubility contribute to
these varying pharmacokinetic properties. 
Beta blockers with high lipid solubility (lipophilic beta
blockers) include alprenolol and propranolol. 
Hydrophilic beta blockers, such as atenolol and nad-
olol, have low lipid solubility and when compared with
lipophilic beta blockers generally: 
• tend to be less readily absorbed from the gastrointes-

tinal tract 
• are less extensively metabolised 
• have low plasma-protein binding 
• have relatively long plasma half-lives 
• cross the blood-brain barrier less readily 
Beta blockers cross the placenta and most are known to
distribute into breast milk. 
There is no clear correlation between plasma concen-
trations of beta blockers and therapeutic activity, espe-
cially when the beta blocker undergoes metabolism to
active metabolites.

Uses and Administration
Beta blockers are competitive antagonists of the effects
of catecholamines at beta-adrenergic receptor sites.
The different types of adrenergic receptor are de-
scribed under the Actions and Uses of Sympathomi-
metics (see p.1408). Blockade of beta receptors has the
following effects: 
• beta1 blockade mainly affects the heart, reducing

heart rate, myocardial contractility, and rate of con-
duction of impulses through the conducting system
(class II antiarrhythmic effect, see p.1153). It also
leads to suppression of adrenergic-induced renin re-
lease and lipolysis 

• beta2 blockade leads to increased bronchial resist-
ance and inhibition of catecholamine-induced glu-
cose metabolism; there may also be an effect on
heart rate. Beta2 blockade also appears to be the
main mechanism for the reduction in intra-ocular
pressure associated with beta blockers 

• the role of beta3 blockade is not clear 
Beta blockers differ in their affinity for the subtypes of
beta receptor, as well as in their actions at other recep-
tors and ancillary properties (see Table 4, p.1225). The

cardiovascular effects of beta blockers relate to their
action at beta1 receptors, and all clinically used beta
blockers are beta1 antagonists. Propranolol and other
nonselective beta blockers also have antagonist effects
at beta2 receptors, and this may be responsible for
many of their adverse effects. Beta blockers with a
higher affinity for beta1 than beta2 receptors, such as
atenolol and metoprolol, cause fewer noncardiovascu-
lar effects and are described as cardioselective or sec-
ond generation. However, selectivity is relative and, as
doses are increased, activity at beta2 receptors becomes
clinically important. Beta blockers with additional
properties such as vasodilatation have been described
as third generation, and include carvedilol, celiprolol,
and nebivolol. 
Beta blockers such as acebutolol, celiprolol, oxpren-
olol, and pindolol also possess intrinsic (partial) sym-
pathomimetic activity in that they activate beta recep-
tors in the absence of catecholamines and are therefore
partial agonists. Beta blockers with intrinsic sympatho-
mimetic activity produce less resting bradycardia than
beta blockers without. 
At high blood concentrations, propranolol and some
other beta blockers also possess a membrane-stabilis-
ing effect. This effect may not be evident at therapeutic
doses but may be important in overdose. The non-car-
dioselective beta blocker sotalol also has class III
antiarrhythmic activity. 
Beta blockers that cause vasodilatation may do so by a
number of mechanisms: carvedilol and labetalol block
alpha1 receptors; celiprolol has beta2 agonist effects;
and nebivolol has a direct action on the endothelium,
possibly involving nitric oxide release. 
Beta blockers are used in the treatment of hypertension
(p.1171), angina pectoris (p.1157), cardiac arrhythmias
(p.1160), and myocardial infarction (p.1175) and also
have a role in heart failure (below). They are also used
to control symptoms of sympathetic overactivity in the
management of alcohol withdrawal (p.1626), in anxie-
ty disorders (below), in hyperthyroidism (p.2165), and
in tremor (below). Beta blockers are used in the proph-
ylaxis of migraine (below) and of variceal bleeding as-
sociated with portal hypertension (p.2346). They are
also used, with an alpha blocker, in the initial manage-
ment of phaeochromocytoma (below). Some beta
blockers are used as eye drops in the management of
glaucoma and ocular hypertension (below).
Choice of beta blocker. The selection of a specific beta block-
er for an individual patient depends on the condition being treat-
ed and patient characteristics such as liver and kidney function or
existing disease such as diabetes. Patient tolerance also varies for
different beta blockers. The characteristics of the beta blocker,
for example, beta1 selectivity and intrinsic sympathomimetic
activity may also influence selection, as may additional pharma-
cological properties such as vasodilator activity. Although the
clinical significance of these differences has been debated, only
certain beta blockers have a proven benefit in some conditions
(for example, heart failure) and this will also influence choice. 
References.
1. Anonymous. Which beta-blocker? Med Lett Drugs Ther 2001;

43: 9–11. 
2. Brown MJ. A rational basis for selection among drugs of the

same class. Heart 2003; 89: 687–94.

Anxiety disorders. Beta blockers have been used in patients
with various anxiety disorders,1 including generalised anxiety
disorder (p.952), panic disorder (p.952), and performance
anxiety1 (see under Phobic Disorders, p.953). However, their
benefits do not appear to be particularly great and they are prob-
ably most useful in reducing symptoms such as tremor or palpi-
tations that are mediated through beta stimulation. Improvement
usually occurs within 1 to 2 hours with relatively low doses of
beta blockers (propranolol 40 mg, oxprenolol 40 to 80 mg, nad-
olol 40 mg). Some patients require higher doses and longer peri-
ods of treatment for a beneficial effect.
1. Tyrer P. Current status of β-blocking drugs in the treatment of

anxiety disorders. Drugs 1988; 36: 773–83.

Burns. Beta blockers have been tried in major burn injury
(p.1578) to attenuate the hypermetabolism and marked catabo-
lism that may result. A study1 in children with severe burns
found that oral propranolol reduced energy expenditure and mus-
cle-protein catabolism, suggesting beta blockers could have an
anabolic effect.
1. Herndon DN, et al. Reversal of catabolism by beta-blockade af-

ter severe burns. N Engl J Med 2001; 345: 1223–9.
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Cardiomyopathy. See Heart Failure, below.

Cardiovascular risk reduction. Beta blockers have estab-
lished benefits in patients with ischaemic heart disease,1 and
long-term therapy with beta blockers has an important role in re-
ducing cardiovascular risk in patients with angina pectoris
(p.1157), and particularly in patients who have had a myocardial
infarction (p.1175). They have also been used to reduce ischae-
mia and cardiac events in patients undergoing surgery, but their
benefits in this situation are less clear. 
Perioperative use of beta blockers is controversial (see Precau-
tions, above); they reduce the risk of ischaemia and arrhythmias,
but increase the risk of hypotension, and they have often been
stopped pre-operatively to enable better control of blood pressure
during surgery. However, there is some evidence that continuing
or starting beta blockers perioperatively may be of benefit in pa-
tients at risk of cardiovascular events, although not all studies
have come to the same conclusions. A systematic review2 of
studies with beta blockers suggested a reduction in myocardial
ischaemia, non-fatal myocardial infarction, and mortality from
cardiovascular causes in patients at high cardiovascular risk un-
dergoing major noncardiac surgery, and a retrospective study3

also suggested that perioperative beta blockers reduced in-hospi-
tal mortality in high-risk patients, although there was no benefit
(and possible harm) in low-risk patients. However, another sys-
tematic review and meta-analysis4 concluded that, while the ev-
idence for the use of beta blockers was encouraging, it was too
unreliable for definitive conclusions to be drawn. More recent
studies5,6 using perioperative metoprolol have found no benefit,
and a further large study7 found fewer cardiac events but a higher
risk of stroke and death in patients given metoprolol. The con-
flicting conclusions may relate to the wide range of protocols
used in the beta blocker studies, whether patients were already
taking beta blockers, and the different selection criteria used for
the reviews and analyses. Recognising these limitations, consen-
sus guidelines for non-cardiac surgery in the USA recommend8

that beta blockers should be continued perioperatively in patients
receiving them for accepted indications, and that patients under-
going vascular surgery who are at high risk of cardiovascular
events (confirmed by pre-operative testing) should have beta
blockers started; in patients at lower risk, use of beta blockers
may be considered, but there is less evidence of benefit. It is not
clear which beta blockers should be preferred, but a retrospective
study9 found that patients who took atenolol pre- and postopera-
tively had a lower risk of events than patients who took metopro-
lol. 
Beta blockers may also have benefits in patients undergoing car-
diac surgery. Observational studies have found that prior10 or
pre-operative11 use of beta blockers reduces ischaemic complica-
tions, while perioperative12 and postoperative13 beta blockers
have been shown to reduce the risk of atrial fibrillation, although
one study found14 that the effects on atrial fibrillation only ap-
plied to patients already taking beta blockers pre-operatively. 
Although beta blockers effectively lower blood pressure, they do
not reduce cardiovascular events to the same extent as some oth-
er antihypertensives and may not be first choice for hypertension
(p.1171).15,16

1. Ellison KE, Gandhi G. Optimising the use of β-adrenoceptor an-
tagonists in coronary artery disease. Drugs 2005; 65: 787–97. 

2. Auerbach AD, Goldman L. β-Blockers and reduction of cardiac
events in noncardiac surgery: scientific review. JAMA 2002;
287: 1435–44. 

3. Lindenauer PK, et al. Perioperative beta-blocker therapy and
mortality after major noncardiac surgery. N Engl J Med 2005;
353: 349–61. 

4. Devereaux PJ, et al. How strong is the evidence for the use of
perioperative β blockers in non-cardiac surgery? Systematic re-
view and meta-analysis of randomised controlled trials. BMJ
2005; 331: 313–16. 

5. The DIPOM Trial Group. Effect of perioperative β blockade in
patients with diabetes undergoing major non-cardiac surgery:
randomised placebo controlled, blinded multicentre trial.
Abridged version: BMJ 2006; 332: 1482–5. Full version:
http://www.bmj.com/cgi/reprint/332/7556/1482 (accessed
10/01/08) 

6. Yang H, et al. The effects of perioperative β-blockade: results of
the Metoprolol after Vascular Surgery (MaVS) study, a rand-
omized controlled trial. Am Heart J 2006; 152: 983–90. 

7. Devereaux PJ, et al. Effects of extended-release metoprolol suc-
cinate in patients undergoing non-cardiac surgery (POISE trial):
a randomised controlled trial. Lancet 2008; 371: 1839–47. 

8. Fleisher LA, et al. ACC/AHA 2006 guideline update on periop-
erative cardiovascular evaluation for noncardiac surgery: fo-
cused update on perioperative beta-blocker therapy: a report of
the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines (Writing Committee to
Update the 2002 Guidelines on Perioperative Cardiovascular
Evaluation for Noncardiac Surgery). Developed in collabora-
tion with the American Society of Echocardiography, American
Society of Nuclear Cardiology, Heart Rhythm Society, Society
of Cardiovascular Anesthesiologists, Society for Cardiovascu-
lar Angiography and Interventions, and Society for Vascular
Medicine and Biology. Circulation 2006; 113: 2662–74. Also
available at: http://circ.ahajournals.org/cgi/reprint/113/22/2662
(accessed 10/01/08) 

9. Redelmeier DA, et al. β blockers for elective surgery in elderly
patients: population based, retrospective cohort study. BMJ
2005; 331: 932–4. 

10. Sharma SK, et al. Cardioprotective effect of prior β-blocker
therapy in reducing creatine kinase-MB elevation after coronary
intervention: benefit is extended to improvement in intermedi-
ate-term survival. Circulation 2000; 102: 166–72. 

11. Ferguson TB, et al. Preoperative β-blocker use and mortality
and morbidity following CABG surgery in North America.
JAMA 2002; 287: 2221–7. Correction. ibid.; 3212. 

12. Crystal E, et al. Interventions for preventing post-operative atri-
al fibrillation in patients undergoing heart surgery. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2004 (accessed 10/01/08). 

13. Coleman CI, et al. Impact of prophylactic postoperative β-
blockade on post-cardiothoracic surgery length of stay and atrial
fibrillation. Ann Pharmacother 2004; 38: 2012–16. 

14. Crystal E, et al. Metoprolol prophylaxis against postoperative
atrial fibrillation increases length of hospital stay in patients not
on pre-operative beta blockers: the beta blocker length of stay
(BLOS) trial. Heart 2004; 90: 941–2. 

15. Lindholm LH, et al. Should β blockers remain first choice in the
treatment of primary hypertension? A meta-analysis. Lancet
2005; 366: 1545–53. 
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Chichester: John Wiley; 2007 (accessed 12/06/08).

Extrapyramidal disorders. Beta blockers (in low doses) have
been suggested for the management of antipsychotic-induced
akathisia although evidence of benefit is limited (see under Chlo-
rpromazine, p.971).
Glaucoma and ocular hypertension. Topical beta blockers
are often the drugs of first choice for the initial treatment and
maintenance of open-angle glaucoma and other chronic glauco-
mas (p.1873). They are believed to inhibit beta receptors in the
ciliary epithelium and reduce the secretion of aqueous humour.
Clinical studies have established that betaxolol, carteolol, lev-
obunolol, metipranolol, and timolol are effective, generally re-
ducing intra-ocular pressure to a similar extent,1-5 although a
meta-analysis suggested that timolol might be slightly more ef-
fective than betaxolol in lowering intra-ocular pressure.6 The
possibility of systemic effects after topical use needs to be borne
in mind (see Effects after Ophthalmic Use, above), especially in
the elderly.7 
Beta blockers have also been used for prophylaxis of postopera-
tive ocular hypertension.8,9

1. LeBlanc RP, et al. Timolol: long-term Canadian Multicentre
Study. Can J Ophthalmol 1985; 20: 128–30. 

2. Stewart RH, et al. Betaxolol vs timolol: a six-month double-
blind comparison. Arch Ophthalmol 1986; 104: 46–8. 

3. Geyer O, et al. Levobunolol compared with timolol: a four-year
study. Br J Ophthalmol 1988; 72: 892–6. 

4. Krieglstein GK, et al. Levobunolol and metipranolol: compara-
tive ocular hypotensive efficacy, safety, and comfort. Br J Oph-
thalmol 1987; 71: 250–3. 

5. Scoville B, et al. A double-masked comparison of carteolol and
timolol in ocular hypertension. Am J Ophthalmol 1988; 105:
150–4. 

6. van der Valk R, et al. Intraocular pressure-lowering effects of all
commonly used glaucoma drugs: a meta-analysis of randomized
clinical trials. Ophthalmology 2005; 112: 1177–85. 

7. O’Donoghue E. β Blockers and the elderly with glaucoma: are
we adding insult to injury? Br J Ophthalmol 1995; 79: 794–6. 

8. West DR, et al. Comparative efficacy of the β-blockers for the
prevention of increased intraocular pressure after cataract ex-
traction. Am J Ophthalmol 1988; 106: 168–73. 

9. Odberg T. Primary argon laser trabeculoplasty after pretreatment
with timolol. Acta Ophthalmol (Copenh) 1990; 68: 317–19.

Heart failure. Beta blockers have negative inotropic properties
and have in the past been contra-indicated in patients with heart
failure (p.1165). However, there is increasing evidence that they
are in fact of benefit since persistent activation of the sympathetic
nervous system appears to be associated with disease progres-
sion. Reviews,1-3 meta-analyses,4,5 and long-term studies6,7 have
confirmed that the beta blockers bisoprolol, carvedilol, and me-
toprolol all improve mortality in patients with chronic heart fail-
ure, and another study8 has shown benefit with nebivolol in eld-
erly patients. A further meta-analysis9 found that fewer patients
were withdrawn from treatment with beta blockers than placebo,
suggesting that the benefits outweigh their adverse effects. Sub-
group analysis10 of one of the large studies also confirmed that
metoprolol was well tolerated and of benefit in diabetics, despite
potential effects on diabetic control (see Effects on Carbohydrate
Metabolism under Adverse Effects, above). Beta blockers have
also improved functional status in patients with chronic heart
failure.11 Beta blockers are therefore now recommended, as part
of standard therapy, given with ACE inhibitors and diuretics, in
all patients with clinically stable heart failure due to left ventricu-
lar systolic dysfunction where there are no contra-indications;
the benefit in patients with preserved left ventricular function is
less clear, although the empirical use of beta blockers to reduce
heart rate and improve myocardial ischaemia has been suggest-
ed.12 
The benefit of beta blockers in heart failure may not be a class
effect, and in general only those with an established benefit
should be used. Not all beta blockers have been studied in heart
failure, but there is also evidence that some are ineffective; a
study13 with bucindolol was stopped early because no mortality
benefit was found. For those that have been shown to improve
mortality, it is not clear if they are all equally effective.14 A meta-
analysis15 has suggested that vasodilating beta blockers such as
carvedilol have a greater effect on overall mortality than those
that do not produce vasodilatation, and a large study16 comparing
carvedilol with metoprolol also found a greater mortality reduc-
tion with carvedilol, although the equivalence of the doses used
in the study has been questioned.17 The optimum dose is also
unclear; many patients are unable to tolerate the target doses used
in clinical studies, but an analysis18 of a study with metoprolol

suggested that the mortality benefit was equal in those receiving
low or high doses. 
Beta blockers may also be of value in some patients with heart
failure due to cardiomyopathy (p.1163). A number of beta block-
ers have provided symptomatic benefit in idiopathic dilated car-
diomyopathy, and the heart failure studies that showed a mortal-
ity benefit included patients with dilated cardiomyopathy. In
hypertrophic cardiomyopathy, beta blockers may be of value for
symptomatic management to curtail tachycardia, reduce anginal
pain, and prevent syncope.
1. Foody JM, et al. β-Blocker therapy in heart failure: scientific

review. JAMA 2002; 287: 883–9. 
2. Pritchett AM, Redfield MM. β-Blockers: new standard therapy

for heart failure. Mayo Clin Proc 2002; 77: 839–46. 
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weighing the evidence. Arch Intern Med 2002; 162: 641–8. 
4. Lechat P, et al. Clinical effects of β-adrenergic blockade in
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controlled, randomized trials. Circulation 1998; 98: 1184–91. 
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ciency Bisoprolol Study II (CIBIS-II): a randomised trial. Lan-
cet 1999; 353: 9–13. 

7. MERIT-HF Study Group. Effect of metoprolol CR/XL in chron-
ic heart failure: Metoprolol CR/XL Randomised Intervention
Trial in Congestive Heart Failure (MERIT-HF). Lancet 1999;
353: 2001–7. 

8. Flather MD, et al. Randomized trial to determine the effect of
nebivolol on mortality and cardiovascular hospital admission in
elderly patients with heart failure (SENIORS). Eur Heart J
2005; 26: 215–25. 
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with heart failure: a quantitative overview of randomized trials.
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11. Abdulla J, et al. Effect of beta-blocker therapy on functional
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14. McBride BF, White CM. Critical differences among beta-
adrenoreceptor antagonists in myocardial failure: debating the
MERIT of COMET. J Clin Pharmacol 2005; 45: 6–24. 

15. Bonet S, et al. β-Adrenergic blocking agents in heart failure:
benefits of vasodilating and nonvasodilating agents according
to patients’ characteristics: a meta-analysis of clinical trials.
Arch Intern Med 2000; 160: 621–7. 

16. Poole-Wilson PA, et al. Comparison of carvedilol and metopro-
lol on clinical outcomes in patients with chronic heart failure in
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Hypotension. Beta blockers have a hypotensive effect and are
usually used to reduce blood pressure in patients with hyperten-
sion, or occasionally to produce controlled hypotension during
surgery. Paradoxically, however, they may be used in the man-
agement of neurally mediated hypotension in patients who re-
quire drug therapy (see p.1174), although there is limited evi-
dence to support their use, and adverse effects may be a concern.
Beta blockers with partial agonist activity have been used in
orthostatic hypotension due to autonomic failure (p.1530) but are
potentially dangerous.
Migraine and tension type headache. Beta blockers (usual-
ly propranolol or metoprolol) are considered1 by many to be the
drugs of choice in patients requiring prophylactic treatment for
migraine (p.616). Their mechanism of action in this disorder is
not fully understood. Other beta blockers reported to be effective
include atenolol, nadolol, and timolol; those with intrinsic sym-
pathomimetic activity may not be effective. 
Beta blockers may sometimes also be of benefit in patients with
chronic tension-type headache (p.617). 
Propranolol has been tried in the treatment of children with ab-
dominal migraine (see under Pizotifen, p.624).
1. Limmroth V, Michel MC. The prevention of migraine: a critical

review with special emphasis on β-adrenoceptor blockers. Br J
Clin Pharmacol 2001; 52: 237–43.

Peripheral vascular disease. Beta blockers may cause cold-
ness of the extremities and have been reported to induce second-
ary Raynaud’s syndrome. However, they may be of some help in
the management of erythromelalgia (see under Vasospastic Arte-
rial Disorders on p.1188).
Phaeochromocytoma. Beta blockers are used, with an alpha
blocker, in the initial management of phaeochromocytoma
(p.1179). Beta blockers reduce the responses to the beta-adreno-
ceptor stimulating effects of adrenaline. Treatment must be start-
ed with the alpha blocker and only when alpha blockade is suc-
cessfully established can tachycardia be controlled by the
cautious use of a beta blocker. A beta1-selective blocker is pre-
ferred so that peripheral beta2-mediated vasodilatation is unaf-
fected. In most cases modest doses are sufficient although higher
doses may be required for a tumour that is mainly adrenaline-
secreting.
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Tetanus. Autonomic overactivity, usually due to excessive cat-
echolamine release, may occur as a complication of tetanus and
is usually controlled with sedation (see p.1901). Beta blockers
have also been used but may produce severe hypertension and
are therefore not usually recommended. Labetalol has both al-
pha- and beta-blocking properties and intravenous labetalol has
been used successfully to control the cardiovascular effects of
tetanus,1 although it has not been shown to offer any advantage
over propranolol in this situation. Esmolol, a short-acting beta
blocker, has also been used.2

1. Domenighetti GM, et al. Hyperadrenergic syndrome in severe
tetanus: extreme rise in catecholamines responsive to labetalol.
BMJ 1984; 288: 1483–4. 

2. King WW, Cave DR. Use of esmolol to control autonomic insta-
bility of tetanus. Am J Med 1991; 91: 425–8.

Tetralogy of Fallot. For the use of beta blockers in the man-
agement of tetralogy of Fallot, see under Uses of Propranolol,
p.1381.

Tremor. Tremor is a rhythmical oscillation of part of the body
caused by involuntary contraction of opposing muscles. It may
occur during action, maintenance of posture, or at rest, and varies
in frequency and amplitude. Resting tremor is associated mainly
with parkinsonism (p.791), whereas action tremor, which in-
cludes postural tremor and kinetic tremor, occurs in a wide vari-
ety of disorders. Treatment of the underlying disorder may re-
move the tremor. Drugs such as bronchodilators, tricyclic
antidepressants, lithium, and caffeine may induce tremor; with-
drawal of the causative drug usually alleviates the tremor. How-
ever, tremor often has no known underlying cause. Such tremor
is referred to as essential tremor or benign essential tremor; it is
usually postural and tends to affect the hands, head, voice, and
sometimes the legs and trunk. It is exacerbated by emotional
stress and anxiety. Essential tremor may appear at any age and is
a lifelong condition that may progress with increasing age. In
many cases there is a family history of the disorder (familial es-
sential tremor). 
Mild cases of essential tremor may not require regular drug treat-
ment. Single doses of a beta blocker or a benzodiazepine may be
useful in acute circumstances to control exacerbations provoked
by stress. A single dose of propranolol usually produces a maxi-
mum effect after 1 to 2 hours and the effect may persist for sev-
eral hours. Small amounts of alcohol may also provide effective
temporary relief of essential tremor, although its regular use is
obviously discouraged. 
For more severe cases of essential tremor long-term drug treat-
ment may be required (and may also be tried in other forms of
tremor).1-5 A beta blocker (usually a non-cardioselective beta
blocker such as propranolol) is often the first drug used. Up to
70% of people have been reported to respond, although the aver-
age tremor reduction is only about 50 to 60%. The beneficial ef-
fect appears to be mainly due to blockade of peripheral beta2 re-
ceptors on extrafusal muscle fibres and muscle spindles,
although there may also be a CNS effect. Adverse effects may be
troublesome on long-term use. Primidone may also be tried6 al-
though there may be a high incidence of acute adverse reactions
after initial doses. Concern has been expressed that patients may
become tolerant to these drugs given long-term. However, 3
small studies found a reduced response on long-term therapy in
only a few patients.7-9 Local injection of botulinum A toxin has
been tried in refractory essential tremor. Benzodiazepines, and
antimuscarinic or dopaminergic antiparkinsonian drugs may be
effective in some forms of tremor.1 Other drugs that have shown
some benefit include gabapentin and topiramate.1-4,10 Many oth-
er drugs have been tried, but there is little evidence to support
their use.10 In very severe disabling cases, surgery (thalamotomy
or deep brain stimulation) may have to be considered.
1. Habib-ur-Rehman. Diagnosis and management of tremor. Arch

Intern Med 2000; 160: 2438–44. 
2. Louis ED. Essential tremor. N Engl J Med 2001; 345: 887–91. 
3. Lyons K, et al. Benefits and risks of pharmacological treatments

for essential tremor. Drug Safety 2003; 26: 461–81. 
4. Pahwa R, Lyons KE. Essential tremor: differential diagnosis

and current therapy. Am J Med 2003; 115: 134–42. 
5. Benito-León J, Louis ED. Clinical update: diagnosis and treat-

ment of essential tremor. Lancet 2007; 369: 1152–4. 
6. Koller WC, Royse VL. Efficacy of primidone in essential trem-

or. Neurology 1986; 36: 121–4. 
7. Koller WC, Vetere-Overfield B. Acute and chronic effects of

propranolol and primidone in essential tremor. Neurology 1989;
39: 1587–8. 

8. Calzetti S, et al. Clinical and computer-based assessment of
long-term therapeutic efficacy of propranolol in essential trem-
or. Acta Neurol Scand 1990; 81: 392–6. 

9. Sasso E, et al. Primidone in the long-term treatment of essential
tremor: a prospective study with computerized quantitative
analysis. Clin Neuropharmacol 1990; 13: 67–76. 

10. Zesiewicz TA, et al. Practice parameter: therapies for essential
tremor: report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurology 2005; 64:
2008–20. Also available at: http://www.neurology.org/cgi/
reprint/64/12/2008.pdf (accessed 10/01/08)

Betaxolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
ALO-1401-02; Betaksolol Hidroklorür; Betaksololihydrokloridi;
Betaksololio hidrochloridas; Bétaxolol, chlorhydrate de; Betax-
olol-hidroklorid; Betaxolol-hydrochlorid; Betaxololhydroklorid;
Betaxololi hydrochloridum; Hidrocloruro de betaxolol; SL-
75212-10. 1-{4-[2-(Cyclopropylmethoxy)ethyl]phenoxy}-3-iso-
propylaminopropan-2-ol hydrochloride.

Бетаксолола Гидрохлорид

C18H29NO3,HCl = 343.9.

CAS — 63659-18-7 (betaxolol); 63659-19-8 (betaxolol
hydrochloride).

ATC — C07AB05; S01ED02.

ATC Vet — QC07AB05; QS01ED02.

(betaxolol)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Betaxolol Hydrochloride). A white or almost white
crystalline powder. Very soluble in water; freely soluble in alco-
hol; soluble in dichloromethane. Protect from light. 
USP 31 (Betaxolol Hydrochloride). A white crystalline powder.
Freely soluble in water, in alcohol, in chloroform, and in methyl
alcohol. pH of a 2% solution in water is between 4.5 and 6.5.
Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Betaxolol is completely absorbed from the gastrointes-
tinal tract and undergoes only minimal first-pass
metabolism, resulting in a high oral bioavailability of
about 90%. It has high lipid solubility. Betaxolol is
about 50% bound to plasma proteins. It crosses the pla-
centa and is distributed into breast milk where higher
concentrations have been achieved than in maternal
blood. The plasma elimination half-life of betaxolol
ranges from 14 to 22 hours. The primary route of elim-
ination is via hepatic metabolism and urinary excre-
tion; only about 15% is excreted in the urine as un-
changed drug.
Pregnancy and breast feeding. The pharmacokinetics of
betaxolol were investigated in the perinatal period in 28 pregnant
hypertensive patients receiving doses of 10 to 40 mg daily.1
Pharmacokinetic values were similar to those seen in non-preg-
nant patients. Umbilical-cord concentrations were similar to
maternal blood concentrations and showed a negative correlation
between concentration in cord blood and timing of the last dose
of betaxolol. Thus the betaxolol concentration in neonates can be
considerably reduced by stopping maternal drug use 16 to 18
hours before birth. The blood-betaxolol half-life in the neonates
ranged from 14.8 to 38.5 hours. The mean apparent half-life in
infants with gestational age less than 36 weeks was about 32%
higher than in full-term neonates. Betaxolol concentrations in
milk and/or colostrum were determined in 3 mothers. In all sam-
ples the milk-to-blood ratio was greater than 2.
1. Morselli PL, et al. Placental transfer and perinatal pharmacoki-

netics of betaxolol. Eur J Clin Pharmacol 1990; 38: 477–83.

Uses and Administration
Betaxolol is a cardioselective beta blocker (p.1225). It
is reported to lack intrinsic sympathomimetic activity
and to have little membrane-stabilising activity. 
Betaxolol is used as the hydrochloride in the manage-
ment of hypertension (p.1171), angina pectoris
(p.1157), and glaucoma (p.1873). 

In hypertension betaxolol hydrochloride is given in an
initial oral dose of 10 mg once daily, which may be
doubled if necessary after 1 to 2 weeks. Doses above
20 mg daily do not usually give additional benefit, but
up to 40 mg daily has been tolerated. Similar doses are
used in angina pectoris. 
An initial dose of 5 mg daily is suggested for elderly
patients. Reduced dosages should also be used in pa-
tients with severe renal impairment (see below). 
Eye drops containing the equivalent of 0.25 or 0.5%
betaxolol as the hydrochloride are instilled twice daily
to reduce raised intra-ocular pressure in ocular hyper-
tension and open-angle glaucoma.
◊ General references.
1. Buckley MM-T, et al. Ocular betaxolol: a review of its pharma-

cological properties, and therapeutic efficacy in glaucoma and
ocular hypertension. Drugs 1990; 40: 75–90.

Administration in renal impairment. The clearance of
betaxolol is reduced in patients with renal impairment and the
dose may therefore need to be reduced. Licensed US product in-
formation recommends an initial dose of betaxolol hydrochlo-
ride 5 mg daily in patients with severe renal impairment or on
dialysis; the dose may be increased by 5 mg every 2 weeks, to a
maximum of 20 mg daily.

Speech disorders. A 50-year-old man who had stuttered since
childhood obtained striking improvement in his stuttering when
he was given betaxolol 20 mg daily for essential hypertension.1

1. Burris JF, et al. Betaxolol and stuttering. Lancet 1990; 335: 223.

Preparations
BP 2008: Betaxolol Eye Drops, Solution; Betaxolol Eye Drops, Suspension; 
USP 31: Betaxolol Ophthalmic Solution; Betaxolol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Betasel; Tonobexol; Austral.: Betoptic; Betoquin; Austria: Betoptic;
Kerlone; Belg.: Betoptic; Kerlone; Braz.: Betoptic; Presmin; Canad.: Be-
toptic; Chile: Bemaz; Beof; Betoptic; Cz.: Betalmic; Betaxa; Betoptic;
Lokren; Denm.: Betoptic; Kerlon†; Fin.: Betoptic; Kerlon; Fr.: Betoptic; Ker-
lone; Ger.: Betoptima; Kerlone; Gr.: Armament; Betoptic; Eifel; Kerlone;
Pertaxol†; Hong Kong: Betoptic; Hung.: Betoptic; Lokren; India: Opti-
pres; Indon.: Betoptima; Optibet; Irl.: Betoptic; Israel: Betoptic; Kerlone;
Ital.: Betoptic; Kerlon; Jpn: Kerlong; Malaysia: Betac; Betoptic; Kerlone;
Mex.: Beofta†; Betoptic; BTX-HA Ofteno; Neth.: Betoptic; Kerlon;
Norw.: Betoptic; NZ: Betoptic; Philipp.: Betoptic; Kerlone; Pol.: Betabion;
Betoptic; Lokren; Optibetol; Port.: Bertocil; Betaglau; Betoptic; Davixolol;
Rus.: Betac (Бетак); Betoptic (Бетоптик); Lokren (Локрен); S.Afr.: Be-
toptic; Singapore: Betac; Betoptic; Kerlone; Spain: Betoptic; Swed.: Be-
toptic; Kerlon†; Switz.: Betoptic; Kerlon†; Thai.: Betoptic; Turk.: Betoptic;
UK: Betoptic; USA: Betoptic; Kerlone; Venez.: Betaxol; Betoptic.

Bevantolol Hydrochloride (BANM, USAN, rINNM) ⊗ 
Bévantolol, Chlorhydrate de; Bevantololhydroklorid; Bevantololi
Hydrochloridum; Bevantololihydrokloridi; CI-775; Hidrocloruro
de bevantolol; NC-1400. 1-(3,4-Dimethoxyphenethylamino)-3-
m-tolyloxypropan-2-ol hydrochloride.

Бевантолола Гидрохлорид

C20H27NO4,HCl = 381.9.
CAS — 59170-23-9 (bevantolol); 42864-78-8 (bevantolol
hydrochloride).
ATC — C07AB06.
ATC Vet — QC07AB06.

(bevantolol)

Profile
Bevantolol is a cardioselective beta blocker (p.1225). It is report-
ed to lack significant intrinsic sympathomimetic activity but has
weak membrane-stabilising properties and also has vasodilator
activity. It has been given orally as the hydrochloride in the man-
agement of hypertension and angina pectoris.

◊ References.
1. Frishman WH, et al. Bevantolol: a preliminary review of its

pharmacodynamic and pharmacokinetic properties, and thera-
peutic efficacy in hypertension and angina pectoris. Drugs 1988;
35: 1–21.
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Bezafibrate (BAN, USAN, rINN)

Betsafibraatti; Bezafibrát; Bezafibrat; Bezafibratas; Bézafibrate; Be-
zafibrato; Bezafibratum; BM-15075; LO-44. 2-[4-(2-p-Chlo-
robenzamidoethyl)phenoxy]-2-methylpropionic acid.
Безафибрат
C19H20ClNO4 = 361.8.
CAS — 41859-67-0.
ATC — C10AB02.
ATC Vet — QC10AB02.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Bezafibrate). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
sparingly soluble in alcohol and in acetone; freely soluble in
dimethylformamide; it dissolves in dilute solutions of alkali hy-
droxides.

Adverse Effects and Precautions
The commonest adverse effects of bezafibrate therapy
are gastrointestinal disturbances including anorexia,
nausea, and gastric discomfort. Other adverse effects
reported to occur less frequently include headache, diz-
ziness, vertigo, fatigue, skin rashes, pruritus, photosen-
sitivity, alopecia, impotence, anaemia, leucopenia, and
thrombocytopenia. Raised serum-aminotransferase
concentrations have occasionally been reported. Ele-
vated creatine phosphokinase concentrations during
bezafibrate therapy may be associated with a syndrome
of myositis, myopathy, and rarely rhabdomyolysis; pa-
tients with hypoalbuminaemia resulting from nephrot-
ic syndrome or with renal impairment may be at in-
creased risk. Bezafibrate should not be given with
statins in patients with risk factors for myopathy. Bez-
afibrate may increase the lithogenic index, and there
have been isolated reports of gallstones, although the
risk from fibrates as a class is unclear (see Gallstones,
below). 
Bezafibrate should not be given to patients with severe
hepatic impairment or significant liver disease, gall-
stones or gallbladder disorders, or hypoalbuminaemic
states such as nephrotic syndrome. It should be used
with caution in renal impairment and is contra-indicat-
ed if creatinine clearance is below 15 mL/minute un-
less the patient is on dialysis (see under Uses and Ad-
ministration, below).
◊ Reviews.
1. Davidson MH, et al. Safety considerations with fibrate therapy.

Am J Cardiol 2007; 99 (Issue 6 suppl 1): 3C–18C.

Effects on glucose metabolism. Use of fibrates in diabetic
patients has generally been reported to either improve1-3 or have
no effect4-6 on insulin sensitivity and glucose metabolism, and
they are considered a suitable treatment for type 2 diabetics with
hypertriglyceridaemia.7 There is also some evidence that fibrates
may reduce the incidence or delay the onset of diabetes in pa-
tients with obesity8 or impaired glucose tolerance.9 However,
there has been a report10 of recurrent hypoglycaemia in a type 2
diabetic when gemfibrozil was added to high-dose insulin thera-
py although eventually a reduced insulin dosage, with fibrate
therapy, produced good glucose control. Gemfibrozil is contra-
indicated in patients receiving repaglinide due to the risk of se-
vere hypoglycaemia (see p.458). Conversely, a study in 20 dia-
betic patients11 given gemfibrozil reported a slight increase in re-
quirements for antidiabetic therapy (oral hypoglycaemics or
insulin) in 9 and a decrease in 1.
1. Ogawa S, et al. Bezafibrate reduces blood glucose in type 2 di-

abetes mellitus. Metabolism 2000; 49: 331–4. 
2. Jones IR, et al. Lowering of plasma glucose concentrations with

bezafibrate in patients with moderately controlled NIDDM. Di-
abetes Care 1990; 13: 855–63. 

3. Notarbartolo A, et al. Effects of gemfibrozil in hyperlipidemic
patients with or without diabetes. Curr Ther Res 1993; 53:
381–93. 

4. Leaf DA, et al. The hypolipidemic effects of gemfibrozil in type
V hyperlipidemia. JAMA 1989; 262: 3154–60. 

5. Pagani A, et al. Effect of short-term gemfibrozil administration
on glucose metabolism and insulin secretion in non-insulin-de-
pendent diabetics. Curr Ther Res 1989; 45: 14–20. 

6. Hernández-Mijares A, et al. Ciprofibrate effects on carbohy-
drate and lipid metabolism in type 2 diabetes mellitus subjects.
Nutr Metab Cardiovasc Dis 2000; 10: 1–6. 

7. Buse JB, et al. Primary prevention of cardiovascular diseases in
people with diabetes mellitus: a scientific statement from the
American Heart Association and the American Diabetes Asso-
ciation. Circulation 2007; 115: 114–26. Also published in Dia-
betes Care 2007; 30: 162–72. 

8. Tenenbaum A, et al. Effect of bezafibrate on incidence of type
2 diabetes mellitus in obese patients. Eur Heart J 2005; 26:
2032–8. 

9. Tenenbaum A, et al. Peroxisome proliferator-activated receptor
ligand bezafibrate for prevention of type 2 diabetes mellitus in
patients with coronary artery disease. Circulation 2004; 109:
2197–2202. 

10. Klein J, et al. Recurrent hypoglycaemic episodes in a patient
with type 2 diabetes under fibrate therapy. J Diabetes Compli-
cations 2002; 16: 246–8. 

11. Konttinen A, et al. The effect of gemfibrozil on serum lipids in
diabetic patients. Ann Clin Res 1979; 11: 240–5.

Effects on the kidneys. Small increases in creatinine concen-
tration are common during treatment with bezafibrate and have
also been reported with other fibrates,1 although possibly not
with gemfibrozil. There have also been reports of acute renal fail-
ure associated with treatment with bezafibrate,2 and with clofi-
brate,3,4 and an accelerated decline in renal function has been re-
ported with bezafibrate in patients with chronic renal failure.5
Renal failure may also occur due to rhabdomyolysis in patients
receiving fibrates, including gemfibrozil (see Effects on Skeletal
Muscle, below).
1. Broeders N, et al. Fibrate-induced increase in blood urea and

creatinine: is gemfibrozil the only innocuous agent? Nephrol
Dial Transplant 2000; 15: 1993–9. 

2. Lipkin GW, Tomson CRV. Severe reversible renal failure with
bezafibrate. Lancet 1993; 341: 371. 

3. Dosa S, et al. Acute-on-chronic renal failure precipitated by clof-
ibrate. Lancet 1976; i: 250. 

4. Cumming A. Acute renal failure and interstitial nephritis after
clofibrate treatment. BMJ 1980; 281: 1529–30. 

5. Williams AJ, et al. The short term effects of bezafibrate on the
hypertriglyceridaemia of moderate to severe uraemia. Br J Clin
Pharmacol 1984; 18: 361–7.

Effects on the nervous system. Adverse effects on the pe-
ripheral nervous system have been reported with fibrates. Periph-
eral neuropathy has been reported1 with bezafibrate, and was
substantiated by nerve conduction studies. There have also been
reports of peripheral neuropathy with clofibrate,2 and with fenof-
ibrate,3 which resolved when therapy was withdrawn. In addi-
tion, by 1993, the Adverse Drug Reactions Advisory Committee
in Australia had received reports of paraesthesia occurring in 6
patients in association with gemfibrozil treatment.4
1. Ellis CJ, et al. Peripheral neuropathy with bezafibrate. BMJ

1994; 309: 929. 
2. Gabriel R, Pearce JMS. Clofibrate-induced myopathy and neu-

ropathy. Lancet 1976; ii: 906. 
3. Corcia P, et al. Severe toxic neuropathy due to fibrates. J Neurol

Neurosurg Psychiatry 1999; 66: 410. 
4. Anonymous. Paraesthesia and neuropathy with hypolipidaemic

agents. Aust Adverse Drug React Bull 1993; 12: 6.

Effects on the pancreas. Acute pancreatitis has been
reported1 in a patient receiving bezafibrate, and recurred on 2 oc-
casions when bezafibrate was restarted. There has also been a
report2 of acute pancreatitis in a patient receiving both fenofi-
brate and simvastatin, although simvastatin was considered more
likely to be responsible. An increased incidence of pancreatitis
was also reported with fenofibrate in the FIELD study,3 although
the number of cases was small.
1. Gang N, et al. Relapsing acute pancreatitis induced by re-expo-

sure to the cholesterol lowering agent bezafibrate. Am J Gastro-
enterol 1999; 94: 3626–8. 

2. McDonald KB, et al. Pancreatitis associated with simvastatin
plus fenofibrate. Ann Pharmacother 2002; 36: 275–9. 

3. The FIELD study investigators. Effects of long-term fenofibrate
therapy on cardiovascular events in 9795 people with type 2 di-
abetes mellitus (the FIELD study): randomised controlled trial.
Lancet 2005; 366: 1849–61. Corrections. ibid. 2006; 368: 1415
and 1420.

Effects on sexual function. Sexual dysfunction has occurred
with some fibrates. Erectile dysfunction and loss of libido has
been reported in 3 patients1-3 during gemfibrozil treatment. In 2
of the men1,2 bezafibrate did not produce this adverse effect. The
UK CSM was reported to be aware of a further 6 cases.2 Of a
further 3 cases of erectile dysfunction associated with gemfibro-
zil reported from Spain, 1 patient had previously reacted similar-
ly to clofibrate.4 A systematic review,5 including these and other
reports, supported the conclusion that fibrates could cause erec-
tile dysfunction. 
Gynaecomastia was reported6 in a 56-year-old man receiving
fenofibrate and recurred on rechallenge; there were no other ef-
fects on sexual function.
1. Pizarro S, et al. Gemfibrozil-induced impotence. Lancet 1990;

336: 1135. 
2. Bain SC, et al. Gemfibrozil-induced impotence. Lancet 1990;

336: 1389. 
3. Bharani A. Sexual dysfunction after gemfibrozil BMJ 1992; 305:

693. 
4. Figueras A, et al. Gemfibrozil-induced impotence. Ann Pharma-

cother 1993; 27: 982. 
5. Rizvi K, et al. Do lipid-lowering drugs cause erectile dysfunc-

tion? A systematic review. Fam Pract 2002; 19: 95–8. 
6. Gardette V, et al. Gynecomastia associated with fenofibrate. Ann

Pharmacother 2007; 41: 508–11.

Effects on skeletal muscle. Muscle disorders including my-
ositis and myopathy are well known to occur with lipid regulat-
ing drugs such as fibrates.1 Rhabdomyolysis, presenting as mus-
cle pain with elevated creatine phosphokinase and

myoglobinuria leading to renal failure, has also been reported but
appears to be rare. Patients with renal impairment, and possibly
with hypothyroidism, may be at increased risk of muscle toxicity.
The UK CSM has advised1 that patients treated with fibrates
should consult their doctor if they develop muscle pain, tender-
ness, or weakness, and treatment should be stopped if muscle
toxicity is suspected clinically or if creatine phosphokinase is
markedly raised or progressively rising. 
Other lipid regulating drugs, particularly the statins, have also
been associated with myopathy and the risk of muscle toxicity is
increased if fibrates and statins are taken together (see Lipid Reg-
ulating Drugs under Interactions of Simvastatin, p.1393); combi-
nation therapy may be appropriate in some patients but careful
monitoring is required.2
1. Committee on Safety of Medicines/Medicines Control Agency.

Rhabdomyolysis associated with lipid-lowering drugs. Current
Problems 1995; 21: 3. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2015618&RevisionSelectionMethod=
LatestReleased (accessed 30/05/08) 

2. Shek A, Ferrill MJ. Statin-fibrate combination therapy. Ann
Pharmacother 2001; 35: 908–917.

Gallstones. Fibrates, including fenofibrate1-3 and gemfibrozil4
have been reported to increase indices of bile lithogenicity, and
some studies5,6 have suggested an increased risk of gallstones in
patients receiving fibrates. However, in the Helsinki Heart
Study7 no significant increase in gallstone operations was report-
ed among 2051 patients taking gemfibrozil compared with 2030
taking placebo, although a follow-up study8 reported that chole-
cystectomies were consistently more common in those receiving
gemfibrozil during the entire 8.5-year observation period.
1. Brown WV. Treatment of hypercholesterolaemia with fenofi-

brate: a review. Curr Med Res Opin 1989; 11: 321–30. 
2. Blane GF. Comparative toxicity and safety profile of fenofibrate

and other fibric acid derivatives. Am J Med 1987; 83 (suppl 5B):
26–36. 

3. Palmer RH. Effects of fibric acid derivatives on biliary lipid
composition. Am J Med 1987; 83 (suppl 5B): 37–43. 

4. Leiss O, et al. Effect of gemfibrozil on biliary lipid metabolism
in normolipemic subjects. Metabolism 1985; 34: 74–82. 

5. Mamdani MM, et al. Is there an association between lipid-low-
ering drugs and cholecystectomy? Am J Med 2000; 108: 418–21. 

6. Caroli-Bosc F-X, et al. Role of fibrates and HMG-CoA reduct-
ase inhibitors in gallstone formation: epidemiological study in an
unselected population. Dig Dis Sci 2001; 46: 540–4. 

7. Frick MH, et al. Helsinki Heart Study: primary-prevention trial
with gemfibrozil in middle-aged men with dyslipidemia: safety
of treatment, changes in risk factors, and incidence of coronary
heart disease. N Engl J Med 1987; 317: 1237–45. 

8. Huttunen JK, et al. The Helsinki Heart Study: an 8.5-year safety
and mortality follow-up. J Intern Med 1994; 235: 31–9.

Headache. Severe recurrent headaches have been reported1 in
a patient receiving bezafibrate. The headaches started about 24
hours after therapy with bezafibrate began, and recurred about 1
hour after each dose. Headaches occurred 30 to 90 minutes after
each dose of gemfibrozil in 2 patients.2,3 In both patients, the
headaches were accompanied by dry mouth, and in 1 also by
blurred vision. The headaches stopped when gemfibrozil was
withdrawn and recurred one week after re-exposure.
1. Hodgetts TJ, Tunnicliffe C. Bezafibrate-induced headache. Lan-

cet 1989; i: 163. 
2. Arellano F, et al. Gemfibrozil-induced headache. Lancet 1988; i:

705. 
3. Alvarez-Sabin J, et al. Gemfibrozil-induced headache. Lancet

1988; ii: 1246.

Hyperhomocysteinaemia. Hyperhomocysteinaemia has
been associated with an increased risk for cardiovascular disease.
Small studies have found that both bezafibrate1,2 and
fenofibrate1,3 increase plasma-homocysteine concentrations, al-
though the clinical significance of this is not clear.4 Folic acid and
vitamin B12 have been given4,5 with fenofibrate to reduce homo-
cysteine concentrations, but the role of such treatment is not es-
tablished.
1. Dierkes J, et al. Serum homocysteine increases after therapy

with fenofibrate or bezafibrate. Lancet 1999; 354: 219–20. 
2. Jonkers IJAM, et al. Implication of fibrate therapy for homo-

cysteine. Lancet 1999; 354: 1208. 
3. de Lorgeril M, et al. Lipid-lowering drugs and homocysteine.

Lancet 1999; 353: 209–10. 
4. Dierkes J, et al. Fenofibrate-induced hyperhomocysteinaemia:

clinical implications and management. Drug Safety 2003; 26:
81–91. 

5. Melenovsky V, et al. Effect of folic acid on fenofibrate-induced
elevation of homocysteine and cysteine. Am Heart J 2003; 146:
110. Full version available at: 
http://download.journals.elsevierhealth.com/pdfs/journals/
0002-8703/PIIS0002870303001224.pdf (accessed 30/05/08)

Photosensitivity. Fibrates have been associated with photo-
sensitivity reactions1 and there may be cross-sensitivity with ke-
toprofen (see under Adverse Effects of Ketoprofen, p.73).
1. Serrano G, et al. Photosensitivity induced by fibric acid deriva-

tives and its relation to photocontact dermatitis to ketoprofen J
Am Acad Dermatol 1992; 27: 204–8.

Interactions
Bezafibrate and other fibrates are highly protein-bound
and may displace other drugs from protein binding
sites. Interactions may also occur through changes in
the activity of cytochrome P450 isoenzymes, particu-
larly CYP3A4. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Fibrates may enhance the effects of oral anticoagu-
lants; the dose of anticoagulant should be reduced
when treatment with a fibrate is started, and then ad-
justed gradually if necessary. Recommendations vary;
licensed product information for bezafibrate suggests a
reduction of up to 50% in the dosage of anticoagulant.
The mechanism of the interaction is unclear; fibrates
have been reported to displace warfarin from protein
binding sites but other mechanisms are probably also
involved. 
Other drugs that may be displaced from plasma pro-
teins by fibrates include tolbutamide and other sulfony-
lurea antidiabetics, phenytoin, and, in patients with hy-
poalbuminaemia, furosemide. The interaction with
antidiabetics is complex since fibrates may alter glu-
cose tolerance in diabetic patients (see Effects on Glu-
cose Metabolism, above). The dosage of antidiabetics
may need adjusting during bezafibrate therapy. 
There is an increased risk of myopathy if fibrates are
used with statins (see Lipid Regulating Drugs under In-
teractions of Simvastatin, p.1393). 
Fibrates may interact with ciclosporin, although re-
ports have been conflicting (see p.1827). However,
nephrotoxicity associated with increased ciclosporin
concentrations has been reported with bezafibrate and
renal function should be monitored. 
Cholestasis has been reported in a patient given fenof-
ibrate with raloxifene (see p.2128).
◊ Reviews.
1. Lozada A, Dujovne CA. Drug interactions with fibric acids.

Pharmacol Ther 1994; 63: 163–76.

Lipid regulating drugs. The bioavailability of gemfibrozil
was reduced by colestipol, but was unaffected when gemfibrozil
was taken either 2 hours before or 2 hours after colestipol.1 
For discussion of the interaction between fibrates and statins, see
p.1393.
1. Forland SC, et al. Apparent reduced absorption of gemfibrozil

when given with colestipol. J Clin Pharmacol 1990; 30: 29–32.

NSAIDs. Acute renal failure due to rhabdomyolysis in a patient
has been attributed to an interaction between ciprofibrate and
ibuprofen.1 Ibuprofen was believed to have displaced ciprofi-
brate from protein binding sites. The use of radiological contrast
media may also have been a contributory factor.
1. Ramachandran S, et al. Acute renal failure due to rhabdomyoly-

sis in presence of concurrent ciprofibrate and ibuprofen treat-
ment. BMJ 1997; 314: 1593.

Pharmacokinetics
Bezafibrate is readily absorbed from the gastrointesti-
nal tract. Plasma protein binding is about 95%. The
plasma elimination half-life is about 1 to 2 hours. Most
of a dose is excreted in the urine, about half as un-
changed drug, the remainder as metabolites including
20% as glucuronides. A small proportion (about 3%)
of the dose appears in the faeces. Elimination may be
increased by forced diuresis. The drug is not dialysa-
ble.
◊ References.
1. Abshagen U, et al. Disposition pharmacokinetics of bezafibrate

in man. Eur J Clin Pharmacol 1979; 16: 31–8. 
2. Abshagen U, et al. Steady-state kinetics of bezafibrate and clof-

ibrate in healthy female volunteers. Eur J Clin Pharmacol 1980;
17: 305–8.

The elderly. In a study comparing the pharmacokinetics of be-
zafibrate in 19 elderly patients with younger healthy subjects,1
maximum plasma concentrations were 1.6 times higher in the
elderly group (median 12.1 mg/litre against 7.7 mg/litre) and
half-life was increased by 3.8 times (median 6.6 hours against
1.7 hours). The differences could not be attributed solely to di-
minished renal function in elderly patients. Dosage adjustments
in elderly patients should not therefore be based on renal function
alone.
1. Neugebauer G, et al. Steady-state kinetics of bezafibrate retard in

hyperlipidemic geriatric patients. Klin Wochenschr 1988; 66:
250–6.

Renal impairment. The half-life of bezafibrate may be pro-
longed in patients with renal impairment (see under Uses and
Administration, below).

Uses and Administration
Bezafibrate, a fibric acid derivative, is a lipid regulat-
ing drug. It is used to reduce total cholesterol and trig-
lycerides in the management of hyperlipidaemias
(p.1169), including type IIa, type IIb, type III, type IV,

and type V hyperlipoproteinaemias. Bezafibrate and
other fibrates reduce triglycerides by reducing the con-
centration of very-low-density lipoprotein (VLDL).
They reduce low-density lipoprotein (LDL)-cholester-
ol to a lesser extent, although the effect is variable, and
may also increase high-density lipoprotein (HDL)-
cholesterol. Although evidence that this leads to a re-
duction in cardiovascular events is less good than for
statins, some fibrates may have a role in cardiovascular
risk reduction (see below). 
Bezafibrate is given in a usual oral dose of 200 mg
three times daily taken with or after food; gastrointes-
tinal disturbances may be reduced in susceptible pa-
tients by increasing the dose gradually over 5 to 7 days;
200 mg twice daily may occasionally be adequate for
maintenance particularly in the treatment of hypertrig-
lyceridaemia. A modified-release tablet is also availa-
ble and is given as a single daily dose of 400 mg. 
The dose of bezafibrate should be reduced in patients
with renal impairment (see below).
◊ General reviews.
1. Goa KL, et al. Bezafibrate: an update of its pharmacology and

use in the management of dyslipidaemia. Drugs 1996; 52:
725–53. 

2. Goldenberg I, et al. Update on the use of fibrates: focus on bez-
afibrate. Vasc Health Risk Manag 2008; 4: 131–41.

Action. Bezafibrate is a typical member of the fibric acid deriv-
ative group of drugs (the fibrates) used in the treatment of hyper-
lipidaemias (p.1169). One of the primary actions of the fibrates
is to promote the catabolism of triglyceride-rich lipoproteins, in
particular very-low-density lipoproteins (VLDL), apparently
mediated by an enhanced activity of lipoprotein lipase.1 They
may also interfere with the synthesis of VLDL, possibly by in-
hibiting hepatic acetyl coenzyme A carboxylase. The effect of
fibrates on low-density lipoprotein (LDL)-cholesterol depends
on the overall lipoprotein status of the patient but concentrations
tend to decrease if high at baseline and increase if low at baseline.
High-density lipoprotein (HDL)-cholesterol concentrations are
increased, although there have been a few reports of unexpected
falls in HDL-cholesterol with bezafibrate2,3 and ciprofibrate.4,5 
Fibrates have three actions on sterol metabolism:1 they inhibit
the synthesis of cholesterol, they inhibit the synthesis of bile
acids, and they enhance the secretion of cholesterol in bile. It is
these latter two effects which are responsible for the raised cho-
lesterol saturation of bile, which may lead to the formation of
gallstones in some patients (see Gallstones, under Adverse Ef-
fects, above). 
The effects of fibrates are mediated by their agonist action at per-
oxisome proliferator-activated receptors (PPARs).6,7 Fibrates are
agonists of PPAR-α, which plays an important role in fatty acid
metabolism; some, such as bezafibrate, may also activate other
receptors including PPAR-γ (which plays a role in glucose ho-
moeostasis).7
1. Grundy SM, Vega GL. Fibric acids: effects on lipids and lipopro-

tein metabolism. Am J Med 1987; 83 (suppl 5B): 9–20. 
2. Capps NE. Lipid profiles on fibric-acid derivatives. Lancet

1994; 344: 684–5. 
3. McLeod AJ, et al. Abnormal lipid profiles on fibrate derivatives.

Lancet 1996; 347: 261. 
4. Chandler HA, Batchelor AJ. Ciprofibrate and lipid profile. Lan-

cet 1994; 344: 128–9. 
5. McLeod AJ, et al. Ciprofibrate and lipid profile. Lancet 1994;

344: 955. 
6. Fruchart J-C, Duriez P. Mode of action of fibrates in the regula-

tion of triglyceride and HDL-cholesterol metabolism. Drugs To-
day 2006; 42: 39–64. 

7. Robinson JG. Should we use PPAR agonists to reduce cardiovas-
cular risk? PPAR Res 2008; 2008: 891425.

Administration in renal impairment. Bezafibrate is mainly
excreted in the urine and dosage alterations may be necessary in
patients with renal impairment; fibrates may also impair renal
function (see Effects on the Kidneys under Adverse Effects,
above). Modified-release preparations are contra-indicated in pa-
tients with creatinine clearance (CC) below 60 mL/minute and
the dosage of conventional-release formulations should be re-
duced depending on CC, as follows: 
• CC 40 to 60 mL/minute: 400 mg daily 
• CC 15 to 40 mL/minute: 200 mg daily or on alternate days 
• CC less than 15 mL/minute unless on dialysis: contra-indicat-

ed 
• dialysis patients: 200 mg every 3 days, with careful monitor-

ing 
In a study in patients with renal impairment1 the half-life of bez-
afibrate was reported to be prolonged to 4.6 hours in 3 patients
with CC greater than 40 mL/minute, 7.8 hours in 8 patients with
CC of 20 to 40 mL/minute, and 20.1 hours in a patient with CC
of 13 mL/minute.
1. Anderson P, Norbeck H-E. Clinical pharmacokinetics of bezafi-

brate in patients with impaired renal function. Eur J Clin Phar-
macol 1981; 21: 209–14.

Cardiovascular risk reduction. Lipid lowering therapy has
an important role in patients at risk of cardiovascular disease

(p.1164). Although the evidence is less good than for statins, sev-
eral studies have shown that fibrates may reduce both the pro-
gression of atherosclerosis and the incidence of cardiovascular
events.1 
In the Bezafibrate Coronary Atherosclerosis Intervention Trial
(BECAIT)2,3 treatment with bezafibrate for 5 years in young
men (less than 45 years of age) after myocardial infarction result-
ed in fewer coronary events and slowed the progression of focal
coronary atherosclerosis when compared with placebo. Howev-
er, in older men with peripheral vascular disease,4 bezafibrate
had no effect on the incidence of coronary events and stroke to-
gether, although the severity of intermittent claudication was re-
duced and, in men under 65 years, there were fewer non-fatal
coronary events. In the Diabetes Atherosclerosis Intervention
Study (DAIS),5 fenofibrate reduced the angiographic progres-
sion of coronary atherosclerosis in type 2 diabetics, and there
were also fewer clinical events in those receiving fenofibrate;
further analysis showed6 reduced progression to microalbuminu-
ria in the fenofibrate group. However, another study in type 2
diabetics, the FIELD study,7 found no reduction in the risk of
major coronary events with fenofibrate, although there were
fewer non-fatal myocardial infarctions and revascularisations. A
meta-analysis8 of studies including type 2 diabetics concluded
that fibrates reduce the incidence of cardiovascular events, but
the effect on mortality was not significant. 
The best evidence for a reduction in cardiovascular events is for
gemfibrozil. The Helsinki Heart Study9 assessed gemfibrozil for
the primary prevention of ischaemic heart disease in 4081 mid-
dle-aged men with hyperlipidaemia. There was an overall reduc-
tion of 34% in the incidence of fatal and non-fatal myocardial
infarctions and cardiac deaths in the gemfibrozil group compared
with the placebo group, with the greatest reduction seen during
years 3 to 5. Follow-up for a further 3.5 years10 suggested that
long-term treatment with gemfibrozil seemed to postpone coro-
nary events for about 5 years. The Veterans Affairs High-Density
Lipoprotein Cholesterol Intervention Trial (VA-HIT)11 assessed
gemfibrozil for the secondary prevention of ischaemic heart dis-
ease in 2531 older men (mean age 64 years) whose primary lipid
abnormality was a low HDL-cholesterol level. There was an
overall reduction of 22% in the incidence of fatal and non-fatal
myocardial infarctions and cardiac deaths in the gemfibrozil
group compared with the placebo group, with the beneficial ef-
fects of gemfibrozil becoming apparent about 2 years after ran-
domisation. There was also a reduction in the incidence of
stroke.12

1. Després J-P, et al. Role of fibric acid derivatives in the manage-
ment of risk factors for coronary heart disease. Drugs 2004; 64:
2177–98. 

2. Ericsson C-G, et al. Angiographic assessment of effects of bez-
afibrate on progression of coronary artery disease in young male
postinfarction patients. Lancet 1996; 347: 849–53. 

3. Ericsson C-G, et al. Effect of bezafibrate treatment over five
years on coronary plaques causing 20% to 50% diameter nar-
rowing (The Bezafibrate Coronary Atherosclerosis Intervention
Trial (BECAIT)). Am J Cardiol 1997; 80: 1125–9. 

4. Meade T, et al. Bezafibrate in men with lower extremity arterial
disease: randomised controlled trial. BMJ 2002; 325: 1139–43. 

5. Diabetes Atherosclerosis Intervention Study Investigators. Ef-
fect of fenofibrate on progression of coronary-artery disease in
type 2 diabetes: the Diabetes Atherosclerosis Intervention
Study, a randomised study. Lancet 2001; 357: 905–910. Correc-
tion. ibid.; 1890. 

6. Ansquer J-C, et al. Fenofibrate reduces progression to micro-
albuminuria over 3 years in a placebo-controlled study in type 2
diabetes: results from the Diabetes Atherosclerosis Intervention
Study (DAIS). Am J Kidney Dis 2005; 45: 485–93. 

7. The FIELD study investigators. Effects of long-term fenofibrate
therapy on cardiovascular events in 9795 people with type 2 di-
abetes mellitus (the FIELD study): randomised controlled trial.
Lancet 2005; 366: 1849–61. Corrections. ibid. 2006; 368: 1415
and 1420. 

8. Allemann S, et al. Fibrates in the prevention of cardiovascular
disease in patients with type 2 diabetes mellitus: meta-analysis
of randomised controlled trials. Curr Med Res Opin 2006; 22:
617–23. 

9. Frick MH, et al. Helsinki Heart Study: primary-prevention trial
with gemfibrozil in middle-aged men with dyslipidemia: safety
of treatment, changes in risk factors, and incidence of coronary
heart disease. N Engl J Med 1987; 317: 1237–45. 

10. Heinonen OP, et al. The Helsinki Heart Study: coronary heart
disease incidence during an extended follow-up. J Intern Med
1994; 235: 41–9. 

11. Bloomfield Rubins H, et al. Gemfibrozil for the secondary pre-
vention of coronary heart disease in men with low levels of
high-density lipoprotein cholesterol. N Engl J Med 1999; 341:
410–18. 

12. Bloomfield Rubins H, et al. Reduction in stroke with gemfibro-
zil in men with coronary heart disease and low HDL cholesterol:
The Veterans Affairs HDL Intervention Trial (VA-HIT). Circu-
lation 2001; 103: 2828–33.

Dementia. For reference to a possible reduction in the inci-
dence of dementia associated with lipid regulating drugs, includ-
ing fibrates, see under Uses of Simvastatin, p.1395.

Preparations
BP 2008: Bezafibrate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Bezacur; Bezalip; Elpi Lip; Nebufur; Austria: Bezacur; Bezalip; Bezare-
tard; Bezastad; Belg.: Cedur; Eulitop; Braz.: Cedur; Canad.: Bezalip;
Chile: Nimus; Oralipin; Cz.: Regadrin B; Fin.: Bezalip; Fr.: Befizal; Ger.:
Azufibrat†; Befibrat; Beza; Beza-Puren†; Bezabeta; Bezacur†; Bezadoc; Bez-
agamma; Bezamerck†; Bezapham†; Cedur; Lipox; Regadrin B†; Sklerofi-
brat†; Gr.: Bezalip; Getup†; Verbital; Hong Kong: Bezalip; Zafibral†;
Hung.: Bezalip; India: Beza†; Bezalip; Israel: Bezalip; Norlip; Ital.: Bezalip;
Hadiel; Jpn: Bezalip; Malaysia: Bezalip; Mex.: Befitec; Bexalcor; Bezafisal;
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Bezalex; Bezalip; Bifaren; Bionolip; Colser; Fazebit; Klestran†; Lesbest; Lipoc-
in; Neptalip; Nivetril; Redalip; Solibay†; Zaf; Neth.: Bezalip; NZ: Bezalip;
Fibalip; Philipp.: Bezastad; Pol.: Bezamidin; Port.: Bezalip; S.Afr.: Bezalip;
Singapore: Bezalip; Zafibral; Spain: Difaterol; Eulitop; Reducterol†; Swed.:
Bezalip; Switz.: Cedur; Thai.: Bezalip; Bezamil; Polyzalip; Raset†; UAE: Li-
pitrol; UK: Bezagen; Bezalip; Bezalip Mono; Fibrazate; Zimbacol; Venez.:
Bezalip; Detrex†.

Binifibrate (rINN)

Binifibrato; Binifibratum. 2-(4-Chlorophenoxy)-2-methylpropi-
onic acid ester with 1,3-dinicotinoyloxypropan-2-ol.
Бинифибрат
C25H23ClN2O7 = 498.9.
CAS — 69047-39-8.

Profile
Binifibrate, a derivative of clofibrate (p.1246) and nicotinic acid
(p.1957), is a lipid regulating drug that has been used in the treat-
ment of hyperlipidaemias.
Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Antopal†; Biniwas†.

Bisoprolol Fumarate 

(BANM, USAN, rINNM) ⊗ 
Bisoprolol Fumarat; Bisoprolol, Fumarate de; Bisoprolol Hemifu-
marate; Bisoprolol, hémifumarate de; Bisoprololfumarat; Biso-
prololi Fumaras; Bisoprololi hemifumaras; Bisoprololifumaraatti;
CL-297939; EMD-33512 (bisoprolol or bisoprolol fumarate);
Fumarato de bisoprolol. 1-[4-(2-Isopropoxyethoxymethyl)phe-
noxy]-3-isopropylaminopropan-2-ol fumarate.
Бизопролола Фумарат
(C18H31NO4)2,C4H4O4 = 767.0.
CAS — 66722-44-9 (bisoprolol); 66722-45-0 (bisoprolol
fumarate); 104344-23-2 (bisoprolol fumarate).
ATC — C07AB07.
ATC Vet — QC07AB07.

(bisoprolol)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Bisoprolol Fumarate). A white or almost white,
slightly hygroscopic powder. It exhibits polymorphism. Very
soluble in water; freely soluble in methyl alcohol. Store in air-
tight containers. Protect from light. 
USP 31 (Bisoprolol Fumarate). A white crystalline powder. Very
soluble in water and in methyl alcohol; freely soluble in alcohol,
in chloroform, and in glacial acetic acid; slightly soluble in
acetone and in ethyl acetate. Store in airtight containers. Protect
from light.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Bisoprolol is almost completely absorbed from the
gastrointestinal tract and undergoes only minimal first-
pass metabolism resulting in an oral bioavailability of

about 90%. Peak plasma concentrations are reached 2
to 4 hours after oral doses. Bisoprolol is about 30%
bound to plasma proteins. It has a plasma elimination
half-life of 10 to 12 hours. Bisoprolol is moderately
lipid-soluble. It is metabolised in the liver and excreted
in urine, about 50% as unchanged drug and 50% as
metabolites.

Uses and Administration
Bisoprolol is a cardioselective beta blocker (p.1225). It
is reported to be devoid of intrinsic sympathomimetic
and membrane-stabilising properties. 
Bisoprolol is given as the fumarate in the management
of hypertension (p.1171) and angina pectoris (p.1157).
It is also used as an adjunct to standard therapy in pa-
tients with stable chronic heart failure (p.1165). 
In hypertension or angina pectoris the usual dose of
bisoprolol fumarate is 5 to 10 mg orally as a single dai-
ly dose; the maximum recommended dose is 20 mg
daily. A reduction in dose may be necessary in patients
with hepatic or renal impairment (see below). 
In heart failure the initial oral dose of bisoprolol fu-
marate is 1.25 mg once daily. If tolerated, the dose
should be doubled after 1 week, and then increased
gradually at 1 to 4 week intervals to the maximum dose
tolerated; this should not exceed 10 mg once daily.
◊ References.
1. Johns TE, Lopez LM. Bisoprolol: is this just another beta-block-

er for hypertension or angina? Ann Pharmacother 1995; 29:
403–14. 

2. CIBIS-II Investigators and Committees. The Cardiac Insuffi-
ciency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet
1999; 353: 9–13. 

3. McGavin JK, Keating GM. Bisoprolol: a review of its use in
chronic heart failure. Drugs 2002; 62: 2677–96.

Administration in hepatic or renal impairment. US
licensed product information recommends that the initial dose of
bisoprolol fumarate for hypertension should be 2.5 mg daily and
that the dose should be increased cautiously in patients with se-
vere hepatic impairment or renal impairment (creatinine clear-
ance less than 40 mL/minute). UK licensed product information
recommends a maximum dose of 10 mg daily for both angina
pectoris and hypertension in patients with severe hepatic impair-
ment or with a creatinine clearance of less than 20 mL/minute. 
Bisoprolol is not dialysable.

Preparations
USP 31: Bisoprolol Fumarate and Hydrochlorothiazide Tablets; Bisoprolol
Fumarate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Concor; Corbis; Lostaprolol; Austral.: Bicor; Austria: Bisocor; Bisos-
tad; Bisotyrol†; Cardiocor; Concor; Darbalan; Nanalan; Rivacor; Belg.:
Bisoprotop; Docbisopro; Emconcor; Isoten; Braz.: Concor ; Canad.:
Monocor; Chile: Concor; Cz.: Bisoblock; Bisocard; Bisogamma; Bivaxol;
Concor; Concor Cor; Kordobis; Rivocor; Denm.: Bisocor; Cardicor; Em-
concor; Fin.: Bisomerck; Bisopral; Emconcor; Orloc; Fr.: Cardensiel; Cardi-
ocor; Detensiel; Soprol†; Ger.: Biso; Biso Lich; Biso-Puren; BisoAPS; Biso-
beta; Bisobloc†; Bisogamma; Bisohexal; Bisomerck; Concor; Cordalin†;
Fondril; Jutabis; Gr.: Abitrol; Blocatens; Pactens; Speridol; Hong Kong:
Concor; Hung.: Bisoblock; Bisocard; Bisogamma; Bisogen; Concor; Concor
Cor; Coviogal; India: Concor; Indon.: B-Beta; Concor; Hapsen; Lodoz;
Maintate; Irl.: Bisocor; Bisopine; Cardicor; Emcolol; Emcor; Soprol; Israel:
Bisolol; Cardiloc; Concor; Ital.: Cardicor; Concor; Congescor; Pluscor; Se-
quacor ; Jpn: Maintate; Malaysia: Concor ; Mex.: Concor ; Neth.:
Bisobloc†; Bisoblock; Cardicor†; Emcor; Norw.: Emconcor; Philipp.: Con-
core; Pol.: Bisocard; Bisohexal; Bisopromerck; Bisoratio; Concor; Corectin;
Port.: Concor; Libracor; Rus.: Biprol (Бипрол); Bisocard (Бисокард); Bi-
sogamma (Бисогамма); Concor (Конкор); Corbis (Корбис); S.Afr.: Adco-
Bisocor; Bilocor; Bisohexal; Cardicor; Concor; Singapore: Concor; Spain:
Emconcor; Euradal; Godal; Swed.: Bisomerck; Emconcor; Switz.: Bilol;
Concor; Thai.: Concor; Novacor; Turk.: Concor; UK: Bipranix†; Cardi-
cor; Emcor; Monocor†; Soloc†; Vivacor; USA: Zebeta; Venez.: Concor.
Multi-ingredient: Arg.: Corbis D; Ziac; Austria: Bisocombin; Bisoprolol
comp; Bisoprolol-HCT; Bisostad plus; Concor Plus; Darbalan Plus; Nanalan
Plus; Rivacor Plus; Belg.: Co-Bisoprolol; Emcoretic; Lodoz; Maxsoten; Mer-
ck-Co-Bisoprolol; Braz.: Biconcor; Chile: Ziac; Cz.: Concor Plus†; Lodoz;
Tebis Plus H; Fin.: Bisoprolol Comp; Emconcor Comp; Orloc Comp; Fr.:
Lodoz; Wytens; Ger.: Biso comp; Biso-Puren comp; Bisobeta comp; Biso-
hexal plus; BisoLich comp; Bisomerck Plus; Bisoplus; Bisoprolol Comp; Biso-
prolol HCT; Bisoprolol Plus; Concor Plus; Fondril HCT; Hong Kong: Lo-
doz; Hung.: Concor Plus; Lodoz; India: Lodoz; Ital.: Lodoz; Mex.:
Biconcor; Neth.: Emcoretic; Norw.: Lodoz; Philipp.: Ziac; Port.: Concor
Plus; S.Afr.: Ziak; Singapore: Lodoz; Spain: Emcoretic; Switz.: Concor
Plus; Lodoz; Thai.: Lodoz; USA: Ziac; Venez.: Biconcor; Ziac.

Bivalirudin (BAN, USAN, rINN)

BG-8967; Bivalirudina; Bivalirudine; Bivalirudinum; Hirulog.
Бивалирудин
C98H138N24O33 = 2180.3.
CAS — 128270-60-0.
ATC — B01AE06.
ATC Vet — QB01AE06.

Incompatibility. The manufacturer of bivalirudin states that it
is incompatible with: alteplase, amiodarone hydrochloride, am-
photericin B, chlorpromazine hydrochloride, diazepam, prochlo-
rperazine edisilate, reteplase, streptokinase, and vancomycin
hydrochloride.

Adverse Effects and Precautions
As for Lepirudin, p.1323.

Interactions
As for Lepirudin, p.1323.

Pharmacokinetics
Bivalirudin is partly metabolised and partly excreted
by the kidney. When given intravenously the plasma
half-life is about 25 minutes in patients with normal re-
nal function but is prolonged in renal impairment. Bi-
valirudin does not bind to plasma proteins and is re-
moved by haemodialysis.
◊ References.
1. Robson R, et al. Bivalirudin pharmacokinetics and pharmacody-

namics: effect of renal function, dose, and gender. Clin Pharma-
col Ther 2002; 71: 433–9.

Uses and Administration
Bivalirudin, an analogue of the peptide hirudin
(p.1305), is a direct thrombin inhibitor with actions
similar to Lepirudin, p.1323. It is used as an anticoag-
ulant in patients undergoing percutaneous coronary in-
terventions, including those with, or at risk of, heparin-
induced thrombocytopenia. It is also used in patients
with acute coronary syndromes in whom early inter-
vention is planned, and has been investigated in pa-
tients with acute coronary syndromes treated medical-
ly (see Ischaemic Heart Disease, under Uses and
Administration of Lepirudin, p.1323). 
Some preparations state that bivalirudin is present as
the hydrate of the trifluoroacetate salt but doses are giv-
en in terms of bivalirudin. 
In the management of patients undergoing planned
percutaneous coronary intervention (PCI), the ini-
tial dose of bivalirudin is 750 micrograms/kg by intra-
venous injection followed immediately by an intrave-
nous infusion of 1.75 mg/kg per hour; the activated
clotting time should be measured 5 minutes after the
init ial  injection and a second inject ion of
300 micrograms/kg should be given if anticoagulation
is inadequate. The infusion should be given for the du-
ration of the procedure and may be continued for up to
4 hours afterwards; licensed prescribing information in
the USA allows the infusion to then be continued at a
lower dose of 200 micrograms/kg per hour for up to 20
hours if required. 
As part of the management of patients with acute cor-
onary syndromes, the initial dose of bivalirudin is
100 micrograms/kg by intravenous injection, followed
by an intravenous infusion of 250 micrograms/kg per
hour. In patients managed medically, the infusion may
be continued for up to 72 hours. For those who proceed
to PCI or coronary artery bypass surgery without car-
diopulmonary bypass, a further intravenous injection
of 500 micrograms/kg should be given, and the infu-
sion should be increased to 1.75 mg/kg per hour for the
duration of the procedure; after PCI, the infusion may
be continued at a dose of 250 micrograms/kg per hour
for a further 4 to 12 hours if required. For those who
proceed to coronary artery bypass surgery with cardi-
opulmonary bypass, the infusion should be stopped 1
hour before the procedure and the patient should be
treated with unfractionated heparin. 
The dose of bivalirudin should be reduced in patients
with renal impairment (see below).
◊ References.
1. Carswell CI, Plosker GL. Bivalirudin: a review of its potential

place in the management of acute coronary syndromes. Drugs
2002; 62: 841–70. 

2. Sciulli TM, Mauro VF. Pharmacology and clinical use of biva-
lirudin. Ann Pharmacother 2002; 36: 1028–41. 

3. Moen MD, et al. Bivalirudin: a review of its use in patients un-
dergoing percutaneous coronary intervention. Drugs 2005; 65:
1869–91. 
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4. Stone GW, et al. ACUITY Investigators. Bivalirudin for patients
with acute coronary syndromes. N Engl J Med 2006; 355:
2203–16. 

5. Ahrens I, et al. Direct thrombin inhibition with bivalirudin as an
antithrombotic strategy in general and interventional cardiology.
Expert Opin Drug Metab Toxicol 2007; 3: 609–20. 

6. Hartmann F. Safety and efficacy of bivalirudin in acute coronary
syndromes. Curr Pharm Des 2008; 14: 1191–6.

Administration in renal impairment. The dose of bivaliru-
din may need to be adjusted in patients with renal impairment
and the activated clotting time should be monitored. UK licensed
product information recommends the following doses, depend-
ing on the glomerular filtration rate (GFR): 
• GFR 30 to 59 mL/minute, usual bolus doses (see Uses and

Administration, above) but in those undergoing percutaneous
coronary intervention (PCI) for any indication the infusion
rate should be reduced to 1.4 mg/kg per hour during the pro-
cedure 

• GFR below 30 mL/minute or dialysis-dependent, contra-indi-
cated 

US licensed product information recommends the following
doses for those undergoing PCI, based on creatinine clearance
(CC): 
• CC 30 to 59 mL/minute, usual bolus and infusion doses 
• CC below 30 mL/minute, usual bolus doses but infusion rate

reduced to 1 mg/kg per hour 
• Haemodialysis patients, usual bolus doses but infusion rate re-

duced to 250 micrograms/kg per hour

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Angiomax; Austral.: Angiomax; Canad.: Angiomax; Cz.: Angiox;
Denm.: Angiox; Fin.: Angiox; Fr.: Angiox; Ger.: Angiox; Gr.: Angiox;
Hung.: Angiox; Israel: Angiomax; Ital.: Angiox; Neth.: Angiox; Norw.:
Angiox; NZ: Angiomax; Port.: Angiox; Spain: Angiox; Swed.: Angiox;
UK: Angiox; USA: Angiomax.

Bopindolol Malonate (rINNM) ⊗ 
Bopindolol Hydrogen Malonate; Bopindolol, Malonate de;
Bopindololi Malonas; LT-31-200; Malonato de bopindolol. (±)-1-
(tert-Butylamino)-3-[(2-methylindol-4-yl)oxy]propan-2-ol ben-
zoate malonate.

Бопиндолола Малонат

C23H28N2O3,C3H4O4 = 484.5.
CAS — 62658-63-3 (bopindolol); 82857-38-3 (bopindolol
malonate).
ATC — C07AA17.
ATC Vet — QC07AA17.

(bopindolol)

Profile
Bopindolol is a non-cardioselective beta blocker (p.1225). It is
reported to possess some intrinsic sympathomimetic activity. 
Bopindolol is given orally as the malonate but doses are ex-
pressed in terms of the base; 1.27 mg of bopindolol malonate is
equivalent to about 1 mg of base. It is used in the management of
hypertension (p.1171) and angina pectoris (p.1157) in daily
doses equivalent to 0.5 to 2 mg of bopindolol.

◊ References.
1. Harron DWG, et al. Bopindolol: a review of its pharmacodynam-

ic and pharmacokinetic properties and therapeutic efficacy.
Drugs 1991; 41: 130–49. 

2. Nagatomo T, et al. Bopindolol: pharmacological basis and clini-
cal implications. Cardiovasc Drug Rev 2001; 19: 9–24.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Sandonorm; Ger.: Wandonorm†; Gr.: Sandonorm†; Hung.: Sando-
norm; Switz.: Sandonorm.

Multi-ingredient: Switz.: Sandoretic.

Bosentan (BAN, USAN, rINN)

Bosentaani; Bosentán; Bosentano; Bosentanum; Ro-47-
0203/029. p-tert-Butyl-N-[6-(2-hydroxyethoxy)-5-(o-methoxy-
phenoxy)-2-(2-pyrimidinyl)-4-pyrimidinyl]benzenesulfonamide.
Бозентан
C27H29N5O6S = 551.6.
CAS — 147536-97-8 (anhydrous bosentan); 157212-55-
0 (bosentan monohydrate).
ATC — C02KX01.
ATC Vet — QC02KX01.

Adverse Effects
Adverse effects reported with bosentan include head-
ache, nasopharyngitis, flushing, oedema, hypotension,
dizziness, palpitations, gastrointestinal disturbances,
pruritus, skin rashes, fatigue, muscle cramps, and anae-
mia. Anaphylaxis and angioedema have been reported
rarely. Dose-related increases in liver aminotransferas-
es may also occur, and hepatic cirrhosis and liver fail-
ure have been reported. 
Bosentan is teratogenic in animals.
Effects on the liver. In a postmarketing study,1 increases in liv-
er aminotransferases to more than 3 times the upper limit of nor-
mal occurred in 352 (7.6%) of 4623 patients started on bosentan
for pulmonary hypertension; treatment was continued or suc-
cessfully reintroduced after temporary withdrawal in 165 (47%)
of these patients.
1. Humbert M, et al. Results of European post-marketing surveil-

lance of bosentan in pulmonary hypertension. Eur Respir J 2007;
30: 338–44.

Effects on the skin. Vasculitis was reported1 in a patient re-
ceiving bosentan shortly after the dose was increased to 125 mg
twice daily. She was also taking metolazone and acenocoumarol
long term, and spironolactone had recently been added. The skin
lesions improved slowly over a period of weeks after bosentan
was stopped. All other treatment was continued and it was con-
cluded that the lesions were attributable to bosentan alone or to a
previously unknown interaction.
1. Gasser S, et al. Severe necrotising leucocytoclastic vasculitis in

a patient taking bosentan. BMJ 2004; 329: 430.

Precautions
Bosentan is contra-indicated in patients with moderate
to severe hepatic impairment (Child-Pugh Class B or
C). Liver-aminotransferase concentrations should be
measured before starting therapy, at monthly intervals
during therapy, and 2 weeks after any increase in dose: 
• bosentan therapy should not be started in patients

with concentrations more than 3 times the upper lim-
it of normal 

• if concentrations increase to between 3 and 5 times
the upper limit of normal during treatment, bosentan
should be stopped or the dose reduced and concen-
trations should be monitored every 2 weeks until
they are below the pretreatment value; therapy may
then be continued or reintroduced, but aminotrans-
ferase concentrations should be checked after 3
days, after a further 2 weeks, and then monthly 

• if concentrations increase to more than 5 times the
upper limit of normal bosentan should be stopped;
reintroduction may be considered when concentra-
tions return to below the pretreatment value 

• if concentrations increase above 8 times the upper
limit of normal or there are symptoms of hepatotox-
icity or increases in total bilirubin levels greater than
twice the upper limit of normal, treatment should be
stopped and not reintroduced 

Haemoglobin concentrations should be monitored
every 3 months during therapy, more frequently at the
start. 

Bosentan should not be given to patients with hypoten-
sion. Although there is no evidence of rebound effects
after stopping bosentan, it is recommended that thera-
py should be withdrawn gradually. 
Bosentan and related endothelin receptor antagonists
are teratogenic in rats and should not be used in preg-
nancy or in women of child-bearing potential who are
not using a reliable method of contraception; hormonal
contraceptives alone may not be adequate and addi-
tional measures may be required (see Interactions, be-
low).

Interactions
Bosentan is metabolised by the cytochrome P450
isoenzymes CYP2C9 and CYP3A4 and is also an in-
ducer of the same isoenzymes. It may also possibly in-
duce CYP2C19. Interactions may therefore occur with
other drugs that are either metabolised by, or inhibit,
these isoenzymes. Use with ciclosporin is contra-indi-
cated since plasma concentrations of bosentan are sig-
nificantly increased (see below). There is an increased
risk of hepatotoxicity if bosentan is given with gliben-
clamide and such use should be avoided; the hypogly-
caemic effect of glibenclamide may also be reduced.
Bosentan has reduced the plasma concentrations of
some hormonal contraceptives and additional contra-
ceptive measures are advised (see Endothelin Receptor
Antagonists, p.2068).
Anticoagulants. For reports of bosentan decreasing the antico-
agulant effect of warfarin, see Endothelin Receptor Antagonists,
p.1430.
Ciclosporin. There appears to be a complex interaction be-
tween bosentan and ciclosporin. In a pharmacokinetic study1 in
healthy subjects given both drugs, doses of ciclosporin needed
increasing to achieve target trough ciclosporin concentrations; it
was calculated that plasma concentrations of ciclosporin would
otherwise have been reduced by about half in the presence of
bosentan. In addition, plasma concentrations of bosentan were
almost doubled by ciclosporin. Licensed product information for
bosentan states that plasma concentrations at steady state are 3 to
4 times higher in the presence of ciclosporin and contra-indicates
the combination.
1. Binet I, et al. Renal hemodynamics and pharmacokinetics of

bosentan with and without cyclosporine A. Kidney Int 2000; 57:
224–31.

Pharmacokinetics
Bosentan is absorbed from the gastrointestinal tract
with an absolute bioavailability of about 50%. Peak
plasma concentrations occur about 3 to 5 hours after an
oral dose. It is more than 98% bound to plasma pro-
teins, mainly to albumin. Bosentan is metabolised in
the liver by the cytochrome P450 isoenzymes CYP2C9
and CYP3A4 and is an inducer of these enzymes and
possibly also of CYP2C19; after multiple dosing, plas-
ma concentrations of bosentan decrease gradually to
50 to 65% of those seen after a single dose. Bosentan
has three metabolites, one of which is active. Bosentan
is excreted almost entirely as metabolites in the bile;
less than 3% of an oral dose is excreted in the urine.
The terminal elimination half-life is about 5 hours.
◊ References.
1. Weber C, et al. Multiple-dose pharmacokinetics, safety, and tol-

erability of bosentan, an endothelin receptor antagonist, in
healthy male volunteers. J Clin Pharmacol 1999; 39: 703–14. 

2. van Giersbergen PLM, et al. Influence of mild liver impairment
on the pharmacokinetics and metabolism of bosentan, a dual en-
dothelin receptor antagonist. J Clin Pharmacol 2003; 43: 15–22.

Uses and Administration
Bosentan is an endothelin receptor antagonist (p.1155)
used in the management of pulmonary hypertension
(below) and systemic sclerosis (see Scleroderma, be-
low). It has also been investigated in heart failure and
in hypertension. 
In pulmonary hypertension, patients over 12 years of
age may be given bosentan orally in an initial dose of
62.5 mg twice daily, increased after 4 weeks to a main-
tenance dose of 125 mg twice daily. In those with low
body weight (below 40 kg) both the initial and mainte-
nance doses are 62.5 mg twice daily. For the use of
bosentan in children, see below. 
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In systemic sclerosis with ongoing digital ulcer dis-
ease, bosentan is given in the same doses as for pulmo-
nary hypertension; there are no data on safety or effica-
cy in patients under 18 years of age.
◊ References.
1. Krum H, et al. The effect of an endothelin-receptor antagonist,

bosentan, on blood pressure in patients with essential hyperten-
sion. N Engl J Med 1998; 338: 784–90. 

2. Sutsch G, et al. Short-term oral endothelin-receptor antagonist
therapy in conventionally treated patients with symptomatic se-
vere chronic heart failure. Circulation 1998; 98: 2262–8. 

3. Kenyon KW, Nappi JM. Bosentan for the treatment of pulmo-
nary arterial hypertension. Ann Pharmacother 2003; 37:
1055–62. 

4. Cohen H, et al. Bosentan therapy for pulmonary arterial hyper-
tension. Am J Health-Syst Pharm 2004; 61: 1107–19. 

5. Dingemanse J, van Giersbergen PLM. Clinical pharmacology of
bosentan, a dual endothelin receptor antagonist. Clin Pharma-
cokinet 2004; 43: 1089–1115.

Administration in children. A short-term study1 in 19 chil-
dren with pulmonary hypertension aged 3 to 15 years found that
treatment with bosentan resulted in haemodynamic improve-
ment and was well tolerated, and another small study2 suggested
that addition of bosentan allowed epoprostenol dosage to be re-
duced or stopped. Longer-term studies3,4 have reported that ben-
efit is maintained and that bosentan may have a role in children
with both idiopathic pulmonary hypertension and pulmonary hy-
pertension secondary to heart or lung disease. 
Licensed product information in the UK states that the safety and
efficacy of bosentan has not been substantially documented in
children under the age of 12 years (some postmarketing data has
subsequently been published5) but notes that the studies cited
above used the following doses; these doses are also recom-
mended in the BNFC, but for children aged 3 to 18 years: 
• body-weight 10 to 20 kg: initial dose 31.25 mg once daily,

increased to 31.25 mg twice daily after 4 weeks 
• body-weight 20 to 40 kg: initial dose 31.25 mg twice daily,

increased to 62.5 mg twice daily after 4 weeks 
• body-weight over 40 kg and age 12 to 18 years: as for adults

(see above)
1. Barst RJ, et al. Pharmacokinetics, safety, and efficacy of bosen-

tan in pediatric patients with pulmonary arterial hypertension.
Clin Pharmacol Ther 2003; 73: 372–82. 

2. Ivy DD, et al. Weaning and discontinuation of epoprostenol in
children with idiopathic pulmonary arterial hypertension receiv-
ing concomitant bosentan. Am J Cardiol 2004; 93: 943–6. 

3. Maiya S, et al. Response to bosentan in children with pulmonary
hypertension. Heart 2006; 92: 664–70. 

4. Rosenzweig EB, et al. Effects of long-term bosentan in children
with pulmonary arterial hypertension. J Am Coll Cardiol 2005;
46: 697–704. 

5. Beghetti M, et al. Safety experience with bosentan in 146 chil-
dren 2-11 years old with pulmonary arterial hypertension: results
from the European Postmarketing Surveillance program. Pediatr
Res 2008; 64: 200–4.

Pulmonary hypertension. Pulmonary hypertension (p.1179)
is a progressive and incurable disease associated with an increase
in pulmonary arterial pressure. Treatment usually involves the
use of vasodilators such as calcium-channel blockers or intrave-
nous epoprostenol, but systemic effects limit their use. Patients
with pulmonary hypertension have raised plasma concentrations
of the potent vasoconstrictor endothelin I, and endothelin antag-
onists such as bosentan have therefore been tried. Studies1,2 with
oral bosentan have shown improvement in exercise tolerance
and in time to clinical progression; an open study3 showed sus-
tained benefit with treatment for 1 year or more. However, no
effect on mortality has yet been found in randomised studies, al-
though there is some evidence4,5 that survival may be improved.
Bosentan has also been tried with epoprostenol.6 There was a
non-significant trend towards greater improvement in the group
receiving both drugs compared with epoprostenol alone. 
There is some evidence that bosentan may be of benefit in pul-
monary hypertension associated with congenital heart disease,7,8

including Eisenmenger syndrome,8-10 and in pulmonary hyper-
tension associated with HIV infection.11 Positive results have
also been reported12-14 in chronic thromboembolic pulmonary
hypertension.
1. Channick RN, et al. Effects of the dual endothelin-receptor an-

tagonist bosentan in patients with pulmonary hypertension: a
randomised placebo-controlled study. Lancet 2001; 358:
1119–23. 

2. Rubin LJ, et al. Bosentan therapy for pulmonary arterial hyper-
tension. N Engl J Med 2002; 346: 896–903. Correction. ibid.;
1258. 

3. Sitbon O, et al. Effects of the dual endothelin receptor antago-
nist bosentan in patients with pulmonary arterial hypertension:
a 1-year follow-up study. Chest 2003; 124: 247–54. 

4. McLaughlin VV, et al. Survival with first-line bosentan in pa-
tients with primary pulmonary hypertension. Eur Respir J 2005;
25: 244–9. 

5. Sitbon O, et al. Survival in patients with class III idiopathic pul-
monary arterial hypertension treated with first line oral bosentan
compared with an historical cohort of patients started on intra-
venous epoprostenol. Thorax 2005; 60: 1025–30. 

6. Humbert M, et al. Combination of bosentan with epoprostenol
in pulmonary arterial hypertension: BREATHE-2. Eur Respir J
2004; 24: 353–9. 

7. Apostolopoulou SC, et al. Long-term oral bosentan treatment in
patients with pulmonary arterial hypertension related to congen-
ital heart disease: a 2-year study. Heart 2007; 93: 350–4. 

8. Diller G-P, et al. Long-term safety, tolerability and efficacy of
bosentan in adults with pulmonary arterial hypertension associ-
ated with congenital heart disease. Heart 2007; 93: 974–6. 

9. Galiè N, et al. for the Bosentan Randomized Trial of Endothelin
Antagonist Therapy-5 (BREATHE-5) Investigators. Bosentan
therapy in patients with Eisenmenger syndrome: a multicenter,
double-blind, randomized, placebo-controlled study. Circula-
tion 2006; 114: 48–54. 

10. D’Alto M, et al. Long term effects of bosentan treatment in
adult patients with pulmonary arterial hypertension related to
congenital heart disease (Eisenmenger physiology): safety, tol-
erability, clinical, and haemodynamic effect. Heart 2007; 93:
621–5. 

11. Barbaro G, et al. Highly active antiretroviral therapy compared
with HAART and bosentan in combination in patients with HIV-
associated pulmonary hypertension. Heart 2006; 92: 1164–6. 

12. Hughes R, et al. Bosentan in inoperable chronic thromboembol-
ic pulmonary hypertension. Thorax 2005; 60: 707. 

13. Hoeper MM, et al. Bosentan therapy for inoperable chronic
thromboembolic pulmonary hypertension. Chest 2005; 128:
2363–7. 

14. Bonderman D, et al. Bosentan therapy for inoperable chronic
thromboembolic pulmonary hypertension. Chest 2005; 128:
2599–2603.

Scleroderma. Bosentan has an established role in pulmonary
hypertension secondary to scleroderma (p.1817) or other con-
nective tissue disorders, but may also have additional benefits.
Several case reports1-3 have suggested that treatment with bosen-
tan may be associated with healing of refractory digital ulcers in
patients with scleroderma, and a controlled study4 found that
bosentan reduced the incidence of new digital ulcers, although
there was no improvement in the healing of existing ulcers. Rel-
atively long-term treatment may need to be given.5
1. Humbert M, Cabane J. Successful treatment of systemic sclero-

sis digital ulcers and pulmonary arterial hypertension with en-
dothelin receptor antagonist bosentan. Rheumatology (Oxford)
2003; 42: 191–3. 

2. Snyder MJ, et al. Resolution of severe digital ulceration during
a course of bosentan therapy. Ann Intern Med 2005; 142: 802–3. 

3. Tillon J, et al. Successful treatment of systemic sclerosis-related
digital ulcers and sarcoidosis with endothelin receptor antagonist
(bosentan) therapy. Br J Dermatol 2006; 154: 1000–1002. 

4. Korn JH, et al. Digital ulcers in systemic sclerosis: prevention by
treatment with bosentan, an oral endothelin receptor antagonist.
Arthritis Rheum 2004; 50: 3985–93. 

5. García de la Peña-Lefebvre P, et al. Long-term experience of
bosentan for treating ulcers and healed ulcers in systemic sclero-
sis patients. Rheumatology (Oxford) 2008; 47: 464–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Tracleer ; Belg.: Tracleer ; Canad.: Tracleer ; Cz.: Tracleer ;
Denm.: Tracleer; Fin.: Tracleer; Fr.: Tracleer; Ger.: Tracleer; Gr.: Tracleer;
Hung.: Tracleer; Irl.: Tracleer; Israel: Tracleer; Ital.: Tracleer; Malaysia:
Tracleer; Neth.: Tracleer; Norw.: Tracleer; NZ: Tracleer; Port.: Tracleer;
Singapore: Tracleer; Spain: Tracleer; Swed.: Tracleer; Switz.: Tracleer;
Thai.: Tracleer; UK: Tracleer; USA: Tracleer.

Bretylium Tosilate (BAN, rINN)

ASL-603; Bretyli Tosilas; Bretylii Tosilas; Brétylium, Tosilate de;
Bretylium Tosylate (USAN); Bretyltosilat; Bretyylitosilaatti; Tosilato
de bretilio. (2-Bromobenzyl)ethyldimethylammonium toluene-4-
sulphonate.
Бретилия Тозилат
C11H17BrN,C7H7O3S = 414.4.
CAS — 59-41-6 (bretylium); 61-75-6 (bretylium tosilate).
ATC — C01BD02.
ATC Vet — QC01BD02.

Pharmacopoeias. In Br. and US. 
BP 2008 (Bretylium Tosilate). A white crystalline powder. M.p.
about 98°. It exhibits polymorphism. Freely soluble in water, in
alcohol, and in methyl alcohol. A 5% solution in water has a pH
of 5.0 to 6.5. Store in airtight containers at a temperature not ex-
ceeding 25°. Protect from light. 
USP 31 (Bretylium Tosylate). A white, hygroscopic, crystalline
powder. Freely soluble in water, in alcohol, and in methyl alco-
hol; practically insoluble in ether, in ethyl acetate, and in hexane.
Store in airtight containers at a temperature of 25°, excursions
permitted between 15° and 30°.
Adverse Effects and Precautions
The most common adverse effect of bretylium is hypotension,
which may be severe. Bretylium may also cause a transient initial
increase in blood pressure and heart rate, and a worsening of car-
diac arrhythmias due to a release of noradrenaline. Nausea and
vomiting may occur particularly during rapid intravenous infu-
sion. Intramuscular injection of bretylium can lead to local tissue
necrosis and muscle atrophy. Caution is required in patients with
renal impairment, and in patients with severe aortic stenosis or
pulmonary hypertension in whom cardiac output may not in-
crease in response to the fall in peripheral resistance produced by
bretylium.

Interactions
Bretylium may exacerbate arrhythmias caused by digitalis toxic-
ity and may enhance the effects of sympathomimetics.
Pharmacokinetics
Bretylium is incompletely absorbed from the gastrointestinal
tract. It is well absorbed after intramuscular injection. It is not
metabolised and is largely excreted unchanged in the urine. The
half-life is reported to be between 4 and 17 hours in patients with
normal renal function and is prolonged in patients with renal im-
pairment. Bretylium is dialysable.
Uses and Administration
Bretylium is a quaternary ammonium compound with class II
and class III antiarrhythmic activity (p.1153); it causes an initial
release of noradrenaline and then blocks adrenergic transmission
by preventing noradrenaline release from adrenergic nerve end-
ings. It suppresses ventricular fibrillation and other ventricular
arrhythmias, but its exact mode of action is unknown. It has been
given parenterally as the tosilate in the management of ventricu-
lar arrhythmias. 
Bretylium has also been investigated in complex regional pain
syndrome.
Preparations
BP 2008: Bretylium Injection; 
USP 31: Bretylium Tosylate in Dextrose Injection; Bretylium Tosylate Injec-
tion.

Proprietary Preparations (details are given in Part 3)
Israel: Bretylate†; S.Afr.: Bretylol†.

Bucindolol Hydrochloride (BANM, USAN, rINNM) ⊗ 
Bucindolol, Chlorhydrate de; Bucindololi Hydrochloridum; Hid-
rocloruro de bucindolol; MJ-13105-1. 2-[2-Hydroxy-3-(2-indol-
3-yl-1,1-dimethylethylamino)propoxy]benzonitrile hydrochlo-
ride.
Буциндолола Гидрохлорид
C22H25N3O2,HCl = 399.9.
CAS — 71119-11-4 (bucindolol); 70369-47-0 (bucindolol
hydrochloride).

(bucindolol)

Profile
Bucindolol is a non-cardioselective beta blocker (p.1225). It is
reported to possess weak alpha1-blocking activity and direct va-
sodilating activity; the degree of intrinsic sympathomimetic ac-
tivity is unclear. Bucindolol hydrochloride has been investigated
in the management of hypertension, heart failure, and other car-
diac disorders, but development was halted. However, it has been
suggested that it may be of benefit in a genetically identifiable
subgroup of patients.
◊ References.
1. The Beta-Blocker Evaluation of Survival Trial Investigators. A

trial of the beta-blocker bucindolol in patients with advanced
chronic heart failure. N Engl J Med 2001; 344: 1659–67.

Buflomedil Hydrochloride (BANM, rINNM)

Buflomediilihydrokloridi; Buflomédil, chlorhydrate de; Buflo-
medil-hidroklorid; Buflomedil-hydrochlorid; Buflomedilhy-
droklorid; Buflomedili hydrochloridum; Buflomedilio hidrochlori-
das; Hidrocloruro de buflomedil; LL-1656. 2′,4′,6′-Trimethoxy-4-
(pyrrolidin-1-yl)butyrophenone hydrochloride.
Буфломедила Гидрохлорид
C17H25NO4,HCl = 343.8.
CAS — 55837-25-7 (buflomedil); 35543-24-9 (buflomedil
hydrochloride).
ATC — C04AX20.
ATC Vet — QC04AX20.

(buflomedil)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Buflomedil Hydrochloride). A white or almost
white microcrystalline powder. Freely soluble in water; soluble
in alcohol; very slightly soluble in acetone. A 5% solution in wa-
ter has a pH of 5.0 to 6.5.
Adverse Effects
Buflomedil has been reported to cause gastrointestinal distur-
bances, headache, vertigo, syncope, rash, pruritus, and paraes-
thesia. Overdosage may produce severe hypotension, tachycar-
dia, and convulsions.
◊ References.
1. Bachand RT, Dubourg AY. A review of long-term safety data

with buflomedil. J Int Med Res 1990; 18: 245–52.

Pharmacokinetics
Buflomedil hydrochloride is absorbed from the gastrointestinal
tract and peak plasma concentrations are reached 1.5 to 4 hours
after oral doses. Buflomedil is subject to first-pass metabolism;
bioavailability is reported to be between 50 and 80%. 
Buflomedil is widely distributed. Binding to plasma proteins is
dose-dependent and varies between 60 and 80% at therapeutic
concentrations. Buflomedil is metabolised in the liver and is
mainly excreted in the urine both as unchanged drug and metab-
olites. The elimination half-life is about 2 to 3 hours. Elimination
may be impaired in patients with renal or hepatic impairment.
Uses and Administration
Buflomedil hydrochloride is a vasodilator used in the treatment
of cerebrovascular (p.1165) and peripheral vascular disease
(p.1178). Usual oral doses are 300 to 600 mg daily, doses by in-
tramuscular injection are up to 100 mg daily, by slow intrave-
nous injection up to 200 mg daily, and by intravenous infusion
up to 400 mg daily. In patients with hepatic or renal impairment,
doses may need to be reduced (see below).
◊ References.
1. Clissold SP, et al. Buflomedil: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic efficacy in pe-
ripheral and cerebral vascular diseases. Drugs 1987; 33: 430–60. 

2. de Backer TLM, et al. Buflomedil for intermittent claudication.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 2008 (accessed 08/05/08).

Administration in hepatic or renal impairment. The dose
of buflomedil should be reduced in patients with hepatic or renal
impairment. It should not be used in patients with creatinine
clearance (CC) below 30 mL/minute and the maximum oral dose
in those with CC between 30 and 80 mL/minute is 150 mg twice
daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Arteriol; Buflomed; Lofton; Austria: Buflohexal; Buflomed; Buftyl;
Loftyl; Belg.: Buflomemed; Buflotop; Docbuflome; Kelomedil; Loftyl; Braz.:
Bufedil; Chile: Loftyl†; Vaselastic†; Fr.: Fonzylane; Loftyl†; Ger.: Bufedil; Bu-
flo; Buflo-POS; Buflo-Puren; Buflohexal; Complamin; Defluina; Gr.: Bladiron;
Botamiral; Buflodil; Chlorofarm-S; Cordimedil; Dialon-T; Dicasin; Farmidil†;
Flubir ; Gaveril; Gondofil†; Irrodan†; Loftyl; Melirgan†; Ostramont; Penpurin;
Spediol†; Sulodil; Thiocodin; Vanogel; Vardolin; Zelian; Hong Kong: Fonzy-
lane; Irrodan; Indon.: Loftyl; Ital.: Buflan; Buflocit; Buflofar†; Flomed; Irro-
dan; Loftyl; Perfudan†; Pirxane†; Mex.: Loftyl†; Neth.: Loftyl; Pol.: Buflox;
Buvasodil; Port.: Loftyl; S.Afr.: Loftyl; Spain: Lofton; Sinoxis†; Switz.:
Loftyl; Thai.: Irrodan; Venez.: Loftyl.

Multi-ingredient: Arg.: Mimixin.

Bumetanide (BAN, USAN, rINN) ⊗ 
Bumetanid; Bumetanida; Bumetanidas; Bumétanide; Bumetanidi;
Bumetanidum; Ro-10-6338. 3-Butylamino-4-phenoxy-5-sulpha-
moylbenzoic acid.
Буметанид
C17H20N2O5S = 364.4.
CAS — 28395-03-1.
ATC — C03CA02.
ATC Vet — QC03CA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Bumetanide). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
soluble in alcohol and in acetone; slightly soluble in dichlo-
romethane. It dissolves in dilute solutions of alkali hydroxides.
Protect from light. 
USP 31 (Bumetanide). A practically white powder. Slightly sol-
uble in water; soluble in alkaline solutions. Store in airtight con-

tainers at a temperature of 25°, excursions permitted between 15°
and 30°. Protect from light.

Adverse Effects
As for Furosemide, p.1292. Bumetanide may cause
muscle pain, particularly at high doses.
Effects on the ears. Early reports suggested that bumetanide
might be less ototoxic than furosemide.1 However, both drugs
can cause deafness, especially when given in large doses to pa-
tients with renal impairment.
1. Ward A, Heel RC. Bumetanide: a review of its pharmacodynam-

ic and pharmacokinetic properties and therapeutic use. Drugs
1984; 28: 426–64.

Effects on the lungs. Alveolitis, presenting as haemoptysis
and steadily increasing dyspnoea in a 79-year-old man, was
found to coincide with the use of bumetanide for congestive
heart failure.1 When the diuretic was replaced with furosemide
the condition gradually resolved.
1. van Tellingen C. Suspension of disbelief - or the bumetanide par-

adox. Neth Heart J 2007; 15: 31–2.

Effects on the muscles. Bumetanide, particularly in high dos-
es in patients with chronic renal impairment, may cause severe
musculoskeletal pain. A curious muscle stiffness distinct from
cramp, with tenderness to compression and pain on movement,
was noted in 4 patients with end-stage renal failure.1 The calf
muscles were the first to be affected; shoulder girdle and thigh
muscle tenderness also occurred in 2 patients, and 1 patient also
had neck stiffness. The adverse effect appeared to be dose-relat-
ed for the individual patients.
1. Barclay JE, Lee HA. Clinical and pharmacokinetic studies on

bumetanide in chronic renal failure. Postgrad Med J 1975; 51
(suppl 6): 43–6.

Effects on the skin. Bullous pemphigoid developed in a pa-
tient about 6 weeks after starting bumetanide.1 Healing occurred
after withdrawal without the need for corticosteroids.
1. Boulinguez S, et al. Bullous pemphigoid induced by bumeta-

nide. Br J Dermatol 1998; 138: 548–9.

Precautions
Bumetanide’s precautions and contra-indications are
generally dependent on its effects on fluid and electro-
lyte balance and are similar to those of the thiazide di-
uretics (see Hydrochlorothiazide, p.1309).

Interactions
As for Furosemide, p.1293.

Pharmacokinetics
Bumetanide is almost completely and fairly rapidly ab-
sorbed from the gastrointestinal tract; the bioavailabil-
ity is reported to be about 80 to 95%. It has a plasma
elimination half-life of about 1 to 2 hours. It is about
95% bound to plasma proteins. About 80% of the dose
is excreted in the urine, about 50% as unchanged drug,
and 10 to 20% in the faeces.
◊ References to the pharmacokinetics of bumetanide in healthy
subjects.
1. Halladay SC, et al. Diuretic effect and metabolism of bumeta-

nide in man. Clin Pharmacol Ther 1977; 22: 179–87. 
2. Pentikäinen PJ, et al. Fate of [ C]-bumetanide in man. Br J Clin

Pharmacol 1977; 4: 39–44. 
3. Holazo AA, et al. Pharmacokinetics of bumetanide following in-

travenous, intramuscular, and oral administrations to normal
subjects. J Pharm Sci 1984; 73: 1108–13. 

4. Ward A, Heel RC. Bumetanide: a review of its pharmacodynam-
ic and pharmacokinetic properties and therapeutic use. Drugs
1984; 28: 426–64. 

5. McCrindle JL, et al. Effect of food on the absorption of fruse-
mide and bumetanide in man. Br J Clin Pharmacol 1996; 42:
743–6.

Hepatic impairment. In a study of 8 patients with chronic he-
patic disease,1 the diuretic response to bumetanide 1 mg was im-
paired but bumetanide excretion rates were normal.
1. Marcantonio LA, et al. The pharmacokinetics and pharmacody-

namics of the diuretic bumetanide in hepatic and renal disease.
Br J Clin Pharmacol 1983; 15: 245–52.

Renal impairment. Renal excretion of bumetanide has been
shown to be reduced in patients with chronic renal impairment
with a subsequent attenuation of diuretic effect.1-3 The cumula-
tive pharmacodynamic effects of oral and intravenous doses
were essentially similar in patients with renal impairment and
transition from intravenous to oral maintenance regimens should
pose no special problems.2
1. Marcantonio LA, et al. The pharmacokinetics and pharmacody-

namics of the diuretic bumetanide in hepatic and renal disease.
Br J Clin Pharmacol 1983; 15: 245–52. 

2. Lau HSH, et al. Kinetics, dynamics, and bioavailability of
bumetanide in healthy subjects and patients with chronic renal
failure. Clin Pharmacol Ther 1986; 39: 635–45. 

3. Howlett MR, et al. Metabolism of the diuretic bumetanide in
healthy subjects and patients with renal impairment. Eur J Clin
Pharmacol 1990; 38: 583–6.

Uses and Administration
Although chemically unrelated, bumetanide is a loop
diuretic with actions and uses similar to those of furo-
semide (p.1294). Bumetanide is used in the treatment
of oedema associated with heart failure (p.1165) and
with renal and hepatic disorders. It is given in high dos-
es in the management of oliguria due to renal failure or
insufficiency. Bumetanide has also been used in hyper-
tension (p.1171). 
Diuresis starts within about 30 minutes to an hour after
an oral dose, reaches a maximum at 1 to 2 hours, and
lasts for about 4 hours but may be prolonged to 6 hours
after high doses; after intravenous injection its effects
are evident within a few minutes and last for about 2
hours. As a general guide bumetanide 1 mg produces a
diuretic effect similar to furosemide 40 mg although
this should not be used for direct substitution at higher
doses. 
In the treatment of oedema the usual oral dose is 1 mg
in the morning or early evening; a second dose may be
given 6 to 8 hours later if necessary. A dose of
500 micrograms daily may be adequate in some elder-
ly patients. 
In refractory oedema higher doses may be necessary.
An initial dose of 5 mg daily has been advocated, in-
creased by 5 mg every 12 to 24 hours as required; how-
ever other sources have suggested a maximum total
dose of 10 mg daily. Twice daily dosing may be pre-
ferred at higher doses. For maintenance therapy doses
may be given daily or intermittently. In an emergency
or when oral therapy cannot be given 0.5 to 1 mg may
be given by intramuscular or slow intravenous injec-
tion, subsequently adjusted according to response. A
dose for pulmonary oedema is 1 to 2 mg by intrave-
nous injection, repeated 20 minutes later if necessary.
Alternatively, 2 to 5 mg may be given over 30 to 60
minutes in 500 mL of a suitable infusion fluid. 
In the treatment of hypertension bumetanide has been
given in oral doses of 0.5 to 1 mg daily, although high-
er doses have been used. 
When very high doses of bumetanide are used careful
laboratory control is essential as described under the
uses for furosemide (see, p.1294; high-dose therapy).
Preparations
BP 2008: Bumetanide and Prolonged-release Potassium Tablets; Bumeta-
nide Injection; Bumetanide Oral Solution; Bumetanide Tablets; 
USP 31: Bumetanide Injection; Bumetanide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Butinat†; Austral.: Burinex; Austria: Burinex; Belg.: Burinex; Braz.:
Burinax; Canad.: Burinex; Denm.: Burinex; Fr.: Burinex; Ger.: Burinex;
Gr.: Burinex; Hong Kong: Burinex; Irl.: Burinex; Malaysia: Burinex;
Mex.: Bumedyl†; Drenural; Miccil; Neth.: Burinex; Norw.: Burinex; NZ:
Burinex; Philipp.: Burinex; S.Afr.: Burinex; Singapore: Burinex; Spain:
Fordiuran; Swed.: Burinex; Switz.: Burinex; Thai.: Burinex†; UK: Burinex;
USA: Bumex; Venez.: Biulan†; Bumelex; Takomen†.

Multi-ingredient: Denm.: Buram; Burinex med kaliumklorid; Irl.: Buram;
Burinex K†; Malaysia: Burinex K†; Norw.: Burinex K; S.Afr.: Burinex K;
Singapore: Burinex K; UK: Burinex A; Burinex K†.

Bunazosin Hydrochloride (rINNM)

Bunazosine, Chlorhydrate de; Bunazosini Hydrochloridum; E-
643; Hidrocloruro de bunazosina. 1-(4-Amino-6,7-dimethoxy-2-
quinazolinyl)-4-butyrylhexahydro-1H-1,4-diazepine monohydro-
chloride.

Буназозина Гидрохлорид
C19H27N5O3,HCl = 409.9.
CAS — 80755-51-7 (bunazosin); 52712-76-2 (bunazosin
hydrochloride).
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Profile
Bunazosin is an alpha1-adrenoceptor blocker (p.1153) with gen-
eral properties similar to those of prazosin (p.1375). It is given
orally as the hydrochloride in the management of hypertension;
the usual maintenance dose of bunazosin hydrochloride is 3 to
6 mg daily but up to 12 mg daily has been given.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Andante; Indon.: Detantol; Jpn: Detantol; Thai.: Detantol.

Bupranolol Hydrochloride (rINNM) ⊗ 
B-1312; Bupranolol, Chlorhydrate de; Bupranololi Hydrochlori-
dum; Hidrocloruro de bupranolol; KL-255. 1-tert-Butylamino-3-
(6-chloro-m-tolyloxy)propan-2-ol hydrochloride.

Бупранолола Гидрохлорид
C14H22ClNO2,HCl = 308.2.
CAS — 14556-46-8 (bupranolol); 15148-80-8 (bu-
pranolol hydrochloride).
ATC — C07AA19.
ATC Vet — QC07AA19.

(bupranolol)

Pharmacopoeias. In Jpn.

Profile
Bupranolol is a beta blocker (p.1225). It is given as the hydro-
chloride in usual oral doses of 100 to 400 mg daily in the man-
agement of cardiovascular disorders. 
Bupranolol eye drops have been used in the management of
glaucoma.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Betadrenol.

Multi-ingredient: Austria: Betamed.

Butalamine Hydrochloride (BANM, rINNM)

Butalamine, Chlorhydrate de; Butalamini Hydrochloridum; Hid-
rocloruro de butalamina; LA-1221. NN-Dibutyl-N′-(3-phenyl-
1,2,4-oxadiazol-5-yl)ethylenediamine hydrochloride.

Буталамина Гидрохлорид
C18H28N4O,HCl = 352.9.
CAS — 22131-35-7 (butalamine); 56974-46-0 (butala-
mine hydrochloride).
ATC — C04AX23.
ATC Vet — QC04AX23.

(butalamine)

Profile
Butalamine hydrochloride is a vasodilator that has been used in
the management of peripheral and cerebral vascular disorders.

Butizide (rINN) ⊗ 
Buthiazide (USAN); Butitsidi; Butizid; Butizida; Butizidum; Isobutyl-
hydrochlorothiazide; Thiabutazide. 6-Chloro-3,4-dihydro-3-iso-
butyl-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.

Бутизид
C11H16ClN3O4S2 = 353.8.
CAS — 2043-38-1.

Profile
Butizide is a thiazide diuretic with properties similar to those of
hydrochlorothiazide (p.1307). It is used for oedema, including
that associated with heart failure (p.1165), and for hypertension
(p.1171). 
Butizide is given orally, usually with spironolactone; the usual
maintenance dose for oedema or hypertension is 5 to 10 mg dai-
ly. It has also been given with other antihypertensive drugs.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Aldactone Saltucin; Buti-Spirobene; Ger.: Al-
dactone Saltucin†; Modenol†; Torrat†; Tri-Torrat†; Hong Kong: Torrat†;
Indon.: Aldazide; Ital.: Kadiur; Saludopin; Mex.: Aldazida; Philipp.: Al-
dazide; S.Afr.: Aldazide; Switz.: Aldozone; Thai.: Iso-Triraupin†.

Cadralazine (BAN, rINN)

Cadralazina; Cadralazinum; CGP-18684/E; ISF-2469; Kadralatsii-
ni; Kadralazin. Ethyl 3-{6-[ethyl(2-hydroxypropyl)amino]pyri-
dazin-3-yl}carbazate.

Кадралазин

C12H21N5O3 = 283.3.
CAS — 64241-34-5.
ATC — C02DB04.
ATC Vet — QC02DB04.

Profile
Cadralazine is a vasodilator with actions and uses similar to those
of hydralazine (p.1305). It has been given in oral doses of 10 mg
once daily in the management of hypertension (p.1171).

◊ Reviews.
1. McTavish D, et al. Cadralazine: a review of its pharmacodynam-

ic and pharmacokinetic properties, and therapeutic potential in
the treatment of hypertension. Drugs 1990; 40: 543–60.

ADVERSE EFFECTS. Unlike hydralazine, cadralazine is reported
not to produce a lupus-like syndrome.1,2

1. Andersson OK. Cadralazine did not produce the SLE-syndrome
when hydralazine did. Eur J Clin Pharmacol 1987; 31: 741. 

2. Mulder H. Conversion of drug-induced SLE-syndrome by the
vasodilating agent cadralazine. Eur J Clin Pharmacol 1990; 38:
303.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Cadraten.

Cafedrine Hydrochloride (BANM, pINNM)

Cafédrine, Chlorhydrate de; Cafedrini Hydrochloridum; H-8351;
Hidrocloruro de cafedrina; Kafedrin Hydrochloride. 7-[2-(β-Hy-
droxy-α-methylphenethylamino)ethyl]theophylline hydrochlo-
ride.

Кафедрина Гидрохлорид

C18H23N5O3,HCl = 393.9.
CAS — 58166-83-9 (cafedrine); 3039-97-2 (cafedrine hy-
drochloride).
ATC — C01CA21.
ATC Vet — QC01CA21.

(cafedrine)

Profile
Cafedrine hydrochloride is a derivative of theophylline (p.1140),
used mainly in preparations with theodrenaline hydrochloride in
the treatment of hypotensive states.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Akrinor ; Fr.: Praxinor ; Ger.: Akrinor†;
S.Afr.: Akrinor; Spain: Bifort†.

Calcitonin Gene-related Peptide
CGRP; Péptido relacionado con el gen de la calcitonina.

Profile
Calcitonin gene-related peptide is an endogenous peptide de-
rived from the calcitonin gene. It has vasodilating activity and
has been investigated in the management of peripheral vascular
disease (Raynaud’s syndrome), heart failure, and for ischaemia
following neurosurgery for subarachnoid haemorrhage.
◊ References.
1. Johnston FG, et al. Effect of calcitonin-gene-related peptide on

postoperative neurological deficits after subarachnoid haemor-
rhage. Lancet 1990; 335: 869–72. 

2. Shawkett S, et al. Prolonged effect of CGRP in Raynaud’s pa-
tients: a double-blind randomised comparison with prostacyclin.
Br J Clin Pharmacol 1991; 32: 209–13. 

3. Shekhar YC, et al. Effects of prolonged infusion of human alpha
calcitonin gene-related peptide on haemodynamics, renal blood
flow and hormone levels in congestive heart failure. Am J Car-
diol 1991; 67: 732–6. 

4. European CGRP in Subarachnoid Haemorrhage Study Group.
Effect of calcitonin-gene-related peptide in patients with delayed
postoperative cerebral ischaemia after aneurysmal subarachnoid
haemorrhage. Lancet 1992; 339: 831–4. 

5. Bunker CB, et al. Calcitonin gene-related peptide in treatment of
severe peripheral vascular insufficiency in Raynaud’s phenome-
non. Lancet 1993; 342: 80–2. 

6. Feuerstein G, et al. Clinical perspectives of calcitonin gene relat-
ed peptide pharmacology. Can J Physiol Pharmacol 1995; 73:
1070–4. 

7. Gherardini G, et al. Venous ulcers: improved healing by ionto-
phoretic administration of calcitonin gene-related peptide and
vasoactive intestinal peptide. Plast Reconstr Surg 1998; 101:
90–3.

Candesartan Cilexetil (BANM, USAN, rINNM)

Candésartan, Cilexétil de; Candesartán cilexetilo; Candesartani
Cilexetilum; CV-11974 (candesartan); H-212/91; Kandesartan
Sileksetil; TCV-116. Cyclohexyl carbonate ester of (±)-1-hydrox-
yethyl 2-ethoxy-1-[p-(o-1H-tetrazol-5-ylphenyl)benzyl]-7-benz-
imidazolecarboxylate.
Кандесартана Силексетил
C33H34N6O6 = 610.7.
CAS — 139481-59-7 (candesartan); 145040-37-5 (can-
desartan cilexetil).
ATC — C09CA06.
ATC Vet — QC09CA06.

(candesartan)
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
As for Losartan Potassium, p.1326.

Interactions
As for Losartan Potassium, p.1327.

Pharmacokinetics
Candesartan cilexetil is an ester prodrug that is hydro-
lysed during absorption from the gastrointestinal tract
to the active form candesartan. The absolute bioavaila-
bility for candesartan is about 40% when candesartan
cilexetil is given as a solution and about 14% when
given as tablets. Peak plasma concentrations of cande-
sartan occur about 3 to 4 hours after oral doses as tab-
lets. Candesartan is more than 99% bound to plasma
proteins. It is excreted in urine and bile mainly as
unchanged drug and a small amount of inactive metab-
olites. The terminal elimination half-life is about 9
hours. Candesartan is not removed by haemodialysis.
◊ Reviews.
1. Gleiter CH, Mörike KE. Clinical pharmacokinetics of cande-

sartan. Clin Pharmacokinet 2002; 41: 7–17.

Uses and Administration
Candesartan is an angiotensin II receptor antagonist
with actions similar to those of losartan (p.1327). It is
used in the management of hypertension (p.1171) and
may also be used in heart failure in patients with im-
paired left ventricular systolic function, either when
ACE inhibitors are not tolerated, or in addition to ACE
inhibitors, (see under Losartan Potassium, p.1327). 
Candesartan is given orally as the ester prodrug cande-
sartan cilexetil. Onset of antihypertensive action oc-
curs about 2 hours after a dose and the maximum effect
is achieved within about 4 weeks of starting therapy. 
In the management of hypertension the usual initial
dose of candesartan cilexetil is 8 mg once daily in the
UK, or 16 mg once daily in the USA. The dose should
be adjusted according to response; the usual mainte-
nance dose is 8 mg once daily, but doses up to 32 mg
daily, as a single dose or in 2 divided doses, may be
used. Lower initial doses should be considered in pa-
tients with intravascular volume depletion; in the UK
an initial dose of 4 mg once daily is suggested. Patients
with renal or hepatic impairment may also require low-
er initial doses (see below). 
In heart failure, candesartan cilexetil is given in an in-
itial dose of 4 mg once daily; the dose should be dou-
bled at intervals of not less than two weeks up to 32 mg
once daily if tolerated.
◊ Reviews.
1. Sever P, Ménard J, eds. Angiotensin II antagonism refined: can-

desartan cilexetil. J Hum Hypertens 1997; 11 (suppl 2): S1–S95. 
2. McClellan KJ, Goa KL. Candesartan cilexetil: a review of its use

in essential hypertension. Drugs 1998; 56: 847–69. 
3. Stoukides CA, et al. Candesartan cilexetil: an angiotensin II re-

ceptor blocker. Ann Pharmacother 1999; 33: 1287–98. 
4. See S, Stirling AL. Candesartan cilexetil: an angiotensin II-re-

ceptor blocker. Am J Health-Syst Pharm 2000; 57: 739–46. 
5. Easthope SE, Jarvis B. Candesartan cilexetil: an update of its use

in essential hypertension. Drugs 2002; 62: 1253–87. 
6. Fenton C, Scott LJ. Candesartan cilexetil: a review of its use in

the management of chronic heart failure. Drugs 2005; 65:
537–58. 

7. McKelvie RS. Candesartan for the management of heart failure:
more than an alternative. Expert Opin Pharmacother 2006; 7:
1945–56. 

8. Meredith PA. Candesartan cilexetil—a review of effects on car-
diovascular complications in hypertension and chronic heart fail-
ure. Curr Med Res Opin 2007; 23: 1693–1705.

Administration in hepatic or renal impairment. The
elimination of candesartan may be reduced in patients with
hepatic or renal impairment and lower doses may therefore be
required. Candesartan may also have adverse effects on renal
function and regular monitoring is advised in patients with heart
failure. 
In the UK, candesartan is contra-indicated in severe hepatic im-
pairment and an initial dose of 2 mg once daily is recommended
for hypertension in patients with mild to moderate impairment.
In the USA, consideration of a lower dose is recommended for
moderate hepatic impairment. 
For patients with renal impairment, an initial dose of 4 mg once
daily is recommended in the UK for hypertension, including for
patients on haemodialysis. In the USA, no initial dose adjustment
is recommended for mild renal impairment, although dose reduc-
tion may be considered if patients are volume depleted. For pa-

tients with heart failure, dose reduction or discontinuation of can-
desartan may be necessary if renal function deteriorates.

Migraine. For reference to the use of angiotensin II receptor
antagonists, including candesartan, in the prophylaxis of mi-
graine, see under Losartan, p.1328.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Atacand; Dacten; Tiadyl; Austral.: Atacand; Austria: Atacand; Blo-
press; Belg.: Atacand; Braz.: Atacand; Blopress; Canad.: Atacand; Chile:
Atacand; Bilaten; Blopress; Blox; Cz.: Atacand; Blopress†; Denm.: Atacand;
Fin.: Atacand; Fr.: Atacand; Kenzen; Ger.: Atacand; Blopress; Gr.: Atacand;
Hong Kong: Blopress; Hung.: Atacand; India: Candesar; Indon.: Blo-
press; Irl.: Atacand; Israel: Atacand; Ital.: Blopress; Ratacand; Jpn: Blo-
press; Malaysia: Atacand; Blopress; Mex.: Atacand; Blopress; Neth.: Ami-
as; Atacand; Blopress; Ratacand; Norw.: Atacand; NZ: Atacand; Philipp.:
Blopress; Pol.: Atacand; Port.: Atacand; Blopress; Rus.: Atacand
(Атаканд); S.Afr.: Atacand; Singapore: Atacand; Spain: Atacand; Blo-
press; Parapres; Swed.: Atacand; Switz.: Atacand; Blopress; Thai.: Blo-
press; Turk.: Atacand; Ayra; UK: Amias; USA: Atacand; Candepressin;
Venez.: Atacand; Blopress.

Multi-ingredient: Arg.: Atacand-D; Dacten D; Tiadyl Plus; Austral.: At-
acand Plus; Austria: Atacand Plus; Blopress Plus; Belg.: Atacand Plus;
Braz.: Atacand HCT; Canad.: Atacand Plus; Chile: Bilaten-D; Blopress D;
Blox-D; Cz.: Atacand Plus; Denm.: AtacandZid; Atazid; Fin.: Atacand Plus;
Fr.: Cokenzen; Hytacand; Ger.: Atacand Plus; Blopress Plus; Gr.: Atacand
Plus; Hong Kong: Blopress Plus; Hung.: Atacand Plus; Indon.: Blopress
Plus; Irl.: Atacand Plus; Israel: Atacand Plus; Ital.: Blopresid; Ratacand Plus;
Malaysia: Atacand Plus; Mex.: Atacand Plus; Blopress Plus; Neth.: Ata-
cand Plus; Blopresid; Norw.: Atacand Plus; Philipp.: Blopress Plus; Port.:
Blopress 16 mg + 12,5 mg; Blopress Comp; Hytacand; S.Afr.: Atacand Plus;
Singapore: Atacand Plus; Spain: Atacand Plus; Parapres Plus; Swed.: At-
acand Plus; Switz.: Atacand Plus; Blopress Plus; Thai.: Blopress Plus; Turk.:
Atacand Plus; USA: Atacand HCT; Candepressin Plus; Venez.: Atacand
Plus; Blopress Plus.

Canrenone (USAN, pINN) ⊗ 
Canrenona; Canrénone; Canrenonum; SC-9376. 17-Hydroxy-3-
oxo-17α-pregna-4,6-diene-21-carboxylic acid γ-lactone.

Канренон
C22H28O3 = 340.5.
CAS — 976-71-6.
ATC — C03DA03.
ATC Vet — QC03DA03.

Profile
Canrenone is a potassium-sparing diuretic with properties simi-
lar to those of spironolactone (p.1400) and is given orally in the
treatment of refractory oedema associated with heart failure
(p.1165), renal, or hepatic disease, and in hypertension (p.1171).
It is a metabolite of both spironolactone and potassium can-
renoate (p.1374). It is given in usual doses of 50 to 200 mg daily.
Doses of up to 300 mg daily may be required in some patients.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Contaren†; Ital.: Luvion.

Captopril (BAN, USAN, rINN)

Captoprilum; Kaptopriili; Kaptopril; Kaptoprilis; SQ-14225. 1-
[(2S)-3-Mercapto-2-methylpropionyl]-L-proline.

Каптоприл
C9H15NO3S = 217.3.
CAS — 62571-86-2.
ATC — C09AA01.
ATC Vet — QC09AA01.

NOTE. Compounded preparations of captopril may be represented
by the following names: 
• Co-zidocapt (BAN)—captopril 2 parts and hydrochlorothi-

azide 1 part (w/w).

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Captopril). A white or almost white crystalline
powder. Freely soluble in water, in dichloromethane, and in me-
thyl alcohol. It dissolves in dilute solutions of alkali hydroxides.
A 2% solution in water has a pH of 2.0 to 2.6. Store in airtight
containers. 
USP 31 (Captopril). A white or off-white crystalline powder
which may have a characteristic sulfide-like odour. Freely solu-
ble in water, in alcohol, in chloroform, and in methyl alcohol.
Store in airtight containers.
Stability. Although captopril itself is relatively stable1 at tem-
peratures up to 50°, and extemporaneously prepared powders
(made by triturating the tablets with lactose) have been reported
to be stable for at least 12 weeks at room temperature,2 aqueous
solutions are subject to oxidative degradation, mainly to capto-
pril disulfide,1 which increases3 with increase in pH above 4. The
manufacturers report that a liquid form of captopril prepared
from pulverised tablets in distilled water containing 1 mg/mL re-
tained 96.6% of the original concentration of drug after storage
at room temperature for 5 days, but they advise that since it con-
tains no preservative it should be used within 2 days of prepara-
tion.4 Others have reported wide variations in stability depending
upon the formulation. In one study5 the shelf-life of a solution of
captopril 1 mg/mL prepared from crushed tablets and tap water
was estimated to be 27 days when stored at 5°. However, in an-
other study6 captopril was much less stable; in sterile water for
irrigation captopril was stable for at least 3 days when stored at
5°, but in tap water it disappeared at a much faster rate. Increased
stability has been reported after the addition of sodium ascorbate
to the solution,7 and with captopril powder rather than crushed
tablets.8 A 1 mg/mL preparation made with crushed tablets and
undiluted syrup has also been reported to be stable for 30 days at
5° and may be more palatable than aqueous formulations.9
1. Lund W, Cowe HJ. Stability of dry powder formulations. Pharm

J 1986; 237: 179–80. 
2. Taketomo CK, et al. Stability of captopril in powder papers un-

der three storage conditions. Am J Hosp Pharm 1990; 47:
1799–1801. 

3. Timmins P, et al. Factors affecting captopril stability in aqueous
solution. Int J Pharmaceutics 1982; 11: 329–36. 

4. Andrews CD, Essex A. Captopril suspension. Pharm J 1986;
237: 734–5. 

5. Pereira CM, Tam YK. Stability of captopril in tap water. Am J
Hosp Pharm 1992; 49: 612–15. 

6. Anaizi NH, Swenson C. Instability of aqueous captopril solu-
tions. Am J Hosp Pharm 1993; 50: 486–8. 

7. Nahata MC, et al. Stability of captopril in three liquid dosage
forms. Am J Hosp Pharm 1994; 51: 95–6. 

8. Chan DS, et al. Degradation of captopril in solutions compound-
ed from tablets and standard powder. Am J Hosp Pharm 1994;
51: 1205–7. 

9. Lye MYF, et al. Effects of ingredients on stability of captopril in
extemporaneously prepared oral liquids. Am J Health-Syst
Pharm 1997; 54: 2483–7.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193. 
Captopril has been reported to cause false positive re-
sults in tests for acetone in urine.
Incidence of adverse effects. Results of postmarketing
surveillance1 in 30 515 hypertensive patients taking captopril
showed that 4.9% had their therapy stopped because of adverse
effects thought to be due to the drug. The mean initial daily dose
was 46 mg; at final evaluation the mean daily dose was 58 mg.
The adverse effect most commonly reported was headache (in
1.8%); others included dizziness (1.6%), rashes (1.1%), nausea
(1.0%), taste disturbances (0.9%), and cough (0.8%). This study
excluded patients with renal impairment but an earlier survey2 in
6737 patients taking captopril alone or in combination found that
rash and dysgeusia were more frequent in patients with renal im-
pairment (occurring in 6.2% and 3.2% respectively of those re-
ceiving 150 mg daily or less of captopril) than in those with nor-
mal serum creatinine (4.3% and 2.2%). The frequency of both
symptoms was somewhat higher in those given higher doses.
Symptoms of hypotension occurred in about 5% of patients and
were not influenced by dose or renal function. The cumulative
frequency of withdrawal due to adverse effects was estimated at
5.8% in this study, which is similar to that in the larger survey. In
another postmarketing surveillance study3 involving more than
60 000 patients, captopril was withdrawn in 8.9% because of ad-
verse effects. 
For further reference to some of these adverse effects, see under
ACE Inhibitors, p.1193.
1. Schoenberger JA, et al. Efficacy, safety, and quality-of-life as-

sessment of captopril antihypertensive therapy in clinical prac-
tice. Arch Intern Med 1990; 150: 301–6. 

2. Jenkins AC, et al. Captopril in hypertension: seven years later. J
Cardiovasc Pharmacol 1985; 7 (suppl 1): S96–S101. 

3. Chalmers D, et al. Postmarketing surveillance of captopril for
hypertension. Br J Clin Pharmacol 1992; 34: 215–23.

Breast feeding. Captopril is distributed into breast milk and
licensed product information advises that breast feeding should
be avoided. However, a study1 in 12 women found that the con-
centration of captopril in breast milk was about 1% of maternal
blood concentrations, suggesting that the amount ingested by the
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infant would be very low. No adverse effects were noted in the
infants in this study, and the American Academy of Pediatrics
considers2 that captopril is therefore usually compatible with
breast feeding.
1. Devlin RG, Fleiss PM. Captopril in human blood and breast

milk. J Clin Pharmacol 1981; 21: 110–113. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 05/07/04)

Porphyria. Captopril is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in in-
vitro systems.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
About 60 to 75% of a dose of captopril is absorbed
from the gastrointestinal tract and peak plasma concen-
trations are achieved within about an hour. Absorption
has been reported to be reduced in the presence of food,
but this may not be clinically relevant (see below).
Captopril is about 30% bound to plasma proteins. It
crosses the placenta and is found in breast milk at about
1% of maternal blood concentrations. It is largely ex-
creted in the urine, 40 to 50% as unchanged drug, the
rest as disulfide and other metabolites. The elimination
half-life has been reported to be 2 to 3 hours but this is
increased in renal impairment. Captopril is removed by
haemodialysis.
◊ Reviews.
1. Duchin KL, et al. Pharmacokinetics of captopril in healthy sub-

jects and in patients with cardiovascular diseases. Clin Pharma-
cokinet 1988; 14: 241–59.

Absorption. The bioavailability and peak plasma concentra-
tions of captopril have been shown to be reduced by 25 to 55%
when given with food in single dose studies1-4 and with chronic
dosing.5 However, this may not be clinically significant since
several studies3,4,6 indicated that food intake had no effect on the
antihypertensive activity of captopril.
1. Williams GM, Sugerman AA. The effect of a meal, at various

times relative to drug administration, on the bioavailability of
captopril. J Clin Pharmacol 1982; 22: 18A. 

2. Singhvi SM, et al. Effect of food on the bioavailability of capto-
pril in healthy subjects. J Clin Pharmacol 1982; 22: 135–40. 

3. Mäntylä R, et al. Impairment of captopril bioavailability by con-
comitant food and antacid intake. Int J Clin Pharmacol Ther Tox-
icol 1984; 22: 626–9. 

4. Müller HM, et al. The influence of food intake on pharmacody-
namics and plasma concentration of captopril. J Hypertens 1985;
3 (suppl 2): S135–S136. 

5. Öhman KP, et al. Pharmacokinetics of captopril and its effects on
blood pressure during acute and chronic administration and in
relation to food intake. J Cardiovasc Pharmacol 1985; 7 (suppl
1): S20–S24. 

6. Izumi Y, et al. Influence of food on the clinical effect of angi-
otensin I converting enzyme inhibitor (SQ 14225). Tohoku J Exp
Med 1983; 139: 279–86.

Renal impairment. A study of 9 patients with chronic renal
failure undergoing dialysis found that peak plasma concentra-
tions of captopril were 2.5 times higher and peak concentrations
of the disulfide metabolites were 4 times higher than in patients
with normal renal function following a single dose of captopril.1
Peak concentrations occurred later in uraemic patients and the
apparent half-life of total captopril was 46 hours in uraemic pa-
tients compared with 2.95 hours in patients with normal renal
function.
1. Drummer OH, et al. The pharmacokinetics of captopril and cap-

topril disulfide conjugates in uraemic patients on maintenance
dialysis: comparison with patients with normal renal function.
Eur J Clin Pharmacol 1987; 32: 267–71.

Uses and Administration
Captopril is a sulfhydryl-containing ACE inhibitor
(p.1193). It is used in the management of hypertension
(p.1171), in heart failure (p.1165), after myocardial in-
farction (p.1175), and in diabetic nephropathy (see
Kidney Disorders, p.1199). 
After oral doses captopril produces a maximum effect
within 1 to 2 hours, although the full effect may not
develop for several weeks during chronic dosing. The
duration of action is dose-dependent and may persist
for 6 to 12 hours. 
In the treatment of hypertension the initial oral dose is
12.5 mg twice daily, increased gradually at intervals of
2 to 4 weeks according to the response. Since there
may be a precipitous fall in blood pressure in some pa-

tients when starting therapy with an ACE inhibitor, the
first dose should preferably be given at bedtime. An
initial dose of 6.25 mg twice daily is recommended if
captopril is given in addition to a diuretic or to elderly
patients; if possible the diuretic should be stopped 2 or
3 days before introducing captopril. The usual mainte-
nance dose is 25 to 50 mg twice daily and should not
normally exceed 50 mg three times daily. If hyperten-
sion is not satisfactorily controlled at this dosage, addi-
tion of a second drug or substitution of an alternative
drug should be considered. In the USA higher doses of
up to 150 mg three times daily have been suggested for
patients with hypertension uncontrolled by lower dos-
es of captopril in conjunction with diuretic therapy. 
In the treatment of heart failure severe first-dose hy-
potension on introduction of an ACE inhibitor is com-
mon in patients on loop diuretics, but their temporary
withdrawal may cause rebound pulmonary oedema.
Thus an initial oral dose of 6.25 to 12.5 mg of captopril
is given under close medical supervision; the usual
maintenance dose is 25 mg two or three times daily,
and doses should not normally exceed 50 mg three
times daily. Again, in the USA higher doses of up to
150 mg three times daily have been suggested. 
After myocardial infarction, captopril is used pro-
phylactically in clinically stable patients with sympto-
matic or asymptomatic left ventricular dysfunction to
improve survival, delay the onset of symptomatic heart
failure, and reduce recurrent infarction. It may be start-
ed 3 days after myocardial infarction in an initial oral
dose of 6.25 mg, increased over several weeks to
150 mg daily in divided doses if tolerated. 
In diabetic nephropathy (microalbuminuria greater
than 30 mg/day) in type 1 diabetics, 75 to 100 mg of
captopril may be given daily, in divided oral doses.
Other antihypertensives may be used with captopril if
a further reduction in blood pressure is required. 
Doses may need to be reduced in patients with renal
impairment (see below).
Administration. Captopril is generally given orally.
Sublingual1 and intravenous2,3 dosage has also been tried, but
these routes are not established.
1. Angeli P, et al. Comparison of sublingual captopril and nifed-

ipine in immediate treatment of hypertensive emergencies: a ran-
domized, single-blind clinical trial. Arch Intern Med 1991; 151:
678–82. 

2. Savi L, et al. A new therapy for hypertensive emergencies: intra-
venous captopril. Curr Ther Res 1990; 47: 1073–81. 

3. Langes K, et al. Efficacy and safety of intravenous captopril in
congestive heart failure. Curr Ther Res 1993; 53: 167–76.

Administration in children. Experience with captopril in
children is limited. UK licensed product information suggests an
initial dose of 300 micrograms/kg in children and adolescents;
half this dose should be given initially to neonates and infants
(including premature infants), and children with renal impair-
ment. The dose is adjusted according to response and is usually
given three times daily. 
Captopril, given in an initial dose of 250 micrograms/kg daily,
increased to up to 2.5 or 3.5 mg/kg daily in 3 divided doses has
also been reported to produce benefit in infants with severe heart
failure secondary to congenital defects (mainly manifesting as
left-to-right shunt).1,2 
The following doses of captopril are suggested by the BNFC for
hypertension, heart failure, proteinuria in nephritis, or diabetic
nephropathy: 
• neonate: test dose, 10 to 50 micrograms/kg (10 micrograms/kg

if the neonate is less than 37 weeks postmenstrual age); if
tolerated, give 10 to 50 micrograms/kg 2 or 3 times daily,
increased as necessary to a maximum of 2 mg/kg daily in
divided doses (maximum of 300 micrograms/kg daily in
divided doses if the neonate is less than 37 weeks postmen-
strual age) 

• child 1 month to 12 years: test dose, 100 micrograms/kg
(maximum 6.25 mg) ;  i f  to le ra ted,  g ive  100  to
300 micrograms/kg 2 or 3 times daily, increased as necessary
to a maximum of 6 mg/kg daily in divided doses (maximum
of 4 mg/kg daily in divided doses in child 1 month to 1 year) 

• child 12 years to 18 years: test dose, 100 micrograms/kg or
6.25 mg; if tolerated, give 12.5 to 25 mg 2 or 3 times daily,
increased as necessary to a maximum of 150 mg daily in di-
vided doses

1. Scammell AM, et al. Captopril in treatment of infant heart fail-
ure: a preliminary report. Int J Cardiol 1987; 16: 295–301. 

2. Shaw NJ, et al. Captopril in heart failure secondary to a left to
right shunt. Arch Dis Child 1988; 63: 360–3.

Administration in renal impairment. The dose of captopril
should be reduced or the dosage interval increased in adults with
renal impairment, depending on their creatinine clearance (CC).
The following doses have been suggested: 
• CC 21 to 40 mL/minute per 1.73 m2: initial daily dose 25 mg

and maximum daily dose 100 mg 
• CC 10 to 20 mL/minute per 1.73 m2: initial daily dose

12.5 mg and maximum daily dose 75 mg 
• CC below 10 mL/minute per 1.73 m2: initial daily dose

6.25 mg and maximum daily dose 37.5 mg 
If a diuretic also needs to be given, a loop diuretic should be cho-
sen rather than a thiazide.

Nitrate tolerance. For reference to the use of captopril as a
sulfhydryl donor in the management of nitrate tolerance, see un-
der Precautions for Glyceryl Trinitrate, p.1297.

Preparations
BP 2008: Captopril Tablets; 
USP 31: Captopril and Hydrochlorothiazide Tablets; Captopril Oral Solu-
tion; Captopril Oral Suspension; Captopril Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Antasten; Austral.: Acenorm; Capoten; Captohexal; Enzace†;
Topace; Austria: Capace; Capostad; Captomed; Captor; Captotyrol†; De-
bax; Lopirin; Belg.: Capoten; Capriltop; Captoprimed; Doccaptopri; Braz.:
Cabioten†; Capobal; Capoten; Capotrat; Capotril†; Capox; Capril; Captil†;
Captobel†; Captocord†; Captolab; Captolin†; Captomed; Capton†; Cap-
topiril; Captopron; Captosen†; Captosif†; Captotec†; Captozen†; Captrizin;
Cardilom†; Carditril†; Catoprol; Ductopril; Hipoten; Normapril; Pressomax;
Prilpressin; Tompril†; Venopril†; Canad.: Apo-Capto; Capoten; Novo-
Captoril; Nu-Capto; Chile: Capoten; Properil; Cz.: Alkadil†; Apo-Capto†;
Capoten; Katopil†; Tensiomin; Denm.: Capoten; Captodan; Captol; Ca-
tonet†; Fin.: Capoten; Captomin; Captostad†; Lopril; Fr.: Captolane; Lopril;
Ger.: ACE-Hemmer; Acenorm†; Adocor; Capto; Capto-dura M†; Capto-
beta; Captodoc; Captoflux; Captogamma; Captohexal; Captomerck†; Cap-
topress; Cardiagen; cor tensobon; Coronorm; Epicordin†; Jucapt; Lopirin;
Mundil†; Phamopril†; Sigacap Cor†; Tensiomin; Tensiomin-Cor; Tensobon;
Tensostad; Gr.: Capoten; Ftonavil†; Hypotensor; Neo-Ipertas; Normolose;
Odupril†; Pertacilon; Sancap†; Hong Kong: Apo-Capto; Capocard†; Ca-
poten; Capril; Dexacap†; Epsitron†; Kimafan; Novo-Captoril; Rilcapton†;
Ropril; Tensiomin; Hung.: Aceomel; Capin†; Captogamma; Huma-Capto-
ril†; Tensiomin; India: Aceten; Capace; Indon.: Acepress; Capoten;
Captensin; Casipril; Dexacap; Farmoten; Forten; Locap; Lotensin; Metopril;
Otoryl; Praten; Scantensin; Tenofax; Tensicap; Tensobon; Irl.: Aceomel; Ac-
topril†; Capoten; Caprill; Captor; Geroten; Tensopril†; Israel: Aceril; Cap-
ti†; Inhibace†; Ital.: Acepress; Aceprilex; Capoten; Maxipril; Merapril†; Ten-
pril; Malaysia: Apo-Capto†; Apuzin; Capoten†; Mex.: Altiver; Atrisol;
Biodezil; Bioxil; Brucap; Bugazon; Capotena; Captoser; Captral; Cardipril;
Catona; Cryopril; Eca Presan; Ecapril; Ecaten; Enlace; Hipertex; Kenapril†;
Kenolan; Keyerpril†; Lenpryl; Midrat; Miocap; Novapres; Precaptil; Pri-
narten; Proldin; Reductel; Reduprec; Romir; Tensil; Toprilem; Tropisol†;
Tropix-HC; Varaxil; Neth.: Capoten; Norw.: Capoten; NZ: Capoten; Cap-
tohexal; Philipp.: Capomed; Capoten; Hartylox; Normil; Prelat; Primace;
Retensin; Tensoril; Unihype; Vasostad; Port.: Calpix†; Capoten; Capritin;
Carencil†; Convertal†; Hipertil; Hipotensil; Mereprine†; Pressil; Prilovase;
Tensopril†; Vidapril; Xenam; Rus.: Aceten (Ацетен); Angiopril
(Ангиоприл); Apo-Capto (Апо-капто); Capoten (Капотен); Rilcapton
(Рилкаптон); S.Afr.: Aceten; Capace; Capoten; Captohexal; Captomax;
Cardiace; Zapto; Singapore: Apo-Capto; Capoten†; Catoplin; Ketanine†;
Pertacilon†; Rilcapton; Tensoprel†; Spain: Alopresin†; Capoten; Captosina;
Cesplon; Dardex†; Dilabar; Garanil; Tensoprel; Swed.: Capoten; Switz.:
capto-basan†; Captosol; Lopirin; Thai.: Capoten; Epsitron; Gemzil; Tensi-
omin†; Turk.: Kapril; Kaptoril; UAE: Captophar; UK: Acepril; Capoten;
Ecopace; Kaplon; Tensopril; USA: Capoten; Venez.: Capoten; Ceplon†;
Tabulan.

Multi-ingredient: Austria: Capozide; Captocomp; Captohexal Comp;
Captopril Compositum; Captopril-HCT; Co-Captopril; Co-Captotyrol†;
Veracapt; Braz.: Capox H; Captotec + HCT†; Hidropril; Lopril; Cz.: Cap-
tohexal Comp†; Denm.: Capozid; Fr.: Captea; Ecazide; Ger.: ACE-Hem-
mer comp; Acenorm HCT†; Adocomp; Capozide; Capto Comp; Capto
Plus; Captobeta Comp; Captodoc Comp; Captogamma HCT; Captohexal
Comp; Captopril Comp; Captopril HCT; Captopril Plus; Cardiagen HCT;
Jutacor comp; Tensobon comp; Gr.: Anastol; Captopress; Captospes+H;
Dosturel; Ekzevit†; Empirol; Fetylan; Kifarol; Normolose-H; Pentatec; Piesi-
tal; Return; Sancazid; Sedapressin; Superace; Uresan; Zidepril; Indon.: Ca-
pozide; Irl.: Capozide; Captor-HCT; Half Capozide; Ital.: Acediur; Aceplus;
Mex.: Capozide; Captral ASA; Co-Captral; Neth.: Capozide†; NZ: Ca-
pozide; Port.: Lopiretic; Normotil†; Rus.: Capozide (Капозид); S.Afr.: Ca-
pozide; Captoretic; Zapto Co; Spain: Alopresin Diu†; Cesplon Plus; De-
cresco†; Dilabar Diu; Ecadiu; Ecazide; Switz.: Capozide; Captosol comp;
Tensobon comp; UK: Acezide; Capozide; Capto-Co; USA: Capozide; Ven-
ez.: Capozide; Cartazid†.

Carazolol (BAN, rINN) ⊗ 
BM-51052; Carazololum. 1-(Carbazol-4-yloxy)-3-isopropylami-
nopropan-2-ol.

Каразолол
C18H22N2O2 = 298.4.
CAS — 57775-29-8.
ATC Vet — QC07AA90.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Carazolol is a beta blocker (p.1225) that has been given orally in
the management of various cardiovascular disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Conducton†; Ger.: Conducton†.

Carbocromen Hydrochloride (rINNM)

A-27053; AG-3; Carbocromène, Chlorhydrate de; Carbocrome-
ni Hydrochloridum; Cassella-4489; Chromonar Hydrochloride
(USAN); Hidrocloruro de carbocromeno; NSC-110430. Ethyl 3-
(2-diethylaminoethyl)-4-methylcoumarin-7-yloxyacetate hydro-
chloride.

Карбокромена Гидрохлорид
C20H27NO5,HCl = 397.9.
CAS — 804-10-4 (carbocromen); 655-35-6 (carbocromen
hydrochloride).
ATC — C01DX05.
ATC Vet — QC01DX05.

(carbocromen)

Profile
Carbocromen hydrochloride is a vasodilator that has been used
in ischaemic heart disease.

Carperitide (USAN, rINN) ⊗ 
Carperitida; Carpéritide; Carperitidum; SUN-4936.

Карперитид
CAS — 89213-87-6.

Profile
Carperitide is a recombinant atrial natriuretic peptide (see
p.1347) used in the management of acute heart failure.

◊ References.
1. Suwa M, et al. Multicenter prospective investigation on efficacy

and safety of carperitide for acute heart failure in the ‘real world’
of therapy. Circ J 2005; 69: 283–90.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Hanp.

Carteolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Abbott-43326; Cartéolol, chlorhydrate de; Carteololi hydro-
chloridum; Hidrocloruro de carteolol; Karteolol Hidroklorür;
Karteolol-hidroklorid; Karteolol-hydrochlorid; Karteololhy-
droklorid; Karteololihydrokloridi; Karteololio hidrochloridas;
OPC-1085. 5-(3-tert-Butylamino-2-hydroxypropoxy)-3,4-dihyd-
roquinolin-2(1H)-one hydrochloride.

Картеолола Гидрохлорид
C16H24N2O3,HCl = 328.8.
CAS — 51781-06-7 (carteolol); 51781-21-6 (carteolol hy-
drochloride).
ATC — C07AA15; S01ED05.
ATC Vet — QC07AA15; QS01ED05.

(carteolol)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Carteolol Hydrochloride). White or almost white
crystals or crystalline powder. Soluble in water; slightly soluble
in alcohol; practically insoluble in dichloromethane; sparingly

soluble in methyl alcohol. A 1% solution in water has a pH of 5.0
to 6.0. Store in airtight containers. 
USP 31 (Carteolol Hydrochloride). pH of a 1% solution in water
is between 5.0 and 6.0.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Carteolol is well absorbed from the gastrointestinal
tract with a peak plasma concentration being reached
within 1 to 4 hours of oral doses. The bioavailability is
about 84%. It has low lipid solubility. About 20 to 30%
is protein bound. The plasma half-life is reported to be
3 to 6 hours. The major route of elimination is renal
with 50 to 70% of a dose being excreted unchanged in
the urine; carteolol therefore accumulates in patients
with renal disease. Major metabolites are 8-hydroxy-
carteolol and glucuronic acid conjugates of carteolol
and 8-hydroxycarteolol. The 8-hydroxycarteolol
metabolite is active; its half-life is reported to be 8 to 12
hours.

Uses and Administration
Carteolol is a non-cardioselective beta blocker (see
p.1225). It is reported to possess intrinsic sympathom-
imetic activity but lacks significant membrane-stabilis-
ing activity. 
Carteolol is used as the hydrochloride in the manage-
ment of glaucoma (p.1873), hypertension (p.1171),
and some cardiac disorders such as angina pectoris
(p.1157) and cardiac arrhythmias (p.1160). 
Eye drops containing carteolol hydrochloride 1% or
2% are instilled twice daily to reduce raised intra-ocu-
lar pressure in open-angle glaucoma and ocular hyper-
tension. 
In hypertension carteolol hydrochloride is given oral-
ly in a usual dose range of 2.5 to 20 mg daily, adjusted
according to response, although up to 40 mg daily has
been given. In cardiac disorders such as angina pec-
toris and arrhythmias carteolol hydrochloride has
been used in doses of up to 30 mg daily. 
The oral dose of carteolol hydrochloride should be re-
duced in patients with renal impairment (see below).
◊ Reviews.
1. Chrisp P, Sorkin EM. Ocular carteolol: a review of its pharmaco-

logical properties, and therapeutic use in glaucoma and ocular
hypertension. Drugs Aging 1992; 2: 58–77. Correction. ibid.
1994; 4: 62.

Administration in renal impairment. The oral dose of
carteolol hydrochloride should be reduced in patients with renal
impairment. A suggested regimen based on creatine clearance
(CC) for patients with hypertension is as follows: 
• CC 30 to 80 mL/minute: 10 mg daily 
• CC less than 30 mL/minute: use not recommended

Preparations
BP 2008: Carteolol Eye Drops; 
USP 31: Carteolol Hydrochloride Ophthalmic Solution; Carteolol Hydro-
chloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Elebloc; Glacout; Glauteolol; Poenglaucol; Singlauc; Tenoftal†; Austria:
Arteoptic; Endak; Belg.: Arteoptic; Carteol; Cz.: Arteoptic; Carteol;
Denm.: Arteoptic†; Fin.: Arteoptic†; Fr.: Carteabak; Carteol; Mikelan;
Ger.: Arteoptic; Endak; Gr.: Carteodose†; Fortinol; Napolit†; Vinitus; Zy-
moptic†; Hong Kong: Arteoptic; Hung.: Arteoptic†; Irl.: Teoptic; Ital.:
Carteol; Jpn: Mikelan; Neth.: Arteoptic; Carteabak; Teoptic; Philipp.:
Mikelan; Pol.: Arteoptic; Port.: Arteoptic; Carteabak; Physioglau; S.Afr.:
Mikelan†; Teoptic; Spain: Arteolol; Elebloc; Mikelan; Swed.: Arteoptic†;
Switz.: Arteoptic; Thai.: Arteoptic; Turk.: Carteol; UK: Teoptic; USA:
Cartrol; Ocupress†.

Multi-ingredient: Belg.: Carteopil; Fr.: Carpilo; Switz.: Arteopilo.

Carvedilol (BAN, USAN, rINN) ⊗ 
BM-14190; Carvédilol; Carvedilolum; Karvedilol; Karvediloli;
Karvedilolis. 1-Carbazol-4-yloxy-3-[2-(2-methoxyphenoxy)ethyl-
amino]propan-2-ol.
Карведилол
C24H26N2O4 = 406.5.
CAS — 72956-09-3.
ATC — C07AG02.
ATC Vet — QC07AG02.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Carvedilol). A white or almost white crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
slightly soluble in alcohol; practically insoluble in dilute acids.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226. 
Liver function abnormalities, reversible on stopping
treatment with carvedilol, have been reported rarely.
Carvedilol is extensively metabolised in the liver and is
not recommended in patients with hepatic impairment.
Acute renal failure and renal abnormalities have been
reported in patients with heart failure who also suffered
from diffuse vascular disease and/or renal impairment. 
The risk of hypotension may be reduced by taking
carvedilol with food to decrease the rate of absorption.
Effects on the liver. Pruritus and elevated serum transaminase
concentrations occurred1 in a man who had been taking
carvedilol for 6 months. Liver function tests returned to normal
within 3 weeks of stopping carvedilol. However, pruritus re-
curred when the patient was started on metoprolol about 1 year
later.
1. Hagmeyer KO, Stein J. Hepatotoxicity associated with

carvedilol. Ann Pharmacother 2001; 35: 1364–6.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Carvedilol is well absorbed from the gastrointestinal
tract but is subject to considerable first-pass metabo-
lism in the liver; the absolute bioavailability is about
25%. Peak plasma concentrations occur 1 to 2 hours
after an oral dose. It has high lipid solubility.
Carvedilol is more than 98% bound to plasma proteins.
It is extensively metabolised in the liver, primarily by
the cytochrome P450 isoenzymes CYP2D6 and
CYP2C9, and the metabolites are excreted mainly in
the bile. The elimination half-life is about 6 to 10
hours. Carvedilol has been shown to accumulate in
breast milk in animals.
◊ References.
1. McTavish D, et al. Carvedilol: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic efficacy. Drugs
1993; 45: 232–58. 

2. Morgan T. Clinical pharmacokinetics and pharmacodynamics of
carvedilol. Clin Pharmacokinet 1994; 26: 335–46. 

3. Tenero D, et al. Steady-state pharmacokinetics of carvedilol and
its enantiomers in patients with congestive heart failure. J Clin
Pharmacol 2000; 40: 844–53.

Uses and Administration
Carvedilol is a non-cardioselective beta blocker
(p.1225). It has vasodilating properties, which are at-
tributed mainly to its blocking activity at alpha1 recep-
tors; at higher doses calcium-channel blocking activity
may contribute. It also has antoxidant properties.
Carvedilol is reported to have no intrinsic sympathom-
imetic activity and only weak membrane-stabilising
activity. 
Carvedilol is used in the management of hypertension
(p.1171) and angina pectoris (p.1157), and as an ad-
junct to standard therapy in symptomatic heart failure
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(p.1165). It is also used to reduce mortality in patients
with left ventricular dysfunction after myocardial inf-
arction. 
In hypertension carvedilol is given in an initial oral
dose of 12.5 mg once daily, increased after two days to
25 mg once daily. Alternatively, an initial dose of
6.25 mg is given twice daily, increased after one to two
weeks to 12.5 mg twice daily. The dose may be in-
creased further, if necessary, at intervals of at least two
weeks, to 50 mg once daily or in divided doses. A dose
of 12.5 mg once daily may be adequate for elderly pa-
tients. 
In angina pectoris an initial oral dose of 12.5 mg is
given twice daily, increased after two days to 25 mg
twice daily. 
In heart failure, the initial oral dose is 3.125 mg twice
daily. It should be taken with food to reduce the risk of
hypotension. If tolerated, the dose should be doubled
after two weeks to 6.25 mg twice daily and then in-
creased gradually, at intervals of not less than two
weeks, to the maximum dose tolerated; this should not
exceed 25 mg twice daily in patients with severe heart
failure or in those weighing less than 85 kg, or 50 mg
twice daily in patients with mild to moderate heart fail-
ure weighing more than 85 kg. For doses in children,
see below. 
In patients with left ventricular dysfunction after
myocardial infarction, the initial dose is 6.25 mg
twice daily, increased after 3 to 10 days, if tolerated, to
12.5 mg twice daily and then to a target dose of 25 mg
twice daily. A lower initial dose may be used in symp-
tomatic patients. 
A controlled-release preparation containing carvedilol
phosphate hemihydrate is available in some countries.
◊ References.
1. Ruffolo RR, et al. The pharmacology of carvedilol. Eur J Clin

Pharmacol 1990; 38: S82–S88. 
2. McTavish D, et al. Carvedilol: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic efficacy. Drugs
1993: 45: 232–58. 

3. Morgan T. Clinical pharmacokinetics and pharmacodynamics of
carvedilol. Clin Pharmacokinet 1994; 26: 335–46. 

4. Louis WJ, et al. A risk-benefit assessment of carvedilol in the
treatment of cardiovascular disorders. Drug Safety 1994; 11:
86–93. 

5. Dunn CJ, et al. Carvedilol: a reappraisal of its pharmacological
properties and therapeutic use in cardiovascular disorders. Drugs
1997; 54: 161–85. 

6. Frishman WH. Carvedilol. N Engl J Med 1998; 339: 1759–65. 
7. Keating GM, Jarvis B. Carvedilol: a review of its use in chronic

heart failure. Drugs 2003; 63: 1697–1741. 
8. Naccarelli GV, Lukas MA. Carvedilol’s antiarrhythmic proper-

ties: therapeutic implications in patients with left ventricular
dysfunction. Clin Cardiol 2005; 28: 165–73.

Administration in children. Carvedilol has been used in chil-
dren with heart failure, although experience is limited.1 Benefi-
cial effects have been reported, including improvement in symp-
toms and ejection fraction, and delaying the need for heart
transplantation, and carvedilol appears to be well tolerated. Dos-
es used have varied, with initial oral doses ranging from 10 to
180 micrograms/kg daily and average oral maintenance doses
ranging from 200 to 700 micrograms/kg (maximum 50 mg) dai-
ly, usually given in two divided doses. However, a randomised
study2 in 161 children and adolescents with heart failure found
that carvedilol was not significantly better than placebo: clinical
improvement occurred in 56% of those taking carvedilol and
56% of those taking placebo. 
In the UK, the BNFC recommends that children aged 2 to 18
years with heart failure may be given an initial oral dose of
50 micrograms/kg (maximum 3.125 mg) twice daily, increased
as tolerated, by doubling the dose at intervals of at least 2 weeks,
to a maintenance dose of 350 micrograms/kg (maximum 25 mg)
twice daily.
1. Greenway SC, Benson LN. The use of carvedilol in pediatric

heart failure. Cardiovasc Hematol Disord Drug Targets 2006; 6:
35–42. 

2. Shaddy RE, et al. Carvedilol for children and adolescents with
heart failure: a randomized controlled trial. JAMA 2007; 298:
1171–9.

Administration in the elderly. Licensed product information
for carvedilol recommends an initial dose of 12.5 mg daily for all
adults with hypertension. A study in 16 elderly hypertensive pa-
tients (mean age 70 years) given single doses of 12.5 mg and
25 mg found a high incidence of orthostatic hypotension1 and the
authors suggested that a starting dose lower than 12.5 mg may be
necessary in elderly patients. 
A retrospective study2 found that standard initial doses for heart
failure (see Uses and Administration, above) were well tolerated
in elderly patients and that the mean achieved dose was similar

in those aged under 70 years and those aged 70 years and older,
after adjustment for weight. Adverse effects were more common
in the older group, but could generally be managed without stop-
ping carvedilol.
1. Krum H, et al. Postural hypotension in elderly patients given

carvedilol. BMJ 1994; 309: 775–6. 
2. Lawless CE, et al. Titration of carvedilol in elderly heart failure

patients. Am J Geriatr Cardiol 2005; 14: 230–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Antibloc; Bidecar; Carvedil; Carvel†; Corafen; Coritensil; Corubin; Di-
latrend; Duobloc; Filten; Hipoten; Isobloc; Kollosteril; Rodipal; Rudoxil; Ver-
aten; Vicardol; Austral.: Dilatrend; Kredex; Austria: Dilatrend; Hybridil;
Belg.: Dimitone; Kredex; Braz.: Cardilol; Carvedilat; Coreg; Dilatrend†; Di-
velol; Ictus; Karvil; Canad.: Coreg; Chile: Betaplex; Blocar; Dilatrend; Du-
alten; Lodipres; Novocar†; Off-Ten; Cz.: Apo-Carve; Atram; Carvedigam-
ma; Carvesan; Carvetrend; Coryol; Dilatrend; Talliton; Denm.: Carvetone;
Dimitone; Fin.: Cardiol; Fr.: Kredex; Ger.: CarLich; Carve; Carve-Q;
Carvecard; Carvedigamma; Dilatrend; Dimetil; Querto; Gr.: Carvedilen;
Carvepen; Dilatrend; Hong Kong: Dilatrend; Hung.: Carvedigamma; Car-
vol; Coryol; Dilatrend; Talliton; India: Carloc; Carvil; Cevas; Indon.: Car-
bloxal; Dilbloc; V-Bloc; Irl.: Biocard; Eucardic; Israel: Carvedexxon; Dimi-
tone; Ital.: Carvipress; Colver; Dilatrend; Dilocar; Malaysia: Caslot; Cavel;
Dilatrend; Mex.: Dilatrend; Neth.: Eucardic; Norw.: Kredex; NZ: Dila-
trend; Philipp.: Dilatrend; Pol.: Atram; Carvedigamma; Carvetrend; Cory-
ol; Dilatrend; Vivacor; Port.: Dilbloc; Rus.: Acridilole (Акридилол); Cardi-
vas (Кардивас); Carvetrend (Карветренд); Carvidil (Карвидил); Coryol
(Кориол); Talliton (Таллитон); S.Afr.: Carloc; Carvetrend; Dilatrend; Sin-
gapore: Dilatrend; Spain: Coropres; Swed.: Kredex; Switz.: Dilatrend;
Thai.: Dilatrend; Turk.: Dilatrend; UK: Eucardic; USA: Coreg; Venez.:
Carbatil; Carvedil; Coventrol; Dilatrend.
Multi-ingredient: Arg.: Carvedil D; Austria: Co-Dilatrend; Dilaplus.

Celiprolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Céliprolol, chlorhydrate de; Celiprolol-hydrochlorid; Celiprolol-
hydroklorid; Celiprololi hydrochloridum; Celiprololio hidrochlo-
ridas; Celiprololu chlorowodorek; Hidrocloruro de celiprolol;
Seliprololihydrokloridi. 3-{3-Acetyl-4-[3-(tert-butylamino)-2-hy-
droxypropoxy]phenyl}-1,1-diethylurea hydrochloride.
Целипролола Гидрохлорид
C20H33N3O4,HCl = 416.0.
CAS — 56980-93-9 (celiprolol); 57470-78-7 (celiprolol
hydrochloride).
ATC — C07AB08.
ATC Vet — QC07AB08.

(celiprolol)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Celiprolol Hydrochloride). A white or very slightly
yellow, crystalline powder. It exhibits polymorphism. Freely sol-
uble in water and in methyl alcohol; soluble in alcohol; very
slightly soluble in dichloromethane. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226. 
Tremor and palpitations associated with intrinsic sym-
pathomimetic activity at beta2 receptors have been re-
ported.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Celiprolol is absorbed from the gastrointestinal tract in
a non-linear fashion; the percentage of the dose ab-
sorbed increases with increasing dose. The plasma
elimination half-life is about 5 to 6 hours. Celiprolol
crosses the placenta. It has low lipid solubility and is
about 25% bound to plasma proteins. Metabolism is
minimal and celiprolol is mainly excreted unchanged
in the urine and faeces.

Uses and Administration
Celiprolol is a cardioselective beta blocker (p.1225). It
is reported to possess intrinsic sympathomimetic activ-
ity and direct vasodilator activity. Celiprolol is used as

the hydrochloride in the management of hypertension
(p.1171) and angina pectoris (p.1157). The usual oral
dose of celiprolol hydrochloride is 200 to 400 mg once
daily before food. Reduced doses may be required in
patients with renal impairment (see below).
◊ References.
1. Milne RJ, Buckley MM-T. Celiprolol: an updated review of its

pharmacodynamic and pharmacokinetic properties, and thera-
peutic efficacy in cardiovascular disease. Drugs 1991; 41:
941–69. 

2. Anonymous. Celiprolol: theory and practice. Lancet 1991; 338:
1426–7. 

3. Anonymous. Celiprolol—a better beta blocker? Drug Ther Bull
1992; 30: 35–6. 

4. Kendall MJ, Rajman I. A risk-benefit assessment of celiprolol in
the treatment of cardiovascular disease. Drug Safety 1994; 10:
220–32. 

5. Riddell J. Drugs in focus 18: celiprolol. Prescribers’ J 1996; 36:
165–8.

Administration in renal impairment. Celiprolol should not
be given to patients with a creatinine clearance (CC) of less than
15 mL/minute. Patients with a CC between 15 and
40 mL/minute may be given 100 to 200 mg daily.

Preparations
BP 2008: Celiprolol Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Selectol; Belg.: Selectol; Chile: Selectol; Cz.: Celectol†; Tenoloc;
Fin.: Selectol; Fr.: Celectol; Ger.: Celip; Celipro; Celiprogamma; Selectol;
Gr.: Aplonit; Selectol; Versatil; Hong Kong: Selectol; Irl.: Selectol; Ital.:
Cordiax; Jpn: Selectol; Neth.: Dilanorm; NZ: Celol; Pol.: Celipres; Spain:
Cardem; Switz.: Selectol; UK: Celectol.
Multi-ingredient: Austria: Selecturon.

Certoparin Sodium (BAN, rINN)

Certoparin; Certoparina sódica; Certoparine Sodique; Certo-
parinum Natricum.
Цертопарин Натрий

Description. Certoparin sodium is prepared by amyl nitrite
degradation of heparin obtained from the intestinal mucosa of
pigs. The majority of the components have a 2-O-sulfo-α-L-
idopyranosuronic acid structure at the non-reducing end and a 6-
O-sulfo-2,5-anhydro-D-mannose structure at the reducing end of
their chain. The molecular weight of 70% of the components is
less than 10 000 and the average molecular weight is about 6000.
The degree of sulfation is about 2 to 2.5 per disaccharide unit.
Units
As for Low-molecular-weight Heparins, p.1329.
Adverse Effects, Treatment, and Precautions
As for Low-molecular-weight Heparins, p.1329. 
Severe bleeding with certoparin may be reduced by the slow in-
travenous injection of protamine salts; 1 mg of protamine hydro-
chloride is stated to inhibit the effects of 80 to 120 units of cer-
toparin sodium.
Interactions
As for Low-molecular-weight Heparins, p.1329.
Pharmacokinetics
Certoparin sodium is rapidly and completely absorbed after sub-
cutaneous injection. Peak plasma activity is reached within 2 to
4 hours. The half-life of anti-factor Xa activity is about 4 hours.
Uses and Administration
Certoparin sodium is a low-molecular-weight heparin (p.1329)
with anticoagulant activity used for the prevention of postopera-
tive venous thromboembolism (p.1189). It is given by subcuta-
neous injection in a dose of 3000 units 1 to 2 hours before the
procedure, followed by 3000 units daily for 7 to 10 days or until
the patient is fully ambulant.
◊ References.
1. Kolb G, et al. Reduction of venous thromboembolism following

prolonged prophylaxis with the low molecular weight heparin
certoparin after endoprothetic joint replacement or osteosynthe-
sis of the lower limb in elderly patients. Thromb Haemost 2003;
90: 1100–5. 

2. Riess H, et al. Fixed-dose, body weight-independent subcutane-
ous low molecular weight heparin certoparin compared with ad-
justed-dose intravenous unfractionated heparin in patients with
proximal deep venous thrombosis. Thromb Haemost 2003; 90:
252–9. 

3. Diener HC, et al. Prophylaxis of thrombotic and embolic events
in acute ischemic stroke with the low-molecular-weight heparin
certoparin: results of the PROTECT Trial. Stroke 2006; 37:
139–44. 

4. Tebbe U, et al. AFFECT: a prospective, open-label, multicenter
trial to evaluate the feasibility and safety of a short-term treat-
ment with subcutaneous certoparin in patients with persistent
non-valvular atrial fibrillation. Clin Res Cardiol 2008; 97:
389–96.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Sandoparin; Troparin; Cz.: Troparin†; Ger.: Mono-Embolex;
Hung.: Sandoparin†; Switz.: Sandoparine; UK: Alphaparin†.
Multi-ingredient: Austria: Troparin compositum; Ger.: Embolex NM†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Cetiedil Citrate (USAN, rINNM)

Cétiédil, Citrate de; Cetiedili Citras; Citrato de cetiedil. 2-(Perhy-
droazepin-1-yl)ethyl α-cyclohexyl-α-(3-thienyl)acetate dihydro-
gen citrate monohydrate.
Цетиедила Цитрат
C20H31NO2S,C6H8O7,H2O = 559.7.
CAS — 14176-10-4 (cetiedil); 16286-69-4 (anhydrous ce-
tiedil citrate).
ATC — C04AX26.
ATC Vet — QC04AX26.

(cetiedil)

Profile
Cetiedil citrate is a vasodilator with antimuscarinic activity that
has been used in the management of peripheral vascular disease.

Chlorothiazide (BAN, rINN) ⊗ 
Chlorothiazid; Chlorothiazidum; Chlorotiazidas; Chlorotiazyd;
Clorotiazida; Klooritiatsidi; Klorotiazid; Klortiazid. 6-Chloro-2H-
1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.
Хлоротиазид
C7H6ClN3O4S2 = 295.7.
CAS — 58-94-6.
ATC — C03AA04.
ATC Vet — QC03AA04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Chlorothiazide). A white or almost white crystal-
line powder. Very slightly soluble in water; slightly soluble in al-
cohol; sparingly soluble in acetone. It dissolves in dilute solu-
tions of alkali hydroxides. 
USP 31 (Chlorothiazide). A white or practically white, odour-
less, crystalline powder. Very slightly soluble in water; practical-
ly insoluble in chloroform, in ether, and in benzene; freely solu-
ble in dimethylformamide and dimethyl sulfoxide; slightly
soluble in methyl alcohol and in pyridine. Store at a temperature
of 25°, excursions permitted between 15° and 30°.
Stability. Alkaline solutions undergo decomposition due to hy-
drolysis upon standing or heating.

Chlorothiazide Sodium (BANM, USAN, rINNM) ⊗ 
Chlorothiazide Sodique; Clorotiazida sódica; Natrii Chlorothiazi-
dum; Sodium Chlorothiazide.
Натрий Хлоротиазид
C7H5ClN3NaO4S2 = 317.7.
CAS — 7085-44-1.
ATC — C03AA04.
ATC Vet — QC03AA04.
Pharmacopoeias. US includes Chlorothiazide Sodium for In-
jection.
Incompatibility. The alkaline nature of chlorothiazide in
injectable form suggests that incompatibilities with acidic drugs
could be expected; US licensed product information states that
the injection may be diluted with glucose or sodium chloride so-
lutions.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307. Chlorothiazide
sodium injection is alkaline: when giving chlorothi-

azide by intravenous infusion, care should be taken to
ensure that extravasation does not occur.
Breast feeding. Chlorothiazide is distributed into breast milk
in small amounts. A single 500-mg oral dose of chlorothiazide
was given1 to 11 lactating women and blood and milk samples
taken after 1, 2, and 3 hours; all the samples had concentrations
below 1 microgram/mL and it was calculated that an infant
would receive no more than 1 mg of drug each day. The Ameri-
can Academy of Pediatrics states that no adverse effects have
been seen in infants and therefore considers2 that chlorothiazide
is usually compatible with breast feeding.
1. Werthmann MW, Krees SV. Excretion of chlorothiazide in hu-

man breast milk. J Pediatr 1972; 81: 781–3. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Interactions
As for Hydrochlorothiazide, p.1309.

Pharmacokinetics
Chlorothiazide is incompletely and variably absorbed
from the gastrointestinal tract. It has been estimated to
have a plasma half-life of 45 to 120 minutes although
the clinical effects may last for up to about 12 hours. It
is excreted unchanged in the urine. Chlorothiazide
crosses the placental barrier and small amounts are re-
ported to be distributed into breast milk.

Uses and Administration
Chlorothiazide is a thiazide diuretic with actions and
uses similar to those of hydrochlorothiazide (p.1310).
It is used for oedema, including that associated with
heart failure (p.1165), and for hypertension (p.1171). 
After oral doses of chlorothiazide diuresis usually oc-
curs in about 2 hours, reaches a maximum at about 4
hours, and is maintained for 6 to 12 hours. 
In the treatment of oedema the usual dose of chlorothi-
azide is 0.25 to 1 g orally once or twice daily; therapy
on alternate days or on 3 to 5 days weekly may be ad-
equate. The dose should not normally exceed 2 g daily. 
In the treatment of hypertension the usual initial dose
is 250 to 500 mg daily orally, given as a single or divid-
ed dose. A dose of 125 mg may be adequate in some
patients. Patients may rarely require up to 1 g daily. 
For the use of chlorothiazide in children, see below. 
Chlorothiazide has also been given intravenously as
the sodium salt, in doses similar to those given orally.
Chlorothiazide sodium 537 mg is equivalent to about
500 mg of chlorothiazide. It is not suitable for subcuta-
neous or intramuscular injection and extravasation
should be avoided. The diuretic effect lasts for up to 2
hours after intravenous injection.
Administration in children. Chlorothiazide may be used in
children for the management of heart failure or hypertension.
Usual oral doses are as follows: 
• neonates and infants aged 1 to 6 months: 10 to 20 mg/kg twice

daily 
• age 6 months to 12 years: 10 mg/kg twice daily, to a maximum

of 1 g daily 
• age 12 to 18 years: 0.25 to 1 g once daily or 125 to 500 mg

twice daily 
For diabetes insipidus in children, the BNFC suggests an oral
dose of 10 to 20 mg/kg twice daily, to a maximum of 1 g daily. 
Chlorothiazide also has a hyperglycaemic effect and has been
used in children with chronic hypoglycaemia (see under Uses of
Glucagon, p.1447). It is usually given with diazoxide and has the
added benefit of reducing diazoxide-associated sodium and wa-
ter retention. The BNFC suggests an oral dose of 3 to 5 mg/kg
twice daily.

Preparations
USP 31: Chlorothiazide Oral Suspension; Chlorothiazide Sodium for Injec-
tion; Chlorothiazide Tablets; Methyldopa and Chlorothiazide Tablets; Reser-
pine and Chlorothiazide Tablets.

Proprietary Preparations (details are given in Part 3)
Singapore: Chlorzide†; USA: Diurigen; Diuril.

Multi-ingredient: Canad.: Supres†; Gr.: Neourizine; USA: Aldoclor;
Diupres.

Chlortalidone (BAN, rINN) ⊗ 
Chlorotalidon; Chlortalidon; Chlortalidonas; Chlortalidonum;
Chlorthalidone (USAN); Clorotalidona; Clortalidona; G-33182;
Klooritalidoni; Klórtalidon; Klortalidon; NSC-69200. 2-Chloro-5-
(1-hydroxy-3-oxoisoindolin-1-yl)benzenesulphonamide.
Хлорталидон
C14H11ClN2O4S = 338.8.
CAS — 77-36-1.
ATC — C03BA04.
ATC Vet — QC03BA04.

NOTE. Compounded preparations of chlortalidone may be repre-
sented by the following names: 
• Co-tenidone (BAN)—chlortalidone 1 part and atenolol 4 parts

(w/w).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Chlortalidone). A white or yellowish-white pow-
der. Very slightly soluble in water; soluble in acetone and in
methyl alcohol; practically insoluble in dichloromethane. It dis-
solves in dilute solutions of alkali hydroxides. It exhibits poly-
morphism. 
USP 31 (Chlorthalidone). A white or yellowish-white crystal-
line powder. Practically insoluble in water, in chloroform, and in
ether; slightly soluble in alcohol; soluble in methyl alcohol.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307.
Breast feeding. Chlortalidone is distributed into breast milk,
but a study1 in 9 women given a dose of 50 mg daily found that
the concentration in milk was only about 5% of that in the blood.
However, caution was advised since chlortalidone elimination
may be slower in neonates. The American Academy of Pediat-
rics considers2 that chlortalidone is usually compatible with
breast feeding.
1. Mulley BA, et al. Placental transfer of chlorthalidone and its

elimination in maternal milk. Eur J Clin Pharmacol 1978; 13:
129–31. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 06/07/04)

Interactions
As for Hydrochlorothiazide, p.1309.
Anticoagulants. For references to the interaction between war-
farin and chlortalidone, see p.1430.

Pharmacokinetics
Chlortalidone is erratically absorbed from the gastroin-
testinal tract and bioavailability varies according to the
preparation used. It has a prolonged elimination half-
life from plasma and blood of 40 to 60 hours and is
highly bound to red blood cells; the receptor to which
it is bound has been identified as carbonic anhydrase.
Chlortalidone is much less strongly bound to plasma
proteins. Chlortalidone is mainly excreted unchanged
in the urine. It crosses the placental barrier and is dis-
tributed into breast milk.
◊ References.
1. Riess W, et al. Pharmacokinetic studies with chlorthalidone (Hy-

groton ) in man. Eur J Clin Pharmacol 1977; 12: 375–82. 
2. Fleuren HLJ, et al. Absolute bioavailability of chlorthalidone in

man: a cross-over study after intravenous and oral administra-
tion. Eur J Clin Pharmacol 1979; 15: 35–50. 

3. Fleuren HLJ, et al. Dose-dependent urinary excretion of chlo-
rthalidone. Clin Pharmacol Ther 1979; 25: 806–12. 

4. Mulley BA, et al. Pharmacokinetics of chlorthalidone: depend-
ence of biological half life on blood carbonic anhydrase levels.
Eur J Clin Pharmacol 1980; 17: 203–7.

Uses and Administration
Chlortalidone is a diuretic with actions and uses similar
to those of the thiazide diuretics (see Hydrochlorothi-
azide, p.1310) even though it does not contain a thi-
azide ring system. It is given orally for hypertension
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(p.1171), and for oedema, including that associated
with heart failure (p.1165). Other indications include
diabetes insipidus (p.2179). 
Diuresis begins about 2 hours after an oral dose and
lasts for 48 to 72 hours. 
The usual dose in the treatment of hypertension is
25 mg daily, given either alone or with other antihyper-
tensives, increasing to 50 mg daily if necessary. 
In the treatment of oedema the usual initial dose is 25
to 50 mg daily. In severe cases a daily dose of 100 to
200 mg may be given. If possible lower doses should
be used for maintenance; 25 to 50 mg daily or on alter-
nate days may be adequate. 
A dose for children is up to 2 mg/kg on alternate days. 
In diabetes insipidus an initial dose of 100 mg twice
daily has been used, reduced to a maintenance dose of
50 mg daily. 
In the US, a preparation is available with improved bi-
oavailability; suggested doses range from 15 to 50 mg
daily for hypertension and 30 to 120 mg daily for oede-
ma.
Preparations
BP 2008: Chlortalidone Tablets; Co-tenidone Tablets; 
USP 31: Atenolol and Chlorthalidone Tablets; Chlorthalidone Tablets; Clo-
nidine Hydrochloride and Chlorthalidone Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Euretico; Hygroton; Austral.: Hygroton; Austria: Hydrosan; Hygro-
ton; Belg.: Hygroton; Braz.: Clordilon†; Clortalil; Clortil; Clorton†;
Drenidra; Higroton; Neolidona; Taluron†; Cz.: Urandil†; Ger.: Hydro-
long†; Hygroton; Gr.: Hygroton; Hong Kong: Hygroton†; Hung.: Hygro-
ton; India: Hythalton†; Thalizide; Indon.: Hygroton; Israel: Aquadon;
Ital.: Igroton; Malaysia: Hygroton†; Mex.: Anilid; Bioralin; Diuprol†; Hid-
rona; Hidropharm; Higroton; Sinhidron; Neth.: Hygroton; NZ: Hygroton;
Pol.: Hygroton; Urandil; Port.: Hygroton; S.Afr.: Hygroton; Spain: Higro-
tona; Switz.: Hygroton; Turk.: Hygroton; UK: Hygroton; USA: Hygroton;
Thalitone; Venez.: Higroton†.

Multi-ingredient: Arg.: Atel C†; Bemplas; Hygroton-Reserpina†; Preno-
retic; Austria: Arcablock comp; Atenolan comp; Atenolol comp; Atenoty-
rol comp†; Darebon; Polinorm; Selecturon; Tenoretic; Trasitensin; Trepress;
Belg.: Logroton; Tenoretic; Braz.: Ablok Plus; Angipress CD; Atenoclor†;
Atenoric; Atenuol CRT; Diupress; Higroton Reserpina; Tenoretic; Canad.:
Apo-Atenidone; Tenoretic; Chile: Tenoretic†; Cz.: Amicloton; Atedon†;
Atenolol Compositum†; Neocrystepin; Tenoretic; Trimecryton†; Denm.:
Tenidon; Tenoretic; Fr.: Logroton; Tenoretic; Trasitensine; Ger.: Ate Lich
comp; Atehexal comp; Atel; Ateno comp; Atenogamma comp; Atenolol
AL comp; Atenolol comp; Blocotenol comp†; Combipresan†; Darebon†;
Diu-Atenolol; duratenol comp†; Impresso†; Prelis comp; Sigabloc†; Tener-
etic; Trasitensin†; Trepress; TRI-Normin; Gr.: Apress†; Chlotenor; Hygro-
ton-Reserpine; Obosan; Tenoretic; Trasitensin; Typofen; Hong Kong: Tar-
get; Tenoret; Tenoretic; Hung.: Atenolol Comp†; Blokium Diu; India:
Atecard-D†; Catapres Diu; Tenoclor; Tenoric; Indon.: Tenoret; Tenoretic;
Irl.: Atecor CT; Atenetic; Tenoret; Tenoretic; Ital.: Atenigron; Carmian;
Clortanol; Diube; Eupres; Igroseles; Igroton-Lopresor; Igroton-Reserpina;
Target; Tenolone†; Tenoretic; Trandiur; Trasitensin; Malaysia: Apo-Ateni-
done; Logroton; Pretenol C; Target; Tenoret; Tenoretic; Mex.: Higroton-
Res; Tenoretic; Neth.: Tenoretic; Philipp.: Tenoretic; Port.: Blokium Diu†;
Tenoretic; Rus.: Atehexal Compositum (Атегексал Композитум); Tenoric
(Тенорик); Tenorox (Тенорокс); S.Afr.: Adco-Loten; Atenoblok Co†; Hy-
groton-Reserpine†; Tenchlor; Tenoretic; Singapore: Tenoret; Tenoretic;
Spain: Aldoleo; Blokium Diu; Higrotensin; Higrotona Reserpina†; Normo-
presil; Tenoretic; Trasitensin; Switz.: Atedurex; ateno-basan comp†;
Cardaxen plus; Co-Atenolol†; Cotenolol-Neo; Cotesifar†; Hygroton-Re-
serpine; Logroton; Primatenol Plus†; Sandoretic; Slow-Trasitensine; Teno-
retic; Thai.: Tenoret†; Tenoretic†; Turk.: Regroton; Tenoretic; UK: Atenix-
Co; Kalspare; Tenchlor ; Tenoret; Tenoretic; Totaretic; USA: Clorpres;
Combipres†; Demi-Regroton; Regroton; Tenoretic; Venez.: Blokiuret; Ten-
oretic.

Cibenzoline (BAN, rINN)

Cibenzolina; Cibenzolinum; Cifenline (USAN); Ro-22-7796; Ro-
22-7796/001 (cibenzoline succinate); UP-339-01. (±)-2-(2,2-
Diphenylcyclopropyl)-2-imidazoline.

Цибензолин
C18H18N2 = 262.3.
CAS — 53267-01-9 (cibenzoline); 100678-32-8 (cibenzo-
line succinate).
ATC — C01BG07.
ATC Vet — QC01BG07.

Adverse Effects and Precautions
Cibenzoline may cause neurological and gastrointestinal adverse
effects including vertigo, tremor, nausea, vomiting, and diar-
rhoea. Other adverse effects include fatigue, visual disturbances,

and hypoglycaemia. It prolongs the QT interval and, like other
antiarrhythmics, can cause arrhythmias. It also has a negative
inotropic effect and may reduce blood pressure. 
Cibenzoline is contra-indicated in patients with heart block and
severe heart failure. It should be used with caution in the elderly
and in renal impairment, and doses should be reduced.

Effects on the neuromuscular system. Myasthenia-like
symptoms have been reported1-3 in patients with renal impair-
ment taking cibenzoline, including severe respiratory depression
in some cases.2,3

1. Kasuga A, et al. Myasthenia-like syndrome induced by overdos-
age of cibenzoline. Intern Med 1996; 35: 512–14. 

2. Similowski T, et al. Neuromuscular blockade with acute respira-
tory failure in a patient receiving cibenzoline. Thorax 1997; 52:
582–4. 

3. Inada K, et al. A case of severe respiratory depression due to
cibenzoline overdosage induced by a transient renal dysfunction.
Int J Cardiol 2002; 82: 177–8.

Hypoglycaemia. Cibenzoline therapy was associated with se-
vere hypoglycaemia in a 67-year-old patient.1 The plasma-ciben-
zoline concentration was 1800 nanograms/mL which would
probably be considered toxic since the accepted therapeutic
trough range is 200 to 600 nanograms/mL. A case-control study2

also suggested that the risk of hypoglycaemia is increased by ci-
benzoline.
1. Hilleman DE, et al. Cibenzoline-induced hypoglycemia. Drug

Intell Clin Pharm 1987; 21: 38–40. 
2. Takada M, et al. The relationship between risk of hypoglycemia

and use of cibenzoline and disopyramide. Eur J Clin Pharmacol
2000; 56: 335–42.

Interactions
Cibenzoline should not be used with other drugs that prolong the
QT interval since the risk of arrhythmias may be increased.

Histamine H2-antagonists. Increased blood concentrations
and prolonged half-lives of cibenzoline occurred in healthy sub-
jects given cimetidine but the clinical importance of this was un-
known.1 The interaction did not occur with ranitidine.
1. Massarella JW. The effects of cimetidine and ranitidine on the

pharmacokinetics of cifenline. Br J Clin Pharmacol 1991; 31:
481–3.

Pharmacokinetics
Cibenzoline is well absorbed from the gastrointestinal tract after
oral use, with a bioavailability of about 90%. It is about 50 to
60% bound to plasma proteins. About 60% of a dose is excreted
unchanged in the urine and the elimination half-life is reported to
be about 7 hours.

Uses and Administration
Cibenzoline is a class I antiarrhythmic (p.1153) that has been
classified as either Ia or Ic; it also has some class III and class IV
properties. It is used in the management of ventricular and su-
praventricular arrhythmias (p.1160). Cibenzoline is given by
mouth as the succinate or intravenously as a mixture of the base
and succinate, but doses for both routes are expressed in terms of
the base; 145 mg of cibenzoline succinate is equivalent to about
100 mg of base. The usual oral dose of cibenzoline succinate is
the equivalent of 260 to 390 mg cibenzoline daily. The usual in-
travenous dose is the equivalent of 1 mg/kg cibenzoline base giv-
en over 2 to 5 minutes. Dosage should be reduced in the elderly
(below), and in renal impairment (below).

◊ Reviews.
1. Harron DW, et al. Cibenzoline: a review of its pharmacological

properties and therapeutic potential in arrhythmias. Drugs 1992;
43: 734–59.

Administration in the elderly. The renal and non-renal clear-
ance of cibenzoline was found to decrease with increasing age in
healthy subjects.1 The mean elimination half-life was 7 hours in
the 20- to 30-year age group and 10.5 hours in the 70- to 80-year
age group. The reduction in renal clearance was considered to be
related to the decrease in creatinine clearance with increasing
age. The results suggested that older patients may need lower
doses than younger patients to maintain therapeutic plasma-ci-
benzoline concentrations. Licensed product information recom-
mends a dosage of 130 mg daily in two divided doses in elderly
patients.
1. Brazzell RK, et al. Age and cibenzoline disposition. Clin Phar-

macol Ther 1984; 36: 613–19.

Administration in renal impairment. A study1 in patients
with normal or impaired renal function has suggested that in re-
nal impairment initial loading doses of cibenzoline may be
equivalent to those used in normal renal function although main-
tenance doses should be reduced to about two-thirds of normal.
Oral doses recommended in licensed product information, based
on creatinine clearance (CC), are as follows: 
• CC 20 to 40 mL/min: the equivalent of 3 mg/kg daily 
• CC 10 to 20 mL/min: the equivalent of 2.5 mg/kg daily
1. Aronoff G, et al. Bioavailability and kinetics of cibenzoline in

patients with normal and impaired renal function. J Clin Phar-
macol 1991; 31: 38–44.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Cipralan; Fr.: Cipralan; Exacor; Jpn: Cibenol.

Cicletanine (BAN, USAN, rINN) ⊗ 
(±)-BN-1270; Cicletanina; Ciclétanine; Cicletaninum; (±)-Cy-
cletanide; Win-90000. (±)-3-(p-Chlorophenyl)-1,3-dihydro-6-
methylfuro[3,4-c]pyridin-7-ol.
Циклетанин
C14H12ClNO2 = 261.7.
CAS — 89943-82-8;.
ATC — C03BX03.
ATC Vet — QC03BX03.

Cicletanine Hydrochloride (BANM, rINNM) ⊗ 
Ciclétanine, Chlorhydrate de; Cicletanini Hydrochloridum; Hid-
rocloruro de cicletanina.
Циклетанина Гидрохлорид
C14H12ClNO2,HCl = 298.2.
CAS — 89943-82-8;.
ATC — C03BX03.
ATC Vet — QC03BX03.

Profile
Cicletanine hydrochloride is a diuretic with properties similar to
those of the thiazide diuretics (see Hydrochlorothiazide, p.1307).
It is used in the treatment of hypertension (p.1171) in a usual oral
dose of 50 to 100 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Tenstaten†; Fr.: Tenstaten; Ger.: Justar.

Cilazapril (BAN, USAN, rINN)

Cilazapril monohydrát; Cilazaprilis; Cilazaprilum; Cilazaprilum
Monohydricum; Ro-31-2848 (anhydrous cilazapril); Ro-31-
2848/006 (cilazapril monohydrate); Silatsapriili; Silazapril. (1S,9S)-
9-[(S)-1-Ethoxycarbonyl-3-phenylpropylamino]-10-oxoperhy-
dropyridazino[1,2-a][1,2]diazepine-1-carboxylic acid monohy-
drate.
Цилазаприл
C22H31N3O5,H2O = 435.5.
CAS — 88768-40-5 (anhydrous cilazapr il); 92077-78-6
(cilazapr il monohydrate).
ATC — C09AA08.
ATC Vet — QC09AA08.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Cilazapril). A white or almost white crystalline
powder. Slightly soluble in water; freely soluble in dichlo-
romethane and in methyl alcohol. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Cilazapril acts as a prodrug of the diacid cilazaprilat, its
active metabolite. After oral dosage and absorption of
cilazapril it is rapidly metabolised in the liver to cilaz-
aprilat, the bioavailability of which is about 60%. Peak
plasma concentrations of cilazaprilat occur within 2
hours of an oral dose of cilazapril. Cilazaprilat is elim-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

inated unchanged in the urine. The effective half-life of
cilazaprilat is reported to be 9 hours after once-daily
dosing. The elimination of cilazaprilat is reduced in re-
nal impairment. Both cilazapril and cilazaprilat are re-
moved to a limited extent by haemodialysis.
◊ Reviews.
1. Kelly JG, O’Malley K. Clinical pharmacokinetics of the newer

ACE inhibitors: a review. Clin Pharmacokinet 1990; 19:
177–96. 

2. Kloke HJ, et al. Pharmacokinetics and haemodynamic effects of
the angiotensin converting enzyme inhibitor cilazapril in hyper-
tensive patients with normal and impaired renal function. Br J
Clin Pharmacol 1996; 42: 615–20.

Uses and Administration
Cilazapril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171) and heart failure
(p.1165). 
Cilazapril owes its activity to cilazaprilat to which it is
converted after oral doses. The haemodynamic effects
are seen within 1 hour of a single oral dose and the
maximum effect occurs after about 3 to 7 hours. The
haemodynamic action persists for about 24 hours, al-
lowing once-daily dosing. Cilazapril is given orally as
the monohydrate, but doses are expressed in terms of
the anhydrous substance. Cilazapril 1.04 mg as the
monohydrate is equivalent to about 1 mg of anhydrous
cilazapril. 
In the treatment of hypertension the initial dose is
1 mg once daily. Since there may be a precipitous fall
in blood pressure in some patients when starting thera-
py with an ACE inhibitor, the first dose should prefer-
ably be given at bedtime. Usual maintenance doses
range from 2.5 to 5 mg daily. In the elderly, in patients
with mild to moderate renal impairment, or those tak-
ing diuretics, a usual initial dose is 500 micrograms
daily. If possible the diuretic should be withdrawn 2 to
3 days before cilazapril is started and resumed later if
necessary. 
In the treatment of heart failure severe first-dose hy-
potension on introduction of an ACE inhibitor is com-
mon in patients on loop diuretics, but their temporary
withdrawal may cause rebound pulmonary oedema.
Thus therapy should be initiated with a low dose under
close medical supervision. Cilazapril is given in an in-
itial dose of 500 micrograms once daily, increased if
tolerated to a usual maintenance dose of 1 to 2.5 mg
once daily. The usual maximum dose is 5 mg daily. 
Reduced doses may be necessary in patients with renal
impairment (see below).
◊ References.
1. Deget F, Brogden RN. Cilazapril: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic potential
in cardiovascular disease. Drugs 1991; 41: 799–820.

Administration in renal impairment. In patients with a cre-
atinine clearance of 10 to 40 mL/minute, the initial dose of cila-
zapril is 500 micrograms once daily and the maintenance dose
should not exceed 2.5 mg once daily. Cilazapril should be avoid-
ed in patients with a creatinine clearance below 10 mL/minute.
In patients receiving haemodialysis, cilazapril should be given
on the non-dialysis days and the dose should be adjusted accord-
ing to response.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Inhibace; Belg.: Inhibace; Braz.: Vascase; Canad.: Inhibace;
Chile: Inhibace; Cz.: Cazaprol; Inhibace; Fr.: Justor; Ger.: Dynorm; Gr.:
Vascase; Hong Kong: Inhibace; Hung.: Inhibace; Irl.: Vascace; Israel: Vas-
cace; Ital.: Inibace; Initiss; Jpn: Inhibace; Mex.: Inhibace†; Neth.: Vascase;
NZ: Inhibace; Philipp.: Vascace; Pol.: Inhibace; Port.: Inibace; Vascase;
S.Afr.: Inhibace; Singapore: Inhibace†; Spain: Inhibace; Inocar; Swed.: In-
hibace; Switz.: Inhibace; Thai.: Inhibace; Turk.: Inhibace; UK: Vascace;
Venez.: Inhibace.

Multi-ingredient: Austria: Inhibace Plus; Belg.: Co-Inhibace; Braz.: Vas-
case Plus; Canad.: Inhibace Plus; Chile: Inhibace Plus; Cz.: Inhibace Plus;
Ger.: Dynorm Plus; Gr.: Vascase Plus; Hung.: Inhibace Plus; Israel: Vascace
Plus; Ital.: Inibace Plus; Initiss Plus; NZ: Inhibace Plus; Philipp.: Vascace
Plus; Pol.: Inhibace Plus; Port.: Inibace Plus; Vascase Plus; Rus.: Ampliton
(Амплитон); Sonoprel (Сонопрел); S.Afr.: Inhibace Plus; Spain: Inhibace
Plus; Inocar Plus; Swed.: Inhibace comp; Switz.: Inhibace Plus; Turk.: Inhi-
bace Plus.

Cilnidipine (rINN)

Cilnidipino; Cilnidipinum; FRC-8653. (±)-(E)-Cinnamyl 2-meth-
oxyethyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5-pyrid-
inedicarboxylate.
Цилнидипин
C27H28N2O7 = 492.5.
CAS — 132203-70-4.
ATC — C08CA14.
ATC Vet — QC08CA14.

Profile
Cilnidipine is a dihydropyridine calcium-channel blocker
(p.1154) given orally in the management of hypertension
(p.1171). The usual dose is 5 to 10 mg once daily, increased to
20 mg once daily if necessary.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Atelec; Cinalong; Port.: Tenvasc.

Cilostazol (BAN, USAN, pINN)

Cilostazolum; OPC-21; OPC-13013. 6-[4-(1-Cyclohexyl-1H-
tetrazol-5-yl)butoxy]-3,4-dihydrocarbostyril.
Цилостазол
C20H27N5O2 = 369.5.
CAS — 73963-72-1.

Pharmacopoeias. In Jpn and US. 
USP 31 (Cilostazol). White to off-white crystals. Practically
insoluble in water; slightly soluble in alcohol and in methyl alco-
hol; freely soluble in chloroform. Store in airtight containers.

Adverse Effects and Precautions
Adverse effects of cilostazol include headache, dizzi-
ness, palpitations, and diarrhoea; oedema, nausea and
vomiting, other cardiac arrhythmias, chest pain, rhini-
tis, ecchymosis, and skin rashes have also been report-
ed. Cardiovascular toxicity has been reported in animal
studies of cilostazol, and prolonged oral use of other
phosphodiesterase inhibitors (such as amrinone,
p.1215) for the treatment of heart failure has been asso-
ciated with increased mortality. The use of cilostazol in
patients with any degree of heart failure is therefore
contra-indicated. It is also contra-indicated in patients
with a known predisposition to bleeding, a history of
ventricular arrhythmias, QT interval prolongation, se-
vere renal impairment, or moderate to severe hepatic
impairment. Cilostazol should be avoided or used in
reduced doses in patients taking inhibitors of the cyto-
chrome P450 isoenzymes CYP3A4 or CYP2C19 (see
Interactions, below).

Interactions
Cilostazol is extensively metabolised to active and in-
active metabolites by cytochrome P450 isoenzymes,
mainly CYP3A4 and to a lesser extent CYP2C19.
Therefore use with other drugs that inhibit or are
metabolised by these hepatic enzymes may result in

changes in plasma concentrations of either drug and,
possibly, adverse effects. Cilostazol should therefore
be used with caution in patients taking drugs metabo-
lised by these enzymes; in patients taking enzyme in-
hibitors it should be avoided or a reduced dose of
50 mg twice daily should be considered.

Pharmacokinetics
Cilostazol is absorbed after oral doses and absorption
is increased if taken with a high fat meal. Cilostazol is
extensively metabolised in the liver by cytochrome
P450 isoenzymes, mainly CYP3A4 and to a lesser ex-
tent CYP2C19, to both active and inactive metabolites;
these are mainly excreted in the urine (74%) with the
remainder in the faeces (20%). The active metabolites
have apparent elimination half-lives of 11 to 13 hours.
Cilostazol is 95 to 98% protein bound.
◊ References.
1. Woo SK, et al. Pharmacokinetic and pharmacodynamic mode-

ling of the antiplatelet and cardiovascular effects of cilostazol in
healthy humans. Clin Pharmacol Ther 2002; 71: 246–52.

Uses and Administration
Cilostazol is a phosphodiesterase inhibitor with an-
tiplatelet and vasodilating activity. It is used in the
management of peripheral vascular disease (p.1178). 
The usual dose of cilostazol for the reduction of symp-
toms of intermittent claudication is 100 mg orally
twice daily, at least 30 minutes before or 2 hours after
food; doses should be reduced in patients taking en-
zyme inhibitors (see Interactions, above). Response to
treatment may occur in 2 to 4 weeks, but up to 12
weeks may be required. 
Cilostazol is under investigation for its antiplatelet ef-
fect after coronary stent implantation.
◊ Reviews.
1. El-Beyrouty C, Spinler SA. Cilostazol for prevention of throm-

bosis and restenosis after intracoronary stenting. Ann Pharmaco-
ther 2001; 35: 1108–13. 

2. Goto S. Cilostazol: potential mechanism of action for antithrom-
botic effects accompanied by a low rate of bleeding. Atheroscler
Suppl 2005; 6: 3–11. 

3. Matsumoto M. Cilostazol in secondary prevention of stroke: im-
pact of the Cilostazol Stroke Prevention Study. Atheroscler Sup-
pl 2005; 6: 33–40. 

4. Weintraub WS. The vascular effects of cilostazol. Can J Cardiol
2006; 22 (suppl B): 56B–60B. 

5. Dalainas I. Cilostazol in the management of vascular disease. Int
Angiol 2007; 26: 1–7.

Peripheral vascular disease. Intermittent claudication is a
major feature of occlusive arterial disease of the lower limbs (a
form of peripheral vascular disease, p.1178) and is characterised
by pain in the legs, which develops during exercise but usually
disappears at rest. Many drugs have been used for symptom con-
trol, but none is of established benefit. 
Several randomised, double-blind studies1-4 have shown that
cilostazol improves walking distances in patients with intermit-
tent claudication, and one study5 suggested that it was more ef-
fective than pentoxifylline. Cilostazol may therefore have a role
for symptom control in patients with intermittent claudication.6
However, long-term benefit has not been assessed4 and, since pa-
tients with intermittent claudication are at high risk of other car-
diovascular events, appropriate therapy to reduce cardiovascular
risk (p.1164) is still required.
1. Money SR, et al. Effect of cilostazol on walking distances in

patients with intermittent claudication caused by peripheral vas-
cular disease. J Vasc Surg 1998; 27: 267–75. 

2. Beebe HG, et al. A new pharmacological treatment for intermit-
tent claudication: results of a randomized, multicenter trial. Arch
Intern Med 1999; 159: 2041–50. 

3. Strandness DE, et al. Effect of cilostazol in patients with inter-
mittent claudication: a randomized, double-blind, placebo-con-
trolled study. Vasc Endovascular Surg 2002; 36: 83–91. 

4. Robless P, et al. Cilostazol for peripheral arterial disease. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2008 (accessed 19/03/08). 

5. Dawson DL, et al. A comparison of cilostazol and pentoxifylline
for treating intermittent claudication. Am J Med 2000; 109:
523–30. 

6. Crouse JR, et al. Clinical manifestation of atherosclerotic pe-
ripheral arterial disease and the role of cilostazol in treatment of
intermittent claudication. J Clin Pharmacol 2002; 42: 1291–8.

Preparations
USP 31: Cilostazol Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cibrogan; Cilostal; Cilovas; Licuagen; Pletaal; Policor; Trastocir ; Trom-
bonot; Braz.: Cebralat; Vasogard; Chile: Artesol; Ilostal; Kostal; Hong
Kong: Pletaal; India: Cilodac; Pletoz; Stiloz†; Zilast; Indon.: Aggravan; Ag-
rezol; Alista; Citaz; Naletal; Pletaal; Qital; Stazol; Jpn: Pletaal; Malaysia:
Pletaal; Philipp.: Ciletin; Pletaal; Thai.: Pletaal; UK: Pletal; USA: Pletal.
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Cinepazet Maleate (BANM, USAN, pINNM)

Cinépazet, Maléate de; Cinepazeti Maleas; Cinepazic Acid Ethyl
Ester Maleate; Maleato de cinepazet. Ethyl 4-(3,4,5-trimethoxy-
cinnamoyl)piperazin-1-ylacetate hydrogen maleate.
Цинепазета Малеат
C20H28N2O6,C4H4O4 = 508.5.
CAS — 23887-41-4 (cinepazet); 50679-07-7 (cinepazet
maleate).
ATC — C01DX14.
ATC Vet — QC01DX14.

(cinepazet)

Profile
Cinepazet maleate is a vasodilator that has been used in angina
pectoris.

Cinepazide Maleate (BANM, rINNM)

Cinépazide, Maléate de; Cinepazidi Maleas; Maleato de cinepaz-
ida; MD-67350. 1-(Pyrrolidin-1-ylcarbonylmethyl)-4-(3,4,5-tri-
methoxycinnamoyl)piperazine hydrogen maleate.
Цинепазида Малеат
C22H31N3O5,C4H4O4 = 533.6.
CAS — 23887-46-9 (cinepazide); 26328-04-1 (cinepa-
zide maleate).
ATC — C04AX27.
ATC Vet — QC04AX27.

(cinepazide)

Profile
Cinepazide maleate is a vasodilator that has been used in periph-
eral vascular disorders, but has been withdrawn from the market
in some countries after reports of agranulocytosis.

Ciprofibrate (BAN, USAN, rINN)

Ciprofibrát; Ciprofibrat; Ciprofibratas; Ciprofibrato; Ciprofibra-
tum; Siprofibraatti; Win-35833. 2-[4-(2,2-Dichlorocyclopro-
pyl)phenoxy]-2-methylpropionic acid.
Ципрофибрат
C13H14Cl2O3 = 289.2.
CAS — 52214-84-3.
ATC — C10AB08.
ATC Vet — QC10AB08.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Ciprofibrate). A white or slightly yellow, crystal-

line powder. Practically insoluble in water; freely soluble in
dehydrated alcohol; soluble in toluene. Store in airtight contain-
ers. Protect from light.

Adverse Effects and Precautions
As for Bezafibrate, p.1232.

Interactions
As for Bezafibrate, p.1232.

Pharmacokinetics
Ciprofibrate is readily absorbed from the gastrointesti-
nal tract; peak plasma concentrations occur within 1 to
4 hours. Ciprofibrate is highly protein bound. It is ex-
creted in the urine as unchanged drug and as glucuro-
nide conjugates. The elimination half-life varies from
about 38 to 86 hours in patients on long-term therapy.

Uses and Administration
Ciprofibrate, a fibric acid derivative, is a lipid regulat-
ing drug with actions on plasma lipids similar to those
of bezafibrate (p.1233). 
It is used to reduce total cholesterol and triglycerides in
the management of hyperlipidaemias (p.1169), includ-
ing type IIa, type IIb, type III, and type IV hyperlipo-
proteinaemias. The usual oral dose is 100 mg daily.
The dose should be reduced in renal impairment (see
below).
Administration in renal impairment. Ciprofibrate is con-
tra-indicated in patients with severe renal impairment. Licensed
product information suggests reducing the dose to 100 mg every
other day for patients with moderate renal impairment. 
Renal clearance of ciprofibrate was reduced and elimination
half-life about doubled in patients with severe renal impairment.1
Mild renal impairment slowed the urinary excretion of ciprofi-
brate but not its extent. The clearance of ciprofibrate was unaf-
fected by haemodialysis.
1. Ferry N, et al. The influence of renal insufficiency and haemodi-

alysis on the kinetics of ciprofibrate. Br J Clin Pharmacol 1989;
28: 675–81.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Estaprol; Belg.: Hyperlipen; Braz.: Lipless; Oroxadin; Chile: Estaprol;
Cz.: Lipanor; Fr.: Lipanor; Gr.: Savilen; Hung.: Lipanor; Indon.: Modalim;
Israel: Lipanor; Malaysia: Modalim; Mex.: Oroxadin; Neth.: Hyperlipen;
Modalim; Philipp.: Modalim; Pol.: Lipanor; Port.: Fibranin; Lipanor; Sin-
gapore: Modalim; Switz.: Hyperlipen; UK: Modalim; Venez.: Hiperlipen.

Clinofibrate (rINN)

Clinofibrato; Clinofibratum; S-8527. 2,2′-[Cyclohexylidenebis(4-
phenyleneoxy)]bis[2-methylbutyric acid].
Клинофибрат
C28H36O6 = 468.6.
CAS — 30299-08-2.

Pharmacopoeias. In Jpn.
Profile
Clinofibrate, a fibric acid derivative (see Bezafibrate, p.1232), is
a lipid regulating drug used in the treatment of hyperlipidaemias
(p.1169). The usual oral dose is 200 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Lipoclin.

Clofibrate (BAN, USAN, rINN)

AY-61123; Clofibrato; Clofibratum; Ethyl p-Chlorophenox-
yisobutyrate; Ethyl Clofibrate; ICI-28257; Klofibraatti; Klofibrát;
Klofibrat; Klofibratas; NSC-79389. Ethyl 2-(4-chlorophenoxy)-2-
methylpropionate.
Клофибрат
C12H15ClO3 = 242.7.
CAS — 637-07-0 (clofibrate); 882-09-7 (clofibr ic acid).
ATC — C10AB01.
ATC Vet — QC10AB01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clofibrate). A clear, almost colourless liquid. Very
slightly soluble in water; miscible with alcohol. 
USP 31 (Clofibrate). A colourless to pale yellow liquid with a
characteristic odour. Insoluble in water; soluble in alcohol, in
acetone, in chloroform, and in benzene. Store in airtight contain-
ers. Protect from light.

Aluminium Clofibrate (BAN, rINN)

Alufibrate; Aluminii Clofibras; Aluminium, Clofibrate d’; Alumini-
umklofibraatti; Aluminiumklofibrat; Aluminum Clofibrate; Clofi-
brato de aluminio. Bis[2-(4-chlorophenoxy)-2-methylpropion-
ato]hydroxyaluminium.

Алюминия Клофибрат
C20H21AlCl2O7 = 471.3.
CAS — 24818-79-9; 14613-01-5.
ATC — C10AB03.
ATC Vet — QC10AB03.

Calcium Clofibrate (rINN)

Calcii Clofibras; Clofibrate de Calcium; Clofibrato de calcio.

Кальция Клофибрат
C20H20CaCl2O6 = 467.4.
CAS — 39087-48-4.

Magnesium Clofibrate (rINN)

Clofibrato de magnesio; Clomag; Magnesii Clofibras; Magnésium,
Clofibrate de; UR-112.

Магния Клофибрат
C20H20Cl2MgO6 = 451.6.
CAS — 14613-30-0.

Profile
Clofibrate, a fibric acid derivative, is a lipid regulating drug with
similar properties to bezafibrate (p.1233). It is used to reduce
triglycerides and possibly total cholesterol in the management of
hyperlipidaemias (p.1169), particularly in patients with hyper-
triglyceridaemia. Because of the incidence of adverse effects
during long-term treatment it should not be used for the prophy-
laxis of ischaemic heart disease (see Adverse Effects, below). 
The usual oral dose is 2 g daily in divided doses. 
The aluminium, calcium, and magnesium salts of clofibrate have
also been used.

Adverse effects. Large-scale, long-term studies1,2 with clofi-
brate indicated that it was generally well-tolerated but that there
was an increased incidence of serious effects, including chole-
lithiasis, cholecystitis, thromboembolic disorders, and certain
cardiac arrhythmias. In one of the studies,2 an increased mortali-
ty rate was unexpectedly found in patients taking clofibrate, pro-
ducing serious concern over its long-term safety and its use is
now generally restricted; the causes of death were spread over a
range of malignant and non-malignant disorders.
1. The Coronary Drug Project Research Group. Clofibrate and ni-

acin in coronary heart disease. JAMA 1975; 231: 360–80. 
2. Oliver MF, et al. A co-operative trial in the primary prevention

of ischaemic heart disease using clofibrate. Br Heart J 1978; 40:
1069–1118.

Neonatal jaundice. Clofibrate has been used in the treatment
of jaundice in term infants1,2 and for prophylaxis in premature
infants.1 In a study1 involving 93 term infants with jaundice, clof-
ibrate 50 mg/kg as a single oral dose reduced the intensity and
duration of jaundice compared with placebo. As a prophylactic
measure, clofibrate was shown1 to reduce the degree of jaundice
in premature infants when the plasma concentration of clofibric
acid reached 140 micrograms/mL within 24 hours of an oral
dose. The dose required to achieve this was estimated to be 100
to 150 mg/kg.
1. Gabilan JC, et al. Clofibrate treatment of neonatal jaundice.

Pediatrics 1990; 86: 647–8. 
2. Mohammadzadeh A, et al. Effect of clofibrate in jaundiced term

newborns. Indian J Pediatr 2005; 72: 123–6.

Preparations
BP 2008: Clofibrate Capsules; 
USP 31: Clofibrate Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Elpi; Austria: Arterioflexin; Hong Kong: Lipilim; Port.: Atromid-S†.

Multi-ingredient: Braz.: Lipofacton.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Clonidine (BAN, USAN, rINN)

Clonidina; Clonidinum; Klonidiini; Klonidin; ST-155-BS. 2-(2,6-
Dichloroanilino)-2-imidazoline; 2,6-Dichloro-N-(imidazolidin-2-
ylidene)aniline.
Клонидин
C9H9Cl2N3 = 230.1.
CAS — 4205-90-7.
ATC — C02AC01; N02CX02; S01EA04.
ATC Vet — QC02AC01; QN02CX02; QS01EA04.

Pharmacopoeias. In US. 
USP 31 (Clonidine). A white to almost white, crystalline pow-
der. Freely soluble in alcohol and in methyl alcohol. Store in air-
tight containers.

Clonidine Hydrochloride (BANM, USAN, rINNM)

Clonidine, chlorhydrate de; Clonidini hydrochloridum; Hidro-
cloruro de clonidina; Klonidiinihydrokloridi; Klonidin-hidroklorid;
Klonidin-hydrochlorid; Klonidinhydroklorid; Klonidino hidrochlo-
ridas; Klonidyny chlorowodorek; ST-155.
Клонидина Гидрохлорид
C9H9Cl2N3,HCl = 266.6.
CAS — 4205-91-8.
ATC — C02AC01; N02CX02; S01EA04.
ATC Vet — QC02AC01; QN02CX02; QS01EA04.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Clonidine Hydrochloride). A white or almost white
crystalline powder. Soluble in water and in dehydrated alcohol.
A 5% solution in water has a pH of 4.0 to 5.0. 
USP 31 (Clonidine Hydrochloride). pH of a 5% solution in water
is between 3.5 and 5.5. Store in airtight containers at a tempera-
ture of 25°, excursions permitted between 15° and 30°.

Adverse Effects and Treatment
Drowsiness, dry mouth, dizziness, and headache are
common when starting therapy with clonidine. Consti-
pation is also common, and other adverse effects re-
ported include depression, anxiety, fatigue, nausea,
anorexia, parotid pain, sleep disturbances, vivid
dreams, impotence and loss of libido, urinary retention
or incontinence, orthostatic hypotension, and dry, itch-
ing, or burning sensations in the eye. Fluid retention
may occur and is usually transient, but may be respon-
sible for a reduction in the hypotensive effect during
continued treatment. Clonidine can cause rashes and
pruritus, and these are more common with transdermal
delivery systems. Bradycardia, including sinus brady-
cardia with AV block, other ECG disturbances, heart
failure, hallucinations, cramp, Raynaud’s syndrome,
gynaecomastia, and transient abnormalities in liver
function tests have been reported less often. Large dos-
es have been associated with initial increases in blood
pressure and transient hyperglycaemia, although these
do not persist during continued therapy. 
Symptoms of overdosage include transient hyperten-
sion or profound hypotension, bradycardia, sedation,
miosis, respiratory depression, convulsions, and coma.
Treatment consists of general supportive measures. An
alpha blocker may be given if necessary for hyperten-
sion, and atropine may be required for bradycardia and
associated hypotension. Cardiac pacing may be needed
rarely. 
Sudden withdrawal of clonidine may produce rebound
hypertension—see Precautions, below.
Effects on the gastrointestinal tract. Constipation is a rela-
tively common adverse effect of clonidine, US licensed product
information reporting an incidence of about 10%. Ileus or pseu-
do-obstruction of the bowel have been reported;1-3 withdrawal of
clonidine was associated with a return of bowel function to nor-
mal. Abdominal pain mimicking acute appendicitis occurred in
another patient; symptoms recurred on restarting the drug and
subsided on withdrawal.4
1. Davidov M, et al. The antihypertensive effects of an imidazoline

compound. Clin Pharmacol Ther 1967; 8: 810–16. 
2. Bear R, Steer K. Pseudo-obstruction due to clonidine. BMJ 1976;

1: 197. 

3. Bauer GE, Hellestrand KJ. Pseudo-obstruction due to clonidine.
BMJ 1976; 1: 769. 

4. Mjörndal T, Mellbring G. Abdominal pain associated with cloni-
dine. BMJ 1986; 292: 174.

Effects on the heart. Clonidine has been associated with im-
paired atrioventricular conduction in a few patients,1,2 although
some of these may have had underlying conduction defects and
had previously received digitalis, which may have contributed to
their condition. Other ECG abnormalities may also occur. Sud-
den death has been reported in 3 children receiving clonidine and
methylphenidate,3,4 although the significance of these reports has
been questioned.5
1. Kibler LE, Gazes PC. Effect of clonidine on atrioventricular con-

duction. JAMA 1977; 238: 1930–2. 
2. Abiuso P, Abelow G. Atrioventricular dissociation in a patient

receiving clonidine. JAMA 1978; 240: 108–9. 
3. Maloney MJ, Schwam, JS. Clonidine and sudden death. Pediat-

rics 1995; 96: 1176–7. 
4. Fenichel RR. Combining methylphenidate and clonidine: the

role of post-marketing surveillance. J Child Adolesc Psychop-
harmacol 1995; 5: 155–6. 

5. Blackman JA, et al. Clonidine and electrocardiograms. Pediat-
rics 1996; 98: 1223–4.

Effects on mental function. There have been occasional re-
ports of disturbed mental state in patients given clonidine.1-4

1. Lavin P, Alexander CP. Dementia associated with clonidine ther-
apy. BMJ 1975; 1: 628. 

2. Enoch MD, Hammad GEM. Acute hallucinosis due to clonidine.
Curr Med Res Opin 1977; 4: 670–1. 

3. Brown MJ, et al. Clonidine hallucinations. Ann Intern Med 1980;
93: 456–7. 

4. Delaney J, et al. Clonidine-induced delirium. Int J Cardiol 2006;
113: 276–8.

Effects on the skin. Skin reactions have been reported in up to
50% of patients using clonidine transdermal patches.1 Localised
erythema and irritation during early treatment are usually mild,
but allergic contact dermatitis may develop.2-4 Skin reactions
may become commoner during prolonged treatment; although
only mild skin reactions were seen in a study of transdermal clo-
nidine during 8 to 14 weeks of treatment in 15 patients, severe
skin reactions occurred after an average of 20 weeks in 4 of 5
patients who continued treatment.5 Despite a claim that skin re-
actions were due to a component in the patch and not to clonidine
itself,6 positive patch tests to clonidine have been obtained.2,4

Subsequent reaction to oral clonidine in patients who develop
skin reactions to the transdermal patch is reported to be rare.7,8

1. Carmichael AJ. Skin sensitivity and transdermal drug delivery: a
review of the problem. Drug Safety 1994; 10: 151–9. 

2. Groth H, et al. Allergic skin reactions to transdermal clonidine.
Lancet 1983; ii: 850–1. 

3. McMahon FG, Weber MA. Allergic skin reactions to transdermal
clonidine. Lancet 1983; ii: 851. 

4. Boekhorst JC. Allergic contact dermatitis with transdermal clo-
nidine. Lancet 1983; ii: 1031–2. 

5. Dick JBC, et al. Skin reactions to long-term transdermal cloni-
dine. Lancet 1987; i: 516. 

6. Anonymous. Transdermal clonidine sensitiser identified? Pharm
J 1984; 233: 16. 

7. Bigby M. Transdermal clonidine dermatitis. JAMA 1987; 258:
1819. 

8. Burris JF. Transdermal clonidine dermatitis. JAMA 1987; 258:
1819–20.

PEMPHIGOID. Anogenital cicatricial pemphigoid has been
reported1 in a patient receiving long-term clonidine therapy.
1. van Joost T, et al. Drug-induced anogenital cicatricial pemphig-

oid. Br J Dermatol 1980; 102: 715–18.

Hypersensitivity. See Effects on the Skin, above.
Overdosage. Analysis by the UK National Poisons Informa-
tion Service1 of poisoning by clonidine in 133 children and 37
adults between 1976 and 1977 revealed that there were no deaths
but clinical features were often severe. Supportive measures
were usually adequate but atropine was often needed for severe
and persistent bradycardia. Forced diuresis was not advised be-
cause hypotension could be enhanced and there was no evidence
that excretion of clonidine was increased. More recently, death
has been reported2 in a 23-month old child. 
Direct medical evaluation has been recommended3 for children
who have ingested the following amounts: 100 micrograms or
more in those aged 4 years and under; more than 200 micrograms
in those aged 5 to 8 years; and 400 micrograms or more in older
children; 4 hours may be long enough to detect full onset of
symptoms. However, others4 believe that medical evaluation is
indicated in any child who has unintentionally ingested more
than a weight-appropriate therapeutic dose. 
Although naloxone has been suggested as an antidote for cloni-
dine overdose, no reversal of the hypotensive effects of clonidine
300 micrograms was noted in 6 hypertensive subjects given
naloxone by intravenous infusion.5 In a retrospective analysis of
47 children with clonidine poisoning, only 3 of 19 given
naloxone showed definite improvement;6 it was concluded that
naloxone is at best an inconsistent antidote for clonidine poison-
ing. 
Severe symptoms of overdosage have also been reported after
the ingestion of clonidine transdermal patches,7 and following
probable subcutaneous injection during filling of an epidural
pump reservoir.8
1. Stein B, Volans GN. Dixarit overdose: the problem of attractive

tablets. BMJ 1978; 2: 667–8. 

2. Klein-Schwartz W. Trends and toxic effects from pediatric clo-
nidine exposures. Arch Pediatr Adolesc Med 2002; 156: 392–6. 

3. Spiller HA, et al. Toxic clonidine ingestion in children. J Pediatr
2005; 146: 263–6. 

4. Langhan M, Chan GM. Clonidine exposures, not toxicity. J Pedi-
atr 2006; 148: 565. 

5. Rogers JF, Cubeddu LX. Naloxone does not antagonise the anti-
hypertensive effect of clonidine in essential hypertension. Clin
Pharmacol Ther 1983; 34: 68–73. 

6. Wiley JF, et al. Clonidine poisoning in young children. J Pediatr
1990; 116: 654–8. 

7. Raber JH, et al. Clonidine patch ingestion in an adult. Ann Phar-
macother 1993; 27: 719–22. Correction. ibid.; 1143. 

8. Frye CB, Vance MA. Hypertensive crisis and myocardial infarc-
tion following massive clonidine overdose. Ann Pharmacother
2000; 34: 611–15.

Precautions
Clonidine should be used with caution in patients with
cerebrovascular disease, ischaemic heart disease in-
cluding myocardial infarction, renal impairment, oc-
clusive peripheral vascular disorders such as Ray-
naud’s disease, or those with a history of depression. 
Clonidine causes drowsiness and patients should not
drive or operate machinery where loss of attention
could be dangerous. 
Systemic effects also occur after epidural use and pa-
tients should be closely monitored, particularly during
the first few days of therapy. 
Intravenous injections of clonidine should be given
slowly to avoid a possible transient pressor effect espe-
cially in patients already taking other antihypertensives
such as guanethidine or reserpine. 
Withdrawal of clonidine therapy should be gradual
as stopping suddenly may cause rebound hypertension,
sometimes severe. Symptoms of increased catecho-
lamine release such as agitation, sweating, tachycardia,
headache, and nausea may also occur. Beta blockers
can exacerbate the rebound hypertension and if both
are being used, clonidine should not be stopped until
several days after the withdrawal of the beta blocker.
Patients should be warned of the risk of missing a dose
or stopping the drug without consulting their doctor
and should carry a reserve supply. 
Although hypotension may occur during anaesthesia in
clonidine-treated patients clonidine should not be with-
drawn; indeed, if necessary it should be given intrave-
nously during the operation to avoid the risk of re-
bound hypertension.
Abuse. Despite its central effects and ability to cause a form of
physical dependence, WHO rated the likelihood of abuse as very
low.1 However, clonidine may potentiate the psychoactive ef-
fects of morphine and abuse has been reported.2
1. WHO. WHO expert committee on drug dependence: twenty-

fifth report. WHO Tech Rep Ser 775 1989. Available at: http://
libdoc.who.int/trs/WHO_TRS_775.pdf (accessed 19/08/08) 

2. Sullivan JT, et al. Does clonidine alter the abuse potential of
morphine? Clin Pharmacol Ther 1995; 57: 163.

Diabetes mellitus. The effects of clonidine on carbohydrate
metabolism appear to be variable. Some studies suggest that it
does not affect carbohydrate metabolism in diabetic1 or non-dia-
betic hypertensive patients,2 although there has been a report of
a diabetic patient in whom clonidine was associated with elevat-
ed fasting blood-glucose values,3 and increased insulin require-
ments were noted in a diabetic child treated with clonidine for
tics.4 Conversely, clonidine was associated with severe hypogly-
caemia in children when used as a provocative test for growth
hormone deficiency (see Growth Retardation, below). However,
a study in 10 diabetic hypertensive patients found that although
clonidine impaired response to an acute glucose load, it did not
significantly affect diabetic control over a 10-week period.5
Problems may arise when clonidine is given to diabetics with au-
tonomic neuropathy: both severe orthostatic hypotension6 and
paradoxical hypertension7 have been reported. 
For discussion of the use of clonidine in diabetic diarrhoea see
below.
1. Nilsson-Ehle P, et al. Lipoproteins and metabolic control in hy-

pertensive type II diabetics treated with clonidine. Acta Med
Scand 1988; 224: 131–4. 

2. Molitch ME, et al. Effects of antihypertensive medications on
carbohydrate metabolism. Curr Ther Res 1986; 39: 398–407. 

3. Okada S, et al. Effect of clonidine on insulin secretion: a case
report. J Int Med Res 1986; 14: 299–302. 

4. Mimouni-Bloch A, Mimouni M. Clonidine-induced hyperglyc-
emia in a young diabetic girl. Ann Pharmacother 1993; 27: 980. 

5. Guthrie GP, et al. Clonidine in patients with diabetes and mild
hypertension. Clin Pharmacol Ther 1983; 34: 713–17. 

6. Moffat B. Postural hypotension induced by clonidine in insulin
dependent diabetes. BMJ 1985; 290: 822. 

7. Young E, et al. Paradoxical hypertension from clonidine. Ann
Intern Med 1984; 101: 282–3.
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ECT. Maximal ECT stimuli were unsuccessful in producing sei-
zures in 4 of 7 treatment attempts in a 66-year-old patient receiv-
ing clonidine.1 It was suggested that clonidine may elevate the
seizure threshold.
1. Elliott RL. Case report of a potential interaction between cloni-

dine and electroconvulsive therapy. Am J Psychiatry 1983; 140:
1237–8.

Porphyria. Clonidine hydrochloride has been associated with
acute attacks of porphyria and is considered unsafe in porphyric
patients.

Interactions
The hypotensive effect of clonidine may be enhanced
by diuretics, other antihypertensives, and drugs that
cause hypotension. However, beta blockers may exac-
erbate rebound hypertension following clonidine with-
drawal (see Precautions, above), and tricyclic antide-
pressants may antagonise the hypotensive effect. The
sedative effect of clonidine may be enhanced by CNS
depressants.
Antidepressants. Although tricyclic antidepressants com-
monly cause orthostatic hypotension, they may antagonise the
hypotensive effects of clonidine. Blood pressure control was lost
in 4 of 5 hypertensive patients taking clonidine and a diuretic
when they were given desipramine 75 mg daily.1 Increase in
blood pressure generally occurred in the second week of treat-
ment, but 1 patient had a dramatic rise in blood pressure within
24 hours of starting treatment. The mechanism is thought to be
due to a central interaction between clonidine and the tricyclic
antidepressant, although a peripheral effect cannot be completely
excluded.2 Loss of blood pressure control also occurred in a pa-
tient receiving guanfacine, another alpha2-adrenoceptor agonist,
when amitriptyline was given.3 The reaction recurred with imi-
pramine. However, in another study clonidine was given to 11
patients taking amitriptyline or imipramine, and 10 achieved
good blood pressure control, although 4 developed an acute rise
in blood pressure when methyldopa or guanethidine was added.4
Maprotiline5 or mianserin6 do not appear to interact with cloni-
dine.
1. Briant RH, et al. Interaction between clonidine and desipramine

in man. BMJ 1973; 1: 522–3. 
2. van Spanning HW, van Zwieten PA. The interference of tricyclic

antidepressants with the central hypotensive effect of clonidine.
Eur J Pharmacol 1973; 24: 402–4. 

3. Buckley M, Feely J. Antagonism of antihypertensive effect of
guanfacine by tricyclic antidepressants. Lancet 1991; 337:
1173–4. 

4. Raftos J, et al. Clonidine in the treatment of severe hypertension.
Med J Aust 1973; 1: 786–93. 

5. Gundert-Remy U, et al. Lack of interaction between the tetracy-
clic antidepressant maprotiline and the centrally acting antihy-
pertensive drug clonidine. Eur J Clin Pharmacol 1983; 25:
595–9. 

6. Elliott HL, et al. Absence of an effect of mianserin on the actions
of clonidine or methyldopa in hypertensive patients. Eur J Clin
Pharmacol 1983; 24: 15–19.

Antipsychotics. Acute, severe hypotension occurred in 2 agi-
tated hypertensive patients after use of clonidine with either chlo-
rpromazine or haloperidol. Both patients had mitral insufficien-
cy.1
1. Fruncillo RJ, et al. Severe hypotension associated with concur-

rent clonidine and antipsychotic medication. Am J Psychiatry
1985; 142: 274.

Dopaminergic antiparkinsonian drugs. For a report of the
inhibition of the therapeutic effect of levodopa by clonidine, see
Antihypertensives, p.807.
Immunosuppressants. For a report of clonidine increasing
whole blood-ciclosporin concentrations, see p.1827.

Pharmacokinetics
Clonidine is well absorbed from the gastrointestinal
tract, and peak plasma concentrations occur about 3 to
5 hours after an oral dose. It is about 20 to 40% protein
bound. About 50% of a dose is metabolised in the liver.
It is excreted in the urine as unchanged drug and
metabolites, 40 to 60% of an oral dose being excreted
in 24 hours as unchanged drug; about 20% of a dose is
excreted in the faeces, probably via enterohepatic cir-
culation. The elimination half-life has been variously
reported to range between 6 and 24 hours, extended to
up to 41 hours in patients with renal impairment. Clo-
nidine crosses the placenta and is distributed into breast
milk. 
It is absorbed through the skin; absorption is reported
to be better from the chest or arm than from the thigh.
Therapeutic plasma concentrations are achieved 2 or 3
days after application of a transdermal patch and are
roughly equivalent to trough concentrations achieved
after oral dosage. Therapeutic plasma concentrations

are maintained for about 8 hours after removal of the
delivery system and then decline slowly over several
days.
◊ Reviews.
1. Lowenthal DT, et al. Clinical pharmacokinetics of clonidine.

Clin Pharmacokinet 1988; 14: 287–310.

Pregnancy. A study in 5 pregnant women treated with cloni-
dine for pre-eclampsia1 reported an average ratio of cord- to plas-
ma-concentrations of 0.87, indicating placental transfer of cloni-
dine.
1. Boutroy MJ, et al. Clonidine placental transfer and neonatal

adaption. Early Hum Dev 1988; 17: 275–86.

Uses and Administration
Clonidine is an imidazoline antihypertensive that ap-
pears to act centrally to reduce sympathetic tone, re-
sulting in a fall in diastolic and systolic blood pressure
and a reduction in heart rate. The exact mechanism is
unclear; clonidine stimulates alpha2 adrenoceptors and
central imidazoline receptors, but it is not known
which receptors mediate which effects. It also acts pe-
ripherally, and this peripheral activity may be responsi-
ble for the transient increase in blood pressure seen
during rapid intravenous injection as well as contribut-
ing to the hypotensive effect during chronic use. Pe-
ripheral resistance is reduced during continuous treat-
ment. Cardiovascular reflexes remain intact so
orthostatic hypotension is uncommon. 
Clonidine is used in the management of hypertension
(p.1171), including hypertensive crises, although other
drugs with fewer adverse effects are now generally
preferred. It may be given with a thiazide diuretic, but
use with a beta blocker should be avoided where pos-
sible. Clonidine has also been used in the prophylactic
treatment of migraine or recurrent vascular headaches
(but see below) and in the treatment of menopausal
flushing. It is used with opioids in the management of
cancer pain and has been tried for various other forms
of pain (below). Other uses of clonidine have included
the symptomatic treatment of opioid withdrawal (see
under Substance Dependence, below), the diagnosis of
phaeochromocytoma (below), and as eye drops in the
management of glaucoma (p.1873). It has also been
tried in Tourette’s syndrome (below) and numerous
other disorders. 
Clonidine is used as the hydrochloride. When given
orally, its haemodynamic effects appear in about 30 to
60 minutes, reaching a maximum after 2 to 4 hours and
lasting up to 8 hours. Tolerance to clonidine has been
reported. Withdrawal of clonidine should be gradual
because of the risk of rebound hypertension. 
In hypertension, the usual initial oral dose of clonidine
hydrochloride is 50 to 100 micrograms three times dai-
ly (or in the USA, 100 micrograms twice daily), in-
creased every second or third day according to re-
sponse; the usual maintenance dose is 300 to
1200 micrograms daily but doses of 1800 micrograms
or more daily may sometimes be required. Modified-
release preparations have been used. Clonidine may
also be given by transdermal delivery systems that are
applied once a week and deliver 100 to 300 micrograms
of clonidine base daily at a constant rate. 
Clonidine hydrochloride may be given by slow intra-
venous injection over 10 to 15 minutes in hypertensive
crises, usually in doses of 150 to 300 micrograms. The
effect usually appears within 10 minutes, but transient
hypertension may precede hypotension if the injection
is given too rapidly. The hypotensive effect reaches a
maximum about 30 to 60 minutes after injection and
the duration is about 3 to 7 hours; up to 750 micrograms
may be given intravenously over 24 hours. Although
oral dosage does not produce a sufficiently rapid hypo-
tensive effect for use in an emergency situation, a dose
of 100 to 200 micrograms initially followed by 50 to
100 micrograms every hour until control of blood pres-
sure is  achieved or a maximum of 500 to
800 micrograms is reached, has been recommended
for the control of severe hypertension. 

In the prophylaxis of migraine or recurrent vascular
headaches and in the treatment of menopausal flush-
ing, an oral dose of 50 micrograms twice daily has
been used, increased, if there is no remission after 2
weeks, to 75 micrograms twice daily. 
In the management of severe cancer pain, clonidine
hydrochloride may be given by continuous epidural in-
fusion with an opioid, in an initial dose of
30 micrograms/hour, adjusted according to response.
Anxiety disorders. Clonidine has been tried in various anxiety
disorders but evidence of efficacy is limited. A review1 of its use
in panic disorder (p.952) considered that it might be useful as a
last-line anxiolytic in patients unresponsive to standard treatment
as occasional success had been obtained in a few patients. There
have also been isolated reports of small numbers of patients with
post-traumatic stress disorder (p.953) who have benefited from
clonidine.2 
For mention of clonidine as an adjuvant to sedative drugs in the
intensive care unit see p.957.
1. Puzantian T, Hart LL. Clonidine in panic disorder. Ann Pharma-

cother 1993; 27: 1351–3. 
2. Harmon RJ, Riggs PD. Clonidine for posttraumatic stress disor-

der in preschool children. J Am Acad Child Adolesc Psychiatry
1996; 35: 1247–9.

Cardiac arrhythmias. Atrial fibrillation (p.1160) is managed
by treatment to slow the increased ventricular responses or by
cardioversion. Control of ventricular rate is usually achieved
with digoxin, beta blockers, or calcium-channel blockers but clo-
nidine, which reduces sympathetic tone and thus reduces heart
rate, has also been tried.1-3

1. Roth A, et al. Clonidine for patients with rapid atrial fibrillation.
Ann Intern Med 1992; 116: 388–90. 

2. Scardi S, et al. Oral clonidine for heart rate control in chronic
atrial fibrillation. Lancet 1993; 341: 1211–12. 

3. Simpson CS, et al. Clinical assessment of clonidine in the treat-
ment of new-onset rapid atrial fibrillation; a prospective, rand-
omized clinical trial. Am Heart J 2001; 142: e3.

Diarrhoea. Some studies have shown that clonidine possesses
antidiarrhoeal properties. Clonidine may stimulate alpha2 adren-
oceptors on enterocytes thus promoting fluid and electrolyte ab-
sorption and inhibiting anion secretion. It may also modify intes-
tinal motility or rectal sphincter tone. 
Most experience with clonidine is in diabetic diarrhoea (see Di-
abetic Complications, p.433). Clonidine 100 to 600 micrograms
by mouth every 12 hours reduced diabetic diarrhoea in 3 patients
with type 1 diabetes1 and good results have also been reported in
such patients when transdermal clonidine was used.2,3 Benefit
has also been reported in patients with symptoms of diabetic gas-
troparesis in addition to diarrhoea.3,4 However, oral (but perhaps
not transdermal) clonidine may worsen orthostatic hypotension
in patients with diabetic diarrhoea and this may limit its useful-
ness.5 Clonidine has also been tried in patients with high intesti-
nal output after small bowel transplantation6 or jejunostomy,7
and in diarrhoea-predominant irritable bowel syndrome8 or for
the gastrointestinal effects of opioid withdrawal.9
1. Fedorak RN, et al. Treatment of diabetic diarrhea with clonidine.

Ann Intern Med 1985; 102: 197–9. 
2. Sacerdote A. Topical clonidine for diabetic diarrhea. Ann Intern

Med 1986; 105: 139. 
3. Sacerdote AS. Topical clonidine and diabetic gastroparesis. Ann

Intern Med 1990; 112: 796. 
4. Migliore A, et al. Diabetic diarrhea and clonidine. Ann Intern

Med 1988; 109: 170–1. 
5. Ogbonnaya KI, Arem R. Diabetic diarrhea: pathophysiology, di-

agnosis, and management. Arch Intern Med 1990; 150: 262–7. 
6. Rovera G, et al. The use of clonidine for the treatment of high

intestinal output following small bowel transplantation. Trans-
plant Proc 1997; 29: 1853–4. 

7. Buchman AL, et al. Clonidine reduces diarrhea and sodium loss
in patients with proximal jejunostomy: a controlled study. J
Parenter Enteral Nutr 2006; 30: 487–91. 

8. Camilleri M, et al. A randomized, controlled exploratory study
of clonidine in diarrhea-predominant irritable bowel syndrome.
Clin Gastroenterol Hepatol 2003; 1: 111–21. 

9. Ma H, et al. The effect of clonidine on gastrointestinal side ef-
fects associated with ultra-rapid opioid detoxification. Anesth
Analg 2003; 96: 1409–12.

Extrapyramidal disorders. There is limited evidence1 from
small studies that clonidine might reduce symptoms of antipsy-
chotic-induced akathisia and tardive dyskinesia (p.971). Howev-
er, adverse effects such as sedation and hypotension may limit
use.
1. Ahmed I, Takeshita J. Clonidine: a critical review of its role in

the treatment of psychiatric disorders. CNS Drugs 1996; 6:
53–70.

Growth retardation. Clonidine has been reported to be a
stimulant of growth hormone release, presumably as a result of
central alpha-adrenergic stimulation, and has been tried in the di-
agnosis and management of growth retardation (p.1798). It may
be given orally as a provocative test for growth hormone defi-
ciency,1,2 particularly in children,3 although some consider meas-
urement of circulating somatomedins (insulin-like growth fac-
tors; IGFs) to be more useful than provocative tests. A
combination of both may be required to confirm diagnosis;4

guidelines have been suggested.5 Caution is required when per-
forming the test in children since severe hypoglycaemia has been



Clonidine    1249

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

reported.6 Clonidine has also been tried in the treatment of
growth retardation, both in children with growth hormone defi-
ciency and in short children without proven deficiency, but re-
sults have been contradictory and largely unsatisfactory.7-9

1. Gil-Ad I, et al. Oral clonidine as a growth hormone stimulation
test. Lancet 1979; ii: 278–80. 

2. Hoffman WH, et al. Relationship of plasma clonidine to growth
hormone concentrations in children and adolescents. J Clin
Pharmacol 1989; 29: 538–42. 

3. Hindmarsh PC, Swift PGF. An assessment of growth hormone
provocation tests. Arch Dis Child 1995; 72: 362–8. 

4. Cianfarani S, et al. Height velocity and IGF-I assessment in the
diagnosis of childhood onset GH insufficiency: do we still need
a second GH stimulation test? Clin Endocrinol (Oxf) 2002; 57:
161–7. 

5. Evans C, Gregory JW. The investigation of short stature: a sur-
vey of practice in Wales and suggested practical guidelines. J
Clin Pathol 2004; 57: 126–30. 

6. Huang C, et al. Hypoglycemia associated with clonidine testing
for growth hormone deficiency. J Pediatr 2001; 139: 323–4. 

7. Pintor C, et al. Clonidine treatment for short stature. Lancet;
1987; i: 1226–30. 

8. Pescovitz OH, Tan E. Lack of benefit of clonidine treatment for
short stature in a double-blind, placebo-controlled trial. Lancet
1988; ii: 874–7. 

9. Allen DB. Effects of nightly clonidine administration on growth
velocity in short children without growth hormone deficiency: a
double-blind, placebo-controlled study. J Pediatr 1993; 122:
32–6.

Hyperactivity. Drug treatment of attention deficit hyperactivi-
ty disorder (ADHD, p.2148) is usually begun with a central stim-
ulant; clonidine has been tried mainly as an adjunct to stimulant
therapy. A meta-analysis1 of clonidine used to treat this disorder
occurring alone or with other conditions, including tic disorders
(see Tourette’s Syndrome, below), concluded that clonidine may
be a useful second-line treatment but is less effective than stimu-
lants and is associated with many adverse effects. There have
been reports2 of sudden death when clonidine has been used with
stimulants, but the role of the drugs in these events is unclear. A
study3 in children with both ADHD and Tourette’s syndrome
found that clonidine used with methylphenidate was more effec-
tive than either drug alone, and only 1 child had evidence of ad-
verse cardiac effects. Others have since reported on the efficacy4

and safety5 of clonidine in ADHD, alone or with methylpheni-
date. 
Clonidine has also been tried in the management of children with
disturbed behaviour (p.954).
1. Connor DF, et al. A meta-analysis of clonidine for symptoms of

attention-deficit hyperactivity disorder. J Am Acad Child Ado-
lesc Psychiatry 1999; 38: 1551–9. 

2. Fenichel RR. Combining methylphenidate and clonidine: the
role of post-marketing surveillance. J Child Adolesc Psychop-
harmacol 1995; 5: 155–6. 

3. The Tourette’s Syndrome Study Group. Treatment of ADHD in
children with tics: a randomized controlled trial. Neurology
2002; 58: 527–36. 

4. Palumbo DR, et al. Clonidine for attention-deficit/hyperactivity
disorder: I. Efficacy and tolerability outcomes. J Am Acad Child
Adolesc Psychiatry 2008; 47: 180–8. 

5. Daviss WB, et al. Clonidine for attention-deficit/hyperactivity
disorder: II. ECG changes and adverse events analysis. J Am
Acad Child Adolesc Psychiatry 2008; 47: 189–98.

Menopausal disorders. Although HRT is the mainstay of
treatment for menopausal disorders (p.2077) clonidine has been
of some use in countering vasomotor symptoms in patients who
cannot use HRT;1,2 however, some studies have failed to show a
reduction in hot flushes. The adverse effects reported in normo-
tensive women, including orthostatic hypotension, may mean
that it is best reserved for women who are also hypertensive. 
Clonidine has also been tried3 for hot flushes in women receiving
tamoxifen.
1. Young RL, et al. Management of menopause when estrogen can-

not be used. Drugs 1990; 40: 220–30. 
2. Lucero MA, McCloskey WW. Alternatives to estrogen for the

treatment of hot flashes. Ann Pharmacother 1997; 31: 915–17. 
3. Pandya KJ, et al. Oral clonidine in postmenopausal patients with

breast cancer experiencing tamoxifen-induced hot flashes: a
University of Rochester Cancer Center Community Clinical On-
cology Program study. Ann Intern Med 2000; 132: 788–93.

Migraine. Propranolol is probably the most well established
drug for prophylaxis of migraine (p.616). Many other drugs have
been used, including clonidine, but a review of clinical studies1

indicated that it was a poor first choice and seemed unlikely to
work even as a last resort. It has been used in patients whose
attacks may be precipitated by tyramine-containing foods.
1. Anonymous. Clonidine in migraine prophylaxis—now obsolete.

Drug Ther Bull 1990; 28: 79–80.

Orthostatic hypotension. Paradoxically, clonidine has pro-
duced beneficial effects in a few patients with orthostatic hypo-
tension (p.1530), including that due to autonomic neuropathy1

and that possibly due to brimonidine and betaxolol eye drops in
a hypertensive woman with glaucoma;2 clonidine improved both
the orthostatic hypotension and the supine hypertension.
1. Acott PD, et al. Effectiveness of clonidine in congenital orthos-

tatic hypotension. J Pediatr 1990; 116: 666–7. 
2. Brahmbhatt R, et al. Normalization of blood pressure in a patient

with severe orthostatic hypotension and supine hypertension us-
ing clonidine. Hypertension 2001; 37: e24.

Pain. Giving opioids and local anaesthetics by the epidural or
intrathecal routes can produce effective analgesia but adverse ef-
fects are common. Many other drugs, including clonidine, have

been tried by these routes, alone or as adjuncts. Clonidine is
thought to produce analgesia by a direct action on alpha2 adren-
oceptors in the spinal cord. It has been used in various types of
pain, such as postoperative pain (p.4), labour pain (p.7), and the
pain associated with cancer (p.5), particularly neuropathic pain
(p.8). It has been used alone but is more usually given with local
anaesthetics and/or opioids; it has been given by various routes
including epidural, intrathecal, intravenous, intramuscular, oral,
and transdermal use. An early meta-analysis1 of postoperative
epidural use of clonidine was unable to reach a conclusion owing
to the large number of variables. Two subsequent systematic re-
views considered that addition of clonidine to intermediate-act-
ing local anaesthetics improved their activity in certain peripher-
al nerve blocks,2 and that adding clonidine to intrathecal local
anaesthetics reduced intra-operative pain, although it increased
the risk of hypotension.3 However, the role and appropriate dos-
age of clonidine in local anaesthesia remained unclear.2,3 For fur-
ther discussion of pain and its management, see p.2. See also Pre-
medication, below.
1. Armand S, et al. Meta-analysis of the efficacy of extradural clo-

nidine to relieve postoperative pain: an impossible task. Br J
Anaesth 1998; 81: 126–34. 

2. McCartney CJL, et al. Should we add clonidine to local anesthet-
ic for peripheral nerve blockade? A qualitative systematic re-
view of the literature. Reg Anesth Pain Med 2007; 32: 330–8. 

3. Elia N, et al. Clonidine as an adjuvant to intrathecal local anes-
thetics for surgery: systematic review of randomized trials. Reg
Anesth Pain Med 2008; 33: 159–67.

Phaeochromocytoma. Clonidine acts centrally to suppress
catecholamine release and may be used1 in the diagnosis of phae-
ochromocytoma (p.1179). Experience gained with the clonidine
suppression test and a review of published studies indicated that
it is of value in selected patients with moderately elevated plasma
and/or urinary catecholamine concentrations.2
1. Bravo EL, et al. Clonidine-suppression test: a useful aid in the

diagnosis of pheochromocytoma. N Engl J Med 1981; 305:
623–6. 

2. Lenz T, et al. Clonidine suppression test revisited. Blood Pres-
sure 1998; 7: 153–9.

Premedication. Clonidine has been given pre-operatively for
its sedative, anxiolytic, and analgesic effects (see also Pain,
above), and to provide haemodynamic stability and reduce
anaesthetic requirements; it is often given orally, although other
routes such as intranasal and intravenous have also been tried. It
has often been tried in children,1 in whom pre-operative use has
also been reported to reduce postoperative vomiting2 (similar re-
sults have been reported in adult women3). Clonidine may atten-
uate the perioperative stress response and has been shown to re-
duce perioperative oxygen consumption, which is a marker of
sympathetic activation.4 It may also reduce the risk of periopera-
tive myocardial ischaemia.5
1. Bergendahl H, et al. Clonidine in paediatric anaesthesia: review

of the literature and comparison with benzodiazepines for pre-
medication. Acta Anaesthesiol Scand 2006; 50: 135–43. 

2. Mikawa K, et al. Oral clonidine premedication reduces vomiting
in children after strabismus surgery. Can J Anaesth 1995; 42:
977–81. 

3. Oddby-Muhrbeck E, et al. Effects of clonidine on postoperative
nausea and vomiting in breast cancer surgery. Anesthesiology
2002; 96: 1109–14. 

4. Taittonen MT, et al. Effect of clonidine and dexmedetomidine
premedication on perioperative oxygen consumption and
haemodynamic state. Br J Anaesth 1997; 78: 400–406. 

5. Nishina K, et al. Efficacy of clonidine for prevention of periop-
erative myocardial ischemia: a critical appraisal and meta-anal-
ysis of the literature. Anesthesiology 2002; 96: 323–9.

Restless legs syndrome. Numerous drugs have been tried for
the treatment of restless legs syndrome (see Sleep-associated
Movement Disorders, p.958). Symptomatic improvement has
been reported with clonidine in a number of case studies1,2 and
small controlled trials,3 but adverse effects may limit its use.
1. Handwerker JV, Palmer RF. Clonidine in the treatment of "rest-

less leg" syndrome. N Engl J Med 1985; 313: 1228–9. 
2. Zoe A, et al. High-dose clonidine in a case of restless legs syn-

drome. Ann Pharmacother 1994; 28: 878–81. 
3. Wagner ML, et al. Randomized, double-blind, placebo-control-

led study of clonidine in restless legs syndrome. Sleep 1996; 19:
52–8.

Shivering. Numerous drugs, including clonidine, have been
tried for the treatment of postoperative shivering (p.1779). Clo-
nidine’s central and peripheral effects could both account for its
antishivering activity, but some have suggested that it acts by re-
setting the central threshold temperature for shivering. Several
studies1-3 have suggested that clonidine is effective for the treat-
ment of postoperative shivering. Typical doses of 75 to
150 micrograms intravenously have been used. Clonidine given
intra-operatively,4-7 including to neurosurgical patients after mild
hypothermia,8 has also been reported to reduce the incidence of
postoperative shivering. However, one study9 has found ne-
fopam to be superior to clonidine for prevention of postoperative
shivering.
1. Joris J, et al. Clonidine and ketanserin both are effective treat-

ment for postanesthetic shivering. Anesthesiology 1993; 79:
532–9. 

2. Capogna G, Celleno D. IV clonidine for post-extradural shiver-
ing in parturients: a preliminary study. Br J Anaesth 1993; 71:
294–5. 

3. Schwarzkopf KRG, et al. A comparison between meperidine,
clonidine and urapidil in the treatment of postanesthetic shiver-
ing. Anesth Analg 2001; 92: 257–60. 

4. Steinfath M, et al. Clonidine administered intraoperatively pre-
vents postoperative shivering. Br J Clin Pharmacol 1995; 39:
580P–581P. 

5. Vanderstappen I, et al. The effect of prophylactic clonidine on
postoperative shivering: a large prospective double-blind study.
Anaesthesia 1996; 51: 351–5. 

6. Sia S. I.v. clonidine prevents post-extradural shivering. Br J
Anaesth 1998; 81: 145–6. 

7. Piper SN, et al. A comparison of urapidil, clonidine, meperidine
and placebo in preventing postanesthetic shivering. Anesth An-
alg 2000; 90: 954–7. 

8. Stapelfeldt C, et al. Intraoperative clonidine administration to
neurosurgical patients. Anesth Analg 2005; 100: 226–32. 

9. Piper SN, et al. A comparison of nefopam and clonidine for the
prevention of postanaesthetic shivering: a comparative, double-
blind and placebo-controlled dose-ranging study. Anaesthesia
2004; 59: 559–64.

Spasticity. Clonidine, given alone or as an adjunct to baclofen,
has been tried in patients with various forms of spasticity
(p.1887) including those refractory to baclofen.1-5

1. Nance PW, et al. Clonidine in spinal cord injury. Can Med Assoc
J 1985; 133: 41–2. 

2. Donovan WH, et al. Clonidine effect on spasticity: a clinical tri-
al. Arch Phys Med Rehabil 1988; 69: 193–4. 

3. Sandford PR, et al. Clonidine in the treatment of brainstem spas-
ticity: case report. Am J Phys Med Rehabil 1992; 71: 301–3. 

4. Middleton JW, et al. Intrathecal clonidine and baclofen in the
management of spasticity and neuropathic pain following spinal
cord injury: a case study. Arch Phys Med Rehabil 1996; 77:
824–6. 

5. Lubsch L, et al. Oral baclofen and clonidine for treatment of
spasticity in children. J Child Neurol 2006; 21: 1090–2.

Substance dependence. ALCOHOL. Although drug treat-
ment of alcohol withdrawal (p.1626) is usually with a benzo-
diazepine, clonidine has shown benefit1 in mild to moderate
withdrawal, although it has no effect on convulsions or delir-
ium tremens and should not be used as sole therapy. It may be
considered with a benzodiazepine when opioid withdrawal is
also taking place.
1. Mayo-Smith MF, et al. Pharmacological management of alcohol

withdrawal: a meta-analysis and evidence-based practice guide-
line. JAMA 1997; 278: 144–51.

OPIOID ANALGESICS. Clonidine has been reported to be useful
in controlling withdrawal symptoms after abrupt withdrawal
of opioids (p.101). However, a systematic review1 of the use
of alpha2-adrenoceptor agonists, including clonidine, con-
cluded that, for gradual withdrawal, they were no more effec-
tive than reducing doses of methadone over a period of
around 10 days, and patients experienced more adverse ef-
fects and stopped treatment sooner with clonidine. Clonidine
is usually given orally in three or four divided doses to a max-
imum of 1 mg daily. 
Clonidine has also been used with naltrexone to shorten the with-
drawal syndrome, allowing withdrawal to be achieved within 6
days.2 Subsequent modification to the regimen allowed 38 of 40
patients addicted to methadone to withdraw completely in 4 to 5
days.3 Patients required a mean of 2.3 mg of clonidine on the first
day which reduced, but did not abolish, symptoms. A further
modification was reported allowing opioid withdrawal with min-
imal drop-out over 2 to 3 days.4 
Clonidine has also been used in the management of neonatal ab-
stinence syndrome (p.102) in infants born to opioid-addicted
mothers maintained on methadone.5,6 Benefit occurred in 6 of 7
such infants given an initial clonidine dose of 0.5 to
1 microgram/kg orally, increased over 1 to 2 days to 3 to
5 micrograms/kg daily in divided doses. Total length of treat-
ment ranged from 6 to 17 days. The infant who failed to respond
was born to a mother also given haloperidol, desipramine, and
theophylline.6 However, a systematic review7 found insufficient
evidence to support the use of clonidine in the management of
neonatal abstinence syndrome.
1. Gowing L, et al. Alpha2 adrenergic agonists for the management

of opioid withdrawal. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2004 (ac-
cessed 26/09/05). 

2. Charney DS, et al. Clonidine and naltrexone: a safe, effective,
and rapid treatment of abrupt withdrawal from methadone ther-
apy. Arch Gen Psychiatry 1982; 39: 1327–32. 

3. Charney DS, et al. The combined use of clonidine and naltrexone
as a rapid, safe, and effective treatment of abrupt withdrawal
from methadone. Am J Psychiatry 1986; 143: 831–7. 

4. Brewer C, et al. Opioid withdrawal and naltrexone induction in
48-72 hours with minimal drop-out, using a modification of the
naltrexone-clonidine technique. Br J Psychiatry 1988; 153:
340–3. 

5. Hoder EL, et al. Clonidine in neonatal narcotic-abstinence syn-
drome. N Engl J Med 1981; 305: 1284. 

6. Hoder EL, et al. Clonidine treatment of neonatal narcotic absti-
nence syndrome. Psychiatry Res 1984; 13: 243–51. 

7. Osborn DA, et al. Sedatives for opiate withdrawal in newborn
infants. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
03/03/06).

SMOKING. Nicotine dependence may be managed using behav-
ioural or psychological counselling. In addition, nicotine re-
placement therapy (see Smoking Cessation, p.2354) can help
alleviate withdrawal symptoms. A number of other drugs, in-
cluding clonidine, have also been tried. A systematic review1

found clonidine given in doses of 200 to 400 micrograms
daily orally or the equivalent transdermally to be effective;
however adverse effects limit its usefulness and clonidine
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should be reserved for second-line treatment under close
medical supervision in those who experience severe agitation
and anxiety when stopping smoking. 
Some individual studies have found clonidine to be more effec-
tive in women although the authors of the systematic review1

recommended that these results be interpreted cautiously since
some studies also found that women were less successful in giv-
ing up smoking unaided than men; treatment with clonidine,
however, resulted in similar success rates in both men and wom-
en.
1. Gourlay SG, et al. Clonidine for smoking cessation. Available in

The Cochrane Database of Systematic Reviews; Issue 3. Chich-
ester: John Wiley; 2004 (accessed 26/09/05).

Tourette’s syndrome. Clonidine is one of many drugs that
have been tried in the management of Tourette’s syndrome (see
Tics, p.954). 
Disturbance of monoamine metabolism (including dopamine,
noradrenaline, and serotonin) has been implicated in Tourette’s
syndrome. Clonidine is thought to reduce central noradrenergic
activity and may also affect other neurochemical systems, and
these properties may account for its beneficial effects in this dis-
order. Studies of clonidine in Tourette’s syndrome have produced
mixed results,1-5 although this may reflect the difficulty in study
design for a disease that can vary considerably in severity and
presence of comorbid conditions and whose symptoms wax and
wane. A retrospective study6 in juvenile patients given clonidine
suggested that those showing improvement in the attention defi-
cit hyperactivity disorder associated with Tourette’s syndrome
had previously had a longer duration of vocal tics; older children
had a better overall response than younger children, who tended
to suffer more from clonidine-induced drowsiness. However, no
predictors of response could be identified. Nevertheless, cloni-
dine is increasingly favoured for first-line treatment in patients
with mild to moderate symptoms, because of a relative lack of
serious adverse effects when compared to the commonly used
antipsychotics pimozide and haloperidol, although exacerbation
of tics and a marked sensation of heat have been reported7 in one
patient. Clonidine has also been reported to successfully control
symptoms in some children with Tourette’s syndrome unrespon-
sive to haloperidol.1 
Clonidine has also been used with stimulants in children with
Tourette’s syndrome and attention deficit hyperactivity disorder,
although there have been concerns about the toxicity of such
combinations (see Hyperactivity, above).
1. Cohen DJ, et al. Clonidine in Tourette’s syndrome. Lancet 1979;

ii: 551–3. 
2. Shapiro AK, et al. Treatment of Gilles de la Tourette’s syndrome

with clonidine and neuroleptics. Arch Gen Psychiatry 1983; 40:
1235–40. 

3. Leckman JF, et al. Short- and long-term treatment of Tourette’s
syndrome with clonidine: a clinical perspective. Neurology
1985; 35: 343–51. 

4. Goetz CG, et al. Clonidine and Gilles de la Tourette’s syndrome:
double-blind study using objective rating methods. Ann Neurol
1987; 21: 307–10. 

5. Leckman JF, et al. Clonidine treatment of Gilles de la Tourette’s
syndrome. Arch Gen Psychiatry 1991; 48: 324–8. 

6. Lichter DG, Jackson LA. Predictors of clonidine response in
Tourette syndrome: implications and inferences. J Child Neurol
1996; 11: 93–7. 

7. Kessler AR. Clonidine treatment increases tics in patients with
Tourette syndrome: case report. J Child Neurol 2001; 16: 380–1.

Preparations
BP 2008: Clonidine Injection; Clonidine Tablets; 
USP 31: Clonidine Hydrochloride and Chlorthalidone Tablets; Clonidine
Hydrochloride Tablets; Clonidine Transdermal System.

Proprietary Preparations (details are given in Part 3)
Arg.: Clonidural; Austral.: Catapres; Austria: Catapresan; Isoglaucon;
Belg.: Catapressan; Dixarit; Braz.: Atensina; Clonesina†; Neo Clodil†; Ca-
nad.: Catapres; Dixarit; Chile: Catapresan; Cz.: Aruclonin; Catapresan;
Denm.: Catapresan; Fin.: Catapresan; Fr.: Catapressan; Ger.: Aruclonin†;
Catapresan; Clonid-Ophtal; Clonistada; Dispaclonidin; Dixarit†; Haemiton†;
Isoglaucon; Mirfat†; Paracefan; Gr.: Catapresan; Hong Kong: Catapres†;
Dixarit; Hung.: Aruclonin; India: Arkamin; Catapres; Indon.: Catapres;
Irl.: Catapres; Dixarit; Israel: Clonnirit; Normopresan; Ital.: Adesipress-
TTS†; Catapresan; Isoglaucon; Jpn: Catapres; Malaysia: Dixarit†; Mex.:
Catapresan; Epiclodina; Neth.: Catapresan; Dixarit; Norw.: Catapresan;
NZ: Catapres; Dixarit; Philipp.: Catapres; Pol.: Iporel; Port.: Catapresan;
Edolglau; Rus.: Haemiton (Гемитон); S.Afr.: Dixarit; Menograine; Singa-
pore: Dixarit†; Spain: Catapresan; Isoglaucon; Swed.: Catapresan; Switz.:
Catapresan; Thai.: Catapres; Hypodine; UK: Catapres; Dixarit; USA: Cat-
apres; Duraclon; Venez.: Catapresan; Clonipres†; Lowpres; Naclodin; Vela-
ril.

Multi-ingredient: Arg.: Bemplas; Pertenso; Ger.: Combipresan†; Haem-
iton compositum†; India: Arkamin-H; Catapres Diu; USA: Clorpres; Com-
bipres†.

Clopamide (BAN, USAN, rINN) ⊗ 
Clopamida; Clopamidum; DT-327; Klopamid; Klopamidi. 4-Chlo-
ro-N-(2,6-dimethylpiperidino)-3-sulphamoylbenzamide; cis-3-
(Aminosulphonyl)-4-chloro-N-(2,6-dimethyl-1-piperidinyl)ben-
zamide.
Клопамид
C14H20ClN3O3S = 345.8.
CAS — 636-54-4.
ATC — C03BA03.
ATC Vet — QC03BA03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Clopamide). A white or almost white, hygroscop-
ic, crystalline powder. It exhibits polymorphism. Slightly soluble
in water and in anhydrous alcohol; sparingly soluble in methyl
alcohol. Store in airtight containers. Protect from light.
Profile
Clopamide is a diuretic with properties similar to those of the
thiazide diuretics (see Hydrochlorothiazide, p.1307) even though
it does not contain a thiazide ring system. It is used for oedema,
including that associated with heart failure (p.1165), and for hy-
pertension (p.1171). 
Diuresis starts in 1 to 2 hours after an oral dose, reaches a maxi-
mum in about 3 to 6 hours, and lasts for up to 24 hours. 
In the treatment of oedema the usual oral dose is 10 to 20 mg
daily or on alternate days. For hypertension doses of 5 to 10 mg
daily, either alone, or with other antihypertensives have been
used.
Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Adurix; Ger.: Brinaldix†; Hung.: Brinaldix; India: Brinaldix.
Multi-ingredient: Austria: Brinerdin; Belg.: Viskaldix; Braz.: Viskaldix;
Chile: Viskaldix; Cz.: Crystepin; Fr.: Viskaldix; Ger.: Briserin N; Viskaldix;
Gr.: Viskaldix; Hung.: Viskaldix; Irl.: Viskaldix; Ital.: Brinerdina; Malaysia:
Viskaldix; Neth.: Viskaldix; Philipp.: Viskaldix; Pol.: Normatens; Port.:
Brinerdine†; Rus.: Crystepin (Кристепин); Viskaldix (Вискалдикс); S.Afr.:
Brinerdin; Spain: Brinerdina†; Switz.: Brinerdine; Viskaldix; Thai.: Bedin;
Brinerdin; Hyperdine†; Viskaldix†; UK: Viskaldix; Venez.: Viskaldix†.

Clopidogrel Bisulfate (USAN, rINNM)

Bisulfato de clopidogrel; Clopidogrel, Bisulfate de; Clopidogrel Bi-
sulphate (BANM); Clopidogrel Hydrogen Sulphate; Clopidogreli
Bisulfas; PCR-4099 (clopidogrel); SR-25990C. Methyl (S)-2-chlo-
rophenyl(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-5-yl)acetate bi-
sulphate; Methyl (+)-(S)-α-(o-chlorophenyl)-6,7-dihydrothieno-
[3,2-c]pyridine-5(4H)-acetate sulphate.
Клопидогрела Бисульфат
C16H16ClNO2S,H2SO4 = 419.9.
CAS — 113665-84-2 (clopidogrel); 94188-84-8 (clopi-
dogrel); 120202-66-6 (clopidogrel bisulfate).
ATC — B01AC04.
ATC Vet — QB01AC04.

(clopidogrel)

Pharmacopoeias. In US. 
USP 31 (Clopidogrel Bisulfate). A white to off-white powder.
Freely soluble in water and in methyl alcohol; practically insolu-
ble in ether.

Adverse Effects and Precautions
As for Ticlopidine, p.1411. 
The incidence of adverse effects, particularly blood
dyscrasias, is lower with clopidogrel, although fatali-
ties have been reported (see Effects on the Blood,
p.1411). Routine blood counts are not necessary,
although they should be performed promptly when
clinical signs suggest blood dyscrasias. Other adverse
effects, reported rarely, include serum sickness, inter-
stitial pneumonitis, erythema multiforme, Stevens-
Johnson syndrome, lichen planus, and myalgia. 
Consideration should be given to stopping clopidogrel
5 to 7 days before elective surgery.
Effects on the blood. For reports of blood dyscrasias associat-
ed with clopidogrel therapy see under Adverse Effects of Ticlo-
pidine, p.1411.
Effects on taste. Loss of taste occurred in 2 patients 6 to 8
weeks after starting treatment with clopidogrel, but recovered

fully when clopidogrel was withdrawn.1 Rechallenge in 1 of the
patients led to recurrence of the taste loss, which persisted when
treatment was stopped.
1. Golka K, et al. Reversible ageusia as an effect of clopidogrel

treatment. Lancet 2000; 355: 465–6.

Hypersensitivity. Clopidogrel has been associated with hyper-
sensitivity reactions including angioedema.1 There have also
been reports2-5 of a hypersensitivity syndrome comprising fever,
rash, and varying additional symptoms.
1. Fischer TC, et al. Clopidogrel-associated angioedema. Am J Med

2003; 114: 77–8. 
2. Sarrot-Reynauld F, et al. Severe hypersensitivity associated with

clopidogrel. Ann Intern Med 2001; 135: 305–6. 
3. Phillips EJ, et al. Serum sickness-like reaction associated with

clopidogrel. Br J Clin Pharmacol 2003; 56: 583. 
4. Wolf I, et al. Clopidogrel-induced systemic inflammatory re-

sponse syndrome. Mayo Clin Proc 2003; 78: 618–20. 
5. Doogue MP, et al. Clopidogrel hypersensitivity syndrome with

rash, fever, and neutropenia. Mayo Clin Proc 2005; 80: 1368–70.

Resistance. Results from platelet aggregation studies suggest
that there is considerable variation in response to clopidogrel, al-
though the clinical relevance of a low response (clopidogrel re-
sistance) is unclear.1,2 There is some evidence that the risk of car-
diovascular events is higher in patients with clopidogrel
resistance,3 but this is not established. Factors that may contrib-
ute to clopidogrel resistance include drug interactions and genet-
ic variation in platelet sensitivity or clopidogrel metabolism.1,2

Patients with diabetes mellitus also appear to have a lower re-
sponse.4
1. Nguyen TA, et al. Resistance to clopidogrel: a review of the ev-

idence. J Am Coll Cardiol 2005; 45: 1157–64. 
2. Angiolillo DJ, et al. Variability in individual responsiveness to

clopidogrel: clinical implications, management, and future per-
spectives. J Am Coll Cardiol 2007; 49: 1505–16. 

3. Geisler T, et al. Low response to clopidogrel is associated with
cardiovascular outcome after coronary stent implantation. Eur
Heart J 2006; 27: 2420–5. 

4. Geisler T, et al. Platelet response to clopidogrel is attenuated in
diabetic patients undergoing coronary stent implantation. Diabe-
tes Care 2007; 30: 372–4.

Interactions
Clopidogrel should be used with caution in patients re-
ceiving other drugs that increase the risk of bleeding,
including anticoagulants, other antiplatelets, and
NSAIDs. Clopidogrel may inhibit the cytochrome
P450 isoenzyme CYP2C9 and interactions with drugs
metabolised by this isoenzyme are theoretically possi-
ble; it may also inhibit CYP2B6 (see Bupropion, be-
low).
Antifungals. A study1 in healthy subjects found that ketocona-
zole decreased the plasma concentration of the active metabolite
of clopidogrel; platelet inhibitory action was also reduced.
1. Farid NA, et al. Cytochrome P450 3A inhibition by ketocona-

zole affects prasugrel and clopidogrel pharmacokinetics and
pharmacodynamics differently. Clin Pharmacol Ther 2007; 81:
735–41.

Bupropion. A study1 in healthy subjects found that clopidogrel
reduced the conversion of bupropion to its active metabolite,
suggesting that clopidogrel inhibits the cytochrome P450 isoen-
zyme CYP2B6.
1. Turpeinen M, et al. Effect of clopidogrel and ticlopidine on cy-

tochrome P450 2B6 activity as measured by bupropion hydrox-
ylation. Clin Pharmacol Ther 2005; 77: 553–9.

Ciclosporin. For reports of rhabdomyolysis developing in pa-
tients when given clopidogrel in addition to ciclosporin and a sta-
tin, see Statins, below.
Statins. There have been reports of rhabdomyolysis developing
in patients when given clopidogrel in addition to ciclosporin and
a statin (atorvastatin1,2, lovastatin3, or simvastatin3). Rhabdomy-
olysis is a recognised adverse effect when ciclosporin and statins
are used together (see Immunosuppressants under Interactions of
Simvastatin, p.1393), but the patients in these reports had previ-
ously received the combination without incident and developed
rhabdomyolysis 1 to 3 weeks after clopidogrel was started. It has
been suggested2 that the mechanism is a three way interaction
involving competition for binding sites on the cytochrome P450
isoenzyme CYP3A4 between statins and clopidogrel, exacerbat-
ed by ciclosporin-mediated enzyme inhibition. 
Although it has been suggested that statins may decrease the an-
tiplatelet effect of clopidogrel, evidence for such an interaction is
conflicting and the clinical relevance has not been established.4
1. Anon. Clopidogrel (Plavix): suspected drug interaction with

atorvastatin (Lipitor) and cyclosporine resulting in rhabdomyol-
ysis. Can Adverse React News 2005; 15 (Apr): 3. Also available
at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/carn-bcei_v15n2_e.pdf (accessed 01/09/05) 

2. Burton JR, et al. Clopidogrel-precipitated rhabdomyolysis in a
stable heart transplant patient. Ann Pharmacother 2007; 41:
133–7. 

3. Uber PA, et al. Clopidogrel and rhabdomyolysis after heart
transplantation. J Heart Lung Transplant 2003; 22: 107–8. 

4. Tafreshi MJ, et al. Combination of clopidogrel and statins: a hy-
pothetical interaction or therapeutic dilemma? Pharmacotherapy
2006; 26: 388–94.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacokinetics
Clopidogrel is rapidly but incompletely absorbed after
oral doses; absorption appears to be at least 50%. It is a
prodrug and is extensively metabolised in the liver,
mainly to the inactive carboxylic acid derivative;
metabolism is mediated by the cytochrome P450
isoenzymes CYP3A4 and CYP2B6, and to a lesser ex-
tent by CYP1A2, CYP1A1, and CYP2C19. The active
metabolite appears to be a thiol derivative; it has been
identified in vitro but appears to be too unstable to be
isolated from plasma. Clopidogrel and the carboxylic
acid derivative are highly protein bound. Clopidogrel
and its metabolites are excreted in urine and in faeces;
about 50% of an oral dose is recovered from the urine
and about 46% from the faeces.

Uses and Administration
Clopidogrel is a thienopyridine antiplatelet drug used
in thromboembolic disorders. It is an analogue of ticlo-
pidine (p.1411) and acts by inhibiting adenosine di-
phosphate-mediated platelet aggregation. It is given
prophylactically as an alternative to aspirin in patients
with atherosclerosis who are at risk of thromboembolic
disorders such as myocardial infarction (p.1175), pe-
ripheral arterial disease (p.1178), and stroke (p.1185).
Clopidogrel is also used with aspirin in acute coronary
syndromes, including acute myocardial infarction and
unstable angina (p.1157), and in coronary stenting (see
Reperfusion and Revascularisation Procedures, be-
low). 
Clopidogrel is given orally as the bisulfate, but doses
are expressed in terms of the base; 97.86 mg of clopi-
dogrel bisulfate is equivalent to 75 mg of base. 
For the prophylaxis of thromboembolic events, the
usual dose of clopidogrel is 75 mg once daily. 
In the management of acute ST-elevation myocardial
infarction, clopidogrel is used with aspirin as an ad-
junct in medically-treated patients. It is given in a dose
of 75 mg once daily; patients under 75 years of age
may be given a loading dose of 300 mg. Treatment
should be continued for at least 4 weeks. 
In the management of unstable angina and non-Q-
wave myocardial infarction, clopidogrel is used with
aspirin as an adjunct to either medical or interventional
treatment, including coronary stenting. A single load-
ing dose of 300 mg is given, followed by 75 mg once
daily.
◊ Reviews.
1. Sharis PJ, et al. The antiplatelet effects of ticlopidine and clopi-

dogrel. Ann Intern Med 1998; 129: 394–405. 
2. Jarvis B, Simpson K. Clopidogrel: a review of its use in the pre-

vention of atherothrombosis. Drugs 2000; 60: 347–77. 
3. Solet DJ, et al. The role of adenosine 5′-diphosphate receptor

blockade in patients with cardiovascular disease. Am J Med
2001; 111: 45–53. 

4. Zambahari R, et al. Clinical use of clopidogrel in acute coronary
syndrome. Int J Clin Pract 2007; 61: 473–81. 

5. Eshaghian S, et al. Role of clopidogrel in managing athero-
thrombotic cardiovascular disease. Ann Intern Med 2007; 146:
434–41. 

6. Plosker GL, Lyseng-Williamson KA. Clopidogrel: a review of
its use in the prevention of thrombosis. Drugs 2007; 67: 613–46.

Administration in children. Clopidogrel is not licensed for
paediatric use in either the UK or the USA, although it has been
given to small numbers of patients. 
A retrospective study1 of the use of clopidogrel in 15 children
aged from 6 weeks to 16 years, 14 of whom had congenital heart
disease, found that it was safe and effective; nearly all of the chil-
dren were also taking aspirin and/or anticoagulants, and severe
bleeding was reported in only 1 of them. The usual dose ranged
from 1 to 3 mg/kg once daily, although a dose of 6 mg/kg daily
was tolerated when given in error to 1 patient. A cohort study2 of
the use of clopidogrel alone or with aspirin in 17 children aged
1.5 to 17 years with arterial ischaemic stroke found that a daily
dose of 0.5 to 2.4 mg/kg (target dose 1 mg/kg) was well tolerat-
ed, although subdural haematomas developed in 2 patients who
were also taking aspirin.
1. Finkelstein Y, et al. Clopidogrel use in children. J Pediatr 2005;

147: 657–61. 
2. Soman T, et al. The risks and safety of clopidogrel in pediatric

arterial ischemic stroke. Stroke 2006; 37: 1120–2.

Atherosclerotic disorders. The use of aspirin to reduce the
risk of cardiovascular events in patients with atherosclerotic vas-
cular disorders is well established. Clopidogrel may have a role
as an alternative. The CAPRIE trial1 compared clopidogrel with
aspirin in 19 185 patients at risk of ischaemic events, and found

that clopidogrel reduced the risk of ischaemic stroke, myocardial
infarction, or death from vascular causes to a greater extent than
aspirin, although the absolute difference was small. 
In acute coronary syndromes, clopidogrel may provide benefit
when used in addition to aspirin. In patients with unstable angina
or non-ST elevation myocardial infarction, the CURE trial2
found that the risk of cardiovascular death, myocardial infarc-
tion, or stroke was lower in patients treated with clopidogrel and
aspirin, compared with those receiving aspirin alone. Clopidog-
rel was given in a loading dose of 300 mg, started within 24
hours of the onset of symptoms, followed by 75 mg daily for 3 to
12 months. 
Similar results have been reported in patients with acute ST-ele-
vation myocardial infarction. Clopidogrel given with aspirin and
thrombolytic therapy improved the patency of the affected artery
and reduced the incidence of ischaemic complications at 30
days,3 while a further study4 found that addition of clopidogrel to
aspirin and standard therapy (including thrombolytics in over
half of the patients) also reduced early mortality. 
Use of clopidogrel with aspirin has also been studied in ischae-
mic stroke but any benefit appears to be outweighed by an in-
creased risk of bleeding. In the MATCH study,5 adding aspirin to
clopidogrel did not reduce the incidence of vascular events com-
pared with clopidogrel alone, but the risk of major or life-threat-
ening bleeding was increased. Similarly, in the CHARISMA
study in patients with stable atherosclerotic disease or multiple
risk factors, addition of clopidogrel to aspirin had no significant
effect on the incidence of cardiovascular events, but the risk of
moderate to severe bleeding was increased.6
1. CAPRIE Steering Committee. A randomised, blinded, trial of

clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). Lancet 1996; 348: 1329–39. 

2. The Clopidogrel in Unstable Angina to Prevent Recurrent Events
Trial Investigators. Effects of clopidogrel in addition to aspirin
in patients with acute coronary syndromes without ST-segment
elevation. N Engl J Med 2001; 345: 494–502. Correction. ibid.;
1716. 

3. Sabatine MS, et al. for the CLARITY-TIMI 28 Investigators.
Addition of clopidogrel to aspirin and fibrinolytic therapy for
myocardial infarction with ST-segment elevation. N Engl J Med
2005; 352: 1179–89. 

4. COMMIT (ClOpidogrel and Metoprolol in Myocardial Infarc-
tion Trial) collaborative group. Addition of clopidogrel to aspirin
in 45 852 patients with acute myocardial infarction: randomised
placebo-controlled trial. Lancet 2005; 366: 1607–21. 

5. Diener H-C, et al. Aspirin and clopidogrel compared with clopi-
dogrel alone after recent ischaemic stroke or transient ischaemic
attack in high-risk patients (MATCH): randomised, double-
blind, placebo-controlled trial. Lancet 2004; 364: 331–7. 

6. Bhatt DL, et al. CHARISMA Investigators. Clopidogrel and as-
pirin versus aspirin alone for the prevention of atherothrombotic
events. N Engl J Med 2006; 354: 1706–17.

Reperfusion and revascularisation procedures. Percuta-
neous coronary intervention (PCI) has an established role in the
management of both acute and stable coronary disease (see
p.1181). Adjunctive antiplatelet therapy is given to reduce the
risk of thrombosis, both during and after the procedure; a regi-
men of clopidogrel with aspirin improves outcomes1 and is now
generally recommended,2,3 particularly if coronary stents are
used. Although ticlopidine with aspirin was used initially in pa-
tients receiving stents, clopidogrel appears to be as effective as
ticlopidine4,5 but has a lower risk of haematological toxicity and
is now generally preferred. A randomised study (CLASSICS)6

found that, in patients given long-term aspirin, clopidogrel in a
dose of 75 mg daily for 28 days, with or without a 300-mg load-
ing dose, was as effective as ticlopidine; it was also better toler-
ated. 
Pretreatment with clopidogrel appears to be most effective, but
the increased bleeding risk may be of concern if emergency sur-
gery is required. Use of a 300-mg loading dose shortly before the
procedure appears to be safe, but efficacy may be reduced if it is
given less than 6 hours before the intervention, and there is some
evidence that it needs to be given at least 15 hours before.7 A
higher dose of 600 mg may be effective if given at least 2 hours
before PCI,8,9 and has been recommended in patients undergoing
PCI for non-ST elevation acute coronary syndromes.2 
The duration of combination therapy depends on the clinical sit-
uation. For patients given bare-metal stents, clopidogrel in a dose
of 75 mg daily is usually given with aspirin for 2 to 4 weeks, and
aspirin is then continued indefinitely. In patients with drug-elut-
ing stents, the risk of occlusion persists for longer and combina-
tion therapy is usually recommended for at least 3 to 6 months;
there is some evidence10-12 that extending the duration further
may provide additional benefit, and treatment for 12 months or
longer has been suggested.3 Prolonged combination therapy may
also be of benefit in patients undergoing PCI for unstable angina,
whether or not they receive stents.1
1. Mehta SR, et al. Effects of pretreatment with clopidogrel and

aspirin followed by long-term therapy in patients undergoing
percutaneous coronary intervention: the PCI-CURE study. Lan-
cet 2001; 358: 527–33. 

2. Harrington RA, et al. Antithrombotic therapy for non-ST-eleva-
tion acute coronary syndromes: American College of Chest
Physicians evidence-based clinical practice guidelines (8th edi-
tion). Chest 2008; 133 (suppl): 670S–707S. 

3. Becker RC, et al. The primary and secondary prevention of cor-
onary artery disease: American College of Chest Physicians ev-
idence-based clinical practice guidelines (8th edition). Chest
2008; 133 (suppl): 776S–814S. 

4. Mishkel GJ, et al.. Clopidogrel as adjunctive antiplatelet thera-
py during coronary stenting. J Am Coll Cardiol 1999; 34:
1884–90. 

5. Berger PB. Clopidogrel versus ticlopidine after intracoronary
stent placement. J Am Coll Cardiol 1999; 34: 1891–4. 

6. Bertrand ME, et al. Double-blind study of the safety of clopi-
dogrel with and without a loading dose in combination with as-
pirin compared with ticlopidine in combination with aspirin af-
ter coronary stenting: the Clopidogrel Aspirin Stent
International Cooperative Study (CLASSICS). Circulation
2000; 102: 624–9. 

7. Steinhubl SR, et al. The CREDO Investigators. Optimal timing
for the initiation of pre-treatment with 300 mg clopidogrel be-
fore percutaneous coronary intervention. J Am Coll Cardiol
2006; 47: 939–43. 

8. Longstreth KL, Wertz JR. High-dose clopidogrel loading in per-
cutaneous coronary intervention. Ann Pharmacother 2005; 39:
918–22. 

9. Hochholzer W, et al. Time dependence of platelet inhibition af-
ter a 600-mg loading dose of clopidogrel in a large, unselected
cohort of candidates for percutaneous coronary intervention.
Circulation 2005; 111: 2560–4. 

10. Zimarino M, et al. Optimal duration of antiplatelet therapy in
recipients of coronary drug-eluting stents. Drugs 2005; 65:
725–32. 

11. Steinhubl SR, et al. Early and sustained dual oral antiplatelet
therapy following percutaneous coronary intervention: a rand-
omized controlled trial. JAMA 2002; 288: 2411–20. Correction.
ibid. 2003; 289: 987. 

12. Eisenstein EL, et al. Clopidogrel use and long-term clinical out-
comes after drug-eluting stent implantation. JAMA 2007; 297:
159–68.

Preparations
USP 31: Clopidogrel Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Antiplaq; Clodian; Clodrel†; Iscover; Nabratin; Nefazan; Plavix; Pleyar;
Troken; Austral.: Iscover; Plavix; Austria: Plavix; Belg.: Plavix; Braz.: Iscov-
er; Plavix; Canad.: Plavix; Chile: Artevil; Iskimil; Plavix; Cz.: Iscover; Plavix;
Denm.: Plavix; Fin.: Plavix; Fr.: Plavix; Ger.: Iscover; Plavix; Gr.: Iscover;
Plavix; Hong Kong: Plavix; Hung.: Plavix; India: Cloflow; Clopact; Clopi-
vas; Clopod; Noklot; Plavix; Indon.: Plavix; Irl.: Plavix; Israel: Plavix; Ital.:
Iscover†; Plavix; Malaysia: Plavix; Mex.: Iscover; Plavix; Neth.: Iscover;
Plavix; Norw.: Plavix; NZ: Plavix; Philipp.: Plavix; Pol.: Areplex; Plavix;
Zyllt; Port.: Iscover†; Plavix; Rus.: Plavix (Плавикс); Zillt (Зилт); S.Afr.:
Plavix; Singapore: Plavix; Spain: Iscover ; Plavix; Swed.: Plavix; Switz.:
Plavix; Thai.: Plavix; Turk.: Plavix; UK: Plavix; USA: Plavix; Venez.: Plavix.

Multi-ingredient: Arg.: Nefazan Compuesto; India: Cloflow Plus†;
Clopact A; Clopivas AP; Clopod-A.

Cloricromen (rINN)

Cloricromène; Cloricromeno; Cloricromenum. Ethyl ({8-chloro-
3-[2-(diethylamino)ethyl]-4-methyl-2-oxo-2H-1-benzopyran-7-
yl}oxy)acetate.
Клорикромен
C20H26ClNO5 = 395.9.
CAS — 68206-94-0.
ATC — B01AC02.
ATC Vet — QB01AC02.

Profile
Cloricromen is an antiplatelet drug with vasodilating activity and
is used in thromboembolic disorders (p.1187). It is given as the
hydrochloride in arterial vascular disorders where there is a risk
of thrombosis. It may be given orally in a dose of 100 mg two or
three times daily or intravenously in a dose of 30 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Proendotel.

Cloridarol (rINN)

Clobenfurol; Cloridarolum. α-(Benzofuran-2-yl)-α-(4-chlorophe-
nyl)methanol.
Клоридарол
C15H11ClO2 = 258.7.
CAS — 3611-72-1.
ATC — C01DX15.
ATC Vet — QC01DX15.
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Profile
Cloridarol is a vasodilator that has been used in ischaemic heart
disease.

Colesevelam Hydrochloride 

(USAN, rINNM)

Colésévélam, Chlorhydrate de; Colesevelami Hydrochloridum;
GT31-104HB; Hidrocloruro de colesevelam. Allylamine polymer
with epichlorohydrin (1-chloro-2,3-epoxypropane), [6-(allylami-
no)hexyl]trimethylammonium chloride and N-allyldecylamine,
hydrochloride.

Колезевелама Гидрохлорид
(C3H7N)m(C3H5ClO)n(C12H27ClN2)o(C13H27N)p,xHCl.

CAS — 182815-44-7.
ATC — C10AC04.
ATC Vet — QC10AC04.

Adverse Effects and Precautions
As for Colestyramine, p.1252.

Interactions
Colesevelam, like colestyramine (see p.1253), has the
potential to interfere with the absorption of other drugs;
those with a narrow therapeutic range should be given
at least 1 hour before or 4 hours after colesevelam un-
less there is known to be no interaction.
◊ References.
1. Donovan JM, et al. Drug interactions with colesevelam hydro-

chloride, a novel, potent lipid-lowering agent. Cardiovasc Drugs
Ther 2000; 14: 681–90.

Uses and Administration
Colesevelam hydrochloride is a nonabsorbable hydro-
gel. It binds bile acids in the intestine and has actions
similar to those of colestyramine (p.1253). It is used for
the treatment of hypercholesterolaemia (p.1169), par-
ticularly type IIa hyperlipoproteinaemia, either alone
or with a statin. It may also be used as an adjunct to
improve glycaemic control in type 2 diabetes mellitus
(p.431). The usual oral dose is 3.75 g daily, as a single
dose or in two divided doses, with meals. When used
as monotherapy for hypercholesterolaemia, the dose
may be increased to 4.375 g daily if required. When
used with a statin, the dose is 2.5 to 3.75 g daily.
◊ References.
1. Davidson MH, et al. Colesevelam hydrochloride (Cholestagel):

a new, potent bile acid sequestrant associated with a low inci-
dence of gastrointestinal side effects. Arch Intern Med 1999;
159: 1893–1900. 

2. Aldridge MA, Ito MK. Colesevelam hydrochloride: a novel bile
acid-binding resin. Ann Pharmacother 2001; 35: 898–907. 

3. Steinmetz KL. Colesevelam hydrochloride. Am J Health-Syst
Pharm 2002; 59: 932–9. 

4. Zieve FJ, et al. Results of the glucose-lowering effect of Wel-
Chol study (GLOWS): a randomized, double-blind, placebo-
controlled pilot study evaluating the effect of colesevelam hy-
drochloride on glycemic control in subjects with type 2 diabetes.
Clin Ther 2007; 29: 74–83. 

5. Bays H, Jones PH. Colesevelam hydrochloride: reducing athero-
sclerotic coronary heart disease risk factors. Vasc Health Risk
Manag 2007; 3: 733–42. 

6. Florentin M, et al. Colesevelam hydrochloride in clinical prac-
tice: a new approach in the treatment of hypercholesterolaemia.
Curr Med Res Opin 2008; 24: 995–1009. 

7. Goldberg RB, et al. Efficacy and safety of colesevelam in pa-
tients with type 2 diabetes mellitus and inadequate glycemic con-
trol receiving insulin-based therapy. Arch Intern Med 2008; 168:
1531–40. 

8. Fonseca VA, et al. Colesevelam HCl improves glycemic control
and reduces LDL cholesterol in patients with inadequately con-
trolled type 2 diabetes on sulfonylurea-based therapy. Diabetes
Care 2008; 31: 1479–84.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Cholestagel; Neth.: Cholestagel; Port.: Cholestagel; UK: Cholestagel;
USA: Welchol.

Colestilan (rINN)

Colestilan Chloride (USAN); Colestilanum; Colestimide; MCI-196.
2-Methylimidazole polymer with 1-chloro-2,3-epoxypropane.

Колестилан

(C4H6N2.C3H5ClO)n.
CAS — 95522-45-5.

Profile
Colestilan, a bile-acid binding resin, is a lipid regulating drug
with similar properties to colestyramine (p.1252). It is used to
reduce cholesterol in the management of hyperlipidaemias
(p.1169) and is given orally in a usual dose of 1.5 g twice daily.
It is also under investigation in diabetes mellitus and as a phos-
phate binder in haemodialysis patients.

◊ References.
1. Kurihara S, et al. Effect of MCI-196 (colestilan) as a phosphate

binder on hyperphosphataemia in haemodialysis patients: a dou-
ble-blind, placebo-controlled, short-term trial. Nephrol Dial
Transplant 2005; 20: 424–30. 

2. Yamakawa T, et al. Effect of colestimide therapy for glycemic
control in type 2 diabetes mellitus with hypercholesterolemia.
Endocr J 2007; 54: 53–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Cholebine.

Colestipol Hydrochloride 

(BANM, USAN, rINNM)

Colestipol, chlorhydrate de; Colestipoli hydrochloridum; Hidro-
cloruro de colestipol; Kolestipol Hidroklorür; U-26597A.

Колестипола Гидрохлорид

CAS — 26658-42-4 (colestipol); 50925-79-6 (colestipol);
37296-80-3 (colestipol hydrochloride).

ATC — C10AC02.

ATC Vet — QC10AC02.

(colestipol)

Pharmacopoeias. In Br. and US. 
BP 2008 (Colestipol Hydrochloride). A copolymer of diethylen-
etriamine and epichlorohydrin (1-chloro-2,3-epoxypropane).
Each g binds not less than 1.1 mEq and not more than 1.7 mEq
of sodium cholate, calculated as the cholate binding capacity and
with reference to the dried substance. Yellow to orange hygro-
scopic beads. Swells but does not dissolve in water and in dilute
solutions of acids or alkalis. Practically insoluble in alcohol and
in dichloromethane. The supernatant of a 10% w/w suspension
in water has a pH of 6.0 to 7.5. Store in airtight containers. 
USP 31 (Colestipol Hydrochloride). A basic anion-exchange
resin. It is the hydrochloride of a copolymer of diethylenetri-
amine and epichlorohydrin (1-chloro-2,3-epoxypropane). Each
g binds not less than 1.1 mEq and not more than 1.6 mEq of so-
dium cholate, calculated as cholate binding capacity. Yellow to
orange beads. Swells but does not dissolve in water or dilute
aqueous solutions of acids or alkalis. Insoluble in common
organic solvents. The supernatant of a 10% w/w suspension in
water has a pH of 6.0 to 7.5. Store in airtight containers.

Adverse Effects and Precautions
As for Colestyramine, p.1252.
Effects on thyroid function. Reductions in total serum-thy-
roxine and thyroxine-binding globulin concentrations were
found during routine monitoring of thyroid function in patients
receiving colestipol and nicotinic acid, but were considered to be
benign.1 This effect has been used therapeutically in patients
with hyperthyroidism (see under Uses of Colestyramine,
p.1253).
1. Cashin-Hemphill L, et al. Alterations in serum thyroid hormonal

indices with colestipol-niacin therapy. Ann Intern Med 1987;
107: 324–9.

Interactions
As for Colestyramine, p.1253.

Uses and Administration
Colestipol hydrochloride is a bile-acid binding resin
and lipid regulating drug with actions similar to those
of colestyramine (p.1253). It is used to reduce choles-
terol in the treatment of hyperlipidaemias (p.1169),
particularly type IIa hyperlipoproteinaemia. 
Colestipol hydrochloride is available as granules and is
given orally as a suspension in water or a flavoured ve-
hicle. The initial dose is 5 g daily or twice daily, in-
creasing gradually at intervals of 1 to 2 months to up to
30 g daily in a single dose or two divided doses as nec-
essary. 
Colestipol hydrochloride is also available as tablets;
doses range from 2 to 16 g daily.
Preparations
BP 2008: Colestipol Granules; 
USP 31: Colestipol Hydrochloride for Oral Suspension; Colestipol Hydro-
chloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Colestid; Belg.: Colestid; Canad.: Colestid; Cz.: Colestid†;
Denm.: Lestid; Fin.: Lestid; Ger.: Cholestabyl; Colestid; Gr.: Lestid†; Irl.:
Colestid†; Israel: Colestid; Mex.: Colestid†; Neth.: Colestid†; Norw.:
Lestid; NZ: Colestid; Port.: Colestid; Spain: Colestid; Swed.: Lestid;
Switz.: Colestid; UK: Colestid; USA: Colestid.

Colestyramine (BAN, rINN)

Cholestyramine; Cholestyramine Resin; Colestiramina; Colesty-
raminum; Divistyramine; Kolestiramin; Kolestiraminas; Kolesty-
ramiini; Kolestyramin; Kolestyramina; MK-135.

Колестирамин
CAS — 11041-12-6.
ATC — C10AC01.
ATC Vet — QC10AC01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Colestyramine). A strongly basic anion-exchange
resin in the chloride form, consisting of styrene-divinylbenzene
copolymer with quaternary ammonium groups. Each g exchang-
es not less than 1.8 g and not more than 2.2 g of sodium glyco-
cholate, calculated with reference to the dried material. A white
or almost white, fine, hygroscopic powder. Insoluble in water, in
alcohol, and in dichloromethane. A 1% suspension in water has
a pH of 4.0 to 6.0 after standing for 10 minutes. Store in airtight
containers. 
USP 31 (Cholestyramine Resin). A strongly basic anion-ex-
change resin containing quaternary ammonium functional
groups which are attached to a styrene-divinylbenzene copoly-
mer. Each g exchanges not less than 1.8 g and not more than
2.2 g of sodium glycocholate, calculated on the dried basis. It is
used in the chloride form. A white to buff-coloured, hygroscopic,
fine powder, odourless or has not more than a slight amine-like
odour. It loses not more than 12% of its weight on drying. Insol-
uble in water, in alcohol, in chloroform, and in ether. A 1% slurry
in water has a pH of 4.0 to 6.0. Store in airtight containers.

Adverse Effects
The most common adverse effect of colestyramine is
constipation; faecal impaction may develop and haem-
orrhoids may be aggravated. Other gastrointestinal ad-
verse effects include abdominal discomfort or pain,
heartburn, flatulence, nausea, vomiting, and diarrhoea. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Colestyramine in high doses may cause steatorrhoea
by interfering with the absorption of fats from the gas-
trointestinal tract and therefore decreased absorption of
fat-soluble vitamins, such as vitamins A, D, E, and K,
may occur. Chronic use of colestyramine may thus re-
sult in an increased bleeding tendency due to hypopro-
thrombinaemia associated with vitamin K deficiency;
it also has a potential to cause osteoporosis due to im-
paired calcium and vitamin D absorption. 
Colestyramine is the chloride form of an anion-ex-
change resin and prolonged use may produce hyper-
chloraemic acidosis, particularly in children. 
Skin rashes and pruritus of the tongue, skin, and peri-
anal region have occasionally occurred.
◊ Reviews.
1. Jacobson TA, et al. Safety considerations with gastrointestinally

active lipid-lowering drugs. Am J Cardiol 2007; 99 (Issue 6 sup-
pl 1): 47C–55C.

Incidence of adverse effects. Results of the Lipid Research
Clinics Coronary Primary Prevention Trial1 involving 3806 men
given colestyramine or placebo for an average of 7.4 years
showed that gastrointestinal adverse effects occurred frequently
in both groups but especially in the colestyramine group. In the
first year 68% of the colestyramine group had at least 1 gastroin-
testinal adverse effect compared with 43% of the placebo group;
by the seventh year the incidence had fallen to 29% and 26%
respectively. Constipation and heartburn, especially, were more
frequent in the colestyramine group, which also reported more
abdominal pain, belching or bloating, gas, and nausea. These ad-
verse effects were usually not severe and could be dealt with by
standard clinical means. 
The incidence of malignant neoplasms was similar in the 2
groups although there were differences in incidence at some
sites. In particular, there were 21 cases of malignancy in the gas-
trointestinal tract (8 fatal) in the colestyramine group compared
with 11 cases (1 fatal) in the placebo group. Rare cancers of the
buccal cavity or pharynx were more common with colesty-
ramine; during the study1 there were 6 cases in the colestyramine
group and none in the placebo group, and after follow-up2 for a
further 6 years and reassessment of the original diagnoses the in-
cidences were 8 and 2, respectively. However, there was no clear
dose relationship, and cigarette smoking may have been a con-
founder.2 Colorectal malignancies were similar in the 2 groups,
although at follow-up more non-malignant colorectal neoplasms
had occurred in the colestyramine group.2

1. Lipid Research Clinics Program. The Lipid Research Clinics
Coronary Primary Prevention Trial results. JAMA 1984; 251:
351–64. 

2. The Lipid Research Clinics Investigators. The Lipid Research
Clinics Coronary Primary Prevention Trial: results of 6 years of
post-trial follow-up. Arch Intern Med 1992; 152: 1399–1410.

Precautions
Colestyramine powder should be given as a suspension
in water or a flavoured vehicle to minimise the risk of
oesophageal obstruction. 
Colestyramine should not be used in patients with
complete biliary obstruction as it is unlikely to be ef-
fective. 
Because of the risk of vitamin deficiencies, supple-
ments of vitamins A, D, E, and K should be considered
during prolonged therapy with colestyramine; if given
orally they need to be in a water-miscible form.
Parenteral supplementation, particularly of vitamin K
for hypoprothrombinaemia, may be necessary if a de-
ficiency becomes established. Reduced serum-folate
concentrations have also been reported in children with
familial hypercholesterolaemia and supplementation
with folic acid should be considered in such circum-
stances.

Interactions
Colestyramine may delay or reduce the absorption of
other drugs, particularly acidic drugs. Enterohepatic
circulation may be reduced. Delayed or reduced ab-
sorption of thiazide diuretics, propranolol, digoxin and
related glycosides, loperamide, phenylbutazone, bar-
biturates, oestrogens, progestogens, thyroid hormones,
warfarin, and some antibacterials, has either been re-
ported or may be expected. It is therefore recommend-
ed that other drugs should be taken at least 1 hour be-
fore, or 4 to 6 hours after, the use of colestyramine.

Uses and Administration
Colestyramine is a bile-acid binding resin and lipid
regulating drug. It is used to reduce cholesterol in the
treatment of hyperlipidaemias (p.1169), particularly
type IIa hyperlipoproteinaemia, and for the primary
prevention of ischaemic heart disease (see Cardiovas-
cular Risk Reduction, p.1164) in middle-aged men
with primary hypercholesterolaemia. Colestyramine is
also used for the relief of diarrhoea associated with ile-
al resection, Crohn’s disease, vagotomy, diabetic vagal
neuropathy, and radiation, and to relieve the pruritus
associated with the deposition in dermal tissue of ex-
cess bile acids in patients with partial biliary obstruc-
tion or primary biliary cirrhosis. 
Colestyramine is not absorbed from the gastrointesti-
nal tract and binds with bile acids in the intestine to
form an insoluble complex that is excreted in the fae-
ces. The normal reabsorption of bile acids is thus pre-
vented and this leads to an increased oxidation of cho-
lesterol to bile acids to replace those partially removed
from the enterohepatic circulation, and an increased
synthesis of low-density lipoprotein (LDL)-cholesterol
receptors on hepatocytes. The overall effect is a reduc-
tion of total plasma-cholesterol concentration, mainly
by lowering LDL-cholesterol; this may be accompa-
nied by moderate increases in plasma triglyceride and
high-density lipoprotein (HDL)-cholesterol concentra-
tions. Since the uses of colestyramine are based upon
the removal of intestinal bile acids it is unlikely that a
response will be achieved in patients with complete
biliary obstruction. 
Colestyramine may be introduced gradually over 3 to
4 weeks to minimise gastrointestinal effects. 
In hyperlipidaemias and diarrhoea the usual oral dose
is 12 to 24 g daily, given either as a single dose or in up
to 4 divided doses. Dosage should be adjusted accord-
ing to the patient’s response and may be increased to
36 g daily if necessary. Lower doses may be adequate
in some forms of hyperlipidaemia. 
In pruritus doses of 4 to 8 g daily are usually sufficient. 
For the use of colestyramine in children, see below. 
Colestyramine should be given as a suspension in wa-
ter or a flavoured vehicle.
◊ General references.
1. Insull W. Clinical utility of bile acid sequestrants in the treatment

of dyslipidemia: a scientific review. South Med J 2006; 99:
257–73.

Administration in children. Colestyramine has been used in
children and small studies1,2 have found that it is effective in fa-
milial hypercholesterolaemia with no adverse effects on physical
growth when taken long-term;2 however, compliance may be a
problem.1 
For hypercholesterolaemia, the BNFC gives the usual oral dose
for children aged 6 to 12 years as 4 g once daily, increased to 4 g
up to 3 times daily according to response. Children aged 12 to 18
years may be given an initial dose of 4 g once daily, increased to
4 to 8 g up to 4 times daily, with a maximum daily dose of 36 g.
Alternatively, licensed doses are calculated from body weight,
either as a percentage of the adult (70 kg) dose, or as a dose of
240 mg/kg daily in divided doses. 
For pruritus or diarrhoea, the BNFC recommends the following
oral doses based on age: 
• 1 month to 1 year: initially 1 g once daily, adjusted according

to response to a maximum dose of 9 g daily in 2 to 4 divided
doses 

• 1 to 6 years: initially 2 g once daily, adjusted according to re-
sponse to a maximum dose of 18 g daily in 2 to 4 divided dos-
es 

• 6 to 12 years: initially 4 g once daily, adjusted according to
response to a maximum dose of 24 g daily in 2 to 4 divided
doses 

• 12 to 18 years: initially 4 to 8 g once daily, adjusted according
to response to a maximum dose of 36 g daily in 2 to 4 divided
doses

1. West RJ, Lloyd JK. Long-term follow-up of children with famil-
ial hypercholesterolaemia treated with cholestyramine. Lancet
1980; ii: 873–5. 

2. Tonstad S, et al. Efficacy and safety of cholestyramine therapy
in peripubertal and prepubertal children with familial hypercho-
lesterolemia. J Pediatr 1996; 129: 42–9.

Antibiotic-associated colitis. Colestyramine binds Clostrid-
ium difficile toxins and there are a few reports of use as an alter-
native, or as an adjunct, to vancomycin or metronidazole in pa-
tients with diarrhoea associated with C. difficile toxins after
antibiotic therapy (p.171). However, evidence of benefit is limit-
ed and in general its use is not recommended.

Biliary disorders. Colestyramine is used to relieve diarrhoea
(p.1694) associated with bile acid malabsorption and to manage
pruritus and hypercholesterolaemia in patients with primary bil-
iary cirrhosis (p.2408). It has been used for pruritus in cholestasis
of pregnancy,1 although such use has been associated with severe
fetal intracranial haemorrhage.2 Beneficial responses have been
reported with colestyramine in the management of congenital
nonobstructive nonhaemolytic hyperbilirubinaemia (Crigler-
Najjar disease)3,4 and in sclerosing cholangitis.5

1. Jenkins JK, Boothby LA. Treatment of itching associated with
intrahepatic cholestasis of pregnancy. Ann Pharmacother 2002;
36: 1462–5. 

2. Sadler LC, et al. Severe fetal intracranial haemorrhage during
treatment with cholestyramine for intrahepatic cholestasis of
pregnancy. Br J Obstet Gynaecol 1995; 102: 169–70. 

3. Arrowsmith WA, et al. Comparison of treatments for congenital
nonobstructive nonhaemolytic hyperbilirubinaemia. Arch Dis
Child 1975; 50: 197–201. 

4. Odièvre M, et al. Case of congenital nonobstructive, nonhaemo-
lytic jaundice: successful long-term phototherapy at home. Arch
Dis Child 1978; 53: 81–2. 

5. Polter DE, et al. Beneficial effect of cholestyramine in sclerosing
cholangitis. Gastroenterology 1980; 79: 326–33.

Diabetes mellitus. Bile acids may have a role in modulating
carbohydrate metabolism and small studies have shown that
bile-acid binding resins such as colestyramine reduce blood glu-
cose.1 Their role in type 2 diabetes mellitus (p.431) is under in-
vestigation; colesevelam (p.1252) may be used as an adjunct to
standard therapy to improve glycaemic control.
1. Staels B, Kuipers F. Bile acid sequestrants and the treatment of

type 2 diabetes mellitus. Drugs 2007; 67: 1383–92.

Diarrhoea. In addition to its use in diarrhoea (p.1694) associat-
ed with biliary disorders (above), colestyramine has been inves-
tigated in the management of diarrhoea and faecal incontinence
from other causes.1-4 See also Antibiotic-associated Colitis,
above.
1. Baert D, et al. Chronic diarrhoea in non collagenous microscopic

colitis: therapeutic effect of cholestyramine. Acta Clin Belg
2004; 59: 258–62. 

2. Balagani R, et al. Cholestyramine improves tropical-related di-
arrhea. Am J Ther 2006; 13: 281–2. 

3. Flieger D, et al. Phase II clinical trial for prevention of delayed
diarrhea with cholestyramine/levofloxacin in the second-line
treatment with irinotecan biweekly in patients with metastatic
colorectal carcinoma. Oncology 2007; 72: 10–16. 

4. Remes-Troche JM, et al. Cholestyramine—a useful adjunct for
the treatment of patients with fecal incontinence. Int J Colorectal
Dis 2008; 23: 189–94.

Hyperthyroidism. Bile-acid binding resins also bind thyroid
hormones and may interfere with their enterohepatic circulation.
Reduced serum-thyroxine concentrations have occurred in pa-
tients given bile-acid binding resins for hyperlipidaemias (see
Effects on Thyroid Function under Colestipol, p.1252) and both
colestyramine1,2 and colestipol3 have been tried as adjunctive
treatment for hyperthyroidism (p.2165). Colestyramine has also
been used in thyroxine overdose.4,5

1. Mercado M, et al. Treatment of hyperthyroidism with a combi-
nation of methimazole and cholestyramine. J Clin Endocrinol
Metab 1996; 81: 3191–3. 

2. Tsai W-C, et al. The effect of combination therapy with propylth-
iouracil and cholestyramine in the treatment of Graves’ hyper-
thyroidism. Clin Endocrinol (Oxf) 2005; 62: 521–4. 

3. Hagag P, et al. Role of colestipol in the treatment of hyperthy-
roidism. J Endocrinol Invest 1998; 21: 725–31. 

4. Shakir KMM, et al. The use of bile acid sequestrants to lower
serum thyroid hormones in iatrogenic hyperthyroidism. Ann In-
tern Med 1993; 118: 112–13. 

5. de Luis DA, et al. Light symptoms following a high-dose inten-
tional L-thyroxine ingestion treated with cholestyramine. Horm
Res 2002; 57: 61–3.

Preparations
BP 2008: Colestyramine Oral Powder; 
USP 31: Cholestyramine for Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Questran; Austral.: Questran; Austria: Quantalan; Belg.: Questran;
Braz.: Questran; Canad.: Novo-Cholamine; Questran†; Cz.: Questran;
Vasosan†; Denm.: Questran; Fin.: Questran; Fr.: Questran; Ger.:
Colesthexal†; Colestyr; Lipocol; Quantalan; Vasosan; Gr.: Questran; Hong
Kong: Questran; Indon.: Questran; Irl.: Questran; Israel: Chol-Less†;
Ital.: Questran; Malaysia: Questran†; Mex.: Questran; Neth.: Questran;
Norw.: Questran; NZ: Questran; Pol.: Vasosan; Port.: Quantalan; S.Afr.:
Questran; Singapore: Questran; Resincolestiramina†; Spain: Efensol; Lis-
mol†; Questran†; Resincolestiramina; Swed.: Questran; Switz.: Ipocol;
Quantalan; Thai.: Questran; Resincolestiramina; Turk.: Kolestran; UK:
Questran; USA: Locholest; Prevalite; Questran.
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Colextran Hydrochloride (rINNM)

Colextran, Chlorhydrate de; Colextrani Hydrochloridum;
DEAE-dextran Hydrochloride; Detaxtran Hydrochloride; Di-
ethylaminoethyl-dextran Hydrochloride; Hidrocloruro de colex-
trán. Dextran 2-(diethylamino)ethyl ether hydrochloride.

Колекстрана Гидрохлорид
CAS — 9015-73-0 (colextran); 9064-91-9 (colextran hy-
drochloride).
ATC — C10AC03.
ATC Vet — QC10AC03.

Profile
Colextran hydrochloride, an anion-exchange resin that binds bile
acids in the intestine, is a lipid regulating drug used in the treat-
ment of hyperlipidaemias (p.1169). It is given in a usual dose of
2 to 3 g daily orally in divided doses.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Pulsar; Rationale; Spain: Dexide.

Cyclandelate (BAN, rINN)

BS-572; Ciclandelato; Cyclandélate; Cyclandelatum; Cyklandelat;
Syklandelaatti. 3,3,5-Trimethylcyclohexyl mandelate.

Цикланделат
C17H24O3 = 276.4.
CAS — 456-59-7.
ATC — C04AX01.
ATC Vet — QC04AX01.

Pharmacopoeias. In Chin. and US. 
USP 31 (Cyclandelate). A white crystalline powder. M.p. about
58°. Practically insoluble in water; very soluble in alcohol, in ac-
etonitrile, and in ether. Store in airtight containers below 40°,
preferably between 15° and 30°. Protect from light.

Profile
Cyclandelate is a vasodilator used in the management of cere-
brovascular (p.1165) and peripheral vascular disorders (p.1178).
It is given orally in an initial dosage of up to 2 g daily in divided
doses; a usual maintenance dose is 0.8 to 1.2 g daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Cyclospasmol†; Fin.: Cyclospasmol†; Fr.: Cyclergine†; Vascu-
normyl†; Ger.: Natil; Spasmocyclon†; India: Martispasmol†; Ital.: Ciclos-
pasmol†; Neth.: Cyclospasmol; Port.: Cyclospasmol†; Swed.: Cycloman-
dol†.

Cyclopenthiazide (BAN, USAN, rINN) ⊗ 
Ciclopentiazida; Cyclopenthiaz.; Cyclopenthiazidum; Cyklopen-
tiazid; NSC-107679; Su-8341; Syklopentiatsidi. 6-Chloro-3-cy-
clopentylmethyl-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sul-
phonamide 1,1-dioxide.

Циклопентиазид
C13H18ClN3O4S2 = 379.9.
CAS — 742-20-1.
ATC — C03AA07.
ATC Vet — QC03AA07.

NOTE. Compounded preparations of cyclopenthiazide may be
represented by the following names: 
• Co-prenozide (BAN)—cyclopenthiazide 1 part and oxpre-

nolol hydrochloride 640 parts (w/w).
Pharmacopoeias. In Br. 
BP 2008 (Cyclopenthiazide). A white, odourless or almost
odourless powder. Practically insoluble in water; soluble in alco-
hol and in acetone; practically insoluble in chloroform; very
slightly soluble in ether.

Profile
Cyclopenthiazide is a thiazide diuretic with properties similar to
those of hydrochlorothiazide (p.1307). It is given orally for hy-
pertension (p.1171), and for oedema, including that associated
with heart failure (p.1165). 
Diuresis is induced in 1 to 3 hours after an oral dose, reaches a
maximum in 4 to 8 hours, and lasts up to about 12 hours. 
In the treatment of hypertension the usual dose is 250 to
500 micrograms daily either alone, or with other antihyperten-
sives. In the treatment of oedema the usual initial dose is 250 to
500 micrograms daily; up to 1 mg daily may be given in heart
failure but higher doses rarely achieve any further benefit. The
dose should be reduced to the lowest effective dose for mainte-
nance.

Porphyria. Cyclopenthiazide is considered to be unsafe in pa-
tients with porphyria although there is conflicting experimental
evidence of porphyrinogenicity.
Preparations
BP 2008: Cyclopenthiazide Tablets.

Proprietary Preparations (details are given in Part 3)
NZ: Navidrex†; UK: Navidrex.

Multi-ingredient: Hong Kong: Navispare; S.Afr.: Lenurex-K; UK:
Navispare; Trasidrex.

Cyclothiazide (BAN, USAN, rINN) ⊗ 
Ciclotiazida; Compound 35483; Cyclothiazidum; Cyklotiazid;
MDi-193; Syklotiatsidi. 6-Chloro-3,4-dihydro-3-(norborn-5-en-
2-yl)-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.

Циклотиазид
C14H16ClN3O4S2 = 389.9.
CAS — 2259-96-3.
ATC — C03AA09.
ATC Vet — QC03AA09.

Profile
Cyclothiazide is a thiazide diuretic (see Hydrochlorothiazide,
p.1307) that has been used, usually in combination preparations,
in the management of hypertension and oedema.

Dabigatran Etexilate (rINN)

BIBR-1048; BIBR-953 (dabigatran); Dabigatran Étexilate; Da-
bigatrán etexilato; Dabigatranum Etexilatum. Ethyl 3-({[2-({[4-
({[(hexyloxy)carbonyl]amino}iminomethyl)phenyl]amino}me-
thyl)-1-methyl-1H-benzimidazol-5-yl]carbonyl}(pyridin-2-yl)ami-
no)propanoate.

Дабигатран Этексилат
C34H41N7O5 = 627.7.
CAS — 211914-51-1 (dabigatran); 211915-06-9 (da-
bigatran etexilate).
ATC — B01AE07.
ATC Vet — QB01AE07.

Adverse Effects and Treatment
The most common adverse effect with dabigatran is bleeding.
Raised liver enzyme values have been reported but are uncom-
mon. There is no antidote to dabigatran. If haemorrhagic compli-

cations occur treatment should be stopped; surgical haemostasis
or transfusion of fresh frozen plasma may be considered.

Precautions
Dabigatran should not be used in patients with clinically signifi-
cant bleeding or who are at high risk for bleeding. It should be
used with caution in patients with hepatic or renal impairment
and is contra-indicated if creatinine clearance is less than
30 mL/minute.

Interactions
Dabigatran should not be given with other drugs that affect coag-
ulation, such as anticoagulants, thrombolytics, or antiplatelet
drugs. It should be used with caution with NSAIDs since the risk
of bleeding may be increased. Dabigatran is a substrate for the
efflux transporter P-glycoprotein and interactions may occur
with drugs that affect P-glycoprotein function; use of dabigatran
with quinidine is contra-indicated, and the dose of dabigatran
should be reduced in patients receiving amiodarone (see Uses
and Administration, below).

Pharmacokinetics
When given orally, dabigatran etexilate is rapidly and completely
hydrolysed to its active metabolite, dabigatran, by an esterase-
catalysed reaction. The absolute oral bioavailability of dabigat-
ran when given as dabigatran etexilate is about 6.5%. Peak plas-
ma concentrations of dabigatran occur within 0.5 to 2 hours after
an oral dose. Food delays the time to peak concentrations but the
bioavailability is not affected. Dabigatran has low plasma-pro-
tein binding. It is metabolised to a limited extent to active
acylglucuronide conjugates; about 85% of a dose is excreted in
the urine, mainly as unchanged dabigatran. The terminal plasma
half-life is about 12 to 17 hours. Dabigatran is removed by dial-
ysis.

◊ Reviews.
1. Stangier J. Clinical pharmacokinetics and pharmacodynamics of

the oral direct thrombin inhibitor dabigatran etexilate. Clin
Pharmacokinet 2008; 47: 285–95.

Uses and Administration
Dabigatran is a direct thrombin inhibitor that is used for the
prophylaxis of venous thromboembolism (p.1189) in patients
undergoing elective orthopaedic surgery; it has also been inves-
tigated in other thromboembolic disorders. 
Dabigatran is given orally as the mesilate of the prodrug dabigat-
ran etexilate. The usual initial dose is the equivalent of 110 mg of
dabigatran etexilate given within 1 to 4 hours of the completion
of surgery, followed by 220 mg once daily; the dose should be
reduced in the elderly and in patients with renal impairment (see
below). Treatment should be continued for a total of 10 days after
knee replacement and 28 to 35 days after hip replacement.

◊ References.
1. Stangier J, et al. The pharmacokinetics, pharmacodynamics and

tolerability of dabigatran etexilate, a new oral direct thrombin
inhibitor, in healthy male subjects. Br J Clin Pharmacol 2007;
64: 292–303. 

2. Eriksson BI, et al. Oral dabigatran etexilate vs. subcutaneous
enoxaparin for the prevention of venous thromboembolism after
total knee replacement: the RE-MODEL randomized trial. J
Thromb Haemost 2007; 5: 2178–85. 

3. Eriksson BI, et al. RE-NOVATE Study Group. Dabigatran etex-
ilate versus enoxaparin for prevention of venous thromboembo-
lism after total hip replacement: a randomised, double-blind,
non-inferiority trial. Lancet 2007; 370: 949–56. 

4. Ezekowitz MD, et al. Dabigatran with or without concomitant
aspirin compared with warfarin alone in patients with nonvalvu-
lar atrial fibrillation (PETRO Study). Am J Cardiol 2007; 100:
1419–26. 

5. Sanford M, Plosker GL. Dabigatran etexilate. Drugs 2008; 68:
1699–1709.

Administration in the elderly. There is limited clinical expe-
rience with dabigatran in patients over the age of 75 years but
plasma concentrations appear to be higher in older subjects1 and
dose reduction is recommended. UK licensed product informa-
tion recommends an initial dose of 75 mg of dabigatran etexilate
(as the mesilate) given within 1 to 4 hours of the completion of
surgery, followed by 150 mg once daily for a total of 10 days
after knee replacement and 28 to 35 days after hip replacement.
1. Stangier J, et al. Pharmacokinetics and pharmacodynamics of the

direct oral thrombin inhibitor dabigatran in healthy elderly sub-
jects. Clin Pharmacokinet 2008; 47: 47–59.

Administration in renal impairment. Dabigatran is excret-
ed mainly by the kidneys but there is limited clinical experience
with its use in renal impairment. It is contra-indicated in patients
with creatinine clearance (CC) below 30 mL/minute. In patients
with CC between 30 and 50 mL/minute the initial dose should be
the equivalent of 75 mg of dabigatran etexilate given within 1 to
4 hours of the completion of surgery, followed by 150 mg once
daily for a total of 10 days after knee replacement and 28 to 35
days after hip replacement.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Pradaxa; UK: Pradaxa.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Dalteparin Sodium (BAN, USAN, rINN)

Daltepariininatrium; Dalteparin sodná sůl; Dalteparin Sodyum;
Dalteparina sódica; Daltéparine sodique; Dalteparinnatrium;
Dalteparin-nátrium; Dalteparino natrio druska; Dalteparinum na-
tricum; Dalteparyna sodowa; Kabi-2165; Tedelparin Sodium.

Дальтепарин Натрий

CAS — 9041-08-1.

ATC — B01AB04.

ATC Vet — QB01AB04.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dalteparin Sodium). The sodium salt of a low-mo-
lecular-mass heparin that is obtained by nitrous acid depolymer-
isation of heparin from porcine intestinal mucosa. The majority
of the components have a 2-O-sulfo-α-L-idopyranosuronic acid
structure at the non-reducing end and a 6-O-sulfo-2,5-anhydro-
D-mannitol structure at the reducing end of their chain. The mass-
average relative molecular mass ranges between 5600 and 6400,
with a characteristic value of about 6000. The mass percentage
of chains lower than 3000 is not more than 13.0% and the mass
percentage of chains higher than 8000 ranges between 15.0%
and 25.0%. The degree of sulfation is 2.0 to 2.5 per disaccharide
unit. 
The potency is not less than 110 units and not more than 210
units of anti-factor Xa activity per mg with reference to the dried
substance, and the ratio of anti-factor Xa activity to anti-factor IIa
activity is between 1.9 and 3.2.

Units
As for Low-molecular-weight Heparins, p.1329.

Adverse Effects, Treatment, and Precau-
tions
As for Low-molecular-weight Heparins, p.1329. 
Severe bleeding with dalteparin may be reduced by the
slow intravenous injection of protamine sulfate; 1 mg
of protamine sulfate is stated to inhibit the effects of
100 units of dalteparin sodium.

Interactions
As for Low-molecular-weight Heparins, p.1329.

Pharmacokinetics
Dalteparin is almost completely absorbed after subcu-
taneous doses, with a bioavailability of about 87%.
Peak plasma activity is reached in about 4 hours. The
terminal half-life is about 2 hours after intravenous in-
jection and 3 to 5 hours after subcutaneous injection.
Dalteparin is excreted via the kidneys and the half-life
is prolonged in patients with renal impairment.

Uses and Administration
Dalteparin sodium is a low-molecular-weight heparin
(p.1329) with anticoagulant properties. It is used in the
treatment and prophylaxis of venous thromboembo-
lism (p.1189) and to prevent clotting during extracor-
poreal circulation. It is also used in the management of
unstable angina (p.1157). 
Dalteparin is given by subcutaneous or intravenous in-
jection. Doses are expressed in terms of units of anti-
factor Xa activity. 
For prophylaxis of venous thromboembolism during
surgical procedures, dalteparin is usually started pre-
operatively. 
• For patients at moderate risk of thrombosis

2500 units of dalteparin sodium are given by subcu-
taneous injection 1 to 2 hours before the procedure,
followed by 2500 units once daily for 5 to 7 days or
until the patient is fully ambulant. 

• For patients at high risk, such as those undergoing
orthopaedic surgery, 2500 units are given 1 to 2
hours before and 8 to 12 hours after the procedure
followed by 5000 units daily. Alternatively,
5000 units may be given the evening before surgery
followed by 5000 units each subsequent evening.
This dosage may be continued for up to 5 weeks af-
ter hip replacement surgery. 

• A further option in patients undergoing hip replace-
ment surgery is to omit the pre-operative dose; treat-
ment is begun with a dose of 2500 units given 4 to 8
hours postoperatively followed by 5000 units daily. 

• For prophylaxis in medical patients, a dose of
5000 units once daily may be given for 14 days or
longer. 

In the treatment of established deep-vein thrombosis,
pulmonary embolism, or both, dalteparin sodium is
given subcutaneously in a dose of 200 units/kg daily.
This may be given as a single dose or, in patients at
higher risk of bleeding complications, in two divided
doses. The maximum recommended dose is
18 000 units daily. Patients with symptomatic venous
thromboembolism and cancer may be given
200 units/kg subcutaneously once daily for 30 days,
followed by 150 units/kg once daily for up to 5
months. 
For prevention of clotting in the extracorporeal circula-
tion during haemodialysis or haemofiltration in
adults with chronic renal impairment an intravenous
injection of dalteparin sodium 30 to 40 units/kg is fol-
lowed by an intravenous infusion of 10 to 15 units/kg
per hour. A single injection of 5000 units may be given
for a haemodialysis or haemofiltration session lasting
less than 4 hours. The dose of dalteparin sodium should
be reduced in patients at high risk of bleeding compli-
cations or who are in acute renal failure; in such pa-
tients an intravenous injection of 5 to 10 units/kg is fol-
lowed by an infusion of 4 to 5 units/kg per hour. 
In the management of unstable angina, dalteparin so-
dium is given subcutaneously in a dose of 120 units/kg
every 12 hours; the maximum dose is 10 000 units
every 12 hours. Treatment is continued for 5 to 8 days
and low-dose aspirin should also be given. For patients
who require treatment for longer than 8 days while
awaiting a revascularisation procedure, a dose of
5000 units (7500 units in men weighing 70 kg or over
and women weighing 80 kg or over) may be given
every 12 hours for up to 45 days until the procedure is
performed.
◊ References.
1. Dunn CJ, Sorkin EM. Dalteparin sodium: a review of its pharma-

cology and clinical use in the prevention and treatment of throm-
boembolic disorders. Drugs 1996; 52: 276–305. 

2. Howard PA. Dalteparin: a low-molecular-weight heparin. Ann
Pharmacother 1997; 31: 192–203. 

3. Dunn CJ, Jarvis B. Dalteparin: an update of its pharmacological
properties and clinical efficacy in the prophylaxis and treatment
of thromboembolic disease. Drugs 2000; 60: 203–37. 

4. Pineo GF, Hull RD. Dalteparin: pharmacological properties and
clinical efficacy in the prophylaxis and treatment of thromboem-
bolic diseases. Eur J Med Res 2004; 9: 215–24. 

5. Bick RL. Cancer-associated thrombosis: focus on extended ther-
apy with dalteparin. J Support Oncol 2006; 4: 115–20. 

6. Linkins LA. Management of venous thromboembolism in pa-
tients with cancer: role of dalteparin. Vasc Health Risk Manag
2008; 4: 279–87.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ligofragmin; Austral.: Fragmin; Austria: Fragmin; Belg.: Fragmin;
Braz.: Fragmin; Canad.: Fragmin; Chile: Fragmin; Cz.: Fragmin; Denm.:
Fragmin; Fin.: Fragmin; Fr.: Fragmine; Ger.: Fragmin; Gr.: Fragmin; Hong
Kong: Fragmin; Hung.: Fragmin; Israel: Fragmin; Ital.: Fragmin; Mex.:
Fragmin†; Neth.: Fragmin; Norw.: Fragmin; NZ: Fragmin; Philipp.: Frag-
min; Pol.: Fragmin; Port.: Fragmin; Rus.: Fragmin (Фрагмин); S.Afr.: Frag-
min; Singapore: Fragmin; Spain: Boxol†; Fragmin; Swed.: Fragmin; Switz.:
Fragmin; Turk.: Fragmin; UK: Fragmin; USA: Fragmin; Venez.: Fragmin.

Danaparoid Sodium (BAN, USAN, rINN)

Danaparoid sodná sůl; Danaparoid sodowy; Danaparoide sódi-
co; Danaparoïde sodique; Danaparoidum natricum; Lomoparan;
Org-10172.
Данапароид Натрий
CAS — 83513-48-8.
ATC — B01AB09.
ATC Vet — QB01AB09.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Danaparoid Sodium). A preparation containing the
sodium salts of a mixture of sulfated glycosaminoglycans
present in porcine tissues. It is prepared from the intestinal mu-
cosa of pigs and the major constituents are suleparoid (heparan
sulfate) (p.1406) and dermatan sulfate (p.1256). It has a potency

of 11.0 to 17.0 anti-factor Xa units per milligram, calculated with
reference to the dried substance. A white or almost white, hygro-
scopic powder. Freely soluble in water. A 1% solution in water
has a pH of 5.5 to 7.0. Store in airtight containers.

Adverse Effects and Treatment
Haemorrhage may occur after use of danaparoid sodi-
um, although there is a possible decreased risk of
bleeding complications compared with heparin. Liver
enzymes may be transiently elevated. Other adverse ef-
fects include hypersensitivity reactions, thrombocyto-
penia, and pain at the site of injection. 
Protamine sulfate only partially neutralises the antico-
agulant effect of danaparoid sodium and cannot be re-
lied on to reverse bleeding associated with overdosage.

Precautions
As for Heparin, p.1303. 
Danaparoid sodium should not be given to patients
who have developed thrombocytopenia with heparin if
they show cross-reactivity in an in-vitro test.

Pharmacokinetics
After subcutaneous dosage danaparoid sodium is well
absorbed and peak anti-factor Xa activity is reached in
about 4 to 5 hours. The elimination half-lives of anti-
factor Xa and anti-factor IIa (antithrombin) activities
are about 25 and 7 hours, respectively. Danaparoid so-
dium is excreted in the urine.

Uses and Administration
Danaparoid sodium is a low-molecular-weight hepari-
noid. It is an anticoagulant and, like heparin (p.1303),
enhances the action of antithrombin III. Like low-mo-
lecular-weight heparins (p.1329) it has a higher ratio of
anti-factor Xa to anti-factor IIa (antithrombin) activity
than heparin, but is reported to be a much more selec-
tive inhibitor of factor Xa than the low-molecular-
weight heparins. It was therefore hoped that danapar-
oid might be associated with a low incidence of bleed-
ing complications, although this has not been estab-
lished. 
Danaparoid sodium is used in the prophylaxis of ve-
nous thromboembolism (p.1189) in patients undergo-
ing surgery. It may be used as an anticoagulant for
prophylaxis or treatment in patients with heparin-in-
duced thrombocytopenia providing there is no cross-
reactivity. Danaparoid has been investigated in acute
ischaemic stroke. 
Doses of danaparoid sodium are expressed in terms of
units of anti-factor Xa activity. In the prophylaxis of
venous thromboembolism it is given by subcutaneous
injection in a dose of 750 units twice daily for 7 to 10
days. The first dose should be given 1 to 4 hours before
surgery. 
For patients with heparin-induced thrombocytopenia
requiring anticoagulation, danaparoid sodium is given
intravenously. The initial bolus dose is 2500 units (or
1250 units for patients weighing less than 55 kg, or
3750 units for patients weighing more than 90 kg) fol-
lowed by an infusion of 400 units/hour for 2 hours,
then 300 units/hour for 2 hours, then 200 units/hour for
5 days. Monitoring of plasma anti-factor Xa activity is
recommended for patients with renal impairment, or
those weighing more than 90 kg.
◊ References.
1. Skoutakis VA. Danaparoid in the prevention of thromboembolic

complications. Ann Pharmacother 1997; 31: 876–87. 
2. Wilde MI, Markham A. Danaparoid: a review of its pharmacol-

ogy and clinical use in the management of heparin-induced
thrombocytopenia. Drugs 1997; 54: 903–24. 

3. Ibbotson T, Perry CM. Danaparoid: a review of its use in throm-
boembolic and coagulation disorders. Drugs 2002; 62:
2283–2314.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Orgaran; Austria: Orgaran; Belg.: Orgaran; Canad.: Orgaran;
Fr.: Orgaran; Ger.: Orgaran; Gr.: Orgaran; Neth.: Orgaran; NZ: Orgaran;
Port.: Orgaran; Swed.: Orgaran; Switz.: Orgaran; UK: Orgaran; USA:
Orgaran†.
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Debrisoquine Sulfate (rINNM)

Debrisoquin Sulfate (USAN); Débrisoquine, Sulfate de; Debriso-
quine Sulphate (BANM); Debrisoquini Sulfas; Isocaramidine Sul-
fate; Ro-5-3307/1; Sulfato de debrisoquina. 1,2,3,4-Tetrahydroi-
soquinoline-2-carboxamidine sulfate.

Дебризохина Сульфат

(C10H13N3)2,H2SO4 = 448.5.
CAS — 1131-64-2 (debrisoquine); 581-88-4 (debriso-
quine sulfate).
ATC — C02CC04.
ATC Vet — QC02CC04.

(debr isoquine)

Pharmacopoeias. In Br. 
BP 2008 (Debrisoquine Sulphate). A white, odourless or almost
odourless, crystalline powder. Sparingly soluble in water; very
slightly soluble in alcohol; practically insoluble in chloroform
and in ether. A 3% solution in water has a pH of 5.3 to 6.8. Pro-
tect from light.

Adverse Effects, Treatment, and Precautions
As for Guanethidine Monosulfate, p.1300. 
Diarrhoea is rare with debrisoquine sulfate. Treatment should not
be stopped abruptly as this may lead to rebound hypertension. 
The metabolism of debrisoquine is subject to genetic polymor-
phism and non-metabolisers may show a marked response to
doses that have little or no effect in metabolisers.

Interactions
As for Guanethidine Monosulfate, p.1300.

Pharmacokinetics
Debrisoquine is rapidly absorbed from the gastrointestinal tract.
The major metabolite is 4-hydroxydebrisoquine; metabolism is
subject to genetic polymorphism.

◊ A study1 in 15 hypertensive patients and 4 healthy subjects in-
dicated that debrisoquine undergoes pre-systemic metabolism to
4-hydroxydebrisoquine, but the mechanism appears to be satura-
ble and increases in the dose of debrisoquine could therefore pro-
duce disproportionate decreases in blood pressure. The estimated
half-life of elimination for debrisoquine and 4-hydroxydebriso-
quine ranged from 11.5 to 26 hours and from 5.8 to 14.5 hours
respectively.
1. Silas JH, et al. The disposition of debrisoquine in hypertensive

patients. Br J Clin Pharmacol 1978; 5: 27–34.

Genetic polymorphism. Debrisoquine, along with sparteine
and a number of other drugs, is a substrate for the cytochrome
P450 isoenzyme CYP2D6, a polymorphic enzyme coded by a
gene mapped to chromosome 22. Patients homozygous for the
mutant allele are termed poor metabolisers and express little or
no active enzyme. The prevalence of the poor-metaboliser phe-
notype is about 5% in most Caucasian populations, while studies
in other genetic groups have indicated a range of about 2 to 10%
although in some groups, such as the Japanese, poor metabolis-
ers have yet to be identified. Poor metabolisers of debrisoquine
are unable to 4-hydroxylate the drug adequately to its inactive
metabolite and are thus prone to excessive hypotension. Many
other drugs are metabolised by the same enzyme, but the clinical
consequences of polymorphism in patients taking them depends
on the relative activity and toxicity of parent drug and metabolite,
and the availability and relative importance of other routes of
metabolism. Phenotype has been determined by giving a drug
that is metabolised by this enzyme and assaying parent drug and
metabolite in urine collected over a defined period of time, but
DNA-based tests may represent a more convenient and safer al-
ternative. 
References.
1. Relling MV. Polymorphic drug metabolism. Clin Pharm 1989;

8: 852–63. 
2. Zanger UM, et al. Cytochrome P450 2D6: overview and update

on pharmacology, genetics, biochemistry. Naunyn Schmiede-
bergs Arch Pharmacol 2004; 369: 23–37.

Uses and Administration
Debrisoquine is an antihypertensive with actions and uses simi-
lar to those of guanethidine (p.1300), but it causes less depletion
of noradrenaline stores. When given orally, debrisoquine acts
within about 4 to 10 hours and has effects lasting for 9 to 24

hours. It has been used in the management of hypertension
(p.1171), but has largely been superseded by other drugs. 
For reference to the use of debrisoquine in identifying metabolic
phenotypes, see Genetic Polymorphism, above.

Defibrotide (BAN, rINN)

Defibrotida; Défibrotide; Defibrotidum.
Дефибротид
CAS — 83712-60-1.
ATC — B01AX01.
ATC Vet — QB01AX01.

Profile
Defibrotide consists of polydeoxyribonucleotides from bovine
lung; the molecular weights range between 45 000 and 55 000.
Preparations derived from porcine tissues and with a lower mo-
lecular weight range are also used. Defibrotide has antithrombot-
ic and fibrinolytic properties, although its mechanism of action is
uncertain; it appears to increase levels of prostaglandin E2 and
prostacyclin, to alter platelet activity, and to increase tissue plas-
minogen activator function at the same time as decreasing activ-
ity of tissue plasminogen activator inhibitor. It is used in the man-
agement of thromboembolic disorders. Oral and parenteral
formulations have been used in doses of up to 800 mg daily. 
Defibrotide is being investigated for use in the treatment of
hepatic veno-occlusive disease and thrombotic thrombocytopen-
ic purpura.
◊ References.
1. Palmer KJ, Goa KL. Defibrotide: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic use in
vascular disorders. Drugs 1993; 45: 259–94. 

2. Richardson PG, et al. Treatment of severe veno-occlusive dis-
ease with defibrotide: compassionate use results in response
without significant toxicity in a high-risk population. Blood
1998; 92: 737–44. 

3. Pogliani EM, et al. Defibrotide in recurrent thrombotic thrombo-
cytopenic purpura. Clin Appl Thromb Hemost 2000; 6: 69–70. 

4. Chopra R, et al. Defibrotide for the treatment of hepatic veno-
occlusive disease: results of the European compassionate-use
study. Br J Haematol 2000; 111: 1122–9. 

5. Corti P, et al. Defibrotide as a promising treatment for thrombot-
ic thrombocytopenic purpura in patients undergoing bone mar-
row transplantation. Bone Marrow Transplant 2002; 29: 542–3. 

6. Richardson PG, et al. Multi-institutional use of defibrotide in 88
patients after stem cell transplantation with severe veno-occlu-
sive disease and multisystem organ failure: response without sig-
nificant toxicity in a high-risk population and factors predictive
of outcome. Blood 2002; 100: 4337–43. 

7. Kornblum N, et al. Defibrotide, a polydisperse mixture of single-
stranded phosphodiester oligonucleotides with lifesaving activi-
ty in severe hepatic veno-occlusive disease: clinical outcomes
and potential mechanisms of action. Oligonucleotides 2006; 16:
105–14. 

8. Ho VT, et al. Hepatic veno-occlusive disease after hematopoietic
stem cell transplantation: update on defibrotide and other current
investigational therapies. Bone Marrow Transplant 2008; 41:
229–37.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Noravid; Prociclide.

Delapril Hydrochloride (USAN, rINNM)

Alindapril Hydrochloride; CV-3317; Délapril, Chlorhydrate de;
Delaprili Hydrochloridum; Hidrocloruro de delapril; Indalapril
Hydrochloride; REV-6000A. Ethyl (S)-2-{[(S)-1-(carboxymethyl-
2-indanylcarbamoyl)ethyl]amino}-4-phenylbutyrate hydrochlo-
ride.
Делаприла Гидрохлорид
C26H32N2O5,HCl = 489.0.
CAS — 83435-66-9 (delapr il); 83435-67-0 (delapril hy-
drochloride).
ATC — C09AA12.
ATC Vet — QC09AA12.

(delapril)

Profile
Delapril is an ACE inhibitor (p.1193). It is converted in the body
to two metabolites to which it owes its activity. It is given orally

as the hydrochloride in the treatment of hypertension (p.1171), in
usual maintenance doses of 30 to 60 mg daily in two divided dos-
es.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Delacard; Braz.: Delakete†; Gr.: Delacard; Ital.: Delaket; Jpn:
Adecut; Malaysia: Cupressin†; Philipp.: Cupressin; Singapore: Cu-
pressin; Spain: Beniod; Trinordiol; Thai.: Cupressin†.
Multi-ingredient: Austria: Delapride; Braz.: Hipertil; Gr.: Dinapres; Vi-
vace; Ital.: Delapride; Dinapres.

Denopamine (rINN)

Denopamina; Dénopamine; Denopaminum; TA-064. (−)-(R)-α-
{[(3,4-Dimethoxyphenethyl)amino]methyl}-p-hydroxybenzyl al-
cohol.
Денопамин
C18H23NO4 = 317.4.
CAS — 71771-90-9.

Profile
Denopamine is a sympathomimetic (p.1407) with predominant-
ly beta-adrenergic activity selective to beta1 receptors. It acts as
a partial agonist (see Xamoterol, p.1433) and has been used for
the treatment of heart failure.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Kalgut.

Dermatan Sulfate
Chondroitin Sulfate B; Dermatán, sulfato de; Dermatan Sulphate;
LMW-DS (depolymerised dermatan sulfate); MF-701; OP-370
(depolymerised dermatan sulfate).
CAS — 24967-94-0 (dermatan sulfate).
ATC — B01AX04.
ATC Vet — QB01AX04.

Dermatan Sulfate Sodium
Chondroitin Sulfate B Sodium; Dermatan Sulphate Sodium.
CAS — 54328-33-5.
ATC — B01AX04.
ATC Vet — QB01AX04.

Profile
Dermatan sulfate is a naturally occurring glycosaminoglycan
used as an anticoagulant for prophylaxis of venous thromboem-
bolism (p.1189). It is given as the sodium salt in a dose of 100 to
300 mg daily by intramuscular injection. The dose may be in-
creased to 300 mg twice daily in patients at high risk of throm-
boembolism, such as those undergoing major orthopaedic sur-
gery. 
Dermatan sulfate is a component of sulodexide (p.1406) and its
sodium salt is a component of danaparoid sodium (p.1255). 
Dermatan sulfate has been investigated for the treatment of ve-
nous thromboembolism, heparin-induced thrombocytopenia,
and to prevent clotting during haemodialysis. Low-molecular-
weight (depolymerised) dermatan sulfate has also been studied.
◊ References.
1. Dawes J, et al. The pharmacokinetics of dermatan sulphate

MF701 in healthy human volunteers. Br J Clin Pharmacol 1991;
32: 361–6. 

2. Agnelli G, et al. Randomised, double-blind, placebo-controlled
trial of dermatan sulphate for prevention of deep vein thrombosis
in hip fracture. Thromb Haemost 1992; 67: 203–8. 

3. Gianese F, et al. The pharmacokinetics and pharmacodynamics
of dermatan sulphate MF701 during haemodialysis for chronic
renal failure. Br J Clin Pharmacol 1993; 35: 335–9. 

4. Legnani C, et al. Acute and chronic effects of a new low molec-
ular weight dermatan sulphate (Desmin 370) on blood coagula-
tion and fibrinolysis in healthy subjects. Eur J Clin Pharmacol
1994; 47: 247–52. 

5. Miglioli M, et al. Bioavailability of Desmin, a low molecular
weight dermatan sulfate, after subcutaneous administration to
healthy volunteers. Int J Clin Lab Res 1997; 27: 195–8. 

6. Taliani MR et al. Dermatan sulphate in patients with heparin-
induced thrombocytopenia. Br J Haematol 1999; 104: 87–9. 

7. Di Carlo V, et al. Dermatan sulphate for the prevention of post-
operative venous thromboembolism in patients with cancer.
Thromb Haemost 1999; 82: 30–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Aclotan†; Mistral; Port.: Venorix.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Deserpidine (BAN, rINN)

Canescine; Deserpidiini; Deserpidin; Deserpidina; Déserpidine;
Deserpidinum; 11-Desmethoxyreserpine; Raunormine; Reca-
nescine. Methyl 11-demethoxy-O-(3,4,5-trimethoxybenzoyl)re-
serpate.
Дезерпидин
C32H38N2O8 = 578.7.
CAS — 131-01-1.
ATC — C02AA05.
ATC Vet — QC02AA05.

Profile
Deserpidine is an ester alkaloid isolated from the root of Rauwol-
fia canescens. It has properties similar to those described under
reserpine (p.1387) and has been used in the treatment of hyper-
tension and psychoses.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Hong Kong: Enduronyl†.

Desirudin (BAN, USAN, rINN)

CGP-39393; Desirudiini; Desirudina; Désirudine; Desirudinum;
Desulphatohirudin. 63-Desulfohirudin (Hirudo medicinalis iso-
form HV1).
Дезирудин
C287H440N80O110S6 = 6963.4.
CAS — 120993-53-5.
ATC — B01AE01.
ATC Vet — QB01AE01.

Adverse Effects and Precautions
As for Lepirudin, p.1323. 
Teratogenicity has been observed in animals.

Interactions
As for Lepirudin, p.1323.

Pharmacokinetics
Maximum plasma concentrations of desirudin are
reached 1 to 3 hours after subcutaneous injection. De-
sirudin is metabolised and excreted by the kidney, and
40 to 50% of a dose is excreted unchanged in the urine.
After subcutaneous or intravenous injection the termi-
nal elimination half-life of desirudin is 2 to 3 hours.
◊ References.
1. Lefèvre G, et al. Effect of renal impairment on the pharmacoki-

netics and pharmacodynamics of desirudin. Clin Pharmacol
Ther 1997; 62: 50–9.

Uses and Administration
Desirudin is a recombinant hirudin (p.1305) that is a
direct inhibitor of thrombin with actions similar to Lep-
irudin, p.1323. It is used as an anticoagulant for the pre-
vention of postoperative venous thromboembolism
(p.1189) in patients undergoing orthopaedic surgery. It
has been investigated in arterial thromboembolic disor-
ders such as myocardial infarction and unstable angina,
and as an adjunct in angioplasty procedures (see
Ischaemic Heart Disease, under Uses and Administra-
tion of Lepirudin, p.1323). 
In the prevention of venous thromboembolism, desiru-
din is given subcutaneously in a dose of 15 mg twice
daily, the first dose 5 to 15 minutes before surgery, but
after induction of regional block anaesthesia, if used.
Treatment is continued until the patient is fully ambu-
lant, usually for 9 to a maximum of 12 days. 

Response to desirudin should be monitored using acti-
vated partial thromboplastin time (APTT) in patients
with hepatic or renal impairment, or increased risk of
bleeding. Doses may need to be reduced in patients
with renal impairment (see below).
◊ References.
1. Matheson AJ, Goa KL. Desirudin: a review of its use in the man-

agement of thrombotic disorders. Drugs 2000; 60: 679–700.

Administration in renal impairment. The dose of desirudin
should be reduced in patients with renal impairment, depending
on creatinine clearance (CC) and activated partial thromboplas-
tin time (APPT), which should be measured daily. US licensed
product information recommends the following doses: 
• CC 31 to 60 mL/minute per 1.73 m2, initial dose 5 mg every

12 hours, subsequently adjusted according to APPT 
• CC below 31 mL/minute per 1.73 m2, initial dose 1.7 mg

every 12 hours, subsequently adjusted according to APPT

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Revasc; Cz.: Revasc; Fr.: Revasc†; Ger.: Revasc; Gr.: Revasc†;
Hung.: Revasc†; Neth.: Revasc; Norw.: Revasc†; NZ: Revasc; Port.:
Revasc; Spain: Revasc; Switz.: Revasc†; USA: Iprivask.

Deslanoside (BAN, rINN)

Deacetyl-lanatoside C; Desacetyl-lanatoside C; Deslanosid;
Deslanosídeo; Deslanosidi; Deslanósido; Deslanosidum; Deslan-
ozidas; Dezlanozid. 3-[(O-β-D-Glucopyranosyl-(1→4)-O-2,6-
dideoxy-β-D-ribo-hexopyranosyl-(1→4)-O-2,6-dideoxy-β-D-ribo-
hexopyranosyl-(1→4)-O-2,6-dideoxy-β-D-ribo-hexopyranosyl)-
oxy]-12,14-dihydroxy-3β,5β,12β-card-20(22)-enolide.
Дезланозид
C47H74O19 = 943.1.
CAS — 17598-65-1.
ATC — C01AA07.
ATC Vet — QC01AA07.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Deslanoside). A white or almost white, crystalline
or finely crystalline hygroscopic powder. Practically insoluble in
water; very slightly soluble in alcohol. In an atmosphere of low
relative humidity, it loses water. Store in airtight, glass containers
at a temperature below 10°. Protect from light. 
USP 31 (Deslanoside). Store in airtight containers at a tempera-
ture of 25°, excursions permitted between 15° and 30°. Protect
from light.
Profile
Deslanoside, a cardiac glycoside with positive inotropic activity,
is a derivative of lanatoside C. It has the general properties of
digoxin (p.1259) and has been used similarly in the management
of some cardiac arrhythmias and in heart failure.
Preparations
USP 31: Deslanoside Injection.

Proprietary Preparations (details are given in Part 3)
Braz.: Cedilanide.

Detajmium Bitartrate (rINN)

Bitartrato de detajmio; Detajmii Bitartras; Détajmium, Bitartrate
de. 4-[3-(Diethylamino)-2-hydroxypropyl]ajmalinium hydrogen
tartrate monohydrate.
Детаймия Битартрат
C31H47N3O9,H2O = 623.7.
CAS — 53862-81-0.

Profile
Detajmium is a class I antiarrhythmic (p.1153). It is given orally
as the bitartrate, in the treatment of supraventricular and ven-
tricular arrhythmias (p.1160). The dose range is from 75 to
300 mg daily depending upon the arrhythmia.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Tachmalcor; Ger.: Tachmalcor.

Diazoxide (BAN, USAN, rINN)

Diatsoksidi; Diazoksidas; Diazoksit; Diazoxid; Diazóxido; Diazox-
idum; NSC-64198; Sch-6783; SRG-95213. 7-Chloro-3-methyl-
2H-1,2,4-benzothiadiazine 1,1-dioxide.
Диазоксид
C8H7ClN2O2S = 230.7.
CAS — 364-98-7.
ATC — C02DA01; V03AH01.
ATC Vet — QC02DA01; QV03AH01.

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Diazoxide). A white or almost white, fine or crys-
talline powder. Practically insoluble in water; slightly soluble in
alcohol; freely soluble in dimethylformamide; very soluble in di-
lute solutions of alkali hydroxides. 
USP 31 (Diazoxide). White or cream-white crystals or crystal-
line powder. Practically insoluble to sparingly soluble in water
and in most organic solvents; freely soluble in dimethylforma-
mide; very soluble in strong alkaline solutions. Store at a temper-
ature of 25°, excursions permitted between 15° and 30°.

Adverse Effects
In addition to inappropriate hypotension and hypergly-
caemia (which includes ketoacidosis and hyperosmo-
lar nonketotic coma), adverse effects often include
oedema due to salt and water retention, which may pre-
cipitate heart failure. Other adverse effects include:
dysgeusia, nausea, anorexia, and other gastrointestinal
disturbances; mild hyperuricaemia; extrapyramidal
symptoms; eosinophilia and thrombocytopenia; dysp-
noea; hypertrichosis; and headache, dizziness, tinnitus,
and blurred vision. Hypersensitivity has occurred,
manifesting as rashes, leucopenia, and fever. 
During intravenous therapy, particularly after large bo-
lus injections, adverse effects may be associated with
too rapid a reduction in blood pressure and include:
coronary ischaemia leading to angina, cardiac arrhyth-
mias, marked ECG changes, tachycardia, palpitations,
and bradycardia; cerebral ischaemia leading to confu-
sion, convulsions, loss of consciousness, and neurolog-
ical deficit; renal impairment; and symptoms of va-
sodilatation. 
Diazoxide may cause a burning sensation in the inject-
ed vein; extravasation of the alkaline solution is pain-
ful.
Effects on the blood. A 26-year-old man with hypertension
developed reversible haemolytic anaemia when treated with dia-
zoxide orally on 3 separate occasions.1
1. Best RA, Clink HM. Haemolysis associated with diazoxide, used

for the control of hypertension. Postgrad Med J 1975; 51: 402–4.

Effects on the hair. Hirsutism and hypertrichosis are different
types of excessive hair growth, but the terms have often been
used interchangeably. Hirsutism is androgen-related whereas
hypertrichosis is thought to be independent of hormone stimula-
tion. Hypertrichosis is acknowledged to be a frequent adverse
effect of diazoxide in children receiving long-term treatment for
idiopathic hypoglycaemia.1 Two such children had unusually
deep (low-pitched) voices as well as marked hypertrichosis.2 A
woman on continuous diazoxide therapy who developed so-
called hirsutism without signs of virilisation had raised serum
concentrations of androgens.3 
Alopecia has been reported4 in 4 infants born to mothers who had
been on long-term treatment with diazoxide during pregnancy;
the condition was still present to some extent when the infants
were last observed at the ages of 5 months to 1 year.
1. Burton JL, et al. Hypertrichosis due to diazoxide. Br J Dermatol

1975; 93: 707–11. 
2. West RJ. Side effects of diazoxide. BMJ 1978; 2: 506. 
3. Hallengren B, Hökfelt B. Increase of serum androgens during

diazoxide treatment. Lancet 1984; ii: 1044–5. 
4. Milner RDG, Chouksey SK. Effects of fetal exposure to diazox-

ide in man. Arch Dis Child 1972; 47: 537–43.
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Extrapyramidal effects. In a study1 of 100 hypertensive pa-
tients receiving diazoxide, the incidence of extrapyramidal
symptoms was 15%.
1. Pohl JEF. Development and management of extrapyramidal

symptoms in hypertensive patients treated with diazoxide. Am
Heart J 1975; 89: 401–2.

Pancreatitis. Ten patients with severe hypertension and renal
failure were treated with diazoxide in a last attempt to avert ne-
phrectomy; 1 patient developed acute pancreatitis and another
diabetic ketoacidosis.1 Both patients recovered from these effects
when diazoxide was withdrawn.
1. De Broe M, et al. Oral diazoxide for malignant hypertension.

Lancet 1972; i: 1397.

Voice changes. See Effects on the Hair, above.

Treatment of Adverse Effects
Treatment is largely symptomatic. Severe hypergly-
caemia may be corrected by giving insulin: less severe
hyperglycaemia may respond to oral hypoglycaemics.
Hypotension may be managed with intravenous fluids.
Severe hypotension may require sympathomimetics.
Antiparkinsonian drugs, such as procyclidine, have
been given to control extrapyramidal effects while a di-
uretic may be required for salt and water retention. Di-
azoxide can be removed from the body by dialysis but
recovery is relatively low owing to extensive protein
binding.

Precautions
Diazoxide should be used with care in patients with
impaired cardiac or cerebral circulation and in patients
with aortic coarctation, arteriovenous shunt, heart fail-
ure, or other cardiac disorders in which an increase in
cardiac output could be detrimental. During prolonged
therapy blood-glucose concentrations and blood pres-
sure should be monitored and the blood should be ex-
amined regularly for signs of leucopenia and thrombo-
cytopenia; in children, bone and psychological
maturation, and growth, should be regularly assessed.
Caution is necessary in patients with renal impairment. 
If given during labour, diazoxide may cause cessation
of uterine contractions and delay delivery unless oxy-
tocin is also given.
Pregnancy. Transplacental transfer of diazoxide was
considered1 to be responsible for an inappropriately low plasma-
insulin concentration in an infant whose mother had received a
dose of 150 mg daily for 47 days prior to delivery. For reference
to alopecia in neonates whose mothers had received diazoxide
during pregnancy, see Effects on the Hair under Adverse Effects,
above. 
For reports of sedation, hypotonia, or apnoea among infants born
to mothers given both diazoxide and clomethiazole for the treat-
ment of toxaemia of pregnancy, see Precautions, Pregnancy, in
Clomethiazole Edisilate, p.978. Diazoxide is nonetheless one of
the drugs that has been used for hypertensive emergencies in
pregnancy (see Hypertension, p.1171) and a study found that
mini-boluses of diazoxide 15 mg intravenously successfully re-
duced blood pressure and were well tolerated.2
1. Smith MJ, et al. Neonatal hyperglycaemia after prolonged ma-

ternal treatment with diazoxide. BMJ 1982; 284: 1234. 
2. Hennessy A, et al. A randomised comparison of hydralazine and

mini-bolus diazoxide for hypertensive emergencies in pregnan-
cy: the PIVOT trial. Aust N Z J Obstet Gynaecol 2007; 47:
279–85.

Interactions
The hyperglycaemic, hyperuricaemic, and hypotensive
actions of diazoxide may be enhanced by diuretics.
Use of diazoxide with other antihypertensives or va-
sodilators may lead to increased risk of hypotension.
Chlorpromazine. Chlorpromazine was reported1 to enhance
the hyperglycaemic effect of diazoxide in a 2-year-old child.
1. Aynsley-Green A, Illig R. Enhancement by chlorpromazine of

hyperglycaemic action of diazoxide. Lancet 1975; ii: 658–9.

Phenytoin. For the effect of diazoxide on serum-phenytoin
concentrations, see Antihypertensives, p.499.

Pharmacokinetics
Diazoxide is readily absorbed from the gastrointestinal
tract and more than 90% bound to plasma proteins, al-
though protein binding is decreased in uraemic pa-
tients. Its plasma half-life has been estimated to range
from about 20 to 45 hours but values of up to 60 hours
have been reported. The half-life is reported to be pro-
longed in renal impairment and shorter for children.

The plasma half-life greatly exceeds the duration of
vascular activity. Diazoxide is partly metabolised in the
liver and is excreted in the urine both unchanged and in
the form of metabolites; only small amounts are recov-
ered from the faeces. It crosses the placenta and the
blood-brain barrier.
Children. In 4 children with hypoglycaemia the plasma half-life
of diazoxide was 9.5 to 24 hours, which is considerably shorter
than that in adults.1
1. Pruitt AW, et al. Disposition of diazoxide in children. Clin Phar-

macol Ther 1973; 14: 73–82.

Uses and Administration
Diazoxide increases the concentration of glucose in the
plasma; it inhibits the secretion of insulin by the beta
cells of the pancreas, and may increase the hepatic out-
put of glucose. When given intravenously, it produces
a fall in blood pressure by a vasodilator effect on the
arterioles and a reduction in peripheral resistance. Dia-
zoxide is closely related structurally to the thiazide di-
uretics, but has an antidiuretic action and thus produces
fluid and electrolyte retention; it may be given with a
diuretic to reduce fluid retention. 
Diazoxide is used orally in the management of intrac-
table hypoglycaemia (p.1447) and intravenously in the
management of hypertensive crises (p.1171), particu-
larly when first-line drugs such as sodium nitroprus-
side are ineffective or unsuitable. Diazoxide is not suit-
able for the chronic treatment of hypertension because
of its severe adverse effects. 
In hypoglycaemia, the initial dose is 3 to 5 mg/kg dai-
ly in 2 or 3 divided oral doses, then adjusted according
to response. Usual maintenance doses are from 3 to
8 mg/kg daily but total doses of up to 1 g daily have
been given to adults with insulinomas (see Carcinoid
Tumours and other Secretory Neoplasms, p.643). In
neonates the initial dose is 5 mg/kg twice daily; usual
maintenance doses range from 3 to 9 mg/kg daily, al-
though up to 21 mg/kg daily may be required. In chil-
dren from 1 month of age, the initial dose is 1.7 mg/kg
three times daily, and the usual maintenance doses are
as for neonates; up to 15 mg/kg daily may be required.
The hyperglycaemic effect normally begins within 1
hour of a dose and lasts for up to 8 hours. The doses for
neonates and children may be given intravenously if
necessary. 
In hypertensive crises, a bolus intravenous injection
of 1 to 3 mg/kg is given within 30 seconds, up to a
maximum dose of 150 mg, and repeated after 5 to 15
minutes if required. 
Reduced doses may be necessary in patients with renal
impairment.
Preparations
BP 2008: Diazoxide Injection; Diazoxide Tablets; 
USP 31: Diazoxide Capsules; Diazoxide Injection; Diazoxide Oral Suspen-
sion.

Proprietary Preparations (details are given in Part 3)
Arg.: Proglicem; Braz.: Tensuril; Canad.: Hyperstat†; Proglycem; Fr.: Pro-
glicem; Ger.: Hypertonalum†; Proglicem; Gr.: Eudemine; Hyperstat†; Pro-
glycem; Ital.: Hyperstat†; Proglicem; Mex.: Hyperstat†; Sefulken; Neth.:
Proglicem; Swed.: Hyperstat†; Switz.: Proglicem; UK: Eudemine; USA:
Hyperstat; Proglycem.

Dicoumarol (rINN)

Bishydroxycoumarin; Dicoumarin; Dicoumarolum; Dicumarol
(USAN); Dikumarol; Dikumaroli; Melitoxin. 3,3′-Methylenebis(4-
hydroxycoumarin).

Дикумарол
C19H12O6 = 336.3.
CAS — 66-76-2.
ATC — B01AA01.
ATC Vet — QB01AA01.

Pharmacopoeias. In Int.
Adverse Effects, Treatment, and Precautions
As for Warfarin Sodium, p.1425, although gastrointestinal ad-
verse effects are reported to occur more frequently. The absorp-
tion of dicoumarol is affected by food.
Breast feeding. No adverse effects have been seen in breast-
feeding infants whose mothers were receiving dicoumarol, and
the American Academy of Pediatrics considers1 that it is there-
fore usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Interactions
The interactions associated with oral anticoagulants are dis-
cussed in detail under warfarin (p.1427). Specific references to
interactions involving dicoumarol can be found under the head-
ings for the following drug groups: analgesics; antiarrhythmics;
antibacterials; antidepressants; antidiabetics; antiepileptics;
antigout drugs; anxiolytic sedatives; gastrointestinal drugs; lipid
regulating drugs; sex hormones; and vitamins.
Pharmacokinetics
Dicoumarol is slowly and erratically absorbed from the gastroin-
testinal tract and is extensively bound to plasma proteins. It is
metabolised in the liver and is excreted in the urine, mainly as
metabolites.
Uses and Administration
Dicoumarol is an oral coumarin anticoagulant with actions sim-
ilar to those of warfarin (p.1432). It has been used in the manage-
ment of thromboembolic disorders (p.1187). The usual daily
maintenance dose, adjusted according to coagulation tests, is 25
to 200 mg. 
Because of its unpredictability of response and high incidence of
gastrointestinal effects, dicoumarol has been largely replaced by
warfarin.

Digitalis Leaf
Digit. Fol.; Digit. Leaf; Digital, hoja de; Digitale Pourprée; Digitale
Pourprée, Feuille de; Digitaliksenlehti; Digitalis; Digitalis Folium;
Digitalis purpureae folium; Digitalisblad; Feuille de Digitale; Fin-
gerhutblatt; Folha de Dedaleira; Foxglove Leaf; Hoja de Digital;
List náprstníku červeného; Piros gyűszűviráglevél; Rusmenių la-
pai.
ATC — C01AA03.
ATC Vet — QC01AA03.

NOTE. The term ‘digitalis’ is often used to describe the entire class
of cardiac glycosides.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Digitalis Leaf). The dried leaf of Digitalis purpurea.
It contains not less than 0.3% of cardenolic glycosides, expressed
as digitoxin, and calculated with reference to the drug dried at
100° to 105°. Protect from light and moisture. 
USP 31 (Digitalis). The dried leaf of Digitalis purpurea (Scro-
phulariaceae). The potency is such that, when assayed as direct-
ed, 100 mg is equivalent to not less than 1 USP unit. Store in con-
tainers that protect it from absorbing moisture.
Profile
Digitalis leaf contains a number of cardiac glycosides with posi-
tive inotropic activity, including digitoxin, gitoxin, and gitaloxin.
It has the general properties described under digoxin (p.1259)
and has been used similarly in the management of heart failure.
However, when treatment with a cardiac glycoside is required a
single glycoside is preferred to digitalis, and digoxin or digitoxin
are most commonly used. 
Digitalis is used in herbal medicine. 
Homoeopathy. Digitalis leaf has been used in homoeopathic
medicines under the following names: Digitalis; Digitalis purpu-
rea; Dig. pur.
Preparations
USP 31: Digitalis Capsules; Digitalis Tablets.

Proprietary Preparations (details are given in Part 3)
Ger.: Digophton†.
Multi-ingredient: Austria: Augentropfen Stulln; Ger.: Augentropfen
Stulln Mono; Unguentum lymphaticum; Switz.: Augentonicum; Collypan;
Venez.: Linfoderm.

Digitalis Lanata Leaf
Austrian Digitalis; Austrian Foxglove; Digitalis lanata, hoja de; Dig-
italis Lanatae Folium; Woolly Foxglove Leaf.
CAS — 17575-20-1 (lanatoside A).

Profile
Digitalis lanata leaf consists of the dried leaves of the woolly fox-
glove, Digitalis lanata (Scrophulariaceae), containing about 1 to
1.4% of a mixture of cardioactive glycosides, including digoxin,
digitoxin, acetyldigoxin, acetyldigitoxin, lanatoside A, and
deslanoside. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Digitalis lanata leaf is used as a source for the manufacture of
digoxin and other glycosides.
◊ There have been reports1 of toxicity after ingestion of dietary
supplements contaminated with digitalis lanata.
1. Slifman NR, et al. Contamination of botanical dietary supple-

ments by digitalis lanata. N Engl J Med 1998; 339: 806–11.

Digitoxin (BAN, rINN)

Digitaline Cristallisée; Digitoksiini; Digitoksinas; Digitoksyna; Digi-
toxina; Digitoxine; Digitoxinum; Digitoxoside; Dijitoksin. 3β-[(O-
2,6-Dideoxy-β-D-ribo-hexopyranosyl-(1→4)-O-2,6-dideoxy-β-D-
ribo-hexopyranosyl-(1→4)-2,6-dideoxy-β-D-ribo-hexopyrano-
syl)oxy]-14β-hydroxy-5β-card-20(22)-enolide.
Дигитоксин
C41H64O13 = 764.9.
CAS — 71-63-6.
ATC — C01AA04.
ATC Vet — QC01AA04.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Digitoxin). A white or almost white powder. Prac-
tically insoluble in water; slightly soluble in alcohol and in
methyl alcohol; freely soluble in a mixture of equal volumes of
chloroform and methyl alcohol. Protect from light. 
USP 31 (Digitoxin). A cardiotonic glycoside obtained from Dig-
italis purpurea, Digitalis lanata (Scrophulariaceae), or other
suitable species of Digitalis. A white or pale buff-coloured,
odourless, microcrystalline powder. Practically insoluble in wa-
ter; soluble 1 in 150 of alcohol and 1 in 40 of chloroform; very
slightly soluble in ether. Store in airtight containers.
Adsorption. Binding to an in-line intravenous filter containing
a cellulose ester membrane accounted for a reduction1 in digitox-
in concentration of up to 25% from solutions of digitoxin
200 micrograms in 50 mL of glucose 5% or sodium chloride
0.9%. Pretreatment of the filter with a polymer coating reduced
adsorption by about half.2 
Digitoxin was found to be adsorbed onto glass and plastic in sub-
stantial amounts from simple aqueous solutions but not from
solutions in 30% alcohol, or in plasma, or urine.3
1. Butler LD, et al. Effect of inline filtration on the potency of low-

dose drugs. Am J Hosp Pharm 1980; 37: 935–41. 
2. Kanke M, et al. Binding of selected drugs to a "treated" inline

filter. Am J Hosp Pharm 1983; 40: 1323–8. 
3. Molin L, et al. Solubility, partition, and adsorption of digitalis

glycosides. Acta Pharm Suec 1983: 20: 129–44.

Adverse Effects, Treatment, and Precautions
As for Digoxin, below. Toxicity may be more prolonged after
withdrawal of digitoxin because of the longer half-life.
◊ References.
1. Lely AH, van Enter CHJ. Large-scale digitoxin intoxication.

BMJ 1970; 3: 737–40. 
2. Gilfrich H-J, et al. Treatment of massive digitoxin overdose by

charcoal haemoperfusion and cholestyramine. Lancet 1978; i:
505. 

3. Pond S, et al. Treatment of digitoxin overdose with oral activated
charcoal. Lancet 1981; ii: 1177–8. 

4. Kurowski V, et al. Treatment of a patient with severe digitoxin
intoxication by Fab fragments of anti-digitalis antibodies. Inten-
sive Care Med 1992; 18: 439–42. 

5. Schmitt K, et al. Massive digitoxin intoxication treated with di-
goxin-specific antibodies in a child. Pediatr Cardiol 1994; 15:
48–9. 

6. Lehmann G, et al. Digitoxin intoxication in a 79-year-old patient:
a description of a case and review of the literature. Int J Cardiol
2000; 75: 109–13. 

7. Hippius M, et al. Adverse drug reaction monitoring—digitoxin
overdosage in the elderly. Int J Clin Pharmacol Ther 2001; 39:
336–43.

Interactions
As for Digoxin, below. Since digitoxin is significantly metabo-
lised in the liver it may be affected by drugs that induce micro-
somal enzymes, including rifampicin (see below) and antiepilep-
tics such as phenobarbital.
Antibacterials. Acute heart failure has been reported in a pa-
tient taking digitoxin when treatment with rifampicin and isoni-
azid was started; plasma-digitoxin concentrations fell from a pre-
treatment steady-state value of 27 nanograms/mL to
10 nanograms/mL. The reduction in the digitoxin concentration

was attributed to induction of digitoxin metabolism by ri-
fampicin.1 
Digitoxin toxicity has been described in 2 patients after addition
of azithromycin to their therapy.2
1. Boman G, et al. Acute cardiac failure during treatment with dig-

itoxin—an interaction with rifampicin. Br J Clin Pharmacol
1980; 10: 89–90. 

2. Thalhammer F, et al. Azithromycin-related toxic effects of digi-
toxin. Br J Clin Pharmacol 1998; 45: 91–2.

Antineoplastics. A mean overall increase of 109% was seen in
digitoxin clearance in 5 patients also given aminoglutethimide.
The interaction was attributed to the induction of hepatic en-
zymes by aminoglutethimide.1
1. Lønning PE, et al. Effect of aminoglutethimide on antipyrine,

theophylline, and digitoxin disposition in breast cancer. Clin
Pharmacol Ther 1984; 36: 796–802.

Calcium-channel blockers. Steady-state plasma concentra-
tions of digitoxin increased by an average of 35% over 2 to 3
weeks in 8 of 10 patients when verapamil 240 mg daily was add-
ed to their therapy. Total body clearance and extra-renal clear-
ance of digitoxin were reduced by 27% and 29% respectively
although renal excretion was unchanged. Plasma-digitoxin con-
centrations increased by a mean of 21% in 5 of 10 patients treated
with diltiazem but were not increased by nifedipine.1
1. Kuhlman J. Effects of verapamil, diltiazem, and nifedipine on

plasma levels and renal excretion of digitoxin. Clin Pharmacol
Ther 1985; 38: 667–73.

Diuretics. Spironolactone has been reported to decrease the
half-life and the urinary elimination of unchanged digitoxin
when given for at least 10 days to 8 patients on oral maintenance
digitoxin therapy.1 However, increased digitoxin half-life has
been reported2 in 3 healthy subjects when spironolactone was
added to digitoxin therapy. The interaction was judged to be of
minor clinical importance.
1. Wirth KE, et al. Metabolism of digitoxin in man and its modifi-

cation by spironolactone. Eur J Clin Pharmacol 1976; 9:
345–54. 

2. Carruthers SG, Dujovne CA. Cholestyramine and spironolactone
and their combination in digitoxin elimination. Clin Pharmacol
Ther 1980; 27: 184–7.

Pharmacokinetics
Digitoxin is readily and completely absorbed from the gastroin-
testinal tract. Therapeutic plasma concentrations may range from
10 to 35 nanograms/mL but there is considerable interindividual
variation. Digitoxin is more than 90% bound to plasma proteins.
It is very slowly eliminated from the body and is metabolised in
the liver. Most metabolites are inactive; the major active metab-
olite is digoxin. Enterohepatic recycling occurs and digitoxin is
excreted in the urine, mainly as metabolites. It is also excreted in
the faeces and this route becomes significant in renal impair-
ment. Digitoxin has an elimination half-life of up to 7 days or
more. The half-life is generally unchanged in renal impairment. 
The pharmacokinetics of digitoxin may be affected by age and
by concurrent diseases (see under Uses and Administration, be-
low).
Uses and Administration
Digitoxin is a cardiac glycoside with positive inotropic activity.
It has actions similar to those of digoxin (below) and is used in
the management of some cardiac arrhythmias (p.1160) and in
heart failure (p.1165). 
Digitoxin is the most potent of the digitalis glycosides and is the
most cumulative in action. The onset of its action is slower than
that of the other cardiac glycosides and it may therefore be less
suitable than digoxin for rapid digitalisation; after oral doses its
effects may be evident in about 2 hours and its full effects in
about 12 hours. Its effects persist for about 3 weeks. 
As described under digoxin, dosage should be carefully adjusted
to the needs of the individual patient. Steady-state therapeutic
plasma concentrations of digitoxin may range from 10 to
35 nanograms/mL; higher values may be associated with toxici-
ty. In adults 1 to 1.5 mg has been given orally in divided doses
over 24 hours for rapid digitalisation, while for slow digitalisa-
tion an oral dose of 200 micrograms twice daily for 4 days has
been given. The usual maintenance dose is 100 to
200 micrograms daily, but 100 micrograms on alternate days
may be adequate. Digitoxin may also be given by slow intrave-
nous injection when vomiting or other conditions prevent oral
use; maintenance doses of 70 to 100 micrograms daily have been
used. It has also been given intramuscularly but injections may
be irritant.
Administration in children. Children were found to have a
greater volume of distribution of digitoxin than adults and a
shorter mean half-life, although individual variation was consid-
erable. The increase in total clearance in children compared with
adults was attributed to greater metabolic clearance. Digitalisa-
tion doses of 20 micrograms/kg were well tolerated.1
1. Larsen A, Storstein L. Digitoxin kinetics and renal excretion in

children. Clin Pharmacol Ther 1983; 33: 717–26.

Administration in the elderly. Digitoxin half-life, apparent
volume of distribution, and clearance were not found to differ in
elderly subjects compared with young adults after intravenous
injection in a single-dose study. The long half-life may make
once weekly dosing possible in poorly compliant patients.1
1. Donovan MA, et al. The effect of age on digitoxin pharmacoki-

netics. Br J Clin Pharmacol 1981; 11: 401–2.

Administration in renal disease. The pharmacokinetics of
digitoxin were changed significantly in 5 patients with nephrotic
syndrome. The apparent volume of distribution of digitoxin was
increased and protein binding decreased. Such patients should be
maintained at lower serum-digitoxin concentrations than other
patients but will need larger doses because of the shortened se-
rum half-life and the increased renal excretion of digitoxin and
its cardioactive metabolites.1
1. Storstein L. Studies on digitalis VII: influence of nephrotic syn-

drome on protein binding, pharmacokinetics, and renal excretion
of digitoxin and cardioactive metabolites. Clin Pharmacol Ther
1976; 20: 158–66.

Malignant neoplasms. There has been some interest in the po-
tential anticancer activity of digitoxin and related compounds. 
References.
1. Haux J. Digitoxin is a potential anticancer agent for several types

of cancer. Med Hypotheses 1999; 53: 543–8. 
2. Haux J, et al. Digitoxin medication and cancer: case control and

internal dose-response studies. BMC Cancer 2001; 1: 11. 
3. Johansson S, et al. Cytotoxicity of digitoxin and related cardiac

glycosides in human tumor cells. Anticancer Drugs 2001; 12:
475–83. 

4. López-Lázaro M, et al. Digitoxin inhibits the growth of cancer
cell lines at concentrations commonly found in cardiac patients.
J Nat Prod 2005; 68: 1642–5. 

5. López-Lázaro M. Digitoxin as an anticancer agent with selectiv-
ity for cancer cells: possible mechanisms involved. Expert Opin
Ther Targets 2007; 11: 1043–53.

Preparations
BP 2008: Digitoxin Tablets; 
USP 31: Digitoxin Injection; Digitoxin Tablets.
Proprietary Preparations (details are given in Part 3)
Austria: Digimerck; Ditaven†; Belg.: Digitaline†; Braz.: Digitaline; Ger.:
Coramedan†; Digimed; Digimerck; Tardigal†; Hung.: Digimerck; Swed.:
Digitrin†; USA: Crystodigin.

Digoxin (BAN, rINN)

Digoksiini; Digoksin; Digoksinas; Digoksyna; Digoxina; Digoxine;
Digoxinum; Digoxosidum. 3β-[(O-2,6-Dideoxy-β-D-ribo-hexo-
pyranosyl-(1→4)-O-2,6-dideoxy-β-D-ribo-hexopyranosyl-(1→4)-
2,6-dideoxy-β-D-ribo-hexopyranosyl)oxy]-12β,14β-dihydroxy-
5β-card-20(22)-enolide.
Дигоксин
C41H64O14 = 780.9.
CAS — 20830-75-5.
ATC — C01AA05.
ATC Vet — QC01AA05.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Digoxin). A white or almost white powder or col-
ourless crystals. Practically insoluble in water; slightly soluble in
alcohol; freely soluble in a mixture of equal volumes of dichlo-
romethane and methyl alcohol. Protect from light. 
USP 31 (Digoxin). A cardiotonic glycoside obtained from the
leaves of Digitalis lanata (Scrophulariaceae). Clear to white,
odourless, crystals, or a white, odourless, crystalline powder.
Practically insoluble in water and in ether; slightly soluble in di-
luted alcohol and in chloroform; freely soluble in pyridine. Store
in airtight containers.

Adverse Effects
Digoxin and the other cardiac glycosides commonly
produce adverse effects because the margin between
the therapeutic and toxic doses is small; plasma con-
centrations of digoxin in excess of 2 nanograms/mL
are considered to be an indication that the patient is at
special risk although there is considerable interindivid-
ual variation. There have been many fatalities, particu-
larly due to cardiac toxicity. 
Nausea, vomiting, and anorexia may be among the
earliest symptoms of digoxin toxicity or overdosage;
diarrhoea and abdominal pain may occur. Certain neu-
rological effects are also common symptoms of digoxin
overdosage and include headache, facial pain, fatigue,
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weakness, dizziness, drowsiness, disorientation, mental
confusion, bad dreams and more rarely delirium, acute
psychoses, and hallucinations. Convulsions have been
reported. Visual disturbances including blurred vision
may occur; colour vision may be affected with objects
appearing yellow or, less frequently, green, red, brown,
blue, or white. Hypersensitivity reactions are rare;
thrombocytopenia has been reported. The cardiac gly-
cosides may have some oestrogenic activity and occa-
sionally cause gynaecomastia at therapeutic doses. 
Rapid intravenous injection of digoxin may cause va-
soconstriction and transient hypertension. Intramuscu-
lar or subcutaneous injection can cause local irritation. 
The most serious adverse effects are those on the heart.
Toxic doses may cause or aggravate heart failure. Su-
praventricular or ventricular arrhythmias and defects
of conduction are common and may be an early indica-
tion of excessive dosage, particularly in children. In
general the incidence and severity of arrhythmias is re-
lated to the severity of the underlying heart disease. Al-
most any arrhythmia may ensue, but particular note
should be made of supraventricular tachycardia, espe-
cially AV junctional tachycardia and atrial tachycardia
with block. Ventricular arrhythmias including extra-
systoles, sinoatrial block, sinus bradycardia, and AV
block may also occur. 
Hypokalaemia predisposes to digoxin toxicity; adverse
reactions to digoxin may be precipitated if hypokalae-
mia occurs, for example after prolonged use of diuret-
ics. Hyperkalaemia occurs in acute digoxin overdos-
age. 
As digoxin has a shorter half-life than digitalis or digi-
toxin any toxic effects will tend to resolve more rapid-
ly.
◊ General references to digitalis toxicity.
1. Pentel PR, Salerno DM. Cardiac drug toxicity: digitalis glyco-

sides and calcium-channel and β-blocking agents. Med J Aust
1990; 152: 88–94. 

2. Wells TG, et al. Age-related differences in digoxin toxicity and
its treatment. Drug Safety 1992; 7: 135–51. 

3. Johnston GD. Adverse reaction profile: digoxin. Prescribers’ J
1993; 33: 29–35. 

4. Kernan WN, et al. Incidence of hospitalization for digitalis tox-
icity among elderly Americans. Am J Med 1994; 96: 426–31. 

5. Li-Saw-Hee FL, Lip GYH. How safe is digoxin? Adverse Drug
React Bull 1998; (Feb): 715–18. 

6. Gittelman MA, et al. Acute pediatric digoxin ingestion. Pediatr
Emerg Care 1999; 15: 359–62. 

7. López-Gómez D, et al. Intoxicación grave por digoxina: utiliza-
ción exitosa del tratamiento clásico. Rev Esp Cardiol 2000; 53:
471–2. 

8. Ma G, et al. Electrocardiographic manifestations: digitalis tox-
icity. J Emerg Med 2001; 20: 145–52. 

9. Demiryürek AT, Demiryürek S. Cardiotoxicity of digitalis gly-
cosides: roles of autonomic pathways, autacoids and ion chan-
nels. Auton Autacoid Pharmacol 2005; 25: 35–52. 

10. Bauman JL, et al. Mechanisms, manifestations, and manage-
ment of digoxin toxicity in the modern era. Am J Cardiovasc
Drugs 2006; 6: 77–86.

Effects on the blood. Thrombocytopenia has been reported1

in a small number of patients taking digoxin. An association be-
tween several cardiovascular drugs, including digitalis glyco-
sides (digoxin and acetyldigoxin), and agranulocytosis was also
found in an international study2 although again the incidence was
low.
1. George JN, et al. Drug-induced thrombocytopenia: a systematic

review of published case reports. Ann Intern Med 1998; 129:
886–90. 

2. Kelly JP, et al. Risks of agranulocytosis and aplastic anemia in
relation to the use of cardiovascular drugs: the international
agranulocytosis and aplastic anemia study. Clin Pharmacol Ther
1991; 49: 330–41.

Effects in the elderly. Elderly patients may be particularly sus-
ceptible to digoxin toxicity, even at therapeutic plasma concen-
trations.1 Adverse effects reported in elderly patients with toxic
plasma-digoxin concentrations have included chorea,2 profuse
watery diarrhoea,3 and dysphagia with dysphonia.4
1. Miura T, et al. Effect of aging on the incidence of digoxin toxic-

ity. Ann Pharmacother 2000; 34: 427–32. 
2. Mulder LJMM, et al. Generalised chorea due to digoxin toxicity.

BMJ 1988; 296: 1262. 
3. Andrews PA, Wilkinson PR. Diarrhoea as a side effect of digox-

in. BMJ 1990; 301: 1398. 
4. Cordeiro MF, Arnold KG. Digoxin toxicity presenting as dys-

phagia and dysphonia. BMJ 1991; 302: 1025.

Hypersensitivity. Hypersensitivity reactions to cardiac glyco-
sides are rare but skin reactions have been reported. An 86-year-
old man developed a generalised, pruritic, erythematous rash af-
ter digoxin was given intravenously.1 The rash recurred on re-
challenge with digoxin tablets.
1. Martin SJ, Shah D. Cutaneous hypersensitivity reaction to dig-

oxin. JAMA 1994; 271: 1905.

Treatment of Adverse Effects
In acute poisoning, gastric lavage may be considered if
the patient presents within one hour of ingestion. Re-
peated doses of activated charcoal may be given to re-
duce the absorption and enterohepatic recycling of car-
diac glycosides; colestyramine and colestipol have also
been tried. Attempts to remove cardiac glycosides by
haemodialysis or peritoneal dialysis have generally
been ineffective and the value of haemoperfusion is
controversial. Forced diuresis with furosemide is gen-
erally ineffective and may be dangerous; serious elec-
trolyte imbalance may result from the use of such
potent diuretics. 
Cardiac toxicity in acute or chronic poisoning should
be treated under ECG control and serum electrolytes
should be monitored. Antiarrhythmic treatment may
be necessary and should be determined by the specific
arrhythmia present (see p.1160). Atropine is given in-
travenously to correct bradycardia and in patients with
heart block. Pacing may be necessary if atropine is not
effective. Potassium chloride may be given in hypoka-
laemic patients provided that renal function is normal
and heart block is not present. Potassium has also been
given to normokalaemic patients but caution is needed
since hyperkalaemia can occur rapidly. Other electro-
lyte imbalances should be corrected. 
In massive overdosage progressive hyperkalaemia oc-
curs and is fatal unless reversed. Soluble insulin with
glucose has been given and, if the hyperkalaemia is re-
fractory, dialysis may be tried. Massive life-threatening
overdosage has been treated successfully with digoxin-
specific antibody fragments (p.1443). 
For the treatment of chronic poisoning  temporary
withdrawal of digoxin or other cardiac glycosides may
be all that is necessary, with subsequent doses adjusted
according to the needs of the patient. Serum electro-
lytes should be measured and the ECG monitored.
Potassium supplements should be given to correct hy-
pokalaemia.
◊ References.
1. Allen NM, Dunham GD. Treatment of digitalis intoxication with

emphasis on the clinical use of digoxin immune Fab. DICP Ann
Pharmacother 1990; 24: 991–8. 

2. Dick M, et al. Digitalis intoxication recognition and manage-
ment. J Clin Pharmacol 1991; 31: 444–7. 

3. Critchley JAJH, Critchley LAH. Digoxin toxicity in chronic re-
nal failure: treatment by multiple dose activated charcoal intesti-
nal dialysis. Hum Exp Toxicol 1997; 16: 733–5.

Precautions
Digoxin is generally contra-indicated in patients with
hypertrophic obstructive cardiomyopathy unless there
is severe cardiac failure, since the outflow obstruction
may be worsened. It is also contra-indicated in patients
with the Wolff-Parkinson-White syndrome or other ev-
idence of an accessory pathway, especially if it is ac-
companied by atrial fibrillation, since ventricular tach-
ycardia or fibrillation may be precipitated. Digoxin is
not an appropriate form of therapy for any ventricular
arrhythmia. 
Digoxin toxicity is common and may result from
raised plasma concentrations or an increase in sensitiv-
ity to digoxin. Almost any deterioration in the condi-
tion of the heart or circulation may increase the sensi-
tivity to digoxin and it should be used with caution in
all patients with cardiovascular disease. Early signs of
digoxin toxicity should be watched for and the heart
rate should generally be maintained above 60 beats per
minute. Toxicity may result from giving loading doses
too rapidly and from accumulation of maintenance
doses as well as from acute poisoning. Even with intra-
venous doses a response may take a number of hours,
and persistence of tachycardia is therefore not a reason
to exceed the recommended intravenous dose. 
Digoxin should be used with caution in partial heart
block since complete heart block may be induced; it
should also be used with care in sinus node disorders.
Caution is also required in acute myocarditis (such as
rheumatic carditis), in acute myocardial infarction, in

advanced heart failure, and in severe pulmonary dis-
ease, due to the increased myocardial sensitivity. Dig-
oxin may also enhance the occurrence of arrhythmias
in patients undergoing cardioversion and should be
withdrawn 1 to 2 days before such procedures if possi-
ble. If cardioversion is essential and digoxin has al-
ready been given, low energy shocks must be used. 
Electrolyte imbalances may affect the sensitivity to di-
goxin, as may thyroid dysfunction. The effects of dig-
oxin are enhanced by hypokalaemia, hypomagnesae-
mia, hypercalcaemia, hypoxia, and hypothyroidism
and doses may need to be reduced until these condi-
tions are corrected. Resistance to the effects of digoxin
may occur in hyperthyroidism. Digoxin should be giv-
en with care, and possibly in reduced dosage, to pa-
tients who have received it or other cardiac glycosides
within the previous 2 to 3 weeks. 
Digoxin doses should generally be reduced and plas-
ma-digoxin concentrations monitored in patients with
renal impairment, in the elderly, and in premature in-
fants (see Uses and Administration, below).
Breast feeding. Studies1,2 have shown that digoxin is distribut-
ed into breast milk, although the amount was considered too
small to have an effect on the child. No adverse effects have been
seen in breast-feeding infants whose mothers were receiving di-
goxin, and the American Academy of Pediatrics considers3 that
it is therefore usually compatible with breast feeding.
1. Levy M, et al. Excretion of drugs in human milk. N Engl J Med

1997; 297: 789. 
2. Chan V, et al. Transfer of digoxin across the placenta and into

breast milk. Br J Obstet Gynaecol 1978; 85: 605–9. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Gastrointestinal disorders. Absorption from tablets of dig-
oxin may be decreased due to inadequate dissolution in patients
with malabsorption syndromes or small bowel resections and it
has been recommended that liquid dosage forms of digoxin
should be used in the latter case.1 However, only 40 to 60% of a
digoxin dose given as elixir was absorbed in a patient with a
small bowel resection2 compared with about 80% in patients
with normal gastrointestinal function, suggesting a need for
slightly increased oral maintenance doses of digoxin in patients
with resections. In a further patient with a similar resection3 a
therapeutic plasma-digoxin concentration was not achieved with
any oral formulation.
1. Kumer KP, et al. Perspectives on digoxin absorption from small

bowel resections. Drug Intell Clin Pharm 1983; 17: 121–3. 
2. Vetticaden SJ, et al. Digoxin absorption in a patient with short-

bowel syndrome. Clin Pharm 1986; 5: 62–4. 
3. Ehrenpreis ED, et al. Malabsorption of digoxin tablets, gel caps,

and elixir in a patient with an end jejunostomy. Ann Pharmaco-
ther 1994; 28: 1239–40.

Heart surgery. Patients undergoing cardiac surgery appear to
have increased sensitivity to digoxin toxicity and thus an in-
creased risk of arrhythmias.1 Digoxin has been found2 to be no
better than placebo in preventing postoperative arrhythmias af-
ter coronary artery bypass surgery, and actually induced supra-
ventricular arrhythmias in 2 patients. Arrhythmias compatible
with digoxin intoxication have occurred postoperatively1

although serum-digoxin concentrations ranged from 0 to
2.8 nanograms/mL; therefore, the arrhythmias may have been
due to either the surgical procedures or to increased sensitivity to
digoxin.
1. Rose MR, et al. Arrhythmias following cardiac surgery: relation

to serum digoxin levels. Am Heart J 1975; 89: 288–94. 
2. Weiner B, et al. Digoxin prophylaxis following coronary artery

bypass surgery. Clin Pharm 1986; 5: 55–8.

Interference with digoxin assays. The presence of endog-
enous digoxin-like substances in neonates, and in patients with
liver or kidney dysfunction, may be responsible for elevated val-
ues or false-positive results in some plasma-digoxin assays.1
Some patients may have antibodies that react with the assay sys-
tem and produce falsely elevated values.2 
Some drugs may also interfere with plasma-digoxin assays;
these include prednisolone1 and ginseng.3 Raised serum-digoxin
concentrations (but without signs of digoxin toxicity) were noted
in an elderly man after the use of Siberian ginseng (Eleuthero-
coccus senticosus). However, concentrations remained high
even when digoxin was discontinued and returned to the thera-
peutic range only after the ginseng was stopped. Siberian gin-
seng contains eleutherosides, which are chemically related to
cardiac glycosides such as digoxin, and the assay may have
measured these compounds, or their derivatives, as well as dig-
oxin. Although it has been suggested that this reaction may have
been due to the substitution of the unrelated cardiotoxic herb
Periploca sepium,4 both ginseng and Siberian ginseng have been
shown to interfere with some digoxin assays in vitro and in vivo.5
Spironolactone may interfere with digoxin assays but may also
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produce changes in digoxin concentrations (see Diuretics under
Interactions, below).
1. Yosselson-Superstine S. Drug interferences with plasma assays

in therapeutic drug monitoring. Clin Pharmacokinet 1984; 9:
67–89. 

2. Liendo C, et al. A new interference in some digoxin assays: anti-
murine heterophilic antibodies. Clin Pharmacol Ther 1996; 60:
593–8. 

3. McRae S. Elevated serum digoxin levels in a patient taking dig-
oxin and Siberian ginseng. Can Med Assoc J 1996; 155: 293–5. 

4. Awang DVC. Siberian ginseng toxicity may be case of mistaken
identity. Can Med Assoc J 1996; 155: 1237. 

5. Dasgupta A, et al. Effect of Asian and Siberian ginseng on serum
digoxin measurement by five digoxin immunoassays: significant
variation in digoxin-like immunoreactivity among commercial
ginsengs. Am J Clin Pathol 2003; 119: 298–303.

Pregnancy. There is considerable evidence that digoxin crosses
the placenta freely with serum-digoxin concentrations at term
similar in the newborn and mother. No significant adverse effects
attributed to digoxin have been noted in the fetus or neonate al-
though adverse fetal effects, including fetal death, have been re-
ported in mothers with digitalis toxicity. Some concern has been
expressed that maternal digitalis therapy may occasionally cause
low birth-weights in infants of mothers with heart disease, but
the underlying disease might also be important.1 The presence of
endogenous digoxin-like immunoreactive substances in the
serum of pregnant women and neonates could make the interpre-
tation of digoxin assays difficult. In one study,2 high concentra-
tions of endogenous digoxin-like immunoreactivity in cord
blood suggested that it might be synthesised during delivery, in
which case the placental transfer of digoxin might be overesti-
mated.
1. Rotmensch HH, et al. Management of cardiac arrhythmias dur-

ing pregnancy: current concepts. Drugs 1987; 33: 623–33. 
2. Lupoglazoff JM, et al. Endogenous digoxin-like immunoreactiv-

ity during pregnancy and at birth. Br J Clin Pharmacol 1993; 35:
251–4.

Interactions
There may be interactions between digoxin and drugs
that alter its absorption, interfere with its excretion, or
have additive effects on the myocardium. Drugs that
cause electrolyte disturbances increase the risk of tox-
icity from cardiac glycosides. Thiazides and loop diu-
retics cause hypokalaemia and also hypomagnesaemia
which may lead to cardiac arrhythmias. Other causes
of hypokalaemia include treatment with corticoster-
oids, beta2 agonists (such as salbutamol), amphoter-
icin B, sodium polystyrene sulfonate, carbenoxolone,
and dialysis. Hypercalcaemia may also increase toxic-
ity and intravenous use of calcium salts is best avoided
in patients taking cardiac glycosides. Serum-digoxin
concentrations may be significantly increased by qui-
nidine, amiodarone, and propafenone and reduction of
digoxin dosage may be required. Other antiarrhyth-
mics may have additive effects on the myocardium in-
creasing the likelihood of adverse effects; beta block-
ers may potentiate bradycardia due to digoxin.
Calcium-channel blockers may increase digoxin con-
centrations. 
Digoxin is a substrate for P-glycoprotein and interac-
tions may occur with drugs that affect P-glycoprotein
function (see Metabolism and Excretion under Phar-
macokinetics, below).
◊ Reviews of drug interactions occurring with digoxin.
1. Rodin SM, Johnson BF. Pharmacokinetic interactions with dig-

oxin. Clin Pharmacokinet 1988; 15: 227–44. 
2. Magnani B, Malini PL. Cardiac glycosides: drug interactions of

clinical significance. Drug Safety 1995; 12: 97–109.

ACE inhibitors. Although increased serum-digoxin concentra-
tions have been reported in patients with severe chronic heart
failure given captopril,1 other studies have failed to confirm this
effect.2,3 Studies with various other ACE inhibitors have also
failed to show any significant effect on serum-digoxin concentra-
tions. However, ACE inhibitors may cause a deterioration in re-
nal function and this could lead to an increase in serum-digoxin
concentration due to impaired digoxin excretion.4
1. Cleland JGF, et al. Interaction of digoxin and captopril. Br J Clin

Pharmacol 1984; 17: 214P. 
2. Magelli C, et al. Lack of effect of captopril on serum digoxin in

congestive heart failure. Eur J Clin Pharmacol 1989; 36:
99–100. 

3. Rossi GP, et al. Effect of acute captopril administration on dig-
oxin pharmacokinetics in normal subjects. Curr Ther Res 1989;
46: 439–44. 

4. Mignat C, Unger T. ACE inhibitors: drug interactions of clinical
significance. Drug Safety 1995; 12: 334–47.

Alpha blockers. Prazosin1 has been reported to increase the
mean plasma-digoxin concentration in patients receiving a main-
tenance dose of digoxin.
1. Çopur S, et al. Effects of oral prazosin on total plasma digoxin

levels. Fundam Clin Pharmacol 1988; 2: 13–17.

Angiotensin II receptor antagonists. In a study1 in healthy
subjects, telmisartan increased peak serum-digoxin concentra-
tions but trough concentrations were unaffected and it was sug-
gested that the effect was unlikely to be clinically significant. No
interaction was found when digoxin was given with losartan2 or
with eprosartan3 in healthy subjects.
1. Stangier J, et al. The effect of telmisartan on the steady-state

pharmacokinetics of digoxin in healthy male volunteers. J Clin
Pharmacol 2000; 40: 1373–9. 

2. de Smet M, et al. Effect of multiple doses of losartan on the phar-
macokinetics of single doses of digoxin in healthy volunteers. Br
J Clin Pharmacol 1995; 40: 571–5. 

3. Martin DE, et al. Lack of effect of eprosartan on the single dose
pharmacokinetics of orally administered digoxin in healthy male
volunteers. Br J Clin Pharmacol 1997; 43: 661–4.

Antiarrhythmics. AMIODARONE. An interaction between di-
goxin and amiodarone resulting in increased plasma-digoxin
concentrations has been reported1-5 on several occasions; the
concentration may be doubled.5 An increase in serum-digoxin
concentrations of 68 to 800% has been reported2 during ami-
odarone therapy in children. The interaction does not appear
to be due to a reduction in urinary excretion alone3,4 and
seems to be dose-related. It has been recommended1,6 that the
initial dose of digoxin should be halved when amiodarone is
given.
1. Moysey JO, et al. Amiodarone increases plasma digoxin concen-

trations. BMJ 1981; 282: 272. 
2. Koren G, et al. Digoxin toxicity associated with amiodarone

therapy in children. J Pediatr 1984; 104: 467–70. 
3. Douste-Blazy P, et al. Influence of amiodarone on plasma and

urine digoxin concentrations. Lancet 1984; i: 905. 
4. Mingardi G. Amiodarone and plasma digoxin levels. Lancet

1984; i: 1238. 
5. Johnston A, et al. The digoxin-amiodarone interaction. Br J Clin

Pharmacol 1987; 24: 253P. 
6. Naccarelli GV, et al. Adverse effects of amiodarone: pathogene-

sis, incidence and management. Med Toxicol Adverse Drug Exp
1989; 4: 246–53.

DISOPYRAMIDE. Disopyramide appears to have no clinically
significant effect on the pharmacokinetics of digoxin in
healthy subjects1,2 but has been reported to modify the cardi-
ovascular effects of digoxin.1
1. Elliott HL, et al. Pharmacodynamic and pharmacokinetic evalu-

ation of the interaction between digoxin and disopyramide. Br J
Clin Pharmacol 1982; 14: 141P. 

2. Risler T, et al. On the interaction between digoxin and disopyra-
mide. Clin Pharmacol Ther 1983; 34: 176–80.

FLECAINIDE.  Giving flecainide 200 mg twice daily to 15
healthy subjects taking digoxin caused a mean increase of
24% in predose digoxin concentrations and of 13% in digoxin
concentrations 6 hours after the digoxin dose.1 It was consid-
ered that in most cases these increases in plasma-digoxin con-
centrations would not present a clinical problem, but that pa-
tients with higher plasma-digoxin concentrations or
atrioventricular nodal dysfunction should be monitored.
1. Weeks CE, et al. The effect of flecainide acetate, a new an-

tiarrhythmic, on plasma digoxin levels. J Clin Pharmacol 1986;
26: 27–31.

PROPAFENONE. Increased serum-digoxin concentrations have
been reported when propafenone is also given.1-4 There is
considerable interindividual variation in the extent of the in-
teraction; increases in serum-digoxin concentrations of up to
254% have been reported. If digoxin and propafenone are giv-
en together, the dose of digoxin should be reduced and serum-
digoxin concentration should be monitored.
1. Nolan PE, et al. Effects of coadministration of propafenone on

the pharmacokinetics of digoxin in healthy volunteer subjects. J
Clin Pharmacol 1989; 29: 46–52. 

2. Calvo MV, et al. Interaction between digoxin and propafenone.
Ther Drug Monit 1989; 11: 10–15. 

3. Zalzstein E, et al. Interaction between digoxin and propafenone
in children. J Pediatr 1990; 116: 310–12. 

4. Bigot M-C, et al. Serum digoxin levels related to plasma propaf-
enone levels during concomitant treatment. J Clin Pharmacol
1991; 31: 521–6.

QUINIDINE. Quinidine causes an increase in serum-digoxin
concentration in almost all patients given the two drugs to-
gether.1-3 The serum-digoxin concentration may be increased
by up to 500% but is usually approximately doubled.1 Signs
and symptoms of digoxin toxicity may occur although some
workers4 have suggested that these may be accounted for by
an additive effect of the 2 drugs rather than by the effect on
serum-digoxin concentration. The exact mechanism of inter-
action is not clear but a substantial decrease in the renal and
nonrenal clearance of digoxin has been found.5 The distribu-
tion volume of digoxin may also be reduced2 reflecting im-
paired tissue binding, and there is increased systemic availa-
bility.1 It is generally recommended that the dose of digoxin
is halved in digitalised patients who are to be given quini-
dine.2 Subsequently, serum-digoxin concentrations should be
monitored, especially during the first 1 to 2 weeks after which
the new steady-state digoxin concentration should be
achieved.2
1. Bigger JT, Leahey EB. Quinidine and digoxin: an important in-

teraction. Drugs 1982; 24: 229–39. 
2. Pedersen KE. Digoxin interactions: the influence of quinidine

and verapamil on the pharmacokinetics and receptor binding of
digitalis glycosides. Acta Med Scand 1985; 697 (suppl): 1–40. 

3. Mordel A, et al. Quinidine enhances digitalis toxicity at thera-
peutic serum digoxin levels. Clin Pharmacol Ther 1993; 53:
457–62. 

4. Walker AM, et al. Drug toxicity in patients receiving digoxin and
quinidine. Am Heart J 1983; 105: 1025–8. 

5. Hedman A, et al. Interactions in the renal and biliary elimination
of digoxin: stereoselective difference between quinine and qui-
nidine. Clin Pharmacol Ther 1990; 47: 20–6.

VERAPAMIL. For a discussion on the interaction between digox-
in and verapamil, see under Calcium-channel Blockers, be-
low.
Antibacterials. About 10% of patients receiving digoxin may
metabolise 40% or more of the drug to cardio-inactive metabo-
lites.1 Gut flora contribute greatly to this process, and the use of
antibacterials such as erythromycin or tetracycline in these pa-
tients appears to reduce this metabolic process resulting in higher
serum concentrations.2 Digoxin toxicity has been reported in
digitalised patients given erythromycin,3,4 azithromycin,5 clari-
thromycin,6-8 and roxithromycin.9 It has been postulated5,10 that
the macrolide antibacterials may also inhibit P-glycoprotein-me-
diated renal tubular secretion of digoxin. Oral neomycin may re-
duce serum-digoxin concentrations by reducing digoxin absorp-
tion. 
Rifampicin may reduce serum-digitoxin concentrations by in-
ducing its metabolism (see p.1259) although a study11 in healthy
subjects suggested that this reduction might rather be due to in-
duction of intestinal P-glycoprotein. Digoxin is mainly excreted
unchanged in the urine but rifampicin increased digoxin dose re-
quirements substantially in 2 patients dependent on dialysis.12

When rifampicin was stopped digoxin requirements fell by about
50%.
1. Doherty JE. A digoxin-antibiotic drug interaction. N Engl J Med

1981; 305: 827–8. 
2. Lindenbaum J, et al. Inactivation of digoxin by the gut flora:

reversal by antibiotic therapy. N Engl J Med 1981; 305: 789–94. 
3. Maxwell DL, et al. Digoxin toxicity due to interaction of digox-

in with erythromycin. BMJ 1989; 298: 572. 
4. Morton MR, Cooper JW. Erythromycin-induced digoxin toxici-

ty. DICP Ann Pharmacother 1989; 23: 668–70. 
5. Ten Eick AP, et al. Possible drug interaction between digoxin

and azithromycin in a young child. Clin Drug Invest 2000; 20:
61–64. 

6. Midoneck SR, Etingin OR. Clarithromycin-related toxic effects
of digoxin. N Engl J Med 1995; 333: 1505. 

7. Nawarskas JJ, et al. Digoxin toxicity secondary to clarithromy-
cin therapy. Ann Pharmacother 1997; 31: 864–6. 

8. Laberge P, Martineau P. Clarithromycin-induced digoxin intox-
ication. Ann Pharmacother 1997; 31: 999–1002. 

9. Corallo CE, Rogers IR. Roxithromycin-induced digoxin toxici-
ty. Med J Aust 1996; 165: 433–4. 

10. Wakasugi H, et al. Effect of clarithromycin on renal excretion
of digoxin: interaction with P-glycoprotein. Clin Pharmacol
Ther 1998; 64: 123–8. 

11. Greiner B, et al. The role of intestinal P-glycoprotein in the in-
teraction of digoxin and rifampin. J Clin Invest 1999; 104:
147–53. 

12. Gault H, et al. Digoxin-rifampin interaction. Clin Pharmacol
Ther 1984; 35: 750–4.

Antidepressants. In a study1 in healthy subjects, use of digox-
in together with an extract of St John’s wort for 10 days resulted
in a significant decrease in the plasma-digoxin concentration. It
was suggested that the interaction might be due to induction of
the P-glycoprotein transporter. In a study2 in healthy male sub-
jects, nefazodone increased steady-state plasma-digoxin concen-
trations by about 30% but no adverse or clinical effects were as-
sociated with the increase. However, due to the narrow
therapeutic range of digoxin, it was suggested that plasma-digox-
in concentrations should be monitored in patients also given ne-
fazodone. Similar recommendations have been made for trazo-
done. 
Digoxin toxicity developed in a patient shortly after starting par-
oxetine and was associated with increased serum-digoxin con-
centrations.3 However, the role of paroxetine in the reaction has
been queried.4,5

1. Johne A, et al. Pharmacokinetic interaction of digoxin with an
herbal extract from St John’s wort (Hypericum perforatum). Clin
Pharmacol Ther 1999; 66: 338–45. 

2. Dockens RC, et al. Assessment of pharmacokinetic and pharma-
codynamic drug interactions between nefazodone and digoxin in
healthy male volunteers. J Clin Pharmacol 1996; 36: 160–7. 

3. Yasui-Furukori N, Kaneko S. Digitalis intoxication induced by
paroxetine co-administration. Lancet 2006; 367: 788. 

4. Bateman DN, et al. Digitalis intoxication induced by paroxetine
co-administration. Lancet 2006; 368: 1962–3. 

5. Hallberg P, Melhus H. Digitalis intoxication induced by paroxe-
tine co-administration. Lancet 2006; 368: 1963.

Antidiabetics. Subtherapeutic plasma-digoxin concentrations
were noted in a diabetic woman receiving acarbose and digox-
in.1 The plasma concentration of digoxin increased to a therapeu-
tic level when acarbose was stopped. A study2 in healthy subjects
suggested that the interaction was due to inhibition of the absorp-
tion of digoxin by acarbose.
1. Serrano JS, et al. A possible interaction of potential clinical in-

terest between digoxin and acarbose. Clin Pharmacol Ther 1996;
60: 589–92. 

2. Miura T, et al. Impairment of absorption of digoxin by acarbose.
J Clin Pharmacol 1998; 38: 654–7.

Antiepileptics. Phenytoin caused a marked decrease in steady-
state serum-digoxin concentrations when given with digoxin and
acetyldigoxin to 6 healthy subjects for 7 days.1 Total digoxin
clearance was increased by an average of 27% and elimination
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half-life was reduced by an average of 30%. This interaction may
be more likely with digitoxin, since digitoxin is more dependent
on the liver for elimination. 
A brief report of an open study2 in 12 subjects indicated a slight
but significant decrease in digoxin bioavailability when topiram-
ate was also given, although half-life and renal clearance of dig-
oxin did not appear to be affected.
1. Rameis H. On the interaction between phenytoin and digoxin.

Eur J Clin Pharmacol 1985; 29: 49–53. 
2. Liao S, Palmer M. Digoxin and topiramate drug interaction study

in male volunteers. Pharm Res 1993; 10 (suppl): S405.

Antifungals. Two men given itraconazole while receiving dig-
oxin developed signs and symptoms of digoxin toxicity and ele-
vated serum-digoxin concentrations.1,2 A further case report3
suggested that the interaction was due to a reduction in the renal
clearance of digoxin when itraconazole was given. 
Additive adverse effects due to hypokalaemia may occur when
digoxin is given with amphotericin B.
1. Rex J. Itraconazole–digoxin interaction. Ann Intern Med 1992;

116: 525. 
2. Alderman CP, Jersmann HPA. Digoxin–itraconazole interaction.

Med J Aust 1993; 159: 838–9. 
3. Alderman CP, Allcroft PD. Digoxin-itraconazole interaction:

possible mechanisms. Ann Pharmacother 1997; 31: 438–40.

Antimalarials. In 6 subjects given quinine sulfate, total body
clearance of digoxin after an intravenous dose was decreased by
26%, primarily through a reduction in nonrenal clearance.1 In-
creased urinary excretion of digoxin was consistent with altera-
tions in the nonrenal clearance of digoxin and might be due to
changes in the metabolism or biliary secretion of digoxin. Qui-
nine increased the mean elimination half-life of digoxin from
34.2 to 51.8 hours but did not consistently change the volume of
distribution. 
An increase in the plasma-digoxin concentration, but without
symptoms of toxicity, was noted in 2 women given hydroxychlo-
roquine (for rheumatoid arthritis) in addition to long-term digox-
in therapy.2
1. Wandell M, et al. Effect of quinine on digoxin kinetics. Clin

Pharmacol Ther 1980; 28: 425–30. 
2. Leden I. Digoxin–hydroxychloroquine interaction? Acta Med

Scand 1982; 211: 411–12.

Antineoplastics. A study1 in patients undergoing antineoplas-
tic therapy found that the absorption of digoxin from tablets was
reduced by an average of 46.5%, whereas that of digoxin from
liquid-filled capsules was not significantly changed. Another
study2 in similar patients found that the steady-state concentra-
tion of digoxin after giving acetyldigoxin was reduced, but that
digitoxin concentrations were maintained. It was suggested that
the interaction was due to reduced absorption of digitalis glyco-
sides through the damaged gastrointestinal mucosa and that liq-
uid-filled capsules or digitoxin might be preferred in these pa-
tients. 
Licensed product information for lenalidomide states that it may
increase plasma exposure of digoxin and recommends that dig-
oxin concentrations should be monitored.
1. Bjornsson TD, et al. Effects of high-dose cancer chemotherapy

on the absorption of digoxin in two different formulations. Clin
Pharmacol Ther 1986; 39: 25–8. 

2. Kuhlmann J. Inhibition of digoxin absorption but not of digitox-
in during cytostatic drug therapy. Arzneimittelforschung 1982;
32: 698–704.

Antithyroid drugs. Reduced peak serum-digoxin concentra-
tions were noted in 9 of 10 healthy subjects after a single oral
dose of carbimazole although conversely in the tenth subject di-
goxin concentrations rose.1 Caution is also needed since changes
in thyroid function may independently affect sensitivity to digox-
in (see Precautions, above).
1. Rao BR, et al. Influence of carbimazole on serum levels and

haemodynamic effects of digoxin. Clin Drug Invest 1997; 13:
350–4.

Antivirals. A woman stabilised on digoxin and tolerating lami-
vudine, indinavir and stavudine for HIV infection, developed
symptoms of digoxin toxicity 3 days after ritonavir was added to
her treatment.1 It was suggested that the interaction might be due
to inhibition of the P-glycoprotein transporter system by ritona-
vir. A pharmacokinetic study2 showing significant inhibition of
renal digoxin clearance by ritonavir seemed to support this hy-
pothesis.
1. Phillips EJ, et al. Digoxin toxicity and ritonavir: a drug interac-

tion mediated through p-glycoprotein? AIDS 2003; 17: 1577–8. 
2. Ding R, et al. Substantial pharmacokinetic interaction between

digoxin and ritonavir in healthy volunteers. Clin Pharmacol
Ther 2004; 76: 73–84.

Benzodiazepines. Raised serum-digoxin concentrations have
been reported in patients also taking diazepam1 or alprazolam.2,3

The clearance of digoxin was reduced by these benzodiazepines.
1. Castillo-Ferrando JR, et al. Digoxin levels and diazepam. Lancet

1980; ii: 368. 
2. Tollefson G, et al. Alprazolam-related digoxin toxicity. Am J

Psychiatry 1984; 141: 1612–14. 
3. Guven H, et al. Age-related digoxin-alprazolam interaction. Clin

Pharmacol Ther 1993; 54: 42–4.

Beta2 agonists. A single intravenous1,2 or oral3 dose of salb-
utamol has been reported to decrease steady-state serum-digoxin
concentrations by up to 16% and 22% respectively in healthy
subjects. Although salbutamol had no significant effect on the
concentration of digoxin in skeletal muscle, it was considered

that increased binding to skeletal muscle could explain the inter-
action. Beta2 agonists such as salbutamol can also cause hypoka-
laemia which may increase susceptibility to digoxin-induced
arrhythmias.
1. Edner M, Jogestrand T. Effect of salbutamol on digoxin concen-

tration in serum and skeletal muscle. Eur J Clin Pharmacol
1989; 36: 235–8. 

2. Edner M, et al. Effect of salbutamol on digoxin pharmacokinet-
ics. Eur J Clin Pharmacol 1992; 42: 197–201. 

3. Edner M, Jogestrand T. Oral salbutamol decreases serum digoxin
concentration. Eur J Clin Pharmacol 1990; 38: 195–7.

Beta blockers. Beta blockers may increase the risk of heart
block and bradycardia with digoxin. In addition, carvedilol has
been reported1-3 to increase plasma concentrations of digoxin, al-
though the effect is generally small and probably not clinically
significant. However, a study4 in 8 children (aged 2 weeks to 7.8
years) found that the clearance of digoxin was about halved by
carvedilol and 2 of the children developed digoxin toxicity. An
increase in digoxin bioavailability has also been reported with
talinolol.5
1. Grunden JW, et al. Augmented digoxin concentrations with

carvedilol dosing in mild-moderate heart failure. Am J Ther
1994; 1: 157–161. 

2. Wermeling DP, et al. Effects of long-term oral carvedilol on the
steady-state pharmacokinetics of oral digoxin in patients with
mild to moderate hypertension. Pharmacotherapy 1994; 14:
600–6. 

3. De Mey C, et al. Carvedilol increases the systemic bioavailabil-
ity of oral digoxin. Br J Clin Pharmacol 1990; 29: 486–90. 

4. Ratnapalan S, et al. Digoxin-carvedilol interactions in children.
J Pediatr 2003; 142: 572–4. 

5. Westphal K, et al. Oral bioavailability of digoxin is enhanced by
talinolol: evidence for involvement of intestinal P-glycoprotein.
Clin Pharmacol Ther 2000; 68: 6–12.

Calcium-channel blockers. Studies on interactions between
digoxin and calcium-channel blockers appear to show that vera-
pamil increases plasma-digoxin concentrations1-3 by up to 70%.
The effect of nifedipine is not as clear. Although it has been
reported1 to produce a 45% increase in plasma-digoxin concen-
trations, other studies4,5 have reported little or no increase and the
interaction is unlikely to be of clinical significance for most pa-
tients. Studies on the interaction between digoxin and diltiazem
have also produced conflicting results. Increases in plasma-dig-
oxin concentrations of 20% and up to 59% have been reported6,7

and an increase in metildigoxin concentrations7 of up to 51%.
However, other studies8,9 have shown no diltiazem-induced
change in digoxin pharmacokinetics or plasma concentration.
Bepridil,10 gallopamil,1 mibefradil,11 nisoldipine,12 and
nitrendipine13 have all been reported to increase plasma-digoxin
concentrations. Bepridil increased the concentration by 34% and
it was recommended that patients given this combination be
monitored carefully. Felodipine14,15 and isradipine3 have both
been reported to increase peak serum-digoxin concentrations,
but steady-state digoxin concentrations were not affected and the
interactions were unlikely to be of clinical relevance. 
The mechanism of interaction between calcium-channel block-
ers and digoxin is not completely understood but appears to be
related to decreased renal and nonrenal clearance of digoxin. The
pharmacodynamic effects of digoxin and calcium-channel
blockers may also be additive.
1. Belz GG, et al. Interaction between digoxin and calcium antag-

onists and antiarrhythmic drugs. Clin Pharmacol Ther 1983; 33:
410–17. 

2. Pedersen KE, et al. Influence of verapamil on the inotropism
and pharmacokinetics of digoxin. Eur J Clin Pharmacol 1983;
25: 199–206. 

3. Rodin SM, et al. Comparative effects of verapamil and israd-
ipine on steady-state digoxin kinetics. Clin Pharmacol Ther
1988; 43: 668–72. 

4. Schwartz JB, Migliore PJ. Effect of nifedipine on serum digoxin
concentration and renal digoxin clearance. Clin Pharmacol
Ther 1984; 36: 19–24. 

5. Kleinbloesem CH, et al. Interactions between digoxin and
nifedipine at steady state in patients with atrial fibrillation. Ther
Drug Monit 1985; 7: 372–6. 

6. Rameis H, et al. The diltiazem-digoxin interaction. Clin Phar-
macol Ther 1984; 36: 183–9. 

7. Oyama Y, et al. Digoxin-diltiazem interaction. Am J Cardiol
1984; 53: 1480–1. 

8. Beltrami TR, et al. Lack of effects of diltiazem on digoxin phar-
macokinetics. J Clin Pharmacol 1985; 25: 390–2. 

9. Elkayam U, et al. Effect of diltiazem on renal clearance and se-
rum concentration of digoxin in patients with cardiac disease.
Am J Cardiol 1985; 55: 1393–5. 

10. Belz GG, et al. Digoxin and bepridil: pharmacokinetic and phar-
macodynamic interactions. Clin Pharmacol Ther 1986; 39:
65–71. 

11. Siepmann M, et al. The interaction of the calcium antagonist
RO 40-5967 with digoxin. Br J Clin Pharmacol 1995; 39:
491–6. 

12. Kirch W, et al. Influence of nisoldipine on haemodynamic ef-
fects and plasma levels of digoxin. Br J Clin Pharmacol 1986;
22: 155–9. 

13. Kirch W, et al. Nitrendipine increases digoxin plasma levels
dose dependently. J Clin Pharmacol 1986; 26: 553. 

14. Rehnqvist N, et al. Pharmacokinetics of felodipine and effect on
digoxin plasma levels in patients with heart failure. Drugs 1987;
34 (suppl 3): 33–42. 

15. Dunselman PHJM, et al. Digoxin-felodipine interaction in pa-
tients with congestive heart failure. Eur J Clin Pharmacol 1988;
35: 461–5.

Diuretics. Amiloride increased renal clearance of digoxin and
reduced the extrarenal digoxin clearance in 6 healthy subjects af-
ter a single intravenous dose of digoxin.1 Amiloride also inhibit-
ed the digoxin-induced positive inotropic effect, but the clinical

implications in cardiac patients are unknown. A further study2

failed to confirm this effect. 
Spironolactone and its metabolites have been reported to inter-
fere with serum-digoxin determinations by radio-immunoassay
or fluorescence-polarisation immunoassay resulting in falsely el-
evated measurements.3,4 The interference with digoxin assays is
neither consistent nor predictable and falsely low readings have
also been reported.5 Serum-digoxin concentrations should be in-
terpreted with caution when digoxin is given together with
spironolactone or canrenoate, especially since spironolactone
has also been reported to decrease digoxin clearance by a median
of 26% resulting in a true increase in the serum-digoxin concen-
tration.6 
Diuretic therapy with triamterene in association with a thiazide
or loop diuretic increased the mean serum-digoxin concentra-
tion; this interaction was considered unlikely to be of clinical im-
portance, except perhaps in patients with renal impairment.7
1. Waldorff S, et al. Amiloride-induced changes in digoxin dynam-

ics and kinetics: abolition of digoxin-induced inotropism with
amiloride. Clin Pharmacol Ther 1981; 30: 172–6. 

2. Richter JP, et al. The acute effects of amiloride and potassium
canrenoate on digoxin-induced positive inotropism in healthy
volunteers. Eur J Clin Pharmacol 1993; 45: 195–6. 

3. Paladino JA, et al. Influence of spironolactone on serum digoxin
concentration. JAMA 1984; 251: 470–1. 

4. Foukaridis GN. Influence of spironolactone and its metabolite
canrenone on serum digoxin assays. Ther Drug Monit 1990; 12:
82–4. 

5. Steimer W, et al. Intoxication due to negative canrenone interfer-
ence in digoxin drug monitoring. Lancet 1999; 354: 1176–7. 

6. Waldorff S, et al. Spironolactone-induced changes in digoxin ki-
netics. Clin Pharmacol Ther 1978; 24: 162–7. 

7. Impivaara O, Iisalo E. Serum digoxin concentrations in a repre-
sentative digoxin-consuming adult population. Eur J Clin Phar-
macol 1985; 27: 627–32.

Gastrointestinal drugs. Some gastrointestinal drugs can af-
fect the absorption of digoxin by binding to it or by changing
gastrointestinal motility. The problem has often been related to
the bioavailability of the digoxin formulation and appears to be
less important with currently used preparations. Some antac-
ids,1,2 particularly liquid formulations, and adsorbents1 such as
kaolin-pectin, can reduce the absorption of digoxin from the gas-
trointestinal tract and doses should probably be separated by at
least 2 hours. Activated charcoal, and ion-exchange resins such
as colestyramine and colestipol, also reduce digoxin absorption.
Sucralfate3 may also reduce the absorption of digoxin. 
Omeprazole and possibly other gastric acid inhibitors may re-
duce the gastrointestinal metabolism and enhance the absorption
of unchanged digoxin,4 although the clinical relevance of this is
uncertain.5 
Drugs that increase gastrointestinal motility can reduce the ab-
sorption of digoxin, especially if digoxin is given as a slowly dis-
solving formulation. Reduced absorption of digoxin has oc-
curred when digoxin and metoclopramide have been given
together,6 and a similar effect has been reported with cisapride7

and tegaserod.8 Conversely, anticholinergics reduce motility,
and propantheline has increased digoxin absorption. 
Sulfasalazine has been found to impair the absorption of digoxin
and to reduce the serum-digoxin concentration,9 but the mecha-
nism is unclear.
1. Rodin SM, Johnson BF. Pharmacokinetic interactions with dig-

oxin. Clin Pharmacokinet 1988; 15: 227–44. 
2. Gugler R, Allgayer H. Effects of antacids on the clinical pharma-

cokinetics of drugs: an update. Clin Pharmacokinet 1990; 18:
210–19. 

3. Rey AM, Gums JG. Altered absorption of digoxin, sustained-re-
lease quinidine, and warfarin with sucralfate administration.
DICP Ann Pharmacother 1991; 25: 745–6. 

4. Cohen AF, et al. Influence of gastric acidity on the bioavailabil-
ity of digoxin. Ann Intern Med 1991; 115: 540–5. 

5. Oosterhuis B, et al. Minor effect of multiple dose omeprazole on
the pharmacokinetics of digoxin after a single oral dose. Br J
Clin Pharmacol 1991; 32: 569–72. 

6. Johnson BF, et al. Effect of metoclopramide on digoxin absorp-
tion from tablets and capsules. Clin Pharmacol Ther 1984; 36:
724–30. 

7. Kubler PA, et al. Possible interaction between cisapride and dig-
oxin. Ann Pharmacother 2001; 35: 127–8. 

8. Zhou H, et al. The effects of tegaserod (HTF 919) on the phar-
macokinetics and pharmacodynamics of digoxin in healthy sub-
jects. J Clin Pharmacol 2001; 41: 1131–9. 

9. Juhl RP, et al. Effect of sulfasalazine on digoxin bioavailability.
Clin Pharmacol Ther 1976; 20: 387–94.

Ginseng. Varieties of ginseng may interfere with plasma-digox-
in assays (see under Precautions, above).
Immunosuppressants. Increased serum-digoxin concentra-
tions with symptoms of toxicity have been reported in patients
when ciclosporin was added to their digoxin therapy.1,2

1. Dorian P, et al. Digoxin-cyclosporine interaction: severe digital-
is toxicity after cyclosporine treatment. Clin Invest Med 1988; ii:
108–12. 

2. Robieux I, et al. The effects of cardiac transplantation and cy-
closporine therapy on digoxin pharmacokinetics. J Clin Pharma-
col 1992; 32: 338–43.

Lipid regulating drugs. Small increases in plasma-digoxin
concentrations have been reported with some statins, although
the clinical significance is not clear. Atorvastatin at doses of
80 mg, but not of 10 mg, has been shown1 to increase plasma-
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digoxin concentrations by about 20%. This may be due to the
inhibition of P-glycoprotein-mediated secretion of digoxin in the
intestine by atorvastatin.
1. Boyd RA, et al. Atorvastatin coadministration may increase dig-

oxin concentrations by inhibition of intestinal P-glycoprotein-
mediated secretion. J Clin Pharmacol 2000; 40: 91–98.

Neuromuscular blockers. Pancuronium or suxamethonium
may interact with digitalis glycosides resulting in an increased
incidence of arrhythmias; the interaction is more likely with pan-
curonium.1
1. Bartolone RS, Rao TLK. Dysrhythmias following muscle relax-

ant administration in patients receiving digitalis. Anesthesiology
1983; 58: 567–9.

NSAIDs. An increase in serum-digoxin concentration has been
reported with aspirin, ibuprofen, indometacin, fenbufen, and di-
clofenac.1 Potentially toxic serum-digoxin concentrations oc-
curred in preterm infants2 with patent ductus arteriosus receiving
digoxin when given indometacin orally in a mean total dose of
320 micrograms/kg; it was recommended that the dose of digox-
in should be halved initially if indometacin is also given. (For the
possible effect of digoxin on indometacin see Half-life, under
Pharmacokinetics of Indometacin, p.68.) Lack of increase in se-
rum-digoxin concentrations has also been reported with aspirin
or indometacin, as well as with ketoprofen, and tiaprofenic acid,1
and also with rofecoxib,3 but some of these studies were in
healthy subjects and it is advised that digoxin therapy be moni-
tored carefully whenever any NSAID is started or stopped in dig-
italised patients.
1. Verbeeck RK. Pharmacokinetic drug interactions with nonsteroi-

dal anti-inflammatory drugs. Clin Pharmacokinet 1990; 19:
44–66. 

2. Koren G, et al. Effects of indomethacin on digoxin pharmacoki-
netics in preterm infants. Pediatr Pharmacol 1984; 4: 25–30. 

3. Schwartz JI, et al. Effect of rofecoxib on the pharmacokinetics
of digoxin in healthy volunteers. J Clin Pharmacol 2001; 41:
107–112.

Pharmacokinetics
The absorption of digoxin from the gastrointestinal
tract is variable depending upon the formulation used.
About 70% of a dose is absorbed from tablets which
comply with BP or USP specifications, 80% is ab-
sorbed from an elixir, and over 90% is absorbed from
liquid-filled soft gelatin capsules. The generally ac-
cepted therapeutic plasma concentration range is 0.5 to
2.0 nanograms/mL but there is considerable interindi-
vidual variation. Digoxin has a large volume of distri-
bution and is widely distributed in tissues, including
the heart, brain, erythrocytes, and skeletal muscle. The
concentration of digoxin in the myocardium is consid-
erably higher than in plasma. From 20 to 30% is bound
to plasma proteins. Digoxin has been detected in CSF
and breast milk; it also crosses the placenta. It has an
elimination half-life of 1.5 to 2 days. 
Digoxin is mainly excreted unchanged in the urine by
glomerular filtration and tubular secretion; reabsorp-
tion also occurs. Extensive metabolism has been re-
ported in a minority of patients (see under Metabolism
and Excretion, below). Excretion of digoxin is propor-
tional to the glomerular filtration rate. After intrave-
nous injection 50 to 70% of the dose is excreted
unchanged. Digoxin is not removed from the body by
dialysis, and only small amounts are removed by ex-
change transfusion and during cardiopulmonary by-
pass.
◊ Reviews of the clinical pharmacokinetics of digoxin.
1. Iisalo E. Clinical pharmacokinetics of digoxin. Clin Pharmacok-

inet 1977; 2: 1–16. 
2. Aronson JK. Clinical pharmacokinetics of digoxin 1980. Clin

Pharmacokinet 1980; 5: 137–49. 
3. Mooradian AD. Digitalis: an update of clinical pharmacokinet-

ics, therapeutic monitoring techniques and treatment recommen-
dations. Clin Pharmacokinet 1988; 15: 165–79.

Absorption. Studies in 6 healthy subjects found that food de-
creased the rate but not the extent of absorption of digoxin.1
1. Johnson BF, et al. Effect of a standard breakfast on digoxin ab-

sorption in normal subjects. Clin Pharmacol Ther 1978; 23:
315–19.

Bioavailability. Large variations in the content, disintegration,
and dissolution of solid dosage forms of digoxin preparations
have led to large variations in plasma concentrations from differ-
ent proprietary preparations. Other factors involved in varying
bioavailability include the pharmaceutical formulation and pres-
entation (capsules, solution, or tablets), particle size, and biolog-
ical factors. Serious problems occurred in the UK1 in 1972 and
in Israel2 in 1975 after changes in the manufacturing procedure
for Lanoxin led to a twofold increase in bioavailability.
1. Anonymous. Therapeutic non-equivalence. BMJ 1972; 3:

599–600. 
2. Danon A, et al. An outbreak of digoxin intoxication. Clin Phar-

macol Ther 1977; 21: 643–6.

Distribution and protein binding. Digoxin has been report-
ed to be 5 to 60% bound to plasma proteins,1 depending partly on
the method of measurement, but the figure is usually around
20%. Protein binding is reduced in patients undergoing haemo-
dialysis; mean reductions of about 8 and 10% have been report-
ed.1,2 Injection of heparin has produced a similar reduction.2 
Digoxin is widely distributed to tissues and serum-digoxin con-
centrations have been reported to be increased during
immobilisation3 and decreased during exercise4,5 due to changes
in binding to tissues such as skeletal muscle.
1. Storstein L. Studies on digitalis V: the influence of impaired re-

nal function, hemodialysis, and drug interaction on serum pro-
tein binding of digitoxin and digoxin. Clin Pharmacol Ther
1976; 20: 6–14. 

2. Storstein L, Janssen H. Studies on digitalis VI: the effect of
heparin on serum protein binding of digitoxin and digoxin. Clin
Pharmacol Ther 1976; 20: 15–23. 

3. Pedersen KE, et al. Effects of physical activity and immobiliza-
tion on plasma digoxin concentration and renal digoxin clear-
ance. Clin Pharmacol Ther 1983; 34: 303–8. 

4. Joreteg T, Jogestrand T. Physical exercise and digoxin binding to
skeletal muscle: relation to exercise intensity. Eur J Clin Phar-
macol 1983; 25: 585–8. 

5. Joreteg T, Jogestrand T. Physical exercise and binding of digoxin
to skeletal muscle—effect of muscle activation frequency. Eur J
Clin Pharmacol 1984; 27: 567–70.

The elderly. For references to alterations in the pharmacokinet-
ics of digoxin in the elderly, see under Uses and Administration,
below.

Infants and neonates. Digoxin has been widely used in the
treatment of cardiac disorders in neonates and infants and its
pharmacokinetics in this age group have been reviewed.1,2 In
full-term neonates or infants, 80 to 90% of a dose of digoxin giv-
en orally in liquid form is absorbed, with peak plasma concentra-
tions occurring within 30 to 120 minutes. The rate of absorption
may be slower in preterm and low birth-weight infants, with
peak concentrations achieved at 90 to 180 minutes, and may be
significantly reduced in severe heart failure and in malabsorption
syndromes. After digoxin is given intravenously there is a rapid
distribution phase with an apparent half-life of 20 to 40 minutes
followed by a slower exponential decay of plasma concentra-
tions. In full-term neonates, digoxin has an apparent volume of
distribution of 6 to 10 litres/kg. Low birth-weight infants have a
volume of distribution of 4.3 to 5.7 litres/kg while in older infants
the volume may range from 10 to 22 litres/kg which is 1.5 to 2
times reported adult values. This large volume of distribution in
full-term neonates and infants is thought to be due to increased
tissue binding, a larger extracellular fluid volume, and slightly
lower plasma protein binding. 
The apparent plasma half-life in healthy and sick neonates is gen-
erally very long and may range from 20 to 70 hours in full-term
neonates or from 40 to 180 hours in preterm neonates. Digoxin
is eliminated at a considerably faster rate in infants than in neo-
nates and, in parallel with maturation of kidney function, a
marked increase in clearance rate is usually observed between
the second and third month of life. The large apparent volume of
distribution, higher clearance values, and greater concentrations
of digoxin in the myocardial tissue and red cells of infants might
justify the traditional assumption that infants tolerate digoxin
better than adults and that higher doses are consequently needed
in infants. However, studies have shown that in infants, as in
adults, toxic signs become evident at plasma-digoxin concentra-
tions above 3 nanograms/mL and that the therapeutic range may
be 1.5 to 2 nanograms/mL.
1. Morselli PL, et al. Clinical pharmacokinetics in newborns and

infants: age-related differences and therapeutic implications.
Clin Pharmacokinet 1980; 5: 485–527. 

2. Besunder JB, et al. Principles of drug biodisposition in the ne-
onate: a critical evaluation of the pharmacokinetic-pharmacody-
namic interface. Clin Pharmacokinet 1988; 14: 189–216 (part I)
and 261–86 (part II).

Metabolism and excretion. Although digoxin is reported to
be excreted mainly unchanged in the urine there is evidence to
suggest that metabolism may sometimes be extensive. Metabo-
lites that have been detected in the urine include digoxigenin, di-
hydrodigoxigenin, the mono- and bisdigitoxosides of digoxigen-
in, and dihydrodigoxin. Digoxigenin mono- and bisdigitoxosides
are known to be cardioactive whereas dihydrodigoxin is proba-
bly much less active than digoxin.1 
In about 10% of patients there is considerable reduction to car-
dio-inactive metabolites, chiefly dihydrodigoxin, and 40% or
more of a dose may be excreted in the urine as dihydrodigoxin.2-4

Bacterial flora in the gastrointestinal tract appear to be responsi-
ble for this metabolism and antibacterials can reduce the process.
Oral digoxin formulations with a high bioavailability are mostly
absorbed in the stomach and upper small intestine and little dig-
oxin is available in the lower intestine for bacterial degradation
to dihydrodigoxin.4 
The excretion of digoxin is thought to be mediated by the efflux
pump, P-glycoprotein,5 which transports its substrates out of the
cell. This may be the basis for some interactions hitherto poorly
understood,6 although the hypothesis has been questioned.7

1. Iisalo E. Clinical pharmacokinetics of digoxin. Clin Pharmacok-
inet 1977; 2: 1–16. 

2. Doherty JE. A digoxin-antibiotic drug interaction. N Engl J Med
1981; 305: 827–8. 

3. Rund DG, et al. Decreased digoxin cardioinactive-reduced me-
tabolites after administration of an encapsulated liquid concen-
trate. Clin Pharmacol Ther 1983; 34: 738–43. 

4. Lofts F, et al. Digoxin metabolism to reduced products: clinical
significance. Br J Clin Pharmacol 1986; 21: 600P. 

5. Tanigawara Y. Role of P-glycoprotein in drug disposition. Ther
Drug Monit 2000; 22: 137–40. 

6. Fromm MF. P-glycoprotein: a defense mechanism limiting oral
bioavailability and CNS accumulation of drugs. Int J Clin Phar-
macol Ther 2000; 38: 69–74. 

7. Chiou WL, et al. A comprehensive account on the role of efflux
transporters in the gastrointestinal absorption of 13 commonly
used substrate drugs in humans. Int J Clin Pharmacol Ther 2001;
39: 93–101.

Renal impairment. For references to alterations in the phar-
macokinetics of digoxin in patients with renal impairment, see
under Uses and Administration, below.

Uses and Administration
Digoxin is a cardiac glycoside used in the management
of supraventricular arrhythmias, particularly atrial fi-
brillation (p.1160), and in heart failure (p.1165). 
The principal actions of digoxin are an increase in the
force of myocardial contraction (positive inotropic ac-
tivity) and a reduction in the conductivity of the heart,
particularly in conduction through the atrioventricular
(AV) node. Digoxin also has a direct action on vascular
smooth muscle and indirect effects mediated primarily
by the autonomic nervous system, and particularly by
an increase in vagal activity. There are also reflex alter-
ations in autonomic activity due to the effects on the
circulation. Overall, these actions result in positive in-
otropic effects, negative chronotropic effects, and de-
creased AV nodal activity. 
Cardiac arrhythmias. In atrial arrhythmias digoxin’s
actions cause a decrease in the conduction velocity
through the AV node and an increase in the effective
refractory period, thus reducing ventricular rate. In ad-
dition there is a decrease in the refractory period of the
cardiac muscle and depression of the sinus node partly
in response to the increase in vagal activity. 
Digoxin is thus given to slow the increased ventricular
rate that occurs in response to atrial fibrillation, al-
though other drugs may be preferred; treatment is usu-
ally long term. In patients with the Wolff-Parkinson-
White syndrome and atrial fibrillation, digoxin can
cause rapid ventricular rates, and possibly ventricular
fibrillation, and should be avoided. In atrial flutter, the
ventricular rate is normally more difficult to control
with digoxin. Drug therapy is not the preferred method
of treatment, but treatment with digoxin may restore
sinus rhythm, or it may convert the flutter to fibrillation
and sinus rhythm may then be induced by subsequent
withdrawal of digoxin. Digoxin may be given to re-
lieve an attack of paroxysmal supraventricular tachy-
cardia and has also been given to prevent further at-
tacks. 
Heart failure. Digoxin and other cardiac glycosides
directly inhibit the activity of the enzyme sodium-po-
tassium adenosine triphosphatase (Na/K-ATPase),
which is required for the active transport of sodium
from myocardial cells. The result is a gradual increase
in the intracellular sodium concentration and a de-
crease in the intracellular potassium concentration. The
increased concentration of sodium inside the cells
leads, by stimulation of sodium-calcium exchange, to
an increase in the intracellular calcium concentration
with enhancement of mechanical contractile activity
and an increased inotropic effect. 
When used in heart failure the increased force of myo-
cardial contraction results in increased cardiac output,
decreased end-systolic volume, decreased heart size,
and decreased end-diastolic pressure and volume. In-
creased blood flow through the kidneys results in diu-
resis with a reduction in oedema and blood volume.
The decrease in pulmonary venous pressure relieves
dyspnoea and orthopnoea. Digoxin may thus provide
symptomatic improvement in patients with heart fail-
ure and is mainly used for adjunctive therapy. 
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Dosage. When given orally, digoxin may take effect
within about 2 hours and the maximum effect may be
reached in about 6 hours. Initially a loading dose may
be given to digitalise the patient, although this may not
be necessary in, for example, mild heart failure. 
Dosage should be carefully adjusted to the needs of the
individual patient. Factors which may be considered
include the patient’s age, lean body-mass, renal status,
thyroid status, electrolyte balance, degree of tissue ox-
ygenation, and the nature of the underlying cardiac or
pulmonary disease. Bearing in mind the above factors,
steady-state plasma-digoxin concentrations (in a sam-
ple taken at least 6 hours after a dose) of 0.5 to
2 nanograms/mL are generally considered acceptable,
although in patients with heart failure concentrations at
the lower end of the range may be more appropriate.
For reference to therapeutic drug monitoring, see be-
low. 
If rapid digitalisation is required then a loading dose is
given to allow for the large volume of distribution. A
total loading dose of 750 to 1500 micrograms of digox-
in may be given by mouth during the initial 24-hour
period, either as a single dose, or where there is less
urgency or greater risk of toxicity, in divided doses at
6-hourly intervals. In some patients, for example those
with mild heart failure, a loading dose may not be nec-
essary, and digitalisation may be achieved more slowly
with doses of 250 micrograms once or twice daily;
steady-state plasma concentrations are achieved in
about 7 days in patients with normal renal function.
The usual maintenance dose of digoxin is 125 to
250 micrograms by mouth daily, but may range from
62.5 to 500 micrograms daily. In elderly patients ther-
apy should generally start gradually and with smaller
doses (but see under Administration in the Elderly, be-
low). 
In urgent cases, provided that the patient has not re-
ceived cardiac glycosides during the previous 2 weeks,
digoxin may be given intravenously initially. The intra-
venous dose ranges from 500 to 1000 micrograms and
generally produces a definite effect on the heart rate in
about 10 minutes, reaching a maximum within about 2
hours. It is given by intravenous infusion, either as a
single dose given over 2 or more hours, or in divided
doses each over 10 to 20 minutes. Maintenance treat-
ment is then usually given by mouth. Digoxin has also
been given intramuscularly but this route is not gener-
ally recommended since such injections may be pain-
ful and tissue damage has been reported. Digoxin
should not be given subcutaneously as intense local ir-
ritation may occur. 
Children’s doses are complex. They are based on body-
weight and the developmental stage of the child as well
as on response. Premature infants are especially sensi-
tive to digoxin but, along with all other neonates, in-
fants, and children up to about 10 years of age, still re-
quire doses that are higher per kg body-weight than
those used for adults. Preterm infants receive lower
doses than full-term infants, while children aged 2 to
10 years require lower doses than children up to 2
years of age. As an indication of the doses used, oral
loading doses recommended by licensed product infor-
mation in the UK range from 25 to 45 micrograms/kg
over 24 hours and in the USA the range is 20 to
60 micrograms/kg; the range for intravenous loading
doses given over 24 hours is 20 to 35 micrograms/kg in
the UK and 15 to 50 micrograms/kg in the USA. 
Doses should be reduced in patients with renal impair-
ment (see below).
◊ General reviews on the actions and uses of digoxin and the oth-
er cardiac glycosides.
1. Opie LH. Digitalis and sympathomimetic stimulants. Lancet

1980; i: 912–18. 
2. Taggart AJ, McDevitt DG. Digitalis: its place in modern therapy.

Drugs 1980; 20: 398–404. 
3. Chamberlain DA. Digitalis: where are we now? Br Heart J 1985;

54: 227–33. 
4. Doherty JE. Clinical use of digitalis glycosides: an update. Car-

diology 1985; 72: 225–54. 
5. Smith TW. Digitalis: mechanisms of action and clinical use. N

Engl J Med 1988; 318: 358–65. 

6. Hampton JR. Digoxin. Br J Hosp Med 1997; 58: 321–3. 
7. Riaz K, Forker AD. Digoxin use in congestive heart failure: cur-

rent status. Drugs 1998; 55: 747–58. 
8. Campbell TJ, MacDonald PS. Digoxin in heart failure and cardi-

ac arrhythmias. Med J Aust 2003; 179: 98–102.

Administration in the elderly. The volume of distribution of
digoxin and the elimination half-life increase with age.1 There-
fore there are problems in giving digoxin to elderly patients since
steady-state plasma concentrations may not be reached for up to
2 weeks. Fears of toxicity have led some practitioners to use a
fixed ‘geriatric’ dose of 62.5 micrograms daily. However, such a
dose can produce subtherapeutic concentrations.2 The routine
use of very low doses of digoxin in the elderly is inappropriate
and dosage should be individualised.
1. McMurray J, McDevitt DG. Treatment of heart failure in the eld-

erly. Br Med Bull 1990; 46: 202–29. 
2. Nolan L, et al. The need for reassessment of digoxin prescribing

for the elderly. Br J Clin Pharmacol 1989; 27: 367–70.

Administration in renal impairment. The pharmacokinet-
ics of cardiac glycosides in patients with renal impairment have
been reviewed.1 The rate but not the extent of digoxin absorption
is reduced in renal impairment but this is unlikely to be clinically
important. Plasma-protein binding may also be reduced but since
digoxin is poorly bound to these proteins and has a large apparent
volume of distribution this also is unlikely to be important. The
apparent volume of distribution is reduced by one-third to one-
half and the loading dose of digoxin should therefore be reduced;
an oral loading dose of 10 micrograms/kg is suggested (but see
also under Therapeutic Drug Monitoring, below). Non-renal
clearance of digoxin is unaffected or only slightly reduced but
renal clearance is reduced, the extent being closely related to cre-
atinine clearance. The elimination half-life of digoxin is pro-
longed and it therefore takes longer to reach steady state and
longer for toxicity to resolve. Because of the reduction in renal
clearance of digoxin, maintenance doses must be reduced in line
with renal function. Serum-digoxin concentration should be
monitored although the presence of digoxin-like immunoreac-
tive substances may make interpretation difficult. In addition, the
presence of hyperkalaemia in patients with renal impairment
may reduce sensitivity to the effects of digoxin.2 
Since digoxin has such a large distribution volume, procedures
such as peritoneal dialysis and haemodialysis remove only very
small amounts of drug from the body and no dosage supplement
is needed.
1. Aronson JK. Clinical pharmacokinetics of cardiac glycosides in

patients with renal dysfunction. Clin Pharmacokinet 1983; 8:
155–78. 

2. Matzke GR, Frye RF. Drug administration in patients with renal
insufficiency: minimising renal and extrarenal toxicity. Drug
Safety 1997; 16: 205–31.

Therapeutic drug monitoring. Digoxin has a narrow thera-
peutic index. It is generally considered that plasma-digoxin con-
centrations required for a therapeutic effect are usually between
0.5 and 2.0 nanograms/mL,1-3 although some studies4-6 have
suggested that concentrations of 0.5 to 0.9 nanograms/mL are
adequate for heart failure; concentrations at the upper end of the
range may be associated with worse outcomes.5,6 The factor for
converting nanograms/mL to nanomoles/litre is 1.28. 
Digoxin dosage can be calculated in uncomplicated cases by
considering the patient’s weight, renal function, and clinical sta-
tus. Therapeutic drug monitoring is not considered to be neces-
sary in patients with a satisfactory clinical response to conven-
tional doses in the absence of signs or symptoms of toxicity.1,2

Measurement of plasma-digoxin concentrations is useful if poor
compliance is suspected, if response is poor or there is a deterio-
ration in response without apparent reason, if renal function is
fluctuating, when it is unknown if a cardiac glycoside has been
previously taken, during drug interactions, and to confirm clini-
cal toxicity.1,3,7 A plasma concentration should never be consid-
ered in isolation and should be used with other patient data as an
important component in clinical decision making. This is partic-
ularly important in the diagnosis of digoxin toxicity since signs
and symptoms of toxicity may be difficult to distinguish from the
underlying disease and can occur within the usual therapeutic
range. 
A number of factors may influence the response to digoxin and
thus the interpretation of digoxin assays. These include renal im-
pairment, extremes of age, thyroid disease, patient compliance,
drug interactions, and electrolyte disturbances.1-3,7 Variations in
the bioavailability of different digoxin preparations have also
caused problems. Renal impairment and hypokalaemia are two
of the most important factors affecting dosage of digoxin and
whenever plasma-digoxin concentrations are assayed renal func-
tion and plasma potassium should also be measured. A dosing
nomogram has been proposed8 relating dose in patients with
heart failure to renal function and either height or ideal body
weight: for most patients with moderate or severe renal impair-
ment (creatinine clearance below 60 mL/minute) an oral dose of
125 micrograms every other day was considered sufficient. The
interpretation of digoxin assays is further confounded by the
presence of digoxin-like immunoreactive substances in patients
with renal or hepatic impairment, in pregnant women, and in ne-
onates. Blood samples for digoxin assay should be taken at least
6 hours after a dose to allow for distribution.1,3,7 
The usefulness of plasma-digoxin concentrations in the diagno-
sis of toxicity in children is unclear. For children older than 12

months the adult guidelines can probably be followed, and for
younger children the trend for increased risk of toxicity at in-
creased plasma-digoxin concentrations appears to hold but the
threshold for toxicity may be higher, especially in children less
than 3 months old.1
1. Aronson JK. Indications for the measurement of plasma digoxin

concentrations. Drugs 1983; 26: 230–42. 
2. Lee TH, Smith TW. Serum digoxin concentration and diagnosis

of digitalis toxicity: current concepts. Clin Pharmacokinet 1983;
8: 279–85. 

3. Aronson JK, Hardman M. Digoxin. BMJ 1992; 305: 1149–52. 
4. Adams KF, et al. Clinical benefits of low serum digoxin concen-

trations in heart failure. J Am Coll Cardiol 2002; 39: 946–53. 
5. Rathore SS, et al. Association of serum digoxin concentration

and outcomes in patients with heart failure. JAMA 2003; 289:
871–8. 

6. Adams KF, et al. Relationship of serum digoxin concentration to
mortality and morbidity in women in the Digitalis Investigation
Group trial: a retrospective analysis. J Am Coll Cardiol 2005;
46: 497–504. 

7. Brodie MJ, Feely J. Practical clinical pharmacology: therapeutic
drug monitoring and clinical trials. BMJ 1988; 296: 1110–14. 

8. Bauman JL, et al. A method of determining the dose of digoxin
for heart failure in the modern era. Arch Intern Med 2006; 166:
2539–45.

Preparations
BP 2008: Digoxin Injection; Digoxin Tablets; Paediatric Digoxin Injection;
Paediatric Digoxin Oral Solution; 
USP 31: Digoxin Elixir ; Digoxin Injection; Digoxin Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Cardiogoxin; Digocard-G; Lanicor; Lanoxin; Austral.: Lanoxin; Sig-
maxin; Austria: Lanicor; Belg.: Lanoxin; Braz.: Cardcor; Cardionil; Cime-
card; Digitax; Digixina†; Digobal; Digox†; Digoxan†; Digoxen; Digoxil; Lan-
oxin†; Valoxin; Canad.: Lanoxin; Fr.: Hemigoxine Nativelle; Ger.: Digacin;
Digoregen†; Dilanacin†; Lanicor; Lenoxin; Hong Kong: Lanoxin; India:
Cardioxin†; Lanoxin; Indon.: Fargoxin; Lanoxin; Irl.: Lanoxin; Israel: Lan-
oxin; Ital.: Eudigox; Lanoxin; Jpn: Digosin; Malaysia: Lanoxin; Mex.: Lan-
oxin; Mapluxin; Neth.: Lanoxin; Norw.: Lanoxin; NZ: Lanoxin; Philipp.:
Lanoxin; Port.: Lanoxin; S.Afr.: Lanoxin; Purgoxin; Singapore: Lanoxin;
Spain: Lanacordin; Swed.: Lanacrist; Lanoxin; Thai.: Grexin; Lanoxin;
Toloxin; UK: Lanoxin; USA: Digitek; Lanoxicaps†; Lanoxin; Venez.: Lanicor.

Dihydralazine Sulfate (rINNM)

Dihidralazino sulfatas, hidratuotas; Dihidralazin-szulfát-hidrát; Di-
hydralatsiinisulfaatti, hydratoitu; Dihydralazine, Sulfate de; Dihy-
dralazine (sulfate de) hydraté; Dihydralazine Sulphate (BANM); Di-
hydralazini Sulfas; Dihydralazini sulfas hydricus; Dihydralazin-
sulfát; Dihydralazinsulfat, hydratiserat; Dihydralazinum Sulfuri-
cum; Dihydralazyny siarczan; Dihydrallazine Sulphate; Sulfato de
dihidralazina. Phthalazine-1,4-diyldihydrazine sulfate hemipen-
tahydrate.
Дигидралазина Сульфат
C8H10N6,H2SO4,2 ⁄ H2O = 333.3.
CAS — 484-23-1 (dihydralazine); 7327-87-9 (dihydrala-
zine sulfate).
ATC — C02DB01.
ATC Vet — QC02DB01.

(dihydralazine)

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Dihydralazine Sulphate, Hydrated). A white or
slightly yellow crystalline powder. Slightly soluble in water;
practically insoluble in dehydrated alcohol. It dissolves in dilute
mineral acids.
Profile
Dihydralazine is a vasodilator with actions and uses similar to
those of hydralazine (p.1305). It is given orally as the sulfate.
Dihydralazine sulfate hemipentahydrate 14.45 mg is equivalent
to about 12.5 mg of anhydrous dihydralazine sulfate. In hyper-
tension (p.1171) the usual initial dose is the equivalent of
12.5 mg of anhydrous dihydralazine sulfate twice daily and the
maximum recommended dose is 50 mg twice daily. Higher dos-
es have been used in the management of heart failure. 
Other salts of dihydralazine that have been used in oral prepara-
tions include the hydrochloride and the tartrate. The mesilate is
given by injection.
Porphyria. Dihydralazine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Nepresol; Belg.: Nepresol; Cz.: Nepresol†; Fr.: Nepressol; Ger.:
Depressan; Nepresol; Gr.: Nepresol; Hong Kong: Nepresol†; Hung.: De-

N

N
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

pressan; India: Nepresol; Malaysia: Nepresol†; S.Afr.: Nepresol†;
Swed.: Nepresol†; Switz.: Nepresol†; Thai.: Nepresol.
Multi-ingredient: Braz.: Adelfan-Esidrex†; Ger.: Adelphan-Esidrix†;
Obsilazin N†; Tri-Torrat†; Triniton; Hong Kong: Adelphane-Esidrex; India:
Adelphane; Adelphane-Esidrex; Beptazine; Beptazine-H; Indon.: Dellasid-
rex; Rus.: Adelphane-Esidrex (Адельфан-эзидрекс); Triresid K (Трирезид
К); Spain: Adelfan-Esidrex†; Switz.: Adelphan-Esidrex; Turk.: Adelphan;
Adelphan-Esidrex.

Di-isopropylammonium Dichloroacetate
Diisopropilamina, dicloroacetato de; Di-isopropylamine Dichlo-
roacetate; Di-isopropylamine Dichloroethanoate; DIPA-DCA.
C8H17Cl2NO2 = 230.1.
CAS — 660-27-5.

Profile
Di-isopropylammonium dichloroacetate is a vasodilator that has
been given in peripheral and cerebral vascular disorders. Prepa-
rations containing it have sometimes been described as ‘pangam-
ic acid’ (p.2362).
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Disotat†; Oxypangam†; Mex.: Ditrei.
Multi-ingredient: Hong Kong: Liverall†; Spain: Vitaber A E.

Dilazep Hydrochloride (rINNM)

Asta C-4898; Dilazep, Chlorhydrate de; Dilazepi Hydrochlori-
dum; Hidrocloruro de dilazep. Perhydro-1,4-diazepin-1,4-diyl-
bis(trimethylene 3,4,5-trimethoxybenzoate) dihydrochloride.
Дилазепа Гидрохлорид
C31H44N2O10,2HCl = 677.6.
CAS — 35898-87-4 (dilazep); 20153-98-4 (dilazep hy-
drochloride).
ATC — C01DX10.
ATC Vet — QC01DX10.

(dilazep)

Pharmacopoeias. Jpn includes the monohydrate.
Profile
Dilazep hydrochloride is a vasodilator that is used in ischaemic
heart disease.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Cormelian; Jpn: Comelian.

Diltiazem Hydrochloride 

(BANM, USAN, rINNM)

CRD-401; Diltiatseemihydrokloridi; Diltiazem, chlorhydrate de;
Diltiazem Hidroklorür; Diltiazem hydrochlorid; Diltiazem-hid-
roklorid; Diltiazemhydroklorid; Diltiazemi hydrochloridum;
Diltiazemo hidrochloridas; Diltiazemu chlorowodorek; Hidro-
cloruro de diltiazem; Latiazem Hydrochloride; MK-793 (diltiazem
malate). (+)-cis-3-Acetoxy-5-(2-dimethylaminoethyl)-2,3-dihy-
dro-2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one hydro-
chloride; (2S,3S)-5-(2-Dimethylaminoethyl)-2,3,4,5-tetrahydro-
2-(4-methoxyphenyl)-4-oxo-1,5-benzothiazepin-3-yl acetate hy-
drochloride.
Дилтиазема Гидрохлорид
C22H26N2O4S,HCl = 451.0.
CAS — 42399-41-7 (diltiazem); 33286-22-5 (diltiazem
hydrochloride); 144604-00-2 (diltiazem malate).
ATC — C08DB01.
ATC Vet — QC08DB01.

(diltiazem)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Diltiazem Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water, in dichloro-
methane, and in methyl alcohol; slightly soluble in dehydrated
alcohol. The pH of a 1% solution in water is 4.3 to 5.3. Store in
airtight containers. Protect from light. 
USP 31 (Diltiazem Hydrochloride). A white, odourless, crystal-
line powder, or small crystals. Freely soluble in water, in chloro-
form, in formic acid, and in methyl alcohol; sparingly soluble in
dehydrated alcohol; insoluble in ether. Store in airtight contain-
ers. Protect from light.

Adverse Effects
Treatment with diltiazem is generally well tolerated.
Headache, ankle oedema, hypotension, dizziness,
flushing, fatigue, and nausea and other gastrointestinal
disturbances (including anorexia, vomiting, constipa-
tion or diarrhoea, taste disturbances, and weight gain)
may occur. Gingival hyperplasia has been reported.
Rashes, possibly due to hypersensitivity, are normally
mild and transient, but in a few cases erythema multi-
forme or exfoliative dermatitis has developed; photo-
sensitivity reactions may also occur. Transient eleva-
tions in liver enzyme values, and occasionally
hepatitis, have been reported. 
Diltiazem may depress cardiac conduction and has oc-
casionally led to AV block, bradycardia, and rarely
asystole or sinus arrest. 
Overdosage with diltiazem may be associated with
bradycardia, with or without AV conduction defects,
and hypotension. 
Diltiazem has been shown to cause teratogenicity in
animal studies.
Effects on mortality. For discussion of the possibility that cal-
cium-channel blockers might be associated with increased cardi-
ovascular mortality, see under Adverse Effects of Nifedipine,
p.1350.
Angioedema. Periorbital angioedema, accompanied by pruri-
tus or burning and erythema developed in 2 patients given
diltiazem.1
1. Sadick NS, et al. Angioedema from calcium channel blockers. J

Am Acad Dermatol 1989; 21: 132–3.

Effects on the blood. Thrombocytopenia has been reported in
association with diltiazem.1,2

1. Lahav M, Arav R. Diltiazem and thrombocytopenia. Ann Intern
Med 1989; 110: 327. 

2. Michalets EL, Jackson DV. Diltiazem-associated thrombocyto-
penia. Pharmacotherapy 1997; 17: 1345–8.

Effects on carbohydrate metabolism. Although raised
blood-glucose concentrations and insulin requirements have
been reported1 in a patient with type 1 diabetes mellitus during
diltiazem therapy, particularly at high doses, a study2 in 11 obese
black women, who were nondiabetic but had a family history of
type 2 diabetes, failed to find any effect of diltiazem 240 mg dai-
ly on plasma-glucose and C-peptide concentrations, nor any clin-
ical signs of glucose intolerance.
1. Pershadsingh HA, et al. Association of diltiazem therapy with

increased insulin resistance in a patient with type I diabetes mel-
litus. JAMA 1987; 257: 930–1. 

2. Jones BJ, et al. Effects of diltiazem hydrochloride on glucose
tolerance in persons at risk for diabetes mellitus. Clin Pharm
1988; 7: 235–8.

Effects on the ears. There have been isolated reports1 of tinni-
tus associated with several calcium-channel blockers including
nifedipine, nicardipine, nitrendipine, diltiazem, verapamil, and
cinnarizine.
1. Narváez M, et al. Tinnitus with calcium-channel blockers. Lan-

cet 1994; 343: 1229–30.

Effects on the gastrointestinal tract. Gastrointestinal dis-
turbances including nausea, vomiting, and constipation, may oc-
cur with calcium-channel blockers. A case1 of intestinal pseudo-

obstruction was reported in a 74-year-old neutropenic man re-
ceiving chemotherapy for leukaemia after diltiazem was added
to treat new-onset atrial fibrillation. A diagnosis of neutropenic
enterocolitis was ruled out and symptoms resolved when
diltiazem was stopped; it was concluded that diltiazem was the
probable cause. 
A similar case attributed to verapamil2 has been reported.
1. Young RP, Wu H. Intestinal pseudo-obstruction caused by

diltiazem in a neutropenic patient. Ann Pharmacother 2005; 39:
1749–51. 

2. Schultz HS, Vernon B. Intestinal pseudo-obstruction related to
using verapamil. West J Med 1989; 151: 556–8.

Effects on the heart. AV BLOCK. AV block appears to be
uncommon in patients receiving diltiazem, but is potentially
serious when it occurs. Prescription-event monitoring1 of a
cohort of 10 119 patients for 1 year revealed 22 reports of AV
block during diltiazem treatment. At least 8 patients had third-
degree heart block, and 12 required a pacemaker; 3 died with-
in 72 hours of the onset of heart block. A high proportion of
these patients were also receiving beta blockers, which is in
line with other reports.2,3 (See also Beta Blockers under Inter-
actions, below.) There is some evidence that the incidence of
this effect may depend on the serum concentration of
diltiazem. In a study4 in patients receiving diltiazem after myo-
cardial infarction, patients with serum-diltiazem concentra-
tions greater than 150 nanograms/mL were more likely to ex-
perience AV block than patients with concentrations of
diltiazem below this value.
1. Waller PC, Inman WHW. Diltiazem and heart block. Lancet

1989; i: 617. 
2. Hossack KF. Conduction abnormalities due to diltiazem. N Engl

J Med 1982; 307: 953–4. 
3. Ishikawa T, et al. Atrioventricular dissociation and sinus arrest

induced by oral diltiazem. N Engl J Med 1983; 309: 1124–5. 
4. Nattel S, et al. Determinants and significance of diltiazem plas-

ma concentrations after acute myocardial infarction. Am J Car-
diol 1990; 66: 1422–8.

MYOCARDIAL INFARCTION. Results from at least one large mul-
ticentre study (the Multicenter Diltiazem Postinfarction Trial)
suggest that diltiazem, although apparently of benefit after
myocardial infarction in patients with normal left ventricular
function (as indicated by absence of pulmonary congestion),
was associated with an increased risk of cardiac death or non-
fatal re-infarction in patients with impaired left ventricular
function.1 Long-term follow-up2 indicated that diltiazem also
increased the risk of late-onset heart failure in postinfarction
patients with left ventricular dysfunction.
1. The Multicenter Diltiazem Postinfarction Trial Research Group.

The effect of diltiazem on mortality and reinfarction after myo-
cardial infarction. N Engl J Med 1988; 319: 385–92. 

2. Goldstein RE, et al. Diltiazem increases late-onset congestive
heart failure in postinfarction patients with early reduction in
ejection fraction. Circulation 1991; 83: 52–60.

WITHDRAWAL. Life-threatening coronary vasospasm, which
was fatal in one patient, occurred in 4 patients after coronary
revascularisation for unstable angina.1 Treatment with a cal-
cium-channel blocker (diltiazem or nifedipine) had been dis-
continued between 8 and 18 hours before the procedure and
this abrupt withdrawal was thought to be responsible for the
rebound vasospasm. The coronary vasospasm was managed
with glyceryl trinitrate and nifedipine. 
Withdrawal of diltiazem over a 4-day period from a patient with
stable angina pectoris was followed by recurrence of anginal at-
tacks.2 Ambulatory ECG monitoring confirmed worsening myo-
cardial ischaemia that responded to re-introduction of diltiazem.
Two further patients had a similar withdrawal effect.
1. Engelman RM, et al. Rebound vasospasm after coronary revas-

cularization in association with calcium antagonist withdrawal.
Ann Thorac Surg 1984; 37: 469–72. 

2. Subramanian VB, et al. Calcium antagonist withdrawal syn-
drome: objective demonstration with frequency-modulated am-
bulatory ST-segment monitoring. BMJ 1983; 286: 520–1.

Effects on the kidneys. Diltiazem may be of benefit in various
kidney disorders (see under Uses, below). However, there are a
few reports of acute renal failure associated with diltiazem use.1,2

Acute interstitial nephritis has been proposed as a mechanism.2,3

1. ter Wee PM, et al. Acute renal failure due to diltiazem. Lancet
1984; ii: 1337–8. 

2. Abadín JA, et al. Probable diltiazem-induced acute interstitial
nephritis. Ann Pharmacother 1998; 32: 656–8. 

3. Achenbach V, et al. Acute renal failure due to diltiazem. Lancet
1985; i: 176.

Effects on mental function. By September 1989, the WHO
collaborative programme for international drug monitoring had
gathered 8 cases of mental depression (severe in 2) associated
with diltiazem therapy.1 Time of onset of symptoms varied from
a few hours to a few months after starting treatment with
diltiazem. There was some evidence that the problem might be
dose-related as 5 of the 8 cases were receiving doses of 180 mg
daily or more. 
Psychoses have been reported rarely in association with
diltiazem. A patient2 who developed hallucinations (both audito-
ry and visual) and paranoid delusions after 2 days of diltiazem
therapy was subsequently treated with nifedipine without abnor-
mal effects. Another patient3 with bipolar affective disorder that
had been well-controlled by lithium carbonate for some years de-
veloped acute psychosis with extrapyramidal symptoms of cog-

H3C N
H

CH3

CH3 CH3

HO Cl

O Cl

H C
O

O
H C

O
CH

O

O

N

NOO

O

CHO
H C

O
H C

N

S

O

O
CH3

O
NH3C

CH3

OCH3



1266   Cardiovascular Drugs
wheel rigidity and ataxia, which was thought to represent an in-
teraction between diltiazem and lithium.
1. Biriell C, et al. Depression associated with diltiazem. BMJ 1989;

299: 796. 
2. Bushe CJ. Organic psychosis caused by diltiazem. J R Soc Med

1988; 81: 296–7. 
3. Binder EF. Diltiazem-induced psychosis and a possible

diltiazem-lithium interaction. Arch Intern Med 1991; 151:
373–4.

Effects on the mouth. A study involving 115 patients given
nifedipine, diltiazem, or verapamil for at least 3 months indicated
that gingival hyperplasia is an important side-effect that may oc-
cur with calcium-channel blockers.1
1. Steele RM, et al. Calcium antagonist-induced gingival hyperpla-

sia. Ann Intern Med 1994; 120: 663–4.

Effects on the nervous system. Akathisia has been reported
in a patient the day after starting treatment with diltiazem. Symp-
toms disappeared when diltiazem was withdrawn and recurred
on rechallenge after the third dose.1 Similar symptoms in associ-
ation with mania have also been reported in another patient given
diltiazem.2
1. Jacobs MB. Diltiazem and akathisia. Ann Intern Med 1983; 99:

794–5. 
2. Brink DD. Diltiazem and hyperactivity. Ann Intern Med 1984;

100: 459–60.

PARKINSONISM. Parkinsonism developed in an elderly patient
with heart disease and hypertension when diltiazem was add-
ed to existing drug therapy.1 Symptoms worsened over 3
months but improved significantly when diltiazem was slow-
ly withdrawn. On rechallenge severe tremor, impaired gait,
and cogwheel rigidity recurred, but resolved when the drug
was stopped again except for slight residual cogwheel rigidi-
ty. 
An acute parkinsonian syndrome also developed2 in a patient
taking lithium and tiotixene when diltiazem was added, and was
thought to represent an interaction between lithium and
diltiazem. See also Effects on Mental Function, above.
1. Dick RS, Barold SS. Diltiazem-induced parkinsonism. Am J Med

1989; 87: 95–6. 
2. Valdiserri EV. A possible interaction between lithium and

diltiazem: case report. J Clin Psychiatry 1985; 46: 540–1.

Effects on the skin. A variety of skin disorders have been as-
sociated with diltiazem therapy, including acute pustular derma-
titis,1-3 cutaneous vasculitis,4,5 erythema multiforme,6,7 pruritic
macular rashes,3,8 severe toxic erythema,9 subacute lupus ery-
thematosus-like eruptions,10 and photosensitivity reactions.11

Analysis of cutaneous adverse reactions to diltiazem indicated
that acne, rash, and urticaria were among the commonest.12

There have also been a few reports of exfoliative dermatitis, ery-
thema multiforme, Stevens Johnson syndrome, and toxic epider-
mal necrolysis.3,12 
For a report of periorbital skin rash associated with diltiazem, see
Angioedema, above. 
Cross-sensitivity, manifest as a pruritic maculopapular rash, has
been reported between diltiazem and amlodipine.13

1. Lambert DG, et al. Acute generalized exanthematous pustular
dermatitis induced by diltiazem. Br J Dermatol 1988; 118:
308–9. 

2. Vicente-Calleja JM, et al. Acute generalized exanthematous
pustulosis due to diltiazem: confirmation by patch testing. Br J
Dermatol 1997; 137: 837–9. 

3. Knowles S, et al. The spectrum of cutaneous reactions associat-
ed with diltiazem: three cases and a review of the literature. J
Am Acad Dermatol 1998; 38: 201–6. 

4. Carmichael AJ, Paul CJ. Vasculitic leg ulcers associated with
diltiazem. BMJ 1988; 297: 562. 

5. Sheehan-Dare RA, Goodfield MJ. Severe cutaneous vasculitis
induced by diltiazem. Br J Dermatol 1988; 119: 134. 

6. Berbis P, et al. Diltiazem associated erythema multiforme. Der-
matologica 1989; 179: 90. 

7. Sanders CJG, Neumann HAM. Erythema multiforme, Stevens-
Johnson syndrome, and diltiazem. Lancet 1993; 341: 967. 

8. Wirebaugh SR, Geraets DR. Reports of erythematous macular
skin eruptions associated with diltiazem therapy. DICP Ann
Pharmacother 1990; 24: 1046–9. 

9. Wakeel RA, et al. Severe toxic erythema caused by diltiazem.
BMJ 1988; 296: 1071. 

10. Crowson AN, Magro CM. Diltiazem and subacute cutaneous lu-
pus erythematosus-like lesions. N Engl J Med 1995; 333: 1429. 

11. Saladi RN, et al. Diltiazem induces severe photodistributed hy-
perpigmentation: case series, histoimmunopathology, manage-
ment, and review of the literature. Arch Dermatol 2006; 142:
206–10. 

12. Stern R, Khalsa JH. Cutaneous adverse reactions associated
with calcium channel blockers. Arch Intern Med 1989; 149:
829–32. 

13. Baker BA, Cacchione JG. Dermatologic cross-sensitivity be-
tween diltiazem and amlodipine. Ann Pharmacother 1994; 28:
118–19.

Overdosage. See under Treatment of Adverse Effects, below.

Treatment of Adverse Effects
As for Nifedipine, p.1352, but see also below. 
Diltiazem and its metabolites are poorly dialysable.
Overdosage. The consequences and treatment of diltiazem
overdosage are similar to nifedipine (p.1352), although death
and life-threatening complications might be more common with
diltiazem.1 Up to 1994, 6 cases of fatal overdose with diltiazem
had been reported in the literature.2 Measurement of diltiazem

concentrations to assist in diagnosis and management of over-
dosage has been suggested,2 but others3 have disputed its value. 
The following are individual reports of overdosage with
diltiazem: 
• A patient who took about 10.8 g of diltiazem developed hypo-

tension and complete heart block. Dopamine, isoprenaline,
and calcium chloride were required to maintain the blood
pressure. The ECG reverted to sinus rhythm after 31 hours.
The plasma-diltiazem concentration was 1670 nanograms/mL
43 hours after ingestion and fell to 12.1 nanograms/mL over a
further 55.5 hours with an elimination half-life of 7.9 hours.4 

• In a further case a patient took 5.88 g of diltiazem with alco-
hol, and developed severe junctional bradycardia, hypoten-
sion, and reduced cardiac function that did not respond to in-
travenous calcium gluconate. The maximum plasma-
diltiazem concentration of 6090 nanograms/mL occurred 7
hours after presentation. About half of the dose was vomited
after treatment with activated charcoal. The patient was treat-
ed with cardiac pacing and a dopamine infusion; he reverted
to sinus rhythm within 24 hours, and a subsequent episode of
atrial fibrillation was treated successfully with digoxin.5 

• Charcoal haemoperfusion had a limited effect in improving
the clearance of diltiazem in a patient who had taken 14.94 g
of diltiazem.6 The patient developed severe hypotension,
complete heart block, and acute renal failure. Supportive care
included cardiac pacing and numerous vasopressors including
intravenous glucagon and infusions of dopamine, adrenaline,
and noradrenaline.

1. Buckley NA, et al. Overdose with calcium channel blockers.
BMJ 1994; 308: 1639. 

2. Roper TA. Overdose of diltiazem. BMJ 1994; 308: 1571. 
3. Lip GYH, Ferner RE. Overdose of diltiazem. BMJ 1994; 309:

193. 
4. Malcolm N, et al. Massive diltiazem overdosage: clinical and

pharmacokinetic observations. Drug Intell Clin Pharm 1986; 20:
888. 

5. Ferner RE, et al. Pharmacokinetics and toxic effects of diltiazem
in massive overdose. Hum Toxicol 1989; 8: 497–9. 

6. Williamson KM, Dunham GD. Plasma concentrations of
diltiazem and desacetyldiltiazem in an overdose situation. Ann
Pharmacother 1996; 30: 608–11.

Precautions
Diltiazem is contra-indicated in patients with the sick
sinus syndrome, pre-existing second- or third-degree
AV block, or marked bradycardia, and should be used
with care in patients with lesser degrees of AV block or
bradycardia. Diltiazem has been associated with the
development of heart failure and great care is required
in patients with impaired left ventricular function. Sud-
den withdrawal of diltiazem might be associated with
an exacerbation of angina. 
Treatment with diltiazem should begin with reduced
doses in elderly patients and in patients with hepatic or
renal impairment.
Abuse. Abuse of diltiazem by body builders and rugby players
has been alleged. Such abuse is possibly because of evidence that
diltiazem increases maximum oxygen consumption after train-
ing. A body builder who admitted to taking diltiazem in high
doses suffered severe abdominal cramps.1
1. Richards H, et al. Use of diltiazem in sport. BMJ 1993; 307: 940.

Breast feeding. Diltiazem is distributed into breast milk; in a
woman receiving oral diltiazem 60 mg four times daily, concen-
trations in breast milk were similar to those in serum.1 The man-
ufacturers therefore recommend that diltiazem should generally
be avoided during breast feeding. However, in another report,2 a
mother breast fed twins for at least 6 months while receiving
diltiazem and no adverse effects were reported in the infants.
Since there have been no reports of adverse effects, the American
Academy of Pediatrics considers3 that diltiazem is usually com-
patible with breast feeding.
1. Okada M, et al. Excretion of diltiazem in human milk. N Engl J

Med 1985; 312: 992–3. 
2. Lubbe WF. Use of diltiazem during pregnancy. N Z Med J 1987;

100: 121. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Porphyria. Diltiazem is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals or in-vitro systems.
Renal impairment. A patient with end-stage renal failure re-
quiring haemodialysis developed hypotension, bradycardia,
metabolic acidosis, hyperkalaemia, and acute congestive heart
failure about 60 hours after his last haemodialysis.1 The patient
had been taking diltiazem 60 mg three times daily. The symp-
toms were attributed to diltiazem toxicity due to accumulation of
diltiazem and its metabolites which are poorly dialysed and nor-
mally excreted partially in the urine.
1. Patel R, et al. Toxic effects of diltiazem in a patient with chronic

renal failure. J Clin Pharmacol 1994; 34: 273–4.

Interactions
Increased depression of cardiac conduction with risk of
bradycardia and AV block may occur when diltiazem
is given with drugs such as amiodarone, beta blockers,
digoxin, and mefloquine. Enhanced antihypertensive
effect may occur if used with other antihypertensive
drugs or drugs that cause hypotension such as aldes-
leukin and antipsychotics. Diltiazem is extensively
metabolised in the liver by the cytochrome P450 isoen-
zyme CYP3A4 and may also inhibit the metabolism of
drugs sharing the same pathway. Interactions may also
be expected with enzyme inducers, such as car-
bamazepine, phenobarbital, phenytoin, and rifampicin,
and with enzyme inhibitors, such as cimetidine and
HIV-protease inhibitors.
Antidepressants. For a report of diltiazem increasing the bio-
availability of imipramine and nortriptyline, see Calcium-chan-
nel Blockers under the Interactions of Amitriptyline, p.380.
Antiepileptics. For reports of diltiazem use precipitating car-
bamazepine and phenytoin toxicity, see p.475 and p.499, respec-
tively.
Anxiolytics. For the effect of diltiazem on plasma-buspirone
concentrations, see p.966.
Benzodiazepines. For the effects of diltiazem on plasma con-
centrations of midazolam or triazolam, see Calcium-channel
Blockers under Interactions of Diazepam, p.990.
Beta blockers. Profound bradycardia has been reported in a
number of patients when diltiazem was used with a beta block-
er.1,2 Diltiazem decreases the clearance of a single dose of pro-
pranolol or metoprolol, though not atenolol, and elevated con-
centrations of beta blocker may be responsible for the
bradycardic effects.3 This is unlikely to be the full story, howev-
er, since atenolol, which was unaffected in this study, has been
implicated in producing bradycardia when diltiazem was added
in a patient with myocardial ischaemia.2
1. Hassell AB, Creamer JE. Profound bradycardia after the addition

of diltiazem to a β blocker. BMJ 1989; 298: 675. 
2. Nagle RE, et al. Diltiazem and heart block. Lancet 1989; i: 907. 
3. Tateishi T, et al. Effect of diltiazem on the pharmacokinetics of

propranolol, metoprolol and atenolol. Eur J Clin Pharmacol
1989; 36: 67–70.

Calcium-channel blockers. For the effect of diltiazem and
nifedipine on each other’s plasma concentrations, see p.1353.
Ciclosporin. For reports of a potentially beneficial interaction
between diltiazem and ciclosporin, see Transplantation under
Uses and Administration, below.
Corticosteroids. Diltiazem has been reported to reduce the
clearance of methylprednisolone (see Calcium-channel Block-
ers, p.1495).
Digoxin. For a discussion of interactions between digoxin and
calcium-channel blockers including diltiazem, see p.1262.
General anaesthetics. Two patients on diltiazem therapy de-
veloped impaired myocardial conduction during anaesthesia
with enflurane;1 one of the patients had severe sinus bradycardia
that progressed to asystole. Additive cardiodepressant effects of
diltiazem and enflurane were considered responsible.
1. Hantler CB, et al. Impaired myocardial conduction in patients

receiving diltiazem therapy during enflurane anesthesia. An-
esthesiology 1987; 67: 94–6.

Histamine H2-antagonists. Cimetidine caused increases in
plasma-diltiazem concentrations and in plasma-deacetyldil-
tiazem concentrations in 6 subjects given a single oral dose of
diltiazem 60 mg. Ranitidine produced a similar, though less
marked effect.1
1. Winship LC, et al. The effect of ranitidine and cimetidine on sin-

gle-dose diltiazem pharmacokinetics. Pharmacotherapy 1985;
5: 16–19.

Lithium. Neurotoxicity has been reported in patients receiving
lithium and diltiazem, see Effects on Mental Function and Par-
kinsonism under Effects on the Nervous System, above.
Theophylline. For the effect of diltiazem on plasma-theophyl-
line concentrations, see p.1144.

Pharmacokinetics
Diltiazem is almost completely absorbed from the gas-
trointestinal tract after oral doses, but undergoes exten-
sive first-pass hepatic metabolism. Peak plasma con-
centrations occur about 3 to 4 hours after an oral dose.
The bioavailability has been reported to be about 40%,
although there is considerable interindividual variation
in plasma concentrations. Diltiazem is about 80%
bound to plasma proteins. It is distributed into breast
milk. It is extensively metabolised in the liver, primari-
ly by the cytochrome P450 isoenzyme CYP3A4; one
of the metabolites, desacetyldiltiazem, has been report-
ed to have 25 to 50% of the activity of the parent com-
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pound. The half-life of diltiazem is reported to be about
3 to 5 hours. About 2 to 4% of a dose is excreted in
urine as unchanged diltiazem with the remainder ex-
creted as metabolites in bile and urine. Diltiazem and
its metabolites are poorly dialysable.
◊ General reviews.
1. Kelly JG, O’Malley K. Clinical pharmacokinetics of calcium an-

tagonists: an update. Clin Pharmacokinet 1992; 22: 416–33.

Bioavailability. Studies of the pharmacokinetics of diltiazem in
healthy subjects after single and multiple doses,1-3 indicated that
bioavailability was increased after multiple doses, probably be-
cause of decreased presystemic elimination.3
1. Höglund P, Nilsson L-G. Pharmacokinetics of diltiazem and its

metabolites after repeated multiple-dose treatments in healthy
volunteers. Ther Drug Monit 1989; 11: 543–50. 

2. Höglund P, Nilsson L-G. Pharmacokinetics of diltiazem and its
metabolites after repeated single dosing in healthy volunteers.
Ther Drug Monit 1989; 11: 551–7. 

3. Höglund P, Nilsson L-G. Pharmacokinetics of diltiazem and its
metabolites after single and multiple dosing in healthy volun-
teers. Ther Drug Monit 1989; 11: 558–66.

Renal impairment. The pharmacokinetics of diltiazem and its
major metabolite desacetyldiltiazem in patients with severe renal
impairment were similar to those in patients with normal renal
function.1 Nevertheless, reduced doses may be necessary in pa-
tients with renal impairment (see under Uses and Administration
below). See also under Precautions, above.
1. Pozet N, et al. Pharmacokinetics of diltiazem in severe renal fail-

ure. Eur J Clin Pharmacol 1983; 24: 635–8.

Uses and Administration
Diltiazem is a benzothiazepine calcium-channel block-
er (p.1154) and class IV antiarrhythmic (p.1153). It is a
peripheral and coronary vasodilator with limited nega-
tive inotropic activity but its vasodilator properties are
less marked than those of the dihydropyridine calcium-
channel blocker nifedipine (p.1350). Unlike nifed-
ipine, diltiazem inhibits cardiac conduction, particular-
ly at the sino-atrial and atrioventricular nodes. 
Diltiazem hydrochloride is given orally in the manage-
ment of angina pectoris (p.1157) and hypertension
(p.1171) and is available in a number of formulations
for dosage once, twice, or three times daily. In some
countries it is available for intravenous use in the treat-
ment of various cardiac arrhythmias (atrial fibrillation
or flutter and paroxysmal supraventricular tachycar-
dia) (p.1160). It has also been used topically in the
management of anal fissure (see below). 
The variety of formulations means that dosage is de-
pendent on the preparation used. Reduced doses may
be required in the elderly or those with renal or hepatic
impairment (see below). 
In angina pectoris an initial dose is 60 mg orally three
times daily (or 30 mg four times daily in the USA), in-
creased if necessary to 360 mg daily; up to 480 mg dai-
ly has sometimes been given. Formulations suitable for
once- or twice-daily use may be given in doses of 120
to 480 mg daily; up to 540 mg daily has been given. 
In hypertension diltiazem hydrochloride may be giv-
en as modified-release capsules or tablets. Depending
on the formulation, an initial dose is 60 to 120 mg
twice daily, increased as required to a maximum of
360 mg daily. Formulations suitable for once-daily
dosage may be given in similar daily doses, although
up to 540 mg daily has been given. 
In cardiac arrhythmias  an initial dose of
250 micrograms/kg by bolus intravenous injection
over 2 minutes has been suggested; a further dose of
350 micrograms/kg may be given after 15 minutes if
the response is inadequate. Subsequent doses should
be individualised for each patient. For those with atrial
fibrillation or flutter, a continued reduction in heart rate
may be achieved with an intravenous infusion of
diltiazem hydrochloride after the bolus injection. An
initial infusion rate of 5 to 10 mg/hour, may be in-
creased as necessary in increments of 5 mg/hour up to
a rate of 15 mg/hour. The infusion may be continued
for up to 24 hours.
◊ General reviews.
1. Buckley MM-T, et al. Diltiazem: a reappraisal of its pharmaco-

logical properties and therapeutic use. Drugs 1990; 39: 757–806. 

2. Fisher M, Grotta J. New uses for calcium channel blockers: ther-
apeutic implications. Drugs 1993; 46: 961–75. 

3. Weir MR. Diltiazem: ten years of clinical experience in the treat-
ment of hypertension. J Clin Pharmacol 1995; 35: 220–32.

Action. The haemodynamic and electrophysiological effects of
diltiazem appear to resemble those of verapamil more than those
of nifedipine.1 It inhibits sino-atrial and atrioventricular nodal
function in doses used clinically. The effects on sino-atrial func-
tion are more pronounced than those observed after verapamil.
Diltiazem causes a decrease in the rate-pressure product indicat-
ing that decreased oxygen demand is a likely mechanism of ac-
tion in relieving angina pectoris. Like verapamil, but unlike
nifedipine, diltiazem does not appear to cause significant in-
creases in coronary blood flow. The negative inotropic effect of
diltiazem is presumably counteracted by afterload reduction.
1. Soward AL, et al. The haemodynamic effects of nifedipine, ver-

apamil and diltiazem in patients with coronary artery disease: a
review. Drugs 1986; 32: 66–101.

Administration in hepatic or renal impairment. The dose
of diltiazem hydrochloride may need to be reduced in patients
with hepatic or renal impairment, and in the elderly. In the UK an
initial dose of 120 mg daily is usually suggested, as a single dose
or in 2 divided doses by mouth depending on the formulation.
The dose may be increased cautiously, but only if the heart rate
remains above 50 beats/minute.
Anorectal disorders. Beneficial responses to diltiazem
reported1,2 in 2 patients with proctalgia fugax may have been due
to smooth muscle relaxation. The resting pressure of the internal
anal sphincter was decreased by a mean of 20.6% in all but 1 of
13 subjects given a single 60-mg oral dose of diltiazem.2 A small
study3 has compared oral with topical diltiazem in the manage-
ment of anal fissure (p.1891). Despite a higher response rate with
the topical drug, no significant difference in benefit was seen be-
tween the 2 routes. A subsequent study4 suggested topical
diltiazem (2%) might be of benefit in patients with anal fissure
unresponsive to topical nitrates. Sustained benefit after a 6-week
treatment course has also been reported in some patients.5
1. Boquet J, et al. Diltiazem for proctalgia fugax. Lancet 1986; i:

1493. 
2. Jonard P, Essamri B. Diltiazem and internal anal sphincter. Lan-

cet 1987; i: 754. 
3. Jonas M, et al. A randomized trial of oral vs topical diltiazem for

chronic anal fissures. Dis Colon Rectum 2001; 44: 1074–8. 
4. Jonas M, et al. Diltiazem heals glyceryl trinitrate-resistant

chronic anal fissures: a prospective study. Dis Colon Rectum
2002; 45: 1091–5. 

5. Nash GF, et al. The long-term results of diltiazem treatment for
anal fissure. Int J Clin Pract 2006; 60: 1411–13.

Cardiomyopathies. Although calcium-channel blockers
should be used with caution in patients with heart failure, symp-
tomatic improvement has been reported in patients with dilated
cardiomyopathy (p.1163) given diltiazem.1
1. Figulla HR, et al. Diltiazem improves cardiac function and exer-

cise capacity in patients with idiopathic dilated cardiomyopathy:
results of the Diltiazem in Dilated Cardiomyopathy Trial. Circu-
lation 1996; 94: 346–52.

Connective tissue and muscular disorders. Subcutaneous
deposition of calcium (calcinosis) can occur in a number of in-
flammatory conditions, particularly in juvenile dermatomyositis
(see Polymyositis and Dermatomyositis, p.1510). Treatment of
calcinosis is difficult, but there have been a number of reports of
the successful use of diltiazem in children1,2 and adults3 with der-
matomyositis, as well as in adults with CREST (calcinosis, Ray-
naud’s phenomenon, esophageal dysmotility, sclerodactyly, tel-
angiectasias) syndrome,4 scleroderma,5 and lupus panniculitis.6
Another study,7 however, found only a limited response in pa-
tients with systemic sclerosis.
1. Oliveri MB, et al. Regression of calcinosis during diltiazem

treatment in juvenile dermatomyositis. J Rheumatol 1996; 23:
2152–5. 

2. Ichiki Y, et al. An extremely severe case of cutaneous calcinosis
with juvenile dermatomyositis, and successful treatment with
diltiazem. Br J Dermatol 2001; 144: 894–7. 

3. Vinen CS, et al. Regression of calcinosis associated with adult
dermatomyositis following diltiazem therapy. Rheumatology
(Oxford) 2000; 39: 333–4. 

4. Palmieri GMA, et al. Treatment of calcinosis with diltiazem. Ar-
thritis Rheum 1995; 38: 1646–54. 

5. Dolan AL, et al. Diltiazem induces remission of calcinosis in
scleroderma. Br J Rheumatol 1995; 34: 576–8. 

6. Morgan KW, et al. Calcifying lupus panniculitis in a patient with
subacute cutaneous lupus erythematosus: response to diltiazem
and chloroquine. J Rheumatol 2001; 28: 2129–32. 

7. Vayssairat M, et al. Clinical significance of subcutaneous calci-
nosis in patients with systemic sclerosis: does diltiazem induce
its regression? Ann Rheum Dis 1998; 57: 252–4.

Kidney disorders. Calcium-channel blockers may be of bene-
fit in various forms of kidney disorder (see Nifedipine, p.1355).
Diltiazem has been reported to reduce urinary protein excretion
without exacerbating pre-existing renal dysfunction in diabetic
patients.1,2 A small study3 in 15 hypertensive patients with type
2 diabetes mellitus, albuminuria, and renal impairment found
that diltiazem only reduced urinary albumin excretion when pa-
tients received a restricted dietary sodium intake of 50 mmol dai-
ly. 
Diltiazem may also reduce the nephrotoxicity associated with
certain drugs. Reduced nephrotoxicity has been reported when
diltiazem is given to healthy subjects receiving netilmicin,4 but
diltiazem does not appear to modify the acute renal failure asso-

ciated with tubular damage which may be caused by methotrex-
ate.5 Diltiazem may reduce ciclosporin-induced nephrotoxicity
(see Transplantation, below).
1. Bakris GL. Effects of diltiazem or lisinopril on massive pro-

teinuria associated with diabetes mellitus. Ann Intern Med 1990;
112: 707–8. 

2. Demarie BK, Bakris GL. Effects of different calcium antagonists
on proteinuria associated with diabetes mellitus. Ann Intern Med
1990; 113: 987–8. 

3. Bakris GL, Smith A. Effects of sodium intake on albumin excre-
tion in patients with diabetic nephropathy treated with long-act-
ing calcium antagonists. Ann Intern Med 1996; 125: 201–4. 

4. Lortholary O, et al. Calcium antagonists and aminoglycoside ne-
phrotoxicity. Am J Med 1990; 88: 445. 

5. Deray G, et al. The effects of diltiazem on methotrexate-induced
nephrotoxicity. Eur J Clin Pharmacol 1989; 37: 337–40.

Migraine. For reference to the use of calcium-channel blockers,
including diltiazem, in the management of migraine, see under
Nifedipine, p.1355.
Myocardial infarction. For reference to the use of diltiazem in
the acute and long-term management of myocardial infarction,
see under Uses of Verapamil, p.1424.
Transplantation. Diltiazem increases blood-ciclosporin con-
centrations when given by mouth in doses of 60 to 180 mg daily
to transplant patients receiving ciclosporin therapy.1-3 In conse-
quence, ciclosporin doses can be reduced by about one-third, at
a considerable saving in cost.2,3 However, the effect may not oc-
cur in all patients,4 and may vary with differing formulations,5
and it has been suggested that blood-ciclosporin concentrations
should be closely monitored if diltiazem is used for this purpose.
In addition to this effect, which is apparently due to non-compet-
itive inhibition of ciclosporin metabolism by diltiazem,6 there is
evidence of improved renal graft-function in patients given the
combined therapy, suggesting that diltiazem may reduce
ciclosporin-induced nephrotoxicity.1,2 However, a 4-year follow-
up study in patients treated with ciclosporin and diltiazem found
that diltiazem had no effect on the progression to chronic allo-
graft nephropathy.7 Improved survival has been reported8 in a
retrospective study of patients given diltiazem for its ciclosporin-
sparing effect, but it was unclear if this was a direct effect of
diltiazem or was related to other factors associated with its use.
1. Wagner K, Neumayer H-H. Prevention of delayed graft function

in cadaver kidney transplants by diltiazem. Lancet 1985; ii:
1355–6. 

2. Neumayer H-H, Wagner K. Diltiazem and economic use of cy-
closporin. Lancet 1986; ii: 523. 

3. Bourge RC, et al. Diltiazem-cyclosporine interaction in cardiac
transplant recipients: impact on cyclosporine dose and medica-
tion costs. Am J Med 1991; 90: 402–4. 

4. Jones TE, Morris RG. Diltiazem does not always increase blood
cyclosporin concentration. Br J Clin Pharmacol 1996; 42:
642–4. 

5. Jones TE, et al. Formulation of diltiazem affects cyclosporin-
sparing activity. Eur J Clin Pharmacol 1997; 52: 55–8. 

6. Brockmöller J, et al. Pharmacokinetic interaction between cy-
closporin and diltiazem. Eur J Clin Pharmacol 1990; 38:
237–42. 

7. Ingsathit A, et al. Co-administration of diltiazem and cy-
closporine for kidney transplant recipients: a four year follow-up
study. J Med Assoc Thai 2006; 89 (suppl 2): S235–S241. 

8. McDonald SP, Russ GR. Associations between use of cy-
closporine-sparing agents and outcome in kidney transplant re-
cipients. Kidney Int 2002; 61: 2259–65.

Preparations
USP 31: Diltiazem Hydrochloride Extended-release Capsules; Diltiazem
Hydrochloride Oral Solution; Diltiazem Hydrochloride Oral Suspension;
Diltiazem Hydrochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Acalix; Corodrox; Dilahim; Diltenk; Diltiacor†; Dilzen-G; Hart; Incoril;
Kaltiazem; Ritmocit†; Tilazem; Austral.: Auscard†; Cardizem; Coras; Dilta-
hexal; Dilzem; Vasocardol; Austria: Corazem†; Diltahexal; Diltiastad;
Dilzem; Belg.: Progor; Tildiem; Braz.: Angiolong; Balcor; Calzem; Card-
izem; Cordil; Diltiacor; Diltipress; Diltizem; Diltor; Incoril; Canad.: Apo-
Diltiaz; Cardizem; Novo-Diltazem; Nu-Diltiaz; Tiazac; Chile: Acasmul; Gri-
fodilzem; Incoril; Tilazem; Tildiem; Cz.: Aldizem†; Altiazem†; Blocalcin; Di-
acordin; Dilzem†; Etizem†; Tiakem†; Denm.: Cardil; Cardizem; Dilcor; My-
onil; Tilker; Viazem†; Fin.: Cardizem; Dilmin; Dilpral; Dilzem; Fr.: Bi-Tildiem;
Deltazen; Diacor; Dilrene; Mono-Tildiem; Tildiem; Ger.: Corazet†; Dil-Sa-
norania; Dilsal; Dilta; Diltabeta; Diltahexal; Diltapham†; Diltaretard; Dilti;
Diltiagamma; Diltiuc†; Dilzanton; Dilzem; Dilzicardin†; Gr.: Alfener; Cardil;
Diltelan; Diltem†; Dilzanol†; Dipen; Elvesil; Ergoclavin; Mavitalon; My-
carzem†; Rubiten; Saubasin; Ternel; Tildiem; Zem†; Zilden; Hong Kong:
Altiazem; Apo-Diltiaz; Cardium; Diltan†; Herbesser; Retalzem†; Wontizem;
Hung.: Blocalcin; Dilrene; Diltan†; Dilzem; India: Dilcardia†; Dilcontin; Dil-
gard; Dilzem; DTM; Iski; Kaizem; Indon.: Cordizem; Dilmen; Dilso; Farm-
abes; Herbesser; Lanodil; Irl.: Adizem; Diltam; Dilzem; Entrydil; Tildiem; Is-
rael: Adizem; Dilatam; Levodex; Ital.: Altiazem; Angidil†; Angipress†;
Angizem; Citizem†; Diacardin; Diladel; Dilem; Diliter; Dilzene; Etyzem; Lon-
gazem; Tildiem; Jpn: Herbesser ; Malaysia: Cardil; Cascor ; Dilcard†;
Dilem†; Herbesser; Mono-Tildiem; Mex.: Angiotrofin; Anremed; Preso-
ken†; Presoquim†; Sertidel; Tilazem; Neth.: Diloc; Surazem; Tiadil; Tildiem;
Norw.: Cardizem; Tilker†; NZ: Cardizem; Dilcard†; Diltahexal; Dilzem;
Philipp.: Angiozem; Cordazem; Dilatam; Dilcardia; Diltelan; Diltime;
Dilzem; Dyalac; Filazem; Mono-Tildiem; Tildiem; Vasmulax; Zandil; Zemtrial;
Pol.: Blocalcin; Diacordin; Dilocard; Dilzem; Oxycardil; Port.: Alandiem;
Balcor†; Cal-Antagon; Carzem†; Diacardyne†; Dilfar; Dilongo†; Diltiangina;
Diltiem; Duplide†; Etizem; Herbesser; Lacerol†; Tiadil†; Tilker; Rus.: Al-
tiazem (Алтиазем); Blocalcin (Блокальцин); Cardil (Кардил); Diazem
(Диазем); Dilcardia (Дилкардия); S.Afr.: Dilatam; Tilazem; Zildem; Singa-
pore: Beatizem; Cardil; Cardium; Dilatam†; Herbesser ; Mono-Tildiem;
Spain: Angiodrox; Cardiser; Carreldon; Clobendian; Corolater; Cronod-
ine; Dilaclan; Diltiwas; Dinisor; Doclis; Lacerol; Masdil; Tilker; Trumsal; Uni
Masdil; Swed.: Cardizem; Coramil; Viazem†; Switz.: Coridil; Dilzem; Escoz-
em†; Tildiem; Thai.: Altiazem†; Angizem†; Cardil; Carzem; Cascor; Dena-
zox; Dilem; Dilizem; Diltec; Dilzem†; Ditizem; Herbesser ; Medozem†;
Progor; Turk.: Altizem; Dilticard; Diltizem; Kardil; Tildiem; UK: Adizem; An-
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giozem†; Angitil; Calcicard; Dilcardia; Dilzem; Disogram; Optil; Slozem; Til-
diem; Viazem; Zemtard; USA: Cardizem; Cartia; Dilacor; Dilt-CD; Dilt-XR;
Diltia; Taztia; Tiazac; Venez.: Acalix; Corazem; Cordisil; Daltazen; Presoquin;
Tilazem.
Multi-ingredient: Arg.: Lotrix†; USA: Teczem.

Dimetofrine Hydrochloride (rINNM) ⊗ 
Dimétofrine, Chlorhydrate de; Dimetofrini Hydrochloridum;
Dimetophrine Hydrochloride; Hidrocloruro de dimetofrina. 4-
Hydroxy-3,5-dimethoxy-α-[(methylamino)methyl]benzyl alcohol
hydrochloride.
Диметофрина Гидрохлорид
C11H17NO4,HCl = 263.7.
CAS — 22950-29-4 (dimetofr ine); 22775-12-8 (dimetof-
r ine hydrochloride).
ATC — C01CA12.
ATC Vet — QC01CA12.

(dimetofr ine)

Profile
Dimetofrine hydrochloride is a sympathomimetic (p.1407) that
has been used for its vasopressor effects in the treatment of hypo-
tensive states. It has also been used in preparations for cold and
influenza symptoms.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Pressamina†.
Multi-ingredient: Ital.: Raffreddoremed.

Dipyridamole (BAN, USAN, rINN)

Dipiridamol; Dipiridamolis; Dipirydamol; Dipyridamol; Dipyrida-
moli; Dipyridamolum; NSC-515776; RA-8. 2,2′,2″,2′″-[(4,8-Dip-
iperidinopyrimido[5,4-d]pyrimidine-2,6-diyl)dinitrilo]tetraetha-
nol.
Дипиридамол
C24H40N8O4 = 504.6.
CAS — 58-32-2.
ATC — B01AC07.
ATC Vet — QB01AC07.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Dipyridamole). A bright yellow crystalline pow-
der. Practically insoluble in water; soluble in dehydrated alcohol;
freely soluble in acetone. It dissolves in dilute solutions of min-
eral acids. Protect from light. 
USP 31 (Dipyridamole). An intensely yellow, crystalline pow-
der or needles. Slightly soluble in water; very soluble in chloro-
form, in alcohol, and in methyl alcohol; very slightly soluble in
acetone and in ethyl acetate. Store in airtight containers. Protect
from light.

Adverse Effects, Treatment, and Precau-
tions
Gastrointestinal disturbances, including nausea, vomit-
ing, and diarrhoea, headache, dizziness, faintness,
hypotension, facial flushing, and skin rash and other
hypersensitivity reactions may occur after use of dipy-
ridamole. Dipyridamole can also induce chest pain or
lead to a worsening of the symptoms of angina. Cardi-
ac arrhythmias have been reported in patients given

dipyridamole during thallium-201 imaging. Amino-
phylline may reverse some of the adverse effects. 
Dipyridamole should be used with caution in patients
with hypotension, unstable angina, aortic stenosis, re-
cent myocardial infarction, heart failure, or coagulation
disorders. Intravenous dipyridamole should not be giv-
en to patients with these conditions or to those with
arrhythmias, conduction disorders, asthma, or a history
of bronchospasm (but see Myocardial Imaging, be-
low). Oral dipyridamole should be stopped 24 hours
before intravenous use for stress testing.
Effects on the biliary tract. Gallstones containing unconju-
gated dipyridamole were removed from 2 patients who had been
taking dipyridamole for 15 and 10 years, respectively.1 A gall-
stone containing unconjugated dipyridamole recurred in a pa-
tient who continued to take the drug after endoscopic removal of
a similar stone 18 months earlier.2
1. Moesch C, et al. Biliary drug lithiasis: dipyridamole gallstones.

Lancet 1992; 340: 1352–3. 
2. Sautereau D, et al. Recurrence of biliary drug lithiasis due to

dipyridamole. Endoscopy 1997; 29: 421–3.

Effects on the heart. Transient myocardial ischaemia oc-
curred in 4 patients with unstable angina and multivessel coro-
nary artery disease during oral treatment with dipyridamole.1 See
Myocardial Imaging, below, for additional reports.
1. Keltz TN, et al. Dipyridamole-induced myocardial ischemia.

JAMA 1987; 257: 1515–16.

Effects on the muscles. Symptoms resembling acute pseu-
dopolymyalgia rheumatica developed in a patient taking dipyri-
damole.1
1. Chassagne P, et al. Pseudopolymyalgia rheumatica with dipyri-

damole. BMJ 1990; 301: 875.

Effects on taste. A disagreeable taste associated with other
gastrointestinal symptoms occurred in a patient taking dipyrida-
mole.1 Two similar cases had been reported to the UK CSM.
1. Willoughby JMT. Drug-induced abnormalities of taste sensation.

Adverse Drug React Bull 1983; 100: 368–71.

Myocardial imaging. Dipyridamole may be used in associa-
tion with thallium-201 in myocardial stress imaging. Safety data
from over 3900 patients has been summarised.1 Adverse effects
which occurred within 24 hours of dipyridamole intravenously
(mean dose 560 micrograms/kg) were recorded. Ten patients had
major adverse effects and 1820 patients experienced minor ad-
verse effects. Myocardial infarction occurred in 4 patients, 3 of
whom had unstable angina before scanning. Six patients devel-
oped acute bronchospasm, 4 of whom had a history of asthma or
had wheezing before using dipyridamole. Adverse effects con-
sidered to be minor included chest pain in 19.7% of patients, ST-
T-segment depression in 7.5%, ventricular extrasystoles in 5.2%,
headache in 12.2%, dizziness in 11.8%, nausea in 4.6%, and hy-
potension in 4.6%. Aminophylline was effective in relieving
symptoms of adverse effects in 97% of 454 patients. 
Hypersensitivity reactions including anaphylaxis and angioede-
ma have been reported.2,3 
UK licensed product information contra-indicates intravenous
dipyridamole in patients with hypotension, unstable angina, aor-
tic stenosis, recent myocardial infarction, heart failure, coagula-
tion disorders, arrhythmias, conduction disorders, asthma, or a
history of bronchospasm. However, a review4 of pharmacologi-
cal stress testing suggested that with appropriate patient selection
and adequate monitoring, the incidence of life-threatening ad-
verse reactions is negligible. It was also considered that dipyrida-
mole-thallium-201 imaging could be safely performed in the
early post-myocardial infarction period.
1. Ranhosky A, et al. The safety of intravenous dipyridamole thal-

lium myocardial perfusion imaging. Circulation 1990; 81:
1205–9. 

2. Weinmann P, et al. Anaphylaxis-like reaction induced by dipyri-
damole during myocardial scintigraphy. Am J Med 1994; 97:
488. 

3. Angelides S, et al. Acute reaction to dipyridamole during myo-
cardial scintigraphy. N Engl J Med 1999; 340: 394. 

4. Beller GA. Pharmacologic stress imaging. JAMA 1991; 265:
633–8.

Interactions
Dipyridamole may enhance the actions of oral antico-
agulants due to its antiplatelet effect. It inhibits the re-
uptake of adenosine and may enhance its effects; the
dose of adenosine must be reduced if both drugs are
given. Dipyridamole may also inhibit the uptake of
fludarabine and may reduce its efficacy. 
The absorption of dipyridamole may be reduced by
drugs such as antacids that increase gastric pH.
Anticoagulants. Dipyridamole may induce bleeding in pa-
tients receiving oral anticoagulants without altering prothrombin
times (see Antiplatelets, under Warfarin, Interactions, p.1429).
Xanthines. Xanthines may antagonise some of the effects of
dipyridamole due to their action as adenosine antagonists. Ami-
nophylline may be used to reverse some of the adverse effects of

dipyridamole. Intravenous caffeine has been reported1 to attenu-
ate the haemodynamic response to dipyridamole and it has been
suggested that caffeine should be avoided for at least 24 hours
before the test in patients receiving dipyridamole for myocardial
imaging.
1. Smits P, et al. Dose-dependent inhibition of the hemodynamic

response to dipyridamole by caffeine. Clin Pharmacol Ther
1991; 50: 529–37.

Pharmacokinetics
Dipyridamole is incompletely absorbed from the gas-
trointestinal tract with peak plasma concentrations oc-
curring about 75 minutes after an oral dose. Dipyrida-
mole is more than 90% bound to plasma proteins. A
terminal half-life of 10 to 12 hours has been reported.
Dipyridamole is metabolised in the liver and is mainly
excreted as glucuronides in the bile. Excretion may be
delayed by enterohepatic recirculation. A small
amount is excreted in the urine. Dipyridamole is dis-
tributed into breast milk.
◊ References.
1. Mahony C, et al. Dipyridamole kinetics. Clin Pharmacol Ther

1982; 31: 330–8. 
2. Mahony C, et al. Plasma dipyridamole concentrations after two

different dosage regimens in patients. J Clin Pharmacol 1983;
23: 123–6.

Uses and Administration
Dipyridamole is an adenosine reuptake inhibitor and
phosphodiesterase inhibitor with antiplatelet and va-
sodilating activity and is used in thromboembolic dis-
orders (p.1187). Oral dipyridamole is used for the
prophylaxis of thromboembolism after cardiac valve
replacement (p.1187) and in the management of stroke
(below); it has also been used in the management of
myocardial infarction (p.1175). Dipyridamole given
intravenously results in marked coronary vasodilata-
tion and is used in stress testing in patients with ischae-
mic heart disease (see Myocardial Imaging, below). 
For the prophylaxis of thromboembolism after cardi-
ac valve replacement, dipyridamole is given with an
oral anticoagulant. The usual adult dose is 300 to
600 mg daily by mouth in divided doses before meals.
Children have been given 5 mg/kg by mouth daily in
divided doses. 
For the secondary prevention of stroke or transient
ischaemic attack dipyridamole is given as a modified-
release preparation, alone or with aspirin, in a dose of
200 mg twice daily.
◊ General references.
1. FitzGerald GA. Dipyridamole. N Engl J Med 1987; 316:

1247–57. 
2. Gibbs CR, Lip GYH. Do we still need dipyridamole? Br J Clin

Pharmacol 1998; 45: 323–8.

Myocardial imaging. Perfusion abnormalities due to coronary
artery disease are usually absent at rest but are present during
stress, and stress imaging may therefore be used in the assess-
ment of myocardial function. The stress is usually supplied by
exercise, but when exercise is inappropriate pharmacological
methods such as dipyridamole may be used. 
Dipyridamole has been used with thallium-201 scintigraphy in
adults and children and is usually given intravenously in a dose
of 567 micrograms/kg over 4 minutes. Thallium-201 is given
within 3 to 5 minutes after completion of the infusion of dipyri-
damole. Initial images are obtained after 5 minutes and delayed
images are obtained 2.5 to 4 hours later. Dipyridamole (300 to
400 mg) has also been given as an oral suspension; thallium-201
is given about 45 minutes later to coincide with peak dipyrida-
mole-serum concentrations. 
Dipyridamole has also been used in echocardiography.1,2 The in-
travenous dipyridamole dose used to obtain maximum sensitivi-
ty is often higher (750 to 840 micrograms/kg) than the dose used
in scintigraphy.1
1. Beller GA. Pharmacologic stress imaging. JAMA 1991; 265:

633–8. 
2. Buchalter MB, et al. Dipyridamole echocardiography: the bed-

side stress test for coronary artery disease. Postgrad Med J 1990;
66: 531–5.

Stroke. The value of long-term antiplatelet therapy with aspirin
in patients who have suffered an ischaemic stroke (p.1185) or
transient ischaemic attack is well-established, with a reduction in
the risk of both stroke and other vascular events.1 The use of
dipyridamole has been more controversial. Early studies with
dipyridamole, used alone or with aspirin, failed to show any ben-
efit over aspirin alone. The European Stroke Prevention Study-2
(ESPS-2),2 which compared aspirin and dipyridamole, alone or
together, with placebo, found that both drugs reduced the risk of
stroke and that the effects appeared to be additive. The study
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used a low dose of aspirin and a modified-release formulation of
dipyridamole, which may explain the discrepancy with earlier
studies.3 Subsequent meta-analyses3-6 have confirmed that dipy-
ridamole, alone or with aspirin, reduces the risk of recurrent
stroke, but have been based mainly on the ESPS-2, which may
be a limitation.3 However, a further large study7 comparing aspi-
rin alone with aspirin and dipyridamole also found that the inci-
dence of vascular events (including stroke) was lower in those
receiving both drugs. Most guidelines8,9 therefore now recom-
mend aspirin with dipyridamole as one of the preferred options
for long-term management of ischaemic stroke.
1. Antiplatelet Trialists’ Collaboration. Collaborative overview of

randomised trials of antiplatelet therapy—I: prevention of death,
myocardial infarction, and stroke by prolonged antiplatelet ther-
apy in various categories of patients. BMJ 1994; 308: 81–106.
Correction. ibid.; 1540. 

2. Diener HC, et al. European Stroke Prevention Study 2: dipyrida-
mole and acetylsalicylic acid in the secondary prevention of
stroke. J Neurol Sci 1996; 143: 1–13. 

3. Wilterdink JL, Easton JD. Dipyridamole plus aspirin in cere-
brovascular disease. Arch Neurol 1999; 56: 1087–92. 

4. Antithrombotic Trialists’ Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk pa-
tients. BMJ 2002; 324: 71–86. Correction. ibid.; 141. 

5. Leonardi-Bee J, et al. Dipyridamole for preventing recurrent
ischemic stroke and other vascular events: a meta-analysis of in-
dividual patient data from randomized controlled trials. Stroke
2005; 36: 162–8. 

6. De Schryver ELLM, et al. Dipyridamole for preventing stroke
and other vascular events in patients with vascular disease.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2007 (accessed 19/03/08). 

7. Halkes PH, et al. ESPRIT Study Group. Aspirin plus dipyrida-
mole versus aspirin alone after cerebral ischaemia of arterial or-
igin (ESPRIT): randomised controlled trial. Lancet 2006; 367:
1665–73. Correction. ibid. 2007; 369: 274. 

8. European Stroke Organisation (ESO) Executive Committee.
ESO Writing Committee. Guidelines for management of ischae-
mic stroke and transient ischaemic attack 2008. Cerebrovasc Dis
2008; 25: 457–507. Also available at: 
http://www.eso-stroke.org/pdf/ESO08_Guidelines_English.pdf
(accessed 11/07/08) 

9. Albers GW, et al. Antithrombotic and thrombolytic therapy for
ischemic stroke: American College of Chest Physicians evi-
dence-based clinical practice guidelines (8th edition). Chest
2008; 133 (suppl): 630S–669S.

Preparations
BP 2008: Dipyridamole Tablets; 
USP 31: Dipyridamole Injection; Dipyridamole Oral Suspension; Dipyrida-
mole Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Maxicardil; Persantin; Sedangor; Austral.: Persantin; Austria: Persan-
tin; Belg.: Coronair ; Dipyridan†; Docdipyri; Persantine; Braz.: Persantin;
Canad.: Novo-Dipiradol†; Persantine; Chile: Persantin; Cz.: Curantyl N†;
Persantin†; Denm.: Persantin; Fin.: Atrombin; Dipyrin; Persantin; Fr.: Cle-
ridium†; Persantine; Ger.: Curantyl N†; Gr.: Adezan; Persantin; Hong
Kong: Persantin; Procardin; India: Persantin; Indon.: Cardial; Persantin; Va-
sokor; Vasotin; Irl.: Persantin; Israel: Cardoxin; Ital.: Corosan; Novodil;
Persantin; Jpn: Persantin; Malaysia: Persantin†; Mex.: Digal; Dipres; Diri-
nol; Lodimol; Persantin; Pracem; Trepol; Trompersantin†; Vadinar; Neth.:
Persantin; Norw.: Persantin; NZ: Persantin; Pytazen; Philipp.: Persantin;
Port.: Persantin; Rus.: Curantyl (Курантил); Persantin (Персантин);
S.Afr.: Persantin; Plato; Singapore: Persantin; Procardin; Spain: Persantin;
Swed.: Persantin; Thai.: Agremol; Persantin; Posanin; Turk.: Drisentin;
Kardisentin; Tromboliz; UK: Persantin; USA: Persantine; Venez.: Megalis†;
Meranol†; Persantin; Precar†.
Multi-ingredient: Arg.: Agrenox; Licuamon; Austral.: Asasantin; Aus-
tria: Asasantin; Thrombohexal; Belg.: Aggrenox; Canad.: Aggrenox; Cz.:
Aggrenox; Denm.: Asasantin; Fin.: Asasantin; Fr.: Asasantine; Ger.: Ag-
grenox; Asasantin†; Gr.: Aggrenox; Hong Kong: Aggrenox; Hung.: Asas-
antin; India: Dynasprin; Indon.: Aggrenox; Irl.: Asasantin; Mex.: Asasan-
tin†; Neth.: Asasantin; Norw.: Asasantin; Philipp.: Aggrenox; Port.:
Aggrenox; S.Afr.: Asasantin; Swed.: Asasantin; Switz.: Asasantine; Thai.:
Aggrenox; UK: Asasantin; USA: Aggrenox.

Disopyramide (BAN, USAN, rINN)

Disopiramida; Disopyramid; Disopyramidi; Disopyramidum; Diz-
opiramid; Dizopiramidas; SC-7031. 4-Di-isopropylamino-2-phe-
nyl-2-(2-pyridyl)butyramide.
Дизопирамид
C21H29N3O = 339.5.
CAS — 3737-09-5.
ATC — C01BA03.
ATC Vet — QC01BA03.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Disopyramide). A white or almost white powder.
Slightly soluble in water; soluble in alcohol; freely soluble in
dichloromethane. Protect from light.

Disopyramide Phosphate (BANM, USAN, rINNM)

Disopyramide, phosphate de; Disopyramidfosfat; Disopyramid-
fosfát; Disopyramidi phosphas; Disopyramidifosfaatti; Dizopira-
mid Fosfata; Dizopiramid-foszfát; Dizopiramido fosfatas; Dyzo-
piramidu fosforan; Fosfato de disopiramida; SC-13957.
Дизопирамида Фосфат
C21H29N3O,H3PO4 = 437.5.
CAS — 22059-60-5.
Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Disopyramide Phosphate). A white or almost
white powder. Soluble in water; sparingly soluble in alcohol;
practically insoluble in dichloromethane. A 5% solution in water
has a pH of 4.0 to 5.0. Protect from light. 
USP 31 (Disopyramide Phosphate). A white or practically
white, odourless powder. Freely soluble in water; slightly soluble
in alcohol; practically insoluble in chloroform and in ether. pH of
a 5% solution in water is between 4.0 and 5.0. Store in airtight
containers. Protect from light.

Adverse Effects and Treatment
The adverse effects most commonly associated with
disopyramide relate to its antimuscarinic properties
and are dose-related. They include dry mouth, blurred
vision, urinary hesitancy, impotence, and constipation;
the most serious effect is urinary retention. Gastroin-
testinal effects, which are less common, include nau-
sea, bloating, and abdominal pain. Other adverse ef-
fects reported include skin rashes, hypoglycaemia,
dizziness, fatigue, muscle weakness, headache, and
urinary frequency. Insomnia and depression have also
been associated with disopyramide. There have been
rare reports of psychosis, cholestatic jaundice, elevated
liver enzymes, thrombocytopenia, and agranulocyto-
sis. Disopyramide prolongs the QT interval and may
induce or worsen arrhythmias, particularly ventricular
tachycardia and fibrillation; heart block and conduc-
tion disturbances may occur. It is also a negative ino-
trope and may cause heart failure, and hypotension. 
Over-rapid intravenous injection of disopyramide may
cause profuse sweating and severe cardiovascular de-
pression. 
In overdose cardiovascular and antimuscarinic effects
are pronounced, and there may be apnoea, loss of con-
sciousness, loss of spontaneous respiration, and asysto-
le. Treatment of overdosage is symptomatic and sup-
portive. Activated charcoal may be considered if the
patient presents within 1 hour of ingestion.
◊ A review of the adverse effects associated with the class Ia an-
tiarrhythmic drugs disopyramide, procainamide, and quinidine,
and their clinical management.1
1. Kim SY, Benowitz NL. Poisoning due to class IA antiarrhythmic

drugs quinidine, procainamide and disopyramide. Drug Safety
1990; 5: 393–420.

Incidence of adverse effects. During long-term therapy with
disopyramide 400 to 1600 mg daily in 40 patients, 28 (70%) had
one or more adverse effects.1 Dry mouth occurred in 15 (38%),
constipation in 12 (30%), blurred vision in 11 (28%), urinary
hesitancy in 9 (23%), nausea in 9 (23%), impotence in 2 (5%),
and dyspareunia in one patient (3%). In addition 3 of the 9 pa-
tients with pre-existing heart failure had worsening of their con-
dition due to disopyramide. Adverse effects were sufficiently se-
vere for disopyramide to be stopped in 7 patients, and for dosage
reductions in another 7.
1. Bauman JL, et al. Long-term therapy with disopyramide phos-

phate: side effects and effectiveness. Am Heart J 1986; 111:
654–60.

Effects on the blood. Granulocytopenia was associated on 2
occasions with the use of disopyramide phosphate in a 61-year-
old man.1
1. Conrad ME, et al. Agranulocytosis associated with disopyra-

mide therapy. JAMA 1978; 240: 1857–8.

Effects on the eyes. The antimuscarinic activity of disopyra-
mide may cause adverse effects such as dilated pupils,1 severe
blurring of vision,1 and acute glaucoma.2,3 Disopyramide should
be avoided in patients with glaucoma and used with caution if
there is a family history of glaucoma.
1. Frucht J, et al. Ocular side effects of disopyramide. Br J Oph-

thalmol 1984; 68: 890–1. 
2. Trope GE, Hind VMD. Closed-angle glaucoma in patient on dis-

opyramide. Lancet 1978, i: 329. 
3. Ahmad S. Disopyramide: pulmonary complications and glauco-

ma. Mayo Clin Proc 1990; 65: 1030–1.

Effects on the heart. Disopyramide has a strong negative
inotropic effect and reversible heart failure has been reported1

after its use. As many as 50% of patients with a history of heart
failure may have a recurrence of the disease with an incidence of
less than 5% in other patients. 

As disopyramide can prolong the QT interval it can induce ven-
tricular tachyarrhythmias. A case of fatal torsade de pointes has
been reported.2
1. Podrid PJ, et al. Congestive heart failure caused by oral dis-

opyramide. N Engl J Med 1980; 302: 614–17. 
2. Schattner A, et al. Fatal torsade de pointes following jaundice in

a patient treated with disopyramide. Postgrad Med J 1989; 65:
333–4.

Effects on the liver. Cholestatic jaundice with raised liver en-
zyme values has been associated with disopyramide.1-3 Labora-
tory and clinical abnormalities disappear on withdrawal although
liver enzyme values may remain elevated for several months. 
Severe hepatocellular damage with disseminated intravascular
coagulation4 has also been reported.
1. Craxi A, et al. Disopyramide and cholestasis. Ann Intern Med

1980; 93: 150–1. 
2. Edmonds ME, Hayler AM. Eur J Clin Pharmacol 1980; 18:

285–6. 
3. Bakris GL, et al. Disopyramide-associated liver dysfunction.

Mayo Clin Proc 1983; 58: 265–7. 
4. Doody PT. Disopyramide hepatotoxicity and disseminated intra-

vascular coagulation. South Med J 1982; 75: 496–8.

Effects on mental state. Agitation and distress leading to par-
anoia and auditory and visual hallucinations have been
reported1,2 in patients shortly after starting disopyramide therapy.
Complete recovery occurred on withdrawal.
1. Falk RH, et al. Mental distress in patient on disopyramide. Lan-

cet 1977; i: 858–9. 
2. Padfield PL, et al. Disopyramide and acute psychosis. Lancet

1977; i: 1152.

Effects on the nervous system. Peripheral neuropathy af-
fecting the feet and severe enough to prevent walking was asso-
ciated with disopyramide in a 72-year-old patient.1 There was
gradual improvement on withdrawal of disopyramide with the
patient being symptom-free after 4 months. Another patient2 de-
veloped a peripheral polyneuropathy 4 years after starting dis-
opyramide; symptoms improved over a number of months after
disopyramide was stopped. 
A 75-year-old woman with atrial fibrillation suffered a tonic-
clonic seizure followed by respiratory arrest after receiving dis-
opyramide 150 mg intravenously over a period of 10 minutes.3
On recovery she complained of a dry mouth and blurred vision
and it was considered that the seizure was caused by the antimus-
carinic action of disopyramide, although it may have been due to
a direct stimulant action.
1. Dawkins KD, Gibson J. Peripheral neuropathy with disopyra-

mide. Lancet 1978; i: 329. 
2. Briani C, et al. Disopyramide-induced neuropathy. Neurology

2002; 58: 663. 
3. Johnson NM, et al. Epileptiform convulsion with intravenous

disopyramide. Lancet 1978; ii: 848.

Effects on sexual function. Impotence has been reported1-3 in
patients receiving disopyramide, and is usually attributed to its
antimuscarinic effects, although other antimuscarinic symptoms
may not be apparent. In one patient1 full recovery of sexual func-
tion occurred when the dose was reduced (plasma concentration
reduced from 14 to 3 micrograms/mL); another patient3 devel-
oped impotence shortly after starting disopyramide, despite a
low plasma concentration (1.5 micrograms/mL), but the condi-
tion resolved without changing therapy.
1. McHaffie DJ, et al. Impotence in patient on disopyramide. Lan-

cet 1977; i: 859. 
2. Ahmad S. Disopyramide and impotence. South Med J 1980; 73:

958. 
3. Hasegawa J, Mashiba H. Transient sexual dysfunction observed

during antiarrhythmic therapy by long-acting disopyramide in a
male Wolff-Parkinson-White patient. Cardiovasc Drugs Ther
1994; 8: 277.

Effects on the urinary tract. In a report of 9 cases of urinary
retention associated with disopyramide and a review of the liter-
ature,1 it was noted that urinary retention secondary to disopyra-
mide use was most likely to develop in male patients over the age
of 65 in whom there was some pre-existing renal dysfunction;
there was an increased risk in patients with evidence of prostatic
hyperplasia.
1. Danziger LH, Horn JR. Disopyramide-induced urinary retention.

Arch Intern Med 1983; 143: 1683–6.

Hypersensitivity. Worsening of ventricular arrhythmia and an
anaphylactoid reaction occurred in a 58-year-old man after a
single oral dose of disopyramide 300 mg.1 Two hours later he
complained of a swollen tongue and difficulty in breathing. He
became cyanotic but his respiratory status improved when given
diphenhydramine 25 mg intravenously.
1. Porterfield JG, et al. Respiratory difficulty after use of disopyra-

mide. N Engl J Med 1980; 303: 584.

Hypoglycaemia. After the manufacturer received reports of
hypoglycaemia associated with disopyramide, 2 controlled stud-
ies were conducted in healthy subjects.1 Disopyramide produced
a small decrease in blood-glucose concentration but there were
no symptoms of hypoglycaemia, although it was considered that
the glucose-lowering effect might be clinically significant in pa-
tients with hepatic or renal impairment. A review2 found that re-
nal impairment, advanced age, and malnutrition were the main
risk factors for hypoglycaemia, and hypoglycaemia with reduced
insulin requirements has also been reported3 in a patient with
type 2 diabetes mellitus. An interaction with clarithromycin has
also been reported as a possible cause (see Antibacterials under
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Interactions, below). However, the overall incidence appears to
be low2 and a case-control study4 in 91 patients with hypoglycae-
mia failed to confirm an association with disopyramide.
1. Strathman I, et al. Hypoglycemia in patients receiving disopyra-

mide phosphate. Drug Intell Clin Pharm 1983; 17: 635–8. 
2. Cacoub P, et al. Disopyramide-induced hypoglycemia: case re-

port and review of the literature. Fundam Clin Pharmacol 1989;
3: 527–35. 

3. Reynolds RM, Walker JD. Hypoglycaemia induced by disopyra-
mide in a patient with type 2 diabetes mellitus. Diabet Med 2001;
18: 1009–10. 

4. Takada M, et al. The relationship between risk of hypoglycemia
and use of cibenzoline and disopyramide. Eur J Clin Pharmacol
2000; 56: 335–42.

Overdosage. A 2-year-old boy suffered hypotension, cardiac
arrhythmias, and convulsions and died 28 hours after ingestion
of 600 mg of disopyramide.1 In a report2 of 5 cases of fatal over-
dosage with disopyramide the most common clinical finding ap-
peared to be an early loss of consciousness after an episode of
respiratory arrest. Four of the patients responded to resuscitation
at first but then deteriorated rapidly, with cardiac arrhythmias
and loss of spontaneous respiration; in 4 of the cases post-mor-
tem examination found pulmonary congestion secondary to left
ventricular failure.
1. Hutchison A, Kilham H. Fatal overdosage of disopyramide in a

child. Med J Aust 1978; 2: 335–6. 
2. Hayler AM, et al. Fatal overdosage with disopyramide. Lancet

1978; i: 968–9.

Precautions
Disopyramide is contra-indicated in complete heart
block (unless the patient has a pacemaker) and in car-
diogenic shock. It should be used with extreme caution
in patients with other conduction disorders or uncom-
pensated heart failure. As for quinidine (see Precau-
tions for Quinidine, p.1384), if disopyramide is used to
treat atrial tachycardia it may be necessary to pre-treat
with digoxin. Hypokalaemia should be corrected be-
fore disopyramide is started. Care should be taken in
patients susceptible to hypoglycaemia, including those
with heart failure, hepatic or renal impairment, and pa-
tients taking drugs that affect glucose metabolism. 
Intravenous injections of disopyramide should be giv-
en slowly to avoid hypotension and it is recommended
that facilities for cardiac monitoring and defibrillation
should be available when the injection is used. 
Dosage reduction may be necessary in patients with
hepatic or renal impairment and in patients with heart
failure. 
Owing to its antimuscarinic properties, disopyramide
should be avoided in patients with glaucoma or a ten-
dency to urinary retention, as in benign prostatic hyper-
plasia, and also in patients with myasthenia gravis be-
cause of the risk of precipitating a myasthenic crisis. It
should be used with caution in patients with a family
history of glaucoma.
◊ For dosage adjustments in the elderly and in patients with
hepatic or renal impairment, see under Uses and Administration,
below.
Breast feeding. Disopyramide is distributed into breast milk
and milk to plasma ratios of 0.4, about 0.5, and 0.9 have been
reported.1-3 Disopyramide has been detected in the plasma of
breast-fed infants, but was not associated with adverse effects.
The American Academy of Pediatrics considers4 that it is there-
fore usually compatible with breast feeding. However, the infant
should be monitored for adverse effects, especially antimus-
carinic effects.
1. MacKintosh D, Buchanan N. Excretion of disopyramide in hu-

man breast milk. Br J Clin Pharmacol 1985; 19: 856–7. 
2. Hoppu K, et al. Disopyramide and breast feeding. Br J Clin

Pharmacol 1986; 21: 553. 
3. Barnett DB, et al. Disopyramide and its N-monodesalkyl metab-

olite in breast milk. Br J Clin Pharmacol 1982; 14: 310–12. 
4. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Pregnancy. Disopyramide is not usually recommended in preg-
nancy since it may induce uterine contractions. Although no ad-
verse effects were noted in a patient given disopyramide 200 mg
every 8 hours from 26 weeks of gestation until delivery,1 another
patient who was given 4 oral doses of disopyramide 100 to
300 mg at six-hourly intervals in week 32 of pregnancy had uter-
ine contractions 1 to 2 hours after each dose.2 A further patient3
given disopyramide at 36 weeks of gestation developed painful
uterine contractions 40 minutes after a single 150-mg dose oral-
ly; active labour and haemorrhage developed after a second dose
was given, and an emergency caesarean section was required. A
double-blind, placebo-controlled study4 involving 20 women
hospitalised for induction of labour confirmed that disopyramide

induces uterine contractions. All 10 women given disopyramide
150 mg every 6 hours for 48 hours began contractions and in 8
delivery was induced.
1. Shaxted EJ, Milton PJ. Disopyramide in pregnancy: a case re-

port. Curr Med Res Opin 1979; 6: 70–2. 
2. Leonard RF, et al. Initiation of uterine contractions by disopyra-

mide during pregnancy. N Engl J Med 1978; 299: 84–5. 
3. Abbi M, et al. Preterm labor and accidental hemorrhage after

disopyramide therapy in pregnancy: a case report. J Reprod Med
1999; 44: 653–5. 

4. Tadmor OP, et al. The effect of disopyramide on uterine contrac-
tions during pregnancy. Am J Obstet Gynecol 1990; 162: 482–6.

Interactions
Disopyramide should be used cautiously with drugs
that have negative inotropic effects or that affect con-
duction, including beta blockers and other class I anti-
arrhythmics; it prolongs the QT interval and should not
be given with other arrhythmogenic drugs. Disopyra-
mide is metabolised by the cytochrome P450 isoen-
zyme CYP3A4 and interactions may occur with inhib-
itors or inducers of this enzyme and with other drugs
metabolised by CYP3A4. Use of disopyramide with
other antimuscarinic drugs produces enhanced anti-
muscarinic effects.
Anti-anginals. For reference to disopyramide reducing the ef-
fectiveness of sublingual isosorbide dinitrate, see p.1318.
Antiarrhythmics. The effects of disopyramide on cardiac con-
duction are additive to those of other class I antiarrhythmic
drugs.1 Disopyramide may prolong the QT interval, a factor as-
sociated with torsade de pointes, particularly when given with
drugs that have a similar effect; this effect was noted in a few
patients given amiodarone with disopyramide.2 Also the serum
concentration of disopyramide has been increased by quinidine;3
there was a reciprocal decrease in the serum-quinidine concen-
tration but this was less important clinically.
1. Ellrodt G, Singh BN. Adverse effects of disopyramide (Nor-

pace): toxic interactions with other antiarrhythmic agents. Heart
Lung 1980; 9: 469–74. 

2. Tartini R, et al. Dangerous interaction between amiodarone and
quinidine. Lancet 1982; i: 1327–9. 

3. Baker BJ, et al. Concurrent use of quinidine and disopyramide:
evaluation of serum concentrations and electrocardiographic ef-
fects. Am Heart J 1983; 105: 12–15.

Antibacterials. The metabolism of disopyramide may be in-
creased by enzyme inducers such as rifampicin;1,2 the increased
clearance of disopyramide may lead to subtherapeutic plasma
concentrations. 
Conversely, enzyme inhibitors may increase serum-disopyra-
mide concentrations3 and ventricular arrhythmias have been not-
ed in patients given azithromycin,4 clarithromycin,5-7 and eryth-
romycin.3 Hypoglycaemia attributed to increased disopyramide
concentrations has also been reported8,9 with clarithromycin.
1. Aitio M-L, et al. The effect of enzyme induction on the metabo-

lism of disopyramide in man. Br J Clin Pharmacol 1981; 11:
279–85. 

2. Staum JM. Enzyme induction: rifampin-disopyramide interac-
tion. DICP Ann Pharmacother 1990; 24: 701–3. 

3. Ragosta M, et al. Potentially fatal interaction between erythro-
mycin and disopyramide. Am J Med 1989; 86: 465–6. 

4. Granowitz EV, et al. Potentially fatal interaction between azi-
thromycin and disopyramide. Pacing Clin Electrophysiol 2000;
23: 1433–5. 

5. Paar D, et al. Life-threatening interaction between clarithromy-
cin and disopyramide. Lancet 1997; 349: 326–7. 

6. Hayashi Y, et al. Torsades de pointes ventricular tachycardia in-
duced by clarithromycin and disopyramide in the presence of hy-
pokalemia. Pacing Clin Electrophysiol 1999; 22: 672–4. 

7. Choudhury L, et al. Torsades de pointes due to drug interaction
between disopyramide and clarithromycin. Heart Dis 1999; 1:
206–7. 

8. Iida H, et al. Hypoglycemia induced by interaction between clar-
ithromycin and disopyramide. Jpn Heart J 1999; 40: 91–96. 

9. Morlet-Barla N, et al. Hypoglycémie grave et récidivante sec-
ondaire à l’interaction disopyramide-clarithromicine. Presse
Med 2000; 29: 1351.

Antiepileptics. The clearance of disopyramide may be in-
creased by enzyme inducers such as phenytoin and phenobarbi-
tal, and a small study1 found that phenytoin reduced serum-dis-
opyramide concentrations.
1. Aitio M-L, et al. The effect of enzyme induction on the metabo-

lism of disopyramide in man. Br J Clin Pharmacol 1981; 11:
279–85.

Beta blockers. Beta blockers have negative inotropic effects
that may be potentiated if they are given with disopyramide. A
pharmacokinetic interaction may also occur with beta blockers
since the clearance of disopyramide has been reported1 to be re-
duced by about 16% during atenolol therapy.
1. Bonde J, et al. Atenolol inhibits the elimination of disopyramide.

Eur J Clin Pharmacol 1985; 28: 41–3.

Pharmacokinetics
Disopyramide is readily and almost completely ab-
sorbed from the gastrointestinal tract, peak plasma
concentrations being attained about 0.5 to 3 hours after
oral doses. 

Disopyramide is partially metabolised in the liver by
the cytochrome P450 isoenzyme CYP3A4. The major
metabolite is mono-N-dealkylated disopyramide
which retains some antiarrhythmic and antimuscarinic
activity. The major route of excretion is through the
kidney, about 50% as the unchanged drug, 20% as the
N-dealkylated metabolite, and 10% as other metabo-
lites. About 10% is excreted in the faeces. The clear-
ance of disopyramide does not appear to be influenced
by urinary pH. 
Disopyramide protein binding varies with the plasma
concentration, limiting the usefulness of plasma con-
centration monitoring as a guide to therapy; protein
binding is reported to be 50 to 65% at therapeutic plas-
ma concentrations (about 2 to 4 micrograms/mL). Es-
timations of the plasma half-life of disopyramide range
from about 4 to 10 hours. The half-life is increased in
hepatic and renal impairment, and in heart failure. 
Disopyramide crosses the placental barrier and is dis-
tributed into breast milk.
◊ Reviews.
1. Siddoway LA, Woosley RL. Clinical pharmacokinetics of dis-

opyramide. Clin Pharmacokinet 1986;  11: 214–22.

Uses and Administration
Disopyramide is a class Ia antiarrhythmic (p.1153)
with an action on the heart similar to that of quinidine
(p.1385). It also has antimuscarinic and negative ino-
tropic properties. 
Disopyramide is used in the management of supraven-
tricular and ventricular arrhythmias (p.1160). 
It may be given orally as either the base or the phos-
phate or intravenously as the phosphate; doses are ex-
pressed in terms of the base. Disopyramide phosphate
1.3 g is equivalent to about 1 g of disopyramide. The
usual oral dose is 300 to 800 mg daily in divided doses
adjusted according to response. A modified-release
preparation can be used, enabling 12-hourly dosage in-
tervals. 
Disopyramide may be given by slow intravenous in-
jection in a dose of 2 mg/kg to a maximum of 150 mg,
at a rate not exceeding 30 mg/minute; this is followed
by 200 mg orally immediately on completion of the in-
jection and every 8 hours for 24 hours. If the arrhyth-
mia recurs the intravenous injection may be repeated,
but a total intravenous dose of 4 mg/kg (maximum
300 mg) should not be exceeded in the first hour, nor
should the total by both intravenous and oral routes ex-
ceed 800 mg in 24 hours. Alternatively, the initial intra-
venous injection may be followed by intravenous infu-
sion of 400 micrograms/kg per hour (or 20 to
30 mg/hour) to a maximum of 800 mg daily. Patients
receiving disopyramide intravenously or in high oral
doses should be monitored by ECG. 
Dosage reduction and/or increased dosage interval
may be necessary in patients with hepatic or renal im-
pairment (see below) and in some elderly patients (see,
below). Doses should also be adjusted in patients with
heart failure to compensate for the prolonged half-life. 
For the dosage of disopyramide in children, see below.
Action. A study in 6 patients with atrial flutter suggested that
the antiarrhythmic activity of racemic disopyramide resides in
the S(+)-enantiomer.1
1. Lima JJ, et al. Antiarrhythmic activity and unbound concentra-

tions of disopyramide enantiomers in patients. Ther Drug Monit
1990; 12: 23–8.

Administration in children. An optimum dosage regimen for
children has not been fully established, but US product informa-
tion suggests the following oral doses: 
• under 1 year: 10 to 30 mg/kg daily 
• age 1 to 4 years: 10 to 20 mg/kg daily 
• age 4 to 12 years: 10 to 15 mg/kg daily 
• age 12 to 18 years: 6 to 15 mg/kg daily
Administration in the elderly. The clearance of disopyra-
mide was reduced in elderly non-smoking patients compared
with young subjects, but the reduction was less marked in elderly
patients who smoked more than 20 cigarettes daily.1 It was rec-
ommended that the dose of disopyramide should be reduced by
about 30% in elderly non-smokers.
1. Bonde J, et al. The influence of age and smoking on the elimina-

tion of disopyramide. Br J Clin Pharmacol 1985; 20: 453–8.
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Administration in hepatic impairment. The plasma half-
life of disopyramide may be increased in hepatic impairment and
dosage reduction should be considered; US licensed product in-
formation recommends an oral dose of 400 mg daily in divided
doses. In patients with liver cirrhosis there is also a significant
reduction in the plasma concentration of α1-acid glycoprotein;1,2

in addition, its binding capacity for disopyramide is reduced.1
This is associated with an increase in the free fraction of diso-
pyramide such that measurement of total disopyramide in plas-
ma may not be a safe indicator for dosing, and a therapeutic
range 50% lower than in patients with normal hepatic function
should be considered.2
1. Bonde J, et al. Kinetics of disopyramide in decreased hepatic

function. Eur J Clin Pharmacol 1986; 31: 73–7. 
2. Echizen H, et al. Protein binding of disopyramide in liver cirrho-

sis and in nephrotic syndrome. Clin Pharmacol Ther 1986; 40:
274–80.

Administration in renal impairment. Disopyramide is ex-
creted mainly in the urine and a reduction in clearance with an
increase in elimination half-life has been reported1 in patients
with renal impairment. Dosage reduction should therefore be
considered. US licensed product information recommends the
following oral doses based on creatinine clearance (CC): 
• CC greater than 40 mL/minute: 400 mg daily in divided doses 
• CC 30 to 40 mL/minute: 100 mg every 8 hours 
• CC 15 to 30 mL/minute: 100 mg every 12 hours 
• CC less than 15 mL/minute: 100 mg every 24 hours 
Modified-release preparations should be avoided in patients with
CC less than 40 mL/minute. 
At therapeutic concentrations disopyramide is not significantly
removed by haemodialysis;2 the half-life is similar both on and
off dialysis (16.8 versus 16.1 hours). An increased free fraction
of disopyramide has been seen3 during haemodialysis associated
with an elevation in free fatty acids in plasma and in such cases
free plasma-disopyramide concentrations should be monitored.
1. Francois B, et al. Pharmacokinetics of disopyramide in patients

with chronic renal failure. Eur J Drug Metab Pharmacokinet
1983; 8: 85–92. 

2. Sevka MJ, et al. Disopyramide hemodialysis and kinetics in pa-
tients requiring long-term hemodialysis. Clin Pharmacol Ther
1981; 29: 322–6. 

3. Horiuchi T, et al. Inhibitory effect of free fatty acids on plasma
protein binding of disopyramide in haemodialysis patients. Eur
J Clin Pharmacol 1989; 36: 175–80.

Hypertrophic cardiomyopathy. Patients with hypertrophic
cardiomyopathy (p.1163) may have exercise intolerance due to
left ventricular outflow obstruction. Beta blockers are usually
used when symptoms are associated with exercise or emotional
factors, but may not be effective in patients with symptoms at
rest. Disopyramide has been used for its negative inotropic effect
in such patients and a retrospective study1 found that it improved
symptoms without having a proarrhythmic effect.
1. Sherrid MV, et al. Multicenter study of the efficacy and safety of

disopyramide in obstructive hypertrophic cardiomyopathy. J Am
Coll Cardiol 2005; 45: 1251–8.

Hypotension. Disopyramide has been widely used in the man-
agement of neurally mediated hypotension (p.1174) but there is
limited evidence to support its use. Although some reports1,2

have suggested benefit, a controlled study3 found that it was no
more effective than placebo in preventing tilt-induced syncope.
Adverse effects also limit the use of disopyramide, and it is gen-
erally no longer considered first line.
1. Milstein S, et al. Usefulness of disopyramide for prevention of

upright tilt-induced hypotension-bradycardia. Am J Cardiol
1990; 65: 1339–44. 

2. Bhaumick SK, et al. Oral disopyramide in the treatment of recur-
rent neurocardiogenic syncope. Int J Clin Pract 1997; 51: 342. 

3. Morillo CA, et al. A placebo-controlled trial of intravenous and
oral disopyramide for prevention of neurally mediated syncope
induced by head-up tilt. J Am Coll Cardiol 1993; 22: 1843–8.

Preparations
BP 2008: Disopyramide Capsules; Disopyramide Phosphate Capsules; 
USP 31: Disopyramide Phosphate Capsules; Disopyramide Phosphate Ex-
tended-release Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Rythmodan; Austria: Rythmodan; Belg.: Rythmodan; Braz.: Di-
corantil; Canad.: Rythmodan; Cz.: Rythmodan†; Denm.: Durbis†; Fin.:
Disomet; Fr.: Isorythm; Rythmodan; Ger.: Diso-Duriles†; Norpace†; Ryth-
modul†; Gr.: Dicorynan; Ritmodan†; Rythmodan; Rythmodul†; Hung.: Pal-
pitin-PP; India: Norpace; Irl.: Rythmodan; Israel: Rythmical; Ital.: Ritmo-
dan; Jpn: Rythmodan; Mex.: Dimodan; Neth.: Ritmoforine; Rythmodan†;
Norw.: Durbis; NZ: Rythmodan; Port.: Ritmodan†; S.Afr.: Norpace; Ryth-
modan; Spain: Dicorynan; Swed.: Dirytmin†; Durbis; Switz.: Norpace†;
Turk.: Norpace; UK: Rythmodan; USA: Norpace.

Disufenton Sodium (USAN, rINN)

ARL-16556; CPI-22; CXY-059; Disufentón de sodio; Disufenton
Sodique; Disufentonum Natricum; NXY-059. Disodium 4-(tert-
butyliminomethyl)benzene-1,3-disulfonate N-oxide.

Дисуфентон Натрия
C11H13NNa2O7S2 = 381.3.
CAS — 168021-79-2.

Profile
Disufenton sodium traps free radicals. It has been investigated as
a neuroprotectant for acute ischaemic and haemorrhagic stroke
but results have been disappointing.
◊ References.
1. Lees KR, et al. The Stroke-Acute Ischemic NXY Treatment

(Saint I) Trial Investigators. NXY-059 for acute ischemic stroke.
N Engl J Med 2006; 354: 588–600. 

2. Shuaib A, et al. SAINT II Trial Investigators. NXY-059 for the
treatment of acute ischemic stroke. N Engl J Med 2007; 357:
562–71. 

3. Lyden PD, et al. Safety and tolerability of NXY-059 for acute
intracerebral hemorrhage: the CHANT trial. Stroke 2007; 38:
2262–9.

Ditazole (rINN)

Diethamphenazole; Ditazol; Ditazolum; S-222. 2,2′-[(4,5-Diphe-
nyloxazol-2-yl)imino]diethanol.
Дитазол
C19H20N2O3 = 324.4.
CAS — 18471-20-0.
ATC — B01AC01.
ATC Vet — QB01AC01.

Profile
Ditazole is an inhibitor of platelet aggregation used in the man-
agement of thromboembolic disorders (p.1187) in doses of
400 mg two or three times daily by mouth.
Preparations
Proprietary Preparations (details are given in Part 3)
Port.: Fendazol†; Spain: Ageroplas.

Dobutamine Hydrochloride 

(BANM, USAN, rINNM)

46236; Compound 81929 (dobutamine); Dobutamiinihy-
drokloridi; Dobutamine, chlorhydrate de; Dobutamin-hidroklor-
id; Dobutamin-hydrochlorid; Dobutaminhydroklorid; Dob-
utamini hydrochloridum; Dobutamino hidrochloridas; Hidro-
cloruro de dobutamina; LY-174008 (dobutamine tartrate). (±)-4-
(2-{[3-(p-Hydroxyphenyl)-1-methylpropyl]amino}ethyl)pyro-
catechol hydrochloride.
Добутамина Гидрохлорид
C18H23NO3,HCl = 337.8.
CAS — 34368-04-2 (dobutamine); 49745-95-1 (dob-
utamine hydrochloride); 101626-66-8 (dobutamine tar-
trate).
ATC — C01CA07.
ATC Vet — QC01CA07.

(dobutamine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Dobutamine Hydrochloride). A white or almost
white crystalline powder. Sparingly soluble in water and in alco-
hol; soluble in methyl alcohol. Protect from light. 

USP 31 (Dobutamine Hydrochloride). A white to practically
white crystalline powder. Sparingly soluble in water and in me-
thyl alcohol; soluble in alcohol and in pyridine. Store in airtight
containers at a temperature of 15° to 30°.
Incompatibility. Dobutamine is incompatible with alkaline
solutions such as sodium bicarbonate 5% and alkaline drugs such
as aminophylline, furosemide,1 and thiopental sodium;1 physical
incompatibility with bumetanide, calcium gluconate, insulin, di-
azepam, and phenytoin has also been suggested. There have also
been reports of incompatibility with alteplase,2 heparin,3 and
warfarin sodium.4
1. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs

used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

2. Lee CY, et al. Visual and spectrophotometric determination of
compatibility of alteplase and streptokinase with other injectable
drugs. Am J Hosp Pharm 1990; 47: 606–8. 

3. Yamashita SK, et al. Compatibility of selected critical care drugs
during simulated Y-site administration. Am J Health-Syst Pharm
1996; 53: 1048–51. 

4. Bahal SM, et al. Visual compatibility of warfarin sodium injec-
tion with selected medications and solutions. Am J Health-Syst
Pharm 1997; 54: 2599–2600.

Adverse Effects and Treatment
As for Sympathomimetics, p.1407. Dobutamine has
mainly beta1-agonist properties and its principal ad-
verse effects include dose-related increases in heart
rate and blood pressure, ectopic beats, angina or chest
pain, and palpitations; dosage should be reduced or
temporarily stopped if they occur. Ventricular tachy-
cardia may occur rarely; cardiac rupture has been re-
ported rarely during dobutamine stress testing.
Effects on body temperature. A 71-year-old woman with
heart failure developed a fever on 2 separate occasions 8 to 12
hours after starting an infusion of dobutamine.1
1. Robison-Strane SR, Bubik JS. Dobutamine-induced fever. Ann

Pharmacother 1992; 26: 1523–4.

Effects on the cardiovascular system. For reference to se-
vere cardiovascular complications of dobutamine stress echocar-
diography, see Diagnosis and Testing under Uses and Adminis-
tration, below. 
For reference to fatalities occurring in patients given dob-
utamine, see Heart Failure under Uses and Administration, be-
low.
Effects on the neuromuscular system. Myoclonus has
been reported1,2 in patients with renal impairment given dob-
utamine infusion for heart failure.
1. Wierre L, et al. Dobutamine-induced myoclonia in severe renal

failure. Nephrol Dial Transplant 2004; 19: 1336–7. 
2. Boord A, Benson B. Myoclonus associated with continuous do-

butamine infusion in a patient with end-stage renal disease. Am
J Health-Syst Pharm 2007; 64: 2241–3.

Effects on the skin. Troublesome pruritus of the scalp has been
reported1 in a patient receiving dobutamine infusions. It was sug-
gested that this might be a direct effect of dobutamine since the
reaction was so localised.
1. McCauley CS, Blumenthal MS. Dobutamine and pruritus of the

scalp. Ann Intern Med 1986; 105: 966.

Hypersensitivity. Hypersensitivity reactions have been report-
ed in patients receiving dobutamine infusions, possibly due to
sodium sulfite in the formulation. Redness, swelling, itching, and
a sensation of warmth developed1 around the infusion site in a
patient receiving dobutamine; the reaction recurred when the in-
fusion was repeated a week later. Eosinophilic reactions have
also been reported, including hypersensitivity myocarditis2-4 and
asthma.5
1. Cernek PK. Dermal cellulitis—a hypersensitivity reaction from

dobutamine hydrochloride. Ann Pharmacother 1994; 28: 964. 
2. Spear GS. Eosinophilic explant carditis with eosinophilia: ?hy-

persensitivity to dobutamine infusion. J Heart Lung Transplant
1995; 14: 755–60. 

3. Takkenberg JJM, et al. Eosinophilic myocarditis in patients
awaiting heart transplantation. Crit Care Med 2004; 32: 714–21. 

4. Butany J, et al. Hypersensitivity myocarditis complicating
hypertrophic cardiomyopathy heart. Can J Cardiol 2004; 20:
911–14. 

5. Aranda JM, et al. Dobutamine-related asthma in a patient await-
ing cardiac transplantation: the eosinophilic dilemma. J Heart
Lung Transplant 2004; 23: 260–1.

Overdosage. A patient received an accidental overdose1 of do-
butamine when given an intravenous infusion at a rate of more
than 130 micrograms/kg per minute for 30 minutes, this being
three times the recommended maximum. Characteristic adverse
effects such as emesis, palpitations, chest pain, dyspnoea, and
paraesthesia developed, together with urinary incontinence, an
effect not previously associated with dobutamine.
1. Paulman PM, et al. Dobutamine overdose. JAMA 1990; 264:

2386–7.

Precautions
As for Sympathomimetics, p.1407. Dobutamine has
primarily inotropic effects and should be avoided or
used only with great caution in patients with marked
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obstruction of cardiac ejection, such as idiopathic
hypertrophic subaortic stenosis. It should also be used
with caution in patients with acute myocardial infarc-
tion, and in cardiogenic shock complicated by severe
hypotension. Hypovolaemia should be corrected be-
fore treatment.
Interference with diagnostic tests. Contamination of blood
samples with dobutamine has been reported to produce falsely
decreased creatinine values in an enzymatic test.1 Colorimetric
measurements of creatinine were not affected.
1. Daly TM, et al. "Bouncing" creatinine levels. N Engl J Med

1996; 334: 1749–50.

Interactions
As for Sympathomimetics, p.1407. Most interactions
with dobutamine are due to its direct beta1 agonist ef-
fects on the heart, but use with beta blockers may allow
its alpha- and beta2-agonist effects to become apparent.

Pharmacokinetics
Like adrenaline (p.1204), dobutamine is inactive when
given orally, and it is rapidly inactivated in the body by
similar processes. It has a half-life of about 2 minutes.
Conjugates of dobutamine and its major metabolite 3-
O-methyldobutamine are excreted primarily in urine,
with small amounts eliminated in the faeces.
◊ The primary mechanism of clearance of dobutamine appears to
be distribution to other tissues, and not metabolism or elimina-
tion. It has a half-life of about 2 minutes and plasma concentra-
tions of dobutamine reach steady state about 10 to 12 minutes
after the start of an infusion. Dobutamine is used mainly for the
short-term treatment of heart failure and any pharmacokinetic
changes in this condition have no clinical implications in dosage
titration.1 
The pharmacokinetics of dobutamine and other cardiovascular
drugs in children have been reviewed.2
1. Shammas FV, Dickstein K. Clinical pharmacokinetics in heart

failure: an updated review. Clin Pharmacokinet 1988; 15:
94–113. 

2. Steinberg C, Notterman DA. Pharmacokinetics of cardiovascular
drugs in children: inotropes and vasopressors. Clin Pharmacok-
inet 1994; 27: 345–67.

Uses and Administration
Dobutamine is a sympathomimetic (p.1408) with di-
rect effects on beta1-adrenergic receptors, giving it a
prominent inotropic action on the heart. It also has
some alpha- and beta2-agonist properties. Although it
is structurally related to dopamine (p.1273), it has no
specific dopaminergic properties; however, like
dopamine, the inotropic action of dobutamine on the
heart is associated with less cardiac-accelerating effect
than that of isoprenaline. 
Dobutamine is used to increase the contractility of the
heart in acute heart failure, as occurs in cardiogenic
shock (p.1183) and myocardial infarction (p.1175); it is
also used in septic shock. Other circumstances in
which its inotropic activity may be useful are during
cardiac surgery and positive end-expiratory pressure
ventilation. 
Dobutamine is used as the hydrochloride but doses are
expressed in terms of the base; 1.12 micrograms of the
hydrochloride is equivalent to about 1 microgram of
base. It is given by intravenous infusion as a dilute so-
lution (0.25 to 5 mg/mL), in glucose 5% or sodium
chloride 0.9%; other fluids may also be suitable and the
manufacturers’ guidelines should be consulted. 
In the management of acute heart failure, dobutamine
is given at a usual rate of 2.5 to 10 micrograms/kg per
minute, according to the patient’s heart rate, blood
pressure, cardiac output, and urine output. A range of
0.5 up to 40 micrograms/kg per minute has occasional-
ly been required. It has been recommended that treat-
ment with dobutamine should be discontinued gradual-
ly. 
Dobutamine is also used as an alternative to exercise in
cardiac stress testing. A solution containing 1 mg/mL
is given via an infusion pump in a dose of
5 micrograms/kg per minute for 8 minutes. The dose is
then increased by increments of 5 micrograms/kg per
minute up to a usual maximum of 20 micrograms/kg

per minute, with each dose being infused for 8 min-
utes before the next increase; doses of up to
40 micrograms/kg per minute have sometimes been
used. The ECG should be monitored continuously and
the infusion stopped if arrhythmias, marked ST seg-
ment depression, or other adverse effects occur.
Action. Although dobutamine is usually considered to be a
beta1 agonist, animal studies suggest that its ability to stimulate
alpha1- and beta2-adrenergic receptors may be as great as its
beta1-stimulant properties. It has been proposed that the inotropic
action results from a combination of alpha-stimulant activity
on myocardial alpha1 receptors, a property residing mainly in the
(−)-enantiomer, with beta1 stimulation by the (+)-enantiomer;
peripherally, alpha-mediated vasoconstriction would be opposed
by the beta2-agonist properties of the (+)-enantiomer, resulting in
the net inotropic action with relatively little effect on blood pres-
sure seen with the racemic mixture used clinically.1 
Dobutamine has a thermogenic effect,2 increasing oxygen deliv-
ery and utilisation in healthy individuals. However, using it for
this purpose in critically ill patients did not improve patient out-
come and in some cases might have been harmful.3
1. Ruffolo RR. The mechanism of action of dobutamine. Ann Intern

Med 1984; 100: 313–14. 
2. Bhatt SB, et al. Effect of dobutamine on oxygen supply and up-

take in healthy volunteers. Br J Anaesth 1992; 69: 298–303. 
3. Hayes MA, et al. Elevation of systemic oxygen delivery in the

treatment of critically ill patients. N Engl J Med 1994; 330:
1717–22.

Administration in children. Dobutamine and dopamine are
both used for inotropic support in children. A study1 in children
undergoing cardiac surgery suggested that dobutamine may be
preferred to dopamine since the latter could cause pulmonary va-
soconstriction (see under Precautions for Dopamine, p.1273). In
preterm infants, one study2 reported that dobutamine may have a
greater effect on systemic blood flow than dopamine, but a sys-
tematic review3 found that dopamine was more effective than
dobutamine in the short-term treatment of hypotension although
there was insufficient evidence of long-term benefit or safety
with either drug for firm recommendations to be made.
1. Booker PD, et al. Comparison of the haemodynamic effects of

dopamine and dobutamine in young children undergoing cardiac
surgery. Br J Anaesth 1995; 74: 419–23. 

2. Osborn D, et al. Randomized trial of dobutamine versus
dopamine in preterm infants with low systemic blood flow. J
Pediatr 2002; 140: 183–91. 

3. Subhedar NV, Shaw NJ. Dopamine versus dobutamine for hypo-
tensive preterm infants. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2003 (ac-
cessed 07/10/05).

Diagnosis and testing. Dynamic exercise is the established
mode of stress for the assessment of cardiac function. In patients
who are unable to exercise, a dobutamine infusion is one of the
best alternative ways of producing a pharmacological stress.1,2 It
is widely used as an adjunct in echocardiography, often com-
bined with atropine, and may give better sensitivity than adeno-
sine or dipyridamole;1,3 it may also have a role with other imag-
ing techniques such as magnetic resonance imaging.4 However
there have been instances of severe cardiovascular complications
attributable to dobutamine.5
1. Cheitlin MD, et al. ACC/AHA/ASE 2003 guideline update for

the clinical application of echocardiography: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (ACC/AHA/ASE Committee
to Update the 1997 Guidelines for the Clinical Application of
Echocardiography). Summary article: Circulation 2003; 108:
1146–62 .  Ful l  t e x t :  h t tp : / /www.amer i canhea r t .o rg /
downloadable/heart/1060182581039Echocleanfulltext.pdf (ac-
cessed 07/10/05) 

2. Marwick TH. Stress echocardiography. Heart 2003; 89: 113–18. 
3. Martin TW, et al. Comparison of adenosine, dipyridamole, and

dobutamine in stress echocardiography. Ann Intern Med 1992;
116: 190–6. 

4. Paetsch I, et al. Comparison of dobutamine stress magnetic res-
onance, adenosine stress magnetic resonance, and adenosine
stress magnetic resonance perfusion. Circulation 2004; 110:
835–42. 

5. Lattanzi F, et al. Dobutamine stress echocardiography: safety in
diagnosing coronary artery disease. Drug Safety 2000; 22:
251–62.

Heart failure. Dobutamine may be used in the management of
acute heart failure, including decompensated chronic heart fail-
ure (see Cardiogenic Shock, under Shock, p.1183). It may also
have a role in patients with severe chronic heart failure (p.1165),
either as a bridge to transplantation or for palliative therapy. In
less severe cases, intermittent infusions of dobutamine have been
tried. A study1 using pulsed therapy with dobutamine (30 min-
utes daily for 4 days each week for 3 weeks) reported sympto-
matic improvements similar to those achieved with exercise, but
another study2 using intermittent therapy (24 hours every 2 to 3
weeks for 6 months) failed to show any benefit. There have also
been reports of sudden death in patients receiving dobutamine as
infusions for 48 hours per week, and another study3 was halted
for this reason. Long-term use of intermittent dobutamine is
therefore not generally recommended.4
1. Adamopoulos S, et al. Effects of pulsed β-stimulant therapy on

β-adrenoceptors and chronotropic responsiveness in chronic
heart failure. Lancet 1995; 345: 344–9. 

2. Elis A, et al. Intermittent dobutamine treatment in patients with
chronic refractory congestive heart failure: a randomized, dou-
ble-blind, placebo-controlled study. Clin Pharmacol Ther 1998;
63: 682–5. 

3. Dies F, et al. Intermittent dobutamine in ambulatory outpatients
with chronic cardiac failure. Circulation 1986; 74: (suppl II): 38. 

4. Hunt SA, et al. ACC/AHA 2005 guideline update for the diagno-
sis and management of chronic heart failure in the adult: a report
of the American College of Cardiology/American Heart Associ-
ation Task Force on Practice Guidelines (Writing Committee to
Update the 2001 Guidelines for the Evaluation and Management
of Heart Failure). Summary article: J Am Coll Cardiol 2005; 46:
1116–43. Full version: http://content.onlinejacc.org/cgi/reprint/
46/6/e1.pdf (accessed 19/08/08)

Preparations
BP 2008: Dobutamine Intravenous Infusion; 
USP 31: Dobutamine for Injection; Dobutamine in Dextrose Injection; Do-
butamine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Dobucard; Dobuject†; Dobutrex†; Duvig; Austral.: Dobutrex; Aus-
tria: Inotop; Belg.: Dobutrex†; Dobutrexmerck; Braz.: Biodobutin†; Do-
btan; Dobutabbott; Dobutal†; Dobutil†; Dobuton; Dobutrex†; Neobutami-
na; Canad.: Dobutrex†; Chile: Bagobutam†; Dobutrex†; Cz.: Dobuject;
Dobutrex; Denm.: Dobutrex†; Fin.: Dobuject; Dobutrex†; Fr.: Do-
butrex†; Gr.: Dobutan; Inotrex; Hong Kong: Dobutrex†; Hung.: Do-
butrex†; India: Dobutrex; Indon.: Cardiject; Dobuject; Dobutel; Inotrop;
Irl.: Dobutrex†; Posiject†; Israel: Butamine; Dobuject; Dobutam†; Ital.:
Dobutrex†; Miozac; Jpn: Dobupum; Malaysia: Dobucard†; Dobutrex†;
Mex.: Cryobutol; Dobuject; Dobutrex; Kardion†; Oxiken; Norw.: Do-
butrex†; NZ: Dobutrex†; Philipp.: Dobuject; Dobutrex; Pol.: Dobuject;
Port.: Dobucor; Dobutina; Inotrex; S.Afr.: Cardiject; Dobutrex; Posiject†;
Singapore: Dobuject†; Spain: Dobucor; Dobutrex†; Swed.: Dobutrex;
Switz.: Dobutrex; Thai.: Cardiject; Dobuject; Dobutrex†; UK: Do-
butrex†; Posiject†; USA: Dobutrex†; Venez.: Doburan; Dobutrex†; Do-
buxin.

Docarpamine (rINN)

Docarpamina; Docarpaminum; TA-870; TA-8704. (−)-(S)-2-
Acetamido-N-(3,4-dihydroxyphenethyl)-4-(methylthio)butyra-
mide bis(ethyl carbonate) ester.

Докарпамин
C21H30N2O8S = 470.5.
CAS — 74639-40-0.

Profile
Docarpamine is an orally active prodrug of dopamine (p.1273)
that has been used in the treatment of acute heart failure.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Tanadopa†.

Dofetilide (BAN, USAN, rINN)

Dofetilid; Dofetilida; Dofétilide; Dofetilidi; Dofetilidum; UK-
68798. β-[(p-Methanesulfonamidophenethyl)methylamino]meth-
anesulfono-p-phenetidide.

Дофетилид
C19H27N3O5S2 = 441.6.
CAS — 115256-11-6.
ATC — C01BD04.
ATC Vet — QC01BD04.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Adverse Effects and Precautions
The most frequent adverse effects with dofetilide are
headache, chest pain, and dizziness. Dofetilide pro-
longs the QT interval and may cause severe ventricular
arrhythmias, including torsade de pointes; it should not
be given to patients with congenital or acquired long
QT syndromes. Hypokalaemia increases the risk of
arrhythmias and potassium concentrations should be
corrected before starting dofetilide. The dosage of dofe-
tilide must be individualised according to QT interval
and creatinine clearance, which must be measured be-
fore starting therapy; dofetilide is contra-indicated if
the corrected QT interval is above 440 milliseconds (or
above 500 milliseconds in patients with ventricular
conduction abnormalities) or if the creatinine clearance
is less than 20 mL/minute. Treatment should begin un-
der ECG monitoring, which must be continued for at
least 3 days, and both ECG and renal function should
be monitored at least every 3 months during treatment.

Interactions
Dofetilide should not be given with other drugs that
prolong the QT interval. Class I or class III antiarrhyth-
mics should be stopped at least 3 half-lives before
dofetilide is given. Potassium-depleting diuretics may
cause hypokalaemia or hypomagnesaemia, increasing
the potential for torsade de pointes; US licensed prod-
uct information for dofetilide states that hydrochloro-
thiazide is contra-indicated since it also causes signifi-
cant increases in plasma-dofetilide concentrations.
Dofetilide is metabolised to a small extent by the cyto-
chrome P450 isoenzyme CYP3A4, and drugs or foods
that inhibit this isoenzyme, such as macrolide antibac-
terials, HIV-protease inhibitors, diltiazem, and grape-
fruit juice, should be used with caution. Cimetidine, tri-
methoprim, ketoconazole, prochlorperazine, and
megestrol, should not be given as they inhibit the renal
excretion of dofetilide; verapamil is also contra-indi-
cated as it too may substantially increase dofetilide
concentrations.
◊ References.
1. Yamreudeewong W, et al. Potentially significant drug interac-

tions of class III antiarrhythmic drugs. Drug Safety 2003; 26:
421–38.

Pharmacokinetics
The oral bioavailability of dofetilide is more than 90%.
Peak plasma concentrations occur after 2 to 3 hours
and steady state concentrations after 2 to 3 days. The
terminal half-life is about 10 hours. Protein binding is
60 to 70%. Dofetilide undergoes limited metabolism.
About 80% of a dose is excreted in the urine, with
about 80% of this as unchanged drug and 20% as 5
minimally active or inactive metabolites; metabolism
may be mediated to some extent by the cytochrome
P450 isoenzyme CYP3A4. Renal elimination involves
both glomerular filtration and active tubular secretion
via the cation transport system. The clearance of dofe-
tilide decreases with decreasing creatinine clearance.
◊ References.
1. Allen MJ, et al. The pharmacokinetics and pharmacodynamics

of oral dofetilide after twice daily and three times daily dosing.
Br J Clin Pharmacol 2000; 50: 247–53.

Uses and Administration
Dofetilide is a class III antiarrhythmic (p.1153); it se-
lectively blocks one of the potassium channels in-
volved in repolarisation and therefore prolongs the ac-
tion potential. It is used in the treatment of atrial
fibrillation and flutter (p.1160) in patients who are
highly symptomatic. The initial oral dose in patients
with a corrected QT interval of 440 milliseconds or
less is 500 micrograms twice daily; the maintenance
dose must be reduced if the QT interval becomes pro-
longed after the first dose, and treatment should be
stopped if the QT interval exceeds 500 milliseconds.
Doses should be reduced in renal impairment (see be-
low).

◊ References.
1. McClellan KJ, Markham A. Dofetilide: a review of its use in

atrial fibrillation and atrial flutter. Drugs 1999; 58: 1043–59. 
2. Kalus JS, Mauro VF. Dofetilide: a class III-specific antiarrhyth-

mic agent. Ann Pharmacother 2000; 34: 44–56. 
3. Mounsey JP, DiMarco JP. Dofetilide. Circulation 2000; 102:

2665–70. 
4. Roukoz H, Saliba W. Dofetilide: a new class III antiarrhythmic

agent. Expert Rev Cardiovasc Ther 2007; 5: 9–19.

Administration in renal impairment. Doses of dofetilide
should be reduced in patients with renal impairment based on
creatinine clearance (CC). Initial doses are: 
• CC 40 to 60 mL/minute: 250 micrograms twice daily 
• CC 20 to 39 mL/minute: 125 micrograms twice daily 
• CC below 20 mL/minute: contra-indicated

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Tikosyn.

Dopamine Hydrochloride 

(BANM, USAN, pINNM)

ASL-279; Dopamiinihydrokloridi; Dopamin Hidroklorür;
Dopamine, chlorhydrate de; Dopamin-hidroklorid; Dopamin-hy-
drochlorid; Dopaminhydroklorid; Dopamini hydrochloridum;
Dopamino hidrochloridas; Dopaminy chlorowodorek; Hidro-
cloruro de dopamina; 3-Hydroxytyramine Hydrochloride. 4-(2-
Aminoethyl)pyrocatechol hydrochloride.

Допамина Гидрохлорид
C8H11NO2,HCl = 189.6.

CAS — 51-61-6 (dopamine); 62-31-7 (dopamine hydro-
chlor ide).
ATC — C01CA04.
ATC Vet — QC01CA04.

(dopamine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Dopamine Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water; soluble in al-
cohol; sparingly soluble in acetone and in dichloromethane.
Store in airtight containers. Protect from light. 
USP 31 (Dopamine Hydrochloride). A white to off-white crys-
talline powder that may have a slight odour of hydrochloric acid.
Freely soluble in water and in aqueous solutions of alkali hydrox-
ides; insoluble in chloroform and in ether; soluble in methyl al-
cohol. pH of a 4% solution in water is between 3.0 and 5.5. Store
in airtight containers.

Incompatibility. Dopamine is inactivated in alkaline solutions
such as sodium bicarbonate 5% and is incompatible with alkaline
drugs such as furosemide1 and thiopental sodium;1 incompatibil-
ity with insulin2 and with alteplase3 has also been reported, and
licensed product information states that it is incompatible with
ampicillin and with amphotericin B, and that mixtures with gen-
tamicin sulfate, cefalotin sodium, or oxacillin sodium should be
avoided.
1. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs

used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

2. Yamashita SK, et al. Compatibility of selected critical care drugs
during simulated Y-site administration. Am J Health-Syst Pharm
1996; 53: 1048–51. 

3. Lee CY, et al. Visual and spectrophotometric determination of
compatibility of alteplase and streptokinase with other injectable
drugs. Am J Hosp Pharm 1990; 47: 606–8.

Adverse Effects and Treatment
As for Sympathomimetics, p.1407; dopamine may
have adverse effects relating to both its alpha- and beta-
agonist properties. 
Dopamine has a short duration of action and most ad-
verse effects respond to stopping the infusion or reduc-
ing its rate; infiltration with phentolamine may relieve
pain and prevent necrosis following extravasation.
Effects on the CNS. Movement disorders are well known ad-
verse effects of the dopamine precursor, levodopa (p.804) but do
not usually occur with dopamine since it does not enter the CNS.
However, there has been a report1 of choreoathetosis in a patient

receiving dopamine infusion; it was suggested that there must
have been disruption to her blood-brain barrier to allow this to
occur.
1. Walker VA, Massoumi M. Choreoathetosis with dopamine. Ann

Intern Med 2005; 142: 478–9.

Effects on the endocrine system. Dopamine has complex
actions on the anterior pituitary1 and dopamine infusion is asso-
ciated with a number of endocrine effects, including suppression
of prolactin, growth hormone, and thyroid hormone release. In
postoperative or critically ill patients, dopamine infusion may af-
fect the endocrine response to stress, even when given in low
doses. Depression of serum-prolactin concentrations has been
reported2 in critically ill patients given dopamine in a dose of
2.5 micrograms/kg per minute to maintain renal blood flow,
while a study3 in postoperative patients given dopamine
5 micrograms/kg per minute to maintain splanchnic blood flow
found that serum concentrations of both prolactin and thyroid
stimulating hormone were decreased. It was suggested that these
changes could adversely affect immunological function and add
to morbidity in such patients.
1. Van den Berghe G, de Zegher F. Anterior pituitary function dur-

ing critical illness and dopamine treatment. Crit Care Med 1996;
24: 1580–90. 

2. Bailey AR, Burchett KR. Effect of low-dose dopamine on serum
concentrations of prolactin in critically ill patients. Br J Anaesth
1997; 78: 97–9. 

3. Schilling T, et al. Endocrine effects of dopexamine vs. dopamine
in high-risk surgical patients. Intensive Care Med 2001; 27:
1908–15.

Effects on the heart. For mention of the arrhythmogenic ef-
fects of dopamine on the heart, see p.1407.
Ischaemia and gangrene. Dopamine is converted to nor-
adrenaline, a powerful vasoconstrictor, and there have been
reports1-3 of ischaemia and gangrene of the extremities in pa-
tients receiving dopamine infusion, as well as local necrosis after
extravasation.4 Extravasation of catecholamines is usually treat-
ed with an alpha blocker such as phentolamine, but there have
also been reports of the use of topical glyceryl trinitrate ointment
to improve capillary blood flow in patients with dopamine-in-
duced ischaemia of the digits. The ointment was applied either to
the affected area,5 or to the warmest area of skin,6 such as the
chest or abdominal wall.
1. Alexander CS, et al. Pedal gangrene associated with the use of

dopamine. N Engl J Med 1975; 293: 591. 
2. Julka NK, Nora JR. Gangrene aggravation after use of dopamine.

JAMA 1976; 235: 2812–13. 
3. Maggi JC, et al. Gangrene in a neonate following dopamine ther-

apy. J Pediatr 1982; 100: 323–5. 
4. Boltax RS, et al. Gangrene resulting from infiltrated dopamine

solution. N Engl J Med 1977; 296: 823. 
5. Gibbs NM, Oh TE. Nitroglycerine ointment for dopamine in-

duced peripheral digital ischaemia. Lancet 1983; ii: 290. 
6. Coakley J. Nitroglycerin ointment for dopamine-induced periph-

eral ischaemia. Lancet 1983; ii: 633.

Precautions
As for Sympathomimetics, p.1407.
Children. There have been reports of increased pulmonary ar-
tery pressure with the use of dopamine in children after cardiac
surgery,1 and in premature infants with hypotension.2 It has
therefore been suggested that dopamine should be used with cau-
tion in children at risk of developing pulmonary hypertension.
1. Booker PD, et al. Comparison of the haemodynamic effects of

dopamine and dobutamine in young children undergoing cardiac
surgery. Br J Anaesth 1995; 74: 419–23. 

2. Liet J-M, et al. Dopamine effects on pulmonary artery pressure
in hypotensive preterm infants with patent ductus arteriosus. J
Pediatr 2002; 140: 373–5.

Interactions
As for Sympathomimetics, p.1407. Dopamine has
both direct and indirect actions and may therefore in-
teract with MAOIs; the dose of dopamine should be
substantially reduced in patients taking MAOIs, and an
initial dose of one-tenth the usual dose has been sug-
gested.
Antiepileptics. Following a report in 1976 to the FDA of hy-
potension in patients given phenytoin in addition to dopamine
infusion, a study1 of this potential interaction found that
dopamine given by intravenous infusion with phenytoin infusion
to dogs, did not alter the CNS effects of phenytoin nor result in
hypotension and cardiovascular collapse. Large doses of pheny-
toin alone had a reproducible hypotensive effect that was re-
duced by dopamine, suggesting a possible supportive role in
phenytoin-induced hypotension.
1. Smith RD, Lomas TE. Modification of cardiovascular responses

to intravenous phenytoin by dopamine in dogs: evidence against
an adverse interaction. Toxicol Appl Pharmacol 1978; 45:
665–73.

Dopaminergics. Severe hypertension occurred1 in a patient
who had been receiving selegiline for Parkinson’s disease when
a dopamine infusion was started. Although selegiline is consid-
ered to be a selective monoamine oxidase type B inhibitor, at
higher doses it also affects monoamine oxidase type A and could
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have reduced the metabolism of dopamine in this patient. Cau-
tion may be necessary if dopamine is given to patients who have
been receiving selegiline within the previous 2 weeks.
1. Rose LM, et al. A hypertensive reaction induced by concurrent

use of selegiline and dopamine. Ann Pharmacother 2000; 34:
1020–4.

Pharmacokinetics
The vasoconstrictor properties of dopamine preclude
its use by the subcutaneous or intramuscular route.
Like adrenaline (p.1204) it is inactive when given oral-
ly, and it is rapidly inactivated in the body by similar
processes, with a half-life of about 2 minutes.
Dopamine is a metabolic precursor of noradrenaline
and a proportion is excreted as the metabolites of no-
radrenaline. Nevertheless, the majority appears to be
directly metabolised into dopamine-related metabo-
lites.
◊ References.
1. Steinberg C, Notterman DA. Pharmacokinetics of cardiovascular

drugs in children: inotropes and vasopressors. Clin Pharmacok-
inet 1994; 27: 345–67. 

2. Juste RN, et al. Dopamine clearance in critically ill patients. In-
tensive Care Med 1998; 24: 1217–20. 

3. MacGregor DA, et al. Pharmacokinetics of dopamine in healthy
male subjects. Anesthesiology 2000; 92: 338–46. 

4. Johnston AJ, et al. Pharmacokinetics and pharmacodynamics of
dopamine and norepinephrine in critically ill head-injured pa-
tients. Intensive Care Med 2004; 30: 45–50.

Uses and Administration
Dopamine is a catecholamine sympathomimetic
(p.1408) with both direct and indirect effects. It is
formed in the body by the decarboxylation of levo-
dopa, and is both a neurotransmitter in its own right
(notably in the brain) and a precursor of noradrenaline.
Dopamine differs from adrenaline and noradrenaline
in dilating renal and mesenteric blood vessels and in-
creasing urine output, apparently by a specific
dopaminergic mechanism. This effect is predominant
at low infusion rates (about 2 micrograms/kg per
minute); at slightly higher infusion rates (around 2 to
10 micrograms/kg per minute) it also stimulates beta1-
adrenergic receptors in the myocardium, and at 10 to
20 micrograms/kg per minute the effects of alpha-
adrenergic stimulation, such as vasoconstriction, pre-
dominate. The inotropic action of dopamine on the
heart is associated with less cardiac-accelerating effect,
and a lower incidence of arrhythmias, than that of iso-
prenaline. 
Dopamine also inhibits release of prolactin from the
anterior pituitary. 
Dopamine is used in acute heart failure, as occurs in
cardiogenic shock (p.1183) and myocardial infarction
(p.1175); it is also used in renal failure (but see below,
under Surgery and Intensive Care), in cardiac surgery,
and in septic shock. 
Dopamine is given as the hydrochloride by intravenous
infusion as a dilute solution (usually 1.6 or 3.2 mg/mL,
although more dilute solutions may be used where flu-
id expansion is not a problem), in glucose 5%, sodium
chloride 0.9%, or other suitable diluents; many fluids
are suitable and licensed product information should
be consulted. The initial rate is 1 to 5 micrograms/kg
per minute, gradually increased by up to 5 to
10 micrograms/kg per minute according to the pa-
tient’s blood pressure, cardiac output, and urine output.
Up to 20 to 50 micrograms/kg per minute may be re-
quired in seriously ill patients; higher doses have been
given. A reduction in urine flow, without hypotension,
may indicate a need to reduce the dose. To avoid tissue
necrosis dopamine is best given via a large vein high up
in a limb, preferably the arm. When gradually stopping
dopamine it is advised that care be taken to avoid un-
due hypotension associated with very low dosage lev-
els, where vasodilatation could predominate.
Surgery and intensive care. Dopamine has an established
role as an inotrope in cardiogenic shock and in cardiac surgery;
it has also been used as a renal protectant, due to the apparently
beneficial effects of lower doses on renal function. Studies in

healthy animals and human subjects have shown that low-dose
dopamine increases renal blood flow, natriuresis, diuresis, and
possibly glomerular filtration rate. Low doses of dopamine
(sometimes termed ‘renal-dose’ dopamine) have therefore been
widely used in patients at risk of renal failure, such as those un-
dergoing major surgery or in intensive care, as well as for the
treatment of acute renal failure. However, clinical studies have
failed to convincingly demonstrate that low-dose dopamine is ef-
fective in either preventing acute renal failure in patients at high
risk, or in improving renal function or outcome in patients with
established acute renal failure. A placebo-controlled, ran-
domised study1 in critically-ill patients with early renal dysfunc-
tion and meta-analyses2,3 including studies of varying design,
failed to show any clinical benefit in those receiving dopamine.
It is now generally considered2,4,5 that low-dose dopamine has no
place as a renal protectant in the routine management of critically
ill patients. 
Dopexamine, which like dopamine acts as a peripheral
dopamine agonist, has been used similarly but evidence of bene-
fit is limited and it is generally not recommended (see Critical
Care under Dopexamine, p.1274).
1. Australian and New Zealand Intensive Care Society (ANZICS)

Clinical Trials Group. Low-dose dopamine in patients with early
renal dysfunction: a placebo-controlled randomised trial. Lancet
2000; 356: 2139–43. 

2. Kellum JA, Decker JM. Use of dopamine in acute renal failure:
a meta-analysis. Crit Care Med 2001; 29: 1526–31. 

3. Friedrich JO, et al. Meta-analysis: low-dose dopamine increases
urine output but does not prevent renal dysfunction or death. Ann
Intern Med 2005; 142: 510–24. 

4. Galley HF. Renal-dose dopamine: will the message now get
through? Lancet 2000; 356: 2112–13. Correction. ibid. 2001;
357: 890. 

5. Holmes CL, Walley KR. Bad medicine: low-dose dopamine in
the ICU. Chest 2003; 123: 1266–75.

Preparations
BP 2008: Dopamine Intravenous Infusion; 
USP 31: Dopamine Hydrochloride and Dextrose Injection; Dopamine Hy-
drochloride Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Dopatropin; Hettytropin†; Inotropin; Megadose; Belg.: Dynatra;
Braz.: Constriction; Dopabane; Dopacris; Revimine; Revivan; Vasomine†;
Canad.: Intropin†; Cz.: Tensamin; Denm.: Abbodop; Dopmin; Giludop;
Fin.: Abbodop; Dopmin; Gr.: Giludop; Hong Kong: Intropin†; India:
Dopinga; Indon.: Cetadop; Dopac; Indop; Israel: Docard; Ital.: Revivan;
Jpn: Inovan; Pre Dopa; Malaysia: Dopmin; Mex.: Clorpamina†; Dry-
nalken; Flemina†; Inotropisa; Miocina; Zetarina; Neth.: Dynatra; Norw.:
Abbodop; Philipp.: Docard; Myocard; Port.: Cordodopa; Medopa; S.Afr.:
Dynos; Intropin; Singapore: Dopmin†; Swed.: Abbodop; Giludop; Intro-
pin†; Thai.: Dopamex; Dopaminex; Dopmin; Inopin; Turk.: Dopmin; USA:
Intropin†; Venez.: Dopina; Rascordin†.

Dopexamine Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Dopeksamiinihydrokloridi; Dopeksamin Hidroklorür; Dopéxam-
ine, Chlorhydrate de; Dopexamine, dichlorhydrate de; Dopex-
amine dihydrochloride; Dopexaminhydroklorid; Dopexamini di-
hydrochloridum; Dopexamini Hydrochloridum; FPL-60278
(dopexamine); FPL-60278AR; Hidrocloruro de dopexamina. 4-
{2-[6-(Phenethylamino)hexylamino]ethyl}pyrocatechol dihydro-
chloride.

Допексамина Гидрохлорид
C22H32N2O2,2HCl = 429.4.

CAS — 86197-47-9 (dopexamine); 86484-91-5 (dopex-
amine dihydrochlor ide).
ATC — C01CA14.
ATC Vet — QC01CA14.

(dopexamine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dopexamine Dihydrochloride). A white or almost
white, crystalline powder. Soluble in water; sparingly soluble in
alcohol and in methyl alcohol; practically insoluble in acetone. A
1% solution in water has a pH of 3.7 to 5.7. Protect from light.

Incompatibility. Dopexamine is inactivated in alkaline solu-
tions such as sodium bicarbonate 5%.

Adverse Effects and Precautions
As for Sympathomimetics, p.1407. Dopexamine has
mainly beta-agonist and dopaminergic actions; its most
common adverse effect is tachycardia, and transient

hypotension may also occur. Dopexamine may cause a
small reduction in platelet counts and should not be
given to thrombocytopenic patients.

Interactions
As for Sympathomimetics, p.1407. The interactions of
dopexamine are mainly due to its beta-agonist and
dopaminergic actions; it may also potentiate the effects
of noradrenaline and some other sympathomimetics by
inhibiting neuronal uptake of noradrenaline.

Pharmacokinetics
Dopexamine has a short half-life in blood of about 6 to
7 minutes. It is excreted as metabolites in bile and in
urine.

Uses and Administration
Dopexamine is a sympathomimetic (p.1408) with di-
rect and indirect effects. It stimulates beta2 adrenocep-
tors and peripheral dopamine receptors and also inhib-
its the neuronal reuptake of noradrenaline. These
actions result in an increased cardiac output, peripheral
vasodilatation, and an increase in renal and mesenteric
blood flow. 
Dopexamine hydrochloride is used to provide short-
term haemodynamic support, for example after cardiac
surgery or in exacerbations of chronic heart failure. It
is given as an intravenous infusion of either 400 or
800 micrograms/mL in glucose 5%, sodium chloride
0.9%, or other suitable diluents, through a central or
large peripheral vein; more concentrated solutions may
be given via a central vein but concentrations should
not exceed 4 mg/mL. The initial dose is generally
0.5 micrograms/kg per minute and is then increased to
1 microgram/kg per minute; further increases, in incre-
ments of 0.5 to 1 microgram/kg per minute at intervals
of not less than 15 minutes, may be made up to a total
of 6 micrograms/kg per minute if necessary. Heart rate,
blood pressure, urine output, and cardiac output should
be monitored. On withdrawal, the dose should be re-
duced gradually.
◊ References.
1. Fitton A, Benfield P. Dopexamine hydrochloride. Drugs 1990;

39: 308–30. 
2. Anonymous. Dopexamine after cardiac surgery. Drug Ther Bull

1995; 33: 30–2.

Critical care. Dopexamine has been reported to increase
splanchnic blood flow and it has been used with the aim of pre-
venting renal and gastrointestinal dysfunction in critically-ill pa-
tients.1 Although there may be a reduction in ischaemic damage
to the gut,2 a study3 in critically-ill patients failed to show any
improvement in outcome with the use of dopexamine. Studies4,5

using dopexamine to increase oxygen delivery in high-risk sur-
gical patients have also failed to show any benefit in terms of
postoperative mortality or organ function, and a systematic
review6 found insufficient evidence to recommend the use of
dopexamine in either patient group. A later meta-analysis7 found
that overall, perioperative dopexamine infusion reduced the
length of hospital stay in patients having major surgery, but
showed no survival benefit; however, at low doses (up to
1 microgram/kg per minute) dopexamine infusion seemed also
to be associated with improved survival. 
Use of low-dose dopamine for renal protection is not recom-
mended (see Surgery and Intensive Care, p.1274).
1. Lisbon A. Dopexamine, dobutamine, and dopamine increase

splanchnic blood flow: what is the evidence? Chest 2003; 123
(suppl): 460S–463S. 

2. Baguneid MS, et al. A randomized study to evaluate the effect of
a perioperative infusion of dopexamine on colonic mucosal
ischemia after aortic surgery. J Vasc Surg 2001; 33: 758–63. 

3. Ralph CJ, et al. A randomised controlled trial investigating the
effects of dopexamine on gastrointestinal function and organ
dysfunction in the critically ill. Intensive Care Med 2002; 28:
884–90. Correction. ibid; 1001. [dose] 

4. Takala J, et al. Effect of dopexamine on outcome after major ab-
dominal surgery: a prospective, randomized, controlled multi-
center study. Crit Care Med 2000; 28: 3417–23. 

5. Stone MD, et al. Effect of adding dopexamine to intraoperative
volume expansion in patients undergoing major elective abdom-
inal surgery. Br J Anaesth 2003; 91: 619–24. 

6. Renton MC, Snowden CP. Dopexamine and its role in the protec-
tion of hepatosplanchnic and renal perfusion in high-risk surgi-
cal and critically ill patients. Br J Anaesth 2005; 94: 459–67. 

7. Pearse RM, et al. Effect of dopexamine infusion on mortality
following major surgery: individual patient data meta-regression
analysis of published clinical trials. Crit Care Med 2008; 36:
1323–9.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Dopacard†; Denm.: Dopacard; Fin.: Dopacard; Fr.: Dopacard; Ger.:
Dopacard; Irl.: Dopacard; NZ: Dopacard†; Swed.: Dopacard†; Switz.:
Dopacard†; UK: Dopacard.

Doxazosin Mesilate (BANM, rINNM)

Doksazosyny mezylan; Doxazosin Mesylate (USAN); Doxazosin
Methanesulphonate; Doxazosine, mésilate de; Doxazosini mesi-
las; Doxazosin-mesylát; Mesilato de doxazosina; UK-33274-27.
1-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-4-(1,4-benzodioxan-
2-ylcarbonyl)piperazine methanesulphonate.

Доксазозина Мезилат

C23H25N5O5,CH3SO3H = 547.6.

CAS — 74191-85-8 (doxazosin); 77883-43-3 (doxazosin
mesilate).

ATC — C02CA04.

ATC Vet — QC02CA04.

(doxazosin)

Pharmacopoeias. In Eur. (see p.vii) and US.. 
Ph. Eur. 6.2 (Doxazosin Mesilate). A white or almost white crys-
talline powder. It exhibits polymorphism and some forms may be
hygroscopic. Slightly soluble in water and in methyl alcohol; sol-
uble in a mixture of 15 volumes of water and 35 volumes of tet-
rahydrofuran; practically insoluble in acetone. Store in airtight
containers. 
USP 31 (Doxazosin Mesylate). A white to tan-coloured powder.
Very slightly soluble in water and in methyl alcohol; freely solu-
ble in formic acid. Store at a temperature below 30°.

Adverse Effects, Treatment, and Precau-
tions
As for Prazosin Hydrochloride, p.1375.
Effects on mental function. For a report of acute psychosis
associated with doxazosin use, see under Adverse Effects of Pra-
zosin Hydrochloride, p.1375.

Hypotension. Six of 18 hypertensive patients had first-dose or-
thostatic hypotension after receiving doxazosin 1 mg; three oth-
ers had substantial but asymptomatic reductions in supine systo-
lic blood pressure after the first dose.1 The effect might have
been exacerbated since all these patients were also receiving beta
blockers or diuretics, or both. A further patient, who was also
taking methyldopa, withdrew from the study with persistent or-
thostatic hypotension.
1. Oliver RM, et al. The pharmacokinetics of doxazosin in patients

with hypertension and renal impairment. Br J Clin Pharmacol
1990; 29: 417–22.

Urinary incontinence. For reference to urinary incontinence
associated with doxazosin, see under Adverse Effects of Pra-
zosin Hydrochloride, p.1375.

Pharmacokinetics
Doxazosin is well absorbed after oral doses, peak plas-
ma concentrations occurring 2 to 3 hours after a dose.
Oral bioavailability is about 65%. It is extensively me-
tabolised in the liver, and excreted in faeces as metab-
olites and a small amount of unchanged drug. Elimina-
tion from plasma is biphasic, with a mean terminal
half-life of about 22 hours. The pharmacokinetics are
not altered in patients with renal impairment. Doxa-
zosin is about 98% bound to plasma proteins and is not
removed by dialysis.
◊ Reviews.
1. Elliott HL, et al. Pharmacokinetic overview of doxazosin. Am J

Cardiol 1987; 59: 78G–81G.

Uses and Administration
Doxazosin is an alpha1-adrenoceptor blocker (p.1153)
with actions and uses similar to those of prazosin
(p.1376), but a longer duration of action. It is used in
the management of hypertension and in benign prostat-
ic hyperplasia to relieve symptoms of urinary obstruc-
tion (below). 
Doxazosin is given orally as the mesilate, but doses are
usually expressed in terms of the base. Doxazosin
mesilate 1.2 mg is equivalent to about 1 mg of doxa-
zosin. After an oral dose maximum reduction in blood
pressure is reported to occur in 2 to 6 hours and the
effects are maintained for 24 hours, permitting once
daily dosage. 
To avoid the risk of collapse which may occur in some
patients after the first dose, the initial dose is 1 mg,
preferably at bedtime. Dosage may be increased after 1
or 2 weeks according to response. Usual maintenance
doses for hypertension are up to 4 mg once daily; dos-
es of 16 mg daily should not be exceeded. For benign
prostatic hyperplasia the usual maintenance dose is 2
to 4 mg daily; doses of 8 mg daily should not be ex-
ceeded. 
Doxazosin may also be given as a modified-release
preparation.
◊ Reviews.
1. Fulton B, et al. Doxazosin: an update of its clinical pharmacolo-

gy and therapeutic applications in hypertension and benign pro-
static hyperplasia. Drugs 1995; 49: 295–320.

Benign prostatic hyperplasia. References to the use of dox-
azosin in patients with benign prostatic hyperplasia (p.2178).
1. Doggrell SA. After ALLHAT: doxazosin for the treatment of be-

nign prostatic hyperplasia. Expert Opin Pharmacother 2004; 5:
1957–64. 

2. MacDonald R, et al. Doxazosin for treating lower urinary tract
symptoms compatible with benign prostatic obstruction: a sys-
tematic review of efficacy and adverse effects. BJU Int 2004; 94:
1263–70. 

3. Goldsmith DR, Plosker GL. Doxazosin gastrointestinal thera-
peutic system: a review of its use in benign prostatic hyperplasia.
Drugs 2005; 65: 2037–47. 

4. Wilt TJ, MacDonald R. Doxazosin in the treatment of benign
prostatic hypertrophy: an update. Clin Interv Aging 2006; 1:
389–401. 

5. Bhardwa J, et al. Finasteride and doxazosin alone or in combina-
tion for the treatment of benign prostatic hyperplasia. Expert
Opin Pharmacother 2007; 8: 1337–44.

Hypertension. Alpha blockers are among the drug groups that
have been used as first-line therapy for hypertension (p.1171).
However, in the Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial (ALLHAT)1 the doxazosin
arm of the study was terminated early due to an increased inci-
dence of heart failure in patients receiving doxazosin compared
with those receiving chlortalidone and alpha blockers are now
only recommended for third-line therapy unless indicated for an-
other reason.
1. The ALLHAT Officers and Coordinators for the ALLHAT Col-

laborative Research Group. Major cardiovascular events in hy-
pertensive patients randomized to doxazosin vs chlorthalidone:
the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT). JAMA 2000; 283: 1967–75. Cor-
rection. ibid. 2002; 288: 2976.

Pain. For reference to the use of doxazosin in pain, see under
Uses of Phentolamine Mesilate, p.1371.

Preparations
USP 31: Doxazosin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cardura; Doxasin; Doxolbran; Lafedoxin; Prostazosina; Vazosin; Aus-
tria: Adoxa; Ascalan; Doxano†; Doxapress; Hibadren; Prostadilat; Su-
pressin; Braz.: Carduran; Doxsol; Euprostatin; Prodil†; Unoprost; Zoflux;
Canad.: Cardura; Chile: Alfadoxin; Angicon; Cardura; Dorbantil; Cz.: Car-
dura; Dosano; Dozone; Kamiren; Windoxa; Zoxon; Denm.: Biozosin; Car-
dosin; Carduran; Doxacar†; Fr.: Zoxan; Ger.: Alfamedin; Cardular; Dibloc-
in; Doxa-Puren; Doxacor ; Doxagamma; Doxamax†; DoxaUro†;
Doxazoflo; Doxazomerck†; Jutalar; Uriduct; Gr.: Cardura; Maguran; Protec-
tura; Hong Kong: Cardura; Doxasyn; Hung.: Cardura; Doxagal; Doxicard;
India: Doxacard; Indon.: Cardura; Irl.: Cardura; Doxatan; Israel: Cadex;
Cardoral; Doxaloc; Ital.: Benur; Cardura; Dedralen; Normothen; Jpn:
Cardenalin†; Malaysia: Cardura; Magurol; Pencor; Mex.: Cardura; Neth.:
Cardura; Progandol; Zoxan; Norw.: Carduran; NZ: Cardoxan; Dosan;
Pol.: Apo-Doxan; Cardura; Doxanorm; Doxar; Doxaratio; Doxonex; Ka-
miren; Prostatic; Vaxosin; Zoxon; Port.: Cardura; Rus.: Artezine
(Артезин); Cardura (Кардура); Kamiren (Камирен); Magurol (Магурол);
Tonocardin (Тонокардин); Zoxon (Зоксон); S.Afr.: Cardugen; Cardura;
Singapore: Cardura; Pencor; Spain: Carduran; Doxatensa; Doximax Neo;
Progandol; Swed.: Alfadil; Switz.: Cardura; Thai.: Cardura; Carxasin; Ca-
zosin; Dezcard; Dozozin; Duracard; Genzosin; Pencor; Turk.: Cardura;
Doksura; Doxacor; UK: Cardura; Doxadura; USA: Cardura; Venez.: Car-
dura.

Dronedarone (rINN)

Dronedarona; Dronédarone; Dronedaronum; SR-33589. N-(2-
Butyl-3-{p-[3-(dibutylamino)propoxy]benzoyl}-5-benzofura-
nyl)methanesulfonamide.
Дронедарон
C31H44N2O5S = 556.8.
CAS — 141626-36-0.

Profile
Dronedarone is structurally related to amiodarone and is under
investigation as an antiarrhythmic.
◊ References.
1. Touboul P, et al. Dronedarone for prevention of atrial fibrillation:

a dose-ranging study. Eur Heart J 2003; 24: 1481–7. 
2. Dale KM, White CM. Dronedarone: an amiodarone analog for

the treatment of atrial fibrillation and atrial flutter. Ann Pharma-
cother 2007; 41: 599–605. 

3. Singh BN, et al. EURIDIS and ADONIS Investigators. Drone-
darone for maintenance of sinus rhythm in atrial fibrillation or
flutter. N Engl J Med 2007; 357: 987–99.

Duteplase (rINN)

Duteplasa; Dutéplase; Duteplasum; 245-L-Methionine Plasmino-
gen Activator; SM-9527.
Дутеплаза
C2736H4174N914O824S46 = 64529.0.
CAS — 120608-46-0.

Profile
Duteplase is a thrombolytic drug. It is a biosynthetic derivative
of endogenous tissue plasminogen activator and has been used
similarly to alteplase (p.1207) in the treatment of thromboembol-
ic disorders, particularly acute myocardial infarction.
◊ References.
1. Hayashi H, et al. Effects of intravenous SM-9527 (double-chain

tissue plasminogen activator) on left ventricular function in the
chronic stage of acute myocardial infarction. Clin Cardiol 1993;
16: 409–14. 

2. Malcolm AD, et al. ESPRIT: a European study of the prevention
of reocclusion after initial thrombolysis with duteplase in acute
myocardial infarction. Eur Heart J 1996; 17: 1522–31.

Edaravone (rINN)

Edaravona; Édaravone; Edaravonum; MCI-186; Norphenazone.
3-Methyl-1-phenyl-2-pyrazolin-5-one.
Эдаравон
C10H10N2O = 174.2.
CAS — 89-25-8.

Profile
Edaravone is a free-radical scavenger used in the management of
acute ischaemic stroke (p.1185). It is given by intravenous infu-
sion in a dose of 30 mg twice daily, infused over 30 minutes, be-
ginning within 24 hours of stroke onset and continued for up to
14 days.
◊ References.
1. Edaravone Acute Infarction Study Group. Effect of a novel free

radical scavenger, edaravone (MCI-186), on acute brain infarc-
tion: randomized, placebo-controlled, double-blind study at mul-
ticenters. Cerebrovasc Dis 2003; 15: 222–9. 

2. Tsujita K, et al. Effects of edaravone on reperfusion injury in
patients with acute myocardial infarction. Am J Cardiol 2004;
94: 481–4. 

3. Tsujita K, et al. Long-term efficacy of edaravone in patients with
acute myocardial infarction. Circ J 2006; 70: 832–7. 

4. Hishida A. Clinical analysis of 207 patients who developed renal
disorders during or after treatment with edaravone reported dur-
ing post-marketing surveillance. Clin Exp Nephrol 2007; 11:
292–6. 

5. Watanabe T, et al. The novel antioxidant edaravone: from bench
to bedside. Cardiovasc Ther 2008; 26: 101–14.
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Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Radicut.

Efonidipine Hydrochloride (rINNM)

Éfonidipine, Chlorhydrate d’; Efonidipini Hydrochloridum; Hidro-
cloruro de efonidipino; NZ-105; Serefodipine Hydrochloride.
Cyclic 2,2-dimethyltrimethylene ester of 2-(N-benzylanilino)ethyl
(±)-1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-5-phosphononi-
continate hydrochloride .

Эфонидипина Гидрохлорид
C34H38N3O7P,HCl = 668.1.
CAS — 111011-63-3 (efonidipine); 111011-53-1 (efo-
nidipine hydrochloride).

(efonidipine)

Profile
Efonidipine is a dihydropyridine calcium-channel blocker with
general properties similar to those of nifedipine (p.1350). It is
used as the hydrochloride in the treatment of hypertension.

◊ References.
1. Tanaka H, Shigenobu K. Efonidipine hydrochloride: a dual

blocker of L- and T-type Ca  channels. Cardiovasc Drug Rev
2002; 20: 81–92.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Landel.

Enalapril (BAN, rINN)

Enalapriili; Énalapril; Enalaprilum. N-{N-[(S)-1-Ethoxycarbonyl-3-
phenylpropyl]-L-alanyl}-L-proline.

Эналаприл
C20H28N2O5 = 376.4.

CAS — 75847-73-3.
ATC — C09AA02.
ATC Vet — QC09AA02.

Enalapril Maleate (BANM, USAN, rINNM)

Enalapriilimaleaatti; Enalapril Maleat; Énalapril, maléate d’; Enal-
april maleinát; Enalaprili maleas; Enalaprilio maleatas; Enal-
aprilmaleat; Enalapril-maleát; Maleato de enalapril; MK-421. N-
{N-[(S)-1-Ethoxycarbonyl-3-phenylpropyl]-L-alanyl}-L-proline hy-
drogen maleate.

Эналаприла Малеат
C20H28N2O5,C4H4O4 = 492.5.
CAS — 76095-16-4.
ATC — C09AA02.
ATC Vet — QC09AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Enalapril Maleate). A white or almost white crys-
talline powder. Sparingly soluble in water; practically insoluble
in dichloromethane; freely soluble in methyl alcohol. It dissolves
in dilute solutions of alkali hydroxides. A 1% solution in water
has a pH of 2.4 to 2.9. Protect from light. 
USP 31 (Enalapril Maleate). An off-white crystalline powder.
Sparingly soluble in water; soluble in alcohol; freely soluble in
dimethylformamide and in methyl alcohol; slightly soluble in
semipolar organic solvents; practically insoluble in nonpolar
organic solvents.

Stability. Enalapril has been reported1,2 to be stable for at least
56 days in extemporaneously compounded oral liquids contain-
ing enalapril maleate 1 mg/mL in a number of vehicles.
1. Nahata MC, et al. Stability of enalapril maleate in three extem-

poraneously prepared oral liquids. Am J Health-Syst Pharm
1998; 55: 1155–7. 

2. Allen LV, Erickson MA. Stability of alprazolam, chloroquine
phosphate, cisapride, enalapril maleate, and hydralazine hydro-
chloride in extemporaneously compounded oral liquids. Am J
Health-Syst Pharm 1998; 55: 1915–20.

Enalaprilat (BAN, USAN, rINN)

Énalaprilate; Énalaprilate dihydraté; Enalaprilatum; Enalaprilatum
dihydricum; Enalaprilic acid; MK-422. N-{N-[(S)-1-Carboxy-3-
phenylpropyl]-L-alanyl}-L-proline dihydrate.

Эналаприлат
C18H24N2O5,2H2O = 384.4.
CAS — 76420-72-9 (anhydrous enalaprilat); 84680-54-6
(enalaprilat dihydrate).

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Enalaprilat Dihydrate). A white or almost white,
hygroscopic, crystalline powder. It exhibits pseudopolymor-
phism. Very slightly soluble or slightly soluble in water; sparing-
ly soluble in methyl alcohol; practically insoluble in acetonitrile.
Store in airtight containers. 
USP 31 (Enalaprilat). A white to nearly white, hygroscopic,
crystalline powder. Soluble 1 in 200 of water, 1 in 40 of dimeth-
ylformamide, and 1 in 68 of methyl alcohol; very slightly soluble
in alcohol, in acetone, and in hexane; practically insoluble in
acetonitrile and in chloroform; slightly soluble in isopropyl alco-
hol.

Incompatibility. Enalaprilat was visually incompatible1 with
phenytoin sodium in sodium chloride 0.9%, producing a crystal-
line precipitate; there was also some visual evidence of incom-
patibility when mixed with amphotericin B in glucose 5%.
1. Thompson DF, et al. Visual compatibility of enalaprilat with se-

lected intravenous medications during simulated Y-site injec-
tion. Am J Hosp Pharm 1990; 47: 2530–1.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.
Incidence of adverse effects. Postmarketing surveillance for
enalapril was carried out by prescription-event monitoring of
12 543 patients.1 There were 374 skin events including facial
oedema or angioedema in 29 (leading to withdrawal of treatment
in 10), 15 cases of photosensitivity, and urticaria in 32 (leading to
withdrawal in 5). Syncope and dizziness occurred in 155 and 483
patients respectively, sometimes in association with hypoten-
sion. Hypotension occurred in 218 patients, 71 in the first month.
Treatment was stopped in 121 patients with hypotension, and
dosage reduced in 36. Other adverse effects reported included
headache in 310 patients, paraesthesias in 126, taste disturbances
in 25, conjunctivitis in 67, tachycardia in 194, cough in 360, renal
failure in 82, muscle cramp in 96, diarrhoea in 236, and nausea
and vomiting in 326. Of 1098 deaths only 10, due to renal failure,
were thought possibly related to enalapril therapy. Dysgeusia and
skin reactions appeared to be less common than has been report-
ed for captopril, but precise comparisons were difficult; the range
of adverse effects was similar.2 
Deafness was a possible side-effect of enalapril noted earlier;2 it
was reported in 19 of the 12 543 patients monitored, but only
while they were taking enalapril, there being no record of deaf-
ness after treatment stopped. 
For further reference to some of these adverse effects, see under
ACE Inhibitors, p.1193.
1. Inman WHW, et al. Postmarketing surveillance of enalapril I:

results of prescription-event monitoring. BMJ 1988; 297: 826–9. 
2. Inman WHW, Rawson NSB. Deafness with enalapril and pre-

scription event monitoring. Lancet 1987; i: 872.

Breast feeding. After a single dose of enalapril 20 mg in 5
women enalaprilat was detected1 in breast milk in concentrations
of 1 to 2.3 nanograms/mL (mean peak 1.72 nanograms/mL);
enalapril was also present (mean peak 1.74 nanograms/mL).
This  compared with  peak serum values  of  39 to
112 nanograms/mL for enalaprilat and 92 to 151 nanograms/mL
for enalapril. Another study2 found no detectable enalaprilat in
the milk of 3 women, while in a further woman3 both enalapril
and enalaprilat were detected, but the concentrations were low.
Although enalapril and its metabolite are thus present in small
amounts in breast milk it was calculated that the average total
daily dose to the neonate would only be about 2 micrograms of
enalaprilat.1 The American Academy of Pediatrics4 lists no re-
ports of any clinical effect on the infant associated with the use
of enalapril by breast-feeding mothers, and states that therefore it
may be considered to be usually compatible with breast feeding.
1. Redman CWG, et al. The excretion of enalapril and enalaprilat in

human breast milk. Eur J Clin Pharmacol 1990; 38: 99. 
2. Huttunen K, et al. Enalapril treatment of a nursing mother with

slightly impaired renal function. Clin Nephrol 1989; 31: 278. 

3. Rush JE, et al. Comment. Clin Nephrol 1991; 35: 234. 
4. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 05/07/04)

Porphyria. Enalapril has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Enalapril acts as a prodrug of the diacid enalaprilat, its
active form, which is poorly absorbed orally. About
60% of an oral dose of enalapril is absorbed from the
gastrointestinal tract and peak plasma concentrations
are achieved within about 1 hour. Enalapril is exten-
sively hydrolysed in the liver to enalaprilat; peak plas-
ma concentrations of enalaprilat are achieved 3 to 4
hours after an oral dose of enalapril. Enalaprilat is 50 to
60% bound to plasma proteins. After an oral dose,
enalapril is excreted in the urine and in faeces, as enal-
aprilat and unchanged drug, with the urinary route pre-
dominating; more than 90% of an intravenous dose of
enalaprilat is excreted in the urine. The elimination of
enalaprilat is multiphasic but the effective half-life for
accumulation after multiple doses of enalapril is re-
ported to be about 11 hours in patients with normal re-
nal function. Enalaprilat is removed by haemodialysis
and by peritoneal dialysis.
◊ References.
1. MacFadyen RJ, et al. Enalapril clinical pharmacokinetics and

pharmacokinetic-pharmacodynamic relationships: an overview.
Clin Pharmacokinet 1993; 25: 274–82. 

2. Wells T, et al. The pharmacokinetics of enalapril in children and
infants with hypertension. J Clin Pharmacol 2001; 41: 1064–74.

Renal impairment. Comparison of the pharmacokinetics of
enalapril in 6 diabetics with persistent proteinuria and glomerular
filtration rates (GFR) of 44.1 to 58.4 mL/minute with those in 8
age-matched controls showed that in the diabetic group the peak
serum concentration of enalaprilat was higher, the time to peak
concentration longer, renal clearance lower, and the areas under
the concentration/time curve greater than in controls.1 Renal
clearance of enalaprilat in the diabetics ranged from 56 to
66 mL/minute compared with 105 to 133 mL/minute in controls;
clearance correlated with GFR.
1. Baba T, et al. Enalapril pharmacokinetics in diabetic patients.

Lancet 1989; i: 226–7.

Uses and Administration
Enalapril is an ACE inhibitor (p.1193) used in the treat-
ment of hypertension (p.1171) and heart failure
(p.1165). It may also be given prophylactically to pa-
tients with asymptomatic left ventricular dysfunction
to delay the onset of symptomatic heart failure, and has
been used in patients with left ventricular dysfunction
to reduce the incidence of coronary ischaemic events,
including myocardial infarction (p.1175). 
Enalapril owes its activity to enalaprilat to which it is
converted after oral doses. The haemodynamic effects
are seen within 1 hour of a single oral dose and the
maximum effect occurs after about 4 to 6 hours, al-
though the full effect may not develop for several
weeks during chronic dosing. The haemodynamic ac-
tion lasts for about 24 hours, allowing once-daily dos-
ing. Enalapril is given orally as the maleate. 
Enalaprilat is not absorbed orally but is given by intra-
venous injection; its haemodynamic effects develop
within 15 minutes of injection and reach a peak in 1 to
4 hours. The action lasts for about 6 hours at recom-
mended doses. Enalaprilat is given as the dihydrate,
but doses are expressed in terms of the anhydrous sub-
stance. Enalaprilat 1.38 mg as the dihydrate is equiva-
lent to about 1.25 mg of anhydrous enalaprilat. 
In the treatment of hypertension, an initial oral dose of
5 mg of enalapril maleate daily may be given. Since
there may be a precipitous fall in blood pressure in
some patients when starting therapy with an ACE in-
hibitor, the first dose should preferably be given at bed-
time. An initial dose of 2.5 mg daily should be given to
patients with renal impairment or to those who are re-
ceiving a diuretic; if possible, the diuretic should be
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

withdrawn 2 or 3 days before enalapril is started and
resumed later if necessary. The usual maintenance dose
is 10 to 20 mg given once daily, although doses of up
to 40 mg daily may be required in severe hypertension.
It may be given in 2 divided doses if control is inade-
quate with a single dose. 
When oral therapy of hypertension is impractical enal-
aprilat may be given in a dose of 1.25 mg by slow in-
travenous injection or infusion over at least 5 minutes,
repeated every 6 hours if necessary; the initial dose
should be halved in patients with renal impairment
(creatinine clearance less than 30 mL/minute) or those
who are receiving a diuretic. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should begin with a low dose under
close medical supervision. In patients with heart failure
or asymptomatic left ventricular dysfunction enalapril
maleate is given orally in an initial dose of 2.5 mg dai-
ly. The usual maintenance dose is 20 mg daily as a
single dose or in 2 divided doses although up to 40 mg
daily in 2 divided doses has been given.
Administration in children. Enalapril may be used in the
management of hypertension in children.1 The initial dose is
80 micrograms/kg once daily, with a maximum of 5 mg, adjust-
ed according to response. Alternatively, children weighing 20 to
below 50 kg may be given an initial dose of 2.5 mg once daily,
increased to a maximum of 20 mg daily, while children weighing
50 kg or over may be given an initial dose of 5 mg once daily,
increased to a maximum of 40 mg daily. Doses above
580 micrograms/kg or 40 mg daily have not been studied. 
Enalapril has also been given to infants with severe heart failure
in doses of 100 to 500 micrograms/kg daily as an oral suspension
produced by suspending a crushed tablet in water.2 In this study
one infant, with severe myocarditis, developed hypotension and
the drug had to be withdrawn; the remaining 7 showed clinical
improvement on a mean enalapril dose of 260 micrograms/kg
daily and were able markedly to reduce the dose of concomitant
diuretic required. Another study in 10 infants found that enalapril
was less bioavailable and probably had a shorter duration of ac-
tion in infants than in adults, and that doses of 80 micrograms/kg
daily were inadequate in the treatment of infant heart failure.3 A
larger study in 63 infants and children (median age 5.4 months)
with heart failure found enalapril 360 micrograms/kg daily to be
of benefit, whereas there was no improvement with a lower dose
of 240 micrograms/kg daily.4
1. Wells T, et al. A double-blind, placebo-controlled, dose-re-

sponse study of the effectiveness and safety of enalapril for chil-
dren with hypertension. J Clin Pharmacol 2002; 42: 870–80. 

2. Frenneaux M, et al. Enalapril for severe heart failure in infancy.
Arch Dis Child 1989; 64: 219–23. 

3. Lloyd TR, et al. Orally administered enalapril for infants with
congestive heart failure: a dose-finding study. J Pediatr 1989;
114: 650–4. 

4. Leversha AM, et al. Efficacy and dosage of enalapril in congen-
ital and acquired heart disease. Arch Dis Child 1994; 70: 35–9.

Preparations
BP 2008: Enalapril Tablets; 
USP 31: Enalapril Maleate and Hydrochlorothiazide Tablets; Enalapril
Maleate Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Baypril; Defluin; Dentromin; Ecaprilat; Enalafel; Enalapoten; Enaldun;
Enatral; Enatrial; Eritril; Fabotensil; Gadopril; Glioten; Hipertan; Kinfil; Lotrial;
Maxen; Nalapril; Presi Regul; Priltenk; Renitec; Sulocten; Tencas; Vapresan;
Vasopril; Austral.: Alphapril; Amprace; Auspril; Enahexal; Enalabell; Renitec;
Austria: Alapril; Enac; Enalanorm; Enapril; Enaran; Enatyrol†; Mepril; Renis-
tad; Renitec; Belg.: Renitec; Braz.: Angiopril†; Atens; Blootec†; Enalabal;
Enalamed; Enalaplex†; Enalatec; Enalil; Enalprin†; Enaprotec†; Enatec†; Ena-
ton†; Eupressin; Glioten; Hipertin†; Lowpress†; Maleapril†; Multipressim;
Nalaprix†; Neolapril†; Pressel; Pressotec; Prodopressin; Pryltec; Renalapril;
Renipress; Renitec; Renopress†; Sanvapress; Sifpryl†; Vasopril; Canad.: Va-
sotec; Chile: Bajaten; Enalten; Esalfon; Glioten; Grifopril; Hiperson; Hipoar-
tel†; Lotrial; Vasolat†; Cz.: Acetensil†; Berlipril; E-Cor†; Ednyt; Enap; Ena-
pirex†; Enapril; Invoril; Renitec; Denm.: Aceren†; Alacor†; Corodil;
Enacodan; Enadil†; Renitec; Fin.: Enaloc†; Enapress†; Linatil; Renitec; Fr.:
Renitec; Ger.: Benalapril; Corvo; Ena; Ena-Puren; Enabeta; enadura; Ena-
hexal; Enal†; Enalagamma; EnaLich; Enalind†; Jutaxan; Pres; Xanef; Gr.: Agi-
oten; Analept; Antiprex; Erxetilan; Gnostocardin; Kaparlon-S; Kontic†; Leo-
vinezal; Megapress; Octorax; Ofnifenil; Protal†; Rablas; Renitec; Stadelant;
Supotron; Ulticadex; Virfen; Vitobel†; Hong Kong: Anapril; Danssan; Enal-
dun; Lapril; Renitec; Hung.: Acepril; Berlipril; Ednyt; Enap; Enapril; Invoril;
Renapril; Renitec; India: BQL; Dilvas; Ena; EnAce; Envas; Nuril; Indon.:
Meipril; Renacardon; Tenace; Irl.: Ednyt†; Enap; Innomel†; Innovace; Israel:
Convertin; Enaladex; Ital.: Converten; Enapren; Naprilene; Silverit; Malay-
sia: Acetec; Enapril; Invoril; Renitec; Zynace†; Mex.: Adytenn; Albec; Apo-
Pyl; Bimetdad; Bionafil; Blocatril; EK-3; Enaladil; Enoval; Euronal; Feliberal; Gli-
oten; Imotoran; Kenopril†; Lipraken; Nalabest; Norpril; Palane; Pulsol; Qui-
malan†; Ralser; Renitec; Vexotil; Neth.: Renitec; Norw.: Linatil†; Renitec;
NZ: Enahexal; Renitec; Philipp.: Acebitor; Hipertal; Hypace; Naprilate;
Renitec; Stadenace; Vasopress; Pol.: Benalapril; Ednyt; Enap; Enarenal; Ena-
zil; Epril; Mapryl; Port.: Balpril; Cetampril; Chipil; Denapril; Diasistol; En-
apress; Hipobar; Hipten†; Malen†; Prilan; Renipril†; Renitec; Tensazol; Rus.:
Bagopril (Багоприл); Berlipril (Берлиприл); Ednyt (Эднит); Enafarm
(Энафарм); Enam (Энам); Enap (Энап); Enarenal (Энаренал); Enazil
(Эназил)†; Envas (Энвас); Invoril (Инворил); Kalpiren (Кальпирен); Myo-

pril (Миоприл); Renipril (Рениприл); Renitec (Ренитек); Vasopren
(Вазопрен)†; S.Afr.: Alapren; Ciplatec; Enap; Hypace†; Pharmapress; Ren-
itec; Singapore: Anapril; Corprilor; Daren†; Enap; Enaril; Invoril; Korandil;
Renaton†; Renitec; Spain: Acetensil; Baripril; Bitensil; Clipto; Controlvas;
Corprilor; Crinoren; Dabonal; Ditensor; Herten; Hipoartel; Iecatec; Insup;
Nacor†; Naprilene; Neotensin; Pressitan; Reca; Renitec; Swed.: Linatil; Ren-
itec; Switz.: Acepril; Elpradil; ena-basan†; Enasifar†; Enatec; Epril; Reniten;
Vasocor; Thai.: Anapril; Enam; Enapril; Enaril; Envas; Iecatec†; Invoril; Isto-
pril; Korandil; Lapril; Nalopril; Naritec; Renitec; Unaril; Turk.: Enalap; Enapril;
Konveril; Renitec; Vasolapril; UAE: Narapril; UK: Enacard†; Innovace; Prale-
nal†; USA: Vasotec; Venez.: Cosil; Dinid; Enalaprin†; Enam†; Enaprival†;
Enecal; Fibrosan; Hiperpril; Lapril†; Prilace; Redopril; Reminal; Renitec; Te-
soren†.
Multi-ingredient: Arg.: Co-Renitec; Defluin Plus; Fabotensil D; Gadopril
D; Gliotenzide; Kinfil D; Lotrial D; Lotrix†; Maxen D; Nikion†; Presi Regul
D; Tencas D; Vapresan Diur; Austral.: Renitec Plus; Austria: Co-Enac; Co-
Enalapril; Co-Enaran; Co-Enatyrol†; Co-Mepril; Co-Renitec; Corenistad;
Enacostad†; Enalapril Comp; Enalapril/HCT; Renitec Plus; Synerpril; Belg.:
Co-Enalapril; Co-Renitec; Braz.: Atens H; Atmos; Co-Enalil; Co-Enapro-
tec†; Co-Pressoless; Co-Pressotec; Co-Renitec; Duopril; Enatec F†; Eu-
pressin H; Gliotenzide; Malena HCT; Pryltec-H; Sinergen; Vasopril Plus; Ca-
nad.: Vaseretic; Chile: Bajaten D; Enalten D; Enalten DN; Esalfon-D;
Grifopril-D; Hiperson-D; Hipoartel H†; Lotrial D; Normaten; Normaten
Plus; Cz.: Enap-H; Enap-HL; Denm.: Co-Renitec†; Corodil Comp; Enacoz-
id; Synerpril; Fin.: Enalapril Comp; Enaloc Comp†; Linatil Comp; Renitec
Comp; Renitec Plus; Fr.: Co-Renitec; Ger.: Benalapril Plus; Corvo HCT;
Enabeta comp; Enadura Plus; Enahexal comp; Enala-Q comp; Enalagamma
HCT; Enalapril Comp; Enalapril HCT; Enalapril plus; Enalapril-saar Plus;
EnaLich comp; Enaplus; Eneas; Pres plus; Renacor; Gr.: Bumeftyl; Co-Reni-
tec; Coredopril; Eneas; Enit; Iperton; Modinexil†; Nolarmin; Penopril; Protal
complex; Savosan; Siberian; Hong Kong: Co-Renitec; Hung.: Acepril
PlusZ; Co-Enalapril; Co-Renitec; Ednyt HCT; Ednyt Plus; Enalapril Hexal
Plus; Enalapril-HCT; Enap-HL; Renapril Plus; Renitec Plus; India: Dilvas AM;
EnAce-D; Invozide; Indon.: Tenazide; Irl.: Innozide; Israel: Naprizide; Ital.:
Acesistem; Condiuren; Gentipress; Neoprex; Sinertec; Vasoretic; Mex.:
Co-Renitec; Gliotenzide; Neth.: Co-Renitec; Enacostad†; Renitec Plus;
Norw.: Enalapril Comp; Renitec Comp; NZ: Co-Renitec; Philipp.: Co-
Renitec; Pol.: Enap H; Enap HL; Port.: Enatia; Eneas; Enit; Laprilen; Neodur;
Norpramin; Renidur; Renipril Plus; Rus.: Co-Renitec (Ко-Ренитек); Enap-
H (Энап H); Enap-HL (Энап-НЛ); Enzix (Энзикс); Renipril HT (Рениприл
ГТ); S.Afr.: Co-Renitec; Enap-Co; Pharmapress Co; Singapore: Co-Reni-
tec; Enap-HL; Gliotenzide; Spain: Acediur; Acetensil Plus; Baripril Diu;
Bitensil Diu; Co-Renitec; Crinoretic; Dabonal Plus; Ditenside; Eneas; Enit;
Hipoartel Plus; Neotensin Diu; Pressitan Plus; Renitecmax; Vipres; Zorail;
Swed.: Enalapril Comp; Linatil Comp; Renitec Comp; Synerpril; Switz.:
Co-Acepril; Co-Enalapril; Co-Enatec; Co-Epril; Co-Reniten; Co-Vasocor;
Elpradil HCT; Epril Plus; Reniten Plus; Turk.: Konveril Plus; UK: Innozide;
USA: Lexxel; Teczem; Vaseretic; Venez.: Co-Renitec; Duopres; Priretic†;
Reminalet.

Endralazine Mesilate (BANM, rINNM)

BQ-22-708; Compound 22-708; Endralazine, Mésilate d’; En-
dralazine Mesylate (USAN); Endralazini Mesilas; Mesilato de en-
dralazina. 6-Benzoyl-5,6,7,8-tetrahydropyrido[4,3-c]pyridazin-3-
ylhydrazone monomethanesulfonate.
Эндралазина Мезилат
C14H15N5O,CH4O3S = 365.4.
CAS — 39715-02-1 (endralazine); 65322-72-7 (endrala-
zine mesilate).
ATC — C02DB03.
ATC Vet — QC02DB03.

(endralazine)

Profile
Endralazine is a vasodilator with properties similar to those of
hydralazine (p.1305). It has been used as the mesilate in the man-
agement of hypertension.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Miretilan†.

Enoxaparin Sodium (BAN, USAN, rINN)

Enoksapariininatrium; Enoksaparin Sodyum; Enoksaparino natrio
druska; Enoksaparyna sodowa; Enoxaparin sodná sůl; Enoxapari-
na sódica; Énoxaparine sodique; Enoxaparinnatrium; Enoxaparin-
nátrium; Enoxaparinum natricum; PK-10169; RP-54563.
Эноксапарин Натрий
CAS — 9041-08-1; 679809-58-6.
ATC — B01AB05.
ATC Vet — QB01AB05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Enoxaparin Sodium). The sodium salt of a low-mo-
lecular-mass heparin that is obtained by alkaline depolymerisa-
tion of the benzyl ester derivative of heparin from porcine intes-
tinal mucosa. The majority of the components have a 4-
enopyranose uronate structure at the non-reducing end of their
chain; 15 to 25% of the components have a 1,6-anhydro structure
at the reducing end of their chain. The mass-average molecular
mass ranges between 3800 and 5000 with a characteristic value

of about 4500. The degree of sulfation is about 2 per disaccharide
unit. 
The potency is not less than 90 units and not more than 125 units
of anti-factor Xa activity per mg, calculated with reference to the
dried substance. The anti-factor IIa activity is not less than
20 units and not more than 35 units per mg, calculated with ref-
erence to the dried substance. The ratio of anti-factor Xa activity
to anti-factor IIa activity is between 3.3 and 5.3. 
A 10% solution in water has a pH of 6.2 to 7.7. 
USP 31 (Enoxaparin Sodium). The sodium salt of a depolymer-
ised heparin obtained by alkaline depolymerisation of the benzyl
ester derivative of heparin from porcine intestinal mucosa. Enox-
aparin sodium consists of a complex set of oligosaccharides that
have not yet been completely characterised. The majority of the
components have a 4-enopyranose uronate structure at the non-
reducing end of their chain. About 20% of the components con-
tain a 1,6-anhydro derivative on the reducing end of the chain.
The mass-average molecular weight of enoxaparin sodium is
4,500, the range being between 3,800 and 5,000. 
It has a potency of not less than 90 units and not more than
125 units of anti-factor Xa per mg, and not less than 20 units and
not more than 35 units of anti-factor IIa per mg, calculated with
reference to the dried substance. The ratio of anti-factor Xa activ-
ity to anti-factor IIa activity is between 3.3 and 5.3. 
A 10% solution in water has a pH of 6.2 to 7.7. Store in airtight
containers at a temperature below 40°.

Units
As for Low-molecular-weight Heparins, p.1329.

Adverse Effects, Treatment, and Precau-
tions
As for Low-molecular-weight Heparins, p.1329. Pa-
tients with low body-weight (women below 45 kg,
men below 57 kg) may be at higher risk of bleeding
with prophylactic doses of enoxaparin and require
careful monitoring. 
Severe bleeding with enoxaparin may be reduced by
the slow intravenous injection of protamine sulfate;
1 mg of protamine sulfate is stated to inhibit the effects
of 1 mg (100 units) of enoxaparin sodium.

Interactions
As for Low-molecular-weight Heparins, p.1329.

Pharmacokinetics
Enoxaparin is rapidly and almost completely absorbed
after subcutaneous injection with a bioavailability of
about 100%. Peak plasma activity is reached within 1
to 5 hours. The elimination half-life is about 4 to 5
hours but anti-factor Xa activity persists for up to 24
hours after a 40-mg dose. Elimination is prolonged in
patients with renal impairment. Enoxaparin is metabo-
lised in the liver and excreted in the urine, as un-
changed drug and metabolites.
◊ References.
1. Hulot JS, et al. Effect of renal function on the pharmacokinetics

of enoxaparin and consequences on dose adjustment. Ther Drug
Monit 2004; 26: 305–10. 

2. Kruse MW, Lee JJ. Retrospective evaluation of a pharmacoki-
netic program for adjusting enoxaparin in renal impairment. Am
Heart J 2004; 148: 582–9.

Uses and Administration
Enoxaparin sodium is a low-molecular-weight heparin
(p.1329) with anticoagulant properties. It is used in the
treatment and prophylaxis of venous thromboembo-
lism (p.1189) and to prevent clotting during extracor-
poreal circulation. It is also used in the management of
unstable angina (p.1157) and in ST-elevation myocar-
dial infarction (p.1175). 
In the prophylaxis of venous thromboembolism dur-
ing surgical procedures, enoxaparin sodium is given by
subcutaneous injection; treatment is continued for 7 to
10 days or until the patient is ambulant. 
• Patients at low to moderate risk are given 20 mg

(2000 units) once daily with the first dose about 2
hours pre-operatively. 

• In patients at high risk, such as those undergoing
orthopaedic surgery, the dose should be increased to
40 mg (4000 units) once daily with the initial dose
given about 12 hours before the procedure. Alterna-
tively, a dose of 30 mg (3000 units) may be given
subcutaneously twice daily, starting within 12 to 24
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hours after operation. After hip replacement surgery,
enoxaparin sodium may be continued in a dose of
40 mg (4000 units) once daily for a further 3 weeks. 

• For the prophylaxis of thromboembolism in immo-
bilised medical patients, the dose is 40 mg
(4000 units) once daily for at least 6 days; treatment
should be continued until the patient is fully ambu-
lant, up to a maximum of 14 days. 

For the treatment of deep-vein thrombosis enoxaparin
sodium is given subcutaneously in a dose of 1 mg/kg
(100 units/kg) every 12 hours, or 1.5 mg/kg
(150 units/kg) once daily, for at least 5 days and until
oral anticoagulation is established. 
For prevention of clotting in the extracorporeal circula-
tion during haemodialysis, enoxaparin sodium
1 mg/kg (100 units/kg) is introduced into the arterial
line of the circuit at the beginning of the dialysis ses-
sion. A further dose of 0.5 to 1 mg/kg (50 to
100 units/kg) may be given if required. The dose
should be reduced in patients at high risk of haemor-
rhage. 
In the management of unstable angina, enoxaparin
sodium is given subcutaneously in a dose of 1 mg/kg
(100 units/kg) every 12 hours. Treatment is usually
continued for 2 to 8 days. 
In acute ST-elevation myocardial infarction the initial
dose of enoxaparin is 30 mg (3000 units) intravenous-
ly, with a subcutaneous dose of 1 mg/kg (100 units/kg)
given at the same time. Further doses of 1 mg/kg
(100 units/kg) should be given subcutaneously every
12 hours for 8 days or until hospital discharge. The first
2 subcutaneous doses should not exceed 100 mg
(10 000 units) each. For patients who undergo a percu-
taneous coronary intervention, an additional intrave-
nous dose of 300 micrograms/kg (30 units/kg) should
be given at the time of the procedure if the last subcu-
taneous dose was given more than 8 hours previously.
Patients aged 75 years and older with acute myocardial
infarction should be given subcutaneous doses only;
the recommended dose is 750 micrograms/kg
(75 units/kg) every 12 hours, with a maximum of
75 mg (7500 units) for each of the first 2 doses. 
The dose of enoxaparin sodium should be reduced in
patients with severe renal impairment (see below).
◊ References.
1. Noble S, et al. Enoxaparin: a reappraisal of its pharmacology and

clinical applications in the prevention and treatment of throm-
boembolic disease. Drugs 1995; 49: 388–410. 

2. Noble S, Spencer CM. Enoxaparin: a review of its clinical poten-
tial in the management of coronary artery disease. Drugs 1998;
56: 259–72. 

3. Harvey DM, Offord RH. Management of venous and cardiovas-
cular thrombosis: enoxaparin. Hosp Med 2000; 61: 628–36. 

4. Ibbotson T, Goa KL. Enoxaparin: an update of its clinical use in
the management of acute coronary syndromes. Drugs 2002; 62:
1407–31. 

5. Fareed J, et al. Pharmacodynamic and pharmacokinetic proper-
ties of enoxaparin: implications for clinical practice. Clin Phar-
macokinet 2003; 42: 1043–57. 

6. Siddiqui MAA, Wagstaff AJ. Enoxaparin: a review of its use as
thromboprophylaxis in acutely ill, nonsurgical patients. Drugs
2005; 65: 1025–36. 

7. Carter NJ, et al. Enoxaparin: a review of its use in ST-segment
elevation myocardial infarction. Drugs 2008; 68: 691–710.

Administration in infants and children. Increasing num-
bers of infants and children are given anticoagulants for the man-
agement of thromboembolism. Few controlled studies have been
carried out in this age group and recommendations for therapy
have generally been adapted from adult guidelines. Low-molec-
ular-weight heparins may have a number of advantages in chil-
dren. Enoxaparin has been used for the prophylaxis1 of throm-
boembolism in children including neonates, and for treatment in
children including neonates1-3 and preterm infants.1,3-5 Younger
children may require a higher dose than older children. US
guidelines recommend the following doses for treatment6 of
thromboembolism: 
• under 2 months of age: 1.5 mg/kg (150 units/kg) every 12

hours 
• over 2 months of age: 1 mg/kg (100 units/kg) every 12 hours 
Doses for prophylaxis6 are: 
• under 2 months of age: 750 micrograms/kg (75 units/kg) eve-

ry 12 hours 
• over 2 months of age: 500 micrograms/kg (50 units/kg) every

12 hours 
Similar doses are recommended in the UK by the BNFC, al-
though it specifies slightly modified doses in neonates, in whom

it recommends 1.5 to 2 mg/kg twice daily for treatment and
750 micrograms/kg twice daily for prophylaxis.
1. Dix D, et al. The use of low molecular weight heparin in pediat-

ric patients: a prospective cohort study. J Pediatr 2000; 136:
439–45. 

2. Massicotte P, et al. Low-molecular-weight heparin in pediatric
patients with thrombotic disease: a dose finding study. J Pediatr
1996; 128: 313–18. 

3. Streif W, et al. Use of low molecular mass heparin (enoxaparin)
in newborn infants: a prospective cohort study of 62 patients.
Arch Dis Child Fetal Neonatal Ed 2003; 88: F365–F370. 

4. Dunaway KK, et al. Use of enoxaparin in a preterm infant. Ann
Pharmacother 2000; 34: 1410–13. 

5. Michaels LA, et al. Low molecular weight heparin in the treat-
ment of venous and arterial thromboses in the premature infant.
Pediatrics 2004; 114: 703–7. 

6. Monagle P, et al. Antithrombotic therapy in neonates and chil-
dren: American College of Chest Physicians evidence-based
clinical practice guidelines (8th edition). Chest 2008; 133 (sup-
pl): 887S–968S.

Administration in renal impairment. Careful monitoring is
required when enoxaparin sodium is given to patients with mild
to moderate renal impairment.1 In severe renal impairment (cre-
atinine clearance less than 30 mL/minute) the dose should be re-
duced. For prophylaxis of venous thromboembolism, UK li-
censed product information recommends a dose of 20 mg
(2000 units) subcutaneously once daily whereas US licensed
product information recommends a subcutaneous dose of 30 mg
(3000 units) once daily. For treatment of venous thromboembo-
lism, unstable angina, or acute myocardial infarction in patients
aged 75 years or older, a dose of 1 mg/kg (100 units/kg) subcu-
taneously once daily is advised; patients under 75 years with myo-
cardial infarction should additionally be given a single intrave-
nous dose of 30 mg (3000 units) with the first subcutaneous dose.
However, the adequacy of a once-daily dose in patients with acute
coronary syndromes has been questioned and alternative dosage
regimens have been suggested.2,3
1. Brophy DF, Sica DA. Use of enoxaparin in patients with chronic

kidney disease: safety considerations. Drug Safety 2007; 30:
991–4. 

2. Hulot J-S, et al. Dosing strategy in patients with renal failure
receiving enoxaparin for the treatment of non-ST-segment eleva-
tion acute coronary syndrome. Clin Pharmacol Ther 2005; 77:
542–52. 

3. Green B, et al. Dosing strategy for enoxaparin in patients with
renal impairment presenting with acute coronary syndromes. Br
J Clin Pharmacol 2005; 59: 281–90.

Preparations
USP 31: Enoxaparin Sodium Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Clexane; Dilutol; Austral.: Clexane; Austria: Lovenox; Belg.: Clex-
ane; Braz.: Clexane; Cutenox†; Dripanina; Canad.: Lovenox; Chile: Clex-
ane; Nu-Rox; Cz.: Clexane; Denm.: Klexane; Fin.: Klexane; Fr.: Lovenox;
Ger.: Clexane; Gr.: Clexane; Hong Kong: Clexane; Hung.: Clexane; In-
dia: Clexane; Indon.: Lovenox; Irl.: Clexane; Israel: Clexane; Ital.: Clex-
ane; Malaysia: Clexane; Mex.: Clexane; Neth.: Clexane; Norw.: Klexane;
NZ: Clexane; Philipp.: Clexane; Pol.: Clexane; Port.: Klexane; Lovenox;
Rus.: Clexane (Клексан); S.Afr.: Clexane; Singapore: Clexane; Spain: Cl-
exane; Decipar; Swed.: Klexane; Switz.: Clexane; Thai.: Clexane; Turk.:
Clexane; UK: Clexane; USA: Lovenox; Venez.: Clexane; Enoparin.
Multi-ingredient: Cz.: Clexane anti Xa-IU.

Enoximone (BAN, USAN, rINN)

Enoksimoni; Enoximon; Enoximona; Énoximone; Enoximonum;
Fenoximone; MDL-17043; MDL-19438; RMI-17043; YMDL-
17043. 4-Methyl-5-[4-(methylthio)benzoyl]-4-imidazolin-2-one.
Эноксимон
C12H12N2O2S = 248.3.
CAS — 77671-31-9.
ATC — C01CE03.
ATC Vet — QC01CE03.

Incompatibility. Crystal formation has occurred when enoxi-
mone injection was mixed in glass containers or syringes; the
manufacturer recommends that only plastic containers or syring-
es are used for dilutions. The manufacturer also recommends that
only sodium chloride 0.9% or water be used as diluents. Glucose
solutions should not be used for dilution as crystal formation may
occur.

Adverse Effects
Long-term oral treatment with enoximone has been re-
ported to increase the mortality rate and enoximone is
now only given intravenously for short-term use. 
Enoximone may cause ventricular and supraventricu-
lar tachyarrhythmias, ectopic beats, and hypotension. 

Adverse effects of enoximone affecting the gastroin-
testinal tract include diarrhoea, nausea, and vomiting.
Other adverse effects include headache, insomnia,
chills, oliguria, fever, urinary retention, and limb pain.
There have been reports of thrombocytopenia and ab-
normal liver enzyme values.
Effects on the nervous system. Tonic-clonic convulsions
have been reported1 in a patient given enoximone
6 micrograms/kg per minute by intravenous infusion. The con-
vulsions subsided when enoximone was stopped.
1. Appadurai I, et al. Convulsions induced by enoximone adminis-

tered as a continuous intravenous infusion. BMJ 1990; 300:
613–14.

Hyperosmolality. Hyperosmolality occurred in an infant dur-
ing intravenous infusion of enoximone 20 micrograms/kg per
minute. The probable cause was propylene glycol in the enoxi-
mone injection providing a dose of 2.4 mg/kg per minute.1
1. Huggon I, et al. Hyperosmolality related to propylene glycol in

an infant treated with enoximone infusion. BMJ 1990; 301:
19–20.

Precautions
Enoximone should be used with caution in patients
with hypertrophic cardiomyopathy or severe obstruc-
tive aortic or pulmonary valvular disease. 
Blood pressure, heart rate, ECG, fluid and electrolyte
status, and renal function should be monitored during
therapy. Platelet count and liver enzyme values should
also be monitored. 
The injection has a high pH (about 12) and must be
diluted before use (but see Incompatibility, above). Ex-
travasation should be avoided. 
Doses may need to be reduced in hepatic or renal im-
pairment (see under Uses and Administration, below).

Pharmacokinetics
Although enoximone is absorbed from the gastrointes-
tinal tract it is no longer given orally. The plasma elim-
ination half-life varies widely; it may be about 1 to 4
hours in healthy subjects and about 3 to 8 hours in pa-
tients with heart failure, but longer times have been re-
ported. Enoximone is about 85% bound to plasma pro-
teins. It is metabolised in the liver and is excreted in the
urine, mainly as metabolites. After intravenous doses
about 70% of a dose is excreted in the urine as metab-
olites and less than 1% as unchanged drug.
◊ General references.
1. Rocci ML, Wilson H. The pharmacokinetics and pharmacody-

namics of newer inotropic agents. Clin Pharmacokinet 1987; 13:
91–109. Correction. ibid. 1988; 14: (contents page). 

2. Booker PD, et al. Enoximone pharmacokinetics in infants. Br J
Anaesth 2000; 85: 205–10.

Uses and Administration
Enoximone is a phosphodiesterase inhibitor similar to
amrinone (p.1215) with positive inotropic and vasodi-
lator activity. It is given intravenously in the short-term
management of heart failure. In some long-term stud-
ies it was given orally, but an increased mortality rate
was reported. 
The usual initial dose of enoximone by intravenous in-
jection is 0.5 to 1.0 mg/kg given at a rate not greater
than 12.5 mg/minute. This may be followed by doses
of 500 micrograms/kg every 30 minutes until a satis-
factory response is obtained or a total dose of 3 mg/kg
has been given. Alternatively, the initial dose may be
given as a continuous intravenous infusion in a dose of
90 micrograms/kg per minute over 10 to 30 minutes
until the desired response is achieved. 
For maintenance therapy the initial dose (up to a total
of 3 mg/kg) may be repeated as required every 3 to 6
hours or a continuous or intermittent infusion may be
given in a dose of 5 to 20 micrograms/kg per minute. 
The total dose over 24 hours should not exceed
24 mg/kg. 
Dosage may need to be reduced in patients with hepat-
ic or renal impairment (see below).
◊ General references.
1. Vernon MW, et al. Enoximone: a review of its pharmacological

properties and therapeutic potential. Drugs 1991; 42: 997–1017.

Administration in hepatic and renal impairment. The
elimination half-life of enoximone after intravenous administra-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

tion was 2.16 hours in a patient with hepatic impairment and 1.33
hours in a patient with renal impairment. The mean elimination
half-life in patients with normal hepatic and renal function was
1.26 hours. It was suggested that patients with renal impairment
should be monitored and have plasma concentrations measured
during continuous infusions and that in hepatic disease the dos-
age may need to be modified.1 Similarly, in a study2 in paediatric
patients receiving intravenous enoximone clearance was reduced
in those with renal or hepatic impairment and it was suggested
that the infusion rate should be decreased in such patients.
1. Desager JP, et al. Plasma enoximone concentrations in cardiac

patients. Curr Ther Res 1990; 47: 743–52. 
2. Booker PD, et al. Enoximone pharmacokinetics in infants. Br J

Anaesth 2000; 85: 205–10.

Beta blocker overdosage. Enoximone, given intravenously
as a bolus dose of 0.5 mg/kg followed by an infusion of
15 micrograms/kg per minute, successfully increased the cardiac
output and stroke volume in a woman who had ingested 10 g of
metoprolol.1 It was suggested that enoximone may be useful in
such patients since its action does not involve the beta-adrenergic
system. Use to treat propranolol overdose has also been de-
scribed.2

1. Hoeper MM, Boeker KHW. Overdose of metoprolol treated with
enoximone. N Engl J Med 1996; 335: 1538. 

2. Sandroni C, et al. Enoximone in cardiac arrest caused by pro-
pranolol: two case reports. Acta Anaesthesiol Scand 2006; 50:
759–61.

Heart failure. Enoximone is one of several drugs that may be
used in heart failure (p.1165), but because of an increased mor-
tality rate reported following long-term oral use it is only given
intravenously for short-term management of heart failure unre-
sponsive to other treatments. In a comparison of oral enoximone
and placebo in patients with moderate to moderately severe heart
failure,1 enoximone was no better than placebo in improving ex-
ercise duration over the 16-week study period. Although the
overall incidence of adverse effects was similar in the two
groups, 5 patients receiving enoximone died compared with
none in the placebo group. Low doses of oral enoximone (gener-
ally 25 or 50 mg three times daily) have been tried in an attempt
to wean patients with severe (NYHA class IV) heart failure from
intravenous inotropic support, but with little or only limited suc-
cess.2

1. Uretsky BF, et al. Multicenter trial of oral enoximone in patients
with moderate to moderately severe congestive heart failure:
lack of benefit compared with placebo. Circulation 1990; 82:
774–80. 

2. Feldman AM, et al. EMOTE Study Group. Low-dose oral enoxi-
mone enhances the ability to wean patients with ultra-advanced
heart failure from intravenous inotropic support: results of the
oral enoximone in intravenous inotrope-dependent subjects trial.
Am Heart J 2007; 154: 861–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Perfan; Fr.: Perfane†; Ger.: Perfan; Irl.: Perfan; Ital.: Perfan; Neth.:
Perfan; UK: Perfan.

Epitizide (BAN, rINN) ⊗ 
Epithiazide (USAN); Epitizida; Épitizide; Epitizidum; Eptizida; NSC-
108164; P-2105. 6-Chloro-3,4-dihydro-3-(2,2,2-trifluoroethylthi-
omethyl)-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-diox-
ide.

Эпитизид

C10H11ClF3N3O4S3 = 425.9.
CAS — 1764-85-8.

Profile
Epitizide is a thiazide diuretic (see Hydrochlorothiazide, p.1307)
used in the treatment of hypertension and oedema, often with tri-
amterene.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Belg.: Dyta-Urese; Neth.: Dyta-Urese.

Eplerenone (USAN, rINN) ⊗ 
Eplerenona; Éplérénone; Eplerenonum; SC-66110. 9,11α-Epoxy-
17-hydroxy-3-oxo-17α-pregn-4-ene-7α,21-dicarboxylic acid γ-
lactone methyl ester.
Эплеренон
C24H30O6 = 414.5.
CAS — 107724-20-9.
ATC — C03DA04.
ATC Vet — QC03DA04.

Adverse Effects
As for Spironolactone, p.1400. Hypercholesterolae-
mia, hypertriglyceridaemia, and increases in liver en-
zymes have also occurred.

Precautions
As for Spironolactone, p.1400.

Interactions
As for Spironolactone, p.1401. 
Eplerenone is metabolised mainly by the cytochrome
P450 isoenzyme CYP3A4, and significantly increased
plasma concentrations of eplerenone have occurred
when potent inhibitors of this enzyme have been given.
These include clarithromycin, telithromycin, itracona-
zole, ketoconazole, nefazodone, nelfinavir, and ritona-
vir, and use with eplerenone is contra-indicated. Mild
to moderate inhibitors of this enzyme, such as erythro-
mycin, fluconazole, saquinavir, and verapamil, have a
less marked effect, although a reduced dose of epler-
enone may be necessary (see under Uses, below).
Grapefruit juice causes only a small increase in expo-
sure to eplerenone. Conversely, inducers of this en-
zyme system, such as carbamazepine, St John’s wort,
phenobarbital, phenytoin, and rifampicin, may reduce
plasma concentrations of eplerenone.

Pharmacokinetics
Peak plasma concentrations of eplerenone are reached
about 1.5 hours after an oral dose; they are dose pro-
portional for doses of 25 to 100 mg, and less than pro-
portional above 100 mg. Protein binding, primarily to
α1-acid glycoprotein, is about 50%. Eplerenone metab-
olism is mainly mediated by the cytochrome P450
isoenzyme CYP3A4; less than 5% of a dose is excreted
unchanged. About 32% of a dose is excreted in the fae-
ces, and the remainder in the urine. The elimination
half-life is about 4 to 6 hours. Eplerenone is not re-
moved by dialysis.
◊ References.
1. Ravis WR, et al. Pharmacokinetics of eplerenone after single and

multiple dosing in subjects with and without renal impairment. J
Clin Pharmacol 2005; 45: 810–21.

Uses and Administration
Eplerenone is an aldosterone antagonist with proper-
ties similar to those of spironolactone (p.1401) but with
a higher selectivity for the aldosterone receptor. It is
given orally in the management of hypertension
(p.1171) and heart failure (p.1165). 
In the management of hypertension, eplerenone may
be given alone or with other antihypertensives. It is
given in an initial dose of 50 mg daily, increasing if
necessary to a maximum of 50 mg twice daily. While
eplerenone should not be given with potent CYP3A4
inhibitors (see Interactions, above), patients taking
mild to moderate inhibitors may be given eplerenone;
the initial dose should be reduced to 25 mg daily. 

For the management of heart failure after myocardial
infarction, eplerenone is given in an initial dose of
25 mg daily, increasing to 50 mg daily within 4 weeks
if tolerated. Eplerenone should be withdrawn or the
dose should be reduced to 25 mg daily, or on alternate
days, if hyperkalaemia develops. Eplerenone may be
used in patients given mild to moderate CYP3A4 in-
hibitors, at a dose not exceeding 25 mg daily.
◊ References and reviews.
1. Zillich AJ, Carter BL. Eplerenone—a novel selective aldoster-

one blocker. Ann Pharmacother 2002; 36: 1567–76. 
2. Pitt B, et al, for the Eplerenone Post-Acute Myocardial Infarc-

tion Heart Failure Efficacy and Survival Study Investigators.
Eplerenone, a selective aldosterone blocker, in patients with left
ventricular dysfunction after myocardial infarction. N Engl J
Med 2003; 348: 1309–21. Correction. ibid.; 2271. 

3. Keating GM, Plosker GL. Eplerenone: a review of its use in left
ventricular systolic dysfunction and heart failure after acute my-
ocardial infarction. Drugs 2004; 64: 2689–707. 

4. Pitt B, et al. Eplerenone reduces mortality 30 days after randomi-
zation following acute myocardial infarction in patients with left
ventricular systolic dysfunction and heart failure. J Am Coll Car-
diol 2005; 46: 425–31. 

5. Anonymous. Eplerenone after myocardial infarction? Drug Ther
Bull 2008; 46: 1–3.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Inspra; Austria: Inspra; Chile: Inspra; Cz.: Inspra; Denm.: Inspra;
Fin.: Inspra; Fr.: Inspra; Gr.: Inspra; Hong Kong: Inspra; Hung.: Inspra; Irl.:
Inspra; Mex.: Inspra; Neth.: Inspra; Norw.: Inspra; Port.: Inovic; Inspra;
Spain: Elecor; Inspra; Swed.: Inspra; UK: Inspra; USA: Inspra.

Epoprostenol (USAN, rINN)

Époprosténol; Epoprostenoli; Epoprostenolum; PGI2; PGX; Pros-
tacyclin; Prostacyclinum; Prostacyklin; Prostaglandin I2; Prostag-
landin X; Prostasykliini; U-53217. (5Z,13E)-(8R,9S,11R,12R,15S)-
6,9-Epoxy-11,15-dihydroxyprosta-5,13-dienoic acid; (Z)-5-
{(3aR,4R,5R,6aS)-5-Hydroxy-4-[(E)-(3S)-3-hydroxyoct-1-
enyl]perhydrocyclopenta[b]furan-2-ylidene}valeric acid.
Эпопростенол
C20H32O5 = 352.5.
CAS — 35121-78-9.
ATC — B01AC09.
ATC Vet — QB01AC09.

NOTE. In Martindale the term epoprostenol is used for the exoge-
nous substance and prostacyclin for the endogenous substance.

Epoprostenol Sodium (BAN, USAN, rINNM)

Epoprostenol sódico; Époprosténol Sodique; Natrii Epoprosten-
olum; U-53217A.
Натрий Эпопростенол
C20H31NaO5 = 374.4.
CAS — 61849-14-7.
ATC — B01AC09.
ATC Vet — QB01AC09.

Stability in solution. Epoprostenol is unstable at physiological
pH and solutions for infusion are prepared in an alkaline glycine
buffer at pH 10.5. The half-life in aqueous solution of pH 7.4 has
been reported1 to be less than 3 minutes at 37°, but increased sta-
bility has been reported in plasma, albumin, or whole blood.1,2

1. El Tahir KEH, et al. Stability of prostacyclin in human plasma.
Clin Sci 1980; 59: 28P–29P. 

2. Mikhailidis DP, et al. Infusion of prostacyclin (epoprostenol).
Lancet 1982; ii: 767.

Adverse Effects and Precautions
The incidence of adverse reactions to epoprostenol is
dose-related. Adverse effects during intravenous infu-
sion commonly include hypotension, increased heart
rate, flushing, and headache. Dosage should be re-
duced or the epoprostenol infusion stopped if exces-
sive hypotension occurs. Bradycardia with pallor,
sweating, nausea, and abdominal discomfort may oc-
cur. Erythema over the intravenous infusion site has
been noted. Other adverse effects reported have includ-
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ed nausea and vomiting, diarrhoea, jaw pain or non-
specific musculoskeletal pain, anxiety, nervousness,
tremor, flu-like symptoms, hyperglycaemia, drowsi-
ness, and chest pain. 
Coagulation of blood in the dialysis circuit has been
reported rarely in patients given epoprostenol but no
conventional anticoagulant. The use of epoprostenol
for pulmonary hypertension is contra-indicated in pa-
tients with congestive heart failure due to severe left
ventricular systolic dysfunction, and in patients who
develop pulmonary oedema during dose-ranging. Sud-
den withdrawal of epoprostenol should be avoided be-
cause of the risk of rebound pulmonary hypertension.
Haematological and cardiovascular monitoring is re-
quired in patients receiving epoprostenol infusions.
Care should be taken to avoid extravasation.
Incidence of adverse effects. A study in 24 healthy subjects
investigated the incidence of adverse effects with intravenous in-
fusions of epoprostenol of up to 10 nanograms/kg per minute for
up to 100 minutes.1 Subjects varied in their susceptibility to epo-
prostenol but the same sequence of events was usually present.
A change in pre-ejection period and facial flushing was often ap-
parent at an infusion rate of 2 to 2.5 nanograms/kg per minute. A
rise in heart rate and change in other cardiovascular variables
was present when the infusion rate had increased to 4 to
5 nanograms/kg per minute; headache, generally the dose-limit-
ing factor, was usually present at this dose and increased as the
dose was raised, as did the other effects. Erythema over the vein
and ‘vagal reflex’ only appeared after at least 1 hour of infusion;
‘vagal reflex’ took only a few seconds to develop. 
Early studies showing that high doses were well tolerated had
been conducted using a form of epoprostenol probably only half
as potent as the commercially available product. It was proposed
that 4 nanograms/kg per minute should in general be the maxi-
mum infusion rate for prolonged infusions, although higher rates
could be tolerated in anaesthetised patients. Careful attention to
infusion technique is necessary and monitoring of the heart rate
is advisable in view of the suddenness with which the ‘vagal re-
flex’ can occur. Most of the adverse effects reported here have
responded to a reduction in dosage.
1. Pickles H, O’Grady J. Side effects occurring during administra-

tion of epoprostenol (prostacyclin, PGI ), in man. Br J Clin
Pharmacol 1982; 14: 177–85.

Effects on the blood. Reports of rebound platelet activation
during continuous epoprostenol infusion.1,2

1. Yardumian DA, Machin SJ. Altered platelet function in patients
on continuous infusion of epoprostenol. Lancet 1984; i: 1357. 

2. Sinzinger H, et al. Rebound platelet activation during continuous
epoprostenol infusion. Lancet 1984; ii: 759.

Effects on the cardiovascular system. Evidence that epo-
prostenol and its analogue iloprost can induce myocardial is-
chaemia in patients with coronary artery disease.1

1. Bugiardini R, et al. Myocardial ischemia induced by prostacyc-
lin and iloprost. Clin Pharmacol Ther 1985; 38: 101–8.

Effects on mental state. Symptoms of depression were asso-
ciated with intravenous epoprostenol therapy in 4 patients.1

1. Ansell D, et al. Depression and prostacyclin infusion. Lancet
1986; ii: 509.

Hypersensitivity. Severe erythroderma occurred in a woman
with undifferentiated connective tissue disease who was treated
with epoprostenol for pulmonary hypertension.1 Diffuse ery-
thema, pruritus, and scaling, with chills, nausea, vomiting, and
diarrhoea, developed about 2 months after starting therapy, and
resolved with epoprostenol withdrawal and corticosteroid treat-
ment.
1. Ahearn GS, et al. Severe erythroderma as a complication of con-

tinuous epoprostenol therapy. Chest 2002; 122: 378–80.

Interactions
Since epoprostenol is a potent vasodilator and inhibitor
of platelet aggregation, care should be taken in patients
receiving other vasodilators or anticoagulants. Epo-
prostenol may slightly increase serum concentrations
of digoxin, and may reduce the thrombolytic effect of
alteplase by increasing its hepatic clearance. The hypo-
tensive effects of epoprostenol may be exacerbated by
using acetate in dialysis fluids.
Anticoagulants. The incidence of bleeding complications was
examined in a retrospective review1 of 31 patients with primary
pulmonary hypertension who had been treated with continuous
intravenous epoprostenol and oral warfarin. Nine patients devel-
oped 11 bleeding episodes, including 9 episodes of alveolar
haemorrhage. The international normalised ratio (INR) was
maintained in the therapeutic range for 8 of these patients, sug-
gesting that the effect was not caused by overdose of warfarin.
The risk of bleeding appeared to be increased in patients who

received high-dose epoprostenol (mean dose 89 nanograms/kg
per minute).
1. Ogawa A, et al. Risk of alveolar hemorrhage in patients with

primary pulmonary hypertension—anticoagulation and epopros-
tenol therapy. Circ J 2005; 69: 216–20.

Pharmacokinetics
Endogenous prostacyclin is a product of arachidonic
acid metabolism with a very short half-life. On intrave-
nous infusion epoprostenol is hydrolysed rapidly to the
more stable but much less active 6-keto-prostaglandin
F1α (6-oxo-prostaglandin F1α). A second metabolite,
6,15-diketo-13,14-dihydro-prostaglandin F1α, is
formed by enzymatic degradation. Unlike many other
prostaglandins, epoprostenol is not inactivated in the
pulmonary circulation.

Uses and Administration
Epoprostenol is a prostaglandin (p.2374) that causes
vasodilatation and prevents platelet aggregation. The
endogenous substance is termed prostacyclin. Epo-
prostenol is used mainly in extracorporeal procedures
and in pulmonary hypertension. 
Epoprostenol is given as the sodium salt and doses are
expressed in terms of the base; 1.06 nanograms of epo-
prostenol sodium is equivalent to about 1 nanogram of
epoprostenol. The drug is unstable in solution at phys-
iological pH and also has a very short duration of ac-
tion because of its rapid hydrolysis in vivo. It must
therefore be given by continuous infusion. Great care
must be taken in preparing a suitably diluted solution
for infusion and only diluent as supplied by the manu-
facturer should be used to reconstitute epoprostenol. 
Epoprostenol is used to prevent platelet aggregation
when blood is brought into contact with nonbiological
surfaces in procedures such as extracorporeal circula-
tion, especially in renal dialysis patients. It is indicated
for use when heparin carries a high risk of causing or
exacerbating bleeding, or is otherwise contra-indicat-
ed. Epoprostenol is given by continuous intravenous
infusion or into the blood supplying the extracorporeal
circulation. The usual dose for renal dialysis is
4 nanograms/kg per minute intravenously before dial-
ysis, then 4 nanograms/kg per minute into the arterial
inlet of the dialyser during dialysis. 
In the long-term treatment of primary pulmonary hy-
pertension or pulmonary hypertension associated with
scleroderma a dose-ranging procedure is performed
first. Epoprostenol infusion is started at a rate of
2 nanograms/kg per minute, then increased by incre-
ments of 2 nanograms/kg per minute at intervals of at
least 15 minutes until the maximum haemodynamic
benefit or dose-limiting effects occur. Epoprostenol is
then given by continuous infusion through a central ve-
nous catheter, the initial rate being 4 nanograms/kg per
minute less than the maximum-tolerated infusion rate;
if the maximum-tolerated infusion rate is less than
5 nanograms/kg per minute, then the initial rate should
be one-half of this maximum rate. The maintenance
dose is subsequently adjusted according to the patient’s
response. If symptoms recur or if adverse effects occur
the dosage may be increased or decreased by steps of 1
to 2 nanograms/kg per minute at intervals of at least 15
minutes until a new maintenance dose is established. 
For the use of epoprostenol in neonates and children,
see below.
Action. The discovery, properties, and clinical applications of
prostacyclin have been reviewed.1 Prostacyclin is the main prod-
uct of arachidonic acid in vascular tissues, endothelial cells from
vessel walls being the most active producers. It is a strong hypo-
tensive agent through vasodilatation of vascular beds, including
the pulmonary and cerebral circulations, and is also a potent en-
dogenous inhibitor of platelet aggregation. Inhibition of aggrega-
tion is achieved by stimulation of adenylate cyclase, leading to
an increase in cyclic adenosine monophosphate (cAMP) levels
in the platelets. By inhibiting several steps in the activation of the
arachidonic acid metabolic cascade, prostacyclin exerts an over-
all control of platelet aggregability. 
Endogenous prostacyclin and thromboxane A2 may be of more
physiological and pathological importance2 than the more classi-
cal prostanoids prostaglandin E2 and prostaglandin F2 . They
have directly opposing pharmacological actions in many sys-

tems, such as on platelet function, vascular smooth muscle, bron-
chopulmonary function, and gastrointestinal integrity. Thus
prostanoid-mediated control of cellular and tissue function may
reflect an interactive modulation between prostacyclin and
thromboxane A2 with imbalance resulting in dysfunction, for ex-
ample in platelet and vascular disorders. Thromboxane A2 has
both bronchoconstrictor and pulmonary irritant actions and has
brought about marked changes in respiratory function in experi-
mental models; prostacyclin may oppose these effects on both
the pulmonary vasculature and bronchial smooth muscle.
Thromboxane A2 has induced marked renal vasoconstriction in
vitro whereas renal vasodilatation and stimulation of the release
of renin has followed the administration of epoprostenol [exoge-
nous prostacyclin] in animals. In contrast to the pro-ulcerogenic
actions of thromboxane A2, epoprostenol and its analogues, like
other prostaglandins, have potent gastrointestinal anti-ulcer
properties which can be disassociated from their gastric antise-
cretory properties. The term ‘cytoprotection’ has been used to
describe this ability of exogenous prostaglandins to prevent gas-
trointestinal damage; endogenous prostaglandins might have a
similar protective role. Epoprostenol also has a cytoprotective ef-
fect against experimental damage in the gastric mucosa, myocar-
dium, and liver whereas thromboxane A2 has a cytolytic effect.
1. Vane JR, Botting RM. Pharmacodynamic profile of prostacyclin.

Am J Cardiol 1995; 75: 3A–10A. 
2. Whittle BJR, Moncada S. Pharmacological interactions between

prostacyclin and thromboxanes. Br Med Bull 1983; 39: 232–8.

Acute respiratory distress syndrome. Encouraging
results1-3 have been seen with inhaled epoprostenol in the treat-
ment of acute respiratory distress syndrome (p.1498).
1. Walmrath D, et al. Aerosolised prostacyclin in adult respiratory

distress syndrome. Lancet 1993; 342: 961–2. 
2. Walmrath D, et al. Direct comparison of inhaled nitric oxide and

aerosolized prostacyclin in acute respiratory distress syndrome.
Am J Respir Crit Care Med 1996; 153: 991–6. 

3. van Heerden PV, et al. Dose-response to inhaled aerosolized
prostacyclin for hypoxemia due to ARDS. Chest 2000; 117:
819–27.

Administration in children. Although epoprostenol is not li-
censed for the treatment of children, it has been used successfully
in children with primary pulmonary hypertension1,2 and in neo-
nates with persistent pulmonary hypertension of the newborn.3 It
is usually given by continuous intravenous infusion, but in neo-
nates the inhaled4 and endotracheal5 routes have also been used. 
For children aged 1 month to 18 years with primary pulmonary
hypertension, the BNFC suggests that epoprostenol may be giv-
en by continuous intravenous infusion in an initial dose of
2 nanograms/kg per minute, increasing as necessary to
40 nanograms/kg per minute. Children on prolonged treatment
can become tolerant to epoprostenol and higher doses have been
used.1,2 
For neonates with persistent pulmonary hypertension of the new-
born, the BNFC suggests that epoprostenol may be given by con-
tinuous intravenous infusion in an initial dose of 2 nanograms/kg
per minute, adjusted according to response up to a usual maxi-
mum of 20 nanograms/kg per minute (rarely up to
40 nanograms/kg per minute).
1. Barst RJ, et al. Vasodilator therapy for primary pulmonary hy-

pertension in children. Circulation 1999; 99: 1197–1208. 
2. Lammers AE, et al. Epoprostenol treatment in children with se-

vere pulmonary hypertension. Heart 2007; 93: 739–43. 
3. Eronen M, et al. Prostacyclin treatment for persistent pulmonary

hypertension of the newborn. Pediatr Cardiol 1997; 18: 3–7. 
4. Kelly LK, et al. Inhaled prostacyclin for term infants with per-

sistent pulmonary hypertension refractory to inhaled nitric ox-
ide. J Pediatr 2002; 141: 830–2. 

5. De Jaegere APMC, van den Anker JN. Endotracheal instillation
of prostacyclin in preterm infants with persistent pulmonary hy-
pertension. Eur Respir J 1998; 12: 932–4.

Heart failure. Epoprostenol has been investigated for the treat-
ment of heart failure but development was abandoned due to an
increase in mortality associated with long-term use.1,2

1. Phillips BB, Gandhi AJ. Epoprostenol in the treatment of con-
gestive heart failure. Am J Health-Syst Pharm 1997; 54:
2613–15. 

2. Califf RM, et al. A randomized controlled trial of epoprostenol
therapy for severe congestive heart failure: the Flolan Interna-
tional Randomized Survival Trial (FIRST). Am Heart J 1997;
134: 44–54.

Peripheral vascular disease. Various prostaglandins includ-
ing epoprostenol have been used for their vasodilating effect in
the treatment of peripheral vascular disease (p.1178), particularly
in severe Raynaud’s syndrome (see Vasospastic Arterial Disor-
ders, p.1188), but do not constitute mainline therapy. 
References.
1. Szczeklik A, et al. Successful therapy of advanced arteriosclero-

sis obliterans with prostacyclin. Lancet 1979; i: 1111–14. 
2. Belch JJF, et al. Intermittent epoprostenol (prostacyclin) infu-

sion in patients with Raynaud’s syndrome: a double-blind con-
trolled trial. Lancet 1983; i: 313–15. 

3. Belch JJF, et al. Epoprostenol (prostacyclin) and severe arterial
disease: a double-blind trial. Lancet 1983; i: 315–17. 

4. De San Lazaro C, et al. Prostacyclin in severe peripheral vascu-
lar disease. Arch Dis Child 1985; 60: 370–84. 

5. Leaker B, et al. Treatment of acute renal failure, symmetrical
peripheral gangrene, and septicaemia with plasma exchange and
epoprostenol. Lancet 1987; i: 156. 

6. Negus D, et al. Intra-arterial prostacyclin compared to Praxilene
in the management of severe lower limb ischaemia: a double-
blind trial. J Cardiovasc Surg 1987; 28: 196–9. 
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7. Kingma K, et al. Double-blind, placebo-controlled study of in-
travenous prostacyclin on hemodynamics in severe Raynaud’s
phenomenon: the acute vasodilatory effect is not sustained. J
Cardiovasc Pharmacol 1995; 26: 388–93. 

8. Denton CP, Black CM. Raynaud’s phenomenon and scleroder-
ma. In: Snaith ML, ed. ABC of rheumatology. 3rd ed. London:
BMJ Publishing Group, 2004: 87–91.

Pulmonary hypertension. Epoprostenol was originally intro-
duced into the management of end-stage pulmonary hyperten-
sion (p.1179) to sustain patients long enough for them to have
heart-lung transplantation. However, long-term therapy may also
have a role as an alternative to transplantation; sustained clinical
improvement and improved survival have been reported1-4 in
some patients with idiopathic pulmonary arterial hypertension
given long-term intravenous therapy using portable infusion
pumps, as well as in patients with pulmonary arterial hyperten-
sion associated with other diseases.4-7 
Inhaled epoprostenol, a route that may overcome some of the ad-
verse effects associated with parenteral use, has had some suc-
cess in adults8,9 with pulmonary hypertension and in
neonates10,11 with persistent pulmonary hypertension.
1. Higenbottam T, et al. Long term intravenous prostaglandin

(epoprostenol or iloprost) for treatment of severe pulmonary hy-
pertension. Heart 1998; 80: 151–5. 

2. Herner SJ, Mauro LS. Epoprostenol in primary pulmonary hy-
pertension. Ann Pharmacother 1999; 33: 340–7. 

3. McLaughlin VV, et al. Survival in primary pulmonary hyperten-
sion: the impact of epoprostenol therapy. Circulation 2002; 106:
1477–82. 

4. Kuhn KP, et al. Outcome in 91 consecutive patients with pulmo-
nary arterial hypertension receiving epoprostenol. Am J Respir
Crit Care Med 2003; 167: 580–6. 

5. McLaughlin VV, et al. Compassionate use of continuous pros-
tacyclin in the management of secondary pulmonary hyperten-
sion: a case series. Ann Intern Med 1999; 130: 740–3. 

6. Badesch DB, et al. Continuous intravenous epoprostenol for
pulmonary hypertension due to the scleroderma spectrum of
disease: a randomized, controlled trial. Ann Intern Med 2000;
132: 425–34. 

7. Fisher KA, et al. Sarcoidosis-associated pulmonary hyperten-
sion: outcome with long-term epoprostenol treatment. Chest
2006; 130: 1481–8. 

8. Olschewski H, et al. Aerosolized prostacyclin and iloprost in
severe pulmonary hypertension. Ann Intern Med 1996; 124:
820–4. 

9. Mikhail G, et al. An evaluation of nebulized prostacyclin in pa-
tients with primary and secondary pulmonary hypertension. Eur
Heart J 1997; 18: 1499–1504. 

10. Bindl L, et al. Aerosolised prostacyclin for pulmonary hyper-
tension in neonates. Arch Dis Child Fetal Neonatal Ed 1994; 71:
F214–F216. 

11. Kelly LK, et al. Inhaled prostacyclin for term infants with per-
sistent pulmonary hypertension refractory to inhaled nitric ox-
ide. J Pediatr 2002; 141: 830–2.

Stroke. Results with epoprostenol in patients with acute stroke
have been inconclusive and a systematic review of randomised
studies concluded that too few patients had been studied for the
effect of epoprostenol on survival to be determined.1
1. Bath PMW. Prostacyclin and analogues for acute ischaemic

stroke. Available in The Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2004 (accessed
04/07/05).

Thrombotic microangiopathies. Platelet aggregation has a
major role in the pathogenesis of thrombotic thrombocytopenic
purpura and the related disorder, haemolytic-uraemic syndrome
(p.1076). Prostacyclin deficiency has been demonstrated in both
conditions, but case reports of epoprostenol1,2 or iloprost3,4 treat-
ment have indicated variable results.
1. Bobbio-Pallavicini E, et al. Intravenous prostacyclin (as epo-

prostenol) infusion in thrombotic thrombocytopenic purpura:
four case reports and review of the literature. Haematologica
1994; 79: 429–37. 

2. Series C, et al. Interet de la prostacycline dans le traitement du
syndrome hémolytique et urémique: à propos d’un cas. Rev Med
Interne 1996; 17: 76–8. 

3. Sagripanti A, et al. Iloprost in the treatment of thrombotic micro-
angiopathy: report of thirteen cases. Biomed Pharmacother
1996; 50: 350–6. 

4. Salvi F, et al. Unsuccessful treatment of resistant thrombotic
thrombocytopenic purpura with prostacyclin. Haematologica
2000; 85: 1329–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Flolan; Austria: Epoallen; Flolan; Glaxoprost; Belg.: Flolan; Ca-
nad.: Flolan; Cz.: Flolan; Denm.: Flolan; Fr.: Flolan; Gr.: Flolan; Irl.: Flolan;
Israel: Flolan; Ital.: Flolan; Neth.: Flolan; Norw.: Flolan; Singapore: Flolan;
Spain: Flolan; Switz.: Flolan; UK: Flolan; USA: Flolan.

Eprosartan Mesilate (BANM, rINNM)

Éprosartan, Mésilate d’; Eprosartan Mesylate (USAN); Eprosartani
Mesilas; Mesilato de eprosartán; SKF-108566-J. (E)-2-Butyl-1-(p-
carboxybenzyl)-α-2-thenylimidazole-5-acrylic acid methanesul-
fonate.
Эпрозартана Мезилат
C23H24N2O4S,CH4O3S = 520.6.
CAS — 133040-01-4 (eprosartan); 144143-96-4 (epro-
sartan mesilate).
ATC — C09CA02.
ATC Vet — QC09CA02.

(eprosartan)

Adverse Effects and Precautions
As for Losartan Potassium, p.1326.

Interactions
As for Losartan Potassium, p.1327.

Pharmacokinetics
Eprosartan is absorbed from the gastrointestinal tract
with an absolute oral bioavailability of about 13%.
Peak plasma concentrations occur about 1 to 2 hours
after an oral dose in the fasted state; giving doses with
food delays absorption but this is not clinically signifi-
cant. Eprosartan is about 98% bound to plasma pro-
teins. It is excreted in the bile and in the urine, primarily
as the unchanged drug; after oral doses approximately
7% of the drug is excreted in the urine, with about 2%
as the acyl glucuronide. The terminal elimination half-
life is about 5 to 9 hours.
◊ References.
1. Martin DE, et al. Pharmacokinetics and protein binding of epro-

sartan in healthy volunteers and in patients with varying degrees
of renal impairment. J Clin Pharmacol 1998; 38: 129–37. 

2. Tenero DM, et al. Effect of age and gender on the pharmacoki-
netics of eprosartan. Br J Clin Pharmacol 1998; 46: 267–70.

Uses and Administration
Eprosartan is an angiotensin II receptor antagonist with
actions similar to those of losartan (p.1327). It is used
in the management of hypertension (p.1171). 
Eprosartan is given orally as the mesilate but doses are
expressed in terms of the base; eprosartan mesilate
1.2 mg is equivalent to about 1 mg of eprosartan. The
onset of antihypertensive effect occurs about 1 to 2
hours after administration and the maximum effect is
achieved within 2 to 3 weeks after initiating therapy. 
In the management of hypertension, eprosartan is giv-
en in an initial dose of 600 mg once daily. A lower ini-
tial dose of 300 mg once daily may be used in elderly
patients over 75 years and has been recommended in
renal or hepatic impairment (but see below). The dose
should be adjusted according to response; the usual
maintenance dose is 400 to 800 mg daily in a single
dose or in two divided doses.
◊ Reviews.
1. McClellan KJ, Balfour JA. Eprosartan. Drugs 1998; 55: 713–18. 
2. Plosker GL, Foster RH. Eprosartan: a review of its use in the

management of hypertension. Drugs 2000; 60: 177–201. 
3. Robins GW, Scott LJ. Eprosartan: a review of its use in the man-

agement of hypertension. Drugs 2005; 65: 2355–77. 
4. Ram CV, Rudmann MA. Unique dual mechanism of action of

eprosartan: effects on systolic blood pressure, pulse pressure,
risk of stroke and cognitive decline. Expert Rev Cardiovasc Ther
2007; 5: 1003–11.

Administration in hepatic or renal impairment. In the
UK a lower initial dose of 300 mg daily of eprosartan is recom-
mended in patients with renal impairment (creatinine clearance
less than 60 mL/minute) or mild to moderate hepatic impair-
ment; this seems to be due to lack of clinical experience in such
patients. In the USA, however, no reduction in the initial dose is
considered necessary in hepatic or renal impairment, but a max-
imum dose of 600 mg daily is recommended for patients with
moderate or severe renal impairment.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Teveten; Austria: Teveten; Belg.: Teveten; Canad.: Teveten;
Cz.: Teveten; Denm.: Teveten; Fin.: Teveten; Fr.: Teveten; Ger.: Emestar

Mono; Teveten; Gr.: Epratenz†; Teveten; Hong Kong: Teveten; Hung.:
Teveten; Irl.: Teveten; Ital.: Tevetenz; Neth.: Teveten; Norw.: Teveten;
Philipp.: Teveten; Pol.: Teveten; Port.: Teveten; Rus.: Teveten (Теветен);
S.Afr.: Teveten; Spain: Futuran; Navixen; Regulaten; Tevetens; Swed.: Te-
veten; Switz.: Teveten; Thai.: Teveten; UK: Teveten; USA: Teveten.
Multi-ingredient: Austral.: Teveten Plus; Austria: Teveten Plus; Belg.:
Teveten Plus; Canad.: Teveten Plus; Cz.: Teveten Plus H; Denm.: Teveten
Comp; Fin.: Teveten Comp; Fr.: Coteveten; Ger.: Emestar plus; Teveten
Plus; Gr.: Teveten Plus; Hong Kong: Teveten Plus; Irl.: Teveten Plus; Neth.:
Teveten Plus; Norw.: Teveten Comp; Philipp.: Teveten Plus; Port.: Medi-
nor; Tensival; Teveten Plus; Rus.: Teveten Plus (Теветен Плюс); Spain:
Futuran Plus; Navixen Plus; Regulaten Plus; Tevetens Plus; Swed.: Teveten
Comp; Switz.: Teveten Plus; USA: Teveten HCT.

Eptifibatide (BAN, rINN)

C68-22; Eptifibatid; Eptifibatida; Eptifibatidi; Eptifibatidum; Inte-
grelin; SB-1; Sch-60936. N6-Amidino-N2-(3-mercaptopropionyl)-
L-lysylglycyl-L-α-aspartyl-L-tryptophyl-L-prolyl-L-cysteinamide, cy-
clic (1→6)-disulfide; S1,S6-Cyclo[N6-carbamimidoyl-N2-(3-sulfan-
ylpropanoyl)-L-lysylglycyl-L-α-aspartyl-L-tryptophyl-L-prolyl-L-
cysteinamide].
Эптифибатид
C35H49N11O9S2 = 832.0.
CAS — 148031-34-9; 157630-07-4.
ATC — B01AC16.
ATC Vet — QB01AC16.

Adverse Effects
Bleeding is the most common adverse effect of eptifi-
batide. Hypotension has been reported. Antibodies to
eptifibatide have not been detected.
Effects on the blood. Thrombocytopenia is an established ad-
verse effect of the glycoprotein IIb/IIIa-receptor antagonist ab-
ciximab (see p.1192) but appears to be less common with eptifi-
batide. However, there have been several reports1-5 of severe
thrombocytopenia associated with eptifibatide.
1. Paradiso-Hardy FL, et al. Severe thrombocytopenia possibly re-

lated to readministration of eptifibatide. Catheter Cardiovasc In-
terv 2001; 54: 63–7. 

2. Hongo RH, Brent BN. Association of eptifibatide and acute pro-
found thrombocytopenia. Am J Cardiol 2001; 88: 428–31. 

3. Yoder M, Edwards RF. Reversible thrombocytopenia associated
with eptifibatide. Ann Pharmacother 2002; 36: 628–30. 

4. Coons JC, et al. Eptifibatide-associated acute, profound throm-
bocytopenia. Ann Pharmacother 2005; 39: 368–72. 

5. Refaat M, et al. Eptifibatide-induced thrombocytopenia. J
Thromb Thrombolysis 2008; 25: 204–6.

Precautions
As for Abciximab, p.1192.

Pharmacokinetics
Antiplatelet effects of eptifibatide persist for about 4
hours after stopping a continuous infusion. Plasma
elimination half-life is about 2.5 hours. Eptifibatide is
about 25% bound to plasma proteins. Renal clearance,
as eptifibatide and metabolites excreted in the urine,
accounts for about 50% of total body clearance.

Uses and Administration
Eptifibatide is an antiplatelet drug that reversibly inhib-
its binding of fibrinogen, von Willebrand factor, and
other adhesive molecules to the glycoprotein IIb/IIIa
receptor of platelets. It is used, usually in combination
with aspirin and heparin, in the management of unsta-
ble angina and in patients undergoing coronary angi-
oplasty and stenting procedures. 
In the management of unstable angina, eptifibatide is
given in an initial dose of 180 micrograms/kg by intra-
venous injection, followed by 2 micrograms/kg per
minute by intravenous infusion, for up to 72 hours. If
percutaneous coronary intervention is performed dur-
ing eptifibatide therapy, the infusion should be contin-
ued for 18 to 24 hours after the procedure, to a maxi-
mum total duration of 96 hours of therapy. 
In patients undergoing angioplasty, though not pre-
senting with unstable angina, eptifibatide is given in an
initial dose of 180 micrograms/kg by intravenous in-
jection immediately before the procedure, followed by
2 micrograms/kg per minute by intravenous infusion,
with a second 180 micrograms/kg intravenous injec-
tion given 10 minutes after the first. The infusion
should be continued until hospital discharge or for up
to 18 to 24 hours; a minimum of 12 hours is recom-
mended. 
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The dose of eptifibatide may need to be reduced in pa-
tients with renal impairment (see below).
◊ General references.
1. Gilchrist IC. Platelet glycoprotein IIb/IIIa inhibitors in percuta-

neous coronary intervention: focus on the pharmacokinetic-
pharmacodynamic relationships of eptifibatide. Clin Pharma-
cokinet 2003; 42: 703–20. 

2. Curran MP, Keating GM. Eptifibatide: a review of its use in pa-
tients with acute coronary syndromes and/or undergoing percu-
taneous coronary intervention. Drugs 2005; 65: 2009–35. 

3. Tricoci P, et al. Present and evolving role of eptifibatide in the
treatment of acute coronary syndromes. Expert Rev Cardiovasc
Ther 2007; 5: 401–12. 

4. Zeymer U. The role of eptifibatide in patients undergoing percu-
taneous coronary intervention. Expert Opin Pharmacother 2007;
8: 1147–54. 

5. Zeymer U, Wienbergen H. A review of clinical trials with eptifi-
batide in cardiology. Cardiovasc Drug Rev 2007; 25: 301–15.

Administration in renal impairment. The clearance of ep-
tifibatide is reduced in renal impairment and plasma-eptifibatide
concentrations are about doubled in patients with a creatinine
clearance (CC) below 50 mL/minute.1 Eptifibatide should not be
used in severe renal impairment; it is contra-indicated in patients
with CC below 30 mL/minute in the UK, and in dialysis-depend-
ent patients in the USA. In patients with moderate renal impair-
ment (CC below 50 mL/minute), the same bolus doses may be
given as in those with normal renal function but the infusion dose
should be reduced to 1 microgram/kg per minute.
1. Gretler DD, et al. Pharmacokinetic and pharmacodynamic prop-

erties of eptifibatide in subjects with normal or impaired renal
function. Clin Ther 2004; 26: 390–398.

Ischaemic heart disease. Patients with acute coronary syn-
dromes may be treated either medically or with percutaneous
coronary interventions such as angioplasty or stenting. In pa-
tients with unstable angina (p.1157), eptifibatide has been used
as an adjunct to both medical and interventional therapy. In the
PURSUIT study,1 which compared eptifibatide with placebo in
over 10 000 patients with ischaemic chest pain, the incidence of
death and non-fatal myocardial infarction up to 30 days after
treatment was reduced in those receiving eptifibatide; most pa-
tients also received aspirin and heparin and the number of percu-
taneous interventions was similar in each group. 
Eptifibatide has also been of benefit as an adjunct to standard
therapy in patients undergoing elective percutaneous interven-
tions (see Reperfusion and Revascularisation Procedures,
p.1181). In the IMPACT-II study2 of over 4000 patients undergo-
ing elective or emergency percutaneous coronary revascularisa-
tion, the incidence of death, myocardial infarction, and further
unplanned coronary intervention was reduced in those receiving
eptifibatide compared with placebo. Similar results were also ob-
tained in a further study (ESPRIT)3 in patients who were under-
going percutaneous coronary revascularisation with stent im-
plantation, and benefit was maintained at 6-month follow-up.4
Although most studies have given eptifibatide with unfractionat-
ed heparin, use with low-molecular-weight heparin also appears
to be safe.5 
In patients with acute myocardial infarction (p.1175), eptifibati-
de has been tried as an adjunct to thrombolysis or percutaneous
intervention. In a study (INTRO AMI)6 comparing eptifibatide
and thrombolysis with thrombolysis alone, early patency rates
were improved in those receiving eptifibatide but there was no
significant difference in outcomes at 30 days. In patients under-
going interventional therapy, an observational study7 found that
eptifibatide was less effective than abciximab, but other
studies8,9 have reported similar outcomes in patients treated with
abciximab or eptifibatide. Positive results have also been seen10

with eptifibatide given in addition to thrombolytics before percu-
taneous intervention. 
There have been reports of successful intracoronary use11 of ep-
tifibatide, and also prolonged intravenous use12 in a patient una-
ble to take oral antiplatelet drugs.
1. The PURSUIT Trial Investigators. Inhibition of platelet glyco-

protein IIb/IIIa with eptifibatide in patients with acute coronary
syndromes. N Engl J Med 1998; 339: 436–43. 

2. The IMPACT-II Investigators. Randomised placebo-controlled
trial of effect of eptifibatide on complications of percutaneous
coronary intervention: IMPACT-II. Lancet 1997; 349: 1422–8. 

3. The ESPRIT Investigators. Novel dosing regimen of eptifibati-
de in planned coronary stent implantation (ESPRIT): a ran-
domised, placebo-controlled trial. Lancet 2000; 356: 2037–44.
Correction. ibid. 2001; 357: 1370. 

4. O’Shea JC, et al. Platelet glycoprotein IIb/IIIa integrin blockade
with eptifibatide in coronary stent intervention: the ESPRIT Tri-
al: a randomized controlled trial. JAMA 2001; 285: 2468–73. 

5. Bhatt DL, et al. Safety of concomitant therapy with eptifibatide
and enoxaparin in patients undergoing percutaneous coronary
intervention: results of the Coronary Revascularization Using
Integrilin and Single bolus Enoxaparin Study. J Am Coll Cardiol
2003; 41: 20–5. 

6. Brener SJ, et al. Eptifibatide and low-dose tissue plasminogen
activator in acute myocardial infarction: the integrilin and low-
dose thrombolysis in acute myocardial infarction (INTRO AMI)
trial. J Am Coll Cardiol 2002; 39: 377–86. 

7. Deliargyris EN, et al. Superior in-hospital and 30-day outcomes
with abciximab versus eptifibatide: a contemporary analysis of
495 consecutive percutaneous coronary interventions. J Inva-
sive Cardiol 2004; 16: 611–16. 

8. Suleiman M, et al. Comparison of two platelet glycoprotein
IIb/IIIa inhibitors, eptifibatide and abciximab: outcomes, com-
plications and thrombocytopenia during percutaneous coronary
intervention. J Invasive Cardiol 2003; 15: 319–23. 

9. Raveendran G, et al. Eptifibatide vs abciximab as adjunctive
therapy during primary percutaneous coronary intervention for
acute myocardial infarction. Mayo Clin Proc 2007; 82:
196–202. 

10. ADVANCE MI Investigators. Facilitated percutaneous coro-
nary intervention for acute ST-segment elevation myocardial in-
farction: results from the prematurely terminated ADdressing
the Value of facilitated ANgioplasty after Combination therapy
or Eptifibatide monotherapy in acute Myocardial Infarction
(ADVANCE MI) trial. Am Heart J 2005; 150: 116–22. Correc-
tion. ibid.; 391. 

11. Deibele AJ, et al. Intracoronary bolus administration of eptifi-
batide during percutaneous coronary stenting for non ST eleva-
tion myocardial infarction and unstable angina. J Thromb
Thrombolysis 2006; 22: 47–50. 

12. Jaffe R, et al. Prolonged intravenous eptifibatide infusion for
prevention of coronary stent thrombosis. Int J Cardiol 2007;
114: 409–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Integrilin; Belg.: Integrilin; Canad.: Integrilin; Chile: Integrilin†;
Cz.: Integrilin; Denm.: Integrilin; Fin.: Integrilin; Fr.: Integrilin; Ger.: Integri-
lin; Gr.: Integrilin; Hong Kong: Integrilin; Hung.: Integrilin; Irl.: Integrilin;
Israel: Integrilin; Ital.: Integrilin; Malaysia: Integrilin; Neth.: Integrilin;
Norw.: Integrilin; NZ: Integrilin; Philipp.: Integrilin; Pol.: Integrilin; Port.:
Integrilin; Rus.: Integrilin (Интегрилин); S.Afr.: Integrilin; Singapore: In-
tegrilin; Spain: Integrilin; Swed.: Integrilin; Switz.: Integrilin; Thai.: Integri-
lin; UK: Integrilin; USA: Integrilin.

Eritrityl Tetranitrate (rINN)

Éritrityle, Tétranitrate d’; Eritrityli Tetranitras; Eritrityltetranitrat;
Eritrityylitetranitraatti; Erythritol Tetranitrate; Erythrityl Tetrani-
trate (USAN); Erythrol Nitrate; Erythrol Tetranitrate; Nitroeryth-
rite; Nitroerythrol; NSC-106566; Tetranitrato de eritritilo;
Tetranitrol. Butane-1,2,3,4-tetrol tetranitrate.
Эритритила Тетранитрат
C4H6(NO3)4 = 302.1.
CAS — 7297-25-8.
ATC — C01DA13.
ATC Vet — QC01DA13.

Profile
Eritrityl tetranitrate is a vasodilator with general properties simi-
lar to those of glyceryl trinitrate (p.1296). It has been used in
angina pectoris. 
Diluted eritrityl tetranitrate is a mixture of eritrityl tetranitrate
and lactose or other suitable inert excipients, the excipients being
added to minimise the risk of explosion.
Handling. Undiluted eritrityl tetranitrate can be exploded by
percussion or excessive heat.

Esatenolol (rINN) ⊗ 
(−)-Atenolol; S-Atenolol; Ésaténolol; Esatenololum. 2-{p-[(2S)-2-
Hydroxy-3-(isopropylamino)propoxy]phenyl}acetamide.
Эзатенолол
C14H22N2O3 = 266.3.
CAS — 93379-54-5.
ATC — C07AB11.
ATC Vet — QC07AB11.

Profile
Esatenolol, the S(−)-isomer of atenolol, has been used similarly
to atenolol (p.1217) in the treatment of cardiovascular disorders
in usual oral doses of 25 to 100 mg daily.
◊ References.
1. McCoy RA, et al. Pharmacodynamics of racemic and S(-)-aten-

olol in humans. J Clin Pharmacol 1994; 34: 816–22. 
2. Clementi WA, et al. Single dose pharmacokinetics of (S)-aten-

olol administered orally as a single enantiomer formulation and
as a racemic mixture (Tenormin). Chirality 1994; 6: 169–74.

Esmolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
ASL-8052; Esmolol, Chlorhydrate d’; Esmolol Hidroklorür; Es-
mololi Hydrochloridum; Hidrocloruro de esmolol. Methyl 3-[4-
(2-hydroxy-3-isopropylaminopropoxy)phenyl]propionate hy-
drochloride.
Эсмолола Гидрохлорид
C16H25NO4,HCl = 331.8.
CAS — 81147-92-4 (esmolol); 84057-94-3 (esmolol);
103598-03-4 (esmolol); 81161-17-3 (esmolol hydrochlo-
r ide).
ATC — C07AB09.
ATC Vet — QC07AB09.

(esmolol)

Incompatibility. Licensed product information advises against
admixture of esmolol hydrochloride with sodium bicarbonate
because of incompatibility. There has also been a report1 of im-
mediate haze formation after admixture of esmolol hydrochlo-
ride with warfarin sodium.
1. Bahal SM, et al. Visual compatibility of warfarin sodium injec-

tion with selected medications and solutions. Am J Health-Syst
Pharm 1997; 54: 2599–2600.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226. 
Hypotension is the most frequently reported adverse
effect associated with the infusion of esmolol hydro-
chloride; it generally resolves within 30 minutes once
the dosage is reduced or the infusion is stopped. Local
irritation at the site of infusion, inflammation, indura-
tion, and thrombophlebitis have occurred and necrosis
is a hazard of extravasation. These local effects have
occurred with concentrations of 20 mg/mL and it is
recommended that concentrations of standard formula-
tions should not normally exceed 10 mg/mL, particu-
larly if given peripherally, and that the infusion should
not be made into a small vein.
Effects on the CNS. Generalised tonic-clonic seizures oc-
curred in an elderly patient given esmolol hydrochloride.1
1. Das G, Ferris JC. Generalized convulsions in a patient receiving

ultra short-acting beta-blocker infusion. Drug Intell Clin Pharm
1988; 22: 484–5.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
After intravenous doses esmolol is rapidly hydrolysed
by esterases in the red blood cells. Steady-state blood
concentrations are reached within 30 minutes with dos-
es of 50 to 300 micrograms/kg per minute. The time to
steady state may be reduced to 5 minutes by giving an
appropriate loading dose. Blood concentrations de-
cline in a biphasic manner with a distribution half-life
of about 2 minutes and an elimination half-life of about
9 minutes. Esmolol has low lipid solubility and is about
55% bound to plasma proteins. It is excreted in urine,
primarily as the de-esterified metabolite.

Uses and Administration
Esmolol is a cardioselective short-acting beta blocker
(p.1225). It is reported to be lacking in intrinsic sym-
pathomimetic and membrane-stabilising properties. 
Esmolol is used as the hydrochloride in the manage-
ment of supraventricular arrhythmias (p.1160). It is
also used for the control of hypertension (p.1171) and
tachycardia during the perioperative period. 
Esmolol hydrochloride is given intravenously at a con-
centration usually not exceeding 10 mg/mL. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

For the rapid temporary control of ventricular rate in
patients with supraventricular arrhythmias, a load-
ing dose of 500 micrograms/kg given over 1 minute is
followed by an initial maintenance infusion of
50 micrograms/kg per minute for 4 minutes. If the re-
sponse is satisfactory this maintenance infusion should
be continued at 50 micrograms/kg per minute. If a suit-
able response is not obtained within the first 5 minutes
a further loading dose of 500 micrograms/kg over 1
minute may be given and the maintenance infusion
may be increased to 100 micrograms/kg per minute for
4 minutes. If necessary, this procedure may be repeated
once or twice more, until a satisfactory response is ob-
tained, increasing the maintenance infusion each time
by 50 micrograms/kg per minute to a maximum of
200 micrograms/kg per minute. Little additional bene-
fit is obtained from further increases in maintenance
dosage. Once a satisfactory response is obtained infu-
sion may be continued, if necessary, for up to 48 hours. 
When transferring a patient to another antiarrhythmic
drug, the infusion rate of esmolol hydrochloride is re-
duced by 50% thirty minutes after starting the alterna-
tive drug, and may be stopped one hour after the sec-
ond dose of that drug. 
In the control of perioperative hypertension and/or
tachycardia, esmolol hydrochloride may be given in-
travenously as follows: 
• during anaesthesia, a loading dose of 80 mg over 15

to 30 seconds followed by an infusion of
150 micrograms/kg per minute, increased as neces-
sary up to 300 micrograms/kg per minute 

• on waking from anaesthesia, an infusion of
500 micrograms/kg per minute for 4 minutes, fol-
lowed by an infusion of 300 micrograms/kg per
minute as required 

• postoperatively, a stepped dosage schedule, as de-
scribed under control of supraventricular arrhythmi-
as above, although maintenance infusions may be in-
creased up to 300 micrograms/kg per minute as
necessary.

◊ References.
1. Wiest D. Esmolol: a review of its therapeutic efficacy and phar-

macokinetic characteristics. Clin Pharmacokinet 1995; 28:
190–202.

Tetralogy of Fallot. Beta blockers have been used in the man-
agement of tetralogy of Fallot (see under Uses of Propranolol,
p.1381). The BNFC recommends that neonates may be given es-
molol hydrochloride in an initial dose of 600 micrograms/kg by
intravenous injection over 1 to 2 minutes; if necessary, this may
be followed by an intravenous infusion at a dose of 300 to
900 micrograms/kg per minute.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Brevibloc†; Dublon; Austral.: Brevibloc; Austria: Brevibloc; Belg.:
Brevibloc; Braz.: Brevibloc; Canad.: Brevibloc; Cz.: Brevibloc; Denm.:
Brevibloc; Fin.: Brevibloc; Fr.: Brevibloc†; Ger.: Brevibloc; Gr.: Brevibloc;
Hong Kong: Brevibloc†; Hung.: Brevibloc; India: Miniblock; Irl.: Brevibloc;
Israel: Brevibloc†; Ital.: Brevibloc; Malaysia: Brevibloc†; Mex.: Brevi-
bloc†; Neth.: Brevibloc; NZ: Brevibloc; Port.: Brevibloc; S.Afr.: Brevibloc;
Singapore: Brevibloc†; Spain: Brevibloc; Swed.: Brevibloc; Switz.: Brevi-
bloc; Turk.: Brevibloc; UK: Brevibloc; USA: Brevibloc.

Etacrynic Acid (BAN, rINN) ⊗ 
Acide étacrynique; Ácido etacrínico; Acidum etacrynicum;
Etacrynsäure; Etakrino ru

_
gštis; Etakrinsav; Etakrynsyra;

Etakryynihappo; Ethacrynic Acid (USAN); Kwas etakrynowy;
Kyselina etakrynová; MK-595; NSC-85791. [2,3-Dichloro-4-(2-
ethylacryloyl)phenoxy]acetic acid; [2,3-Dichloro-4-(2-methyl-
ene-1-oxobutyl)phenoxy]acetic acid.
Этакриновая Кислота
C13H12Cl2O4 = 303.1.
CAS — 58-54-8.
ATC — C03CC01.
ATC Vet — QC03CC01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Etacrynic Acid). A white or almost white, crystal-
line powder. Very slightly soluble in water; freely soluble in al-
cohol. It dissolves in ammonia and in dilute solutions of alkali
hydroxides and carbonates. 
USP 31 (Ethacrynic Acid). A white or practically white, odour-
less or practically odourless, crystalline powder. Very slightly
soluble in water; soluble 1 in 1.6 of alcohol, 1 in 6 of chloroform,
and 1 in 3.5 of ether. Store at a temperature of 25°, excursions
permitted between 15° and 30°.

Sodium Etacrynate (BANM, rINNM) ⊗ 
Etacrinato sódico; Étacrynate de Sodium; Etacrynate Sodium;
Ethacrynate Sodium (USAN); Natrii Etacrynas; Sodium Ethacry-
nate.

Натрий Этакринат
C13H11Cl2NaO4 = 325.1.
CAS — 6500-81-8.
ATC — C03CC01.
ATC Vet — QC03CC01.

Pharmacopoeias. In Chin. 
Pol. and US include sodium etacrynate for injection.

Stability. Solutions in water of sodium etacrynate containing
the equivalent of etacrynic acid 0.1% have a pH of 6.3 to 7.7.
Solutions are relatively stable at about pH 7 at room temperatures
for short periods and less stable at higher pH values and temper-
atures. They are incompatible with solutions with a pH below 5.
The injection should be protected from light.

Adverse Effects
As for Furosemide, p.1292. Gastrointestinal disturbances may be
more common and severe with etacrynic acid; profuse watery
diarrhoea is an indication for stopping therapy. Gastrointestinal
bleeding has been associated with etacrynic acid. Tinnitus and
deafness, particularly after high parenteral doses, may also be
more common. Other adverse effects include confusion, fatigue,
nervousness, and apprehension. Haematuria has been reported
rarely. 
Local irritation and pain may follow intravenous injection.

Effects on carbohydrate metabolism. Although etacrynic
acid is generally considered to have less pronounced effects on
carbohydrate metabolism than furosemide or the thiazide diuret-
ics, adverse effects have been reported. Reductions in glucose
tolerance1 after etacrynic acid 200 mg daily for 6 weeks were
similar to those produced by hydrochlorothiazide 200 mg daily.
The effect was most pronounced in diabetic patients. Hyperos-
molar hyperglycaemic coma2 and symptomatic hypoglycaemia
with convulsions3 have been reported in patients receiving high
doses of etacrynic acid.
1. Russell RP, et al. Metabolic and hypotensive effects of ethacryn-

ic acid: comparative study with hydrochlorothiazide. JAMA
1968; 205: 11–16. 

2. Cowley AJ, Elkeles RS. Diabetes and therapy with potent diuret-
ics. Lancet 1978; i: 154. 

3. Maher JF, Schreiner GE. Studies on ethacrynic acid in patients
with refractory edema. Ann Intern Med 1965; 62: 15–29.

Effects on the ears. Drug-induced deafness occurred in 2 of
184 patients given etacrynic acid intravenously.1,2 Deafness ac-
companied by nystagmus was reported in a patient3 after an in-
travenous infusion of etacrynic acid. Symptoms resolved within
1 hour. He had previously been taking furosemide and etacrynic
acid orally.
1. Boston Collaborative Drug Surveillance Program. Drug-induced

deafness: a cooperative study. JAMA 1973; 224: 515–16. 
2. Porter J, Jick H. Drug-induced anaphylaxis, convulsions, deaf-

ness, and extrapyramidal symptoms. Lancet 1977; i: 587–8. 
3. Gomolin IH, Garshick E. Ethacrynic acid-induced deafness ac-

companied by nystagmus. N Engl J Med 1980; 303: 702.

Precautions
Etacrynic acid’s precautions and contra-indications are generally
dependent on its effects on fluid and electrolyte balance and are
similar to those of the thiazide diuretics (see Hydrochlorothi-
azide, p.1309). Etacrynic acid, especially in the form of dust, is
irritating to the skin, eyes, and mucous membranes.

Interactions
As for Furosemide, p.1293. The risks of gastrointestinal bleeding
may be enhanced by use of etacrynic acid with other gastric irri-
tants or with anticoagulants.

Anticoagulants. For reference to the interaction between war-
farin and etacrynic acid, see p.1430.

Pharmacokinetics
Etacrynic acid is fairly rapidly absorbed from the gastrointestinal
tract. The plasma half-life is 30 to 60 minutes. It is excreted both
in the bile and the urine, partly unchanged and partly in the form
of metabolites. It is extensively bound to plasma proteins.

Uses and Administration
Although chemically unrelated, etacrynic acid is a loop diuretic
with actions and uses similar to those of furosemide (p.1294).
Etacrynic acid is used in the treatment of oedema associated with
heart failure (p.1165) and with renal and hepatic disorders. 

Diuresis begins within about 30 minutes after an oral dose, and
lasts for about 6 to 8 hours; after intravenous injection of its so-
dium salt, the effects are evident within a few minutes and last for
about 2 hours. 
In the treatment of oedema, the usual initial oral dose is 50 mg
in the morning. The dose may be increased, if necessary, by
25- to 50-mg increments daily to the minimum effective dose.
Severe cases have required gradual titration of the dose up to a
maximum of 400 mg daily, but the effective range is usually be-
tween 50 and 150 mg daily. Dosage of more than 50 mg daily
should be given in divided doses. All doses should be taken with
food. Maintenance doses may be taken daily or intermittently. 
In emergencies, such as acute pulmonary oedema, or when oral
therapy cannot be given, etacrynic acid may be given intrave-
nously. It is given as its salt, sodium etacrynate, but doses are
expressed in terms of the acid. 10.7 mg of sodium etacrynate is
equivalent to about 10 mg of etacrynic acid. The usual dose is
50 mg, or 0.5 to 1 mg/kg, as a 1 mg/mL solution in glucose 5%
(provided the pH is above 5) or sodium chloride 0.9%, given by
slow intravenous injection either directly or into the tubing of a
running infusion. Should a subsequent injection be required the
site should be changed to avoid thrombophlebitis. Single doses
of 100 mg have been given intravenously in critical situations. It
is not suitable for subcutaneous or intramuscular injection. 
For children over 2 years of age an initial dose of etacrynic acid
is 25 mg daily by mouth, cautiously increased as necessary by
25 mg daily. 
If very high doses of etacrynic acid are used careful laboratory
control is essential as described for furosemide (p.1294; high-
dose therapy).
Preparations
BP 2008: Sodium Etacrynate Injection; 
USP 31: Ethacrynate Sodium for Injection; Ethacrynic Acid Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Edecrin; Austria: Edecrin; Canad.: Edecrin; Cz.: Uregyt†; Ger.:
Hydromedin†; Hung.: Uregyt; Ital.: Reomax; Rus.: Uregyt (Урегит);
Swed.: Edecrina†; USA: Edecrin.

Etafenone Hydrochloride (rINNM)

Étafénone, Chlorhydrate d’; Etafenoni Hydrochloridum; Hidro-
cloruro de etafenona; LG-11457. 2′-(2-Diethylaminoethoxy)-3-
phenylpropiophenone hydrochloride.
Этафенона Гидрохлорид
C21H27NO2,HCl = 361.9.
CAS — 90-54-0 (etafenone); 2192-21-4 (etafenone hy-
drochlor ide).
ATC — C01DX07.
ATC Vet — QC01DX07.

(etafenone)

Profile
Etafenone hydrochloride is a vasodilator that has been used in
ischaemic heart disease.

Ethacizine
Aethacizin; Etacizin; Ethacizin; Ethacyzin; EZ-55; NIK-244. Ethyl
10-[3-(diethylamino)propionyl]phenothiazine-2-carbamate.
Этацизин
C22H27N3O3S = 413.5.
CAS — 33414-33-4 (ethacizine); 57530-40-2 (ethacizine
hydrochloride).
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Profile
Ethacizine, an analogue of moracizine (p.1344), is reported to be
a class Ic antiarrhythmic. It is used in the treatment of ventricular
and supraventricular arrhythmias and has been given orally in
doses starting at 50 mg three times daily, increased if necessary
to a maximum of 100 mg three times daily. It has also been given
intravenously.

Ethyl Biscoumacetate (BAN, rINN)

Aethylis Biscoumacetas; Biscumacetato de etilo; Ethyldicoumarol;
Éthyle, Biscoumacétate d’; Ethylis Biscoumacetas; Neodicumari-
num. Ethyl bis(4-hydroxycoumarin-3-yl)acetate.
Этил Бискумацетат
C22H16O8 = 408.4.
CAS — 548-00-5.
ATC — B01AA08.
ATC Vet — QB01AA08.

Profile
Ethyl biscoumacetate is an oral coumarin anticoagulant with ac-
tions similar to those of warfarin (p.1432). It has been used in the
management of thromboembolic disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Pelentan†; Pelentanettae†.

Etilefrine Hydrochloride (BANM, rINNM) ⊗ 
Ethyladrianol Hydrochloride; Ethylnorphenylephrine Hydrochlo-
ride; Etilefriinihydrokloridi; Étiléfrine, chlorhydrate d’; Etilefrin-hid-
roklorid; Etilefrin-hydrochlorid; Etilefrinhydroklorid; Etilefrini hy-
drochloridum; Etilefrino hidrochloridas; Hidrocloruro de etilefri-
na; M-I-36. 2-Ethylamino-1-(3-hydroxyphenyl)ethanol hydro-
chloride.
Этилэфрина Гидрохлорид
C10H15NO2,HCl = 217.7.
CAS — 709-55-7 (etilefr ine); 943-17-9 (etilefr ine hydro-
chloride).
ATC — C01CA01.
ATC Vet — QC01CA01.

(etilefr ine)

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Etilefrine Hydrochloride). A white or almost white,
crystalline powder or colourless crystals. Freely soluble in water;
soluble in alcohol; practically insoluble in dichloromethane.
Store in airtight containers. Protect from light.
Profile
Etilefrine is a direct-acting sympathomimetic (p.1407) with
beta1-agonist properties, and some alpha- and beta2-agonist ac-
tions. It is used for the treatment of hypotensive states (p.1174).
It is given orally as the hydrochloride in usual doses of 5 or
10 mg three times daily; modified-release dosage forms may be
given in doses of 25 mg once or twice daily. Etilefrine hydro-
chloride can also be given parenterally. 
Etilefrine polistirex has been used in the management of rhinitis.
Priapism. Priapism is a common complication of sickle-cell
disease (p.1044) and is often treated with intracavernosal alpha
agonists (see under Uses of Metaraminol, p.1333). There have
also been reports of the successful use of etilefrine, both by int-
racavernosal injection for acute treatment,1,2 and orally for
prophylaxis.1-3

1. Virag R, et al. Preventive treatment of priapism in sickle cell
disease with oral and self-administered intracavernous injection
of etilefrine. Urology 1996; 47: 777–81. 

2. Gbadoé AD, et al. Management of sickle cell priapism with etile-
frine. Arch Dis Child 2001; 85: 52–3. 

3. Okpala I, et al. Etilefrine for the prevention of priapism in adult
sickle cell disease. Br J Haematol 2002; 118: 918–21.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Corcanfol†; Effortil; Etil Adrianol†; Menegradil†; Austria: Agilo†; Cir-
cupon; Effortil; Belg.: Effortil; Braz.: Efortil; Etilefril; Chile: Effortil; Fin.:
Effortil; Fr.: Effortil; Ger.: Adrenam†; Bioflutin; Cardanat; Cardialgine†; Cir-
cuvit E†; Effortil†; Eti-Puren†; Etil; Pholdyston; Thomasin; Gr.: Effortil; Ital.:
Effortil; Jpn: Effortil; Mex.: Effortil; Norw.: Effortil†; Pol.: Effortil; Port.:
Effortil; S.Afr.: Effortil; Spain: Efortil; Swed.: Effortil; Switz.: Effortil; Thai.:
Effortil; Efxine†; Hyprosia; Venez.: Effontil.

Multi-ingredient: Austria: Agilan; Amphodyn; Effortil comp; Hypodyn;
Influbene; Ger.: Agit plus†; Amphodyn†; Dihydergot plus; Effortil plus; Er-
golefrin; Ergomimet plus†; Switz.: Dihydergot plus; Effortil plus.

Etofibrate (rINN)

Étofibrate; Etofibrato; Etofibratum. 2-Nicotinoyloxyethyl 2-(4-
chlorophenoxy)-2-methylpropionate.
Этофибрат
C18H18ClNO5 = 363.8.
CAS — 31637-97-5.
ATC — C10AB09.
ATC Vet — QC10AB09.

Profile
Etofibrate, a derivative of clofibrate (p.1246) and nicotinic acid
(p.1957), is a lipid regulating drug used in the treatment of hyper-
lipidaemias (p.1169). The usual oral dose is 500 mg daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Lipo-Merz; Braz.: Tricerol; Chile: Lipo-Merz†; Ger.: Lipo-Merz;
Hong Kong: Lipo-Merz; Malaysia: Lipo-Merz†; Mex.: Tricerol†; Port.:
Lipo-Merz; Singapore: Lipo-Merz†; Switz.: Lipo-Merz.

Etofylline Clofibrate (rINN)

Clofibrato de etofilina; Étofylline, Clofibrate d’; Etofyllini Clofibras;
ML-1024; Theofibrate (USAN). 2-(Theophyllin-7-yl)ethyl 2-(4-
chlorophenoxy)-2-methylpropionate.
Этофиллина Клофибрат
C19H21ClN4O5 = 420.8.
CAS — 54504-70-0.

Profile
Etofylline clofibrate, a fibric acid derivative (see Bezafibrate,
p.1232), is a lipid regulating drug used in the treatment of hyper-
lipidaemias (p.1169). The usual oral dose is 250 mg two or three
times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Duolip; Cz.: Duolip; Ger.: Duolip; Hong Kong: Duolip; Malay-
sia: Duolip†; Switz.: Duolip†.

Etozolin (USAN, rINN) ⊗ 
Etozolina; Étozoline; Etozolinum; Gö-687; W-2900A. Ethyl (3-
methyl-4-oxo-5-piperidinothiazolidin-2-ylidene)acetate.
Этозолин
C13H20N2O3S = 284.4.
CAS — 73-09-6.
ATC — C03CX01.
ATC Vet — QC03CX01.

Profile
Etozolin is a loop diuretic with properties similar to those of furo-
semide (p.1292), but with a longer duration of action. It has been
used in the treatment of oedema and hypertension (p.1171). Eto-
zolin is reported to be rapidly metabolised to ozolinone which
also has diuretic activity.
◊ References.
1. Knauf H, et al. Pharmacodynamics and kinetics of etozo-

lin/ozolinone in hypertensive patients with normal and impaired
kidney function. Eur J Clin Pharmacol 1984; 26: 687–93. 

2. Beermann B, Grind M. Clinical pharmacokinetics of some newer
diuretics. Clin Pharmacokinet 1987; 13: 254–66.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Elkapin†.

Ezetimibe (BAN, USAN, rINN)

Ezetimiba; Ézétimibe; Ezetimibum; Sch-58235. (3R,4S)-1-(p-
Fluorophenyl)-3-[(3S)-3-(p-fluorophenyl)-3-hydroxypropyl]-4-
(p-hydroxyphenyl)-2-azetidinone.
Эзетимиб
C24H21F2NO3 = 409.4.
CAS — 163222-33-1.
ATC — C10AX09.
ATC Vet — QC10AX09.

Adverse Effects and Precautions
Ezetimibe is generally well tolerated. The most com-
mon adverse effects include headache, abdominal
pain, and diarrhoea; other gastrointestinal disorders,
hypersensitivity reactions including rash and an-
gioedema, fatigue, chest pain, and arthralgia have also
been reported. Rare adverse effects include raised liver
enzymes or hepatitis, pancreatitis, thrombocytopenia,
cholelithiasis, and cholecystitis. Myalgia has occurred
in patients taking ezetimibe either alone or when added
to a statin (see below). Ezetimibe should be stopped if
myopathy is suspected or creatine phosphokinase in-
creases significantly. 
Ezetimibe should be avoided in patients with moderate
or severe hepatic impairment.
◊ Reviews.
1. Jacobson TA, et al. Safety considerations with gastrointestinally

active lipid-lowering drugs. Am J Cardiol 2007; 99 (Issue 6 sup-
pl 1): 47C–55C. 

2. Kashani A, et al. Review of side-effect profile of combination
ezetimibe and statin therapy in randomized clinical trials. Am J
Cardiol 2008; 101: 1606–13.

Effects on the liver. Ezetimibe may cause an increase in liver
enzymes and there have also been reports of acute hepatitis,1
sometimes developing after addition of ezetimibe to long-term
statin therapy.2,3 Both auto-immune2,3 and cholestatic hepatitis3

have been described. In some patients,1,2 symptoms resolved and
liver enzymes normalised when ezetimibe was stopped, and in 1
patient a statin was successfully restarted.2 However, of 2 pa-
tients who had been receiving ezetimibe and atorvastatin, 1 re-
quired treatment with corticosteroids,3 while the other3 had per-
sistent liver changes 4 months later, despite both drugs being
stopped in each case.
1. Liu Q, et al. Drug-induced liver injury associated with ezetimibe

therapy. Dig Dis Sci 2007; 52: 602–5. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. van Heyningen C. Drug-induced acute autoimmune hepatitis
during combination therapy with atorvastatin and ezetimibe. Ann
Clin Biochem 2005; 42: 402–4. 

3. Stolk MF, et al. Severe hepatic side effects of ezetimibe. Clin
Gastroenterol Hepatol 2006; 4: 908–11.

Effects on the pancreas. Pancreatitis has been reported1 in
patients taking ezetimibe. In one case,2 acute pancreatitis devel-
oped 2 weeks after starting ezetimibe and resolved when the drug
was stopped, suggesting an immunological cause.
1. Adverse Drug Reactions Advisory Committee (ADRAC). Drug

induced pancreatitis. Aust Adverse Drug React Bull 2006; 25:
22. Also available at: http://www.tga.gov.au/adr/aadrb/
aadr0612.pdf (accessed 30/05/08) 

2. Ahmad I, et al. Ezetimibe-induced acute pancreatitis. South Med
J 2007; 100: 409–10.

Effects on skeletal muscle. Muscle disorders such as myalgia
and myopathy are well known to occur with lipid regulating
drugs such as statins and fibrates and have also been reported
with ezetimibe, both alone,1,2 and when added to treatment with
statins;1,3 rhabdomyolysis has also occurred, but is rare in pa-
tients taking ezetimibe alone. Up to August 2005, the Australian
Adverse Drug Reactions Advisory Committee4 had received 44
reports of muscle disorders with ezetimibe, including myalgia,
muscle cramp, weakness and pain; in 5 of these cases a statin was
also being taken.
1. Simard C, Poirier P. Ezetimibe-associated myopathy in mono-

therapy and in combination with a 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitor. Can J Cardiol 2006; 22: 141–4. 

2. Havranek JM, et al. Monotherapy with ezetimibe causing myop-
athy. Am J Med 2006; 119: 285–6. 

3. Fux R, et al. Ezetimibe and statin-associated myopathy. Ann In-
tern Med 2004; 140: 671–2. 

4. Adverse Drug Reactions Advisory Committee (ADRAC).
Ezetimibe and muscle disorders. Aust Adverse Drug React Bull
2005; 24: 15. Also available at: http://www.tga.health.gov.au/
adr/aadrb/aadr0508.pdf (accessed 30/05/08)

Interactions
Colestyramine reduces the absorption of ezetimibe and
should not be given at the same time of day.
Ciclosporin has been reported to increase the plasma
concentration of ezetimibe (see below) and patients re-
ceiving both drugs should be carefully monitored; the
effect may be greater in patients with severe renal im-
pairment. An increased INR has been reported in pa-
tients given ezetimibe and oral anticoagulants.
Ciclosporin. Pharmacokinetic studies1 have shown that plas-
ma-ezetimibe concentrations are higher in renal transplant pa-
tients taking ciclosporin than in historical controls, and there has
been a report2 of a supratherapeutic response to ezetimibe in a
heart transplant patient taking ciclosporin. Ezetimibe causes a
small increase in plasma-ciclosporin concentrations,3 but the
clinical relevance of this is not clear.
1. Bergman AJ, et al. Interaction of single-dose ezetimibe and

steady-state cyclosporine in renal transplant patients. J Clin
Pharmacol 2006; 46: 328–36. 

2. Koshman SL, et al. Supratherapeutic response to ezetimibe ad-
ministered with cyclosporine. Ann Pharmacother 2005; 39:
1561–5. 

3. Bergman AJ, et al. Effects of ezetimibe on cyclosporine pharma-
cokinetics in healthy subjects. J Clin Pharmacol 2006; 46:
321–7.

Pharmacokinetics
Ezetimibe is rapidly absorbed when given orally and
undergoes extensive conjugation in the small intestine
and liver to an active glucuronide metabolite, which is
the main circulating form. Both ezetimibe and the glu-
curonide are more than 90% bound to plasma proteins.
Ezetimibe is excreted primarily in the faeces via bile
and undergoes enterohepatic recycling; after an oral
dose, about 78% is excreted in the faeces, mainly as
ezetimibe, and about 11% is excreted in the urine,
mainly as the glucuronide. The elimination half-life for
both ezetimibe and the glucuronide is about 22 hours.
Ezetimibe is distributed into breast milk in rats.
◊ Reviews
1. Kosoglou T, et al. Ezetimibe: a review of its metabolism, phar-

macokinetics and drug interactions. Clin Pharmacokinet 2005;
44: 467–94.

Uses and Administration
Ezetimibe is an inhibitor of intestinal sterol absorption
and inhibits the absorption of cholesterol and plant
sterols. It is used to reduce total cholesterol, low-densi-
ty lipoprotein (LDL)-cholesterol, and apolipoprotein B
in the management of hyperlipidaemias (below), and
to reduce sitosterol and campesterol in patients with
homozygous familial sitosterolaemia. It is given orally
in a usual dose of 10 mg once daily.

◊ Reviews.
1. Sudhop T, von Bergmann K. Cholesterol absorption inhibitors

for the treatment of hypercholesterolaemia. Drugs 2002; 62:
2333–47. 

2. Mauro VF, Tuckerman CE. Ezetimibe for management of hyper-
cholesterolemia. Ann Pharmacother 2003; 37: 839–48.

Hyperlipidaemias. Ezetimibe inhibits the absorption of diet-
ary cholesterol1 and, although there is a compensatory increase
in cholesterol synthesis in the liver,1 overall plasma LDL-choles-
terol concentrations are reduced.2 Ezetimibe may be used alone
in the management of hyperlipidaemias (p.1169) but use with
lipid regulating drugs that act by reducing cholesterol synthesis
may produce additive effects. In patients already taking statins,
addition of ezetimibe results in a further reduction in LDL-
cholesterol,3 which may increase the number of patients achiev-
ing lipid targets, or allow lower doses of statins to be used. How-
ever, the clinical relevance of this is unclear; a study4 in patients
with familial hypercholesterolaemia found no difference in the
progression of carotid atherosclerosis (measured by intima-
media thickness) in those given ezetimibe with simvastatin com-
pared with those given simvastatin alone, despite a larger reduc-
tion in LDL-cholesterol. Similar effects on LDL-cholesterol
have been reported5 for ezetimibe with fibrates. 
As well as inhibiting cholesterol absorption, ezetimibe also
blocks the absorption of plant sterols such as campesterol and
sitosterol, and may be effective in patients with sitosterolaemia,6
an inherited disorder in which increased absorption of plant ster-
ols leads to premature atherosclerosis.
1. Sudhop T, et al. Inhibition of intestinal cholesterol absorption by

ezetimibe in humans. Circulation 2002; 106: 1943–8. 
2. Knopp RH, et al. Effects of ezetimibe, a new cholesterol absorp-

tion inhibitor, on plasma lipids in patients with primary hyperc-
holesterolemia. Eur Heart J 2003; 24: 729–41. 

3. Pearson TA, et al. A community-based, randomized trial of
ezetimibe added to statin therapy to attain NCEP ATP III goals
for LDL cholesterol in hypercholesterolemic patients: the
ezetimibe add-on to statin for effectiveness (EASE) trial. Mayo
Clin Proc 2005; 80: 587–95. 

4. Kastelein JJP, et al. The ENHANCE Investigators. Simvastatin
with or without ezetimibe in familial hypercholesterolemia. N
Engl J Med 2008; 358: 1431–43. 

5. McKenney JM, et al. Safety and efficacy of long-term co-admin-
istration of fenofibrate and ezetimibe in patients with mixed hy-
perlipidemia. J Am Coll Cardiol 2006; 47: 1584–7. 

6. Salen G, et al. Ezetimibe effectively reduces plasma plant sterols
in patients with sitosterolemia. Circulation 2004; 109: 966–71.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Acotral; Alin; Alipas; Cerclerol; Cetrakam; Coracil; Ezetrol; Ixacor; Li-
pimibe; Nalecol; Sinterol; Trilip; Vadel; Zetia; Austral.: Ezetrol; Austria:
Ezetrol; Belg.: Ezetrol; Braz.: Ezetrol; Zetia; Canad.: Ezetrol; Chile: Ezet-
rol; Zient; Cz.: Ezetrol; Zient; Denm.: Ezetrol; Fin.: Ezetrol; Fr.: Ezetrol;
Ger.: Ezetrol; Gr.: Ezetrol; Hong Kong: Ezetrol; Hung.: Ezetrol; India:
Ezetib; Ezzicad†; Imbibe; Indon.: Ezetrol; Irl.: Ezetrol; Israel: Ezetrol; Ma-
laysia: Ezetrol; Mex.: Ezetrol; Zient; Neth.: Ezetrol; Norw.: Ezetrol; NZ:
Ezetrol; Philipp.: Ezetrol; Port.: Ezetrol; Rus.: Ezetrol (Эзетрол); S.Afr.:
Ezetrol; Singapore: Ezetrol; Spain: Ezetrol; Swed.: Ezetrol; Switz.: Ezetrol;
Thai.: Ezetrol; UK: Ezetrol; USA: Zetia; Venez.: Ezetrol; Zetia; Zient.
Multi-ingredient: Arg.: Alipas Duo; Ampliar Duo; Ateroclar Duo; La-
bistatin Duo; Liparex Duo; Lipibec Duo; Liponorm Duo; Redusterol Duo;
Torimibe; Vasotenal EZ; Vytorin; Austral.: Vytorin; Austria: Inegy; Vytorin;
Braz.: Vytorin; Zetsim; Chile: Adacai; Vytorin; Zintrepid; Cz.: Inegy; Fr.:
Inegy; Ger.: Inegy; Gr.: Inegy; Vytorin; Hong Kong: Vytorin; Hung.: Inegy;
India: Zetitor†; Indon.: Vytorin; Irl.: Inegy; Ital.: Inegy; Vytorin; Malaysia:
Vytorin; Mex.: Vytorin; Zintrepid; Neth.: Inegy; Vytorin; Norw.: Inegy; NZ:
Vytorin; Philipp.: Vytorin; Port.: Inegy; Singapore: Vytorin; UK: Inegy;
USA: Vytorin; Venez.: Adacai; Vytorin; Zintrepid.

Fasudil Hydrochloride (rINNM)

AT-877; Fasudil, Chlorhydrate de; Fasudili Hydrochloridum; HA-
1077; Hidrocloruro de fasudil. Hexahydro-1-(5-isoquinolylsulfo-
nyl)-1H-1,4-diazepine hydrochloride.
Фазудила Гидрохлорид
C14H17N3O2S,HCl = 327.8.
CAS — 103745-39-7 (fasudil); 105628-07-7 (fasudil hy-
drochlor ide).
ATC — C04AX32.
ATC Vet — QC04AX32.

(fasudil)

Profile
Fasudil is a selective inhibitor of Rho-kinase, a protein kinase
involved in contraction of vascular smooth muscle. Fasudil is
used as the hydrochloride for its vasodilating properties in the
management of cerebrovascular disorders including vasospasm
after surgery for subarachnoid haemorrhage. It is under investi-

gation for the treatment of angina pectoris, acute cerebral throm-
bosis, and pulmonary hypertension.
◊ References.
1. Shibuya M, et al. Effect of AT877 on cerebral vasospasm after

aneurysmal subarachnoid hemorrhage: results of a prospective
placebo-controlled double-blind trial. J Neurosurg 1992; 76:
571–7. 

2. Masumoto A, et al. Suppression of coronary artery spasm by the
Rho-kinase inhibitor fasudil in patients with vasospastic angina.
Circulation 2002; 105: 1545–7. 

3. Shimokawa H, et al. Anti-anginal effect of fasudil, a Rho-kinase
inhibitor, in patients with stable effort angina: a multicenter
study. J Cardiovasc Pharmacol 2002; 40: 751–61. 

4. Vicari RM, et al. Efficacy and safety of fasudil in patients with
stable angina: a double-blind, placebo-controlled, phase 2 trial.
J Am Coll Cardiol 2005; 46: 1803–11. 

5. Suzuki Y, et al. A postmarketing surveillance study of fasudil
treatment after aneurysmal subarachnoid hemorrhage. Surg Neu-
rol 2007; 68: 126–31.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Eril†.

Felodipine (BAN, USAN, rINN)

Felodipiini; Felodipin; Felodipinas; Félodipine; Felodipino; Fe-
lodipinum; H-154/82. Ethyl methyl 4-(2,3-dichlorophenyl)-1,4-di-
hydro-2,6-dimethylpyridine-3,5-dicarboxylate.
Фелодипин
C18H19Cl2NO4 = 384.3.
CAS — 72509-76-3; 86189-69-7.
ATC — C08CA02.
ATC Vet — QC08CA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Felodipine). A white or light yellow, crystalline
powder. Practically insoluble in water; freely soluble in dehy-
drated alcohol, in acetone, in dichloromethane, and in methyl al-
cohol. Protect from light. 
USP 31 (Felodipine). A light yellow to yellow, crystalline pow-
der. Insoluble in water; freely soluble in acetone and in methyl al-
cohol; very slightly soluble in heptane. Store in airtight contain-
ers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Felodipine is almost completely absorbed from the
gastrointestinal tract after oral doses but undergoes ex-
tensive first-pass metabolism, with a bioavailability of
about 15% (range 10 to 25%). It is extensively metab-
olised in the gut and the liver and is excreted almost
entirely as metabolites, about 70% of a dose being ex-
creted in urine and the remainder in faeces. The termi-
nal elimination half-life is reported to be about 11 to 16
hours after oral dosage with an immediate-release
preparation, but longer with a modified-release formu-
lation. Felodipine is about 99% bound to plasma pro-
teins (mainly albumin).
◊ General reviews.
1. Dunselman PHJM, Edgar B. Felodipine clinical pharmacokinet-

ics. Clin Pharmacokinet 1991; 21: 418–30.

Uses and Administration
Felodipine is a dihydropyridine calcium-channel
blocker with actions similar to those of nifedipine
(p.1354). It is used in the management of hypertension
(p.1171) and angina pectoris (p.1157). 
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Felodipine is given orally, generally in a modified-re-
lease formulation for use once daily in the morning. In
hypertension the usual initial dose is 5 mg daily, ad-
justed as required; the usual maintenance dose is 2.5 to
10 mg daily and doses above 20 mg daily are not usu-
ally needed. In angina the usual initial dose is 5 mg
daily increased if necessary to 10 mg daily. 
Lower doses may be required in patients with hepatic
impairment (see below) and in the elderly.
◊ Reviews.
1. Todd PA, Faulds D. Felodipine: a review of the pharmacology

and therapeutic use of the extended release formulation in cardi-
ovascular disorders. Drugs 1992; 44: 251–77. 

2. Walton T, Symes LR. Felodipine and isradipine: new calcium-
channel-blocking agents for the treatment of hypertension. Clin
Pharm 1993; 12: 261–75.

Administration in hepatic impairment. In 9 patients with
liver cirrhosis given felodipine 750 micrograms by intravenous
infusion over 20 minutes and 10 mg orally as single doses on
separate occasions the mean oral bioavailability was 17.1%
which was not significantly different from published values in
healthy subjects, but the maximum plasma concentrations were
almost twice as high as normal, apparently due to reduced sys-
temic clearance and volume of distribution.1 The fact that bioa-
vailability was not increased suggests that much pre-systemic
metabolism takes place in the gut rather than the liver. Although
increased adverse effects were not associated with the raised fe-
lodipine concentrations in this study it is recommended that ther-
apy in cirrhotic patients begin at lower doses than in patients with
normal liver function. US licensed product information recom-
mends that an initial dose of 2.5 mg once daily should be used in
patients with hepatic impairment.
1. Regårdh CG, et al. Pharmacokinetics of felodipine in patients

with liver disease. Eur J Clin Pharmacol 1989; 36: 473–9.

Preparations
USP 31: Felodipine Extended-Release Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Munobal; Plendil; Austral.: Agon†; Felodur; Plendil; Austria: Felodis-
tad; Munobal; Plendil; Belg.: Plendil; Renedil; Braz.: Splendil; Canad.:
Plendil; Renedil; Chile: Splendil; Cz.: Auronal; Felocor; Plendil; Presid;
Denm.: Felodin; Hydac†; Plendil; Plendur; Fin.: Hydac; Plendil; Fr.: Flodil;
Ger.: Felo-Puren; Felobeta; Felocor; Felogamma; Modip; Munobal; Gr.:
Plendil; Hong Kong: Plendil; Hung.: Plendil; Presid; India: Felogard; In-
don.: Nirmadil; Plendil; Irl.: Plendil; Israel: Penedil; Ital.: Feloday; Plendil;
Prevex; Jpn: Splendil†; Malaysia: Plendil; Mex.: Fedin; Munobal; Plendil;
Neth.: Plendil; Renedil; Norw.: Plendil; NZ: Felo; Plendil; Philipp.: Dilahex;
Felim; Felop; Lodistad; Plendil; Versant; Pol.: Felohexal; Plendil; Port.: Men-
cor; Preslow; Rus.: Felodip (Фелодип); Plendil (Плендил); S.Afr.: Plendil;
Singapore: Plendil; Spain: Fensel; Perfudal; Plendil; Swed.: Plendil; Switz.:
Felodil; Munobal†; Plendil; Thai.: Felim; Felohexal; Feloten; Plendil; Turk.:
Plendil; UK: Cardioplen; Felotens; Keloc; Neofel; Plendil; Vascalpha; USA:
Plendil; Venez.: Munobal†; Plendil.
Multi-ingredient: Arg.: Nikion†; Triacor; Austral.: Triasyn; Austria: Tri-
apin; Unimax; Belg.: Logimat; Cz.: Logimax†; Triasyn; Unimax†; Denm.:
Logimax; Fin.: Logimax; Unimax; Fr.: Logimax; Ger.: Delmuno; Mobloc;
Unimax; Gr.: Logimax; Triacor; Unitens; Hong Kong: Logimax; Hung.:
Logimax; Triasyn; Irl.: Triapin; Israel: Logimax; Mex.: Logimax; Triacor;
Neth.: Logimax; Triapin; Unimax; Philipp.: Logimax; Triapin; Port.: Uni-
max; Rus.: Logimax (Логимакс); S.Afr.: Tri-Plen; Spain: Logimax; Swed.:
Logimax; Switz.: Logimax; Unimax; UK: Triapin; USA: Lexxel.

Fendiline Hydrochloride (pINNM)

Fendiline, Chlorhydrate de; Fendilini Hydrochloridum; Hidro-
cloruro de fendilina. N-(2-Benzhydrylethyl)-α-methylbenzyl-
amine hydrochloride.
Фендилина Гидрохлорид
C23H25N,HCl = 351.9.
CAS — 13042-18-7 (fendiline); 13636-18-5 (fendiline hy-
drochloride).
ATC — C08EA01.
ATC Vet — QC08EA01.

(fendiline)

Profile
Fendiline hydrochloride is a calcium-channel blocker used as a
vasodilator in ischaemic heart disease.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Sensit†; Ger.: Sensit; Gr.: Sensit.

Fenofibrate (BAN, rINN)

Fenofibraatti; Fenofibrát; Fenofibrat; Fenofibratas; Fénofibrate;
Fenofibrato; Fenofibratum; LF-178; Procetofen; Procetofene. Iso-
propyl 2-[4-(4-chlorobenzoyl)phenoxy]-2-methylpropionate.
Фенофибрат
C20H21ClO4 = 360.8.
CAS — 49562-28-9.
ATC — C10AB05.
ATC Vet — QC10AB05.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Fenofibrate). A white or almost white, crystalline
powder. M.p. 79° to 82°. Practically insoluble in water; slightly
soluble in alcohol; very soluble in dichloromethane. Protect from
light. 
USP 31 (Fenofibrate). A white or almost white, crystalline pow-
der. M.p. 79° to 82°. Practically insoluble in water; slightly solu-
ble in alcohol; very soluble in dichloromethane. Protect from
light.

Adverse Effects and Precautions
As for Bezafibrate, p.1232.

Interactions
As for Bezafibrate, p.1232. 
UK licensed product information for fenofibrate sug-
gests that in patients taking oral anticoagulants, the
dose of anticoagulant should be reduced by about one-
third when treatment with fenofibrate is started, and
then adjusted gradually if necessary.

Pharmacokinetics
Fenofibrate is readily absorbed from the gastrointesti-
nal tract when taken with food; absorption may be re-
duced if fenofibrate is given on an empty stomach, al-
though this depends on the formulation (see
Bioavailability, below). It is rapidly hydrolysed to its
active metabolite fenofibric acid which is about 99%
bound to plasma albumin. The plasma elimination
half-life is about 20 hours. Fenofibric acid is excreted
mainly in the urine, mainly as the glucuronide conju-
gate, but also as a reduced form of fenofibric acid and
its glucuronide. It is not removed by haemodialysis.
◊ References.
1. Chapman MJ. Pharmacology of fenofibrate. Am J Med 1987; 83

(suppl 5B): 21–5.

Bioavailability. Fenofibrate is poorly soluble in water and has a
low bioavailability when given orally.1 Bioavailability is in-
creased by food, particularly if there is a high fat content, and
fenofibrate is therefore usually given with meals. Changes to the
formulation, particularly with regard to the particle size, have
been made to improve solubility,1 with the aim of increasing bio-
availability and reducing the influence of food. Micronisation
improves bioavailability to a certain extent, and allows a lower
dose to be given; 300 mg of non-micronised fenofibrate is usual-
ly considered equivalent to about 200 mg of the standard micro-
nised form. Microcoating may further improve bioavailability,2
but absorption is still affected by the presence of food.3 Nanopar-
ticle,4 stabilised microparticle,3 or semi-solid formulations,5
however, appear to have a more consistent bioavailability and
may be given with or without food.
1. Vogt M, et al. Dissolution enhancement of fenofibrate by micro-

nization, cogrinding and spray-drying: comparison with com-
mercial preparations. Eur J Pharm Biopharm 2008; 68: 283–8. 

2. Guichard JP, et al. A new formulation of fenofibrate: suprabioa-
vailable tablets. Curr Med Res Opin 2000; 16: 134–8. 

3. Guivarc’h PH, et al. A new fenofibrate formulation: results of
six single-dose, clinical studies of bioavailability under fed and
fasting conditions. Clin Ther 2004; 26: 1456–69. 

4. Sauron R, et al. Absence of a food effect with a 145 mg nanopar-
ticle fenofibrate tablet formulation. Int J Clin Pharmacol Ther
2006; 44: 64–70. 

5. Sonet B, et al. Randomised crossover studies of the bioequiva-
lence of two fenofibrate formulations after administration of a
single oral dose in healthy volunteers. Arzneimittelforschung
2002; 52: 200–4.

Uses and Administration
Fenofibrate, a fibric acid derivative, is a lipid regulat-
ing drug with actions on plasma lipids similar to those
of bezafibrate (p.1233). 
It is used to reduce low-density lipoprotein (LDL)-cho-
lesterol, total cholesterol, triglycerides, and apolipo-
protein B, and to increase high-density lipoprotein
(HDL)-cholesterol, in the management of hyperlipi-
daemias (p.1169), including type IIa, type IIb, type III,
type IV, and type V hyperlipoproteinaemias. 
Fenofibrate is given orally. It is usually given with food
to improve bioavailability although this may not be
necessary with all preparations (see Bioavailability,
above). It is available in a range of formulations with
differing bioavailabilities and the dose is therefore spe-
cific to the preparation. 
Standard micronised formulations of fenofibrate are
available as 67-mg capsules to be taken several times
daily, or as 200- or 267-mg capsules for once daily dos-
age. The usual initial dose is 67 mg three times daily or
200 mg once daily; the dose may be reduced to 67 mg
twice daily or increased to 67 mg four times daily or
267 mg once daily according to response. 
Preparations with improved bioavailability may be
given in doses of around 40 to 160 mg once daily. 
Non-micronised formulations may also be available
and are given in an initial dose of 200 to 300 mg daily
in divided doses, adjusted according to response to be-
tween 200 and 400 mg daily; 100 mg of non-micro-
nised fenofibrate is therapeutically equivalent to 67 mg
of the standard micronised form. 
The dose of fenofibrate should be reduced in renal im-
pairment (see below). For the dose of fenofibrate in
children, see also below.
◊ Reviews.
1. Keating GM, Croom KF. Fenofibrate: a review of its use in pri-

mary dyslipidaemia, the metabolic syndrome and type 2 diabetes
mellitus. Drugs 2007; 67: 121–53.

Administration in children. Experience with fenofibrate in
children is limited and it should only be given under specialist
advice. The dose depends on the formulation: 
• For standard micronised fenofibrate the BNFC recommends

that children are given the 67-mg capsule formulation. The
oral dose is one 67-mg capsule per 20 kg body-weight daily
for children aged 4 to 15 years; those aged 15 to 18 years may
be given the adult dose (see above). 

• Non-micronised fenofibrate is licensed for use in some coun-
tries in children from the age of 10 years, in an oral dose of
5 mg/kg daily.

Administration in renal impairment. A single-dose study1

in patients with mild (creatinine clearance (CC) 30 to
50 mL/minute) or severe renal impairment (CC below
10 mL/minute or undergoing haemodialysis) found that the plas-
ma elimination half-life of fenofibric acid was prolonged, with a
range of 54 to 362 hours; no correlation was found between half-
life and serum creatinine or CC. Fenofibrate metabolites were
not removed by haemodialysis, and repeated dosing in patients
undergoing regular haemodialysis led to significant accumula-
tion of fenofibric acid.1 
Fenofibrate is therefore not generally recommended in patients
with severe renal impairment although UK licensed product in-
formation allows a dose of 134 mg of standard micronised fenof-
ibrate daily for patients with CC between 20 and 60 mL/minute
and 67 mg daily for patients with CC below 20 mL/minute. US
licensed product information for improved bioavailability for-
mulations suggests initial daily doses of about 40 to 50 mg
(equivalent to about 67 mg of standard micronised fenofibrate)
in patients with renal impairment, but contra-indicates use in
those with severe impairment.
1. Desager JP, et al. Effect of hemodialysis on plasma kinetics of

fenofibrate in chronic renal failure. Nephron 1982; 31: 51–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Craveril; Fenobrate; Fenolip†; Lipidil†; Lipoplasmin†; Minuslip; Proce-
token; Qualecon†; Sclerofin; Austral.: Lipidil; Austria: Fenolip; Lipcor;
Lipsin; Belg.: Docfenofi; Fenofitop; Fenogal; Lipanthyl; Braz.: Lipanon; Lipi-
dil; Canad.: Apo-Feno; Lipidil; Chile: Lipidil; Cz.: Apo-Feno; Febira;
Fenofix; Grofibrat†; Hypolip†; Lipanthyl; Lipirex; Lipohexal; Suprelip; Fin.:
Lipanthyl; Fr.: Fegenor; Lipanthyl; Lipirex; Secalip; Ger.: CIL; durafenat; Fe-
nobeta; Fenofanton; Lipanthyl; Lipidil; Normalip pro; Gr.: Lipanthyl; Lipidil;
Neo-Disterin; Planitrix†; Zerlubron†; Hong Kong: Apo-Feno-Micro; Feg-
enor; Lexemin; Lipanthyl; Qualipantyl; Trolip†; Hung.: Feno-Micro; Feno-
brat; Lipanthyl†; Lipidil; India: Fenolip; Lipicard; Indon.: Evothyl; Felosma;
Hyperchol; Lipanthyl; Trichol; Trolip; Yosenob; Zumafib; Irl.: Lipantil; Ital.:
Fulcro; Lipanthyl†; Lipofene; Lipsin; Nolipax; Scleril; Tilene; Volutine†; Jpn:
Tricor; Malaysia: Apo-Feno-Micro; Lexemin; Lipanthyl; Mex.: Controlip;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Lipidil†; Philipp.: Fibrafen; Lipanthyl; Lipway; Nubrex; Trolip; Pol.: Apo-
Feno; Fenardin; Fenoratio; Grofibrat; Lipanthyl; Port.: Apteor; Catalip;
Lipanthyl; Lipofen; Supralip; Rus.: Lipanthyl (Липантил); S.Afr.: Lipsin†;
Singapore: Fenogal Lidose; Lexemin; Lipanthyl; Spain: Liparison; Secalip;
Swed.: Lipanthyl; Switz.: Lipanthyl; Thai.: Fenox; Fibrolan; Lexemin; Lipan-
thyl; Supralip; Turk.: Lipanthyl; Lipofen; UK: Fenogal; Lipantil; Supralip; USA:
Antara; Lipofen; Lofibra; Tricor; Triglide.

Fenoldopam Mesilate (BANM, rINNM)

Fénoldopam, Mésilate de; Fenoldopam Mesylate (USAN); Fe-
noldopami Mesilas; Mesilato de fenoldopam; SKF-82526-j. 6-
Chloro-2,3,4,5-tetrahydro-1-(p-hydroxyphenyl)-1H-3-benzaze-
pine-7,8-diol methanesulfonate.

Фенолдопама Мезилат
C16H16ClNO3,CH4O3S = 401.9.
CAS — 67227-56-9 (fenoldopam); 67227-57-0 (fe-
noldopam mesilate).
ATC — C01CA19.
ATC Vet — QC01CA19.

(fenoldopam)

Pharmacopoeias. In US. 
USP 31 (Fenoldopam Mesylate). A white to off-white powder.
Soluble in water. Store in airtight containers at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
moisture.

Incompatibility. Physical incompatibility has been reported1

with fenoldopam 80 micrograms/mL (as the mesilate) in 0.9%
sodium chloride injection and the following drugs during simu-
lated Y-site administration: aminophylline; ampicillin sodium;
amphotericin B; bumetanide; cefoxitin sodium; dexamethasone
sodium phosphate; diazepam; fosphenytoin sodium; furosemide;
ketorolac tromethamine; methohexital sodium; methylpred-
nisolone sodium succinate; pentobarbital sodium; phenytoin so-
dium; prochlorperazine edisilate; sodium bicarbonate; and thio-
pental sodium.
1. Trissel LA, et al. Compatibility of fenoldopam mesylate with

other drugs during simulated Y-site administration. Am J Health-
Syst Pharm 2003; 60: 80–5.

Stability. Fenoldopam mesilate, at concentrations ranging from
4 to 300 micrograms/mL in glucose 5% or sodium chloride
0.9%, has been reported1 to be stable for 72 hours when stored at
temperatures of 4° or 23°.
1. Trissel LA, et al. Stability of fenoldopam mesylate in two infu-

sion solutions. Am J Health-Syst Pharm 2002; 59: 846–8.

Adverse Effects and Precautions
The adverse effects of fenoldopam are mainly due to
vasodilatation and include hypotension, flushing, diz-
ziness, headache, and reflex tachycardia. Nausea and
vomiting, and ECG abnormalities have also been re-
ported. Hypokalaemia has occurred and serum-electro-
lyte concentrations should be monitored during thera-
py; blood pressure and heart rate should also be
monitored. Fenoldopam may increase intra-ocular
pressure and it should be used with caution in patients
with glaucoma. Caution is also required in patients in
whom hypotension could be deleterious, such as those
with acute cerebral infarction or haemorrhage.
Effects on the heart. Although fenoldopam is usually associ-
ated with reflex tachycardia, precipitous bradycardia in 2 pa-
tients given fenoldopam infusion in a clinical study1 forced the
drug to be stopped.
1. Taylor AA, et al. Sustained hemodynamic effects of the selective

dopamine-1 agonist, fenoldopam, during 48-hour infusions in
hypertensive patients: a dose-tolerability study. J Clin Pharma-
col 1999; 39: 471–9.

Interactions
The hypotensive effects of fenoldopam may be en-
hanced by other drugs with hypotensive actions. Beta

blockers may block fenoldopam-induced reflex tachy-
cardia and use of the drugs together is not recommend-
ed.

Pharmacokinetics
Steady-state plasma concentrations of fenoldopam are
reached about 20 minutes after starting continuous in-
travenous infusion. Fenoldopam is extensively metab-
olised with only about 4% of a dose being excreted un-
changed. It is metabolised by conjugation (mainly
glucuronidation, methylation, and sulfation). Fe-
noldopam and its metabolites are excreted mainly in
the urine, and the remainder in the faeces. The elimina-
tion half-life of fenoldopam is about 5 minutes.

Uses and Administration
Fenoldopam is a dopamine agonist that is reported to
have a selective action at dopamine D1-receptors, lead-
ing to vasodilatation. It is used in the short-term man-
agement of severe hypertension (below) and has also
been tried in heart failure. 
Fenoldopam is given intravenously as the mesilate, al-
though doses are expressed in terms of the base;
1.31 micrograms of fenoldopam mesilate is equivalent
to about 1 microgram of fenoldopam. 
In the management of hypertensive crises, fenoldopam
mesilate is given by continuous intravenous infusion
for up to 48 hours, as a solution containing
40 micrograms/mL of fenoldopam. The dose should
be adjusted according to response, in usual increments
of 50 to 100 nanograms/kg per minute at not less than
15-minute intervals. The usual dose range is from 100
to 1600 nanograms/kg per minute. 
In the management of hypertensive crises in children,
fenoldopam mesilate is given by continuous intrave-
nous infusion for up to 4 hours, as a solution containing
60 micrograms/mL of fenoldopam. US licensed prod-
uct information states that the initial dose used in clin-
ical studies was 200 nanograms/kg per minute; adjust-
ments according to response every 20 to 30 minutes up
to 500 nanograms/kg per minute were usually well-tol-
erated. No benefit was seen from doses above
800 nanograms/kg per minute.
Hypertension. Fenoldopam has a rapid onset of action and
short elimination half-life and may be used as an alternative to
sodium nitroprusside in the management of hypertensive crises
(see under Hypertension, p.1171). Its use has been reviewed.1-3

Comparative studies with sodium nitroprusside in patients with
acute severe hypertension have shown fenoldopam to be equally
effective in rapidly lowering blood pressure. Additionally, in
contrast to nitroprusside, urine output, creatinine clearance, and
sodium excretion may be increased by fenoldopam. Fenoldopam
may therefore be particularly useful in patients with renal impair-
ment, although this remains to be established.
1. Brogden RN, Markham A. Fenoldopam: a review of its pharma-

codynamic and pharmacokinetic properties and intravenous clin-
ical potential in the management of hypertensive urgencies and
emergencies. Drugs 1997; 54: 634–50. 

2. Post JB, Frishman WH. Fenoldopam: a new dopamine agonist
for the treatment of hypertensive urgencies and emergencies. J
Clin Pharmacol 1998; 38: 2–13. 

3. Murphy MB, et al. Fenoldopam: a selective peripheral
dopamine-receptor agonist for the treatment of severe hyperten-
sion. N Engl J Med 2001; 345: 1548–57.

Nephrotoxicity. Fenoldopam increases renal blood flow and
has been tried to reduce the renal toxicity that may be associated
with use of contrast media (see Effects on the Kidneys under Ad-
verse Effects of Amidotrizoic Acid, p.1476). Small studies in pa-
tients at risk of renal toxicity have shown benefit with
fenoldopam,1,2 but larger randomised trials3,4 have found no ad-
vantage with fenoldopam plus hydration compared with hydra-
tion using sodium chloride 0.45% alone. However, a later meta-
analysis5 in patients undergoing cardiovascular surgery, who are
at risk of acute renal failure, found that fenoldopam consistently
reduced the need for renal replacement therapy, and reduced
mortality. 
A study6 in patients undergoing liver transplantation (p.1815)
suggested that fenoldopam may have a role in preserving renal
function, possibly by counteracting the renal toxicity associated
with ciclosporin.
1. Chu VL, Cheng JWM. Fenoldopam in the prevention of contrast

media-induced acute renal failure. Ann Pharmacother 2001; 35:
1278–82. Correction. ibid.; 1677. 

2. Lepor NE. A review of contemporary prevention strategies for
radiocontrast nephropathy: a focus on fenoldopam and N-acetyl-
cysteine. Rev Cardiovasc Med 2003; 4 (suppl 1): S15–S20. 

3. Allaqaband S, et al. Prospective randomized study of N-acetyl-
cysteine, fenoldopam, and saline for prevention of radiocontrast-
induced nephropathy. Catheter Cardiovasc Interv 2002; 57:
279–83. 

4. Stone GW, et al. Fenoldopam mesylate for the prevention of con-
trast-induced nephropathy: a randomized controlled trial. JAMA
2003; 290: 2284–91. 

5. Landoni G, et al. Fenoldopam reduces the need for renal replace-
ment therapy and in-hospital death in cardiovascular surgery: a
meta-analysis. J Cardiothorac Vasc Anesth 2008; 22: 27–33. 

6. Biancofiore G, et al. Use of fenoldopam to control renal dysfunc-
tion early after liver transplantation. Liver Transpl 2004; 10:
986–92.

Preparations
USP 31: Fenoldopam Mesylate Injection.
Proprietary Preparations (details are given in Part 3)
Irl.: Corlopam†; Ital.: Corlopam; Neth.: Corlopam; USA: Corlopam.

Fenquizone (USAN, rINN) ⊗ 
Fenquizona; Fenquizonum; MG-13054. 7-Chloro-1,2,3,4-tet-
rahydro-4-oxo-2-phenylquinazoline-6-sulphonamide.
Фенхизон
C14H12ClN3O3S = 337.8.
CAS — 20287-37-0.
ATC — C03BA13.
ATC Vet — QC03BA13.

Fenquizone Potassium (rINNM) ⊗ 
Fenquizona potásica; Fenquizone Potassique; Kalii Fenquizonum.
Калия  Фенхизон
C14H12ClN3O3S,K = 376.9.
CAS — 52246-40-9.
ATC — C03BA13.
ATC Vet — QC03BA13.

Profile
Fenquizone potassium is a diuretic that is given orally in the
treatment of oedema and hypertension (p.1171) in doses equiva-
lent to 10 to 20 mg of fenquizone daily. 11.2 mg of the potassium
salt is equivalent to about 10 mg of the base.
◊ References.
1. Beermann B, Grind M. Clinical pharmacokinetics of some newer

diuretics. Clin Pharmacokinet 1987; 13: 254–66. 
2. Costa FV, et al. Hemodynamic and humoral effects of chronic

antihypertensive treatment with fenquizone: importance of al-
dosterone response. J Clin Pharmacol 1990; 30: 254–61.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Idrolone.

Fibrinolysin
Fibrinolysin (Human) (BAN, rINN); Fibrinase; Fibrinolisina (hu-
mana); Fibrinolysine (humaine); Fibrinolysinum (humanum); Plas-
miini; Plasmin; Plasminum.
Фибринолизин (Человека)
CAS — 9001-90-5 (fibr inolysin); 9004-09-5 (human fibr i-
nolysin).
ATC — B01AD05.
ATC Vet — QB01AD05.

NOTE. In Martindale the term fibrinolysin is used for the exoge-
nous substance and plasmin for the endogenous substance.
Profile
Fibrinolysin is a proteolytic enzyme derived from the activation
of human plasminogen. Fibrinolysin derived from cattle (bovine
fibrinolysin) and other animals is also available. Fibrinolysin
converts fibrin into soluble products and also hydrolyses some
other proteins. The role of plasmin (endogenous fibrinolysin) in
the control of haemostasis is described further on p.1045. 
Fibrinolysin is used (generally as bovine fibrinolysin) with deoxy-
ribonuclease for the debridement of wounds. It was formerly giv-
en parenterally for the treatment of thrombotic disorders. A mod-
ified form of fibrinolysin, microplasmin, is under investigation
for use in ophthalmic surgery.
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Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Clorfibrase; Austria: Fibrolan; Braz.: Cauterex;
Dermofibrin C†; Fibrabene; Fibrase; Fibrinase c/Cloranfenicol; Gino-Cau-
terex; Gino-Fibrase; Procutan†; Chile: Elase; Cz.: Fibrolan; Fr.: Elase; Ger.:
Fibrolan†; Hung.: Fibrolan; Ital.: Elase†; Malaysia: Elase; Mex.: Fibrase;
Fibrase SA; Pol.: Fibrolan; Switz.: Fibrolan.

Flecainide Acetate (BANM, USAN, rINNM)

Acetato de flecainida; Flécaïnide, acétate de; Flecainidi acetas; Fle-
kainidacetat; Flekainid-acetát; Flekainidiasetaatti; Flekainido aceta-
tas; R-818. N-(2-Piperidylmethyl)-2,5-bis(2,2,2-trifluoroeth-
oxy)benzamide acetate.

Флекаинида Ацетат
C17H20F6N2O3,C2H4O2 = 474.4.
CAS — 54143-55-4 (flecainide); 54143-56-5 (flecainide
acetate).
ATC — C01BC04.
ATC Vet — QC01BC04.

(flecainide)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Flecainide Acetate). A white or almost white, very
hygroscopic crystalline powder. Soluble in water and in dehy-
drated alcohol; freely soluble in dilute acetic acid; practically
insoluble in dilute hydrochloric acid. A 2.5% solution in water
has a pH of 6.7 to 7.1. Protect from light. 
USP 31 (Flecainide Acetate). A white to slightly off-white crys-
talline powder; pKa is 9.3. Soluble in water; freely soluble in al-
cohol.

Stability. Storage of an extemporaneously prepared flecainide
syrup in a refrigerator led to crystallisation of the drug and a toxic
dose being given.1 It was suggested that oral liquid formulations
of flecainide should be freshly reconstituted from a powder be-
fore each dose. However, other extemporaneous formulations
have been reported2,3 to be stable at room temperature and under
refrigeration.
1. Stuart AG, et al. Is there a genetic factor in flecainide toxicity?

BMJ 1989; 298: 117–18. 
2. Wiest DB, et al. Stability of flecainide acetate in an extempora-

neously compounded oral suspension. Am J Hosp Pharm 1992;
49: 1467–70. 

3. Allen LV, Erickson MA. Stability of baclofen, captopril,
diltiazem hydrochloride, dipyridamole, and flecainide acetate in
extemporaneously compounded oral liquids. Am J Health-Syst
Pharm 1996; 53: 2179–84.

Adverse Effects
The most common adverse effects caused by flecainide
affect the CNS and include dizziness, visual distur-
bances, and lightheadedness. Nausea, vomiting, head-
ache, tremor, peripheral neuropathy, ataxia, and par-
aesthesia may also occur. These effects are generally
transient and respond to dosage reduction. Other ad-
verse CNS effects that have been reported rarely in-
clude hallucinations, amnesia, confusion, depression,
dyskinesias, and convulsions. Skin reactions, including
rare cases of urticaria, have also occurred and there
have been isolated cases of photosensitivity. Distur-
bances of liver function have been reported rarely. Cor-
neal deposits, pulmonary fibrosis, and pneumonitis
have occurred during long-term therapy. Cardiovascu-
lar effects are less common than those on the CNS, but
can be serious and sometimes fatal. Ventricular tach-
yarrhythmias have been reported, particularly in pa-
tients with a history of ventricular tachyarrhythmias
and taking high doses of flecainide. Chest pain and myo-
cardial infarction have also occurred. Flecainide pro-
duced an increased mortality rate when it was assessed
for the control of asymptomatic ventricular arrhythmi-
as in patients who had previously suffered a myocar-
dial infarction (see Cardiac Arrhythmias under Uses
and Administration, below).

Incidence of adverse effects. In a report of the non-cardiac
adverse effects of flecainide from 1 short-term and 3 longer-term
studies,1 the most common adverse effects during both short- and
long-term studies were dizziness and visual disturbances, which
occurred in about 30% of patients. Headache and nausea both
occurred in about 10% of patients. Other adverse effects reported
include dyspnoea, chest pain, asthenia, fatigue, and tremor. Ther-
apy was stopped because of non-cardiac adverse effects in 10%
of patients in the short-term trial, and in 6% of those in the chron-
ic studies. A review of 60 studies using flecainide2 reported that
non-cardiac adverse effects (mainly gastrointestinal and CNS ad-
verse effects) occurred in 12% of patients. The UK CSM stated
in June 1991 that it had received reports of neurological (4 pa-
tients with sensory neuropathy, 2 with ataxia), corneal (2 with
corneal deposits), and pulmonary (3 with pulmonary fibrosis and
pneumonitis) reactions associated with the long-term use of fle-
cainide.3
1. Gentzkow GD, Sullivan JY. Extracardiac adverse effects of fle-

cainide. Am J Cardiol 1984; 53: 101B–105B. 
2. Hohnloser SH, Zabel M. Short- and long-term efficacy and safe-

ty of flecainide acetate for supraventricular arrhythmias. Am J
Cardiol 1992; 70: 3A–10A. 

3. Committee on Safety of Medicines. Multi-system adverse reac-
tions following long-term flecainide therapy. Current Problems
31 1991. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024449&
RevisionSelectionMethod=LatestReleased (accessed 08/05/07)

Effects on the blood. Severe granulocytopenia believed to be
related to flecainide occurred in a 66-year-old man 3 months af-
ter starting therapy.1 Haematological findings suggested an im-
mune-mediated reaction in which flecainide binds to normal
neutrophils with subsequent recognition by specific antibodies
resulting in enhanced destruction of mature granulocytes in pe-
ripheral blood and bone marrow.
1. Samlowski WE, et al. Flecainide-induced immune neutropenia:

documentation of a hapten-mediated mechanism of cell destruc-
tion. Arch Intern Med 1987; 147: 383–4.

Effects on the eyes. In addition to visual disturbance, sympto-
matic corneal deposits have been reported1 in patients taking fle-
cainide. A study2 in 38 patients found small corneal deposits in
14.5%, but visual function tests were normal.
1. Ulrik H, et al. Corneal deposits associated with flecainide. BMJ

1991; 302: 506–7. 
2. Ikäheimo K, et al. Adverse ocular effects of flecainide. Acta

Ophthalmol Scand 2001; 79: 175–6.

Effects on the heart. Like most antiarrhythmics, flecainide
can have proarrhythmic effects,1 and severe ventricular arrhyth-
mias have been reported,2 including fatal ventricular fibrillation3

in a neonate given flecainide for supraventricular tachycardia.
There has also been a report4 of torsade de pointes, although this
is generally less common with class Ic than with class Ia
antiarrhythmics. For reports of increased cardiac mortality in pa-
tients given flecainide for asymptomatic arrhythmias, see Cardi-
ac Arrhythmias under Uses and Administration, below.
1. Herre JM, et al. Inefficacy and proarrhythmic effects of flecain-

ide and encainide for sustained ventricular tachycardia and ven-
tricular fibrillation. Ann Intern Med 1990; 113: 671–6. 

2. Falk RH. Flecainide-induced ventricular tachycardia and fibril-
lation in patients treated for atrial fibrillation. Ann Intern Med
1989; 111: 107–11. 

3. Ackland F, et al. Flecainide induced ventricular fibrillation in a
neonate. Heart 2003; 89: 1261. 

4. Nogales Asensio JM, et al. Torsade-de-pointes in a patient under
flecainide treatment: an unusual case of proarrhythmicity. Int J
Cardiol 2007; 114: e65–e67.

Effects on the liver. Elevated liver enzymes and jaundice, re-
versible on stopping treatment, have been reported rarely with
flecainide. 
Conjugated hyperbilirubinaemia with jaundice developed in a
newborn infant after maternal treatment with flecainide for fetal
supraventricular tachycardia.1
1. Vanderhal AL, et al. Conjugated hyperbilirubinemia in a new-

born infant after maternal (transplacental) treatment with flecai-
nide acetate for fetal tachycardia and fetal hydrops. J Pediatr
1995; 126: 988–90.

Effects on the lungs. There have been reports1-4 of interstitial
pneumonitis associated with flecainide. See also under Incidence
of Adverse Effects, above.
1. Akoun GM, et al. Flecainide-associated pneumonitis. Lancet

1991; 337: 49. 
2. Hanston P, et al. Flecainide-associated interstitial pneumonitis.

Lancet 1991; 337: 371–2. 
3. Robain A, et al. Flecainide-associated pneumonitis with acute

respiratory failure in a patient with the LEOPARD syndrome.
Acta Cardiol 2000; 55: 45–7. 

4. Pesenti S, et al. Diffuse infiltrative lung disease associated with
flecainide: report of two cases. Respiration 2002; 69: 182–5.

Effects on mental state. Dysarthria and visual hallucinations
were associated with elevated plasma concentration of flecainide
(2500 nanograms/mL) in a patient.1 A serial rise and fall in plas-
ma-bilirubin concentration during flecainide therapy also sug-
gested possible direct hepatotoxicity. There has also been a
report2 of paranoid psychosis in a patient receiving flecainide for
neuropathic pain.
1. Ramhamadany E, et al. Dysarthria and visual hallucinations due

to flecainide toxicity. Postgrad Med J 1986; 62: 61–2. 
2. Bennett MI. Paranoid psychosis due to flecainide toxicity in ma-

lignant neuropathic pain. Pain 1997; 70: 93–4.

Effects on the nervous system. Peripheral neuropathy, re-
versible on stopping treatment, has been reported1,2 in patients
receiving flecainide long-term. The authors of one report1 stated
that, at the time (1992), the UK CSM had received 4 other reports
possibly associated with flecainide and 3 reports of aggravation
of pre-existing neuropathy;1 not all cases were reversible.
1. Palace J, et al. Flecainide induced peripheral neuropathy. BMJ

1992; 305: 810. 
2. Malesker MA, et al. Flecainide-induced neuropathy. Ann Phar-

macother 2005; 39: 1580.

Lupus erythematosus. There has been a report1 of a patient
who developed painful eye movement during flecainide therapy.
The pain resolved on withdrawal but recurred when flecainide
was restarted, and was accompanied by lateral rectus spasm, a
facial rash, and positive antinuclear factor, suggestive of lupus
erythematosus.
1. Skander M, Isaacs PET. Flecainide, ocular myopathy, and anti-

nuclear factor. BMJ 1985; 291: 450.

Treatment of Adverse Effects
In oral overdosage with flecainide activated charcoal
may be considered if the patient presents within 1 hour
of ingestion. Treatment is largely symptomatic and
supportive and may need to be continued for extended
periods of time because of the long half-life and the
possibility of non-linear elimination at very high doses.
Haemodialysis or haemoperfusion are unlikely to en-
hance elimination.
Overdosage. Severe cardiovascular toxicity in flecainide over-
dosage may be resistant to pacing and inotropes, and hypoper-
fusion of the kidneys and liver may reduce the elimination of fle-
cainide, prolonging the toxic effects. Gastric decontamination is
of uncertain benefit; forced diuresis has been used,1 but probably
had a negligible effect, and haemodialysis and haemoperfusion
are not effective.2 Patients may therefore require intensive and
prolonged supportive treatment,1,3 and there have been reports of
the use of extracorporeal membrane oxygenation,4 cardiopulmo-
nary bypass,5,6 or intra-aortic balloon pumping,7 to maintain
organ perfusion and allow flecainide elimination to occur, with
complete recovery in some cases.3,4,6,7 There have been reports8,9

of the successful use of intravenous hypertonic sodium bicarbo-
nate, and it has been suggested that it may antagonise the sodium
channel blockade produced by flecainide, as well as reversing
the metabolic acidosis that commonly occurs.
1. Winkelmann BR, Leinberger H. Life-threatening flecainide tox-

icity: a pharmacodynamic approach. Ann Intern Med 1987; 106:
807–14. 

2. Braun J, et al. Failure of haemoperfusion to reduce flecainide
intoxication: a case study. Med Toxicol 1987; 2: 463–7. 

3. Hanley NA, et al. Survival in a case of life-threatening flecainide
overdose. Intensive Care Med 1998; 24: 740–2. 

4. Auzinger GM, Scheinkestel CD. Successful extracorporeal life
support in a case of severe flecainide intoxication. Crit Care Med
2001; 29: 887–90. 

5. Yasui RK, et al. Flecainide overdose: is cardiopulmonary sup-
port the treatment? Ann Emerg Med 1997; 29: 680–2. 

6. Corkeron MA, et al. Extracorporeal circulatory support in near-
fatal flecainide overdose. Anaesth Intensive Care 1999; 27:
405–8. 

7. Timperley J, et al. Flecainide overdose—support using an intra-
aortic balloon pump. BMC Emerg Med 2005; 5: 10. 

8. Goldman MJ, et al. Sodium bicarbonate to correct widened QRS
in a case of flecainide overdose. J Emerg Med 1997; 15: 183–6. 

9. Lovecchio F, et al. Hypertonic sodium bicarbonate in an acute
flecainide overdose. Am J Emerg Med 1998; 16: 534–7.

Precautions
Flecainide treatment should be started in hospital or
under specialist supervision and pacing rescue should
be available when it is used in patients with conduction
defects. Its use is limited to serious or life-threatening
arrhythmias and it should not be given to control
asymptomatic arrhythmias especially in patients with a
history of myocardial infarction (see Cardiac Arrhyth-
mias under Uses and Administration, below). Flecain-
ide has some negative inotropic activity and may pre-
cipitate or aggravate heart failure in patients with
compromised left ventricular function; it should there-
fore be used with extreme caution, if at all, in patients
with heart failure. Flecainide has been shown to in-
crease the endocardial pacing threshold and should be
used with caution in patients with pacemakers. Electro-
lyte imbalances should be corrected before starting fle-
cainide therapy. Reduction of dosage may be necessary
in patients with renal impairment; extreme caution is
needed in patients with pronounced hepatic impair-
ment.
Breast feeding. Flecainide is distributed into breast milk but
there have been no reports of infant exposure. Flecainide 100 mg
was given orally every 12 hours to 11 healthy women, beginning
1 day after delivery and continuing for 5 ⁄  days.1 The mean elim-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ination half-life of flecainide from milk was 14.7 hours, very
similar to the plasma elimination half-life. The mean milk to
plasma ratios on study days 2 to 5 were 3.7, 3.2, 3.5, and 2.6
respectively but it was considered that the risk to breast-fed in-
fants of ingesting toxic amounts of flecainide in breast milk
would be very low. In another woman2 who had been taking fle-
cainide 100 mg twice daily since before pregnancy for ventricu-
lar arrhythmias, the ratio was 1.57 on day 5 postpartum and 2.18
on day 7. The American Academy of Pediatrics considers3 fle-
cainide to be usually compatible with breast feeding.
1. McQuinn RL, et al. Flecainide excretion in human breast milk.

Clin Pharmacol Ther 1990; 48: 262–7. 
2. Wagner X, et al. Coadministration of flecainide acetate and so-

talol during pregnancy: lack of teratogenic effects, passage
across the placenta, and excretion in human breast milk. Am
Heart J 1990; 119: 700–2. 

3. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Pregnancy. Flecainide crosses the placenta (see under Pharma-
cokinetics, below) and has been used for transplacental therapy
of fetal cardiac arrhythmias (see under Uses and Administration,
below). However, hyperbilirubinaemia was reported in an infant
after maternal treatment with flecainide (see Effects on the Liver,
above).

Interactions
Use of flecainide with other antiarrhythmics or
arrhythmogenic drugs may increase the incidence of
cardiac arrhythmias. Use with a beta blocker produces
additive negative inotropic effects. Flecainide under-
goes hepatic metabolism and its activity may be influ-
enced by drugs that affect the enzymes responsible for
its metabolism, including the cytochrome P450 isoen-
zyme CYP2D6.
Antiarrhythmics. Amiodarone increases the plasma-flecain-
ide concentration when the two drugs are given together.1 It has
been recommended that the dose of flecainide should be reduced
by about one-half, but because the effect of amiodarone differs
widely between patients, plasma-flecainide concentrations
should be monitored. The clearance of flecainide may be de-
creased by quinidine in patients who are extensive metabolisers,
since quinidine inhibits the enzyme responsible for the metabo-
lism of flecainide.2 Cardiogenic shock and asystole occurred in 2
patients receiving flecainide when verapamil was added to their
therapy.3
1. Shea P, et al. Flecainide and amiodarone interaction. J Am Coll

Cardiol 1986; 7: 1127–30. 
2. Birgersdotter UM, et al. Stereoselective genetically-determined

interaction between chronic flecainide and quinidine in patients
with arrhythmias. Br J Clin Pharmacol 1992; 33: 275–80. 

3. Buss J, et al. Asystole and cardiogenic shock due to combined
treatment with verapamil and flecainide. Lancet 1992; 340: 546.

Antimalarials. Quinine has been reported1 to inhibit metabo-
lism of flecainide in healthy subjects without altering its renal
elimination, resulting in a reduction of total clearance and pro-
longation of the elimination half-life.
1. Munafo A, et al. Altered flecainide disposition in healthy volun-

teers taking quinine. Eur J Clin Pharmacol 1990; 38: 269–73.

Beta blockers. Use of flecainide and propranolol in healthy
subjects increases the plasma concentration of both drugs. The
negative inotropic effects of the two drugs on cardiac function
are at most only additive, but combined treatment should be
started with caution in patients with impaired left ventricular
function.1 Addition of sotalol to flecainide has produced pro-
found bradycardia and AV block followed by cardiac arrest and
death in a man with ventricular tachycardia.2
1. Holtzman JL, et al. The pharmacodynamic and pharmacokinetic

interaction of flecainide acetate with propranolol: effects on car-
diac function and drug clearance. Eur J Clin Pharmacol 1987;
33: 97–9. 

2. Warren R, et al. Serious interactions of sotalol with amiodarone
and flecainide. Med J Aust 1990; 152: 277.

Digoxin. For reference to an interaction between flecainide and
digoxin leading to increased concentrations of digoxin, see
Antiarrhythmics, under Interactions of Digoxin, p.1261.

Food. Milk feeds reduced the absorption of flecainide in an in-
fant who required a dose of 40 mg/kg daily to control supraven-
tricular tachycardias. When milk feeds were replaced by glucose,
the serum-flecainide concentration increased from 990 to
1824 nanograms/mL. Milk-fed infants on high doses of flecain-
ide should have the dose reduced if milk is stopped or reduced.1
1. Russell GAB, Martin RP. Flecainide toxicity. Arch Dis Child

1989; 64: 860–2.

Histamine H2-antagonists. Cimetidine has been reported to
increase the bioavailability of flecainide in healthy subjects,
probably due to a decrease in the metabolism of flecainide. Elim-
ination half-life and renal clearance were unchanged.1
1. Tjandra-Maga TB, et al. Altered pharmacokinetics of oral flecai-

nide by cimetidine. Br J Clin Pharmacol 1986; 22: 108–10.

Pharmacokinetics
Flecainide is almost completely absorbed after oral
doses and does not undergo extensive first-pass hepatic
metabolism. Although absorption is not affected by
food or antacids, milk may inhibit absorption in infants
(see above). Flecainide is metabolised to 2 major
metabolites, m-O-dealkylated flecainide and m-O-
dealkylated lactam of flecainide; both may have some
activity, but this is unlikely to be clinically significant.
Metabolism of flecainide appears to involve the cyto-
chrome P450 isoenzyme CYP2D6 and is subject to ge-
netic polymorphism (see Metabolism, below). It is ex-
creted mainly in the urine, about 30% as unchanged
drug and the remainder as metabolites. About 5% is ex-
creted in the faeces. Excretion of flecainide is de-
creased in renal impairment, heart failure, and in alka-
line urine. Haemodialysis removes only about 1% of
an oral dose as unchanged flecainide. 
The therapeutic plasma concentration range is general-
ly accepted as 200 to 1000 nanograms/mL. The elimi-
nation half-life of flecainide is about 20 hours and it is
about 40% bound to plasma proteins. 
Flecainide crosses the placenta and is distributed into
breast milk.
Metabolism. Oxidative metabolism is an important route of
flecainide elimination.1 It is mediated by the cytochrome P450
isoenzyme CYP2D6, which shows genetic polymorphism. The
mean elimination half-life of flecainide in poor metabolisers (5
to 10% of the population) was found to be 11.8 hours compared
with 6.8 hours in extensive metabolisers and the amounts of a
dose excreted as unchanged drug in the urine were 51% and 31%
respectively. These differences in pharmacokinetics will not usu-
ally be of clinical importance. However, in patients with renal
impairment who are poor metabolisers, special care should be
taken with dosage adjustments.
1. Mikus G, et al. The influence of the sparteine-debrisoquin phe-

notype on the disposition of flecainide. Clin Pharmacol Ther
1989; 45: 562–7.

Pregnancy. A study of the pharmacokinetics of flecainide, giv-
en to a mother during the third trimester of pregnancy for the
treatment of fetal supraventricular tachycardia,1 indicated that
close to term flecainide crosses the placenta easily without accu-
mulating in fetal blood, but with a high concentration in the am-
niotic fluid. 
See also Effects on the Liver, above.
1. Bourget P, et al. Flecainide distribution, transplacental passage

and accumulation in the amniotic fluid during the third trimester
of pregnancy. Ann Pharmacother 1994; 28: 1031–4.

Uses and Administration
Flecainide is a class Ic antiarrhythmic (p.1153) used for
the treatment of severe symptomatic ventricular
arrhythmias such as sustained ventricular tachycardia;
for premature ventricular contractions or non-sus-
tained ventricular tachycardia resistant to other thera-
py; and for severe symptomatic supraventricular
arrhythmias (AV nodal reciprocating tachycardia,
arrhythmias associated with the Wolff-Parkinson-
White syndrome, and paroxysmal atrial fibrillation in
the absence of left ventricular dysfunction). 
Flecainide is given orally or intravenously as the acetate.
Treatment should be started in hospital. Doses should be
adjusted after 3 to 5 days and reduced once control has
been achieved. A suggested therapeutic plasma concen-
tration range is 200 to 1000 nanograms/mL. 
In ventricular arrhythmias the usual initial oral dose of
flecainide acetate is 100 mg twice daily; the maximum
total dose is 400 mg daily although most patients will
not need more than 300 mg daily. In supraventricular
arrhythmias the usual initial oral dose is 50 mg twice
daily and the maximum total dose is 300 mg daily. 
For rapid control of arrhythmias flecainide acetate
2 mg/kg may be given intravenously over 10 to 30
minutes, to a maximum dose of 150 mg; the ECG
should be monitored. If longer term parenteral therapy
is necessary it is started with intravenous injection of
2 mg/kg over 30 minutes, as above, then continued by
intravenous infusion of 1.5 mg/kg over the first hour,
and 100 to 250 micrograms/kg per hour thereafter. The

maximum cumulative dose in the first 24 hours should
not exceed 600 mg. Infusion should not generally con-
tinue for more than 24 hours and oral therapy should be
substituted as soon as possible. 
The dose of flecainide should be reduced in renal im-
pairment (see below). 
For the use of flecainide in children, see below. 
Flecainide has also been tried in the treatment of refrac-
tory neuropathic pain.
Administration. Flecainide is usually given orally or intrave-
nously, but rapid and reliable absorption has been reported from
a rectal solution in healthy subjects.1 The mean time to achieve
peak serum concentration was 0.67 hours and the mean bioavail-
ability was 98%, compared with 1 hour and 78% for an oral
solution and 4 hours and 81% for a tablet. The absorption of fle-
cainide given rectally to 2 critically ill patients was good in one
but poor in the other2 and it was recommended that rectal dosage
be reserved for patients unresponsive to maximal parenteral ther-
apy and in whom the oral or nasogastric routes cannot be used.
1. Lie-A-Huen L, et al. Absorption kinetics of oral and rectal fle-

cainide in healthy subjects. Eur J Clin Pharmacol 1990; 38:
595–8. 

2. Quattrocchi FP, Karim A. Flecainide acetate administration by
enema. DICP Ann Pharmacother 1990; 24: 1233–4.

Administration in children. Flecainide has been used suc-
cessfully to treat arrhythmias in children,1,2 and beneficial results
have also been reported3 with flecainide and sotalol together. US
licensed product information recommends an initial oral dose of
flecainide acetate 50 mg/m2 daily in divided doses for those aged
under 6 months and 100 mg/m2 daily for those aged over 6
months; a dose of 200 mg/m2 daily should not be exceeded. 
The BNFC recommends the following doses of flecainide
acetate: 
• neonates: an oral dose of 2 mg/kg 2 or 3 times daily, adjusted

according to response, or 1 to 2 mg/kg intravenously over 10
to 30 minutes, followed if necessary by continuous infusion at
a rate of 100 to 250 micrograms/kg per hour until arrhythmia
is controlled 

• children aged 1 month to 12 years: an oral dose of 2 mg/kg 2
or 3 times daily, adjusted according to response to a maximum
of 8 mg/kg or 300 mg daily, or 2 mg/kg intravenously over
10 to 30 minutes, followed if necessary by continuous infu-
sion at a rate of 100 to 250 micrograms/kg per hour until ar-
rhythmia is controlled (maximum cumulative dose 600 mg in
24 hours) 

• children aged 12 to 18 years: as for adults (see Uses and Ad-
ministration, above); the maximum oral dose should not ex-
ceed 300 mg daily

1. Perry JC, Garson A. Flecainide acetate for treatment of tachyar-
rhythmias in children: review of world literature on efficacy,
safety, and dosing. Am Heart J 1992; 124: 1614–21. 

2. O’Sullivan JJ, et al. Digoxin or flecainide for prophylaxis of su-
praventricular tachycardia in infants? J Am Coll Cardiol 1995;
26: 991–4. 

3. Price JF, et al. Flecainide and sotalol: a new combination therapy
for refractory supraventricular tachycardia in children <1 year of
age. J Am Coll Cardiol 2002; 39: 517–20.

Administration in renal impairment. The plasma elimina-
tion half-life for flecainide may be prolonged in patients with re-
nal impairment1-3 and doses should be reduced. For patients with
a creatinine clearance equal to or less than 35 mL/minute per
1.73 m2 licensed product information states that the initial oral
dose of flecainide acetate should not exceed 100 mg daily and
plasma concentrations should be monitored; intravenous doses
should be halved. 
Special care with dosage adjustments should be taken in patients
with renal impairment who are also poor metabolisers (see under
Metabolism, above).
1. Braun J, et al. Pharmacokinetics of flecainide in patients with

mild and moderate renal failure compared with patients with nor-
mal renal function. Eur J Clin Pharmacol 1987; 31: 711–14. 

2. Forland SC, et al. Oral flecainide pharmacokinetics in patients
with impaired renal function. J Clin Pharmacol 1988; 28:
259–67. 

3. Williams AJ, et al. Pharmacokinetics of flecainide acetate in pa-
tients with severe renal impairment. Clin Pharmacol Ther 1988;
43: 449–55.

Cardiac arrhythmias. Flecainide has an established role in the
management of ventricular and supraventricular arrhythmias
(p.1160). It has been used in children (see above) and has also
been successfully given to pregnant women (transplacental ther-
apy) to treat fetal arrhythmias,1,2 although there have been
reports3,4 of neonatal toxicity. 
Use in patients with asymptomatic arrhythmias after myocardial
infarction is not recommended since an increase in mortality was
found in the Cardiac Arrhythmia Suppression Trial (CAST), in
which flecainide5-7 and the related class Ic antiarrhythmics
encainide5-7 and moracizine8 were used in an attempt to reduce
the risk of sudden death in post-infarction patients with prema-
ture ventricular contractions. 
Flecainide has also been used in the diagnosis of Brugada syn-
drome.9 This syndrome is characterised by syncope or aborted
cardiac arrest due to ventricular tachycardia in the absence of
organic heart disease, and is thought to be due to a deficiency in
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the inward sodium current in cardiac cells. Flecainide, because of
its sodium-channel blocking action, exaggerates this deficiency
and the resulting ST-segment elevation, and aids in diagnosis;
however, it may precipitate serious ventricular arrhythmias10 and
must not be used for treatment.
1. Simpson JM, Sharland GK. Fetal tachycardias: management

and outcome of 127 consecutive cases. Heart 1998; 79: 576–81. 
2. Krapp M, et al. Flecainide in the intrauterine treatment of fetal

supraventricular tachycardia. Ultrasound Obstet Gynecol 2002;
19: 158–64. 

3. Rasheed A, et al. Neonatal ECG changes caused by suprathera-
peutic flecainide following treatment for fetal supraventricular
tachycardia. Heart 2003; 89: 470. 

4. Hall CM, Ward Platt MP. Neonatal flecainide toxicity following
supraventricular tachycardia treatment. Ann Pharmacother
2003; 37: 1343–4. 

5. Task Force of the Working Group on Arrhythmias of the Euro-
pean Society of Cardiology. CAST and beyond: implications of
the cardiac arrhythmias suppression trial. Circulation 1990; 81:
1123–7. [Simultaneous publication occurred in Eur Heart J
1990; 11: 194–9]. 

6. The Cardiac Arrhythmia Suppression Trial (CAST) Investiga-
tors. Preliminary report: effect of encainide and flecainide on
mortality in a randomized trial of arrhythmia suppression after
myocardial infarction. N Engl J Med 1989; 321: 406–12. 

7. Echt DS, et al. Mortality and morbidity in patients receiving en-
cainide, flecainide, or placebo: The Cardiac Arrhythmia Sup-
pression Trial. N Engl J Med 1991; 324: 781–8. 

8. The Cardiac Arrhythmia Suppression Trial II Investigators. Ef-
fect of the antiarrhythmic agent moricizine on survival after my-
ocardial infarction. N Engl J Med 1992; 327: 227–33. 

9. Singleton CB, McGuire MA. The Brugada syndrome: a recently
recognised genetic disease causing sudden cardiac death. Med J
Aust 2000; 173: 415–8. 

10. Gasparini M, et al. Flecainide test in Brugada syndrome: a re-
producible but risky tool. Pacing Clin Electrophysiol 2003; 26:
338–41.

Pain. Class Ic antiarrhythmics such as flecainide are among the
drugs that have been used as analgesic adjuvants in neuropathic
pain (p.8), although the evidence for benefit with flecainide is
limited. A positive response has been reported1,2 in patients with
severe pain due to nerve infiltration, but a controlled trial had to
be stopped3 when supplies of the drug were withdrawn after the
finding of increased mortality in a study in post-infarction pa-
tients (CAST; see Cardiac Arrhythmias, above), and a later
study4 found that flecainide was effective in only a minority of
patients with cancer pain. A small study5 has suggested that fle-
cainide may be effective in postherpetic neuralgia.
1. Dunlop R, et al. Analgesic effects of oral flecainide. Lancet

1988; i: 420–1. 
2. Sinnott C, et al. Flecainide in cancer nerve pain. Lancet 1991;

337: 1347. 
3. Dunlop RJ, et al. Flecainide in cancer nerve pain. Lancet 1991;

337: 1347. 
4. Chong SF, et al. Pilot study evaluating local anesthetics admin-

istered systemically for treatment of pain in patients with ad-
vanced cancer. J Pain Symptom Manage 1997; 13: 112–17. 

5. Ichimata M, et al. Analgesic effects of flecainide on postherpetic
neuralgia. Int J Clin Pharmacol Res 2001; 21: 15–19.

Preparations
BP 2008: Flecainide Injection; Flecainide Tablets; 
USP 31: Flecainide Acetate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Diondel; Tambocor†; Austral.: Flecatab; Tambocor; Austria: Aristo-
cor; Belg.: Apocard; Tambocor; Canad.: Tambocor; Chile: Tambocor;
Cz.: Tambocor; Denm.: Tambocor; Fin.: Tambocor; Fr.: Flecaine; Ger.:
flecadura; Tambocor; Gr.: Tambocor; Hong Kong: Tambocor; Irl.: Tambo-
cor; Israel: Tambocor; Ital.: Almarytm; Malaysia: Tambocor; Mex.:
Tambocor ; Neth.: Tambocor ; Norw.: Tambocor ; NZ: Tambocor ;
Philipp.: Tambocor; Port.: Apocard; S.Afr.: Tambocor; Singapore: Tam-
bocor; Spain: Apocard; Swed.: Tambocor; Switz.: Tambocor; Thai.:
Tambocor; UK: Tambocor; USA: Tambocor.

Flosequinan (BAN, USAN, rINN)

BTS-49465; Floséquinan; Flosequinán; Flosequinanum. 7-Fluoro-
1-methyl-3-methylsulphinyl-4-quinolone.

Флозехинан

C11H10FNO2S = 239.3.
CAS — 76568-02-0.
ATC — C01DB01.
ATC Vet — QC01DB01.

Profile
Flosequinan is a direct-acting arteriovenous vasodilator that was
used as an adjunct to the conventional treatment of heart failure,
but was withdrawn from the market after findings of excess mor-
tality.

◊ References.
1. Kamali F, Edwards C. Possible role of metabolite in flosequinan-

related mortality. Clin Pharmacokinet 1995; 29: 396–403.

Fluindione (rINN)

Fluindiona; Fluindionum; Fluorindione; LM-123. 2-(4-Fluorophe-
nyl)indan-1,3-dione.

Флуиндион
C15H9FO2 = 240.2.
CAS — 957-56-2.

Profile
Fluindione is an oral indanedione anticoagulant with actions
similar to those of warfarin (p.1425). It is used in the manage-
ment of thromboembolic disorders (p.1187) but, as the indanedi-
ones are generally more toxic than warfarin (see Phenindione,
p.1369), its use is limited. 
The usual initial dose is 20 mg daily; the dose is then adjusted
according to coagulation tests.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Previscan.

Fluvastatin Sodium (BANM, USAN, rINNM)

Fluvastatina sódica; Fluvastatine sodique; Fluvastatinum natricum;
Natrii Fluvastatinum; XU-62-320. Sodium (±)-(3R*,5S*,6E)-7-[3-
(p-Fluorophenyl)-1-isopropylindol-2-yl]-3,5-dihydroxy-6-hepten-
oate.

Натрий Флувастатин
C24H25FNNaO4 = 433.4.
CAS — 93957-54-1 (fluvastatin); 93957-55-2 (fluvastatin
sodium).
ATC — C10AA04.
ATC Vet — QC10AA04.

(fluvastatin)

Pharmacopoeias. In US. 
USP 31 (Fluvastatin Sodium). A white to pale yellow, brownish-
pale yellow, or reddish-pale yellow, hygroscopic powder. Solu-
ble in water, in alcohol, and in methyl alcohol. A 1% solution in
water has a pH of 8.0 to 10.0. Store in airtight containers at a tem-
perature not exceeding 40°. Protect from light and moisture.

Adverse Effects and Precautions
As for Simvastatin, p.1390.

Interactions
The interactions of statins with other drugs are de-
scribed under simvastatin (p.1392). Fluvastatin is
metabolised mainly by the cytochrome P450 isoen-
zyme CYP2C9 and does not have the same interac-
tions with CYP3A4 inhibitors as simvastatin, although

caution has been advised when such combinations are
used. However, interactions may occur with inhibitors
of CYP2C9, such as fluconazole; use with rifampicin,
a CYP2C9 inducer, may reduce the bioavailability of
fluvastatin by about 50%.

Pharmacokinetics
Fluvastatin is rapidly and completely absorbed from
the gastrointestinal tract and undergoes extensive first-
pass metabolism in the liver, its primary site of action.
Metabolism is mainly by the cytochrome P450 isoen-
zyme CYP2C9, with only a small amount metabolised
by CYP3A4. An absolute bioavailability of about 24%
has been reported. It is more than 98% bound to plasma
proteins. About 90% is excreted in the faeces, mainly
as metabolites, with only about 6% being excreted in
the urine.
◊ General reviews.
1. Scripture CD, Pieper JA. Clinical pharmacokinetics of fluvasta-

tin. Clin Pharmacokinet 2001; 40: 263–81.

Uses and Administration
Fluvastatin, a 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitor (or statin), is a lipid
regulating drug with actions on plasma lipids similar to
those of simvastatin (p.1394). It is used to reduce total
cholesterol, LDL-cholesterol, apolipoprotein B, and
triglycerides, and to increase HDL-cholesterol, in the
treatment of hyperlipidaemias (p.1169), including hy-
percholesterolaemias and combined (mixed) hyperlip-
idaemia (type IIa or IIb hyperlipoproteinaemias). It is
also given as secondary prophylaxis for cardiovascular
risk reduction (p.1164) in patients with ischaemic heart
disease, including patients who have had a percutane-
ous coronary intervention. 
Fluvastatin is given orally as the sodium salt, but doses
are expressed in terms of the base; 21.06 mg of fluvas-
tatin sodium is equivalent to about 20 mg of base. The
usual initial dose is 20 to 40 mg of fluvastatin once dai-
ly in the evening. This may be increased, if necessary,
at intervals of 4 weeks or more, up to 80 mg daily, in
two divided doses or as a once-daily modified-release
preparation; patients requiring a large reduction in
LDL-cholesterol may be started on the 80 mg daily
dose. A dose of 80 mg daily may also be used in pa-
tients who have had a percutaneous coronary interven-
tion. 
For the use of fluvastatin in children, see below.
◊ References.
1. Langtry HD, Markham A. Fluvastatin: a review of its use in lipid

disorders. Drugs 1999; 57: 583–606. 
2. Corsini A, et al. Fluvastatin: clinical and safety profile. Drugs

2004; 64: 1305–23. 
3. Winkler K, et al. Risk reduction and tolerability of fluvastatin in

patients with the metabolic syndrome: a pooled analysis of thirty
clinical trials. Clin Ther 2007; 29: 1987–2000. 

4. McDonald KJ, Jardine AG. The use of fluvastatin in cardiovas-
cular risk management. Expert Opin Pharmacother 2008; 9:
1407–14.

Administration in children. Fluvastatin may be used in the
management of children aged 10 to 16 years with heterozygous
familial hypercholesterolaemia.1 US licensed product informa-
tion recommends an initial oral dose of 20 mg once daily, in-
creased as required, at intervals of 6 weeks, to a maximum dose
of 80 mg daily in 2 divided doses or as a once-daily modified-
release preparation.
1. van der Graaf A, et al. Efficacy and safety of fluvastatin in chil-

dren and adolescents with heterozygous familial hypercholester-
olaemia. Acta Paediatr 2006; 95: 1461–6.

Preparations
USP 31: Fluvastatin Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Lescol; Austral.: Lescol; Vastin; Austria: Lescol; Belg.: Lescol; Braz.:
Lescol; Canad.: Lescol; Cz.: Lescol; Denm.: Canef; Lescol; Fin.: Canef;
Lescol; Fr.: Fractal; Lescol; Ger.: Cranoc; LOCOL; Gr.: Hovalin; Lescol;
Hong Kong: Lescol; Hung.: Lescol; Lochol; Indon.: Lescol; Irl.: Lescol;
Israel: Lescol; Ital.: Lescol; Lipaxan; Primesin; Jpn: Lochol; Malaysia: Les-
col; Mex.: Canef†; Lescol; Neth.: Canef; Lescol; Vaditon; Norw.: Lescol;
NZ: Lescol†; Philipp.: Lescol; Pol.: Lescol; Port.: Canef; Cardiol; Lescol;
Rus.: Lescol (Лескол); S.Afr.: Lescol; Singapore: Lescol; Spain: Digaril;
Lescol; Liposit; Lymetel; Princess Prolib†; Vaditon; Swed.: Canef; Lescol;
Switz.: Lescol; Primesin; Thai.: Lescol; Turk.: Lescol; UK: Lescol; USA:
Lescol; Venez.: Lescol†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Fondaparinux Sodium (BAN, USAN, rINN)

Fondaparin Sodium; Fondaparinuks Sodyum; Fondaparinuuksi-
natrium; Fondaparinux sódico; Fondaparinux Sodique; Fonda-
parinuxnatrium; Fondaparinuxum Natricum; Fondaparinuxum
Natrium; Org-31540; SR-90107A.

Фондапаринукс Натрия
CAS — 114870-03-0.
ATC — B01AX05.
ATC Vet — QB01AX05.

(fondaparinux)

Adverse Effects
As for Heparin, p.1301.

Treatment of Adverse Effects
If bleeding occurs fondaparinux should be stopped and
appropriate therapy given. Unlike heparin, there is no
specific antidote for fondaparinux (but see below).
Overdosage. Activated eptacog alfa (recombinant factor VIIa)
given 2 hours after an injection of fondaparinux was found1 in
healthy subjects to normalise coagulation times and thrombin
generation for up to 6 hours, suggesting that it may be useful to
treat bleeding complications, or if acute surgery is needed.
1. Bijsterveld NR, et al. Ability of recombinant factor VIIa to re-

verse the anticoagulant effect of the pentasaccharide fonda-
parinux in healthy volunteers. Circulation 2002; 106: 2550–54.

Precautions
As for Heparin, p.1303. 
Fondaparinux should not be given to patients who have
developed thrombocytopenia with heparin and who
have a positive in-vitro platelet aggregation test (that is,
cross-reactivity) in the presence of fondaparinux itself. 
Fondaparinux is contra-indicated in severe renal im-
pairment, and special care is required in patients with
body-weight below 50 kg.

Interactions
As for Heparin, p.1303.

Pharmacokinetics
After subcutaneous injection fondaparinux sodium is
rapidly and completely absorbed, with bioavailability
of 100%. It is extensively bound in plasma, predomi-
nantly to antithrombin III. It is excreted in the urine,
with 64 to 77% of a dose excreted unchanged. The
elimination half-life is between 17 and 21 hours, but is
prolonged in patients with renal impairment, in the eld-
erly, and in those weighing less than 50 kg.
◊ References.
1. Donat F, et al. The pharmacokinetics of fondaparinux sodium in

healthy volunteers. Clin Pharmacokinet 2002; 41 (suppl 2): 1–9. 
2. Paolucci F, et al. Fondaparinux sodium mechanism of action:

identification of specific binding to purified and human plasma-
derived proteins. Clin Pharmacokinet 2002; 41 (suppl 2): 11–18.

Pregnancy. Although an in vitro study1 reported that fonda-
parinux does not cross the placenta, a small study2 in pregnant
women who had received fondaparinux found that anti-factor Xa
activity was elevated in umbilical cord blood, suggesting that a
small amount of placental transfer had taken place.
1. Lagrange F, et al. Fondaparinux sodium does not cross the pla-

cental barrier: study using the in-vitro human dually perfused
cotyledon model. Clin Pharmacokinet 2002; 41 (suppl 2): 47–9. 

2. Dempfle C-EH. Minor transplacental passage of fondaparinux in
vivo. N Engl J Med 2004; 350: 1914–15.

Uses and Administration
Fondaparinux is a synthetic pentasaccharide that acts
as a selective inhibitor of activated factor X. It is used
as the sodium salt as an anticoagulant in the manage-
ment of venous thromboembolism (p.1189), unstable

angina (p.1157), and acute myocardial infarction
(p.1175). It has also been used in patients with heparin-
induced thrombocytopenia (see Effects on the Blood
under Adverse Effects of Heparin, p.1302). 
For prophylaxis of venous thromboembolism in ab-
dominal and orthopaedic surgery, fondaparinux sodi-
um is given by subcutaneous injection in a dose of
2.5 mg once daily, starting 6 to 8 hours after surgery
and continued for at least 5 to 9 days, or up to 32 days
in hip fracture. For prophylaxis in high-risk medical
patients, the same dose is given once daily for 6 to 14
days. 
In the initial treatment of venous thromboembolism,
fondaparinux sodium is given by subcutaneous injec-
tion once daily at a dose of 5 mg for patients weighing
less than 50 kg, 7.5 mg for weight 50 to 100 kg, and
10 mg for weight over 100 kg. Treatment is usually
continued for 5 to 9 days, and at least until oral antico-
agulation is established. 
Fondaparinux is also used in unstable angina and
acute ST-elevation myocardial infarction, but is only
indicated in patients for whom urgent percutaneous
coronary intervention is not planned. It is given in a
dose of 2.5 mg subcutaneously once daily for up to 8
days, with the first dose given intravenously in acute
ST-elevation myocardial infarction. Heparin should be
given at the time of the procedure if percutaneous cor-
onary intervention is performed and fondaparinux
should be restarted when clinically appropriate. 
Doses of fondaparinux may need to be reduced in pa-
tients with renal impairment (see below).
◊ References.
1. Keam SJ, Goa KL. Fondaparinux sodium. Drugs 2002; 62:

1673–85. 
2. Tran AH, Lee G. Fondaparinux for prevention of venous throm-

boembolism in major orthopedic surgery. Ann Pharmacother
2003; 37: 1632–43. 

3. The Matisse Investigators. Subcutaneous fondaparinux versus
intravenous unfractionated heparin in the initial treatment of pul-
monary embolism. N Engl J Med 2003; 349: 1695–1702. 

4. Reynolds NA, et al. Fondaparinux sodium: a review of its use in
the prevention of venous thromboembolism following major or-
thopaedic surgery. Drugs 2004; 64: 1575–96. 

5. Büller HR, et al. Fondaparinux or enoxaparin for the initial treat-
ment of symptomatic deep venous thrombosis: a randomized tri-
al. Ann Intern Med 2004; 140: 867–73. 

6. The OASIS-6 Trial Group. Effects of fondaparinux on mortality
and reinfarction in patients with acute ST-segment elevation my-
ocardial infarction: the OASIS-6 randomized trial. JAMA 2006;
295: 1519–30. 

7. Cohen AT, et al. ARTEMIS Investigators. Efficacy and safety of
fondaparinux for the prevention of venous thromboembolism in
older acute medical patients: randomised placebo controlled tri-
al. Abridged version: BMJ 2006; 332: 325–9. Full version:
http://www.bmj.com/cgi/reprint/332/7537/325 (accessed
14/05/08) 

8. Yusuf S, et al. Fifth Organization to Assess Strategies in Acute
Ischemic Syndromes Investigators. Comparison of fondaparinux
and enoxaparin in acute coronary syndromes. N Engl J Med
2006; 354: 1464–76. 

9. Efird LE, Kockler DR. Fondaparinux for thromboembolic treat-
ment and prophylaxis of heparin-induced thrombocytopenia.
Ann Pharmacother 2006; 40: 1383–7.

Administration in renal impairment. Fondaparinux is
eliminated renally and should be used with caution in patients
with renal impairment. US licensed product information contra-
indicates its use in patients with creatinine clearance (CC) below
30 mL/minute, and advises caution in those with CC between 30
and 50 mL/minute. UK licensed product information contra-in-
dicates its use in patients with creatinine clearance (CC) below
20 mL/minute; for patients with CC between 20 and
50 mL/minute a subcutaneous dose of 1.5 mg once daily is rec-
ommended for prophylaxis of venous thromboembolism, but no
dosage alteration is required for unstable angina or myocardial
infarction.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Arixtra; Belg.: Arixtra; Braz.: Arixtra; Canad.: Arixtra; Cz.: Ar-
ixtra; Denm.: Arixtra; Fin.: Arixtra; Fr.: Arixtra; Ger.: Arixtra; Gr.: Arixtra;
Hong Kong: Arixtra†; Indon.: Arixtra; Ital.: Arixtra; Malaysia: Arixtra;
Mex.: Arixtra; Neth.: Arixtra; Quixidar; Norw.: Arixtra; NZ: Arixtra†;
Pol.: Arixtra; Port.: Arixtra; Quixidar†; Rus.: Arixtra (Арикстра); Singa-
pore: Arixtra; Spain: Arixtra; Swed.: Arixtra; Switz.: Arixtra; Thai.: Arix-
tra; UK: Arixtra; USA: Arixtra.

Fosinopril Sodium (BANM, USAN, rINNM)

Fosinopriilinatrium; Fosinopril sódico; Fosinopril sodique; Fosino-
pril Sodyum; Fosinoprilnatrium; Fosinoprilum natricum; Natrii
Fosinoprilum; SQ-28555. (4S)-4-Cyclohexyl-1-{[(RS)-2-methyl-
1-(propionyloxy)propoxy]-(4-phenylbutyl)phosphinylacetyl}-L-
proline sodium.

Натрий Фозиноприл
C30H45NNaO7P = 585.6.

CAS — 97825-24-6 (fosinopril); 98048-97-6 (fosinopril);
88889-14-9 (fosinopril sodium).
ATC — C09AA09.
ATC Vet — QC09AA09.

(fosinopril)

Pharmacopoeias. In US. 
USP 31 (Fosinopril Sodium). Store in airtight containers at a
temperature of 20° to 25°, excursions permitted between 15° and
30°.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Fosinopril acts as a prodrug of the diacid fosinoprilat,
its active metabolite. About 36% of an oral dose of
fosinopril is absorbed. Fosinopril is rapidly and com-
pletely hydrolysed to fosinoprilat in both gastrointesti-
nal mucosa and liver. Peak plasma concentrations of
fosinoprilat are achieved about 3 hours after an oral
dose of fosinopril. Fosinoprilat is more than 95%
bound to plasma proteins. It is excreted both in urine
and in the faeces via the bile; it has been detected in
breast milk. The effective half-life for accumulation of
fosinoprilat after multiple doses of fosinopril is about
11.5 hours in patients with hypertension and about 14
hours in patients with heart failure.
◊ References.
1. Singhvi SM, et al. Disposition of fosinopril sodium in healthy

subjects. Br J Clin Pharmacol 1988; 25: 9–15. 
2. Kostis JB, et al. Fosinopril: pharmacokinetics and pharmacody-

namics in congestive heart failure. Clin Pharmacol Ther 1995;
58: 660–5.

Renal impairment. Total body clearance of fosinoprilat, the
active metabolite of fosinopril, is slower in patients with renal
impairment. However, pharmacokinetic studies in patients with
varying degrees of impairment,1-5 including those requiring dial-
ysis, indicate that decreases in renal clearance may be compen-
sated for, at least in part, by increases in hepatic clearance.
1. Hui KK, et al. Pharmacokinetics of fosinopril in patients with

various degrees of renal function. Clin Pharmacol Ther 1991;
49: 457–67. 

2. Gehr TWB, et al. Fosinopril pharmacokinetics and pharmacody-
namics in chronic ambulatory peritoneal dialysis patients. Eur J
Clin Pharmacol 1991; 41: 165–9. 

3. Sica DA, et al. Comparison of the steady-state pharmacokinetics
of fosinopril, lisinopril and enalapril in patients with chronic re-
nal insufficiency. Clin Pharmacokinet 1991; 20: 420–7. 

4. Gehr TWB, et al. The pharmacokinetics and pharmacodynamics
of fosinopril in haemodialysis patients. Eur J Clin Pharmacol
1993; 45: 431–6. 

5. Greenbaum R, et al. Comparison of the pharmacokinetics of
fosinoprilat with enalaprilat and lisinopril in patients with con-
gestive heart failure and chronic renal insufficiency. Br J Clin
Pharmacol 2000; 49: 23–31.
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Uses and Administration
Fosinopril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171) and heart failure
(p.1165). 
Fosinopril owes its activity to fosinoprilat to which it is
converted after oral doses. The haemodynamic effects
are seen within 1 hour of a single oral dose and the
maximum effect occurs after 2 to 6 hours, although the
full effect may not develop for several weeks during
chronic dosing. The haemodynamic action lasts for
about 24 hours, allowing once-daily dosing. Fosinopril
is given orally as the sodium salt. 
In the treatment of hypertension, the initial dose of
fosinopril sodium is 10 mg once daily. Since there may
be a precipitous fall in blood pressure in some patients
when starting therapy with an ACE inhibitor, the first
dose should preferably be given at bedtime. Usual
maintenance doses range from 10 to 40 mg once daily.
In patients already taking diuretic therapy the diuretic
should be withdrawn if possible several days before
starting fosinopril, and resumed later if necessary. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should begin with a low dose under
close medical supervision. Fosinopril sodium is given
in an initial dose of 10 mg once daily and, if well toler-
ated, increased to a maximum of 40 mg once daily. An
initial dose of 5 mg may be given in patients at high
risk of hypotension.
◊ Reviews.
1. Murdoch D, McTavish D. Fosinopril: a review of its pharmaco-

dynamic and pharmacokinetic properties, and therapeutic poten-
tial in essential hypertension. Drugs 1992; 43: 123–40. 

2. Wagstaff AJ, et al. Fosinopril: a reappraisal of its pharmacology
and therapeutic efficacy in essential hypertension. Drugs 1996;
51: 777–91. 

3. Davis R, et al. Fosinopril: a review of its pharmacology and clin-
ical efficacy in the management of heart failure. Drugs 1997; 54:
103–16.

Preparations
USP 31: Fosinopril Sodium and Hydrochlorothiazide Tablets; Fosinopril So-
dium Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Fosipril; Monace; Monopril; Austria: Fositens; Belg.: Fosinil;
Braz.: Monopril; Canad.: Monopril; Chile: Monopril; Cz.: Apo-Fosinop;
Fosinogen; Monopril; Denm.: Monopril; Fr.: Fozitec; Ger.: Dynacil; Fosi-
norm; Gr.: Monopril; Sinopril†; Hong Kong: Monopril; Hung.: Monopril;
Noviform; India: Fovas; Indon.: Acenor-M; Israel: Vasopril†; Ital.: Eliten;
Fosipres; Tensogard; Malaysia: Monopril†; Mex.: Monopril; Neth.: Ne-
wAce; Philipp.: BPNorm; Pol.: Monopril; Port.: Fositen; Rus.: Fosicard
(Фозикард); Monopril (Моноприл); S.Afr.: Monopril; Singapore: Mono-
pril; Spain: Fosinil†; Fositens; Hiperlex; Tenso Stop; Tensocardil; Swed.:
Monopril; Switz.: Fositen; Thai.: Monopril; Turk.: Monopril; UAE: Fosipril;
UK: Staril; USA: Monopril; Venez.: Monopril.

Multi-ingredient: Austral.: Monoplus; Austria: Aceplus; Fosicomb;
Belg.: Foside†; Braz.: Monoplus; Chile: Monopril Plus; Cz.: Foprin Plus H;
Fr.: Foziretic; Ger.: Dynacil comp; Fosinorm comp; Gr.: Fozide; Monoplus†;
Hung.: Duopril; Israel: Vasopril Plus†; Ital.: Elidiur; Fosicombi; Tensozide;
Neth.: Diurace; Port.: Fositen Plus; Rus.: Fosicard H (Фозикард Н); Foz-
ide (Фозид); S.Afr.: Monozide; Spain: Fositens Plus; Hiperlex Plus; Tenso
Stop Plus; Swed.: Monopril comp†; Switz.: Fosicomp; Thai.: Monoplus;
Turk.: Monopril Plus; USA: Monopril-HCT; Venez.: Monopril Plus.

Furosemide (BAN, USAN, rINN) ⊗ 
Frusemide; Furosemid; Furosemida; Furosémide; Furosemidi;
Furosemidum; Furoszemid; Furozemidas; LB-502. 4-Chloro-N-
furfuryl-5-sulphamoylanthranilic acid.

Фуросемид
C12H11ClN2O5S = 330.7.
CAS — 54-31-9.
ATC — C03CA01.
ATC Vet — QC03CA01.

NOTE. Compounded preparations of furosemide may be repre-
sented by the following names: 
• Co-amilofruse (BAN)—furosemide 8 parts and amiloride hy-

drochloride 1 part (w/w).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Furosemide). A white or almost white, crystalline
powder. Practically insoluble in water and in dichloromethane;
sparingly soluble in alcohol; soluble in acetone. It dissolves in di-
lute solutions of alkali hydroxides. Protect from light. 
USP 31 (Furosemide). A white to slightly yellow, odourless,
crystalline powder. Practically insoluble in water; sparingly sol-
uble in alcohol; freely soluble in acetone, in dimethylformamide,
and in solutions of alkali hydroxides; very slightly soluble in
chloroform; slightly soluble in ether; soluble in methyl alcohol.
Store at a temperature of 25°, excursions permitted between 15°
and 30°. Protect from light. 
Solutions for injection are prepared with the aid of sodium hy-
droxide, giving solutions with a pH of 8.0 to 9.3.

Incompatibility. Solutions of furosemide for injection are alka-
line and should not be mixed or diluted with glucose injection or
other acidic solutions. 
Furosemide injection has been reported1 to be visually incompat-
ible with injections of diltiazem hydrochloride, dobutamine hy-
drochloride, dopamine hydrochloride, labetalol hydrochloride,
midazolam hydrochloride, milrinone lactate, nicardipine hydro-
chloride, and vecuronium bromide. Incompatibility has also
been noted with parenteral nutrient solutions,2 with cisatracuri-
um besilate,3 with levofloxacin,4 with phenylephrine,5 and with
vasopressin.5
1. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs

used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

2. Trissel LA, et al. Compatibility of parenteral nutrient solutions
with selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 1295–1300. 

3. Trissel LA, et al. Compatibility of cisatracurium besylate with
selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 1735–41. 

4. Saltsman CL, et al. Compatibility of levofloxacin with 34 medi-
cations during simulated Y-site administration. Am J Health-Syst
Pharm 1999; 56: 1458–9. 

5. Faria CE, et al. Visual compatibility of furosemide with phenyle-
phrine and vasopressin. Am J Health-Syst Pharm 2006; 63:
906–8.

Stability. A study1 showed that furosemide injection
(10 mg/mL) in 25% human albumin solution was stable for 48
hours at room temperature when protected from light, and for 14
days under refrigeration. No bacterial or fungal growth was
found.
1. Elwell RJ, et al. Stability of furosemide in human albumin solu-

tion. Ann Pharmacother 2002; 36: 423–6.

Adverse Effects
Most adverse effects of furosemide occur with high
doses, and serious effects are uncommon. The most
common adverse effect is fluid and electrolyte imbal-
ance including hyponatraemia, hypokalaemia, and hy-
pochloraemic alkalosis, particularly after large doses
or prolonged use. Signs of electrolyte imbalance in-
clude headache, hypotension, muscle cramps, dry
mouth, thirst, weakness, lethargy, drowsiness, restless-
ness, oliguria, cardiac arrhythmias, and gastrointestinal
disturbances. Hypovolaemia and dehydration may oc-
cur, especially in the elderly. Because of their shorter
duration of action, the risk of hypokalaemia may be
less with loop diuretics such as furosemide than with
thiazide diuretics. Unlike the thiazides, furosemide in-
creases the urinary excretion of calcium and nephro-
calcinosis has been reported in preterm infants. 
Furosemide may cause hyperuricaemia and precipitate
gout in some patients. It may provoke hyperglycaemia
and glycosuria, but probably to a lesser extent than the
thiazide diuretics. 
Pancreatitis and cholestatic jaundice seem to occur
more often than with the thiazides. Other adverse ef-
fects include blurred vision, yellow vision, dizziness,
headache, and orthostatic hypotension. Other adverse
effects occur rarely. Skin rashes and photosensitivity
reactions may be severe; hypersensitivity reactions in-
clude interstitial nephritis and vasculitis; fever has also
been reported. Bone marrow depression may occur:
there have been reports of agranulocytosis, thrombocy-
topenia, and leucopenia. Tinnitus and deafness may oc-
cur, in particular during rapid high-dose parenteral
furosemide. Deafness may be permanent, especially in
patients taking other ototoxic drugs.

Incidence of adverse effects. In a survey of 553 hospital
inpatients1 receiving furosemide 220 patients (40%) had 480 ad-
verse reactions. Electrolyte disturbances occurred in 130
(23.5%) patients and extracellular volume depletion in 50 (9%).
Adverse reactions were more common in those with liver dis-
ease, and hepatic coma occurred in 20 patients with hepatic cir-
rhosis. A similar survey in 585 hospital inpatients2 revealed 177
adverse effects in 123 (21%). These included volume depletion
in 85 patients (14.5%), hypokalaemia in 21 (3.6%), and hyponat-
raemia in 6 (1%). Hypokalaemia was considered to be life-
threatening in 2 patients. Hyperuricaemia occurred in 54 patients
(9.2%), of whom 40 also had volume depletion, and clinical gout
developed in 2.
1. Naranjo CA, et al. Frusemide-induced adverse reactions during

hospitalization. Am J Hosp Pharm 1978; 35: 794–8. 
2. Lowe J, et al. Adverse reactions to frusemide in hospital inpa-

tients. BMJ 1979; 2: 360–2.

Carcinogenicity. See under Hydrochlorothiazide, p.1308.
Effects on the ears. Ototoxicity and deafness during furosem-
ide therapy is most frequently associated with elevated blood
concentrations resulting from rapid intravenous infusion1 or de-
layed excretion in patients with renal impairment.2 Of 29 cases
of furosemide-induced deafness reported to the FDA3 in the
USA, most patients had renal disease or had received the drug
intravenously. Eight patients had also received another ototoxic
drug. However, deafness occurred in 11 patients after oral use,
and in 4 of these hearing loss occurred in the absence of renal
disease or other ototoxic drugs. Hearing loss was generally tran-
sient, lasting from one-half to 24 hours, but permanent hearing
loss occurred in 3 patients, one of whom had taken furosemide
orally. Deafness was not always associated with high doses; six
patients had received a total of 200 mg or less of furosemide. 
See also Precautions, below.
1. Heidland A, Wigand ME. Einfluss hoher Furosemiddosen auf

die Gehörfunktion bei Urämie. Klin Wochenschr 1970; 48:
1052–6. 

2. Schwartz GH, et al. Ototoxicity induced by furosemide. N Engl
J Med 1970; 282: 1413–14. 

3. Gallagher KL, Jones JK. Furosemide-induced ototoxicity. Ann
Intern Med 1979; 91: 744–5.

Effects on electrolyte balance. CALCIUM. Furosemide in-
creases renal calcium excretion. There is a danger of hypoc-
alcaemic tetany during furosemide use in hypoparathyroid
patients1 and it has also been reported2 in a patient with latent
hypoparathyroidism following thyroidectomy. 
The decrease in serum-calcium concentrations could also induce
hyperparathyroidism. In a study involving 36 patients with heart
failure, furosemide was associated with elevations in both par-
athyroid hormone and alkaline phosphatase concentrations, pos-
sibly indicating accelerated bone remodelling such as that found
in primary hyperparathyroidism.3 
For reports of hypercalciuria, rickets, renal calculi, and hyperpar-
athyroidism in neonates given furosemide, see Effects in Infants
and Neonates, below.
1. Gabow PA, et al. Furosemide-induced reduction in ionized cal-

cium in hypoparathyroid patients. Ann Intern Med 1977; 86:
579–81. 

2. Bashey A, MacNee W. Tetany induced by frusemide in latent
hypoparathyroidism. BMJ 1987; 295: 960–1. 

3. Elmgreen J, et al. Elevated serum parathyroid hormone concen-
tration during treatment with high ceiling diuretics. Eur J Clin
Pharmacol 1980; 18: 363–4.

MAGNESIUM, POTASSIUM, AND SODIUM. For discussions of the
effects of diuretics on these electrolytes see under the Ad-
verse Effects of Hydrochlorothiazide, p.1308.
Effects in infants and neonates. Furosemide is commonly
used in the treatment of cardiac and pulmonary disorders in pre-
mature infants and neonates. This age group appears to be partic-
ularly susceptible to adverse effects arising from the increase in
urinary calcium excretion which occurs during long-term use.
Increases in parathyroid hormone concentration1,2 and evidence
of bone resorption1,3 support the suggestion that the increased
calcium loss causes secondary hyperparathyroidism. There have
been reports of decreased mineral content of bone,1,3 rickets,4
fractures,3 and renal calcification.1,5-7 An observation5 that renal
calcification could be reversed by the addition of a thiazide diu-
retic was supported by other workers.6 There is evidence8 that
furosemide-related renal calcifications in very low birth-weight
infants might be associated with long-term renal impairment.
Renal calcification has also been reported after furosemide use in
older infants.9 
It has been suggested10 that a sodium deficit in infants given
furosemide for heart failure may contribute to a failure to thrive. 
Concern has been expressed over the finding11 that furosemide
use in premature infants with respiratory distress syndrome in-
creases the incidence of patent ductus arteriosus. The mechanism
is thought to be connected with stimulation of renal prostagland-
in E2. However, the increased incidence of patent ductus arterio-
sus did not adversely affect the mortality in infants given furo-
semide, and a subsequent study12 failed to find any increase in
the incidence of patent ductus arteriosus in infants treated with
furosemide compared with a control group. Paradoxically, furo-
semide has been used in the management of delayed closure of
ductus (see Patent Ductus Arteriosus under Uses and Adminis-
tration, below). There is a possibility that furosemide may not be
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effective in infants given indometacin13 but it can prevent the de-
cline in urine output which occurs during indometacin use.14,15

1. Venkataraman PS, et al. Secondary hyperparathyroidism and
bone disease in infants receiving long-term furosemide therapy.
Am J Dis Child 1983; 187: 1157–61. 

2. Vileisis RA. Furosemide effect on mineral status of parenterally
nourished premature neonates with chronic lung disease. Pedi-
atrics 1990; 85: 316–22. 

3. Morgan MEI, Evans SE. Osteopenia in very low birthweight in-
fants. Lancet 1986; ii: 1399–1400. 

4. Chudley AE, et al. Nutritional rickets in 2 very low birthweight
infants with chronic lung disease. Arch Dis Child 1980; 55:
687–90. 

5. Hufnagle KG, et al. Renal calcifications: a complication of long-
term furosemide therapy in preterm infants. Pediatrics 1982;
70: 360–3. 

6. Noe HN, et al. Urolithiasis in pre-term neonates associated with
furosemide therapy. J Urol (Baltimore) 1984; 132: 93–4. 

7. Pearse DM, et al. Sonographic diagnosis of furosemide-induced
nephrocalcinosis in newborn infants. J Ultrasound Med 1984;
3: 553–6. 

8. Downing GJ, et al. Kidney function in very low birth weight
infants with furosemide-related renal calcifications at ages 1 to
2 years. J Pediatr 1992; 120: 599–604. 

9. Alon US, et al. Nephrocalcinosis and nephrolithiasis in infants
with congestive heart failure treated with furosemide. J Pediatr
1994; 125: 149–51. 

10. Salmon AP, et al. Sodium balance in infants with severe conges-
tive heart failure. Lancet 1989; ii: 875. 

11. Green TP, et al. Furosemide promotes patent ductus arteriosus
in premature infants with respiratory-distress syndrome. N Engl
J Med 1983; 308: 743–8. 

12. Yeh TF, et al. Early furosemide therapy in premature infants (≤
2000 gm) with respiratory distress syndrome: a randomized
controlled trial. J Pediatr 1984; 105: 603–9. 

13. Friedman Z, et al. Urinary excretion of prostaglandin E follow-
ing the administration of furosemide and indomethacin to sick
low-birth-weight infants. J Pediatr 1978; 93: 512–15. 

14. Yeh TF, et al. Furosemide prevents the renal side effects of in-
domethacin therapy in premature infants with patent ductus ar-
teriosus. J Pediatr 1982; 101: 433–7. 

15. Nahata MC, et al. Furosemide can prevent decline in urine out-
put in infants receiving indomethacin for patent ductus closure:
a multidose study. Infusion 1988; 12: 11–12 and 15.

Effects on lipid metabolism. Most studies into the effects of
diuretics on blood-lipid concentrations have used thiazides (see
Hydrochlorothiazide, p.1308). The few studies into the effects of
furosemide suggest that, like thiazides, it may adversely influ-
ence blood-lipid concentrations during short-term use.1
1. Ames RP. The effects of antihypertensive drugs on serum lipids

and lipoproteins I: diuretics. Drugs 1986; 32: 260–78.

Precautions
Precautions and contra-indications for furosemide that
are dependent on its effects on fluid and electrolyte bal-
ance are similar to those of the thiazide diuretics (see
Hydrochlorothiazide, p.1309). Although furosemide is
used in high doses for oliguria due to chronic or acute
renal impairment it should not be given in anuria or in
renal failure caused by nephrotoxic or hepatotoxic
drugs nor in renal failure associated with hepatic coma.
Furosemide should not be given in pre-comatose states
associated with hepatic cirrhosis. It should be used
with care in patients with prostatic hyperplasia or im-
pairment of micturition since it can precipitate acute
urinary retention. 
To reduce the risk of ototoxicity, licensed product in-
formation recommends that furosemide should not be
injected intravenously at a rate exceeding 4 mg/minute
although the BNF advises that a single dose of up to
80 mg may be given more rapidly. 
Furosemide should be used with caution during preg-
nancy and breast feeding since it crosses the placenta
and also appears in breast milk. Furosemide may com-
promise placental perfusion by reducing maternal
blood volume; it may also inhibit lactation.
Hepatic impairment. In patients with chronic heart failure
and moderate liver congestion, high-dose furosemide therapy
could produce increases in liver enzymes suggestive of hepati-
tis.1 Special care should be taken with the dosage and mode of
administration of furosemide in such patients to avoid severe is-
chaemic liver damage caused by a drop in systemic blood pres-
sure. 
As with the thiazides, furosemide should be avoided in patients
with severe hepatic impairment.
1. Lang I, et al. Furosemide and increases in liver enzymes. Ann

Intern Med 1988; 109: 845.

Hypersensitivity. Furosemide is a sulfur-containing diuretic
and hypersensitivity reactions may occur, although they are rare;
cross-reactivity with other sulfur-containing drugs is also possi-
ble. However, 2 patients who had in the distant past shown seri-
ous adverse reactions to sulfur-containing diuretics were suc-
cessfully treated1 with furosemide using a rechallenge protocol.
They were given an initial dose of 50 micrograms which was in-
creased gradually each day to 20 mg by day 10, and were dis-
charged from hospital on a maintenance dose of 40 mg twice dai-
ly. Another patient2 with a history of sulfonamide-induced

pancreatitis developed pancreatitis with furosemide, which re-
curred with bumetanide and torasemide and on rechallenge with
furosemide. She underwent a rapid desensitisation regimen and
was subsequently successfully stabilised on oral furosemide.
1. Earl G, et al. Furosemide challenge in patients with heart failure

and adverse reactions to sulfa-containing diuretics. Ann Intern
Med 2003; 138: 358–9. 

2. Juang P, et al. Probable loop diuretic-induced pancreatitis in a
sulfonamide-allergic patient. Ann Pharmacother 2006; 40:
128–34.

Hypoparathyroidism. For comments on the possibility of hy-
pocalcaemic tetany in hypoparathyroid patients taking furosem-
ide, see Effects on Electrolyte Balance, above.
Infants and neonates. Caution must be exercised in using
furosemide in infants, particularly for long periods. The immatu-
rity of the renal system can result in unexpectedly high blood
concentrations and extended half-lives. Fluid and electrolyte bal-
ances should therefore be monitored carefully. Neonates appear
to be particularly susceptible to increases in urinary calcium con-
centrations after long-term use. There have also been reports1 of
an increased incidence of patent ductus arteriosus in infants giv-
en furosemide, although this did not adversely affect mortality. 
Secondly, several studies2-4 have shown furosemide to be a po-
tent displacer of bilirubin from albumin binding sites and it
should be used with caution in jaundiced infants. On a molar ba-
sis chlorothiazide, furosemide, and etacrynic acid were at least as
potent as sulfafurazole in displacing bilirubin from albumin.3
Doses of furosemide 1 mg/kg probably do not produce a signifi-
cant increase in free bilirubin in most jaundiced infants,3,4 al-
though doses greater than 1.5 mg/kg or repeated dosing could
potentially do so.4 Chlorothiazide 15 to 20 mg/kg would not be
an appropriate alternative to furosemide3 since it could produce
higher plasma bilirubin concentrations in jaundiced infants. 
In addition, there is some evidence from an in vitro study5 that
bilirubin may displace furosemide from binding sites to a greater
extent in neonates than in adults. The clearance of furosemide is
much slower in neonates than in adults, with an eightfold prolon-
gation in plasma half-life, and this should be taken into account
during repeat dosing.4
1. Green TP, et al. Furosemide promotes patent ductus arteriosus in

premature infants with the respiratory-distress syndrome. N Engl
J Med 1983; 308: 743–8. 

2. Shankaran S, Poland RL. The displacement of bilirubin from al-
bumin by furosemide. J Pediatr 1977; 90: 642–6. 

3. Wennberg RP, et al. Displacement of bilirubin from human albu-
min by three diuretics. J Pediatr 1977; 90: 647–50. 

4. Aranda JV, et al. Pharmacokinetic disposition and protein bind-
ing of furosemide in newborn infants. J Pediatr 1978; 93:
507–11. 

5. Viani A, Pacifici GM. Bilirubin displaces furosemide from se-
rum protein: the effect is greater in newborn infants than adult
subjects. Dev Pharmacol Ther 1990; 14: 90–5.

Porphyria. Furosemide has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.

Interactions
The interactions of furosemide that are due to its effects
on fluid and electrolyte balance are similar to those of
hydrochlorothiazide (see p.1309). 
Furosemide may enhance the nephrotoxicity of cepha-
losporin antibacterials such as cefalotin and can en-
hance the ototoxicity of aminoglycoside antibacterials
and other ototoxic drugs.
Aliskiren. Licensed product information for aliskiren states that
it may significantly decrease furosemide concentrations.
Antiepileptics. The diuretic effect of furosemide has been
shown to be substantially reduced by mixed antiepileptic therapy
that included phenytoin.1,2 The mean diuretic effect of furosem-
ide 20 mg or 40 mg by mouth in patients on such therapy was
68% and 51% that of healthy controls respectively.1 
For the effect of furosemide on phenobarbital, see p.493. 
Symptomatic hyponatraemia has been associated with the use of
furosemide or hydrochlorothiazide with carbamazepine.3
1. Ahmad S. Renal insensitivity to frusemide caused by chronic an-

ticonvulsant therapy. BMJ 1974; 3: 657–9. 
2. Fine A, et al. Malabsorption of frusemide caused by phenytoin.

BMJ 1977; 2: 1061–2. 
3. Yassa R, et al. Carbamazepine, diuretics, and hyponatremia: a

possible interaction. J Clin Psychiatry 1987; 48: 281–3.

Diuretics. Severe electrolyte disturbances may occur in patients
given metolazone with furosemide.

Hypnotics. A syndrome of flushing, tachycardia, elevated
blood pressure, and severe diaphoresis was reported after intra-
venous dosage of furosemide in 6 patients who had taken cloral
hydrate orally during the preceding 24 hours.1 The reaction re-
curred in 1 patient on a subsequent occasion when given both
drugs but not when furosemide was used without cloral hydrate.
A subsequent retrospective study2 among 43 patients who had
received both cloral hydrate and furosemide showed that 1 pa-
tient had suffered a similar reaction; of 2 further patients who had
possibly been affected, 1 had subsequently taken both drugs

without adverse effects. A similar interaction has been reported
in an 8-year-old child.3
1. Malach M, Berman N. Furosemide and chloral hydrate: adverse

drug interaction. JAMA 1975; 232: 638–9. 
2. Pevonka MP, et al. Interaction of chloral hydrate and furosem-

ide: a controlled retrospective study. Drug Intell Clin Pharm
1977; 11: 332–5. 

3. Dean RP, et al. Interaction of chloral hydrate and intravenous
furosemide in a child. Clin Pharm 1991; 10: 385–7.

Lithium. For reports of a possible increase in plasma-lithium
concentrations in patients receiving loop diuretics, see p.405.
NSAIDs. NSAIDs may antagonise the diuretic effect of furo-
semide and other diuretics.1 Use of NSAIDs with diuretics may
increase the risk of nephrotoxicity, although it has also been sug-
gested that furosemide may protect against the renal effects of
indometacin in infants (see Effects in Infants and Neonates,
above).
1. Webster J. Interactions of NSAIDs with diuretics and β-blockers:

mechanisms and clinical implications. Drugs 1985; 30: 32–41.

Probenecid. Probenecid has been shown1-4 to reduce the renal
clearance of furosemide, and to reduce the diuretic effect.2,3

1. Honari J, et al. Effects of probenecid on furosemide kinetics and
natriuresis in man. Clin Pharmacol Ther 1977; 22: 395–401. 

2. Odlind B, Beermann B. Renal tubular secretion and effects of
furosemide. Clin Pharmacol Ther 1980; 27: 784–90. 

3. Smith DE, et al. Preliminary evaluation of furosemide-probene-
cid interaction in humans. J Pharm Sci 1980; 69: 571–5. 

4. Vree TB, et al. Probenecid inhibits the renal clearance of fruse-
mide and its acyl glucuronide. Br J Clin Pharmacol 1995; 39:
692–5.

Tobacco. The effects of tobacco smoking on the pharmacoki-
netics of furosemide have been reviewed.1,2 Nicotine inhibits di-
uresis and diminishes the diuretic effect of furosemide. However,
this effect is attenuated in habitual smokers.
1. Miller LG. Recent developments in the study of the effects of

cigarette smoking on clinical pharmacokinetics and clinical
pharmacodynamics. Clin Pharmacokinet 1989; 17: 90–108. 

2. Miller LG. Cigarettes and drug therapy: pharmacokinetic and
pharmacodynamic considerations. Clin Pharm 1990; 9: 125–35.

Xanthines. For the effect of furosemide on theophylline, see
p.1144.

Pharmacokinetics
Furosemide is fairly rapidly absorbed from the gas-
trointestinal tract; bioavailability has been reported to
be about 60 to 70% but absorption is variable and errat-
ic. The half-life of furosemide is up to about 2 hours
although it is prolonged in neonates and in patients
with renal and hepatic impairment. Furosemide is up to
99% bound to plasma albumin, and is mainly excreted
in the urine, largely unchanged. There is also some ex-
cretion via the bile and non-renal elimination is consid-
erably increased in renal impairment. Furosemide
crosses the placental barrier and is distributed into
breast milk. The clearance of furosemide is not in-
creased by haemodialysis.
◊ The pharmacokinetics of furosemide have been extensively re-
viewed.1-6 The development of an analytical method using
HPLC with fluorescence has produced greater sensitivity and
more consistent results. Absorption after oral use is erratic and is
subject to large inter- and intra-individual variation. It is influ-
enced by the dosage form, underlying disease processes, and by
the presence of food. Furosemide absorption in patients with
heart failure has been reported to be even more erratic than in
healthy subjects. The bioavailability of furosemide from oral
dosage forms is also highly variable with reported values ranging
from 20 to 100%. It is influenced by factors affecting absorption
but the poor solubility of furosemide does not appear to have a
major influence on bioavailability and in vitro dissolution data
may not reflect in vivo bioavailability. Bioavailability tends to be
decreased by about 10% in patients with renal disease, and
slightly increased in liver disease. Values are erratic in patients
with heart disease. 
Furosemide is highly bound to plasma proteins, almost exclu-
sively to albumin. The proportion of free (unbound) furosemide
is higher in patients with heart disease, renal impairment, and cir-
rhosis of the liver. Patients with liver disease also have an in-
creased apparent volume of distribution which is proportionally
greater than the observed decrease in protein binding. Patients
with nephrotic syndrome have significant proteinuria and sec-
ondary hypoalbuminaemia. This results in reduced protein bind-
ing in the blood, particularly at higher blood concentrations, and
binding to proteins present in the urine, which may account for
the resistance to furosemide therapy reported in these patients. 
A glucuronide metabolite of furosemide is produced in varying
amounts. The site of metabolism is unknown at present. There is
debate over another potential metabolite, 4-chloro-5-sulfamoyl
anthranilic acid (CSA). It has been argued3 that it is an artefact
produced during the extraction procedures although there is
some evidence to refute this.4 
A half-life for furosemide in healthy subjects has generally been
reported in the range of 30 to 120 minutes. In patients with end-
stage renal disease the average half-life is 9.7 hours. The half-life
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may be slightly longer in patients with hepatic dysfunction and a
range of 50 to 327 minutes has been reported in patients with
heart failure. In severe multi-organ failure the half-life may range
from 20 to 24 hours. 
Furosemide clearance is influenced by age, underlying disease
state, and drug interactions. Clearance reduces with increasing
age, probably due to declining renal function. Renal impairment
in renal or cardiac disease reduces renal clearance, although this
may be compensated for by increases in non-renal clearance.
Hepatic impairment has little impact on clearance. Renal and non-
renal clearance may be reduced by probenecid and indometacin. 
The effectiveness of furosemide as a diuretic depends upon it
reaching its site of action, the renal tubules, unchanged. About
one-half to two-thirds of an intravenous dose or one-quarter to
one-third of an oral dose are excreted unchanged, the difference
being largely due to the poor bioavailability from the oral route.
The effect of furosemide is more closely related to its urinary
excretion than to the plasma concentration. Urinary excretion
may be reduced in renal impairment due to reduced renal blood
flow and reduced tubular secretion.
1. Cutler RE, Blair AD. Clinical pharmacokinetics of frusemide.

Clin Pharmacokinet 1979; 4: 279–96. 
2. Benet LZ. Pharmacokinetics/pharmacodynamics of furosemide

in man: a review. J Pharmacokinet Biopharm 1979; 7: 1–27. 
3. Hammarlund-Udenaes M, Benet LZ. Furosemide pharmacoki-

netics and pharmacodynamics in health and disease—an update.
J Pharmacokinet Biopharm 1989; 17: 1–46. 

4. Ponto LLB, Schoenwald RD. Furosemide (frusemide): a phar-
macokinetic/pharmacodynamic review (part I). Clin Pharma-
cokinet 1990; 18: 381–408. 

5. Ponto LLB, Schoenwald RD. Furosemide (frusemide): a phar-
macokinetic/pharmacodynamic review (part II). Clin Pharma-
cokinet 1990; 18: 460–71. 

6. Vrhovac B, et al. Pharmacokinetic changes in patients with oede-
ma. Clin Pharmacokinet 1995; 28: 405–18.

Infants and neonates. The half-life of furosemide in term and
preterm neonates is markedly prolonged compared with that in
adults.1,2 Half-lives of 4.5 to 46 hours have been reported and it
has been suggested that the prolongation may be greater in pre-
term than in term neonates. This effect is due primarily to imma-
ture renal function and if repeated doses are necessary over a
short period accumulation may occur.1
1. Besunder JB, et al. Principles of drug biodisposition in the ne-

onate: a critical evaluation of the pharmacokinetic-pharmacody-
namic interface (part II). Clin Pharmacokinet 1988; 14: 261–86. 

2. Aranda JV, et al. Pharmacokinetic disposition and protein bind-
ing of furosemide in newborn infants. J Pediatr 1978; 93:
507–11.

Uses and Administration
Furosemide is a potent diuretic with a rapid action.
Like the other loop or high-ceiling diuretics it is used in
the treatment of oedema associated with heart failure
(below), including pulmonary oedema, and with renal
and hepatic disorders (but see Precautions, above) and
may be effective in patients unresponsive to thiazide
diuretics. It is also used in high doses in the manage-
ment of oliguria due to renal failure or insufficiency.
Furosemide is also used in the treatment of hyperten-
sion (p.1171), either alone or with other antihyperten-
sives. 
Furosemide inhibits the reabsorption of electrolytes
primarily in the thick ascending limb of the loop of
Henle and also in the distal renal tubules. It may also
have a direct effect in the proximal tubules. Excretion
of sodium, potassium, calcium, and chloride ions is in-
creased and water excretion enhanced. It has no clini-
cally significant effect on carbonic anhydrase. See Ac-
tion, below, for further reference to its mechanism of
action. 
Administration and dosage. Furosemide’s effects are
evident within 30 minutes to 1 hour after an oral dose,
peak at 1 to 2 hours, and last for about 4 to 6 hours;
after intravenous injection its effects are evident in
about 5 minutes and last for about 2 hours. It is given
orally, usually in the morning. Alternatively it may be
given intramuscularly or intravenously as the sodium
salt; doses are expressed in terms of furosemide base.
10.7 mg of furosemide sodium is equivalent to about
10 mg of furosemide base. Licensed product informa-
tion recommends that whether by direct intravenous
injection or by infusion the rate of intravenous dosage
should not exceed 4 mg/minute although the BNF ad-
vises that a single dose of up to 80 mg may be given
more rapidly. 
Unlike the thiazide diuretics where, owing to their flat
dose-response curve, very little is gained by increasing
the dose, furosemide has a steep dose-response curve,
which gives it a wide therapeutic range. 

In the treatment of oedema, the usual initial oral dose
is 40 mg once daily, adjusted as necessary according to
response. Mild cases may respond to 20 mg daily or
40 mg on alternate days. Some patients may need dos-
es of 80 mg or more daily given as one or two doses
daily, or intermittently. Severe cases may require grad-
ual titration of the furosemide dosage up to 600 mg
daily. In an emergency or when oral therapy cannot be
given, 20 to 50 mg of furosemide may be given by
slow intravenous injection; intramuscular injection
may be given in exceptional cases but is not suitable for
acute conditions. If necessary further doses may be
given, increasing by 20-mg increments and not given
more often than every 2 hours. If doses above 50 mg
are required they should be given by slow intravenous
infusion. For pulmonary oedema, if an initial slow in-
travenous injection of 40 mg does not produce a satis-
factory response within one hour, a further 80 mg may
be given slowly intravenously. 
For children, the usual oral dose is 1 to 3 mg/kg daily
up to a maximum of 40 mg daily; doses by injection
are 0.5 to 1.5 mg/kg daily up to a maximum of 20 mg
daily. 
In the treatment of hypertension, furosemide is given
in oral doses of 40 to 80 mg daily, either alone, or with
other antihypertensives. 
High-dose therapy. In the management of oliguria in
acute or chronic renal failure where the glomerular fil-
tration rate is less than 20 mL/minute but greater than
5 mL/minute, furosemide 250 mg diluted to 250 mL in
a suitable diluent is infused over one hour. If urine out-
put is insufficient within the next hour, this dose may
be followed by 500 mg added to an appropriate infu-
sion fluid, the total volume of which must be governed
by the patient’s state of hydration, and infused over
about 2 hours. If a satisfactory urine output has still not
been achieved within one hour of the end of the second
infusion then a third dose of 1 g may be infused over
about 4 hours. The rate of infusion should never exceed
4 mg/minute. In oliguric patients with significant fluid
overload, the injection may be given without dilution
directly into the vein, using a constant rate infusion
pump with a micrometer screw-gauge adjustment; the
rate should still never exceed 4 mg/minute. Patients
who do not respond to a dose of 1 g probably require
dialysis. If the response to either dosage method is sat-
isfactory, the effective dose (of up to 1 g) may then be
repeated every 24 hours. Dosage adjustments should
subsequently be made according to the patient’s re-
sponse. Alternatively, oral treatment may be main-
tained; 500 mg should be given orally for each 250 mg
required by injection. 
When used in chronic renal impairment, an initial oral
dose of 250 mg may be given, increased, if necessary
in steps of 250 mg every 4 to 6 hours to a maximum of
1.5 g in 24 hours; in exceptional cases up to 2 g in 24
hours may be given. Dosage adjustments should subse-
quently be made according to the patient’s response. 
During treatment with these high-dose forms of furo-
semide therapy, careful laboratory control is essential.
Fluid balance and electrolytes should be carefully con-
trolled and, in particular, in patients with shock, meas-
ures should be taken to correct the blood pressure and
circulating blood volume, before commencing this
type of treatment. High-dose furosemide therapy is
contra-indicated in renal failure caused by nephrotoxic
or hepatotoxic drugs, and in renal failure associated
with hepatic coma.
Action. The mechanism of action of furosemide is not fully un-
derstood.1 It appears to act primarily by inhibiting active reab-
sorption of chloride ions in the ascending limb of the loop of
Henle. Urinary excretion of sodium, chloride, potassium, hydro-
gen, calcium, magnesium, ammonium, bicarbonate, and possi-
bly phosphate is increased; the chloride excretion exceeds that of
sodium and there is an enhanced exchange of sodium for potas-
sium leading to greater excretion of potassium. The resulting low
osmolality of the medulla inhibits the reabsorption of water by
the kidney. There is a possibility that furosemide may also act at
a more proximal site. 

In addition to its diuretic actions, furosemide has been shown to
increase peripheral venous capacitance and reduce forearm
blood flow. It also reduces renal vascular resistance with a result-
ant increase in renal blood flow the degree of which is propor-
tional to the initial resistance. 
Furosemide has been shown to increase plasma-renin activity,
plasma-noradrenaline concentrations, and plasma-arginine-va-
sopressin concentrations. Alterations in the renin-angiotensin-al-
dosterone system may play a part in the development of acute
tolerance. Furosemide increases renal-prostaglandin concentra-
tions but it is not known whether this is due to increased synthe-
sis or inhibition of degradation or both. Prostaglandins appear to
mediate the diuretic/natriuretic action. The primary effects ap-
pear to be alterations in renal haemodynamics with subsequent
increases in electrolyte and fluid excretion. 
The diuretic response to furosemide is related to the concentra-
tion in the urine, not to that in the plasma. Furosemide is deliv-
ered to the renal tubules by a non-specific organic acid pump in
the proximal tubules.1 
In some cases sodium intake may be sufficient to overcome the
diuretic effect, and limiting sodium intake could restore respon-
siveness.2
1. Ponto LLB, Schaenwald RD. Furosemide (frusemide): a phar-

macokinetic/pharmacodynamic review (part I). Clin Pharma-
cokinet 1990; 18: 381–408. 

2. Brater DC. Resistance to loop diuretics: why it happens and what
to do about it. Drugs 1985; 30: 427–43.

Administration. Continuous intravenous infusion of loop diu-
retics may be more effective than intermittent intravenous bolus
injection and may provide a more consistent urine flow with few-
er alterations in urine balance.1,2 Bumetanide was more effective
by continuous infusion than as bolus doses in 8 patients with se-
vere chronic renal impairment.3 In 20 patients with chronic heart
failure requiring high-dose furosemide therapy, furosemide giv-
en by continuous infusion was more effective than the same dose
by bolus injection.4 The lower plasma concentrations associated
with continuous infusion may also reduce the risk of toxicity.
1. Yelton SL, et al. The role of continuous infusion loop diuretics.

Ann Pharmacother 1995; 29: 1010–14. 
2. Gulbis BE, Spencer AP. Efficacy and safety of a furosemide con-

tinuous infusion following cardiac surgery. Ann Pharmacother
2006; 40: 1797–1803. 

3. Rudy DW, et al. Loop diuretics for chronic renal insufficiency: a
continuous infusion is more efficacious than bolus therapy. Ann
Intern Med 1991; 115: 360–6. 

4. Dormans TPJ, et al. Diuretic efficacy of high dose furosemide in
severe heart failure: bolus injection versus continuous infusion.
J Am Coll Cardiol 1996; 28: 376–82.

Ascites. Dietary sodium restriction and diuretics are mainstays
of the management of cirrhotic ascites (p.1159). Spironolactone
is usually the diuretic of first choice, but furosemide may be add-
ed to therapy as necessary.
Bronchopulmonary dysplasia. Bronchopulmonary dyspla-
sia is a major cause of chronic lung disease in infants. Treatment
often involves the use of corticosteroids (see p.1500). Additional
supportive therapy may include the use of diuretics such as furo-
semide. 
Alternate-day therapy with oral furosemide 4 mg/kg has pro-
duced modest benefits in pulmonary status in the absence of a
diuretic effect, and few adverse effects.1 Improved pulmonary
function has occurred in infants given furosemide 1 mg/kg
parenterally after packed red blood cell transfusions, given to im-
prove oxygen-carrying capacity.2 The successful use of neb-
ulised furosemide in a dose of 1 mg/kg has been reported;3,4

again pulmonary status was improved without production of di-
uresis or renal side-effects. However, a single inhaled dose of
1 mg/kg failed to improve pulmonary mechanics in another
study involving older infants with more severe disease.5 System-
atic reviews of the use of intravenous or oral,6 or nebulised7 diu-
retics in preterm infants with chronic lung disease concluded
that, although there were improvements in pulmonary function,
there was insufficient evidence to recommend routine use.
1. Rush MG, et al. Double-blind, placebo-controlled trial of alter-

nate-day furosemide therapy in infants with chronic bronchopul-
monary dysplasia. J Pediatr 1990; 117: 112–18. 

2. Stefano JL, Bhutani VK. Role of furosemide therapy after boost-
er-packed erythrocyte transfusions in infants with bronchopul-
monary dysplasia. J Pediatr 1990; 117: 965–8. 

3. Rastogi A, et al. Nebulized furosemide in infants with bronchop-
ulmonary dysplasia. J Pediatr 1994; 125: 976–9. 

4. Prabhu VG, et al. Pulmonary function changes after nebulised
and intravenous frusemide in ventilated premature infants. Arch
Dis Child 1997; 77: F32–F35. 

5. Kugelman A, et al. Pulmonary effect of inhaled furosemide in
ventilated infants with severe bronchopulmonary dysplasia.
Pediatrics 1997; 99: 71–5. 

6. Brion LP, Primhak RA. Intravenous or enteral loop diuretics for
preterm infants with (or developing) chronic lung disease. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 2000 (accessed 24/06/05). 

7. Brion LP, et al. Aerosolized diuretics for preterm infants with (or
developing) chronic lung disease. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2006 (accessed 07/05/08).

Haemolytic-uraemic syndrome. Renal failure is a possible
consequence of the haemolytic-uraemic syndrome (see Throm-
botic Microangiopathies, p.1076). Correction of any hypovolae-
mic state with adequate fluids and of oliguria by inducing diure-
sis with furosemide may be used to prevent this. 



Furosemide/Gemfibrozil    1295

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Of 54 children with haemolytic-uraemic syndrome given intra-
venous furosemide 2.5 to 4 mg/kg every 3 to 4 hours immediate-
ly after diagnosis 24% eventually required dialysis.1 In contrast,
a retrospective analysis of 39 patients treated conservatively
showed that 82% had required dialysis. The results therefore
suggested that high-dose furosemide could prevent the progres-
sion of oliguria to anuria in these patients by increasing urate
clearance.
1. Rousseau E, et al. Decreased necessity for dialysis with loop di-

uretic therapy in hemolytic uremic syndrome. Clin Nephrol
1990; 34: 22–5.

Heart failure. Diuretics have been the mainstay in the treat-
ment of heart failure (p.1165) but drugs such as ACE inhibitors
that have been shown to improve mortality are now generally
recommended for first-line therapy along with diuretics. Diuret-
ics provide very effective symptomatic control in patients with
peripheral or pulmonary oedema and rapidly relieve dyspnoea. If
symptoms of fluid retention are only mild, a thiazide diuretic
such as bendroflumethiazide or hydrochlorothiazide, may be ad-
equate. However, in most cases, especially in moderate or severe
fluid retention, a loop diuretic such as furosemide will be neces-
sary. Combination treatment with diuretics that behave synergis-
tically by acting at different sites (the principle of sequential ne-
phron blockade), namely a loop diuretic with a thiazide or
potassium-sparing diuretic, may be needed in some patients, es-
pecially when there is diuretic resistance. 
Patients have been successfully treated using continuous intrave-
nous infusions1 or high doses (up to 8 g daily) of furosemide giv-
en by intravenous infusion2,3 or orally.3 A patient who was suc-
cessfully maintained on intravenous furosemide at home has
been described.4 Combination of furosemide with thiazide
diuretics5 or metolazone6,7 has been reported. There is a danger
of overdiuresis with both of these strategies, and careful monitor-
ing of electrolytes and renal function is essential.8 Delivery of
furosemide to the renal tubules may be enhanced by combined
therapy with hydralazine9 or captopril.10 The use of captopril and
furosemide may also correct hyponatraemia without fluid re-
striction.11 In elderly patients not responding adequately to low-
dose furosemide together with optimum doses of ACE inhibi-
tors, increasing the dose of furosemide (to an average of 297 mg
daily orally) has been reported12 to be of benefit. However, cau-
tion is necessary when using furosemide with antihypertensives
and especially ACE inhibitors since these combinations can re-
sult in sudden and profound hypotension and renal toxicity. Low-
dose dopamine infusion has been suggested as an alternative to
high-dose furosemide infusion and may cause less toxicity. In a
study13 in patients with severe refractory heart failure given opti-
mal therapy with ACE inhibitors, oral diuretics, nitrates, and di-
goxin, additional therapy with low-dose intravenous dopamine
(4 micrograms/kg per minute) and low-dose oral furosemide
(80 mg daily) was as effective as intravenous high-dose furosem-
ide (10 mg/kg daily) but caused less hypokalaemia and renal im-
pairment. Use of intravenous hypertonic saline has also been
reported14 to augment the effect of furosemide.
1. Lawson DH, et al. Continuous infusion of frusemide in refrac-

tory oedema. BMJ 1978; 2: 476. 
2. O’Rourke MF, et al. High-dose furosemide in cardiac failure.

Arch Intern Med 1984; 144: 2429. 
3. Gerlag PGG, van Meijel JJM. High-dose furosemide in the treat-

ment of refractory congestive heart failure. Arch Intern Med
1988; 148: 286–91. 

4. Hattersley AT, et al. Home intravenous diuretic therapy for pa-
tient with refractory heart failure. Lancet 1989; i: 446. 

5. Channer KS, et al. Thiazides with loop diuretics for severe con-
gestive heart failure. Lancet 1990; 335: 922–3. 

6. Aravot DJ, et al. Oral metolazone plus frusemide for home ther-
apy in patients with refractory heart failure. Lancet 1989; i: 727. 

7. Friedland JS, Ledingham JGG. Oral metolazone plus frusemide
for home therapy in patients with refractory heart failure. Lancet
1989; i: 727–8. 

8. Oster JR, et al. Combined therapy with thiazide-type and loop
diuretic agents for resistant-sodium retention. Ann Intern Med
1983; 99: 405–6. 

9. Nomura A, et al. Effect of furosemide in congestive heart fail-
ure. Clin Pharmacol Ther 1981; 30: 177–82. 

10. Dzau VJ, Hollenberg NK. Renal response to captopril in severe
heart failure: role of furosemide in natriuresis and reversal of
hyponatremia. Ann Intern Med 1984; 100: 777–82. 

11. Hamilton RW, Buckalew VM. Sodium, water, and congestive
heart failure. Ann Intern Med 1984; 100: 902–4. 

12. Waterer G, Donaldson M. High-dose frusemide for cardiac fail-
ure. Lancet 1995; 346: 254. 

13. Cotter G, et al. Increased toxicity of high-dose furosemide ver-
sus low-dose dopamine in the treatment of refractory congestive
heart failure. Clin Pharmacol Ther 1997; 62: 187–93. 

14. Paterna S, et al. Effects of high-dose furosemide and small-vol-
ume hypertonic saline solution infusion in comparison with a
high dose of furosemide as a bolus, in refractory congestive
heart failure. Eur J Heart Fail 2000; 2: 305–13.

Hypercalcaemia. Hypercalcaemia (p.1668) usually results
from an underlying disease and long-term management involves
treating the cause. However, if significant symptoms are present,
treatment is necessary to reduce plasma-calcium concentrations.
This primarily involves rehydration, but loop diuretics such as
furosemide have been used after rehydration, to promote urinary
calcium excretion. Doses used have ranged from 20 to 240 mg of
furosemide daily, given intravenously.
Obstructive airways disease. In patients with asthma, furo-
semide given by oral inhalation has been found to protect against
bronchoconstriction induced by exercise1 and external stimuli,2,3

although it did not improve bronchial hyperresponsiveness in a

4-week study4 and provided no additional benefit when added to
salbutamol for the treatment of acute asthma in a small study in
children.5 A number of mechanisms have been suggested for the
protective effect of furosemide, including inhibition of electro-
lyte transport across epithelium, inhibition of inflammatory
mediators, or an effect on mast cell function.6 The potential for
clinical applications remains unclear6 and furosemide is not a part
of the accepted schedules for the treatment of asthma (p.1108). 
A small study7 in patients with chronic obstructive pulmonary
disease found that inhalation of furosemide relieved bronchoc-
onstriction and dyspnoea induced by exercise. 
Inhaled furosemide has also been used to relieve dyspnoea in pa-
tients with terminal cancer.8
1. Munyard P, et al. Inhaled frusemide and exercise-induced bron-

choconstriction in children with asthma. Thorax 1995; 50:
677–9. 

2. Bianco S, et al. Protective effect of inhaled furosemide on aller-
gen-induced early and late asthmatic reactions. N Engl J Med
1989; 321: 1069–73. 

3. Seidenberg J, et al. Inhaled frusemide against cold air induced
bronchoconstriction in asthmatic children. Arch Dis Child 1992;
67: 214–17. 

4. Yates DH, et al. Effect of acute and chronic inhaled furosemide
on bronchial hyperresponsiveness in mild asthma. Am J Respir
Crit Care Med 1995; 152: 2173–5. 

5. González-Sánchez R, et al. Furosemide plus albuterol compared
with albuterol alone in children with acute asthma. Allergy Asth-
ma Proc 2002; 23: 181–4. 

6. Floreani AA, Rennard SI. Experimental treatments for asthma.
Curr Opin Pulm Med 1997; 3: 30–41. 

7. Ong K-C, et al. Effects of inhaled furosemide on exertional dys-
pnea in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2004; 169: 1028–33. 

8. Kallet RH. The role of inhaled opioids and furosemide for the
treatment of dyspnea. Respir Care 2007; 52: 900–10.

Patent ductus arteriosus. The usual initial treatment for a
haemodynamically significant ductus is reduction of fluid intake,
correction of anaemia, support of respiration, and giving a diuret-
ic. If that fails to control symptoms then indometacin is generally
given to promote closure of the ductus (see p.68). 
Furosemide is often the diuretic chosen. It is effective and widely
used but there has been concern that it might delay closure (and
even increase the incidence of patent ductus arteriosus in infants
treated for respiratory distress syndrome — see Effects in Infants
and Neonates under Adverse Effects, above). A systematic
review1 of those treated for patent ductus concluded that this did
not seem to be the case, and that the diuretic might reduce ad-
verse renal effects of indometacin; however, the evidence for this
was limited and it was felt that there was not enough evidence to
support the use of furosemide in infants treated with indomet-
acin.
1. Brion LP, Campbell DE. Furosemide for prevention of morbidity

in indomethacin-treated infants with patent ductus arteriosus.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley, 2001 (accessed 12/07/05).

Raised intracranial pressure. Osmotic diuretics such as
mannitol are first-line drugs for the management of raised intrac-
ranial pressure (p.1181) but loop diuretics such as furosemide
may be used as adjuncts.
Tinnitus. Furosemide is one of many drugs that have been tried
in tinnitus (p.1866), but although reported to be effective in some
patients, it is rarely used because of problems with adverse ef-
fects.

Preparations
BP 2008: Co-amilofruse Tablets; Furosemide Injection; Furosemide Tablets; 
USP 31: Furosemide Injection; Furosemide Oral Solution; Furosemide Tab-
lets.
Proprietary Preparations (details are given in Part 3)
Arg.: Eliur†; Errolon; Fabofurox; Frecuental†; Furagrand; Furital; Furix;
Fursemida; Furtenk; Kolkin; Lasix; Nuriban; Retep; Viafurox†; Austral.:
Frusehexal; Frusid; Lasix; Uremide; Urex; Austria: Fural; Furohexal; Furon;
Furostad; Lasix; Belg.: Docfurose; Furotop; Lasix; Braz.: Diuremida; Diu-
ret†; Diurit†; Diurix; Fluxil; Furesin; Furosan; Furosecord†; Furosem; Furo-
sen†; Furosetron; Furosix; Furozix; Fursemida; Lasix; Neosemid; Normoten-
sor†; Rovelan; Urasix; Canad.: Lasix; Novo-Semide; Chile: Asax; Lasix†;
Cz.: Dryptal†; Furanthril†; Furon; Furorese; Lasix†; Denm.: Diural; Furese;
Furix; Lasix; Fin.: Furesis; Furomin; Lasix; Vesix; Fr.: Lasilix; Ger.: Diurapid;
durafurid†; Furanthril; Furo; Furo-Puren; Furobeta; Furogamma; Furomed;
Furorese; Furosal; Fusid; Jufurix; Lasix; Odemase†; Gr.: Hydroflux; Lasix;
Semid; Hong Kong: CP-Furo; Lasix; Naqua; Urex; Hung.: Furon; Huma-
Semide†; India: Diucontin-K; Frusemix; Frusenex; Frusix; Lasix; Petsix†; In-
don.: Cetasix; Classic; Diurefo; Edemin; Farsix; Furosix; Impugan; Lasix; Ure-
six; Irl.: Fruside; Lasix; Israel: Fusid; Lasix†; Miphar; Ital.: Lasix; Malaysia:
Dirine; Furmide†; Lasix; Rasitol; Suopinchon; Usix†; Mex.: Biomisen†; Bu-
tosali; Diurmessel; Edenol; Furomil†; Furosan; Furoter†; Henexal; Lasix; Os-
emin; Selectofur; Zafimida; Neth.: Lasiletten; Lasix; Norw.: Diural; Furix;
Lasix; NZ: Diurin; Frusid; Lasix; Philipp.: Diuril; Diuspec; Edemann; Fremid;
Fretic; Frusema; Furoscan; Fusimex; Lasix; Pharmix; Rofunil; Port.: Aq-
uedux†; Lasix; Naqua; Rus.: Lasix (Лазикс); S.Afr.: Aquarid; Beurises; Lasix;
Puresis; Uretic; Singapore: Dirine; Furmide; Lasix; Spain: Seguril; Swed.:
Furix; Impugan; Lasix; Switz.: furo-basan†; Furodrix; Furosifar†; Fursol; Im-
pugan†; Lasix; Oedemex; Thai.: Aldic†; Dirine; Frusid†; Fudirine†; Furetic;
Furide; Furine; Fuseride; H-Mide; Hawkmide†; Impugan†; Lasiven; Lasix; Me-
diuresix†; Urasin†; Turk.: Desal; Furomid; Lasix; Lizik; Urex; UAE: Salurin;
UK: Froop; Frusid; Frusol; Lasix; Rusyde; USA: Lasix; Venez.: Biosemida;
Edemid; Fromil†; Inclens; Lasix; Lifurox; Nacua†; Resimida†; Salca; Terysol.
Multi-ingredient: Arg.: Aldactone-D; Diflux; Errolon A; Furdiuren†; Lasi-
lacton; Lasiride; Nuriban A; Austria: Furo-Aldopur; Furo-Spirobene; Furo-
lacton; Hydrotrix; Lasilacton; Lasitace; Spirono comp; Belg.: Frusamil;
Braz.: Diurana; Diurisa; Furosemide Composto; Hidrion; Lasilactona;
Chile: Furdiuren; Hidrium; Hidropid; Cz.: Spiro Compositum†; Denm.:
Frusamil; Fin.: Furesis comp; Fr.: Aldalix; Logirene; Ger.: Betasemid; Di-
aphal; duraspiron-comp†; Furo-Aldopur; Furorese Comp; Hydrotrix; Osy-
rol Lasix; Spiro comp; Spiro-D; Spironolacton Plus†; Gr.: Frumil; India: Fru-

mil; Lasilactone; Spiromide; Irl.: Diumide-K Continus; Fru-Co; Frumil;
Lasoride†; Ital.: Fluss 40; Lasitone; Spirofur; Mex.: Lasilacton; NZ: Frumil;
Philipp.: Diumide-K; Spain: Salidur; Switz.: Frumil†; Furocombin; Furos-
pir ; Lasilactone; UK: Aridil; Froop Co†; Fru-Co; Frumil; Frusene; Komil; Lasi-
kal; Lasilactone; Lasoride†; Venez.: Furdiuren.

Gallopamil Hydrochloride (BANM, rINNM)

D-600 (gallopamil); Gallopamil, Chlorhydrate de; Gallopamilhy-
droklorid; Gallopamilli Hydrochloridum; Gallopamillihydrokloridi;
Hidrocloruro de galopamilo; Methoxyverapamil Hydrochloride.
5-[N-(3,4-Dimethoxyphenethyl)-N-methylamino]-2-(3,4,5-tri-
methoxyphenyl)-2-isopropylvaleronitrile hydrochloride.
Галлопамила Гидрохлорид
C28H40N2O5,HCl = 521.1.
CAS — 16662-47-8 (gallopamil); 16662-46-7 (gallopamil
hydrochloride).
ATC — C08DA02.
ATC Vet — QC08DA02.

(gallopamil)

Profile
Gallopamil is a calcium-channel blocker (see p.1154) with an-
tiarrhythmic activity and is chemically related to verapamil. It is
used in the management of angina pectoris (p.1157), cardiac
arrhythmias (p.1160), and hypertension (p.1171). Gallopamil hy-
drochloride is given by mouth in doses of 25 to 50 mg every 6 to
12 hours up to a maximum total dose of 200 mg daily. Modified-
release preparations are also available and are given once or
twice daily in similar total daily doses.
◊ General references.
1. Brogden RN, Benfield P. Gallopamil: a review of its pharmaco-

dynamic and pharmacokinetic properties, and therapeutic poten-
tial in ischaemic heart disease. Drugs 1994; 47: 93–115.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Procorum; Ger.: Gallobeta; Procorum; Hung.: Procorum; Ital.:
Algocor; Procorum; Mex.: Procorum; Philipp.: Procorum; Thai.: Proco-
rum.

Gemfibrozil (BAN, USAN, rINN)

CI-719; Gemfibrotsiili; Gemfibrozilo; Gemfibrozilum; Gemfibro-
zyl. 2,2-Dimethyl-5-(2,5-xylyloxy)valeric acid.
Гемфиброзил
C15H22O3 = 250.3.
CAS — 25812-30-0.
ATC — C10AB04.
ATC Vet — QC10AB04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Gemfibrozil). A white or almost white, waxy, crys-
talline powder. M.p. 58° to 61°. Practically insoluble in water;
freely soluble in dehydrated alcohol and in methyl alcohol; very
soluble in dichloromethane. Protect from light. 
USP 31 (Gemfibrozil). A white waxy crystalline solid. M.p. 58°
to 61°. Practically insoluble in water; soluble in alcohol, in
methyl alcohol, and in chloroform. Store in airtight containers.

Adverse Effects and Precautions
As for Bezafibrate, p.1232.
Incidence of adverse effects. In the Helsinki Heart Study,1
11.3% of 2051 patients taking gemfibrozil reported various mod-
erate to severe upper gastrointestinal tract symptoms during the
first year of treatment compared with 7% of 2030 patients taking
placebo. No differences were seen between gemfibrozil and pla-
cebo groups in haemoglobin concentrations, urinary-protein, or
urinary-sugar concentrations. 
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There was no significant difference in the total number of can-
cers between the gemfibrozil and placebo groups nor in the
number of operations for gallstones or for cataract surgery. A
higher number of deaths in the gemfibrozil group was mainly
due to accident or violence and intracranial haemorrhage. 
A follow-up study2 reported that gastrointestinal symptoms re-
mained more common in patients taking gemfibrozil. Although
there was no significant difference between the gemfibrozil and
placebo groups cholecystectomies were consistently more com-
mon in those receiving gemfibrozil during the entire 8.5-year ob-
servation period. Cancer occurred equally in both groups, but
there was increased mortality attributable to cancer in the gemfi-
brozil group, mainly during the last 1.5 years of follow-up; this
difference was no longer apparent after 18 years.3

1. Frick MH, et al. Helsinki Heart Study: primary-prevention trial
with gemfibrozil in middle-aged men with dyslipidemia: safety
of treatment, changes in risk factors, and incidence of coronary
heart disease. N Engl J Med 1987; 317: 1237–45. 

2. Huttunen JK, et al. The Helsinki Heart Study: an 8.5-year safety
and mortality follow-up. J Intern Med 1994; 235: 31–9. 

3. Tenkanen L, et al. Gemfibrozil in the treatment of dyslipidemia:
an 18-year mortality follow-up of the Helsinki Heart Study. Arch
Intern Med 2006; 166: 743–8.

Effects on the skin. Psoriasis was exacerbated in a patient
within 2 weeks of starting gemfibrozil therapy and recurred
when gemfibrozil was subsequently reintroduced.1

1. Fisher DA, et al. Exacerbation of psoriasis by the hypolipidemic
agent, gemfibrozil. Arch Dermatol 1988; 124: 854–5.

Interactions
As for Bezafibrate, p.1232. 
Gemfibrozil is an inhibitor of a number of cytochrome
P450 isoenzymes, including CYP2C8, CYP2C9,
CYP2C19, and CYP1A2 and may increase the plasma
concentration of drugs metabolised by these isoen-
zymes; it also inhibits some UDP-glucuronosyltrans-
ferases. Increased plasma concentration of bexarotene
(see p.686), pioglitazone (see p.456), and rosiglitazone
(see p.459) have been reported with gemfibrozil, and
use of gemfibrozil in patients receiving repaglinide is
contra-indicated due to the risk of serious hypoglycae-
mia (see p.458).

Pharmacokinetics
Gemfibrozil is readily absorbed from the gastrointesti-
nal tract; bioavailability is close to 100% and is highest
when gemfibrozil is taken 30 minutes before food.
Peak concentrations in plasma occur within 1 to 2
hours; the half-life is about 1.5 hours. Plasma protein
binding of gemfibrozil is about 98%. About 70% of a
dose is excreted in the urine mainly as glucuronide
conjugates of gemfibrozil and its metabolites; little is
excreted in the faeces.

Uses and Administration
Gemfibrozil, a fibric acid derivative, is a lipid regulat-
ing drug with actions on plasma lipids similar to those
of bezafibrate (p.1233). 
Gemfibrozil is used to reduce total cholesterol and trig-
lycerides in the management of hyperlipidaemias
(p.1169), including type IIa, type IIb, type III, type IV,
and type V hyperlipoproteinaemias. It is also indicated
for the primary prevention of ischaemic heart disease
(see Cardiovascular Risk Reduction, p.1164) in hyper-
lipidaemic men: in the USA this use is restricted to type
IIb patients who also have low HDL-cholesterol con-
centrations and who have not responded to dietary and
other measures. The usual oral dose is 1.2 g daily in 2
divided doses given 30 minutes before the morning
and evening meals. Alternatively, a single daily dose of
900 mg has been given 30 minutes before the evening
meal.
◊ Reviews.
1. Spencer CM, Barradell LB. Gemfibrozil: a reappraisal of its

pharmacological properties and place in the management of dy-
slipidaemia. Drugs 1996; 51: 982–1018.

Administration in renal impairment. Gemfibrozil is con-
tra-indicated in patients with severe renal impairment. However,
UK licensed prescribing information allows its use in patients
with mild to moderate impairment (glomerular filtration rate 30
to 80 mL/minute per 1.73 m2); the initial dose should be reduced
to 900 mg daily and renal function should be assessed before in-
creasing the dose. 

In a study1 of the pharmacokinetics of gemfibrozil in 17 patients
with stable chronic renal failure the mean plasma half-life was
1.8 and 1.9 hours after multiple and single doses respectively,
which was comparable with that reported in patients with normal
renal function. Gemfibrozil clearance was independent of renal
function, but the kinetics of gemfibrozil metabolites were not
evaluated. 
Beneficial responses2 were seen in lipid and lipoprotein concen-
trations in 5 of 6 uraemic patients treated with gemfibrozil 1.2 g
daily for six months and in 6 nephrotic patients given gemfibrozil
800 mg daily for 4 months. No significant adverse effects or
signs of organ toxicity were seen. Results of a secondary preven-
tion study3 also suggested that gemfibrozil at a dose of 1.2 g daily
was safe and effective in patients with mild to moderate renal
impairment.
1. Evans JR, et al. The effect of renal function on the pharmacoki-

netics of gemfibrozil. J Clin Pharmacol 1987; 27: 994–1000. 
2. Manninen V, et al. Gemfibrozil treatment of dyslipidaemias in

renal failure with uraemia or in the nephrotic syndrome. Res Clin
Forums 1982; 4: 113–18. 

3. Tonelli M, et al. for the Veterans’ Affairs High-Density Lipopro-
tein Intervention Trial (VA-HIT) Investigators. Gemfibrozil for
secondary prevention of cardiovascular events in mild to moder-
ate chronic renal insufficiency. Kidney Int 2004; 66: 1123–30.

Preparations
BP 2008: Gemfibrozil Capsules; Gemfibrozil Tablets; 
USP 31: Gemfibrozil Capsules; Gemfibrozil Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Gedun; Hipolixan; Lopid; Austral.: Ausgem; Gemhexal; Jezil; Lipazil;
Lopid; Austria: Gevilon; Braz.: Lopid; Lozil; Canad.: Lopid; Chile: Grifo-
gemzilo; Lipotril; Lopid; Cz.: Gevilon†; Innogem†; Ipolipid†; Denm.: Lopid;
Fin.: Gevilon; Lopid; Fr.: Lipur; Ger.: Gemfi; Gevilon; Lipox Gemfi†; Gr.:
Adratan†; Amedran; Antilipid; Cholhepan; Clipostat; Dosamont; Drisofal†;
Eklipid; Entianthe†; Fibrolip; Fibrospes; Gebrozil†; Gedizil; Gemfolid; Gemli-
pid; Gineton; Hobatolex; Lisolip; Lopid; Noxobran†; Parnoxil; Prelisin; Re-
nolip; Solulip; Terostrant; Tiazam; Hong Kong: Gemzil; Ipolipid; Lipison; Li-
pistorol; Lipofor; Lopid; Lowin; Marbrozil; Qualipid; Saffid; Synbrozil; Hung.:
Innogem; Minilip; India: Lopid; Normolip; Indon.: Detrichol; Fetinor; Fi-
bralip; Hypofil; Inobes; Lapibroz; Lifibron; Lipira; Lipitrop; Lokoles; Lopid;
Lowlip; Mersikol; Nufalemzil; Progemzal; Renabrazin; Scantipid; Zilop; Irl.:
Lopid; Ital.: Fibrocit; Gemlipid; Genlip; Genozil; Lipogen; Lipozid; Lopid;
Malaysia: Brozil; Fibrol†; Ipolipid; Lipistorol†; Lipofor; Lopid†; Mariston†;
Mex.: Apo-Fide; Lopid; Raypid; Neth.: Lopid; NZ: Gemizol†; Philipp.:
Lipigem; Lipison; Lipizile; Lipozid; Lopid; Reducel; Port.: Lipoite; Lopid;
Rus.: Ipolipid (Иполипид); S.Afr.: Lopid; Singapore: Brozil; Gemd†; Hidil;
Ipolipid; Lipison†; Lipofor ; Lopid†; Recozil; Spain: Bolutol†; Decrelip†;
Lopid; Pilder; Trialmin; Swed.: Lopid; Switz.: Gevilon; Thai.: Bisil; Chlor-
estrol†; Deopid†; Dropid; Gemfibril; GFB; Gozid; Hidil; Lipidys; Lipison;
Lipolo; Lipozil; Locholes; Lopid; Manobrozil; Mariston; Norpid; Pharzil; Poli-
Fibrozil; Polyxit; Tiba; Turk.: Lopid; UK: Lopid; USA: Lopid; Venez.: Lipon-
tal; Lopid.

Glyceryl Trinitrate
Glicerin-trinitrát; Glicerolio trinitratas; Gliseril Trinitrat; Glonoin;
Glyceroli Trinitras; Glyceroli trinitratis; Glycerol-trinitrát; Gly-
céryle, trinitrate de; Glyceryltrinitrat; Glyseryylitrinitraatti; GTN;
Nitroglicerina; Nitrogliserin; Nitroglycerin; Nitroglycerol; NTG;
Trinitrin; Trinitroglycerin. Propane-1,2,3-triol trinitrate.
C3H5(NO3)3 = 227.1.

CAS — 55-63-0.

ATC — C01DA02; C05AE01.

ATC Vet — QC01DA02; QC05AE01.

Pharmacopoeias. Chin., Eur. (see p.vii), US, and Viet. include
glyceryl trinitrate as diluted solutions. 
Ph. Eur. 6.2 (Glyceryl Trinitrate Solution). An ethanolic solution
containing 1 to 10% w/w of glyceryl trinitrate. It is a clear, col-
ourless or slightly yellow solution. Miscible with dehydrated al-
cohol and with acetone. 
Pure glyceryl trinitrate is practically insoluble in water; freely
soluble in dehydrated alcohol; miscible with acetone. 
Protect from light. Diluted solutions (1%) should be stored at 2°
to 15°; more concentrated solutions may be stored at 15° to 20°. 
USP 31 (Diluted Nitroglycerin). A mixture of glyceryl trinitrate
with lactose, glucose, alcohol, propylene glycol, or other suitable
inert excipient, usually containing not more than 10% glyceryl
trinitrate. When diluted in either alcohol or propylene glycol it is
a clear, colourless, or pale yellow liquid. When diluted with lac-
tose, it is a white odourless powder. Store in airtight containers at
a temperature of 25°, excursions permitted between 15° and 30°.
Prevent exposure to temperatures above 40°. Protect from light. 
Undiluted glyceryl trinitrate is a white to pale yellow, thick, flam-
mable, explosive liquid. Slightly soluble in water; soluble in al-
cohol, in acetone, in carbon disulfide, in chloroform, in dichlo-
romethane, in ether, in ethyl acetate, in glacial acetic acid, in

methyl alcohol, in benzene, in toluene, in nitrobenzene, and in
phenol.
Handling. Undiluted glyceryl trinitrate can be exploded by per-
cussion or excessive heat and only exceedingly small amounts
should be isolated.
Incompatibility. Studies have found glyceryl trinitrate to be
incompatible with phenytoin,1 alteplase,2 and levofloxacin.3
1. Klamerus KJ, et al. Stability of nitroglycerin in intravenous ad-

mixtures. Am J Hosp Pharm 1984; 41: 303–5. 
2. Lee CY, et al. Visual and spectrophotometric determination of

compatibility of alteplase and streptokinase with other injectable
drugs. Am J Hosp Pharm 1990; 47: 606–8. 

3. Saltsman CL, et al. Compatibility of levofloxacin with 34 medi-
cations during simulated Y-site administration. Am J Health-Syst
Pharm 1999; 56: 1458–9.

Stability. INTRAVENOUS SOLUTIONS. The loss of glyceryl tri-
nitrate from solution by adsorption or absorption into some
plastics of intravenous giving sets has been recognised for
some years,1,2 although adsorption does not appear to occur to
any great extent with polyolefin3,4 or polyethylene.5-7 It is not
only infusion containers and plastic tubing that may be in-
volved; some in-line filters can adsorb glyceryl trinitrate.8,9

1. Grouthamel WG, et al. Loss of nitroglycerin from plastic intra-
venous bags. N Engl J Med 1978; 299: 262. 

2. Roberts MS, et al. The availability of nitroglycerin from
parenteral solutions. J Pharm Pharmacol 1980; 32: 237–44. 

3. Wagenknecht DM, et al. Stability of nitroglycerin solutions in
polyolefin and glass containers. Am J Hosp Pharm 1984; 41:
1807–11. 

4. Trissel LA, et al. Drug compatibility with new polyolefin infu-
sion solution containers. Am J Health-Syst Pharm 2006; 63:
2379–82. 

5. Schaber DE, et al. Nitroglycerin adsorption to a combination
polyvinyl chloride, polyethylene intravenous administration set.
Drug Intell Clin Pharm 1985; 19: 572–5. 

6. Tracy TS, et al. Nitroglycerin delivery through a polyethylene-
lined intravenous administration set. Am J Hosp Pharm 1989;
46: 2031–5. 

7. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73. 

8. Baaske DM, et al. Nitroglycerin compatibility with intravenous
fluid filters, containers, and administration sets. Am J Hosp
Pharm 1980; 37: 201–5. 

9. Kanke M, et al. Binding of selected drugs to a "treated" inline
filter. Am J Hosp Pharm 1983; 40: 1323–8.

TABLETS. Many studies have shown that glyceryl trinitrate tab-
lets are unstable and subject to considerable loss of potency in
contact with packaging components such as adhesive labels,
cotton and rayon fillers, and plastic bottles and caps. Both the
Council of the Royal Pharmaceutical Society of Great Britain
and the FDA in the USA have issued packaging and dispens-
ing guidelines. Glyceryl trinitrate tablets should be dispensed
only in glass containers sealed with a foil lined cap and con-
taining no cotton wool wadding. In addition, the Council of
the Royal Pharmaceutical Society of Great Britain recom-
mends that no more than 100 tablets should be supplied and
that the container should be labelled with an indication that
any tablets should be discarded after 8 weeks in use.

Adverse Effects
Glyceryl trinitrate may cause flushing of the face, diz-
ziness, tachycardia, and throbbing headache. Large
doses cause vomiting, restlessness, blurred vision, hy-
potension (which can be severe), syncope, and rarely
cyanosis, and methaemoglobinaemia; impairment of
respiration and bradycardia may ensue. Contact der-
matitis has been reported in patients using topical glyc-
eryl trinitrate preparations; local irritation and ery-
thema may also occur. Preparations applied to the oral
mucosa frequently produce a localised burning sensa-
tion. 
Chronic poisoning may occur in industry but tolerance
develops when glyceryl trinitrate is regularly handled
and nitrate dependence can lead to severe withdrawal
symptoms in subjects abruptly removed from chronic
exposure. Loss of such tolerance is rapid and may
cause poisoning on re-exposure. Tolerance may occur
during clinical use and is usually associated with prep-
arations that produce sustained plasma concentrations.
Effects on the heart. Tachycardia, hypotension, and bradycar-
dia are recognised adverse cardiac effects of glyceryl trinitrate.
Rarely reported adverse effects include asystole1 and complete
heart block.2
1. Ong EA, et al. Nitroglycerin-induced asystole. Arch Intern Med

1985; 145: 954. 
2. Lancaster L, Fenster PE. Complete heart block after sublingual

nitroglycerin. Chest 1983; 84: 111–12.

Effects on taste. A 61-year-old man experienced loss of bitter
and salty taste sensations 2 weeks after addition of glyceryl trin-
itrate patches to his post-myocardial infarction drug regimen.1
The patient had complete loss of taste after 6 weeks; his taste
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sensation returned to normal within 1 week of stopping glyceryl
trinitrate patches. Taste sensation was again altered on rechal-
lenge.
1. Ewing RC, et al. Ageusia associated with transdermal nitroglyc-

erin. Clin Pharm 1989; 8: 146–7.

Hypersensitivity. Contact dermatitis has been reported in pa-
tients using glyceryl trinitrate ointment and patches.1 Both glyc-
eryl trinitrate and formulation components may be involved in
these reactions.
1. Carmichael AJ. Skin sensitivity and transdermal drug delivery: a

review of the problem. Drug Safety 1994; 10: 151–9.

Intravenous administration. Some formulations of glyceryl
trinitrate for intravenous use may contain substantial quantities
of alcohol in the solvent. There have been several reports of al-
cohol intoxication occurring in patients during high-dose intra-
venous glyceryl trinitrate infusion.1-3 In a patient3 who required
glyceryl trinitrate 2 mg/minute, a blood-alcohol concentration of
2.67 mg/mL was reported. PVC tubing had been used for the in-
fusion and it was suggested that adsorption of glyceryl trinitrate
onto the tubing may have increased the dose requirement and
thus the amount of alcohol given. 
Propylene glycol is also used as a solvent in some formulations
of glyceryl trinitrate. Infusion of solutions with propylene glycol
can lead to hyperosmolarity: see under Propylene Glycol,
p.2374, for details.
1. Shook TL, et al. Ethanol intoxication complicating intravenous

nitroglycerin therapy. Ann Intern Med 1984; 101: 498–9. 
2. Daly TJ, et al. "Cocktail"-coronary care. N Engl J Med 1984;

310: 1123. 
3. Korn SH, Comer JB. Intravenous nitroglycerin and ethanol in-

toxication. Ann Intern Med 1985; 102: 274.

Treatment of Adverse Effects
Syncope and hypotension should be treated by keeping
the patient in a recumbent position with the head low-
ered; pressor agents may be necessary in extreme hy-
potension. Oxygen, with assisted respiration, may be
needed in severe poisoning and infusion of plasma ex-
panders or suitable electrolyte solutions may be re-
quired to maintain the circulation. If methaemoglobi-
naemia occurs methylthioninium chloride may be
given intravenously. In the case of severe poisoning
with tablets the stomach may be emptied by lavage. If
large amounts have been ingested within 1 hour, acti-
vated charcoal may be considered.

Precautions
Glyceryl trinitrate should not be used in patients with
severe hypotension, hypovolaemia, marked anaemia,
heart failure due to obstruction (including constrictive
pericarditis), or raised intracranial pressure due to head
trauma or cerebral haemorrhage. Although it has been
suggested that glyceryl trinitrate may increase intra-oc-
ular pressure in patients with angle-closure glaucoma
and should be avoided in such patients there appears to
be no evidence for such a contra-indication. 
Glyceryl trinitrate should be used with caution in pa-
tients with severe renal or severe hepatic impairment,
hypothyroidism, malnutrition, or hypothermia. Metal-
containing transdermal patches should be removed be-
fore cardioversion or diathermy.
Nitrate tolerance. Although organic nitrates are effective
anti-anginal drugs, their use is limited by the development of tol-
erance and the loss or attenuation of their anti-anginal and anti-
ischaemic effects.1,2 This can occur with all of the organic
nitrates, particularly if frequent or continuous dosing is used.1-3 
The mechanisms of nitrate tolerance are incompletely under-
stood. The vasodilator effect of organic nitrates may depend on
their conversion to nitric oxide, a process which requires the
presence of a sulfhydryl donor such as cysteine or another thiol.
Repeated doses of a nitrate exhaust tissue stores of sulfhydryl
groups and this is one mechanism that may account for the de-
velopment of tolerance.1,2 The activation of neurohormonal sys-
tems, which releases vasoconstrictor hormones that counteract
the effects of organic nitrates, has also been proposed as a mech-
anism.1,2 An increase in free-radical production during nitrate
therapy has also been suggested,1 and may inhibit bioactivation
of the nitrate.3 Nitrate-induced expansion of plasma volume may
also contribute, leading to reversal of the effects of nitrates on
ventricular preload.1,2 
The method most commonly used to avoid the development of
tolerance is to provide a nitrate-free interval.1,2 The optimum du-
ration is not clear, but a nitrate-free period of 10 to 12 hours has
been suggested.1,2 With transdermal glyceryl trinitrate systems,
the patch can be removed at night. For oral, buccal, and ointment
preparations, the dose given at the end of the day can be omitted.
However, rebound myocardial ischaemia may occur during this
time,1 and may require the use of short-acting nitrate prepara-
tions.2 Whether a nitrate-free interval is necessary for all patients

is unknown as many patients using continuous nitrates do not
experience clinical tolerance. A transdermal patch with a higher
release rate during the first part of a 24-hour period has been
found not to prevent the development of tolerance.4 
Various drugs have been reported to reduce the development of
nitrate tolerance, including sulfhydryl donors and drugs with
antoxidant properties, but none has an established role.1,3

1. Parker JD, Parker JO. Nitrate therapy for stable angina pectoris.
N Engl J Med 1998; 338: 520–31. 

2. Rutherford JD. Nitrate tolerance in angina therapy: how to avoid
it. Drugs 1995; 49: 196–9. 

3. Münzel T, et al. Explaining the phenomenon of nitrate tolerance.
Circ Res 2005; 97: 618–28. 

4. Wiegand A, et al. Pharmacodynamic and pharmacokinetic eval-
uation of a new transdermal delivery system with a time-depend-
ent release of glyceryl trinitrate. J Clin Pharmacol 1992; 32:
77–84.

Transdermal patches. An explosion occurred during defibril-
lation in a patient with a glyceryl trinitrate transdermal patch on
the left side of the chest.1 There was no visible injury to the pa-
tient. Subsequent studies suggested that this was caused by an
electrical arc between the defibrillator paddle and the aluminium
backing of the patch rather than explosion of the glyceryl trini-
trate. 
Although removal of transdermal patches before diathermy is
usually recommended, a maximum rise in patch temperature of
only 2.2° was reported when patches were exposed to power
densities up to 800 watts/m2. It was considered that exposure of
transdermal patches to microwave diathermy, for example as
part of physiotherapy treatment, was unlikely to cause direct
thermal injury to the wearer.2
1. Babka JC. Does nitroglycerin explode? N Engl J Med 1983; 309:

379. 
2. Moseley H, et al. The influence of microwave radiation on

transdermal delivery systems. Br J Dermatol 1990; 122: 361–3.

Interactions
The hypotensive effects of glyceryl trinitrate may be
enhanced by alcohol, and by vasodilators and other
drugs with hypotensive actions. The effectiveness of
sublingual and buccal tablet preparations may be re-
duced by drugs that cause dry mouth since dissolution
may be delayed.
Anticoagulants. For the effects of glyceryl trinitrate on
heparin, see p.1303.
Antimuscarinics. Delayed dissolution of glyceryl trinitrate
tablets due to dry mouth has been reported in a patient taking
imipramine1 and in a patient treated with atropine;2 this effect
should be considered whenever glyceryl trinitrate sublingual tab-
lets are given to patients taking other drugs that can cause dry
mouth. Use of the lingual spray2 rather than a sublingual tablet or
addition of 1 mL of saline under the tongue3 may be used to over-
come the problem.
1. Robbins LJ. Dry mouth and delayed dissolution of sublingual

nitro-glycerin. N Engl J Med 1983; 309: 985. 
2. Kimchi A. Dry mouth and delayed dissolution of nitroglycerin.

N Engl J Med 1984; 310: 1122. 
3. Rasler FE. Ineffectiveness of sublingual nitroglycerin in patients

with dry mucous membranes. N Engl J Med 1986; 314: 181.

Ergot alkaloids. For the effects of glyceryl trinitrate on dihy-
droergotamine, see under Interactions of Ergotamine, p.621.
Phosphodiesterase type-5 inhibitors. The concurrent use
of nitrates and phosphodiesterase type-5 inhibitors such as silde-
nafil is contra-indicated. Significant hypotension may occur due
to potentiation of the vasodilator actions of nitrates.1 Deaths due
to a possible interaction have been reported.2
1. Webb DJ, et al. Sildenafil citrate potentiates the hypotensive ef-

fects of nitric oxide donor drugs in male patients with stable an-
gina. J Am Coll Cardiol 2000; 36: 25–31. 

2. Cheitlin MD, et al. Use of sildenafil (Viagra) in patients with
cardiovascular disease. J Am Coll Cardiol 1999; 33: 273–82.
Correction. ibid.; 34: 1850.

Thrombolytics. For the effects of glyceryl trinitrate on altepla-
se, see p.1207.

Pharmacokinetics
Glyceryl trinitrate is rapidly absorbed from the oral
mucosa. It is also well absorbed from the gastrointesti-
nal tract and through the skin. Bioavailability is less
than 100% when given by any of these routes due to
pre-systemic clearance; bioavailability is further re-
duced after oral use owing to extensive first-pass
metabolism in the liver. 
Therapeutic effect is apparent within 1 to 3 minutes of
use of sublingual tablets, sublingual spray, or buccal
tablets; within 30 to 60 minutes of applying an oint-
ment or transdermal patch; and within 1 to 2 minutes
after intravenous doses. 
Duration of action is about 30 to 60 minutes with sub-
lingual tablets or spray and 3 to 5 hours with modified-
release buccal tablets. Transdermal patches are de-

signed to release a stated amount of drug over 24 hours,
while therapeutic effects after application of glyceryl
trinitrate ointment 2% persist for up to 8 hours. Dura-
tion of action after intravenous dosage is about 3 to 5
minutes. 
Glyceryl trinitrate is widely distributed with a large ap-
parent volume of distribution. It is taken up by smooth
muscle cells of blood vessels and the nitrate group is
cleaved to inorganic nitrite and then to nitric oxide.
This reaction requires the presence of cysteine or
another thiol. Glyceryl trinitrate also undergoes hydrol-
ysis in plasma and is rapidly metabolised in the liver by
glutathione-organic nitrate reductase to dinitrates and
mononitrates. The dinitrates are less potent vasodila-
tors than glyceryl trinitrate; the mononitrates may have
some vasodilator activity.
◊ References.
1. Bogaert MG. Clinical pharmacokinetics of glyceryl trinitrate fol-

lowing the use of systemic and topical preparations. Clin Phar-
macokinet 1987; 12: 1–11. 

2. Thadani U, Whitsett T. Relationship of pharmacokinetic and
pharmacodynamic properties of the organic nitrates. Clin Phar-
macokinet 1988; 15: 32–43. 

3. Ridout G, et al. Pharmacokinetic considerations in the use of
newer transdermal formulations. Clin Pharmacokinet 1988; 15:
114–31. 

4. Hashimoto S, Kobayashi A. Clinical pharmacokinetics and phar-
macodynamics of glyceryl trinitrate and its metabolites. Clin
Pharmacokinet 2003; 42: 205–21.

Uses and Administration
Glyceryl trinitrate is a nitrovasodilator used in the man-
agement of angina pectoris (p.1157), heart failure
(p.1165), and myocardial infarction (below). Other in-
dications include inducing hypotension and controlling
hypertension during surgery. 
Glyceryl trinitrate is believed to exert its vasodilator ef-
fect through release of nitric oxide, which causes stim-
ulation of guanylate cyclase in the vascular smooth
muscle cells; this results in an increase in cyclic guano-
sine monophosphate. This nucleotide induces relaxa-
tion, probably by lowering the free calcium concentra-
tion in the cytosol. In its action on vascular muscle,
venous dilatation predominates over dilatation of the
arterioles. Venous dilatation decreases venous return as
a result of venous pooling, and lowers left ventricular
diastolic volume and pressure (termed a reduction in
preload). The smaller or less important dilatation of ar-
terioles reduces both peripheral vascular resistance and
left ventricular pressure at systole (termed a reduction
in afterload). The consequent effect is a reduction in
the primary determinants of myocardial oxygen de-
mand. The effect on preload is not shared by beta
blockers or calcium-channel blockers. Glyceryl trini-
trate also has a coronary vasodilator effect, which im-
proves regional coronary blood flow to ischaemic
areas resulting in improved oxygen supply to the myo-
cardium. 
Glyceryl trinitrate may be given by the sublingual, buc-
cal, oral, transdermal, or intravenous route. The dose
and choice of formulation depend upon the clinical sit-
uation. 
In the management of acute angina glyceryl trinitrate
is given as sublingual tablets, a sublingual aerosol
spray, or buccal tablets, which all produce a rapid onset
of therapeutic effect and provide rapid relief of anginal
pain. These dosage forms may also be used before
an activity or stress which might provoke an attack.
One sublingual tablet (usual strength 300 to
600 micrograms) is placed under the tongue. The dose
may be repeated as required but patients should be ad-
vised to seek medical care if pain persists after a total
of 3 doses within 15 minutes. If an aerosol spray is used
one or two sprays of 400 micrograms each are directed
onto or under the tongue, then the mouth is closed;
three sprays may be used if necessary. Buccal tablets of
glyceryl trinitrate are placed between the upper lip and
gum (see below for precautions to be observed during
use). The usual dose is 2 mg when required, increased
to 3 mg if necessary; a dose of 5 mg may be given in
severe angina. 
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In the long-term management of stable angina glycer-
yl trinitrate is given as modified-release tablets or cap-
sules, transdermal formulations, or buccal tablets,
which all provide a long duration of action. Dosage
varies according to the specific formulation. In the UK,
for example, modified-release oral tablets are available
that allow doses of up to 12.8 mg to be given up to
three times daily. The transdermal formulations availa-
ble are ointments and patches. With the ointment a
measured amount (1⁄2 to 2 inches of glyceryl trinitrate
ointment 2%) is applied 3 or 4 times daily, or every 3
to 4 hours if necessary, to the chest, arm, thigh, or back.
Transdermal patches applied to the chest, upper arm, or
shoulder are more convenient. Patches are generally
designed to release glyceryl trinitrate at a constant rate;
they are available in a range of sizes, releasing about
0.1 to 0.8 mg/hr (equivalent to about 2.5 to 20 mg in 24
hours, although the patches are generally removed for
part of this period to prevent tolerance developing). A
maximum daily dose of 20 mg has been suggested.
Glyceryl trinitrate ointment and patches should be ap-
plied to a fresh area of skin and several days should
elapse before re-application to formerly used sites.
Buccal tablets are used in doses of 2 to 5 mg three
times daily. The tablets are retained in the buccal cavi-
ty; the rate of dissolution of the tablet can be increased
by touching the tablet with the tongue or drinking hot
liquids. It is common practice to remove the tablets at
bedtime because of the risk of aspiration. Also patients
using buccal tablets should be advised to alternate
placement sites and pay close attention to oral hygiene
to reduce the risk of dental caries. The tablets are not
intended to be chewed; if the buccal tablet is inadvert-
ently swallowed, another may be placed in the buccal
cavity. 
Tolerance tends to develop in the majority of patients
on continuous nitrate therapy and nitrate-free intervals
are often employed to avoid this problem (see above
under Precautions, Nitrate Tolerance for further de-
tails). 
In the management of unstable angina glyceryl trini-
trate may be given by intravenous infusion. Manufac-
turers’ guidelines for dilution of glyceryl trinitrate in-
jection specify glucose 5% or sodium chloride 0.9% as
the diluent. During intravenous use of glyceryl trini-
trate there should be haemodynamic monitoring of the
patient with the dose being adjusted gradually to pro-
duce the desired response. The plastic used in the infu-
sion equipment may adsorb glyceryl trinitrate (see Sta-
bility, above) and allowance may have to be made for
this. The usual initial dose for unstable angina is 5 to
10 micrograms/minute. Most patients respond to doses
between 10 and 200 micrograms/minute. The sublin-
gual and buccal routes may also be used; doses of up to
5 mg as buccal tablets may be required to relieve pain
in patients with unstable angina. 
In the management of acute heart failure glyceryl tri-
nitrate is given intravenously in an initial dose of 5 to
25 micrograms/minute. Buccal tablets have been used
in doses of 5 mg repeated as needed until symptoms
are controlled. In chronic heart failure buccal tablets
may be given in doses of 5 to 10 mg three times daily. 
Glyceryl trinitrate is also used intravenously in acute
myocardial infarction, and to induce hypotension or
control hypertension during surgery. The initial dose is
5 to 25 micrograms/minute, adjusted according to re-
sponse. The usual range is 10 to 200 micrograms/minute
but some surgical patients may require up to
400 micrograms/minute. 
Glyceryl trinitrate has also been used as transdermal
patches in the prophylactic treatment of phlebitis and
extravasation secondary to venous cannulation. One
5-mg patch is applied distal to the intravenous site; the
patch should be replaced at a different skin site either
daily or after 3 to 4 days, depending on the patch. This
treatment should continue only as long as the intrave-
nous infusion is maintained. 

Glyceryl trinitrate may also be used as a 0.4% ointment
for the relief of pain due to chronic anal fissure (be-
low). A measured amount equivalent to about 1.5 mg
is applied intra-anally every 12 hours for up to 8 weeks.
Anal fissure. Nitrates such as glyceryl trinitrate are used for the
treatment of chronic anal fissure (p.1891) because of their ability
to relax the anal sphincter. Topical application of glyceryl trini-
trate ointment in concentrations of 0.2 to 0.8% has relieved pain
and aided healing of anal fissures both in uncontrolled1-3 and
controlled studies,4,5 although only the effect on pain appears to
be significant.6 One study5 found that a concentration of 0.6%
had no additional benefit over 0.2%. Follow-up5,7 of some of the
patients indicated that after 6 to 38 months most had not had fur-
ther problems or had had occasional recurrences (relapses of
about one-quarter to one-third) which in the majority of cases
had responded to further topical treatment. A small placebo-con-
trolled study specifically in children, however, did not find topi-
cal glyceryl trinitrate to be of benefit in this patient population.8 
There is evidence that application of a glyceryl trinitrate patch
may be as effective as topical application of a 0.2% ointment.9 
Encouraging results have also been obtained in an uncontrolled
study using a 1% ointment of isosorbide dinitrate.10

1. Gorfine SR. Topical nitroglycerin therapy for anal fissures and
ulcers. N Engl J Med 1995; 333: 1156–7. 

2. Lund JN et al. Use of glyceryl trinitrate ointment in the treat-
ment of anal fissure. Br J Surg 1996; 83: 776–7. 

3. Watson SJ, et al. Topical glyceryl trinitrate in the treatment of
chronic anal fissure. Br J Surg 1996; 83: 771–5. 

4. Lund JN, Scholefield JH. A randomised, prospective, double-
blind, placebo-controlled trial of glyceryl trinitrate ointment in
treatment of anal fissure. Lancet 1997; 349: 11–14. Correction.
ibid.; 656. 

5. Carapeti EA, et al. Randomised controlled trial shows that glyc-
eryl trinitrate heals anal fissures, higher doses are not more ef-
fective, and there is a high recurrence rate. Gut 1999; 44:
727–30. 

6. Fenton C, et al. 0.4% Nitroglycerin ointment: in the treatment
of chronic anal fissure pain. Drugs 2006; 66: 343–9. 

7. Lund JN, Scholefield JH. Follow-up of patients with chronic
anal fissure treated with topical glyceryl trinitrate. Lancet 1998;
352: 1681. 

8. Kenny SE, et al. Double blind randomised controlled trial of
topical glyceryl trinitrate in anal fissure. Arch Dis Child 2001;
85: 404–7. 

9. Zuberi BF, et al. A randomized trial of glyceryl trinitrate oint-
ment and nitroglycerin patch in healing of anal fissures. Int J
Colorectal Dis 2000; 15: 243–5. 

10. Schouten WR, et al. Pathophysiological aspects and clinical
outcome of intra-anal application of isosorbide dinitrate in pa-
tients with chronic anal fissure. Gut 1996; 39: 465–9.

Erectile dysfunction. Erectile dysfunction (p.2179) has been
managed by the penile injection of drugs such as papaverine or
alprostadil although oral treatment with drugs such as sildenafil
is now available. Penile injections are not always acceptable to
the patient and a number of studies have investigated topical
therapies, mostly glyceryl trinitrate applied either as ointment or
as a transdermal patch to the penis.1-4 Such treatment can pro-
duce erections in some subjects, although response rates vary.
However, patients must wear a condom to protect their partner
against potential adverse effects resulting from the transfer of
glyceryl trinitrate. The action of glyceryl trinitrate is believed to
be due to smooth muscle relaxation and vasodilatation which are
necessary prerequisites for penile erection. 
Topical application of a cream containing isosorbide dinitrate,
codergocrine mesilate, and aminophylline produced satisfactory
erections in 21 of 36 men with erectile dysfunction due to various
causes.5 Eight out of 9 men with erectile dysfunction of psycho-
genic origin reported a satisfactory response. However, another
study6 was abandoned after the cream produced no effect in 10
consecutive patients. A further study in 14 patients who received
a total of 77 applications of the cream reported no benefit over
placebo.7 Topical treatment with a cream containing isosorbide
dinitrate, codergocrine mesilate, and testosterone has also been
tried for erectile dysfunction; in a study in 42 men with low sex-
ual interest and low or slightly depressed testosterone levels, 28
reported beneficial results.8 
It should be noted that topical nitrates must not be employed in
patients already using sildenafil (see Phosphodiesterase Type-5
Inhibitors, under Interactions, above).
1. Heaton JPW, et al. Topical glyceryl trinitrate causes measurable

penile arterial dilation in impotent men. J Urol (Baltimore) 1990;
143: 729–31. 

2. Meyhoff HH, et al. Non-invasive management of impotence
with transcutaneous nitroglycerin. Br J Urol 1992; 69: 88–90. 

3. Nunez BD, Anderson DC. Nitroglycerin ointment in the treat-
ment of impotence. J Urol (Baltimore) 1993; 150: 1241–3. 

4. Anderson DC, Seifert CF. Topical nitrate treatment of impo-
tence. Ann Pharmacother 1993; 27: 1203–5. 

5. Gomaa A, et al. Topical treatment of erectile dysfunction: ran-
domised double blind placebo controlled trial of cream contain-
ing aminophylline, isosorbide dinitrate, and co-dergocrine me-
sylate. BMJ 1996; 312: 1512–15. 

6. Naude JH, Le Roux PJ. Topical treatment of erectile dysfunction
did not show results. BMJ 1998; 316: 1318. 

7. Le Roux PJ, Naude JH. Topical vasoactive cream in the treat-
ment of erectile failure: a prospective, randomized placebo-con-
trolled trial. BJU Int 1999; 83: 810–11. 

8. Gomaa A, et al. The effect of topically applied vasoactive agents
and testosterone versus testosterone in the treatment of erectile
dysfunction in aged men with low sexual interest. Int J Impot Res
2001; 13: 93–9.

Gallstones. Endoscopic removal of gallstones (p.2409) in a
small series of 15 patients was facilitated by glyceryl trinitrate
1.2 to 3.6 mg applied as a spray to the tongue. Glyceryl trinitrate
1.2 mg was shown to relax the sphincter of Oddi to about 30% of
its normal pressure.1 The ability of glyceryl trinitrate to relax
smooth muscle has also been used to relieve biliary colic (p.5) in
3 patients with gallstones;2 in one of these patients standard man-
agements for the pain such as oral opioids had been only moder-
ately effective.
1. Staritz M, et al. Nitroglycerine dilatation of sphincter of Oddi for

endoscopic removal of bileduct stones. Lancet 1984; i: 956. 
2. Hassel B. Treatment of biliary colic with nitroglycerin. Lancet

1993; 342: 1305.

Migraine. Although use of glyceryl trinitrate may precipitate or
exacerbate migraine (p.616) inhalation of glyceryl trinitrate at
the onset of a migraine aura aborted attacks in a patient at risk of
permanent neurological damage from migraine. Standard pro-
phylactic therapy had previously been unsuccessful.1
1. Mitchell GK. Nitroglycerine by inhaler as treatment for migraine

causing cerebral ischaemia. Med J Aust 1999; 171: 336.

Myocardial infarction. Intravenous nitrates are widely used in
acute myocardial infarction (p.1175), although evidence to sup-
port their use in patients undergoing reperfusion is limited. An
overview of studies carried out before reperfusion (thrombolysis
or percutaneous coronary intervention) became routine found
that the use of intravenous nitrates (glyceryl trinitrate or sodium
nitroprusside) within 24 hours of the onset of pain was associated
with a reduction in mortality,1 but whether they are of benefit in
addition to reperfusion is less clear. However, empirical use of
intravenous glyceryl trinitrate appears to be safe, and it should
therefore be given where clinically indicated for ongoing ischae-
mic pain. In the GISSI-3 study,2 glyceryl trinitrate was given by
intravenous infusion during the first 24 hours, starting at
5 micrograms/minute  and  increasing  by  5  to
20 micrograms/minute every 5 minutes for the first half hour un-
til systolic blood pressure fell by at least 10% provided it re-
mained above 90 mmHg; after 24 hours it was replaced by a
transdermal patch providing 10 mg daily. 
Long-term use of nitrates after myocardial infarction may be in-
dicated in patients with myocardial ischaemia or poor left ven-
tricular function, but there is no evidence to support their routine
use. In the GISSI-3 study there was no significant benefit from
the use of transdermal glyceryl trinitrate when assessed 6 weeks2

and 6 months3 post-infarction and in the ISIS-4 study4 oral iso-
sorbide mononitrate apparently had no effect on 35-day mortali-
ty.
1. Yusuf S, et al. Effect of intravenous nitrates on mortality in acute

myocardial infarction: an overview of the randomised trials.
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tricular function after acute myocardial infarction. Lancet 1994;
343: 1115–22. 
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Miocardico. Six-month effects of early treatment with lisinopril
and transdermal glyceryl trinitrate singly and together with-
drawn six weeks after myocardial infarction: the GISSI-3 trial. J
Am Coll Cardiol 1996; 27: 337–44. 

4. ISIS-4 (Fourth International Study of Infarct Survival) Collabo-
rative Group. ISIS-4: a randomised factorial trial assessing early
oral captopril, oral mononitrate, and intravenous magnesium sul-
phate in 58 050 patients with suspected acute myocardial infarc-
tion. Lancet 1995; 345: 669–85.

Obstetrics and gynaecology. The smooth muscle relaxant
properties of glyceryl trinitrate have been used in various obstet-
ric or gynaecological situations although most reports are anec-
dotal or include small numbers of patients. The intravenous in-
jection of glyceryl trinitrate 50 to 100 micrograms repeated to a
total dose of 200 micrograms if necessary has produced suffi-
cient uterine relaxation in postpartum women for the manual ex-
traction of retained placentas.1,2 Use as a sublingual spray has
also successfully aided breech extraction in a set of twins.3 
Glyceryl trinitrate has been given as a sublingual spray to relax
the cervix before IUD insertion. In a series of over 100 patients
one or two doses of 400 micrograms sublingually were usually
adequate.4 
Beneficial results have been reported in women with possible
premature labour (p.2003) after application of glyceryl trinitrate
patches to the abdomen.5,6 In one study7 this was as effective as
ritodrine infusion, but another8 found transdermal glyceryl trini-
trate to be less effective than beta agonists. A study9 comparing
glyceryl trinitrate and magnesium sulfate, both given intrave-
nously, found that glyceryl trinitrate was associated with a higher
failure rate and a greater reduction in maternal blood pressure. A
systematic review10 concluded that there was insufficient evi-
dence to support the routine use of glyceryl trinitrate. 
Transdermal glyceryl trinitrate has been tried for controlling pain
in severe and moderate-to-severe dysmenorrhoea11,12 (p.6). 
Glyceryl trinitrate has been given intravenously in the manage-
ment of pre-eclampsia (see under Hypertension, p.1171) and is
reported to reduce blood pressure without compromising uterine
blood flow.13 
Isosorbide mononitrate given vaginally has been found to pro-
duce cervical ripening14 and although there is some evidence15

that it is less effective, it may be an alternative to standard treat-
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ments such as prostaglandins (see Termination of Pregnancy
p.2004). Isosorbide dinitrate has been used similarly after missed
abortion.16
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3. Greenspoon JS, Kovacic A. Breech extraction facilitated by
glyceryl trinitrate sublingual spray. Lancet 1991; 338: 124–5. 

4. Yadava RP. Sublingual glyceryl trinitrate spray facilitates IUD
insertion. Br J Sex Med 1990; 17: 217. 

5. Lees C, et al. Arrest of preterm labour and prolongation of ges-
tation with glyceryl trinitrate, a nitric oxide donor. Lancet 1994;
343: 1325–6. 

6. Smith GN, et al. Randomised, double-blind, placebo controlled
pilot study assessing nitroglycerin as a tocolytic. Br J Obstet
Gynaecol 1999; 106: 736–9. 

7. Lees CC, et al. Glyceryl trinitrate and ritodrine in tocolysis: an
international multicenter randomized study. Obstet Gynecol
1999; 94: 403–8. 

8. Bisits A, et al. The Randomized Nitric Oxide Tocolysis Trial
(RNOTT) for the treatment of preterm labor. Am J Obstet Gyne-
col 2004; 191: 683–90. 

9. El-Sayed YY, et al. Randomized comparison of intravenous ni-
troglycerin and magnesium sulfate for treatment of preterm la-
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controlling pain in women with severe dysmenorrhoea. BMJ
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Transdermal nitroglycerine in the management of pain associat-
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umbilical circulation in severe preeclampsia. Obstet Gynecol
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sus prostaglandin for cervical ripening before first-trimester ter-
mination of pregnancy. Lancet 1998; 352: 1093–6. 

15. Chen FC-K, et al. Isosorbide mononitrate vaginal gel versus mi-
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before first trimester curettage. Eur J Obstet Gynecol Reprod
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oxide donor isosorbide dinitrate for induction of cervical ripen-
ing: a randomised controlled trial to determine clinical efficacy
and safety prior to first trimester surgical evacuation of retained
products of conception. BJOG 2005; 112: 1615–19.

Oesophageal motility disorders. Achalasia is obstruction
caused by failure of the lower oesophageal sphincter to relax and
permit passage of food into the stomach. Nitrates such as iso-
sorbide dinitrate have been reported to produce effective relaxa-
tion and to reduce symptoms when given sublingually. They
have a role when mechanical dilatation of the sphincter or sur-
gery are not feasible (see Oesophageal Motility Disorders,
p.1702). 
Nitrates may also be employed in oesophageal disorders such as
variceal haemorrhage (see below).
Pain. Nitrates have been tried topically in the management of
pain. Beneficial results have been reported with glyceryl trini-
trate, applied as patches1 or as a spray,2 and isosorbide dinitrate
spray,3 in patients with painful diabetic neuropathy. Glyceryl
trinitrate has also been used topically in musculoskeletal
disorders4 (see also Soft-tissue Rheumatism, below), and in surgi-
cal pain,5 and intravenously as an adjunct to regional anaesthesia.6 
Glyceryl trinitrate is also used topically to relieve pain in patients
with anal fissure (above). For reference to its use in biliary colic,
see Gallstones, above.
1. Rayman G, et al. Glyceryl trinitrate patches as an alternative to

isosorbide dinitrate spray in the treatment of chronic painful di-
abetic neuropathy. Diabetes Care 2003; 26: 2697–8. 

2. Agrawal RP, et al. Glyceryl trinitrate spray in the management of
painful diabetic neuropathy: a randomized double blind placebo
controlled cross-over study. Diabetes Res Clin Pract 2007; 77:
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3. Yuen KCJ, et al. Treatment of chronic painful diabetic neuropa-
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4. Paoloni JA, et al. Topical nitric oxide application in the treat-
ment of chronic extensor tendinosis at the elbow: a randomized,
double-blinded, placebo-controlled clinical trial. Am J Sports
Med 2003; 31: 915–20. 

5. McCabe JE, et al. A randomized controlled trial of topical glyc-
eryl trinitrate before transrectal ultrasonography-guided biopsy
of the prostate. BJU Int 2007; 100: 536–8. 

6. Sen S, et al. The analgesic effect of nitroglycerin added to lido-
caine on intravenous regional anesthesia. Anesth Analg 2006;
102: 916–20.

Peripheral vascular disease. In peripheral vascular disease
(p.1178) nitrates have been tried as vasodilators and smooth
muscle relaxants in order to improve resting blood flow. Glycer-
yl trinitrate has been applied topically in patients with Raynaud’s
syndrome1-3 and in distal limb ischaemia4 resulting in some ben-
efit but this form of therapy is not widely used in these disorders.
1. Franks AG. Topical glyceryl trinitrate as adjunctive treatment in

Raynaud’s disease. Lancet 1982; i: 76–7. 
2. Coppock JS, et al. Objective relief of vasospasm by glyceryl

trinitrate in secondary Raynaud’s phenomenon. Postgrad Med J
1986; 62: 15–18. 

3. Teh LS, et al. Sustained-release transdermal glyceryl trinitrate
patches as a treatment for primary and secondary Raynaud’s phe-
nomenon. Br J Rheumatol 1995; 34: 636–41. 

4. Fletcher S, et al. Locally applied transdermal nitrate patches for
the treatment of ischaemic rest pain. Int J Clin Pract 1997; 51:
324–5.

Pulmonary hypertension. Glyceryl trinitrate reduces total
pulmonary resistance in most patients with pulmonary arterial
hypertension (p.1179),1,2 including when given by inhalation.3
However, other vasodilators such as calcium-channel blockers,
epoprostenol, or bosentan are generally preferred for long-term
treatment.
1. Pearl RG, et al. Acute hemodynamic effects of nitroglycerin in

pulmonary hypertension. Ann Intern Med 1983; 99: 9–13. 
2. Weir EK, et al. The acute administration of vasodilators in pri-

mary pulmonary hypertension. Am Rev Respir Dis 1989; 140:
1623–30. 

3. Goyal P, et al. Efficacy of nitroglycerin inhalation in reducing
pulmonary arterial hypertension in children with congenital
heart disease. Br J Anaesth 2006; 97: 208–14.

Quinine oculotoxicity. Intravenous nitrate has been suggested
for the management of quinine oculotoxicity (p.613) and its ben-
efit may be due to an increase in retinal vascular bed flow.1
1. Moore D, et al. Research into quinine ocular toxicity. Br J Oph-

thalmol 1992; 76: 703.

Soft-tissue rheumatism. There is evidence from animal stud-
ies that nitric oxide plays an important role in tendon healing, and
randomised studies in patients with tennis elbow (epicondylitis),
Achilles tendinosis (tendinitis), and supraspinatus tendinosis
showed enhanced subjective and objective recovery when a
glyceryl trinitrate patch (releasing 1.25 mg over 24 hours) was
applied over the area of tenderness once daily.1 Glyceryl trini-
trate has also been tried in musculoskeletal pain (see Pain,
above). For the general management of soft-tissue rheumatism
see p.13.
1. Murrell GAC. Using nitric oxide to treat tendinopathy. Br J

Sports Med 2007; 41: 227–31.

Variceal haemorrhage. The usual treatment in variceal
haemorrhage (p.2346) is injection sclerotherapy or banding liga-
tion which may be performed during the emergency endoscopy
procedure. Where endoscopy is unavailable drug therapy may be
used; it may also have a role when sclerotherapy fails and some
have suggested that initial drug therapy may be preferable to
sclerotherapy. Vasoconstrictors that are used include vasopressin
and its analogue terlipressin, given with glyceryl trinitrate which
counteracts the adverse cardiac effects of vasopressin while po-
tentiating its beneficial effects on portal pressure; somatostatin is
also used. 
Prophylaxis of a first bleed in patients with portal hypertension is
controversial since about 70% of patients who have varices will
never bleed. It is postulated that a reduction in portal pressure to
below 12 mmHg is necessary to reduce the incidence of variceal
bleeding and that treatment with beta blockers alone does not
achieve this. More effective drugs are being sought and isosorb-
ide mononitrate (as adjunctive therapy with a beta blocker) is un-
der investigation, both for prophylaxis of a first bleed1,2 and in
the prevention of rebleeding.3 Early emergency treatment (be-
fore endoscopy) with terlipressin given intravenously and glyc-
eryl trinitrate transdermally controlled bleeding and lowered
mortality rates in patients with gastrointestinal bleeding and a
history or clinical signs of cirrhosis.4 However, use of oral iso-
sorbide mononitrate with somatostatin infusion for acute variceal
bleeding was less effective than somatostatin alone and induced
more adverse effects.5
1. Angelico M, et al. Isosorbide-5-mononitrate versus propranolol

in the prevention of first bleeding in cirrhosis. Gastroenterology
1993; 104: 1460–5. 

2. Merkel C, et al. Randomised trial of nadolol alone or with iso-
sorbide mononitrate for primary prophylaxis of variceal bleeding
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eryl trinitrate to control active upper gastrointestinal bleeding in
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5. Junquera F, et al. Somatostatin plus isosorbide 5-mononitrate
versus somatostatin in the control of acute gastro-oesophageal
variceal bleeding: a double blind, randomised, placebo control-
led clinical trial. Gut 2000; 46: 127–32.

Venepuncture. Glyceryl trinitrate patches applied to skin adja-
cent to intravenous infusion sites are used in the prophylactic
treatment of phlebitis and extravasation.1 
Local application of glyceryl trinitrate 1 to 2 mg as ointment was
found to be a useful aid to venepuncture in a study of 50 patients
undergoing surgery,2 but conflicting results have been reported in
children and neonates.3,4

1. Tjon JA, Ansani NT. Transdermal nitroglycerin for the preven-
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sation. Ann Pharmacother 2000; 34: 1189–92. 
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4. Maynard EC, Oh W. Topical nitroglycerin ointment as an aid to
insertion of peripheral venous catheters in neonates. J Pediatr
1989; 114: 474–6.

Preparations
BP 2008: Glyceryl Trinitrate Sublingual Spray; Glyceryl Trinitrate Tablets;
Glyceryl Trinitrate Transdermal Patches; 

USP 31: Nitroglycerin Injection; Nitroglycerin Ointment; Nitroglycerin Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dauxona; Enetege; Minitran†; Niglinar; Nitradisc†; Nitro-Dur; Nitro-
derm TTS; Nitrodom; Nitrogray; Austral.: Anginine; Lycinate; Minitran; Ni-
tro-Dur; Nitrolingual; Rectogesic; Transiderm-Nitro; Austria: Cordiplast;
Deponit; Minitran; Nitro; Nitro Mack; Nitro Pohl; Nitro-Dur; Nitroderm;
Nitrolingual; Perlinganit; Belg.: Deponit; Diafusor; Minitran; Nitro-Dyl†; Ni-
troderm; Nitrolingual; Nysconitrine; Trinipatch; Willlong; Braz.: Nitradisc;
Nitroderm TTS; Nitronal†; Tridil; Canad.: Gen-Nitro; Minitran; Nitro-Dur;
Nitroject; Nitrol; Nitrolingual; Nitrong†; Nitrostat; Rho-Nitro; Transderm-
Nitro; Chile: Angiolingual; Nitrocor; Nitroderm; Nitronal†; Cz.: Deponit†;
Maycor Nitrospray†; Minitran†; Nit-Ret; Nitrangin†; Nitrilex†; Nitro Mack†;
Nitro Pohl; Nitrolingual†; Nitromint; Perlinganit; Rectogesic; Denm.: Bucca-
rd; Discotrine; Glytrin; Nitrolingual; Nitromex; Fin.: Deponit; Minitran; Ni-
tro; Nitromex; Perlinganit; Transiderm-Nitro; Fr.: Cordipatch; Diafusor; Dis-
cotrine; Epinitril; Lenitral†; Natispray; Nitriderm TTS; Rectogesic; Trinipatch;
Ger.: Aquo-Trinitrosan; Corangin Nitrospray; Coro-Nitro†; Deponit;
Gepan†; MinitranS; neos nitro OPT†; Nitrangin; Nitro Mack†; Nitro Solvay;
Nitro-Pflaster-ratiopharm TL†; Nitroderm TTS; Nitrokor†; Nitrolingual;
Perlinganit; Trinitrosan; Gr.: Cardiplast; Epinitril; Nitro Mack†; Nitrodyl; Ni-
trolingual; Nitrong; Nitroretard; Nitrosylon; Pancoran; Rectogesic; Sodeme-
thin†; Supranitrin; Trinipatch; Trinitrine Simple Laleuf†; Hong Kong: Ang-
ised; Deponit; Lenitral†; Nitro Mack; Nitro Pohl†; Nitro-Dur; Nitrocine;
Nitroderm TTS; Nitrolingual; Tridil†; Hung.: Nitro Pohl; Nitro-Dur; Nitro-
derm TTS; Nitrolingual; Nitromint; Perlinganit†; Sustac; India: Angised; Mil-
lisrol; Myonit; Myovin; Nitrocontin; Nitroderm TTS; Nitrogesic; Nitrolingual;
Indon.: Nitrocine; Nitrokaf; Irl.: Deponit; Epinitril†; Glytrin; Nitro-Dur; Ni-
trocine; Nitrolingual; Nitromin; Nitronal; Suscard; Sustac; Transiderm-Nitro;
Israel: Angised†; Deponit; Nitrocine; Nitroderm TTS; Nitrolingual; Nitron-
al; Trinipatch†; Ital.: Adesitrin; Deponit; Dermatrans; Epinitril; Keritrina;
Minitran; Natispray; Nitraket; Nitro-Dur; Nitrocor; Nitroderm TTS; Ni-
trosylon; Perganit; Top-Nitro; Triniplas; Trinitrina; Venitrin; Jpn: Millisrol;
Malaysia: Deponit; Glytrin†; Nitrocine; Nitroderm; Mex.: Anglix; Cardin-
it; Minitran; Nitradisc; Nitro-Dur; Nitroder; Nitroderm TTS; Neth.: De-
ponit; Glytrin; Lenitral; Minitran; Nitro Pohl; Nitro-Dur; Nitrolingual; Tran-
siderm-Nitro; Trinipatch; Norw.: Minitran; Nitro-Dur ; Nitrolingual;
Nitromex; Nitroven; Transiderm-Nitro; NZ: Anginine†; Glytrin; Lycinate;
Minitran; Nitroderm; Nitrolingual; Nitronal; Philipp.: Deponit; Minitran; Ni-
trolingual; Nitronal; Nitrostat; Perlinganit; Transderm-Nitro; Pol.: Nitracor;
Nitrocard; Nitroderm; Nitromint; Perlinganit; Sustonit; Trimonit; Port.:
Dermatrans; Diafusor; Discotrine; Epinitril; Glytrin; Nitradisc; Nitro-Dur;
Nitroderm TTS; Nitromint; Plastranit; Rectogesic; Trinipatch†; Rus.: De-
ponit (Депонит); Nirmin (Нирмин); Nitro (Нитро); Nitrocor
(Нитрокор); Nitroject (Нитроджект); Nitromint (Нитроминт); Nitrong
(Нитронг); Nitrospray (Нитроспрей); Perlinganit (Перлинганит); Sustac
(Сустак); Sustonit (Сустонит); S.Afr.: Angised; Nitrocine; Nitrolingual; Tri-
dil; Singapore: Angised; Deponit; Glytrin†; Nitro Mack†; Nitrocine; Recto-
gesic; Spain: Cordiplast; Dermatrans; Diafusor; Epinitril; Minitran; Nitradisc;
Nitro-Dur; Nitroderm; Nitroplast; Solinitrina; Trinipatch; Trinispray; Vernies;
Swed.: Glytrin; Minitran; Nitrolingual; Nitromex; Perlinganit†; Suscard; Tran-
siderm-Nitro; Switz.: Deponit; Minitran; Nitro Mack; Nitro-Dur; Nitro-
derm TTS; Nitrolingual; Nitronal; Perlinganit; Trinitrine; Thai.: Amitacon†;
Angised†; Glytrin; Nitro Mack†; Nitrocine; Nitroderm; Nitroject; Turk.:
Deponit; Nitroderm TTS; Nitrolingual; Perlinganit; UAE: Cardispray†; UK:
Coro-Nitro; Deponit; Glytrin; Minitran; Nitro-Dur; Nitrocine; Nitrolingual;
Nitromin; Nitronal; Percutol; Rectogesic; Suscard; Sustac†; Transiderm-Ni-
tro; Trintek; USA: Minitran; Nitrek; Nitro-Bid; Nitro-Derm; Nitro-Dur; Ni-
tro-Time; Nitrodisc; Nitrogard; Nitroglyn†; Nitrolingual; NitroMist; Ni-
trong†; NitroQuick; Nitrostat; NitroTab†; Transderm-Nitro; Transdermal-
NTG; Tridil†; Venez.: Minitran†; Nitro Mack; Nitrocor; Nitroderm; Tridil†.

Multi-ingredient: Arg.: Trinitron; Austria: Myocardon; Percucor†; Spas-
mocor; Ger.: Nitrangin compositum†; Pol.: Pentaerythritol Compositum;
Spain: Cafinitrina; USA: Emergent-Ez.

Guabenxan (rINN)

Guabenxán; Guabenxane; Guabenxanum. (1,4-Benzodioxan-6-
ylmethyl)guanidine.
Гуабенксан
C10H13N3O2 = 207.2.
CAS — 19889-45-3.

Profile
Guabenxan is an antihypertensive with properties similar to
guanethidine (below). It has been given orally as the sulfate.

Guanabenz Acetate (USAN, rINNM)

Acetato de guanabenzo; Guanabenz, Acétate de; Guanabenzi
Acetas; NSC-68982 (guanabenz); Wy-8678 (guanabenz). (2,6-
Dichlorobenzylideneamino)guanidine acetate.
Гуанабенза Ацетат
C8H8Cl2N4,C2H4O2 = 291.1.
CAS — 5051-62-7 (guanabenz); 23256-50-0 (guanabenz
acetate).
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Pharmacopoeias. In Jpn and US. 
USP 31 (Guanabenz Acetate). A white or almost white powder
with not more than a slight odour. Sparingly soluble in water and
in 0.1N hydrochloric acid; soluble in alcohol and in propylene
glycol. A 0.7% solution in water has a pH of 5.5 to 7.0. Store in
airtight containers. Protect from light.
Adverse Effects and Precautions
As for Clonidine Hydrochloride, p.1247.
Overdosage. Overdosage with guanabenz has been reported.1
The main symptoms were lethargy, drowsiness, bradycardia, and
hypotension. A 45-year-old woman who had taken 200 to
240 mg of guanabenz with alcohol recovered after gastric lavage
and intravenous fluids; a 3-year-old child who had taken 12 mg
of guanabenz responded to atropine and dopamine. Naloxone
had little effect in either patient.
1. Hall AH, et al. Guanabenz overdose. Ann Intern Med 1985; 102:

787–8.

Interactions
As for Clonidine Hydrochloride, p.1248.
Pharmacokinetics
About 75% of an oral dose of guanabenz is absorbed and under-
goes extensive first-pass metabolism. Peak plasma concentra-
tions occur about 2 to 5 hours after a dose. It is about 90% bound
to plasma proteins. Guanabenz is mainly excreted in urine, al-
most entirely as metabolites, with less than 1% as unchanged
drug; about 10 to 30% is excreted in faeces. The average elimi-
nation half-life is reported to range from 4 to 14 hours.
Uses and Administration
Guanabenz is an alpha2-adrenoceptor agonist with actions and
uses similar to those of clonidine (p.1248). It is used in the man-
agement of hypertension (p.1171), either alone or with other
antihypertensives, particularly thiazide diuretics. 
Guanabenz is given orally as the acetate, but doses are usually
expressed in terms of the base. Guanabenz acetate 5 mg is equiv-
alent to about 4 mg of guanabenz. 
In hypertension, the usual dose is 4 mg twice daily initially; the
daily dose may be increased by amounts of 4 to 8 mg every 1 to
2 weeks according to response. Doses of up to 32 mg twice daily
have been used.
Preparations
USP 31: Guanabenz Acetate Tablets.

Proprietary Preparations (details are given in Part 3)
Braz.: Lisapres; USA: Wytensin.

Guanadrel Sulfate (USAN, rINNM)

CL-1388R; Guanadrel, Sulfate de; Guanadrel Sulphate; Gua-
nadreli Sulfas; Sulfato de guanadrel; U-28288D. 1-(Cyclohexane-
spiro-2′-[1′,3′]dioxolan-4′-ylmethyl)guanidine sulfate; 1-(1,4-Di-
oxaspiro[4.5]dec-2-ylmethyl)guanidine sulfate.
Гуанадрела Сульфат
(C10H19N3O2)2,H2SO4 = 524.6.
CAS — 40580-59-4 (guanadrel); 22195-34-2 (guanadrel
sulfate).

Pharmacopoeias. In US. 
USP 31 (Guanadrel Sulfate). A white to off-white crystalline
powder. Soluble in water; slightly soluble in alcohol and in
acetone; sparingly soluble in methyl alcohol.

Adverse Effects, Treatment, and Precautions
As for Guanethidine Monosulfate, below. Guanadrel has been
reported to cause less diarrhoea, and less orthostatic hypotension
on rising in the morning, than guanethidine, but orthostatic
symptoms seem to occur with a similar frequency to guanethi-
dine during the day.
Interactions
As for Guanethidine Monosulfate, below.
Pharmacokinetics
Guanadrel is rapidly and almost completely absorbed from the
gastrointestinal tract, with a bioavailability of about 85%. It is
widely distributed throughout the body and about 20% is bound
to plasma proteins. It is reported not to cross the blood-brain bar-
rier. Plasma concentrations decline in a biphasic manner: the
half-life varies widely between individuals, in the initial phase
from 1 to 4 hours, and in the terminal phase from 5 to 45 hours,
with a mean of about 10 hours. Guanadrel is metabolised in the
liver and about 85% is excreted in the urine over 24 hours as the
unchanged drug and its metabolites. About 40 to 50% of the drug
is excreted unchanged.

Uses and Administration
Guanadrel is an antihypertensive with actions and uses similar to
those of guanethidine (below). After oral administration, gua-
nadrel acts within 2 hours with the maximum effect after 4 to 6
hours. The hypotensive effect is reported to last for 4 to 14 hours
following a single dose. It has been given orally as the sulfate in
the management of hypertension, although it has largely been su-
perseded by other drugs less likely to cause orthostatic hypoten-
sion.
Preparations
USP 31: Guanadrel Sulfate Tablets.

Guanethidine Monosulfate (USAN, rINNM)

Guanéthidine, monosulfate de; Guanethidine Monosulphate
(BANM); Guanethidini Monosufas; Guanethidini monosulfas;
Guanethidini Sulfas; Guanethidin-monosulfát; Guanetidiinimono-
sulfaatti; Guanetidinmonosulfat; Guanetidin-monoszulfát; Guane-
tidino monosulfatas; Monosulfato de guanetidina; NSC-29863
(guanethidine hemisulfate); Su-5864 (guanethidine hemisulfate).
1-[2-(Perhydroazocin-1-yl)ethyl]guanidine monosulfate.
Гуанетидина Моносульфат
C10H22N4,H2SO4 = 296.4.
CAS — 55-65-2 (guanethidine); 60-02-6 (guanethidine
hemisulfate); 645-43-2 (guanethidine monosulfate).
ATC — C02CC02; S01EX01.
ATC Vet — QC02CC02; QS01EX01.

(guanethidine)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Chin. includes the hemisulfate. 
Ph. Eur. 6.2 (Guanethidine Monosulphate). A colourless crys-
talline powder. Freely soluble in water; practically insoluble in
alcohol. A 2% solution in water has a pH of 4.7 to 5.5. Protect
from light. 
USP 31 (Guanethidine Monosulfate). A white to off-white crys-
talline powder. Very soluble in water; sparingly soluble in alco-
hol; practically insoluble in chloroform. A 2% solution in water
has a pH of 4.7 to 5.7.
Adverse Effects
The commonest adverse effects of guanethidine are severe pos-
tural and exertional hypotension and diarrhoea which may be
particularly troublesome during the initial stages of therapy and
during dose adjustment. Dizziness, syncope, muscle weakness,
and lassitude are liable to occur, especially on rising from sitting
or lying. Orthostatic hypotension may be severe enough to pro-
voke angina, renal impairment, and transient cerebral ischaemia.
Other frequent adverse effects are bradycardia, failure of ejacu-
lation, fatigue, headache, and salt and water retention and oede-
ma, which may be accompanied by breathlessness and may oc-
casionally precipitate overt heart failure. 
Nausea, vomiting, dry mouth, nasal congestion, parotid tender-
ness, blurring of vision, depression, myalgia, muscle tremor, par-
aesthesias, hair loss, dermatitis, disturbed micturition, priapism,
aggravation or precipitation of asthma, and exacerbation of pep-
tic ulcer disease have also been reported. Guanethidine may pos-
sibly cause anaemia, leucopenia, and thrombocytopenia. 
When guanethidine is used as eye drops, common adverse ef-
fects are conjunctival hyperaemia and miosis. Burning sensa-
tions and ptosis have also occurred. Superficial punctate keratitis
has been reported particularly after prolonged use of high doses.
Treatment of Adverse Effects
Withdrawal of guanethidine or dose reduction reverses many ad-
verse effects. Diarrhoea may also be controlled by giving co-
deine phosphate or antimuscarinics. If overdosage occurs the
benefit of gastric decontamination is uncertain, but activated
charcoal may be given if the patient presents within 1 hour. Hy-
potension may respond to placing the patient in the supine posi-
tion with the feet raised. If hypotension is severe it may be nec-
essary to give intravenous fluid replacement and small doses of
vasopressors may be given cautiously. The patient must be mon-
itored for several days.
Precautions
Guanethidine should not be given to patients with phaeochromo-
cytoma, as it may cause a hypertensive crisis, or to patients with
heart failure not caused by hypertension. 
It should be used with caution in patients with renal impairment,
cerebrovascular disorders, or ischaemic heart disease, or with a
history of peptic ulcer disease or asthma. Exercise and heat may
increase the hypotensive effect of guanethidine, and dosage re-
quirements may be reduced in patients who develop fever. 
There may be an increased risk of cardiovascular collapse or car-
diac arrest in patients undergoing surgery while taking guanethi-

dine, but authorities have differed as to whether the drug should
be stopped before elective surgery. Former US licensed product
information recommended stopping up to 2 or 3 weeks before-
hand. In patients undergoing emergency procedures or where
treatment has not been interrupted large doses of atropine should
be given before induction of anaesthesia. 
Patients undergoing treatment with eye drops containing
guanethidine should be examined regularly for signs of conjunc-
tival damage.
Interactions
Patients taking guanethidine may show increased sensitivity to
the action of adrenaline, amfetamine, and other sympathomimet-
ics, resulting in exaggerated pressor effects. The hypotensive ef-
fects may also be antagonised by tricyclic antidepressants,
MAOIs, and phenothiazine derivatives and related antipsychot-
ics (although phenothiazines may also exacerbate orthostatic hy-
potension, which may be more relevant clinically). In the UK
licensed product information suggests that MAOIs should be
stopped at least 14 days before beginning guanethidine, although
in the USA a minimum of a week has been recommended as ad-
equate. It has been reported that oral contraceptives may reduce
the hypotensive action of guanethidine. Use of digoxin or other
digitalis derivatives with guanethidine may cause excessive
bradycardia. 
The hypotensive effects of guanethidine may be enhanced by thi-
azide diuretics, other antihypertensives, and levodopa. Alcohol
may cause orthostatic hypotension in patients taking guanethi-
dine.
Pharmacokinetics
Guanethidine is variably and incompletely absorbed from the
gastrointestinal tract with less than 50% of the dose reaching the
systemic circulation. It is actively taken up into adrenergic neu-
rones by the mechanism responsible for noradrenaline reuptake.
A plasma concentration of 8 nanograms/mL is reported to be
necessary for adrenergic blockade, but the dose required to
achieve this varies between individuals due to differences in ab-
sorption and metabolism. Guanethidine is partially metabolised
in the liver, and is excreted in the urine as metabolites and
unchanged guanethidine. It has a terminal half-life of about 5
days. Guanethidine does not penetrate the blood-brain barrier
significantly.
Uses and Administration
Guanethidine is an antihypertensive that acts by selectively in-
hibiting transmission in postganglionic adrenergic nerves. It is
believed to act mainly by preventing the release of noradrenaline
at nerve endings. Guanethidine causes the depletion of noradren-
aline stores in peripheral sympathetic nerve terminals but does
not prevent the secretion of catecholamines by the adrenal me-
dulla. 
When given orally its maximal effects may take 1 to 3 weeks to
appear on continued dosing and persist for 1 to 3 weeks after
treatment has been stopped. It causes an initial reduction in car-
diac output but its main hypotensive effect is to cause peripheral
vasodilatation; it reduces the vasoconstriction which normally
results from standing up and which is the result of reflex sympa-
thetic nervous activity. In the majority of patients it reduces
standing blood pressure but has a lesser effect on supine blood
pressure. When applied topically to the eye guanethidine reduces
the production of aqueous humour. 
Guanethidine is used in the management of hypertension
(p.1171). Eye drops of guanethidine have been used for open-
angle glaucoma (p.1873) and for lid retraction associated with
hyperthyroidism. Guanethidine has also been used in the man-
agement of neuropathic pain syndromes (see below). 
Guanethidine is used in the treatment of hypertension when other
drugs have proved inadequate, but it has largely been superseded
by other drugs less likely to cause orthostatic hypotension. Tol-
erance to guanethidine has occurred in some patients; this may
be countered by concomitant diuretic therapy. 
In hypertension, the usual initial oral dose of guanethidine mono-
sulfate has been 10 mg daily. This is increased by increments of
10 to 12.5 mg, not more often than every 5 to 7 days, according to
response. The usual maintenance dose has been 25 to 50 mg once
daily. 
Children have been given 200 micrograms/kg daily with incre-
ments of 200 micrograms/kg every 7 to 10 days until a satisfac-
tory response is achieved. 
Guanethidine monosulfate has been given intramuscularly in the
treatment of hypertensive crises, including severe pre-eclampsia,
but more suitable drugs are available. An intramuscular dose of
10 to 20 mg is reported to produce a fall in blood pressure within
30 minutes. 
Eye drops containing guanethidine monosulfate have been used
in the treatment of open-angle glaucoma (usually combined
with adrenaline), and for the lid retraction that may accompany
hyperthyroidism.
Pain syndromes. Sympathetic nerve blocks may be used in the
management of acute or chronic pain associated with a well-de-
fined anatomical site. Guanethidine is one of a number of drugs
that have been used for intravenous regional sympathetic block
in the management of neuropathic pain (see Complex Regional
Pain Syndrome, p.6), to reduce pain and to maintain blood flow.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

However, reviews and studies1,2 in patients with reflex sympa-
thetic dystrophy failed to find any benefit from guanethidine.
1. Jadad AR, et al. Intravenous regional sympathetic blockade for

pain relief in reflex sympathetic dystrophy: a systematic review
and a randomized, double-blind crossover study. J Pain Symp-
tom Manage 1995; 10: 13–20. 

2. Livingstone JA, Atkins RM. Intravenous regional guanethidine
blockade in the treatment of post-traumatic complex regional
pain syndrome type 1 (algodystrophy) of the hand. J Bone Joint
Surg Br 2002; 84: 380–6.

Preparations
BP 2008: Guanethidine Tablets; 
USP 31: Guanethidine Monosulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Ismelin; Gr.: Ismelin; UK: Ismelin; USA: Ismelin†.

Multi-ingredient: Arg.: Normatensil†; Austria: Thilodigon†; Ger.: Es-
imil†; Thilodigon; Irl.: Ganda; USA: Esimil.

Guanfacine Hydrochloride (BANM, USAN, rINNM)

BS-100-141; Guanfacine, Chlorhydrate de; Guanfacini Hydro-
chloridum; Hidrocloruro de guanfacina; LON-798. N-Amidino-
2-(2,6-dichlorophenyl)acetamide hydrochloride.
Гуанфацина Гидрохлорид
C9H9Cl2N3O,HCl = 282.6.
CAS — 29110-47-2 (guanfacine); 29110-48-3 (guanfa-
cine hydrochlor ide).
ATC — C02AC02.
ATC Vet — QC02AC02.

(guanfacine)

Pharmacopoeias. In US. 
USP 31 (Guanfacine Hydrochloride). Store in airtight contain-
ers. Protect from light.
Adverse Effects and Precautions
As for Clonidine Hydrochloride, p.1247. Rebound hypertension
may occur but is delayed due to the longer half-life.
◊ Reviews.
1. Jerie P. Clinical experience with guanfacine in long-term treat-

ment of hypertension, part II: adverse reactions to guanfacine. Br
J Clin Pharmacol 1980; 10 (suppl 1): 157S–164S. 

2. Board AW, et al. A postmarketing evaluation of guanfacine hy-
drochloride in mild to moderate hypertension. Clin Ther 1988;
10: 761–75.

Withdrawal. Rapid reduction of the guanfacine dosage result-
ed in rebound hypertension leading to generalised seizures and
coma in a 47-year-old patient with renal failure who was receiv-
ing haemodialysis.1 Use with phenobarbital may have enhanced
the metabolism of guanfacine and contributed to the develop-
ment of the withdrawal effect.
1. Kiechel JR, et al. Pharmacokinetic aspects of guanfacine with-

drawal syndrome in a hypertensive patient with chronic renal
failure. Eur J Clin Pharmacol 1983; 25: 463–6.

Interactions
As for Clonidine Hydrochloride, p.1248.
Pharmacokinetics
Guanfacine is rapidly absorbed after oral doses and peak plasma
concentrations occur 1 to 4 hours after ingestion. The oral bioa-
vailability is reported to be about 80%. It is about 70% bound to
plasma proteins. It is excreted in urine as unchanged drug and
metabolites; about 50% of a dose is reported to be eliminated
unchanged. The normal elimination half-life ranges from 10 to
30 hours, tending towards the upper range in older patients.
Renal impairment. A study1 in patients with normal or im-
paired renal function found that guanfacine clearance and serum
concentrations were not significantly different in the 2 groups,
suggesting that non-renal elimination plays an important role in
patients with renal impairment.
1. Kirch W, et al. Elimination of guanfacine in patients with normal

and impaired renal function. Br J Clin Pharmacol 1980; 10 (sup-
pl 1): 33S–35S.

Uses and Administration
Guanfacine is a centrally acting alpha2-adrenoceptor agonist
with actions and uses similar to those of clonidine (p.1248). It is
used in the management of hypertension (p.1171), although oth-
er drugs are usually preferred. It may be used alone or with other
antihypertensives, particularly thiazide diuretics. It has also been
tried in the management of opioid withdrawal and in hyperactiv-
ity disorders. 
Guanfacine is given orally as the hydrochloride, but doses are
usually expressed in terms of the base. Guanfacine hydrochlo-
ride 1.15 mg is equivalent to about 1 mg of guanfacine. In hyper-

tension the usual initial dose is 1 mg daily increasing after 3 to 4
weeks to 2 mg daily if necessary.
◊ Reviews.
1. Cornish LA. Guanfacine hydrochloride: a centrally acting anti-

hypertensive agent. Clin Pharm 1988; 7: 187–97.

Tourette’s syndrome. Guanfacine may be used as an alterna-
tive to clonidine in the management of patients with mild to mod-
erate symptoms of Tourette’s syndrome (see Tics, p.954). First-
line use of these drugs is increasingly favoured in such patients
because of a relative lack of serious adverse effects when com-
pared with the commonly used antipsychotics.
Preparations
USP 31: Guanfacine Tablets.
Proprietary Preparations (details are given in Part 3)
Belg.: Estulic; Cz.: Estulic†; Fr.: Estulic; Hung.: Estulic; Jpn: Estulic†; Neth.:
Estulic†; Rus.: Estulic (Эстулик); USA: Tenex.

Heparin (BAN)

Hepariini; Heparina; Heparinum; Heparyna.
CAS — 9005-49-6.
ATC — B01AB01; C05BA03; S01XA14.
ATC Vet — QB01AB01; QC05BA03; QS01XA14.

Description. Heparin is an anionic polysaccharide of mamma-
lian origin with irregular sequence. It consists principally of al-
ternating iduronate and glucosamine residues, most of which are
sulfated. It may be described as a sulfated glucosaminoglycan.
Heparin has the characteristic property of delaying the clotting of
freshly shed blood. It may be prepared from the lungs of oxen or
the intestinal mucosa of oxen, pigs, or sheep. 
Heparin is often described in the literature as standard heparin or
unfractionated heparin to distinguish it from low-molecular-
weight heparins.

Heparin Calcium (BANM)

Calcium Heparin; Hepariinikalsium; Heparin Kalsiyum; Heparin
Sodyum; Heparin vápenatá sůl; Heparina cálcica; Héparine cal-
cique; Heparinkalcium; Heparino kalcio druska; Heparinum calci-
cum; Heparyna wapniowa.
CAS — 37270-89-6.
ATC — B01AB01; C05BA03; S01XA14.
ATC Vet — QB01AB01; QC05BA03; QS01XA14.
Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Heparin Calcium). The potency of heparin calcium
intended for parenteral use is not less than 150 international units
per mg and the potency of heparin calcium not intended for
parenteral use is not less than 120 international units per mg, both
calculated with reference to the dried substance. A white or al-
most white, hygroscopic powder. Freely soluble in water. A 1%
solution in water has a pH of 5.5 to 8.0. Store in airtight contain-
ers. 
USP 31 (Heparin Calcium). The calcium salt of heparin with a
potency, calculated on the dried basis, of not less than 140 USP
units in each mg. USP heparin units are not equivalent to inter-
national units. The source of the material is usually the intestinal
mucosa or other suitable tissues of domestic mammals used for
food by man and should be stated on the label. A 1% solution in
water has a pH of 5.0 to 7.5. Store in airtight containers at tem-
peratures below 40°, preferably between 15 and 30°.
Incompatibility. See Heparin Sodium, below.

Heparin Sodium (BANM, rINN)

Hepariininatrium; Heparin sodná sůl; Heparina sódica; Héparine
sodique; Heparinnatrium; Heparino natrio druska; Heparinum
natricum; Heparyna sodowa; Sodium Heparin; Soluble Heparin.
Гепарин Натрий
CAS — 9041-08-1.
ATC — B01AB01; C05BA03; S01XA14.
ATC Vet — QB01AB01; QC05BA03; QS01XA14.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Heparin Sodium). The potency of heparin sodium
intended for parenteral use is not less than 150 international units
per mg and the potency of heparin sodium not intended for
parenteral use is not less than 120 international units per mg, both
calculated with reference to the dried substance. A white or al-
most white, hygroscopic powder. Freely soluble in water. A 1%
solution in water has a pH of 5.5 to 8.0. Store in airtight contain-
ers. 
USP 31 (Heparin Sodium). The sodium salt of heparin with a
potency, calculated on the dried basis, of not less than 140 USP
units in each mg. USP heparin units are not equivalent to inter-
national units. The source of the material is usually the intestinal
mucosa or other suitable tissues of domestic mammals used for
food by man and should be stated on the label. A white or pale-
coloured amorphous, odourless or almost odourless, hygroscop-
ic powder. Soluble 1 in 20 of water. A 1% solution in water has
a pH of 5.0 to 7.5. Store in airtight containers at temperatures be-
low 40°, preferably between 15 and 30°.
Incompatibility. Incompatibility has been reported between
heparin calcium or sodium and alteplase, amikacin sulfate, ami-

odarone hydrochloride, ampicillin sodium, aprotinin, benzylpen-
icillin potassium or sodium, cefalotin sodium, ciprofloxacin lac-
tate, cytarabine, dacarbazine, daunorubicin hydrochloride,
diazepam, dobutamine hydrochloride, doxorubicin hydrochlo-
ride, droperidol, erythromycin lactobionate, gentamicin sulfate,
haloperidol lactate, hyaluronidase, hydrocortisone sodium succi-
nate, kanamycin sulfate, meticillin sodium, netilmicin sulfate,
some opioid analgesics, oxytetracycline hydrochloride, some
phenothiazines, polymyxin B sulfate, streptomycin sulfate, tetra-
cycline hydrochloride, tobramycin sulfate, vancomycin hydro-
chloride, and vinblastine sulfate. Heparin sodium has also been
reported to be incompatible with cisatracurium besilate,1 labeta-
lol hydrochloride,2 levofloxacin,3 nicardipine hydrochloride,4 re-
teplase,5 and vinorelbine tartrate.6 Although visually compati-
ble,7 cefmetazole sodium is reported to inactivate heparin
sodium. 
Glucose can have variable effects,8,9 but glucose-containing
solutions are generally considered suitable diluents for heparin.
Incompatibility has also been reported between heparin and fat
emulsion.
1. Trissel LA, et al. Compatibility of cisatracurium besylate with

selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 1735–41. 

2. Yamashita SK, et al. Compatibility of selected critical care drugs
during simulated Y-site administration. Am J Health-Syst Pharm
1996; 53: 1048–51. 

3. Saltsman CL, et al. Compatibility of levofloxacin with 34 medi-
cations during simulated Y-site administration. Am J Health-Syst
Pharm 1999; 56: 1458–9. 

4. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs
used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

5. Committee on Safety of Medicines/Medicines Control Agency.
Reteplase (Rapilysin): incompatibility with heparin. Current
Problems 2000; 26: 5. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON007462&RevisionSelectionMethod=
LatestReleased (accessed 23/06/06) 

6. Balthasar JP. Concentration-dependent incompatibility of vinor-
elbine tartrate and heparin sodium. Am J Health-Syst Pharm
1999; 56: 1891. 

7. Hutching SR, et al. Compatibility of cefmetazole sodium with
commonly used drugs during Y-site delivery. Am J Health-Syst
Pharm 1996; 53: 2185–8. 

8. Anderson W, Harthill JE. The anticoagulant activity of heparins
in dextrose solutions. J Pharm Pharmacol 1982; 34: 90–6. 

9. Wright A, Hecker J. Long term stability of heparin in dextrose-
saline intravenous fluids. Int J Pharm Pract 1995; 3: 253–5.

Units
The fifth International Standard for unfractionated
heparin was established in 1998. The USP 31 states
that USP and international units are not equivalent, al-
though doses expressed in either appear to be essential-
ly the same.

Adverse Effects
Heparin can give rise to haemorrhage as a consequence
of its action. It can also cause thrombocytopenia, either
through a direct effect or through an immune effect
producing a platelet-aggregating antibody. Consequent
platelet aggregation and thrombosis may therefore ex-
acerbate the condition being treated. The incidence of
thrombocytopenia is reported to be greater with bovine
than porcine heparin. 
Hypersensitivity reactions may occur, as may local
irritant effects, and skin necrosis. Alopecia and osteo-
porosis resulting in spontaneous fractures have oc-
curred after prolonged use of heparin.
Effects on the adrenal glands. Heparin inhibits the secretion
of aldosterone and so may cause hyperkalaemia.1 Although all
patients treated with heparin may develop reduced aldosterone
concentrations, most are able to compensate through the renin-
angiotensin system. Patients on prolonged heparin therapy or
those unable to compensate, such as patients with diabetes mel-
litus or renal impairment or those also receiving potassium-spar-
ing drugs such as ACE inhibitors, may present with symptoms of
hyperkalaemia. The UK CSM suggests2 that plasma-potassium
concentration should be monitored in all patients with risk fac-
tors, particularly those receiving heparin for more than 7 days.
The hyperkalaemia is usually transient or resolves when heparin
is stopped and treatment is not generally required; fludrocorti-
sone was successfully used to treat resistant hyperkalaemia in a
patient in whom continued heparin therapy was necessary.3 
Adrenal insufficiency secondary to adrenal haemorrhage has
also been associated with heparin; heparin-induced thrombocy-
topenia may be implicated.4
1. Oster JR, et al. Heparin-induced aldosterone suppression and hy-

perkalemia. Am J Med 1995; 98: 575–86. 
2. Committee on Safety of Medicines/Medicines Control Agency.

Suppression of aldosterone secretion by heparin. Current Prob-
lems 1999; 25: 6. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023235&RevisionSelectionMethod=
LatestReleased (accessed 23/06/06) 
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3. Sherman DS, et al. Fludrocortisone for the treatment of heparin-

induced hyperkalemia. Ann Pharmacother 2000; 34: 606–10. 
4. Dahlberg PJ, et al. Adrenal insufficiency secondary to adrenal

hemorrhage: two case reports and a review of cases confirmed by
computed tomography. Arch Intern Med 1990; 150: 905–9.

Effects on the blood. Haemorrhage is a recognised risk with
heparin.1 The risk of major bleeding may be lower with continu-
ous intravenous infusion than with intermittent intravenous in-
jection; risk may increase with heparin dose and patient age.2 
Heparin has been associated with the development of thrombo-
cytopenia. The reported incidence has varied greatly; up to 6%
appears to be a reasonable estimate3,4 although up to 10% has
also been quoted.5 Thrombocytopenia induced by heparin may
be of two types. The first is an acute, but usually mild, fall in
platelet count occurring within 1 to 4 days of starting therapy and
which often resolves without stopping treatment. A direct effect
of heparin on platelet aggregation appears to be responsible. The
second type of thrombocytopenia, which has an immunological
basis, is more serious. It usually occurs after 5 to 11 days al-
though its onset may be more rapid in patients previously ex-
posed to heparin;6 delayed presentation up to 40 days after stop-
ping heparin has also been reported.7-9 It is often associated with
thromboembolic complications due to platelet-rich thrombi (the
‘white clot syndrome’) or, more rarely, bleeding. Of 34 cases of
heparin-associated thrombocytopenia reported to the UK CSM
from 1964 to 1989, bleeding or thromboembolic complications
occurred in 11 patients, 7 of whom died.3 This type of thrombo-
cytopenia appears to occur more often with bovine heparin than
with heparin from other species,10 and least frequently with low-
molecular-weight-heparins;11 the mechanism appears to be de-
velopment of antibodies to a complex formed between heparin
and platelet factor-4 (found on platelets and endothelial cells),
which then cause platelet activation and thrombin generation.12

Patients with lupus anticoagulant may also be more suscepti-
ble.13 The reaction is independent of dose or route of administra-
tion; there have been reports of thrombocytopenia after use of
heparin flushes14 or heparin-coated catheters.15 
Monitoring of platelet counts is therefore advised in patients
given heparin. A baseline platelet count should be obtained in all
patients. This should be repeated at least every 2 to 3 days in
those given therapeutic doses of unfractionated heparin;11 moni-
toring on alternate days from days 4 to 14 is recommended when
unfractionated heparin is used for prophylaxis.11,16 For low-mo-
lecular-weight heparins the risk may be lower but monitoring is
recommended in most patients; platelet counts should be
checked every 2 to 4 days from days 4 to 14.16 Patients exposed
to heparin within the previous 100 days may be sensitised to it
and after re-exposure should have a platelet count within 24
hours.11,16 
The management of heparin-induced thrombocytopenia has
been reviewed.11,12,16-19 Heparin should be stopped immediately
in those who develop thrombocytopenia. It should be noted,
however, that thrombosis has occurred in patients whose reduc-
tion in platelet count was relatively mild and who may not be
considered to be thrombocytopenic.20-23 On withdrawal of
heparin, a heparinoid such as danaparoid16,24,25 may be tried, pro-
vided that an in-vitro platelet aggregation test shows that there is
no cross-reactivity with heparin. Alternatively, the direct
thrombin inhibitors lepirudin16,25,26 or argatroban25,27 may be
used; bivalirudin11,12,19 or fondaparinux11,28 are further options.
Similar recommendations have been made for children.29 Low-
molecular-weight heparins have been used; they are associated
with a lower incidence of induced thrombocytopenia than
unfractionated heparin30 but the rate of cross-reactivity is high
and they are not generally recommended.16,25,27 Oral anticoagu-
lants have also been used, but an increased risk of venous limb
gangrene has been reported31 with warfarin and it should not be
given until the platelet count has recovered.11,16 Dermatan
sulfate32 has also been used. Thrombocytopenia has been man-
aged with aspirin and dipyridamole or with normal immunoglob-
ulin.33 A fibrinolytic such as urokinase has been used in a few
cases of occlusive thrombosis.34,35 
There may be a relationship between heparin-induced thrombo-
cytopenia and skin necrosis (see below). 
There have been reports36 of spinal haematomas developing
spontaneously after the use of low-molecular-weight heparins.
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Effects on the bones. Osteoporosis is a rare complication of
long-term heparin therapy. Treatment and prophylaxis of throm-
boembolism in pregnancy is one of the few indications for long
term use of heparin, so most reports and studies of heparin-in-
duced osteoporosis have been in pregnant women.1 The inci-
dence of symptomatic osteoporosis in patients given heparin
long term has been estimated to be about 2%.1,2 Subclinical re-
duction in bone density occurs in up to one-third of patients,2 but
it is not possible to predict which of these patients will develop
osteoporotic fractures. Pregnancy normally causes reversible
bone demineralisation, so the combination of pregnancy and
heparin therapy may therefore result in symptomatic osteopor-
osis in susceptible individuals.1,3 Bone changes may be reversi-
ble.1 Although some evidence suggests that bone demineralisa-
tion is dose- and duration-dependent, this has not been
conclusively established.1,3 Use of low-molecular-weight
heparins is associated with a lower risk of heparin-induced oste-
oporosis.2
1. Nelson-Piercy C. Heparin-induced osteoporosis. Scand J Rheu-

matol 1998; 27 (suppl 107): 68–71. 
2. Bates SM, et al. Venous thromboembolism, thrombophilia, anti-

thrombotic therapy, and pregnancy: American College of Chest
Physicians evidence-based clinical practice guidelines (8th edi-
tion). Chest 2008; 133 (suppl): 844S–886S. 

3. Farquharson RG. Heparin, osteoporosis and pregnancy. Br J
Hosp Med 1997; 58: 205–7.

Effects on electrolyte balance. See Effects on the Adrenal
Glands, above.
Effects on lipid metabolism. Use of heparin leads to the re-
lease of lipoprotein lipase into the plasma. Postprandial lipidae-
mia is reduced due to increased hydrolysis of triglycerides into
free fatty acids and glycerol. Raised concentrations of free fatty
acids have been reported after heparin use but the magnitude of
this effect may have been overestimated.1 Rebound hyperlipi-
daemia may occur when heparin is withdrawn. With long-term
use reserves of lipoprotein lipase may be depleted; severe hyper-
triglyceridaemia reported in a pregnant woman was attributed to
long-term heparin prophylaxis that was thought to have resulted
in lipoprotein lipase deficiency.2
1. Riemersma RA, et al. Heparin-induced lipolysis, an exaggerated

risk. Lancet 1981; ii: 471. 
2. Watts GF, et al. Lipoprotein lipase deficiency due to long-term

heparinization presenting as severe hypertriglyceridaemia in
pregnancy. Postgrad Med J 1991; 67: 1062–4.

Effects on the liver. Increases in transaminase values, usually
reversible on discontinuing therapy, have been reported in pa-
tients given therapeutic1-3 or prophylactic3 doses of heparin. A
prospective study4 found increased transaminases that were as-
sessed as probably due to heparin in 8 of 54 patients; the reaction
seemed to occur more frequently with therapeutic doses. In-
creased transaminases have also been reported5 in 2 patients re-
ceiving low-molecular-weight-heparins.
1. Sonnenblick M, et al. Hyper-transaminasemia with heparin ther-

apy. BMJ 1975; 3: 77. 
2. Dukes GE, et al. Transaminase elevations in patients receiving

bovine or porcine heparin. Ann Intern Med 1984; 100: 646–50. 
3. Monreal M, et al. Adverse effects of three different forms of

heparin therapy: thrombocytopenia, increased transaminases,
and hyperkalaemia. Eur J Clin Pharmacol 1989; 37: 415–18. 

4. Guevara A, et al. Heparin-induced transaminase elevations: a
prospective study. Int J Clin Pharmacol Ther Toxicol 1993; 31:
137–41. 

5. Hui C-K, et al. Low molecular weight heparin-induced liver tox-
icity. J Clin Pharmacol 2001; 41: 691–4.

Effects on sexual function. There have been several reports
of priapism associated with the use of heparin. The prognosis is
poor, impotence following more often than in priapism of other
aetiologies. The mechanism of heparin-induced priapism is
unclear.1
1. Baños JE, et al. Drug-induced priapism: its aetiology, incidence

and treatment. Med Toxicol 1989; 4: 46–58.

Effects on the skin. Skin necrosis is a rare complication of
heparin use.1,2 It may be a localised reaction at the site of subcu-
taneous injection or possibly be related to heparin-induced
thrombocytopenia (see Effects on the Blood, above). An im-
mune mechanism may be responsible. 
Eczematous plaque reactions have developed several days after
starting subcutaneous heparin. A type IV hypersensitivity reac-
tion has been implicated.3 Low-molecular-weight heparins may
be an alternative but cross-reactivity can occur.4 
Recurrent fixed eczematous lesions have been attributed to
heparin used intravenously during haemodialysis.5
1. Ulrick PJ, Manoharan A. Heparin-induced skin reaction. Med J

Aust 1984; 140: 287–9. 
2. Fowlie J, et al. Heparin-associated skin necrosis. Postgrad Med

J 1990; 66: 573–5. 
3. Bircher AJ, et al. Eczematous infiltrated plaques to subcutane-

ous heparin: a type IV allergic reaction. Br J Dermatol 1990;
123: 507–14. 

4. O’Donnell BF, Tan CY. Delayed hypersensitivity reactions to
heparin. Br J Dermatol 1993; 129: 634–6. 

5. Mohammed KN. Symmetric fixed eruption to heparin. Derma-
tology 1995; 190: 91.

Hypersensitivity. An increased incidence of severe hypersen-
sitivity reactions, including fatalities, was reported with some
heparin preparations in early 2008;1 it was suggested that the
presence of an over-sulfated chondroitin sulfate contaminant
may have been responsible.1,2 
See Effects on the Blood and Effects on the Skin, above, for fur-
ther hypersensitivity reactions associated with heparin.
1. FDA. Update to healthcare facilities and healthcare professionals

about heparin and heparin-containing medical products. Available
at: http://www.fda.gov/cdrh/safety/heparin-healthcare-update.pdf
(accessed 22/05/08) 

2. Kishimoto TK, et al. Contaminated heparin associated with ad-
verse clinical events and activation of the contact system. N Engl
J Med 2008; 358: 2457–67.

Treatment of Adverse Effects
Slight haemorrhage due to overdosage can usually be
treated by stopping heparin. Severe bleeding may be
reduced by the slow intravenous injection of protamine
sulfate (p.1461). The dose is dependent on the amount
of heparin to be neutralised and ideally should be titrat-
ed against assessments of the coagulability of the pa-
tient’s blood. As heparin is being continuously excret-
ed, the dose of protamine should be reduced if it is
more than 15 minutes since the last dose of heparin; for
example, if protamine sulfate is given 30 minutes after
heparin the dose may be reduced to about one-half. Not
more than 50 mg of protamine sulfate should be inject-
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ed for any one dose; patients should be carefully mon-
itored as further doses may be required. The Ph. Eur.
6.2 specifies that 1 mg of protamine sulfate precipitates
not less than 100 international units of heparin, but
adds that this potency is based on a specific reference
batch of heparin sodium. UK licensed product infor-
mation has stated that each mg of protamine sulfate
will usually neutralise the anticoagulant effect of at
least 80 international units of heparin (lung) or at least
100 international units of heparin (mucous), and US in-
formation that each mg of protamine sulfate neutralises
approximately 90 USP units of heparin (lung) or about
115 USP units of heparin (mucous).
Thrombocytopenia. For reference to the treatment of
heparin-induced thrombocytopenia and associated thromboem-
bolic complications, see Effects on the Blood under Adverse Ef-
fects, above.

Precautions
Heparin should not be given to patients who are haem-
orrhaging. In general it should not be given to patients
at serious risk of haemorrhage, although it has been
used with very careful control; patients at risk include
those with haemorrhagic blood disorders, thrombocy-
topenia, peptic ulcer disease, cerebrovascular disor-
ders, bacterial endocarditis, severe hypertension,
oesophageal varices, or patients who have recently un-
dergone surgery at sites where haemorrhage would be
an especial risk. Caution is required in hepatic and re-
nal impairment; severe hepatic or renal impairment
may be a contra-indication. Heparin should not be giv-
en by intramuscular injection. Since heparin has
caused thrombocytopenia with severe thromboembol-
ic complications, platelet counts should be monitored
in all patients (see Effects on the Blood, under Adverse
Effects, above). Heparin should be stopped if thrombo-
cytopenia develops. A test dose has been recommend-
ed for patients with a history of allergy. 
Dosage of heparin may need to be reduced in the eld-
erly; elderly women appear to be especially susceptible
to haemorrhage after use of heparin.
Catheters and cannulas. Serum concentrations of sodium
and potassium could be falsely elevated in samples obtained
through heparin-bonded umbilical catheters due to release of
benzalkonium chloride used in the manufacturing process of
some catheters.1 It was unknown if the amount released would be
toxic to small premature neonates.
1. Gaylord MS, et al. Release of benzalkonium chloride from a

heparin-bonded umbilical catheter with resultant factitious hy-
pernatremia and hyperkalemia. Pediatrics 1991; 87: 631–5.

Hyperkalaemia. For recommendations concerning the moni-
toring of patients susceptible to developing hyperkalaemia, such
as those with diabetes mellitus or renal impairment, see Effects
on the Adrenal Glands under Adverse Effects, above.
Pregnancy. Heparin does not cross the placenta, and therefore
adverse effects on the fetus would not be expected.1,2 A review1

of the literature, however, indicated 2 spontaneous abortions and
17 still-births in 135 pregnancies exposed to heparin; 29 infants
were premature, 10 of whom died. Another literature review2

found adverse outcomes in 21.7% of heparin-treated patients, but
this dropped to 10.4% when pregnancies with co-morbid condi-
tions were excluded. A further drop to 3.6% was observed when
cases of prematurity with normal outcome were also excluded.
The death rate of 2.5% and prematurity rate of 6.8% in heparin-
treated patients was similar to that found in the normal popula-
tion. It was concluded that heparin appears safer for the fetus
than warfarin when used during pregnancy. Similar results have
also been reported with low-molecular-weight heparins; a sys-
tematic review3 found an adverse outcome in 9.3% of 486 preg-
nancies in which low-molecular-weight heparin was used, but
this dropped to 3.1% in women without comorbid conditions. 
For further details on the use of heparin and low-molecular-
weight heparins in pregnancy, see under Uses and Administra-
tion, below.
1. Hall JG, et al. Maternal and fetal sequelae of anticoagulation dur-

ing pregnancy. Am J Med 1980; 68: 122–40. 
2. Ginsberg JS, Hirsh J. Optimum use of anticoagulants in pregnan-

cy. Drugs 1988; 36: 505–12. 
3. Sanson B-J, et al. Safety of low-molecular-weight heparin in

pregnancy: a systematic review. Thromb Haemost 1999; 81:
668–72.

Preservative. The preservatives used in heparin preparations
have been implicated in unwanted effects. Benzyl alcohol in
heparinised flushing solutions has been suspected of causing tox-
icity in neonates (see p.1631). Chlorobutanol present in another
heparin preparation caused a sharp fall in blood pressure (see Ef-

fects on the Cardiovascular System under Chlorobutanol,
p.1639).
Spinal anaesthesia. Spinal and epidural haematomas, some-
times leading to paralysis, have occurred after spinal or epidural
anaesthesia or analgesia in patients given heparin or low-molec-
ular-weight heparins. The risk of haematoma appears to be high-
er in patients with indwelling epidural catheters or in those also
given other drugs that affect haemostasis.1 It is generally recom-
mended that central nerve block should be avoided in patients on
full-dose anticoagulation.2 However, the use of prophylactic dos-
es of anticoagulants with central nervous blockade is less clear.2,3

The reported risk of haematoma with low-molecular-weight
heparins has been higher in the USA where higher doses have
been used for prophylaxis.3 Recommendations to reduce the risk
of spinal haematoma include waiting until after blockade has
been completed to give prophylactic heparin or low-molecular-
weight heparin. Where anticoagulant prophylaxis has already
been given, blockade should be delayed if possible until 4 to 6
hours after heparin, and the catheter should not be removed until
4 hours after heparin.2 It is recommended that low-molecular-
weight heparin should not be given within 8 to 10 hours before
or after central nerve block or catheter removal.2,3 
There have also been cases of spontaneous spinal haematomas
(unrelated to trauma, surgery, or lumbar puncture) occurring af-
ter use of low-molecular-weight heparins (see Effects on the
Blood, above).
1. Wysowski DK, et al. Spinal and epidural hematoma and low-

molecular-weight heparin. N Engl J Med 1998; 338: 1774. 
2. Armstrong RF, et al. Epidural and spinal anaesthesia and the use

of anticoagulants. Hosp Med 1999; 60: 491–6. 
3. Dolenska S. Neuroaxial blocks and LMWH thromboprophylax-

is. Hosp Med 1998; 59: 940–3.

Interactions
Heparin should be used with care with oral anticoagu-
lants or drugs, such as aspirin and dipyridamole, that
affect platelet function. NSAIDs may also increase the
risk of haemorrhage. Other drugs that affect the coagu-
lation process and which may therefore increase the
risk of haemorrhage include dextrans, thrombolytic en-
zymes such as streptokinase, high doses of penicillins
and some cephalosporins, some contrast media, aspar-
aginase, and epoprostenol; for use of heparin with drot-
recogin alfa (activated) see p.1078. Estimations of oral
anticoagulant control may be modified by heparin’s ac-
tion on prothrombin.
ACE inhibitors. For reference to hyperkalaemia in patients on
heparin and ACE inhibitors, see Effects on the Adrenal Glands
under Adverse Effects, above.
Alcohol. Heavy drinkers were found to be at greater risk of ma-
jor heparin-associated bleeding than moderate drinkers or non-
drinkers.1
1. Walker AM, Jick H. Predictors of bleeding during heparin ther-

apy. JAMA 1980; 244: 1209–12.

Aprotinin. For comment on the use of heparin with aprotinin,
see Effects on Coagulation Tests under Aprotinin, p.1055.
Glyceryl trinitrate. Glyceryl trinitrate has been reported to re-
duce the activity of heparin when both drugs are given simulta-
neously by the intravenous route.1 This effect has been seen even
with low doses of glyceryl trinitrate.2 Propylene glycol present in
the glyceryl trinitrate formulation may3 or may not1 contribute to
the effect. No interaction was reported when glyceryl trinitrate
was given immediately after heparin.4
1. Habbab MA, Haft JI. Heparin resistance induced by intravenous

nitroglycerin. Arch Intern Med 1987; 147: 857–60. 
2. Brack MJ, et al. The effect of low dose nitroglycerine on plasma

heparin concentrations and activated partial thromboplastin
times. Blood Coag Fibrinol 1993; 4: 183–6. 

3. Col J, et al. Propylene glycol-induced heparin resistance during
nitroglycerin infusion. Am Heart J 1985; 110: 171–3. 

4. Bode V, et al. Absence of drug interaction between heparin and
nitroglycerin. Arch Intern Med 1990; 150: 2117–19.

Tobacco. Reduced half-life and increased elimination of
heparin have been reported in smokers compared with non-
smokers.1
1. Cipolle RJ, et al. Heparin kinetics: variables related to disposi-

tion and dosage. Clin Pharmacol Ther 1981; 29: 387–93.

Pharmacokinetics
Heparin is not absorbed from the gastrointestinal tract.
After intravenous or subcutaneous injection heparin is
extensively bound to plasma proteins. It does not cross
the placenta and it is not distributed into breast milk.
The half-life of heparin depends on its dose and route
as well as the method of calculation and is subject to
wide inter- and intra-individual variation; a range of 1
to 6 hours with an average of 1.5 hours has been cited.
It may be slightly prolonged in renal impairment, de-
creased in patients with pulmonary embolism, and ei-
ther increased or decreased in patients with liver disor-

ders. Heparin is taken up by the reticuloendothelial
system. It is excreted in the urine, mainly as metabo-
lites, although after large doses up to 50% may be ex-
creted unchanged.
◊ References.
1. Estes JW. Clinical pharmacokinetics of heparin. Clin Pharma-

cokinet 1980; 5: 204–20. 
2. Kandrotas RJ. Heparin pharmacokinetics and pharmacodynam-

ics. Clin Pharmacokinet 1992; 22: 359–74.

Uses and Administration
Heparin is an anticoagulant used principally in the
treatment and prophylaxis of thromboembolic disor-
ders (p.1187). It is often described as standard heparin
or unfractionated heparin to distinguish it from low-
molecular-weight heparins (p.1329). 
Heparin inhibits clotting of blood in vitro and in vivo by
enhancing the action of antithrombin III. Antithrombin
III, which is present in plasma, inhibits the activity of
activated clotting factors including thrombin (factor
IIa) and activated factor X (factor Xa). Heparin in-
creases the rate of this inhibition, but in a manner that
is dependent on its dose. With normal therapeutic dos-
es heparin has an inhibitory effect on both thrombin
and factor Xa. The inhibition of thrombin blocks the
conversion of fibrinogen to fibrin, and the inhibition of
factor Xa blocks the conversion of prothrombin to
thrombin. The low doses that are given subcutaneously
for the prophylaxis of thromboembolism have a selec-
tive effect on inhibition of factor Xa. Very high doses
are reported to reduce the activity of antithrombin III.
Heparin also has some effect on platelet function, in-
hibits the formation of a stable fibrin clot, and has an
antilipidaemic effect. For an explanation of the coagu-
lation cascade, see Haemostasis and Fibrinolysis,
p.1045. 
Heparin is used in the treatment and prophylaxis of ve-
nous thromboembolism (deep-vein thrombosis and
pulmonary embolism, p.1189), especially prophylaxis
in surgical patients and in those pregnant women at
particular risk. It is also used in the management of ar-
terial thromboembolism including that associated with
unstable angina pectoris (p.1157), myocardial infarc-
tion (p.1175), acute peripheral arterial occlusion
(p.1178), and stroke (p.1185). It is often used as a pre-
cursor to oral anticoagulation and is withdrawn once
the oral anticoagulant is exerting its full effect. 
Heparin has been tried in the treatment of disseminated
intravascular coagulation. It is also used to prevent co-
agulation during haemodialysis and other extracorpor-
eal circulatory procedures such as cardiopulmonary
bypass. Other uses include the anticoagulation of blood
for transfusion or blood samples and the flushing of
catheters and cannulas to maintain patency. 
Heparin and its salts are constituents of many topical
preparations for the treatment of various inflammatory
disorders. 
Administration and dosage. Heparin is given intrave-
nously, preferably by continuous infusion, or by subcu-
taneous injection. It may be given as the calcium or so-
dium salt and it is generally accepted that there is little
difference in their effects. Oral formulations of heparin
are under investigation. 
Doses of heparin for treatment (sometimes termed
‘full-dose’ heparin), and in some cases prophylaxis, of
thromboembolism should be monitored and deter-
mined as discussed below under Control of Heparin
Therapy. The subcutaneous doses of heparin common-
ly used for prophylaxis (often termed ‘low-dose’) do
not require routine monitoring. A test dose has been
recommended for patients with a history of allergy. Al-
though international and USP units are not strictly
equivalent, doses expressed in either appear to be es-
sentially the same. 
For treatment of venous thromboembolism, an in-
travenous loading dose of 5000 units (10 000 units
may be required in severe pulmonary embolism) is fol-
lowed by continuous intravenous infusion of 1000 to
2000 units/hour or subcutaneous injection of
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15 000 units every 12 hours. Alternatively, intermittent
intravenous injection of 5000 to 10 000 units every 4 to
6 hours is suggested in some product literature. Chil-
dren and small adults are given a lower intravenous
loading dose followed by maintenance with continu-
ous intravenous infusion of 15 to 25 units/kg per hour
or subcutaneous injection of 250 units/kg every 12
hours. 
For prophylaxis of postoperative venous throm-
boembolism, subcutaneous doses used are 5000 units
2 hours before surgery then every 8 to 12 hours for 7
days or until the patient is ambulant. Similar doses are
used to prevent thromboembolism during pregnancy in
women with a history of deep-vein thrombosis or pul-
monary embolism; the dosage may need to be in-
creased to 10 000 units every 12 hours during the third
trimester. 
In the management of unstable angina or acute pe-
ripheral arterial embolism, heparin may be given by
continuous intravenous infusion in the same doses as
those recommended for the treatment of venous throm-
boembolism. Doses that have been recommended for
the prevention of re-occlusion of the coronary arteries
following thrombolytic therapy in myocardial infarc-
tion include 5000 units intravenously followed by
1000 units/hour intravenously with alteplase; a dose of
12 500 units subcutaneously every 12 hours for at least
10 days may be used to prevent mural thrombosis. 
Control of heparin therapy. Treatment with full-dose
heparin must be monitored to ensure that the dose is
providing the required effect on antithrombin III. The
most commonly used test to monitor the action of
heparin is the activated partial thromboplastin time
(APTT). The APTT of patients on full-dose heparin
should generally be maintained at 1.5 to 2.5 times the
control value although the optimum therapeutic range
varies between individual laboratories depending on
the APTT reagent in use. Regular monitoring is essen-
tial, preferably on a daily basis. Prophylaxis with low-
dose subcutaneous heparin is not routinely monitored;
the APTT is not significantly prolonged in these pa-
tients. A dose-adjusted regimen to maintain minimal
prolongation of the APTT may be required in patients
with malignancy or undergoing orthopaedic surgery to
ensure adequate protection against thromboembolism.
Other tests used include the activated clotting time
(ACT). The value of measurements of heparin concen-
tration in the blood remains to be established.
◊ General references to anticoagulation with heparin.
1. Hirsh J. Heparin. N Engl J Med 1991; 324: 1565–74. 
2. Freedman MD. Pharmacodynamics, clinical indications, and ad-

verse effects of heparin. J Clin Pharmacol 1992; 32: 584–96. 
3. Hyers TM. Heparin therapy: regimens and treatment considera-

tions. Drugs 1992; 44: 738–49. 
4. Hirsh J, Fuster V. Guide to anticoagulant therapy part 1: heparin.

Circulation 1994; 89: 1449–68. 
5. Baglin T, et al. for the British Committee for Standards in Hae-

matology. Guidelines on the use and monitoring of heparin. Br J
Haematol 2006; 133: 19–34. 
Also available at: http://www.bcshguidelines.com/pdf/heparin_
220506.pdf (accessed 01/06/06) 

6. Hirsh J, et al. Parenteral anticoagulants: American College of
Chest Physicians evidence-based clinical practice guidelines
(8th edition). Chest 2008; 133 (suppl): 141S–159S.

Action. Heparin is well established as an anticoagulant and an-
tithrombotic and acts primarily by binding to, and enhancing the
activity of, antithrombin III. However, the physiological role of
endogenous heparin has not been clearly defined, despite its
presence in mast cells, its ability to interact with numerous pro-
teins, and its close structural similarity to heparan sulfate
(suleparoid), the ubiquitous cell-surface glycosaminoglycan.1,2

Endogenous heparin activity may have a role in protecting
against atherosclerosis.3 Non-anticoagulant properties of heparin
or low-molecular-weight heparins have been reported to include
anti-inflammatory activity, with a possible application in, for ex-
ample, asthma4-6 or inflammatory bowel disease; however, stud-
ies in patients with active ulcerative colitis have not found any
benefit.7 For mention of the use of aerosolised heparin with ace-
tylcysteine to treat inhalation injury, see Burns, under Acetyl-
cysteine, p.1549. The risk of bleeding is a major obstacle to the
use of heparin for non-anticoagulant purposes.
1. Lane DA, Adams L. Non-anticoagulant uses of heparin. N Engl

J Med 1993; 329: 129–30. 
2. Page CP. Proteoglycans: the "Teflon" of the airways? Thorax

1997; 52: 924–5. 

3. Engelberg H. Actions of heparin in the atherosclerotic process.
Pharmacol Rev 1996; 48: 327–52. 

4. Martineau P, Vaughan LM. Heparin inhalation for asthma. Ann
Pharmacother 1995; 29: 71–2. 

5. Ahmed T, et al. Prevention of exercise-induced bronchoconstric-
tion by inhaled low-molecular-weight heparin. Am J Respir Crit
Care Med 1999; 160: 576–81. 

6. Stelmach I, et al. The effect of inhaled heparin on airway respon-
siveness to histamine and leukotriene D4. Allergy Asthma Proc
2003; 24: 59–65. 

7. Chande N, et al. Unfractionated or low-molecular weight
heparin for induction of remission in ulcerative colitis. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2008 (accessed 15/05/08).

Administration. The activated partial thromboplastin time
(APTT) is the test most commonly used to monitor intravenous
full-dose heparin therapy. Heparin dosing algorithms have been
developed1,2 so that the time taken to achieve a therapeutic APTT
and maintain it in the therapeutic range (usually 1.5 to 2.5 times
the control value) is shortened and thus the risk of recurrent
thrombosis and major bleeding complications is reduced. An au-
tomated method of monitoring and regulation has been tried.3
Although use of ideal body-weight for dosage calculation in
obese patients has been suggested, actual body-weight may be
more appropriate,4,5 but maximum bolus doses and infusion rates
should be set, to avoid overdosage in morbidly obese patients. 
However, the therapeutic ranges used in such algorithms are not
applicable to all APTT reagents because the latter vary in their
sensitivity to heparin.6 The optimum therapeutic range therefore
varies between individual laboratories depending on the APTT
reagent used. Dosing algorithms may be adapted by calibrating
the therapeutic APTT with plasma-heparin concentrations.6,7 
A weight-based algorithm for treatment doses of subcutaneous
heparin in deep-vein thrombosis has also been proposed.8
1. Cruickshank MK, et al. A standard heparin nomogram for the

management of heparin therapy. Arch Intern Med 1991; 151:
333–7. 

2. Raschke RA, et al. The weight-based heparin dosing nomogram
compared with a "standard care" nomogram: a randomized con-
trolled trial. Ann Intern Med 1993; 119: 874–81. 

3. Newby LK, et al. An automated strategy for bedside aPTT deter-
mination and unfractionated heparin infusion adjustment in
acute coronary syndromes: insights from PARAGON A. J
Thromb Thrombolysis 2002; 14: 33–42. 

4. Yee WP, Norton LL. Optimal weight base for a weight-based
heparin dosing protocol. Am J Health-Syst Pharm 1998; 55:
159–62. 

5. Yee WP, Norton LL. Clarification of weight-based heparin pro-
tocol. Am J Health-Syst Pharm 2002; 59: 1788. 

6. Brill-Edwards P, et al. Establishing a therapeutic range for
heparin therapy. Ann Intern Med 1993; 119: 104–9. 

7. Volles DF, et al. Establishing an institution-specific therapeutic
range for heparin. Am J Health-Syst Pharm 1998; 55: 2002–6. 

8. Prandoni P, et al. Use of an algorithm for administering subcuta-
neous heparin in the treatment of deep venous thrombosis. Ann
Intern Med 1998; 129: 299–302.

Catheters and cannulas. Solutions of heparin sodium 10 or
100 units/mL in sodium chloride 0.9% are used for the flushing
of intravenous catheters, cannulas, and other indwelling intrave-
nous infusion devices used for intermittent dosing (heparin
locks). A meta-analysis1 of controlled studies was, however,
unable to show any major advantage of either strength of heparin
sodium solution over sodium chloride 0.9% alone in maintaining
peripheral cannula patency or reducing the incidence of throm-
bophlebitis, and sodium chloride 0.9% is therefore recommend-
ed for cannulas intended to be in place for 48 hours or less. Less
use of heparin flush solutions could minimise the risk of adverse
effects such as thrombocytopenia and reduce the risk of incom-
patibilities with intravenous drugs. 
Use of heparin-bonded catheters or the addition of heparin to in-
travenous fluids such as total parenteral nutrition solutions has
also been tried in an attempt to maintain indwelling intravenous
infusion devices (but see Catheters and Cannulas under Precau-
tions, above). Continuous infusion of heparin-containing fluids
may prolong the patency of peripheral arterial catheters.1 To
maintain the patency of umbilical artery catheters in neonates,
US guidelines2 suggest continuous infusion of heparin at a con-
centration of 0.25 to 1 unit/mL. 
Central venous catheters are also subject to thrombus formation
and their use may be complicated by vascular thrombosis and
systemic infection. A meta-analysis3 of prophylactic heparin
used with central venous and pulmonary artery catheters sug-
gested that heparin reduces catheter-related vascular thrombosis
and may reduce catheter-related infection. This analysis included
a range of heparin doses and methods of administration, as well
as heparin-bonded catheters, and the authors suggested that fur-
ther study was needed. More specific systematic reviews have
found that continuous infusion of heparin reduces the incidence
of catheter occlusion in neonates with peripherally-placed cen-
tral venous catheters,4 and that heparin-bonded catheters may re-
duce the risk of catheter occlusion in children with central ve-
nous catheters.5 Further evidence that heparin infusion reduces
the risk of catheter-related infection has also been reported.6 Very
low doses of warfarin (1 mg daily) may protect against thrombo-
sis in patients with central venous catheters.7
1. Randolph AG, et al. Benefit of heparin in meta-analysis of ran-

domised controlled trials. BMJ 1998; 316: 969–75. 

2. Monagle P, et al. Antithrombotic therapy in neonates and chil-
dren: American College of Chest Physicians evidence-based
clinical practice guidelines (8th edition). Chest 2008; 133 (sup-
pl): 887S–968S. 

3. Randolph AG, et al. Benefit of heparin in central venous and pul-
monary artery catheters: a meta-analysis of randomized control-
led trials. Chest 1998; 113: 165–71. 

4. Shah PS, Shah VS. Continuous heparin infusion to prevent
thrombosis and catheter occlusion in neonates with peripherally
placed percutaneous central venous catheters. Available in The
Cochrane Database of Systematic Reviews; Issue 2. Chichester:
John Wiley; 2008 (accessed 15/05/08). 

5. Shah PS, Shah N. Heparin-bonded catheters for prolonging the
patency of central venous catheters in children. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2007 (accessed 15/05/08). 

6. Abdelkefi A, et al. Randomized trial of prevention of catheter-
related bloodstream infection by continuous infusion of low-
dose unfractionated heparin in patients with hematologic and on-
cologic disease. J Clin Oncol 2005; 23: 7864–70. 

7. Bern MM, et al. Very low doses of warfarin can prevent throm-
bosis in central venous catheters: a randomized prospective trial.
Ann Intern Med 1990; 112: 423–8.

Disseminated intravascular coagulation. Heparin has been
used with some success in disseminated intravascular coagula-
tion (p.1048) associated with a variety of conditions. However,
this use is considered by some to be controversial and should be
reserved for specific situations where the risk of bleeding is rela-
tively minor in comparison with the possible beneficial effect on
formation of microthromboses. A suggested intravenous dose is
500 units/hour, adjusted if necessary according to clinical re-
sponse.1 The maximum dose given intravenously is usually
1000 units/hour because of the risk of bleeding.
1. Baglin T, et al. for the British Committee for Standards in Hae-

matology. Guidelines on the use and monitoring of heparin. Br J
Haematol 2006; 133: 19–34. 
Also available at: http://www.bcshguidelines.com/pdf/heparin_
220506.pdf (accessed 01/06/06)

Extracorporeal circulation. Anticoagulation with heparin is
necessary during procedures such as cardiopulmonary bypass
and haemodialysis and haemofiltration. In the case of bypass,
heparin is added to the crystalloid solution and any stored blood
used for priming the bypass machine and is given intravenously
before cannulation of the heart and major blood vessels. Activat-
ed clotting time (ACT) is monitored throughout. After bypass is
stopped, anticoagulation can be reversed with protamine but cau-
tion is advised because of potential toxicity on the cardiopulmo-
nary circulation. 
At the start of haemodialysis sessions patients generally get a
loading dose of heparin followed by continuous infusion into the
exit line of the extracorporeal circuit until about one hour before
the end of dialysis. The dose of heparin varies widely depending
on body-weight, volume of the extracorporeal circulation, dialy-
sis membrane biocompatibility, and pump speed.
Idiopathic thrombocytopenic purpura. Subcutaneous in-
jection of a low dose of heparin improved platelet counts in a
small number of patients with idiopathic thrombocytopenic pur-
pura (p.1505) that was resistant to standard corticosteroid thera-
py.1 However, heparin may itself cause thrombocytopenia, even
at very low doses (see Effects on the Blood under Adverse Ef-
fects, above).
1. Shen ZX, et al. Thrombocytopoietic effect of heparin given in

chronic immune thrombocytopenic purpura. Lancet 1995; 346:
220–1.

Malignant neoplasms. Cancer is a risk factor for thromboem-
bolism and anticoagulants are often used in patients with malig-
nant neoplasms. There is some evidence that outcomes are im-
proved in patients treated with heparin, and both unfractionated
and low-molecular-weight heparins have therefore been studied
in patients with malignant neoplasms but no other indication for
anticoagulation. Systematic reviews1,2 have found that there is a
clinically significant improvement in survival, although the risk
of bleeding is also increased.
1. Akl EA, et al. Parenteral anticoagulation for prolonging survival

in patients with cancer who have no other indication for antico-
agulation. Available in The Cochrane Database of Systematic
Reviews; Issue 3. Chichester: John Wiley; 2007 (accessed
23/05/08). 

2. Lazo-Langner A, et al. The effect of low-molecular-weight
heparin on cancer survival. A systematic review and meta-anal-
ysis of randomized trials. J Thromb Haemost 2007; 5: 729–37.

Pregnancy. Heparin or low-molecular-weight heparins are the
anticoagulants of choice for use in pregnancy although they are
not without risk for the fetus (see Pregnancy, under Precautions,
above), and for the mother. 
Guidelines on thrombosis associated with pregnancy have been
published.1-3 Pregnant women may require anticoagulation for
the treatment or prophylaxis of venous thromboembolism
(p.1189), or for the prevention of systemic thromboembolism as-
sociated with prosthetic heart valves (p.1187). Patients with a
history of thromboembolism or a thrombophilic abnormality
such as inherited deficiencies of antithrombin III, protein C, or
protein S or acquired antiphospholipid antibodies may be at par-
ticular risk. Women with antiphospholipid antibodies may also
be at increased risk of fetal loss (see Systemic Lupus Erythema-
tosus, p.1513) and treatment with low-dose aspirin is usually rec-
ommended.2 Addition of heparin has been reported to further re-
duce the risk,4,5 and treatment with heparin or low-molecular-
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weight heparin, in addition to aspirin, has therefore also been rec-
ommended.3
1. Royal College of Obstetricians and Gynaecologists. Throm-

boembolic disease in pregnancy and the puerperium: acute man-
agement (February 2007). Available at: 
http://www.rcog.org.uk/resources/Public/pdf/green_top_28_
thromboembolic_minorrevision.pdf (accessed 05/02/08) 

2. Royal College of Obstetricians and Gynaecologists. Thrombo-
prophylaxis during pregnancy, labour and after vaginal delivery
(January 2004). Available at: http://www.rcog.org.uk/
index.asp?PageID=535 (accessed 23/05/05) 

3. Bates SM, et al. Venous thromboembolism, thrombophilia, anti-
thrombotic therapy, and pregnancy: American College of Chest
Physicians evidence-based clinical practice guidelines (8th edi-
tion). Chest 2008; 133 (suppl): 844S–886S. 

4. Rai R, et al. Randomised controlled trial of aspirin and aspirin
plus heparin in pregnant women with recurrent miscarriage asso-
ciated with phospholipid antibodies (or antiphospholipid anti-
bodies). BMJ 1997; 314: 253–7. 

5. Empson M, et al. Recurrent pregnancy loss with antiphospholi-
pid antibody: a systematic review of therapeutic trials. Obstet
Gynecol 2002; 99: 135–44.

Reperfusion and revascularisation procedures. Heparin
has an established role as an adjunct to percutaneous vascular
interventions and bypass surgery, to prevent perioperative throm-
bosis of the target artery, and is usually given with aspirin or oth-
er antiplatelet drugs (see Reperfusion and Revascularisation Pro-
cedures, p.1181). High doses are used, particularly in patients
undergoing bypass surgery with extracorporeal circulation, and
bleeding is a common problem. Although heparin may have an
antiproliferative effect, treatment with systemic heparin (unfrac-
tionated or low-molecular-weight) appears to have no effect on
restenosis;1 however, a study using local application of enoxa-
parin suggested that restenosis was reduced.2 Heparin-coated
intracoronary stents have also been used; they improve outcomes
compared with balloon angioplasty,3 but have not been shown to
be superior to bare-metal stents4 or to have any additional effect
on restenosis.5,6 Heparin-coated stents have also been used suc-
cessfully in cerebrovascular interventions.7
1. Grassman ED, et al. A randomized trial of the low-molecular-

weight heparin certoparin to prevent restenosis following coro-
nary angioplasty. J Invasive Cardiol 2001; 13: 723–8. 

2. Kiesz RS, et al. Local delivery of enoxaparin to decrease resten-
osis after stenting: results of initial multicenter trial: Polish-
American Local Lovenox NIR Assessment study (The POLO-
NIA study). Circulation 2001; 103: 26–31. 

3. Serruys PW, et al. Randomised comparison of implantation of
heparin-coated stents with balloon angioplasty in selected pa-
tients with coronary artery disease (Benestent II). Lancet 1998;
352: 673–81. Correction. ibid.; 1478. 

4. Mehran R, et al. An Internet-based registry examining the effi-
cacy of heparin coating in patients undergoing coronary stent im-
plantation. Am Heart J 2005; 150: 1171–6. 

5. Wöhrle J, et al.Comparison of the heparin coated vs the uncoated
Jostent  —no influence on restenosis or clinical outcome. Eur
Heart J 2001; 22: 1808–16. 

6. Semiz E, et al. Comparison of initial efficacy and long-term fol-
low-up of heparin-coated Jostent with conventional NIR stent.
Jpn Heart J 2003; 44: 889–98. 

7. Parkinson RJ, et al. Use of heparin-coated stents in neurovascu-
lar interventional procedures: preliminary experience with 10
patients. Neurosurgery 2006; 59: 812–21.

Preparations
BP 2008: Heparin Injection; 
USP 31: Anticoagulant Heparin Solution; Heparin Calcium Injection;
Heparin Lock Flush Solution; Heparin Sodium Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Calciparine; Cervep; Croneparina; Parinix†; Riveparin; Serianon; So-
brius; Sodiparin; Austral.: Calcihep†; Calciparine†; Uniparin†; Austria:
Lipohep; Liquemin; Thrombophob; Thrombophob-S; Venoruton Heparin;
Viatromb; Belg.: Calparine; Liquemine†; Braz.: Actparin; Alimax; Disotron;
Heptar; Liquemine; Parinorth†; Trombofob; Canad.: Hepalean; Hepalean-
Lok; Cz.: Hepa-Gel†; Hepa-Salbe†; Lioton; Lipohep†; Trombex†; Viatromb;
Fin.: Hepaflex; Fr.: Calciparine; Ger.: Calciparin; Essaven 60 000; Exhirud
Heparin; Hepa-Gel; Hepa-Salbe; Hepaplus†; Hepathromb; Hepathrombin;
Liquemin N; Perivar Venensalbe†; Sportino; Thrombareduct; Thrombo-
phob; Traumalitan†; Venalitan; Venoruton Emulgel; Vetren; Gr.: Calciparine;
Croneparina†; Hep Lok†; Hepsal; Monoparin; Multiparin; Pump-Hep†;
Hong Kong: Lioton; Hung.: Heparibene; Lioton; India: Beparine; Throm-
bophob; Indon.: Inviclot; Thrombophob; Irl.: Calciparine†; Hep-Rinse†;
Heplok†; Hepsal; Minihep†; Monoparin; Multiparin; Unihep†; Israel: Calci-
parin; Ital.: Ateroclar; Bioclaril†; Calciparina; Clarisco; Croneparina; Dise-
brin; Ecabil; Ecafast; Ecasolv; Emoklar; Epacalcica; Eparical†; Eparinlider; Epa-
rinovis; Eparven; Epsoclar ; Epsodil†; Epsodilave; Eudipar†; Flusolv;
Hemofluss†; Isoclar; Lioton; Liquemin†; Mica; Normoparin; Pharepa; Re-
oflus; Sosefluss; Trombolisin; Zepac; Mex.: Hep-Tec; Inhepar†; Proparin;
NZ: Monoparin†; Multiparin; Pol.: Coaparin; Heparizen; Lioton; Lipohep;
Port.: Calciparina†; Rus.: Lioton (Лиотон); Trombless (Тромблесс);
S.Afr.: Calciparine; Thrombophob; Spain: Calciparina†; Menaven; Switz.:
Calciparine; Demovarin; Gelparine; HepaGel; Hepasol Lipogel;
HepaSpray†; Lioton; Liquemine; Turk.: Calciparine; Liquemine; Nevparin;
UK: Calciparine†; Canusal; Hepsal; Monoparin; Multiparin; USA: Hep-Lock;
Hepflush; Venez.: Hirox; Liquemine†; Riveparin.
Multi-ingredient: Arg.: Contractubex; Venostasin; Austria: Ambenat;
Contractubex; Derivon; Dolo-Menthoneurin; Dolobene; Etrat; Heparin
Comp; Ichthalgan forte; Lipactin; Pasta Cool; Pertrombon; Sensicutan;
Thrombophob; Venobene; Venostasin compositum; Vetren; Belg.: Lipactin;
Braz.: Contractubex; Dolobene; Trombofob; Venalot H; Venostasin†; Ca-
nad.: Lipactin; Cz.: Contractubex; Dolo-Rubriment†; Dolobene; Heparin-
Gel†; Sensicutan; Fin.: Lipactin; Trombosol; Fr.: Cirkan a la Prednacinolone;
Esberiven; Ger.: Contractubex; Dolo-Menthoneurin†; Dolobene; Enelbin-
Salbe N†; Essaven Tri-Complex†; Essaven†; Etrat Sportgel†; Heparin
Comp†; Heparin Kombi-Gel†; Heparin Plus†; Ichthalgan†; Kelofibrase†;
Lipactin; Ostochont†; Sensicutan; Trauma-Puren†; Venengel†; Venoplant
AHS†; Hong Kong: Contractubex; Dolobene; Hung.: Contractubex;
Dolobene; India: Beparine; Contractubex; Proctosedyl; Thrombophob;
Indon.: Thrombophob; Ital.: Edeven; Essaven; Flebs; Idracemi Eparina;
Luxazone Eparina; Proctosoll; Reparil; Venotrauma†; Via Mal Traumagel; Vit

Eparin; Xantervit Eparina; Philipp.: Contractubex; Pol.: Alcepalan; Biher-
pan; Cepan; Contractubex; Dolobene; Savarix; Tointex; Port.: DM Gel;
Rus.: Contractubex (Контрактубекс); Dolobene (Долобене); Heparin
Ointment (Гепариновая Мазь); Hepatrombin (Гепатромбин); Hepa-
trombin H (Гепатромбин Г); Nigepan (Нигепан); Venolife (Венолайф);
S.Afr.: Essaven†; Spain: Essavenon; Venacol; Switz.: Assan; Assan thermo;
Butaparin; Contractubex; Dolo-Arthrosenex; Dolobene; Gorgonium;
Hepabuzone; Heparinol; Hepathrombine†; Keli-med; Keppur ; Lipactin;
Lyman; Phlebostasin compositum†; Ralur†; Sportium; Sportusal; Venoplant
comp; Venoplant-N†; Venucreme; Venugel.

Heparinoids
Heparinoides.

Profile
The term heparinoid includes heparin derivatives and has also
been used more loosely to include naturally occurring and syn-
thetic highly-sulfated polysaccharides of similar structure. Such
compounds have been described in many ways; some of the
terms used include sulfated glucosaminoglycans; gly-
cosaminoglycan polysulfate compounds; or sulfated mucopoly-
saccharides. 
The following anticoagulants may be described as heparinoids: 
• Danaparoid Sodium, p.1255 
• Dermatan Sulfate, p.1256 
• Pentosan Polysulfate Sodium, p.1367 
• Sodium Apolate, p.1397 
• Suleparoid, p.1406 
• Sulodexide, p.1406 
Heparinoid preparations are available with uses ranging from an-
ticoagulation to the alleviation of inflammation (applied topical-
ly); some are claimed to have hypolipidaemic properties. 
The proprietary names listed in this monograph refer to prepara-
tions containing undefined or less readily defined heparinoids
that are used in a range of conditions including musculoskeletal
and joint disorders, haemorrhoids, lipid disorders, and throm-
boembolic disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fleboderma; Hemeran†; Hirudoid; Austral.: Hirudoid; Lasonil; Aus-
tria: Hemeran; Hirudoid; Lasonil; Belg.: Hemeran; Hirudoid; Lasonil;
Braz.: Hirudoid; Topcoid; Chile: Hirudoid; Cz.: Heparoid; Hirudoid;
Denm.: Hirudoid; Fin.: Hirudoid; Ger.: Etrat Sportsalbe MPS†; Hirudoid;
Lasonil N†; Sanaven MPS; Gr.: Hemeran; Lasonil N; Hong Kong: Bruise
Cream†; Hepacare; Hirudoid; Hung.: Hirudoid; India: Hirudoid; Indon.:
Hirudoid; Ital.: Angioflux; Ateran†; Ateroid; Ateroxide; Condral; Erevan†;
Glicamin†; Hirudoid; Lasonil†; Lasoven†; Matrix; Neth.: Hirudoid; Lasonil;
Norw.: Hirudoid; NZ: Hirudoid; Lasonil; Philipp.: Hirudoid; Pol.: Hiru-
doid; Port.: Hemeran; Hirudoid; Lasonil; Rus.: Heparoid (Гепароид); Sin-
gapore: Hirudoid; Spain: Dinoven; Hirudoid; Swed.: Hirudoid; Switz.:
Hemeran; Hirudoid; Thai.: Hirudoid; Varidoid; Turk.: Hirudoid; Lasonil;
UK: Bruiseze; Hirudoid; Lasonil†; Venez.: Hirudoid.
Multi-ingredient: Arg.: Mantus; Austral.: Movelat†; Austria: Lemuval;
Mobilat; Mobilisin; Mobilisin plus; Moviflex; Belg.: Mobilat; Mobilisin; Braz.:
Etrat†; Mobilat; Mobilisin Composto; Chile: Mobilat; Repariven; Cz.: Ibu-
Hepa; Ketazon Compositum†; Mobilat; Fin.: Mobilat; Moviflex†; Ger.: Dolo
Mobilat†; Mobilat Aktiv; Mobilat†; Sanaven†; Gr.: Bayolin; Hong Kong: Mo-
bilat†; Prelloran†; Hung.: Bayolin†; Mobilat N; Mobilisin†; Ital.: Flebs; Mo-
bilat; Mobilisin; Momendol; Traumal†; Mex.: Mobilat; Neth.: Mobilat; NZ:
Movelat†; Philipp.: Mobilat; Pol.: Helason; Ibalgin Sport; Lumbolin; Mobi-
lat; Port.: Anacal; Mobilat; Mobilisin; Rimanal; Singapore: Mobilat†; Spain:
Lasonil†; Movilat; Movilisin; Switz.: Dolo-Veniten†; Mobilat N; Mobilisin;
Prelloran†; Thai.: Mobilat; Movelat†; UK: Anacal; Movelat; Venez.: Bargon-
il; Permucal.

Hexobendine (BAN, USAN, rINN)

Hexobendina; Hexobendinum.
Гексобендин
C30H44N2O10 = 592.7.
CAS — 54-03-5.
ATC — C01DX06.
ATC Vet — QC01DX06.

Hexobendine Hydrochloride (BANM, rINNM)

Hexobendine, Chlorhydrate d’; Hexobendini Hydrochloridum;
Hidrocloruro de hexobendina; ST-7090. NN′-Ethylenebis(3-
methylaminopropyl 3,4,5-trimethoxybenzoate) dihydrochloride.
Гексобендина Гидрохлорид
C30H44N2O10,2HCl = 665.6.
CAS — 50-62-4.
ATC — C01DX06.
ATC Vet — QC01DX06.

Profile
Hexobendine hydrochloride is a vasodilator that has been used in
ischaemic heart disease. It is also included in multi-ingredient
preparations used in cerebrovascular disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ustimon.
Multi-ingredient: Austria: Instenon; Hong Kong: Instenon; Rus.: Ins-
tenon (Инстенон); Thai.: Instenon†.

Hirudin
Hirudina; Hirudine.

Profile
Hirudin is a 65-amino-acid protein that is a direct inhibitor of
thrombin (see Lepirudin, p.1323). It has been extracted from
leeches (p.1323) and this form is used in various topical prepara-
tions for peripheral vascular disorders. Recombinant hirudins,
such as desirudin (p.1257) and lepirudin (p.1323) and analogues
of hirudin, such as bivalirudin (p.1234), are used as anticoagu-
lants.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Exhirud; Fr.: Hirucreme; Ger.: Exhirud†.
Multi-ingredient: Ger.: Haemo-Exhirud†; Ital.: Hirudex†.

Hydralazine Hydrochloride 

(BANM, rINNM)

Apressinum; Hidralazin-hidroklorid; Hidralazino hidrochloridas;
Hidrocloruro de hidralazina; Hydralatsiinihydrokloridi; Hydralazin
hydrochlorid; Hydralazin Hydrochloridum; Hydralazine, chlorhy-
drate d’; Hydralazinhydroklorid; Hydralazini hydrochloridum; Hy-
drallazine Hydrochloride; Idralazina. 1-Hydrazinophthalazine hy-
drochloride.
Гидралазина Гидрохлорид
C8H8N4,HCl = 196.6.
CAS — 86-54-4 (hydralazine); 304-20-1 (hydralazine hy-
drochlor ide).
ATC — C02DB02.
ATC Vet — QC02DB02.

(hydralazine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Hydralazine Hydrochloride). A white or almost
white, crystalline powder. Soluble in water; slightly soluble in al-
cohol; very slightly soluble in dichloromethane. A 2% solution
in water has a pH of 3.5 to 4.2. Protect from light. 
USP 31 (Hydralazine Hydrochloride). A white to off-white,
odourless, crystalline powder. Soluble 1 in 25 of water and 1 in
500 of alcohol; very slightly soluble in ether. A 2% solution in
water has a pH of 3.5 to 4.2. Store in airtight containers at a tem-
perature of 25°, excursions permitted between 15° and 30°.
Stability. Discoloration of hydralazine injection was observed
on several occasions after storage in a syringe for up to 12 hours.1
Hydralazine reacts with metals and therefore the injection should
be prepared using a nonmetallic filter and should be used as
quickly as possible after being drawn through a needle into a sy-
ringe. 
A study of the rate of degradation of hydralazine hydrochloride,
1 mg/mL in sweetened, aqueous oral liquids showed that glu-
cose, fructose, lactose, and maltose reduced the stability of the
drug.2 In solutions containing mannitol or sorbitol, there was less
than 10% degradation of hydralazine after 3 weeks. UK licensed
product information states that contact with glucose causes hy-
dralazine to be rapidly broken down and that hydralazine injec-
tion is therefore not compatible with glucose solutions.
1. Enderlin G. Discoloration of hydralazine injection. Am J Hosp

Pharm 1984; 41: 634. 
2. Das Gupta V, et al. Stability of hydralazine hydrochloride in

aqueous vehicles. J Clin Hosp Pharm 1986; 11: 215–23.

Adverse Effects
Adverse effects are common with hydralazine, partic-
ularly tachycardia, palpitations, angina pectoris, severe
headache, and gastrointestinal disturbances such as an-
orexia, nausea, vomiting, and diarrhoea. These adverse
effects, and flushing, dizziness, and nasal congestion,
which occur less often, may be seen at the start of treat-
ment, especially if the dose is increased quickly. They
generally subside with continued treatment. Other less
common adverse effects include orthostatic hypoten-
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sion, fluid retention with oedema and weight gain, con-
junctivitis, lachrymation, tremor, and muscle cramps. 
Hydralazine may deplete pyridoxine in the body, and
can produce peripheral neuropathy with numbness and
tingling of the extremities. Occasionally, hepatotoxici-
ty, blood dyscrasias, haemolytic anaemia, difficulty in
urinating, glomerulonephritis, constipation, paralytic
ileus, depression, and anxiety occur. 
Hypersensitivity reactions including fever, chills, pru-
ritus, and rashes have been reported, and eosinophilia
may occur. 
Antinuclear antibodies may develop after prolonged
use of large doses, and a condition resembling SLE
may occur. The incidence is greater in slow acetylators,
patients with renal impairment, women, and patients
taking more than 100 mg of hydralazine daily. The
symptoms usually disappear when the drug is with-
drawn; some patients may require treatment with cor-
ticosteroids. 
Acute overdosage may produce hypotension, tachy-
cardia, myocardial ischaemia, arrhythmias, shock, and
coma.
Carcinogenicity. Although earlier reports suggested that hy-
dralazine might be carcinogenic, there was no evidence from a
survey of 1978 patients with lung or colorectal cancer and 6807
controls that there was an increased risk of these neoplasms.1
1. Kaufman DW, et al. Hydralazine use in relation to cancers of the

lung, colon, and rectum. Eur J Clin Pharmacol 1989; 36:
259–64.

Effects on the blood. Three cases of thrombocytopenia were
reported1 in neonates whose mothers had been treated with hy-
dralazine for some months before delivery. The thrombocytope-
nia and bleeding was transient with full recovery occurring with-
in a few weeks. No adverse effects were noticed in the mothers.
1. Widerlöv E, et al. Hydralazine-induced neonatal thrombocyto-

penia. N Engl J Med 1980; 303: 1235.

Effects on the cardiovascular system. Paradoxical severe
hypertension developed after oral or intramuscular hydralazine
on 3 occasions in a patient with renal artery stenosis.1
1. Webb DB, White JP. Hypertension after taking hydrallazine.

BMJ 1980; 280: 1582.

Effects on the kidneys. Rapidly progressive glomerulonephri-
tis with focal and segmental lesions, usually accompanied by
necrosis and crescent formation, has been reported in patients
given hydralazine.1-3 The condition is reported to be associated
with the presence of antinuclear antibodies3 and slow acetylator
status,2 factors associated with the development of hydralazine-
induced lupus erythematosus.4 However, renal involvement is
much less common in drug-induced lupus,4 and in a report of 15
such cases men and women and fast and slow acetylators were
equally affected;3 in addition the criteria for SLE were not usual-
ly fulfilled in these patients and it was suggested that the condi-
tion should be distinguished from lupus nephritis. Immediate
withdrawal of hydralazine generally results in some improve-
ment in renal function but complete recovery is uncommon; se-
vere cases may require immunosuppressive therapy.3
1. Björck S, et al. Rapidly progressive glomerulonephritis after hy-

dralazine. Lancet 1983; ii: 42. 
2. Kincaid-Smith P, Whitworth JA. Hydralazine-associated

glomerulonephritis. Lancet 1983; ii: 348. 
3. Björck S, et al. Hydralazine-induced glomerulonephritis. Lancet

1985; i: 392. 
4. Hughes GRV. Recent developments in drug-associated systemic

lupus erythematosus. Adverse Drug React Bull 1987; (Apr.):
460–3.

Effects on the skin. Pruritus and skin rashes have been report-
ed with hydralazine use. 
A 59-year-old woman who had been taking hydralazine 25 mg
three times daily for 6 months developed symptoms of Sweet’s
syndrome (erythematous plaques and nodules and haemorrhagic
blisters).1 Symptoms began to subside on withdrawal of the drug
but recurred on rechallenge. The condition resolved on discon-
tinuation of hydralazine and treatment with prednisolone.
1. Gilmour E, et al. Drug-induced Sweet’s syndrome (acute febrile

neutrophilic dermatosis) associated with hydralazine. Br J Der-
matol 1995; 133: 490–1.

Lupus erythematosus. Lupus erythematosus is a well-docu-
mented adverse effect of hydralazine. Onset is typically delayed
from 1 month to 5 years from the start of treatment, and the most
common symptoms are arthralgia or arthritis, usually non-de-
forming, in up to 95% of patients, fever and myalgia in about
50%, and pleuropulmonary involvement, manifesting as pleuri-
sy, pleural effusions, or pulmonary infiltrates in up to 30%.1-3 Re-
nal involvement is reported to be less common than in idiopathic
SLE and there is some uncertainty as to whether the glomeru-
lonephritis sometimes seen in patients receiving hydralazine
should be considered lupus nephritis (see Effects on the Kidneys,
above). Nonetheless, a 20% incidence of renal involvement has
been reported.1 Other complications and symptoms associated
with lupus erythematosus in patients taking hydralazine include

cutaneous vasculitis,4-6 orogenital and cutaneous ulceration,7 bi-
lateral retinal vasculitis,8 reactive hypoglycaemia (although the
attribution is uncertain),9 life-threatening cardiac tamponade,10

and hoarseness and stridor secondary to vocal cord palsy, which
progressed to respiratory arrest.11 Skin rashes are reported to be
less prominent than with the idiopathic form of the disease.1
Fatalities have occurred,12 but appear to be rare. 
Estimates of the overall incidence of hydralazine-associated lu-
pus erythematosus vary from about 1.2 to 5% or more.13-16 The
syndrome appears to occur only in patients who develop antinu-
clear antibodies while receiving hydralazine, but the incidence of
positive antinuclear antibody tests is much higher than that of
lupus, at up to 60%, so the presence of antinuclear antibodies
alone is not diagnostic.15 There is a strong relationship with drug
dose,14,16 acetylator status,13,15,16 and patient gender,16 the syn-
drome being more common in slow acetylators and women, and
in patients receiving 100 mg daily or more. 
Although it has been reported that hydralazine-associated lupus
was more frequent in patients with the HLA-DR4 antigen17 this
was not confirmed by others18 and subsequent work has suggest-
ed that the association is rather with the non-expressing or null
forms of the adjacent complement C4 gene.19 Hydralazine can
inactivate complement C4 in vitro20 and might exacerbate com-
plement deficiency (which is known to be associated with idio-
pathic SLE) in patients with an already low level of C4 due to a
null allele.19

1. Hughes GRV. Recent developments in drug-associated systemic
lupus erythematosus. Adverse Drug React Bull 1987; (Apr.):
460–3. 

2. Cohen MG, Prowse MV. Drug-induced rheumatic syndromes:
diagnosis, clinical features and management. Med Toxicol Ad-
verse Drug Exp 1989; 4: 199–218. 

3. Price EJ, Venables PJW. Drug-induced lupus. Drug Safety 1995;
12: 283–90. 

4. Bernstein RM, et al. Hydrallazine-induced cutaneous vasculitis.
BMJ 1980; 280: 156–7. 

5. Peacock A, Weatherall D. Hydralazine-induced necrotising vas-
culitis. BMJ 1981; 282: 1121–2. 

6. Finlay AY, et al. Hydrallazine-induced necrotising vasculitis.
BMJ 1981; 282: 1703–4. 

7. Neville E, et al. Orogenital ulcers, SLE and hydrallazine. Post-
grad Med J 1981; 57: 378–9. 

8. Doherty M, et al. Hydralazine induced lupus syndrome with eye
disease. BMJ 1985; 290: 675. 

9. Blackshear PJ, et al. Reactive hypoglycaemia and insulin au-
toantibodies in drug-induced lupus erythematosus. Ann Intern
Med 1983; 99: 182–4. 

10. Anandadas JA, Simpson P. Cardiac tamponade, associated with
hydralazine therapy, in a patient with rapid acetylator status. Br
J Clin Pract 1986; 40: 305–6. 

11. Chong WK, et al. Acute laryngeal stridor with respiratory arrest
in drug induced systemic lupus erythematosus. BMJ 1988; 297:
660–1. 

12. Sturman SG, et al. Fatal hydralazine-induced systemic lupus
erythematosus. Lancet 1988; ii: 1304. 

13. Bing RF, et al. Hydrallazine in hypertension: is there a safe
dose? BMJ 1980; 281: 353–4. 

14. Freestone S, et al. Incidence of hydrallazine-associated autoim-
mune disease. Br J Clin Pharmacol 1982; 13: 291P–292P. 

15. Mansilla-Tinoco R, et al. Hydralazine, antinuclear antibodies,
and the lupus syndrome. BMJ 1982; 284: 936–9. 

16. Cameron HA, Ramsay LE. The lupus syndrome induced by hy-
dralazine: a common complication with low dose treatment.
BMJ 1984; 289: 410–12. 

17. Batchelor JR, et al. Hydralazine-induced systemic lupus ery-
thematosus: influence of HLA-DR and sex on susceptibility.
Lancet 1980; i: 1107–9. 

18. Brand C, et al. Hydralazine-induced lupus: no association with
HLA-DR4. Lancet 1984; i: 462. 

19. Speirs C, et al. Complement system protein C4 and susceptibil-
ity to hydralazine-induced systemic lupus erythematosus. Lan-
cet 1989; i: 922–4. 

20. Sim E, et al. Drugs that induce systemic lupus erythematosus
inhibit complement component C4. Lancet 1984; ii: 422–4.

Treatment of Adverse Effects
Withdrawal of hydralazine or dosage reduction revers-
es many of the adverse effects. Peripheral neuropathy
has been reported to be alleviated by pyridoxine. 
If overdosage occurs the benefit of gastric decontami-
nation is uncertain, but activated charcoal may be giv-
en if the patient presents within 1 hour of ingestion.
Symptomatic and supportive treatment, including plas-
ma expanders for shock and a beta blocker for tachy-
cardia, should be given as necessary. Hypotension may
respond to placing the patient in the supine position
with the feet raised. If possible, pressor drugs should be
avoided. If a pressor is necessary, one should be chosen
that will not cause tachycardia or exacerbate arrhyth-
mias; adrenaline should not be used.

Precautions
Hydralazine is contra-indicated in patients with severe
tachycardia, dissecting aortic aneurysm, heart failure
with high cardiac output, cor pulmonale, or myocardial
insufficiency due to mechanical obstruction, for exam-
ple aortic or mitral stenosis or constrictive pericarditis.
Hydralazine is also contra-indicated in patients with id-
iopathic SLE and related disorders. 

Hydralazine-induced vasodilatation produces myocar-
dial stimulation. It should therefore be used with cau-
tion in patients with ischaemic heart disease since it can
increase angina and it should not be given after myo-
cardial infarction until the patient’s condition has stabi-
lised. Patients with suspected or confirmed ischaemic
heart disease should be given hydralazine under cover
of a beta blocker, which should be started a few days
before hydralazine, in order to prevent myocardial
stimulation. If given to patients with heart failure they
should be monitored for orthostatic hypotension and
tachycardia during the initial stages of therapy, prefer-
ably in hospital. If treatment with hydralazine is to be
stopped in patients with heart failure it should general-
ly be withdrawn gradually. Hydralazine should be used
with caution in patients with cerebrovascular disorders. 
The dose of hydralazine should be reduced or the dos-
age interval prolonged in patients with hepatic or renal
impairment. Complete blood counts and antinuclear
antibody determinations should be carried out about
every 6 months during long-term therapy. Urine analy-
sis (for microhaematuria and proteinuria) is also rec-
ommended. 
Hydralazine is teratogenic in some species of animals
and should therefore be avoided during the first two tri-
mesters of pregnancy. 
Patients may experience impaired reactions, especially
at the start of therapy, and should not drive or operate
machinery if affected.
Breast feeding. Hydralazine is distributed into breast milk in
small amounts (see Pregnancy, below) but no adverse effects
have been seen in infants and the American Academy of Pediat-
rics therefore considers1 hydralazine to be usually compatible
with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/09/05)

Porphyria. Hydralazine has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Hydralazine should be avoided during the first two
trimesters of pregnancy. 
Hydralazine concentrations were found to be similar in maternal
and umbilical-cord blood in a study of 6 women being treated
with hydralazine for pronounced hypertension during pregnan-
cy.1 Hydralazine was determined in the breast milk of 1 mother,
but amounts detected were unlikely to produce clinically rele-
vant concentrations in the infant. 
For a report of thrombocytopenia occurring in neonates follow-
ing maternal treatment with hydralazine during pregnancy, see
Effects on the Blood under Adverse Effects, above.
1. Liedholm H, et al. Transplacental passage and breast milk con-

centrations of hydralazine. Eur J Clin Pharmacol 1982; 21:
417–19.

Interactions
The hypotensive effect of hydralazine may be en-
hanced by other drugs with a hypotensive action. Se-
vere hypotension may occur if hydralazine and diazox-
ide are given together. However, some interactions
with antihypertensives may be beneficial: thiazide diu-
retics also counteract the fluid retention caused by
hydralazine, and beta blockers diminish the cardiac-
accelerating effects.
Indometacin. A study1 in 9 healthy subjects found that in-
dometacin 100 mg daily did not lessen the hypotensive effect of
hydralazine. However, another study2 showed that indometacin
200 mg daily, while having no effect on heart rate, renal or limb
blood flow, or plasma-catecholamine concentration, did reduce
the hypotensive effect of hydralazine.
1. Jackson SHD, Pickles H. Indomethacin does not attenuate the

effects of hydralazine in normal subjects. Eur J Clin Pharmacol
1983; 25: 303–5. 

2. Cinquegrani MP, Liang C. Indomethacin attenuates the hypoten-
sive action of hydralazine. Clin Pharmacol Ther 1986; 39:
564–70.

Pharmacokinetics
Hydralazine given orally is rapidly absorbed from the
gastrointestinal tract but undergoes considerable first-
pass metabolism by acetylation in the gastrointestinal
mucosa and liver. The rate of metabolism is genetically
determined and depends upon the acetylator status of
the individual. The bioavailability of hydralazine has
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been reported to be about 35% in slow acetylators and
less in fast acetylators; thus plasma concentrations af-
ter a given dose are higher in slow acetylators. 
Peak plasma concentrations have been reported to oc-
cur after about one hour. Hydralazine is chiefly present
in plasma as a hydrazone conjugate with pyruvic acid.
Plasma protein binding is about 90%. The drug is
widely distributed, notably into arterial walls. 
Systemic metabolism in the liver is by hydroxylation
of the ring system and conjugation with glucuronic ac-
id; most sources suggest that N-acetylation is not of
major importance in systemic clearance and that there-
fore acetylator status does not affect elimination. Hy-
dralazine is excreted mainly in urine as metabolites. 
The apparent average half-life for hydralazine has been
reported to vary from about 45 minutes to about 8
hours, with a number of sources giving the average as
about 2 to 4 hours. Some of the variation may be due to
problems with the analytical procedures—see below.
The half-life is prolonged in renal impairment and may
be up to 16 hours in patients with a creatinine clearance
of less than 20 mL/minute. 
Hydralazine crosses the placenta and is distributed into
breast milk.
◊ Attempts to describe the pharmacokinetics of hydralazine have
been complicated by the instability of the drug itself in plasma
and in alkaline solutions, and the instability of its circulating
metabolites during analysis. This has meant that many tech-
niques for the measurement of hydralazine have proved non-se-
lective and yield overestimates of unchanged drug.1 Studies us-
ing less selective methods have yielded an apparent
bioavailability for oral hydralazine of 38 to 69% in slow acetyla-
tors and 22 to 32% in fast acetylators; in contrast, more selective
assays have yielded values of 31 to 35% and 10 to 16% for slow
and rapid acetylators respectively. Similarly, hydralazine plasma
clearance is lower and the half-life longer when based upon the
results of non-selective assay procedures; mean elimination half-
life has ranged from 2.2 to 3.6 hours based upon these methods
compared with 0.67 to 0.96 hours using a more selective assay.
Improved pharmacokinetic data has indicated that while the first-
pass effect is dependent upon acetylator phenotype, systemic
clearance is only minimally dependent upon acetylation. The
formation of the pyruvic acid hydrazone, which is without signif-
icant vasodilator activity, contributes to extrahepatic phenotype-
independent clearance. 
Although some workers have correlated the hypotensive effect
of hydralazine with concentrations,2 others have been unable to
do so.3 Moreover, the duration of hypotensive effect has been
shown to exceed considerably that predicted from the rate of
elimination.4,5 Possible explanations are the accumulation of hy-
dralazine at its sites of action in the arterial walls6 or the existence
of active metabolites.7-9 
Concurrent intake of food has been found to enhance considera-
bly the bioavailability of hydralazine10 but food-related reduc-
tions in plasma-hydralazine concentrations with reduced vasodi-
lator effect have also been reported.11 The discrepancy was
thought to be due to the greater specificity of the assay used in
the latter study and to differences in the timing of food and hy-
dralazine administration in the two studies.12,13

1. Ludden TM, et al. Clinical pharmacokinetics of hydralazine.
Clin Pharmacokinet 1982; 7: 185–205. 

2. Zacest R, Koch-Weser J. Relation of hydralazine plasma con-
centration to dosage and hypotensive action. Clin Pharmacol
Ther 1972; 13: 420–5. 

3. Talseth T, et al. Hydralazine slow-release: observations on se-
rum profile and clinical efficacy in man. Curr Ther Res 1977;
21: 157–68. 

4. O’Malley K, et al. Duration of hydralazine action in hyperten-
sion. Clin Pharmacol Ther 1975; 18: 581–6. 

5. Shepherd AMM, et al. Hydralazine kinetics after single and re-
peated oral doses. Clin Pharmacol Ther 1980; 28: 804–11. 

6. Moore-Jones D, Perry HM. Radioautographic localization of
hydralazine-1-C  in arterial walls. Proc Soc Exp Biol Med
1966; 122: 576–9. 

7. Barron K, et al. Comparative evaluation of the in vitro effects of
hydralazine and hydralazine acetonide on arterial smooth mus-
cle. Br J Pharmacol 1977; 61: 345–9. 

8. Haegele KD, et al. Identification of hydrallazine and hydralla-
zine hydrazone metabolites in human body fluids and quantita-
tive in vitro comparisons of their smooth muscle relaxant activ-
ity. Br J Clin Pharmacol 1978; 5: 489–94. 

9. Reece PA, et al. Interference in assays for hydralazine in hu-
mans by a major plasma metabolite, hydralazine pyruvic acid
hydrazone. J Pharm Sci 1978; 67: 1150–3. 

10. Melander A, et al. Enhancement of hydralazine bioavailability
by food. Clin Pharmacol Ther 1977; 22: 104–7. 

11. Shepherd AMM, et al. Effect of food on blood hydralazine lev-
els and response in hypertension. Clin Pharmacol Ther 1984;
36: 14–18. 

12. Melander A, et al. Concomitant food intake does enhance the
bioavailability and effect of hydralazine. Clin Pharmacol Ther
1985; 38: 475. 

13. Shepherd AMM, et al. Concomitant food intake does enhance
the bioavailability and effect of hydralazine. Clin Pharmacol
Ther 1985; 38: 475–6.

Uses and Administration
Hydralazine is a direct-acting vasodilator that acts
mainly on the arterioles. It reduces blood pressure and
peripheral resistance but produces fluid retention.
Tachycardia and an increase in cardiac output occur
mainly as a reflex response to the reduction in periph-
eral resistance. Hydralazine tends to improve renal and
cerebral blood flow and its effect on diastolic pressure
is more marked than on systolic pressure. 
Hydralazine hydrochloride is given orally for the treat-
ment of hypertension (p.1171), usually with a beta
blocker and a thiazide diuretic. In addition to an addi-
tive antihypertensive effect, this combination reduces
the reflex tachycardia and fluid retention caused by hy-
dralazine. Hydralazine may be given intravenously in
hypertensive crises. It is also used with isosorbide din-
itrate in the management of heart failure (but see Pre-
cautions, above). For further discussion of this use of
hydralazine, see below. 
The dose of hydralazine should be reduced or the dos-
age interval prolonged in patients with hepatic or renal
impairment. 
In hypertension, the usual initial oral dose of hydrala-
zine hydrochloride is 40 to 50 mg daily in divided dos-
es, increased according to response. In the UK it is rec-
ommended that the dose should not be increased above
100 mg daily without checking acetylator status, al-
though the recommended maximum dose for hyper-
tension is 200 mg daily; doses above 100 mg daily are
associated with an increased incidence of lupus ery-
thematosus, particularly in women and in slow acetyla-
tors. 
In hypertensive crises, hydralazine hydrochloride is
given in doses of 5 to 10 mg by slow intravenous
injection, repeated if necessary after 20 to 30 minutes.
Alternatively, it may be given by continuous intrave-
nous infusion in an initial  dose of 200 to
300 micrograms/minute; the usual maintenance dose
range is 50 to 150 micrograms/minute. Hydralazine
hydrochloride has also been given by intramuscular in-
jection. 
For heart failure in self-identified black patients, hy-
dralazine may be given as an oral combination prepa-
ration with isosorbide dinitrate; the dose is 37.5 mg of
hydralazine with 20 mg of isosorbide dinitrate three
times daily, and may be doubled if necessary.
Heart failure. Hydralazine with isosorbide dinitrate may have
a role in the management of patients with heart failure (p.1165)
who remain symptomatic despite standard therapy or in whom
standard therapy is contra-indicated or not tolerated. Although a
meta-analysis of a number of studies1 of vasodilator therapy for
heart failure failed to show a benefit in terms of improved func-
tional status or reduced mortality in patients given hydralazine
alone, there is evidence from the Veterans Administration Coop-
erative Study2 of reduced mortality from the use of hydralazine
with nitrates. This has been confirmed in a second study (V-
HeFTII),3 although hydralazine with isosorbide dinitrate was
less effective than enalapril. Subgroup analysis suggested that
the effect might be greater in black patients, and a later study4 in
black patients found that addition of isosorbide dinitrate and hy-
dralazine to standard therapy improved both morbidity and mor-
tality. 
Hydralazine has also been tried in children with heart failure,5,6

but experience is limited.
1. Mulrow CD, et al. Relative efficacy of vasodilator therapy in

chronic congestive heart failure: implications of randomized tri-
als. JAMA 1988; 259: 3422–6. 

2. Cohn JN, et al. Effect of vasodilator therapy on mortality in
chronic congestive heart failure: results of a Veterans Adminis-
tration cooperative study. N Engl J Med 1986; 314: 1547–52. 

3. Cohn JN, et al. A comparison of enalapril with hydralazine-iso-
sorbide dinitrate in the treatment of chronic congestive heart fail-
ure. N Engl J Med 1991; 325: 303–10. 

4. Taylor AL, et al. Combination of isosorbide dinitrate and hy-
dralazine in blacks with heart failure. N Engl J Med 2004; 351:
2049–57. Correction. ibid. 2005; 352: 1276. 

5. Artman M, et al. Hemodynamic effects of hydralazine in infants
with idiopathic dilated cardiomyopathy and congestive heart
failure. Am Heart J 1987; 113: 144–50. 

6. Rao PS, Andaya WG. Chronic afterload reduction in infants and
children with primary myocardial disease. J Pediatr 1986; 108:
530–4.

Preparations
BP 2008: Hydralazine Injection; Hydralazine Tablets; 
USP 31: Hydralazine Hydrochloride Injection; Hydralazine Hydrochloride

Oral Solution; Hydralazine Hydrochloride Tablets; Reserpine, Hydralazine
Hydrochloride, and Hydrochlorothiazide Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Hidral; Hydrapres; Austral.: Alphapress; Apresoline; Braz.: Apresoli-
na; Nepresol; Canad.: Apresoline; Novo-Hylazin; Nu-Hydral; Hong Kong:
Apresoline†; Irl.: Apresoline; Mex.: Apresolina; Bionobal; Norw.: Apreso-
lin; NZ: Apresoline; Philipp.: Apresoline; S.Afr.: Apresoline; Hyperphen;
Spain: Hydrapres; Swed.: Apresolin; Thai.: Apresoline; Cesoline; UK:
Apresoline; USA: Apresoline; Venez.: Apresolina†.
Multi-ingredient: Austria: Polinorm; Trepress; Triloc; Ger.: Docidrazin†;
Impresso†; Pertenso N; Treloc; Trepress; TRI-Normin; India: Corbetazine;
Indon.: Ser-Ap-Es; Spain: Betadipresan Diu†; Betadipresan†; Neatenol Di-
uvas; Tensiocomplet; Thai.: Hydrares; Hypery†; Mano-Ap-Es; Reser; Ser-
Ap-Es; USA: Apresazide†; BiDil; Hydra-zide; Hydrap-ES†; Marpres; Ser-Ap-
Es†; Tri-Hydroserpine†.

Hydrochlorothiazide (BAN, rINN) ⊗ 
Hidrochlorotiazidas; Hidroclorotiazida; Hidroklorotiazid; Hydro-
chlorothiazid; Hydrochlorothiazidum; Hydrochlorotiazyd;
Hydroklooritiatsidi; Hydroklortiazid. 6-Chloro-3,4-dihydro-2H-
1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.
Гидрохлоротиазид
C7H8ClN3O4S2 = 297.7.
CAS — 58-93-5.
ATC — C03AA03.
ATC Vet — QC03AA03.

NOTE. Compounded preparations of hydrochlorothiazide may be
represented by the following names: 
• Co-amilozide (BAN)—hydrochlorothiazide 10 parts and ami-

loride hydrochloride 1 part (w/w) 
• Co-amilozide (PEN)—amiloride hydrochloride and hydro-

chlorothiazide 
• Co-spironozide (PEN)—spironolactone and hydrochlorothi-

azide 
• Co-triamterzide (BAN)—triamterene 2 parts and hydrochloro-

thiazide 1 part (w/w) 
• Co-triamterzide (PEN)—triamterene and hydrochlorothi-

azide 
• Co-zidocapt (BAN)—hydrochlorothiazide 1 part and captopril

2 parts (w/w).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Hydrochlorothiazide). A white or almost white,
crystalline powder. Very slightly soluble in water; sparingly sol-
uble in alcohol; soluble in acetone. It dissolves in dilute solutions
of alkali hydroxides. 
USP 31 (Hydrochlorothiazide). A white or practically white,
practically odourless crystalline powder. Slightly soluble in wa-
ter; insoluble in chloroform, in ether, and in dilute mineral acids;
freely soluble in dimethylformamide, in n-butylamine, and in so-
dium hydroxide solution; sparingly soluble in methyl alcohol.

Adverse Effects
Hydrochlorothiazide and other thiazide diuretics may
cause a number of metabolic disturbances especially at
high doses. They may provoke hyperglycaemia and
glycosuria in diabetic and other susceptible patients.
They may cause hyperuricaemia and precipitate at-
tacks of gout in some patients. Thiazide diuretics may
be associated with electrolyte imbalances including
hypochloraemic alkalosis, hyponatraemia, and hy-
pokalaemia. Hypokalaemia intensifies the effect of
digitalis on cardiac muscle and treatment with digitalis
or its glycosides may have to be temporarily suspend-
ed. Patients with cirrhosis of the liver are particularly at
risk from hypokalaemia. Hyponatraemia may occur in
patients with severe heart failure who are very oedema-
tous, particularly with large doses in conjunction with
restricted salt in the diet. The urinary excretion of cal-
cium is reduced. Hypomagnesaemia has also occurred.
Adverse changes in plasma lipids have also been noted
but their clinical significance is unclear. 
Signs of electrolyte imbalance include dry mouth,
thirst, weakness, lethargy, drowsiness, restlessness,
muscle pain and cramps, seizures, oliguria, hypoten-
sion, and gastrointestinal disturbances. 
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Other adverse effects include anorexia, gastric irrita-
tion, nausea, vomiting, constipation, diarrhoea, sialad-
enitis, headache, dizziness, photosensitivity reactions,
orthostatic hypotension, paraesthesia, impotence, and
yellow vision. Hypersensitivity reactions include skin
rashes, fever, pulmonary oedema, pneumonitis, anaph-
ylaxis, and toxic epidermal necrolysis. Cholestatic
jaundice, pancreatitis, and blood dyscrasias including
thrombocytopenia and, more rarely, granulocytopenia,
leucopenia, and aplastic and haemolytic anaemia have
been reported. 
Intestinal ulceration has occurred after the use of tab-
lets containing thiazides with an enteric-coated core of
potassium chloride (see also under Potassium, p.1684).
Carcinogenicity. Several studies have suggested that long-
term diuretic therapy may be associated with the development of
cancer. A meta-analysis1 of 9 case control studies and 3 cohort
studies found an increased risk of renal cell carcinoma in patients
receiving diuretics, and a further retrospective study2 found that
the risk of colon cancer was also increased. While the risk is
probably not significant in most patients, it was suggested1,2 that
it should be taken into consideration when choosing long-term
therapy for younger patients.
1. Grossman E, et al. Does diuretic therapy increase the risk of re-

nal cell carcinoma? Am J Cardiol 1999; 83: 1090–3. 
2. Tenenbaum A, et al. Is diuretic therapy associated with an in-

creased risk of colon cancer? Am J Med 2001; 110: 143–5.

Effects on the blood. There have been case reports of intravas-
cular immune haemolysis in patients taking hydrochlorothiazide
and methyldopa.1-3 In each of these 3 cases the hydrochlorothi-
azide was identified as the probable cause of haemolysis on se-
rological data, although methyldopa could have been a contribu-
tory factor. One of these patients died3 during the haemolytic
episode although post-mortem examination failed to reveal a
cause of death.
1. Vila JM, et al. Thiazide-induced immune hemolytic anemia.

JAMA 1976; 236: 1723–4. 
2. Garratty G, et al. Acute immune intravascular hemolysis due to

hydrochlorothiazide. Am J Clin Pathol 1981; 76: 73–8. 
3. Beck ML, et al. Fatal intravascular immune hemolysis induced

by hydrochlorothiazide. Am J Clin Pathol 1984; 81: 791–4.

Effects on electrolyte balance. MAGNESIUM AND POTASS-

IUM. The clinical consequences of diuretic-induced hypoka-
laemia have been controversial.1-3 Of major concern has been
the possibility that diuretic-induced hypokalaemia could pre-
dispose to cardiac arrhythmias and sudden cardiac death in
some patients, and it has been suggested that this could ex-
plain the lower than expected reduction in deaths due to
ischaemic heart disease found in some hypertension trials. In-
deed, some case-control studies4,5 have suggested an associa-
tion between an increased risk of sudden cardiac death and the
use of thiazides or other non-potassium-sparing diuretics; the
addition of a potassium supplement had little effect on this
risk, whereas addition of a potassium-sparing diuretic to the
thiazide lowered the risk.4 However, no reduction in cardiac
arrhythmias after the correction of hypokalaemia has been
seen6 nor any evidence of increased arrhythmias associated
with diuretic-induced hypokalaemia.7 Several reviews8,9 have
argued that there is no proof of a causal relationship between
hypokalaemia and serious dysrhythmias and this was en-
dorsed by a randomised study.10 
It is generally agreed that routine potassium supplementation in
patients taking diuretics is unnecessary; however, supplementa-
tion will be required if the serum-potassium concentration falls
below 3.0 mmol/litre. Potassium replacement or conservation is
also likely to be necessary in patients at risk from the cardiac
effects of hypokalaemia11 such as those with severe heart dis-
ease, those taking digitalis preparations or high doses of diuret-
ics, and in patients with severe liver disease. 
The amount of potassium in fixed combination diuretic and po-
tassium preparations has long been considered insufficient to
correct hypokalaemia and the effectiveness of oral potassium
supplements in increasing body stores of potassium has been
questioned.12-14 Hypokalaemia may be overcome by adding a
potassium-sparing diuretic such as amiloride or triamterene15 to
the regimen, but there is a danger of hyperkalaemia if they are
used indiscriminately. The routine use of fixed-dose combination
preparations of a thiazide or loop diuretic with a potassium-spar-
ing diuretic is considered unnecessary.16 Potassium-sparing diu-
retics will not correct the potassium deficit unrelated to diuretic
therapy in patients with severe heart failure.17 When thiazides are
given with drugs that may induce hyperkalaemia, such as beta
blockers, ACE inhibitors, or angiotensin II receptor antagonists,
the diuretic-induced hypokalaemia may be ameliorated, but not
necessarily corrected completely. Hypokalaemia has been
reported18-20 in patients taking fixed-dose combinations of thi-
azides and beta blockers. 
Potassium supplementation alone may not be sufficient to cor-
rect hypokalaemia in patients who are also deficient in magnesi-
um,21 although it is unlikely to be of clinical significance.22 

Magnesium depletion has also been implicated as a risk factor
for arrhythmias.9,23

1. Materson BJ. Diuretic-associated hypokalemia. Arch Intern
Med 1985; 145: 1966–7. 

2. Kaplan NM, et al. Potassium supplementation in hypertensive
patients with diuretic-induced hypokalemia. N Engl J Med
1985; 312: 746–9. 

3. Kassirer JP, Harrington JT. Fending off the potassium pushers.
N Engl J Med 1985; 312: 785–7. 

4. Siscovick DS, et al. Diuretic therapy for hypertension and the
risk of primary cardiac arrest. N Engl J Med 1994; 330: 1852–7. 

5. Hoes AW, et al. Diuretics, β-blockers, and the risk for sudden
cardiac death in hypertensive patients. Ann Intern Med 1995;
123: 481–7. 

6. Papademetriou V, et al. Diuretic-induced hypokalemia in un-
complicated systemic hypertension: effect of plasma potassium
correction on cardiac arrhythmias. Am J Cardiol 1983; 52:
1017–22. 

7. Papademetriou V, et al. Thiazide therapy is not a cause of ar-
rhythmia in patients with systemic hypertension. Arch Intern
Med 1988; 148: 1272–6. 

8. Harrington JT, et al. Our national obsession with potassium. Am
J Med 1982; 73: 155–9. 

9. Freis ED. Critique of the clinical importance of diuretic-induced
hypokalemia and elevated cholesterol level. Arch Intern Med
1989; 149: 2640–8. 

10. Siegel D, et al. Diuretics, serum and intracellular electrolyte
levels, and ventricular arrhythmias in hypertensive men. JAMA
1992; 267: 1083–9. 

11. Anonymous. Potassium-sparing diuretics—when are they really
needed? Drug Ther Bull 1985; 23: 17–20. 

12. Jackson PR, et al. Relative potency of spironolactone, triam-
terene and potassium chloride in thiazide-induced hypokalae-
mia. Br J Clin Pharmacol 1982; 14: 257–63. 

13. Shenfield GM. Fixed combination drug therapy. Drugs 1982;
23: 462–80. 

14. Papademetriou V, et al. Effectiveness of potassium chloride or
triamterene in thiazide hypokalemia. Arch Intern Med 1985;
145: 1986–90. 

15. Kohvakka A. Maintenance of potassium balance during long-
term diuretic therapy in chronic heart failure patients with thi-
azide-induced hypokalemia: comparison of potassium supple-
mentation with potassium chloride and potassium-sparing
agents, amiloride and triamterene. Int J Clin Pharmacol Ther
Toxicol 1988; 26: 273–7. 

16. Anonymous. Routine use of potassium-sparing diuretics. Drug
Ther Bull 1991; 29: 85–7. 

17. Davidson C, et al. The effects of potassium supplements,
spironolactone or amiloride on the potassium status of patients
with heart failure. Postgrad Med J 1978; 54: 405–9. 

18. Skehan JD, et al. Hypokalaemia induced by a combination of a
beta-blocker and a thiazide. BMJ 1982; 284: 83. 

19. Odugbesan O, et al. Hazards of combined beta-blocker/diuretic
tablets. Lancet 1985; i: 1221–2. 

20. Jacobs L. Hypokalaemia with beta-blocker/thiazide combina-
tions. J R Coll Gen Pract 1986; 36: 39. 

21. Dyckner T. Relation of cardiovascular disease to potassium and
magnesium deficiencies. Am J Cardiol 1990; 65: 44–6. 

22. Papademetriou V. Magnesium depletion and thiazide hypokale-
mia. Arch Intern Med 1986; 146: 1026. 

23. Ryan MP. Diuretics and potassium/magnesium depletion: direc-
tions for treatment. Am J Med 1987; 82 (suppl 3A): 38–47.

SODIUM. Diuretics are a common cause of hyponatraemia.1-5

Dilutional hyponatraemia may occur in patients with heart
failure, but hyponatraemia may also result from sodium
depletion1 or inappropriate antidiuretic hormone secretion.6
Other suggested mechanisms include decreased renal clear-
ance of free water, hypomagnesaemia, and intracellular potas-
sium depletion.3,7 There have been a number of reports sug-
gesting that hyponatraemia may be a particular problem with
combinations of hydrochlorothiazide and potassium-sparing
diuretics,8-10 especially in elderly patients. The effect may be
exacerbated by the relatively high doses of thiazide present in
some fixed-dose preparations.11 The symptoms of hyponat-
raemia may be non-specific and include nausea, lethargy,
weakness, mental confusion, and anorexia,1,2 but it may be an
important cause of morbidity.2,7 Severe sequelae of hyponat-
raemia include tonic-clonic seizures12 and clinical features re-
sembling subarachnoid haemorrhage.13,14 Some patients, es-
pecially the elderly, may be particularly susceptible to the
hyponatraemic effects of thiazides, possibly as a result of
inappropriate secretion of antidiuretic hormone.6 Plasma
electrolyte concentrations should be monitored in patients
taking long-term diuretic therapy.3,12 Measurement of serum-
sodium concentration and body-weight after a single dose of
thiazide could be useful in identifying patients at increased
risk of developing hyponatraemia.7
1. Roberts CJC, et al. Hyponatraemia: adverse effect of diuretic

treatment. BMJ 1977; 1: 210. 
2. Kennedy PGE, et al. Severe hyponatraemia in hospital inpa-

tients. BMJ 1978; 2: 1251–3. 
3. Walters EG, et al. Hyponatraemia associated with diuretics. Br

J Clin Pract 1987; 41: 841–4. 
4. Spital A. Diuretic-induced hyponatremia. Am J Nephrol 1999;

19: 447–52. 
5. Mann SJ. The silent epidemic of thiazide-induced hyponatrem-

ia. J Clin Hypertens (Greenwich) 2008; 10: 477–84. 
6. Sonnenblick M, et al. Thiazide-induced hyponatremia and vaso-

pressin release. Ann Intern Med 1989; 110: 751. 
7. Friedman E, et al. Thiazide-induced hyponatremia: reproduci-

bility by single dose rechallenge and an analysis of pathogene-
sis. Ann Intern Med 1989; 110: 24–30. 

8. Strykers PH, et al. Hyponatremia induced by a combination of
amiloride and hydrochlorothiazide. JAMA 1984; 252: 389. 

9. Roberts CJC, et al. Hyponatraemia induced by a combination of
hydrochlorothiazide and triamterene. BMJ 1984; 288: 1962. 

10. Millson D, et al. Hyponatraemia and Moduretic (amiloride plus
hydrochlorothiazide). BMJ 1984; 289: 1308–9. 

11. Bayer AJ, et al. Plasma electrolytes in elderly patients taking
fixed combination diuretics. Postgrad Med J 1986; 62: 159–62. 

12. Johnston C, et al. Hyponatraemia and Moduretic-grand mal sei-
zures: a review. J R Soc Med 1989; 82: 479–83. 

13. Benfield GFA, et al. Dilutional hyponatraemia masquerading as
subarachnoid haemorrhage in patient on hydrochlorothi-
azide/amiloride/timolol combined drug. Lancet 1986; ii: 341. 

14. Bain PG, et al. Thiazide-induced dilutional hyponatraemia mas-
querading as subarachnoid haemorrhage. Lancet 1986; ii: 634.

Effects on the gallbladder. There is an increased risk of
cholecystitis in patients taking thiazides, with some indication
that risk increases with the duration of use;1,2 some workers con-
cluded that this increased risk was confined to patients with pre-
existing gallstones.2 In a study in 10 healthy subjects,3 hydro-
chlorothiazide was found to induce modest changes in biliary
lipid concentrations although it was not associated with supersat-
uration of the bile. These changes could not wholly explain any
increase in gallbladder disease in patients taking thiazides. How-
ever, evidence is conflicting; other studies4,5 have found no asso-
ciation between thiazides and cholecystitis, except possibly in
women who are not overweight.5
1. Rosenberg L, et al. Thiazides and acute cholecystitis. N Engl J

Med 1980; 303: 546–8. 
2. van der Linden W, et al. Acute cholecystitis and thiazides. BMJ

1984; 289: 654–5. 
3. Angelin B. Effect of thiazide treatment on biliary lipid composi-

tion in healthy volunteers. Eur J Clin Pharmacol 1989; 37: 95–6. 
4. Porter JB, et al. Acute cholecystitis and thiazides. N Engl J Med

1981; 304: 954–5. 
5. Kakar F, et al. Thiazide use and the risk of cholecystectomy in

women. Am J Epidemiol 1986; 124: 428–33.

Effects on glucose metabolism. The adverse effects of thi-
azides on glucose metabolism, such as insulin resistance, im-
paired glucose tolerance, precipitation of overt diabetes, and
worsening of diabetic control, are well established but appear to
be dose-related and may not be significant at lower doses (for
example, hydrochlorothiazide 6.25 or 12.5 mg).1 A study2 in 16
non-diabetic hypertensive patients found that bendroflumethi-
azide, in a dose of 1.25 mg daily, had no effect on insulin sensi-
tivity whereas a daily dose of 5 mg produced hepatic insulin
resistance. Similarly, the high doses, for example bendroflume-
thiazide 5 mg twice daily, used in the Medical Research Council
Study on Mild to Moderate Hypertension3 resulted in an inci-
dence of glucose intolerance that led to withdrawal from the
study of 9.38 per 1000 patient-years in men and 6.01 per 1000
patient-years in women compared with 2.51 and 0.82 per 1000
patient-years respectively in patients taking placebo. A later pro-
spective study4 in non-diabetic hypertensive patients found that
those taking thiazides [doses not specified] were at no greater
risk for developing diabetes than those not receiving antihyper-
tensive therapy. However, a prospective cohort study5 in men
aged between 50 and 60 found that those taking antihypertensive
treatment (mainly thiazides, beta blockers, or both) showed an
increase in blood-glucose concentrations which was an inde-
pendent risk factor for myocardial infarction, even when baseline
insulin resistance was accounted for. Another prospective study6

of 3 cohorts of men or women also found that use of thiazides
was independently associated with a higher risk of diabetes. 
It has been suggested7 that the effect of thiazides on glucose
metabolism is related to their effect on potassium and that control
of hypokalaemia may prevent the development of diabetes, but
this remains to be confirmed.
1. Neutel JM. Metabolic manifestations of low-dose diuretics. Am

J Med 1996; 101 (suppl 3A): 71S–82S. 
2. Harper R, et al. Effects of low dose versus conventional dose

thiazide diuretic on insulin action in essential hypertension. BMJ
1994; 309: 226–30. 

3. Greenburg G. Adverse reactions to bendrofluazide and pro-
pranolol for the treatment of mild hypertension: report of Medi-
cal Research Council Working Party on Mild to Moderate Hy-
pertension. Lancet 1981; ii: 539–43. 

4. Gress TW, et al. Hypertension and antihypertensive therapy as
risk factors for type 2 diabetes mellitus. N Engl J Med 2000; 342:
905–12. 

5. Dunder K, et al. Increase in blood glucose concentration during
antihypertensive treatment as a predictor of myocardial infarc-
tion: population based cohort study. BMJ 2003; 326: 681–4. 

6. Taylor EN, et al. Antihypertensive medications and the risk of
incident type 2 diabetes. Diabetes Care 2006; 29: 1065–70. 

7. Zillich AJ, et al. Thiazide diuretics, potassium, and the develop-
ment of diabetes: a quantitative review. Hypertension 2006; 48:
219–24.

Effects on the kidneys. Thiazides can produce acute renal fail-
ure either from over-enthusiastic use producing sodium deple-
tion and hypovolaemia or, occasionally, as a result of a hypersen-
sitivity reaction.1 Acute interstitial nephritis has been reported.2,3

They can occasionally cause the formation of non-opaque urate
calculi.4
1. Curtis JR. Diseases of the urinary system: drug-induced renal

disorders: I. BMJ 1977; 2: 242–4. 
2. Linton AL, et al. Acute interstitial nephritis due to drugs: review

of the literature with a report of nine cases. Ann Intern Med 1980;
93: 735–41. 

3. Anonymous. Case records of the Massachusetts General Hospi-
tal: case 42-1983. N Engl J Med 1983; 309: 970–8. 

4. Curtis JR. Diseases of the urinary system: drug-induced renal
disorders: II. BMJ 1977; 2: 375–7.

Effects on lipid metabolism. Thiazides have been reported to
adversely affect the plasma-lipid profile in the short term by in-
creasing concentrations of low-density and very-low-density
lipoprotein cholesterol, as well as of triglycerides, but not of
high-density lipoprotein cholesterol.1 These effects are probably
dose-related2 and it has been argued that changes in plasma lipids
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are likely to be slight at the relatively low doses now used in
hypertension. There is some evidence to suggest that these lipid
changes may not persist long-term.3 In the Treatment of Mild
Hypertension Study (TOMHS),4 plasma total cholesterol con-
centrations were increased after 12 months in patients receiving
chlortalidone but this effect was no longer present after 24
months. Although there has been concern that any hyperlipidae-
mic effect might offset the benefits of treating hypertension in
patients at risk of ischaemic heart disease, studies such as
ALLHAT5 have shown that thiazide-like diuretics (in this case
chlortalidone) are as effective as other antihypertensives in re-
ducing the incidence of cardiovascular events in patients with
hypertension and at least one other risk factor for ischaemic heart
disease.
1. Ames R. Effects of diuretic drugs on the lipid profile. Drugs

1988; 36 (suppl 2): 33–40. 
2. Carlsen JE, et al. Relation between dose of bendrofluazide, anti-

hypertensive effect, and adverse biochemical effects. BMJ 1990;
300: 975–8. 

3. Freis ED. Critique of the clinical importance of diuretic-induced
hypokalemia and elevated cholesterol level. Arch Intern Med
1989; 149: 2640–8. 

4. Grimm RH, et al. Long-term effects on plasma lipids of diet and
drugs to treat hypertension. JAMA 1996; 275: 1549–56. 

5. The ALLHAT Officers and Coordinators for the ALLHAT Col-
laborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981–97. Correction. ibid.
2003; 289: 178.

Effects on the nervous system. A 40-year old woman ap-
peared sleepy and confused 1 week after starting hydrochlorothi-
azide.1 Although her plasma-potassium concentrations had fall-
en they were still in the normal range, and it was concluded that
her symptoms were due to an adverse reaction to the drug itself.
1. Daugherty KK, Subramanian J. Cognitive and neurologic im-

pairment with hydrochlorothiazide. Am J Health-Syst Pharm
2005; 62: 2630–3.

Effects on respiratory function. Acute interstitial pneumo-
nitis and acute pulmonary oedema are rare but potentially dan-
gerous complications of thiazides and may be due to a hypersen-
sitivity reaction. Several cases have been reported,1-7 frequently
after a single dose of hydrochlorothiazide or chlorothiazide. The
presenting symptoms could be mistakenly attributed to myocar-
dial infarction.
1. Steinberg AD. Pulmonary edema following ingestion of hydro-

chlorothiazide. JAMA 1968; 204: 167–9. 
2. Beaudry C, Laplante L. Severe allergic pneumonitis from hydro-

chlorothiazide. Ann Intern Med 1973; 78: 251–3. 
3. Parfrey NA, Herlong HF. Pulmonary oedema after hydrochloro-

thiazide. BMJ 1984; 288: 1880. 
4. Watrigant Y, et al. Pneumopathie à l’hydrochlorothiazide d’évo-

lution subaiguë: etude cytologique du lavage broncho-alvéolaire.
Rev Mal Respir 1986; 4: 227–9. 

5. Klein MD. Noncardiogenic pulmonary edema following hydro-
chlorothiazide ingestion. Ann Emerg Med 1987; 16: 901–3. 

6. Bowden FJ. Non-cardiogenic pulmonary oedema after ingestion
of chlorothiazide. BMJ 1989; 298: 605. 

7. Bernal C, Patarca R. Hydrochlorothiazide-induced pulmonary
edema and associated immunologic changes. Ann Pharmacother
1999; 33: 172–4.

Effects on sexual function. Adverse effects on sexual func-
tion have been reported in hypertensive patients given thiazides
and other antihypertensives but it is not clear how much this is
due to the underlying disease and how much is due to the drugs.
In the Treatment of Mild Hypertension Study (TOMHS),1 a dou-
ble-blind randomised controlled trial that allocated patients to
treatment with one of five groups of antihypertensives, the inci-
dence of erectile dysfunction in men was relatively low but was
highest in the diuretic group (chlortalidone treatment). The inci-
dence was significantly higher in chlortalidone recipients than in
placebo recipients at 24 months (17.1 and 8.1% respectively),
but the difference was no longer significant at 48 months (18.3
and 16.7% respectively).
1. Grimm RH, et al. Long-term effects on sexual function of five

antihypertensive drugs and nutritional hygienic treatment in hy-
pertensive men and women: Treatment of Mild Hypertension
Study (TOMHS). Hypertension 1997; 29: 8–14.

Effects on the skin. Rashes and skin reactions have been re-
ported in patients taking thiazides. Photosensitivity reactions are
among the most frequently reported skin reactions. In Australia1

co-amilozide was the preparation most commonly implicated in
photosensitivity reactions in reports to the Australian Drug Reac-
tions Advisory Committee, although this may reflect the high
usage of this preparation. The most likely mechanism is thought
to be phototoxicity1,2 involving mainly UVA radiation although
UVB may be involved in some cases.2 Chronic photosensitivity
does not usually occur after stopping the drug2 although photo-
sensitivity may persist for longer in some patients than in oth-
ers.2,3 Eruptions resembling lichen planus4 and subacute cutane-
ous lupus erythematosus5-7 may be due to photosensitivity
reactions. 
Other reported skin reactions include vasculitis,8,9 erythema mul-
tiforme,9 and pseudoporphyria.10

1. Stone K. Photosensitivity reactions to drugs. Aust J Pharm
1985; 66: 415–18. 

2. Addo HA, et al. Thiazide-induced photosensitivity: a study of
33 subjects. Br J Dermatol 1987; 116: 749–60. 

3. Robinson HN, et al. Thiazide diuretic therapy and chronic pho-
tosensitivity. Arch Dermatol 1985; 121: 522–4. 

4. Graham-Brown R. Lichen planus and lichen-planus-like reac-
tions. Br J Hosp Med 1986; 36: 281–4. 

5. Jones SK, et al. Thiazide diuretic-induced subacute cutaneous
lupus-like syndrome. Br J Dermatol 1985; 113 (suppl 29): 25. 

6. Reed BR, et al. Subacute cutaneous lupus erythematosus asso-
ciated with hydrochlorothiazide therapy. Ann Intern Med 1985;
103: 49–51. 

7. Darken M, McBurney EI. Subacute cutaneous lupus erythema-
tosus-like drug eruption due to combination diuretic hydrochlo-
rothiazide and triamterene. J Am Acad Dermatol 1988; 18:
38–42. 

8. Björnberg A, Gisslén H. Thiazides: a cause of necrotising vas-
culitis? Lancet 1965; ii: 982–3. 

9. Hardwick N, Saxe N. Patterns of dermatology referrals in a gen-
eral hospital. Br J Dermatol 1986; 115: 167–76. 

10. Motley RS. Pseudoporphyria due to Dyazide in a patient with
vitiligo. BMJ 1990; 300: 1468.

Gout. Thiazides have been associated with hyperuricaemia and
gout in some patients. In the Medical Research Council Study on
Mild to Moderate Hypertension,1 a single-blinded trial, men tak-
ing bendroflumethiazide had higher incidences of gout than
those receiving placebo (12.23 and 1.03 per 1000 patient-years,
respectively). The risk appears to be dose-related; in a retrospec-
tive study2 in patients aged 65 or older receiving antihyperten-
sive therapy, there was a significantly increased risk of starting
anti-gout therapy in patients taking the equivalent of 25 mg hy-
drochlorothiazide or more daily, but not in those on lower doses.
1. Greenburg G. Adverse reactions to bendrofluazide and pro-

pranolol for the treatment of mild hypertension: report of Medi-
cal Research Council Working Party on Mild to Moderate Hy-
pertension. Lancet 1981; ii: 539–43. 

2. Gurwitz JH, et al. Thiazide diuretics and the initiation of anti-
gout therapy. J Clin Epidemiol 1997; 50: 953–9.

Withdrawal. For a report of oedema after abrupt withdrawal of
thiazides, see under Precautions, below.

Treatment of Adverse Effects
Hypokalaemia in patients treated with thiazides may
be avoided or treated by use with potassium or a potas-
sium-sparing diuretic (but see the discussion on potas-
sium supplements, under Effects on Electrolyte Bal-
ance in Adverse Effects, above). Hypokalaemia can
also be reduced by moderate sodium restriction. With
the exception of patients with conditions such as hepat-
ic failure or renal disease, chloride deficiency is usually
mild and does not require specific treatment. Apart
from the rare occasions when it is life-threatening, di-
lutional hyponatraemia is best treated with water re-
striction rather than salt therapy; in true hyponatrae-
mia, appropriate replacement is the treatment of choice
(see p.1670). 
In massive overdosage, treatment should be sympto-
matic and directed at fluid and electrolyte replacement.
Use of activated charcoal should be considered if the
patient presents within 1 hour of ingestion.

Precautions
All diuretics produce changes in fluid and electrolyte
balance (see Adverse Effects, above). They should be
used with caution in patients with existing fluid and
electrolyte disturbances or who are at risk from chang-
es in fluid and electrolyte balance, such as the elderly.
They should be avoided in patients with severe hepatic
impairment, in whom encephalopathy may be precipi-
tated. Patients with hepatic cirrhosis are also more like-
ly to develop hypokalaemia. Hyponatraemia may oc-
cur in patients with severe heart failure who are very
oedematous, particularly with large doses of thiazides
and restricted salt intake. All patients should be care-
fully observed for signs of fluid and electrolyte imbal-
ance, especially in the presence of vomiting or during
parenteral fluid therapy. Thiazides should not be given
to patients with Addison’s disease. 
Diuretics should also be given with caution in renal im-
pairment since they can further reduce renal function.
Most thiazides are not effective in patients with a cre-
atinine clearance of less than 30 mL/minute. They
should not be used in patients with severe renal impair-
ment or anuria. 
Thiazides may precipitate attacks of gout in susceptible
patients. They may cause hyperglycaemia and aggra-
vate or unmask diabetes mellitus. Blood-glucose con-
centrations should be monitored in patients taking
antidiabetics, since requirements may change. Thiaz-
ides can reduce urinary excretion of calcium, some-
times resulting in mild hypercalcaemia; they should

not be given to patients with pre-existing hypercalcae-
mia. There is a possibility that thiazides may exacer-
bate or activate systemic lupus erythematosus in sus-
ceptible patients. For a suggestion that thiazides may
increase the risk of developing gallstones, see Effects
on the Gallbladder, above. 
Thiazides cross the placenta and there have been re-
ports of neonatal jaundice, thrombocytopenia, and
electrolyte imbalances after maternal use. Reductions
in maternal blood volume could also adversely affect
placental perfusion. Treatment with large doses can in-
hibit lactation.
Breast feeding. Hydrochlorothiazide has been shown to pass
into breast milk. In a woman taking 50 mg hydrochlorothiazide
daily, peak milk concentrations were found1 5 to 10 hours after a
dose and were about 25% of peak blood concentrations. No drug
could be detected in the infant’s blood, and his serum electro-
lytes, blood glucose, and blood urea nitrogen were normal. The
American Academy of Pediatrics considers2 that hydrochlorothi-
azide is usually compatible with breast feeding.
1. Miller ME, et al. Hydrochlorothiazide disposition in a mother

and her breast-fed infant. J Pediatr 1982; 101: 789–91. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 06/07/04)

Hyperparathyroidism. Hypertension is a complication of pri-
mary hyperparathyroidism but thiazides have often been with-
held for fear of exacerbating hypercalcaemia. However, no dif-
ferences in plasma-calcium concentrations were found in 13
patients given thiazides intermittently for up to 18 months. It was
therefore concluded that thiazides are not contra-indicated in
such patients.1 They should, however, be stopped before parath-
yroid function is tested.
1. Farquhar CW, et al. Failure of thiazide diuretics to increase plas-

ma calcium in mild primary hyperparathyroidism. Postgrad Med
J 1990; 66: 714–16.

Porphyria. Hydrochlorothiazide has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.
Withdrawal. In patients with mild hypertension whose blood
pressure is consistently controlled, reduction in dosage or with-
drawal of antihypertensive drugs may be possible. Serious oede-
ma occurred in 8 patients with controlled hypertension within 2
weeks of abrupt withdrawal of thiazide diuretics.1 Thiazides
were resumed and gradually tapered without recurrence of oede-
ma.
1. Brandspigel K. Diuretic-withdrawal edema. N Engl J Med 1986;

314: 515.

Interactions
Many of the interactions of hydrochlorothiazide and
other thiazides are due to their effects on fluid and elec-
trolyte balance. Diuretic-induced hypokalaemia may
enhance the toxicity of digitalis glycosides and may
also increase the risk of arrhythmias with drugs that
prolong the QT interval, such as astemizole, terfena-
dine, halofantrine, pimozide, and sotalol. Thiazides
may enhance the neuromuscular blocking action of
competitive neuromuscular blockers, such as atracuri-
um, probably by their hypokalaemic effect. The potas-
sium-depleting effect of diuretics may be enhanced by
corticosteroids, corticotropin, beta2 agonists such as
salbutamol, carbenoxolone, amphotericin B, or rebox-
etine. 
Diuretics may enhance the effect of other antihyperten-
sives, particularly the first-dose hypotension that oc-
curs with alpha blockers or ACE inhibitors. Orthostatic
hypotension associated with diuretics may be en-
hanced by alcohol, barbiturates, or opioids. The antihy-
pertensive effects of diuretics may be antagonised by
drugs that cause fluid retention, such as corticosteroids,
NSAIDs, or carbenoxolone; diuretics may enhance the
nephrotoxicity of NSAIDs. Thiazides have been re-
ported to diminish the response to pressor amines, such
as noradrenaline, but the clinical significance of this ef-
fect is uncertain. 
Thiazides should not usually be used with lithium since
the association may lead to toxic blood concentrations
of lithium. Other drugs for which increased toxicity has
been reported when given with thiazides include allo-
purinol and tetracyclines. Thiazides may alter the re-
quirements for hypoglycaemics in diabetic patients.
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Antibacterials. Severe hyponatraemia has been reported in pa-
tients taking trimethoprim with co-amilozide1 and hydrochloro-
thiazide.2
1. Eastell R, Edmonds CJ. Hyponatraemia associated with trimeth-

oprim and a diuretic. BMJ 1984; 289: 1658–9. 
2. Hart TL, et al. Hyponatremia secondary to thiazide-trimetho-

prim interaction. Can J Hosp Pharm 1989; 42: 243–6.

Antiepileptics. There has been a report of symptomatic hy-
ponatraemia associated with the use of hydrochlorothiazide or
furosemide and carbamazepine.1
1. Yassa R, et al. Carbamazepine, diuretics, and hyponatremia: a

possible interaction. J Clin Psychiatry 1987; 48: 281–3.

Bile-acid binding resins. Gastrointestinal absorption of both
chlorothiazide and hydrochlorothiazide has been reported to be
reduced by colestipol and colestyramine.1-3 In a study in healthy
subjects2 colestyramine had the greatest effect on hydrochloro-
thiazide, decreasing absorption by 85% compared with a de-
crease of 43% with colestipol. Even when colestyramine was
given 4 hours after hydrochlorothiazide3 reductions of absorp-
tion of at least 30 to 35% could be expected.
1. Kauffman RE, Azarnoff DL. Effect of colestipol on gastrointes-

tinal absorption of chlorothiazide in man. Clin Pharmacol Ther
1973; 14: 886–90. 

2. Hunninghake DB, et al. The effect of cholestyramine and
colestipol on the absorption of hydrochlorothiazide. Int J Clin
Pharmacol Ther Toxicol 1982; 20: 151–4. 

3. Hunninghake DB, Hibbard DM. Influence of time intervals for
cholestyramine dosing on the absorption of hydrochlorothiazide.
Clin Pharmacol Ther 1986; 39: 329–34.

Calcium salts. The milk-alkali syndrome, characterised by hy-
percalcaemia, metabolic alkalosis, and renal failure, developed
in a patient taking chlorothiazide and moderately large doses of
calcium carbonate.1 Patients taking thiazides may be at increased
risk of developing the syndrome because of their reduced ability
to excrete excess calcium. Hypercalcaemia may also occur in pa-
tients taking thiazides with drugs that increase calcium levels,
such as vitamin D.
1. Gora ML, et al. Milk-alkali syndrome associated with use of

chlorothiazide and calcium carbonate. Clin Pharm 1989; 8:
227–9.

Dopaminergics. For a report of increased amantadine toxicity
associated with hydrochlorothiazide and triamterene, see p.793.
NSAIDs. NSAIDs cause fluid retention and may antagonise the
diuretic actions of thiazides.1
1. Webster J. Interactions of NSAIDs with diuretics and β-blockers:

mechanisms and clinical implications. Drugs 1985; 30: 32–41.

Pharmacokinetics
Hydrochlorothiazide is fairly rapidly absorbed from
the gastrointestinal tract. It is reported to have a bioa-
vailability of about 65 to 70%. It has been estimated to
have a plasma half-life of between about 5 and 15
hours and appears to be preferentially bound to red
blood cells. It is excreted mainly unchanged in the
urine. Hydrochlorothiazide crosses the placental barri-
er and is distributed into breast milk.
◊ References.
1. Beermann B, et al. Absorption, metabolism, and excretion of hy-

drochlorothiazide. Clin Pharmacol Ther 1976: 19: 531–7. 
2. Beermann B, Groschinsky-Grind M. Pharmacokinetics of hydro-

chlorothiazide in man. Eur J Clin Pharmacol 1977; 12:
297–303. 

3. Beermann B, Groschinsky-Grind M. Pharmacokinetics of hydro-
chlorothiazide in patients with congestive heart failure. Br J Clin
Pharmacol 1979: 7: 579–83.

Uses and Administration
Hydrochlorothiazide and the other thiazide diuretics
are used in the treatment of hypertension (p.1171), ei-
ther alone or with other antihypertensives such as ACE
inhibitors and beta blockers. They are also used to treat
oedema associated with heart failure (p.1165) and with
renal and hepatic disorders. Other indications have in-
cluded the treatment of oedema accompanying the pre-
menstrual syndrome (p.2099), the prevention of water
retention associated with corticosteroids and oestro-
gens, the treatment of diabetes insipidus (below), and
the prevention of renal calculus formation in patients
with hypercalciuria (below). 
Thiazides are moderately potent diuretics and exert
their diuretic effect by reducing the reabsorption of
electrolytes from the renal tubules, thereby increasing
the excretion of sodium and chloride ions, and conse-
quently of water. They act mainly at the beginning of
the distal tubules. The excretion of other electrolytes,
notably potassium and magnesium, is also increased.
The excretion of calcium is reduced. They also reduce
carbonic-anhydrase activity so that bicarbonate excre-
tion is increased, but this effect is generally small com-

pared with the effect on chloride excretion and does not
appreciably alter the pH of the urine. They may also
reduce the glomerular filtration rate. 
Their hypotensive effect is probably partly due to a re-
duction in peripheral resistance; they also enhance the
effects of other antihypertensives. Paradoxically, thi-
azides have an antidiuretic effect in patients with dia-
betes insipidus. 
Administration and dosage. Thiazides are usually
given in the morning so that sleep is not interrupted by
diuresis. Diuresis starts in about 2 hours after oral dos-
es of hydrochlorothiazide, reaches a maximum in
about 4 hours, and lasts for 6 to 12 hours. 
The dosage of thiazides should be adjusted to the min-
imum effective dose. In general lower doses are re-
quired for the treatment of hypertension than for oede-
ma, although the maximum therapeutic effect may not
be seen for several weeks. 
They may be given to patients with mild renal impair-
ment, but thiazides are generally not effective at a cre-
atinine clearance of less than 30 mL/minute. 
Hydrochlorothiazide is given orally. 
In the treatment of hypertension an initial dose of
12.5 mg may be sufficient, increasing to 25 to 50 mg
daily if necessary, either alone or with other antihyper-
tensives. Doses of up to 100 mg have been suggested
but are rarely necessary. 
In the treatment of oedema the usual dose is 25 to
100 mg daily, reduced to a dose of 25 to 50 mg daily or
intermittently; in severe cases initial doses of up to
200 mg daily have been suggested, but the more pow-
erful loop diuretics (see Furosemide, p.1292) are pre-
ferred in such patients. 
In the treatment of nephrogenic diabetes insipidus an
initial dose of up to 100 mg daily may be used. 
An initial dose for children has been 1 to 2 mg/kg daily
in single or 2 divided doses. Infants under 6 months
may need doses of up to 3 mg/kg daily. 
For discussion of potassium supplementation in pa-
tients taking thiazide diuretics see Effects on Electro-
lyte Balance, under Adverse Effects, above.
Bronchopulmonary dysplasia. Bronchopulmonary dyspla-
sia (p.1500) is a major cause of chronic lung disease in infants.
Treatment often involves the use of corticosteroids. Additional
supportive therapy has included the use of diuretics such as furo-
semide (p.1294); results with hydrochlorothiazide or spironolac-
tone have been more ambiguous. No beneficial effects on lung
function or oxygenation were found in a study of 12 infants after
1 week of treatment with hydrochlorothiazide and spironolac-
tone.1 However, hydrochlorothiazide and spironolactone therapy
was found to improve total respiratory system compliance with
decreased lung damage and increased survival rate in 34 prema-
ture infants with bronchopulmonary dysplasia after 8 weeks of
therapy.2 In the latter study furosemide was also given if clinical-
ly indicated.
1. Engelhardt B, et al. Effect of spironolactone-hydrochlorothi-

azide on lung function in infants with chronic bronchopulmonary
dysplasia. J Pediatr 1989; 114: 619–24. 

2. Albersheim SG, et al. Randomized, double-blind, controlled trial
of long-term diuretic therapy for bronchopulmonary dysplasia. J
Pediatr 1989; 115: 615–20.

Diabetes insipidus. Thiazide diuretics are used in nephrogenic
diabetes insipidus (p.2179), sometimes with potassium-sparing
diuretics. For instance, hydrochlorothiazide with amiloride was
effective in controlling nephrogenic diabetes insipidus in 5 boys
and compared favourably with treatment with hydrochlorothi-
azide and indometacin.1 Treatment was well tolerated in 4 pa-
tients. Abdominal pain and anorexia necessitated withdrawal of
amiloride in the fifth patient after 6 months. The use of hydro-
chlorothiazide with amiloride avoided the need for potassium
supplements, which were required with hydrochlorothiazide and
indometacin. The use of hydrochlorothiazide with amiloride was
also effective and well tolerated in a group of 4 children with
nephrogenic diabetes insipidus who were treated for up to 5
years.2
1. Knoers N, Monnens LAH. Amiloride-hydrochlorothiazide ver-

sus indomethacin-hydrochlorothiazide in the treatment of neph-
rogenic diabetes insipidus. J Pediatr 1990; 117: 499–502. 

2. Kirchlechner V, et al. Treatment of nephrogenic diabetes insip-
idus with hydrochlorothiazide and amiloride. Arch Dis Child
1999; 80: 548–52.

Hypoparathyroidism. In hypoparathyroidism (p.1087), treat-
ment is usually with oral vitamin D compounds to correct the
hypocalcaemia. Thiazides may be useful in some patients. Ben-
eficial effects on serum-calcium concentrations in patients with

hypoparathyroidism have been reported after chlortalidone plus
dietary salt restriction,1 and with bendroflumethiazide.2 Howev-
er, chlortalidone has not been found to be effective in all pa-
tients,3 and the reduction in urinary calcium excretion by thiaz-
ides has been shown to be diminished in patients with
hypoparathyroidism,4 suggesting that this effect may be depend-
ent on the presence of active parathyroid hormone. Care should
be taken when giving diuretics to hypoparathyroid patients with
co-existing adrenal insufficiency3 or metabolic alkalosis.5
1. Porter RH, et al. Treatment of hypoparathyroid patients with

chlorthalidone. N Engl J Med 1978; 298: 577–81. 
2. Newman GH, et al. Effect of bendrofluazide on calcium reab-

sorption in hypoparathyroidism. Eur J Clin Pharmacol 1984; 27:
41–6. 

3. Gertner JM, Genel M. Chlorthalidone for hypoparathyroidism. N
Engl J Med 1978; 298: 1478. 

4. Middler S, et al. Thiazide diuretics and calcium metabolism. Me-
tabolism 1973; 22: 139–45. 

5. Barzel US. Chlorthalidone for hypoparathyroidism. N Engl J
Med 1978; 289: 1478.

Ménière’s disease. In Ménière’s disease (p.564) there is an ex-
cess of endolymph fluid in the ear and diuretics such as hydro-
chlorothiazide have been used in attempts to relieve symptoms
by reducing the amount of fluid.
Osteoporosis. Although some epidemiological studies have
indicated beneficial effects of thiazides on bone (reduced rates of
bone loss1 and a reduced risk of hip fracture2-5) a comprehensive
analysis involving 9704 women over the age of 65 years6

showed only a small effect on bone mass, no effect on the risk for
falls, and no overall protective effect against fractures. A further
prospective study7 reported a reduction in forearm fracture, but
hip fracture was only reduced in postmenopausal women. Ran-
domised, controlled studies8,9 have confirmed that hydrochloro-
thiazide reduces bone loss, but again the effects were small.
Thus, thiazides have no established role in the prevention or
treatment of osteoporosis (p.1084). They might, however, be
useful  to reduce hypercalciuria in patients  taking
glucocorticoids10 but serum-potassium concentrations should be
monitored closely.
1. Wasnich R, et al. Effect of thiazide on rates of bone mineral

loss: a longitudinal study. BMJ 1990; 301: 1303–5. Correction.
ibid. 1991; 302: 218. 

2. Ray WA, et al. Long-term use of thiazide diuretics and risk of
hip fracture. Lancet 1989; i: 687–90. 

3. LaCroix AZ, et al. Thiazide diuretic agents and the incidence of
hip fracture. N Engl J Med 1990; 322: 286–90. 

4. Felson DT, et al. Thiazide diuretics and the risk of hip fracture:
results from the Framingham Study. JAMA 1991; 265: 370–3. 

5. Schoofs MWCJ, et al. Thiazide diuretics and the risk for hip
fracture. Ann Intern Med 2003; 139: 476–82. 

6. Cauley JA, et al. Effects of thiazide diuretic therapy on bone
mass, fractures, and falls. Ann Intern Med 1993; 118: 666–73. 

7. Feskanich D, et al. A prospective study of thiazide use and frac-
tures in women. Osteoporosis Int 1997; 7: 79–84. 

8. Reid IR, et al. Hydrochlorothiazide reduces loss of cortical bone
in normal postmenopausal women: a randomized controlled tri-
al. Am J Med 2000; 109: 362–70. 

9. LaCroix AZ, et al. Low-dose hydrochlorothiazide and preserva-
tion of bone mineral density in older adults: a randomized, dou-
ble-blind, placebo-controlled trial. Ann Intern Med 2000; 133:
516–26. 

10. Lukert BP, Raisz LG. Glucocorticoid-induced osteoporosis:
pathogenesis and management. Ann Intern Med 1990; 112:
352–64.

Renal calculi. A thiazide diuretic may be given to prevent the
recurrence of calcium-containing renal calculi (p.2181) in pa-
tients with hypercalciuria.1,2

1. Pearle MS, et al. Meta-analysis of randomized trials for medical
prevention of calcium oxalate nephrolithiasis. J Endourol 1999;
13: 679–85. 

2. Tiselius H-G, et al. European Association of Urology. Guidelines
on urolithiasis (issued March 2008). Available at: http://
www.uroweb.org/fileadmin/count.php?f=fileadmin%2Ftx_
eauguidelines%2FUrolithiasis.pdf (accessed 24/07/08)

Preparations
BP 2008: Co-amilozide Oral Solution; Co-amilozide Tablets; Co-triamter-
zide Tablets; Hydrochlorothiazide Tablets; 
USP 31: Amiloride Hydrochloride and Hydrochlorothiazide Tablets; Biso-
prolol Fumarate and Hydrochlorothiazide Tablets; Captopril and Hydro-
chlorothiazide Tablets; Enalapril Maleate and Hydrochlorothiazide Tablets;
Fosinopril Sodium and Hydrochlorothiazide Tablets; Hydrochlorothiazide
Tablets; Irbesartan and Hydrochlorothiazide Tablets; Methyldopa and Hy-
drochlorothiazide Tablets; Metoprolol Tartrate and Hydrochlorothiazide
Tablets; Propranolol Hydrochloride and Hydrochlorothiazide Extended-re-
lease Capsules; Propranolol Hydrochloride and Hydrochlorothiazide Tab-
lets; Reserpine and Hydrochlorothiazide Tablets; Reserpine, Hydralazine
Hydrochloride, and Hydrochlorothiazide Tablets; Spironolactone and Hy-
drochlorothiazide Tablets; Timolol Maleate and Hydrochlorothiazide Tab-
lets; Triamterene and Hydrochlorothiazide Capsules; Triamterene and Hy-
drochlorothiazide Tablets; Valsartan and Hydrochlorothiazide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Diural; Diurex; Tandiur; Austral.: Dichlotride†; Dithiazide; Austria:
Esidrex; Braz.: Clorana; Clorizin; Diurepina; Diuretic†; Diuretil; Diurezin;
Drenol; Hidroclorana†; Hidroclorozil; Hidrofall†; Hidrolan; Hidromed; Mic-
trin†; Neo Hidroclor ; Canad.: Apo-Hydro; HydroDiuril†; Novo-Hy-
drazide; Chile: Hidroronol; Denm.: Dichlotride†; Fin.: Hydrex; Fr.: Esid-
rex; Ger.: Disalunil; diu-melusin; Esidrix; HCT; HCT-Beta; HCT-gamma;
HCT-ISIS; HCTad; Hong Kong: Hydrozide; Hung.: Hypothiazid; India:
Aquazide; BPzide; Esidrex†; Hydrazide; Selopres; Indon.: HCT; Lodoz; Is-
rael: Disothiazide; Ital.: Esidrex; Malaysia: Apo-Hydro; Dichlotride†; Hy-
drozide; Mex.: Rofucal; Norw.: Esidrex; Pol.: Disalunil†; Port.: Dichlot-
ride†; Rus.: Hypothiazid (Гипотиазид); S.Afr.: Hexazide; Ridaq;
Singapore: Apo-Hydro; Di-Ertride†; Hydrozide; Spain: Acuretic; Esidrex;
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Hidrosaluretil; Swed.: Esidrex; Switz.: Esidrex; Thai.: Dichlotride; Diuret-
P†; Hychlozide; Hydrozide; USA: Esidrix†; HydroDiuril; Microzide; Mictrin;
Oretic†; Venez.: Di-Eudrin.

Multi-ingredient: Arg.: Accuretic; Adana Plus; Aldazida; Amiloclor†; At-
acand-D; Avapro HCT; Carvedil D; Co-Renitec; CoAprovel; Corbis D; Co-
zaarex D; Dacten D; Defluin Plus; Diovan D; Diovan Triple; Diubeloc†; Diur
Pot; Diurex A; Fabotensil D; Fensartan D; Gadopril D; Gliosartan Plus; Gli-
otenzide; Hidrenox A; Kinfil D; Klosartan D; Loctenk D; Loplac-D; Losacor
D; Lotrial D; Maxen D; Micardis Plus; Moducren†; Moduretic; Niten D; Nor-
matensil†; Paxon-D; Plenacor D; Prenomod†; Presi Regul D; Presinor D;
Propayerst Plus†; Ren-Ur; Simultan D; Tacardia D; Tencas D; Tenopres D†;
Tensopril D; Tiadyl Plus; Tritace-HCT; Vapresan Diur; Vericordin Compues-
to; Zestoretic; Ziac; Austral.: Accuretic; Amizide; Atacand Plus; Avapro
HCT; Hydrene; Karvezide; Micardis Plus; Moduretic; Monoplus; Olmetec
Plus; Renitec Plus; Teveten Plus; Austria: Accuzide; Acecomb; Acelisino
comp; Aceplus; Aldoretic; Amiloral/HCT; Amiloretik; Amilorid comp; Ami-
lostad HCT; Atacand Plus; Beloc comp; Bisocombin; Bisoprolol comp; Biso-
prolol-HCT; Bisostad plus; Blopress Plus; Capozide; Captohexal Comp;
Captopril Compositum; Captopril-HCT; Co-Acetan; Co-Angiosan; Co-
Captopril; Co-Captotyrol†; Co-Dilatrend; Co-Diovan; Co-Enac; Co-Enal-
april; Co-Enaran; Co-Enatyrol†; Co-Hypomed; Co-Lisinostad; Co-Mepril;
Co-Renitec; Concor Plus; Confit; Corenistad; Cosaar Plus; Darbalan Plus;
Deverol mit Thiazid; Dilaplus; Dytide H; Enacostad†; Enalapril Comp; Enal-
april/HCT; Fempress Plus; Fosicomb; Hypren plus; Inhibace Plus; Lannapril
plus; Lanuretic; Lisihexal comb; Lisinocomp; Lisinopril comp; Loradur; Me-
toprolol compositum; MicardisPlus; Moducrin; Moduretic; Nanalan Plus;
Ramicomp; Ramipharm comb; Renitec Plus; Rivacor Plus; Salodiur; Seloken
retard Plus; Supracid; Synerpril; Teveten Plus; Triamteren comp; Triastad
HCT; Triloc; Trioral/HCT; Tritazide; Valsartan/HCTZ†; Zestoretic; Belg.:
Accuretic; Atacand Plus; Belidral†; Co-Amiloride; Co-Bisoprolol; Co-Dio-
vane; Co-Enalapril; Co-Inhibace; Co-Lisinopril; Co-Quinapril; Co-Renitec;
CoAprovel; Cozaar Plus; Docspirochlor ; Dytenzide; Emcoretic; Foside†;
Kalten†; Kinzalkomb; Lodoz; Loortan Plus; Maxsoten; Merck-Co-Bisoprolol;
Merck-Co-Lisinopril; Micardis Plus; Moduretic; Novazyd†; Olmetec Plus;
Sectrazide; Selozide; Teveten Plus; Tritazide; Zestoretic; Zok-Zid; Braz.:
Adelfan-Esidrex†; Aldazida; Amiretic; Aprozide; Aradois H; Atacand HCT;
Atens H; Benicar HCT; Biconcor; Capox H; Captotec + HCT†; Co-Enalil;
Co-Enaprotec†; Co-Pressoless; Co-Pressotec; Co-Renitec; Corus H; Co-
tareg†; Diovan HCT; Diurezin-A; Duopril; Ecator H; Enatec F†; Eupressin H;
Gliotenzide; Hidropril; Hydromet; Hyzaar; Iguassina; Lisinoretic†; Lisoclor;
Lisonotec†; Lonipril-H; Lopril; Lorsar + HCT†; Lotensin H; Malena HCT;
Micardis HCT; Moduretic; Monoplus; Naprix D; Neopress; Olmetec HCT;
Polol-H; Prinzide; Pritor HCT; Pryltec-H; Selopress; Tenadren; Torlos H; Tri-
atec D; Vascase Plus; Vasopril Plus; Zestoretic; Canad.: Accuretic; Al-
dactazide; Apo-Amilzide; Apo-Methazide; Apo-Triazide; Atacand Plus; Av-
alide; Diovan HCT; Gen-Amilazide; Hyzaar; Inhibace Plus; Micardis Plus;
Moduret; Novamilor; Novo-Spirozine; Novo-Triamzide; Nu-Amilzide; Nu-
Triazide; PMS-Dopazide; Prinzide; Teveten Plus; Timolide†; Vaseretic; Viska-
zide; Zestoretic; Chile: Accuretic; Acerdil-D; Aratan D; Bajaten D; Bilaten-
D; Blopress D; Blox-D; CoAprovel; Corodin D; Drinamil; Enalten D; Enalten
DN; Esalfon-D; Grifopril-D; Hidroronol T; Hiperson-D; Hipoartel H†;
Hyzaar; Inhibace Plus; Losapres-D; Lotrial D; Micardis Plus; Monopril Plus;
Normaten; Normaten Plus; Sanipresin-D; Simperten-D; Tareg-D; Tonoten-
sil D; Uren; Valaplex-D; Vartalan D; Zestoretic†; Ziac; Cz.: Accuzide; Ami-
lorid/HCT; Amprilan H; Apo-Amilzide; Atacand Plus; Captohexal Comp†;
Co-Diovan; CoAprovel; Concor Plus†; Enap-H; Enap-HL; Foprin Plus H;
Giovax plus H; Hartil-H; Hyzaar†; Inhibace Plus; Karvezide; Kinzalkomb;
Limorid†; Lipribela plus H; Lodoz; Loradur; Lorista H; Losaratio Plus H;
Lozap H; Medoram plus H; MicardisPlus; Miril plus H; Moduretic; No-
pretens Plus H; Olmetec Plus H; PritorPlus; Ramil H; Ramixa Plus H; Rhe-
fluin; Sarten Plus H; Stadapress; Tebis Plus H; Teveten Plus H; Tritazide;
Denm.: Amilco; AtacandZid; Atazid; Capozid; Co-Renitec†; CoAprovel;
Corodil Comp; Cozaar Comp; Diovan Comp; Enacozid; Fortzaar; Kinzal-
komb†; Lisinoplus; MicardisPlus; Moduretic†; Sparkal; Synerpril; Teveten
Comp; Triatec Comp; Vivazid†; Zestoretic; Zok-Zid; Fin.: Accupro Comp;
Acercomp†; Amitrid; Atacand Plus; Bisoprolol Comp; Cardace Comp; Co-
zaar Comp; Diovan Comp; Diuramin; Diurex; Emconcor Comp; Enalapril
Comp; Enaloc Comp†; Kinzalkomb; Linatil Comp; Lisipril Comp; Micardis-
Plus; Miloride; Moduretic; Orloc Comp; Renitec Comp; Renitec Plus; Selo-
comp ZOC; Sparkal; Teveten Comp; Vivatec Comp; Fr.: Acuilix; Alteisduo;
Briazide; Captea; Cibadrex; Co-Renitec; CoAprovel; Cokenzen; Coolme-
tec; Cotareg; Coteveten; Cotriatec; Ecazide; Fortzaar; Foziretic; Hytacand;
Hyzaar; Koretic; Lodoz; MicardisPlus; Moducren; Moduretic; Nisisco; Pres-
tole; Prinzide; PritorPlus; Wytens; Zestoretic; Zofenilduo; Ger.: Accuzide;
ACE-Hemmer comp; Acenorm HCT†; Acercomp; Adelphan-Esidrix†;
Adocomp; Amilocomp beta; Amiloretik; Amilorid comp; Amilorid/HCT;
Amilozid†; Aquaretic†; Atacand Plus; Azumetop HCT†; Barotonal†; Beloc-
Zok comp; Benalapril Plus; Benazeplus; Benazepril comp; Benazepril HCT;
Beta-Turfa; Biso comp; Biso-Puren comp; Bisobeta comp; Bisohexal plus;
BisoLich comp; Bisomerck Plus; Bisoplus; Bisoprolol Comp; Bisoprolol HCT;
Bisoprolol Plus; Blopress Plus; Capozide; Capto Comp; Capto Plus; Capto-
beta Comp; Captodoc Comp; Captogamma HCT; Captohexal Comp;
Captopril Comp; Captopril HCT; Captopril Plus; Cardiagen HCT; Ci-
badrex; Co-Diovan; CoAprovel; Concor Plus; Cordinate plus; Coric Plus;
Corindocomb†; Corvo HCT; Delix Plus; Disalpin†; Diu Venostasin; Diure-
tikum Verla; Diursan; Diutensat comp†; Diutensat†; Dociteren; duradiuret†;
durarese†; Dynacil comp; Dynorm Plus; Dytide H; Emestar plus; Enabeta
comp; Enadura Plus; Enahexal comp; Enala-Q comp; Enalagamma HCT;
Enalapril Comp; Enalapril HCT; Enalapril plus; Enalapril-saar Plus; EnaLich
comp; Enaplus; Esimil†; Fempress Plus; Fondril HCT; Fortzaar; Fosinorm
comp; Haemiton compositum†; Isoptin plus; Jenateren comp†; Jutacor
comp; Karvezide; Kinzalkomb; Lisi-Puren comp; Lisibeta comp; Lisigamma
HCT; LisiLich comp; Lisinopril comp; Lisinopril HCT; Lisiplus; Lisodura plus;
Lorzaar plus; Meprolol Comp; Meto comp†; Meto-Isis comp†; meto-thi-
azid†; Metobeta comp; Metodura comp; Metohexal comp; Metoprolol
comp; Metostad Comp; MicardisPlus; Moducrin; Moduretik; Nephral; Olm-
etec Plus; Pres plus; Propra comp; Provas comp; QuinaLich comp; Quina-
plus; Quinapril comp; Rami-Q comp; Ramicard Plus; Ramigamma HCT; Ra-
miLich comp; Ramiplus; Ramipril comp; Ramipril HCT; Ramipril HCTad;
Ramipril Plus; Renacor; Risicordin†; Sali-Puren†; Spironothiazid; Tensobon
comp; Teveten Plus; Thiazid-comp; Treloc; Tri-Thiazid; Tri-Thiazid Reser-
pin†; Triampur Compositum; Triamteren comp; Triamteren HCT; Triamter-
en tri-comp; Triamteren-H†; Triarese; triazid†; Triniton; Turfa; Veratide; Ves-
dil plus; Votum Plus; Gr.: Accuretic; Anastol; Atacand Plus; Bumeftyl;
Captopress; Captospes+H; Cibadrex; Co-Dalzad; Co-Diovan; Co-Renitec;
CoAprovel; Coredopril; Dosturel; Ekzevit†; Empirol; Fetylan; Fozide; Hy-
dromet†; Hyzaar; Iperton; Ividol; Karvezide; Kifarol; Micardis Plus; Modinex-
il†; Moduretic; Monoplus†; Nolarmin; Normolose-H; Olartan Plus; Olme-
tec Plus; Penopril; Pentatec; Piesital; Prinzide; Pritor Plus; Protal complex;
Quimea; Return; Sancazid; Savosan; Sedapressin; Siberian; Stibenyl HCT;
Superace; Teveten Plus; Tiaden; Triatec Plus; Uresan; Vascase Plus; Z-Bec
Plus; Zestoretic; Zidepril; Zofepril Plus; Zopranol Plus; Hong Kong: Adel-
phane-Esidrex; Amilco†; Amithiazide; Apo-Amilzide; Apo-Triazide; Aprovel
HCT†; Betaloc Comp; Blopress Plus; Co-Diovan; Co-Renitec; CoAprovel;
CP-Metolol Co; Dyazide; Hyzaar; Lodoz; Micardis Plus; Moducren; Mo-

duretic; Sefaretic; Teveten Plus; Triam-Co†; Zestoretic; Hung.: Accuzide;
Acepril PlusZ; Amilorid Comp; Amilozid-B; Amprilan HD; Amprilan HL;
Atacand Plus; Co-Enalapril; Co-Renitec; CoAprovel; Concor Plus; Diovan
HCT; Duopril; Ednyt HCT; Ednyt Plus; Enalapril Hexal Plus; Enalapril-HCT;
Enap-HL; Hartil HCT; Hyzaar; Inhibace Plus; Lodoz; Lotensin HCT; Mer-
amyl HCT; MicardisPlus; PritorPlus; Ramace Plusz; Ramiwin HCT; Renapril
Plus; Renitec Plus; Tritace-HCT; Varexan HCT; India: Adelphane-Esidrex;
Alsartan-H; Arkamin-H; Beptazine-H; Biduret; Ciplar-H; Cipril-H; Covance-
D; EnAce-D; Hipres-D; Invozide; Lisoril-5HT; Lodoz; Losacar-H; Metolar-H;
Ramcor H; Ramipres H; Telma-H†; Telpres-H; Xarb-H; Zaart-H; Indon.:
Blopress Plus; Capozide; Co-Diovan; CoAprovel; Dellasidrex; Irtan Plus;
Lorinid; Micardis Plus; Sectrazide; Ser-Ap-Es; Tenazide; Zestoretic; Irl.: Ac-
curetic; Amilco†; Atacand Plus; Capozide; Captor-HCT; Carace Plus; Co-
Betaloc; Co-Diovan; CoAprovel; Cozaar Comp; Dyazide; Half Capozide;
Innozide; Lispril-hydrochlorothiazide; MicardisPlus; Moducren; Moduret; Te-
veten Plus; Zesger Plus; Zestoretic; Israel: Atacand Plus; Co-Diovan; Irban
Plus†; Kaluril; Naprizide; Ocsaar Plus; Tritace Comp; Vascace Plus; Vasopril
Plus†; Ital.: Accuretic; Acediur; Aceplus; Acequide; Acesistem; Aldactazide;
Bifrizide; Blopresid; Cibadrex; CoAprovel; Combisartan; Condiuren; Corixil;
Cotareg; Elidiur ; Enulid; Femipres Plus; Forzaar ; Fosicombi; Gentipress;
Hizaar; Idroquark; Inibace Plus; Initiss Plus; Karvezide; Lodoz; Losazid; Me-
dozide; Micardis Plus; Moduretic; Nalapres; Neo-Lotan Plus; Neoprex; Prin-
zide; PritorPlus; Quinazide; Ratacand Plus; Selozide†; Sinertec; Spiridazide;
Tensadiur ; Tensozide; Triatec HCT; Uniprildiur ; Vasoretic; Zantipride;
Zestoretic; Zinadiur ; Zoprazide; Malaysia: Ami-Hydrotride; Amizide;
Apo-Amilzide; Apo-Triazide†; Atacand Plus; Co-Diovan; CoAprovel; Fort-
zaar; Hyzaar; Micardis Plus; Moduretic; Olmetec Plus; Mex.: Atacand Plus;
Avalide; Biconcor; Blopress Plus; Capozide; Co-Captral; Co-Diovan; Co-
Renitec; CoAprovel; Dyazide; Gliotenzide; Hyzaar; Micardis Plus; Moduret-
ic; Predxal Plus; Prinzide; Selopres; Tritazide; Zestoretic; Neth.: Acuzide;
Atacand Plus; Blopresid; Capozide†; Cibadrex; Co-Diovan; Co-Renitec; Co-
Aprovel; Cotareg; Cozaar Plus; Delitab-HCT; Diurace; Dytenzide; Emcoret-
ic; Enacostad†; Fortzaar; Hyzaar ; Karvezide; Kinzalkomb; Lisidigal HCT;
Losazid; Micardis Plus; Moduretic; Novazyd; Prilitab-HCT; Prilitaril-HCT; Pri-
torPlus; Ramitab-HCT; Rataril-HCT; Renitec Plus; Secadrex†; Selokomb;
Teveten Plus; Tritazide; Zestoretic; Norw.: Atacand Plus; CoAprovel; Coz-
aar Comp; Diovan Comp; Enalapril Comp; Lodoz; MicardisPlus; Moduretic;
Normorix; Renitec Comp; Teveten Comp; Vivatec Comp; Zestoretic; NZ:
Accuretic; Amizide; Capozide; Co-Renitec; Hyzaar; Inhibace Plus; Karvez-
ide; Triamizide; Philipp.: Accuzide; Betazide; Blopress Plus; Co-Diovan; Co-
Renitec; CoAprovel; Combizar; Hyzaar; Micardis Plus; Norplus; PritorPlus;
Teveten Plus; Uniretic; Vascace Plus; Vascoride; Zestoretic; Ziac; Pol.: Ac-
cuzide; Co-Diovan; Enap H; Enap HL; Hyzaar; Inhibace Plus; Lorista H; Lo-
tensin HCT; Micardis Plus; Pritor Plus; Ramicor Comb; Tialorid; Port.: Acu-
retic; Aldoretic†; Amiloride Composto†; Blopress 16 mg + 12,5 mg;
Blopress Comp; Chibretico†; Co-Diovan; Co-Tareg; CoAprovel; Concor
Plus; Cozaar Plus; Diurene; Dyazide; Ecamais; Enatia; Fortzaar; Fositen Plus;
Hytacand; Inibace Plus; Karvezide; Kinzalkomb; Laprilen; Lisoplus; Lopiretic;
Lortaan Plus; Medinor; Micardis Plus; Moducren†; Moduretic; Neodur;
Normotil†; Norpramin; Olsar Plus; Ondolen; Prinzide; PritorPlus; Ramicor
D; Renidur; Renipril Plus; Siaara; Tensival; Teveten Plus; Tiazinol; Triam Tiaz-
ida R; Triatec Composto; Vascase Plus; Zestoretic; Zofenil Plus; Rus.: Adel-
phane-Esidrex (Адельфан-эзидрекс); Apo-Triazide (Апо-триазид); Ca-
pozide (Капозид); Co-Diovan (Ко-Диован); Co-Renitec (Ко-Ренитек);
Enap-H (Энап H); Enap-HL (Энап-НЛ); Fosicard H (Фозикард Н); Fozide
(Фозид); Hyzaar (Гизаар); Iruzid (Ирузид); Lisoretic (Лизоретик); Lozap
Plus (Лозап Плюс); MicardisPlus (МикардисПлюс); Moex Plus (Моэкс
Плюс); Renipril HT (Рениприл ГТ); Sinorezid (Синорезид); Teveten Plus
(Теветен Плюс); Triam-Co (Триам-ко); Triampur Compositum
(Триампур Композитум); Triresid K (Трирезид К); S.Afr.: Accuretic;
Adco-Retic; Amiloretic; Atacand Plus; Betaretic; Capozide; Captoretic; Ci-
badrex; Co-Diovan; Co-Micardis; Co-Renitec; CoAprovel; Cozaar Comp;
Dyazide; Enap-Co; Fortzaar; Hexaretic; Inhibace Plus; Lisoretic; Moducren;
Moduretic; Monozide; Pharmapress Co; Renezide; Servatrin; Sotazide; Ur-
irex-K; Zapto Co; Zestoretic; Zetomax Co; Ziak; Singapore: Apo-Amilz-
ide; Apo-Triazide; Atacand Plus; Co-Diovan; Co-Renitec; CoAprovel; Enap-
HL; Gliotenzide; Hyzaar; Lodoz; Micardis Plus; Olmetec Plus; Spain: Ace-
diur; Acetensil Plus; Adelfan-Esidrex†; Alopresin Diu†; Ameride; Atacand
Plus; Baripril Diu; Bicetil; Bitensil Diu; Cesplon Plus; Cibadrex; Co-Diovan;
Co-Renitec; Co-Vals; CoAprovel; Cozaar Plus; Crinoretic; Dabonal Plus;
Decresco†; Dilabar Diu; Ditenside; Diuzine; Doneka Plus; Ecadiu; Ecazide;
Emcoretic; Fortzaar; Fositens Plus; Futuran Plus; Hiperlex Plus; Hipoartel
Plus; Inhibace Plus; Inocar Plus; Iricil Plus; Kalpress Plus; Kalten; Karvezide;
Labodrex; Lidaltrin Diu; Micardis Plus; Miscidon†; Miten Plus; Navixen Plus;
Neotensin Diu; Parapres Plus; Pressitan Plus; Prinivil Plus; Pritor Plus; Regu-
laten Plus; Renitecmax; Rulun; Secadrex†; Secubar Diu; Selopresin†; Ten-
sikey Complex; Tensiocomplet; Tenso Stop Plus; Tevetens Plus; Zestoretic;
Swed.: Accupro Comp; Amiloferm; Atacand Plus; CoAprovel; Cozaar
Comp; Diovan Comp; Enalapril Comp; Inhibace comp; Kinzalkomb†; Linatil
Comp; Micardis Plus; Moduretic; Monopril comp†; Normorix; Renitec
Comp; Sparkal; Synerpril; Teveten Comp; Triatec Comp; Zestoretic; Switz.:
Accuretic; Adelphan-Esidrex; Agorex†; Amilo-basan†; Amiloride/HCTZ;
Atacand Plus; Betadiur†; Blopress Plus; Capozide; Captosol comp; Ci-
badrex; Co-Acepril; Co-Amilorid†; Co-Diovan; Co-Enalapril; Co-Enatec;
Co-Epril; Co-Lisinopril; Co-Reniten; Co-Vasocor; CoAprovel; Comilorid;
Concor Plus; Corpriretic; Cosaar Plus; Dyazide; Ecodurex; Elpradil HCT;
Epril Plus; Escoretic; Fosicomp; Grodurex; Inhibace Plus; Kalten; Kinzalplus;
Lisitril comp; Lisopril plus; Lodoz; MicardisPlus; Moducren; Moduretic; Olm-
etec Plus; Prinzide; Provas comp; Provas maxx; Reniten Plus; Rhefluin; t/h-
basan; Tensobon comp; Teveten Plus; Tobicor Plus; Triatec Comp; Votum
Plus; Zestoretic; Thai.: Aprovel HCT†; Bilduretic; Blopress Plus; Co-Dio-
van; CoAprovel; Dazid†; Dinazide; Dyazide; Dyterene†; Fortzaar; Hydrares;
Hydrozide Plus; Hyperretic; Hypery†; Hyzaar; Lodoz; Mano-Ap-Es; Mede-
serpine Co†; Micardis Plus; Miduret†; Milorex†; Miretic; Modulan†; Mo-
duretic; Monoplus; Moure-M; Poli-Uretic; Renase; Reser; Sefaretic; Ser-Ap-
Es; Turk.: Accuzide; Adelphan-Esidrex; Aldactazide; Atacand Plus; Ci-
badrex; Co-Diovan; Delix Plus; Eklips Plus; Hyzaar; Inhibace Plus; Karvezide;
Konveril Plus; Micardis Plus; Moduretic; Monopril Plus; Pritor Plus; Rilace
Plus; Sinoretik; Triamteril; Zestoretic; UK: Accuretic; Acezide; Amil-Co; Ca-
pozide; Capto-Co; Carace Plus; Caralpha; Co-Betaloc†; Co-Diovan; Co-
Aprovel; Cozaar Comp; Dyazide; Innozide; Kalten; Lisicostad; MicardisPlus;
Moducren†; Moduret; Moduretic; Olmetec Plus; Secadrex†; Triamaxco†;
Triamco; Zestoretic; USA: Accuretic; Aldactazide; Aldoril†; Apresazide†;
Atacand HCT; Avalide; Benicar HCT; Candepressin Plus; Capozide; Diovan
HCT; Dyazide; Esimil; Hydra-zide; Hydrap-ES†; Hydro-Serp†; Hydropres;
Hydroserpine†; Hyzaar; Inderide†; Lopressor HCT; Lotensin HCT; Mar-
pres; Maxzide; Micardis HCT; Moduretic; Monopril-HCT; Prinzide; Quina-
retic; Ser-Ap-Es†; Teveten HCT; Timolide; Tri-Hydroserpine†; Uniretic;
Vaseretic; Zestoretic; Ziac; Venez.: Accuretic; Aldactazida; Altace Plus; At-
acand Plus; Biconcor; Blopress Plus; Capozide; Cartazid†; Co-Renitec; Co-
Aprovel; Cormatic; Diovan HCT; Hyzaar Plus; Lisiletic; Micardis Plus; Mo-
duretic; Monopril Plus; Nefrotal H; Priretic†; Pritor Plus; Quinaretic;
Reminalet; Vasaten HCT; Ziac.

Hydroflumethiazide (BAN, rINN) ⊗ 
Hidroflumetiazida; Hydrofluméthiazide; Hydroflumethiazidum;
Hydroflumetiatsidi; Hydroflumetiazid; Trifluoromethylhydrothi-
azide. 3,4-Dihydro-6-trifluoromethyl-2H-1,2,4-benzothiadiazine-
7-sulphonamide 1,1-dioxide.

Гидрофлуметиазид
C8H8F3N3O4S2 = 331.3.
CAS — 135-09-1.
ATC — C03AA02.
ATC Vet — QC03AA02.

NOTE. Compounded preparations of hydroflumethiazide may be
represented by the following names: 
• Co-flumactone (BAN)—hydroflumethiazide and spironolac-

tone in equal parts (w/w).
Pharmacopoeias. In Br. and US. 
BP 2008 (Hydroflumethiazide). White or almost white, odour-
less or almost odourless, glistening crystals or crystalline pow-
der. Practically insoluble in water; soluble in alcohol; practically
insoluble in chloroform and in ether. 
USP 31 (Hydroflumethiazide). A white to cream-coloured,
odourless, finely divided crystalline powder. Very slightly solu-
ble in water and in chloroform; soluble 1 in 39 of alcohol and 1
in 2500 of ether; freely soluble in acetone. A 1% dispersion in
water has a pH of 4.5 to 7.5. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307.

Interactions
As for Hydrochlorothiazide, p.1309.

Pharmacokinetics
Hydroflumethiazide is incompletely but fairly rapidly
absorbed from the gastrointestinal tract. It is reported to
have a beta-phase biological half-life of about 17 hours
and a metabolite with a longer half-life that is exten-
sively bound to red blood cells. Hydroflumethiazide is
excreted in the urine; its metabolite has also been de-
tected in the urine.
◊ References.
1. Brørs O, et al. Pharmacokinetics of a single dose of hydroflume-

thiazide in health and in cardiac failure. Eur J Clin Pharmacol
1978; 14: 29–37.

Uses and Administration
Hydroflumethiazide is a thiazide diuretic with actions
and uses similar to those of hydrochlorothiazide
(p.1310). It is given orally for oedema, including that
associated with heart failure (p.1165), and for hyper-
tension (p.1171). 
Diuresis begins about 2 hours after an oral dose and has
been reported to last for up to 24 hours. 
In the treatment of oedema the usual initial dose is 50
to 100 mg daily, in one or two divided doses, reduced
to a dose of 25 to 50 mg on alternate days or intermit-
tently. Doses of up to 200 mg daily may be required by
some patients. In the treatment of hypertension the
usual dose is 25 to 50 mg daily either alone, or with
other antihypertensives. An initial dose of 12.5 mg has
been used. 
An initial dose for children is 1 mg/kg daily, reduced
for maintenance.

Preparations
BP 2008: Hydroflumethiazide Tablets; 
USP 31: Hydroflumethiazide Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Diucardin†; Saluron.

Multi-ingredient: Irl.: Aldactide; S.Afr.: Protensin-M; UK: Aldactide;
USA: Salutensin†.
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Hydroquinidine Hydrochloride
Dihydrochinidin Hydrochloride; Dihydroquinidine Hydrochlo-
ride; Hidrocloruro de dihidroquinidina; Hidroquinidina, hidro-
cloruro de; Hydroconchinine Hydrochloride. (8R,9S)-10,11-Di-
hydro-6′-methoxycinchonan-9-ol hydrochloride.
Гидрохинидина Гидрохлорид
C20H26N2O2,HCl = 362.9.
CAS — 1435-55-8 (hydroquinidine); 1476-98-8 (hydro-
quinidine hydrochlor ide).

(hydroquinidine)

Pharmacopoeias. In Fr.
Profile
Hydroquinidine is a class Ia antiarrhythmic with actions and uses
similar to those of quinidine (p.1383). It is given orally as the
hydrochloride in a usual maintenance dose of 600 mg daily in
divided doses. 
Hydroquinidine alginate and quinalbital (the hydroquinidine salt
of amobarbital) have also been used in the treatment of cardiac
arrhythmias.
◊ References.
1. Hermida J-S, et al. Hydroquinidine therapy in Brugada syn-

drome. J Am Coll Cardiol 2004; 43: 1853–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Serecor; Spain: Lentoquine.

Ibopamine (BAN, USAN, rINN) ⊗ 
Ibopamina; Ibopaminum; SB-7505; SKF-100168. 4-(2-Methylami-
noethyl)-o-phenylene di-isobutyrate.
Ибопамин
C17H25NO4 = 307.4.
CAS — 66195-31-1.
ATC — C01CA16; S01FB03.
ATC Vet — QC01CA16; QS01FB03.

Ibopamine Hydrochloride (BANM, rINNM) ⊗ 
Hidrocloruro de ibopamina; Ibopamiinihydrokloridi; Ibopamine,
Chlorhydrate d’; Ibopaminhydroklorid; Ibopamini Hydrochlori-
dum.
Ибопамина Гидрохлорид
C17H25NO4,HCl = 343.8.
ATC — C01CA16; S01FB03.
ATC Vet — QC01CA16; QS01FB03.

Adverse Effects and Precautions
As for Sympathomimetics, p.1407. Ibopamine should not be
used in patients with severe heart failure in whom, similarly to
xamoterol (p.1433), it has been reported to increase the risk of
death.
Effects on the cardiovascular system. A multicentre study
(PRIME II) of the use of ibopamine in patients with severe (NY-
HA class III or IV) heart failure was stopped early when it was
found that the drug was associated with an increased risk of
death.1 Subgroup analysis found that use of an antiarrhythmic
drug was independently predictive of an adverse effect in
ibopamine-treated patients. Excess mortality in heart failure has
also been reported with dobutamine and xamoterol, and with
flosequinan and the phosphodiesterase inhibitors amrinone,
enoximone, milrinone, and vesnarinone, all of which produce

positive inotropic effects through catecholamine-receptor stimu-
lation or post-receptor pathway stimulation.2 The association
with antiarrhythmic therapy in the ibopamine study might reflect
an interaction with amiodarone, the most commonly used
antiarrhythmic in this study, or might simply be a marker for pa-
tients at risk of ibopamine-induced tachyarrhythmias.
1. Hampton JR, et al. Randomised study of effect of ibopamine on

survival in patients with advanced severe heart failure. Lancet
1997; 349: 971–7. 

2. Niebauer J, Coats AJS. Treating chronic heart failure: time to
take stock. Lancet 1997; 349: 966–7.

Interactions
As for Sympathomimetics, p.1407. It has been recommended
that ibopamine should not be given to patients taking amiodar-
one in the light of the increased mortality seen in the PRIME II
study in patients given both drugs (see above), although it is not
clear that this represents a genuine interaction.
Uses and Administration
Ibopamine is a prodrug and is rapidly converted to its active
metabolite, epinine, which is a peripheral dopamine agonist and
sympathomimetic (p.1408). At low doses its dopaminergic ef-
fects predominate, leading to vasodilatation and a weak positive
inotropic effect; at high concentrations it has a stimulant action
on alpha and beta adrenoceptors. 
Ibopamine is used in the management of mild heart failure
(p.1165). It is given as the hydrochloride but doses are often ex-
pressed in terms of the base; 111.9 mg of hydrochloride is equiv-
alent to about 100 mg of base. Doses of 100 to 200 mg orally two
or three times daily have been used. 
Ibopamine is also used topically as a mydriatic (p.1874) in the
form of eye drops containing ibopamine hydrochloride 2%.
Preparations
Proprietary Preparations (details are given in Part 3)
Belg.: Scandine; Braz.: Escandine†; Ital.: Scandine; Trazyl; Neth.: Inopamil;
Spain: Escandine†.

Ibutilide Fumarate (BANM, USAN, rINNM)

Fumarato de ibutilida; Ibutilide, Fumarate d’; Ibutilidi Fumaras;
U-70226E. (±)-4′-[4-(Ethylheptylamino)-1-hydroxybutyl]meth-
anesulfonanilide fumarate (2:1).
Ибутилида Фумарат
(C20H36N2O3S)2,C4H4O4 = 885.2.
CAS — 122647-31-8 (ibutilide); 122647-32-9 (ibutilide
fumarate).
ATC — C01BD05.
ATC Vet — QC01BD05.

(ibutilide)

Adverse Effects
Adverse cardiovascular effects associated with ibuti-
lide include heart block, hypotension, hypertension,
and bradycardia. It prolongs the QT interval and, like
other antiarrhythmics, can cause arrhythmias, includ-
ing torsade de pointes. Other adverse effects include
nausea and vomiting.
Effects on the heart. Ibutilide prolongs the QT interval and
has been associated with torsade de pointes, particularly in wom-
en.1 A small study2 suggested that this effect could be prevented
by magnesium sulfate (p.1679), which might therefore be suita-
ble for use as prophylaxis. Although magnesium could theoreti-
cally reduce the antiarrhythmic effect of ibutilide as well as the
proarrhythmic effect, a retrospective study3 found that the rate of
cardioversion was higher in patients given both ibutilide and
magnesium than in those given ibutilide alone, an effect con-
firmed in a later study.4
1. Gowda RM, et al. Female preponderance in ibutilide-induced

torsade de pointes. Int J Cardiol 2004; 95: 219–22. 
2. Caron MF, et al. Effects of intravenous magnesium sulfate on the

QT interval in patients receiving ibutilide. Pharmacotherapy
2003; 23: 296–300. 

3. Kalus JS, et al. Impact of prophylactic i.v. magnesium on the
efficacy of ibutilide for conversion of atrial fibrillation or flutter.
Am J Health-Syst Pharm 2003; 60: 2308–12. 

4. Tercius AJ, et al. Intravenous magnesium sulfate enhances the
ability of intravenous ibutilide to successfully convert atrial fi-
brillation or flutter. Pacing Clin Electrophysiol 2007; 30:
1331–5.

Effects on the kidneys. Acute renal failure with biopsy evi-
dence of acute tubular necrosis developed in a 52-year-old man

shortly after he received 2 doses of ibutilide for an episode of
atrial flutter.1 Renal function returned to normal after 4 sessions
of haemodialysis.
1. Franz M, et al. Acute renal failure after ibutilide. Lancet 1999;

353: 467.

Precautions
ECG monitoring should be carried out during, and for
at least 4 hours after, ibutilide infusion, and the infusion
should be stopped if the QT interval becomes marked-
ly prolonged. Electrolyte abnormalities should be cor-
rected before treatment is started.

Interactions
Use of ibutilide with other antiarrhythmics or drugs
that prolong the QT interval should be avoided.
Magnesium. For the synergistic effect of magnesium and ibuti-
lide in producing cardioversion, see Effects on the Heart, above.

Pharmacokinetics
Ibutilide is widely distributed in the body after intrave-
nous infusion. It has low plasma protein binding (about
40%) and undergoes extensive metabolism in the liver
to form several metabolites. Ibutilide is excreted main-
ly in the urine, as metabolites and a small amount of
unchanged drug (about 7%), with about 19% being ex-
creted in the faeces. The elimination half-life is report-
ed to range from 2 to 12 hours.

Uses and Administration
Ibutilide is a class III antiarrhythmic (p.1153) used for
the acute treatment of atrial fibrillation or flutter
(p.1160). 
Ibutilide is given intravenously as the fumarate. For the
termination of atrial fibrillation or flutter, ibutilide fu-
marate is given as a single dose of 1 mg in patients
weighing 60 kg and over, or 10 micrograms/kg in pa-
tients weighing less than 60 kg, infused over 10 min-
utes; the infusion should be stopped as soon as the
arrhythmia is terminated. If the arrhythmia persists 10
minutes after completion of the infusion, a second in-
fusion of the same dose may be given.
◊ References.
1. Foster RH, et al. Ibutilide: a review of its pharmacological prop-

erties and clinical potential in the acute management of atrial
flutter and fibrillation. Drugs 1997; 54: 312–30. 

2. Granberry MC. Ibutilide: a new class III antiarrhythmic agent.
Am J Health-Syst Pharm 1998; 55: 255–60. 

3. Howard PA. Ibutilide: an antiarrhythmic agent for the treatment
of atrial fibrillation or flutter. Ann Pharmacother 1999; 33:
38–47. 

4. Doggrell SA, Hancox JC. Ibutilide—recent molecular insights
and accumulating evidence for use in atrial flutter and fibrilla-
tion. Expert Opin Invest Drugs 2005; 14: 655–69.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Corvert; Cz.: Corvert†; Fin.: Corvert; Fr.: Corvert†; Gr.: Cor-
vert; Ital.: Corvert; Neth.: Corvert; Norw.: Corvert; Swed.: Corvert;
Switz.: Corvert; USA: Corvert.

Idraparinux Sodium (USAN, rINN)

Idraparinux sódico; Idraparinux Sodique; Idraparinuxum Natri-
cum; Org-34006; SANORG-34006; SR-34006. Methyl O-2,3,4-
tri-O-methyl-6-O-sulfo-α-D-glucopyranosyl-(1→4)-O-2,3-di-O-
methyl-β-D-glucopyranuronosyl-(1→4)-O-2,3,6-tri-O-sulfo-α-D-
glucopyranosyl-(1→4)-O-2,3-di-O-methyl-α-L-idopyranurono-
syl-(1→4)-2,3,6-tri-O-sulfo-α-D-glucopyranoside nonasodium.

Идрапаринукс Натрия
C38H55Na9O49S7 = 1727.2.
CAS — 162610-17-5 (idraparinux); 149920-56-9 (idra-
parinux sodium).
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Idraparinux is a factor Xa inhibitor under investigation in the
management of thromboembolism.
◊ References.
1. Buller HR, et al. van Gogh Investigators. Idraparinux versus

standard therapy for venous thromboembolic disease. N Engl J
Med 2007; 357: 1094–1104. 

2. Buller HR, et al. van Gogh Investigators. Extended prophylaxis
of venous thromboembolism with idraparinux. N Engl J Med
2007; 357: 1105–12. 

3. Bousser MG, et al. Amadeus Investigators. Comparison of idra-
parinux with vitamin K antagonists for prevention of throm-
boembolism in patients with atrial fibrillation: a randomised,
open-label, non-inferiority trial. Lancet 2008; 371: 315–21. 

4. Prandoni P, et al. Idraparinux: review of its clinical efficacy and
safety for prevention and treatment of thromboembolic disor-
ders. Expert Opin Invest Drugs 2008; 17: 773–7.

Ifenprodil Tartrate (rINNM)

Ifenprodil, Tartrate d’; Ifenprodili Tartras; RC-61-91; Tartrato de
ifenprodil. (±)-2-(4-Benzylpiperidino)-1-(4-hydroxyphenyl)pro-
pan-1-ol tartrate.
Ифенпродила Тартрат
(C21H27NO2)2,C4H6O6 = 801.0.
CAS — 23210-56-2 (ifenprodil); 23210-58-4 (ifenprodil
tartrate).
ATC — C04AX28.
ATC Vet — QC04AX28.

(ifenprodil)

Pharmacopoeias. In Jpn.
Profile
Ifenprodil tartrate is a vasodilator, with alpha-adrenoceptor
blocking properties, used in peripheral vascular disease (p.1178).
It is given in usual oral doses of 40 to 60 mg daily, and has also
been given by deep intramuscular injection, slow intravenous in-
jection, or intravenous infusion.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Vadilex.

Iloprost (BAN, USAN, rINN)

Ciloprost; Iloprosti; Iloprostum; ZK-36374; ZK-00036374. (E)-
(3aS,4R,5R,6aS)-Hexahydro-5-hydroxy-4-[(E)-(3S,4RS)-3-hy-
droxy-4-methyl-1-octen-6-ynyl]-Δ2(1H), -pentalenevaleric acid.
Илопрост
C22H32O4 = 360.5.
CAS — 73873-87-7; 78919-13-8.
ATC — B01AC11.
ATC Vet — QB01AC11.

Iloprost Trometamol (BANM, rINNM)

Ciloprost Tromethamine; Iloprost Trométamol; Iloprost Tro-
methamine; Iloprostum Trometamolum.
Илопрост Трометамол
C22H32O4,C4H11NO3 = 481.6.
ATC — B01AC11.
ATC Vet — QB01AC11.

Adverse Effects and Precautions
As for Epoprostenol, p.1279. Inhaled iloprost may
cause cough.
Effects on the cardiovascular system. Hypotension was
observed1 in 2 of 6 patients given iloprost. Both patients recov-

ered rapidly when iloprost was stopped, although one required
intravenous atropine to correct sinus bradycardia. 
Evidence of myocardial ischaemia was reported in 4 of 33 pa-
tients with coronary artery disease during iloprost infusion.2 The
same authors3 noted a similar effect in 4 of 28 patients with stable
angina in a subsequent study. According to one study,4 there
might be an increased risk of thromboembolism in some patients
given iloprost, due to platelet activation and enhanced coagula-
tion.
1. Upward JW, et al. Hypotension in response to iloprost, a prosta-

cyclin analogue. Br J Clin Pharmacol 1986; 21: 241–3. 
2. Bugiardini R, et al. Myocardial ischemia induced by prostacyc-

lin and iloprost. Clin Pharmacol Ther 1985; 38: 101–8. 
3. Bugiardini R, et al. Effects of iloprost, a stable prostacyclin an-

alog, on exercise capacity and platelet aggregation in stable an-
gina pectoris. Am J Cardiol 1986; 58: 453–9. 

4. Kovacs IB, et al. Infusion of a stable prostacyclin analogue, ilo-
prost, to patients with peripheral vascular disease: lack of an-
tiplatelet effect but risk of thromboembolism. Am J Med 1991;
90: 41–6.

Pregnancy. For reference to the successful use of iloprost in
pregnancy see Pulmonary Hypertension, under Uses and Ad-
ministration, below.

Interactions
Iloprost may increase the effect of other vasodilators
and antihypertensives. The use of iloprost with other
inhibitors of platelet aggregation may increase the risk
of bleeding.

Pharmacokinetics
On intravenous infusion iloprost is rapidly cleared
from the plasma by oxidation. About 80% of the
metabolites are excreted in urine and 20% in the bile.

Uses and Administration
Iloprost, a vasodilator and platelet aggregation inhibi-
tor, is a stable analogue of the prostaglandin epoproste-
nol (prostacyclin). It is given as the trometamol salt in
the treatment of peripheral vascular disease and pul-
monary hypertension but doses are described in terms
of iloprost; 1.3 nanograms of iloprost trometamol is
equivalent to about 1 nanogram of iloprost. 
The usual dose for peripheral vascular disease is the
equivalent of iloprost 0.5 to 2 nanograms/kg per
minute for 6 hours daily by intravenous infusion. The
course of treatment may be up to 4 weeks. For pulmo-
nary hypertension, the dose is 1 to 8 nanograms/kg per
minute for 6 hours daily; alternatively, iloprost may be
given by nebulised solution at a dose of 2.5 or
5 micrograms inhaled 6 to 9 times daily. Doses should
be reduced in patients with hepatic or renal impairment
(see below). 
Oral iloprost is under investigation.
◊ Reviews.
1. Grant SM, Goa KL. Iloprost: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic potential in pe-
ripheral vascular disease, myocardial ischaemia and extracorpor-
eal circulation procedures. Drugs 1992; 43: 889–924.

Administration in hepatic or renal impairment. The dose
of intravenous iloprost should be reduced, and may need to be
halved, in patients with liver cirrhosis or renal impairment re-
quiring dialysis. In hepatic impairment, the initial dose of inhaled
iloprost should be 2.5 micrograms given at intervals of at least 3
hours to a maximum of 6 times daily; the dose may be cautiously
increased or given more frequently according to patient re-
sponse.
Peripheral vascular disease. Prostaglandins, including ilo-
prost,1-10 have been used in the treatment of peripheral vascular
disease (p.1178), particularly in severe Raynaud’s syndrome (see
Vasospastic Arterial Disorders, p.1188), but do not constitute
mainline therapy. Systematic review10 suggests that intravenous
iloprost produces prolonged benefit in Raynaud’s phenomenon
secondary to scleroderma. The benefits of oral iloprost are less
clear. It is also unclear whether iloprost infusion is of benefit in
occlusive peripheral arterial disease due to atherosclerosis: al-
though a meta-analysis of (conflicting) controlled trials did sug-
gest an effect,6 firm conclusions are difficult.
1. Waller PC, et al. Placebo controlled trial of iloprost in patients

with stable intermittent claudication. Br J Clin Pharmacol
1986; 21: 562P–563P. 

2. Rademaker M, et al. Comparison of intravenous infusions of
iloprost and oral nifedipine in treatment of Raynaud’s phenom-
enon in patients with systemic sclerosis: a double blind ran-
domised study. BMJ 1989; 298: 561–4. 

3. Fiessinger JN, Schäfer M. Trial of iloprost versus aspirin treat-
ment for critical limb ischaemia of thromboangiitis obliterans.
Lancet 1990; 335: 555–7. 

4. Zahavi J, et al. Ischaemic necrotic toes associated with an-
tiphospholipid syndrome and treated with iloprost. Lancet 1993;
342: 862. 

5. Tait IS, et al. Management of intra-arterial injection injury with
iloprost. Lancet 1994; 343: 419. 

6. Loosemore TM, et al. A meta-analysis of randomized placebo
control trials in Fontaine stages III and IV peripheral occlusive
arterial disease. Int Angiol 1994; 13: 133–42. 

7. Wigley FM, et al. Oral iloprost treatment in patients with Ray-
naud’s phenomenon secondary to systemic sclerosis: a multi-
center, placebo-controlled, double-blind study. Arthritis Rheum
1998; 41: 670–7. 

8. Black CM, et al. Oral iloprost in Raynaud’s phenomenon sec-
ondary to systemic sclerosis: a multicentre, placebo-controlled,
dose-comparison study. Br J Rheumatol 1998; 37: 952–60. 

9. Scorza R, et al. Effects of long-term cyclic iloprost therapy in
systemic sclerosis with Raynaud’s phenomenon: a randomized,
controlled study. Clin Exp Rheumatol 2001; 19: 503–8. 

10. Pope J, et al. Iloprost and cisaprost for Raynaud’s phenomenon
in progressive systemic sclerosis. Available in The Cochrane
Database of Systematic Reviews; Issue 2. Chichester: John Wi-
ley; 1998 (accessed 16/06/05).

Pulmonary hypertension. Epoprostenol is an accepted part
of the management of pulmonary hypertension (p.1179) and the
use of iloprost, a stable analogue, has been studied. Inhaled ilo-
prost may have a role;1 it was found2 to improve walking-test
distances, reduce severity of heart failure, and stabilise haemody-
namic measures in a 12-week study of patients with severe pul-
monary hypertension, while long-term treatment of at least 1
year has been reported to have sustained beneficial effects.3 Ilo-
prost has also been used successfully in a few cases to manage
pulmonary hypertension in pregnant women.4 There are also re-
ports of effective combination therapy using inhaled iloprost
with intravenous epoprostenol,5 oral sildenafil,6 or oral bosen-
tan.7 Continuous intravenous infusion8 has also been tried with
beneficial results over several weeks, and short-term intravenous
infusion for 7 days9 has been successfully used for pulmonary
hypertension after pulmonary thromboendarterectomy.
1. Baker SE, Hockman RH. Inhaled iloprost in pulmonary arterial

hypertension. Ann Pharmacother 2005; 39: 1265–73. 
2. Olschewski H, et al. Inhaled iloprost for severe pulmonary hy-

pertension. N Engl J Med 2002; 347: 322–9. 
3. Hoeper MM, et al. Long-term treatment of primary pulmonary

hypertension with aerosolized iloprost, a prostacyclin analogue.
N Engl J Med 2000; 342: 1866–70. 

4. Elliot CA, et al. The use of iloprost in early pregnancy in patients
with pulmonary arterial hypertension. Eur Respir J 2005; 26:
168–73. 

5. Petkov V, et al. Aerosolised iloprost improves pulmonary
haemodynamics in patients with primary pulmonary hyperten-
sion receiving continuous epoprostenol treatment. Thorax 2001;
56: 734–6. 

6. Ghofrani HA, et al. Combination therapy with oral sildenafil and
inhaled iloprost for severe pulmonary hypertension. Ann Intern
Med 2002; 136: 515–22. 

7. McLaughlin VV, et al. Randomized study of adding inhaled ilo-
prost to existing bosentan in pulmonary arterial hypertension.
Am J Respir Crit Care Med 2006; 174: 1257–63. 

8. Higenbottam TW, et al. Treatment of pulmonary hypertension
with the continuous infusion of a prostacyclin analogue, iloprost.
Heart 1998; 79: 175–9. 

9. Hsu H-H, et al. Short-term intravenous iloprost for treatment of
reperfusion lung oedema after pulmonary thromboendarterecto-
my. Thorax 2007; 62: 459–61.

Thrombotic microangiopathies. For reports of the use of
iloprost in patients with thrombotic microangiopathies such as
thrombotic thrombocytopenic purpura, see under Epoprostenol,
p.1281.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ilomedine†; Ventavis†; Austria: Ilomedin; Chile: Ventavis; Cz.: Ilome-
din; Ventavis; Denm.: Ilomedin; Ventavis; Fin.: Ilomedin; Ventavis; Fr.: Ilome-
dine; Ventavis; Ger.: Ilomedin; Ventavis; Gr.: Ilomedin; Ventavis; Hong
Kong: Ilomedin; Ventavis; Hung.: Ilomedin; Ventavis; Indon.: Ventavis; Irl.:
Ventavis; Israel: Ilomedin; Ital.: Endoprost; Ventavis; Malaysia: Ilomedin†;
Neth.: Ilomedine; Ventavis; Norw.: Ilomedin; Ventavis; NZ: Ilomedin; Pol.:
Ilomedin; Ventavis; Port.: Ilomedin; Ventavis; Singapore: Ventavis; Spain:
Ilocit; Ilomedin; Ventavis; Swed.: Ilomedin; Ventavis; Switz.: Ilomedin; Thai.:
Ilomedin; Turk.: Ilomedin; UK: Ventavis; USA: Ventavis.

Imidapril Hydrochloride (BANM, rINNM)

Hidrocloruro de imidapril; Imidapriilihydrokloridi; Imidapril, Chlo-
rhydrate d’; Imidaprilhydroklorid; Imidaprili Hydrochloridum; TA-
6366. (S)-3-{N-[(S)-1-Ethoxycarbonyl-3-phenylpropyl]-L-alanyl}-
1-methyl-2-oxoimidazoline-4-carboxylic acid hydrochloride.
Имидаприла Гидрохлорид
C20H27N3O6,HCl = 441.9.
CAS — 89371-37-9 (imidapril); 89396-94-1 (imidapril
hydrochloride).
ATC — C09AA16.
ATC Vet — QC09AA16.

(imidapril)
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Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Imidapril acts as a prodrug of the diacid imidaprilat, its
active metabolite. After oral doses, imidapril is rapidly
but incompletely absorbed; absorption is about 70%
and is reduced in the presence of food. Imidapril is
metabolised in the liver to imidaprilat. The bioavaila-
bility of imidaprilat is about 42% after oral doses of
imidapril, and peak plasma concentrations of imidapri-
lat are reached in about 7 hours. Both imidapril and
imidaprilat are moderately bound to plasma proteins.
About 40% of an oral dose is excreted in the urine, the
rest in the faeces. The terminal half-life of imidaprilat
is more than 24 hours. Imidapril and imidaprilat are re-
moved by haemodialysis.
◊ References.
1. Hoogkamer JFW, et al. Pharmacokinetics of imidapril and its ac-

tive metabolite imidaprilat following single dose and during
steady state in patients with impaired liver function. Eur J Clin
Pharmacol 1997; 51: 489–91. 

2. Hoogkamer JFW, et al. Pharmacokinetics of imidapril and its ac-
tive metabolite imidaprilat following single dose and during
steady state in patients with chronic renal failure. Eur J Clin
Pharmacol 1998; 54: 59–61. 

3. Harder S, et al. Single dose and steady state pharmacokinetics
and pharmacodynamics of the ACE-inhibitor imidapril in hyper-
tensive patients. Br J Clin Pharmacol 1998; 45: 377–80. 

4. Tsuruoka S, et al. Clearance of imidapril, an angiotensin-con-
verting enzyme inhibitor, during hemodialysis in hypertensive
renal failure patients: comparison with quinapril and enalapril. J
Clin Pharmacol 2007; 47: 259–63.

Uses and Administration
Imidapril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171). Imidapril owes its
activity to imidaprilat, to which it is converted after
oral doses. The maximum haemodynamic effect oc-
curs 6 to 8 hours after a dose, although the full effect
may not develop for several weeks during chronic dos-
ing. Imidapril is given orally as the hydrochloride. 
In the treatment of hypertension, the usual initial dose
of imidapril hydrochloride is 5 mg once daily, before
food. Since there may be a precipitous fall in blood
pressure in some patients when starting therapy with an
ACE inhibitor, the first dose should preferably be giv-
en at bedtime. An initial dose of 2.5 mg daily should be
used in the elderly, in patients with renal or hepatic im-
pairment, or in those receiving a diuretic; if possible,
the diuretic should be withdrawn 2 or 3 days before im-
idapril is started and resumed later if necessary. The
usual maintenance dose is 10 mg daily, although up to
20 mg daily may be given if required. The maximum
dose for elderly patients is 10 mg daily.
◊ Reviews.
1. Robinson DM, et al. Imidapril: a review of its use in essential

hypertension, type 1 diabetic nephropathy and chronic heart fail-
ure. Drugs 2007; 67: 1359–78.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tanatril; Austria: Tanatril; Cz.: Tanatril; Fin.: Tanatril; Fr.: Tanatril;
Ger.: Tanatril; Gr.: Tanatril; Hong Kong: Tanatril; India: Tanatril; Indon.:
Tanapress; Jpn: Novarok†; Tanatril; Malaysia: Tanatril; Philipp.: Norten;
Vascor; Pol.: Tanatril; Port.: Cardipril; Tanatril†; Singapore: Tanatril;
Spain: Hipertene; Thai.: Tanatril; UK: Tanatril.

Multi-ingredient: Philipp.: Norplus; Vascoride.

Indapamide (BAN, USAN, rINN) ⊗ 
Indapamid; Indapamida; Indapamidi; Indapamidum; SE-1520. 4-
Chloro-N-(2-methylindolin-1-yl)-3-sulphamoylbenzamide.

Индапамид
C16H16ClN3O3S = 365.8.

CAS — 26807-65-8 (anhydrous indapamide).
ATC — C03BA11.
ATC Vet — QC03BA11.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Indapamide). A white or almost white powder.
Practically insoluble in water; soluble in alcohol. Protect from
light. 
USP 31 (Indapamide). A white to off-white crystalline powder.
Practically insoluble in water; soluble in alcohol, in glacial acetic
acid, in acetonitrile, in ethyl acetate, and in methyl alcohol; very
slightly soluble in chloroform and in ether.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307.
Effects on the blood. A 58-year-old woman1 had bleeding
from the mucous membrane of the tongue 18 months after start-
ing treatment with a modified-release form of indapamide; she
was found to have mild thrombocytopenia, and petechiae were
observed. After withdrawal of the drug, bleeding stopped imme-
diately; the platelet count returned to normal within 10 days and
the skin lesions faded quickly.
1. Hasanova EA, Agasiyeva NE. Bleeding associated with indapa-

mide SR therapy. Ann Pharmacother 2005; 39: 199–200.

Effects on carbohydrate and lipid metabolism. Several
studies have reported no changes in blood-glucose concentra-
tions during indapamide treatment,1-3 although elevated concen-
trations have been reported in individual patients.4,5 There have
been reports of increases in total cholesterol2 and of no change.3
No adverse biochemical changes were found in studies6 of a
modified-release preparation.
1. Velussi M, et al. Treatment of mild-to-moderate hypertension

with indapamide in type II diabetics: midterm (six months) eval-
uation. Curr Ther Res 1988; 44: 1076–86. 

2. Prisant LM, et al. Biochemical, endocrine, and mineral effects of
indapamide in black women. J Clin Pharmacol 1990; 30: 121–6. 

3. Leonetti G, et al. Long-term effects of indapamide: final results
of a two-year Italian multicenter study in systemic hypertension.
Am J Cardiol 1990; 65: 674–714. 

4. Slotkoff L. Clinical efficacy and safety of indapamide in the
treatment of edema. Am Heart J 1983; 106: 233–7. 

5. Beling S, et al. Long term experience with indapamide. Am
Heart J 1983; 106: 258–62. 

6. Weidmann P. Metabolic profile of indapamide sustained-release
in patients with hypertension: data from three randomised dou-
ble-blind studies. Drug Safety 2001; 24: 1155–65.

Effects on electrolyte balance. It has been claimed that inda-
pamide produces few adverse biochemical effects at the usual
dose of 2.5 mg daily. However, by 2002, 164 cases of hyponat-
raemia had been reported to the Australian Adverse Drug Reac-
tions Advisory Committee (ADRAC)1, of which 68 also de-
scribed hypokalaemia. Most patients were elderly women. A
review2 of some of these cases suggested that hyponatraemia
was more commonly reported with indapamide than with chlo-
rothiazide, although it was pointed out3 that the true incidence
cannot be determined from spontaneous reports. ADRAC rec-
ommends that indapamide should be used cautiously. It may be
that indapamide has no clinical advantage over low-dose thiazide
diuretics.
1. Australian Adverse Drug Reactions Advisory Committee

(ADRAC). Indapamide and hyponatraemia. Aust Adverse Drug
Reac t  Bul l  2002;  21:  11 .  Also  avai lab le  a t :  h t tp : / /
www.tga.health.gov.au/adr/aadrb/aadr0208.htm (accessed
06/07/04) 

2. Chapman MD, et al. Hyponatraemia and hypokalaemia due to
indapamide. Med J Aust 2002; 176: 219–21. 

3. Howes LG. Hyponatraemia and hypokalaemia caused by indapa-
mide. Med J Aust 2002; 177: 53–4.

Effects on the kidneys. Acute interstitial nephritis was associ-
ated with indapamide treatment in a 74-year-old patient.1
1. Newstead CG, et al. Interstitial nephritis associated with indapa-

mide. BMJ 1990; 300: 1344.

Effects on the skin. Sixteen cases of skin rash attributed to in-
dapamide had been reported to the Netherlands Centre for Mon-
itoring of Adverse Reactions to Drugs.1 All patients had taken
indapamide 2.5 mg daily for hypertension. The skin rash was ac-
companied by fever in 5 cases. In all cases the rash subsided
within 14 days of withdrawal, and 11 patients subsequently took
thiazides, furosemide, or clopamide without recurrence. Among
188 cases of skin rash attributed to indapamide reported to the
WHO Collaborating Centre for International Drug Monitoring
were 4 cases of erythema multiforme and 2 of epidermal necrol-
ysis. A further case of toxic epidermal necrolysis was reported by
independent authors.2
1. Stricker BHC, Biriell C. Skin reactions and fever with indapa-

mide. BMJ 1987; 295: 1313–14. 
2. Black RJ, et al. Toxic epidermal necrolysis associated with inda-

pamide. BMJ 1990; 301: 1280–1.

Interactions
As for Hydrochlorothiazide, p.1309.

Pharmacokinetics
Indapamide is rapidly and completely absorbed from
the gastrointestinal tract. Elimination is biphasic with a
half-life in whole blood of about 14 hours. Indapamide
is strongly bound to red blood cells. It is extensively
metabolised. About 60 to 70% of the dose has been re-
ported to be excreted in the urine; only about 5 to 7%
is excreted unchanged. About 16 to 23% of dose is ex-
creted in the faeces. Indapamide is not removed by
haemodialysis but does not accumulate in patients with
renal impairment.
◊ References.
1. Beermann B, Grind M. Clinical pharmacokinetics of some newer

diuretics. Clin Pharmacokinet 1987; 13: 254–66.

Uses and Administration
Indapamide is a diuretic with actions and uses similar
to those of the thiazide diuretics (see Hydrochlorothi-
azide, p.1310) even though it does not contain a thi-
azide ring system. It is used for hypertension (p.1171),
and also for oedema, including that associated with
heart failure (p.1165). 
In some countries indapamide is described as the hemi-
hydrate. In the treatment of hypertension the usual
oral dose is 1.25 to 2.5 mg once daily, either alone, or
with other antihypertensives; a modified-release prep-
aration may be given in a dose of 1.5 mg daily. At high-
er doses the diuretic effect may become apparent with-
out appreciable additional antihypertensive effect
although US licensed product information suggests
that the dose may be increased to 5 mg after 4 weeks.
In the treatment of oedema the usual dose is 2.5 mg
once daily increasing to 5 mg daily after 1 week if nec-
essary.
◊ Reviews.
1. Chaffman M, et al. Indapamide: a review of its pharmacodynam-

ic properties and therapeutic efficacy in hypertension. Drugs
1984; 28: 189–235. 

2. Robinson DM, Wellington K. Indapamide sustained release: a
review of its use in the treatment of hypertension. Drugs 2006;
66: 257–71.

Preparations
BP 2008: Indapamide Tablets; 
USP 31: Indapamide Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Bajaten; Duremid; Natrilix; Noranat; Austral.: Dapa-Tabs; Indahexal;
Insig; Napamide; Natrilix; Austria: Fludex; Belg.: Docindapa; Fludex; Braz.:
Indapen; Natrilix; Canad.: Lozide; Chile: Indapress; Natrilix; Cz.: Indap;
Rawel; Tertensif; Denm.: Fludex†; Indacar; Natrilix; Fin.: Natrilix; Fr.: Flu-
dex; Ger.: Inda-Puren; Natrilix; Sicco†; Gr.: Dixamid†; Fludex; Magniton-R;
Transipen; Hong Kong: Agelan†; Dapa-Tabs; Diflerix; Frumeron; Indalix;
Millibar; Natrilix; Hung.: Apadex; Pretanix; Rawel; India: Indicontin; Inditor;
Lorvas; Natrilix; Indon.: Natrilix; Irl.: Agelan†; Inamide†; Natrilix; Israel:
Pamid; Ital.: Damide; Indaflex; Indamol; Indolin†; Ipamix; Millibar; Natrilix;
Pressural; Veroxil; Malaysia: Dapa; Diflerix; Napamide; Natrilix; Rinalix†;
Mex.: Natrilix; Neth.: Fludex; NZ: Napamide; Naplin†; Natrilix; Philipp.:
Natrilix; Pol.: Apo-Indap; Diuresin; Indapen; Indapres; Indapsan; Indix; Ipres;
Rawel; Tertensif; Port.: Arifon; Fludex; Fluidema; Tandix; Vasodipin; Rus.:
Akripamide (Акрипамид); Arifon (Арифон); Arindap (Ариндап); Indap
(Индап); Indiur (Индиур); Ionik (Ионик); Rawel (Равел); Retapres
(Ретапрес); S.Afr.: Catexan; Dapamax; Daptril; Hydro-Less; Indalix; Lixam-
ide; Natrilix; Singapore: Dapa-Tabs; Millibar†; Napamide; Natrilix; Rinalix;
Spain: Extur; Tertensif; Switz.: Fludapamide; Fludex; Thai.: Frumeron; In-
pamide; Napamide; Natrilix; Turk.: Flubest; Fludex; Fludin; Flupamid; Flut-
ans; Indamid; Indapen; Indurin; UAE: Indanorm; UK: Natrilix; Nindaxa†;
USA: Lozol; Venez.: Natrilix.

Multi-ingredient: Arg.: Bipreterax; Preterax; Austral.: Coversyl Plus;
Austria: Delapride; Predonium; Preterax; Belg.: Bi Preterax; Coversyl Plus;
Preterax; Braz.: Coversyl Plus; Canad.: Coversyl Plus; Preterax; Cz.: No-
liprel; Prenewel; Prestarium Combi; Prestarium Neo Combi; Denm.: Cov-
ersyl Comp; Fin.: Coversyl Comp; Fr.: Bipreterax; Preterax; Ger.: Cover-
sum Combi; Preterax; Gr.: Dinapres; Preterax; Hong Kong: Predonium;
Hung.: Armix Komb; Armix Prekomb; Co-Prenessa; Coverex Komb; Cov-
erex Prekomb; Noliprel†; Noriplex†; India: Coversyl Plus; Perigard D; Per-
igard DF; Tenolol-D†; Irl.: Bipreterax; Coversyl Plus; Preterax; Ital.: Ati-
norm; Delapride; Dinapres; Nor-Pa; Normopress; Prelectal; Preterax;
Malaysia: Coversyl Plus; Mex.: Preterax; Neth.: Coversyl Plus; Predo-
nium; Preterax; NZ: Coversyl Plus; Predonium; Philipp.: Bi-Preterax; Pre-
terax; Pol.: Noliprel; Prestarium Plus; Port.: Bi Predonium; Bi Preterax; Pre-
donium; Preterax; Rus.: Enzix (Энзикс); Noliprel (Нолипрел); Sonoprel
(Сонопрел); S.Afr.: Bipreterax; Coversyl Plus; Preterax; Prexum Plus; Sin-
gapore: Coversyl Plus; Preterax; Spain: Bipredonium†; Bipreterax; Preter-
ax; Switz.: Coversum Combi; Preterax; Turk.: Coversyl Plus; Preterax; UK:
Coversyl Plus; Venez.: Bipreterax; Preterax.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Indenolol Hydrochloride (BANM, rINNM) ⊗ 
Hidrocloruro de indenolol; Indénolol, Chlorhydrate d’; Indenololi
Hydrochloridum; Sch-28316Z (indenolol); YB-2.

Инденолола Гидрохлорид
C15H21NO2,HCl = 283.8.
CAS — 60607-68-3 (indenolol); 68906-88-7 (indenolol
hydrochloride).

(indenolol)

Description. Indenolol hydrochloride is a 2:1 tautomeric mix-
ture of 1-(inden-7-yloxy)-3-isopropylaminopropan-2-ol hydro-
chloride and 1-(inden-4-yloxy)-3-isopropylaminopropan-2-ol
hydrochloride.
Pharmacopoeias. In Jpn.

Profile
Indenolol is a non-cardioselective beta blocker (p.1225). It is re-
ported to possess potent membrane-stabilising properties and in-
trinsic sympathomimetic activity. 
Indenolol has been used orally as the hydrochloride in the man-
agement of various cardiovascular disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Securpres†.

Indobufen (rINN)

Indobufén; Indobufène; Indobufenum; K-3920. (±)-2-[4-(1-Oxo-
isoindolin-2-yl)phenyl]butyric acid.

Индобуфен
C18H17NO3 = 295.3.
CAS — 63610-08-2.
ATC — B01AC10.
ATC Vet — QB01AC10.

Profile
Indobufen is an inhibitor of platelet aggregation used in various
thromboembolic disorders (p.1187) in oral doses of 200 to
400 mg daily given in 2 divided doses. For patients over the age
of 65, the dose should be reduced to 100 to 200 mg daily. Doses
should also be reduced in renal impairment (see below). Indo-
bufen has also been given parenterally as the sodium salt.

◊ References.
1. Wiseman LR, et al. Indobufen: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic efficacy in cer-
ebral, peripheral and coronary vascular disease. Drugs 1992; 44:
445–64. 

2. Bhana N, McClellan KJ. Indobufen: an updated review of its use
in the management of atherothrombosis. Drugs Aging 2001; 18:
369–88.

Administration in renal impairment. In patients with renal
impairment the dose of indobufen should be reduced to 100 mg
twice daily; it should not be used if the creatinine clearance is
under 30 mL/minute.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ibustrin; Cz.: Ibustrin; Ital.: Ibustrin; Mex.: Ibustrin; Pol.: Ibustrin;
Port.: Ibustrin; Venez.: Ibustrin.

Indoramin Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de indoramina; Indoramine, Chlorhydrate d’; Indo-
ramini Hydrochloridum; Wy-21901 (indoramin). N-[1-(2-Indol-
3-ylethyl)-4-piperidyl]benzamide hydrochloride.

Индорамина Гидрохлорид
C22H25N3O,HCl = 383.9.

CAS — 26844-12-2 (indoramin); 33124-53-7 (indoramin
hydrochloride); 38821-52-2 (indoramin hydrochloride).

ATC — C02CA02.

ATC Vet — QC02CA02.

(indoramin)

Pharmacopoeias. In Br. 
BP 2008 (Indoramin Hydrochloride). A white or almost white
powder. It exhibits polymorphism. Slightly soluble in water;
sparingly soluble in alcohol; very slightly soluble in ether; solu-
ble in methyl alcohol. A 2% suspension in water has a pH of 4.0
to 5.5. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
The most common adverse effects in patients receiving
indoramin are sedation and dizziness; dry mouth, nasal
congestion, headache, fatigue, depression, weight gain
(almost certainly due to fluid retention), and failure of
ejaculation may also occur. Tachycardia does not seem
to be a problem with therapeutic doses but orthostatic
hypotension may occur and may produce syncope. Ex-
trapyramidal disturbances have been reported. 
After overdosage, coma, convulsions, and hypotension
may occur; hypothermia has been reported in animals.
In acute poisoning appropriate symptomatic and sup-
portive care should be given; if the patient presents
within 1 hour, activated charcoal may be considered. 
Indoramin should be avoided in patients with heart
failure; it has been recommended that incipient heart
failure should be controlled before giving indoramin.
Caution should be observed in patients with hepatic or
renal impairment, a history of depression, epilepsy, or
Parkinson’s disease. Elderly patients may respond to
lower doses. 
Because indoramin can cause drowsiness care should
be taken in patients who drive or operate machinery.
Cataract surgery. For a warning about intraoperative floppy
iris syndrome during cataract surgery in patients taking alpha
blockers, see Surgical Procedures, under Precautions for Tamsu-
losin Hydrochloride, p.2197.

Effects on mental function. Sleep disturbances and vivid
dreams were reported during a study in hypertensive patients
when indoramin was added to therapy with a thiazide diuretic
and a beta blocker.1

1. Marshall AJ, et al. Evaluation of indoramin added to oxprenolol
and bendrofluazide as a third agent in severe hypertension. Br J
Clin Pharmacol 1980; 10: 217–21.

Overdosage. A 43-year-old woman with a long history of
heavy alcohol intake died after taking 100 tablets of indoramin
25 mg.1 The main clinical features were deep sedation, respirato-
ry depression, hypotension, and convulsions. Although the hy-
potension was satisfactorily controlled the CNS effects were re-
sistant to treatment and proved fatal. Other clinical features
included areflexia, metabolic acidosis, tachycardia, and later
bradyarrhythmias.
1. Hunter R. Death due to overdose of indoramin. BMJ 1982; 285:

1011.

Interactions
The hypotensive effects of indoramin may be en-
hanced by diuretics and other antihypertensives. It has
been reported that the ingestion of alcohol can increase
the rate and extent of absorption and the sedative ef-
fects of indoramin (see below) and that indoramin

should not be given to patients already receiving
MAOIs.
Alcohol. In a study1 in 9 healthy subjects alcohol 500 mg/kg
significantly enhanced plasma-indoramin concentrations after an
oral dose of 50 mg. The effect was most marked in the early pe-
riod, corresponding to the absorptive phase. The mean maximum
plasma-indoramin concentration was increased from 15.0 to
23.7 nanograms/mL by alcohol; the area under the concentra-
tion/time curve was increased by 25%. Alcohol did not affect the
pharmacokinetics of intravenous indoramin. The results suggest
that alcohol increases indoramin bioavailability either by en-
hancing absorption or reducing first-pass metabolism. The com-
bination was more sedative than either drug alone.
1. Abrams SML, et al. Pharmacokinetic interaction between indo-

ramin and ethanol. Hum Toxicol 1989; 8: 237–41.

Pharmacokinetics
Indoramin is readily absorbed from the gastrointestinal
tract and undergoes extensive first-pass metabolism. It
is reported to be about 90% bound to plasma proteins.
It has a half-life of about 5 hours which is reported to
be prolonged in elderly patients. It is extensively
metabolised and is excreted mainly as metabolites in
the urine and faeces. There is evidence to suggest that
some metabolites may have some alpha-adrenoceptor
blocking activity.
The elderly. The plasma half-life of indoramin in 5 healthy eld-
erly subjects following a single oral dose ranged from 6.6 to 32.8
hours with a mean of 14.7 hours.1 The increased half-life may
have been caused by reduced clearance in elderly patients.
1. Norbury HM, et al. Pharmacokinetics of oral indoramin in elder-

ly and middle-aged female volunteers. Eur J Clin Pharmacol
1984; 27: 247–9.

Uses and Administration
Indoramin is a selective and competitive alpha1-adren-
oceptor blocker (p.1153) with actions similar to those
of prazosin (p.1376); it is also reported to have mem-
brane-stabilising properties and to be a competitive
antagonist at histamine H1 and 5-hydroxytryptamine
receptors. Indoramin is used in the management of hy-
pertension (p.1171), and in benign prostatic hyperpla-
sia (p.2178) to relieve symptoms of urinary obstruc-
tion. It has also been used in the prophylactic treatment
of migraine. 
Indoramin is given orally as the hydrochloride, but
doses are usually expressed in terms of the base. Indo-
ramin hydrochloride 11.0 mg is equivalent to about
10 mg of indoramin. 
In hypertension, the initial dose is 25 mg twice daily,
increased in steps of 25 or 50 mg at intervals of 2
weeks to a maximum of 200 mg daily in 2 or 3 divided
doses. 
In benign prostatic hyperplasia, the initial dose is
20 mg twice daily, increased if necessary by 20 mg at
2-week intervals, to a maximum of 100 mg daily in di-
vided doses. 
Lower doses may be required in the elderly.
◊ Reviews.
1. Holmes B, Sorkin EM. Indoramin: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic efficacy
in hypertension and related vascular, cardiovascular and airway
diseases. Drugs 1986; 31: 467–99.

Migraine. Propranolol is probably the most well-established
drug for prophylaxis of migraine (p.616). Many other drugs have
been used including indoramin. In a double-blind study,1 indo-
ramin in a dose of 25 mg twice daily was reported to be as effec-
tive as dihydroergotamine mesilate in reducing the frequency of
migraine attacks.
1. Pradalier A, et al. Etude comparative indoramine versus dihy-

droergotamine dans le traitement préventif de la migraine. Ther-
apie 1988; 43: 293–7.

Preparations
BP 2008: Indoramin Tablets.

Proprietary Preparations (details are given in Part 3)
Austria: Wypresin†; Fr.: Vidora; Ger.: Wydora; Irl.: Baratol†; Doralese;
S.Afr.: Baratol; UK: Baratol; Doralese.

CH3

N
H

O

OH

CH3

CH3

O
OH

N

O

H
N

N

N
H

O



1316   Cardiovascular Drugs

Inositol Nicotinate (BAN, rINN)

Inositol Niacinate (USAN); Inositol, Nicotinate d’; Inositoli Nicoti-
nas; Inositolinikotinaatti; Inositolnikotinat; Nicotinato de inositol;
NSC-49506; Win-9154. meso-Inositol hexanicotinate; myo-Inosi-
tol hexanicotinate.
Инозитола Никотинат
C42H30N6O12 = 810.7.
CAS — 6556-11-2.
ATC — C04AC03.
ATC Vet — QC04AC03.

Pharmacopoeias. In Br. 
BP 2008 (Inositol Nicotinate). A white or almost white, odour-
less or almost odourless powder. Practically insoluble in water, in
alcohol, in acetone, and in ether; sparingly soluble in chloroform.
It dissolves in dilute mineral acids.
Profile
Inositol nicotinate is a vasodilator and is believed to be slowly
hydrolysed to nicotinic acid (p.1957). It is given orally in the
management of peripheral vascular disease (p.1178). The usual
dose is 3 g daily given in divided doses. The dose may be in-
creased to 4 g daily if necessary. 
Inositol nicotinate has been used in hyperlipidaemias.
Preparations
BP 2008: Inositol Nicotinate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Evicyl†; Ger.: Hamovannad†; Nicolip; Irl.: Hexogen†; Hexopal;
Neth.: Palohex; UK: Hexopal.

Multi-ingredient: Ger.: Zellaforte N Plus†; S.Afr.: Geratar.

Irbesartan (BAN, USAN, rINN)

BMS-186295; Irbesartaani; Irbésartan; Irbesartán; Irbesartanum;
SR-47436. 2-Butyl-3-[p-(o-1H-tetrazol-5-ylphenyl)benzyl]-1,3-
diazaspiro[4.4]non-1-en-4-one.
Ирбесартан
C25H28N6O = 428.5.
CAS — 138402-11-6.
ATC — C09CA04.
ATC Vet — QC09CA04.

Pharmacopoeias. In US. 
USP 31 (Irbesartan). A white to off-white, crystalline powder.
Practically insoluble in water; slightly soluble in alcohol and in
dichloromethane. Store in airtight containers at a temperature be-
low 30°.

Adverse Effects and Precautions
As for Losartan Potassium, p.1326.

Interactions
As for Losartan Potassium, p.1327.

Pharmacokinetics
Irbesartan is rapidly absorbed from the gastrointestinal
tract with an oral bioavailability of 60 to 80%. Peak
plasma concentrations of irbesartan occur 1.5 to 2
hours after an oral dose. Irbesartan is about 96% bound
to plasma proteins. It undergoes some metabolism in
the liver, primarily by the cytochrome P450 isoenzyme
CYP2C9, to inactive metabolites. It is excreted as
unchanged drug and metabolites in the bile and in urine;
about 20% of an oral or intravenous dose is excreted in
the urine, with less than 2% as unchanged drug. The
terminal elimination half-life is about 11 to 15 hours.
◊ References.
1. Sica DA, et al. The pharmacokinetics of irbesartan in renal fail-

ure and maintenance hemodialysis. Clin Pharmacol Ther 1997;
62: 610–18. 

2. Marino MR, et al. Pharmacokinetics and pharmacodynamics of
irbesartan in healthy subjects. J Clin Pharmacol 1998; 38:
246–55. 

3. Marino MR, et al. Pharmacokinetics and pharmacodynamics of
irbesartan in patients with hepatic cirrhosis. J Clin Pharmacol
1998; 38: 347–56. 

4. Vachharajani NN, et al. Oral bioavailability and disposition
characteristics of irbesartan, an angiotensin antagonist, in
healthy volunteers. J Clin Pharmacol 1998; 38: 702–7. 

5. Vachharajani NN, et al. The effects of age and gender on the
pharmacokinetics of irbesartan. Br J Clin Pharmacol 1998; 46:
611–13. 

6. Sakarcan A, et al. The pharmacokinetics of irbesartan in hyper-
tensive children and adolescents. J Clin Pharmacol 2001; 41:
742–9.

Uses and Administration
Irbesartan is an angiotensin II receptor antagonist with
actions similar to those of losartan (p.1327). It is used
in the management of hypertension (p.1171) including
the treatment of renal disease in hypertensive diabetic
patients (see Kidney Disorders, under Uses of Losar-
tan, p.1328). Irbesartan is also under investigation in
heart failure. 
Irbesartan is given orally. After a dose the hypotensive
effect peaks within 3 to 6 hours and persists for at least
24 hours. The maximum hypotensive effect is
achieved within 4 to 6 weeks after starting therapy. 
In hypertension, irbesartan is given in a dose of
150 mg once daily increased, if necessary, to 300 mg
once daily. A lower initial dose of 75 mg once daily
may be considered in elderly patients over 75 years, for
patients with intravascular volume depletion, and for
those receiving haemodialysis. 
For the treatment of renal disease in hypertensive type
2 diabetics, irbesartan should be given in an initial dose
of 150 mg once daily, increased to 300 mg once daily
for maintenance.
◊ Reviews.
1. Gillis JC, Markham A. Irbesartan: a review of its pharmacody-

namic and pharmacokinetic properties and therapeutic use in the
management of hypertension. Drugs 1997; 54: 885–902. 

2. Brown MJ. Irbesartan treatment in hypertension. Hosp Med
1998; 59: 808–11. 

3. Markham A, et al. Irbesartan: an updated review of its use in
cardiovascular disorders. Drugs 2000; 59: 1187–1206. 

4. Croom KF, et al. Irbesartan: a review of its use in hypertension
and in the management of diabetic nephropathy. Drugs 2004; 64:
999–1028. 

5. Ravera M, et al. Prevention and treatment of diabetic nephropa-
thy: the program for irbesartan mortality and morbidity evalua-
tion. J Am Soc Nephrol 2005; 16 (suppl 1): S48–S52. 

6. Palmer AJ, et al. Irbesartan treatment of patients with type 2 di-
abetes, hypertension and renal disease: a UK health economics
analysis. Int J Clin Pract 2007; 61: 1626–33. 

7. Flack JM. Maximising antihypertensive effects of angiotensin II
receptor blockers with thiazide diuretic combination therapy: fo-
cus on irbesartan/hydrochlorothiazide. Int J Clin Pract 2007; 61:
2093–1102.

Administration in children. Although irbesartan appears to
be well-tolerated in children with hypertension and has been
shown to reduce blood pressure in small studies,1 US licensed
product information notes that doses of up to 4.5 mg/kg once dai-
ly were ineffective in children aged 6 to 16 years and no longer
recommends use in such patients. 
In children with chronic kidney diseases, irbesartan has been re-
ported to reduce blood pressure and proteinuria.2,3 The initial
dose was 37.5 mg once daily for children weighing 10 to 20 kg,
75 mg once daily for those weighing 21 to 40 kg, and 150 mg
once daily for those weighing more than 40 kg; doses could be
doubled if the blood pressure response was inadequate.
1. Sakarcan A, et al. The pharmacokinetics of irbesartan in hyper-

tensive children and adolescents. J Clin Pharmacol 2001; 41:
742–9. 

2. Franscini LMD, et al. Effectiveness and safety of the angiotensin
II antagonist irbesartan in children with chronic kidney diseases.
Am J Hypertens 2002; 15: 1057–63. 

3. Gartenmann AC, et al. Better renoprotective effect of angi-
otensin II antagonist compared to dihydropyridine calcium chan-
nel blocker in childhood. Kidney Int 2003; 64: 1450–4.

Preparations
USP 31: Irbesartan and Hydrochlorothiazide Tablets; Irbesartan Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Adana; Aprovel; Avapro; Austral.: Avapro; Karvea; Belg.: Aprovel;
Braz.: Aprovel; Avapro; Canad.: Avapro; Chile: Aprovel; Cz.: Aprovel;
Karvea; Denm.: Aprovel; Fin.: Aprovel; Fr.: Aprovel; Ger.: Aprovel; Karvea;
Gr.: Aprovel; Karvea; Hong Kong: Aprovel; Hung.: Aprovel; India: Irovel;
Xarb; Indon.: Aprovel; Fristens; Iretensa; Irvell; Irl.: Aprovel; Israel: Irban†;
Ital.: Aprovel; Karvea; Malaysia: Aprovel; Mex.: Aprovel; Avapro; Neth.:
Aprovel; Karvea; Norw.: Aprovel; NZ: Karvea; Philipp.: Aprovel; Pol.:
Aprovel; Port.: Aprovel; Karvea; Rus.: Aprovel (Апровель); S.Afr.: Aprov-
el; Singapore: Aprovel; Spain: Aprovel; Karvea; Swed.: Aprovel; Switz.:
Aprovel; Thai.: Aprovel; Turk.: Karvea; UK: Aprovel; USA: Avapro; Ven-
ez.: Aprovel.
Multi-ingredient: Arg.: Adana Plus; Avapro HCT; CoAprovel; Austral.:
Avapro HCT; Karvezide; Belg.: CoAprovel; Braz.: Aprozide; Canad.: Av-
alide; Chile: CoAprovel; Cz.: CoAprovel; Karvezide; Denm.: CoAprovel;
Fr.: CoAprovel; Ger.: CoAprovel; Karvezide; Gr.: CoAprovel; Karvezide;
Hong Kong: Aprovel HCT†; CoAprovel; Hung.: CoAprovel; India: Xarb-
H; Indon.: CoAprovel; Irtan Plus; Irl.: CoAprovel; Israel: Irban Plus†; Ital.:
CoAprovel; Karvezide; Malaysia: CoAprovel; Mex.: Avalide; CoAprovel;
Neth.: CoAprovel; Karvezide; Norw.: CoAprovel; NZ: Karvezide;
Philipp.: CoAprovel; Port.: CoAprovel; Karvezide; S.Afr.: CoAprovel;
Singapore: CoAprovel; Spain: CoAprovel; Karvezide; Swed.: CoAprovel;
Switz.: CoAprovel; Thai.: Aprovel HCT†; CoAprovel; Turk.: Karvezide;
UK: CoAprovel; USA: Avalide; Venez.: CoAprovel.

Isoprenaline (BAN, rINN) ⊗ 
Isoprenaliini; Isoprenalin; Isoprenalina; Isoprénaline; Isoprenali-
num; Isopropylarterenol; Isopropylnoradrenaline; Isoproterenol.
1-(3,4-Dihydroxyphenyl)-2-isopropylaminoethanol.
Изопреналин
C11H17NO3 = 211.3.
CAS — 7683-59-2.
ATC — C01CA02; R03AB02; R03CB01.
ATC Vet — QC01CA02; QR03AB02; QR03CB01.

Isoprenaline Hydrochloride (BANM, rINNM) ⊗ 
Hidrocloruro de isoprenalina; Isoprenaliinihydrokloridi; Isopréna-
line, chlorhydrate d’; Isoprenalin-hydrochlorid; Isoprenalinhy-
droklorid; Isoprenalini hydrochloridum; Isopropylarterenol Hy-
drochloride; Isopropylnoradrenaline Hydrochloride; Isoprotere-
nol Hydrochloride; Izoprenalin Hidroklorür; Izoprenalin-hid-
roklorid; Izoprenalino hidrochloridas.
Изопреналина Гидрохлорид
C11H17NO3,HCl = 247.7.
CAS — 51-30-9.
ATC — C01CA02; R03AB02; R03CB01.
ATC Vet — QC01CA02; QR03AB02; QR03CB01.
Pharmacopoeias. In  Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Isoprenaline Hydrochloride). A white or almost
white crystalline powder. Freely soluble in water; sparingly sol-
uble in alcohol; practically insoluble in dichloromethane. A 5%
solution in water has a pH of 4.3 to 5.5. Store in airtight contain-
ers. Protect from light. 
USP 31 (Isoproterenol Hydrochloride). A white to practically
white, odourless, crystalline powder. It gradually darkens on ex-
posure to air and light. Soluble 1 in 3 of water and 1 in 50 of al-
cohol; less soluble in dehydrated alcohol; insoluble in chloro-
form and in ether. A 1% solution in water has a pH of about 5.
Solutions become pink to brownish-pink on standing exposed to
air and almost immediately so when made alkaline. Store in air-
tight containers. Protect from light.

Isoprenaline Sulfate (rINNM) ⊗ 
Isoprenaliinisulfaatti; Isoprenalin sulfát dihydrát; Isoprénaline, sul-
fate d’; Isoprenaline Sulphate (BANM); Isoprenalini sulfas; Isopren-
alini Sulfas Dihydricus; Isoprenalinsulfat; Isopropylarterenol Sul-
phate; Isopropylnoradrenaline Sulphate; Isoproterenol Sulfate; Iz-
oprenalino sulfatas; Izoprenalin-szulfát; Izoprenaliny siarczan; Sul-
fato de isoprenalina.
Изопреналина Сульфат
(C11H17NO3)2,H2SO4,2H2O = 556.6.
CAS — 299-95-6 (anhydrous isoprenaline sulfate); 6700-
39-6 (isoprenaline sulfate dihydrate).
ATC — C01CA02; R03AB02; R03CB01.
ATC Vet — QC01CA02; QR03AB02; QR03CB01.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Isoprenaline Sulphate). A white or almost white
crystalline powder. Freely soluble in water; very slightly soluble
in alcohol. A 5% solution in water has a pH of 4.3 to 5.5. Store
in airtight containers. Protect from light. 
USP 31 (Isoproterenol Sulfate). A white to practically white,
odourless, crystalline powder. It gradually darkens on exposure
to light and air. Soluble 1 in 4 of water; very slightly soluble in
alcohol, in chloroform, in ether, and in benzene. A 1% solution
in water has a pH of about 5. Solutions become pink to brownish-
pink on standing exposed to air, and almost immediately so when
made alkaline. Store in airtight containers. Protect from light.

Adverse Effects and Precautions
As for Sympathomimetics, p.1407. Isoprenaline has al-
most exclusively beta-agonist properties but also stim-
ulates the CNS; its main adverse effects include tachy-
cardia and cardiac arrhythmias, palpitations,
hypotension, tremor, headache, sweating, and facial
flushing. Prolonged use of isoprenaline has been asso-
ciated with swelling of the parotid glands. 
Prolonged use of sublingual tablets may also cause se-
vere damage to the teeth due to the acidic nature of the
drug. Sublingual use or inhalation may colour the sali-
va or sputum red.
Increased mortality. For a discussion of the increased mortal-
ity and morbidity that has sometimes been observed in asthmatic
patients using beta agonists and reference to an early epidemic
associated with isoprenaline inhalers, see Fenoterol, p.1121.

Interactions
As for Sympathomimetics, p.1407. Due to the risk of
arrhythmias, isoprenaline should not be used with oth-
er potent beta1 agonists such as adrenaline.
Theophylline. For reports of increased theophylline clearance
following use of isoprenaline, see p.1145.

Pharmacokinetics
As a result of sulfate conjugation in the gut, isoprena-
line is considerably less active orally than after
parenteral doses. It is absorbed through the oral muco-
sa and has accordingly been given sublingually, but ab-
sorption by this route remains very erratic. Isoprenaline
in the body is resistant to metabolism by monoamine
oxidase, but is metabolised by catechol-O-methyl-
transferase in the liver, lungs, and other tissues, the
metabolite then being conjugated before excretion in
the urine. Whereas the sulfate conjugate of isoprena-
line is inactive the methylated metabolite exhibits
weak activity. 
After intravenous injection isoprenaline has a plasma
half-life of about one to several minutes according to
whether the rate of injection is rapid or slow; it is al-
most entirely excreted in the urine as unchanged drug
and metabolites within 24 hours. A much slower onset
of action and a more extended initial half-life has been
found after oral dosage. Isoprenaline is reported to
have a duration of action of up to about 2 hours after
inhalation; it has been shown that a large proportion of
an inhaled dose is swallowed.
◊ References.
1. Blackwell EW, et al. The fate of isoprenaline administered by

pressurized aerosols. Br J Pharmacol 1970; 39: 194P–195P. 
2. Conolly ME, et al. Metabolism of isoprenaline in dog and man.

Br J Pharmacol 1972; 46: 458–72. 
3. Blackwell EW, et al. Metabolism of isoprenaline after aerosol

and direct intrabronchial administration in man and dog. Br J
Pharmacol 1974; 50: 587–91. 

4. Reyes G, et al. The pharmacokinetics of isoproterenol in critical-
ly ill pediatric patients. J Clin Pharmacol 1993; 33: 29–34.

Uses and Administration
Isoprenaline is a sympathomimetic (p.1408) that acts
almost exclusively on beta-adrenergic receptors. It has
a powerful stimulating action on the heart and increas-
es cardiac output, excitability, and rate; it also causes
peripheral vasodilatation and produces a fall in diasto-
lic blood pressure and usually maintains or slightly in-
creases systolic blood pressure. In addition, isoprena-
line has bronchodilating properties. It also stimulates
the CNS. 
Isoprenaline has been used in a variety of cardiac dis-
orders. It may be used for the temporary prevention or

control of Stokes-Adams attacks and in severe brady-
cardia unresponsive to atropine, but use of a pacemak-
er is preferred. It has also been advocated as an adjunct
for other cardiac disorders including shock (p.1183)
and torsade de pointes (see Cardiac Arrhythmias,
p.1160). It has been used in the diagnosis of congenital
heart defects. 
In the management of cardiac disorders, isoprenaline
is usually given as the hydrochloride by slow intrave-
nous infusion under ECG control. Infusion rates may
range from 0.5 to 10 micrograms/minute depending
on the clinical condition of the patient; 1 to
4 micrograms/minute may be adequate to correct
bradycardia but rates of 4 to 8 micrograms/minute may
be required for acute Stokes-Adams attacks. Isoprena-
line hydrochloride can be given by intracardiac injec-
tion in extreme cases. It has also been given subcutane-
ously or intramuscularly in initial doses of
200 micrograms (as 1 mL of a 0.02% solution) and by
slow intravenous injection in initial doses of 20 to
60 micrograms (as 1 to 3 mL of a 0.002% solution);
doses are subsequently adjusted according to ventricu-
lar rate. Tablets of isoprenaline hydrochloride have
been given orally or sublingually. 
Isoprenaline has been used as a bronchodilator in the
management of reversible airways obstruction but
sympathomimetics with a selective action on beta2 re-
ceptors, such as salbutamol, are now preferred (see
Asthma, p.1108). It has been given as the sulfate or hy-
drochloride, usually by inhalation; sublingual tablets
and intravenous injections have also been used.
Preparations
BP 2008: Isoprenaline Injection; 
USP 31: Acetylcysteine and Isoproterenol Hydrochloride Inhalation Solu-
tion; Isoproterenol Hydrochloride and Phenylephrine Bitartrate Inhalation
Aerosol; Isoproterenol Hydrochloride Inhalation Aerosol; Isoproterenol
Hydrochloride Injection; Isoproterenol Hydrochloride Tablets; Isoprotere-
nol Inhalation Solution; Isoproterenol Sulfate Inhalation Aerosol; Isoproter-
enol Sulfate Inhalation Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Ciapar†; Proterenal†; Austral.: Isuprel; Austria: Ingelan; Belg.: Isu-
prel; Cz.: Isuprel; Fr.: Isuprel; Ger.: Ingelan†; Gr.: Isuprel†; Saventrine†;
Hung.: Isuprel†; India: Autohaler†; Isolin; Indon.: Isuprel; Irl.: Saventrine†;
Israel: Isuprel; NZ: Isuprel; S.Afr.: Imuprel; Lenoprel†; Singapore: Isu-
prel†; Saventrine†; Spain: Aleudrina; Thai.: Isuprel; USA: Isuprel; Medihal-
er-Iso.

Multi-ingredient: Arg.: Zantril†; Austria: Ingelan; Ger.: Ingelan†; Mex.:
Isobutil†; Port.: Prelus†; Spain: Aldo Asma; Frenal Compositum; USA:
Norisodrine with Calcium Iodide.

Isosorbide (BAN, USAN, rINN) ⊗ 
AT-101; Isosorbida; Isosorbidum; NSC-40725. 1,4:3,6-Dianhy-
dro-D-glucitol.
Изосорбид
C6H10O4 = 146.1.
CAS — 652-67-5.

Pharmacopoeias. In Jpn.  
US includes Isosorbide Concentrate. 
USP 31 (Isosorbide Concentrate). An aqueous solution contain-
ing 70.0 to 80.0% w/w of isosorbide. A colourless to slightly
yellow liquid. Soluble in water and in alcohol. Store in airtight
containers. Protect from light.
Profile
Isosorbide is an osmotic diuretic with properties similar to those
of mannitol (p.1330). It is reported to cause less nausea and vom-
iting than other oral osmotic diuretics. 
Isosorbide is used for short-term reduction of intra-ocular pres-
sure in acute glaucoma or prior to surgery (p.1873). The usual
oral dose is 1 to 3 g/kg 2 to 4 times daily. The onset of action is
usually within 30 minutes and lasts for up to 5 or 6 hours.
Preparations
USP 31: Isosorbide Concentrate; Isosorbide Oral Solution.

Proprietary Preparations (details are given in Part 3)
Mex.: Biordyn; USA: Ismotic.

Isosorbide Dinitrate (BAN, USAN, rINN)

Dinitrato de isosorbida; ISDN; Isosorbid dinitrát; Isosorbiddini-
trat; Isosorbide, dinitrate d’; Isosorbidi dinitras; Isosorbididini-
traatti; Izosorbid Dinitrat; Izosorbido dinitratas; Izosorbidu diazo-
tan; Izoszorbid-dinitrát; Sorbide Nitrate. 1,4:3,6-Dianhydro-D-glu-
citol 2,5-dinitrate.

Изосорбида Динитрат
C6H8N2O8 = 236.1.

CAS — 87-33-2.
ATC — C01DA08; C05AE02.
ATC Vet — QC01DA08; QC05AE02.

Pharmacopoeias. In Chin. and Jpn. 
Eur. (see p.vii), Int., and US include diluted isosorbide dinitrate. 
Ph. Eur. 6.2 (Isosorbide Dinitrate, Diluted ). A dry mixture of
isosorbide dinitrate and lactose monohydrate or mannitol. The
solubility of the diluted product depends on the diluent and its
concentration. Protect from light. 
Undiluted isosorbide dinitrate is a fine, white or almost white,
crystalline powder. Very slightly soluble in water; sparingly sol-
uble in alcohol; very soluble in acetone. 
USP 31 (Diluted Isosorbide Dinitrate). A dry mixture of isosorb-
ide dinitrate (usually about 25%) with lactose, mannitol, or other
suitable inert excipients, the latter being added to minimise the
risk of explosion. It may contain up to 1% of a suitable stabiliser
such as ammonium phosphate. It is an ivory-white, odourless
powder. Store in airtight containers. 
Undiluted isosorbide dinitrate occurs as white crystalline ro-
settes. Very slightly soluble in water; sparingly soluble in alco-
hol; very soluble in acetone; freely soluble in chloroform.

Handling. Undiluted isosorbide dinitrate may explode if sub-
jected to percussion or excessive heat.

Stability. The loss of isosorbide dinitrate from solution during
infusion was found to be 30% with PVC plastic intravenous in-
fusion sets but negligible when polyolefin or glass delivery sys-
tems were used.1 Another study reported a 23% decrease in iso-
sorbide dinitrate concentration after 24 hours of storage at 21° in
PVC containers; most of the loss occurred in the first 6 hours.
Loss of potency was not noted when isosorbide dinitrate was
stored under similar conditions in glass bottles or polyethylene,
nylon, and polypropylene laminated bags.2

1. Kowaluk EA, et al. Drug loss in polyolefin infusion systems. Am
J Hosp Pharm 1983; 40: 118–19. 

2. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73.

Adverse Effects, Treatment, and Precau-
tions
As for Glyceryl Trinitrate, p.1296.
Effects on the blood. Haemolysis occurred in 2 patients with
G6PD deficiency during treatment with isosorbide dinitrate.1

1. Aderka D, et al. Isosorbide dinitrate-induced hemolysis in
G6PD-deficient subjects. Acta Haematol (Basel) 1983; 69:
63–4.

Headache. The most common adverse effect of nitrate therapy
is headache which usually decreases after a few days. There has
been a report1 of a severe continuous unilateral headache with an
oculosympathetic paresis on the same side associated with iso-
sorbide dinitrate therapy.
1. Mueller RA, Meienberg O. Hemicrania with oculosympathetic

paresis from isosorbide dinitrate. N Engl J Med 1983; 308:
458–9.

Hypersensitivity. Laryngeal oedema developed on two occa-
sions in a woman after the use of isosorbide dinitrate spray;1
nifedipine was also given sublingually which on the second oc-
casion caused a noticeable increase in the laryngeal swelling in-
duced by the nitrate.
1. Silfvast T, et al. Laryngeal oedema after isosorbide dinitrate

spray and sublingual nifedipine. BMJ 1995; 311: 232.

Nitrate tolerance. Continuous use of organic nitrates is asso-
ciated with tolerance to their haemodynamic effects; for an over-
view of nitrate tolerance, see under Precautions for Glyceryl
Trinitrate, p.1297. 
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A study in 12 patients with chronic stable angina1 showed that
after treatment for one week with isosorbide dinitrate 30 mg two
or three times daily, treadmill-walking time was longer through-
out a 5-hour testing period compared with placebo. In contrast,
after treatment for one week with isosorbide dinitrate 30 mg four
times daily, treadmill-walking time was prolonged at 1 hour but
not at 3 or 5 hours. These results support the concept that clinical
efficacy of isosorbide dinitrate is maintained if given in a dose
schedule which provides a nitrate-free or a low-nitrate period. 
The effect of sublingual isosorbide dinitrate in patients receiving
chronic therapy with isosorbide dinitrate was evaluated in 24 pa-
tients with angina.2 Sublingual use produced less reduction of
aortic systolic pressure and left ventricular end-diastolic pressure
and less dilatation of coronary artery diameter in patients who
received chronic isosorbide dinitrate therapy compared with pa-
tients not receiving chronic therapy.
1. Parker JO, et al. Effect of intervals between doses on the devel-

opment of tolerance to isosorbide dinitrate. N Engl J Med 1987;
316: 1440–4. 

2. Naito H, et al. Effects of sublingual nitrate in patients receiving
sustained therapy of isosorbide dinitrate for coronary artery dis-
ease. Am J Cardiol 1989; 64: 565–68.

Oedema. Reports of ankle oedema associated with isosorbide
dinitrate therapy in 3 patients with heart failure.1

1. Rodger JC. Peripheral oedema in patients treated with isosorbide
dinitrate. BMJ 1981; 283: 1365–6.

Interactions
As for Glyceryl Trinitrate, p.1297.
Disopyramide. The effectiveness of sublingual isosorbide di-
nitrate was reduced in a patient taking disopyramide.1 The inter-
action was considered to be due to diminished salivary secretions
caused by the antimuscarinic action of disopyramide which in-
hibited the dissolution of the sublingual isosorbide dinitrate tab-
let.
1. Barletta MA, Eisen H. Isosorbide dinitrate-disopyramide phos-

phate interaction. Drug Intell Clin Pharm 1985; 19: 764.

Pharmacokinetics
Like glyceryl trinitrate, isosorbide dinitrate is readily
absorbed from the oral mucosa. Isosorbide dinitrate is
also readily absorbed when given orally but owing to
extensive first-pass metabolism in the liver and pre-
systemic clearance its bioavailability is reduced. Iso-
sorbide dinitrate is also absorbed through the skin from
an ointment basis. 
After sublingual doses, anti-anginal effect is apparent
within 2 to 5 minutes and persists for about 1 to 2
hours. After oral dosage with conventional tablets,
anti-anginal activity is present in less than 1 hour and
lasts for 4 to 6 hours. 
Isosorbide dinitrate is widely distributed with a large
apparent volume of distribution. It is taken up by
smooth muscle cells of blood vessels and the nitrate
group is cleaved to inorganic nitrite and then to nitric
oxide. It is also rapidly metabolised in the liver to the
major active metabolites isosorbide 2-mononitrate and
isosorbide 5-mononitrate (see Isosorbide Mononitrate,
below). 
After sublingual doses, isosorbide dinitrate has a plas-
ma half-life of 45 to 60 minutes. Plasma half-lives of
20 minutes and 4 hours have been reported after intra-
venous and oral dosage, respectively. During pro-
longed use, the half-life is increased due to accumula-
tion of the isosorbide 5-mononitrate metabolite which
reduces hepatic isosorbide dinitrate extraction. Both
primary metabolites have longer half-lives than the
parent compound.
◊ References.
1. Abshagen U, et al. Pharmacokinetics and metabolism of isosorb-

ide-dinitrate after intravenous and oral administration. Eur J
Clin Pharmacol 1985; 27: 637–44. 

2. Straehl P, Galeazzi RL. Isosorbide dinitrate bioavailability, ki-
netics, and metabolism. Clin Pharmacol Ther 1985; 38: 140–9. 

3. Thadani U, Whitsett T. Relationship of pharmacokinetic and
pharmacodynamic properties of the organic nitrates. Clin Phar-
macokinet 1988; 15: 32–43. 

4. Schneider W, et al. Concentrations of isosorbide dinitrate, iso-
sorbide-2-mononitrate and isosorbide-5-mononitrate in human
vascular and muscle tissue under steady-state conditions. Eur J
Clin Pharmacol 1990; 38: 145–7. 

5. Vogt D, et al. Pharmacokinetics and haemodynamic effects of
ISDN following different dosage forms and routes of administra-
tion. Eur J Clin Pharmacol 1994; 46: 319–24. 

6. Bergami A, et al. Pharmacokinetics of isosorbide dinitrate in
healthy volunteers after 24-hour intravenous infusion. J Clin
Pharmacol 1997; 37: 828–33.

Uses and Administration
Isosorbide dinitrate is a vasodilator with general prop-
erties similar to those of glyceryl trinitrate (p.1297). It
is used in the management of angina pectoris (p.1157)
and of heart failure (below). It has also been investigat-
ed in myocardial infarction (p.1175). 
Isosorbide dinitrate may be given by the sublingual,
oral, transdermal, or intravenous route. 
In angina isosorbide dinitrate may be given as sublin-
gual tablets or spray for the relief of an acute attack,
although glyceryl trinitrate may be preferred because it
has a faster onset of action. Isosorbide dinitrate may
also be used before an activity or stress which might
provoke an attack. The usual dose in acute angina is 2.5
to 10 mg sublingually. As an alternative, one to three
sprays (1.25 mg/spray) may be directed under the
tongue. 
Isosorbide dinitrate is also used in the long-term man-
agement of angina in oral doses of 20 to 120 mg daily
in divided doses according to the patient’s needs. In-
creases in dosage should be gradual to avoid adverse
effects. Up to 240 mg daily in divided doses may be
necessary. Modified-release formulations may be used
in equivalent doses. Transdermal preparations such as
topical sprays or ointments may also be used. 
Isosorbide dinitrate is given by intravenous infusion
for unstable angina. The dose is titrated according to
patient response; doses in the range of 2 to 12 mg/hour
are usually suitable but up to 20 mg/hour may be nec-
essary in some patients. The plastic used in the infusion
equipment may adsorb isosorbide dinitrate (see Stabil-
ity, above) and allowance may have to be made for this. 
During percutaneous transluminal coronary angi-
oplasty isosorbide dinitrate may be given by the intra-
coronary route to allow prolonged balloon inflation
and to prevent or relieve coronary spasm. Only injec-
tions of isosorbide dinitrate which are approved for in-
tracoronary use should be given by this route as prepa-
rations intended for normal intravenous use may
contain additives that are harmful if injected into dis-
eased coronary vessels. The usual dose is 1 mg as a bo-
lus before balloon inflation. The maximum recom-
mended dose is 5 mg within a 30-minute time period. 
Isosorbide dinitrate is also used in the management of
heart failure. It is given in doses of 5 to 10 mg sublin-
gually every 2 to 3 hours, or in oral doses of 30 to
160 mg daily in divided doses. Oral doses of up to
240 mg daily may be required. It may also be given in-
travenously using the intravenous doses given above
for angina. An oral combination preparation with hy-
dralazine is also available for use in self-identified
black patients. It is given in a dose of 20 mg of isosorb-
ide dinitrate with 37.5 mg of hydralazine three times
daily; the dose may be doubled if necessary.
Heart failure. Although direct-acting vasodilators do not have
a major role in the management of chronic heart failure (p.1165)
there is some evidence that use of hydralazine with isosorbide
dinitrate may be of benefit,1 although the effect on mortality is
less than that seen with ACE inhibitors.2 Subgroup analysis sug-
gested that the effect might be greater in black patients, and a
later study3 in black patients found that addition of isosorbide
dinitrate and hydralazine to standard therapy improved both
morbidity and mortality.
1. Cohn JN, et al. Effect of vasodilator therapy on mortality in

chronic congestive heart failure: results of a Veterans Adminis-
tration Cooperative Study. N Engl J Med 1986; 314: 1547–52. 

2. Cohn JN, et al. A comparison of enalapril with hydralazine-iso-
sorbide dinitrate in the treatment of chronic congestive heart fail-
ure. N Engl J Med 1991; 325: 303–10. 

3. Taylor AL, et al. African-American Heart Failure Trial Investi-
gators. Combination of isosorbide dinitrate and hydralazine in
blacks with heart failure. N Engl J Med 2004; 351: 2049–57.
Correction. ibid. 2005; 352: 1276.

Non-cardiovascular disorders. Nitrates such as isosorbide
dinitrate have been tried in conditions including anal fissure,
erectile dysfunction, obstetric and gynaecological disorders,
oesophageal motility disorders such as achalasia and spasm, and
pain. Further details of these uses are given under Glyceryl Trin-
itrate (p.1298).

Preparations
BP 2008: Isosorbide Dinitrate Injection; Isosorbide Dinitrate Sublingual
Tablets; Isosorbide Dinitrate Tablets; 

USP 31: Isosorbide Dinitrate Chewable Tablets; Isosorbide Dinitrate Ex-
tended-release Capsules; Isosorbide Dinitrate Extended-release Tablets;
Isosorbide Dinitrate Sublingual Tablets; Isosorbide Dinitrate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cortespasmo; Isoket; Isordil; Austral.: Isordil; Sorbidin; Austria: Ce-
docard; Hexanitrat; Iso Mack; Isoket; Vasorbate; Belg.: Cedocard; Isordil†;
Braz.: Angil; Dilatrat†; Isocord†; Isorbid†; Isordil; Canad.: Apo-ISDN; Ce-
docard†; Novo-Sorbide; Cz.: Apo-ISDN†; Cardiket; Dinisan; Iso Mack; Iso-
ket; Isopelet; Maycor†; Denm.: Cardopax; Iso Mack†; Fin.: Dinit; Nitrosid;
Fr.: Isocard; Langoran; Risordan; Ger.: Diconpin; duranitrat†; Iso Mack†; Iso-
Puren; Isoket; Isostenase†; Jenacard; Maycor†; Nitrosorbon; TD Spray Iso
Mack; Gr.: Orbipront†; Pensordil; Hong Kong: Apo-ISDN; Iso Mack†; Iso-
ket; Isordil†; Isorem; Hung.: Iso Mack†; Isoket†; India: Anzidin; Isordil;
Sorbitrate; Indon.: Cedocard; Farsorbid; Hapisor; Isoket; Isordil; Sorbidin;
Vascardin; Irl.: Isoket; Isordil†; Israel: Cordil; Isocardide; Isoket; Isolong; Iso-
tard†; Ital.: Carvasin; Diniket; Nitrosorbide; Jpn: Antup R; Nitorol; Malay-
sia: Apo-ISDN†; Isoket; Isordil†; Nitorol†; Sorbidin†; Mex.: Biderit; Debi-
sor; Insucar; Isoket; Isorbid; Neth.: Cedocard; Isordil; Norw.: Sorbangil;
NZ: Coronex†; Philipp.: Bideren; Isobar; Isoket; Isordil; Nitrosorbon; Pol.:
Aerosonit; Cardonit; Isoket; Sorbonit; Port.: Flindix; Isoket; Isopront†; Rus.:
Isoket (Изокет); Isolong (Изолонг)†; Kardiket (Кардикет); S.Afr.: Angi-
Spray; Dinospray; Isoket; Isordil; Singapore: Apo-ISDN; Iso Mack†; Isobin†;
Isoket; Isordil†; Spain: Iso; Isordil†; Swed.: Sorbangil; Switz.: Acordin; Es-
conitro†; Iso Mack; Isoket; Isosifar†; Sorbidilat; Thai.: Angitrit; Hartsorb; Iso
Mack†; Isobinate; Isoket; Isordil; Isorem; Isotrate; Izo†; Sorbidin; Sornil;
Turk.: Cardioket; Isordil; Nitrofix; UK: Angitak; Cedocard; Isoket; USA: Di-
latrate; Isochron; Isordil; Sorbitrate†; Venez.: Isoket; Isomack; Isordil†.

Multi-ingredient: Austria: Viskenit; Ger.: Stenoptin†; USA: BiDil.

Isosorbide Mononitrate (BAN, USAN, rINN)

AHR-4698; BM-22145; IS-5-MN; Isosorbid mononitrát; Isosorb-
ide, mononitrate d’; Isosorbide-5-mononitrate; Isosorbidi
mononitras; Izosorbid Mononitrat; Izosorbido mononitratas;
Izoszorbid-mononitrát; Mononitrato de isosorbida. 1,4:3,6-Dian-
hydro-D-glucitol 5-nitrate.

Изозорбида Мононитрат

C6H9NO6 = 191.1.

CAS — 16051-77-7.

ATC — C01DA14.

ATC Vet — QC01DA14.

Pharmacopoeias. Eur. (see p.vii) and US include diluted iso-
sorbide mononitrate. 
Ph. Eur. 6.2 (Isosorbide Mononitrate, Diluted). A dry mixture of
isosorbide mononitrate and lactose monohydrate or mannitol.
The solubility of the diluted product depends on the diluent and
its concentration. Protect from light. 
Undiluted isosorbide mononitrate is a white or almost white,
crystalline powder. Freely soluble in water, in alcohol, in
acetone, and in dichloromethane. 
USP 31 (Diluted Isosorbide Mononitrate). A dry mixture of iso-
sorbide mononitrate with lactose or other suitable excipients to
permit safe handling. Store in airtight containers between 20°
and 30°.

Adverse Effects, Treatment, and Precau-
tions
As for Glyceryl Trinitrate, p.1296. 
Myalgia has been reported very rarely.

Interactions
As for Glyceryl Trinitrate, p.1297.

Pharmacokinetics
Isosorbide mononitrate is readily absorbed from the
gastrointestinal tract. After oral doses of conventional
tablets, peak plasma levels are reached in 30 minutes to
1 hour; onset of action occurs within 20 minutes and
lasts for about 8 to 10 hours. Unlike isosorbide dini-
trate, isosorbide mononitrate does not undergo first-
pass hepatic metabolism and bioavailability is nearly
100%. Isosorbide mononitrate is widely distributed
with a large apparent volume of distribution. It is taken
up by smooth muscle cells of blood vessels and the ni-
trate group is cleaved to inorganic nitrite and then to
nitric oxide. Isosorbide mononitrate is metabolised to
inactive metabolites, including isosorbide and isosorb-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ide glucuronide. Only about 2% of isosorbide monon-
itrate is excreted unchanged in the urine. An elimina-
tion half-life of about 4 to 5 hours has been reported.
◊ References.
1. Taylor T, et al. Isosorbide 5-mononitrate pharmacokinetics in

humans. Biopharm Drug Dispos 1981; 2: 255–63. 
2. Thadani U, Whitsett T. Relationship of pharmacokinetic and

pharmacodynamic properties of the organic nitrates. Clin Phar-
macokinet 1988; 15: 32–43. 

3. McClennen W, et al. The plasma concentrations of isosorbide 5-
mononitrate (5-ISMN) administered in an extended-release form
to patients with acute myocardial infarction. Br J Clin Pharma-
col 1995; 39: 704–8. 

4. Hutt V, et al. Evaluation of the pharmacokinetics and absolute
bioavailability of three isosorbide-5-mononitrate preparations in
healthy volunteers. Arzneimittelforschung 1995; 45: 142–5. 

5. Baxter T, Eadie CJ. Twenty-four hour plasma profile of sus-
tained-release isosorbide mononitrate in healthy volunteers and
in patients with chronic stable angina: two open label trials. Br J
Clin Pharmacol 1997; 43: 333–5.

Uses and Administration
Isosorbide mononitrate is an active metabolite of the
vasodilator isosorbide dinitrate and is used in the long-
term management of angina pectoris (p.1157) and
heart failure (p.1165). It has also been investigated in
myocardial infarction (below). 
The usual oral dose is 20 mg two or three times daily,
although doses ranging from 20 to 120 mg daily have
been given. Modified-release oral preparations have
been developed for use in angina.
Myocardial infarction. Long-term management of myocardial
infarction (p.1175) can involve numerous drug therapies and
some patients, for example those with myocardial ischaemia or
poor left ventricular function, may require the long-term use of
nitrates, although recent studies have thrown doubt on their rou-
tine use. In the GISSI-3 study1 there was no significant benefit
from the use of transdermal glyceryl trinitrate when assessed 6
weeks post-infarction and in the ISIS-4 study2 oral isosorbide
mononitrate apparently had no effect on 35-day mortality.
1. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto

Miocardico. GISSI-3: effects of lisinopril and transdermal glyc-
eryl trinitrate singly and together on 6-week mortality and ven-
tricular function after acute myocardial infarction. Lancet 1994;
343: 1115–22. 

2. ISIS-4 (Fourth International Study of Infarct Survival) Collabo-
rative Group. ISIS-4: a randomised factorial trial assessing early
oral captopril, oral mononitrate, and intravenous magnesium sul-
phate in 58 050 patients with suspected acute myocardial infarc-
tion. Lancet 1995; 345: 669–85.

Termination of pregnancy. For mention of the use of isosorb-
ide mononitrate to ripen the cervix before termination of preg-
nancy, see Obstetrics and Gynaecology, under Glyceryl Trini-
trate, p.1298.

Variceal haemorrhage. For reference to the use of isosorbide
mononitrate in the management of variceal haemorrhage, see un-
der Glyceryl Trinitrate, p.1299.

Preparations
BP 2008: Isosorbide Mononitrate Tablets; Prolonged-release Isosorbide
Mononitrate Tablets; 
USP 31: Isosorbide Mononitrate Extended-Release Tablets; Isosorbide
Mononitrate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cilatron; Isolan†; Medocor; Misordil†; Monoket; Monotrin; Austral.:
Arsorb; Duride; Imdur; Imtrate; Isomonit; Monodur; Austria: Elantan; Epi-
cordin; Isomonat; Mono Mack; Monoket; Myocardon mono; Olicardin;
Belg.: Promocard†; Braz.: Cincordil; Coronar; Monocordil; Revange†; Ca-
nad.: Imdur; Chile: Ismo; Mono Mack†; Monopack; Cz.: Conpin; Effox†;
Imdur†; Ismin; Mono Mack; Monosan; Monosor; Monotab; Olicard; Sorbi-
mon; Denm.: Fem-Mono; Imdur; Isodur; Fin.: Imdur; Isangina; Ismexin; Is-
mox; Isosor; Ormox; Fr.: Monicor; Ger.: Coleb; Conpin; Corangin; dura-
monitat†; Elantan; IS 5 Mono; Ismanton; Ismo; Isomonit; Moni-Sanorania;
Monit-Puren; Mono Acis†; mono corax; Mono Mack; Mono Wolff; Mono-
beta; Monoclair ; Monolong; Mononitrat; Monopur; Monostenase†; Olicard;
Orasorbil†; Sigacora†; Turimonit; Gr.: Angioval†; Dilavenil; G-Dil; Imdur;
Isomon; Monoginal; Monoket; Monorythm; Monosordil; Nitramin; Nitri-
lan†; Procardol; Hong Kong: Corangin†; Elantan; Imdex; Imdur; Ismo†;
Mono Mack†; Monocinque; Hung.: Cardisorb; Isospan; Mono Mack; Oli-
card; Rangin; Sorbimon†; India: 5-Mono; IHD; Ismo; Isomin; Monicor ;
Monocontin; Monosorbitrate; Monotrate; Indon.: Imdur; Isomonit; Mon-
ecto; Pentacard; Irl.: Elantan; Imdur; Isomel; Isomonit; Sormon; Israel:
Monocord; Monolong; Mononit; Ital.: Duronitrin; Elan; Ismo; Kiton†;
Leicester; Monocinque; Monoket; Nitrex†; Vasdilat; Malaysia: Duride;
Elantan; Imdex; Imdur; Ismo; Mex.: Elantan; Imdur; Kenbrid; Mono Mack†;
Monocorat; Neth.: Mono-Cedocard; Promocard; Norw.: Imdur; Ismo;
Monoket; NZ: Corangin; Duride; Imtrate; Ismo; Philipp.: Angistad; Elantan;
Imdur; Isomonit; Monosorb; Pol.: Effox; Isomonit; Izonit; Mono Mack;
Monocard; Mononit; Port.: Amplexol†; Imdur; Ismo; Monoket; Mononitril;
Monopront; Orasorbil; Rus.: Effox (Эфокс); Monisol (Монизол); Monoc-
inque (Моночинкве); Monolong (Монолонг)†; Monosan (Моносан); Oli-
card Retard (Оликард Ретард); Pektrol (Пектрол); S.Afr.: Angitrate; Elan-
tan; Imdur; Ismo; Singapore: Elantan; Imdex; Imdur; Ismo†; Vasotrate;
Spain: Cardionil; Cardiovas; Coronur; Dolak; Isonitril; Pertil; Uniket; Swed.:
Fem-Mono†; Imdur; Ismo; Isodur; Monoket; Switz.: Corangine; Ismo†;
Thai.: Elantan; Imdex; Imdur ; Ismo; Isopen; Mono Mack†; Monolin;
Monotrate; Solotrate; Turk.: Isorat; Monodur; Monoket; Monolong; UK:
Angeze; Chemydur; Cibral; Dynamin; Elantan; Imdur; Isib; Ismo; Isodur; Iso-

tard; Isotrate†; MCR-50†; Modisal; Monigen; Monit†; Monomax; Monomil;
Monosorb; Trangina; Xismox; Zemon; USA: Imdur; Ismo; Monoket; Ven-
ez.: Elantan; Ismo; Mono Mack.

Multi-ingredient: Braz.: Vasclin; India: Aspitrate†; Mono-A; Solosprin;
UK: Imazin†.

Isradipine (BAN, USAN, rINN)

Isradipiini; Isradipin; Isradipinas; Isradipino; Isradipinum; Izradypi-
na; PN-200-110. Isopropyl methyl 4-(2,1,3-benzoxadiazol-4-yl)-
1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate.

Израдипин
C19H21N3O5 = 371.4.
CAS — 75695-93-1.
ATC — C08CA03.
ATC Vet — QC08CA03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Isradipine). A yellow crystalline powder. Practical-
ly insoluble in water; freely soluble in acetone; soluble in methyl
alcohol. Protect from light. 
USP 31 (Isradipine). A yellow fine crystalline powder. Protect
from light.

Stability. An oral preparation of isradipine 1 mg/mL, prepared
using the powder from capsules of isradipine suspended in syr-
up,1 was stable when stored at 4° for up to 35 days after prepara-
tion.
1. MacDonald JL, et al. Stability of isradipine in an extemporane-

ously compounded oral liquid. Am J Hosp Pharm 1994; 51:
2409–11.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).
◊ In a multicentre study1 involving 74 patients allocated to anti-
hypertensive therapy with isradipine 2.5 to 10 mg twice daily,
and 72 allocated to treatment with hydrochlorothiazide, adverse
effects were reported in 44 of the isradipine group but only 29 of
the thiazide group. Flushing, palpitation, and oedema were more
common in patients receiving isradipine, while headache, dizzi-
ness, and dyspnoea were reported in both groups with similar
frequency. In another study,2 spontaneously reported adverse ef-
fects occurred less frequently in patients taking isradipine
(18.4% of 103 patients) than in those taking amlodipine (33.3%
of 102 patients). In particular, ankle oedema was less frequent,
severe, and prolonged with isradipine than with amlodipine. A
multicentre study3 comparing isradipine and enalapril antihyper-
tensive therapy reported adverse effects in 51% of 71 patients
taking isradipine and 45% of 64 patients taking enalapril. The
commonest side-effects with isradipine were dizziness (14%),
oedema (10%), fatigue (9%), headache (9%), and pruritus (7%).
1. Carlsen JE, Køber L. Blood pressure lowering effect and adverse

events during treatment of arterial hypertension with isradipine
and hydrochlorothiazide. Drug Invest 1990; 2: 10–16. 

2. Hermans L, et al. At equipotent doses, isradipine is better toler-
ated than amlodipine in patients with mild-to-moderate hyper-
tension: a double-blind, randomized, parallel-group study. Br J
Clin Pharmacol 1994; 38: 335–40. 

3. Johnson BF, et al. A multicenter comparison of adverse reaction
profiles of isradipine and enalapril at equipotent doses in patients
with essential hypertension. J Clin Pharmacol 1995; 35:
484–92.

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352). 
Cimetidine increases the bioavailability of isradipine
and the dose of isradipine should be reduced by 50% in
patients receiving both drugs.

Pharmacokinetics
Isradipine is almost completely absorbed from the gas-
trointestinal tract after oral doses but undergoes exten-
sive first-pass metabolism; the bioavailability is report-

ed to be 15 to 24%. Peak plasma concentrations occur
about 2 hours after oral dosage. It is about 95% bound
to plasma proteins. Isradipine is extensively metabo-
lised in the liver, at least partly by the cytochrome P450
isoenzyme CYP3A4. About 70% of an oral dose is re-
ported to be excreted as metabolites in urine, the re-
mainder in faeces. The terminal elimination half-life is
often stated to be about 8 hours although a value of less
than 4 hours has also been reported.
◊ In single-dose and steady-state studies of the pharmacokinetics
of isradipine in 9 hypertensive subjects using a specific high per-
formance liquid chromatographic assay, isradipine was found to
be rapidly absorbed with peak concentrations occurring 1.2
(steady state) to 1.5 (single dose) hours after dosing.1 The mean
terminal elimination half-life at steady state was 3.8 hours, sug-
gesting that duration of action is likely to be short and that israd-
ipine would need to be given at least twice daily. There was con-
siderable interindividual variation in the pharmacokinetics. In an
earlier study2 in healthy subjects the effective half-life of israd-
ipine was calculated to be 8.8 hours, but radiolabelled isradipine
was used and the assay method might have been less specific for
unchanged drug.
1. Shenfield GM, et al. The pharmacokinetics of isradipine in hy-

pertensive subjects. Eur J Clin Pharmacol 1990; 38: 209–11. 
2. Tse FLS, Jaffe JM. Pharmacokinetics of PN 200-110 (israd-

ipine), a new calcium antagonist, after oral administration in
man. Eur J Clin Pharmacol 1987; 32: 361–5.

Hepatic impairment. Systemic availability after a radiola-
belled oral dose of isradipine 5 mg was no different at 15.6% in
7 patients with non-cirrhotic chronic liver disease from the value
of 16.5% in 8 healthy subjects.1 However, in 8 patients with cir-
rhosis of the liver availability was markedly increased to a mean
of 36.9%; this was associated with decreased clearance
(1.6 litres/minute, compared with 9.9 in controls). Terminal half-
life, as measured after intravenous dosage, was greater at 11.9
hours in cirrhotic patients than the 5.1 hours seen in controls.
1. Cotting J, et al. Pharmacokinetics of isradipine in patients with

chronic liver disease. Eur J Clin Pharmacol 1990; 38: 599–603.

Uses and Administration
Isradipine is a dihydropyridine calcium-channel block-
er with actions similar to those of nifedipine (p.1354).
It is used in the treatment of hypertension (p.1171). 
The usual initial dose of isradipine is 2.5 mg by mouth
twice daily increased if necessary after 3 to 4 weeks to
5 mg twice daily. Some patients may require 10 mg
twice daily. In elderly patients an initial dose of
1.25 mg twice daily may be preferable; a maintenance
dose of 2.5 or 5 mg once daily may sometimes be suf-
ficient. A reduced dose should also be considered in
patients with hepatic or renal impairment (see below). 
The dose of isradipine should be reduced in patients
who are also taking cimetidine (see Interactions,
above). 
A modified-release preparation allowing once-daily
dosing is available in some countries.
◊ Reviews.
1. Fitton A, Benfield P. Isradipine: a review of its pharmacodynam-

ic and pharmacokinetic properties, and therapeutic use in cardi-
ovascular disease. Drugs 1990; 40: 31–74. 

2. Walton T, Symes LR. Felodipine and isradipine: new calcium-
channel blocking agents for the treatment of hypertension. Clin
Pharm 1993; 12: 261–75. 

3. Brogden RN, Sorkin EM. Isradipine: an update of its pharmaco-
dynamic and pharmacokinetic properties and therapeutic effica-
cy in the treatment of mild to moderate hypertension. Drugs
1995; 49: 618–49.

Administration in hepatic or renal impairment. In pa-
tients with hepatic or renal impairment UK licensed product in-
formation recommends an initial dose of isradipine of 1.25 mg
twice daily. The dose may be increased as required, but a main-
tenance dose of 2.5 or 5 mg once daily may be sufficient in some
patients.

Preparations
BP 2008: Isradipine Tablets; 
USP 31: Isradipine Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Dynacirc†; Austria: Lomir; Belg.: Lomir; Braz.: Lomir; Chile: Dy-
nacirc†; Cz.: Lomir; Denm.: Lomir; Fin.: Lomir; Fr.: Icaz; Ger.: Lomir; Vas-
cal; Gr.: Lomir; Hong Kong: Dynacirc; Hung.: Lomir; Ital.: Clivoten; Esra-
din; Lomir; Malaysia: Dynacirc; Mex.: Dynacirc; Neth.: Lomir; Norw.:
Lomir; NZ: Dynacirc; Philipp.: Icaz; Pol.: Lomir; Port.: Dilatol; Lomir;
Rus.: Lomir (Ломир); S.Afr.: Dynacirc; Singapore: Dynacirc; Spain: Lo-
mir; Swed.: Lomir; Switz.: Lomir; Thai.: Dynacirc; Turk.: Dynacirc; UK:
Prescal; USA: Dynacirc; Venez.: Dynacirc†.

O

O CH3

N
O

N

O

H
N CH3H3C

H3CO

CH3



1320   Cardiovascular Drugs

Ivabradine (rINN)

Ivabradina; Ivabradinum; S-16257; S-16257-2 (ivabradine hydro-
chloride). 3-[3-({[(7S)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-tr-
ien-7-yl]methyl}methylamino)propyl]-1,3,4,5-tetrahydro-7,8-
dimethoxy-2H-3-benzazepin-2-one.

Ивабрадин
C27H36N2O5 = 468.6.
CAS — 155974-00-8 (ivabradine); 148849-67-6 (ivabra-
dine hydrochloride).
ATC — C01EB17.
ATC Vet — QC01EB17.

Adverse Effects
The most common adverse effects seen with ivabra-
dine are luminous phenomena in the visual field (phos-
phenes). Other adverse effects include blurred vision,
bradycardia, which may be severe, and other cardiac
arrhythmias, nausea, constipation, diarrhoea, head-
ache, dizziness, dyspnoea, and muscle cramps. Hyper-
uricaemia, eosinophilia, and elevated blood-creatinine
concentrations have been reported.
◊ Reviews.
1. Savelieva I, Camm AJ. I  inhibition with ivabradine: electro-

physiological effects and safety. Drug Safety 2008; 31: 95–107.

Precautions
Ivabradine should not be given to patients with resting
heart rate below 60 beats/minute, or to patients with
cardiogenic shock, severe conduction defects, acute
myocardial infarction, or unstable angina. Heart failure
should be controlled before ivabradine is started; it has
not been studied in severe heart failure. Ivabradine
should not be used in patients with congenital QT pro-
longation. Ivabradine is not recommended in atrial fi-
brillation or other cardiac arrhythmias that interfere
with sinus node function, and regular monitoring for
such arrhythmias should be performed. If resting heart
rate falls below 50 beats/minute the dose should be re-
duced; treatment should be stopped if this rate persists. 
Ivabradine is contra-indicated in severe hypotension
and severe hepatic impairment, and should be used
with caution in severe renal impairment. 
If unexpected deterioration in visual function occurs,
stopping treatment may be considered. Caution should
be observed in patients with retinitis pigmentosa. 
Studies in animals have shown that ivabradine is em-
bryotoxic and teratogenic, and is distributed into breast
milk.

Interactions
Ivabradine should not generally be used with drugs that
prolong the QT interval. 
Ivabradine is metabolised by the cytochrome P450
isoenzyme CYP3A4, and should not be used with po-
tent inhibitors of this enzyme, including azole antifun-
gals such as ketoconazole and itraconazole, macrolide
antibacterials such as clarithromycin, HIV-protease in-
hibitors such as nelfinavir and ritonavir, and nefazo-
done. Use with the moderate CYP3A4 inhibitors
diltiazem and verapamil is also not recommended as
the increase in exposure to ivabradine may cause an
additional reduction in heart rate. Ivabradine may be
used cautiously with other moderate inhibitors, such as
fluconazole, at a lower starting dose of 2.5 mg twice
daily, with monitoring of the heart rate. Consumption
of grapefruit juice should be restricted. 
Use with CYP3A4 inducers, such as rifampicin and
phenytoin, may require an increase in the dose of

ivabradine. St John’s wort reduces the exposure to
ivabradine by half and its use should be restricted.

Pharmacokinetics
Ivabradine is almost completely absorbed after oral
doses but bioavailability is about 40% because of first-
pass metabolism. Peak plasma concentrations are
achieved after about 1 hour in the fasting state but this
is delayed by 1 hour by food and the extent of absorp-
tion increased by 20 to 30%. Ivabradine is about 70%
bound to plasma proteins. 
Ivabradine undergoes extensive metabolism in the liv-
er and gut via the cytochrome P450 isoenzyme
CYP3A4 to its main active metabolite N-desmethyl-
ivabradine (S-18982). This is further metabolised to
some degree by CYP3A4. Ivabradine has an elimina-
tion half-life of 2 hours. Its metabolites are excreted to
a similar extent in the urine and faeces. About 4% of a
dose appears in the urine as the parent drug. Animal
studies indicate that ivabradine is distributed into
breast milk.

Uses and Administration
Ivabradine is a selective sinus node If inhibitor used in
the treatment of angina pectoris in patients unable to
take beta blockers. It is given as the  hydrochloride, but
doses are described in terms of the base; 5.4 mg of
ivabradine hydrochloride is equivalent to about 5 mg
of ivabradine. It is given orally with food in a usual in-
itial dose of 5 mg twice daily, increased after 3 or 4
weeks if necessary to 7.5 mg twice daily. If the heart
rate falls persistently below 50 beats/minute or there
are symptoms of bradycardia the dose should be titrat-
ed downwards, to as low as 2.5 mg twice daily if nec-
essary. Treatment should be stopped if this low rate or
symptoms of bradycardia persist. 
In the elderly (75 years or above), a lower initial dose
of 2.5 mg twice daily should be considered, before in-
creasing if necessary.
◊ Reviews.
1. DiFrancesco D, Camm JA. Heart rate lowering by specific and

selective I  current inhibition with ivabradine: a new therapeutic
perspective in cardiovascular disease. Drugs 2004; 64: 1757–65. 

2. Sulfi S, Timmis AD. Ivabradine—the first selective sinus node I
channel inhibitor in the treatment of stable angina. Int J Clin
Pract 2006; 60: 222–8. 

3. Menown IBA. Ivabradine: a new strategy for management of sta-
ble angina. Br J Hosp Med 2007; 68: 321–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Coralan; Cz.: Corlentor; Procoralan; Fr.: Corlentor; Procoralan;
Ger.: Procoralan; Gr.: Procoralan; Irl.: Procoralan; Neth.: Corlentor; Pro-
coralan; Pol.: Procoralan; Port.: Corlentor; Procoralan; Rus.: Coraxan
(Кораксан); UK: Procoralan.

Ketanserin (BAN, USAN, rINN)

Ketanseriini; Ketanserina; Kétansérine; Ketanserinum; R-41468.
3-{2-[4-(4-Fluorobenzoyl)piperidino]ethyl}quinazoline-
2,4(1H,3H)-dione.
Кетансерин
C22H22FN3O3 = 395.4.
CAS — 74050-98-9.
ATC — C02KD01.
ATC Vet — QC02KD01; QD03AX90.

Ketanserin Tartrate (BANM, rINNM)

Kétansérine, Tartrate de; Ketanserini Tartras; R-49945; Tartrato
de ketanserina.
Кетансерина Тартрат
C22H22FN3O3,C4H6O6 = 545.5.
CAS — 83846-83-7.
ATC — C02KD01.
ATC Vet — QC02KD01.

Adverse Effects and Precautions
Ketanserin has been reported to cause sedation, fatigue, light-

headedness, dizziness, headache, dry mouth, and gastrointestinal
disturbances. Oedema has been reported rarely. In patients with
predisposing factors such as QT prolongation, chronic use of ket-
anserin has been associated with ventricular arrhythmias includ-
ing torsade de pointes; ketanserin should be used with caution in
patients taking antiarrhythmics and should not be used in second-
or third-degree AV block. Care should be taken to avoid the de-
velopment of hypokalaemia in patients taking ketanserin, for ex-
ample if diuretics are also given. 
Because ketanserin may cause drowsiness care should be taken
in patients who drive or operate machinery. 
Ketanserin is reported to be better tolerated in elderly than in
younger patients.

Interactions
The hypotensive effects of ketanserin may be enhanced by diu-
retics and other antihypertensives. Ketanserin should be used
with caution in patients taking antiarrhythmics or drugs that
cause hypokalaemia since the risk of arrhythmias is increased.
Beta blockers. Profound hypotension occurred in 2 patients
one hour after taking ketanserin 40 mg orally.1 Both patients
were also taking a beta blocker which may have exacerbated the
reaction.
1. Waller PC, et al. Profound hypotension after the first dose of

ketanserin. Postgrad Med J 1987; 63: 305–7.

Pharmacokinetics
Ketanserin is rapidly absorbed from the gastrointestinal tract but
has a bioavailability of about 50% due to first-pass hepatic
metabolism. Peak plasma concentrations occur between 30 and
120 minutes after an oral dose. Ketanserin is about 95% bound
to plasma proteins. The terminal half-life is stated to be between
13 and 18 hours but some studies report that following multiple
doses the half-life is 19 to 29 hours. The metabolite ketanserinol
has a terminal half-life of 31 to 35 hours after multiple doses, and
it has been suggested that reconversion of ketanserinol to ketan-
serin may be responsible for the prolonged half-life of the parent
compound during chronic use. 
About 68% of an oral dose is excreted in urine, and 24% in fae-
ces, mainly as metabolites. Studies in animals suggest that ketan-
serin may cross the placenta and that some is present, with
metabolites, in breast milk.

◊ References.
1. Persson B, et al. Clinical pharmacokinetics of ketanserin. Clin

Pharmacokinet 1991; 20: 263–79.

Uses and Administration
Ketanserin is a serotonin antagonist with a high affinity for
peripheral serotonin-2 (5-HT2) receptors and thus inhibits serot-
onin-induced vasoconstriction, bronchoconstriction, and platelet
aggregation. It also has some alpha1-antagonist and histamine
H1-antagonist properties, but the clinical significance of these is
controversial. 
Ketanserin is used in the management of hypertension (p.1171)
and has also been tried in other conditions (see below). 
Ketanserin is given as the tartrate, but doses are usually ex-
pressed in terms of the base. Ketanserin tartrate 27.6 mg is equiv-
alent to about 20 mg of ketanserin. 
Ketanserin produces a gradual hypotensive effect when given
orally, and 2 or 3 months of therapy may be required to produce
the maximum reduction in blood pressure. After intravenous in-
jection a fall in blood pressure is generally produced in 1 or 2
minutes and lasts for 30 to 60 minutes. 
In hypertension the usual initial oral dose is 20 mg twice daily,
increasing, if necessary, after 2 to 4 weeks, to 40 mg twice daily.
It has also been given by intravenous or intramuscular injection.
The dose of ketanserin may need to be reduced, or the dosage
intervals increased, in patients with hepatic impairment (see be-
low).
◊ Reviews.
1. Brogden RN, Sorkin EM. Ketanserin: a review of its pharmaco-

dynamic and pharmacokinetic properties, and therapeutic poten-
tial in hypertension and peripheral vascular disease. Drugs 1990;
40: 903–49.

Administration in hepatic impairment. A study1 in pa-
tients with cirrhosis found that the half-life and volume of distri-
bution of ketanserin were decreased but the area under the con-
centration-time curve was markedly increased; the rate of
metabolism was reduced. The results suggested that the dosage
should be reduced or the dosage interval increased when ketan-
serin is given to patients with cirrhosis. 
Licensed product information recommends a maximum oral
dose of 20 mg twice daily for patients with severe hepatic im-
pairment.
1. Lebrec D, et al. Pharmacokinetics of ketanserin in patients with

cirrhosis. Clin Pharmacokinet 1990; 19: 160–6.

Administration in renal impairment. Results from a study
in 12 patients with chronic renal impairment, of whom 6 required
haemodialysis, suggested that no adjustment of a dose of ketan-
serin 20 mg twice daily was required in patients with renal im-
pairment.1
1. Barendregt JNM, et al. Ketanserin pharmacokinetics in patients

with renal failure. Br J Clin Pharmacol 1990; 29: 715–23.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Peripheral vascular disease. Ketanserin is one of many drugs
that have been tried in the management of peripheral vascular
disease (p.1178) but results have been contradictory. Subgroup
analysis of the multicentre Prevention of Atherosclerotic Com-
plications with Ketanserin Trial (PACK),1 involving 3899 pa-
tients with intermittent claudication, suggested that ketanserin
might be of benefit in preventing limb amputation in some pa-
tients. Conflicting results have also been reported in patients with
Raynaud’s syndrome (see Vasospastic Arterial Disorders,
p.1188). A systematic review2 found that ketanserin led to a
small improvement in Raynaud’s syndrome in patients with sys-
temic sclerosis but that adverse effects increased; the authors
concluded that ketanserin was not clinically beneficial in such
patients. 
Ketanserin has also been tried in other conditions associated with
impaired peripheral blood flow: see Wounds and Ulcers, below.
1. Prevention of Atherosclerotic Complications with Ketanserin

Trial Group. Prevention of atherosclerotic complications: con-
trolled trial of ketanserin. BMJ 1989; 298: 424–30. Correction.
ibid.: 644. 

2. Pope JE, et al. Ketanserin for Raynaud’s phenomenon in pro-
gressive systemic sclerosis. Available in The Cochrane Database
of Systematic Reviews; Issue 2. Chichester: John Wiley; 1998
(accessed 26/09/05).

Shivering. Numerous drugs, including ketanserin, have been
tried for the treatment of postoperative shivering (p.1779). Ket-
anserin 10 mg given intravenously has stopped shivering after
general anaesthesia.1,2

1. Joris J, et al. Clonidine and ketanserin both are effective treat-
ment for postanesthetic shivering. Anesthesiology 1993; 79:
532–9. 

2. Crisinel D, et al. Efficacité de la kétansérine sur le frisson pos-
tanesthésique. Ann Fr Anesth Reanim 1997; 16: 120–5.

Wounds and ulcers. Several controlled studies1-5 have noted
improved healing of decubitus, venous, and ischaemic ulcers
(see Wounds and Ulcers, p.1585) after topical use of ketanserin
2%. However, when applied topically to surgical wounds no im-
provement was found and it was suggested that ketanserin is only
of benefit where blood supply is compromised.6
1. Tytgat H, van Asch H. Topical ketanserin in the treatment of

decubitus ulcers: a double-blind study with 2% ketanserin oint-
ment against placebo. Adv Therapy 1988; 5: 143–52. 

2. Roelens P. Double-blind placebo-controlled study with topical
2% ketanserin ointment in the treatment of venous ulcers. Der-
matologica 1989; 178: 98–102. 

3. Janssen PAJ, et al. Use of topical ketanserin in the treatment of
skin ulcers: a double-blind study. J Am Acad Dermatol 1989; 21:
85–90. 

4. Martinez-de Jesus FR, et al. Randomized single-blind trial of
topical ketanserin for healing acceleration of diabetic foot ulcers.
Arch Med Res 1997; 28: 95–9. 

5. Salazar JJ, et al. Use of topical ketanserin for the treatment of
ulcers in leprosy patients. Indian J Lepr 2001; 73: 103–10. 

6. Lawrence CM, et al. The effect of ketanserin on healing of fresh
surgical wounds. Br J Dermatol 1995; 132: 580–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Serefrex†; Belg.: Sufrexal; Ital.: Serepress; Mex.: Sufrexal; Neth.:
Ketensin; Port.: Sufrexal†; Thai.: Sufrexal†.

Multi-ingredient: Mex.: Sufrexal P.

Labetalol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
AH-5158A; Hidrocloruro de labetalol; Ibidomide Hydrochloride;
Labétalol, chlorhydrate de; Labetalol hydrochlorid; Labetalol-hid-
roklorid; Labetalolhydroklorid; Labetaloli hydrochloridum; La-
betalolihydrokloridi; Labetalolio hidrochloridas; Sch-15719W. 5-
[1-Hydroxy-2-(1-methyl-3-phenylpropylamino)ethyl]salicyla-
mide hydrochloride.
Лабеталола Гидрохлорид
C19H24N2O3,HCl = 364.9.
CAS — 36894-69-6 (labetalol); 32780-64-6 (labetalol hy-
drochloride).
ATC — C07AG01.
ATC Vet — QC07AG01.

(labetalol)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Labetalol Hydrochloride). A white or almost white
powder. Sparingly soluble in water and in alcohol; practically
insoluble in dichloromethane. A 1% solution in water has a pH
of 4.0 to 5.0. 

USP 31 (Labetalol Hydrochloride). A white to off-white powder.
Soluble in water and in alcohol; insoluble in chloroform and in
ether. A 1% solution in water has a pH of 4.0 to 5.0. Store in air-
tight containers at a temperature of 25°, excursions permitted be-
tween 15° and 30°. Protect from light.

Incompatibility. Labetalol hydrochloride is compatible with
standard intravenous solutions such as glucose 5% and sodium
chloride 0.9%. However, precipitation has been reported when
labetalol hydrochloride is added to sodium bicarbonate injection
5%.1 The precipitate is probably labetalol base.2 
Immediate formation of a precipitate has also been reported
when labetalol (generally 5 mg/mL in glucose 5%) was mixed
with other drugs including ceftriaxone,3 furosemide,4 heparin,5
insulin,5 proton pump inhibitors such as pantoprazole,6 and thio-
pental.4 There has also been a report of immediate haze after ad-
mixture of labetalol hydrochloride (800 micrograms/mL) with
warfarin sodium.7
1. Yuen P-HC, et al. Compatibility and stability of labetalol hydro-

chloride in commonly used intravenous solutions. Am J Hosp
Pharm 1983; 40: 1007–9. 

2. Alam AS. Identification of labetalol precipitate. Am J Hosp
Pharm 1984; 41: 74. 

3. Leader WG, Jones JM. Incompatibility between ceftriaxone so-
dium and labetalol hydrochloride. Am J Health-Syst Pharm
1996; 53: 2639. 

4. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs
used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5. 

5. Yamashita SK, et al. Compatibility of selected critical care drugs
during simulated Y-site administration. Am J Health-Syst Pharm
1996; 53: 1048–51. 

6. Péré H, et al. Compatibilité du pantoprazole injectable lors d’ad-
ministration en Y. Pharmactuel 2004; 37: 193–6. 

7. Bahal SM, et al. Visual compatibility of warfarin sodium injec-
tion with selected medications and solutions. Am J Health-Syst
Pharm 1997; 54: 2599–2600.

Adverse Effects
The adverse effects associated with beta blockers are
described on p.1226. Labetalol also has alpha-blocking
activity, which contributes to its adverse effects and
these effects may predominate. Orthostatic hypoten-
sion may be a problem with high doses or at the start of
treatment. Other effects associated with alpha blockade
include dizziness, scalp tingling, and nasal congestion.
Male sexual function may be impaired to a greater ex-
tent than with beta blockade alone. Muscle weakness,
tremor, urinary retention, hepatitis, and jaundice have
also been reported.
Effects on the liver. By 1990, the FDA had received 11 reports
of hepatocellular damage associated with labetalol therapy.1
Three patients died. Liver function should be monitored and
labetalol stopped in patients who develop liver function abnor-
malities. The R,R-isomer of labetalol, dilevalol, was withdrawn
from the market because of hepatotoxicity.2
1. Clark JA, et al. Labetalol hepatotoxicity. Ann Intern Med 1990;

113: 210–13. 
2. Harvengt C. Labetalol hepatotoxicity. Ann Intern Med 1991;

114: 341.

Hypersensitivity. Hypersensitivity reactions associated with
labetalol may manifest as fever.1,2 Anaphylactoid reaction to
labetalol has also been reported.3
1. D’Arcy PF. Drug reactions and interactions: drug fever with la-

betalol. Int Pharm J 1987; 1: 43–4. 
2. Stricker BH, et al. Fever induced by labetalol. JAMA 1986; 256:

619–20. 
3. Ferree CE. Apparent anaphylaxis from labetalol. Ann Intern Med

1986; 104: 729–30.

Overdosage. Acute oliguric renal failure developed after a
short period of moderate hypotension in a patient who ingested
labetalol 16 g. Renal function subsequently recovered.1 Renal
failure has also been reported2 after ingestion of labetalol 6 g.
The patient recovered after treatment with glucagon, isoprena-
line, and dialysis. Another patient3 developed circulatory col-
lapse and impaired consciousness after being given labetalol
800 mg orally for hypertensive crisis; glucagon and sympathom-
imetics were given to restore blood pressure, but amrinone infu-
sion was also needed to improve cardiac output and mental state.
1. Smit AJ, et al. Acute renal failure after overdose of labetalol.

BMJ 1986; 293: 1142–3. 
2. Korzets A, et al. Acute renal failure associated with a labetalol

overdose. Postgrad Med J 1990; 66: 66–7. 
3. Kollef MH. Labetalol overdose successfully treated with amri-

none and alpha-adrenergic receptor agonists. Chest 1994; 105:
626–7.

Precautions
As for Beta Blockers, p.1227. 
Because labetalol causes orthostatic hypotension it is
recommended that injections are given to patients
when they are lying down and that patients should re-
main lying down for the next 3 hours. 

Labetalol should be withdrawn from patients who de-
velop signs of hepatic impairment.
Breast feeding. Labetalol is distributed into breast milk, al-
though it has been suggested1 that the proportion of a maternal
dose likely to be ingested by the infant is very low. In a study2 in
25 patients, the mean concentration of labetalol in breast milk
was less than in maternal plasma in patients given doses between
330 and 800 mg daily, although in 1 patient given 1200 mg daily
a higher concentration was found in breast milk. In another
study,3 the concentration of drug in milk exceeded maternal plas-
ma concentration in 2 of 3 mothers, and in 1 infant the plasma-
labetalol concentration was similar to that of the mother. Howev-
er, no adverse effects have been seen in breast-feeding infants
whose mothers were given labetalol, and the American Acade-
my of Pediatrics considers4 that it is therefore usually compatible
with breast feeding.
1. Atkinson H, Begg EJ. Concentrations of beta-blocking drugs in

human milk. J Pediatr 1990; 116: 156. 
2. Michael CA. Use of labetalol in the treatment of severe hyper-

tension during pregnancy. Br J Clin Pharmacol 1979; 8 (suppl
2): 211S–215S. 

3. Lunell NO, et al. Transfer of labetalol into amniotic fluid and
breast milk in lactating women. Eur J Clin Pharmacol 1985; 28:
597–9. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 10/01/08)

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Labetalol is readily absorbed from the gastrointestinal
tract, but is subject to considerable first-pass metabo-
lism. Bioavailability varies widely between patients
and may be increased in the presence of food. Peak
plasma concentrations occur about 1 to 2 hours after an
oral dose. Labetalol has low lipid solubility and only
very small amounts appear to cross the blood-brain
barrier in animals. It is about 50% protein bound.
Labetalol crosses the placenta and is distributed into
breast milk (see above). Labetalol is metabolised main-
ly in the liver, the metabolites being excreted in the
urine with only small amounts of unchanged labetalol;
its major metabolite has not been found to have signif-
icant alpha- or beta-blocking effects. Excretion also oc-
curs in the faeces via the bile. The elimination half-life
at steady state is reported to be about 6 to 8 hours. On
intravenous infusion, the elimination half-life is about
5.5 hours. Labetalol is not removed by dialysis.
The elderly. Analysis1 of data from 4 single-dose studies and 3
multidose studies indicated that age did not appear to be a signif-
icant factor in oral clearance in elderly patients receiving labeta-
lol for long-term management of hypertension.
1. Rocci ML, et al. Effects of age on the elimination of labetalol.

Clin Pharmacokinet 1989; 17: 452–7.

Pregnancy. The concentration of labetalol has been found to be
lower in amniotic fluid1 and fetal plasma2 than in maternal plas-
ma. A ratio of infant to maternal drug concentration of 0.2 to 0.8
has been reported2 based on concentration in infant cord blood at
delivery [time since last maternal dose not stated]. In another
study,3 however, higher concentrations were found in cord plas-
ma than in maternal plasma at delivery when infants were deliv-
ered 12 to 24 hours after the last maternal dose. 
The half-life of labetalol was reported as 24 hours in a neonate of
37 weeks’ gestation whose mother had received labetalol
600 mg daily for 11 weeks prior to delivery.4
1. Lunell NO, et al. Transfer of labetalol into amniotic fluid and

breast milk in lactating women. Eur J Clin Pharmacol 1985; 28:
597–9. 

2. Michael CA. Use of labetalol in the treatment of severe hyper-
tension during pregnancy. Br J Clin Pharmacol 1979; 8 (suppl
2): 211S–215S. 

3. Boulton DW, et al. Transplacental distribution of labetalol stere-
oisomers at delivery. Br J Clin Pharmacol 1999; 47: 573–4. 

4. Haraldsson A, Geven W. Half-life of maternal labetalol in a pre-
mature infant. Pharm Weekbl (Sci) 1989; 11: 229–31.

Uses and Administration
Labetalol is a non-cardioselective beta blocker
(p.1225). It is reported to possess some intrinsic sym-
pathomimetic and membrane-stabilising activity. In
addition, it has selective alpha1-blocking properties
which decrease peripheral vascular resistance. The ra-
tio of alpha- to beta-blocking activity has been estimat-
ed to be about 1:3 after oral doses and 1:7 after intrave-
nous doses. 
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Labetalol is used as the hydrochloride in the manage-
ment of hypertension (p.1171). It is also used to induce
hypotension during surgery. Labetalol decreases blood
pressure more rapidly than other beta blockers; the full
antihypertensive effect may be seen within 1 to 3 hours
of an oral dose. 
In hypertension labetalol hydrochloride is usually giv-
en in an initial oral dose of 100 mg twice daily with
food, gradually increased if necessary according to re-
sponse and standing blood pressure, to 200 to 400 mg
twice daily; total daily doses of 2.4 g, in two to four
divided doses, have occasionally been required. Lower
doses may be adequate in elderly patients; an initial
dose of 50 to 100 mg twice daily has been recommend-
ed, and the usual maintenance dose is 100 to 200 mg
twice daily. 
For the emergency treatment of hypertension labetalol
hydrochloride may be given by slow intravenous injec-
tion. In the UK a dose of 50 mg is recommended, given
over a period of at least 1 minute; if necessary this dose
may be repeated at intervals of 5 minutes until a total
of 200 mg has been given. In the USA an initial dose
of 20 mg is recommended, given over 2 minutes; sub-
sequent doses of 40 to 80 mg may be given every 10
minutes, if necessary, up to a maximum of 300 mg.
Blood pressure should be monitored, and the patient
should remain supine during the injection and for 3
hours afterwards, to avoid excessive orthostatic hypo-
tension. After bolus intravenous injection a maximum
effect is usually obtained within 5 minutes and usually
lasts up to 6 hours, although it may extend as long as 18
hours. 
Labetalol hydrochloride has also been given by intra-
venous infusion in usual doses of 2 mg/minute. Sug-
gested concentrations for intravenous infusions are
1 mg/mL or 2 mg/3 mL of suitable diluent. In hyper-
tension in pregnancy, labetalol infusion may be started
at the rate of 20 mg/hour, then doubled every 30 min-
utes until a satisfactory response is obtained or a dose
of 160 mg/hour is reached. In hypertension after myo-
cardial infarction, labetalol infusion may be started at
the rate of 15 mg/hour and gradually increased until a
satisfactory response is obtained or a dose of
120 mg/hour is reached. 
The initial dose in hypotensive anaesthesia is 10 to
20 mg intravenously, with increments of 5 to 10 mg if
satisfactory hypotension is not achieved after 5 min-
utes. A higher initial dose may be required in patients
who do not receive halothane anaesthesia. 
For the use of labetalol in children, see below.
Action. Labetalol has 2 optical centres; it is used as the racemic
mixture of the 4 stereoisomers. The R,R- isomer is responsible
for the beta-blocking activity and has limited alpha-blocking ac-
tivity; it also has beta-adrenergic mediated peripheral vasodilat-
ing activity. The S,R-isomer has the most potent alpha-blocking
activity. The S,S-isomer has some alpha-blocking activity and
the R,S-isomer does not appear to have either alpha- or beta-
adrenergic blocking effect.1 The pure R,R-isomer, dilevalol, was
withdrawn from the market because of hepatotoxicity.
1. Gold EH, et al. Synthesis and comparison of some cardiovascu-

lar properties of the stereoisomers of labetalol. J Med Chem
1982; 25: 1363–70.

Administration in children. Labetalol has been used in the
management of hypertension in children,1 although experience is
limited. The BNFC suggests the following doses: 

for hypertensive emergencies, labetalol hydrochloride may
be given by intravenous infusion as follows: 
• neonates: 500 micrograms/kg per hour adjusted at intervals

of at least 15 minutes according to response, to a maximum
of 4 mg/kg per hour 

• 1 month to 12 years: 0.5 to 1 mg/kg per hour adjusted at
intervals of at least 15 minutes according to response, to a
maximum of 3 mg/kg per hour 

• 12 to 18 years: 30 to 120 mg/hour adjusted at intervals of at
least 15 minutes according to response 

for hypertension, labetalol hydrochloride may be given as
follows: 
• 1 month to 12 years: 1 to 2 mg/kg three or four times daily

by mouth or a single intravenous injection in a dose of 250
to 500 micrograms/kg to a maximum of 20 mg 

• 12 to 18 years: similar doses to adults (see above) although
a lower initial oral dose of 50 to 100 mg twice daily is rec-
ommended

1. Bunchman TE, et al. Intravenously administered labetalol for
treatment of hypertension in children. J Pediatr 1992; 120:
140–4.

Preparations
BP 2008: Labetalol Injection; Labetalol Tablets; 
USP 31: Labetalol Hydrochloride Injection; Labetalol Hydrochloride Oral
Suspension; Labetalol Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Biascor; Austral.: Presolol; Trandate; Austria: Trandate; Belg.: Tran-
date; Canad.: Trandate; Chile: Trandate; Cz.: Coreton†; Trandate;
Denm.: Trandate; Fin.: Albetol; Fr.: Trandate; Gr.: Trandate; Hong Kong:
Trandate; Irl.: Trandate; Israel: Trandate; Ital.: Ipolab; Trandate; Malaysia:
Tolbetol†; Trandate; Neth.: Trandate; Norw.: Trandate; NZ: Hybloc; Tran-
date; Port.: Trandate†; S.Afr.: Trandate; Singapore: Trandate; Spain:
Trandate; Swed.: Trandate; Switz.: Trandate; UK: Trandate; USA: Normo-
dyne†; Trandate; Venez.: Trandate†.

Multi-ingredient: Ital.: Trandiur.

Lacidipine (BAN, USAN, rINN)

GR-43659X; GX-1048; Lacidipin; Lacidipino; Lacidipinum; Lasi-
dipiini; Lasidipin. Diethyl 4-{2-[(tert-butoxycarbonyl)vinyl]phe-
nyl}-1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate.
Лацидипин
C26H33NO6 = 455.5.
CAS — 103890-78-4.
ATC — C08CA09.
ATC Vet — QC08CA09.

Pharmacopoeias. In Br. 
BP 2008 (Lacidipine). A white to pale yellow crystalline powder.
Practically insoluble in water; sparingly soluble in dehydrated al-
cohol; freely soluble in acetone and in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Lacidipine is rapidly but poorly absorbed from the gas-
trointestinal tract after oral doses and undergoes exten-
sive first-pass metabolism; the bioavailability has been
reported to be 2 to 9%, or 18.5% (range 4 to 52%) using
a more sensitive assay method. It is more than 95%
bound to plasma proteins. Lacidipine is eliminated by
metabolism in the liver and metabolites are excreted
mainly by the biliary route. About 70% of an oral dose
is eliminated in the faeces, the remainder in the urine.
The average steady-state terminal elimination half-life
of lacidipine is 13 to 19 hours.

Uses and Administration
Lacidipine is a dihydropyridine calcium-channel
blocker with actions similar to those of nifedipine
(p.1354). It is used in the treatment of hypertension
(p.1171). 
The usual initial dose of lacidipine is 2 mg once daily
by mouth increased if necessary after 3 to 4 weeks or
more to 4 mg daily; a further increase in dose to 6 mg
daily may be necessary in some patients.

◊ Reviews.
1. Lee CR, Bryson HM. Lacidipine: a review of its pharmacody-

namic and pharmacokinetic properties and therapeutic potential
in the treatment of hypertension. Drugs 1994; 48: 274–96. 

2. Zanchetti A, ed. Cardiovascular advantages of a third generation
calcium antagonist: symposium on lacidipine. Drugs 1999; 57
(suppl 1): 1–29. 

3. McCormack PL, Wagstaff AJ. Lacidipine: a review of its use in
the management of hypertension. Drugs 2003; 63: 2327–56.

Preparations
BP 2008: Lacidipine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Lacipil†; Midotens†; Belg.: Motens; Braz.: Lacipil; Midotens; Cz.: Laci-
pil; Denm.: Midotens; Fr.: Caldine; Ger.: Motens; Gr.: Balnox; Lacipil; Lac-
itens; Motens; Hong Kong: Lacipil; Hung.: Lacipil; India: Sinopil; Indon.:
Lacipil; Ital.: Aponil; Lacipil; Lacirex; Ladip; Viapres; Malaysia: Lacipil;
Mex.: Lacipil; Midotens; Neth.: Motens; Philipp.: Lacipil; Pol.: Lacipil;
Port.: Lacipil; Tens; Rus.: Lacipil (Лаципил); Singapore: Lacipil; Spain:
Lacimen; Lacipil; Motens; Switz.: Motens; Thai.: Motens; Turk.: Lacipil;
UK: Motens; Venez.: Lacipil; Tens†.

Lamifiban (USAN, rINN)

Lamifibán; Lamifibanum; Ro-44-9883; Ro-44-9883/000. ({1-[N-
(p-Amidinobenzoyl)-L-tyrosyl]-4-piperidyl}oxy)acetic acid.
Ламифибан
C24H28N4O6 = 468.5.
CAS — 144412-49-7 (lamifiban); 243835-65-6 (lami-
fiban hydrochloride).

Profile
Lamifiban is a glycoprotein IIb/IIIa-receptor antagonist. It has
been investigated as an antiplatelet drug given intravenously for
the management of thromboembolic disorders, such as unstable
angina and myocardial infarction.
◊ References.
1. Théroux P, et al. Platelet membrane receptor glycoprotein IIb/II-

Ia antagonism in unstable angina: the Canadian Lamifiban
Study. Circulation 1996; 94: 899–905. 

2. The PARAGON Investigators. International, randomized, con-
trolled trial of lamifiban (a platelet glycoprotein IIb/IIIa inhibi-
tor), heparin, or both in unstable angina. Circulation 1998; 97:
2386–95. 

3. The PARADIGM Investigators. Combining thrombolysis with
the platelet glycoprotein IIb/IIIa inhibitor lamifiban: results of
the Platelet Aggregation Receptor Antagonist Dose Investiga-
tion and Reperfusion Gain in Myocardial Infarction (PARA-
DIGM) trial. J Am Coll Cardiol 1998; 32: 2003–10. 

4. Global Organization Network (PARAGON)-B Investigators.
Randomized, placebo-controlled trial of titrated intravenous
lamifiban for acute coronary syndromes. Circulation 2002; 105:
316–21.

Lanatoside C (BAN, rINN)

Celanide; Celanidum; Lanatosid C; Lanatosidi C; Lanatósido C;
Lanatosidum C; Lanatozyd c. 3-[(O-β-D-Glucopyranosyl-(1→4)-
O-3-acetyl-2,6-dideoxy-β-D-ribo-hexopyranosyl-(1→4)-O-2,6-
dideoxy-β-D-ribo-hexopyranosyl-(1→4)-O-2,6-dideoxy-β-D-ribo-
hexopyranosyl)oxy]-12,14-dihydroxy-3β,5β,12β-card-20(22)-
enolide.
Ланатозид C
C49H76O20 = 985.1.
CAS — 17575-22-3.
ATC — C01AA06.
ATC Vet — QC01AA06.

O CH3

O

OH3C

O O
O

H
N CH3H3C

C(CH3)3

N
O O

NH NH2

NH
O

HO

O

OH

H

CH O

OCH

OH

OCH

OH

O O

OH

HO

HO

HO
O

OH

O

O

O

O

HO

O

O

CH

H C

CH



Lacidipine/Lepirudin    1323

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Jpn and Pol.
Profile
Lanatoside C is a cardiac glycoside with positive inotropic activ-
ity. It is obtained from digitalis lanata leaf (p.1258). It has general
properties similar to those of digoxin (p.1259) and has been used
in the treatment of some cardiac arrhythmias and in heart failure. 
Mixtures of lanatosides A, B, and C have also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Develanid†; Mex.: Cedilanid.

Landiolol Hydrochloride (rINNM) ⊗ 
Hidrocloruro de landiolol; Landiolol, Chlorhydrate de; Landiololi
Hydrochloridum; ONO-1101. (−)-[(S)-2,2-Dimethyl-1,3-dioxo-
lan-4-yl]methyl p-((S)-2-hydroxy-3-{[2-(4-morpholinecarboxam-
ido)ethyl]amino}propoxy)hydrocinnamate hydrochloride.
Ландиолола Гидрохлорид
C25H39N3O8,HCl = 546.1.
CAS — 133242-30-5 (landiolol); 144481-98-1 (landiolol
hydrochloride).

(landiolol)

Profile
Landiolol is a short-acting, cardioselective beta blocker given in-
travenously as the hydrochloride in the management of intra- and
postoperative cardiac arrhythmias.
◊ References.
1. Kitamura A, et al. Efficacy of an ultrashort-acting beta-adreno-

ceptor blocker (ONO-1101) in attenuating cardiovascular re-
sponses to endotracheal intubation. Eur J Clin Pharmacol 1997;
51: 467–71. 

2. Atarashi H, et al. Pharmacokinetics of landiolol hydrochloride, a
new ultra-short-acting beta-blocker, in patients with cardiac ar-
rhythmias. Clin Pharmacol Ther 2000; 68: 143–50. 

3. Mizuno J, et al. Age and sex-related differences in dose-depend-
ent hemodynamic response to landiolol hydrochloride during
general anesthesia. Eur J Clin Pharmacol 2007; 63: 243–52.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Onoact.

Lanoteplase (USAN, rINN)

BMS-200980; Lanoteplasa; Lanotéplase; Lanoteplasum; Sun-
9216. N-[N2-(N-Glycyl-L-alanyl)-L-arginyl]-117-L-glutamine-245-
L-methionine-(1-5)-(87-527)-plasminogen activator (human tis-
sue-type protein moiety).
Ланотеплаза
C2184H3323N633O666S29 = 50032.5.
CAS — 171870-23-8.

Profile
Lanoteplase is a thrombolytic that has been investigated in acute
myocardial infarction; development was stopped after an unac-
ceptable rate of intracranial haemorrhage was found.
◊ References.
1. The InTIME-II Investigators. Intravenous NPA for the treatment

of infarcting myocardium early: InTIME-II, a double-blind com-
parison of single-bolus lanoteplase vs accelerated alteplase for
the treatment of patients with acute myocardial infarction. Eur
Heart J 2000; 21: 2005–13.

Lappaconitine Hydrobromide
(1α,14α,16β)-20-Ethyl-1,14,16-trimethoxyaconitane-4,8,9-triol
4-[2-(acetylamino)benzoate] hydrobromide.
Лаппаконитина Гидробромид
C32H44N2O8,HBr = 665.6.
CAS — 32854-75-4 (lappaconitine); 97792-45-5 (lappa-
conitine hydrobromide).

Profile
Lappaconitine hydrobromide is an antiarrhythmic drug given
orally in a usual dose of 25 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Allapinin (Аллапинин).

Leech
Blutegel; Hirudo; Sangsue; Sanguessugas; Sanguijuela; Sanguisuga.

Description. Hirudo medicinalis is the leech commonly used
in medicine and is a fresh-water annelid. 

NOTE. The substance described in the Chin. P. as Hirudo (Leech)
is the dried body of Whitmania pigra, Hirudo nipponica, or
Whitmania acranulata.

Profile
Leeches are used for withdrawing blood from congested areas
and have been found to be of value in plastic surgery. The buccal
secretion of the leech contains the anticoagulant hirudin
(p.1305). Once used a leech should not be applied to another pa-
tient. 
There have been reports of wound infection from Aeromonas hy-
drophila transmitted by leeches. Prolonged bleeding for up to 10
hours may occur from the site of attachment after removal of the
leech.

◊ Leeches are commonly used in plastic surgery and this has
been reviewed.1 
Wound infection by Aeromonas hydrophila, an organism nor-
mally found in the gut of the leech, is a recognised complication
of the use of leeches for decongestion after plastic surgery. Other
infecting organisms include Aeromonas sobria and Serratia
marcescens. Infections have caused minor wound drainage, cel-
lulitis, abscess, tissue loss, and sepsis, and a case of meningitis
secondary to Aeromonas infection has been reported.2 The fol-
lowing protocol has been suggested:1 the site of application
should first be cleaned with heparinised saline, and antibacterial
prophylaxis with a quinolone and an aminoglycoside given for
the duration of application. Patients discharged with open
wounds should continue with oral antibacterials until wound clo-
sure. 
In addition to its anticoagulant properties the buccal secretion of
the leech contains anti-inflammatory substances, and leeches
have been reported to provide subjective relief of symptoms3,4 in
osteoarthritis.
1. Whitaker IS, et al. Hirudo medicinalis and the plastic surgeon.

Br J Plast Surg 2004; 57: 348–53. 
2. Ouderkirk JP, et al. Aeromonas meningitis complicating medic-

inal leech therapy. Abstract: Clin Infect Dis 2004; 38: 603. Full
version: http://www.journals.uchicago.edu/doi/full/10.1086/
381438 (accessed 19/08/08) 

3. Michalsen A, et al. Effect of leeches therapy (Hirudo medicina-
lis) in painful osteoarthritis of the knee: a pilot study. Ann Rheum
Dis 2001; 60: 986. 

4. Michalsen A, et al. Effectiveness of leech therapy in osteoarthri-
tis of the knee: a randomized, controlled trial. Ann Intern Med
2003; 139: 724–30.

Lepirudin (BAN, rINN)

HBW-023; Lepirudiini; Lepirudina; Lépirudine; Lepirudinum. 1-L-
Leucine-2-L-threonine-63-desulfohirudin (Hirudo medicinalis iso-
form HV1).

Лепирудин

C287H440N80O111S6 = 6979.4.

CAS — 138068-37-8.

ATC — B01AE02.

ATC Vet — QB01AE02.

Adverse Effects and Precautions
The most frequent adverse effect of the direct thrombin
inhibitors is bleeding. Hypersensitivity reactions have
been reported. There have been reports of severe ana-
phylactic reactions, including death, with many occur-
ring on re-exposure. There may be cross-reactivity
with other hirudins or hirudin analogues. 
Intramuscular injection should be avoided as it may
cause local haematoma. 
Direct thrombin inhibitors should be used with caution
or avoided in patients with hepatic or renal impairment,
and in those who are bleeding or at serious risk of
bleeding, including those with haemorrhagic blood
disorders, recent major bleeding, cerebrovascular dis-
orders, bacterial endocarditis, severe hypertension, or
patients who have recently undergone major surgery or
puncture of large vessels or organ biopsy.
Hypersensitivity. The EMEA reported1 in October 2002 that
they were aware of 7 cases of severe anaphylactic reactions in
patients given lepirudin; in 6 cases this followed re-exposure to
the drug, and in 5 cases the patient died. A review2 of the manu-
facturer’s safety database identified 9 patients with severe ana-
phylactic reactions associated with lepirudin; 4 patients died, all
of whom had received lepirudin within the previous 1 to 12
weeks. Although the risk of severe anaphylaxis was estimated to
be low (0.015% on first exposure and 0.16% on re-exposure),2
alternative treatment should be considered before re-exposure to

lepirudin and it should only be used where treatment for an ana-
phylactic reaction is available.1,2

1. EMEA. EMEA public statement on Refludan (lepirudin)—fatal
anaphylactic reactions (issued October 2002). 
Available at: http://www.emea.europa.eu/pdfs/human/press/pus/
2771702en.pdf (accessed 16/05/08) 

2. Greinacher A, et al. Anaphylactic and anaphylactoid reactions
associated with lepirudin in patients with heparin-induced
thrombocytopenia. Circulation 2003; 108: 2062–5.

Interactions
Use of direct thrombin inhibitors with thrombolytics,
oral anticoagulants, or drugs that affect platelet func-
tion may increase the risk of bleeding.

Pharmacokinetics
Lepirudin is metabolised and excreted by the kidney.
About 45% of an intravenous dose is detected in the
urine and about 35% is excreted unchanged. The termi-
nal elimination half-life of lepirudin is about 1.3 hours.
In patients with severe renal impairment the half-life
may be prolonged to about 2 days.
Breast feeding. Three hours after injection, plasma concentra-
tions of hirudin in a woman receiving lepirudin 50 mg subcuta-
neously twice daily were 0.5 to 1 microgram/mL, but no hirudin
was detected in the breast milk.
1. Lindhoff-Last E, et al. Hirudin treatment in a breastfeeding

woman. Lancet 2000; 355: 467–8.

Uses and Administration
Lepirudin is a recombinant hirudin (p.1305) that is a
direct inhibitor of thrombin. It is used as an anticoagu-
lant in the management of thromboembolic disorders
(p.1187) in patients with heparin-induced thrombocy-
topenia. It has been investigated in arterial thromboem-
bolic disorders such as myocardial infarction and
unstable angina. 
In the management of thromboembolism in patients
with heparin-induced thrombocytopenia lepirudin is
given in an initial dose of 400 micrograms/kg by slow
intravenous injection. This is followed by a mainte-
nance dose of 150 micrograms/kg per hour by contin-
uous intravenous infusion, adjusted according to re-
sponse, usually for 2 to 10 days. Response should be
monitored according to the activated partial thrombo-
plastin time (APTT) ratio to achieve a target of 1.5 to
2.5. Doses must not exceed those based on a patient
weight of 110 kg and in general an infusion rate of
210 micrograms/kg per hour should not be exceeded. 
Doses of lepirudin should be reduced in patients with
renal impairment, and infusions should be avoided in
those on haemodialysis (see below).
Administration in renal impairment. Doses of lepirudin
should be reduced in patients with renal impairment. The initial
dose is reduced to 200 micrograms/kg, and the maintenance in-
fusion rate is reduced according to creatinine clearance (CC): 
• CC 45 to 60 mL/minute: infusion rate 50% of normal rate 
• CC 30 to 44 mL/minute: 30% of normal rate 
• CC 15 to 29 mL/minute: 15% of normal rate 
• CC below 15 mL/minute: infusion of lepirudin should be

avoided, although in haemodialysis patients or cases of acute
renal failure further intravenous bolus doses of
100 micrograms/kg may be used on alternate days, according
to response

Heparin-induced thrombocytopenia. Lepirudin is effec-
tive for the management of thromboembolism in patients with
heparin-induced thrombocytopenia1 (see Effects on the Blood
under Adverse Effects of Heparin p.1302). Bleeding is the main
complication during treatment, particularly with usual doses (see
Uses and Administration, above) and in patients with renal im-
pairment,2 and use of lower doses has been suggested.1,2

1. Lubenow N, et al. HIT Investigators Group. Lepirudin in pa-
tients with heparin-induced thrombocytopenia—results of the
third prospective study (HAT-3) and a combined analysis of
HAT-1, HAT-2, and HAT-3. J Thromb Haemost 2005; 3:
2428–36. 

2. Tardy B, et al. GEHT-HIT Study Group. Predictive factors for
thrombosis and major bleeding in an observational study in 181
patients with heparin-induced thrombocytopenia treated with
lepirudin. Blood 2006; 108: 1492–6.

Ischaemic heart disease. Recombinant hirudins have been
investigated as alternatives to heparin in the management of
acute ST-elevation myocardial infarction (p.1175) and in non-ST
elevation myocardial infarction and unstable angina (see Angina
Pectoris, p.1157), and have been used as adjuncts to medical or
interventional treatment. Overall they appear to have some ben-
efit over heparin,1 but their precise role in each situation remains
to be confirmed. 
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Initial studies comparing heparin with the recombinant hirudins
desirudin2,3 (p.1257) or lepirudin4 in patients with acute ST-ele-
vation myocardial infarction treated with thrombolytics had to
be stopped because of higher than expected haemorrhagic stroke
rates,5,6 and subsequent studies using lower doses of desirudin7,8

or lepirudin9 failed to show a clear benefit over heparin. A
study10 with bivalirudin, a synthetic analogue of hirudin, in sim-
ilar patients also found no mortality benefit; there were fewer re-
infarctions in the bivalirudin group, but the risk of bleeding was
increased. The role of hirudins is therefore not established, al-
though they may be useful in patients with heparin-induced
thrombocytopenia. 
Studies in patients with acute coronary syndromes (non-ST el-
evation myocardial infarction and unstable angina) suggest that
lepirudin is superior to heparin in preventing cardiovascular
death, myocardial infarction, and refractory angina.11,12 A
study13 comparing desirudin with heparin in unstable angina
found that angiographic outcomes were better with desirudin,
but another study7 found little benefit in terms of mortality or
recurrent ischaemia. Bivalirudin appears to be as effective as
heparin in patients with acute coronary syndromes, but unlike the
other hirudins the risk of major bleeding may be reduced.14,15 
Hirudins have also been studied in patients undergoing percuta-
neous coronary interventions (see Reperfusion and Revascu-
larisation Procedures, p.1181). Desirudin has been used in pa-
tients undergoing angioplasty16,17 and appears to be safe,
although no benefit has been shown over heparin. Lepirudin has
been used as an alternative to heparin in patients with heparin-
induced thrombocytopenia.18-20 Bivalirudin is effective in pa-
tients with stable coronary artery disease21,22 or acute coronary
syndromes21-23 undergoing percutaneous coronary interventions,
and may reduce the need for adjunctive glycoprotein IIb/IIIa in-
hibitors.21-23 
In patients undergoing coronary artery bypass grafting, hiru-
dins may be an alternative to unfractionated heparin, and positive
results have been reported with bivalirudin24 and with lepiru-
din;25 however, postoperative bleeding is increased and it was
suggested25 that hirudins should be reserved for patients with
contra-indications to heparin, such as those with heparin-induced
thrombocytopenia.
1. Direct Thrombin Inhibitor Trialists’ Collaborative Group. Di-

rect thrombin inhibitors in acute coronary syndromes: principal
results of a meta-analysis based on individual patients’ data.
Lancet 2002; 359: 294–302. 

2. The Global Use of Strategies to Open Occluded Coronary Arter-
ies (GUSTO) IIa Investigators. Randomized trial of intravenous
heparin versus recombinant hirudin for acute coronary syn-
dromes. Circulation 1994; 90: 1631–7. 

3. Antman EM, et al. Hirudin in acute myocardial infarction: safe-
ty report from the Thrombolysis and Thrombin Inhibition in
Myocardial Infarction (TIMI) 9A trial. Circulation 1994; 90:
1624–30. 

4. Neuhaus K-L, et al. Safety observations from the pilot phase of
the randomized r-Hirudin for Improvement of Thrombolysis
(HIT-III) study: a study of the Arbeitsgemeinschaft Leitender
Kardiologischer Krankenhausärzte (ALKK). Circulation 1994;
90: 1638–42. 

5. Zeymer U, Neuhaus K-L. Hirudin and excess bleeding: implica-
tions for future use. Drug Safety 1995; 12: 234–9. 

6. Conrad KA. Clinical pharmacology and drug safety: lessons
from hirudin. Clin Pharmacol Ther 1995; 58: 123–6. 

7. The Global Use of Strategies to Open Occluded Coronary Arter-
ies (GUSTO) IIb Investigators. A comparison of recombinant
hirudin with heparin for the treatment of acute coronary syn-
dromes. N Engl J Med 1996; 335: 775–82. 

8. Antman EM. Hirudin in acute myocardial infarction: thrombol-
ysis and thrombin inhibition in myocardial infarction (TIMI) 9B
trial. Circulation 1996; 94: 911–21. 

9. Neuhaus K-L, et al. Recombinant hirudin (lepirudin) for the im-
provement of thrombolysis with streptokinase in patients with
acute myocardial infarction: results of the HIT-4 trial. J Am Coll
Cardiol 1999; 34: 966–73. 

10. The Hirulog and Early Reperfusion or Occlusion (HERO)-2 Tri-
al Investigators. Thrombin-specific anticoagulation with biva-
lirudin versus heparin in patients receiving fibrinolytic therapy
for acute myocardial infarction: the HERO-2 randomised trial.
Lancet 2001; 358: 1855–63. 

11. Organization to Assess Strategies for Ischemic Syndromes
(OASIS) Investigators. Comparison of the effects of two doses
of recombinant hirudin compared with heparin in patients with
acute myocardial ischemia without ST elevation: a pilot study.
Circulation 1997; 96: 769–77. 

12. Organisation to Assess Strategies for Ischemic Syndromes (OA-
SIS-2) Investigators. Effects of recombinant hirudin (lepirudin)
compared with heparin on death, myocardial infarction, refrac-
tory angina, and revascularisation procedures in patients with
acute myocardial ischaemia without ST elevation: a randomised
trial. Lancet 1999; 353: 429–38. 

13. Topol EJ, et al. Recombinant hirudin for unstable angina pec-
toris: a multicenter, randomized angiographic trial. Circulation
1994; 89: 1557–66. 

14. Kong DF, et al. Clinical outcomes of bivalirudin for ischemic
heart disease. Circulation 1999; 100: 2049–53. 

15. Stone GW, et al. The ACUITY Investigators. Bivalirudin for
patients with acute coronary syndromes. N Engl J Med 2006;
355: 2203–16. 

16. van den Bos AA, et al. Safety and efficacy of recombinant hiru-
din (CGP 39 393) versus heparin in patients with stable angina
undergoing coronary angioplasty. Circulation 1993; 88:
2058–66. 

17. Serruys PW, et al. A comparison of hirudin with heparin in the
prevention of restenosis after coronary angioplasty. N Engl J
Med 1995; 333: 757–63. 

18. Manfredi JA, et al. Lepirudin as a safe alternative for effective
anticoagulation in patients with known heparin-induced throm-
bocytopenia undergoing percutaneous coronary intervention:
case reports. Catheter Cardiovasc Interv 2001; 52: 468–72. 

19. Pinto DS, et al. Combination platelet glycoprotein IIb/IIIa re-
ceptor and lepirudin administration during percutaneous coro-
nary intervention in patients with heparin-induced thrombocy-
topenia. Catheter Cardiovasc Interv 2003; 58: 65–8. 

20. Cochran K, et al. Use of lepirudin during percutaneous vascular
interventions in patients with heparin-induced thrombocytope-
nia. J Invasive Cardiol 2003; 15: 617–21. 

21. Lincoff AM, et al. Bivalirudin and provisional glycoprotein
IIb/IIIa blockade compared with heparin and planned glycopro-
tein IIb/IIIa blockade during percutaneous coronary interven-
tion: REPLACE-2 randomized trial. JAMA 2003; 289: 853–63.
Correction. ibid.; 1638. 

22. Lincoff AM, et al. Long-term efficacy of bivalirudin and provi-
sional glycoprotein IIb/IIIa blockade vs heparin and planned
glycoprotein IIb/IIIa blockade during percutaneous coronary
revascularization: REPLACE-2 randomized trial. JAMA 2004;
292: 696–703. Correction. ibid. 2006; 296: 46. 

23. Stone GW, et al. Bivalirudin in patients with acute coronary
syndromes undergoing percutaneous coronary intervention: a
subgroup analysis from the Acute Catheterization and Urgent
Intervention Triage strategy (ACUITY) trial. Lancet 2007; 369:
907–19. 

24. Dyke CM, et al. A comparison of bivalirudin to heparin with
protamine reversal in patients undergoing cardiac surgery with
cardiopulmonary bypass: the EVOLUTION-ON study. J Tho-
rac Cardiovasc Surg  2006; 131: 533 –9. 

25. Riess F-C, et al. Recombinant hirudin for cardiopulmonary by-
pass anticoagulation: a randomized, prospective, and heparin-
controlled pilot study. Thorac Cardiovasc Surg 2007; 55:
233–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Refludan; Austria: Refludan; Belg.: Refludan; Canad.: Refludan;
Cz.: Refludan; Denm.: Refludan†; Fin.: Refludan†; Fr.: Refludan; Ger.: Re-
fludan; Gr.: Refludan†; Hung.: Refludan; Irl.: Refludan; Ital.: Refludan;
Neth.: Refludan; Norw.: Refludan; NZ: Refludan; Port.: Refludan; S.Afr.:
Refludin; Spain: Refludin; Swed.: Refludan†; Switz.: Refludan; UK: Reflu-
dan; USA: Refludan.

Lercanidipine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de lercanidipino; Lercanidipine, Chlorhydrate de;
Lercanidipini Hydrochloridum; Lerkanidipin Hidroklorür; Mas-
nidipine Hydrochloride; R-75; Rec-15-2375. (±)-2-[(3,3-Diphe-
nylpropyl)methylamino]-1,1-dimethylethyl methyl 1,4-dihydro-
2,6-dimethyl-4-(m-nitrophenyl)-3,5-pyridinedicarboxylate hydro-
chloride.

Лерканидипина Гидрохлорид
C36H41N3O6,HCl = 648.2.
CAS — 100427-26-7 (lercanidipine); 132866-11-6 (ler-
canidipine hydrochloride).
ATC — C08CA13.
ATC Vet — QC08CA13.

(lercanidipine)

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Lercanidipine is completely absorbed from the gas-
trointestinal tract after oral doses but undergoes exten-
sive saturable first-pass metabolism. Bioavailability is
low but is increased in the presence of food. Peak plas-
ma concentrations occur about 1.5 to 3 hours after oral
dosage. Lercanidipine is rapidly and widely distribut-
ed. It is more than 98% bound to plasma proteins. Ler-

canidipine is extensively metabolised, primarily by the
cytochrome P450 isoenzyme CYP3A4, mainly to
inactive metabolites; about 50% of an oral dose is ex-
creted in the urine. A terminal elimination half-life of
about 2 to 5 hours has been reported, but studies using
a more sensitive assay have suggested a value of 8 to
10 hours.

Uses and Administration
Lercanidipine is a dihydropyridine calcium-channel
blocker with actions similar to those of nifedipine
(p.1354). It is used in the treatment of hypertension
(p.1171). 
Lercanidipine is given by mouth as the hydrochloride
in a usual initial dose of 10 mg once daily before food,
increased if necessary, after at least 2 weeks, to 20 mg
daily.
◊ Reviews.
1. McClellan KJ, Jarvis B. Lercanidipine: a review of its use in hy-

pertension. Drugs 2000; 60: 1123–40. 
2. Bang LM, et al. Lercanidipine : a review of its efficacy in the

management of hypertension. Drugs 2003; 63: 2449–72. 
3. Beckey C, et al. Lercanidipine in the treatment of hypertension.

Ann Pharmacother 2007; 41: 465–74.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Lercadip; Austral.: Zanidip; Austria: Zanidip; Belg.: Zanidip; Braz.:
Zanidip; Chile: Zanidip; Cz.: Lerpin; Denm.: Zanidip; Fin.: Zanidip; Fr.:
Lercan; Zanidip; Ger.: Carmen; Corifeo; Gr.: Lercadip; Zanidip; Hong
Kong: Zanidip; Hung.: Lercaton; Zanidip; India: Lerez; Indon.: Zanidip;
Irl.: Zanidip; Israel: Vasodip; Ital.: Cardiovasc; Lercadip; Zanedip; Malay-
sia: Zanidip; Mex.: Evipress; Zanidip; Neth.: Lerdip; Norw.: Zanidip; NZ:
Zanidip; Philipp.: Zanidip; Port.: Zanicor; Zanidip; S.Afr.: Zanidip; Singa-
pore: Zanidip†; Spain: Lercadip; Lerzam; Zanidip; Swed.: Zanidip; Switz.:
Zanidip; Thai.: Zanidip; Turk.: Lercadip; UK: Zanidip; Venez.: Lercadip;
Zanidip.

Multi-ingredient: India: Lerez-AT†.

Levosimendan (USAN, rINN)

Lévosimendan; Levosimendán; Levosimendanum; (−)-OR-1259.
Mesoxalonitrile (−)-{p-[(R)-1,4,5,6-tetrahydro-4-methyl-6-oxo-
3-pyridazinyl]phenyl}hydrazone.
Левосимендан
C14H12N6O = 280.3.
CAS — 141505-33-1.
ATC — C01CX08.
ATC Vet — QC01CX08.

Profile
Levosimendan is a cardiac inotrope and vasodilator with calci-
um-sensitising properties, used in the management of acute heart
failure (p.1165). It is given intravenously in a loading dose of 6
to 24 micrograms/kg over 10 minutes followed by a continuous
infusion of 50 to 200 nanograms/kg per minute, adjusted accord-
ing to response.
◊ References.
1. Figgitt DP, et al. Levosimendan. Drugs 2001; 61: 613–27. 
2. Follath F, et al. Efficacy and safety of intravenous levosimendan

compared with dobutamine in severe low-output heart failure
(the LIDO study): a randomised double-blind trial. Lancet 2002;
360: 196–202. 

3. McBride BF, White CM. Levosimendan: implications for clini-
cians. J Clin Pharmacol 2003; 43: 1071–81. 

4. Innes CA, Wagstaff AJ. Levosimendan: a review of its use in the
management of acute decompensated heart failure. Drugs 2003;
63: 2651–71. 

5. Earl GL, Fitzpatrick JT. Levosimendan: a novel inotropic agent
for treatment of acute, decompensated heart failure. Ann Phar-
macother 2005; 39: 1888–96. 

6. De Luca L, et al. Evidence-based use of levosimendan in differ-
ent clinical settings. Eur Heart J 2006; 27: 1908–20. 

7. Antila S, et al. Clinical pharmacology of levosimendan. Clin
Pharmacokinet 2007; 46: 535–52.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Simdax; Austria: Simdax; Chile: Daxim; Cz.: Simdax; Fin.: Simdax;
Gr.: Simdax; Hong Kong: Simdax; Hung.: Simdax; Israel: Simdax; Ital.:
Simdax; Mex.: Simdax; Norw.: Simdax; NZ: Simdax; Port.: Simdax; Rus.:
Simdax (Симдакс); Spain: Simdax; Swed.: Simdax; Turk.: Simdax; Venez.:
Daxim.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Lidoflazine (BAN, USAN, rINN)

Lidoflazina; Lidoflazinum; McN-JR-7904; Ordiflazine; R-7904. 4-
[3-(4,4′-Difluorobenzhydryl)propyl]piperazin-1-ylaceto-2′,6′-xy-
lidide.
Лидофлазин
C30H35F2N3O = 491.6.
CAS — 3416-26-0.
ATC — C08EX01.
ATC Vet — QC08EX01.

Profile
Lidoflazine is a calcium-channel blocker (p.1154) that reduces
AV conduction. It has been used in angina pectoris.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Clinium; S.Afr.: Clinium.

Limaprost (rINN)

Limaprostum; ONO-1206; OP-1206. (E)-7-{(1R,2R,3R)-3-Hy-
droxy-2-[(E)-(3S,5S)-3-hydroxy-5-methyl-1-nonenyl]-5-oxocy-
clopentyl}-2-heptenoic acid.
Лимапрост
C22H36O5 = 380.5.
CAS — 74397-12-9 (limaprost); 88852-12-4 (limaprost
alfadex).

Pharmacopoeias. Jpn includes limaprost alfadex.
Profile
Limaprost is a synthetic analogue of alprostadil (prostaglandin
E1) used in the management of peripheral vascular disease
(p.1178). It is given orally as limaprost alfadex, in a dose equiv-
alent to limaprost 15 to 30 micrograms daily in three divided
doses.
◊ References.
1. Shono T, Ikeda K. Rapid effect of oral limaprost in Raynaud’s

disease in childhood. Lancet 1989; i: 908. 
2. Murai C, et al. Oral limaprost for Raynaud’s phenomenon. Lan-

cet 1989; ii: 1218. 
3. Aoki Y, et al. Possible participation of a prostaglandin E1 ana-

logue in the aggravation of diabetic nephropathy. Diabetes Res
Clin Pract 1992; 16: 233–8. 

4. Sato Y, et al. Effect of oral administration of prostaglandin E1 on
erectile dysfunction. Br J Urol 1997; 80: 772–5. 

5. Swainston Harrison T, Plosker GL. Limaprost. Drugs 2007; 67:
109–18.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Opalmon.

Linsidomine Hydrochloride (rINNM)

Hidrocloruro de linsidomina; Linsidomine, Chlorhydrate de; Lin-
sidomini Hydrochloridum. 3-Morpholinosydnonimine hydro-
chloride.
Линсидомина Гидрохлорид
C6H10N4O2,HCl = 206.6.
CAS — 33876-97-0 (linsidomine); 16142-27-1 (linsidom-
ine hydrochloride).
ATC — C01DX18.
ATC Vet — QC01DX18.

(linsidomine)

Profile
Linsidomine is a nitrovasodilator and a metabolite of molsidom-
ine (p.1343) and has been given intravenously or via the intrac-
oronary route for coronary vasodilatation.

◊ References.
1. Delonca J, et al. Comparative efficacy of the intravenous admin-

istration of linsidomine, a direct nitric oxide donor, and isosorb-
ide dinitrate in severe unstable angina: a French multicentre
study. Eur Heart J 1997; 18: 1300–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Corvasal†.

Lisinopril (BAN, USAN, rINN)

L-154826; Lisinopriili; Lisinoprilum; Lizinopril; Lizinoprilis; MK-
521. N-{N-[(S)-1-Carboxy-3-phenylpropyl]-L-lysyl}-L-proline di-
hydrate.

Лизиноприл
C21H31N3O5,2H2O = 441.5.
CAS — 76547-98-3 (anhydrous lisinopril); 83915-83-7
(lisinopril dihydrate).
ATC — C09AA03.
ATC Vet — QC09AA03.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Lisinopril Dihydrate). A white or almost white crys-
talline powder. Soluble in water; practically insoluble in dehy-
drated alcohol and in acetone; sparingly soluble in methyl alco-
hol. 
USP 31 (Lisinopril). A white crystalline powder. Soluble 1 in 10
of water and 1 in 70 of methyl alcohol; practically insoluble in al-
cohol, in acetone, in acetonitrile, in chloroform, and in ether.

Suspension. The US licensed prescribing information provides
the following method for making 200 mL of a suspension con-
taining lisinopril 1 mg/mL. Add 10 mL of purified water to a poly-
ethylene terephthalate bottle containing ten 20-mg tablets (Prin-
ivil, Merck or Zestril, AstraZeneca) and shake for at least 1
minute. Add 30 mL of Bicitra (Alza, USA) and 160 mL of Ora-
Sweet SF (Paddock, USA) to the bottle and gently shake for sev-
eral seconds. The suspension should be stored at or below 25°
and can be stored for up to 4 weeks. Studies of the characteristics
of this and other liquid dosage forms of lisinopril have been pub-
lished.1,2

1. Thompson KC, et al. Characterization of an extemporaneous liq-
uid formulation of lisinopril. Am J Health-Syst Pharm 2003; 60:
69–74. 

2. Nahata MC, Morosco RS. Stability of lisinopril in two liquid
dosage forms. Ann Pharmacother 2004; 38: 396–9.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.
Porphyria. Lisinopril has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Lisinopril is slowly and incompletely absorbed after
oral doses. About 25% of a dose is absorbed on aver-
age, but the absorption varies considerably between in-
dividuals, ranging from about 6 to 60%. It is already an
active diacid and does not need to be metabolised in
vivo. Peak concentrations in plasma are reported to oc-
cur after about 7 hours. Lisinopril is reported not to be
significantly bound to plasma proteins. It is excreted
unchanged in the urine. The effective half-life for accu-
mulation after multiple doses is 12 hours in patients
with normal renal function. Lisinopril is removed by
haemodialysis.

◊ References.
1. Till AE, et al. The pharmacokinetics of lisinopril in hospitalized

patients with congestive heart failure. Br J Clin Pharmacol
1989; 27: 199–204. 

2. Neubeck M, et al. Pharmacokinetics and pharmacodynamics of
lisinopril in advanced renal failure: consequence of dose adjust-
ment. Eur J Clin Pharmacol 1994; 46: 537–43.

Uses and Administration
Lisinopril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171) and heart failure
(p.1165), prophylactically after myocardial infarction
(p.1175), and in diabetic nephropathy (see Kidney Dis-
orders, p.1199). 
The haemodynamic effects of lisinopril are seen within
1 to 2 hours of a single oral dose and the maximum
effect occurs after about 6 hours, although the full ef-
fect may not develop for several weeks during chronic
dosing. The haemodynamic action lasts for about 24
hours after once-daily dosing. Lisinopril is given orally
as the dihydrate, but doses are expressed in terms of the
anhydrous substance. Lisinopril 2.72 mg as the dihy-
drate is equivalent to about 2.5 mg of anhydrous lisino-
pril. The dose of lisinopril should be reduced in pa-
tients with renal impairment (see below). 
In the treatment of hypertension, the usual initial dose
is 10 mg daily. Since there may be a precipitous fall in
blood pressure in some patients when starting therapy
with an ACE inhibitor, the first dose should preferably
be given at bedtime. Hypotension is particularly likely
in patients with renovascular hypertension, volume de-
pletion, heart failure, or severe hypertension and such
patients should be given a lower initial dose of 2.5 to
5 mg once daily. Patients taking diuretics should have
the diuretic withdrawn 2 or 3 days before lisinopril is
started and resumed later if required; if this is not pos-
sible, an initial dose of 5 mg once daily should be giv-
en. The usual maintenance dose is 20 mg given once
daily, though up to 80 mg daily may be given if neces-
sary. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should be started with a low dose
under close medical supervision. Lisinopril is given in
an initial dose of 2.5 mg daily. In the USA an initial
dose of 5 mg daily is suggested. Usual maintenance
doses range from 5 to 40 mg daily. 
After myocardial infarction, treatment with lisinopril
may be started within 24 hours of the onset of symp-
toms in an initial dose of 5 mg once daily for two days,
then increased to 10 mg once daily. An initial dose of
2.5 mg once daily is recommended for patients with a
low systolic blood pressure. 
In the management of diabetic nephropathy, hyper-
tensive type 2 diabetics with microalbuminuria may be
given a dose of 10 mg once daily, increased if neces-
sary to 20 mg once daily to achieve a sitting diastolic
blood pressure below 90 mmHg.
◊ Reviews.
1. Lancaster SG, Todd PA. Lisinopril: a preliminary review of its

pharmacodynamic and pharmacokinetic properties, and thera-
peutic use in hypertension and congestive heart failure. Drugs
1988; 35: 646–69. 

2. Goa KL, et al. Lisinopril: a review of its pharmacology and clin-
ical efficacy in the early management of acute myocardial infarc-
tion. Drugs 1996; 52: 564–88. 

3. Goa KL, et al. Lisinopril: a review of its pharmacology and use
in the management of the complications of diabetes mellitus.
Drugs 1997; 53: 1081–1105. 

4. Simpson K, Jarvis B. Lisinopril: a review of its use in congestive
heart failure. Drugs 2000; 59: 1149–67.

Administration in children. Lisinopril has been reported to
be an effective and well-tolerated antihypertensive in children 6
years of age and older,1 although it has been used successfully in
younger children.2 US licensed product information recom-
mends an oral starting dose for lisinopril of 70 micrograms/kg
(up to 5 mg) once daily for children 6 years of age and older (but
see also Administration in Renal Impairment, below). The
BNFC recommends similar doses for children aged 6 to 12 years
and states that this dose may be increased at intervals of 1 to 2
weeks to a maximum of 600 micrograms/kg or 40 mg once daily.
For children between 12 and 18 years of age the BNFC recom-
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mends an initial dose of 2.5 mg daily increased as necessary to a
maximum of 40 mg daily. 
In the treatment of heart failure in children between 12 and 18
years of age the BNFC recommends an initial dose of 2.5 mg
daily increased as necessary to a usual maintenance dose of 5 to
20 mg daily.
1. Soffer B, et al. A double-blind, placebo-controlled, dose-re-

sponse study of the effectiveness and safety of lisinopril for chil-
dren with hypertension. Am J Hypertens 2003; 16: 795–800. 

2. Raes A, et al. Lisinopril in paediatric medicine: a retrospective
chart review of long-term treatment in children. J Renin Angi-
otensin Aldosterone Syst 2007; 8: 3–12.

Administration in renal impairment. In adult patients with
renal impairment, the initial dose of lisinopril should be reduced
depending on the creatinine clearance (CC) as follows: 
• CC 31 to 80 mL/minute: 5 to 10 mg once daily 
• CC 10 to 30 mL/minute: 2.5 to 5 mg once daily 
• CC less than 10 mL/minute or on dialysis: 2.5 mg once daily 
The dose should be adjusted according to response, to a maxi-
mum of 40 mg once daily. 
US licensed prescribing information states that lisinopril should
not be given to children with a glomerular filtration rate of less
than 30 mL/minute per 1.73 m2 but gives no guidance on dosage
in other children with renal impairment.

Preparations
BP 2008: Lisinopril Tablets; 
USP 31: Lisinopril Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Doxapril; Lisinal; Sedotensil; Tensopril; Tersif; Zestril; Austral.: Fibsol;
Liprace; Lisinobell; Lisodur; Prinivil; Zestril; Austria: Acemin; Acetan; Lisi-
hexal; Lisinostad; Lisinotyrol†; Prinivil; Belg.: Novatec; Zestril; Braz.: Liso-
pril; Listril; Lonipril; Prilcor; Prinivil; Prinopril; Vasojet; Zestril; Zinopril; Ca-
nad.: Prinivil; Zestril; Chile: Acerdil; Lipreren; Presokin; Tonotensil; Zestril†;
Cz.: Dapril; Diroton; Irumed†; Lipribela; Lisigamma; Lisipril; Listril†; Prinivil;
Denm.: Acepril†; Lanatin†; Lisinogen; Vivatec†; Zestril; Fin.: Lisipril; Vivatec;
Zestril†; Fr.: Prinivil; Zestril; Ger.: Acerbon; Coric; Lisi; Lisi Lich; Lisi-Puren;
Lisibeta; Lisidoc; Lisigamma; Lisihexal; Lisodura; Gr.: Adicanil; Axelvin; Gnos-
toval; Hyperliz; Icoran; Landolaxin†; Leruze; Lisinospes; Lisodinol; Mealis;
Nafordyl; Perenal; Press-12; Pressuril; Prinivil; Terolinal; Thriusedon; Tivirlon;
Vercol; Veroxil; Z-Bec; Zestril; Hong Kong: Acepril; Cipril; Prinivil; Zestril;
Hung.: Conpres; Lisdene; Lisopress; Press-12; India: Biopril; Cipril; Linoril;
Linvas; Lipril; Lisoril; Normopril; Indon.: Interpril; Linoxal; Noperten; No-
pril; Odace; Zestril; Irl.: ByZestra; Carace; Lisopress; Lispril; Zesger; Zestan;
Zestril; Israel: Tensopril; Ital.: Alapril; Prinivil; Zestril; Jpn: Longes; Malay-
sia: Acepril; Dapril; Prinivil†; Ranopril; Zestril; Mex.: Alfaken; Dosteril; Lino-
spril; Priniser ; Prinivil; Zestril; Neth.: Novatec; Zestril; Norw.: Vivatec;
Zestril; NZ: Prinivil; Zestril†; Philipp.: Sinolip; Zestril; Pol.: Diroton; Lis-
dene; Lisihexal; Lisinoratio; Lisiprol; Prinivil; Port.: Benzin; Ecapril; Farpresse;
Lipril; Lisinol; Lisopress; Prinivil; Zestril; Rus.: Dapril (Даприл); Diroton
(Диротон); Irumed (Ирумед); Lisinoton (Лизинотон); Lisoril (Лизорил);
Listril (Листрил); Liten (Литэн); Sinopril (Синоприл); S.Afr.: Prilosin†;
Prinivil; Renotens†; Sinopren; Zemax; Zeprosil; Zestril; Zetomax; Singa-
pore: Dapril; Lisdene; Lisoril; Prinivil; Zestril; Spain: Doneka; Iricil; Likenil;
Prinivil; Secubar†; Tensikey; Zestril; Swed.: Vivatec†; Zestril; Switz.: Corpri-
lin; Lisitril; Lisopril; Prinil; Tobicor; Zestril; Thai.: Lisdene; Lispril; Zestril;
Turk.: Acerilin; Rilace; Sinopryl; Zestril; UAE: Lisotec; UK: Carace; Zestril;
USA: Prinivil; Zestril; Venez.: Cotensil; Lisilet; Prinivil; Rantex; Tonoten.

Multi-ingredient: Arg.: Tensopril D; Zestoretic; Austria: Acecomb;
Acelisino comp; Co-Acetan; Co-Hypomed; Co-Lisinostad; Lisihexal comb;
Lisinocomp; Lisinopril comp; Zestoretic; Belg.: Co-Lisinopril; Merck-Co-
Lisinopril; Novazyd†; Zestoretic; Braz.: Lisinoretic†; Lisoclor; Lisonotec†;
Lonipril-H; Prinzide; Zestoretic; Canad.: Prinzide; Zestoretic; Chile: Acer-
dil-D; Tonotensil D; Zestoretic†; Cz.: Lipribela plus H; Denm.: Lisinoplus;
Vivazid†; Zestoretic; Fin.: Acercomp†; Lisipril Comp; Vivatec Comp; Fr.:
Prinzide; Zestoretic; Ger.: Acercomp; Coric Plus; Lisi-Puren comp; Lisibeta
comp; Lisigamma HCT; LisiLich comp; Lisinopril comp; Lisinopril HCT; Lisi-
plus; Lisodura plus; Gr.: Prinzide; Z-Bec Plus; Zestoretic; Hong Kong:
Zestoretic; Hung.: Lisonorm; India: Amlopres L; Amlosafe-LS†; Biopril-
AM†; Calchek L; Cipril-H; Lisoril-5HT; Indon.: Zestoretic; Irl.: Carace Plus;
Lispril-hydrochlorothiazide; Zesger Plus; Zestoretic; Ital.: Nalapres; Prin-
zide; Zestoretic; Mex.: Prinzide; Zestoretic; Neth.: Lisidigal HCT; Novazyd;
Zestoretic; Norw.: Vivatec Comp; Zestoretic; Philipp.: Zestoretic; Port.:
Ecamais; Lisoplus; Prinzide; Tiazinol; Zestoretic; Rus.: Iruzid (Ирузид);
Lisoretic (Лизоретик); Sinorezid (Синорезид); S.Afr.: Lisoretic; Zestoret-
ic; Zetomax Co; Spain: Doneka Plus; Iricil Plus; Prinivil Plus; Secubar Diu;
Tensikey Complex; Zestoretic; Swed.: Zestoretic; Switz.: Co-Lisinopril;
Corpriretic; Lisitril comp; Lisopril plus; Prinzide; Tobicor Plus; Zestoretic;
Turk.: Rilace Plus; Sinoretik; Zestoretic; UK: Carace Plus; Caralpha; Lisicos-
tad; Zestoretic; USA: Prinzide; Zestoretic; Venez.: Lisiletic.

Losartan Potassium (BANM, USAN, rINNM)

DuP-753; E-3340; Kalii Losartanum; Losartaanikalium; Losartán
potásico; Losartan potassique; Losartan Potasyum; Losartanka-
lium; Losartanum kalicum; MK-0954. 2-Butyl-4-chloro-1-[p-(o-
1H-tetrazol-5-ylphenyl)benzyl]imidazole-5-methanol potassium.

Калия  Лозартан

C22H22ClKN6O = 461.0.

CAS — 114798-26-4 (losartan); 124750-99-8 (losartan
potassium).

ATC — C09CA01.

ATC Vet — QC09CA01.

(losartan)

Pharmacopoeias. In US. 
USP 31 (Losartan Potassium). A white to off-white powder.
Freely soluble in water; slightly soluble in acetonitrile; soluble in
isopropyl alcohol.

Adverse Effects
Adverse effects of losartan have been reported to be
usually mild and transient, and include dizziness, head-
ache, and dose-related orthostatic hypotension. Hypo-
tension may occur particularly in patients with volume
depletion (for example those who have received high-
dose diuretics). Impaired renal function and, rarely,
rash, urticaria, pruritus, angioedema, and raised liver
enzyme values may occur. Hyperkalaemia, myalgia,
and arthralgia have been reported. Losartan appears
less likely than ACE inhibitors to cause cough. Other
adverse effects that have been reported with angi-
otensin II receptor antagonists include respiratory-tract
disorders, back pain, gastrointestinal disturbances, fa-
tigue, and neutropenia. Rhabdomyolysis has been re-
ported rarely.
◊ Reviews.
1. Mazzolai L, Burnier M. Comparative safety and tolerability of

angiotensin II receptor antagonists. Drug Safety 1999; 21:
23–33.

Angioedema. Angioedema is a recognised adverse effect of
ACE inhibitors and is thought to be due to accumulation of
bradykinins. Although angiotensin II receptor antagonists were
thought to lack effects on bradykinin, several have been associ-
ated with reports1-6 of angioedema, and increased levels of
bradykinin have been shown7 with losartan. In some cases pa-
tients had previously experienced angioedema with ACE inhibi-
tors and caution is advised when using angiotensin II receptor
antagonists in such patients.4,8

1. Acker CG, Greenberg A. Angioedema induced by the angi-
otensin II blocker losartan. N Engl J Med 1995; 333: 1572. 

2. van Rijnsoever EW, et al. Angioneurotic edema attributed to the
use of losartan. Arch Intern Med 1998; 158: 2063–5. 

3. Adverse Drug Reactions Advisory Committee. Angiotensin II
receptor antagonists. Aust Adverse Drug React Bull 1999; 18: 2.
Available at: http://www.tga.gov.au/adr/aadrb/aadr9902.pdf (ac-
cessed 13/03/08) 

4. Howes LG, Tran D. Can angiotensin receptor antagonists be used
safely in patients with previous ACE inhibitor-induced an-
gioedema? Drug Safety 2002; 25: 73–6. 

5. Irons BK, Kumar A. Valsartan-induced angioedema. Ann Phar-
macother 2003; 37: 1024–7. 

6. Nykamp D, Winter EE. Olmesartan medoxomil-induced an-
gioedema. Ann Pharmacother 2007; 41: 518–20. 

7. Campbell DJ, et al. Losartan increases bradykinin levels in hy-
pertensive humans. Circulation 2005; 111: 315–20. 

8. Warner KK, et al. Angiotensin II receptor blockers in patients
with ACE inhibitor-induced angioedema. Ann Pharmacother
2000; 34: 526–8.

Effects on the blood. Symptomatic anaemia occurred1 in a pa-
tient with a renal transplant 6 weeks after starting therapy with
losartan. Decreased haemoglobin concentrations have also been
reported2 in patients with severe renal impairment undergoing
haemodialysis. 
Immune thrombocytopenia has been reported3 in a patient short-
ly after starting losartan.
1. Horn S, et al. Losartan and renal transplantation. Lancet 1998;

351: 111. 
2. Schwarzbeck A, et al. Anaemia in dialysis patients as a side-

effect of sartanes. Lancet 1998; 352: 286. 
3. Ada S, et al. Immune thrombocytopenia after losartan therapy.

Ann Intern Med 2002; 137: 704.

Effects on the liver. Raised liver enzyme values have occurred
rarely in patients receiving losartan. Severe, acute hepatotoxicity
developed in a patient 1 month after losartan was substituted for
enalapril because of ACE inhibitor-induced cough.1 The patient
recovered when losartan was withdrawn but symptoms and
raised liver enzyme concentrations recurred following rechal-
lenge. Acute, reversible hepatotoxicity also occurred in a patient
who had been taking losartan 150 mg daily for 6 weeks.2 A case
of cholestatic jaundice associated with irbesartan therapy has

also been reported;3 the jaundice resolved slowly once irbesartan
was withdrawn.
1. Bosch X. Losartan-induced hepatotoxicity. JAMA 1997; 278:

1572. 
2. Andrade RJ, et al. Hepatic injury associated with losartan. Ann

Pharmacother 1998; 32: 1371. 
3. Hariraj R, et al. Prolonged cholestasis associated with irbesartan.

BMJ 2000; 321: 547.

Effects on the skin. Atypical cutaneous lymphoid infiltrates
developed in 2 patients receiving losartan for hypertension.1 In
both cases the lesions disappeared within a few weeks of stop-
ping the drug. 
Henoch-Schönlein purpura has been reported2,3 in patients tak-
ing losartan; in 1 case2 the reaction recurred on rechallenge. A
purpuric rash with evidence of vasculitis has been reported with
candesartan;4 the patient also developed acute nephritis. 
A polycyclic rash associated with systemic illness developed in
a patient who had been taking irbesartan for 2 years;5 improve-
ment occurred within 2 days of stopping the drug. 
There has also been a report6 of a number of patients in whom
psoriasis either developed or was exacerbated following treat-
ment with an angiotensin II receptor antagonist; the drugs in-
volved included candesartan, irbesartan, losartan, and valsartan.
In most cases the lesions regressed after the drug was withdrawn.
1. Viraben R, et al. Losartan-associated atypical cutaneous lym-

phoid hyperplasia. Lancet 1997; 350: 1366. 
2. Bosch X. Henoch-Schönlein purpura induced by losartan thera-

py. Arch Intern Med 1998; 158: 191–2. 
3. Brouard M, et al. Schönlein-Henoch purpura associated with

losartan treatment and presence of antineutrophil cytoplasmic
antibodies of x specificity. Br J Dermatol 2001; 145: 362–3. 

4. Morton A, et al. Rash and acute nephritic syndrome due to can-
desartan. BMJ 2004; 328: 25. 

5. Constable S, et al. Systemic illness with skin eruption, fever and
positive lymphocyte transformation test in a patient on irbe-
sartan. Br J Dermatol 2006; 155: 491–3. 

6. Marquart-Elbaz C, et al. Sartans, angiotensin II receptor antago-
nists, can induce psoriasis. Br J Dermatol 2002; 147: 617–8.

Effects on taste. Taste disturbances, in some cases progressing
to complete taste loss, have occurred1,2 in patients receiving losa-
rtan for hypertension. In each case taste returned to normal after
stopping losartan therapy. Taste impairment has also been report-
ed with both candesartan3,4 and valsartan4 in healthy subjects.
1. Schlienger RG, et al. Reversible ageusia associated with losar-

tan. Lancet 1996; 347: 471–2. 
2. Heeringa M, van Puijenbroek EP. Reversible dysgeusia attribut-

ed to losartan. Ann Intern Med 1998; 129: 72. 
3. Tsuruoka S, et al. Subclinical alteration of taste sensitivity in-

duced by candesartan in healthy subjects. Br J Clin Pharmacol
2004; 57: 807–12. 

4. Tsuruoka S, et al. Angiotensin II receptor blocker-induces blunt-
ed taste sensitivity: comparison of candesartan and valsartan. Br
J Clin Pharmacol 2005; 60: 204–7.

Hypersensitivity. See Angioedema,and Effects on the Skin,
above.
Migraine. Severe migraine has been reported1 in a patient after
use of losartan. The patient had no history of migraine and symp-
toms recurred on rechallenge. However, angiotensin II receptor
antagonists have also been reported to reduce the incidence of
migraine (see under Uses and Administration, below).
1. Ahmad S. Losartan and severe migraine. JAMA 1995; 274:

1266–7.

Pancreatitis. Acute pancreatitis has been reported1,2 in 2 pa-
tients receiving losartan. However, 1 of the patients subsequently
developed pancreatitis unrelated to losartan.3 The other patient2
had also developed acute pancreatitis during enalapril therapy.
Acute pancreatitis has also been reported4 with irbesartan; the
patient was also taking hydrochlorothiazide but in a dose lower
than that usually associated with thiazide-induced pancreatitis.
Biochemical alterations suggestive of acute pancreatitis have
been reported after telmisartan overdosage.5
1. Bosch X. Losartan-induced acute pancreatitis. Ann Intern Med

1997; 127: 1043–4. 
2. Birck R, et al. Pancreatitis after losartan. Lancet 1998; 351:

1178. 
3. Bosch X. Correction: losartan, pancreatitis, and microlithiasis.

Ann Intern Med 1998; 129: 755. 
4. Fisher AA, Bassett ML. Acute pancreatitis associated with angi-

otensin II receptor antagonists. Ann Pharmacother 2002; 36:
1883–6. 

5. Baffoni L, et al. Acute pancreatitis induced by telmisartan over-
dose. Ann Pharmacother 2004; 38: 1088.

Vasculitis. For mention of the development of Henoch-Schön-
lein purpura and other vasculitic disorders in patients receiving
angiotensin II receptor antagonists see Effects on the Skin,
above.

Precautions
Losartan is contra-indicated in pregnancy (see below).
It should be used with caution in patients with renal ar-
tery stenosis. Losartan is excreted in urine and in bile
and reduced doses may therefore be required in pa-
tients with renal impairment and should be considered
in patients with hepatic impairment. Patients with vol-
ume depletion (for example those who have received
high-dose diuretic therapy) may experience hypoten-

NHN

N N

N
OH

N
Cl

H3C



Losartan Potassium    1327

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sion; volume depletion should be corrected before
starting therapy, or a low initial dose should be used.
Since hyperkalaemia may occur, serum-potassium
concentrations should be monitored, especially in the
elderly and patients with renal impairment, and potas-
sium-sparing diuretics should generally be avoided.
Diabetes mellitus. After reports of reduced awareness of hy-
poglycaemia in type 1 diabetic patients receiving losartan, a
study1 in healthy subjects found that losartan slightly attenuated
the symptomatic and hormonal responses to hypoglycaemia. Al-
though the clinical significance was not established, the authors
recommended that losartan should be used with caution in dia-
betics with reduced awareness of hypoglycaemia. However,
losartan and other angiotensin II receptor antagonists may have
a role in type 2 diabetics with nephropathy (see Kidney Disor-
ders under Uses, below). There is also some evidence2-6 that
angiotensin II receptor antagonists may prevent the development
of diabetes in non-diabetic patients.
1. Deininger E, et al. Losartan attenuates symptomatic and hormo-

nal responses to hypoglycemia in humans. Clin Pharmacol Ther
2001; 70: 362–9. 

2. Padwal R, Laupacis A. Antihypertensive therapy and incidence
of type 2 diabetes: a systematic review. Diabetes Care 2004; 27:
247–55. 

3. Gillespie EL, et al. The impact of ACE inhibitors or angiotensin
II type 1 receptor blockers on the development of new-onset type
2 diabetes. Diabetes Care 2005; 28: 2261–6. 

4. Abuissa H, et al. Angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers for prevention of type 2 diabetes:
a meta-analysis of randomized clinical trials. J Am Coll Cardiol
2005; 46: 821–6. 

5. Yusuf S, et al. Effects of candesartan on the development of a
new diagnosis of diabetes mellitus in patients with heart failure.
Circulation 2005; 112: 48–53. Correction. ibid.; e292. 

6. Aguilar D, Solomon SD. ACE inhibitors and angiotensin recep-
tor antagonists and the incidence of new-onset diabetes mellitus:
an emerging theme. Drugs 2006; 66: 1169–77.

Pregnancy. Losartan is contra-indicated in pregnancy since it
has been associated with fetal toxicity in animal studies and other
drugs that act on the renin-angiotensin system, such as ACE in-
hibitors, have been associated with fetal toxicity in humans (see
p.1196). Oligohydramnios with subsequent fetal death occurred
in a patient who received losartan during weeks 20 to 31 of preg-
nancy;1 the effects on the fetus were similar to those reported
with ACE inhibitors. A number of similar cases have subse-
quently been reported with losartan,2,3 candesartan,4 and valsar-
tan.3,5,6

1. Saji H, et al. Losartan and fetal toxic effects. Lancet 2001; 357:
363. 

2. Lambot M-A, et al. Angiotensin-II-receptor inhibitors in preg-
nancy. Lancet 2001; 357: 1619–20. 

3. Martinovic J, et al. Fetal toxic effects and angiotensin-II-recep-
tor antagonists. Lancet 2001; 358: 241–2. 

4. Hinsberger A, et al. Angiotensin-II-receptor inhibitors in preg-
nancy. Lancet 2001; 357: 1620. 

5. Briggs GG, Nageotte MP. Fatal fetal outcome with the combined
use of valsartan and atenolol. Ann Pharmacother 2001; 35:
859–61. 

6. Bos-Thompson M-A, et al. Fetal toxic effects of angiotensin II
receptor antagonists: case report and follow-up after birth. Ann
Pharmacother 2005; 39: 157–61. Correction. ibid.; 389.

Interactions
The antihypertensive effects of losartan may be poten-
tiated by drugs or other agents that lower blood pres-
sure. An additive hyperkalaemic effect is possible with
potassium supplements, potassium-sparing diuretics,
or other drugs that can cause hyperkalaemia; losartan
and potassium-sparing diuretics should not generally
be given together. NSAIDs should be used with cau-
tion in patients taking losartan as the risk of renal im-
pairment may be increased, particularly in those who
are inadequately hydrated; use of NSAIDs may also at-
tenuate the hypotensive effect of losartan. Losartan and
some other angiotensin II receptor antagonists are
metabolised by cytochrome P450 isoenzymes and inter-
actions may occur with drugs that affect these enzymes.
Lithium. For reference to a possible interaction between lithium
and angiotensin II receptor antagonists, see p.404.

Pharmacokinetics
Losartan is readily absorbed from the gastrointestinal
tract after oral doses, but undergoes substantial first-
pass metabolism resulting in a systemic bioavailability
of about 33%. It is metabolised to an active carboxylic
acid metabolite E-3174 (EXP-3174), which has greater
pharmacological activity than losartan; some inactive
metabolites are also formed. Metabolism is primarily
by cytochrome P450 isoenzymes CYP2C9 and
CYP3A4. Peak plasma concentrations of losartan and
E-3174 occur about 1 hour and 3 to 4 hours, respective-

ly, after an oral dose. Both losartan and E-3174 are
more than 98% bound to plasma proteins. Losartan is
excreted in the urine, and in the faeces via bile, as
unchanged drug and metabolites. About 4% of an oral
dose is excreted unchanged in urine and about 6% is
excreted in urine as the active metabolite. The terminal
elimination half-lives of losartan and E-3174 are about
1.5 to 2.5 hours and 3 to 9 hours, respectively.
◊ References.
1. Sica DA, et al. Clinical pharmacokinetics of losartan. Clin Phar-

macokinet 2005; 44: 797–814.

Uses and Administration
Losartan is an angiotensin II receptor antagonist with
antihypertensive activity due mainly to selective
blockade of AT1 receptors and the consequent reduced
pressor effect of angiotensin II. It is used in the man-
agement of hypertension (p.1171), particularly in pa-
tients who develop cough with ACE inhibitors and to
reduce the risk of stroke in patients with left ventricular
hypertrophy, and in the treatment of diabetic nephro-
pathy (see Kidney Disorders, below). It has also been
tried in heart failure (below) and in myocardial infarc-
tion (p.1175). 
Losartan is given orally as the potassium salt. The
maximum hypotensive effect is achieved in about 3 to
6 weeks after starting treatment. 
In hypertension the usual dose of losartan potassium
is 50 mg once daily. The dose may be increased, if nec-
essary, to 100 mg daily as a single dose or in two divid-
ed doses. An initial dose of 25 mg once daily should be
given to patients with intravascular fluid depletion, and
is recommended in the UK in patients over 75 years of
age. Similar reductions may be appropriate in patients
with hepatic or renal impairment (but see below). 
There are limited data on the use of losartan in children
with hypertension. In the UK, the recommended initial
dose of losartan potassium for children weighing be-
tween 20 and 50 kg is 25 mg once daily; this may be
increased to a maximum of 50 mg once daily. In the
USA, children aged 6 years or over may be given an
initial dose of 700 micrograms/kg once daily, with a
maximum of 50 mg, adjusted according to response.
There are no data to recommend doses for children
with glomerular filtration rate below 30 mL/min per
1.73 m2, and in the UK losartan should not be given to
children with hepatic impairment. 
In diabetic nephropathy losartan potassium is given
in an initial dose of 50 mg once daily, increased to
100 mg once daily depending on the blood pressure.
◊ Reviews.
1. Carr AA, Prisant LM. Losartan: first of a new class of angi-

otensin antagonists for the management of hypertension. J Clin
Pharmacol 1996; 36: 3–12. 

2. Goa KL, Wagstaff AJ. Losartan potassium: a review of its phar-
macology, clinical efficacy and tolerability in the management of
hypertension. Drugs 1996; 51: 820–45. 

3. Schaefer KL, Porter JA. Angiotensin II receptor antagonists: the
prototype losartan. Ann Pharmacother 1996; 30: 625–36. 

4. Burrell LM. A risk-benefit assessment of losartan potassium in
the treatment of hypertension. Drug Safety 1997; 16: 56–65. 

5. McConnaughey MM, et al. Practical considerations of the phar-
macology of angiotensin receptor blockers. J Clin Pharmacol
1999; 39: 547–59. 

6. Burnier M, Brunner HR. Angiotensin II receptor antagonists.
Lancet 2000; 355: 637–45. 

7. Dina R, Jafari M. Angiotensin II-receptor antagonists: an over-
view. Am J Health-Syst Pharm 2000; 57: 1231–41. 

8. Rodgers JE, Patterson JH. Angiotensin II-receptor blockers:
clinical relevance and therapeutic role. Am J Health-Syst Pharm
2001; 58: 671–81. Correction. ibid.; 1658. 

9. Moen MD, Wagstaff AJ. Losartan: a review of its use in stroke
risk reduction in patients with hypertension and left ventricular
hypertrophy. Drugs 2005; 65: 2657–74.

Administration in children. References.
1. Ellis D, et al. Long-term antiproteinuric and renoprotective effi-

cacy and safety of losartan in children with proteinuria. J Pediatr
2003; 143: 89–97. 

2. Ellis D, et al. Antihypertensive and renoprotective efficacy and
safety of losartan: a long-term study in children with renal disor-
ders. Am J Hypertens 2004; 17: 928–35. 

3. Shahinfar S, et al. A double-blind, dose-response study of losar-
tan in hypertensive children. Am J Hypertens 2005; 18: 183–90. 

4. Lubrano R, et al. Renal and cardiovascular effects of angi-
otensin-converting enzyme inhibitor plus angiotensin II receptor
antagonist therapy in children with proteinuria. Abstract: Pediat-
rics 2006; 118: e833. Full text: 
http://pediatrics.aappublications.org/cgi/reprint/118/3/e833 (ac-
cessed 13/03/08)

Administration in hepatic or renal impairment. Li-
censed product information in both the UK and the USA recom-
mend a reduced dose of losartan in patients with hepatic impair-
ment; the suggested initial dose in the USA is 25 mg daily. In the
UK an initial dose of 25 mg daily is also recommended in those
with moderate to severe renal impairment (creatinine clearance
less than 20 mL/minute), but in the USA dosage reduction is
considered unnecessary.

Cardiac arrhythmias. See under Heart Failure, below.

Cardiovascular risk reduction. The benefits of ACE inhibi-
tors in patients with high cardiovascular risk are well-established
(see Cardiovascular Risk Reduction, p.1164) but whether angio-
tensin II receptor antagonists have comparable effects is less
clear. In the LIFE study,1 losartan reduced cardiovascular events
more than a beta blocker (atenolol), despite a similar effect on
blood pressure. In VALUE,2 there was no difference in the inci-
dence of cardiovascular events between valsartan and a calcium-
channel blocker (amlodipine), although the calcium-channel
blocker reduced blood pressure to a greater extent. However, in
hypertensive stroke patients,3 eprosartan reduced the risk of car-
diovascular and cerebrovascular events more than another calci-
um-channel blocker (nitrendipine); blood pressure reduction was
similar with both drugs. A study4 comparing telmisartan with the
ACE inhibitor ramipril, found that both reduced cardiovascular
events to a similar extent; there was no additional benefit in pa-
tients given both drugs. 
Based on the results of VALUE, there has been concern that
angiotensin II receptor antagonists may increase the risk of my-
ocardial infarction, but a systematic review5 was unable to con-
firm a significant effect.
1. Dahlöf B, et al. Cardiovascular morbidity and mortality in the

Losartan Intervention For Endpoint reduction in hypertension
study (LIFE): a randomised trial against atenolol. Lancet 2002;
359: 995–1003. 

2. Julius S, et al. Outcomes in hypertensive patients at high cardio-
vascular risk treated with regimens based on valsartan or am-
lodipine: the VALUE randomised trial. Lancet 2004; 363:
2022–31. 

3. Schrader J, et al. Morbidity and mortality after stroke, eprosartan
compared with nitrendipine for secondary prevention: principal
results of a prospective randomized controlled study (MOSES).
Stroke 2005; 36: 1218–24. 

4. Yusuf S, et al. ONTARGET Investigators. Telmisartan, ramipril,
or both in patients at high risk for vascular events. N Engl J Med
2008; 358: 1547–59. 

5. McDonald MA, et al. Angiotensin receptor blockers and risk of
myocardial infarction: systematic review. BMJ 2005; 331:
873–6.

Erythrocytosis. For reference to the use of losartan in the man-
agement of secondary erythrocytosis, see under ACE inhibitors,
p.1198

Heart failure. Diuretics, ACE inhibitors, and beta blockers are
the standard drugs used in the management of heart failure
(p.1165). Angiotensin II receptor antagonists have been studied
as an alternative to ACE inhibitors since they may be better tol-
erated. In the ELITE study,1 which compared losartan with cap-
topril, both drugs had similar effects on renal function but other
adverse effects were fewer with losartan and there was also a re-
duction in mortality in patients receiving losartan. However, the
larger ELITE II study2 failed to confirm any survival benefit with
losartan, and studies with losartan3 and valsartan4 in patients with
heart failure following myocardial infarction have also failed to
show superiority over ACE inhibitors. ACE inhibitors therefore
remain first-line therapy, although angiotensin II receptor antag-
onists may be used as an alternative, particularly in patients
unable to tolerate ACE inhibitors.5,6 The combination of angio-
tensin II receptor antagonists with ACE inhibitors has also
shown some benefit.6 In the ValHeFT study,7 valsartan was add-
ed to standard therapy (including ACE inhibitors in most pa-
tients) and reduced the combined end-point of death or hospital-
isation for heart failure, although the effect on mortality alone
was not significant. In the CHARM-Added trial,8 addition of
candesartan to therapy including an ACE inhibitor also led to a
reduction in cardiovascular events. However, in the VALIANT
study,4 no additional benefit was found from using valsartan with
captopril. There has been some concern that use of triple therapy
with angiotensin II receptor antagonists, ACE inhibitors, and
beta blockers, might be detrimental, but this has not been con-
firmed. In ValHeFT,7 mortality appeared to be increased in pa-
tients receiving all three drug classes, but in both CHARM-
Added8 and VALIANT4 use of beta blockers had no effect on the
results. Use of ACE inhibitors and angiotensin II receptor antag-
onists together may therefore be considered in patients who re-
main symptomatic despite standard therapy, including patients
receiving beta blockers.9,10 
There is some evidence11 that angiotensin II receptor antagonists
may reduce the incidence of arrhythmias in patients with heart
failure.
1. Pitt B, et al. Randomised trial of losartan versus captopril in

patients over 65 with heart failure (Evaluation of Losartan in the
Elderly Study, ELITE). Lancet 1997; 349: 747–52. 

2. Pitt B, et al. Effect of losartan compared with captopril on mor-
tality in patients with symptomatic heart failure: randomised tri-
al—the Losartan Heart Failure Survival Study ELITE II. Lancet
2000; 355: 1582–7. 
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3. Dickstein K, et al. Effects of losartan and captopril on mortality

and morbidity in high-risk patients after acute myocardial inf-
arction: the OPTIMAAL randomised trial. Lancet 2002; 360:
752–60. 

4. Pfeffer MA, et al. Valsartan, captopril, or both in myocardial
infarction complicated by heart failure, left ventricular dysfunc-
tion, or both. N Engl J Med 2003; 349: 1893–1906. Correction.
ibid. 2004; 350: 203. 

5. Granger CB, et al. Effects of candesartan in patients with chron-
ic heart failure and reduced left-ventricular systolic function in-
tolerant to angiotensin-converting-enzyme inhibitors: the
CHARM-Alternative trial. Lancet 2003; 362: 772–6. 

6. Jong P, et al. Angiotensin receptor blockers in heart failure:
meta-analysis of randomized controlled trials. J Am Coll Cardi-
ol 2002; 39: 463–70. 

7. Cohn JN, Tognoni G. A randomized trial of the angiotensin-re-
ceptor blocker valsartan in chronic heart failure. N Engl J Med
2001; 345: 1667–75. 

8. McMurray JJV, et al. Effects of candesartan in patients with
chronic heart failure and reduced left-ventricular systolic func-
tion taking angiotensin-converting-enzyme inhibitors: the
CHARM-Added trial. Lancet 2003; 362: 767–71. 

9. Hunt SA, et al. ACC/AHA 2005 guideline update for the diag-
nosis and management of chronic heart failure in the adult: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing Com-
mittee to Update the 2001 Guidelines for the Evaluation and
Management of Heart Failure). Summary article: J Am Coll
Cardiol 2005; 46: 1116–43. Full version: 
http://content.onlinejacc.org/cgi/reprint/46/6/e1.pdf (accessed
24/07/08) 

10. The Task Force for the Diagnosis and Treatment of Chronic
Heart Failure of the European Society of Cardiology. Guidelines
for the diagnosis and treatment of chronic heart failure (update
2005). Executive summary: Eur Heart J 2005; 26: 1115–40.
Full text: http://www.escardio.org/guidelines-surveys/
esc-guidelines/GuidelinesDocuments/guidelines-CHF-FT.pdf
(accessed 24/07/08) 

11. Healey JS, et al. Prevention of atrial fibrillation with angi-
otensin-converting enzyme inhibitors and angiotensin receptor
blockers: a meta-analysis. J Am Coll Cardiol 2005; 45: 1832–9.

Kidney disorders. ACE inhibitors have an established role in
the management of type 1 and type 2 diabetics with nephropathy,
whether or not they are hypertensive, and may also slow the pro-
gression of nephropathy in diabetics with microalbuminuria (see
p.1199). A number of studies have investigated the effects of
angiotensin II receptor antagonists in type 2 diabetics with vary-
ing degrees of nephropathy (see Diabetic Complications, p.433).
Irbesartan,1,2 losartan,3,4 and valsartan5 have all been reported to
reduce the progression of nephropathy independently of their ef-
fect on blood pressure. The magnitude of the benefit in retarding
progression of nephropathy seems to be similar with angiotensin
II receptor antagonists and ACE inhibitors,6-8 and the American
Diabetes Association considers them equal first choices in the
management of the condition.9 
Angiotensin II receptor antagonists have also reduced urinary al-
bumin excretion in non-diabetic patients, including those with
hypertension,10 and those with IgA nephropathy.11 
A study12 in diabetics using a combination of candesartan with
lisinopril found that blood pressure and microalbuminuria were
reduced more with combination therapy than with either drug
alone. Benefit has also been reported13 with a combination of
losartan and trandolapril in patients with non-diabetic renal dis-
ease.
1. Lewis EJ, et al. Renoprotective effect of the angiotensin-recep-

tor antagonist irbesartan in patients with nephropathy due to
type 2 diabetes. N Engl J Med 2001; 345: 851–60. 

2. Parving H-H, et al. The effect of irbesartan on the development
of diabetic nephropathy in patients with type 2 diabetes. N Engl
J Med 2001; 345: 870–8. 

3. Brenner BM, et al. Effects of losartan on renal and cardiovascu-
lar outcomes in patients with type 2 diabetes and nephropathy.
N Engl J Med 2001; 345: 861–9. 

4. Zandbergen AAM, et al. Effect of losartan on microalbuminuria
in normotensive patients with type 2 diabetes mellitus: a rand-
omized clinical trial. Ann Intern Med 2003; 139: 90–6. 

5. Viberti G, Wheeldon NM. MicroAlbuminuria Reduction With
VALsartan (MARVAL) Study Investigators. Microalbuminuria
reduction with valsartan in patients with type 2 diabetes melli-
tus: a blood pressure-independent effect. Circulation 2002; 106:
672–8. 

6. Strippoli GFM, et al. Effects of angiotensin converting enzyme
inhibitors and angiotensin II receptor antagonists on mortality
and renal outcomes in diabetic nephropathy: systematic review.
BMJ 2004; 329: 828–31. 

7. Barnett AH, et al. Angiotensin-receptor blockade versus con-
verting-enzyme inhibition in type 2 diabetes and nephropathy. N
Engl J Med 2004; 351: 1952–61. Correction. ibid. 2005; 352:
1731. 

8. Kunz R, et al. Meta-analysis: effect of monotherapy and combi-
nation therapy with inhibitors of the renin-angiotensin system
on proteinuria in renal disease. Ann Intern Med 2008; 148:
30–48. 

9. American Diabetes Association. Nephropathy in diabetes. Dia-
betes Care 2004; 27 (suppl 1): S79–S83. Also available at:
http://care.diabetesjournals.org/cgi/reprint/27/suppl_1/s79.pdf
(accessed 01/08/05) 

10. Vogt L, et al. Angiotensin II Receptor Antagonist Telmisartan
Micardis in Isolated Systolic Hypertension (ARAMIS) Study
Group. The angiotensin II receptor antagonist telmisartan re-
duces urinary albumin excretion in patients with isolated systo-
lic hypertension: results of a randomized, double-blind, place-
bo-controlled trial. J Hypertens 2005; 23: 2055–61. 

11. Li PK-T, et al. Hong Kong study using valsartan in IgA neph-
ropathy (HKVIN): a double-blind, randomized, placebo-con-
trolled study. Am J Kidney Dis 2006; 47: 751–60. 

12. Mogensen CE, et al. Randomised controlled trial of dual block-
ade of renin-angiotensin system in patients with hypertension,
microalbuminuria, and non-insulin dependent diabetes: the can-
desartan and lisinopril microalbuminuria (CALM) study. BMJ
2000; 321: 1440–4. 

13. Nakao N, et al. Combination treatment of angiotensin-II recep-
tor blocker and angiotensin-converting-enzyme inhibitor in
non-diabetic renal disease (COOPERATE): a randomised con-
trolled trial. Lancet 2003; 361: 117–24. Correction. ibid.; 1230.

Migraine. Angiotensin II receptor antagonists may reduce the
incidence of headache. A randomised trial1 in 60 patients with
migraine suggested that candesartan might be effective for
prophylaxis, and beneficial results have also been reported2 with
olmesartan. However, there has been a report of migraine caused
by an angiotensin II receptor antagonist (see under Adverse Ef-
fects, above).
1. Tronvik E, et al. Prophylactic treatment of migraine with an an-

giotensin II receptor blocker: a randomized controlled trial.
JAMA 2003; 289: 65–9. 

2. Charles JA, et al. Prevention of migraine with olmesartan in pa-
tients with hypertension/prehypertension. Headache 2006; 46:
503–7.

Uricosuric action. Losartan has been found to increase urinary
uric acid excretion and reduce serum uric acid concentrations in
healthy subjects1 and in hypertensive patients.2,3 However, the
effect is generally small and the clinical significance is not clear.
Other angiotensin II receptor antagonists do not appear to have
such an effect.2,3

1. Nakashima M, et al. Pilot study of the uricosuric effect of DuP-
753, a new angiotensin II receptor antagonist, in healthy sub-
jects. Eur J Clin Pharmacol 1992; 42: 333–5. 

2. Puig JG, et al. Effect of eprosartan and losartan on uric acid me-
tabolism in patients with essential hypertension. J Hypertens
1999; 17: 1033–9. 

3. Würzner G, et al. Comparative effects of losartan and irbesartan
on serum uric acid in hypertensive patients with hyperuricaemia
and gout. J Hypertens 2001; 19: 1855–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Cartan; Cliarvas†; Corticosan; Cozaarex; Enromic; Fensartan; Klosar-
tan; Loctenk; Loplac; Losacor; Losargal; Losarlan; Niten; Paxon; Prelertan†;
Presinor; Tacardia; Tacicul; Temisartan; Tenopres†; Austral.: Cozaar; Aus-
tria: Cosaar; Belg.: Cozaar; Loortan; Braz.: Aradois; Corus; Cozaar;
Lanzacor; Lorsacor†; Losartec; Losatal†; Redupress†; Torlos; Valtrian; Zaar-
press; Canad.: Cozaar; Chile: Aratan; Corodin; Cozaar; Losapres; Sani-
presin; Simperten; Cz.: Arionecs; Cozaar†; Giovax; Lakea; Lorista; Losartic;
Lozap; Nopretens; Denm.: Cozaar; Fin.: Cozaar; Fr.: Cozaar; Ger.: Lor-
zaar; Gr.: Cozaar; Hypozar; Lorfast; Mozartan; Rabolan; Rapifast; Hong
Kong: Cozaar; Hung.: Cozaar; Lavestra; Portiron; Tervalon; India: Alsar-
tan; Covance; Lara; Losacar; Losanorm†; Losium; Lozitan; Zaart; Indon.:
Acetensa; Angioten; Cozaar; Insaar; Sartaxal; Tensaar; Irl.: Cozaar; Israel:
Ocsaar; Ital.: Lortaan; Losaprex; Neo-Lotan; Jpn: Nu-Lotan; Malaysia:
Cozaar; Mex.: Bimidal; Cozaar; Neth.: Cozaar; Jalvase; Norw.: Cozaar;
NZ: Cozaar; Philipp.: Bepsar; Cozaar; Lifezar; Normoten; Pol.: Cozaar;
Lakea; Lorista; Losacor; Lozap; Xartan; Port.: Cozaar; Lortaan; Tarnasol;
Tiasar; Rus.: Cozaar (Козаар); Lozap (Лозап); Presartan (Презартан);
S.Afr.: Cozaar ; Singapore: Cozaar ; Spain: Cozaar ; Swed.: Cozaar ;
Switz.: Cosaar; Thai.: Cozaar; Turk.: Cozaar; Eklips; UK: Cozaar; USA:
Cozaar ; Venez.: Biortan; Cormac; Cozaar ; Hyzaar; Nefrotal; Presartan;
Sortal; Tenserpil†.

Multi-ingredient: Arg.: Cozaarex D; Fensartan D; Klosartan D; Loctenk
D; Loplac-D; Losacor D; Niten D; Paxon-D; Presinor D; Tacardia D; Teno-
pres D†; Austria: Cosaar Plus; Belg.: Cozaar Plus; Loortan Plus; Braz.:
Aradois H; Corus H; Hyzaar; Lorsar + HCT†; Neopress; Torlos H; Canad.:
Hyzaar; Chile: Aratan D; Corodin D; Hyzaar; Losapres-D; Sanipresin-D;
Simperten-D; Cz.: Giovax plus H; Hyzaar†; Lorista H; Losaratio Plus H;
Lozap H; Nopretens Plus H; Denm.: Cozaar Comp; Fortzaar; Fin.: Cozaar
Comp; Fr.: Fortzaar; Hyzaar; Ger.: Fortzaar; Lorzaar plus; Gr.: Hyzaar;
Hong Kong: Hyzaar; Hung.: Hyzaar; India: Alsartan-AM; Alsartan-H;
Amlopres Z; Covance-D; Losacar-H; Zaart-H; Irl.: Cozaar Comp; Israel:
Ocsaar Plus; Ital.: Forzaar; Hizaar; Losazid; Neo-Lotan Plus; Malaysia:
Fortzaar; Hyzaar; Mex.: Hyzaar; Neth.: Cozaar Plus; Fortzaar; Hyzaar;
Losazid; Norw.: Cozaar Comp; NZ: Hyzaar; Philipp.: Combizar; Hyzaar;
Pol.: Hyzaar; Lorista H; Port.: Cozaar Plus; Fortzaar; Lortaan Plus; Siaara;
Rus.: Hyzaar (Гизаар); Lozap Plus (Лозап Плюс); S.Afr.: Cozaar Comp;
Fortzaar; Singapore: Hyzaar; Spain: Cozaar Plus; Fortzaar; Swed.: Coz-
aar Comp; Switz.: Cosaar Plus; Thai.: Fortzaar; Hyzaar; Turk.: Eklips Plus;
Hyzaar; UK: Cozaar Comp; USA: Hyzaar; Venez.: Cormatic; Hyzaar Plus;
Nefrotal H.

Lovastatin (BAN, USAN, rINN)

L-154803; Lovastatiini; Lovastatina; Lovastatinas; Lovastatine;
Lovastatinum; Lovasztatin; MB-530B; 6α-Methylcompactin;
Mevinolin; MK-803; Monacolin K; MSD-803. (3R,5R)-7-
{(1S,2S,6R,8S,8aR)-1,2,6,7,8,8a-Hexahydro-2,6-dimethyl-8-[(S)-2-
methylbutyryloxy]-1-naphthyl}-3-hydroxyheptan-5-olide.

Ловастатин

C24H36O5 = 404.5.

CAS — 75330-75-5.

ATC — C10AA02.

ATC Vet — QC10AA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Lovastatin). A white or almost white crystalline
powder. Practically insoluble in water; sparingly soluble in dehy-
drated alcohol; soluble in acetone. Store under nitrogen at a tem-
perature of 2° to 8°. 
USP 31 (Lovastatin). A white to off-white crystalline powder.
Insoluble in water; sparingly soluble in alcohol; practically insol-
uble in petroleum spirit; freely soluble in chloroform; soluble in
acetone, in acetonitrile, and in methyl alcohol. Store under nitro-
gen in airtight containers at a temperature not exceeding 8°.

Adverse Effects and Precautions
As for Simvastatin, p.1390.
Incidence of adverse effects. Adverse effects led to with-
drawal of lovastatin in 21 of 745 patients receiving the drug for
about 5 years.1 They included asymptomatic elevation of hepatic
aminotransferases in 10 patients, gastrointestinal symptoms in 3,
rash in 2, myopathy in 2, myalgia in 1, arthralgia in 1, insomnia
in 1, and weight gain in 1.
1. Lovastatin Study Groups. Lovastatin 5-year safety and efficacy

study: Lovastatin Study Groups I through IV. Arch Intern Med
1993; 153: 1079–87.

Interactions
As for Simvastatin, p.1392. 
For specific dosage reductions in patients taking lova-
statin with interacting drugs, see Uses and Administra-
tion, below.

Pharmacokinetics
Lovastatin is absorbed from the gastrointestinal tract
and must be hydrolysed to its active β-hydroxyacid
form. Three other metabolites have also been isolated.
Lovastatin is a substrate for the cytochrome P450
isoenzyme CYP3A4 and undergoes extensive first-
pass metabolism in the liver, its primary site of action;
less than 5% of an oral dose has been reported to reach
the circulation. Peak plasma concentrations occur
within 2 to 4 hours, and steady-state concentrations are
achieved after 2 to 3 days with daily dosage. Both lova-
statin and its β-hydroxyacid metabolite are more than
95% bound to plasma proteins. Lovastatin is mainly
excreted in the bile as metabolites; about 85% of a dose
has been recovered from the faeces and about 10%
from the urine. The half-life of the active metabolite is
1 to 2 hours.
◊ General reviews.
1. Desager J-P, Horsmans Y. Clinical pharmacokinetics of 3-hy-

droxy-3-methylglutaryl-coenzyme A reductase inhibitors. Clin
Pharmacokinet 1996; 31: 348–71. 

2. Lennernäs H, Fager G. Pharmacodynamics and pharmacokinet-
ics of the HMG-CoA reductase inhibitors: similarities and differ-
ences. Clin Pharmacokinet 1997; 32: 403–25.

Uses and Administration
Lovastatin, a 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitor (a statin), is a lipid
regulating drug with actions on plasma lipids similar to
those of simvastatin (p.1394). 
Lovastatin is used to reduce cholesterol in the treat-
ment of hyperlipidaemias (p.1169), particularly in type
IIa and IIb hyperlipoproteinaemias. It is also given for
cardiovascular risk reduction (p.1164) in both primary
and secondary prevention of ischaemic heart disease. 
Lovastatin is given in an initial oral dose of 10 to 20 mg
daily in the evening with food, increased, if necessary,
at intervals of 4 weeks or more to 80 mg daily as a
single dose or in 2 divided doses. Lower doses of lova-
statin should be used in patients at risk of myopathy,
including patients with severe renal impairment (see
below) and those taking drugs that interact with lova-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

statin; an initial dose of 10 mg daily is recommended in
patients taking ciclosporin or danazol, and the daily
dose should not exceed 20 mg in patients taking
ciclosporin, danazol, fibric acid derivatives, or nicotin-
ic acid, or 40 mg in those taking amiodarone or vera-
pamil. 
For the use of lovastatin in children, see below.
◊ General reviews.
1. Curran MP, Goa KL. Lovastatin extended release: a review of its

use in the management of hypercholesterolaemia. Drugs 2003;
63: 685–99.

Administration in children. Lovastatin reduces plasma-cho-
lesterol concentrations in children and adolescents with hetero-
zygous familial hypercholesterolaemia1-3 and has been given
safely for up to 48 weeks in boys,2 and up to 24 weeks in girls.3
In the USA it is licensed in children aged 10 to 17 years and is
given orally in an initial dose of 10 to 20 mg once daily, increased
at intervals of 4 weeks or more, if necessary, to a maximum dose
of 40 mg once daily.
1. Lambert M, et al. Canadian Lovastatin in Children Study Group.

Treatment of familial hypercholesterolemia in children and ado-
lescents: effect of lovastatin. Pediatrics 1996; 97: 619–28. 

2. Stein EA, et al. Efficacy and safety of lovastatin in adolescent
males with heterozygous familial hypercholesterolemia: a rand-
omized controlled trial. JAMA 1999; 281: 137–44. 

3. Clauss SB, et al. Efficacy and safety of lovastatin therapy in ad-
olescent girls with heterozygous familial hypercholesterolemia.
Pediatrics 2005; 116: 682–8.

Administration in renal impairment. Patients with renal
impairment may be at increased risk of myopathy and US li-
censed product information states that doses of lovastatin above
20 mg daily should be used cautiously in patients with a creati-
nine clearance below 30 mL/minute.
Adrenoleucodystrophy. A preliminary study1 has shown that
lovastatin may be useful in the treatment of adrenoleucodystro-
phy (see under Lorenzo’s Oil, p.2334). Lovastatin reduced the
plasma levels of very-long-chain fatty acids which are known to
be elevated in patients with this rare metabolic disorder.
1. Pai GS, et al. Lovastatin therapy for X-linked adrenoleukodys-

trophy: clinical and biochemical observations on 12 patients.
Mol Genet Metab 2000; 69: 312–22.

Preparations
USP 31: Lovastatin Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Hipovastin; Loriter†; Mevlor; Sivlor†; Austria: Mevacor; Braz.: Lipoc-
lin; Lovast†; Lovaton†; Lovax†; Mevacor; Mevalip; Minor†; Neolipid†; Redu-
col; Canad.: Mevacor; Chile: Colevix†; Hiposterol; Lispor; Lovacol; Meva-
cor†; Nij-Terol†; Sanelor; Cz.: Holetar; Lovacard†; Medostatin; Mevacor;
Rancor; Denm.: Lovacodan; Mevacor; Fin.: Lovacol; Mevacor; Ger.: Lo-
va†; Lovabeta; Lovadura; Lovagamma; Lovahexal; Mevinacor; Gr.: Aurosta-
tin; B-Lovatin†; Cecural; Ilopar; Liferzit; Lipidless; Lostin; Lovadrug; Lovapen;
Lovasten; Lovatex; Lovatop; Lowlipid; Medovascin; Mevacor; Mevastin;
Mevinol†; Misodomin; Nabicortin; Terveson; Velkalov; Viking; Hong Kong:
Ellanco; Lofacol†; Lomar; Medostatin; Mevacor; Hung.: Mevacor; Stoplip;
India: Lovacard; Pro-HDL; Rovacor; Indon.: Cholvastin; Lipovas; Lofacol;
Lotyn; Lovatrol; Israel: Lovalip†; Ital.: Lovinacor; Rextat; Tavacor; Malay-
sia: Lestric; Lostatin; Lovarem; Lovastin; Medostatin; Mevacor†; Mex.: Cas-
bame; Dilucid; Liperol; Mevacor; Norw.: Mevacor; Pol.: Anlostin; Apo-Lo-
va; Liprox; Lovasterol; Lovastin; Port.: Flozul; Lipdaune; Lipus; Mevinacor;
Mevlor; Tecnolip; Rus.: Cardiostatin (Кардиостатин); Holetar (Холетар);
Lovasterol (Ловастерол); Medostatin (Медостатин); Rovacor (Ровакор);
S.Afr.: Lovachol; Singapore: Elstatin; Lostatin; Lovastin; Medostatin; Rova-
cor; Spain: Aterkey; Colesvir ; Lipofren†; Liposcler; Mevacor; Mevasterol;
Nergadan; Taucor; USA: Altoprev; Mevacor; Venez.: Dislipin†; Levistan;
Lostatin†; Lovanil; Lovas†; Mevacor.
Multi-ingredient: USA: Advicor.

Low-molecular-weight Heparins
Depolymerised Heparins; Heparina massae molecularis minoris;
Heparinas de bajo peso molecular; Hepariner, lågmolekylära;
Héparines de basse masse moléculaire; Hepariny nízkomole-
kulární; LMW Heparins; Low-molecular-mass Heparins; Mažos
molekulinės masės heparinai; Pienimolekyyliset hepariinit.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Heparins, Low-molecular Mass; Low-molecular-
weight Heparins BP 2008). Salts of sulfated glucosaminoglycans
having a mass-average molecular mass less than 8000. They are
obtained by fractionation or depolymerisation of heparin of nat-
ural origin and display different chemical structures at the reduc-
ing or the non-reducing end of the polysaccharide chains. 
The potency is not less than 70 units of anti-factor Xa activity per
mg with reference to the dried substance and the ratio of anti-
factor Xa activity to anti-factor IIa (antithrombin) activity is not
less than 1.5. 
A white or almost white hygroscopic powder. Freely soluble in
water. A 1% solution in water has a pH of 5.5 to 8.0. Store in air-
tight containers.

Units
The second International Standard for low-molecular-
weight heparin was agreed in 2003 and is used to cali-
brate products for both anti-factor Xa and anti-factor
IIa activities. Potency is expressed in terms of units of

anti-factor Xa activity per mg and the ratio of anti-
factor Xa to anti-factor IIa activity. This ratio differs for
individual low-molecular-weight heparins and neither
they nor unfractionated heparin can be used inter-
changeably unit for unit.

Adverse Effects
As for Heparin, p.1301.
◊ Reviews.
1. Gouin-Thibault I, et al. Safety profile of different low-molecular

weight heparins used at therapeutic dose. Drug Safety 2005; 28:
333–49.

Effects on the adrenal glands. Hyperkalaemia related to hy-
poaldosteronism has been reported in patients treated with low-
molecular-weight heparins.1-3 The UK CSM suggests4 that plas-
ma-potassium concentrations should be monitored in all patients
with risk factors for hyperkalaemia, particularly those receiving
low-molecular-weight heparins for more than 7 days (see
Heparin, p.1301).
1. Levesque H, et al. Low molecular weight heparins and hy-

poaldosteronism. BMJ 1990; 300: 1437–8. 
2. Canova CR, et al. Effect of low-molecular-weight heparin on se-

rum potassium. Lancet 1997; 349: 1447–8. 
3. Wiggam MI, Beringer TRO. Effect of low-molecular-weight

heparin on serum concentrations of potassium. Lancet 1997;
350: 292–3. 

4. Committee on Safety of Medicines/Medicines Control Agency.
Suppression of aldosterone secretion by heparin. Current Prob-
lems 1999; 25: 6. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023235&RevisionSelectionMethod=
LatestReleased (accessed 23/06/06)

Effects on the blood. It was hoped that, because of their higher
ratio of anti-factor Xa to anti-thrombin activity compared with
heparin, low-molecular-weight heparins might cause less bleed-
ing while maintaining their antithrombotic activity. Some large
studies1,2 have suggested less bleeding with low-molecular-
weight heparins than with unfractionated heparin. However,
meta-analyses and reviews3,4 have been unable to confirm a sig-
nificant reduction in major haemorrhage in patients treated with
low-molecular-weight heparins, compared with heparin, for ve-
nous thromboembolism, although they confirmed that low-
molecular-weight heparins are not associated with an increase in
risk. There may be an increased risk of bleeding in patients with
renal impairment,5,6 (see Precautions, below) although the crite-
rion of creatinine clearance 30 mL/minute or less as a guide to
selecting patients at increased risk has been questioned;7 phar-
macokinetic response may vary according to the low-molecular-
weight heparin used. 
Thrombocytopenia has also been reported with low-molecular-
weight heparins8-10 although in one study the incidence was less
than with unfractionated heparin.11 
Thrombocytosis has also been reported.12,13

1. Levine MN, et al. Prevention of deep vein thrombosis after elec-
tive hip surgery: a randomized trial comparing low molecular
weight heparin with standard unfractionated heparin. Ann Intern
Med 1991; 114: 545–51. 

2. Hull RD, et al. Subcutaneous low-molecular-weight heparin
compared with continuous intravenous heparin in the treatment
of proximal-vein thrombosis. N Engl J Med 1992; 326: 975–82.
Correction. ibid. 327: 140. 

3. Gould MK, et al. Low-molecular-weight heparins compared
with unfractionated heparin for treatment of acute deep venous
thrombosis: a meta-analysis of randomized, controlled trials.
Ann Intern Med 1999; 130: 800–809. 

4. Schulman S, et al. Hemorrhagic complications of anticoagulant
and thrombolytic treatment: American College of Chest Physi-
cians evidence-based clinical practice guidelines (8th edition).
Chest 2008; 133 (suppl): 257S–298S. 

5. Cestac P, et al. Utilisation and safety of low molecular weight
heparins: prospective observational study in medical inpatients.
Drug Safety 2003; 26: 197–207. 

6. Lim W, et al. Meta-analysis: low-molecular-weight heparin and
bleeding in patients with severe renal insufficiency. Ann Intern
Med 2006; 144: 673–84. 

7. Nagge J, et al. Is impaired renal function a contraindication to
the use of low-molecular-weight heparin? Arch Intern Med
2002; 162: 2605–9. 

8. Eichinger S, et al. Thrombocytopenia associated with low-mo-
lecular-weight heparin. Lancet 1991; 337: 1425–6. 

9. Lecompte T, et al. Thrombocytopenia associated with low-mo-
lecular-weight heparin. Lancet 1991; 338: 1217. 

10. Tardy B, et al. Thrombocytopenia associated with low-molecu-
lar-weight heparin. Lancet 1991; 338: 1217. 

11. Warkentin TE, et al. Heparin-induced thrombocytopenia in pa-
tients treated with low-molecular-weight heparin or unfraction-
ated heparin. N Engl J Med 1995; 332: 1330–5. 

12. Rizzieri DA, et al. Thrombocytosis associated with low-molec-
ular-weight heparin. Ann Intern Med 1996; 125: 157. 

13. Liautard C, et al. Low-molecular-weight heparins and thrombo-
cytosis. Ann Pharmacother 2002; 36: 1351–4.

Effects on the skin. Adverse effects of low-molecular-weight
heparins on the skin have been reviewed1 and are estimated to be
rare. Most low-molecular-weight heparins have been implicated.
Urticarial rash or immediate hypersensitivity has been reported
(see below). Delayed hypersensitivity skin reactions have oc-
curred mainly in women. These women were generally postmen-
opausal, pregnant, or in the postpartum period, suggesting a hor-

monal influence on pathogenesis. About half of these patients
also had a history of allergy to unfractionated heparin. 
Skin necrosis reactions are usually localised to the subcutaneous
injection site, although distant lesions have also been reported.
There has been a report2 of diffuse skin necrosis leading to fatal-
ity in a patient given enoxaparin.
1. Wütschert R, et al. Adverse skin reactions to low molecular

weight heparins: frequency, management and prevention. Drug
Safety 1999; 20: 515–25. 

2. Nadir Y, et al. A fatal case of enoxaparin induced skin necrosis
and thrombophilia. Eur J Haematol 2006; 77: 166–8.

Hypersensitivity. Reports of hypersensitivity reactions associ-
ated with low-molecular-weight heparins are rare. However, a
patient being treated with enoxaparin 20 mg subcutaneously dai-
ly developed a widespread pruritic urticaria and swelling of lips
and tongue after 3 days of treatment.1 Antihistamines and pred-
nisone given with enoxaparin failed to control the reaction and
enoxaparin was stopped after a further 3 days. Urticaria and
angioedema rapidly resolved on withdrawal. 
Delayed hypersensitivity skin reactions have also been reported
(see above).
1. Odeh M, Oliven A. Urticaria and angioedema induced by low-

molecular-weight heparin. Lancet 1992; 340: 972–3.

Treatment of Adverse Effects
Severe bleeding with low-molecular-weight heparins,
usually caused by accidental overdosage, may be re-
duced by the slow intravenous injection of protamine
sulfate (p.1461). The recommended doses of pro-
tamine sulfate are given in the individual monographs
and should completely neutralise the anti-thrombin ef-
fect of the low-molecular-weight heparin but will only
partially neutralise the anti-factor-Xa effect. Not more
than 50 mg of protamine sulfate should be injected for
any one dose.

Precautions
As for Heparin, p.1303. 
Low-molecular-weight heparins should not be given to
patients who have developed thrombocytopenia with
heparin and who have a positive in-vitro platelet aggre-
gation test (that is, cross-reactivity) with the particular
low-molecular-weight heparin to be used. 
Monitoring of plasma-anti-factor-Xa activity may be
considered in patients with an increased risk of bleed-
ing, for example the elderly or those with renal impair-
ment or extremes of body-weight, and in patients with
active bleeding. 
Licensed product information for some low-molecu-
lar-weight heparins contra-indicates their use in pa-
tients with prosthetic heart valves as they may not pro-
vide adequate prophylaxis against thromboembolism
even at high doses (but see under Valvular Heart Dis-
ease, p.1187, for references to their use).
Spinal anaesthesia. Spinal and epidural haematomas, some-
times leading to paralysis, have occurred in patients receiving
low-molecular-weight heparins with spinal or epidural anaesthe-
sia or analgesia (see p.1303).

Interactions
As for Heparin, p.1303.

Pharmacokinetics
Although the precise pharmacokinetic parameters of
different low-molecular-weight heparins vary (see in-
dividual monographs), they generally have a greater
bioavailability after subcutaneous injection and a long-
er half-life than heparin.
◊ References.
1. Kandrotas RJ. Heparin pharmacokinetics and pharmacodynam-

ics. Clin Pharmacokinet 1992; 22: 359–74. 
2. Samama MM, Gerotziafas GT. Comparative pharmacokinetics

of LMWHs. Semin Thromb Hemost 2000; 26 (suppl 1): 31–8.

Uses and Administration
Low-molecular-weight heparins are salts of fragments
of heparin produced by chemical or enzymatic de-
polymerisation of the heparin molecule. Commercially
available low-molecular-weight heparins differ in their
method of production, molecular-weight range, and
degree of sulfation. Those included in Martindale are: 
• Ardeparin, p.1216 
• Bemiparin, p.1223 
• Certoparin, p.1242 
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• Dalteparin, p.1255 
• Enoxaparin, p.1277 
• Nadroparin, p.1346 
• Parnaparin, p.1366 
• Reviparin, p.1388 
• Tinzaparin, p.1413 
Like heparin (p.1303), these compounds enhance the
action of antithrombin III but they are characterised by
a higher ratio of anti-factor Xa to anti-factor IIa (anti-
thrombin) activity than heparin. Low-molecular-
weight heparins have less effect on platelet aggregation
than heparin. They have no significant effect on blood
coagulation tests such as activated partial thromboplas-
tin time (APTT). Therapy may be monitored by meas-
urement of plasma-anti-factor-Xa activity but monitor-
ing is less frequently required than with heparin since
low-molecular-weight heparins have a more predicta-
ble effect. 
Low-molecular-weight heparins are used in the man-
agement of venous thromboembolism (deep-vein
thrombosis and pulmonary embolism, p.1189). They
are used for prophylaxis, particularly during surgery,
and for treatment of established thromboembolism.
They are given by subcutaneous injection once or
twice daily. They are also used intravenously to pre-
vent coagulation during haemodialysis and other extra-
corporeal circulatory procedures. They may be given
subcutaneously in the management of unstable angina
(p.1157) and both intravenously and subcutaneously in
acute myocardial infarction (p.1175). 
Doses are expressed either in terms of the weight of
low-molecular-weight heparin or in terms of units of
anti-factor Xa activity. Since low-molecular-weight
heparins differ in their relative inhibition of factor Xa
and thrombin, doses, even when expressed in terms of
anti-factor-Xa activity, cannot be equated. Different
preparations of the same low-molecular-weight
heparin may appear to have different doses depending
on the reference preparation used.
◊ References.
1. Green D, et al. Low molecular weight heparin: a critical analysis

of clinical trials. Pharmacol Rev 1994; 46: 89–109. 
2. Nurmohamed MT, et al. Low molecular weight heparin(oid)s:

clinical investigations and practical recommendations. Drugs
1997; 53: 736–51. 

3. Weitz JI. Low-molecular-weight heparins. N Engl J Med 1997;
337: 688–98. Correction. ibid.: 1567. 

4. Deitelzweig SB, et al. Venous thromboembolism prevention
with LMWHs in medical and orthopedic surgery patients. Ann
Pharmacother 2003; 37: 402–11. 

5. Hirsh J, et al. Parenteral anticoagulants: American College of
Chest Physicians evidence-based clinical practice guidelines
(8th edition). Chest 2008; 133 (suppl): 141S–159S.

Lubeluzole (BAN, USAN, rINN)

Lubeluzol; Lubéluzole; Lubeluzolum; R-87926. (S)-1-{4-[1,3-Ben-
zothiazol-2-yl(methyl)amino]piperidino}-3-(3,4-difluorophe-
noxy)propan-2-ol.

Лубелузол
C22H25F2N3O2S = 433.5.
CAS — 144665-07-6.

Profile
Lubeluzole is a neuroprotectant that has been investigated for is-
chaemic stroke, but results have been disappointing.

◊ References.
1. Gandolfo C, et al. Lubeluzole for acute ischaemic stroke. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2002 (accessed 24/06/05).

Manidipine Hydrochloride (rINNM)

CV-4093; Franidipine Hydrochloride; Hidrocloruro de manidipi-
no; Manidipine, Chlorhydrate de; Manidipini Hydrochloridum. 2-
[4-(Diphenylmethyl)-1-piperazinyl]ethyl methyl (±)-1,4-dihydro-
2,6-dimethyl-4-(m-nitrophenyl)-3,5-pyridinedicarboxylate dihy-
drochloride.
Манидипина Гидрохлорид
C35H38N4O6,2HCl = 683.6.
CAS — 120092-68-4 (manidipine); 89226-75-5 (ma-
nidipine hydrochloride); 126229-12-7 (manidipine hydro-
chlor ide).
ATC — C08CA11.
ATC Vet — QC08CA11.

(manidipine)

Profile
Manidipine is a dihydropyridine calcium-channel blocker (see
Nifedipine, p.1350). It is given by mouth as the hydrochloride in
the management of hypertension (p.1171) in a usual dose of 10
to 20 mg once daily.
◊ Reviews.
1. McKeage K, Scott LJ. Manidipine: a review of its use in the

management of hypertension. Drugs 2004; 64: 1923–40. 
2. Roca-Cusachs A, Triposkiadis F. Antihypertensive effect of ma-

nidipine. Drugs 2005; 65 (suppl 2): 11–19. 
3. Otero ML. Manidipine-delapril combination in the management

of hypertension. Vasc Health Risk Manag 2007; 3: 255–63.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Iperten; Braz.: Manivasc; Fr.: Iperten; Ger.: Manyper; Gr.: Many-
per; Ital.: Iperten; Vascoman; Jpn: Calslot; Philipp.: Caldine; Spain: Arte-
dil; Thai.: Madiplot.

Multi-ingredient: Braz.: Hipertil; Gr.: Vivace.

Mannitol ⊗ 
Cordycepic Acid; E421; Manita; Manitol; Manitolis; Manna Sugar;
Mannit; Mannite; Mannitoli; Mannitolum. D-Mannitol.
Маннит; Маннитол
C6H14O6 = 182.2.
CAS — 69-65-8.
ATC — A06AD16; B05BC01; B05CX04.
ATC Vet — QA06AD16; QB05BC01; QB05CX04.

Description. Mannitol is a hexahydric alcohol related to man-
nose (C6H12O6 = 180.2). It is isomeric with sorbitol (p.1965).
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Mannitol). A white or almost white crystalline
powder or free-flowing granules. It exhibits polymorphism.
Freely soluble in water; very slightly soluble in alcohol. 
USP 31 (Mannitol). A white odourless crystalline powder or
free-flowing granules with a sweet taste. Soluble 1 in 5.5 of wa-
ter; very slightly soluble in alcohol; practically insoluble in ether;
slightly soluble in pyridine; soluble in alkaline solutions.
Incompatibility. Mannitol should never be added to whole
blood for transfusion or given through the same set by which
blood is being infused. For details of the adverse effects of man-
nitol on red blood cells, see Effects on the Blood under Adverse
Effects, below.

Supersaturated solutions. Supersaturated aqueous solutions
are prepared with the aid of heat. Any crystals that form during
storage of the injection should be dissolved by warming before
use; this may be a particular problem with the 20 and 25% injec-
tions which are supersaturated. A 5.07% solution in water is iso-
osmotic with serum.

Adverse Effects
The most common adverse effect associated with man-
nitol therapy is fluid and electrolyte imbalance includ-
ing circulatory overload and acidosis at high doses.
The expansion of extracellular volume can precipitate
pulmonary oedema and patients with diminished cardi-
ac reserve are at special risk. The shift of fluid from the
intracellular to extracellular compartment can cause
tissue dehydration; dehydration of the brain, particular-
ly in patients with renal failure, may give rise to CNS
symptoms. 
When given orally, mannitol causes diarrhoea. Intrave-
nous infusion of mannitol has been associated with
nausea, vomiting, thirst, headache, dizziness, chills,
fever, tachycardia, chest pain, hyponatraemia, dehy-
dration, blurred vision, urticaria, and hypotension or
hypertension. Large doses have been associated rarely
with acute renal failure. Hypersensitivity reactions
have occurred. 
Extravasation of the solution may cause oedema and
skin necrosis; thrombophlebitis may occur.
Effects on the blood. Agglutination and irreversible crenation
of erythrocytes occurred when blood was mixed with varying
proportions of a 10% mannitol solution.1 It was suggested that
intravenous infusions should be carefully controlled and given at
a slow rate. This observation could have particular relevance to
patients with sickle-cell disease.2,3 Although agglutination and
crenation had been observed in vitro, dilutional effects would
make in-vivo interaction with blood cells less likely.4
1. Roberts BE, Smith PH. Hazards of mannitol infusions. Lancet

1966; ii: 421–2. 
2. Konotey-Ahulu FID. Hazards of mannitol infusions. Lancet

1966; ii: 591. 
3. Roberts BE, Smith PH. Hazards of mannitol infusions. Lancet

1966; ii: 591. 
4. Samson JH. Hazards of mannitol infusions. Lancet 1966; ii:

1191.

Effects on the gastrointestinal tract. Potentially explosive
intracolonic concentrations of hydrogen gas have been measured
in patients given mannitol before colonoscopy,1,2 and cases of
colonic explosion, including fatalities, have been reported in pa-
tients undergoing colonoscopic electrocautery, who had received
mannitol bowel preparation. However, the risk of explosion was
considered to be small when air or carbon dioxide insufflation
and suction were used during the colonoscopy procedure.2,3 
Colonic perforation and subsequent death has been attributed to
the use of mannitol for the treatment of constipation.4
1. La Brooy SJ, et al. Potentially explosive colonic concentrations

of hydrogen after bowel preparation with mannitol. Lancet 1981;
i: 634–6. 

2. Avgerinos A, et al. Bowel preparation and the risk of explosion
during colonoscopic polypectomy. Gut 1984; 25: 361–4. 

3. Trotman I, Walt R. Mannitol and explosions. Lancet 1981; i:
848. 

4. Moses FM. Colonic perforation due to oral mannitol. JAMA
1988; 260: 640.

Effects on the kidneys. Focal osmotic nephrosis occurred in a
patient given mannitol 20% intravenously.1 
Acute oliguric renal failure has been associated with the use of
large doses of mannitol in patients with previously normal renal
function,2-4 and acute renal failure developed5 in a patient with
diabetes mellitus complicated by nephropathy after he was given
420 g of mannitol intravenously over 4 days.
1. Goodwin WE, Latta H. Focal osmotic nephrosis due to the ther-

apeutic use of mannitol: a case of perirenal hematoma after renal
biopsy. J Urol (Baltimore) 1970; 103: 11–14. 

2. Whelan TV, et al. Acute renal failure associated with mannitol
intoxication. Arch Intern Med 1984; 144: 2053–5. 

3. Goldwasser P, Fotino S. Acute renal failure following massive
mannitol infusion: appropriate response of tubuloglomerular
feedback? Arch Intern Med 1984; 144: 2214–16. 

4. Rabetoy GM, et al. Where the kidney is concerned, how much
mannitol is too much? Ann Pharmacother 1993; 27: 25–8. 

5. Matsumura M. Mannitol-induced toxicity in a diabetic patient
receiving losartan. Am J Med 2001; 110: 331.

Overdosage. Severe mannitol intoxication was reported in 8
patients with renal failure given large, and sometimes enormous,
amounts of mannitol intravenously over 1 to 3 days.1 These pa-
tients had CNS involvement out of proportion to uraemia, severe
hyponatraemia, a large osmolality gap, and fluid overload. Six
patients were treated with haemodialysis and this was considered
to be more effective than peritoneal dialysis, which was used in
1 patient.
1. Borges HF, et al. Mannitol intoxication in patients with renal

failure. Arch Intern Med 1982; 142: 63–6.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Precautions
Mannitol is contra-indicated in patients with pulmo-
nary congestion or pulmonary oedema, intracranial
bleeding (except during craniotomy), heart failure (in
patients with diminished cardiac reserve, expansion of
the extracellular fluid may lead to fulminating heart
failure), and in patients with renal failure unless a test
dose has produced a diuretic response (if urine flow is
inadequate, expansion of the extracellular fluid may
lead to acute water intoxication). 
Mannitol should not be given with whole blood. 
All patients given mannitol should be carefully ob-
served for signs of fluid and electrolyte imbalance and
renal function should be monitored.

Pharmacokinetics
Only small amounts of mannitol are absorbed from the
gastrointestinal tract. After intravenous injection man-
nitol is excreted rapidly by the kidneys before any very
significant metabolism can take place in the liver. Man-
nitol does not cross the blood-brain barrier or penetrate
the eye. An elimination half-life of about 100 minutes
has been reported.

Uses and Administration
Mannitol is an osmotic agent. Although an isomer of
sorbitol, it has little energy value, since it is largely
eliminated from the body before any metabolism can
take place. 
Mannitol is mainly used, with adequate rehydration, to
increase urine flow in patients with acute renal failure
and to reduce raised intracranial pressure (p.1181) and
treat cerebral oedema. It is also used in the short-term
management of glaucoma (p.1873), especially to re-
duce intra-ocular pressure prior to ophthalmic surgery,
and to promote the excretion of toxic substances by
forced diuresis. 
Other indications include bladder irrigation during
transurethral resection of the prostate in order to reduce
haemolysis and as an oral osmotic laxative for bowel
preparation. Mannitol is used as a diluent and excipient
in pharmaceutical preparations and as a bulk sweeten-
er. It is under investigation for use in bronchiectasis
and cystic fibrosis. 
When given parenterally, mannitol raises the osmotic
pressure of the plasma thus drawing water out of body
tissues and producing an osmotic diuresis. Reduction
of CSF and intra-ocular fluid pressure occurs within 15
minutes of the start of a mannitol infusion and lasts for
3 to 8 hours after the infusion is stopped; diuresis oc-
curs after 1 to 3 hours. 
When used as an osmotic diuretic, mannitol is given by
intravenous infusion. Careful monitoring of fluid bal-
ance, electrolytes, renal function, and vital signs is nec-
essary during infusion to prevent fluid and electrolyte
imbalance, including circulatory overload and tissue
dehydration. Solutions containing more than 15% of
mannitol may crystallise during storage, particularly at
low temperatures; crystals may be redissolved by
warming before use; the giving set should include a fil-
ter. 
Mannitol may be used to treat patients in the oliguric
phase of renal failure or those suspected of inadequate
renal function after correction of plasma volume, pro-
vided a test dose of about 200 mg/kg given by rapid
intravenous infusion of a 15 to 25% solution over 3 to
5 minutes produces a diuresis of at least 30 to
50 mL/hour during the next 2 to 3 hours; a second test
dose is permitted if the response to the first is inade-
quate. The usual adult dose of mannitol ranges from 50
to 100 g in a 24 hour period, given by intravenous in-
fusion of a 5 to 25% solution. The rate of infusion is
usually adjusted to maintain a urine flow of at least 30
to 50 mL/hour. 
For children, a dose of 0.25 to 2 g/kg has been used. 
The total dosage, the concentration, and the rate of in-
fusion depend on the fluid requirement, the urinary
output, and the nature and severity of the condition be-

ing treated. Mannitol infusion has also been used to
prevent acute renal failure during cardiovascular and
other types of surgery, or after trauma. 
To reduce raised intracranial or intra-ocular pres-
sure mannitol may be given by intravenous infusion as
a 15 to 25% solution in a dose of 0.25 to 2 g/kg over 30
to 60 minutes. Rebound increases in intracranial or
intra-ocular pressure may occur but are less frequent
than with urea. 
During transurethral prostatic resection a 2.5 to 5%
solution of mannitol has been used for irrigating the
bladder.
Ciguatera poisoning. Ciguatera poisoning occurs throughout
the Caribbean and Indopacific as a result of the consumption of
certain fish contaminated with ciguatoxin; it is increasingly seen
in Europe, in travellers returning from these areas, or as a result
of eating imported fish. Symptoms can be severe, including a bi-
zarre reversal of hot and cold sensation. Some neurological
symptoms, pruritus, arthralgia, and fatigue, may persist for
years.1 Treatment is usually symptomatic since there is no specif-
ic antidote. Dramatic reversal of neuromuscular symptoms with
slower resolution of gastrointestinal upset has been reported after
giving mannitol 1 g/kg by intravenous infusion over 30 to 45
minutes in the acute phase of the illness.2-4 Mannitol may also be
beneficial up to a week after poisoning.5 However, a double-
blind study6 found mannitol to be no better than normal saline at
relieving symptoms at 24 hours. Amitriptyline has been found on
several occasions7-9 to relieve neurological symptoms (dysaes-
thesias and paraesthesias) and pruritus. Gabapentin has also been
reported to be of benefit.10

1. Lehane L. Ciguatera update. Med J Aust 2000; 172: 176–9. 
2. Palafox NA, et al. Successful treatment of ciguatera fish poison-

ing with intravenous mannitol. JAMA 1988; 259: 2740–2. 
3. Pearn JH, et al. Ciguatera and mannitol: experience with a new

treatment regimen. Med J Aust 1989; 151: 77–80. 
4. Williamson J. Ciguatera and mannitol: a successful treatment.

Med J Aust 1990; 153: 306–7. 
5. Fenner PJ, et al. A Queensland family with ciguatera after eat-

ing coral trout. Med J Aust 1997; 166: 473–5. 
6. Schnorf H, et al. Ciguatera fish poisoning: a double-blind rand-

omized trial of mannitol therapy. Neurology 2002; 58: 873–80. 
7. Bowman PB. Amitriptyline and ciguatera. Med J Aust 1984;

140: 802. 
8. Davis RT, Villar LA. Symptomatic improvement with am-

itriptyline in ciguatera fish poisoning. N Engl J Med 1986; 315:
65. 

9. Calvert GM, et al. Treatment of ciguatera fish poisoning with
amitriptyline and nifedipine. J Toxicol Clin Toxicol 1987; 25:
423–8. 

10. Perez CM, et al. Treatment of ciguatera poisoning with gabap-
entin. N Engl J Med 2001; 344: 692–3.

Gastrointestinal disorders. BOWEL PREPARATION. Mannitol,
1000 mL of a 10% solution or 500 mL of 10 or 20% solution,
given orally, has been used to prepare the bowel for surgical
and diagnostic procedures.1,2 The potential for formation of
explosive gas in the bowel should be borne in mind (see Ef-
fects on the Gastrointestinal Tract, above).
1. Palmer KR, Khan AN. Oral mannitol: a simple and effective

bowel preparation for barium enema. BMJ 1979; 2: 1038. 
2. Newstead GL, Morgan BP. Bowel preparation with mannitol.

Med J Aust 1979; 2: 582–3.

DIAGNOSIS  AND TESTING.  Mannitol has been used with
lactulose1,2 and with cellobiose3,4 in the detection of abnormal
small bowel permeability, particularly that occurring in coeli-
ac disease. For further information on the use of differential
sugar absorption tests, see Lactulose, p.1739.
1. Pearson ADJ, et al. The gluten challenge—biopsy v permeabili-

ty. Arch Dis Child 1983; 58: 653. 
2. Cooper BT. Intestinal permeability in coeliac disease. Lancet

1983; i: 658–9. 
3. Juby LD, et al. Cellobiose/mannitol sugar test—a sensitive tube-

less test for coeliac disease: results on 1010 unselected patients.
Gut 1989; 30: 476–80. 

4. Hodges S, et al. Cellobiose: mannitol differential permeability in
small bowel disease. Arch Dis Child 1989; 64: 853–5.

Respiratory disorders. Inhalation of dry powder mannitol
improves mucus clearance and small studies have suggested it
may be of benefit in bronchiectasis,1 although further studies are
needed to confirm this.
1. Wills P, Greenstone M. Inhaled hyperosmolar agents for bron-

chiectasis. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2006 (accessed
07/05/08).

Preparations
BP 2008: Mannitol Intravenous Infusion; 
USP 31: Mannitol in Sodium Chloride Injection; Mannitol Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Mede-Prep; Osmitrol; Canad.: Osmitrol; Cz.: Ardeaosmosol
MA; Mannisol; Osmofundin 15% N†; Ger.: Deltamannit; Mannit-Losung;
Osmofundin 15% N; Osmosteril 20%; Thomaemannit†; Hung.: Mannisol;
Ital.: Isotol; Mannistol†; Mex.: Osmorol; Neth.: Osmosteril; NZ: Mede-
Prep†; Port.: Osmofundina; Spain: Osmofundina Concentrada; Switz.:
Mannite; Thai.: Maniton†; Turk.: Resectisol; Rezosel; USA: Osmitrol; Re-
sectisol†.
Multi-ingredient: Austria: Osmofundin 10%; Resectal; Chile: Gelsolets;
Denm.: Pharmalgen Albumin; Fin.: Somanol + Ethanol; Ger.: Flacar; Freka-
Drainjet Purisole; Osmosteril 10%; Ital.: Levoplus; Naturalass; Mex.: Jarabe

de Manzanas; Pol.: Purisole SM; Port.: Purisole; Xarope de Macas Reinetas;
Rus.: Rheogluman (Реоглюман); Spain: Salcemetic†; Salmagne; Switz.:
Cital†.

Mebutamate (BAN, USAN, rINN)

Mébutamate; Mebutamato; Mebutamatum; W-583. 2-sec-Butyl-
2-methyltrimethylene dicarbamate.
Мебутамат
C10H20N2O4 = 232.3.
CAS — 64-55-1.
ATC — N05BC04.
ATC Vet — QN05BC04.

Profile
Mebutamate is a carbamate with general properties similar to
those of meprobamate (p.1006). It has been given by mouth as an
adjunct in the treatment of hypertension.

Mebutizide (rINN) ⊗ 
Mebutizida; Mébutizide; Mebutizidum. 6-Chloro-3-(1,2-dimeth-
ylbutyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulphonamide
1,1-dioxide.
Мебутизид
C13H20ClN3O4S2 = 381.9.
CAS — 3568-00-1.
ATC — C03AA13.
ATC Vet — QC03AA13.

Profile
Mebutizide is a thiazide diuretic (see Hydrochlorothiazide,
p.1307) that has been used in the treatment of oedema and hyper-
tension.

Mecamylamine Hydrochloride (BANM, rINNM)

Hidrocloruro de mecamilamina; Mecamine Hydrochloride; Mé-
camylamine, Chlorhydrate de; Mecamylamini Hydrochloridum.
N-Methyl-2,3,3-trimethylbicyclo[2.2.1]hept-2-ylamine hydro-
chloride.
Мекамиламина Гидрохлорид
C11H21N,HCl = 203.8.
CAS — 60-40-2 (mecamylamine); 826-39-1
(mecamylamine hydrochloride).
ATC — C02BB01.
ATC Vet — QC02BB01.

(mecamylamine)

Pharmacopoeias. In US. 
USP 31 (Mecamylamine Hydrochloride). Store in airtight con-
tainers.
Adverse Effects, Treatment, and Precautions
As for Trimetaphan Camsilate, p.1419. Mecamylamine may also
cause tremor, convulsions, choreiform movements, insomnia,
sedation, dysarthria, and mental aberrations.
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Pharmacokinetics
Mecamylamine hydrochloride is almost completely absorbed
from the gastrointestinal tract. It crosses the placenta and the
blood-brain barrier. About 50% of the dose is excreted
unchanged in the urine over 24 hours, but the rate is diminished
in alkaline urine.

Uses and Administration
Mecamylamine hydrochloride is a ganglion blocker with actions
similar to those of trimetaphan (p.1419). It is given orally in the
management of hypertension (p.1171), although other antihyper-
tensives with fewer adverse effects are preferred. 
The usual initial dosage is 2.5 mg twice daily, gradually in-
creased or decreased, usually in steps of 2.5 mg at intervals of not
less than 2 days, until a satisfactory response is obtained. The
average maintenance dose is 25 mg daily in three divided doses.
Tolerance may develop.

◊ Reviews.
1. Young JM, et al. Mecamylamine: new therapeutic uses and tox-

icity/risk profile. Clin Ther 2001; 23: 532–65.

Smoking cessation. Mecamylamine acts centrally as a nico-
tinic antagonist and might be of some benefit in assisting with-
drawal from smoking. Two studies1,2 have shown that addition of
low-dose oral mecamylamine (2.5 to 5 mg twice daily) appeared
to enhance the effectiveness of nicotine skin patches. However,
a later controlled study3 found that a patch containing both
mecamylamine and nicotine was not significantly better than
transdermal nicotine alone. Smoking cessation is discussed un-
der Nicotine, p.2354.
1. Rose JE, et al. Mecamylamine combined with nicotine skin

patch facilitates smoking cessation beyond nicotine patch treat-
ment alone. Clin Pharmacol Ther 1994; 56: 86–99. 

2. Rose JE, et al. Nicotine-mecamylamine treatment for smoking
cessation: the role of pre-cessation therapy. Exp Clin Psychop-
harmacol 1998; 6: 331–43. 

3. Glover ED, et al. A randomized, controlled trial to assess the
efficacy and safety of a transdermal delivery system of nico-
tine/mecamylamine in cigarette smokers. Addiction 2007; 102:
795–802.

Tourette’s syndrome. Mecamylamine has been tried1-3 in the
management of Tourette’s syndrome (see under Tics, p.954) al-
though results have been mixed.
1. Sanberg PR, et al. Treatment of Tourette’s syndrome with

mecamylamine. Lancet 1998; 352: 705–6. 
2. Silver AA, et al. Mecamylamine in Tourette’s syndrome: a two-

year retrospective case study. J Child Adolesc Psychopharmacol
2000; 10: 59–68. 

3. Silver AA, et al. Multicenter, double-blind, placebo-controlled
study of mecamylamine monotherapy for Tourette’s disorder. J
Am Acad Child Adolesc Psychiatry 2001; 40: 1103–10.

Preparations
USP 31: Mecamylamine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Inversine.

Mefruside (BAN, USAN, rINN) ⊗ 
Bay-1500; FBA-1500; Mefrusid; Mefrusida; Méfruside; Mefrusidi;
Mefrusidum. 4-Chloro-N1-methyl-N1-(tetrahydro-2-methylfurfu-
ryl)benzene-1,3-disulphonamide.

Мефрузид
C13H19ClN2O5S2 = 382.9.
CAS — 7195-27-9.
ATC — C03BA05.
ATC Vet — QC03BA05.

Pharmacopoeias. In Jpn.

Profile
Mefruside is a diuretic with properties similar to those of the thi-
azide diuretics (see Hydrochlorothiazide, p.1307) even though it
does not contain a thiazide ring system. It is given orally for
oedema, including that associated with heart failure (p.1165),
and for hypertension (p.1171). 
Diuresis begins about 2 to 4 hours after an oral dose and reaches
a maximum between 6 and 12 hours. 
In the treatment of oedema the usual dose is 25 to 50 mg daily,
increasing if necessary to 75 to 100 mg. For long-term therapy a
dose of 25 to 50 mg every second or third day is preferable. 
In the treatment of hypertension the usual dose is 25 mg daily,
either alone, or with other antihypertensives; initial doses of 25
to 50 mg daily have been recommended; alternate-day mainte-
nance dosage may be used.

Preparations
Proprietary Preparations (details are given in Part 3)
Neth.: Baycaron†.
Multi-ingredient: Ger.: Bendigon N†; duranifin Sali†; Sali-Adalat; Sali-
Prent.

Meglutol (USAN, rINN)

CB-337; Méglutol; Meglutolum. 3-Hydroxy-3-methylglutaric acid.
Меглутол
C6H10O5 = 162.1.
CAS — 503-49-1.
ATC — C10AX05.
ATC Vet — QC10AX05.

Profile
Meglutol is a lipid regulating drug that has been used in the treat-
ment of hyperlipidaemias.
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Mevalon†.

Melagatran (rINN)

H-319/68; Mélagatran; Melagatrán; Melagatranum. N-[(R)-({(2S)-
2-[(p-Amidinobenzyl)carbamoyl]-1-azetidinyl}carbonyl)cyclohex-
ylmethyl]glycine.
Мелагатран
C22H31N5O4 = 429.5.
CAS — 159776-70-2.
ATC — B01AE04.
ATC Vet — QB01AE04.

Ximelagatran (USAN, rINN)

H-376/95; Ximélagatran; Ximelagatrán; Ximelagatranum. Ethyl
N-{(R)-cyclohexyl[((2S)-2-{[4-(hydroxycarbamimidoyl)ben-
zyl]carbamoyl}-1-azetidinyl)carbonyl]methyl}glycinate.
Ксимелагатран
C24H35N5O5 = 473.6.
CAS — 192939-46-1.
ATC — B01AE05.
ATC Vet — QB01AE05.

Profile
Melagatran is a direct thrombin inhibitor with actions similar to
lepirudin, p.1323, that was used as an anticoagulant in the pre-
vention of postoperative venous thromboembolism in patients
undergoing hip or knee replacement surgery. It is the active
metabolite of ximelagatran and was given subcutaneously;
ximelagatran was given orally. It was withdrawn worldwide be-
cause of reported liver toxicity.
◊ References.
1. Wallentin L, et al. Oral ximelagatran for secondary prophylaxis

after myocardial infarction: the ESTEEM randomised controlled
trial. Lancet 2003; 362: 789–97. 

2. Executive Steering Committee on behalf of the SPORTIF III In-
vestigators. Stroke prevention with the oral direct thrombin in-
hibitor ximelagatran compared with warfarin in patients with
non-valvular atrial fibrillation (SPORTIF III): randomised con-
trolled trial. Lancet 2003; 362: 1691–8. 

3. Evans HC, et al. Ximelagatran/Melagatran: a review of its use in
the prevention of venous thromboembolism in orthopaedic sur-
gery. Drugs 2004; 64: 649–78. 

4. SPORTIF Executive Steering Committee for the SPORTIF V In-
vestigators. Ximelagatran vs warfarin for stroke prevention in
patients with nonvalvular atrial fibrillation: a randomized trial.
JAMA 2005; 293: 690–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Exanta†; Austria: Exanta†; Denm.: Exanta†; Fin.: Exanta†; Fr.: Exan-
ta†; Ger.: Exanta†; Neth.: Exanta†; Norw.: Exanta†; Swed.: Exarta†.

Meldonium (rINN)

Meldonio; MET-88; 3-(2,2,2-Trimethylhydrazinium)propionate.
3-(2,2,2-Trimethyldiazaniumyl)propanoate.
Мельдоний
C6H14N2O2 = 146.2.
CAS — 76144-81-5 (meldonium); 86426-17-7 (meldo-
nium dihydrate).

Profile
Meldonium is an inhibitor of carnitine synthesis and is reported
to have cardioprotective and anti-ischaemic effects. It has been
used in a variety of disorders. In the management of ischaemic
heart disease and ischaemic cerebrovascular disturbances oral
doses have ranged from 500 mg to 1 g daily. A course of 500 mg
given four times daily for 7 to 10 days has been used in alcohol
abstinence syndrome. Meldonium has also been given intrave-
nously in doses similar to those used orally.
◊ References.
1. Dambrova M, et al. Mildronate: cardioprotective action through

carnitine-lowering effect. Trends Cardiovasc Med 2002; 12:
275–9. 

2. Sjakste N, et al. Mildronate: an antiischemic drug for neurolog-
ical indications. CNS Drug Rev 2005; 11: 151–68.

Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Mildronate (Милдронат); Mildroxyn (Милдроксин).

Mephentermine Sulfate (rINNM) ⊗ 
Méphentermine, Sulfate de; Mephentermine Sulphate (BANM);
Mephentermini Sulfas; Mephetedrine Sulphate; Sulfato de
mefentermina. N,α,α-Trimethylphenethylamine sulphate dihy-
drate.
Мефентермина Сульфат
(C11H17N)2,H2SO4,2H2O = 460.6.
CAS — 100-92-5 (mephentermine); 1212-72-2 (anhy-
drous mephentermine sulfate); 6190-60-9 (mephenter-
mine sulfate dihydrate).
ATC — C01CA11.
ATC Vet — QC01CA11.

(mephentermine)

Adverse Effects, Treatment, and Precautions
As for Sympathomimetics, p.1407; adverse effects may be relat-
ed to alpha- or beta-adrenergic stimulation. Mephentermine may
produce CNS stimulation, especially in overdosage; anxiety,
drowsiness, incoherence, hallucinations, and convulsions have
been reported.
Interactions
As for Sympathomimetics, p.1407.
Pharmacokinetics
Mephentermine acts in about 5 to 15 minutes after intramuscular
injection and has a duration of action of up to about 4 hours; it
acts almost immediately after intravenous injection with a dura-
tion of action of up to about 30 minutes. It is rapidly metabolised
in the body by demethylation; hydroxylation may follow. It is
excreted as unchanged drug and metabolites in the urine; excre-
tion is more rapid in acidic urine.
Uses and Administration
Mephentermine is a sympathomimetic (p.1408) with mainly in-
direct effects on adrenergic receptors. It has alpha- and beta-
adrenergic activity, and a slight stimulating effect on the CNS. It
has an inotropic effect on the heart. 
Mephentermine has been used to maintain blood pressure in
hypotensive states, for example after spinal anaesthesia. It is giv-
en as the sulfate but doses are expressed in terms of the base;
21 mg of sulfate is equivalent to about 15 mg of base. Typical
doses are up to 45 mg by slow intravenous injection, or 15 to
30 mg intramuscularly.
Preparations
Proprietary Preparations (details are given in Part 3)
India: Mephentine; USA: Wyamine†.

Multi-ingredient: USA: Emergent-Ez.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Mepindolol Sulfate (rINNM) ⊗ 
LF-17895 (mepindolol); Mépindolol, Sulfate de; Mepindolol Sul-
phate (BANM); Mepindololi Sulfas; SHE-222; Sulfato de mepin-
dolol. 1-Isopropylamino-3-(2-methylindol-4-yloxy)propan-2-ol
sulfate.

Мепиндолола Сульфат
(C15H22N2O2)2,H2SO4 = 622.8.
CAS — 23694-81-7 (mepindolol); 56396-94-2 (mepin-
dolol sulfate).
ATC — C07AA14.
ATC Vet — QC07AA14.

(mepindolol)

Profile
Mepindolol, the methyl analogue of pindolol, is a non-cardiose-
lective beta blocker (p.1225). It is reported to possess intrinsic
sympathomimetic activity. It has been given orally as the sulfate
in the management of various cardiovascular disorders.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Corindolan.

Multi-ingredient: Ger.: Corindocomb†.

Mersalyl Acid ⊗ 
Acidum Mersalylicum; Mersal. Acid; Mersálico, ácido; Mersalylum
Acidum. A mixture of {3-[2-(carboxymethoxy)benzamido]-2-
methoxypropyl}hydroxymercury and its anhydrides.
C13H17HgNO6 = 483.9.
CAS — 486-67-9.
ATC — C03BC01.
ATC Vet — QC03BC01.

Mersalyl Sodium ⊗ 
Mersalyl (pINN); Mersalilo; Mersalylum; Mersalyyli. The sodium
salt of mersalyl acid.

Мерсалил
C13H16HgNNaO6 = 505.8.
CAS — 492-18-2.
ATC — C03BC01.
ATC Vet — QC03BC01.

Profile
Mersalyl acid, in the form of its salts, is a powerful diuretic that
acts on the renal tubules, increasing the excretion of sodium and
chloride, in about equal amounts, and of water. Organic mercuri-
al diuretics were widely used before the introduction of thiazide
and other diuretics but have now been almost completely super-
seded by these orally active drugs, which are both potent and less
toxic. The most frequent adverse effects of mersalyl are stomati-
tis, gastric disturbance, vertigo, febrile reactions, and skin erup-
tions and irritation. Thrombocytopenia, neutropenia, and agran-
ulocytosis have followed the use of mercurial diuretics.
Intravenous injection may cause severe hypotension and cardiac
arrhythmias and has been followed by sudden death. 
Mersalyl acid was usually given by injection as the sodium salt
with theophylline as this lessened the local irritant reaction and
increased absorption. It was given by deep intramuscular injec-
tion after a test dose for hypersensitivity. Other organic mercurial
diuretics include chlormerodrin, meralluride, mercaptomerin
sodium, mercurophylline sodium, and merethoxylline procaine.
They were mainly given by intramuscular injection or, for those
which were less irritant, subcutaneous injection.

Metaraminol Tartrate (BANM, rINNM) ⊗ 
Hydroxynorephedrine Bitartrate; Metaradrine Bitartrate; Metar-
aminol Acid Tartrate; Metaraminol Bitartrate; Métaraminol, Tar-
trate de; Metaraminoli Tartras; Tartrato de metaraminol. (−)-2-
Amino-1-(3-hydroxyphenyl)propan-1-ol hydrogen tartrate.
Метараминола Тартрат
C9H13NO2,C4H6O6 = 317.3.
CAS — 54-49-9 (metaraminol); 33402-03-8 (metarami-
nol tartrate).
ATC — C01CA09.
ATC Vet — QC01CA09.

(metaraminol)

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Metaraminol Tartrate). An odourless or almost odour-
less, white, crystalline powder. Freely soluble in water; sparingly
soluble in alcohol; practically insoluble in chloroform and in
ether. A 5% solution in water has a pH of 3.2 to 3.5. 
USP 31 (Metaraminol Bitartrate). A 5% solution in water has a
pH of between 3.2 and 3.5. Store at a temperature of 25°, excur-
sions permitted between 15° and 30°.

Adverse Effects, Treatment, and Precau-
tions
As for Sympathomimetics, p.1407. The adverse effects
of metaraminol primarily relate to its alpha-agonist ac-
tion. Metaraminol has a longer duration of action than
adrenaline or noradrenaline and therefore an excessive
vasopressor response may cause a prolonged rise in
blood pressure. Tissue necrosis can occur as a result of
accidental extravasation during intravenous injection.

Interactions
As for Sympathomimetics, p.1407. The interactions of
metaraminol relate to both its direct and indirect ac-
tions.

Pharmacokinetics
Metaraminol acts about 10 minutes after intramuscular
injection with a duration of action of up to about 1 hour.
Effects are seen 1 to 2 minutes after intravenous injec-
tion with a duration of action of about 20 minutes.

Uses and Administration
Metaraminol is a sympathomimetic (p.1408) with di-
rect and indirect effects on adrenergic receptors. It has
alpha- and beta-adrenergic activity, the former being
predominant. Metaraminol has an inotropic effect and
acts as a peripheral vasoconstrictor, thus increasing
cardiac output, peripheral resistance, and blood pres-
sure. Coronary blood flow is increased and the heart
rate slowed. 
Metaraminol tartrate is used for its pressor action in
hypotensive states such as those that may occur after
spinal anaesthesia. Doses are expressed in terms of the
base; metaraminol tartrate 9.5 mg is equivalent to
about 5 mg of metaraminol. An intravenous infusion of
15 to 100 mg of metaraminol in 500 mL of glucose 5%
or sodium chloride 0.9% may be used for maintaining
the blood pressure, the rate of infusion being adjusted
according to blood pressure response. Higher concen-
trations have been given. As the maximum effects are
not immediately apparent, at least 10 minutes should
elapse before increasing the dose and the possibility of
a cumulative effect should be borne in mind. In an
emergency an initial dose of 0.5 to 5 mg may be given
by direct intravenous injection followed by an intrave-
nous infusion as above. 
Metaraminol tartrate has also been given by intramus-
cular or subcutaneous injection for the prevention of
hypotension in doses equivalent to 2 to 10 mg of meta-
raminol. Subcutaneous injection increases the risk of
local tissue necrosis and sloughing.

Priapism. Priapism1,2 or prolonged penile erection may occur
due to either decreased venous outflow (low-flow priapism) or
increased arterial inflow (high-flow priapism). Low-flow pria-
pism is a medical emergency since inflow is also impaired, lead-
ing to the development of ischaemia. It may be related to the use
of drugs that cause smooth muscle relaxation, such as alpha
blockers; intraluminal obstruction, such as in sickle-cell disease,
may also be a cause. It is usually treated with corporal aspiration,
followed if necessary by irrigation with a low dosage of a dilute
solution of an alpha agonist such as metaraminol. 
Intracavernosal metaraminol has been used successfully to treat
drug-induced priapism,3 as well as priapism associated with
chronic myeloid leukaemia,4 haemodialysis,5 spinal block,6 or
fentanyl-induced general anaesthesia.6 It may also be used to re-
verse the effects of alprostadil or papaverine given intracavern-
osally for the management of some types of erectile dysfunction,
although this has been associated with fatal hypertensive crisis
(see also Alprostadil, p.2184). 
Alternative alpha agonists that have been used include intracav-
ernosal phenylephrine,7 and intracavernosal adrenaline, again in
a low dosage and dilute solution. Phenylpropanolamine,7 or
pseudoephedrine,8 given orally, have also been used. In patients
with priapism due to sickle-cell disease, intracavernosal irriga-
tion with a dilute adrenaline solution or intracavernosal injection
of etilefrine have been used (see p.1205); oral etilefrine has been
given for prophylaxis. Many other drugs have been tried or sug-
gested, including baclofen, gabapentin, terbutaline, and, para-
doxically, low doses of phosphodiesterase type-5 inhibitors such
as sildenafil or tadalafil.2 Surgery is usually favoured in low-flow
priapism unresponsive to drug therapy. 
In high-flow priapism, which is less of an emergency, embolisa-
tion of the source of abnormal inflow is the usual treatment.
1. Maan Z, et al. Priapism—a review of the medical management.

Expert Opin Pharmacother 2003; 4: 2271–7. 
2. Yuan J, et al. Insights of priapism mechanism and rationale treat-

ment for recurrent priapism. Asian J Androl 2008; 10: 88–101. 
3. Brindley GS. New treatment for priapism. Lancet 1984; ii:

220–1. 
4. Stanners A, Colin-Jones D. Metaraminol for priapism. Lancet

1984; ii: 978. 
5. Branger B, et al. Metaraminol for haemodialysis-associated pri-

apism. Lancet 1985; i: 641. 
6. Tsai SK, Hong CY. Intracavernosal metaraminol for treatment of

intraoperative penile erection. Postgrad Med J 1990; 66: 831–3. 
7. Harmon WJ, Nehra A. Priapism: diagnosis and management.

Mayo Clin Proc 1997; 72: 350–5. 
8. Millard RJ, et al. Risks of self-injection therapy for impotence.

Med J Aust 1996; 165: 117–18.

Preparations
BP 2008: Metaraminol Injection; 
USP 31: Metaraminol Bitartrate Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Fadamine; Austral.: Aramine; Braz.: Aramin; Gr.: Aramine†; Levi-
cor†; Norw.: Aramine†; NZ: Aramine; Thai.: Aramine†; USA: Aramine.

Methoxamine Hydrochloride (BANM, rINNM) ⊗ 
Hidrocloruro de metoxamina; Methoxamedrine Hydrochloride;
Méthoxamine, Chlorhydrate de; Methoxamini Hydrochloridum.
2-Amino-1-(2,5-dimethoxyphenyl)propan-1-ol hydrochloride.
Метоксамина Гидрохлорид
C11H17NO3,HCl = 247.7.
CAS — 390-28-3 (methoxamine); 61-16-5 (methoxamine
hydrochloride).
ATC — C01CA10.
ATC Vet — QC01CA10.

(methoxamine)

Pharmacopoeias. In Br. and Chin. 
BP 2008 (Methoxamine Hydrochloride). Colourless crystals or
white plate-like crystals or white crystalline powder; odourless
or almost odourless. Freely soluble in water; soluble in alcohol;
very slightly soluble in chloroform and in ether. A 2% solution in
water has a pH of 4.0 to 6.0.
Profile
Methoxamine is a sympathomimetic (p.1407) with mainly direct
effects on adrenergic receptors. It has alpha-adrenergic activity
entirely; beta-adrenergic activity is not demonstrable and beta-
adrenoceptor blockade may occur at high doses. Methoxamine
hydrochloride has been used parenterally for its pressor action in
the management of hypotensive states, particularly in anaesthe-
sia, and also in the management of paroxysmal supraventricular
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tachycardia. It has also been used topically as a vasoconstrictor
in the management of nasal congestion.
Preparations
BP 2008: Methoxamine Injection.

Proprietary Preparations (details are given in Part 3)
Irl.: Vasoxine†.

Methyclothiazide (BAN, USAN, rINN) ⊗ 
Méthyclothiazide; Methyclothiazidum; Meticlotiazida; Metykloti-
atsidi; Metyklotiazid; NSC-110431. 6-Chloro-3-chloromethyl-
3,4-dihydro-2-methyl-2H-1,2,4-benzothiadiazine-7-sulphona-
mide 1,1-dioxide.
Метиклотиазид
C9H11Cl2N3O4S2 = 360.2.
CAS — 135-07-9.
ATC — C03AA08.
ATC Vet — QC03AA08.

Pharmacopoeias. In US. 
USP 31 (Methyclothiazide). A white or practically white crystal-
line powder, odourless or with a slight odour. Very slightly solu-
ble to practically insoluble in water and in chloroform; soluble 1
in 92.5 of alcohol and 1 in 2700 of ether; freely soluble in acetone
and in pyridine; sparingly soluble in methyl alcohol; very slight-
ly soluble in benzene.
Profile
Methyclothiazide is a thiazide diuretic with properties similar to
those of hydrochlorothiazide (see p.1307). It is given orally for
oedema, including that associated with heart failure (p.1165),
and for hypertension (p.1171). 
Diuresis starts in about 2 hours, reaches a peak at about 6 hours,
and lasts for 24 hours or more. 
In the treatment of oedema the usual initial dose is 2.5 to 5 mg
daily, increasing to a maximum dose of 10 mg daily if necessary.
In the treatment of hypertension the usual dose is 2.5 to 5 mg
daily, either alone, or with other antihypertensives. Doses of up
to 10 mg daily have been suggested, but this may not result in an
increased hypotensive effect. 
Children have been given a dose of 50 to 200 micrograms/kg
daily.
Preparations
USP 31: Methyclothiazide Tablets.

Proprietary Preparations (details are given in Part 3)
Hong Kong: Enduron†; USA: Aquatensen†; Enduron.

Multi-ingredient: Fr.: Isobar ; Hong Kong: Enduronyl†; USA: Di-
utensen-R†.

Methyldopa (BAN, USAN, rINN)

Alpha-methyldopa; Méthyldopa; Methyldopum; Methyldopum
Hydratum; Metildopa; Metyldopa; Metyylidopa; MK-351. (−)-3-
(3,4-Dihydroxyphenyl)-2-methyl-L-alanine sesquihydrate; (−)-2-
Amino-2-(3,4-dihydroxybenzyl)propionic acid sesquihydrate.
Метилдопа
C10H13NO4,1 ⁄ H2O = 238.2.
CAS — 555-30-6 (anhydrous methyldopa); 41372-08-1
(methyldopa sesquihydrate).
ATC — C02AB01; C02AB02.
ATC Vet — QC02AB01; QC02AB01 (laevorotar y);
QC02AB02; QC02AB02 (racemic).

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Methyldopa). Colourless or almost colourless
crystals or a white to yellowish-white crystalline powder. Slight-
ly soluble in water; very slightly soluble in alcohol; freely soluble
in dilute mineral acids. Protect from light. 
USP 31 (Methyldopa). A white to yellowish-white odourless
fine powder which may contain friable lumps. Sparingly soluble
in water; slightly soluble in alcohol; practically insoluble in
ether; very soluble in 3N hydrochloric acid. Protect from light.

Methyldopate Hydrochloride (BANM, USAN)

Cloridrato de Metildopato; Metildopato, hidrocloruro de. The
hydrochloride of the ethyl ester of anhydrous methyldopa; Ethyl
(−)-2-amino-2-(3,4-dihydroxybenzyl)propionate hydrochloride.
C12H17NO4,HCl = 275.7.
CAS — 2544-09-4 (methyldopate); 2508-79-4 (methyl-
dopate hydrochloride).

(methyldopate)

Pharmacopoeias. In Br. and US. 
BP 2008 (Methyldopate Hydrochloride). A white or almost
white, odourless or almost odourless, crystalline powder. Freely
soluble in water, in alcohol, and in methyl alcohol; slightly solu-
ble in chloroform; practically insoluble in ether. A 1% solution in
water has a pH of 3.0 to 5.0. Protect from light. 
USP 31 (Methyldopate Hydrochloride). A white or almost
white, odourless or almost odourless, crystalline powder. Freely
soluble in water, in alcohol, and in methyl alcohol; slightly solu-
ble in chloroform; practically insoluble in ether. A 1% solution in
water has a pH of between 3.0 and 5.0. Store at a temperature of
25°, excursions permitted between 15° and 30°.
Incompatibility. A haze developed over 3 hours when methyl-
dopate hydrochloride 1 mg/mL was mixed with amphotericin B
200 micrograms/mL in glucose; crystals were produced with
methohexital sodium 200 micrograms/mL in sodium chloride,
and a haze developed when they were mixed in glucose. A crys-
talline precipitate occurred with tetracycline hydrochloride
1 mg/mL in glucose, and with sulfadiazine sodium 4 mg/mL in
glucose or sodium chloride.1
1. Riley BB. Incompatibilities in intravenous solutions. J Hosp

Pharm 1970; 28: 228–40.

Adverse Effects
The adverse effects of methyldopa are mostly conse-
quences of its pharmacological action. The incidence
of adverse effects overall may be as high as 60% but
most are transient or reversible. Drowsiness is com-
mon, especially initially and after an increase in dos-
age. Dizziness and lightheadedness may be associated
with orthostatic hypotension; nausea, headache, weak-
ness and fatigue, and decreased libido and impotence
have also been reported quite often. 
The mental and neurological effects of methyldopa
have included impaired concentration and memory,
mild psychoses, depression, disturbed sleep and night-
mares, paraesthesias, Bell’s palsy, involuntary chore-
oathetotic movements, and parkinsonism. 
As well as orthostatic hypotension, methyldopa is of-
ten associated with fluid retention and oedema, which
responds to diuretics but may rarely progress to heart
failure. Angina pectoris may be aggravated. Bradycar-
dia, syncope, and prolonged carotid sinus hypersensi-
tivity have been reported. Intravenous methyldopate
has been associated with a paradoxical rise in blood
pressure. 
Methyldopa may produce gastrointestinal disturbances
including nausea and vomiting, diarrhoea, constipa-
tion, and rarely pancreatitis and colitis. A black or sore
tongue, and inflammation of the salivary glands, have
occurred, and dry mouth is quite common. 
A positive Coombs’ test may occur in 10 to 20% of all
patients on prolonged therapy but only a small propor-
tion develop haemolytic anaemia. Thrombocytopenia
and leucopenia, notably granulocytopenia, have oc-
curred and warrant prompt withdrawal. Other hyper-
sensitivity effects have included myocarditis, fever,
eosinophilia, and disturbances of liver function. Hepa-
titis may develop, particularly in the first 2 or 3 months
of therapy, and is generally reversible on stopping, but
fatal hepatic necrosis has occurred. Antinuclear anti-
bodies may develop and cases of a lupus-like syn-
drome have been reported. 
Other adverse effects that have been reported in pa-
tients taking methyldopa include rashes, lichenoid and
granulomatous eruptions, toxic epidermal necrolysis, a

flu-like syndrome (of fever, myalgia, and mild arthral-
gia), nocturia, uraemia, nasal congestion, and retroperi-
toneal fibrosis. Hyperprolactinaemia may occur, with
breast enlargement or gynaecomastia, galactorrhoea,
and amenorrhoea. 
Methyldopa may occasionally cause urine to darken on
exposure to the air because of the breakdown of the
drug or its metabolites.
◊ Reviews.
1. Furhoff A-K. Adverse reactions with methyldopa—a decade’s

reports. Acta Med Scand 1978; 203: 425–8. 
2. Lawson DH, et al. Adverse reactions to methyldopa with partic-

ular reference to hypotension. Am Heart J 1978; 96: 572–9.

Effects on the blood. An analysis of drug-induced blood dys-
crasias reported to the Swedish Adverse Drug Reaction Commit-
tee for the 10-year period 1966 to 1975 showed that haemolytic
anaemia attributable to methyldopa had been reported on 69 oc-
casions and had caused 3 deaths. This represented the vast ma-
jority of all the reports of drug-induced haemolytic anaemia.1
However, the actual incidence of haemolytic anaemia in patients
receiving methyldopa is quite low; data from the Boston Collab-
orative Drug Surveillance Program indicated that only 2 of 1067
patients receiving methyldopa developed haemolytic anaemia,2
an incidence of about 0.2%. The proportion of patients with a
positive Coombs’ test is much higher, being variously reported3-5

at 10 to 20%. It has been suggested that the high incidence of
autoantibody formation may be due to inhibition of suppressor T-
cells by methyldopa4 while the relatively low incidence of result-
ant haemolysis may be due to drug-associated impairment of the
reticuloendothelial system which would normally clear the anti-
body-sensitised cells from the circulation.5
1. Böttiger LE, et al. Drug-induced blood dyscrasias. Acta Med

Scand 1979; 205: 457–61. 
2. Lawson DH, et al. Adverse reactions to methyldopa with partic-

ular reference to hypotension. Am Heart J 1978; 96: 572–9. 
3. Carstairs K, et al. Methyldopa and haemolytic anaemia. Lancet

1966; i: 201. 
4. Kirtland HH, et al. Methyldopa inhibition of suppressor-lym-

phocyte function: a proposed cause of autoimmune hemolytic
anemia. N Engl J Med 1980; 302: 825–32. 

5. Kelton JG. Impaired reticuloendothelial function in patients
treated with methyldopa. N Engl J Med 1985; 313: 596–600.

Effects on the gastrointestinal tract. COLITIS. There has
been a report of 6 cases of colitis associated with methyl-
dopa.1 An auto-immune mechanism was proposed.
1. Graham CF, et al. Acute colitis with methyldopa. N Engl J Med

1981; 304: 1044–5.

DIARRHOEA. Severe chronic diarrhoea was associated with
methyldopa over periods of 2 and 7 years;1,2 it stopped in both
cases on withdrawal of the drug.
1. Quart BD, Guglielmo BJ. Prolonged diarrhea secondary to meth-

yldopa therapy. Drug Intell Clin Pharm 1983; 17: 462. 
2. Gloth FM, Busby MJ. Methyldopa-induced diarrhea: a case of

iatrogenic diarrhea leading to request for nursing home place-
ment. Am J Med 1989; 87: 480–1.

PANCREATITIS. Increases in serum- and urinary-amylase activ-
ity accompanied by fever and suggestive of pancreatitis were
associated with methyldopa in 2 patients,1 one of whom had
symptoms of severe pancreatitis. Symptoms reappeared on
rechallenge in both patients. A further report of acute pancre-
atitis in a patient who had recently begun methyldopa therapy
(with a diuretic) also confirmed a recurrence of symptoms on
rechallenge.2 In contrast to the acute form, chronic pancreati-
tis is not generally attributable to drug use.3 However, a case
of florid chronic pancreatitis, with exocrine and endocrine
insufficiency and heavy calcification over 30 months, associ-
ated with 2 periods of methyldopa treatment, has been report-
ed.4 Symptoms in this patient, who was also receiving a thi-
azide, included severe diabetic ketoacidosis.
1. van der Heide H, et al. Pancreatitis caused by methyldopa. BMJ

1981; 282: 1930–1. 
2. Anderson JR, et al. Drug-associated recurrent pancreatitis. Dig

Surg 1985; 2: 24–6. 
3. Banergee AK, et al. Drug-induced acute pancreatitis. Med Toxi-

col Adverse Drug Exp 1989; 4: 186–98. 
4. Ramsay LE, et al. Methyldopa-induced chronic pancreatitis.

Practitioner 1982; 226: 1166–9.

Effects on the heart. Sudden death in a number of patients
receiving methyldopa has been associated with myocarditis (of-
ten with hepatitis and pneumonitis).1,2 The effect is thought to be
due to hypersensitivity. Hypersensitivity myocarditis is generally
marked by ECG changes, a slight rise in cardiac enzymes, cardi-
omegaly, and persistent sinus tachycardia, along with peripheral
blood eosinophilia, and most patients will recover within days if
the drug is withdrawn in time.3
1. Mullick FG, McAllister HA. Myocarditis associated with meth-

yldopa therapy. JAMA 1977; 237: 1699–1701. Correction. ibid.;
238: 399. 

2. Seeverens H, et al. Myocarditis and methyldopa. Acta Med
Scand 1982; 211: 233–5. 

3. Anonymous. Myocarditis related to drug hypersensitivity. Lan-
cet 1985; ii: 1165–6.

Effects on the liver. In a report of 6 cases of hepatitis in pa-
tients taking methyldopa, including a review of 77 cases from the
literature,1 most patients presented with symptoms including
malaise, fatigue, anorexia, weight loss, nausea, and vomiting,
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and histopathological changes resembling those of viral hepati-
tis. Fever occurred in 28 of the 83 patients; rashes and eosi-
nophilia occurred rarely. Symptoms usually began 1 to 4 weeks
after the first dose of methyldopa. Clinically apparent jaundice
occurred as early as 1 week and as late as 3 years after the start
of therapy, although only 6 or 7 patients presented with jaundice
later than 3 months. Liver damage was not dose-related and had
features suggestive of an immunologically-mediated hypersensi-
tivity reaction. The histological changes included chronic active
hepatitis, massive fatal necrosis, and cirrhosis. 
In a further analysis of 36 patients with liver damage due to
methyldopa, hepatic injury tended to occur in 2 phases—acute
and chronic.2 Acute damage developed within a few months of
starting treatment, and was considered to be an allergic reaction
to methyldopa metabolites. The chronic form usually occurred at
least a year after starting methyldopa, and was characterised by
an accumulation of fat in the liver. Recovery after withdrawal of
methyldopa was directly related to duration of exposure and de-
gree of liver damage. There was also a suggestion of genetic pre-
disposition, as acute methyldopa-induced liver damage occurred
in 4 members of a family. Idiosyncratic metabolism of methyl-
dopa in susceptible patients may be responsible for expression of
an antigen on the surface of liver cells with which circulating
antibodies react.3 
See also Fever, below.
1. Rodman JS, et al. Methyldopa hepatitis: a report of six cases and

review of the literature. Am J Med 1976; 60: 941–8. 
2. Sotaniemi EA, et al. Hepatic injury and drug metabolism in pa-

tients with alpha-methyldopa-induced liver damage. Eur J Clin
Pharmacol 1977; 12: 429–35. 

3. Neuberger J, et al. Antibody mediated hepatocyte injury in meth-
yldopa induced hepatotoxicity. Gut 1985; 26: 1233–9.

Effects on mental function. Anecdotal reports have implicat-
ed methyldopa in disturbances of mental acuity including inabil-
ity to concentrate, impaired calculating ability, and forgetful-
ness.1-3 These have been confirmed to some extent by
psychometric studies. Impaired verbal but not visual memory
has been reported in 10 patients receiving methyldopa with a di-
uretic.4 A crossover study in 16 patients also indicated impair-
ment of cognitive function by methyldopa.5
1. Adler S. Methyldopa-induced decrease in mental activity. JAMA

1974; 230: 1428–9. 
2. Ghosh SK. Methyldopa and forgetfulness. Lancet 1976; i:

202–3. 
3. Fernandez PG. Alpha methyldopa and forgetfulness. Ann Intern

Med 1976; 85: 128. 
4. Solomon S, et al. Impairment of memory function by antihyper-

tensive medication. Arch Gen Psychiatry 1983; 40: 1109–12. 
5. Johnson B, et al. Effects of methyldopa on psychometric per-

formance. J Clin Pharmacol 1990; 30: 1102–5.

DEPRESSION. Depression has been associated with methyldopa
therapy, although the exact relationship is unclear.1 One
review2 reported the incidence to be 3.6% and suggested that
depression was more common in patients with a previous his-
tory.
1. Patten SB, Love EJ. Drug-induced depression. Drug Safety

1994; 10: 203–19. 
2. Paykel ES, et al. Psychiatric side effects of antihypertensive

drugs other than reserpine. J Clin Psychopharmacol 1982; 2:
14–39.

Effects on the nervous system. Involuntary choreoathetotic
movements resembling those of Huntington’s chorea began in a
59-year-old man with cerebrovascular disease after an increase
of his methyldopa dose from 1 to 1.5 g daily. He recovered when
the drug was withdrawn.1 In another report methyldopa was as-
sociated with the development of bilateral choreiform move-
ments in a patient without cerebrovascular disease but with
chronic renal failure.2
1. Yamadori A, Albert ML. Involuntary movement disorder caused

by methyldopa. N Engl J Med 1972; 286: 610. 
2. Neil EM, Waters AK. Generalized choreiform movements as a

complication of methyldopa therapy in chronic renal failure.
Postgrad Med J 1981; 57: 732–3.

Effects on sexual function. Methyldopa has been associated
with numerous cases of sexual dysfunction. In males failure to
maintain erection, decreased libido, impaired ejaculation, and
gynaecomastia have occurred, while in females decreased libido,
painful breast enlargement, and delayed or absent orgasm have
been reported.1 The reported incidence varies and there is some
evidence2 that sexual dysfunction may be underreported: while
only 2 of 30 men receiving methyldopa spontaneously reported
erection failure the actual incidence on questioning was 16 of 30.
1. Stevenson JG, Umstead GS. Sexual dysfunction due to antihy-

pertensive agents. Drug Intell Clin Pharm 1984; 18: 113–21. 
2. Alexander WD, Evans JI. Side effects of methyldopa. BMJ 1975;

2: 501.

Fever. In a report of 78 cases of methyldopa-induced fever,1 fe-
ver occurred 5 to 35 days after the first exposure to methyldopa
in 77 patients and one day after recommencing methyldopa in the
remaining patient. Rigors, headache, and myalgia were common
accompanying symptoms, but eosinophilia and skin rashes were
not seen. The majority of patients did not appear seriously ill, but
4 patients presented with symptoms of septic shock. Biochemi-
cal evidence of liver damage was found in 61% of patients but

jaundice was uncommon. In the majority of patients, symptoms
were relieved within 48 hours of stopping the drug.
1. Stanley P, Mijch A. Methyldopa: an often overlooked cause of

fever and transient hepatocellular dysfunction. Med J Aust 1986;
144: 603–5.

Lupus erythematosus. The incidence of antinuclear antibod-
ies was 13% in 269 hypertensive patients taking methyldopa (ir-
respective of other medication), compared with 3.8% in 448 hy-
pertensive patients not taking methyldopa.1 However,
methyldopa-induced lupus has been reported2 only rarely.
1. Wilson JD, et al. Antinuclear antibodies in patients receiving

non-practolol beta-blockers. BMJ 1978; 1: 14–16. 
2. Dupont A, Six R. Lupus-like syndrome induced by methyldopa.

BMJ 1982; 285: 693–4.

Overdosage. Ingestion of methyldopa 2.5 g produced coma,
hypothermia, hypotension, bradycardia, and dry mouth in a 19-
year-old man.1 His serum-methyldopa concentration 10 hours
after ingestion was 19.2 micrograms/mL compared with serum
concentrations of about 2 micrograms/mL in patients receiving
therapeutic doses of methyldopa. He recovered after treatment
with intravenous fluids.
1. Shnaps Y, et al. Methyldopa poisoning. J Toxicol Clin Toxicol

1982; 19: 501–3.

Retroperitoneal fibrosis. A 60-year-old patient developed
retroperitoneal fibrosis and a positive direct Coombs’ test associ-
ated with methyldopa given in a daily dose of 750 mg with ben-
droflumethiazide 2.5 mg for about 5 years.1
1. Iversen BM, et al. Retroperitoneal fibrosis during treatment with

methyldopa. Lancet 1975; ii: 302–4.

Treatment of Adverse Effects
Withdrawal of methyldopa or reduction in dosage
causes the reversal of many adverse effects. If overdos-
age occurs, the benefit of gastric decontamination is
uncertain, but patients who present within 1 hour may
be given activated charcoal. Treatment is largely symp-
tomatic, but if necessary, intravenous fluid infusions
may be given to promote urinary excretion, and vaso-
pressors given cautiously. Atropine may be given for
bradycardia. Severe hypotension may respond to plac-
ing the patient in the supine position with the feet
raised. 
Methyldopa is dialysable.

Precautions
Methyldopa should be used with caution in the elderly,
and in patients with hepatic or renal impairment or with
a history of haemolytic anaemia, liver disease, or de-
pression. Care is also advisable in patients with parkin-
sonism. It should not be given to patients with active
liver disease or depression and it is not recommended
for phaeochromocytoma. 
It is advisable to make periodic blood counts and to
perform liver function tests at intervals during the first
6 to 12 weeks of treatment or if the patient develops an
unexplained fever. Patients taking methyldopa may
produce a positive response to a direct Coombs’ test; if
blood transfusion is required, prior knowledge of a
positive direct Coombs’ test reaction will aid cross-
matching. 
Methyldopa may cause sedation; if affected, patients
should not drive or operate machinery.
Breast feeding. Methyldopa is distributed into breast milk in
small amounts.1 In a study2 of 3 breast-feeding women, concen-
trations of free methyldopa in the breast milk were found to be
between 19 and 30% of those in the plasma after a 500-mg dose.
Detectable levels were found in the plasma of only 1 infant and
adverse effects were seen in none. It was estimated that the
amount of methyldopa a breast-fed infant would receive would
be about 0.02% of the maternal dose. In another study3 over a 3-
month period no adverse effects were found in a breast-feeding
infant whose mother was taking methyldopa, although the drug
was detectable in the infant’s urine. The American Academy of
Pediatrics considers4 that methyldopa is therefore usually com-
patible with breast feeding.
1. Jones HMR, Cummings AJ. A study of the transfer of α-methyl-

dopa to the human foetus and newborn infant. Br J Clin Pharma-
col 1978; 6: 432–4. 

2. White WB, et al. Alpha-methyldopa disposition in mothers with
hypertension and in their breast-fed infants. Clin Pharmacol
Ther 1985; 37: 387–90. 

3. Hauser GJ, et al. Effect of α-methyldopa excreted in human milk
on the breast-fed infant. Helv Paediatr Acta 1985; 40: 83–6. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/09/05)

Porphyria. Methyldopa has been associated with acute attacks
of porphyria and is considered unsafe in porphyric patients.
Pregnancy. Methyldopa is commonly used in the management
of hypertension during pregnancy (p.1171). There is little evi-
dence of adverse effects on fetal development. However, it cross-
es the placenta1 and reduced blood pressure has been reported in
infants born to mothers receiving the drug.2 There has also been
a report of tremor in 7 infants associated with maternal methyl-
dopa use in pregnancy.3 Depressed noradrenaline concentrations
in the CSF were noted in the 3 infants examined leading to suc-
cessful treatment of the other 4 infants with atropine: tremor was
abolished in 2 and substantially reduced in the other 2.
1. Jones HMR, Cummings AJ. A study of the transfer of α-methyl-

dopa to the human foetus and newborn infant. Br J Clin Pharma-
col 1978; 6: 432–4. 

2. Whitelaw A. Maternal methyldopa treatment and neonatal blood
pressure. BMJ 1981; 283: 471. 

3. Bódis J, et al. Methyldopa in pregnancy hypertension and the
newborn. Lancet 1982; ii: 498–9.

Interactions
The hypotensive effects of methyldopa are potentiated
by diuretics, other antihypertensives, and drugs with
hypotensive effects. However, there have been reports
of paradoxical antagonism of the hypotensive effects
by tricyclic antidepressants, antipsychotics, and beta
blockers. Sympathomimetics may also antagonise the
hypotensive effects. 
There may be an interaction between methyldopa and
MAOIs and care is required if they are given together.
Caution is also needed with catechol-O-methyltrans-
ferase inhibitors, such as entacapone, since they might
reduce the metabolism of methyldopa. 
Patients receiving methyldopa may require lower dos-
es of general anaesthetics.
Alpha blockers. Urinary incontinence occurred when methyl-
dopa was given with phenoxybenzamine in a patient who had un-
dergone bilateral lumbar sympathectomy.1
1. Fernandez PG, et al. Urinary incontinence due to interaction of

phenoxybenzamine and α-methyldopa. Can Med Assoc J 1981;
124: 174–5.

Antipsychotics. Antipsychotics may enhance the hypotensive
effects of methyldopa but a paradoxical increase in blood pres-
sure has also been reported. A woman with SLE taking trifluop-
erazine up to 15 mg daily and prednisone up to 120 mg daily was
given methyldopa up to 2 g and triamterene for high blood pres-
sure.1 Her blood pressure rose further to 200/140 mmHg. After
stopping trifluoperazine blood pressure returned to
160/100 mmHg. 
In another report, 2 patients with essential hypertension who had
been taking methyldopa for 3 years and 18 months respectively
developed symptoms of dementia within days of taking halo-
peridol for anxiety.2 In both patients the symptoms resolved rap-
idly on stopping haloperidol.
1. Westervelt FB, Atuk NO. Methyldopa-induced hypertension.

JAMA 1974; 227: 557. 
2. Thornton WE. Dementia induced by methyldopa with haloperi-

dol. N Engl J Med 1976; 294: 1222.

Cephalosporins. A pustular pruritic eruption occurred after
use of cefazolin by a patient taking methyldopa.1 A previous sim-
ilar case involved use of cefradine with methyldopa.
1. Stough D, et al. Pustular eruptions following administration of

cefazolin: a possible interaction with methyldopa. J Am Acad
Dermatol 1987; 16: 1051–2.

Digoxin. Syncope associated with carotid sinus hypersensitivity
has been reported to be possibly enhanced by methyldopa in a
patient taking digoxin and chlortalidone.1 In another report,2 si-
nus bradycardia developed in 2 patients taking methyldopa and
digoxin.
1. Bauernfeind R, et al. Carotid sinus hypersensitivity with alpha

methyldopa. Ann Intern Med 1978; 88: 214–15. 
2. Davis JC, et al. Sinus node dysfunction caused by methyldopa

and digoxin. JAMA 1981; 245: 1241–3.

Iron. After results in healthy subjects indicated that the absorp-
tion of methyldopa was reduced by 73% and 61% respectively
when taken with a dose of ferrous sulfate or ferrous gluconate, 5
hypertensive patients taking methyldopa were also given ferrous
sulfate 325 mg three times daily for 2 weeks.1 All patients expe-
rienced a rise in systolic pressure, and 4 had a rise in diastolic
pressure, amounting to more than 15/10 mmHg in some patients
after 2 weeks. Blood pressure fell again when the ferrous sulfate
was stopped.
1. Campbell N, et al. Alteration of methyldopa absorption, metab-

olism, and blood pressure control caused by ferrous sulfate and
ferrous gluconate. Clin Pharmacol Ther 1988; 43: 381–6.

Levodopa. For reference to a mutual interaction between meth-
yldopa and levodopa, see Antihypertensives, under Levodopa,
Interactions, p.807.
Lithium. For reference to the development of lithium toxicity
when given with methyldopa, see p.405.
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Sympathomimetics. A 31-year-old man whose hypertension
was well controlled with methyldopa and oxprenolol suffered a
severe hypertensive episode when he took a preparation contain-
ing phenylpropanolamine for a cold.1

1. McLaren EH. Severe hypertension produced by interaction of
phenylpropanolamine with methyldopa and oxprenolol. BMJ
1976; 2: 283–4.

Pharmacokinetics
After oral use methyldopa is variably and incompletely
absorbed, apparently by an amino-acid active transport
system. The mean bioavailability has been reported to
be about 50%. It is extensively metabolised and is ex-
creted in urine mainly as unchanged drug and the O-
sulfate conjugate. It crosses the blood-brain barrier and
is decarboxylated in the CNS to active alpha-methyl-
noradrenaline. 
The elimination is biphasic with a half-life of about 1.7
hours in the initial phase; the second phase is more pro-
longed. Clearance is decreased and half-life prolonged
in renal impairment. Plasma protein binding is reported
to be minimal. Methyldopa crosses the placenta; small
amounts are distributed into breast milk.

Uses and Administration
Methyldopa is an antihypertensive that is thought to
have a mainly central action. It is decarboxylated in the
CNS to alpha-methylnoradrenaline, which is thought
to stimulate alpha2 adrenoceptors resulting in a reduc-
tion in sympathetic tone and a fall in blood pressure. It
may also act as a false neurotransmitter, and have some
inhibitory actions on plasma renin activity. Methyl-
dopa reduces the tissue concentrations of dopamine,
noradrenaline, adrenaline, and serotonin. 
Methyldopa is used in the management of hyperten-
sion (p.1171), although other drugs with fewer adverse
effects are generally preferred. Methyldopa may, how-
ever, be the treatment of choice for hypertension in
pregnancy. Oedema and tolerance sometimes associat-
ed with methyldopa therapy may be reduced when it is
given with a thiazide diuretic. 
Methyldopa is given orally as the sesquihydrate, but
doses are usually expressed in terms of anhydrous
methyldopa. Methyldopa sesquihydrate 1.13 g is
equivalent to about 1 g of anhydrous methyldopa. For
hypertensive crises, methyldopa has been given intra-
venously as methyldopate hydrochloride. 
When methyldopa is given orally its effects reach a
maximum in 4 to 6 hours after a single dose, although
the maximum hypotensive effect may not occur until
the second or third day of continuous treatment; some
effect is usually apparent for 48 hours after withdrawal
of methyldopa. When given intravenously the hypo-
tensive effect may be obtained within 4 to 6 hours and
last for 10 to 16 hours. It lowers the standing, and to a
lesser extent the supine, blood pressure. 
In hypertension, the usual initial adult oral dose is
250 mg of methyldopa two or three times daily for 2
days; this is then adjusted, not more frequently than
every 2 days according to response, up to a usual max-
imum dose of 3 g daily. The usual maintenance dosage
is 0.5 to 2 g of methyldopa daily. In the elderly an ini-
tial dose of 125 mg twice daily has been used; this dose
may be increased gradually if necessary, but should not
exceed 2 g daily. 
An initial dose for children is 10 mg/kg daily in 2 to 4
divided doses, increased as necessary to a maximum of
65 mg/kg or 3 g daily, whichever is less.
Preparations
BP 2008: Methyldopa Tablets; Methyldopate Injection; 
USP 31: Methyldopa and Chlorothiazide Tablets; Methyldopa and Hydro-
chlorothiazide Tablets; Methyldopa Oral Suspension; Methyldopa Tablets;
Methyldopate Hydrochloride Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Aldomet; Dopagrand; Dopatral; Austral.: Aldomet; Hydopa; Aus-
tria: Aldometil; Belg.: Aldomet; Braz.: Aldomet; Aldotensin; Alfuzina; An-
gimet; Cardiodopa†; Dimipress; Dopametil; Ductomet; Etildopanan; Kin-
domet; Metil-DT; Metilbio†; Metilcord†; Metilpress; Metilprod;
Pressodopa†; Tensioval; Tildomet; Canad.: Aldomet†; Nu-Medopa; Chile:
Aloset†; Cz.: Dopegyt; Denm.: Aldomet; Fr.: Aldomet; Ger.: Dopegyt;

Presinol; Gr.: Aldomet; Hong Kong: Aldomet; Dopamet; Dopegyt;
Hung.: Dopegyt; India: Alphadopa; Dopagyt; Indon.: Dopamet; Medopa;
Irl.: Aldomet; Meldopa†; Israel: Aldomin; Ital.: Aldomet; Medopren†;
Malaysia: Aldomet†; Dopamet†; Dopegyt; Mex.: Aldomet; Amender; Bi-
otenzol†; Hipermessel; Prodop†; Selm; Toparal; Neth.: Aldomet; Norw.:
Aldomet; NZ: Prodopa; Philipp.: Aldomet; Pol.: Dopegyt; Port.: Aldom-
et; Rus.: Dopegyt (Допегит); S.Afr.: Aldomet; Hy-Po-Tone; Normopress;
Singapore: Dopegyt; Spain: Aldomet; Swed.: Aldomet; Switz.: Aldomet;
Thai.: Aldomet; Dopamed; Dopasian; Dopegyt; Isomet; Medopa; Mefpa;
Metpata; Servidopa†; Siamdopa; Turk.: Alfamet; UK: Aldomet; Venez.: Al-
domet; Alfadopan†; Almepan†.

Multi-ingredient: Arg.: Normatensil†; Austria: Aldoretic; Braz.: Hy-
dromet; Canad.: Apo-Methazide; PMS-Dopazide; Supres†; Gr.: Hydrom-
et†; Ital.: Medozide; Saludopin; Port.: Aldoretic†; USA: Aldoclor; Aldoril†.

Meticrane (rINN) ⊗ 
Méticrane; Meticrano; Meticranum; SD-17102. 6-Methylthio-
chroman-7-sulphonamide 1,1-dioxide.

Метикран
C10H13NO4S2 = 275.3.
CAS — 1084-65-7.
ATC — C03BA09.
ATC Vet — QC03BA09.

Pharmacopoeias. In Jpn.

Profile
Meticrane is a thiazide diuretic (see Hydrochlorothiazide,
p.1307) that has been used in the treatment of hypertension.

Metildigoxin (BAN, rINN)

Medigoxin; β-Methyl Digoxin; β-Methyldigoxin; Metildigoksiini;
Metildigoxina; Métildigoxine; Metildigoxinum; Metyylidigoksiini.
3β-[(O-2,6-Dideoxy-4-O-methyl-D-ribo-hexopyranosyl-(1→4)-
O-2,6-dideoxy-D-ribo-hexopyranosyl-(1→4)-2,6-dideoxy-D-ribo-
hexopyranosyl)oxy]-12β,14-dihydroxy-5β,14β-card-20(22)-eno-
lide.

Метилдигоксин
C42H66O14 = 795.0.
CAS — 30685-43-9.
ATC — C01AA08.
ATC Vet — QC01AA08.

Pharmacopoeias. In Chin. In Jpn. as C42H66O14, ⁄ C3H6O.

Adverse Effects, Treatment, and Precautions
As for Digoxin, p.1259.

Interactions
As for Digoxin, p.1261.

Calcium-channel blockers. For a report of an interaction be-
tween metildigoxin and diltiazem, see Calcium-channel Block-
ers, under Interactions of Digoxin, p.1262.

Pharmacokinetics
Metildigoxin is rapidly and almost completely absorbed from the
gastrointestinal tract and at steady state has a half-life of 36 to
47.5 hours. Demethylation to digoxin occurs. About 60% of an
oral or intravenous dose is excreted in the urine as unchanged
drug and metabolites over 7 days.

Hepatic impairment. Hepatic demethylation of metildigoxin
was reduced in 12 patients with cirrhosis of the liver compared
with 12 healthy subjects. This resulted in a reduction in metildi-
goxin clearance, a smaller volume of distribution, and a signifi-
cantly higher serum concentration.1

1. Rameis H, et al. Changes in metildigoxin pharmacokinetics in
cirrhosis of the liver: a comparison with β-acetyldigoxin. Int J
Clin Pharmacol Ther Toxicol 1984; 22: 145–51.

Renal impairment. For reference to the pharmacokinetics of
metildigoxin in patients with renal impairment, see under Uses
and Administration, below.

Uses and Administration
Metildigoxin is a cardiac glycoside with positive inotropic activ-
ity. It has actions similar to those of digoxin (p.1263) and may be
used in the treatment of some cardiac arrhythmias (p.1160) and
in heart failure (p.1165). 
The onset of action of metildigoxin is more rapid than that of
digoxin. When metildigoxin is given orally an effect may appear
within 5 to 20 minutes and a maximum effect on the myocardium
may be seen in 15 to 30 minutes. The duration of action is similar
to or a little longer than that of digoxin; therapeutic plasma con-
centrations are also similar. In stabilised patients on oral therapy
a dose of 300 micrograms of metildigoxin is as effective as
500 micrograms of digoxin. 
Metildigoxin may be given orally or intravenously. Initial oral
doses of 100 to 600 micrograms daily may be given depending
upon whether rapid or slow digitalisation is desired; digitalisa-
tion is usually performed over about 2 to 4 days and the larger
doses are given in divided daily doses. Similar doses may also be
given intravenously. Oral maintenance therapy is continued with
50 to 300 micrograms daily in divided doses. 
Dosage should be reduced in patients with renal impairment (see
below).

Administration in renal impairment. Fairly good non-lin-
ear correlation was found between creatinine clearance and
metildigoxin half-life in a study of 15 patients with chronic renal
impairment, including 8 undergoing haemodialysis, and 4 pa-
tients with heart failure and unimpaired renal function. The mean
elimination half-life was 5.62 days in patients undergoing dialy-
sis (clearance essentially 0 mL/minute) and 3.41 days in the oth-
er patients with chronic renal impairment (clearance 15 to
50 mL/minute) compared with 1.49 days in patients with normal
renal function (clearance 62 to 96 mL/minute). It was recom-
mended that patients undergoing dialysis should be given 30 to
50% of the usual dose initially.1 Other studies have suggested2

that dose reduction may be necessary in renal impairment when
creatinine clearance is below 50 mL/minute per 1.48 m2.
1. Trovato GM, et al. Relationship between β-methyl-digoxin phar-

macokinetic and degree of renal impairment. Curr Ther Res
1983; 33: 158–64. 

2. Tsutsumi K, et al. Pharmacokinetics of beta-methyldigoxin in
subjects with normal and impaired renal function. J Clin Phar-
macol 1993; 33: 154–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Lanitop; Belg.: Lanitop; Braz.: Lanitop†; Ger.: Lanitop; Gr.: Lani-
top; Hong Kong: Lanitop; Ital.: Lanitop; Jpn: Lanirapid; Pol.: Bemecor;
Medigox; Port.: Lanitop; Spain: Lanirapid; Switz.: Lanitop†; Venez.: Lani-
top.

Metipamide ⊗ 
Metipamid; Metipamidum; VÚFB-14429. 3-(Aminosulfonyl)-4-
chlorobenzoic acid 2-methyl-2-phenylhydrazide.
C14H14ClN3O3S = 339.8.
CAS — 85683-41-6.

Profile
Metipamide is a diuretic structurally related to indapamide
(p.1314); it is used as an antihypertensive.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Hypotylin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Metirosine (BAN, rINN)

L-588357-0; Metirosiini; Metirosin; Metirosina; Métirosine; Meti-
rosinum; Metyrosine (USAN); MK-781. (−)-α-Methyl-L-tyrosine; 4-
Hydroxy-α-methylphenylalanine.

Метирозин
C10H13NO3 = 195.2.
CAS — 672-87-7 (metirosine); 620-30-4 (racemetirosine).
ATC — C02KB01.
ATC Vet — QC02KB01.

NOTE. The term α-methyltyrosine (α-MPT; α-MT; α-methyl-p-ty-
rosine) is used below since although metirosine, the (−)-isomer,
is the active form the manufacturers state that some racemate
(racemetirosine; (±)-α-methyl-DL-tyrosine) is produced during
synthesis but that the material supplied contains mainly (−)-iso-
mer with a small amount of (+)-isomer. 
The code name MK-781, applied to earlier investigational ma-
terial, may have described a racemate or a preparation containing
a smaller proportion of (−)-isomer than the product now availa-
ble commercially. 
Potency of the proprietary preparation (Demser) is expressed in
terms of metirosine.
Pharmacopoeias. In US.

Adverse Effects
Sedation occurs in almost all patients receiving α-methyltyro-
sine. Other adverse effects include extrapyramidal symptoms,
such as trismus and frank parkinsonism; anxiety, depression, and
psychic disturbances including hallucinations, disorientation,
and confusion; and diarrhoea, which may be severe. Crystalluria,
transient dysuria, and haematuria have been seen in a few pa-
tients. There have also been occasional reports of slight swelling
of the breast, galactorrhoea, nasal congestion, decreased saliva-
tion, gastrointestinal disturbances, headache, impotence or fail-
ure of ejaculation, and hypersensitivity reactions. Eosinophilia,
raised serum aspartate aminotransferase, and peripheral oedema
have been reported rarely.

Neuroleptic malignant syndrome. Neuroleptic malignant
syndrome occurred after the use of the dopamine-depleting
drugs tetrabenazine and α-methyltyrosine in a patient with Hunt-
ington’s chorea.1
1. Burke RE, et al. Neuroleptic malignant syndrome caused by

dopamine-depleting drugs in a patient with Huntington disease.
Neurology 1981; 31: 1022–6.

Precautions
To minimise the risk of crystalluria, patients receiving α-methyl-
tyrosine should have a fluid intake sufficient to maintain a urine
volume of at least 2 litres daily and their urine should be exam-
ined regularly for the presence of crystals. 
α-Methyltyrosine has sedative effects and patients should be
warned of the hazards of driving a motor vehicle or operating
machinery while receiving the drug. Symptoms of psychic stim-
ulation and insomnia may occur when α-methyltyrosine is with-
drawn. 
When α-methyltyrosine is used pre-operatively in patients with
phaeochromocytoma, blood pressure and the ECG should be
monitored continuously during surgery as the danger of hyper-
tensive crises and arrhythmias is not eliminated. Concomitant al-
pha blockade (e.g. with phentolamine) may be required; a beta
blocker or lidocaine may be needed for the management of
arrhythmias. Blood volume must be maintained during and after
surgery, particularly if an alpha blocker is used, to avoid hypoten-
sion.

Interactions
The sedative effects of α-methyltyrosine may be potentiated by
alcohol and other CNS depressants. Use with phenothiazines or
haloperidol may exacerbate extrapyramidal effects.

Pharmacokinetics
α-Methyltyrosine is well absorbed from the gastrointestinal tract
and is excreted mainly unchanged by the kidneys. A plasma half-
life of 3.4 to 7.2 hours has been reported. Less than 1% of a dose
may be excreted as the metabolites α-methyldopa, α-methyl-
dopamine, α-methylnoradrenaline, and α-methyltyramine.

Uses and Administration
α-Methyltyrosine is an inhibitor of the enzyme tyrosine hydrox-
ylase, and consequently of the synthesis of catecholamines. It is
used to control the symptoms of excessive sympathetic stimula-
tion in patients with phaeochromocytoma (p.1179) and decreases
the frequency and severity of hypertensive attacks and related
symptoms in most patients. It may be given for pre-operative
preparation, or for long-term management in those for whom
surgery is contra-indicated or who have malignant phaeochro-
mocytoma. 

In the management of phaeochromocytoma, α-methyltyrosine is
given orally in a dose of 250 mg four times daily, increased daily
by 250 mg or 500 mg to a maximum of 4 g daily in divided dos-
es. The optimum dose, achieved by monitoring clinical symp-
toms and catecholamine excretion, is usually in the range of 2 to
3 g daily and when used pre-operatively it should be given for at
least 5 to 7 days before surgery. The use of alpha blockers may
also be necessary. 
α-Methyltyrosine is not effective in controlling essential hyper-
tension. 
α-Methyltyrosine has also been tried in patients with schizophre-
nia.
Preparations
USP 31: Metyrosine Capsules.

Proprietary Preparations (details are given in Part 3)
USA: Demser.

Metolazone (BAN, USAN, rINN) ⊗ 
Metolatsoni; Metolazon; Metolazona; Métolazone; Metolazon-
um; SR-720-22. 7-Chloro-1,2,3,4-tetrahydro-2-methyl-4-oxo-3-
o-tolylquinazoline-6-sulphonamide.

Метолазон
C16H16ClN3O3S = 365.8.
CAS — 17560-51-9.
ATC — C03BA08.
ATC Vet — QC03BA08.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Metolazone). A white or slightly yellowish, crys-
talline powder. It exhibits polymorphism. Very slightly soluble in
water and dichloromethane; sparingly soluble in methyl alcohol;
slightly soluble in ethyl acetate. Protect from light. 
USP 31 (Metolazone). Store in airtight containers. Protect from
light.

Adverse Effects and Treatment
As for Hydrochlorothiazide, p.1307. Metolazone has
also been reported to cause palpitations, chest pain, and
chills.
Effects on the blood. Profound neutropenia was seen in a 58-
year-old woman within 10 days of starting treatment with meto-
lazone.1 Neutropenia persisted for a further 10 days after meto-
lazone was withdrawn. No other haematological abnormalities
were seen.
1. Donovan KL. Neutropenia and metolazone. BMJ 1989; 299:

981.

Effects on the nervous system. Two patients had acute mus-
cle cramps with impairment of consciousness and epileptiform
movements after taking metolazone 5 mg (single dose) or 2.5 mg
daily for 3 days.1
1. Fitzgerald MX, Brennan NJ. Muscle cramps, collapse, and sei-

zures in two patients taking metolazone. BMJ 1976; 1: 1381–2.

Precautions
As for Hydrochlorothiazide, p.1309.

Interactions
As for Hydrochlorothiazide, p.1309. Severe electrolyte
disturbances may occur when metolazone and furo-
semide are used together.
ACE inhibitors. Deterioration in renal function occurred in a
65-year-old woman when metolazone 5 mg [daily] was added to
captopril, furosemide, spironolactone, and digoxin for heart fail-
ure.1 An interaction between captopril and metolazone was sus-
pected and both drugs were stopped with a subsequent return to
normal renal function. It was suggested that natriuresis and a fall
in blood pressure caused by the diuretic may have compromised
an already low renal perfusion pressure when autoregulatory
mechanisms were blocked by captopril.
1. Hogg KJ, Hillis WS. Captopril/metolazone induced renal failure.

Lancet 1986; i: 501–2.

Antidiabetics. Hypoglycaemia occurred in a patient with type
2 diabetes mellitus controlled with glibenclamide 40 hours after
starting therapy with metolazone 5 mg daily.1 Studies of protein

binding in vitro did not reveal any evidence of displacement of
glibenclamide from binding sites.
1. George S, et al. Possible protein binding displacement interac-

tion between glibenclamide and metolazone. Eur J Clin Pharma-
col 1990; 38: 93–5.

Ciclosporin. An increase in serum-creatinine concentration in
a renal transplant patient was attributed to a toxic drug interaction
between metolazone and ciclosporin.1 Serum-creatinine concen-
trations returned to pretreatment values when metolazone was
stopped.
1. Christensen P, Leski M. Nephrotoxic drug interaction between

metolazone and cyclosporin. BMJ 1987; 294: 578.

Pharmacokinetics
Metolazone is slowly and incompletely absorbed from
the gastrointestinal tract. An average of about 65% of a
dose has been reported to be absorbed after oral doses
in healthy subjects, and an average of about 40% in pa-
tients with cardiac disease. In some countries a formu-
lation with enhanced bioavailability is available. About
95% of the drug is bound in the circulation: about 50 to
70% to the red blood cells and between 15 and 33% to
plasma proteins. The half-life has been reported to be 8
to 10 hours in whole blood, and 4 to 5 hours in plasma,
but the diuretic effect persists for up to 24 hours or
more. About 70 to 80% of the amount of metolazone
absorbed is excreted in the urine, of which 80 to 95%
is excreted unchanged. The remainder is excreted in
the bile and some enterohepatic circulation has been
reported. Metolazone crosses the placenta and is dis-
tributed into breast milk.
◊ References.
1. Tilstone WJ, et al. Pharmacokinetics of metolazone in normal

subjects and in patients with cardiac or renal failure. Clin Phar-
macol Ther 1974; 16: 322–9.

Uses and Administration
Metolazone is a diuretic with actions and uses similar
to those of the thiazide diuretics (see Hydrochlorothi-
azide, p.1310) even though it does not contain a thi-
azide ring system. It is given orally for oedema, includ-
ing that associated with heart failure (p.1165), and for
hypertension (p.1171). 
Unlike thiazides in general, metolazone is reported to
be effective in patients with a glomerular filtration rate
of less than 20 mL/minute. Diuresis starts in about 1
hour, reaches a peak in about 2 hours, and lasts for 12
to 24 hours depending on the dose. 
A preparation with enhanced bioavailability, which is
effective in lower doses than conventional formula-
tions, is available in some countries. Doses given in
Martindale refer to the conventional tablet formulation
unless otherwise stated. 
In the treatment of oedema the usual dose is 5 to 10 mg
daily; in some cases doses of 20 mg or more may be
required. No more than 80 mg should be given in any
24-hour period. In refractory cases, metolazone has
been used with furosemide or other loop diuretics, but
the electrolyte balance should be monitored closely. 
In the treatment of hypertension the usual dose is 2.5
to 5 mg daily either alone, or with other antihyperten-
sives. An initial dose of 1.25 mg has also been used.
The dosage may be adjusted after 3 to 4 weeks accord-
ing to response. A maintenance dose of 5 mg on alter-
nate days may be used. 
Formulations with enhanced bioavailability are given
in doses of 0.5 to 1 mg daily in the treatment of hyper-
tension. They are not bioequivalent to the conventional
tablet formulation and should not be used interchange-
ably.

Preparations
USP 31: Metolazone Oral Suspension; Metolazone Tablets.

Proprietary Preparations (details are given in Part 3)
Canad.: Zaroxolyn; Chile: Pavedal; Ger.: Zaroxolyn†; Gr.: Metenix; Zar-
oxolyn†; Hong Kong: Zaroxolyn; India: Metoz; Israel: Zaroxolyn; Ital.:
Zaroxolyn; Port.: Diulo; S.Afr.: Zaroxolyn†; Switz.: Zaroxolyne†; UK:
Metenix; USA: Mykrox; Zaroxolyn.
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Metoprolol (BAN, USAN, rINN) ⊗ 
Métoprolol; Metoprololi; Metoprololum. (±)-1-Isopropylamino-
3-[4-(2-methoxyethyl)phenoxy]propan-2-ol.
Метопролол
C15H25NO3 = 267.4.
CAS — 54163-88-1; 37350-58-6.
ATC — C07AB02.
ATC Vet — QC07AB02.

Metoprolol Fumarate (BANM, USAN, rINNM) ⊗ 
CGP-2175C; Fumarato de metoprolol; Métoprolol, Fumarate
de; Metoprololi Fumaras.
Метопролола Фумарат
(C15H25NO3)2,C4H4O4 = 650.8.
CAS — 119637-66-0.
ATC — C07AB02.
ATC Vet — QC07AB02.
Pharmacopoeias. In US. 
USP 31 (Metoprolol Fumarate). A 10% solution in water has a
pH of between 5.5 and 6.5. Store in airtight containers. Protect
from light.

Metoprolol Succinate (BANM, USAN, rINNM) ⊗ 
Métoprolol, succinate de; Metoprolol Süksinat; Metoprololi suc-
cinas; Metoprololio sukcinatas; Metoprololisuksinaatti; Metopro-
lolsuccinat; Metoprolol-sukcinát; Metoprolol-szukcinát; Succinato
de metoprolol.
Метопролола Суксинат
(C15H25NO3)2,C4H6O4 = 652.8.
CAS — 98418-47-4.
ATC — C07AB02.
ATC Vet — QC07AB02.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Metoprolol Succinate). A white or almost white
crystalline powder. Freely soluble in water; soluble in methyl al-
cohol; slightly soluble in alcohol; very slightly soluble in ethyl
acetate. A 2% solution in water has a pH of between 7.0 and 7.6.
Protect from light. 
USP 31 (Metoprolol Succinate). A white to off-white powder.
Freely soluble in water; soluble in methyl alcohol; sparingly sol-
uble in alcohol; slightly soluble in isopropyl alcohol. A 6.5% so-
lution in water has a pH of between 7.0 and 7.6. Store in airtight
containers at controlled room temperature.

Metoprolol Tartrate (BANM, USAN, rINNM) ⊗ 
CGP-2175E; H-93/26; Metoprolol tartarát; Metoprolol Tartarat;
Métoprolol, tartrate de; Metoprololi tartras; Metoprololio tar-
tratas; Metoprololitartraatti; Metoprolol-tartarát; Metoprololtar-
trat; Tartrato de metoprolol.
Метопролола Тартрат
(C15H25NO3)2,C4H6O6 = 684.8.
CAS — 56392-17-7.
ATC — C07AB02.
ATC Vet — QC07AB02.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Metoprolol Tartrate). A white or almost white
crystalline powder or colourless crystals. It exhibits polymor-
phism. Very soluble in water; freely soluble in alcohol. A 2%
solution in water has a pH of between 6.0 and 7.0. Protect from
light. 
USP 31 (Metoprolol Tartrate). A white crystalline powder. Very
soluble in water; freely soluble in alcohol, in chloroform, and in
dichloromethane; slightly soluble in acetone; insoluble in ether.
A 10% solution in water has a pH of between 6.0 and 7.0. Store
in airtight containers at a temperature of 25°, excursions permit-
ted between 15° and 30°. Protect from light.
Stability. Metoprolol tartrate 400 micrograms/mL in glucose
5% or sodium chloride 0.9% was stable for 36 hours when stored
at 24° in PVC bags.1
1. Belliveau PP, et al. Stability of metoprolol tartrate in 5% dex-

trose injection or 0.9% sodium chloride injection. Am J Hosp
Pharm 1993; 50: 950–2.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Metoprolol is distributed into breast milk and
studies1-3 have shown that the concentration in milk is higher
than that in plasma. However, the amount ingested by an infant

is likely to be small, and the concentration of metoprolol in infant
plasma has been found3 to be undetectable or very low. No ad-
verse effects have been seen in breast-fed infants whose mothers
were given metoprolol and the American Academy of Pediatrics
considers4 that it is therefore usually compatible with breast feed-
ing.
1. Sandström B, Regårdh C-G. Metoprolol excretion into breast

milk. Br J Clin Pharmacol 1980; 9: 518–19. 
2. Liedholm H, et al. Accumulation of atenolol and metoprolol in

human breast milk. Eur J Clin Pharmacol 1981; 20: 229–31. 
3. Kulas J, et al. Atenolol and metoprolol: a comparison of their

excretion into human breast milk. Acta Obstet Gynecol Scand
Suppl 1984; 118: 65–9. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Effects on hearing. Loss of hearing in a patient receiving
metoprolol appeared to be dose-related;1 hearing gradually im-
proved over several months once the drug was withdrawn.
1. Fäldt R, et al. β Blockers and loss of hearing. BMJ 1984; 289:

1490–2.

Effects on lipid metabolism. Beta blockers may increase se-
rum-triglyceride concentrations. For a report of acute pancreati-
tis provoked by severe hypertriglyceridaemia in a patient taking
atenolol and metoprolol, see p.1227.
Effects on the liver. Acute hepatitis associated with metopro-
lol has been reported in a 56-year-old woman.1 The hepatotoxic-
ity could not be explained by deficient oxidation of metoprolol;
drug oxidation phenotyping showed she was an extensive metab-
oliser of debrisoquine and hence metoprolol. 
For a discussion of the relationship between polymorphic oxida-
tion of metoprolol and the incidence of adverse effects, see Me-
tabolism, under Pharmacokinetics, below.
1. Larrey D, et al. Metoprolol-induced hepatitis: rechallenge and

drug oxidation phenotyping. Ann Intern Med 1988; 108: 67–8.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.
Antivirals. US licensed product information for ritonavir warns
that ritonavir may increase concentrations of metoprolol and that
the dose of metoprolol may need to be reduced if used together.

Pharmacokinetics
Metoprolol is readily and completely absorbed from
the gastrointestinal tract but is subject to considerable
first-pass metabolism, with a bioavailability of about
50%. Peak plasma concentrations vary widely and oc-
cur about 1.5 to 2 hours after a single oral dose. It is
moderately lipid-soluble. 
Metoprolol is widely distributed; it crosses the blood-
brain barrier and the placenta, and is distributed into
breast milk. It is about 12% bound to plasma protein. It
is extensively metabolised in the liver, mainly by the
cytochrome P450 isoenzyme CYP2D6, and undergoes
oxidative deamination, O-dealkylation followed by
oxidation, and aliphatic hydroxylation. The metabo-
lites are excreted in the urine with only small amounts
of unchanged metoprolol. The rate of metabolism by
CYP2D6 is determined by genetic polymorphism; the
half-life of metoprolol in fast hydroxylators is stated to
be 3 to 4 hours, whereas in poor hydroxylators it is
about 7 hours.
The elderly. Several studies1-3 indicate that age-related physio-
logical changes have negligible effects on the pharmacokinetics
of metoprolol.
1. Quarterman CP, et al. The effect of age on the pharmacokinetics

of metoprolol and its metabolites. Br J Clin Pharmacol 1981; 11:
287–94. 

2. Regårdh CG, et al. Pharmacokinetics of metoprolol and its me-
tabolite α-OH-metoprolol in healthy, non-smoking, elderly indi-
viduals. Eur J Clin Pharmacol 1983; 24: 221–6. 

3. Larsson M, et al. Pharmacokinetics of metoprolol in healthy, eld-
erly, non-smoking individuals after a single dose and two weeks
of treatment. Eur J Clin Pharmacol 1984; 27: 217–22.

Metabolism. Metoprolol is metabolised by the cytochrome
P450 isoenzyme CYP2D6 and therefore exhibits a debrisoquine-
type genetic polymorphism.1-3 Poor, intermediate, extensive, and
ultrarapid metabolisers of metoprolol have been identified, and
studies4-6 have confirmed that plasma-metoprolol concentrations
correlate with metaboliser status. However, the clinical relevance
of these differences is less clear. A retrospective study7 found
that the proportion of poor metabolisers among patients who had
severe adverse effects was higher than expected, but other
studies8,9 have found no correlation between the incidence of ad-
verse effects and metaboliser status. Controlled studies in pa-
tients with hypertension5 and in healthy subjects4 have found that

there is little or no relationship between plasma concentrations or
metaboliser status and either the incidence of adverse effects or
the response to therapy. 
The subject may be further confused by variations in the pheno-
type between ethnic groups. Although the incidence of the poor
metaboliser phenotype in whites of European origin is reported
to be about 9%, a study in 138 Nigerians10 failed to identify evi-
dence of polymorphic metabolism, and the authors caution
against extrapolation of data between different racial groups.
1. Lennard MS, et al. Defective metabolism of metoprolol in poor

hydroxylators of debrisoquine. Br J Clin Pharmacol 1982; 14:
301–3. 

2. Lennard MS, et al. Oxidation phenotype—a major determinant
of metoprolol metabolism and response. N Engl J Med 1982;
307: 1558–60. 

3. McGourty JC, et al. Metoprolol metabolism and debrisoquine
oxidation polymorphism—population and family studies. Br J
Clin Pharmacol 1985; 20: 555–66. 

4. Kirchheiner J, et al. Impact of the ultrarapid metabolizer geno-
type of cytochrome P450 2D6 on metoprolol pharmacokinetics
and pharmacodynamics. Clin Pharmacol Ther 2004; 76:
302–12. 

5. Zineh I, et al. Pharmacokinetics and CYP2D6 genotypes do not
predict metoprolol adverse events or efficacy in hypertension.
Clin Pharmacol Ther 2004; 76: 536–44. 

6. Ismail R, Teh LK. The relevance of CYP2D6 genetic polymor-
phism on chronic metoprolol therapy in cardiovascular patients.
J Clin Pharm Ther 2006; 31: 99–109. 

7. Wuttke H, et al. Increased frequency of cytochrome P450 2D6
poor metabolizers among patients with metoprolol-associated
adverse effects. Clin Pharmacol Ther 2002; 72: 429–37. 

8. Clark DWJ, et al. Adverse effects from metoprolol are not gen-
erally associated with oxidation status. Br J Clin Pharmacol
1984; 18: 965–6. 

9. Fux R, et al. Impact of CYP2D6 genotype on adverse effects
during treatment with metoprolol: a prospective clinical study.
Clin Pharmacol Ther 2005; 78: 378–87. 

10. Iyun AO, et al. Metoprolol and debrisoquin metabolism in Ni-
gerians: lack of evidence for polymorphic oxidation. Clin Phar-
macol Ther 1986; 40: 387–94.

Pregnancy. The clearance of metoprolol was increased fourfold
in 5 pregnant women during the last trimester, compared with
that some months after delivery; this was probably due to en-
hanced hepatic metabolism in the pregnant state.1 
The disposition of metoprolol was investigated in neonates of
mothers treated with metoprolol 50 to 100 mg twice daily.2 In 15
of the 17 neonates plasma-metoprolol concentrations increased
in the first 2 to 5 hours of the postnatal period, then declined over
the next 15 hours; 5 of these infants had no detectable metoprolol
concentrations in the umbilical plasma. No infant showed signs
of beta blockade.
1. Högstedt S, et al. Increased oral clearance of metoprolol in preg-

nancy. Eur J Clin Pharmacol 1983; 24: 217–20. 
2. Lundborg P, et al. Disposition of metoprolol in the newborn. Br

J Clin Pharmacol 1981; 12: 598–600.

Renal impairment. A single dose of a modified-release tablet
of metoprolol produced similar plasma-metoprolol concentra-
tions and values for the area under the concentration/time curve
in both normal subjects and those with renal impairment.1 Mean
plasma concentrations of the metabolite α-hydroxymetoprolol
were increased two to threefold in subjects with renal impair-
ment compared with normal subjects but such a rise was not con-
sidered likely to contribute to beta blockade.
1. Lloyd P, et al. The effect of impaired renal function on the phar-

macokinetics of metoprolol after single administration of a
14/190 metoprolol OROS system. Am Heart J 1990; 120:
478–82.

Uses and Administration
Metoprolol is a cardioselective beta blocker (p.1225).
It is reported to lack intrinsic sympathomimetic activi-
ty and to have little or no membrane-stabilising activi-
ty. 
It is used in the management of hypertension (p.1171),
angina pectoris (p.1157), cardiac arrhythmias (p.1160),
myocardial infarction (p.1175), and heart failure
(p.1165). It is also used in the management of hyper-
thyroidism (p.2165) and in the prophylactic treatment
of migraine (p.616). 
Metoprolol is given orally and intravenously as the tar-
trate. Modified-release tablets usually contain the tar-
trate or the succinate, but the fumarate has also been
used. Doses are usually expressed in terms of the tar-
trate; 95 mg of metoprolol fumarate or metoprolol suc-
cinate is equivalent to about 100 mg of metoprolol tar-
trate. 
The bioavailability of metoprolol is increased if taken
with food and it has been recommended that some
preparations are taken with or immediately after a
meal. 
Reduced doses should be given to patients with hepatic
impairment. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

In hypertension metoprolol tartrate is usually given in
an initial oral dose of 100 mg daily, as a single dose or
in two divided doses. The dose may be increased
weekly, according to response; the usual maintenance
dose is 100 to 200 mg daily, but up to 400 mg daily
may be given. 
The usual oral dose for angina pectoris is 50 to
100 mg two or three times daily. 
In the treatment of cardiac arrhythmias the usual oral
dose is 50 mg two or three times daily, increased if nec-
essary up to 300 mg daily in divided doses. 
For the emergency treatment of cardiac arrhythmias
metoprolol tartrate may be given intravenously in an
initial dose of up to 5 mg, at a rate of 1 to 2 mg/minute;
this may be repeated, if necessary, at intervals of 5 min-
utes to a total dose of 10 to 15 mg. When acute arrhyth-
mias have been controlled, maintenance therapy may
be started 4 to 6 hours after intravenous therapy, at oral
doses not exceeding 50 mg three times daily. 
Arrhythmias may be prevented on induction of anaes-
thesia, or controlled during anaesthesia, by the slow in-
travenous injection of 2 to 4 mg; further injections of
2 mg may be repeated as necessary to a maximum total
dose of 10 mg. 
Metoprolol is also used as an adjunct in the early man-
agement of acute myocardial infarction. Treatment
should be given within 12 hours of the onset of chest
pain; metoprolol tartrate 5 mg should be given intrave-
nously at 2-minute intervals to a total of 15 mg, where
tolerated. After 15 minutes, in patients who have re-
ceived the full intravenous dose, oral treatment should
be started; 50 mg is given every 6 hours for 2 days. In
patients who have failed to tolerate the full intravenous
dose a reduced oral dose should be given as, and when,
their condition permits. Subsequent maintenance dos-
age is 100 mg given twice daily by mouth. In patients
who did not receive metoprolol by intravenous injec-
tion as part of the early management of myocardial in-
farction, metoprolol may be started once the clinical
condition of the patient stabilises, in a dose of 200 mg
daily in 2 or 4 divided doses. 
In the management of stable, symptomatic heart fail-
ure metoprolol succinate may be given as an oral mod-
ified-release preparation. The initial dose is the equiv-
alent of metoprolol tartrate 12.5 to 25 mg once daily,
increased as tolerated, at intervals of 2 weeks, with a
target dose of 200 mg once daily. 
As an adjunct in the treatment of hyperthyroidism
metoprolol tartrate may be given in oral doses of 50 mg
four times daily. Doses of 100 to 200 mg are given dai-
ly in divided doses for migraine prophylaxis.
◊ General references.
1. Plosker GL, Clissold SP. Controlled release metoprolol formula-

tions: a review of their pharmacodynamic and pharmacokinetic
properties, and therapeutic use in hypertension and ischaemic
heart disease. Drugs 1992; 43: 382–414. 

2. Prakash A, Markham A. Metoprolol: a review of its use in chron-
ic heart failure. Drugs 2000; 60: 647–78. 

3. Tangeman HJ, Patterson JH. Extended-release metoprolol succi-
nate in chronic heart failure. Ann Pharmacother 2003; 37:
701–10.

Administration in children. Metoprolol has been used in
children, although experience is limited. A study1 in children
aged 6 to 16 years with hypertension found that modified-release
metoprolol succinate was well tolerated in doses of up to the
equivalent of metoprolol tartrate 2 mg/kg daily, although effica-
cy was not established. US licensed product information never-
theless allows the use of oral doses of metoprolol succinate once
daily in children aged 6 to 16 years; the initial dose is the equiv-
alent of metoprolol tartrate 1 mg/kg daily (maximum 50 mg), ad-
justed according to response to a maximum of 2 mg/kg (not more
than 200 mg) daily. 
The BNFC recommends that for hypertension children aged 1
month to 12 years may be given standard formulations of meto-
prolol tartrate in an initial dose of 1 mg/kg twice daily orally, in-
creased if necessary to a maximum dose of 8 mg/kg daily in 2 to
4 divided doses. Children over 12 years may be given the adult
dose (see above).
1. Batisky DL, et al. Efficacy and safety of extended release meto-

prolol succinate in hypertensive children 6 to 16 years of age: a
clinical trial experience. J Pediatr 2007; 150: 134–9.

Preparations
BP 2008: Metoprolol Injection; Metoprolol Tartrate Tablets; 
USP 31: Metoprolol Succinate Extended-Release Tablets; Metoprolol Tar-
trate and Hydrochlorothiazide Tablets; Metoprolol Tartrate Injection; Meto-
prolol Tartrate Oral Solution; Metoprolol Tartrate Oral Suspension; Meto-
prolol Tartrate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Beloc†; Belozok; Lopresor; Austral.: Betaloc; Lopresor; Metohexal;
Metolol†; Metrol; Minax; Toprol; Austria: Beloc; Lanoc; Metohexal; Me-
toMed; Metopal†; Metostadol; Metotyrol†; Seloken; Belg.: Lopresor; Selo-
Zok; Seloken; Slow-Lopresor; Braz.: Lopressor; Selo-Zok; Seloken; Ca-
nad.: Betaloc; Lopresor; Novo-Metoprol; Nu-Metop; Cz.: Betaloc; Corvi-
tol†; Egilok; Emzok; Metohexal†; Vasocardin; Denm.: Dura-Zok†; Me-
pronet; Metocar ; Metozoc†; Selo-Zok; Seloken; Fin.: Metblock†;
Metoprolin; Metozoc†; Seloken; Seloken ZOC; Selopral; Spesicor; Fr.: Lo-
pressor; Seloken; Selozok; Ger.: Azumetop†; Beloc; Beloc-Zok; Jeprolol;
Jutabloc; Lopresor; Meprolol; Meto; Meto-Succinat; Meto-Tablinen; Meto-
beta; Metodoc; Metodura; Metohexal; Metok†; Metomerck†; Metoprog-
amma; Prelis; Sigaprolol†; Gr.: Lopresor; Hong Kong: Betaloc; CP-Metolol;
Denex†; Minax; Novo-Metoprol; Sefloc; Hung.: Betaloc; Egilok; Huma-Me-
toprol†; Ritmetol†; India: Betaloc; Metolar; Revelol; Selopres; Indon.: Car-
diosel; Lopresor; Loprolol; Seloken; Irl.: Betaloc; Lopresor; Metocor; Me-
top; Israel: Lopresor; Metopress†; Neobloc; Ital.: Lopresor; Seloken; Jpn:
Seloken; Malaysia: Beatrolol†; Betaloc; Betatab†; Denex; Mex.: Bioprol;
Eurolol; Futaline; Kenaprol; Lopresor; Metopresol; Proken M†; Prolaken;
Promiced; Prontol; Ritmolol; Selectadril†; Seloken; Sermetrol; Synadrenol†;
Neth.: Lopresor; Selokeen; Norw.: Metozoc†; Selo-Zok; Seloken; NZ:
Betaloc; Lopresor; Slow-Lopresor ; Philipp.: Betaloc; Betaryx; Betazok;
Cardiosel; Cardiostat; Cardiotab; Metocare; Metoprim; Metospec; Metos-
tad; Montebloc; Neobloc; Prolohex; Valvexin; Pol.: Betaloc; Beto; Meto-
card; Metohexal; Port.: Lopresor; Rus.: Betaloc ZOK (Беталок ЗОК);
Corvitol (Корвадил); Egilok (Эгилок); Emzok (Эмзок); Metocard
(Метокард); Serdol (Сердол); Vasocardin (Вазокардин); S.Afr.: Lopresor;
Singapore: Betaloc; Denex; Spain: Beloken; Lopresor; Swed.: Seloken;
Seloken ZOC; Switz.: Beloc; Beloc COR†; Beloc-Zok; Lopresor; Meto-
press; Thai.: Betaloc; Cardeloc; Cardoxone; Denex†; Melol; Metoblock;
Metolol; Minax; Sefloc; Turk.: Beloc; Lopresor; Problok; UK: Betaloc; Lo-
presor; USA: Lopressor; Toprol; Venez.: Lopresor.

Multi-ingredient: Arg.: Diubeloc†; Austria: Beloc comp; Metoprolol
compositum; Seloken retard Plus; Triloc; Belg.: Logimat; Logroton; Seloz-
ide; Zok-Zid; Braz.: Selopress; Cz.: Logimax†; Denm.: Logimax; Zok-Zid;
Fin.: Logimax; Selocomp ZOC; Seloken ZOC/ASA†; Fr.: Logimax; Logro-
ton; Ger.: Azumetop HCT†; Belnif; Beloc-Zok comp; Meprolol Comp;
Meto comp†; Meto-Isis comp†; meto-thiazid†; Metobeta comp; Metodura
comp; Metohexal comp; Metoprolol comp; Metostad Comp; Mobloc; Prelis
comp; Treloc; Gr.: Logimax; Hong Kong: Betaloc Comp; CP-Metolol Co;
Logimax; Hung.: Logimax; India: Metolar-H; Irl.: Co-Betaloc; Israel: Logi-
max; Ital.: Igroton-Lopresor; Selozide†; Malaysia: Logroton; Mex.: Logi-
max; Selopres; Neth.: Logimax; Selokomb; Philipp.: Betazide; Logimax;
Rus.: Logimax (Логимакс); Spain: Higrotensin; Logimax; Selopresin†;
Swed.: Logimax; Seloken ZOC/ASA†; Switz.: Logimax; Logroton; UK:
Co-Betaloc†; USA: Lopressor HCT.

Mevastatin (rINN)

Compactin; CS-500; Mevastatina; Mévastatine; Mevastatinum;
ML-236B. (1S,7S,8S,8aR)-1,2,3,7,8,8a-Hexahydro-7-methyl-8-{2-
[(2R,4R)-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl]ethyl}-1-
naphthyl (S)-2-methylbutyrate.
Мевастатин
C23H34O5 = 390.5.
CAS — 73573-88-3.

Profile
Mevastatin is a 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitor (or statin) (see Simvastatin,
p.1390) that has been isolated from Penicillium citrinum. It is a
lipid regulating drug but is no longer used in clinical practice be-
cause of reports of toxicity in animals.

Mexiletine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de mexiletina; Kö-1173; Meksiletiinihydrokloridi;
Meksiletin Hidroklorür; Meksiletino hidrochloridas; Mexilétine,
chlorhydrate de; Mexiletin-hidroklorid; Mexiletin-hydrochlorid;
Mexiletinhydroklorid; Mexiletini hydrochloridum. 1-Methyl-2-
(2,6-xylyloxy)ethylamine hydrochloride.
Мексилетина Гидрохлорид
C11H17NO,HCl = 215.7.
CAS — 31828-71-4 (mexiletine); 5370-01-4 (mexiletine
hydrochloride).
ATC — C01BB02.
ATC Vet — QC01BB02.

(mexiletine)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Mexiletine Hydrochloride). A white or almost
white, crystalline powder. It exhibits polymorphism. Freely sol-
uble in water and in methyl alcohol; sparingly soluble in dichlo-
romethane. A 10% solution in water has a pH of 4.0 to 5.5. 
USP 31 (Mexiletine Hydrochloride). A white powder. Freely
soluble in water and in dehydrated alcohol; practically insoluble
in ether; slightly soluble in acetonitrile. A 10% solution in water
has a pH of between 3.5 and 5.5. Store in airtight containers.

Adverse Effects and Treatment
Mexiletine has a narrow therapeutic ratio; many ad-
verse effects of mexiletine are dose-related and will re-
spond to dosage reduction but may be severe enough to
force mexiletine to be stopped and symptomatic and
supportive therapy to be given. Toxicity is common
with oral or parenteral loading doses when plasma con-
centrations are high. 
The most common adverse effects involve the gas-
trointestinal tract and CNS. Effects on the gastrointes-
tinal tract include nausea, vomiting, constipation, and
diarrhoea; oesophageal ulceration has also been report-
ed. Effects on the nervous system include tremor, con-
fusion, lightheadedness, dizziness, blurred vision and
other visual disturbances, sleep disturbances, and
speech difficulties. The most frequent cardiovascular
effects are hypotension, sinus bradycardia, heart block
and AV dissociation, and atrial fibrillation. As with
other antiarrhythmics mexiletine may exacerbate
arrhythmias. Other adverse effects that have been re-
ported include skin rashes, abnormal liver function
tests, thrombocytopenia, positive antinuclear factor
titres, and convulsions. The Stevens-Johnson syndrome
has been reported rarely.
Incidence of adverse effects. In a study involving 100 pa-
tients with ventricular arrhythmias, mexiletine had to be stopped
in 49 patients because of intolerable adverse effects.1 The most
common of these affected the gastrointestinal system (27%) and
included nausea (10%), vomiting (6%), heartburn (6%), and
oesophageal spasm (3%). Intolerable effects on the CNS oc-
curred in 10% of patients and these were most commonly tremor
(4%), ataxia (2%), dyskinesia (1%), and tinnitus (1%). When
mexiletine was used with another antiarrhythmic, the incidence
of intolerable effects was 56%. 
Tolerable adverse effects with mexiletine alone were transient
and dose-dependent and occurred in 18% of patients. They most
often affected the gastrointestinal tract. No irreversible adverse
effects were reported and no proarrhythmic effects were seen.
1. Kerin NZ, et al. Mexiletine: long-term efficacy and side effects

in patients with chronic drug-resistant potentially lethal ven-
tricular arrhythmias. Arch Intern Med 1990; 150: 381–4.

Effects on the lungs. Pulmonary fibrosis has been reported in
an elderly patient receiving mexiletine; the manufacturer was
aware of 3 other cases.1
1. Bero CJ, Rihn TL. Possible association of pulmonary fibrosis

with mexiletine. DICP Ann Pharmacother 1991; 25: 1329–31.

Precautions
Mexiletine is contra-indicated in cardiogenic shock
and in second- or third-degree AV block (unless the pa-
tient has a pacemaker). It should be used with caution
in patients with sinus node dysfunction, other conduc-
tion disorders, bradycardia, hypotension, heart failure,
or hepatic impairment. ECG and blood pressure moni-
toring should be carried out during treatment. 
Absorption of oral mexiletine may be delayed in situa-
tions where gastric emptying is slowed, such as acute
myocardial infarction.
Breast feeding. Mexiletine is distributed into human breast
milk in higher concentrations than in maternal serum. A woman1

given 200 mg of mexiletine three times daily during the last tri-
mester of pregnancy (see below), went on to breast feed the in-
fant. Concentrations of mexiletine in the maternal milk and se-
rum were found to be 0.6 and 0.3 micrograms/mL respectively
on the second day postpartum, and 0.8 and 0.7 micrograms/mL
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respectively after 6 weeks. This represented a milk to serum ratio
of 2.0 and 1.1 respectively. However, mexiletine was undetecta-
ble in the infant’s serum on both occasions and no adverse effects
were seen. In another report2 a woman taking a similar dose of
mexiletine for the last 5 months of her pregnancy also breast fed
her infant. In samples of maternal milk and blood collected be-
tween the second and fifth day postpartum the milk to plasma
ratio varied between 0.78 and 1.89 with a mean of 1.45. It was
considered unlikely that the infant would ingest more than
1.25 mg of mexiletine in any 24-hour period, and this amount
was not thought to be enough to cause adverse effects. Failure to
feed was noted3 in the first 17 days in an infant whose mother
was taking 750 mg daily of mexiletine and 50 mg daily of aten-
olol. After maternal education and formula supplementation an
acceptable growth curve was established. Breast feeding contin-
ued until the infant was 3 months old, and no adverse effects
were seen at 10 months. The American Academy of Pediatrics4

therefore considers that mexiletine is usually compatible with
breast feeding.
1. Timmis AD, et al. Mexiletine for control of ventricular dysrhyth-

mias in pregnancy. Lancet 1980; ii: 647–8. 
2. Lewis AM, et al. Mexiletine in human blood and breast milk.

Postgrad Med J 1981; 57: 546–7. 
3. Lownes HE, Ives TJ. Mexiletine use in pregnancy and lactation.

Am J Obstet Gynecol 1987; 157: 446–7. 
4. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Pregnancy. Mexiletine crosses the placenta but there have been
several reports of its use in pregnant women with no apparent
long-term effects on the infants. A normal infant was born to a
woman given mexiletine with propranolol for the control of ven-
tricular tachycardia during the third trimester of pregnancy.1
During the first 6 hours after delivery the infant had a heart rate
of only 90 beats/minute, probably due to the propranolol; it was
normal thereafter. At delivery the serum concentration of mexi-
letine in mother and infant was the same. A woman2 who re-
ceived mexiletine and atenolol throughout pregnancy also deliv-
ered a normal infant; failure to feed was noted at 17 days but at
10 months no adverse effects were seen. In another case3 where
the mother took mexiletine throughout pregnancy, the infant had
a low Apgar score at 1 minute and hypoglycaemia was also
noted, but the relationship to mexiletine was unclear; cord and
maternal blood concentrations at the time of delivery were
400 nanograms/mL and 600 nanograms/mL, respectively.
1. Timmis AD, et al. Mexiletine for control of ventricular dysrhyth-

mias in pregnancy. Lancet 1980; ii: 647–8. 
2. Lownes HE, Ives TJ. Mexiletine use in pregnancy and lactation.

Am J Obstet Gynecol 1987; 157: 446–7. 
3. Gregg AR, Tomich PG. Mexilitene [sic] use in pregnancy. J Peri-

natol 1988; 8: 33–5.

Interactions
Mexiletine undergoes extensive metabolism in the liv-
er particularly by the cytochrome P450 isoenzymes
CYP1A2 and CYP2D6, and possibly CYP3A4, and
interactions may occur with other drugs metabolised
by the same enzymes. Plasma concentrations of mexi-
letine may be reduced by hepatic enzyme inducers
such as phenytoin and rifampicin; increased plasma
concentrations may occur with enzyme inhibitors. 
Absorption of mexiletine may be delayed by drugs that
slow gastric emptying such as opioid analgesics and at-
ropine. The rate of absorption may be increased by
metoclopramide; the extent of absorption is unaffected. 
Drugs that acidify or alkalinise the urine enhance or re-
duce the rate of elimination of mexiletine, respectively. 
There may be an increased risk of arrhythmias if mex-
iletine is used with other antiarrhythmics or with ar-
rhythmogenic drugs. 
Mexiletine has been reported to increase theophylline
concentrations (p.1142) and to precipitate lidocaine
toxicity (p.1863).

Pharmacokinetics
Mexiletine is readily and almost completely absorbed
from the gastrointestinal tract, with a bioavailability of
about 90%, although absorption may be delayed in sit-
uations where gastric emptying is slowed, such as
acute myocardial infarction. 
Mexiletine is metabolised in the liver to a number of
metabolites; metabolism may involve cytochrome
P450 isoenzymes CYP1A2, CYP2D6, and CYP3A4,
and genetic polymorphism in relation to CYP2D6 has
been identified. Mexiletine is excreted in the urine,
mainly in the form of its metabolites with about 10%

excreted unchanged; clearance is increased in acid
urine. 
Mexiletine is widely distributed throughout the body
and is about 50 to 70% bound to plasma proteins. Mex-
iletine crosses the placenta and is distributed into breast
milk. It has an elimination half-life of about 10 hours in
healthy subjects but this may be prolonged in patients
with heart disease, hepatic impairment, or severe renal
impairment. Its therapeutic effect has been correlated
with plasma concentrations of 0.5 to 2 micrograms/mL,
but the margin between therapeutic and toxic concen-
trations is narrow, and severe toxicity may occur within
this range.
◊ References.
1. Labbé L, Turgeon J. Clinical pharmacokinetics of mexiletine.

Clin Pharmacokinet 1999; 37: 361–84.

Uses and Administration
Mexiletine is a class Ib antiarrhythmic (p.1153) with
actions similar to those of lidocaine (p.1864), to which
it is structurally related. Unlike lidocaine it undergoes
little hepatic first-pass metabolism and can be given
orally. 
Mexiletine is used for the treatment of ventricular
arrhythmias (p.1160). It is given orally or intrave-
nously as the hydrochloride. 
Mexiletine hydrochloride is given orally in a usual
loading dose of 400 mg followed by 200 to 250 mg
three or four times daily, starting 2 hours after the load-
ing dose. The usual maintenance dosage is 600 to
900 mg daily in divided doses; doses up to 1.2 g daily
may be given. Oral doses should be taken with food
and swallowed with plenty of liquid to avoid oesopha-
geal ulceration. Modified-release preparations have
been used. Higher loading doses (for example, of
600 mg) may be necessary in patients after myocardial
infarction to overcome delayed absorption, especially
if they have received an opioid analgesic. 
Mexiletine hydrochloride may be given by slow intra-
venous injection in doses of 100 to 250 mg at a rate of
25 mg/minute, followed by an infusion at a rate of
250 mg over 1 hour, 250 mg over the next 2 hours, and
then at about 500 micrograms/minute for maintenance,
according to response; when appropriate the patient
may be transferred to oral therapy with doses of 200 to
250 mg three or four times daily. Alternatively, an ini-
tial intravenous dose of 200 mg at a rate of
25 mg/minute, may be followed by an oral dose of
400 mg on completion of the injection, with subse-
quent oral therapy as above. 
Mexiletine has also been tried in the treatment of re-
fractory neuropathic pain (see below).
Administration in children. Mexiletine may be effective for
ventricular arrhythmias in children; a study1 of 42 children and
young adults (age range 5 months to 34 years) found that mexi-
letine, given orally in a dose of 1.4 to 5 mg/kg every 8 hours, was
effective in 30 patients (71%), with long-term control reported in
18. Treatment was more effective in children with congenital
heart disease than in those with cardiomyopathy or no heart dis-
ease. Another report2 found that young children required higher
mg/kg doses than adults; a 2-week-old girl and a 20-month-old
boy required oral doses of 25 and 15 mg/kg daily, respectively, to
produce therapeutic plasma concentrations and control of tachy-
cardia.
1. Moak JP, et al. Mexiletine: an effective antiarrhythmic drug for

treatment of ventricular arrhythmias in congenital heart disease.
J Am Coll Cardiol 1987; 10: 824–9. 

2. Holt DW, et al. Paediatric use of mexiletine and disopyramide.
BMJ 1979; 2: 1476–7.

Administration in the elderly. The rate of absorption of
mexiletine was slower in a group of 7 elderly subjects compared
with 8 young subjects given mexiletine 100 mg by mouth, but
the extent of absorption was probably not affected.1 Elimination
of mexiletine was not significantly different between the 2
groups and there was no pharmacokinetic basis for dosage mod-
ification of mexiletine in the elderly. An observational study2 in
patients receiving mexiletine found a small decrease in clearance
with age, but again this was not considered to warrant dosage
adjustment.
1. Grech-Bélanger O, et al. Pharmacokinetics of mexiletine in the

elderly. J Clin Pharmacol 1989; 29: 311–15. 
2. Ueno K, et al. Pharmacokinetics of mexiletine in middle-aged

and elderly patients. Clin Pharm 1993; 12: 768–70.

Administration in renal impairment. The pharmacokinet-
ics of mexiletine do not appear to be affected by renal impair-
ment,1 although one study2 found that in patients with creatinine
clearance below 10 mL/minute the steady-state plasma concen-
tration and half-life were increased, suggesting that dosage
should be adjusted according to plasma concentrations in such
patients. Haemodialysis1 and continuous ambulatory peritoneal
dialysis3 do not appear to affect mexiletine clearance.
1. Wang T, et al. Pharmacokinetics and nondialyzability of mexile-

tine in renal failure. Clin Pharmacol Ther 1985; 37: 649–53. 
2. El Allaf D, et al. Pharmacokinetics of mexiletine in renal insuf-

ficiency. Br J Clin Pharmacol 1982; 14: 431–5. 
3. Guay DRP, et al. Mexiletine clearance during peritoneal dialysis.

Br J Clin Pharmacol 1985; 19: 857–8.

Pain. Neuropathic pain (p.8) is often insensitive to opioid
analgesics and various drugs, including mexiletine, have been
tried. Mexiletine may be of benefit in diabetic neuropathy,1 al-
though studies have given conflicting results; two of the studies
that reported no difference between treatment and placebo found
that a subset of patients (those with stabbing or burning pain, heat
sensations, and formication) appeared to benefit.2,3 There have
also been reports of improvement in patients with central post-
stroke pain (thalamic pain syndrome),4 and in neuropathic pain
associated with cancer,5-7 and a systematic review8 concluded
that mexiletine was safe and effective in various types of neuro-
pathic pain. 
Other painful states in which mexiletine has been reported to be
of benefit include: Dercum’s disease (a condition involving pain-
ful fatty deposits),9 and erythromelalgia.10,11

1. Jarvis B, Coukell AJ. Mexiletine: a review of its therapeutic use
in painful diabetic neuropathy. Drugs 1998; 56: 691–707. 

2. Stracke H, et al. Mexiletine in the treatment of diabetic neurop-
athy. Diabetes Care 1992; 15: 1550–5. 

3. Wright JM, et al. Mexiletine in the symptomatic treatment of
diabetic peripheral neuropathy. Ann Pharmacother 1997; 31:
29–34. 

4. Awerbuch GI, Sandyk R. Mexiletine for thalamic pain syn-
drome. Int J Neurosci 1990; 55: 129–33. 

5. Colclough G, et al. Mexiletine for chronic pain. Lancet 1993;
342: 1484–5. 

6. Sloan P, et al. Mexiletine as an adjuvant analgesic for the man-
agement of neuropathic cancer pain. Anesth Analg 1999; 89:
760–1. 

7. Fassoulaki A, et al. The analgesic effect of gabapentin and mex-
iletine after breast surgery for cancer. Anesth Analg 2002; 95:
985–91. 

8. Challapalli V, et al. Systemic administration of local anesthetic
agents to relieve neuropathic pain. Available in The Cochrane
Database of Systematic Reviews; Issue 4. Chichester: John Wi-
ley; 2005 (accessed 24/01/07). 

9. Petersen P, et al. Treating the pain of Dercum’s disease. BMJ
1984; 288: 1880. 

10. Nathan A, et al. Primary erythromelalgia in a child responding
to intravenous lidocaine and oral mexiletine treatment. Ab-
stract: Pediatrics 2005; 115: 1066. 
Full version: http://pediatrics.aappublications.org/cgi/content/
full/115/4/e504 (accessed 10/07/07) 

11. Kuhnert SM, et al. Lidocaine and mexiletine therapy for eryth-
romelalgia. Arch Dermatol 1999; 135: 1447–9.

Preparations
BP 2008: Mexiletine Capsules; Mexiletine Injection; 
USP 31: Mexiletine Hydrochloride Capsules.
Proprietary Preparations (details are given in Part 3)
Arg.: Mexitilen; Austral.: Mexitil; Austria: Mexitil; Belg.: Mexitil; Braz.:
Mexitil; Canad.: Mexitil†; Cz.: Katen; Fin.: Mexitil; Fr.: Mexitil†; Ger.: Mex-
itil; Gr.: Mexitil; Myovek†; Hong Kong: Mexitil†; Hung.: Ritalmex; India:
Mexitil; Irl.: Mexitil; Israel: Mexilen; Ital.: Mexitil; Jpn: Mexitil; Mex.: Mex-
itil†; Neth.: Mexitil†; NZ: Mexitil; Pol.: Mexicord; S.Afr.: Mexitil†; Spain:
Mexitil; Swed.: Mexitil†; Thai.: Mexitil†; Turk.: Mexitil; UK: Mexitil†; USA:
Mexitil; Venez.: Tumetil.

Mibefradil Hydrochloride (BANM, rINNM)

Hidrocloruro de mibefradil; Mibéfradil, Chlorhydrate de; Mibe-
fradil Dihydrochloride (USAN); Mibefradili Hydrochloridum; Ro-
40-5967 (mibefradil); Ro-40-5967/001 (mibefradil hydrochlo-
ride). (1S,2S)-(2-{[3-(2-Benzimidazolyl)propyl]methylamino}-
ethyl)-6-fluoro-1,2,3,4-tetrahydro-1-isopropyl-2-naphthyl meth-
oxyacetate dihydrochloride.
Мибефрадила Гидрохлорид
C29H38FN3O3,2HCl = 568.6.
CAS — 116644-53-2 (mibefradil); 116666-63-8 (mibe-
fradil hydrochloride).
ATC — C08CX01.
ATC Vet — QC08CX01.

(mibefradil)

Profile
Mibefradil is a calcium-channel blocker that acts principally on
fast T-type calcium channels, unlike conventional calcium-chan-
nel blockers that act on slow L-type channels (see p.1154). Mibe-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

fradil was introduced for the management of hypertension and
angina pectoris but was withdrawn worldwide several months
later due to increasing reports of serious interactions with a wide
range of drugs.

Midodrine Hydrochloride (BANM, USAN, rINNM) ⊗ 
Hidrocloruro de midodrina; Midodrine, Chlorhydrate de; Mido-
drini Hydrochloridum; ST-1085 (midodrine or midodrine hydro-
chloride). 2-Amino-N-(β-hydroxy-2,5-dimethoxyphenethyl)-
acetamide hydrochloride; (RS)-N1-(β-Hydroxy-2,5-dimethoxy-
phenethyl)glycinamide hydrochloride.

Мидодрина Гидрохлорид
C12H18N2O4,HCl = 290.7.
CAS — 42794-76-3 (midodrine); 3092-17-9 (midodrine
hydrochloride).
ATC — C01CA17.
ATC Vet — QC01CA17.

(midodrine)

Adverse Effects, Treatment, and Precautions
As for Sympathomimetics, p.1407. Midodrine has mainly alpha-
agonist properties and the most serious adverse effect of mido-
drine is supine hypertension. Paraesthesias, dysuria, pilomotor
reaction (goose flesh), pruritus and rashes have been reported.

Interactions
As for Sympathomimetics, p.1407.

Pharmacokinetics
Midodrine is well absorbed from the gastrointestinal tract and
undergoes enzymatic hydrolysis in the systemic circulation to its
active metabolite, deglymidodrine (desglymidodrine; ST-1059).
Midodrine itself reaches its peak plasma concentrations about
half an hour after an oral dose, and has a plasma half-life of about
25 minutes. The active metabolite reaches its peak plasma con-
centration about an hour after oral dosage and has a terminal
elimination half-life of about 3 hours. Deglymidodrine under-
goes some further metabolism in the liver. Midodrine is primari-
ly excreted in the urine as metabolites and a small amount of un-
changed drug.

Uses and Administration
Midodrine is a direct-acting sympathomimetic (p.1408) with se-
lective alpha-agonist activity; the main active moiety has been
stated to be its major metabolite, deglymidodrine. It acts as a pe-
ripheral vasoconstrictor but has no direct cardiac stimulatory ef-
fects. 
Midodrine hydrochloride is used in the treatment of hypotensive
states (p.1174) and in particular of orthostatic hypotension
(p.1530). Alpha-agonist drugs such as midodrine have also been
used as an adjunct in the management of urinary incontinence
(p.2180). 
In hypotensive states, the usual initial oral dose of midodrine
hydrochloride is 2.5 mg two or three times daily, adjusted grad-
ually according to response; up to 10 mg three times daily may
be required. The potential for supine hypertension is reduced by
taking the last dose of the day at least 4 hours before bedtime. 
An oral dose for urinary incontinence is 2.5 to 5 mg two or
three times daily. 
Midodrine hydrochloride can also be given in similar doses by
slow intravenous injection. It has also been used orally or by in-
jection in the treatment of retrograde ejaculation.

◊ References.
1. McClellan KJ, et al. Midodrine: a review of its therapeutic use in

the management of orthostatic hypotension. Drugs Aging 1998;
12: 76–86. 

2. Prakash S, et al. Midodrine appears to be safe and effective for
dialysis-induced hypotension: a systematic review. Nephrol Dial
Transplant 2004; 19: 2553–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Gutron; Canad.: Amatine; Chile: Gutron; Cz.: Gutron; Fr.:
Gutron; Ger.: Gutron; Hong Kong: Gutron; Hung.: Gutron; Irl.: Midon;
Israel: Gutron; Ital.: Gutron; Xerotil; Jpn: Metligine; Neth.: Gutron; NZ:
Gutron; Pol.: Gutron; Port.: Gutron; Rus.: Gutron (Гутрон); Singapore:
Gutron; Switz.: Gutron; Thai.: Gutron†; USA: ProAmatine.

Milrinone (BAN, USAN, rINN)

Milrinona; Milrinonum; Win-47203-2. 1,6-Dihydro-2-methyl-6-
oxo[3,4′-bipyridine]-5-carbonitrile.
Мильринон
C12H9N3O = 211.2.
CAS — 78415-72-2.
ATC — C01CE02.
ATC Vet — QC01CE02.

Pharmacopoeias. In US. 
USP 31 (Milrinone). A white to tan, hygroscopic, crystalline sol-
id. Practically insoluble in water and in chloroform; very slightly
soluble in methyl alcohol; freely soluble in dimethyl sulfoxide.
Store in airtight containers.

Milrinone Lactate (BANM, rINNM)

Lactato de milrinona; Milrinone, Lactate de; Milrinoni Lactas.
Мильринона Лактат
C12H9N3O,C3H6O3 = 301.3.
ATC — C01CE02.
ATC Vet — QC01CE02.

Incompatibility. UK licensed product information states that
milrinone lactate injection is incompatible with furosemide and
bumetanide, and it should not be diluted with sodium bicarbo-
nate injection. Physical incompatibility with imipenem-cilastatin
sodium has also been reported.1
1. Veltri MA, Conner KG. Physical compatibility of milrinone lac-

tate injection with intravenous drugs commonly used in the pedi-
atric intensive care unit. Am J Health-Syst Pharm 2002; 59:
452–4.

Adverse Effects and Precautions
Prolonged oral use of milrinone has increased the mor-
tality rate and milrinone is now only used intravenous-
ly for short-term use. 
Supraventricular and ventricular arrhythmias, hypo-
tension, angina-like chest pain, and headache have
been reported. Hypokalaemia, tremor, and thrombocy-
topenia may occur. The incidence of arrhythmias may
be lower in children whereas the risk of thrombocyto-
penia may be higher (see Administration in Children,
below). 
Milrinone should be used with caution in patients with
severe obstructive aortic or pulmonary valvular disease
or with hypertrophic cardiomyopathy. Since milrinone
may facilitate conduction through the atrioventricular
node it can increase the ventricular response rate in pa-
tients with atrial flutter or fibrillation. Digitalisation
should be considered in these patients before milrinone
therapy is started. 
Blood pressure, heart rate, ECG, fluid and electrolyte
balance, and renal function should be monitored during
milrinone therapy. 
Milrinone should be given in reduced doses to patients
with renal impairment.

Pharmacokinetics
Although milrinone is rapidly and almost completely
absorbed from the gastrointestinal tract, it is only given
intravenously. It is about 70% bound to plasma pro-
teins. Elimination occurs mainly via the urine; about
83% of a dose is excreted as unchanged drug. The
elimination half-life is about 2.3 hours.
◊ General references.
1. Rocci ML, Wilson H. The pharmacokinetics and pharmacody-

namics of newer inotropic agents. Clin Pharmacokinet 1987; 13:
91–109. Correction. ibid. 1988; 14: (contents page).

Uses and Administration
Milrinone is a phosphodiesterase inhibitor similar to
amrinone (p.1215) with positive inotropic and vasodi-
lator activity. It is, however, reported to have greater
positive inotropic activity than amrinone. It is given in-
travenously, as the lactate, in the short-term manage-

ment of severe heart failure unresponsive to other
forms of therapy and in acute heart failure after cardiac
surgery. In some longer-term studies milrinone was
given by mouth, but an increased mortality rate was re-
ported. 
Doses of milrinone lactate are expressed in terms of the
base; milrinone lactate 1.43 mg is equivalent to about
1 mg of milrinone. The initial loading dose is the
equivalent of milrinone 50 micrograms/kg given over
10 minutes followed by a continuous maintenance in-
fusion. The maintenance infusion may be titrated be-
tween 375 and 750 nanograms/kg per minute but a
total daily dose of 1.13 mg/kg should not be exceeded. 
Dosage should be reduced in patients with renal im-
pairment (see below).
Administration in children. Milrinone has been used in chil-
dren with septic shock or heart failure after cardiac surgery. Phar-
macokinetic studies1,2 have suggested that steady-state plasma
concentrations of milrinone are lower in children than in adults
given similar doses, and that milrinone clearance is faster in chil-
dren. Higher doses in proportion to body-weight may therefore
be necessary in children than in adults. For neonates and children
aged 1 month to 18 years with heart failure, low cardiac output
after cardiac surgery, or shock, the BNFC recommends an initial
dose of 50 to 75 micrograms/kg by intravenous infusion over 30
to 60 minutes, followed by continuous intravenous infusion at a
dose of 30 to 45 micrograms/kg per hour (500 to
750 nanograms/kg per minute). The infusion may be continued
for 2 to 3 days, but is usually given for 12 hours after cardiac
surgery. 
Milrinone also appears to be effective for the prevention of low
cardiac output in children undergoing cardiac surgery.3 It has
been tried for the prevention of low systemic blood flow in pre-
mature infants, but further studies are needed to confirm its role.4 
A study5 of adverse effects in children given milrinone has sug-
gested that arrhythmias are less common than in adults whereas
thrombocytopenia is more common.
1. Lindsay CA, et al. Pharmacokinetics and pharmacodynamics of

milrinone lactate in pediatric patients with septic shock. J Pedi-
atr 1998; 132: 329–34. 

2. Ramamoorthy C, et al. Pharmacokinetics and side effects of mil-
rinone in infants and children after open heart surgery. Anesth
Analg 1998; 86: 283–9. 

3. Hoffman TM, et al. Efficacy and safety of milrinone in prevent-
ing low cardiac output syndrome in infants and children after
corrective surgery for congenital heart disease. Circulation
2003; 107: 996–1002. 

4. Paradisis M, et al. Pilot study of milrinone for low systemic
blood flow in very preterm infants. J Pediatr 2006; 148: 306–13. 

5. Watson S, et al. Use of milrinone in the pediatric critical care
unit. Pediatrics 1999; 104 (suppl): 681–2.

Administration in renal impairment. Doses of milrinone
should be reduced in patients with renal impairment. The follow-
ing doses for maintenance infusion are recommended based on
creatinine clearance (CC): 
• CC 50 mL/minute: 430 nanograms/kg per minute 
• CC 40 mL/minute: 380 nanograms/kg per minute 
• CC 30 mL/minute: 330 nanograms/kg per minute 
• CC 20 mL/minute: 280 nanograms/kg per minute 
• CC 10 mL/minute: 230 nanograms/kg per minute 
• CC 5 mL/minute: 200 nanograms/kg per minute
Heart failure. Milrinone is one of several drugs that may be
used in heart failure (p.1165), but because of an increased mor-
tality rate reported following long-term oral use it is usually only
given intravenously for short-term management of heart failure
unresponsive to other treatments. The PROMISE (Prospective
Randomized Milrinone Survival Evaluation) study1 showed that
oral milrinone increased morbidity and mortality in patients with
severe chronic heart failure. However, more recently, longer-
term continuous intravenous use for up to 8 weeks has been stud-
ied in patients awaiting heart transplantation and appeared to be
well tolerated.2 Intermittent use on several days a week has also
been tried.3 
In patients with acute exacerbation of heart failure, a prospective
study4 found no benefit from the routine use of short-term intra-
venous milrinone.
1. Packer M, et al. Effect of oral milrinone on mortality in severe

chronic heart failure. N Engl J Med 1991; 325: 1468–75. 
2. Mehra MR, et al. Safety and clinical utility of long-term intrave-

nous milrinone in advanced heart failure. Am J Cardiol 1997; 80:
61–4. 

3. Cesario D, et al. Beneficial effects of intermittent home admin-
istration of the inotrope/vasodilator milrinone in patients with
end-stage congestive heart failure: a preliminary study. Am
Heart J 1998; 135: 121–9. 

4. Cuffe MS, et al. Short-term intravenous milrinone for acute ex-
acerbation of chronic heart failure: a randomized controlled trial.
JAMA 2002; 287: 1541–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Corotrope; Austral.: Primacor; Austria: Corotrop; Belg.: Coro-
trope; Braz.: Primacor; Canad.: Primacor†; Chile: Corotrope; Cz.: Coro-
trop; Fr.: Corotrope; Ger.: Corotrop; Gr.: Corotrope; Hong Kong: Prima-
cor; Hung.: Corotrope; India: Milicor ; Israel: Primacor; Jpn: Milrila;
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Malaysia: Primacor; Mex.: Primacor; Neth.: Corotrope; NZ: Primacor;
Pol.: Corotrope; Port.: Corotrope; Singapore: Primacor; Spain: Coro-
trope; Swed.: Corotrop; Switz.: Corotrop; Thai.: Primacor; UK: Prima-
cor; USA: Primacor; Venez.: Corotrope.

Minoxidil (BAN, USAN, rINN)

Minoksidiili; Minoksidilis; Minoxidilum; U-10858. 2,6-Diamino-4-
piperidinopyrimidine 1-oxide.

Миноксидил

C9H15N5O = 209.2.

CAS — 38304-91-5.

ATC — C02DC01; D11AX01.

ATC Vet — QC02DC01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Minoxidil). A white or almost white crystalline
powder. Slightly soluble in water; soluble in methyl alcohol and
in propylene glycol. Protect from light. 
USP 31 (Minoxidil). A white or off-white crystalline powder.
Slightly soluble in water; soluble in alcohol and in propylene gly-
col; practically insoluble in acetone, in chloroform, in ethyl
acetate, and in petroleum spirit; sparingly soluble in methyl alco-
hol.

Adverse Effects and Treatment
Adverse effects commonly caused by minoxidil in-
clude reflex tachycardia, fluid retention accompanied
by weight gain, oedema, and sometimes deterioration
of existing heart failure and changes in the ECG.
Hypertrichosis develops in up to 80% of patients with-
in 3 to 6 weeks of the start of minoxidil therapy but is
slowly reversible on discontinuation. Pericardial effu-
sion, sometimes with associated tamponade, has been
reported in about 3% of patients. Pericarditis may also
occur. Minoxidil may aggravate or uncover angina
pectoris. Other less frequent adverse effects include
headache, nausea, gynaecomastia and breast tender-
ness, polymenorrhoea, allergic skin rashes, Stevens-
Johnson syndrome, and thrombocytopenia. 
Reflex tachycardia can be overcome by the use of a
beta blocker, or alternatively methyldopa, and a diuret-
ic (usually a loop diuretic) is used to reduce fluid reten-
tion. If excessive hypotension occurs, an intravenous
infusion of sodium chloride 0.9% can be given to
maintain the blood pressure. If a pressor agent is neces-
sary, drugs such as adrenaline, which can aggravate
tachycardia, should be avoided; phenylephrine, angio-
tensinamide, vasopressin, or dopamine may be given if
there is evidence of inadequate perfusion of a vital or-
gan. 
Topical application of minoxidil may be associated
with contact dermatitis, pruritus, local burning, and
flushing; sufficient may be absorbed to produce sys-
temic adverse effects. Changes in hair colour or texture
may occur.
Effects on the eyes. Bilateral optic neuritis and retinitis oc-
curred in a patient during treatment with minoxidil for hyperten-
sion after a renal transplant.1 The patient was also taking pred-
nisolone and azathioprine.
1. Gombos GM. Bilateral optic neuritis following minoxidil ad-

ministration. Ann Ophthalmol 1983; 15: 259–61.

Effects on the hair. The hypertrichosis frequently associated
with oral minoxidil makes it generally unsuitable for women.
There have also been reports of changes in hair colour.1 In addi-
tion a case has been reported of increased hair loss, followed by
subsequent regrowth of differently-coloured hair.2 Substantial
hair loss occurred in a woman after withdrawal of minoxidil and
she had to wear a wig.3 

Severe hypertrichosis has also been reported in 5 of 56 women
applying minoxidil 5% solution topically for androgenetic alo-
pecia.4 Facial, arm, and leg hypertrichosis were reported 2 to 3
months after starting treatment. Hypertrichosis had disappeared
5 months after discontinuation of minoxidil.
1. Traub YM, et al. Treatment of severe hypertension with minox-

idil. Isr J Med Sci 1975; 11: 991–8. 
2. Ingles RM, Kahn T. Unusual hair changes with minoxidil thera-

py. Int J Dermatol 1983; 22: 120–2. 
3. Kidwai BJ, George M. Hair loss with minoxidil withdrawal.

Lancet 1992; 340: 609–10. 
4. Peluso AM, et al. Diffuse hypertrichosis during treatment with

5% topical minoxidil. Br J Dermatol 1997; 136: 118–20.

Effects on skeletal muscle. A polymyalgia syndrome, mani-
festing as fatigue, anorexia, weight loss, and severe pain in the
shoulders and pelvic girdle, was seen in 4 men using topical mino-
xidil.1 All symptoms improved within 2 to 4 weeks of stopping
the drug. In 2 of the patients rechallenge produced a recurrence
of symptoms.
1. Colamarino R, et al. Polymyalgia and minoxidil. Ann Intern Med

1990; 113: 256–7.

Effects on the skin. Although skin reactions to systemic mi-
noxidil do not appear to be common, cases of classic Stevens-
Johnson syndrome have been reported.1,2 The syndrome gener-
ally responds to withdrawal and corticosteroid therapy; in one
case1 subsequent rechallenge provoked a recurrence. In another
patient an extensive erythematous weeping rash with lesions
consistent with actinic keratosis also appeared to be due to min-
oxidil; bullous lesions recurred on re-exposure.3 After topical ap-
plication itching, scaling, flushing, and dermatitis have been the
most common adverse effects; allergic contact dermatitis has
been reported in rare instances.4 
For other lesions associated with Kaposi’s sarcoma and angioma,
see Neoplasms, below, and for effects on the hair, see above.
1. DiSantis DJ, Flanagan J. Minoxidil-induced Stevens-Johnson

syndrome. Arch Intern Med 1981; 141: 1515. 
2. Callen EC, et al. Stevens-Johnson syndrome associated with oral

minoxidil: a case report. J Nephrol 2007; 20: 91–3. 
3. Ackerman BH, et al. Pruritic rash with actinic keratosis and im-

pending exfoliation in a patient with hypertension managed with
minoxidil. Drug Intell Clin Pharm 1988; 22: 702–3. 

4. Clissold SP, Heel RC. Topical minoxidil: a preliminary review of
its pharmacodynamic properties and therapeutic efficacy in alo-
pecia areata and alopecia androgenetica. Drugs 1987; 33:
107–22.

Neoplasms. Two haemorrhagic lesions with Kaposi’s features
appeared on the forehead, an unusual location for HIV-associat-
ed Kaposi’s sarcoma, in an HIV-positive patient who had applied
topical minoxidil there for 3 months.1 In a healthy patient an
angioma of the scalp developed after 2 months of topical minox-
idil therapy. The patient had had a similar lesion as a baby. Min-
oxidil may induce angiogenesis or may stimulate endothelial
cells, fibroblasts, and muscle cells to proliferate. Care should be
taken when minoxidil is applied to the skin of people who are
predisposed to neo-angiogenesis, or who are HIV-positive. 
For other effects of minoxidil on the skin following topical appli-
cation, see above.
1. Pavlovitch JH, et al. Angiogenesis and minoxidil. Lancet 1990;

336: 889.

Precautions
Minoxidil is contra-indicated in phaeochromocytoma.
It should be used with caution after a recent myocardial
infarction, and in patients with pulmonary hyperten-
sion, angina pectoris, chronic heart failure, and signifi-
cant renal impairment. 
Topical application of minoxidil should be restricted to
the scalp; it should not be applied to inflamed scalp
skin or areas affected by psoriasis, severe sunburn, or
severe excoriations, because of the risk of increased
absorption. Patients being treated for hypertension
should be monitored if topical minoxidil is used con-
currently.
AIDS. For recommendations that topical minoxidil should be
used with caution in HIV-positive patients, see Neoplasms under
Adverse Effects, above.
Breast feeding. Study1 of a breast-feeding mother showed that
minoxidil was rapidly distributed into breast milk, achieving
similar concentrations to those in the maternal plasma. No ad-
verse effects were seen in the infant after 2 months and the Amer-
ican Academy of Pediatrics considers2 that minoxidil is therefore
usually compatible with breast feeding.
1. Valdivieso A, et al. Minoxidil in breast milk. Ann Intern Med

1985; 102: 135. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 26/09/05)

Porphyria. Minoxidil is considered to be unsafe in patients with
porphyria because it has been shown to be porphyrinogenic in
animals or in-vitro systems.

Pregnancy. A patient who took minoxidil, propranolol, and
furosemide throughout pregnancy delivered a normal infant at
37 weeks. Pregnancy was uneventful.1
1. Valdivieso A, et al. Minoxidil in breast milk. Ann Intern Med

1985; 102: 135.

Interactions
The antihypertensive effect of minoxidil may be en-
hanced by use of other hypotensive drugs. Severe
orthostatic hypotension may occur if minoxidil and
sympathetic blocking drugs such as guanethidine are
given concurrently. 
Topical minoxidil should not be used with other topical
agents known to enhance absorption, such as corticos-
teroids, retinoids, or occlusive ointment bases.
Tretinoin. Percutaneous absorption of minoxidil is enhanced by
tretinoin as a result of increased stratum corneum permeability.1
1. Ferry JJ, et al. Influence of tretinoin on the percutaneous absorp-

tion of minoxidil from an aqueous topical solution. Clin Phar-
macol Ther 1990; 47: 439–46.

Pharmacokinetics
About 90% of an oral dose of minoxidil is absorbed
from the gastrointestinal tract. The plasma half-life is
about 4.2 hours although the haemodynamic effect
may persist for up to 75 hours, presumably due to ac-
cumulation at its site of action. Minoxidil is not bound
to plasma proteins. It is distributed into breast milk.
Minoxidil is extensively metabolised by the liver. It re-
quires sulfation to become active, but the major metab-
olite is a glucuronide conjugate. Minoxidil is excreted
predominantly in the urine mainly in the form of
metabolites. Minoxidil and its metabolites are dialysa-
ble, although the pharmacological effect is not reversed. 
About 0.3 to 4.5% of a topical dose of minoxidil is ab-
sorbed from intact scalp.
◊ References.
1. Pacifici GM, et al. Minoxidil sulphation in human liver and

platelets: a study of interindividual variability. Eur J Clin Phar-
macol 1993; 45: 337–41.

Uses and Administration
Minoxidil is an antihypertensive that acts mainly by
causing direct peripheral vasodilatation of the arteri-
oles. It produces effects on the cardiovascular system
similar to those of hydralazine (p.1307). Minoxidil is
given orally for the treatment of severe hypertension
unresponsive to standard therapy (p.1171). When ap-
plied topically to the scalp minoxidil may stimulate
hair growth to a limited extent and is used in the treat-
ment of alopecia. 
In the treatment of hypertension minoxidil is given
with a beta blocker, or with methyldopa, to diminish
the cardiac-accelerating effects, and with a diuretic,
usually a loop diuretic, to control oedema. After a
single oral dose, the maximum hypotensive effect usu-
ally occurs after 2 to 3 hours, although the full effects
may not occur until after 3 to 7 days of continuous
treatment. An initial dose of 5 mg of minoxidil daily
(or 2.5 mg daily in the elderly) is gradually increased at
intervals of not less than 3 days to 40 or 50 mg daily
according to response; in exceptional circumstances up
to 100 mg daily has been given. If more rapid control
of blood pressure is required, dosage changes may be
made every 6 hours with careful monitoring. The daily
dose may be given as a single dose or in 2 divided dos-
es. For children, the initial dose is 200 micrograms/kg
daily, increased in steps of 100 to 200 micrograms/kg
at intervals of not less than 3 days, until control of
blood pressure has been achieved or a maximum of
1 mg/kg or 50 mg daily has been reached. 
Reduced doses may be required in patients with renal
impairment (see below). 
In the treatment of alopecia androgenetica (male-pat-
tern baldness) 1 mL of a 2% or 5% solution of minox-
idil is applied twice daily to the scalp. The 5% solution
is not recommended for women.
Administration in renal impairment. A study of the phar-
macokinetics of minoxidil in patients with varying degrees of re-
nal impairment found that the non-renal clearance was also im-
paired as renal function worsened.1 Substantial accumulation of
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

minoxidil might occur in these patients during multiple-dose
therapy. It was advised that minoxidil be started with smaller
doses or at longer dosage intervals in patients with renal impair-
ment.
1. Halstenson CE, et al. Disposition of minoxidil in patients with

various degrees of renal function. J Clin Pharmacol 1989; 29:
798–802.

Alopecia. Minoxidil is used topically to stimulate hair growth
in alopecia (p.1577), although its mechanism of action is poorly
understood.1 Increases in pigmented non-vellus hair may be due
to thickening and pigmentation of existing vellus rather than new
growth.2 Measurement over 96 weeks showed3 that minoxidil in
solutions of 2 or 5% had a greater effect on hair weight than
number of hairs in men with androgenetic alopecia (male-pattern
baldness) with the 5% solution being more effective; 24 weeks
after treatment was stopped both values had returned to baseline.
Another study4 also showed that 5% minoxidil had a greater ef-
fect than 2%, and produced an earlier response. However, 5%
minoxidil has been found5 less effective than oral finasteride.
Even with continued use there is a waning of effect with minox-
idil.6,7 It may be more effective in retarding the progression of
male-pattern baldness than in reversing it,2 and users are advised
to abandon treatment if there is insufficient benefit after a year.8 
Minoxidil has also been used in women with female pattern hair
loss, and as with men the 5% solution has been found9 more ef-
fective than the 2%. In women with no evidence of biochemical
hyperandrogenism minoxidil 2% was more effective10 than oral
cyproterone; where there was such evidence, cyproterone was
superior. 
Topical minoxidil has been shown to be safe in a large prospec-
tive study11 of men and women with androgenetic alopecia. 
Minoxidil appeared to have no beneficial effect on alopecia
areata,12 although one study indicated that topical minoxidil with
0.5% dithranol cream was more effective than either treatment
alone.13

1. Messenger AG, Rundegren J. Minoxidil: mechanisms of action
on hair growth. Br J Dermatol 2004; 150: 186–94. 

2. Katz HI. Topical minoxidil: review of efficacy and safety. Cutis
1989; 43: 94–8. 

3. Price VH, et al. Changes in hair weight and hair count in men
with androgenetic alopecia, after application of 5% and 2% top-
ical minoxidil, placebo, or no treatment. J Am Acad Dermatol
1999; 41: 717–21. 

4. Olsen EA, et al. A randomized clinical trial of 5% topical mi-
noxidil versus 2% topical minoxidil and placebo in the treat-
ment of androgenetic alopecia in men. J Am Acad Dermatol
2002; 47: 377–85. 

5. Arca E, et al. An open, randomized, comparative study of oral
finasteride and 5% topical minoxidil in male androgenetic alo-
pecia. Dermatology 2004; 209: 117–25. 

6. de Groot AC, et al. Minoxidil: hope for the bald? Lancet 1987;
i: 1019–22. 

7. Anonymous. Topical minoxidil does little for baldness. Drug
Ther Bull 1989; 27: 74–5. 

8. Shrank AB. Treating young men with hair loss. BMJ 1989; 298:
847–8. 

9. Lucky AW, et al. A randomized, placebo-controlled trial of 5%
and 2% topical minoxidil solutions in the treatment of female
pattern hair loss. J Am Acad Dermatol 2004; 50: 541–53. 

10. Vexiau P, et al. Effects of minoxidil 2% vs. cyproterone acetate
treatment on female androgenetic alopecia: a controlled, 12-
month randomized trial. Br J Dermatol 2002; 146: 992–9. 

11. Shapiro J. Safety of topical minoxidil solution: a one-year, pro-
spective, observational study. J Cutan Med Surg 2003; 7:
322–9. 

12. Anonymous. Topical minoxidil for baldness: a reappraisal. Med
Lett Drugs Ther 1994; 36: 9–10. 

13. Fiedler VC, et al. Treatment-resistant alopecia areata. Arch Der-
matol 1990; 126: 756–9.

CHEMOTHERAPY-INDUCED ALOPECIA. Minoxidil 2% solution
was applied daily to the scalp of a boy with acute lymphob-
lastic leukaemia whose hair had failed to regrow satisfactorily
after intensive chemotherapy.1 Almost normal hair growth,
achieved over a 9-month period, was attributed to the use of
minoxidil. 
A small study2 in women undergoing combination chemothera-
py including doxorubicin found that topical minoxidil applied
throughout therapy and for up to 4 months afterwards reduced
the duration of alopecia by an average of 50 days. 
Other methods for reducing chemotherapy-induced alopecia are
described under the Treatment of Adverse Effects of Antineo-
plastics, p.639.
1. Vickers MA, Barton CJ. Minoxidil induced hair growth after leu-

kaemia treatment? Arch Dis Child 1995; 73: 184. 
2. Duvic M, et al. A randomized trial of minoxidil in chemothera-

py-induced alopecia. J Am Acad Dermatol 1996; 35: 74–8.

Preparations
BP 2008: Minoxidil Scalp Application; 
USP 31: Minoxidil Tablets; Minoxidil Topical Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Anagen; Ivix; Locemix; Macbirs Minoxidil; Minoxile; Toneon†; Tri-
colocion; Tricoplus; Tricoxane†; Ylox; Austral.: Loniten; Regaine; Austria:
Loniten; Regaine; Rogaine; Belg.: Neoxidil; Regaine; Braz.: Loniten; Neox-
idil†; Regaine; Canad.: Apo-Gain; Loniten; Minox†; Rogaine; Chile:
Alopek; Regaine; Tricoxane; Cz.: Minoxitrim†; Neocapil; Regaine; Denm.:
Regaine; Fin.: Recrea; Regaine†; Rogaine; Fr.: Alopexy; Alostil; Lonoten;
Regaine; Ger.: Lonolox; Regaine; Gr.: Axelan; Botafex; Dermolantyl; Eber-
sedin; Hairway; Loniten; Lotorin; Minodril; Monoxidil†; Neo-Pruristam;
Nherea; Oxofenil; Regaine; Stemeral; Hong Kong: Apo-Gain†; Hairgrow;
Headway; Loniten; Minoxi; Neoxidil†; Regaine; Regro; Hung.: Neocapil;
Regaine; India: Mintop; Indon.: Aloxid; Eminox; Regaine; Regrou; Irl.: Lo-
niten; Rogaine; Israel: Alopexy; Hair-Treat; Hairgaine; Minoxi; Neoxidil; Re-

gaine; Ital.: Aloxidil; Loniten; Minovital; Minoximen; Normoxidil†; Regaine;
Tricoxidil; Malaysia: Apo-Gain; Epokelan†; Headway; Regaine; Regro;
Mex.: Folcres†; Regaine; Neth.: Alopexy; Lonnoten; Regaine; Norw.: Re-
gaine†; Rogaine; NZ: Headway; Rogaine; Philipp.: Regroe; Pol.: Loxon;
Piloxidil; Regaine; Port.: Biocrinal; Crinalsofex; Hairtene; Loniten†; Mantai;
Minocalve; Minox; Neoxidil; Regaine; Tricovivax; Zeldilon; Rus.: Regaine
(Регейн); S.Afr.: Loniten; Regaine; Singapore: Growell; Minoxitrim; Neox-
idil†; Regaine; Regro; Spain: Alopexy; Carexidil; Dinaxil Capilar; Lacovin;
Loniten; Regaine; Regaxidil; Riteban†; Swed.: Recrea; Regaine†; Revexan;
Rogaine; Switz.: Alopexy; Loniten; Neocapil; Piloxil†; Regaine; Thai.: Lo-
niten; Manoxidil; Minoxitrim†; Modil; Noxidil; Nuhair ; Regaine; Regrowth;
Reten; UK: Loniten; Regaine; USA: Loniten†; Rogaine; Venez.: Guayaten;
Regaine†; Topixidil; Zitoxil.
Multi-ingredient: Arg.: Tricoplus Conef†.

Mivazerol (rINN)

Mivazérol; Mivazerolum; UCB-22073. α-Imidazol-4-yl-2,3-creso-
tamide.
Мивазерол
C11H11N3O2 = 217.2.
CAS — 125472-02-8.

Profile
Mivazerol is an alpha2-adrenoceptor agonist that has been inves-
tigated for the prevention of perioperative complications result-
ing from myocardial ischaemia in patients with ischaemic heart
disease undergoing non-cardiac surgery.
◊ References.
1. Oliver MF, et al. Effect of mivazerol on perioperative cardiac

complications during non-cardiac surgery in patients with coro-
nary heart disease: the European Mivazerol Trial (EMIT). An-
esthesiology 1999: 91: 951–61.

Moexipril Hydrochloride 

(BANM, USAN, rINNM)

CI-925; Hidrocloruro de moexipril; Moeksipril Hidroklorür;
Moexipril, Chlorhydrate de; Moexiprili Hydrochloridum; RS-
10085-197; SPM-925. (3S-{2[R*(R*)],3R*})-2-(2-{[1-(Ethoxycarb-
onyl)-3-phenylpropyl]amino}-1-oxopropyl)-1,2,3,4-tetrahydro-
6,7-dimethoxy-3-isoquinoline-carboxylic acid hydrochloride.
Моэксиприла Гидрохлорид
C27H34N2O7,HCl = 535.0.
CAS — 103775-10-6 (moexipril); 82586-52-5 (moexipril
hydrochloride).
ATC — C09AA13.
ATC Vet — QC09AA13.

(moexipr il)

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Moexipril acts as a prodrug of the diacid moexiprilat,
its active metabolite. After oral doses moexipril is rap-
idly but incompletely absorbed and is metabolised to
moexiprilat in the gastrointestinal mucosa and liver.
Absorption is reduced in the presence of food. The bio-
availability of moexiprilat is about 13% after oral doses
of moexipril, and peak plasma concentrations of moex-
iprilat are reached in about 1.5 hours. Both moexipril
and moexiprilat are moderately bound to plasma pro-
teins. Moexipril is excreted mainly in the urine as
moexiprilat, unchanged drug, and other metabolites;

some moexiprilat may also be excreted in the faeces.
The functional elimination half-life of moexiprilat is
about 12 hours.

Uses and Administration
Moexipril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171). 
Moexipril owes its activity to moexiprilat, to which it
is converted after oral doses. The haemodynamic ef-
fects are seen about 1 hour after an oral dose and the
maximum effect occurs after about 3 to 6 hours, al-
though the full effect may not develop for 2 to 4 weeks
during chronic dosing. Moexipril is given orally as the
hydrochloride. 
In the treatment of hypertension, the usual initial dose
of moexipril hydrochloride is 7.5 mg once daily. Since
there may be a precipitous fall in blood pressure in
some patients when starting therapy with an ACE in-
hibitor, the first dose should preferably be given at bed-
time. An initial dose of 3.75 mg once daily, given un-
der close medical supervision, is suggested for patients
who are taking a diuretic; if possible the diuretic should
be withdrawn 2 or 3 days before moexipril is started
and resumed later if necessary. An initial dose of
3.75 mg once daily is also recommended for patients
with renal or hepatic impairment and for the elderly. 
The usual maintenance dose is 7.5 to 30 mg daily,
which may be given in 2 divided doses if control is
inadequate with a single dose.
◊ Reviews.
1. Brogden RN, Wiseman LR. Moexipril: a review of its use in the

management of essential hypertension. Drugs 1998; 55: 845–60. 
2. Chrysant SG, Chrysant GS. Pharmacological and clinical profile

of moexipril: a concise review. J Clin Pharmacol 2004; 44:
827–36.

Administration in renal impairment. In patients with renal
impairment (creatinine clearance 40 mL/minute or less) an initial
dose of moexipril hydrochloride 3.75 mg is given; in the USA it
is required that the maximum dose in such patients should not
exceed 15 mg daily.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Fempress; Cz.: Moex; Fr.: Moex; Ger.: Fempress; Gr.: Tensotec†;
Hong Kong: Moex; Irl.: Perdix†; Israel: Perdix; Ital.: Femipres; Malaysia:
Tensotec†; Philipp.: Univasc; Pol.: Cardiotensin; Port.: Tensotec; Rus.:
Moex (Моэкс); S.Afr.: Perdix; Turk.: Univasc; UK: Perdix; USA: Univasc.
Multi-ingredient: Austria: Fempress Plus; Ger.: Fempress Plus; Ital.:
Enulid; Femipres Plus; Philipp.: Uniretic; Rus.: Moex Plus (Моэкс Плюс);
USA: Uniretic.

Molsidomine (BAN, USAN, rINN)

CAS-276; Molsidomiini; Molsidomin; Molsidomina; Molsidomi-
num; Morsydomine; SIN-10. N-Ethoxycarbonyl-3-morpholino-
sydnonimine.
Молсидомин
C9H14N4O4 = 242.2.
CAS — 25717-80-0.
ATC — C01DX12.
ATC Vet — QC01DX12.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Molsidomine). A white or almost white, crystalline
powder. Sparingly soluble in water; soluble in anhydrous alcohol
and in dichloromethane. A 1% solution in water has a pH of 5.5
to 7.5. Protect from light.
Profile
Molsidomine is a nitrovasodilator used in angina pectoris
(p.1157). It may also be used in heart failure (p.1165) and after
myocardial infarction (below). 
Molsidomine is given in usual oral doses of 1 to 4 mg two to four
times daily. Modified-release preparations are also available. It is
also given intravenously in single doses of 2 to 4 mg and doses
of 2 mg may be repeated at intervals of at least 2 hours if neces-
sary; total doses of up to 40 mg daily have been given. Infusions
may be given at a rate of up to 3 mg/hour. 
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Molsidomine is metabolised to linsidomine (p.1325), an active
metabolite.
Carcinogenicity. Molsidomine tends to degrade into morpho-
line (even when protected from the light), a compound consid-
ered potentially carcinogenic. This finding led to the suspension
of marketing of one molsidomine formulation;1 an earlier tempo-
rary suspension was related to evidence of carcinogenicity in
some animals, although this has not been confirmed in humans.
1. Anonymous. Corvaton Tropfen. Dtsch Apotheker Ztg 1989; 129

(49): VI.

Myocardial infarction. Although intravenous nitrates (glycer-
yl trinitrate or sodium nitroprusside) may be used in the manage-
ment of acute myocardial infarction (p.1175), molsidomine and
its active metabolite linsidomine (a nitric oxide donor) had no
effect on mortality.1
1. European Study of Prevention of Infarct with Molsidomine

(ESPRIM) Group. The ESPRIM trial: short-term treatment of
acute myocardial infarction with molsidomine. Lancet 1994;
344: 91–7.

Pharmacokinetics. The pharmacokinetics of molsidomine
have been reviewed.1 Molsidomine is metabolised in the liver to
linsidomine and other morpholine derivatives. Prolonged elimi-
nation half-lives of molsidomine and linsidomine due to reduced
plasma clearance have been reported in patients with liver cirrho-
sis.2
1. Rosenkranz B, et al. Clinical pharmacokinetics of molsidomine.

Clin Pharmacokinet 1996; 30: 372–84. 
2. Spreux-Varoquaux O, et al. Pharmacokinetics of molsidomine

and its active metabolite, linsidomine, in patients with liver cir-
rhosis. Br J Clin Pharmacol 1991; 32: 399–401.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Molsicor; Molsidaine; Austria: Molsidolat; Molsihexal; Belg.: Coruno;
Corvatard†; Corvaton; Cz.: Corvaton; Molsihexal; Molsiket; Fr.: Corvasal;
Ger.: Corvaton; duracoron†; Molsi-Azu†; Molsi-Puren; Molsi†; Molsibeta;
Molsihexal; molsiket; Hung.: Corvaton; Port.: Corvaton†; Rus.: Dilasidom
(Диласидом); Sydnopharm (Сиднофарм); Spain: Corpea; Molsidain;
Switz.: Corsifar†; Corvaton.

Monteplase (rINN)

E-6010; Monteplasa; Montéplase; Monteplasum.
Монтеплаза
C2569H3896N746O783S39 = 59009.5.
CAS — 156616-23-8.

Profile
Monteplase is a thrombolytic related to alteplase (p.1207) that is
used in acute myocardial infarction (p.1175) and venous throm-
boembolism (p.1189). For acute myocardial infarction, the usual
dose is 27 500 units/kg given by intravenous injection as soon as
possible after the onset of symptoms. For pulmonary embolism,
the usual dose is 13 750 units/kg to 27 500 units/kg.
◊ References.
1. Kawai C, et al. A prospective, randomized, double-blind multi-

center trial of a single bolus injection of the novel modified t-PA
E6010 in the treatment of acute myocardial infarction: compari-
son with native t-PA. J Am Coll Cardiol 1997; 29: 1447–53. 

2. Inoue T, et al. A new thrombolytic agent, monteplase, is inde-
pendent of the plasminogen activator inhibitor in patients with
acute myocardial infarction: initial results of the COmbining
Monteplase with Angioplasty (COMA) trial. Am Heart J 2002;
144: E5. 

3. Inoue T, et al. Long-term benefits of monteplase before coronary
angioplasty in acute myocardial infarction. Am J Cardiol 2005;
95: 506–8. 

4. Inoue T, et al. Therapeutic potential of monteplase in acute my-
ocardial infarction. Am J Cardiovasc Drugs 2005; 5: 225–31.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Cleactor.

Moracizine (BAN, rINN)

EN-313; Moracizina; Moracizinum; Moricizine (USAN). Ethyl [10-
(3-morpholinopropionyl)phenothiazin-2-yl]carbamate.
Морацизин
C22H25N3O4S = 427.5.
CAS — 31883-05-3.
ATC — C01BG01.
ATC Vet — QC01BG01.

Moracizine Hydrochloride (BANM, rINNM)

Hidrocloruro de moracizina; Moracizine, Chlorhydrate de;
Moracizinhydroklorid; Moracizini Hydrochloridum; Morasitsiini-
hydrokloridi.
Морацизина Гидрохлорид
C22H25N3O4S,HCl = 464.0.
CAS — 29560-58-5.
ATC — C01BG01.
ATC Vet — QC01BG01.
Pharmacopoeias. In Chin. and US. 
USP 31 (Moricizine Hydrochloride). A white to off-white crys-
talline powder. Soluble in water and in alcohol. Store in airtight
containers.
Adverse Effects
The most common adverse effects associated with moracizine
affect the CNS and the gastrointestinal tract and include dizzi-
ness, headache, fatigue, nausea, and abdominal pain. Other ad-
verse effects include dyspnoea, dry mouth, blurred vision, impo-
tence, and urinary-tract disorders. There have been occasional
reports of fever, thrombocytopenia, hepatic dysfunction, hypo-
thermia, and skin rash. 
Like other antiarrhythmics moracizine can provoke or worsen
arrhythmias. This may range from an increase in the frequency
of premature ventricular contractions to induction or worsening
of ventricular tachycardia. 
An increased mortality rate occurred when moracizine was test-
ed in the control of asymptomatic ventricular arrhythmias in
post-infarction patients (see Cardiac Arrhythmias under Uses
and Administration, below).
Effects on body temperature. Fever with elevated creatine
phosphokinase and hepatic transaminase concentrations was as-
sociated with moracizine in 2 patients.1 The fever abated within
48 hours of stopping moracizine and recurred within 24 hours of
rechallenge in both patients. Results suggested a similarity to the
neuroleptic malignant syndrome that is associated with other
phenothiazine derivatives.
1. Miura DS, et al. Ethmozine toxicity: fever of unknown origin. J

Clin Pharmacol 1986; 26: 153–5.

Precautions
As for Flecainide Acetate, p.1288.
Interactions
Use of moracizine with other antiarrhythmics or arrhythmogenic
drugs may increase the incidence of cardiac arrhythmias. Mora-
cizine undergoes metabolism in the liver and its activity may be
influenced by other drugs affecting the enzymes responsible for
its metabolism; it is an enzyme inducer and may also affect the
activity of other hepatically-metabolised drugs.
Pharmacokinetics
Moracizine is readily and almost completely absorbed from the
gastrointestinal tract. It undergoes significant first-pass hepatic
metabolism so that the oral bioavailability is about 38%. Mora-
cizine is extensively metabolised and some of the numerous me-
tabolites may be active. It induces its own metabolism; the plas-
ma elimination half-life is about 2 hours after multiple doses.
Although plasma concentrations are reduced with multiple dos-
ing, clinical response is not affected. It is about 95% bound to
plasma proteins. Moracizine is distributed into breast milk.
About 56% of a dose is excreted in the faeces and about 39% in
the urine.
◊ References.
1. Benedek IH, et al. Enzyme induction by moricizine: time course

and extent in healthy subjects. J Clin Pharmacol 1994; 34:
167–75.

Uses and Administration
Moracizine is a phenothiazine compound that has class I an-
tiarrhythmic activity (p.1153) but does not readily fall into the
subclasses a, b, or c. It is used as the hydrochloride in the treat-
ment of serious symptomatic ventricular arrhythmias. Mora-
cizine hydrochloride is given orally in a usual dose of 600 to
900 mg daily in 2 or 3 divided doses. Treatment should be started
in hospital, and doses should be adjusted at intervals of not less
than 3 days. Doses should be reduced in patients with hepatic or
renal impairment (see below).
◊ Reviews.
1. Clyne CA, et al. Moricizine. N Engl J Med 1992; 327: 255–60.

Administration in hepatic or renal impairment. The ini-
tial dose of moracizine hydrochloride in hepatic or renal impair-
ment should be 600 mg or less daily and patients should be mon-
itored closely (including ECG) before any adjustment of dose is
made.
Cardiac arrhythmias. Moracizine is effective in various
arrhythmias but is usually reserved for life-threatening ventricu-
lar arrhythmias; like other class I antiarrhythmics (see Cardiac
Arrhythmias under Flecainide, p.1289), it has been associated
with increased mortality when used prophylactically after myo-
cardial infarction,1 and is not recommended in such patients.
However, there is limited evidence that it may be useful in some
patients with supraventricular arrhythmias.2,3

1. The Cardiac Arrhythmia Suppression Trial II Investigators. Ef-
fect of the antiarrhythmic agent moricizine on survival after my-
ocardial infarction. N Engl J Med 1992; 327: 227–33. 

2. Mehta AV, et al. Experience with moricizine HCl in children
with supraventricular tachycardia. Int J Cardiol 1996; 57: 31–5. 

3. Geller JC, et al. Efficacy and safety of moricizine in the mainte-
nance of sinus rhythm in patients with recurrent atrial fibrilla-
tion. Am J Cardiol 2001; 87: 172–7.

Preparations
USP 31: Moricizine Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Ethmozine†.

Moxisylyte Hydrochloride (BANM, rINNM)

Hidrocloruro de moxisilita; Moksisylyyttihydrokloridi; Moxisilita
Clorhidrato; Moxisylyte, Chlorhydrate de; Moxisylythydroklorid;
Moxisylyti Hydrochloridum; Moxisylytum Hydrochloridum; Thy-
moxamine Hydrochloride. 4-(2-Dimethylaminoethoxy)-5-iso-
propyl-2-methylphenyl acetate hydrochloride.
Моксизилита Гидрохлорид
C16H25NO3,HCl = 315.8.
CAS — 54-32-0 (moxisylyte); 964-52-3 (moxisylyte hydro-
chlor ide).
ATC — C04AX10; G04BE06.
ATC Vet — QC04AX10; QG04BE06.

(moxisylyte)

NOTE. MOX, formerly THY, is a code approved by the BP 2008
for use on single unit doses of eye drops containing moxisylyte
hydrochloride where the individual container may be too small
to bear all the appropriate labelling information.
Pharmacopoeias. In Br. 
BP 2008 (Moxisylyte Hydrochloride). A white, odourless or al-
most odourless, crystalline powder. Freely soluble in water and
in chloroform; soluble in alcohol; practically insoluble in ether
and in petroleum spirit. A 5% solution in water has a pH of 4.5
to 5.5. Protect from light.
Adverse Effects
Moxisylyte hydrochloride may cause nausea, diarrhoea, head-
ache, vertigo, flushing of the skin, dry mouth, and nasal conges-
tion. Hepatotoxicity has been reported. Overdosage may cause
hypotension. 
Transient ptosis has occurred occasionally after ophthalmic ap-
plication. Prolonged erections or priapism have occurred rarely
after intracavernosal injection and systemic effects may also oc-
cur.
Effects on the liver. Hepatic adverse reactions with moxisylyte
first appeared in France after its use in benign prostatic hyperpla-
sia, a condition in which relatively high doses were used (up to
480 mg daily compared with up to 320 mg daily for peripheral
vascular disease). Since then the UK CSM has received reports
associated with lower doses.1 Thirteen hepatic reactions, ac-
counting for 17% of all reports of suspected adverse reactions to
moxisylyte, had been received. These comprised 3 cases of
hepatic function abnormalities, 3 of jaundice, 4 of cholestatic
jaundice, 2 of hepatitis, and 1 of hepatitis with jaundice. In most
cases the reaction occurred within 5 weeks of the start of treat-
ment and resolved on drug withdrawal. In 9 cases the dosage of
moxisylyte was known and varied from 80 to 320 mg daily with
7 patients receiving 160 mg or less daily.
1. Committee on Safety of Medicines/Medicines Control Agency.

Hepatic reactions with thymoxamine (Opilon). Current Prob-
lems 1993; 19: 11–12. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024456&RevisionSelectionMethod=
LatestReleased (accessed 10/04/08)

Precautions
Moxisylyte hydrochloride should not be given to patients with
active liver disease and should be given with care to patients with
diabetes mellitus as it may theoretically decrease insulin require-
ments. Monitoring of liver function is recommended, especially
if therapy is prolonged or if high doses are being used. Intracav-
ernosal injection of moxisylyte is contra-indicated in patients
with conditions that predispose to priapism.
Interactions
Moxisylyte may enhance the effects of antihypertensives and the
hypotensive effect of moxisylyte may be enhanced by tricyclic
antidepressants.
Uses and Administration
Moxisylyte is an alpha-adrenoceptor blocker with vasodilating
activity. It is used by mouth in the treatment of peripheral vascu-
lar disease (p.1178) and has been self-administered by intracav-
ernosal injection in erectile dysfunction (p.2179). 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Moxisylyte is given as the hydrochloride but the dose may be
expressed in terms of the base. Moxisylyte hydrochloride
45.2 mg is equivalent to about 40 mg of moxisylyte. 
In the management of peripheral vascular disease, the usual
oral dose is the equivalent of 40 mg of moxisylyte four times dai-
ly increased if necessary to 80 mg four times daily. It should be
withdrawn if there is no response in 2 weeks. 
Moxisylyte has been used locally in the eye to reverse the my-
driasis caused by phenylephrine and other sympathomimetics. It
has also been used orally in benign prostatic hyperplasia, al-
though such use has been associated with hepatotoxicity; the
doses used in prostatic hyperplasia were generally higher than
those in peripheral vascular disease.
◊ Reviews.
1. Marquer C, Bressolle F. Moxisylyte: a review of its pharmaco-

dynamic and pharmacokinetic properties, and its therapeutic use
in impotence. Fundam Clin Pharmacol 1998; 12: 377–87.

Preparations
BP 2008: Moxisylyte Tablets.
Proprietary Preparations (details are given in Part 3)
Fr.: Carlytene; Icavex†; Irl.: Opilon; Port.: Arlitene†; UK: Opilon.

Moxonidine (BAN, USAN, rINN)

BDF-5895; BDF-5896; BE-5895; LY-326869; Moksonidi; Mokso-
nidiini; Moksonidin; Moksonidinas; Moxonid; Moxonidin; Moxo-
nidina; Moxonidinum; Moxonidum. 4-Chloro-5-(2-imidazolin-2-
ylamino)-6-methoxy-2-methylpyrimidine.
Моксонидин
C9H12ClN5O = 241.7.
CAS — 75438-57-2.
ATC — C02AC05.
ATC Vet — QC02AC05.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Moxonidine). A white or almost white powder.
Very slightly soluble in water and in acetonitrile; slightly soluble
in dichloromethane; sparingly soluble in methyl alcohol.

Adverse Effects and Treatment
Moxonidine has similar adverse effects to clonidine
(p.1247) but causes less sedation. The incidence of dry
mouth may also be lower.

Precautions
Moxonidine should not be used in patients with con-
duction disorders, bradycardia, severe arrhythmias,
severe heart failure, severe ischaemic heart disease, se-
vere hepatic or renal impairment, or a history of an-
gioedema. Licensed product information suggests that
it should also be avoided in patients with intermittent
claudication or Raynaud’s disease, Parkinson’s dis-
ease, epilepsy, glaucoma, and depression. Moxonidine
is distributed into breast milk and should not be used
during breast feeding. 
Although rebound hypertension has not been reported
after moxonidine withdrawal it should not be stopped
abruptly but should be withdrawn gradually over 2
weeks. As for clonidine (p.1247), if patients are also
receiving a beta blocker, this should be stopped several
days before moxonidine is withdrawn.

Interactions
The hypotensive effect of moxonidine may be en-
hanced by other antihypertensives and drugs that cause
hypotension. The effect of sedatives and hypnotics, in-
cluding benzodiazepines, may be enhanced by moxo-
nidine.

Pharmacokinetics
Moxonidine is well absorbed when given orally and
has a bioavailability of about 88%. Peak plasma con-
centrations occur 0.5 to 3 hours after an oral dose. It is
excreted almost entirely in the urine as unchanged drug
and metabolites; about 50 to 75% of an oral dose is ex-
creted as unchanged drug. The mean plasma elimina-

tion half-life is 2 to 3 hours and is prolonged in renal
impairment. Moxonidine is about 7% bound to plasma
proteins. It is distributed into breast milk.

Uses and Administration
Moxonidine is a centrally acting antihypertensive
structurally related to clonidine (p.1247). It appears to
act through stimulation of central imidazoline recep-
tors to reduce sympathetic tone, and also has alpha2-
adrenoceptor agonist activity. It is used in the treatment
of hypertension (p.1171) and has also been investigat-
ed for heart failure (but see below). 
In the treatment of hypertension, moxonidine is given
orally in a usual initial dose of 200 micrograms once
daily. The dose may be increased if necessary, after 3
weeks, to 400 micrograms daily as a single dose or in
2 divided doses, and after a further 3 weeks, to a max-
imum dose of 600 micrograms daily in 2 divided dos-
es. The dose should be reduced in patients with renal
impairment (see below).
◊ References.
1. Chrisp P, Faulds D. Moxonidine: a review of its pharmacology,

and therapeutic use in essential hypertension. Drugs 1992; 44:
993–1012. 

2. Schachter M, et al. Safety and tolerability of moxonidine in the
treatment of hypertension. Drug Safety 1998; 19: 191–203. 

3. Bousquet P, Feldman J. Drugs acting on imidazoline receptors: a
review of their pharmacology, their use in blood pressure control
and their potential interest in cardioprotection. Drugs 1999; 58:
799–812. 

4. Schachter M. Moxonidine. Prescribers’ J 1999; 39: 113–17. 
5. Fenton C, et al. Moxonidine: a review of its use in essential hy-

pertension. Drugs 2006; 66: 477–96.

Administration in renal impairment. UK licensed product
information states that in patients with moderate renal impair-
ment (GFR 30 to 60 mL/minute) single doses of moxonidine
should not exceed 200 micrograms and the daily dose should not
exceed 400 micrograms; moxonidine should not be given in se-
vere impairment (GFR less than 30 mL/minute).
Heart failure. Heart failure is usually treated with diuretics,
ACE inhibitors, and beta blockers (see p.1165). Beta blockers are
thought to act by suppressing the sympathetic nervous system,
which is activated in heart failure. Centrally-acting antihyperten-
sives such as moxonidine also suppress sympathetic activation
and might therefore have a role in heart failure. A study1 in pa-
tients with heart failure found that moxonidine reduced plasma-
noradrenaline concentrations and increased left ventricular ejec-
tion fraction, but also led to an increase in adverse effects. A fur-
ther study2 was stopped early due to increased mortality in the
group receiving moxonidine.
1. Swedberg K, et al. Effects of sustained-release moxonidine, an

imidazoline agonist, on plasma norepinephrine in patients with
chronic heart failure. Circulation 2002; 105: 1797–1803. 

2. Cohn JN, et al. Adverse mortality effect of central sympathetic
inhibition with sustained-release moxonidine in patients with
heart failure (MOXCON). Eur J Heart Fail 2003; 5: 659–67.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Physiotens; Austria: Monox; Moxin; Normoxin; Belg.: Gilutens†;
Moxon; Braz.: Cynt; Cz.: Cynt; Moxogamma; Moxostad; Physiotens;
Denm.: Moxonat; Physiotens; Fin.: Physiotens; Fr.: Physiotens; Ger.: Cynt;
Moxobeta; Moxocard; moxodura; Moxogamma; Physiotens; Gr.: Cynt; Fi-
siotens; Hong Kong: Physiotens; Hung.: Cynt; Moxogamma; Moxostad;
Physiotens; Indon.: Physiotens; Ital.: Fisiotens; Malaysia: Physiotens;
Neth.: Moxamar; Moxaviv; Moxoham; Moxonur; Moxotel; Moxovasc;
Normatens; Ratiomox; Norw.: Physiotens; Philipp.: Physiotens; Pol.:
Moxogamma; Physiotens; Port.: Moxon; Rus.: Cynt (Цинт)†; Physiotens
(Физиотенз); S.Afr.: Physiotens; Singapore: Physiotens†; Spain: Moxon;
Swed.: Physiotens; Switz.: Physiotens; Turk.: Cynt; UK: Physiotens.

Nadolol (BAN, USAN, rINN) ⊗ 
Nadololi; Nadololis; Nadololum; SQ-11725. (2R,3S)-5-(3-tert-
Butylamino-2-hydroxypropoxy)-1,2,3,4-tetrahydronaphthalene-
2,3-diol.
Надолол
C17H27NO4 = 309.4.
CAS — 42200-33-9.
ATC — C07AA12.
ATC Vet — QC07AA12.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Nadolol). A white or almost white crystalline
powder. Slightly soluble in water; freely soluble in alcohol; prac-
tically insoluble in acetone. 
USP 31 (Nadolol). A white or off-white, practically odourless,
crystalline powder. Soluble in water at pH 2; slightly soluble in
water at pH 7 to 10; freely soluble in alcohol and in methyl alco-
hol; insoluble in acetone, in ether, in petroleum spirit, in trichlo-
roethane, and in benzene; slightly soluble in chloroform, in
dichloromethane, and in isopropyl alcohol.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Nadolol is distributed into breast milk and
concentrations in milk are higher than those in maternal plasma.
In a study1 in 12 normotensive women given nadolol 80 mg
daily by mouth for 5 days, the mean nadolol concentration in
milk for the 24 hours after the last dose was 357 nanograms/mL;
the equivalent mean serum-nadolol concentration was only
77 nanograms/mL. It was calculated that a 5-kg infant would
therefore ingest about 2 to 7% of an equivalent adult dose. No
adverse effects have been seen in breast-fed infants whose moth-
ers were given nadolol and the American Academy of Pediatrics
considers2 that it is therefore usually compatible with breast feed-
ing.
1. Devlin RG, et al. Nadolol in human serum and breast milk. Br J

Clin Pharmacol 1981; 12: 393–6. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 10/01/08)

Hypersensitivity. Hypersensitivity pneumonitis was associat-
ed with nadolol in a patient given the drug for migraine.1 Symp-
toms improved when nadolol was withdrawn.
1. Levy MB, et al. Nadolol and hypersensitivity pneumonitis. Ann

Intern Med 1986; 105: 806–7.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Nadolol is incompletely absorbed from the gastrointes-
tinal tract to give peak plasma concentrations about 3
or 4 hours after a dose. It has low lipid solubility. Nad-
olol is widely distributed and concentrations found in
breast milk have been higher than those in serum. It is
only about 30% bound to plasma proteins. It does not
appear to be metabolised and is excreted mainly in the
urine. The plasma half-life has been reported as rang-
ing from about 12 to 24 hours. Nadolol is reported to
be dialysable.
◊ In 4 patients with mild hypertension given nadolol 2 mg orally
or intravenously, the elimination half-life from plasma was an
average of 10 to 12 hours (a range of 5.9 to 12.2 hours after in-
travenous doses, and a range of 9.6 to 14.2 hours after oral dos-
es). Calculations based on urinary excretion and plasma concen-
tration data suggested that about 33% was absorbed after oral
dosage. There was evidence of biliary as well as urinary excre-
tion since after intravenous dosage about 73% was excreted in
urine and 23% in faeces. Nadolol did not appear to be metabo-
lised.1 In a similar study of therapeutic oral doses, terminal half-
lives ranging from 14 to 17 hours were reported for nadolol
80 mg given as a single dose and the same dose daily in a multi-
ple dosage regimen.2
1. Dreyfuss J, et al. Metabolic studies in patients with nadolol: oral

and intravenous administration. J Clin Pharmacol 1977; 17:
300–7. 

2. Dreyfuss J, et al. Pharmacokinetics of nadolol, a beta-receptor
antagonist: administration of therapeutic single- and multiple-
dosage regimens to hypertensive patients. J Clin Pharmacol
1979; 19: 712–20.

Children. The pharmacokinetics of nadolol given intravenously
and orally were studied in six children aged 3 months to 14
years.1 The elimination half-lives for the two oldest children
aged 10 and 14 years were 7.3 and 15.7 hours, respectively.
These values are similar to those reported for adults whereas in
the children 22 months of age or younger, shorter half-lives of
3.2 to 4.3 hours were found. The shorter half-lives were probably
a result of a reduction in the total apparent volume of distribution
of nadolol in the youngest children. Elimination rates were sim-
ilar after either intravenous or oral dosage.
1. Mehta AV, et al. Pharmacokinetics of nadolol in children with

supraventricular tachycardia. J Clin Pharmacol 1992; 32:
1023–7.

Uses and Administration
Nadolol is a non-cardioselective beta blocker (p.1225).
It is reported to lack intrinsic sympathomimetic and
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membrane-stabilising activity. Nadolol is given orally
in the management of hypertension (p.1171), angina
pectoris (p.1157), and cardiac arrhythmias (p.1160). It
is also used in the management of hyperthyroidism
(p.2165) and in the prophylactic treatment of migraine
(p.616). 
In the treatment of hypertension, nadolol is usually
given in an initial dose of 40 to 80 mg once daily, in-
creased weekly according to response to 240 mg or
more daily. 
In angina pectoris, the usual initial dose is 40 mg once
daily, increased weekly according to response to usual
doses of up to 160 mg daily; some patients may require
up to 240 mg daily. Doses of 40 to 160 mg once daily
have also been given for cardiac arrhythmias. 
Doses of 40 to 160 mg once daily are used in migraine
prophylaxis. 
As an adjunct in the treatment of hyperthyroidism,
doses of 80 to 160 mg once daily have been given;
most patients are reported to require the higher dose. 
Patients with renal impairment may require a reduction
in dose (see below).
Administration in renal impairment. Nadolol is excreted
mainly in the urine and doses should be reduced in patients with
renal impairment, usually by increasing the dosage interval. For
patients with hypertension or angina pectoris, US licensed prod-
uct information recommends the following dosage intervals,
based on creatinine clearance (CC): 
• CC between 31 and 50 mL/minute per 1.73 m2: give every 24

to 36 hours 
• CC between 10 and 30 mL/minute per 1.73 m2: give every 24

to 48 hours 
• CC less than 10 mL/minute per 1.73 m2: give every 40 to 60

hours.

Preparations
USP 31: Nadolol and Bendroflumethiazide Tablets; Nadolol Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Corgard; Belg.: Corgard; Braz.: Corgard; Canad.: Apo-Nadol; Cor-
gard; Chile: Corgard; Fr.: Corgard; Ger.: Solgol; Hong Kong: Apo-Nadol;
Corgard†; Ital.: Corgard; Malaysia: Corgard†; Mex.: Corgard; NZ: Cor-
gard; Port.: Anabet; S.Afr.: Corgard; Spain: Corgard; Solgol; Switz.: Cor-
gard; UK: Corgard; USA: Corgard; Venez.: Corgard.
Multi-ingredient: Ger.: Sotaziden N; Mex.: Corgaretic; S.Afr.: Corga-
retic; UK: Corgaretic†; USA: Corzide.

Nadroparin Calcium (BAN, rINN)

CY-216; Nadropariinikalsium; Nadroparin Kalsiyum; Nadroparin
vápenatá sůl; Nadroparina cálcica; Nadroparine calcique;
Nadroparinkalcium; Nadroparin-kalcium; Nadroparino kalcio
druska; Nadroparinum calcicum.
Надропарин Кальций
ATC — B01AB06.
ATC Vet — QB01AB06.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Nadroparin Calcium). It is prepared by nitrous acid
depolymerisation of heparin obtained from the intestinal mucosa
of pigs. The majority of the components have a 2-O-sulfo-α-L-
idopyranosuronic acid structure at the non-reducing end and a 6-
O-sulfo-2,5-anhydro-D-mannitol structure at the reducing end of
their chain. The mass-average molecular mass ranges between
3600 and 5000, with a characteristic value of 4300. The mass
percentage of chains lower than 2000 is not more than 15%. The
degree of sulfation is about 2 per disaccharide unit. 
The potency is not less than 95 units and not more than 130 units
of anti-factor Xa activity per mg with reference to the dried sub-
stance, and the ratio of anti-factor Xa activity to anti-factor IIa
(antithrombin) activity is between 2.5 and 4.0.
Profile
Nadroparin calcium is a low-molecular-weight heparin (p.1329)
with anticoagulant properties. It is used in the treatment and
prophylaxis of venous thromboembolism (p.1189) and to pre-
vent clotting during extracorporeal circulation. It is also used in
the management of unstable angina (p.1157). 
Doses are expressed in terms of anti-factor Xa activity (anti-Xa
units) although different values may be encountered in the liter-
ature depending upon the reference preparation used. For proph-
ylaxis of venous thromboembolism during surgery, patients at
moderate risk of thrombosis are given 2850 units of nadroparin
calcium by subcutaneous injection daily for at least 7 days or un-
til the patient is ambulant; the first dose is given 2 to 4 hours
before the procedure. For patients at high risk of thrombosis the
dose is adjusted according to body-weight. Usual doses are
38 units/kg 12 hours before surgery, 12 hours postoperatively
and then daily until 3 days after the procedure; the dose is then
increased by 50% to 57 units/kg daily. The total duration of treat-
ment should be at least 10 days. 

For the treatment of thromboembolism, nadroparin calcium is
given in a dose of 85 units/kg by subcutaneous injection every 12
hours for up to 10 days. Alternatively, a dose of 171 units/kg is
given once daily. 
For prevention of clotting in the extracorporeal circulation dur-
ing haemodialysis sessions lasting less than 4 hours, nadroparin
calcium is given into the arterial line of the circuit at the begin-
ning of the dialysis session. The usual dose is 2850 units for pa-
tients weighing less than 50 kg, 3800 units for patients weighing
50 to 69 kg, and 5700 units for patients weighing 70 kg or more.
Doses should be reduced in patients at high risk of haemorrhage. 
In the management of unstable angina, nadroparin calcium is
given subcutaneously in a dose of 86 units/kg every 12 hours, for
about 6 days. An initial dose of 86 units/kg may be given intra-
venously. Low-dose aspirin should also be given. 
Elimination of nadroparin is prolonged in renal impairment, and
doses may need to be reduced in moderate or severe impairment.
◊ References.
1. Barradell LB, Buckley MM. Nadroparin calcium: a review of its

pharmacology and clinical applications in the prevention and
treatment of thromboembolic disorders. Drugs 1992; 44:
858–88.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Fraxiparine; Austria: Fraxiparin; Belg.: Fraxiparine; Fraxodi; Braz.:
Fraxiparina; Canad.: Fraxiparine; Chile: Fraxiparine; Cz.: Fraxiparine; Fr.:
Fraxiparine; Fraxodi; Ger.: Fraxiparin; Fraxodi; Gr.: Fraxiparine; Hong
Kong: Fraxiparine; Hung.: Fraxiparine; Fraxodi; Indon.: Fraxiparine; Isra-
el: Fraxiparine; Ital.: Fraxiparina; Fraxodi; Seledie; Seleparina; Malaysia:
Fraxiparine; Mex.: Fraxiparine; Fraxodi; Neth.: Fraxiparine; Fraxodi;
Norw.: Fraxiparine†; NZ: Fraxiparine†; Philipp.: Fraxiparine; Pol.: Fraxi-
parine; Fraxodi; Port.: Fraxiparina; Fraxodi; Rus.: Fraxiparine
(Фраксипарин); S.Afr.: Fraxiparine; Singapore: Fraxiparine; Spain: Fraxi-
parina; Swed.: Fraxiparine†; Switz.: Fraxiforte; Fraxiparine; Thai.: Fraxi-
parine; Turk.: Fraxiparine; Fraxodi; Venez.: Fraxiparina.

Naftidrofuryl Oxalate (BANM, rINNM)

EU-1806; LS-121; Nafronyl Oxalate (USAN); Naftidrofuril-hid-
rogén-oxalát; Naftidrofurilio-vandenilio oksalatas; Naftidrofuryl
Hydrogen Oxalate; Naftidrofuryl, hydrogénooxalate de; Naftid-
rofuryl, Oxalate de; Naftidrofuryli hydrogenooxalas; Naftidrofu-
ryli Oxalas; Naftidrofuryl-oxalát; Naftidrofurylväteoxalat; Naftid-
rofuryylivetyoksalaatti; Oxalato de naftidrofurilo. 2-Diethylami-
noethyl 3-(1-naphthyl)-2-tetrahydrofurfurylpropionate hydrogen
oxalate.
Нафтидрофурила Оксалат
C24H33NO3,C2H2O4 = 473.6.
CAS — 31329-57-4 (naftidrofur yl); 3200-06-4 (naftidro-
fur yl oxalate).
ATC — C04AX21.
ATC Vet — QC04AX21.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Naftidrofuryl Hydrogen Oxalate; Naftidrofuryl
Oxalate BP 2008). A white or almost white powder. Freely solu-
ble in water; freely soluble or soluble in alcohol; slightly or spar-
ingly soluble in acetone.
Adverse Effects
Naftidrofuryl oxalate given orally may cause nausea and epigas-
tric pain. Rash has been reported occasionally. Hepatitis or hepat-
ic failure has occurred rarely. Convulsions and depression of car-
diac conduction may occur after overdosage. After intravenous
use cardiac arrhythmias, hypotension, and convulsions have
been reported and intravenous preparations have been with-
drawn from the market (see below).
◊ In early 1995 the UK CSM published details of adverse reac-
tions to naftidrofuryl.1 After parenteral doses of naftidrofuryl 47
reports of 79 reactions had been received, the most serious con-
sequences being 9 cases of cardiac arrhythmias, 3 of convul-
sions, and 2 of hypotension. It was also noted that 2 fatal cases of
cardiac arrest had occurred in Germany after bolus intravenous
doses and it was stressed that the drug must not be given as a
bolus but as a slow intravenous infusion. Additionally, 16 re-
ports, including one fatality, of hepatitis or hepatic failure associ-
ated with oral naftidrofuryl had been received although this ap-
peared to be a rare reaction. 
Later in 1995, after a review conducted in the UK and Europe, it
was announced by the CSM that intravenous naftidrofuryl was to
be withdrawn.2 It was considered that the risks of cardiac and

neurological toxicity outweighed the benefits of intravenous dos-
age in peripheral vascular disease. The oral form of naftidrofuryl
would remain available.
1. Committee on Safety of Medicines/Medicines Control Agency.

Adverse reactions with naftidrofuryl (Praxilene). Current Prob-
lems 1995; 21: 2. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2015618&RevisionSelectionMethod=
LatestReleased (accessed 08/05/08) 

2. Committee on Safety of Medicines/Medicines Control Agency.
Withdrawal of naftidrofuryl infusion (Praxilene Forte). Current
Problems 1995; 21: 7. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2015619&RevisionSelectionMethod=
LatestReleased (accessed 08/05/08)

Effects on the kidneys. Calcium oxalate crystals in the renal
tubules of 2 patients with acute renal failure1 were associated
with the high amounts of oxalate they had received when naftid-
rofuryl oxalate was given intravenously.
1. Moesch C, et al. Renal intratubular crystallisation of calcium

oxalate and naftidrofuryl oxalate. Lancet 1991; 338: 1219–20.

Uses and Administration
Naftidrofuryl oxalate is used as a vasodilator in the treatment of
peripheral (p.1178) and cerebral vascular disorders (p.1165). It is
also claimed to enhance cellular oxidative capacity thereby pro-
tecting cells against the results of ischaemia. 
Naftidrofuryl oxalate is given orally in usual doses of 100 to
200 mg three times daily for peripheral vascular disorders and
100 mg three times daily for cerebrovascular disorders. 
Naftidrofuryl oxalate has also been given parenterally. However,
intravenous use has been associated with serious adverse effects
(see above) and intravenous preparations have been withdrawn.
◊ References.
1. De Backer TLM, et al. Naftidrofuryl for intermittent claudica-

tion. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2008 (accessed
08/05/08).

Preparations
BP 2008: Naftidrofuryl Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Iridus†; Austria: Dusodril; Naftodril; Belg.: Praxilene; Braz.: Iridux;
Cz.: Enelbin; Fr.: Di-Actane; Gevatran; Naftilux; Praxilene; Ger.: Arto-
coron†; Azunaftil†; Dusodril; Nafti; Naftilong; Gr.: Praxilene; Hong Kong:
Praxilene; Hung.: Naftilong; Indon.: Frilix; Nafoxal; Praxilene; Vascuprax;
Irl.: Praxilene; Ital.: Praxilene; Mex.: Iridus; Philipp.: Praxilene; Port.:
Praxilene; Singapore: Praxilene; Spain: Praxilene; Switz.: Praxilene; Sodi-
pryl retard; Thai.: Praxilene; UK: Praxilene; Venez.: Fuxaten†; Iridus.

Nasaruplase (rINN)

Nasaruplasa; Nasaruplasum; Prourokinase, Glycosylated.
Prourokinase (enzyme-activating) (human clone pA3/pD2/pF1
protein moiety), glycosylated.
Назаруплаза
CAS — 99821-44-0.

NOTE. The term prourokinase has been used for both nasaruplase
and saruplase (p.1390).

Nasaruplase Beta (USAN, rINN)

Abbott-74187; ABT-187; Nasaruplasa beta; Nasaruplase Bêta;
Nasaruplasum Beta. Prourokinase (enzyme-activating) human
(clone pUK4/pUK18 protein moiety), glycosylated (murine cell
line SP2/0).
Назаруплаза Бета
CAS — 136653-69-5.

Profile
Nasaruplase is a thrombolytic under investigation in acute
ischaemic stroke.
◊ References.
1. Furlan A, et al. Intra-arterial prourokinase for acute ischemic

stroke. The PROACT II study: a randomized controlled trial.
JAMA 1999; 282: 2003–11.

Nateplase (rINN)

Nateplasa; Natéplase; Nateplasum. A mixture of N-[N2-(N-gly-
cyl-L-alanyl)-L-arginyl]plasminogen activator (human tissue-type
1-chain form, protein moiety), glycoform β (major component)
and plasminogen activator (human tissue-type 1-chain form, pro-
tein moiety), glycoform β.
Натеплаза
CAS — 159445-63-3.

Profile
Nateplase is a thrombolytic related to alteplase (p.1207) that has
been used in acute myocardial infarction (p.1175).
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Milyzer†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Natriuretic Peptides ⊗ 
Péptidos natriuréticos.

Profile
Natriuretic peptides are endogenous substances that possess diu-
retic, natriuretic, and vasodilator properties. Three types are
known. Atrial natriuretic peptide (ANP), also known as atrial
natriuretic factor (ANF), atriopeptin, auriculin, or cardionatrin, is
produced mainly in the cardiac atria, although another form, ul-
aritide (urodilatin), is produced in the kidney. Brain natriuretic
peptide (BNP, B-type natriuretic peptide) was originally isolated
from brain tissue but is now known to be mainly produced by the
cardiac ventricles. C-type natriuretic peptide (CNP) is produced
by the endothelium and appears to act locally as a vasodilator but
has little natriuretic effect. 
Natriuretic peptides have an important physiological role in fluid
and electrolyte homoeostasis and in the regulation of blood pres-
sure, and they interact closely with other complex systems such
as the renin-angiotensin-aldosterone cascade. Plasma concentra-
tions of atrial natriuretic peptide and brain natriuretic peptide are
altered in some pathological states and have been used as indica-
tors of cardiac function. Natriuretic peptides that have been in-
vestigated for therapeutic use include anaritide, a synthetic form
of atrial natriuretic peptide, and ularitide; both have been studied
in acute renal failure, and ularitide has also been studied in heart
failure. Recombinant forms of atrial natriuretic peptide (carper-
itide, p.1241) and brain natriuretic peptide (nesiritide, p.1347)
are used in the management of acute heart failure. 
The currently available natriuretic peptides have short half-lives
and have to be given parenterally. Other approaches to manipu-
lating their effects have been investigated, including the use of
atriopeptidase inhibitors (neutral endopeptidase inhibitors; neu-
tral metalloendopeptidase inhibitors), such as candoxatrilat and
ecadotril (sinorphan) to prolong the half-life of endogenous atrial
natriuretic peptide. Compounds such as omapatrilat (p.1361) that
inhibit both neutral endopeptidase and angiotensin-converting
enzyme are also being studied.

◊ References.
1. Tan ACITL, et al. Atrial natriuretic peptide: an overview of

clinical pharmacology and pharmacokinetics. Clin Pharmacok-
inet 1993; 24: 28–45. 

2. Richards AM. The renin-angiotensin-aldosterone system and
the cardiac natriuretic peptides. Heart 1996; 76 (suppl 3):
36–44. 

3. Wilkins MR, et al. The natriuretic-peptide family. Lancet 1997;
349: 1307–10. 

4. Levin ER, et al. Natriuretic peptides. N Engl J Med 1998; 339:
321–8. 

5. Lewis J, et al. Atrial natriuretic factor in oliguric acute renal
failure: Anaritide Acute Renal Failure Study Group. Am J Kid-
ney Dis 2000; 36: 767–74. 

6. Forssmann W, et al. The renal urodilatin system: clinical impli-
cations. Cardiovasc Res 2001; 51: 450–62. 

7. de Lemos JA, et al. B-type natriuretic peptide in cardiovascular
disease. Lancet 2003; 362: 316–22. 

8. Weber M, Hamm C. Role of B-type natriuretic peptide (BNP)
and NT-proBNP in clinical routine. Heart 2006; 92: 843–9. 

9. Mitrovic V, et al. Haemodynamic and clinical effects of ular-
itide in decompensated heart failure. Eur Heart J 2006; 27:
2823–32. 

10. Lüss H, et al. Renal effects of ularitide in patients with decom-
pensated heart failure. Am Heart J 2008; 155: 1012.e1–8.

Nebivolol (BAN, USAN, rINN) ⊗ 
Narbivolol; Nébivolol; Nebivololi; Nebivololum; R-65824.
(1RS,1′RS)-1,1′-[(2RS,2′SR)-Bis(6-fluorochroman-2-yl)]-2,2′-imin-
odiethanol.

Небиволол
C22H25F2NO4 = 405.4.

CAS — 99200-09-6; 118457-14-0.
ATC — C07AB12.
ATC Vet — QC07AB12.

Nebivolol Hydrochloride (BANM, USAN, rINNM) ⊗ 
Hidrocloruro de nebivolol; Nébivolol, Chlorhydrate de; Nebivo-
loli Hydrochloridum; R-67555; R-067555.

Небиволола Гидрохлорид
C22H25F2NO4,HCl = 441.9.
CAS — 169293-50-9; 152520-56-4.
ATC — C07AB12.
ATC Vet — QC07AB12.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Nebivolol is rapidly absorbed after oral doses. It is ex-
tensively metabolised in the liver by alicyclic and aro-
matic hydroxylation, N-dealkylation, and glucuronida-
tion; the hydroxy metabolites are reported to be active.
The rate of aromatic hydroxylation by cytochrome
P450 isoenzyme CYP2D6 is subject to genetic poly-
morphism, and bioavailability and half-life vary wide-
ly. In fast metabolisers the elimination half-life of
nebivolol is about 10 hours and that of the hydroxy
metabolites is about 24 hours. Peak plasma concentra-
tions of unchanged drug plus active metabolites are 1.3
to 1.4 times higher in slow metabolisers and the half-
lives of nebivolol and its hydroxy metabolites are pro-
longed. 
Nebivolol is about 98% bound to plasma proteins. It
has high lipid solubility. It is excreted in the urine and
faeces, almost entirely as metabolites. Nebivolol is dis-
tributed into breast milk in animals.

Uses and Administration
Nebivolol is a cardioselective beta blocker (p.1225). It
has vasodilating activity, which appears to be due to a
direct action on the endothelium, possibly involving
nitric oxide release. It is reported to lack intrinsic sym-
pathomimetic and membrane-stabilising activity. 
Nebivolol is used in the management of hypertension
(p.1171), and as an adjunct to standard therapy in pa-
tients aged 70 years and older with stable chronic heart
failure (p.1165). It is given orally as the hydrochloride
although doses are expressed in terms of the base;
5.45 mg of nebivolol hydrochloride is equivalent to
about 5 mg of base. 
In hypertension the usual initial dose of nebivolol is
5 mg once daily. US licensed product information al-
lows the dose to be increased, if necessary, at intervals
of 2 weeks, to a maximum dose of 40 mg once daily.
Dosage reduction may be necessary in the elderly and
in patients with hepatic or renal impairment (see be-
low). 
In heart failure the initial dose of nebivolol is 1.25 mg
once daily. If tolerated, the dose should be doubled
every 1 to 2 weeks up to a maximum of 10 mg once
daily.
◊ Reviews.
1. Moen MD, Wagstaff AJ. Nebivolol: a review of its use in the

management of hypertension and chronic heart failure. Drugs
2006; 66: 1389–1409. 

2. Veverka A, et al. Nebivolol: a third-generation β-adrenergic
blocker. Ann Pharmacother 2006; 40: 1353–60. 

3. Agabiti Rosei E, Rizzoni D. Metabolic profile of nebivolol, a β-
adrenoceptor antagonist with unique characteristics. Drugs
2007; 67: 1097–1107. 

4. Prisant LM. Nebivolol: pharmacologic profile of an ultraselec-
tive, vasodilatory β -blocker. J Clin Pharmacol 2008; 48:
225–39.

Administration in the elderly. UK licensed product informa-
tion states that, for hypertension, patients over 65 years of age
should be given an initial dose of 2.5 mg of nebivolol once daily,
increased to 5 mg once daily if required.
Administration in hepatic impairment. UK licensed prod-
uct information contra-indicates the use of nebivolol in patients
with hepatic impairment. In the USA, licensed product informa-
tion also contra-indicates nebivolol in severe hepatic impairment
(Child-Pugh higher than class B) but patients with moderate he-
patic impairment may be given nebivolol for hypertension in an
initial oral dose of 2.5 mg once daily, increased with caution if
required.
Administration in renal impairment. UK licensed product
information states that in hypertension the initial dose of nebivo-
lol should be reduced to 2.5 mg once daily in patients with renal
impairment, increased to 5 mg once daily for maintenance if re-
quired. US licensed product information similarly recommends
an initial dose of 2.5 mg once daily in patients with severe renal
impairment (creatinine clearance below 30 mL/minute); the dose
may be increased cautiously if required.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nebilet; Austria: Nomexor; Belg.: Nobiten; Chile: Nebilet; Cz.:
Nebilet; Nebispes; Fr.: Nebilox; Temerit; Ger.: Nebilet; Gr.: Lobivon;
Hung.: Nebilet; India: Nodon; Irl.: Nebilet; Ital.: Lobivon; Nebilox;
Neth.: Hypoloc; Lobivon; Nebilet; Nebiloc; Pol.: Nebilet; Port.: Hypoloc;
Nebilet; Rus.: Nebilet (Небилет); S.Afr.: Nebilet; Singapore: Nebilet;
Spain: Lobivon; Nebilet; Nebilox; Silostar; Switz.: Nebilet; Thai.: Nebilet;
Turk.: Vasoxen; UK: Nebilet; USA: Bystolic; Venez.: Nebilet.

Nesiritide Citrate (USAN, rINNM) ⊗ 
Citrato de nesiritida; Nésiritide, Citrate de; Nesiritidi Citras.
Незиритида Цитрат
C143H244N50O42S4,xC6H8O7.
CAS — 124584-08-3 (nesir itide); 189032-40-4 (nesir-
itide citrate).
ATC — C01DX19.
ATC Vet — QC01DX19.

Incompatibility. The manufacturer states that nesiritide injec-
tion is physically and/or chemically incompatible with heparin,
insulin, sodium etacrynate, bumetanide, enalaprilat, hydralazine,
furosemide, and the preservative sodium metabisulfite. Nesir-
itide binds to heparin and should not be given through heparin-
coated central catheters.
Adverse Effects and Precautions
The most common adverse effects of nesiritide relate to vasodil-
atation and include hypotension, headache, and dizziness. Nau-
sea and vomiting, abdominal pain, back pain, angina pectoris,
insomnia, and anxiety, have also been reported. Cardiac arrhyth-
mias have occurred but may be associated with the underlying
condition. Adverse effects on renal function have been reported.
If hypotension occurs the infusion of nesiritide should be stopped
or the dose reduced and general supportive measures should be
used; the hypotension may persist for several hours. 
Nesiritide should not be used as primary therapy in patients with
cardiogenic shock or with hypotension. It is not recommended in
patients with low cardiac filling pressures or in those for whom
vasodilators are inappropriate, such as those with significant val-
vular stenosis, restrictive or obstructive cardiomyopathy, con-
strictive pericarditis, or pericardial tamponade.
Effects on the kidneys. Nesiritide has both haemodynamic
and neurohormonal effects on the kidneys and has been reported
to worsen renal function. A meta-analysis1 found that nesiritide
significantly increased the risk of worsening renal function in pa-
tients with acute heart failure, and there is some evidence2 that
this may be related to the duration of treatment. However, a ran-
domised trial3 in patients with acute heart failure and pre-existing
renal impairment found that the effect of nesiritide on renal func-
tion was neutral.
1. Sackner-Bernstein JD, et al. Risk of worsening renal function

with nesiritide in patients with acutely decompensated heart fail-
ure. Circulation 2005; 111: 1487–91. Correction. ibid.; 2274. 

2. Chow SL, et al. Effect of nesiritide infusion duration on renal
function in acutely decompensated heart failure patients. Ann
Pharmacother 2007; 41: 556–61. 

3. Witteles RM, et al. Impact of nesiritide on renal function in pa-
tients with acute decompensated heart failure and pre-existing
renal dysfunction: a randomized, double-blind, placebo-control-
led clinical trial. J Am Coll Cardiol 2007; 50: 1835–40.

Effects on mortality. Although nesiritide improves haemody-
namics in patients with acute decompensated heart failure, its ef-
fects on mortality are controversial.1 A retrospective study2 com-
paring nesiritide with inotrope therapy or glyceryl trinitrate in
patients with acute decompensated heart failure found a similar
risk of in-hospital mortality with nesiritide and glyceryl trinitrate,
which was significantly lower than the risk with inotrope thera-
py. However, a meta-analysis3 of controlled studies comparing
nesiritide with non-inotrope control therapy found that there was
a trend to higher mortality at 30 days in patients given nesiritide;
the results were not statistically significant, but became so after
correction of the number of deaths in one of the studies.4 A later
meta-analysis5 also found a trend towards increased mortality
with nesiritide at 30 days, but the results again were not statisti-
cally significant, and there was no difference in mortality be-
tween nesiritide and control patients at 180 days.
1. Yancy CW. Benefit-risk assessment of nesiritide in the treatment

of acute decompensated heart failure. Drug Safety 2007; 30:
765–81. 

2. Abraham WT, et al. In-hospital mortality in patients with acute
decompensated heart failure requiring intravenous vasoactive
medications: an analysis from the Acute Decompensated Heart
Failure National Registry (ADHERE). J Am Coll Cardiol 2005;
46: 57–64. 

3. Sackner-Bernstein JD, et al. Short-term risk of death after treat-
ment with nesiritide for decompensated heart failure: a pooled
analysis of randomized controlled trials. JAMA 2005; 293:
1900–5. 

4. Aaronson KD, Sackner-Bernstein J. Risk of death associated
with nesiritide in patients with acutely decompensated heart fail-
ure. JAMA 2006; 296: 1465–6. 

5. Arora RR, et al. Short and long-term mortality with nesiritide.
Am Heart J 2006; 152: 1084–90.

Interactions
The risk of hypotension may be increased in patients receiving
nesiritide with other drugs that lower blood pressure.
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Pharmacokinetics
Nesiritide is cleared from the circulation by 3 mechanisms: up-
take into cells; proteolytic cleavage by endopeptidases; and ex-
cretion by the kidneys. It has a biphasic elimination, with a ter-
minal elimination half-life of 18 minutes.

Uses and Administration
Nesiritide is a recombinant brain natriuretic peptide (see p.1347)
used in the management of acutely decompensated heart failure
(p.1165). It is given intravenously as the citrate, but dosage is
expressed in terms of the base. The initial dose of nesiritide is
2 micrograms/kg by intravenous injection over 1 minute, fol-
lowed by a maintenance infusion of 10 nanograms/kg per
minute.

Heart failure. The use of nesiritide in acute decompensated
heart failure (p.1165) has been reviewed.1,2 It may be used for
short-term treatment as an alternative to standard intravenous
therapy with vasodilators, inotropes, or diuretics, and appears to
have no proarrhythmic effects; however, its effects on mortality
are controversial (see under Adverse Effects and Precautions,
above) and its role in therapy remains unclear. There is some ev-
idence from retrospective studies that it may be safely used in
addition to standard therapy3,4 and may have a role as a more
prolonged treatment in patients awaiting cardiac transplanta-
tion.5 Although nesiritide has also been given intermittently for
outpatient management of chronic heart failure, this use is not
currently recommended.6

1. Vichiendilokkul A, et al. Nesiritide: a novel approach for acute
heart failure. Ann Pharmacother 2003; 37: 247–58. 

2. Keating GM, Goa KL. Nesiritide: a review of its use in acute
decompensated heart failure. Drugs 2003; 63: 47–70. 

3. O’Dell KM, et al. Nesiritide for secondary pulmonary hyperten-
sion in patients with end-stage heart failure. Am J Health-Syst
Pharm 2005; 62: 606–9. 

4. Smull DL, Jorde UP. Concomitant use of nesiritide and milri-
none in decompensated congestive heart failure. Am J Health-
Syst Pharm 2005; 62: 291–5. 

5. Witteles R, et al. B-type natriuretic peptide is effective therapy
before care. Ann Intern Med 2004; 141: 895. 

6. Bauer JB, Randazzo MA. Nesiritide for outpatient treatment of
heart failure. Am J Health-Syst Pharm 2005; 62: 2639–42.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Natrecor; Indon.: Natrecor; Israel: Noratak; Switz.: Noratak; USA:
Natrecor; Venez.: Natrecor.

Nicardipine Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de nicardipino; Nicardipine, Chlorhydrate de;
Nicardipini Hydrochloridum; Nikardipiinihydrokloridi; Nikardipin
Hidroklorür; Nikardipinhydroklorid; RS-69216; RS-69216-XX-
07-0; YC-93. 2-[Benzyl(methyl)amino]ethyl methyl 1,4-dihydro-
2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate hydro-
chloride.

Никардипина Гидрохлорид
C26H29N3O6,HCl = 516.0.
CAS — 55985-32-5 (nicardipine); 54527-84-3 (nica-
rdipine hydrochloride).
ATC — C08CA04.
ATC Vet — QC08CA04.

(nicardipine)

Pharmacopoeias. In Chin. and Jpn.

Incompatibility. The manufacturers recommend that a solution
containing nicardipine hydrochloride 100 micrograms/mL is
used for intravenous infusion. Suitable diluents are solutions of
glucose or sodium chloride. Sodium bicarbonate and lactated
Ringer’s are incompatible with nicardipine infusion. Nicardipine
hydrochloride (1 mg/mL in glucose 5%) has also been reported1

to be visually incompatible with furosemide, heparin, and thio-
pental.
1. Chiu MF, Schwartz ML. Visual compatibility of injectable drugs

used in the intensive care unit. Am J Health-Syst Pharm 1997;
54: 64–5.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Nicardipine is rapidly and completely absorbed from
the gastrointestinal tract but is subject to saturable first-
pass hepatic metabolism. Bioavailability of about 35%
has been reported after a 30-mg dose at steady state.
The pharmacokinetics of nicardipine are non-linear
due to the saturable first-pass hepatic metabolism and
an increase in dose may produce a disproportionate in-
crease in plasma concentration. There is also consider-
able interindividual variation in plasma-nicardipine
concentrations. Nicardipine is more than 95% bound to
plasma proteins. Nicardipine is extensively metabo-
lised in the liver and is excreted in the urine and faeces,
mainly as inactive metabolites. The terminal plasma
half-life is about 8.6 hours, thus steady-state plasma
concentrations are achieved after 2 to 3 days of dosing
three times daily.
◊ References.
1. Graham DJM, et al. Pharmacokinetics of nicardipine following

oral and intravenous administration in man. Postgrad Med J
1984; 60 (suppl 4): 7–10. 

2. Graham DJM, et al. The metabolism and pharmacokinetics of
nicardipine hydrochloride in man. Br J Clin Pharmacol 1985;
20: 23S–28S. 

3. Razak TA, et al. The effect of hepatic cirrhosis on the pharma-
cokinetics and blood pressure response to nicardipine. Clin
Pharmacol Ther 1990; 47: 463–9. 

4. Porchet HC, Dayer P. Serum concentrations and effects of (±)-
nicardipine compared with nifedipine in a population of healthy
subjects. Clin Pharmacol Ther 1990; 48: 155–60.

Uses and Administration
Nicardipine is a dihydropyridine calcium-channel
blocker with actions and uses similar to nifedipine
(p.1354). It is used in the management of hypertension
(p.1171) and angina pectoris (p.1157). 
Nicardipine hydrochloride is generally given orally al-
though the intravenous route has been used for the
short-term treatment of hypertension. 
Oral doses of nicardipine hydrochloride are similar for
both hypertension and angina. The initial dose is
20 mg three times daily and may be increased at inter-
vals of at least 3 days until the required effect is
achieved. The usual maintenance dose is 30 mg three
times daily, but daily doses of between 60 and 120 mg
in divided doses may be given. Modified-release prep-
arations of nicardipine hydrochloride for dosage twice
daily are also available. 
Nicardipine hydrochloride may be given by slow intra-
venous infusion as a 100 micrograms/mL solution in
the short-term treatment of hypertension. An initial in-
fusion rate of 5 mg/hour is recommended, increased, as
necessary, up to a maximum of 15 mg/hour and subse-
quently reduced to 3 mg/hour. For use in children, see
below. 
Reduced doses of nicardipine hydrochloride and long-
er dosing intervals may be necessary in patients with
hepatic or renal impairment (see below).
◊ Reviews.
1. Curran MP, et al. Intravenous nicardipine: its use in the short-

term treatment of hypertension and various other indications.
Drugs 2006; 66: 1755–82.

Administration in children. Intravenous infusion of nica-
rdipine has been used in both infants and children for the man-
agement of hypertension. In studies1-4 in children aged between
2 days and 17 years, initial doses ranged from 0.2 to
5 micrograms/kg per minute, with maintenance infusions of 0.15
to 6 micrograms/kg per minute. Adverse effects were rare; one
study4 reported adverse effects in 5 of 31 treatment courses, in-
cluding tachycardia, flushing, palpitations, and hypotension.
There has also been a report5 of the successful use of intravenous
infusion of nicardipine in 8 preterm infants (gestational age 28 to
36 weeks). Infusions were given at a dose of 0.5 to

2 micrograms/kg per minute and continued for periods of 3 to 36
days. No hypotension, oedema, or tachycardia were observed. 
The BNFC suggests that neonates and children up to age 18 years
may be given nicardipine hydrochloride by continuous intrave-
nous infusion for the management of hypertensive crises. The
initial dose is 500 nanograms/kg per minute, adjusted according
to response; the usual maintenance dose is 1 to 4 micrograms/kg
per minute, with a maximum dose of 250 micrograms/minute.
1. Treluyer JM, et al. Intravenous nicardipine in hypertensive chil-

dren. Eur J Pediatr 1993; 152: 712–4. 
2. Sartori SC, et al. Intravenous nicardipine for treatment of sys-

temic hypertension in children. Pediatrics 1999; 104 (suppl):
676–7. 

3. Tobias JD. Nicardipine to control mean arterial pressure after
cardiothoracic surgery in infants and children. Am J Ther 2001;
8: 3–6. 

4. Flynn JT, et al. Intravenous nicardipine for treatment of severe
hypertension in children. J Pediatr 2001; 139: 38–43. 

5. Gouyon JB, et al. Intravenous nicardipine in hypertensive pre-
term infants. Arch Dis Child 1997; 76: F126–F127.

Administration in hepatic or renal impairment. Reduced
doses of nicardipine hydrochloride and longer dosing intervals
may be necessary in patients with hepatic or renal impairment.
The US manufacturers recommend an initial dose of 20 mg
twice daily by mouth in patients with hepatic impairment.
Cerebrovascular disorders. Nicardipine has been reported to
increase cerebral blood flow1 and use by various routes has been
investigated for possible benefit in haemorrhagic2-5 and ischae-
mic stroke6,7 (p.1185), although nimodipine (p.1357) is the dihy-
dropyridine calcium-channel blocker usually used. Nicardipine
has also been tried8 in patients with cerebrovascular insufficien-
cy. However, studies have produced inconclusive results.
1. Savage I, James I. The effect of nicardipine hydrochloride on

cerebral blood flow in normotensive volunteers. Br J Clin Phar-
macol 1986; 21: 591P–592P. 

2. Suzuki M, et al. Intrathecal administration of nicardipine hydro-
chloride to prevent vasospasm in patients with subarachnoid he-
morrhage. Neurosurg Rev 2001; 24: 180–4. 

3. Kasuya H, et al. Efficacy and safety of nicardipine prolonged-
release implants for preventing vasospasm in humans. Stroke
2002; 33: 1011–15. 

4. Dorhout Mees SM, et al. Calcium antagonists for aneurysmal
subarachnoid haemorrhage. Available in The Cochrane Database
of Systematic Reviews; Issue 3. Chichester: John Wiley; 2007
(accessed 25/07/08). 

5. Barth M, et al. Effect of nicardipine prolonged-release implants
on cerebral vasospasm and clinical outcome after severe aneu-
rysmal subarachnoid hemorrhage: a prospective, randomized,
double-blind phase IIa study. Stroke 2007; 38: 330–6. 

6. Yao L, Ding D. Effect of nicardipine on somatosensory evoked
potentials in patients with acute cerebral infarction. J Neurol
Neurosurg Psychiatry 1990; 53: 844–6. 

7. Rosenbaum D, et al. Early treatment of ischemic stroke with a
calcium antagonist. Stroke 1991; 22: 437–41. 

8. Silva APE, Diament CK. Nicardipine versus cinnarizine in cere-
brovascular insufficiency. Curr Ther Res 1988; 43: 888–99.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Karden; Belg.: Rydene; Fr.: Loxen; Ger.: Antagonil; Indon.: Per-
dipine; Irl.: Cardene†; Ital.: Bionicard; Cardioten; Cardip; Cordisol†;
Lisanirc; Neucor; Nicant†; Nicapress; Nicardal; Nicarpin; Nicaven; Nimicor;
Niven†; Perdipina; Ranvil†; Vasodin; Jpn: Perdipine; Malaysia: Cardepine;
Neth.: Cardene; Philipp.: Cardepine; Port.: Nerdipina; Singapore:
Cardibloc; Spain: Dagan; Flusemide; Lecibral; Lincil; Lucenfal; Nerdipina;
Vasonase; Thai.: Cardepine; Nerdipine†; Turk.: Loxen; UK: Cardene;
USA: Cardene.

Niceritrol (BAN, rINN)

Nicéritrol; Niceritrolum; Nikeritroli; PETN. Pentaerythritol
tetranicotinate; 2,2-Bis(hydroxymethyl)propane-1,3-diol tetrani-
cotinate.
Ницеритрол
C29H24N4O8 = 556.5.
CAS — 5868-05-3.
ATC — C10AD01.
ATC Vet — QC10AD01.

NOTE. The synonym PETN has been applied to both niceritrol and
pentaerithrityl tetranitrate.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Jpn.

Profile
Niceritrol, an ester of pentaerythritol and nicotinic acid, has gen-
eral properties similar to those of nicotinic acid (p.1957), to
which it is slowly hydrolysed. Niceritrol has been used as a lipid
regulating drug in hyperlipidaemias and as a vasodilator in the
treatment of peripheral vascular disease.

◊ References.
1. Owada A, et al. Antiproteinuric effect of niceritrol, a nicotinic

acid derivative, in chronic renal disease with hyperlipidemia: a
randomized trial. Am J Med 2003; 114: 347–53.

Nicorandil (BAN, USAN, rINN)

Nicorandilum; SG-75. N-[2-(Nitroxy)ethyl]-3-pyridinecarboxa-
mide.

Никорандил

C8H9N3O4 = 211.2.

CAS — 65141-46-0.

ATC — C01DX16.

ATC Vet — QC01DX16.

Pharmacopoeias. In Jpn.

Adverse Effects and Precautions
Adverse effects reported with nicorandil are headache
(which is usually transitory and seen at the start of ther-
apy), cutaneous vasodilatation and flushing, nausea,
vomiting, dizziness, and weakness. Rarely reported ef-
fects include myalgia, skin rashes, and oral ulceration,
and there have been very rare reports of angioedema
and hepatic function abnormalities. A reduction in
blood pressure and/or an increase in heart rate may oc-
cur with high doses. 
Nicorandil is contra-indicated in patients with cardio-
genic shock, left ventricular failure with low filling
pressures, and hypotension. In patients with hypovol-
aemia, low systolic blood pressure, acute pulmonary
oedema, or acute myocardial infarction with acute left
ventricular failure and low filling pressures, nicorandil
should preferably be avoided but may be used with
caution.
Incidence of adverse effects. Postmarketing surveillance for
nicorandil was carried out by prescription-event monitoring1 of
13 620 patients, and showed that adverse reactions occurred in
175. The most frequent was headache, occurring in 58 patients,
mainly in the first month of treatment. Unspecified adverse ef-
fects occurred in 36 patients. Other effects included dizziness
(19), nausea (17), malaise (13), palpitations (8), flushing and
vomiting (6 each), and lassitude (4). Rare adverse effects includ-
ed 3 cases each of angioedema and photosensitivity.
1. Dunn N, et al. Safety profile of nicorandil—prescription-event

monitoring (PEM) study. Pharmacoepidemiol Drug Safety 1999;
8: 197–205.

Ulceration. Nicorandil has been associated with ulceration of
mucosal surfaces. Painful, large aphthous ulcers on the tongue
and oral mucosa have been reported1-3 in patients receiving nic-
orandil for angina. The ulcers were usually resistant to treatment
but all healed when nicorandil was withdrawn. Colchicine or tha-
lidomide treatment has improved ulcers associated with nicoran-
dil in a few patients, but relapse occurred when the colchicine or
thalidomide was stopped.3 However, a large study4 casts some
doubt on the evidence for a causal link between nicorandil and
oral ulceration, although it was suggested that this could be fur-
ther investigated. 
Anal ulceration has been reported5-7 in patients taking nicorandil.
Healing of the ulcers occurred in those patients in whom nicoran-
dil was withdrawn. 
Multiple ulcers of the upper and lower gastrointestinal tract, in
addition to oral and anal ulceration, have been reported8 in a pa-
tient taking nicorandil; all of the ulcers healed when nicorandil
was stopped. There have also been several cases of peristomal
ulceration, which resolved after stopping nicorandil.9 

Perivulval ulceration has also been reported, and in 1 case was
associated with a cutaneous ulcer.10 Another patient11 developed
both perianal and leg ulcers, both of which improved rapidly
when nicorandil was stopped.
1. Cribier B, et al. Chronic buccal ulceration induced by nicoran-

dil. Br J Dermatol 1998; 138: 372–3. 
2. Desruelles F, et al. Giant oral aphthous ulcers induced by nic-

orandil. Br J Dermatol 1998; 138: 712–13. 
3. Agbo-Godeau S, et al. Association of major aphthous ulcers and

nicorandil. Lancet 1998; 352: 1598–9. 
4. Dunn N, et al. Safety profile of nicorandil—prescription-event

monitoring (PEM) study. Pharmacoepidemiol Drug Safety
1999; 8: 197–205. 

5. Watson A, et al. Nicorandil associated anal ulceration. Lancet
2002; 360: 546–7. 

6. Vella M, Molloy RG. Nicorandil-associated anal ulceration.
Lancet 2002; 360: 1979. 

7. Passeron T, et al. Chronic anal ulceration due to nicorandil. Br
J Dermatol 2004; 150: 394–6. 

8. Egred M, et al. Nicorandil may be associated with gastrointes-
tinal ulceration. BMJ 2006; 332: 889. 

9. Ogden S, et al. Nicorandil-induced peristomal ulcers: is nic-
orandil also associated with gastrointestinal fistula formation?
Br J Dermatol 2007; 156: 608–9. 

10. Claeys A, et al. Cutaneous, perivulvar and perianal ulcerations
induced by nicorandil. Br J Dermatol 2006; 155: 494–6. 

11. McKenna DJ, et al. Nicorandil-induced leg ulceration. Br J
Dermatol 2007; 156: 394–6.

Interactions
Nicorandil should not be used with phosphodiesterase
type-5 inhibitors such as sildenafil as the hypotensive
effect of nicorandil may be significantly enhanced.

Pharmacokinetics
Nicorandil is well absorbed from the gastrointestinal
tract and maximum plasma concentrations are
achieved 30 to 60 minutes after oral doses. Metabolism
is mainly by denitration and about 20% of a dose is
excreted in the urine mainly as metabolites. The elimi-
nation half-life is about 1 hour. Nicorandil is only
slightly bound to plasma proteins.

Uses and Administration
Nicorandil is a nitrate derivative of nicotinamide
(p.1957) and acts as a vasodilator. It is a potassium-
channel opener (p.1155) providing vasodilatation of
arterioles and large coronary arteries and its nitrate
component produces venous vasodilatation through
stimulation of guanylate cyclase. It thus reduces both
preload and afterload, and improves coronary blood
flow. 
Nicorandil is given orally for prevention and long-term
treatment of angina pectoris, including reduction of
the risk of acute coronary events in high-risk patients
(p.1157). The usual initial oral dose is 10 mg twice dai-
ly (or 5 mg twice daily in patients susceptible to head-
ache), increased as necessary to a maximum of 30 mg
twice daily; the usual therapeutic dose is in the range of
10 to 20 mg twice daily. 
Nicorandil is also given intravenously in the manage-
ment of unstable angina and acute heart failure
(p.1165). For unstable angina, a solution containing
100 to 300 micrograms/mL is given by intravenous
infusion in a dose of 2 mg/hour, adjusted according
to response, to a maximum dose of 6 mg/hour. For
acute heart failure, a solution containing 400 to
2500 micrograms/mL is used; the usual dose is
200 micrograms/kg given by intravenous injection
over 5 minutes, followed by continuous intravenous
infusion at a dose of 200 micrograms/kg per hour. The
dosage should be adjusted according to response, with-
in the range of 50 to 200 micrograms/kg per hour.
◊ General references.
1. Markham A, et al. Nicorandil: an updated review of its use in

ischaemic heart disease with emphasis on its cardioprotective ef-
fects. Drugs 2000; 60: 955–74. 

2. Gomma AH, et al. Potassium channel openers in myocardial is-
chaemia: therapeutic potential of nicorandil. Drugs 2001; 12:
1705–10. 

3. Anonymous. Nicorandil for angina – an update. Drug Ther Bull
2003; 41: 86–8. 

4. Simpson D, Wellington K. Nicorandil: a review of its use in the
management of stable angina pectoris, including high-risk pa-
tients. Drugs 2004; 64: 1941–55.

Ischaemic heart disease. A large multicentre double-blind
randomised placebo-controlled study1 suggested that nicorandil,
in addition to its anti-anginal effects, may have cardioprotective
properties. The incidence of major coronary events, particularly
unplanned admission for chest pain, was significantly reduced in
patients with stable angina at high risk of future adverse events.
Nicorandil may mimic the mechanism of ischaemic pre-condi-
tioning, whereby a brief period of ischaemia makes the myocar-
dium resistant to damage from a further episode,2 but it is not
clear how much this mechanism contributes to its effects. There
is some evidence3-7 that nicorandil improves outcomes when
given at the time of percutaneous coronary intervention, al-
though a large study8 in patients with myocardial infarction
failed to confirm a benefit. It has been suggested5 that an antoxi-
dant effect may be part of the mechanism involved.
1. The IONA Study Group. Effect of nicorandil on coronary events

in patients with stable angina: the Impact Of Nicorandil in Angi-
na (IONA) randomised trial. Lancet 2002; 359: 1269–75. Cor-
rection. ibid.; 360: 806. 

2. Lesnefsky EJ. The IONA study: preparing the myocardium for
ischaemia? Lancet 2002; 359: 1262–3. 

3. Matsuo H, et al. Evidence of pharmacologic preconditioning
during PTCA by intravenous pretreatment with ATP-sensitive
K+ channel opener nicorandil. Eur Heart J 2003; 24:
1296–1303. 

4. Ikeda N, et al. Nicorandil versus isosorbide dinitrate as adjunc-
tive treatment to direct balloon angioplasty in acute myocardial
infarction. Heart 2004; 90: 181–5. 

5. Ono H, et al. Nicorandil improves cardiac function and clinical
outcome in patients with acute myocardial infarction undergoing
primary percutaneous coronary intervention: role of inhibitory
effect on reactive oxygen species formation. Am Heart J 2004;
148: E15. 

6. Ishii H, et al. Impact of a single intravenous administration of
nicorandil before reperfusion in patients with ST-segment-eleva-
tion myocardial infarction. Circulation 2005; 112: 1284–8. 

7. Ishii H, et al. Effects of intravenous nicorandil before reper-
fusion for acute myocardial infarction in patients with stress hy-
perglycemia. Diabetes Care 2006; 29: 202–6. 

8. Kitakaze M, et al. J-WIND investigators. Human atrial natriuret-
ic peptide and nicorandil as adjuncts to reperfusion treatment for
acute myocardial infarction (J-WIND): two randomised trials.
Lancet 2007; 370: 1483–93.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Ikorel; Austria: Dancor; Denm.: Angicor; Fr.: Adancor; Ikorel;
India: Corflo; Zynicor; Irl.: Ikorel; Ital.: Andilex†; Jpn: Sigmart; Neth.:
Dancor; Ikorel; NZ: Ikorel; Port.: Dancor; Nikoril; Spain: Dancor; Switz.:
Dancor; UK: Ikorel.

Nicotinyl Alcohol (BAN, USAN)

3-Hydroxymethylpyridine; Nicotinic Alcohol; Nicotinílico, alco-
hol; NSC-526046; NU-2121; 3-Pyridinemethanol; β-Pyridylcarbi-
nol; Ro-1-5155. 3-Pyridylmethanol.
C6H7NO = 109.1.
CAS — 100-55-0.
ATC — C04AC02; C10AD05.
ATC Vet — QC04AC02; QC10AD05.

Nicotinyl Alcohol Tartrate (BANM)

Alcohol nicotinílico, tartrato de; Nicotinyl Tartrate. 3-Pyridyl-
methanol hydrogen (2R,3R)-tartrate.
C6H7NO,C4H6O6 = 259.2.
CAS — 6164-87-0.
ATC — C04AC02; C10AD05.
ATC Vet — QC04AC02; QC10AD05.

Pharmacopoeias. In Br. 
BP 2008 (Nicotinyl Alcohol Tartrate). A white or almost white,
odourless or almost odourless, crystalline powder. Freely soluble
in water; slightly soluble in alcohol; practically insoluble in chlo-
roform and in ether. A 5% solution in water has a pH of 2.8 to 3.7.

Profile
Nicotinyl alcohol is a vasodilator and lipid regulating drug with
general properties similar to those of nicotinic acid (p.1957), to
which it is partly hydrolysed. 
Nicotinyl alcohol has been given orally, as the tartrate, in the
management of peripheral vascular disease, and has also been
used in Ménière’s disease and in hyperlipidaemias.
Preparations
BP 2008: Nicotinyl Alcohol Tablets.

Proprietary Preparations (details are given in Part 3)
Indon.: Cetacol; Pol.: Nicotol†.

Multi-ingredient: Braz.: Lipofacton.
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Nifedipine (BAN, USAN, rINN)

Bay-a-1040; Nifedipiini; Nifedipin; Nifedipina; Nifedipinas;
Nifédipine; Nifedipino; Nifedipinum. Dimethyl 1,4-dihydro-2,6-
dimethyl-4-(2-nitrophenyl)pyridine-3,5-dicarboxylate.
Нифедипин
C17H18N2O6 = 346.3.
CAS — 21829-25-4.
ATC — C08CA05.
ATC Vet — QC08CA05.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Nifedipine). A yellow crystalline powder. Practi-
cally insoluble in water; sparingly soluble in dehydrated alcohol;
freely soluble in acetone. When exposed to daylight or to certain
wavelengths of artificial light it is converted to a nitrosophe-
nylpyridine derivative, while exposure to ultraviolet light leads
to formation of a nitrophenylpyridine derivative. Solutions
should be prepared in the dark or under light of wavelength
greater than 420 nm, immediately before use. Protect from light. 
USP 31 (Nifedipine). A yellow powder. Practically insoluble in
water; soluble 1 in 10 of acetone. When exposed to daylight or to
certain wavelengths of artificial light it is converted to a nitro-
sophenylpyridine derivative, while exposure to ultraviolet light
leads to formation of a nitrophenylpyridine derivative. Store in
airtight containers. Protect from light.
Stability. Yellow food colourings such as curcumin have been
used1 to slow photodegradation of nifedipine solutions. An ex-
temporaneously prepared solution of nifedipine in a peppermint-
flavoured vehicle was reported2 to be stable for at least 35 days
when stored in amber glass bottles.
1. Thoma K, Klimek R. Photostabilization of drugs in dosage forms

without protection from packaging materials. Int J Pharmaceu-
tics 1991; 67: 169–75. 

2. Dentinger PJ, et al. Stability of nifedipine in an extemporaneous-
ly compounded oral solution. Am J Health-Syst Pharm 2003; 60:
1019–22.

Adverse Effects
The most common adverse effects of nifedipine are as-
sociated with its vasodilator action and often diminish
on continued therapy. They include dizziness, flushing,
headache, hypotension, peripheral oedema, tachycar-
dia, and palpitations. Nausea and other gastrointestinal
disturbances, increased micturition frequency, lethar-
gy, eye pain, visual disturbances, and mental depres-
sion have also occurred. A paradoxical increase in
ischaemic chest pain may occur at the start of treatment
and in a few patients excessive fall in blood pressure
has led to cerebral or myocardial ischaemia or transient
blindness. 
There have been reports of rashes (including erythema
multiforme), fever, and abnormalities in liver function,
including cholestasis, due to hypersensitivity reactions.
Gingival hyperplasia, myalgia, tremor, and impotence
have been reported. 
Some tablets formulated for once-daily use are covered
in a membrane which is not digested and may cause
gastrointestinal obstruction; bezoars may rarely occur. 
Overdosage may be associated with bradycardia and
hypotension; hyperglycaemia, metabolic acidosis, and
coma may also occur. 
Nifedipine has been reported to be teratogenic in ani-
mals.
Effects on mortality. Since 1995 there have been reports and
reviews that have implicated calcium-channel blockers (particu-
larly short-acting nifedipine and high doses) in increasing
cardiovascular1 and overall mortality.2 Possible links with can-
cer, haemorrhage, and depression and suicide are discussed sep-
arately (see Cancer Occurrence, Effects on the Blood, and Ef-
fects on Mental Function, below, respectively). 
In response, the US National Heart, Lung, and Blood Institute
issued a statement warning that short-acting nifedipine should be
used with great caution (if at all), especially at higher doses, in

the treatment of hypertension, angina, and myocardial infarc-
tion,3 and in some countries short-acting nifedipine preparations
have been withdrawn. However, there has been much debate and
controversy over the reports that questioned the safety of calci-
um-channel blockers.4-6 
A review by the WHO/ISH pointed out that much of the evi-
dence for adverse effects comes from observational studies or
small randomised studies and concluded that, as there was insuf-
ficient evidence to confirm either benefit or harm, recommenda-
tions on the management of angina, hypertension, and myocar-
dial infarction should remain unchanged.7 In addition, many of
the studies that led to the negative reports used the older short-
acting calcium-channel blockers. The calcium-channel blockers
used now are largely modified-release formulations of short half-
life blockers or are calcium-channel blockers with long half-
lives. 
Studies completed after the WHO/ISH review have generally
failed to show any increase in mortality with calcium-channel
blockers, although their effects on cardiovascular outcomes re-
main less clear. A placebo-controlled study (SYST-EUR)
reported8 a reduction in incidence of stroke and cardiovascular
events in 4695 elderly patients treated with nitrendipine (and
enalapril and hydrochlorothiazide in addition if necessary) for
isolated systolic hypertension, while a retrospective cohort
study9 in post-myocardial infarction patients failed to show any
increase in mortality after one year in those receiving calcium-
channel blockers. Another cohort study10 in patients with hyper-
tension also found no overall increase in mortality with calcium-
channel blockers, although there was a trend towards a higher
rate with short-acting formulations. A meta-analysis11 of ran-
domised studies comparing calcium-channel blockers with other
antihypertensives in patients with hypertension suggested that
calcium-channel blockers were associated with an increased risk
of major cardiovascular events (except stroke) although all-cause
mortality was not increased. However, large, long-term studies
have found no difference in cardiovascular outcomes or overall
mortality in patients randomised to amlodipine or chlortal-
idone,12 while a lower incidence of cardiovascular events was
reported for amlodipine compared with atenolol.13 A long-term
study14 of nifedipine added to standard therapy in patients with
stable angina also found no increased mortality, and there was a
reduced need for coronary interventions.
1. Psaty BM, et al. The risk of myocardial infarction associated

with antihypertensive drug therapies. JAMA 1995; 274: 620–5. 
2. Furberg CD, et al. Nifedipine: dose-related increase in mortality

in patients with coronary heart disease. Circulation 1995; 92:
1326–31. 

3. McCarthy M. US NIH issues warning on nifedipine. Lancet
1995; 346: 689–90. 

4. Opie LH, Messerli FH. Nifedipine and mortality: grave defects
in the dossier. Circulation 1995; 92: 1068–72. 

5. Grossman E, Messerli FH. Calcium antagonists in cardiovascu-
lar disease: a necessary controversy but an unnecessary panic.
Am J Med 1997; 102: 147–9. 

6. Stanton AV. Calcium channel blockers. BMJ 1998; 316:
1471–3. 

7. Ad Hoc Subcommittee of the Liaison Committee of the World
Health Organisation and the International Society of Hyperten-
sion. Effects of calcium antagonists on the risks of coronary
heart disease, cancer and bleeding. J Hypertens 1997; 15:
105–15. 

8. Staessen JA, et al. Randomised double-blind comparison of pla-
cebo and active treatment for older patients with isolated systo-
lic hypertension. Lancet 1997; 350: 757–64. Correction. ibid.;
1636. 

9. Jollis JG, et al. Calcium channel blockers and mortality in eld-
erly patients with myocardial infarction. Arch Intern Med 1999;
159: 2341–8. 

10. Abascal VM, et al. Calcium antagonists and mortality risk in
men and women with hypertension in the Framingham Heart
Study. Arch Intern Med 1998; 158: 1882–6. 

11. Pahor M, et al. Health outcomes associated with calcium antag-
onists compared with other first-line antihypertensive therapies:
a meta-analysis of randomised controlled trials. Lancet 2000;
356: 1949–54. 

12. The ALLHAT Officers and Coordinators for the ALLHAT Col-
laborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981–97. Correction. ibid.;
289: 178. 

13. Dahlöf B, et al. Prevention of cardiovascular events with an an-
tihypertensive regimen of amlodipine adding perindopril as re-
quired versus atenolol adding bendroflumethiazide as required,
in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pres-
sure Lowering Arm (ASCOT-BPLA): a multicentre randomised
controlled trial. Lancet 2005; 366: 895–906. 

14. Poole-Wilson PA, et al on behalf of the ACTION (A Coronary
disease Trial Investigating Outcome with Nifedipine gastroin-
testinal therapeutic system) investigators. Effect of long-acting
nifedipine on mortality and cardiovascular morbidity in patients
with stable angina requiring treatment (ACTION trial): ran-
domised controlled trial. Lancet 2004; 364: 849–57.

Carcinogenicity. An observational study carried out between
1988 and 1992 suggested that calcium-channel blockers were as-
sociated with an increased risk of cancer.1 Subsequent studies
have failed to support this finding.2-7 A review by the WHO/ISH
concluded that there is no good evidence that calcium-channel
blockers increase cancer risk,8 and the biological basis for an ef-
fect of calcium-channel blockers on cancer risk has also been
questioned.9 The large, long-term, randomised Antihypertensive
and Lipid-Lowering treatment to prevent Heart Attack Trial
(ALLHAT)10 found no increase in the incidence of cancer in pa-

tients receiving a calcium-channel blocker (amlodipine) com-
pared with those receiving a diuretic (chlortalidone).
1. Pahor M, et al. Calcium-channel blockade and incidence of can-

cer in aged populations. Lancet 1996; 348: 493–7. 
2. Jick H, et al. Calcium-channel blockers and risk of cancer. Lan-

cet 1997; 349: 525–8. 
3. Rosenberg L, et al. Calcium channel blockers and the risk of

cancer. JAMA 1998; 279: 1000–4. 
4. Braun S, et al. Calcium channel blocking agents and risk of can-

cer in patients with coronary heart disease. J Am Coll Cardiol
1998; 31: 804–8. 

5. Sajadieh A, et al. Verapamil and risk of cancer in patients with
coronary artery disease. Am J Cardiol 1999; 83: 1419–22. 

6. Meier CR, et al. Angiotensin-converting enzyme inhibitors, cal-
cium channel blockers, and breast cancer. Arch Intern Med
2000; 160: 349–53. 

7. Cohen HJ, et al. Calcium channel blockers and cancer. Am J
Med 2000; 108: 210–15. 

8. Ad Hoc Subcommittee of the Liaison Committee of the World
Health Organisation and the International Society of Hyperten-
sion. Effects of calcium antagonists on the risks of coronary
heart disease, cancer and bleeding. J Hypertens 1997; 15:
105–15. 

9. Mason RP. Calcium channel blockers, apoptosis and cancer: is
there a biologic relationship? J Am Coll Cardiol 1999; 34:
1857–66. 

10. The ALLHAT Officers and Coordinators for the ALLHAT Col-
laborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981–97. Correction. ibid.;
289: 178.

Effects on the blood. Treatment with nifedipine significantly
reduces platelet aggregation in vitro1 and results indicating inhi-
bition of platelet function in healthy subjects receiving oral (but
not intravenous) nifedipine have been reported.2,3 Thus, concern
has been expressed4 that calcium-channel blockers may have the
potential to produce haemorrhagic complications in surgical pa-
tients (specifically, those undergoing coronary bypass surgery).
Major surgical bleeding was associated with nimodipine in pa-
tients undergoing cardiac valve replacement,5 although it has
been used in other situations apparently without an increased risk
of bleeding.6 
Conflicting results have been reported with regard to the risk of
gastrointestinal bleeding. A prospective cohort study in 1636
elderly hypertensive patients,7 and a subsequent case-control
study,8 reported that calcium-channel blockers were associated
with an increased risk of gastrointestinal haemorrhage compared
with beta blockers. However, it was suggested9 that this may
have been due to a protective effect of beta blockers rather than
an adverse effect of calcium-channel blockers, and another
study10 also suggested that the risk of gastrointestinal bleeding
was not materially increased by calcium-channel blockers. 
Calcium-channel blockers have also been associated with a
number of blood dyscrasias; there have been case reports of
aplastic anaemia with nifedipine,11 and of thrombocytopenia
with amlodipine12 and with diltiazem.13,14

1. Ośmiałwska Z, et al. Effect of nifedipine monotherapy on plate-
let aggregation in patients with untreated essential hyperten-
sion. Eur J Clin Pharmacol 1990; 39: 403–4. 

2. Winther K, et al. Dose-dependent effects of verapamil and
nifedipine on in vivo platelet function in normal volunteers. Eur
J Clin Pharmacol 1990; 39: 291–3. 

3. Walley TJ, et al. The effects of intravenous and oral nifedipine
on ex vivo platelet function. Eur J Clin Pharmacol 1989; 37:
449–52. 

4. Becker RC, Alpert JS. The impact of medical therapy on hem-
orrhagic complications following coronary artery bypass graft-
ing. Arch Intern Med 1990; 150: 2016–21. 

5. Wagenknecht LE, et al. Surgical bleeding: unexpected effect of
a calcium antagonist. BMJ 1995; 310: 776–7. 

6. Öhman J and others. Surgical bleeding and calcium antagonists.
BMJ 1995; 311: 388–9. [Several letters.] 

7. Pahor M, et al. Risk of gastrointestinal haemorrhage with calci-
um antagonists in hypertensive persons over 67 years old. Lan-
cet 1996; 347: 1061–5. 

8. Kaplan RC, et al. Use of calcium channel blockers and risk of
hospitalized gastrointestinal tract bleeding. Arch Intern Med
2000; 160: 1849–55. 

9. Suissa S, et al. Antihypertensive drugs and the risk of gastroin-
testinal bleeding. Am J Med 1998; 105: 230–5. 

10. Kelly JP, et al. Major upper gastrointestinal bleeding and the use
of calcium channel blockers. Lancet 1999; 353: 559. 

11. Laporte J-R, et al. Fatal aplastic anaemia associated with nifed-
ipine. Lancet 1998; 352: 619–20. 

12. Usalan C, et al. Severe thrombocytopenia associated with am-
lodipine treatment. Ann Pharmacother 1999; 33: 1126–7. 

13. Lahav M, Arav R. Diltiazem and thrombocytopenia. Ann Intern
Med 1989; 110: 327. 

14. Michalets EL, Jackson DV. Diltiazem-associated thrombocyto-
penia. Pharmacotherapy 1997; 17: 1345–8.

Effects on the brain. Cerebral ischaemia1,2 has been reported
in small numbers of patients given nifedipine.
1. Nobile-Orazio E, Sterzi R. Cerebral ischaemia after nifedipine

treatment. BMJ 1981; 283: 948. 
2. Schwartz M, et al. Oral nifedipine in the treatment of hyperten-

sive urgency: cerebrovascular accident following a single dose.
Arch Intern Med 1990; 150: 686–7.

Effects on carbohydrate metabolism. There are reports of
deterioration of diabetes,1 reduction in glucose tolerance,2 and
development of diabetes1,3 in patients given nifedipine. Nifed-
ipine has also been reported to increase plasma-glucose concen-
trations.3,4 However, other reports and studies have found no
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change in glucose tolerance in either diabetic or non-diabetic pa-
tients taking nifedipine.5-10 
See also Diabetes Mellitus under Precautions, below.
1. Bhatnagar SK, et al. Diabetogenic effects of nifedipine. BMJ

1984; 289: 19. 
2. Giugliano D, et al. Impairment of insulin secretion in man by

nifedipine. Eur J Clin Pharmacol 1980; 18: 395–8. 
3. Zezulka AV, et al. Diabetogenic effects of nifedipine. BMJ

1984; 289: 437–8. 
4. Charles S, et al. Hyperglycaemic effect of nifedipine. BMJ

1981; 283: 19–20. 
5. Harrower ADB, Donnelly T. Hyperglycaemic effect of nifed-

ipine. BMJ 1981; 283: 796. 
6. Greenwood RH. Hyperglycaemic effect of nifedipine. BMJ

1982; 284: 50. 
7. Abadie E, Passa P. Diabetogenic effects of nifedipine. BMJ

1984; 289: 438. 
8. Dante A. Nifedipine and fasting glycemia. Ann Intern Med

1986; 104: 125–6. 
9. Whitcroft I, et al. Calcium antagonists do not impair long-term

glucose control in hypertensive non-insulin dependent diabetics
(NIDDS). Br J Clin Pharmacol 1986; 22: 208P. 

10. Tentorio A, et al. Insulin secretion and glucose tolerance in non-
insulin dependent diabetic patients after chronic nifedipine
treatment. Eur J Clin Pharmacol 1989; 36: 311–13.

Effects on the ears. There have been isolated reports1 of tinni-
tus associated with several calcium-channel blockers including
nifedipine, nicardipine, nitrendipine, diltiazem, verapamil, and
cinnarizine.
1. Narváez M, et al. Tinnitus with calcium-channel blockers. Lan-

cet 1994; 343: 1229–30.

Effects on the eyes. Individual reports have implicated nifed-
ipine in the development of transient retinal ischaemia and blind-
ness,1 and of periorbital oedema.2 In a postmarketing survey
painful or stinging eyes were more common in patients receiving
nifedipine (178 of 757 evaluable) than in those given captopril
(45 of 289), although the cause was uncertain.3 Nifedipine has
also been suggested as a risk factor in the development of cata-
ract,4,5 but the numbers involved in this analysis are small6 and it
is possible that the risk, if it exists,7 relates to hypertension rather
than nifedipine treatment.6
1. Pitlik S, et al. Transient retinal ischaemia induced by nifedipine.

BMJ 1983; 287: 1845–6. 
2. Silverstone PH. Periorbital oedema caused by nifedipine. BMJ

1984; 288: 1654. 
3. Coulter DM. Eye pain with nifedipine and disturbance of taste

with captopril: a mutually controlled study showing a method of
postmarketing surveillance. BMJ 1988; 296: 1086–8. 

4. van Heyningen R, Harding JJ. Do aspirin-like analgesics protect
against cataract? Lancet 1986; i: 1111–13. 

5. Harding JJ, van Heyningen R. Drugs, including alcohol, that act
as risk factors for cataract, and possible protection against cata-
ract by aspirin-like analgesics and cyclopenthiazide. Br J Oph-
thalmol 1988; 72: 809–14. 

6. van Heyningen R, Harding JJ. Aspirin-like analgesics and cata-
ract. Lancet 1986; ii: 283. 

7. Kewitz H, et al. Aspirin and cataract. Lancet 1986; ii: 689.

Effects on the heart. The use of nifedipine has been associat-
ed with the development of various heart disorders in some pa-
tients. Complete heart block has been reported in an elderly pa-
tient who had previously developed heart block with verapamil,1
and sudden circulatory collapse has been reported in 4 patients
receiving nifedipine who underwent routine coronary bypass
surgery.2 One patient died despite all attempts at resuscitation.2
However, probably the majority of reports have concerned the
development or aggravation of cardiac ischaemia, up to and in-
cluding frank myocardial infarction after use of short-acting
nifedipine.3-6 Such cases appear to be chiefly associated with a
too-rapid fall in blood pressure after the use of sublingual nifed-
ipine for hypertensive urgencies or emergencies,5,6 or occur in
patients with a history of ischaemic heart disease.3,4 
For discussion of the effects of calcium-channel blockers on car-
diovascular mortality, see above.
1. Chopra DA, Maxwell RT. Complete heart block with low dose

nifedipine. BMJ 1984; 288: 760. 
2. Goiti JJ. Calcium channel blocking agents and the heart. BMJ

1985; 291: 1505. 
3. Sia STB, et al. Aggravation of myocardial ischaemia by nifed-

ipine. Med J Aust 1985; 142: 48–50. 
4. Boden WE, et al. Nifedipine-induced hypotension and myocar-

dial ischemia in refractory angina pectoris. JAMA 1985; 253:
1131–5. 

5. O’Mailia JJ, et al. Nifedipine-associated myocardial ischemia or
infarction in the treatment of hypertensive urgencies. Ann Intern
Med 1987; 107: 185–6. 

6. Leavitt AD, Zweifler AJ. Nifedipine, hypotension, and myocar-
dial injury. Ann Intern Med 1988; 108: 305–6.

WITHDRAWAL. Exacerbation of coronary ischaemia and throm-
bosis of arteriovenous graft could have resulted from with-
drawal of nifedipine in a patient.1 Abrupt withdrawal of nisol-
dipine from 15 patients with stable angina pectoris after 6
weeks of therapy resulted in severe unstable angina in 2 pa-
tients and acute myocardial infarction in another.2 It was pos-
tulated that the withdrawal effect could be due to an increase
in sensitivity of vascular α2 adrenoceptors to circulating
adrenaline.
1. Mysliwiec M, et al. Calcium antagonist withdrawal syndrome.

BMJ 1983; 286: 1898. 
2. Mehta J, Lopez LM. Calcium-blocker withdrawal phenomenon:

increase in affinity of alpha  adrenoceptors for agonist as a po-
tential mechanism. Am J Cardiol 1986; 58: 242–6.

Effects on the kidneys. Calcium-channel blockers may be of
benefit in various forms of kidney disorder (see under Uses and
Administration, below). However, reversible deterioration in re-
nal function without any appreciable accompanying decline in
systemic arterial blood pressure has been reported1 in 4 patients
with underlying renal insufficiency receiving nifedipine,1 and in
another report2 nifedipine increased urinary protein excretion
and exacerbated renal impairment in 14 type 2 diabetic patients. 
Excessive diuresis occurred in a patient given nifedipine for an-
gina pectoris,3 and nocturia in 9 patients referred for prostatic
surgery was also attributed to nifedipine.4
1. Diamond JR, et al. Nifedipine-induced renal dysfunction: alter-

ations in renal hemodynamics. Am J Med 1984; 77: 905–9. 
2. Demarie BK, Bakris GL. Effects of different calcium antagonists

on proteinuria associated with diabetes mellitus. Ann Intern Med
1990; 113: 987–8. 

3. Antonelli D, et al. Excessive nifedipine diuretic effect. BMJ
1984; 288: 760. 

4. Williams G, Donaldson RM. Nifedipine and nocturia. Lancet
1986; i: 738.

Effects on the liver. A number of cases of hepatitis, apparently
due to a hypersensitivity reaction, and frequently accompanied
by fever, sweating, chills, rigor, and arthritic symptoms, have
been reported in patients receiving nifedipine.1-4

1. Rotmensch HH, et al. Lymphocyte sensitisation in nifedipine-
induced hepatitis. BMJ 1980; 281: 976–7. 

2. Davidson AR. Lymphocyte sensitisation in nifedipine-induced
hepatitis. BMJ 1980; 281: 1354. 

3. Abramson M, Littlejohn GO. Hepatic reactions to nifedipine.
Med J Aust 1985; 142: 47–8. 

4. Shaw DR, et al. Nifedipine hepatitis. Aust N Z J Med 1987; 17:
447–8.

Effects on the menstrual cycle. Menorrhagia in 2 women1

and menstrual irregularity with heavy bleeding in another2 have
been reported in association with nifedipine treatment.
1. Rodger JC, Torrance TC. Can nifedipine provoke menorrhagia?

Lancet 1983; ii: 460. 
2. Singh G, et al. Can nifedipine provoke menorrhagia? Lancet

1983; ii: 1022.

Effects on mental function. Insomnia, hyperexcitability, pac-
ing, agitation, and depression were reported1 in a patient in asso-
ciation with nifedipine therapy. The symptoms disappeared with-
in 2 days of withdrawal of nifedipine. Four further cases of major
depression, which developed within a week of starting nifedipine
and resolved within a week of stopping the drug, have been re-
ported.2 
Although 2 epidemiological studies suggested that calcium-
channel blockers may promote suicide,3 a subsequent study4

found no evidence of an association between depression and the
use of calcium-channel blockers, and the number of suicides was
low. Further studies5,6 have also failed to find an increased risk of
suicide with calcium-channel blockers compared with other an-
tihypertensive drugs.
1. Ahmad S. Nifedipine-induced acute psychosis. J Am Geriatr Soc

1984; 32: 408. 
2. Hullett FJ, et al. Depression associated with nifedipine-induced

calcium channel blockade. Am J Psychiatry 1988; 145: 1277–9. 
3. Lindberg G, et al. Use of calcium channel blockers and risk of

suicide: ecological findings confirmed in population based co-
hort study. BMJ 1998; 316: 741–5. 

4. Dunn NR, et al. Cohort study on calcium channel blockers, other
cardiovascular agents, and the prevalence of depression. Br J
Clin Pharmacol 1999; 48: 230–3. 

5. Gasse C, et al. Risk of suicide among users of calcium channel
blockers: population based, nested case-control study. BMJ
2000; 320: 1251. 

6. Sørensen HT, et al. Risk of suicide in users of beta-adrenoceptor
blockers, calcium channel blockers and angiotensin converting
enzyme inhibitors. Br J Clin Pharmacol 2001; 52: 313–8.

Effects on the mouth. GINGIVAL HYPERPLASIA. A number of
reports have implicated nifedipine in the development of gin-
gival hyperplasia.1-4 In most cases it has occurred about 1 to
6 months after starting therapy and has resolved after stop-
ping nifedipine. A patient who had taken nifedipine for 12
years developed gingival hyperplasia shortly after the dosage
of nifedipine was increased.5 Amlodipine has also induced
gingival overgrowth.6 A study involving 115 patients given
nifedipine, diltiazem, or verapamil for at least 3 months indi-
cated that gingival hyperplasia is an important adverse effect
that may occur with calcium-channel blockers in general.7 Di-
hydropyridine calcium-channel blockers were among the
most common drugs associated with reports of gingival hy-
perplasia in the Australian Adverse Drug Reactions Advisory
Committee database.8
1. Ramon Y, et al. Gingival hyperplasia caused by nifedipine—a

preliminary report. Int J Cardiol 1984; 5: 195–204. 
2. van der Wall EE, et al. Gingival hyperplasia induced by nifed-

ipine, an arterial vasodilating drug. Oral Surg 1985; 60: 38–40. 
3. Shaftic AA, et al. Nifedipine-induced gingival hyperplasia.

Drug Intell Clin Pharm 1986; 20: 602–5. 
4. Jones CM. Gingival hyperplasia associated with nifedipine. Br

Dent J 1986; 160: 416–17. 
5. Johnson RB. Nifedipine-induced gingival overgrowth. Ann

Pharmacother 1997; 31: 935. 
6. Ellis JS, et al. Gingival sequestration of amlodipine and am-

lodipine-induced gingival overgrowth. Lancet 1993; 341:
1102–3. 

7. Steele RM, et al. Calcium antagonist-induced gingival hyperpla-
sia. Ann Intern Med 1994; 120: 663–4. 

8. Adverse Drug Reactions Advisory Committee (ADRAC). Drug-
induced gingival overgrowth. Aust Adverse Drug React Bull
1999; 18: 6–7. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr9906.pdf (accessed 25/07/08)

PAROTITIS. Acute swelling of the parotid glands occurred in a
patient after sublingual administration of nifedipine.1
1. Bosch X, et al. Nifedipine-induced parotitis. Lancet 1986; ii:

467.

Effects on the neuromuscular system. Severe muscle
cramps have been reported in a few patients taking nifedipine;1,2

in one patient2 the cramps were associated with widespread par-
aesthesia. Reversible myoclonic dystonia associated with nifed-
ipine has been reported in a patient.3 Severe rhabdomyolysis de-
veloped in a patient with a transplanted kidney who was
receiving an intravenous infusion of nifedipine.4 The patient re-
covered rapidly once the infusion was stopped. There has also
been a report5 of myopathy, myalgia, and arthralgia associated
with amlodipine, and of arthralgia in a patient6 receiving
diltiazem. 
Parkinsonism is a recognised adverse effect of flunarizine and
cinnarizine, which have calcium-channel blocking properties
(see Extrapyramidal Disorders under Flunarizine, p.580). It has
also been reported with diltiazem (see p.1266) and with am-
lodipine.7,8

1. Keidar S, et al. Muscle cramps during treatment with nifedipine.
BMJ 1982; 285: 1241–2. 

2. Macdonald JB. Muscle cramps during treatment with nifedipine.
BMJ 1982; 285: 1744. 

3. de Medina A, et al. Nifedipine and myoclonic dystonia. Ann In-
tern Med 1985; 104: 125. 

4. Horn S, et al. Severe rhabdomyolysis in a kidney-transplant re-
cipient receiving intravenous nifedipine. Lancet 1995; 346:
848–9. 

5. Phillips BB, Muller BA. Severe neuromuscular complications
possibly associated with amlodipine. Ann Pharmacother 1998;
32: 1165–7. 

6. Smith KM. Arthralgia associated with calcium-channel block-
ers. Am J Health-Syst Pharm 2000; 57: 55–7. 

7. Sempere AP, et al. Parkinsonism induced by amlodipine. Mov
Disord 1995; 10: 115–6. 

8. Teive HA, et al. Parkinsonian syndrome induced by amlodipine:
case report. Mov Disord 2002; 17: 833–5.

Effects on the oesophagus. Calcium-channel blockers de-
crease lower oesophageal sphincter pressure and have been used
in oesophageal motility disorders (see below), but a retrospective
cohort study1 found that calcium-channel blockers may also pre-
cipitate or exacerbate gastro-oesophageal reflux disease.
1. Hughes J, et al. Do calcium antagonists contribute to gastro-

oesophageal reflux disease and concomitant noncardiac chest
pain? Br J Clin Pharmacol 2007; 64: 83–9.

Effects on the peripheral circulation. An erythromelalgia-
like eruption occurred in a patient 8 weeks after starting therapy
with nifedipine. Symptoms included severe burning pain and
swelling in the feet and lower legs, which were fiery red, tender,
and warm to the touch. Symptoms resolved in 2 days when
nifedipine was stopped.1 Similar effects have been reported in
other patients on nifedipine.2-4 Erythromelalgia has also been re-
ported with nicardipine.5 This type of erythromelalgia may be
termed secondary erythermalgia.6
1. Fisher JR, et al. Nifedipine and erythromelalgia. Ann Intern Med

1983; 98: 671–2. 
2. Grunwald Z. Painful edema, erythematous rash, and burning

sensation due to nifedipine. Drug Intell Clin Pharm 1982; 16:
492. 

3. Brodmerkel GJ. Nifedipine and erythromelalgia. Ann Intern Med
1983; 99: 415. 

4. Sunahara JF, et al. Possible erythromelalgia-like syndrome asso-
ciated with nifedipine in a patient with Raynaud’s phenomenon.
Ann Pharmacother 1996; 30: 484–6. 

5. Levesque H, et al. Erythromelalgia induced by nicardipine (in-
verse Raynaud’s phenomenon?) BMJ 1989; 298: 1252–3. 

6. Drenth JPH, Michiels JJ. Three types of erythromelalgia. BMJ
1990; 301: 454–5.

Effects on the respiratory system. There have been some
reports of pulmonary oedema being precipitated by nifedipine
therapy in patients with aortic stenosis.1,2 Nifedipine has also
been reported to exacerbate impaired tissue oxygenation in pa-
tients with cor pulmonale secondary to obstructive airways dis-
ease.3 
For a report of exacerbation of laryngeal oedema, see under Hy-
persensitivity, below.
1. Gillmer DJ, Kark P. Pulmonary oedema precipitated by nifed-

ipine. BMJ 1980; 280: 1420–1. 
2. Aderka D, Pinkhas J. Pulmonary oedema precipitated by nifed-

ipine. BMJ 1984; 289: 1272. 
3. Kalra L, Bone MF. Nifedipine and impaired oxygenation in pa-

tients with chronic bronchitis and cor pulmonale. Lancet 1989; i:
1135–6.

Effects on the skin and nails. The commonest skin reactions
to nifedipine have been rash, pruritus, urticaria, alopecia, and ex-
foliative dermatitis;1 there have been a few reports of erythema
multiforme and the Stevens-Johnson syndrome.1 Erythema mul-
tiforme occurred in a patient after substitution of amlodipine for
nifedipine2 and cross-sensitivity, manifest as a pruritic maculo-
papular rash, has been reported between amlodipine and
diltiazem.3 Generalised pruritus has been reported with am-
lodipine.4 Other skin reactions that have been reported with
nifedipine include severe photosensitivity reactions,5 nonthrom-
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bocytopenic purpuric rashes,6 and telangiectasias,7 including
photodistributed telangiectasias,8 and pemphigoid nodularis.9
Photodistributed telangiectasias have also been reported with
amlodipine,10,11 and in one case10 recurred 3 years later. Am-
lodipine has also been associated12 with a case of lichen planus. 
For reference to erythromelalgia, see under Effects on the Pe-
ripheral Circulation, above. 
Nail and periungual pigmentation developed13 in a 75-year-old
man 18 months after starting amlodipine; it was much improved
2 years after the drug was stopped.
1. Stern R, Khalsa JH. Cutaneous adverse reactions associated

with calcium channel blockers. Arch Intern Med 1989; 149:
829–32. 

2. Bewley AP, et al. Erythema multiforme following substitution
of amlodipine for nifedipine. BMJ 1993; 307: 241. 

3. Baker BA, Cacchione JG. Dermatologic cross-sensitivity be-
tween diltiazem and amlodipine. Ann Pharmacother 1994; 28:
118–19. 

4. Orme S, et al. Generalised pruritus associated with amlodipine.
BMJ 1997; 315: 463. 

5. Thomas SE, Wood ML. Photosensitivity reactions associated
with nifedipine. BMJ 1986; 292: 992. 

6. Oren R, et al. Nifedipine-induced nonthrombocytopenic purpu-
ra. DICP Ann Pharmacother 1989; 23: 88. 

7. Tsele E, Chu AC. Nifedipine and telangiectasias. Lancet 1992;
339: 365–6. 

8. Collins P, Ferguson J. Photodistributed nifedipine-induced fa-
cial telangiectasia. Br J Dermatol 1993; 129: 630–3. 

9. Ameen M, et al. Pemphigoid nodularis associated with nifed-
ipine. Br J Dermatol 2000; 142: 575–7. 

10. Basarab T, et al. Calcium antagonist-induced photo-exposed te-
langiectasia. Br J Dermatol 1997; 136: 974–5. 

11. Grabczynska SA, Cowley N. Amlodipine induced-photosensi-
tivity presenting as telangiectasia. Br J Dermatol 2000; 142:
1255–6. 

12. Swale VJ, McGregor JM. Amlodipine-associated lichen planus.
Br J Dermatol 2001; 144: 920–1. 

13. Sladden MJ, et al. Longitudinal melanonychia and pseudo-
Hutchinson sign associated with amlodipine. Br J Dermatol
2005; 153: 219–20.

Effects on taste. Distortion of taste and smell has been report-
ed in 2 patients taking nifedipine,1 but a large survey involving
922 patients receiving nifedipine and 343 taking captopril did not
show any association of taste disturbances with nifedipine.2 Sud-
den loss of taste has also been reported3 in a patient who had been
taking amlodipine for several years; the sense of taste returned
when amlodipine was stopped, but taste loss recurred on rechal-
lenge.
1. Levenson JL, Kennedy K. Dysomia, dysgeusia, and nifedipine.

Ann Intern Med 1985; 102: 135–6. 
2. Coulter DM. Eye pain with nifedipine and disturbance of taste

with captopril: a mutually controlled study showing a method of
postmarketing surveillance. BMJ 1988; 296: 1086–8. 

3. Sadasivam B, Jhaj R. Dysgeusia with amlodipine—a case report.
Br J Clin Pharmacol 2007; 63: 253.

Gynaecomastia. Unilateral gynaecomastia developed in 3
men 4, 6, and 26 weeks after starting nifedipine therapy.1
1. Clyne CAC. Unilateral gynaecomastia and nifedipine. BMJ

1986; 292: 380.

Haemorrhage. See Effects on the Blood, above.
Hypersensitivity. Nifedipine is associated with various hyper-
sensitivity reactions including skin rashes and effects on the liv-
er(see above). 
Nifedipine, given sublingually, exacerbated laryngeal swelling
that developed in a woman after the use of isosorbide dinitrate
spray.1
1. Silfvast T, et al. Laryngeal oedema after isosorbide dinitrate

spray and sublingual nifedipine. BMJ 1995; 311: 232.

Oedema. Oedema of the feet and ankles is a common adverse
effect of nifedipine and other dihydropyridine calcium-channel
blockers. It occurs typically 2 or more weeks after starting treat-
ment and is caused by pre-capillary arteriolar dilatation rather
than fluid retention.1 Evidence from a study in 10 diabetic sub-
jects beginning nifedipine therapy, 5 of whom developed ankle
oedema, suggested that nifedipine abolished the reflex vasocon-
striction produced when the feet are below the level of the heart
which is believed to prevent excessive fluid filtration into the tis-
sues.2 
The oedema may respond to simple measures such as elevation
of the feet or to a reduction in dosage but if it persists the calcium-
channel blocker should be withdrawn.1 
Generalised oedema3 and facial and upper extremity oedema4

have been reported in patients taking amlodipine, but in both cas-
es symptoms resolved on withdrawal of the drug.
1. Maclean D, MacConnachie AM. Selective side-effects: periph-

eral oedema with dihydropyridine calcium antagonists. Pre-
scribers’ J 1991; 31: 4–6. 

2. Williams SA, et al. Dependent oedema and attenuation of pos-
tural vasoconstriction associated with nifedipine therapy for hy-
pertension in diabetic patients. Eur J Clin Pharmacol 1989; 37:
333–5. 

3. Şener D, et al. Anasarca edema with amlodipine treatment. Ann
Pharmacother 2005; 39: 761–3. 

4. Ganeshalingham A, Wong W. Amlodipine-induced bilateral up-
per extremity edema. Ann Pharmacother 2007; 41: 1536–8.

Treatment of Adverse Effects
Activated charcoal may be given orally to adults or
children who present within 1 hour of ingesting a po-
tentially toxic overdose of nifedipine. Alternatively,

gastric lavage may be considered in adults. Supportive
and symptomatic care should be given. Hypotension
may respond to placing the patient in the supine posi-
tion with the feet raised; plasma expanders may be giv-
en, although cardiac overload should be avoided. If hy-
potension is not corrected, calcium should be given
intravenously. The usual initial dose is 10 to 20 mL of
10% calcium gluconate given by slow intravenous in-
jection or infusion; alternatively, up to 10 mL of 10%
calcium chloride may be given. Glucagon may also be
used. If hypotension persists, an intravenous sym-
pathomimetic such as isoprenaline, dopamine, or nor-
adrenaline may also be necessary. Bradycardia may be
treated with atropine, isoprenaline, or cardiac pacing. 
Dialysis is not useful as nifedipine is highly protein
bound. Plasmapheresis may be beneficial.
Overdosage. The management of calcium-channel blocker
overdosage is mainly supportive (see Treatment of Adverse Ef-
fects, above). Cardiovascular effects usually predominate and,
although severe toxicity is more likely in overdosage with non-
dihydropyridines such as verapamil or diltiazem, treatment of
overdosage is similar for all calcium-channel blockers.1-4 Prompt
gastrointestinal decontamination, atropine to reverse bradycar-
dia, and cardiovascular support with intravenous fluids, sym-
pathomimetics, and possibly inotropes, are the mainstays of
treatment. Intravenous calcium is also widely used, and high dos-
es may be required; intravenous glucagon may also be given.
Fampridine has been suggested5 as a specific antagonist, and
successful use of vasopressin6 or terlipressin7 has been reported
in patients with resistant hypotension. There is also some evi-
dence that high-dose insulin, with glucose if required to maintain
normal blood-glucose concentrations, may be of benefit.8-11 
Most reports of overdosage have been with verapamil (see
p.1421). The following are some individual reports with nifed-
ipine: 
• Hypotension, tachycardia, and flushing, followed by hypoka-

laemia, were seen in a patient who took nifedipine 600 mg as
modified-release tablets together with an overdose of para-
cetamol, but there was no evidence of heart block.12 The pa-
tient was given calcium gluconate intravenously and subse-
quently activated charcoal and lactulose. Absorption of
nifedipine was essentially complete 10 hours after ingestion.
Potassium chloride was given orally to treat hypokalaemia
and acetylcysteine was used to manage the paracetamol poi-
soning. 

• Third-degree AV block, progressing to asystole, developed in
a 14-month-old child who ingested about 800 mg of nifed-
ipine.13 During cardiopulmonary resuscitation a total of
700 mg of calcium chloride was given, together with atropine,
adrenaline, and sodium bicarbonate. The stomach was subse-
quently emptied by gastric lavage and activated charcoal giv-
en. The patient remained tachycardic and hypotensive, with
evidence of pulmonary oedema and hyperglycaemia, and was
given intravenous electrolytes and dopamine infusions and as-
sisted ventilation, together with treatment to control subse-
quent tonic-clonic seizures. She eventually made an apparent-
ly complete recovery apart from a moderate speech delay.

1. Salhanick SD, Shannon MW. Management of calcium channel
antagonist overdose. Drug Safety 2003; 26: 65–79. 

2. DeWitt CR, Waksman JC. Pharmacology, pathophysiology and
management of calcium channel blocker and beta-blocker tox-
icity. Toxicol Rev 2004; 23: 223–38. 

3. Olson KR, et al. Calcium channel blocker ingestion: an evi-
dence-based consensus guideline for out-of-hospital manage-
ment. Clin Toxicol 2005; 43: 797–822. 

4. Shepherd G. Treatment of poisoning caused by beta-adrenergic
and calcium-channel blockers. Am J Health-Syst Pharm 2006;
63: 1828–35. 

5. Stevens JJWM, Ghosh S. Overdose of calcium channel block-
ers. BMJ 1994; 309: 193. 

6. Kanagarajan K, et al. The use of vasopressin in the setting of
recalcitrant hypotension due to calcium channel blocker over-
dose. Clin Toxicol 2007; 45: 56–9. 

7. Leone M, et al. Terlipressin: a new therapeutic for calcium-
channel blockers overdose. J Crit Care 2005; 20: 114–15. 

8. Yuan TH, et al. Insulin-glucose as adjunctive therapy for severe
calcium channel antagonist poisoning. J Toxicol Clin Toxicol
1999; 37: 463–74. 

9. Boyer EW, Shannon M. Treatment of calcium-channel-blocker
intoxication with insulin infusion. N Engl J Med 2001; 344:
1721–2. 

10. Mégarbane B, et al. The role of insulin and glucose (hyperin-
sulinaemia/euglycaemia) therapy in acute calcium channel an-
tagonist and beta-blocker poisoning. Toxicol Rev 2004; 23:
215–22. 

11. Shepherd G, Klein-Schwartz W. High-dose insulin therapy for
calcium-channel blocker overdose. Ann Pharmacother 2005;
39: 923–30. 

12. Ferner RE, et al. Pharmacokinetics and toxic effects of nifed-
ipine in massive overdose. Hum Exp Toxicol 1990; 9: 309–11. 

13. Wells TG, et al. Nifedipine poisoning in a child. Pediatrics
1990; 86: 91–4.

Precautions
Nifedipine should be used with caution in patients with
hypotension, in patients whose cardiac reserve is poor,
and in those with heart failure since deterioration of

heart failure has been noted. Nifedipine should not be
used in cardiogenic shock, in patients who have suf-
fered a myocardial infarction in the previous 2 to 4
weeks, or in acute unstable angina. Nifedipine should
not be used to treat an anginal attack in chronic stable
angina. In patients with severe aortic stenosis nifed-
ipine may increase the risk of developing heart failure.
Sudden withdrawal of nifedipine might be associated
with an exacerbation of angina. The dose may need to
be reduced in patients with hepatic impairment. 
Nifedipine should be stopped in patients who experi-
ence ischaemic pain after use. 
Nifedipine is reported to be teratogenic in animals and
may inhibit labour, but it has been used in hypertension
in pregnancy (see Hypertension, under Uses and Ad-
ministration, below).
Breast feeding. Nifedipine is distributed into breast milk1,2 but
the amount present is probably too small to be harmful. There
have been no reports of any clinical effects in breast-fed infants
whose mothers were receiving nifedipine and the American
Academy of Pediatrics therefore considers3 that it is usually
compatible with breast feeding.
1. Ehrenkranz RA, et al. Nifedipine transfer into human milk. J

Pediatr 1989; 114: 478–80. 
2. Penny WJ, Lewis MJ. Nifedipine is excreted in human milk. Eur

J Clin Pharmacol 1989; 36: 427–8. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Diabetes mellitus. Nifedipine may modify insulin and glu-
cose responses (see Effects on Carbohydrate Metabolism under
Adverse Effects, above) calling for adjustments in antidiabetic
therapy. Also some studies have suggested that nifedipine may
worsen proteinuria and renal dysfunction in diabetic patients
with some degree of renal insufficiency,1,2 but other studies, (see
Kidney Disorders under Uses and Administration, below), have
suggested that nifedipine may have a beneficial effect on pro-
teinuria. 
Some studies have suggested that patients with diabetes
mellitus3,4 or impaired glucose metabolism5 may be more sus-
ceptible to adverse cardiovascular effects of calcium-channel
blockers. The calcium-channel blockers used in these studies
were nisoldipine, amlodipine, and isradipine (long-acting or in-
termediate-acting calcium-channel blockers). However, two of
the studies3,4 compared the calcium-channel blocker with an
ACE inhibitor and it has been suggested that ACE inhibitors may
have a protective effect in patients with diabetes that is additional
to their antihypertensive action. Thus, ACE inhibitors may be
particularly beneficial in these patients rather than calcium-chan-
nel blockers being particularly harmful.6
1. Mimran A, et al. Contrasting effects of captopril and nifedipine

in normotensive patients with incipient diabetic nephropathy. J
Hypertens 1988; 6: 919–23. 

2. Demarie BK, Bakris GL. Effects of different calcium antagonists
on proteinuria associated with diabetes mellitus. Ann Intern Med
1990; 113: 987–8. 

3. Estacio RO, et al. The effect of nisoldipine as compared with
enalapril on cardiovascular outcomes in patients with non-insu-
lin-dependent diabetes and hypertension. N Engl J Med 1998;
338: 645–52. Correction. ibid.; 339: 1339. 

4. Tatti P, et al. Outcome results of the fosinopril versus amlodipine
cardiovascular events randomized trial (FACET) in patients with
hypertension and NIDDM. Diabetes Care 1998; 21: 597–603. 

5. Byington RP, et al. Isradipine, raised glycosylated haemoglobin,
and risk of cardiovascular events. Lancet 1997; 350: 1075–6. 

6. Poulter NR. Calcium channel blockers and cardiovascular risk in
diabetes. Lancet 1998; 351: 1809–10.

Interference with laboratory estimations. Nifedipine may
give falsely elevated spectrophotometric values of urinary vanil-
lylmandelic acid; HPLC estimations are unaffected.
Porphyria. Nifedipine has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Withdrawal. Sudden withdrawal of nifedipine might be asso-
ciated with an exacerbation of angina. 
For a report of life-threatening coronary vasospasm occurring af-
ter withdrawal of nifedipine before a revascularisation proce-
dure, see under Effects on the Heart, in Diltiazem, p.1265.

Interactions
Nifedipine may enhance the antihypertensive effects of
other antihypertensive drugs such as beta blockers al-
though the combination is generally well tolerated. En-
hanced antihypertensive effects may also be seen if
used with drugs such as aldesleukin and antipsychotics
that cause hypotension. Nifedipine may modify insulin
and glucose responses (see Effects on Carbohydrate
Metabolism, above) and therefore diabetic patients
may need to adjust their antidiabetic treatment when
receiving nifedipine. Nifedipine is extensively metab-
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olised in the liver by the cytochrome P450 isoenzyme
CYP3A4, and interactions may occur with other drugs,
such as quinidine, sharing the same metabolic path-
way, and with enzyme inducers, such as car-
bamazepine, phenytoin, and rifampicin, and enzyme
inhibitors, such as cimetidine, erythromycin, and HIV-
protease inhibitors.
Alcohol. A study involving 10 healthy subjects showed that the
area under the concentration-time profile for nifedipine 20 mg
was increased by 54% when taken orally with alcohol, and max-
imum pulse rate was achieved more rapidly, which was in line
with animal and in-vitro studies suggesting that the metabolism
of nifedipine is inhibited by alcohol.1
1. Qureshi S, et al. Nifedipine-alcohol interaction. JAMA 1990;

264: 1660–1.

Antiarrhythmics. Nifedipine and quinidine probably have a
common metabolic pathway in the liver and might be expected
to interact if given concurrently. In one study,1 quinidine ap-
peared to inhibit nifedipine metabolism resulting in increased se-
rum concentrations of nifedipine; quinidine concentrations were
unchanged. However, conflicting effects on serum-quinidine
concentrations have been reported, see p.1384.
1. Bowles SK, et al. Evaluation of the pharmacokinetic and phar-

macodynamic interaction between quinidine and nifedipine. J
Clin Pharmacol 1993; 33: 727–31.

Antibacterials. The macrolide antibacterials are inhibitors of
the cytochrome P450 isoenzyme CYP3A4 and may inhibit the
metabolism of calcium-channel blockers. Two days after clari-
thromycin was started,1 vasodilatory shock and heart block oc-
curred in a 77-year-old man whose antihypertensive medication
included nifedipine. Clarithromycin was continued and when his
condition improved nifedipine was reintroduced at half the pre-
vious dose; his blood pressure was stable on discharge.
1. Gerónimo-Pardo M, et al. Clarithromycin–nifedipine interaction

as possible cause of vasodilatory shock. Ann Pharmacother
2005; 39: 538–42.

Antidiabetics. See Diabetes Mellitus under Precautions and
Effects on Carbohydrate Metabolism under Adverse Effects,
above.
Antiepileptics. The effects of dihydropyridine calcium-chan-
nel blockers may be reduced by enzyme-inducing antiepileptics
such as carbamazepine, phenobarbital, and phenytoin.1-4 In con-
trast, sodium valproate has been reported to increase plasma-ni-
modipine concentrations.3 
For reports of an interaction between dihydropyridines and
phenytoin resulting in raised serum-phenytoin concentration, see
p.499.
1. Capewell S, et al. Reduced felodipine bioavailability in patients

taking anticonvulsants. Lancet 1988: ii: 480–2. 
2. Schellens JHM, et al. Influence of enzyme induction and inhibi-

tion on the oxidation of nifedipine, sparteine, mephenytoin and
antipyrine in humans as assessed by a "cocktail" study design. J
Pharmacol Exp Ther 1989; 249: 638–45. 

3. Tartara A, et al. Differential effects of valproic acid and enzyme-
inducing anticonvulsants on nimodipine pharmacokinetics in ep-
ileptic patients. Br J Clin Pharmacol 1991; 32: 335–40. 

4. Yasui-Furukori N, Tateishi T. Carbamazepine decreases antihy-
pertensive effect of nilvadipine. J Clin Pharmacol 2002; 42:
100–103.

Antifungals. Azole antifungals inhibit the cytochrome P450 en-
zyme system and may therefore interfere with metabolism of cal-
cium-channel blockers. Two women who had been taking felo-
dipine for about a year developed peripheral oedema a few days
after starting treatment with itraconazole.1 Plasma-felodipine
concentrations were measured in one of the women before and
during a subsequent course of itraconazole and increased consid-
erably when the two drugs were used together. A similar interac-
tion occurred when itraconazole therapy was started in a patient
already taking nifedipine.2 Potentiation of the effects of nifed-
ipine by fluconazole has also been reported.3
1. Neuvonen PJ, Suhonen R. Itraconazole interacts with felodipine.

J Am Acad Dermatol 1995; 33: 134–5. 
2. Tailor SAN, et al. Peripheral edema due to nifedipine-itracona-

zole interaction: a case report. Arch Dermatol 1996; 132: 350–2. 
3. Kremens B, et al. Loss of blood pressure control on withdrawal

of fluconazole during nifedipine therapy. Br J Clin Pharmacol
1999; 47: 707–8.

Antihistamines. Severe angina developed in a patient stabi-
lised on nifedipine who took terfenadine 60 mg for seasonal al-
lergy. The pain resolved within an hour or two.1
1. Falkenberg HM. Possible interaction report. Can Pharm J 1988;

121: 294.

Antineoplastics. For reports of increased vincristine toxicity in
children also receiving itraconazole and nifedipine concomitant-
ly, see Antifungals under Interactions of Vincristine, p.787.
Antivirals. The HIV-protease inhibitors are known to inhibit the
cytochrome P450 isoenzyme CYP3A4 and may therefore inter-
fere with the metabolism of calcium-channel blockers. A woman
stable on felodipine developed oedema1 in both legs when she
was given nelfinavir after a needle-stick injury. The oedema re-
solved on withdrawal of felodipine, and was attributed to inhibi-
tion of felodipine metabolism. A study2 in healthy subjects found

that indinavir plus ritonavir increased exposure to both am-
lodipine and diltiazem.
1. Izzedine H, et al. Nelfinavir and felodipine: a cytochrome P450

3A4-mediated drug interaction. Clin Pharmacol Ther 2004; 75:
362–3. 

2. Glesby MJ, et al. Pharmacokinetic interactions between indina-
vir plus ritonavir and calcium channel blockers. Clin Pharmacol
Ther 2005; 78: 143–53.

Beta blockers. Although nifedipine is often used with beta
blockers without untoward effects, heart failure has been report-
ed in a few patients with angina who were given nifedipine and
a beta blocker.1,2 Severe hypotension has been reported in 1 of 15
angina patients given nifedipine and atenolol;3 withdrawal of the
beta blocker precipitated severe unstable angina in this patient.
Severe hypotension in a patient was attributed to the use of nifed-
ipine with propranolol, and was thought to have contributed to
fatal myocardial infarction.4
1. Anastassiades CJ. Nifedipine and beta-blocker drugs. BMJ 1980;

281: 1251–2. 
2. Robson RH, Vishwanath MC. Nifedipine and beta-blockade as a

cause of cardiac failure. BMJ 1982; 284: 104. 
3. Opie LH, White DA. Adverse interaction between nifedipine and

β-blockade. BMJ 1980; 281: 1462. 
4. Staffurth JS, Emery P. Adverse interaction between nifedipine

and beta-blockade. BMJ 1981; 282: 225.

Calcium-channel blockers. Plasma concentrations of nifed-
ipine were increased in a study in 6 healthy subjects when pre-
treated with diltiazem; the elimination half-life of nifedipine was
prolonged from 2.54 hours to 3.40 hours after pretreatment with
diltiazem 30 mg daily and to 3.47 hours after 90 mg daily. The
effect was probably due to reduced hepatic metabolism of nifed-
ipine.1 Nifedipine and diltiazem are reported to be metabolised
by the same hepatic enzyme and, conversely, pretreatment with
nifedipine has resulted in increased concentrations of diltiazem.2
1. Tateishi T, et al. Dose dependent effect of diltiazem on the phar-

macokinetics of nifedipine. J Clin Pharmacol 1989; 29: 994–7. 
2. Tateishi T, et al. The effect of nifedipine on the pharmacokinetics

and dynamics of diltiazem: the preliminary study in normal vol-
unteers. J Clin Pharmacol 1993; 33: 738–40.

Digoxin. For the effect of nifedipine and other dihydropyridine
calcium-channel blockers on digoxin, see p.1262.
Grapefruit juice. Grapefruit juice inhibits the cytochrome
P450 isoenzyme CYP3A4, particularly in the intestinal wall, and
has been shown to increase markedly the bioavailability of oral
calcium-channel blockers;1-3 calcium-channel blockers given in-
travenously appear to be unaffected.4 The interaction may be less
significant with calcium-channel blockers such as amlodipine
that have a higher bioavailability,5 but most calcium-channel
blockers should not be taken orally at the same time as grapefruit
juice.6 A stereoselective effect has also been reported.7
1. Bailey DG, et al. Interaction of citrus juices with felodipine and

nifedipine. Lancet 1991; 337: 268–9. 
2. Bailey DG, et al. Effect of grapefruit juice and naringin on nisol-

dipine pharmacokinetics. Clin Pharmacol Ther 1993; 54:
589–94. 

3. Lundahl J, et al. Relationship between time of intake of grape-
fruit juice and its effect on pharmacokinetics and pharmacody-
namics of felodipine in healthy subjects. Eur J Clin Pharmacol
1995; 49: 61–7. 

4. Rashid TJ, et al. Factors affecting the absolute bioavailability of
nifedipine. Br J Clin Pharmacol 1995; 40: 51–8. 

5. Vincent J, et al. Lack of effect of grapefruit juice on the pharma-
cokinetics and pharmacodynamics of amlodipine. Br J Clin
Pharmacol 2000; 50: 455–63. 

6. Committee on Safety of Medicines/Medicines Control Agency.
Drug interactions with grapefruit juice. Current Problems 1997;
23: 2. Also available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2015623&
RevisionSelectionMethod=LatestReleased (accessed 16/06/06) 

7. Uno T, et al. Effect of grapefruit juice on the disposition of ma-
nidipine enantiomers in healthy subjects. Br J Clin Pharmacol
2006; 61: 533–7.

Histamine H2-antagonists. Pharmacokinetic studies have in-
dicated that use of nifedipine with cimetidine can increase the
bioavailability of nifedipine.1-4 An increase in the area under the
plasma concentration-time curve of between 77 and 92% has
been reported.2,3 Potentiation of the hypotensive effect of nifed-
ipine by cimetidine was also shown in 7 hypertensive patients.1
The mechanism of the interaction was thought to be due to inhi-
bition of the cytochrome P450 system by cimetidine and thus in-
hibition of the metabolism of nifedipine. 
Ranitidine was found to have little effect on the pharmacokinet-
ics of nifedipine, although there was an increase in the bioavail-
ability of nifedipine during use of ranitidine.5 Famotidine has
been reported not to interact with nifedipine.6
1. Kirch W, et al. Einfluß von cimetidin und ranitidin auf pharma-

kokinetik und antihypertensiven effekt von nifedipin. Dtsch Med
Wochenschr 1983; 108: 1757–61. 

2. Renwick AG, et al. Factors affecting the pharmacokinetics of
nifedipine. Eur J Clin Pharmacol 1987; 32: 351–5. 

3. Smith SR, et al. Ranitidine and cimetidine: drug interactions
with single dose and steady-state nifedipine administration. Br J
Clin Pharmacol 1987; 23: 311–15. 

4. Schwartz JB, et al. Effect of cimetidine or ranitidine administra-
tion on nifedipine pharmacokinetics and pharmacodynamics.
Clin Pharmacol Ther 1988; 43: 673–80. 

5. Kirch W, et al. Ranitidine increases bioavailability of nifedipine.
Clin Pharmacol Ther 1985; 37: 204. 

6. Kirch W, et al. Negative effects of famotidine on cardiac per-
formance assessed by noninvasive hemodynamic measurements.
Gastroenterology 1989; 96: 1388–92.

Immunosuppressants. Flushing, paraesthesias, and rashes
were reported in 2 patients given nifedipine 40 mg daily while
taking ciclosporin for psoriasis.1 A study in 8 psoriatic patients
indicated that giving nifedipine with ciclosporin resulted in re-
duced recovery of the principal metabolite of nifedipine, presum-
ably because ciclosporin reduced nifedipine metabolism through
competition for the cytochrome P450 metabolising enzymes. 
For reference to the effects of calcium-channel blockers on
ciclosporin concentrations in blood, see p.1827. For the possible
protective effect of nifedipine against ciclosporin-induced neph-
rotoxicity, see Transplantation under Uses and Administration,
below. 
For the effect of nifedipine on tacrolimus, see p.1845.
1. McFadden JP, et al. Cyclosporin decreases nifedipine metabo-

lism. BMJ 1989; 299: 1224.

Magnesium salts. Profound hypotension has been reported in
2 women in whom a single oral dose of nifedipine 10 mg was
added to treatment with magnesium sulfate infusion for pre-ec-
lampsia; both women were also receiving methyldopa.1 Neu-
romuscular blockade has been reported in 2 women after use of
nifedipine with intravenous magnesium sulfate. In one woman
receiving nifedipine as a tocolytic, symptoms of neuromuscular
blockade occurred immediately on injection of magnesium sul-
fate and resolved within 25 minutes of stopping the injection.2 In
another woman who was receiving a magnesium sulfate infusion
for pre-eclampsia, symptoms developed 30 minutes after the sec-
ond of 2 doses of nifedipine had been given and improved after
receiving calcium gluconate injection.3
1. Waisman GD, et al. Magnesium plus nifedipine: potentiation of

hypotensive effect in pre-eclampsia? Am J Obstet Gynecol 1988;
159: 308–9. 

2. Snyder SW, Cardwell MS. Neuromuscular blockade with mag-
nesium sulfate and nifedipine. Am J Obstet Gynecol 1989; 161:
35–6. 

3. Ben-Ami M, et al. The combination of magnesium sulphate and
nifedipine: a cause of neuromuscular blockade. Br J Obstet Gy-
naecol 1994; 101: 262–3.

Melatonin. Melatonin may cause a reduction in blood pressure
and might be expected to have additive effects if given with
antihypertensives. However, in a study1 in hypertensive patients
taking nifedipine, giving melatonin led to an increase in both
blood pressure and heart rate.
1. Lusardi P, et al. Cardiovascular effects of melatonin in hyperten-

sive patients well controlled by nifedipine: a 24-hour study. Br J
Clin Pharmacol 2000; 49: 423–7.

Tobacco. In a study of the effects of cigarette smoking and the
treatment of angina with nifedipine, propranolol, or atenolol,
smoking was shown to have direct and adverse effects on the
heart and to interfere with the efficacy of all 3 anti-anginal drugs,
with nifedipine being the most affected.1
1. Deanfield J, et al. Cigarette smoking and the treatment of angina

with propranolol, atenolol, and nifedipine. N Engl J Med 1984;
310: 951–4.

Xanthines. For the effect of nifedipine on theophylline, see
p.1144.

Pharmacokinetics
Nifedipine is rapidly and almost completely absorbed
from the gastrointestinal tract, but undergoes extensive
hepatic first-pass metabolism. Bioavailability of oral
liquid-filled capsules is between 45 and 75%, but is
lower for longer-acting formulations. Peak blood con-
centrations are reported to occur 30 minutes after oral
doses of liquid-filled capsules. 
Nifedipine is about 92 to 98% bound to plasma pro-
teins. It is distributed into breast milk. It is extensively
metabolised in the liver and 70 to 80% of a dose is ex-
creted in the urine almost entirely as inactive metabo-
lites. The half-life is about 2 hours after intravenous
doses or oral liquid-filled capsules.
◊ General reviews.
1. Kelly JG, O’Malley K. Clinical pharmacokinetics of calcium an-

tagonists: an update. Clin Pharmacokinet 1992; 22: 416–33.

◊ The pharmacokinetics of nifedipine have been reviewed.1
Studies have been complicated by the difficulty in preparing a
stable intravenous formulation and the problems in developing a
sufficiently sensitive and specific method of analysis. Nearly
100% of an oral dose of nifedipine is absorbed in the small intes-
tine although the bioavailability from capsules is 45 to 68%. The
rate of absorption from both oral and sublingual capsules varies
widely among individuals: there has been a report that high plas-
ma-nifedipine concentrations are achieved more rapidly if the
capsule is bitten and swallowed than from standard oral and sub-
lingual administration (but this is no longer recommended—see
Hypertension, below). The absorption of nifedipine from tablets
is slower than from capsules, with maximum plasma concentra-
tions occurring at 1.6 to 4.2 hours compared with 0.5 to 2.17
hours, and absorption may still be occurring at 24 to 32 hours
after a dose. 
Nifedipine undergoes almost complete hepatic oxidation to 3
pharmacologically inactive metabolites which are excreted in the
urine. It has been reported that after oral doses 30 to 40% of the
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amount absorbed is metabolised during the first pass through the
liver. The elimination half-life of nifedipine is apparently de-
pendent upon the dosage form in which it is given, with half-lives
of 6 to 11 hours, 2 to 3.4 hours, and 1.3 to 1.8 hours measured
after oral tablet, oral capsule, and intravenous doses respectively.
The total systemic clearance of nifedipine from plasma ranges
from 27 to about 66 litres/hour. Renal impairment does not sub-
stantially alter nifedipine pharmacokinetics.
1. Sorkin EM, et al. Nifedipine: a review of its pharmacodynamic

and pharmacokinetic properties, and therapeutic efficacy, in is-
chaemic heart disease, hypertension and related cardiovascular
disorders. Drugs 1985; 30: 182–274.

Absorption. Although studies have indicated that the absorp-
tion of nifedipine may be affected by food the results appear to
vary depending upon the preparation used. A reduction in peak
plasma-nifedipine concentrations, and a delay in achieving them,
was reported1 when nifedipine capsules were given after a meal
compared with 30 minutes before. In contrast, the bioavailability
and maximum serum concentrations of nifedipine were marked-
ly increased when a modified-release tablet (Adalat L) was given
after a meal rather than fasting,2 although another modified-re-
lease tablet (Slofedipine) showed delayed absorption when given
after food.3 A further tablet formulation (Adalat OROS) was
unaffected by food,3 while a modified-release capsule containing
uncoated and enteric-coated granules (Sepamit R) was reported
to have essentially the same bioavailability when taken before or
after a meal.4
1. Hirasawa K, et al. Effect of food ingestion on nifedipine absorp-

tion and haemodynamic response. Eur J Clin Pharmacol 1985;
28: 105–7. 

2. Ueno K, et al. Effect of food on nifedipine sustained-release
preparation. DICP Ann Pharmacother 1989; 23: 662–5. 

3. Schug BS, et al. The effect of food on the pharmacokinetics of
nifedipine in two slow release formulations: pronounced lag-
time after a high fat breakfast. Br J Clin Pharmacol 2002; 53:
582–8. 

4. Ueno K, et al. Effect of a light breakfast on the bioavailability of
sustained-release nifedipine. DICP Ann Pharmacother 1991; 25:
317–19.

Hepatic impairment. The pharmacokinetics of nifedipine
were found to be considerably altered in 7 patients with liver cir-
rhosis.1 Systemic plasma clearance was substantially reduced
and the elimination half-life was considerably longer than in
healthy subjects. In addition, systemic availability of oral nifed-
ipine was much higher in patients with cirrhosis and was com-
plete in 3 patients with surgical portacaval shunt. Patients with
liver cirrhosis seemed to be more sensitive to the effects of nifed-
ipine on diastolic blood pressure and heart rate, and this could be
explained by the higher free drug concentrations observed. It was
concluded that lower doses of nifedipine may be required in pa-
tients with liver cirrhosis, and the patient’s response should be
closely monitored.
1. Kleinbloesem CH, et al. Nifedipine: kinetics and hemodynamic

effects in patients with liver cirrhosis after intravenous and oral
administration. Clin Pharmacol Ther 1986; 40: 21–8.

Interindividual variation. A study in 53 Dutch subjects found
a bimodal distribution of plasma concentrations of nifedipine af-
ter a single oral dose; it was proposed that the higher plasma con-
centrations in 17% of subjects represented a slow metaboliser
phenotype, with the majority of the population being fast metab-
olisers.1 Although further studies2,3 in European populations
have not confirmed these results, a study in 12 Mexican subjects
supported the concept of polymorphic metabolism, with 5 fast
and 7 slow metabolisers, a much higher proportion of slow
metabolisers than in the European studies.4 Studies have also re-
ported a markedly increased area under the concentration-time
curve in South Asian,5,6 Mexican,7 and Nigerian8 subjects com-
pared with Caucasians. The difference did not appear to be due
to diet.5,6 The initial dose of nifedipine might need to be lower in
these ethnic groups. Another population study9 found that clear-
ance was slower in blacks compared with whites, and in men
compared with women; alcohol ingestion and smoking both also
reduced nifedipine clearance.
1. Kleinbloesem CH, et al. Variability in nifedipine pharmacokinet-

ics and dynamics: a new oxidation polymorphism in man. Bio-
chem Pharmacol 1984; 33: 3721–4. 

2. Renwick AG, et al. The pharmacokinetics of oral nifedipine—a
population study. Br J Clin Pharmacol 1988; 25: 701–8. 

3. Lobo J, et al. The intra- and inter-subject variability of nifedipine
pharmacokinetics in young volunteers. Eur J Clin Pharmacol
1986; 30: 57–60. 

4. Hoyo-Vadillo C, et al. Pharmacokinetics of nifedipine slow re-
lease tablet in Mexican subjects: further evidence for an oxida-
tion polymorphism. J Clin Pharmacol 1989; 29: 816–20. 

5. Ahsan CH, et al. Ethnic differences in the pharmacokinetics of
oral nifedipine. Br J Clin Pharmacol 1991; 31: 399–403. 

6. Ahsan CH, et al. The influences of dose and ethnic origins on the
pharmacokinetics of nifedipine. Clin Pharmacol Ther 1993; 54:
329–38. 

7. Castañeda-Hernández G, et al. Interethnic variability in nifed-
ipine disposition: reduced systemic plasma clearance in Mexican
subjects. Br J Clin Pharmacol 1996; 41: 433–4. 

8. Sowunmi A, et al. Ethnic differences in nifedipine kinetics: com-
parisons between Nigerians, Caucasians and South Asians. Br J
Clin Pharmacol 1995; 40: 489–93. 

9. Krecic-Shepard ME, et al. Race and sex influence clearance of
nifedipine: results of a population study. Clin Pharmacol Ther
2000; 68: 130–42.

Uses and Administration
Nifedipine is a dihydropyridine calcium-channel
blocker (p.1154). It is a peripheral and coronary va-
sodilator, but, unlike the rate-limiting calcium-channel
blockers verapamil or diltiazem, has little or no effect
on cardiac conduction and negative inotropic activity is
rarely seen at therapeutic doses. Use of nifedipine re-
sults primarily in vasodilatation, with reduced periph-
eral resistance, blood pressure, and afterload, increased
coronary blood flow, and a reflex increase in heart rate.
This in turn results in an increase in myocardial oxygen
supply and cardiac output. Nifedipine has no anti-
arrhythmic activity. Nicardipine and newer dihydropy-
ridines such as amlodipine, felodipine, isradipine, and
lacidipine may be even more selective than nifedipine
for vascular smooth muscle. Nimodipine acts particu-
larly on cerebral blood vessels. Most of the dihydropy-
ridine calcium-channel blockers (nifedipine and
lacidipine are exceptions) are chiral compounds used
as racemic mixtures. 
Nifedipine is used in the management of hypertension;
in the management of angina pectoris (p.1157), partic-
ularly when a vasospastic element is present, as in
Prinzmetal’s angina, but is not suitable for relief of an
acute attack; and in the treatment of Raynaud’s syn-
drome. Nifedipine has also been tried in numerous
non-vascular disorders. 
Nifedipine is usually given orally. It is available in sev-
eral formulations. Liquid-filled capsules with a rela-
tively rapid onset but short duration of action are given
three times daily. This short-acting preparation is not
recommended for the management of hypertension
(see below). There are also tablets and capsules with a
slower onset and longer duration of action, enabling
twice-daily dosage; although these are often referred to
by nomenclature implying extended or sustained re-
lease they should be distinguished from the true ex-
tended-release preparations available in some coun-
tries that allow dosage once daily. 
Doses of nifedipine are dependent upon the formula-
tion used; they may need to be reduced in the elderly or
those with impaired liver function. 
For hypertension a long-acting preparation of nifed-
ipine may be given in doses of 10 to 40 mg twice daily,
or 20 to 90 mg once daily, depending on the prepara-
tion used. 
For angina pectoris, nifedipine may be given as a
long-acting preparation in a dose of 10 to 40 mg twice
daily or 30 to 90 mg once daily, depending on the prep-
aration. Alternatively, the liquid-filled capsules have
been given in a dose of 5 to 20 mg three times daily, but
longer-acting preparations are preferred. 
Nifedipine has been given by injection via a coronary
catheter for the treatment of coronary spasm during
coronary angiography and balloon angioplasty. Blood
pressure and heart rate should be monitored carefully. 
In the management of Raynaud’s syndrome, nifed-
ipine may be given as liquid-filled capsules in a dose of
5 to 20 mg three times daily. 
For the use of nifedipine in children, see below.
◊ General reviews.
1. Fisher M, Grotta J. New uses for calcium channel blockers: ther-

apeutic implications. Drugs 1993; 46: 961–75. 
2. Croom KF, Wellington K. Modified-release nifedipine: a review

of the use of modified-release formulations in the treatment of
hypertension and angina pectoris. Drugs 2006; 66: 497–528.

Administration in children. Nifedipine has been used in the
management of various disorders in children. The BNFC recom-
mends the following oral doses: 

Hypertension; angina in Kawasaki disease or progeria: 
• age 1 month to 12 years: 200 to 300 micrograms/kg 3 times

daily, increased to a maximum daily dose of 3 mg/kg or
100 mg 

• age 12 to 18 years: 5 to 20 mg 3 times daily, increased to a
maximum daily dose of 100 mg 

Hypertensive crises: 
• age 1 month to 18 years: 250 to 500 micrograms/kg as a

single dose 

Raynaud’s syndrome: 
• age 2 to 18 years: 2.5 to 10 mg 2 to 4 times daily; treatment

should start with low doses at night, increased gradually to
avoid postural hypotension 

Neonatal hyperinsulinaemic hypoglycaemia: 
• see below. 

Use of nifedipine capsules for acute hypertension is no longer
recommended in adults because of the risk of severe adverse ef-
fects related to precipitous reductions in blood pressure (see Ef-
fects on Mortality under Adverse Effects, above). Although there
have been reports of adverse effects in children,1-3 they may be
less susceptible than adults, and the use of nifedipine capsules
may still be appropriate. A study4 in 12 children aged 6 to 15
years with acute severe hypertension reported that sublingual
nifedipine in a mean dose of 240 micrograms/kg (range 180 to
320 micrograms/kg) was safe and effective. A retrospective
study1 in 117 children found that nifedipine safely reduced blood
pressure, and that precipitous declines only occurred with doses
higher than 250 micrograms/kg, while another retrospective
study2 in 166 children found that nifedipine in a mean dose of
300 micrograms/kg (range 40 to 1300 micrograms/kg) was gen-
erally safe, although children with acute CNS injury were at
higher risk of neurological adverse effects. 
Other routes that have been used include rectal5 and intranasal,6
but these are less established.
1. Blaszak RT, et al. The use of short-acting nifedipine in pediatric

patients with hypertension. J Pediatr 2001; 139: 34–7. 
2. Egger DW, et al. Evaluation of the safety of short-acting nifed-

ipine in children with hypertension. Pediatr Nephrol 2002; 17:
35–40. 

3. Flynn JT. Nifedipine in the treatment of hypertension in children.
J Pediatr 2002; 140: 787–8. 

4. Evans JHC, et al. Sublingual nifedipine in acute severe hyperten-
sion. Arch Dis Child 1988; 63: 975–7. 

5. Uchiyama M, Ogawa I. Rectal nifedipine in acute severe hyper-
tension in young children. Arch Dis Child 1989; 64: 632–3. 

6. Lopez-Herce J, et al. Treatment of hypertensive crisis with intra-
nasal nifedipine. Crit Care Med 1988; 9: 914.

Amaurosis fugax. Amaurosis fugax is a form of monocular
visual loss that is usually attributed to a transient ischaemic at-
tack and is treated with antiplatelet drugs or anticoagulants (see
Stroke, p.1185). Vasospasm may be an alternative cause and
might explain the efficacy of the calcium-channel blockers nifed-
ipine and verapamil reported1 in a few patients unresponsive to
standard therapy.
1. Winterkorn JMS, et al. Brief report: treatment of vasospastic

amaurosis fugax with calcium-channel blockers. N Engl J Med
1993; 329: 396–8.

Anal fissure. Calcium antagonists, including oral and topical
nifedipine, have been tried1-9 in the treatment of chronic anal fis-
sure (p.1891).
1. Antropoli C, et al. Nifedipine for local use in conservative treat-

ment of anal fissures: preliminary results of a multicenter study.
Dis Colon Rectum 1999; 42: 1011–5. 

2. Cook TA, et al. Oral nifedipine reduces resting anal pressure and
heals chronic anal fissure. Br J Surg 1999; 86: 1269–73. 

3. Perrotti P, et al. Topical nifedipine with lidocaine ointment vs.
active control for treatment of chronic anal fissure: results of a
prospective, randomized, double-blind study. Dis Colon Rectum
2002; 45: 1468–75. 

4. Ezri T, Susmallian S. Topical nifedipine vs. topical glyceryl trin-
itrate for treatment of chronic anal fissure. Dis Colon Rectum
2003; 46: 805–8. 

5. Ho KS, Ho YH. Randomized clinical trial comparing oral nifed-
ipine with lateral anal sphincterotomy and tailored sphincteroto-
my in the treatment of chronic anal fissure. Br J Surg 2005; 92:
403–8. 

6. Katsinelos P, et al. Topical 0.5% nifedipine vs. lateral internal
sphincterotomy for the treatment of chronic anal fissure: long-
term follow-up. Int J Colorectal Dis 2006; 21: 179–83. 

7. Tranqui P, et al. Nonsurgical treatment of chronic anal fissure:
nitroglycerin and dilatation versus nifedipine and botulinum tox-
in. Can J Surg 2006; 49: 41–5. 

8. Lysy J, et al. Long-term results of "chemical sphincterotomy" for
chronic anal fissure: a prospective study. Dis Colon Rectum
2006; 49: 858–64. 

9. Katsinelos P, et al. Aggressive treatment of acute anal fissure
with 0.5% nifedipine ointment prevents its evolution to chronic-
ity. World J Gastroenterol 2006; 12: 6203–6.

Atherosclerosis. The use of drugs that interfere with athero-
genesis (the development of atheromas) has been suggested as a
means of reducing diseases associated with atherosclerosis
(p.1159). Calcium is thought to be necessary for several steps in
atherogenesis and studies in animals have shown that calcium-
channel blockers slow the development and progression of
atherosclerotic lesions. However, studies in humans have been
less convincing.1 In a placebo-controlled study,2 amlodipine had
no demonstrable effect on angiographic progression of coronary
atherosclerosis or the risk of major cardiovascular events al-
though it was associated with fewer admissions to hospital for
unstable angina and revascularisation. Similar results have been
reported with nisoldipine.3 In another study,4 comparing lac-
idipine with a beta blocker, there was less progression of athero-
sclerosis in those receiving lacidipine and also a trend towards
fewer cardiovascular events. 
Calcium-channel blockers have also been tried in the prevention
of restenosis after percutaneous coronary interventions. A meta-
analysis5 found that addition of calcium-channel blockers to
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standard therapy reduced the risk of restenosis and the occur-
rence of clinical events.
1. Borcherding SM, et al. Calcium-channel antagonists for preven-

tion of atherosclerosis. Ann Pharmacother 1993; 27: 61–7. 
2. Pitt B, et al. Effect of amlodipine on the progression of athero-

sclerosis and the occurrence of clinical events. Circulation 2000;
102: 1503–10. 

3. Dens JA, et al. Long term effects of nisoldipine on the progres-
sion of coronary atherosclerosis and the occurrence of clinical
events: the NICOLE study. Heart 2003; 89: 887–92. 

4. Zanchetti A, et al. Calcium antagonist lacidipine slows down
progression of asymptomatic carotid atherosclerosis: principal
results of the European Lacidipine Study on Atherosclerosis
(ELSA), a randomized, double-blind, long-term trial. Circula-
tion 2002; 106: 2422–7. 

5. Dens J, et al. An updated meta-analysis of calcium-channel
blockers in the prevention of restenosis after coronary angi-
oplasty. Am Heart J 2003; 145: 404–8.

Cardiomyopathies. Calcium-channel blockers may have a
role in some forms of cardiomyopathy (p.1163). In hypertrophic
cardiomyopathy verapamil is probably the calcium-channel
blocker of choice (see p.1424). Nifedipine does not appear to re-
duce left ventricular outflow tract obstruction, and conflicting re-
sults have been found with respect to improvement in the diasto-
lic function abnormality with this drug.1 The use of calcium-
channel blockers is not standard therapy in dilated cardiomyop-
athy although symptomatic improvement has been reported2

with diltiazem.
1. Richardson PJ. Calcium antagonists in cardiomyopathy. Br J

Clin Pract 1988; 42 (suppl 60): 33–7. 
2. Figulla HR, et al. Diltiazem improves cardiac function and exer-

cise capacity in patients with idiopathic dilated cardiomyopathy:
results of the Diltiazem in Dilated Cardiomyopathy Trial. Circu-
lation 1996; 94: 346–52.

Cough. Nifedipine has been reported to reduce the severity of
cough induced by captopril,1 possibly by inhibiting prostagland-
in synthesis. For further details on cough associated with ACE
inhibitors, see p.1194.
1. Fogari R, et al. Effects of nifedipine and indomethacin on cough

induced by angiotensin-converting enzyme inhibitors: a double-
blind, randomized, cross-over study. J Cardiovasc Pharmacol
1992; 19: 670–3.

Hiccup. Hiccups (p.976) result from involuntary spasmodic
contraction of the diaphragm. Intractable hiccups resolved com-
pletely with nifedipine 20 mg every 8 hours in a patient.1 In a
further 7 such patients,2 nifedipine in doses of 20 to 80 mg daily
stopped hiccups in 4 and improved them in another. Resolution
of intractable hiccups has also been reported3 in 2 patients given
nimodipine; the drug was given orally in one patient and intrave-
nously in the other. 
For the treatment of hiccups in palliative care the BNF recom-
mends nifedipine at a dose of 10 mg three times daily.
1. Mukhopadhyay P, et al. Nifedipine for intractable hiccups. N

Engl J Med 1986; 314: 1256. 
2. Lipps DC, et al. Nifedipine for intractable hiccups. Neurology

1990; 40: 531–2. 
3. Hernández JL, et al. Nimodipine treatment for intractable hic-

cups. Am J Med 1999; 106: 600.

High-altitude disorders. Nifedipine lowers pulmonary artery
pressure and is one of several drugs that are used in high-altitude
disorders (p.1168), success being reported for both the
treatment1,2 and prevention2,3 of symptoms of pulmonary oede-
ma. In a study conducted at 4559 m above sea-level1 nifedipine
10 mg sublingually and 20 mg as a modified-release dosage
form was given to 6 subjects with symptoms of high-altitude pul-
monary oedema. The sublingual dose was repeated if tolerated
after 15 minutes and the subjects subsequently received modi-
fied-release nifedipine 20 mg every 6 hours while they remained
at high altitude. Symptoms of high-altitude pulmonary oedema
were relieved within 1 hour of beginning nifedipine and radio-
graphic signs of oedema regressed during treatment despite re-
maining at high altitude for 36 hours and participating in moun-
taineering activities. Raised pulmonary arterial pressure was also
reduced to control values by nifedipine. Successful treatment of
pulmonary oedema in a climber at 6550 m has been described
with doses of 20 mg every 8 hours for 36 hours and such doses
also prevented the development of symptoms in 2 climbers who
had taken nifedipine from the start of the climb.2 Doses of 20 mg
every 8 hours have been reported to allow rapid ascent to 4559 m
without development of pulmonary oedema in 9 of 10 subjects
who received nifedipine compared with 4 of 11 who received
only placebo.3 However, the point has been made that although
it is reasonable that many climbers carry nifedipine in case of an
attack, prophylactic nifedipine should not be considered an alter-
native to slow ascent and acclimatisation.4
1. Oelz O, et al. Nifedipine for high altitude pulmonary oedema.

Lancet 1989; ii: 1241–4. Correction. ibid. 1991; 337: 556. 
2. Jamieson A, Kerr GW. Treatment of high-altitude pulmonary

oedema. Lancet 1992; 340: 1468. 
3. Bärtsch P, et al. Prevention of high-altitude pulmonary oedema

by nifedipine. N Engl J Med 1991; 325: 1284–9. 
4. A’Court CHD, et al. Doctor on a mountaineering expedition.

BMJ 1995; 310: 1248–52.

Hyperinsulinaemic hypoglycaemia. Nifedipine may have
effects on blood-glucose levels due to inhibition of insulin
release1 (see Effects on Carbohydrate Metabolism, under Ad-
verse Effects, above). There have been reports1-4 of the success-
ful use of nifedipine to increase blood-glucose levels in infants
with hyperinsulinaemic hypoglycaemia (see under Uses of Glu-

cagon, p.1447), and it may have a role5 as adjunctive therapy in
such patients. The BNFC suggests that neonates with persistent
hyperinsulinaemic hypoglycaemia may be given oral nifedipine
in a dose of 100 to 200 micrograms/kg 4 times daily, increased to
a maximum of 600 micrograms/kg 4 times daily if required.
1. Lindley KJ, et al. Ionic control of beta cell function in nesidiob-

lastosis: a possible therapeutic role for calcium channel block-
ade. Arch Dis Child 1996; 74: 373–8. 

2. Eichmann D, et al. Treatment of hyperinsulinaemic hypoglycae-
mia with nifedipine. Eur J Pediatr 1999; 158: 204–6. 

3. Bas F, et al. Successful therapy with calcium channel blocker
(nifedipine) in persistent neonatal hyperinsulinemic hypoglyc-
emia of infancy. J Pediatr Endocrinol Metab 1999; 12: 873–8. 

4. Shanbag P, et al. Persistent hyperinsulinemic hypoglycemia of
infancy—successful therapy with nifedipine. Indian J Pediatr
2002; 69: 271–2. 

5. Aynsley-Green A, et al. Practical management of hyperinsulin-
ism in infancy. Arch Dis Child Fetal Neonatal Ed 2000; 82:
F98–F107.

Hypertension. Long-acting calcium-channel blockers are
among the drug groups that may be used as first-line therapy in
uncomplicated hypertension (p.1171); meta-analyses1 and large
studies2 have shown them to be as safe and effective as other
first-line antihypertensives and they are particularly recommend-
ed in older patients. Dihydropyridine calcium-channel blockers
are also useful in patients who require combination therapy3 and
are particularly effective when given with a beta blocker or an
ACE inhibitor. The use of short-acting calcium-channel blockers
is not recommended since they may increase mortality (see un-
der Adverse Effects, above). 
Calcium-channel blockers may also be used in hypertensive cri-
ses, particularly in hypertensive urgencies where oral therapy is
suitable. Nifedipine has been given sublingually, or by biting the
capsule and swallowing the contents, but such use may cause
dangerous hypotension and is no longer recommended. In hyper-
tensive emergencies, where parenteral antihypertensives are re-
quired, intravenous nicardipine may be used. One study conclud-
ed that intravenous nicardipine was as effective as sodium
nitroprusside in the treatment of postoperative hypertension.4 
For hypertension in pregnancy, first-line treatment is usually
methyldopa or a beta blocker but calcium-channel blockers may
also be used. Nifedipine is reported to be teratogenic in animals
and may inhibit labour, but it has been tried in a limited number
of patients with pre-eclampsia. Although a high rate of caesarean
deliveries, premature births, and small-for-date infants was
reported5 in patients given nifedipine as a second-line drug, as-
sessment of the role of nifedipine is difficult because outcome is
often poor in such severely compromised pregnancies.6 Fetal
nifedipine concentrations have been reported to be 75% of
maternal values 2 to 3 hours after sublingual administration.7
However, nifedipine in a single 20-mg oral dose lowered blood
pressure without compromising blood flow in the fetus in 9
women in the third trimester with normal haemodynamics.6 This
is in line with other reports,8 although there has also been a
report9 of severe hypotension and fetal distress after sublingual
nifedipine administration. In a randomised controlled study,10

nifedipine 10 to 30 mg sublingually followed by 10 mg as cap-
sules by mouth every 6 hours increasing to 20 mg every 4 hours
if necessary, was compared with hydralazine 12.5 mg intrave-
nously as required followed by 20 to 30 mg orally every 6 hours,
with added methyldopa if necessary. Both groups also received
intravenous magnesium sulfate. Effective control of blood pres-
sure was achieved in 23 of 24 patients given nifedipine compared
with only 17 of 25 given hydralazine and 9 nifedipine patients
achieved term delivery compared with only 2 of those receiving
hydralazine. The average gestational age was greater in infants in
the nifedipine group; hence these neonates weighed more and
had fewer neonatal complications when compared with neonates
from the hydralazine treated group.
1. Opie LH, Schall R. Evidence-based evaluation of calcium chan-

nel blockers for hypertension: equality of mortality and cardio-
vascular risk relative to conventional therapy. J Am Coll Cardiol
2002; 39: 315–22. Correction. ibid.; 1409–10. 

2. The ALLHAT Officers and Coordinators for the ALLHAT Col-
laborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme
inhibitor or calcium channel blocker vs diuretic: The Antihyper-
tensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT). JAMA 2002; 288: 2981–97. Correction. ibid.;
289: 178. 

3. Epstein BJ, et al. Dihydropyridine calcium channel antagonists
in the management of hypertension. Drugs 2007; 67: 1309–27. 

4. Halpern NA, et al. Postoperative hypertension: a multicenter,
prospective, randomized comparison between intravenous nica-
rdipine and sodium nitroprusside. Crit Care Med 1992; 20:
1637–43. 

5. Constantine G, et al. Nifedipine as a second line antihyperten-
sive drug in pregnancy. Br J Obstet Gynaecol 1987; 94:
1136–42. 

6. Hanretty KP, et al. Effect of nifedipine on Doppler flow velocity
waveforms in severe pre-eclampsia. BMJ 1989; 299: 1205–6. 

7. Pirhonen JP, et al. Single dose of nifedipine in normotensive
pregnancy: nifedipine concentrations, hemodynamic responses,
and uterine and fetal flow velocity waveforms. Obstet Gynecol
1990; 76: 807–11. 

8. Pirhonen JP, et al. Uterine and fetal flow velocity wave forms in
hypertensive pregnancy: the effect of a single dose of nifed-
ipine. Obstet Gynecol 1990; 76: 37–41. 

9. Impey L. Severe hypotension and fetal distress following sub-
lingual administration of nifedipine to a patient with severe
pregnancy induced hypertension at 33 weeks. Br J Obstet Gy-
naecol 1993; 100: 959–61. 

10. Fenakel K, et al. Nifedipine in the treatment of severe preec-
lampsia. Obstet Gynecol 1991; 77: 331–7.

Kidney disorders. Although nifedipine may adversely affect
renal function (see under Adverse Effects, above) there is evi-
dence that calcium-channel blockers may be of benefit in various
forms of kidney disorder. Proteinuria is an important indicator of
glomerular kidney disease (p.1504) of various causes and the ef-
fects of calcium-channel blockers on proteinuria and renal dys-
function have been studied in a variety of patients. Results have
been mixed,1-5 and it is not clear whether any protective effect of
calcium-channel blockers on renal function is only due to their
antihypertensive action or whether they also have additional ef-
fects. The benefits of ACE inhibitors in kidney disorders are
much better established (see p.1199) and a study6 in African
American hypertensives was stopped early when treatment with
ramipril was found to be superior to treatment with amlodipine.
A further study7 in patients with non-diabetic proteinuria found
that addition of felodipine to ACE inhibitor therapy provided no
additional benefit in terms of renal outcomes. 
Nifedipine has also been used in the management of renal calculi
(see below), and has been reported to protect against ciclosporin-
induced nephrotoxicity in renal transplant patients (see Trans-
plantation, below).
1. Demarie BK, Bakris GL. Effects of different calcium antagonists

on proteinuria associated with diabetes mellitus. Ann Intern Med
1990; 113: 987–8. 

2. Melbourne Diabetic Nephropathy Study Group. Comparison be-
tween perindopril and nifedipine in hypertensive and normoten-
sive diabetic patients with microalbuminuria. BMJ 1991; 302:
210–16. 

3. Reams G, et al. The effect of nifedipine GITS on renal function
in hypertensive patients with renal insufficiency. J Clin Pharma-
col 1991; 31: 468–72. 

4. Abbott K, et al. Effects of dihydropyridine calcium antagonists
on albuminuria in patients with diabetes. J Clin Pharmacol
1996; 36: 274–9. 

5. Bouhanick B, et al. Equivalent effects of nicardipine and capto-
pril on urinary albumin excretion of type 2, non-insulin-depend-
ent diabetic subjects with mild to moderate hypertension. Ther-
apie 1996; 51: 41–7. 

6. Agodoa LY, et al. Effect of ramipril vs amlodipine on renal out-
comes in hypertensive nephrosclerosis: a randomized controlled
trial. JAMA 2001; 285: 2719–28. 

7. Ruggenenti P, et al. Blood-pressure control for renoprotection in
patients with non-diabetic chronic renal disease (REIN-2): mul-
ticentre, randomised controlled trial. Lancet 2005; 365: 939–46.

Migraine and cluster headache. Drugs with calcium-chan-
nel blocking activity have been given in the management of
headaches considered to have a vascular component such as mi-
graine (p.616) and cluster headache (p.616). 
In migraine prophylaxis, of those drugs with calcium-channel
blocking activity studied, flunarizine (p.580) has the best docu-
mented efficacy, and verapamil may be useful. Other calcium-
channel blockers such as diltiazem, nifedipine, and nimodipine
have been tried, but results have been conflicting. Verapamil has
also been used successfully in patients with hemiplegic migraine,
both intravenously to abort attacks,1,2 and orally for prophylax-
is.2 
Beneficial effects have been reported3-6 with calcium-channel
blockers in the prevention of cluster headache during cluster pe-
riods. Verapamil appears to have been the most widely used. In
one double-blind study it was found to be of similar efficacy to
lithium7 and appeared to produce fewer adverse effects. There
have also been reports8 of the successful use of nimodipine in
patients with thunderclap headache.
1. Ng TMH, et al. The effect of intravenous verapamil on cerebral

hemodynamics in a migraine patient with hemiplegia. Ann Phar-
macother 2000; 34: 39–43. 

2. Yu W, Horowitz SH. Treatment of sporadic hemiplegic migraine
with calcium-channel blocker verapamil. Neurology 2003; 60:
120–1. 

3. Jónsdóttir M, et al. Efficacy, side effects and tolerance compared
during headache treatment with three different calcium blockers.
Headache 1987; 27: 364–9. 

4. Gabai IJ, Spierings ELH. Prophylactic treatment of cluster head-
ache with verapamil. Headache 1989; 29: 167–8. 

5. Leone M, et al.. Verapamil in the prophylaxis of episodic cluster
headache: a double-blind study versus placebo. Neurology 2000;
54: 1382–5. 

6. Matharu MS, et al. Management of trigeminal autonomic ce-
phalgias and hemicrania continua. Drugs 2003; 63: 1637–77. 

7. Bussone G, et al. Double blind comparison of lithium and vera-
pamil in cluster headache prophylaxis. Headache 1990; 30:
411–17. 

8. Lu S-R, et al. Nimodipine for treatment of primary thunderclap
headache. Neurology 2004; 62: 1414–16.

Oesophageal motility disorders. Results from a number of
studies have indicated that nifedipine, usually in doses of 10 to
20 mg sublingually, may be of benefit in patients with achalasia,
reducing lower oesophageal sphincter pressure and producing
some symptomatic improvement.1-5 Nifedipine has a role when
mechanical dilatation of the sphincter or surgery are not feasible
(see Oesophageal Motility Disorders, p.1702). 
See also Effects on the Oesophagus under Adverse Effects,
above.
1. Bortolotti M, Labò G. Clinical and manometric effects of nifed-

ipine in patients with esophageal achalasia. Gastroenterology
1981; 80: 39–44. 
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achalasia: a clinical, manometric and radionuclide evaluation.
Gastroenterology 1982; 83: 963–9. 

3. Traube M, et al. Effects of nifedipine in achalasia and in patients
with high-amplitude peristaltic esophageal contractions. JAMA
1984; 252: 1733–6. 

4. Román FJ, et al. Effects of nifedipine in achalasia and patients
with high-amplitude peristaltic esophageal contractions. JAMA
1985; 253: 2046. 

5. Coccia G, et al. Prospective clinical and manometric study com-
paring pneumatic dilatation and sublingual nifedipine in the
treatment of oesophageal achalasia. Gut 1991; 32: 604–6.

Peripheral vascular disease. Vasospastic arterial disease
(p.1178) is due to an inappropriate response to temperature, usu-
ally cold, when vasoconstriction and/or vasospasm occurs. The
most important of these disorders is Raynaud’s syndrome. Calci-
um-channel blockers have been of benefit in Raynaud’s syn-
drome,1 but it is not entirely clear which of their pharmacological
actions is responsible. The most widely used and studied is nifed-
ipine. Evidence of subjective benefit has been seen both in
primary idiopathic disease2-5 and in Raynaud’s phenomenon
secondary to systemic sclerosis,3,4,6,7 systemic lupus
erythematosus,3,4 rheumatoid arthritis,4 and cancer chemothera-
py,8 or associated with breastfeeding.9-11 Objective improvement
as demonstrated by evidence of improved digital blood flow has
been demonstrated in some5,6,12,13 but not all7 studies. Doses
have varied; 10 mg of nifedipine twice daily initially, increased
after a week to a maximum of 20 mg twice daily has been sug-
gested,14 but in many studies doses of up to 60 mg daily have
been used, although side-effects have proved intolerable in some
patients given such doses.7 A modified-release preparation has
also been used15 and may reduce the incidence of adverse effects. 
Nifedipine in doses of 20 to 60 mg daily has also been reported
to be of benefit in the treatment of another vasospastic condition,
chilblains, both for established chilblains and in the prevention of
relapse.16

1. Thompson AE, Pope JE. Calcium channel blockers for primary
Raynaud’s phenomenon: a meta-analysis. Rheumatology (Ox-
ford) 2005; 44: 145–50. 

2. Roath S. Management of Raynaud’s phenomenon: focus on
newer treatments. Drugs 1989; 37: 700–12. 

3. Smith CD, McKendry RJR. Controlled trial of nifedipine in the
treatment of Raynaud’s phenomenon. Lancet 1982; ii:
1299–1301. 

4. Kahan A, et al. Nifedipine for Raynaud’s phenomenon. Lancet
1983; i: 131. 

5. Gasser P. Reaction of capillary blood cell velocity in nailfold
capillaries to nifedipine and ketanserin in patients with vasos-
pastic disease. J Int Med Res 1991; 19: 24–31. 

6. Thomas RHM, et al. Nifedipine in the treatment of Raynaud’s
phenomenon in patients with systemic sclerosis. Br J Dermatol
1987; 117: 237–41. 

7. Rademaker M, et al. Comparison of intravenous infusions of
iloprost and oral nifedipine in treatment of Raynaud’s phenom-
enon in patients with systemic sclerosis: a double blind ran-
domised study. BMJ 1989; 298: 561–4. 

8. Hantel A, et al. Nifedipine and oncologic Raynaud phenome-
non. Ann Intern Med 1988; 108: 767. 

9. Garrison CP. Nipple vasospasms, Raynaud’s syndrome, and
nifedipine. J Hum Lact 2002; 18: 382–5. 

10. Anderson JE, et al. Raynaud’s phenomenon of the nipple: a
treatable cause of painful breastfeeding. Pediatrics 2004; 113:
e360–4. 

11. Page SM, McKenna DS. Vasospasm of the nipple presenting as
painful lactation. Obstet Gynecol 2006; 108: 806–8. 

12. Nilsson H, et al. Treatment of digital vasospastic disease with
the calcium-entry blocker nifedipine. Acta Med Scand 1984;
215: 135–9. 

13. Finch MB, et al. The peripheral vascular effects of nifedipine in
Raynaud’s disease. Br J Clin Pharmacol 1986; 21: 100P–101P. 

14. Grigg MH, Wolfe JHN. Raynaud’s syndrome and similar condi-
tions. BMJ 1991; 303: 913–16. 

15. Raynaud’s Treatment Study Investigators. Comparison of sus-
tained-release nifedipine and temperature biofeedback for treat-
ment of primary Raynaud phenomenon: results from a rand-
omized clinical trial with 1-year follow-up. Arch Intern Med
2000; 160: 1101–8. 

16. Rustin MHA, et al. The treatment of chilblains with nifedipine:
the results of a pilot study, a double-blind placebo-controlled
randomized study and a long-term open trial. Br J Dermatol
1989; 120: 267–75.

Phaeochromocytoma. Pharmacological management of
phaeochromocytoma (p.1179) is principally achieved by alpha-
adrenergic blockade and tachycardia may subsequently be con-
trolled by cautious addition of a beta blocker. There have also
been some reports1-4 of the use of nifedipine to treat cardiovascu-
lar symptoms in adults and children with phaeochromocytoma.
1. Serfas D, et al. Phaeochromocytoma and hypertrophic cardio-

myopathy: apparent suppression of symptoms and noradrenaline
secretion by calcium-channel blockade. Lancet 1983; ii: 711–13. 

2. Lenders JWM, et al. Treatment of a phaeochromocytoma of the
urinary bladder with nifedipine. BMJ 1985; 290: 1624–5. 

3. Favre L, Vallotton MB. Nifedipine in pheochromocytoma. Ann
Intern Med 1986; 104: 125. 

4. Deal JE, et al. Phaeochromocytoma—investigation and manage-
ment of 10 cases. Arch Dis Child 1990; 65: 269–74.

Premature labour. Although beta2 agonists or magnesium are
the drugs that have been most commonly used as tocolytics to
postpone premature labour (p.2003), there is increasing interest
in calcium-channel blockers such as nifedipine, either given
alone or added to other tocolytics, as first-line drugs. Labour was
successfully postponed in a patient given nifedipine 20 mg three
times daily and oral terbutaline.1 Terbutaline by subcutaneous in-
jection was also occasionally necessary. Nifedipine was given
from the twenty-sixth week of pregnancy for 55 days. A normal,

healthy infant was delivered in the thirty-sixth week of pregnan-
cy. In a study2 in 20 patients, oral nifedipine 30 mg initially, then
20 mg every 8 hours, was more effective in suppressing prema-
ture labour than ritodrine given intravenously or no treatment.
However, a similar study3 in 33 patients found nifedipine to be
no more effective than ritodrine infusion, although associated
with a lower incidence of adverse effects. Similar results have
been reported with nicardipine.4 Meta-analyses5,6 have conclud-
ed that nifedipine is at least as effective as beta2 agonists and is
associated with fewer maternal adverse effects, and this was sup-
ported by the results of further studies.7,8 The larger7 of these in-
volved 185 women using oral nifedipine in an initial dose of up
to 40 mg followed by 60 to 160 mg daily, reduced after 3 days to
a maintenance dose of at least 20 mg 3 times daily. However, a
systematic review9 which examined 31 studies of the effective-
ness of nifedipine in premature labour concluded that their over-
all quality was poor. Others10 have expressed concern about the
safety of calcium-channel blockers, reviewing cases of dyspnoea
and pulmonary oedema in particular. They suggest that these
drugs should not be used with intravenous beta agonists, that
high doses should be avoided in women with cardiovascular
compromise or multiple gestations, and that blood pressure and
fetal heart rate should be monitored during use of short-acting
preparations, which should not be chewed.
1. Kaul AF, et al. The management of preterm labor with the cal-

cium channel-blocking agent nifedipine combined with the β-
mimetic terbutaline. Drug Intell Clin Pharm 1985; 19: 369–71. 

2. Read MD, Wellby DE. The use of a calcium antagonist (nifed-
ipine) to suppress preterm labour. Br J Obstet Gynaecol 1986;
93: 933–7. 

3. Ferguson JE, et al. A comparison of tocolysis with nifedipine or
ritodrine: analysis of efficacy and maternal, fetal, and neonatal
outcome. Am J Obstet Gynecol 1990; 163: 105–11. 

4. Jannet D, et al. Nicardipine versus salbutamol in the treatment
of premature labor: a prospective randomized study. Eur J Ob-
stet Gynecol Reprod Biol 1997; 73: 11–16. 

5. Ray JG. Meta-analysis of nifedipine versus beta-sympathomi-
metic agents for tocolysis during preterm labour. J Soc Obstet
Gynaecol Can 1998; 20: 259–69. 

6. Tsatsaris V, et al. Tocolysis with nifedipine or beta-adrenergic
agonists: a meta-analysis. Obstet Gynecol 2001; 97: 840–7. 

7. Papatsonis DNM, et al. Nifedipine and ritodrine in the manage-
ment of preterm labor: a randomized multicenter trial. Obstet
Gynecol 1997; 90: 230–4. 

8. Van De Water M, et al. Tocolytic effectiveness of nifedipine
versus ritodrine and follow-up of newborns: a randomised con-
trolled trial. Acta Obstet Gynecol Scand 2008; 87: 340–5. 

9. Lamont RF, et al. Steering Group of the International Preterm
Labour Council. The quality of nifedipine studies used to assess
tocolytic efficacy: a systematic review. J Perinat Med 2005; 33:
287–95. 

10. Oei SG. Calcium channel blockers for tocolysis: a review of
their role and safety following reports of serious adverse events.
Eur J Obstet Gynecol Reprod Biol 2006; 126: 137–45.

Pulmonary hypertension. Vasodilators have been tried in
primary pulmonary hypertension (p.1179) on the premise that
pulmonary vasoconstriction is an important component of the
condition. Calcium-channel blockers are the most widely-used.
Improved survival over a 5-year period has been noted in a study
in patients treated with high doses of calcium-channel blockers
(nifedipine or diltiazem).1 However, treatment failures have oc-
curred with nifedipine, and at least one death has been reported
shortly after starting therapy.2 Other reports have also stressed
the potentially deleterious effects of nifedipine (or other vasodi-
lator) therapy in pulmonary hypertension. Increased dyspnoea
and a fall in arterial PO2 have been reported in a patient with
primary pulmonary hypertension given nifedipine, probably due
to preferential vasodilatation of underventilated hypoxic tissues
resulting in an increased physiological shunt.3 Invasive investi-
gations, notably blood-gas monitoring, are therefore recom-
mended when giving nifedipine to these patients2,3 and it has
been advised that an acute response test should be performed be-
fore embarking on long-term treatment.1

1. Rich S, et al. The effect of high doses of calcium-channel block-
ers on survival in primary pulmonary hypertension. N Engl J
Med 1992; 327: 76–81. 

2. McLeod AA, Jewitt DE. Drug treatment of primary pulmonary
hypertension. Drugs 1986; 31: 177–84. 

3. Krol RC, et al. Primary pulmonary hypotension, nifedipine, and
hypoxemia. Ann Intern Med 1984; 100: 163.

Renal calculi. There is some interest in the possible use of drug
treatment to ease the spontaneous passage of renal calculi
(p.2181) in patients with uncomplicated lower ureteral stones. It
has been suggested that the combination of a calcium-channel
blocker (to reduce ureteral spasm) with a corticosteroid (to re-
duce oedema) may be useful. Small studies1-3 have used modi-
fied-release preparations of nifedipine, given in oral doses of
30 mg daily for up to 28 days, with oral deflazacort 30 mg daily
for up to 10 days. If the stone had not been expelled within 28
days, the patient was treated with extracorporeal shock wave
lithotripsy or ureteroscopy. Treatment with nifedipine and de-
flazacort was found to improve the rate of stone expulsion and
expulsion time, and to reduce analgesic requirements. 
The use of a 10-day course of nifedipine and deflazacort has also
been studied4 as adjunctive therapy after lithotripsy. It was found
to ease the passage of stone fragments, reduce analgesic require-

ments, and increase the number of patients who were stone-free
after 45 days.
1. Porpiglia F, et al. Effectiveness of nifedipine and deflazacort in

the management of distal ureter stones. Urology 2000; 56:
579–83. 

2. Porpiglia F, et al. Nifedipine versus tamsulosin for the manage-
ment of lower ureteral stones. J Urol (Baltimore) 2004; 172:
568–71. 

3. Dellabella M, et al. Randomized trial of the efficacy of tamsu-
losin, nifedipine and phloroglucinol in medical expulsive thera-
py for distal ureteral calculi. J Urol (Baltimore) 2005; 174:
167–72. 

4. Porpiglia F, et al. Role of adjunctive medical therapy with nifed-
ipine and deflazacort after extracorporeal shock wave lithotripsy
of ureteral stones. Urology 2002; 59: 835–8.

Tardive dyskinesia. Calcium-channel blockers have been tried
in the treatment of tardive dyskinesia (see under Extrapyramidal
Disorders, p.971). However, a systematic review1 concluded that
their effects are unclear and they should not be used.
1. Soares-Weiser K, Rathbone J. Calcium channel blockers for neu-

roleptic-induced tardive dyskinesia. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2004 (accessed 28/03/06).

Transplantation. The main adverse effect of ciclosporin is re-
versible, dose-related nephrotoxicity. There is some evidence
that nifedipine may be of value in protecting against this effect.
Retrospective analysis1 of 106 ciclosporin-treated renal trans-
plant patients found that patients receiving nifedipine for hyper-
tension had better graft function, despite having shorter graft du-
ration and therefore requiring higher dosage of ciclosporin, than
hypertensive patients receiving other drug treatment. Subsequent
studies have similarly reported improved graft function2 in pa-
tients receiving nifedipine and suggest that graft survival is also
improved.3,4 A nephroprotective effect has also been reported
with nitrendipine,5 felodipine,6 isradipine,7 and with the non-di-
hydropyridine diltiazem (see p.1267), although a study8 with
nicardipine failed to demonstrate any improvement in graft func-
tion. 
For a report of adverse effects attributed to reduced metabolism
of nifedipine in patients taking ciclosporin, see Immunosuppres-
sants, under Interactions, above.
1. Feehally J, et al. Does nifedipine ameliorate cyclosporin A ne-

phrotoxicity? BMJ 1987; 295: 310. 
2. Shin GT, et al. Effect of nifedipine on renal allograft function and
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3. Weinrauch LA, et al. Role of calcium channel blockers in diabet-

ic renal transplant patients: preliminary observations on protec-
tion from sepsis. Clin Nephrol 1995; 44: 185–92. 

4. Mehrens T, et al. The beneficial effects of calcium channel
blockers on long-term kidney transplant survival are independ-
ent of blood-pressure reduction. Clin Transplant 2000; 14:
257–61. 

5. Rahn K-H, et al. Effect of nitrendipine on renal function in renal-
transplant patients treated with cyclosporin: a randomised trial.
Lancet 1999; 354: 1415–20. 

6. Madsen JK, et al. The effect of felodipine on renal function and
blood pressure in cyclosporin-treated renal transplant recipients
during the first three months after transplantation. Nephrol Dial
Transplant 1998; 13: 2327–34. 

7. van Riemsdijk IC, et al. Addition of isradipine (Lomir) results in
a better renal function after kidney transplantation: a double-
blind, randomized, placebo-controlled, multi-center study.
Transplantation 2000; 70: 122–6. 

8. Kessler M, et al. Influence of nicardipine on renal function and
plasma cyclosporin in renal transplant patients. Eur J Clin Phar-
macol 1989; 36: 637–8.

Urticaria. Oral antihistamines are the main drugs used in the
management of urticaria (p.1584). Addition of a calcium-chan-
nel blocker, such as nifedipine, has been suggested for patients
unresponsive to treatment with oral antihistamines alone, but re-
sults have been mixed.1,2

1. Lawlor F, et al. Calcium antagonist in the treatment of sympto-
matic dermographism: low-dose and high-dose studies with
nifedipine. Dermatologica 1988; 177: 287–91. 

2. Bressler RB, et al. Therapy of chronic idiopathic urticaria with
nifedipine: demonstration of beneficial effect in a double-blind-
ed, placebo-controlled, crossover trial. J Allergy Clin Immunol
1989; 83: 756–63.

Preparations
BP 2008: Nifedipine Capsules; 
USP 31: Nifedipine Capsules; Nifedipine Extended-release Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Adalat; Nifecor†; Nifed Sol; Nifedel; Nifelat†; Prudencial†; Austral.:
Adalat; Addos; Adefin; Nifecard; Nifehexal; Nyefax; Nypine; Austria:
Adalat; Buconif; Fedip; Majolat; Nifal; Nifebene; Nifehexal; Nifestad; Ospoc-
ard; Belg.: Adalat; Hypan; Braz.: Adalat; Adalex†; Cardalin; Dilaflux; Dipi-
nal; Loncord†; Neo Fedipina; Nifadil; Nifedax†; Nifedicard; Nifedin†; Nife-
hexal†; Nioxil; Normopres; Oxcord; Prodopina; Canad.: Adalat; Apo-
Nifed; Novo-Nifedin†; Nu-Nifed; Chile: Adalat; Carbloc†; Cardicon;
Coronovo; Nipress; Pabalat†; Sulotil; Cz.: Adalat; Aprical†; Cordafen†;
Cordipin; Corinfar; Nifecard; Nifehexal†; Sponif†; Supracordin†; Denm.:
Adalat; Hexadilat; Nifecodan; Fin.: Adalat; Nifangin; Nifdemin†; Nifecor†;
Fr.: Adalate; Chronadalate; Ger.: Adalat; Aprical; Cordicant†; Corinfar ;
Dignokonstant†; duranifin†; Jedipin; Jutadilat; Nife; nife uno†; Nifeclair ; Nife-
cor; Nifedipat†; Nifehexal; Nifelat; Nifical; Pidilat; Gr.: Adalat; Antiblut;
Coracten; Flecor-N; Glopir ; Macorel; Nefelid; Nifedicor; Nifedipat†; Vis-
card†; Hong Kong: Adalat; Cardilate MR†; Coracten†; Fenamon†; Nad-
ipinia; Nifecard; Nifelat; Vidalat; Waridipin†; Hung.: Adalat; Cordaflex;
Cordipin†; Corinfar; Nifecard; India: Calcigard; Calnif; Cardules; Depicor;
Depin; Edip†; Myogard; Nicardia†; Nifedine; Nifelat; Indon.: Adalat; Cal-
cianta; Carvas; Cordalat; Coronipin; Farmalat; Fedipin; Ficor; Nifedin; Vas-
dalat; Xepalat; Irl.: Adalat; Nifed; Nifelease†; Pinifed†; Systepin†; Vasofed†;
Israel: Megalat†; Osmo-Adalat; Pressolat; Ital.: Adalat; Bionif†; Citilat; Cor-
al; Euxat; Fenidina; Nifedicor ; Nifedicron†; Nifedin†; Nifesal; Nipin; Jpn:
Adalat; Malaysia: Adalat; Adifen†; Fenamon; Nifecip; Mex.: Adalat; Apo-
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Fedipisal†; Atenses; Cordilat; Corogal; Corotrend; Fusepina; Gelprim; Nife-
digel; Nifedipres; Nifezzard; Nifser; Noviken; Neth.: Adalat; Norw.: Adalat;
NZ: Adalat; Adefin; Nyefax; Philipp.: Adalat; Calcheck; Calcibloc; Calci-
gard; Cardicap; Darat; Heblopin; Nelapine; Nifestad; Normadil; Odipin; Ten-
sibloc; Pol.: Adalat; Cordafen; Cordipin; Port.: Adalat; Angipina; Meborilan;
Medipina†; Nifedate†; Zenusin; Rus.: Adalat (Адалат); Calcigard
(Кальцигард); Cordafen (Кордафен); Cordaflex (Кордафлекс); Cordipin
(Кордипин); Corinfar (Коринфар); Depin-E (Депин-Е); Fenamon
(Фенамон); Nicardia (Никардия); Nifecard (Нифекард); Osmo-Adalat
(Осмо-Адалат); S.Afr.: Adalat; Cardifen; Cardilat†; Cipalat; Nifedalat; Vas-
card; Singapore: Adalat; Apo-Nifed; Calcigard; Cordipin; Fenamon; Nife-
card†; Nifedi-Denk†; Nifelat†; Nipin; Stada Uno; Vasdalat†; Spain: Adalat;
Dilcor; Pertensal; Swed.: Adalat; Switz.: Adalat; Aldipin†; Cardipin; Coro-
trend; Ecodipine; nife-basan†; Nifedicor; Thai.: Adalat; Calcigard; Coracten;
Fenamon; Nelapine; Nifecard; Nifelat; Nifiran†; Nyefax; Stada Uno; Turk.:
Adalat; Kardilat; Nidicard; Nidilat; UAE: Cardiopine; UK: Adalat; Adipine;
Angiopine†; Calchan; Cardilate MR; Coracten; Coroday†; Fortipine; Hypo-
lar Retard; Nifedipress; Nifopress; Slofedipine; Tensipine; USA: Adalat;
Afeditab; Nifediac; Nifedical; Procardia; Venez.: Adalat; Conducil; Fedilex†;
Nifal; Tensomax; Tensopin.

Multi-ingredient: Arg.: Atel N†; Austria: Beta-Adalat; Nif-Ten; Pontuc;
Belg.: Beta-Adalat†; Tenif; Braz.: Nifelat; Fin.: Nif-Ten; Fr.: Beta-Adalate;
Tenordate; Ger.: AteNif beta; Belnif; Bresben; duranifin Sali†; Nif-Ten; Nifa-
tenol; Sali-Adalat; Tredalat; Hong Kong: Nif-Ten; India: Beta Nicardia†;
Cardules Plus; Depten; Nifetolol; Presolar; Tenofed; Indon.: Nif-Ten; Irl.:
Beta-Adalat; Nif-Ten; Ital.: Antrolin; Mixer ; Nif-Ten; Mex.: Plenacor;
Neth.: Nif-Ten†; Philipp.: Nif-Ten; Singapore: Beta Nicardia; Nif-Ten;
Nifetex; Switz.: Beta-Adalat; Nif-Atenil; Nif-Ten; UK: Beta-Adalat; Tenif.

Nifekalant Hydrochloride (rINNM)

Hidrocloruro de nifekalant; MS-551; Nifékalant, Chlorhydrate de;
Nifekalanti Hydrochloridum. 6-[(2-{(2-Hydroxyethyl)[3-(p-nitro-
phenyl)propyl]amino}ethyl)amino]-1,3-dimethyluracil hydrochlo-
ride.
Нифекаланта Гидрохлорид
C19H27N5O5,HCl = 441.9.
CAS — 130636-43-0 (nifekalant); 130656-51-8 (nifeka-
lant hydrochloride).

(nifekalant)

Profile
Nifekalant is a class III antiarrhythmic (p.1153) used intrave-
nously as the hydrochloride in the management of life-threaten-
ing ventricular arrhythmias (p.1160).
◊ References.
1. Katoh T, et al. Emergency treatment with nifekalant, a novel

class III anti-arrhythmic agent, for life-threatening refractory
ventricular tachyarrhythmias: post-marketing special investiga-
tion. Circ J 2005; 69: 1237–43.

Effects on the heart. A woman who had been receiving intra-
venous nifekalant continuously for 10 months was found1 to
have a round mass in the right atrium. This was resected and
shown to be a fibrin thrombus containing a large amount of
nifekalant in the form of needle crystals.
1. Okamura H, et al. Crystals in the heart. Heart 2004; 90: 1106.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Shinbit.

Nilvadipine (USAN, rINN)

CL-287389; FK-235; Nilvadipidiini; Nilvadipidin; Nilvadipidinum;
Nilvadipin; Nilvadipino; Nilvadipinum; Nivadipine; SKF-102362.
5-Isopropyl 3-methyl 2-cyano-1,4-dihydro-6-methyl-4-(m-nitro-
phenyl)-3,5-pyridinedicarboxylate.
Нильвадипин
C19H19N3O6 = 385.4.
CAS — 75530-68-6.
ATC — C08CA10.
ATC Vet — QC08CA10.

Pharmacopoeias. In Jpn.
Profile
Nilvadipine is a dihydropyridine calcium-channel blocker with
general properties similar to those of nifedipine (p.1350). It is
used in the management of hypertension (p.1171). Nilvadipine is
given orally, usually as a modified-release preparation, in a dose
of up to 16 mg daily.
◊ Reviews.
1. Brogden RN, McTavish D. Nilvadipine: a review of its pharma-

codynamic and pharmacokinetic properties, therapeutic use in
hypertension and potential in cerebrovascular disease and angi-
na. Drugs Aging 1995; 6: 150–71. Correction. ibid.; 7: 116.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Tensan; Cz.: Escor; Fin.: Escor; Ger.: Escor; Nivadil; Gr.: Peroma;
Irl.: Nivadil; Jpn: Nivadil; Port.: Nivadil; Switz.: Nivadil†; Turk.: Nilvadis.

Nimodipine (BAN, USAN, rINN)

Bay-e-9736; Nimodipiini; Nimodipin; Nimodipinas; Nimodipino;
Nimodipinum; Nimodypina. Isopropyl 2-methoxyethyl 1,4-dihy-
dro-2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate.
Нимодипин
C21H26N2O7 = 418.4.
CAS — 66085-59-4.
ATC — C08CA06.
ATC Vet — QC08CA06.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Nimodipine). A light yellow or yellow crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
sparingly soluble in dehydrated alcohol; freely soluble in ethyl
acetate. Exposure to ultraviolet light leads to formation of a ni-
trophenylpyridine derivative. Solutions should be prepared in the
dark or under light of wavelength greater than 420 nm, immedi-
ately before use. Protect from light. 
USP 31 (Nimodipine). A light yellow or yellow crystalline pow-
der, affected by light. It exhibits polymorphism. Practically insol-
uble in water; sparingly soluble in alcohol; freely soluble in ethyl
acetate. Store in airtight containers at a temperature of 25°, ex-
cursions permitted between 15° and 30°. Protect from light.
Incompatibility. Licensed product information states that solu-
tions of nimodipine are incompatible with some plastics, includ-
ing PVC, and that the only plastics suitable for use are polyeth-
ylene and polypropylene.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350). 
Nimodipine should be used with caution in patients
with cerebral oedema or severely raised intracranial
pressure.
Effects on the heart. Marked bradycardia developed in a pa-
tient with acute ischaemic stroke during treatment with ni-
modipine and was suspected to be related to the drug therapy.1
1. Fagan SC, Nacci N. Nimodipine and bradycardia in acute

stroke—drug or disease? DICP Ann Pharmacother 1991; 25:
247–9.

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Nimodipine is rapidly absorbed from the gastrointesti-
nal tract after oral doses but undergoes extensive first-
pass metabolism in the liver. The oral bioavailability is
reported to be about 13%. Nimodipine is more than
95% bound to plasma proteins. It crosses the blood-
brain barrier, but concentrations in CSF are lower than
those in plasma. Nimodipine is extensively metabo-
lised in the liver. It is excreted in faeces via the bile, and
in urine, almost entirely as metabolites. The terminal

elimination half-life is reported to be about 9 hours but
the initial decline in plasma concentration is much
more rapid, equivalent to a half-life of 1 to 2 hours.

Uses and Administration
Nimodipine is a dihydropyridine calcium-channel
blocker that has the general properties of nifedipine
(p.1354), but acts particularly on cerebral blood ves-
sels. It is used in cerebrovascular disorders (see below),
particularly in the prevention and treatment of ischae-
mic neurological deficits after aneurysmal subarach-
noid haemorrhage. 
To reduce the incidence and severity of neurological
deficit after aneurysmal haemorrhage nimodipine is
given orally in a dose of 60 mg every 4 hours. Treat-
ment should begin within 4 days of onset of haemor-
rhage and should continue for 21 days. In patients with
hepatic impairment the dose may be reduced (see be-
low) and blood pressure should be closely monitored. 
If cerebral ischaemia occurs or has already occurred,
neurological deficit may be treated by intravenous in-
fusion of nimodipine. It should be given via a bypass
into a running intravenous infusion into a central vein.
The initial dose should be nimodipine 1 mg/hour for 2
hours, increased (provided that no severe decrease in
blood pressure occurs) to 2 mg/hour. The starting dose
should be reduced to 500 micrograms/hour, or even
lower if necessary, in patients weighing less than 70 kg
and in those with unstable blood pressure; a similar re-
duction in dosage has been suggested in hepatic im-
pairment, and blood pressure should be closely moni-
tored. Treatment should be started as soon as possible
and continued for at least 5 and no more than 14 days;
if the patient has already received oral nimodipine, the
total duration of nimodipine use should not exceed 21
days.
Administration in hepatic impairment. The clearance of
nimodipine is reduced in patients with cirrhosis, and blood pres-
sure should be closely monitored in such patients. US licensed
product information recommends that the oral dose of ni-
modipine should be halved to 30 mg every 4 hours in patients
with hepatic cirrhosis. Some manufacturers have also suggested
a reduction in the initial intravenous dose to 500 micrograms or
less per hour.
Cerebrovascular disorders. Nimodipine is used orally and
intravenously in the prevention and treatment of ischaemic neu-
rological deficits caused by arterial vasospasm after aneurysmal
subarachnoid haemorrhage (see Stroke, p.1185), although the
evidence for benefit after intravenous use is limited.1 Ni-
modipine has also been used for traumatic subarachnoid haem-
orrhage,2 but results have been mixed.3,4 In addition to dilating
cerebral blood vessels and improving cerebral blood flow, ni-
modipine may also prevent or reverse ischaemic damage to the
brain by limiting transcellular calcium influx. 
These effects have led to the investigation of nimodipine in other
conditions associated with cerebral ischaemia. Studies5,6 of ni-
modipine given orally after ischaemic stroke have produced con-
flicting results. A meta-analysis7 of controlled studies suggested
that nimodipine is beneficial if given within 12 hours of stroke
onset but a further study8 failed to confirm these findings. In a
controlled study9 of 155 patients suffering a cardiac arrest,
nimodipine was given by intravenous infusion for 24 hours.
Nimodipine had no effect on overall survival, although it did im-
prove survival of patients in whom advanced life support was
delayed for more than 10 minutes after arrest. Nimodipine has
also been tried in dementia (p.362). Two multicentre studies10

involving a total of 755 patients with dementia of vascular or de-
generative origin given nimodipine for up to 6 months reported
improvements in cognitive function and disability, and a system-
atic review11 concluded that nimodipine could be of some benefit
in patients with various forms of dementia.
1. Dorhout Mees SM, et al. Calcium antagonists for aneurysmal

subarachnoid haemorrhage. Available in The Cochrane Data-
base of Systematic Reviews; Issue 3. Chichester: John Wiley;
2007 (accessed 12/03/08). 

2. Harders A, et al. Traumatic subarachnoid hemorrhage and its
treatment with nimodipine. J Neurosurg 1996; 85: 82–9. 

3. Langham J, et al. Calcium channel blockers for acute traumatic
brain injury. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2003 (accessed
12/03/08). 

4. Vergouwen MDI, et al. Effect of nimodipine on outcome in pa-
tients with traumatic subarachnoid haemorrhage: a systematic
review. Lancet Neurol 2006; 5: 1029–32. 

5. Gelmers HJ, et al. A controlled trial of nimodipine in acute
ischemic stroke. N Engl J Med 1988; 318: 203–7. 

6. Trust Study Group. Randomised, double-blind, placebo-con-
trolled trial of nimodipine in acute stroke. Lancet 1990; 336:
1205–9. 
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7. Mohr JP, et al. Meta-analysis of oral nimodipine trials in acute

ischemic stroke. Cerebrovasc Dis 1994; 4: 197–203. 
8. Horn J, et al. Very Early Nimodipine Use in Stroke (VENUS):

a randomized, double-blind, placebo-controlled trial. Stroke
2001; 32: 461–5. 

9. Roine RO, et al. Nimodipine after resuscitation from out-of-
hospital ventricular fibrillation: a placebo-controlled, double-
blind, randomized trial. JAMA 1990; 264: 3171–7. 

10. Parnetti L, et al. Nimodipine Study Group. Mental deterioration
in old age: results of two multicenter, clinical trials with ni-
modipine. Clin Ther 1993; 15: 394–406. 

11. López-Arrieta J, Birks J. Nimodipine for primary degenerative,
mixed and vascular dementia. Available in The Cochrane Data-
base of Systematic Reviews; Issue 3. Chichester: John Wiley;
2002 (accessed 12/07/05).

Migraine and cluster headache. For reference to the use of
calcium-channel blockers, including nimodipine, in the manage-
ment of migraine and cluster headache, see under Nifedipine,
p.1355.

Preparations
BP 2008: Nimodipine Intravenous Infusion; Nimodipine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: AC Vascular; Acival; Ampina; Aniduv; Cebrofort; Cletonol†; Eugerial;
Explaner; Finacilen; Macobal; Nimo-Somazina; Nimodilat; Nimotop; Nivas;
Tenocard; Austral.: Nimotop; Austria: Nimotop; Belg.: Nimotop; Braz.:
Eugerial; Neuron; Nimobal; Nimopax; Nimotop; Nimovas†; Noodipina;
Norton†; Oxigen; Vasodipina; Canad.: Nimotop; Chile: Brainal†; Grifoni-
mod; Neurogeron†; Nimotop; Regental; Vasoflex†; Cz.: Brainal†; Dilceren;
Nimotop; Denm.: Nimotop; Fin.: Nimotop; Fr.: Nimotop; Ger.: Nim†;
Nimotop; Gr.: Aurodipine; Befimat; Curban; Figozant; Genovox; Myodipine;
Naborel; Nelbinex†; Nimodil; Nimotop; Nimovac-V; Nortolan; Rosital;
Stigmicarpin; Thrionipen; Vastripine; Ziremex; Hong Kong: Nimotop;
Hung.: Nimotop; India: Vasotop; Indon.: Nimotop; Irl.: Nimotop; Israel:
Nimotop; Ital.: Nimotop; Periplum; Malaysia: Nimotop†; Mex.: Ken-
zolol; Nimotop; Vacer; Neth.: Nimotop; Norw.: Nimotop; NZ: Nimotop;
Philipp.: Nimotop; Pol.: Nimotop; Port.: Brainox; Genogris; Modibloq;
Modina; Nimotop; Sobrepina; Trinalion; Rus.: Brainal (Бреинал)†; Nemo-
tan (Немотан); Nimotop (Нимотоп); S.Afr.: Nimotop; Singapore: Nim-
otop; Spain: Admon; Brainal; Calnit; Kenesil; Modus; Nimotop; Remontal;
Swed.: Nimotop; Switz.: Nimotop; Thai.: Nimotop; Turk.: Nimotop;
UK: Nimotop; USA: Nimotop; Venez.: Kleren†; Nemodine; Nimotop;
Tropocer.

Multi-ingredient: Arg.: Idesole Plus; Nemocebral Plus; Nimodilat Plus;
Nimoreagin; Nivas Plus.

Nisoldipine (BAN, USAN, rINN)

Bay-k-5552; Nisoldipiini; Nisoldipin; Nisoldipino; Nisoldipinum.
Isobutyl methyl 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)pyrid-
ine-3,5-dicarboxylate.
Низольдипин
C20H24N2O6 = 388.4.
CAS — 63675-72-9.
ATC — C08CA07.
ATC Vet — QC08CA07.

Adverse Effects, Treatment, and Precau-
tions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1350).

Interactions
As for dihydropyridine calcium-channel blockers (see
Nifedipine, p.1352).

Pharmacokinetics
Nisoldipine is well absorbed from the gastrointestinal
tract after oral doses but undergoes rapid and extensive
first-pass metabolism in the gut wall and liver and bio-
availability has been reported to be only about 4 to 8%.
About 60 to 80% of an oral dose is excreted in the urine
and the remainder in the faeces, mainly as metabolites.
The terminal elimination half-life is about 7 to 12
hours. Nisoldipine is more than 99% bound to plasma
proteins.
◊ A study1 in 11 patients given oral nisoldipine 10 mg once or
twice daily indicated that the pharmacokinetics of nisoldipine
could best be described by an open 2-compartment model. Peak

plasma concentrations occurred 1 hour after a single oral dose,
and varied greatly between the patients. The mean plasma elim-
ination half-life was 11.4 hours after a single dose and 14.0 hours
after repeated dosing, which was longer than had been previous-
ly reported, perhaps reflecting the greater sensitivity of the assay. 
In another study oral, but not intravenous, nisoldipine increased
liver blood flow in 10 healthy subjects and thus affected its own
systemic availability.2 Variations in liver blood flow may account
for the interindividual variation in the pharmacokinetics of nisol-
dipine.
1. Ottosson A-M, et al. Analysis and pharmacokinetics of nisol-

dipine in hypertensive patients. Curr Ther Res 1989; 45: 347–58. 
2. van Harten J, et al. Variability in the pharmacokinetics of nisol-

dipine as caused by differences in liver blood flow response. J
Clin Pharmacol 1989; 29: 714–21.

Uses and Administration
Nisoldipine is a dihydropyridine calcium-channel
blocker with actions and uses similar to those of nifed-
ipine (p.1354). It is used in the management of hyper-
tension (p.1171) and angina pectoris (p.1157). 
Nisoldipine is given orally usually as a modified-re-
lease preparation. Absorption is affected by food and
the modified-release preparation should be taken on an
empty stomach; it should not be taken with high fat
meals. Doses are similar for both hypertension and
angina. The initial dose is 10 mg once daily and the
usual maintenance dose is 20 to 40 mg once daily.
◊ Reviews.
1. Mitchell J, et al. Nisoldipine: a new dihydropyridine calcium-

channel blocker. J Clin Pharmacol 1993; 33: 46–52. 
2. Plosker GL, Faulds D. Nisoldipine coat-core: a review of its

pharmacology and therapeutic efficacy in hypertension. Drugs
1996; 52: 232–53. 

3. Langtry HD, Spencer CM. Nisoldipine coat-core; a review of its
pharmacodynamic and pharmacokinetic properties and clinical
efficacy in the management of ischaemic heart disease. Drugs
1997; 53: 867–84.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nisodipen†; Austria: Syscor; Belg.: Sular; Syscor; Braz.: Syscor;
Chile: Nivas; Cz.: Syscor†; Fin.: Syscor; Ger.: Baymycard; Gr.: Syscor;
Hung.: Baymycard; Ital.: Syscor; NZ: Syscor; S.Afr.: Syscor†; Spain: Cor-
nel†; Sular; Syscor; Switz.: Syscor†; UK: Syscor; USA: Sular.

Nitrendipine (BAN, USAN, rINN)

Bay-e-5009; Nitrendipiini; Nitrendipin; Nitrendipinas; Nitrendipi-
no; Nitrendipinum. Ethyl methyl 1,4-dihydro-2,6-dimethyl-4-(3-
nitrophenyl)pyridine-3,5-dicarboxylate.
Нитрендипин
C18H20N2O6 = 360.4.
CAS — 39562-70-4.
ATC — C08CA08.
ATC Vet — QC08CA08.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Nitrendipine). A yellow crystalline powder. It ex-
hibits polymorphism. Practically insoluble in water; sparingly
soluble in dehydrated alcohol and in methyl alcohol; freely solu-
ble in ethyl acetate. Exposure to ultraviolet light leads to forma-
tion of a nitrophenylpyridine derivative. Solutions should be pre-
pared in the dark or under light of wavelength greater than
420 nm, immediately before use. Protect from light.
Adverse Effects, Treatment, and Precautions
As for dihydropyridine calcium-channel blockers (see Nifed-
ipine, p.1350).
Interactions
As for dihydropyridine calcium-channel blockers (see Nifed-
ipine, p.1352).
Pharmacokinetics
Nitrendipine is reported to be well absorbed after oral doses but
undergoes extensive first-pass metabolism; the absolute oral bio-
availability is reported to range from about 10 to 20%, depending
in part on the dosage form. Nitrendipine is about 98% bound to
plasma proteins. It is extensively metabolised in the liver and is

excreted as metabolites, mainly in urine, with small amounts in
the faeces. Although early studies reported a terminal elimina-
tion half-life of about 2 to 4 hours, later studies, using more sen-
sitive assay procedures, have recorded values between about 10
and 22 hours.
◊ References.
1. Soons PA, Breimer DD. Stereoselective pharmacokinetics of

oral and intravenous nitrendipine in healthy male subjects. Br J
Clin Pharmacol 1991; 32: 11–16.

Uses and Administration
Nitrendipine is a dihydropyridine calcium-channel blocker with
actions similar to those of nifedipine (p.1354). It is used in the
treatment of hypertension (p.1171). 
The usual dose is 20 mg daily as a single oral dose or as 2 divided
doses. The dose may be increased to 20 mg twice daily if neces-
sary for the control of resistant hypertension. In the elderly, an
initial dose of 10 mg daily should be used. The dose should also
be reduced in hepatic impairment (see below).
◊ Reviews.
1. Santiago TM, Lopez LM. Nitrendipine: a new dihydropyridine

calcium-channel antagonist for the treatment of hypertension.
DICP Ann Pharmacother 1990; 24: 167–75.

Administration in hepatic impairment. The initial dose of
nitrendipine should be reduced to 5 to 10 mg once daily in pa-
tients with hepatic impairment.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nirapel; Nitrendil; Tocrat†; Austria: Baypress; Belg.: Baypress; Braz.:
Caltren; Nitrencord; Chile: Cardiazem; Grifonitren; Nitrendicor†; Presa-
bet†; Tensofar; Cz.: Baypress; Lusopress; Nitrepress; Nitresan; Unipres;
Denm.: Baypress; Fr.: Baypress; Nidrel; Ger.: Bayotensin; Jutapress; Nitre;
Nitre-Puren; Nitregamma; Nitren Lich; Nitren†; Nitrendepat†; Nitrendidoc;
Nitrendimerck†; Nitrensal; Nitrepress; Gr.: Aroselin; Baypress; Crivion; G-
Press; Lanocardique†; Leonitren; Lisba; Lostradyl; Midonat†; Nelconil; Nife-
card; Nivitron; Pallohyman†; Potional; Pressodipin; Spidox; Tepanil†; Ufo-
card; Hong Kong: Baypress; Hung.: Baypress; Unipres; Ital.: Baypress; De-
iten; Jpn: Baylotensin; Mex.: Baypress†; Neth.: Baypress; Port.: Baypress;
Farnitran; Hiperdipina; Hipertenol†; Spain: Balminil†; Baypresol; Gericin;
Niprina; Sub Tensin; Tensogradal; Trendinol†; Vastensium; Switz.: Baypress;
Thai.: Baypress; Ditrenil; Miniten; Turk.: Baypress; Venez.: Baypress; Ni-
trendil; Retencal†.

Multi-ingredient: Ger.: Eneas; Gr.: Eneas; Enit; India: Cardif Beta; Port.:
Eneas; Enit; Spain: Eneas; Enit; Vipres; Zorail.

Nitric Oxide (USAN)

Azote, monoxyde d’; Azoto oksidas; Azotu(II) tlenek; Kväveoxid;
Mononitrogen Monoxide; Nitrogen Monoxide; Nitrogenii oxi-
dum; Nitrogén-monoxid; OHM-11771; Oxid dusnatý; Óxido
nítrico; Typpioksidi.
NO = 30.01.
CAS — 10102-43-9.
ATC — R07AX01.
ATC Vet — QR07AX01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Nitric Oxide). A colourless gas that turns brown
when exposed to air. At 20° and at a pressure of 101 kPa, 1 vol-
ume dissolves in about 21 volumes of water. Store compressed at
a pressure not exceeding 2.5 MPa measured at 15° in suitable
containers.

Adverse Effects
Inhaled nitric oxide may lead to the development of
methaemoglobinaemia, particularly at higher doses.
Although it is a selective pulmonary vasodilator, sys-
temic hypotension may occur. Abrupt withdrawal of
therapy may lead to a deterioration in oxygenation and
the development of rebound pulmonary hypertension. 
Nitrogen dioxide produced when nitric oxide com-
bines with oxygen can cause acute lung injury; high
concentrations of inhaled nitric oxide are directly irri-
tant to the lungs.
◊ A potential complication of inhaled nitric oxide is methaemo-
globinaemia but this is probably related to the dose; the risk does
not appear to be increased during low-dose (20 ppm) therapy.1
Another possible adverse event is an increased risk of bleeding
due to inhibition of platelet aggregation.2-5 Rebound pulmonary
hypertension6 and deterioration in oxygenation7,8 have been re-
ported in some children after stopping nitric oxide therapy. Se-
vere systemic hypotension has also been reported9 after starting
therapy in a neonate with severe left ventricular dysfunction. Pul-
monary oedema has been associated with the use of nitric oxide
in 2 patients with CREST syndrome, a form of systemic sclero-
sis.10 Motor neurone disease in a patient with alcoholism has
been partly attributed11 to the use of nitric oxide for pulmonary
hypertension.
1. Kinsella JP, Abman SH. Methaemoglobin during nitric oxide

therapy with high-frequency ventilation. Lancet 1993; 342:
615. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Högman M, et al. Bleeding time prolongation and NO inhala-
tion. Lancet 1993; 341: 1664–5. 

3. Joannidis M, et al. Inhaled nitric oxide. Lancet 1996; 348:
1448–9. 

4. Cheung P-Y, et al. Inhaled nitric oxide and inhibition of platelet
aggregation in critically ill neonates. Lancet 1998; 351: 1181–2. 

5. George TN, et al. The effect of inhaled nitric oxide therapy on
bleeding time and platelet aggregation in neonates. J Pediatr
1998; 132: 731–4. 

6. Miller OI, et al. Rebound pulmonary hypertension on withdraw-
al from inhaled nitric oxide. Lancet 1995; 346: 51–2. 

7. Aly H, et al. Weaning strategy with inhaled nitric oxide treat-
ment in persistent pulmonary hypertension of the newborn.
Arch Dis Child Fetal Neonatal Ed 1997; 76: F118–F122. 

8. Davidson D, et al. Safety of withdrawing inhaled nitric oxide
therapy in persistent pulmonary hypertension of the newborn.
Pediatrics 1999; 104: 231–6. 

9. Henrichsen T, et al. Inhaled nitric oxide can cause severe sys-
temic hypotension. J Pediatr 1996; 129: 183. 

10. Preston IR, et al. Pulmonary edema caused by inhaled nitric ox-
ide therapy in two patients with pulmonary hypertension asso-
ciated with the CREST syndrome. Chest 2002; 121: 656–9. 

11. Tsai GE, Gastfriend DR. Nitric oxide-induced motor neuron dis-
ease in a patient with alcoholism. N Engl J Med 1995; 332:
1036.

Precautions
Patients given inhaled nitric oxide should be monitored
for methaemoglobinaemia and oxygenation. Inhaled
nitric oxide and nitrogen dioxide levels should also be
monitored. Treatment should not be stopped abruptly
since rebound pulmonary hypertension and deteriora-
tion in oxygenation may occur. 
The exposure of workers to nitric oxide and nitrogen
dioxide should be limited.
◊ References.
1. CSM/MCA. Inhaled nitric oxide. Current Problems 1996; 22: 8.

A l s o  a v a i l a b l e  a t :  h t t p : / / w w w. m h r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON2015620&
RevisionSelectionMethod=LatestReleased (accessed 02/06/08) 

2. Cuthbertson BH, et al. Use of inhaled nitric oxide in British in-
tensive therapy units. Br J Anaesth 1997; 78: 696–700. 

3. Phillips ML, et al. Assessment of medical personnel exposure to
nitrogen oxides during inhaled nitric oxide treatment of neonatal
and pediatric patients. Pediatrics 1999; 104: 1095–1100.

Pharmacokinetics
Nitric oxide is absorbed systemically after inhalation
but is rapidly inactivated by reaction with haemoglobin
to form methaemoglobin and nitrate; it has a half-life
of only a few seconds. It is excreted mainly in the urine
as nitrate.

Uses and Administration
Nitric oxide is an endogenous chemical messenger that
acts mainly by stimulating guanylate cyclase in smooth
muscle to cause vasodilatation. It is also involved in
platelet aggregation, neurotransmission, and the im-
mune system, and possesses antimicrobial, antitumour,
and antiviral activity. 
Endogenous nitric oxide is now recognised to be the
same substance as endothelium-derived relaxing factor
(EDRF). It is synthesised from L-arginine by the en-
zyme, nitric oxide synthase, of which three isoforms
have been identified. Constitutive isoforms occur in
endothelial cells (such as in vascular endothelium,
platelets, and the heart) and neuronal cells (in some
central and peripheral neurones). Small amounts of ni-
tric oxide are regularly produced by these systems. In
contrast, an inducible isoform producing larger
amounts of nitric oxide is expressed only after activa-
tion by external stimuli such as infection or inflamma-
tion. This inducible nitric oxide synthase may be ex-
pressed in many cells, including macrophages and cells
in vascular smooth muscle, the heart, gastrointestinal
tract, and liver. 
Inhaled nitric oxide is a highly selective pulmonary va-
sodilator. It is used in the management of term and
near-term neonates with hypoxic respiratory failure as-
sociated with pulmonary hypertension. It is also used
as a diagnostic tool to test acute vasoreactivity in pa-
tients with pulmonary hypertension of various aetiolo-
gies, and is being studied in other bronchopulmonary
disorders and in different age groups. 

In the management of hypoxic respiratory failure in neo-
nates, nitric oxide is given by inhalation in a usual con-
centration of 20 ppm. Doses have been titrated above
and below this concentration but due to the risk of
methaemoglobinaemia, doses above 20 ppm are not
generally recommended. The concentration should be
reduced gradually before stopping treatment.
◊ General reviews.
1. Hart CM. Nitric oxide in adult lung disease. Chest 1999; 115:

1407–17. 
2. Vallance P, Chan N. Endothelial function and nitric oxide: clini-

cal relevance. Heart 2001; 85: 342–50. 
3. Ichinose F, et al. Inhaled nitric oxide: a selective pulmonary va-

sodilator: current uses and therapeutic potential. Circulation
2004; 109: 3106–11. 

4. Griffiths MJD, Evans TW. Inhaled nitric oxide therapy in adults.
N Engl J Med 2005; 353: 2683–95.

Respiratory disorders. Inhaled nitric oxide is a potent and
highly selective pulmonary vasodilator used in the management
of persistent pulmonary hypertension of the newborn (below)
and other conditions leading to hypoxic respiratory failure in neo-
nates. 
Nitric oxide has also been tried in acute respiratory distress syn-
drome (below), severe acute respiratory syndrome,1 respiratory
failure,2 acute severe asthma,3 primary pulmonary
hypertension4,5 including that in pregnancy,6,7 and in pulmonary
hypertension associated with a wide range of conditions includ-
ing chronic obstructive pulmonary disease,8 heart failure,9 post-
cardiac surgery,10-12 heart or lung transplantation,13 and high-
altitude disorders.14

1. Chen L, et al. Inhalation of nitric oxide in the treatment of se-
vere acute respiratory syndrome: a rescue trial in Beijing. Clin
Infect Dis 2004; 39: 1531–5. 

2. Dobyns EL, et al. Multicenter randomized controlled trial of the
effects of inhaled nitric oxide therapy on gas exchange in chil-
dren with acute hypoxemic respiratory failure. J Pediatr 1999;
134: 406–12. 

3. Nakagawa TA, et al. Life-threatening status asthmaticus treated
with inhaled nitric oxide. J Pediatr 2000; 137: 119–22. 

4. Kinsella JP, et al. Selective and sustained pulmonary vasodila-
tion with inhalational nitric oxide therapy in a child with idio-
pathic pulmonary hypertension. J Pediatr 1993; 122: 803–6. 

5. Goldman AP, et al. Is it time to consider domiciliary nitric ox-
ide? Lancet 1995; 345: 199–200. 

6. Lam GK, et al. Inhaled nitric oxide for primary pulmonary hy-
pertension in pregnancy. Obstet Gynecol 2001; 98: 895–8. 

7. Decoene C, et al. Use of inhaled nitric oxide for emergency Ce-
sarean section in a woman with unexpected primary pulmonary
hypertension. Can J Anaesth 2001; 48: 584–7. 

8. Vonbank K, et al. Controlled prospective randomised trial on
the effects on pulmonary haemodynamics of the ambulatory
long term use of nitric oxide and oxygen in patients with severe
COPD. Thorax 2003; 58: 289–93. 

9. Matsumoto A, et al. Inhaled nitric oxide and exercise capacity
in congestive heart failure. Lancet 1997; 349: 999–1000. Cor-
rection. ibid.; 350: 818. 

10. Haydar A, et al. Inhaled nitric oxide for postoperative pulmo-
nary hypertension in patients with congenital heart defects. Lan-
cet 1992; 340: 1545. 

11. Miller OI, et al. Inhaled nitric oxide and prevention of pulmo-
nary hypertension after congenital heart surgery: a randomised
double-blind study. Lancet 2000; 356: 1464–9. 

12. Journois D, et al. Effects of inhaled nitric oxide administration
on early postoperative mortality in patients operated for correc-
tion of atrioventricular canal defects. Chest 2005; 128:
3537–44. 

13. Rea RS, et al. Role of inhaled nitric oxide in adult heart or lung
transplant recipients. Ann Pharmacother 2005; 39: 913–17. 

14. Scherrer U, et al. Inhaled nitric oxide for high-altitude pulmo-
nary edema. N Engl J Med 1996; 334: 624–9.

ACUTE RESPIRATORY DISTRESS SYNDROME. Although inhalation
of nitric oxide has been reported to improve oxygenation in
patients with acute respiratory distress syndrome (p.1498),
meta-analyses1,2 have failed to confirm any significant mor-
tality benefit, and there is some evidence2 that nitric oxide
increases the risk of renal dysfunction.
1. Sokol J, et al. Inhaled nitric oxide for acute hypoxemic respira-

tory failure in children and adults. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2003 (accessed 26/09/05). 

2. Adhikari NKJ, et al. Effect of nitric oxide on oxygenation and
mortality in acute lung injury: systematic review and meta-anal-
ysis. Abridged version: BMJ 2007; 334: 779–82. Full version:
http://www.bmj.com/cgi/reprint/334/7597/779 (accessed
31/07/08)

RESPIRATORY DISORDERS IN NEONATES. Inhaled nitric oxide is
used in the management of hypoxic respiratory failure in term
and near-term neonates.1-3 It has also been studied in prema-
ture neonates. 
Most studies have been in neonates with persistent pulmonary
hypertension of the newborn (p.1179), although varying defini-
tions have been used. A systematic review4 of controlled studies
in term and near-term neonates with hypoxic respiratory failure
found that oxygenation was improved with inhaled nitric oxide,
with a reduction in the need for extracorporeal membrane oxy-
genation, but no effect on mortality has been shown. A ran-
domised trial5 also found no mortality benefit when nitric oxide
was started early in the disease process, although progression
was slowed. Neonates with congenital diaphragmatic hernia

(CDH), however, have not been shown to benefit,6,7 and nitric
oxide is not recommended in such patients,4 although the optimal
treatment of this condition is controversial; one study8 suggested
that inhaled nitric oxide may have a role in patients with CDH
who develop late pulmonary hypertension. Another study9 sug-
gested that the improvement in oxygenation may not be sus-
tained, and that neonates with pulmonary hypoplasia and dyspla-
sia are less sensitive to nitric oxide. 
The dose of nitric oxide found to be effective in most studies has
been from 20 to 80 ppm. However, since nitric oxide is associat-
ed with dose-related toxicity, lower doses (1 to 2 ppm) have also
been studied. One study10 found no significant difference be-
tween high and low doses, but another study11 found that low
doses did not improve oxygenation and diminished the response
to subsequent higher doses. 
Inhaled nitric oxide has also been reported to improve oxygena-
tion in premature neonates with hypoxic respiratory failure, but
its use is not yet established.12,13 A study14 in premature infants
with respiratory distress syndrome suggested that the incidence
of chronic lung disease and death was reduced by nitric oxide,
and an open study15 in very premature infants who had already
developed chronic lung disease also found an improvement in
oxygenation with nitric oxide therapy. However, a systematic
review16 found that use of rescue nitric oxide therapy in severely
ill infants was ineffective, and that late use to prevent chronic
lung disease also had no effect. There was some evidence that
early routine use in mildly sick infants might improve outcomes,
but further studies were needed to identify those infants who
were most likely to benefit. 
There have been concerns that use of inhaled nitric oxide might
adversely affect neurodevelopmental outcome more than con-
ventional therapy particularly in premature infants, but follow-
up studies have reported mixed results. Studies in term and near-
term infants,17-19 and in premature infants,20 have found that use
of nitric oxide has no effect on neurodevelopment, but there have
also been reports of poor neurodevelopmental outcome21 and of
improved outcome.22,23 Differences in study design make com-
parisons between studies difficult, and the effect on neurodevel-
opment remains to be confirmed.
1. American Academy of Pediatrics Committee on Fetus and New-

born. Use of inhaled nitric oxide. Pediatrics 2000; 106: 344–5. 
2. Kinsella JP, Abman SH. Clinical approach to inhaled nitric ox-
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Sickle-cell disease. Sickle-cell crisis due to vaso-occlusion is
an acute complication of sickle-cell disease (p.1044), requiring
hospitalisation, with the use of large volumes of intravenous
fluids for dehydration, and analgesia including opioids for pain.
Concentrations of nitric oxide metabolites and L-arginine have
been found to be low in vaso-occlusive crisis and a study1 in pae-
diatric patients showed that inhaled nitric oxide may be of bene-
fit.
1. Weiner DL, et al. Preliminary assessment of inhaled nitric oxide

for acute vaso-occlusive crisis in pediatric patients with sickle
cell disease. JAMA 2003; 289: 1136–42.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: INOmax; Denm.: INOmax; Gr.: INOmax; Neth.: INOmax; Pol.: IN-
Omax; Port.: INOmax; Spain: INOmax; Switz.: INOmax; USA: IN-
Omax.

Noradrenaline (BAN) ⊗ 
Norepinephrine (BAN, rINN); Levarterenol; Noradrenaliini; Nor-
adrenalin; Noradrenalinum; Norepinefriini; Norepinefrin; Nore-
pinefrina; Norépinéphrine; Norepinephrinum; Norepirenamine.
(R)-2-Amino-1-(3,4-dihydroxyphenyl)ethanol.

Норэпинефрин

C8H11NO3 = 169.2.

CAS — 51-41-2.

ATC — C01CA03.

ATC Vet — QC01CA03.

Pharmacopoeias. Jpn includes the racemic form.

Noradrenaline Acid Tartrate (BANM) ⊗ 
Norepinephrine Bitartrate (USAN, rINNM); Arterenol Acid Tar-
trate; l-Arterenol Bitartrate; Bitartrato de norepinefrina; Levar-
terenol Acid Tartrate; Levarterenol Bitartrate; Levarterenoli
Bitartras; Noradrenaliinitartraatti; Noradrenaline Bitartrate; Nor-
adrenaline Tartrate; Noradrénaline, tartrate de; Noradrenalini
tartras; Noradrenalino tartratas; Noradrenalin-tartarát; Nor-
adrenalintartrat; Norepinefrin tartarát monohydrát; Norepine-
fryny wodorowinian; Norepinephrine Acid Tartrate (BANM); l-
Norepinephrine Bitartrate; Norépinéphrine, Bitartrate de;
Norepinephrini Bitartras; Norepinephrini Tartras Monohydricus.

Норэпинефрина Битартрат

C8H11NO3,C4H6O6,H2O = 337.3.
CAS — 51-40-1 (anhydrous noradrenaline acid tartrate);
69815-49-2 (noradrenaline acid tartrate monohydrate).
ATC — C01CA03.
ATC Vet — QC01CA03.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Noradrenaline Tartrate; Noradrenaline Acid Tar-
trate BP 2008; Norepinephrine Acid Tartrate BP 2008). A white
or almost white crystalline powder. Freely soluble in water;
slightly soluble in alcohol. Store in airtight containers, or prefer-
ably, in a sealed tube under vacuum or an inert gas. Protect from
light. 
USP 31 (Norepinephrine Bitartrate). A white or faintly grey,
odourless, crystalline powder. It slowly darkens on exposure to
air and light. Soluble 1 in 2.5 of water and 1 in 300 of alcohol;
practically insoluble in chloroform and in ether. Its solutions in
water have a pH of about 3.5. Store in airtight containers at a tem-
perature of 25°, excursions permitted between 15° and 30°. Pro-
tect from light.

Incompatibility. Noradrenaline acid tartrate is strongly acidic
in solution, and would be expected to be incompatible with drugs
having an alkaline pH. Licensed product information in the UK
states that solutions are reportedly incompatible with alkalis and

oxidising agents, barbiturates, chlorphenamine, chlorothiazide,
nitrofurantoin, novobiocin, phenytoin, sodium bicarbonate, sodi-
um iodide, and streptomycin. Incompatibility with insulin has
also been reported.1
1. Yamashita SK, et al. Compatibility of selected critical care drugs

during simulated Y-site administration. Am J Health-Syst Pharm
1996; 53: 1048–51.

Noradrenaline Hydrochloride (BANM) ⊗ 
Norepinephrine Hydrochloride (BANM, rINNM); Hidrocloruro de
norepinefrina; Noradrenaliinihydrokloridi; Noradrénaline, chlo-
rhydrate de; Noradrenalin-hidroklorid; Noradrenalinhydroklorid;
Noradrenalini hydrochloridum; Noradrenalino hidrochloridas;
Norepinefrin hydrochlorid; Norépinéphrine, Chlorhydrate de;
Norepinephrini Hydrochloridum.

Норэпинефрина Гидрохлорид
C8H11NO3,HCl = 205.6.
CAS — 329-56-6.
ATC — C01CA03.
ATC Vet — QC01CA03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Noradrenaline Hydrochloride; Norepinephrine
Hydrochloride BP 2008). A white or brownish-white, crystalline
powder. It becomes coloured on exposure to air and light. Very
soluble in water; slightly soluble in alcohol. A 2% solution in wa-
ter has a pH of 3.5 to 4.5. Store in airtight containers, or prefera-
bly, in a sealed tube under vacuum or an inert gas. Protect from
light.

Adverse Effects
As for Sympathomimetics, p.1407. Noradrenaline is
an extremely potent peripheral vasoconstrictor and its
adverse effects include hypertension (possibly associ-
ated with reflex bradycardia), headache, and peripheral
ischaemia, which may be severe enough to result in
gangrene of the extremities. Extravasation may lead to
severe phlebitis and sloughing.
Dental use. Severe headache,1,2 including fatal cerebral haem-
orrhage,1,3 has been reported after the use of lidocaine with no-
radrenaline 1 in 25 000 for dental anaesthesia. It was suggested1-3

that preparations containing noradrenaline 1 in 25 000 should not
be used, and that a concentration of 1 in 80 000 was to be pre-
ferred. However, in the UK the Dental Practitioners’
Formulary4 had stated that noradrenaline should not be used as a
vasoconstrictor in local anaesthetic solutions since it presented
no advantage over adrenaline and carried additional hazard.
1. Boakes AJ, et al. Adverse reactions to local anaesthetic/vasocon-

strictor preparations: a study of the cardiovascular responses to
Xylestesin and Hostacain-with-Noradrenaline. Br Dent J 1972;
133: 137–40. 

2. van der Bijl P, Victor AM. Adverse reactions associated with
norepinephrine in dental local anesthesia. Anesth Prog 1992; 39:
87–9. 

3. Okada Y, et al. Fatal subarachnoid haemorrhage associated with
dental local anaesthesia. Aust Dent J 1989; 34: 323–5. 

4. Dental Practitioners’ Formulary. 2002–2004. London: British
Dental Association, British Medical Association, and the Royal
Pharmaceutical Society of Great Britain; 2002. D6.

Treatment of Adverse Effects
As for Sympathomimetics, p.1407. If extravasation oc-
curs, infiltration with phentolamine (see p.1370) as
soon as possible, and certainly within 12 hours, may
relieve pain and prevent tissue necrosis.

Precautions
As for Sympathomimetics, p.1407. Noradrenaline has
mainly alpha-agonist properties and must be avoided
in the presence of hypertension; blood pressure and in-
fusion rate must be monitored frequently. Noradrena-
line-induced cardiac arrhythmias are more likely in pa-
tients with hypoxia or hypercapnia. 
Noradrenaline is a severe tissue irritant and only very
dilute solutions should be used. It should be infused
centrally or into a large vein if possible, and care
should be taken to avoid extravasation. 
Noradrenaline may reduce placental perfusion
throughout pregnancy and some consider that it and
similar vasoconstrictor sympathomimetics are best
avoided; also in late pregnancy noradrenaline provokes
uterine contractions which can result in fetal asphyxia.

Interactions
As for Sympathomimetics, p.1407. Severe hyperten-
sion may occur if noradrenaline is given to patients tak-

ing tricyclic antidepressants since tricyclics block the
uptake of noradrenaline into nerve endings.

Pharmacokinetics
Like adrenaline (p.1204), noradrenaline is inactive
when given orally, and it is rapidly inactivated in the
body by similar processes. When given intravenously
it is extensively metabolised and only small amounts
are excreted unchanged in the urine.

Uses and Administration
Noradrenaline is a direct-acting catecholamine sym-
pathomimetic (p.1408) with pronounced effects on
alpha-adrenergic receptors; it also stimulates beta1 re-
ceptors but has little effect on beta2 receptors. It is the
major neurotransmitter in postganglionic adrenergic
neurones, and is stored in granules in the nerve axons.
Some is also present in the adrenal medulla and is re-
leased with adrenaline. 
The major effects of noradrenaline relate to its alpha-
agonist properties. It causes peripheral vasoconstric-
tion, leading to an increase in systolic and diastolic
blood pressure, which is accompanied by reflex slow-
ing of the heart rate. Blood flow is reduced in the kid-
neys, liver, skin, and usually skeletal muscle. Nor-
adrenaline causes the pregnant uterus to contract; high
doses liberate glucose from the liver and have other
hormonal effects similar to those of adrenaline. Beta-
stimulant effects of noradrenaline have a positive ino-
tropic action on the heart, but there is little bronchodi-
lator effect. It produces little stimulation of the CNS. 
Noradrenaline is used for the emergency restoration of
blood pressure in acute hypotensive states such as
shock (p.1183). It has also been used in the manage-
ment of cardiac arrest. Noradrenaline has been used in
local anaesthesia to diminish the absorption and local-
ise the effect of the local anaesthetic (p.1852) but
adrenaline is now preferred (see also Dental use under
Adverse Effects, above). Locally applied solutions
have been used to control bleeding in upper gastroin-
testinal haemorrhage and similar disorders. 
In acute hypotensive states, noradrenaline is used as
the acid tartrate, or occasionally as the hydrochloride,
but doses are expressed in terms of the base; noradren-
aline acid tartrate 2 micrograms or noradrenaline hy-
drochloride 1.2 micrograms are equivalent to about
1 microgram of noradrenaline. It is given by intrave-
nous infusion of a solution containing the equivalent of
4 micrograms of the base per mL in glucose 5%, or so-
dium chloride 0.9% and glucose 5%. To avoid tissue
necrosis the infusion should be given through a central
venous catheter or into a large vein high up in a limb,
preferably the arm. Some sources have suggested that
addition of phentolamine 5 to 10 mg/litre to the infu-
sion may prevent sloughing, should extravasation oc-
cur, without affecting the vasopressor action. The infu-
sion is usually given initially at a rate of 2 to
3 mL/minute (8 to 12 micrograms/minute) and adjust-
ed according to the blood pressure response. Blood
pressure is initially recorded every 2 minutes and the
rate of infusion continuously monitored. The infusion
must not be stopped suddenly but should be gradually
withdrawn to avoid disastrous falls in blood pressure.
The average maintenance dose is 0.5 to 1 mL/minute
(2 to 4 micrograms/minute), but there is a wide varia-
tion and higher doses may be required. The concentra-
tion of the infusion may be altered according to clinical
needs. Alternatively a solution containing the equiva-
lent of 40 micrograms of the base per mL may be given
at an initial rate of 0.16 to 0.33 mL/minute via a central
venous catheter, using a syringe pump or drip counter.

Preparations
BP 2008: Noradrenaline Injection; 
USP 31: Norepinephrine Bitartrate Injection; Propoxycaine and Procaine
Hydrochlorides and Norepinephrine Bitartrate Injection.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Proprietary Preparations (details are given in Part 3)
Arg.: Fioritina; Austral.: Levophed; Belg.: Levophed; Norepine†; Braz.:
Levophed; Norephed†; Canad.: Levophed; Chile: Adine; Ger.: Arterenol;
Gr.: Levophed; Noradren; Hong Kong: Levophed†; India: Adrenor; In-
don.: Levophed; N-Epi; Raivas; Vascon; Irl.: Levophed; Israel: Levophed;
Malaysia: Levophed; Mex.: Pridam; NZ: Levophed; Philipp.: Inotrop;
Levophed; Pol.: Levonor; Singapore: Levophed†; Spain: Norages; Thai.:
Levophed; USA: Levophed.

Used as an adjunct in: Austria: Neo-Xylestesin forte; Scandonest; Braz.:
Xylestesin; Xylocaina; Ger.: Xylestesin-S†; Xylestesin, Xylestesin-F†; Ital.:
Lident Andrenor†; Xylonor; Port.: Scandonest; Xilonibsa; S.Afr.: Xylotox;
Spain: Xylonor Especial; Switz.: Scandonest; Xylestesin-F†; Xylestesin-S
"special"†; Thai.: Neo-Lidocaton†.

Norfenefrine Hydrochloride (rINNM) ⊗ 
Hidrocloruro de norfenefrina; Norfenefrin Hidroklorür; Nor-
fénéfrine, Chlorhydrate de; Norfenefrini Hydrochloridum; Nor-
phenylephrine Hydrochloride; m-Norsynephrine Hydrochloride;
WV-569. 2-Amino-1-(3-hydroxyphenyl)ethanol hydrochloride.
Норфенефрина Гидрохлорид
C8H11NO2,HCl = 189.6.
CAS — 536-21-0 (norfenefr ine); 15308-34-6 (norfene-
fr ine hydrochloride).
ATC — C01CA05.
ATC Vet — QC01CA05.

(norfenefr ine)

NOTE. m-Octopamine has been used as a synonym for norfene-
frine. Care should be taken to avoid confusion with octopamine,
which is the p-isomer.
Profile
Norfenefrine is a sympathomimetic (p.1407) with predominant-
ly alpha-adrenergic activity. It is used as the hydrochloride for its
vasopressor effect in the treatment of hypotensive states
(p.1174). The usual oral dose is 15 mg three times daily of nor-
fenefrine hydrochloride, as a modified-release preparation. Nor-
fenefrine hydrochloride has also been given by injection.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Novadral; Ger.: Novadral†; Mex.: AS Cor; Switz.: Novadral;
Turk.: Novadral.

Multi-ingredient: Ger.: Adyston†; Normotin-R†; Ordinal Forte†;
Switz.: Ortho-Maren retard.

Octodrine (USAN, rINN) ⊗ 
Octodrina; Octodrinum; SKF-51. 1,5-Dimethylhexylamine.
Октодрин
C8H19N = 129.2.
CAS — 543-82-8.

Profile
Octodrine is a sympathomimetic (p.1407) with mainly alpha-
adrenergic activity. It has been given orally as the camsilate, in
combination with norfenefrine (p.1361), in the treatment of
hypotensive states. Octodrine phosphate has been used as an in-
gredient of preparations for obstructive airways disease.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Ambredin; Ger.: Ordinal Forte†.

Olmesartan Medoxomil (BAN, USAN, rINN)

CS-866; Olmésartan Médoxomil; Olmesartán medoxomilo; Ol-
mesartanum Medoxomilum; RNH-6270 (olmesartan). (5-Me-
thyl-2-oxo-1,3-dioxol-4-yl) methyl ester of 4-(1-Hydroxy-1-
methylethyl)-2-propyl-1-{[2′-(1H-tetrazol-5-yl)[1,1′-biphenyl]-4-
yl]methyl}-1H-imidazole-5-carboxylic acid.
Ольмезартан Медоксомил
C29H30N6O6 = 558.6.
CAS — 144689-24-7 (olmesartan); 144689-63-4 (olme-
sartan medoxomil).
ATC — C09CA08.
ATC Vet — QC09CA08.

(olmesartan)

NOTE. The name olmesartan has been applied to both the base and
to the medoxomil ester.

Adverse Effects and Precautions
As for Losartan Potassium, p.1326.

Interactions
As for Losartan Potassium, p.1327.

Pharmacokinetics
Olmesartan medoxomil is an ester prodrug that is hy-
drolysed during absorption from the gastrointestinal
tract to the active form olmesartan. The absolute bioa-
vailability is about 26%. Peak plasma concentrations
of olmesartan occur about 1 to 2 hours after oral doses.
Olmesartan is at least 99% bound to plasma proteins. It
is excreted in the urine and the bile as olmesartan;
about 35 to 50% of the absorbed dose is excreted in the
urine and the remainder in the bile. The terminal elim-
ination half-life is between 10 and 15 hours.
◊ References.
1. Yoshihara K, et al. Population pharmacokinetics of olmesartan

following oral administration of its prodrug, olmesartan medox-
omil: in healthy volunteers and hypertensive patients. Clin Phar-
macokinet 2005; 44: 1329–42.

Uses and Administration
Olmesartan is an angiotensin II receptor antagonist
with actions similar to those of losartan (p.1327). It is
used in the management of hypertension (p.1171). 
Olmesartan is given orally as the ester prodrug olme-
sartan medoxomil. After a dose the hypotensive effect
lasts for 24 hours. Most of the hypotensive effect is ap-
parent within 2 weeks after starting therapy and is max-
imal within about 8 weeks. 
In hypertension, olmesartan medoxomil is given in a
usual dose of 20 mg once daily, although in the UK an
initial dose of 10 mg once daily is recommended. The
dose may be increased to 40 mg once daily if required. 
For doses in hepatic or renal impairment, see below.
◊ References.
1. Brunner HR. The new oral angiotensin II antagonist olmesartan

medoxomil: a concise overview. J Hum Hypertens 2002; 16
(suppl 2): S13–S16. 

2. Warner GT, Jarvis B. Olmesartan medoxomil. Drugs 2002; 62:
1345–53. Correction. ibid.; 1852. 

3. Gardner SF, Franks AM. Olmesartan medoxomil: the seventh
angiotensin receptor antagonist. Ann Pharmacother 2003; 37:
99–105. 

4. Unger T, et al. The role of olmesartan medoxomil in the man-
agement of hypertension. Drugs 2004; 64: 2731–9. 

5. Mire DE, et al. A review of the structural and functional features
of olmesartan medoxomil, an angiotensin receptor blocker. J
Cardiovasc Pharmacol 2005; 46: 585–93. 

6. Takai S, Miyazaki M. Effect of olmesartan medoxomil on
atherosclerosis: clinical implications of the emerging evidence.
Am J Cardiovasc Drugs 2006; 6: 363–6. 

7. Smith DH. Dose-response characteristics of olmesartan medox-
omil and other angiotensin receptor antagonists. Am J Cardio-
vasc Drugs 2007; 7: 347–56. 

8. Zannad F, Fay R. Blood pressure-lowering efficacy of olme-
sartan relative to other angiotensin II receptor antagonists: an
overview of randomized controlled studies. Fundam Clin Phar-
macol 2007; 21: 181–90. 

9. Chrysant SG, et al. Treatment of hypertension with olmesartan
medoxomil, alone and in combination with a diuretic: an update.
J Hum Hypertens 2007; 21: 699–708. 

10. Barrios V, Escobar C. Olmesartan medoxomil plus hydrochloro-
thiazide for treating hypertension. Expert Opin Pharmacother
2008; 9: 129–36.

Administration in hepatic or renal impairment. Olme-
sartan is excreted in both urine and bile and raised plasma con-
centrations have been noted in patients with renal or hepatic im-
pairment. In patients with renal impairment, licensed product
information in the UK does not recommend the use of olme-
sartan in severe impairment (creatinine clearance (CC) below
20 mL/minute) since experience is limited, and the maximum

dose in mild to moderate impairment (CC 20 to 60 mL/minute)
is 20 mg once daily. Similarly, in patients with hepatic impair-
ment, licensed product information in the UK does not recom-
mend the use of olmesartan in severe impairment since there is
no experience. Those with moderate hepatic impairment should
be given an initial dose of 10 mg once daily and the maximum
dose is 20 mg once daily.
Migraine. For reference to the use of angiotensin II receptor
antagonists, including olmesartan, in the prophylaxis of mi-
graine, see under Losartan, p.1328.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Olmec; Tensonit; Vasexten; Austral.: Olmetec; Austria: Olmetec;
Belg.: Belsar; Olmetec; Braz.: Benicar; Olmetec; Cz.: Olmetec; Sarten;
Denm.: Olmetec; Fin.: Benetor; Olmetec; Fr.: Alteis; Olmetec; Ger.: Ol-
metec; Votum; Gr.: Olartan; Olmetec; Hong Kong: Olmetec; Indon.: Ol-
metec; Irl.: Benetor; Omesar; Israel: Olmetec; Ital.: Olmetec; Olpress;
Plaunac; Jpn: Olmetec; Malaysia: Olmetec; Neth.: Olmes; Olmetec;
Norw.: Olmetec; Philipp.: Olmetec; Port.: Olmetec; Olsar; Singapore:
Olmetec; Spain: Ixia; Olmetec; Openvas; Switz.: Olmetec; Votum; Thai.:
Olmetec; UK: Olmetec; USA: Benicar; Venez.: Benicar; Olmetec.
Multi-ingredient: Austral.: Olmetec Plus; Belg.: Olmetec Plus; Braz.:
Benicar HCT; Olmetec HCT; Cz.: Olmetec Plus H; Sarten Plus H; Fr.: Al-
teisduo; Coolmetec; Ger.: Olmetec Plus; Votum Plus; Gr.: Olartan Plus;
Olmetec Plus; Malaysia: Olmetec Plus; Port.: Olsar Plus; Singapore: Ol-
metec Plus; Switz.: Olmetec Plus; Votum Plus; UK: Olmetec Plus; USA:
Azor; Benicar HCT.

Olprinone Hydrochloride (rINNM)

Hidrocloruro de olprinona; Olprinone, Chlorhydrate d’; Olpri-
noni Hydrochloridum. 1,2-Dihydro-5-imidazo[1,2-a]pyridin-6-yl-
6-methyl-2-oxonicotinonitrile hydrochloride.
Ольпринона Гидрохлорид
C14H10N4O,HCl = 286.7.
CAS — 106730-54-5 (olprinone); 119615-63-3 (olpri-
none hydrochloride).

(olprinone)

Profile
Olprinone is a phosphodiesterase inhibitor with positive inotrop-
ic and vasodilator activity, used in acute heart failure (p.1165). It
is given intravenously as the hydrochloride in an initial dose of
10 micrograms/kg given over 5 minutes, followed by a continu-
ous infusion at a rate of 100 to 400 nanograms/kg per minute,
according to response.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Coretec.

Omapatrilat (BAN, USAN, rINN)

BMS-186716; BMS-186716-01; Omapatrilate; Omapatrilato;
Omapatrilatum. (4S,7S,10aS)-Octahydro-4-[(S)-α-mercaptohy-
drocinnamamido]-5-oxo-7H-pyrido[2,1-b][1,3]thiazepine-7-car-
boxylic acid.
Омапатрилат
C19H24N2O4S2 = 408.5.
CAS — 167305-00-2.

Profile
Omapatrilat is a vasopeptidase inhibitor. It inhibits both angi-
otensin-converting enzyme and neutral endopeptidase and is un-
der investigation in the management of hypertension and heart
failure. However, its use may be limited by severe angioedema.
◊ References.
1. Tabrizchi R. Dual ACE and neutral endopeptidase inhibitors:

novel therapy for patients with cardiovascular disorders. Drugs
2003; 63: 2185–2202. 

2. Kostis JB, et al. Omapatrilat and enalapril in patients with hyper-
tension: the Omapatrilat Cardiovascular Treatment vs. Enalapril
(OCTAVE) trial. Am J Hypertens 2004; 17: 103–11.
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Omega-3 Fatty Acids
Ácidos grasos omega 3.
Омега-3 Жирные Кислоты
ATC — C10AX06.
ATC Vet — QC10AX06.

Docosahexaenoic Acid
Doconexent (rINN); Cervonic Acid; DHA; Doconexento;
Doconexentum. (all-Z)-Docosahexa-4,7,10,13,16,19-enoic acid.
Доконексент
C22H32O2 = 328.5.
CAS — 6217-54-5; 25167-62-8.

NOTE. DHA is also used as a synonym for dihydroxyacetone
(p.1594).

Docosahexaenoic Acid Ethyl Ester
Doconexent Ethyl (rINNM); Cervonic Acid Ethyl Ester; Doconex-
ent d’Éthyle; Doconexento de etilo; Ethyl Docosahexaenoate;
Ethylum Doconexentum.
Этил Доконексент
C24H36O2 = 356.5.
CAS — 81926-94-5 (all-Z); 84494-72-4.

Eicosapentaenoic Acid
Icosapent (rINN); Acidum Eicosapentaenoicum; Eikosapentaeeni-
happo; Eikosapentaensyra; EPA; Icosapento; Icosapentum; Tim-
nodonic Acid. (all-Z)-Eicosapenta-5,8,11,14,17-enoic acid.
Икозапент
C20H30O2 = 302.5.
CAS — 10417-94-4 (all-z); 1553-41-9.

NOTE. EPA is also used as a synonym for pheneturide.

Eicosapentaenoic Acid Ethyl Ester
Icosapent Ethyl (rINNM); Ethyl Eicosapentaenoate; Ethyl Icosapen-
tate; Ethylum Icosapentum; Icosapent d’Ethyle; Icosapento de eti-
lo; Timnodonic Acid Ethyl Ester.
Этил Икозапент
C22H34O2 = 330.5.
CAS — 73310-10-8 (all-Z); 86227-47-6 (all-Z); 84494-
70-2.
Pharmacopoeias. In Jpn.

Linolenic Acid
ALA; Alpha-linolenic Acid; Kwas linolenowy; α-Linolenic Acid.
(all-Z)-9,12,15-Octadecatrienoic acid.
Линоленовая Кислота
C18H30O2 = 278.4.
CAS — 463-40-1.

NOTE. Do not confuse with γ-linolenic acid (Gamolenic Acid,
p.2308)

Omega-3-acid Ethyl Esters (USAN)

Ethylestery omega-3-kyselin; K-85; Omega-3 Acidorum Esteri
Ethylici; Omega-3 Acidorum Esteri Ettylici; Omega-3
ru
_
gščių etilo esteriai; Omega-3-sav-etilészterek.

Омега-3-кислоты Этиловых Эфиров

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Omega-3-Acid Ethyl Esters 60). A mixture of ethyl
esters of omega-3 acids. They are obtained by transesterification
of the body oil of fat fish species coming from families such as
Engraulidae, Carangidae, Clupeidae, Osmeridae, Salmonidae,
and Scombridae. The acids consist of alpha-linolenic acid, mo-
roctic acid, eicosatetraenoic acid, eicosapentaenoic acid (timno-
donic acid), heneicosapentaenoic acid, clupanodonic acid, and
docosahexaenoic acid (cervonic acid). The total amount of ome-
ga-3 acid ethyl esters, eicosapentaenoic acid ethyl esters, and do-
cosahexaenoic acid ethyl esters should be stated on the label. For
a total omega-3 acid ethyl ester content of 55%, the amount of ei-
cosapentaenoic acid ethyl esters and docosahexaenoic acid ethyl
esters together is not less than 50% and the content of eicosapen-
taenoic acid ethyl esters is not less than 40%; for a total omega-
3 acid ethyl ester content of 60%, the amount of eicosapentaeno-
ic acid ethyl esters and docosahexaenoic acid ethyl esters togeth-
er is not less than 50% and the content of docosahexaenoic acid
ethyl esters is not less than 40%; and for a total omega-3 acid
ethyl ester content of 65%, the amount of eicosapentaenoic acid
ethyl esters and docosahexaenoic acid ethyl esters together is not
less than 50%, the content of eicosapentaenoic acid ethyl esters
is not less than 25%, and the content of docosahexaenoic acid
ethyl esters is not less than 20%. Tocopherol may be added as an
antoxidant. 
A light yellow liquid with a slight fish-like odour. Practically
insoluble in water; very soluble in acetone, in dehydrated alco-
hol, in heptane, and in methyl alcohol. Store in airtight containers
under inert gas. Protect from light. 
Ph. Eur. 6.2 (Omega-3-Acid Ethyl Esters 90). A mixture of ethyl
esters of omega-3 acids. They are obtained by transesterification
of the body oil of fat fish species coming from families such as
Engraulidae, Carangidae, Clupeidae, Osmeridae, Salmonidae,
and Scombridae. The acids consist of alpha-linolenic acid, mo-
roctic acid, eicosatetraenoic acid, eicosapentaenoic acid (timno-
donic acid), heneicosapentaenoic acid, clupanodonic acid, and
docosahexaenoic acid (cervonic acid). The total amount of ome-
ga-3 acid ethyl esters is not less than 90%, and that of both eicos-
apentaenoic acid ethyl esters and docosahexaenoic acid ethyl es-
ters together is 80%; the content of eicosapentaenoic acid ethyl
esters is not less than 40% and of docosahexaenoic acid ethyl es-
ters is not less than 34%. Tocopherol may be added as an antoxi-
dant. 
A light yellow liquid with a slight fish-like odour. Practically in-
soluble in water; very soluble in acetone, in dehydrated alcohol,
in heptane, and in methyl alcohol. Store in airtight containers un-
der inert gas. Protect from light.

Omega-3 Marine Triglycerides
Deniz Kaynaklı Omega-3 Trigliseridler; Poisson (huile de) riche
en acides oméga-3 (fish oil, rich in omega-3-acids); Saumon d’él-
evage, huile de (salmon oil, farmed); Triglicéridos marinos omega
3.

Омега-3 Триглицериды Морского Происхождения

NOTE. Omega-3 Marine Triglycerides (BAN) is a mixture of trig-
lycerides of fatty acids from marine fish containing the equiva-
lent of about 18% of eicosapentaenoic acid and 12% of docosa-
hexaenoic acid. The content of triglycerides is not the same as
that in Omega-3-Marine Triglycerides BP.
Pharmacopoeias. Eur. (see p.vii) includes Omega-3-Acid
Triglycerides, Fish Oil, Rich in Omega-3-Acids, and Salmon
Oil, Farmed. US includes Fish Oil containing Omega-3 Acids. 
Ph. Eur. 6.2 (Omega-3-Acid Triglycerides; Omega-3 Acidorum
Triglycerida; Omega-3-Marine Triglycerides). A mixture of mono-
, di-, and triesters of omega-3 acids with glycerol, containing
mainly triesters. They are obtained by esterification of concen-
trated and purified omega-3 acids with glycerol or by transester-
ification of the omega-3 acid ethyl esters with glycerol. The ome-
ga-3 acids are from the body oil of fatty fish species coming from
families such as Engraulidae, Carangidae, Clupeidae, Osmeri-
dae, Salmonidae, and Scombridae. The acids consist of alpha-
linolenic acid, moroctic acid, eicosatetraenoic acid, eicosa-
pentaenoic acid (timnodonic acid), heneicosapentaenoic acid,
clupanodonic acid, and docosahexaenoic acid (cervonic acid).
The total amount of omega-3 acids expressed as triglycerides is
not less than 60% and that of both eicosapentaenoic acid and do-
cosahexaenoic acid together, expressed as triglycerides, is not
less than 45%. Tocopherol may be added as an antoxidant. 
A pale yellow liquid. Practically insoluble in water; slightly sol-
uble in dehydrated alcohol; very soluble in acetone and in hep-
tane. Store in well-filled, airtight containers under inert gas. Pro-
tect from light. 
Ph. Eur. 6.2 (Fish Oil, Rich in Omega-3-Acids; Piscis Oleum
Omega-3 Acidis Abundans). The purified, winterised, and deo-
dorised fatty oil obtained from fish of the families Engraulidae,
Carangidae, Clupeidae, Osmeridae, Scombridae, and Ammo-
dytidae. The acids consist of alpha-linolenic acid, moroctic acid,
eicosatetraenoic acid, eicosapentaenoic acid (timnodonic acid),
heneicosapentaenoic acid, clupanodonic acid, and docosahexae-

noic acid (cervonic acid). The minimum content, expressed as
triglycerides, is eicosapentaenoic acid 13%, docosahexaenoic
acid 9%, and total omega-3 acids 28%. Antoxidants may be add-
ed. 
A pale yellow liquid. Practically insoluble in water; slightly sol-
uble in dehydrated alcohol; very soluble in acetone and in hep-
tane. Store in well-filled, airtight containers under inert gas. Pro-
tect from light. 
Ph. Eur. 6.2 (Salmon Oil, Farmed; Salmonis Domestici Oleum).
The purified fatty oil obtained from fresh farmed Salmo salar.
The positional distribution (β(2)-acyl) is 60 to 70% for docosa-
hexaenoic acid (cervonic acid), 25 to 35% for eicosapentaenoic
acid (timnodonic acid), and 40 to 55% for moroctic acid. The
sum of the contents of eicosapentaenoic acid and docosahexae-
noic acid, expressed as triglycerides, is 10.0 to 28.0%. Author-
ised antoxidants may be added. A pale pink liquid. Practically
insoluble in water; slightly soluble in dehydrated alcohol; very
soluble in acetone and in heptane. Store in well-filled airtight
containers under an inert gas. Protect from light. 
USP 31 (Fish Oil containing Omega-3 Acids). The purified, win-
terised, and deodorised fatty oil obtained from fish of the families
Engraulidae, Carangidae, Clupeidae, Osmeridae, Scombroidae,
and Ammodytidae. The acids consist of alpha-linolenic acid,
moroctic acid, eicosatetraenoic acid, eicosapentaenoic acid
(EPA), heneicosapentaenoic acid, docosapentaenoic acid, and
docosahexaenoic acid (DHA). It contains not less than 28%
(w/w) of total omega-3 acids (expressed as free acids) consisting
of not less than 13% of EPA and not less than 9% of DHA.
Antoxidants may be added. A pale yellow liquid. Practically
insoluble in water; slightly soluble in anhydrous alcohol; very
soluble in acetone and in heptane. Store in airtight containers at
a temperature of 20° to 25°, excursions permitted between 15°
and 30°. It may be stored under vacuum or under an inert gas.
Protect from light.

Adverse Effects and Precautions
The most common adverse effects of omega-3 fatty
acid preparations are gastrointestinal disturbances, par-
ticularly at high doses, including nausea, eructation,
vomiting, abdominal distension, diarrhoea, and consti-
pation. There have been rare reports of acne and ecze-
ma. Moderate increases in hepatic transaminases have
been reported in patients with hypertriglyceridaemia. 
Preparations vary widely in concentration and purity.
Some preparations contain significant amounts of vita-
mins A and D and long-term use could cause toxicity.
There is a theoretical possibility of vitamin E deficien-
cy with long-term use, although many preparations
contain vitamin E as an antoxidant. Concern has been
expressed over the high calorific value and cholesterol
content of some preparations. 
Omega-3 fatty acids have antithrombotic activity and
should be given with caution to patients with haemor-
rhagic disorders or to those receiving anticoagulants or
other drugs affecting coagulation. Hepatic function
should be monitored in patients with hepatic impair-
ment, particularly if receiving high doses. Caution may
also be required in asthmatic patients sensitive to aspi-
rin since omega-3 fatty acids may affect prostaglandin
synthesis (but see Inflammatory and Auto-immune
Disorders, below, for studies of fish oils in the manage-
ment of asthma).
◊ Reviews.
1. Bays HE. Safety considerations with omega-3 fatty acid therapy.

Am J Cardiol 2007; 99 (suppl): 35C–43C.

Effects on the blood. Omega-3 fatty acids have antithrombot-
ic effects and may increase bleeding. In a study1 in adolescents
with familial hypercholesterolaemia, epistaxis occurred in 8 of
11 patients treated with a fish oil supplement; prolonged bleeding
time was noted in 3 patients. There have also been case reports
of INR elevation and haematoma in patients taking fish oil prep-
arations with antithrombotics (see Lipid Regulating Drugs under
Interactions of Warfarin, p.1431), although controlled studies
have failed to show an effect.
1. Clarke JTR, et al. Increased incidence of epistaxis in adolescents

with familial hypercholesterolemia treated with fish oil. J Pedi-
atr 1990; 116: 139–41.

Effects on glucose metabolism. Although a deterioration in
glycaemic control has been reported in diabetic patients taking
omega-3 fatty acids and fish oil preparations, a meta-analysis1 of
studies in type 1 and type 2 diabetics, and a systematic review2
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

of controlled studies in type 2 diabetics, both concluded that fish
oils effectively lowered triglycerides without a deleterious effect
on glycaemic control.
1. Friedberg CE, et al. Fish oil and glycemic control in diabetes: a

meta-analysis. Diabetes Care 1998; 21: 494–500. 
2. Hartweg J, et al. Omega-3 polyunsaturated fatty acids (PUFA)

for type 2 diabetes mellitus. Available in The Cochrane Database
of Systematic Reviews; Issue 1. Chichester: John Wiley; 2008
(accessed 30/05/08).

Uses and Administration
Omega-3 fatty acids are long-chain polyunsaturated
fatty acids containing 18 to 22 carbon atoms and a var-
ying number of double bonds, the first of which is in
the n-3 position. They are essential fatty acids and must
be obtained from the diet. They have an important role
as eicosanoid precursors and as components of cell
membranes; in humans, they compete with arachidon-
ic acid, an omega-6 fatty acid precursor. Their actions
in humans include a hypolipidaemic action (especially
a reduction in plasma triglycerides), an anti-inflamma-
tory action, and an antiplatelet effect. The main dietary
omega-3 fatty acids are eicosapentaenoic acid and do-
cosahexaenoic acid and are derived from marine fish;
other omega-3 fatty acids found in fish oils (defined in
terms of number of carbon atoms and number of dou-
ble bonds) include alpha-linolenic acid, moroctic acid
(C18:4), eicosatetraenoic acid (C20:4), heneicosapen-
taenoic acid (C21:5), and clupanodonic acid (C22:5).
Alpha-linolenic acid is also found in some plant sourc-
es and is converted to a limited extent in the body to
eicosapentaenoic acid and docosahexaenoic acid. 
Fish oils and purified omega-3 fatty acid preparations
are used in patients with severe hypertriglyceridaemia
(see Hyperlipidaemias, p.1169) and for secondary pre-
vention after myocardial infarction (see Cardiovascu-
lar Disorders below). They are also marketed as dietary
supplements, and are used in preparations for parenter-
al nutrition. 
The preparations available vary widely in purity and
omega-3 fatty acid content, usually expressed in terms
of eicosapentaenoic acid and docosahexaenoic acid;
the fatty acids may be present as triglycerides or as
ethyl esters. Typical oral doses of fish oil for the treat-
ment of hypertriglyceridaemia are 5 g twice daily of a
preparation containing 17% eicosapentaenoic acid and
11.5% docosahexaenoic acid, or 2 to 4 g daily of a
preparation containing 46% eicosapentaenoic acid and
38% docosahexaenoic acid. For the secondary preven-
tion of myocardial infarction, 1 g daily of a preparation
containing 46% eicosapentaenoic acid and 38% do-
cosahexaenoic acid may be given. Eicosapentaenoic
acid ethyl ester may also be used alone in the treatment
of hyperlipidaemia, and to improve the symptoms as-
sociated with arteriosclerosis obliterans.
Action. Interest in omega-3 fatty acids arose from observations
that populations with a diet rich in marine fish oils generally have
a low incidence of cardiovascular disease, while the incidence of
asthma, psoriasis, and auto-immune diseases appears to be lower
among Eskimos (Inuit) than in populations consuming a typical
western diet (although the incidence of haemorrhagic stroke and
epilepsy may be higher). Increased omega-3 fatty acid intake has
been suggested to underlie these differences, and fish oil and oth-
er omega-3 preparations have therefore been promoted as dietary
supplements, with benefit suggested for many conditions. 
The beneficial health effects of omega-3 fatty acids have been
attributed to their effects on eicosanoid balance, lipid metabo-
lism, and cell membranes. Essential fatty acids of both the ome-
ga-3 and omega-6 series have an important role as components
of cell membranes and as precursors of eicosanoids (prostaglan-
dins, leukotrienes, and thromboxanes). Eicosanoids derived
from omega-3 fatty acids generally have anti-inflammatory,
antithrombotic, antiarrhythmic, and vasodilator effects, while
those derived from omega-6 fatty acids tend to be pro-inflamma-
tory and prothrombotic. Since omega-3 and omega-6 fatty acids
compete for the same enzymatic pathways, increasing the intake
of omega-3 fatty acids promotes the formation of anti-inflamma-
tory and antithrombotic eicosanoids, and may have beneficial ef-
fects. Production of inflammatory cytokines such as interleukins
and tumour necrosis factor alpha may also be affected. 

For further information on the actions of omega-3 fatty acids in
cardiovascular disorders, inflammatory and auto-immune disor-
ders, malignant neoplasms, and neurological and psychiatric dis-
orders, see below. 
References.
1. Connor WE. Importance of n-3 fatty acids in health and disease.

Am J Clin Nutr 2000; 71 (suppl): 171S–175S. 
2. Covington MB. Omega-3 fatty acids. Am Fam Physician 2004;
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Cardiovascular disorders. Omega-3 fatty acids have a
number of actions that are potentially beneficial for patients at
risk of cardiovascular disease.1-6 They have a hypolipidaemic ef-
fect due to inhibition of very-low-density lipoprotein (VLDL)
synthesis in the liver, and this particularly reduces triglyceride
concentrations.7 Heart rate may be reduced,8 and they also have
an antiarrhythmic effect,5 possibly due to a direct action on myo-
cardial cells. Omega-3 fatty acids may also reduce blood pres-
sure in hypertensive patients,9 as well as increasing erythrocyte
deformability and decreasing blood viscosity. They appear to sta-
bilise atherosclerotic plaques,10 and may reduce progression of
atherosclerosis11 and of restenosis after percutaneous coronary
intervention.12 
Despite these benefits, the role of dietary or supplementary ome-
ga-3 fatty acids for cardiovascular risk reduction (p.1164) re-
mains controversial. Epidemiological studies have suggested
that increased dietary fish intake is associated with a reduced risk
of fatal coronary events,13 and possibly also ischaemic
stroke,14,15 and there is also evidence for benefit with omega-3
fatty acid supplements, particularly for secondary preven-
tion.1-4,16 In the GISSI-Prevenzione study,17 long-term use of
omega-3 fatty acid supplements reduced the risk of fatal cardio-
vascular events in a large group of Italian post-infarction patients
studied for 3.5 years,17 while the JELIS investigators18 reported
a reduction in primary and secondary cardiovascular events in
Japanese patients with hypercholesterolaemia. However, a sys-
tematic review19 found no clear benefit from omega-3 fatty
acids, whether dietary or supplemental, in people with or without
cardiac risk factors.
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Inflammatory and auto-immune disorders. Omega-3 fat-
ty acids have effects on several immunological and inflammato-
ry mediators1,2 and have been tried in a number of inflammatory
and auto-immune disorders. Beneficial effects have been report-
ed in rheumatoid arthritis3 (p.11) and in glomerular kidney
disease4-6 (p.1504), but results in kidney transplantation (p.1813)
have been mixed, and systematic reviews7,8 suggest no signifi-
cant effect on rejection episodes or graft survival. Some studies
have shown benefit in psoriasis (p.1583), both with oral9,10 and
with intravenous dosage,11,12 but other studies found neither the

oral13 nor the topical14 route to be effective. Variable benefit has
been seen in inflammatory bowel disease15 (p.1697) although
this may relate to the different formulations used. In Crohn’s dis-
ease, a systematic review found that enteric-coated formulations
helped to maintain remission,16 but a subsequent randomised
study using a gelatin capsule formulation found no benefit.17

Similarly, a systematic review found that conventional formula-
tions were not of benefit in patients with ulcerative colitis.18 Fish
oils have also been tried in lung disorders, although systematic
reviews have found little evidence of benefit in asthma;19,20 in
cystic fibrosis, limited benefit has been reported,21 with one
study22 reporting that fish oil supplementation reduced the need
for antibacterial treatment. Preliminary evidence23 also suggests
that omega-3 supplementation may reduce inflammatory mark-
ers and improve dyspnoea in chronic obstructive pulmonary dis-
ease.
1. Simopoulos AP. Omega-3 fatty acids in inflammation and au-

toimmune diseases. J Am Coll Nutr 2002; 21: 495–505. 
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Malignant neoplasms. There is some evidence that the inci-
dence of cancer may be lower in populations with a high fish
intake, and animal studies have suggested that omega-3 fatty
acids may slow the progression of some cancers.1 However,
studies of omega-3 fatty acid intake and cancer incidence in hu-
mans have given conflicting results, and systematic reviews2,3

have found no evidence of a beneficial effect. It has also been
suggested that omega-3 fatty acids might be beneficial in patients
with cancer cachexia, but a randomised study4 found that eicosa-
pentaenoic acid supplementation was less effective than meges-
trol acetate, and a systematic review5 found insufficient evidence
to establish whether eicosapentaenoic acid was more effective
than placebo.
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Neurological and psychiatric disorders. Omega-3 fatty
acids concentrate in neuronal membranes and appear to have an
important role in brain development and function. Supplementa-
tion during pregnancy and in infants has been investigated, but
there is little evidence that maternal supplements improve neona-
tal outcomes,1 and only limited evidence of a benefit on growth
and neurodevelopment in preterm infants given milk formulas
supplemented with both omega-3 and omega-6 fatty acids.2,3

However, in older children with phenylketonuria treated with di-
etary restriction, omega-3 fatty acid supplements may improve
motor skills.4 
Omega-3 fatty acids have also been tried in the treatment of neu-
rological and psychiatric disorders.5,6 There appears to be a link
between deficient fatty acid intake and mood disorders,7 and
there is reasonable evidence to support the use of omega-3 fatty
acids as adjuncts in the treatment of depression, including possi-
ble benefit in the depressive symptoms of bipolar disorder, but
further studies are needed to confirm this.8-10 Benefit has been
shown in schizophrenia, but results have been mixed and the role
of omega-3 fatty acids is not established.11 Some positive results
have been reported in hyperactivity and in autism, but further
studies are needed.12 Omega-3 fatty acids have also been tried in
dementia, but there is not yet sufficient evidence13 to recommend
them for prevention. 
Eicosapentaenoic acid ethyl ester has been tried in Huntington’s
disease, and may improve motor function,14 but this remains to
be confirmed.
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Preparations
USP 31: Fish Oil containing Omega-3 Acids Capsules.
Proprietary Preparations (details are given in Part 3)
Arg.: Regulip; Austral.: Bioglan Maxepa; Fishaphos; Maxepa†; Austria: Ei-
cosapen; Omacor; Omegaven; Belg.: Omacor; Braz.: Votag; Canad.: Fo-
cus 425; Chile: Epasan Omega 3; Eykosacol; Neuromins†; Omegaven;
Sanepa Forte†; Cz.: Omacor; Omegaven; Denm.: Omegaven; Fr.: Epabiol;
Maxepa; OM3; Omacor; Omega 3; Omega 3+; Omegaven; Psoriacalm;
Triglistab; Ger.: Ameu; Eicosan; Eicosapen; Lipiscor; Omacor; Omegaven;
Zodin; Gr.: Farlipid; Maxepa; Omacor; Zodin; Hong Kong: Lipomega;
Smartfish; Hung.: Omacor; Omegaven; India: Maxepa; Indon.: Champs
DHA; Prolacta with DHA; Prolacta with DHA for Mother; Irl.: Maxepa;
Omacor; Israel: Omegaven; Ital.: Almic; Esapent; Eskim; Fish Factor ;
Maxepa; Omegaven; Seacor; Triolip; Triomar; Jpn: Epadel; Malaysia:
Champs DHA; Hovid Omega-3†; Mepa; Quest Gamma EPA Plus; Vi-
taEPA†; Mex.: Colega-3; Fresomega; Neth.: Omacor; Omegaven; Zodin;
Norw.: Omacor; Philipp.: Fisol; Omacor; Zymechol; Pol.: BioCardine;
Galomega†; Omega-3; Omegaven; Trienyl; Port.: Omacor; Omegaven;
Zodin; Rus.: Omacor (Омакор); Singapore: Champs DHA; Spain:
Omacor; Swed.: Omegaven; Switz.: Ameu†; Eicosapen; Epacaps; Omega-
3; Omegaven; Thai.: Omacor; Turk.: Marincap; Omega III; Omegaven;
UK: Maxepa; Omacor; Pure Omega; USA: Cardi-Omega 3; Cholestin;
Lovasa; Lovaza; Maxepa; Promega; SuperEPA; Venez.: Epax; Fizoil; Marina;
Maxepa; Ometrix.
Multi-ingredient: Arg.: Cholesterol Reducing Plan†; Austral.: APR
Cream†; Arthriforte; Bioglan Arthri Plus; Bioglan Zellulean with Escin; Cura-
derm†; Efalex†; Efamarine†; ER Cream†; Himega†; Lifechange Circulation

Aid†; Macro Maxepa†; Maxepa & EPO†; Naudicelle Marine†; Pre Natal†;
Vita-Preg†; Austria: SMOFlipid; Braz.: Borag; Glavit; Lipcor†; Lisacol†; Ca-
nad.: Bionagre plus E; Efalex†; Chile: Acnoxyl Jabon†; Celltech Gold; Cz.:
Lipoplus; SMOFlipid; Denm.: SMOFlipid; Fin.: Lipoplus; Fr.: A-Flam; Ar-
throlib; Bio-Marine Plus†; Bionagrol Plus; Cardiom3; Dioptec; Effadiane rel-
ipidantes; Elteans; Molval; OM3junior; Omegacoeur; Phytophanere; Reti-
Nat; Synerbiol; Ger.: SMOFlipid; Gr.: Atroil; Dynapen-3; Emfrastop; Epa-
doc; Lipemia; Pazeril; Prolipid; Salmon Oil; SMOFlipid; Hong Kong: Biome-
ga-3†; Doctor’s Choice Omega 3; Eye Q; Himega†; Mumomega; Hung.:
SMOFlipid; India: Cadvion; Dicloran MS; Megasoft-E; Indon.: Co-Q-10;
Flexasur; Maxitrin; Nulacta Li; Obipluz; Prenatin-DF; Vitazym; Irl.: MorD-
HA; MorEPA; Israel: Triomar; Ital.: Agedin Plus; Derman-Oil; Dermana
Crema; Dermana Pasta; DHA; Ditrevit; Fitogenase; Fotrec DHA; Gamma-
plus; Ictom 3†; Memoactive†; Secril; Trofinerv; Trofinerv Antiox; Venactive†;
Venoton; Malaysia: Adult Citrex Multivitamin + Ginseng + Omega 3; Vi-
taEPA Plus†; Neth.: Lipoplus; SMOFlipid; Norw.: SMOFlipid; NZ: Efacal†;
Efalex; Efamarine; Efamax; Philipp.: Memori Plus; OB Smart SG; Pol.:
SMOFlipid; Port.: Lipoplus; Singapore: CardioCare; Celatrac; Gissicor;
Seven Seas JointCare; Seven Seas JointCare High Strength; Seven Seas Joint-
Care Max; VitaEPA; VitaEPA Plus; Swed.: Lipoplus; SMOFlipid; Switz.: Vi-
tafissan N; UK: Chol-Aid; Efalex; Efamarine; GlucOsamax; Lipidem; Omeg-
aven; Pregnacare Plus; ProBrain; SMOFlipid; USA: Animi-3; Citracal Prenatal
+ DHA; Duet DHA; Marine Lipid Concentrate; Optinate Omega-3; Sea-
Omega; Venez.: Eidoca; Piscis 3.

Orbofiban Acetate (USAN, rINNM)

Acetato de orbofibrán; CS-511; Orbofiban, Acétate d’; Or-
bofibani Acetas; SC-57099-B. N-{[(3S)-1-(p-Amidinophenyl)-2-
oxo-3-pyrrolidinyl]carbamoyl}-β-alanine ethyl ester monoace-
tate quadrantihydrate.

Орбофибана Ацетат

C17H23N5O4,C2H4O2, ⁄ H2O = 426.0.
CAS — 163250-90-6 (orbofiban); 165800-05-5 (or-
bofiban acetate).

(orbofiban)

Profile
Orbofiban is a glycoprotein IIb/IIIa-receptor antagonist. It has
been investigated as an oral antiplatelet drug in unstable angina
and myocardial infarction but has been associated with an in-
crease in mortality.

◊ References.
1. Cannon CP, et al. Oral glycoprotein IIb/IIIa inhibition with or-

bofiban in patients with unstable coronary syndromes (OPUS-
TIMI 16) trial. Circulation 2000; 102: 149–56.

Ouabain
Acocantherin; G-Strophanthin; Ouabaiini; Ouabain oktahydrát;
Ouabaína; Ouabainas; Ouabaïne; Ouabainum; Ouabainum Oc-
tahydricum; Strophanthin-G; Strophanthinum; Strophanthoside-
G; Uabaina; Ubaína. 3β-(α-L-Rhamnopyranosyloxy)-1β,5,11α,-
14,19-pentahydroxy-5β,14β-card-20(22)-enolide octahydrate.

C29H44O12,8H2O = 728.8.
CAS — 630-60-4 (anhydrous ouabain); 11018-89-6 (oua-
bain octahydrate).
ATC — C01AC01.
ATC Vet — QC01AC01.

Pharmacopoeias. In Eur. (see p.vii) and Viet. 
Ph. Eur. 6.2 (Ouabain). Colourless crystals or white or almost
white, crystalline powder. Sparingly soluble in water and in
dehydrated alcohol; practically insoluble in ethyl acetate. Protect
from light.
Profile
Ouabain is a cardiac glycoside with positive inotropic activity
that is obtained from the seeds of Strophanthus gratus or from
the wood of Acokanthera schimperi or A. ouabaio (Apocynace-
ae). It has general properties similar to those of digoxin (p.1259)
and may be used in the treatment of heart failure (p.1165). Oua-
bain is given orally in a dose of up to 24 mg daily; it has also been
given intravenously.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Strodival.

Oxedrine (BAN) ⊗ 
Oksedriini; Oxedrin; Oxedrinum; Sinefrina; Sympaethaminum;
Synephrine; p-Synephrine. (RS)-1-(4-Hydroxyphenyl)-2-(methyl-
amino)ethanol.
C9H13NO2 = 167.2.
CAS — 94-07-5.
ATC — C01CA08; S01GA06.
ATC Vet — QC01CA08; QS01FB90; QS01GA06.

NOTE. Synephrine and p-synephrine have been used as synonyms
for oxedrine. Care should be taken to avoid confusion with
m-synephrine, which is phenylephrine (p.1568).

Oxedrine Hydrochloride (BANM) ⊗ 
Sinefrina, hidrocloruro de.
C9H13NO2,HCl = 203.7.
ATC — C01CA08; S01GA06.
ATC Vet — QC01CA08; QS01GA06.

Oxedrine Tartrate (BANM) ⊗ 
Aetaphen. Tartrat.; Aethaphenum Tartaricum; Oksedriinitar-
traatti; Oxedrini Tartras; Oxedrintartrat; Oxyphenylmethylami-
noethanol Tartrate; Sinefrina Tartrato; Sinefrina, tartrato de; Syn-
ephrine Tartrate.
(C9H13NO2)2,C4H6O6 = 484.5.
CAS — 16589-24-5 (oxedrine tartrate); 67-04-9 (±oxe-
dr ine tartrate).
ATC — C01CA08; S01GA06.
ATC Vet — QC01CA08; QS01GA06.

Profile
Oxedrine is a sympathomimetic (p.1407) given as the tartrate in
the treatment of hypotensive states in oral doses of about 100 to
150 mg three times daily; it has also been given by subcutaneous,
intramuscular, or intravenous injection. 
Oxedrine is also used in eye drops as an ocular decongestant,
usually as the tartrate in a concentration of 0.5% in combination
preparations. The hydrochloride has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Sympatol; Hong Kong: Ocuton; Hung.: Sympathomim; Ital.:
Sympatol; Switz.: Sympalept.
Multi-ingredient: Austria: Dacrin; Pasuma-Dragees; Fr.: Dacryne;
Dacryoboraline; Polyfra; Posine†; Sedacollyre; Uvicol.

Oxilofrine Hydrochloride (rINNM) ⊗ 
Hidrocloruro de oxilofrina; p-Hydroxyephedrine Hydrochloride;
Methylsynephrine Hydrochloride; Oxilofrine, Chlorhydrate d’;
Oxilofrini Hydrochloridum; Oxyephedrine Hydrochloride. eryth-
ro-p-Hydroxy-α-[1-(methylamino)ethyl]benzyl alcohol hydro-
chloride.
Оксилофрина Гидрохлорид
C10H15NO2,HCl = 217.7.
CAS — 942-51-8.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Oxilofrine is a sympathomimetic (p.1407) related to ephedrine
(p.1558). It is given orally as the hydrochloride in the treatment
of hypotensive states in usual doses of 16 mg three times daily,
although higher doses have been given. It has also been used in
antitussive preparations.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Carnigen; Ger.: Carnigen.

Multi-ingredient: Canad.: Cophylac.

Oxprenolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Ba-39089; Hidrocloruro de oxiprenolol; Hidrocloruro de oxpre-
nolol; Oksprenolol Hidroklorür; Oksprenololihydrokloridi; Oks-
prenololio hidrochloridas; Oksprenololu chlorowodorek; Ox-
prénolol, chlorhydrate d’; Oxprenolol hydrochlorid; Oxprenolol-
hidroklorid; Oxprenololhydroklorid; Oxprenololi hydrochlori-
dum; Oxyprenolol Hydrochloride. 1-(o-Allyloxyphenoxy)-3-iso-
propylaminopropan-2-ol hydrochloride.

Окспренолола Гидрохлорид
C15H23NO3,HCl = 301.8.
CAS — 6452-71-7 (oxprenolol); 6452-73-9 (oxprenolol
hydrochloride).
ATC — C07AA02.
ATC Vet — QC07AA02.

(oxprenolol)

NOTE. Compounded preparations of oxprenolol hydrochloride
may be represented by the following names: 
• Co-prenozide (BAN)—oxprenolol hydrochloride 640 parts

and cyclopenthiazide 1 part (w/w).
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. Chin. in-
cludes the base. 
Ph. Eur. 6.2 (Oxprenolol Hydrochloride). A white or almost
white, crystalline powder. Very soluble in water; freely soluble in
alcohol. A 10% solution in water has a pH of 4.5 to 6.0. Protect
from light. 
USP 31 (Oxprenolol Hydrochloride). A white crystalline pow-
der. Freely soluble in water, in alcohol, and in chloroform; spar-
ingly soluble in acetone; practically insoluble in ether. A 10% so-
lution in water has a pH of 4.0 to 6.0.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Oxprenolol is distributed into breast milk but
the amount likely to be ingested by an infant is small (see under
Pharmacokinetics, below). No adverse effects have been seen in
breast-fed infants whose mothers were given oxprenolol and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Hypersensitivity. Oxprenolol-induced drug fever has been
reported1 in a patient and was confirmed by a challenge test.
1. Hasegawa K, et al. Drug fever due to oxprenolol. BMJ 1980;

281: 27–8.

Overdosage. Rhabdomyolysis with myoglobinuria has been
reported1 as a complication of severe overdosage with oxpre-
nolol.
1. Schofield PM, et al. Recovery after severe oxprenolol overdose

complicated by rhabdomyolysis. Hum Toxicol 1985; 4: 57–60.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Oxprenolol is well absorbed from the gastrointestinal
tract, but is subject to first-pass metabolism resulting in

variable bioavailability (20 to 70%). Peak plasma con-
centrations occur about 1 or 2 hours after a dose. Ox-
prenolol is about 80% bound to plasma proteins. It
crosses the placenta and is distributed into breast milk.
It is moderately lipid-soluble and crosses the blood-
brain barrier. Oxprenolol is metabolised in the liver and
almost entirely excreted in the urine. An elimination
half-life of 1 to 2 hours has been reported.
Pregnancy and breast feeding. The placental transfer of
oxprenolol and its passage into breast milk was studied1 in 32
pregnant women given a preparation containing oxprenolol and
dihydralazine (Trasipressol). At delivery the mean maternal
plasma concentration was 0.386 nanomoles/mL compared with
0.071 and 0.081 nanomoles/mL in plasma from the umbilical ar-
tery and vein respectively. Oxprenolol plasma concentrations in
the newborn ranged from 0 to 0.186 nanomoles/mL during the
first 24 hours of life. The concentrations of oxprenolol in breast
milk 3 to 6 days af ter  delivery ranged from 0 to
1.342 nanomoles/mL, and the milk to plasma concentration ratio
was 0.45:1. Based on the highest milk concentration seen it was
calculated that a breast-fed infant could receive, at a maximum,
a daily dose at least 60 times less than an average adult daily dose
(240 mg daily) for hypertension. In another study2 in 12 women
given oxprenolol, mean milk to plasma concentration ratios were
0.21:1 to 0.43:1, depending on dose.
1. Sioufi A, et al. Oxprenolol placental transfer, plasma concentra-

tions in newborns and passage into breast milk. Br J Clin Phar-
macol 1984; 18: 453–6. 

2. Fidler J, et al. Excretion of oxprenolol and timolol in breast milk.
Br J Obstet Gynaecol 1983; 90: 961–5.

Uses and Administration
Oxprenolol is a non-cardioselective beta blocker
(p.1225). It is reported to possess intrinsic sympathom-
imetic and membrane-stabilising activity. 
Oxprenolol is given orally as the hydrochloride in the
management of hypertension (p.1171), angina pectoris
(p.1157), and cardiac arrhythmias (p.1160). It is also
used in anxiety disorders (p.952). 
In hypertension oxprenolol hydrochloride is given in
a usual dose of 80 to 160 mg daily in two or three di-
vided doses. The dose may be increased at weekly or
fortnightly intervals until a satisfactory response is
achieved. The usual maximum dose is 320 mg daily al-
though up to 480 mg daily has been given. 
The usual dose for angina pectoris is 80 to 160 mg
daily in two or three divided doses with a usual maxi-
mum of 320 mg daily. 
For cardiac arrhythmias a dose of 40 mg daily to not
more than 240 mg daily in two or three divided doses
may be used. 
To relieve anxiety in stressful situations oxprenolol
hydrochloride is given in usual doses of 40 to 80 mg
daily, either as a single dose or in two divided doses. 
Modified-release preparations allowing once daily
dosing are also available.

Preparations
BP 2008: Oxprenolol Tablets; 
USP 31: Oxprenolol Hydrochloride Extended-release Tablets; Oxprenolol
Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Corbeton; Austria: Trasicor; Canad.: Slow-Trasicor†; Trasicor;
Denm.: Trasicor†; Fr.: Trasicor; Ger.: Trasicor; Gr.: Trasicor; Hung.: Tra-
sicor†; Neth.: Trasicor ; NZ: Captol†; Slow-Trasicor†; Spain: Trasicor ;
Switz.: Slow-Trasicor; Trasicor; Turk.: Trasicor; UK: Slow-Trasicor; Trasi-
cor.

Multi-ingredient: Austria: Trasitensin; Trepress; Fr.: Trasitensine; Ger.:
Impresso†; Trasitensin†; Trepress; Gr.: Trasitensin; Ital.: Trasitensin; Spain:
Trasitensin; Switz.: Slow-Trasitensine; UK: Trasidrex.

Oxyfedrine Hydrochloride (BANM, rINNM)

D-563; Hidrocloruro de oxifedrina; Oxifedrini Chloridum; Oxy-
fédrine, Chlorhydrate d’; Oxyfedrini Hydrochloridum. L-3-(β-Hy-
droxy-α-methylphenethylamino)-3′-methoxypropiophenone
hydrochloride.

Оксифедрина Гидрохлорид
C19H23NO3,HCl = 349.9.
CAS — 15687-41-9 (oxyfedr ine); 16777-42-7 (oxyfedr ine
hydrochloride).
ATC — C01DX03.
ATC Vet — QC01DX03.

(oxyfedr ine)

Profile
Oxyfedrine hydrochloride has vasodilator properties and has
been used in angina pectoris, and myocardial infarction. It is
metabolised to phenylpropanolamine (p.1569).
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ildamen; Cz.: Myofedrin†; Ger.: Ildamen†; Myofedrin†; India: Il-
damen; Philipp.: Ildamen; Port.: Ildamen.

Pamabrom (USAN) ⊗ 
Pamabromo. 2-Amino-2-methylpropan-1-ol 8-bromotheophylli-
nate.
C4H11NO,C7H7BrN4O2 = 348.2.
CAS — 606-04-2.

Pharmacopoeias. In US.

Profile
Pamabrom is a weak diuretic that has been used, with analgesics
and antihistamines, for symptomatic relief of the premenstrual
syndrome.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Maximum Strength Aqua-Ban.

Multi-ingredient: Arg.: Everfem; Canad.: Extra Strength Multi-Symp-
tom PMS Relief†; Midol PMS Extra Strength; Painaid PMF; Pamprin; Relievol
PMS; Trendar PMS†; Tylenol Menstrual; Chile: Kitadol Periodo Menstrual;
Minfaden; Predual; Tapsin Periodo Menstrual; Malaysia: Panadol Menstru-
al; Mex.: Femsedin Kutz; Singapore: Panadol Menstrual; USA: Fem-1†;
Lurline PMS; Midol Pre-Menstrual Syndrome; Midol Teen Formula; Painaid
PMF Premenstrual Formula; Pamprin; Premsyn PMS; Womens Tylenol Mul-
ti-Symptom Menstrual Relief.

Pamiteplase (rINN)

Pamiteplasa; Pamitéplase; Pamiteplasum; YM-866. 275-L-Glutam-
ic acid-(1–91)-(174–527)-plasminogen activator (human tissue-
type protein moiety).
Памитеплаза
CAS — 151912-42-4.

Profile
Pamiteplase is a thrombolytic related to alteplase (p.1207) used
in acute myocardial infarction. It has been investigated in ischae-
mic stroke.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Solinase†.

Pantethine
Pantetina. (R)-NN′-[Dithiobis(ethyleneiminocarbonylethylene)]-
bis(2,4-dihydroxy-3,3-dimethylbutyramide).
Пантетин
C22H42N4O8S2 = 554.7.
CAS — 16816-67-4.
ATC — A11HA32.
ATC Vet — QA11HA32.

Pharmacopoeias. In Jpn.

Profile
Pantethine, a derivative of pantothenic acid (p.1959), is a compo-
nent of coenzyme A. It is used as a lipid regulating drug in the
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treatment of hyperlipidaemias (p.1169). The usual oral dose is
600 to 1200 mg daily in divided doses. 
Pantethine is also used as a nutritional supplement.

Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Pantomin†; Ital.: Pantetina; Jpn: Pantosin; Spain: Liponet†;
Obliterol†.

Multi-ingredient: Ital.: Carpantin†.

Pargyline Hydrochloride (BANM, USAN, rINNM)

A-19120; Hidrocloruro de pargilina; MO-911; NSC-43798; Par-
gyline, Chlorhydrate de; Pargylini Hydrochloridum. N-Methyl-N-
2-propynylbenzylamine hydrochloride; Benzylmethylprop-2-ynyl-
amine hydrochloride.

Паргилина Гидрохлорид

C11H13N,HCl = 195.7.
CAS — 555-57-7 (pargyline); 306-07-0 (pargyline hydro-
chloride).
ATC — C02KC01.
ATC Vet — QC02KC01.

(pargyline)

Profile
Pargyline hydrochloride is an MAOI (see Phenelzine Sulfate,
p.415) that was formerly used in the treatment of moderate to
severe hypertension.

Parnaparin Sodium (BAN, rINN)

OP-21-23; Parnapariininatrium; Parnaparin sodná sůl; Parnaparin
Sodyum; Parnaparina sódica; Parnaparine sodique; Parnaparin-
natrium; Parnaparin-nátrium; Parnaparino natrio druska; Parna-
parinum natricum.

Парнапарин Натрий

CAS — 9041-08-1.
ATC — B01AB07.
ATC Vet — QB01AB07.

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Parnaparin Sodium). It is prepared by hydrogen
peroxide and cupric salt depolymerisation of heparin obtained
from the intestinal mucosa of pigs and cattle. The majority of the
components have a 2-O-sulfo-α-L-idopyranosuronic acid struc-
ture at the non-reducing end and a 2-N,6-O-disulfo-D-glu-
cosamine structure at the reducing end of their chain. The mass-
average molecular mass ranges between 4000 and 6000, with a
characteristic value of about 5000. The mass percentage of
chains lower than 3000 is not more than 30%. The degree of sul-
fation is 2.0 to 2.6 per disaccharide unit. Potency is not less than
75 units and not more than 110 units of anti-factor Xa activity per
mg with reference to the dried substance, and the ratio of anti-
factor Xa activity to anti-factor IIa (antithrombin) activity is be-
tween 1.5 and 3.0.

Profile
Parnaparin sodium is a low-molecular-weight heparin (p.1329)
with anticoagulant activity used in the prevention of postopera-
tive venous thromboembolism (p.1189); it has also been used in
other thromboembolic disorders. For general surgical procedures
it is given by subcutaneous injection in a dose of 3200 units 2
hours before the procedure, followed by 3200 units once daily
for 7 days or until the patient is fully ambulant. For higher risk or
orthopaedic patients a dose of 4250 units is given 12 hours be-
fore the procedure, followed by 4250 units 12 hours postopera-
tively and then once daily for 10 days. 
For treatment of thromboembolism a dose of 6400 units may be
given by subcutaneous injection for 7 to 10 days.

◊ References.
1. Frampton JE, Faulds D. Parnaparin: a review of its pharmacolo-

gy, and clinical application in the prevention and treatment of
thromboembolic and other vascular disorders. Drugs 1994; 47:
652–76. 

2. McKeage K, Keating GM. Parnaparin: a review of its use in the
management of venous thromboembolism, chronic venous dis-
ease and other vascular disorders. Drugs 2008; 68: 105–22.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Tromboparin†; Cz.: Fluxum; Gr.: Thromboparin; Tromboparin†;
Hung.: Fluxum; Ital.: Fluxum; Mex.: Fluxum; Pol.: Fluxum; Port.: Fluxum;
Tromboparin; Turk.: Fluxum; Venez.: Tromboparin.

Penbutolol Sulfate (USAN, rINNM) ⊗ 
Hoe-39-893d; Hoe-893d; Levopenbutolol Sulfate; Penbutolol
Hemisulfate; Penbutolol sulfát; Penbutolol, sulfate de; Penbutolol
Sulphate (BANM); Penbutololi sulfas; Penbutololio sulfatas; Penbu-
tololisulfaatti; Penbutololsulfat; Penbutolol-szulfát; Sulfato de pen-
butolol. (S)-1-tert-Butylamino-3-(2-cyclopentylphenoxy)propan-
2-ol hemisulfate.

Пенбутолола Сульфат
(C18H29NO2)2,H2SO4 = 680.9.

CAS — 38363-40-5 (penbutolol); 38363-32-5 (penbu-
tolol sulfate).
ATC — C07AA23.
ATC Vet — QC07AA23.

(penbutolol)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Penbutolol Sulphate). A white or almost white,
crystalline powder. Slightly soluble in water; practically insolu-
ble in cyclohexane; soluble in methyl alcohol. Protect from light. 
USP 31 (Penbutolol Sulfate). A white to off-white, crystalline
powder. Soluble in water and in methyl alcohol. Store in airtight
containers. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Penbutolol is readily absorbed from the gastrointesti-
nal tract and peak plasma concentrations occur about 1
to 3 hours after a dose. Penbutolol is 80 to 98% bound
to plasma proteins. It has a high lipid solubility. It is
extensively metabolised in the liver by hydroxylation
and glucuronidation, the metabolites being excreted in
the urine with only small amounts of unchanged pen-
butolol. A plasma elimination half-life of about 20
hours has been reported.
Renal impairment. Glucuronidation was considered more
prominent than hydroxylation in the metabolism of penbutolol
and its activity was not altered in patients with renal impairment.1

1. Bernard N, et al. Pharmacokinetics of penbutolol and its metab-
olites in renal insufficiency. Eur J Clin Pharmacol 1985; 29:
215–19.

Uses and Administration
Penbutolol is a non-cardioselective beta blocker
(p.1225). It is reported to possess some intrinsic sym-
pathomimetic activity but lacks membrane-stabilising
properties. 
Penbutolol is used as the sulfate in the management of
hypertension (p.1171). It may also be used in cardiac
disorders such as angina pectoris (p.1157). 
In hypertension penbutolol sulfate is given in an initial
oral dose of 20 mg daily; the dose may be increased if
necessary to 40 to 80 mg daily. Maximum antihyper-
tensive efficacy is reported to occur within 2 weeks in
patients given a dose of 20 mg daily but about 4 weeks
may be required for maximum effect in patients given
10 mg daily. 

Penbutolol sulfate has also been used in similar doses
in cardiac disorders such as angina.
Preparations
USP 31: Penbutolol Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Ger.: Betapressin; USA: Levatol.

Multi-ingredient: Ger.: Betarelix; Betasemid.

Pentaerithrityl Tetranitrate (BAN, rINN)

Erynite; Nitropentaerythrol; Nitropenthrite; Pentaérithrityle,
Tétranitrate de; Pentaerithrityli Tetranitras; Pentaeritritilio tetran-
itratas; Pentaeritritol Tetranitrat; Pentaeritrit-tetranitrát; Pentaeri-
trityltetranitrat; Pentaeritrityylitetranitraatti; Pentaerythritol
Tetranitrate; Pentaerythritolum Tetranitricum; Pentaerythrityl
Tetranitrate; Pentaérythrityle, tétranitrate de; Pentaerythrityli
tetranitras; Pentaerythrityl-tetranitrát; Pentaerytrityltetranitrat;
Pentaerytrityylitetranitraatti; Pentaerytrytylu tetraazotan; Pentan-
itrol; PETN; Tetranitrato de pentaeritritilo. 2,2-Bis(hydroxyme-
thyl)propane-1,3-diol tetranitrate.
Пентаэритритила Тетранитрат
C5H8N4O12 = 316.1.
CAS — 78-11-5.
ATC — C01DA05.
ATC Vet — QC01DA05.

NOTE. The synonym PETN has been applied to both niceritrol and
pentaerithrityl tetranitrate.
Pharmacopoeias. Chin. and Eur. (see p.vii) include as diluted
pentaerithrityl tetranitrate. 
Ph. Eur. 6.2 (Pentaerithrityl Tetranitrate, Diluted). A mixture of
pentaerithrityl tetranitrate with lactose monohydrate or mannitol.
Its solubility depends on the diluent and its concentration. Protect
from light and heat. 
Undiluted pentaerithrityl tetranitrate is a white or slightly yellow-
ish powder. Practically insoluble in water; slightly soluble in al-
cohol; soluble in acetone.
Handling. Undiluted pentaerithrityl tetranitrate can be exploded
by percussion or excessive heat.
Profile
Pentaerithrityl tetranitrate is a vasodilator with general properties
similar to those of glyceryl trinitrate (p.1296) but its duration of
action is more prolonged. 
It is used in angina pectoris (p.1157) in usual oral doses of up to
240 mg daily, in divided doses, before a meal. It is also given as
modified-release preparations. 
Pentaerithrityl trinitrate, an active metabolite of pentaerithrityl
tetranitrate, has also been used clinically under the name pentrin-
itrol.
Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Cardiosedantol; Cz.: Pentalong; Fr.: Nitrodex†; Ger.: Dilcoran;
Nirason N; Pentalong; Hung.: Nitropenton; India: Peritrate; Ital.: Peri-
trate; Switz.: Nitrodex†; Thai.: Peritrate; Turk.: Danitrin.

Multi-ingredient: Austria: Spasmocor; Ger.: Nitro-Crataegutt†; Nitro-
Obsidan†; VisanoCor N†; Pol.: Pentaerythritol Compositum.

Pentifylline (BAN, rINN)

1-Hexyltheobromine; Pentifilina; Pentifylliini; Pentifyllin; Pentifylli-
num; SK-7. 1-Hexyl-3,7-dimethylxanthine.
Пентифиллин
C13H20N4O2 = 264.3.
CAS — 1028-33-7.
ATC — C04AD01.
ATC Vet — QC04AD01.

Profile
Pentifylline is a xanthine derivative that has been used as a va-
sodilator in the management of peripheral or cerebral vascular
disorders.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Cosaldon†.

Multi-ingredient: S.Afr.: Cosaldon†.

Pentosan Polysulfate Sodium (BAN, USAN, rINN)

Natrii pentosani polusulfas; Natrii Pentosani Polysulfas; Natri-
umpentosaanipolys Ulfaatti; Natriumpentosanpolysulfat; Pen-
tosan Polysulphate Sodium; Pentosane polysulfate sodique; Pen-
tosano polisulfato de sodio; PZ-68; Sodium Pentosan Polysul-
phate; Sodium Xylanpolysulphate; SP-54.

Натрия Пентозана Полисульфат
CAS — 37319-17-8; 116001-96-8.
ATC — C05BA04.
ATC Vet — QC05BA04.

Description. Pentosan polysulfate sodium is a mixture of linear
polymers of β-1→4-linked xylose, usually sulfated at the 2- and
3-positions and occasionally (approximately 1 in every 4 resi-
dues) substituted at the 2-position with 4-O-methyl-α-D-glu-
curonic acid 2,3-O-sulfate. The average molecular weight lies
between 4000 and 6000 with a total molecular weight range of
1000 to 40 000.
Adverse Effects and Precautions
As for Heparin, p.1301. Gastrointestinal disturbances may also
occur.

Uses and Administration
Pentosan polysulfate sodium is a heparinoid with anticoagulant
and fibrinolytic properties; it may also have hypolipidaemic and
anti-inflammatory effects. It is used in thromboembolic disor-
ders, although its anticoagulant effect is less than that of heparin.
It is also used in the management of interstitial cystitis (see be-
low) and has been tried in a number of other conditions, includ-
ing variant Creutzfeldt-Jakob disease (see below). Pentosan
polysulfate sodium has been used orally, parenterally, and topi-
cally. 
In the management of interstitial cystitis, pentosan polysulfate
sodium is given orally in a dose of 100 mg three times daily.

Cystitis. Pentosan polysulfate sodium has been used in inflam-
matory conditions of the bladder, including interstitial cystitis
(p.2179) and is thought to act by enhancing the protective effect
of mucins at the bladder surface.1 Studies have differed concern-
ing its efficacy in the treatment of interstitial cystitis and an
analysis2 of placebo-controlled trials concluded that pentosan
polysulfate sodium was more effective in treating pain, urgency,
and frequency, but that the difference was small. Any benefit is
usually apparent within 3 to 6 months and only occurs in a mi-
nority of patients.3 Pentosan polysulfate sodium was reported4 to
have minimal long-term efficacy in a group of patients with se-
vere or refractory interstitial cystitis. 
Pentosan polysulfate sodium has also been reported5-7 to be use-
ful in the control of radiation-induced haemorrhagic cystitis
(p.2178).
1. Anderson VR, Perry CM. Pentosan polysulfate: a review of its

use in the relief of bladder pain or discomfort in interstitial cys-
titis. Drugs 2006; 66: 821–35. 

2. Hwang P, et al. Efficacy of pentosan polysulfate in the treatment
of interstitial cystitis: a meta-analysis. Urology 1997; 50: 39–43. 

3. Anonymous. Pentosan for interstitial cystitis. Med Lett Drugs
Ther 1997; 39: 56. 

4. Jepsen JV, et al. Long-term experience with pentosanpolysulfate
in interstitial cystitis. Urology 1998; 51: 381–7. 

5. Parsons CL. Successful management of radiation cystitis with
sodium pentosanpolysulfate. J Urol (Baltimore) 1986; 136:
813–14. 

6. Hampson SJ, Woodhouse CRJ. Sodium pentosanpolysulphate in
the management of haemorrhagic cystitis: experience with 14
patients. Eur Urol 1994; 25: 40–2. 

7. Sandhu SS, et al. The management of haemorrhagic cystitis with
sodium pentosan polysulphate. BJU Int 2004; 94: 845–7.

Prostatitis. Pentosan polysulfate sodium is one of a number of
drugs that have been tried in the management of prostatitis
(p.2181). An improvement in symptoms was reported1 in an
uncontrolled study of oral pentosan polysulfate sodium in men
with chronic prostatitis/chronic pelvic pain syndrome. A ran-
domised study2 using pentosan polysulfate sodium 300 mg three
times daily found that symptoms were moderately or markedly
improved at the end of the 16-week treatment period in more
members of the active treatment group than in the group given
placebo.
1. Nickel JC, et al. Pentosan polysulfate therapy for chronic non-

bacterial prostatitis (chronic pelvic pain syndrome category II-
IA): a prospective multicenter clinical trial. Urology 2000; 56:
413–17. 

2. Nickel JC, et al. Pentosan polysulfate sodium therapy for men
with chronic pelvic pain syndrome: a multicenter, randomized,
placebo controlled study. J Urol (Baltimore) 2005; 173: 1252–5.

Variant Creutzfeldt-Jakob disease. Variant Creutzfeldt-
Jakob disease (vCJD) is a transmissible spongiform encephalop-
athy believed to be caused by infection of the nervous system
with prions. Pentosan polysulfate sodium has been tried in small

numbers of patients with vCJD, although there is little published
research data. In 2003 the UK Department of Health1 took advice
from the CJD Therapy Advisory Group and the CSM; both
groups considered that there was insufficient information on
which to base prescribing regimens, and further work was need-
ed.
1. UK Department of Health. Use of pentosan polysulphate in the

treatment of, or prevention of, vCJD. Available at: http://
www.dh.gov.uk/en/Publichealth/Communicablediseases/CJD/
CJDgeneralinformation/DH_4031039 (accessed 19/08/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Elmiron; Austral.: Elmiron†; Austria: Polyanion; Canad.: Elmiron;
Fr.: Hemoclar; Ger.: Fibrezym; Hong Kong: Elmiron; SP 54†; Hung.: SP
54; Ital.: Fibrase; Malaysia: SP 54; Port.: Fibrocide; S.Afr.: Tavan-SP 54;
Spain: Thrombocid; USA: Elmiron.

Multi-ingredient: Austria: Thrombocid; Cz.: Thrombocid; Ger.:
Thrombocid; Hong Kong: Anso; Thrombocid; Port.: Thrombocid; Spain:
Anso; Switz.: Thrombocid.

Pentoxifylline (BAN, USAN, rINN)

BL-191; Okspentifilin; Oxpentifylline; Pentoksifilin; Pentoksifilinas;
Pentoksifylliini; Pentoxifilina; Pentoxifillin; Pentoxifylin; Pentoxifyllin;
Pentoxifyllinum. 3,7-Dimethyl-1-(5-oxohexyl)xanthine.

Пентоксифиллин

C13H18N4O3 = 278.3.
CAS — 6493-05-6.
ATC — C04AD03.
ATC Vet — QC04AD03.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Pentoxifylline). A white or almost white crystalline
powder. Soluble in water; sparingly soluble in alcohol; freely sol-
uble in dichloromethane. Protect from light. 
USP 31 (Pentoxifylline). A white to almost white crystalline
powder. Soluble in water; sparingly soluble in alcohol; freely sol-
uble in chloroform and in methyl alcohol; slightly soluble in
ether.

Adverse Effects
Pentoxifylline can cause nausea, gastrointestinal disturbances,
dizziness, and headache. Flushing, angina, palpitations, cardiac
arrhythmias, and hypersensitivity reactions may also occur.
Bleeding events have been reported rarely, usually in association
with bleeding risk factors. 
Overdosage with pentoxifylline may be associated with fever,
faintness, flushing, hypotension, drowsiness, agitation, and sei-
zures.

Haemorrhage. Three major bleeding episodes including 2
fatal cerebral haemorrhages were reported in a group of patients
receiving pentoxifylline 400 mg three times daily together with
acenocoumarol for intermittent claudication.1 Gastrointestinal
bleeding occurred in a 67-year-old patient with a history of duo-
denal ulcer after a single dose of pentoxifylline for optic neurop-
athy.2

1. APIC Study Group. Acenocoumarol and pentoxifylline in inter-
mittent claudication: a controlled clinical study. Angiology 1989;
40: 237–48. 

2. Oren R, et al. Pentoxifylline-induced gastrointestinal bleeding.
DICP Ann Pharmacother 1991; 25: 315–16.

Overdosage. A 22-year-old woman who took pentoxifylline 4
to 6 g with suicidal intent experienced severe bradycardia and
first- and second-degree AV block; other effects included nausea,
vomiting, abdominal cramps, hypokalaemia, excitation, and in-
somnia.1 She recovered after intensive supportive and sympto-
matic treatment.
1. Sznajder IJ, et al. First and second degree atrioventricular block

in oxpentifylline overdose. BMJ 1984; 288: 26.

Precautions
Pentoxifylline should be avoided in cerebral haemorrhage, ex-
tensive retinal haemorrhage, severe cardiac arrhythmias, and
acute myocardial infarction. It should be used with caution in pa-
tients with ischaemic heart disease or hypotension. The dose of
pentoxifylline may need to be reduced in patients with hepatic or
renal impairment (see under Uses and Administration, below).

Porphyria. Pentoxifylline is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
Pentoxifylline may potentiate the effect of antihypertensives.
High parenteral doses of pentoxifylline may enhance the action
of insulin and oral hypoglycaemics in diabetic patients. Pentoxi-
fylline should not be given with ketorolac as there is reported to
be an increased risk of bleeding and/or prolongation of the pro-
thrombin time. There may also be an increased risk of bleeding
during use with meloxicam. Serum levels of theophylline may be
raised by pentoxifylline.

Pharmacokinetics
Pentoxifylline is readily absorbed from the gastrointestinal tract
but undergoes first-pass hepatic metabolism. Some metabolites
are active. The apparent plasma half-life of pentoxifylline is re-
ported to be 0.4 to 0.8 hours; that of the metabolites varies from
1.0 to 1.6 hours. In 24 hours most of a dose is excreted in the
urine, mainly as metabolites, and less than 4% is recovered in the
faeces. Elimination of pentoxifylline is decreased in elderly pa-
tients and patients with hepatic disease. Pentoxifylline and its
metabolites are distributed into breast milk.

◊ References.
1. Beermann B, et al. Kinetics of intravenous and oral pentoxifyl-

line in healthy subjects. Clin Pharmacol Ther 1985; 37: 25–8. 
2. Witter FR, Smith RV. The excretion of pentoxifylline and its me-

tabolites into human breast milk. Am J Obstet Gynecol 1985;
151: 1094–7. 

3. Smith RV, et al. Pharmacokinetics of orally administered pen-
toxifylline in humans. J Pharm Sci 1986; 75: 47–52. 

4. Rames A, et al. Pharmacokinetics of intravenous and oral pen-
toxifylline in healthy volunteers and in cirrhotic patients. Clin
Pharmacol Ther 1990; 47: 354–9. 

5. Paap CM, et al. Multiple-dose pharmacokinetics of pentoxifyl-
line and its metabolites during renal insufficiency. Ann Pharma-
cother 1996; 30: 724–9.

Uses and Administration
Pentoxifylline is a xanthine derivative used in the treatment of
peripheral vascular disease (p.1178). Although often classified as
a vasodilator, its primary action seems to be a reduction in blood
viscosity, probably by effects on erythrocyte deformability and
platelet adhesion and aggregation. It is reported to increase blood
flow to ischaemic tissues and improve tissue oxygenation in pa-
tients with peripheral vascular disease and to increase oxygen
tension in the cerebral cortex and in the cerebrospinal fluid; it has
been used in cerebrovascular disorders. Pentoxifylline also in-
hibits production of the cytokine, tumour necrosis factor alpha
(TNFα), and this property is under investigation in a number of
diseases (see below). 
In the treatment of peripheral vascular disease the usual oral dose
is 400 mg three times daily in a modified-release formulation;
this may be reduced to 400 mg twice daily for maintenance or if
adverse effects are troublesome. Doses should be taken with
meals to reduce gastrointestinal disturbances. In severe hepatic
or renal impairment, doses may need to be reduced (see below).
Beneficial effects may not be evident until after 2 to 8 weeks of
treatment. Pentoxifylline may also be given parenterally.

◊ General references.
1. Ward A, Clissold SP. Pentoxifylline: a review of its pharmacody-

namic and pharmacokinetic properties, and its therapeutic effica-
cy. Drugs 1987; 34: 50–97. 

2. Samlaska CP, Winfield EA. Pentoxifylline. J Am Acad Dermatol
1994; 30: 603–21.

Administration in hepatic and renal impairment. The
elimination half-life of pentoxifylline and its metabolites is sig-
nificantly prolonged in patients with hepatic cirrhosis,1 and some
metabolites have a prolonged half-life in renal impairment.2 The
UK manufacturers state that in patients with severely impaired
hepatic function the dose of pentoxifylline may need to be re-
duced, while accumulation may occur in patients with severe re-
nal impairment (creatinine clearance less than 30 mL/minute)
who receive more than 400 mg once or twice daily. 
References.
1. Rames A, et al. Pharmacokinetics of intravenous and oral pen-

toxifylline in healthy volunteers and in cirrhotic patients. Clin
Pharmacol Ther 1990; 47: 354–9. 

2. Paap CM, et al. Multiple-dose pharmacokinetics of pentoxifyl-
line and its metabolites during renal insufficiency. Ann Pharma-
cother 1996; 30: 724–9.

Inhibition of tumour necrosis factor alpha. Pentoxifylline
inhibits production of tumour necrosis factor alpha (TNFα), a cy-
tokine that is implicated in the pathogenesis of many diseases,
and investigative work with pentoxifylline is being, or has been,
carried out in many such disorders. Studies have been performed
in patients with alcoholic hepatitis,1 cardiomyopathy,2 cerebral
malaria,3,4 diabetic nephropathy,5 leishmaniasis,6,7 leprosy,8,9

membranous nephropathy,10 radiation-induced damage,11-13 se-
vere sepsis or septic shock,14 recurrent aphthous stomatitis,15-17

and various vasculitic syndromes, including Behçet’s syn-
drome.18 Pentoxifylline has also been tried for improving graft
survival in kidney transplantation.19,20 For mention of a possible
benefit in sarcoidosis, see p.1512. Although promising results
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have been reported in some of these studies, the place of pentoxi-
fylline in the overall management of these disorders remains to
be established.
1. Akriviadis E, et al. Pentoxifylline improves short-term survival

in severe acute alcoholic hepatitis: a double-blind, placebo-con-
trolled trial. Gastroenterology 2000; 119: 1637–48. 

2. Skudicky D, et al. Beneficial effects of pentoxifylline in pa-
tients with idiopathic dilated cardiomyopathy treated with angi-
otensin-converting enzyme inhibitors and carvedilol: results of
a randomized study. Circulation 2001; 103: 1083–8. 

3. Di Perri, et al. Pentoxifylline as a supportive agent in the treat-
ment of cerebral malaria in children. J Infect Dis 1995; 171:
1317–22. 

4. Looareesuwan S, et al. Pentoxifylline as an ancillary treatment
for severe falciparum malaria in Thailand. Am J Trop Med Hyg
1998; 58: 348–53. 

5. Navarro JF, et al. Urinary protein excretion and serum tumor
necrosis factor in diabetic patients with advanced renal failure:
effects of pentoxifylline administration. Am J Kidney Dis 1999;
33: 458–63. 

6. Lessa HA, et al. Successful treatment of refractory mucosal
leishmaniasis with pentoxifylline plus antimony. Am J Trop Med
Hyg 2001; 65: 87–9. 

7. Machado PRL, et al. Oral pentoxifylline combined with pentav-
alent antimony: a randomized trial for mucosal leishmaniasis.
Clin Infect Dis 2007; 44: 788–93. 

8. Nery JAC, et al. The use of pentoxifylline in the treatment of
type 2 reactional episodes in leprosy. Indian J Lepr 2000; 72:
457–67. 

9. Dawlah ZM, et al. A phase 2 open trial of pentoxifylline for the
treatment of leprosy reactions. Int J Lepr Other Mycobact Dis
2002; 70: 38–43. 

10. Ducloux D, et al. Use of pentoxifylline in membranous neph-
ropathy. Lancet 2001; 357: 1672–3. 

11. Okunieff P, et al. Pentoxifylline in the treatment of radiation-
induced fibrosis. J Clin Oncol 2004; 22: 2207–13. 

12. Chiao TB, Lee AJ. Role of pentoxifylline and vitamin E in at-
tenuation of radiation-induced fibrosis. Ann Pharmacother
2005; 39: 516–22. 

13. Delanian S, et al. Kinetics of response to long-term treatment
combining pentoxifylline and tocopherol in patients with super-
ficial radiation-induced fibrosis. J Clin Oncol 2005; 23:
8570–9. 

14. Staubach K-H, et al. Effect of pentoxifylline in severe sepsis:
results of a randomized, double-blind, placebo-controlled study.
Arch Surg 1998; 133: 94–100. 

15. Pizarro A, et al. Treatment of recurrent aphthous stomatitis with
pentoxifylline. Br J Dermatol 1995; 133: 659–60. 

16. Chandrasekhar J, et al. Oxypentifylline in the management of
recurrent aphthous oral ulcers: an open clinical trial. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1999; 87: 564–7. 

17. Thornhill MH, et al. A randomized, double-blind, placebo-con-
trolled trial of pentoxifylline for the treatment of recurrent aph-
thous stomatitis. Arch Dermatol 2007; 143: 463–70. 

18. Hisamatsu T, et al. Combination therapy including pentoxifyl-
line for entero-Behçet’s disease. Bull Tokyo Dent Coll 2001; 42:
169–76. 

19. Noel C, et al. Immunomodulatory effect of pentoxifylline dur-
ing human allograft rejection: involvement of tumor necrosis
factor α and adhesion molecules. Transplantation 2000; 69:
1102–7. 

20. Shu K-H, et al. Effect of pentoxifylline on graft function of re-
nal transplant recipients complicated with chronic allograft ne-
phropathy. Clin Nephrol 2007; 67: 157–63.

Venous leg ulcers. A systematic review1 of pentoxifylline
used in the treatment of venous leg ulcers (p.1585) concluded
that it was an effective adjunct to compression bandaging, and
may be effective alone.
1. Jull A, et al. Pentoxifylline for treating venous leg ulcers. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 2007 (accessed 08/05/08).

Preparations
USP 31: Pentoxifylline Extended-Release Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Dospan Pento; Pentolab; Previscan; Tamixol; Trental; Austral.: Trental;
Austria: Haemodyn; Pentohexal; Pentomer; Pentoxi; Pentoximed; Trental;
Vasonit; Belg.: Torental; Braz.: Arteron; Chemopent†; Pentox; Pentral; Pe-
rental†; Peripan; Prodoxifilina; Trental; Vascer; Canad.: Trental; Chile: Tren-
tal; Cz.: Agapurin; Pentilin; Pentohexal†; Pentomer; Rentylin†; Trental; Va-
sonit; Denm.: Trental; Fin.: Artal; Pentoxin; Trental; Fr.: Hatial†; Pentoflux;
Torental; Ger.: Agapurin; Azupentat†; Claudicat; durapental†; Pento; Pento-
Puren; Pentohexal; Pentox; Pentoxy†; Ralofekt; Rentylin; Trental; Gr.: Taron-
tal; Hong Kong: Pentong; Trenlin; Trental; Hung.: Angiopurin†; Chinotal;
Pentoxyl-EP; Trental; India: Kinetal; Trental; Indon.: Erytral; Lentrin; Pen-
toxifillene; Platof; Reotal; Tarontal; Tioxad; Trenat; Trenfyl; Trental; Trentox;
Trenxy; Irl.: Trental; Israel: Oxopurin; Trental; Ital.: Trental; Malaysia:
Trenlin; Trental; Mex.: Artelife; Eurotofi; Fixoten; Kentadin; Pensiral; Peri-
dane; Profiben; Sufisal; Trental; Vantoxyl; Vasofyl; Vaxolem; Xipen; Neth.:
Trental; Norw.: Trental; NZ: Trental; Philipp.: C-Vex; Pentox; Trental; Pol.:
Agapurin; Apo-Pentox; Dartelin; Pentilin; Pentohexal; Polfilin; Trental; Port.:
Claudicat; Trental; Rus.: Flexital (Флекситал); Mellinorm (Меллинорм);
Pentilin (Пентилин); Trental (Трентал 400); Vasonit (Вазонит); S.Afr.:
Trental; Singapore: Agapurin†; Trenlin; Trental; Spain: Elorgan; Hemovas;
Nelorpin; Retimax; Switz.: Dinostral†; Pentoxi; Trental; Thai.: Agapurin;
Elastab; Flexital; Herden†; Penlol; Sipental; Trental; Trepal; Turk.: Pentox;
Trental; Trentilin; Vasoplan; UK: Neotren; Trental; USA: Trental; Venez.:
Agapurin; Trental.

Multi-ingredient: Arg.: Ikatral Periferico.

Perhexiline Maleate (BANM, USAN, rINNM)

Maleato de perhexilina; Perhexiline, Maléate de; Perhexilini
Maleas; WSM-3978G. 2-(2,2-Dicyclohexylethyl)piperidine hy-
drogen maleate.

Пергексиллина Малеат

C19H35N,C4H4O4 = 393.6.
CAS — 6621-47-2 (perhexiline); 6724-53-4 (perhexiline
maleate).
ATC — C08EX02.
ATC Vet — QC08EX02.

(perhexiline)

Profile
Perhexiline maleate may be used in the long-term management
of severe angina pectoris (p.1157) in patients who have not re-
sponded to other anti-anginal drugs. Its mode of action is com-
plex. 
The usual initial oral dose is 100 mg daily, subsequently either
increased or decreased, as necessary, at intervals of 2 to 4 weeks;
it is generally recommended not to give more than 300 mg daily
although doses of 400 mg daily have been necessary in some pa-
tients. The maintenance of plasma-perhexiline concentrations
between 0.15 and 0.60 micrograms/mL has been recommended. 
Perhexiline occasionally produces severe adverse effects includ-
ing peripheral neuropathy affecting all four limbs with associated
papilloedema, severe and occasionally fatal hepatic toxicity, and
metabolic abnormalities with marked weight loss, hypertriglyc-
eridaemia, and profound hypoglycaemia. It is contra-indicated in
patients with hepatic or renal impairment. Perhexiline should be
used with caution in diabetic patients. Hepatic metabolism of
perhexiline is mediated by the cytochrome P450 isoenzyme
CYP2D6. Therefore caution is advised if perhexiline is used with
other drugs that inhibit or are metabolised by this enzyme, and
perhexiline toxicity has been reported with SSRIs such as fluox-
etine or paroxetine.

Porphyria. Perhexiline is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals or in-vitro systems.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Pexsig; NZ: Pexsig.

Perindopril (BAN, USAN, rINN)

McN-A-2833; Perindopriili; Périndopril; Perindoprilum; S-9490.
(2S,3aS,7aS)-1-{N-[(S)-1-Ethoxycarbonylbutyl]-L-alanyl}perhy-
droindole-2-carboxylic acid.

Периндоприл

C19H32N2O5 = 368.5.

CAS — 82834-16-0.

ATC — C09AA04.

ATC Vet — QC09AA04.

Perindopril Arginine (BANM, rINNM)

Perindopril arginina; Périndopril Arginine; Perindoprilum Ar-
gininum.

Периндоприл Аргинин

CAS — 612548-45-5.
ATC — C09AA04.
ATC Vet — QC09AA04.

Perindopril Erbumine (BANM, USAN, rINNM)

tert-Butilamino perindoprilis; Butylamini Perindoprilum; Tert-
Butylamini Perindoprilum; Butylamin-perindopril; Erbumina de
perindopril; McN-A-2833-109; Perindopriili-tert-butyyliamiini;
Perindopril tert-Butylamine; Périndopril, Erbumine de; Perindo-
pril Terbutalamin; Périndopril tert-butylamine; Perindopril-tert-
butylamin; Perindopril-erbumin; Perindoprili Erbuminum; Perin-
doprilum Erbuminum; Peryndopryl z tert-butyloaminą; S-9490-
3; tert-Butylamini perindoprilum.
Периндоприла Эрбумин
C19H32N2O5,C4H11N = 441.6.
CAS — 107133-36-8.
ATC — C09AA04.
ATC Vet — QC09AA04.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Perindopril tert-Butylamine; Perindopril Erbumine
BP 2008). A white or almost white, slightly hygroscopic, crystal-
line powder. It exhibits polymorphism. Freely soluble in water
and in alcohol; soluble or sparingly soluble in dichloromethane.
Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.
◊ In a postmarketing surveillance study1 of 47 351 patients re-
ceiving perindopril for hypertension, no unexpected adverse ef-
fects were reported and serious reactions were rare; 1587 (6.3%)
women and 782 (3.5%) men withdrew from therapy due to ad-
verse effects. 
Although a study2 of perindopril use in patients with stable
chronic heart failure reported no significant first-dose hypoten-
sion, there has been a case report3 of ischaemic stroke, possibly
associated with hypotension, after a single dose of perindopril in
a patient with post-infarction heart failure. Standard precautions
as for other ACE inhibitors (p.1195) should be followed when
starting perindopril therapy.
1. Speirs C, et al. Perindopril postmarketing surveillance: a 12

month study in 47 351 hypertensive patients. Br J Clin Pharma-
col 1998; 46: 63–70. 

2. MacFadyen RJ, et al. Differences in first dose response to angi-
otensin converting enzyme inhibition in congestive heart failure:
a placebo controlled study. Br Heart J 1991; 66: 206–11. 

3. Bagger JP. Adverse event with first-dose perindopril in conges-
tive heart failure. Lancet 1997; 349: 1671–2.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Perindopril acts as a prodrug of the diacid perindopri-
lat, its active form. After oral doses perindopril is rap-
idly absorbed with a bioavailability of about 65 to
75%. It is extensively metabolised, mainly in the liver,
to perindoprilat and inactive metabolites including glu-
curonides. The presence of food is reported to reduce
the conversion of perindopril to perindoprilat. Peak
plasma concentrations of perindoprilat are achieved 3
to 4 hours after an oral dose of perindopril. Perindopri-
lat is about 10 to 20% bound to plasma proteins. Perin-
dopril is excreted predominantly in the urine, as
unchanged drug, as perindoprilat, and as other metab-
olites. The elimination of perindoprilat is biphasic with
a distribution half-life of about 5 hours and an elimina-
tion half-life of 25 to 30 hours or longer, the latter half-
life probably representing strong binding to angio-
tensin-converting enzyme. The excretion of perindo-
prilat is decreased in renal impairment. Both perindo-
pril and perindoprilat are removed by dialysis.
◊ References.
1. Lecocq B, et al. Influence of food on the pharmacokinetics of

perindopril and the time course of angiotensin-converting en-
zyme inhibition in serum. Clin Pharmacol Ther 1990; 47:
397–402. 

2. Verpooten GA, et al. Single dose pharmacokinetics of perindo-
pril and its metabolites in hypertensive patients with various de-
grees of renal insufficiency. Br J Clin Pharmacol 1991; 32:
187–92. 

3. Sennesael J, et al. The pharmacokinetics of perindopril and its
effects on serum angiotensin converting enzyme activity in hy-
pertensive patients with chronic renal failure. Br J Clin Pharma-
col 1992; 33: 93–9. 

4. Thiollet M, et al. The pharmacokinetics of perindopril in patients
with liver cirrhosis. Br J Clin Pharmacol 1992; 33: 326–8. 

5. Guérin A, et al. The effect of haemodialysis on the pharmacoki-
netics of perindoprilat after long-term perindopril. Eur J Clin
Pharmacol 1993; 44: 183–7.

Uses and Administration
Perindopril is an ACE inhibitor (p.1193). It is used in
the treatment of hypertension (p.1171) and heart failure
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(p.1165). It is also used to reduce the risk of cardiovas-
cular events in patients with stable ischaemic heart dis-
ease (see Cardiovascular Risk Reduction, p.1164). 
Perindopril is converted in the body into its active
metabolite perindoprilat. ACE inhibition is reported to
occur within 1 hour of a dose, to be at a maximum at
about 4 to 8 hours, and to be maintained for 24 hours.
Perindopril is given orally as the erbumine salt and
should be taken before food. In some countries perin-
dopril is also available as the arginine salt; 5 mg of
perindopril arginine is equivalent to about 4 mg of
perindopril erbumine. 
In the treatment of hypertension perindopril is given
in an initial dose of 4 mg of the erbumine or 5 mg of the
arginine salt once daily. Since there may be a precipi-
tous fall in blood pressure in some patients when start-
ing therapy with an ACE inhibitor, the first dose should
preferably be given at bedtime. Hypotension is partic-
ularly likely in patients with renovascular hyperten-
sion, volume depletion, heart failure, or severe hyper-
tension and in such patients the initial dose may be
halved to 2 or 2.5 mg respectively once daily. Patients
taking diuretics should have the diuretic withdrawn 2
or 3 days before perindopril is started and resumed lat-
er if required; if this is not possible, the initial dose may
be halved similarly. The same lower initial dose may
also be used in the elderly. The dose of perindopril may
be increased according to response to a maximum of
8 mg of the erbumine or 10 mg of the arginine salt dai-
ly. In the USA a maximum dose of 16 mg of perindo-
pril erbumine daily is allowed in uncomplicated hyper-
tension. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should be initiated with a low dose
under close medical supervision. Perindopril is given
in an initial dose of 2 mg of the erbumine or 2.5 mg of
the arginine salt in the morning. The usual maintenance
dose is 4 mg or 5 mg respectively daily. 
In the management of patients with ischaemic heart
disease perindopril is given in an initial dose of 4 mg
(erbumine) or 5 mg (arginine) once daily for 2 weeks,
then titrated up to a maintenance dose of 8 or 10 mg
respectively once daily if tolerated. Elderly patients
should be started on 2 or 2.5 mg once daily for the first
week. 
Dosage should be reduced in patients with impaired re-
nal function (see below).
◊ References.
1. Todd PA, Fitton A. Perindopril: a review of its pharmacological

properties and therapeutic use in cardiovascular disorders. Drugs
1991; 42: 90–114. 

2. Doyle AE, ed. Angiotensin-converting enzyme (ACE) inhibi-
tion: benefits beyond blood pressure control. Am J Med 1992; 92
(suppl 4B): 1S–107S. 

3. Hurst M, Jarvis B. Perindopril: an updated review of its use in
hypertension. Drugs 2001; 61 867–96. 

4. Simpson D, et al. Perindopril: in congestive heart failure. Drugs
2002; 62: 1367–77. 

5. Curran MP, et al. Perindopril: a review of its use in patients with
or at risk of developing coronary artery disease. Drugs 2006; 66:
235–55. 

6. Telejko E. Perindopril arginine: benefits of a new salt of the ACE
inhibitor perindopril. Curr Med Res Opin 2007; 23: 953–60.

Administration in renal impairment. The dose of perindo-
pril should be reduced in patients with renal impairment. UK
licensed product information recommends the following doses: 
• creatinine clearance (CC) between 30 and 60 mL/minute:

2 mg of the erbumine or 2.5 mg of the arginine salt daily 
• CC between 15 and 30 mL/minute: 2 mg (erbumine) or

2.5 mg (arginine) on alternate days 
• CC less than 15 mL/minute: 2 mg (erbumine) or 2.5 mg (ar-

ginine) on dialysis days.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Coverene; Austral.: Coversyl; Perindo; Austria: Coversum; Belg.:
Coversyl; Braz.: Coversyl; Canad.: Coversyl; Chile: Coversyl; Cz.: Apo-
Perindo; Cordesyl; Covedaspen; Covemarin; Covemedal; Covepet; Cover-
dosyn; Coverdyne; Coverex; Coversidin; Coversyspes; Covethanar; Prenes-
sa; Prestarium; Prestarium Neo; Prexanil; Pricoron; Denm.: Coversyl; Fin.:
Coversyl; Fr.: Coversyl; Ger.: Coversum; Gr.: Coversyl; Hong Kong: Ac-
ertil; Hung.: Armix; Coverex; Perindan; Prenessa; India: Coversyl; Perigard;
Indon.: Prexum; Irl.: Coversyl; Ital.: Coversyl; Procaptan; Jpn: Coversyl;

Malaysia: Covapril; Coversyl; Perinace; Mex.: Coversyl; Neth.: Coverex;
Coversyl; NZ: Coversyl; Philipp.: Coversyl; Pol.: Coverex; Irpax; Prenessa;
Prestarium; Port.: Coversyl; Ostion; Prexum; Rus.: Prestarium
(Престариум); S.Afr.: Coversyl; Prexum; Singapore: Coversyl; Spain:
Coversyl; Switz.: Coversum; Thai.: Coversyl; Turk.: Coversyl; UK: Cover-
syl; USA: Aceon; Venez.: Coversyl.
Multi-ingredient: Arg.: Bipreterax; Preterax; Austral.: Coversyl Plus;
Austria: Predonium; Preterax; Belg.: Bi Preterax; Coversyl Plus; Preterax;
Braz.: Coversyl Plus; Canad.: Coversyl Plus; Preterax; Cz.: Noliprel;
Prenewel; Prestarium Combi; Prestarium Neo Combi; Denm.: Coversyl
Comp; Fin.: Coversyl Comp; Fr.: Bipreterax; Preterax; Ger.: Coversum
Combi; Preterax; Gr.: Preterax; Hong Kong: Predonium; Hung.: Armix
Komb; Armix Prekomb; Co-Prenessa; Coverex Komb; Coverex Prekomb;
Noliprel†; Noriplex†; India: Coversyl Plus; Perigard D; Perigard DF; Irl.:
Bipreterax; Coversyl Plus; Preterax; Ital.: Prelectal; Preterax; Malaysia:
Coversyl Plus; Mex.: Preterax; Neth.: Coversyl Plus; Predonium; Preterax;
NZ: Coversyl Plus; Predonium; Philipp.: Bi-Preterax; Preterax; Pol.: Nol-
iprel; Prestarium Plus; Port.: Bi Predonium; Bi Preterax; Predonium; Preter-
ax; Rus.: Noliprel (Нолипрел); S.Afr.: Bipreterax; Coversyl Plus; Preterax;
Prexum Plus; Singapore: Coversyl Plus; Preterax; Spain: Bipredonium†;
Bipreterax; Preterax; Switz.: Coversum Combi; Preterax; Turk.: Coversyl
Plus; Preterax; UK: Coversyl Plus; Venez.: Bipreterax; Preterax.

Phenindione (BAN, rINN)

Fenindion; Fenindiona; Fenindione; Fenindioni; Phénindione;
Phenindionum; Phenylindanedione; Phenylinium. 2-Phenylindan-
1,3-dione.
Фениндион
C15H10O2 = 222.2.
CAS — 83-12-5.
ATC — B01AA02.
ATC Vet — QB01AA02.

Pharmacopoeias. In Br. and Fr. 
BP 2008 (Phenindione). Soft, odourless or almost odourless,
white or creamy-white crystals. Very slightly soluble in water;
slightly soluble in alcohol and in ether; freely soluble in chloro-
form. Solutions are yellow to red.
Adverse Effects and Treatment
As for Warfarin Sodium, p.1425. However, phenindione and the
other indanediones are generally more toxic than warfarin with
hypersensitivity reactions involving many organs and sometimes
resulting in death. Some of the reactions include skin rashes and
exfoliative dermatitis, pyrexia, diarrhoea, vomiting, sore throat,
liver and kidney damage, myocarditis, agranulocytosis, leucope-
nia, eosinophilia, and a leukaemoid syndrome. 
Phenindione may discolour the urine pink or orange and this is
independent of any haematuria. Taste disturbances have been re-
ported.
Effects on the gastrointestinal tract. There have been cases
of paralytic ileus, one fatal, associated with phenindione.1,2

1. Menon IS. Phenindione and paralytic ileus. Lancet 1966; i:
1421–2. 

2. Nash AG. Phenindione and paralytic ileus. Lancet 1966; ii: 51–2.

Precautions
As for Warfarin Sodium, p.1426. 
Phenindione is not recommended in pregnancy.
Breast feeding. Phenindione is distributed into breast milk,
with reported concentrations1 of 1 to 5 micrograms/mL after a
single dose of 50 or 75 mg. A woman receiving phenindione
50 mg each morning and 50 and 25 mg on alternate nights
breast-fed her infant son,2 who required a herniotomy at 5 weeks.
After surgery he had an enormous scrotal haematoma and oozing
from the wound, and was found to have extended prothrombin
and partial thromboplastin times. The American Academy of
Pediatrics therefore considers3 that phenindione should be given
with caution to breast-feeding mothers.
1. Goguel M, et al. Thérapeutique anticoagulante et allaitement:

etude du passage de la phényl-2-dioxo, 1,3 indane dans le lait
maternel. Rev Fr Gynecol Obstet 1970; 65: 409–12. 

2. Eckstein HB, Jack B. Breast-feeding and anticoagulant therapy.
Lancet 1970; i: 672–3. 

3. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Interactions
The interactions associated with oral anticoagulants are de-
scribed in detail under warfarin (p.1427). Specific references to
interactions involving phenindione can be found there under the
headings for the following drug groups: analgesics; antibacteri-
als; antifungals; antiplatelets; anxiolytic sedatives; gastrointesti-
nal drugs; lipid regulating drugs; and sex hormones.
Pharmacokinetics
Phenindione is absorbed from the gastrointestinal tract. It crosses
the placenta and is distributed into breast milk. Metabolites of

phenindione excreted in the urine are responsible for any discol-
oration that may occur.
Uses and Administration
Phenindione is an oral indanedione anticoagulant with actions
similar to those of warfarin (p.1432). It is used in the manage-
ment of thromboembolic disorders (p.1187), but because of its
higher incidence of severe adverse effects it is now rarely em-
ployed. 
The usual initial dose of phenindione is 200 mg on the first day,
100 mg on the second day, and then maintenance doses of 50 to
150 mg daily according to coagulation tests.
Preparations
BP 2008: Phenindione Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Dindevan; Fr.: Pindione†; India: Dindevan.

Phenoxybenzamine Hydrochloride 

(BANM, rINNM)

Fenoksybenzaminy chlorowodorek; Hidrocloruro de fenoxiben-
zamina; Phénoxybenzamine, Chlorhydrate de; Phenoxyben-
zamini Hydrochloridum; SKF-688A. Benzyl(2-chloroethyl)(1-me-
thyl-2-phenoxyethyl)amine hydrochloride.
Феноксибензамина Гидрохлорид
C18H22ClNO,HCl = 340.3.
CAS — 59-96-1 (phenoxybenzamine); 63-92-3 (phenoxy-
benzamine hydrochloride).
ATC — C04AX02.
ATC Vet — QC04AX02.

(phenoxybenzamine)

Pharmacopoeias. In Br., Chin., and US. 
BP 2008 (Phenoxybenzamine Hydrochloride). A white or al-
most white, odourless or almost odourless, crystalline powder.
Sparingly soluble in water; freely soluble in alcohol and in chlo-
roform.

Adverse Effects and Treatment
The adverse effects of phenoxybenzamine are mainly
due to its alpha-adrenoceptor blocking activity. They
include orthostatic hypotension and dizziness, reflex
tachycardia, nasal congestion, and miosis. Inhibition of
ejaculation may occur. These effects may be mini-
mised by using a low initial dose, and may diminish
with continued use, but the hypotensive effect can be
exaggerated by exercise, heat, a large meal, or alcohol
ingestion. Other side-effects include dry mouth, de-
creased sweating, drowsiness, fatigue, and confusion.
Gastrointestinal effects are usually slight. When phe-
noxybenzamine is given intravenously, idiosyncratic
profound hypotension can occur within a few minutes
of starting the infusion. Convulsions have been report-
ed after rapid intravenous infusion of phenoxyben-
zamine. 
Severe hypotension may occur in overdose and treat-
ment includes support of the circulation by postural
measures and parenteral fluid volume replacement.
Sympathomimetics are considered to be of little value,
and adrenaline is contra-indicated since it also stimu-
lates beta receptors causing increased hypotension and
tachycardia. Sources differ as to the value of noradren-
aline in overcoming alpha-receptor blockade. 
Phenoxybenzamine has been shown to be mutagenic in
in vitro tests and carcinogenic in rodents.

Precautions
Phenoxybenzamine should be given with care to pa-
tients with heart failure, ischaemic heart disease, cere-
brovascular disease, or renal impairment, and should
be avoided if a fall in blood pressure would be danger-
ous. Phenoxybenzamine may aggravate the symptoms
of respiratory infections. 
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When given intravenously, phenoxybenzamine hydro-
chloride should always be diluted and given by infu-
sion. Intravenous fluids must always be given before-
hand to ensure an adequate circulating blood volume
and to prevent a precipitous fall in blood pressure. Care
should be taken to avoid extravasation. Contamination
of the skin should also be avoided since contact sensi-
tisation may occur.
Porphyria. Phenoxybenzamine is considered to be unsafe in pa-
tients with porphyria because it has been shown to be porphyrin-
ogenic in in-vitro systems.

Interactions
Since phenoxybenzamine only blocks alpha receptors,
leaving the beta receptors unopposed, use with drugs
such as adrenaline that also stimulate beta receptors
may enhance the cardiac-accelerating and hypotensive
action of phenoxybenzamine.

Pharmacokinetics
Phenoxybenzamine is incompletely and variably ab-
sorbed from the gastrointestinal tract. After oral dosage
the onset of action is gradual over several hours and
persists for 3 or 4 days following a single dose. The
maximum effect is attained in about 1 hour after an in-
travenous dose. The plasma half-life after intravenous
dosage is about 24 hours. Phenoxybenzamine is
metabolised in the liver and excreted in the urine and
bile, but small amounts remain in the body for several
days. The duration of action is thought to depend on the
rate of synthesis of new alpha receptors following irre-
versible covalent bonding to existing alpha receptors
by a reactive intermediate of phenoxybenzamine.

Uses and Administration
Phenoxybenzamine is a powerful alpha-adrenoceptor
blocker (p.1153) with a prolonged duration of action; it
binds covalently to alpha receptors in smooth muscle
to produce an irreversible (‘non-competitive’) block-
ade. A single large dose of phenoxybenzamine can
cause alpha-adrenoceptor blockade for 3 days or long-
er. 
Phenoxybenzamine is used in the management of
phaeochromocytoma (p.1179). It has also been em-
ployed in severe shock (p.1183) and in the treatment of
urinary retention (p.2180). 
Phenoxybenzamine is used as the hydrochloride. It is
given orally or by intravenous infusion as a dilute solu-
tion. 
In phaeochromocytoma it is used to control the hy-
pertension associated with excessive catecholamine re-
lease during the pre-operative period and in patients
whose tumours are inoperable. A beta blocker may
also be given to control tachycardia, but not before al-
pha blockade has completely suppressed the pressor
effects of the phaeochromocytoma. The usual initial
oral dose of phenoxybenzamine hydrochloride is
10 mg once or twice daily, increased gradually, accord-
ing to the patient’s response, to a usual dose of 1 to
2 mg/kg daily in 2 divided doses. It may be given intra-
venously for operative cover in patients with phaeo-
chromocytoma in a daily dose of 1 mg/kg in 200 mL of
sodium chloride 0.9% infused over at least 2 hours. A
similar intravenous dose in 200 to 500 mL of sodium
chloride 0.9% has been given in the management of
severe shock. 
For urinary retention due to neurogenic bladder an
oral dose of 10 mg twice daily has been given.

Preparations
BP 2008: Phenoxybenzamine Capsules; 
USP 31: Phenoxybenzamine Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
Austral.: Dibenyline; Austria: Dibenzyran; Ger.: Dibenzyran; Gr.: Dibe-
nyline; Hong Kong: Dibenyline; India: Fenoxene; Israel: Dibenyline;
Neth.: Dibenyline; NZ: Dibenyline; S.Afr.: Dibenyline; UK: Dibenyline;
USA: Dibenzyline.

Phenprocoumon (BAN, USAN, rINN)

Fenprocomón; Fenprocumon; Fenprokumon; Fenprokumoni;
Phenprocoumone; Phenprocoumonum; Phenylpropylhydroxy-
coumarin. 4-Hydroxy-3-(1-phenylpropyl)coumarin.

Фенпрокумон
C18H16O3 = 280.3.
CAS — 435-97-2.
ATC — B01AA04.
ATC Vet — QB01AA04.

Adverse Effects, Treatment, and Precautions
As for Warfarin Sodium, p.1425.

Effects on the liver. A woman who had twice previously de-
veloped jaundice while taking phenprocoumon developed jaun-
dice and parenchymal liver damage when, after some years,
phenprocoumon was again given.1 Other cases of phenprocou-
mon-associated liver damage have been reported.2-4

1. den Boer W, Loeliger EA. Phenprocoumon-induced jaundice.
Lancet 1976; i: 912. 

2. Slagboom G, Loeliger EA. Coumarin-associated hepatitis: report
of two cases. Arch Intern Med 1980; 140: 1028–9. 

3. Cordes A, et al. Phenprocoumon-induziertes Leberversagen. Dt-
sch Med Wochenschr 2003; 128: 1884–6. 

4. Bulang T, et al. Akutes Leberversagen durch Phenprocou-
mon–drei Fallberichte. Z Gastroenterol 2004; 42: 1055–8.

Interactions
The interactions associated with oral anticoagulants are dis-
cussed in detail under warfarin (p.1427). Specific references to
interactions involving phenprocoumon can be found there under
the headings for the following drug groups: analgesics;
antiarrhythmics; antidepressants; antidiabetics; antigout drugs;
antineoplastics; gastrointestinal drugs; lipid regulating drugs;
and sex hormones.

Pharmacokinetics
Phenprocoumon is readily absorbed from the gastrointestinal
tract and is extensively bound to plasma proteins. Metabolism is
mediated partly by the cytochrome P450 isoenzyme CYP2C9,
which shows genetic polymorphism. The half-life is 5 to 6 days.
It is excreted in the urine and faeces as conjugated hydroxy
metabolites and parent compound. Phenprocoumon is given as a
racemic mixture; the S-isomer is more potent. The stereo-
isomers have different pharmacokinetics.

◊ References.
1. Husted S, Andreasen F. Individual variation in the response to

phenprocoumon. Eur J Clin Pharmacol 1977; 11: 351–8. 
2. Toon S, et al. Metabolic fate of phenprocoumon in humans. J

Pharm Sci 1985; 74: 1037–40. 
3. Ufer M. Comparative pharmacokinetics of vitamin K antago-

nists: warfarin, phenprocoumon and acenocoumarol. Clin Phar-
macokinet 2005; 44: 1227–46.

Uses and Administration
Phenprocoumon is an oral coumarin anticoagulant with actions
similar to those of warfarin (p.1432). It is used in the manage-
ment of thromboembolic disorders (p.1187). Initial doses are up
to 9 mg on the first day followed by 6 mg on the second day.
Maintenance doses are usually from 1.5 to 6 mg daily, depending
on the response.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Marcoumar; Belg.: Marcoumar; Braz.: Marcoumar; Denm.:
Marcoumar; Ger.: Falithrom; Marcumar; marcuphen; Phenpro; Phenprog-
amma; Neth.: Marcoumar; Switz.: Marcoumar.

Phentolamine Mesilate (BANM, rINNM)

Fentolamiinimesilaatti; Fentolamin mesylát; Fentolaminmesilat;
Fentolamin-mezilát; Fentolamino mesilatas; Mesilato de fen-
tolamina; Phentolamine, mésilate de; Phentolamine Mesylate;
Phentolamine Methanesulphonate; Phentolamini mesilas. 3-[N-
(2-Imidazolin-2-ylmethyl)-p-toluidino]phenol methanesulpho-
nate.

Фентоламина Мезилат
C17H19N3O,CH4SO3 = 377.5.

CAS — 50-60-2 (phentolamine); 73-05-2 (phentolamine
hydrochloride); 65-28-1 (phentolamine mesilate).
ATC — C04AB01; G04BE05.
ATC Vet — QC04AB01; QG04BE05.

(phentolamine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Phentolamine Mesilate). A white or almost white,
slightly hygroscopic, crystalline powder. Freely soluble in water
and in alcohol; practically insoluble in dichloromethane. Store in
airtight containers. Protect from light. 
USP 31 (Phentolamine Mesylate). A white or off-white, odour-
less crystalline powder. Soluble 1 in 1 of water, 1 in 4 of alcohol,
and 1 in 700 of chloroform. Its solutions in water have a pH of
about 5 and slowly deteriorate. Store in airtight containers at a
temperature of 25°, excursions permitted between 15° and 30°.
Protect from light.

Adverse Effects and Treatment
The adverse effects of phentolamine are primarily due
to its alpha-adrenoceptor blocking activity and include
orthostatic hypotension and tachycardia. Myocardial
infarction and cerebrovascular spasm or occlusion
have been reported occasionally, usually in association
with marked hypotension; flushing, sweating, and feel-
ings of apprehension may accompany hypotensive
episodes. Anginal pain and arrhythmias have been re-
ported rarely. Nausea, vomiting, and diarrhoea may
also occur. Other side-effects include weakness, dizzi-
ness, flushing, and nasal congestion. Hypoglycaemia
has been reported following overdosage. 
Severe hypotension may occur in overdosage although
phentolamine has a short duration of action. Treatment
may include support of the circulation by postural
measures and parenteral fluid volume replacement.
Noradrenaline may be given cautiously to overcome
alpha-adrenoceptor blockade. Adrenaline is contra-in-
dicated since it also stimulates beta receptors causing
increased hypotension and tachycardia. 
When injected into the corpus cavernosum of the penis
phentolamine has been associated with local pain; in-
duration and fibrosis may occur with repeated use. Pri-
apism has occurred.

Precautions
Phentolamine should not generally be given to patients
with angina pectoris or other evidence of ischaemic
heart disease. Care should be taken in patients with
peptic ulcer disease, which may be exacerbated.

Interactions
Since phentolamine only blocks alpha receptors, use
with drugs such as adrenaline may lead to severe hypo-
tension and tachycardia due to unopposed beta-adren-
oceptor stimulation.

Pharmacokinetics
After intravenous dosage, the half-life of phentolamine
has been reported to be 19 minutes. It is extensively
metabolised and about 13% of an intravenous dose is
excreted unchanged in the urine.

Uses and Administration
Phentolamine is an alpha-adrenoceptor blocker
(p.1153) which also has a direct action on vascular
smooth muscle. It produces vasodilatation, an increase
in cardiac output, and has a positive inotropic effect,
but is reported to have little effect on the blood pressure
of patients with essential hypertension. The alpha-re-
ceptor blocking action is reversible (‘competitive’) and
non-selective, and the duration of effect is relatively
short. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Phentolamine is given in the management of hyperten-
sive crises, particularly those due to excessive catecho-
lamine release associated with surgery for phaeochro-
mocytoma (p.1179). It has been used for the
differential diagnosis of phaeochromocytoma, but has
largely been superseded by estimations of catecho-
lamines in blood and urine. 
Phentolamine is also used to prevent or treat dermal
necrosis and sloughing associated with the intravenous
infusion or extravasation of noradrenaline. It has been
used in the treatment of erectile dysfunction (p.2179). 
Phentolamine is given by injection as the mesilate. 
In patients with hypertensive crises during surgery for
phaeochromocytoma, a dose of 2 to 5 mg of phen-
tolamine mesilate is given intravenously and repeated
if necessary; blood pressure should be monitored. A
dose of 1 mg intravenously is used for children. The
intramuscular route may be used pre-operatively and
for diagnostic procedures. 
For prevention of dermal necrosis during intravenous
infusion of noradrenaline, 10 mg of phentolamine
mesilate is added to each litre of solution containing
noradrenaline. For treatment of extravasation of nor-
adrenaline, 5 to 10 mg of phentolamine mesilate in
10 mL of sodium chloride 0.9% is injected into the af-
fected area. 
For erectile dysfunction, phentolamine mesilate is
given by injection into the corpora cavernosa of the
penis. It is usually given with papaverine, but a prepa-
ration containing phentolamine with aviptadil (vasoac-
tive intestinal peptide) may also be used. Phentolamine
has also been tried orally.
Hyperhidrosis. Hyperhidrosis (p.1580) is usually treated with
topical aluminium salts or topical antimuscarinics, but intrader-
mal botulinum A toxin or procedures such as endoscopic tran-
sthoracic sympathectomy may be needed in severe cases. Phen-
tolamine has been tried as an alternative. Improvement in
symptoms has been reported1 in 2 patients with generalised hy-
perhidrosis given 100 mg of phentolamine mesilate by intrave-
nous infusion over 6 hours. Improvement lasted for 2 to 3 months
and the infusion was repeated, in 1 patient several times.
1. McCleane G. The use of intravenous phentolamine mesilate in

the treatment of hyperhidrosis. Br J Dermatol 2002; 146: 533–4.

Pain. Sympathetic nerve block (p.1853) is used in a number of
pain syndromes and usually involves injection of local anaesthet-
ics. Phentolamine has been used as an alternative and beneficial
results have been reported in pain associated with chronic pan-
creatitis,1 pancreatic and other visceral cancers,2,3 and chronic
gastroparesis.4 
Complete resolution of pain has also been reported in 2 patients
with cutaneous leiomyomata given oral doxazosin.5
1. McCleane GJ. Phentolamine abolishes the pain of chronic pan-

creatitis. Br J Hosp Med 1996; 55: 521. 
2. McCleane GJ. Intravenous phentolamine mesylate alleviates the

pain of pancreatic carcinoma. Pain 1997; 73: 263–4. 
3. Yasukawa M, et al. Intravenous phentolamine infusion alleviates

the pain of abdominal visceral cancer, including pancreatic car-
cinoma. J Anesth 2007; 21: 420–3. 

4. Phillips WJ, et al. Relief of acute pain in chronic idiopathic gas-
troparesis with intravenous phentolamine. Ann Pharmacother
2006; 40: 2032–6. 

5. Batchelor RJ, et al. Successful treatment of pain in two patients
with cutaneous leiomyomata with the oral alpha-1 adrenoceptor
antagonist, doxazosin. Br J Dermatol 2004; 150: 775–6.

Preparations
BP 2008: Phentolamine Injection; 
USP 31: Phentolamine Mesylate for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Regitina; Austral.: Regitine; Belg.: Regitine; Braz.: Herivyl; Regitina†;
Vigamed; Canad.: Rogitine; Denm.: Regitin; Gr.: Regitine; Rogitine†;
Hung.: Regitine; Israel: Regitine; Mex.: Z-Max†; Neth.: Regitine; NZ: In-
vicorp; Regitine; S.Afr.: Regitine†; Switz.: Regitine; UK: Rogitine; USA: Re-
gitine†; Venez.: Regitina†.

Multi-ingredient: Austria: Androskat; Neth.: Androskat; USA: Tri-Mix.

Pholedrine Sulfate (rINNM) ⊗ 
Isodrine Sulphate; Pholédrine, Sulfate de; Pholedrine Sulphate
(BANM); Pholedrini Sulfas; Sulfato de foledrina; Sympropaminum
(pholedrine). 4-(2-Methylaminopropyl)phenol sulfate.

Фоледрина Сульфат
(C10H15NO)2,H2SO4 = 428.5.
CAS — 370-14-9 (pholedrine); 6114-26-7 (pholedrine
sulfate).

(pholedr ine)

Profile
Pholedrine is a sympathomimetic (p.1407) used in the treatment
of hypotensive states. It is usually given orally as the sulfate, of-
ten in combination with other drugs, and has also been included
in preparations promoted for vascular disorders. Pholedrine eye
drops have been used as an alternative to hydroxyamfetamine
(p.2322) in the diagnosis of Horner’s syndrome.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Adyston†; Zellaforte N Plus†; Switz.: Ortho-
Maren retard.

Picotamide (BAN)

G-137; Picotamida; Picotamide, monohydrate de; Picotamid-
monohidrát; Picotamidum monohydricum; Pikotamid monohy-
drát; Pikotamidimonohydraatti; Pikotamidmonohydrat; Pikotami-
do monohidratas. 4-Methoxy-N,N′-bis(3-pyridinylmethyl)-1,3-
benzenedicarboxamide monohydrate.
C21H20N4O3,H2O = 394.4.
CAS — 32828-81-2 (anhydrous picotamide); 80530-63-8
(picotamide monohydrate).
ATC — B01AC03.
ATC Vet — QB01AC03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Picotamide Monohydrate). A white or almost
white, polymorphic, crystalline powder. Slightly soluble in wa-
ter; soluble in dehydrated alcohol and in dichloromethane; dis-
solves in dilute mineral acids.
Profile
Picotamide is a thromboxane synthase inhibitor and thrombox-
ane receptor antagonist with antiplatelet activity. It is given by
mouth in thromboembolic disorders (p.1187) in initial doses of
900 to 1200 mg daily in divided doses, reducing to a mainte-
nance dose of 300 to 600 mg daily.
ACE inhibitor-induced cough. Cough is a recognised ad-
verse effect of ACE inhibitors and has been treated with a
number of drugs (see p.1194). Picotamide led to the disappear-
ance of cough in 8 of 9 patients receiving enalapril for hyperten-
sion,1 suggesting that thromboxanes may be involved in the aeti-
ology of ACE inhibitor-induced cough.
1. Malini PL, et al. Thromboxane antagonism and cough induced

by angiotensin-converting-enzyme inhibitor. Lancet 1997; 350:
15–18.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Plactidil.

Pilsicainide Hydrochloride (rINNM)

Hidrocloruro de pilsicainida; Pilsicaïnide, Chlorhydrate de; Pilsic-
ainidi Hydrochloridum; SUN-1165. Tetrahydro-1H-pyrrolizine-
7a(5H)-aceto-2′,6′-xylidide hydrochloride.
Пильсикаинида Гидрохлорид
C17H24N2O,HCl = 308.8.
CAS — 88069-67-4 (pilsicainide); 88069-49-2 (pilsicain-
ide hydrochloride).

(pilsicainide)

Profile
Pilsicainide hydrochloride is an antiarrhythmic with class Ic
activity (p.1153).

◊ References.
1. Takabatake T, et al. Pharmacokinetics of SUN 1165, a new an-

tiarrhythmic agent, in renal dysfunction. Eur J Clin Pharmacol
1991; 40: 411–14. 

2. Okishige K, et al. Pilsicainide for conversion and maintenance
of sinus rhythm in chronic atrial fibrillation: a placebo-control-
led, multicenter study. Am Heart J 2000; 140: 437–44. 

3. Kumagai K, et al. Single oral administration of pilsicainide ver-
sus infusion of disopyramide for termination of paroxysmal atri-
al fibrillation: a multicenter trial. Pacing Clin Electrophysiol
2000; 23: 1880–2. 

4. Ogawa R, et al. Population pharmacokinetic and pharmacody-
namic analysis of a class IC antiarrhythmic, pilsicainide, in pa-
tients with cardiac arrhythmias. J Clin Pharmacol 2006; 46:
59–68. 

5. Kumagai K, et al. Pilsicainide for atrial fibrillation. Drugs 2006;
66: 2067–73.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Sunrythm.

Pimobendan (BAN, USAN, rINN)

Pimobendaani; Pimobendán; Pimobendanas; Pimobendane;
Pimobendanum; UDCG-115. 4,5-Dihydro-6-[2-(p-methoxyphe-
nyl)-5-benzimidazolyl]-5-methyl-3(2H)-pyridazinone.
Пимобендан
C19H18N4O2 = 334.4.
CAS — 74150-27-9; 118428-36-7.
ATC Vet — QC01CE90.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Pimobendan). A white or slightly yellowish, hy-
groscopic powder. Practically insoluble in water; slightly soluble
in acetone and in methyl alcohol; freely soluble in dimethylfor-
mamide. Store in airtight containers.
Profile
Pimobendan is a phosphodiesterase inhibitor with calcium-sen-
sitising properties. It has positive inotropic and vasodilator activ-
ity and is used as an adjunct to standard therapy in the manage-
ment of heart failure (p.1165). It is given orally in a dose of 1.25
to 2.5 mg twice daily. 
Studies with other inotropic phosphodiesterase inhibitors have
shown that their prolonged oral use can lead to an increased mor-
tality rate.
◊ References.
1. Przechera M, et al. Pharmacokinetic profile and tolerability of

pimobendan in patients with terminal renal insufficiency. Eur J
Clin Pharmacol 1991; 40: 107–11. 

2. The Pimobendan in Congestive Heart Failure (PICO) Investiga-
tors. Effect of pimobendan on exercise capacity in patients with
heart failure: main results from the Pimobendan in Congestive
Heart Failure (PICO) trial. Heart 1996; 76: 223–31. 

3. Yoshikawa T, et al. Effectiveness of carvedilol alone versus
carvedilol + pimobendan for severe congestive heart failure. Am
J Cardiol 2000; 85: 1495–7. 

4. The EPOCH Study Group. Effects of pimobendan on adverse
cardiac events and physical activities in patients with mild to
moderate chronic heart failure: the effects of pimobendan on
chronic heart failure study (EPOCH study). Circ J 2002; 66:
149–57.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Acardi.

Pinacidil (USAN, rINN)

P-1134; Pinacidilum; Pinasidiili. (±)-2-Cyano-1-(4-pyridyl)-3-
(1,2,2-trimethylpropyl)guanidine.
Пинацидил
C13H19N5 = 245.3.
CAS — 60560-33-0 (anhydrous pinacidil); 85371-64-8
(pinacidil monohydrate).
ATC — C02DG01.
ATC Vet — QC02DG01.
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Profile
Pinacidil is a potassium-channel opener (p.1155) that produces
direct peripheral vasodilatation of the arterioles. It has been used
in the management of hypertension. It reduces blood pressure
and peripheral resistance and produces fluid retention. Tachycar-
dia and an increase in cardiac output occur mainly as a reflex
response to the reduction in peripheral resistance.

◊ Reviews.
1. Friedel HA, Brogden RN. Pinacidil: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic potential
in the treatment of hypertension. Drugs 1990; 39: 929–67.

Pindolol (BAN, USAN, rINN) ⊗ 
LB-46; Pindololi; Pindololis; Pindololum; Prindolol; Prinodolol. 1-
(Indol-4-yloxy)-3-isopropylaminopropan-2-ol.

Пиндолол
C14H20N2O2 = 248.3.

CAS — 13523-86-9.
ATC — C07AA03.
ATC Vet — QC07AA03.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Pindolol). A white or almost white, crystalline
powder. Practically insoluble in water; slightly soluble in methyl
alcohol; dissolves in dilute mineral acids. Protect from light. 
USP 31 (Pindolol). A white to off-white, crystalline powder with
a faint odour. Practically insoluble in water; very slightly soluble
in chloroform; slightly soluble in methyl alcohol. Protect from
light.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Effects on lipid metabolism. Beta blockers can affect plas-
ma-lipid concentrations, although this may be less of a problem
with those that have intrinsic sympathomimetic activity. For ref-
erence to the lack of effect of pindolol, see p.1227.

Tremor. Fine tremor in the extremities of 5 patients during pin-
dolol therapy was considered to have been due to its partial
agonist activity.1

1. Hod H, et al. Pindolol-induced tremor. Postgrad Med J 1980; 56:
346–7.

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Pindolol is almost completely absorbed from the gas-
trointestinal tract and peak plasma concentrations are
obtained about 1 to 2 hours after an oral dose. It has a
bioavailability of about 87%. About 40 to 60% is re-
ported to be bound to plasma proteins. It is moderately
lipid-soluble. Pindolol crosses the placenta and is dis-
tributed into breast milk. It is only partially metabo-
lised in the liver and is excreted in the urine both
unchanged and in the form of metabolites. A plasma
elimination half-life of 3 to 4 hours has been reported
in healthy adults. The half-life may be prolonged in
elderly hypertensive patients and in patients with renal
or hepatic impairment.

Uses and Administration
Pindolol is a non-cardioselective beta blocker
(p.1225). It is reported to have intrinsic sympathomi-
metic activity but little membrane-stabilising activity. 
Pindolol is used in the management of hypertension
(p.1171), angina pectoris (p.1157), cardiac arrhythmias
(p.1160), and other cardiovascular disorders. It is also
used in glaucoma (p.1873). 

In hypertension pindolol is usually given initially in
an oral dosage of 5 mg two or three times daily, or
15 mg once daily, subsequently increased according to
response. The usual maintenance dose is 15 to 30 mg
once daily, but up to 45 mg daily, as a single dose or in
divided doses, may be required. Additional benefit is
rarely obtained from doses higher than 45 mg daily, al-
though doses up to 60 mg daily have been given. 
The usual oral dose for angina pectoris is 2.5 to 5 mg
up to three times daily; however, doses of up to 40 mg
daily have been used. 
Eye drops containing pindolol 1% are used in the man-
agement of glaucoma. 
Pindolol has also been given intravenously in the man-
agement of cardiac arrhythmias.
Psychiatric disorders. In addition to its beta-blocking proper-
ties, pindolol is also a partial agonist at serotonin 5-HT1-recep-
tors and has been used to augment the effects of SSRIs in patients
with depression (p.373). Results have been conflicting,1 but a
meta-analysis2 found that the time to response was shorter in pa-
tients given pindolol with an SSRI, although there was no effect
on long-term outcomes. Small studies have also reported posi-
tive effects with pindolol augmentation of SSRIs in obsessive-
compulsive disorder3 (p.952) and in panic disorder4 (p.952), al-
though no effect was seen in social phobia.5 Another study6

found that pindolol augmentation of antipsychotic therapy re-
duced aggression in patients with schizophrenia (p.955).
1. Segrave R, Nathan PJ. Pindolol augmentation of selective serot-

onin reuptake inhibitors: accounting for the variability of results
of placebo-controlled double-blind studies in patients with major
depression. Hum Psychopharmacol 2005; 20: 163–74. 

2. Ballesteros J, Callado LF. Effectiveness of pindolol plus seroton-
in uptake inhibitors in depression: a meta-analysis of early and
late outcomes from randomised controlled trials. J Affect Disord
2004; 79: 137–47. 

3. Dannon PN, et al. Pindolol augmentation in treatment-resistant
obsessive compulsive disorder: a double-blind placebo control-
led trial. Eur Neuropsychopharmacol 2000; 10: 165–9. 

4. Hirschmann S, et al. Pindolol augmentation in patients with
treatment-resistant panic disorder: a double-blind, placebo-con-
trolled trial. J Clin Psychopharmacol 2000; 20: 556–9. 

5. Stein MB, et al. Pindolol potentiation of paroxetine for general-
ized social phobia: a double-blind, placebo-controlled, crossover
study. Am J Psychiatry 2001; 158: 1725–7. 

6. Caspi N, et al. Pindolol augmentation in aggressive schizophren-
ic patients: a double-blind crossover randomized study. Int Clin
Psychopharmacol 2001; 16: 111–5.

Preparations
BP 2008: Pindolol Tablets; 
USP 31: Pindolol Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Barbloc; Visken; Austria: Visken; Belg.: Visken; Braz.: Visken;
Canad.: Apo-Pindol; Novo-Pindol; Nu-Pindol; Visken; Cz.: Apo-Pindol†;
Visken†; Denm.: Hexapindol; Visken; Fin.: Pindocor; Pinloc; Visken; Fr.:
Visken; Ger.: durapindol†; Glauco-Stulln; Visken; Gr.: Visken; Hong Kong:
Visken; Hung.: Visken; India: Visken; Irl.: Visken; Israel: Pinden; Ital.:
Visken; Mex.: Visken; Neth.: Viskeen; NZ: Pindol; Philipp.: Pyndale;
Visken; Pol.: Visken; Rus.: Visken (Вискен); Swed.: Visken; Switz.: Viskene;
Turk.: Visken; UK: Visken; USA: Visken; Venez.: Visken†.

Multi-ingredient: Austria: Viskenit; Belg.: Viskaldix; Braz.: Viskaldix;
Canad.: Viskazide; Chile: Viskaldix; Fr.: Viskaldix; Ger.: Viskaldix; Gr.:
Viskaldix; Hung.: Viskaldix; Irl.: Viskaldix; Malaysia: Viskaldix; Neth.:
Viskaldix; Philipp.: Viskaldix; Rus.: Viskaldix (Вискалдикс); Switz.: Viskald-
ix; Thai.: Viskaldix†; UK: Viskaldix; Venez.: Viskaldix†.

Pipratecol (rINN)

Pipratécol; Pipratecolum; 711-SE. 1-(3,4-Dihydroxyphenyl)-2-[4-
(2-methoxyphenyl)piperazin-1-yl]ethanol.

Пипратекол

C19H24N2O4 = 344.4.
CAS — 15534-05-1.

Profile
Pipratecol is a vasodilator that has been given with raubasine
(p.1386) in the treatment of cerebrovascular disorders.

Piretanide (BAN, USAN, rINN) ⊗ 
Hoe-118; Piretanid; Piretanida; Piretanidas; Pirétanide; Piretanidi;
Piretanidum; S73-4118. 4-Phenoxy-3-(pyrrolidin-1-yl)-5-sul-
phamoylbenzoic acid.

Пиретанид
C17H18N2O5S = 362.4.
CAS — 55837-27-9.
ATC — C03CA03.
ATC Vet — QC03CA03.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Piretanide). A yellowish-white to yellowish pow-
der. It exhibits polymorphism. Very slightly soluble in water;
sparingly soluble in dehydrated alcohol. Protect from light.

Adverse Effects
As for Furosemide, p.1292. Muscle cramps have been reported
after high doses of piretanide.

Precautions
Piretanide’s precautions and contra-indications, which are de-
pendent on its effects on fluid and electrolyte balance, are similar
to those of the thiazide diuretics (see Hydrochlorothiazide,
p.1309). Patients with impaired micturition or prostatic hyper-
plasia may develop retention of urine with piretanide.

Interactions
As for Furosemide, p.1293.

Pharmacokinetics
Piretanide has been reported to be almost completely absorbed
after oral doses. It is extensively bound to plasma proteins, and is
reported to have a half-life of about 1 hour after an oral dose.

◊ References.
1. Beermann B, Grind M. Clinical pharmacokinetics of some newer

diuretics. Clin Pharmacokinet 1987; 13: 254–66.

Uses and Administration
Piretanide is a loop diuretic with actions and uses similar to those
of furosemide (p.1294). It is used for oedema, including that as-
sociated with heart failure (p.1165), in oral doses of 3 to 6 mg
daily. In the treatment of hypertension (p.1171) it is given in a
usual oral dose of 6 to 12 mg daily. The sodium salt is given by
injection.

◊ References.
1. Clissold SP, Brogden RN. Piretanide: a preliminary review of its

pharmacodynamic and pharmacokinetic properties, and thera-
peutic efficacy. Drugs 1985; 29: 489–530.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Arelix; Braz.: Arelix; Fr.: Eurelix; Ger.: Arelix; Irl.: Arelix; Ital.:
Tauliz; Mex.: Diural; S.Afr.: Arelix; Spain: Perbilen; Switz.: Arelix.

Multi-ingredient: Austria: Trialix; Ger.: Arelix ACE; Aretensin; Betarelix;
Irl.: Trialix; Ital.: Prilace; Switz.: Trialix.

Pirifibrate (rINN)

EL-466; Pirifibrato; Pirifibratum. 6-Hydroxymethyl-2-pyridylme-
thyl 2-(4-chlorophenoxy)-2-methylpropionate.

Пирифибрат
C17H18ClNO4 = 335.8.
CAS — 55285-45-5.

Profile
Pirifibrate, a fibric acid derivative (see Bezafibrate, p.1232), is a
lipid regulating drug that has been used in the treatment of hyper-
lipidaemias.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pirmenol Hydrochloride (USAN, rINNM)

CI-845; CL-845; Hidrocloruro de pirmenol; Pirménol, Chlorhy-
drate de; Pirmenoli Hydrochloridum. (±)-cis-2,6-Dimethyl-α-
phenyl-α-2-pyridyl-1-piperidinebutanol hydrochloride.
Пирменола Гидрохлорид
C22H30N2O,HCl = 374.9.
CAS — 68252-19-7 (pirmenol); 61477-94-9 (pirmenol
hydrochloride).

(pirmenol)

Profile
Pirmenol hydrochloride is an antiarrhythmic with class Ia activ-
ity (p.1153).
◊ References.
1. Hampton EM, et al. Initial and long-term outpatient experience

with pirmenol for control of ventricular arrhythmias. Eur J Clin
Pharmacol 1986; 31: 15–22. 

2. Stringer KA, et al. Enhanced pirmenol elimination by rifampin.
J Clin Pharmacol 1988; 28: 1094–7. 

3. Janiczek N, et al. Pharmacokinetics of pirmenol enantiomers and
pharmacodynamics of pirmenol racemate in patients with pre-
mature ventricular contractions. J Clin Pharmacol 1997; 37:
502–13.

Pitavastatin (rINN)

Itavastatin; Nisvastatin; NK-104; Pitavastatina; Pitavastatine; Pitav-
astatinum. (3R,5S,6E)-7-[2-Cyclopropyl-4-(p-fluorophenyl)-3-quin-
olyl]-3,5-dihydroxy-6-heptenoic acid.
Питавастатин
C25H24FNO4 = 421.5.
CAS — 147511-69-1 (pitavastatin); 147526-32-7 (pitav-
astatin calcium).
ATC — C10AA08.
ATC Vet — QC10AA08.

Profile
Pitavastatin, a hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor (or statin), is a lipid regulating drug with sim-
ilar properties to simvastatin (p.1390). It is used as the calcium
salt in the treatment of hyperlipidaemias.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Livalo.

Plant Stanols and Sterols
Phytosterols.
Станолы и Стерины из Растений

Phytosterol
Fitosterolis; Fitoszterin; Fytosterol; Fytosteroli; Phytosterin; Phy-
tostérol; Phytosterolum.
Фитостерин; Фитостерол

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Phytosterol). A natural mixture of sterols obtained
from plants of the genera Hypoxis, Pinus, and Picea. It contains
not less than 70% β-sitosterol, calculated with reference to the
dried substance. A white or almost white powder. Practically
insoluble in water; soluble in tetrahydrofuran; sparingly soluble
in ethyl acetate. Store in airtight containers. Protect from light.

Sitostanol
Dihydro-β-sitosterol; Fucostanol; β-Sitostanol; Stigmastanol.
(3β,5α)-Stigmastan-3-ol.
Ситостанол
C29H52O = 416.7.
CAS — 83-45-4.

Sitosterol
β-Sitosterin; β-Sitosterol. (3β)-Stigmast-5-en-3-ol.
Ситостерин; Ситостерол
C29H50O = 414.7.
CAS — 83-46-5.

Profile
Stanols and sterols occur naturally in plants and are chemically
related to cholesterol. The term phytosterol is used to describe
both unsaturated plant sterols and their saturated (hydrogenated)
counterparts, plant stanols (phytostanols). Sitosterol, campester-
ol, and stigmasterol are the commonest phytosterols; their re-
spective stanols are found in lower amounts naturally, but can be
produced by hydrogenation of sterols. 
Dietary phytosterols have a cholesterol-lowering action; they re-
duce cholesterol absorption from the intestine and may also have
other mechanisms. Sitosterol has been used as a lipid regulating
drug, and both sterol and stanol esters (formed by esterification
with unsaturated fatty acids) have been incorporated into marga-
rines and other food products for use in the dietary management
of hypercholesterolaemia. Sitosterol, sitostanol, and other phyto-
sterols, are also used in nutritional supplements. 
Sitosterol is also used in benign prostatic hyperplasia (p.2178),
although its mechanism of action is not clear. It is given orally in
usual initial doses of 20 mg three times daily. 
There have been reports of bleeding complications associated
with supplements containing phytosterols.
◊ References.
1. Wilt T, et al. Beta-sitosterols for benign prostatic hyperplasia.

Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 1999 (accessed 24/06/05). 

2. Law M. Plant sterol and stanol margarines and health. BMJ
2000; 320: 861–4. 

3. Lichtenstein AH, Deckelbaum RJ. Stanol/sterol ester-contain-
ing foods and blood cholesterol levels: a statement for health-
care professionals from the Nutrition Committee of the Council
on Nutrition, Physical Activity, and Metabolism of the Ameri-
can Heart Association. Circulation 2001; 103: 1177–9. Also
available at: http://circ.ahajournals.org/cgi/reprint/103/8/
1177.pdf (accessed 01/06/08) 

4. Katan MB, et al. Efficacy and safety of plant stanols and sterols
in the management of blood cholesterol levels. Mayo Clin Proc
2003; 78: 965–78. 

5. Health Canada. Sterol and sterolin-containing products: hema-
tologic adverse reactions. Can Adverse React News 2004; 14
(2): 1–2. Also available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v14n2-eng.pdf
(accessed 19/08/08) 

6. Miettinen TA, Gylling H. Plant stanol and sterol esters in pre-
vention of cardiovascular diseases: a review. Int J Clin Pharma-
col Ther 2006; 44: 247–50. 

7. Devaraj S, Jialal I. The role of dietary supplementation with
plant sterols and stanols in the prevention of cardiovascular dis-
ease. Nutr Rev 2006; 64: 348–54. 

8. Moruisi KG, et al. Phytosterols/stanols lower cholesterol con-
centrations in familial hypercholesterolemic subjects: a system-
atic review with meta-analysis. J Am Coll Nutr 2006; 25: 41–8. 

9. Naruszewicz M, Kozlowska-Wojciechowska M. Plant sterols
beyond low-density lipoprotein-cholesterol. Br J Nutr 2007; 98:
454–5. 

10. Weingärtner O, et al. Pflanzliche Sterole als Nahrungsmittelad-
ditiva zur Prävention kardiovaskulärer Erkrankungen. Dtsch
Med Wochenschr 2008; 133: 1201–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Prostacur; Austria: Harzol; Ger.: Azuprostat; Flemun†; Harzol; Pros-
tasal†; Sito-Lande†; Sitosterin; Triastonal; Indon.: Cholbalance; Pol.: Pros-
talizyna; Prosterol; Thai.: Mebo; UAE: Mebo.
Multi-ingredient: Arg.: Cholesterol Reducing Plan†; Sojasterol†; SX-22;
Fr.: Bakol; Hong Kong: Basikol; Physiogel; Rus.: Herbion Urtica (Гербион
Уртика); UK: Kolestop; Lestrin; USA: Better Cholesterol; Better Prostate†;
Cholesterol Support; Prostate Support; Super Beta Prostate.

Plasminogen (BAN)

Plasminógeno.
CAS — 9001-91-6.

Profile
Plasminogen is the specific substance derived from plasma
which, when activated to plasmin, has the property of lysing fi-
brinogen, fibrin, and some other proteins. Its role in the control
of haemostasis is described further on p.1045. Plasminogen has
been investigated as a thrombolytic and has been used with other
blood products in wound-sealant preparations.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Tissucol Duo Quick†; Austria: Tissucol; Tissucol
Duo Quick; Belg.: Tissucol Duo; Canad.: Tisseel; Cz.: Tissucol; Denm.:
Tisseel Duo Quick; Fin.: Tisseel Duo Quick; Fr.: Tissucol; Ger.: Tissucol
Duo S; Tissucol-Kit; Hong Kong: Tisseel; Hung.: Tissucol-Kit; Israel: Tis-
seel; Mex.: Tissucol†; Spain: Tissucol Duo; Swed.: Tisseel Duo Quick;
Switz.: Tissucol; Tissucol Duo S; UK: Tisseel.

Policosanol
Поликосанол
CAS — 142583-61-7.
ATC — C10AX08.
ATC Vet — QC10AX08.

Octacosanol
Cluytyl Alcohol; Montanyl Alcohol; Octacosyl Alcohol. 1-Octa-
cosanol.
Октакосанол
C28H58O = 410.8.
CAS — 557-61-9.

Profile
Policosanol is a mixture of higher primary aliphatic alcohols (fat-
ty alcohols) derived from plant waxes such as sugar cane wax; it
is also found in beeswax and in wheat-germ oil (p.2415). The
main component is octacosanol. Policosanol appears to have
cholesterol-lowering properties and has been used in the treat-
ment of hypercholesterolaemias, although its benefit has been
disputed. Both policosanol and octacosanol are used in nutrition-
al supplements.
◊ References.
1. Gouni-Berthold I, Berthold HK. Policosanol: clinical pharma-

cology and therapeutic significance of a new lipid-lowering
agent. Am Heart J 2002; 143: 356–65. 

2. Pepping J. Policosanol. Am J Health-Syst Pharm 2003; 60:
1112–5. 

3. Berthold HK, et al. Effect of policosanol on lipid levels among
patients with hypercholesterolemia or combined hyperlipidemia:
a randomized controlled trial. JAMA 2006; 295: 2262–9.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Lipex; Austral.: Policor; Chile: PPG; Indon.: Polikos; Mex.: Mercol;
S.Afr.: Phytocor; Venez.: Dupla†.
Multi-ingredient: Ital.: Colesterase; Novostatin; UK: Chol-Aid; Octa-
cosanol.

Polythiazide (BAN, USAN, rINN) ⊗ 
NSC-108161; P-2525; Politiazida; Polythiazidum; Polytiatsidi; Pol-
ytiazid. 6-Chloro-3,4-dihydro-2-methyl-3-(2,2,2-trifluoroethylthi-
omethyl)-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-diox-
ide.
Политиазид
C11H13ClF3N3O4S3 = 439.9.
CAS — 346-18-9.
ATC — C03AA05.
ATC Vet — QC03AA05.

Pharmacopoeias. In Br. 
BP 2008 (Polythiazide). A white or almost white, crystalline
powder with an alliaceous odour. Practically insoluble in water
and in chloroform; sparingly soluble in alcohol.
Adverse Effects, Treatment, and Precautions
As for Hydrochlorothiazide, p.1307.
Interactions
As for Hydrochlorothiazide, p.1309.
Pharmacokinetics
Polythiazide is fairly readily absorbed from the gastrointestinal
tract. The estimated plasma elimination half-life is about 26
hours. More than 80% may be bound to plasma proteins. It is
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excreted mainly in the urine as unchanged polythiazide and
metabolites.
◊ References.
1. Hobbs DC, Twomey TM. Kinetics of polythiazide. Clin Pharma-

col Ther 1978; 23: 241–6.

Uses and Administration
Polythiazide is a thiazide diuretic with actions and uses similar to
those of hydrochlorothiazide (p.1310). It is given orally for hy-
pertension (p.1171), and for oedema, including that associated
with heart failure (p.1165). 
Diuresis begins within about 2 hours of an oral dose, and lasts for
24 to 48 hours. 
In the treatment of hypertension the usual dose is stated to be 2
to 4 mg daily, either alone or with other antihypertensives al-
though doses of only 0.5 to 1 mg may be adequate. In the treat-
ment of oedema the usual dose is 1 to 4 mg daily.
Preparations
BP 2008: Polythiazide Tablets.
Proprietary Preparations (details are given in Part 3)
Belg.: Renese†; USA: Renese†.
Multi-ingredient: Ger.: Polypress†; USA: Minizide†; Renese R†.

Potassium Canrenoate (BANM, rINN) ⊗ 
Aldadiene Potassium; Canrénoate de Potassium; Canrenoate Po-
tassium (USAN); Canrenoato de potasio; Kalii Canrenoas; Kalium-
kanrenoaatti; Kaliumkanrenoat; MF-465a; SC-14266. Potassium
17-hydroxy-3-oxo-17α-pregna-4,6-diene-21-carboxylate.
Калия Канреноат
C22H29KO4 = 396.6.
CAS — 4138-96-9 (canrenoic acid); 2181-04-6 (potassi-
um canrenoate).
ATC — C03DA02.
ATC Vet — QC03DA02.

(canrenoic acid)

Pharmacopoeias. In Jpn.
Adverse Effects and Precautions
As for Spironolactone, p.1400. Irritation or pain may occur at the
site of injection.
Effects on endocrine function. A lower incidence of gynae-
comastia has been reported in patients with hepatic cirrhosis and
ascites during use of potassium canrenoate than with equivalent
doses of spironolactone,1 and spironolactone-induced gynaeco-
mastia disappeared when spironolactone was replaced by potas-
sium canrenoate in a patient with hyperaldosteronism.2 This sug-
gests that metabolites other than canrenone (a common
metabolite of both canrenoate and spironolactone thought to be
responsible for their activity) or possibly spironolactone itself
may be responsible for the anti-androgenic effects of spironolac-
tone.3,4

1. Bellati G, Idéo G. Gynaecomastia after spironolactone and potas-
sium canrenoate. Lancet 1986; i: 626. 

2. Dupont A. Disappearance of spironolactone-induced gynaeco-
mastia during treatment with potassium canrenoate. Lancet
1985; ii: 731. 

3. Gardiner P. Spironolactone and potassium canrenoate metabo-
lism. Lancet 1985; ii: 1432. 

4. Overdiek JWPM, Merkus FWHM. Spironolactone metabolism
and gynaecomastia. Lancet 1986; i: 1103.

Interactions
As for Spironolactone, p.1401.
Uses and Administration
Potassium canrenoate is a potassium-sparing diuretic with ac-
tions and uses similar to those of spironolactone (p.1401). Can-
renone (p.1239) is a metabolite common to both drugs, but its
contribution to the pharmacological action is unclear. Potassium
canrenoate is used in the treatment of refractory oedema associ-
ated with heart failure (p.1165) or hepatic disease when an inject-
able aldosterone antagonist is required. It may be given in doses
of 200 to 400 mg daily, increasing to 800 mg daily in exceptional
cases; it is given by slow intravenous injection over a period of 2
to 3 minutes for each 200 mg or by intravenous infusion in glu-
cose 5% or sodium chloride 0.9%.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Aldactone; Belg.: Canrenol; Soldactone; Cz.: Aldactone; Canre-
nol†; Fr.: Soludactone; Ger.: Aldactone; Kalium-Can; Hung.: Aldactone†;
Ital.: Dikantal; Diurek; Kanrenol; Luvion; Venactone†; Neth.: Soldactone;
Norw.: Soldactone†; Pol.: Aldactone; Switz.: Soldactone.
Multi-ingredient: Ital.: Kadiur.

Prajmalium Bitartrate (BAN, rINN)

Bitartrato de prajmalio; GT-1012; NPAB; Prajmalii Bitartras; Pra-
jmaline Bitartrate; Prajmalium, Bitartrate de. N-Propylajmalinium
hydrogen tartrate.
Праймалия Битартрат
C23H33N2O2,C4H5O6 = 518.6.
CAS — 35080-11-6 (prajmalium); 2589-47-1 (prajmal-
ium bitartrate).
ATC — C01BA08.
ATC Vet — QC01BA08.

Adverse Effects and Precautions
As for Ajmaline, p.1206.
Effects on the liver. Cholestatic jaundice associated with pru-
ritus, chills, and eosinophilia1 was attributed to an allergic reac-
tion to prajmalium bitartrate in a patient 20 days after the start of
treatment.
1. Rotmensch HH, et al. Cholestatic jaundice: an immune response

to prajmalium bitartrate. Postgrad Med J 1980; 56: 738–41.

Effects on mental state. Confusion and disorientation in time
and place1 occurred on 2 occasions in a 67-year-old man given
prajmalium bitartrate 100 mg daily for the control of tachycar-
dia; the confusion rapidly disappeared when prajmalium was
withdrawn.
1. Lessing JB, Copperman IJ. Severe cerebral confusion produced

by prajmalium bitartrate. BMJ 1977; 2: 675.

Uses and Administration
Prajmalium is a class I antiarrhythmic (p.1153) and is the N-pro-
pyl derivative of ajmaline (p.1206). It is given orally as the
bitartrate in the management of supraventricular and ventricular
arrhythmias (p.1160) in initial doses of 60 to 80 mg daily. Main-
tenance doses of 20 to 40 mg daily in divided doses are used.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Neo-Gilurytmal; Cz.: Neo-Gilurytmal; Ger.: Neo-Gilurytmal;
Hung.: Neo-Gilurytmal; Indon.: Neo-Gilurytmal; Israel: Neo-Giluryth-
mal†.
Multi-ingredient: Spain: Cresophene.

Prasugrel Hydrochloride (USAN, rINNM)

LY-640315; Prasugrel, Chlorhydrate de; Prasugrel, hidrocloruro
de; Prasugreli Hydrochloridum. 5-[(1RS)-2-Cyclopropyl-1-(2-
fluorophenyl)-2-oxoethyl]-4,5,6,7-tetrahydrothieno[3,2-c]pyrid-
in-2-yl acetate hydrochloride.
Празугрела Гидрохлорид
C20H20FNO3S,HCl = 409.9.
CAS — 389574-19-0.

(prasugrel)

Profile
Prasugrel hydrochloride is a thienopyridine antiplatelet drug
with similar properties to clopidogrel (p.1250). It is under devel-
opment for cardiovascular disorders.
◊ References.
1. Wiviott SD, et al. Randomized comparison of prasugrel (CS-

747, LY640315), a novel thienopyridine P2Y  antagonist, with
clopidogrel in percutaneous coronary intervention: results of the
Joint Utilization of Medications to Block Platelets Optimally
(JUMBO)-TIMI 26 trial. Circulation 2005; 111: 3366–73. 

2. Jakubowski JA, et al. A multiple dose study of prasugrel (CS-
747), a novel thienopyridine P2Y  inhibitor, compared with
clopidogrel in healthy humans. Br J Clin Pharmacol 2006; 63:
421–30. 

3. Brandt JT, et al. A comparison of prasugrel and clopidogrel load-
ing doses on platelet function: magnitude of platelet inhibition is
related to active metabolite formation. Am Heart J 2007; 153:
66. 

4. Wiviott SD, et al. TRITON-TIMI 38 Investigators. Prasugrel
versus clopidogrel in patients with acute coronary syndromes. N
Engl J Med 2007; 357: 2001–15. 

5. Wiviott SD, et al. PRINCIPLE-TIMI 44 Investigators. Prasugrel
compared with high loading- and maintenance-dose clopidogrel
in patients with planned percutaneous coronary intervention: the
Prasugrel in Comparison to Clopidogrel for Inhibition of Platelet
Activation and Aggregation-Thrombolysis in Myocardial Infarc-
tion 44 trial. Circulation 2007; 116: 2923–32. 

6. Antman EM, et al. Early and late benefits of prasugrel in patients
with acute coronary syndromes undergoing percutaneous coro-
nary intervention: a TRITON-TIMI 38 (TRial to Assess Im-
provement in Therapeutic Outcomes by Optimizing Platelet In-
hibitioN with Prasugrel-Thrombolysis In Myocardial Infarction)
analysis. J Am Coll Cardiol 2008; 51: 2028–33.

Pravastatin Sodium (BANM, USAN, rINNM)

CS-514; Eptastatin Sodium; 3β-Hydroxycompactin Sodium;
Natrii Pravastatinum; Pravastatiininatrium; Pravastatin sodná sůl;
Pravastatina sódica; Pravastatine sodique; Pravastatinnatrium;
Pravastatino natrio druska; Pravastatinum natricum; Pravasztatin-
nátrium; SQ-31000. Sodium (3R,5R)-7-{(1S,2S,6S,8S,8aR)-1,2,-
6,7,8,8a-hexahydro-6-hydroxy-2-methyl-8-[(S)-2-methylbutyry-
loxy]-1-naphthyl}-3,5-dihydroxyheptanoate.
Натрий Правастатин
C23H35O7Na = 446.5.
CAS — 81093-37-0 (pravastatin); 81131-70-6 (pravasta-
tin sodium).
ATC — C10AA03.
ATC Vet — QC10AA03.

(pravastatin)

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Pravastatin Sodium). A white to yellowish-white,
hygroscopic, powder or crystalline powder. Freely soluble in wa-
ter and in methyl alcohol; soluble in dehydrated alcohol. A 5%
solution in water has a pH of 7.2 to 9.0. Store in airtight contain-
ers. 
USP 31 (Pravastatin Sodium). A white to yellowish white hygro-
scopic powder. Freely soluble in water and in methyl alcohol;
soluble in alcohol; practically insoluble in chloroform, in ether,
and in ethyl acetate; very slightly soluble in acetonitrile. Store in
airtight containers.

Adverse Effects and Precautions
As for Simvastatin, p.1390.

Interactions
The interactions of statins with other drugs are de-
scribed under simvastatin (p.1392). Pravastatin is not
significantly metabolised by the cytochrome P450 en-
zyme system and does not have the same interactions
with enzyme inhibitors as simvastatin, although cau-
tion has been advised when such combinations are
used. Increased plasma-pravastatin concentrations
have been reported in some patients receiving
ciclosporin and low doses should be used (see Uses
and Administration, below).

Pharmacokinetics
Pravastatin is rapidly but incompletely absorbed from
the gastrointestinal tract and undergoes extensive first-
pass metabolism in the liver, its primary site of action.
The absolute bioavailability of pravastatin is 17%.
About 50% of the circulating drug is bound to plasma
proteins. The plasma elimination half-life of pravasta-
tin is 1.5 to 2 hours. About 70% of an oral dose of prav-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

astatin is excreted in the faeces, as unabsorbed drug
and via the bile, and about 20% is excreted in the urine.
◊ General reviews.
1. Quion JAV, Jones PH. Clinical pharmacokinetics of pravastatin.

Clin Pharmacokinet 1994; 27: 94–103. 
2. Hatanaka T. Clinical pharmacokinetics of pravastatin: mecha-

nisms of pharmacokinetic events. Clin Pharmacokinet 2000; 39:
397–412.

Uses and Administration
Pravastatin, a 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitor (or statin), is a lipid
regulating drug with actions on plasma lipids similar to
those of simvastatin (p.1394). 
Pravastatin is used to reduce LDL-cholesterol, apo-
lipoprotein B, and triglycerides, and to increase HDL-
cholesterol in the treatment of hyperlipidaemias
(p.1169), including hypercholesterolaemias, combined
(mixed) hyperlipidaemia (type IIa or IIb hyperlipopro-
teinaemias), hypertriglyceridaemia (type IV), dys-
betalipoproteinaemia (type III), and post-transplanta-
tion hyperlipidaemia. It is also used for cardiovascular
risk reduction (p.1164), including primary prophylaxis
in hypercholesterolaemic patients, and secondary
prophylaxis, including prevention of stroke, in patients
with clinically-evident ischaemic heart disease. 
Pravastatin is given orally as the sodium salt; the usual
dose is 10 to 40 mg of pravastatin sodium once daily at
bedtime. The dose may be adjusted, according to re-
sponse, at intervals of not less than 4 weeks. UK li-
censed product information states that the maximum
dose is 40 mg once daily, but US licensed product in-
formation allows a maximum of 80 mg once daily in
patients with hypercholesterolaemia. Low initial doses
are recommended in patients with hepatic or renal im-
pairment (see below). 
In patients also taking ciclosporin, UK licensed prod-
uct information recommends an initial dose of 20 mg
once daily, but US licensed product information states
an initial dose of 10 mg; dose increases should be made
with caution. 
For the use of pravastatin in children and adolescents,
see below.
◊ General reviews.
1. McTavish D, Sorkin EM. Pravastatin: a review of its pharmaco-

logical properties and therapeutic potential in hypercholestero-
laemia. Drugs 1991; 42: 65–89. 

2. Haria M, McTavish D. Pravastatin: a reappraisal of its pharma-
cological properties and clinical effectiveness in the manage-
ment of coronary heart disease. Drugs 1997; 53: 299–336.

Administration in children. In children with heterozygous
familial hypercholesterolaemia, pravastatin sodium is licensed in
doses of 10 to 20 mg once daily in those aged 8 to 13 years and
10 to 40 mg once daily in those aged 14 to 18 years. Short-term
studies have suggested that pravastatin effectively reduces
choles terol  and is  safe  in  chi ldren with  famil ia l
hypercholesterolaemia1 and in children taking immunosuppres-
sants after heart transplant,2 although plasma concentrations may
be higher in the latter group. A randomised controlled study3 and
a prospective study4 have also found that pravastatin is effective
and well tolerated in familial hypercholesterolaemia, and there is
some evidence3 that carotid intima media thickness (a marker of
atherosclerosis) may be reduced.
1. Hedman M, et al. Pharmacokinetics and pharmacodynamics of

pravastatin in children with familial hypercholesterolemia. Clin
Pharmacol Ther 2003; 74: 178–85. 

2. Hedman M, et al. Pharmacokinetics and pharmacodynamics of
pravastatin in pediatric and adolescent cardiac transplant recipi-
ents on a regimen of triple immunosuppression. Clin Pharmacol
Ther 2004; 75: 101–109. 

3. Wiegman A, et al. Efficacy and safety of statin therapy in chil-
dren with familial hypercholesterolemia: a randomized control-
led trial. JAMA 2004; 292: 331–7. 

4. Hedman M, et al. Efficacy and safety of pravastatin in children
and adolescents with heterozygous familial hypercholesterolem-
ia: a prospective clinical follow-up study. J Clin Endocrinol Me-
tab 2005; 90: 1942–52.

Administration in hepatic or renal impairment. Patients
with moderate or severe renal or significant hepatic impairment
should be given pravastatin sodium in an initial dose of 10 mg
daily, and the dose should be increased with caution.

Preparations
BP 2008: Pravastatin Tablets; 
USP 31: Pravastatin Sodium Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Pravacol; Austral.: Cholstat; Lipostat; Pravachol; Austria: Panchol;
Pravachol; Sanaprav†; Selipran; Belg.: Merckprareduct; Prareduct†; Prava-
sine; Braz.: Mevalotin; Pravacol; Canad.: Pravachol; Chile: Pravacol; Cz.:
Lipostat†; Denm.: Pravachol; Fin.: Pravachol; Fr.: Elisor; Vasten; Ger.: Me-

valotin; Prava Basics; Pravabeta; Pravagamma; PravaLich; Pravalip; Pravasin;
Gr.: Antisterin; Asto-Chol; Cholipravin; Cosivatin; Lipoprav; Maxudin; Osi-
tron; Panlipol; Pravachol; Pravafact; Pravahelp; Pravalip; Pravalong; Pravanox;
Pravedol; Pravin; Pravostin; Privast; Sosmin; Vastil; Zoter ; Zyon; Hong
Kong: Pravachol; Hung.: Nikron; Prastin; Pravastar; India: Pravator; In-
don.: Cholespar; Koleskol; Mevachol; Novales; Pravachol; Irl.: ByStat; Chol-
stat; Lipostat; Pravamel; Pravat; Pravitin; Israel: Lipidal†; Pravalip; Ital.:
Aplactin; Prasterol; Pravaselect; Sanaprav; Selectin; Jpn: Mevalotin; Malay-
sia: Pravachol; Mex.: Astin; Brakhor; Colpradin; Kenstatin; Kenvastin; Lexet;
Loretsin; Mavitina; Novina; Paver; Prascolend; Prasiver; Pravacol; Striacol;
Tissulest; Tratinal; Tridanil-H; Vaprasil; Varlex; Xipral; Neth.: Lipitifi; Lipratif;
Pratiflip†; Pravandrea; Selektine; Statifil; Tifistat†; Vastatifix; Norw.: Prava-
chol; NZ: Lipostat; Pravachol; Philipp.: Lipostat; Stanidine; Pol.: Apo-
Prava; Port.: Pravacol; Pritanol; Sanaprav; S.Afr.: Pranalip; Prava; Singa-
pore: Pravachol; Spain: Bristacol; Lipemol; Liplat; Prareduct; Pravalipem†;
Pritadol; Swed.: Pravachol; Switz.: Mevalotin; Pravalotin; Pravasta eco; Pra-
vatine; Selipran; Thai.: Mevalotin; Turk.: Pravachol; UK: Lipostat; USA:
Pravachol; Venez.: Mevalotin; Pravacol.
Multi-ingredient: Fr.: Pravadual; Neth.: Selektine Plus; USA: Pravigard
PAC†.

Prazosin Hydrochloride 

(BANM, USAN, rINNM)

CP-12299-1; Furazosin Hydrochloride; Hidrocloruro de prazosi-
na; Pratsosiinihydrokloridi; Prazosin Hidroklorür; Prazosine, chlo-
rhydrate de; Prazosin-hydrochlorid; Prazosinhydroklorid; Pra-
zosini hydrochloridum; Prazozin-hidroklorid; Prazozino hidro-
chloridas. 2-[4-(2-Furoyl)piperazin-1-yl]-6,7-dimethoxyquinazo-
lin-4-ylamine hydrochloride.
Празозина Гидрохлорид
C19H21N5O4,HCl = 419.9.
CAS — 19216-56-9 (prazosin); 19237-84-4 (prazosin hy-
drochlor ide).
ATC — C02CA01.
ATC Vet — QC02CA01.

(prazosin)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Prazosin Hydrochloride). A white or almost white
powder. Very slightly soluble in water; slightly soluble in alcohol
and in methyl alcohol; practically insoluble in acetone. Protect
from light. 
USP 31 (Prazosin Hydrochloride). A white to tan powder.
Slightly soluble in water, in dimethylacetamide, in dimethylfor-
mamide, and in methyl alcohol; very slightly soluble in alcohol;
practically insoluble in acetone and in chloroform. Store in air-
tight containers. Protect from light.

Adverse Effects
Prazosin hydrochloride can cause orthostatic hypoten-
sion which may be severe and produce syncope after
the initial dose; it may be preceded by tachycardia.
This reaction can be avoided by starting treatment with
a low dose, preferably at night (see Uses and Adminis-
tration, below). The hypotensive effects may be exag-
gerated by exercise, heat, or alcohol ingestion. 
The more common adverse effects include dizziness,
drowsiness, headache, lack of energy, nausea, and pal-
pitations, and may diminish with continued prazosin
therapy or with a reduction in dosage. Other adverse
effects include oedema, chest pain, dyspnoea, consti-
pation, diarrhoea, vomiting, depression and nervous-
ness, sleep disturbances, vertigo, hallucinations, par-
aesthesia, nasal congestion, epistaxis, dry mouth,
urinary frequency and incontinence, reddened sclera,
blurred vision, tinnitus, abnormal liver enzyme values,
pancreatitis, arthralgia, alopecia, lichen planus, skin
rashes, pruritus, and diaphoresis. Impotence and pria-
pism have also been reported.
◊ General reviews.
1. Carruthers SG. Adverse effects of α -adrenergic blocking drugs.

Drug Safety 1994; 11: 12–20.

Effects on the cardiovascular system. Orthostatic hypoten-
sion, preceded by tachycardia and sometimes producing synco-
pe, is an established adverse effect of the initial dose of prazosin.

Sinus bradycardia was associated with prazosin in a patient who
had light headedness after each daily dose.1
1. Ball J. Symptomatic sinus bradycardia due to prazosin. Lancet

1994; 343: 121.

Effects on the gastrointestinal tract. Faecal incontinence in
a 52-year-old man receiving prazosin was exacerbated by haem-
orrhoidectomy and appeared to be due to diminished resting anal
tone, presumably because of smooth muscle relaxation second-
ary to alpha-adrenoceptor blockade.1 Symptoms ceased almost
immediately on stopping the drug.
1. Holmes SAV, et al. Faecal incontinence resulting from α -adren-

oceptor blockade. Lancet 1990; 336: 685–6.

Effects on mental function. Psychiatric symptoms including
confusion, paranoia, and hallucinations developed in 3 patients
associated with prazosin treatment.1 Two of the patients had
chronic renal failure and the other had mild renal impairment.
Acute psychosis has also been reported with doxazosin.2
1. Chin DKF, et al. Neuropsychiatric complications related to use

of prazosin in patients with renal failure. BMJ 1986; 293: 1347. 
2. Evans M, et al. Drug induced psychosis with doxazosin. BMJ

1997; 314: 1869.

Hypersensitivity. Urticaria and angioedema were attributed to
prazosin in a 70-year-old woman.1
1. Ruzicka T, Ring J. Hypersensitivity to prazosin. Lancet 1983; i:

473–4.

Lupus erythematosus. One study has reported the formation
of antinuclear antibodies in patients receiving prazosin,1 but this
is not in agreement with other reports,2,3 and commentators con-
sider the association unproven.4 There is no evidence of the de-
velopment of lupus erythematosus.1
1. Marshall AJ, et al. Positive antinuclear factor tests with prazosin.

BMJ 1979; 1: 165–6. 
2. Wilson JD, et al. Antinuclear factor in patients on prazosin. BMJ

1979; 1: 553–4. 
3. Melkild A, Gaarder PI. Does prazosin induce formation of anti-

nuclear factor? BMJ 1979; 1: 620–1. 
4. Kristensen BØ. Does prazosin induce formation of antinuclear

factor? BMJ 1979; 1: 621.

Urinary incontinence. There have been reports of urinary in-
continence developing in patients receiving prazosin. Analysis1

of 56 cases reported to the Australian Adverse Drug Reactions
Advisory Committee indicated that typically symptoms ap-
peared within 1 or 2 days of the start of therapy and persisted
until the drug was withdrawn or the dose reduced. Both stress
and urge incontinence occurred, sometimes in the same patient.
Of the 56 patients, 51 were women and most were elderly. In a
study2 in women attending a hypertension clinic urinary inconti-
nence was reported in 40.8% of 49 women receiving alpha
blockers (prazosin, terazosin, or doxazosin) and in 16.3% of con-
trols. Incontinence might be due to a reduction in urethral pres-
sure induced by alpha-adrenoceptor blockade. 
Interestingly, faecal incontinence has also been reported with
prazosin—see Effects on the Gastrointestinal Tract, above.
1. Mathew TH, et al. Urinary incontinence secondary to prazosin.

Med J Aust 1988; 148: 305–6. 
2. Marshall HJ, Beevers DG. α-Adrenoceptor blocking drugs and

female urinary incontinence: prevalence and reversibility. Br J
Clin Pharmacol 1996; 42: 507–9.

Treatment of Adverse Effects
If overdosage with prazosin occurs activated charcoal
should be given if the patient presents within 1 hour of
ingestion. Severe hypotension may occur and treat-
ment includes support of the circulation by postural
measures and parenteral fluid volume replacement,
and if necessary cautious intravenous infusion of a va-
sopressor. Prazosin is not removed by dialysis.

Precautions
Treatment with prazosin should be introduced cau-
tiously because of the risk of sudden collapse follow-
ing the initial dose. Extra caution is necessary in pa-
tients with hepatic or renal impairment and in the
elderly. 
Prazosin is not recommended for the treatment of heart
failure caused by mechanical obstruction, for example
aortic or mitral valve stenosis, pulmonary embolism,
and restrictive pericardial disease. It should be used
with caution in patients with angina pectoris. Prazosin
may cause drowsiness or dizziness; patients so affected
should not drive or operate machinery.
Cataract surgery. For a warning about intraoperative floppy
iris syndrome during cataract surgery in patients taking alpha
blockers, see Surgical Procedures under Precautions for Tamsu-
losin Hydrochloride, p.2197.
Cerebral haemorrhage. Hypotension with disturbance of
consciousness1 occurred in 3 patients with recent cerebral haem-
orrhage after an initial dose of prazosin 500 micrograms.
1. Lin M-S, Hsieh W-J. Prazosin-induced first-dose phenomenon

possibly associated with hemorrhagic stroke: a report of three
cases. Drug Intell Clin Pharm 1987;  21: 723–6.
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Tolerance. Although prazosin may be of initial benefit in pa-
tients with chronic heart failure, some studies1,2 have reported the
development of tolerance to its haemodynamic effects on pro-
longed therapy. This may be partly due to upregulation of alpha1
adrenoceptors.3
1. Packer M, et al. Role of the renin-angiotensin system in the de-

velopment of hemodynamic and clinical tolerance to long-term
prazosin therapy in patients with severe chronic heart failure. J
Am Coll Cardiol 1986; 7: 671–80. 

2. Bayliss J, et al. Clinical importance of the renin-angiotensin sys-
tem in chronic heart failure: double blind comparison of capto-
pril and prazosin. BMJ 1985; 290: 1861–5. 

3. Kersting F, et al. Preliminary evidence for the mechanism under-
lying the development of tolerance to prazosin in congestive
heart failure: the α-agonistic properties of dobutamine unmasked
by prazosin treatment. J Cardiovasc Pharmacol 1993; 21:
537–43.

Interactions
The hypotensive effects of prazosin may be enhanced
by use with diuretics and other antihypertensives, and
by alcohol and other drugs that cause hypotension. The
risk of first-dose hypotension may be particularly in-
creased in patients receiving beta blockers or calcium-
channel blockers.
Analgesics. Indometacin reduced prazosin-induced hypoten-
sion in 4 of 9 subjects.1
1. Rubin P, et al. Studies on the clinical pharmacology of prazosin

II: the influence of indomethacin and of propranolol on the ac-
tion and disposition of prazosin. Br J Clin Pharmacol 1980; 10:
33–9.

Antidepressants and antipsychotics. A patient who was
taking amitriptyline and chlorpromazine developed acute agita-
tion on receiving prazosin.1 The symptoms settled rapidly when
prazosin was discontinued. Antidepressants and antipsychotics
may enhance the hypotensive effect of prazosin and other alpha
blockers.
1. Bolli P, Simpson FO. New vasodilator drugs for hypertension.

BMJ 1974; 1: 637.

Calcium-channel blockers. An enhanced hypotensive effect
has been reported in normotensive subjects given prazosin and
verapamil concurrently; the effect may be due in part to en-
hanced bioavailability of prazosin.1 Markedly increased hypo-
tensive responses have also been reported with combined use of
prazosin and nifedipine,2,3 although the validity of such reports
has been questioned.4
1. Pasanisi F, et al. Combined alpha adrenoceptor antagonism and

calcium channel blockade in normal subjects. Clin Pharmacol
Ther 1984; 36: 716–23. 

2. Jee LD, Opie LH. Acute hypotensive response to nifedipine add-
ed to prazosin in treatment of hypertension. BMJ 1983; 287:
1514. 

3. Jee LD, Opie LH. Acute hypotensive response to nifedipine add-
ed to prazosin. BMJ 1984; 288: 238–9. 

4. Elliott HL, et al. Acute hypotensive response to nifedipine added
to prazosin. BMJ 1984; 288: 238.

Digoxin. For reference to the effect of prazosin on serum-digox-
in concentrations, see under Digoxin, p.1261.

Pharmacokinetics
Prazosin is readily absorbed from the gastrointestinal
tract with peak plasma concentrations occurring 1 to 3
hours after an oral dose. The bioavailability is variable
and a range of 43 to 85% has been reported. Prazosin
is highly bound to plasma proteins. It is extensively
metabolised in the liver and some of the metabolites
are reported to have hypotensive activity. It is excreted
as the metabolites and 5 to 11% as unchanged prazosin
mainly in the faeces via the bile. Less than 10% is ex-
creted in the urine. Small amounts are distributed into
breast milk. Its duration of action is longer than would
be predicted from its relatively short plasma half-life of
about 2 to 4 hours. Half-life is reported to be increased
to about 7 hours in patients with heart failure.
The elderly. The bioavailability of prazosin was significantly
reduced in the elderly, about 40% less unchanged drug reaching
the systemic circulation compared with the young.1 This was at-
tributed to a reduction in the absorption from the gastrointestinal
tract. The half-life was also prolonged in the elderly and this was
associated with an increase in the volume of distribution at
steady state. However, it was considered unlikely that these ef-
fects would have major clinical significance.
1. Rubin PC, et al. Prazosin disposition in young and elderly sub-

jects. Br J Clin Pharmacol 1981; 12: 401–4.

Protein binding. Although a study1 found that prazosin was
about 80 to 85% bound to serum albumin and only about 10 to
30% bound to α1-acid glycoprotein in vitro, potential interactions
between the binding proteins in vivo were not taken into account;
binding to α1-acid glycoprotein might be more significant in clin-
ical practice. A subsequent study2 indicated that variations in

prazosin protein binding pre- and post-operatively were related
to variations in concentration of the glycoprotein.
1. Brunner F, Müller WE. Prazosin binding to human α -acid glyc-

oprotein (orosomucoid), human serum albumin, and human se-
rum: further characterisation of the ‘single drug binding site’ of
orosomucoid. J Pharm Pharmacol 1985; 37: 305–9. 

2. Sager G, et al. Binding of prazosin and propranolol at variable
α -acid glycoprotein and albumin concentrations. Br J Clin
Pharmacol 1989; 27: 229–34.

Uses and Administration
Prazosin is an alpha blocker (p.1153) that acts by selec-
tive blockade of alpha1-adrenoceptors. It is used in the
management of hypertension (p.1171), in Raynaud’s
syndrome (see Peripheral Vascular Disease, below),
and to relieve symptoms of urinary obstruction in be-
nign prostatic hyperplasia (p.2178). It has also been
used in heart failure (p.1165). 
Prazosin produces peripheral dilatation of both arteri-
oles and veins and reduction of peripheral resistance,
usually without reflex tachycardia. It reduces both
standing and supine blood pressure with a greater ef-
fect on the diastolic pressure. It is reported to have no
effect on renal blood flow or glomerular filtration rate,
and has little effect on cardiac output in hypertensive
patients. In patients with heart failure, prazosin reduces
both preload and afterload and produces an improve-
ment in cardiac output, although tolerance may devel-
op. In benign prostatic hyperplasia, prazosin may re-
lieve the symptoms of urinary obstruction by reducing
smooth muscle tone in the prostate and bladder neck. 
Prazosin is given orally as the hydrochloride, but doses
are usually expressed in terms of the base. Prazosin hy-
drochloride 1.1 mg is equivalent to about 1 mg of pra-
zosin. After oral dosage the hypotensive effect is seen
within 2 to 4 hours and persists for several hours. Full
effects are seen after 4 to 6 weeks. 
A low starting dose is given in the evening to lessen the
risk of collapse which may occur in some patients after
the first dose (see Adverse Effects, above). Doses may
need to be reduced in the elderly and in patients with
hepatic or renal impairment. 
In hypertension, the usual initial dose in the UK is
500 micrograms two or three times daily for 3 to 7
days; if tolerated the dose may then be increased to
1 mg two or three times daily for a further 3 to 7 days,
and thereafter gradually increased, according to the pa-
tient’s response, to a usual maximum of 20 mg daily in
divided doses. In the US the recommended starting
dose is 1 mg two or three times daily and up to 40 mg
daily in divided doses has been given; however, the
usual maintenance dose is between 6 and 15 mg daily.
Smaller doses may be required in patients also taking
other antihypertensives. Modified-release preparations
may allow once daily dosing. 
In Raynaud’s syndrome and in benign prostatic hy-
perplasia an initial dose of 500 micrograms twice dai-
ly may be given, increasing to a maintenance dose not
exceeding 2 mg twice daily. 
In heart failure, treatment has been started with
500 micrograms two to four times daily and increased
gradually according to response; the usual mainte-
nance dose has been 4 to 20 mg daily.
Erectile dysfunction. Prazosin has been given transurethrally
with alprostadil1 in the management of erectile dysfunction
(p.2179).
1. Peterson CA, et al. Erectile response to transurethral alprostadil,

prazosin and alprostadil-prazosin combinations. J Urol (Balti-
more) 1998; 159: 1523–8.

Familial Mediterranean fever. Familial Mediterranean fever
(p.557) is usually treated with prophylactic colchicine, but its use
may be limited by adverse effects. A Japanese man who had suf-
fered from attacks for 16 years was treated1 with prazosin 3 mg
daily. There were no further attacks for more than a year after
starting treatment, but stopping prazosin resulted in a recurrence.
1. Kataoka H, et al. Treating familial Mediterranean fever with pra-

zosin hydrochloride. Ann Intern Med 1998; 129: 424–5.

Muscle cramp. Skeletal muscle cramp may occur during
haemodialysis, possibly due to activation of the sympathetic
nervous system. Prazosin was reported1 to reduce the incidence
of cramp in 4 of 5 patients with frequent haemodialysis-associat-

ed muscle cramp. However, the increased incidence of hypoten-
sion reported might limit its use for this indication.
1. Sidhom OA, et al. Low-dose prazosin in patients with muscle

cramps during hemodialysis. Clin Pharmacol Ther 1994; 56:
445–51.

Peripheral vascular disease. Alpha blockers, including pra-
zosin, may be used in the management of Raynaud’s syndrome
(see Vasospastic Arterial Disorders, p.1188). Studies of the ben-
efits of prazosin have produced varying results. A short-term re-
duction in number and duration of attacks was reported in 5 of 7
patients given prazosin 2 mg daily but only 1 patient had com-
plete relief from attacks and few could tolerate doses higher than
6 mg daily.1 Improvements were not maintained during contin-
ued treatment for 2 months. Others2,3 have reported benefit from
prazosin 1 mg two or three times daily in the majority of patients,
with one study suggesting greater benefit in Raynaud’s disease
(the primary, idiopathic form) than in secondary Raynaud’s syn-
drome.2 In a subsequent study, higher doses of prazosin (2 or
4 mg three times daily) were no more effective than 1 mg three
times daily, and were associated with a significantly greater inci-
dence of adverse effects.4 A systematic review5 concluded that
prazosin was modestly effective in the treatment of Raynaud’s
syndrome secondary to scleroderma.
1. Nielsen SL, et al. Prazosin treatment of primary Raynaud’s phe-

nomenon. Eur J Clin Pharmacol 1983; 24: 421–3. 
2. Allegra C, et al. Pharmacological treatment of Raynaud’s phe-

nomenon: a new therapeutic approach. Curr Ther Res 1986; 40:
303–11. 

3. Wollersheim H, et al. Double-blind, placebo-controlled study of
prazosin in Raynaud’s phenomenon. Clin Pharmacol Ther 1986,
40: 219–25. 

4. Wollersheim H, Thien T. Dose-response study of prazosin in
Raynaud’s phenomenon: clinical effectiveness versus side ef-
fects. J Clin Pharmacol 1988; 28: 1089–93. 

5. Pope J, et al. Prazosin for Raynaud’s phenomenon in progressive
systemic sclerosis. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 2. Chichester: John Wiley; 1998 (ac-
cessed 24/06/05).

Post-traumatic stress disorder. Post-traumatic stress disor-
der (p.953) is usually treated with psychotherapy or drugs such
as SSRIs. Increased alpha1-adrenergic receptor activity may be a
contributory factor, and several small studies have reported that
treatment with prazosin improves nightmares and sleep distur-
bances in patients with this condition.1,2 A reduction in night-
mares occurred in 5 patients taking part in a small 6-week open-
label study;3 doses ranged from 1 mg at night to 2 mg night and
morning. A similar improvement was found in a retrospective
study4 of combat veterans with chronic treatment-resistant
symptoms, where doses of prazosin were increased gradually
from 1 mg at night up to a maximum daily dose of 20 mg if re-
quired, and in a placebo-controlled study5 in similar patients giv-
en doses of up to 15 mg at night. Another small study6 and a case
report7 have also reported benefit; doses varied from 1 mg at
night to 10 mg daily in 2 divided doses.
1. Dierks MR, et al. Prazosin treatment of nightmares related to

posttraumatic stress disorder. Ann Pharmacother 2007; 41:
1013–17. 

2. Taylor HR, et al. Prazosin for treatment of nightmares related to
posttraumatic stress disorder. Am J Health-Syst Pharm 2008; 65:
716–22. 

3. Taylor F, Raskind MA. The α -adrenergic antagonist prazosin
improves sleep and nightmares in civilian trauma posttraumatic
stress disorder. J Clin Psychopharmacol 2002; 22: 82–5. 

4. Raskind MA, et al. Prazosin reduces nightmares in combat vet-
erans with posttraumatic stress disorder. J Clin Psychiatry 2002;
63: 565–8. 

5. Raskind MA, et al. A parallel group placebo controlled study of
prazosin for trauma nightmares and sleep disturbance in combat
veterans with post-traumatic stress disorder. Biol Psychiatry
2007; 61: 928–34. 

6. Raskind MA, et al. Reduction of nightmares and other PTSD
symptoms in combat veterans by prazosin: a placebo-controlled
study. Am J Psychiatry 2003; 160: 371–3. 

7. Griffith LJ. Case report: use of prazosin for treatment of post-
traumatic stress disorder. Am Fam Physician 2005; 72: 758, 761.

Renal calculi. For the potential use of alpha blockers to aid the
passage of renal calculi, see under Uses of Tamsulosin Hydro-
chloride, p.2197.
Scorpion stings. Stings from the Indian red scorpion (Meso-
buthus tamulus) are potentially fatal. The scorpion venom is a
potent sympathetic stimulator resulting in high circulating cate-
cholamines, hypertension, arrhythmias, pulmonary oedema, and
circulatory failure. The efficacy of antivenom is questionable
and treatment for cardiotoxicity is supportive (see p.2237). Pra-
zosin, given orally, appears to be beneficial and has been
suggested1,2 as first-line treatment, except in cases of severe pul-
monary oedema. Prazosin has also been used in other countries
to treat stings by dangerous scorpion species.3,4

1. Bawaskar HS, Bawaskar PH. Scorpion envenoming and the car-
diovascular system. Trop Doct 1997; 27: 6–9. 

2. Bawaskar HS, Bawaskar PH. Utility of scorpion antivenin vs
prazosin in the management of severe Mesobuthus tamulus (In-
dian red scorpion) envenoming at rural setting. J Assoc Physi-
cians India 2007; 55: 14–21. 

3. Koseoglu Z, Koseoglu A. Use of prazosin in the treatment of
scorpion envenomation. Am J Ther 2006; 13: 285–7. 

4. Al-Asmari AK, et al. Role of prazosin on cardiovascular mani-
festations and pulmonary edema following severe scorpion
stings in Saudi Arabia. Saudi Med J 2008; 29: 299–302.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
BP 2008: Prazosin Tablets; 
USP 31: Prazosin Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
Arg.: Decliten; Minipres†; Austral.: Minipress; Prasig†; Pratsiol; Prazohex-
al†; Pressin; Austria: Minipress; Belg.: Minipress; Braz.: Minipress; Canad.:
Apo-Prazo; Minipress; Novo-Prazin; Nu-Prazo; Cz.: Deprazolin; Denm.:
Hexapress; Peripress†; Prazac; Fin.: Peripress†; Pratsiol; Fr.: Alpress; Mini-
press; Ger.: Adversuten†; duramipress†; Minipress; Hong Kong: Apo-Pra-
zo; CP-Prazo; Minipress; Mizosin; Hung.: Huma-Prazin†; Minipress; India:
Minipress; Prazocip; Irl.: Hypovase; Israel: Hypotens; Jpn: Minipress†; Ma-
laysia: Atodel; Minipress; Minison; Mex.: Anapres; Ensibest; Minipres; Si-
nozzard; NZ: Apo-Prazo; Hyprosin; Pratsiol; Pol.: Polpressin†; S.Afr.: Min-
ipress†; Pratsiol; Singapore: Apo-Prazo; Minipress; Spain: Minipres;
Switz.: Minipress†; Thai.: Atodel; Lopress; Minipress; Parabowl†; Poly-
press; Pratsiol†; Pressin; Turk.: Minipress; UK: Hypovase; Kentovase†; USA:
Minipress; Venez.: Minpres.
Multi-ingredient: Ger.: Polypress†; USA: Minizide†.

Prenalterol Hydrochloride (BANM, USAN, rINNM)

C-50005/A-Ba (racemate); CGP-7760B; H133/22; H-80/62
(racemate); Hidrocloruro de prenalterol; Prénaltérol, Chlorhy-
drate de; Prenalteroli Hydrochloridum. (S)-1-(4-Hydroxyphe-
noxy)-3-isopropylaminopropan-2-ol hydrochloride.
Пренальтерола Гидрохлорид
C12H19NO3,HCl = 261.7.
CAS — 57526-81-5 (prenalterol); 61260-05-7 (prenalter-
ol hydrochlor ide).
ATC — C01CA13.
ATC Vet — QC01CA13.

(prenalterol)

Profile
Prenalterol is a sympathomimetic (p.1407) with stimulant effects
on beta1 adrenoceptors. It has an inotropic action on the heart
with relatively little chronotropic effect. Prenalterol hydrochlo-
ride has been given parenterally in the treatment of heart failure
and shock. It has also been promoted for the reversal of beta
blockade.

Probucol (BAN, USAN, rINN)

DH-581; Probucolum. 4,4′-(Isopropylidenedithio)bis(2,6-di-tert-
butylphenol).
Пробукол
C31H48O2S2 = 516.8.
CAS — 23288-49-5.
ATC — C10AX02.
ATC Vet — QC10AX02.

Pharmacopoeias. In Chin. and US. 
USP 31 (Probucol). A white to off-white, crystalline powder.
Insoluble in water; soluble in alcohol and in petroleum spirit; free-
ly soluble in chloroform and in propyl alcohol. Protect from light.
Profile
Probucol is a lipid regulating drug that has been used in the treat-
ment of hyperlipidaemias (p.1169). It lowers total plasma-cho-
lesterol concentrations, mainly by reducing low-density lipopro-
tein (LDL)-cholesterol and high-density lipoprotein (HDL)-
cholesterol concentrations but has little effect on triglyceride or
very-low-density lipoprotein (VLDL)-cholesterol concentra-
tions. It has also been used to prevent restenosis after reperfusion
and revascularisation procedures (below), and in scleroderma. 
Probucol prolongs the QT interval and has been associated with
cardiac arrhythmias.

Reperfusion and revascularisation procedures. Resteno-
sis is common after percutaneous coronary revascularisation
procedures (p.1181) and various drugs have been tried for its pre-
vention. Probucol, started a few weeks before the procedure, has
been reported to reduce the rate of restenosis after coronary an-
gioplasty,1 and to reduce the need for repeat interventions,1,2 al-
though another study3 found no effect.
1. Tardif J-C, et al. Probucol and multivitamins in the prevention of

restenosis after coronary angioplasty. N Engl J Med 1997; 337:
365–72. 

2. Daida H, et al. Effect of probucol on repeat revascularization rate
after percutaneous transluminal coronary angioplasty (from the
Probucol Angioplasty Restenosis Trial [PART]). Am J Cardiol
2000; 86: 550–2. 

3. Nunes GL, et al. Role of probucol in inhibiting intimal hyperpla-
sia after coronary stent implantation: a randomized study. Ab-
stract: Am Heart J 2006; 152: 914. Full version: 
http://www.ahjonline.com/article/S0002-8703(06)00463-7/pdf
(accessed 07/08/07)

Preparations
USP 31: Probucol Tablets.

Proprietary Preparations (details are given in Part 3)
Mex.: Serterol†; Port.: Lisosterol; S.Afr.: Lurselle†; Spain: Superlipid†;
Thai.: Lurselle†.

Procainamide Hydrochloride 

(BANM, rINNM)

Hidrocloruro de procainimida; Novocainamidum; Procaïnamide,
chlorhydrate de; Procainamidi Chloridum; Procainamidi hydro-
chloridum; Prokaiiniamidihydrokloridi; Prokainamid-hidroklorid;
Prokainamid-hydrochlorid; Prokainamidhydroklorid; Prokainami-
do hidrochloridas; Prokainamidu chlorowodorek. 4-Amino-N-
(2-diethylaminoethyl)benzamide hydrochloride.
Прокаинамида Гидрохлорид
C13H21N3O,HCl = 271.8.
CAS — 51-06-9 (procainamide); 614-39-1 (procainamide
hydrochloride).
ATC — C01BA02.
ATC Vet — QC01BA02.

(procainamide)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Procainamide Hydrochloride). A white or very
slightly yellow, hygroscopic, crystalline powder. Very soluble in
water; freely soluble in alcohol; slightly soluble in acetone. A
10% solution in water has a pH of 5.6 to 6.3. Store in airtight con-
tainers. Protect from light. 
USP 31 (Procainamide Hydrochloride). A white to tan, odour-
less, crystalline powder. Very soluble in water; soluble in alco-
hol; slightly soluble in chloroform; very slightly soluble in ether
and in benzene. A 10% solution in water has a pH of 5.0 to 6.5.
Store in airtight containers at a temperature of 25°, excursions
permitted between 15° and 30°.
Stability. Procainamide is more stable in neutral solutions such
as sodium chloride, than in acidic solutions such as glucose, but
patients requiring intravenous procainamide often have heart
failure and cannot tolerate the sodium load associated with sodi-
um chloride injections. The stability of procainamide in glucose
5% is improved by neutralising the glucose using sodium bicar-
bonate, or storing the admixture at 5°. The concentration of pro-
cainamide remained above 90% of the initial concentration for
24 hours if the glucose was first neutralised and this was consid-
ered more practical than refrigeration if extended stability was
required.1 
The compound formed by mixing procainamide hydrochloride
with glucose 5% was shown to be a mixture of α- and β-
glucosylamines2 and about 10 to 15% of the procainamide was
lost in this way after 10 hours at room temperature. 
An oral liquid,3 prepared from procainamide capsules, contain-
ing 5, 50, or 100 mg/mL of the hydrochloride was stable for at
least 6 months when stored at 4° to 6°.
1. Raymond GG, et al. Stability of procainamide hydrochloride in

neutralized 5% dextrose injection. Am J Hosp Pharm 1988; 45:
2513–17. 

2. Sianipar A, et al. Chemical incompatibility between procaina-
mide hydrochloride and glucose following intravenous admix-
ture. J Pharm Pharmacol 1994; 46: 951–5. 

3. Metras JI, et al. Stability of procainamide hydrochloride in an
extemporaneously compounded oral liquid. Am J Hosp Pharm
1992; 49: 1720–4.

Adverse Effects
Cardiac effects occur particularly during intravenous
use of procainamide and in overdose. Rapid intrave-
nous dosage may result in severe hypotension, ven-
tricular fibrillation, and asystole. High plasma concen-
trations are also associated with impaired cardiac
conduction. 
Hypersensitivity reactions to procainamide are com-
mon. Procainamide is a frequent cause of drug-induced
SLE and the incidence has been reported to be as high
as 30% during long-term use. Antinuclear antibodies
may be detected in a high proportion of patients, but
they do not necessarily develop the symptoms of SLE,
which include arthralgia, arthritis, myalgia, pleural ef-
fusion, pericarditis, and fever. Agranulocytosis, eosi-
nophilia, neutropenia, thrombocytopenia, and haemo-
lytic anaemia have been reported. Other symptoms of
hypersensitivity not necessarily related to SLE may
also occur including hepatomegaly, angioedema, skin
rashes, pruritus, urticaria, flushing, and hypergamma-
globulinaemia. 
Anorexia, nausea, vomiting, a bitter taste, and diar-
rhoea are more common with higher oral doses. Effects
on the CNS such as mental depression, dizziness, and
psychosis with hallucinations, have been reported.
Incidence of adverse effects. Out of 488 hospitalised patients
in the Boston Collaborative Drug Surveillance Program who had
received procainamide, 45 had acute adverse effects attributed to
the drug.1 Life-threatening reactions included heart block (3),
tachyarrhythmias (2), and bradycardia and/or hypotension (2).
Other reactions included gastrointestinal upsets (19), pyrexia (8),
bradycardia and hypotension (5), tachyarrhythmias (3), heart
block (1), eosinophilia (1), and urticaria (1).
1. Lawson DH, Jick H. Adverse reactions to procainamide. Br J

Clin Pharmacol 1977; 4: 507–11.

Effects on the blood. Adverse haematological effects reported
during procainamide therapy include neutropenia,1-3 agranulocy-
tosis,2-6 thrombocytopenia,5 haemolytic anaemia,7 and pancyto-
penia.8 These disorders are usually reversible on withdrawing
procainamide although some fatalities have been reported.3,4 It
has been suggested2,6 that agranulocytosis or severe neutropenia
is more likely in patients taking modified-release preparations,
but others have found no difference in the incidence between
modified-release and conventional-release preparations.3 An in-
creased risk of agranulocytosis with procainamide has been doc-
umented in one large study.9 Although the precise estimate of
excess risk could not be calculated, the order of magnitude was
about 3 per million exposed for up to one week. This excess risk
was low and of little relevance in the initial choice of therapy.
1. Riker J, et al. Bone marrow granulomas and neutropenia associ-

ated with procainamide. Arch Intern Med 1978; 138: 1731–2. 
2. Ellrodt AG, et al. Severe neutropenia associated with sustained-

release procainamide. Ann Intern Med 1984; 100: 197–201. 
3. Meyers DG, et al. Severe neutropenia associated with procaina-

mide: comparison of sustained release and conventional prepara-
tions. Am Heart J 1985; 109: 1393–5. 

4. Fleet S. Agranulocytosis, procainamide, and phenytoin. Ann In-
tern Med 1984; 100: 616–17. 

5. Christensen DJ, et al. Agranulocytosis, thrombocytopenia, and
procainamide. Ann Intern Med 1984; 100: 918. 

6. Thompson JF, et al. Procainamide agranulocytosis: a case report
and review of the literature. Curr Ther Res 1988; 44: 872–81. 

7. Kleinman S, et al. Positive direct antiglobulin tests and immune
hemolytic anemia in patients receiving procainamide. N Engl J
Med 1984; 311: 809–12. 

8. Bluming AZ, et al. Severe transient pancytopenia associated
with procainamide ingestion. JAMA 1976; 236: 2520–1. 

9. Kelly JP, et al. Risks of agranulocytosis and aplastic anemia in
relation to the use of cardiovascular drugs: The International
Agranulocytosis and Aplastic Anemia Study. Clin Pharmacol
Ther 1991; 49: 330–41.

Effects on the gastrointestinal tract. Pseudo-obstruction of
the bowel occurred in a diabetic patient when given procaina-
mide both orally and intravenously. It was believed that the anti-
cholinergic properties of procainamide, together with the diabet-
ic state, contributed to the severe hypomotility of the
gastrointestinal tract.1

1. Peterson AM, et al. Procainamide-induced pseudo-obstruction
in a diabetic patient. DICP Ann Pharmacother 1991; 25:
1334–5.

Effects on the heart. Procainamide prolongs the QT interval
and has been associated with the development of torsade de
pointes,1,2 and fatal cardiovascular toxicity has been reported3 in
patients with renal impairment. Toxicity appears to be related to
accumulation of the major metabolite, N-acetylprocainamide,
and haemodialysis has been used to reduce plasma concentra-
tions and control symptoms,1,4 although its benefits have been
disputed (see Dialysis, under Treatment of Adverse Effects,
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below). However, symptoms developed in 1 patient2 despite
plasma concentrations of both procainamide and N-acetylpro-
cainamide being within the therapeutic range.
1. Nguyen KPV, et al. N-Acetylprocainamide, torsades de pointes,

and hemodialysis. Ann Intern Med 1986; 104: 283–4. 
2. Habbab MA, El-Sherif N. Drug-induced torsades de pointes: role

of early afterdepolarizations and dispersion of repolarization.
Am J Med 1990; 89: 241–6. 

3. Vlasses PH, et al. Lethal accumulation of procainamide metabo-
lite in severe renal insufficiency. Am J Nephrol 1986; 6: 112–16. 

4. Stevenson WG, Weiss J. Torsades de pointes due to N-acetylpro-
cainamide. Pacing Clin Electrophysiol 1985; 8: 528–31.

Effects on the liver. There have been reports of granulomatous
hepatitis1 and intrahepatic cholestasis2,3 due to hypersensitivity
reactions in patients taking procainamide. Fever and elevation of
liver enzyme values also occurred. The reactions were reversible
on withdrawing procainamide.
1. Rotmensch HH, et al. Granulomatous hepatitis: a hypersensitiv-

ity response to procainamide. Ann Intern Med 1978; 89: 646–7. 
2. Ahn C-S, Tow DE. Intrahepatic cholestasis due to hypersensitiv-

ity reaction to procainamide. Arch Intern Med 1990; 150:
2589–90. 

3. Chuang LC, et al. Possible case of procainamide-induced intra-
hepatic cholestatic jaundice. Ann Pharmacother 1993; 27:
434–7.

Effects on mental function. Acute psychosis has been
reported1 in patients receiving therapy with procainamide.
1. Bizjak ED, et al. Procainamide-induced psychosis: a case report

and review of the literature. Ann Pharmacother 1999; 33:
948–51.

Effects on the muscles. Procainamide may affect neuromus-
cular transmission and there have been reports of severe general-
ised skeletal muscle weakness1-3 in patients receiving procaina-
mide. In 2 patients this was associated with respiratory failure1,2

and developed shortly after starting therapy. Concentrations of
procainamide and its N-acetyl metabolite exceeded the normal
therapeutic ranges and rapid cycling peritoneal dialysis was used
to remove the drug in 1 patient.2 Adverse muscle symptoms are
a feature of procainamide-induced lupus erythematosus (see be-
low), but in such instances symptoms usually develop on long-
term treatment.
1. Lewis CA, et al. Myopathy after short term administration of

procainamide. BMJ 1986; 292: 593–4. 
2. Javaheri S, et al. Diaphragmatic paralysis. Am J Med 1989; 86:

623–4. 
3. Sayler DJ, DeJong DJ. Possible procainamide-induced myopa-

thy. DICP Ann Pharmacother 1991; 25: 436.

Lupus erythematosus. Procainamide is a well-known cause
of drug-induced lupus erythematosus.1,2 It occurs in about 20%
of patients on long-term therapy,2 although the majority of pa-
tients taking procainamide for more than 1 year have detectable
antinuclear antibodies. There is some evidence3 that slow
acetylators are more likely to develop antibodies than rapid
acetylators, and that the antibodies appear more rapidly in slow
acetylators, but this may not correlate with the development of
clinical symptoms.4 The clinical syndrome may include fever,
polyarthritis, arthralgia, myalgia, and pleuropulmonary and peri-
cardial features, and is usually spontaneously reversible on with-
drawal of procainamide.
1. Price EJ, Venables PJW. Drug-induced lupus. Drug Safety 1995;

12: 283–90. 
2. Rubin RL. Drug-induced lupus. Toxicology 2005; 209: 135–47. 
3. Woosley RL, et al. Effect of acetylator phenotype on the rate at

which procainamide induces antinuclear antibodies and the lu-
pus syndrome. N Engl J Med 1978; 298: 1157–9. 

4. Mongey A-B, et al. Acetylation status is associated with serolog-
ical changes but not clinically significant disease in patients re-
ceiving procainamide. J Rheumatol 1999; 26: 1721–6.

Treatment of Adverse Effects
In overdosage with procainamide treatment is largely
symptomatic and supportive. Activated charcoal may
be considered if the patient presents within 1 hour of
ingestion. The ECG, blood pressure, and renal function
should be monitored. Supportive measures include
correction of hypotension, assisted ventilation, and
electrical pacing. Haemodialysis or haemoperfusion
increase the elimination of procainamide and N-acetyl-
procainamide, see below. 
SLE will normally respond to withdrawal of procaina-
mide but corticosteroids may be required.
Dialysis. In the UK, the National Poisons Information Service
does not recommend the use of haemodialysis or haemofiltration
in the treatment of poisoning with class Ia antiarrhythmics.
Nonetheless, both procainamide and N-acetylprocainamide are
removed by haemodialysis, and there are reports1-4 of the suc-
cessful use of haemodialysis in patients with procainamide tox-
icity. However, toxicity has occurred in patients undergoing reg-
ular haemodialysis,2,5,6 suggesting that some accumulation still
takes place, and rebound increases in plasma concentrations
have also been reported4,7 after dialysis. Haemoperfusion5,7 and
haemofiltration6 have also been used, and may be more effective.

Peritoneal dialysis may also remove a small amount of procain-
amide and N-acetylprocainamide,7 and there has been a report8
of the successful use of rapid cycling peritoneal dialysis in a pa-
tient on maintenance peritoneal dialysis who developed procain-
amide-induced diaphragmatic paralysis.
1. Atkinson AJ, et al. Hemodialysis for severe procainamide toxic-

ity: clinical and pharmacokinetic observations. Clin Pharmacol
Ther 1976; 20: 585–92. 

2. Stevenson WG, Weiss J. Torsades de pointes due to N-acetylpro-
cainamide. Pacing Clin Electrophysiol 1985; 8: 528–31. 

3. Nguyen KPV, et al. N-Acetylprocainamide, torsades de pointes,
and hemodialysis. Ann Intern Med 1986; 104: 283–4. 

4. Rosansky SJ, Brady ME. Procainamide toxicity in a patient with
acute renal failure. Am J Kidney Dis 1986; 7: 502–6. 

5. Braden GL, et al. Hemoperfusion for treatment of N-acetylpro-
cainamide intoxication. Ann Intern Med 1986; 105: 64–5. 

6. Domoto DT, et al. Removal of toxic levels of N-acetylprocaina-
mide with continuous arteriovenous hemofiltration or continu-
ous arteriovenous hemodiafiltration. Ann Intern Med 1987; 106:
550–2. 

7. Low CL, et al. Relative efficacy of haemoperfusion, haemodial-
ysis and CAPD in the removal of procainamide and NAPA in a
patient with severe procainamide toxicity. Nephrol Dial Trans-
plant 1996; 11: 881–4. 

8. Javaheri S, et al. Diaphragmatic paralysis. Am J Med 1989; 86:
623–4.

Precautions
Procainamide is contra-indicated in heart block (unless
the patient has a pacemaker) and in SLE, and should be
used with caution in patients with myocardial damage
or severe organic heart disease. The BNF considers that
it should not be used in heart failure or hypotension.
Patients with torsade de pointes may deteriorate if giv-
en procainamide. If procainamide is used to treat atrial
tachycardia it may be necessary to pre-treat with dig-
oxin. Procainamide should preferably not be used in
patients with myasthenia gravis or digoxin toxicity.
There may be cross-sensitivity between procaine and
procainamide. 
Accumulation of procainamide may occur in patients
with heart failure or hepatic or renal impairment and
dosage reduction may be necessary. 
Blood counts and screening for lupus erythematosus
and serum antinuclear factor should be carried out reg-
ularly during therapy. 
Intravenous use of procainamide may lead to severe
hypotension; it should be injected slowly and blood
pressure and ECG should be monitored.
Breast feeding. There was evidence of accumulation of pro-
cainamide and N-acetylprocainamide in the breast milk of a
woman taking procainamide 500 mg four times daily.1 Milk and
serum samples were obtained at three-hourly intervals for 15
hours. Mean serum concentrations of the drug and metabolite
were found to be 1.1 and 1.6 micrograms/mL respectively; those
in the milk were 5.4 and 3.5 micrograms/mL respectively. The
mean milk:serum ratios were 4.3 (range 1.0 to 7.3) and 3.8 (range
1.0 to 6.2) respectively. However, it was considered that the
amount ingested by the infant would not yield clinically signifi-
cant serum concentrations. Although licensed product informa-
tion states that procainamide should be avoided in breast-feeding
women, there have been no reports of adverse effects in infants,
and the American Academy of Pediatrics considers2 that its use
is therefore usually compatible with breast feeding.
1. Pittard WB, Glazier H. Procainamide excretion in human milk. J

Pediatr 1983; 102: 631–3. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Interactions
Procainamide may enhance the effects of antihyperten-
sives, other antiarrhythmics and arrhythmogenic
drugs, antimuscarinics, and neuromuscular blockers,
and diminish those of parasympathomimetics, such as
neostigmine. Procainamide is actively secreted by kid-
ney tubules and interactions may occur with drugs se-
creted by the same pathway, such as cimetidine and tri-
methoprim.
Alcohol. The total body clearance of procainamide is increased
by alcohol1 and the elimination half-life reduced. The acetylation
rate of procainamide is also increased resulting in a greater pro-
portion of drug present as the active metabolite N-acetylprocain-
amide.
1. Olsen H, Mørland J. Ethanol-induced increase in procainamide

acetylation in man. Br J Clin Pharmacol 1982; 13: 203–8.

Antacids. Procainamide is adsorbed by some antacids and re-
duced bioavailability has been reported1 in healthy subjects giv-
en procainamide with kaolin-pectin; the authors recommended
that procainamide and adsorbents should not be used together.
1. Al-Shora HI, et al. Interactions of procainamide, verapamil,

guanethidine and hydralazine with adsorbent antacids and antid-
iarrhoeal mixtures. Int J Pharmaceutics 1988; 47: 209–13.

Antiarrhythmics. Amiodarone given orally alters the pharma-
cokinetic properties of an intravenous dose of procainamide,1 de-
creasing clearance and prolonging the plasma elimination half-
life. The dosage of intravenous procainamide should be reduced
by 20 to 30% during concurrent use. Increased serum-procaina-
mide concentrations have also been reported2 in patients stabi-
lised on oral procainamide who had amiodarone added to their
therapy; the dosage of procainamide had to be reduced in some
patients due to signs of toxicity. Quinidine has also been
reported3 to increase plasma-procainamide concentrations.
1. Windle J, et al. Pharmacokinetic and electrophysiologic interac-

tions of amiodarone and procainamide. Clin Pharmacol Ther
1987; 41: 603–10. 

2. Saal AK, et al. Effect of amiodarone on serum quinidine and pro-
cainamide levels. Am J Cardiol 1984; 53: 1264–7. 

3. Hughes B, et al. Increased procainamide plasma concentrations
caused by quinidine: a new drug interaction. Am Heart J 1987;
114: 908–9.

Antibacterials. The renal clearance of procainamide and N-
acetylprocainamide is reduced by trimethoprim1,2 through com-
petition for renal tubular secretion. Serum concentrations may be
increased with a resulting increase in pharmacodynamic re-
sponse. The fluoroquinolones ciprofloxacin,3 levofloxacin,3 and
ofloxacin4 have also been reported to reduce the renal clearance
of procainamide.
1. Kosoglou T, et al. Trimethoprim alters the disposition of pro-

cainamide and N-acetylprocainamide. Clin Pharmacol Ther
1988; 44: 467–77. 

2. Vlasses PH, et al. Trimethoprim inhibition of the renal clearance
of procainamide and N-acetylprocainamide. Arch Intern Med
1989; 149: 1350–3. 

3. Bauer LA, et al. Levofloxacin and ciprofloxacin decrease pro-
cainamide and N-acetylprocainamide renal clearances. Antimi-
crob Agents Chemother 2005; 49: 1649–51. 

4. Martin DE, et al. Effects of ofloxacin on the pharmacokinetics
and pharmacodynamics of procainamide. J Clin Pharmacol
1996; 36: 85–91.

Histamine H2-antagonists. Histamine H2-antagonists com-
pete with other basic drugs for renal tubular secretion. Cimeti-
dine reduces the renal clearance of procainamide and N-
acetylprocainamide1,2 and a dosage reduction may be necessary.
Increases3,4 and decreases4 in renal and metabolic clearances of
procainamide have occurred with ranitidine.
1. Christian CD, et al. Cimetidine inhibits renal procainamide

clearance. Clin Pharmacol Ther 1984; 36: 221–7. 
2. Somogyi A, et al. Cimetidine-procainamide pharmacokinetic in-

teraction in man: evidence of competition for tubular secretion
of basic drugs. Eur J Clin Pharmacol 1983; 25: 339–45. 

3. Somogyi A, Bochner F. Dose and concentration dependent effect
of ranitidine on procainamide disposition and renal clearance in
man. Br J Clin Pharmacol 1984; 18: 175–81. 

4. Rocci ML, et al. Ranitidine-induced changes in the renal and he-
patic clearances of procainamide are correlated. J Pharmacol
Exp Ther 1989; 248: 923–8.

Pharmacokinetics
Procainamide is readily and almost completely ab-
sorbed from the gastrointestinal tract. It is widely dis-
tributed throughout the body and is only about 15 to
20% bound to plasma proteins. The therapeutic effect
of procainamide has been correlated with plasma con-
centrations of about 3 to 10 micrograms/mL in most
patients; progressively severe toxicity is noted at con-
centrations above 12 micrograms/mL. 
Some procainamide undergoes acetylation in the liver
to N-acetylprocainamide, which also has antiarrhyth-
mic properties. The rate of acetylation of procainamide
is genetically determined, there being slow and fast
acetylators. Procainamide also undergoes hydrolysis in
plasma to para-aminobenzoic acid. 
Procainamide is excreted in the urine by active renal
secretion, 30 to 70% as unchanged procainamide, with
the remainder as N-acetylprocainamide and other
metabolites. The elimination half-life of procainamide
is 2.5 to 5 hours and that of its acetyl metabolite 6 to 7
hours. N-Acetylprocainamide may represent a signifi-
cant fraction of the total drug in the circulation. 
Procainamide crosses the placenta and is distributed
into breast milk.
◊ References.
1. Grasela TH, Sheiner LB. Population pharmacokinetics of pro-

cainamide from routine clinical data. Clin Pharmacokinet 1984;
9: 545–54.
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Bioavailability. Modified-release procainamide preparations
have been shown1 to produce similar steady-state serum concen-
trations of procainamide and N-acetylprocainamide when com-
pared with equivalent total doses of immediate-release capsules.
However, tablet matrices of a modified-release preparation have
been recovered from the stools of a patient with diarrhoea2 and
3.5 g of procainamide was recovered in these matrices over an
18-hour collection period; the patient had correspondingly low
plasma-procainamide concentrations.
1. Vlasses PH, et al. Immediate-release and sustained-release pro-

cainamide: bioavailability at steady state in cardiac patients. Ann
Intern Med 1983; 98: 613–14. 

2. Woosley RL, et al. Antiarrhythmic therapy: clinical pharmacol-
ogy update. J Clin Pharmacol 1984; 24: 295–305.

The elderly. Reduced renal clearance of procainamide has been
reported in the elderly.1,2

1. Reidenberg MM, et al. Aging and renal clearance of procaina-
mide and acetylprocainamide. Clin Pharmacol Ther 1980; 28:
732–5. 

2. Bauer LA, et al. Influence of age, renal function and heart failure
on procainamide clearance and n-acetylprocainamide serum
concentrations. Int J Clin Pharmacol Ther Toxicol 1989; 27:
213–16.

Hepatic impairment. In 20 healthy subjects and 20 patients
with chronic liver disease given a single 500-mg oral dose of pro-
cainamide hydrochloride about 64 and 33% respectively of the
dose was excreted in the urine within 6 hours.1 Decreased pro-
cainamide acetylation in the patients compared with the control
group was not correlated with the severity of liver disease,
whereas decreased procainamide hydrolysis and increased pro-
cainamide-derived aminobenzoic acid acetylation appeared to be
related to the degree of hepatic impairment. It was suggested that
the decrease in excretion of procainamide and its metabolites in
the urine of the patients with liver disease could be due to an
impairment in oral absorption since renal function was within the
normal range but the variations in acetylation and hydrolysis
were related to hepatic function.
1. du Souich P, Erill S. Metabolism of procainamide and p-ami-

nobenzoic acid in patients with chronic liver disease. Clin Phar-
macol Ther 1977; 22: 588–95.

Renal impairment. Procainamide and its active N-acetyl
metabolite are mainly excreted in the urine and accumulation,
particularly of the metabolite, may occur in renal impairment. A
study1 in 20 patients found that procainamide clearance correlat-
ed with renal function, and that the ratio of N-acetylprocainamide
to procainamide in the serum increased as renal function de-
clined. Fatal toxicity in patients with renal impairment and plas-
ma-procainamide concentrations within the therapeutic range
has been attributed2 to accumulation of N-acetylprocainamide.
Both procainamide and N-acetylprocainamide are removed by
dialysis, although the benefit of these procedures has been dis-
puted (see Dialysis under Treatment of Adverse Effects, above).
1. Bauer LA, et al. Influence of age, renal function and heart failure

on procainamide clearance and n-acetylprocainamide serum
concentrations. Int J Clin Pharmacol Ther Toxicol 1989; 27:
213–16. 

2. Vlasses PH, et al. Lethal accumulation of procainamide metabo-
lite in severe renal insufficiency. Am J Nephrol 1986; 6: 112–16.

Uses and Administration
Procainamide is a class Ia antiarrhythmic (p.1153); it
has properties similar to those of quinidine (p.1385). 
Procainamide is usually reserved for the short-term
management of severe or symptomatic ventricular
arrhythmias (p.1160) such as those following myocar-
dial infarction. It may also be used for cardioversion
and management of atrial fibrillation. 
Therapeutic effect is generally associated with plasma
concentrations of 3 to 10 micrograms/mL. The dose of
procainamide hydrochloride required will depend on
the age, renal and hepatic function, and underlying car-
diac condition of the patient: an adult with normal renal
function generally requires up to 50 mg/kg daily in di-
vided oral doses every 3 to 6 hours. Higher doses may
be necessary for atrial arrhythmias. Modified-release
preparations are available. 
In an emergency and under continuous ECG and blood
pressure monitoring, procainamide hydrochloride may
be given intravenously. The injection should be diluted
in glucose 5% to permit better control of the speed of
injection, and should be given in doses of 100 mg eve-
ry 5 minutes at a rate not exceeding 50 mg/minute until
the arrhythmia has been suppressed or a maximum
dose of 1 g has been reached. A response may be ob-
tained after 100 to 200 mg has been given and more
than 500 or 600 mg is not generally required. Alterna-
tively, procainamide hydrochloride may be given by
continuous infusion of 500 to 600 mg over 25 to 30
minutes. Therapeutic plasma concentrations may then

be maintained by infusion at a rate of 2 to 6 mg/minute.
When transferring to oral therapy, a period of about 3
to 4 hours should elapse between the last intravenous
dose and the first oral dose. 
Procainamide hydrochloride has also been given intra-
muscularly. 
Procainamide hydrochloride may need to be given in
reduced doses or at longer dosing intervals in the eld-
erly and in patients with hepatic or renal impairment.
For use in children, see below. 
Acecainide (N-acetylprocainamide), the active metab-
olite of procainamide, has class III antiarrhythmic ac-
tivity and has been used in ventricular arrhythmias.
Administration in children. In a study in 5 children treated
with procainamide for various cardiac arrhythmias the mean
elimination half-life was found to be 1.7 hours, and the plasma
clearance was higher than that reported in adults.1 In contrast the
total serum clearance of procainamide in 3 neonates with su-
praventricular tachycardia was found to be similar to that in
adults and the mean elimination half-life was 5.3 hours.2 A load-
ing dose of 10 to 12 mg/kg intravenously was given followed by
a continuous infusion of 20 to 75 micrograms/kg per minute. 
An oral dose of 15 to 50 mg/kg daily in 4 divided doses has been
used in children.
1. Singh S, et al. Procainamide elimination kinetics in pediatric pa-

tients. Clin Pharmacol Ther 1982; 32: 607–11. 
2. Bryson SM, et al. Therapeutic monitoring and pharmacokinetic

evaluation of procainamide in neonates. DICP Ann Pharmacoth-
er 1991; 25: 68–71.

Preparations
BP 2008: Procainamide Injection; Procainamide Tablets; 
USP 31: Procainamide Hydrochloride Capsules; Procainamide Hydrochlo-
ride Extended-release Tablets; Procainamide Hydrochloride Injection; Pro-
cainamide Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Pronestyl; Braz.: Procamide; Canad.: Procan; Pronestyl†; Gr.:
Pronestyl; Hong Kong: Pronestyl†; India: Pronestyl; Irl.: Pronestyl; Israel:
Pronestyl†; Neth.: Pronestyl; NZ: Pronestyl; S.Afr.: Pronestyl; Spain: Bio-
coryl; UK: Pronestyl†; USA: Procanbid.

Propafenone Hydrochloride 

(BANM, USAN, rINNM)

Fenopraine Hydrochloride; Hidrocloruro de propafenona;
Propafenon Hidroklorür; Propafénone, chlorhydrate de; Propaf-
enon-hydrochlorid; Propafenonhydroklorid; Propafenoni hydro-
chloridum; Propafenonihydrokloridi; Propafenono hidrochlori-
das; SA-79; WZ-884642; WZ-884643. 2′-(2-Hydroxy-3-pro-
pylaminopropoxy)-3-phenylpropiophenone hydrochloride.
Пропафенона Гидрохлорид
C21H27NO3,HCl = 377.9.
CAS — 54063-53-5 (propafenone); 34183-22-7 (propaf-
enone hydrochloride).
ATC — C01BC03.
ATC Vet — QC01BC03.

(propafenone)

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Propafenone Hydrochloride). Colourless crystals
or a white or almost white powder. Slightly soluble in cold water;
soluble in hot water and in methyl alcohol; practically insoluble
in alcohol. A 0.5% solution in water has a pH of 5.0 to 6.2. 
USP 31 (Propafenone Hydrochloride). A white powder. Soluble
in hot water and in methyl alcohol; slightly soluble in alcohol and
in chloroform; very slightly soluble in acetone; insoluble in ether
and in toluene. A 0.5% solution in water has a pH of 5.0 to 6.2.
Store in airtight containers at a temperature between 15° and 30°.
Protect from light.

Adverse Effects
Propafenone can cause disturbances in cardiac conduc-
tion which can result in bradycardia, heart block, and

sinus arrest. It may aggravate heart failure and may
cause hypotension. In common with other antiarrhyth-
mics, propafenone may induce or worsen arrhythmias
in some patients. 
Among the most common adverse effects are gastroin-
testinal intolerance, dry mouth, a bitter or metallic
taste, dizziness, blurred vision, headache, and fatigue.
Convulsions, blood dyscrasias, liver disorders, lupus
erythematosus, skin rashes, impotence, and increased
breathlessness and worsening of asthma have also been
reported.
Effects on the heart. Propafenone may worsen ventricular
arrhythmias and there have been reports1,2 of fatal exacerbations
occurring hours to days after starting treatment. Cardiovascular
toxicity may also occur in overdosage.3 Torsade de pointes has
been reported2,4,5 but appears to be less frequent than with class
Ia antiarrhythmics.
1. Nathan AW, et al. Fatal ventricular tachycardia in association

with propafenone, a new class IC antiarrhythmic agent. Postgrad
Med J 1984; 60: 155–6. 

2. Buss J, et al. Malignant ventricular tachyarrhythmias in associa-
tion with propafenone treatment. Eur Heart J 1985; 6: 424–8. 

3. Clarot F, et al. Fatal propafenone overdoses: case reports and a
review of the literature. J Anal Toxicol 2003; 27: 595–9. 

4. Rosengarten M, Brooks R. Torsade de pointes ventricular tachy-
cardia in a hypothyroid patient treated with propafenone. Can J
Cardiol 1987; 3: 234–9. 

5. Hii JT, et al. Propafenone-induced torsade de pointes: cross-re-
activity with quinidine. Pacing Clin Electrophysiol 1991; 14:
1568–70.

Effects on the liver. A review of liver injury secondary to
propafenone therapy concluded that it is a rare occurrence and
appears to be due to hepatocellular injury, cholestasis, or a com-
bination.1
1. Spinler SA, et al. Propafenone-induced liver injury. Ann Phar-

macother 1992; 26: 926–8.

Effects on mental function. Delusions, hallucinations, and
paranoia have been reported in an elderly patient after 2 doses of
propafenone. The manufacturer had received reports of mania
and psychosis.1 Amnesia developed in a 61-year-old man 6 days
after starting treatment with propafenone.2 Symptoms resolved 6
to 7 hours after stopping the drug.
1. Robinson AJ. Paranoia after propafenone. Pharm J 1991; 247:

556. 
2. Jones RJ, et al. Probable propafenone-induced transient global

amnesia. Ann Pharmacother 1995; 29: 586–90.

Effects on the nervous system. Myoclonus has been report-
ed in a patient receiving propafenone.1 In another patient periph-
eral neuropathy developed 10 months after starting treatment but
symptoms had resolved 6 months after stopping the drug.2 There
have also been reports of ataxia.3
1. Chua TP, et al. Myoclonus associated with propafenone. BMJ

1994; 308: 113. 
2. Galasso PJ, et al. Propafenone-induced peripheral neuropathy.

Mayo Clin Proc 1995; 70: 469–72. 
3. Odeh M, et al. Propafenone-induced ataxia: report of three cases.

Am J Med Sci 2000; 320: 151–3.

Lupus erythematosus. Symptoms of lupus erythematosus
and raised antinuclear antibody titres were associated with
propafenone therapy on 2 occasions in a 63-year-old woman.1
1. Guindo J, et al. Propafenone and a syndrome of the lupus ery-

thematosus type. Ann Intern Med 1986; 104: 589.

Precautions
Propafenone is contra-indicated in patients with
uncontrolled heart failure, conduction disturbances in-
cluding heart block unless controlled by artificial pac-
ing, cardiogenic shock (unless arrhythmia-induced),
severe bradycardia, or pronounced hypotension. It may
alter the endocardial pacing threshold and adjustment
may be necessary in patients with pacemakers. 
Propafenone has beta-blocking activity and may exac-
erbate obstructive airways disease; it should be used
with great caution in such disorders and is contra-indi-
cated in severe disease. Propafenone may aggravate
myasthenia gravis and should be avoided in patients
with this condition. Electrolyte disturbances should be
corrected before beginning treatment. Propafenone
should be used with caution in patients with hepatic or
renal impairment.
Pregnancy and breast feeding. Experience in a patient given
propafenone throughout the last trimester of pregnancy indicated
that despite transplacental diffusion propafenone could safely be
used at this time without harm to the fetus. Propafenone and its
metabolite were detected in breast milk at concentrations consid-
ered to represent a markedly subtherapeutic dose to an infant.1
1. Libardoni M, et al. Transfer of propafenone and 5-OH-propaf-

enone to foetal plasma and maternal milk. Br J Clin Pharmacol
1991; 32: 527–8.
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Interactions
Propafenone is extensively metabolised by the cyto-
chrome P450 enzyme system, mainly by the isoen-
zyme CYP2D6, although CYP1A2 and CYP3A4 are
also involved. Interactions may therefore occur with
other drugs that are metabolised by these enzymes.
Plasma-propafenone concentrations may be reduced
by enzyme inducers such as rifampicin; enzyme inhib-
itors, such as cimetidine, fluoxetine, quinidine, and
HIV-protease inhibitors, may increase plasma-propaf-
enone concentrations. Propafenone itself may alter the
plasma concentrations of other drugs, including beta
blockers, ciclosporin, desipramine, digoxin, theophyl-
line, venlafaxine, and warfarin. The absorption of
propafenone may be reduced by orlistat. There may be
an increased risk of arrhythmias if propafenone is giv-
en with other antiarrhythmics or arrhythmogenic
drugs.
Antiarrhythmics. Quinidine inhibits the hepatic metabolism
of propafenone and has been reported1 to increase plasma-
propafenone concentrations in extensive metabolisers;1 the plas-
ma concentration of the active 5-hydroxy metabolite was re-
duced and that of the N-depropyl metabolite increased but there
was no change in the clinical response. Another study,2 however,
found that quinidine increased the beta-blocking effect of propaf-
enone in extensive metabolisers, and a study3 in patients with re-
fractory atrial fibrillation found that addition of quinidine to
propafenone was as effective and possibly better tolerated than
increasing the propafenone dose.
1. Funck-Brentano C, et al. Genetically-determined interaction be-

tween propafenone and low dose quinidine: role of active metab-
olites in modulating net drug effect. Br J Clin Pharmacol 1989;
27: 435–44. 

2. Mörike KE, Roden DM. Quinidine-enhanced beta-blockade dur-
ing treatment with propafenone in extensive metabolizer human
subjects. Clin Pharmacol Ther 1994; 55: 28–34. 

3. Lau C-P, et al. Control of paroxysmal atrial fibrillation recur-
rence using combined administration of propafenone and quini-
dine. Am J Cardiol 2000; 86: 1327–32.

Antibacterials. Rifampicin has lowered steady-state plasma
concentrations of propafenone with the reappearance of arrhyth-
mia.1

1. Castel JM, et al. Rifampicin lowers plasma concentrations of
propafenone and its antiarrhythmic effect. Br J Clin Pharmacol
1990; 30: 155–6.

Histamine H2-antagonists. Cimetidine has been reported1 to
raise plasma-propafenone concentrations. The mean steady-state
concentration increased by 22% but the wide interindividual var-
iability meant this change was not significant.
1. Pritchett ELC, et al. Pharmacokinetic and pharmacodynamic in-

teractions of propafenone and cimetidine. J Clin Pharmacol
1988; 28: 619–24.

Pharmacokinetics
Propafenone is readily and almost completely ab-
sorbed from the gastrointestinal tract. It is metabolised
in the liver, largely by the cytochrome P450 isoenzyme
CYP2D6, but also to a small extent by CYP1A2 and
CYP3A4; the extent of metabolism is genetically de-
termined. In subjects with the extensive metaboliser
phenotype there is extensive first-pass metabolism to
two active metabolites, 5-hydroxypropafenone and N-
depropylpropafenone, and to other minor inactive me-
tabolites. In the small proportion of subjects with the
slow metaboliser phenotype (lacking CYP2D6) little
or no 5-hydroxypropafenone is formed. The bioavaila-
bility of propafenone is dependent upon metaboliser
phenotype but more importantly on dosage as the first-
pass metabolism is saturable. In practice doses are high
enough to compensate for differences in phenotype.
Propafenone and its metabolites also undergo glucuro-
nidation. 
Propafenone is more than 95% protein bound. 
Propafenone is excreted in the urine and faeces mainly
in the form of conjugated metabolites. The elimination
half-life is reported to be 2 to 10 hours in extensive me-
tabolisers and 10 to 32 hours in slow metabolisers. 
Propafenone crosses the placenta and is distributed into
breast milk.
◊ General references.
1. Hii JTY, et al. Clinical pharmacokinetics of propafenone. Clin

Pharmacokinet 1991; 21: 1–10.

Uses and Administration
Propafenone is a class Ic antiarrhythmic (p.1153) with
some negative inotropic and beta-adrenoceptor block-
ing activity. It is used in the management of supraven-
tricular and ventricular arrhythmias. 
Treatment should be started under close monitoring of
the ECG and blood pressure. The usual initial oral dose
of propafenone hydrochloride is 150 mg three times
daily and this may be increased, if necessary, at inter-
vals of 3 to 4 days up to a maximum of 300 mg three
times daily. Reduced doses may be appropriate in pa-
tients weighing less than 70 kg and in the elderly; dose
reduction may also be necessary in hepatic impairment
(see below). 
Propafenone hydrochloride is available in some coun-
tries as a modified-release preparation. It has also been
given by slow intravenous injection or by infusion.
Administration in hepatic impairment. The clearance of
propafenone may be reduced in hepatic impairment; careful
monitoring is required and lower doses should be considered. US
licensed product information states that the dose should be only
20 to 30% of that given in normal hepatic function.

Administration in renal impairment. A study1 of the dis-
position of propafenone found that renal function did not affect
the pharmacokinetics of propafenone or 5-hydroxypropafenone,
and another study2 suggested that propafenone could be used
safely for atrial fibrillation in patients with chronic renal failure.
Nevertheless, UK and US licensed product information states
that caution is necessary if propafenone is given to patients with
renal impairment. 
Propafenone does not appear to be removed by haemofiltration.3
1. Fromm MF, et al. Influence of renal function on the steady-state

pharmacokinetics of the antiarrhythmic propafenone and its
phase I and phase II metabolites. Eur J Clin Pharmacol 1995;
48: 279–83. 

2. Napoli C, et al. Propafenone in the conversion of atrial fibrilla-
tion in patients suffering from chronic renal failure. Am J Ther
1997; 4: 130–3. 

3. Seto W, et al. Propafenone disposition during continuous veno-
venous hemofiltration. Ann Pharmacother 1999; 33: 957–9.

Cardiac arrhythmias. Propafenone is effective in many cardi-
ac arrhythmias.1,2 It may have a role in the management of su-
praventricular arrhythmias (see p.1160), including as a single
oral loading dose for recent-onset atrial fibrillation.3,4 It may also
be used in ventricular arrhythmias, although in many cases non-
pharmacological therapy is preferred. Successful use in children
with various arrhythmias has also been reported.5,6

1. Capucci A, Boriani G. Propafenone in the treatment of cardiac
arrhythmias: a risk-benefit appraisal. Drug Safety 1995; 12:
55–72. 

2. Reimold SC, et al. Propafenone for the treatment of supraven-
tricular tachycardia and atrial fibrillation: a meta-analysis. Am J
Cardiol 1998; 82: 66N–71N. 

3. Khan IA. Single oral loading dose of propafenone for pharmaco-
logical cardioversion of recent-onset atrial fibrillation. J Am Coll
Cardiol 2001; 37: 542–7. 

4. Boriani G, et al. Oral loading with propafenone for conversion of
recent-onset atrial fibrillation: a review on in-hospital treatment.
Drugs 2002; 62: 415–23. 

5. Heusch A, et al. Clinical experience with propafenone for cardi-
ac arrhythmias in the young. Eur Heart J 1994; 15: 1050–6. 

6. Janoušek J, Paul T. Safety of oral propafenone in the treatment
of arrhythmias in infants and children (European Retrospective
Multicenter Study). Am J Cardiol 1998; 81: 1121–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Normorytmin; Austria: Asonacor†; Rhythmocor; Rytmonorma;
Belg.: Rytmonorm; Braz.: Ritmonorm; Canad.: Rythmol; Chile: Ritmo-
cor; Rytmonorm†; Cz.: Prolekofen; Propa-Tabletten†; Propanorm; Ryt-
monorm; Denm.: Rytmonorm; Fin.: Rytmonorm; Fr.: Rythmol; Ger.: Cux-
afenon; Jutanorm†; Propamerck†; Rytmo-Puren; Rytmogenat†;
Rytmonorm; Gr.: Rythmonorm; Hong Kong: Rytmonorm; Hung.: Ryt-
monorm; Indon.: Rytmonorm; Irl.: Arythmol; Israel: Profex; Rythmex;
Ital.: Cardiofenone; Fenorit; Rytmonorm; Malaysia: Rytmonorm†; Mex.:
Biopafen; Homopafen†; Nistaken; Norfenon; Neth.: Rytmonorm; NZ: Ryt-
monorm; Philipp.: Rytmocard; Pol.: Polfenon; Rytmonorm; Port.: Aryth-
mol; Rytmonorm; Rus.: Propanorm (Пропанорм); Rytmonorm
(Ритмонорм); S.Afr.: Rythmol; Singapore: Rytmonorm; Spain: Ryt-
monorm; Swed.: Rytmonorm; Switz.: Rytmonorm; Thai.: Rytmonorm;
Turk.: Rytmonorm; UK: Arythmol; USA: Rythmol; Venez.: Rytmonorm.

Propatylnitrate (BAN, rINN)

ETTN; Ettriol Trinitrate; Propatilnitrato; Propatyl Nitrate (USAN);
Propatylnitrat; Propatylnitratum; Propatyylinitraatti; Trinettriol;
Win-9317. 2-Ethyl-2-hydroxymethylpropane-1,3-diol trinitrate.

Пропатилнитрат
C6H11N3O9 = 269.2.
CAS — 2921-92-8.
ATC — C01DA07.
ATC Vet — QC01DA07.

Profile
Propatylnitrate is a vasodilator with general properties similar to
those of glyceryl trinitrate (p.1296) that has been used in angina
pectoris.
Preparations
Proprietary Preparations (details are given in Part 3)
Braz.: Sustrate.

Propentofylline (BAN, rINN)

HWA-285; Propentofilina; Propentofylliini; Propentofyllin; Pro-
pentofyllinum. 3-Methyl-1-(5-oxohexyl)-7-propylxanthine.
Пропентофиллин
C15H22N4O3 = 306.4.
CAS — 55242-55-2.
ATC — N06BC02.
ATC Vet — QC04AD90; QN06BC02; QR03DA90.

Profile
Propentofylline is a xanthine derivative that has been investigat-
ed in cerebrovascular disorders including dementia. It is also
used in veterinary medicine.

Propranolol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
AY-64043; Hidrocloruro de propranolol; ICI-45520; NSC-91523;
Propanolol-hidroklorid; Propanololi Hydrochloridum; Pro-
pranolol, chlorhydrate de; Propranolol Hidroklorür; Propranolol-
hydrochlorid; Propranololhydroklorid; Propranololi hydrochlori-
dum; Propranololihydrokloridi; Propranololio hidrochloridas;
Propranololu chlorowodorek. (±)-1-Isopropylamino-3-(1-naph-
thyloxy)propan-2-ol hydrochloride.
Пропранолола Гидрохлорид
C16H21NO2,HCl = 295.8.
CAS — 525-66-6 (propranolol); 13013-17-7 (pro-
pranolol); 318-98-9 (propranolol hydrochlor ide); 3506-09-
0 (propranolol hydrochlor ide).
ATC — C07AA05.
ATC Vet — QC07AA05.

(propranolol)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Propranolol Hydrochloride). A white or almost
white powder. Soluble in water and in alcohol. 
USP 31 (Propranolol Hydrochloride). A white to off-white,
odourless, crystalline powder. Soluble in water and in alcohol;
slightly soluble in chloroform; practically insoluble in ether.
Store at a temperature of 25°, excursions permitted between 15°
and 30°.
Stability. In aqueous solutions propranolol decomposes with
oxidation of the isopropylamine side-chain, accompanied by a
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reduction in pH and discoloration of the solution. Solutions are
most stable at pH 3 and decompose rapidly when alkaline.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Propranolol is distributed into breast milk. A
milk/plasma ratio range of 0.33 to 1.65 was reported in a study
of 3 women.1 It was calculated that the maximum dose likely to
be ingested by a breast-fed infant would be less than 0.1% of the
maternal dose. Other small studies2,3 have reported similar re-
sults. No adverse effects have been seen in breast-fed infants
whose mothers were given propranolol and the American Acad-
emy of Pediatrics considers4 that it is therefore usually compati-
ble with breast feeding.
1. Smith MT, et al. Propranolol, propranolol glucuronide, and

naphthoxylactic acid in breast milk and plasma. Ther Drug
Monit 1983; 5: 87–93. 

2. Karlberg B, et al. Excretion of propranolol in human breast milk.
Acta Pharmacol Toxicol (Copenh) 1974; 34: 222–4. 

3. Bauer JH, et al. Propranolol in human plasma and breast milk.
Am J Cardiol 1979; 43: 860–2. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.

Pharmacokinetics
Propranolol is almost completely absorbed from the
gastrointestinal tract, but is subject to considerable
hepatic-tissue binding and first-pass metabolism. Peak
plasma concentrations occur about 1 to 2 hours after an
oral dose. Plasma concentrations vary greatly between
individuals. Propranolol has high lipid solubility. It
crosses the blood-brain barrier and the placenta, and is
distributed into breast milk. Propranolol is about 90%
bound to plasma proteins. It is metabolised in the liver
and at least one of its metabolites (4-hydroxypro-
pranolol) is considered to be active, but the contribu-
tion of metabolites to its overall activity is uncertain.
The metabolites and small amounts of unchanged drug
are excreted in the urine. The plasma half-life of pro-
pranolol is about 3 to 6 hours. Propranolol is reported
not to be significantly dialysable.
Pregnancy. A study in 6 pregnant patients (32 to 36 weeks’ ges-
tation) showed that the disposition of propranolol 120 mg orally
and 10 mg intravenously was not altered in pregnancy compared
with the postnatal period.1 Another study2 in 13 pregnant patients
given propranolol to control hypertension showed that the phar-
macokinetics of propranolol and most of its major metabolites
were not altered during pregnancy. Samples at term3 in 10 of the
women showed that propranolol and all of its known metabolites
were present in maternal plasma, cord plasma, and neonatal plas-
ma. At delivery plasma protein binding of propranolol was re-
ported as 87.5% in maternal plasma and 67.2% in cord plasma.
Similar results for maternal and cord plasma protein binding
have been reported by others.4
1. O’Hare MFO, et al. Pharmacokinetics of propranolol during

pregnancy. Eur J Clin Pharmacol 1984; 27: 583–7. 
2. Smith MT, et al. Chronic propranolol administration during

pregnancy: maternal pharmacokinetics. Eur J Clin Pharmacol
1983; 25: 481–90. 

3. Smith MT, et al. Metabolism of propranolol in the human mater-
nal-placental-foetal unit. Eur J Clin Pharmacol 1983; 24:
727–32. 

4. Wood M, Wood AJJ. Changes in plasma drug binding and α -
acid glycoprotein in mother and newborn infant. Clin Pharmacol
Ther 1981; 29: 522–6.

Uses and Administration
Propranolol is a non-cardioselective beta blocker
(p.1225). It is reported to have membrane-stabilising
properties, but does not possess intrinsic sympathomi-
metic activity. 
Propranolol is used as the hydrochloride in the man-
agement of hypertension (p.1171), phaeochromocyto-
ma (p.1179), angina pectoris (p.1157), myocardial inf-
arction (p.1175), and cardiac arrhythmias (p.1160). It is
also used in hypertrophic cardiomyopathy (p.1163). It
is used to control symptoms of sympathetic overactiv-
ity in the management of hyperthyroidism (p.2165),
anxiety disorders (p.952), and tremor (p.1231). Other
indications include the prophylaxis of migraine (p.616)
and of upper gastrointestinal bleeding in patients with

portal hypertension (see Variceal Haemorrhage under
Monoethanolamine Oleate, p.2346). 
Propranolol hydrochloride is usually given orally. In
hypertension it is given in initial doses of 40 to 80 mg
twice daily increased as required to a usual range of
160 to 320 mg daily; some patients may require up to
640 mg daily. Propranolol is not suitable for the emer-
gency treatment of hypertension; it should not be given
intravenously in hypertension. 
In phaeochromocytoma, patients treated surgically
may be given 60 mg daily on the 3 days before the op-
eration, always with alpha blockade. If the tumour is
inoperable prolonged treatment may be given with a
daily dose of 30 mg. 
In angina, initial doses of propranolol hydrochloride
40 mg given 2 or 3 times daily are increased as re-
quired to a usual range of 120 to 240 mg daily. Some
patients may require up to 320 mg daily. 
Propranolol hydrochloride is given within 5 to 21 days
of myocardial infarction in doses of 40 mg given four
times daily for 2 or 3 days followed by 80 mg twice
daily. Another regimen is to give 180 to 240 mg daily
in divided doses. 
Propranolol may be given in doses of 30 to 160 mg dai-
ly in divided doses in the long-term management of
cardiac arrhythmias. For the emergency treatment of
cardiac arrhythmias, propranolol hydrochloride may
be given by slow intravenous injection over a period of
1 minute, in a dose of 1 mg, repeated if necessary every
2 minutes until a maximum total of 10 mg has been
given in conscious patients and 5 mg in patients under
anaesthesia. Patients receiving propranolol intrave-
nously should be carefully monitored. 
In hypertrophic cardiomyopathy the usual dose of
propranolol hydrochloride is 10 to 40 mg given three
or four times daily. 
In hyperthyroidism propranolol hydrochloride is giv-
en in doses of 10 to 40 mg three or four times daily. If
intravenous administration is necessary 1 mg is given
over 1 minute, repeated at 2-minute intervals until a re-
sponse is seen or to a maximum dose of 10 mg in con-
scious patients or 5 mg in patients under anaesthesia. 
The dose for anxiety is 40 mg daily; this may be in-
creased to 40 mg two or three times daily. 
Essential tremor may be treated with 40 mg given
two or three times daily; the dose can be increased at
weekly intervals to 160 mg daily although doses up to
320 mg daily may be necessary. 
An initial dose of 40 mg two or three times daily is
used in migraine prophylaxis; the dose can be in-
creased at weekly intervals up to 160 mg daily. Some
patients have been given 240 mg daily. 
In portal hypertension, propranolol hydrochloride
should be given in initial doses of 40 mg twice daily;
the dose may be increased as required up to 160 mg
twice daily. 
For the use of propranolol in children, see below.
Administration in children. Propranolol hydrochloride has
been used both orally and intravenously in children, although it
is not licensed for all indications. Suggested doses are: 

for hypertension: 
• neonates: 250 micrograms/kg orally three times daily, in-

creased as required to a maximum of 2 mg/kg three times
daily 

• 1 month to 12 years: 0.25 to 1 mg/kg orally three times dai-
ly, increased as required to a maximum of 5 mg/kg daily in
divided doses 

• over 12 years: an adult dose (see above) 
for arrhythmias, phaeochromocytoma, and hyperthy-
roidism: 
• neonates: 250 to 500 micrograms/kg orally three times dai-

ly. Alternatively 20 to 50 micrograms/kg may be given in-
travenously three or four times daily, injected slowly with
appropriate monitoring 

• 1 month to 18 years: 250 to 500 micrograms/kg orally three
or four times daily, adjusted according to response, to a
maximum of 1 mg/kg four times daily or a total daily dose
of 160 mg. Alternatively 25 to 50 micrograms/kg may be
given intravenously three or four times daily, injected slow-
ly with appropriate monitoring 

for prophylaxis of migraine: 
• children up to 12 years: 10 to 20 mg orally two or three

times daily 
• over 12 years: an adult dose (see above) 
for tetralogy of Fallot, see below

Administration in hepatic impairment. A study of the dis-
position of oral propranolol at steady state in 9 normal subjects
and 7 with cirrhosis found a mean threefold increase in unbound
blood-propranolol concentrations in patients with cirrhosis when
compared with the controls. Mean half-lives for the 2 groups
were 11.2 and 4 hours respectively.1 Another study of pro-
pranolol given as a single dose of a 20-mg tablet and as a 160-mg
modified-release preparation daily for 7 days in 10 patients with
cirrhosis and portal hypertension found higher plasma concen-
trations in patients with severe liver disease compared with those
reported in normal controls.2 Others have reported similar find-
ings.3 
In patients with severe liver disease, it has been suggested that
propranolol therapy be started at a low dose such as 20 mg three
times daily,2 80 mg of a modified-release preparation given once
daily,2 or 160 mg of a modified-release preparation given every
other day.3 Monitoring of beta blockade is essential; checking the
heart rate2 or exercise testing3 have been suggested as suitable
methods to assess the extent of beta blockade in patients with
cirrhosis.
1. Wood AJJ, et al. The influence of cirrhosis on steady-state blood

concentrations of unbound propranolol after oral administration.
Clin Pharmacokinet 1978; 3: 478–87. 

2. Arthur MJP, et al. Pharmacology of propranolol in patients with
cirrhosis and portal hypertension. Gut 1985; 26: 14–19. 

3. Calès P, et al. Pharmacodynamic and pharmacokinetic study of
propranolol in patients with cirrhosis and portal hypertension. Br
J Clin Pharmacol 1989; 27: 763–70.

Administration in renal impairment. A study of the phar-
macokinetics of propranolol in 11 patients with chronic renal
insufficiency showed no impairment in the elimination kinetics
of propranolol compared with 8 subjects with normal renal func-
tion.1 Peak concentrations of propranolol reported in patients
with chronic renal failure have been 2 to 3 times higher than
those in patients receiving dialysis or in normal subjects.1,2 Ad-
ditional studies indicate that there is no pharmacokinetic reason
to amend the dosage of propranolol in patients with renal impair-
ment.3 
Findings from a study in 8 patients on haemodialysis include a
slight elevation of plasma-propranolol concentrations, no eleva-
tion of plasma concentration of 4-hydroxypropranolol, but ex-
tremely high plasma concentrations of other propranolol metab-
olites.4
1. Lowenthal DT, et al. Pharmacokinetics of oral propranolol in

chronic renal disease. Clin Pharmacol Ther 1974; 16: 761–9. 
2. Bianchetti G, et al. Pharmacokinetics and effects of propranolol

in terminal uraemic patients and in patients undergoing regular
dialysis treatment. Clin Pharmacokinet 1976; 1: 373–84. 

3. Wood AJJ, et al. Propranolol disposition in renal failure. Br J
Clin Pharmacol 1980; 10: 561–6. 

4. Stone WJ, Walle T. Massive propranolol metabolite retention
during maintenance hemodialysis. Clin Pharmacol Ther 1980;
28: 449–55.

Tetralogy of Fallot. Beta blockers, particularly propranolol,
have been used for the treatment1 and prophylaxis1-3 of cyanotic
attacks in infants and children with tetralogy of Fallot and revers-
ible right-ventricular outflow tract obstruction, although caution
is required since bradycardia may develop.4 Esmolol may be pre-
ferred during surgery.5-7 
In the UK, licensed prescribing information allows an oral dose
of propranolol hydrochloride of up to 1 mg/kg given 3 or 4 times
daily. It may also be given intravenously in a dose of up to
100 micrograms/kg 3 or 4 times daily, injected slowly under
ECG control. 
The BNFC recommends the following doses: 
• Neonates: 0.25 to 1 mg/kg orally 2 or 3 times daily, to a max-

imum of 2 mg/kg 3 times daily, or 15 to 20 micrograms/kg
(maximum 100 micrograms/kg) intravenously, repeated eve-
ry 12 hours if necessary 

• Children aged 1 month to 12 years: 0.25 to 1 mg/kg orally 3
or 4 times daily, to a maximum of 5 mg/kg daily, or 15 to
20 micrograms/kg (maximum 100 micrograms/kg) intrave-
nously, repeated every 6 to 8 hours if necessary.

1. Cumming GR. Propranolol in tetralogy of Fallot. Circulation
1970; 41: 13–15. 

2. Eriksson BO, et al. Long-term treatment with propranolol in se-
lected cases of Fallot’s tetralogy. Br Heart J 1969; 31: 37–44. 

3. Ponce FE, et al. Propranolol palliation of tetralogy of Fallot: ex-
perience with long-term drug treatment in pediatric patients.
Pediatrics 1973; 52: 100–108. 

4. Clark DJ, et al. Propranolol induced bradycardia in tetralogy of
Fallot. Br Heart J 1989; 61: 378–9. 

5. Nussbaum J, et al. Esmolol for the treatment of hypercyanotic
spells in infants with tetralogy of Fallot. J Cardiothorac Anesth
1989; 3: 200–2. 

6. Geary V, et al. Esmolol in tetralogy of Fallot. J Cardiothorac
Anesth 1989; 3: 524–6. 

7. Dhir AK, Dhir S. Esmolol in infundibular spasm. Anaesthesia
1991; 46: 998.

Preparations
BP 2008: Prolonged-release Propranolol Capsules; Propranolol Injection;
Propranolol Tablets; 
USP 31: Propranolol Hydrochloride and Hydrochlorothiazide Extended-
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release Capsules; Propranolol Hydrochloride and Hydrochlorothiazide Tab-
lets; Propranolol Hydrochloride Extended-release Capsules; Propranolol
Hydrochloride Injection; Propranolol Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Inderal; Pirimetan; Propalong†; Propaneitor; Propayerst†; Austral.:
Deralin; Inderal; Austria: Inderal; Proprahexal; Belg.: Inderal; Braz.: Ant-
itensin; Cardiopranol†; Cardix; Hipernolol; Inderal; Neo Propranol†; Polol;
Pradinolol; Pranolal; Propacor ; Propalol†; Propanox†; Proparil†; Pro-
pramed; Propranol†; Propranolil†; Propranolum†; Rebaten; Sanpronol; Uni
Propralol; Canad.: Inderal; Novo-Pranol; Chile: Coriodal; Denm.: Inder-
al†; Propal; Fin.: Inderal†; Propral; Ranoprin; Fr.: Adrexan†; Avlocardyl;
Hemipralon†; Ger.: Beta-Tablinen; Dociton; Efektolol†; Elbrol; Obsidan;
Propabloc†; Prophylux; propra; Propra-ratiopharm; Propranur; Gr.: Inderal;
Hong Kong: Becardin†; Hopranolol†; Inderal; Inpanol; Palon†; Prolol†;
Propa†; Hung.: Huma-Pronol; India: Betabloc; Betaspan; Ciplar; Corbeta;
Inderal; Propal; Indon.: Farmadral; Inderal; Irl.: Half Inderal; Inderal; Tiper-
al†; Israel: Deralin; Inderal; Prolol; Slow Deralin; Ital.: Inderal; Malaysia:
Inderal; Indon†; Propanol†; Mex.: Acifol†; Inderalici; Pranoral†; Prochor†;
Propalem; Propalgin†; Sintaser ; Norw.: Inderal; Pranolol; NZ: Angilol;
Cardinol; Inderal; Philipp.: Duranol; Inderal; Phanerol; Port.: Corpendol†;
Inderal; Rus.: Anaprilin (Анаприлин); Obsidan (Обзидан); S.Afr.: Cardi-
blok; Inderal; Prodorol; Pur-Bloka; Singapore: Inderal; Inpanol; Spain: Sum-
ial; Swed.: Inderal; Switz.: Inderal; Thai.: Alperol; Atensin†; Betalol; Bet-
apress; Cardenol; Emforal; Inderal; Normpress; Palon; Perlol; Pralol; Prolol;
Syntonol; Turk.: Dideral; UAE: Cardilol; UK: Angilol; Bedranol; Beta-Pro-
grane; Half Beta-Prograne; Half Inderal; Inderal; Slo-Pro; Syprol; USA: Inder-
al; InnoPran; Venez.: Algoren; Docitral; Galenol†; Indal†; Inderal; Parinex†.

Multi-ingredient: Arg.: Propayerst Plus†; Austria: Inderetic†; Belg.: In-
deretic†; Braz.: Polol-H; Tenadren; Ger.: Beta-Turfa; Diutensat comp†;
Docidrazin†; Dociretic; Dociteren; Nitro-Obsidan†; Obsilazin N†; Pertenso
N; Propra comp; Triamteren tri-comp; India: Beptazine; Beptazine-H;
Ciplar-H; Corbetazine; Zopax Plus; Neth.: Inderetic; S.Afr.: Inderetic†;
Spain: Betadipresan Diu†; Betadipresan†; Switz.: Inderetic†; UK: Indere-
tic†; Inderex†; USA: Inderide†.

Proroxan (pINN)

Proroxano; Proroxanum. 1-(2,3-Dihydro-1,4-benzodioxin-6-yl)-
3-(3-phenyl-1-pyrrolidinyl)-1-propanone.
Пророксан
C21H23NO3 = 337.4.
CAS — 33743-96-3 (proroxan).

Proroxan Hydrochloride (USAN, pINNM)

AY-24269; Hidrocloruro de proroxano; Proroxan, Chlorhydrate
de; Proroxani Hydrochloridum.
Пророксана Гидрохлорид
C21H23NO3HCl = 373.9.
CAS — 33025-33-1.

Profile
Proroxan has been used as an antihypertensive and in the treat-
ment of Ménière’s disease, motion sickness, and allergic derma-
titis.

Proscillaridin (BAN, USAN, rINN)

2936; A-32686; Proscilaridina; Proscillaridiini; Proscillaridin A;
Proscillaridine; Proscillaridinum; PSC-801. 14-Hydroxy-3β-(α-L-
rhamnopyranosyloxy)-14β-bufa-4,20,22-trienolide.
Просцилларидин
C30H42O8 = 530.6.
CAS — 466-06-8.
ATC — C01AB01.
ATC Vet — QC01AB01.

Profile
Proscillaridin is a cardiac glycoside obtained from Drimia mar-
itima (Liliaceae). It is a positive inotrope with general properties
similar to those of digoxin (p.1259). It is reported to have a rapid
onset and a short duration of action. 
Proscillaridin is used in the treatment of heart failure (p.1165). It
is given orally in usual initial and maintenance doses of 1 to
1.5 mg daily; maintenance doses may range from 0.75 to 2 mg
daily as required.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Talusin; Pol.: Talusin.

Quinapril Hydrochloride 

(BANM, USAN, rINNM)

CI-906 (quinapril); Hidrocloruro de quinapril; Kinapril Hidroklor-
ür; Quinapril, chlorhydrate de; Quinaprili hydrochloridum. (3S)-
2-{N-[(S)-1-Ethoxycarbonyl-3-phenylpropyl]-L-alanyl}-1,2,3,4-
tetrahydro-isoquinoline-3-carboxylic acid hydrochloride.
Хинаприла Гидрохлорид
C25H30N2O5,HCl = 475.0.
CAS — 85441-61-8 (quinapril); 82586-55-8 (quinapril
hydrochloride).
ATC — C09AA06.
ATC Vet — QC09AA06.

(quinapril)

Pharmacopoeias. In US. 
USP 31 (Quinapril Hydrochloride). A white to off-white pow-
der, with a pink cast at times. Freely soluble in aqueous solvents.
Suspension. Extemporaneous formulations of quinapril
1 mg/mL made by adding crushed Accupril tablets (Pfizer, US)
to the following vehicles were found to be stable for 6 weeks
when stored at 5°: 
• Kphos 15% (Beach, US), Bicitra 15% (Draxis Pharma, US),

OraSweet 70% (Paddock, US) 
• Kphos 15%, Bicitra 15%, OraSweet SF 70% 
• Kphos 15%, Bicitra 15%, simple syrup 70% 
The suspension containing OraSweet SF was considered to be
the formulation of choice.1
1. Freed AL, et al. The development and stability assessment of

extemporaneous pediatric formulations of Accupril. Int J Pharm
2005;304: 135–44.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.
Breast feeding. After of a single dose of quinapril 20 mg in 6
women, quinapril was detected in the breast milk in a milk to
plasma ratio of 0.12; no quinaprilat was detected.1 It was estimat-
ed that the dose received by the infant would only be about 1.6%
of the maternal dose.
1. Begg EJ, et al. Quinapril and its metabolite quinaprilat in human

milk. Br J Clin Pharmacol 2001; 51: 478–81.

Interactions
As for ACE inhibitors, p.1196.
Antibacterials. Quinapril has been reported to reduce the ab-
sorption of tetracyclines due to the presence of magnesium car-
bonate in the tablet formulation.

Pharmacokinetics
Quinapril acts as a prodrug of the diacid quinaprilat, its
active metabolite. About 60% of an oral dose of quin-
april is absorbed. Quinapril is metabolised mainly in
the liver to quinaprilat and inactive metabolites. Peak
plasma concentrations of quinaprilat are achieved
within 2 hours of an oral dose of quinapril. Quinaprilat
is about 97% bound to plasma proteins. After an oral
dose, quinapril is excreted in the urine and faeces, as
quinaprilat, other metabolites, and unchanged drug,
with the urinary route predominating; up to 96% of an
intravenous dose of quinaprilat is excreted in the urine.

The effective half-life for accumulation of quinaprilat
is about 3 hours after multiple doses of quinapril; a
long terminal phase half-life of 25 hours may represent
strong binding of quinaprilat to angiotensin-converting
enzyme. 
The pharmacokinetics of both quinapril and quinapri-
lat are affected by renal and hepatic impairment. Dial-
ysis has little effect on the excretion of quinapril or
quinaprilat. 
Small amounts of quinapril are distributed into breast
milk.
◊ References.
1. Begg EJ, et al. The pharmacokinetics and pharmacodynamics of

quinapril and quinaprilat in renal impairment. Br J Clin Pharma-
col 1990; 30: 213–20. 

2. Halstenson CE, et al. The pharmacokinetics of quinapril and its
active metabolite, quinaprilat, in patients with various degrees of
renal function. J Clin Pharmacol 1992; 32: 344–50. 

3. Wolter K, Fritschka E. Pharmacokinetics and pharmacodynam-
ics of quinaprilat after low dose quinapril in patients with termi-
nal renal failure. Eur J Clin Pharmacol 1993; 44 (suppl 1):
S53–6. 

4. Begg EJ, et al. The pharmacokinetics of quinapril and quinapri-
lat in patients with congestive heart failure. Br J Clin Pharmacol
1994; 37: 302–4. 

5. Squire IB, et al. Haemodynamic response and pharmacokinetics
after the first dose of quinapril in patients with congestive heart
failure. Br J Clin Pharmacol 1994; 38: 117–23. 

6. Breslin E, et al. A pharmacodynamic and pharmacokinetic com-
parison of intravenous quinaprilat and oral quinapril. J Clin
Pharmacol 1996; 36: 414–21.

Uses and Administration
Quinapril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171) and heart failure
(p.1165). 
Quinapril is converted in the body to its active metab-
olite quinaprilat. The haemodynamic effects are seen
within 1 hour of a single oral dose and the maximum
effect occurs after about 2 to 4 hours, although the full
effect may not develop for 1 to 2 weeks during chronic
use. The haemodynamic action persists for about 24
hours, allowing once-daily dosing. Quinapril is given
orally as the hydrochloride, but doses are expressed in
terms of the base. Quinapril hydrochloride 10.8 mg is
equivalent to about 10.0 mg of quinapril. 
In the treatment of hypertension the initial dose is
10 mg of quinapril once daily. Since there may be a
precipitous fall in blood pressure in some patients
when starting therapy with an ACE inhibitor, the first
dose should preferably be given at bedtime. An initial
dose of 2.5 mg daily is recommended in the elderly, in
patients with renal impairment, or in those taking a
diuretic; if possible, the diuretic should be withdrawn 2
or 3 days before quinapril is started and resumed later
if necessary. 
The usual maintenance dose is 20 to 40 mg daily, as a
single dose or divided into 2 doses, although up to
80 mg daily has been given. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should begin with a low dose under
close medical supervision. Quinapril is given in an ini-
tial dose of 2.5 mg daily. Usual maintenance doses
range from 10 to 20 mg daily, as a single dose or divid-
ed into 2 doses; up to 40 mg daily has been given. 
Quinaprilat may be given intravenously in patients
unable to take quinapril orally; doses range from 1.25
to 10 mg twice daily.
◊ Reviews.
1. Wadworth AN, Brogden RN. Quinapril: a review of its pharma-

cological properties, and therapeutic efficacy in cardiovascular
disorders. Drugs 1991; 41: 378–99. 

2. Plosker GL, Sorkin EM. Quinapril: a reappraisal of its pharma-
cology and therapeutic efficacy in cardiovascular disorders.
Drugs 1994; 48: 227–52. 

3. Culy CR, Jarvis B. Quinapril: a further update of its pharmacol-
ogy and therapeutic use in cardiovascular disorders. Drugs 2002;
62: 339–85.

Preparations
USP 31: Quinapril Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Accupril; Austral.: Accupril; Acquin; Asig; Filpril; Austria: Accupro;
Belg.: Accupril; Braz.: Accupril; Canad.: Accupril; Chile: Accupril; Cz.:
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Accupro; Denm.: Accupro; Fin.: Accupro; Fr.: Acuitel; Korec; Ger.: Accu-
pro; QuinaLich; Gr.: Accupron; Hong Kong: Accupril; Hung.: Accupro;
Acumerck; Indon.: Accupril; Irl.: Accupro; Quinapro; Ital.: Accuprin; Ace-
quin; Quinazil; Jpn: Conan; Malaysia: Accupril†; Mex.: Acupril; Neth.:
Acupril; NZ: Accupril; Philipp.: Accupril; Pol.: Accupro; Acurenal;
AprilGen; Port.: Acupril; Vasocor†; Rus.: Accupro (Аккупро); S.Afr.: Ac-
cupril; Quinaspen; Singapore: Accupril†; Spain: Acuprel; Acuretic; Ectren;
Lidaltrin; Swed.: Accupro; Switz.: Accupro; Thai.: Accupril; Turk.: Acuitel;
UK: Accupro; Quinil; USA: Accupril; Venez.: Accupril; Quinalar; Solpres.

Multi-ingredient: Arg.: Accuretic; Austral.: Accuretic; Austria: Accuz-
ide; Belg.: Accuretic; Co-Quinapril; Canad.: Accuretic; Chile: Accuretic;
Cz.: Accuzide; Stadapress; Fin.: Accupro Comp; Fr.: Acuilix; Koretic; Ger.:
Accuzide; QuinaLich comp; Quinaplus; Quinapril comp; Gr.: Accuretic;
Quimea; Hung.: Accuzide; Irl.: Accuretic; Ital.: Accuretic; Acequide;
Quinazide; Neth.: Acuzide; NZ: Accuretic; Philipp.: Accuzide; Pol.: Ac-
cuzide; Port.: Acuretic; S.Afr.: Accuretic; Spain: Bicetil; Lidaltrin Diu;
Swed.: Accupro Comp; Switz.: Accuretic; Turk.: Accuzide; UK: Accuretic;
USA: Accuretic; Quinaretic; Venez.: Accuretic; Quinaretic.

Quinethazone (BAN, rINN) ⊗ 
Chinethazonum; Kinetatsoni; Kinetazon; Quinetazona; Quinét-
hazone; Quinethazonum. 7-Chloro-2-ethyl-1,2,3,4-tetrahydro-4-
oxoquinazoline-6-sulphonamide.

Хинетазон

C10H12ClN3O3S = 289.7.
CAS — 73-49-4.
ATC — C03BA02.
ATC Vet — QC03BA02.

Profile
Quinethazone is a diuretic that is related chemically to metola-
zone and has properties similar to those of the thiazide diuretics
(see Hydrochlorothiazide, p.1307). It has been used for oedema,
including that associated with heart failure, and for hypertension.

Quinidine (BAN)

Chinidinum; Chinidyna; Kinidiini; Kinidin; Kinin; Quinidina. (8R,9S)-
6′-Methoxycinchonan-9-ol; (+)-(αS)-α-(6-Methoxy-4-quinolyl)-
α-[(2R,4S,5R)-(5-vinylquinuclidin-2-yl)]methanol.

Хинидин

C20H24N2O2 = 324.4.

CAS — 56-54-2 (anhydrous quinidine); 63717-04-4 (qui-
nidine dihydrate); 72402-50-7 (± quinidine).

ATC — C01BA01.

ATC Vet — QC01BA01.

Description. Quinidine is an isomer of quinine, obtained from
the bark of species of Cinchona and their hybrids; it may also be
obtained from Remijia pedunculata, or prepared from quinine.

Quinidine Bisulfate
Quinidina, bisulfato de; Quinidine Bisulphate (BANM).

Хинидина Бисульфат

C20H24N2O2,H2SO4 = 422.5.
CAS — 747-45-5 (anhydrous quinidine bisulfate); 6151-
39-9 (quinidine bisulfate tetrahydrate).
ATC — C01BA01.
ATC Vet — QC01BA01.

Pharmacopoeias. In Br. 
BP 2008 (Quinidine Bisulphate). Colourless, odourless or almost
odourless, crystals. It contains not more than 15% of hydroquini-

dine bisulfate. Freely soluble in water and in alcohol; practically
insoluble in ether. A 1% solution in water has a pH of 2.6 to 3.6.
Protect from light.

Quinidine Gluconate (BANM)

Quinidina, gluconato de; Quinidinium Gluconate.
Хинидина Глюконат
C20H24N2O2,C6H12O7 = 520.6.
CAS — 7054-25-3.
ATC — C01BA01.
ATC Vet — QC01BA01.
Pharmacopoeias. In US. 
USP 31 (Quinidine Gluconate). A white, odourless powder. It
contains not more than 20% of hydroquinidine gluconate. Freely
soluble in water; slightly soluble in alcohol. Store at a tempera-
ture of 25°, excursions permitted between 15° and 30°. Protect
from light.
Adsorption. More than 40% of a dose of quinidine gluconate
was lost when the drug was given by intravenous infusion using
a PVC infusion bag and tubing.1
1. Darbar D, et al. Loss of quinidine gluconate injection in a poly-

vinyl chloride infusion system. Am J Health-Syst Pharm 1996;
53: 655–8.

Quinidine Polygalacturonate
Quinidina, poligalacturonato de. Quinidine poly(D-galacturonate)
hydrate.
Хинидина Полигалактуронат
C20H24N2O2,(C6H10O7)x,xH2O.
CAS — 27555-34-6 (anhydrous quinidine polygalacturo-
nate); 65484-56-2 (quinidine polygalacturonate hydrate).
ATC — C01BA01.
ATC Vet — QC01BA01.

Quinidine Sulfate
Chinidin sulfát dihydrát; Chinidini sulfas; Chinidino sulfatas; Chini-
dinsulfate; Chinidinum Sulfuricum; Chinidyny siarczan; Kinidiinisul-
faatti; Kinidin Sülfat; Kinidinsulfat; Kinidin-szulfát; Quinidina, sulfato
de; Quinidine, sulfate de; Quinidine Sulphate (BANM); Quinidini
Sulfas; Quinidini Sulfas Dihydricus.
Хинидина Сульфат
(C20H24N2O2)2,H2SO4,2H2O = 782.9.
CAS — 50-54-4 (anhydrous quinidine sulfate); 6591-63-5
(quinidine sulfate dihydrate).
ATC — C01BA01.
ATC Vet — QC01BA01.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Quinidine Sulphate). White or almost white, crys-
talline powder, or silky, colourless needles. It contains not more
than 15% of hydroquinidine sulfate. Slightly soluble in water;
soluble in boiling water and in alcohol; practically insoluble in
acetone. A 1% solution in water has a pH of 6.0 to 6.8. Protect
from light. 
USP 31 (Quinidine Sulfate). Fine, needle-like, white crystals,
frequently cohering in masses, or a fine, white powder. It is
odourless and darkens on exposure to light. It contains not more
than 20% of hydroquinidine sulfate. Its solutions are neutral or
alkaline to litmus. Soluble 1 in 100 of water, 1 in 10 of alcohol,
and 1 in 15 of chloroform; insoluble in ether. Protect from light.
Stability. Quinidine sulfate was reported1 to be stable for up to
60 days in several extemporaneously prepared oral liquid formu-
lations.
1. Allen LV, Erickson MA. Stability of bethanechol chloride,

pyrazinamide, quinidine sulfate, rifampin, and tetracycline hy-
drochloride in extemporaneously compounded oral liquids. Am J
Health-Syst Pharm 1998; 55: 1804–9.

Adverse Effects and Treatment
Quinidine and its salts have both cardiac and non-car-
diac adverse effects. Gastrointestinal irritation is com-
mon, with nausea, vomiting, and diarrhoea. 
Hypersensitivity similar to that occurring with quinine
may also occur and a test dose has been recommended
(see Uses and Administration, below). Reactions in-
clude respiratory difficulties, urticaria, pruritus, skin
rashes, purpura, thrombocytopenia and other blood dy-
scrasias, and, rarely, fever and anaphylaxis. Granulo-
matous hepatitis and a lupus-like syndrome have been
reported. 
Quinidine may give rise to cinchonism (see Quinine,
p.612) with tinnitus, impaired hearing, visual distur-
bances, headache, confusion, vertigo, vomiting, and
abdominal pain; it is usually associated with large dos-
es, but may occur in idiosyncratic subjects given small
doses. 
Quinidine may induce hypotension, particularly in
overdosage or if intravenous infusions are given too

rapidly. It prolongs the QT interval and may precipitate
ventricular arrhythmias, including torsade de pointes. 
In quinidine overdosage, the cardiac symptoms of in-
toxication predominate. Quinidine is cumulative in
action and inappropriately high plasma concentrations
may induce ECG changes, heart block, asystole, ven-
tricular tachycardia, ventricular fibrillation, syncope,
seizures, coma, and sometimes death. Treatment of ad-
verse effects and overdosage is symptomatic and sup-
portive. Activated charcoal may be considered if the
patient presents within 1 hour of ingestion.
◊ Reviews.
1. Kim SY, Benowitz NL. Poisoning due to class IA antiarrhythmic

drugs quinidine, procainamide and disopyramide. Drug Safety
1990; 5: 393–420.

Effects on the blood. Quinidine-induced thrombocytopenia is
not uncommon and it is one of the best documented causes of
drug-dependent thrombocytopenia.1 It appears to be a hypersen-
sitivity reaction, with quinidine inducing the production of
autoantibodies that cause platelet destruction. Highly specific
quinidine-dependent antibodies have been detected in patients
with thrombocytopenia, and may have a role in diagnosis.2 The
exact mechanism of the reaction is unclear but it is generally
thought that binding of quinidine to the platelet surface induces
antibody production;1 alternatively, an antibody-quinidine com-
plex may be formed, which is then deposited on the platelets.1,3

The antigenic constituent of the platelet membrane may be glyco-
protein Ib although other surface glycoproteins have also been
implicated.3,4

1. van den Bemt PMLA, et al. Drug-induced immune thrombocy-
topenia. Drug Safety 2004; 27: 1243–52. 

2. Reid DM, Shulman NR. Drug purpura due to surreptitious quini-
dine intake. Ann Intern Med 1988; 108: 206–8. 

3. Stricker RB, Shuman MA. Quinidine purpura: evidence that
glycoprotein V is a target platelet antigen. Blood 1986; 67:
1377–81. 

4. Visentin GP, et al. Characteristics of quinine- and quinidine-in-
duced antibodies specific for platelet glycoproteins IIb and IIIa.
Blood 1991; 77: 2668–76.

Effects on the eyes. Corneal deposits resembling those found
in keratopathy developed in a patient who had been taking quini-
dine for 2 years.1 Symptoms had improved and both corneas had
cleared completely within 2 months of stopping the drug. 
A small number of patients have also been identified2 who devel-
oped uveitis during quinidine treatment.
1. Zaidman GW. Quinidine keratopathy. Am J Ophthalmol 1984;

97: 247–9. 
2. Fraunfelder FW, Rosenbaum JT. Drug-induced uveitis: inci-

dence, prevention and treatment. Drug Safety 1997; 17:
197–207.

Effects on the joints. Quinidine has been associated with a
number of rheumatic disorders.1 It is a recognised, though
uncommon, cause of drug-induced lupus (see below), but there
have also been reports2-4 of reversible, symmetrical polyarthritis
developing in patients with no evidence of antinuclear antibod-
ies. Symptoms were generally milder than in drug-induced lu-
pus, and onset was more rapid; recovery occurred within a week
of stopping quinidine and in some patients symptoms recurred
on rechallenge. Polymyalgia rheumatica-like symptoms have
also been reported.1
1. Alloway JA, Salata MP. Quinidine-induced rheumatic syn-

dromes. Semin Arthritis Rheum 1995; 24: 315–22. 
2. Kertes P, Hunt D. Polyarthritis complicating quinidine treatment.

BMJ 1982; 284: 1373–4. 
3. Cohen MG, et al. Two distinct quinidine-induced rheumatic syn-

dromes. Ann Intern Med 1988; 108: 369–71. 
4. Naschitz JE, Yeshurun D. Quinidine and rheumatic syndromes.

Ann Intern Med 1988; 109: 248–9.

Effects on the liver. Hypersensitivity reactions involving the
liver have been reported in about 2% of patients receiving quini-
dine.1,2 The main clinical symptom is fever1-3 but skin rash,1-3

purpura,2 and hepatomegaly1 may also occur. Liver enzyme val-
ues are raised1-4 and the platelet count may be reduced.3 The re-
action is reversible on withdrawing quinidine with fever resolv-
ing in about 48 hours and liver enzymes values returning to
normal within about 2 weeks. Liver biopsy often shows granulo-
matous hepatitis,1-3 but other inflammatory changes2 and chole-
static jaundice4 have been found.
1. Geltner D, et al. Quinidine hypersensitivity and liver involve-

ment: a survey of 32 patients. Gastroenterology 1976; 70:
650–2. 

2. Knobler H, et al. Quinidine-induced hepatitis. Arch Intern Med
1986; 146: 526–8. 

3. Bramlet DA, et al. Granulomatous hepatitis as a manifestation of
quinidine hypersensitivity. Arch Intern Med 1980; 140: 395–7. 

4. Hogan DB, et al. Unusual hepatotoxic reaction to quinidine. Can
Med Assoc J 1984; 130: 973.

Effects on mental state. Gradually progressive cerebral dys-
function characterised by intermittent confusion, agitation, rest-
lessness, personality change, and paranoid features occurred in a
62-year-old man who had taken quinidine for about 15 years.1
Within 24 hours of stopping quinidine there was a marked im-
provement and after 5 days he had returned to normal with no
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cognitive deficits. It was considered that quinidine had precipi-
tated or exacerbated the functional psychosis.
1. Johnson AG, et al. A functional psychosis precipitated by quini-

dine. Med J Aust 1990; 153: 47–9.

Effects on the skin. Skin reactions reported with quinidine in-
clude exacerbation of psoriasis,1 blue-grey pigmentation,2 photo-
sensitivity,3 and fatal toxic epidermal necrolysis.4 Purpuric bruis-
ing, attributed to inhalation of quinidine dust in the workplace,
has also been reported.5
1. Harwell WB. Quinidine-induced psoriasis. J Am Acad Dermatol

1983; 9: 278. 
2. Mahler R, et al. Pigmentation induced by quinidine therapy.

Arch Dermatol 1986; 122: 1062–4. 
3. Marx JL, et al. Quinidine photosensitivity. Arch Dermatol 1983;

119: 39–43. 
4. Adornato MC. Toxic epidermal necrolysis associated with quini-

dine administration. N Y State Dent J 2000; 66: 38–40. 
5. Salom IL. Purpura due to inhaled quinidine. JAMA 1991; 266:

1220.

Hypoglycaemia. Mean plasma-insulin concentrations in-
creased and mean plasma-glucose concentrations decreased in 8
healthy subjects and 10 patients with malaria given quinidine in-
travenously.1 Profound hypoglycaemia occurred in 1 patient
with cerebral malaria and acute renal failure. These effects were
considered to be associated with stimulation of β-cell secretion of
insulin by quinidine and it was concluded that hypoglycaemia
may occur in any severely ill fasting patient given parenteral qui-
nidine.
1. Phillips RE, et al. Hypoglycaemia and antimalarial drugs: quini-

dine and release of insulin. BMJ 1986; 292: 1319–21.

Lupus erythematosus. There are several well-documented
reports of quinidine-induced lupus erythematosus.1-4 The syn-
drome involves polyarthritis with a positive antinuclear antibody
test. Symptoms do not usually occur until several months after
starting quinidine and resolve slowly on stopping the drug. A re-
currence of lupus-like symptoms has occurred in patients with a
previous reaction to procainamide.2
1. West SG, et al. Quinidine-induced lupus erythematosus. Ann In-

tern Med 1984; 100: 840–2. 
2. Amadio P, et al. Procainamide, quinidine, and lupus erythemato-

sus. Ann Intern Med 1985; 102: 419. 
3. Lavie CJ, et al. Systemic lupus erythematosus (SLE) induced by

quinidine. Arch Intern Med 1985; 145: 446–8. 
4. Cohen MG, et al. Two distinct quinidine-induced rheumatic syn-

dromes. Ann Intern Med 1988; 108: 369–71.

Oesophageal stricture. Oral quinidine is a recognised cause
of oesophageal injury1,2 and has been associated with ulceration
and stricture formation.
1. McCord GS, Clouse RE. Pill-induced esophageal strictures: clin-

ical features and risk factors for development. Am J Med 1990;
88: 512–18. 

2. Jaspersen D. Drug-induced oesophageal disorders: pathogenesis,
incidence, prevention and management. Drug Safety 2000; 22:
237–49.

Precautions
Quinidine is contra-indicated in complete heart block
(unless the patient has a pacemaker). It should be used
with extreme caution in patients with a prolonged QT
interval or a history of torsade de pointes, incomplete
heart block, uncompensated heart failure, myocarditis,
or severe myocardial damage. Patients should be mon-
itored closely for hypersensitivity reactions after the
first dose and quinidine should not be given to those
who develop a reaction or those with a history of hy-
persensitivity to quinidine, including patients who
have previously developed thrombocytopenia with
quinidine or quinine. Antiarrhythmic therapy with qui-
nidine should be begun with extreme caution, if at all,
during acute infections or fever as hypersensitivity re-
actions may be masked. Care is also required in pa-
tients with myasthenia gravis as quinidine can exacer-
bate the symptoms and may reduce the effectiveness of
parasympathomimetic drugs. 
When quinidine is used to treat atrial flutter or fibrilla-
tion, the reduction in AV block may result in a very
rapid ventricular rate. This can be avoided by prior dig-
italisation or by use of a rate-limiting calcium-channel
blocker or beta blocker. However, quinidine should be
avoided in digitalis overdosage as markedly increased
plasma concentrations of digoxin may occur. 
Reduced dosage should be considered for the elderly,
for patients with hepatic or renal impairment, and on
the occasions when it is used in heart failure.
Breast feeding. A woman1 receiving 2.1 g quinidine daily
throughout pregnancy had milk and serum concentrations 5 days
after delivery of 6.4 and 9.0 micrograms/mL respectively, giving
a milk to serum ratio of 0.71. It was estimated that the amount of
quinidine that would be ingested by an infant would be far below
the therapeutic range for its weight. No adverse effects have been

reported in infants and the American Academy of Pediatrics
considers2 that quinidine is therefore usually compatible with
breast feeding.
1. Hill LM, Malkasian GD. The use of quinidine sulfate throughout

pregnancy. Obstet Gynecol 1979; 54: 366–8. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Pregnancy. In a report1 on the use of quinidine sulfate by a
woman throughout pregnancy, concentrations in the infant’s se-
rum at delivery were similar to the mother’s although amniotic
fluid concentrations were raised. The infant’s weight, ECG, hae-
moglobin concentration, and platelet count were all found to be
within normal limits.
1. Hill LM, Malkasian GD. The use of quinidine sulfate throughout

pregnancy. Obstet Gynecol 1979; 54: 366–8.

Interactions
Quinidine has the potential for both pharmacodynamic
and pharmacokinetic interactions with many other
drugs. 
Use of quinidine with drugs that increase the QT inter-
val or have arrhythmogenic effects should generally be
avoided, since there is an increased risk of toxicity. Al-
though quinidine is sometimes given with other
antiarrhythmics, caution is required since there may be
both pharmacodynamic and pharmacokinetic interac-
tions (see below). Interactions may also occur with
other drugs because of the antimuscarinic and alpha-
adrenoceptor blocking properties of quinidine; potenti-
ation of the effects of neuromuscular blockers has also
been reported. 
Quinidine is metabolised in the liver, mainly by the cy-
tochrome P450 isoenzyme CYP3A4, and may interact
with inhibitors or inducers of this isoenzyme. Ri-
fampicin, phenobarbital, and phenytoin increase the
metabolism of quinidine and increased doses may be
required; HIV-protease inhibitors, which inhibit
CYP3A4, may produce toxic concentrations of quini-
dine. 
Urinary excretion of quinidine is dependent on urinary
pH; drugs that increase urinary pH such as sodium bi-
carbonate, some antacids, and carbonic anhydrase in-
hibitors tend to increase the plasma concentration of
quinidine since the proportion of nonionised drug in
the urine is increased allowing greater renal tubular re-
absorption. 
Quinidine itself may also have effects on other drugs;
it inhibits cytochrome P450 isoenzyme CYP2D6 and
may affect drugs metabolised by this route. Examples
of further drugs that may be affected by quinidine in-
clude oral anticoagulants, beta blockers, and digoxin;
more details are given under the monographs for these
drugs.
Antiarrhythmics. Amiodarone may increase the plasma con-
centration of quinidine, increasing the risk of toxicity; prolonga-
tion of the QT interval with torsade de pointes has been report-
ed.1 This is probably because amiodarone inhibits hepatic or
renal clearance of quinidine or displaces quinidine from binding
sites. If the two drugs are used together the dose of quinidine may
need to be reduced and the patient should be closely monitored.
Verapamil given intravenously has been reported2 to cause se-
vere hypotension in patients also taking quinidine by mouth.
Studies in vitro suggest this is due to the additive blockade of
α-adrenergic receptors by both drugs and the simultaneous
blockade of calcium channels by verapamil; verapamil may also
increase the plasma concentration of quinidine. Quinidine itself
may increase the plasma concentration of some other
antiarrhythmics (see Ajmaline, p.1206, Digoxin, p.1261, Diso-
pyramide, p.1270, Flecainide Acetate, p.1289, Procainamide,
p.1378, and Propafenone Hydrochloride, p.1380).
1. Lesko LJ. Pharmacokinetic drug interactions with amiodarone.

Clin Pharmacokinet 1989; 17: 130–40. 
2. Maisel AS, et al. Hypotension after quinidine plus verapamil. N

Engl J Med 1985; 312: 167–70.

Antibacterials. Torsade de pointes has been reported1 in a pa-
tient taking erythromycin with quinidine. Like quinidine, eryth-
romycin prolongs the QT interval, and the effect may be greater
if the drugs are given together;2 there is also some evidence3-5

that erythromycin reduces quinidine clearance.
1. Lin JC, Quasny HA. QT prolongation and development of tor-

sades de pointes with the concomitant administration of oral
erythromycin base and quinidine. Pharmacotherapy 1997; 17:
626–30. 

2. Stanford RH, et al. Effect of oral erythromycin on quinidine
pharmacodynamics in healthy volunteers. Pharmacotherapy
1997; 17: 1111. 

3. Spinler SA, et al. Possible inhibition of hepatic metabolism of
quinidine by erythromycin. Clin Pharmacol Ther 1995; 57:
89–94. 

4. Stanford RH, et al. Effect of oral erythromycin on quinidine
pharmacokinetics in healthy volunteers. Pharmacotherapy
1998; 18: 426–7. 

5. Damkier P, et al. Effect of diclofenac, disulfiram, itraconazole,
grapefruit juice and erythromycin on the pharmacokinetics of
quinidine. Br J Clin Pharmacol 1999; 48: 829–38.

Antifungals. Ketoconazole temporarily increased the plasma-
quinidine concentration in a patient through reduced hepatic
elimination.1 Another antifungal that inhibits hepatic metabo-
lism, itraconazole, has also been reported2 to increase plasma-
quinidine concentrations.
1. McNulty RM, et al. Transient increase in plasma quinidine con-

centrations during ketoconazole-quinidine therapy. Clin Pharm
1989; 8: 222–5. 

2. Kaukonen K-M, et al. Itraconazole increases plasma concentra-
tions of quinidine. Clin Pharmacol Ther 1997; 62: 510–17.

Beta blockers. Quinidine and beta blockers may have additive
adverse effects, and pharmacokinetic interactions may also oc-
cur. Sinus bradycardia has been reported in a patient prescribed
oral quinidine and timolol eye drops,1 and orthostatic hypoten-
sion has occurred when quinidine was used with atenolol.2 Use
of quinidine or the beta blocker alone was well tolerated in each
case with no adverse effects.
1. Dinai Y, et al. Bradycardia induced by interaction between qui-

nidine and ophthalmic timolol. Ann Intern Med 1985; 103:
890–1. 

2. Manolis AS, Estes NAM. Orthostatic hypotension due to quini-
dine and atenolol. Am J Med 1987; 82: 1083–4.

Calcium-channel blockers. Nifedipine has been reported1 to
reduce plasma-quinidine concentrations and increasing the dose
of quinidine to up to 20 mg/kg failed to increase the plasma con-
centration. Withdrawal of nifedipine resulted in a doubling of the
quinidine concentration. A pharmacokinetic and pharmacody-
namic study in healthy subjects, however, failed to show that
modified-release felodipine or nifedipine had any effect on qui-
nidine disposition.2 Another study in healthy subjects suggested
that quinidine may inhibit nifedipine metabolism.3 Diltiazem has
also been reported4 to decrease the clearance and increase the
half-life of quinidine in healthy subjects, although it was noted
that another study had failed to show any interaction. 
For the effects of verapamil used with quinidine, see An-
tiarrhythmics, above.
1. Green JA, et al. Nifedipine-quinidine interaction. Clin Pharm

1983; 2: 461–5. 
2. Bailey DG, et al. Quinidine interaction with nifedipine and fe-

lodipine: pharmacokinetic and pharmacodynamic evaluation.
Clin Pharmacol Ther 1993; 53: 354–9. 

3. Bowles SK, et al. Evaluation of the pharmacokinetic and phar-
macodynamic interaction between quinidine and nifedipine. J
Clin Pharmacol 1993; 33: 727–31. 

4. Laganière S, et al. Pharmacokinetic and pharmacodynamic inter-
actions between diltiazem and quinidine. Clin Pharmacol Ther
1996; 60: 255–64.

Diuretics. Carbonic anhydrase inhibitors increase urinary pH
and may increase plasma-quinidine concentrations by increasing
renal tubular reabsorption. Thiazides and loop diuretics may in-
crease the risk of arrhythmias by causing hypokalaemia.
Arrhythmias occurred in 4 of 10 patients receiving amiloride
when given quinidine,1 possibly due to additive sodium-channel
blockade.
1. Wang L, et al. Amiloride-quinidine interaction: adverse out-

comes. Clin Pharmacol Ther 1994; 56: 659–67.

Histamine H2-antagonists. Cimetidine inhibits the hepatic
metabolism of quinidine and increases in plasma concentration
and half-life with a reduction in clearance have been reported.1-3

1. Hardy BG, et al. Effect of cimetidine on the pharmacokinetics
and pharmacodynamics of quinidine. Am J Cardiol 1983; 52:
172–5. 

2. Kolb KW, et al. Effect of cimetidine on quinidine clearance.
Ther Drug Monit 1984; 6: 306–12. 

3. MacKichan JJ, et al. Effect of cimetidine on quinidine bioavail-
ability. Biopharm Drug Dispos 1989; 10: 121–5.

Pharmacokinetics
Quinidine is rapidly absorbed from the gastrointestinal
tract; the time to peak plasma concentration depends
on the salt and formulation but is about 2 hours for qui-
nidine sulfate immediate-release tablets. Bioavailabil-
ity is variable, owing to first-pass metabolism in the
liver. 
Quinidine is metabolised in the liver, mainly by the cy-
tochrome P450 isoenzyme CYP3A4, to a number of
metabolites, at least some of which are pharmacologi-
cally active. It is excreted in the urine, mainly in the
form of its metabolites. The proportion excreted
unchanged is dependent on urinary pH; in acidic urine
about 20% is excreted as unchanged quinidine but in



Quinidine/Ramipril    1385

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

alkaline urine this is reduced to about 5% due to in-
creased renal tubular reabsorption. 
Quinidine is widely distributed throughout the body
and is 80 to 90% bound to plasma proteins including
α1-acid glycoprotein. It has a plasma half-life of about
6 to 8 hours but this may show wide variation. Its ther-
apeutic effect has been correlated with plasma concen-
trations of about 1 to 6 micrograms/mL, depending on
the assay method used; older methods that do not dif-
ferentiate quinidine from its metabolites may give mis-
leading results. 
Quinidine crosses the placenta and is distributed into
breast milk. Only small amounts are removed by
haemodialysis.
◊ Considerable intersubject and intrasubject variability in the
pharmacokinetics of quinidine has been noted;1 in one study the
half-life ranged from about 1 to 16 hours regardless of whether
the drug was given as a tablet, capsule, oral solution, or intramus-
cular injection. There may also be considerable variations in ab-
sorption depending upon the formulation and the salt used.2,3

The effect of food on absorption is not clear.4,5 The heart condi-
tion being treated or associated with the arrhythmia may alter
quinidine’s pharmacokinetics6,7 as may the age of the patient.8-10

Hepatic impairment may affect protein binding and prolong qui-
nidine’s half-life.11 Protein binding increases in patients with re-
nal impairment, although it returns to normal during dialysis pro-
cedures.12 Accumulation of quinidine metabolites may occur in
patients with renal dysfunction.13-15

1. Mason WD, et al. Comparative plasma concentrations of quini-
dine following administration of one intramuscular and three
oral formulations to 13 human subjects. J Pharm Sci 1976; 65:
1325–9. 

2. Frigo GM, et al. Comparison of quinidine plasma concentration
curves following oral administration of some short- and long-
acting formulations. Br J Clin Pharmacol 1977; 4: 449–54. 

3. Mahon WA, et al. Comparative bioavailability study of three
sustained release quinidine formulations. Clin Pharmacokinet
1987; 13: 118–24. 

4. Woo E, Greenblatt DJ. Effect of food on enteral absorption of
quinidine. Clin Pharmacol Ther 1980; 27: 188–93. 

5. Martinez MN, et al. Effect of dietary fat content on the bioavail-
ability of a sustained release quinidine gluconate tablet. Biop-
harm Drug Dispos 1990; 11: 17–29. 

6. Ueda CT, Dzindzio BS. Quinidine kinetics in congestive heart
failure. Clin Pharmacol Ther 1978; 23: 158–64. 

7. Ueda CT, Dzindzio BS. Bioavailability of quinidine in conges-
tive heart failure. Br J Clin Pharmacol 1981; 11: 571–7. 

8. Drayer DE, et al. Prevalence of high (3S)-3-hydroxyquini-
dine/quinidine ratios in serum, and clearance of quinidine in
cardiac patients with age. Clin Pharmacol Ther 1980; 27: 72–5. 

9. Szefler SJ, et al. Rapid elimination of quinidine in pediatric pa-
tients. Pediatrics 1982; 70: 370–5. 

10. Pickoff AS, et al. Age-related differences in the protein binding
of quinidine. Dev Pharmacol Ther 1981; 3: 108–15. 

11. Kessler KM, et al. Quinidine pharmacokinetics in patients with
cirrhosis or receiving propranolol. Am Heart J 1978; 96:
627–35. 

12. Kessler KM, Perez GO. Decreased quinidine plasma protein
binding during haemodialysis. Clin Pharmacol Ther 1981; 30:
121–6. 

13. Kessler KM, et al. Quinidine elimination in patients with con-
gestive heart failure or poor renal function. N Engl J Med 1974;
290: 706–9. 

14. Drayer DE, et al. Steady-state serum levels of quinidine and ac-
tive metabolites in cardiac patients with varying degrees of re-
nal function. Clin Pharmacol Ther 1978; 24: 31–9. 

15. Hall K, et al. Clearance of quinidine during peritoneal dialysis.
Am Heart J 1982; 104: 646–7.

Uses and Administration
Quinidine is a class Ia antiarrhythmic (p.1153). It also
has antimuscarinic and alpha-adrenoceptor blocking
properties. Quinidine is used in the management of su-
praventricular and ventricular arrhythmias, including
cardioversion and maintenance of sinus rhythm in atri-
al fibrillation, but other drugs or methods are usually
preferred. 
Quinidine is an isomer of quinine and may be used as
an alternative to quinine in the treatment of malaria
when quinine is not immediately available. 
Quinidine is usually given orally and various salts have
been used, including the bisulfate, the gluconate, the
polygalacturonate, and the sulfate. Strengths of prepa-
rations and doses used may be expressed in terms of
the salt actually contained in the preparation, but are
commonly expressed as the equivalent amount of
anhydrous quinidine base or quinidine sulfate dihy-
drate. Quinidine bisulfate (anhydrous) 260 mg, quini-
dine gluconate (anhydrous) 321 mg, quinidine sulfate
(dihydrate) 241 mg, and quinidine sulfate (anhydrous)
230 mg are each equivalent to about 200 mg of quini-
dine (anhydrous). 

For the management of cardiac arrhythmias, a typi-
cal dose of quinidine sulfate dihydrate is 200 to
400 mg three or four times daily, adjusted according to
response; an initial test dose of 200 mg has been rec-
ommended for detecting hypersensitivity. Modified-
release preparations may be preferred for maintenance. 
Quinidine has also been given parenterally but absorp-
tion after intramuscular injection is erratic and incom-
plete, and intravenous use is associated with a risk of
severe hypotension. If parenteral use is necessary for
acute conversion of supraventricular or ventricular
arrhythmias, quinidine gluconate may be given by
intravenous infusion at a rate no faster than
250 micrograms/kg per minute; most patients respond
to a total dose of less than 5 mg/kg, but up to 10 mg/kg
may be given if required. ECG and blood pressure
should be monitored throughout the infusion. 
For the use of quinidine in the management of malar-
ia, see below.
◊ General references.
1. Grace AA, Camm AJ. Quinidine. N Engl J Med 1998; 338:

35–45.

Cardiac arrhythmias. Quinidine is a class Ia antiarrhythmic
and has been used in the management of supraventricular and
ventricular arrhythmias, but other drugs or non-pharmacological
therapies are usually preferred (see Cardiac Arrhythmias,
p.1160). Although use of quinidine may have increased after the
CAST studies, which found an increased mortality with the use
of encainide, flecainide, and moracizine in asymptomatic ven-
tricular arrhythmias, a meta-analysis1 of studies using quinidine
for benign or potentially lethal ventricular arrhythmias found that
it was associated with at least as high an incidence of adverse
events, including death and early proarrhythmia, as the class Ic
drugs flecainide and propafenone. Another meta-analysis2 found
that quinidine was more effective than placebo in maintaining
sinus rhythm after cardioversion of atrial fibrillation, but again
total mortality was increased. 
Quinidine has been used3 in patients with Brugada syndrome, a
congenital channelopathy that predisposes to ventricular arrhyth-
mias, and may have a role as an alternative to an implantable
cardioverter defibrillator.
1. Morganroth J, Goin JE. Quinidine-related mortality in the short-

to-medium-term treatment of ventricular arrhythmias: a meta-
analysis. Circulation 1991; 84: 1977–83. 

2. Coplen SE, et al. Efficacy and safety of quinidine therapy for
maintenance of sinus rhythm after cardioversion. A meta-analy-
sis of randomized control trials. Circulation 1990; 82: 1106–16.
Correction. ibid. 1991; 83: 714. 

3. Belhassen B, et al. Efficacy of quinidine in high-risk patients
with Brugada syndrome. Circulation 2004; 110: 1731–7.

Congenital myasthenia. Although quinidine may exacerbate
the symptoms of myasthenia gravis and should be used with
great caution in such patients, beneficial responses have been re-
ported in patients with the slow-channel congenital myasthenic
syndrome (see p.630).
Hiccup. Quinidine is one of several drugs that have been tried in
intractable hiccups. For details of a protocol for the control of
hiccups see Chlorpromazine, p.976.
Malaria. Quinidine may be more potent than quinine as an anti-
malarial but it is more likely to cause cardiac toxicity and hyper-
sensitivity and WHO1,2 has recommended that parenteral formu-
lations of quinidine should only be used when parenteral quinine
or artemisinin derivatives are not immediately available. In these
situations intravenous infusions of quinidine could be used to be-
gin treatment for severe chloroquine-resistant malaria. Patients
should be transferred to oral therapy with quinine as soon as pos-
sible to complete a 7-day course; alternatively a single oral treat-
ment of pyrimethamine-sulfadoxine may be given. 
In the USA, the CDC3,4 have recommended parenteral quinidine
gluconate as the drug of choice for the treatment of complicated
falciparum malaria, but only because of the lack of availability of
parenteral quinine. 
Quinidine is given intravenously as the gluconate and doses have
been expressed in terms of the base or salt; it should be given
under close control, preferably with continuous ECG monitoring
and frequent measurements of blood pressure. Regimens used
include one1,5 where the equivalent of 15 mg of the base per kg
is infused over 4 hours as a loading dose followed by the equiv-
alent of 7.5 mg of the base per kg every 8 hours as infusions over
4 hours; the patient should be transferred to an oral form of anti-
malarial as soon as possible. An alternative regimen6 consists of
a loading dose of 10 mg of quinidine gluconate per kg given by
intravenous infusion over a period of 1 to 2 hours followed by a
constant intravenous infusion of 20 micrograms/kg per minute
for a maximum of 72 hours or until oral therapy with quinine can
be instituted to complete a total 3-day course of treatment. It is
generally recommended that loading doses should not be used if
the patient has received quinine or quinidine within the previous
24 hours or mefloquine within the preceding 7 days. 

The overall management of malaria is discussed in the chapter on
Antimalarials, p.594.
1. WHO. Management of severe malaria: a practical handbook.

Geneva: WHO, 2000. Available at: http://www.who.int/malaria/
docs/hbsm_toc.htm (accessed 16/07/07) 

2. WHO. Guidelines for the treatment of malaria. Geneva: WHO,
2006. Also available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf (accessed 10/07/07) 

3. CDC. Treatment with quinidine gluconate of persons with severe
Plasmodium falciparum infection: discontinuation of parenteral
quinine from CDC drug service. MMWR 1991; 40 (RR-4): 21–3.
Also available at http:/ /www.cdc.gov/mmwr/preview/
mmwrhtml/00043932.htm (accessed 10/07/07) 

4. CDC. Availability and use of parenteral quinidine gluconate for
severe or complicated malaria. MMWR 2000; 49: 1138–40. 

5. Phillips RE, et al. Intravenous quinidine for the treatment of se-
vere falciparum malaria: clinical pharmacokinetic studies. N
Engl J Med 1985; 312: 1273–8. 

6. Miller KD, et al. Treatment of severe malaria in the United States
with a continuous infusion of quinidine gluconate and exchange
transfusion. N Engl J Med 1989; 321: 65–70.

Neurological disorders. For reference to the use of quinidine
with dextromethorphan for the management of amyotrophic lat-
eral sclerosis, see p.1556.

Preparations
BP 2008: Quinidine Sulphate Tablets; 
USP 31: Quinidine Gluconate Extended-release Tablets; Quinidine Gluco-
nate Injection; Quinidine Sulfate Capsules; Quinidine Sulfate Extended-re-
lease Tablets; Quinidine Sulfate Oral Suspension; Quinidine Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Austral.: Kinidin; Belg.: Kinidine†; Braz.: Quinicardine; Canad.: Biquin;
Cz.: Kinidin†; Denm.: Kinidin; Fin.: Kiniduron; Gr.: Kinidine; Ydroquinidine;
Hong Kong: Kinidin†; Irl.: Kinidin; Israel: Quiniduran; Ital.: Chinteina;
Longachin; Naticardina†; Natisedina; Ritmocor; Mex.: Quini†; Neth.: Kini-
dine†; Philipp.: Kinidin; S.Afr.: Quinaglute; Spain: Longacor†; Swed.: Ki-
nidin; Switz.: Kinidin; Longacor†; Turk.: Longacor; Natisedine; Quinicar-
dine; UK: Kinidin†; USA: Quinidex†.
Multi-ingredient: Fr.: Quinimax; Ger.: Cordichin.

Ramipril (BAN, USAN, rINN)

Hoe-498; Ramipriili; Ramiprilis; Ramiprilum. (2S,3aS,6aS)-1-{N-
[(S)-1-Ethoxycarbonyl-3-phenylpropyl]L-alanyl}perhydrocyclo-
penta[b]pyrrole-2-carboxylic acid.
Рамиприл
C23H32N2O5 = 416.5.
CAS — 87333-19-5.
ATC — C09AA05.
ATC Vet — QC09AA05.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ramipril). A white or almost white, crystalline
powder. Sparingly soluble in water; freely soluble in methyl al-
cohol. Protect from light. 
USP 31 (Ramipril). A white to almost white, crystalline powder.
Sparingly soluble in water; freely soluble in methyl alcohol.
Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Ramipril acts as a prodrug of the diacid ramiprilat, its
active metabolite. After oral doses at least 50 to 60% is
absorbed. Ramipril is metabolised in the liver to rami-
prilat; other metabolites are inactive. Peak plasma con-
centrations of ramiprilat are achieved 2 to 4 hours after
an oral dose of ramipril. Ramiprilat is about 56%
bound to plasma proteins. After oral doses ramipril is
excreted primarily in the urine, as ramiprilat, other
metabolites, and some unchanged drug. About 40% of
an oral dose appears in the faeces; this may represent
both biliary excretion and unabsorbed drug. The effec-
tive half-life for accumulation of ramiprilat is 13 to 17
hours after multiple doses of ramipril 5 to 10 mg, but is
much longer for doses of 1.25 to 2.5 mg daily; the dif-
ference relates to the long terminal half-life associated
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with saturable binding to the angiotensin-converting
enzyme. The clearance of ramiprilat is reduced in renal
impairment.
◊ Reviews.
1. Meisel S, et al. Clinical pharmacokinetics of ramipril. Clin Phar-

macokinet 1994; 26: 7–15. 
2. van Griensven JMT, et al. Pharmacokinetics, pharmacodynamics

and bioavailability of the ACE inhibitor ramipril. Eur J Clin
Pharmacol 1995; 47: 513–8. 

3. Fillastre JP, et al. Kinetics, safety, and efficacy of ramipril after
long-term administration in hemodialyzed patients. J Cardio-
vasc Pharmacol 1996; 27: 269–74.

Uses and Administration
Ramipril is an ACE inhibitor (p.1193). It is used in the
treatment of hypertension (p.1171), heart failure
(p.1165), and after myocardial infarction (p.1175) to
improve survival in patients with clinical evidence of
heart failure. It is also used to reduce the risk of cardio-
vascular events in patients with certain risk factors (see
Cardiovascular Risk Reduction, p.1164). 
Ramipril owes its activity to ramiprilat to which it is
converted after oral doses. The haemodynamic effects
are seen within 1 to 2 hours of a single oral dose and the
maximum effect occurs after about 3 to 6 hours, al-
though the full effect may not develop for several
weeks during chronic dosing. The haemodynamic ef-
fect is maintained for at least 24 hours, allowing once-
daily dosing. 
In the treatment of hypertension an initial oral dose of
1.25 mg once daily is given. Since there may be a pre-
cipitous fall in blood pressure when starting therapy
with an ACE inhibitor, the first dose should preferably
be given at bedtime. Patients taking diuretics should, if
possible, have the diuretic stopped 2 to 3 days before
starting ramipril, and resumed later if necessary. The
usual maintenance dose is 2.5 to 5 mg daily as a single
dose, although up to 10 mg daily may be required. In
the USA an initial dose of 2.5 mg once daily in hyper-
tensive patients not taking a diuretic and a maintenance
dose of 2.5 to 20 mg daily, as a single dose or in two
divided doses, have been suggested. 
In the management of heart failure, severe first-dose
hypotension on introduction of an ACE inhibitor is
common in patients on loop diuretics, but their tempo-
rary withdrawal may cause rebound pulmonary oede-
ma. Thus treatment should begin with a low dose under
close medical supervision; high doses of diuretics
should be reduced before starting ramipril. Ramipril is
given in an initial dose of 1.25 mg once daily. The usu-
al maximum dose is 10 mg daily; doses of 2.5 mg or
more daily may be taken in 1 or 2 divided doses. 
After myocardial infarction, treatment with ramipril
may be started in hospital 3 to 10 days after the infarc-
tion at a usual initial dose of 2.5 mg twice daily, in-
creased after two days to 5 mg twice daily. The usual
maintenance dose is 2.5 to 5 mg twice daily. 
For the prophylaxis of cardiovascular events in pa-
tients considered to be at high risk, ramipril is given in
an initial dose of 2.5 mg once daily. The dose should be
increased, if tolerated, to 5 mg once daily after 1 week,
then to the usual maintenance dose of 10 mg once daily
after a further 3 weeks. In patients with hypertension or
recent myocardial infarction it may also be given in di-
vided doses. 
A reduction in dosage of ramipril may be necessary in
patients with impaired hepatic or renal function (see
below).
◊ References.
1. Todd PA, Benfield P. Ramipril: a review of its pharmacological

properties and therapeutic efficacy in cardiovascular disorders.
Drugs 1990; 39: 110–35. 

2. The Acute Infarction Ramipril Efficacy (AIRE) Study Investiga-
tors. Effect of ramipril on mortality and morbidity of survivors
of acute myocardial infarction with clinical evidence of heart
failure. Lancet 1993; 342: 821–8. 

3. Frampton JE, Peters DH. Ramipril: an updated review of its ther-
apeutic use in essential hypertension and heart failure. Drugs
1995; 49: 440–66. 

4. The Heart Outcomes Prevention Evaluation Study Investigators.
Effects of an angiotensin-converting-enzyme inhibitor, ramipril,
on cardiovascular events in high-risk patients. N Engl J Med
2000; 342: 145–53. 

5. Warner GT, Perry CM. Ramipril: a review of its use in the pre-
vention of cardiovascular outcomes. Drugs  2002; 62:
1381–1405. 

6. Vuong AD, Annis LG. Ramipril for the prevention and treatment
of cardiovascular disease. Ann Pharmacother 2003; 37: 412–19. 

7. Rokoss MJ, Teo KK. Ramipril in the treatment of vascular dis-
eases. Expert Opin Pharmacother 2005; 6: 1911–19. 

8. Anderson VR, et al. Ramipril: a review of its use in preventing
cardiovascular outcomes in high-risk patients. Am J Cardiovasc
Drugs 2006; 6: 417–32. 

9. Lüders S, et al.. The PHARAO study: prevention of hyperten-
sion with the angiotensin-converting enzyme inhibitor ramipril
in patients with high-normal blood pressure - a prospective, ran-
domized, controlled prevention trial of the German Hyperten-
sion League. J Hypertens 2008; 26: 1487–1496.

Administration in hepatic or renal impairment. The UK
licensed product information states that in patients with hepatic
impairment, or renal impairment with a creatinine clearance of
less than 30 mL/minute, the initial dose of ramipril should not
exceed 1.25 mg daily. In hepatic impairment higher doses should
be used with caution. In renal impairment the maintenance dose
should not exceed 5 mg daily; for those with a creatinine clear-
ance of less than 10 mL/minute, the maintenance dose should not
exceed 2.5 mg daily.

Preparations
BP 2008: Ramipril Capsules; Ramipril Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Lostapres; Tritace; Austral.: Prilace; Ramace; Tritace; Austria: Hy-
pren; Lannapril; Ramipharm; Tritace; Belg.: Ramace; Tritace; Braz.: At-
ensec; Ecator; Naprix; Triatec; Canad.: Altace; Chile: Ramipres; Triatec;
Cz.: Acesial; Amprilan; Hartil; Miril; Piramil; Ramicard; Ramil; Ramistada;
Ramitren; Tritace; Denm.: Ramace; Triatec; Fin.: Cardace; Ramace†; Fr.:
Triatec; Ger.: Delix; Ramicard; Ramigamma; RamiLich; Vesdil; Gr.: Stibenyl;
Triatec; Hong Kong: Tritace; Hung.: Amprilan; Corpril; Emren; Hartil;
Meramyl; Piramil; Ramace; Ramicard; Ramiwin; Tritace; India: Cardace; Ho-
pecard; Preface; R-Pril; Ramcor; Ramipres; Sclerace; Indon.: Cardace; Hy-
peril; Ramixal; Tenapril; Triatec; Irl.: ByTrite; Ramic; Ramilo; Tritace; Israel:
Ramitens; Tritace; Ital.: Quark; Triatec; Unipril; Malaysia: Tritace; Mex.:
Intemipril; Ramace†; Tritace; Neth.: Remik†; Tritace; Norw.: Triatec; NZ:
Tritace; Philipp.: Tritace; Pol.: Axtil; Mitrip; Piramil; Ramicor; Tritace; Vi-
vace; Port.: Ramik; Triatec; Verzatec; Rus.: Hartil (Хартил); S.Afr.: Ram-
ace; Ramiwin; Rampil; Tritace; Singapore: Tritace; Spain: Acovil; Carasel;
Swed.: Pramace; Triatec; Switz.: Triatec; Vesdil; Thai.: Corpril; Piramil;
Ramiril; Ramtace; Tritace; Turk.: Delix; UK: Tritace; USA: Altace; Venez.:
Altace; Piramil.

Multi-ingredient: Arg.: Triacor; Tritace-HCT; Austral.: Triasyn; Austria:
Hypren plus; Lannapril plus; Lasitace; Ramicomp; Ramipharm comb; Trialix;
Triapin; Tritazide; Unimax; Belg.: Tritazide; Braz.: Ecator H; Naprix A;
Naprix D; Triatec D; Cz.: Amprilan H; Hartil-H; Medoram plus H; Miril plus
H; Ramil H; Ramixa Plus H; Triasyn; Tritazide; Unimax†; Denm.: Triatec
Comp; Fin.: Cardace Comp; Unimax; Fr.: Cotriatec; Ger.: Arelix ACE;
Aretensin; Delix Plus; Delmuno; Rami-Q comp; Ramicard Plus; Ramigamma
HCT; RamiLich comp; Ramiplus; Ramipril comp; Ramipril HCT; Ramipril
HCTad; Ramipril Plus; Unimax; Vesdil plus; Gr.: Stibenyl HCT; Triacor; Tri-
atec Plus; Unitens; Hung.: Amprilan HD; Amprilan HL; Hartil HCT; Mer-
amyl HCT; Ramace Plusz; Ramiwin HCT; Triasyn; Tritace-HCT; India: Ram-
cor H; Ramipres H; Irl.: Trialix; Triapin; Israel: Tritace Comp; Ital.:
Idroquark; Prilace; Triatec HCT; Uniprildiur ; Mex.: Triacor ; Tritazide;
Neth.: Delitab-HCT; Prilitab-HCT; Prilitaril-HCT; Ramitab-HCT; Rataril-
HCT; Triapin; Tritazide; Unimax; Philipp.: Triapin; Pol.: Ramicor Comb;
Port.: Ramicor D; Triatec Composto; Unimax; S.Afr.: Tri-Plen; Swed.: Tri-
atec Comp; Switz.: Trialix; Triatec Comp; Unimax; Turk.: Delix Plus; UK:
Triapin; Venez.: Altace Plus.

Ranolazine (USAN, rINN)

CVT-303; Ranolazina; Ranolazinum; RS-43285-003. (±)-N-(2,6-
Dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)propyl]-
1-piperazineacetamide.
Ранолазин
C24H33N3O4 = 427.5.
CAS — 95635-55-5.
ATC — C01EB18.
ATC Vet — QC01EB18.

Ranolazine Hydrochloride (USAN, rINNM)

Hidrocloruro de ranolazina; Ranolazine, Chlorhydrate de; Rano-
lazini Hydrochloridum; RS-43285.
Ранолазина Гидрохлорид
C24H33N3O4,2HCl = 500.5.
CAS — 95635-56-6.
ATC — C01EB18.
ATC Vet — QC01EB18.

Adverse Effects and Precautions
Adverse effects most commonly seen with ranolazine are nau-
sea, constipation, dizziness, and headache. Palpitations, tinnitus,

vertigo, dry mouth, abdominal pain, vomiting, peripheral oede-
ma, and dyspnoea have also been reported. Rarely reported ef-
fects include bradycardia, haematuria, paraesthesia, hypoten-
sion, and blurred vision. 
Dose-related prolongation of the QT interval may occur; ranola-
zine is therefore contra-indicated in patients with pre-existing
QT prolongation, and in those at increased risk of QT prolonga-
tion, including patients with hepatic impairment (Child-Pugh
classes A to C) and those taking interacting drugs (see Interac-
tions, below). Blood pressure may be increased in patients with
severe renal impairment and should be monitored regularly.
Interactions
Ranolazine is primarily metabolised by the P450 isoenzyme
CYP3A and should not be given with other drugs that are potent
or moderately potent inhibitors of this enzyme, such as ketoco-
nazole, diltiazem, macrolide antibacterials, HIV protease inhibi-
tors, and grapefruit juice or grapefruit products. Simvastatin is
also metabolised by this enzyme and plasma concentrations are
reported to be doubled when given with ranolazine. Ranolazine
is an inhibitor of CYP2D6 and drugs metabolised by this en-
zyme, such as tricyclic antidepressants or some antipsychotics,
may need dose reductions. Ranolazine is both a substrate for, and
inhibitor of, P-glycoprotein, and the dose of other substrates,
such as digoxin, may need reducing.

Pharmacokinetics
Absorption of ranolazine is highly variable with peak plasma
concentrations occurring about 2 to 5 hours after an oral dose of
the modified-release preparation. Ranolazine is extensively me-
tabolised in the gastrointestinal tract and liver. Four main metab-
olites have been identified. Protein binding of ranolazine is about
62%. About 75% of a dose is excreted in the urine with the re-
mainder in the faeces, with less than 5% as unchanged drug. The
apparent terminal half-life for the modified-release preparation
of ranolazine is 7 hours, and steady state occurs within 3 days.
◊ Reviews.
1. Jerling M. Clinical pharmacokinetics of ranolazine. Clin Phar-

macokinet 2006; 45: 469–91.

Uses and Administration
Ranolazine is an antianginal drug. Its mechanism of action is
unclear but may involve inhibition of the late sodium current in
cardiac myocytes; it also inhibits fatty acid oxidation, but this
does not appear to occur at therapeutic plasma concentrations. It
is used for the treatment of angina pectoris (p.1157) in patients
who have not responded satisfactorily to other antianginals and
should be given as an adjunct to standard therapy. It is given in a
modified-release form in an initial oral dose of 500 mg twice dai-
ly, increasing to a maximum of 1 g twice daily if necessary.
◊ Reviews.
1. Siddiqui MAA, Keam SJ. Ranolazine: a review of its use in

chronic stable angina pectoris. Drugs 2006; 66: 693–710. 
2. Tafreshi MJ, Fisher E. Ranolazine: a new approach to manage-

ment of patients with angina. Ann Pharmacother 2006; 40:
689–93. 

3. Chaitman BR. Ranolazine for the treatment of chronic angina
and potential use in other cardiovascular conditions. Circulation
2006; 113: 2462–72. 

4. Zerumsky K, McBride BF. Ranolazine in the management of
chronic stable angina. Am J Health-Syst Pharm 2006; 63:
2331–8.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Ranexa.

Raubasine
Ajmalicine; Alkaloid F; Raubasiini; Raubasin; Raubasina; Raubasi-
num; δ-Yohimbine. Methyl 16,17-didehydro-19α-methyl-18-
oxayohimban-16-carboxylate.
C21H24N2O3 = 352.4.
CAS — 483-04-5.

Pharmacopoeias. In Chin.

Profile
Raubasine is an alkaloid obtained from Rauwolfia serpentina
(Apocynaceae). It is a vasodilator related chemically to reserpine
(p.1387) and has been given orally and by injection in peripheral
and cerebral vascular disorders.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Lamuran.
Multi-ingredient: Austria: Defluina; Fr.: Duxil†; Iskedyl; Hong Kong:
Duxaril; Philipp.: Duxaril; Port.: Duxil; Transoxyl†; Singapore: Duxaril;
Spain: Duxor†; Thai.: Duxaril; Iso-Triraupin†.

Rauwolfia Serpentina
Chotachand; Rauvolfia; Rauwolfia; Rauwolfiae Radix; Rauwolfi-
awurzel.
CAS — 8063-17-0 (rauwolfia).
ATC — C02AA04.
Pharmacopoeias. In Ger. and US. 
USP 31 (Rauwolfia Serpentina). The dried roots of Rauwolfia
serpentina (Apocynaceae). It contains not less than 0.15% of re-
serpine-rescinnamine group alkaloids calculated as reserpine.
Store at 15° to 30° in a dry place.
Profile
Rauwolfia serpentina contains numerous alkaloids, the most ac-
tive as hypotensive agents being the ester alkaloids, reserpine
and rescinnamine. Other alkaloids present have structures related
to reserpic acid, but are not esterified, and include ajmaline (rau-
wolfine), ajmalinine, ajmalicine, isoajmaline (isorauwolfine),
serpentine, rauwolfinine, and sarpagine. The actions of rauwolfia
serpentina are those of its alkaloids and it has been used for the
same purposes as reserpine, p.1387. It has been given orally as
the powdered whole root. 
Rauwolfia vomitoria has also been used. 
A crude form of rauwolfia serpentina has been used in India for
centuries as preparations such as Sarpagandha, in the treatment
of insomnia and certain forms of mental illness.
Preparations
USP 31: Rauwolfia Serpentina Tablets.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Hyperforat-for te†; Rus.: Speman For te
(Спеман Форте); Spain: Rulun; USA: Rauzide†.

Regadenoson (BAN, USAN, rINN)

CVT-3146; Régadénoson; Regadenosón; Regadenosonum. 1-(6-
Amino-9-β-D-ribofuranosyl-9H-purin-2-yl)-N-methyl-1H-pyra-
zole-4-carboxamide monohydrate.
Регаденозон
C15H18N8O5, H2O = 408.4.
CAS — 313348-27-5 (regadenoson); 875148-45-1 (re-
gadenoson monohydrate).

Adverse Effects, Treatment, and Precautions
As for Adenosine, p.1202. Regadenoson may be used with cau-
tion in patients with asthma or chronic obstructive pulmonary
disease.
Interactions
As for Adenosine, p.1202.
Pharmacokinetics
After intravenous injection of regadenoson, peak plasma con-
centrations are reached within 1 to 4 minutes and decline in a
multi-exponential fashion. The initial half-life is about 2 to 4
minutes, followed by an intermediate stage with a half-life of
about 30 minutes, during which the pharmacodynamic effect is
lost; the half-life during the terminal phase is about 2 hours. Re-
gadenoson does not appear to be metabolised; about 57% of a
dose is excreted unchanged in the urine.
◊ References.
1. Gordi T, et al. A population pharmacokinetic/pharmacodynamic

analysis of regadenoson, an adenosine A -receptor agonist, in
healthy male volunteers. Clin Pharmacokinet 2006; 45:
1201–12. 

2. Gordi T, et al. Regadenoson pharmacokinetics and tolerability in
subjects with impaired renal function. J Clin Pharmacol 2007;
47: 825–33.

Uses and Administration
Regadenoson has similar properties to adenosine (p.1202) but
has a greater selectivity for the adenosine A2A-receptor. It is a

coronary vasodilator and increases coronary blood flow and is
used to provide a pharmacological stress as an adjunct to radio-
nuclide myocardial perfusion imaging. It is given intravenously
in a single dose of 400 micrograms by rapid injection over about
10 seconds, followed by 5 mL of sodium chloride 0.9%; the ra-
dionuclide should be given 10 to 20 seconds after the sodium
chloride.
◊ References.
1. Hendel RC, et al. Initial clinical experience with regadenoson, a

novel selective A  agonist for pharmacologic stress single-pho-
ton emission computed tomography myocardial perfusion imag-
ing. J Am Coll Cardiol 2005; 46: 2069–75. 

2. Iskandrian AE, et al. Adenosine versus regadenoson compara-
tive evaluation in myocardial perfusion imaging: results of the
ADVANCE phase 3 multicenter international trial. J Nucl Cardi-
ol 2007; 14: 645–58.

Preparations
Proprietary Preparations (details are given in Part 3)
USA: Lexiscan.

Remikiren (rINN)

Rémikirène; Remikireno; Remikirenum; Ro-42-5892. (αS)-α-
[(αS)-α-[(tert-Butylsulfonyl)methyl]hydrocinnamamido]-N-
[(1S,2R,3S)-1-(cyclohexylmethyl)-3-cyclopropyl-2,3-dihydroxy-
propyl]imidazole-4-propionamide.
Ремикирен
C33H50N4O6S = 630.8.
CAS — 126222-34-2.
ATC — C09XA01.
ATC Vet — QC09XA01.

Profile
Remikiren inhibits the actions of renin and thus prevents the con-
version of angiotensinogen into angiotensin I. It is orally active
and has been investigated in the management of hypertension
and heart failure.
◊ A number of renin antagonists have been investigated as spe-
cific inhibitors of the renin-angiotensin system.1,2 Remikiren is a
nonpeptide that is active intravenously and orally, but it is report-
ed to have a very low oral bioavailability.
1. Frishman WH, et al. Renin inhibition: a new approach to cardi-

ovascular therapy. J Clin Pharmacol 1994; 34: 873–80. 
2. Rongen GA, et al. Clinical pharmacokinetics and efficacy of ren-

in inhibitors. Clin Pharmacokinet 1995; 29: 6–14.

Rescinnamine (BAN, rINN)

Rescinamina; Rescinnamin; Rescinnaminum; Resinnamiini. Me-
thyl-O-(3,4,5-trimethoxycinnamoyl)reserpate.
Ресциннамин
C35H42N2O9 = 634.7.
CAS — 24815-24-5.
ATC — C02AA01.
ATC Vet — QC02AA01.

Profile
Rescinnamine is an ester alkaloid isolated from the root of Rau-
wolfia serpentina or R. vomitoria. It has properties similar to
those described under reserpine (below) and has been used in the
treatment of hypertension.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Thai.: Iso-Triraupin†.

Reserpine (BAN, rINN)

Reserpiini; Reserpin; Reserpina; Réserpine; Reserpinum; Resz-
erpin; Rezerpin; Rezerpina; Rezerpinas. Methyl 11,17α-dimeth-
oxy-18β-(3,4,5-trimethoxybenzoyloxy)-3β,20α-yohimbane-16β-
carboxylate; Methyl O-(3,4,5-trimethoxybenzoyl)reserpate.
Резерпин
C33H40N2O9 = 608.7.
CAS — 50-55-5.
ATC — C02AA02.
ATC Vet — QC02AA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Reserpine). It occurs as small, white to slightly
yellow crystals or a crystalline powder. It darkens slowly on ex-
posure to light. Practically insoluble in water; very slightly solu-
ble in alcohol. Protect from light. 
USP 31 (Reserpine). A white or pale buff to slightly yellowish,
odourless, crystalline powder. It darkens slowly on exposure to
light, but more rapidly when in solution. Insoluble in water; sol-
uble 1 in 1800 of alcohol and 1 in 6 of chloroform; freely soluble
in acetic acid; very slightly soluble in ether; slightly soluble in
benzene. Store in airtight containers at a temperature of 25°, ex-
cursions permitted between 15° and 30°. Protect from light.
Stability. Reserpine is unstable in the presence of alkalis, partic-
ularly when the drug is in solution.
Adverse Effects
Adverse effects commonly include nasal congestion, headache
and CNS symptoms including depression, drowsiness, dizziness,
lethargy, nightmares, and symptoms of increased gastrointestinal
tract motility including diarrhoea, abdominal cramps, and, at
higher doses, increased gastric acid secretion. Respiratory dis-
tress, cyanosis, anorexia, and lethargy may occur in infants
whose mothers have taken reserpine before delivery. 
Higher doses may cause flushing, bradycardia, severe depression
which may lead to suicide, and extrapyramidal effects. Hypoten-
sion, coma, convulsions, respiratory depression, and hypother-
mia also occur in overdosage. Hypotension is also more common
in patients after a cerebrovascular accident. 
Breast engorgement and galactorrhoea, gynaecomastia, in-
creased prolactin concentrations, decreased libido, impotence,
sodium retention, oedema, decreased or increased appetite,
weight gain, miosis, dry mouth, sialorrhoea, dysuria, rashes, pru-
ritus, and thrombocytopenic purpura have also been reported. 
Large doses of reserpine have been shown to be tumorigenic in
rodents. Several reports have suggested an association between
reserpine and the development of neoplasms of the breast (see
below) but other surveys have failed to confirm this.
Neoplasms of the breast. Although early studies suggested
that the incidence of breast cancer was up to 3 to 4 times greater
in hypertensive women treated with rauwolfia preparations than
in control groups, analysis1 of both prospective trials and case-
control studies found only a low-grade association between use
of rauwolfia preparations and risk of malignancy.
1. Grossman E, et al. Antihypertensive therapy and the risk of ma-

lignancies. Eur Heart J 2001; 22: 1343–52.

Treatment of Adverse Effects
Withdrawal of reserpine or reduction of the dosage causes the
reversal of many adverse effects although mental disorders may
persist for months and hypotensive effects may persist for weeks
after the cessation of treatment. If overdosage occurs activated
charcoal may be considered within 1 hour of ingestion. Treat-
ment is generally supportive and symptomatic. Severe hypoten-
sion may respond to placing the patient in the supine position
with the feet raised. Direct-acting sympathomimetics may be ef-
fective for treatment of severe hypotension, but should be given
with caution. The patient must be observed for at least 72 hours.
Precautions
Reserpine should not be used in patients with depression or a his-
tory of depression, with active peptic ulcer disease or ulcerative
colitis, or in patients with Parkinson’s disease. It should also be
avoided in phaeochromocytoma. 
It should be used with caution in debilitated or elderly patients,
and in the presence of cardiac arrhythmias, myocardial infarc-
tion, renal insufficiency, gallstones, epilepsy, or allergic condi-
tions such as bronchial asthma. 
Reserpine is contra-indicated in patients having ECT and an in-
terval of at least 7 to 14 days should be allowed between the last
dose of reserpine and the start of any ECT. 
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It is probably not necessary to stop reserpine during anaesthesia,
although the effects of CNS depressants may be enhanced by re-
serpine.

Interactions
Patients taking reserpine may be hypersensitive to adrenaline
and other direct-acting sympathomimetics, which should not be
given except to antagonise reserpine. The effects of indirect-act-
ing sympathomimetics such as ephedrine may be decreased by
reserpine. The hypotensive effects of reserpine are enhanced by
thiazide diuretics and other antihypertensives. Reserpine may
cause excitation and hypertension in patients receiving MAOIs.
Use of digitalis or quinidine with reserpine may cause cardiac
arrhythmias. Reserpine may enhance the effects of CNS depres-
sants.

Antiparkinsonian drugs. For the inhibitory effect of reserpine
on the antiparkinsonian actions of levodopa, see Antihyperten-
sives, p.807.

Pharmacokinetics
Reserpine is absorbed from the gastrointestinal tract with a bioa-
vailability of 50%. It is extensively metabolised and is excreted
slowly in the urine and faeces. In the first 4 days, about 8% is
excreted in the urine, mainly as metabolites, and about 60% in
the faeces, mainly unchanged. Reserpine crosses the placenta
and the blood-brain barrier and also appears in breast milk.

Uses and Administration
Reserpine is an alkaloid obtained from the roots of certain spe-
cies of Rauwolfia (Apocynaceae), mainly Rauwolfia serpentina
and R. vomitoria, or by synthesis. The material obtained from
natural sources may contain closely related alkaloids. 
Reserpine is an antihypertensive drug that causes depletion of
noradrenaline stores in peripheral sympathetic nerve terminals
and depletion of catecholamine and serotonin stores in the brain,
heart, and many other organs resulting in a reduction in blood
pressure, bradycardia, and CNS depression. The hypotensive ef-
fect is mainly due to a reduction in cardiac output and a reduction
in peripheral resistance. Cardiovascular reflexes are partially in-
hibited, but orthostatic hypotension is rarely a problem at the
doses used in hypertension. When given orally the full effect is
only reached after several weeks of treatment and persists for up
to 6 weeks after treatment is stopped. 
Reserpine has been used in the management of hypertension
(p.1171) and in chronic psychoses (p.954) such as schizophrenia.
It has also been used in the treatment of Raynaud’s syndrome
(see Vasospastic Arterial Disorders, p.1188). 
In hypertension, reserpine may be given orally in an initial dose
of up to 500 micrograms daily for about 2 weeks, subsequently
reduced to the lowest dose necessary to maintain the response;
some sources recommend an init ial dose of 50 to
100 micrograms. A maintenance dose of about 100 to
250 micrograms daily may be adequate and 500 micrograms
should not normally be exceeded. To reduce adverse effects and
tolerance smaller doses of reserpine may be used with a thiazide
diuretic. 
Reserpine has been used in chronic psychoses in daily doses of
up to 1 mg.

Preparations
USP 31: Reserpine and Chlorothiazide Tablets; Reserpine and Hydrochlo-
rothiazide Tablets; Reserpine Elixir ; Reserpine Injection; Reserpine Tablets;
Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets.

Proprietary Preparations (details are given in Part 3)
Braz.: Ortoserpina†; Indon.: Resapin; Serpasil; Port.: Serfinato†.

Multi-ingredient: Arg.: Hygroton-Reserpina†; Normatensil†; Austria:
Brinerdin; Darebon; Braz.: Adelfan-Esidrex†; Higroton Reserpina; Id Sed-
in†; Vagoplex†; Cz.: Crystepin; Neocrystepin; Fr.: Tensionorme; Ger.:
Adelphan-Esidrix†; Barotonal†; Bendigon N†; Briserin N; Darebon†; Dis-
alpin†; Durotan†; Modenol†; Tri-Thiazid Reserpin†; Triniton; Gr.: Hygro-
ton-Reserpine; Neourizine; Hong Kong: Adelphane-Esidrex; India: Adel-
phane; Adelphane-Esidrex; Indon.: Dellasidrex; Ser-Ap-Es; Ital.: Brinerdina;
Igroton-Reserpina; Mex.: Higroton-Res; Pol.: Normatens; Port.: Briner-
dine†; Rus.: Adelphane-Esidrex (Адельфан-эзидрекс); Crystepin
(Кристепин); Triresid K (Трирезид К); S.Afr.: Brinerdin; Hygroton-Reser-
pine†; Protensin-M; Spain: Adelfan-Esidrex†; Brinerdina†; Higrotona Re-
serpina†; Tensiocomplet; Switz.: Adelphan-Esidrex; Brinerdine; Hygroton-
Reserpine; Thai.: Bedin; Brinerdin; Hydrares; Hyperdine†; Hypery†; Iso-
Triraupin†; Mano-Ap-Es; Medeserpine Co†; Reser; Ser-Ap-Es; Turk.: Adel-
phan; Adelphan-Esidrex; Regroton; USA: Demi-Regroton; Diupres; Di-
utensen-R†; Hydrap-ES†; Hydro-Serp†; Hydropres; Hydroserpine†; Mar-
pres; Metatensin†; Regroton; Renese R†; Salutensin†; Ser-Ap-Es†; Tri-
Hydroserpine†.

Reteplase (BAN, USAN, rINN)

BM-06.022; Reteplaasi; Reteplas; Reteplasa; Rétéplase; Reteplas-
um; rPA. 173-L-Serine-174-L-tyrosine-175-L-glutamine-173–527-
plasminogen activator (human tissue-type).

Ретеплаза
C1736H2653N499O522S22 = 39571.1.

CAS — 133652-38-7.
ATC — B01AD07.
ATC Vet — QB01AD07.

Description. Reteplase is a nonglycosylated protein produced
by recombinant DNA technology. It consists of selected domains
of human tissue plasminogen activator.
Incompatibility. Reteplase may precipitate out of solution if it
is given with heparin in the same intravenous line.1 Reteplase
and heparin must therefore be given separately; if a single intra-
venous line is used it must be flushed thoroughly with sodium
chloride 0.9% or with glucose 5% before, and after, reteplase in-
jection.
1. Committee on Safety of Medicines/Medicines Control Agency.

Reteplase (Rapilysin): incompatibility with heparin. Current
Problems 2000; 26: 5. Also available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON007462&RevisionSelectionMethod=
LatestReleased (accessed 20/06/06)

Adverse Effects, Treatment, and Precau-
tions
As for Streptokinase, p.1402. Allergic reactions may
be less likely to occur with reteplase than with strep-
tokinase.

Interactions
As for Streptokinase, p.1404.

Pharmacokinetics
Based on fibrinolytic activity, reteplase is reported to
have an initial half-life of about 14 minutes and a ter-
minal half-life of 1.6 hours in patients with myocardial
infarction.

Uses and Administration
Reteplase is a thrombolytic drug. It converts plasmino-
gen to plasmin, a proteolytic enzyme which has fibri-
nolytic effects. The mechanisms of fibrinolysis are dis-
cussed further under Haemostasis and Fibrinolysis on
p.1045. Reteplase has some fibrin specificity (see
Thrombolytics, p.1156). 
Reteplase is used similarly to streptokinase (p.1404) in
acute myocardial infarction (p.1175). It is given intra-
venously as soon as possible after the onset of symp-
toms. The dose is 10 units given by slow intravenous
injection (but over not more than 2 minutes), and this
dose of 10 units is repeated once, 30 minutes after the
start of the first injection.
◊ General references.
1. Noble S, McTavish D. Reteplase: a review of its pharmacologi-

cal properties and clinical efficacy in the management of acute
myocardial infarction. Drugs 1996; 52: 589–605. 

2. Wooster MB, Luzier AB. Reteplase: a new thrombolytic for the
treatment of acute myocardial infarction. Ann Pharmacother
1999; 33: 318–24. 

3. Llevadot J, et al. Bolus fibrinolytic therapy in acute myocardial
infarction. JAMA 2001; 286: 442–9. 

4. Simpson D, et al. Reteplase: a review of its use in the manage-
ment of thrombotic occlusive disorders. Am J Cardiovasc Drugs
2006; 6: 265–85.

Catheters and cannulas. Reteplase has been used1 success-
fully to clear thrombi in central venous catheters. A single dose
of 0.4 units of reteplase was given as a 1 unit/mL solution, fur-
ther diluted to the volume required to fill the catheter. The mini-
mum dwell time was 30 minutes and the solution was aspirated
after treatment. A second dose of 0.4 units was given if neces-
sary.
1. Owens L. Reteplase for clearance of occluded venous catheters.

Am J Health-Syst Pharm 2002; 59: 1638–40.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Rapilysin; Austria: Rapilysin; Belg.: Rapilysin; Canad.: Retavase;
Cz.: Rapilysin; Denm.: Rapilysin; Fin.: Rapilysin; Fr.: Rapilysin; Ger.: Rapi-
lysin; Gr.: Rapilysin; Repilysin†; Irl.: Rapilysin; Ital.: Rapilysin; Neth.: Rapi-
lysin; Norw.: Rapilysin; NZ: Rapilysin; Port.: Rapilysin; Spain: Rapilysin;
Swed.: Rapilysin; Switz.: Rapilysin; UK: Rapilysin; USA: Retavase.

Reviparin Sodium (BAN, rINN)

Revipariininatrium; Reviparina sódica; Réviparine Sodique; Revi-
parinnatrium; Reviparinum Natricum.
Ревипарин Натрий
CAS — 9041-08-1.
ATC — B01AB08.
ATC Vet — QB01AB08.

Description. Reviparin sodium is prepared by nitrous acid de-
polymerisation of heparin obtained from the intestinal mucosa of
pigs. The majority of the components have a 2-O-sulfo-α-L-
idopyranosuronic acid structure at the non-reducing end and a 6-
O-sulfo-2,5-anhydro-D-mannitol structure at the reducing end of
their chain. The mass-average molecular mass ranges between

3150 and 5150 with a characteristic value of about 4150. The de-
gree of sulfation is about 2.1 per disaccharide unit.
Units
As for Low-molecular-weight Heparins, p.1329.
Adverse Effects, Treatment, and Precautions
As for Low-molecular-weight Heparins, p.1329. 
Severe bleeding with reviparin sodium may be reduced by the
slow intravenous injection of protamine sulfate; about 1.2 mg of
protamine sulfate is stated to inhibit the effect of 100 units of re-
viparin sodium.
Interactions
As for Low-molecular-weight Heparins, p.1329.
Pharmacokinetics
Reviparin sodium is absorbed after subcutaneous administration
with a bioavailability of about 95%. Peak plasma concentrations
are reached after about 3 hours. Reviparin sodium is excreted
mainly in the urine; the elimination half-life is about 3 hours.
Uses and Administration
Reviparin sodium is a low-molecular-weight heparin (p.1329)
with anticoagulant activity. It is used in the prevention and treat-
ment of venous thromboembolism (p.1189) and has been used to
prevent coagulation during haemodialysis. 
Doses are expressed in terms of anti-factor Xa activity (anti-Xa
units) although different values may be encountered in the liter-
ature depending upon the reference preparation used. 
In the prophylaxis of venous thromboembolism during surgery,
reviparin sodium is given subcutaneously in a dose of 1432 units
once daily, with the first dose given 2 hours before surgery.
◊ References.
1. Wellington K, et al. Reviparin: a review of its efficacy in the

prevention and treatment of venous thromboembolism. Drugs
2001; 61: 1185–209. 

2. Yusuf S, et al. CREATE Trial Group Investigators. Effects of re-
viparin, a low-molecular-weight heparin, on mortality, reinfarc-
tion, and strokes in patients with acute myocardial infarction pre-
senting with ST-segment elevation. JAMA 2005; 293: 427–35.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Clivarin; Cz.: Clivarin; Denm.: Clivarin†; Fr.: Clivarine†; Ger.: Cli-
varin; Gr.: Clivarin; Hong Kong: Clivarine; Hung.: Clivarin; India: Clivar-
ine; Ital.: Clivarina; Pol.: Clivarin; Port.: Clivarin; UK: Clivarine†.

Rilmenidine Phosphate (rINNM)

Fosfato de rilmenidina; Oxaminozoline Phosphate; Rilmenidiinid-
ivetyfosfaatti; Rilmenidin Dihdrojen Fosfat; Rilmenidin fosfát;
Rilmenidin-dihidrogén-foszfát; Rilmenidindivätefosfat; Rilmeni-
dine Acid Phosphate; Rilmenidine Dihydrogen Phosphate; Rilmé-
nidine, dihydrogénophosphate de; Rilmenidine Hydrogen Phos-
phate; Rilménidine, Phosphate de; Rilmenidini dihydrogenophos-
phas; Rilmenidini Phosphas; Rilmenidino divandenilio fosfatas; S-
3341-3. 2-[(Dicyclopropylmethyl)amino]-2-oxazoline phosphate.
Рильменидина Фосфат
C10H16N2O,H3PO4 = 278.2.
CAS — 54187-04-1 (r ilmenidine); 85409-38-7 (r ilmeni-
dine phosphate).
ATC — C02AC06.
ATC Vet — QC02AC06.

(r ilmenidine)

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Rilmenidine Dihydrogen Phosphate). A white or al-
most white powder. Freely soluble in water; slightly soluble in
alcohol; practically insoluble in dichloromethane.
Profile
Rilmenidine is a centrally acting antihypertensive that appears to
act through stimulation of central imidazoline receptors and also
has alpha2-adrenoceptor agonist activity. It has general properties
similar to those of clonidine (p.1247), but is reported to cause
less sedation and central adverse effects. In the management of
hypertension (p.1171) it has been given as the phosphate, but
doses are expressed in terms of the base. Rilmenidine phosphate
1.5 mg is equivalent to about 1 mg of rilmenidine. The dose is
1 mg daily, as a single oral dose; this may be increased if neces-
sary, after 1 month, to 2 mg daily in divided doses.
◊ References.
1. Bousquet P, Feldman J. Drugs acting on imidazoline receptors: a

review of their pharmacology, their use in blood pressure control
and their potential interest in cardioprotection. Drugs 1999; 58:
799–812. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Reid JL. Rilmenidine: a clinical overview. Am J Hypertens 2000;
13: 106S–111S. 

3. Reid JL. Update on rilmenidine: clinical benefits. Am J Hyper-
tens 2001; 14: 322S–324S.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Hyperium; Austria: Iterium; Braz.: Hyperium; Cz.: Albarel; Tenaxum;
Fr.: Hyperium; Hong Kong: Iperdix; Hung.: Hyperlex; Tenaxum; Philipp.:
Hyperdix; Pol.: Tenaxum; Port.: Hyperium; Rus.: Albarel (Альбарел);
Thai.: Hyperdix; Turk.: Hyperium; Venez.: Hyperium.

Rivaroxaban (USAN, rINN)

Bay-59-7939; Rivaroxabán; Rivaroxabanum. 5-Chloro-N-({(5S)-
2-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-
yl}methyl)thiophene-2-carboxamide.
Ривароксабан
C19H18ClN3O5S = 435.9.
CAS — 366789-02-8.

Profile
Rivaroxaban is an oral direct inhibitor of activated factor X that
is under investigation in thromboembolic disorders.
◊ References.
1. Fisher WD, et al. Rivaroxaban for thromboprophylaxis after or-

thopaedic surgery: pooled analysis of two studies. Thromb Hae-
most 2007; 97: 931–7. 

2. Agnelli G, et al. Treatment of proximal deep-vein thrombosis
with the oral direct factor Xa inhibitor rivaroxaban (BAY 59-
7939): the ODIXa-DVT (Oral Direct Factor Xa Inhibitor BAY
59-7939 in Patients with Acute Symptomatic Deep-Vein Throm-
bosis) study. Circulation 2007; 116: 180–7. 

3. Eriksson BI, et al. RECORD1 Study Group. Rivaroxaban versus
enoxaparin for thromboprophylaxis after hip arthroplasty. N
Engl J Med 2008; 358: 2765–75. 

4. Lassen MR, et al. RECORD3 Investigators. Rivaroxaban versus
enoxaparin for thromboprophylaxis after total knee arthroplasty.
N Engl J Med 2008; 358: 2776–86. 

5. Kakkar AK, et al. RECORD2 Investigators. Extended duration
rivaroxaban versus short-term enoxaparin for the prevention of
venous thromboembolism after total hip arthroplasty: a double-
blind, randomised controlled trial. Lancet 2008; 372: 31–9. 

6. Piccini JP, et al. Rivaroxaban, an oral direct factor Xa inhibitor.
Expert Opin Invest Drugs 2008; 17: 925–37.

Rosuvastatin Calcium (BANM, USAN, rINNM)

Calcii Rosuvastatinum; Rosuvastatina calcica; Rosuvastatine Cal-
cique; S-4522; ZD-4522 (rosuvastatin). (E)-(3R,5S)-7-{4-(4-
Fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)amino]pyri-
midin-5-yl}-3,5-dihydroxyhept-6-enoic acid calcium (2:1).
Кальций Розувастатин
(C22H27FN3O6S)2Ca = 1001.1.
CAS — 287714-41-4 (rosuvastatin); 147098-20-2 (rosu-
vastatin calcium).
ATC — C10AA07.
ATC Vet — QC10AA07.

(rosuvastatin)

Adverse Effects and Precautions
As for Simvastatin, p.1390. Systemic exposure to rosu-
vastatin may be higher in Asian patients (see Ethnicity

under Pharmacokinetics, below) and lower doses are
advised in Asians and in other patients at high risk of
myopathy (see Uses and Administration, below).
Incidence of adverse effects. An analysis1 of adverse effects
reported to the FDA in the first year of marketing found that ro-
suvastatin was significantly more likely to be associated with se-
vere adverse effects than some other statins. However, further
analyses of data from clinical studies2 and post-marketing
studies3,4 suggest that the risk of adverse effects is similar for all
the statins. Another observational study5 with a median treat-
ment period of 9.8 months found that rosuvastatin was generally
well tolerated, although 17.5% of patients stopped taking the
drug, with myalgia being the most common reason. Abnormal
liver function tests were more common in patients taking higher
doses.
1. Alsheikh-Ali AA, et al. The safety of rosuvastatin as used in

common clinical practice: a postmarketing analysis. Circulation
2005; 111: 3051–7. 

2. Shepherd J, et al. Safety of rosuvastatin: update on 16,876 rosu-
vastatin-treated patients in a multinational clinical trial program.
Cardiology 2007; 107: 433–43. 

3. Goettsch WG, et al. Results from a rosuvastatin historical cohort
study in more than 45 000 Dutch statin users, a PHARMO study.
Pharmacoepidemiol Drug Saf 2006; 15: 435–43. 

4. McAfee AT, et al. The comparative safety of rosuvastatin: a ret-
rospective matched cohort study in over 48 000 initiators of sta-
tin therapy. Pharmacoepidemiol Drug Saf 2006; 15: 444–53. 

5. Kasliwal R, et al. Safety profile of rosuvastatin: results of a pre-
scription-event monitoring study of 11 680 patients. Drug Safety
2007; 30: 157–70.

Interactions
The interactions of statins with other drugs are de-
scribed under simvastatin, p.1392. Rosuvastatin under-
goes limited metabolism, principally by the cyto-
chrome P450 isoenzyme CYP2C9, and may not have
the same interactions with enzyme inhibitors as sim-
vastatin. However, increased plasma-rosuvastatin con-
centrations have been reported with ciclosporin, HIV-
protease inhibitors, and, to a lesser extent, with gemfi-
brozil, and such combinations should be avoided. If
they must be given together, lower doses of rosuvasta-
tin should be used (see Uses and Administration, be-
low); in UK licensed product information, rosuvastatin
is contra-indicated with ciclosporin.

Pharmacokinetics
Rosuvastatin is incompletely absorbed from the gas-
trointestinal tract, with an absolute bioavailability of
about 20%. Peak plasma concentrations are achieved
about 5 hours after an oral dose. It is taken up exten-
sively by the liver, its primary site of action, and under-
goes limited metabolism, mainly by the cytochrome
P450 isoenzyme CYP2C9. It is about 90% bound to
plasma proteins. The plasma elimination half-life of
rosuvastatin is about 19 hours. About 90% of an oral
dose of rosuvastatin appears in the faeces, including
absorbed and non-absorbed drug, and the remainder is
excreted in the urine; about 5% of a dose is excreted
unchanged in urine.
Ethnicity. A pharmacokinetic study1 found that plasma expo-
sure to rosuvastatin and its metabolites was significantly higher
in Asian (Chinese, Malay, or Indian) than in Caucasian subjects
and lower doses should be used (see Uses and Administration,
below).
1. Lee E, et al. Rosuvastatin pharmacokinetics and pharmacogenet-

ics in white and Asian subjects residing in the same environment.
Clin Pharmacol Ther 2005; 78: 330–41.

Uses and Administration
Rosuvastatin, a hydroxymethylglutaryl coenzyme A
(HMG-CoA) reductase inhibitor (or statin), is a lipid
regulating drug with actions on plasma lipids similar to
those of simvastatin (p.1394). It is used to reduce LDL-
cholesterol, apolipoprotein B, and triglycerides, and to
increase HDL-cholesterol in the management of hy-
perlipidaemias (p.1169), including primary hypercho-
lesterolaemia (type IIa), mixed dyslipidaemia (type
IIb), and hypertriglyceridaemia (type IV), as well as in
patients with homozygous familial hypercholestero-
laemia. It is also used to reduce the progression of
atherosclerosis. 
Rosuvastatin is given orally as the calcium salt, al-
though doses are expressed in terms of the base;

10.4 mg of rosuvastatin calcium is equivalent to about
10 mg of base. 
The usual initial dose of rosuvastatin is 5 or 10 mg
once daily, depending on plasma-cholesterol concen-
trations, cardiovascular risk factors, and risk factors for
adverse effects. The maintenance dose ranges from 5
to 40 mg once daily, although the 40-mg dose is re-
served for patients with high cardiovascular risk who
do not achieve their target cholesterol concentration at
lower doses and who do not have risk factors for ad-
verse effects. Specific dosage recommendations vary;
for dosage in renal impairment, see below. 
UK licensed product information recommends an ini-
tial dose of 5 or 10 mg once daily; elderly patients,
Asians, and those at risk of myopathy should be given
the 5-mg dose. The dose may be increased at intervals
of 4 weeks, if necessary, to a usual maximum of 20 mg
once daily. A higher dose of 40 mg once daily may be
given under specialist supervision in severe hypercho-
lesterolaemia, but should not be given to patients at
high risk of myopathy, including those receiving fi-
brates, and Asian patients; use with ciclosporin is con-
tra-indicated. 
US licensed product information recommends a usual
initial dose of 10 mg once daily. However, a lower ini-
tial dose of 5 mg once daily may be adequate and is
recommended for patients at risk of myopathy, includ-
ing Asian patients; patients with marked hypercholes-
terolaemia, such as those with homozygous familial
hypercholesterolaemia, may be started on 20 mg once
daily. The dose should be adjusted after 2 to 4 weeks,
to a usual maximum of 20 mg once daily; a dose of
40 mg once daily may be necessary in some patients.
Patients receiving ciclosporin may be given a maxi-
mum of 5 mg once daily, and in those receiving gemfi-
brozil or ritonavir-boosted lopinavir the maximum
dose is 10 mg once daily; dosage increases should be
made with caution in Asian patients.
◊ General reviews.
1. Chong PH, Yim BT. Rosuvastatin for the treatment of patients

with hypercholesterolemia. Ann Pharmacother 2002; 36:
93–101. 

2. Carswell CI, et al. Rosuvastatin. Drugs 2002; 62: 2075–85. 
3. White CM. A review of the pharmacologic and pharmacokinetic

aspects of rosuvastatin. J Clin Pharmacol 2002; 42: 963–70. 
4. McKenney JM. Efficacy and safety of rosuvastatin in treatment

of dyslipidemia. Am J Health-Syst Pharm 2005; 62:1033–47. 
5. Olsson AG. Expanding options with a wider range of rosuvasta-

tin doses. Clin Ther 2006; 28: 1747–63. 
6. Kapur NK. Rosuvastatin: a highly potent statin for the preven-

tion and management of coronary artery disease. Expert Rev
Cardiovasc Ther 2007; 5: 161–75. 

7. Schuster H. The GALAXY Program: an update on studies inves-
tigating efficacy and tolerability of rosuvastatin for reducing car-
diovascular risk. Expert Rev Cardiovasc Ther 2007; 5: 177–93. 

8. Crouse JR. An evaluation of rosuvastatin: pharmacokinetics,
clinical efficacy and tolerability. Expert Opin Drug Metab Toxi-
col 2008; 4: 287–304.

Administration in renal impairment. Patients with renal
impairment have an increased risk of developing myopathy and
statins should be used with caution, particularly in higher doses.
In severe renal impairment plasma-rosuvastatin concentrations
may be increased and dosage reduction may be necessary. 
UK licensed product information recommends the following
oral doses according to creatinine clearance (CC): 
• CC 30 to 60 mL/minute: initial oral dose of 5 mg once daily

and a maximum dose of 20 mg once daily 
• CC below 30 mL/minute: contra-indicated 
In the USA usual doses (see above) are allowed in moderate im-
pairment but an initial dose of 5 mg once daily and a maximum
dose of 10 mg once daily is recommended in those with CC be-
low 30 mL/minute per 1.73 m2.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Crestor; Rosuvast; Rovartal; Sinlip; Austral.: Crestor; Austria: Cres-
tor; Belg.: Crestor; Braz.: Vivacor; Canad.: Crestor; Chile: Cresadex;
Crestor; Rosumed; Cz.: Crestor; Denm.: Crestor; Fin.: Crestor; Fr.: Cre-
stor; Gr.: Crestor; Hong Kong: Crestor; Hung.: Crestor; India: Razel†;
Rosuvas; Indon.: Crestor; Irl.: Crestor; Israel: Crestor; Ital.: Crestor ;
Provisacor; Simestat; Jpn: Crestor; Malaysia: Crestor; Mex.: Crestor;
Neth.: Cirantan; Crestor; Provisacor; Philipp.: Crestor; Port.: Crestor;
Visacor; Rus.: Crestor (Крестор); S.Afr.: Crestor; Singapore: Crestor;
Swed.: Crestor; Thai.: Crestor; UK: Crestor; USA: Crestor; Venez.: Cre-
stor.
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Saralasin Acetate (BANM, USAN, rINNM)

Acetato de sarasalina; P-113; Saralasine, Acétate de; Saralasini
Acetas; The acetate of 1-Sar-8-Ala-angiotensin II. The hydrated
acetate of Sar-Arg-Val-Tyr-Val-His-Pro-Ala; [1-(N-Methylglycine)-
5-L-valine-8-L-alanine]-angiotensin II acetate hydrate.
Саралазина Ацетат
C42H65N13O10, xCH3COOH,xH2O = 912.0 (saralasin).
CAS — 34273-10-4 (saralasin); 54194-01-3 (anhydrous
saralasin); 39698-78-7 (saralasin acetate hydrate).

(saralasin)

Profile
Saralasin acetate is a competitive antagonist of angiotensin II and
thus blocks its pressor action. It is also a partial agonist and caus-
es a transient initial rise in blood pressure. Saralasin has a short
half-life and has been used in the differential diagnosis of reno-
vascular hypertension but its use has largely been superseded.

Sarpogrelate Hydrochloride (rINNM)

Hidrocloruro de sarpogrelato; MCI-9042; Sarpogrélate, Chlo-
rhydrate de; Sarpogrelati Hydrochloridum. (±)-2-(Dimethylami-
no)-1-{[o-(m-methoxyphenethyl)phenoxy]methyl}ethyl hydro-
gen succinate hydrochloride.
Сарпогрелата Гидрохлорид
C24H31NO6,HCl = 466.0.
CAS — 125926-17-2 (sarpogrelate); 135159-51-2 (sar-
pogrelate hydrochloride).

Profile
Sarpogrelate is a serotonin 5-HT2-receptor antagonist used as an
inhibitor of platelet aggregation in thromboembolic disorders. It
is given for occlusive arterial disease (see Peripheral Vascular
Disease, p.1178) in oral doses of 100 mg of the hydrochloride
three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Anplag.

Saruplase (BAN, rINN)

Prourokinase, Non-glycosylated; Recombinant Human Single-
Chain Urokinase-type Plasminogen Activator; Saruplasa; Saru-
plasum; scuPA. Prourokinase (enzyme-activating) (human clone
pUK4/pUK18), non-glycosylated.
Саруплаза
C2031H3121N585O601S31 = 46343.1.
CAS — 99149-95-8.
ATC — B01AD08.
ATC Vet — QB01AD08.

NOTE. The term prourokinase has been used for both saruplase
and nasaruplase (p.1346).
Profile
Saruplase is a thrombolytic drug. It is a urokinase-type plasmino-
gen activator with a single chain structure prepared via recom-
binant DNA technology and is converted to urokinase (p.1420)
in the body by plasmin. It also has some intrinsic plasminogen-
activating properties. Saruplase has been investigated in acute
myocardial infarction.
◊ References.
1. Tebbe U, et al. Randomized, double-blind study comparing saru-

plase with streptokinase therapy in acute myocardial infarction:
the COMPASS equivalence trial. J Am Coll Cardiol 1998; 31:
487–93.

Sibrafiban (BAN, USAN, rINN)

G-7333; Ro-48-3657/001; Sibrafibán; Sibrafibanum. Ethyl (Z)-
[(1-{N-[(p-hydroxyamidino)benzoyl]-L-alanyl}-4-piperidyl)oxy]
acetate.
Сибрафибан
C20H28N4O6 = 420.5.
CAS — 172927-65-0.

Profile
Sibrafiban is a glycoprotein IIb/IIIa-receptor antagonist. It has
been investigated as an oral antiplatelet drug in unstable angina
and myocardial infarction but results have been disappointing.
◊ References.
1. Cannon CP, et al. Randomized trial of an oral platelet glycopro-

tein IIb/IIIa antagonist, sibrafiban, in patients after an acute cor-
onary syndrome: results of the TIMI 12 trial. Circulation 1998;
97: 340–9. 

2. The SYMPHONY Investigators. Comparison of sibrafiban with
aspirin for prevention of cardiovascular events after acute coro-
nary syndromes: a randomised trial. Lancet 2000; 355: 337–45. 

3. Second SYMPHONY Investigators. Randomized trial of aspirin,
sibrafiban, or both for secondary prevention after acute coronary
syndromes. Circulation 2001; 103: 1727–33.

Simvastatin (BAN, USAN, rINN)

L-644128-000U; MK-733; Simvastatiini; Simvastatina; Simvastati-
nas; Simvastatine; Simvastatinum; Sinvinolina; Synvinolin; Szim-
vasztatin; Velastatin; Velastatina. (1S,3R,7S,8S,8aR)-1,2,3,7,8,8a-
Hexahydro-3,7-dimethyl-8-{2-[(2R,4R)-tetrahydro-4-hydroxy-6-
oxo-2H-pyran-2-yl]ethyl}-1-naphthyl 2,2-dimethylbutyrate.
Симвастатин
C25H38O5 = 418.6.
CAS — 79902-63-9.
ATC — C10AA01.
ATC Vet — QC10AA01.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Simvastatin). A white or almost white crystalline
powder. Practically insoluble in water; freely soluble in alcohol;
very soluble in dichloromethane. Store under nitrogen in airtight
containers. Protect from light. 
USP 31 (Simvastatin). A white to off-white powder. Practically
insoluble in water; freely soluble in alcohol, in chloroform, and
in methyl alcohol; sparingly soluble in propylene glycol; very
slightly soluble in petroleum spirit. Store at a temperature be-
tween 15° and 30°, or at 2° to 8°.

Adverse Effects
The commonest adverse effects of therapy with sim-
vastatin and other statins are gastrointestinal distur-
bances. Other adverse effects reported include head-
ache, skin rashes, dizziness, blurred vision, insomnia,
and dysgeusia. Reversible increases in serum-ami-
notransferase concentrations may occur and liver func-
tion should be monitored (see Precautions, below).
Hepatitis and pancreatitis have been reported. Hyper-
sensitivity reactions including anaphylaxis and an-
gioedema have also occurred. Myopathy, characterised
by myalgia and muscle weakness and associated with
increased creatine phosphokinase concentrations, has
been reported, especially in patients also taking
ciclosporin, fibric acid derivatives, or nicotinic acid.
Rarely, rhabdomyolysis with acute renal failure may
develop.
◊ General references.
1. Farmer JA, Torre-Amione G. Comparative tolerability of the

HMG-CoA reductase inhibitors. Drug Safety 2000; 23:
197–213. 

2. Davidson MH. Safety profiles for the HMG-CoA reductase in-
hibitors: treatment and trust. Drugs 2001; 61: 197–206. 

3. Pasternak RC, et al. ACC/AHA/NHLBI clinical advisory on the
use and safety of statins. Circulation 2002; 106: 1024–8. Also
available at: http://circ.ahajournals.org/cgi/reprint/106/8/
1024.pdf (accessed 29/05/08) 

4. Karthikeyan VJ. Adverse effects of statins: an update. Adverse
Drug React Bull 2005; (Aug): 895–8. 

5. McKenney JM, et al. Final conclusions and recommendations of
the National Lipid Association Statin Safety Assessment Task
Force. Am J Cardiol 2006; 97 (Issue 8 suppl 1): 89C–94C. 

6. Armitage J. The safety of statins in clinical practice. Lancet
2007; 370: 1781–90.

Incidence of adverse effects. By February 1992 the UK
CSM had received 738 reports of adverse effects associated with
simvastatin,1 from an estimated 257 000 prescriptions. Abnor-
mal hepatic function and myalgia were 2 of the most frequently
reported reactions, with 36 and 48 reports respectively, including
5 reports of hepatitis and 2 of jaundice. Other muscle effects in-
cluded 3 reports of myositis, 10 of myopathy, and 7 reports of
asymptomatic increases in serum creatine kinase concentrations.
Gastrointestinal adverse effects accounted for 20% of the re-
ports; skin, neurological and musculoskeletal effects for 15%
each; psychiatric effects for 10%; liver effects for 7%; and visual
effects for 4%. A systematic review2 of data from clinical studies
confirmed that the risk of liver transaminase elevation was in-
creased by statins but there was no significant increase in the in-
cidence of myalgia (reported in about 15% of patients), creatine
kinase elevation (0.9%), or rhabdomyolysis (0.2%), compared
with placebo. The incidence of adverse effects may be greater
with high-dose therapy.3,4

1. Committee on Safety of Medicines. Simvastatin. Current Prob-
lems 33 1992. Available at: http://www.mhra.gov.uk/home/
idcplg?IdcService=GET_FILE&dDocName=CON2024451&
RevisionSelectionMethod=LatestReleased (accessed 30/05/08) 

2. Kashani A, et al. Risks associated with statin therapy: a system-
atic overview of randomized clinical trials. Circulation 2006;
114: 2788–97. 

3. Davidson MH, Robinson JG. Safety of aggressive lipid manage-
ment. J Am Coll Cardiol 2007; 49: 1753–62. 

4. Silva M, et al. Meta-analysis of drug-induced adverse events as-
sociated with intensive-dose statin therapy. Clin Ther 2007; 29:
253–60.

Carcinogenicity. For discussion of the effects of statins on the
risk of cancer, see Malignant Neoplasms under Uses, below.
Effects on the blood. Thrombocytopenia has been reported
rarely with statin therapy. Serious thrombocytopenic purpura has
occurred with simvastatin, with the onset ranging from 1 or 2
days1,2 to 11 or 12 months3,4 after starting treatment. Platelet
counts improved after stopping simvastatin in each case, al-
though most patients were given corticosteroids, immunoglobu-
lins, or plasma exchange. There has also been a similar report
with atorvastatin,5 which recurred on rechallenge; the patient had
previously taken simvastatin without developing thrombocyto-
penia, suggesting an idiosyncratic reaction. 
A case of haemolytic anaemia has been reported6 in a patient
taking lovastatin; no adverse effect was seen when the patient
was given simvastatin. 
Statins have effects on coagulation and fibrinolysis but these are
generally beneficial (see Action under Uses, below); there have
been rare reports of ocular haemorrhage,7 but the association
with statins is not established.
1. McCarthy LJ, et al. Thrombotic thrombocytopenic purpura and

simvastatin. Lancet 1998; 352: 1284–5. 
2. Sundram F, et al. Thrombotic thrombocytopenic purpura associ-

ated with statin treatment. Postgrad Med J 2004; 80: 551–2. 
3. Possamai G, et al. Thrombocytopenic purpura during therapy

with simvastatin. Haematologica 1992; 77: 357–8. 
4. Groneberg DA, et al. Simvastatin-induced thrombocytopenia.

Am J Hematol 2001; 67: 277. 
5. González-Ponte ML, et al. Atorvastatin-induced severe throm-

bocytopenia. Lancet 1998; 352: 1284. 
6. Robbins MJ, et al. Lovastatin-induced hemolytic anemia: not a

class-specific reaction. Am J Med 1995; 99: 328–9. 
7. Fraunfelder FW. Ocular hemorrhage possibly the result of HMG-

CoA reductase inhibitors. J Ocul Pharmacol Ther 2004; 20:
179–82.

Effects on the eyes. Studies in animals have suggested that
some statins could cause cataracts, but this has not been con-
firmed in humans. Although a study1 with lovastatin found lens
opacities in 13 of 101 patients after treatment for 18 weeks, no
deterioration in visual function was found in 11 of these who
continued lovastatin and were followed up for an average of 26
months from the start of treatment. Similarly, no differences were
found in the development of lens opacities or in changes in visual
acuity between patients treated with lovastatin for 48 weeks and
patients taking placebo in a study of 8245 patients.2 A large case-
control study3 found no evidence that use of therapeutic statin
doses was associated with the development of cataracts, al-
though the risk did appear to be increased in patients taking sim-
vastatin with erythromycin. Further observational studies have
suggested that statins may have beneficial effects; in one study4

there was no effect on the overall incidence of cataract but the
risk of developing nuclear cataract appeared to be decreased,
while another study5 reported a reduction in the overall incidence
but this was not significant for any specific cataract type. 
For mention of ocular haemorrhage in patients taking statins, see
above.
1. Hunninghake DB, et al. Lovastatin: follow-up ophthalmologic

data. JAMA 1988; 259: 354–5. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

2. Laties AM, et al. The human lens after 48 weeks of treatment
with lovastatin. N Engl J Med 1990; 323: 683–4. 

3. Schlienger RG, et al. Risk of cataract in patients treated with stat-
ins. Arch Intern Med 2001; 161: 2021–6. 

4. Klein BEK, et al. Statin use and incident nuclear cataract. JAMA
2006; 295: 2752–8. 

5. Tan JSL, et al. Statin use and the long-term risk of incident cat-
aract: the Blue Mountains Eye Study. Am J Ophthalmol 2007;
143: 687–9.

Effects on the hair. Between its introduction in Australia and
1993, 16 cases of alopecia associated with the use of simvastatin
had been reported to the Adverse Drug Reactions Advisory
Committee.1 Most cases involved either excessive hair loss or
hair thinning, although 2 cases of hair loss in patches and 1 re-
sembling alopecia areata were reported. Onset occurred between
3 days and 15 months after starting therapy. Progressive hair loss
has also been reported2 in a woman within 6 weeks of commenc-
ing atorvastatin; the hair regrew when atorvastatin was stopped
but alopecia recurred when therapy was restarted 5 months later.
1. Anonymous. Simvastatin and alopecia. Aust Adverse Drug React

Bull 1993; 12: 7. 
2. Segal AS. Alopecia associated with atorvastatin. Am J Med

2002; 113: 171.

Effects on the kidneys. Proteinuria was reported in 10 pa-
tients taking simvastatin 40 mg daily.1 The protein loss was of a
pattern typical for increased glomerular permeability. In 2 pa-
tients proteinuria disappeared when simvastatin was withdrawn
and recurred on its subsequent reintroduction. However, there is
also some evidence that statins may improve proteinuria (see
Kidney Disorders under Uses, below). 
Acute tubulointerstitial nephritis developed2 in a patient receiv-
ing high-dose therapy with rosuvastatin. It resolved over 3 weeks
when rosuvastatin was stopped, but recurred 2 weeks after re-
challenge. A similar reaction was noted with atorvastatin, but im-
proved with dose reduction, and the patient was finally stabilised
on simvastatin without a further recurrence. 
Renal failure due to rhabdomyolysis has been reported rarely
(see under Effects on Skeletal Muscle, below).
1. Deslypere JP, et al. Proteinuria as complication of simvastatin

treatment. Lancet 1990; 336: 1453. 
2. van Zyl-Smit R, et al. Renal tubular toxicity of HMG-CoA re-

ductase inhibitors. Nephrol Dial Transplant 2004; 19: 3176–9.

Effects on the liver. Statins cause dose-related increases in liv-
er enzymes but the incidence appears to be low with low to mod-
erate doses1 and serious hepatic effects appear to be rare.2 Al-
though monitoring of liver function tests is advised, the value of
routine assessment has been questioned.3 There is some
evidence4 that the incidence of hepatic reactions may be higher
with fluvastatin than with other statins, but this is not yet estab-
lished. 
There have also been case reports5-7 of cholestasis in patients re-
ceiving statins.
1. de Denus S, et al. Statins and liver toxicity: a meta-analysis.

Pharmacotherapy 2004; 24: 584–91. 
2. Charles EC, et al. Evaluation of cases of severe statin-related

transaminitis within a large health maintenance organization. Am
J Med 2005; 118: 618–24. 

3. Kostner K, Howes LG. Statins and monitoring of liver function
tests. Drug Safety 2007; 30: 1–4. 

4. Conforti A, et al. Fluvastatin and hepatic reactions: a signal from
spontaneous reporting in Italy. Drug Safety 2006; 29: 1163–72. 

5. Jiménez-Alonso J, et al. Atorvastatin-induced cholestatic hepa-
titis in a young woman with systemic lupus erythematosus. Arch
Intern Med 1999; 159: 1811–12. 

6. Wierzbicki AS, Crook MA. Cholestatic liver dysfunction. Lan-
cet 1999; 354: 954. 

7. Batey RG, Harvey M. Cholestasis associated with the use of
pravastatin sodium. Med J Aust 2002; 176: 561.

Effects on the lungs. Interstitial lung disorders, including hy-
persensitivity pneumonitis, have been reported with a number of
statins.1-4 In some cases the condition improved when the statin
was stopped2 but treatment with corticosteroids and immunosup-
pressants was required in some patients1-4 and progressive dis-
ease and fatalities have occurred.4
1. de Groot REB, et al. Interstitial lung disease with pleural effu-

sion caused by simvastin [sic]. J Intern Med 1996; 239: 361–3. 
2. Liebhaber MI, et al. Polymyalgia, hypersensitivity pneumonitis

and other reactions in patients receiving HMG-CoA reductase
inhibitors: a report of ten cases. Chest 1999; 115: 886–9. 

3. Lantuejoul S, et al. Statin-induced fibrotic nonspecific intersti-
tial pneumonia. Eur Respir J 2002; 19: 577–80. 

4. Walker T, et al. Potential link between HMG-CoA reductase in-
hibitor (statin) use and interstitial lung disease. Med J Aust 2007;
186: 91–4.

Effects on mental function. There have been conflicting re-
ports of the effects of statins on mental function, and a number of
adverse psychiatric reactions have been reported with statins and
with other lipid regulating drugs, although the exact association
is unclear. 
There have been a few case reports of depressive symptoms de-
veloping in patients treated with pravastatin1 or simvastatin.2 The
symptoms appeared during the first few weeks or months of
treatment. However, randomised studies investigating the effects
of lowering cholesterol on mental function have found no effect
on mood disorders (with simvastatin3) or psychological well-
being (with lovastatin4 or pravastatin5), and epidemiological
studies have suggested that use of statins may be associated with
improved psychological status6 and a reduction in the risk of de-
pression and suicide.7 

Impairment of cognitive function has been reported with statins.
In the study using lovastatin,4 reductions in some measures of
cognitive function were noted, and similar results were found in
a study using simvastatin.8 New onset cognitive impairment in a
patient a week after starting simvastatin resolved when the drug
was stopped but recurred on rechallenge with a lower dose,9
while analyses of reports to adverse drug reaction reporting
databases10,11 have found a number of cases of memory loss in
patients receiving statins, some of which were confirmed by re-
challenge. However, clinical studies have not found statins to
have an adverse effect on cognition, and there is epidemiological
evidence that use of statins may reduce the incidence of dementia
(see under Uses, below). A study with atorvastatin12 also found
beneficial effects on cognitive function. 
Other psychiatric effects that have been noted in reports to anoth-
er adverse drug reaction reporting database13 include 5 cases of
aggressive reactions, all of which resolved when the statin was
stopped. 
See also Effects on Sleep Patterns, below.
1. Lechleitner M, et al. Depressive symptoms in hypercholestero-

laemic patients treated with pravastatin. Lancet 1992; 340: 910. 
2. Duits N, Bos FM. Depressive symptoms and cholesterol-lower-

ing drugs. Lancet 1993; 341: 114. 
3. Wardle J, et al. Randomised placebo controlled trial of effect on

mood of lowering cholesterol concentration. BMJ 1996; 313:
75–8. 

4. Muldoon MF, et al. Effects of lovastatin on cognitive function
and psychological well-being. Am J Med 2000; 108: 538–47. 

5. Stewart RA, et al. Long-term assessment of psychological well-
being in a randomized placebo-controlled trial of cholesterol re-
duction with pravastatin. Arch Intern Med 2000; 160: 3144–52. 

6. Young-Xu Y, et al. Long-term statin use and psychological well-
being. J Am Coll Cardiol 2003; 42: 690–7. 

7. Yang C-C, et al. Lipid-lowering drugs and the risk of depression
and suicidal behavior. Arch Intern Med 2003; 163: 1926–32. 

8. Muldoon MF, et al. Randomized trial of the effects of simvasta-
tin on cognitive functioning in hypercholesterolemic adults. Am
J Med 2004; 117: 823–9. 

9. Padala KP, et al. Simvastatin-induced decline in cognition. Ann
Pharmacother 2006; 40: 1880–3. 

10. Wagstaff LR, et al. Statin-associated memory loss: analysis of
60 case reports and review of the literature. Pharmacotherapy
2003; 23: 871–80. 

11. Health Canada. Statins and memory loss. Can Adverse React
News 2005; 15 (4): 2. Also available at: http://www.hc-sc.gc.ca/
dhp-mps/alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v15n4-
eng.pdf (accessed 19/08/08) 

12. Parale GP, et al. Effects of atorvastatin on higher functions. Eur
J Clin Pharmacol 2006; 62: 259–65. 

13. Tatley M, Savage R. Psychiatric adverse reactions with statins,
fibrates and ezetimibe: implications for the use of lipid-lower-
ing agents. Drug Safety 2007; 30: 195–201.

Effects on the nervous system. Treatment with statins may
be associated with the development of peripheral neuropathy,1
although the reaction appears to be rare. Up to 2005, the Austral-
ian Adverse Drug Reactions Advisory Committee had received
281 reports2 of both sensory and sensorimotor peripheral neu-
ropathies associated with statins. Time to onset of symptoms
ranged from after the first dose to 4.5 years. Recovery was seen
on withdrawal in about half of the cases, including in some dia-
betics, and there were some reports of positive rechallenge. In 21
cases symptoms persisted at the time of reporting, up to 8 months
after the statin was stopped, and in a further 2 reports the symp-
toms were unresolved after 3 and 5 years respectively. Similar
patterns have been noted elsewhere.3 A case-control study4

found that the risk of neuropathy was substantially increased in
users of statins although the number of cases was small, and the
authors concluded that the benefits of therapy generally out-
weighed the risks. 
Upper motor neurone lesions similar to amyotrophic lateral scle-
rosis have also been reported in patients taking statins,5 although
the association is not yet confirmed.
1. Backes JM, Howard PA. Association of HMG-CoA reductase in-

hibitors with neuropathy. Ann Pharmacother 2003; 37: 274–8. 
2. Adverse Drug Reactions Advisory Committee (ADRAC). Stat-

ins and peripheral neuropathy. Aust Adverse Drug React Bull
2005; 24: 6. Also available at: http://www.tga.gov.au/
adr/aadrb/aadr0504.pdf (accessed 30/05/08) 

3. de Langen JJ, van Puijenbroek EP. HMG-CoA-reductase inhibi-
tors and neuropathy: reports to the Netherlands Pharmacovigi-
lance Centre. Neth J Med 2006; 64: 334–8. 
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Effects on the pancreas. Statins may cause pancreatitis but
the incidence appears to be low,1,2 and a case-control study3

failed to support a strong association.
1. Singh S, Loke YK. Statins and pancreatitis: a systematic review

of observational studies and spontaneous case reports. Drug
Safety 2006; 29: 1123–32. 
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Effects on sexual function. There have been reports of erec-
tile dysfunction in some men receiving statins. Five men receiv-
ing simvastatin developed impotence,1 which resolved when flu-
vastatin was substituted in 4 of them. In another case,2 impotence

occurred in a patient receiving lovastatin, and recurred when
therapy was changed to pravastatin. Up to 1995, the Australian
Adverse Drug Reactions Advisory Committee3 had received 28
reports of impotence associated with simvastatin, which had re-
curred on rechallenge in 4 cases. A report4 from the French and
Spanish drug monitoring systems, and an observational study5 in
high-risk cardiovascular patients, supported the association be-
tween statins and erectile dysfunction, and a systematic review6

came to similar conclusions. However, it has been pointed out7
that the increased risk of sexual dysfunction with statins in the
Scandinavian Simvastatin Survival Study was not statistically
significant, and there has also been a small study8 suggesting that
atorvastatin may improve erectile function in men with hyperli-
pidaemia as the only risk factor. 
Decreased libido has also been reported with statins. Serum-tes-
tosterone concentrations were measured in 2 of 8 patients report-
ed to the Netherlands Pharmacovigilance Centre and were found
to be low;9 they rose after the statin was stopped. 
Testicular pain has been reported10 in a 54-year-old patient 7
months after starting lovastatin. The pain resolved when lovasta-
tin was stopped, but recurred with both simvastatin and atorvas-
tatin. The mechanism for the reaction was unclear. 
There has also been a report11 of a low sperm count in a patient
receiving lovastatin. 
Gynaecomastia occurred in a patient 6 months after changing
from simvastatin to atorvastatin.12 Symptoms improved when
atorvastatin was stopped and did not recur when treatment with
simvastatin was restarted.
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Effects on skeletal muscle. The association between muscle
disorders and statins is well known.1-8 Mild myalgia is relatively
common, but myositis and myopathy, with elevation of creatine
kinase, may also occur. Rhabdomyolysis,9,10 which involves se-
vere muscle damage, substantial elevation of creatine kinase and
myoglobulinuria leading to renal impairment, occurs more rare-
ly, but has resulted in fatalities. Muscle toxicity is dose-related
and the risk appears to be broadly similar with all of the current-
ly-marketed statins;5,6,11 the incidence with cerivastatin was
found to be considerably higher and this led to its withdrawal
worldwide in 2001. Patients with complex medical problems, in-
cluding renal impairment and possibly endocrine disorders such
as hypothyroidism, may be at increased risk of muscle toxicity;
drug interactions may also contribute (see below). Myopathy has
been reported with other lipid regulating drugs, particularly
fibrates, and the risk may be increased in patients with severe
hyperlipidaemia who require combination therapy; careful mon-
itoring is required if statins and fibrates are used together.6,12 The
UK CSM1 and a joint committee of the American College of
Cardiology, American Heart Association, and National Heart,
Lung and Blood Institute,6 have both advised that patients treated
with statins should consult their doctor if they develop muscle
pain, tenderness, or weakness and that treatment should be
stopped if muscle toxicity occurs or is suspected clinically or if
creatine phosphokinase is markedly raised or progressively ris-
ing. If continued therapy is required, the dose may be reduced or
another statin or alternative lipid regulating drug may be tried,
although the risk of recurrent muscle problems appears quite
high.10 An algorithm for diagnosis and management of statin-
associated myalgia has been suggested.13 
The mechanism by which statins cause muscle toxicity is not
clear, but it has been suggested that depletion of ubidecarenone
concentrations may be involved.14 Although positive results
have been reported with ubidecarenone supplementation15 evi-
dence of benefit is limited and it is not generally recommended.16 
Other muscular disorders that have been reported in patients re-
ceiving statins include dermatomyositis and polymyositis,17 and
myasthenia gravis.18-20
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Effects on sleep patterns. Changes to sleep patterns have
been reported with lipophilic statins such as lovastatin1-3 and
simvastatin,4 but appear to be less common with pravastatin,1
possibly because it is hydrophilic and less likely to penetrate the
brain. However, a large placebo-controlled study5 found that
simvastatin had no effect on sleep patterns, and smaller studies
assessing sleep using questionnaires6 or polysomnography,7-9

have found no significant effects with any of the statins, although
some patients appeared to have underlying sleep disorders. 
Nightmares and sleep disturbances in a patient taking simvasta-
tin and metoprolol resolved when treatment was changed to
pravastatin and atenolol.10 There has been a report of nightmares
with atorvastatin, which resolved when the drug was stopped but
recurred on rechallenge.11
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Precautions
Statins should not be given to patients with active liver
disease. Liver function should be assessed before start-
ing treatment and subsequently when clinically indi-
cated; additional assessment after 3 months and before
and after dosage increases has been advised for some
statins, particularly when high doses are given. Statins
should not be used in patients who already have unex-
plained persistently raised serum-aminotransferase
concentrations and should be stopped if marked or per-

sistent increases in serum-aminotransferase concentra-
tions occur. They should be avoided during pregnancy
since there is a possibility that they could interfere with
fetal sterol synthesis; there have been a number of re-
ports of congenital abnormalities associated with stat-
ins (see Pregnancy, below). Statins may cause myopa-
thy and rhabdomyolysis, especially at higher doses,
and they should be used with caution in patients at risk
of rhabdomyolysis, and particularly in patients taking
drugs that increase plasma concentrations of the statin
(see Interactions, below); the statin should be stopped
if creatine phosphokinase increases significantly or if
myopathy is diagnosed. 
Statins should be used with caution in patients with re-
nal impairment as the risk of myopathy is increased.
Dose reduction may be required for statins that are ex-
creted by the kidney and for those with a particularly
high risk of myopathy (see Administration in Renal
Impairment under Uses of the individual drugs for fur-
ther details).
Children. For discussion of concerns relating to the use of stat-
ins in children, see Administration in Children under Uses, be-
low.

Porphyria. Simvastatin is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

Pregnancy. Statins are generally contra-indicated in pregnancy
since there is a possibility that they might affect fetal sterol syn-
thesis whereas the risk to the mother from stopping treatment
temporarily is usually very low. Evidence that statins have ad-
verse effects on the fetus, however, is limited. Studies based on
postmarketing surveillance1,2 or pregnancy registry data3 have
generally found that the frequency and range of congenital
anomalies reported was similar to that expected in the general
population. However, reviews of case reports4,5 found that the
incidence of CNS defects and limb anomalies was higher than
expected, suggesting a possible adverse effect of statin exposure;
1 of the 5 cases reported as a CNS defect was later found to have
cardiac anomalies only.6
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10: 439–46. 

2. Pollack PS, et al. Pregnancy outcomes after maternal exposure
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atol 2005; 73: 888–96. 
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Interactions
The most serious consequence of drug interactions
with simvastatin and other statins is the development
of myopathy or rhabdomyolysis. Drugs that can cause
myopathy when given alone increase the risk of myop-
athy with all statins; these drugs include fibric acid de-
rivatives (fibrates or gemfibrozil), and nicotinic acid.
The risk of myopathy is also increased by drugs that
increase the plasma concentrations of statins, by inhib-
iting their metabolism or by inhibiting their uptake into
the liver. Since the statins have different metabolic
pathways, these interactions depend on the individual
drug concerned. Simvastatin is metabolised by the cy-
tochrome P450 isoenzyme CYP3A4, as are atorvasta-
tin and lovastatin, and interactions may occur with
drugs that inhibit this enzyme, including ciclosporin,
itraconazole, ketoconazole, erythromycin, clarithro-
mycin, telithromycin, HIV-protease inhibitors, nefazo-
done, danazol, amiodarone, and verapamil; there may
also be a similar interaction with grapefruit juice. Such
combinations should be used with caution, if at all, and
dose reduction may be advised (see Uses and Admin-
istration, below); UK licensed product information
contra-indicates the use of simvastatin in patients re-
ceiving potent CYP3A4 inhibitors. Fluvastatin is me-
tabolised mainly by CYP2C9, while pravastatin and
rosuvastatin are not significantly metabolised; interac-

tions specific to these statins are discussed on p.1290,
p.1374, and p.1389, respectively. 
Statins may also have effects on other drugs. Bleeding
and increases in prothrombin time have been reported
in patients taking simvastatin or other statins with cou-
marin anticoagulants.
◊ General reviews.
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Antiarrhythmics. Amiodarone is an inhibitor of the cyto-
chrome P450 isoenzyme CYP3A4 and may increase plasma
concentrations of statins metabolised by this enzyme, increasing
the risk of toxicity. There have been reports1-3 of myopathy and
rhabdomyolysis in patients taking amiodarone and simvastatin
(in some cases with other CYP3A4 inhibitors), and a pharma-
cokinetic study4 found that amiodarone increased plasma-sim-
vastatin concentrations in healthy subjects. High doses of sim-
vastatin are not recommended in patients taking amiodarone (see
Uses and Administration, below). 
An asymptomatic increase in serum aminotransferases in a pa-
tient receiving rosuvastatin and amiodarone may have been the
result of an interaction between the drugs.5
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and amiodarone. Ann Pharmacother 2004; 38: 978–81. 
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5. Merz T, Fuller SH. Elevated serum transaminase levels resulting
from concomitant use of rosuvastatin and amiodarone. Am J
Health-Syst Pharm 2007; 64: 1818–21.

Antibacterials. Erythromycin and other macrolides are inhibi-
tors of the cytochrome P450 isoenzyme CYP3A4 and may in-
crease plasma concentrations and the risk of myopathy with
some statins. Increased plasma concentrations of simvastatin
have been reported with erythromycin,1 and increased plasma
concentrations of atorvastatin have been found with
erythromycin2 and clarithromycin,3 but not with azithromycin.3
There have been reports of myopathy or rhabdomyolysis in pa-
tients receiving simvastatin with clarithromycin,4 and in patients
receiving lovastatin with azithromycin,5 clarithromycin,5 or
erythromycin.6 
Rifampicin, an inducer of CYP2C9 and CYP3A4, may reduce
the bioavailability of fluvastatin, and has also been reported to
reduce the plasma concentration of simvastatin7 and atorvasta-
tin.8 
There have been reports of rhabdomyolysis in patients receiving
atorvastatin9 or simvastatin10 with fusidic acid.
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Anticoagulants. For reports of bleeding and increased pro-
thrombin time in patients receiving oral anticoagulants with stat-
ins, see Lipid Regulating Drugs, p.1431.
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Antidepressants. Myositis and rhabdomyolysis, with raised
liver enzyme values, have been reported1-4 in patients given sim-
vastatin with nefazodone; in one case3 the reaction appeared to
be precipitated by the addition of azithromycin. Increased creat-
ine kinase concentrations also occurred in a patient given pravas-
tatin with nefazodone.5 
A study6 in healthy subjects found that St John’s wort reduced the
plasma concentration of simvastatin but had no effect on pravas-
tatin.
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277: 296. 

2. Thompson M, Samuels S. Rhabdomyolysis with simvastatin and
nefazodone. Am J Psychiatry 2002; 159: 1607. 
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col Ther 2001; 70: 518–24.

Antifungals. Itraconazole and ketoconazole are inhibitors of
the cytochrome P450 isoenzyme CYP3A4 and may increase
plasma concentrations and the risk of myopathy with some stat-
ins. Raised plasma concentrations of simvastatin,1,2 lovastatin,3,4

and atorvastatin5 have been reported with itraconazole, whereas
the effect on pravastatin,1 rosuvastatin,6 or fluvastatin4 appears to
be minimal. Myopathy and rhabdomyolysis have been reported
with simvastatin and itraconazole2,7 or ketoconazole,8 and with
lovastatin and itraconazole.9 Fluconazole inhibits CYP2C9 and
has been reported10 to increase the plasma concentration of fluv-
astatin. There has also been a report11 of rhabdomyolysis in a pa-
tient taking fluconazole and simvastatin.
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Antiplatelet drugs. For discussion of a possible interaction
between statins and clopidogrel, see p.1250

Antivirals. HIV-protease inhibitors are inhibitors of the cyto-
chrome P450 isoenzyme CYP3A4 and may affect the metabo-
lism of simvastatin and other statins. Studies have shown in-
creased plasma concentrations of both simvastatin and
atorvastatin with nelfinavir,1 and with ritonavir-boosted
saquinavir,2 whereas the plasma concentration of pravastatin
was reduced with ritonavir-boosted saquinavir.2 Rhabdomyoly-
sis has been reported3 in a patient taking simvastatin when riton-
avir was added to her therapy. Although rosuvastatin is not sig-
nificantly metabolised, increased plasma concentrations have
been reported with ritonavir-boosted lopinavir.4,5 
There has also been a report6 of rhabdomyolysis in a patient re-
ceiving atorvastatin with the non-nucleoside reverse tran-
scriptase inhibitor delavirdine. 
Efavirenz is an inducer of CYP3A4 and a study in healthy
subjects7 found that it could reduce plasma concentrations of
atorvastatin and simvastatin; plasma concentrations of pravasta-
tin were also reduced, although it is not metabolised by
CYP3A4.
1. Hsyu P-H, et al. Pharmacokinetic interactions between nelfina-
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other 2001; 45: 3445–50. 
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protease inhibitors and statins in HIV seronegative volunteers:
ACTG Study A5047. AIDS 2002; 16: 569–77. 

3. Cheng CH, et al. Rhabdomyolysis due to probable interaction
between simvastatin and ritonavir. Am J Health-Syst Pharm
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simvastatin, atorvastatin, and pravastatin: results of AIDS Clini-
cal Trials Group 5108 Study. J Acquir Immune Defic Syndr 2005;
39: 307–12.

Calcium-channel blockers. Calcium-channel blockers may
increase plasma concentrations of some statins, probably by in-
hibition of the cytochrome P450 isoenzyme CYP3A4. Pharma-
cokinetic studies have reported increased plasma concentrations
of simvastatin with verapamil,1 and with diltiazem,2 and of lova-
statin with diltiazem;3 the small increase with simvastatin and
lacidipine was not considered clinically relevant.4 
The interaction between statins and diltiazem has also been re-
ported in patients. A retrospective study5 found that the choles-
terol-lowering effect of simvastatin was greater in patients who
were also receiving diltiazem, and there have also been reports6-8

of rhabdomyolysis, associated with hepatitis in 1 case,6 in pa-
tients receiving simvastatin and diltiazem together.
Rhabdomyolysis8,9 and hepatitis9 have also been reported in pa-
tients receiving atorvastatin with diltiazem.
1. Kantola T, et al. Erythromycin and verapamil considerably in-

crease serum simvastatin and simvastatin acid concentrations.
Clin Pharmacol Ther 1998; 64: 177–82. 
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4. Ziviani L, et al. The effects of lacidipine on the steady/state plas-
ma concentrations of simvastatin in healthy subjects. Br J Clin
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5. Yeo KR, et al. Enhanced cholesterol reduction by simvastatin in
diltiazem-treated patients. Br J Clin Pharmacol 1999; 48:
610–615. 

6. Kanathur N, et al. Simvastatin-diltiazem drug interaction result-
ing in rhabdomyolysis and hepatitis. Tenn Med 2001; 94:
339–41. 

7. Peces R, Pobes A. Rhabdomyolysis associated with concurrent
use of simvastatin and diltiazem. Nephron 2001; 89: 117–118. 

8. Gladding P, et al. Potentially fatal interaction between diltiazem
and statins. Ann Intern Med 2004; 140: W31. Available at: http://
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9. Lewin JJ, et al. Rhabdomyolysis with concurrent atorvastatin
and diltiazem. Ann Pharmacother 2002; 36: 1546–9.

Colchicine. For reports of additive muscle toxicity with statins
and colchicine, see Cardiovascular Drugs under Interactions of
Colchicine, p.556.
Danazol. Rhabdomyolysis has been reported1 in a patient re-
ceiving lovastatin with a number of other drugs; it was consid-
ered that an interaction with danazol was the most likely cause.
A similar reaction has been reported2 with simvastatin.
1. Dallaire M, Chamberland M. Rhabdomyolyse sévère chez un pa-

tient recevant lovastatine, danazol et doxycycline. Can Med As-
soc J 1994; 150: 1991–4. 

2. Andreou ER, Ledger S. Potential drug interaction between sim-
vastatin and danazol causing rhabdomyolysis. Can J Clin Phar-
macol 2003; 10: 172–4.

Endothelin receptor antagonists. Bosentan is an inducer of
the cytochrome P450 isoenzyme CYP3A4 and has been
reported1 to reduce plasma-simvastatin concentrations in healthy
subjects.
1. Dingemanse J, et al. Investigation of the mutual pharmacokinet-

ic interactions between bosentan, a dual endothelin receptor an-
tagonist, and simvastatin. Clin Pharmacokinet 2003; 42:
293–301.

Fruit juices. Grapefruit juice inhibits the cytochrome P450
isoenzyme CYP3A4 and studies using concentrated grapefruit
juice have reported increased plasma concentrations of simva-
statin,1 lovastatin,2 and atorvastatin.3 A study4 using less concen-
trated grapefruit juice found only minimal effect on the activity
of lovastatin, but the conclusions of this study have been criti-
cised;5 studies using normal strength grapefruit juice have found
considerable increases in plasma concentrations of atorvastatin6

and simvastatin.7 There is also a case report8 of a woman receiv-
ing simvastatin who developed symptoms of rhabdomyolysis 4
days after she started eating one grapefruit each day. Statins that
are not significantly metabolised by CYP3A4, such as
pitavastatin6 and pravastatin,3,9 do not appear to be affected. 
Rhabdomyolysis has also been reported10 in a patient taking ro-
suvastatin and ezetimibe when he started drinking pomegranate
juice regularly.
1. Lilja JJ, et al. Grapefruit juice–simvastatin interaction: effect on

serum concentrations of simvastatin, simvastatin acid, and
HMG-CoA reductase inhibitors. Clin Pharmacol Ther 1998;
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Ther 1998; 63: 397–402. 
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atorvastatin and has no effect on pravastatin. Clin Pharmacol
Ther 1999; 66: 118–27. 
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6. Ando H, et al. Effects of grapefruit juice on the pharmacokinet-
ics of pitavastatin and atorvastatin. Br J Clin Pharmacol 2005;
60: 494–7. 
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Immunosuppressants. Myopathy and rhabdomyolysis have
been reported in patients receiving atorvastatin,1 lovastatin,2-4 or
simvastatin5-7 with immunosuppressant regimens including
ciclosporin. The mechanism of the interaction may be additive
toxicity, since both statins and ciclosporin are known to cause
myopathy, but effects on plasma concentrations may also be in-
volved. Pharmacokinetic studies have shown that ciclosporin in-
creases the plasma concentrations of atorvastatin,8,9 fluvasta-
tin,10,11 lovastatin,12 pravastatin,12,13 rosuvastatin,14 and
simvastatin.15 For the effects of statins on plasma-ciclosporin
concentrations, see p.1827.
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Levothyroxine. For reference to the effect of lovastatin and
simvastatin in patients receiving levothyroxine, see Lipid Regu-
lating Drugs, p.2173.
Lipid regulating drugs. Myopathy and myositis are recog-
nised adverse effects of both statins and fibric acid derivatives,
including fibrates and gemfibrozil, and the risk is increased if
they are given together. There has also been a report1 of both
hepatotoxicity and rhabdomyolysis in a patient given a statin and
gemfibrozil together. The interaction between gemfibrozil and
statins may also have a pharmacokinetic basis; studies have
shown increased plasma concentrations of atorvastatin,2 lovasta-
tin,3 pravastatin,4 rosuvastatin,5 and simvastatin6 when given
with gemfibrozil. 
Myopathy has also been reported7,8 in patients given statins with
nicotinic acid, although a study9 of adverse effects reported to the
FDA found no increase in reports for lovastatin given with nico-
tinic acid compared with either drug alone. 
For reports of increased hepatotoxicity when statins were given
with ezetimibe see Effects on the Liver, p.1284.
1. Akoglu H, et al. Combined organ failure with combination anti-

hyperlipidemic treatment: a case of hepatic injury and acute re-
nal failure. Ann Pharmacother 2007; 41: 143–7. 

2. Backman JT, et al. Rifampin markedly decreases and gemfibro-
zil increases the plasma concentrations of atorvastatin and its
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macol Ther 2003; 73: 538–44. 

5. Schneck DW, et al. The effect of gemfibrozil on the pharmacok-
inetics of rosuvastatin. Clin Pharmacol Ther 2004; 75: 455–63. 

6. Backman JT, et al. Plasma concentrations of active simvastatin
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9. Alsheikh-Ali AA, Karas RH. Safety of lovastatin/extended re-
lease niacin compared with lovastatin alone, atorvastatin alone,
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Food and Drug Administration adverse event reporting system).
Am J Cardiol 2007; 99: 379–81.

Proton pump inhibitors. There is a report1 of rhabdomyoly-
sis causing AV block in a patient receiving atorvastatin when eso-
meprazole and clarithromycin were added to her treatment. As
symptoms started before the introduction of clarithromycin, it
was thought that a possible contributory mechanism for the inter-
action was a reduction in the first-pass metabolism of atorvasta-
tin due to the inhibition of p-glycoprotein by esomeprazole.
1. Sipe BE, et al. Rhabdomyolysis causing AV blockade due to pos-

sible atorvastatin, esomeprazole, and clarithromycin interaction.
Ann Pharmacother 2003; 37: 808–11.

Ranolazine. A study1 in healthy subjects showed that ranola-
zine moderately increased plasma concentrations of simvastatin
but it was not thought that the interaction would be clinically sig-
nificant.
1. Jerling M, et al. Studies to investigate the pharmacokinetic inter-

actions between ranolazine and ketoconazole, diltiazem, or sim-
vastatin during combined administration in healthy subjects. J
Clin Pharmacol 2005; 45: 422–33.

Pharmacokinetics
Simvastatin is absorbed from the gastrointestinal tract
and must be hydrolysed to its active β-hydroxyacid
form. Other active metabolites have been detected and
a number of inactive metabolites are also formed. Sim-
vastatin is a substrate for the cytochrome P450 isoen-
zyme CYP3A4 and undergoes extensive first-pass
metabolism in the liver, its primary site of action. Less
than 5% of the oral dose has been reported to reach the
circulation as active metabolites. Both simvastatin and
its β-hydroxyacid metabolite are about 95% bound to
plasma proteins. Simvastatin is mainly excreted in the
faeces via the bile as metabolites. About 10 to 15% is
recovered in the urine, mainly in inactive forms. The
half-life of the active β-hydroxyacid metabolite is 1.9
hours.
◊ General reviews.
1. Mauro VF. Clinical pharmacokinetics and practical applications

of simvastatin. Clin Pharmacokinet 1993; 24: 195–202. 
2. Desager J-P, Horsmans Y. Clinical pharmacokinetics of 3-hy-

droxy-3-methylglutaryl-coenzyme A reductase inhibitors. Clin
Pharmacokinet 1996; 31: 348–71. 

3. Lennernäs H, Fager G. Pharmacodynamics and pharmacokinet-
ics of the HMG-CoA reductase inhibitors: similarities and differ-
ences. Clin Pharmacokinet 1997; 32: 403–25.

Genetic variation. The pharmacokinetics of statins are influ-
enced not only by metabolising enzymes but also by their affinity
for organ-specific transporter proteins responsible for their up-
take and efflux from cells, in particular in the intestine and liv-
er.1,2 Statins differ not only in their affinity for cytochrome P450
isoenzymes, but also in their affinity for transporter proteins such
as organic anion transporting polypeptides (OATPs) and P-glyc-
oprotein (multi-drug resistance 1; MDR1). Both metabolising
enzymes and transporter proteins may be subject to ethnic and
genetic variation, and it has been suggested that this may explain
some of the variability in the efficacy and the risk of adverse ef-
fects in different populations.
1. Kim RB. 3-Hydroxy-3-methylglutaryl-coenzyme A reductase

inhibitors (statins) and genetic variability (single nucleotide pol-
ymorphisms) in a hepatic drug uptake transporter: what’s it all
about? Clin Pharmacol Ther 2004; 75: 381–5. 

2. Tirona RG. Ethnic differences in statin disposition. Clin Pharma-
col Ther 2005; 78: 311–16.

Uses and Administration
Simvastatin is a lipid regulating drug; it is a competi-
tive inhibitor of 3-hydroxy-3-methylglutaryl coen-
zyme A reductase (HMG-CoA reductase), the rate-
determining enzyme for cholesterol synthesis. Inhibi-
tion of HMG-CoA reductase leads to reduced choles-
terol synthesis in the liver and lower intracellular cho-
lesterol concentrations; this stimulates an increase in
low-density-lipoprotein (LDL)-cholesterol receptors
on hepatocyte membranes, thereby increasing the
clearance of LDL from the circulation. HMG-CoA re-
ductase inhibitors (also called statins) reduce total cho-
lesterol, LDL-cholesterol, and very-low-density lipo-
protein (VLDL)-cholesterol concentrations in plasma.
They also tend to reduce triglycerides and to increase
high-density lipoprotein (HDL)-cholesterol concentra-
tions. 
Simvastatin is used to reduce LDL-cholesterol, apoli-
poprotein B, and triglycerides, and to increase HDL-

cholesterol in the treatment of hyperlipidaemias
(p.1169). It is used in hypercholesterolaemias, com-
bined (mixed) hyperlipidaemia (type IIa or IIb hyperli-
poproteinaemias), hypertriglyceridaemia (type IV),
and primary dysbetalipoproteinaemia (type III), and
may also be used as adjunct therapy in patients with
homozygous familial hypercholesterolaemia who have
some LDL-receptor function. Simvastatin is also used
for cardiovascular risk reduction (p.1164). 
Simvastatin is given orally and doses range from 5 to
80 mg daily. For the treatment of hyperlipidaemias,
the usual initial dose is 10 to 20 mg in the evening; an
initial dose of 40 mg may be used in patients who re-
quire a large reduction in cholesterol or who are at high
cardiovascular risk. The dose may be adjusted at inter-
vals of not less than 4 weeks up to a maximum of
80 mg once daily in the evening. Patients with homo-
zygous familial hypercholesterolaemia may be treated
with 40 mg once daily in the evening, or 80 mg daily in
3 divided doses of 20 mg, 20 mg, and an evening dose
of 40 mg. 
For cardiovascular risk reduction in high-risk pa-
tients, such as those with atherosclerotic cardiovascu-
lar disease or diabetes mellitus, the usual dose is 20 to
40 mg once daily. Patients who are at moderate risk
may be given a dose of 10 mg once daily. 
The dose of simvastatin should be reduced in patients
at risk of myopathy, including patients with severe re-
nal impairment (see below). For patients taking drugs
that interact with simvastatin, dose reduction is also ad-
vised, as follows: 
• patients taking ciclosporin or danazol, initial dose

5 mg once daily and maximum dose 10 mg once dai-
ly 

• patients taking gemfibrozil or other fibrates, or nico-
tinic acid, maximum dose 10 mg once daily 

• patients taking amiodarone or verapamil, maximum
dose 20 mg once daily 

• patients taking diltiazem, maximum dose 40 mg
once daily 

For the use of simvastatin in children, see below.
◊ General reviews.
1. Mauro VF, MacDonald JL. Simvastatin: a review of its pharma-

cology and clinical use. DICP Ann Pharmacother 1991; 25:
257–64. 

2. Plosker GL, McTavish D. Simvastatin: a reappraisal of its phar-
macology and therapeutic efficacy in hypercholesterolaemia.
Drugs 1995; 50: 334–63. 

3. Schectman G, Hiatt J. Dose–response characteristics of choles-
terol-lowering drug therapies: implications for treatment. Ann
Intern Med 1996; 125: 990–1000. 

4. White CM. Pharmacological effects of HMG CoA reductase in-
hibitors other than lipoprotein modulation. J Clin Pharmacol
1999; 39: 111–18. 

5. Mata P, et al. Benefits and risks of simvastatin in patients with
familial hypercholesterolaemia. Drug Safety 2003; 26: 769–86.

Action. The effects of statins on plasma lipids are well estab-
lished.1-4 Their primary action is to inhibit 3-hydroxy-3-methyl-
glutaryl coenzyme A (HMG-CoA) reductase, the rate-limiting
enzyme in cholesterol synthesis. Cholesterol is an important pre-
cursor for synthesis of a number of substances by the liver, and
reduced intracellular concentrations stimulate an increase in the
expression of low-density lipoprotein (LDL) receptors in the liv-
er. This leads to increased uptake of LDL-cholesterol from the
plasma into liver cells, with a subsequent reduction in both LDL
and total cholesterol. Triglycerides are also decreased, due to de-
creased synthesis of very-low-density lipoprotein (VLDL),
while high-density lipoprotein (HDL)-cholesterol is either mod-
estly increased or unchanged, leading to an improvement in the
LDL:HDL ratio. An effect on LDL-cholesterol may also occur
independent of the effect on receptors; some statins have been
shown to lower LDL-cholesterol in patients with homozygous
familial hypercholesterolaemia, despite their lack of functional
LDL receptors. Statins generally provide a greater reduction in
LDL-cholesterol than other classes of lipid regulating drugs, but
where large reductions are required combination therapy may be
necessary. Statins have been used with bile-acid binding resins
and with ezetimibe; they have also been given with fibrates or
nicotinic acid, although the increased risk of adverse effects
needs to be considered. Cholesterol synthesis in the liver peaks
during the early morning (midnight to 3 a.m.) and there is some
evidence that statins with short half-lives, such as simvastatin,
should be taken in the evening.5 
Statins have a number of additional (pleiotropic) actions,1-4,6,7 al-
though whether these contribute to their cardiovascular effects is
controversial.8 

In atherosclerosis they have beneficial effects on endothelial
function, which may be partly independent of their effect on lip-
ids, and also appear to stabilise atherosclerotic plaques. A
number of studies9,10 have also shown that statins reduce concen-
trations of C-reactive protein (CRP), a marker of inflammation
that is raised in atherosclerosis, and there is some evidence that
the reduction in CRP is independently associated with a reduc-
tion in cardiovascular events11 and regression of atherosclerotic
lesions,12 although results have been mixed in a related condi-
tion, calcific aortic stenosis.13 Statins have a number of actions
that may be beneficial in heart failure,14 but detrimental effects
are also possible and their role specifically for heart failure is
unclear.15 Evidence from cohort studies16-18 suggests statins may
improve mortality in heart failure, and analyses of cardiovascular
risk reduction studies19,20 also suggest benefit. However, a ran-
domised study21 of rosuvastatin in patients with heart failure of
ischaemic origin failed to show an effect on mortality, although
there were fewer hospitalisations in patients given the active
drug. Statins may also have antihypertensive22 and antiarrhyth-
mic effects; they reduce the incidence of atrial fibrillation,23 and
have also been associated with a reduced risk of ventricular
arrhythmias,24,25 although this requires confirmation. Beneficial
effects have also been reported on some measures of haemosta-
sis,26 and a reduced incidence of venous thromboembolism has
been noted in some studies.27 
Statins also appear to have anti-inflammatory and immunomod-
ulatory actions and these may contribute to their beneficial ef-
fects. There is evidence from epidemiological studies that they
reduce the risk of bacterial infections, although this has been at-
tributed to a ‘healthy-user’ effect,28,29 and they may also reduce
mortality in patients with sepsis.29 Benefit has also been reported
in rheumatoid arthritis and other inflammatory arthropa-
thies.30-33 In patients with organ transplantation, both cardiovas-
cular and immunomodulatory actions may be of benefit (see
below). However, the use of statins in these diseases remains to
be confirmed. 
For discussion of the use of statins in other non-cardiovascular
disorders, including dementia, kidney disorders, malignant neo-
plasms, and osteoporosis, see below.
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Administration in children. The management of hyperlipi-
daemias in children and adolescents is controversial and is usu-
ally reserved for those with familial hyperlipidaemias who have
a high risk of premature cardiovascular disease. Dietary meas-
ures and bile-acid binding resins have traditionally been first-line
therapy in children, but may be poorly tolerated or inadequate.
Studies with statins in children aged 8 to 18 years with familial
hypercholesterolaemia have shown1,2 that they effectively lower
total cholesterol and low-density lipoprotein (LDL)-cholesterol
and they are now increasingly preferred where drug therapy is
indicated.3,4 However, there have been concerns about the poten-
tial adverse effects of statins on growth and sexual development,
since these patients require life-long treatment. Although this
does not appear to be a problem, most studies have been relative-
ly short-term, and longer follow-up is needed to confirm statin
safety.3,4 Preliminary evidence suggests that statins may also be
effective in children with hyperlipidaemia related to nephrotic
syndrome5 or organ transplantation.3,4 
US licensed product information for simvastatin allows its use in
children aged 10 to 17 years with familial heterozygous hyperc-
holesterolaemia in an initial oral dose of 10 mg at night, in-
creased at intervals of 4 weeks as required to a maximum dose of
40 mg daily. A placebo-controlled study6 in 173 such children
found that simvastatin given orally in a dose of up to 40 mg daily
for 48 weeks effectively reduced LDL-cholesterol and was well
tolerated, with no effect on growth or sexual development. 
The BNFC recommends the following doses for children with
hyperlipidaemia: 
• age 5 to 10 years: initial dose 5 mg at night, increased if nec-

essary at intervals of at least 4 weeks to a maximum dose of
20 mg at night 

• age 10 to 18 years: initial dose 10 mg at night, increased if
necessary at intervals of at least 4 weeks to a maximum dose
of 40 mg at night 

Doses should be reduced in children who are taking drugs that
may interact with simvastatin (see Interactions, above).
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Administration in renal impairment. Statins appear to be
safe and effective in patients with dyslipidaemia and renal im-
pairment, and there is some evidence that they may have benefi-
cial effects on renal function (see Kidney Disorders, below).
However, patients with severe renal impairment may be at in-
creased risk of developing myopathy or rhabdomyolysis and
lower doses may be appropriate in such patients. Dose reduction
may also be needed for statins that are excreted by the kidneys. 
Simvastatin does not undergo significant renal excretion and no
dose modification is required in patients with mild or moderate
renal impairment. However, in patients with severe renal impair-
ment the recommended initial dose is 5 mg once daily and doses
above 10 mg once daily should be used with caution.
Cardiovascular risk reduction. Lipid regulating drugs have
an important role in cardiovascular risk reduction (p.1164), and

statins are widely used for both primary and secondary preven-
tion. The rationale for their use has been the established link be-
tween hypercholesterolaemia and atherosclerosis, but they may
have additional actions that contribute to their effect (see Action,
above). The efficacy of statins in reducing cardiovascular events
has been established in a wide range of patient groups and is gen-
erally believed to be a class effect, although outcome studies
have not been performed for all the statins in every case. 
In patients with established ischaemic heart disease, statins re-
duce the risk of further cardiovascular events, and also reduce
both cardiovascular and overall mortality.1 Statins shown to be
effective for secondary prevention in large, randomised studies
include simvastatin,2 pravastatin,3,4 and fluvastatin.5,6 For prima-
ry prevention in patients at high risk but without prior cardiovas-
cular events, statins similarly reduce the risk of cardiovascular
events, although an effect on mortality has not been shown.7
Benefit has been established in studies using pravastatin,8,9 lova-
statin,10 simvastatin,11 and atorvastatin;12 the negative results of
the ALLHAT-LLT study13 with pravastatin were attributed to the
substantial use of statins in the control group. 
Although the main benefit of statins is to reduce mortality and
major coronary events, there may also be a reduction in the
incidence14-17 and severity18 of stroke (although there may be an
increase in haemorrhagic stroke16), and the incidence of periph-
eral vascular disease;19 some studies have also shown a reduction
in coronary19,20 and peripheral19,21 ischaemic symptoms. Obser-
vational studies have suggested that statins may also reduce post-
operative mortality in patients with high cardiovascular risk un-
dergoing surgery, although this remains to be confirmed,22 and
there is some evidence that statins may reduce the risk of myo-
cardial damage in patients undergoing percutaneous interven-
tions,23 although they have not been shown to affect resteno-
sis.24,25 Early use of statins may also have a role in patients with
acute coronary syndromes; one meta-analysis26 found no evi-
dence of benefit at 1 or 4 months after the initial event, but
another27 reported a reduction in cardiovascular events with sta-
tin therapy for 6 months or longer, and some studies28 have sug-
gested earlier benefit with high-dose regimens. 
The main effect of statins appears to relate to their action on lipid
concentrations, and increased benefit has been reported29 with
the use of intensive lipid lowering regimens, including a reduc-
tion in mortality in patients with acute coronary syndromes.30

However, studies have shown that statins improve outcomes in
patients with both raised8,26 and average3,4,10,12 cholesterol con-
centrations, and meta-analyses31,32 have concluded that the abso-
lute benefit of statin treatment depends on both the initial cardi-
ovascular risk and the degree of cholesterol reduction achieved.
Most benefit has been reported in patients at the highest risk; sub-
groups in whom particular benefit has been reported include pa-
tients with metabolic syndrome compared with those without,33

and diabetics compared with non-diabetics,34 although a study35

with atorvastatin in diabetics undergoing haemodialysis found
no benefit. Early studies included mainly middle-aged men, but
later studies11 and meta-analyses9,31 have confirmed that statins
also improve outcomes in women and in the elderly. Observa-
tional studies36,37 have confirmed that these benefits extend to
the clinical situation. 
Statins differ in potency,38-40 but evidence that they differ in effi-
cacy for cardiovascular risk reduction when given at comparable
lipid-lowering doses is limited.41 Patients who do not achieve
target lipid concentrations or who experience adverse effects
with one statin may find an alternative statin effective and toler-
able, although recurrence of myalgia is not uncommon.42

1. Wilt TJ, et al. Effectiveness of statin therapy in adults with cor-
onary heart disease. Arch Intern Med 2004; 164: 1427–36. 

2. Scandinavian Simvastatin Survival Study Group. Randomised
trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin Survival Study
(4S). Lancet 1994; 344: 1383–9. 

3. Sacks FM, et al. The Cholesterol and Recurrent Events Trial
Investigators. The effect of pravastatin on coronary events after
myocardial infarction in patients with average cholesterol lev-
els. N Engl J Med 1996; 335: 1001–9. 

4. The Long-Term Intervention with Pravastatin in Ischaemic Dis-
ease (LIPID) Study Group. Prevention of cardiovascular events
and death with pravastatin in patients with coronary heart dis-
ease and a broad range of initial cholesterol levels. N Engl J Med
1998; 339: 1349–57. 

5. Riegger G, et al. The effect of fluvastatin on cardiac events in
patients with symptomatic coronary artery disease during one
year of treatment. Atherosclerosis 1999; 144: 263–70. 

6. Serruys PWJC, et al. Fluvastatin for prevention of cardiac
events following successful first percutaneous coronary inter-
vention: a randomized controlled trial. JAMA 2002; 287:
3215–22. 

7. Thavendiranathan P, et al. Primary prevention of cardiovascular
diseases with statin therapy: a meta-analysis of randomized con-
trolled trials. Arch Intern Med 2006; 166: 2307–13. 

8. Shepherd J, et al. West of Scotland Coronary Prevention Study
Group. Prevention of coronary heart disease with pravastatin in
men with hypercholesterolemia. N Engl J Med 1995; 333:
1301–7. 

9. Shepherd J, et al. Pravastatin in elderly individuals at risk of
vascular disease (PROSPER): a randomised controlled trial.
Lancet 2002; 360: 1623–30. 

10. Downs JR, et al. Primary prevention of acute coronary events
with lovastatin in men and women with average cholesterol lev-
els: results of AFCAPS/TexCAPS. JAMA 1998; 279: 1615–22. 

11. Heart Protection Study Collaborative Group. MRC/BHF Heart
Protection Study of cholesterol lowering with simvastatin in
20 536 high-risk individuals: a randomised placebo-controlled
trial. Lancet 2002; 360: 7–22. 

12. Sever PS, et al. Prevention of coronary and stroke events with
atorvastatin in hypertensive patients who have average or low-
er-than-average cholesterol concentrations, in the Anglo-Scan-
dinavian Cardiac Outcomes Trial—Lipid Lowering Arm (AS-
COT-LLA): a multicentre randomised controlled trial. Lancet
2003; 361: 1149–58. 

13. The ALLHAT Collaborative Research Group. Major outcomes
in moderately hypercholesterolemic, hypertensive patients ran-
domized to pravastatin vs usual care: the Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALL-
HAT-LLT). JAMA 2002; 288: 2998–3007. 

14. Briel M, et al. Effects of statins on stroke prevention in patients
with and without coronary heart disease: a meta-analysis of ran-
domized controlled trials. Am J Med 2004; 117: 596–606. 

15. Amarenco P, et al. Statins in stroke prevention and carotid
atherosclerosis: systematic review and up-to-date meta-analy-
sis. Stroke 2004; 35: 2902–9. 

16. Henyan NN, et al. Impact of statins on risk of stroke: a meta-
analysis. Ann Pharmacother 2007; 41: 1937–45. 

17. O’Regan C, et al. Statin therapy in stroke prevention: a meta-
analysis involving 121,000 patients. Am J Med 2008; 121:
24–33. 

18. Elkind MSV, et al. Lipid-lowering agent use at ischemic stroke
onset is associated with decreased mortality. Neurology 2005;
65: 253–8. 

19. Pedersen TR, et al. Effect of simvastatin on ischemic signs and
symptoms in the Scandinavian Simvastatin Survival Study (4S).
Am J Cardiol 1998; 81: 333–5. 

20. Fathi R, et al. A randomized trial of aggressive lipid reduction
for improvement of myocardial ischemia, symptom status, and
vascular function in patients with coronary artery disease not
amenable to intervention. Am J Med 2003; 114: 445–53. 

21. Mondillo S, et al. Effects of simvastatin on walking perform-
ance and symptoms of intermittent claudication in hypercholes-
terolemic patients with peripheral vascular disease. Am J Med
2003; 114: 359–64. 

22. Kapoor AS, et al. Strength of evidence for perioperative use of
statins to reduce cardiovascular risk: systematic review of con-
trolled studies. Abridged version: BMJ 2006; 333: 1149–52..
Full version: http://www.bmj.com/cgi/reprint/333/7579/
1149.pdf (accessed 30/05/08) 

23. Cahoon WD, Crouch MA. Preprocedural statin therapy in per-
cutaneous coronary intervention. Ann Pharmacother 2007; 41:
1687–93. 

24. Serruys PW, et al. A randomized placebo-controlled trial of flu-
vastatin for prevention of restenosis after successful coronary
balloon angioplasty: final results of the fluvastatin angiographic
restenosis (FLARE) trial. Eur Heart J 1999; 20: 58–69. 

25. Weintraub WS, et al. Lack of effect of lovastatin on restenosis
after coronary angioplasty. N Engl J Med 1994; 331: 1331–7. 

26. Briel M, et al. Effects of early treatment with statins on short-
term clinical outcomes in acute coronary syndromes: a meta-
analysis of randomized controlled trials. JAMA 2006; 295:
2046–56. 

27. Hulten E, et al. The effect of early, intensive statin therapy on
acute coronary syndrome: a meta-analysis of randomized con-
trolled trials. Arch Intern Med 2006; 166: 1814–21. 

28. Ray KK, et al. Early and late benefits of high-dose atorvastatin
in patients with acute coronary syndromes: results from the
PROVE IT-TIMI 22 trial. J Am Coll Cardiol 2005; 46: 1405–10. 

29. Cannon CP, et al. Meta-analysis of cardiovascular outcomes tri-
als comparing intensive versus moderate statin therapy. J Am
Coll Cardiol 2006; 48: 438–45. 

30. Afilalo J, et al. Intensive statin therapy in acute coronary syn-
dromes and stable coronary heart disease: a comparative meta-
analysis of randomised controlled trials. Heart 2007; 93:
914–21. 

31. Cheung BMY, et al. Meta-analysis of large randomized control-
led trials to evaluate the impact of statins on cardiovascular out-
comes. Br J Clin Pharmacol 2004; 57: 640–51. 

32. Cholesterol Treatment Trialists’ (CTT) Collaborators. Efficacy
and safety of cholesterol-lowering treatment: prospective meta-
analysis of data from 90 056 participants in 14 randomised trials
of statins. Lancet 2005; 366: 1267–78. Correction. ibid.; 1358. 

33. Pyörälä K, et al. Reduction of cardiovascular events by simvas-
tatin in nondiabetic coronary heart disease patients with and
without the metabolic syndrome: subgroup analyses of the
Scandinavian Simvastatin Survival Study (4S). Diabetes Care
2004; 27: 1735–40. 

34. Costa J, et al. Efficacy of lipid lowering drug treatment for dia-
betic and non-diabetic patients: meta-analysis of randomised
controlled trials. BMJ 2006; 332: 1115–8. 

35. Wanner C, et al. German Diabetes and Dialysis Study Investiga-
tors. Atorvastatin in patients with type 2 diabetes mellitus un-
dergoing hemodialysis. N Engl J Med 2005; 353: 238–48. 

36. Wei L, et al. Statin use in the secondary prevention of coronary
heart disease in primary care: cohort study and comparison of
inclusion and outcome with patients in randomised trials. BMJ
2005; 330: 821–4. 

37. Hippisley-Cox J, Coupland C. Effect of statins on the mortality
of patients with ischaemic heart disease: population based co-
hort study with nested case-control analysis. Heart 2006; 92:
752–8. 

38. Hippisley-Cox J, et al. Cross sectional survey of effectiveness
of lipid lowering drugs in reducing serum cholesterol concentra-
tion in patients in 17 general practices. Abridged version: BMJ
2003; 326: 689–92. Full version: http://www.bmj.com/cgi/
reprint/326/7391/689.pdf (accessed 30/05/08) 

39. Edwards JE, Moore RA. Statins in hypercholesterolaemia: a
dose-specific meta-analysis of lipid changes in randomised,
double blind trials. BMC Fam Pract 2003; 4: 18. 

40. Insull W, et al. Achieving low-density lipoprotein cholesterol
goals in high-risk patients in managed care: comparison of ro-
suvastatin, atorvastatin, and simvastatin in the SOLAR trial.
Mayo Clin Proc 2007; 82: 543–50. Correction. ibid.; 890. 

41. Zhou Z, et al. Are statins created equal? Evidence from rand-
omized trials of pravastatin, simvastatin, and atorvastatin for
cardiovascular disease prevention. Am Heart J 2006; 151:
273–81. 

42. Krasuski RA, et al. Conversion to atorvastatin in patients intol-
erant or refractory to simvastatin therapy: the CAPISH study.
Mayo Clin Proc 2005; 80: 1163–8.

Dementia. There is conflicting evidence on the link between
statin use and dementia. Epidemiological studies have
reported1,2 that the prevalence of dementia (p.362) is lower in
patients taking statins, although it has been suggested that this
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may be due to bias in prescribing.3 (Prevalence may also be re-
duced in patients taking fibrates.2) Some longitudinal studies
have reported4,5 that statins also reduce the incidence of demen-
tia, but others have found no evidence of a reduction in risk,6-8

and it has been suggested6 that inappropriate analysis may ex-
plain the positive results. Prospective, randomised trials are
therefore needed to determine their role, if any, in the prevention
of dementia.3 
There is also some evidence that statins9-11 and other lipid regu-
lating drugs11 may reduce the progression of cognitive decline in
patients with dementia, although the effect has generally been
small. However, negative effects on mental function have been
reported with some statins (see under Adverse Effects, above)
and their use in the management of dementia is not established.
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Kidney disorders. Although proteinuria has been reported
with statins (see Effects on the Kidney under Adverse Effects,
above) there is also some evidence that statins modestly reduce
the progression of proteinuria and loss of renal function.1-4 How-
ever, further studies are required to confirm these effects.
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Malignant neoplasms. Although studies in animals suggest1
that statins could be carcinogenic, evidence for a detrimental ef-
fect in humans is limited, and some studies have suggested that
statins may be protective. Low plasma-cholesterol concentra-
tions have been associated with cancer, and an increased inci-
dence of cancer was reported in a randomised study of pravasta-
tin for cardiovascular risk reduction in elderly patients,2 although
this was attributed to chance. Conversely, several observational
studies have reported3-7 that statins reduce the incidence of can-
cer, although the effect has generally been small. A number of
meta-analyses have been performed and have generally found no
association between the use of statins and the incidence of can-
cer. Analyses including only randomised studies8,9 have found
no significant effect on overall risk, although follow-up may not
have been long enough in most studies to be conclusive; there is
also little evidence of a protective effect for specific cancers.10-12

However, another large cohort study13 in elderly patients found
no evidence that statins either increased or reduced the risk, and
longer follow-up in a randomised study14 using simvastatin also
found no significant effect.
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Organ and tissue transplantation. Cardiovascular disease
is an important cause of morbidity and mortality after organ
transplantation and statins are useful for cardiovascular risk re-
duction in these patients. They may also have immunomodulato-
ry effects and have reduced the risk of rejection in some studies.1
A meta-analysis of patients who had undergone heart transplan-
tation (p.1812) considered that treatment with a statin within 3
months of transplantation reduced allograft rejection with
haemodynamic compromise and reduced 1-year mortality;2 it
was calculated that one life was saved for every 8.5 treated heart
transplant patients. There is some tentative evidence that statin
therapy may also reduce acute rejection and the development of
obliterative bronchiolitis in patients who have undergone lung
transplantation (p.1815),3 although prospective controlled stud-
ies are lacking.
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Osteoporosis. Statins appear to have effects on bone metabo-
lism and preliminary studies1,2 have suggested that some statins
may increase bone mineral density. However, the clinical rele-
vance of any effect is unclear.3 Several case-control studies4-6

have also suggested that use of statins may protect against frac-
tures, but another case-control study7 and an observational
study8 failed to support such an association. A review9 of 4 fur-
ther observational studies found that the risk of fracture was low-
er in women taking statins, but analysis of data from randomised
studies of statins for cardiovascular disease10,11 failed to confirm
any effect, and controlled studies are needed3,12 to confirm the
role of statins in the management of osteoporosis (p.1084).
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Preparations
BP 2008: Simvastatin Tablets; 
USP 31: Simvastatin Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Coledis†; Colesterminol; Dosavastatin; Gemistatin; Klonastin; Labista-
tin; Lipimibe; Lisac; Nivelipol; Nosterol; Redusterol; Sevacol; Several; Tana-
vat; Vasotenal; Zocor; Austral.: Lipex; Ransim†; Simvabell; Simvahexal; Sim-
var; Zimstat; Zocor; Austria: Gerosim; Nyzoc; SimcorHexal†; Simstin†;
Simvarcana; Simvastad; Simvatin; Zocord; Belg.: Cholemed; Docsimvasta;
Simvafour ; Simvastamed; Zocor; Braz.: Androlip†; Clinfar; Cordiron†;
Lipotex; Liptrat; Lovacor†; Menocol; Mivalen; Revastin; Sinvalip; Sinvascor;
Sinvastacor†; Sinvastamed; Sinvastin†; Sinvatrox; Sinvax; Sinvaz†; Sivastin†;
Vaslip; Vastatil; Zocor; Canad.: Zocor; Chile: Arterosan†; Nimicor; Sim-
vass; Vasomed; Vasotenal; Zocor; Cz.: Apo-Simva; Corsim; Egilipid; Sim;
Simbela; Simgal; Simirex; Simva; Simvacard; Simvax; Simvor; Vasilip; Zocor;
Denm.: Perichol; Zocolip; Zocor; Fin.: Corolin†; Lipcut; Zocor; Fr.: Lo-
dales; Zocor; Ger.: BeL; Denan†; Simva; SimvaAPS; Simvabeta; Simvacard;
Simvacor; Simvadoc; Simvadura; Simvagamma; Simvalip; Zemox†; Zocor;
Gr.: Antichol; Arstatin; Avatratin; Bevostatin; Christatin; Doctiverine; Extr-
astatin; Glipal; Goldastatin; Iamastatin; Ipramid; Kymazol; Lepur; Lip-Down;
Lipomin; Lipopress; Liporex; Lipozid; Lowcholid; Lusimva; Medistatin; Nitas-
tin; Normotherin; Placol; Prelon; Priacin; Prizelip; Raptor; Ravostan; Redus-
terol; Simplaqor; Simvachol†; Simvacor; Simvalark; Simvalid; Simvaprol; Sim-
vatin; Sivinar ; Sotovastin; Starezin; Stasiva; Statinal; Statinum; Stativer ;
Statosan; Stazor; Sterylip; Vassor ; Vastatin; Velkastatin; Zocor; Zurocid;
Hong Kong: Avastinee; Corstat; Covastin; Qualicor; Simcard; Simtin; Vasil-
ip; Vidastat; Zocor; Hung.: Awestatin; Sicor; Simvacol; Simvagamma; Sim-
vep; Simvor; Vasilip; Zocor; India: Biosim†; Simcard; Simchol; Simlo; Simv-
otin; Indon.: Cholestat; Detrovel; Esvat; Ethicol; Lipinorm; Mersivas;

Normofat; Pontizoc; Rechol; Rendapid; Simbado; Simchol; Simcor; Sinova;
Valemia; Vazim; Vidastat; Zocor; Zovast; Irl.: Ritechol; Simator; Simtan; Sim-
zor; Sivatin; Zocor; Israel: Simovil; Simvacor; Simvaxon; Ital.: Liponorm;
Medipo; Sinvacor; Sivastin; Zocor; Malaysia: Covastin; Simcard; Simtin;
Simvacor; Simvor; Stavid; Vascor; Zocor; Mex.: Apomastina; Colesken;
Fansia; Imbistad; Josken†; Pulsar-AT Dual; Simplaqor; Tulip; Zeid; Zocor;
Zorced; Neth.: Altercor†; Simva†; Zocor; Norw.: Zocor; NZ: Lipex; Sim-
Statin; Philipp.: Cholestad; Eurocor; Euvasten; Forcad; Ivast; Lipivas; Nor-
mastin; Orovas; Simtin; Simvahex; Uni-Per; Vastilan; Vidastat; Wilsim; Zivas;
Zocor; Zolvastin; Zovast; Pol.: Cardin; Simgal; Simratio; Simredin; Simvac-
ard; Simvachol; Simvacor; Simvahexal; Simvasterol; Vasilip; Vastan; Ximve;
Zocor; Port.: Colvastina; Dislipina; Jabastatina; Lipaz; Simvacol; Simvasim;
Sinpor; Sintar; Sinvastil; Sumaclina†; Tavitan; Vascorim; Zera; Zocor; Rus.:
Actalipid (Акталипид); Aterostat (Атеростат); Simgal (Симгал); Simlo
(Симло); Simvacard (Симвакард); Simvahexal (Симвагексал); Simvalimit
(Симвалимит); Simvastol (Симвастол); Simvor (Симвор); Vasilip
(Вазилип); Zocor (Зокор); Zorstat (Зорстат); Zovatin (Зоватин); S.Afr.:
Lipidex; Simaspen; Simcard; Simvacor; Simvotin; Zocor; Singapore: Cov-
astin; Ifistatin; Simtin; Simvacor; Simvor; Vascor†; Zocor; Spain: Arudel;
Belmalip; Colemin; Glutasey; Histop; Lipociden; Pantok; Simvasten†; Simvas-
tur†; Teylor; Zocor; Swed.: Zocord; Switz.: Adipur; Simcora; Simvasine;
Simvast; Simvastin; Zocor; Thai.: Bestatin; Eucor; Lochol; Simvor; Torio;
Vascor; Zimmex; Zocor; Turk.: Lipovas; Simvakol; Zocor; Zovatin; UAE:
Simvast; UK: Simvador; Zocor; USA: Zocor; Venez.: Cynt; Hisplenil†; Kav-
elor; Rowestin†; Simplaqor; Sinvaz; Tavor; Tinasin; Vasotenal; Vastan; Zocor.

Multi-ingredient: Arg.: Alipas Duo; Labistatin Duo; Redusterol Duo; Va-
sotenal EZ; Vytorin; Austral.: Vytorin; Austria: Inegy; Vytorin; Braz.: Dio-
comb SI; Prevencor; Vytorin; Zetsim; Chile: Adacai; Vytorin; Zintrepid; Cz.:
Inegy; Fr.: Inegy; Ger.: Inegy; Gr.: Inegy; Vytorin; Hong Kong: Vytorin;
Hung.: Inegy; Indon.: Vytorin; Irl.: Inegy; Ital.: Inegy; Vytorin; Malaysia:
Vytorin; Mex.: Amlidual; Vytorin; Zintrepid; Neth.: Inegy; Vytorin; Norw.:
Inegy; NZ: Vytorin; Philipp.: Vytorin; Port.: Inegy; Singapore: Vytorin;
Swed.: Zocord/ASA†; UK: Inegy; USA: Simcor; Vytorin; Venez.: Adacai;
Vytorin; Zintrepid.

Sitaxentan Sodium (rINNM)

Natrii Sitaxentanum; Sitaxentán sódico; Sitaxentan Sodique; Si-
taxsentan Sodium; TBC-11251 (sitaxentan or sitaxentan sodi-
um). N-(4-Chloro-3-methyl-5-isoxazolyl)-2-{[4,5-(methylenedi-
oxy)-o-tolyl]acetyl}-3-thiophenesulfonamide sodium.
Натрий Ситаксентан
C18H14ClN2NaO6S2 = 476.9.
CAS — 184036-34-8 (sitaxentan); 210421-74-2 (sitax-
entan sodium).

(sitaxentan)

Adverse Effects
As for Bosentan, p.1235. Increases in INR and prolongation of
the prothrombin time have also been reported. 
Sitaxentan is teratogenic in rats.
Precautions
As for Bosentan, p.1235. Sitaxentan is contra-indicated in pa-
tients with mild to severe hepatic impairment (Child-Pugh Class
A to C). 
Although, like bosentan, sitaxentan is teratogenic in rats and
similar precautions apply, its effects on combined oral contracep-
tives may differ (see Interactions below).
Interactions
Sitaxentan is both an inhibitor of and a substrate for the cyto-
chrome P450 isoenzyme CYP2C9 and interactions may there-
fore occur with other drugs that are either metabolised by, or in-
hibit, this isoenzyme. Plasma concentrations of oral
anticoagulants such as warfarin may be increased. 
Use with ciclosporin is contra-indicated as plasma concentra-
tions of sitaxentan are greatly increased (see below). 
Sitaxentan has increased exposure to ethinylestradiol and nor-
ethisterone in those taking oral contraceptives and may possibly
increase the associated risk of thromboembolism.
Ciclosporin. Licensed product information for sitaxentan states
that its concentration was increased sixfold when given with
ciclosporin 3.5 mg/kg twice daily. Although the mechanism of
action is unknown it has been postulated that sitaxentan sodium
is a substrate for the organic anion transporting polypeptide
(OATP) transporter protein and should therefore be used with
caution with other, more potent, OATP inhibitors.
Pharmacokinetics
Sitaxentan sodium is absorbed after oral doses with peak plasma
concentrations being achieved within 1 to 4 hours. Its absolute
bioavailability is 70 to 100%. A high-fat meal delays the rate of
absorption but does not affect the extent. Sitaxentan is more than
99% bound to plasma proteins, mainly albumin. 
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sitaxentan is highly metabolised by the cytochrome P450 isoen-
zymes CYP2C9 and CYP3A4 to weakly active metabolites.
About 50 to 60% of a dose is excreted in the urine with the re-
mainder appearing in the faeces; less than 1% is excreted
unchanged. Sitaxentan has a terminal elimination half-life of 10
hours and steady state is achieved within about 6 days.
Uses and Administration
Sitaxentan is an endothelin receptor antagonist (p.1155) with
similar actions to bosentan (p.1235), although it has a higher se-
lectivity for the endothelin ETA-receptor. It is used in the man-
agement of pulmonary hypertension functional class III
(p.1179). It is also being investigated in the management of heart
failure. 
In the treatment of pulmonary hypertension sitaxentan sodium is
given orally in a dose of 100 mg once daily. Alternate therapy
should be considered if there is no response after 12 weeks but a
further 12 weeks of treatment may be tried.
◊ Reviews.
1. Wittbrodt ET, Abubakar A. Sitaxsentan for treatment of pulmo-

nary hypertension. Ann Pharmacother 2007; 41: 100–105. 
2. Benedict NJ. Sitaxsentan in the management of pulmonary arte-

rial hypertension. Am J Health-Syst Pharm 2007; 64: 363–8. 
3. Scott LJ. Sitaxentan: in pulmonary arterial hypertension. Drugs

2007; 67: 761–70.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Thelin; Cz.: Thelin; Fr.: Thelin; Port.: Thelin; UK: Thelin.

Sodium Apolate (BAN, rINN)

Apolate de Sodium; Apolato de sodio; Lyapolate Sodium (USAN);
Natrii Apolas; Natriumapolaatti; Natriumapolat; Sodium Lyapo-
late. Poly(sodium ethylenesulphonate).
Натрия Аполат
(C2H3NaO3S)n.
CAS — 25053-27-4.
ATC — C05BA02.
ATC Vet — QC05BA02.

Profile
Sodium apolate is a synthetic heparinoid anticoagulant. It has
been used in the topical treatment of haematomas and superficial
thromboses and for the relief of sprains and contusions.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Pergalen.

Sodium Nitroprusside
Disodium (OC-6-22)-Pentakis(cyano-C)nitrosylferrate Dihydrate;
Natrii nitroprussias; Natrii Nitroprussias Dihydricus; Natrii Nitro-
prussicum; Natrio nitroprusidas; Natriumnitroprussid; Natrium-
nitroprussidi; Nitroprusiato sódico; Nitroprussid sodný dihydrát;
Nitroprusszid-nátrium; Sodium Nitroferricyanide Dihydrate; So-
dium Nitroprussiate; Sodium, nitroprussiate de; Sodu nitroprus-
ydek; Sodyum Nitroprusid. Sodium nitrosylpentacyanoferrate(III)
dihydrate.
Na2Fe(CN)5NO,2H2O = 297.9.
CAS — 14402-89-2 (anhydrous sodium nitroprusside);
13755-38-9 (sodium nitroprusside dihydrate).
ATC — C02DD01.
ATC Vet — QC02DD01.

(anhydrous sodium nitroprusside)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Sodium Nitroprusside). Reddish-brown crystals or
powder. Freely soluble in water; slightly soluble in alcohol. Pro-
tect from light. 
USP 31 (Sodium Nitroprusside). Reddish-brown, practically

odourless crystals or powder. Freely soluble in water; slightly
soluble in alcohol; very slightly soluble in chloroform; insoluble
in benzene. Store in airtight containers at a temperature of 25°,
excursions permitted between 15° and 30°. Protect from light.
Incompatibility. Sodium nitroprusside has been reported to be
visually incompatible with cisatracurium besilate1 and with
levofloxacin2 during simulated Y-site administration.
1. Trissel LA, et al. Compatibility of cisatracurium besylate with

selected drugs during simulated Y-site administration. Am J
Health-Syst Pharm 1997; 54: 1735–41. 

2. Saltsman CL, et al. Compatibility of levofloxacin with 34 medi-
cations during simulated Y-site administration. Am J Health-Syst
Pharm 1999; 56: 1458–9.

Stability in solution. Solutions of sodium nitroprusside de-
compose when exposed to light and must be protected during
infusion by wrapping the container with aluminium foil or some
other light-proof material. Nitroprusside will react with minute
quantities of organic and inorganic substances forming highly
coloured products. If this occurs the solution should be discard-
ed. Solutions should not be used more than 24 hours after prepa-
ration. 
The instability of sodium nitroprusside solutions has been the
subject of considerable investigation. Although stated to be more
stable in acid than in alkaline solution,1 a later study2 found that
whereas the initial light-induced darkening of a 1% solution was
independent of pH, further degradation leading to the develop-
ment of a blue precipitate required an acid pH. If protected from
light by wrapping in aluminium foil, sodium nitroprusside 50 or
100 micrograms/mL was found to be stable in 5% glucose, lac-
tated Ringer’s, and normal saline solutions for 48 hours.3 In clin-
ical practice the infusion container should be opaque or protected
with foil, but an amber giving set may be used, to allow visual
monitoring.4,5 
Various substances have been reported to increase the stability of
nitroprusside solutions, including dimethyl sulfoxide,6 glycerol,1
sodium citrate,1 and other salts with anionic chelating potential
such as sodium acetate or phosphate.1 In contrast sodium bi-
sulfite and the hydroxybenzoates are reported to reduce stabili-
ty.1
1. Schumacher GE. Sodium nitroprusside injection. Am J Hosp

Pharm 1966; 23: 532. 
2. Hargrave RE. Degradation of solutions of sodium nitroprusside.

J Hosp Pharm 1974; 32: 188–91. 
3. Mahony C, et al. In vitro stability of sodium nitroprusside solu-

tions for intravenous administration. J Pharm Sci 1984; 73:
838–9. 

4. Davidson SW, Lyall D. Sodium nitroprusside stability in light-
protective administration sets. Pharm J 1987; 239: 599–601. 

5. Lyall D. Sodium nitroprusside stability. Pharm J 1988; 240: 5. 
6. Asker AF, Gragg R. Dimethyl sulfoxide as a photoprotective

agent for sodium nitroprusside solutions. Drug Dev Ind Pharm
1983; 9: 837–48.

Adverse Effects
Sodium nitroprusside rapidly reduces blood pressure
and is converted in the body to cyanide and then thio-
cyanate. Its adverse effects can be attributed mainly to
excessive hypotension and excessive cyanide accumu-
lation; thiocyanate toxicity may also occur, especially
in patients with renal impairment. Intravenous infusion
of sodium nitroprusside may produce nausea and vom-
iting, apprehension, headache, dizziness, restlessness,
perspiration, palpitations, retrosternal discomfort, ab-
dominal pain, and muscle twitching, but these effects
may be reduced by slowing the infusion rate. 
An excessive amount of cyanide in plasma (more than
80 nanograms/mL), because of overdosage or deple-
tion of endogenous thiosulfate (which converts cya-
nide to thiocyanate in vivo), may result in tachycardia,
sweating, hyperventilation, arrhythmias, and profound
metabolic acidosis. Metabolic acidosis may be the first
sign of cyanide toxicity. Methaemoglobinaemia may
also occur. 
Adverse effects attributed to thiocyanate include tinni-
tus, miosis, and hyperreflexia; confusion, hallucina-
tions, and convulsions have also been reported. 
Other adverse effects include thrombocytopenia and
phlebitis.
Effects on the blood. THROMBOCYTOPENIA. Platelet counts
decreased in 7 of 8 patients with heart failure 1 to 6 hours after
intravenous infusion of nitroprusside was started.1 The counts
began to return to normal 24 hours after the infusion was
stopped.
1. Mehta P, et al. Nitroprusside lowers platelet count. N Engl J Med

1978; 299: 1134.

Effects on the gastrointestinal tract. Five out of 38 patients
who were given sodium nitroprusside intravenously for control-
led hypotension during surgery developed symptoms of ady-
namic ileus postoperatively.1 The symptoms could have been

secondary to intestinal ischaemia due to diminished mesenteric
arterial blood flow. However, other explanations have been pro-
posed including sympathetic stimulation2,3 or the concomitant
use of opioid analgesics.4
1. Chen JW, et al. Adynamic ileus following induced hypotension.

JAMA 1985; 253: 633. 
2. Gelman S. Adynamic ileus following induced hypotension.

JAMA 1985; 254: 1721. 
3. Lampert BA. Adynamic ileus following induced hypotension.

JAMA 1985; 254: 1721. 
4. Lemmo J, Karnes J. Adynamic ileus following induced hypoten-

sion. JAMA 1985; 254: 1721.

Effects on intracranial pressure. A significant increase in
intracranial pressure while the mean blood pressure was 80 or
90% of initial values was reported1 in 14 normocapnic patients
given an infusion of sodium nitroprusside to produce controlled
hypotension prior to neurosurgery; values reverted towards nor-
mal at mean blood pressures of 70% of controls. A similar but
insignificant trend occurred in 5 hypocapnic patients. In another
report2 a rise in intracranial pressure was noted after the use of
nitroprusside in a patient with Reye’s syndrome.
1. Turner JM, et al. Intracranial pressure changes in neurosurgical

patients during hypotension induced with sodium nitroprusside
or trimetaphan. Br J Anaesth 1977; 49: 419–24. 

2. Griswold WR, et al. Nitroprusside-induced intracranial hyper-
tension. JAMA 1981; 246: 2679–80.

Phlebitis. Acute transient phlebitis has occurred after infusion
of sodium nitroprusside.1
1. Miller R, Stark DCC. Acute phlebitis from nitroprusside. An-

esthesiology 1978; 49: 372.

Treatment of Adverse Effects
Adverse effects due to excessive hypotension may be
treated by slowing or stopping the infusion. 
For details of the treatment of cyanide poisoning see
Hydrocyanic Acid, p.2045. Thiocyanate can be re-
moved by dialysis.

Precautions
Sodium nitroprusside should not be used in the pres-
ence of compensatory hypertension (for example, in
arteriovenous shunts or coarctation of the aorta). It
should be used with caution, if at all, in patients with
hepatic impairment, and in patients with low plasma-
cobalamin concentrations or Leber’s optic atrophy. It
should also be used with caution in patients with im-
paired renal or pulmonary function and with particular
caution in patients with impaired cerebrovascular cir-
culation. Thiocyanate, a metabolite of sodium nitro-
prusside, inhibits iodine binding and uptake and sodi-
um nitroprusside should be used with caution in
patients with hypothyroidism. The blood-thiocyanate
concentration should be monitored if treatment contin-
ues for more than 3 days and should not exceed
100 micrograms/mL although toxicity may be appar-
ent at lower thiocyanate concentrations. Thiocyanate
concentrations do not reflect cyanide toxicity and cya-
nide concentrations should also be monitored; the
blood concentration of cyanide should not exceed
1 microgram/mL and the serum concentration should
not exceed 80 nanograms/mL. The acid–base balance
should also be monitored. Care should be taken to en-
sure that extravasation does not occur. Sodium nitro-
prusside should not be withdrawn abruptly due to the
risk of rebound effects.
Aortic stenosis. Vasodilators such as sodium nitroprusside are
usually contra-indicated in conditions where cardiac outflow is
obstructed since cardiac output cannot increase to compensate
for the fall in blood pressure. However, a study1 in patients with
aortic stenosis and severe left ventricular dysfunction found that
sodium nitroprusside was well tolerated and that it rapidly and
markedly improved cardiac function.
1. Khot UN, et al. Nitroprusside in critically ill patients with left

ventricular dysfunction and aortic stenosis. N Engl J Med 2003;
348: 1756–63.

Pregnancy. Although there are concerns that nitroprusside giv-
en to the mother might produce cyanide toxicity in the fetus, a
systematic review1 was unable to find sufficient evidence to de-
termine the risk.
1. Sass N, et al. Does sodium nitroprusside kill babies? A system-

atic review. Sao Paulo Med J 2007; 125: 108–11.

Tachyphylaxis. Tachyphylaxis to sodium nitroprusside was as-
sociated with high plasma concentrations of cyanide without
metabolic acidosis in 3 patients undergoing hypotensive anaes-
thesia.1
1. Cottrell JE, et al. Nitroprusside tachyphylaxis without acidosis.

Anesthesiology 1978; 49: 141–2.
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Withdrawal. Rebound haemodynamic changes, including hy-
pertension and increased heart rate, occurred 10 to 30 minutes
after stopping intravenous sodium nitroprusside infusion in 20
patients with heart failure.1 The changes generally resolved
spontaneously within 1 to 3 hours and produced only minimal
exacerbation of symptoms in most patients, although 3 devel-
oped pulmonary oedema 20 to 30 minutes after stopping the in-
fusion, needing restarting of nitroprusside in 2 cases. A study2

investigating a possible mechanism for this effect found that
plasma-renin concentrations were increased during infusion of
nitroprusside and remained elevated for 30 minutes after the in-
fusion was stopped. It was suggested that this persistence of ele-
vated plasma-renin concentrations after clearance of short-lived
nitroprusside may be responsible for the rebound effects.
1. Packer M, et al. Rebound hemodynamic events after the abrupt

withdrawal of nitroprusside in patients with severe chronic heart
failure. N Engl J Med 1979; 301: 1193–7. 

2. Cottrell JE, et al. Rebound hypertension after sodium nitroprus-
side-induced hypotension. Clin Pharmacol Ther 1980; 27: 32–6.

Interactions
Enhanced hypotension should be expected if sodium
nitroprusside is used with other antihypertensives or
drugs that produce hypotension.
Alteplase. Sodium nitroprusside infusion prolonged the fibri-
nolytic activity of alteplase when given to animals; use of nitro-
vasodilators with alteplase may be responsible for the enhanced
bleeding tendency seen in some patients on thrombolytic thera-
py.1

1. Korbut R, et al. Prolongation of fibrinolytic activity of tissue
plasminogen activator by nitrovasodilators. Lancet 1990; 335:
669.

Pharmacokinetics
Sodium nitroprusside is rapidly metabolised to cyanide
in erythrocytes and smooth muscle and, in vivo, this is
followed by the release of nitric oxide, the active
metabolite. Cyanide is further metabolised in the liver to
thiocyanate, which is slowly excreted in the urine; this
metabolism is mediated by the enzyme rhodanase and
requires the presence of thiosulfate. The plasma half-
life of thiocyanate is reported to be about 3 days, but
may be much longer in patients with renal impairment.
◊ Reviews.
1. Schulz V. Clinical pharmacokinetics of nitroprusside, cyanide,

thiosulphate and thiocyanate. Clin Pharmacokinet 1984; 9:
239–51.

Uses and Administration
Sodium nitroprusside is a short-acting hypotensive
drug with a duration of action of 1 to 10 minutes. It
produces peripheral vasodilatation and reduces periph-
eral resistance by a direct action on both veins and
arterioles. It has been termed a nitrovasodilator be-
cause it releases nitric oxide in vivo. Its effects appear
within a few seconds of intravenous infusion. Sodium
nitroprusside is used in the treatment of hypertensive
crises (p.1171) and to produce controlled hypotension
during general anaesthesia. It has also been used to re-
duce preload and afterload in severe heart failure
(p.1165) including that associated with myocardial in-
farction (p.1175). 
It is given by continuous intravenous infusion of a
solution containing 50 to 200 micrograms/mL. A con-
trolled infusion device must be used. The solution
should be prepared immediately before use by dissolv-
ing sodium nitroprusside in glucose 5% and then dilut-
ing with glucose 5%; the solution must be protected
from light during infusion. Blood pressure should be
monitored closely and care should be taken to prevent
extravasation. In general, treatment should not contin-
ue for more than 72 hours. If required for several days
concentrations of cyanide should be monitored; the
blood concentration should not exceed 1 microgram/mL
and the serum concentration should not exceed
80 nanograms/mL. Thiocyanate concentrations in
blood should also be measured if infusion continues for
more than 72 hours and should not exceed
100 micrograms/mL. Since rebound hypertension has
been reported when sodium nitroprusside is with-
drawn, the infusion should be tailed off gradually over
10 to 30 minutes. 

For hypertensive crises in patients not receiving anti-
hypertensive drugs, an initial dose of 0.3 to
1.5 micrograms/kg per minute may be given, increas-
ing gradually under close supervision until the desired
reduction in blood pressure is achieved. The average
dose required to maintain the blood pressure 30 to 40%
below the pretreatment diastolic blood pressure is
3 micrograms/kg per minute and the usual dose range
is 0.5 to 6 micrograms/kg per minute. Lower doses
should be used in patients already receiving other anti-
hypertensives. The maximum recommended rate is
about 8 micrograms/kg per minute in the UK, and
10 micrograms/kg per minute in the USA; infusions at
these rates should be used for no longer than 10 min-
utes and should be stopped after 10 minutes if there is
no response. If there is a response, sodium nitroprus-
side should ideally be given for only a few hours to
avoid the risk of cyanide toxicity. Treatment with an
oral antihypertensive should be introduced as soon as
possible. 
For the induction of hypotension during anaesthesia a
maximum dose of 1.5 micrograms/kg per minute is
recommended. 
In  heart  fa i lure  an  in i t ia l  dose  of  10 to
15 micrograms/minute has been used, increasing by 10
to 15 micrograms/minute every 5 to 10 minutes ac-
cording to response. The usual dosage range is 10 to
200 micrograms/minute and the dose should not ex-
ceed 280 micrograms/minute (or 4 micrograms/kg per
minute). 
Sodium nitroprusside has also been used as a reagent
for detecting ketones in urine.
Administration in children. Although experience is more
limited than with adults, sodium nitroprusside has been success-
fully used in infants and children. Continuous infusion of nitro-
prusside at a rate of 2 to 4 micrograms/kg per minute for 28 days
was reported1 in an 11-year-old child with refractory hyperten-
sion, without any signs of thiocyanate toxicity. In a series of 58
neonates with cardiovascular disorders or respiratory distress
syndrome,2 sodium nitroprusside was given in a usual initial
dose of 250 to 500 nanograms/kg per minute, and the rate was
then repeatedly doubled at intervals of 15 to 20 minutes until the
desired effect was achieved, adverse effects supervened, or it was
judged ineffective. The maximum rate did not exceed
6 micrograms/kg per minute. Infusion of sodium nitroprusside in
doses of 0.5 to 8 micrograms/kg per minute to produce control-
led reduction of blood pressure has also been reported3 in 28 chil-
dren with hypertensive crises; 16 had also received labetalol.3

1. Luderer JR, et al. Long-term administration of sodium nitroprus-
side in childhood. J Pediatr 1977; 91: 490–1. 

2. Benitz WE, et al. Use of sodium nitroprusside in neonates: effi-
cacy and safety. J Pediatr 1985; 106: 102–10. 

3. Deal JE, et al. Management of hypertensive emergencies. Arch
Dis Child 1992; 67: 1089–92.

Ergotamine poisoning. For the use of sodium nitroprusside in
the treatment of cyanosis of the extremities due to ergotamine
overdosage, see Cardiovascular Effects, p.620.

Preparations
BP 2008: Sodium Nitroprusside Intravenous Infusion; 
USP 31: Sodium Nitroprusside for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Doketrol; Niprusodio; Nitroprus; Braz.: Nipride; Nitropresabbott;
Nitroprus; Canad.: Nipride; Cz.: Nipruss; Fr.: Nitriate; Ger.: Nipruss; Gr.:
Nitriate; India: Sonide; Irl.: Nipride†; Israel: Nipruss; Jpn: Nitopro; Mex.:
Nitan†; Rus.: Naniprus (Нанипрус); S.Afr.: Hypoten; SNP; Spain: Nitro-
prussiat; Turk.: Nipruss; USA: Nitropress.

Sotalol Hydrochloride 

(BANM, USAN, rINNM) ⊗ 
Hidrocloruro de sotalol; MJ-1999; Sotalol, chlorhydrate de; Sota-
lol Hidroklorür; d,l-Sotalol Hydrochloride; Sotalol-hydrochlorid;
Sotalolhydroklorid; Sotaloli hydrochloridum; Sotalolihydrokloridi;
Sotalolio hidrochloridas; Szotalol-hidroklorid. 4′-(1-Hydroxy-2-
isopropylaminoethyl)methanesulphonanilide hydrochloride.

Соталола Гидрохлорид
C12H20N2O3S,HCl = 308.8.

CAS — 3930-20-9 (sotalol); 959-24-0 (sotalol hydrochlo-
r ide).
ATC — C07AA07.
ATC Vet — QC07AA07.

(sotalol)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Sotalol Hydrochloride). A white or almost white
powder. Freely soluble in water; soluble in alcohol; practically
insoluble in dichloromethane. A 5% solution in water has a pH
of 4.0 to 5.0. Protect from light. 
USP 31 (Sotalol Hydrochloride). A white to off-white powder.
Freely soluble in water; soluble in alcohol; very slightly soluble
in chloroform.
Stability. Suspensions of sotalol hydrochloride 5 mg/mL made
using either commercially available or extemporaneously pre-
pared vehicles were found1 to be stable for up to 3 months when
stored at 4° or 25°. Prolonged storage at 25° was not recom-
mended, however, because of the risk of microbial growth.
1. Nahata MC, Morosco RS. Stability of sotalol in two liquid for-

mulations at two temperatures. Ann Pharmacother 2003; 37:
506–9.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226. 
Torsade de pointes has been reported in patients given
sotalol, usually due to prolongation of the QT interval.
The QT interval should be monitored: extreme caution
is required if the QT interval exceeds 500 milliseconds
and sotalol should be stopped or the dose reduced if the
QT interval exceeds 550 milliseconds. As hypokalae-
mia or hypomagnesaemia may predispose patients to
arrhythmias, serum-electrolyte concentrations should
be monitored before and during treatment with sotalol. 
Sotalol should be used with caution in renal impair-
ment (see under Uses and Administration, below) and
is contra-indicated in patients whose creatinine clear-
ance is less than 10 mL/minute.
Breast feeding. Sotalol is distributed into breast milk and milk
to serum ratios have been reported1-3 to range from 2.2 to 8.8. In
one report2 it was calculated that a breast-fed infant might ingest
20 to 23% of a maternal dose; however, no bradycardia was
noted in the infant in this study. The American Academy of
Pediatrics states4 that there have been no reports of clinical ef-
fects in breast-fed infants whose mothers were receiving sotalol
and that therefore it may be considered to be usually compatible
with breast feeding.
1. O’Hare MF, et al. Sotalol as a hypotensive agent in pregnancy.

Br J Obstet Gynaecol 1980; 87: 814–20. 
2. Hackett LP, et al. Excretion of sotalol in breast milk. Br J Clin

Pharmacol 1990; 29: 277–8. 
3. Wagner X, et al. Coadministration of flecainide acetate and so-

talol during pregnancy: lack of teratogenic effects, passage
across the placenta, and excretion in human breast milk. Am
Heart J 1990; 119: 700–2. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Interactions
There is an increased risk of precipitating ventricular
arrhythmias if sotalol is given with other drugs that
prolong the QT interval, and use with the following
drugs is therefore not recommended: class Ia
antiarrhythmics (including disopyramide, procain-
amide, and quinidine), amiodarone, phenothiazine
antipsychotics, tricyclic antidepressants, certain anti-
histamines (astemizole or terfenadine), cisapride,
erythromycin, halofantrine, pentamidine, quinolones,
sultopride, and vincamine. Caution is required if sota-
lol is given with drugs that cause electrolyte distur-
bances, such as diuretics, since this also increases the
risk of arrhythmias. 
Other interactions associated with beta blockers are
discussed on p.1228.

Pharmacokinetics
Sotalol is almost completely absorbed from the gas-
trointestinal tract and peak plasma concentrations are
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obtained about 2 to 4 hours after a dose. The plasma
elimination half-life is about 10 to 20 hours. Sotalol has
low lipid solubility. Very little is metabolised and it is
excreted unchanged in the urine. Binding to plasma
proteins is reported to be low. It crosses the placenta
and is distributed into breast milk; concentrations in
milk may be higher than those in maternal serum (see
Breast Feeding, above). Only small amounts are re-
ported to cross the blood-brain barrier and enter the
CSF. Sotalol is removed by dialysis.
◊ General references.
1. Singh BN, et al. Sotalol: a review of its pharmacodynamic and

pharmacokinetic properties, and therapeutic use. Drugs 1987;
34: 311–49. 

2. Fitton A, Sorkin EM. Sotalol: an updated review of its pharma-
cological properties and therapeutic use in cardiac arrhythmias.
Drugs 1993; 46: 678–719.

Pregnancy. The systemic clearance of sotalol in 6 healthy
women after an intravenous dose was significantly higher during
pregnancy than in the postnatal period, and the mean elimination
half-life was shorter (6.6 versus 9.3 hours), although the latter
difference was not significant.1 Clearance after an oral dose was
also higher during pregnancy than afterwards, but half-lives
(10.9 versus 10.3 hours) and mean bioavailability were similar.
The changes were probably due to alterations in renal function in
the antenatal period. 
In a study2 of transplacental therapy, sotalol was found to cross
the placenta easily and completely, with steady-state plasma con-
centrations similar in mother and fetus. Sotalol accumulated in
the amniotic fluid but not in the fetus; it was not associated with
fetal growth restriction.
1. O’Hare MF, et al. Pharmacokinetics of sotalol during pregnancy.

Eur J Clin Pharmacol 1983; 24: 521–4. 
2. Oudijk MA, et al. Treatment of fetal tachycardia with sotalol:

transplacental pharmacokinetics and pharmacodynamics. J Am
Coll Cardiol 2003; 42: 765–70.

Uses and Administration
Sotalol is a non-cardioselective beta blocker (p.1225).
It is reported to lack both intrinsic sympathomimetic
and membrane-stabilising properties. In addition to the
class II antiarrhythmic activity of beta blockers, sotalol
lengthens the duration of the action potential resulting
in class III antiarrhythmic activity. For a classification
and explanation of antiarrhythmic activity, see p.1153. 
Sotalol is used in the management of ventricular and
supraventricular arrhythmias (p.1160). Because of its
proarrhythmic effects, it is usually reserved for severe
or life-threatening arrhythmias, and it should not be
used in patients with asymptomatic ventricular
arrhythmias. Although it was formerly used for its
beta-blocking effects in the management of angina
pectoris, hypertension, and myocardial infarction, it is
no longer recommended for these indications because
of the risk of precipitating arrhythmias. 
Sotalol is given as the hydrochloride. Treatment should
be started in hospital with suitable monitoring facili-
ties. The QT interval should be assessed before the start
of treatment and whenever the dosage is adjusted (see
Precautions above); plasma-electrolyte concentrations
and renal function should also be monitored. The dose
should be reduced in patients with renal impairment
(see below). 
The usual initial oral dose of sotalol hydrochloride is
80 mg daily, as a single dose or in two divided doses.
The dosage is then individualised according to re-
sponse, and doses are increased gradually allowing 2
or 3 days between increments. US licensed product in-
formation recommends a higher initial dose of 80 mg
twice daily and this should not be increased for at least
3 days. Most patients respond to doses of 160 to
320 mg daily (usually given in two divided doses).
Some patients with ventricular arrhythmias may re-
quire doses as high as 640 mg daily. 
Sotalol may be given intravenously to control acute
arrhythmias, to substitute for oral therapy, and for pro-
grammed electrical stimulation. To control acute
arrhythmias, sotalol hydrochloride is given in a dose of
20 to 120 mg (500 to 1500 micrograms/kg) intrave-
nously over 10 minutes. This dose may be repeated
every 6 hours if necessary. To substitute for oral therapy
an intravenous infusion of 200 to 500 micrograms/kg
per hour may be used. The total daily dose should not

exceed 640 mg. For programmed electrical stimulation
(to test antiarrhythmic efficacy) an initial dose of
1.5 mg/kg is given over 10 to 20 minutes, followed by
an intravenous infusion of 200 to 500 micrograms/kg
per hour. 
Sotalol is used as a racemic mixture; d-sotalol (dexso-
talol; (+)-sotalol) has also been investigated as an
antiarrhythmic but development was stopped when it
was found to increase mortality (see Action, below).
◊ General references.
1. Fitton A, Sorkin EM. Sotalol: an updated review of its pharma-

cological properties and therapeutic use in cardiac arrhythmias.
Drugs 1993; 46: 678–719. 

2. Nappi JM, McCollam PL. Sotalol: a breakthrough antiarrhyth-
mic? Ann Pharmacother 1993; 27: 1359–68. 

3. Zanetti LAF. Sotalol: a new class III antiarrhythmic agent. Clin
Pharm 1993; 12: 883–91. 

4. Hohnloser SH, Woosley RL. Sotalol. N Engl J Med 1994; 331:
31–8. 

5. Anderson JL, Prystowsky EN. Sotalol: an important new an-
tiarrhythmic. Am Heart J 1999; 137: 388–409.

Action. Sotalol is used as the racemic mixture of the two stere-
oisomers, d-sotalol (dexsotalol; (+)-sotalol) and l-sotalol ((−)-so-
talol). A comparison of the effects of d-sotalol and racemic sota-
lol in 6 healthy subjects1 showed that the beta-blocking activity
resided almost entirely in the l-isomer, while the effects on the
QT interval, which are consistent with type III antiarrhythmic ac-
tivity, appear to be due to both isomers. A study in 8 healthy sub-
jects also showed a lack of beta blockade by d-sotalol.2 This
would suggest that the electrophysiological effects of sotalol are
unrelated to its beta-blocking properties. d-Sotalol has been in-
vestigated as an antiarrhythmic.3 However, a preliminary place-
bo-controlled study in patients with myocardial infarction at high
risk of arrhythmia due to impaired left ventricular function was
terminated early when increased mortality was seen in the treat-
ment group.4,5

1. Johnston GD, et al. A comparison of the cardiovascular effects
of (+)-sotalol and (±)-sotalol following intravenous administra-
tion in normal volunteers. Br J Clin Pharmacol 1985; 20:
507–10. 

2. Yasuda SU, et al. d-Sotalol reduces heart rate in vivo through a
β-adrenergic receptor-independent mechanism. Clin Pharmacol
Ther 1993; 53: 436–42. 

3. Advani SV, Singh BN. Pharmacodynamic, pharmacokinetic and
antiarrhythmic properties of d-sotalol, the dextro-isomer of sota-
lol. Drugs 1995; 49: 664–79. 

4. Choo V. SWORD slashed. Lancet 1994; 344: 1358. 
5. Waldo AL, et al. Effect of d-sotalol on mortality in patients with

left ventricular dysfunction after recent and remote myocardial
infarction. Lancet 1996; 348: 7–12. Correction. ibid.; 416.

Administration in children. Sotalol has been used to treat
both ventricular and supraventricular arrhythmias in children
aged from newborn to adolescent;1-3 it appears to be effective
and well-tolerated, although proarrhythmic effects may occur.
Neonates may be more sensitive to the QT-prolonging effects of
sotalol3 and lower doses may be appropriate. In the UK, the
BNFC recommends the following oral doses of sotalol hydro-
chloride: 
• Neonates: initial dose 1 mg/kg twice daily, increased as neces-

sary every 3 to 4 days to a maximum of 4 mg/kg twice daily 
• Children aged 1 month to 12 years: initial dose 1 mg/kg twice

daily, increased as necessary every 2 to 3 days to a maximum
of 4 mg/kg twice daily (maximum total dose 80 mg twice dai-
ly) 

Licensed product information in the USA recommends doses of
sotalol hydrochloride based on body surface area. Children aged
2 years and over may be given an initial dose of 30 mg/m2 three
times daily, increased as necessary at intervals of at least 36 hours
to a maximum of 60 mg/m2 three times daily. For children under
2 years of age the dose should be further reduced, and nomo-
grams are available providing age-specific recommendations. 
In children with refractory supraventricular tachycardia, sotalol
has been given with flecainide; in a study4 in children aged under
1 year, doses used ranged from 100 to 250 mg/m2 daily of sotalol
and from 40 to 150 mg/m2 daily of flecainide. 
Sotalol has also been used transplacentally to treat fetal tachycar-
dias, including atrial flutter and supraventricular tachycardia. It
may be effective as second-line therapy in addition to digoxin,5
and has also been used first-line.6,7 However, one retrospective
study6 of 21 fetuses given sotalol transplacentally found that it
was more effective in atrial flutter than in supraventricular tach-
ycardia; mortality was also higher in fetuses with supraventricu-
lar tachycardia, and the authors therefore suggested that sotalol
should only be used in resistant cases.
1. Çeliker A, et al. Sotalol in treatment of pediatric cardiac arrhyth-

mias. Pediatr Int 2001; 43: 624–30. 
2. Beaufort-Krol GCM, Bink-Boelkens MTE. Effectiveness of so-

talol for atrial flutter in children after surgery for congenital heart
disease. Am J Cardiol 1997; 79: 92–4. 

3. Läer S, et al. Development of a safe and effective pediatric dos-
ing regimen for sotalol based on population pharmacokinetics
and pharmacodynamics in children with supraventricular tachy-
cardia. J Am Coll Cardiol 2005; 46: 1322–30. 

4. Price JF, et al. Flecainide and sotalol: a new combination therapy
for refractory supraventricular tachycardia in children <1 year of
age. J Am Coll Cardiol 2002; 39: 517–20. 

5. Sonesson S-E, et al. Foetal supraventricular tachycardia treated
with sotalol. Acta Paediatr 1998; 87: 584–7. 

6. Oudijk MA, et al. Sotalol in the treatment of fetal dysrhythmias.
Circulation 2000; 101: 2721–6. 

7. Rebelo M, et al. Sotalol in the treatment of fetal tachyarrhyth-
mia. Rev Port Cardiol 2006; 25: 477–81.

Administration in renal impairment. Sotalol is excreted
mainly unchanged by the kidneys and may accumulate in renal
impairment. The usual daily dosage (see above) should therefore
be reduced, either by decreasing the size of each dose, or by in-
creasing the interval between doses. UK licensed product infor-
mation for oral or intravenous sotalol recommends the following
doses based on creatinine clearance (CC): 
• CC 30 to 60 mL/minute: half usual dose 
• CC 10 to 30 mL/minute: quarter usual dose 
• CC less than 10 mL/minute: not recommended 
Dosage recommendations in the USA depend on both the indi-
cation and CC, and incremental increases should not be made
until 5 or 6 doses have been given. In the treatment of ventricular
arrhythmias, licensed product information for oral sotalol recom-
mends that in renal impairment doses should be given at the fol-
lowing intervals: 
• CC 30 to 59 mL/minute: every 24 hours 
• CC 10 to 29 mL/minute: every 36 to 48 hours 
• CC less than 10 mL/minute: dosage should be individualised 
For the treatment of atrial fibrillation, the same dosage intervals
are recommended but sotalol is contra-indicated if CC is less
than 40 mL/minute. 
In a study of 10 hypertensive patients with varying degrees of
renal impairment,1 the apparent first-order elimination rate con-
stant and plasma clearance of sotalol correlated with glomerular
filtration rate. Another study2 compared kinetics in patients with
normal renal function, renal impairment, and renal failure. Elim-
ination half-lives of 8.1 and 24.2 hours were reported in patients
with CC above 39 mL/minute and between 8 and 38 mL/minute,
respectively. It was suggested that an increase in the dosage in-
terval to 48 or 72 hours may be necessary to compensate for
longer half-lives. Caution is required when sotalol is used in pa-
tients on dialysis; a half-life of 33.9 hours was reported in pa-
tients with renal failure but this fell to 5.8 hours during dialysis
which removed about 43% of sotalol.
1. Berglund G, et al. Pharmacokinetics of sotalol after chronic ad-

ministration to patients with renal insufficiency. Eur J Clin
Pharmacol 1980; 18: 321–6. 

2. Blair AD, et al. Sotalol kinetics in renal insufficiency. Clin Phar-
macol Ther 1981; 29: 457–63.

Preparations
BP 2008: Sotalol Injection; Sotalol Tablets; 
USP 31: Sotalol Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Darob†; Sotacor; Austral.: Cardol; Solavert; Sotab†; Sotacor; Sota-
hexal; Austria: Darob; Sotacor; Sotahexal; Sotamed; Sotanorm; Sotastad;
Ventricor†; Belg.: Sotalex; Braz.: Sotacor; Canad.: Sotacor†; Chile: Hi-
pecor; Cz.: Darob†; Rentibloc†; Sotahexal; Sotalex; Denm.: Dutacor;
Sotabet†; Sotacor; Fin.: Sotacor; Sotalin; Fr.: Sotalex; Ger.: CorSotalol†;
Darob; Favorex; Gilucor; Jutalex; Rentibloc; Sota; Sota Lich; Sota-Puren;
Sota-saar; Sotabeta; Sotagamma; Sotahexal; Sotalex; Sotalodoc; Sotaryt†;
Sotastad; Hong Kong: Sotacor; Hung.: Sotahexal; Sotalex; Irl.: Sotacor;
Sotoger; Israel: Sotacor†; Ital.: Rytmobeta; Sotalex; Jpn: Sotacor†; Ma-
laysia: Sotacor; Mex.: Sotaper; Neth.: Sotacor; Norw.: Sotacor; NZ: So-
tacor; Sotahexal; Philipp.: Sotalex; Pol.: Biosotal; Darob; Sotahexal; Port.:
Darob; Rus.: Sotahexal (Сотагексал); Sotalex (Соталекс); S.Afr.: Sotacor;
Sotahexal; Singapore: Sotacor; Spain: Sotapor; Swed.: Sotabet†; Sota-
cor; Switz.: Sotalex; Turk.: Darob; Sotarit; Talozin; UK: Beta-Cardone; So-
tacor; USA: Betapace.

Multi-ingredient: S.Afr.: Sotazide.

Spirapril Hydrochloride (BANM, USAN, rINNM)

Hidrocloruro de espirapril; Sch-33844; Spirapriilihydrokloridi;
Spirapril, chlorhydrate de; Spirapril-hydrochlorid; Spiraprilhy-
droklorid; Spiraprili hydrochloridum; Spiraprilio hidrochloridas;
TI-211-950. (S)-7-{N-[(S)-1-Ethoxycarbonyl-3-phenylpropyl]-L-
alanyl}-1,4-dithia-7-azaspiro[4.4]nonane-8-carboxylic acid hydro-
chloride.
Спираприла Гидрохлорид
C22H30N2O5S2,HCl = 503.1.
CAS — 83647-97-6 (spirapril); 94841-17-5 (spirapril hy-
drochlor ide).
ATC — C09AA11.
ATC Vet — QC09AA11.

(spirapril)
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Pharmacopoeias. Eur. includes the monohydrate. 
Ph. Eur. 6.2 (Spirapril Hydrochloride Monohydrate). A white or
almost white, fine crystalline powder. Very slightly soluble in
water; slightly soluble in acetonitrile; practically insoluble in
dichloromethane; soluble in methyl alcohol. Store in airtight
containers. Protect from light.
Profile
Spirapril is an ACE inhibitor (p.1193) that is used in the manage-
ment of hypertension (p.1171). It owes its activity to the diacid
spiraprilat, to which it is converted after oral doses. It is given
orally as the hydrochloride in a usual maintenance dose of 6 mg
once daily.
◊ References.
1. Noble S, Sorkin EM. Spirapril: a preliminary review of its phar-

macology and therapeutic efficacy in the treatment of hyperten-
sion. Drugs 1995; 49: 750–66. 

2. Widimský J, et al. Czech and Slovak spirapril intervention study
(CASSIS): a randomized, placebo and active-controlled, double-
blind multicentre trial in patients with congestive heart failure.
Eur J Clin Pharmacol 1995; 49: 95–102.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Quadropril; Cz.: Renpress; Ger.: Quadropril; Hung.: Quadropril;
Ital.: Renormax; Setrilan; Neth.: Quadropril; Rus.: Quadropril
(Квадроприл); Spain: Renormax; Renpress; Switz.: Cardiopril†.

Spironolactone (BAN, rINN) ⊗ 
Espironolactona; SC-9420; Spirolactone; Spironolactonum;
Spironolakton; Spironolaktonas; Spironolaktoni. 7α-Acetylthio-3-
oxo-17α-pregn-4-ene-21,17β-carbolactone; (7α,17α)-7-(Acetyl-
thio)-17-hydroxy-3-oxo-pregn-4-ene-21-carboxylic acid γ-lac-
tone.
Спиронолактон
C24H32O4S = 416.6.
CAS — 52-01-7.
ATC — C03DA01.
ATC Vet — QC03DA01.

NOTE. Compounded preparations of spironolactone may be repre-
sented by the following names: 
• Co-flumactone (BAN)—spironolactone and hydroflumethi-

azide in equal parts (w/w) 
• Co-spironozide (PEN)—spironolactone and hydrochlorothi-

azide.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Spironolactone). A white or yellowish-white pow-
der. Practically insoluble in water; soluble in alcohol. It exhibits
polymorphism. Protect from light. 
USP 31 (Spironolactone). A light cream-coloured to light tan,
crystalline powder with a faint to mild mercaptan-like odour.
Practically insoluble in water; soluble in alcohol and in ethyl
acetate; freely soluble in chloroform and in benzene; slightly sol-
uble in methyl alcohol and in fixed oils.
Stability. There was no appreciable loss of spironolactone from
extemporaneously prepared suspensions of spironolactone, 2.5,
5 and 10 mg/mL, in a cherry syrup after storage for 2 weeks at 5°
or 30° or at ambient room temperature under intense fluorescent
light.1 Degradation was less than 5% for samples stored for 4
weeks, but was more noticeable in suspensions with a higher
initial concentration. There were no changes in colour or odour.
Bacterial and fungal counts were well within acceptable limits
after 4 weeks at 30°.
1. Mathur LK, Wickman A. Stability of extemporaneously com-

pounded spironolactone suspensions. Am J Hosp Pharm 1989;
46: 2040–2.

Adverse Effects
Spironolactone may give rise to headache and drowsi-
ness, and gastrointestinal disturbances, including
cramp and diarrhoea. Ataxia, mental confusion, and
skin rashes have been reported as adverse effects. Gy-
naecomastia is not uncommon and in rare cases breast
enlargement may persist. Other endocrine disorders in-
clude hirsutism, deepening of the voice, menstrual
irregularities, and impotence. Transient increases in
blood-urea-nitrogen concentrations may occur and

mild acidosis has been reported. Spironolactone has
been shown to cause tumours in rats. 
Spironolactone may cause hyponatraemia and hyper-
kalaemia.
Incidence of adverse effects. A survey found that of 788 pa-
tients given spironolactone 164 developed adverse effects.1
These included hyperkalaemia in 8.6%, dehydration in 3.4%, hy-
ponatraemia in 2.4%, gastrointestinal disorders in 2.3%, neuro-
logical disorders in 2%, rash, and gynaecomastia. Hyperkalae-
mia was associated with renal impairment and the use of
potassium supplements: only 2.8% of nonuraemic patients not
receiving potassium chloride developed hyperkalaemia, while
42.1% of those with marked uraemia and treated with potassium
chloride became hyperkalaemic. 
In a study2 of 54 patients (53 female, 1 male) taking spironolac-
tone 200 mg daily for hirsutism or acne adverse effects were re-
ported in 91%.2 Menstrual disturbances occurred in 72% of pa-
tients, breast tenderness in 39%, dry skin in 39%, and breast
enlargement in 24%. Other adverse effects included nausea and
vomiting, dizziness, headache, drowsiness, and skin rashes. Two
patients developed a chloasma-like pigmentation of the face. The
gynaecological effects were reduced in patients taking oral con-
traceptives.
1. Greenblatt DJ, Koch-Weser J. Adverse reactions to spironolac-

tone: a report from the Boston Collaborative Drug Surveillance
Program. JAMA 1973; 225: 40–3. 

2. Hughes BR, Cunliffe WJ. Tolerance of spironolactone. Br J Der-
matol 1988; 118: 687–91.

Carcinogenicity. Breast cancer was reported in 5 patients tak-
ing spironolactone and hydrochlorothiazide for prolonged
periods1 although it was suggested2 that the association with
spironolactone therapy was unlikely to be causal. 
Although the rat may not be an appropriate model for determin-
ing long-term safety in man,3,4 evidence of carcinogenicity in
this species prompted the UK CSM to limit the product licences
of spironolactone-containing products to exclude use in essential
hypertension or idiopathic oedema.5
1. Loube SD, Quirk RA. Breast cancer associated with administra-

tion of spironolactone. Lancet 1975; i: 1428–9. 
2. Jick H, Armstrong B. Breast cancer and spironolactone. Lancet

1975; ii: 368–9. 
3. Lumb G, et al. Effects in animals of chronic administration of

spironolactone—a review. J Environ Pathol Toxicol 1978; i:
641–60. 

4. Wagner BM. Long-term toxicology studies of spironolactone in
animals and comparison with potassium canrenoate. J Drug Dev
1987; 1 (suppl 2): 7–11. 

5. Committee on Safety of Medicines. Spironolactone. Current
Problems 1988; 21. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2024428&RevisionSelectionMethod=
LatestReleased (accessed 25/07/08)

Effects on the blood. Agranulocytosis has been reported1,2 in
association with the use of spironolactone.
1. Stricker BHC, Oei TT. Agranulocytosis caused by spironolac-

tone. BMJ 1984; 289: 731. 
2. Whitling AM, et al. Spironolactone-induced agranulocytosis.

Ann Pharmacother 1997; 31: 582–5.

Effects on electrolyte balance. CALCIUM. A report1 sug-
gested that spironolactone may have a calcium-sparing effect,
in addition to its well known potassium-sparing properties.
1. Puig JG, et al. Hydrochlorothiazide versus spironolactone: long-

term metabolic modifications in patients with essential hyperten-
sion. J Clin Pharmacol 1991; 31: 455–61.

POTASSIUM. There have been reports1-3 of severe hyperkalae-
mia in patients taking spironolactone, including patients with
renal impairment and those with a high potassium intake from
either dietary sources or potassium supplements. In the Bos-
ton Collaborative Drug Surveillance Program4 hyperkalae-
mia was reported in 42.1% of patients with uraemia taking
spironolactone and receiving potassium supplements com-
pared with 2.8% of those without uraemia and not receiving
potassium supplements. Two deaths were attributed to hyper-
kalaemia in patients taking spironolactone and potassium
chloride. Potassium supplements should be avoided in pa-
tients receiving spironolactone, and plasma-potassium con-
centrations should be carefully monitored in those with renal
impairment.
1. Pongpaew C, et al. Hyperkalemic cardiac arrhythmia secondary

to spironolactone. Chest 1973; 63: 1023–5. 
2. Udezue EO, Harrold BP. Hyperkalaemic paralysis due to

spironolactone. Postgrad Med J 1980; 56: 254–5. 
3. O’Reilly PH, et al. Life-threatening hyperkalaemia after bladder

decompression for high pressure chronic retention. Lancet 1987;
ii: 859. 

4. Greenblatt DJ, Koch-Weser J. Adverse reactions to spironolac-
tone: a report from the Boston Collaborative Drug Surveillance
Program. JAMA 1973; 225: 40–3.

Effects on endocrine function. Spironolactone has been as-
sociated with disturbances of endocrine function. The most
prominent in men is gynaecomastia which appears to be related
to both dose and duration of treatment. Incidences of 62%1 and
100%2 have been reported. Gynaecomastia has also been accom-
panied by impotence.3,4 The effects are generally reversible on
stopping treatment. Reversal of male-pattern baldness has also
been reported.5 

In women symptoms include breast enlargement and tender-
ness.6 The incidence of menstrual abnormalities may be high:
unspecified disturbances have been reported in 33 of 53 women,6
secondary amenorrhoea in 6 of 9,7 and secondary and primary
amenorrhoea in 1 and 2 patients, respectively.8 The incidence of
gynaecological disturbances has been found to be lower in wom-
en taking oral contraceptives.6 
The mechanism of the effects of spironolactone on the endocrine
system is unclear. Some workers9 suggested that although
spironolactone affects testosterone synthesis, the more likely ex-
planation was its anti-androgenic action, and reduction in 17-hy-
droxylase activity. Others10 found an alteration in the testoster-
one/oestrogen ratio due to an increase in testosterone clearance
and increased peripheral conversion to estradiol. In addition,
spironolactone is reported to inhibit binding of dihydrotestoster-
one to receptors.
1. Huffman DH, et al. Gynecomastia induced in normal males by

spironolactone. Clin Pharmacol Ther 1978; 24: 465–73. 
2. Bellati G, Idéo G. Gynaecomastia after spironolactone and po-

tassium canrenoate. Lancet 1986; i: 626. 
3. Greenblatt DJ, Koch-Weser J. Gynecomastia and impotence

complications of spironolactone therapy. JAMA 1973; 223: 82. 
4. Greenlaw C. Spironolactone induced gynecomastia: a case re-

port. Drug Intell Clin Pharm 1977; 11: 70–3. 
5. Thomas PS. Hair: wanted and unwanted. BMJ 1986; 293: 698. 
6. Hughes BR, Cunliffe WJ. Tolerance of spironolactone. Br J

Dermatol 1988; 118: 687–91. 
7. Levitt JI. Spironolactone therapy and amenorrhea. JAMA 1970;

211: 2014–15. 
8. Potter C, et al. Primary and secondary amenorrhea associated

with spironolactone therapy in chronic liver disease. J Pediatr
1992; 121: 141–3. 

9. Loriaux DL, et al. Spironolactone and endocrine dysfunction.
Ann Intern Med 1976; 85: 630–6. 

10. Rose LI, et al. Pathophysiology of spironolactone-induced
gynecomastia. Ann Intern Med 1977; 87: 398–403.

Effects on lipid metabolism. Unlike thiazide diuretics,
spironolactone appeared not to increase serum-cholesterol con-
centrations in a study of 23 patients.1
1. Ames RP, Peacock PB. Serum cholesterol during treatment of

hypertension with diuretic drugs. Arch Intern Med 1984; 144:
710–14.

Effects on the liver. Hepatotoxicity characterised by cholestat-
ic lesions has been reported in a patient receiving spironolac-
tone.1 Only one other published case of spironolactone-associat-
ed hepatotoxicity was known to the authors.
1. Renkes P, et al. Spironolactone and hepatic toxicity. JAMA 1995;

273: 376–7.

Effects on the skin. Lichen-planus-like skin eruptions devel-
oped in a 62-year-old woman who was taking digoxin, pro-
pranolol, diazepam, spironolactone, and iron tablets.1 Flares of
the lichen-planus-like eruption seemed to be associated with use
of spironolactone and there was evidence of resolution when
spironolactone was withdrawn. Cutaneous vasculitis was associ-
ated with spironolactone on 3 occasions in an 80-year-old man.2
A chloasma-like pigmentation of the face was reported in 2 pa-
tients receiving spironolactone for hirsutism or acne.3
1. Downham TF. Spironolactone-induced lichen planus. JAMA

1978; 240: 1138. 
2. Phillips GWL, Williams AJ. Spironolactone induced vasculitis.

BMJ 1984; 288: 368. 
3. Hughes BR, Cunliffe WJ. Tolerance of spironolactone. Br J Der-

matol 1988; 118: 687–91.

Hypersensitivity. Eosinophilia and a rash developed in 2 pa-
tients with alcoholic cirrhosis while taking spironolactone.1
1. Wathen CG, et al. Eosinophilia associated with spironolactone.

Lancet 1986; i: 919–20.

Precautions
Spironolactone should not be used in patients with hy-
perkalaemia or severe renal impairment. It should be
used with care in patients who are at increased risk of
developing hyperkalaemia; such patients include the
elderly, those with diabetes mellitus, and those with
some degree of renal or hepatic impairment. It should
also be given with care to patients likely to develop
acidosis. Serum electrolytes and blood-urea-nitrogen
should be measured periodically.
Breast feeding. The concentration of canrenone was
measured1 in the serum and milk of a breast-feeding woman tak-
ing 25 mg of spironolactone four times daily. The milk to serum
concentration ratios of canrenone at 2 and 14.5 hours after a dose
of spironolactone were 0.72 and 0.51 respectively, and it was es-
timated that the amount of canrenone ingested by the infant
would be 0.2% of the mother’s daily dose of spironolactone. The
serum potassium and sodium levels of the infant were in the nor-
mal range. The American Academy of Pediatrics2 considers that
spironolactone is therefore usually compatible with breast feed-
ing.
1. Phelps DL, Karim A. Spironolactone: relationship between con-

centrations of dethioacetylated metabolite in human serum and
milk. J Pharm Sci 1977; 66: 1203. 

2. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)
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Diabetes mellitus. Severe hyperkalaemia was reported in a
type 1 diabetic woman with hyporeninaemic hypoaldosteronism
given spironolactone.1

1. Large DM, et al. Hyperkalaemia in diabetes mellitus—potential
hazards of coexisting hyporeninaemic hypoaldosteronism. Post-
grad Med J 1984; 60: 370–3.

Interference with laboratory estimations. Spironolactone
and canrenoate can interfere with some assays for plasma-digox-
in concentrations.1-3 However, spironolactone may also produce
actual changes in digoxin concentrations (see p.1262) and results
of assays should be interpreted with caution.
1. Yosselson-Superstine S. Drug interferences with plasma assays

in therapeutic drug monitoring. Clin Pharmacokinet 1984; 9:
67–87. 

2. Foukaridis GN. Influence of spironolactone and its metabolite
canrenone on serum digoxin assays. Ther Drug Monit 1990; 12:
82–4. 

3. Steimer W, et al. Intoxication due to negative canrenone interfer-
ence in digoxin drug monitoring. Lancet 1999; 354: 1176–7.

Porphyria. Spironolactone has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
There is an increased risk of hyperkalaemia if spironol-
actone is given with potassium supplements or with
other potassium-sparing diuretics. Hyperkalaemia may
occur as well in patients also given ACE inhibitors,
angiotensin II receptor antagonists, NSAIDs,
ciclosporin, or trilostane. In patients given spironolac-
tone with NSAIDs or ciclosporin the risk of nephrotox-
icity may also be increased. Diuretics may reduce the
excretion of lithium and increase the risk of lithium
toxicity. Hyponatraemia may occur in patients taking a
potassium-sparing diuretic with a thiazide; this risk
may be increased in patients given chlorpropamide.
Spironolactone may reduce the ulcer-healing proper-
ties of carbenoxolone. As with other diuretics,
spironolactone may enhance the effects of other anti-
hypertensive drugs and may reduce vascular responses
to noradrenaline.
ACE inhibitors and angiotensin II receptor antagonists.
Severe hyperkalaemia has been reported in patients given
spironolactone with ACE inhibitors or angiotensin II receptor
antagonists and fatalities have occurred. In a study1 of 44 patients
taking such combinations for heart failure who were admitted to
hospital with life-threatening hyperkalaemia, 37 required
haemodialysis and 2 developed fatal complications. In another
group2 of 25 patients given spironolactone with ACE inhibitors
who were admitted with severe hyperkalaemia, 2 died and 4 oth-
ers developed severe cardiac arrhythmias. Advanced age, renal
impairment or diabetes mellitus were risk factors for hyperkalae-
mia in both studies. It was suggested that combinations of
spironolactone with ACE inhibitors or angiotensin II receptor
antagonists should be used with caution in such patients and that
they should not be given doses of spironolactone above 25 mg
daily.
1. Wrenger E, et al. Interaction of spironolactone with ACE inhib-

itors or angiotensin receptor blockers: analysis of 44 cases. BMJ
2003; 327: 147–9. 

2. Schepkens H, et al. Life-threatening hyperkalemia during com-
bined therapy with angiotensin-converting enzyme inhibitors
and spironolactone: an analysis of 25 cases. Am J Med 2001;
110: 438–41.

Aspirin. Aspirin has been shown to produce substantial reduc-
tions in sodium excretion1 in healthy subjects taking spironolac-
tone and to reduce the excretion of spironolactone’s active
metabolite, canrenone.2 However, use of aspirin in hypertensive
patients3 did not alter the effect of spironolactone on blood pres-
sure, serum electrolytes, blood urea nitrogen, or plasma-renin ac-
tivity.
1. Tweeddale MG, Ogilvie RI. Antagonism of spironolactone-in-

duced natriuresis by aspirin in man. N Engl J Med 1973; 289:
198–200. 

2. Ramsay LE, et al. Influence of acetylsalicylic acid on the renal
handling of a spironolactone metabolite in healthy subjects. Eur
J Clin Pharmacol 1976; 10: 43–8. 

3. Hollifield JW. Failure of aspirin to antagonize the antihyperten-
sive effect of spironolactone in low-renin hypertension. South
Med J 1976; 69: 1034–6.

Cardiac glycosides. For discussions of the effects of spironol-
actone on digoxin and digitoxin, see p.1262 and p.1259, respec-
tively. See also Interference with Laboratory Estimations, under
Precautions, above.

Mitotane. For a report of the inhibition of the action of mitotane
by spironolactone, see p.753.

Warfarin. For reference to the interaction between warfarin and
spironolactone, see p.1430.

Pharmacokinetics
Spironolactone is well absorbed from the gastrointesti-
nal tract, with a bioavailability of about 90%. It is about
90% bound to plasma proteins. 
Spironolactone is metabolised extensively to a number
of metabolites including canrenone and 7α-thiometh-
ylspirolactone, both of which are pharmacologically
active. The major metabolite may be 7α-thiomethyl-
spirolactone, although it is uncertain to what extent the
actions of spironolactone are dependent on the parent
compound or its metabolites. 
Spironolactone is excreted mainly in the urine and also
in the faeces, in the form of metabolites. Spironolac-
tone or its metabolites may cross the placental barrier,
and canrenone is distributed into breast milk.
◊ References.
1. Overdiek HWPM, Merkus FWHM. The metabolism and biop-

harmaceutics of spironolactone in man. Rev Drug Metab Drug
Interact 1987; 5: 273–302. 

2. Gardiner P, et al. Spironolactone metabolism: steady-state serum
levels of the sulfur-containing metabolites. J Clin Pharmacol
1989; 29: 342–7. 

3. Sungaila I, et al. Spironolactone pharmacokinetics and pharma-
codynamics in patients with cirrhotic ascites. Gastroenterology
1992; 102: 1680–5.

Uses and Administration
Spironolactone, a steroid with a structure resembling
that of the natural adrenocortical hormone aldosterone,
acts on the distal portion of the renal tubule as a com-
petitive antagonist of aldosterone. It acts as a potassi-
um-sparing diuretic, increasing sodium and water ex-
cretion and reducing potassium excretion. 
Spironolactone is reported to have a relatively slow on-
set of action, requiring 2 or 3 days for maximum effect,
and a similarly slow diminishment of action over 2 or
3 days on stopping. 
Spironolactone is used in the management of heart fail-
ure, both to treat refractory oedema and in lower doses
as an adjunct to standard therapy (see below). It is also
used for refractory oedema associated with cirrhosis of
the liver (with or without ascites, p.1159), or the neph-
rotic syndrome, and in ascites associated with malig-
nancy. It is frequently given with the thiazides, furo-
semide, or similar diuretics, where it adds to their
natriuretic but diminishes their kaliuretic effects, hence
conserving potassium in those at risk from hypokalae-
mia. Diuretic-induced hypokalaemia and its manage-
ment, including the role of potassium-sparing diuret-
ics, is discussed under Effects on the Electrolyte
Balance in the Adverse Effects of Hydrochlorothi-
azide, p.1308. It has been used in the treatment of es-
sential hypertension (in lower doses than for oedema),
but in the UK is no longer recommended for use in ei-
ther essential hypertension or idiopathic oedema;
doubts have been expressed over its safety during long-
term administration. 
Spironolactone is also used in the diagnosis and treat-
ment of primary hyperaldosteronism (below). 
Other conditions in which spironolactone has been
tried on the basis of its anti-androgenic properties in-
clude hirsutism, particularly in the polycystic ovary
syndrome. 
In the treatment of oedema, spironolactone is usually
given in an initial oral dose of 100 mg daily, subse-
quently adjusted as necessary; some patients may re-
quire doses of up to 400 mg daily. In hepatic cirrhosis
with ascites and oedema, patients with a urinary sodi-
um/potassium ratio greater than 1 may be given an in-
itial dose of spironolactone 100 mg daily while pa-
tients with a ratio of less than 1 may be given initial
doses of 200 to 400 mg daily. 
Spironolactone is given in doses of 400 mg daily in the
presumptive diagnosis of primary hyperaldos-
teronism; in doses of 100 to 400 mg daily for the pre-
operative management of hyperaldosteronism; and in
the lowest effective dosage for long-term maintenance
therapy in the absence of surgery. 
Suggested doses of spironolactone for children range
from 1 to 3 mg/kg daily, in divided doses. 

Potassium supplements should not be given with
spironolactone.
◊ References and reviews.
1. Skluth HA, Gums JG. Spironolactone: a re-examination. DICP

Ann Pharmacother 1990; 24: 52–9. 
2. Doggrell SA, Brown L. The spironolactone renaissance. Expert

Opin Invest Drugs 2001; 10: 943–54. 
3. Buck ML. Clinical experience with spironolactone in pediatrics.

Ann Pharmacother 2005; 39: 823–8.

Acne. Spironolactone has been used for its anti-androgenic
properties in some cases of acne (p.1577) where standard therapy
is unsuccessful. Beneficial responses to oral therapy have been
reported in patients with acne from both open1 and placebo-
controlled2,3 studies. Topical application has been tried4,5 but re-
sponse has been variable. It is possible that the vehicle may affect
the response. In women, spironolactone may be useful when
treatment with an oestrogen is contra-indicated.
1. Burke BM, Cunliffe WJ. Oral spironolactone therapy for female

patients with acne, hirsutism or androgenic alopecia. Br J Der-
matol 1985; 112: 124–5. 

2. Goodfellow A, et al. Oral spironolactone improves acne vulgaris
and reduces sebum excretion. Br J Dermatol 1984; 111: 209–14. 

3. Muhlemann MF, et al. Oral spironolactone: an effective treat-
ment for acne vulgaris in women. Br J Dermatol 1986; 115:
227–32. 

4. Messina M, et al. A new therapeutic approach to acne: an antian-
drogen percutaneous treatment with spironolactone. Curr Ther
Res 1983; 34: 319–24. 

5. Walton S, et al. Lack of effect of topical spironolactone on se-
bum excretion. Br J Dermatol 1986; 114: 261–4.

Alopecia. Anti-androgens have a role in the treatment of hir-
sutism (see below) but have also been used in patients with
androgenetic alopecia (p.1577), and there is some evidence that
spironolactone may be effective.1
1. Sinclair R, et al. Treatment of female pattern hair loss with oral

antiandrogens. Br J Dermatol 2005; 152: 466–73.

Bartter’s syndrome. Spironolactone may be used to reduce
potassium wasting in patients with Bartter’s syndrome (p.1670).
Bronchopulmonary dysplasia. Bronchopulmonary dyspla-
sia (p.1500) is a major cause of chronic lung disease in infants.
Treatment often involves the use of corticosteroids. Additional
supportive therapy has included the use of diuretics such as furo-
semide (p.1294); results with hydrochlorothiazide or spironolac-
tone have been more ambiguous (p.1310).
Heart failure. Drug therapy of heart failure (p.1165) is based
on the use of diuretics, ACE inhibitors, cardiac glycosides, beta
blockers, and vasodilators. Spironolactone has been used as a di-
uretic for refractory oedema, but it also has an additional role as
an aldosterone antagonist.1,2 Although the precise neurohormo-
nal mechanisms leading to the development of heart failure are
still not clear, there is evidence that raised levels of aldosterone
may contribute to the pathophysiology.3,4 ACE inhibitor therapy
suppresses aldosterone production but this effect is not complete
and the use of spironolactone with ACE inhibitors has therefore
been studied. In the Randomized Aldactone Evaluation Study
(RALES)5 in patients with severe heart failure, addition of
spironolactone in a dose of 25 to 50 mg daily to therapy with
ACE inhibitors and loop diuretics reduced the risk of death or
hospitalisation,5 and the use of spironolactone should therefore
be considered in such patients.6-8 A small study9 has also shown
benefit in patients with less severe heart failure. However, use of
spironolactone with ACE inhibitors may lead to hyperkalaemia
and careful monitoring of potassium concentrations is
required10,11 (see Interactions, above). A retrospective analysis12

of heart failure patients found that over 10% had to stop spironol-
actone because of hyperkalaemia, and a further 10% stopped be-
cause of worsening renal function. Risk factors were advanced
age and higher baseline plasma-potassium concentrations.
1. Tang WHW, et al. Aldosterone receptor antagonists in the med-

ical management of chronic heart failure. Mayo Clin Proc 2005;
80: 1623–30. 

2. Marcy TR, Ripley TL. Aldosterone antagonists in the treatment
of heart failure. Am J Health-Syst Pharm 2006; 63: 49–58. 

3. Struthers AD. Why does spironolactone improve mortality over
and above an ACE inhibitor in chronic heart failure? Br J Clin
Pharmacol 1999; 47: 479–82. 

4. Rocha R, Williams GH. Rationale for the use of aldosterone an-
tagonists in congestive heart failure. Drugs 2002; 62: 723–31. 

5. Pitt B, et al. The effect of spironolactone on morbidity and mor-
tality in patients with severe heart failure. N Engl J Med 1999;
341: 709–17. 

6. Hunt SA, et al. ACC/AHA 2005 guideline update for the diagno-
sis and management of chronic heart failure in the adult: a report
of the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines (Writing Committee to
Update the 2001 Guidelines for the Evaluation and Management
of Heart Failure). Summary article: J Am Coll Cardiol 2005; 46:
1116–43. Also available at: http://circ.ahajournals.org/
cgi/reprint/112/12/e154 (accessed 07/05/08) 

7. The Task Force for the Diagnosis and Treatment of Chronic
Heart Failure of the European Society of Cardiology. Guide-
lines for the diagnosis and treatment of chronic heart failure
(update 2005). Executive summary: Eur Heart J 2005; 26:
111 5 – 4 0 .  F u l l  t e x t :  h t t p : / / w w w. e s c a r d i o . o rg / N R /
rdonlyres/8A2848B4-5DEB-41B9-9A0A-5B5A90494B64/0/
CHFFullTextehi205FVFW170505.pdf (accessed 07/05/08) 

8. Scottish Intercollegiate Guidelines Network. Management of
chronic heart failure (February 2007). Available at: http://
www.sign.ac.uk/pdf/sign95.pdf (accessed 07/05/08) 
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9. Macdonald JE, et al. Effects of spironolactone on endothelial

function, vascular angiotensin converting enzyme activity, and
other prognostic markers in patients with mild heart failure al-
ready taking optimal treatment. Heart 2004; 90: 765–70. 

10. Georges B, et al. Spironolactone and congestive heart-failure.
Lancet 2000; 355: 1369–70. 

11. Juurlink DN, et al. Rates of hyperkalemia after publication of
the Randomized Aldactone Evaluation Study. N Engl J Med
2004; 351: 543–51. 

12. Witham MD, et al. Tolerability of spironolactone in patients
with chronic heart failure—a cautionary message. Br J Clin
Pharmacol 2004; 58: 554–7.

High-altitude disorders. Acetazolamide is generally the drug
of choice for prophylaxis of high-altitude disorders (p.1168). An-
ecdotal reports1-4 and a small-scale double-blind study5 suggest-
ed that spironolactone could be useful in preventing acute moun-
tain sickness, although a deterioration in pulmonary function
despite spironolactone prophylaxis has been noted in a patient.6
1. Currie TT, et al. Spironolactone and acute mountain sickness.

Med J Aust 1976; 2: 168–70. 
2. Snell JA, Cordner EP. Spironolactone and acute mountain sick-

ness. Med J Aust 1977; 1: 828. 
3. Turnbull G. Spironolactone prophylaxis in mountain sickness.

BMJ 1980; 280: 1453. 
4. Rutter LD. Spironolactone prophylaxis in mountain sickness.

BMJ 1980; 281: 618. 
5. Brown GV, et al. Spironolactone in acute mountain sickness.

Lancet 1977; i: 855. 
6. Meyers DH. Spironolactone prophylaxis of mountain sickness.

BMJ 1980; 281: 1569.

Hirsutism. Hirsutism (p.2089) is frequently treated with anti-
androgens, usually cyproterone or spironolactone. Spironolac-
tone in doses of 50 to 200 mg daily has produced both subjective
and objective improvement in hirsutism in patients with idio-
pathic hirsutism or polycystic ovary syndrome,1-4 and its use has
been reviewed.5 It is preferably used with oral contraceptives,6,7

to improve efficacy and menstrual irregularity and to avoid the
risk of feminisation to a male fetus. Most studies have involved
premenopausal women and it has been suggested4,8 that
spironolactone would be useful in women in whom cyproterone
is contra-indicated or not tolerated. A randomised study (not pla-
cebo-controlled) found spironolactone 100 mg daily and cyprot-
erone 100 mg daily to be equally effective,9 while a systematic
review10 of the use of spironolactone in hirsutism concluded that
it was significantly more effective than both cyproterone and fi-
nasteride for up to 12 months after treatment. 
For reference to the use of spironolactone in alopecia, see above.
1. Cumming DC, et al. Treatment of hirsutism with spironolac-

tone. JAMA 1982; 247: 1295–8. 
2. Burke BM, Cunliffe WJ. Oral spironolactone therapy for female

patients with acne, hirsutism or androgenic alopecia. Br J Der-
matol 1985; 112: 124–5. 

3. Evans DJ, Burke CW. Spironolactone in the treatment of idio-
pathic hirsutism and the polycystic ovary syndrome. J R Soc
Med 1986; 79: 451–3. 

4. Barth JH, et al. Spironolactone therapy for hirsute women. Br J
Dermatol 1988; 119 (suppl 33): 17. 

5. Christy NA, et al. Spironolactone for hirsutism in polycystic
ovary syndrome. Ann Pharmacother 2005; 39: 1517–21. Cor-
rection. ibid.; 1765. 

6. Chapman MG, et al. Spironolactone in combination with an oral
contraceptive: an alternative treatment for hirsutism. Br J Ob-
stet Gynaecol 1985; 92: 983–5. 

7. Rittmaster RS. Hirsutism. Lancet 1997; 349: 191–5. 
8. West TET. Does spironolactone have a place in treating facial

hirsutism in women? BMJ 1988; 296: 1456. 
9. O’Brien RC, et al. Comparison of sequential cyproterone ace-

tate/estrogen versus spironolactone/oral contraceptive in the
treatment of hirsutism. J Clin Endocrinol Metab 1991; 72:
1008–13. 

10. Farquhar C, et al. Spironolactone versus placebo or in combina-
tion with steroids for hirsutism and/or acne. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 2003 (accessed 24/06/05).

Hyperaldosteronism. Hyperaldosteronism (aldosteronism) is
a disorder characterised by mineralocorticoid excess due to high
circulating levels of aldosterone.1-4 Mineralocorticoid excess due
to other mineralocorticoids is rare. Primary hyperaldosteronism
is usually caused by an aldosterone-producing adenoma (Conn’s
syndrome) or primary adrenal hyperplasia. Other causes include
aldosterone-producing adrenal carcinoma, and glucocorticoid-
suppressible hyperaldosteronism. 
Secondary hyperaldosteronism is more common and results
from conditions in which there is activation of the renin-angio-
tensin-aldosterone system, including diuretic therapy, and
oedematous conditions such as heart failure, hepatic cirrhosis,
and nephrotic syndrome. Bartter’s syndrome (p.1670) also re-
sults in hyperaldosteronism. 
Most patients with primary hyperaldosteronism are asymptomat-
ic, although they may present with signs or symptoms of miner-
alocorticoid excess (p.1490). Diagnosis often follows the inci-
dental discovery of hypokalaemia. Symptomatic hypokalaemia
(p.1669) may develop in some patients, particularly those taking
diuretics. 
Diagnosis is confirmed by the presence of raised plasma and uri-
nary aldosterone concentrations. However, the concentrations
may be affected by serum-potassium concentration, posture, and
time of day, and interpretation may be difficult. The plasma al-
dosterone:renin ratio may also be measured. In primary hyperal-
dosteronism the aldosterone concentration is raised but renin is
suppressed, although this does not necessarily prove the diagno-
sis; in secondary hyperaldosteronism both are raised. Radiologi-

cal and nuclear imaging are useful for further differentiating be-
tween adenoma and hyperplasia. 
Hyperaldosteronism due to an aldosterone-producing adenoma
is usually treated surgically. The aldosterone antagonist spironol-
actone may be given pre-operatively to lower the blood pressure
and normalise the serum potassium. In patients who are not suit-
able for surgery, long-term medical management involves
spironolactone, initially in high doses but reduced to the lowest
dose for maintenance. If spironolactone is not tolerated, amilo-
ride may be used as an alternative, but high doses are required.
There has also been a report5 of the successful use of eplerenone,
another aldosterone antagonist; gynaecomastia had developed
with spironolactone but resolved when treatment was changed to
eplerenone. Trilostane, an adrenal suppressant, has been used to
inhibit aldosterone synthesis. 
In primary adrenal hyperplasia surgery is not usually effective
and medical management with spironolactone or amiloride is re-
quired. Additional antihypertensive therapy may also be needed.
Glucocorticoid-suppressible hyperaldosteronism, also known as
familial hyperaldosteronism type I (FH-I), is a rare autosomal
dominant form and may be treated with dexamethasone. Howev-
er, this may not control the blood pressure and spironolactone or
amiloride may be required in addition. 
In secondary hyperaldosteronism the underlying condition
should be treated, but spironolactone may be of benefit as part of
the therapy.
1. Ganguly A. Primary aldosteronism. N Engl J Med 1998; 339:

1828–34. 
2. Stewart PM. Mineralocorticoid hypertension. Lancet 1999; 353:

1341–7. 
3. Kaplan NM. Cautions over the current epidemic of primary al-

dosteronism. Lancet 2001; 357: 953–4. 
4. Fraser R, et al. Cautions over idiopathic aldosteronism. Lancet

2001; 358: 332. 
5. Karagiannis A, et al. Eplerenone relieves spironolactone-in-

duced painful gynaecomastia in a patient with primary aldos-
teronism. Nephrol Dial Transplant 2007; 22: 293.

Precocious puberty. Spironolactone (as an anti-androgen)
and testolactone were given to boys with familial precocious pu-
berty (p.2081) for periods of up to 18 months. Rates of growth
and bone maturation were restored to normal during combina-
tion therapy but not with either drug given alone.1 However, after
further treatment for 2 to 4.2 years there was a diminishing re-
sponse manifested by the recurrence of clinical features of puber-
ty and an increase in the bone maturation rate.2 Addition of
deslorelin appeared to restore the control of puberty,2 and in a
long-term study3 growth rate remained normal for 6 years.
1. Laue L, et al. Treatment of familial male precocious puberty

with spironolactone and testolactone. N Engl J Med 1989; 320:
496–502. 

2. Laue L, et al. Treatment of familial male precocious puberty
with spironolactone, testolactone, and deslorelin. J Clin Endo-
crinol Metab 1993; 76: 151–5. 

3. Leschek EW, et al. Six-year results of spironolactone and testol-
actone treatment of familial male-limited precocious puberty
with addition of deslorelin after central puberty onset. J Clin En-
docrinol Metab 1999; 84: 175–8.

Premenstrual syndrome. Spironolactone has been used for
its diuretic and anti-androgenic properties in premenstrual syn-
drome (p.2099).

Preparations
BP 2008: Spironolactone Tablets; 
USP 31: Spironolactone and Hydrochlorothiazide Tablets; Spironolactone
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Aldactone; Drimux A; Espimax; Expal; Lanx; Modulactone; Normital;
Osiren†; Rediun-E; Austral.: Aldactone; Spiractin; Austria: Aldactone;
Spirobene; Spirohexal; Spirono; Belg.: Aldactone; Docspirono; Spirotop;
Braz.: Aldactone; Aldosterin†; Espirolona; Spiroctan; Canad.: Aldactone;
Novo-Spiroton; Chile: Alizar ; Cardactona; Cz.: Spirolone†; Uractone†;
Verospiron; Xenalon†; Denm.: Hexalacton; Spirix; Spiron; Fin.: Aldactone;
Spiresis; Spirix; Fr.: Aldactone; Flumach; Practon; Spiroctan; Spironone;
Ger.: Aldactone; Aquareduct†; duraspiron†; Jenaspiron; Osyrol; Spiro;
Spirobeta; Spirogamma; Spirono; Verospiron; Gr.: Aldactone; Uridactone†;
Hong Kong: Aldactone; Hung.: Huma-Spiroton; Spirolone†; Spiron;
Verospiron; India: Aldactone; Indon.: Aldactone; Carpiaton; Letonal;
Spirola; Irl.: Aldactone; Israel: Aldactone; Aldospirone; Spironol; Ital.: Al-
dactone; Spiroderm†; Spirolang; Uractone; Mex.: Aldactone; Biolactona;
Quimolactona†; Vivitar; Neth.: Aldactone; Norw.: Aldactone; Spirix; NZ:
Aldactone†; Spirotone; Philipp.: Aldactone; Pol.: Spironol; Verospiron;
Port.: Aldactone; Aldonar; Nefrolactona†; Rus.: Aldactone (Альдактон)†;
Verospiron (Верошпирон); S.Afr.: Aldactone; Spiractin; Singapore: Al-
dactone; Uractonum; Spain: Aldactone; Swed.: Aldactone; Spirix; Spiros-
cand†; Switz.: Aldactone; Primacton; Xenalon; Thai.: Aldactone; Altone;
Berlactone†; Hyles; Pondactone; Spironex†; Turk.: Aldacton; UK: Aldac-
tone; Spirospare†; USA: Aldactone; Venez.: Aldactone; Spiroctan†.

Multi-ingredient: Arg.: Aldactone-D; Aldazida; Lasilacton; Austria: Al-
dactone Saltucin; Buti-Spirobene; Deverol mit Thiazid; Digi-Aldopur; Furo-
Aldopur; Furo-Spirobene; Furolacton; Lasilacton; Sali-Aldopur; Spirono
comp; Supracid; Belg.: Aldactazine; Docspirochlor; Braz.: Aldazida; Lasilac-
tona; Canad.: Aldactazide; Novo-Spirozine; Cz.: Spiro Compositum†; Fr.:
Aldactazine; Aldalix; Practazin; Spiroctazine; Ger.: Aldactone Saltucin†; du-
raspiron-comp†; Furo-Aldopur; Furorese Comp; Osyrol Lasix; Risicordin†;
Sali-Aldopur†; Spiro comp; Spiro-D; Spironolacton Plus†; Spironothiazid;
Spirostada comp†; India: Lasilactone; Spiromide; Indon.: Aldazide; Irl.: Al-
dactide; Ital.: Aldactazide; Lasitone; Spiridazide; Spirofur; Mex.: Aldazida;
Lasilacton; Philipp.: Aldazide; Port.: Aldactazine; Ondolen; S.Afr.: Al-
dazide; Spain: Aldactacine; Aldoleo; Miscidon†; Spirometon; Switz.: Aldo-
zone; Furocombin; Furospir; Lasilactone; Turk.: Aldactazide; UK: Aldactide;
Lasilactone; USA: Aldactazide; Venez.: Aldactazida; Teradal†.

Staphylokinase
Estafiloquinasa.

Profile
Staphylokinase is a thrombolytic derived from Staphylococcus
aureus. Recombinant and modified forms are under investiga-
tion for the treatment of thromboembolic disorders, including
acute myocardial infarction.
◊ References.
1. Vanderschueren S, et al. Thrombolytic therapy of peripheral ar-

terial occlusion with recombinant staphylokinase. Circulation
1995; 92: 2050–57. 

2. Vanderschueren S, et al. Randomized coronary patency trial of
double-bolus recombinant staphylokinase versus front-loaded
alteplase in acute myocardial infarction. Am Heart J 1997; 134:
213–19. 

3. Armstrong PW, et al. Collaborative angiographic patency trial of
recombinant staphylokinase (CAPTORS II). Am Heart J 2003;
146: 484–8.

Streptokinase (BAN, rINN)

Estreptoquinasa; Plasminokinase; Sterptokinasum; Streptokinaasi;
Streptokinas; Streptokinasum; Sztreptokináz.
Стрептокиназа
CAS — 9002-01-1.
ATC — B01AD01.
ATC Vet — QB01AD01.

Pharmacopoeias. Eur. (see p.vii) includes a concentrated
solution. 
Ph. Eur. 6.2 (Streptokinase Concentrated Solution; Streptokinasi
Solutio Concentrata). A preparation of a protein obtained from
culture filtrates of certain strains of haemolytic Streptococcus
group C. It has the property of combining with human plasmino-
gen to form plasminogen activator. The potency is not less than
510 international units per microgram of nitrogen. A clear, col-
ourless liquid. pH 6.8 to 7.5. Store in airtight containers at a tem-
perature of −20°. Protect from light.
Stability. The incorporation of albumin in commercial prepara-
tions of streptokinase has reduced the incidence of flocculation
with streptokinase solutions. However, flocculation has occurred
with small volumes prepared with sodium chloride 0.9% in ster-
ilised glass containers apparently because of residual acid buffers
that remain in empty evacuated containers after sterilisation.1
1. Thibault L. Streptokinase flocculation in evacuated glass bottles.

Am J Hosp Pharm 1985; 42: 278.

Units
The potency of streptokinase is expressed in interna-
tional units and preparations are assayed using the sec-
ond International Standard (1989). 
The Christensen unit is the quantity of streptokinase
that will lyse a standard blood clot completely in 10
minutes and is equivalent to the international unit.

Adverse Effects
In common with other thrombolytics streptokinase
may cause haemorrhage, particularly from puncture
sites; severe internal bleeding has occurred and may be
difficult to control. Streptokinase is antigenic, and al-
lergic reactions ranging from rashes to rarer anaphylac-
toid and serum-sickness-like symptoms have occurred.
Fever, sometimes high, and associated symptoms such
as chills and back or abdominal pain are quite frequent.
Nausea and vomiting may occur. There have been a
few reports of Guillain-Barré syndrome. 
Streptokinase infusion may be associated with hypo-
tension, both direct or as a result of reperfusion; brady-
cardia and arrhythmias may also occur due to reper-
fusion. The break-up of existing clots may
occasionally produce emboli elsewhere; pulmonary
embolism and acute renal failure due to cholesterol
embolisation have been reported.
Back pain. Streptokinase infusion has been associated with the
development of very severe low back pain, which resolves with-
in a few minutes of stopping the infusion, and may be severe
enough to warrant opioid analgesia.1-4 The back pain may repre-
sent a hypersensitivity reaction. Providing that the pain is con-
trolled and that dissecting aortic aneurysm is not suspected, it
may still be possible to complete the streptokinase infusion.4,5

Alternatively, immediate substitution with a different thrombo-
lytic has been suggested.6 
There have also been a few reports of low back pain associated
with anistreplase infusion.7,8

1. Shah M, Taylor RT. Low back pain associated with streptoki-
nase. BMJ 1990; 301: 1219. 

2. Dickinson RJ, Rosser A. Low back pain associated with strep-
tokinase. BMJ 1991; 302: 111–12. 
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3. Porter NJ, Nikoletatos K. Low back pain associated with strep-
tokinase. BMJ 1991; 302: 112. 

4. Pinheiro RF, et al. Low back pain during streptokinase infusion.
Arq Bras Cardiol 2002; 78: 233–5. 

5. Lear J, et al. Low back pain associated with streptokinase. Lan-
cet 1992; 340: 851. 

6. Fishwick D, et al. Thrombolysis and low back pain. BMJ 1995;
310: 504. 

7. Hannaford P, Kay CR. Back pain and thrombolysis. BMJ 1992;
304: 915. 

8. Lear J, Rajapakse R. Low back pain associated with anistreplase.
BMJ 1993; 306: 896.

Effects on the blood. Although falls in the haemoglobin value
of patients receiving thrombolytics are most likely to be due to
blood loss from haemorrhage, there has been a report of a patient
who had signs of haemolytic anaemia after intravenous infusion
of streptokinase.1 In a subsequent test in vitro the patient’s serum
caused strong agglutination of streptokinase-treated red blood
cells, supporting the view that streptokinase was responsible for
the haemolysis.
1. Mathiesen O, Grunnet N. Haemolysis after intravenous strep-

tokinase. Lancet 1989; i: 1016–17.

Effects on the eyes. Acute uveitis1,2 and iritis,3,4 associated
with transient renal impairment in one patient,3 have followed
treatment of myocardial infarction with intravenous streptoki-
nase. In one case uveitis was associated with serum sickness2 and
in all of them hypersensitivity to streptokinase was suspected.
1. Kinshuck D. Bilateral hypopyon and streptokinase. BMJ 1992;

305: 1332. 
2. Proctor BD, Joondeph BC. Bilateral anterior uveitis: a feature of

streptokinase-induced serum sickness. N Engl J Med 1994; 330:
576–7. 

3. Birnbaum Y, et al. Acute iritis and transient renal impairment
following thrombolytic therapy for acute myocardial infarction.
Ann Pharmacother 1993; 27: 1539–40. 

4. Gray MY, Lazarus JH. Iritis after treatment with streptokinase.
BMJ 1994; 309: 97.

Effects on the kidneys. Transient proteinuria has been report-
ed after use of streptokinase. In some patients proteinuria and re-
nal impairment have developed about 7 days after thrombolytic
therapy and have been associated with a syndrome resembling
serum sickness,1,2 suggesting a delayed hypersensitivity reac-
tion; a similar case in a patient receiving anistreplase was associ-
ated with Henoch-Schönlein-like vasculitis.3 These delayed re-
actions should be distinguished from the transient and apparently
self-limiting proteinuria that has been reported in some patients
in the first 24 to 72 hours after beginning streptokinase.4,5 Pro-
teinuria within the first 24 hours has been attributed to deposition
of an immune complex in the glomeruli,6 although haemody-
namic and neurohormonal changes associated with acute myo-
cardial infarction may be responsible since proteinuria has oc-
curred in patients not receiving thrombolytic therapy.7,8 
Streptokinase infusion has also been associated with acute oligu-
ric renal failure due to acute tubular necrosis, apparently as a re-
sult of hypotension during the infusion, in a patient with existing
renovascular narrowing.9 Interestingly, it has been pointed out
that a variant streptokinase may be the pathogenic agent in
glomerulonephritis occurring after Streptococcus pyogenes in-
fection.10 
Renal failure has developed as a consequence of streptokinase-
induced cholesterol embolism, see under Embolism, below.
1. Payne ST, et al. Transient impairment of renal function after

streptokinase therapy. Lancet 1989; ii: 1398. 
2. Callan MFC, et al. Proteinuria and thrombolytic agents. Lancet

1990; 335: 106. 
3. Ali A, et al. Proteinuria and thrombolytic agents. Lancet 1990;

335: 106–7. 
4. Argent N, Adams PC. Proteinuria and thrombolytic agents. Lan-

cet 1990; 335: 106. 
5. More RS, Peacock F. Haematuria and proteinuria after thrombo-

lytic therapy. Lancet 1990; 336: 1454. 
6. Lynch M, et al. Proteinuria with streptokinase. Lancet 1993;

341: 1024. 
7. Pickett TM, Hilton PJ. Proteinuria and streptokinase. Lancet

1993; 341: 1538. 
8. von Eyben FE, et al. Albuminuria with or without streptokinase.

Lancet 1993; 342: 365–6. 
9. Kalra PA, et al. Acute tubular necrosis induced by coronary

thrombolytic therapy. Postgrad Med J 1991; 67: 212. 
10. Barnham M. Hypersensitivity and streptokinase. Lancet 1990;

335: 535.

Effects on the liver. Raised serum-alanine aminotransferase
values, and in some cases raised aspartate aminotransferase ac-
tivity, were seen more frequently in 95 patients who received
streptokinase than in 94 given placebo as part of a study in pa-
tients with myocardial infarction.1 The mechanism for the raised
aminotransferase activity was not clear; a concomitant rise in γ-
glutamyltransferase activity and bilirubin concentration suggest-
ed an hepatic source. 
For references to rupture of the liver occurring during treatment
with streptokinase, see Haemorrhage, below.
1. Maclennan AC, et al. Activities of aminotransferases after treat-

ment with streptokinase for acute myocardial infarction. BMJ
1990; 301: 321–2.

Effects on the nervous system. There have been a few re-
ports of Guillain-Barré syndrome after treatment with streptoki-
nase.1-4 Whether streptokinase was the cause is not certain al-
though its antigenic properties do suggest that induction of an
immunological reaction might be responsible.3 

For discussion of cerebrovascular effects of streptokinase, see
Haemorrhage, below.
1. Eden KV. Possible association of Guillain-Barré syndrome with

thrombolytic therapy. JAMA 1983; 249: 2020–1. 
2. Leaf DA, et al. Streptokinase and the Guillain-Barré syndrome.

Ann Intern Med 1984; 100: 617. 
3. Barnes D, Hughes RAC. Guillain-Barré syndrome after treat-

ment with streptokinase. BMJ 1992; 304: 1225. 
4. Taylor BV, et al. Guillain-Barré syndrome complicating treat-

ment with streptokinase. Med J Aust 1995; 162: 214–15.

Effects on the respiratory system. Fatal acute respiratory
distress syndrome occurred in a patient given streptokinase for
pulmonary embolism.1 It was suggested that streptokinase may
have caused the pulmonary injury by altering vascular permea-
bility due to generation of fibrinolytic products or via reperfusion
oedema.
1. Martin TR, et al. Adult respiratory distress syndrome following

thrombolytic therapy for pulmonary embolism. Chest 1983; 83:
151–3.

Effects on the skin. Rashes may occur as an allergic reaction
to streptokinase. For a report of skin necrosis possibly associated
with cholesterol embolisation, see Embolism, below.
Embolism. Thrombolytic therapy has occasionally and para-
doxically been associated with further embolism. This may be
due to clots that break away from the treated thrombus, or to cho-
lesterol crystals released after removal of fibrin from atheroma-
tous plaques by thrombolysis. 
Fatal pulmonary embolism has been reported,1 apparently due to
breakaway from a deep-vein thrombus under treatment. Howev-
er, comparative studies have suggested that there is no evidence
of a higher rate of such complications with streptokinase than
with heparin.2 When they do occur a good clinical response is
usually seen to continued streptokinase.2 Complications due to
multiple microemboli were reported3 in 7 of 475 consecutive pa-
tients treated with streptokinase or anistreplase for acute myocar-
dial infarction. The sites of embolism were the legs (in 4) and
brain (in 3); one patient apparently had systemic effects with skin
infarction and renal impairment. Five of the 7 patients died.
There has also been a report4 of acute peripheral arterial throm-
boembolism in a patient given alteplase for ischaemic stroke. 
Cholesterol embolisation can have many clinical manifestations
depending on the location of the emboli. A classic presentation
is livedo reticularis, gangrenous lower extremities, and acute re-
nal failure.5,6 Symptoms may appear within a few hours of start-
ing thrombolytic treatment,7 although in some cases they may
not become evident for several days.8-11

1. Hill LN. Streptokinase therapy and breakaway pulmonary em-
boli. Am J Med 1991; 90: 411–12. 

2. Rogers LQ, Lutcher CL. Streptokinase therapy and breakaway
pulmonary emboli. Am J Med 1991; 90: 412–13. 

3. Stafford PJ, et al. Multiple microemboli after disintegration of
clot during thrombolysis for acute myocardial infarction. BMJ
1989; 299: 1310–12. 

4. Gomez-Beldarrain M, et al. Peripheral arterial embolism during
thrombolysis for stroke. Neurology 2006; 67: 1096–7. 

5. Blankenship JC. Cholesterol embolisation after thrombolytic
therapy. Drug Safety 1996; 14: 78–84. 

6. Wong FKM, et al. Acute renal failure after streptokinase thera-
py in a patient with acute myocardial infarction. Am J Kidney
Dis 1995; 26: 508–10. 

7. Pochmalicki G, et al. Cholesterol embolisation syndrome after
thrombolytic therapy for myocardial infarction. Lancet 1992;
339: 58–9. 

8. Ridker PM, Michel T. Streptokinase therapy and cholesterol
embolization. Am J Med 1989; 87: 357–8. 

9. Pirson Y, et al. Cholesterol embolism in a renal graft after treat-
ment with streptokinase. BMJ 1988; 296: 394–5. 

10. Dass H, Fescharek R. Skin necrosis induced by streptokinase.
BMJ 1994; 309: 1513–14. 

11. Penswick J, Wright AL. Skin necrosis induced by streptokinase.
BMJ 1994; 309: 378.

Haemorrhage. Haemorrhage is a common adverse effect of
thrombolytic therapy, and the problem and its management have
been reviewed.1 Thrombolytics are used to lyse pathological
thrombi, but can also produce a ‘lytic state’ due to depletion of
the natural plasmin inhibitor α2-antiplasmin by excess plasmin
production; they may also cause lysis of thrombi required for
haemostasis. 
Haemorrhage is a particular risk where there is existing or con-
comitant trauma. More than 70% of bleeding episodes occur at
vascular puncture sites,1 so invasive procedures should be avoid-
ed if possible; if catheterisation is considered essential meticu-
lous care of the vascular puncture site is necessary. Bleeding or
severe bruising in patients receiving thrombolytic therapy have
also been associated with intramuscular injection of analgesics,2
the use of an automatic blood-pressure measuring machine,3 a
pre-existing prosthetic abdominal aortic graft,4 and recent dental
extraction.5 Other disease states may also contribute: haemosper-
mia has been reported after thrombolysis in a patient with mild
prostatic symptoms,6 haemorrhagic bullae have been reported in
a patient with lichen sclerosus et atrophicus,7 and diabetic pa-
tients are at risk of retinal haemorrhage if they have diabetic
retinopathy,8 although any increase in risk seems to be small.9 A
review of the GUSTO-I Study10 (40 903 patients) identified old-
er age, low body-weight, female sex, and African ancestry as
other factors that increased the risk of haemorrhage. 
Intracranial haemorrhage leading to stroke is the most serious
bleeding complication with thrombolytics, and has a high mor-
tality. Assessment of data from national registries and large-scale

trials has identified a number of risk factors for intracranial
haemorrhage, including those mentioned above for overall
haemorrhage, hypertension on admission, a history of stroke,
and thrombolysis with current alteplase regimens.11-14 The bene-
fits and risks must be assessed for each patient and thrombolytic
therapy should still be given to the elderly and to those with hy-
pertension if the expected benefits are great. Intracranial haem-
orrhage is a particular concern with the use of thrombolytics for
the treatment of ischaemic stroke. In the NINDS study, using al-
teplase, clinical outcome appeared to be improved despite an in-
creased incidence of symptomatic intracerebral haemorrhage.
Subgroup analysis15 suggested that severe neurological deficit,
brain oedema, and mass effect, before treatment, were risks asso-
ciated with the increased incidence of haemorrhage. 
Fibrin-specific thrombolytics such as alteplase were developed
in the hope that they would have less systemic effect than fibrin-
nonspecific thrombolytics such as streptokinase and therefore
cause less bleeding. However, studies that have assessed com-
parative bleeding rates have failed to confirm this, although the
use of adjunctive antithrombotics and different dose regimens
makes comparison difficult. In GUSTO-I,10 the bleeding rate
with alteplase plus intravenous heparin was lower than with
streptokinase plus intravenous heparin, but was similar to that
with streptokinase plus subcutaneous heparin. However, the rate
of intracranial haemorrhage was higher with alteplase.16 In
ASSENT-2,17 which compared bolus doses of the highly fibrin-
specific thrombolytic tenecteplase with front-loaded alteplase,
tenecteplase produced fewer major non-cerebral bleeds than
alteplase but the rates of intracranial haemorrhage were nearly
identical. Although a meta-analysis18 suggested that rates of in-
tracranial haemorrhage may be higher with bolus thrombolytics,
others have suggested that this may not be a problem with newer
bolus regimens.19 
Other bleeding complications reported with thrombolytics in-
clude rupture of the spleen20,21 and liver,22 and rupture of a folli-
cle has been reported in a menstruating woman.23 Rupture of the
heart with fatal consequences has been reported, although throm-
bolytics do not appear to increase the overall risk of cardiac rup-
ture following myocardial infarction,24 except possibly for early
rupture in women.25 
Diffuse alveolar haemorrhage has been reported26 in a patient
treated with streptokinase after myocardial infarction. Intrapleu-
ral use was associated with life-threatening haemorrhage in em-
pyema following cardiac surgery,27 and with fatal haemorrhage
in a case of aortic dissection misdiagnosed as empyema.28

1. Sane DC, et al. Bleeding during thrombolytic therapy for acute
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to mortality and stroke in the context of contemporary thrombo-
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2000; 356: 449–54. 

19. Armstrong PW, et al. Bolus fibrinolysis: risk, benefit, and op-
portunities. Circulation 2001; 103: 1171–3. 
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Hypersensitivity. Streptokinase is a bacterial protein and has
antigenic activity. The formation of streptokinase-neutralising
antibodies may reduce the efficacy of subsequent doses and in-
crease the risk of hypersensitivity reactions. 
In a series of 25 patients given intravenous streptokinase for myo-
cardial infarction, titres of streptokinase-neutralising antibodies
rose from a mean neutralisation capacity of 0.16 million units
before treatment to a mean of 25.54 million units 2 weeks after
treatment, the highest individual titre being 93 million units. Af-
ter 12 weeks the neutralisation capacity was still sufficient in 24
patients to have neutralised a standard 1.5-million unit dose of
streptokinase. After 17 to 34 weeks titres were still high enough
in 18 of 20 patients examined to neutralise at least half a standard
dose.1 As these results indicate, giving standard doses of strep-
tokinase within up to a year of a previous course may lead to
reduced effect. Thus, the period in which it should not be repeat-
ed is usually between 5 days and 12 months post infarction (see
Precautions, below). However, high titres of neutralising anti-
bodies persisting for up to 7.5 years after use of streptokinase
have been reported.2-4 Since readministration also increases the
risk of hypersensitivity reactions, it has been suggested2,5 that re-
peat courses should not be given within 4 or more years, and that
if a repeat course is needed a non-antigenic thrombolytic such as
alteplase or urokinase should be used until it is known whether
or not high in-vitro titres affect efficacy. Increased titres of strep-
tokinase-neutralising antibodies have also been measured in pa-
tients given topical streptokinase for wounds.6 
Anistreplase also appears susceptible to neutralisation by strep-
tokinase antibodies.7 
Plasmacytosis,8,9 serum-sickness,8,10,11 rhabdomyolysis,12 renal
impairment (see Effects on the Kidneys, above), uveitis and iritis
(see Effects on the Eyes, above), arthritis,13 and anaphylaxis14-17

have been reported in patients receiving streptokinase and are
thought to represent hypersensitivity reactions, in some cases
perhaps due to previous exposure to streptococcal antigens dur-
ing infection. Back pain (see above) may also represent a hyper-
sensitivity reaction. In some patients there may be a delay of be-
tween 1 and 10 days before appearance of the reaction.18 The
incidence of severe hypersensitivity reactions is probably fairly
low, however; in the GISSI study anaphylaxis was reported in
only 7 of 5860 patients although other hypersensitivity reactions
leading to withdrawal of streptokinase were reported in 99 pa-
tients, with a further 42 such reactions after completion of the
infusion.15 Some episodes of apparent anaphylaxis seen with
streptokinase may be fibrinolysin-mediated rather than antibody-
antigen reactions. Alteplase, which is considered non-antigenic,
produced an anaphylactoid reaction in a patient who had a histo-
ry of atopy.19 Fibrinolysin, which activates complement cascade
and the kinin system, is formed in quantity after the use of a
thrombolytic. In most patients these effects are clinically insig-
nificant, but in those who are strongly atopic there is the possibil-
ity of precipitating an anaphylactoid reaction.
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Treatment of Adverse Effects
Allergic reactions may require treatment with antihis-
tamines and corticosteroids, which have sometimes
been given prophylactically. Anaphylaxis requires the
use of adrenaline (for further details, see p.1205). 
Severe haemorrhage not controlled by local pressure
requires the streptokinase infusion to be stopped. Tran-
examic acid, aminocaproic acid, or aprotinin may be of
benefit. Packed red blood cells may be preferable to
whole blood for replacement therapy; factor VIII prep-
arations may also be given. Volume expansion may be
necessary, but the use of dextrans should be avoided
because of their platelet-inhibiting properties.

Precautions
Streptokinase should be used with great care, if at all,
in patients at increased risk of bleeding, or those in
whom haemorrhage is likely to prove particularly dan-
gerous. It should thus be avoided in patients with active
internal bleeding or a recent history of peptic ulcer dis-
ease, oesophageal varices, ulcerative colitis or other
bleeding gastrointestinal lesions, in patients with pan-
creatitis, in patients with subacute bacterial endocardi-
tis, in patients with coagulation defects including those
due to liver or kidney disease, or after recent surgery,
childbirth, or trauma. It should not be given to patients
at increased risk of cerebral bleeding including those
with severe hypertension, haemorrhage or recent
stroke, or to patients with cerebral neoplasm. It should
not be given in pregnancy, particularly in the first 18
weeks because of the risk of placental separation and it
has been suggested that it should not be used during
heavy vaginal bleeding. 
Invasive procedures, including intramuscular injec-
tions, should be avoided during, and immediately be-
fore and after, streptokinase therapy as they may in-
crease the risk of bleeding; care should be taken when
physically handling patients. Streptokinase should also
be used with care in elderly patients. Patients with mi-
tral stenosis associated with atrial fibrillation are more
likely to have left heart thrombus which may lead to
cerebral embolism after thrombolytic therapy. Al-
though there is a theoretical risk of retinal bleeding in
patients with diabetic retinopathy the benefits of treat-
ment generally outweigh the risk. 
Anti-streptokinase antibodies are formed after strep-
tokinase use, with antibody titres rising abruptly after
about 5 days. These antibodies may cause resistance or
hypersensitivity to subsequent doses of streptokinase.
Therefore, further doses of streptokinase should not be
given in the period between 5 days and 12 months after
the initial dose (even longer periods have been suggest-
ed, see Hypersensitivity, under Adverse Effects,
above); if thrombolytic therapy is required in this peri-
od an alternative non-antigenic drug should be used.
High titres of anti-streptokinase antibodies may also
occur in patients after some streptococcal infections
such as streptococcal pharyngitis or acute rheumatic
fever or in those with acute glomerulonephritis second-
ary to streptococcal infections; in such patients there
may be resistance to streptokinase or a reduced effect.
Administration. Overinfusion of streptokinase may occur if a
drop-counting infusion pump is employed.1 This arises as a re-
sult of flocculation of the streptokinase solution producing trans-
lucent fibres that affect the drop-forming mechanism so increas-
ing the drop size. 
For a comment on the incidence of flocculation in streptokinase
solutions, see Stability, above.
1. Schad RF, Jennings RH. Overinfusions of streptokinase. Am J

Hosp Pharm 1982; 39: 1850.

Aortic dissection. A report of 4 cases of the inappropriate use
of streptokinase in patients with aortic dissection misdiagnosed
as myocardial infarction.1 Thrombolytics are likely to extend
aortic dissection and adversely affect the outcome. Of the 2 pa-
tients who died, one, who would have been suitable for early op-
eration, died through the delay caused by impaired clotting. Al-
though early intervention with thrombolytics may be of major
benefit in acute myocardial infarction it is important that accurate
differential diagnosis takes place to exclude conditions such as
aortic dissection and prevent avoidable deaths. 
For a report of fatal haemorrhage with streptokinase used in aor-
tic dissection misdiagnosed as empyema, see Haemorrhage un-
der Adverse Effects, above.
1. Butler J, et al. Streptokinase in acute aortic dissection. BMJ

1990; 300: 517–19.

Cardiopulmonary resuscitation. Thrombolytics are not rec-
ommended after prolonged or traumatic cardiopulmonary resus-
citation because of the risk of haemorrhage. However, studies1,2

in patients given cardiopulmonary resuscitation for cardiac arrest
associated with acute myocardial infarction have suggested that
thrombolytics are generally safe and that any increase in bleed-
ing complications is outweighed by the benefits of thrombolysis.
1. Cross SJ, et al. Safety of thrombolysis in association with cardi-

opulmonary resuscitation. BMJ 1991; 303: 1242. 
2. Kurkciyan I, et al. Major bleeding complications after cardiop-

ulmonary resuscitation: impact of thrombolytic treatment. J In-
tern Med 2003; 253: 128–35.

Pregnancy. Thrombolytics are generally contra-indicated in
pregnancy. However there are a few reports of their use and these
have been briefly reviewed.1 In most cases, thrombolytics were
given at 28 weeks of pregnancy or later to patients with deep-
vein thrombosis, pulmonary embolism, or prosthetic valve
thrombosis. There were some reports of favourable maternal and
fetal outcomes although therapy was associated with maternal
haemorrhage, including spontaneous abortion and minor vaginal
bleeding, especially when given near the time of delivery. There
was one report of placental abruption with fetal death.
1. Roth A, Elkayam U. Acute myocardial infarction associated with

pregnancy. Ann Intern Med 1996; 125: 751–62.

Interactions
Oral anticoagulants, heparin, and antiplatelet drugs
such as aspirin are often used with streptokinase, but
may increase the risk of haemorrhage. The risk may
also be increased with dextrans, and with other drugs
that affect coagulation or platelet function.
◊ References.
1. Harder S, Klinkhardt U. Thrombolytics: drug interactions of

clinical significance. Drug Safety 2000; 23: 391–9.

Pharmacokinetics
Streptokinase is rapidly cleared from the circulation af-
ter intravenous use. Clearance is biphasic with the ini-
tial and more rapid phase being due to specific antibod-
ies. A half-life of 23 minutes has been reported for the
streptokinase-activator complex.
◊ References.
1. Grierson DS, Bjornsson TD. Pharmacokinetics of streptokinase

in patients based on amidolytic activator complex activity. Clin
Pharmacol Ther 1987; 41: 304–13. 

2. Gemmill JD, et al. A comparison of the pharmacokinetic proper-
ties of streptokinase and anistreplase in acute myocardial infarc-
tion. Br J Clin Pharmacol 1991; 31: 143–7.

Uses and Administration
Streptokinase is a thrombolytic drug derived from var-
ious streptococci. It rapidly activates endogenous plas-
minogen, indirectly by means of a streptokinase-plas-
minogen complex, to plasmin (see Fibrinolysin,
p.1287), which has fibrinolytic effects and can dissolve
intravascular blood clots. The mechanisms of fibrino-
lysis are discussed further under Haemostasis and
Fibrinolysis on p.1045. Streptokinase affects circulat-
ing, unbound plasminogen as well as fibrin-bound
plasminogen and thus may be termed a fibrin-nonspe-
cific thrombolytic (see p.1156). 
Streptokinase is given by intravenous or sometimes
intra-arterial infusion in the treatment of thromboem-
bolic disorders such as myocardial infarction (p.1175),
peripheral arterial thromboembolism (below), and ve-
nous thromboembolism (deep-vein thrombosis and
pulmonary embolism) (p.1189). It has also been tried
in ischaemic stroke (below), although alteplase is gen-
erally preferred. Streptokinase may be used to clear
cannulas and shunts and is used topically with strepto-
dornase to clear clots and purulent matter. 
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In acute myocardial infarction streptokinase is usually
given intravenously as a single dose of 1.5 million units
infused over 1 hour as soon as possible after the onset
of symptoms. Streptokinase has also been given in a
suitable dose by intracoronary infusion but coronary
catheterisation with the aid of angiography is required,
thus restricting use to suitably equipped centres. 
In the treatment of pulmonary embolism and other
arteriovenous occlusions an initial loading dose of
streptokinase, normally 250 000 units infused intrave-
nously over 30 minutes, is given to overcome any re-
sistance due to circulating antibodies. This is followed
by infusion of a maintenance dose of 100 000 units/hour
for 24 to 72 hours, depending on the condition to be
treated; for central retinal thrombosis, 12 hours may be
adequate. Treatment should be controlled by monitor-
ing the thrombin clotting time, which should be main-
tained at 2 to 4 times normal values. Since thrombolyt-
ic activity rapidly fades when the infusion stops,
streptokinase treatment is generally followed after 3 to
4 hours by intravenous heparin infusion, and then oral
anticoagulation, to prevent re-occlusion. 
Streptokinase, as a solution containing 250 000 units in
2 mL is used to clear occluded cannulas; 1000 units/mL
has been used to clear shunts of occluding thrombi.
◊ General references.
1. Fears R. Biochemical pharmacology and therapeutic aspects of

thrombolytic agents. Pharmacol Rev 1990; 42: 201–21. 
2. Stringer KA. Beyond thrombolysis: other effects of thrombolytic

drugs. Ann Pharmacother 1994; 28: 752–6. 
3. Ludlam CA, et al. Guidelines for the use of thrombolytic thera-

py. Blood Coag Fibrinol 1995; 6: 273–85.

Administration in children. There are limited data on the use
of systemic thrombolytic therapy for arterial or venous throm-
boembolism in children and various dosage regimens have been
used, based on case studies. The most widely used drugs are
streptokinase and alteplase. For streptokinase, the Eighth Amer-
ican College of Chest Physicians (ACCP) Consensus Confer-
ence on Antithrombotic Therapy1 suggests a loading dose of
2000 units/kg to be given intravenously, followed by continuous
infusion of 2000 units/kg per hour for 6 to 12 hours. In the UK,
the BNFC suggests a loading dose of 2500 to 4000 units/kg over
30 minutes, followed by infusion of 500 to 1000 units/kg per
hour, continued until reperfusion occurs, up to a maximum of 3
days. 
Alteplase may be preferred because of its fibrin specificity and
low immunogenicity. The dose of alteplase suggested by the
ACCP is 100 to 600 micrograms/kg per hour by continuous in-
travenous infusion over 6 hours, while the dose recommended by
the BNFC is 100 to 500 micrograms/kg per hour for 3 to 6 hours.
The use of alteplase to clear occluded catheters in children is dis-
cussed on p.1208.
1. Monagle P, et al. Antithrombotic therapy in neonates and chil-

dren: American College of Chest Physicians evidence-based
clinical practice guidelines (8th edition). Chest 2008; 133 (sup-
pl): 454S–545S.

Empyema and pleural effusion. Thoracic empyema is treat-
ed with antibacterials and pleural drainage. Efficient removal of
fluid may be impaired by fibrinous clots within the pleural cavity.
Intrapleural instillation of streptokinase (100 000 to
750 000 units in up to 100 mL of sodium chloride 0.9%) has
been reported to be effective in small series of patients1-4 and
there have been reports of the successful use of alteplase5-7 and
urokinase.4,8 However, a double-blind trial9 involving 454 pa-
tients found no benefit with streptokinase, and the role of throm-
bolytics remains unclear. A meta-analysis10 found no evidence of
benefit, although a systematic review11 suggested that thrombo-
lytics may reduce the need for surgical intervention. Intrapleural
streptokinase has also been used successfully in a few patients
with malignant multiloculated pleural effusion resistant to stand-
ard pleural drainage.12 
Intrapericardial instillation of thrombolytics has been tried in a
few patients with pericardial empyema to prevent the develop-
ment of constrictive pericarditis.13,14 
For reports of haemorrhage associated with intrapleural use of
streptokinase, see Haemorrhage, under Adverse Effects, above.
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rax 1994; 49: 852–5. 
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7. Weinstein M, et al. Effectiveness and safety of tissue plasmino-
gen activator in the management of complicated parapneumonic
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8. Thomson AH, et al. Randomised trial of intrapleural urokinase
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Correction. ibid.; 2146. 
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Chest 2006; 129: 783–90. 
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neumonic effusions and empyema. Available in The Cochrane
Database of Systematic Reviews; Issue 2. Chichester: John Wi-
ley; 2008 (accessed 30/04/08). 

12. Davies CWH, et al. Intrapleural streptokinase in the manage-
ment of malignant multiloculated pleural effusions. Chest 1999;
115: 729–33. 
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Intracardiac thrombosis. Thrombosis of prosthetic heart
valves (see p.1187) is usually treated surgically, but thrombolyt-
ics have also been used. In a study1 of patients with left-sided
prosthetic valve thrombosis, thrombolytic therapy was found to
be more successful than surgery, especially in those who were
critically ill; most patients were given streptokinase. Another ret-
rospective study2 in which patients were given streptokinase,
urokinase, or alteplase, concluded that thrombolytics were effec-
tive but embolic and haemorrhagic complications might limit
their use.
1. Lengyel M, Vándor L. The role of thrombolysis in the manage-

ment of left-sided prosthetic valve thrombosis: a study of 85 cas-
es diagnosed by transesophageal echocardiography. J Heart
Valve Dis 2001; 10: 636–49. 

2. Roudaut R, et al. Fibrinolysis of mechanical prosthetic valve
thrombosis: a single-center study of 127 cases. J Am Coll Cardi-
ol 2003; 41: 653–8.

Ischaemic heart disease. Thrombolytics such as alteplase,
streptokinase, and urokinase have an established role in the early
management of acute myocardial infarction (p.1175). Myocar-
dial infarction is caused by coronary artery occlusion, usually
due to thrombosis, and thrombolytics are given intravenously to
break up the thrombus or clot and restore the patency of the cor-
onary artery, thereby limiting infarct size and irreversible dam-
age to the myocardium. Reduction of ECG abnormalities and
modification of ventricular remodelling may also contribute to
their effect. Other antithrombotics, in particular aspirin and
heparin, are given as adjunctive therapy. 
Several large studies have established that thrombolytics can pre-
serve left ventricular function and improve short-term and 1-year
mortality figures;1,2 benefit has been maintained in 5-year3 and
10-year4,5 follow-up studies. Benefit is greatest with early treat-
ment. Trials such as the GISSI-1 study6 and the ISIS-2 study7

helped to establish that mortality is reduced if thrombolytics are
given within 6 hours of the onset of symptoms8 and further stud-
ies provided evidence9,10 that patients presenting within 12 hours
should receive a thrombolytic. Use after 12 hours has been asso-
ciated with an increase in adverse effects,8 and is usually re-
served for patients with evidence of ongoing ischaemia. Prehos-
pital thrombolysis is feasible and reduces the time to
thrombolysis and short-term mortality.11 Five-year follow-up of
one study12 has suggested that there is also a beneficial effect on
long-term mortality. 
Choice of thrombolytic depends on factors such as cost, method
of administration, and contra-indications. Although streptoki-
nase has been the most widely used, several large studies have
compared clinical benefit in terms of improved left ventricular
function and mortality and have shown no difference between
streptokinase and other thrombolytics, including saruplase,13 the
tissue plasminogen activator alteplase,14 anistreplase,15 and
reteplase16 in overall efficacy. In the GUSTO-I study,17 acceler-
ated or ‘front loaded’ alteplase (that is, rapid intravenous dosage
over 1 ⁄  hours rather than the conventional 3 hours) was more
effective than streptokinase, although the study was criticised for
not comparing like with like. On the other hand, alteplase might
be associated with a greater risk of stroke than streptokinase.18

Studies comparing bolus injections of reteplase with accelerated
alteplase (GUSTO-III)19 and tenecteplase with alteplase (AS-
SENT-2)20 have also found no difference in mortality rate. 
The overall effectiveness of thrombolytics is limited by persist-
ent coronary occlusion, re-occlusion, and bleeding complica-
tions. Different thrombolytic regimens, such as bolus injections
of reteplase, and combinations of thrombolytics, for example al-
teplase with streptokinase and alteplase with saruplase, have
been investigated in attempts to improve patency rates. However,
there has been concern that adverse effects may be higher with
bolus injection. A study21 comparing double-bolus alteplase with
accelerated alteplase was terminated early when excess deaths

were found in the group receiving bolus injections, and a subse-
quent meta-analysis22 found a higher incidence of intracranial
haemorrhage associated with bolus doses of various thrombolyt-
ics. Although use of thrombolytics before percutaneous coronary
intervention (PCI) does not appear to be beneficial, a small
study23 has suggested that intracoronary streptokinase given im-
mediately after PCI may improve microvascular reperfusion;
however, there was no effect on clinical outcomes. 
Thrombolytics have also been tried in other acute coronary syn-
dromes, including unstable angina and non-ST elevation myo-
cardial infarction (p.1157). Although small-scale studies report-
ed some benefit the results were variable, and an overview8 of
trials in patients with suspected myocardial infarction, which in-
cluded some patients with unstable angina, found that there was
no mortality benefit in patients without ST elevation. In 2 studies
that investigated alteplase (the TIMI-IIIB study24 with 1473 pa-
tients) and anistreplase (the UNASEM study25 involving 159 pa-
tients), thrombolysis failed to improve outcome and was associ-
ated with an excess of bleeding complications. Thrombolytic
therapy is therefore not recommended for patients with unstable
angina or non-ST elevation myocardial infarction.
1. Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto
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bolysis in acute myocardial infarction: final report of the GISSI
study. Lancet 1987; ii: 871–4. 

2. Wilcox RG, et al. Effects of alteplase in acute myocardial infarc-
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10. EMERAS (Estudio Multicéntrico Estreptoquinasa Repúblicas
de América del Sur) Collaborative Group. Randomised trial of
late thrombolysis in patients with suspected acute myocardial
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14. GISSI-2 and International Study Group. Six-month survival in
20 891 patients with acute myocardial infarction randomized
between alteplase and streptokinase with or without heparin.
Eur Heart J 1992; 13: 1692–7. 

15. Third International Study of Infarct Survival Collaborative
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tivator and a comparison of early invasive and conservative
strategies in unstable angina and non-Q-wave myocardial inf-
arction: results of the TIMI IIIB trial. Circulation 1994; 89:
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Peripheral arterial thromboembolism. Thrombolytics in-
cluding streptokinase may be used in the management of periph-
eral arterial thromboembolism (p.1178). Streptokinase has been
injected intravenously or intra-arterially directly into the clot as
an alternative to surgical treatment of the occlusion. It has also
been infused intra-arterially to remove distal clots during sur-
gery. The intravenous dose generally used is 250 000 units over
30 minutes followed by 100 000 units/hour. A lower dose of
5000 units/hour has been used intra-arterially directly into the
clot1 and for removal of distal clots during surgery streptokinase
has been given intra-arterially in a dose of 100 000 units over 30
minutes or as five bolus doses of 20 000 units at 5-minute inter-
vals.2
1. Anonymous. Non-coronary thrombolysis. Lancet 1990; 335:

691–3. 
2. Earnshaw JJ, Beard JD. Intraoperative use of thrombolytic

agents. BMJ 1993; 307: 638–9.

Stroke. Stroke (p.1185) is normally considered a contra-indica-
tion to the use of thrombolytics, and clearly they would be inap-
propriate in acute haemorrhagic stroke. However, when stroke is
associated with thrombotic occlusion there is evidence, as with
myocardial infarction, that a degree of neuronal recovery is pos-
sible if the occlusion is reversed sufficiently quickly, and throm-
bolytics may therefore have a role in some patients with acute
ischaemic stroke. 
Early studies with intravenous thrombolytics in acute ischaemic
stroke suggested a reduction in early death, although subsequent
randomised trials produced disappointing results, with the ex-
ception of one with alteplase given within 3 hours of the onset of
stroke (NINDS—National Institute of Neurological Disorders
and Stroke rt-PA Stroke Trial).1 The studies using streptoki-
nase—MAST-E (Multicentre Acute Stroke Trial-Europe),2 ASK
(Australian Streptokinase Trial),3 and MAST-I (Multicentre
Acute Stroke Trial-Italy)4,5—were terminated before completion
because of adverse outcomes (intracranial bleeding and in-
creased mortality) in the treatment groups, particularly in those
receiving therapy more than 3 hours after stroke onset.3 The
study investigating alteplase given within 6 hours of the onset of
symptoms (ECASS I—European Cooperative Acute Stroke
Study)6 reported that, although some patients might benefit,
overall alteplase was associated with higher mortality rates and
an increase in some intracranial bleeding (parenchymal haemor-
rhage). In the NINDS randomised study,1 alteplase given within
3 hours of the onset of ischaemic stroke appeared to improve
clinical outcome despite an increased incidence of symptomatic
intracerebral haemorrhage. Patients treated with alteplase were
more likely to have minimal or no disability 3 months after
stroke,1 and this benefit was maintained at 12 months.7 However,
there was no difference in mortality or rate of recurrence of
stroke. A second ECASS study (ECASS II)8 that hoped to con-
firm the early findings of the NINDS study failed to confirm a
statistical benefit for alteplase over placebo and found no signif-
icant differences between patients who received alteplase within
3 hours or between 3 and 6 hours. A review9 of several studies
confirmed that alteplase needed to be given early, and preferably
within 90 minutes, if it was to be effective. 
On the basis of the NINDS study, alteplase given within 3 hours
of the onset of ischaemic stroke is now recommended for select-
ed patients in most guidelines on stroke management.10-14 De-
spite their own disappointing results, the ECASS II investigators
reached a similar conclusion. However, these recommendations
have been criticised.15,16 It has been pointed out17,18 that very few
patients will be eligible for treatment with alteplase, since the
time of onset of symptoms is often uncertain and in many pa-
tients more than 3 hours elapses before a definite diagnosis of
ischaemic stroke is made. In addition, the NINDS study1 exclud-
ed patients with severe stroke and those taking anticoagulants.
The rationale for exclusion of patients with severe stroke is that
haemorrhagic transformation is more likely to occur with large
areas of infarction.17 However, size of infarct is difficult to iden-
tify by CT scanning.17 Anticoagulants or antiplatelets are also
contra-indicated in the first 24 hours after use of alteplase. The
poor results obtained in studies using streptokinase have led to
recommendations that streptokinase should be avoided in ischae-
mic stroke,13 although an overview of thrombolytic studies18

suggested that it may not be worse than alteplase and that the
apparent hazards of streptokinase may be accounted for by dif-
ferences in trial design (for example use with anticoagulants) and
in patient population. Thus, while alteplase can be considered for
those few patients meeting the entry criteria for the NINDS
study, a systematic review19 concluded that further large studies
are required to establish more clearly the overall role of throm-
bolytics in acute ischaemic stroke. Studies of the use of alteplase
outside the setting of a clinical trial have had mixed results.20-22

However, an observational study23 found that alteplase was safe
and effective when used in accordance with guidelines, while an-
other study24 found that it could be used in elderly patients

(80 years-of-age and older), a group normally excluded from
clinical trials. 
Intra-arterial thrombolytics may have advantages over intrave-
nous use and may be used in selected patients.12-14 Studies with
nasaruplase25 and urokinase26 have suggested benefit up to 6
hours after stroke due to middle cerebral artery occlusion, and
use of intra-arterial thrombolytics may therefore be considered in
such patients.12-14 Intra-arterial thrombolytics are also used in
basilar artery occlusion, although evidence to support this is lim-
ited;12,13,27 intravenous alteplase may be an alternative.28 Com-
bined use of intravenous and intra-arterial alteplase,29 as well as
use of adjunctive therapies such as therapeutic ultrasound30 or
antithrombotics, are under investigation but do not yet have an
established role.13 
Intravenous thrombolytics have no role in the management of
acute haemorrhagic stroke, but they have been given locally to
facilitate the aspiration of haematomas in both intracerebral31

and subarachnoid haemorrhage. Small studies with urokinase
have shown benefit in patients with intraventricular haemor-
rhage.
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Preparations
BP 2008: Streptokinase Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Streptase; Austral.: Streptase; Austria: Streptase; Belg.: Streptase;
Braz.: Kabikinase†; Solustrep; Streptase; Streptokin; Streptonase; Uniti-
nase†; Canad.: Streptase; Chile: Streptase†; Cz.: Kabikinase†; Streptase;
Denm.: Streptase; Fin.: Streptase; Fr.: Streptase; Ger.: Streptase; Gr.:
Streptase; Hong Kong: Streptase; Hung.: Streptase; India: Fibrokinase;
STpase; Streptase; Zykinase; Indon.: Streptase; Irl.: Streptase†; Israel: Ka-
bikinase; Streptase; Ital.: Streptase†; Malaysia: Streptase†; Mex.:
Streptase; Neth.: Streptase; Norw.: Kabikinase†; Streptase; NZ: Streptase;
Pol.: Streptase; Port.: Streptase; S.Afr.: Streptase; Spain: Kabikinase†;
Streptase; Swed.: Streptase; Switz.: Streptase; Thai.: Streptase; UK:
Streptase; USA: Streptase; Venez.: Streptase.
Multi-ingredient: Arg.: Varidasa†; Austral.: Varidase†; Austria: Vari-
dase; Denm.: Varidase; Fin.: Varidase; Ger.: Varidase; Irl.: Varidase†; Ital.:
Varidase†; Mex.: Varidasa; Norw.: Varidase; Pol.: Distreptaza; Port.: Var-
idasa†; Spain: Ernodasa; Varidasa; Swed.: Varidase; UK: Varidase†.

Strophanthin-K
Estrofantina; Kombé Strophanthin; Strophanthin; Strophantho-
side-K.
CAS — 11005-63-3.

NOTE. Do not confuse with K-strophanthin-α which is Cymarin.
Pharmacopoeias. In Chin.
Profile
Strophanthin-K is a cardiac glycoside or a mixture of cardiac gly-
cosides from strophanthus, the seeds of Strophanthus kombe
(Apocynaceae) or other spp., adjusted by admixture with a suit-
able diluent such as lactose so as generally to possess 40% of the
activity of anhydrous ouabain. 
Strophanthin-K is a positive inotrope with general properties
similar to those of digoxin (p.1259). It is poorly absorbed from
the gastrointestinal tract but may be given intravenously in main-
tenance doses of 125 to 250 micrograms daily in the manage-
ment of heart failure (p.1165).
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Kombetin.

Suleparoid (rINNM)

Heparan Sulfate; Heparan Sulphate; Heparitin Sulfate; Sulé-
paroïde; Suleparoide; Suleparoidum.
Сулепароид
CAS — 9050-30-0.

Suleparoid Sodium (rINN)

Heparan Sulfate Sodium; Sodium Heparitin Sulphate; Sulepar-
oide sódico; Suléparoïde Sodique; Suleparoidum Natricum.
Сулепароид Натрий
CAS — 57459-72-0.

Profile
Suleparoid is a naturally occurring glycosaminoglycan given
orally in the management of thromboembolic disorders; it is also
used topically. Suleparoid sodium is a component of danaparoid
sodium (p.1255).
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Aremin; Arteven; Clarema; Hemovasal; Leparan†; Spatix†; Tavidan;
Vas; Vasorema†.

Multi-ingredient: Ital.: Osmogel.

Sulodexide (rINN)

KRX-101; Sulodexida; Sulodexidum. Glucurono-2-amino-2-de-
oxyglucoglucan sulfate.
Сулодексид
CAS — 57821-29-1.
ATC — B01AB11.
ATC Vet — QB01AB11.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Profile
Sulodexide is a heparinoid consisting of a mixture of low-molec-
ular-weight heparin and dermatan sulfate. It is used as a hypoli-
pidaemic and antithrombotic and has been given orally and
parenterally for peripheral vascular disease and cerebrovascular
disease. It is also included in preparations used topically for local
vascular inflammation and soft-tissue disorders. Sulodexide has
also been investigated for the treatment of diabetic nephropathy.

◊ References.
1. Ofosu FA. Pharmacological actions of sulodexide. Semin

Thromb Hemost 1998; 24: 127–38. 
2. Weiss R, et al. The role of sulodexide in the treatment of diabetic

nephropathy. Drugs 2007; 67: 2681–96.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Vessel Due F; Hung.: Vessel Due F; Ital.: Clarens; Provenal; Ravenol;
Treparin; Vessel; Malaysia: Vessel Due F; Philipp.: Vessel Due F; Pol.:
Vessel Due F; Port.: Vessel; Rus.: Vessel Due F (Вессел Дуэ Ф); Spain:
Aterina; Luzone; Venez.: Vessel Due.

Multi-ingredient: Ital.: Dermoangiopan†; Vessiflex†.

Sympathomimetics ⊗ 

Adverse Effects
Sympathomimetics may produce a wide range of ad-
verse effects, generally resembling the effect of exces-
sive stimulation of the sympathetic nervous system.
These effects are mediated by the different types of
adrenergic receptor, and the effects of individual drugs
depend to a large extent on their relative activity at the
different receptors, as well as the body’s homoeostatic
response. While many sympathomimetics are relative-
ly selective for specific receptors, this depends on the
dose, and at higher doses most have effects on all re-
ceptors. 
Central effects may occur with all sympathomimetics
and include anxiety, fear, restlessness, insomnia, con-
fusion, irritability, headache, and psychotic states; dys-
pnoea, weakness, anorexia, nausea, and vomiting are
also common. Although some sympathomimetics
have direct effects, others do not cross the blood-brain
barrier and their central effects appear to be a somatic
response. 
The most important adverse effects of the sympathom-
imetics are those that affect the cardiovascular system.
Palpitations, tachycardia, and arrhythmias mainly re-
sult from stimulation of cardiac beta receptors, and
there is also an increase in cardiac contractility; this
may result in angina or cardiac arrest. 
The effects on blood vessels depend on the relative ef-
fects at alpha and beta receptors, since most blood ves-
sels have both. Stimulation of alpha receptors produces
vasoconstriction, with resultant hypertension, and this
may be severe enough to lead to cerebral haemorrhage
or pulmonary oedema, particularly in overdosage.
There may also be reflex bradycardia. Conversely, hy-
potension, with dizziness and fainting, and flushing,
may occur due to beta2-induced vasodilatation, and
may contribute to tachycardia. 
Alpha-mediated vasoconstriction causes cold extremi-
ties, since blood vessels supplying the skin and mucosa
have only alpha receptors; this may lead to gangrene,
particularly when sympathomimetics are infiltrated
into digits. Extravasation similarly may cause tissue
necrosis and sloughing. Topical application to mucosal
surfaces also causes vasoconstriction, pain, and irrita-
tion; hypoxia may lead to rebound mucosal conges-
tion. 
Other effects include mydriasis, difficulty in micturi-
tion and urinary retention, piloerection, sweating, and
increased salivation, all of which result from alpha1
stimulation. Hypokalaemia and muscle tremor may
occur as a result of beta2 stimulation, although tremor
may also occur as a somatic response. Effects on the
uterus are complex and depend on the stage of the
menstrual cycle; labour may be inhibited by beta2 stim-

ulation. Hyperglycaemia may occur due to complex
metabolic effects, and lactic acidosis has also been re-
ported.
Effects on the heart. The heart has mainly beta1 adrenocep-
tors and cardiac arrhythmias are most likely with beta1 agonists;
increased mortality has been reported with the use of beta ago-
nists in heart failure (see Ibopamine, p.1312). A review1 of vaso-
pressor sympathomimetics, which are mainly used for their al-
pha-agonist properties, concluded that dopamine and adrenaline
were associated with the highest risk, mainly of dose-related si-
nus tachycardia and ventricular arrhythmias. However, the clini-
cal significance of most arrhythmias occurring with dopamine
was considered questionable; supraventricular or ventricular
arrhythmias with adrenaline were most likely in patients receiv-
ing general anaesthesia or with underlying disorders of cardiac
conduction. The risk with noradrenaline was uncertain, though
there are few clinical reports, while phenylephrine and methox-
amine were thought unlikely to cause problems. Overall the fre-
quency of serious problems with this class of drugs did not seem
to be high, and benefits outweighed the risks in most patients. 
Sympathomimetics may cause myocardial ischaemia, particular-
ly in patients with ischaemic heart disease, and severe cardiovas-
cular effects have occurred with the use of dobutamine for cardi-
ac stress testing (see Diagnosis and Testing, p.1272). In addition,
myocardial infarction has been reported in an 11-year-old boy
treated with nebulised racepinefrine for symptoms of croup,2 and
there have also been reports of myocardial ischaemia associated
with adrenaline overdosage (see p.1203).
1. Tisdale JE, et al. Proarrhythmic effects of intravenous vasopres-

sors. Ann Pharmacother 1995; 29: 269–81. 
2. Butte MJ, et al. Pediatric myocardial infarction after racemic

epinephrine administration. Abstract: Pediatrics 1999; 104:
103–4. Full version: http://pediatrics.aappublications.org/cgi/
content/full/104/1/e9 (accessed 07/10/05)

Topical use. Systemic effects may occasionally follow the local
or topical use of sympathomimetics, for example as eye drops for
the treatment of glaucoma.1 Psychiatric effects including halluci-
nations and paranoia have also occurred after both proper and
improper use of sympathomimetics in decongestant prepara-
tions.2
1. Everitt DE, Avorn J. Systemic effects of medications used to

treat glaucoma. Ann Intern Med 1990; 112: 120–5. 
2. Anonymous. Drugs that cause psychiatric symptoms. Med Lett

Drugs Ther 1993; 35: 65–70.

Treatment of Adverse Effects
Most sympathomimetics have a short duration of ac-
tion and treatment of adverse effects is mainly support-
ive; if given by infusion, stopping it or reducing the rate
will be sufficient in many cases. A rapidly-acting alpha
blocker, such as phentolamine, may be given to reverse
alpha1-mediated effects such as hypertension, while a
beta blocker may be given for beta1-mediated effects
such as cardiac arrhythmias. In severe hypertension,
rapidly-acting vasodilators such as glyceryl trinitrate
have also been used. 
In the case of extravasation of an alpha agonist, or in-
jection into a digit, an alpha blocker such as phen-
tolamine should be given as soon as possible to prevent
tissue necrosis and ischaemic damage. 
Non-catecholamine sympathomimetics may have a
longer duration of action and adverse effects, particu-
larly hypertension, may be prolonged.

Precautions
Sympathomimetics should be used with caution in pa-
tients with cardiovascular disorders, who may have an
increased susceptibility to their effects. Particular care
is needed in patients with cardiac arrhythmias, ischae-
mic heart disease, or hypertension. All sympathomi-
metics should generally be avoided in severe hyperten-
sion, although alpha agonists are particularly
hazardous; they should also be used with caution in pa-
tients with occlusive vascular disease, who are at in-
creased risk of peripheral ischaemia. Beta1 agonists are
a particular hazard in tachycardia. Sympathomimetics
with beta2 effects should be used with caution in ob-
structive cardiomyopathy and other disorders where a
reduction in total peripheral resistance could be harm-
ful. 
Sympathomimetics should be avoided in phaeochro-
mocytoma. Caution is also needed in patients with
hyperthyroidism, who may be at increased risk of ef-
fects on the heart; elevated thyroid hormone concentra-
tions may also enhance adrenoceptor sensitivity. Dia-
betics and elderly patients have a high incidence of

atherosclerotic disease and may also be at higher risk;
the effects of sympathomimetics on blood glucose
should also be considered. 
Alpha agonists in particular should be used with cau-
tion in angle-closure glaucoma, as well as in patients
with prostate disorders, who may be at increased risk
of urinary retention. Sympathomimetics with vasocon-
strictor effects may reduce placental perfusion and
should possibly be avoided in pregnancy; adrenaline
and others with beta2-mediated effects may also inhibit
labour. 
If sympathomimetics are used for circulatory support,
hypovolaemia, metabolic acidosis, and hypoxia or hy-
percapnia should be corrected either before starting the
sympathomimetic or while it is being given. Blood
pressure should be monitored regularly during treat-
ment.

Interactions
Interactions with sympathomimetics are complex and
may be hazardous; they result mainly from their phar-
macological actions at alpha and beta receptors. 
Increased cardiac effects may occur with drugs that in-
crease the sensitivity of the myocardium to beta1 ago-
nists; hazardous arrhythmias may occur with volatile
anaesthetics, particularly cyclopropane or halothane.
Caution is also required with thyroid hormones, and
with drugs that affect cardiac conduction, such as car-
diac glycosides and antiarrhythmics. 
All sympathomimetics affect blood pressure and
should be used with caution with antihypertensive
drugs or drugs that cause hypotension, particularly
those whose action involves the sympathetic nervous
system. Direct-acting sympathomimetics with alpha-
agonist actions specifically reverse the hypotensive ef-
fect of adrenergic neurone blockers such as guanethi-
dine, and severe hypertension may result. There are
also complex interactions between both alpha and beta
blockers and sympathomimetics, particularly those
that have actions at both types of receptor. Alpha
blockers antagonise the effects at alpha receptors but
leave the beta-mediated effects unopposed, leading to
an increased risk of hypotension and tachycardia. Beta
blockers, especially those that are non-selective, antag-
onise the effects at beta receptors but leave the alpha-
mediated effects unopposed, increasing the risk of
hypertension and reflex bradycardia. They also
antagonise the bronchodilating effects of beta2
agonists. Severe anaphylaxis in patients taking
non-cardioselective beta blockers may not respond to
adrenaline (see below). 
Hazardous interactions resulting in severe hyperten-
sion may occur with MAOIs (including RIMAs) and
sympathomimetics, especially those that have indirect
actions, since MAOIs increase the amount of nor-
adrenaline stored in adrenergic nerve endings. Sym-
pathomimetics for which the risk is particularly high
include dexamfetamine, dopamine, dopexamine,
ephedrine, isometheptene, mephentermine, metarami-
nol, methylphenidate, phentermine, phenylephrine,
phenylpropanolamine, and pseudoephedrine. The ef-
fects of direct-acting sympathomimetics such as adren-
aline and noradrenaline may also be slightly enhanced.
For additional warnings see under Phenelzine (p.418)
and Moclobemide (p.411). 
Tricyclic antidepressants block the inactivation of
adrenaline and noradrenaline by uptake into the nerve
endings and may increase their effect; hypertension
and arrhythmias may occur. Conversely, the effect of
indirectly-acting sympathomimetics could theoretical-
ly be reduced by tricyclics, although there is little clin-
ical evidence that this occurs. There is also no evidence
that an interaction occurs when local anaesthetic solu-
tions containing adrenaline or noradrenaline are used
in patients taking MAOIs or tricyclics, although great
care needs to be taken to avoid inadvertent intravenous
injection of these local anaesthetic preparations. 
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Interactions may also occur between sympathomimet-
ics and drugs that have similar or opposing effects
through non-adrenergic mechanisms. Sympathomi-
metics with central actions may potentiate the effects
of CNS stimulants, while the vasoconstrictor and pres-
sor effects of alpha agonists may be enhanced by drugs
with similar effects, such as ergot alkaloids or oxytoc-
in. Beta2-mediated hypokalaemia may be potentiated
by other drugs that cause potassium loss, including cor-
ticosteroids, potassium-depleting diuretics, and amino-
phylline or theophylline; patients given high doses of
beta2 agonists with such drugs should have their plas-
ma-potassium concentration monitored (see Interac-
tions of Salbutamol, p.1132). Hypokalaemia may also
contribute to the increased susceptibility to cardiac
arrhythmias caused by digoxin and other cardiac glyco-
sides.
Antiparkinsonian drugs. Additive cardiovascular toxicity
may occur when some sympathomimetics are given with
antiparkinsonian drugs such as levodopa (see p.808) and bromo-
criptine (see p.800). Severe hypertension may also occur with
some sympathomimetics and selegiline (see p.818), possibly due
to inhibition of peripheral monoamine oxidase.
Beta blockers. The interactions between beta blockers and
sympathomimetics are complex and depend on the selectivity of
both drugs. Patients given adrenaline (including the low doses
used with local anaesthetics) while taking non-selective beta
blockers such as propranolol can develop raised blood pressure
due to alpha-mediated vasoconstriction, followed by reflex
bradycardia, and occasionally cardiac arrest;1 the bronchodilator
effects of adrenaline and other beta2 agonists are also inhibited.
In contrast, cardioselective beta blockers such as metoprolol,
have minimal effects on blood pressure and heart rate since they
only inhibit the beta1- mediated effects, leaving the beta2-medi-
ated vasodilatation to balance the vasoconstrictor effect. Howev-
er, beta blockers that also have alpha-blocking effects, such as
carvedilol, may cause hypotension since only the beta2-induced
vasodilatation remains; such an interaction has been reported
with dobutamine.2 Low doses of cardioselective beta blockers do
not appear to interfere with sympathomimetic (isoprenaline)-in-
duced bronchodilatation,3 although the effect of larger doses is
uncertain. 
Propranolol has also been shown to inhibit the favourable pressor
and bronchodilator responses to adrenaline when given for ana-
phylaxis.4 Thus, patients on long-term treatment with some non-
cardioselective beta blockers who develop anaphylaxis may be
relatively refractory to adrenaline.
1. Jay GT, Chow MSS. Interaction of epinephrine and β-blockers.

JAMA 1995; 274: 1830–2. 
2. Lindenfeld J, et al. Hypotension with dobutamine: β-adrenergic

antagonist selectivity at low doses of carvedilol. Ann Pharmaco-
ther 1999; 33: 1266–9. 

3. Decalmer PBS, et al. Beta blockers and asthma. Br Heart J 1978;
40: 184–9. 

4. Newman BR, Schultz LK. Epinephrine-resistant anaphylaxis in
a patient taking propranolol hydrochloride. Ann Allergy 1981;
47: 35–7.

General anaesthetics. Anaesthesia may sensitise the myocar-
dium to the effects of sympathomimetics, increasing the risk of
arrhythmias, and fatalities have been attributed to the use of
adrenaline with halothane anaesthesia.1 It has been suggested2

that the use of adrenaline for haemostasis during surgery is a par-
ticular risk, although use of a low dose may be safe in patients
anaesthetised with cyclopropane, halothane, or similar volatile
anaesthetics; other factors likely to increase the irritability of the
myocardium, such as carbon-dioxide retention, hypoxia, or the
use of cocaine, should be avoided.2,3 For halothane or trichloro-
ethylene anaesthesia a maximum strength for the adrenaline
solution of 1 in 100 000, given at a rate not exceeding 10 mL in
any 10-minute period or 30 mL in 1 hour, has been recommend-
ed;3 this may also apply for cyclopropane, although the risk of
arrhythmias is higher.3 Other volatile anaesthetics generally ap-
pear to carry less risk.
1. Buzik SC. Fatal interaction? Halothane, epinephrine and tooth

implant surgery. Can Pharm J 1990; 123: 68–9 and 81. 
2. Anonymous. Anaesthetics and the heart. Lancet 1967; i: 484–5. 
3. Katz RL, Epstein RA. The interaction of anesthetic agents and

adrenergic drugs to produce cardiac arrhythmias. Anesthesiology
1968; 29: 763.

Theophylline. For discussion of possible interactions between
sympathomimetics with beta-agonist actions and theophylline,
see p.1145.
Vasodilators. Paradoxical hypotension may occur when sym-
pathomimetics with both alpha- and beta-agonist properties are
given with tolazoline, and there has been a report1 of fatal hypo-
tension in a patient given tolazoline and dopamine together. The
mechanism of the interaction appears to be antagonism of the
alpha-mediated vasoconstrictor effect of the sympathomimetic
by the alpha-blocking effects of tolazoline, leaving the vasodila-
tor effects unopposed.
1. Carlon GC. Fatal association of tolazoline and dopamine. Chest

1979; 76: 336.

Actions and Uses
Sympathomimetics have actions that mimic the effects
of stimulation of postganglionic (adrenergic) nerves.
They include the endogenous catecholamines adrena-
line, noradrenaline, and dopamine, and other drugs that
directly stimulate adrenergic receptors, as well as drugs
that have an indirect action by stimulating the release
of noradrenaline from storage vesicles in adrenergic
nerve endings. Phenylephrine is an example of a di-
rect-acting sympathomimetic, whereas ephedrine and
many other sympathomimetics have both direct and in-
direct effects. 
The endogenous sympathomimetics are catecho-
lamines, consisting of a catechol portion (characterised
by hydroxy groups at adjacent positions on a benzene
ring) and an aliphatic amine portion. Adrenaline and
noradrenaline both have direct actions on adrenergic
receptors, whereas dopamine has direct and indirect
actions, as well as stimulating specific dopamine re-
ceptors. Although sympathetic nerves are generally
termed adrenergic, the principal neurotransmitter is ac-
tually noradrenaline; it also acts as a neurotransmitter
in the CNS. The major physiological role of adrenaline
is metabolic. Dopamine is an important neurotransmit-
ter within the CNS, but also has a role peripherally
within the renal, mesenteric, and coronary vasculature. 
Adrenergic receptors are classified as either alpha or
beta receptors, and these are subdivided into a number
of types. Dopamine receptors are a distinct group of re-
ceptors that are mainly found in the CNS, and at least
5 subtypes are known (see p.791); D1 receptors also oc-
cur in some vascular beds. The effects of adrenergic
stimulation depend on the location and activity of the
receptors: 
• alpha1 receptors are found primarily in blood ves-

sels, as well as in the skin, eye, bladder, uterus, and
liver. Stimulation leads to vasoconstriction, particu-
larly in the vessels of the skin and mucosa, abdomi-
nal viscera, and kidney; this results in an increase in
blood pressure, sometimes with compensatory re-
flex bradycardia. Alpha1 stimulation also results in
contraction of other smooth muscle, including the
urinary sphincter and the uterus, and induces my-
driasis in the eye 

• alpha2 receptors are mainly found presynaptically.
Stimulation appears to play a role in feedback inhibi-
tion of neurotransmitter release and may be involved
in the inhibition of intestinal activity; it also plays a
role in the inhibition of insulin secretion 

• beta1 receptors are found predominantly in the heart.
Stimulation produces an increase in the rate and
force of contraction, increased conduction velocity,
and greater automaticity 

• beta2 receptors are mainly found in blood vessels
and the lung, as well as in the uterus, the gastrointes-
tinal tract, the liver, and the ciliary body of the eye.
Stimulation leads to vasodilatation, bronchodilata-
tion, uterine relaxation, and a decrease in gastroin-
testinal motility; it also results in release of insulin
and enhances gluconeogenesis and glycogenolysis 

• beta3 receptors are found in fat cells and are thought
to have a role in lipolysis and thermogenesis; they
have also been found in the heart, uterus, and bladder
but their role is not clear 

• D1 receptors are found in the renal, mesenteric, and
coronary vascular beds. Stimulation leads to vasodil-
atation 

Sympathomimetics differ in their relative affinity for
each type of receptor, and also in whether they have
direct or indirect actions (see Table 5, below). Their ef-
fects generally reflect these characteristics, although
both may depend on the dose. Feedback mechanisms
and the homoeostatic response of the body are also im-
portant. The specific effects of the different sympatho-
mimetics are described in more detail in the individual
monographs. 
The endogenous catecholamines all have a very short
action and are inactive by mouth; they are also highly
polar and do not cross the blood-brain barrier. Other
sympathomimetics are analogues of catecholamines
but generally have a longer duration of action and are
orally active; many also cross the blood-brain barrier
and have central effects. For example, dexamfetamine
has marked central stimulant effects, while the seem-
ingly paradoxical antihypertensive action of alpha2
agonists such as clonidine may be due to central effects
that outweigh their effects in vascular smooth muscle. 
The differing characteristics of the sympathomimetics
mean that they are used in a wide range of disorders.
Those with alpha1-agonist effects are mainly used to
increase the blood pressure in hypotensive disorders
and in shock (p.1183). Some alpha agonists, such as
phenylephrine (p.1568), are also applied topically to
produce vasoconstriction of mucosal surfaces and are
used for the symptomatic relief of nasal congestion and
in eye disorders; they may also be used as mydriatics.
Alpha2 agonists are used as central antihypertensives
(see Clonidine, p.1247), or in the treatment of glauco-

Table 5. Actions of sympathomimetics.

Action Receptor specificity

Direct Indirect α β1 β2 DA*

Adrenaline
Dobutamine
Dopamine
Dopexamine
Ephedrine
Etilefrine
Ibopamine
Isoprenaline
Mephentermine
Metaraminol
Methoxamine
Midodrine
Noradrenaline
Phenylephrine

+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+

+

+
+

+
+
+

+
+
+

+
+
+
+
+
+

+
+
+

+
+
+
+
+
+

+

+
+

+
+
+
+
+

+
+

+

* = Dopaminergic
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ma (see Apraclonidine, p.1877). Beta1 agonists are
mainly used for their inotropic actions in acute heart
failure and shock, while beta2 agonists such as salbuta-
mol (p.1131) are used for their bronchodilator effects
and as uterine relaxants in premature labour. Sym-
pathomimetics with mainly CNS effects may be used
as central stimulants (see Dexamfetamine, p.2153).

Talinolol (rINN) ⊗ 
Talinololum. (±)-1-{p-[3-(tert-Butylamino)-2-hydroxypropoxy]-
phenyl}-3-cyclohexylurea.

Талинолол
C20H33N3O3 = 363.5.
CAS — 57460-41-0.
ATC — C07AB13.
ATC Vet — QC07AB13.

Profile
Talinolol is a cardioselective beta blocker (p.1225). It is given
orally in the management of hypertension (p.1171) and other car-
diovascular disorders, in doses of up to 300 mg daily. It has also
been given intravenously.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Cordanum†; Ger.: Cordanum; Rus.: Cordanum (Корданум).

Teclothiazide Potassium (BANM, rINNM) ⊗ 
Kalii Teclothiazidum; Téclothiazide Potassique; Teclotiazida
potásica; Tetrachlormethiazide Potassium. 6-Chloro-3,4-dihydro-
3-trichloromethyl-2H-1,2,4-benzothiadiazine-7-sulphonamide
1,1-dioxide potassium.

Калия  Теклотиазид
C8H7Cl4N3O4S2,K = 454.2.
CAS — 4267-05-4 (teclothiazide); 5306-80-9 (teclothi-
azide potassium).

(teclothiazide)

Profile
Teclothiazide potassium is a thiazide diuretic (see Hydrochloro-
thiazide, p.1307) used in the treatment of oedema.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Spain: Quimodril.

Tedisamil (USAN, rINN)

KC-8857; Tédisamil; Tedisamilum. 3′,7′-Bis(cyclopropylmethyl)-
spiro[cyclopentane-1,9′-[3,7]diazabicyclo[3.3.1]nonane].

Тедизамил
C19H32N2 = 288.5.
CAS — 90961-53-8.
ATC — C01EB12.
ATC Vet — QC01EB12.

Profile
Tedisamil is an antiarrhythmic under investigation for the treat-
ment of atrial arrhythmias.

◊ References.
1. Hohnloser SH, et al. Safety and efficacy of intravenously admin-

istered tedisamil for rapid conversion of recent-onset atrial fi-
brillation or atrial flutter. J Am Coll Cardiol 2004; 44: 99–104.

Telmisartan (BAN, USAN, rINN)

BIBR-277; BIBR-277-SE; Telmisartaani; Telmisartán; Telmisarta-
num. 4′-{[4-Methyl-6-(1-methyl-2-benzimidazolyl)-2-propyl-1-
benzimidazolyl]methyl}-2-biphenylcarboxylic acid.
Тельмизартан
C33H30N4O2 = 514.6.
CAS — 144701-48-4.
ATC — C09CA07.
ATC Vet — QC09CA07.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Telmisartan). A white or slightly yellowish, crys-
talline powder. Practically insoluble in water; slightly soluble in
methyl alcohol; sparingly soluble in dichloromethane. it dis-
solves in 1M sodium hydroxide. It exhibits polymorphism.

Adverse Effects and Precautions
As for Losartan Potassium, p.1326. Telmisartan should
be used with caution in patients with hepatic impair-
ment or biliary obstruction.
◊ References.
1. Michel MC, et al. Safety of telmisartan in patients with arterial

hypertension : an open-label observational study. Drug Safety
2004; 27: 335–44.

Interactions
As for Losartan Potassium, p.1327.
Digoxin. Telmisartan may increase serum concentrations of di-
goxin (see Angiotensin II Receptor Antagonists under Interac-
tions of Digoxin, p.1261) but the interaction is probably not clin-
ically significant.

Pharmacokinetics
Telmisartan is rapidly absorbed from the gastrointesti-
nal tract; the absolute oral bioavailability is dose-
dependent and is about 42% after a 40-mg dose and
58% after a 160-mg dose. Peak plasma concentrations
of telmisartan are reached about 0.5 to 1 hour after an
oral dose. Telmisartan is over 99% bound to plasma
proteins. It is excreted almost entirely in the faeces via
bile, mainly as unchanged drug. The terminal elimina-
tion half-life of telmisartan is about 24 hours.
◊ References.
1. Stangier J, et al. Absorption, metabolism, and excretion of intra-

venously and orally administered [ C]telmisartan in healthy
volunteers. J Clin Pharmacol 2000; 40: 1312–22.

Uses and Administration
Telmisartan is an angiotensin II receptor antagonist
with actions similar to those of losartan (p.1327). It is
used in the management of hypertension (p.1171). 
Telmisartan is given orally. After a dose the hypoten-
sive effect peaks within 3 hours and persists for at least
24 hours. The maximum hypotensive effect occurs
within about 4 to 8 weeks after starting therapy. 
In hypertension, telmisartan is given in an initial dose
of 40 mg once daily. This may be increased, if neces-
sary, to a maximum dose of 80 mg once daily. Lower
doses should be considered in patients with hepatic or
renal impairment (see below).
◊ Reviews.
1. McClellan KJ, Markham A. Telmisartan. Drugs 1998; 56:

1039–44. 
2. Sharpe M, et al. Telmisartan: a review of its use in hypertension.

Drugs 2001; 61: 1501–29. 
3. Battershill AJ, Scott LJ. Telmisartan: a review of its use in the

management of hypertension. Drugs 2006; 66: 51–83. 
4. Gosse P. A review of telmisartan in the treatment of hyperten-

sion: blood pressure control in the early morning hours. Vasc
Health Risk Manag 2006; 2: 195–201. 

5. Yamagishi S, et al. Potential utility of telmisartan, an angiotensin
II type 1 receptor blocker with peroxisome proliferator-activated
receptor-γ (PPAR-γ)-modulating activity for the treatment of car-
diometabolic disorders. Curr Mol Med 2007; 7: 463–9. 

6. Francischetti EA, et al. Treatment of hypertension in individuals
with the cardiometabolic syndrome: role of an angiotensin II re-
ceptor blocker, telmisartan. Expert Rev Cardiovasc Ther 2008;
6: 289–303.

Administration in hepatic or renal impairment. Giving
telmisartan to patients with hepatic impairment resulted in an in-
crease in bioavailability and a reduction in clearance compared
with healthy subjects.1 Although telmisartan was well tolerated,
it was suggested that lower doses should be considered in pa-
tients with hepatic impairment. In the UK telmisartan is contra-
indicated in severe hepatic impairment and a maximum dose of
40 mg once daily is recommended for patients with mild to mod-
erate impairment 
Telmisartan appears to be well tolerated in patients with renal
impairment, including those on dialysis.2 However, in the UK, an
initial dose of 20 mg once daily is recommended for patients
with severe renal impairment or on haemodialysis.
1. Stangier J, et al. Pharmacokinetics and safety of intravenous and

oral telmisartan 20 mg and 120 mg in subjects with hepatic im-
pairment compared with healthy volunteers. J Clin Pharmacol
2000; 40: 1355–64. 

2. Sharma AM, et al. Telmisartan in patients with mild/moderate
hypertension and chronic kidney disease. Clin Nephrol 2005; 63:
250–7.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Gliosartan; Micardis; Pritor†; Austral.: Micardis; Pritor†; Austria: Mi-
cardis; Belg.: Kinzalmono; Micardis; Braz.: Micardis; Pritor; Canad.: Mi-
cardis; Chile: Micardis; Pritoral†; Samertan; Cz.: Kinzalmono; Micardis; Pri-
tor ; Denm.: Kinzalmono†; Micardis; Fin.: Kinzalmono; Micardis; Fr.:
Micardis; Pritor; Ger.: Kinzalmono; Micardis; Gr.: Micardis; Pritor; Hong
Kong: Micardis; Hung.: Micardis; Pritor; India: Telma; Telpres; Indon.: Mi-
cardis; Irl.: Micardis; Ital.: Micardis; Pritor; Jpn: Micardis; Malaysia: Mi-
cardis; Mex.: Micardis; Predxal; Neth.: Kinzalmono; Micardis; Pritor ;
Norw.: Micardis; NZ: Micardis; Philipp.: Micardis; Pritor; Pol.: Micardis;
Pritor; Port.: Kinzalmono; Micardis; Pritor; Rus.: Micardis (Микардис); Pri-
tor (Прайтор); S.Afr.: Micardis; Singapore: Micardis; Spain: Micardis; Pri-
tor; Swed.: Kinzalmono†; Micardis; Switz.: Kinzal; Micardis; Thai.: Micardis;
Turk.: Micardis; Pritor; UK: Micardis; USA: Micardis; Venez.: Micardis; Pri-
tor.
Multi-ingredient: Arg.: Gliosartan Plus; Micardis Plus; Austral.: Micardis
Plus; Austria: MicardisPlus; Belg.: Kinzalkomb; Micardis Plus; Braz.: Mi-
cardis HCT; Pritor HCT; Canad.: Micardis Plus; Chile: Micardis Plus; Cz.:
Kinzalkomb; MicardisPlus; PritorPlus; Denm.: Kinzalkomb†; MicardisPlus;
Fin.: Kinzalkomb; MicardisPlus; Fr.: MicardisPlus; PritorPlus; Ger.: Kinzal-
komb; MicardisPlus; Gr.: Micardis Plus; Pritor Plus; Hong Kong: Micardis
Plus; Hung.: MicardisPlus; PritorPlus; India: Telma-H†; Telpres-H; Indon.:
Micardis Plus; Irl.: MicardisPlus; Ital.: Micardis Plus; PritorPlus; Malaysia:
Micardis Plus; Mex.: Micardis Plus; Predxal Plus; Neth.: Kinzalkomb; Mi-
cardis Plus; PritorPlus; Norw.: MicardisPlus; Philipp.: Micardis Plus; Pritor-
Plus; Pol.: Micardis Plus; Pritor Plus; Port.: Kinzalkomb; Micardis Plus; Pri-
torPlus; Rus.: MicardisPlus (МикардисПлюс); S.Afr.: Co-Micardis;
Singapore: Micardis Plus; Spain: Micardis Plus; Pritor Plus; Swed.: Kinzal-
komb†; Micardis Plus; Switz.: Kinzalplus; MicardisPlus; Thai.: Micardis Plus;
Turk.: Micardis Plus; Pritor Plus; UK: MicardisPlus; USA: Micardis HCT;
Venez.: Micardis Plus; Pritor Plus.

Temocapril Hydrochloride (BANM, USAN, rINNM)

CS-622; Hidrocloruro de temocapril; Témocapril, Chlorhydrate
de; Temocaprili Hydrochloridum. (+)-(2S,6R)-6-{[(1S)-1-Ethoxy-
carbonyl-3-phenylpropyl]amino}tetrahydro-5-oxo-2-(2-thienyl)-
1,4-thiazepine-4(5H)-acetic acid hydrochloride.
Темокаприла Гидрохлорид
C23H28N2O5S2,HCl = 513.1.
CAS — 111902-57-9 (temocapril); 110221-44-8 (temoc-
april hydrochloride).
ATC — C09AA14.
ATC Vet — QC09AA14.

(temocapril)

Profile
Temocapril is an ACE inhibitor (p.1193) that has been used in the
treatment of hypertension (p.1171). It owes its activity to the di-
acid temocaprilat to which it is converted after oral doses.
◊ References.
1. Nakashima M, et al. Pharmacokinetics of temocapril hydrochlo-

ride, a novel angiotensin converting enzyme inhibitor, in renal
insufficiency. Eur J Clin Pharmacol 1992; 43: 657–9. 
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2. Oguchi H, et al. Pharmacokinetics of temocapril and enalapril in

patients with various degrees of renal insufficiency. Clin Phar-
macokinet 1993; 24: 421–7. 

3. Furuta S, et al. Pharmacokinetics of temocapril, an ACE inhibi-
tor with preferential biliary excretion, in patients with impaired
liver function. Eur J Clin Pharmacol 1993; 44: 383–5. 

4. Arakawa M, et al. Pharmacokinetics and pharmacodynamics of
temocapril during repeated dosing in elderly hypertensive pa-
tients. Eur J Clin Pharmacol 2001; 56: 775–9. 

5. Song JC, White CM. Clinical pharmacokinetics and selective
pharmacodynamics of new angiotensin converting enzyme in-
hibitors: an update. Clin Pharmacokinet 2002; 41: 207–24. 

6. Yasunari K, et al. Pharmacological and clinical studies with te-
mocapril, an angiotensin converting enzyme inhibitor that is ex-
creted in the bile. Cardiovasc Drug Rev 2004; 22: 189–98.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Acecol.

Tenecteplase (BAN, USAN, rINN)

Tenecteplasa; Ténectéplase; Tenecteplasum; TNK-tPA. [103-L-
Asparagine-117-L-glutamine-296-L-alanine-297-L-alanine-298-L-
alanine-299-L-alanine]plasminogen activator (human tissue-type).
Тенектеплас
CAS — 191588-94-0.
ATC — B01AD11.
ATC Vet — QB01AD11.

Description. Tenecteplase is a 527 amino acid glycoprotein
produced by recombinant DNA technology. It is a modified form
of human tissue plasminogen activator.

Adverse Effects, Treatment, and Precau-
tions
As for Streptokinase, p.1402

Interactions
As for Streptokinase, p.1404

Pharmacokinetics
After intravenous injection in patients with acute myo-
cardial infarction, tenecteplase has a biphasic clearance
from plasma with an initial half-life of 20 to 24 minutes
and a terminal phase half-life of 90 to 130 minutes. It
is cleared mainly by hepatic metabolism.
◊ Reviews.
1. Tanswell P, et al. Pharmacokinetics and pharmacodynamics of

tenecteplase in fibrinolytic therapy of acute myocardial infarc-
tion. Clin Pharmacokinet 2002; 41: 1229–45.

Uses and Administration
Tenecteplase is a thrombolytic drug. It converts plas-
minogen to plasmin, a proteolytic enzyme that has fi-
brinolytic effects. The mechanisms of fibrinolysis are
discussed further under Haemostasis and Fibrinolysis
on p.1045. Tenecteplase is a fibrin-specific thrombo-
lytic (see p.1156). 
Tenecteplase is used similarly to streptokinase
(p.1404) in acute myocardial infarction (p.1175). It is
given intravenously as a single bolus dose over 5 to 10
seconds as soon as possible after the onset of symp-
toms. The dose is based on body-weight and ranges
from 30 mg in patients less than 60 kg to a maximum
of 50 mg in those 90 kg or above.
◊ References.
1. Cannon CP, et al. TNK-tissue plasminogen activator compared

with front-loaded alteplase in acute myocardial infarction: re-
sults of the TIMI 10B trial. Circulation 1998; 98: 2805–14. 

2. Assessment of the Safety and Efficacy of a New Thrombolytic
(ASSENT-2) Investigators. Single-bolus tenecteplase compared
with front-loaded alteplase in acute myocardial infarction: the
ASSENT-2 double-blind randomised trial. Lancet 1999; 354:
716–22. 

3. Llevadot J, et al. Bolus fibrinolytic therapy in acute myocardial
infarction. JAMA 2001; 286: 442–9. 

4. The Assessment of the Safety and Efficacy of a New Thrombo-
lytic Regimen (ASSENT)-3 Investigators. Efficacy and safety
of tenecteplase in combination with enoxaparin, abciximab, or
unfractionated heparin: the ASSENT-3 randomised trial in acute
myocardial infarction. Lancet 2001; 358: 605–13. 

5. Turcasso NM, Nappi JM. Tenecteplase for treatment of acute
myocardial infarction. Ann Pharmacother 2001; 35: 1233–40. 

6. Dunn CJ, Goa KL. Tenecteplase: a review of its pharmacology
and therapeutic efficacy in patients with acute myocardial inf-
arction. Am J Cardiovasc Drugs 2001; 1: 51–66. 

7. Melzer C, et al. Fibrinolysis of acute peripheral arterial occlu-
sion with tenecteplase—a new weight-optimized treatment reg-
imen. J Thromb Thrombolysis 2004; 18: 43–6. 

8. Spöhr F, et al. International multicentre trial protocol to assess
the efficacy and safety of tenecteplase during cardiopulmonary
resuscitation in patients with out-of-hospital cardiac arrest: the
Thrombolysis in Cardiac Arrest (TROICA) Study. Eur J Clin
Invest 2005; 35: 315–23. 

9. Kelly RV, et al. Safety of adjunctive intracoronary thrombolytic
therapy during complex percutaneous coronary intervention: in-
itial experience with intracoronary tenecteplase. Catheter Car-
diovasc Interv 2005; 66: 327–32. 

10. Assessment of the Safety and Efficacy of a New Treatment
Strategy with Percutaneous Coronary Intervention (ASSENT-4
PCI) investigators. Primary versus tenecteplase-facilitated per-
cutaneous coronary intervention in patients with ST-segment el-
evation acute myocardial infarction (ASSENT-4 PCI): ran-
domised trial. Lancet 2006; 367: 569–78. 

11. Kline JA, et al. Tenecteplase to treat pulmonary embolism in the
emergency department. J Thromb Thrombolysis 2007; 23:
101–5.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Metalyse; Austria: Metalyse; Belg.: Metalyse; Braz.: Metalyse;
Canad.: TNKase; Chile: Metalyse; Cz.: Metalyse; Denm.: Metalyse; Fin.:
Metalyse; Fr.: Metalyse; Ger.: Metalyse; Gr.: Metalyse; Hong Kong: Meta-
lyse; Hung.: Metalyse; Irl.: Metalyse; Ital.: Metalyse; Malaysia: Metalyse;
Mex.: Metalyse; Neth.: Metalyse; Norw.: Metalyse; NZ: Metalyse; Pol.:
Metalyse; Port.: Metalyse; Rus.: Metalyse (Метализе); S.Afr.: Metalyse;
Spain: Metalyse; Swed.: Metalyse; Switz.: Metalyse; Thai.: Metalyse; UK:
Metalyse; USA: TNKase.

Tenitramine
Tenitramina. NNN′N′-Tetrakis(2-hydroxyethyl)ethylenediamine
tetranitrate.
C10H20N6O12 = 416.3.
CAS — 21946-79-2.
ATC — C01DA38.
ATC Vet — QC01DA38.

Profile
Tenitramine is a vasodilator with general properties similar to
those of glyceryl trinitrate (p.1296) that has been used in angina
pectoris (p.1157).
Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Tenitran†.

Teprotide (BAN, USAN, rINN)

BPF9a; L-Pyroglutamyl-L-tryptophyl-L-prolyl-L-arginyl-L-prolyl-L-
glutaminyl-L-isoleucyl-L-prolyl-L-proline; SQ-20881; Teprotida;
Téprotide; Teprotidum; 2-L-Tryptophan-3-de-L-leucine-4-de-L-
proline-8-L-glutaminebradykinin potentiator B. 5-oxo-Pro-Trp-
Pro-Arg-Pro-Gln-Ile-Pro-Pro.
Тепротид
C53H76N14O12 = 1101.3.
CAS — 35115-60-7.

Profile
Teprotide is a nonapeptide originally found in the venom of
Bothrops jararaca, a South American pit-viper. It is an ACE in-
hibitor with a short duration of action and has been given
parenterally as an investigational tool.

Terazosin Hydrochloride 

(BANM, USAN, rINNM)

Abbott-45975; Hidrocloruro de terazosina; Teratsosiinihy-
drokloridi; Terazosin Hidroklorür; Térazosine, chlorhydrate de;
Terazosinhydroklorid; Terazosini hydrochloridum. 1-(4-Amino-
6,7-dimethoxyquinazolin-2-yl)-4-(tetrahydro-2-furoyl)piperazine
hydrochloride dihydrate; 6,7-Dimethoxy-2-[4-(tetrahydrofuran-
2-carbonyl)piperazin-1-yl]quinazolin-4-ylamine hydrochloride di-
hydrate.
Теразозина Гидрохлорид
C19H25N5O4,HCl,2H2O = 459.9.
CAS — 63590-64-7 (terazosin); 63074-08-8 (anhydrous
terazosin hydrochloride); 70024-40-7 (terazosin hydro-
chlor ide dihydrate).
ATC — G04CA03.
ATC Vet — QG04CA03.

(terazosin)

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Terazosin Hydrochloride Dihydrate). White or
slightly yellow, crystalline powder. Sparingly soluble in water;

very slightly soluble in alcohol; slightly soluble in methyl alco-
hol; practically insoluble in acetone. A 2% solution in water has
a pH of 3.0 to 5.0. Protect from light. 
USP 31 (Terazosin Hydrochloride). A white to pale yellow, crys-
talline powder. soluble in water and in methyl alcohol; freely sol-
uble in isotonic saline solution; slightly soluble in alcohol and in
0.1N hydrochloric acid; practically insoluble in acetone and in
hexanes; very slightly soluble in chloroform. Store in airtight
containers at a temperature between 20° and 25°.

Adverse Effects, Treatment, and Precau-
tions
As for Prazosin Hydrochloride, p.1375.
Urinary incontinence. For reference to urinary incontinence
associated with terazosin, see under Adverse Effects of Prazosin
Hydrochloride, p.1375.

Interactions
As for Prazosin Hydrochloride, p.1376.

Pharmacokinetics
Terazosin is rapidly and almost completely absorbed
from the gastrointestinal tract after oral doses; the bio-
availability is reported to be about 90%. Peak plasma
concentrations are achieved in about 1 hour. Terazosin
is 90 to 94% protein bound. It is metabolised in the liv-
er; one of the metabolites is reported to possess antihy-
pertensive activity. The half-life in plasma is about 12
hours. Terazosin is excreted in faeces via the bile, and
in the urine, as unchanged drug and metabolites.

Uses and Administration
Terazosin is an alpha1-adrenoceptor blocker (p.1153)
with actions similar to those of prazosin (p.1376), but a
longer duration of action. 
It is used in the management of hypertension (p.1171)
and in benign prostatic hyperplasia (p.2178) to relieve
symptoms of urinary obstruction. 
Terazosin is given orally as the hydrochloride, but dos-
es are usually expressed in terms of the base. Terazosin
hydrochloride 1.2 mg is equivalent to about 1 mg of
terazosin. After oral doses its hypotensive effects are
seen within 15 minutes and may last for up to 24 hours,
permitting once daily dosage. 
To avoid the risk of collapse which may occur in some
patients after the first dose the initial dose for both hy-
pertension and benign prostatic hyperplasia is 1 mg of
terazosin at bedtime, increasing gradually at intervals
of 7 days according to the patient’s response. For hy-
pertension the usual maintenance dose is 2 to 10 mg
once daily and the usual maximum dose is 20 mg daily
in a single dose or two divided doses. For benign pro-
static hyperplasia the usual maintenance dose is 5 to
10 mg once daily.
◊ Reviews.
1. Titmarsh S, Monk JP. Terazosin: a review of its pharmacody-

namic and pharmacokinetic properties, and therapeutic efficacy
in essential hypertension. Drugs 1987; 33: 461–77. 

2. Achari R, Laddu A. Terazosin: a new alpha adrenoceptor block-
ing drug. J Clin Pharmacol 1992; 32: 520–3. 

3. Wilt TJ, et al. Terazosin for benign prostatic hyperplasia. Avail-
able in the Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley; 2000 (accessed 01/02/06).

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Andrin; Benaprost; Blavin; Eglidon; Flumarc; Fosfomik; Geriprost; Iso-
ntyn; Panaprost; Proxatan; Rotiaz; Austral.: Hytrin; Austria: Urocard; Uro-
flo; Vicard; Belg.: Hytrin; Terazosabb; Uro-Hytrin; Braz.: Hytrin; Canad.:
Hytrin; Chile: Adecur; Hytrin; Cz.: Hytrin; Kornam; Denm.: Sinalfa; Fr.:
Dysalfa; Hytrine; Ger.: Flotrin; Heitrin; Tera; Terablock; Teranar; Terazid;
Terazoflo; Gr.: Hytrin; Vlanodrin; Hong Kong: Hytrin; Hung.: Hyron†;
Hytrin; Kornam†; Setegis; India: Hytrin; Olyster; Zytrin; Indon.: Hytrin; Irl.:
Benph; Hytrin; Israel: Hytrin; Ital.: Ezosina; Ibiprovir†; Itrin; Prostatil; Ter-
afluss; Teraprost; Unoprost; Urodie; Malaysia: Hytrin; Terasin; Mex.: Ade-
cur; Hytrin; Romaken; Neth.: Hytrin; Norw.: Sinalfa; NZ: Hytrin; Philipp.:
Conmy; Hytrin; Lotencin; Pol.: Hytrin; Kornam; Setegis; Tesin; Port.: Hytrin;
Rus.: Hytrin (Хитрин)†; Kornam (Корнам); Setegis (Сетегис); S.Afr.:
Hytrin; Singapore: Hytrin; Spain: Alfaprost; Deflox; Magnurol; Mayul; Sutif;
Tazusin†; Teraumon; Zayasel; Swed.: Hytrinex; Sinalfa; Switz.: Hytrin BPH;
Thai.: Hytrin; Turk.: Hytrin; UK: Hytrin; USA: Hytrin; Venez.: Adecur;
Hytrin.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tertatolol Hydrochloride (BANM, rINNM) ⊗ 
Hidrocloruro de tertatolol; S-2395 (tertatolol or tertatolol hy-
drochloride); SE-2395 (tertatolol or tertatolol hydrochloride);
Tertatolol, Chlorhydrate de; Tertatololi Hydrochloridum. (±)-1-
(tert-Butylamino)-3-(thiochroman-8-yloxy)propan-2-ol hydro-
chloride.
Тертатолола Гидрохлорид
C16H25NO2S,HCl = 331.9.
CAS — 34784-64-0 (tertatolol); 33580-30-2 (tertatolol
hydrochloride).
ATC — C07AA16.
ATC Vet — QC07AA16.

(tertatolol)

Profile
Tertatolol is a non-cardioselective beta blocker (p.1225). It is re-
ported to lack intrinsic sympathomimetic activity. 
Tertatolol is given orally as the hydrochloride in the management
of hypertension (p.1171) in a dose of 5 mg tertatolol hydrochlo-
ride once daily, increased to 10 mg once daily if required.
Preparations
Proprietary Preparations (details are given in Part 3)
Denm.: Artexal; Fr.: Artex; Irl.: Artexal; Neth.: Artex; Port.: Artex.

Tezosentan (BAN, rINN)

Tézosentan; Tezosentán; Tezosentanum. N-{6-(2-Hydroxy-
ethoxy)-5-(o-methoxyphenoxy)-2-[2-(1H-tetrazol-5-yl)-4-pyri-
dyl]-4-pyrimidinyl}-5-isopropyl-2-pyridinesulfonamide.
Тезозентан
C27H27N9O6S = 605.6.
CAS — 180384-57-0.

Profile
Tezosentan is an endothelin receptor antagonist that has been
studied in acute heart failure.
◊ References.
1. Torre-Amione G, et al. Hemodynamic effects of tezosentan, an

intravenous dual endothelin receptor antagonist, in patients with
class III to IV congestive heart failure. Circulation 2001; 103:
973–80. 

2. Tovar JM, Gums JG. Tezosentan in the treatment of acute heart
failure. Ann Pharmacother 2003; 37: 1877–83. 

3. Cotter G, et al. The hemodynamic and neurohormonal effects of
low doses of tezosentan (an endothelin A/B receptor antagonist)
in patients with acute heart failure. Eur J Heart Fail 2004; 6:
601–9. 

4. McMurray JJV, et al. Effects of tezosentan on symptoms and
clinical outcomes in patients with acute heart failure: the VER-
ITAS randomized controlled trials. JAMA 2007; 298: 2009–19.

Tiadenol (rINN)

LL-1558; Tiadénol; Tiadenolum. 2,2′-(Decamethylenedithio)di-
ethanol.
Тиаденол
C14H30O2S2 = 294.5.
CAS — 6964-20-1.
ATC — C10AX03.
ATC Vet — QC10AX03.

Profile
Tiadenol is a lipid regulating drug used in the treatment of hyper-
lipidaemias (p.1169). The usual oral dose is 1.2 to 2.4 g daily in
divided doses.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Fonlipol.

Ticlopidine Hydrochloride 

(BANM, USAN, rINNM)

4-C-32; 53-32C; Hidrocloruro de ticlopidina; Ticlopidine, chlo-
rhydrate de; Ticlopidini hydrochloridum; Tiklopidiinihydrokloridi;
Tiklopidin Hidroklorür; Tiklopidinhidroklorid; Tiklopidin-hydro-
chlorid; Tiklopidinhydroklorid; Tiklopidino hidrochloridas. 5-(2-
Chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine hydro-
chloride.

Тиклопидина Гидрохлорид
C14H14ClNS,HCl = 300.2.

CAS — 55142-85-3 (ticlopidine); 53885-35-1 (ticlopidine
hydrochloride).
ATC — B01AC05.
ATC Vet — QB01AC05.

(ticlopidine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Ticlopidine Hydrochloride). A white or almost
white, crystalline powder. Sparingly soluble in water and in de-
hydrated alcohol; very slightly soluble in ethyl acetate. A 2.5%
solution in water has a pH of 3.5 to 4.0.

Adverse Effects and Precautions
Gastrointestinal disturbances, skin rashes, and bleed-
ing are the most commonly reported adverse effects as-
sociated with ticlopidine therapy. Blood dyscrasias, in-
cluding neutropenia, thrombotic thrombocytopenic
purpura, and aplastic anaemia, have also occurred.
There have been reports of hepatitis and cholestatic
jaundice. Blood-lipid concentrations may increase dur-
ing long-term therapy. 
Ticlopidine should not be given to patients with hae-
matopoietic disorders such as neutropenia or thrombo-
cytopenia, haemorrhagic diathesis or other haemor-
rhagic disorders associated with a prolonged bleeding
time, or conditions with an increased risk of bleeding
such as peptic ulcer disease, acute cerebral haemor-
rhage, or severe liver dysfunction. Full blood counts
should be performed before starting treatment and
every 2 weeks during the first 3 months of therapy. If
ticlopidine is stopped during this period, a full blood
count should be performed within 2 weeks of stopping
treatment. Consideration should be given to stopping
ticlopidine therapy 10 to 14 days before elective surgery.
Effects on the blood. Severe neutropenia or agranulocytosis
may occur in about 1% of patients given ticlopidine1 and fatal
infection has been reported.2 Neutropenia usually develops with-
in the first 3 months of therapy and is reversible on stopping
ticlopidine, but there has been a report3 of a delayed reaction that
occurred 18 days after ticlopidine was stopped. Isolated throm-
bocytopenia occurs in about 0.4% of patients and thrombotic
thrombocytopenic purpura, sometimes fatal, has occurred.1,4-7

Conversely, good results have been achieved with ticlopidine as
a treatment for thrombotic thrombocytopenic purpura,8,9 but it
should only be used with extreme caution.10 Aplastic anaemia
has also occurred rarely with ticlopidine.1,11 
Clopidogrel has also been associated with blood dyscrasias. Up
to August 2004, the Australian Adverse Drug Reactions Adviso-
ry Committee (ADRAC)12 had received 80 reports of blood
dyscrasias associated with clopidogrel, although ticlopidine was
associated with a much higher rate of reports. Individual cases of
thrombotic thrombocytopenic purpura and haemolytic uraemic
syndrome,13-16 aplastic anaemia,17 leucopenia,18 and acquired
haemophilia A,19 have also been reported. However the most fre-
quently reported adverse effect of clopidogrel, as with other
antithrombotics, is bleeding, particularly when given with other

drugs affecting coagulation; ADRAC had received 130 reports
of haemorrhagic events, leading to fatalities in 18 cases.12

1. Love BB, et al. Adverse haematological effects of ticlopidine:
prevention, recognition and management. Drug Safety 1998;
19: 89–98. 

2. Carlson JA, Maesner JE. Fatal neutropenia and thrombocytope-
nia associated with ticlopidine. Ann Pharmacother 1994; 28:
1236–8. 

3. Farver DK, Hansen LA. Delayed neutropenia with ticlopidine.
Ann Pharmacother 1994; 28: 1344–6. 

4. Bennett CL, et al. Thrombotic thrombocytopenic purpura asso-
ciated with ticlopidine: a review of 60 cases. Ann Intern Med
1998; 128: 541–4. 

5. Bennett CL, et al. Thrombotic thrombocytopenic purpura after
stenting and ticlopidine. Lancet 1998; 352: 1036–7. 

6. Steinhubl SR, et al. Incidence and clinical course of thrombotic
thrombocytopenic purpura due to ticlopidine following coro-
nary stenting. JAMA 1999; 281: 806–10. 

7. Bennett CL, et al. Thrombotic thrombocytopenic purpura asso-
ciated with ticlopidine in the setting of coronary artery stents
and stroke prevention. Arch Intern Med 1999; 159: 2524–8. 

8. Vianelli N, et al. Thrombotic thrombocytopenic purpura and
ticlopidine. Lancet 1991; 337: 1219. 

9. Bobbio-Pallavicini E, et al. Antiplatelet agents in thrombotic
thrombocytopenic purpura (TTP): results of a randomized mul-
ticenter trial by the Italian Cooperative Group for TTP. Haema-
tologica 1997; 82: 429–35. 

10. Rock G, et al. Thrombotic thrombocytopenic purpura treatment
in year 2000. Haematologica 2000; 85: 410–19. 

11. Symeonidis A, et al. Ticlopidine-induced aplastic anemia: two
new case reports, review, and meta-analysis of 55 additional
cases. Am J Hematol 2002; 71: 24–32. 

12. Adverse Drug Reactions Advisory Committee (ADRAC).
Clopidogrel—haemorrhage and haematological disorders. Aust
Adverse Drug React Bull 2004; 23: 14–15. Also available at:
http://www.tga.health.gov.au/adr/aadrb/aadr0408.htm (ac-
cessed 17/08/05) 

13. Bennett CL, et al. Thrombotic thrombocytopenic purpura asso-
ciated with clopidogrel. N Engl J Med 2000; 342: 1773–7. 

14. Oomen PHN, et al. Hemolytic uremic syndrome in a patient
treated with clopidogrel. Ann Intern Med 2000; 132: 1006. 

15. Andersohn F, et al. Thrombotic thrombocytopenic purpu-
ra/haemolytic uraemic syndrome associated with clopidogrel:
report of two new cases. Abstract: Heart 2004; 90: e57. Full
version: http://heart.bmjjournals.com/cgi/content/full/90/9/e57
(accessed 17/08/05) 

16. von Mach M-A, et al. Subacute coronary stent thrombosis in a
patient developing clopidogrel associated thrombotic thrombo-
cytopenic purpura. Abstract: Heart 2005; 91: e14. Full version:
http://heart.bmjjournals.com/cgi/content/full/91/2/e14 (ac-
cessed 17/08/05) 

17. Trivier J-M, et al. Fatal aplastic anaemia associated with clopi-
dogrel. Lancet 2001; 357: 446. 

18. McCarthy MW, Kockler DR. Clopidogrel-associated leukope-
nia. Ann Pharmacother 2003; 37: 216–19. 

19. Haj M, et al. Acquired haemophilia A may be associated with
clopidogrel. BMJ 2004; 329: 323.

Effects on the gastrointestinal tract. Diarrhoea is a com-
mon adverse effect of ticlopidine therapy; it usually occurs dur-
ing the first few months of therapy and resolves within 1 to 2
weeks without stopping therapy. However, there has been a
report1 of diarrhoea and weight loss of 2 months duration that
first presented 2 years after ticlopidine was started; diarrhoea re-
solved when ticlopidine was withdrawn.
1. Mansoor GA, Aziz K. Delayed chronic diarrhea and weight loss

possibly due to ticlopidine therapy. Ann Pharmacother 1997; 31:
870–2.

Effects on the joints. Acute arthritis associated with a diffuse
rash developed in a patient shortly after starting treatment with
ticlopidine.1 Both the rash and the arthritis resolved on withdraw-
al, and it was suggested that a hypersensitivity reaction might be
involved. One case of polyarthritis and 3 cases of arthralgia asso-
ciated with ticlopidine had been reported to the UK CSM up to
March 2001. Two cases of acute arthritis have also been
reported2 with clopidogrel; symptoms developed 2 to 3 weeks
after starting treatment and resolved after stopping.
1. Dakik HA, et al. Ticlopidine associated with acute arthritis. BMJ

2002; 324: 27. 
2. Garg A, et al. Clopidogrel associated with acute arthritis. BMJ

2000; 320: 483.

Effects on the kidneys. A reversible deterioration in renal
function has been reported in patients given ticlopidine after cor-
onary stent implantation.1,2 There has also been a report3 of
membranous nephropathy with nephrotic syndrome in a patient
receiving clopidogrel.
1. Elsman P, Zijlstra F. Ticlopidine and renal function. Lancet

1996; 348: 273–4. 
2. Virdee M, et al. Ticlopidine and renal function. Lancet 1996;

348: 1031–2. 
3. Tholl U, et al. Clopidogrel and membranous nephropathy. Lan-

cet 1999; 354: 1443–4.

Effects on the liver. Cholestatic hepatitis has been reported in
patients receiving ticlopidine and is usually reversible when
ticlopidine is stopped.1-3 However, there have been reports of
persistent cholestasis after ticlopidine withdrawal.4,5 A case of
granulomatous hepatitis has also been reported.6 Clopidogrel
was substituted for ticlopidine in a patient who had developed
raised liver enzymes during ticlopidine treatment;7 liver enzyme
values returned to normal during continued clopidogrel therapy.
However, there has been a report8 of hepatotoxicity with clopi-
dogrel.
1. Cassidy LJ, et al. Probable ticlopidine-induced cholestatic hepa-

titis. Ann Pharmacother 1995; 29: 30–2. 
2. Pérez-Balsa AM, et al. Hepatotoxicity due to ticlopidine. Ann

Pharmacother 1998; 32: 1250–1. 
3. Skurnik YD, et al. Ticlopidine-induced cholestatic hepatitis. Ann

Pharmacother 2003; 37: 371–5. 
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4. Colivicchi F, et al. Ticlopidine-induced chronic cholestatic hep-

atitis: a case report. Curr Ther Res 1994; 55: 929–31. 
5. Mambelli E, et al. Severe ticlopidine-induced cholestatic syn-

drome. Blood Purif 2007; 25: 441–5. 
6. Ruiz-Valverde P, et al. Ticlopidine-induced granulomatous hep-

atitis. Ann Pharmacother 1995; 29: 633–4. 
7. Zeolla MM, Carson JJ. Successful use of clopidogrel for cere-

brovascular accident in a patient with suspected ticlopidine-in-
duced hepatotoxicity. Ann Pharmacother 1999; 33: 939–41. 

8. Willens HJ. Clopidogrel-induced mixed hepatocellular and
cholestatic liver injury. Am J Ther 2000; 7: 317–18.

Effects on the lungs. Bronchiolitis obliterans-organising
pneumonia developed in a 76-year-old woman receiving ticlopi-
dine and prednisone for temporal arteritis.1 The condition re-
solved over several months when ticlopidine was withdrawn.
1. Alonso-Martinez JL, et al. Bronchiolitis obliterans-organizing

pneumonia caused by ticlopidine. Ann Intern Med 1998; 129:
71–2.

Interactions
Ticlopidine should be used with caution in patients re-
ceiving other drugs, such as anticoagulants and anti-
platelets, that increase the risk of bleeding. Ticlopidine
is an inhibitor of cytochrome P450, including the
isoenzymes CYP2C19, CYP2D6, and CYP2B6, and
may inhibit the metabolism of other drugs that are
metabolised by this route. The clearance of ticlopidine
may be reduced by cimetidine. Corticosteroids may
antagonise the effect of ticlopidine on bleeding time.
Anticoagulants. Use of ticlopidine with anticoagulants may
increase the risk of bleeding. However, ticlopidine has been re-
ported to antagonise the effect of acenocoumarol (see Antiplate-
lets under Interactions of Warfarin, p.1429).

Antiepileptics. For a report of acute phenytoin toxicity in a
well-stabilised patient following addition of ticlopidine, see
p.500.

Xanthines. For reference to the effect of ticlopidine on theo-
phylline half-life, see p.1145.

Pharmacokinetics
Ticlopidine is rapidly and almost completely absorbed
from the gastrointestinal tract. It is about 98% bound to
plasma proteins. The terminal half-life during chronic
dosing is reported to be about 30 to 50 hours. Ticlopi-
dine is extensively metabolised in the liver. About 60%
of a dose is excreted in the urine as metabolites and
25% in the faeces.
◊ References.
1. Desager J-P. Clinical pharmacokinetics of ticlopidine. Clin

Pharmacokinet 1994; 26: 347–55. 
2. Buur T, et al. Pharmacokinetics and effect of ticlopidine on

platelet aggregation in subjects with normal and impaired renal
function. J Clin Pharmacol 1997; 37: 108–15.

Uses and Administration
Ticlopidine hydrochloride is a thienopyridine anti-
platelet drug used in thromboembolic disorders
(p.1187). It appears to act by inhibiting adenosine di-
phosphate-mediated platelet aggregation. It may be
given prophylactically as an alternative to aspirin in pa-
tients at risk of thrombotic stroke (p.1185) and in the
management of intermittent claudication (see Periph-
eral Vascular Disease, p.1178) and ischaemic heart dis-
ease. It is also licensed as an adjunct to aspirin for the
prevention of subacute stent occlusion after intracoro-
nary stenting (but see Reperfusion and Revascularisa-
tion Procedures, below). Ticlopidine may also be used
to prevent occlusion and platelet loss during extracor-
poreal circulatory procedures. 
In the prevention of thrombotic stroke, and in inter-
mittent claudication, ticlopidine hydrochloride is giv-
en orally in a dose of 250 mg twice daily, with meals.
For the prevention of subacute stent occlusion after in-
tracoronary stenting ticlopidine hydrochloride is giv-
en in a dose of 250 mg twice daily for 4 weeks, starting
at the time of stent placement. 
Regular haematological monitoring is required during
ticlopidine therapy (see Adverse Effects and Precau-
tions, above).
◊ References.
1. McTavish D, et al. Ticlopidine: an updated review of its pharma-

cology and therapeutic use in platelet-dependent disorders.
Drugs 1990; 40: 238–59. 

2. Flores-Runk P, Raasch RH. Ticlopidine and antiplatelet therapy.
Ann Pharmacother 1993; 27: 1090–8. 

3. Sharis PJ, et al. The antiplatelet effects of ticlopidine and clopi-
dogrel. Ann Intern Med 1998; 129: 394–405.

Reperfusion and revascularisation procedures. Coronary
stents are widely used as an adjunct to angioplasty to prevent
acute vessel closure and to reduce restenosis (see Reperfusion
and Revascularisation Procedures, p.1181). Subacute thrombosis
is a major complication of their use and patients were initially
treated with an aggressive combination of anticoagulants and
antiplatelets. However, it is now generally recognised that
antiplatelet drugs alone are adequate in most patients. 
Early studies1-4 found that ticlopidine for 4 to 6 weeks after stent-
ing, given with long-term aspirin, was at least as effective as an
oral anticoagulant with aspirin, with some studies showing ben-
efit in terms of thrombosis1,4 or bleeding complications.1 How-
ever, the risk of neutropenia limits the use of ticlopidine, and
clopidogrel is now generally preferred, although there is some
evidence5 that shorter courses of ticlopidine (2 weeks) may be
acceptable. 
Ticlopidine has also been reported6 to improve the long-term pa-
tency of saphenous vein bypass grafts used to treat peripheral
vascular disease in the legs.
1. Schömig A, et al. A randomized comparison of antiplatelet and

anticoagulant therapy after the placement of coronary-artery
stents. N Engl J Med 1996; 334: 1084–9. 

2. Kastrati A, et al. Restenosis after coronary stent placement and
randomization to a 4-week combined antiplatelet or anticoagu-
lant therapy: six-month angiographic follow-up of the Intracoro-
nary Stenting and Antithrombotic Regimen (ISAR) trial. Circu-
lation 1997; 96: 462–7. 

3. Bertrand ME, et al. Randomized multicenter comparison of con-
ventional anticoagulation versus antiplatelet therapy in un-
planned and elective coronary stenting: the Full Anticoagulation
versus Aspirin and Ticlopidine (FANTASTIC) study. Circula-
tion 1998; 98: 1597–1603. 

4. Leon MB, et al. A clinical trial comparing three antithrombotic-
drug regimens after coronary-artery stenting. N Engl J Med
1998; 339: 1665–71. 

5. Berger PB, et al. Safety and efficacy of ticlopidine for only 2
weeks after successful intracoronary stent placement. Circula-
tion 1999; 99: 248–53. 

6. Becquemin J-P. Effect of ticlopidine on the long-term patency of
saphenous-vein bypass grafts in the legs. N Engl J Med 1997;
337: 1726–31.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dosier; Ticlid; Trombenal; Austral.: Ticlid; Tilodene; Austria: Throm-
bodine; Ticlodone; Tiklid; Belg.: Ticlid; Braz.: Plaketar; Ticlid; Ticlobal; Ca-
nad.: Ticlid; Chile: Ateroclar; Plaquetil; Ticlid; Cz.: Aplaket†; Apo-Tic; Ipa-
ton; Platigren†; Tagren; Ticlid; Fr.: Ticlid; Ticlomed†; Ger.: Desiticlopidin;
Tiklyd; Gr.: Anchostam-100†; Anghostam-100; Etfariol; Neo Fulvigal; Neo-
omnipen; Ruxicolan; Ticlid; Ticlodone; Hong Kong: Aplaket; Ticlid; Tipidin;
Hung.: Aclotin; Aplatic; Ipaton; Placor ; Ticlid; India: Ticlobest; Ticlop;
Ticlopid; Tikleen†; Tyklid; Indon.: Agulan; Cartrilet; Goclid; Nufaclapide;
Piclodin; Ticard; Ticlid; Ticlon; Ticuring; Israel: Ticlidil; Ital.: Anagregal†; An-
tigreg; Aplaket; Clox; Fluilast; Flupid; Fluxidin; Klodin; Opteron; Parsilid†;
Ticlodone; Ticlogi†; Ticloproge†; Tiklid; Jpn: Panaldine; Malaysia: Anti-
greg; Aplaket; Ticlid; Ticlopine; Tipidin; Mex.: Ticlid; Norw.: Ticlid; Philipp.:
Clotidone; Ticlid; Pol.: Aclotin; Apo-Clodin; Iclopid; Ifapidin; Ticlid; Ticlo;
Port.: Agregamina†; Aplaket; Betlife; Isaxion†; Klodipin; Movin; Opidina†;
Plaquetal; Previta; Ticlodix; Ticlopat; Tiklyd; Tiropa; Trombopat; Rus.: Ticlo
(Тикло); Tikleen (Тиклин); S.Afr.: Ticlid†; Singapore: Antigreg; Aplaket;
Tacron†; Ticlid; Tipidin; Spain: Ticlodone; Tiklid; Swed.: Ticlid; Thai.:
Aplaket; Cenpidine; Siclot; Ticdine†; Ticlid; Ticlo; Ticlopine; Tikol†; Tilopin;
Tipidine; Viladil; Turk.: Agretik; Ticlid; Ticlocard; UAE: Ticopar; USA: Ticlid;
Venez.: Ticlid; Ticlopin†.

Tilisolol Hydrochloride (rINNM) ⊗ 
Hidrocloruro de tilisolol; N-696; Tilisolol, Chlorhydrate de;
Tilisololi Hydrochloridum. (±)-4-[3-(tert-Butylamino)-2-hydroxy-
propoxy]-2-methylisocarbostyril hydrochloride.
Тилизолола Гидрохлорид
C17H24N2O3,HCl = 340.8.
CAS — 85136-71-6 (tilisolol); 62774-96-3 (tilisolol hydro-
chlor ide).

Profile
Tilisolol hydrochloride is a non-cardioselective beta blocker
(p.1225) with direct vasodilator activity. It is used in the manage-
ment of angina pectoris (p.1157) and hypertension (p.1171) in
oral doses of 10 to 20 mg once daily; up to a maximum of 30 mg
once daily may be used if necessary.
Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Selecal.

Timolol Maleate (BANM, USAN, rINNM) ⊗ 
Maleato de timolol; MK-950; Timolol Maleat; Timolol, maléate
de; Timolol maleinát; Timololi maleas; Timololimaleaatti; Timolo-
lio maleatas; Timololmaleat; Timolol-maleát. (S)-1-tert-Butylami-
no-3-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-2-ol
maleate.

Тимолола Малеат

C13H24N4O3S,C4H4O4 = 432.5.

CAS — 26839-75-8 (timolol); 91524-16-2 (timolol hemi-
hydrate); 26921-17-5 (timolol maleate).

ATC — C07AA06; S01ED01.

ATC Vet — QC07AA06; QS01ED01.

(timolol)

NOTE. TIM is a code approved by the BP 2008 for use on single
unit doses of eye drops containing timolol maleate where the in-
dividual container may be too small to bear all the appropriate la-
belling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Timolol Maleate). A white or almost white, crys-
talline powder or colourless crystals. Soluble in water and in al-
cohol. A 2% solution in water has a pH of 3.8 to 4.3. Protect from
light. 
USP 31 (Timolol Maleate). A white to practically white, odour-
less or practically odourless powder. Soluble in water, in alcohol,
and in methyl alcohol; sparingly soluble in chloroform and in
propylene glycol; insoluble in cyclohexane and in ether. A 2%
solution in water has a pH of 3.8 to 4.3.

Adverse Effects, Treatment, and Precau-
tions
As for Beta Blockers, p.1226.
Breast feeding. Timolol is distributed into breast milk. After
instillation of timolol 0.5% eye drops twice daily, concentrations
of timolol in breast milk of a woman were about 6 times greater
than those in serum, the values being 5.6 and 0.93 nanograms/mL
respectively.1 In a study2 in patients given oral timolol 5 mg three
times daily, the mean concentration in breast milk was
15.9 nanograms/mL, and the ratio of milk to plasma concentra-
tions was 0.8; a similar ratio was found at higher doses, and the
authors considered that the amount ingested by an infant would
not be important. No adverse effects were seen in these studies
and the American Academy of Pediatrics considers3 that timolol
is therefore usually compatible with breast feeding.
1. Lustgarten JS, Podos SM. Topical timolol and the nursing moth-

er. Arch Ophthalmol 1983; 101: 1381–2. 
2. Fidler J, et al. Excretion of oxprenolol and timolol in breast milk.

Br J Obstet Gynaecol 1983; 90: 961–5. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/01/08)

Interactions
The interactions associated with beta blockers are dis-
cussed on p.1228.
Antivirals. US licensed product information for ritonavir warns
that ritonavir may increase concentrations of timolol and that the
dose of timolol may need to be reduced if used together.

Pharmacokinetics
Timolol is almost completely absorbed from the gas-
trointestinal tract but is subject to moderate first-pass
metabolism. Peak plasma concentrations occur about 1
to 2 hours after a dose. Low concentrations are also
found in plasma after use as eye drops. Timolol has low
to moderate lipid solubility. Protein binding is reported
to be low. Timolol crosses the placenta and is distribut-
ed into breast milk. A plasma half-life of 4 hours has
been reported. Timolol is extensively metabolised in
the liver, the metabolites being excreted in the urine
with some unchanged timolol. Timolol is not removed
by haemodialysis.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Metabolism. Timolol appears to be metabolised1 by the cyto-
chrome P450 isoenzyme CYP2D6 and studies2-4 have shown
that it is influenced by genetic polymorphism.
1. Volotinen M, et al. Timolol metabolism in human liver micro-

somes is mediated principally by CYP2D6. Drug Metab Dispos
2007; 35: 1135–41. 

2. McGourty JC, et al. Pharmacokinetics and beta-blocking effects
of timolol in poor and extensive metabolizers of debrisoquin.
Clin Pharmacol Ther 1985; 38: 409–13. 

3. Lewis RV, et al. Timolol and atenolol: relationships between ox-
idation phenotype, pharmacokinetics and pharmacodynamics.
Br J Clin Pharmacol 1985; 19: 329–33. 

4. Lennard MS, et al. Timolol metabolism and debrisoquine oxida-
tion polymorphism: a population study. Br J Clin Pharmacol
1989; 27: 429–34.

Uses and Administration
Timolol is a non-cardioselective beta blocker (p.1225).
It is reported to lack intrinsic sympathomimetic and
membrane-stabilising activity. 
Timolol is used as the maleate in the management of
glaucoma (p.1873), hypertension (p.1171), angina pec-
toris (p.1157), and myocardial infarction (p.1175). It is
also used in the prophylactic treatment of migraine
(p.616). The hemihydrate is also used. 
Eye drops containing timolol maleate or hemihydrate
equivalent to 0.25 and 0.5% of timolol are instilled
twice daily to reduce raised intra-ocular pressure in
open-angle glaucoma and ocular hypertension. Once-
daily use may suffice when the intra-ocular pressure
has been controlled. Gel-forming eye drops are also
available that are instilled once daily. 
For other indications timolol is given orally. In hyper-
tension timolol maleate is usually given in initial doses
of 10 mg daily, increased according to response at in-
tervals of 7 or more days. Usual maintenance doses are
10 to 40 mg daily, but doses up to 60 mg daily may be
required in some patients; doses above 30 mg daily
should be given in 2 equally divided doses. 
In angina pectoris the initial dose is 5 mg twice daily,
increased at intervals of 3 or more days by 10 mg daily.
Most patients respond to 35 to 45 mg daily in divided
doses, but some patients may require up to 60 mg daily. 
In patients who have had a myocardial infarction
timolol maleate is given in initial doses of 5 mg twice
daily for 2 days, starting 7 to 28 days after infarction,
and increased subsequently in the absence of any con-
tra-indicating adverse effects, to 10 mg twice daily. 
Doses of 10 to 20 mg daily of timolol maleate are used
in the prophylaxis of migraine. 
Reduced doses may be required in renal or hepatic im-
pairment.

Preparations
BP 2008: Timolol Eye Drops; Timolol Tablets; 
USP 31: Timolol Maleate and Hydrochlorothiazide Tablets; Timolol
Maleate Ophthalmic Solution; Timolol Maleate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Glatim; Ingetim; Klonalol; Ofal; Plostim; Poentimol; Proflax; Protevis;
Timed; Timoler; Timolpres; Timoptic; Zopirol; Austral.: Nyogel; Optimol†;
Tenopt; Timoptol; Timoptol-XE; Austria: Blocadren; Dispatim; Ophtilan†;
Tim-Ophtal; Timabak; Timax; Timo-COMOD; Timoftal; Timohexal;
Timoptic; Belg.: Blocadren; Nyogel; Nyolol; Timabak; Timo-POS; Timoptol;
Timoptolgel; Braz.: Glaucotrat; Glautimol; Nyolol; Tenoftal; Timabak;
Timoptol; Canad.: Apo-Timol; Apo-Timop; Novo-Timol; Tim-Ak†;
Timoptic; Chile: Glausolets; Nyolol; Timabak; Timop; Timoptol-XE; Tiof;
Cz.: Arutimol; Oftan; Oftensin†; Ophthalmo-Timogal; Timo-COMOD;
Timogal†; Timohexal; Timoptol; Uni Timolol; Denm.: Aquanil; Oftamolol;
Optimol; Timacar; Timosan; Fin.: Aquanil†; Blocanol; Timosan; Fr.: Digaol;
Nyogel; Ophtim; Timabak; Timacor; Timo-COMOD; Timoptol; Ger.: Aru-
timol; Chibro-Timoptol; Dispatim; Nyogel; Tim-Ophtal; Timo-COMOD;
Timo-Stulln; TimoEDO; Timohexal; Timomann; Timosine†; Gr.: Flumetol†;
Glafemak; Lithimole; Noval; Nyogel; Nyolol; Temserin; Thilotim; Timabak;
Timodose†; Waucosin†; Yesan; Hong Kong: Apo-Timop; Glauco-Oph†;
Nyolol; Oftan; Optimol; Timabak; Timoptol; Hung.: Arutimol; Cusimolol;
Nyolol; Oftan Timolol; India: Glucomol; Glucotim; Ocupres; Ocutim;
Timolo; Indon.: Isotic Adretor; Kentimol; Nyolol; Tim-Ophtal; Ximex Op-
ticom; Irl.: Nyogel; Timoptol; Israel: Nyolol; Octil†; Tiloptic; V-Optic; Ital.:
Blocadren; Cusimolol; Droptimol; Ialutim; Nyogel; Oftimolo; Timolabak;
Timolux; Timoptol; Timosoft; Jpn: Timoptol; Malaysia: Cusimolol;
Nyolol†; Timo-COMOD†; Timolast; Timoptol; Mex.: Blocadren; Horex;
Imot; Jertz; Nyolol; Shemol; Timoptol; Timozzard; Tiof†; Mon.: Nyolol;
Neth.: Loptomit†; Nyogel; Timo-COMOD; Timoptol; Norw.: Aquanil;
Blocadren; Oftamolol; Oftan; Timosan; NZ: Apo-Timol; Apo-Timop; Gen-
Timolol†; Hypermol; Nyogel†; Tilmat; Timolux; Timoptol; Philipp.: Elevex;
Glocure-Opta; Nyolol; Oftan; Timabak; Timoptol; Pol.: Cusimolol; Nyolol;
Oftan; Oftensin; Timo-COMOD; Timohexal; Timoptic; Port.: Blocadren†;
Cusimolol†; Nyogel; Nyolol; Timabak; Timogel; Timoglau; Timolen; Timop-
tol; Rus.: Arutimol (Арутимол); Glymol (Глимол); Nyolol (Ниолол);
Ocumed (Окумед); Ocupres-E (Окупрес-Е); Oftan Timolol (Офтан

Тимолол); Optimol (Оптимол); Timohexal (Тимогексал); S.Afr.: Glau-
cosan; Nyogel; Timoptol; Singapore: Nyolol; Timabak; Timoptol; Spain:
Cusimolol; Nyolol; Timabak; Timoftol; Timogel; Swed.: Aquanil†; Blocad-
ren; Optimol; Timosan; Switz.: Nyolol; Oftan†; Timisol; Timo-COMOD;
Timoptic; Thai.: Glauco-Oph; Nyolol; Oftan†; Timo-Optal; Timodrop;
Timoptol; Timosil; Turk.: Cusimolol; Nyolol; Timo-COMOD; Timoftal;
Timoptic; Timosol; UK: Betim; Glau-opt†; Nyogel; Timoptol; USA: Betimol;
Blocadren; Isatol; Istalol; Timoptic; Venez.: Globitan; Imot†; Matigel; Matilol;
Nyolol; Timoptol.

Multi-ingredient: Arg.: Combigan; Cosopt; Dorlamida T; Dorzoflax†;
Glaucocin†; Glaucotensil; Glaucotensil TD; Louten T; Moducren†; Ocu-
prostim; Ofal P†; Pilotim; Timed 0.5; Timed D; Timpilo†; Xalacom; Aus-
tral.: Combigan; Cosopt; Timpilo; Xalacom; Austria: Cosopt; Fotil; Modu-
crin; Timpilo; Timsopt; Xalacom; Belg.: Cosopt; Xalacom; Braz.:
Combigan; Cosopt; Xalacom; Canad.: Combigan; Cosopt; Timolide†;
Timpilo†; Xalacom; Chile: Combigan; Cosopt; Dorsof T; Gaax T; Glauco-
tensil T; Glausolets Plus; Latof-T; Tiof Plus; Xalacom; Cz.: Combigan;
Cosopt; DuoTrav; Fotil; Ganfort; Timpilo†; Xalacom; Denm.: Cosopt; Fotil;
Timpilo†; Xalcom; Fin.: Cosopt; Fotil; Timpilo†; Xalcom; Fr.: Cosopt; Mo-
ducren; Pilobloq; Timpilo†; Xalacom; Ger.: Cosopt; Fotil; Moducrin; Timpi-
lo†; TP-Ophtal; Xalacom; Gr.: Combigan; Cosopt; Dropiltim; DuoTrav;
Fotil†; Ganfort; T+P; Tesol†; Timpilo; Xalacom; Yvano; Hong Kong:
Cosopt; Moducren; Timpilo; Xalacom; Hung.: Combigan; Cosopt; Du-
oTrav; Fotil; Xalacom; Indon.: Xalacom; Irl.: Combigan; Cosopt; Mo-
ducren; Xalacom; Israel: Cosopt; Timpilo; Xalacom; Ital.: Cosopt; Equiton;
Glautimol; Pilobloc; Timicon; Xalacom; Malaysia: Cosopt; Timpilo†; Xala-
com; Mex.: Combigan-D; Cosopt; Xalacom; Neth.: Cosopt; Fotil; Xala-
com; Norw.: Cosopt; Fotil; Timpilo†; Xalcom; NZ: Combigan; Cosopt; Du-
oTrav; Timpilo; Xalacom; Philipp.: Cosopt; Fotil; Xalacom; Pol.: Cosopt;
DuoTrav; Fotil; Xalacom; Port.: Combigan; Cosopt; DuoTrav; Fotil; Gan-
fort; Moducren†; Tavu; Timoglau Plus; Timosopt; Xalacom; Rus.: Fotil
(Фотил); Xalacom (Ксалаком); S.Afr.: Cosopt; Moducren; Servatrin; Xala-
com; Singapore: Cosopt; Timpilo†; Xalacom; Spain: Xalacom; Swed.:
Cosopt; Fotil; Timpilo†; Xalcom; Switz.: Combigan; Cosopt; Fotil†; Mo-
ducren; Timpilo†; Xalacom; Thai.: Cosopt; Fotil†; Xalacom; Turk.: Cosopt;
UK: Combigan; Cosopt; DuoTrav; Ganfort; Moducren†; Prestim; Xalacom;
USA: Combigan; Cosopt; Timolide; Venez.: Cosopt; Dobet; Glaucotensil
T; Xalacom.

Tinzaparin Sodium (BAN, USAN, rINN)

Tintsapariininatrium; Tinzaparin sodná sůl; Tinzaparin Sodyum;
Tinzaparina sódica; Tinzaparine sodique; Tinzaparinnatrium; Tin-
zaparin-nátrium; Tinzaparino natrio druska; Tinzaparinum natri-
cum.

Тинзапарин Натрий

CAS — 9041-08-1.

ATC — B01AB10.

ATC Vet — QB01AB10.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Tinzaparin Sodium). It is prepared by enzymatic
depolymerisation, using heparinase from Flavobacterium
heparinum, of heparin obtained from the intestinal mucosa of
pigs. The majority of the components have a 2-O-sulfo-4-
enepyranosuronic acid structure at the non-reducing end and a
2-N,6-O-disulfo-D-glucosamine structure at the reducing end of
their chain. The mass-average relative molecular mass ranges
between 5500 and 7500, with a characteristic value of about
6500. The mass percentage of chains lower than 2000 is not more
than 10%. The degree of sulfation is 1.8 to 2.5 per disaccharide
unit. 
The potency is not less than 70 units and not more than 120 units
of anti-factor Xa activity per mg with reference to the dried sub-
stance and the ratio of anti-factor Xa activity to anti-factor IIa
(antithrombin) activity is between 1.5 and 2.5.

Units
As for Low-molecular-weight Heparins, p.1329.

Adverse Effects, Treatment, and Precau-
tions
As for Low-molecular-weight Heparins, p.1329. 
Severe bleeding with tinzaparin sodium may be re-
duced by the slow intravenous injection of protamine
sulfate; 1 mg of protamine sulfate is stated to inhibit
the effects of 100 units of tinzaparin sodium.

Interactions
As for Low-molecular-weight Heparins, p.1329.

Pharmacokinetics
Tinzaparin sodium is absorbed after subcutaneous in-
jection with a bioavailability of about 90%. Peak plas-
ma activity is reached within 4 to 6 hours. The elimina-
tion half-life is about 90 minutes but detectable anti-
factor Xa activity persists for up to 24 hours.

Uses and Administration
Tinzaparin sodium is a low-molecular-weight heparin
(p.1329) with anticoagulant properties. It is used in the

prevention and treatment of venous thromboembolism
(p.1189) and to prevent clotting during extracorporeal
circulation. 
For prophylaxis of venous thromboembolism tinza-
parin sodium is given by subcutaneous injection in a
variety of dosage regimens. 
• For patients undergoing general surgical procedures

3500 units of tinzaparin sodium are given 2 hours
before the procedure, followed by 3500 units once
daily for 7 to 10 days. 

• In patients at high risk, such as those undergoing
orthopaedic surgery, a dose of 50 units/kg has been
recommended; alternatively, a dose of 4500 units
may be given 12 hours before surgery, followed by
4500 units once daily. 

For the treatment of venous thromboembolism tinza-
parin sodium is given in a dose of 175 units/kg by sub-
cutaneous injection once daily for at least 6 days and
until adequate oral anticoagulation is established. 
For prevention of clotting in the extracorporeal circula-
tion during haemodialysis, tinzaparin sodium may be
given into the arterial side of the dialyser or intrave-
nously. The dialyser may be primed with 500 to
1000 mL sodium chloride 0.9% containing 5000 units
tinzaparin sodium/litre. For dialysis sessions lasting
less than 4 hours a single dose of 2000 to 2500 units
tinzaparin sodium is given; for longer sessions an ini-
tial dose of 2500 units is followed by an infusion of
750 units/hour.
◊ References.
1. Friedel HA, Balfour JA. Tinzaparin: a review of its pharmacolo-

gy and clinical potential in the prevention and treatment of
thrombo-embolic disorders. Drugs 1994; 48: 638–60. 

2. Neely JL, et al. Tinzaparin sodium: a low-molecular-weight
heparin. Am J Health-Syst Pharm 2002; 59: 1426–36. 

3. Nutescu EA, et al. Tinzaparin: considerations for use in clinical
practice. Ann Pharmacother 2003; 37: 1831–40. 

4. Cheer SM, et al. Tinzaparin sodium: a review of its pharmacol-
ogy and clinical use in the prophylaxis and treatment of throm-
boembolic disease. Drugs 2004; 64: 1479–502.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Innohep†; Belg.: Innohep; Canad.: Innohep; Denm.: Innohep; Fin.:
Innohep†; Fr.: Innohep; Ger.: Innohep; Gr.: Innohep; Hong Kong: Inno-
hep; Irl.: Innohep; Israel: Innohep†; Malaysia: Innohep; Neth.: Innohep;
Norw.: Innohep; NZ: Innohep; Philipp.: Innohep; Port.: Innohep; Singa-
pore: Innohep; Spain: Innohep; Swed.: Innohep; Thai.: Innohep; Turk.:
Innohep; UK: Innohep; USA: Innohep.

Tioclomarol (rINN)

LM-550; Tioclomarolum. 3-[5-Chloro-α-(4-chloro-β-hydroxy-
phenethyl)-2-thenyl]-4-hydroxycoumarin.

Тиокломарол
C22H16Cl2O4S = 447.3.
CAS — 22619-35-8.
ATC — B01AA11.
ATC Vet — QB01AA11.

Profile
Tioclomarol is an oral coumarin anticoagulant with actions sim-
ilar to those of warfarin (p.1425) that has been used in the man-
agement of thromboembolic disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Apegmone†.
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Tirilazad Mesilate (BANM, rINNM)

Mesilato de tirilazad; Tirilatsadiinimesilaatti; Tirilazad, Mésilate de;
Tirilazad Mesylate (USAN); Tirilazadi Mesilas; Tirilazadini Mesilas;
Tirilazadinmesilat; U-74006F (tirilazad or tirilazad mesilate). 21-
[4-(2,6-Di-1-pyrrolidinyl-4-pyrimidinyl)-1-piperazinyl]-16α-meth-
ylpregna-1,4,9(11)-triene-3,20-dione monomethanesulfonate
hydrate.

Тирилазада Мезилат
C38H52N6O2,CH4O3S,xH2O = 721.0 (anhydrous).
CAS — 110101-66-1 (tir ilazad); 111793-42-1 (tir ilazad
mesilate); 149042-61-5 (tir ilazad mesilate).
ATC — N07XX01.
ATC Vet — QN07XX01.

(tir ilazad)

Profile
Tirilazad, a lazaroid, is an inhibitor of lipid peroxidation thought
to have a cytoprotective effect against radicals produced in re-
sponse to tissue trauma. It has been used in the prevention of sec-
ondary tissue damage in subarachnoid haemorrhage. It has also
been investigated in spinal cord injuries, head injuries, and
ischaemic stroke.

◊ References.
1. Fleishaker JC, et al. Evaluation of the pharmacokinetics and tol-

erability of tirilazad mesylate, a 21-aminosteroid free radical
scavenger: multiple-dose administration. J Clin Pharmacol
1993; 33: 182–90. 

2. Hulst LK, et al. Effect of age and gender on tirilazad pharmacok-
inetics in humans. Clin Pharmacol Ther 1994; 55: 378–84. 

3. Haley EC, et al. Phase II trial of tirilazad in aneurysmal sub-
arachnoid haemorrhage: a report of the Cooperative Aneurysm
Study. J Neurosurg 1995; 82: 786–90. 

4. Clark WM, et al. Lazaroids: CNS pharmacology and current re-
search. Drugs 1995; 50: 971–83. 

5. Marshall LF, et al. A multicenter trial on the efficacy of using
tirilazad mesylate in cases of head injury. J Neurosurg 1998; 89:
519–25. 

6. Fleishaker JC, et al. Hormonal effects on tirilazad clearance in
women: assessment of the role of CYP3A. J Clin Pharmacol
1999; 39: 260–7. 

7. The Tirilazad International Steering Committee. Tirilazad for
acute ischaemic stroke. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2001 (ac-
cessed 24/06/05).

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Freedox†; Belg.: Freedox†; S.Afr.: Freedox†; Switz.: Freedox†.

Tirofiban Hydrochloride 

(BANM, USAN, rINNM)

Hidrocloruro de tirofibán; L-700462; MK-383; MK-0383; Ti-
rofiban, Chlorhydrate de; Tirofiban Hidroklorür; Tirofibani Hy-
drochloridum. N-(Butylsulfonyl)-4-[4-(4-piperidyl)butoxy]-L-phe-
nylalanine hydrochloride monohydrate.

Тирофибана Гидрохлорид
C22H36N2O5S,HCl,H2O = 495.1.

CAS — 144494-65-5 (tirofiban); 142373-60-2 (anhy-
drous tirofiban hydrochloride); 150915-40-5 (tirofiban hy-
drochloride monohydrate);.
ATC — B01AC17.
ATC Vet — QB01AC17.

(tirofiban)

Adverse Effects
Bleeding is the most common adverse effect of tiro-
fiban. Other side-effects include nausea, headache,
fever, rashes and other hypersensitivity reactions, and
thrombocytopenia.
Effects on the blood. References1,2 to tirofiban-associated
thrombocytopenia.
1. Mulot A, et al. Practical approach to the diagnosis and manage-

ment of thrombocytopenia associated with tirofiban treatment.
Am J Hematol 2004; 77: 67–71. 

2. Patel S, et al. Profound thrombocytopenia associated with ti-
rofiban: case report and review of literature. Angiology 2005; 56:
351–5.

Precautions
As for Abciximab, p.1192.

Pharmacokinetics
After stopping an infusion of tirofiban, the antiplatelet
effect persists for about 4 to 8 hours. The plasma half-
life is about 2 hours. Tirofiban is not highly bound to
plasma proteins; the unbound fraction in plasma is
about 35%. Tirofiban is eliminated largely unchanged
in the urine, with some biliary excretion in the faeces.
Tirofiban is removed by haemodialysis.
◊ Reviews.
1. Kondo K, Umemura K. Clinical pharmacokinetics of tirofiban, a

nonpeptide glycoprotein IIb/IIIa receptor antagonist: compari-
son with the monoclonal antibody abciximab. Clin Pharmacoki-
net 2002; 41: 187–95.

Uses and Administration
Tirofiban hydrochloride is an antiplatelet drug that re-
versibly inhibits binding of fibrinogen to the glycopro-
tein IIb/IIIa receptors of platelets. It is given with
heparin and aspirin for the management of unstable
angina, both in patients managed medically and in
those undergoing percutaneous coronary procedures.
Tirofiban is used as the hydrochloride, but the dose is
expressed in terms of the base; 110 nanograms of
tirofiban hydrochloride monohydrate is equivalent to
100 nanograms of tirofiban base. 
Tirofiban is given intravenously, at an initial rate of
400 nanograms/kg per minute for 30 minutes, and then
continued at 100 nanograms/kg per minute. The rec-
ommended duration of treatment is at least 48 hours.
Tirofiban infusion may be continued during coronary
angiography, and should be maintained for 12 to 24
hours after angioplasty or atherectomy. The entire du-
ration of treatment should not exceed 108 hours. 
The dose of tirofiban should be reduced in patients
with renal impairment (see below).
◊ General references.
1. McClellan KJ, Goa KL. Tirofiban: a review of its use in acute

coronary syndromes. Drugs 1998; 56: 1067–80. 
2. Menozzi A, et al. Tirofiban in acute coronary syndromes. Expert

Rev Cardiovasc Ther 2005; 3: 193–206. 
3. Shanmugam G. Tirofiban and emergency coronary surgery. Eur

J Cardiothorac Surg 2005; 28: 546–50. 
4. Bukow SC, et al. Tirofiban for the treatment of ischaemic stroke.

Expert Opin Pharmacother 2006; 7: 73–9. 
5. Mukherjee D, Roffi M. Current strategies with high-dose ti-

rofiban. Expert Opin Drug Metab Toxicol 2007; 3: 275–80. 
6. Winter JP, Juergens CP. The role of tirofiban in the management

of coronary artery disease. Cardiovasc Hematol Disord Drug
Targets 2008; 8: 138–46.

Administration in renal impairment. Patients with renal
impairment (creatinine clearance less than 30 mL/minute)
should receive half the usual infusion dose of tirofiban.
Ischaemic heart disease. Patients with acute coronary syn-
dromes may be treated either medically or with percutaneous
coronary interventions such as angioplasty or stenting. Tirofiban,
given with heparin and aspirin, has been tried as adjunctive ther-
apy. A study1 comparing tirofiban with heparin in the medical
management of unstable angina (p.1157) or non-Q-wave myo-
cardial infarction reported an initial benefit, at 2 days, of reduced

risk of refractory ischaemia, myocardial infarction, or death with
tirofiban. This benefit was not maintained at 7 or 30 days after
treatment, although a further analysis2 found that the risk of death
or myocardial infarction at 30 days was reduced in patients with
raised troponin I concentrations who received tirofiban. In anoth-
er study,3 the combination of heparin and tirofiban also reduced
the risk of refractory ischaemia, myocardial infarction, or death,
compared with heparin alone, and benefit was maintained at 6
months. About half of these patients also underwent revascular-
isation procedures or surgery if required. 
Tirofiban has also been studied in patients undergoing interven-
tional therapy (see Reperfusion and Revascularisation Proce-
dures, p.1181), but results have been mixed. The RESTORE
trial4 found short-term benefit with tirofiban as an adjunct to
heparin in patients undergoing angioplasty or atherectomy for
acute coronary syndromes (unstable angina or myocardial inf-
arction), but this was not maintained at 30 days and there was no
effect on restenosis after 6 months. However, another study using
a higher loading dose found a reduced rate of clinical events in
patients given tirofiban, both early after the procedure and on
longer-term follow-up,5 and an observational study6 in patients
with acute myocardial infarction also found improved outcomes.
Pretreatment with tirofiban for 24 to 48 hours before intervention
was found to improve angiographic outcomes compared with
periprocedural treatment,7 but there was no difference in clinical
events at 30 days. In patients undergoing planned interventions,
tirofiban was found to improve outcomes compared with place-
bo;8 another study found that it was less effective than abciximab
at 30 days,9 although this difference was no longer apparent after
6 months.10

1. The Platelet Receptor Inhibition in Ischemic Syndrome Man-
agement (PRISM) Study Investigators. A comparison of aspirin
plus tirofiban with aspirin plus heparin for unstable angina. N
Engl J Med 1998; 338: 1498–1505. 

2. Heeschen C, et al. Troponin concentrations for stratification of
patients with acute coronary syndromes in relation to therapeu-
tic efficacy of tirofiban. Lancet 1999; 354: 1757–62. 

3. The Platelet Receptor Inhibition in Ischemic Syndrome Man-
agement in Patients Limited by Unstable Signs and Symptoms
(PRISM-PLUS) Study Investigators. Inhibition of the platelet
glycoprotein IIb/IIIa receptor with tirofiban in unstable angina
and non-Q-wave myocardial infarction. N Engl J Med 1998;
338: 1488–97. 

4. Gibson CM, et al. Six-month angiographic and clinical follow-
up of patients prospectively randomized to receive either ti-
rofiban or placebo during angioplasty in the RESTORE trial. J
Am Coll Cardiol 1998; 32: 28–34. 

5. Valgimigli M, et al. The additive value of tirofiban administered
with the high-dose bolus in the prevention of ischemic compli-
cations during high-risk coronary angioplasty: the ADVANCE
Trial. J Am Coll Cardiol 2004; 44: 14–19. 

6. De Luca G, et al. Impact of adjunctive tirofiban administration
on myocardial perfusion and mortality in patients undergoing
primary angioplasty for ST-segment elevation myocardial inf-
arction. Thromb Haemost 2005; 93: 820–3. 

7. van ’t Hof AWJ, et al. A comparison of two invasive strategies
in patients with non-ST elevation acute coronary syndromes: re-
sults of the Early or Late Intervention in unStable Angina (ELI-
SA) pilot study. Eur Heart J 2003; 24: 1401–5. 

8. Bonz AW, et al. Effect of additional temporary glycoprotein
IIb/IIIa receptor inhibition on troponin release in elective percu-
taneous coronary interventions after pretreatment with aspirin
and clopidogrel (TOPSTAR trial). J Am Coll Cardiol 2002; 40:
662–8. 

9. Topol EJ, et al. Comparison of two platelet glycoprotein IIb/IIIa
inhibitors, tirofiban and abciximab, for the prevention of
ischemic events with percutaneous coronary revascularization.
N Engl J Med 2001; 344: 1888–94. 

10. Moliterno DJ, et al. Outcomes at 6 months for the direct com-
parison of tirofiban and abciximab during percutaneous coro-
nary revascularisation with stent placement: the TARGET fol-
low-up study. Lancet 2002; 360: 355–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Agrastat; Austral.: Aggrastat; Austria: Aggrastat; Belg.: Aggrastat;
Braz.: Agrastat; Canad.: Aggrastat; Chile: Agrastat; Cz.: Aggrastat;
Denm.: Aggrastat; Fin.: Aggrastat; Fr.: Agrastat; Ger.: Aggrastat; Gr.: Ag-
grastat; Avastar†; Hong Kong: Aggrastat; Hung.: Aggrastat; India: Aggri-
bloc; Irl.: Aggrastat; Israel: Aggrastat; Ital.: Aggrastat; Malaysia: Aggra-
stat; Mex.: Agrastat; Neth.: Aggrastat; Norw.: Aggrastat; NZ: Aggrastat;
Philipp.: Aggrastat; Pol.: Aggrastat; S.Afr.: Aggrastet; Singapore: Aggra-
stat; Spain: Agrastat; Swed.: Aggrastat; Switz.: Aggrastat; Thai.: Aggrastat;
Turk.: Aggrastat; UK: Aggrastat; USA: Aggrastat; Venez.: Agrastat.

Tocainide (BAN, USAN, rINN)

Tocainida; Tocaïnide; Tocainidum; Tokainid; Tokainidi; W-36095.
2-Aminopropiono-2′,6′-xylidide.
Токаинид
C11H16N2O = 192.3.
CAS — 41708-72-9.
ATC — C01BB03.
ATC Vet — QC01BB03.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tocainide Hydrochloride (BANM, rINNM)

Hidrocloruro de tocainida; Tocaïnide, Chlorhydrate de; Tocainidi
Hydrochloridum.
Токаинида Гидрохлорид
C11H16N2O,HCl = 228.7.
CAS — 35891-93-1.
ATC — C01BB03.
ATC Vet — QC01BB03.
Pharmacopoeias. In Chin. and US. 
USP 31 (Tocainide Hydrochloride). A fine, white, odourless
powder. Freely soluble in water and in alcohol; practically insol-
uble in chloroform and in ether.
Profile
Tocainide is a class Ib antiarrhythmic (p.1153) with similar prop-
erties to mexiletine (p.1339); like mexiletine it is structurally re-
lated to lidocaine (p.1862). Tocainide hydrochloride has been
given orally and intravenously in the management of ventricular
arrhythmias but severe haematological and pulmonary toxicity
limit its use.
◊ General references.
1. Holmes B, et al. Tocainide: a review of its pharmacological

properties and therapeutic efficacy. Drugs 1983; 26: 93–123.

Preparations
USP 31: Tocainide Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Ger.: Xylotocan†; USA: Tonocard†.

Tocoferil Nicotinate
Tocoferilo, nicotinato de; Tocopheryl Nicotinate; Vitamin E Nico-
tinate. (±)-α-Tocopherol nicotinate.
Токоферола Никотинат
C35H53NO3 = 535.8.
CAS — 51898-34-1; 16676-75-8.

Pharmacopoeias. In Jpn.
Profile
Tocoferil nicotinate is a lipid regulating drug and a vasodilator. It
is used in the treatment of hyperlipidaemias (p.1169), and in pe-
ripheral (p.1178) and cerebral vascular disorders (p.1165). The
usual oral dose is 100 to 200 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Hijuven; Indon.: Enico; Jpn: Juvela; Malaysia: Hijuven;
Philipp.: Hijuven; Port.: Nicojuvel†; Reoferol.
Multi-ingredient: Arg.: Anaphase; Fr.: Anaphase; Ital.: Evitex; Spain:
Evitex A E Fuerte.

Todralazine Hydrochloride (BANM, pINNM)

BT-621; CEPH; Ecarazine Hydrochloride; Hidrocloruro de to-
dralazina; Todralazine, Chlorhydrate de; Todralazini Hydrochlori-
dum; Todralazyny chlorowodorek. Ethyl 3-(phthalazin-1-yl)carba-
zate hydrochloride monohydrate.
Тодралазина Гидрохлорид
C11H12N4O2,HCl,H2O = 286.7.
CAS — 14679-73-3 (todralazine); 3778-76-5 (anhydrous
todralazine hydrochloride).

(todralazine)

Pharmacopoeias. In Jpn and Pol.
Profile
Todralazine hydrochloride is an antihypertensive structurally re-
lated to hydralazine (p.1305) and with similar properties.
Preparations
Proprietary Preparations (details are given in Part 3)
Pol.: Binazin.

Tolazoline Hydrochloride (BANM, rINNM)

Benzazoline Hydrochloride; Hidrocloruro de tolazolina; Tolazol.
Hydrochlor.; Tolazoline, Chlorhydrate de; Tolazolini Hydrochlori-
dum; Tolazolinium Chloratum. 2-Benzyl-2-imidazoline hydro-
chloride.
Толазолина Гидрохлорид
C10H12N2,HCl = 196.7.
CAS — 59-98-3 (tolazoline); 59-97-2 (tolazoline hydro-
chlor ide).
ATC — C04AB02; M02AX02.
ATC Vet — QC04AB02; QM02AX02.

(tolazoline)

NOTE. Do not confuse with benazoline (see Metizoline, p.1565),
which is a sympathomimetic vasoconstrictor, or with benazolin,
which is a herbicide.
Pharmacopoeias. In Chin. and US. 
USP 31 (Tolazoline Hydrochloride). A white to off-white, crys-
talline powder. Its solutions are slightly acid to litmus. Soluble 1
in less than 1 of water, 1 in 2 of alcohol, 1 in 3 of chloroform, and
1 in 10 000 of ether. Store at a temperature of 25°, excursions
permitted between 15° and 30°.
Adverse Effects
Adverse effects of tolazoline include piloerection, headache,
flushing, tachycardia, cardiac arrhythmias, tingling, chilliness,
shivering, sweating, nausea, vomiting, diarrhoea, and epigastric
pain. Orthostatic hypotension or marked hypertension may oc-
cur, especially with large doses. Tolazoline stimulates gastric
acid and may exacerbate peptic ulcer disease. Oliguria, haematu-
ria, myocardial infarction, gastrointestinal haemorrhage, throm-
bocytopenia and other blood dyscrasias have been reported. 
Intra-arterial injection has been followed by a burning sensation
in the limb.
Effects in the neonate. Hypochloraemic metabolic alkalosis,1
acute renal failure,2 and duodenal perforation3 have been report-
ed in neonates given tolazoline.
1. Adams JM, et al. Hypochloremic metabolic alkalosis following

tolazoline-induced gastric hypersecretion. Pediatrics 1980; 65:
298–300. 

2. Trompeter RS, et al. Tolazoline and acute renal failure in the
newborn. Lancet 1981; i: 1219. 

3. Wilson RG, et al. Duodenal perforation associated with tolazo-
line. Arch Dis Child 1985; 60: 878–9.

Treatment of Adverse Effects
In the event of overdosage hypotension is best treated by keeping
the patient recumbent with the head lowered. If necessary the cir-
culation may be maintained by infusion of suitable electrolyte
solutions. Hypotension may be treated with ephedrine. Adrena-
line is not suitable for the reversal of hypotension induced by
alpha blockers since it may exacerbate the hypotension by stim-
ulating beta receptors.
Precautions
Tolazoline should not be given to patients with hypotension and
when used for peripheral vascular disease should be avoided in
ischaemic heart disease or after a cerebrovascular accident. Since
tolazoline stimulates gastric secretion of hydrochloric acid it may
activate stress ulcers and may cause significant hypochloraemic
alkalosis. Pretreatment of infants with antacids may prevent gas-
trointestinal bleeding, although use of intravenous ranitidine is
not recommended (see below under Interactions). Tolazoline
should not be used in the presence of peptic ulcer disease and
should be used with caution in patients with mitral stenosis.
Interactions
Tolazoline should not be used with sympathomimetics such as
adrenaline since the hypotensive effect may be potentiated due to
unopposed beta-adrenoceptor stimulation. Tolazoline may cause
a disulfiram-like reaction if given with alcohol.
Ranitidine. Intravenous ranitidine reversed the falls in pulmo-
nary and systemic vascular resistances in 12 children who had
been given tolazoline as a pulmonary vasodilator.1
1. Bush A, et al. Cardiovascular effects of tolazoline and ranitidine.

Arch Dis Child 1987; 62: 241–6.

Sympathomimetics. For a report of fatal hypotension associ-
ated with the use of tolazoline with dopamine, see Vasodilators
under the Interactions of Sympathomimetics, p.1408.
Pharmacokinetics
Tolazoline is absorbed from the gastrointestinal tract. It is more
rapidly absorbed after intramuscular injection. An elimination
half-life in neonates of 3 to 13 hours has been reported after in-
travenous use, although it may be as high as about 40 hours and
is inversely related to urine output. Tolazoline is rapidly excreted
in the urine, largely unchanged.

Uses and Administration
Tolazoline hydrochloride is a vasodilator that has a direct dilator
action on the peripheral blood vessels. It has some alpha-adren-
oceptor blocking activity and also stimulates smooth muscle in
the gastrointestinal tract, increases gastrointestinal secretion, can
cause mydriasis, and has a stimulant effect on the heart. 
Tolazoline hydrochloride is used intravenously to reduce pulmo-
nary artery pressure in persistent pulmonary hypertension in neo-
nates with persistent fetal circulation (see below). It has been
used orally and by subcutaneous, intramuscular, intravenous, or
slow intra-arterial injection in the treatment of peripheral vascu-
lar disease. It has also been given in some ophthalmic conditions.
Pulmonary hypertension. Tolazoline and other vasodilators
have been tried in persistent pulmonary hypertension in the new-
born (p.1179) in an attempt to induce selective pulmonary va-
sodilatation and improve gas exchange. The response is variable
and often unsuccessful due to concomitant systemic hypoten-
sion, a failure to achieve or sustain pulmonary vasodilatation,
and adverse effects, and other therapies such as high-frequency
oscillatory ventilation, extracorporeal membrane oxygenation,
and inhaled nitric oxide are now more widely used. 
The loading dose for pulmonary hypertension in neonates that
has been recommended by licensed product information is 1 to
2 mg/kg over 5 to 10 minutes by intravenous infusion; this is then
followed by doses of up to 1 to 2 mg/kg per hour. Infants with
reduced urine output may require lower maintenance doses. The
high incidence of adverse effects has, however, led to several
studies investigating the use of lower doses. One group suggest-
ed that a loading dose of 500 micrograms/kg given intravenously
followed by a continuous infusion of 500 micrograms/kg per
hour was more appropriate and safer than standard doses.1 In a
retrospective study2 of extremely preterm infants (mean gesta-
tional age 24 weeks) with severe hypoxaemia (possibly attribut-
able to persistent pulmonary hypertension), tolazoline was given
as a slow bolus infusion, with most patients receiving a dose of
0.5 to 1 mg/kg; some required further doses. 
Tolazoline has also been given via the endotracheal route,3,4 al-
though as it is acid in solution it may contribute to alveolar injury.
In a study4 of 12 neonates with gestational age ranging from 25
to 42 weeks, endotracheal tolazoline at doses from 1 to
2.5 mg/kg was found to cause no adverse systemic effects. 
The BNFC gives a dose of 1 mg/kg by slow intravenous injec-
tion, followed by 200 micrograms/kg per hour by infusion if nec-
essary. It warns that doses in excess of 300 micrograms/kg per
hour are associated with cardiotoxicity and renal failure. A sug-
gested dose for endotracheal use is 200 micrograms/kg diluted in
0.5 to 1 mL of sodium chloride 0.9%.
1. Monin P, et al. Treatment of persistent fetal circulation syndrome

of the newborn: comparison of different doses of tolazoline. Eur
J Clin Pharmacol 1987; 31: 569–73. 

2. Nuntnarumit P, et al. Efficacy and safety of tolazoline for treat-
ment of severe hypoxemia in extremely preterm infants. Pediat-
rics 2002; 109: 852–6. 

3. Welch JC, et al. Endotracheal tolazoline for severe persistent
pulmonary hypertension of the newborn. Br Heart J 1995; 73:
99–100. 

4. Parida SK, et al. Endotracheal tolazoline administration in ne-
onates with persistent pulmonary hypertension. J Perinatol
1997; 17: 461–4.

Preparations
USP 31: Tolazoline Hydrochloride Injection.
Proprietary Preparations (details are given in Part 3)
Cz.: Divascol; Gr.: Priscol†; Priscoline†.
Multi-ingredient: Switz.: Lunadon.

Torasemide (BAN, rINN) ⊗ 
AC-4464; BM-02015; Torasemid; Torasemid bezvodý; Torasem-
id, vattenfri; Torasemida; Torasémide; Torasémide anhydre; To-
rasemidi; Torasemidi, vedetön; Torasemidum; Torasemidum an-
hydricum; Torazemidas, bevandenis; Torsemide (USAN). 1-Isopro-
pyl-3-(4-m-toluidinopyridine-3-sulphonyl)urea.
Торасемид
C16H20N4O3S = 348.4.
CAS — 56211-40-6 (torasemide); 72810-59-4 (torasem-
ide sodium).
ATC — C03CA04.
ATC Vet — QC03CA04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Torasemide, Anhydrous). A white or almost white
powder. It exhibits polymorphism. Practically insoluble in water;
slightly soluble in alcohol. It is sparingly soluble in dilute solu-
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tions of alkali hydroxides and slightly soluble in dilute acids.
Protect from light. 
USP 31 (Torsemide). A white to off-white, crystalline powder.
Practically insoluble in water and in ether; slightly soluble in al-
cohol, in methyl alcohol, in 0.1N sodium hydroxide, and in 0.1N
hydrochloric acid; very slightly soluble in acetone and in chloro-
form.

Adverse Effects and Precautions
As for Furosemide, p.1292.

Interactions
As for Furosemide, p.1293.

Pharmacokinetics
Torasemide is well absorbed from the gastrointestinal
tract. Peak serum concentrations are achieved within 1
hour of oral doses. Torasemide is metabolised by the
cytochrome P450 isoenzyme CYP2C9, which shows
genetic polymorphism. Metabolism takes place in the
liver and inactive metabolites are excreted in the urine.
The elimination half-life of torasemide is about 3.5
hours. Torasemide is extensively bound to plasma pro-
teins. In patients with heart failure both hepatic and re-
nal clearance are reduced. In patients with renal im-
pairment, the renal clearance is reduced but total
plasma clearance is not significantly altered.
◊ References.
1. Knauf H, Mutschler E. Clinical pharmacokinetics and pharma-

codynamics of torasemide. Clin Pharmacokinet 1998; 34: 1–24. 
2. Vormfelde SV, et al. CYP2C9 polymorphisms and the interindi-

vidual variability in pharmacokinetics and pharmacodynamics
of the loop diuretic drug torsemide. Clin Pharmacol Ther 2004;
76: 557–66.

Uses and Administration
Torasemide is a loop diuretic with actions similar to
those of furosemide (p.1294). 
Torasemide is used for oedema associated with heart
failure (p.1165), including pulmonary oedema, and
with renal and hepatic disorders. It is also used in the
treatment of hypertension (p.1171), either alone or
with other antihypertensives. 
Diuresis after oral use starts within 1 hour, reaches a
maximum in about 1 to 2 hours, and lasts for up to 8
hours; after intravenous injection its effects are evident
within 10 minutes but like oral use can last up to 8
hours. 
In the treatment of oedema the usual oral dose is 5 mg
once daily increased according to response to 20 mg
once daily; doses of up to 40 mg daily have been re-
quired in some patients. Torasemide may also be given
intravenously in usual initial doses of 10 to 20 mg
daily. Higher doses may sometimes be necessary, espe-
cially in oedema of renal origin; the dose should be in-
creased stepwise as necessary to a maximum of
200 mg daily, although doses should not exceed 40 mg
daily in patients with hepatic cirrhosis. 
In the treatment of hypertension torasemide is given
in initial oral doses of 2.5 to 5 mg daily; US licensed
product information allows the dose to be increased to
10 mg daily if required, although UK licensed product
information suggests that doses above 5 mg are unlike-
ly to produce additional benefit.
◊ Reviews.
1. Blose JS, et al. Torsemide: a pyridine-sulfonylurea loop diuretic.

Ann Pharmacother 1995; 29: 396–402. 
2. Dunn CJ, et al. Torasemide: an update of its pharmacological

properties and therapeutic efficacy. Drugs 1995; 49: 121–42. 
3. Brater DC. Benefits and risks of torasemide in congestive heart

failure and essential hypertension. Drug Safety 1996; 14:
104–120. 

4. Ishido H, Senzaki H. Torasemide for the treatment of heart fail-
ure. Cardiovasc Hematol Disord Drug Targets 2008; 8: 127–32.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Torem; Austria: Unat; Belg.: Torrem; Chile: Unat†; Cz.: Diuver; Tri-
fas†; Ger.: Toracard; Toragamma; Torasid; Torem; Unat; Hong Kong: Unat;
India: Dytor; Ital.: Diuremid; Diuresix; Toradiur; Jpn: Luprac; Pol.: Diuver;
Trifas; Rus.: Diuver (Диувер); S.Afr.: Unat; Spain: Dilutol; Isodiur; Sutril;
Tadegan; Swed.: Torem; Switz.: Toramide; Torasem; Torasis; Torem; Thai.:
Unat; UK: Torem; USA: Demadex.

Torcetrapib (USAN, rINN)

CP-529414; Torcétrapib; Torcetrapibum. Ethyl (2R,4S)-4-{[3,5-
bis(trifluoromethyl)benzyl](methoxycarbonyl)amino}-2-ethyl-6-
(trifluoromethyl)-3,4-dihydroquinoline-1(2H)-carboxylate.
Торцетрапиб
C26H25F9N2O4 = 600.5.
CAS — 262352-17-0.

Profile
Torcetrapib is a cholesteryl ester transfer protein inhibitor. It in-
creases plasma concentrations of high-density lipoprotein
(HDL)-cholesterol and has been investigated in the management
of lipid disorders. Development was stopped after the finding of
increased mortality associated with torcetrapib in randomised,
controlled studies.

Trandolapril (BAN, rINN)

RU-44570; Trandolapriili; Trandolaprilum; Trandolapryl. Ethyl
(2S,3aR,7aS)-1-{(S)-N-[(S)-1-carboxy-3-phenylpropyl]alanyl}hex-
ahydro-2-indolinecarboxylate; (2S,3aR,7aS)-1-{N-[(S)-1-Ethoxy-
carbonyl-3-phenylpropyl]-L-alanyl}perhydroindole-2-carboxylic
acid.
Трандолаприл
C24H34N2O5 = 430.5.
CAS — 87679-37-6.
ATC — C09AA10.
ATC Vet — QC09AA10.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Trandolapril). A white or almost white powder.
Practically insoluble in water; sparingly soluble in dehydrated al-
cohol; freely soluble in dichloromethane. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Trandolapril acts as a prodrug of the diacid trandolapri-
lat, its active metabolite. After oral doses of trandol-
april the bioavailability of trandolaprilat is 40 to 60%.
Trandolapril is metabolised in the liver to trandolaprilat
and to some inactive metabolites. Peak plasma concen-
trations of trandolaprilat are achieved 4 to 6 hours after
an oral dose of trandolapril. Trandolaprilat is more than
80% bound to plasma proteins. About 33% of an oral
dose of trandolapril is excreted in the urine, mainly as
trandolaprilat; the rest is excreted in the faeces. The ef-
fective half-life for accumulation of trandolaprilat is 16
to 24 hours after multiple doses of trandolapril. 
Impaired renal function decreases the excretion of tran-
dolaprilat. Trandolaprilat is removed by haemodialy-
sis.
◊ References.
1. Bevan EG, et al. Effect of renal function on the pharmacokinetics

and pharmacodynamics of trandolapril. Br J Clin Pharmacol
1993; 35: 128–35.

Uses and Administration
Trandolapril is an ACE inhibitor (p.1193). It is used in
the treatment of hypertension (p.1171) and in left ven-
tricular dysfunction following myocardial infarction
(p.1175). 
Trandolapril owes its activity to trandolaprilat to which
it is converted after oral doses. The haemodynamic ef-
fects are seen about 1 hour after an oral dose and the
maximum effect occurs after 8 to 12 hours. The
haemodynamic action lasts for at least 24 hours, allow-
ing once-daily dosing. 
In the treatment of hypertension the initial oral dose is
500 micrograms once daily. Since there may be a pre-
cipitous fall in blood pressure in some patients when
starting therapy with an ACE inhibitor, the first dose
should preferably be given at bedtime. In patients al-
ready taking a diuretic, the diuretic should be stopped,
if possible, 2 to 3 days before starting trandolapril and
resumed later if necessary. In patients with co-existing
heart failure treatment with trandolapril should begin
under close medical supervision. The usual mainte-
nance dose for hypertension is 1 to 2 mg once daily,
although up to 4 mg daily may be given, as a single
dose or in 2 divided doses. 
In myocardial infarction, treatment with trandolapril
may be started 3 days after the infarction in an initial
dose of 500 micrograms once daily, gradually in-
creased to a maximum of 4 mg once daily. 
A reduction in dosage may be necessary in patients
with renal impairment (see below).
◊ References.
1. Zannad F. Trandolapril: How does it differ from other angi-

otensin converting enzyme inhibitors? Drugs 1993; 46 (suppl 2):
172–82. 

2. Wiseman LR, McTavish D. Trandolapril: a review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic use
in essential hypertension. Drugs 1994; 48: 71–90. 

3. Køber L, et al. A clinical trial of the angiotensin-converting-en-
zyme inhibitor trandolapril in patients with left ventricular dys-
function after myocardial infarction. N Engl J Med 1995; 333:
1670–6. 

4. Peters DC, et al. Trandolapril: an update of its pharmacology and
therapeutic use in cardiovascular disorders. Drugs 1998; 56:
871–93.

Administration in renal impairment. The initial dose of
trandolapril in patients with renal impairment should not exceed
500 micrograms daily. UK licensed product information states
that the maximum maintenance dose should be 2 mg daily in pa-
tients with a creatinine clearance of less than 10 mL/minute.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nortensin†; Austral.: Gopten; Odrik; Tranalpha; Austria: Gopten;
Braz.: Gopten; Odrik†; Canad.: Mavik; Cz.: Gopten; Tanap; Denm.:
Gopten; Odrik; Fin.: Gopten†; Fr.: Gopten†; Odrik; Ger.: Gopten†; Udrik;
Gr.: Afenil; Odrik; Hung.: Gopten; Indon.: Gopten; Irl.: Gopten; Odrik;
Ital.: Gopten; Jpn: Odric; Preran; Mex.: Gopten†; Neth.: Gopten; Odrik;
Norw.: Gopten; NZ: Gopten; Odrik; Pol.: Gopten; Port.: Gopten; Odrik;
Rus.: Gopten (Гоптен); S.Afr.: Gopten†; Mavik; Spain: Gopten; Odrik;
Swed.: Gopten; Switz.: Gopten; Turk.: Gopten; UK: Gopten; Odrik†;
USA: Mavik.

Multi-ingredient: Arg.: Tarka†; Austral.: Tarka; Austria: Tarka; Canad.:
Tarka; Cz.: Tarka; Denm.: Tarka; Fin.: Tarka†; Fr.: Ocadrik†; Tarka; Ger.:
Tarka; Udramil†; Gr.: Tarka; Ziaxel; Hung.: Tarka; Indon.: Tarka; Ital.: Tar-
ka; Mex.: Tarka; Neth.: Tarka; Ziaxel; NZ: Ziaxel; Philipp.: Tarka; Pol.:
Tarka; Port.: Tarka; Ziaxal; Rus.: Tarka (Тарка); S.Afr.: Tarka; Spain: Tarka;
Tricen; Swed.: Tarka; Switz.: Tarka; Turk.: Tarka; UK: Tarka; USA: Tarka;
Venez.: Tarka.

Trapidil (BAN, rINN)

AR-12008; Tarpidil; Trapidiili; Trapidilis; Trapidilum. 7-Diethylami-
no-5-methyl-1,2,4-triazolo[1,5-a]pyrimidine.
Трапидил
C10H15N5 = 205.3.
CAS — 15421-84-8.
ATC — C01DX11.
ATC Vet — QC01DX11.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Trapidil). A white or almost white crystalline pow-
der. Freely soluble in water; soluble in dehydrated alcohol and in
dichloromethane. Protect from light.
Profile
Trapidil is a vasodilator and an inhibitor of platelet aggregation.
It is also an antagonist of platelet-derived growth factor. It is used
orally in the management of ischaemic heart disease in doses of
400 to 600 mg daily, in divided doses; doses of up to 600 mg
daily may be used to prevent restenosis after angioplasty (but see
below). Ischaemic heart disease is discussed under Atherosclero-
sis (p.1159) and the treatment of its clinical manifestations is de-
scribed under Angina Pectoris (p.1157) and Myocardial Infarc-
tion (p.1175).
◊ References to anti-platelet activity.
1. Yasue H, et al. Effects of aspirin and trapidil on cardiovascular

events after acute myocardial infarction: Japanese Antiplatelets
Myocardial Infarction Study (JAMIS) Investigators. Am J Car-
diol 1999; 83: 1308–13.

◊ References to pharmacokinetics.
1. Harder S, et al. Pharmacokinetics of trapidil, an antagonist of

platelet derived growth factor, in healthy subjects and in patients
with liver cirrhosis. Br J Clin Pharmacol 1996; 42: 443–9.

Angioplasty and stenting. Although angiographic studies1-3

have found that trapidil reduces the rate of restenosis after bal-
loon angioplasty (see Reperfusion and Revascularisation Proce-
dures, p.1181), no effect on clinical outcomes3 has been shown.
Studies investigating the use of trapidil after coronary stenting3,4

have shown no benefit in terms of restenosis or clinical events,
and it was concluded that trapidil is not indicated for this pur-
pose.
1. Okamoto S, et al. Effects of trapidil (triazolopyrimidine), a

platelet-derived growth factor antagonist, in preventing resteno-
sis after percutaneous transluminal coronary angioplasty. Am
Heart J 1992; 123: 1439–44. 

2. Maresta A, et al. Trapidil (triazolopyrimidine), a platelet-derived
growth factor antagonist, reduces restenosis after percutaneous
transluminal coronary angioplasty: results of the randomized,
double-blind STARC study. Circulation 1994; 90: 2710–15. 

3. Maresta A, et al. Starc II, a multicenter randomized placebo-con-
trolled double-blind clinical trial of trapidil for 1-year clinical
events and angiographic restenosis reduction after coronary an-
gioplasty and stenting. Catheter Cardiovasc Interv 2005; 64:
375–82. 

4. Serruys PW, et al. The TRAPIST study: a multicentre rand-
omized placebo controlled clinical trial of trapidil for prevention
of restenosis after coronary stenting, measured by 3-D intravas-
cular ultrasound. Eur Heart J 2001; 22: 1938–47.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Rocornal†; Braz.: Travisco; Cz.: Rocornal†; Ger.: Rocornal; Ital.:
Avantrin†; Travisco; Jpn: Rocornal.

Treprostinil (USAN, rINN)

LRX-15; Tréprostinil; Treprostinilo; Treprostinilum; Treprostinol;
15AU81; U-62840; UT-15. ({(1R,2R,3aS,9aS)-2,3,3a,4,9,9a-Hex-
ahydro-2-hydroxy-1-[(3S)-3-hydroxyoctyl]-1H-benz[f]inden-5-
yl}oxy)acetic acid.
Трепростинил
C23H34O5 = 390.5.
CAS — 81846-19-7.
ATC — B01AC21.
ATC Vet — QB01AC21.

Treprostinil Sodium (rINNM)

Natrii Treprostinilum; Tréprostinil Sodique; Treprostinilo sódico.
Натрий Трепростинил
C23H33NaO5 = 412.5.
CAS — 289480-64-4.
ATC — B01AC21.
ATC Vet — QB01AC21.

Adverse Effects and Precautions
Infusion site pain and reactions, including erythema, induration,
and rash, are the most common adverse effects reported during
subcutaneous infusion of treprostinil. Other effects include head-
ache, nausea, diarrhoea, jaw pain, oedema, vasodilatation, dizzi-
ness, hypotension, and pruritus. 
Abrupt cessation of the infusion should be avoided, because
symptoms of pulmonary hypertension may worsen. Treprostinil
should be used with caution in hepatic impairment.

Interactions
Since treprostinil is a vasodilator and inhibitor of platelet aggre-
gation, care should be taken in patients receiving other vasodila-
tors or anticoagulants.
Pharmacokinetics
Treprostinil sodium is rapidly and completely absorbed after
subcutaneous injection. It is metabolised by the liver and elimi-
nated with a terminal half-life of about 4 hours. About 80% of a
dose is excreted in the urine, mainly as metabolites.
◊ References.
1. Wade M, et al. Absolute bioavailability and pharmacokinetics of

treprostinil sodium administered by acute subcutaneous infu-
sion. J Clin Pharmacol 2004; 44: 83–8. 

2. Wade M, et al. Pharmacokinetics of treprostinil sodium adminis-
tered by 28-day chronic continuous subcutaneous infusion. J
Clin Pharmacol 2004; 44: 503–9. 

3. Laliberte K, et al. Pharmacokinetics and steady-state bioequiva-
lence of treprostinil sodium (Remodulin ) administered by the
intravenous and subcutaneous route to normal volunteers. J Car-
diovasc Pharmacol 2004; 44: 209–14. 

4. McSwain CS, et al. Dose proportionality of treprostinil sodium
administered by continuous subcutaneous and intravenous infu-
sion. J Clin Pharmacol 2008; 48: 19–25.

Uses and Administration
Treprostinil, a vasodilator and platelet aggregation inhibitor, is an
analogue of the prostaglandin epoprostenol (prostacyclin;
p.1279). Treprostinil sodium is given by continuous subcutane-
ous infusion in the treatment of pulmonary hypertension
(p.1179); if this route cannot be tolerated, treprostinil sodium
may be given by continuous infusion through a central venous
catheter. Doses are calculated in terms of treprostinil: treprostinil
sodium 1.32 nanograms is equivalent to about 1.25 nanograms
of treprostinil. The infusion is started with a dose equivalent to
treprostinil 1.25 nanograms/kg per minute; if this is not tolerated
the dose should be halved. The infusion rate can be increased
according to patient response, by increments of up to
1.25 nanograms/kg per minute each week for the first 4 weeks,
followed by increases of up to 2.5 nanograms/kg per minute each
week. There is limited experience with doses above
40 nanograms/kg per minute. The dose of treprostinil should be
reduced in hepatic impairment, see below. 
Inhaled treprostinil is under investigation in pulmonary hyper-
tension, and intravenous use has been investigated for intermit-
tent claudication.
◊ References.
1. Moller ER, et al. Trial of a novel prostacyclin analog, UT-15, in

patients with severe intermittent claudication. Vasc Med 2000; 5:
231–7. 

2. Simonneau G, et al. Continuous subcutaneous infusion of trepro-
stinil, a prostacyclin analogue, in patients with pulmonary arte-
rial hypertension: a double-blind, randomized placebo-control-
led trial. Am J Respir Crit Care Med 2002; 165: 800–804. 

3. Vachiéry J-L, et al. Transitioning from IV epoprostenol to sub-
cutaneous treprostinil in pulmonary arterial hypertension. Chest
2002; 121: 1561–5. 

4. Vachiéry JL, Naeije R. Treprostinil for pulmonary hypertension.
Expert Rev Cardiovasc Ther 2004; 2: 183–91. 

5. Oudiz RJ, et al. Treprostinil, a prostacyclin analogue, in pulmo-
nary arterial hypertension associated with connective tissue dis-
ease. Chest 2004; 126: 420–7. 

6. Gomberg-Maitland M, et al. Efficacy and safety of sildenafil
added to treprostinil in pulmonary hypertension. Am J Cardiol
2005; 96: 1334–6. 

7. Fernandez B, Strootman D. The prostacyclin analog, treprostinil
sodium, provides symptom relief in severe Buerger’s disease—a
case report and review of literature. Angiology 2006; 57:
99–102. 

8. Voswinckel R, et al. Inhaled treprostinil for treatment of chronic
pulmonary arterial hypertension. Ann Intern Med 2006; 144:
149–50. 

9. Channick RN, et al. Safety and efficacy of inhaled treprostinil as
add-on therapy to bosentan in pulmonary arterial hypertension. J
Am Coll Cardiol 2006; 48: 1433–7.

Administration in hepatic impairment. Clearance of
treprostinil is reduced in patients with hepatic impairment. The
manufacturers recommend that the initial dose should be
0.625 nanograms/kg per minute, and should be increased cau-
tiously, in mild to moderate impairment. Treprostinil has not
been studied in severe hepatic impairment.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Remodulin; Chile: Remodulin; Cz.: Remodulin; Fr.: Remodulin;
Gr.: Remodulin; Israel: Remodulin; Port.: Remodulin; Switz.: Remodulin;
USA: Remodulin.

Triamterene (BAN, USAN, rINN) ⊗ 
NSC-77625; SKF-8542; Triamtereeni; Triamterén; Triamteren;
Triamterenas; Triamtérène; Triamtereno; Triamterenum; Triant-
ereno. 6-Phenylpteridine-2,4,7-triamine; 2,4,7-Triamino-6-phe-
nylpteridine.
Триамтерен
C12H11N7 = 253.3.
CAS — 396-01-0.
ATC — C03DB02.
ATC Vet — QC03DB02.

NOTE. Compounded preparations of triamterene may be repre-
sented by the following names: 

• Co-triamterzide (BAN)—triamterene 2 parts and hydrochloro-
thiazide 1 part (w/w) 

• Co-triamterzide (PEN)—triamterene and hydrochlorothi-
azide.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Triamterene). A yellow, crystalline powder. Very
slightly soluble in water and in alcohol. Protect from light. 
USP 31 (Triamterene). A yellow, odourless, crystalline powder.
Practically insoluble in water, in chloroform, in ether, in benzene,
and in dilute alkali hydroxides; very slightly soluble in alcohol,
in acetic acid, and in dilute mineral acids; soluble 1 in 30 of for-
mic acid and 1 in 85 of 2-methoxyethanol. Store in airtight con-
tainers. Protect from light.

Adverse Effects
As for Amiloride Hydrochloride, p.1209. Triamterene
has also been reported to cause photosensitivity reac-
tions, increases in uric acid concentrations, and blood
dyscrasias. Renal calculi may occur in susceptible pa-
tients, and megaloblastic anaemia has been reported in
patients with depleted folic acid stores such as those
with hepatic cirrhosis. Reversible renal failure, due ei-
ther to acute interstitial nephritis or to an interaction
with NSAIDs (see under Interactions, below) has oc-
curred.
Incidence of adverse effects. In a postmarketing surveillance
study of 70 898 patients1 taking triamterene with hydrochlorothi-
azide the most common adverse effects were fatigue, dizziness,
and nausea. Adverse effects necessitated withdrawal in 8.1% of
patients. A subgroup analysis of 21 731 patients2 indicated that
hyperkalaemia was more common in elderly patients and in
those with diabetes mellitus.
1. Hollenberg NK, Mickiewicz CW. Postmarketing surveillance in

70,898 patients treated with a triamterene/hydrochlorothiazide
combination (Maxzide). Am J Cardiol 1989; 63: 37B–41B. 

2. Hollenberg NK, Mickiewicz CW. Hyperkalemia in diabetes mel-
litus: effect of a triamterene-hydrochlorothiazide combination.
Arch Intern Med 1989; 149: 1327–30.

Effects on the blood. There have been case reports of pancy-
topenia associated with triamterene therapy.1,2 Some patients had
hepatic cirrhosis and the antifolate activity of triamterene was
considered responsible.2

1. Castellano G, et al. Pancitopenia aguda y megaloblastosis medu-
lar durante el tratemiento con triamterene de la ascitis causada
por cirrosis hepática: aportación de dos casos. Gastroenterol
Hepatol 1983; 6: 540–4. 

2. Remacha A, et al. Triamterene-induced megaloblastosis: report
of two new cases, and review of the literature. Biol Clin Hematol
1983; 5: 127–34.

Effects on the kidneys. There have been a number of
reports1-4 of renal calculi containing triamterene or its metabo-
lites, generally in patients also taking hydrochlorothiazide. An
abnormal urinary sediment was described which was thought to
represent precipitated triamterene.5 These observations were ex-
panded in a crossover study:6 abnormal urinary sediment was
seen in 14 of 26 patients taking triamterene but in none taking
amiloride. Triamterene and its metabolites were identified by
others in 181 of 50 000 renal calculi.7 Triamterene either formed
the nucleus of the stone or was deposited with calcium oxalate or
uric acid. One-third of the 181 stones were entirely or mainly
composed of triamterene and its metabolites and it was suggest-
ed that supersaturation of the urine with these substances could
provide suitable nuclei for the crystallisation of calcium oxalate.8
However, other workers were unable to confirm this and sug-
gested that triamterene and its metabolites could become incor-
porated into the protein matrix of existing stones.9 In addition, an
epidemiological study10 found no evidence that triamterene use
was associated with an increased incidence of renal stones. Some
authors11 have therefore considered that there was not enough
evidence to contra-indicate the drug in patients with a history of
recurrent renal calculi. 
Deposition of triamterene in the urine may also play a part in the
development of interstitial nephritis, which was diagnosed in 4
patients also taking hydrochlorothiazide, over a period of 4
years.6 
Triamterene has also been associated with transient decline in re-
nal function and the development of renal failure.12,13 Several
mechanisms may be responsible including interstitial nephritis,
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intrarenal obstruction by crystalline deposits, and an interaction
with NSAIDs (see under Interactions, below).13 Elderly patients
may be particularly at risk.12

1. Ettinger B, et al. Triamterene-induced nephrolithiasis. Ann In-
tern Med 1979; 91: 745–6. 

2. Socolow EL. Triamterene-induced nephrolithiasis. Ann Intern
Med 1980; 92: 437. 

3. Gault MH, et al. Triamterene urolithiasis. Can Med Assoc J
1981; 124: 1556–7. 

4. Grunberg RW, Silberg SJ. Triamterene-induced nephrolithiasis.
JAMA 1981; 245: 2494–5. 

5. Fairley KF, et al. Abnormal urinary sediment in patients on tri-
amterene. Lancet 1983; i: 421–2. 

6. Spence JD, et al. Effects of triamterene and amiloride on urinary
sediment in hypertensive patients taking hydrochlorothiazide.
Lancet 1985; ii: 73–5. 

7. Ettinger B, et al. Triamterene nephrolithiasis. JAMA 1980; 244:
2443–5. 

8. White DJ, Nancollas GH. Triamterene and renal stone forma-
tion. J Urol (Baltimore) 1982; 127: 593–7. 

9. Werness PG, et al. Triamterene urolithiasis: solubility, pK, ef-
fect on crystal formation, and matrix binding of triamterene and
its metabolites. J Lab Clin Med 1982; 99: 254–62. 

10. Jick H, et al. Triamterene and renal stones. J Urol (Baltimore)
1982; 127: 224–5. 

11. Woolfson RG, Mansell MA. Does triamterene cause renal calcu-
li? BMJ 1991; 303: 1217–18. 

12. Lynn KL, et al. Renal failure with potassium-sparing diuretics.
N Z Med J 1985; 98: 629–33. 

13. Sica DA, Gehr TWB. Triamterene and the kidney. Nephron
1989; 51: 454–61.

Effects on the skin. Photodermatitis has been reported in a pa-
tient taking triamterene.1 Pseudoporphyria, possibly associated
with exposure to sunlight, occurred in a patient with vitiligo dur-
ing treatment with triamterene and hydrochlorothiazide.2

1. Fernández de Corres L, et al. Photodermatitis from triamterene.
Contact Dermatitis 1987; 17: 114–15. 

2. Motley RJ. Pseudoporphyria due to Dyazide in a patient with
vitiligo. BMJ 1990; 300: 1468.

Precautions
As for Amiloride Hydrochloride, p.1209. Triamterene
should also be given with caution to patients with hy-
peruricaemia or gout, or a history of renal calculi. Pa-
tients with depleted folic acid stores such as those with
hepatic cirrhosis may be at increased risk of megalob-
lastic anaemia. 
Triamterene may interfere with the fluorescent meas-
urement of quinidine. It may slightly colour the urine
blue.

Interactions
As for Amiloride Hydrochloride, p.1209.
Digoxin. For a report of the effect of triamterene on digoxin, see
p.1262.

Dopaminergics. For a report of increased amantadine toxicity
associated with hydrochlorothiazide and triamterene, see p.793.

NSAIDs. There have been several reports of renal failure in pa-
tients taking triamterene and NSAIDs.1,2 Both types of drug are
nephrotoxic and in combination the effect appears to be addi-
tive.3-5 It has been suggested that the suppression of urinary pros-
taglandins by NSAIDs could potentiate the nephrotoxic effects
of triamterene.1 
NSAIDs may also antagonise the diuretic action of triamterene.6

1. Favre L, et al. Reversible acute renal failure from combined tri-
amterene and indomethacin: a study in healthy subjects. Ann In-
tern Med 1982; 96: 317–20. 

2. Härkönen M, Ekblom-Kullberg S. Reversible deterioration of re-
nal function after diclofenac in patient receiving triamterene.
BMJ 1986; 293: 698–9. 

3. Bailey RR. Adverse renal reactions to non-steroidal anti-inflam-
matory drugs and potassium-sparing diuretics. Adverse Drug Re-
act Bull 1988; (Aug.): 492–5. 

4. Lynn KL, et al. Renal failure with potassium-sparing diuretics.
N Z Med J 1985; 98: 629–33. 

5. Sica DA, Gehr TWB. Triamterene and the kidney. Nephron
1989; 51: 454–61. 

6. Webster J. Interactions of NSAIDs with diuretics and β-blockers:
mechanisms and clinical implications. Drugs 1985; 30: 32–41.

Pharmacokinetics
Triamterene is variably but fairly rapidly absorbed
from the gastrointestinal tract. The bioavailability has
been reported to be about 50%. The plasma half-life
has been reported to be about 2 hours. It is estimated to
be about 60% bound to plasma proteins. It is extensive-
ly metabolised and is mainly excreted in the urine in
the form of metabolites with some unchanged triam-
terene. Triamterene crosses the placenta and may be
distributed into breast milk.

◊ References.
1. Pruitt AW, et al. Variations in the fate of triamterene. Clin Phar-

macol Ther 1977;  21: 610–19. 
2. Gundert-Remy U, et al. Plasma and urinary levels of triamterene

and certain metabolites after oral administration to man. Eur J
Clin Pharmacol 1979; 16: 39–44. 

3. Gilfrich HJ, et al. Pharmacokinetics of triamterene after iv ad-
ministration to man: determination of bioavailability. Eur J Clin
Pharmacol 1983; 25: 237–41. 

4. Sörgel F, et al. Oral triamterene disposition. Clin Pharmacol
Ther 1985; 38: 306–12.

Hepatic impairment. Triamterene clearance was markedly
decreased in 7 patients with alcoholic cirrhosis and ascites.1 The
diuretic effect lasted for up to 48 hours in cirrhotic patients com-
pared with 8 hours in healthy controls.
1. Villeneuve JP, et al. Triamterene kinetics and dynamics in cir-

rhosis. Clin Pharmacol Ther 1984; 35: 831–7.

Renal impairment. Urinary excretion of triamterene and its
metabolite, hydroxytriamterene sulfate, was significantly re-
duced in patients with renal impairment1 and in the elderly
whose renal function was reduced.2 Accumulation of the active
metabolite was possible in patients with renal impairment.1

1. Knauf H, et al. Delayed elimination of triamterene and its active
metabolite in chronic renal failure. Eur J Clin Pharmacol 1983;
24: 453–6. 

2. Williams RL, et al. Absorption and disposition of two combina-
tion formulations of hydrochlorothiazide and triamterene: influ-
ence of age and renal function. Clin Pharmacol Ther 1986; 40:
226–32.

Uses and Administration
Triamterene is a weak diuretic with potassium-sparing
properties which has actions and uses similar to those
of amiloride (p.1210). It produces a diuresis in about 2
to 4 hours, with a duration of 7 to 9 hours. The full ther-
apeutic effect may be delayed until after several days
of treatment. 
Triamterene adds to the natriuretic but diminishes the
kaliuretic effects of other diuretics. It is mainly used, as
an adjunct to thiazide diuretics such as hydrochlorothi-
azide and loop diuretics such as furosemide, to con-
serve potassium in those at risk from hypokalaemia
during the treatment of refractory oedema associated
with hepatic cirrhosis, heart failure (p.1165), and the
nephrotic syndrome. It is also used with other diuretics
in the treatment of hypertension (p.1171). 
When triamterene is given alone in the treatment of
oedema, the oral dosage range is 150 to 250 mg daily,
given in 2 divided doses, after breakfast and lunch.
Doses may be given on alternate days for maintenance
therapy. More than 300 mg daily should not be given. 
Smaller doses are used initially when other diuretics
are also given. When used with hydrochlorothiazide,
for example, in the treatment of hypertension, an ini-
tial dose of 50 mg of triamterene daily may be used. 
Potassium supplements should not be given.

Preparations
BP 2008: Co-triamterzide Tablets; Triamterene Capsules; 
USP 31: Triamterene and Hydrochlorothiazide Capsules; Triamterene and
Hydrochlorothiazide Tablets; Triamterene Capsules.

Proprietary Preparations (details are given in Part 3)
Belg.: Dytac; Canad.: Dyrenium†; Neth.: Dytac†; UK: Dytac; USA:
Dyrenium.

Multi-ingredient: Austral.: Hydrene; Austria: Confit; Dytide H; Hydrot-
rix; Salodiur; Triamteren comp; Triastad HCT; Trioral/HCT; Belg.: Diuco-
mb†; Dyta-Urese; Dytenzide; Braz.: Diurana; Iguassina; Canad.: Apo-Tri-
azide; Novo-Triamzide; Nu-Triazide; Chile: Drinamil; Hidroronol T; Uren;
Fin.: Furesis comp; Uretren Comp; Fr.: Isobar; Prestole; Ger.: Beta-Turfa;
dehydro sanol tri; Diu Venostasin; Diucomb; Diuretikum Verla; Diutensat
comp†; Diutensat†; Dociteren; duradiuret†; Dytide H; Haemiton composi-
tum†; Hydrotrix; Jenateren comp†; Neotri; Nephral; Propra comp; Sali-
Puren†; Thiazid-comp; Tri-Thiazid; Tri-Thiazid Reserpin†; Triampur Com-
positum; Triamteren comp; Triamteren HCT; Triamteren tri-comp; Triam-
teren-H†; Triarese; triazid†; Turfa; Veratide; Hong Kong: Apo-Triazide;
Dyazide; Triam-Co†; India: Ditide; Irl.: Dyazide; Ital.: Fluss 40; Malaysia:
Apo-Triazide†; Mex.: Dyazide; Neth.: Dyta-Urese; Dytenzide; NZ: Tri-
amizide; Port.: Dyazide; Triam Tiazida R; Rus.: Apo-Triazide (Апо-
триазид); Triam-Co (Триам-ко); Triampur Compositum (Триампур
Композитум); S.Afr.: Dyazide; Renezide; Singapore: Apo-Triazide;
Spain: Salidur; Switz.: Dyazide; Dyrenium compositum; t/h-basan; Thai.:
Dazid†; Dinazide; Dyazide; Dyterene†; Turk.: Triamteril; UK: Dyazide;
Dytide; Frusene; Kalspare; Triamaxco†; Triamco; USA: Dyazide; Maxzide.

Trichlormethiazide (rINN) ⊗ 
Trichlorméthiazide; Trichlormethiazidum; Triclormetiazida; Trik-
loorimetiatsidi; Triklormetiazid. 6-Chloro-3-dichloromethyl-3,4-
dihydro-2H-1,2,4-benzothiadiazine-7-sulphonamide 1,1-dioxide.

Трихлорметиазид
C8H8Cl3N3O4S2 = 380.7.
CAS — 133-67-5.
ATC — C03AA06.
ATC Vet — QC03AA06.

Pharmacopoeias. In Jpn and US. 
USP 31 (Trichlormethiazide). A white or practically white, crys-
talline powder, odourless or with a slight characteristic odour.
Soluble 1 in 1100 of water, 1 in 48 of alcohol, 1 in 5000 of chlo-
roform, 1 in about 4 of dimethylformamide, 1 in about 9 of diox-
an, and 1 in 1400 of ether; freely soluble in acetone; soluble in
methyl alcohol.

Profile
Trichlormethiazide is a thiazide diuretic with properties similar
to those of hydrochlorothiazide (p.1307). It is given orally for
oedema, including that associated with heart failure (p.1165),
and for hypertension (p.1171). 
Diuresis begins about 2 hours after an oral dose, and lasts about
24 hours. 
In the treatment of oedema the usual dose is 1 to 4 mg daily or
intermittently. In the treatment of hypertension the usual dose is
2 to 4 mg daily, either alone, or with other antihypertensives. In
some patients 1 mg daily may be adequate. In children over 6
months of age a dose of 70 micrograms/kg daily in one or two
doses has been used.
Preparations
USP 31: Trichlormethiazide Tablets.

Proprietary Preparations (details are given in Part 3)
USA: Diurese†; Metahydrin†; Naqua†.

Multi-ingredient: Fin.: Uretren Comp; Ger.: Esmalorid†; Spain: Rulun;
USA: Metatensin†.

Triflusal (BAN, rINN)

Triflusaali; Triflusalis; Triflusalum; Trifluzál; UR-1501. 2-Acetoxy-4-
trifluoromethylbenzoic acid; O-Acetyl-4-(trifluoromethyl)salicylic
acid.

Трифлусал
C10H7F3O4 = 248.2.
CAS — 322-79-2.
ATC — B01AC18.
ATC Vet — QB01AC18.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Triflusal). A white or almost white crystalline pow-
der. Practically insoluble in water; very soluble in dehydrated al-
cohol; freely soluble in dichloromethane. Store in airtight con-
tainers at a temperature not exceeding 25°.

Profile
Triflusal is an inhibitor of platelet aggregation used in the man-
agement of thromboembolic disorders (p.1187) in usual oral dos-
es of 300 to 900 mg daily.
◊ References.
1. Murdoch D, Plosker GL. Triflusal: a review of its use in cerebral

infarction and myocardial infarction, and as thromboprophylaxis
in atrial fibrillation. Drugs 2006; 66: 671–92.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Disgren; Braz.: Disgren; Chile: Logrosal†; Gr.: Aflen; Reoflen; Hung.:
Disgren; Ital.: Triflux; Mex.: Disgren; Port.: Tecnosal; Spain: Anpeval; Dis-
gren; Venez.: Disgren.
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Trimetaphan Camsilate (BAN, rINN)

Cansilato de trimetafán; Méthioplégium; Trimetaphan Cam-
phorsulfonate; Trimétaphan, Camsilate de; Trimetaphan Cam-
sylate; Trimetaphani Camsilas; Trimetaphani Camsylas; Trimeth-
aphan Camsylate. (+)-1,3-Dibenzylperhydro-2-oxothieno-
[1′,2′:1,2]thieno[3,4-d]-imidazol-5-ium 2-oxobornane-10-sul-
fonate; 4,6-Dibenzyl-4,6-diaza-1-thioniatricyclo[6.3.0.03.7]unde-
can-5-one 2-oxobornane-10-sulfonate.

Триметафана Камзилат
C22H25N2OS,C10H15O4S = 596.8.
CAS — 7187-66-8 (tr imetaphan); 68-91-7 (tr imetaphan
camsilate).
ATC — C02BA01.
ATC Vet — QC02BA01.

Incompatibility. Trimetaphan is incompatible with thiopental
sodium, gallamine triethiodide, iodides, bromides, and strongly
alkaline solutions.

Adverse Effects and Treatment
The adverse effects of trimetaphan are mainly due to ganglionic
blockade. A reduction in gastrointestinal motility may cause con-
stipation and, on prolonged use, paralytic ileus. Urinary reten-
tion, cycloplegia, mydriasis, tachycardia, precipitation of angina,
and gastrointestinal disturbances such as anorexia, nausea, or
vomiting, may occur. Orthostatic hypotension may be severe.
Rapid intravenous infusion can result in respiratory arrest. Other
adverse effects include raised intra-ocular pressure, dry mouth,
hypoglycaemia, hypokalaemia, fluid retention, weakness, urti-
caria, and itching. Trimetaphan crosses the placenta and can
cause paralytic or meconium ileus in the neonate. 
If severe hypotension occurs, trimetaphan should be stopped and
the patient positioned with the head lower than the feet. A vaso-
pressor may be given cautiously if necessary.

Effects on the eyes. Although trimetaphan may increase intra-
ocular pressure, a sudden and dramatic reduction of intra-ocular
pressure to very low levels was noted in 5 patients undergoing
surgery when the systolic blood pressure was reduced to
60 mmHg with trimetaphan infusion.1

1. Dias PLR, et al. Effect on the intraocular pressure of hypotensive
anaesthesia with intravenous trimetaphan. Br J Ophthalmol
1982; 66: 721–4.

Precautions
Trimetaphan should be avoided in patients with asphyxia or res-
piratory insufficiency, uncorrected anaemia, shock or hypovol-
aemia, severe arteriosclerosis, severe ischaemic heart disease, or
pyloric stenosis and should only be used with extreme caution in
those with hepatic or renal impairment, degenerative disease of
the CNS, Addison’s disease, prostatic hyperplasia, glaucoma,
cerebral or coronary vascular insufficiency, and diabetes. It
should be used with care in elderly or debilitated patients and
should be avoided in pregnancy. Owing to a histamine-liberating
effect it should be used with caution in allergic subjects.

Interactions
Trimetaphan should be used with caution in patients being treat-
ed with other antihypertensives, drugs that depress cardiac func-
tion, or muscle relaxants, and in those taking NSAIDs or corti-
costeroids. The hypotensive effect is enhanced by general and
spinal anaesthetics. Adrenaline should not be infiltrated locally at
the site of incision when trimetaphan is being given since this
may antagonise the effect of trimetaphan.

Neuromuscular blockers. For a reference to possible poten-
tiation of neuromuscular blockade by trimetaphan, see Ganglion
Blockers, under Interactions of Atracurium, p.1904.

Uses and Administration
Trimetaphan is a ganglion blocker that inhibits the transmission
of nerve impulses in both sympathetic and parasympathetic gan-
glia. The sympathetic blockade produces peripheral vasodilata-
tion. Trimetaphan also has a direct vasodilator effect on periph-
eral blood vessels. It has been used for inducing controlled
hypotension during surgical procedures; it acts rapidly to pro-
duce a hypotensive response which persists for about 10 to 15
minutes. Trimetaphan has also been used for the emergency
treatment of hypertensive crises (p.1171), especially in the pres-
ence of pulmonary oedema or acute dissecting aortic aneurysms.
However, sodium nitroprusside is now preferred.

Trimetazidine Hydrochloride (BANM, rINNM)

Hidrocloruro de trimetazidina; Trimetatsidiinidihydrokloridi; Tri-
metazidin Hidroklorür; Trimetazidindihidroklorid; Trimetazidin-
dihydrochlorid; Trimetazidindihydroklorid; Trimétazidine, Chlo-
rhydrate de; Trimétazidine, dichlorhydrate de; Trimetazidine Di-
hydrochloride; Trimetazidini dihydrochloridum; Trimetazidini Hy-
drochloridum; Trimetazidino hidrochloridas; Trimetazine Hydro-
chloride. 1-(2,3,4-Trimethoxybenzyl)piperazine dihydrochloride.
Триметазидина Гидрохлорид
C14H22N2O3,2HCl = 339.3.
CAS — 5011-34-7 (tr imetazidine); 13171-25-0 (tr i-
metazidine hydrochlor ide).
ATC — C01EB15.
ATC Vet — QC01EB15.

(tr imetazidine)

Pharmacopoeias. In Eur. (see p.vii) and Jpn. 
Ph. Eur. 6.2 (Trimetazidine Dihydrochloride; Trimetazidine Hy-
drochloride BP 2008). A slightly hygroscopic, white or almost
white crystalline powder. Freely soluble in water; sparingly sol-
uble in alcohol. Store in airtight containers.
Profile
Trimetazidine hydrochloride is used in angina pectoris (p.1157)
and in ischaemia of neurosensorial tissues as in Ménière’s dis-
ease (p.564); 40 to 60 mg is given daily by mouth in divided dos-
es.
◊ References.
1. McClellan KJ, Plosker GL. Trimetazidine: a review of its use in

stable angina pectoris and other coronary conditions. Drugs
1999; 58: 143–57. 

2. Ciapponi A, et al. Trimetazidine for stable angina. Available in
The Cochrane Database of Systematic Reviews; Issue 4. Chich-
ester: John Wiley; 2005 (accessed 24/01/06). 

3. Danchin N. Clinical benefits of a metabolic approach with tri-
metazidine in revascularized patients with angina. Am J Cardiol
2006; 98 (suppl): 8J–13J.

Effects on the nervous system. Eight elderly patients aged
between 72 and 94 years were reported1 to have developed signs
of parkinsonism while taking trimetazidine; the parkinsonism re-
gressed completely when the drug was stopped. A retrospective
study2 found that adverse effects on motor function, including
parkinsonism, gait disorders, and tremor, occurred in 56 of 130
patients taking trimetazidine and were more common in older
patients.
1. Marti Massó JF. Parkinsonismo por trimetazidina. Neurologia

2004; 19: 392–5. 
2. Martí Massó J-F, et al. Trimetazidine induces parkinsonism, gait

disorders and tremor. Therapie 2005; 60: 419–22.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Vastarel; Austria: Vastarel; Braz.: Vastarel; Chile: Vastarel; Cz.:
Adexor; Preductal; Denm.: Vastarel; Fr.: Centrophene†; Vastarel; Gr.: Ata-
nol; Imovexil; Intervein; Latrimet†; Liomagen; Novazidine; Trimedin; Trime-
dor; Trimevert; Vastarel; Zidin; Hong Kong: Vastarel; Hung.: Adexor; Pre-
ductal; India: Flavedon; Mayozest; Metacard; Metagard; Trivedon; Indon.:
Trizedon; Irl.: Vastarel; Ital.: Vastarel; Malaysia: Metagard; Vastarel;
Philipp.: Angirel; Vastarel; Pol.: Metazydyna; Preductal; Trimetaratio;
Port.: Tacirel; Vastarel; Rus.: Deprenorm (Депренорм); Medarum
(Медарум); Preductal (Предуктал); Rimecor (Римекор); Trimetazide
(Триметазид); Singapore: Metagard; Vastarel; Spain: Idaptan; Vaso
Rimal†; Thai.: Matenol; Trizidine; Vastarel; Vastinol; Turk.: Vastarel; Venez.:
Vastarel.

Tripamide (USAN, rINN) ⊗ 
ADR-033; E-614; Tripamida; Tripamidum. 4-Chloro-N-(endo-
hexahydro-4,7-methanoisoindolin-2-yl)-3-sulphamoylbenza-
mide.
Трипамид
C16H20ClN3O3S = 369.9.
CAS — 73803-48-2.

Profile
Tripamide is a diuretic structurally related to indapamide. It is
used in the treatment of hypertension.
Preparations
Proprietary Preparations (details are given in Part 3)
Thai.: Normonal.

Urapidil (BAN, rINN)

B-66256M; Urapidiili; Urapidilum. 6-[3-(4-o-Methoxyphenylpip-
erazin-1-yl)propylamino]-1,3-dimethyluracil.
Урапидил
C20H29N5O3 = 387.5.
CAS — 34661-75-1.
ATC — C02CA06.
ATC Vet — QC02CA06.

Pharmacopoeias. In Jpn.

Urapidil Hydrochloride (BANM, rINNM)

Hidrocloruro de urapidil; Urapidil, Chlorhydrate d’; Urapidili Hy-
drochloridum.
Урапидила Гидрохлорид
C20H29N5O3,HCl = 423.9.
CAS — 64887-14-5.
ATC — C02CA06.
ATC Vet — QC02CA06.

Adverse Effects and Precautions
Urapidil is reported to be well-tolerated, with adverse effects
generally transient and most frequent at the beginning of therapy.
Dizziness, nausea, headache, fatigue, orthostatic hypotension,
palpitations, nervousness, pruritus, and allergic skin reactions
have been reported. 
It should be used with care in elderly patients and those with se-
vere hepatic impairment. Intravenous urapidil should not be used
in patients with aortic stenosis.
Urinary incontinence. Enuresis was reported1 to be associat-
ed with the use of urapidil in 2 elderly patients.
1. Jonville A-P, et al. Urapidil and enuresis. Lancet 1992; 339: 688.

Pharmacokinetics
After oral doses urapidil is rapidly absorbed with a reported bio-
availability of 70 to 80%. It is reported to be about 80% bound to
plasma proteins. Urapidil is extensively metabolised in the liver,
mainly by hydroxylation, and excreted mostly in urine, as metab-
olites and 10 to 20% of unchanged drug. The elimination half-
life is reported to be about 4.7 hours when given orally as cap-
sules and about 2.7 hours after intravenous dosage.
◊ Reviews.
1. Kirsten R, et al. Clinical pharmacokinetics of urapidil. Clin

Pharmacokinet 1988; 14: 129–40.

Uses and Administration
Urapidil is an antihypertensive drug that is reported to block
peripheral alpha1 adrenoceptors (see Alpha Blockers, p.1153)
and to have central actions. It produces a reduction in peripheral
resistance and a fall in systolic and diastolic blood pressure, usu-
ally without reflex tachycardia. 
Urapidil is used in the management of hypertension (p.1171), in-
cluding hypertensive crises. 
Urapidil is given orally as the base and intravenously as the hy-
drochloride, but doses are usually expressed in terms of the base.
Urapidil hydrochloride 10.94 mg is equivalent to about 10 mg of
urapidil. Urapidil fumarate has also been given orally. 
In hypertension doses of 30 to 90 mg are given twice daily by
mouth. In hypertensive crises a suggested regimen is to give an
initial dose of 25 mg by slow intravenous injection over 20 sec-
onds, repeated if necessary after 5 minutes. This may be fol-
lowed by a dose of 50 mg after a further 5 minutes if the response
is still inadequate. Treatment should continue with a mainte-
nance infusion of 9 to 30 mg/hour once the blood pressure is suf-
ficiently reduced.
◊ Reviews.
1. Dooley M, Goa KL. Urapidil: a reappraisal of its use in the man-

agement of hypertension. Drugs 1998; 56: 929–55.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Ebrantil; Belg.: Ebrantil; Cz.: Ebrantil; Fr.: Eupressyl; Mediatensyl;
Ger.: Ebrantil; Hung.: Ebrantil; Ital.: Ebrantil; Neth.: Ebrantil; Pol.: Ebrantil;
Port.: Ebrantil; Spain: Elgadil; Switz.: Ebrantil.
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Urokinase (BAN, USAN, rINN)

Urokinaasi; Urokinas; Urokinasa; Urokinasum; Ürokinaz; Urok-
ináz; Urokinazė; Uroquinasa.
Урокиназа
CAS — 9039-53-6.
ATC — B01AD04.
ATC Vet — QB01AD04.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn. 
Ph. Eur. 6.2 (Urokinase). An enzyme isolated from human urine
that activates plasminogen. It consists of a mixture of low
(33 000) and high (54 000) molecular mass forms, the high
molecular mass form being predominant. The potency is not less
than 70 000 international units per mg of protein. A white or al-
most white, amorphous powder. Soluble in water. Store in air-
tight containers at a temperature not exceeding 8°. Protect from
light.
Stability. Solutions of urokinase containing 2500 to
25 000 units/mL were found to be stable in single-use syringes
when stored at −30° for 30 days and also when stored frozen for
7 days, thawed, and refrozen for a further 23 days.1
1. Dedrick SC, Ramirez-Rico J. Potency and stability of frozen

urokinase solutions in syringes. Am J Health-Syst Pharm 2004;
61: 1586–9.

Units
The potency of urokinase is expressed in international
units. Preparations are assayed using the first Interna-
tional Reference Preparation (1968), a mixture of low-
molecular-weight and high-molecular-weight uroki-
nases. The first International Standard for high-molec-
ular-weight urokinase was established in 1989 for use
with preparations of this type of urokinase. 
Potency used to be expressed in Ploug or Plough units
or in CTA units, but these now appear to be obsolete.

Adverse Effects, Treatment, and Precau-
tions
As for Streptokinase, p.1402. Serious allergic reactions
may be less likely to occur with urokinase than with
streptokinase.
Hypersensitivity. Allergic reactions are considered to be less
frequent with urokinase than with streptokinase. However, in a
series of 6 patients who had previously been treated with strep-
tokinase,1 thrombolytic therapy with urokinase for recurrent my-
ocardial infarction was associated with rigors in 4 patients, 2 of
whom also developed bronchospasm. None of the patients had
any history of atopy.
1. Matsis P, Mann S. Rigors and bronchospasm with urokinase after

streptokinase. Lancet 1992; 340: 1552.

Transmission of infection. Some preparations of urokinase
are produced in cultures of human cells and there is a risk of
transmission of infection associated with their use.

Interactions
As for Streptokinase, p.1404.

Pharmacokinetics
After intravenous infusion urokinase is cleared rapidly
from the circulation by the liver. A plasma half-life of
up to 20 minutes has been reported.

Uses and Administration
Urokinase is a thrombolytic produced by the kidney
and found in human urine. It directly converts plas-
minogen to plasmin, a proteolytic enzyme with fibri-
nolytic effects. The mechanisms of fibrinolysis are dis-
cussed further under Haemostasis and Fibrinolysis on
p.1045. Urokinase affects circulating, unbound plas-
minogen as well as fibrin-bound plasminogen and thus
may be termed a fibrin-nonspecific thrombolytic (see
p.1156). 
Urokinase is used similarly to streptokinase (p.1404) in
the management of thromboembolic disorders includ-
ing venous thromboembolism (pulmonary embolism
and deep-vein thrombosis; p.1189) and peripheral arte-
rial thromboembolism (p.1178). It is also used to clear
occluded catheters and cannulas. Urokinase has been
used in myocardial infarction and for clearing clots af-
ter haemorrhage within the eye. 
In the treatment of venous thromboembolism, uroki-
nase is given by intravenous infusion in an initial dose
of 4400 units/kg over 10 minutes. This is followed by
4400 units/kg per hour for 12 hours in pulmonary em-

bolism, and for 12 to 24 hours in deep-vein thrombosis.
Alternatively, patients with pulmonary embolism may
be given a bolus injection of 15 000 units/kg into the
pulmonary artery; the injection may be repeated, with
the dose adjusted according to plasma-fibrinogen con-
centration, up to 3 times in 24 hours. 
In the treatment of peripheral arterial thromboem-
bolism, a solution containing urokinase 2000 units/mL
is infused into the clot via a catheter at a rate of
4000 units/minute for 2 hours. Angiography should
then be performed and, if flow has not resumed, the
catheter should be advanced into the occluded vessel
and the infusion continued at the same rate for a further
2 hours. The procedure may be repeated, if necessary,
up to 4 times. Once blood flow is re-established, the
catheter should be partially withdrawn and infusion
continued at a rate of 1000 units/minute until the re-
maining clot has lysed; a dose of 500 000 units given
over 8 hours is usually sufficient. 
For clearing occluded intravenous catheters or can-
nulas, 5000 to 25 000 units of urokinase dissolved in
2 mL of sodium chloride 0.9% may be instilled into the
device and clamped off for up to 4 hours; the lysate is
then aspirated and the procedure repeated if necessary.
Alternatively, a solution of 5000 units of urokinase in
200 mL of sodium chloride 0.9% may be infused into
the device over 30 minutes.
Catheters and cannulas. For reference to the use of urokinase
to maintain patency of long-term venous access devices, see un-
der Uses for Alteplase, p.1208.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Abbokinase; Actosolv; Belg.: Actosolv; Cz.: Rheotromb; Ger.:
Corase; Rheotromb; Gr.: Ukidan†; Urochinasi; Hung.: Rheotromb; India:
Solokinase; Ukidan†; Uni-Kinase; Israel: Abbokinase; Ital.: Actosolv†; Al-
fakinasi†; Kisolv†; Persolv Richter†; Jpn: Uronase; Neth.: Medacinase;
Port.: Ukidan†; Spain: Uroquidan; Swed.: Abbokinase†; UK: Syner-Ki-
nase; USA: Abbokinase.

Valsartan (BAN, USAN, rINN)

CGP-48933; Valsartaani; Valsartán; Valsartanum. N-[p-(o-1H-
Tetrazol-5-ylphenyl)benzyl]-N-valeryl-L-valine; N-Pentanoyl-N-
[2′-(1H-tetrazol-5-yl)biphenyl-4-ylmethyl]-L-valine.
Вальзартан
C24H29N5O3 = 435.5.
CAS — 137862-53-4.
ATC — C09CA03.
ATC Vet — QC09CA03.

Pharmacopoeias. In US. 
USP 31 (Valsartan). Store in airtight containers at a temperature
of 25°, excursions permitted between 15° and 30°.
Suspension. The US licensed product information provides the
following method for making 160 mL of a suspension contain-
ing valsartan 4 mg/mL: 
• add 80 mL of Ora-Plus (Paddock, USA) to an amber glass

bottle containing eight 80-mg tablets (Diovan, Novartis) and
shake for at least 2 minutes 

• allow to stand for at least 1 hour then shake again for at least
1 minute 

• add 80 mL of Ora-Sweet SF (Paddock, USA) to the bottle and
shake for at least 10 seconds 

The suspension can be stored for 30 days at or below 30° or for
up to 75 days at 2° to 8°.

Adverse Effects and Precautions
As for Losartan Potassium, p.1326. Valsartan should
be used with caution in patients with hepatic impair-
ment, cirrhosis, or biliary obstruction.

Interactions
As for Losartan Potassium, p.1327.

Pharmacokinetics
Valsartan is rapidly absorbed after oral doses, with a
bioavailability of about 23%. Peak plasma concentra-
tions of valsartan occur 2 to 4 hours after an oral dose.
It is between 94 and 97% bound to plasma proteins.
Valsartan is not significantly metabolised and is excret-
ed mainly via the bile as unchanged drug. The terminal
elimination half-life is about 5 to 9 hours. Following an
oral dose about 83% is excreted in the faeces and 13%
in urine.
◊ References.
1. Brookman LJ, et al. Pharmacokinetics of valsartan in patients

with liver disease. Clin Pharmacol Ther 1997; 62: 272–8. 
2. Prasad PP, et al. Pharmacokinetics of multiple doses of valsartan

in patients with heart failure. J Cardiovasc Pharmacol 2002; 40:
801–7.

Uses and Administration
Valsartan is an angiotensin II receptor antagonist with
actions similar to those of losartan (p.1327). It is used
in the management of hypertension (p.1171), to reduce
cardiovascular mortality in patients with left ventricu-
lar dysfunction after myocardial infarction (p.1175),
and in the management of heart failure (see under
Losartan Potassium, p.1327). 
Valsartan is given orally. After a dose the hypotensive
effect occurs within 2 hours, reaches a peak within 4 to
6 hours, and persists for over 24 hours. The maximum
hypotensive effect is achieved within 2 to 4 weeks. 
In hypertension, valsartan is given in an initial dose of
80 mg once daily. This may be increased, if necessary,
to 160 mg once daily; the maximum dose is 320 mg
once daily. A lower initial dose of 40 mg once daily
may be used in elderly patients over 75 years, and in
those with intravascular volume depletion. 
In heart failure, valsartan is given in an initial dose of
40 mg twice daily. The dose should be increased, as
tolerated, to 160 mg twice daily. 
In patients who have had myocardial infarction, val-
sartan may be started as early as 12 hours after the in-
farction in clinically stable patients, in an initial dose of
20 mg twice daily; the dose may be doubled at inter-
vals over the next few weeks up to 160 mg twice daily
if tolerated. 
Valsartan should be used with caution in patients with
hepatic or renal impairment and dose reduction may be
required (see below).
◊ Reviews.
1. Markham A, Goa KL. Valsartan: a review of its pharmacology

and therapeutic use in essential hypertension. Drugs 1997; 54:
299–311. 

2. Ripley TL. Valsartan in chronic heart failure. Ann Pharmacother
2005; 39: 460–9. 

3. Mistry NB, et al. The angiotensin receptor antagonist valsartan:
a review of the literature with a focus on clinical trials. Expert
Opin Pharmacother 2006; 7: 575–81. 

4. Bissessor N, White H. Valsartan in the treatment of heart failure
or left ventricular dysfunction after myocardial infarction. Vasc
Health Risk Manag 2007; 3: 425–30.

Administration in children. Valsartan may be used for hy-
pertension in children aged 6 to 16 years. US licensed product
information recommends an initial dose of 1.3 mg/kg once daily
(up to a maximum of 40 mg). The dose should be adjusted ac-
cording to response, but doses above 2.7 mg/kg daily have not
been studied. A suspension formulation may be used (see Sus-
pension, above) but exposure to valsartan may be higher with the
suspension than with tablets. There is no experience with valsar-
tan in children with renal impairment (creatinine clearance be-
low 30 mL/minute per 1.73 m2) and it should therefore not be
used in such children.
Administration in hepatic or renal impairment. The
elimination of valsartan may be reduced in patients with hepatic
impairment or biliary obstruction and it should be used with cau-
tion, if at all, in such patients; dose reductions may be required.
In the UK, valsartan is contra-indicated in patients with severe
hepatic impairment, cirrhosis, or biliary obstruction. In mild to
moderate hepatic impairment an initial dose of 40 mg once daily
and a maximum dose of 80 mg once daily is recommended for
hypertension, and the dose after myocardial infarction should not
generally exceed 80 mg twice daily. 
Lower doses of valsartan may also be considered in patients with
renal impairment. In the UK, an initial dose of 40 mg once daily
is recommended for the treatment of hypertension in patients
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with moderate or severe renal impairment (creatinine clearance
less than 20 mL/minute). Doses may need to be reduced in pa-
tients with heart failure or after myocardial infarction if renal
function deteriorates.

Preparations
USP 31: Valsartan and Hydrochlorothiazide Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Alpertan; Diovan; Redutensil†; Sarval; Simultan; Austria: Angiosan;
Diovan; Belg.: Diovane; Braz.: Diovan; Tareg†; Canad.: Diovan; Chile:
Tareg; Valaplex; Vartalan; Cz.: Diovan; Sarton†; Valsacor; Denm.: Diovan;
Fin.: Diovan; Fr.: Nisis; Tareg; Ger.: Cordinate; Diovan; Provas; Gr.: Dalzad;
Diovan; Hong Kong: Diovan; Hung.: Diovan; Varexan; India: Diovan;
Starval; Indon.: Diovan; Irl.: Diovan; Israel: Diovan; Ital.: Rixil; Tareg; Val-
pression; Jpn: Diovan; Malaysia: Diovan; Mex.: Diovan; Neth.: Diovan;
Norw.: Diovan; Philipp.: Diovan; Pol.: Diovan; Port.: Diovan; Tareg; Rus.:
Diovan (Диован); S.Afr.: Diovan; Tareg; Singapore: Diovan; Spain: Dio-
van; Kalpress; Miten; Vals; Swed.: Diovan; Switz.: Diovan; Provas; Thai.:
Diovan; Turk.: Diovan; UK: Diovan; USA: Diovan; Venez.: Alsart; Diovan;
Vasaten.
Multi-ingredient: Arg.: Diovan A; Diovan D; Diovan Triple; Simultan D;
Austria: Co-Angiosan; Co-Diovan; Valsartan/HCTZ†; Belg.: Co-Diovane;
Braz.: Cotareg†; Diocomb SI; Diovan Amlo; Diovan HCT; Canad.: Dio-
van HCT; Chile: Tareg-D; Valaplex-D; Vartalan D; Cz.: Co-Diovan; Copa-
lia; Dafiro; Exforge; Imprida; Denm.: Diovan Comp; Fin.: Diovan Comp;
Fr.: Cotareg; Nisisco; Ger.: Co-Diovan; Cordinate plus; Provas comp; Gr.:
Co-Dalzad; Co-Diovan; Copalia; Dafiro; Exforge; Hong Kong: Co-Diovan;
Hung.: Diovan HCT; Varexan HCT; Indon.: Co-Diovan; Irl.: Co-Diovan;
Israel: Co-Diovan; Ital.: Combisartan; Corixil; Cotareg; Malaysia: Co-
Diovan; Mex.: Co-Diovan; Neth.: Co-Diovan; Cotareg; Norw.: Diovan
Comp; Philipp.: Co-Diovan; Pol.: Co-Diovan; Port.: Co-Diovan; Co-Tar-
eg; Copalia; Dafiro; Imprida; Rus.: Co-Diovan (Ко-Диован); S.Afr.: Co-
Diovan; Singapore: Co-Diovan; Spain: Co-Diovan; Co-Vals; Kalpress Plus;
Miten Plus; Swed.: Diovan Comp; Switz.: Co-Diovan; Provas comp; Provas
maxx; Thai.: Co-Diovan; Turk.: Co-Diovan; UK: Co-Diovan; Exforge;
USA: Diovan HCT; Exforge; Venez.: Diovan HCT; Diovan/Amlibon; Vasat-
en HCT.

Verapamil Hydrochloride 

(BANM, USAN, rINNM)

CP-16533-1 (verapamil); D-365 (verapamil); Hidrocloruro de
verapamilo; Iproveratril Hydrochloride; Verapamiilihydrokloridi;
Vérapamil, chlorhydrate de; Verapamil Hidroklorür; Verapamil-
hidroklorid; Verapamil-hydrochlorid; Verapamilhydroklorid; Ver-
apamili hydrochloridum; Verapamilio hidrochloridas. 5-[N-(3,4-
Dimethoxyphenethyl)-N-methylamino]-2-(3,4-dimethoxyphe-
nyl)-2-isopropylvaleronitrile hydrochloride.
Верапамила Гидрохлорид
C27H38N2O4,HCl = 491.1.
CAS — 52-53-9 (verapamil); 152-11-4 (verapamil hydro-
chlor ide).
ATC — C08DA01.
ATC Vet — QC08DA01.

(verapamil)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Verapamil Hydrochloride). A white or almost
white, crystalline powder. Soluble in water; sparingly soluble in
alcohol; freely soluble in methyl alcohol. A 5% solution in water
has a pH of 4.5 to 6.0. Protect from light. 
USP 31 (Verapamil Hydrochloride). A white or practically
white, practically odourless, crystalline powder. Soluble in wa-
ter; sparingly soluble in alcohol; freely soluble in chloroform;
practically insoluble in ether. A 5% solution in water has a pH of
4.5 to 6.5. Store in airtight containers at a temperature of 25°, ex-
cursions permitted between 15° and 30°. Protect from light.
Incompatibility. Verapamil hydrochloride will precipitate in
alkaline solutions. There have been reports of incompatibility
with solutions of aminophylline,1 nafcillin sodium,2 and sodium
bicarbonate.3
1. Johnson CE, et al. Compatibility of aminophylline and vera-

pamil in intravenous admixtures. Am J Hosp Pharm 1989; 46:
97–100. 

2. Tucker R, Gentile JF. Precipitation of verapamil in an intrave-
nous line. Ann Intern Med 1984; 101: 880. 

3. Cutie MR. Verapamil precipitation. Ann Intern Med 1983; 98:
672.

Adverse Effects
Treatment with verapamil is generally well tolerated,
but adverse effects connected with its pharmacological
effects on cardiac conduction can arise and may be par-
ticularly severe in patients with previous myocardial
damage or hypertrophic cardiomyopathies. Adverse
effects on the heart include bradycardia, AV block,
worsening heart failure, and transient asystole. These

effects are more common with parenteral than with
oral therapy. 
The most troublesome non-cardiac adverse effect is
constipation. Nausea may occur but is less frequently
reported. Other adverse effects include hypotension,
dizziness, flushing, headaches, fatigue, dyspnoea, and
peripheral oedema. There have been reports of skin re-
actions and some cases of abnormal liver function and
hepatotoxicity. Gingival hyperplasia has occurred. Gy-
naecomastia has been reported rarely. 
In overdosage there may be severe cardiotoxicity and
profound hypotension.
Carcinogenicity. See under Adverse Effects of Nifedipine,
p.1350.
Effects on the cardiovascular system. For discussion of the
possibility that calcium-channel blockers might be associated
with increased cardiovascular mortality, see Effects on Mortality,
under Adverse Effects of Nifedipine, p.1350. 
Verapamil has vasodilating properties and negative inotropic ac-
tivity and may cause adverse cardiovascular effects with worsen-
ing of arrhythmias. As discussed under Precautions (below) cer-
tain cardiac disorders put the patient at risk of severe toxicity. 
Some references.
1. Radford D. Side effects of verapamil in infants. Arch Dis Child

1983; 58: 465–6. 
2. Perrot B, et al. Verapamil: a cause of sudden death in a patient

with hypertrophic cardiomyopathy. Br Heart J 1984; 51: 352–4. 
3. Kirk CR, et al. Cardiovascular collapse after verapamil in su-

praventricular tachycardia. Arch Dis Child 1987; 62: 1265–6. 
4. Mohindra SK, Udeani GO. Long-acting verapamil and heart fail-

ure. JAMA 1989; 261: 994. 
5. Garratt C, et al. Degeneration of junctional tachycardia to pre-

excited atrial fibrillation after intravenous verapamil. Lancet
1989; ii: 219. 

6. Stajer D, et al. Cardiogenic shock following a single therapeutic
oral dose of verapamil. Int J Clin Pract 2001; 55: 69–70. 

7. Shiraishi H, et al. Two cases of polymorphic ventricular tachy-
cardia induced by the administration of verapamil against parox-
ysmal supraventricular tachycardia. Intern Med 2002; 41:
445–8.

Effects on the ears. There have been isolated reports1 of tinni-
tus associated with several calcium-channel blockers including
nifedipine, nicardipine, nitrendipine, diltiazem, verapamil, and
cinnarizine.
1. Narváez M, et al. Tinnitus with calcium-channel blockers. Lan-

cet 1994; 343: 1229–30.

Effects on the endocrine system. Hyperprolactinaemia has
been reported1-4 in patients receiving verapamil, and in a few
cases2,3 patients have also had galactorrhoea. 
Hyperglycaemia, metabolic acidosis, hyperkalaemia, and brady-
cardia have occurred5 after a single dose of modified-release ve-
rapamil in a non-diabetic patient who had previously tolerated
regular verapamil. 
Verapamil has been reported not to affect the release of calciton-
in,6 thyroxine, tri-iodothyronine, thyrotrophin (TSH), follicle-
stimulating hormone (FSH), luteinising hormone (LH), or testo-
sterone when given orally;1 however, intravenous use has been
reported to have an inhibitory effect on the release of FSH, LH,
and TSH.7
1. Semple CG, et al. Calcium antagonists and endocrine status: lack

of effect of oral verapamil on pituitary-testicular and pituitary-
thyroid function. Br J Clin Pharmacol 1984; 17: 179–82. 

2. Gluskin LE, et al. Verapamil-induced hyperprolactinemia and
galactorrhea. Ann Intern Med 1981; 95: 66–7. 

3. Fearrington EL, et al. Hyperprolactinemia-galactorrhea induced
by verapamil. Am J Cardiol 1983; 51: 1466–7. 

4. Romeo JH, et al. Hyperprolactinaemia and verapamil: preva-
lence and potential association with hypogonadism in men. Clin
Endocrinol (Oxf) 1996; 45: 571–5. 

5. Roth A, et al. Slow-release verapamil and hyperglycemic meta-
bolic acidosis. Ann Intern Med 1989; 110: 171–2. 

6. Amado JA, et al. No effect of verapamil on calcium stimulated
calcitonin release. Postgrad Med J 1987; 63: 23–4. 

7. Barbarino A, De Marinis L. Calcium antagonists and hormone
release II: effects of verapamil on basal, gonadotrophin-releas-
ing hormone- and thyrotrophin-releasing hormone-induced pitu-
itary hormone release in normal subjects. J Clin Endocrinol Me-
tab 1980; 51: 749–53.

Effects on the gastrointestinal tract. For a report of intesti-
nal pseudo-obstruction related to verapamil use, see under Ad-
verse Effects of Diltiazem, p.1265.
Effects on the liver. Elevated serum concentrations of liver en-
zymes and bilirubin have been reported during verapamil thera-
py.1-5 Clinical symptoms of hepatotoxicity such as abdominal
pain, fever, darkened urine, and malaise have also occurred.2-5

These reactions might have been due to a hypersensitivity reac-
tion and were reversible on stopping verapamil.
1. Brodsky SJ, et al. Hepatotoxicity due to treatment with vera-

pamil. Ann Intern Med 1981; 94: 490–1. 
2. Stern EH, et al. Possible hepatitis from verapamil. N Engl J Med

1982; 306: 612–13. 
3. Nash DT, Feer TD. Hepatic injury possibly induced by vera-

pamil. JAMA 1983; 249: 395–6. 
4. Guarascio P, et al. Liver damage from verapamil. BMJ 1984;

288: 362–3. 
5. Kumar KL, Colley CA. Verapamil-induced hepatotoxicity. West

J Med 1994; 160: 485–6.

Effects on the mouth. Gingival hyperplasia1 and oral mucos-
al injury2 have been associated with verapamil therapy. A study
involving 115 patients who had received nifedipine, diltiazem, or
verapamil for at least 3 months indicated that gingival hyperpla-
sia is an important adverse effect that may occur with calcium-
channel blockers in general.3
1. Pernu HE, et al. Verapamil-induced gingival overgrowth: a clin-

ical, histologic, and biochemic approach. J Oral Pathol Med
1989; 18: 422–5. 

2. Guttenberg SA. Chemical injury of the oral mucosa from vera-
pamil. N Engl J Med 1990; 323: 615. 

3. Steele RM, et al. Calcium antagonist-induced gingival hyperpla-
sia. Ann Intern Med 1994; 120: 663–4.

Effects on the nervous system. There has been a report1 of
3 patients who complained of unusual perceptual symptoms, de-
scribed as painful coldness and numbness or bursting feelings,
especially in the legs, while taking oral verapamil.
1. Kumana CR, Mahon WA. Bizarre perceptual disorder of extrem-

ities in patients taking verapamil. Lancet 1981; i: 1324–5.

Effects on the neuromuscular system. Movement disor-
ders, including acute dystonia,1 myoclonic dystonia,2 myo-
clonus,3,4 and parkinsonism,5,6 have occurred in patients receiv-
ing verapamil. However, there have also been reports of the
successful use of verapamil in refractory movement disorders
(see below).
1. Pina MA, et al. Verapamil and acute dystonia. J Clin Pharm Ther

1998; 23: 79–80. 
2. Hicks CB, Abraham K. Verapamil and myoclonic dystonia. Ann

Intern Med 1985; 103: 154. 
3. Maiteh M, Daoud AS. Myoclonic seizure following intravenous

verapamil injection: case report and review of the literature. Ann
Trop Paediatr 2001; 21: 271–2. 

4. Vadlamudi L, Wijdicks EFM. Multifocal myoclonus due to ver-
apamil overdose. Neurology 2002; 58: 984. 

5. García-Albea E, et al. Parkinsonism unmasked by verapamil.
Clin Neuropharmacol 1993; 16: 263–5. 

6. Padrell MD, et al. Verapamil-induced parkinsonism. Am J Med
1995; 99: 436.

Effects on the peripheral circulation. Secondary eryther-
malgia, a vasospastic arterial disorder that may be caused by va-
soactive drugs, has been reported1,2 in patients taking verapamil.
Symptoms included burning pain, swelling, and erythema of the
hands2 and feet,1,2 and resolved when verapamil was stopped.
Similar reactions have been reported with nifedipine and other
calcium-channel blockers (see p.1351).
1. Drenth JPH, et al. Verapamil-induced secondary erythermalgia.

Br J Dermatol 1992; 127: 292–4. 
2. Hart JJ. Painful, swollen, and erythematous hands and feet. Ar-

thritis Rheum 1996; 39: 1761–2.

Effects on the respiratory tract. A patient with a history of
bronchial asthma developed symptoms of acute asthma after use
of a modified-release verapamil preparation;1 it was possible that
excipients, notably alginate, may have been responsible for the
reaction.
1. Ben-Noun L. Acute asthma associated with sustained-release ve-

rapamil. Ann Pharmacother 1997; 31: 593–5.

Effects on sexual function. In a group of 14 men taking ver-
apamil, 3 reported impotence;1 in 1 patient normal sexual func-
tion returned when verapamil was stopped, but impotence re-
curred on rechallenge.
1. King BD, et al. Impotence during therapy with verapamil. Arch

Intern Med 1983; 143: 1248–9.

Effects on the skin and hair. The commonest skin reactions
to verapamil have been rash, pruritus, alopecia, and urticaria;1
there have been a few reports of erythema multiforme, the Ste-
vens-Johnson syndrome, and exfoliative dermatitis.1 Hypertri-
chosis, over many parts of the body, has been reported in a male
patient within about 1 month of starting verapamil therapy.2 In a
female patient who had been prematurely grey for about 40 years
use of verapamil caused portions of the hair to regrow in its orig-
inal natural black colour.3
1. Stern R, Khalsa JH. Cutaneous adverse reactions associated with

calcium channel blockers. Arch Intern Med 1989; 149: 829–32. 
2. Sever PS. Hypertrichosis and verapamil. Lancet 1991; 338:

1215–16. 
3. Read GM. Verapamil and hair colour change. Lancet 1991; 338:

1520.

Haemorrhage. See Effects on the Blood under Adverse Ef-
fects of Nifedipine, p.1350.
Overdosage. See under Treatment of Adverse Effects, below.

Treatment of Adverse Effects
As for Nifedipine, p.1352, but see also below. 
Verapamil is not removed by dialysis.
Overdosage. The consequences and treatment of overdosage
with verapamil are similar to those with other calcium-channel
blockers (see Treatment of Adverse Effects under Nifedipine,
p.1352), although death and life-threatening complications may
be more common with non-dihydropyridines such as verapamil;
a number of fatalities have occurred.1 
Individual reports of overdosage with verapamil have included: 
• A patient2 who took 3.2 g of verapamil developed bradycardia

and hypotension, which responded to intravenous calcium
gluconate injection. A continuous infusion of calcium gluco-
nate was given for 12 hours to maintain sinus rhythm. The
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blood-verapamil concentration measured 5 hours after inges-
tion was 4 micrograms/mL. 

• A patient3 presented with loss of consciousness, severe hypo-
tension, and bradycardia up to 18 hours after taking at least
1.2 g of verapamil. Treatment with glucagon, prenalterol, and
atropine was unsuccessful, and there was a minimal response
to intravenous calcium gluconate. Dobutamine and isoprena-
line were given to maintain the blood pressure and mechanical
ventilation was required for 24 hours, during which time met-
abolic acidosis and hyperglycaemia developed. The patient
survived with cerebral anoxic damage. 

• A patient4 who had taken an unknown amount of verapamil
developed cyanosis, undetectable blood pressure, and com-
plete heart block. There was some response to sympathomi-
metics and calcium gluconate, although pacing was necessary
to reverse the bradycardia. However, hypotension unrespon-
sive to sympathomimetics developed after an episode of asys-
tole and the patient died 19 hours after admission. The serum-
verapamil concentration 12 hours after admission was
3 micrograms/mL. 

• Haematemesis occurred in a patient5 who took 3.2 g of vera-
pamil; gastric ulceration was found on gastroscopy 12 hours
after admission. 

Overdosage with modified-release preparations of verapamil
may result in prolonged toxicity of delayed onset.6 Convention-
al-release preparations may also produce prolonged toxicity;
elimination half-life was reported to be prolonged to 15 hours
and peak plasma concentrations delayed to 6 to 7 hours in a 59-
year-old man after ingestion of 2.4 g of verapamil.7 Rate-limiting
absorption at high doses was considered to be the cause. 
Although severe toxicity usually relates to acute verapamil over-
dosage, similar symptoms have also been reported with chronic
toxicity. Long-term treatment with verapamil 240 mg daily8 in a
patient with cirrhosis of the liver led to loss of consciousness,
cardiogenic shock, cyanosis, hypotension, severe acidosis, hy-
perkalaemia, hypothermia, and renal failure. The patient recov-
ered after treatment with high doses of dopamine, noradrenaline,
sodium bicarbonate, and sodium chloride.
1. Hofer CA, et al. Verapamil intoxication: a literature review of

overdoses and discussions of therapeutic options. Am J Med
1993; 95: 431–8. 

2. Perkins CM. Serious verapamil poisoning: treatment with intra-
venous calcium gluconate. BMJ 1978; 2: 1127. 

3. Crump BJ, et al. Lack of response to intravenous calcium in se-
vere verapamil poisoning. Lancet 1982; ii: 939–40. 

4. Orr GM, et al. Fatal verapamil overdose. Lancet 1982; ii:
1218–19. 

5. Miller ARO, Ingamells CJ. Gastrointestinal haemorrhage associ-
ated with an overdose of verapamil. BMJ 1984; 288: 1346. 

6. Barrow PM, et al. Overdose of sustained-release verapamil. Br J
Anaesth 1994; 72: 361–5. 

7. Buckley CD, Aronson JK. Prolonged half-life of verapamil in a
case of overdose: implications for therapy. Br J Clin Pharmacol
1995; 39: 680–3. 

8. Stehle G, et al. Cardiogenic shock associated with verapamil in a
patient with liver cirrhosis. Lancet 1990; 336: 1079.

Precautions
Verapamil is contra-indicated in hypotension, cardio-
genic shock, marked bradycardia, and uncompensated
heart failure. It is also contra-indicated in second- or
third-degree AV block, and in the sick-sinus syndrome,
unless a pacemaker is fitted. There is an increased inci-
dence of adverse cardiac effects in patients with hyper-
trophic cardiomyopathy. In patients with atrial flutter
or fibrillation and an accessory pathway with antero-
grade conduction, for example Wolff-Parkinson-White
syndrome, verapamil may induce severe ventricular
tachycardia and it is usually contra-indicated in such
patients. 
Special care is required in using verapamil as an
antiarrhythmic in infants as they may be more suscep-
tible to verapamil-induced arrhythmias. 
Doses of verapamil should be reduced in patients with
hepatic impairment. 
Sudden withdrawal of verapamil might be associated
with exacerbation of angina.
Breast feeding. Verapamil concentrations in breast milk simi-
lar to those found in plasma have been reported1 in a woman tak-
ing verapamil 80 mg four times daily. The maximum concentra-
tion measured in breast milk was 300 nanograms/mL. However,
the average concentration in milk in another woman2 taking
80 mg three times daily was 23% of that in serum. The serum
concentration of verapamil in the breast-fed child was
2.1 nanograms/mL during treatment and undetectable 38 hours
after the last maternal dose. In another patient3 taking the same
dose, the average steady-state concentrations of verapamil and
norverapamil in milk were, respectively, 60% and 16% of the
concentration in plasma, with the ratio between milk and plasma
varying during a dosage interval. It was estimated that the infant
received less than 0.01% of the mother’s dose, and no verapamil
or norverapamil could be detected in the plasma of the infant. No

adverse effects have been seen in breast-feeding infants, and the
American Academy of Pediatrics considers4 that verapamil is
therefore usually compatible with breast feeding.
1. Inoue H, et al. Level of verapamil in human milk. Eur J Clin

Pharmacol 1984; 26: 657–8. 
2. Andersen HJ. Excretion of verapamil in human milk. Eur J Clin

Pharmacol 1983; 25: 279–80. 
3. Anderson P, et al. Verapamil and norverapamil in plasma and

breast milk during breast feeding. Eur J Clin Pharmacol 1987;
31: 625–7. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 10/07/07)

Muscular disorders. Sudden respiratory failure was believed
to have been precipitated by intravenous verapamil therapy in a
patient with Duchenne’s muscular dystrophy.1
1. Zalman F, et al. Acute respiratory failure following intravenous

verapamil in Duchenne’s muscular dystrophy. Am Heart J 1983;
105: 510–11.

Porphyria. Verapamil has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
Wolff-Parkinson-White Syndrome. Patients with atrial
flutter or fibrillation and an accessory pathway, such as those
with Wolff-Parkinson-White syndrome, may be at increased risk
of developing ventricular tachycardia if AV-blocking drugs such
as verapamil are used, since conduction across the anomalous
pathway may be increased. Ventricular fibrillation and severe hy-
potension have been reported1 after the use of intravenous vera-
pamil 5 to 10 mg in patients with the Wolff-Parkinson-White
syndrome.
1. McGovern B, et al. Precipitation of cardiac arrest by verapamil

in patients with Wolff-Parkinson-White syndrome. Ann Intern
Med 1986; 104: 791–4.

Interactions
Verapamil should be used with caution with drugs that
have antiarrhythmic or beta-blocking effects; the use of
intravenous verapamil with a beta blocker is especially
hazardous (see below). Verapamil is extensively
metabolised in the liver and interactions may occur
with drugs that inhibit or enhance hepatic metabolism.
Grapefruit juice may cause increased plasma concen-
trations of verapamil. Verapamil can itself affect the
pharmacokinetics of other drugs, particularly by inhi-
bition of the cytochrome P450 isoenzyme CYP3A4
and by effects on P-glycoprotein. Drugs affected in-
clude carbamazepine, ciclosporin, digoxin, mida-
zolam, simvastatin, and theophylline; the plasma con-
centration of alcohol may also be increased. For details
of these interactions, see under the individual drug
monographs.
Analgesics. For a possible interaction of verapamil with aspi-
rin, see under Antiplatelets, below.
Antiarrhythmics. Verapamil may have pharmacodynamic and
pharmacokinetic interactions with other antiarrhythmics. Car-
diogenic shock and asystole occurred in 2 patients receiving fle-
cainide when verapamil was added to their therapy.1 Verapamil
given intravenously has been reported to cause severe hypoten-
sion in patients also receiving oral quinidine;2 both drugs block
alpha-adrenoceptors and verapamil may also increase the plasma
concentration of quinidine.
1. Buss J, et al. Asystole and cardiogenic shock due to combined

treatment with verapamil and flecainide. Lancet 1992; 340: 546. 
2. Maisel AS, et al. Hypotension after quinidine plus verapamil:

possible additive competition at alpha-adrenergic receptors. N
Engl J Med 1985; 312: 167–70.

Antibacterials. Acute verapamil toxicity manifested by com-
plete heart block has been reported in a patient after the use of
ceftriaxone and clindamycin.1 Displacement of verapamil from
binding sites was postulated as the probable mechanism of ac-
tion. Rifampicin is an enzyme-inducing drug and has been
reported2,3 to reduce plasma-verapamil concentrations. A vera-
pamil dose of 1.92 g was required to control supraventricular
tachycardia in a patient also taking rifampicin3 and when ri-
fampicin was withdrawn the plasma-verapamil concentration 9
days later was almost four times higher. A patient taking pro-
pranolol and verapamil developed symptomatic bradycardia a
few days after starting treatment with clarithromycin and on an-
other occasion after starting treatment with erythromycin.4 Inhi-
bition of verapamil metabolism by the antibacterials was pro-
posed as the mechanism for the interaction. A further case of
severe hypotension and bradycardia has also been reported5 in a
patient shortly after beginning therapy with clarithromycin and
verapamil, and similar effects were seen6 in a patient 2 days after
starting telithromycin. A case of complete heart block has been
reported7 in a patient aged 79 taking verapamil, one week after
erythromycin was added to her therapy, probably due to mutual
inhibition of hepatic metabolism of both drugs.
1. Kishore K, et al. Acute verapamil toxicity in a patient with

chronic toxicity: possible interaction with ceftriaxone and clin-
damycin. Ann Pharmacother 1993; 27: 877–80. 

2. Rahn KH, et al. Reduction of bioavailability of verapamil by ri-
fampin. N Engl J Med 1985; 312: 920–1. 

3. Barbarash RA. Verapamil-rifampin interaction. Drug Intell Clin
Pharm 1985; 19: 559–60. 

4. Steenbergen JA, Stauffer VL. Potential macrolide interaction
with verapamil. Ann Pharmacother 1998; 32: 387–8. 

5. Kaeser YA, et al. Severe hypotension and bradycardia associated
with verapamil and clarithromycin. Am J Health-Syst Pharm
1998; 55: 2417–18. 

6. Reed M, et al. Verapamil toxicity resulting from a probable in-
teraction with telithromycin. Ann Pharmacother 2005; 39:
357–60. 

7. Goldschmidt N, et al. Compound cardiac toxicity of oral eryth-
romycin and verapamil. Ann Pharmacother 2001; 35: 1396–9.

Antiepileptics. Phenobarbital is a hepatic enzyme-inducing
drug and has been reported1 to increase the clearance of oral and
intravenous verapamil and to reduce oral bioavailability in
healthy subjects. Plasma protein binding of verapamil was also
reduced. Dosage adjustment of verapamil may be needed in pa-
tients also taking phenobarbital. Marked reduction in verapamil
concentrations has also occurred with phenytoin.2 
For a report of neurotoxicity in patients given verapamil with
carbamazepine, see Calcium-channel Blockers, under Interac-
tions of Carbamazepine, p.475.
1. Rutledge DR, et al. Effects of chronic phenobarbital on vera-

pamil disposition in humans. J Pharmacol Exp Ther 1988; 246:
7–13. 

2. Woodcock BG, et al. A reduction in verapamil concentrations
with phenytoin. N Engl J Med 1991; 325: 1179.

Antiplatelets. Calcium-channel blockers can inhibit platelet
function (see Effects on the Blood under Adverse Effects of
Nifedipine, p.1350). Use of verapamil and aspirin in an 85-year-
old man was considered to be the cause of ecchymoses and ret-
roperitoneal bleeding that developed about 3 weeks after starting
treatment with the combination.1
1. Verzino E, et al. Verapamil-aspirin interaction. Ann Pharmaco-

ther 1994; 28: 536–7.

Anxiolytics. For the effect of verapamil on plasma-buspirone
concentrations, see p.966.
Benzodiazepines. For the effects of verapamil on the pharma-
cokinetics of midazolam, see Calcium-channel Blockers, p.990.
Beta blockers. Oral verapamil and beta blockers have been
used together in the treatment of angina and hypertension but
both drugs have cardiodepressant activity and the combination,
if used at all, must be used with extreme caution; bradycardia,
heart block, and left ventricular failure have been reported.1-4

Bradycardia has also been reported5 in a patient treated with
timolol eye drops and oral verapamil. Patients with severe is-
chaemic heart disease or heart failure are particularly at risk.6
The risks are increased with intravenous verapamil, and it has
been suggested6 that treatment with beta blockers should be
stopped at least 24 hours before giving verapamil by this route;
the interaction is particularly hazardous when both verapamil
and beta blockers are given intravenously, and such combina-
tions are not recommended. 
Verapamil may also affect the pharmacokinetics of some beta
blockers (see Calcium-channel Blockers, under Interactions of
Beta Blockers, p.1229).
1. Eisenberg JNH, Oakley GDG. Probable adverse interaction be-

tween oral metoprolol and verapamil. Postgrad Med J 1984; 60:
705–6. 

2. Hutchison SJ, et al. β blockers and verapamil: a cautionary tale.
BMJ 1984; 289: 659–60. 

3. Findlay IN, et al. β blockers and verapamil: a cautionary tale.
BMJ 1984; 289: 1074. 

4. McGourty JC, Silas JH. β blockers and verapamil: a cautionary
tale. BMJ 1984; 289: 1624. 

5. Pringle SD, MacEwen CJ. Severe bradycardia due to interaction
of timolol eye drops and verapamil. BMJ 1987; 294: 155–6. 

6. McInnes GT. Interactions that matter: calcium blockers. Pre-
scribers’ J 1988; 28: 60–4.

Calcium salts. Calcium salts antagonise the pharmacological
response to verapamil and other calcium-channel blockers and
are given intravenously to treat their adverse effects (see Treat-
ment of Adverse Effects under Nifedipine, p.1352). Recurrence
of atrial fibrillation has occurred1 during maintenance verapamil
treatment when calcium adipinate and calciferol were given oral-
ly.
1. Bar-Or D, Yoel G. Calcium and calciferol antagonise effect of

verapamil in atrial fibrillation. BMJ 1981; 282: 1585–6.

Everolimus. For the effect of verapamil on everolimus, see
p.1834.
Histamine H2-antagonists. Studies in healthy subjects using
single doses of verapamil after pretreatment with cimetidine for
up to 8 days have produced conflicting results. The pharmacoki-
netics of intravenous verapamil were unaltered by cimetidine in
some studies,1,2 but a 21% reduction in clearance and a 50% in-
crease in the elimination half-life were also reported.3 The phar-
macokinetics of oral verapamil were unchanged in one study2

but two others1,4 reported a significant increase in bioavailability.
Although one of these studies1 found the interaction had no clin-
ical effects, the other4 reported an increased clinical effect in 5 of
6 subjects. The interaction with cimetidine appears to be stereo-
selective since the oral bioavailability of the S-enantiomer in-
creased by 35% and that of the R-enantiomer by 15%.4 The clin-
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ical significance of this interaction in patients and during long-
term verapamil treatment is unknown, but cimetidine should be
used with caution in patients receiving verapamil.
1. Smith MS, et al. Influence of cimetidine on verapamil kinetics

and dynamics. Clin Pharmacol Ther 1984; 36: 551–4. 
2. Abernethy DR, et al. Lack of interaction between verapamil and

cimetidine. Clin Pharmacol Ther 1985; 38: 342–9. 
3. Loi C-M, et al. Effect of cimetidine on verapamil disposition.

Clin Pharmacol Ther 1985; 37: 654–7. 
4. Mikus G, et al. Interaction of verapamil and cimetidine: stereo-

chemical aspects of drug metabolism, drug disposition and drug
action. J Pharmacol Exp Ther 1990; 253: 1042–8.

Lithium. Verapamil may have effects on neuromuscular func-
tion (see under Adverse Effects, above) and neurotoxicity has
occurred1-4 in patients receiving lithium after the addition of ve-
rapamil to their therapy, despite serum-lithium concentrations
(where reported1,2,4) remaining in the therapeutic range. Vera-
pamil has also been reported to decrease serum-lithium concen-
trations.5
1. Price WA, Giannini AJ. Neurotoxicity caused by lithium-vera-

pamil synergism. J Clin Pharmacol 1986; 26: 717–19. 
2. Price WA, Shalley JE. Lithium-verapamil toxicity in the elderly.

J Am Geriatr Soc 1987; 35: 177–8. 
3. Helmuth D, et al. Choreoathetosis induced by verapamil and

lithium treatment. J Clin Psychopharmacol 1989; 9: 454–5. 
4. Wright BA, Jarrett DB. Lithium and calcium channel blockers:

possible neurotoxicity. Biol Psychiatry 1991; 30: 635–6. 
5. Weinrauch LA, et al. Decreased serum lithium during verapamil

therapy. Am Heart J 1984; 108: 1378–80.

St John’s wort. A study in healthy subjects1 found that repeated
doses of St John’s wort significantly reduced the plasma concen-
trations of both the R- and S-isomers of verapamil, probably due
to induction of the cytochrome P450 isoenzyme CYP3A4.
1. Tannergren C, et al. St John’s wort decreases the bioavailability

of R- and S-verapamil through induction of the first-pass metab-
olism. Clin Pharmacol Ther 2004; 75: 298–309.

Theophylline. For the effects of verapamil on the pharmacoki-
netics of theophylline, see Calcium-channel Blockers, p.1144.

Pharmacokinetics
Verapamil is about 90% absorbed from the gastrointes-
tinal tract, but is subject to considerable first-pass
metabolism in the liver and the bioavailability is only
about 20%. 
Verapamil exhibits bi- or tri-phasic elimination kinetics
and is reported to have a terminal plasma half-life of 2
to 8 hours after a single oral dose or after intravenous
dosage. With repeated oral doses half-life increases to
4.5 to 12 hours. Verapamil acts within 5 minutes when
given intravenously and within 1 to 2 hours when giv-
en orally; peak plasma concentrations occur 1 to 2
hours after an oral dose. There is considerable interin-
dividual variation in plasma concentrations. 
Verapamil is about 90% bound to plasma proteins. It is
extensively metabolised in the liver to at least 12
metabolites of which norverapamil has been shown to
have some activity. About 70% of a dose is excreted by
the kidneys in the form of its metabolites but about
16% is excreted in the bile into the faeces. Less than
4% is excreted unchanged. Verapamil crosses the pla-
centa and is distributed into breast milk.
◊ Reviews.
1. Hamann SR, et al. Clinical pharmacokinetics of verapamil. Clin

Pharmacokinet 1984;  9: 26–41. 
2. Kelly JG, O’Malley K. Clinical pharmacokinetics of calcium an-

tagonists: an update. Clin Pharmacokinet 1992; 22: 416–33. 
3. Kang D, et al. Population analyses of sustained-release vera-

pamil in patients: effects of sex, race, and smoking. Clin Phar-
macol Ther 2003; 73: 31–40.

The elderly. Studies1-3 comparing the pharmacokinetics and
pharmacodynamics of verapamil in elderly (61 years and older)
and young subjects have found that clearance and elimination
half-life are increased in older subjects, and increased plasma
concentrations have also been reported. However, there may also
be changes in the response to verapamil in older subjects that are
not directly related to the plasma concentration.
1. Abernethy DR, et al. Verapamil pharmacodynamics and disposi-

tion in young and elderly hypertensive patients: altered electro-
cardiographic and hypotensive responses. Ann Intern Med 1986;
105: 329–36. 

2. Gupta SK, et al. Age and gender related changes in stereoselec-
tive pharmacokinetics and pharmacodynamics of verapamil and
norverapamil. Br J Clin Pharmacol 1995; 40: 325–31. 

3. Abernethy DR, et al. Verapamil metabolite exposure in older and
younger men during steady-state oral verapamil administration.
Drug Metab Dispos 2000; 28: 760–5.

Metabolism. Verapamil is extensively metabolised in the liver
to a number of metabolites, and several cytochrome P450 isoen-
zymes appear to be involved. An in-vitro study1 has suggested
that the main isoenzymes responsible for the metabolism of both
enantiomers of verapamil are CYP3A4, CYP3A5, and CYP2C8,
and that the same isoenzymes are involved in the further metab-

olism of norverapamil. However, since CYP2C8 generally
makes up only a small part of the cytochrome P450 content of the
liver, it was considered that this would have little significance for
potential drug interactions. In contrast to some previous reports,
the isoenzymes CYP1A2 and CYP2C9 were not found to be in-
volved to any great extent.
1. Tracy TS, et al. Cytochrome P450 isoforms involved in metabo-

lism of the enantiomers of verapamil and norverapamil. Br J Clin
Pharmacol 1999; 47: 545–52.

Stereospecificity. Verapamil is used as a racemic mixture. It
has been shown1 that S-verapamil is 3.3 times more potent than
the racemic mixture and 11 times more potent than R-verapamil.
Thus it was concluded that the cardiac effects of verapamil are
related not to the total plasma-verapamil concentration but to the
concentration of the S-isomer, and conventional plasma concen-
tration monitoring will be of little value in establishing therapeu-
tic plasma concentrations during multiple oral dosing. 
A series of studies have been carried out to determine whether
differences in the pharmacokinetics of the R- and S-isomers of
verapamil could account for observed differences in the plasma
concentration-response curve after oral and intravenous doses.
When given intravenously, there were pronounced differences in
the pharmacokinetics and protein binding of the 2 isomers;2 the
volume of distribution and total systemic clearance of S-vera-
pamil were much higher than those of the R-isomer although the
terminal half-life was similar. After oral doses of a mixture of R-
and S-verapamil, plasma concentrations of the R-isomer were
found to be substantially higher than those of the more potent S-
isomer,3 suggesting stereospecific first-pass hepatic metabolism
and accounting for the apparent lower potency of verapamil
when given orally. The proportion of S-isomer also depends on
the oral formulation; modified-release formulations produce
lower proportions of S-isomer in plasma than conventional for-
mulations.4
1. Echizen H, et al. Effects of d,l-verapamil on atrioventricular

conduction in relation to its stereoselective first-pass metabo-
lism. Clin Pharmacol Ther 1985; 38: 71–6. 

2. Eichelbaum M, et al. Pharmacokinetics of (+)-, (−)- and (±)-ve-
rapamil after intravenous administration. Br J Clin Pharmacol
1984; 17: 453–8. 

3. Vogelgesang B, et al. Stereoselective first-pass metabolism of
highly cleared drugs: studies of the bioavailability of - and -
verapamil examined with a stable isotope technique. Br J Clin
Pharmacol 1984; 18: 733–40. 

4. Karim A, Piergies A. Verapamil stereoisomerism: enantiomeric
ratios in plasma dependent on peak concentrations, oral input
rate, or both. Clin Pharmacol Ther 1995; 58: 174–84.

Uses and Administration
Verapamil is a phenylalkylamine calcium-channel
blocker (p.1154) and a class IV antiarrhythmic
(p.1153). It slows conduction through the AV node,
and thus slows the increased ventricular response rate
that occurs in atrial fibrillation and flutter. Its anti-angi-
nal effect is mainly due to coronary and peripheral va-
sodilatation, although it also inhibits coronary artery
spasm; the decrease in peripheral vascular resistance
reduces the work of the heart, which has a sparing ef-
fect on myocardial intracellular oxygen consumption.
The decrease in peripheral vascular resistance may
also explain its antihypertensive effect. Verapamil is
used in the control of supraventricular arrhythmias and
in the management of angina pectoris and hyperten-
sion. It may also be used in the management of myo-
cardial infarction. 
Verapamil may be given intravenously or orally, as the
hydrochloride; doses are expressed in terms of vera-
pamil hydrochloride. 
In the acute management of supraventricular arrhyth-
mias it is given intravenously, preferably under contin-
uous ECG and blood pressure monitoring. The initial
dose is 5 to 10 mg by slow intravenous injection over
2 to 3 minutes. If necessary, licensed product informa-
tion in the UK allows a second dose of 5 mg to be given
5 to 10 minutes after the first; in the USA, a second
dose of 10 mg may be given after 30 minutes. 
Oral doses for the treatment of supraventricular
arrhythmias are 120 to 480 mg daily in 3 or 4 divided
doses, according to the severity of the condition and the
patient’s response. 
In the management of angina pectoris, the usual oral
dose is 120 mg three times daily; some patients with
angina of effort may respond to 80 mg three times dai-
ly, but this lower dose is not likely to be effective in
angina at rest or Prinzmetal’s variant angina. Modified-
release preparations may be given in doses of up to
480 mg daily. 

In hypertension the usual initial oral dose is 240 mg
daily, in 2 or 3 divided doses, adjusted according to re-
sponse; doses of up to 480 mg daily have been used.
Modified-release preparations may be given in similar
daily doses. 
In the secondary prevention of myocardial infarction,
verapamil hydrochloride is given as a modified-release
oral preparation, started at least 1 week after acute
infarction (in patients without heart failure), in a dose
of 360 mg daily in divided doses. 
Doses of verapamil should be reduced in patients with
hepatic impairment (see below). 
For doses of verapamil in children with supraventricu-
lar arrhythmias or hypertension, see below.
◊ General reviews.
1. Brogden RN, Benfield P. Verapamil: a review of its pharmaco-

logical properties and therapeutic use in coronary artery disease.
Drugs 1996; 51: 792–819. 

2. Prisant LM. Verapamil revisited: a transition in novel drug deliv-
ery systems and outcomes. Heart Dis 2001; 3: 55–62.

Administration in children. Verapamil may be used for the
treatment of supraventricular arrhythmias and hypertension in
children, although great care is needed, especially in infants (see
Precautions, above). 
Intravenous doses of verapamil hydrochloride for supraventricu-
lar arrhythmias are as follows: 
• children up to 1 year of age, 100 to 200 micrograms/kg 
• 1 to 15 years, 100 to 300 micrograms/kg (to a maximum dose

of 5 mg) 
The dose should be given over at least 2 minutes and may be
repeated after 30 minutes if necessary; doses at the lower end of
the range may be adequate and the injection should be stopped
when a response has been obtained. 
Oral doses for supraventricular arrhythmias or for hypertension
are: 
• children up to 2 years of age, 20 mg two or three times daily 
• 2 years and over, 40 to 120 mg two or three times daily ac-

cording to age and response
Administration in the elderly. For a discussion of the effects
of increasing age on verapamil, see under Pharmacokinetics,
above.
Administration in hepatic impairment. Verapamil is ex-
tensively metabolised in the liver and should be used with cau-
tion in hepatic impairment; US licensed product information rec-
ommends that oral doses for patients with severe hepatic
impairment should be reduced to about one-third of the usual
dose (see above). 
In a study1 of patients with liver cirrhosis steady-state plasma
concentrations of verapamil were double those seen in patients
with normal liver function after intravenous doses and 5 times
the normal concentration when given orally. The elimination
half-life was prolonged about fourfold after oral or intravenous
doses, suggesting that steady-state plasma concentration will not
be reached in patients with liver cirrhosis until about 56 hours
after therapy has started.
1. Somogyi A, et al. Pharmacokinetics, bioavailability and ECG re-

sponse of verapamil in patients with liver cirrhosis. Br J Clin
Pharmacol 1981; 12: 51–60.

Administration in renal impairment. The pharmacokinet-
ics and pharmacodynamic effects of verapamil are not signifi-
cantly altered by renal impairment1 and dosage adjustment is not
considered to be necessary. The elimination of verapamil is not
altered by haemodialysis,1,2 haemofiltration,2 or peritoneal
dialysis2 and no dosage supplement is required in patients under-
going these procedures.
1. Mooy J, et al. Pharmacokinetics of verapamil in patients with

renal failure. Eur J Clin Pharmacol 1985; 28: 405–10. 
2. Beyerlein C, et al. Verapamil in antihypertensive treatment of

patients on renal replacement therapy—clinical implications and
pharmacokinetics. Eur J Clin Pharmacol 1990; 39 (suppl 1):
S35–S37.

Amaurosis fugax. For a report of the use of verapamil in pa-
tients with amaurosis fugax, see under Uses and Administration
of Nifedipine, p.1354.
Bipolar disorder. Although lithium and valproate are the
mainstays of therapy in bipolar disorder (p.372) many other
drugs have been tried, including verapamil.1 Beneficial respons-
es to verapamil at doses up to 480 mg daily have been report-
ed,2-4 although a review5 concluded that there is limited support
for its use. Verapamil has also been used with lithium, but there
may be an increased risk of neurotoxicity (see under Interactions,
above).
1. Höschl C. Do calcium antagonists have a place in the treatment

of mood disorders? Drugs 1991; 42: 721–29. 
2. Dubovsky SL, et al. Calcium antagonists in mania: a double-

blind study of verapamil. Psychiatry Res 1986; 18: 309–20. 
3. Giannini AJ, et al. Verapamil and lithium in maintenance therapy

of manic patients. J Clin Pharmacol 1987; 27: 980–2. 
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4. Wisner KL, et al. Verapamil treatment for women with bipolar

disorder. Biol Psychiatry 2002; 51: 745–52. 
5. Levy NA, Janicak PG. Calcium channel antagonists for the treat-

ment of bipolar disorder. Bipolar Disord 2000; 2: 108–19.

Box jellyfish sting. Stings by the box jellyfish (Chironex fleck-
eri) (p.2220) can be fatal because of the effects of the venom on
the cardiovascular and respiratory systems and on the kidneys.
Studies in rodents have reported a beneficial effect of intrave-
nous verapamil in the treatment of box jellyfish envenomation,
and use in patients with serious box-jellyfish stings has been rec-
ommended.1 However, it has also been suggested2 that the lack
of evidence for benefit and the potential for adverse effects
means that use of verapamil should be limited to extreme cases
only.
1. Burnett JW. The use of verapamil to treat box-jellyfish stings.

Med J Aust 1990; 153: 363. 
2. Bailey PM, et al. Jellyfish envenoming syndromes: unknown

toxic mechanisms and unproven therapies. Med J Aust 2003;
178: 34–7.

Cardiac arrhythmias. Verapamil has an established role in the
management of supraventricular cardiac arrhythmias (p.1160). It
is used for rate control in atrial fibrillation and flutter, and may
also be used in paroxysmal supraventricular tachycardia. It has
been successfully used with digoxin for transplacental therapy in
fetal atrial flutter or supraventricular tachycardia,1,2 although
caution is necessary if it is used in infants since they may be par-
ticularly susceptible to its adverse effects (see Precautions,
above).
1. Maxwell DJ, et al. Obstetric importance, diagnosis, and manage-

ment of fetal tachycardias. BMJ 1988; 297: 107–10. 
2. Simpson JM, Sharland GK. Fetal tachycardias: management and

outcome of 127 consecutive cases. Heart 1998; 79: 576–81.

Cardiomyopathies. Verapamil has an established role as a
negative inotrope in the management of patients with hyper-
trophic cardiomyopathy,1,2 although it is usually reserved for pa-
tients in whom beta blockers either fail to control symptoms or
are not tolerated. It may improve symptoms and exercise toler-
ance; although a crossover study3 failed to show an improvement
in exercise capacity with verapamil or the beta blocker nadolol,
most patients preferred drug treatment to placebo and there was
an apparent improvement in quality of life with verapamil. Ver-
apamil may also be useful for rate control in patients with hyper-
trophic cardiomyopathy and chronic atrial fibrillation. However,
there is no evidence that it reduces the incidence of sudden car-
diac death, and serious adverse effects have been reported,4 espe-
cially in patients with severe outflow obstruction. Patients with
hypertrophic cardiomyopathy appear to be particularly suscepti-
ble to conduction disturbances associated with verapamil, and
this may worsen hypotension and outflow obstruction. 
Dilated cardiomyopathy is treated similarly to heart failure and
calcium-channel blockers are not usually used, although some
benefit has been reported with diltiazem (see p.1267). 
For a discussion of the management of cardiomyopathies in gen-
eral, see p.1163.
1. Maron BJ. Hypertrophic cardiomyopathy: a systematic review.

JAMA 2002; 287: 1308–20. 
2. Maron BJ, et al. American College of Cardiology/European So-

ciety of Cardiology clinical expert consensus document on
hypertrophic cardiomyopathy: a report of the American College
of Cardiology Foundation Task Force on Clinical Expert Con-
sensus Documents and the European Society of Cardiology
Committee for Practice Guidelines. J Am Coll Cardiol 2003; 42:
1687–713. Also published in Eur Heart J 2003; 24: 1965–91.
Also available at: http://www.acc.org/qualityandscience/
clinical/consensus/cardiomyopathy/index.pdf (accessed
14/08/08) and at: http://www.escardio.org/guidelines-surveys/
esc-guidelines/GuidelinesDocuments/guidelines-HCM-FT.pdf
(accessed 14/08/08) 

3. Gilligan DM, et al. A double-blind, placebo-controlled crosso-
ver trial of nadolol and verapamil in mild and moderately symp-
tomatic hypertrophic cardiomyopathy. J Am Coll Cardiol 1993;
21: 1672–9. 

4. Epstein SE, Rosing DR. Verapamil: its potential for causing se-
rious complications in patients with hypertrophic cardiomyopa-
thy. Circulation 1981; 64: 437–41.

Kidney disorders. Calcium-channel blockers may be of bene-
fit in various forms of kidney disorder (see Nifedipine, p.1355),
although studies with verapamil have suggested that it is less ef-
fective than the ACE inhibitor trandolapril in patients with non-
diabetic renal disease,1 and that it does not prevent the develop-
ment of renal disease in type 2 diabetics.2 There is some evidence
that verapamil may reduce the nephrotoxicity associated with
certain drugs, including ciclosporin (see Transplantation, below),
and the aminoglycoside gentamicin.3
1. Hemmelder MH, et al. Antiproteinuric efficacy of verapamil in

comparison to trandolapril in non-diabetic renal disease. Nephrol
Dial Transplant 1999; 14: 98–104. 

2. Ruggenenti P, et al. for the Bergamo Nephrologic Diabetes Com-
plications Trial (BENEDICT) Investigators. Preventing micro-
albuminuria in type 2 diabetes. N Engl J Med 2004; 351:
1941–51. 

3. Kazierad DJ, et al. The effect of verapamil on the nephrotoxic
potential of gentamicin as measured by urinary enzyme excre-
tion in healthy volunteers. J Clin Pharmacol 1995; 35: 196–201.

Malignant neoplasms. Verapamil has been shown to reverse
multidrug resistance to antineoplastics in cultured cells and in
animal studies,1 but studies in which verapamil was added to

therapy for small cell lung cancer2 or multiple myeloma3 failed
to show any benefit. See p.643 for a discussion of resistance to
antineoplastics.
1. Ford JM, Hait WN. Pharmacology of drugs that alter multidrug

resistance in cancer. Pharmacol Rev 1990; 42: 155–99. 
2. Milroy R, et al. A randomised clinical study of verapamil in ad-

dition to combination chemotherapy in small cell lung cancer. Br
J Cancer 1993; 68: 813–18. 

3. Dalton WS, et al. A phase III randomized study of oral verapamil
as a chemosensitizer to reverse drug resistance in patients with
refractory myeloma: a Southwest Oncology Group Study. Can-
cer 1995; 75: 815–20.

Migraine and cluster headache. For reference to the use of
calcium-channel blockers, including verapamil, in the manage-
ment of migraine and cluster headache, see under Nifedipine,
p.1355.
Movement disorders. Verapamil has been associated with the
development of various movement disorders (see under Adverse
Effects, above) but there have also been case reports1,2 of its suc-
cessful use in refractory movement disorders, including severe
tardive dyskinesia. However, a systematic review3 concluded
that evidence for the use of verapamil or other calcium-channel
blockers in tardive dyskinesia is limited and they are not gener-
ally recommended. 
The usual management of tardive dyskinesia is discussed under
the Adverse Effects of Chlorpromazine, p.971.
1. Abad V, Ovsiew F. Treatment of persistent myoclonic tardive

dystonia with verapamil. Br J Psychiatry 1993; 162: 554–6. 
2. Ovsiew F, et al. Verapamil for severe hyperkinetic movement

disorders. Mov Disord 1998; 13: 341–4. 
3. Soares-Weiser K, Rathbone J. Calcium channel blockers for neu-

roleptic-induced tardive dyskinesia. Available in The Cochrane
Database of Systematic Reviews; Issue 1. Chichester: John Wi-
ley; 2004 (accessed 14/03/07).

Myocardial infarction. Calcium-channel blockers are not rou-
tinely used in either the acute or long-term treatment of myocar-
dial infarction (p.1175), although some benefit has been reported
with non-dihydropyridines. Diltiazem, started within 24 to 72
hours of the onset of infarction and continued for up to 14 days,
has been reported to protect against re-infarction and refractory
angina in patients recovering from acute non-Q-wave infarc-
tion.1 A pilot study2 of intravenous diltiazem as an adjunct to
thrombolysis in acute myocardial infarction also suggested a re-
duction in recurrent ischaemia; diltiazem was given intravenous-
ly for 48 hours, beginning at the same time as the thrombolytic,
then continued orally for 4 weeks. However, a study3 with vera-
pamil, started on admission to hospital, found no effect on mor-
tality at 6 months, and there was a suggestion that very early use
(within 6 hours of symptom onset) was detrimental. A later
study4 reported that early use of verapamil in patients receiving
thrombolysis improved outcome at 90 days. Benefit has also
been shown5 with use of intracoronary verapamil to terminate
post-reperfusion arrhythmias. For use of verapamil in patients re-
ceiving percutaneous coronary intervention see Reperfusion and
Revascularisation Procedures, below. 
Although they are not standard therapy, diltiazem and verapamil
may be used for long-term management in selected patients
without heart failure. In a study by the Multicenter Diltiazem
Postinfarction Trial (MDPIT) research group,6 diltiazem (target
dose 240 mg daily) reduced 1-year mortality and re-infarction
rates in patients without left ventricular dysfunction, but in-
creased such adverse events in those with left ventricular dys-
function. Re-analysis of the study provided further evidence that
diltiazem should be avoided in postinfarction patients with left
ventricular dysfunction.7 Another study8 in patients with acute
myocardial infarction treated with thrombolysis found no reduc-
tion in mortality with diltiazem started 36 to 96 hours after
infarction and continued for up to 6 months, although the inci-
dence of non-fatal cardiac events was reduced. Patients with
heart failure were excluded from the trial. In the DAVIT II study9

late intervention with verapamil (started in the second week after
admission) reduced overall mortality, cardiac events, and re-
infarction although another study10 found only a benefit in re-
infarction rate and not in overall mortality.
1. Gibson RS, et al. Diltiazem and reinfarction in patients with

non-Q-wave myocardial infarction: results of a double-blind,
randomized, multicenter trial. N Engl J Med 1986; 315: 423–9. 

2. Théroux P, et al. Intravenous diltiazem in acute myocardial inf-
arction: diltiazem as adjunctive therapy to activase (DATA) tri-
al. J Am Coll Cardiol 1998; 32: 620–8. 

3. The Danish Study Group on Verapamil in Myocardial Infarc-
tion. The Danish studies on verapamil in acute myocardial inf-
arction. Br J Clin Pharmacol 1986; 21: 197S–204S. 

4. Marangelli V, et al. Early administration of verapamil after
thrombolysis in acute anterior myocardial infarction: effect on
left ventricular remodeling and clinical outcome. Ital Heart J
2000; 1: 336–43. 

5. Kato M, et al. Intracoronary verapamil rapidly terminates reper-
fusion tachyarrhythmias in acute myocardial infarction. Chest
2004; 126: 702–8. 

6. The Multicenter Diltiazem Postinfarction Trial Research Group.
The effect of diltiazem on mortality and reinfarction after myo-
cardial infarction. N Engl J Med 1988; 319: 385–92. 

7. Goldstein RE, et al. Diltiazem increases late-onset congestive
heart failure in post-infarction patients with early reduction in
ejection fraction. Circulation 1991; 83: 52–60. 

8. Boden WE, et al. Diltiazem in acute myocardial infarction treat-
ed with thrombolytic agents: a randomised placebo-controlled
trial. Lancet 2000; 355: 1751–6. 

9. The Danish Study Group on Verapamil in Myocardial Infarc-
tion. Effect of verapamil on mortality and major events after
acute myocardial infarction (the Danish Verapamil Infarction
Trial II–DAVIT II). Am J Cardiol 1990; 66: 779–85. 

10. Rengo F, et al. A controlled trial of verapamil in patients after
acute myocardial infarction: results of the calcium antagonist
reinfarction Italian study (CRIS). Am J Cardiol 1996; 77:
365–9.

Peyronie’s disease. Verapamil has been used by intraplaque
injection for the treatment of Peyronie’s disease.1,2 Pain, curva-
ture, and erectile dysfunction were all improved. A systematic
review2 of 19 studies involving plaque injection therapy for Pey-
ronie’s disease, of which 4 used verapamil, noted that although
the results of these suggested that injection was safe and effective
in mild to moderate Peyronie’s disease, the quality of studies was
generally poor and its efficacy needed to be verified. Verapamil
has also been given by iontophoresis, but again benefits remain
unclear. A study3 comparing verapamil and dexamethasone with
lidocaine reported considerable improvement in plaque volume,
penile curvature, and pain in the group given verapamil and dex-
amethasone, while patients given lidocaine had a transient im-
provement in pain but no change in plaque volume or curvature.
However, a study4 comparing verapamil with sodium chloride as
placebo reported some improvement with both treatments, with
no difference between the groups.
1. Levine LA, et al. Experience with intraplaque injection of vera-

pamil for Peyronie’s disease. J Urol (Baltimore) 2002; 168:
621–5. 

2. Russell S, et al. Systematic evidence-based analysis of plaque
injection therapy for Peyronie’s disease. Eur Urol 2007; 51:
640–7. 

3. Di Stasi SM, et al. A prospective, randomized study using
transdermal electromotive administration of verapamil and dex-
amethasone for Peyronie’s disease. J Urol (Baltimore) 2004;
171: 1605–8. 

4. Greenfield JM, et al. Verapamil versus saline in electromotive
drug administration for Peyronie’s disease: a double-blind, pla-
cebo controlled trial. J Urol (Baltimore) 2007; 177: 972–5.

Reperfusion and revascularisation procedures. Percuta-
neous coronary intervention is widely used in the management of
patients with acute myocardial infarction and angina pectoris,
and adjunctive drug treatment has an important role in reducing
complications and improving outcome (see p.1181). Intracoro-
nary verapamil may be used to treat vasospasm1 and has also
been used to treat2,3 and prevent4,5 the ‘no-reflow’ phenomenon.
However, transient heart block occurred in some patients given
verapamil prophylactically,5 and this may limit its use. 
There is also some evidence that verapamil may reduce the inci-
dence of restenosis after coronary6 or peripheral7 percutaneous
interventions.
1. The Task Force for Percutaneous Coronary Interventions of the

European Society of Cardiology. Guidelines for percutaneous
coronary interventions. Eur Heart J 2005; 26: 804–47. Also
available at: http://www.escardio.org/guidelines-surveys/
esc-guidelines/GuidelinesDocuments/guidelines-PCI-FT.pdf
(accessed 14/08/08) 

2. Piana RN, et al. Incidence and treatment of ’no-reflow’ after per-
cutaneous coronary intervention. Circulation 1994; 89:
2514–18. 

3. Demir I, et al. Treatment of no-reflow phenomenon with vera-
pamil after primary stent deployment during myocardial infarc-
tion. Jpn Heart J 2002; 43: 573–80. 

4. Hang C-L, et al. Early administration of intracoronary verapamil
improves myocardial perfusion during percutaneous coronary
interventions for acute myocardial infarction. Chest 2005; 128:
2593–8. 

5. Vijayalakshmi K, et al. Prospective, randomised, controlled trial
to study the effect of intracoronary injection of verapamil and
adenosine on coronary blood flow during percutaneous coronary
intervention in patients with acute coronary syndromes. Heart
2006; 92: 1278–84. 

6. Bestehorn H-P, et al. Evaluation of the effect of oral verapamil
on clinical outcome and angiographic restenosis after percutane-
ous coronary intervention: the randomized, double-blind, place-
bo-controlled, multicenter Verapamil Slow-Release for Preven-
tion of Cardiovascular Events After Angioplasty (VESPA) Trial.
J Am Coll Cardiol 2004; 43: 2160–5. 

7. Schweizer J, et al. Effect of high dose verapamil on restenosis
after peripheral angioplasty. J Am Coll Cardiol 1998; 31:
1299–1305.

Transplantation. Ciclosporin is widely used in transplantation
to prevent rejection but its use is limited by its nephrotoxicity.
Dihydropyridine calcium-channel blockers (see under Uses of
Nifedipine, p.1356) and diltiazem (p.1267) have been reported to
reduce ciclosporin-associated nephrotoxicity, and there is some
evidence that verapamil may have a similar effect. Studies in
renal1,2 and heart or lung3 transplant recipients suggested that ve-
rapamil can improve outcomes in patients receiving ciclosporin.
Most studies have found that verapamil prevents ciclosporin-in-
duced deterioration in renal function, despite increasing plasma-
ciclosporin concentrations,1,2 and there is also evidence2 that
graft survival may be improved. The beneficial effect of vera-
pamil may be related to its ability to protect cells from ischaemia,
selective vasodilatation of the afferent renal arterioles, or inher-
ent immunosuppressive properties; its effect on plasma-
ciclosporin concentrations may also be involved, either
directly1,2 or by allowing reduction of the ciclosporin dose.3
However, one study4 found that use of verapamil with
ciclosporin resulted in higher serum-creatinine concentrations in
patients given verapamil, with no reduction in the incidence of
rejection, and careful monitoring is necessary if the drugs are
used together. A higher incidence of severe infections has also
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

been reported5 in renal transplant patients given verapamil and
ciclosporin; the authors suggested that if a rapid increase in plas-
ma-ciclosporin concentrations was required, improved formula-
tions of ciclosporin should be used rather than verapamil.
1. Dawidson I, Rooth P. Improvement of cadaver renal transplanta-

tion outcomes with verapamil: a review. Am J Med 1991; 90
(suppl 5A): 37S–41S. 

2. Dawidson I, et al. Verapamil improves the outcome after cadaver
renal transplantation. J Am Soc Nephrol 1991; 2: 983–90. 

3. Chan C, et al. A randomized controlled trial of verapamil on cy-
closporine nephrotoxicity in heart and lung transplant recipients.
Transplantation 1997; 63: 1435–40. 

4. Pirsch JD, et al. A controlled, double-blind, randomized trial of
verapamil and cyclosporine in cadaver renal transplant patients.
Am J Kidney Dis 1993; 21: 189–95. 

5. Nanni G, et al. Increased incidence of infection in verapamil-
treated kidney transplant recipients. Transplant Proc 2000; 32:
551–3.

Preparations
BP 2008: Prolonged-release Verapamil Tablets; Verapamil Injection; Vera-
pamil Tablets; 
USP 31: Verapamil Hydrochloride Extended-release Tablets; Verapamil
Hydrochloride Injection; Verapamil Hydrochloride Oral Solution; Verapamil
Hydrochloride Oral Suspension; Verapamil Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Isoptino; Veral; Verapal†; Austral.: Anpec; Cordilox; Isoptin; Veracaps;
Verahexal; Austria: Isoptin; Verapabene; Verastad; Belg.: Isoptine; Lodixal;
Braz.: Cordilat; Coronaril; Cronovera†; Dilacard†; Dilacor; Dilacoron; Mul-
ticor; Neo Verpamil; Vascord†; Vasoton; Veramil; Veraval; Canad.: Apo-
Verap; Chronovera; Isoptin; Novo-Veramil; Nu-Verap; Chile: Cardiolen;
Isoptina; Presocor; Cz.: Apo-Verap†; Isoptin; Lekoptin; Verahexal; Verogal-
id; Denm.: Geangin; Hexasoptin; Isoptin; Veraloc; Fin.: Isoptin; Vermin; Ver-
pamil; Fr.: Isoptine; Ger.: Azupamil†; durasoptin†; Falicard; Isoptin; Jena-
pamil†; Vera; Vera-Lich; Verabeta; Veragamma; Verahexal; Veramex;
Veranorm; Verasal; Veroptinstada; Gr.: Brovicarpine†; Elanver†; Isoptin;
Hong Kong: Akilen†; Isoptin; Hung.: Chinopamil; Isoptin; Verogalid†; In-
dia: Calaptin; Veramil; Indon.: Cardiover; Isoptin; Irl.: Isoptin; Veramil; Ve-
rap; Verisop; Israel: Apoacor; Ikacor; Ikapress; Veracor; Verapress; Ital.:
Cardinorm; Isoptin; Kata†; Quasar†; Veraptin; Malaysia: Akilen; Anpec†;
Cintsu†; Isoptin; Verpamil; Viratin†; Mex.: Cronovera; Dilacoran; Euritmin†;
Europave; Serriten; Vepiltax; Veraken; Verdilac; Neth.: Chronovera†;
Geangin; Isoptin; Norw.: Isoptin; Verakard; NZ: Civicor†; Isoptin; Verpamil;
Philipp.: Isoptin; Verelan; Pol.: Isoptin; Lekoptin; Novo-Veramil; Staveran;
Port.: Fibrocard; Isoptin; Rus.: Finoptin (Финоптин); Isoptin (Изоптин);
Lekoptin (Лекоптин); Verogalid (Верогалид); S.Afr.: Calcicard; Isoptin; Ra-
vamil; Vasomil; Verahexal; Singapore: Isoptin; Verpamil; Spain: Manidon;
Swed.: Isoptin; Switz.: Corpamil†; Flamon; Isoptin; Verapam; Thai.: Caver-
il; Civicor†; Isopamil†; Isoptin; Verapin; Vermine; Turk.: Fibrocard; Isoptin;
Ormil; Veroptin; UK: Cordilox; Half Securon; Securon; Univer; Verapress;
Vertab; Zolvera; USA: Calan; Covera; Isoptin; Verelan; Venez.: Cronovera;
Manidon; Veracor.

Multi-ingredient: Arg.: Tarka†; Austral.: Tarka; Austria: Captocomp;
Confit; Tarka; Veracapt; Canad.: Tarka; Cz.: Tarka; Denm.: Tarka; Fin.: Tar-
ka†; Fr.: Ocadrik†; Tarka; Ger.: Cordichin; Isoptin plus; Stenoptin†; Tarka;
Udramil†; Veratide; Gr.: Tarka; Ziaxel; Hung.: Tarka; Indon.: Tarka; Ital.:
Tarka; Mex.: Tarka; Neth.: Tarka; Ziaxel; NZ: Ziaxel; Philipp.: Tarka; Pol.:
Tarka; Port.: Tarka; Ziaxal; Rus.: Tarka (Тарка); S.Afr.: Tarka; Spain: Tarka;
Tricen; Swed.: Tarka; Switz.: Tarka; Turk.: Tarka; UK: Tarka; USA: Tarka;
Venez.: Tarka.

Vernakalant Hydrochloride (USAN, rINNM)

Hidrocloruro de vernakalant; RSD-1235; Vernakalant, Chlorhy-
drate de; Vernakalanti Hydrochloridum. (3R)-1-{(1R,2R)-2-[2-
(3,4-dimethoxyphenyl)ethoxy]cyclohexyl}pyrrolidin-3-ol hydro-
chloride.
Вернакаланта Гидрохлорид
C20H31NO4,HCl = 385.9.
CAS — 794466-70-9 (vernakalant); 748810-28-8 (ver-
nakalant hydrochloride).

(vernakalant)

Profile
Vernakalant is an antiarrhythmic under investigation as the hy-
drochloride for the treatment of atrial arrhythmias.
◊ References.
1. Roy D, et al. A randomized, controlled trial of RSD1235, a novel

anti-arrhythmic agent, in the treatment of recent onset atrial fi-
brillation. J Am Coll Cardiol 2004; 44: 2355–61. 

2. Fedida D. Vernakalant (RSD1235): a novel, atrial-selective anti-
fibrillatory agent. Expert Opin Invest Drugs 2007; 16: 519–32. 

3. Cheng JWM. Vernakalant in the management of atrial fibrilla-
tion. Ann Pharmacother 2008; 42: 533–42.

Vesnarinone (USAN, rINN)

OPC-8212; Vesnarinona; Vesnarinonum. 1-(1,2,3,4-Tetrahydro-
2-oxo-6-quinolyl)-4-veratroylpiperazine.
Веснаринон
C22H25N3O4 = 395.5.
CAS — 81840-15-5.

Profile
Vesnarinone is a phosphodiesterase inhibitor with positive ino-
tropic activity that has been tried orally in the management of
heart failure.

Adverse effects. Studies with other inotropic phosphodieste-
rase inhibitors have shown that their prolonged oral use can lead
to an increased mortality rate. In a multicentre study of vesnari-
none,1 doses of 120 mg daily resulted in increased mortality
whereas 60 mg daily for 6 months was associated with lower
morbidity and mortality. Reversible neutropenia occurred in
2.5% of the patients given 60 mg daily. However, in a subsequent
larger study,2 increased mortality was also reported with doses of
30 and 60 mg daily.
1. Feldman AM, et al. Effects of vesnarinone on morbidity and

mortality in patients with heart failure. N Engl J Med 1993; 329:
149–55. 

2. Cohn JN, et al. A dose-dependent increase in mortality with ve-
snarinone among patients with severe heart failure. N Engl J Med
1998; 339: 1810–16.

Warfarin Sodium (BANM, rINNM)

Natrii Warfarinum; Sodium Warfarin; Varfariininatrium; Varfarin
Sodyum; Varfarino natrio druska; Warfarin sodná sůl; Warfarina
sódica; Warfarine sodique; Warfarinnatrium; Warfarin-nátrium;
Warfarinum natricum. The sodium salt of 4-hydroxy-3-(3-oxo-1-
phenylbutyl)coumarin ; Sodium 2-oxo-3-[(1RS)-3-oxo-1-phenyl-
butyl]-2H-1-benzopyran-4-olate.

Натрий Варфарин
C19H15NaO4 = 330.3.

CAS — 81-81-2 (warfar in); 2610-86-8 (warfarin potassi-
um); 129-06-6 (warfarin sodium).
ATC — B01AA03.
ATC Vet — QB01AA03.

(warfarin)

NOTE. The use of the term warfarin sodium in Martindale should
generally be taken to include the sodium clathrate. Until 1991 the
BP, like the USP, allowed the use of either warfarin sodium or
warfarin sodium clathrate in the definition of warfarin sodium.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Chin., Int., and US permit either warfarin sodium or warfarin so-
dium clathrate. Eur. has a separate monograph for warfarin sodi-
um clathrate (see below). 
Jpn includes Warfarin Potassium. 
Ph. Eur. 6.2 (Warfarin Sodium). A white or almost white, hy-
groscopic, amorphous powder. Very soluble in water and in alco-
hol; soluble in acetone; very slightly soluble in dichloromethane.
A 1% solution in water has a pH of 7.6 to 8.6. Store in airtight
containers. Protect from light. 
USP 31 (Warfarin Sodium). A white, odourless, amorphous sol-
id or a crystalline clathrate which is discoloured by light. Very
soluble in water; freely soluble in alcohol; very slightly soluble
in chloroform and in ether. A 1% solution in water has a pH of
7.2 to 8.3. Protect from light.

Adsorption. Studies carried out for periods of 24 hours to 3
months found some adsorption of warfarin sodium by PVC
when dissolved in 0.9% sodium chloride solution1,2 or in 5% glu-
cose solution.3 In one of these studies,1 adsorption was decreased
by buffering the solution from its initial pH of 6.7 to a pH of 7.4.
The second study2 could demonstrate no adsorption onto poly-
ethylene-lined or glass infusion containers.
1. Kowaluk EA, et al. Interactions between drugs and polyvinyl

chloride infusion bags. Am J Hosp Pharm 1981; 38: 1308–14. 

2. Martens HJ, et al. Sorption of various drugs in polyvinyl chlo-
ride, glass, and polyethylene-lined infusion containers. Am J
Hosp Pharm 1990; 47: 369–73. 

3. Moorhatch P, Chiou WL. Interactions between drugs and plastic
intravenous fluid bags: part i: sorption studies on 17 drugs. Am J
Hosp Pharm 1974; 31: 72–8.

Incompatibility. Solutions of warfarin sodium have been re-
ported to be incompatible with adrenaline hydrochloride, ami-
kacin sulfate, metaraminol tartrate, oxytocin, promazine hydro-
chloride, and tetracycline hydrochloride. Visual incompatibility
has been reported1 with solutions of warfarin sodium mixed with
solutions of aminophylline, bretylium tosilate, ceftazidime, ci-
metidine hydrochloride, ciprofloxacin lactate, dobutamine hy-
drochloride, esmolol hydrochloride, gentamicin sulfate, labetalol
hydrochloride, metronidazole hydrochloride, or vancomycin hy-
drochloride. Haze was also reported after 24 hours with sodium
chloride 0.9%.
1. Bahal SM, et al. Visual compatibility of warfarin sodium injec-

tion with selected medications and solutions. Am J Health-Syst
Pharm 1997; 54: 2599–2600.

Warfarin Sodium Clathrate (BANM)

Varfariininatriumklatraatti; Varfarino natrio druskos klatratas;
Warfarin sodná sůl klatrát; Warfarina sódica, clatrato de; Warfa-
rine sodique clathrate; Warfarinnatriumklatrat; Warfarin-nátri-
um-klatrát; Warfarinum natricum clathratum. The clathrate of
warfarin sodium with isopropyl alcohol in the molecular propor-
tions 2 to 1 respectively.
ATC — B01AA03.
ATC Vet — QB01AA03.

NOTE. The use of the term warfarin sodium in Martindale should
generally be taken to include the sodium clathrate. Until 1991 the
BP, like the USP, allowed the use of either warfarin sodium or
warfarin sodium clathrate in the definition of warfarin sodium.
Pharmacopoeias. In Eur. (see p.vii). 
Chin., Int., and US permit either warfarin sodium or warfarin
sodium clathrate. 
Ph. Eur. 6.2 (Warfarin Sodium Clathrate). A white or almost
white, crystalline powder. Very soluble in water; freely soluble in
alcohol; soluble in acetone; very slightly soluble in dichlo-
romethane. A 1% solution in water has a pH of 7.6 to 8.6. Store
in airtight containers. Protect from light. 
Warfarin sodium clathrate contains about 92% of warfarin sodi-
um.

Adverse Effects
The major risk from warfarin therapy is of haemor-
rhage from almost any organ of the body with the con-
sequent effects of haematomas as well as anaemia. Al-
though good control of warfarin anticoagulation is
essential in preventing haemorrhage, bleeding has oc-
curred at therapeutic international normalised ratio
(INR) values. In such cases the possibility of an under-
lying cause such as renal or alimentary tract disease
should be investigated. Skin necrosis, and purple dis-
coloration of the toes (due to cholesterol embolisation)
have occasionally occurred. Hypersensitivity reactions
are extremely rare. Other effects not necessarily asso-
ciated with haemorrhage include alopecia, fever, nau-
sea, vomiting, diarrhoea, skin reactions, jaundice,
hepatic dysfunction, and pancreatitis. 
Warfarin is a recognised teratogen. Given in the first
trimester of pregnancy it can cause a fetal warfarin syn-
drome or warfarin embryopathy characterised by bone
stippling (chondrodysplasia punctata) and nasal hypo-
plasia. CNS abnormalities may develop after use in
any trimester but appear most likely when used in the
second or third trimester. Use of warfarin during preg-
nancy has been associated with an increased rate of
abortion and still-birth, although this may, in part, be
the consequence of an underlying maternal condition.
Use in the late stages of pregnancy is associated with
fetal haemorrhage. Reported incidences of the above
complications have varied; one estimate is that if a cou-
marin anticoagulant is taken during pregnancy, one-
sixth of pregnancies will result in an abnormal liveborn
infant, and one-sixth will result in abortion or still-
birth.
Effects on the blood. The incidence and risk of haemorrhage
during long-term oral anticoagulation has been studied in pa-
tients in clinical trials1,2 and in population-based studies.1,3-7 The
risk of bleeding was generally higher with more intense antico-
agulation and in the presence of other risk factors, but the rela-
tionship with age was less clear. Some studies have shown higher
rates of bleeding in elderly patients, but others have not; the risk
of intracranial bleeding, however, does seem to be higher in the
elderly.2,6,7 Although cumulative risk of bleeding was related to

H3CO

H3CO O
H H

N
OH

H

N N

O
CH3

O CH3

O
HN

O

OH

O O

O

CH3



1426   Cardiovascular Drugs
duration of anticoagulation therapy, risk may be highest early in
the course.2 
Withdrawal of warfarin therapy may lead to rebound hypercoag-
ulability and it has been suggested8 that warfarin should be with-
drawn gradually, although there is no clinical evidence to support
this.
1. Reynolds MW, et al. Warfarin anticoagulation and outcomes in

patients with atrial fibrillation: a systematic review and metaa-
nalysis. Chest 2004; 126: 1938–45. 

2. Schulman S, et al. Hemorrhagic complications of anticoagulant
and thrombolytic treatment: American College of Chest Physi-
cians evidence-based clinical practice guidelines (8th edition).
Chest 2008; 133 (suppl): 257S–298S. 

3. Gitter MJ, et al. Bleeding and thromboembolism during antico-
agulant therapy: a population-based study in Rochester, Minne-
sota. Mayo Clin Proc 1995; 70: 725–33. 

4. Fihn SD, et al. The risk for and severity of bleeding complica-
tions in elderly patients treated with warfarin. Ann Intern Med
1996; 124: 970–9. 

5. Palareti G, et al. Bleeding complications of oral anticoagulant
treatment: an inception-cohort, prospective collaborative study
(ISCOAT). Lancet 1996; 348: 423–8. 

6. Palareti G, et al. Oral anticoagulation treatment in the elderly: a
nested, prospective, case-control study. Arch Intern Med 2000;
160: 470–8. 

7. Fang MC, et al. Advanced age, anticoagulation intensity, and
risk for intracranial hemorrhage among patients taking warfarin
for atrial fibrillation. Ann Intern Med 2004; 141: 745–52. 

8. Palareti G, Legnani C. Warfarin withdrawal: pharmacokinetic-
pharmacodynamic considerations. Clin Pharmacokinet 1996;
30: 300–13.

Effects on the bones. Vitamin K is involved in bone metabo-
lism and vitamin K deficiency is associated with an increased
risk of osteoporotic fractures. It has been suggested, therefore,
that patients on long-term treatment with those oral anticoagu-
lants that are vitamin K antagonists may be at increased risk of
osteoporosis and fractures. However, two large observational
studies in older women have produced conflicting results. A pro-
spective study1 of both users and nonusers of warfarin found that
warfarin was not associated with decrease in bone density or in-
crease in fracture rates. A retrospective study2 reported an asso-
ciation between long-term anticoagulant use and increased risk
of vertebral and rib fractures, compared with the general popula-
tion. Overall, however, the risk of any fracture was not signifi-
cantly increased.
1. Jamal SA, et al. Warfarin use and risk for osteoporosis in elderly

women. Ann Intern Med 1998; 128: 829–32. 
2. Caraballo PJ, et al. Long-term use of oral anticoagulants and the

risk of fracture. Arch Intern Med 1999; 159: 1750–6.

Effects on the fetus. Fetal complications of coumarin antico-
agulants during pregnancy have been reviewed.1-3

1. Hall JG, et al. Maternal and fetal sequelae of anticoagulation dur-
ing pregnancy. Am J Med 1980; 68: 122–40. 

2. Chan WS, et al. Anticoagulation of pregnant women with me-
chanical heart valves: a systematic review of the literature. Arch
Intern Med 2000; 160: 191–6. 

3. Bates SM, et al. Venous thromboembolism, thrombophilia, anti-
thrombotic therapy, and pregnancy: American College of Chest
Physicians evidence-based clinical practice guidelines (8th edi-
tion). Chest 2008; 133 (suppl): 844S–886S.

Effects on the liver. There have been a few isolated reports of
cholestatic liver damage in patients taking warfarin sodium,1-3

which resolved on withdrawal.
1. Rehnqvist N. Intrahepatic jaundice due to warfarin therapy. Acta

Med Scand 1978; 204: 335–6. 
2. Jones DB, et al. Jaundice following warfarin therapy. Postgrad

Med J 1980; 56: 671. 
3. Adler E, et al. Cholestatic hepatic injury related to warfarin ex-

posure. Arch Intern Med 1986; 146: 1837–9.

Effects on sexual function. There have been reports1-3 of pri-
apism in patients taking oral anticoagulants such as warfarin.
1. Baños JE, et al. Drug-induced priapism: its aetiology, incidence

and treatment. Med Toxicol 1989; 4: 46–58. 
2. Daryanani S, Wilde JT. Priapism in a patient with protein C de-

ficiency. Clin Lab Haematol 1997; 19: 213–14. 
3. Zimbelman J, et al. Unusual complications of warfarin therapy:

skin necrosis and priapism. J Pediatr 2000; 137: 266–8.

Effects on the skin and hair. Skin and soft-tissue necrosis is
a rare but well-established adverse effect of coumarin anticoagu-
lants.1-4 It is characterised by a localised, painful skin lesion, ini-
tially erythematous or haemorrhagic in appearance, that be-
comes bullous and eventually culminates in gangrenous
necrosis. Fatalities have occurred. Areas of increased subcutane-
ous fat such as breast, thigh, and buttocks have most often been
involved. The aetiology appears to be thrombotic but the exact
pathophysiology is not known. Patients with protein C deficien-
cy appear to be at highest risk. Treatment with coumarin antico-
agulants should be stopped if skin lesions appear and vitamin K
should be given to reverse their effect. Heparin should be given
to provide anticoagulation. Fresh frozen plasma or protein C
concentrates may also have a role in reversing the condition. Sur-
gical intervention is usually required if necrosis does develop. 
Other skin reactions have also been reported with coumarins.
Vasculitis affecting both legs developed in a 74-year-old woman
a few weeks after starting treatment with acenocoumarol for
deep-vein thrombosis and pulmonary embolism.5 Acenocou-
marol treatment was stopped and the skin lesions steadily im-
proved over 15 days. However, the skin lesions reappeared a few
hours after re-exposure to a single dose of acenocoumarol. The
patient had also been taking amiodarone which may have con-

tributed to the reaction. Henoch-Schönlein purpura was
reported6 in a 76-year-old woman 2 months after she started
treatment with acenocoumarol; it resolved rapidly after the drug
was withdrawn. 
Increased shedding of telogen hair has been stated to occur in
patients given coumarin anticoagulants.7
1. Cole MS, et al. Coumarin necrosis—a review of the literature.

Surgery 1988; 103: 271–7. 
2. Comp PC. Coumarin-induced skin necrosis: incidence, mecha-

nisms, management and avoidance. Drug Safety 1993; 8:
128–35. 

3. Chan YC, et al. Warfarin induced skin necrosis. Br J Surg 2000;
87: 266–72. 

4. Adverse Drug Reactions Advisory Committee (ADRAC). War-
farin-induced skin necrosis. Aust Adverse Drug React Bull 2005;
24: 23. Also available at: http://www.tga.gov.au/adr/aadrb/
aadr0512.pdf (accessed 10/03/08) 

5. Susano R, et al. Hypersensitivity vasculitis related to nicou-
malone. BMJ 1993; 306: 973. 

6. Borrás-Blasco J, et al. Acenocoumarol-induced Henoch-Schön-
lein purpura. Ann Pharmacother 2004; 38: 261–4. 

7. Smith AG. Drug-induced disorders of hair and nails. Adverse
Drug React Bull 1995 (173); 655–8.

Treatment of Adverse Effects
The methods used to manage bleeding and/or exces-
sive anticoagulation during warfarin therapy, or after
warfarin overdosage, depend upon the degree of bleed-
ing, the value of the international normalised ratio
(INR), and the degree of thromboembolic risk. 
For patients over-anticoagulated on warfarin, the
British Society for Haematology recommends the fol-
lowing: 
• in cases where the INR is 0.5 above the target value

but less than 6.0, warfarin should be reduced in dose
or withdrawn until the INR falls to below 5.0 

• if the INR is greater than 6.0 but less than 8.0 and
there is no bleeding or only minor bleeding, warfarin
should be temporarily withheld until the INR falls to
below 5.0 

• for an INR greater than 8.0 use of phytomenadione
(vitamin K1) should also be considered if there are
other risk factors for bleeding; typical doses of phy-
tomenadione are 0.5 mg intravenously or up to
2.5 mg orally using the intravenous preparation.
(The BNF allows 5 mg orally for more complete re-
versal of anticoagulation.) 

• if there is any major bleeding warfarin should be
stopped and phytomenadione given in a dose of 5 or
10 mg, preferably by slow intravenous injection. A
concentrate of factors II, VII, IX, and X should also
be given. The dose of concentrate should be calculat-
ed based on 50 units of factor IX/kg. If no concen-
trate is available fresh frozen plasma should be in-
fused (about one litre for an adult), but may not be as
effective. Higher doses of phytomenadione have
been used (see Over-anticoagulation, p.1997); how-
ever phytomenadione takes several hours to act and
large doses may reduce the response to resumed
therapy with anticoagulants for a week or more. 

US guidelines from the American College of Chest
Physicians are as follows: 
• if the INR is above therapeutic range but below 5.0,

without significant bleeding, warfarin should be re-
duced in dose or stopped until the INR falls to thera-
peutic range 

• for an INR of 5.0 or over but less than 9.0, warfarin
should be stopped. If the patient is at increased risk
of bleeding, phytomenadione 1 to 2.5 mg should be
given orally, or up to 5 mg orally for more complete
reversal of anticoagulation 

• if the INR is 9.0 or above with no significant bleed-
ing, warfarin should be stopped and phytomenadi-
one 2.5 to 5 mg may be given orally 

• if there is any major bleeding, warfarin should be
stopped and phytomenadione 10 mg given by slow
intravenous injection, with fresh plasma, concen-
trates of factors II, VII, IX, and X, or recombinant
factor VIIa. 

If bleeding occurs unexpectedly at therapeutic INR
values, the possibility of an underlying cause such as
renal or alimentary tract disease should be investigated. 

See under Effects on the Skin and Hair, above, for the
management of skin and soft tissue necrosis. 
For poisoning in individuals not taking anticoagulant
therapy, the UK National Poisons Information Service
recommends that those who have ingested more than
250 micrograms/kg of warfarin or who have an INR
greater than 6.0, should be given phytomenadione 10
to 20 mg orally or intravenously. If there is active
bleeding, factor concentrate or fresh frozen plasma
should also be given.

Precautions
Warfarin should not be given to patients who are haem-
orrhaging. In general it should not be given to patients
at serious risk of haemorrhage, although it has been
used with very careful control; patients at risk include
those with haemorrhagic blood disorders, peptic ulcer
disease, severe wounds (including surgical wounds),
cerebrovascular disorders, and bacterial endocarditis.
Consideration should be given to stopping warfarin a
few days before an invasive procedure and using an al-
ternative form of antithrombotic therapy. Severe hepat-
ic and renal impairment as well as severe hypertension
are considered by some to be contra-indications. Preg-
nancy is also generally considered to be a contra-indi-
cation, especially in the first trimester and during the
late stages of pregnancy (see Adverse Effects, above). 
Many factors may affect anticoagulant control with
warfarin. These include vitamin K status, thyroid sta-
tus, renal function, bioavailability differences between
warfarin preparations, factors affecting absorption of
warfarin, genetic variation in warfarin metabolism (see
below), and drug interactions. Such factors may be re-
sponsible for apparent resistance to warfarin and a few
patients have displayed hereditary resistance. Dosage
alterations should be guided by regular monitoring of
oral anticoagulant therapy and clinical status. Patients
should carry anticoagulant treatment booklets.
◊ A discussion of factors affecting the anticoagulant effect of
warfarin sodium.1
1. Shetty HGM, et al. Clinical pharmacokinetic considerations in

the control of oral anticoagulant therapy. Clin Pharmacokinet
1989; 16: 238–53.

Breast feeding. Drug concentrations were measured1 in the
plasma and milk of 13 women receiving 2 to 12 mg of warfarin
dai ly.  P lasma concentra t ions  var ied  f rom 1 .6  to
8.5 micromoles/litre but none was detectable in the breast milk
or in the plasma of the 7 infants who were breastfed (limit of
detection 0.08 micromoles/litre). No anticoagulant effect was
found in the 3 breast-fed infants tested. In another report2 of 2
women (dose of warfarin not specified), no evidence of the drug
was found in the milk of one mother, and no anticoagulant effect
was found in either infant. The American Academy of Pediatrics
considers3 that warfarin is therefore usually compatible with
breast feeding.
1. Orme ML’E, et al. May mothers given warfarin breast-feed their

infants? BMJ 1977; 1: 1564–5. 
2. McKenna R, et al. Is warfarin sodium contraindicated in the lac-

tating mother? J Pediatr 1983; 103: 325–7. 
3. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 06/07/04)

Genetic variation. The response to warfarin and dosing re-
quirements vary widely between individuals and between differ-
ent racial groups.1 Factors involved include age, indication for
anticoagulation, diet, and use of interacting drugs, but much of
the variability appears to be related to genetic polymorphism.
Two genes appear to be particularly important: the gene for the
cytochrome P450 isoenzyme CYP2C9, the major enzyme in-
volved in warfarin metabolism; and the gene for vitamin K epox-
ide reductase (VKOR), which is involved in the synthesis of clot-
ting factors and is the major target for warfarin and other
coumarin anticoagulants.2 Although polymorphisms in either
gene may affect dose requirements, patients with variant alleles
for both genes appear to be particularly sensitive to warfarin;3
initial variability in response may be more strongly associated
with VKOR.4 Identification of affected patients by genetic test-
ing may be used to guide initial warfarin dosage, and a dosage
algorithm has been suggested, although it requires validation.5
Similar effects have also been noted with other coumarins, in-
cluding acenocoumarol6 and phenprocoumon.7
1. Dang M-TN, et al. The influence of ethnicity on warfarin dosage

requirement. Ann Pharmacother 2005; 39: 1008–12. 
2. Schwarz UI, Stein CM. Genetic determinants of dose and clinical

outcomes in patients receiving oral anticoagulants. Clin Phar-
macol Ther 2006; 80: 7–12. 
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3. Aquilante CL, et al. Influence of coagulation factor, vitamin K
epoxide reductase complex subunit 1, and cytochrome P450 2C9
gene polymorphisms on warfarin dose requirements. Clin Phar-
macol Ther 2006; 79: 291–302. 

4. Schwarz UI, et al. Genetic determinants of response to warfarin
during initial anticoagulation. N Engl J Med 2008; 358:
999–1008. 

5. Millican EA, et al. Genetic-based dosing in orthopedic patients
beginning warfarin therapy. Blood 2007; 110: 1511–15. 

6. Schalekamp T, et al. VKORC1 and CYP2C9 genotypes and
acenocoumarol anticoagulation status: interaction between both
genotypes affects overanticoagulation. Clin Pharmacol Ther
2006; 80: 13–22. 

7. Schalekamp T, et al. VKORC1 and CYP2C9 genotypes and
phenprocoumon anticoagulation status: interaction between both
genotypes affects dose requirement. Clin Pharmacol Ther 2007;
81: 185–93.

Macular degeneration. Intra-ocular haemorrhage leading to
loss of vision has been reported1,2 in patients with neovascular
(wet) age-related macular degeneration receiving warfarin, and
caution has been advised3 in such patients.
1. Tilanus MAD, et al. Relationship between anticoagulant medica-

tion and massive intraocular hemorrhage in age-related macular
degeneration. Graefes Arch Clin Exp Ophthalmol 2000; 238:
482–5. 

2. Ung T, et al. Long term warfarin associated with bilateral blind-
ness in a patient with atrial fibrillation and macular degeneration.
Heart 2003; 89: 985. 

3. Kowal LM, Harper CA. Visual complications of warfarin. Med J
Aust 2002; 176: 351.

Interactions
Many compounds interact with warfarin and other oral
anticoagulants. Details of these interactions are given
below for all oral anticoagulants with different groups
of drugs; if the anticoagulant is other than warfarin,
then its identity is specified. The major interactions are
summarised in the tables, below. 

Interactions of a pharmacodynamic nature occurring
with one anticoagulant may well apply to another but
this may not be the case with pharmacokinetic interac-
tions. Many food and herbal preparations also have the

potential to interact with oral anticoagulants; some are
discussed below. 
An interaction may be due to increased or decreased
anticoagulant metabolism; with warfarin some inter-
acting drugs such as cimetidine, co-trimoxazole, or
phenylbutazone have a selective effect on its stereo-
isomers. Altered absorption may sometimes play a
part, as with colestyramine. Displacement of oral anti-
coagulants from plasma protein binding sites has been
reported with many drugs, including some analgesics.
Not all reports that have recorded an alteration in the
pharmacokinetics of the anticoagulant have, however,
shown a corresponding change in clinical response. 
Interference with the coagulation process may be re-
sponsible for the increased risk of haemorrhage when
aspirin, clofibrate, or thyroid hormones are used with
anticoagulants. Many other compounds, such as aspar-
aginase, some contrast media, epoprostenol, streptoki-
nase, and urokinase also carry this risk; while interac-
tions between these compounds and anticoagulants are
not discussed further below, the possibility of an in-
creased risk of haemorrhage should be considered
when they are used together. 
Where there is a risk of serious haemorrhage from an
interaction, then use of both drugs is best avoided. In
other instances the anticoagulant activity should be
carefully monitored so as to increase or decrease the
anticoagulant dose as required. Critical periods are
when patients stabilised on an anticoagulant start treat-
ment with an interacting drug, or when patients stabi-
lised on a regimen of an interacting drug and anticoag-
ulant have the interacting drug withdrawn. Depending
on the mechanism of the interaction, the clinical re-
sponse to the interaction may be rapid or may take
some days. Interactions involving displacement from
plasma protein binding sites are often transient. Some
interacting drugs do not produce predictable effects;
there have for instance been reports of increased as
well as decreased anticoagulant activity with disopyra-
mide, phenytoin, quinidine, and oral contraceptives.
Another problem occurs with dipyridamole; it can
cause bleeding when given to patients taking anticoag-
ulants but without any changes in the measures used
for anticoagulant control.
◊ Reviews.
1. Harder S, Thürmann P. Clinically important drug interactions

with anticoagulants: an update. Clin Pharmacokinet 1996; 30:
416–44. 

2. Greenblatt DJ, von Moltke LL. Interaction of warfarin with
drugs, natural substances, and foods. J Clin Pharmacol 2005;
45: 127–32.

Alcohol. Alcohol has a variable effect on warfarin. Heavy reg-
ular drinkers may have a diminished effect, perhaps through en-
zyme induction, although the effect of warfarin may be increased
in the presence of liver impairment; acute ingestion has enhanced
the effect of warfarin. A moderate alcohol intake is generally not
considered to cause problems.
Analgesics and NSAIDs. All NSAIDs should be used with
caution or not at all in patients on warfarin. Many NSAIDs inhib-
it platelet function to some extent and have an irritant effect on
the gastrointestinal tract, so increasing the risk of haemorrhage.
Furthermore, some NSAIDs increase the hypoprothrombinae-
mic effect of warfarin, possibly by an intrinsic effect on coagula-
tion or by displacement of warfarin from plasma protein-binding
sites. Many studies have compared the relative displacing action
of a range of NSAIDs in vitro, but such studies cannot easily be
extrapolated to the clinical situation. Changes in plasma concen-
tration of unbound warfarin resulting from displacement from
plasma protein-binding sites are usually transient and are most
likely to occur in the first few weeks after an NSAID is added to
or withdrawn from warfarin therapy; monitoring of anticoagu-
lant therapy is, therefore, most critical during this period. 
High doses of aspirin and some other salicylates enhance the hy-
poprothrombinaemic effect of warfarin and should generally be
avoided in patients on oral anticoagulant therapy. Low-dose
aspirin with warfarin may have a role in some patients but the risk
of gastrointestinal bleeding is increased. The possibility of an in-
teraction with topical salicylates should also be considered.1,2 
Use of phenylbutazone with warfarin has led to serious haemor-
rhage and should be avoided. Phenylbutazone affects the metab-
olism of the R- and S- isomers of warfarin in complex and differ-
ent ways with the net effect of enhancing its anticoagulant
activity.3 Related drugs such as oxyphenbutazone, azapropa-
zone,4-6 and feprazone7 behave similarly and should also be
avoided. 

For the following NSAIDs there are a few studies or isolated re-
ports suggesting that they may enhance the hypoprothrombinae-
mic effect of warfarin or other specified oral anticoagulant: dif-
lunisal (with acenocoumarol8 or warfarin9), flurbiprofen (with
acenocoumarol),10 indometacin,11,12 ketoprofen,13 meclofena-
mate sodium,14 mefenamic acid,15 piroxicam, (with warfarin16 or
acenocoumarol17), sulindac,18,19 tiaprofenic acid (with aceno-
coumarol),20 and tolmetin sodium.21 In many cases the result of
concomitant therapy was an increased prothrombin time which
may or may not be clinically significant; in other cases haemor-
rhage occurred. It should also be noted that for many of the above
NSAIDs, perhaps particularly indometacin, there are studies (not
cited) in which no enhancement of warfarin activity was found.
NSAIDs with an apparently minimal effect on warfarin activity
include etodolac, ibuprofen, and naproxen. 
Interactions have also been reported with NSAIDs that are selec-
tive inhibitors of cyclo-oxygenase-2. As with other NSAIDs,
some studies (not cited) have shown a lack of interaction be-
tween warfarin and celecoxib, but there have been several
reports22-25 of an increase in the INR with concomitant therapy
and bleeding has occurred in some patients.24 Increases in INR
have also been reported in studies25,26 of warfarin with rofecoxib;
and there have also been reports of bleeding.27 A small increase
in INR was also reported28 with etoricoxib in healthy subjects but
was thought unlikely to be of clinical significance in most pa-
tients. 
In view of the above considerations, paracetamol is recommend-
ed as the general analgesic and antipyretic of choice in patients
on oral anticoagulant therapy. However, caution should be ob-
served since, although it has no effect on the gastric mucosa or
on platelet function, some studies (with warfarin, anisindione, di-
coumarol, or phenprocoumon)29,30 and isolated reports31 have
found an increased risk of bleeding in patients taking regular dos-
es of paracetamol while on an oral anticoagulant. An increase in
INR has also been reported32 in a controlled study of the use of
paracetamol in patients stabilised on warfarin. Increased moni-
toring of anticoagulant therapy may be appropriate for those also
taking paracetamol regularly. 
Opioid analgesics do not generally cause problems. However,
there have been reports of enhanced anticoagulant activity in pa-
tients given tramadol with warfarin33,34 including 2 deaths from
haemorrhagic stroke,34 and also with phenprocoumon,35 al-
though a randomised, double-blind, placebo-controlled study36

in 19 patients failed to find evidence of an interaction between
phenprocoumon and tramadol. Co-proxamol, a combination of
dextropropoxyphene and paracetamol, has increased the effect of
warfarin.37-39 Co-codamol, a combination of codeine and para-
cetamol, has also enhanced warfarin activity.40 
Amongst other analgesics, glafenine has been reported to possi-
bly enhance the activity of phenprocoumon.41 Phenazone, an in-
ducer of enzyme metabolism, reduces plasma concentrations of
warfarin and, in contrast with most other analgesics, may neces-
sitate an increase in warfarin dosage.42

1. Chow WH, et al. Potentiation of warfarin anticoagulation by
topical methylsalicylate ointment. J R Soc Med 1989; 82:
501–2. 
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15. Holmes EL. Experimental observations on flufenamic,
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19. Ross JRY, Beeley L. Sulindac, prothrombin time, and anticoag-
ulants. Lancet 1979; ii: 1075. 
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40: 440. 

Drugs generally recognised as diminishing the effects of
oral anticoagulants are included in the following list.
Further information on the interactions with these drugs
and others where the interaction is not so well
recognised is provided in the referenced section below.

acetomenaphthone
alcohol (chronic ingestion 

without liver impairment)
aminoglutethimide
barbiturates
bosentan
carbamazepine
dichloralphenazone

ethchlorvynol
glutethimide
griseofulvin
nafcillin
phytomenadione
rifampicin
St John’s wort

Drugs recognised or generally reported as enhancing
oral anticoagulants are included in the following list.
Further information on the interactions with these drugs
and others where the interaction is not so well
recognised is provided in the referenced section below.

alcohol (acute ingestion 
or chronic ingestion with
liver impairment)

allopurinol
amiodarone
aspirin
cefamandole
chloramphenicol
cimetidine
clofibrate
cloral hydrate
co-trimoxazole
danazol
dextropropoxyphene
dextrothyroxine
dipyridamole
disulfiram
erythromycin
etacrynic acid

ethylestrenol
fluconazole
glucagon
itraconazole
ketoconazole
metronidazole
miconazole
norethandrolone
NSAIDs
oxymetholone
quinidine
stanozolol
sulfinpyrazone
tamoxifen
telithromycin
thyroid agents
tramadol
triclofos sodium
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Antiarrhythmics. Amiodarone has been shown in several
studies to increase the activity of warfarin1-5 and acenocou-
marol,6,7 probably through inhibition of metabolism. The poten-
tiating effect of amiodarone has been reported to persist for up to
4 months after its withdrawal.1 Phenprocoumon has been report-
ed to be either unaffected8 or potentiated9 by amiodarone. Isolat-
ed reports with disopyramide10 and quinidine11 have suggested
that these drugs can enhance the anticoagulant effect of warfarin.
In 7 patients on warfarin or dicoumarol treated with disopyra-
mide or quinidine, however, all but one needed a small increase
in the weekly anticoagulant dose suggesting that the antiarrhyth-
mic had reduced the anticoagulant effect.12 Since the effect was
observed after conversion of atrial fibrillation to sinus rhythm an
involvement of haemodynamic factors was postulated. Several
studies (not cited) have failed to show an effect of quinidine on
warfarin. There are also reports indicating that propafenone13

and moracizine14 can enhance warfarin.
1. Martinowitz U, et al. Interaction between warfarin sodium and

amiodarone. N Engl J Med 1981; 304: 671–2. 
2. Almog S, et al. Mechanism of warfarin potentiation by amiodar-

one: dose—and concentration—dependent inhibition of warfa-
rin elimination. Eur J Clin Pharmacol 1985; 28: 257–61. 

3. Watt AH, et al. Amiodarone reduces plasma warfarin clearance
in man. Br J Clin Pharmacol 1985; 20: 707–9. 

4. O’Reilly RA, et al. Interaction of amiodarone with racemic war-
farin and its separated enantiomorphs in humans. Clin Pharma-
col Ther 1987; 42: 290–4. 

5. Kerin NZ, et al. The incidence, magnitude, and time course of
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6. Arboix M, et al. The potentiation of acenocoumarol anticoagu-
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7. Richard C, et al. Prospective study of the potentiation of aceno-
coumarol by amiodarone. Eur J Clin Pharmacol 1985; 28:
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8. Verstraete M, et al. Dissimilar effect of two anti-anginal drugs
belonging to the benzofuran group on the action of coumarin
derivatives. Arch Int Pharmacodyn Ther 1968; 176: 33–41. 

9. Broekmans AW, Meyboom RHB. Potentiëring van het cuma-
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11. Gazzaniga AB, Stewart DR. Possible quinidine-induced hemor-
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Antibacterials. Several antibacterials have been involved in
interactions with warfarin. Only a few reports are of serious ef-
fects and it is unlikely that any of the drugs need to be contra-
indicated with warfarin; careful control should suffice. 
Most of the drugs enhance the effects of warfarin. Apart from
possible effects on the metabolism or plasma-protein binding of
warfarin, some antibacterials may interfere with platelet function
or with the bacterial synthesis of vitamin K in the gastrointestinal
tract and thus have an anticoagulant effect of their own. This is
generally considered unlikely to be of clinical significance ex-
cept, perhaps, in patients with an inadequate vitamin K intake.
Fever itself may increase the catabolism of clotting factors and
exaggerate a potential antibacterial-warfarin interaction. 
There are several reports of an enhanced warfarin response with
co-trimoxazole; stereospecific inhibition of warfarin metabolism
is probably responsible.1 The interaction is generally attributed
to the sulfamethoxazole moiety and there are isolated reports
suggesting that the activity of warfarin (or other specified oral
anticoagulant) may be enhanced by other sulfonamides includ-
ing sulfafurazole,2 sulfamethizole,3 and sulfaphenazole (with
phenindione).4 
There are several reports of potentiation of the effects of warfarin
by erythromycin or its salts; inhibition of warfarin metabolism
probably occurs. Although no clinically-significant increase in
prothrombin time was found in 8 non-infected patients, the po-
tential for an interaction was recognised.5 An enhanced response
to warfarin has also been reported with azithromycin,6,7 with rox-
ithromycin,8 which included reports of spontaneous bleeding,
and with telithromycin,9,10 including a case of mild haemopty-
sis . 9  Clarithromycin  may potentiate the effect  of
acenocoumarol11 and of warfarin,12 although other factors may
also have been involved in this case. 
Cefamandole has been reported to enhance the hypoprothrombi-
naemic response to warfarin.13,14 Interference with vitamin K
synthesis in the gastrointestinal tract and/or liver has been impli-
cated. Related cephalosporins with an N-methylthiotetrazole
side-chain such as cefmetazole, cefmenoxime, cefoperazone, and
latamoxef may be expected to behave similarly although there
appear to be no reports of an interaction. Cefazolin, which has a
similar side-chain, may also enhance the effect of warfarin to
some extent.14 
There have been reports of increased activity of warfarin (or oth-
er specified oral anticoagulant) by quinolone antibacterials in-
cluding nalidixic acid (with warfarin15,16 or acenocoumarol17),
ciprofloxacin,18-20 gatifloxacin,20,21 levofloxacin,20,22 moxi-
floxacin,20,23 norfloxacin,20,24 and ofloxacin,25,26 although for
some of these there are also studies indicating no effect (not
cited). Enoxacin has been reported to decrease the clearance of
R-warfarin but not S-warfarin; no prolongation of prothrombin
time occurred.27 
There are isolated reports suggesting an enhanced effect of war-
farin (or other specified oral anticoagulant) with aminosalicylic
acid,28 benzylpenicillin,29 chloramphenicol (with dicoumarol),30

doxycycline,31 isoniazid,32 and neomycin.33 Prothrombin times
might be prolonged by broad-spectrum antibacterials such as
ampicillin, and there has been a report34 of an increased INR and
haematuria in a patient taking warfarin with amoxicillin and cla-
vulanic acid. Manufacturers’ warnings of potentiation of warfa-
rin by aztreonam, trimethoprim, and tetracyclines other than
doxycycline appear to have only a theoretical basis. Metronida-
zole is discussed under Antiprotozoals, below. 
Rifampicin diminishes the effect of warfarin by induction of
metabolising enzymes in the liver. There are several reports of a
similar effect with nafcillin35-37 and with dicloxacillin sodi-
um.38,39
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Antidepressants. Amitriptyline and nortriptyline have been
reported to prolong the half-life of dicoumarol in healthy sub-
jects.1,2 The few reports investigating the effect of tricyclic anti-
depressants on warfarin have not been able to conclude that a
significant interaction exists. Mianserin and phenprocoumon
have been reported not to interact.3 
The BNF considers that there is a possible risk of increased war-
farin activity with SSRIs; increased warfarin activity has been re-
ported in a few patients taking fluoxetine,4 in a patient taking flu-
voxamine,5 and another taking the SNRI duloxetine.6 There has
also been a report of increased anticoagulant activity in a patient
taking acenocoumarol and citalopram.7 
An increase in the dose of warfarin has been required by patients
also taking trazodone.8,9 
See also St John’s Wort, p.1432.
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Antidiabetics. There have been a few early instances of tol-
butamide enhancing the activity of dicoumarol.1 However, this
effect has not been seen in later studies involving dicoumarol,1-3

warfarin,2 and phenprocoumon,4 although one study did find al-
tered dicoumarol pharmacokinetics.3 An absence of effect has
been documented for phenprocoumon and insulin, glibencla-
mide, or glibornuride,4 but there is a report of glibenclamide en-
hancing the effect of warfarin.5 
There has been an isolated report of bleeding in a patient taking
phenformin and warfarin.6 Metformin has been reported to
diminish phenprocoumon activity.7 
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An enhanced response to warfarin has been reported in a patient
receiving troglitazone.8 
Coumarin anticoagulants may increase the hypoglycaemic effect
of sulfonylureas (see p.462).
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Antiepileptics. Barbiturates such as phenobarbital and primi-
done diminish the activity of warfarin and other coumarins
through increased metabolism. Carbamazepine is reported to
have a similar effect.1,2 Reports of the effect of phenytoin on
anticoagulants do not provide a clear picture. There are reports of
phenytoin enhancing the effects of warfarin3,4 and a report of in-
itial enhancement followed by decreased anticoagulant action.5
Phenytoin has been reported to diminish the effect of dicou-
marol.6 Addition of felbamate has been reported7 to necessitate a
reduction in warfarin dosage. In another patient there was a tran-
sient increase in response to warfarin when valproic acid was
started.8 Valproate also inhibits platelet function and caution is
required with warfarin and other anticoagulants. 
For the effect of oral anticoagulants on phenytoin, see p.498.
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Antifungals. Griseofulvin has been reported to diminish the ac-
tivity of warfarin.1-3 There are several reports indicating that
miconazole, given either systemically or topically as the oral gel,
may enhance the activity of oral anticoagulants (warfarin, ethyl
biscoumacetate, acenocoumarol, phenindione, and tioclomar-
ol).4-11 Absorption of miconazole after intravaginal use may have
enhanced the activity of acenocoumarol in 2 patients;12 it en-
hanced the activity of warfarin13 in another. Studies in healthy
subjects given a single warfarin dose14,15 support case reports16-18

suggesting that fluconazole may increase the anticoagulant activ-
ity of warfarin. There are isolated reports of the potentiation of
warfarin by itraconazole19 and ketoconazole,20 and of unspeci-
fied coumarins by topical bifonazole or econazole.21 There has
been a case report of a reduction in the effect of warfarin by ter-
binafine,22 although a study23 in healthy subjects found no clini-
cally significant interaction, and others24 considered that no in-
teraction usually occurs. A case of potentiation of warfarin by
terbinafine has also been reported;25 the authors speculate that
concomitant cimetidine may have contributed to the interaction
by increasing plasma-terbinafine concentrations.
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Antigout drugs. The two drugs in this group mostly implicated
in interactions with anticoagulants are allopurinol and sulfin-
pyrazone. 
With allopurinol there are conflicting reports of patients experi-
encing no interaction or an enhanced anticoagulant effect with
dicoumarol,1 phenprocoumon,2 or warfarin.3,4 
Interactions with sulfinpyrazone have usually involved warfarin
and, apart from a case of a mixed response,5 have involved in-
creased anticoagulant activity, sometimes with haemorrhage, so
calling for careful control. It is still not clear how sulfinpyrazone
exerts its effect, but studies point to a stereoselective effect on
warfarin metabolism where the S-isomer’s metabolic clearance
is inhibited;6 sulfinpyrazone also affects platelets. Sulfinpyra-
zone has also enhanced the anticoagulant activity of acenocou-
marol.7 A significant interaction with phenprocoumon appears
unlikely.8 
Probenecid has accelerated the elimination of a single dose of
phenprocoumon without effect on the prothrombin time.9 
Benziodarone has been reported to enhance the effects of warfa-
rin, diphenadione, ethyl biscoumacetate, and acenocoumarol,
but not of dicoumarol, phenindione, or phenprocoumon.10 A fur-
ther study11 confirmed that benziodarone could increase the half-
life of ethyl biscoumacetate, but also found that the effect of
phenprocoumon was enhanced. A study12 of benzbromarone,
which is structurally related to benziodarone, concluded that it
enhanced the effect of warfarin by inhibition of the cytochrome
P450 isoenzyme CYP2C9, leading to a stereoselective inhibition
of the metabolism of warfarin.
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Antihistamines. There has been a report1 of a raised INR and
severe epistaxis in a patient after the addition of cetirizine to
long-term acenocoumarol.
1. Berod T, Mathiot I. Probable interaction between cetirizine and

acenocoumarol. Ann Pharmacother 1997; 31: 122.

Antimalarials. The ingestion of large amounts of tonic water
by 2 patients necessitated a reduction in warfarin dosage. The
enhanced effect was attributed to the quinine content of the tonic
water.1 A woman stabilised on warfarin developed haematuria
and a high prothrombin ratio after taking proguanil for malaria
prophylaxis.2
1. Clark DJ. Clinical curio: warfarin and tonic water. BMJ 1983;

286: 1258. 
2. Armstrong G, et al. Warfarin potentiated by proguanil. BMJ

1991; 303: 789.

Antimuscarinics. There have been 2 cases reported1 of toltero-
dine enhancing the effect of warfarin. It was stated that the man-
ufacturers of tolterodine were aware of 6 reports of a possible
interaction with warfarin.
1. Colucci VJ, Rivey MP. Tolterodine–warfarin drug interaction.

Ann Pharmacother 1999; 33: 1173–6.

Antineoplastics. There have been several reports of interac-
tions between warfarin and antineoplastics. No clear picture
emerges from these reports which is not surprising considering
that antineoplastics are often given in combination and that they
can exert their own haematological effects. Cyclophosphamide
for instance has been associated with an increase in warfarin’s
activity when given with methotrexate and fluorouracil,1 but
with a decrease when given with non-antineoplastic drugs.2 An
increase in the activity of warfarin and mucous membrane bleed-
ing occurred in a patient who had 4 courses of fluorouracil and
folic acid at weekly intervals.3 The patient was also taking in-
dometacin. Warfarin dosage had to be reduced in 5 patients given
fluorouracil-based antineoplastic regimens.4 An increase in the
effect of warfarin has been reported when given with fluorouracil
and levamisole (see Levamisole, below). Capecitabine increases
plasma-warfarin concentrations5 and there have been reports of
increased warfarin activity,5-7 in 1 case resulting in gastrointesti-
nal bleeding;6 licensed product information for capecitabine
states that altered coagulation parameters and bleeding have also
occurred with phenprocoumon. There have been 2 cases
reported8 where trastuzumab enhanced the effect of warfarin.
Etoposide with vindesine9 or with carboplatin,10 ifosfamide with
mesna,11 and tamoxifen12-14 have all produced an increased anti-
coagulant effect. Aminoglutethimide has led to decreased activity
of warfarin or acenocoumarol,15,16 probably due to increased
warfarin metabolism. Licensed product information for the anti-
androgen flutamide states that increases in prothrombin time
have been reported after starting flutamide therapy in patients on
long-term warfarin. In vitro data indicate a similar reaction is
likely with bicalutamide. Mercaptopurine17 and mitotane18 have
also decreased warfarin activity. Licensed product information
for vorinostat states that prolongation of prothrombin time has
been seen when the drug is given with coumarin derivatives; pro-
thrombin time and INR should be monitored in patients given
both drugs.
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Antiplatelets. The interaction between anticoagulants and
dipyridamole is unusual as bleeding can occur without any alter-
ation in prothrombin times; special care is therefore required.
This interaction has involved a small number of patients taking
dipyridamole and warfarin or phenindione;1 inhibition of platelet
function by dipyridamole has been implicated. However, in gen-
eral it does not appear to increase the risk of bleeding.2 
Paradoxically, addition of ticlopidine was found to significantly
increase acenocoumarol requirements.3 
See also under Analgesics and NSAIDs (above).
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Antiprotozoals. Metronidazole enhances the activity of
warfarin1,2 through selective inhibition of the metabolism of its
S-isomer.3
1. Kazmier FJ. A significant interaction between metronidazole

and warfarin. Mayo Clin Proc 1976; 51: 782–4. 



1430   Cardiovascular Drugs
2. Dean RP, Talbert RL. Bleeding associated with concurrent war-

farin and metronidazole therapy. Drug Intell Clin Pharm 1980;
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Antithyroid drugs. See Thyroid and Antithyroid Drugs, be-
low.
Antivirals. Reductions in dosage of either warfarin1 or
acenocoumarol2 were necessary in 2 patients receiving interfer-
on alfa for hepatitis C. The interactions may have been due to
decreased metabolism of the anticoagulant. A similar need for a
reduced warfarin dose had also been noted in other patients tak-
ing interferon alfa-2b or interferon beta.1 However, in a patient
taking interferon alfa-2b with ribavirin,3 the warfarin dose need-
ed to be increased, probably due to the interaction between riba-
virin and warfarin. 
An enhanced response to warfarin has been reported4 in a patient
taking saquinavir. The mechanism may involve competitive in-
hibition of warfarin metabolism and might also occur with other
HIV-protease inhibitors. However, a decreased response to war-
farin seemed to be caused by ritonavir when it was added to the
multidrug therapy of a patient.5 Ritonavir has also been reported
to decrease the response to acenocoumarol.6 
Up to October 2005 there had been 19 reports7 received by the
Canadian health authorities (Health Canada) of enhanced re-
sponse to warfarin between 1 and 11 days after starting oseltami-
vir. The increased INR ranged from 3.2 to 10.9; however, there
was not enough information to be certain of causality. In 3 other
cases there was a decrease in INR on the addition of oseltamivir.
1. Adachi Y, et al. Potentiation of warfarin by interferon. BMJ

1995; 311: 292. 
2. Serratrice J, et al. Interferon-alpha 2b interaction with acenocou-

marol. Am J Hematol 1998; 57: 89. 
3. Schulman S. Inhibition of warfarin activity by ribavirin. Ann

Pharmacother 2002; 36: 72–4. 
4. Darlington MR. Hypoprothrombinemia during concomitant

therapy with warfarin and saquinavir. Ann Pharmacother 1997;
31: 647. 

5. Knoell KR, et al. Potential interaction involving warfarin and
ritonavir. Ann Pharmacother 1998; 32: 1299–1302. 

6. Llibre JM, et al. Severe interaction between ritonavir and acen-
ocoumarol. Ann Pharmacother 2002; 36: 621–3. 

7. Health Canada. Oseltamivir (Tamiflu) and warfarin: suspected
increase in INR. Can Adverse React News 2006; 16 (1): 1–2.
Also available at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/medeff/carn-bcei_v16n1-eng.pdf (accessed
19/08/08)

Anxiolytic sedatives, hypnotics, and antipsychotics. Bar-
biturates, by inducing liver metabolism, can reduce the activity
of anticoagulants; glutethimide has a similar action. The benzo-
diazepines do not generally have any effect although there is the
rare report of increased or decreased activity. 
Although there is a report suggesting that cloral hydrate may de-
crease the effect of dicoumarol by enzyme induction,1 other stud-
ies and experience indicate an increase in the anticoagulant activ-
ity of warfarin.2-4 However, the increase is only transient and is
probably the result of displacement of warfarin from plasma pro-
tein binding sites by the metabolite trichloroacetic acid.2 Tri-
clofos sodium appears to increase the activity of warfarin in a
similar way.5 
Reduced anticoagulant activity has been reported with dichloral-
phenazone,6,7 ethchlorvynol (with dicoumarol),8 and haloperidol
(with phenindione).9 Compounds such as meprobamate and
methaqualone appear to have no effect.
1. Cucinell SA, et al. The effect of chloral hydrate on bishydroxy-

coumarin metabolism: a fatal outcome. JAMA 1966; 197: 366–8. 
2. Sellers EM, Koch-Weser J. Kinetics and clinical importance of

displacement of warfarin from albumin by acidic drugs. Ann N Y
Acad Sci 1971; 179: 213–25. 

3. Boston Collaborative Drug Surveillance Program. Interaction
between chloral hydrate and warfarin. N Engl J Med 1972; 286:
53–5. 

4. Udall JA. Warfarin-chloral hydrate interaction: pharmacological
activity and clinical significance. Ann Intern Med 1974; 81:
341–4. 

5. Sellers EM, et al. Enhancement of warfarin-induced hypopro-
thrombinemia by triclofos. Clin Pharmacol Ther 1972; 13:
911–15. 

6. Breckenridge A, Orme M. Clinical implications of enzyme in-
duction. Ann N Y Acad Sci 1971; 179: 421–3. 

7. Whitfield JB, et al. Changes in plasma α-glutamyl transpeptidase
activity associated with alterations in drug metabolism in man.
BMJ 1973; 1: 316–18. 

8. Johansson S-A. Apparent resistance to oral anticoagulant thera-
py and influence of hypnotics on some coagulation factors. Acta
Med Scand 1968; 184: 297–300. 

9. Oakley DP, Lautch H. Haloperidol and anticoagulant treatment.
Lancet 1963; ii: 1231.

Beta blockers. Beta blockers, particularly those with a high li-
pid solubility such as propranolol, may inhibit the metabolism of
warfarin.1 Although a number of studies have shown pharma-
cokinetic interactions between some beta blockers and oral anti-
coagulants, no effect on anticoagulant activity has generally been
found. However, possible potentiation of the effect of warfarin
by propranolol2 has been reported.
1. Mantero F, et al. Effect of atenolol and metoprolol on the antico-

agulant activity of acenocoumarin. Br J Clin Pharmacol 1984;
17: 94S–96S. 

2. Bax NDS, et al. Inhibition of drug metabolism by β-adrenoceptor
antagonists. Drugs 1983; 25 (suppl 2): 121–6.

Central stimulants. Methylphenidate has been reported both
to increase the half-life of ethyl biscoumacetate,1 and to have no
effect on its half-life or anticoagulant activity.2 Prolintane had no
effect.2
1. Garrettson LK, et al. Methylphenidate interaction with both an-

ticonvulsants and ethyl biscoumacetate: a new action of methyl-
phenidate. JAMA 1969; 207: 2053. 

2. Hague DE, et al. The effect of methylphenidate and prolintane
on the metabolism of ethyl biscoumacetate. Clin Pharmacol
Ther 1971; 12: 259–62.

Chamomile. A 70-year-old woman stabilised on warfarin de-
veloped multiple internal haemorrhages after she increased her
use of chamomile lotion and consumption of chamomile tea to 4
or 5 times per day.1 The interaction was considered to be due to
the coumarin constituent of chamomile.
1. Segal R, Pilote L. Warfarin interaction with Matricaria chamo-

milla. Can Med Assoc J 2006; 174: 1281–2.

Chinese herbal remedies. There have been a number of re-
ports of increased anticoagulation in patients taking Chinese
herbal remedies with warfarin.1-6 The remedies have ranged
from single ingredient herbal preparations to complex multi-in-
gredient products, sometimes sold under the same brand name
but with very different compositions.
1. Yu CM, et al. Chinese herbs and warfarin potentiation by ‘Dan-

shen’. J Intern Med 1997; 241: 337–9. 
2. Izzat MB, et al. A taste of Chinese medicine! Ann Thorac Surg

1998; 66: 941–2. 
3. Page RL, Lawrence JD. Potentiation of warfarin by dong quai.

Pharmacotherapy 1999; 19: 870–6. 
4. Chan TYK. Interaction between warfarin and danshen (Salvia

miltiorrhiza). Ann Pharmacother 2001; 35: 501–4. 
5. Lam AY, et al. Possible interaction between warfarin and Lycium

barbarum L. Ann Pharmacother 2001; 35: 1199–1201. 
6. Wong ALN, Chan TYK. Interaction between warfarin and the

herbal product Quilinggao. Ann Pharmacother 2003; 37: 836–8.

Corticosteroids and corticotropin. Corticosteroids are as-
sociated with an increase in blood coagulability, but their exten-
sive use with anticoagulants, and very few reports of interaction,
suggests that any problems are rare. However, there are some re-
ports of corticosteroids or corticotropin either enhancing1-3 or
diminishing4 the effects of anticoagulants. A retrospective study5

in patients on long-term warfarin therapy given short courses of
oral corticosteroids found that in most cases (29 of 32) there was
an increase in INR, suggesting that careful monitoring is re-
quired.
1. Van Cauwenberge H, Jaques LB. Haemorrhagic effect of ACTH

with anticoagulants. Can Med Assoc J 1958; 79: 536–40. 
2. Costedoat-Chalumeau N, et al. Potentiation of vitamin K antag-

onists by high-dose intravenous methylprednisolone. Ann Intern
Med 2000; 132: 631–5. 

3. Stading JA, et al. Effects of prednisone on the international nor-
malized ratio. Am J Health-Syst Pharm 2006; 63: 2354–6. Cor-
rection. ibid.  2007; 64: 130. 

4. Chatterjea JB, Salomon L. Antagonistic effect of ACTH and cor-
tisone on the anticoagulant activity of ethyl biscoumacetate.
BMJ 1954; 2: 790–2. 

5. Hazlewood KA, et al. Effect of oral corticosteroids on chronic
warfarin therapy. Ann Pharmacother 2006; 40: 2101–6.

Cough suppressants. An increase in the activity of warfarin
has been reported in patients taking noscapine1,2 or oxolamine.3
A subsequent study3 suggested that the dose of warfarin should
be reduced by 50% if oxolamine was started. 
See also Menthol, below.
1. Scordo MG, et al. Warfarin–noscapine interaction: a series of

four case reports. Ann Pharmacother 2008; 42: 448–50. 
2. Ohlsson S, et al. Noscapine may increase the effect of warfarin.

Br J Clin Pharmacol 2008; 65: 277–8. 
3. Min KA, et al. Effect of oxolamine on anticoagulant effect of

warfarin. Am J Health-Syst Pharm 2006; 63: 153–6.

Cranberry. Between 1999 and 2003 the UK CSM1 had re-
ceived 5 reports suggesting an interaction between warfarin and
cranberry juice. In 3 patients the activity of warfarin had been
potentiated and one of them had died. In the other patients the
INR was either reduced or unstable. By 2004 there had been 7
further reports of suspected interactions and the CSM advised2

patients to avoid cranberry juice and other cranberry products
while taking warfarin. However. despite case reports suggesting
an increase in warfarin activity, the potential for a pharmacoki-
netic effect has been questioned,3 and pharmacokinetic studies4,5

have failed to confirm an interaction.
1. Committee on Safety of Medicines/Medicines and Healthcare

products Regulatory Agency. Possible interaction between warfa-
rin and cranberry juice. Current Problems 2003; 29: 8. Also avail-
able at: http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON007450&RevisionSelectionMethod=
LatestReleased (accessed 23/06/06) 

2. Committee on Safety of Medicines/Medicines and Healthcare
products Regulatory Agency. Interaction between warfarin and
cranberry juice: new advice. Current Problems 2004; 30: 10.
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3. Pham DQ, Pham AQ. Interaction potential between cranberry
juice and warfarin. Am J Health-Syst Pharm 2007; 64: 490–4. 

4. Li Z, et al. Cranberry does not affect prothrombin time in male
subjects on warfarin. J Am Diet Assoc 2006; 106: 2057–61. 

5. Lilja JJ, et al. Effects of daily ingestion of cranberry juice on the
pharmacokinetics of warfarin, tizanidine, and midazolam—
probes of CYP2C9, CYP1A2, and CYP3A4. Clin Pharmacol
Ther 2007; 81: 833–9.

Dermatological drugs. A patient’s warfarin dose had to be
increased when he started treatment with etretinate.1
1. Ostlere LS, et al. Reduced therapeutic effect of warfarin caused

by etretinate. Br J Dermatol 1991; 124: 505–10.

Dietary supplements. There have been reports of an in-
creased INR in patients taking warfarin and dietary supplements
containing glucosamine and chondroitin,1,2 and the UK CHM
advises3 that patients on warfarin should not take glucosamine.
A similar effect has been reported4 with poliglusam.
1. Rozenfeld V, et al. Possible augmentation of warfarin effect by

glucosamine-chondroitin. Am J Health-Syst Pharm 2004; 61:
306–7. 

2. Knudsen JF, Sokol GH. Potential glucosamine-warfarin interac-
tion resulting in increased international normalized ratio: case
report and review of the literature and MedWatch database.
Pharmacotherapy 2008; 28: 540–8. 

3. CHM/MHRA. Glucosamine adverse reactions and interactions.
Current Problems 2006; 31: 8. Available at: 
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_
FILE&dDocName=CON2023860&RevisionSelectionMethod=
LatestReleased (accessed 31/07/08) 

4. Huang S-S, et al. Chitosan potentiation of warfarin effect. Ann
Pharmacother 2007; 41: 1912–14.

Disulfiram. Two reports suggesting that disulfiram enhances
the activity of warfarin1,2 were confirmed by a study in 8 healthy
subjects.3 Although inhibition of liver enzymes by disulfiram
was considered responsible,3 a later study4 suggested that di-
sulfiram acts directly on the liver to increase hypoprothrombi-
naemia. This interaction is complicated by the variable effects of
alcohol on warfarin (see above). Special care is therefore called
for when these drugs are used together.
1. Rothstein E. Warfarin effect enhanced by disulfiram. JAMA

1968; 206: 1574–5. 
2. Rothstein E. Warfarin effect enhanced by disulfiram (Antabuse).

JAMA 1972; 221: 1052–3. 
3. O’Reilly RA. Interaction of sodium warfarin and disulfiram

(Antabuse ) in man. Ann Intern Med 1973; 78: 73–6. 
4. O’Reilly RA. Dynamic interaction between disulfiram and sepa-

rated enantiomorphs of racemic warfarin. Clin Pharmacol Ther
1981; 29: 332–6.

Diuretics. Etacrynic acid has been reported to enhance the ac-
tivity of warfarin.1 Chlortalidone2 and spironolactone3 have both
been associated with a reduction in warfarin’s activity in healthy
subjects and it has been suggested that this might be a conse-
quence of the diuresis concentrating the circulating clotting fac-
tors. However, bumetanide, furosemide, and the thiazides appear
to have no effect on warfarin.
1. Petrick RJ, et al. Interaction between warfarin and ethacrynic ac-

id. JAMA 1975; 231: 843–4. 
2. O’Reilly RA, et al. Impact of aspirin and chlorthalidone on the

pharmacodynamics of oral anticoagulant drugs in man. Ann N Y
Acad Sci 1971; 179: 173–86. 

3. O’Reilly RA. Spironolactone and warfarin interaction. Clin
Pharmacol Ther 1980; 27: 198–201.

Endothelin receptor antagonists. A study in healthy
subjects1 showed that bosentan decreased the anticoagulant ef-
fect of warfarin; a case report2 confirmed this.
1. Weber C, et al. Effect of the endothelin-receptor antagonist

bosentan on the pharmacokinetics and pharmacodynamics of
warfarin. J Clin Pharmacol 1999; 39: 847–54. 

2. Murphey LM, Hood EH. Bosentan and warfarin interaction. Ann
Pharmacother 2003; 37: 1028–31.

Gastrointestinal drugs. Antacids may or may not interact
with warfarin. Bismuth carbonate and magnesium trisilicate for
example have been reported to reduce warfarin’s absorption,1 but
aluminium hydroxide has been observed to have no effect on
warfarin or dicoumarol.2 Psyllium3 and magnesium hydroxide2

have also been reported to have no effect on warfarin, but the
latter has increased the plasma concentrations of dicoumarol.2 
There have been occasional reports of sucralfate diminishing the
effect of warfarin.4-6 
Histamine H2-antagonists have been widely studied. There are
several reports indicating that cimetidine can enhance the antico-
agulant effect of warfarin and haemorrhage has occurred. A
number of studies show that cimetidine can increase the plasma
concentration and half-life of warfarin and that there is a selec-
tive inhibitory effect on the metabolism of its R-isomer.7-10 Not
all these studies have, however, found an increase in pro-
thrombin time. The effect of cimetidine on warfarin appears to be
dose-dependent7 and to be subject to interindividual variation;9,10

careful monitoring is needed. Limited evidence suggests that
cimetidine has a similar effect on the metabolism of
acenocoumarol11,12 and phenindione11 but not of phenprocou-
mon.13 Studies with ranitidine have generally been unable to
show an effect on the metabolism of warfarin,10,14 although in
one study warfarin clearance was reduced.7 There is a case report
suggesting that potentiation of warfarin by ranitidine may occa-
sionally occur.15 
One study has suggested that omeprazole could inhibit the
metabolism of R-warfarin although a clinically significant effect
was unlikely.16 No evidence of an interaction was found in a ret-
rospective study17 of patients on acenocoumarol and omepra-
zole. Similarly, pantoprazole appears to have no effect on the
pharmacokinetics or pharmacodynamics of warfarin18 or phen-
procoumon.19 
A marked increase in the effect of warfarin has been reported in
a patient when cisapride was added.20 
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A study21 in healthy subjects found that aprepitant caused a
small decrease in plasma concentration of the more active S-iso-
mer of warfarin and there was also a decrease in INR. 
A reduction in the response to warfarin with development of ve-
nous thrombosis has been reported in a patient receiving mesala-
zine,22 and in another patient receiving sulfasalazine.23
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Ginkgo biloba. There is a report1 of a woman stabilised on war-
farin for 5 years who suffered an intracerebral haemorrhage 2
months after starting Ginkgo biloba, possibly due to the additive
effect of the latter’s antiplatelet activity. However, a study2 in
healthy subjects found no evidence that ginkgo affected warfarin
pharmacokinetics or coagulation.
1. Matthews MK. Association of Ginkgo biloba with intracerebral

hemorrhage. Neurology 1998; 50: 1933–4. 
2. Jiang X, et al. Effect of ginkgo and ginger on the pharmacokinet-

ics and pharmacodynamics of warfarin in healthy subjects. Br J
Clin Pharmacol 2005; 59: 425–32.

Ginseng. A reduction in the response to warfarin was reported1

in a patient after taking a ginseng preparation. A study2 in healthy
subjects also found a small reduction in response.
1. Janetzky K, Morreale AP. Probable interaction between warfarin

and ginseng. Am J Health-Syst Pharm 1997; 54: 692–3. 
2. Yuan C-S, et al. American ginseng reduces warfarin’s effect in

healthy patients: a randomized, controlled trial. Ann Intern Med
2004; 141: 23–7.

Glucagon. A dose-dependent enhancement of warfarin’s anti-
coagulant activity has been reported with glucagon.1
1. Koch-Weser J. Potentiation by glucagon of the hypoprothrom-

binemic action of warfarin. Ann Intern Med 1970; 72: 331–5.

Glucosamine. See Dietary Supplements, above.
Immunosuppressants. Severe bleeding occurred in a patient
on long-term warfarin after stopping azathioprine,1 while anoth-
er patient2 required an increased dose of warfarin when it was
given with azathioprine. 
There have been a few case reports of interaction between war-
farin or acenocoumarol and ciclosporin, in which the dose of the
anticoagulant or ciclosporin or both needed to be altered (see An-
ticoagulants under Interactions of Ciclosporin, p.1827). 
There has been a report3 of leflunomide enhancing the effects of
warfarin, causing gross haematuria after the second dose; the pa-
tient’s INR rose from 3.4 to 11. It was stated that the UK CSM
had received 4 reports of increased INR with leflunomide up to
the end of 2002.
1. Singleton JD, Conyers L. Warfarin and azathioprine: an impor-

tant drug interaction. Am J Med 1992; 92: 217. 

2. Rotenberg M, et al. Effect of azathioprine on the anticoagulant
activity of warfarin. Ann Pharmacother 2000; 34: 120–2. 

3. Lim V, Pande I. Leflunomide can potentiate the anticoagulant
effect of warfarin. BMJ 2002; 325: 1333. Correction. ibid. 2003;
326: 432.

Leukotriene antagonists. Zafirlukast is reported to decrease
the clearance of S-warfarin.1 Licensed product information for
zafirlukast states that it probably inhibits the cytochrome P450
isoenzyme CYP2C9 which is involved in the metabolism of war-
farin. Prothrombin time may be significantly prolonged when
zafirlukast is added and warfarin dosage should be adjusted ac-
cordingly. 
A study2 of montelukast and warfarin found no significant inter-
action between the two drugs.
1. Suttle AB, et al. Effect of zafirlukast on the pharmacokinetics of

R- and S-warfarin in healthy men. Clin Pharmacol Ther 1997;
61: 186. 

2. Van Hecken, et al. Effect of montelukast on the pharmacokinet-
ics and pharmacodynamics of warfarin in healthy volunteers. J
Clin Pharmacol 1999; 39: 495–500.

Levamisole. An increased INR has been reported1 in a patient
taking chronic warfarin therapy after addition of levamisole and
fluorouracil, possibly due to inhibition of warfarin metabolism.
Interactions between warfarin and other fluorouracil-containing
regimens have been reported (see Antineoplastics, above) but lev-
amisole might also be involved. In a second patient, a similar re-
action was reported2 after levamisole and fluorouracil and an ep-
isode of bleeding subsequently occurred after levamisole alone.
1. Scarfe MA, Israel MK. Possible drug interaction between warfa-

rin and combination of levamisole and fluorouracil. Ann Phar-
macother 1994; 28: 464–7. 

2. Wehbe TW, Warth JA. A case of bleeding requiring hospitaliza-
tion that was likely caused by an interaction between warfarin
and levamisole. Clin Pharmacol Ther 1996; 59: 360–2.

Lipid regulating drugs. Fibrates have been reported to interact
with coumarin anticoagulants. Clofibrate can enhance the activ-
ity of warfarin, sometimes to the point of haemorrhage. The
mechanism of this interaction is not clear, but it does not appear
to be a pharmacokinetic effect. Similar enhancement of activity
has been reported with clofibrate and dicoumarol or phenindi-
one. Bezafibrate has been reported to enhance the effect of
phenprocoumon1 and warfarin,2 and fenofibrate3 and
gemfibrozil4 have been reported to enhance the effect of warfa-
rin, although a study5 in healthy subjects found that gemfibrozil
slightly decreased plasma-warfarin concentrations. 
Interactions may also occur between statins and coumarin anti-
coagulants,6 although there have been conflicting reports in
some cases. Hypoprothrombinaemia and bleeding has been re-
ported in 2 patients on warfarin given lovastatin.7 An increased
response to warfarin has also been reported6,8,9 in a number of
patients taking fluvastatin. A study10 with rosuvastatin and war-
farin reported an increased INR in healthy subjects and in pa-
tients on long-term warfarin therapy, although another study11

found no effect. However, there have been reports of haematoma
and raised INR in patients after addition of rosuvastatin to long-
term therapy with warfarin12 or acenocoumarol.13 An increased
response to warfarin has been observed with simvastatin,14 in-
cluding a fatal cerebral haemorrhage in a patient who was
changed from atorvastatin to simvastatin,15 and potentiation of
the effect of acenocoumarol by simvastatin has also been report-
ed.16 However, the INR in another patient on long-term warfarin
remained stable on the addition of simvastatin.17 Licensed prod-
uct information for pravastatin states that no change in warfarin
activity has been seen in patients given both drugs, but there has
been a report18 of bleeding in a patient taking fluindione when
pravastatin was added. In a study19 of 46 patients on warfarin
who had been converted from pravastatin to simvastatin, the
mean INR increased, but the median weekly warfarin dose did
not differ significantly and no episodes of bleeding were report-
ed. 
Dextrothyroxine increases the anticoagulant effect of warfarin
sodium20,21 and dicoumarol.22 
Colestyramine has reduced warfarin’s serum concentration23 and
half-life24 as well as its activity.23,24 The mechanisms of this in-
teraction include binding of warfarin to colestyramine and re-
duced absorption;23 the enterohepatic recycling of warfarin may
also be interrupted.24 Phenprocoumon’s activity has also been re-
duced by colestyramine.25 However, colestyramine can also re-
duce vitamin K absorption, and this may result in hypoprothrom-
binaemia and bleeding. 
Use of omega-3 fatty acids (as fish oil preparations) in patients
taking warfarin and other antithrombotics has been associated
with INR elevation26 and subdural haematoma.27 However, con-
trolled studies in patients taking fish oil and warfarin28,29 have
failed to show an effect on bleeding episodes or bleeding time. 
Benfluorex30 and colestipol31 have been reported not to interact
with phenprocoumon.
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Menthol. A significant decrease in INR was reported1 in a pa-
tient stabilised on warfarin when he started using a menthol
cough preparation.
1. Kassebaum PJ, et al. Possible warfarin interaction with menthol

cough drops. Ann Pharmacother 2005; 39: 365–7.

Pesticides. Chlorinated insecticides diminished the activity of
warfarin in a patient.1
1. Jeffery WH, et al. Loss of warfarin effect after occupational in-

secticide exposure. JAMA 1976; 236: 2881–2.

Piracetam. Piracetam caused an increase in prothrombin time
in a patient who had been stabilised on warfarin.1
1. Pan HYM, Ng RP. The effect of Nootropil in a patient on warfa-

rin. Eur J Clin Pharmacol 1983; 24: 711.

Sex hormones. There have been reports of steroids with ana-
bolic or androgenic properties enhancing the activity of antico-
agulants to the point of haemorrhage. Reports have covered
oxymetholone and warfarin1-3 or acenocoumarol;4 stanozolol and
warfarin5,6 or dicoumarol;7 ethylestrenol and phenindione;8
norethandrolone and dicoumarol;9 methyltestosterone and phen-
procoumon;10 and danazol and warfarin.11-13 The manufacturer
of oxandrolone states that an 80 to 85% reduction in warfarin
dose was needed when oxandrolone was added to treatment. The
mechanism of this interaction is not clear although it is consid-
ered that it is not caused by altered pharmacokinetics. Steroids
with a 17-α-alkyl substituent appear to be most involved, but
there has been a report of topically applied testosterone, which
does not have such a substituent, enhancing warfarin.14 
A retrospective study15 of women receiving anticoagulant thera-
py who were started on HRT found that tibolone enhanced the
effect of warfarin and of phenindione, possibly due to its andro-
genic properties. 
Oral contraceptives have also been implicated in interactions.
However, while the effects of dicoumarol were diminished by a
combined oral contraceptive,16 those of acenocoumarol were en-



1432   Cardiovascular Drugs
hanced by other preparations.17 Combined oral contraceptives
have increased the clearance of phenprocoumon without altering
the anticoagulant effect.18 There has also been a report19 of a
single course of levonorgestrel for emergency contraception in-
creasing the effect of warfarin.
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St John’s wort. St John’s wort has been reported to reduce the
anticoagulant effect of warfarin.1
1. Yue Q-Y, et al. Safety of St John’s wort (Hypericum perforatum).

Lancet 2000; 355: 576–7.

Thyroid and antithyroid drugs. Since response to oral anti-
coagulants is dependent on thyroid status an interaction between
oral anticoagulants and thyroid or antithyroid drugs might be ex-
pected. Thyroid compounds do enhance the activity of oral anti-
coagulants possibly by increased metabolism of clotting factors.
Dextrothyroxine is discussed under Lipid Regulating Drugs,
above. Antithyroid compounds have not, however, been reported
to diminish the effect of anticoagulants and paradoxically pro-
pylthiouracil has been reported to have caused hypoprothrombi-
naemia (see Effects on the Blood, under Carbimazole, p.2168).
However, in a patient given thiamazole for Grave’s disease, the
response to warfarin varied depending on his thyroid status and
thiamazole dose.1
1. Busenbark LA, Cushnie SA. Effect of Graves’ disease and me-

thimazole on warfarin anticoagulation. Ann Pharmacother 2006;
40: 1200–3.

Tobacco. Although tobacco smoking may increase warfarin
clearance,1 an appreciable effect on anticoagulant activity ap-
pears unlikely.1,2 However, there has been a report3 of an increase
in INR in a patient receiving warfarin when he stopped smoking.
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Ubidecarenone. Decreased INR values and reduced effect of
warfarin has been reported1 in 3 patients given ubidecarenone.
1. Spigset O. Reduced effect of warfarin caused by ubidecarenone.

Lancet 1994; 344: 1372–3.

Vaccines. There have been a few reports of increased pro-
thrombin time and bleeding in warfarin-stabilised patients after
influenza vaccination. Studies investigating this possible interac-
tion have found only a small or inconsistent increase in warfarin
activity1,2 or no effect.3-5 One study suggested that influenza vac-
cine decreases rather than increases the prothrombin time.6 In a
group of patients on long-term acenocoumarol therapy, influenza
vaccination had no effect on acenocoumarol activity.7
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Vitamins. Since vitamin K reverses the effects of oral anticoag-
ulants, it is not surprising that there have been reports of acetom-
enaphthone and phytomenadione reducing anticoagulant activi-
ty, or of foods or nutritional preparations containing vitamin K
compounds doing the same. 
Occasional reports of ascorbic acid reducing the activity of
warfarin1,2 have not been confirmed in subsequent studies.3,4

There have also been isolated reports suggesting that vitamin E
may enhance the activity of warfarin5 or dicoumarol,6 although
no effect was found in a study7 of patients receiving warfarin and
vitamin E.
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Pharmacokinetics
Warfarin sodium is readily absorbed from the gastroin-
testinal tract; it can also be absorbed through the skin.
It is extensively bound to plasma proteins and its plas-
ma half-life is about 37 hours. It crosses the placenta
but does not occur in significant quantities in breast
milk. Warfarin is used as a racemic mixture; the S-iso-
mer is more potent. The R- and S-isomers are both
metabolised in the liver. The S-isomer is metabolised
more rapidly than the R-isomer, mainly by the cyto-
chrome P450 isoenzyme CYP2C9, which shows
genetic polymorphism; other isoenzymes are also in-
volved in the metabolism of the R-isomer. The stereo-
isomers may be affected differently by other drugs (see
Interactions, above). Metabolites, with negligible or no
anticoagulant activity, are excreted in the urine follow-
ing reabsorption from the bile.
◊ References.
1. Mungall DR, et al. Population pharmacokinetics of racemic war-

farin in adult patients. J Pharmacokinet Biopharm 1985; 13:
213–27. 

2. Holford NHG. Clinical pharmacokinetics and pharmacodynam-
ics of warfarin: understanding the dose-effect relationship. Clin
Pharmacokinet 1986; 11: 483–504. 

3. Takahashi H, Echizen H. Pharmacogenetics of warfarin elimina-
tion and its clinical implications. Clin Pharmacokinet 2001; 40:
587–603.

Uses and Administration
Warfarin is a coumarin anticoagulant used in the treat-
ment and prophylaxis of thromboembolic disorders
(p.1187). It acts by depressing the hepatic vitamin K-
dependent synthesis of coagulation factors II (pro-
thrombin), VII, IX, and X, and of the anticoagulant
protein C and its cofactor protein S. For an explanation
of the coagulation cascade, see Haemostasis and Fibri-
nolysis, p.1045. Since warfarin acts indirectly, it has no
effect on existing clots. Also as the coagulation factors
involved have half-lives ranging from 6 to 60 hours,
several hours are required before an effect is observed.
A therapeutic effect is usually apparent by 24 hours,
but the peak effect may not be achieved until 2 or 3
days after a dose; the overall effect may last for 5 days. 
Warfarin is used in the prevention and treatment of ve-
nous thromboembolism (deep-vein thrombosis and
pulmonary embolism, p.1189). If an immediate effect
on blood coagulation is required, heparin should be
given intravenously or subcutaneously to cover the
first 2 to 3 days. Warfarin therapy may be begun with,
or shortly after, initial heparin treatment. Warfarin is
also used for the prevention of systemic thromboembo-
lism and ischaemic stroke in some patients with atrial
fibrillation (p.1160), prosthetic heart valves (see Valvu-
lar Heart Disease, p.1187), or who have suffered a

myocardial infarction (p.1175). It may also have a role
in the prevention of myocardial infarction and in the
management of stroke or transient ischaemic attacks
(p.1185). Antiplatelet drugs may be given concomi-
tantly. 
Some patients may show a hereditary resistance to
warfarin. Warfarin is a potent rodenticide although re-
sistance has been reported in rats. 
Administration and dosage. Warfarin is equally ef-
fective either orally or intravenously, but is usually giv-
en orally. Dosage must be determined individually as
discussed below under Control of Anticoagulant Ther-
apy. When rapid anticoagulation is required, an initial
dose of warfarin sodium 10 mg may be given on the
first day, although in many cases an initial dose of 5 mg
daily is adequate; initial doses of less than 5 mg daily
may be used in elderly patients and in those at in-
creased risk of bleeding (see Precautions, above). Sub-
sequent doses depend on the results of coagulation
tests, but maintenance doses usually range from 3 to
9 mg daily. If necessary the same dose may be given by
slow intravenous injection. Doses of warfarin sodium
should be given at the same time each day. Theoretical-
ly, stopping warfarin abruptly may result in rebound
hypercoagulability with risk of thrombosis. Therefore
some clinicians tail off long-term treatment over sever-
al weeks but the need for this is unclear and the British
Society for Haematology suggests that treatment may
be stopped abruptly. Anticoagulant treatment booklets
should be carried by patients. 
Warfarin has also been given as the potassium salt;
warfarin-deanol has been tried. 
Control of oral anticoagulant therapy. Treatment
with oral anticoagulants must be monitored to ensure
that the dose is providing the required effect on the vi-
tamin-K-dependent clotting factors; too small a dose
provides inadequate anticoagulation, too large a dose
puts the patient at risk of haemorrhage. This monitor-
ing is commonly carried out by checking the clotting
property of the patient’s plasma using a suitable prepa-
ration of thromboplastin and a source of calcium. The
time taken for the clot to form due to the effect of the
thromboplastin preparation on prothrombin is known
as the prothrombin time (PT). The prothrombin time
ratio (PTR) is the prothrombin time of the patient’s
plasma divided by that for a standard plasma sample. 
So that there is some consistency in prothrombin time
ratios measured at different times or at different labora-
tories, it is now common practice for the manufacturer
or control laboratory to calibrate their batches of
thromboplastin against the international reference
preparation. This calibration produces an international
sensitivity index (ISI) appropriate to that thromboplas-
tin. The laboratory measuring the clotting capacity of a
sample of plasma is thus able to convert the pro-
thrombin time ratio to an international normalised ratio
(INR) using the sensitivity index through the formula 

INR = PTR(ISI) 
Thus a prothrombin time ratio of 2.0 obtained with a
thromboplastin with a declared international sensitivity
index of 1.5 would be converted to an international
normalised ratio of 2.8. An international normalised ra-
tio is therefore equivalent to a prothrombin time ratio
carried out using the primary international reference
preparation of thromboplastin. 
This method of standardisation has taken over from
methods involving use of a standard reagent such as
the British or Manchester comparative thromboplastin.
Preparations of thromboplastin derived from rabbit
brain have superseded or are superseding those from
human brain because of the dangers of viral transmis-
sion; a recombinant human form is also available. 
Recommended target values or ranges of international
normalised ratio for patients receiving anticoagulant
treatment or cover for various conditions or procedures
are given by the British Society for Haematology in the
UK and the American College of Chest Physicians.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

These are given in Table 6, below. An INR within 0.5
units of the target value in the UK is generally consid-
ered satisfactory. In the USA it is recommended that
the INR be maintained at the mid-level of the range. An
INR less than 2.0 generally represents inadequate anti-
coagulation and an INR above 4.5 represents greater
risk of haemorrhage. 
Measurements should be carried out before treatment
and then daily or on alternate days in the early stages of
treatment. Once the dose has been established and the
patient well stabilised the measurement can be made at
greater but regular intervals, for example every 8
weeks; allowances should be made for any events that
might influence the activity of the anticoagulant. Self-
monitoring may be appropriate in some patients.
◊ General references.
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www.bcshguidelines.com/pdf/oralanticoagulation.pdf (accessed
07/06/06) 
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8. Ansell J, et al. Pharmacology and management of the vitamin K
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based clinical practice guidelines (8th edition). Chest 2008; 133
(suppl): 160S–198S.

Administration and dosage. Algorithms and guidelines have
been developed for beginning anticoagulant therapy, based on
the method of Fennerty et al.1 Although a loading dose of 10 mg
daily for 2 days (depending on the INR) has been widely used,
lower doses may be more appropriate, especially in hospitalised
patients at greater risk of over-anticoagulation. Studies2-4 com-
paring warfarin loading doses of 5 and 10 mg found that for both
groups a therapeutic INR in the range of 2.0 to 3.0 was reached
in most patients by day 5 of treatment. Although a study of out-
patients with venous thromboembolism5 found that a therapeutic

INR was achieved 1.4 days sooner with the larger loading dose,
the nomogram used was not designed for inpatients. 
In situations where rapid anticoagulation is not necessary, load-
ing doses may not be required and treatment should begin with
the estimated maintenance dose. Studies6,7 have found that the
maintenance dose decreases with age and is lower in women
than in men, and lower initial doses are therefore recommended
in the elderly. Regimens that have been suggested include warfa-
rin in a dose of 4 mg daily for 3 days, then adjusted according to
the INR,8 or, for patients requiring anticoagulation prophylaxis,
2 mg daily for 2 weeks followed by weekly adjustment using an
algorithm until the target INR is reached.
1. Fennerty A, et al. Flexible induction dose regimen for warfarin

and prediction of maintenance dose. BMJ 1984; 288: 1268–70. 
2. Harrison L, et al. Comparison of 5-mg and 10-mg loading doses

in initiation of warfarin therapy. Ann Intern Med 1997; 126:
133–6. 

3. Crowther MA, et al. Warfarin: less may be better. Ann Intern
Med 1997; 127: 333. 

4. Crowther MA, et al. A randomized trial comparing 5-mg and 10-
mg warfarin loading doses. Arch Intern Med 1999; 159: 46–8. 

5. Kovacs MJ, et al. Comparison of 10-mg and 5-mg warfarin ini-
tiation nomograms together with low-molecular-weight heparin
for outpatient treatment of acute venous thromboembolism: a
randomized, double-blind, controlled trial. Ann Intern Med
2003; 138: 714–19. 

6. Singla DL, Morrill GB. Warfarin maintenance dosages in the
very elderly. Am J Health-Syst Pharm 2005; 62: 1062–6. 

7. Garcia D, et al. Warfarin maintenance dosing patterns in clinical
practice: implications for safer anticoagulation in the elderly
population. Chest 2005; 127: 2049–56. 

8. Siguret V, et al. Initiation of warfarin therapy in elderly medical
inpatients: a safe and accurate regimen. Am J Med 2005; 118:
137–42.

Administration in infants and children. Increasing num-
bers of infants and children are receiving anticoagulants for
prophylaxis and treatment of thromboembolism. Doses of war-
farin and therapeutic INR ranges have been adapted from adult
therapy but cohort studies1,2 of paediatric patients have found
that warfarin requirements may be affected by a number of fac-
tors including age, and the use of infant formulas supplemented
with vitamin K. Recommendations3 for the use of oral anticoag-
ulants in children have been published.
1. Tait RC, et al. Oral anticoagulation in paediatric patients: dose

requirements and complications. Arch Dis Child 1996; 74:
228–31. 

2. Streif W, et al. Analysis of warfarin therapy in pediatric patients:
a prospective cohort study of 319 patients. Blood 1999; 94:
3007–14. 

3. Monagle P, et al. Antithrombotic therapy in neonates and chil-
dren: American College of Chest Physicians evidence-based
clinical practice guidelines (8th edition). Chest 2008; 133 (sup-
pl): 887S–968S.

Catheters and cannulas. For mention of the use of oral anti-
coagulants to prevent thrombosis in patients with indwelling in-
fusion devices, see Heparin Sodium, p.1304.

Connective tissue and muscular disorders. Warfarin has
been proposed to treat subcutaneous calcium deposition (calci-
nosis cutis) in patients with dermatomyositis, but its value is dis-
puted, see Polymyositis and Dermatomyositis, p.1510.

Preparations
BP 2008: Warfarin Tablets; 
USP 31: Warfarin Sodium for Injection; Warfarin Sodium Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Circuvit; Coumadin; Austral.: Coumadin; Marevan; Belg.: Marevan;
Braz.: Coumadin; Marevan; Canad.: Coumadin; Chile: Coumadin; Cz.:
Lawarin; Denm.: Marevan; Fin.: Marevan; Fr.: Coumadine; Ger.: Couma-
din; Gr.: Marevan; Panwarfin; Hung.: Marfarin; India: Uniwarfin; Warf; In-
don.: Simarc-2; Irl.: Warfant; Israel: Coumadin; Ital.: Coumadin; Malay-
sia: Coumadin; Orfarin; Mex.: Coumadin; Norw.: Marevan; NZ:
Coumadin; Marevan; Philipp.: Coumadin; Port.: Varfine; Rus.: Warfarex
(Варфарекс); S.Afr.: Coumadin†; Singapore: Coumadin; Marevan; Orfa-
rin; Spain: Aldocumar; Tedicumar; Swed.: Waran; Thai.: Befarin; Fargem;
Maforan; Orfarin; Turk.: Coumadin; Orfarin; UK: Marevan; USA: Couma-
din; Jantoven; Venez.: Anasmol; Coumadin; Cumar.

Xamoterol Fumarate (BANM, USAN, rINNM)

Fumarato de xamoterol; ICI-118587; Ksamoterolfumarat;
Ksamoterolifumaraatti; Xamotérol, Fumarate de; Xamoteroli Fu-
maras. N-{2-[2-Hydroxy-3-(4-hydroxyphenoxy)propylamino]-
ethyl}morpholine-4-carboxamide fumarate.
Ксамотерола Фумарат
(C16H25N3O5)2,C4H4O4 = 794.8.
CAS — 81801-12-9 (xamoterol); 90730-93-1 (xamoterol
fumarate).
ATC — C01CX07.
ATC Vet — QC01CX07.

(xamoterol)

Profile
Xamoterol is a beta-adrenoceptor partial agonist with a selective
action on beta1 receptors. As a partial agonist it exerts mainly
agonist activity at rest and under conditions of low sympathetic
drive which results in improved ventricular function and in-
creased cardiac output; during exercise and during conditions of
increased sympathetic drive, such as that occurring in severe
heart failure, xamoterol exerts beta-blocking activity. It therefore
has the properties of both sympathomimetics (see p.1407) and
beta blockers (see p.1225). 
Xamoterol has been used in the management of chronic mild
heart failure but was associated with deterioration and an excess
of deaths in those with more severe disease. It has also been used
in orthostatic hypotension secondary to autonomic failure.
◊ References.
1. Anonymous. Xamoterol—more trouble than it’s worth? Drug

Ther Bull 1990; 28: 53–4. 
2. Anonymous. New evidence on xamoterol. Lancet 1990; 336: 24. 
3. The Xamoterol in Severe Heart Failure Study Group. Xamoterol

in severe heart failure. Lancet 1990; 336: 1–6.

Xantinol Nicotinate (BAN, rINN)

Ksantinolinikotinaatti; Ksantynolu nikotynian; Nicotinato de xanti-
nol; SK-331A; Xanthinol Niacinate (USAN); Xanthinol Nicotinate;
Xanthinol nikotinát; Xantinol, Nicotinate de; Xantinoli Nicotinas;
Xantinolnikotinat. 7-{2-Hydroxy-3-[(2-hydroxyethyl)methylami-
no]propyl}theophylline nicotinate.
Ксантинола Никотинат
C13H21N5O4,C6H5NO2 = 434.4.
CAS — 437-74-1.
ATC — C04AD02.
ATC Vet — QC04AD02.

Pharmacopoeias. In Chin. and Pol.

Profile
Xantinol nicotinate is a vasodilator with general properties simi-
lar to those of nicotinic acid (p.1957), to which it is slowly hydro-
lysed. Xantinol nicotinate is used in the management of periph-
eral (p.1178) and cerebral vascular disorders (p.1165) and in
hyperlipidaemias (p.1169). Oral doses of up to 3 g daily may be
given. It has also been given by intramuscular or slow intrave-
nous injection.
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Table 6. Recommended International Normalised Ratios (INR).

INR Condition or procedure

UK 2.5 Pulmonary embolism; deep-vein thrombosis; recurrence of venous thromboembolism when 
no longer on warfarin; symptomatic inherited thrombophilia; venous thromboembolism 
associated with antiphospholipid syndrome; atrial fibrillation; mural thrombus; 
cardiomyopathy; bioprosthetic heart valves.

2.5 or 3.0 Cardioversion (higher INR may be appropriate before procedure); some mechanical 
prosthetic heart valves.

3.5 Recurrence of venous thromboembolism when on warfarin; some mechanical prosthetic 
heart valves.

US 2.0 to 3.0 Prophylaxis of venous thromboembolism in high-risk surgical patients; treatment of venous 
thrombosis and pulmonary embolism; prophylaxis of systemic embolism in patients with 
atrial fibrillation, valvular heart disease, bioprosthetic heart valves or some mechanical 
prosthetic heart valves; prevention of recurrent myocardial infarction in patients receiving 
aspirin.

2.5 to 3.5 Prophylaxis in patients with some mechanical prosthetic heart valves.

3.0 to 4.0 Prevention of recurrent myocardial infarction in patients not receiving aspirin; systemic 
embolism in patients with some mechanical heart valves.
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Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Frigol; Cz.: Xanidil; Ger.: Complamin spezial; Hung.: Xavin; In-
dia: Complamina; Ital.: Complamin; Vedrin†; Neth.: Complamin; Pol.:
Sadamin; Switz.: Complamin.
Multi-ingredient: Spain: Rulun.

Xemilofiban Hydrochloride (USAN, rINNM)

Hidrocloruro de xemilofibán; SC-54684A; Xémilofiban, Chlorhy-
drate de; Xemilofibani Hydrochloridum. Ethyl (3S)-3-{3-[(p-
amidinophenyl)carbamoyl]propionamido}-4-pentynoate mono-
hydrochloride.
Ксемилофибана Гидрохлорид
C18H22N4O4,HCl = 394.9.
CAS — 149820-74-6 (xemilofiban); 156586-91-3 (xemi-
lofiban hydrochloride).

(xemilofiban)

Profile
Xemilofiban is a glycoprotein IIb/IIIa-receptor antagonist. It has
been investigated as an oral antiplatelet drug for the management
of thromboembolic disorders such as unstable angina, and after
angioplasty, but results have been disappointing.
◊ References.
1. O’Neill WW, et al. Long-term treatment with a platelet glyco-

protein-receptor antagonist after percutaneous coronary revascu-
larization. N Engl J Med 2000; 342: 1316–24.

Xipamide (BAN, USAN, rINN) ⊗ 
Be-1293; Ksipamidi; MJF-10938; Xipamid; Xipamida; Xipamidum.
4-Chloro-5-sulphamoylsalicylo-2′,6′-xylidide; 5-(Aminosulpho-
nyl)-4-chloro-N-(2,6-dimethylphenyl)-2-hydroxy-benzamide.
Ксипамид
C15H15ClN2O4S = 354.8.
CAS — 14293-44-8.
ATC — C03BA10.
ATC Vet — QC03BA10.

Adverse Effects, Treatment, and Precau-
tions
As for Hydrochlorothiazide, p.1307.
Effects on electrolyte balance. Although reductions in plas-
ma-potassium concentrations with xipamide have been shown to
be on average comparable with those produced by thiazide and
loop diuretics at equipotent doses,1 there have been several re-
ports of marked hypokalaemia in individual patients. Asympto-
matic hypokalaemia was reported in 4 of 5 patients2 (serum-po-
tassium concentrations of less than 3.4 mmol/litre) and in 3 of 13
patients3 (serum-potassium concentrations of less than
3.0 mmol/litre). Severe hypokalaemia resulting in ventricular ar-
rhythmias has been reported after xipamide used alone4 or with
indapamide.5 Profound electrolyte disturbances with altered con-
sciousness and ventricular extrasystoles occurred in a patient tak-
ing digoxin after the addition of xipamide for 10 days.6 A case of

hypokalaemic periodic paralysis associated with xipamide use
has also been reported.7
1. Prichard BNC, Brogden RN. Xipamide: a review of its pharma-

codynamic and pharmacokinetic properties and therapeutic effi-
cacy. Drugs 1985; 30: 313–32. 

2. Weissberg P, Kendall MJ. Hypokalaemia and xipamide. BMJ
1982; 284: 975. 

3. Raftery EB, et al. A study of the antihypertensive action of xipa-
mide using ambulatory intra-arterial monitoring. Br J Clin Phar-
macol 1981; 12: 381–5. 

4. Altmann P, Hamblin JJ. Ventricular fibrillation induced by xipa-
mide. BMJ 1982; 284: 494. 

5. Boulton AJM, Hardisty CA. Ventricular arrhythmias precipitat-
ed by treatment with non-thiazide diuretics. Practitioner 1982;
226: 125–8. 

6. Bentley J. Hypokalaemia and xipamide. BMJ 1982; 284: 975. 
7. Boulton AJM, Hardisty CA. Hypokalaemic periodic paralysis

precipitated by diuretic therapy and minor surgery. Postgrad
Med J 1982; 58: 106–7.

Hepatic impairment. For a recommendation that xipamide
should be given with caution to patients with liver disease, see
under Pharmacokinetics, below.

Interactions
As for Hydrochlorothiazide, p.1309.

Pharmacokinetics
Xipamide has been reported to be well absorbed from
the gastrointestinal tract. Absorption is fairly rapid
with peak plasma concentrations occurring within 1 or
2 hours of oral doses. It is 99% bound to plasma pro-
teins, and is excreted in the urine, partly unchanged and
partly in the form of the glucuronide metabolite. It is
reported to have a plasma half-life of about 5 to 8
hours. In patients with renal impairment excretion in
the bile becomes more prominent.
◊ References.
1. Beermann B, Grind M. Clinical pharmacokinetics of some newer

diuretics. Clin Pharmacokinet 1987; 13: 254–66.

Hepatic impairment. Xipamide was present in the plasma
and in ascitic fluid in patients with liver cirrhosis in proportion to
the protein content of the respective compartments.1 The amount
of drug excreted into the urine was much greater in patients with
liver disease than in healthy control subjects. This was attributed
to a diminution in hepatic elimination, which could result in sig-
nificant effects on the clinical response to xipamide. Thus pa-
tients with cholestasis could have an enhanced response to xipa-
mide. On the other hand cirrhotic patients with the hepatorenal
syndrome may be resistant to diuretics. Xipamide should be used
with caution in patients with liver disease.
1. Knauf H, et al. Xipamide disposition in liver cirrhosis. Clin

Pharmacol Ther 1990; 48: 628–32.

Renal impairment. After single oral and intravenous doses of
xipamide 20 mg the drug appeared to be completely absorbed
from the gastrointestinal tract.1 The mean elimination half-life in
healthy subjects was 7 hours and two-thirds of the clearance was
by extrarenal routes. There was some accumulation in patients
with chronic renal failure, with a calculated elimination half-life
of 9 hours in end-stage renal disease.
1. Knauf H, Mutschler E. Pharmacodynamics and pharmacokinet-

ics of xipamide in patients with normal and impaired kidney
function. Eur J Clin Pharmacol 1984; 26: 513–20.

Uses and Administration
Xipamide is a diuretic, structurally related to indapa-
mide, with actions and uses similar to those of the thia-
zide diuretics (see Hydrochlorothiazide, p.1310). It is
given orally for hypertension (p.1171), and for oede-
ma, including that associated with heart failure
(p.1165). 
Diuresis begins about 1 or 2 hours after an oral dose,
reaches a peak at 4 to 6 hours, and lasts for about 12
hours. 
In the treatment of hypertension the usual dose is
20 mg daily as a single morning dose, either alone, or
with other antihypertensives. In some patients a dose of

10 mg daily may be adequate. In the treatment of oede-
ma the usual initial dose is 40 mg daily, subsequently
reduced to 20 mg daily, according to response; in re-
sistant cases 80 mg daily may be required.
◊ References.
1. Prichard BNC, Brogden RN. Xipamide: a review of its pharma-

codynamic and pharmacokinetic properties and therapeutic effi-
cacy. Drugs 1985; 30: 313–32.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Aquaphoril; Fr.: Lumitens†; Ger.: Aquaphor; Aquex; Xipa; Xipa-
Isis; Xipagamma; India: Xipamid; Ital.: Aquafor†; Port.: Diurexan; S.Afr.:
Diurexan†; Spain: Demiax†; Diurex; UK: Diurexan.
Multi-ingredient: Ger.: Durotan†; Neotri.

Zofenopril Calcium (BANM, USAN, rINNM)

Calcii Zofenoprilum; SQ-26991; Zofenopril cálcico; Zofénopril
Calcique. Calcium salt of (4S)-1-[(2S)-3-(Benzylthio)-2-methyl-
propionyl]-4-(phenylthio)-L-proline.
Кальций Зофеноприл
C44H44CaN2O8S4 = 897.2.
CAS — 81872-10-8 (zofenopr il); 81938-43-4 (zofenopril
calcium).
ATC — C09AA15.
ATC Vet — QC09AA15.

(zofenopr il)

Profile
Zofenopril is an ACE inhibitor (p.1193) that is used in the man-
agement of hypertension (p.1171) and myocardial infarction
(p.1175). It owes its activity to the active metabolite zofenoprilat
(SQ-26333) to which it is converted after oral doses. It is given
orally in a usual daily maintenance dose of 30 to 60 mg of the
calcium salt, as a single dose or in two divided doses.
◊ References.
1. Ambrosioni E, et al. The effect of the angiotensin-converting-

enzyme inhibitor zofenopril on mortality and morbidity after an-
terior myocardial infarction. N Engl J Med 1995; 332: 80–5. 

2. Borghi C, et al. Effects of the administration of an angiotensin-
converting enzyme inhibitor during the acute phase of myocar-
dial infarction in patients with arterial hypertension: SMILE
study investigators: Survival of Myocardial Infarction Long-
term Evaluation. Am J Hypertens 1999; 12: 665–72. 

3. Borghi C, et al. A review of the angiotensin-converting enzyme
inhibitor, zofenopril, in the treatment of cardiovascular diseases.
Expert Opin Pharmacother 2004; 5: 1965–77. 

4. Buikema H. Use of the ACE inhibitor zofenopril in the treatment
of ischemic heart disease. Expert Rev Cardiovasc Ther 2006; 4:
631–47. 

5. Ambrosioni E. Defining the role of zofenopril in the manage-
ment of hypertension and ischemic heart disorders. Am J Cardi-
ovasc Drugs 2007; 7: 17–24.

Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Bifril; Fr.: Zofenil; Gr.: Zofepril; Zopranol; Irl.: Zofenil; Ital.: Bifril;
Zantipres; Zopranol; Neth.: Zofil; Zopranol; Port.: Zofenil; Zopranol;
Rus.: Zocardis (Зокардис); Spain: Zofenil; Zopranol; Swed.: Bifril†;
Switz.: Zofenil; Turk.: Zoprotec.
Multi-ingredient: Fr.: Zofenilduo; Gr.: Zofepril Plus; Zopranol Plus; Ital.:
Bifrizide; Zantipride; Zoprazide; Port.: Zofenil Plus.
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The drugs included in this chapter act in a variety of
ways to counter the toxic effects of exogenous and en-
dogenous substances in the body. They are therefore
used in the management of poisoning and overdosage,
to protect against the toxicity of drugs such as antineo-
plastics, and in the management of metabolic disorders
such as Wilson’s disease where toxic substances accu-
mulate. 
The main groups of drugs used include: 
• antagonists, such as the opioid antagonist naloxone,

that compete with the poison for receptor sites. Other
antagonists act by blocking substances that mediate
the effects of the toxin; atropine (p.1219) acts in this
way 

• chelators and other drugs that form complexes with
the toxin. This may reduce absorption of the toxin
from the gastrointestinal tract, inactivate or reduce
the activity of the toxin, or increase its elimination 

• drugs that affect the metabolism of the toxin. Some
antidotes, such as fomepizole in methyl alcohol poi-
soning, act by reducing the rate of metabolism to a
toxic metabolite; alcohol (p.1625) has a similar ac-
tion. Others, such as methionine and glutathione,
promote the formation of inactive metabolites; ace-
tylcysteine (p.1548) also acts in this way 

• drugs that bypass the effect of the toxin. Calcium fo-
linate (p.1943) is used for this purpose in methotrex-
ate overdosage.

Acute poisoning
In the management of suspected acute poisoning it is often
impossible to determine the identity of the poison or the
size of the dose received with any certainty. Moreover, few
poisons have specific antidotes or methods of elimination,
and the mainstay of treatment for patients with suspected
acute poisoning is therefore supportive and symptomatic
therapy; in many cases nothing further is required. Symp-
toms of acute poisoning are frequently non-specific, par-
ticularly in the early stages. Maintenance of the airway and
ventilation is the most important initial measure; other
treatment, for example for cardiovascular or neurological
symptoms, may be added as appropriate. Patients who are
unconscious or who have respiratory depression may be
given naloxone, particularly if opioid overdosage is a pos-
sibility. Some centres also recommend the routine admin-
istration of glucose to all unconscious patients since hy-
poglycaemia may be a cause of unconsciousness, although
blood glucose measurements should be obtained first
where facilities are immediately available; thiamine may
be given in addition since glucose may precipitate Wer-
nicke’s encephalopathy. 
Specific antidotes are available for a number of poisons
and are the primary treatment where there is severe poi-
soning with a known toxin. They may be life-saving in
such cases but their use is not without hazard and in many
situations they are not necessary; their use does not pre-
clude relevant supportive treatment. 
Measures to reduce or prevent the absorption of the poison
are widely advocated. For inhalational poisoning the vic-
tim is removed from the source of poisoning. Some toxins,
in particular pesticides, may be absorbed through the skin,
and clothing should be removed and the skin thoroughly
washed to avoid continued absorption. Caustic substances
are removed from the skin or eyes with copious irrigation.
However, for orally ingested poisons the best method for
gastrointestinal decontamination remains controversial. 
Activated charcoal adsorbs a wide range of toxins and is
often given to reduce absorption from the gastrointestinal
tract. A single dose is generally effective, particularly if it
is given within one hour of ingestion, although delayed use
may be beneficial for modified-release preparations or for
drugs that slow gastrointestinal transit time, such as those
with antimuscarinic properties. Charcoal is generally well
tolerated, although vomiting is common and there is a risk
of aspiration if the airway is not adequately protected. Re-
peated doses may be of use to eliminate some substances
even after systemic absorption has occurred. 
Active removal of poisons from the stomach by induction
of emesis or gastric lavage has been widely used, but there

is little evidence to support its role (see under Ipecacuanha,
p.1563). Induction of emesis with an emetic such as syrup
of ipecacuanha has been used but is no longer recommend-
ed for either the home or hospital situation since there is no
evidence that it improves outcomes and it may increase the
risk of aspiration. If used at all, it should only be in fully
conscious patients, where a potentially toxic amount has
been ingested within the previous hour, and where other
measures are unavailable or inappropriate. Emesis should
not be induced if the poison is corrosive or petroleum
based, nor if the poison is removable by treatment with ac-
tivated charcoal. Gastric lavage may occasionally be indi-
cated for ingestion of non-caustic poisons that are not ab-
sorbed by activated charcoal, but only if less than one hour
has elapsed since ingestion; it should not be attempted if
the airway is not adequately protected. 
Whole-bowel irrigation using a non-absorbable osmotic
agent such as a macrogol has also been used, particularly
for substances that pass beyond the stomach before being
absorbed, such as iron preparations or enteric-coated or
modified-release formulations, but its role is not estab-
lished. 
Techniques intended to promote the elimination of poisons
from the body, such as haemodialysis or haemoperfusion,
are only of value for a limited number of poisons in a few
severely poisoned patients. Forced diuresis is no longer
recommended, although alkalinisation of the urine using
sodium bicarbonate infusion may have a role for selected
poisons. Repeated oral doses of activated charcoal may be
as effective as these more invasive methods for some
drugs that undergo enterohepatic or enteroenteric recy-
cling. 
Poisons Information Centres exist in many countries and
should be consulted for more detailed information in spe-
cific situations.

Activated Charcoal
Aktif Kömür; Aktiivihiili; Aktivált szén; Aktyvintosios anglys; Carbo
activatus; Carbo Medicinalis; Carbón activado; Charbon activé;
Decolorising Charcoal; Kol, aktivt; Medicinal Charcoal; Uhlí ak-
tivní; Węgiel leczniczy.
CAS — 16291-96-6 (charcoal).
ATC — A07BA01.
ATC Vet — QA07BA01.

Pharmacopoeias. In Chin., Eur. (see p.vii),  Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Charcoal, Activated). It is obtained from vegetable
matter by suitable carbonisation processes intended to confer a
high adsorption power. A black, light powder free from gritti-
ness. Practically insoluble in all usual solvents. It adsorbs not less
than 40% of its own weight of phenazone, calculated with refer-
ence to the dried substance. Store in airtight containers. 
USP 31 (Activated Charcoal). The residue from the destructive
distillation of various organic materials, treated to increase its ad-
sorptive power. A fine, black, odourless, tasteless powder, free
from gritty matter. The USP 31 has tests for adsorptive power in
respect of alkaloids and dyes.

Adverse Effects and Precautions
Activated charcoal is relatively non-toxic when given
by mouth but gastrointestinal disturbances such as
vomiting, constipation, or diarrhoea have been report-
ed. It may colour the faeces black. Activated charcoal
should be used with caution in patients at risk of gas-
trointestinal obstruction as it may reduce gastrointesti-
nal motility. 
Haemoperfusion with activated charcoal has produced
various adverse effects including platelet aggregation,
charcoal embolism, thrombocytopenia, haemorrhage,
hypoglycaemia, hypocalcaemia, hypothermia, and hy-
potension. 
Care is needed if activated charcoal is used in patients
receiving specific oral antidotes such as methionine
(see Interactions, below). As with any treatment given
by mouth for poisoning the risk of aspiration should be
considered in drowsy or comatose patients.
Effects on the gastrointestinal tract. Gastrointestinal ad-
verse effects are the main complication of oral activated char-
coal. Vomiting may occur and is a risk factor for pulmonary

aspiration (see Effects on the Lungs, below). Although some
preparations may cause diarrhoea, activated charcoal may reduce
gastrointestinal motility and multiple doses have been associated
with intestinal obstruction or faecal impaction,1-4 in some cases
leading to ulceration5 or perforation;6 overdosage with drugs that
reduce gastrointestinal motility may increase the risk.2,3,6 Two
cases of pseudo-obstruction, one of which was fatal, have also
been reported7 after the use of activated charcoal and sorbitol
with opioid sedation for theophylline poisoning. In another re-
port,8 severe peritonitis developed in a patient given oral activat-
ed charcoal following gastric lavage; charcoal was found in the
peritoneum, although the site of perforation could not be detect-
ed. Acute appendicitis has also been reported after multiple doses
of activated charcoal.9
1. Watson WA, et al. Gastrointestinal obstruction associated with

multiple-dose activated charcoal. J Emerg Med 1986; 4: 401–7. 
2. Anderson IM, Ware C. Syrup of ipecacuanha. BMJ 1987; 294:

578. 
3. Ray MJ, et al. Charcoal bezoar: small-bowel obstruction second-

ary to amitriptyline overdose therapy. Dig Dis Sci 1988; 33:
106–7. 

4. Atkinson SW, et al. Treatment with activated charcoal compli-
cated by gastrointestinal obstruction requiring surgery. BMJ
1992; 305: 563. 

5. Mizutani T, et al. Rectal ulcer with massive haemorrhage due to
activated charcoal treatment in oral organophosphate poisoning.
Hum Exp Toxicol 1991; 10: 385–6. 

6. Gomez HF, et al. Charcoal stercolith with intestinal perforation
in a patient treated for amitriptyline ingestion. J Emerg Med
1994; 12: 57–60. 

7. Longdon P, Henderson A. Intestinal pseudo-obstruction follow-
ing the use of enteral charcoal and sorbitol and mechanical ven-
tilation with papaveretum sedation for theophylline poisoning.
Drug Safety 1992; 7: 74–7. 

8. Mariani PJ, Pook N. Gastrointestinal tract perforation with char-
coal peritoneum complicating orogastric intubation and lavage.
Ann Emerg Med 1993; 22: 606–9. 

9. Eroglu A, et al. Multiple dose-activated charcoal as a cause of
acute appendicitis. J Toxicol Clin Toxicol 2003; 41: 71–3.

Effects on the lungs. Vomiting after oral activated charcoal for
acute poisoning has been associated with pulmonary aspiration
of gastric contents, sometimes with fatal results.1-3 Vomiting may
be related to the formulation used and may be increased with
sorbitol-containing preparations,4 although a study in children5

failed to confirm this. The use of a cuffed endotracheal tube has
been recommended for any patient with impaired laryngeal re-
flexes to prevent aspiration;3 however, there have been reports of
aspiration despite a protected airway, including a case of obstruc-
tive laryngitis in a child.6 Acute7 and chronic8 pulmonary toxici-
ty has also been reported after accidental administration of char-
coal into the lung due to misplacement of the nasogastric tube.
1. Harsch HH. Aspiration of activated charcoal. N Engl J Med

1986; 314: 318. 
2. Menzies DG, et al. Fatal pulmonary aspiration of oral activated

charcoal. BMJ 1988; 297: 459–60. 
3. Rau NR, et al. Fatal pulmonary aspiration of oral activated char-

coal. BMJ 1988; 297: 918–19. 
4. McFarland AK, Chyka PA. Selection of activated charcoal prod-

ucts for the treatment of poisonings. Ann Pharmacother 1993;
27: 358–61. 

5. Osterhoudt KC, et al. Risk factors for emesis after therapeutic
use of activated charcoal in acutely poisoned children. Pediatrics
2004; 113: 806–10. 

6. Donoso A, et al. Activated charcoal laryngitis in an intubated
patient. Pediatr Emerg Care 2003; 19: 420–1. 

7. Harris CR, Filandrinos D. Accidental administration of activated
charcoal into the lung: aspiration by proxy. Ann Emerg Med
1993; 22: 1470–3. 

8. Graff GR, et al. Chronic lung disease after activated charcoal
aspiration. Pediatrics 2002; 109: 959–61.

Interactions
Activated charcoal has the potential to reduce the ab-
sorption of many drugs from the gastrointestinal tract
and simultaneous oral therapy should therefore be
avoided. In the management of acute poisoning, con-
current medication should be given parenterally. Care
is needed if a specific oral antidote such as methionine
is given since adsorption of the antidote may decrease
its effectiveness; it has been recommended that activat-
ed charcoal should be cleared from the stomach or
avoided if oral antidotes are to be used.

Uses and Administration
Activated charcoal can adsorb a wide range of plant
and inorganic poisons and many drugs including sali-
cylates, paracetamol, barbiturates, and tricyclic antide-
pressants; when given orally it reduces their systemic
absorption from the gastrointestinal tract and is there-
fore used in the treatment of acute oral poisoning. It is
of no value for poisoning by strong acids, alkalis, or
other corrosive substances and its adsorptive capacity
is too low to be of use in poisoning with iron salts,

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)
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cyanides, lithium, malathion, clofenotane, and some
organic solvents such as methyl alcohol or ethylene
glycol. Adsorption characteristics can be influenced by
the charcoal’s particle size, thus different responses
may be obtained with different preparations. 
Activated charcoal is given by mouth usually as a slur-
ry in water. A usual adult dose for reduction of absorp-
tion is 50 g, but higher doses have been used. Children
1 to 12 years old may be given 25 to 50 g and infants
under 1 year 1 g/kg. For maximum efficacy, activated
charcoal should be given as soon as possible (within 1
hour) after ingestion of the toxic compound. However,
it may be effective several hours after poisoning with
certain drugs that slow gastric emptying. In the case of
drugs that undergo enterohepatic or enteroenteric recy-
cling (e.g. phenobarbital and theophylline) repeated
doses of activated charcoal are of value in enhancing
faecal elimination. Adult doses for repeated adminis-
tration in active elimination have varied but typically
50 g may be given every 4 hours or 25 g every 2 hours.
Doses in children and infants are similar to those used
above for reduction of absorption and may be given
every 4 to 6 hours. Administration may also be via a
nasogastric tube. 
Mixtures such as ‘universal antidote’ that contained ac-
tivated charcoal, magnesium oxide, and tannic acid
should not be used; activated charcoal alone is more
effective and tannic acid may cause hepatotoxicity. 
In treatment of poisoning using charcoal haemoper-
fusion, activated charcoal is used to remove drugs from
the bloodstream. Where available, it may be of value in
acute severe poisoning by drugs such as the barbitu-
rates, glutethimide, or theophylline when other inten-
sive measures fail to improve the condition of the pa-
tient. 
Activated charcoal is used in dressings for ulcers and
suppurating wounds (p.1585) to reduce malodour and
may improve the rate of healing. 
Activated charcoal has been used as a marker of intes-
tinal transit and has also been tried in the treatment of
flatulence. Both activated charcoal and vegetable char-
coal (wood charcoal; carbo ligni) are included in prep-
arations for various gastrointestinal disorders. 
Technical grades of activated charcoal have been used
as purifying and decolorising agents, for the removal of
residual gases in low-pressure apparatus, and in respi-
rators as a protection against toxic gases.
Administration. Activated charcoal is most commonly given
as a slurry in water but this is often unpalatable because of the
colour, gritty taste, lack of flavour, and difficulty in swallowing.1
Flavourings and other excipients are often added in an attempt to
improve palatability, although the effect of any additives on the
adsorptive capacity of charcoal needs to be considered. Studies
in vitro or in healthy subjects indicated that some foods such as
ice cream, milk, and cocoa might inhibit the adsorptive capacity
of activated charcoal, whereas starches and jams appeared to
have no effect.2,3 Carmellose has improved palatability although
it might also reduce adsorptive capacity.4-6 Saccharin sodium, su-
crose, or sorbitol may be suitable additives,7 although there may
be problems associated with sorbitol-containing products (see
under Poisoning, below). Chocolate syrup has also been used but
the sweetness and flavour may disappear after a few minutes of
contact with the activated charcoal.1 A more recent study8 of
charcoal use in children with suspected poisoning found no evi-
dence that use of flavourings improved the success of adminis-
tration.
1. Scholtz EC, et al. Evaluation of five activated charcoal formula-

tions for inhibition of aspirin absorption and palatability in man.
Am J Hosp Pharm 1978; 35: 1355–9. 

2. Levy G, et al. Inhibition by ice cream of the antidotal efficacy of
activated charcoal. Am J Hosp Pharm 1975; 32: 289–91. 

3. De Neve R. Antidotal efficacy of activated charcoal in presence
of jam, starch and milk. Am J Hosp Pharm 1976; 33: 965–6. 

4. Mathur LK, et al. Activated charcoal–carboxymethylcellulose
gel formulation as an antidotal agent for orally ingested aspirin.
Am J Hosp Pharm 1976; 33: 717–19. 

5. Manes M. Effect of carboxymethylcellulose on the adsorptive
capacity of charcoal. Am J Hosp Pharm 1976; 33: 1120, 1122. 

6. Mathur LK, et al. Effect of carboxymethylcellulose on the ad-
sorptive capacity of charcoal. Am J Hosp Pharm 1976; 33: 1122. 

7. Cooney DO. Palatability of sucrose-, sorbitol-, and saccharin-
sweetened activated charcoal formulations. Am J Hosp Pharm
1980; 37: 237–9. 

8. Osterhoudt KC, et al. Activated charcoal administration in a
pediatric emergency department. Pediatr Emerg Care 2004; 20:
493–8.

Poisoning. The management of acute poisoning is discussed on
p.1435. The use of a single oral dose of activated charcoal has
become a widespread method of preventing the absorption of in-
gested compounds and may be superior to gastric emptying. The
American Academy of Clinical Toxicology (AACT) and the Eu-
ropean Association of Poisons Centres and Clinical Toxicolo-
gists (EAPCCT) consider1 that activated charcoal may be used if
a patient presents within 1 hour of ingesting a potentially toxic
amount of a poison known to be adsorbed by charcoal. There are
insufficient data to support general use beyond 1 hour after in-
gestion.1-3 In addition, multiple oral doses of activated charcoal
have been found to enhance the elimination of some drugs and
toxic substances even after systemic absorption. Mechanisms by
which activated charcoal may increase drug elimination from the
body include interruption of the enterohepatic circulation of
drugs excreted into the bile, reduction of the reabsorption of
drugs which diffuse or are actively secreted into the intestines,
and increased elimination of the drug via the gastrointestinal tract
when given with a laxative to decrease gastrointestinal transit
time, although the practice of using charcoal with a laxative has
been questioned.4-6 Repeated oral doses of activated charcoal
may therefore be considered for compounds that undergo enter-
ohepatic or enteroenteric circulation, have a small volume of dis-
tribution, are not extensively bound to plasma proteins, and have
a low endogenous clearance. Following a review of the
literature6 the AACT and EAPCCT recommended that multiple
doses of charcoal should be considered only if a patient has in-
gested a life-threatening amount of carbamazepine, dapsone,
phenobarbital, quinine, or theophylline. Anecdotal reports and
studies in acutely poisoned patients indicate that a technique of
giving multiple doses of charcoal may offer an alternative to
charcoal haemoperfusion or haemodialysis. However, while ac-
tivated charcoal is generally well tolerated, major complications
do occasionally occur, including pulmonary aspiration and bow-
el obstruction.7 Also, use of multiple doses of charcoal prepara-
tions containing sorbitol or sodium bicarbonate can result in in-
creased vomiting8 or in electrolyte disturbances.4,9,10

1. American Academy of Clinical Toxicology; European Association
of Poisons Centres and Clinical Toxicologists. Position paper: sin-
gle-dose activated charcoal. J Toxicol Clin Toxicol 2005; 43:
61–87. Also available at: http://www.clintox.org/Pos_Statements/
SingleDoseActivatedCharcoal.pdf (accessed 27/09/05) 

2. Green R, et al. How long after drug ingestion is activated char-
coal still effective? J Toxicol Clin Toxicol 2001; 39: 601–5. 

3. Cooper GM, et al. A randomized clinical trial of activated char-
coal for the routine management of oral drug overdose. QJM
2005; 98: 655–60. 

4. Neuvonen PJ, Olkkola KT. Oral activated charcoal in the treat-
ment of intoxications: role of single and repeated doses. Med
Toxicol 1988; 3: 33–58. 

5. Neuvonen PJ, Olkkola KT. Effect of purgatives on antidotal ef-
ficacy of oral activated charcoal. Hum Toxicol 1986; 5: 255–63. 

6. American Academy of Clinical Toxicology; European Association
of Poisons Centres and Clinical Toxicologists. Position statement
and practice guidelines on the use of multi-dose activated charcoal
in the treatment of acute poisoning. J Toxicol Clin Toxicol 1999; 37:
731–51.  Also ava i lab le  a t :  h t tp : / /www.c l in tox .org /
Pos_Statements/MultipleDoseActivatedCharcoal.pdf (accessed
27/09/05) 

7. Palatnick W, Tenenbein M. Activated charcoal in the treatment
of drug overdose: an update. Drug Safety 1992; 7: 3–7. 

8. McFarland AK, Chyka PA. Selection of activated charcoal
products for the treatment of poisonings. Ann Pharmacother
1993; 27: 358–61. 

9. McLuckie A, et al. Role of repeated doses of oral activated char-
coal in the treatment of acute intoxications. Anaesth Intensive
Care 1990; 18: 375–84. 

10. Tenenbein M. Multiple doses of activated charcoal: time for re-
appraisal? Ann Emerg Med 1991; 20: 529–31.

HAEMOPERFUSION. Haemoperfusion involves the passage of
blood through an adsorbent material such as activated char-
coal or synthetic hydrophobic polystyrene resins that can re-
tain certain drugs and toxic agents. Early problems with char-
coal haemoperfusion such as charcoal embolism, marked
thrombocytopenia, fibrinogen loss, and pyrogen reactions
have been largely overcome by purification procedures and
by coating the carbon with biocompatible polymers. Howev-
er, transient falls in platelet count, leucocyte count, and circu-
latory concentrations of clotting factors, calcium, glucose,
urea, creatinine, and urate have been reported during haemo-
perfusion. While there is no substitute for supportive meas-
ures, haemoperfusion can significantly reduce the body bur-
den of certain compounds with a low volume of distribution
within 4 to 6 hours in some severely poisoned patients; hae-
moperfusion is not effective for drugs or poisons with very
large volumes of distribution. 
References.
1. Winchester JF. Dialysis and hemoperfusion in poisoning. Adv

Ren Replace Ther 2002; 9: 26–30.

Porphyria. Activated charcoal may be used as part of the man-
agement of erythropoietic protoporphyria, one of the non-acute
porphyrias (p.1448). It acts as a sorbent in the gut lumen, inter-
rupting the enterohepatic recycling of protoporphyrin. It may
also have a role in congenital erythropoietic porphyria, a very
rare porphyria. In a patient1 with photomutilation due to this con-
dition, activated charcoal 30 g given orally every 3 hours for 36
hours reduced the plasma-porphyrin concentration to normal
values by 20 hours and was more effective than colestyramine or
red cell transfusion. After discontinuation of activated charcoal,
plasma-porphyrin concentrations rose rapidly to near pretreat-
ment levels within 10 days. Long-term treatment with oral char-

coal over a 9-month period produced a clinical remission with
low concentrations of plasma and skin porphyrin and an absence
of photocutaneous activity. The optimal dose was determined to
be 60 g three times daily. However, exacerbation after an initial
period of remission has been reported in another patient2 and to-
tal lack of efficacy in a third.3 
Activated charcoal has also been tried in variegate porphyria, but
a study4 in 8 patients found that oral charcoal led to clinical and
biochemical deterioration with an increase in skin lesions and in
urinary and plasma porphyrins.
1. Pimstone NR, et al. Therapeutic efficacy of oral charcoal in con-

genital erythropoietic porphyria. N Engl J Med 1987; 316:
390–3. 

2. Hift RJ, et al. The effect of oral activated charcoal on the course
of congenital erythropoietic porphyria. Br J Dermatol 1993;
129: 14–17. 

3. Minder EI, et al. Lack of effect of oral charcoal in congenital
erythropoietic porphyria. N Engl J Med 1994; 330: 1092–4. 

4. Hift RJ, et al. Administration of oral activated charcoal in varie-
gate porphyria results in a paradoxical clinical and biochemical
deterioration. Br J Dermatol 2003; 149: 1266–9.

Pruritus. Activated charcoal has been tried in pruritus (p.1582)
associated with renal failure. In a double-blind crossover study,1
activated charcoal 6 g daily by mouth for 8 weeks was more ef-
fective than placebo in relieving generalised pruritus in 11 pa-
tients undergoing maintenance haemodialysis. Another study2

found that activated charcoal completely relieved pruritus in 10
of 23 haemodialysis patients, with a partial response in a further
10; treatment was generally well tolerated.
1. Pederson JA, et al. Relief of idiopathic generalized pruritus in

dialysis patients treated with activated oral charcoal. Ann Intern
Med 1980; 93: 446–8. 

2. Giovannetti S, et al. Oral activated charcoal in patients with ure-
mic pruritus. Nephron 1995; 70: 193–6.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Mamograf; Minicam Carb; Austral.: Ad-Sorb; Carbosorb; Charco-
caps; Karbons†; Austria: Norit; Norit-Carbomix; Belg.: Norit; Norit-Car-
bomix; Braz.: Neocarbon†; Canad.: Charac; Charcodote Aqueous; Cz.:
Carbosorb; Norit; Fin.: Carbomix; Fr.: Alione Charbon; Carbactive; Car-
bomix; Carbonet; Charbon de Belloc; Colocarb; Formocarbine; Splenocar-
bine; Toxicarb; Ger.: Kohle-Compretten; Kohle-Hevert; Kohle-Pulvis; Koh-
le-Tabletten; Ultracarbon; Gr.: Carbomix†; Norit; Toxicarb; Hong Kong:
Charcodote; Indon.: Bekarbon; Irl.: Carbomix; Carbonet; Israel: Norit;
Ital.: Carbomix; Mex.: Carbotural; Neth.: Norit; Norw.: Kohle-Compret-
ten; NZ: Carbosorb X; Port.: Askina Carbsorb†; Norit; Singapore: Aque-
ous Charcodote; Ultracarbon; Spain: Arkocapsulas Carbon Vegetal; Ultra
Adsorb; Swed.: Carbomix; Kolsuspension; Medikol; Thai.: Ca-R-Bon; Ult-
racarbon; Turk.: Charflo Aqua; UK: Actidose-Aqua; Bragg’s Medicinal
Charcoal; Carbomix; Carbonet; Charcodote; Clinisorb; Legius; Lyofoam C;
Modern Herbals Trapped Wind & Indigestion; Norit; USA: Actidose-Aqua;
Charcoaid; Charcoal Plus; Charcocaps; Liqui-Char.
Multi-ingredient: Arg.: Carbogasol; Carbon Tabs; Diarrocalmol; Estrep-
tocarbocaftiazol; Karbonetas; Lefa Enteril†; Opocarbon; Austral.: Car-
boflex†; Carbosorb S; No Gas†; Austria: Eucarbon; Eucarbon Herbal; In-
testinol; Sabatif; Belg.: Carbobel; Carbolactanose; Canad.: Carboflex†;
Charac Tol; Charcodote; Chile: Carbon Sulfaguanidina; Cz.: Carbocit; Car-
botox; Fr.: Acticarbine; Actisorb Ag ; Carboflex; Carbolevure; Carbophos;
Carbosylane; Carbosymag; Notgaz; Ger.: Actisorb Silver†; Gr.: Carbosy-
lane; India: Distenil; Molzyme†; Nutrozyme; Papytazyme; Unienzyme; Irl.:
Actisorb Silver ; Israel: Carbosylane; Charcodote; Eucarbon; Kaltocarb;
Novicarbon; Ital.: Actisorb Plus; Carbone Composto; Carbonesia; Carboy-
oghurt; Eucarbon; No-Gas; Malaysia: Eucarbon†; Mex.: Acilin; Dipecfur;
NZ: Carbosorb S†; Carbosorb XS; Pol.: Rapacholin AC; Rapacholin C;
Port.: Carboflex†; S.Afr.: Rubilax†; Switz.: Carbolevure; Carboticon; Car-
von†; Thai.: Belacid; Bicobon†; Biodan†; Carbonpectate; Delta Charcoal;
Papytazyme†; Pepsitase; Polyenzyme-I; Turk.: Charflo Sorbitol; Eucarbon;
Intestinol; Karboseptin; UK: Acidosis; Actisorb Silver; Carbellon; USA: Ac-
tidose with Sorbitol; Flatulex; Poison Antidote Kit; Venez.: Carbargal; Car-
bargal con Atropina; Guanicar.

Amifostine (BAN, USAN, rINN)

Amifostiini; Amifostin; Amifostina; Amifostinum; Ethiofos; Gam-
maphos; NSC-296961; WR-2721. S-[2-(3-Aminopropylami-
no)ethyl] dihydrogen phosphorothioate.
Амифостин
C5H15N2O3PS = 214.2.
CAS — 20537-88-6 (amifostine); 63717-27-1 (amifostine
monohydrate).
ATC — V03AF05.
ATC Vet — QV03AF05.

Pharmacopoeias. US includes the trihydrate. 
USP 31 (Amifostine). The trihydrate is a white crystalline pow-
der. Freely soluble in water. pH of a 5% solution in water is be-
tween 6.5 and 7.5. Store in airtight containers at a temperature of
2° to 8°. Protect from light.
Incompatibility. Amifostine has been reported1 to be physical-
ly incompatible with aciclovir sodium, amphotericin B, cefoper-
azone sodium, chlorpromazine hydrochloride, cisplatin, ganci-
clovir sodium, hydroxyzine hydrochloride, miconazole,
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

minocycline hydrochloride, and prochlorperazine edisilate dur-
ing simulated Y-site administration.
1. Trissel LA, Martinez JF. Compatibility of amifostine with select-

ed drugs during simulated Y-site administration. Am J Health-
Syst Pharm 1995; 52: 2208–12.

Adverse Effects, Treatment, and Precau-
tions
Amifostine may cause a transient reduction, usually in
systolic, or, less frequently, in diastolic blood pressure.
However, more pronounced reductions in blood pres-
sure may occur and transient loss of consciousness has
been reported very rarely. To minimise hypotension,
patients should be adequately hydrated before treat-
ment begins and should be in a supine position. Ami-
fostine is contra-indicated in patients who are hypoten-
sive or dehydrated. Patients taking antihypertensive
drugs should discontinue treatment 24 hours before
starting amifostine. Arterial blood pressure must be
monitored during the amifostine infusion and if systo-
lic blood pressure decreases significantly, the infusion
must stop. It may be continued if blood pressure re-
turns to normal within 5 minutes. 
Nausea and vomiting are frequently reported and con-
current antiemetic therapy is recommended. 
Amifostine reduces serum-calcium concentrations, al-
though clinical hypocalcaemia has occurred only very
rarely in patients who received multiple doses of ami-
fostine within 24 hours. Serum-calcium concentrations
should be monitored in patients at risk of hypocalcae-
mia. 
Other adverse effects include flushing, chills, somno-
lence, hiccups, and sneezing. Hypersensitivity reac-
tions and anaphylactoid reactions have been reported.
Skin rashes may occur and there have been reports of
more severe skin reactions including Stevens-Johnson
syndrome and toxic epidermal necrolysis, in some cas-
es resulting in fatality. 
Administration of amifostine over a longer period than
the recommended 15 minutes is associated with a high-
er incidence of adverse effects.
Effects on the skin. Amifostine has been associated with se-
vere skin reactions, including Stevens-Johnson syndrome1,2 and
toxic epidermal necrolysis,1,2 and fatalities have occurred.2 The
reactions appear to be more common in patients receiving radio-
therapy.2
1. Lale Atahan I, et al. Two cases of Stevens-Johnson syndrome:

toxic epidermal necrolysis possibly induced by amifostine dur-
ing radiotherapy. Br J Dermatol 2000; 143: 1072–3. 

2. Boccia R, et al. Assessment and management of cutaneous reac-
tions with amifostine administration: findings of the ethyol (ami-
fostine) cutaneous treatment advisory panel (ECTAP). Int J Ra-
diat Oncol Biol Phys 2004; 60: 302–9.

Pharmacokinetics
Amifostine is rapidly cleared from the plasma after in-
travenous administration and is dephosphorylated by
alkaline phosphatase to the active metabolite WR-
1065, a free thiol compound. The elimination half-life
of amifostine after a 15-minute infusion is less than 10
minutes. About 6% or less of a dose is excreted in the
urine.

Uses and Administration
Amifostine, an aminothiol compound, is a cytoprotec-
tive agent. It is converted in the body to its active
metabolite WR-1065, which protects noncancerous
cells against the toxic effects of antineoplastics and
ionising radiation. It is used in patients with advanced
ovarian cancer to reduce neutropenia-related infection
associated with cyclophosphamide and cisplatin thera-
py and, in patients with advanced solid tumours of
non-germ cell origin, to reduce the cumulative renal
toxicity associated with repeated cisplatin use. It is also
used to reduce the incidence of xerostomia (dry mouth)
in patients undergoing radiation therapy for head and
neck cancer. Amifostine is under investigation in amel-
iorating the adverse effects of other antineoplastics and
in the treatment of myelodysplasia. 
In chemotherapy, amifostine is given by intravenous
infusion over 15 minutes starting no more than 30 min-
utes before the antineoplastic therapy. The dose in

adults is 910 mg/m2 once daily. Subsequent doses
should be reduced to 740 mg/m2 in patients unable to
tolerate the full dose. A dose of 740 mg/m2 is also rec-
ommended for the reduction of renal toxicity of cis-
platin if doses of cisplatin of less than 100 mg/m2 are
used. 
In the prevention of xerostomia, amifostine is given in
a dose of 200 mg/m2 daily as a 3-minute intravenous
infusion started 15 to 30 minutes before radiotherapy.
Cytoprotection. WR-1065, the active metabolite of amifos-
tine, readily enters non-malignant cells where it deactivates cyto-
toxics such as alkylating and platinum-containing antineoplas-
tics and protects against the effects of ionising radiation.1-3 The
cytoprotective effects of amifostine are reported to be selective
for normal cells and not to interfere with the cytotoxic effects of
antineoplastics and radiation on malignant cells. Several factors
contribute to this selectivity, including the lower alkaline phos-
phatase content of malignant cells compared with normal cells,
and the lower pH of malignant tissues, both of which decrease
the formation and uptake of WR-1065 by malignant cells.2,3 
Benefit has been reported with amifostine in various malignan-
cies and the American Society of Clinical Oncology currently
recommends4 that its use may be considered in patients receiving
cisplatin- or alkylating agent-based chemotherapy, and in pa-
tients receiving radiation therapy in the head and neck region.
Although it is usually given intravenously, there is some
evidence5,6 that the subcutaneous route may be effective and may
be associated with fewer adverse effects.
1. Foster-Nora JA, Siden R. Amifostine for protection from antine-

oplastic drug toxicity. Am J Health-Syst Pharm 1997; 54:
787–800. 

2. Mabro M, et al. A risk-benefit assessment of amifostine in cyto-
protection. Drug Safety 1999; 21: 367–87. 

3. Culy CR, Spencer CM. Amifostine: an update on its clinical sta-
tus as a cytoprotectant in patients with cancer receiving chemo-
therapy or radiotherapy and its potential therapeutic application
in myelodysplastic syndrome. Drugs 2001; 61: 641–84. 

4. Schuchter LM, et al. 2002 update of recommendations for the
use of chemotherapy and radiotherapy protectants: clinical prac-
tice guidelines of the American Society of Clinical Oncology. J
Clin Oncol 2002; 20: 2895–903. Also available at: http://
www.jco.org/cgi/reprint/20/12/2895.pdf (accessed 4/10/05) 

5. Koukourakis MI, et al. Subcutaneous administration of amifos-
tine during fractionated radiotherapy: a randomized phase II
study. J Clin Oncol 2000; 18: 2226–33. 

6. Bonner HS, Shaw LM. New dosing regimens for amifostine: a
pilot study to compare the relative bioavailability of oral and
subcutaneous administration with intravenous infusion. J Clin
Pharmacol 2002; 42: 166–74.

Preparations
USP 31: Amifostine for Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Erifostine; Ethyol†; Austral.: Ethyol; Belg.: Ethyol; Braz.: Ethyol;
Chile: Ethyol; Cz.: Ethyol; Denm.: Ethyol; Fin.: Ethyol; Fr.: Ethyol; Ger.:
Ethyol; Gr.: Ethyol; Hong Kong: Ethyol†; Hung.: Ethyol†; India: Amiphos;
Israel: Ethyol; Ital.: Ethyol; Malaysia: Ethyol†; Mex.: Ethyol; Neth.: Ethy-
ol; NZ: Ethyol; Philipp.: Ethyol; Pol.: Ethyol; Port.: Ethyol; S.Afr.: Ethyol;
Singapore: Ethyol†; Spain: Ethyol; Swed.: Ethyol; Switz.: Ethyol; Thai.:
Cytofos; Ethyol; Turk.: Ethyol; UK: Ethyol†; USA: Ethyol; Venez.: Ethyol.

Ammonium Tetrathiomolybdate
Tetratiomolibdato de amonio.
(NH4)2MoS4 = 260.3.
CAS — 15060-55-6.

Profile
Ammonium tetrathiomolybdate is a chelator that aids the elimi-
nation of copper from the body. It is under investigation in the
treatment of Wilson’s disease.
Wilson’s disease. Ammonium tetrathiomolybdate forms a
complex with protein and copper. When it is taken with food it
blocks the intestinal absorption of copper, and when given be-
tween meals it combines with albumin- and caeruloplasmin-
bound copper. Ammonium tetrathiomolybdate is under investi-
gation for the initial reduction of copper levels in patients with
Wilson’s disease (p.1459); it may be particularly suitable for pa-
tients with neurological symptoms.1 Bone marrow depression1,2

and raised liver enzymes1 have been reported; both have re-
sponded to temporary withdrawal or dose reduction.
1. Brewer GJ, et al. Treatment of Wilson disease with ammonium

tetrathiomolybdate III: initial therapy in a total of 55 neurologi-
cally affected patients and follow-up with zinc therapy. Arch
Neurol 2003; 60: 379–85. 

2. Harper PL, Walshe JM. Reversible pancytopenia secondary to
treatment with tetrathiomolybdate. Br J Haematol 1986; 64:
851–3.

Amyl Nitrite
Amyli Nitris; Amylis Nitris; Amylium Nitrosum; Amylnitrit;
Amyylinitriitti; Azotito de Amilo; Isoamyl Nitrite; Isopentyl Ni-
trite; Nitrito de amilo; Pentanolis Nitris.
C5H11NO2 = 117.1.
ATC — V03AB22.
ATC Vet — QV03AB22.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of amyl nitrite: 
60 second trip; Aimes; Aimies; Ames; Amys; Boppers; Hard on;
Pearls; Poppers; Sixty second trip; Snappers; Whiffenpoppers.
Pharmacopoeias. In Jpn and US. 
USP 31 (Amyl Nitrite). A mixture of the nitrite esters of 3-me-
thyl-1-butanol and 2-methyl-1-butanol. A clear, yellowish liquid
having a peculiar, ethereal, fruity odour. It is very flammable. It
is volatile even at low temperatures. B.p. about 96°. Practically
insoluble in water; miscible with alcohol and with ether. Store in
a cool place in airtight containers. Protect from light.
Stability. Amyl nitrite is liable to decompose with evolution of
nitrogen, particularly if it has become acid in reaction.
Adverse Effects, Treatment, and Precautions
Amyl nitrite inhalation commonly causes flushing, headache,
and dizziness; nausea and vomiting, hypotension, restlessness,
and tachycardia may also occur. Overdosage may result in cya-
nosis, syncope, dyspnoea, and muscular weakness, due to va-
sodilatation and methaemoglobinaemia. Methylthioninium chlo-
ride may be required for severe methaemoglobinaemia but
should not be used if cyanide poisoning is suspected since cya-
nide may be displaced. 
Amyl nitrite may increase intra-ocular and intracranial pressure
and should be used with caution in patients with glaucoma, re-
cent head trauma, or cerebral haemorrhage.
Abuse. Volatile nitrites (commonly known as ‘poppers’), in-
cluding amyl, butyl, or isobutyl nitrite, have been abused in the
belief that they expand creativity, stimulate music appreciation,
promote a sense of abandon in dancing, and intensify sexual ex-
perience.1,2 
Inhalation causes headache, tachycardia, syncope, acute psycho-
sis, increased intra-ocular pressure, transient hemiparesis, meth-
aemoglobinaemia, coma, and, rarely, sudden death. Haemolytic
anaemia has also been reported;3-5 in some subjects, Heinz body
formation has been detected.3 Methaemoglobinaemia may be se-
vere,6 and has also been reported after ingestion of volatile ni-
trites.7-10 Symptoms are similar to those of hypoxia9 and may be
reversed by methylthioninium chloride.6-10 
Amyl nitrite inhalation has led to severe and extensive contact
dermatitis around the face with secondary spread elsewhere on
the body.11

1. Sigell LT, et al. Popping and snorting volatile nitrites: a current
fad for getting high. Am J Psychiatry 1978; 135: 1216–18. 

2. Lockwood B. Poppers: volatile nitrite inhalants. Pharm J 1996;
257: 154–5. 

3. Romeril KR, Concannon AJ. Heinz body haemolytic anaemia
after sniffing volatile nitrites. Med J Aust 1981; 1: 302–3. 

4. Brandes JC, et al. Amyl nitrite-induced hemolytic anemia. Am
J Med 1989; 86: 252–4. 

5. Graves TD, Mitchell S. Acute haemolytic anaemia after inhala-
tion of amyl nitrite. J R Soc Med 2003; 96: 594–5. 

6. Modarai B, et al. Methylene blue: a treatment for severe meth-
aemoglobinaemia secondary to misuse of amyl nitrite. Emerg
Med J 2002; 19: 270–1. 

7. Laaban JP, et al. Amyl nitrite poppers and methemoglobuline-
mia. Ann Intern Med 1985; 103: 804–5. 

8. Osterloh J, Olson K. Toxicities of alkyl nitrites. Ann Intern Med
1986; 104: 727. 

9. Pierce JMT, Nielsen MS. Acute acquired methaemoglobinae-
mia after amyl nitrite poisoning. BMJ 1989; 298: 1566. 

10. Forsyth RJ, Moulden A. Methaemoglobinaemia after ingestion
of amyl nitrite. Arch Dis Child 1991; 66: 152. 

11. Bos JD, et al. Allergic contact dermatitis to amyl nitrite (‘pop-
pers’). Contact Dermatitis 1985; 12: 109.

Handling and storage. Amyl nitrite is very flammable and
must not be used where it may be ignited.
Uses and Administration
Amyl nitrite is rapidly absorbed on inhalation and has been used
in the immediate treatment of patients with definite cyanide poi-
soning (p.2045) to induce the formation of methaemoglobin,
which combines with the cyanide to form non-toxic cyanmeth-
aemoglobin. The value of such treatment has been questioned
since only low levels of methaemoglobin are formed, but other
mechanisms may also be important. A suggested procedure has
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been to give amyl nitrite by inhalation for up to 30 seconds every
minute until other measures can be instituted. It has also been
suggested for use in the management of hydrogen sulfide poison-
ing (p.1690). 
Amyl nitrite has an action similar to that of glyceryl trinitrate
(p.1297) and used to be given by inhalation for the relief of acute
attacks of angina pectoris but is seldom used now. 
Homoeopathy. Amyl nitrite has been used in homoeopathic
medicines under the following names: Amyl nitrosum; Am. nit.
Preparations
USP 31: Amyl Nitrite Inhalant.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austria: Percucor†; S.Afr.: Tripac-Cyano; USA: Cya-
nide Antidote Package; Emergent-Ez.

Asoxime Chloride
Asoxima, cloruro de; HI-6. 1-({[4-(Aminocarbonyl)pyridin-
io]methoxy}methyl)-2-[(hydroxyimino)methyl]pyridinium
dichloride.
C14H16Cl2N4O3 = 359.2.
CAS — 34433-31-3.

Profile
Asoxime chloride is a cholinesterase reactivator that has been
tried in the treatment of poisoning by organophosphorus pesti-
cides and related compounds, including nerve agents.
◊ References.
1. Jovanović D, et al. A case of unusual suicidal poisoning by the

organophosphorus insecticide dimethoate. Hum Exp Toxicol
1990; 9: 49–51. 

2. Kušić R, et al. HI-6 in man: efficacy of the oxime in poisoning
by organophosphorus insecticides. Hum Exp Toxicol 1991; 10:
113–18.

AST-120
CAS — 90597-58-3.

Profile
AST-120 is an adsorbent consisting of spherical microcrystalline
carbonaceous particles with oxygen complex including surface
oxides. It is given orally to delay the progression of chronic renal
failure by removing uraemic toxins and their precursors from the
gastrointestinal tract. It is also under investigation in gastrointes-
tinal disorders.
◊ References.
1. Takahashi N, et al. Therapeutic effects of long-term administra-

tion of an oral adsorbent in patients with chronic renal failure:
two-year study. Int J Urol 2005; 12: 7–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Kremezin.

Atipamezole (BAN, USAN, rINN)

Atipamezol; Atipamézole; Atipamezolum; MPV-1248. 4-(2-Ethyl-
2-indanyl)imidazole.
Атипамезол
C14H16N2 = 212.3.
CAS — 104054-27-5.
ATC Vet — QV03AB90.

Atipamezole Hydrochloride (BANM, rINNM)

Atipametsolihydrokloridi; Atipamézole, Chlorhydrate d’; Atipam-
ezolhydroklorid; Atipamezoli Hydrochloridum; Hidrocloruro de
atipamezol.
Атипамезола Гидрохлорид
C14H16N2,HCl = 248.8.
CAS — 104075-48-1.

Profile
Atipamezole is a selective alpha2-adrenergic receptor antagonist
that is used as the hydrochloride in veterinary medicine to re-
verse the sedative effects of medetomidine.

Calcium Polystyrene Sulfonate
Calcium Polystyrene Sulphonate; Poliestirenosulfonato cálcico;
Polistiren Sülfonat Kalsiyum.
CAS — 37286-92-3.
ATC — V03AE01.
ATC Vet — QV03AE01.

Pharmacopoeias. In Br. and Jpn. 
BP 2008 (Calcium Polystyrene Sulphonate). A cream to light
brown, fine powder. The calcium content is not less than 6.5%
and not more than 9.5%, calculated with reference to the dried
substance. Each g exchanges not less than 1.3 mmol and not
more than 2.0 mmol of potassium, calculated with reference to
the dried substance. Practically insoluble in water and in alcohol.
Store in airtight containers.

Adverse Effects and Precautions
As for Sodium Polystyrene Sulfonate, p.1465. Sodium
overloading is not a problem with calcium polystyrene
sulfonate, but calcium overloading and hypercalcae-
mia may occur. It should therefore be avoided in pa-
tients with conditions such as hyperparathyroidism,
multiple myeloma, sarcoidosis, or metastatic carcino-
ma who may present with renal failure together with
hypercalcaemia. Patients should be monitored for elec-
trolyte disturbances, especially hypokalaemia and hy-
percalcaemia.
Effects on the lungs. An elderly man who died from cardiac
arrest was found at autopsy to have bronchopneumonia associat-
ed with inhalation of calcium polystyrene sulfonate;1 the resin
had been given by mouth to treat hyperkalaemia.
1. Chaplin AJ, Millard PR. Calcium polystyrene sulphonate: an un-

usual cause of inhalation pneumonia. BMJ 1975; 3: 77–8.

Interactions
As for Sodium Polystyrene Sulfonate, p.1465. Calci-
um ions are released from the resin in the gastrointesti-
nal tract and this may reduce the absorption of tetracy-
cline given by mouth.

Uses and Administration
Calcium polystyrene sulfonate, the calcium salt of sul-
fonated styrene polymer, is a cation-exchange resin
that exchanges calcium ions for potassium ions and
other cations in the gastrointestinal tract. It is used sim-
ilarly to sodium polystyrene sulfonate (p.1465) to en-
hance potassium excretion in the treatment of hyperka-
laemia (p.1669) and may be preferred to the sodium
resin in patients who cannot tolerate an increase in their
sodium load. It is estimated that 1 g of calcium polysty-
rene sulfonate could bind 1.3 to 2 mmol of potassium
but it is unlikely that such figures could be achieved in
practice. 
It is given orally, in a dose of 15 g three or four times
daily, as a suspension in water or syrup or as a sweet-
ened paste. It should not be given in fruit juices that
have a high potassium content. A dose for children is
1 g/kg daily in divided doses for acute hyperkalaemia,
reduced to a maintenance dose of 500 mg/kg daily in
divided doses; the oral route is not recommended for
neonates. 
When oral administration is difficult, calcium polysty-
rene sulfonate may be given rectally as an enema. The
usual daily dose is 30 g given as a suspension in
100 mL of 2% methylcellulose ‘450’ and 100 mL of
water and retained, if possible, for at least 9 hours. Ini-
tial therapy may involve both oral and rectal routes.

Following retention of the enema the colon should be
irrigated to remove the resin. Children and neonates
may be given rectal doses similar to the oral doses sug-
gested for children.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Resincalcio; RIC Calcio†; Austral.: Calcium Resonium; Austria: CPS
Pulver; Sorbisterit; Belg.: Kayexalate; Braz.: Sorcal; Canad.: Resonium
Calcium; Chile: Sorbisterit; Cz.: Calcium Resonium; Resical; Sorbisterit†;
Denm.: Resonium Calcium; Ger.: Anti-Kalium; Calcium Resonium; CPS
Pulver; Elutit-Calcium; Sorbisterit; Gr.: Calcium Resonium†; Hong Kong:
Calcium Resonium; Indon.: Kalitake; Irl.: Calcium Resonium; Jpn: Kalimate;
Malaysia: Kalimate; Neth.: Sorbisterit; Norw.: Resonium Calcium; NZ:
Calcium Resonium; Philipp.: Kalimate; Pol.: Calcium Resonium; Port.:
Resical; Spain: Resincalcio; Swed.: Resonium Calcium; Switz.: Sorbisterit;
Thai.: Kalimate; Resincalcio; Turk.: Anti-potasium; UK: Calcium Resonium.

Deferasirox (USAN, rINN)

CGP-72670; Déférasirox; Deferasiroxum; ICL-670; ICL-670A. 4-
[3,5-Bis(2-hydroxyphenyl)-1H-1,2,4-triazol-1-yl]benzoic acid.
Деферазирокс
C21H15N3O4 = 373.4.
CAS — 201530-41-8.
ATC — V03AC03.
ATC Vet — QV03AC03.

Adverse Effects and Precautions
The commonest adverse effects with deferasirox are dose-related
gastrointestinal disorders, such as nausea, vomiting, diarrhoea,
and abdominal pain; diarrhoea may be more common in young
children. Skin rashes are also common and may respond to a re-
duction in dose. Other adverse effects include headache, pyrexia,
and cough. 
Dose-dependent increases in serum creatinine are common and
proteinuria may also occur; there have been reports of acute renal
failure, including fatalities. Serum creatinine should be measured
before starting deferasirox, and renal function should be assessed
weekly for the first month (particularly in patients with risk fac-
tors for renal disease) and for a month after dosage increases,
then monthly thereafter; tests for proteinuria should also be per-
formed monthly. The dose should be reduced or treatment
stopped if persistent increases in serum creatinine occur. 
Liver enzyme values may increase in patients receiving defera-
sirox, and cases of hepatitis have occurred; gallstones and related
biliary disorders have also been reported. Liver enzymes should
be monitored monthly and treatment should be stopped if persist-
ent increases occur. 
As with other iron chelators, hearing loss and visual disorders,
including cataracts, have occurred. Audiological and ophthalmo-
logical tests should be performed before starting deferasirox and
then every 12 months. Serum ferritin should be measured month-
ly. In children, annual assessment of growth and development is
also recommended. 
There have been rare reports of blood disorders, some of which
have been fatal, including agranulocytosis, neutropenia, and
thrombocytopenia, in patients taking deferasirox. Blood counts
should be monitored regularly.
Interactions
Deferasirox should not be given with aluminium-containing ant-
acids since there is a possibility that it may chelate aluminium.
Pharmacokinetics
Deferasirox is absorbed from the gastrointestinal tract and peak
plasma concentrations occur about 1.5 to 4 hours after ingestion.
The absolute bioavailability is about 70% but is increased in the
presence of food. Deferasirox is about 99% bound to plasma pro-
teins, mainly albumin. It is metabolised by glucuronidation and
is excreted mainly in the faeces via bile, as metabolites and as
unchanged drug; there is a possibility that enterohepatic recy-
cling may occur. About 8% of a dose is excreted in the urine. The
mean elimination half-life is about 8 to 16 hours.
Uses and Administration
Deferasirox is an orally active iron chelator that is used in the
management of chronic iron overload (p.1442) due to blood
transfusion. It is available as tablets that are made into a suspen-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

sion immediately before use. The usual initial dose in adults and
children 2 years of age and older is 20 mg/kg once daily, taken
on an empty stomach at least 30 minutes before food. Serum fer-
ritin should be monitored monthly and the dose should be adjust-
ed every 3 to 6 months as necessary. The maximum recommend-
ed dose is 30 mg/kg daily.
◊ References.
1. VanOrden HE, Hagemann TM. Deferasirox—an oral agent for

chronic iron overload. Ann Pharmacother 2006; 40: 1110–17. 
2. Stumpf JL. Deferasirox. Am J Health-Syst Pharm 2007; 64:

606–16. 
3. Yang LPH, et al. Deferasirox: a review of its use in the manage-

ment of transfusional chronic iron overload. Drugs 2007; 67:
2211–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Exjade; Austral.: Exjade; Chile: Exjade; Cz.: Exjade; Fr.: Exjade; Gr.:
Exjade; Hung.: Exjade; Indon.: Exjade; Malaysia: Exjade; NZ: Exjade;
UK: Exjade; USA: Exjade.

Deferiprone (BAN, rINN)

CP-20; Deferipron; Deferiprona; Défériprone; Deferiproni; De-
feripronum; Dimethylhydroxypyridone; L1. 1,2-Dimethyl-3-hy-
droxypyrid-4-one; 3-Hydroxy-1,2-dimethyl-4-pyridone.

Деферипрон
C7H9NO2 = 139.2.
CAS — 30652-11-0.
ATC — V03AC02.
ATC Vet — QV03AC02.

Adverse Effects and Precautions
Deferiprone has been shown to cause neutropenia and should not
be used in neutropenic patients; the neutrophil count should be
monitored weekly and treatment should be stopped if neutrope-
nia develops. Agranulocytosis has also occurred. Patients should
be advised to seek immediate medical attention if symptoms in-
dicative of infection such as fever, sore throat, or flu-like symp-
toms occur. 
Gastrointestinal disorders such as diarrhoea, nausea, vomiting,
and abdominal pain are common during deferiprone treatment
and may require a temporary reduction in dose. A reddish-brown
discoloration of the urine is also common. Other adverse effects
that have been reported include arthralgia and increased liver en-
zymes. Deferiprone may reduce plasma-zinc concentrations and
zinc supplements may be required. 
Deferiprone is teratogenic in animals and should not be used dur-
ing pregnancy. Women of child-bearing potential should be ad-
vised to use contraceptive measures during treatment with de-
feriprone. 
Caution is advised in patients with hepatic or renal impairment.
Effects on the blood. Agranulocytosis, in some cases fatal,
has been reported in association with deferiprone use.1,2

1. Henter J-I, Karlén J. Fatal agranulocytosis after deferiprone ther-
apy in a child with Diamond-Blackfan anemia. Blood 2007; 109:
5157–9. 

2. Anonymous. Deferiprone: agranulocytosis and neurological dis-
orders. Prescrire Int 2007; 16: 72.

Overdosage. Neurological disorders were reported by the
manufacturer and the French pharmacovigilance authorities in 2
children aged 7 and 9 who had been treated with deferiprone dos-
es at 2 ⁄  times the highest recommended dose of 100 mg/kg
daily. The children were treated for 1 and 2 years, respectively,
and developed nystagmus, gait disorders, ataxia, dystonia, and,
in one case, psychomotor retardation. These disorders gradually
improved after deferiprone was stopped.1
1. Agence française de sécurité sanitaire des produits de santé/Labora-

toires Chiesi, France. Risque d’agranulocytoses fatales et de trou-
bles neurologiques lors de l’utilisation de Ferriprox  (défériprone)
( i ssued  1s t  Sep tember,  2006) .  Ava i lab le  a t :  h t t p : / /
agmed.sante.gouv.fr/htm/10/filltrpsc/lp060901.pdf (accessed
27/09/07)

Interactions
Deferiprone chelates trivalent metal ions and could interact with
aluminium-containing preparations; it should not be given with
aluminium-containing antacids. Due to the risk of additive toxic-
ity, use with drugs that may cause neutropenia or agranulocytosis
is not recommended.
Pharmacokinetics
Deferiprone is rapidly absorbed from the gastrointestinal tract
with peak serum concentrations occurring 45 to 60 minutes after

an oral dose; absorption may be slowed in the presence of food
and peak serum concentrations may be reduced. Deferiprone is
metabolised to an inactive glucuronide metabolite and is excret-
ed primarily in the urine, mainly as the metabolite and the iron-
deferiprone complex, with a small amount of unchanged drug.
The elimination half-life is about 2 to 3 hours.

Uses and Administration
Deferiprone is an orally active iron chelator used in the treatment
of iron overload in patients with thalassaemia for whom desfer-
rioxamine is unsuitable or ineffective. It may be given by mouth
in doses of 25 mg/kg three times daily. Doses above 100 mg/kg
daily are not recommended. For use in children, see Administra-
tion in Children, below.

◊ Reviews.
1. Barman Balfour JA, Foster RH. Deferiprone: a review of its clin-

ical potential in iron overload in β-thalassaemia major and other
transfusion-dependent diseases. Drugs 1999; 58: 553–78. 

2. Kontoghiorghes GJ, et al. Benefits and risks of deferiprone in
iron overload in thalassaemia and other conditions: comparison
of epidemiological and therapeutic aspects with deferoxamine.
Drug Safety 2003; 26: 553–84. 

3. Hoffbrand AV. Deferiprone therapy for transfusional iron over-
load. Best Pract Res Clin Haematol 2005; 18: 299–317. 

4. Piga A, et al. Deferiprone: new insight. Ann N Y Acad Sci 2005;
1054: 169–74.

Administration in children. UK licensed product informa-
tion states that there are limited data on the use of deferiprone in
children between 6 and 10 years of age, and no data on use in
children below 6. Australian licensed product information states
that limited data exist for children between the ages of 2 and 10
but that the effects of deferiprone on growth are unknown. Li-
censed doses in children are calculated by weight on the same
basis as adults (see Uses and Administration, above).

Thalassaemia. Patients with thalassaemia receiving regular
blood transfusions commonly develop iron overload requiring
use of iron chelators. Deferiprone was developed as an oral alter-
native to desferrioxamine, but its role has been controversial. See
Thalassaemia under Uses of Desferrioxamine, p.1442, for fur-
ther information.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Ferriprox; Austral.: Ferriprox; Belg.: Ferriprox; Braz.: Ferriprox;
Cz.: Ferriprox; Denm.: Ferriprox; Fin.: Ferriprox; Fr.: Ferriprox; Ger.: Fer-
riprox; Gr.: Ferriprox; Kelfer; Hong Kong: Ferriprox; India: Kelfer; Irl.:
Ferriprox†; Ital.: Ferriprox; Malaysia: Ferriprox; Kelfer; Neth.: Ferriprox;
Port.: Ferriprox; Spain: Ferriprox; Swed.: Ferriprox; Switz.: Ferriprox;
Turk.: Ferriprox; UK: Ferriprox.

Desferrioxamine Mesilate (BANM)

Deferoxamine Mesilate (pINNM); Ba-33112; Ba-29837 (desferri-
oxamine hydrochloride); Deferoksamiinimesilaatti; Defer-
oksamin Mezilat; Deferoksamino mesilatas; Déferoxamine, Mési-
late de; Déféroxamine, mésilate de; Deferoxamine Mesylate (US-
AN); Deferoxamini mesilas; Deferoxaminmesilat; Deferoxamin-
mesylát; Deferoxamin-mezilát; Desferrioksamin Mesilat; Desfer-
rioxamine Mesylate; Desferrioxamine Methanesulphonate; Mesi-
lato de deferoxamina; NSC-527604 (desferrioxamine). 30-Ami-
no-3,14,25-trihydroxy-3,9,14,20,25-penta-azatriacontane-
2,10,13,21,24-pentaone methanesulphonate; N′-{5-[(4-{[5-
(Acetylhydroxyamino)pentyl]amino}-1,4-dioxobutyl)hydroxy-
amino]pentyl}-N-(5-aminopentyl)-N-hydroxy-butanediamide
monomethanesulphonate.

Дефероксамина Мезилат
C25H48N6O8,CH3SO3H = 656.8.
CAS — 70-51-9 (desferr ioxamine); 138-14-7 (desferr iox-
amine mesilate); 1950-39-6 (desferr ioxamine hydrochlo-
r ide).
ATC — V03AC01.
ATC Vet — QV03AC01.

(desferr ioxamine)

Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Deferoxamine Mesilate; Desferrioxamine Mesilate
BP 2008). A white or almost white powder. Freely soluble in wa-
ter; very slightly soluble in alcohol; slightly soluble in methyl al-
cohol. A freshly prepared 10% solution in water has a pH of 3.7
to 5.5. Store at 2° to 8°. Protect from light. 
USP 31 (Deferoxamine Mesylate). A white to off-white powder.
Freely soluble in water; slightly soluble in methyl alcohol. pH of
a 1% solution in water is between 4.0 and 6.0. Store in airtight
containers.

Incompatibility. Licensed product information states that des-
ferrioxamine solutions are incompatible with heparin.

Adverse Effects and Treatment
Rapid intravenous injection of desferrioxamine may
cause flushing, urticaria, hypotension, and shock. Lo-
cal pain may occur with subcutaneous or intramuscular
injections and pruritus, erythema, and swelling have
occurred after prolonged subcutaneous use. Gastroin-
testinal disorders, dysuria, fever, allergic skin rashes,
tachycardia, cardiac arrhythmias, convulsions, and leg
cramps have been reported. Visual disturbances, in-
cluding retinal changes, and hearing loss may occur
and may be reversible if desferrioxamine is withdrawn.
Cataract formation has also been reported. Desferriox-
amine therapy may retard growth in very young chil-
dren. 
The adverse effects of desferrioxamine generally re-
spond to dosage reduction. In acute overdosage desfer-
rioxamine may be removed by haemodialysis.
◊ Reviews of the adverse effects of desferrioxamine.
1. Bentur Y, et al. Deferoxamine (desferrioxamine): new toxicities

for an old drug. Drug Safety 1991; 6: 37–46.

Effects on the blood. A patient with end-stage renal disease
developed reversible thrombocytopenia on 3 separate occasions
after intravenous infusions of desferrioxamine for dialysis osteo-
malacia.1 Acute fatal aplastic anaemia occurred in a 16-year-old
girl with thalassaemia after high intravenous doses of desferriox-
amine (80 mg/kg daily) for 20 days.2

1. Walker JA, et al. Thrombocytopenia associated with intravenous
desferrioxamine. Am J Kidney Dis 1985; 6: 254–6. 

2. Sofroniadou K, et al. Acute bone marrow aplasia associated with
intravenous administration of deferoxamine (desferrioxamine).
Drug Safety 1990; 5: 152–4.

Effects on the ears and eyes. Lens opacities, retinal pigmen-
tary changes and other retinal abnormalities, and ocular distur-
bances including loss of colour vision, night blindness, decreased
visual acuity, and field defects, have been reported in patients re-
ceiving long-term or high-dose treatment with desferrioxam-
ine.1-4 The incidence appears to be about 30%, although individ-
ual studies have reported widely differing rates; in 2 studies long-
term use of desferrioxamine was associated with symptomatic or
asymptomatic ocular changes in 4% (2 of 52)5 and 66% (10 of
15)6 of patients respectively. 
Sensorineural hearing impairment has also been reported,5,7-12

and in one study13 was attributed to desferrioxamine in 29% of
patients (22 of 75). Tinnitus has been reported in a few pa-
tients.11,14 
The mechanism by which desferrioxamine causes neurotoxicity
is unclear. Some studies8,15 have found an association with dose,
suggesting a direct toxic effect of desferrioxamine; other
studies6,16 have suggested that depletion of trace metals, particu-
larly zinc or copper, may be involved. Both ophthalmic and au-
ditory abnormalities can improve when desferrioxamine is with-
drawn,1,3,5-10 although sometimes the effects may be
irreversible17 or recovery may only be partial.8,9 There has also
been a report18 of improvement following use of zinc supple-
ments.
1. Davies SC, et al. Ocular toxicity of high-dose intravenous des-

ferrioxamine. Lancet 1983; ii: 181–4. 
2. Simon P, et al. Desferrioxamine, ocular toxicity, and trace met-

als. Lancet 1983; ii: 512–13. 
3. Borgna-Pignatti C, et al. Visual loss in patient on high-dose sub-

cutaneous desferrioxamine. Lancet 1984; i: 681. 
4. Rubinstein M, et al. Ocular toxicity of desferrioxamine. Lancet

1985; i: 817–18. 
5. Cohen A, et al. Vision and hearing during deferoxamine thera-

py. J Pediatr 1990; 117: 326–30. 
6. De Virgiliis S, et al. Depletion of trace elements and acute ocu-

lar toxicity induced by desferrioxamine in patients with thalas-
saemia. Arch Dis Child 1988; 63: 250–5. 

7. Guerin A, et al. Acute deafness and desferrioxamine. Lancet
1985; ii: 39. 

8. Olivieri NF, et al. Visual and auditory neurotoxicity in patients
receiving subcutaneous deferoxamine infusions. N Engl J Med
1986; 314: 869–73. 

9. Barratt PS, Toogood IRG. Hearing loss attributed to desferriox-
amine in patients with beta-thalassaemia major. Med J Aust
1987; 147: 177–9. 

10. Wonke B, et al. Reversal of desferrioxamine induced auditory
neurotoxicity during treatment with Ca-DTPA. Arch Dis Child
1989; 64: 77–82. 

11. Porter JB, et al. Desferrioxamine ototoxicity: evaluation of risk
factors in thalassaemic patients and guidelines for safe dosage.
Br J Haematol 1989; 73: 403–9. 

12. Argiolu F, et al. Hearing impairment during deferoxamine ther-
apy for thalassemia major. J Pediatr 1991; 118: 826. 

13. Chiodo AA, et al. Desferrioxamine ototoxicity in an adult trans-
fusion-dependent population. J Otolaryngol 1997; 26: 116–22. 

14. Marsh MN, et al. Tinnitus in a patient with beta-thalassaemia
intermedia on long-term treatment with desferrioxamine. Post-
grad Med J 1981; 57: 582–4. 
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15. Bentur Y, et al. Comparison of deferoxamine pharmacokinetics

between asymptomatic thalassemic children and those exhibit-
ing severe neurotoxicity. Clin Pharmacol Ther 1990; 47:
478–82. 

16. Pall H, et al. Ocular toxicity of desferrioxamine – an example of
copper promoted auto-oxidative damage? Br J Ophthalmol
1989; 73: 42–7. 

17. Bene C, et al. Irreversible ocular toxicity from single "chal-
lenge" dose of deferoxamine. Clin Nephrol 1989; 31: 45–8. 

18. Pinna A, et al. Rapid recovery with oral zinc sulphate in defer-
oxamine-induced presumed optic neuropathy and hearing loss.
J Neuroophthalmol 2001; 21: 32–3.

Effects on growth rate. Growth retardation has been noted in
thalassaemic children undergoing desferrioxamine therapy.1,2

Growth retardation was related to dose1,2 and inversely related to
iron stores.1 It was greater in those who started receiving desfer-
rioxamine at the start of transfusion therapy at about 9 months
old than in those who started desferrioxamine once iron accumu-
lation was established, after about 3 years. A sharp increase in
growth velocity was reported in 15 patients with low ferritin lev-
els after a 50% reduction in desferrioxamine dose.1
1. Piga A, et al. High-dose desferrioxamine as a cause of growth

failure in thalassaemic patients. Eur J Haematol 1988; 40:
380–1. 

2. De Virgiliis S, et al. Deferoxamine-induced growth retardation
in patients with thalassemia major. J Pediatr 1988; 113: 661–9.

Effects on the kidneys. Intensive treatment with intravenous
infusions of desferrioxamine has been associated1,2 with acute
decreases in renal function, and it has been suggested3 that neph-
rotoxicity could be related to the high doses used; acute renal
failure has also been reported4,5 after intravenous overdosage of
desferrioxamine. However, other studies6,7 have also found re-
ductions in renal function associated with more usual subcutane-
ous dosage regimens.
1. Batey R, et al. Acute renal insufficiency occurring during intra-

venous desferrioxamine therapy. Scand J Haematol 1979; 22:
277–9. 

2. Koren G, et al. Acute changes in renal function associated with
deferoxamine therapy. Am J Dis Child 1989; 143: 1077–80. 

3. Li Volti S, et al. Acute changes in renal function associated with
deferoxamine therapy. Am J Dis Child 1990; 144: 1069–70. 

4. Cianciulli P, et al. Acute renal failure occurring during intrave-
nous desferrioxamine therapy: recovery after haemodialysis.
Haematologica 1992; 77: 514–15. 

5. Prasannan L, et al. Acute renal failure following deferoxamine
overdose. Pediatr Nephrol 2003; 18: 283–5. 

6. Koren G, Bentur Y. Acute changes in renal function associated
with deferoxamine. Am J Dis Child 1990; 144: 1070. 

7. Cianciulli P, et al. Early detection of nephrotoxic effects in tha-
lassemic patients receiving desferrioxamine therapy. Kidney Int
1994; 46: 467–70.

Effects on the lungs. Pulmonary complications, including fa-
tal acute respiratory distress syndrome, have been reported in pa-
tients given prolonged or high-dose intravenous desferrioxam-
ine. A pulmonary syndrome with tachypnoea, hypoxaemia,
reduced pulmonary function, and evidence of diffuse interstitial
fibrosis and inflammation, has been reported1,2 with high doses,
possibly associated with a hypersensitivity reaction. There has
also been a report3 of fatal acute respiratory distress syndrome in
4 patients given intravenous desferrioxamine for 65 to 92 hours;
toxicity was attributed to the prolonged infusion since no pulmo-
nary complications had been noted with desferrioxamine given
for less than 24 hours. Subsequent correspondence, however,
suggested alternative explanations for the pulmonary injury in-
cluding the use of doses above the daily maximum,4 as well as
inadequate desferrioxamine therapy.5
1. Freedman MH, et al. Pulmonary syndrome in patients with tha-

lassemia major receiving intravenous deferoxamine infusions.
Am J Dis Child 1990; 144: 565–9. 

2. Scanderbeg AC, et al. Pulmonary syndrome and intravenous
high-dose desferrioxamine. Lancet 1990; 336: 1511. 

3. Tenenbein M, et al. Pulmonary toxic effects of continuous des-
ferrioxamine administration in acute iron poisoning. Lancet
1992; 339: 699–701. 

4. Macarol V, Yawalkar SJ. Desferrioxamine in acute iron poison-
ing. Lancet 1992; 339: 1601. 

5. Shannon M. Desferrioxamine in acute iron poisoning. Lancet
1992; 339: 1601.

Effects on the skin. Desferrioxamine may be used in the man-
agement of porphyria cutanea tarda (see p.1448). However, le-
sions resembling porphyria cutanea tarda developed in 3 patients
during long-term therapy with desferrioxamine for aluminium
toxicity.1 The lesions worsened on exposure to sun and resolved
when treatment was completed. It was also possible that the
lesions were associated with aluminium accumulation. Alopecia
was noted in 1 patient but an association with desferrioxamine
could not be established.
1. McCarthy JT, et al. Clinical experience with desferrioxamine in

dialysis patients with aluminium toxicity. Q J Med 1990; 74:
257–76.

Hypersensitivity. Individual cases of anaphylactoid reactions
have been reported with desferrioxamine given by various
parenteral routes, and desensitisation has been carried out suc-
cessfully in some patients.1-4 Immunological studies have sug-
gested that the reaction may be pseudo-allergic in nature;2-4 4 pa-
tients who were unable to tolerate subcutaneous desferrioxamine
due to severe hypersensitivity reactions were successfully treated
with high-dose intravenous therapy.5 

Effects on the lungs have also been attributed to hypersensitivity
(see above).
1. Miller KB, et al. Rapid desensitisation for desferrioxamine ana-

phylactic reaction. Lancet 1981; i: 1059. 
2. Bousquet J, et al. Rapid desensitisation for desferrioxamine an-

aphylactoid reactions. Lancet 1983; ii: 859–60. 
3. Patriarca G, et al. Successful desensitization of a child with des-

ferrioxamine hypersensitivity. J Investig Allergol Clin Immunol
1995; 5: 294–5. 

4. La Rosa M, et al. Desensitization treatment for anaphylactoid
reactions to desferrioxamine in a pediatric patient with tha-
lassemia. J Allergy Clin Immunol 1996; 97: 127–8. 

5. Lombardo T, et al. High-dose intravenous desferrioxamine
(DFO) delivery in four thalassemic patients allergic to subcuta-
neous DFO administration. Am J Hematol 1996; 51: 90–2.

Precautions
Desferrioxamine should be used with caution in pa-
tients with renal impairment since the metal complexes
are excreted by the kidneys; in those with severe renal
impairment dialysis increases elimination. The desfer-
rioxamine-iron complex may colour the urine reddish-
brown. 
Desferrioxamine may exacerbate aluminium-related
encephalopathy and precipitate seizures. Prophylactic
treatment with antiepileptics such as clonazepam has
been suggested for patients judged to be at risk. 
An increased susceptibility to infection, particularly
with Yersinia species, has been reported in patients
with iron overload treated with desferrioxamine. Se-
vere fungal infections have also been reported, mainly
in patients undergoing dialysis. If infection is suspect-
ed, treatment with desferrioxamine should be stopped
and appropriate antimicrobial treatment given. 
Skeletal fetal anomalies have occurred in animals. 
The urinary excretion of iron should be regularly mon-
itored during treatment and periodic ophthalmological
and audiological examinations are recommended for
patients on long-term therapy. Monitoring of cardiac
function is also recommended for patients receiving
combined treatment with ascorbic acid (see also under
Interactions, below). 
Inappropriately high dosage in children with low ferri-
tin levels may retard growth and therefore regular
checks on height and weight are recommended for
children.
Aluminium encephalopathy. Desferrioxamine may be used
in the management of aluminium-associated encephalopathy,
but has also been associated with precipitation or exacerbation of
dementia,1-3 with some fatal outcomes,1 in dialysis patients with
aluminium overload. It has been suggested2 that the effect could
be dose related. Desferrioxamine mobilises stored aluminium
and may therefore increase plasma-aluminium concentrations,
leading to toxicity. Use of a low dose of desferrioxamine (for ex-
ample, 10 mg/kg) shortly before dialysis, in addition to charcoal
haemoperfusion, has been recommended.1 However, exacerba-
tion of aluminium encephalopathy has also been reported3 after
the low dose of 500 mg twice weekly.
1. Sherrard DJ, et al. Precipitation of dialysis dementia by deferox-

amine treatment of aluminum related bone disease. Am J Kidney
Dis 1988; 12: 126–30. 

2. McCauley J, Sorkin I. Exacerbation of aluminium encephalopa-
thy after treatment with desferrioxamine. Nephrol Dial Trans-
plant 1989; 4: 110–14. 

3. Lillevang ST, Pedersen FB. Exacerbation of aluminium enceph-
alopathy after treatment with desferrioxamine. Nephrol Dial
Transplant 1989; 4: 676.

Diagnostic tests. In vitro and animal studies1 have suggested
that desferrioxamine could interfere with estimations of total
iron-binding capacity. It may also interfere with colorimetric iron
assays. 
Desferrioxamine also binds gallium and has been reported2-4 to
distort the results of gallium-67 imaging studies.
1. Bentur Y, et al. Misinterpretation of iron-binding capacity in the

presence of deferoxamine. J Pediatr 1991; 118: 139–42. 
2. Nagamachi S, et al. Gallium-67 scintigraphy in patients with he-

mochromatosis treated by deferoxamine. Ann Nucl Med 1988; 2:
35–9. 

3. Baker DL, Manno CS. Rapid excretion of gallium-67 isotope in
an iron-overloaded patient receiving high-dose intravenous de-
feroxamine. Am J Hematol 1988; 29: 230–2. 

4. Brown SJ, et al. Altered biodistribution of gallium-67 in a pa-
tient with aluminum toxicity treated with desferoxamine. J Nucl
Med 1990; 31: 115–17.

Infection susceptibility. Yersinia enterocolitica is one of the
most iron-dependent of all microbes and the risk of infection is
increased in patients with iron overload. Use of exogenous iron-
binding compounds (siderophores) such as desferrioxamine,
may increase the ability of Y. enterocolitica to take up iron and
may contribute to the increased risk of infection. Infections due

to Y. enterocolitica (p.174) have been reported in patients receiv-
ing desferrioxamine for acute iron overdosage1 or for chronic
iron overload.2-5 Severe infection with Y. pseudotuberculosis has
also been reported in a thalassaemic patient on long-term desfer-
rioxamine therapy.6 
Treatment with desferrioxamine may also increase susceptibility
to mucormycosis. Infections have occurred both in patients with
iron overload disorders7,8 and in those who do not have excessive
iron stores.9-11 A review8 of 26 cases of mucormycosis in patients
undergoing treatment revealed that 23 patients died; in 19 cases
the diagnosis was only made at necropsy and only 9 patients re-
ceived potentially effective treatment (surgery and/or amphoter-
icin B). The organisms responsible were Rhizopus species in 13
cases and Cunninghamella bertholletiae in 3. In another review
of 24 cases of mucormycosis in patients on dialysis,12 at least 21
were receiving desferrioxamine; infection was fatal in 21 of the
24 patients. 
In view of the serious nature of these infections it is important
that they should be recognised and treated promptly. It has been
suggested that a short course of a suitable antibacterial could be
given as prophylaxis to young children from areas with a high
incidence of yersiniosis who require treatment with desferriox-
amine.13
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Pregnancy. Desferrioxamine has been associated with fetal ab-
normalities in animals, and is generally only recommended in
pregnancy if the benefits are considered to outweigh the risks. A
review1 of pregnancy outcome following iron overdose found
that of 66 patients reported to the UK Teratology Information
Service, 35 of whom had received desferrioxamine, 7 gave birth
to infants with malformations (severe in one). However, in each
case overdosage had occurred after the first trimester and the
malformations therefore could not be directly related to either
iron or desferrioxamine. It was concluded that treatment of iron
overdose with desferrioxamine should not be withheld solely on
the grounds of pregnancy. Long-term use of desferrioxamine has
also been reported in pregnant patients with thalassaemia; a case
report2 and review of the literature found no evidence of tera-
togenicity despite use at various stages of gestation, suggesting
that desferrioxamine may be given to the mother if necessary.
1. McElhatton PR, et al. Outcome of pregnancy following deliber-

ate iron overdose by the mother. Hum Exp Toxicol 1993; 12: 579. 
2. Singer ST, Vichinsky EP. Deferoxamine treatment during preg-

nancy: is it harmful? Am J Hematol 1999; 60: 24–6.

Interactions
Desferrioxamine is usually given parenterally and thus
drug interactions due to chelation with oral metal ions
are not a problem.
Ascorbic acid. Ascorbic acid is often given in addition to des-
ferrioxamine to patients with iron overload to achieve better iron
excretion. However, early on in treatment when there is excess
tissue iron there is some evidence that ascorbic acid may worsen
the iron toxicity, particularly to the heart. Thus, ascorbic acid
should not be given for the first month after starting desferriox-
amine treatment.
Phenothiazines. Neurological symptoms including loss of
consciousness occurred in 2 patients given prochlorperazine
during desferrioxamine therapy,1 possibly due to synergistic ef-
fects on iron mobilisation. UK licensed product information
therefore advises that they should not be used together.
1. Blake DR, et al. Cerebral and ocular toxicity induced by desfer-

rioxamine. Q J Med 1985; 56: 345–55.

Pharmacokinetics
Desferrioxamine mesilate is poorly absorbed from the
gastrointestinal tract. After parenteral administration,
desferrioxamine forms chelates with metal ions, which
are then excreted in the urine; it is also metabolised,
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primarily in the plasma. The iron-desferrioxamine
chelate is excreted in the urine and bile. Desferrioxam-
ine is absorbed during peritoneal dialysis if added to
the dialysis fluid. It is also removed by dialysis.
◊ References.
1. Summers MR, et al. Studies in desferrioxamine and ferrioxam-

ine metabolism in normal and iron-loaded subjects. Br J Haema-
tol 1979; 42: 547–55. 

2. Allain P, et al. Pharmacokinetics and renal elimination of desfer-
rioxamine and ferrioxamine in healthy subjects and patients with
haemochromatosis. Br J Clin Pharmacol 1987; 24: 207–12. 

3. Porter JB. Deferoxamine pharmacokinetics. Semin Hematol
2001; 38 (Suppl 1): 63–8.

Uses and Administration
Desferrioxamine is a chelator that has a high affinity
for ferric iron. When given by injection it forms a sta-
ble water-soluble iron-complex (ferrioxamine) that is
readily excreted in the urine and in bile. Desferrioxam-
ine appears to remove both free iron and bound iron
from haemosiderin and ferritin but not from haemo-
globin, transferrin, or cytochromes. It is estimated that
100 mg of desferrioxamine mesilate could bind about
8.5 mg of iron but it is unlikely that such a figure could
be achieved in practice. Desferrioxamine also has an
affinity for other trivalent metal ions including alumin-
ium and theoretically 100 mg of the mesilate could
bind 4.1 mg of aluminium. 
Desferrioxamine increases the excretion of iron from
the body and is used in conditions associated with
chronic iron overload (such as the iron storage disor-
ders haemochromatosis and haemosiderosis and after
repeated blood transfusions as in thalassaemia) and in
acute iron poisoning. It has been used as eye drops in
the management of ocular siderosis and corneal rust
stains. It is also used to reduce aluminium overload in
patients with end-stage renal failure on maintenance
dialysis. 
Desferrioxamine is used as the mesilate and may be
given by subcutaneous or intravenous infusion, by in-
tramuscular injection, or intraperitoneally. It has been
given orally in acute iron poisoning but this is no long-
er generally recommended (see Iron Poisoning, be-
low). 
In the treatment of chronic iron overload, the dosage
and route of administration should be determined for
each patient by monitoring urinary iron excretion, with
the aim of normalising serum-ferritin concentrations.
Continuous subcutaneous infusions, preferably with
the aid of a small portable infusion pump, are particu-
larly convenient for ambulant patients and are more ef-
fective than intramuscular injections. Continuous in-
travenous infusion has been recommended for patients
incapable of continuing subcutaneous infusions or for
those with cardiac problems secondary to iron over-
load. An initial daily dose of desferrioxamine mesilate
500 mg may be given by subcutaneous infusion or in-
travenous infusion, increasing until a plateau of iron
excretion is reached. The usual effective dose range is
20 to 60 mg/kg daily. Subcutaneous infusions are giv-
en 3 to 7 times a week depending on the degree of iron
overload, usually over 8 to 12 hours, but infusion over
24 hours may be necessary in some patients. For intra-
muscular injection, an initial dose of 0.5 to 1 g daily as
1 or 2 injections has been used, with the maintenance
dose determined by response. It has been suggested
that in addition to intramuscular treatment, up to 2 g of
desferrioxamine mesilate should be given by intrave-
nous infusion for each unit of blood transfused, at a rate
not more than 15 mg/kg per hour at the time of each
blood transfusion. Desferrioxamine should be given
separately from the blood. Ascorbic acid supplements
can enhance the excretion of iron, but, to reduce the
risk of toxicity, should not be started until 1 month after
starting desferrioxamine treatment (see under Interac-
tions, above). Ascorbic acid is given in doses of up to
200 mg daily for adults or 50 to 200 mg daily for chil-
dren; it also enhances iron absorption and should there-
fore be given separately from food. 

Desferrioxamine has been used as a diagnostic test for
iron storage disease in patients with normal renal func-
tion by injecting 500 mg of the mesilate intramuscular-
ly and estimating the excretion of iron in the urine col-
lected over the next 6 hours; an excretion of more than
1 mg of iron is suggestive of iron storage disease and
more than 1.5 mg can be regarded as pathological. 
In the treatment of acute iron poisoning, desferriox-
amine is usually given by intravenous infusion, partic-
ularly in patients who are symptomatic. However, US
licensed product information advises intramuscular in-
jection unless the patient is in shock, due to the risk of
adverse effects with the intravenous route. The dose
should be adjusted according to the severity of the poi-
soning, preferably as indicated by the serum-iron con-
centration and total iron binding capacity, if available,
although chelation therapy should be started in patients
with significant symptoms without waiting for the re-
sults of blood concentrations. In the UK, the usual ini-
tial dose of desferrioxamine mesilate is 15 mg/kg per
hour by slow intravenous infusion, reducing after 4 to
6 hours to provide a total dose not exceeding 80 mg/kg
in 24 hours, although larger doses may be tolerated. Al-
ternatively, it may be given intramuscularly as a single
dose of 2 g for adults or 1 g for children. In the USA,
an initial dose of 1 g is given, either intravenously at a
maximum rate of 15 mg/kg per hour, or by intramuscu-
lar injection; subsequent doses of 500 mg may be giv-
en, by infusion over 4 to 12 hours or intramuscularly at
intervals of 4 to 12 hours, to a maximum of 6 g in 24
hours. 
In the treatment of aluminium overload in patients
with end-stage renal failure, those undergoing mainte-
nance haemodialysis or haemofiltration may be given
desferrioxamine mesilate 5 mg/kg once a week by
slow intravenous infusion during the last hour of a di-
alysis session, or 5 hours before dialysis in patients
with more severe overload. In patients on peritoneal di-
alysis (CAPD or CCPD), desferrioxamine mesilate
5 mg/kg may be given once a week, by slow intrave-
nous infusion, subcutaneously, intramuscularly, or
intraperitoneally (the recommended route) before the
final exchange of the day. For the diagnosis of alumin-
ium overload, desferrioxamine mesilate 5 mg/kg is
given by slow intravenous infusion during the last hour
of haemodialysis. An increase in serum-aluminium
concentration above baseline of more than
150 nanograms/mL (measured at the start of the next
dialysis session) suggests aluminium overload. 
Eye drops containing desferrioxamine mesilate 10%
have been used for the treatment of ocular siderosis and
corneal rust stains.
Administration. Compliance may be a problem with standard
parenteral desferrioxamine regimens in patients with chronic
iron overload. The oral,1-3 rectal,4 and intranasal5 routes have
therefore been tried as alternatives, but results have generally
been disappointing. Twice-daily subcutaneous bolus injection
has also been reported,6-9 although the volume of the injection
may be a limiting factor.9 
Intraperitoneal desferrioxamine may be used to reduce alumini-
um levels in patients receiving peritoneal dialysis for chronic re-
nal failure. Good results have also been reported10 in a patient
with haemochromatosis complicated by cirrhosis and cardiomy-
opathy, in whom a chronic peritoneal dialysis catheter was used
to control ascites and to give desferrioxamine.
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atr 1997; 130: 86–8. 
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Blood 2000; 95: 2776–9. 
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matol 1997; 98: 601–2. 

9. Franchini M, et al. Safety and efficacy of subcutaneous bolus
injection of deferoxamine in adult patients with iron overload:
an update. Blood 2004; 103: 747–8. 
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ine for hemochromatosis. Am J Med 1996; 100: 308–12.

Aluminium overload. Desferrioxamine is an effective alu-
minium chelator and may have a role in both acute and chronic
aluminium toxicity. 
Accumulation of aluminium may be a particular problem in pa-
tients with chronic renal failure and has been implicated in renal
osteodystrophy and dialysis dementia, as well as in other condi-
tions, see Aluminium p.2254. The main sources in patients with
renal failure are aluminium-containing phosphate binders and
the use of tap water with a high aluminium content in the prepa-
ration of dialysis fluids. Acute aluminium toxicity is less com-
mon, but may occur following exposure to soluble aluminium
salts. 
Use of alternative phosphate binders (see Renal Osteodystrophy,
p.1086) and limits on the aluminium concentration of dialysis
fluids reduce the exposure to aluminium in patients with chronic
renal failure, but desferrioxamine may also be used to remove
aluminium that has already accumulated. The desferrioxamine-
aluminium chelate (aluminoxamine) is removed by haemoper-
fusion and by haemodialysis,1 and also by peritoneal dialysis, al-
though the amount removed may be much less, and desferriox-
amine has been used successfully to treat aluminium overload in
dialysis patients. It has also been used with dialysis in acute tox-
icity. 
In patients with dialysis encephalopathy, increased aluminium
excretion and clinical improvement has been reported2,3 in pa-
tients given desferrioxamine in doses of up to 6 g once a week
via the arterial line during the first 2 hours of haemodialysis.2,3 A
study4 of 11 patients with dialysis encephalopathy found that 5
patients who were treated with deionised or reverse-osmosis wa-
ter alone died, whereas of 6 who were also given desferrioxam-
ine 6 to 10 g intravenously each week at dialysis, 4 showed clin-
ical improvement. Substantial improvement in early aluminium
encephalopathy has been achieved in a patient on continuous
ambulatory peritoneal dialysis by using intraperitoneal desferri-
oxamine.5 Another small study6 found that desferrioxamine im-
proved psychomotor function in haemodialysis patients with im-
paired cerebral function but no clinical encephalopathy, who had
only mildly elevated plasma-aluminium concentrations; desfer-
rioxamine was given 3 times weekly during dialysis. Improve-
ment in acute encephalopathy related to alum bladder irrigation
has also been reported.7 However, use of desferrioxamine may
also exacerbate encephalopathy and caution is required (see Alu-
minium Encephalopathy, under Precautions, above). 
Desferrioxamine has produced rapid clinical improvement in pa-
tients with dialysis-related bone disease.8-10 In some studies9,10

this has been associated with a reduction in the aluminium con-
tent of bone; others8 have reported clinical improvement with no
apparent effect on bone aluminium. Diagnosis of aluminium-re-
lated bone disease may require bone biopsy, but some studies
have suggested that measurement of plasma-aluminium concen-
trations after a desferrioxamine infusion may also be used. Some
studies reporting positive results9,11 have used relatively high
doses of desferrioxamine (40 mg/kg) with plasma-aluminium
measured 24 to 44 hours later; a study10 using a lower dose of
desferrioxamine (28.5 mg/kg) and measuring plasma aluminium
5 hours later found similar increases in patients both with and
without bone-aluminium accumulation. However, others have
reported12 that lower doses of desferrioxamine (5 or 10 mg/kg)
are adequate when combined with measurement of serum-par-
athyroid hormone concentrations. 
Desferrioxamine therapy has also produced beneficial results in
dialysis patients with anaemia13-15 and has also been found to
reverse aluminium-induced resistance to erythropoietin.16,17 
Prurigo nodularis in chronic aluminium overload has responded
to desferrioxamine, with resolution of itch and skin lesions.18
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Iron overload. Chronic iron overload can be caused by inap-
propriately increased gastrointestinal absorption, by grossly ex-
cessive oral intake over long periods, or by parenteral adminis-
tration of iron, for example from transfused blood.1,2 Excess iron
is stored in the form of ferritin and haemosiderin. The term
haemosiderosis is applied to the accumulation of haemosiderin
in body tissues without associated tissue damage; haemochro-
matosis refers to a chronic disease state in which iron overload
leads to tissue damage, mainly in the heart, liver, and pancreas.
Primary or hereditary haemochromatosis is caused by a genetic
defect in iron metabolism that results in excessive gastrointesti-
nal absorption of iron. The treatment of choice for primary
haemochromatosis is phlebotomy,1-7 but chelation therapy may
be needed in patients with anaemia, hypoproteinaemia, or severe
cardiac disease. Neonatal haemochromatosis is a rare condition
of unknown cause and results in fetal death or severe liver injury.
Antoxidants and iron chelators may improve prognosis,8 but
many infants require liver transplantation. Maternal treatment
with normal immunoglobulins has also been reported9 to reduce
the severity of recurrent neonatal haemochromatosis. Secondary
or acquired haemochromatosis is commonly associated with
chronic anaemias, in particular thalassaemia, in which excessive
iron uptake due to disordered erythropoiesis and excess iron
from repeated blood transfusions contribute to iron overload.1,2

These patients generally require iron chelation, usually with
parenteral desferrioxamine although oral iron chelators such as
deferasirox and deferiprone have also been used (see below).
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9. Whitington PF, Hibbard JU. High-dose immunoglobulin during
pregnancy for recurrent neonatal haemochromatosis. Lancet
2004; 364: 1690–8.

THALASSAEMIA.  Patients homozygous for β-thalassaemia
(p.1045) have severe anaemia requiring regular blood trans-
fusions. As a consequence of this treatment iron overload de-
velops and the excessive deposition of iron in the myocar-
dium usually results in these patients dying in their second or
third decade from arrhythmias or cardiac failure. Iron chela-
tors such as desferrioxamine are therefore used to retard the
accumulation of iron. 
Desferrioxamine has been shown to prevent complications and
improve survival in thalassaemic patients given regular systemic
therapy.1-3 There is also some evidence that impaired organ func-
tion might improve with intensive therapy. The liver is the main
site of iron accumulation in iron overload, and a reduction in liv-
er-iron concentrations and improvement in liver function has
been reported4 in patients with transfusional iron overload treat-
ed with desferrioxamine 2 to 4 g by slow subcutaneous infusion
over 12 hours on 6 nights a week. However, in another study5

improvement in the degree of hepatic fibrosis was seen after 3 to
5 years in only 2 of 7 patients given desferrioxamine up to
85 mg/kg daily by subcutaneous injection, despite reductions in
iron concentrations. Preservation or possibly improvement in
cardiac function has also been reported,6-8 although cardiac dis-
ease continues to be the main cause of death in patients with tha-
lassaemia. Although initial studies used intramuscular treatment,
increased iron excretion is seen with continuous subcutaneous
infusion, and this is usually the preferred route. However, com-
pliance may be a problem, and is a major determinant of the ef-
fectiveness of treatment.2 Intensive intravenous therapy, using
continuous infusion devices, has been used successfully9 in pa-
tients inadequately treated with subcutaneous desferrioxamine,
and good results have also been reported10,11 with intermittent
intravenous infusions. Subcutaneous bolus injection has also

been used (see Administration, above) although it may not be
tolerated in all patients. Better iron excretion may be achieved if
patients are given ascorbic acid 100 to 200 mg daily in addition
to desferrioxamine (but see under Interactions, above). The most
appropriate time to start desferrioxamine is not clear. Beginning
chelation therapy before puberty could help to ensure normal
sexual development in patients with thalassaemia major.12 Other
studies1,2 have reported that initiation of therapy before severe
iron overload develops, and maintenance of low serum-ferritin
concentrations, prevents cardiac disease and improves progno-
sis, suggesting that chelation therapy should be started as early as
possible, to prevent organ damage developing. However, desfer-
rioxamine has been associated with adverse effects on growth
(see Effects on Growth Rate, above) and it is usual to delay ther-
apy until children are about 3 years of age, when iron overload
becomes significant, although earlier treatment may be required
in some cases.3 
Alternatives to desferrioxamine have also been investigated. De-
feriprone, which is given orally, effectively reduces iron over-
load,13 but its long-term benefits are controversial. A study14 in
patients with thalassaemia reported progression of hepatic fibro-
sis in patients given deferiprone, although another study15 was
unable to confirm these findings. Other studies16,17 have suggest-
ed that deferiprone may be superior to desferrioxamine in reduc-
ing cardiac complications. A systematic review18 found no evi-
dence to change treatment recommendations that indicate
deferiprone for use in those for whom desferrioxamine is contra-
indicated or ineffective; the authors acknowledged that there is a
need for more research. Good results have been reported19 with
a combination of desferrioxamine and deferiprone, but the safety
and efficacy of this regimen remains to be confirmed. Defera-
sirox, another oral iron chelator, is also used.
1. Olivieri NF, et al. Survival in medically treated patients with

homozygous β-thalassemia. N Engl J Med 1994; 331: 574–8. 
2. Brittenham GM, et al. Efficacy of deferoxamine in preventing

complications of iron overload in patients with thalassemia ma-
jor. N Engl J Med 1994; 331: 567–73. 

3. Olivieri NF, Brittenham GM. Iron-chelating therapy and the
treatment of thalassemia. Blood 1997; 89: 739–61. 

4. Hoffbrand AV, et al. Improvement in status and liver function in
patients with transfusional iron overload with long-term subcu-
taneous desferrioxamine. Lancet 1979; i: 947–9. 

5. Maurer HS, et al. A prospective evaluation of iron chelation
therapy in children with severe β-thalassemia: a six-year study.
Am J Dis Child 1988; 142: 287–92. 

6. Freeman AP, et al. Early left ventricular dysfunction and chela-
tion therapy in thalassemia major. Ann Intern Med 1983; 99:
450–4. 

7. Marcus RE, et al. Desferrioxamine to improve cardiac function
in iron-overloaded patients with thalassaemia major. Lancet
1984; i: 392–3. 

8. Wolfe L, et al. Prevention of cardiac disease by subcutaneous
deferoxamine in patients with thalassemia major. N Engl J Med
1985; 312: 1600–3. 

9. Davis BA, Porter JB. Long-term outcome of continuous 24-hour
deferoxamine infusion via indwelling intravenous catheters in
high-risk β-thalassemia. Blood 2000; 95: 1229–36. 

10. Hagège I, et al. Long-term administration of high-dose deferox-
amine 2 days per week in thalassemic patients. Eur J Haematol
2001; 67: 230–1. 

11. Miskin H, et al. Reversal of cardiac complications in thalassem-
ia major by long-term intermittent daily intensive iron chela-
tion. Eur J Haematol 2003; 70: 398–403. 

12. Bronspiegel-Weintrob N, et al. Effect of age at the start of iron
chelation therapy on gonadal function in β-thalassemia major. N
Engl J Med 1990; 323: 713–19. 

13. Addis A, et al. Meta-analytic review of the clinical effectiveness
of oral deferiprone (L ). Eur J Clin Pharmacol 1999; 55: 1–6. 

14. Olivieri NF, et al. Long-term safety and effectiveness of iron-
chelation therapy with deferiprone for thalassemia major. N
Engl J Med 1998; 339: 417–23. 

15. Wanless IR, et al. Lack of progressive hepatic fibrosis during
long-term therapy with deferiprone in subjects with transfusion-
dependent beta-thalassemia. Blood 2002; 100: 1566–9. 

16. Anderson LJ, et al. Comparison of effects of oral deferiprone
and subcutaneous desferrioxamine on myocardial iron concen-
trations and ventricular function in beta-thalassaemia. Lancet
2002; 360: 516–20. 

17. Piga A, et al. Comparative effects of deferiprone and deferox-
amine on survival and cardiac disease in patients with tha-
lassemia major: a retrospective analysis. Haematologica 2003;
88: 489–96. 

18. Roberts DJ, et al. Oral deferiprone for iron chelation in people
with thalassaemia. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 2007 (ac-
cessed 22/08/07). 

19. Wonke B, et al. Combined therapy with deferiprone and desfer-
rioxamine. Br J Haematol 1998; 103: 361–4.

Iron poisoning. Despite the frequency of acute poisoning with
iron preparations, no universally accepted treatment protocol ex-
ists. Diagnosis relies primarily on the history and clinical symp-
toms, although it is often difficult to determine the amount of iron
ingested, and clinical assessment can be misleading since pa-
tients may exhibit mild symptoms despite having ingested poten-
tially toxic quantities of iron. Measurement of the serum-iron
concentration is useful in assessing the severity of poisoning but
may not be immediately available, and does not always correlate
with the severity of symptoms. Measurement of total iron bind-
ing capacity (TIBC) has been used but may be misleading and is
no longer recommended. 
Other tests that have been used include the desferrioxamine chal-
lenge test, in which desferrioxamine 50 mg/kg (to a maximum

dose of 1 g) is given intramuscularly; if free iron is present, fer-
rioxamine will be excreted in the urine imparting a classic ‘vin
rosé’ colour. However, interpretation is difficult and a negative
result does not rule out toxicity; the test is no longer generally
recommended. 
The initial stage of treatment involves intravenous fluids and oth-
er supportive care as appropriate, and this may be sufficient in
mild poisoning. Gastric lavage may be performed to remove any
unabsorbed iron from the gastrointestinal tract, but may not re-
move tablets effectively; whole-bowel irrigation is an alterna-
tive, particularly in patients suspected of ingesting modified-re-
lease preparations or those with radiographic evidence of
unabsorbed tablets remaining after gastric lavage. Addition of
desferrioxamine to the lavage fluid has been suggested but there
is little evidence of efficacy and some concern over possible tox-
ic effects of ferrioxamine, and it is not routinely recommended.
Activated charcoal is not effective in iron poisoning. 
Chelation therapy with desferrioxamine is indicated in severe
poisoning, including patients with impaired consciousness,
shock, hypotension, or severe acidosis; other signs of severe poi-
soning include leucocytosis. A serum-iron concentration above
5 micrograms/mL indicates severe poisoning, and is usually an
indication for chelation, but patients with shock or coma should
be treated without waiting for the results of serum-iron tests; pa-
tients with moderate poisoning (serum-iron concentration 3 to
5 micrograms/mL) may be given chelation therapy if they are
symptomatic. There is no general agreement on the duration of
chelation therapy; among the suggested end-points are the reso-
lution of severe symptoms, disappearance of the vin rosé colora-
tion of the urine, 24 hours after the disappearance of coloration,
and reduction of serum-iron concentrations to the normal range. 
General references.
1. Proudfoot AT, et al. Management of acute iron poisoning. Med

Toxicol 1986; 1: 83–100. 
2. Engle JP, et al. Acute iron intoxication: treatment controversies.

Drug Intell Clin Pharm 1987; 21: 153–9. 
3. Mann KV, et al. Management of acute iron overdose. Clin Pharm

1989; 8: 428–40. 
4. Fine JS. Iron poisoning. Curr Probl Pediatr 2000; 30: 71–90.

Malaria. Following the suggestion that iron-deficiency anaemia
may offer some protection against infections (see Infections in
the Precautions for Iron, p.1950), desferrioxamine was tried in a
few patients with malaria.1,2 Any antimalarial effect of desferri-
oxamine was thought to be as a result of chelation of parasite-
associated iron rather than reduction in body-iron concentrations
in the patient. Desferrioxamine given intravenously was
reported3 to shorten the time to regain consciousness in children
with cerebral malaria receiving standard therapy with intrave-
nous quinine and oral pyrimethamine-sulfadoxine. However, in
another study4 there was no evidence of a beneficial effect on
mortality when desferrioxamine was added to an antimalarial
treatment regimen that included a loading dose of quinine.
1. Gordeuk VR, et al. Iron chelation as a chemotherapeutic strategy

for falciparum malaria. Am J Trop Med Hyg 1993; 48: 193–7. 
2. Thompson DF. Deferoxamine treatment of malaria. Ann Phar-

macother 1994; 28: 602–3. 
3. Gordeuk V, et al. Effect of iron chelation therapy on recovery

from deep coma, in children with cerebral malaria. N Engl J Med
1992; 327: 1473–7. 

4. Thuma PE, et al. Effect of iron chelation therapy on mortality in
Zambian children with cerebral malaria. Trans R Soc Trop Med
Hyg 1998; 92: 214–18.

Porphyria. The management of various forms of porphyria is
discussed on p.1448. Desferrioxamine has been used to reduce
serum-iron concentrations in porphyria cutanea tarda and may
have a role if phlebotomy is contra-indicated. In a study of 25
patients with porphyria cutanea tarda,1 subcutaneous infusion of
desferrioxamine was found to be as effective as repeated phle-
botomies in normalising porphyrin excretion and iron storage.
Desferrioxamine was also used successfully to treat haemodial-
ysis-related porphyria cutanea tarda in a 22-year-old man in
whom venesection therapy was contra-indicated because of se-
vere anaemia requiring multiple blood transfusion.2 Each course
of intravenous desferrioxamine therapy after the end of 3 haemo-
dialysis sessions was accompanied by a marked decrease in plas-
ma porphyrins, a sharp increase in haematocrit values, and a si-
multaneous improvement in skin lesions.
1. Rocchi E, et al. Iron removal therapy in porphyria cutanea tarda:

phlebotomy versus slow subcutaneous desferrioxamine infusion.
Br J Dermatol 1986; 114: 621–9. 

2. Praga M, et al. Treatment of hemodialysis-related porphyria cu-
tanea tarda with deferoxamine. N Engl J Med 1987; 316: 547–8.

Preparations
BP 2008: Desferrioxamine Injection; 
USP 31: Deferoxamine Mesylate for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Desferal; Austral.: Desferal; Austria: Desferal; Belg.: Desferal;
Braz.: Desferal; Canad.: Desferal; Chile: Desferal; Cz.: Desferal; Denm.:
Desferal; Fin.: Desferal; Fr.: Desferal; Ger.: Desferal; Gr.: Desferal; Hong
Kong: Desferal; Hung.: Desferal; India: Desferal; Indon.: Desferal; Irl.:
Desferal; Israel: Desferal; Ital.: Desferal; Malaysia: Desferal; Mex.: Des-
feral; Neth.: Desferal; Norw.: Desferal; NZ: Desferal†; Pol.: Desferal;
Port.: Desferal; Rus.: Desferal (Десферал); S.Afr.: Desferal; Spain: Des-
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

ferin; Swed.: Desferal; Switz.: Desferal; Thai.: Desferal; Turk.: Desferal;
UK: Desferal; USA: Desferal; Venez.: Desferal.

Dexrazoxane (BAN, USAN, rINN)

ADR-529; Dexrazoxano; Dexrazoxanum; ICRF-187; NSC-
169780. (+)-(S)-4,4′-Propylenebis(piperazine-2,6-dione).
Дексразоксан
C11H16N4O4 = 268.3.
CAS — 24584-09-6.
ATC — V03AF02.
ATC Vet — QV03AF02.

Adverse Effects and Precautions
Dexrazoxane may add to the bone-marrow depression
caused by antineoplastics and frequent complete blood
counts are recommended during therapy. Although
dexrazoxane protects against the cardiotoxic effects of
anthracyclines, cardiac function should continue to be
monitored when dexrazoxane is used. Pain on injection
has been reported. 
When used to reduce the cardiotoxicity of doxorubicin,
licensed product information in the USA recommends
that dexrazoxane should only be given to patients who
have received a cumulative dose of doxorubicin of
300 mg/m2 and who require continued use, since there
is some evidence that dexrazoxane may reduce the ef-
ficacy of some antineoplastic regimens. 
Patients with known liver function disorders should
have their liver function assessed before receiving
dexrazoxane for anthracycline extravasation.
Effects on the skin. Severe cutaneous and subcutaneous
necrosis has been reported1 in a patient who received dexrazox-
ane by infusion into a peripheral forearm vein, followed by intra-
venous injection of doxorubicin at a different site in the same
arm. Local pain occurred during the dexrazoxane infusion but
there was no evidence of extravasation.
1. Lossos IS, Ben-Yehuda D. Cutaneous and subcutaneous necrosis

following dexrazoxane-CHOP therapy. Ann Pharmacother
1999; 33: 253–4.

Pharmacokinetics
Dexrazoxane is mainly excreted in the urine as un-
changed drug and metabolites. The elimination half-
life is reported to be about 2 hours.

Uses and Administration
Dexrazoxane is the (+)-enantiomorph of the antineo-
plastic drug razoxane (p.767) and is a cytoprotective
agent that is used to reduce the cardiotoxicity of doxo-
rubicin and other anthracyclines (see p.713); it is also
used in the management of anthracycline extravasa-
tion. It is hydrolysed to an active metabolite that is sim-
ilar to edetic acid. This chelates iron within the cells
and appears to prevent the formation of the anthracy-
cline-iron complex that is thought to be responsible for
cardiotoxicity. 
Dexrazoxane is used to reduce the incidence and sever-
ity of cardiomyopathy associated with doxorubicin or
epirubicin in patients with advanced or metastatic can-
cer who have previously received anthracyclines; in
the USA, it is only licensed for use in women with met-
astatic breast cancer who have received a cumulative
dose of doxorubicin of 300 mg/m2 and who require
continued use. It is given as the hydrochloride, by slow
intravenous injection or rapid intravenous infusion,
starting within 30 minutes before the anthracycline.
The dose is expressed as the base. In the USA, the dose
is calculated on a 10:1 ratio with doxorubicin; typical-

ly, 500 mg/m2 of dexrazoxane is given for every
50 mg/m2 of doxorubicin. In the UK the dose is calcu-
lated on a 20:1 ratio with doxorubicin and a 10:1 ratio
with epirubicin. A reduction in dose may be required in
patients with renal impairment (see below). 
In patients with anthracycline extravasation, dexrazox-
ane is given intravenously into a large vein in an area
other than that affected by the extravasation. It is given
once daily for 3 days, by intravenous infusion over 1 to
2 hours, starting within 6 hours of extravasation; the
dose should be given at about the same time each day.
The usual dose is 1000 mg/m2 on the first and second
days, and 500 mg/m2 on the third day; the maximum
single dose for patients with a body-surface greater
than 2 m2 is 2000 mg. 
Dexrazoxane is also being investigated for use in vari-
ous other malignancies.
◊ References.
1. Links M, Lewis C. Chemoprotectants: a review of their clinical

pharmacology and therapeutic efficacy. Drugs 1999; 57:
293–308. 

2. Schuchter LM, et al. 2002 update of recommendations for the
use of chemotherapy and radiotherapy protectants: clinical prac-
tice guidelines of the American Society of Clinical Oncology. J
Clin Oncol 2002; 20: 2895–903. Also available at: http://
www.jco.org/cgi/reprint/20/12/2895.pdf (accessed 04/10/05) 

3. Cvetković RS, Scott LJ. Dexrazoxane : a review of its use for
cardioprotection during anthracycline chemotherapy. Drugs
2005; 65: 1005–24.

Administration in children. Doxorubicin has been used in
the treatment of acute lymphoblastic leukaemia in children but
cardiotoxicity may be a problem. A randomised study1 in 206
children found that those given dexrazoxane with doxorubicin
had fewer elevations of cardiac troponin T, a marker of myocar-
dial damage, than those given doxorubicin alone, but longer fol-
low-up was needed to assess effects on cardiac function and sur-
vival. Another study2 in children with Hodgkin’s disease
suggested that use of dexrazoxane might increase the risk of sec-
ondary malignancies, but further analysis of the leukaemia
study3 found no evidence of such an effect.
1. Lipshultz SE, et al. The effect of dexrazoxane on myocardial in-

jury in doxorubicin-treated children with acute lymphoblastic
leukemia. N Engl J Med 2004; 351: 145–53. 

2. Tebbi CK, et al. Dexrazoxane-associated risk for acute myeloid
leukemia/myelodysplastic syndrome and other secondary malig-
nancies in pediatric Hodgkin’s disease. J Clin Oncol 2007; 25:
493–500. 

3. Barry EV, et al. Absence of secondary malignant neoplasms in
children with high-risk acute lymphoblastic leukemia treated
with dexrazoxane. J Clin Oncol 2008; 26: 1106–11.

Administration in renal impairment. Dexrazoxane is
mainly excreted in the urine and the dose should be reduced in
patients with renal impairment. A reduction of 50% is recom-
mended for patients with a creatinine clearance below
40 mL/minute.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Cardioxane; Braz.: Cardioxane; Canad.: Zinecard; Cz.: Cardiox-
ane; Savene; Denm.: Cardioxane; Fr.: Cardioxane; Gr.: Savene; Hung.:
Cardioxane; Irl.: Cardioxane; Israel: Cardioxane; Ital.: Cardioxane; Mex.:
Cardioxane; Pol.: Cardioxane; UK: Cardioxane; Savene; USA: Totect; Zi-
necard; Venez.: Cardioxane.

Dicobalt Edetate (BAN, rINN)

Cobalt Edetate; Cobalt EDTA; Cobalt Tetracemate; Dicobalti
Edetas; Dikobalt Edetat; Édétate Dicobaltique; Edetato de dico-
balto; Edetato dicobaltio. Cobalt [ethylenediaminetetra-aceta-
to(4−)-N,N′,O,O′]cobalt(II).

Дикобальта Эдетат
C10H12Co2N2O8 = 406.1.
CAS — 36499-65-7.

Adverse Effects and Precautions
Dicobalt edetate may cause hypotension, tachycardia,
and vomiting. Anaphylactic reactions have occurred;
oedema of the face and neck, sweating, chest pain, car-
diac irregularities, and skin rashes have been reported. 

The adverse effects of dicobalt edetate are more severe
in the absence of cyanide. Therefore, dicobalt edetate
should not be given unless cyanide poisoning is defi-
nitely confirmed and poisoning is moderate or severe,
that is, when consciousness is impaired.
Oedema. A patient with cyanide toxicity developed severe fa-
cial and pulmonary oedema after treatment with dicobalt ede-
tate.1 It has been suggested that when dicobalt edetate is used,
facilities for intubation and resuscitation should be immediately
available.
1. Dodds C, McKnight C. Cyanide toxicity after immersion and the

hazards of dicobalt edetate. BMJ 1985; 291: 785–6.

Uses and Administration
Dicobalt edetate is a chelator used in the treatment of
acute cyanide poisoning (p.2045). Its use arises from
the property of cobalt salts to form a relatively non-tox-
ic stable ion-complex with cyanide. Owing to its toxic-
ity, dicobalt edetate should be used only in confirmed
cyanide poisoning and never as a precautionary meas-
ure. Cyanide poisoning must be treated as quickly as
possible. A suggested dose is 300 mg given by intrave-
nous injection over about 1 minute, repeated if the re-
sponse is inadequate; a further dose of 300 mg of dico-
balt edetate may be given 5 minutes later if required.
For less severe poisoning the injection should be given
over 5 minutes. Each injection of dicobalt edetate may
be followed immediately by 50 mL of glucose 50% in-
travenously to reduce toxicity, though the value of giv-
ing glucose has been questioned.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Kelocyanor; Gr.: Kelocyanor.

Digoxin-specific Antibody 
Fragments
Digoxin Immune Fab (Ovine); F(ab); Fragmentos de anticuerpos
específicos antidigoxina.
ATC — V03AB24.
ATC Vet — QV03AB24.

Adverse Effects and Precautions
Allergic reactions to digoxin-specific antibody frag-
ments have been reported rarely. Patients known to be
allergic to sheep protein and patients who have previ-
ously received digoxin-specific antibody fragments are
likely to be at greater risk of developing an allergic re-
action. Blood pressure, ECG, and potassium concentra-
tions should be monitored closely during and after use.

Uses and Administration
Digoxin-specific antibody fragments are derived from
antibodies produced in sheep immunised to digoxin.
Digoxin has greater affinity for the antibodies than for
tissue-binding sites, and the digoxin-antibody complex
is then excreted in the urine. Digoxin-specific antibody
fragments are generally restricted to the treatment of
life-threatening digoxin or digitoxin intoxication in
which conventional treatment is ineffective. Success-
ful treatment of lanatoside C poisoning has also been
reported. 
It is estimated that 38 mg of antibody fragments could
bind about 500 micrograms of digoxin or digitoxin and
the dose calculation is based on this estimate and the
body-load of digoxin (based on the amount ingested or
ideally from the steady-state plasma concentration).
Administration is by intravenous infusion over a 30-
minute period. If cardiac arrest is imminent the dose
may be given as a bolus. In the case of incomplete re-
versal or recurrence of toxicity a further dose can be
given. In patients considered to be at high risk of an
allergic response an intradermal or skin scratch test
may be performed.
◊ Clinical studies1-3 and reviews4 of the use of digoxin-specific
antibody fragments have confirmed their effectiveness in the
treatment of severe digitalis toxicity in the majority of patients.
An initial response is usually seen within 30 minutes of the end
of the infusion with a maximum response after 3 to 4 hours.4 The
main causes of treatment failure or partial response are incorrect
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diagnosis of digitalis intoxication, inadequate dosage of antibody
fragments, and use in patients already moribund.3,4 Few adverse
reactions have been attributed to the use of digoxin-specific anti-
body fragments; a few cases of minor allergic reactions have
been reported including erythema, facial swelling, urticaria, and
rashes,2,4 but no anaphylactic reactions have been reported.1-4

Haemodynamic status normally improves, but withdrawal of the
inotropic support provided by digoxin may produce a decline in
cardiac function in some patients. There may be dramatic reduc-
tions in plasma potassium concentrations. 
Treatment has been successful in patients with varying degrees
of renal impairment.2,4,5 Elimination of the antibody fragment-
digoxin complex may be markedly delayed in severe renal im-
pairment and prolonged monitoring may be required in such pa-
tients.6 Measurement of free serum-digoxin concentrations may
be useful.7 Experience with digoxin-specific antibody fragments
in a patient with chronic renal failure receiving haemodialysis
has been reported.8 The patient had a good clinical response but
haemodialysis did not remove the antibody fragment-digoxin
complex. 
In patients with adequate renal function the half-life of the anti-
body fragment-digoxin complex has been reported2 to be about
16 to 20 hours although longer half-lives have been reported.9 It
has been suggested10 that giving digoxin-specific antibody frag-
ments by infusion over 7 hours, after an initial loading dose,
could be useful in ensuring adequate antibody concentrations are
maintained to bind digoxin as it is released from tissue stores
over a prolonged period. 
Use of the antibody fragments has also been effective in children
with severe digitalis intoxication.11 
Digoxin-specific antibody fragments have also been used suc-
cessfully in poisoning due to preparations containing toad ven-
om,12 or due to common or yellow oleander (see Oleander,
p.2356).
1. Smith TW, et al. Treatment of life-threatening digitalis intoxica-

tion with digoxin-specific Fab antibody fragments: experience
in 26 cases. N Engl J Med 1982; 307: 1357–62. 

2. Wenger TL, et al. Treatment of 63 severely digitalis-toxic pa-
tients with digoxin-specific antibody fragments. J Am Coll Car-
diol 1985; 5: 118A–123A. 

3. Antman EM, et al. Treatment of 150 cases of life-threatening
digitalis intoxication with digoxin-specific Fab antibody frag-
ments: final report of a multicenter study. Circulation 1990; 81:
1744–52. 

4. Flanagan RJ, Jones AL. Fab antibody fragments: some applica-
tions in clinical toxicology. Drug Safety 2004; 27: 1115–33. 

5. Allen NM, et al. Clinical and pharmacokinetic profiles of dig-
oxin immune Fab in four patients with renal impairment. DICP
Ann Pharmacother 1991; 25: 1315–20. 

6. Ujhelyi MR, et al. Disposition of digoxin immune Fab in pa-
tients with kidney failure. Clin Pharmacol Ther 1993; 54:
388–94. 

7. Ujhelyi MR, Robert S. Pharmacokinetic aspects of digoxin-spe-
cific Fab therapy in the management of digitalis toxicity. Clin
Pharmacokinet 1995; 28: 483–93. 

8. Clifton GD, et al. Free and total serum digoxin concentrations
in a renal failure patient after treatment with digoxin immune
Fab. Clin Pharm 1989; 8: 441–5. 

9. Gibb I, Parnham A. A star treatment for digoxin overdose? BMJ
1986; 293: 1171–2. 

10. Schaumann W, et al. Kinetics of the Fab fragments of digoxin
antibodies and of bound digoxin in patients with severe digoxin
intoxication. Eur J Clin Pharmacol 1986; 30: 527–33. 

11. Woolf AD, et al. The use of digoxin-specific Fab fragments for
severe digitalis intoxication in children. N Engl J Med 1992;
326: 1739–44. 

12. Brubacher JR, et al. Treatment of toad venom poisoning with
digoxin-specific Fab fragments. Chest 1996; 110: 1282–8.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Digibind; Austria: Digitalis Antidot†; Belg.: Digitalis Antidot; Ca-
nad.: Digibind; Fr.: Digidot†; Ger.: Digitalis Antidot; Gr.: Digibind†; Digi-
Fab; Hong Kong: Digitalis Antidote; Swed.: Digitalis Antidot; Switz.: Dig-
italis Antidot; UK: Digibind; USA: Digibind; DigiFab.

Dimercaprol (BAN, rINN)

BAL; British Anti-Lewisite; Dimercaprolum; Dimerkaprol;
Dimerkaproli; Dimerkaprolis. 2,3-Dimercaptopropan-1-ol.
Димеркапрол
C3H8OS2 = 124.2.
CAS — 59-52-9.
ATC — V03AB09.
ATC Vet — QV03AB09.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Dimercaprol). A clear colourless or slightly yellow
liquid. Soluble in water and in arachis oil; miscible with alcohol
and with benzyl benzoate. Store at 2° to 8° in well-filled airtight
containers. Protect from light. 

USP 31 (Dimercaprol). A colourless or practically colourless
liquid, having a disagreeable, mercaptan-like odour. Soluble 1 in
20 of water; soluble in alcohol, in benzyl benzoate, and in methyl
alcohol. Store at a temperature not exceeding 8° in airtight con-
tainers. Protect from light.

Adverse Effects and Treatment
The most consistent adverse effects produced by
dimercaprol are hypertension and tachycardia. Other
adverse effects include nausea, vomiting, headache,
burning sensation of the lips, mouth, throat, and eyes,
lachrymation and salivation, tingling of the extremi-
ties, a sensation of constriction in the throat and chest,
muscle pains and muscle spasm, rhinorrhoea, conjunc-
tivitis, sweating, restlessness, and abdominal pain.
Transient reductions in the leucocyte count have also
been reported. Pain may occur at the injection site and
sterile abscesses occasionally develop. In children,
fever commonly occurs and persists during therapy. 

Adverse effects are dose-related, relatively frequent,
and usually reversible. It has been suggested that ephe-
drine sulfate 30 to 60 mg, given by mouth 30 minutes
before each injection of dimercaprol, may reduce ad-
verse effects; antihistamines may alleviate some of the
symptoms.

Precautions
Dimercaprol should be used with care in patients with
hypertension or renal impairment. It should be discon-
tinued, or continued with extreme caution, if acute re-
nal insufficiency develops during therapy. Alkalinisa-
tion of the urine may protect the kidney during therapy
by stabilising the dimercaprol-metal complex. Dimer-
caprol should not be used in patients with hepatic im-
pairment unless due to arsenic poisoning. It should not
be used in the treatment of poisoning due to cadmium,
iron, or selenium as the dimercaprol-metal complexes
formed are more toxic than the metals themselves.

G6PD deficiency. Haemolysis has been reported1 during che-
lation therapy with dimercaprol and sodium calcium edetate for
high blood-lead concentrations in 2 children with a deficiency of
G6PD.

1. Janakiraman N, et al. Hemolysis during BAL chelation therapy
for high blood lead levels in two G6PD deficient children. Clin
Pediatr (Phila) 1978; 17: 485–7.

Interactions
Iron supplements should not be given during dimerc-
aprol therapy as toxic dimercaprol-metal complexes
are formed.

Pharmacokinetics
After intramuscular injection, maximum blood con-
centrations of dimercaprol may be attained within 30 to
60 minutes. Dimercaprol is rapidly metabolised and
the metabolites and dimercaprol-metal chelates are ex-
creted in the urine and bile. Elimination is essentially
complete within 4 hours of a single dose.

Uses and Administration
Dimercaprol is a chelator used in the treatment of acute
poisoning by arsenic (p.2261), gold (p.123), and mer-
cury (p.2342); it may also be used in the treatment of
poisoning by antimony, bismuth, and possibly thal-
lium. It is also used, with sodium calcium edetate, in
acute lead poisoning (p.2332). 

The sulfhydryl groups on dimercaprol compete with
endogenous sulfhydryl groups on proteins such as en-
zymes to combine with these metals; chelation by
dimercaprol therefore prevents or reverses any inhibi-
tion of the sulfhydryl enzymes by the metal and the
dimercaprol-metal complex formed is readily excreted
by the kidney. Since the complex may dissociate, par-
ticularly at acid pH, or be oxidised, the aim of treat-
ment is to provide an excess of dimercaprol in body
fluids until the excretion of the metal is complete. 

Dimercaprol should be given by deep intramuscular in-
jection and the injections should be given at different
sites. The usual initial dose is up to 18 mg/kg daily in
divided doses on the first day, reducing the daily dose
and the frequency of injections over the subsequent
days; a minimum interval of 4 hours between doses ap-
pears to reduce adverse effects. The individual dose is
determined by severity of symptoms and the causative
agent. Single doses should not generally exceed
3 mg/kg but single doses of up to 5 mg/kg may be re-
quired initially in patients with severe acute poisoning.
Various dosage schedules are in use. 
In the UK, adults may be given doses of 400 to 800 mg
on the first day of treatment, 200 to 400 mg on the sec-
ond and third days, and 100 to 200 mg on the fourth
and subsequent days, all in divided doses; children
may be given a similar dose per kg as for adults. Alter-
natively, the BNF recommends a dose for both adults
and children of 2.5 to 3 mg/kg every 4 hours for 2 days,
2 to 4 times daily on the third day, then 1 to 2 times
daily for 10 days or until recovery. 
In the USA, a recommended schedule for severe ar-
senical or gold poisoning is 3 mg/kg given at 4-hourly
intervals throughout the first 2 days, 4 times on the
third day, and twice on each of the next 10 days. In
milder cases, 2.5 mg/kg is given 4 times daily on each
of the first 2 days, twice daily on the third day, and once
daily on subsequent days for 10 days or until recovery. 
Dimercaprol is also used with sodium calcium edetate
(p.1462) in the treatment of lead poisoning and can be
of particular value in the treatment of acute lead en-
cephalopathy. Dimercaprol is usually started first,
since sodium calcium edetate may cause lead to shift
into the CNS. A suggested procedure is to give dimer-
caprol intramuscularly in an initial dose of 4 mg/kg,
followed at 4-hourly intervals by dimercaprol 3 to
4 mg/kg intramuscularly and sodium calcium edetate;
the sodium calcium edetate may be given either intra-
venously, or intramuscularly at a different site from the
dimercaprol. Treatment may be continued for 2 to 7
days depending on the clinical response.
Preparations
BP 2008: Dimercaprol Injection; 
USP 31: Dimercaprol Injection.

Proprietary Preparations (details are given in Part 3)
Rus.: Zorex (Зорекс).

4-Dimethylaminophenol Hydrochloride
Dimetamfenol Hydrochloride; 4-Dimetilaminofenol, hidrocloru-
ro de; 4-DMAP.
C8H11NO,HCl = 173.6.
CAS — 619-60-3 (4-dimethylaminophenol); 5882-48-4
(4-dimethylaminophenol hydrochloride).
ATC — V03AB27.
ATC Vet — QV03AB27.

(4-dimethylaminophenol)

Profile
4-Dimethylaminophenol hydrochloride is reported to oxidise
haemoglobin to methaemoglobin and has been used with sodium
thiosulfate as an alternative to sodium nitrite (p.1464) in the treat-
ment of cyanide poisoning. Doses of 3 to 4 mg/kg have been giv-
en intravenously.

◊ References.
1. Weger NP. Treatment of cyanide poisoning with 4-dimethylami-

nophenol (DMAP)–experimental and clinical overview. Fundam
Appl Toxicol 1983; 3: 387–96.

Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: 4-DMAP; Neth.: 4-DMAP.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Diprenorphine Hydrochloride (BANM, rINNM)

Diprénorphine, Chlorhydrate de; Diprenorphini Hydrochlori-
dum; Hidrocloruro de diprenorfina; M-5050. (6R,7R,14S)-17-Cy-
clopropylmethyl-7,8-dihydro-7-(1-hydroxy-1-methylethyl)-6-O-
methyl-6,14-ethano-17-normorphine hydrochloride; 2-[(−)-
(5R,6R,7R,14S)-9a-Cyclopropylmethyl-4,5-epoxy-3-hydroxy-6-
methoxy-6,14-ethanomorphinan-7-yl]propan-2-ol hydrochlo-
ride.
Дипренорфина Гидрохлорид
C26H35NO4,HCl = 462.0.
CAS — 14357-78-9 (diprenorphine); 16808-86-9 (di-
prenorphine hydrochloride).
ATC Vet — QV03AB92.

(diprenorphine)

Pharmacopoeias. In BP(Vet). 
BP(Vet) 2008 (Diprenorphine Hydrochloride). A white or al-
most white crystalline powder. Sparingly soluble in water; slight-
ly soluble in alcohol; very slightly soluble in chloroform; practi-
cally insoluble in ether. A 2% solution in water has a pH of 4.5
to 6.0. Protect from light.
Profile
Diprenorphine hydrochloride is an opioid antagonist used in vet-
erinary medicine to reverse the effects of etorphine hydrochlo-
ride.

Ditiocarb Sodium (rINN)

DDTC; Dithiocarb Sodium; Ditiocarbe Sodique; Ditiocarbo
sódico; Ditiocarbum Natricum; DTC; Sodium Diethyldithiocar-
bamate; Sodu dietyloditiokarbaminian; U-14624.
Дитиокарб Натрий
C5H10NNaS2 = 171.3.
CAS — 148-18-5.

(ditiocarb)

Profile
Ditiocarb sodium is a chelator that has been used in nickel carb-
onyl poisoning. Disulfiram (p.2296), which is rapidly metabo-
lised to ditiocarb, has been used as an alternative. Ditiocarb has
also been used in the destruction of cisplatin wastes (see Han-
dling and Disposal, p.699). It also has immunomodulating prop-
erties and has been investigated in HIV infection.

Edetic Acid (BAN, rINN)

Acide Édétique; Ácido edético; Acidum edeticum; Edathamil;
Edetiinihappo; Edetinsyra; Edeto ru

_
gštis; EDTA; Etiléndi-

amintetraecetsav; Kwas edetynowy; Kyselina edetová; Tetra-
cemic Acid. Ethylenediaminetetra-acetic acid.
Эдетовая Кислота
C10H16N2O8 = 292.2.
CAS — 60-00-4.

Pharmacopoeias. In Eur. (see p.vii). Also in USNF. 
Ph. Eur. 6.2 (Edetic Acid). A white or almost white, crystalline
powder or colourless crystals. Practically insoluble in water and
in alcohol. It dissolves in dilute solutions of alkali hydroxides.
Protect from light. 
USNF 26 (Edetic Acid). A white crystalline powder. Very slight-
ly soluble in water; soluble in solutions of alkali hydroxides.
Incompatibility. Edetic acid and its salts chelate bivalent and
trivalent metals and may affect the activity of drugs such as zinc
insulin that contain such ions. Although edetates may enhance
the antimicrobial efficacy of some disinfectants (see Chloroxyle-
nol, p.1640), other preservatives may be inactivated. For refer-
ence to the inactivation of phenylmercuric salts by disodium ede-
tate, see Incompatibility, under Phenylmercuric Nitrate, p.1657.
For a report of edetates reducing the antimicrobial efficacy of
thiomersal, see Incompatibility, p.1664.
Adverse Effects and Precautions
Edetic acid, used as a pharmaceutical excipient, is generally well
tolerated. Adverse effects have been reported after inhalation of
solutions containing edetic acid.
Asthma. Inhalation of an ipratropium nebuliser solution that
contained edetic acid as one of the preservatives caused bron-
choconstriction in 6 of 22 patients with asthma.1 Inhalation of
edetic acid alone produced dose-related bronchoconstriction that
persisted for more than 1 hour.
1. Beasley CRW, et al. Bronchoconstrictor properties of preserva-

tives in ipratropium bromide (Atrovent) nebuliser solution. BMJ
1987; 294: 1197–8.

Blood testing. Pseudothrombocytopenia due to platelet clump-
ing is a recognised complication of the use of edetates as antico-
agulants for blood sampling and may lead to diagnostic errors.1
The mechanism appears to be antibody-mediated. Alternative
anticoagulants have been suggested.1,2

1. Bizzaro N. EDTA-dependent pseudothrombocytopenia: a clini-
cal and epidemiological study of 112 cases, with 10-year follow-
up. Am J Hematol 1995; 50: 103–9. 

2. Lippi U, et al. EDTA-induced platelet aggregation can be avoid-
ed by a new anticoagulant also suitable for automated complete
blood count. Haematologica 1990; 75: 38–41.

Uses
Edetic acid and its salts are chelators and are used in pharmaceu-
tical manufacturing as well as having other industrial applica-
tions. They are also used as anticoagulants for blood taken for
haematological investigations. Salts of edetic acid that are used
clinically include sodium edetate (p.1463), sodium calcium ede-
tate (p.1462), dicobalt edetate (p.1443), and sodium feredetate
(p.1962).
Gallstones. Edetic acid has been suggested as a possible sol-
vent for non-cholesterol gallstones (p.2409).
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: USA: Clear Eyes Contact Lens Relief; Summers Eve
Post-Menstrual; Triv; Zonite.

Flumazenil (BAN, USAN, rINN)

Flumatseniili; Flumazénil; Flumazenilis; Flumazenilum; Flumazepil;
Ro-15-1788; Ro-15-1788/000. Ethyl 8-fluoro-5,6-dihydro-5-me-
thyl-6-oxo-4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxy-
late.
Флумазенил
C15H14FN3O3 = 303.3.
CAS — 78755-81-4.
ATC — V03AB25.
ATC Vet — QV03AB25.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Flumazenil). A white or almost white crystalline
powder. Very slightly soluble in water; freely soluble in dichlo-
romethane; sparingly soluble in methyl alcohol. 
USP 31 (Flumazenil). A white to off-white powder. Practically
insoluble in water; slightly soluble in acidic aqueous solutions.
Store in airtight containers.

Adverse Effects and Precautions
The adverse effects experienced during use of fluma-
zenil are generally due to the reversal of benzodi-
azepine effects and resemble benzodiazepine with-
drawal symptoms (see p.987). Nausea, vomiting,

dizziness, blurred vision, headache, and flushing may
occur. Anxiety, fear, and agitation have been reported
after too rapid reversal of sedation. There have been
reports of seizures, especially in epileptics. Transient
increases in blood pressure and heart rate have been
observed. Hypersensitivity reactions have occurred
rarely. Patients who have received benzodiazepines for
prolonged periods are particularly at risk of experienc-
ing withdrawal symptoms and rapid injection of fluma-
zenil should be avoided in such patients. 
Because of its short duration of action, patients given
flumazenil to reverse benzodiazepine-induced seda-
tion should be kept under close observation; further
doses of flumazenil may be necessary. Flumazenil is
contra-indicated in patients who are receiving benzodi-
azepines to control potentially life-threatening condi-
tions and should not be given to epileptic patients who
have been receiving benzodiazepines for a prolonged
period to control seizures. 
In cases of mixed overdose, flumazenil may unmask
adverse effects of other psychotropic drugs. In particu-
lar, it should not be used in the presence of severe in-
toxication with tricyclic and related antidepressants. 
Flumazenil should not be given to patients who have
received neuromuscular blockers until the effects of
neuromuscular blockade have fully cleared. Dosage
should be adjusted individually; in high-risk or anxious
patients, and after major surgery, it may be preferable
to maintain some sedation during the early postopera-
tive period. Flumazenil should be used with caution in
patients with head injury since it may precipitate sei-
zures or alter cerebral blood flow. 
Careful titration of dosage is recommended in hepatic
impairment.
◊ Cardiac arrhythmias,1 sometimes preceded by tonic-clonic
(grand mal) seizures2,3 and occasionally fatal,2 have been report-
ed in several patients after the use of flumazenil for mixed over-
doses with benzodiazepines and other psychotropics. Heart
block has also been reported4 after flumazenil use in a patient
who had taken benzodiazepines, paracetamol, nifedipine, and at-
enolol. Death from refractory tonic-clonic seizures has been re-
ported in a patient5 after the use of flumazenil for a mixed over-
dose with a benzodiazepine and a tricyclic antidepressant. 
Death from respiratory failure occurred in an 83-year-old woman
after sedation with midazolam6 despite use of flumazenil, al-
though some7 considered that this did not represent a failure by
flumazenil to reverse the depressive effects on respiration of mi-
dazolam. Ventricular fibrillation followed by asystole and death
has been reported in a patient given flumazenil during weaning
from assisted ventilation (a period during which diazepam had
been given).8
1. Short TG, et al. Ventricular arrhythmia precipitated by flumaze-

nil. BMJ 1988; 296: 1070–1. 
2. Burr W, et al. Death after flumazenil. BMJ 1989; 298: 1713. 
3. Marchant B, et al. Flumazenil causing convulsions and ventricu-

lar tachycardia. BMJ 1989; 299: 860. 
4. Herd B, Clarke F. Complete heart block after flumazenil. Hum

Exp Toxicol 1991; 10: 289. 
5. Haverkos GP, et al. Fatal seizures after flumazenil administra-

tion in a patient with mixed overdose. Ann Pharmacother 1994;
28: 1347–9. 

6. Lim AG. Death after flumazenil. BMJ 1989; 299: 858–9. Correc-
tion. ibid.: 1531. 

7. Birch BRP, Miller RA. Death after flumazenil? BMJ 1990; 300:
467–8. 

8. Katz Y, et al. Cardiac arrest associated with flumazenil. BMJ
1992; 304: 1415.

Effects on mental function. Although flumazenil is consid-
ered to lack agonist properties, a study1 in healthy subjects found
that intravenous flumazenil resulted in impairment of some
measures of cognition and alertness. A severe acute psychotic
disorder, which developed during treatment with flumazenil in a
patient with hepatic encephalopathy, resolved when flumazenil
was discontinued.2
1. Neave N, et al. Dose-dependent effects of flumazenil on cogni-

tion, mood, and cardio-respiratory physiology in healthy volun-
teers. Br Dent J 2000; 189: 668–74. 

2. Seebach J, Jost R. Flumazenil-induced psychotic disorder in he-
patic encephalopathy. Lancet 1992; 339: 488–9.

Pharmacokinetics
Flumazenil is well absorbed from the gastrointestinal
tract but undergoes extensive first-pass hepatic metab-
olism and has a systemic bioavailability of about 20%.
It is about 50% bound to plasma proteins. After intra-
venous administration it is extensively metabolised in
the liver to the inactive carboxylic acid form, which is
excreted mainly in the urine. The elimination half-life
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is about 40 to 80 minutes. In patients with hepatic im-
pairment the clearance of flumazenil is decreased with
a resultant prolongation of half-life.
◊ References.
1. Klotz U, et al. Pharmacokinetics of the selective benzodiazepine

antagonist Ro 15-1788 in man. Eur J Clin Pharmacol 1984; 27:
115–17. 

2. Roncari G, et al. Pharmacokinetics of the new benzodiazepine
antagonist Ro 15-1788 in man following intravenous and oral
administration. Br J Clin Pharmacol 1986; 22: 421–8. 

3. Breimer LTM, et al. Pharmacokinetics and EEG effects of
flumazenil in volunteers. Clin Pharmacokinet 1991; 20: 491–6. 

4. Jones RDM, et al. Pharmacokinetics of flumazenil and mida-
zolam. Br J Anaesth 1993; 70: 286–92. 

5. Roncari G, et al. Flumazenil kinetics in the elderly. Eur J Clin
Pharmacol 1993; 45: 585–7.

Uses and Administration
Flumazenil is a benzodiazepine antagonist that acts
competitively at CNS benzodiazepine receptors. It is
used in anaesthesia and intensive care to reverse ben-
zodiazepine-induced sedation; it may also be used to
treat benzodiazepine overdosage (but see warnings in
Precautions, above, and under Benzodiazepine Antag-
onism: Overdosage, below). 
Flumazenil should be given by slow intravenous injec-
tion or infusion. 
The usual initial dose for the reversal of benzodi-
azepine-induced sedation is 200 micrograms, fol-
lowed at intervals of 60 seconds by further doses of
100 to 200 micrograms if required, to a maximum
total dose of 1 mg or occasionally 2 mg (usual range,
0.3 to 1 mg); each dose should be given over 15 sec-
onds, and further doses should only be given if an ad-
equate response has not occurred 45 seconds after
completion of the injection. If drowsiness recurs an
intravenous infusion may be used, at a rate of 100 to
400 micrograms/hour, adjusted according to response.
Alternatively, further doses of up to 1 mg, in boluses of
200 micrograms as above, may be given at 20-minute
intervals to a maximum of 3 mg in one hour. Patients at
risk from the effects of benzodiazepine reversal, such
as those dependent on benzodiazepines, should receive
smaller bolus injections of 100 micrograms. The dose
for children is 10 micrograms/kg, repeated at 60-sec-
ond intervals up to a maximum of 50 micrograms/kg
or 1 mg, whichever is lower; doses are given intrave-
nously over 15 seconds, with further doses if an ade-
quate response has not occurred 45 seconds after com-
pletion of the injection, as for adults. 
The usual initial dose for the management of benzodi-
azepine overdose is 200 micrograms given intrave-
nously over 30 seconds. A further dose of
300 micrograms can be given after another 30 seconds
and can be followed by doses of 500 micrograms at
one-minute intervals if required, to a total dose of 3 mg
or occasionally 5 mg. If a dose of up to 5 mg produces
no response then further doses are unlikely to be effec-
tive. If symptoms of intoxication recur, repeated doses
may be given at 20-minute intervals; not more than
1 mg should be given at any one time and not more
than 3 mg in one hour. As before a slower rate of ad-
ministration may be used for ‘at risk’ patients. 
If signs of overstimulation occur during the use of
flumazenil, then diazepam or midazolam may be given
by slow intravenous injection. 
Flumazenil labelled with carbon-11 has been used for
studying GABA receptors by positron emission tom-
ography.
◊ General references.
1. Brogden RN, Goa KL. Flumazenil: a reappraisal of its pharma-

cological properties and therapeutic efficacy as a benzodiazepine
antagonist. Drugs 1991; 42: 1061–89. 

2. Hoffman EJ, Warren EW. Flumazenil: a benzodiazepine antago-
nist. Clin Pharm 1993; 12: 641–56. 

3. Krenzelok EP. Judicious use of flumazenil. Clin Pharm 1993;
12: 691–2. 

4. Seger DL. Flumazenil—treatment or toxin. J Toxicol Clin Toxi-
col 2004; 42: 209–16.

Benzodiazepine antagonism. Flumazenil is a specific ben-
zodiazepine antagonist that binds competitively with benzodi-
azepine receptors, reversing the centrally mediated effects of
benzodiazepines. Its effects are evident within a few minutes of
intravenous injection, even after substantial doses of benzodi-

azepines, and last for up to 3 hours depending on the dose and on
the characteristics of the benzodiazepine intoxication. In patients
who have received benzodiazepines for prolonged periods,
flumazenil may precipitate withdrawal symptoms. 
SEDATION. Flumazenil reduces sedation and amnesia following
the use of benzodiazepines for induction or maintenance of gen-
eral anaesthesia, and in patients undergoing minor surgery or di-
agnostic procedures who are given benzodiazepines for con-
scious sedation.1 Sedation may recur, particularly if long-acting
benzodiazepines have been used, and there have been reports of
increased analgesic requirements and anxiety following the use
of flumazenil. Although flumazenil may antagonise the obvious
effects of sedation, higher cognitive functions may still be
impaired2,3 and the patient may be unfit to be discharged safely
unaccompanied. Flumazenil is usually given intravenously but
reversal of sedation has also been reported4 with oral use. Al-
though experience with flumazenil in children is limited, it ap-
pears to be well tolerated and effective when used to reverse con-
scious sedation.5 Flumazenil has also been used in intensive care
to reverse sedation and assist in weaning from mechanical venti-
lation, but is not routinely recommended. 
OVERDOSAGE. Flumazenil may be used as an adjunct in the man-
agement of benzodiazepine overdose including overdose involv-
ing multiple agents. However, its use may unmask the effects of
other intoxicants,6 and since benzodiazepine overdose is rarely
lethal and may even protect against the toxicity of other drugs,
flumazenil should be used with great caution in mixed overdose,
particularly when involving tricyclic antidepressants.7 Repeated
doses of flumazenil may be required to maintain consciousness
depending on the benzodiazepine responsible and the magnitude
of the overdose; continuous infusion has also been used.8,9

1. Brogden RN, Goa KL. Flumazenil: a reappraisal of its pharma-
cological properties and therapeutic efficacy as a benzodiazepine
antagonist. Drugs 1991; 42: 1061–89. 

2. Sanders LD, et al. Reversal of benzodiazepine sedation with the
antagonist flumazenil. Br J Anaesth 1991; 66: 445–53. 

3. Girdler NM, et al. A randomised crossover trial of post-operative
cognitive and psychomotor recovery from benzodiazepine seda-
tion: effects of reversal with flumazenil over a prolonged recov-
ery period. Br Dent J 2002; 192: 335–9. 

4. Girdler NM, et al. A randomised, controlled trial of cognitive
and psychomotor recovery from midazolam sedation following
reversal with oral flumazenil. Anaesthesia 2002; 57: 868–76. 

5. Shannon M, et al. Safety and efficacy of flumazenil in the revers-
al of benzodiazepine-induced conscious sedation. J Pediatr
1997; 131: 582–6. 

6. Weinbroum AA, et al. A risk-benefit assessment of flumazenil in
the management of benzodiazepine overdose. Drug Safety 1997;
17: 181–96. 

7. Hoffman RS, Goldfrank LR. The poisoned patient with altered
consciousness: controversies in the use of a ‘coma cocktail’.
JAMA 1995; 274: 562–9. 

8. Brammer G, et al. Continuous intravenous flumazenil infusion
for benzodiazepine poisoning. Vet Hum Toxicol 2000; 42: 280–1. 

9. Chern C-H, et al. Continuous flumazenil infusion in preventing
complications arising from severe benzodiazepine intoxication.
Am J Emerg Med 1998; 16: 238–41.

Hepatic encephalopathy. Flumazenil has been tried in hepat-
ic encephalopathy (p.1697) because of the suspected role of ben-
zodiazepine-like agonists in the pathogenesis of the disorder.1,2

However, benefits have generally been modest, and a meta-
analysis3 concluded that flumazenil did produce short-term im-
provement of hepatic encephalopathy but had no effect on recov-
ery or survival; it might be considered for patients with chronic
liver disease and hepatic encephalopathy but routine clinical use
was not recommended.
1. Grimm G, et al. Improvement of hepatic encephalopathy treated

with flumazenil. Lancet 1988; ii: 1392–4. 
2. Basile AS, et al. The pathogenesis and treatment of hepatic en-

cephalopathy: evidence for the involvement of benzodiazepine
receptor ligands. Pharmacol Rev 1991; 43: 27–71. 

3. Als-Nielsen B, et al. Benzodiazepine receptor antagonists for he-
patic encephalopathy. Available in The Cochrane Database of
Systematic Reviews; Issue 2. Chichester: John Wiley; 2004 (ac-
cessed 04/10/05).

Non-benzodiazepine antagonism. Although flumazenil is a
specific benzodiazepine antagonist, it may also block the effects
of other drugs that act via the benzodiazepine receptor, such as
zopiclone and zolpidem. In a double-blind study1 in healthy sub-
jects, flumazenil rapidly antagonised clinical sedation induced
by zolpidem, and a rapid response to flumazenil has been
reported2 in a patient who presented in a coma following mixed
overdosage with zolpidem, alcohol, and prothipendyl. There
have also been reports of flumazenil reversing coma associated
with antihistamines,3 carisoprodol,4 gabapentin,5 and prometh-
azine.6 Although reversal of alcohol-induced sedation has also
been suggested, a controlled study7 found no effect with fluma-
zenil at a dose comparable to that used for benzodiazepine over-
dosage.
1. Patat A, et al. Flumazenil antagonizes the central effects of

zolpidem, an imidazopyridine hypnotic. Clin Pharmacol Ther
1994; 56: 430–6. 

2. Lheureux P, et al. Zolpidem intoxication mimicking narcotic
overdose: response to flumazenil. Hum Exp Toxicol 1990; 9:
105–7. 

3. Lassaletta A, et al. Reversal of an antihistamine-induced coma
with flumazenil. Pediatr Emerg Care 2004; 20: 319–20. 

4. Roberge RJ, et al. Flumazenil reversal of carisoprodol (Soma)
intoxication. J Emerg Med 2000; 18: 61–4. 

5. Butler TC, et al. Flumazenil and dialysis for gabapentin-induced
coma. Ann Pharmacother 2003; 37: 74–6. 

6. Plant JR, MacLeod DB. Response of a promethazine-induced
coma to flumazenil. Ann Emerg Med 1994; 24: 979–82. 

7. Lheureux P, Askenasi R. Efficacy of flumazenil in acute alcohol
intoxication: double blind placebo-controlled evaluation. Hum
Exp Toxicol 1991; 10: 235–9.

Preparations
USP 31: Flumazenil Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Fadaflumaz; Flumage; Flumanovag; Flumazen; Fluxifarm; Lanexat†;
Austral.: Anexate; Austria: Anexate; Belg.: Anexate; Braz.: Flumazen;
Flumazil; Lanexat; Canad.: Anexate; Chile: Lanexat; Cz.: Anexate;
Denm.: Lanexat; Fin.: Lanexat; Fr.: Anexate; Ger.: Anexate; Gr.: Anexate;
Demoxate; Flumexate; Hong Kong: Anexate; Hung.: Anexate; Indon.:
Anexate; Irl.: Anexate; Israel: Anexate; Ital.: Anexate; Malaysia: Anex-
ate; Mex.: Lanexat; Neth.: Anexate; Norw.: Anexate; NZ: Anexate;
Philipp.: Anexate; Pol.: Anexate; Port.: Anexate; S.Afr.: Anexate; Singa-
pore: Anexate; Spain: Anexate; Swed.: Lanexat; Switz.: Anexate; Thai.:
Anexate; Turk.: Anexate; UK: Anexate; USA: Romazicon; Venez.: Lanex-
at.

Fomepizole (BAN, USAN, rINN)

Fomepitsoli; Fomepizol; Fomépizole; Fomepizolum; 4-Methyl-
pyrazole; 4-MP. 4-Methyl-1H-pyrazole.
Фомепизол
C4H6N2 = 82.10.
CAS — 7554-65-6.
ATC — V03AB34.
ATC Vet — QV03AB34.

Adverse Effects
The most frequent adverse effects associated with fo-
mepizole are headache, nausea, dizziness, drowsiness,
and taste disturbances. Abdominal pain, vomiting, di-
arrhoea, hypotension, tachycardia, hypersensitivity re-
actions, and raised hepatic enzymes have also been re-
ported.

Pharmacokinetics
Fomepizole is absorbed from the gastrointestinal tract
but is usually given intravenously. It is metabolised in
the liver, primarily to 4-carboxypyrazole; the metabo-
lites are excreted in the urine, with only a small amount
of unchanged drug. After multiple doses, fomepizole
induces its own metabolism by the cytochrome P450
enzyme system, significantly increasing the rate of
elimination. Fomepizole is removed by dialysis.

Uses and Administration
Fomepizole is a competitive inhibitor of alcohol dehy-
drogenase. It is used for the treatment of poisoning by
ethylene glycol (p.2300) or methyl alcohol (p.2024),
which are converted to toxic metabolites by alcohol de-
hydrogenase. Fomepizole is given in a loading dose of
15 mg/kg followed by 10 mg/kg every 12 hours for 4
doses; the dose should then be increased to 15 mg/kg
every 12 hours until serum concentrations of ethylene
glycol or methyl alcohol are less than 20 mg/100 mL.
All doses should be given by intravenous infusion over
30 minutes. In patients who also require haemodialy-
sis, doses of fomepizole should be given every 4 hours
during haemodialysis sessions. 
Fomepizole has also been given similarly as the sul-
fate.
◊ References.
1. Baum CR, et al. Fomepizole treatment of ethylene glycol poi-

soning in an infant. Pediatrics 2000; 106: 1489–91. 
2. Brent J, et al. Fomepizole for the treatment of methanol poison-

ing. N Engl J Med 2001; 344: 424–9. 
3. Battistella M. Fomepizole as an antidote for ethylene glycol poi-

soning. Ann Pharmacother 2002; 36: 1085–9. 
4. Mycyk MB, Leikin JB. Antidote review: fomepizole for metha-

nol poisoning. Am J Ther 2003; 10: 68–70.

Preparations
Proprietary Preparations (details are given in Part 3)
Canad.: Antizol; Israel: Antizol; UK: Antizol; USA: Antizol.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Fuller’s Earth
Terra Fullonica; Tierra de Fuller.
CAS — 8031-18-3.

Profile
Fuller’s earth consists largely of montmorillonite, a native hy-
drated aluminium silicate, with which very finely divided calcite
(calcium carbonate) may be associated. It is an adsorbent and has
been used in dusting powders, toilet powders, and lotions. Full-
er’s earth of high adsorptive capacity has been used in industry
as a clarifying and filtering medium. 
It has been used in the treatment of paraquat poisoning (p.2047),
usually as a 15% suspension given in an initial oral dose of about
100 g, followed by further doses of about 50 g every 2 hours for
3 doses. Purgatives such as magnesium sulfate or mannitol have
been given at the same time to promote emptying of the gut, but
some suggest they should only be given with the first dose.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Braz.: Camomila.

Glucagon (BAN, rINN)

Gliukagonas; Glucagón; Glucagonum; Glukagon; Glukagoni; HGF.
His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-
Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr.
Глюкагон
C153H225N43O49S = 3482.7.
CAS — 16941-32-5.
ATC — H04AA01.
ATC Vet — QH04AA01.

Pharmacopoeias. In US. 
USP 31 (Glucagon). A polypeptide hormone obtained from por-
cine and bovine pancreas glands. A fine, white or faintly col-
oured, practically odourless, crystalline powder. Soluble in dilute
alkali and acid solutions; insoluble in most organic solvents.
Store under nitrogen in airtight glass containers at a temperature
of 2° to 8°.

Adverse Effects
Nausea and vomiting may occur after use of glucagon.
Hypersensitivity reactions, abdominal pain, hypoten-
sion, tachycardia, and hypokalaemia have also been re-
ported.

Precautions
Glucagon should generally not be given to patients
with phaeochromocytoma since it can cause a release
of catecholamines producing marked hypertension.
Glucagon should be given with care to patients with
insulinoma as it may induce hypoglycaemia due to its
insulin-releasing effect. Glucagon was formerly used
to diagnose phaeochromocytoma and insulinoma but
this use has been largely abandoned. Caution is also re-
quired when it is being used as a diagnostic aid in dia-
betic patients or in elderly patients with heart disease. 
Glucagon is not effective in patients with marked de-
pletion of liver glycogen stores, as in starvation, adre-
nal insufficiency, alcohol-induced hypoglycaemia, or
chronic hypoglycaemia. Oral carbohydrates should be
given after glucagon to prevent the development of
secondary hypoglycaemia.

Interactions
Warfarin. For a report of glucagon enhancing the anticoagulant
effect of warfarin, see p.1431.

Pharmacokinetics
Glucagon has a plasma half-life of about 3 to 6 minutes
but longer values have been reported in diabetics (see
Bioavailability, below). It is inactivated in the liver,
kidneys, and plasma.
Bioavailability. In a study1 in healthy subjects and diabetic pa-
tients the bioavailability of glucagon given intranasally was
about 30% of that after intramuscular injection. However, the
mean value for the apparent half-life after intramuscular injec-
tion was 28.6 and 31.4 minutes respectively in the two groups,
compared with 6.6 and 11.9 minutes for intravenous infusion,
and 5.5 and 13.8 minutes when given intranasally, possibly due
to slow release of glucagon from the injection site.
1. Pontiroli AE, et al. Pharmacokinetics of intranasal, intramuscu-

lar and intravenous glucagon in healthy subjects and diabetic pa-
tients. Eur J Clin Pharmacol 1993; 45: 555–8.

Uses and Administration
Glucagon is an endogenous polypeptide hormone that
is produced by the alpha cells of the pancreatic islets of
Langerhans. It is a hyperglycaemic that mobilises glu-
cose by activating hepatic glycogenolysis. It can to a
lesser extent stimulate the secretion of pancreatic insu-
lin. Glucagon for therapeutic use may be derived from
animal sources but is now more commonly produced
using recombinant DNA techniques. It is given as the
hydrochloride, but doses are usually expressed as glu-
cagon (note that 1 unit is equivalent to 1 mg of gluca-
gon). 
Glucagon is used in the treatment of severe hypogly-
caemic reactions when the patient cannot take glucose
by mouth and intravenous glucose is not feasible. It is
given by subcutaneous, intramuscular, or intravenous
injection in a dose of 1 mg (or 500 micrograms in pa-
tients under about 25 kg body-weight). If there is no
response within 10 minutes, intravenous glucose
should be given, although there is no contra-indication
to repeating the dose of glucagon. Once the patient has
responded sufficiently to take carbohydrate orally this
should be given to restore liver glycogen stores and
prevent secondary hypoglycaemia. 
As glucagon reduces the motility of the gastrointestinal
tract it is used as a diagnostic aid in gastrointestinal ex-
aminations. The route of administration and dose is de-
pendent upon the diagnostic procedure. A dose of 1 to
2 mg intramuscularly has an onset of action of 4 to 15
minutes and a duration of effect of 10 to 40 minutes;
0.2 to 2 mg intravenously produces an effect within 1
minute that lasts for 5 to 25 minutes. 
Glucagon possesses positive cardiac inotropic activity
but is not generally considered suitable for heart fail-
ure. However, as it can bypass blocked beta receptors,
it is used in the treatment of beta-blocker overdosage,
see Cardiovascular Effects, below. 
Intranasal preparations have been studied.
Cardiovascular effects. Glucagon has chronotropic and ino-
tropic effects due to its ability to raise cyclic AMP concentrations
independently of a response to catecholamines.1 It is used in the
management of beta-blocker overdosage (p.1227), although evi-
dence of benefit is mainly anecdotal;2 doses of 2 to 10 mg (or 50
to 150 micrograms/kg in children) by intravenous injection, fol-
lowed by an infusion of 50 micrograms/kg per hour, have been
suggested. 
Glucagon may also have a role in anaphylactic shock (see under
Adrenaline, p.1205), particularly in patients receiving beta
blockers, in whom adrenaline may be less effective. A dramatic
improvement in refractory hypotension during an anaphylactic
reaction to contrast media was described in a 75-year-old man
receiving beta blockers after intravenous glucagon.3 
There has also been a report4 of benefit with intravenous gluca-
gon following calcium-channel blocker overdosage, but evi-
dence from controlled studies is not available2 and glucagon is
not generally regarded as standard treatment for such patients.
1. White CM. A review of potential cardiovascular uses of intrave-

nous glucagon administration. J Clin Pharmacol 1999; 39:
442–7. 

2. Bailey B. Glucagon in β-blocker and calcium channel blocker
overdoses: a systematic review. J Toxicol Clin Toxicol 2003; 41:
595–602. 

3. Zaloga GP, et al. Glucagon reversal of hypotension in a case of
anaphylactic shock. Ann Intern Med 1986; 105: 65–6. 

4. Walter FG, et al. Amelioration of nifedipine poisoning associated
with glucagon therapy. Ann Emerg Med 1993; 22: 1234–7.

Diagnosis and testing. Glucagon stimulates secretion of
growth hormone and cortisol (hydrocortisone) and has been used
as a test of pituitary function in adults,1-3 and in children.4,5 It
may be particularly suitable when first-line tests such as the insu-
lin-tolerance test are contra-indicated.3 The glucagon stimulation
test should be used with caution in young children;5 severe sec-
ondary hypoglycaemia and death has been reported6 in a 2-year-
old child after a glucagon test for growth hormone secretion.
1. Gómez JM, et al. Growth hormone release after glucagon as a

reliable test of growth hormone assessment in adults. Clin Endo-
crinol (Oxf) 2002; 56: 329–34. 

2. Abs R. Update on the diagnosis of GH deficiency in adults. Eur
J Endocrinol 2003; 148: S3–S8. 

3. Ho KKY. Consensus guidelines for the diagnosis and treatment of
adults with GH deficiency II: a statement of the GH Research Soci-
ety in association with the European Society for Pediatric Endo-
crinology, Lawson Wilkins Society, European Society of Endo-
crinology, Japan Endocrine Society, and Endocrine Society of
Australia. Eur J Endocrinol 2007; 157: 695–700. Also available at:
http://www.ghresearchsociety.org/files/2007_Consensus_AGHD.pdf
(accessed 18/07/08) 

4. Hindmarsh PC, Swift PGF. An assessment of growth hormone
provocation tests. Arch Dis Child 1995; 72: 362–8. 

5. GH Research Society. Consensus guidelines for the diagnosis
and treatment of growth hormone (GH) deficiency in childhood
and adolescence: summary statement of the GH Research Socie-
ty. J Clin Endocrinol Metab 2000; 85: 3990–3. Also available at:
http://www.ghresearchsociety.org/files/Eilat.pdf (accessed
04/10/05) 

6. Shah A, et al. Hazards of pharmacologic tests of growth hor-
mone secretion in childhood. BMJ 1992; 304: 173–4.

Gastrointestinal disorders. The relaxant effect of glucagon
on smooth muscle has been used to facilitate passage of swal-
lowed foreign bodies1 and impacted food boluses2 that have be-
come lodged in the lower oesophagus. However, a controlled
trial3 in children with impacted oesophageal coins found that glu-
cagon was not effective.
1. Cooke MW, Glucksman EE. Swallowed coins. BMJ 1991; 302:

1607. 
2. Farrugia M, et al. Radiological treatment of acute oesophageal

food impaction. Br J Hosp Med 1995; 54: 410–11. 
3. Mehta D, et al. Glucagon use for esophageal coin dislodgment in

children: a prospective, double-blind, placebo-controlled trial.
Acad Emerg Med 2001; 8: 200–3.

Hypoglycaemia. Hypoglycaemia most commonly occurs in
diabetic patients, particularly those receiving insulin therapy.
Other rare causes include alcohol ingestion and tumours such as
insulinomas. Neonatal hypoglycaemia occurs in small-for-gesta-
tional-age infants or infants of diabetic mothers. Persistent or re-
current hypoglycaemia in neonates is usually due to an endocrine
or metabolic disorder, such as nesidioblastosis. 
Glucose is the treatment of choice for acute hypoglycaemia
since it corrects the problem at source. In patients who are uncon-
scious or unable to take glucose orally, it may need to be given
intravenously. Glucagon is an alternative in such situations, and
first-line use has been suggested1 since it is more convenient and
easier to give than parenteral glucose, particularly in emergency
situations. However, glucagon has a slower onset and may not
always be effective, particularly where hepatic glycogen stores
are depleted, such as in patients with alcohol-induced hypogly-
caemia or with insulinoma. Low doses of glucagon have also
been given prophylactically2 in diabetic children at risk of devel-
oping hypoglycaemia due to gastrointestinal disorders or re-
duced oral intake. 
Hypoglycaemia in neonates is usually managed by adjusting the
enteral feeds or by giving parenteral glucose in symptomatic in-
fants. Glucagon may be used if parenteral glucose is not effective
or cannot be given.3,4 In infants with persistent hyperinsulinae-
mic hypoglycaemia,5 continuous infusion of glucagon has been
used, although oral treatments such as diazoxide or chlorothi-
azide are usually preferred. 
Intractable hypoglycaemia (such as that resulting from exces-
sive endogenous insulin production from islet cell tumours or hy-
perplasia) is usually treated with diazoxide, but continuous infu-
sion of glucagon has been used in patients with tumour-
associated hypoglycaemia.6,7

1. Gibbins RL. Treating hypoglycaemia in general practice. BMJ
1993; 306: 600–1. 

2. Haymond MW, Schreiner B. Mini-dose glucagon rescue for hy-
poglycemia in children with type 1 diabetes. Diabetes Care
2001; 24: 643–5. 

3. Carter PE, et al. Glucagon for hypoglycaemia in infants small for
gestational age. Arch Dis Child 1988; 63: 1264. 

4. Williams AF. Hypoglycaemia of the newborn: a review. Bull
WHO 1997; 75: 261–90. 

5. Aynsley-Green A, et al. Practical management of hyperinsulin-
ism in infancy. Arch Dis Child Fetal Neonatal Ed 2000; 82:
F98–F107. 

6. Samaan NA, et al. Successful treatment of hypoglycemia using
glucagon in a patient with an extrapancreatic tumor. Ann Intern
Med 1990; 113: 404–6. 

7. Hoff AO, Vassilopoulou-Sellin R. The role of glucagon adminis-
tration in the diagnosis and treatment of patients with tumor hy-
poglycemia. Cancer 1998; 82: 1585–92.

Liver disorders. For references to the use of glucagon with in-
sulin in the treatment of liver disorders, see under Insulin, p.452.

Preparations
USP 31: Glucagon for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: GlucaGen; Austral.: GlucaGen; Austria: GlucaGen; Belg.: Gluca-
Gen; Braz.: GlucaGen; Cz.: GlucaGen; Denm.: GlucaGen; Fin.: Gluca-
Gen; Fr.: GlucaGen; Ger.: GlucaGen; Gr.: GlucaGen; Hong Kong: Gluca-
Gen; Hung.: GlucaGen; India: GlucaGen; Irl.: GlucaGen; Israel:
GlucaGen; Ital.: GlucaGen; Malaysia: GlucaGen; Neth.: GlucaGen; NZ:
GlucaGen; Pol.: GlucaGen; Port.: GlucaGen; Rus.: GlucaGen (Глюкаген);
S.Afr.: GlucaGen; Singapore: GlucaGen; Spain: GlucaGen; Switz.: Glu-
caGen; Turk.: GlucaGen; UK: GlucaGen; USA: GlucaGen.

Glucarpidase (rINN)

Carboxypeptidase G2; Glucarpidasa; Glucarpidasum.

Глюкарпидаз
CAS — 9074-87-7.
ATC — V03AF09.
ATC Vet — QV03AF09.
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Profile
Glucarpidase is a recombinant glutamate carboxypeptidase that
hydrolyses methotrexate to inactive metabolites; it is under in-
vestigation for the management of methotrexate toxicity.
◊ References.
1. Widemann BC, et al. Carboxypeptidase-G2, thymidine, and leu-

covorin rescue in cancer patients with methotrexate-induced re-
nal dysfunction. J Clin Oncol 1997; 15: 2125–34. 

2. Widemann BC, et al. Treatment of accidental intrathecal meth-
otrexate overdose with intrathecal carboxypeptidase G2. J Natl
Cancer Inst 2004; 96: 1557–9. 

3. Buchen S, et al. Carboxypeptidase G2 rescue in patients with
methotrexate intoxication and renal failure. Br J Cancer 2005;
92: 480–7.

Glutathione (BAN)

Glutathion; Glutathionum; Glutatión; Glutation; Glutationas; Glu-
tationi; GSH. N-(N-L-γ-Glutamyl-L-cysteinyl)glycine.
C10H17N3O6S = 307.3.
CAS — 70-18-8.
ATC — V03AB32.
ATC Vet — QV03AB32.

Pharmacopoeias. In Eur. (see p.vii) and Jpn.. 
Ph. Eur. 6.2 (Glutathione). Fermentation product. A white or al-
most white, crystalline powder or colourless crystals. Freely sol-
uble in water; very slightly soluble in alcohol and in dichlo-
romethane. Protect from light.
Profile
Glutathione is an endogenous peptide with antoxidant and other
metabolic functions. Glutathione and glutathione sodium are
used to prevent neurotoxicity associated with cisplatin or oxali-
platin; they have also been used to prevent other adverse effects
of antineoplastic and radiation therapy, as well as in a wide range
of other disorders including poisoning with heavy metals and
other compounds, liver disorders, corneal disorders, and eczema.
Glutathione has also been tried in idiopathic pulmonary fibrosis
and peripheral vascular disorders.
Antineoplastic toxicity. Glutathione has been reported to re-
duce the incidence of neurotoxicity induced by cisplatin therapy.
In a double-blind, randomised trial1 in 50 patients receiving cis-
platin for advanced gastric cancer, glutathione significantly re-
duced the incidence of neuropathy assessed within one week of
completing cisplatin therapy. There did not appear to be any re-
duction in cytotoxic activity. Similar benefit was observed in a
randomised, double-blind, placebo-controlled trial involving 52
patients receiving oxaliplatin.2
1. Cascinu S, et al. Neuroprotective effect of reduced glutathione

on cisplatin-based chemotherapy in advanced gastric cancer: a
randomized double-blind placebo-controlled trial. J Clin Oncol
1995; 13: 26–32. 

2. Cascinu S, et al. Neuroprotective effect of reduced glutathione
on oxaliplatin-based chemotherapy in advanced colorectal can-
cer: a randomized, double-blind, placebo-controlled trial. J Clin
Oncol 2002; 20: 3478–83.

Lung disorders. Glutathione is an important extracellular an-
toxidant in the lung and high concentrations are found in lung
epithelial lining fluid. A deficiency of glutathione may contrib-
ute to the epithelial damage that occurs in various lung disorders,
and treatment with nebulised glutathione has therefore been in-
vestigated. Small studies have found beneficial biochemical re-
sults in patients with cryptogenic fibrosing alveolitis (idiopathic
pulmonary fibrosis)1 and in cystic fibrosis,2 but the clinical ef-
fects of these changes are not clear. Another study in cystic
fibrosis3 found no effect on oxidative markers after treatment for
2 weeks, but there was a small improvement in lung function.
Benefit has also been reported4 in a patient with emphysema.
However, in a study5 of patients with mild asthma, inhalation of
glutathione solution was associated with bronchoconstriction,
leading to cough or breathlessness in some patients, possibly due
to sulfite formation.
1. Borok Z, et al. Effect of glutathione aerosol on oxidant-antioxi-

dant imbalance in idiopathic pulmonary fibrosis. Lancet 1991;
338: 215–16. 

2. Roum JH, et al. Glutathione aerosol suppresses lung epithelial
surface inflammatory cell-derived oxidants in cystic fibrosis. J
Appl Physiol 1999; 87: 438–43. 

3. Griese M, et al. Improvement of alveolar glutathione and lung
function but not oxidative state in cystic fibrosis. Am J Respir
Crit Care Med 2004; 169: 822–8. 

4. Lamson DW, Brignall MS. The use of nebulized glutathione in
the treatment of emphysema: a case report. Altern Med Rev
2000; 5: 429–31. 

5. Marrades RM, et al. Nebulized glutathione induces bronchocon-
striction in patients with mild asthma. Am J Respir Crit Care
Med 1997; 156: 425–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Glu-tathion; TAD; Ital.: Eudon†; Glutanil†; Gluthion; Ipatox†;
Maglut†; Reglumax†; Ridutox; Rition; Scavenger†; TAD; Tationil; Thioxene†;
Jpn: Glutathin; Rus.: Glutoxim (Глутоксим); USA: Cachexon.

Multi-ingredient: Austral.: BSS Plus; Austria: BSS Plus; Canad.: BSS
Plus; Fr.: BSS Plus; Ger.: BSS Plus; Hong Kong: BSS Plus†; Hung.: BSS Plus;
Israel: BSS Plus; Malaysia: BSS Plus; Philipp.: Illumina; S.Afr.: BSS Plus;
Singapore: BSS Plus; Switz.: BSS Plus†; Thai.: BSS Plus; USA: BSS Plus;
Sucrets Defense Kids Formula; Venez.: BSS Plus†.

Haem Derivatives
Heme Derivatives; Hemo, derivados del grupo.
ATC — B06AB01 (Haematin).
ATC Vet — QB06AB01 (haematin).

Profile
Haem is the iron protoporphyrin constituent of haemo-
globin and is responsible for its colour and oxygen-
carrying capacity. It is used in the management of por-
phyrias (below). Haem is given intravenously as its de-
rivatives, although there is some confusion over their
terminology. The names haematin (hematin) and hae-
min (hemin) have been used interchangeably although
chemically haematin is the hydroxy derivative, formed
by the reaction of haemin and sodium carbonate in so-
lution. The arginine salt (haem arginate; haemin argin-
ate; heme arginate) is reported to be more stable. 
Haem arginate is used in the treatment of acute hepatic
porphyrias, including acute intermittent porphyria, var-
iegate porphyria, and hereditary coproporphyria. It is
given by slow intravenous infusion in a dose of
3 mg/kg daily for 4 days, infused over at least 30 min-
utes. The maximum recommended dose is 250 mg dai-
ly. The course may be repeated, with close monitoring,
in patients with an inadequate response. 
Haematin is used intravenously for the amelioration of
acute intermittent porphyria associated with the men-
strual cycle in patients unresponsive to other therapy. It
is given in a usual dose of 1 to 4 mg/kg daily for 3 to 14
days as an intravenous infusion over 10 to 15 minutes.
In severe cases the dose may be repeated after 12
hours, but no more than 6 mg/kg should be given in
any 24 hour period. 
Phlebitis may occur after infusion of haem derivatives
and they should be given into a large arm vein or cen-
tral vein. Use of a filter is recommended due to the col-
our of the infusion.
Porphyrias. The porphyrias are a group of inherited and ac-
quired disorders of haem biosynthesis in which defects in specif-
ic enzymes lead to the accumulation of haem precursors, includ-
ing aminolevulinic acid, porphobilinogen, and porphyrins.1-11

They are generally classified as acute or non-acute, reflecting
their clinical presentation, or as hepatic or erythropoietic, de-
pending on the site of the enzyme defect. The three most com-
mon forms are acute intermittent porphyria, porphyria cutanea
tarda, and erythropoietic protoporphyria. 
ACUTE PORPHYRIAS. These are inherited disorders characterised by
the accumulation of porphyrin precursors, leading to acute at-
tacks of neurovisceral symptoms. The most common form is
acute intermittent porphyria (acute hepatic porphyria); variegate
porphyria and hereditary coproporphyria are generally less
common forms in which there is accumulation of both porphyrin
precursors and porphyrins, leading to acute attacks with cutane-
ous symptoms similar to those seen in non-acute porphyrias (see
below). 
In acute porphyrias, some enzyme activity is present and the de-
fect only becomes apparent when demand for hepatic haem is
increased. Attacks are rare before puberty and the disorder may
remain latent in many patients. The presenting symptom is most
commonly severe abdominal pain; other gastrointestinal symp-
toms such as nausea and vomiting also occur, along with auto-
nomic effects including hypertension, tachycardia, sweating,
pallor, and pyrexia. Convulsions may occur at the peak of an at-
tack and may persist between attacks. Neuropathy leads to weak-
ness and paralysis and may progress rapidly to respiratory dis-
tress. Psychiatric symptoms are also common, particularly
agitation, anxiety, and behavioural disturbances. Various factors
can increase the demand for haem and attacks are usually precip-
itated by drugs, alcohol, steroid hormones, reduced caloric in-
take, or infection. They typically last for several days and are fol-
lowed by complete recovery, although in some patients chronic
abdominal pain may persist without other symptoms. 

The primary management of an attack is to remove precipitants
and to provide intensive support. Symptomatic treatment is com-
plicated by the wide range of drugs that may precipitate porphy-
ria. High doses of parenteral opioids may be required for pain;
there is a danger of addiction occurring, but this is rare unless
attacks are frequent or pain persists between attacks. Phenothi-
azines such as chlorpromazine are useful to control nausea and
agitation and their sedative effect may also be beneficial. High
doses of propranolol may be required for cardiovascular symp-
toms. Assisted ventilation may be necessary. Convulsions usual-
ly disappear as the attack resolves; management of patients who
experience convulsions between attacks is a therapeutic problem
since many antiepileptics are porphyrinogenic (see Porphyria,
p.471). Specific therapy is aimed at suppressing the haem bio-
synthetic pathway, to prevent further accumulation of precursors.
Haem, given as either haematin or haem arginate, is the most ef-
fective treatment and should be given as soon as possible after
onset of the attack; it produces feedback suppression of the bio-
synthetic pathway. Tin-protoporphyrin, a haem oxygenase inhib-
itor, has been given with haem to prolong its action but is not
commercially available. A high carbohydrate intake may also
suppress haem precursor production and should be ensured in all
patients, especially if haem is not immediately available; it is
usually given orally to prevent fluid overload and exacerbation
of hyponatraemia, but intravenous glucose may be required in
patients who are vomiting. Prevention of attacks involves avoid-
ing drugs that precipitate porphyria and maintaining an adequate
carbohydrate intake. Gonadorelin analogues, such as buserelin,
may have a role in preventing attacks related to the menstrual
cycle. Long-term treatment with haem has been tried in patients
with frequent attacks, although such use is not established. 
NON-ACUTE PORPHYRIAS. These are characterised by the accumula-
tion of porphyrins and usually present with cutaneous symptoms,
although porphyrins also accumulate in the liver and liver
damage commonly occurs. Porphyria cutanea tarda (cutaneous
hepatic porphyria) is the most common form of porphyria. It is
usually an acquired disorder and in most cases there is a history
of moderate or heavy alcohol intake. There is usually a raised
serum-iron concentration and use of oestrogen has also been im-
plicated. The main clinical symptom is cutaneous photosensitiv-
ity leading to bullous dermatosis, pruritus, and skin fragility, in
areas exposed to sunlight. Management involves protecting the
skin from sunlight and trauma and avoiding causative agents
such as alcohol and iron. Sunscreen preparations must be based
on zinc oxide or titanium dioxide to be effective. Reduction of
serum-iron concentrations by phlebotomy restores enzyme
function and is effective in most patients; it should be carried out
every 1 to 2 weeks until remission occurs, and may be required
periodically for maintenance. Chloroquine and hydroxychloro-
quine have also been used and may be effective where phleboto-
my is contra-indicated; they appear to act by complexing with
porphyrins and increasing their excretion, but low doses are nec-
essary to avoid exacerbating the condition. An alternative meth-
od of reducing serum-iron is with the iron chelator desferrioxam-
ine, although it may be less effective than phlebotomy; it is
usually reserved for patients unable to tolerate phlebotomy. In
patients with renal failure who are too anaemic for phlebotomy
and who cannot excrete chloroquine, erythropoietin may be
used, and may be combined with desferrioxamine or low-
volume phlebotomy. 
Erythropoietic protoporphyria is a less common non-acute por-
phyria and is an inherited disorder leading to accumulation of
protoporphyrin. Symptoms are cutaneous and there is an acute
reaction to sunlight leading to urticaria, pruritus, swelling, red-
ness, and a severe burning sensation; liver damage may also oc-
cur. Management involves protection of the skin, as for porphy-
ria cutanea tarda. Betacarotene is widely used to increase
tolerance to sunlight, although its efficacy is not established; can-
thaxanthin, another carotenoid, has also been used. Haem admin-
istration, as haematin or haem arginate, may be beneficial in sup-
pressing protoporphyrin production. Colestyramine and
activated charcoal reduce protoporphyrin levels by interrupting
enterohepatic recycling; they also bind other porphyrins and may
have a role in rare forms of porphyria such as congenital eryth-
ropoietic porphyria.
1. Murphy GM. The cutaneous porphyrias: a review. Br J Derma-

tol 1999; 140: 573–81. 
2. Thadani H, et al. Diagnosis and management of porphyria. BMJ

2000; 320: 1647–51. 
3. Sarkany RPE. The management of porphyria cutanea tarda. Clin

Exp Dermatol 2001; 26: 225–32. 
4. Badminton MN, Elder GH. Management of acute and cutaneous

porphyrias. Int J Clin Pract 2002; 56: 272–8. 
5. Murphy GM. Diagnosis and management of the erythropoietic

porphyrias. Dermatol Ther 2003; 16: 57–64. 
6. Lecha M, et al. Diagnosis and treatment of the hepatic porphy-

rias. Dermatol Ther 2003; 16: 65–72. 
7. Kauppinen R. Porphyrias. Lancet 2005; 365: 241–52. 
8. Anderson KE, et al. Recommendations for the diagnosis and

treatment of the acute porphyrias. Ann Intern Med 2005; 142:
439–50. Correction. ibid.; 143: 316. 

9. European Porphyria Initiative. Information available at:
http://www.porphyria-europe.com (accessed 04/10/05) 

10. University of Cape Town Porphyria Service. Information avail-
able at: http://www.porphyria.uct.ac.za (accessed 04/10/05) 

11. University of Queensland Porphyria Research Unit. Information
available at: http://www.uq.edu.au/porphyria (accessed
04/10/05)

OH
N
H

H
NHO

O

N

O
HS

O

O

H H



Glutathione/Mesna    1449

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Panhematin†; Denm.: Normosang; Fin.: Normosang; Fr.: Nor-
mosang; Ger.: Normosang; Ital.: Normosang; Neth.: Normosang; Port.:
Normosang; Spain: Normosang; Swed.: Normosang; Switz.: Normosang;
UK: Normosang; USA: Panhematin.
Multi-ingredient: Cz.: Normosang.

Lanthanum Carbonate (USAN)

Lanthanum carbonate (2:3) hydrate.
La2(CO3)3,xH2O = 457.8 (anhydrous lanthanum car-
bonate).
CAS — 54451-24-0.
ATC — V03AE03.
ATC Vet — QV03AE03.

Adverse Effects and Precautions
The most common adverse effects with lanthanum carbonate are
gastrointestinal disturbances, including nausea, vomiting, consti-
pation, diarrhoea, dyspepsia, and abdominal pain. Only small
amounts of lanthanum are absorbed from the gastrointestinal
tract but some accumulation of lanthanum in bone has been re-
ported; the clinical significance of this is unknown. 
Ingestion of lanthanum carbonate may produce a radio-opaque
appearance on abdominal radiography.
Uses and Administration
Lanthanum carbonate is a phosphate binder used for hyperphos-
phataemia (p.1669) in patients with chronic renal failure. It is
given orally as the hydrate, but doses are expressed in terms of
elemental lanthanum. The usual initial daily dose is 0.75 to
2.25 g of elemental lanthanum, given in divided doses with
meals. The dose should be adjusted every 2 to 3 weeks until an
acceptable serum-phosphate concentration is achieved; the usual
maintenance dose is 1.5 to 3 g daily in divided doses, but up to
3.75 g daily has been given. The tablets should be chewed thor-
oughly before swallowing.
◊ Reviews.
1. Swainston Harrison T, Scott LJ. Lanthanum carbonate. Drugs

2004; 64: 985–96. 
2. Joy MS, et al. Lanthanum carbonate. Ann Pharmacother 2006;

40: 234–40.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Fosrenol; Cz.: Fosrenol; Fr.: Fosrenol; Gr.: Fosrenol; Irl.: Foznol;
Port.: Fosrenol; Swed.: Fosrenol; UK: Fosrenol; USA: Fosrenol.

Lofexidine Hydrochloride (BANM, USAN, rINNM)

Ba-168; Hidrocloruro de lofexidina; Lofeksidin Hidroklorür;
Lofexidine, Chlorhydrate de; Lofexidini Hydrochloridum; MDL-
14042; MDL-14042A; RMI-14042A. 2-[1-(2,6-Dichlorophe-
noxy)ethyl]-2-imidazoline hydrochloride.
Лофексидина Гидрохлорид
C11H12Cl2N2O,HCl = 295.6.
CAS — 31036-80-3 (lofexidine); 21498-08-8 (lofexidine
hydrochloride).
ATC — N07BC04.
ATC Vet — QN07BC04.

(lofexidine)

Pharmacopoeias. In Chin.
Adverse Effects
Lofexidine has central alpha-adrenergic effects and may cause
drowsiness, dryness of the mouth, throat, and nose, hypotension,
and bradycardia; prolongation of the QT interval has also been
reported. Sedation may occur following overdosage. 
Sudden withdrawal of lofexidine may produce rebound hyper-
tension.
Precautions
Lofexidine should be used with caution in patients with cere-
brovascular disease, ischaemic heart disease including recent
myocardial infarction, bradycardia, renal impairment, or a histo-
ry of depression. 
It may cause drowsiness and if affected, patients should not drive
or operate machinery. 
Withdrawal of lofexidine therapy should be gradual over 2 to 4
days or more to reduce the risk of rebound hypertension.
Interactions
Lofexidine may enhance the central depressant effects of seda-
tives, including alcohol. It may also enhance the effects of anti-
hypertensives. Tricyclic antidepressants may reduce the efficacy
of lofexidine.

Methadone. A 44-year-old opioid-dependent female receiving
methadone had prolongation of the QT interval after a single
400-microgram dose of lofexidine.1 The patient had previously
had a normal QT while receiving methadone and it was suggest-
ed the effect might have been caused by the combination of the
2 drugs.
1. Schmittner J, et al. QT interval increased after single dose of

lofexidine. BMJ 2004; 329: 1075.

Pharmacokinetics
Lofexidine is absorbed from the gastrointestinal tract with peak
plasma concentrations occurring after about 3 hours. It is exten-
sively metabolised in the liver and excreted mainly in the urine.
The elimination half-life is 11 hours.
Uses and Administration
Lofexidine is an alpha2-adrenoceptor agonist structurally related
to clonidine (p.1247). It has antihypertensive activity, but is used
mainly in the control of opioid withdrawal symptoms. 
In opioid withdrawal, lofexidine is given as the hydrochloride in
an initial oral dose of 800 micrograms daily in divided doses.
The dose may be increased gradually by 400 to 800 micrograms
daily to a maximum of 2.4 mg daily; the maximum single dose
should not exceed 800 micrograms. After 7 to 10 days, or longer
in some cases, treatment is withdrawn gradually over at least 2 to
4 days.
Opioid dependence. A systematic review1 of the use of
alpha2-adrenoceptor agonists in the management of opioid de-
pendence (p.101) concluded that they were as effective as meth-
adone, although patients stayed in treatment for longer with
methadone and there were fewer adverse effects with methadone
than with clonidine. Lofexidine was associated with less hypo-
tension than clonidine and may therefore be preferred, particular-
ly for outpatient treatment.
1. Gowing L, et al. Alpha2 adrenergic agonists for the management

of opioid withdrawal. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2004 (ac-
cessed 04/10/05).

Preparations
Proprietary Preparations (details are given in Part 3)
UK: Britlofex.

Mesna (BAN, USAN, rINN)

D-7093; Mesnum; NSC-113891; UCB-3983. Sodium 2-mercap-
toethanesulphonate.
Месна
C2H5NaO3S2 = 164.2.
CAS — 19767-45-4.
ATC — R05CB05; V03AF01.
ATC Vet — QR05CB05; QV03AF01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Mesna). A white or slightly yellow, hygroscopic,
crystalline powder. Freely soluble in water; slightly soluble in al-
cohol; practically insoluble in cyclohexane. A 10% solution in
water has a pH of 4.5 to 6.0. Store in airtight containers.
Incompatibility and stability. There was no evidence of deg-
radation of mesna when stored in solution with ifosfamide in pol-
yethylene infusion bags at room temperature for 7 hours1 or in
polypropylene syringes at room temperature or at 4° for 4
weeks.2 However, in the latter study ifosfamide concentrations
fell by about 3% after 7 days and 12% after 4 weeks at both tem-
peratures. Another study3 found that mixtures of mesna with cy-
clophosphamide in polyethylene infusion bags were stable for 48
hours at 4° and for 6 hours at room temperature. 
Mesna has been reported to be incompatible with platinum com-
pounds such as carboplatin and cisplatin.
1. Shaw IC, Rose JWP. Infusion of ifosphamide plus mesna. Lancet

1984; i: 1353–4. 
2. Rowland CG, et al. Infusion of ifosfamide plus mesna. Lancet

1984; ii: 468. 
3. Menard C, et al. Stability of cyclophosphamide and mesna ad-

mixtures in polyethylene infusion bags. Ann Pharmacother
2003; 37: 1789–92.

Adverse Effects and Precautions
Adverse effects that may occur after use of mesna in-
clude gastrointestinal effects, headache, fatigue, limb
pains, depression, irritability, hypotension (but see be-
low), tachycardia, and skin rash. Bronchospasm has
been reported after nebulisation. 
Mesna may produce a false positive result in diagnostic
tests for urinary ketones and may produce a false posi-
tive or false negative result in diagnostic tests for uri-
nary erythrocytes.

Effects on blood pressure. Hypotension may occur with me-
sna; however, severe hypertension has also been reported1 after
use of mesna, either alone or with ifosfamide.
1. Gilleece MH, Davies JM. Mesna therapy and hypertension.

DICP Ann Pharmacother 1991; 25: 867.

Effects on the nervous system. For reports of severe en-
cephalopathy in patients receiving mesna and ifosfamide, see
p.732.
Hypersensitivity. Hypersensitivity reactions including rash,
fever, nausea, facial and periorbital oedema, ulceration of mu-
cous membranes, and tachycardia have been attributed to mes-
na.1-4 Reactions may be more common in patients with auto-
immune disorders; drug eruptions developed in 7 of 16 patients
receiving mesna and cyclophosphamide for auto-immune disor-
ders.5 Five of these patients had a rash, with angioedema in 2
cases, and a pseudo-hypersensitivity reaction was diagnosed.
1. Lang E, Goos M. Hypersensitivity to mesna. Lancet 1985; ii:

329. 
2. Seidel A, et al. Allergic reactions to mesna. Lancet 1991; 338:

381. 
3. Gross WL, et al. Allergic reactions to mesna. Lancet 1991; 338:

381–2. 
4. D’Cruz D, et al. Allergic reactions to mesna. Lancet 1991; 338:

705–6. 
5. Zonzits E, et al. Drug eruptions from mesna: after cyclophospha-

mide treatment of patients with systemic lupus erythematosus
and dermatomyositis. Arch Dermatol 1992; 128: 80–2.

Pharmacokinetics
Mesna is absorbed from the gastrointestinal tract. It is
rapidly metabolised after oral or intravenous dosage to
mesna disulfide (dimesna) and is excreted in the urine
as both metabolite and unchanged drug; dimesna is re-
duced back to mesna, which is the active form, in the
kidney. The half-lives of mesna and dimesna are re-
ported to be about 20 minutes and 70 minutes respec-
tively. After intravenous use, most of the dose is excret-
ed in the urine within 4 hours. Mesna is about 70%
bound to plasma proteins.
◊ References.
1. Burkert H, et al. Bioavailability of orally administered mesna.

Arzneimittelforschung 1984;  34: 1597–1600. 
2. James CA, et al. Pharmacokinetics of intravenous and oral sodi-

um 2-mercaptoethane sulphonate (mesna) in normal subjects. Br
J Clin Pharmacol 1987; 23: 561–8. 

3. El-Yazigi A, et al. Pharmacokinetics of mesna and dimesna after
simultaneous intravenous bolus and infusion administration in
patients undergoing bone marrow transplantation. J Clin Phar-
macol 1997; 37: 618–24.

Uses and Administration
Mesna is used for the prevention of urothelial toxicity
in patients being treated with the antineoplastics ifosfa-
mide or cyclophosphamide. In the kidney, dimesna, the
inactive metabolite of mesna, is reduced to free mesna.
This has thiol groups that react with the metabolites of
ifosfamide and cyclophosphamide, including acrolein,
which are considered to be responsible for the toxic ef-
fects on the bladder. 
The aim of mesna therapy is to ensure adequate levels
of mesna in the urine throughout the period during
which these toxic metabolites are present. The duration
of mesna treatment should therefore equal that of the
antineoplastic treatment plus the time taken for the
concentration of antineoplastic metabolites in the urine
to fall to non-toxic concentrations. Urinary output
should be maintained and the urine monitored for hae-
maturia and proteinuria throughout the treatment peri-
od. However, frequent emptying of the bladder should
be avoided. 
Mesna may be given intravenously or orally for the
prevention of urothelial toxicity, the dosage and fre-
quency depending on the antineoplastic regimen used.
After oral use, availability of mesna in urine is about
50% of that after intravenous use and excretion in urine
is delayed up to 2 hours and is more prolonged. The
intravenous preparation may be given orally added to a
flavoured drink; this mixture may be stored in a sealed
container in a refrigerator for up to 24 hours. Alterna-
tively, tablets are available. 
Intravenous bolus antineoplastic regimens. If ifos-
famide or cyclophosphamide is given as an intrave-
nous bolus, the intravenous dose of mesna is 20% of
the dose of the antineoplastic on a weight for weight
basis given on 3 occasions over 15 to 30 minutes at
intervals of 4 hours beginning at the same time as the
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antineoplastic injection; thus the total dose of mesna is
equivalent to 60% of the antineoplastic given. This reg-
imen is repeated each time the antineoplastic is used.
Each individual dose of mesna may be increased to
40% of the dose of the antineoplastic and given 4 times
at intervals of 3 hours for children and patients at high
risk of urotoxicity; in such cases the total dose of mes-
na is equivalent to 160% of the antineoplastic given.
The oral dose of mesna is 40% of the dose of the anti-
neoplastic given on 3 occasions at intervals of 4 hours
beginning 2 hours before the antineoplastic injection;
thus a total dose of mesna equivalent to 120% of the
antineoplastic is given. Alternatively, the initial dose of
mesna may be given intravenously (20% of the dose of
the antineoplastic), followed by two oral doses (each
40% of the dose of the antineoplastic) given 2 and 6
hours after the intravenous dose. Any of these regi-
mens may be used if cyclophosphamide is given oral-
ly. 
Intravenous infusion antineoplastic regimens. If the
antineoplastic is given as an intravenous infusion over
24 hours, an initial intravenous injection of mesna as
20% of the total antineoplastic dose is followed by
100% of the total dose by intravenous infusion concur-
rently over 24 hours, followed by 60% by intravenous
infusion over a further 12 hours (total dose 180% of the
antineoplastic). The final 12-hour infusion may be re-
placed either by 3 intravenous injections each of 20%
of the antineoplastic dose at intervals of 4 hours, the
first injection being given 4 hours after the infusion has
been stopped, or by oral mesna given in 3 doses each
of 40% of the antineoplastic dose, the first dose being
given when the 24-hour infusion is stopped, and the
second and third doses being given 2 and 6 hours later. 
Mesna is also used as a mucolytic in the management
of some respiratory-tract disorders. The usual daily
dose is 0.6 to 1.2 g given by a nebuliser; it may also be
given by direct endotracheal instillation.
◊ General references.
1. Schoenike SE, Dana WJ. Ifosfamide and mesna. Clin Pharm

1990; 9: 179–91. 
2. Siu LL, Moore MJ. Use of mesna to prevent ifosfamide-induced

urotoxicity. Support Care Cancer 1998; 6: 144–54.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Delinar; Mesnex†; Mestian; Neper; Uromitexan†; Varimesna; Aus-
tral.: Uromitexan; Austria: Mistabron; Uromitexan; Belg.: Mistabron;
Uromitexan; Braz.: Mitexan; Canad.: Uromitexan; Chile: Mucofluid;
Uromitexan; Uroprot; Cz.: Mistabron; Uromitexan; Denm.: Uromitexan;
Fin.: Uromitexan; Fr.: Mucofluid; Uromitexan; Ger.: Mistabronco†; Uromi-
texan; Gr.: Uromitexan; Hong Kong: Mistabron; Uromitexan; Hung.:
Uromitexan; India: Uromitexan; Indon.: Uromitexan; Irl.: Uromitexan; Is-
rael: Mexan; Ital.: Mucofluid†; Mucolene†; Uromitexan; Jpn: Uromitexan;
Malaysia: Mistabron†; Uromitexan†; Mex.: Mesnil; Mesodal; Uromes;
Uromitexan†; Uroprot; Ziken; Neth.: Mistabron; Uromitexan; Norw.:
Uromitexan; NZ: Uromitexan; Philipp.: Mistabron; Uromitexan; Pol.:
Anti-Uron; Mistabron; Mucofluid; Uromitexan; Port.: Uromitexan; S.Afr.:
Mistabron; Uromitexan; Singapore: Mistabron; Uromitexan; Spain: Mu-
cofluid; Uromitexan; Swed.: Uromitexan; Switz.: Mistabron†; Uromitexan;
Thai.: Mistabron†; Uromitexan; Turk.: Uromitexan; UK: Uromitexan†;
USA: Mesnex.
Multi-ingredient: India: Holoxan Uromitexan; Ifex-M; Ipamide with Me-
sna.

Methionine (USAN, rINN)

L-Metionina; M; Methionin; Méthionine; S-Methionine; L-Methio-
nine; Methioninum; Metioniini; Metionin; Metionina; Metioninas.
L-2-Amino-4-(methylthio)butyric acid.
Метионин
C5H11NO2S = 149.2.
CAS — 63-68-3.
ATC — V03AB26.
ATC Vet — QA05BA90; QG04BA90; QV03AB26.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Methionine). A white or almost white, crystalline
powder or colourless crystals. Soluble in water; very slightly sol-
uble in alcohol. A 2.5% solution in water has a pH of 5.5 to 6.5.
Protect from light. 

USP 31 (Methionine). White crystals having a characteristic
odour. Soluble in water, in warm dilute alcohol, and in dilute
mineral acids; insoluble in dehydrated alcohol, in acetone, in
ether, and in benzene. pH of a 1% solution in water is between
5.6 and 6.1.

DL-Methionine
DL-Metionina; Methionin racemický; DL-Méthionine; DL-Me-
thioninum; Methioninum Racemicum; DL-Metioniini; DL-Metionin;
DL-Metionina; DL-Metioninas; Racemethionine (USAN). DL-2-Ami-
no-4-(methylthio)butyric acid.
C5H11NO2S = 149.2.
CAS — 59-51-8.
ATC — V03AB26.
ATC Vet — QV03AB26.

NOTE. The name methionine is often applied to DL-methionine. 
Compounded preparations of DL-methionine may be represented
by the following names: 
• Co-methiamol x/y (BAN)—where x and y are the strengths in

milligrams of DL-methionine and paracetamol respectively.
Pharmacopoeias. In Eur. (see p.vii), Int., and Viet. 
Ph. Eur. 6.2 (DL-Methionine). An almost white crystalline pow-
der or small flakes. Sparingly soluble in water; very slightly sol-
uble in alcohol; dissolves in dilute acids and in dilute solutions of
alkali hydroxides. A 2% solution in water has a pH of 5.4 to 6.1.
Protect from light.

Adverse Effects and Precautions
Methionine may cause nausea, vomiting, drowsiness,
and irritability. It should not be used in patients with
acidosis. Methionine may aggravate hepatic encepha-
lopathy in patients with established liver damage; it
should be used with caution in patients with severe liv-
er disease.

Interactions
Methionine may be adsorbed by activated charcoal and
the effect of oral methionine may be reduced if they are
given together.
Dopaminergics. For reference to the antagonism of the anti-
parkinsonian effect of levodopa by methionine, see Nutritional
Agents, under Interactions of Levodopa, p.808.

Pharmacokinetics
Methionine is absorbed from the gastrointestinal tract.
It is extensively metabolised to S-adenosylmethionine
(ademetionine, p.2247), homocysteine, and other me-
tabolites, and is excreted in the urine as an inorganic
sulfate.

Uses and Administration
L-Methionine is an essential amino acid and is there-
fore included in amino-acid solutions used for
parenteral nutrition (p.1923). 
Methionine also enhances the synthesis of glutathione
and is used as an alternative to acetylcysteine in the
treatment of paracetamol poisoning to prevent hepato-
toxicity (see p.108). The literature relating to the use of
methionine in paracetamol poisoning is, in general, im-
precise as to the form of methionine used. In the UK,
the usual dose of DL-methionine is 2.5 g by mouth eve-
ry 4 hours for 4 doses starting less than 10 to 12 hours
after ingestion of the paracetamol. Children under 6
years old may be given 1 g every 4 hours for 4 doses.
Methionine has also been given intravenously. Prepa-
rations containing both methionine and paracetamol
have been formulated for use in situations where over-
dosage may occur. However, the issue of whether me-
thionine should be routinely added to paracetamol
preparations is contentious for medical and ethical rea-
sons. 
Methionine has also been given orally to lower urinary
pH and as an adjunct in the treatment of liver disorders.
It has also been used in the assessment of hyperhomo-
cysteinaemia. 
Acetylmethionine has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Neutrodor†; Austral.: Methnine; Austria: Acimethin; Ger.: Acime-
thin; Acimol; Methio; Methiotrans; Urol methin; Uromethin†; Switz.: Aci-
methin; USA: M-Caps; Pedameth†; Uracid.
Multi-ingredient: Austral.: Berberis Complex; Liv-Detox†; Braz.: Ami-
notox†; Anekron; Betaliver†; Biohepax; Enterofigon; Epativan; Epocler ;
Extrato Hepatico Composto; Extrato Hepatico Vitaminado†; Hecrosine

B12†; Hepacitron†; Hepalin; Hepatogenol†; Hepatotris†; Hepatox; Hormo
Hepatico†; Lisotox; Metiocolin B12; Metiocolin Composto; Necro B-6; Pan-
vitrop; Regenom; Silimalon; Xantina B12†; Xantinon B12; Xantinon Com-
plex; Canad.: Amino-Cerv; Selenium Plus; Cz.: Lipovitan†; Fr.: Cysti-Z†;
Lobamine-Cysteine; Nivabetol; Verrulyse-Methionine; Ger.: Lipovitan†;
Hong Kong: Bilsan; Lipochol; India: Neutrosec; Indon.: BIO-EPL; Lipa-
gent; Methicol; Methioson; Naturica DFM; Vionin NF; Irl.: Antox; Ital.:
Agedin Plus; Detoxicon; Meziv†; Mex.: Lipovitasi-Or; S.Afr.: Hepavite;
Spain: Dertrase; Epitelizante; Switz.: Mechovit; Thai.: Bio-Vitas†; Lipo-
chol; Liporon; UK: Lipotropic Factors; Paradote; USA: Amino-Cerv.

Methylthioninium Chloride (BAN, rINN)

Azul de Metileno; Błękit metylenowy; Blu di Metilene; CI Basic
Blue 9; Cloruro de metiltioninio; Colour Index No. 52015; Meth-
ylene Blue; Methylenii Caeruleum; Methylthioninii chloridum;
Methylthioninii Chloridum Hydricum; Méthylthioninium, chlo-
rure de; Methylthioninium-chlorid hydrát; Metilen Mavisi;
Metiltioninio chloridas; Metiltionin-klorid; Metylotioniniowy chlo-
rek; Metyltioniniumklorid; Metyylitioniniumkloridi; Schultz No.
1038; Tetramethylthionine Chloride Trihydrate. 3,7-Bis(dimethyl-
amino)phenazathionium chloride trihydrate.
Метилтиониния Хлорид
C16H18ClN3S,3H2O = 373.9.
CAS — 61-73-4 (anhydrous methylthioninium chloride);
7220-79-3 (methylthioninium chloride tr ihydrate).
ATC — V03AB17; V04CG05.
ATC Vet — QV03AB17; QV04CG05.

NOTE. Commercial methylthioninium chloride may consist of the
double chloride of tetramethylthionine and zinc, and is not suit-
able for medicinal use.
Pharmacopoeias. In Chin. and US; in Eur. (see p.vii) (as
xH2O); in Int. (as anhydrous or 3H2O). 
Ph. Eur. 6.2 (Methylthioninium Chloride). A dark blue, crystal-
line powder with a copper-coloured sheen, or green crystals with
a bronze-coloured sheen. Soluble in water; slightly soluble in al-
cohol. Store in airtight containers. Protect from light. 
USP 31 (Methylene Blue). Dark green crystals or crystalline
powder with a bronze-like lustre. Is odourless or practically so.
Solutions in water or alcohol are deep blue in colour. Soluble 1
in 25 of water and 1 in 65 of alcohol; soluble in chloroform. Store
at a temperature of 25°, excursions permitted between 15° and
30°.

Adverse Effects and Precautions
After high intravenous doses, methylthioninium chlo-
ride may cause nausea, vomiting, abdominal and chest
pain, headache, dizziness, mental confusion, profuse
sweating, dyspnoea, and hypertension; methaemoglo-
binaemia and haemolysis may occur. Haemolytic
anaemia and hyperbilirubinaemia have been reported
in neonates after intra-amniotic injection. Oral use may
cause gastrointestinal disturbances and dysuria. 
Methylthioninium chloride should not be injected sub-
cutaneously as it has been associated with isolated cas-
es of necrotic abscesses. It should not be given by in-
trathecal injection as neural damage has occurred.
Methylthioninium chloride should be used with cau-
tion in patients with severe renal impairment and is
contra-indicated in patients with G6PD deficiency (see
Uses, below). Methylthioninium chloride is used to
treat methaemoglobinaemia but in large doses it can it-
self produce methaemoglobinaemia and methaemo-
globin concentration should therefore be closely mon-
itored during treatment. Methylthioninium chloride
should not be used to treat methaemoglobinaemia in-
duced by sodium nitrite during the treatment of cya-
nide poisoning, since cyanide binding will be reduced
with resultant increased toxicity. It has also been con-
tra-indicated in methaemoglobinaemia due to chlorate
poisoning because of the risk that the more toxic hypo-
chlorite may be formed, although several authorities
consider its use to treat methaemoglobinaemia in se-
vere chlorate poisoning appropriate. 
Methylthioninium chloride imparts a blue colour to
saliva, urine, faeces, and skin, which may hinder a
diagnosis of cyanosis.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Aniline poisoning. It has been suggested1 that methylthionin-
ium chloride should be used with caution in the treatment of an-
iline-induced methaemoglobinaemia since it may precipitate
Heinz body formation and haemolytic anaemia. Methylthionin-
ium chloride may reduce methaemoglobin concentrations, but
repeated doses could aggravate haemolysis without further re-
ducing methaemoglobinaemia.
1. Harvey JW, Keitt AS. Studies of the efficacy and potential haz-

ards of methylene blue therapy in aniline-induced methaemoglo-
binaemia. Br J Haematol 1983; 54: 29–41.

Pregnancy. Although intra-amniotic injection of methylthion-
inium chloride has been used to diagnose premature rupture of
fetal membranes or to identify separate amniotic sacs in twin
pregnancies, there have been several reports of haemolytic anae-
mia (Heinz-body anaemia) and hyperbilirubinaemia in neonates
who had been exposed to methylthioninium chloride in the am-
niotic cavity.1-5 In most cases, exchange transfusions and/or pho-
totherapy were required to control the jaundice; in 1 case photo-
therapy led to a phototoxic reaction.5 It has therefore been
suggested3,6 that the use of methylthioninium chloride for detect-
ing premature rupture of the membranes should be avoided. 
Multiple ileal occlusions have been reported in babies born to
mothers who had twin pregnancies and who had received meth-
ylthioninium chloride by amniocentesis;4,7,8 in some cases it was
possible to determine that methylthioninium chloride had been
injected into the amniotic sac of the affected twin. Analysis of
data from the EUROCAT registries9 for 1980 to 1988, which sur-
veyed pregnancy outcomes in 11 countries, found a slightly
higher risk of ileal and jejunal atresia or stenosis in twins regard-
less of whether they had received methylthioninium chloride, but
the use of methylthioninium chloride was rare and no increased
risk could be shown in babies exposed to it. A subsequent
review6 from the Centers for Disease Control and Prevention
concluded that the epidemiological evidence for the teratogenic-
ity of methylthioninium chloride was quite strong and advised
that it should not be used for midtrimester amniocentesis. 
A further difficulty in using methylthioninium chloride by amni-
ocentesis for the diagnosis of premature rupture of the mem-
branes is that the resultant staining of the skin and mucous mem-
branes of the neonate hinders assessment of hypoxia, including
the use of pulse oximetry.10

1. Cowett RM, et al. Untoward neonatal effect of intraamniotic ad-
ministration of methylene blue. Obstet Gynecol 1976; 48 (sup-
pl): 74s–75s. 

2. Serota FT, et al. The methylene-blue baby. Lancet 1979; ii:
1142–3. 

3. Crooks J. Haemolytic jaundice in a neonate after intra-amniotic
injection of methylene blue. Arch Dis Child 1982; 57: 872–3. 

4. Nicolini V, Monni G. Intestinal obstruction in babies exposed in
utero to methylene blue. Lancet 1990; 336: 1258–9. 

5. Porat R, et al. Methylene blue-induced phototoxicity: an unrec-
ognized complication. Pediatrics 1996; 97: 717–21. 

6. Cragan JD. Teratogen update: methylene blue. Teratology 1999;
60: 42–8. 

7. van der Pol JG, et al. Jejunal atresia related to the use of meth-
ylene blue in genetic amniocentesis in twins. Br J Obstet Gynae-
col 1992; 99: 141–3. 

8. Lancaster PAL, et al. Intra-amniotic methylene blue and intesti-
nal atresia in twins. J Perinat Med 1992; 20 (suppl 1): 262. 

9. Dolk H. Methylene blue and atresia or stenosis of ileum and
jejunum. Lancet 1991; 338: 1021–2. 

10. Troche BT. The methylene blue baby. N Engl J Med 1989; 320:
1756–7.

Interactions
Serotonergic drugs. Methylthioninium chloride has been as-
sociated with CNS toxicity when given intravenously as a visu-
alising agent for thyroid or parathyroid surgery in patients who
had recently received serotonergic drugs such as bupropion, bus-
pirone, clomipramine, mirtazapine, SSRIs, or venlafaxine.1 The
MHRA in the UK therefore recommends that methylthioninium
chloride should be avoided in patients recently treated with such
drugs.
1. MHRA/CHM. Methylthioninium chloride (methylene blue):

CNS toxicity with serotonergic drugs. Drug Safety Update 2008;
1 (6): 5–6. Available at: http://www.mhra.gov.uk/home/idcplg?
IdcServ ice=GET_FILE&dDocName=CON2033510&
RevisionSelectionMethod=LatestReleased (accessed 19/07/08)

Pharmacokinetics
Methylthioninium chloride is absorbed from the gas-
trointestinal tract. It is believed to be reduced in the tis-
sues to leucomethylene blue, which is slowly excreted,
mainly in the urine, with some unchanged drug.
◊ References.
1. Peter C, et al. Pharmacokinetics and organ distribution of intra-

venous and oral methylene blue. Eur J Clin Pharmacol 2000; 56:
247–50.

Uses and Administration
Methylthioninium chloride is a thiazine dye that is
used in the treatment of methaemoglobinaemia; it is
also used as an antiseptic and in diagnostic procedures. 
In patients with methaemoglobinaemia, therapeutic
doses of methylthioninium chloride can lower the
levels of methaemoglobin in the red blood cells. It

activates a normally dormant reductase enzyme
system, which reduces the methylthioninium chloride
to leucomethylene blue and in turn is able to reduce
methaemoglobin to haemoglobin. However, in large
doses methylthioninium chloride can itself produce
methaemoglobinaemia and methaemoglobin concen-
tration should therefore be closely monitored during
treatment. Methylthioninium chloride is not effective
for the treatment of methaemoglobinaemia in patients
with G6PD deficiency as these patients have a dimin-
ished capacity to reduce methylthioninium chloride to
leucomethylene blue; it is also potentially harmful as
patients with G6PD deficiency are particularly suscep-
tible to the haemolytic anaemias induced by methylth-
ioninium chloride. 
In the treatment of acute methaemoglobinaemia, such
as in nitrite poisoning, methylthioninium chloride is
given intravenously as a 1% solution in doses of 1 to
2 mg/kg injected over a period of several minutes. A
repeat dose may be given after one hour if required. It
may be of some value in inherited methaemoglobinae-
mia; doses of up to 300 mg daily by mouth have been
used. 
Methylthioninium chloride has a mildly antiseptic ac-
tion and has been given orally in doses of 65 to 130 mg
three times daily in minor urinary-tract infections and
to prevent the formation of urinary oxalate stones. It is
also included in some preparations intended for appli-
cation to the eye, mouth and pharynx, and skin. 
Methylthioninium chloride is also used as a bacterio-
logical stain, as a dye in diagnostic procedures such as
fistula detection and the diagnosis of ruptured amniotic
membranes (but see Pregnancy under Adverse Effects
and Precautions, above), and for the delineation of cer-
tain body tissues during surgery, in particular the par-
athyroid glands. It is also used for viral photoinactiva-
tion in some plasma products. The blue colour can be
removed from the skin with hypochlorite solution.
Methylthioninium chloride was formerly used in a re-
nal-function test.
Dementia. The aggregation of tau protein filaments in the brain
is believed to be associated with the development of cognitive
symptoms in Alzheimer’s disease (see Dementia, p.362). Meth-
ylthioninium chloride, which is thought to dissolve and prevent
such aggregations, is under investigation in the management of
Alzheimer’s disease.
Glutaric aciduria. Glutaric aciduria type II is a metabolic dis-
order associated with a deficiency of electron-transferring flavo-
proteins involved in the metabolism of amino acids and fatty ac-
ids. Treatment may involve diets low in fats and protein, and
some success has been reported with riboflavin. Methylthionin-
ium chloride may also be of benefit since it may act as an electron
acceptor, and a response has been seen in an infant1 with neonatal
glutaric aciduria type II. An association has also been noted be-
tween encephalopathy due to ifosfamide neurotoxicity (see Ef-
fects on the Nervous System under Adverse Effects of Ifosfa-
mide, p.732) and glutaric aciduria, possibly due to inhibition of
electron transport by a metabolite of ifosfamide. Methylthionin-
ium chloride has therefore been tried for both treatment and pre-
vention of ifosfamide neurotoxicity, and successful results have
been reported;2-4 however, its role remains unclear.5
1. Harpey J-P, et al. Methylene-blue for riboflavine-unresponsive

glutaricaciduria type II. Lancet 1986; i: 391. 
2. Küpfer A, et al. Prophylaxis and reversal of ifosfamide enceph-

alopathy with methylene-blue. Lancet 1994; 343: 763–4. 
3. Zulian GB, et al. Methylene blue for ifosfamide-associated en-

cephalopathy. N Engl J Med 1995; 332: 1239–40. 
4. Pelgrims J, et al. Methylene blue in the treatment and prevention

of ifosfamide-induced encephalopathy: report of 12 cases and a
review of the literature. Br J Cancer 2000; 82: 291–4. 

5. Patel PN. Methylene blue for management of ifosfamide-in-
duced encephalopathy. Ann Pharmacother 2006; 40: 299–303.

Hypotension. Excess nitric oxide production leading to periph-
eral vasodilatation may be involved in the pathogenesis of hypo-
tension associated with a number of conditions and it has been
suggested that methylthioninium chloride, which is a guanylate
cyclase inhibitor, may block the effects of nitric oxide and in-
crease blood pressure in such cases. Studies1,2 in patients with
septic shock, including 5 neonates3 with refractory hypotension
assumed to be due to sepsis, have suggested that methylthionin-
ium chloride increases blood pressure and improves tissue oxy-
genation, although no mortality benefit has been demonstrated. 
There have also been reports of the successful use of methylth-
ioninium chloride in patients with anaphylactic shock,4 hypoten-
sion associated with haemodialysis,5 vasoplegia after cardiac
surgery,6 and severe hepatopulmonary syndrome,7 all of which
may involve increased nitric oxide production. However, the role

of methylthioninium chloride in these conditions is not estab-
lished. 
The usual management of shock is discussed on p.1183; anaphy-
lactic shock should be treated with adrenaline, as discussed on
p.1205.
1. Preiser J-C, et al. Methylene blue administration in septic shock:

a clinical trial. Crit Care Med 1995; 23: 259–64. 
2. Kirov MY, et al. Infusion of methylene blue in human septic

shock: a pilot, randomized, controlled study. Crit Care Med
2001; 29: 1860–7. 

3. Driscoll W, et al. Effect of methylene blue on refractory neonatal
hypotension. J Pediatr 1996; 129: 904–8. 

4. Oliviera Neto AM, et al. Methylene blue: an effective treatment
for contrast medium-induced anaphylaxis. Med Sci Monit 2003;
9: CS102–CS106. 

5. Peer G, et al. Methylene blue, a nitric oxide inhibitor, prevents
haemodialysis hypotension. Nephrol Dial Transplant 2001; 16:
1436–41. 

6. Levin RL, et al. Methylene blue reduces mortality and morbidity
in vasoplegic patients after cardiac surgery. Ann Thorac Surg
2004; 77: 496–9. 

7. Schenk P, et al. Methylene blue improves the hepatopulmonary
syndrome. Ann Intern Med 2000; 133: 701–6.

Ifosfamide encephalopathy. See Glutaric Aciduria, above.
Methaemoglobinaemia. Methaemoglobinaemia is a rare dis-
order of the blood in which there is an increase in the proportion
of haemoglobin present in the oxidised form. Inherited methae-
moglobinaemia may be due either to a deficiency of methaemo-
globin reductase or to a structural abnormality of haemoglobin.
Acquired methaemoglobinaemia may be caused by drugs1 or
chemicals that oxidise haemoglobin, including nitrates and ni-
trites, sodium nitroprusside, dapsone, sulfonamides, phenacetin,
and some local anaesthetics such as prilocaine; it may occur as a
result of direct administration or occupational2 or environmental
exposure. Exposure to low doses over long periods may lead to
chronic methaemoglobinaemia whereas large doses may lead to
an acute effect. 
Methaemoglobinaemia has a profound effect on oxygen trans-
port by the blood; there is an increase in oxygen affinity leading
to reduced tissue delivery and varying degrees of cyanosis. The
presence of symptoms depends upon the degree and rapidity of
methaemoglobin formation. Chronic mild methaemoglobinae-
mia is generally well tolerated although patients may appear cy-
anotic. Acute methaemoglobinaemia, particularly where meth-
aemoglobin levels exceed 20%, is associated with dyspnoea,
headache, malaise, giddiness, and altered mental state; methae-
moglobin levels above 50% may lead to vascular collapse, coma,
and death. 
Patients with inherited methaemoglobinaemia are usually
asymptomatic but treatment may be given for cosmetic purposes
to reduce the cyanotic skin colour. Patients with reductase defi-
ciency generally respond to oral therapy with drugs that promote
the reduction of methaemoglobin to haemoglobin, such as ascor-
bic acid, riboflavin, or methylthioninium chloride; methylthion-
inium chloride may also be given intravenously. Patients with
structural abnormalities of haemoglobin do not respond. In ac-
quired methaemoglobinaemia the causative agent should be
identified and removed. Chronic or mild cases may not require
treatment but acute symptomatic methaemoglobinaemia may be
life-threatening and patients should be given intravenous meth-
ylthioninium chloride, along with oxygen and other supportive
therapy as required. Toxicity is uncommon with methylthionin-
ium chloride but it should not be used for methaemoglobinaemia
due to the use of nitrites for cyanide poisoning since increased
toxicity may result (for debate about its use after chlorate poison-
ing, see Adverse Effects and Precautions, above). Severe meth-
aemoglobinaemia may require exchange transfusion; exchange
transfusion with haemodialysis is the treatment of choice in pa-
tients with acute methaemoglobinaemia and haemolysis. Hyper-
baric oxygen therapy has also been suggested in severe cases.
Ascorbic acid is not useful in the acute situation since it acts too
slowly but it may be of benefit where maintenance therapy is
required.
1. Coleman MD, Coleman NA. Drug-induced methaemoglobinae-

mia: treatment issues. Drug Safety 1996; 14: 394–405. 
2. Bradberry SM. Occupational methaemoglobinaemia: mecha-

nisms of production, features, diagnosis and management in-
cluding the use of methylene blue. Toxicol Rev 2003; 22: 13–27.

ADMINISTRATION. In acute methaemoglobinaemia, methylth-
ioninium chloride is usually given by intravenous bolus injec-
tion, but repeated doses may be needed and continuous intra-
venous infusion has also been used. Methylthioninium
chloride was given at a dose of 7.5 to 10 mg/hour for 43 hours
to control methaemoglobinaemia after dapsone poisoning.1
The patient had responded to two bolus doses of 100 mg but
methaemoglobinaemia had subsequently increased again ow-
ing to the long half-life of dapsone. Additional therapy in-
cluded repeated doses of activated charcoal. A dosing sched-
ule for methylthioninium chloride of 1 to 2 mg/kg as a bolus
followed by a continuous infusion at an initial rate of 100 to
150 micrograms/kg per hour was suggested.
1. Dawson AH, Whyte IM. Management of dapsone poisoning

complicated by methaemoglobinaemia. Med Toxicol Adverse
Drug Exp 1989; 4: 387–92.

Priapism. Priapism is usually treated with corporal aspiration or
intracavernosal vasoconstrictors (see under Uses of Metarami-
nol, p.1333). There have been reports1-4 of the successful use of
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intracavernosal methylthioninium chloride, particularly in pa-
tients with drug-induced priapism; it is thought to act by blocking
the vasodilator effects of nitric oxide. However, penile necrosis
has occurred5 after the use of methylthioninium chloride and it
should probably be avoided in patients with corporal fibrosis; as-
piration of methylthioninium chloride about 5 minutes after in-
jection has been suggested.2,3

1. Steers WD, Selby JB. Use of methylene blue and selective em-
bolization of the pudendal artery for high flow priapism refrac-
tory to medical and surgical treatments. J Urol (Baltimore) 1991;
146: 1361–3. 

2. deHoll JD, et al. Alternative approaches to the management of
priapism. Int J Impot Res 1998; 10: 11–14. 

3. Martínez Portillo FJ, et al. Methylene blue as a successful treat-
ment alternative for pharmacologically induced priapism. Eur
Urol 2001; 39: 20–3. 

4. Hübler J, et al. Methylene blue as a means of treatment for pria-
pism caused by intracavernous injection to combat erectile dys-
function. Int Urol Nephrol 2003; 35: 519–21. 

5. Mejean A, et al. Re: Use of methylene blue and selective embol-
ization of the pudendal artery for high flow priapism refractory
to medical and surgical treatments. J Urol (Baltimore) 1993;
149: 1149.

Preparations
BP 2008: Methylthioninium Injection; 
USP 31: Methylene Blue Injection.

Proprietary Preparations (details are given in Part 3)
Hung.: Metilenkek; USA: Urolene Blue.
Multi-ingredient: Arg.: Lagrimas de Santa Lucia†; Mictasol Azul; Muelita;
Visubril; Austria: Methyment; Braz.: Acridin; Cystex; Lisian†; Pilulas De
Witt’s†; Sepurin; Vislin; Visodin; Visolux†; Canad.: Collyre Bleu†; Fr.: Col-
lyre Bleu; Pastilles Monleon; Hong Kong: Clear Blue; Israel: Pronestin;
Ital.: Mictasol Bleu†; Visustrin; NZ: De Witts Pills†; Pol.: Ginjal; Mibalin;
Rus.: Neo-Anusol (Нео-анузол); Spain: Argentofenol†; Centilux; Tivitis;
Switz.: Collyre Bleu Laiter; Turk.: Buco Bleu; Helmobleu; USA: Atrosept;
Dolsed†; MHP-A; MSP-Blu; Prosed/DS; Trac Tabs 2X†; UAA; Urelle; Uret-
ron; Uridon Modified†; Urimar-T; Urimax; Urised; Uriseptic; UriSym†; Uri-
tact; Uro Blue; Urogesic Blue; Utira.

Milk Thistle
Cardo mariano; Chardon marie (milk-thistle fruit); Lady’s Thistle;
Maarianohdakkeenhedelmä (milk-thistle fruit); Margainių vaisiai
(milk-thistle fruit); Marian Thistle; Mariatistelfrukt (milk-thistle
fruit); Mariendistel; Plod ostropestřece mariánského (milk-thistle
fruit); Silybi mariani fructus (milk-thistle fruit); St Mary’s Thistle.
CAS — 84604-20-6 (milk thistle extract).
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Milk-Thistle Fruit). The mature fruit, devoid of the
pappus, of Silybum marianum. It contains not less than 1.5% of
silymarin expressed as silibinin (dried drug). Protect from light. 
USP 31 (Milk Thistle). The dried ripe fruit of Silybum marianum
(Asteraceae), the pappus having been removed. It contains not
less than 2% of silymarin, calculated as silibinin, on the dried ba-
sis. Store in airtight containers. Protect from light.

Silibinin (rINN)

Silibinina; Silibinine; Silibininum; Silybin; Silybum Substance E6; Syli-
binina. 3,5,7-Trihydroxy-2-[3-(4-hydroxy-3-methoxyphenyl)-2-
(hydroxymethyl)-1,4-benzodioxan-6-yl]-4-chromanone.
Силибинин
C25H22O10 = 482.4.
CAS — 22888-70-6.

NOTE. The name silymarin has been used for both a mixture of sil-
ibinin, silicristin, and silidianin, and for silibinin alone.

Silicristin (rINN)

Silicristina; Silicristine; Silicristinum; Silikrystyna; Silychristin. 2-[2,3-
Dihydro-7-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-(hy-
droxymethyl)-5-benzofuranyl]-3,5,7-trihydroxy-4-chromanone.
Силикристин
C25H22O10 = 482.4.
CAS — 33889-69-9.

Silidianin (rINN)

Silidianina; Silidianine; Silidianinum; Silydianin. (+)-2,3α,3aα,7a-
Tetrahydro-7aα-hydroxy-8(R*)-(4-hydroxy-3-methoxyphenyl)-
4-(3α,5,7-trihydroxy-4-oxo-2β-chromanyl)-3,6-methanobenzo-
furan-7(6αH)-one.
Силидианин
C25H22O10 = 482.4.
CAS — 29782-68-1.

Silymarin
Silimarina; Silymarinum. A mixture of the isomers silibinin, silicris-
tin, and silidianin.
CAS — 65666-07-1.
ATC — A05BA03.
ATC Vet — QA05BA03.

Profile
Milk thistle (Silybum marianum; Carduus marianus) is used in
herbal medicine, mainly for gastrointestinal and hepatobiliary
disorders. The fruit contains the active principle silymarin, a
mixture of flavonolignans including the isomers silibinin, silic-
ristin, and silidianin, of which silibinin is the major component.
Silymarin is claimed to be a free radical scavenger and to have
hepatoprotectant properties; it has been used in various liver dis-
orders, as well as to prevent hepatotoxicity associated with poi-
soning. In Amanita phalloides poisoning (p.2349) both silymarin
and silibinin (as the disodium dihemisuccinate salt) have been
used. 
Milk thistle is usually given as a standardised extract containing
mainly silymarin, although the herb and fruit have also been
used; the strength of the extract is expressed in terms of silymarin
or silibinin, although the exact equivalence is not always clear. It
is usually given orally since silymarin is poorly water-soluble
and therefore unsuitable for intravenous use. A typical oral dose
of up to 140 mg of silymarin two or three times daily has been
suggested for hepatic disorders. Disodium silibinin dihemisucci-
nate is water-soluble and is given intravenously; the usual dose
in Amanita phalloides poisoning is equivalent to silibinin
20 mg/kg daily, given by intravenous infusion in 4 divided doses.
Amanita poisoning. Silymarin and silibinin have been found
to be effective in preventing hepatotoxicity after amanita poison-
ing.1-3

1. Lorenz D. Über die anwending von silibinin bei der knollenblät-
terpilzvergiftung. Dtsch Arzt 1982; 79: 43–5. 

2. Hruby K, et al. Chemotherapy of Amanita phalloides poisoning
with intravenous silibinin. Hum Toxicol 1983; 2: 183–90. 

3. Enjalbert F, et al. Treatment of amatoxin poisoning: 20-year ret-
rospective analysis. J Toxicol Clin Toxicol 2002; 40: 715–57.

Liver disorders. References to the use of milk thistle or sily-
marin in patients with liver disorders.
1. Saller R, et al. The use of silymarin in the treatment of liver dis-

eases. Drugs 2001; 61: 2035–63. 
2. Jacobs BP, et al. Milk thistle for the treatment of liver disease: a

systematic review and meta-analysis. Am J Med 2002; 113:
506–15.

Preparations
USP 31: Milk Thistle Capsules; Milk Thistle Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Benevolus†; Laragon; Austral.: Bioglan Liver-Vite; Herbal Liver For-
mula†; Prol†; Silymarin Phytosome†; Austria: Apihepar; Ardeyhepan; Le-
galon; Silyhexal; Belg.: Legalon; Legalon SIL; Braz.: Eleparon†; Legalon; Siliv-
er ; Chile: Legalon; Cz.: Flavobion; Lagosa; Legalon; Nat Cubetu
Benediktu†; Silygal; Fr.: Legalon; Ger.: Alepa; Ardeyhepan; Cefasliymarin;
durasilymarin; Hegrimarin; Hepa-Loges; Hepa-Merz Sil†; HepaBesch; Hepa-
duran V†; Hepar-Pasc; Heparsyx N†; Hepatos; Heplant; Lagosa; Legalon;
Legalon SIL; Lomacholan†; Phytohepar; Poikicholan†; Silibene; Silicur; Sili-
marit; Silmar†; Silvaysan; Sily-Sabona†; Gr.: Legalon; Hong Kong: Legalon;
Hung.: Hegrimarin; Legalon; Legalon SIL; Silegon; India: Limarin; Silybon;
Ital.: Legalon; Silimarin; Silirex; Silliver†; Mex.: Etagerin; Legalon; Philipp.:
Hepavit; Legalon; Liveraide; Pol.: Flexiderm; Lagosa; Legalon; Silimax; Syli-
caps; Sylimarol; Syliverin; Port.: Legalon; Legalon SIL; Rus.: Carsil (Карсил);
S.Afr.: Legalon; Spain: Legalon; Legalon SIL; Silarine; Silimazu†; Switz.: Le-
galon; Legalon SIL; Thai.: Legalon; Leveron; Marina; Samarin; Sivylar; Ven-
ez.: Legalon.
Multi-ingredient: Arg.: Bibol Leloup; Hepadigenor†; Quelodin F; Aus-
tral.: Antioxidant Forte Tablets; Bupleurum Complex; Bupleurum Com-
pound; Digest; Extralife Liva-Care; Herbal Cleanse†; Lifesystem Herbal For-
mula 7 Liver Tonic†; Liver Tonic Herbal Formula 6†; Livstim†; Livton
Complex†; Silybum Complex†; St Mary’s Thistle Plus; Austria: Hepabene;
Braz.: Silimalon; Canad.: Milk Thistle; Milk Thistle Extract Formula†; Cz.:
Hepabene†; Iberogast; Naturland Grosser Swedenbitter†; Simepar; Ungo-
len†; Ger.: Bilisan Duo; Cheiranthol†; Cholhepan N; Cholosom-Tee; Gal-
lexier; Galloselect M†; Hepaticum-Medice H†; Heumann Leber- und Gal-
lentee Solu-Hepar S†; Heumann Verdauungstee Solu-Lipar ; Heusin†;
Iberogast; Marianon†; Pankreaplex Neu†; Pascopankreat novo†; Presselin

Hepaticum P†; Schwohepan S†; Venacton†; Hong Kong: Hepatofalk Plan-
ta; Simepar; Hung.: Hepabene; India: Livosil-B; Indon.: Aptivium Liver
Support; Curliv Plus; Hepa-Q; Hepamax; Heparviton; Hepasil; Hepatin;
Hepatofalk Planta; Verona; Vionin NF; Ital.: Depatox; Epagest†; Liverton;
Tarassaco (Specie Composta)†; Venoplus†; Malaysia: Hepavite; Simepar;
Philipp.: Liverine; Livermin; Pol.: Artecholin; Artecholwex; Gastrobonisol;
Sylicynar; Sylivit; Tabletki Przeciw Niestrawnosci; Port.: Cholagutt†; Syn-
chrorose; Rus.: Hepabene (Гепабене); Sibectan (Сибектан); Singapore:
Hepatofalk Planta; Hepavite; Noricaven†; Simepar ; Switz.: Demonatur
Gouttes pour le foie et la bile; Iberogast; Phytomed Hepato†; Simepar†;
Tisane hepatique et biliaire.

Nalmefene (BAN, USAN, rINN)

6-Desoxy-6-methylene-naltrexone; JF-1; Nalméfène; Nalme-
feno; Nalmefenum; Nalmetrene; ORF-11676. 17-(Cyclopropyl-
methyl)-4,5α-epoxy-6-methylenemorphinan-3,14-diol.
Налмефен
C21H25NO3 = 339.4.
CAS — 55096-26-9.

Nalmefene Hydrochloride (BANM, rINNM)

Hidrocloruro de nalmefeno; Nalméfène, Chlorhydrate de;
Nalmefeni Hydrochloridum; Nalmetrene Hydrochloride.
Налмефена Гидрохлорид
C21H25NO3,HCl = 375.9.
CAS — 58895-64-0.

Adverse Effects
Nausea, vomiting, tachycardia, hypertension, fever,
and dizziness have been reported with therapeutic dos-
es of nalmefene. At higher doses or in patients later
found to be physically dependent on opioids, symp-
toms suggestive of opioid withdrawal have been noted;
these have included abdominal cramps, chills, dyspho-
ria, myalgia, and joint pain.

Precautions
As for Naloxone, p.1453. 
Incremental doses of nalmefene should be given slow-
ly in patients with renal impairment.

Pharmacokinetics
Nalmefene is absorbed after oral doses but bioavaila-
bility is not complete owing to significant first-pass
metabolism. It is metabolised in the liver, mainly to the
inactive glucuronide, and is excreted in the urine.
Some of the dose is excreted in the faeces and it may
undergo enterohepatic recycling. The plasma elimina-
tion half-life is reported to be about 10 hours.
◊ References.
1. Dixon R, et al. Nalmefene: intravenous safety and kinetics of a

new opioid antagonist. Clin Pharmacol Ther 1986; 39: 49–53. 
2. Dixon R, et al. Nalmefene: safety and kinetics after single and

multiple oral doses of a new opioid antagonist. J Clin Pharmacol
1987; 27: 233–9. 

3. Frye RF, et al. The effect of age on the pharmacokinetics of the
opioid antagonist nalmefene. Br J Clin Pharmacol 1996; 42:
301–6. 

4. Frye RF, et al. Effects of liver disease on the disposition of the
opioid antagonist nalmefene. Clin Pharmacol Ther 1997; 61:
15–23.

Uses and Administration
Nalmefene is a derivative of naltrexone and is a specif-
ic opioid antagonist with actions and uses similar to
those of naloxone (p.1454), but with a longer duration
of action. It is given as the hydrochloride but doses are
expressed in terms of the base. Nalmefene hydrochlo-
ride 111 micrograms is equivalent to about
100 micrograms of nalmefene. It is usually given intra-
venously for a rapid onset of action; subcutaneous or
intramuscular administration is also effective but has a
slower onset. Nalmefene has also been given orally. 
For the reversal of postoperative central depression due
to the use of opioids, nalmefene is given intravenously,

O
O

O

OH

CH3
OHO

OH O

OH

OH

O

OH

CH3
O

HO

OH O

OH

OH

O H

H

OHH

O

OH

CH3
O

HO

OH O

OH

O

O

H

H

OH

HC

H

H

O

N

OH

H2C

HO



Milk Thistle/Naloxone Hydrochloride    1453

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

at a concentration of 100 micrograms/mL, in an initial
dose of 250 nanograms/kg. Further doses of
250 nanograms/kg may be given at intervals of 2 to 5
minutes until the desired level of opioid reversal is
reached; cumulative doses above 1 microgram/kg do
not provide additional benefit. In patients with an in-
creased cardiovascular risk a concentration of
50 micrograms/mL and doses and increments of
100 nanograms/kg are recommended. 
In the management of known or suspected opioid over-
dosage, nalmefene is given intravenously at a concen-
tration of 1 mg/mL. An initial dose of 500 micrograms
per 70 kg is recommended, followed by a second dose
of 1 mg per 70 kg after 2 to 5 minutes if necessary. If a
total dose of 1.5 mg per 70 kg is not effective then ad-
ditional doses are unlikely to have an effect. If the pa-
tient is suspected of being physically dependent on
opioids an initial test dose of 100 micrograms per
70 kg is recommended; if there is no evidence of
withdrawal symptoms within 2 minutes the usual
dosage may be used. 
Although nalmefene has a longer duration of action
than naloxone, all patients should be closely observed
and if respiratory depression does recur, the dose of
nalmefene should be titrated as above to avoid over-
reversal of opioid effects.
Alcohol withdrawal and abstinence. For mention of the use
of nalmefene in the adjunctive management of patients with al-
cohol dependence, see under Naltrexone, p.1456.

Pruritus. It has been suggested that because central opioid re-
ceptors modulate itch, an opioid antagonist might be useful in
pruritus (p.1582). A systematic review1 found that opioid antag-
onists are effective in opioid-induced pruritus, and a number
have also been reported to be of benefit in pruritus of other caus-
es. 
Rapid improvement of severe pruritus was reported after a single
oral dose of nalmefene 10 or 20 mg in a double-blind study of 80
patients with either chronic urticaria or atopic dermatitis.2 Pruri-
tus was almost completely eliminated in up to 60% of patients
receiving nalmefene. Adverse effects occurred in 67% of pa-
tients and included dizziness or lightheadedness, fatigue, and
nausea. In another study,3 14 patients with resistant pruritus sec-
ondary to cholestatic liver disease were treated with oral
nalmefene for 2 to 26 months. The initial dose was 2 mg twice
daily and the dose was increased gradually as necessary. Al-
though 13 of the patients reported some amelioration of pruritus,
5 found that increasing doses were required to produce any ben-
efit, and in 3 tolerance appeared to develop. 
Continuous infusion of naloxone 200 nanograms/kg per minute
was reported to reduce perception of pruritus and scratching ac-
tivity in a double-blind study of 29 patients with pruritus due to
cholestasis,4 although the role of continuous infusion in long-
term management may be limited. 
Benefit has been reported with oral naltrexone 50 mg daily in
pruritus of various origins,5 as well as in patients with cholestatic
pruritus.6,7 In uraemic pruritus, conflicting results have been re-
ported;8,9 a subsequent study10 suggested that naltrexone might
be of benefit in selected patients.
1. Kjellberg F, Tramèr MR. Pharmacological control of opioid-in-

duced pruritus: a quantitative systematic review of randomized
trials. Eur J Anaesthesiol 2001; 18: 346–57. 

2. Monroe EW. Efficacy and safety of nalmefene in patients with
severe pruritus caused by chronic urticaria and atopic dermati-
tis. J Am Acad Dermatol 1989; 21: 135–6. 

3. Bergasa NV, et al. Open-label trial of oral nalmefene therapy for
the pruritus of cholestasis. Hepatology 1998; 27: 679–84. 

4. Bergasa NV, et al. Effects of naloxone infusions in patients with
the pruritus of cholestasis. Ann Intern Med 1995; 123: 161–7. 

5. Metze D, et al. Efficacy and safety of naltrexone, an oral opiate
receptor antagonist, in the treatment of pruritus in internal and
dermatological diseases. J Am Acad Dermatol 1999; 41: 533–9. 

6. Wolfhagen FH, et al. Oral naltrexone treatment for cholestatic
pruritus: a double-blind, placebo-controlled study. Gastroenter-
ology 1997; 113: 1264–9. 

7. Terg R, et al. Efficacy and safety of oral naltrexone treatment
for pruritus of cholestasis, a crossover, double blind, placebo-
controlled study. J Hepatol 2002; 37: 717–22. 

8. Peer G, et al. Randomised crossover trial of naltrexone in urae-
mic pruritus. Lancet 1996; 348: 1552–4. 

9. Pauli-Magnus C, et al. Naltrexone does not relieve uremic pru-
ritus: results of a randomized, double-blind, placebo-controlled
crossover study. J Am Soc Nephrol 2000; 11: 514–9. 

10. Legroux-Crespel E, et al. A comparative study on the effects of
naltrexone and loratadine on uremic pruritus. Dermatology
2004; 208: 326–30.

Preparations
Proprietary Preparations (details are given in Part 3)
Mex.: Nocarex; USA: Revex.

Nalorphine (BAN, rINN)

Nalorfiini; Nalorfin; Nalorfina; Nalorphinum. (−)-(5R,6S)-9a-Allyl-
4,5-epoxymorphin-7-en-3,6-diol; 17-Allyl-17-normorphine.

Налорфин

C19H21NO3 = 311.4.
CAS — 62-67-9.
ATC — V03AB02.
ATC Vet — QV03AB02.

Nalorphine Hydrobromide (BANM, rINNM)

Hidrobromuro de nalorfina; Nalorphine, Bromhydrate de; Nal-
orphini Hydrobromidum.

Налорфина Гидробромид

C19H21NO3,HBr = 392.3.
ATC — V03AB02.
ATC Vet — QV03AB02.

Pharmacopoeias. In Chin.

Nalorphine Hydrochloride (BANM, rINNM)

Hidrocloruro de nalorfina; Nalorphine, Chlorhydrate de; Nalor-
phini Hydrochloridum; Nalorphinium Chloride.

Налорфина Гидрохлорид

C19H21NO3,HCl = 347.8.
CAS — 57-29-4.
ATC — V03AB02.
ATC Vet — QV03AB02.

Pharmacopoeias. In US. 
USP 31 (Nalorphine Hydrochloride). Store in airtight containers
at a temperature of 25°, excursions permitted between 15° and
30°. Protect from light.

Adverse Effects and Precautions
As for Naloxone (below). Nalorphine also has some opioid ago-
nist properties and adverse effects such as drowsiness, respirato-
ry depression, miosis, dysphoria, and lethargy may occur if it is
given to patients who have not received opioids.

Uses and Administration
Nalorphine is an opioid antagonist with properties similar to
those of naloxone (below); in addition it also possesses some ag-
onist properties. It has been used as the hydrobromide or hydro-
chloride in the treatment of opioid-induced respiratory depres-
sion; it reverses severe opioid-induced respiratory depression but
may exacerbate respiratory depression such as that induced by
alcohol or other non-opioid central depressants.

Preparations
USP 31: Nalorphine Hydrochloride Injection.

Naloxone Hydrochloride 

(BANM, USAN, rINNM)

N-Allylnoroxymorphone Hydrochloride; Cloridrato de Naloxo-
na; EN-15304; Hidrocloruro de naloxona; Nalokson Hidroklor-
ür; Naloksonihydrokloridi; Naloksono hidrochloridas; Naloksonu
chlorowodorek dwuwodny; Naloxone, Chlorhydrate de;
Naloxone (chlorhydrate de) dihydraté; Naloxon-hidroklorid;
Naloxon-hydrochlorid; Naloxonhydroklorid; Naloxoni Hydro-
chloridum; Naloxoni hydrochloridum dihydricum. 17-Allyl-6-de-
oxy-7,8-dihydro-14-hydroxy-6-oxo-17-normorphine hydrochlo-
ride dihydrate; (−)-(5R,14S)-9a-Allyl-4,5-epoxy-3,14-dihydroxy-
morphinan-6-one hydrochloride dihydrate.

Налоксона Гидрохлорид

C19H21NO4,HCl,2H2O = 399.9.

CAS — 465-65-6 (naloxone); 357-08-4 (anhydrous
naloxone hydrochloride); 51481-60-8 (naloxone hydro-
chlor ide dihydrate).

ATC — V03AB15.

ATC Vet — QV03AB15.

(naloxone)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US.
Forms specified may be anhydrous, dihydrate, or both. 
Ph. Eur. 6.2 (Naloxone Hydrochloride Dihydrate; Naloxone Hy-
drochloride BP 2008). It contains two molecules of water of hy-
dration. A white or almost white, hygroscopic, crystalline pow-
der. Freely soluble in water; soluble in alcohol; practically
insoluble in toluene. Store in airtight containers. Protect from
light. 
USP 31 (Naloxone Hydrochloride). It is anhydrous or contains
two molecules of water of hydration. A white to slightly off-
white powder. Soluble in water, in dilute acids, and in strong al-
kali; slightly soluble in alcohol; practically insoluble in chloro-
form and in ether. Its aqueous solution is acidic. Store in airtight
containers at a temperature of 25°, excursions permitted between
15° and 30°. Protect from light.
Incompatibility. Infusions of naloxone hydrochloride should
not be mixed with preparations containing bisulfite, metabi-
sulfite, long-chain or high-molecular-weight anions, or solutions
with an alkaline pH.

Adverse Effects
Nausea and vomiting have occurred with naloxone.
Some adverse effects may be associated with opioid
withdrawal. There have been individual reports of hy-
potension, hypertension, cardiac arrhythmias, and pul-
monary oedema, generally in patients given naloxone
postoperatively. Seizures have also been reported in-
frequently.
◊ Hypertension,1,2 pulmonary oedema,3 and cardiac arrhythmias
including ventricular tachycardia and fibrillation4 have been re-
ported after the postoperative use of naloxone, generally in pa-
tients with pre-existing heart disease undergoing cardiac surgery.
However, there have also been reports in healthy patients,5,6 in-
cluding some fatalities.5 
Hypotension, bradycardia, and precipitation of focal seizures
have been reported in patients given high-dose naloxone for
acute ischaemic stroke.7 
Ventricular fibrillation has been observed in an opioid addict giv-
en naloxone to reverse the effects of diamorphine.8 However, this
patient was later shown to have hepatic cirrhosis and alcoholic
cardiomyopathy and the National Poisons Information Service in
London noted that it had never been informed of such a suspect-
ed adverse reaction despite being contacted in about 800 cases of
opioid poisoning each year.9 In a later report severe adverse ef-
fects were noted in 6 of 453 subjects given naloxone to reverse
diamorphine intoxication.10 The effects were: asystole (1 case),
generalised convulsions (3), pulmonary oedema (1), and violent
behaviour (1).
1. Tanaka GY. Hypertensive reaction to naloxone. JAMA 1974;

228: 25–6. 
2. Azar I, Turndorf H. Severe hypertension and multiple atrial pre-

mature contractions following naloxone administration. Anesth
Analg 1979; 58: 524–5. 

3. Flacke JW, et al. Acute pulmonary edema following naloxone
reversal of high-dose morphine anesthesia. Anesthesiology
1977; 47: 376–8. 

4. Michaelis LL, et al. Ventricular irritability associated with the
use of naloxone hydrochloride: two case reports and laboratory
assessment of the effects of the drug on cardiac excitability. Ann
Thorac Surg 1974; 18: 608–14. 

5. Wride SRN, et al. A fatal case of pulmonary oedema in a healthy
young male following naloxone administration. Anaesth Inten-
sive Care 1989; 17: 374–7. 

6. Taff RH. Pulmonary edema following naloxone administration
in a patient without heart disease. Anesthesiology 1983; 59:
576–7. 

7. Barsan WG, et al. Use of high dose naloxone in acute stroke:
possible side effects. Crit Care Med 1989; 17: 762–7. 

8. Cuss FM, et al. Cardiac arrest after reversal of effects of opiates
with naloxone. BMJ 1984; 288: 363–4. 

9. Barret L, et al. Cardiac arrest following naloxone. BMJ 1984;
288: 936. 

10. Osterwalder JJ. Naloxone—for intoxications with intravenous
heroin and heroin mixtures—harmless or hazardous? A pro-
spective clinical study. Clin Toxicol 1996; 34: 409–16.

Precautions
Naloxone should be used with caution in patients phys-
ically dependent on opioids, or who have received
large doses of opioids, as an acute withdrawal syn-
drome may be precipitated (see Dependence and With-
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drawal under Opioid Analgesics, p.101). Naloxone
crosses the placenta and a withdrawal syndrome may
be precipitated in neonates of opioid-dependent moth-
ers. 
Caution is required in patients with cardiac disease or
those receiving cardiotoxic drugs. 
The duration of action of some opioids exceeds that of
naloxone; patients should therefore be carefully ob-
served after administration in case of relapse.

Pharmacokinetics
Naloxone is absorbed from the gastrointestinal tract
but it is subject to considerable first-pass metabolism.
It is metabolised in the liver, mainly by glucuronide
conjugation, and excreted in the urine. It has a plasma
half-life of about 1 hour after parenteral administration.
Naloxone crosses the placenta.

Pregnancy and the neonate. A study in 30 mothers given a
single intravenous dose of naloxone during the second stage of
labour, indicated that naloxone rapidly crossed the placental bar-
rier so that some therapeutic effect might be anticipated in most
neonates.1 Placental transfer in 7 further mothers given naloxone
intramuscularly was considered to be too variable for therapeutic
purposes. 
In 12 neonates given naloxone hydrochloride 35 or
70 micrograms intravenously via the umbilical vein, the mean
plasma half-life was 3.53 or 2.65 hours respectively.2 These half-
lives were 2 to 3 times longer than those reported for adults, pos-
sibly due to a diminished ability of the newborn to metabolise
drugs by conjugation with glucuronic acid. Mean peak plasma
concentrations of 8.2 nanograms/mL or 13.7 nanograms/mL in
those given 35 or 70 micrograms respectively, were reached
within 40 minutes but this time was very variable, and in 5 ne-
onates peak concentrations were reached within 5 minutes.
Naloxone hydrochloride 200 micrograms intramuscularly in 17
further neonates produced peak concentrations of 7.4 to
34.6 nanograms/mL at 0.5 to 2 hours.
1. Hibbard BM, et al. Placental transfer of naloxone. Br J Anaesth

1986; 58: 45–8. 
2. Moreland TA, et al. Naloxone pharmacokinetics in the newborn.

Br J Clin Pharmacol 1980; 9: 609–12.

Uses and Administration
Naloxone is a specific opioid antagonist that acts com-
petitively at opioid receptors. It is an effective antago-
nist of opioids that possess agonist or mixed agonist-
antagonist activity although larger doses may be need-
ed for compounds with the latter activity. It is used to
reverse opioid central depression, including respiratory
depression, induced by natural or synthetic opioids in
the treatment of known or suspected opioid overdos-
age, postoperatively after the use of opioids during sur-
gery, and in neonates when opioid analgesics have
been given to the mother during labour. 
Naloxone hydrochloride is usually given intravenously
for a rapid onset of action, which occurs within 2 min-
utes. The onset of action is only slightly less rapid
when it is given intramuscularly or subcutaneously.
Other routes, including the endotracheal, have also
been used. The duration of action of naloxone is de-
pendent on the dose and route; it is usually reported to
be several hours, but may be much shorter, in the re-
gion of 1 hour or less. 
In the treatment of known or suspected opioid over-
dosage, the initial dose of naloxone hydrochloride is
0.4 to 2 mg given intravenously and repeated if neces-
sary at intervals of 2 to 3 minutes. If no response has
been seen after a total dose of 10 mg then the diagnosis
of overdosage with drugs other than opioids should be
considered. If the patient is suspected of being physi-
cally dependent on opioids the dose may be reduced to
100 to 200 micrograms to avoid precipitating with-
drawal symptoms. If the intravenous route is not feasi-
ble the intramuscular or subcutaneous route can be
used. 
Naloxone hydrochloride may also be used postopera-
tively to reverse central depression resulting from the
use of opioids during surgery. For adults, a dose of 100
to 200 micrograms may be given intravenously at in-

tervals of 2 to 3 minutes, titrated for each patient in or-
der to obtain an optimum respiratory response while
maintaining adequate analgesia. 
All patients receiving naloxone should be closely ob-
served as the duration of action of many opioids ex-
ceeds that of naloxone and repeated doses may be re-
quired. Alternatively, to sustain opioid antagonism, an
intravenous infusion may be used. Dosage regimens
have not been well established, and the rate of infusion
must be titrated according to the patient’s response.
Some have recommended an infusion of 60% of the
initial dose per hour, diluted to a concentration of
200 micrograms/mL in glucose. Others have suggest-
ed  an ini t ia l  intravenous loading dose of
400 micrograms, followed by a continuous infusion at
an initial rate of 400 micrograms/hour. Alternatively,
an intravenous loading dose of 5 micrograms/kg has
been suggested, followed by a continuous infusion of
2.5 micrograms/kg per hour. 
For doses in children, see Administration in Children,
below. 
Some opioid analgesics have been formulated with
naloxone hydrochloride to reduce their potential for
parenteral abuse, or as a substitution treatment for opi-
oid dependence. Naloxone hydrochloride has also
been used cautiously in small doses to diagnose opioid
dependence by precipitating the withdrawal syndrome
(see below and under Naltrexone, p.1455).
Administration in children. In the treatment of known or
suspected opioid overdosage in children, licensed product infor-
mation recommends an initial dose of naloxone hydrochloride of
10 micrograms/kg intravenously, followed, if necessary, by a
larger dose of 100 micrograms/kg. If the intravenous route is not
feasible the intramuscular or subcutaneous route can be used. 
For acute respiratory depression induced by opioids the Com-
mittee on Drugs of the American Academy of Pediatrics has rec-
ommended a dose for naloxone of 100 micrograms/kg by the in-
tramuscular, intravenous, or intratracheal routes for neonates,
including premature infants, to the age of 5 years or 20 kg body-
weight; absorption may be erratic after intramuscular use. They
advocated that children over 5 years or 20 kg should be given a
minimum of 2 mg. These doses may be repeated as necessary to
maintain opioid reversal.1,2 The Committee noted that these
higher dose recommendations were based partly on the concern
that 10 micrograms/kg might not provide optimal opiate reversal
in some infants, and that it was felt that the higher doses posed no
increased risk.3 The American Heart Association guidelines for
paediatric advanced life support gave the same doses as the
Committee for children to the age of 5 years or 20 kg body-
weight, but stated that those aged over 5 years or 20 kg be given
a dose of 2 mg, without specifying this as a minimum.4 The use
of injections containing 20 micrograms/mL of naloxone hydro-
chloride is no longer recommended because of the fluid load in-
volved at these doses, especially in small neonates.1 It has been
noted that specialists differ in their dosage of naloxone;5 a study
in the USA found that paediatric intensive care and emergency
medicine physicians tended to use 100 micrograms/kg up to a
maximum initial dose of 2 mg. 
In contrast, anaesthesiologists have tended to use initial doses of
10 to 20 micrograms naloxone, regardless of body-weight;5 the
American Academy of Pediatrics states that lower initial doses of
10 micrograms/kg may be considered for other clinical situations
such as respiratory depression during pain management.2 Li-
censed product information states that for postoperative use, in-
itial doses of 5 to 10 micrograms may be given intravenously at
2 to 3 minute intervals until the desired response is obtained. 
Opioid-induced depression in neonates resulting from the use of
opioid analgesics in the mother during labour may be reversed by
giving naloxone hydrochloride 10 micrograms/kg to the infant
by intravenous, intramuscular, or subcutaneous injection, repeat-
ed at intervals of 2 to 3 minutes if necessary. Alternatively, a sin-
gle intramuscular dose of about 60 micrograms/kg may be given
at birth for a more prolonged action. Naloxone should be given
with caution to the infants of opioid dependent mothers since
withdrawal symptoms can result.
1. American Academy of Pediatrics. Emergency drug doses for in-

fants and children and naloxone use in newborns: clarification.
Pediatrics 1989; 83: 803. 

2. Committee on Drugs. Drugs for pediatric emergencies. Abstract:
Ped ia tr i cs  1998 ;  101:  e13 .  Ful l  ve r s ion :  h t t p : / /
pediatrics.aappublications.org/cgi/reprint/101/1/e13.pdf (accessed
30/06/06) 

3. American Academy of Pediatrics. Naloxone dosage and route of
administration for infants and children: addendum to emergency
drug doses for infants and children. Pediatrics 1990; 86: 484–5. 

4. American Heart Association. 2005 American Heart Association
guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Part 12: Pediatric Advanced Life Support.

Circulation 2005; 112 (suppl): IV-167–IV-187. Also available at:
http://circ.ahajournals.org/cgi/reprint/112/24_suppl/IV-1.pdf
(accessed 05/02/08) 

5. Hasan RA, et al. Cardiorespiratory effects of naloxone in chil-
dren. Ann Pharmacother 2003; 37: 1587–92.

Eating disorders. Endogenous opioids may have a role in the
pathophysiology of eating disorders,1 thus opioid antagonists
such as naloxone and naltrexone have been tried in their manage-
ment. However, their role appears to be limited and they do not
form part of the usual management of these conditions.
1. de Zwaan M, Mitchell JE. Opiate antagonists and eating behav-

ior in humans: a review. J Clin Pharmacol 1992; 32; 1060–72.

Non-opioid overdosage. Naloxone antagonises the action of
exogenous and endogenous opioids. This may explain the vary-
ing responses reported to naloxone used in the treatment of over-
dosage with non-opioids, some of which may modulate endog-
enous opioids. 
Benefit has been reported1 with naloxone in valproate overdos-
age, although the evidence is based on case reports. There have
also been case reports suggesting benefit in overdosage with
camylofin,2 chlorpromazine,3 and ibuprofen.4 A study5 with mi-
dazolam in healthy subjects found that naloxone did not reverse
respiratory depression, although there had been earlier reports of
benefit in coma due to benzodiazepines. 
Naloxone has been used for clonidine intoxication, but retrospec-
tive reviews6,7 have concluded that responses are inconsistent,
and there have been reports of hypertension. A lack of response
has also been reported8 in brimonidine overdosage. There has
been a report9 of the successful use of naloxone after captopril
overdosage. 
Naloxone may also be of benefit in overdosage with drugs that
are structurally related to opioids, including apomorphine,10 dex-
tromethorphan,11 and loperamide.12

1. Roberge RJ, Francis EH. Use of naloxone in valproic acid over-
dose: case report and review. J Emerg Med 2002; 22: 67–70. 

2. Schvartsman S, et al. Camylofin intoxication reversed by
naloxone. Lancet 1988; ii: 1246. 

3. Chandavasu O, Chatkupt S. Central nervous system depression
from chlorpromazine poisoning: successful treatment with
naloxone. J Pediatr 1985; 106: 515–6. 

4. Easley RB, Altemeier WA. Central nervous system manifesta-
tions of an ibuprofen overdose reversed by naloxone. Pediatr
Emerg Care 2000; 16: 39–41. 

5. Forster A, et al. Respiratory depressant effects of different doses
of midazolam and lack of reversal with naloxone—a double-
blind randomized study. Anesth Analg 1983; 62: 920–4. 

6. Fiser DH, et al. Critical care for clonidine poisoning in toddlers.
Crit Care Med 1990; 18: 1124–8. 

7. Wiley JF, et al. Clonidine poisoning in young children. J Pediatr
1990; 116: 654–8. 

8. Sztajnbok J. Failure of naloxone to reverse brimonidine-in-
duced coma in an infant. J Pediatr 2002; 140: 485–6. 

9. Varon J, Duncan SR. Naloxone reversal of hypotension due to
captopril overdose. Ann Emerg Med 1991; 20: 1125–7. 

10. Bonuccelli U, et al. Naloxone partly counteracts apomorphine
side effects. Clin Neuropharmacol 1991; 14: 442–9. 

11. Schneider SM, et al. Dextromethorphan poisoning reversed by
naloxone. Am J Emerg Med 1991; 9: 237–8. 

12. Friedli G, Haenggeli C-A. Loperamide overdose managed by
naloxone. Lancet 1980; i: 1413.

Pruritus. For reference to the use of opioid antagonists, includ-
ing naloxone, in the management of pruritus, see under
Nalmefene, p.1453
Reversal of opioid effects. Naloxone is used postoperatively
to reverse central depression resulting from the use of opioids
during surgery. However, the beneficial analgesic effects of the
opioids may also be reversed, and the increasing use of short-
acting intravenous opioid analgesics should reduce the need for
its use. 
In patients receiving longer-term opioids, naloxone has been re-
ported to alleviate some of their adverse effects without loss of
therapeutic efficacy. Naloxone reversed respiratory depression in
a patient given intrathecal morphine,1 and urinary retention in 3
patients after epidural morphine,2 without reversing analgesia.
However, a study3 in patients receiving extradural fentanyl found
that naloxone failed to relieve urinary retention whereas pain
scores rapidly increased. Naloxone given intravenously has been
shown to reverse the delay in gastric emptying induced by opioid
analgesics in healthy subjects4 and in women during labour.5
Continuous intravenous infusion of naloxone reduced the inci-
dence of adverse effects in patients receiving morphine by pa-
tient-controlled analgesia for postoperative pain.6 Pain control
was not compromised and the lower dose of naloxone used
(250 nanograms/kg hourly as opposed to 1 microgram/kg hour-
ly) appeared to have an opioid-sparing effect. In patients receiv-
ing long-term opioids, oral naloxone in a daily dose equivalent to
20 to 40% of the daily opioid dose relieved opioid-induced con-
stipation without compromising analgesic control.7,8 Doses
equivalent to 10% or less of the opioid dose were ineffective.9
However, other studies10 have found adverse effects even at low
doses of naloxone, and the optimum dose remains unclear. Meth-
ylnaltrexone, a related opioid antagonist is also used for the re-
versal of opioid-induced constipation (see p.1747).
1. Jones RDM, Jones JG. Intrathecal morphine: naloxone reverses

respiratory depression but not analgesia. BMJ 1980; 281:
645–6. 

2. Rawal N, et al. Naloxone reversal of urinary retention after epi-
dural morphine. Lancet 1981; ii: 1411. 
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3. Wang J, et al. Low-dose naloxone in the treatment of urinary
retention during extradural fentanyl causes excessive reversal of
analgesia. Br J Anaesth 1998; 80: 565–6. 

4. Nimmo WS, et al. Reversal of narcotic-induced delay in gastric
emptying and paracetamol absorption by naloxone. BMJ 1979;
2: 1189. 

5. Frame WT, et al. Effect of naloxone on gastric emptying during
labour. Br J Anaesth 1984; 56: 263–5. 

6. Gan TJ, et al. Opioid-sparing effects of a low-dose infusion of
naloxone in patient-administered morphine sulfate. Anesthesiol-
ogy 1997; 87: 1075–81. 

7. Sykes NP. Oral naloxone in opioid-associated constipation.
Lancet 1991; 337: 1475. 

8. Sykes NP. Oral naloxone in opioid-associated constipation.
Lancet 1991; 338: 582. 

9. Robinson BA, et al. Oral naloxone in opioid-associated consti-
pation. Lancet 1991; 338: 581–2. 

10. Thomas MC, Erstad BL. Safety of enteral naloxone and i.v. ne-
ostigmine when used to relieve constipation. Am J Health-Syst
Pharm 2003; 60: 1264–7.

DIAGNOSTIC USE. Naloxone is used to reverse opioid effects in
the diagnosis of opioid overdose, although some workers
have recommended that it should only be used in patients with
clinical signs of opioid overdose.1 
Naloxone has also been used in the diagnosis of opioid depend-
ence. It has been given intravenously to precipitate withdrawal
symptoms, but methods that do not induce acute withdrawal
have also been investigated. Pupillary dilatation in response to
topical naloxone solution (naloxone eye drops) has been suggest-
ed as a useful method, but varying results have been reported
depending on the strength of the solution used. A study2 using
naloxone hydrochloride solution 1 mg/mL distinguished patients
with a physical dependence from non-dependent patients who
had received opioids on a single occasion as pre-operative med-
ication, but this response was not confirmed in another study3

using naloxone 400 micrograms/mL solution. Another study4 re-
ported that a 2 mg/mL solution of naloxone hydrochloride gave
useful results in an outpatient setting. However, there has been a
report5 of withdrawal syndrome and pupillary dilatation in 4 opi-
oid dependent subjects after instillation of naloxone solution
40 mg/mL.
1. Hoffman JR, et al. The empiric use of naloxone in patients with

altered mental status: a reappraisal. Ann Emerg Med 1991; 20:
246–52. 

2. Creighton FJ, Ghodse AH. Naloxone applied to conjunctiva as a
test for physical opiate dependence. Lancet 1989; i: 748–50. 

3. Loimer N, et al. Conjunctival naloxone is no decision aid in opi-
oid addiction. Lancet 1990; 335: 1107–8. 

4. Ghodse AH, et al. Evaluation of the opioid addiction test in an
out-patient drug dependency unit. Br J Psychiatry 1999; 175:
158–62. 

5. Sanchez-Ramos JR, Senay EC. Ophthalmic naloxone elicits ab-
stinence in opioid-dependent subjects. Br J Addict 1987; 82:
313–15.

OPIOID OVERDOSAGE. Naloxone is usually given intravenously
in opioid overdosage but may also be given intramuscularly if
intravenous access is not available. Alternative routes have
also been tried; a study1 using intranasal naloxone found that
it was effective for prehospital management of suspected opi-
oid overdosage, although response was slower than with in-
tramuscular injection.
1. Kelly A-M, et al. Randomised trial of intranasal versus intramus-

cular naloxone in prehospital treatment for suspected opioid
overdose. Med J Aust 2005; 182: 24–7.

Shock. Endogenous opioids may have a role in the pathophysi-
ology of shock but studies investigating naloxone for the treat-
ment of shock have produced contradictory results. A systematic
review1 concluded that naloxone does increase blood pressure in
various forms of shock, but no significant effect on mortality was
shown. US licensed product information has noted that the opti-
mal dose and duration of therapy with naloxone have not been
established, and that caution should be exercised before its use,
particularly in patients with underlying pain or who have previ-
ously received opioids and may have developed opioid toler-
ance.
1. Boeuf B, et al. Naloxone for shock. Available in The Cochrane

Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2003 (accessed 04/10/05).

Preparations
BP 2008: Naloxone Injection; Neonatal Naloxone Injection; 
USP 31: Naloxone Hydrochloride Injection; Pentazocine and Naloxone
Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Antiopiaz; Grayxona; Narcanti; Narxona; Austral.: Narcan; Austria:
Narcanti; Belg.: Narcan†; Braz.: Narcan; Canad.: Narcan†; Cz.: Intrenon;
Narcanti†; Denm.: Narcanti; Fin.: Narcanti; Fr.: Nalone†; Narcan†; Ger.:
Naloselect†; Narcanti; Gr.: Narcan; Hong Kong: Mapin; Narcan†; Hung.:
Narcanti†; India: Narcotan; Indon.: Nokoba; Irl.: Narcan; Israel: Narcan†;
Ital.: Narcan; Malaysia: Mapin; Narcan†; Mex.: Narcanti†; Norw.: Nar-
canti; NZ: Narcan; Port.: Narcan†; Naxan; Naxolan; Rus.: Naloxon
(Налоксон); S.Afr.: Narcan†; Zynox; Singapore: Narcan†; Swed.: Nar-
canti; Switz.: Narcan; Thai.: Narcan; UK: Narcan†; USA: Narcan†; Ven-
ez.: Narcan; Oxogina.

Used as an adjunct in: Belg.: Tinalox; Valtran; Cz.: Suboxone; Fr.: Suboxone;
Ger.: Andolor; Celldolor; Findol N†; Gruntin Tropfen†; Nalidin; Tili Comp;
Tili-Puren; Tili†; Tilicomp; Tilidalor†; Tilidin comp; Tilidin N; Tilidin plus; Tili-
din-saar; Tilidura; Tiligetic†; Tilimerck†; Tilnalox; Valoron N; Israel: Talwin
NX†; Malaysia: Suboxone; NZ: Suboxone; Port.: Suboxone; UK: Sub-
oxone; USA: Suboxone; Talwin NX.

Naltrexone (BAN, USAN, rINN)

Naltrexona; Naltrexonum. (5R)-9a-Cyclopropylmethyl-3,14-di-
hydroxy-4,5-epoxymorphinan-6-one; 17-(Cyclopropylmethyl)-
4,5α-epoxy-3,14-dihydroxymorphinan-6-one.

Налтрексон
C20H23NO4 = 341.4.
CAS — 16590-41-3.
ATC — N07BB04.
ATC Vet — QN07BB04; QV03AB30.

Naltrexone Hydrochloride (BANM, rINNM)

EN-1639A; Hidrocloruro de naltrexona; Naltreksonihydroklori-
di; Naltreksono hidrochloridas; Naltrexone, chlorhydrate de;
Naltrexon-hydrochlorid; Naltrexonhydroklorid; Naltrexoni hy-
drochloridum.

Налтрексона Гидрохлорид
C20H23NO4,HCl = 377.9.
CAS — 16676-29-2.
ATC — N07BB04.
ATC Vet — QN07BB04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Naltrexone Hydrochloride). A white or almost
white, very hygroscopic, powder. Freely soluble in water; slight-
ly soluble in alcohol; practically insoluble in dichloromethane.
Store in airtight containers. Protect from light. 
USP 31 (Naltrexone Hydrochloride). Store in airtight contain-
ers.

Adverse Effects
Difficulty in sleeping, loss of energy, anxiety, dyspho-
ria, abdominal pain, nausea, vomiting, reduction in ap-
petite, joint and muscle pain, and headache may occur
with naltrexone. Dizziness, constipation, diarrhoea,
skin rashes, and reduced potency and ejaculatory diffi-
culties have also been reported. Some adverse effects
may be associated with opioid withdrawal. Thrombo-
cytopenic purpura has occurred rarely. High doses may
cause hepatocellular injury. Injection site reactions, in-
cluding abscesses and tissue necrosis, have been re-
ported with use of the intramuscular preparation.
Effects on the liver. Increased liver enzyme values were re-
ported in 6 of 40 obese patients given naltrexone 50 or 100 mg
daily for 8 weeks.1 Five of the 6 patients had minimally abnormal
liver function before naltrexone was given and liver function
tests returned to baseline values or better on stopping naltrexone. 
Raised transaminase levels were noted in 5 of 26 obese patients
after 3 weeks of treatment with naltrexone 300 mg daily;
transaminase activity returned to normal when treatment was
stopped.2
1. Atkinson RL, et al. Effects of long-term therapy with naltrexone

on body weight in obesity. Clin Pharmacol Ther 1985; 38:
419–22. 

2. Mitchell JE. Naltrexone and hepatotoxicity. Lancet 1986; i:
1215.

Effects on the muscles. Asymptomatic rhabdomyolysis has
been reported1 in a patient receiving naltrexone; the condition
resolved when naltrexone was withdrawn.
1. Zaim S, et al. Rhabdomyolysis associated with naltrexone. Ann

Pharmacother 1999; 33: 312–3.

Precautions
Naltrexone should be avoided in patients receiving
opioids therapeutically, or in those misusing them, as
an acute withdrawal syndrome may be precipitated
(see Dependence and Withdrawal under Opioid Anal-
gesics, p.101). Withdrawal symptoms may develop
within 5 minutes and last up to 48 hours. Naltrexone
should be discontinued at least 48 hours before elective
surgery involving opioid analgesia. For further precau-
tions when using naltrexone as an adjunct in the treat-
ment of opioid dependence, see Uses and Administra-
tion, below. 

When analgesia is required, larger doses than usual of
opioids will be needed and there is an increased risk of
respiratory depression and other adverse effects. 
Naltrexone should be used with caution in patients
with hepatic impairment and is contra-indicated in pa-
tients with acute hepatitis or hepatic failure. Regular
monitoring of hepatic function has been recommend-
ed. Naltrexone should be given with caution to patients
with renal impairment.

Pharmacokinetics
Naltrexone is well absorbed from the gastrointestinal
tract but is subject to considerable first-pass metabo-
lism and may undergo enterohepatic recycling. It is ex-
tensively metabolised in the liver and the major metab-
olite, 6-β-naltrexol, may also possess weak opioid
antagonist activity. Maximum plasma concentrations
of naltrexone and 6-β-naltrexol are achieved in about 1
hour and naltrexone is about 20% bound to plasma pro-
teins at therapeutic doses. The elimination half-life of
naltrexone is approximately 4 hours and that of 6-β-
naltrexol about 13 hours. Naltrexone and its metabo-
lites are excreted mainly in the urine. Less than 1% of
an oral dose of naltrexone is excreted unchanged.
Hepatic impairment. A study1 in 11 patients with hepatic cir-
rhosis found that the systemic availability of naltrexone was sig-
nificantly increased, particularly in those with decompensated
disease.
1. Bertolotti M, et al. Effect of liver cirrhosis on the systemic avail-

ability of naltrexone in humans. J Hepatol 1997; 27: 505–511.

Uses and Administration
Naltrexone is a specific opioid antagonist with actions
similar to those of naloxone (p.1454); however, it is
more potent than naloxone and has a longer duration of
action. It is used in the management of opioid depend-
ence and alcohol dependence, and has also been inves-
tigated in other addictive disorders. 
Naltrexone is used as the hydrochloride as an aid to
maintaining abstinence after opioid withdrawal in de-
toxified, formerly opioid-dependent patients. Nal-
trexone treatment should not be started until the patient
has been detoxified and abstinent from opioids for at
least 7 to 10 days because of the risk of acute with-
drawal; abstinence should be verified by analysis of the
patient’s urine. A naloxone challenge test should then
be performed to confirm the absence of opioid depend-
ence,  as  fol lows:  naloxone hydrochloride
200 micrograms is given intravenously and the patient
observed for 30 seconds for evidence of withdrawal
symptoms; if none occur, a further dose of
600 micrograms is given and the patient observed for
30 minutes. A confirmatory rechallenge with naloxone
hydrochloride 1.6 mg intravenously may be consid-
ered if results are ambiguous. Sources in the USA sug-
gest a naloxone challenge test with a single dose of
800 micrograms given subcutaneously as an alterna-
tive to the intravenous route. 
Once a negative naloxone challenge test has been ob-
tained, naltrexone hydrochloride is given orally to
maintain abstinence. Treatment may be initiated with a
dose of 25 mg. If no signs of opioid withdrawal occur
subsequent doses may be increased to 50 mg daily. The
usual maintenance dose of naltrexone hydrochloride is
350 mg weekly given as 50 mg daily, but the dosing
interval may be lengthened to improve compliance; for
example, doses of 100 mg on Monday and Wednesday
and 150 mg on Friday may be effective, and various
other intermittent dosage regimens have been used. Pa-
tients should be carefully counselled and warned that
attempts to overcome the opioid blockade with large
doses of opioids could result in fatal opioid intoxica-
tion. 
Naltrexone hydrochloride is also used as an adjunct in
the management of alcohol dependence at a recom-
mended oral dose of 50 mg daily. Alternatively, nal-
trexone (as the base) may be given as a modified-re-
lease intramuscular injection in a dose of 380 mg once
every 4 weeks.
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Alcohol withdrawal and abstinence. Naltrexone may be of
use as an adjunct to psychotherapy in maintaining abstinence af-
ter alcohol withdrawal in patients with alcohol dependence
(p.1626). Two systematic reviews1,2 have concluded that oral
naltrexone is safe and effective for the short-term treatment of
alcohol dependence, although there is less evidence for long-
term benefit. However, since the risk of relapse is particularly
high early after alcohol withdrawal, treatment for at least 3 to 6
months has been recommended.2,3 Compliance with oral naltrex-
one may be a problem,1,2 and promising results4,5 have been re-
ported with a long-acting intramuscular injection given monthly. 
Naltrexone appears to be more effective at reducing the amount
of alcohol consumed than producing complete abstinence;1

reports6 from patients who continued to drink during therapy
suggest that naltrexone may reduce the pleasure associated with
drinking, possibly by blocking the effect of endorphins released
as a result of alcohol consumption. 
Although naltrexone does not appear to be hepatotoxic at the oral
dosage of 50 mg daily used for alcohol dependence, caution is
recommended in patients with liver disease;3 careful monitoring
is recommended if it is given with disulfiram since hepatotoxic-
ity could potentially be increased. 
Other opioid antagonists have also been studied. Preliminary
results7,8 suggest that nalmefene may also be effective, although
there is insufficient evidence to recommend its use.2
1. Carmen B, et al. Efficacy and safety of naltrexone and acampro-

sate in the treatment of alcohol dependence: a systematic review.
Addiction 2004; 99: 811–28. 

2. Srisurapanont M, Jarusuraisin N. Opioid antagonists for alcohol
dependence. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2005 (accessed
04/10/05). 

3. Berg BJ, et al. A risk-benefit assessment of naltrexone in the
treatment of alcohol dependence. Drug Safety 1996; 15: 274–82. 

4. Garbutt JC, et al. Efficacy and tolerability of long-acting inject-
able naltrexone for alcohol dependence: a randomized controlled
trial. JAMA 2005; 293: 1617–25. Correction. ibid.: 1978. 

5. Swainston Harrison T, et al. Extended-release intramuscular nal-
trexone. Drugs 2006; 66: 1741–51. 

6. Volpicelli JR, et al. Effect of naltrexone on alcohol "high" in al-
coholics. Am J Psychiatry 1995; 152: 613–15. 

7. Mason BJ, et al. A double-blind, placebo-controlled pilot study
to evaluate the efficacy and safety of oral nalmefene HCl for al-
cohol dependence. Alcohol Clin Exp Res 1994; 18: 1162–7. 

8. Mason BJ, et al. A double-blind, placebo-controlled study of
oral nalmefene for alcohol dependence. Arch Gen Psychiatry
1999; 56: 719–24.

Autism. Autistic disorders have been linked with abnormalities
in the endogenous opioid system and there is some evidence1 that
naltrexone may be of benefit in children with autism, especially
in those with self-injurious behaviour.
1. ElChaar GM, et al. Efficacy and safety of naltrexone use in pedi-

atric patients with autistic disorder. Ann Pharmacother 2006; 40:
1086–95.

Opioid dependence. MAINTENANCE. Naltrexone is a long-
acting, non-addictive oral opioid antagonist. It can be effec-
tive in maintaining abstinence in opioid addicts after detoxi-
fication, but compliance with therapy is difficult to maintain
because although it blocks the euphoriant effects of opioids it
does not block the craving for narcotics. It is thus most effec-
tive in highly motivated addicts with good sociological and
psychological support to discourage impulsive use of opioids.
Subcutaneous formulations have also been used but have
been associated with serious complications (see Rapid De-
toxification, below). 
For a discussion of the management of opioid dependence, see
p.101. 
References.
1. Gonzalez JP, Brogden RN. Naltrexone: a review of its pharma-

codynamic and pharmacokinetic properties and therapeutic effi-
cacy in the management of opioid dependence. Drugs 1988; 35:
192–213. 

2. Minozzi S, et al. Oral naltrexone maintenance treatment for opi-
oid dependence. Available in The Cochrane Database of System-
atic Reviews; Issue 1. Chichester: John Wiley; 2006 (accessed
02/09/08). 

3. NICE. Naltrexone for the management of opioid dependence:
Technology Appraisal Guidance 115 (issued January 2007).
Available at: http://guidance.nice.org.uk/TA115/guidance/pdf/
English (accessed 02/05/07) 

4. Lobmaier P, et al. Sustained-release naltrexone for opioid de-
pendence. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2008 (accessed
21/07/08).

RAPID DETOXIFICATION. Naltrexone has been used in various
regimens for rapid detoxification;1,2 opioid withdrawal may
be achieved in only a few days, although benefits for long-
term outcome are not yet established. It has also been used for
ultrarapid detoxification under anaesthesia, although a sys-
tematic review3 concluded that the risks outweighed the ben-
efits of using opioid antagonists in such procedures. A later
study4 also failed to support the use of such a regimen. After
detoxification, patients may be given oral naltrexone for
maintenance; subcutaneous formulations of naltrexone have
also been used in an attempt to improve compliance, although
serious complications, including deaths, have been
reported5-7 with their use.
1. O’Connor PG, Kosten TR. Rapid and ultrarapid opioid detoxifi-

cation techniques. JAMA 1998; 279: 229–34. 

2. Gowing L, et al. Opioid antagonists with minimal sedation for
opioid withdrawal. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 1. Chichester: John Wiley; 2006 (ac-
cessed 02/09/08). 

3. Gowing L, et al. Opioid antagonists under heavy sedation or an-
aesthesia for opioid withdrawal. Available in The Cochrane Da-
tabase of Systematic Reviews; Issue 2. Chichester: John Wiley;
2006 (accessed 02/09/08). 

4. Collins ED, et al. Anesthesia-assisted vs buprenorphine- or clo-
nidine-assisted heroin detoxification and naltrexone induction: a
randomized trial. JAMA 2005; 294: 903–13. 

5. Hamilton RJ, et al. Complications of ultrarapid opioid detoxifi-
cation with subcutaneous naltrexone pellets. Acad Emerg Med
2002; 9: 63–8. 

6. Gibson AE, et al. Opioid overdose deaths can occur in patients
with naltrexone implants. Med J Aust 2007; 186: 152–3. 

7. Lintzeris N, et al. Unplanned admissions to two Sydney public
hospitals after naltrexone implants. Med J Aust 2008; 188:
441–4.

Pruritus. For reference to the use of opioid antagonists, includ-
ing naltrexone, in pruritus, see under Nalmefene, p.1453.
Preparations
USP 31: Naltrexone Hydrochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Revez; Austral.: Revia; Austria: Dependex; Ethylex; Nalone†; Nal-
trexin; Nemexin; Revia; Belg.: Nalorex; Braz.: Revia; Canad.: Revia;
Chile: Nalerona; Cz.: Nemexin; Revia; Denm.: Revia; Fin.: Revia; Fr.: Nal-
orex; Revia; Ger.: Nemexin; Gr.: Nalorex; Hong Kong: Revia; Hung.: An-
taxon; Nemexin; Revia; India: Nodict; Indon.: Nutrexon; Phaltrexia; Irl.:
Nalorex; Revia; Israel: Revia†; Ital.: Antaxone; Nalorex; Narcoral; Malay-
sia: Trexan†; Mex.: Revia; Neth.: Nalorex; Revia; Norw.: Revia; NZ: Re-
via; Port.: Antaxone; Basinal; Destoxican; Nalorex; Rus.: Antaxone
(Антаксон); S.Afr.: Revia†; Singapore: Trexan†; Spain: Antaxone; Ce-
lupan; Revia; Swed.: Revia; Switz.: Naltrexin; Nemexin; Thai.: Revia; UK:
Nalorex; Opizone; USA: Depade†; Revia; Trexan; Vivitrol.

Obidoxime Chloride (USAN, rINN)

Cloruro de obidoxima; LüH6; Obidoxime, Chlorure d’; Obidox-
imi Chloridum. 1,1′-[Oxybis(methylene)]bis[4-(hydroxyimi-
no)methyl]pyridinium dichloride.
Обидоксима Хлорид
C14H16Cl2N4O3 = 359.2.
CAS — 7683-36-5 (obidoxime); 114-90-9 (obidoxime
chlor ide).
ATC — V03AB13.
ATC Vet — QV03AB13.

Profile
Obidoxime chloride is a cholinesterase reactivator with similar
actions and uses to pralidoxime (p.1460). It is given with atro-
pine in the treatment of organophosphorus poisoning in a usual
initial dose of 250 mg (4 mg/kg) by slow intravenous injection.
This may be followed by intravenous infusion of 750 mg over 24
hours, continued until the concentration of organophosphate is
below critical levels; alternatively, repeated doses of 4 to
8 mg/kg may be given at intervals of 2 to 4 hours. It has also been
given by intramuscular injection.
◊ References.
1. Thiermann H, et al. Cholinesterase status, pharmacokinetics and

laboratory findings during obidoxime therapy in organophos-
phate poisoned patients. Hum Exp Toxicol 1997; 16: 473–80.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Toxogonin; Chile: Toxogonin; Cz.: Toxogonin; Ger.: Toxogonin;
Neth.: Toxogonin; S.Afr.: Toxogonin; Swed.: Toxogonin; Switz.: Toxogo-
nine.

Penicillamine (BAN, USAN, rINN)

Penicilamin; Penicilamina; Penicilaminas; Penicillamin; Pénicilla-
mine; D-Penicillamine; Penicillaminum; Penicylamina; Penisilamin;
Penisillamiini. D-3,3-Dimethylcysteine; D-3-Mercaptovaline.
Пеницилламин
C5H11NO2S = 149.2.
CAS — 52-67-5 (penicillamine); 2219-30-9 (penicillamine
hydrochloride).
ATC — M01CC01.
ATC Vet — QM01CC01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Penicillamine). A white or almost white, crystalline
powder. Freely soluble in water; slightly soluble in alcohol. A
1% solution in water has a pH of 4.5 to 5.5. 
USP 31 (Penicillamine). A white or practically white, crystalline
powder having a slight characteristic odour. Freely soluble in wa-
ter; slightly soluble in alcohol; insoluble in chloroform and in
ether. pH of a 1% solution in water is between 4.5 and 5.5. Store
in airtight containers.

Adverse Effects and Treatment
Adverse effects of penicillamine are frequent. Gas-
trointestinal disturbances including anorexia, nausea,
and vomiting may occur; oral ulceration and stomatitis
have been reported and impaired taste sensitivity is
common. 
Skin rashes occurring early in treatment are commonly
allergic and may be associated with pruritus, urticaria,
and fever; they are usually transient but temporary
drug withdrawal and use of corticosteroids or antihista-
mines may be required. Lupus erythematosus and
pemphigus have been reported. A Stevens-Johnson-
like syndrome has been observed during penicillamine
treatment. Prolonged use of high doses may affect skin
collagen and elastin, resulting in increased skin friabil-
ity, eruptions resembling elastosis perforans serpigino-
sa, and a late rash or acquired epidermolysis bullosa
(penicillamine dermatopathy) that may necessitate
dosage reduction or discontinuation. 
Haematological adverse effects have included throm-
bocytopenia and, less frequently, leucopenia; these are
usually reversible, but agranulocytosis and aplastic
anaemia have occurred and fatalities have been report-
ed. Haemolytic anaemia has also occurred. 
Proteinuria occurs frequently and in some patients may
progress to glomerulonephritis or nephrotic syndrome.
Penicillamine-induced haematuria is rare but normally
requires immediate discontinuation. 
Other adverse effects associated with penicillamine in-
clude Goodpasture’s syndrome, bronchiolitis and
pneumonitis, myasthenia gravis, polymyositis (rarely
with cardiac involvement), intrahepatic cholestasis,
and pancreatitis.
Incidence of adverse effects. References describing the
range and incidence of adverse effects associated with of D-pen-
icillamine.1-3 The L- or DL-forms are much more toxic.4
1. Kean WF, et al. Efficacy and toxicity of -penicillamine for

rheumatoid disease in the elderly. J Am Geriatr Soc 1982; 30:
94–100. 

2. Steen VD, et al. The toxicity of -penicillamine in systemic scle-
rosis. Ann Intern Med 1986; 104: 699–705. 

3. Munro R, Capell HA. Penicillamine. Br J Rheumatol 1997; 36:
104–9. 

4. Kean WF, et al. Chirality in antirheumatic drugs. Lancet 1991;
338: 1565–8.

Effects on the blood. Of the 18 deaths ascribed to penicilla-
mine reported to the UK CSM between January 1964 and De-
cember 1977, 14 were apparently due to blood disorders, at least
7 of them being marrow aplasias. The myelotoxicity of penicilla-
mine was reviewed in 10 patients with confirmed or suspected
marrow depression during penicillamine treatment for rheuma-
toid arthritis or scleroderma; 6 died.1 
An incidence of 12 to 27% has been reported for penicillamine-
induced thrombocytopenia in patients with rheumatoid arthritis,
possibly due to bone-marrow suppression and a reduced platelet-
production rate.2 
There have been isolated reports3-5 of thrombotic thrombocyto-
penic purpura attributed to the use of penicillamine, with some
fatalities.
1. Kay AGL. Myelotoxicity of D-penicillamine. Ann Rheum Dis

1979; 38: 232–6. 
2. Thomas D, et al. Thrombokinetics in patients with rheumatoid

arthritis treated with D-penicillamine. Ann Rheum Dis 1984; 43:
402–6. 

3. Ahmed F, et al. Thrombohemolytic thrombocytopenic purpura
during penicillamine therapy. Arch Intern Med 1978; 138:
1292–3. 

4. Speth PAJ, et al. Thrombotic thrombocytopenic purpura associ-
ated with D-penicillamine treatment in rheumatoid arthritis. J
Rheumatol 1982; 9: 812–13. 

5. Trice JM, et al. Thrombotic thrombocytopenic purpura during
penicillamine therapy in rheumatoid arthritis. Arch Intern Med
1983; 143: 1487–8.

Effects on the breasts. Breast enlargement has been reported
both in women1-5 and in men6 taking penicillamine and may be
a rare adverse effect. In some patients breast enlargement was
prolonged with poor resolution and others required surgery.
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Danazol has been used successfully to treat penicillamine-in-
duced breast gigantism.2-4

1. Thew DCN, Stewart IM. D penicillamine and breast enlarge-
ment. Ann Rheum Dis 1980; 39: 200. 

2. Taylor PJ, et al. Successful treatment of D-penicillamine-in-
duced breast gigantism with danazol. BMJ 1981; 282: 362–3. 

3. Rooney PJ, Cleland J. Successful treatment of D-penicillamine-
induced breast gigantism with danazol. BMJ 1981; 282: 1627–8. 

4. Craig HR. Penicillamine induced mammary hyperplasia: report
of a case and review of the literature. J Rheumatol 1988; 15:
1294–7. 

5. Tchebiner JZ. Breast enlargement induced by D-penicillamine.
Ann Pharmacother 2002; 36: 444–5. 

6. Reid DM, et al. Reversible gynaecomastia associated with D-
penicillamine in a man with rheumatoid arthritis. BMJ 1982;
285: 1083–4.

Effects on the gastrointestinal tract. There have been iso-
lated reports of acute colitis in patients taking penicillamine.1,2

Ileal ulceration and stenosis in a patient with Wilson’s disease
was considered to be related to elastosis probably resulting from
long-term penicillamine therapy.3

1. Hickling P, Fuller J. Penicillamine causing acute colitis. BMJ
1979; 2: 367. 

2. Grant GB. Penicillamine causing acute colitis. BMJ 1979; 2:
555. 

3. Wassef M, et al. Unusual digestive lesions in a patient with Wil-
son’s disease treated with long-term penicillamine. N Engl J Med
1985; 313: 49.

Effects on the heart. For reports of heart block, Stokes-Ad-
ams syndrome, and fatal myocarditis in patients taking penicilla-
mine, see Polymyositis under Effects on the Muscles and the
Neuromuscular System, below.

Effects on the kidneys. Proteinuria associated with
penicillamine1 has usually occurred within 4 to 18 months of
starting therapy, although onset can be later. A greater incidence
has been found in patients with rheumatoid arthritis and cystinu-
ria than in those with Wilson’s disease. The severity varies;
proteinuria of nephrotic proportions usually develops rapidly but
resolves on drug withdrawal. Minimal change, mesangioprolif-
erative, and membranous nephropathy have all been associated
with penicillamine; progressive glomerulonephritis has been
observed in a few patients with features of Goodpasture’s syn-
drome (see Effects on the Respiratory System, below). 
Although there is some evidence of a relationship between neph-
ropathy and penicillamine dose and its rate of increase,1 a study
of 33 rheumatoid arthritis patients with penicillamine-induced
nephropathy found no correlation with the dose or duration of
treatment.2 Appreciable proteinuria could still be detected 12
months after stopping penicillamine in 40% of these patients, but
subsequently resolved in those whose proteinuria was solely re-
lated to penicillamine. 
Penicillamine was successfully reintroduced and continued for at
least 13 months in 5 patients with rheumatoid arthritis who had
developed proteinuria during the first course of therapy. Pro-
teinuria did not recur.3 Another study4 in 8 patients with pro-
teinuria but no oedema suggested that penicillamine could be
safely continued; proteinuria resolved in 5 of the patients during
continued therapy. 
Corticosteroids have been used in patients developing rapidly
progressive glomerulonephritis5 but may be unnecessary and po-
tentially hazardous in patients who develop nephrotic syn-
drome.2

1. Anonymous. Penicillamine nephropathy. BMJ 1981; 282:
761–2. 

2. Hall CL, et al. Natural course of penicillamine nephropathy: a
long term study of 33 patients. BMJ 1988; 296: 1083–6. 

3. Hill H, et al. Resumption of treatment with penicillamine after
proteinuria. Ann Rheum Dis 1979; 38: 229–31. 

4. DeSilva RN, Eastmond CJ. Management of proteinuria second-
ary to penicillamine therapy in rheumatoid arthritis. Clin Rheu-
matol 1992; 11: 216–9. 

5. Ntoso KA, et al. Penicillamine-induced rapidly progressive
glomerulonephritis in patients with progressive systemic sclero-
sis: successful treatment of two patients and a review of the lit-
erature. Am J Kidney Dis 1986; 8: 159–63.

Effects on the liver. Penicillamine has been associated with
hepatotoxicity. A case report and review of the literature1 de-
scribed 9 patients, all of whom had liver function profiles con-
sistent with intrahepatic cholestasis; 1 patient died of acute renal
failure but the others improved rapidly after drug withdrawal. In
a later report,2 a 72-year-old man with rheumatoid arthritis devel-
oped jaundice about 4 weeks after starting penicillamine therapy.
Liver biopsy indicated a slight degree of cholangitis with eosi-
nophils in the portal tracts and severe predominantly intrahepa-
tocellular cholestasis. Jaundice cleared within 3 weeks of stop-
ping penicillamine and liver enzyme values approached normal
after 6 weeks. However, in another case3 cholestasis persisted de-
spite withdrawal of penicillamine and the patient died of sepsis
14 months later. Monitoring of liver function and eosinophil
counts in the early weeks of penicillamine therapy has been rec-
ommended.1

1. Seibold JR, et al. Cholestasis associated with D-penicillamine
therapy: case report and review of the literature. Arthritis Rheum
1981;  24: 554–6. 

2. Devogelaer JP, et al. A case of cholestatic hepatitis associated
with D-penicillamine therapy for rheumatoid arthritis. Int J Clin
Pharmacol Res 1985; 5: 35–8. 

3. Jacobs JWG, et al. Fatal cholestatic hepatitis caused by -peni-
cillamine. Br J Rheumatol 1994; 33: 770–3.

Effects on the muscles and the neuromuscular system.
Neuromyotonia,1 and profound sensory and motor neuropathy
that responded to pyridoxine supplementation,2 have occurred in
patients taking penicillamine. Low back pain with fever and rash
has also been reported;3 back pain and fever recurred on rechal-
lenge. It was suggested that an allergic mechanism was involved.
1. Reeback J, et al. Penicillamine-induced neuromyotonia. BMJ

1979; 1: 1464–5. 
2. Pool KD, et al. Penicillamine-induced neuropathy in rheumatoid

arthritis. Ann Intern Med 1981; 95: 457–8. 
3. Bannwarth B, et al. Low back pain associated with penicilla-

mine. BMJ 1991; 303: 525.

MYASTHENIA. Myasthenia gravis is a well recognised, though
uncommon, complication of long-term penicillamine therapy,
particularly in patients with rheumatoid arthritis or other
auto-immune disorders.1-5 Symptoms are similar to those
seen with spontaneous myasthenia gravis and include ptosis
and diplopia, and generalised weakness, occasionally affect-
ing the respiratory muscles. The onset of symptoms usually
occurs within 6 to 7 months but may be delayed for a number
of years. Myasthenic symptoms usually resolve spontaneous-
ly once penicillamine is withdrawn, but some patients require
anticholinesterase therapy. Acetylcholine receptor antibodies
have been reported in 75% or more of affected patients.2,3

Several reports have suggested a genetic tendency to peni-
cillamine-induced myasthenia, and an association with HLA
antigens DR1 and Bw35 has been found in some studies,1,4

although others5 have not replicated these findings.
1. Delamere JP, et al. Penicillamine-induced myasthenia in rheu-

matoid arthritis: its clinical and genetic features. Ann Rheum Dis
1983; 42: 500–4. 

2. Carter H, et al. La myasthénie au cours du traitement de la pol-
yarthrite rhumatoïde par la D-pénicillamine. Therapie 1984; 39:
689–95. 

3. Katz LJ, et al. Ocular myasthenia gravis after D-penicillamine
administration. Br J Ophthalmol 1989; 73: 1015–18. 

4. Garlepp MJ, et al. HLA antigens and acetylcholine receptor an-
tibodies in penicillamine induced myasthenia gravis. BMJ 1983;
286: 338–40. 

5. Drosos AA, et al. D-penicillamine induced myasthenia gravis:
clinical, serological and genetic findings. Clin Exp Rheumatol
1993; 11: 387–91.

POLYMYOSITIS. Penicillamine therapy has been associated
rarely with polymyositis and dermatomyositis.1-5 Cardiac
complications may occur: at least 2 deaths have resulted from
myocarditis,1 and complete heart block1,3,6 and severe Stokes-
Adams attacks3 have been reported. It is possible that some
patients may have a genetically determined susceptibility to
this complication.4
1. Doyle DR, et al. Fatal polymyositis in D-penicillamine-treated

rheumatoid arthritis. Ann Intern Med 1983; 98: 327–30. 
2. Renier JC, et al. Polymyosite induite par la D-pénicillamine.

Therapie 1984; 39: 697–703. 
3. Christensen PD, Sørensen KE. Penicillamine-induced polymy-

ositis with complete heart block. Eur Heart J 1989; 10: 1041–4. 
4. Carroll GJ, et al. Penicillamine induced polymyositis and der-

matomyositis. J Rheumatol 1987; 14: 995–1001. 
5. Aydintug AO, et al. Polymyositis complicating -penicillamine

treatment. Postgrad Med J 1991; 67: 1018–20. 
6. Wright GD, et al. D-penicillamine induced polymyositis causing

complete heart block. Clin Rheumatol 1994; 13: 80–2.

Effects on the respiratory system. Pulmonary haemorrhage
associated with progressive renal failure has been reported1,2

with penicillamine and has generally been classified as Goodpas-
ture’s syndrome, although patients usually lack anti-glomerular
basement membrane antibodies; an immune-complex mecha-
nism has also been suggested.1 There have been rare reports of
obliterative bronchiolitis in patients with rheumatoid arthritis
treated with penicillamine.3-6 
Upper respiratory tract disorders have also been reported. A 76-
year-old patient taking penicillamine developed rhinitis, bilateral
blepharitis, and pemphigus foliaceus;7 the rhinitis and blepharitis
resolved when penicillamine was withdrawn. In addition, 2 pa-
tients with lower respiratory symptoms also developed persistent
sinusitis,6 which required surgery.
1. Turner-Warwick M. Adverse reactions affecting the lung: possi-

ble association with D-penicillamine. J Rheumatol 1981; 8 (sup-
pl 7): 166–8. 

2. Derk CT, Jimenez SA. Goodpasture-like syndrome induced by
D-penicillamine in a patient with systemic sclerosis: report and
review of the literature. J Rheumatol 2003; 30: 1616–20. 

3. Lyle WH. D-Penicillamine and fatal obliterative bronchiolitis.
BMJ 1977; 1: 105. 

4. Epler GR, et al. Bronchiolitis and bronchitis in connective tissue
disease: a possible relationship to the use of penicillamine.
JAMA 1979; 242: 528–32. 

5. Murphy KC, et al. Obliterative bronchiolitis in two rheumatoid
arthritis patients treated with penicillamine. Arthritis Rheum
1981; 24: 557–60. 

6. Wolfe F, et al. Upper and lower airway disease in penicillamine
treated patients with rheumatoid arthritis. J Rheumatol 1983; 10:
406–10. 

7. Presley AP. Penicillamine induced rhinitis. BMJ 1988; 296:
1332.

Effects on the skin. Penicillamine-induced skin lesions have
been reviewed.1 Reactions include those resulting from interfer-
ence with collagen and elastin (see below); those associated with
auto-immune mechanisms such as pemphigus, pemphigoid, lu-
pus erythematosus, and dermatomyositis; and those classified as
acute sensitivity reactions including macular or papular erup-
tions and urticaria. The effects on collagen and elastin tend to
occur only after prolonged use of high doses, as in patients with
Wilson’s disease or cystinuria, whereas patients with diseases
characterised by altered immune systems, such as rheumatoid ar-
thritis, are more prone to develop the antibody-related adverse
skin reactions. Acute hypersensitivity reactions tend to occur
early in treatment, usually within the first 7 to 10 days, and ap-
pear not to be dose-related. Lichenoid reactions, stomatitis, nail
changes, and adverse effects on hair have also occurred.
1. Levy RS, et al. Penicillamine: review and cutaneous manifesta-

tions. J Am Acad Dermatol 1983; 8: 548–58.

INTERFERENCE WITH COLLAGEN AND ELASTIN. Long-term, high-
dose treatment with penicillamine can interfere with elastin
and collagen production giving rise to increased skin friabili-
ty, haemorrhagic lesions, miliary papules, and excessive
wrinkling and laxity of the skin.1 Penicillamine dermatopa-
thy, characterised by wrinkling and purpura over bony prom-
inences, has been described.2 In addition, lesions resembling
pseudoxanthoma elasticum have been reported.3,4 Abnormal
elastic tissue has also been reported in patients taking low
doses of penicillamine (less than 1 g daily), not only in the
skin but also in joint capsules,5 and elastosis perforans serpig-
inosa has been reported6,7 in 2 patients. In all these cases, his-
tological findings generally show damage to elastic fibres
giving them a typical appearance described as ‘lumpy-
bumpy’ or ‘bramble-bush’. 
For reports of cutis laxa in neonates, see Pregnancy under Pre-
cautions, below.
1. Levy RS, et al. Penicillamine: review and cutaneous manifesta-

tions. J Am Acad Dermatol 1983; 8: 548–58. 
2. Sternlieb I, Scheinberg IH. Penicillamine therapy for hepatolen-

ticular degeneration. JAMA 1964; 189: 748–54. 
3. Thomas RHM, et al. Pseudoxanthoma elasticum-like skin

changes induced by penicillamine. J R Soc Med 1984; 77: 794–8. 
4. Bentley-Phillips B. Pseudoxanthoma elasticum-like skin chang-

es induced by penicillamine. J R Soc Med 1985; 78: 787. 
5. Dalziel KL, et al. Elastic fibre damage induced by low-dose D-

penicillamine. Br J Dermatol 1990; 123: 305–12. 
6. Sahn EE, et al. D-Penicillamine-induced elastosis perforans ser-

piginosa in a child with juvenile rheumatoid arthritis. J Am Acad
Dermatol 1989; 20: 979–88. 

7. Hill VA, et al. Penicillamine-induced elastosis perforans serpig-
inosa and cutis laxa in Wilson’s disease. Br J Dermatol 2000;
142: 560–1.

LICHEN PLANUS. There have been rare reports of lichen planus
in patients with primary biliary cirrhosis taking penicilla-
mine,1,2 although the role of penicillamine has been ques-
tioned. Oral lichen planus associated with penicillamine has
also been reported3 in patients with rheumatoid arthritis.
1. Powell FC, Rogers RS. Primary biliary cirrhosis, penicillamine,

and lichen planus. Lancet 1981; ii: 525. 
2. Powell FC, et al. Lichen planus, primary biliary cirrhosis and

penicillamine. Br J Dermatol 1982; 107: 616. 
3. Blasberg B, et al. Lichenoid lesions of the oral mucosa in rheu-

matoid arthritis patients treated with penicillamine. J Rheumatol
1984; 11: 348–51.

PEMPHIGUS. Bullous skin disorders are established adverse ef-
fects of penicillamine and appear to have an auto-immune
basis.1 Pemphigus-spectrum disorders have been most com-
monly reported, including pemphigus vulgaris, pemphigus
foliaceus, herpetiform pemphigus, pemphigus erythemato-
sus, benign mucous membrane pemphigoid, cicatricial pem-
phigoid, and combined pemphigus and pemphigoid features.
1. Bialy-Golan A, Brenner S. Penicillamine-induced bullous derm-

atoses. J Am Acad Dermatol 1996; 35: 732–42.

PSORIASIFORM ERUPTIONS. Two patients with rheumatoid ar-
thritis developed psoriasiform eruptions during penicillamine
treatment.1 In 1 patient the eruption resolved when penicilla-
mine was stopped but worsened when treatment was restart-
ed.
1. Forgie JC, Highet AS. Psoriasiform eruptions associated with

penicillamine. BMJ 1987; 294: 1101.

SCLERODERMA. Penicillamine has been used in the treatment
of scleroderma and systemic sclerosis (see under Uses, be-
low). However, scleroderma, with evidence of pulmonary in-
volvement, developed in a 14-year-old boy with Wilson’s dis-
ease who had been treated with penicillamine for 11 years1

and the suitability of penicillamine for this indication has
therefore been questioned.
1. Miyagawa S, et al. Systemic sclerosis-like lesions during long-

term penicillamine therapy for Wilson’s disease. Br J Dermatol
1987; 116: 95–100.

TOXIC EPIDERMAL NECROLYSIS. A 56-year-old woman devel-
oped agranulocytosis and toxic epidermal necrolysis 7 weeks
after starting therapy with penicillamine 250 mg daily for pri-
mary biliary cirrhosis.1 Severe toxic epidermal necrolysis has
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also been reported2 in a woman taking penicillamine for Wil-
son’s disease.
1. Ward K, Weir DG. Life threatening agranulocytosis and toxic ep-

idermal necrolysis during low dose penicillamine therapy. Ir J
Med Sci 1981; 150: 252–3. 

2. Chan HL. Observations on drug-induced toxic epidermal necrol-
ysis in Singapore. J Am Acad Dermatol 1984; 10: 973–8.

Genetic factors. There is evidence that some patients may
have a genetically determined increased susceptibility to the ad-
verse effects of penicillamine. Several studies have suggested
that rheumatoid arthritis patients with a poor capacity for produc-
ing sulfoxides may be more susceptible to the toxic effects of
penicillamine.1,2 Patients with primary biliary cirrhosis also ap-
pear to have poor sulfoxidation capacity,3 and this may contrib-
ute to their high incidence of adverse reactions to penicillamine,
although no association between penicillamine toxicity and sul-
foxidation status was found in a study of 20 such patients.4 
Several studies have also suggested that certain histocompatibil-
ity antigens may increase susceptibility to penicillamine toxicity.
An increased incidence of adverse reactions was noted2 in pa-
tients with HLA-DR3, while other studies have shown associa-
tions between proteinuria and HLA antigens B8 and DR3,5,6

myasthenia gravis and Bw35 and DR1,7 thrombocytopenia and
HLA antigens DR4,5,6 A1,5 and C4BQO,5 and polymyositis or
dermatomyositis and HLA antigens B18, B35, and DR4.8 How-
ever, not all studies have reported the same associations, and the
clinical usefulness of sulfoxidation testing or HLA-typing is not
established.6,9

1. Panayi GS, et al. Deficient sulphoxidation status and D-peni-
cillamine toxicity. Lancet 1983; i: 414. 

2. Emery P, et al. D-Penicillamine induced toxicity in rheumatoid
arthritis: the role of sulphoxidation status and HLA-DR3. J
Rheumatol 1984; 11: 626–32. 

3. Olomu A, et al. Poor sulphoxidation in primary biliary cirrhosis.
Lancet 1985; i: 1504. 

4. Mitchison HC, et al. D-penicillamine-induced toxicity in prima-
ry biliary cirrhosis (PBC): the role of sulphoxidation status. Gut
1986; 27: A622. 

5. Stockman A, et al. Genetic markers in rheumatoid arthritis: rela-
tionship to toxicity from D-penicillamine. J Rheumatol 1986;
13: 269–73. 

6. Moens HJB, et al. Longterm followup of treatment with D-pen-
icillamine for rheumatoid arthritis: effectivity and toxicity in re-
lation to HLA antigens. J Rheumatol 1987; 14: 1115–19. 

7. Garlepp MJ, et al. HLA antigens and acetylcholine receptor an-
tibodies in penicillamine induced myasthenia gravis. BMJ 1983;
286: 338–40. 

8. Carroll GJ, et al. Penicillamine induced polymyositis and der-
matomyositis. J Rheumatol 1987; 14: 995–1001. 

9. Hall CL. Penicillamine nephropathy. BMJ 1988; 297: 137.

Systemic lupus erythematosus. A syndrome resembling lu-
pus erythematosus developed in 6 women with long-standing se-
vere rheumatoid arthritis while being treated with penicilla-
mine;1 this represented a frequency of penicillamine-induced
lupus erythematosus of about 2%. All 6 had developed previous
cutaneous reactions to gold therapy. A case of bullous systemic
lupus erythematosus associated with penicillamine has also been
reported.2
1. Chalmers A, et al. Systemic lupus erythematosus during peni-

cillamine therapy for rheumatoid arthritis. Ann Intern Med 1982;
97: 659–63. 

2. Condon C, et al. Penicillamine-induced type II bullous systemic
lupus erythematosus. Br J Dermatol 1997; 136: 474–5.

Precautions
Penicillamine is contra-indicated in patients with lupus
erythematosus or a history of penicillamine-induced
agranulocytosis, aplastic anaemia, or severe thrombo-
cytopenia. It should be used with care in patients with
mild renal impairment and is contra-indicated in pa-
tients with moderate or severe renal impairment. 
Penicillamine should not be given with other drugs ca-
pable of causing similar serious haematological or re-
nal adverse effects, for example gold salts, chloroquine
or hydroxychloroquine, or immunosuppressive drugs.
Penicillamine is a degradation product of penicillin and
patients who are allergic to penicillin may show cross-
sensitivity to penicillamine although this appears to be
rare. 
Patients need to be carefully monitored for adverse ef-
fects. In particular full blood counts and urinalysis
should be carried out; one recommendation is to per-
form blood counts weekly or fortnightly, and urinalysis
weekly, for the first 2 months of treatment and after any
change in dosage, and monthly thereafter. Treatment
should be withdrawn if there is a fall in white cell or
platelet count, or if progressive or serious proteinuria
or haematuria occur. Liver function tests at 6-monthly
intervals have also been recommended and renal func-
tion should be monitored. 
Pyridoxine 25 mg daily may be given to patients on
long-term therapy, especially if they are on a restricted

diet, since penicillamine increases the requirement for
this vitamin. 
A reduced dose of penicillamine has been suggested
for patients undergoing surgery (see Anaesthesia and
Surgery, below).
Anaesthesia and surgery. Penicillamine may delay wound
healing due to its effects on collagen and elastin and it has been
suggested that the dose should be reduced to 250 mg daily for 6
weeks before surgery and during the postoperative period until
healing has taken place. 
The effects of penicillamine on muscle function should also be
considered in patients requiring anaesthesia; a 57-year-old
woman1 with penicillamine-induced myasthenia developed pro-
longed postoperative apnoea, necessitating artificial ventilation.
1. Fried MJ, Protheroe DT. D-Penicillamine induced myasthenia

gravis: its relevance for the anaesthetist. Br J Anaesth 1986; 58:
1191–3.

Pregnancy. Penicillamine teratogenicity has been reviewed.1
Evidence of the embryotoxicity of maternal penicillamine expo-
sure in animal studies had been confirmed in humans by 5 re-
ports of cutis laxa in neonates of mothers who had taken peni-
cillamine during pregnancy; 3 further reports of intra-uterine
brain injury were less characteristic. Nevertheless most pregnan-
cy outcomes were normal. No birth defects had been reported
when penicillamine was discontinued in early pregnancy. It is
generally recommended that women receiving penicillamine for
Wilson’s disease should continue throughout pregnancy since
the benefits outweigh the risks. However, in other conditions,
particularly where there are safer alternatives, discontinuation of
penicillamine is advised.
1. Rosa FW. Teratogen update: penicillamine. Teratology 1986; 33:

127–31.

Interactions
Penicillamine forms chelates with metal ions and oral
absorption may be reduced if it is given with iron or
other metals, antacids, or food. Penicillamine should
be taken on an empty stomach and it has been recom-
mended that there should be an interval of at least 2
hours between taking penicillamine and iron supple-
ments. Additive toxicity may occur if penicillamine is
given with drugs that have adverse renal or haemato-
logical effects (see Precautions, above).
Antacids or food. In a single-dose study in 6 healthy subjects,
penicillamine given orally immediately after food or a dose of an
antacid mixture (aluminium hydroxide, magnesium hydroxide,
and simeticone), resulted in plasma concentrations of penicilla-
mine that were 52% and 66%, respectively, of those obtained in
a fasting state. Results suggested that the reduction in plasma-
penicillamine concentrations was associated with decreased ab-
sorption.1 Another study2 showed that the reduction of penicilla-
mine plasma concentrations produced by aluminium- and mag-
nesium-containing antacids did not occur with sodium
bicarbonate, and thus the interaction was probably a result of
chelation rather than a pH effect.
1. Osman MA, et al. Reduction in oral penicillamine absorption by

food, antacid, and ferrous sulphate. Clin Pharmacol Ther 1983;
33: 465–70. 

2. Ifan A, Welling PG. Pharmacokinetics of oral 500 mg penicilla-
mine: effect of antacids on absorption. Biopharm Drug Dispos
1986; 7: 401–5.

Diazepam. For a report of exacerbation of intravenous di-
azepam-induced phlebitis by oral penicillamine, see under Di-
azepam, p.991.

Gold. There have been conflicting reports on the effect of previ-
ous gold therapy on the subsequent development of penicilla-
mine toxicity in patients with rheumatoid arthritis. 
Some studies1,2 have suggested that adverse effects with peni-
cillamine may be more common in patients who have previously
reacted adversely to gold, but others3,4 have found no correlation.
One study5 found that although the overall incidence of adverse
effects with penicillamine appeared unaffected by prior gold
therapy, bone-marrow depression and rashes were more com-
mon in those previously treated with gold. It has been suggested2

that the interaction occurs due to mobilisation of gold from the
tissues by penicillamine, and an interval of at least 6 months be-
tween gold and penicillamine in patients with prior gold toxicity
was recommended. However, another report6 found that the in-
terval between gold and penicillamine had no influence on the
development of toxicity and suggested that there might be a com-
mon genetic susceptibility in certain patients. A patient who had
experienced myasthenia with penicillamine had a recurrence
with gold therapy,7 but another study4 found no evidence that the
adverse effects of gold were increased in those with prior peni-
cillamine toxicity.
1. Hill H. Penicillamine and previous treatment with gold. BMJ

1978; 2: 961. 
2. Dodd MJ, et al. Adverse reactions to D-penicillamine after gold

toxicity. BMJ 1980; 280: 1498–1500. 

3. Multi-centre Trial Group. Absence of toxic or therapeutic inter-
action between penicillamine and previously administered gold
in a trial of penicillamine in rheumatoid disease. Postgrad Med
J 1974; 50 (suppl 2): 77–8. 

4. Steven MM, et al. Does the order of second-line treatment in
rheumatoid arthritis matter? BMJ 1982; 284: 79–81. 

5. Webley M, Coomes EN. Is penicillamine therapy in rheumatoid
arthritis influenced by previous treatment with gold? BMJ 1978;
2: 91. 

6. Smith PJ, et al. Influence of previous gold toxicity on subsequent
development of penicillamine toxicity. BMJ 1982; 285: 595–6. 

7. Moore AP, et al. Penicillamine induced myasthenia reactivated
by gold. BMJ 1984; 288: 192–3.

Insulin. Unexplained hypoglycaemia in 2 patients with type 1
diabetes occurred 6 to 8 weeks after penicillamine treatment for
rheumatoid arthritis was started.1 Both patients required a reduc-
tion in their insulin dose. A possible immunological mechanism
has been proposed.1,2

1. Elling P, Elling H. Penicillamine, captopril, and hypoglycemia.
Ann Intern Med 1985; 103: 644–5. 

2. Becker RC, Martin RG. Penicillamine-induced insulin antibod-
ies. Ann Intern Med 1986; 104: 127–8.

Iron. Plasma-penicillamine concentrations were reduced to 35%
when penicillamine was given after a dose of ferrous sulfate in
healthy subjects.1 Patients stabilised on penicillamine while on
oral iron therapy were considered unlikely to respond fully to
penicillamine and would be exposed to a large increase in peni-
cillamine absorption with possible adverse reactions if the iron
was stopped.2
1. Osman MA, et al. Reduction in oral penicillamine absorption by

food, antacid, and ferrous sulfate. Clin Pharmacol Ther 1983;
33: 465–70. 

2. Harkness JAL, Blake DR. Penicillamine nephropathy and iron.
Lancet 1982; ii: 1368–9.

Probenecid. Probenecid may reduce the beneficial effects of
penicillamine in cystinuria, and it has been suggested1 that hype-
ruricaemic cystinuric patients should not be given both drugs.
1. Yu T-F, et al. Studies on the metabolism of D-penicillamine and

its interaction with probenecid in cystinuria and rheumatoid ar-
thritis. J Rheumatol 1984; 11: 467–70.

Pharmacokinetics
Penicillamine is rapidly but variably absorbed from the
gastrointestinal tract and reaches peak concentrations
in the blood within 1 to 3 hours. It is reported to be
more than 80% bound to plasma proteins. It undergoes
some metabolism in the liver, to S-methyl penicilla-
mine, and is excreted primarily in the urine, mainly as
disulfides, along with some S-methyl penicillamine
and unchanged drug; a small amount may be excreted
in the faeces. Elimination is biphasic with an initial
elimination half-life of about 1 to 3 hours followed by
a slower phase, suggesting gradual release from tis-
sues.
◊ Reviews.
1. Netter P, et al. Clinical pharmacokinetics of D-penicillamine.

Clin Pharmacokinet 1987; 13: 317–33.

Uses and Administration
Penicillamine is a chelator that aids the elimination
from the body of certain heavy-metal ions, including
copper, lead, and mercury, by forming stable soluble
complexes with them that are readily excreted by the
kidney. It is used in the treatment of Wilson’s disease
(to promote the excretion of copper), in heavy-metal
poisoning such as lead poisoning, in cystinuria (to re-
duce urinary concentrations of cystine), in severe ac-
tive rheumatoid arthritis, and in chronic active hepati-
tis. 
Penicillamine is given orally and should be taken on an
empty stomach. A low initial dose increased gradually
to the minimum optimal maintenance dosage may re-
duce the incidence of adverse effects as well as provide
closer control of the condition being treated. 
In the treatment of Wilson’s disease, a dose of 1.5 to
2 g daily in divided doses may be given initially. The
optimal dosage to achieve a negative copper balance
should be determined initially by regular analysis of
24-hour urinary copper excretion and subsequently by
monitoring free copper in the serum. A maintenance
dose of 0.75 to 1 g daily may be adequate once control
is achieved and should be continued indefinitely; UK
licensed product information recommends that a main-
tenance dose of 2 g daily should not be continued for
more than a year. In children, a suggested dose is up to
20 mg/kg daily (minimum 500 mg daily) in divided
doses. A dose of 20 mg/kg daily is suggested for the
elderly. 
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In the management of lead poisoning, penicillamine
may be given in doses of 1 to 1.5 g daily in divided
doses until urinary lead is stabilised at less than
500 micrograms/day. Children and the elderly may be
given 20 mg/kg daily in divided doses. 
In cystinuria, doses of penicillamine are adjusted ac-
cording to cystine concentrations in the urine. For the
treatment of cystinuria and cystine calculi, the dose is
usually in the range of 1 to 4 g daily in divided doses;
a suggested dose for children is 30 mg/kg daily in di-
vided doses. For the prevention of cystine calculi, low-
er doses of 0.5 to 1 g at bedtime may be given. An ad-
equate fluid intake is essential to maintain urine flow
when penicillamine is used for cystinuria. 
In the treatment of severe active rheumatoid arthri-
tis, an initial dose of penicillamine 125 to 250 mg daily
is increased gradually by the same amount at intervals
of 4 to 12 weeks. Remission is usually achieved with
maintenance doses of 500 to 750 mg daily in divided
doses, but up to 1.5 g daily may be required. Improve-
ment may not occur for several months; US licensed
product information suggests that penicillamine should
be discontinued if there is no response after treatment
for 3 to 4 months with 1 to 1.5 g daily; in the UK, a trial
for 12 months is suggested. After remission has been
sustained for 6 months an attempt may be made grad-
ually to reduce the dose by 125 to 250 mg daily every
3 months but relapse may occur. Lower doses may be
required in the elderly who may be more susceptible to
developing adverse effects. Initial doses of 125 mg
daily are recommended, gradually increased to a maxi-
mum of 1 g daily if necessary. In children the mainte-
nance dose is 15 to 20 mg/kg daily; a suggested initial
dose is 2.5 to 5 mg/kg daily increased gradually at
4-week intervals. 
In the management of chronic active hepatitis, peni-
cillamine may be given after liver function tests have
indicated that the disease has been controlled by corti-
costeroids. The initial dose is 500 mg daily in divided
doses, increased gradually over 3 months to 1.25 g dai-
ly, while at the same time reducing the corticosteroid
dose. 
Acetylpenicillamine has been used in mercury poison-
ing.
Chronic active hepatitis. Penicillamine has been tried in
chronic active hepatitis (p.1501) as an alternative to prolonged
corticosteroid maintenance therapy once control of the disease is
achieved. The dose of penicillamine is increased over several
months to a suitable maintenance dose and, at the same time, the
corticosteroid dose is decreased.

Cystinuria. Cystinuria is an inherited disorder of renal amino-
acid excretion in which there is excessive excretion of cystine
(cysteine disulfide), along with ornithine, lysine, and arginine.
The low solubility of cystine leads to the formation of cystine
stones in the kidney, resulting in pain, haematuria, renal obstruc-
tion, and infection. Treatment is primarily aimed at reducing the
urinary concentration of cystine to below its solubility limit of
300 to 400 mg/litre at neutral pH. Patients with cystinuria excrete
400 to 1200 mg cystine daily and should be advised to drink at
least 3 litres of water daily, including at night, to maintain a dilute
urine. Cystine is more soluble in alkaline urine and urinary alka-
linisers such as sodium bicarbonate, sodium citrate, or potassium
citrate may be used; however, high doses are required and calci-
um stone formation may be promoted. Penicillamine may also be
used, particularly in patients where these measures are ineffec-
tive or not tolerated; it complexes with cysteine to form a more
soluble mixed disulfide, therefore reducing cystine excretion,
preventing cystine stone formation, and promoting the gradual
dissolution of existing stones. Adverse effects are common and
tiopronin, which has a similar action, may be used as an alterna-
tive. Surgical removal may be necessary for established stones
but lithotripsy is not very effective.

Lead poisoning. Penicillamine may be used to treat asympto-
matic lead intoxication and to achieve desirable tissue-lead con-
centrations in patients with symptomatic lead poisoning once
they have received treatment with sodium calcium edetate and
dimercaprol (see p.2332).

Primary biliary cirrhosis. Copper accumulation in the liver
has been noted in patients with primary biliary cirrhosis (see un-
der Ursodeoxycholic Acid,p.2408) and therapy with penicilla-
mine to reduce liver-copper concentrations has been studied. De-
spite good preliminary results, most studies have found it to be

ineffective and any benefit appears to be offset by the high inci-
dence of adverse effects.1,2

1. James OFW. -Penicillamine for primary biliary cirrhosis. Gut
1985; 26: 109–13. 

2. Gong Y, et al. D-penicillamine for primary biliary cirrhosis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 2004 (accessed 04/04/06).

Retinopathy of prematurity. Penicillamine has been investi-
gated for the prophylaxis of retinopathy of prematurity (p.1994)
in infants considered to be at risk, and a systematic review of 2
such studies considered that there was evidence for a reduced
incidence of acute retinopathy.1 Further studies were considered
justified, with careful attention to possible adverse effects.
1. Phelps DL, et al. D-Penicillamine for preventing retinopathy of

prematurity in preterm infants. Available in The Cochrane Data-
base of Systematic Reviews; Issue 1. Chichester: John Wiley;
2001 (accessed 04/10/05).

Rheumatoid arthritis. Penicillamine is one of a diverse group
of disease-modifying antirheumatic drugs that have been used in
rheumatoid arthritis (p.11) in an attempt to suppress the rate of
cartilage erosion or alter the course of the disease. However, ear-
ly enthusiasm for penicillamine has been tempered by a high in-
cidence of adverse effects.1 During long-term therapy as many as
50% of patients taking penicillamine have been reported to stop
treatment because of adverse effects.2 Low doses of penicilla-
mine to reduce the incidence of adverse effects have been tried
and while doses as low as 125 mg daily have been claimed to be
effective in some patients, a 36-week multicentre double-blind
study3 involving 225 patients concluded that a dose of penicilla-
mine 500 mg daily was only slightly more effective than place-
bo. A dose of 125 mg daily was not significantly different from
either the 500-mg dose or placebo. However, a 5-year open
study4 comparing penicillamine in doses up to 500 mg daily with
hydroxychloroquine, sodium aurothiomalate, or auranofin found
penicillamine to be as effective as the other drugs and well toler-
ated, with 53% of the patients randomised to penicillamine still
receiving it at 5 years, as opposed to about 30 to 35% of those
randomised to other drugs.
1. Suarez-Almazor ME, et al. Penicillamine for treating rheuma-

toid arthritis. Available in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
04/10/05). 

2. Moens HJB, et al. Longterm followup of treatment with -peni-
cillamine for rheumatoid arthritis: effectivity and toxicity in re-
lation to HLA antigens. J Rheumatol 1987; 14: 1115–19. 

3. Williams HJ, et al. Low-dose -penicillamine therapy in rheuma-
toid arthritis: a controlled, double-blind clinical trial. Arthritis
Rheum 1983; 26: 581–92. 

4. Jessop JD, et al. A long-term five-year randomized controlled
trial of hydroxychloroquine, sodium aurothiomalate, auranofin
and penicillamine in the treatment of patients with rheumatoid
arthritis. Br J Rheumatol 1998; 37: 992–1002.

Scleroderma. Penicillamine affects the cross-linking of colla-
gen,1 and observational studies2,3 have suggested that it may be
of benefit in scleroderma (p.1817), and perhaps in some visceral
manifestations of systemic sclerosis. A randomised study4 com-
paring a conventional dose of penicillamine (up to 1 g daily) with
a very low dose (125 mg on alternate days) found no difference
in outcome, but there were more adverse effects with the higher
dose. Although the lower dose was not expected to be effective,
the skin score improved significantly in both groups; however,
there was insufficient evidence to attribute this to use of peni-
cillamine, and its role in scleroderma remains to be established. 
For a report of sclerodermatous lesions in a patient taking peni-
cillamine for Wilson’s disease, see Scleroderma, under Effects
on the Skin, above.
1. Herbert CM, et al. Biosynthesis and maturation of skin collagen

in scleroderma, and effect of D-penicillamine. Lancet 1974; i:
187–92. 

2. Steen VD, et al. -Penicillamine therapy in progressive systemic
sclerosis (scleroderma): a retrospective analysis. Ann Intern Med
1982; 97: 652–9. 

3. Derk CT, et al. A retrospective randomly selected cohort study
of D-penicillamine treatment in rapidly progressive diffuse cuta-
neous systemic sclerosis of recent onset. Br J Dermatol 2008;
158: 1063–8. 

4. Clements PJ, et al. High-dose versus low-dose D-penicillamine
in early diffuse systemic sclerosis: analysis of a two-year, dou-
ble-blind, randomized, controlled clinical trial. Arthritis Rheum
1999; 42: 1194–1203.

Wilson’s disease. Wilson’s disease, or hepatolenticular degen-
eration, is a rare autosomal disorder of copper accumulation.1-5

Excretion of excess copper, which normally occurs via the bile,
is impaired and total body copper progressively increases. The
excess copper accumulates in the liver, brain, and other organs
including the kidneys and corneas, and eventually causes tissue
damage. 
Effective treatment of Wilson’s disease involves the use of cop-
per-reducing drugs to establish a negative copper balance. This
prevents deposition of more copper and also mobilises excess
copper that has already been deposited making it available for
excretion. Once negative copper balance has been achieved,
maintenance treatment must be continued lifelong. Dietary re-
striction of copper is not generally considered to be an important
part of the treatment of Wilson’s disease, although patients may
be advised to avoid copper-rich foods, such as liver and shellfish,
during the first year of treatment and to restrict their consumption
thereafter. Symptomatic recovery from copper overload occurs

slowly, but is usually complete if treatment is started early
enough, and a normal life expectancy can be achieved. However,
once irreversible organ damage such as liver cirrhosis has oc-
curred, treatment can only prevent further deterioration; those
presenting with end-stage liver disease do not benefit from cop-
per-reducing therapy, and liver transplantation is necessary (al-
though successful medical treatment has been reported in chil-
dren). The drugs used to reduce copper concentrations in the
treatment of Wilson’s disease are penicillamine, trientine, and
zinc. Ammonium tetrathiomolybdate, an investigational drug,
may also be used. 
Penicillamine reduces copper concentrations in several ways. Its
main action is to chelate circulating copper, which is then excret-
ed in the urine. In addition, penicillamine reduces the affinity of
copper for proteins and polypeptides, allowing removal of cop-
per from tissues. It also induces hepatic synthesis of metal-
lothionein, a protein that combines with copper to form a non-
toxic product. Trientine is a less potent copper chelator than pen-
icillamine; it competes for copper bound to serum albumin and
increases copper excretion. Zinc induces synthesis of metal-
lothionein in the intestine so that absorption of copper from the
gastrointestinal tract is blocked. It is usually given as the acetate
as this form is less irritating to the stomach than the sulfate. Am-
monium tetrathiomolybdate forms a complex with protein and
copper. When it is given with food it blocks the intestinal absorp-
tion of copper, and when taken between meals it combines with
albumin- and caeruloplasmin-bound copper. 
CHOICE OF DRUG. Penicillamine is generally regarded as the drug
of choice for the initial management of Wilson’s disease as it pro-
duces a rapid reduction in copper levels. However, it may initial-
ly exacerbate neurological symptoms (possibly due to transiently
increased brain and blood copper concentrations) and some prac-
titioners therefore suggest starting with zinc; zinc is less suitable
in those requiring rapid reduction of copper levels as it has a slow
onset of action. Trientine, which may also exacerbate neurologi-
cal symptoms, is principally used in patients intolerant of peni-
cillamine. Ammonium tetrathiomolybdate is under investigation
for the initial reduction of copper levels; it may be particularly
suitable for patients with neurological symptoms. 
Once a negative copper balance is achieved, maintenance thera-
py must be continued for life. Penicillamine, trientine, and zinc
are all used for maintenance treatment. Patients taking penicilla-
mine are also given pyridoxine to prevent deficiency (see Pre-
cautions, above). The adverse effects of penicillamine may be a
problem during long-term use and zinc, which has low toxicity,
is often preferred. Zinc is also used in patients in the asympto-
matic stage of the disease.
1. Brewer GJ. Recognition, diagnosis, and management of Wil-

son’s disease. Proc Soc Exp Biol Med 2000; 223: 39–46. 
2. Roberts EA, Schilsky ML. A practice guideline on Wilson dis-

ease. Hepatology 2003; 37: 1475–92. 
3. El-Youssef M. Wilson disease. Mayo Clin Proc 2003; 78:

1126–36. 
4. Merle U, et al. Clinical presentation, diagnosis and long-term

outcome of Wilson’s disease: a cohort study. Gut 2007; 56:
115–20. 

5. Ala A, et al. Wilson’s disease. Lancet 2007; 369: 397–408.

Preparations
BP 2008: Penicillamine Tablets; 
USP 31: Penicillamine Capsules; Penicillamine Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Cuprimine; Cupripen; Austral.: D-Penamine; Austria: Artamin;
Belg.: Kelatin†; Braz.: Cuprimine; Canad.: Cuprimine; Depen†; Cz.: Met-
alcaptase; Trolovol†; Denm.: Atamir ; Fr.: Trolovol; Ger.: Metalcaptase;
Trisorcin†; Gr.: Cupripen†; Hong Kong: Cuprimine†; Hung.: Byanodine†;
India: Cilamin; Irl.: Distamine; Israel: Cuprimine†; Ital.: Pemine; Jpn: Met-
alcaptase; Malaysia: Artamin; Mex.: Adalken; Sufortan; Neth.: Gerodyl;
Norw.: Cuprimine†; NZ: D-Penamine; Distamine†; Pol.: Cuprenil; Port.:
Kelatine; Trolovol; S.Afr.: Metalcaptase; Spain: Cupripen; Switz.: Mer-
captyl; Thai.: Cuprimine; UK: Distamine; USA: Cuprimine; Depen.

Pentetic Acid (BAN, USAN, rINN)

Acide Pentétique; Ácido pentético; Acidum Penteticum; DTPA;
ZK-43649. Diethylenetriamine-NNN′N″N″-penta-acetic acid.
Пентетовая Кислота
C14H23N3O10 = 393.3.
CAS — 67-43-6.

Pharmacopoeias. In US. 
USP 31 (Pentetic Acid). A white odourless or almost odourless
powder.
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Calcium Trisodium Pentetate (BAN, rINN)

Ca-DTPA; Calcii Trinatrii Pentetas; Calcium Trisodium DTPA;
NSC-34249; Pentetate Calcium Trisodium (USAN); Pentétate de
Calcium Trisodique; Pentetato calcio y trisodio; Trisodium Calci-
um Diethylenetriaminepentaacetate.

Кальция Тринатрия Пентетат
C14H18CaN3Na3O10 = 497.4.
CAS — 12111-24-9.

Zinc Trisodium Pentetate (rINNM)

Pentétate de Zinc Trisodique; Pentetate Zinc Trisodium; Penteta-
to zinc y trisodio; Trisodium Zinc Diethylenetriaminepentaace-
tate; Zinci Trinatrii Pentetas; Zn-DTPA (zinc pentetate or zinc
trisodium pentetate).

Цинка Тринатрия Пентетат
C14H18N3Na3O10Zn = 522.7.
CAS — 65229-17-6 (zinc pentetate); 125833-02-5 (zinc
tr isodium pentetate).

Adverse Effects and Precautions
Adverse effects that have been reported with calcium or zinc
trisodium pentetate include headache, nausea and diarrhoea, and
injection-site reactions. Bronchospasm has occurred after inhala-
tion. Pentetates chelate trace metals and supplements may be
needed with long-term use. Serum-electrolytes should be moni-
tored during use. Pentetates should be used with caution in pa-
tients with haemochromatosis since fatalities have been reported.

Uses and Administration
Pentetic acid and its salts are chelators with the general properties
of the edetates (see Edetic Acid, p.1445). Calcium trisodium
pentetate is used in the treatment of poisoning by heavy metals;
both calcium trisodium pentetate and zinc trisodium pentetate
are used for poisoning with radioactive metals such as plutoni-
um, americium, and curium. 
In heavy-metal poisoning, calcium trisodium pentetate has been
given in a dose of 1 g daily by intravenous infusion for 3 to 5
days, with further treatment, if necessary, after an interval of 3
days. 
For poisoning with plutonium and similar radioactive metals, ei-
ther calcium trisodium pentetate or zinc trisodium pentetate may
be used. Calcium trisodium pentetate is more effective within the
first 24 hours and is preferred for the initial dose; however, zinc
depletion may occur and if further chelation is required treatment
should be continued with zinc trisodium pentetate if possible.
The usual dose is 1 g of either calcium or zinc trisodium pen-
tetate once daily, by slow intravenous injection over 3 to 4 min-
utes or by intravenous infusion. Treatment is usually continued
for 5 days and then modified depending on the estimated radio-
active body burden. For patients with poisoning by inhalation
only, the calcium trisodium pentetate or zinc trisodium pentetate
may be given by nebulisation. 
Pentetates, labelled with metallic radionuclides, are used in nu-
clear medicine (see Indium-111, p.2054, and Technetium-99m,
p.2056).

Thalassaemia. Iron overload in patients with thalassaemia
(p.1045) is usually treated with desferrioxamine, but auditory
toxicity can result. Calcium pentetic acid has been used as an al-
ternative. A study1 in 5 patients in whom desferrioxamine had to
be withdrawn because of high-tone deafness found that the pen-
tetate was as effective as desferrioxamine and hearing improved
during treatment. Oral zinc supplements were necessary to main-
tain adequate plasma-zinc concentrations.
1. Wonke B, et al. Reversal of desferrioxamine induced auditory

neurotoxicity during treatment with Ca-DTPA. Arch Dis Child
1989; 64: 77–82.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Ditripentat; Ger.: Ditripentat-Heyl.

Potassium Polystyrene Sulfonate
Poliestirenosulfonato potásico; Potassium Polystyrene Sulpho-
nate.
CAS — 9011-99-8.
ATC — V03AE01.
ATC Vet — QV03AE01.

Profile
Potassium polystyrene sulfonate, the potassium salt of sulfonat-
ed styrene polymer, is a cation-exchange resin that exchanges
potassium ions for calcium ions and other cations and has been
used in the management of hypercalciuria and renal calculi.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Ujostabil†.

Pralidoxime (BAN, rINNM)

Pralidoksiimi; Pralidoxim; Pralidoxima; Pralidoximum. 2-Hydrox-
yiminomethyl-1-methylpyridinium.
Пралидоксим
C7H9N2O = 137.2.
CAS — 6735-59-7; 495-94-3.
ATC — V03AB04.
ATC Vet — QV03AB04.

Pralidoxime Chloride (BANM, USAN, rINNM)

2-Formyl-1-methylpyridinium Chloride Oxime; 2-PAM; 2-PAM
Chloride; 2-PAMCl; Pralidoxima, cloruro de; Pralidoxime, Chlo-
rure de; Pralidoximi Chloridum; 2-Pyridine Aldoxime Meth-
ochloride.
Пралидоксима Хлорид
C7H9ClN2O = 172.6.
CAS — 51-15-0.
ATC — V03AB04.
ATC Vet — QV03AB04.

Pharmacopoeias. In US. 
USP 31 (Pralidoxime Chloride). A white to pale yellow, odour-
less, crystalline powder. Freely soluble in water.

Pralidoxime Iodide (BANM, USAN, rINN)

Ioduro de pralidoxima; NSC-7760; 2-PAM Iodide; 2-PAMI; Pral-
idoxime, Iodure de; Pralidoximi Iodidum.
Пралидоксима Йодид
C7H9IN2O = 264.1.
CAS — 94-63-3.
ATC — V03AB04.
ATC Vet — QV03AB04.
Pharmacopoeias. In Chin.

Pralidoxime Mesilate (BANM, rINNM)

Mesilato de pralidoxima; 2-PAMM; Pralidoksiimimesilaatti; Pral-
idoksim Mezilat; Pralidoxime, Mésilate de; Pralidoxime Mesylate
(USAN); Pralidoxime Methanesulphonate; Pralidoximi Mesilas;
Pralidoximmesilat; P2S.
Пралидоксима Мезилат
C7H9N2O,CH3O3S = 232.3.
CAS — 154-97-2.
ATC — V03AB04.
ATC Vet — QV03AB04.

Pralidoxime Metilsulfate (BANM, rINNM)

Pralidoxima, metilsulfato de; Pralidoxime Methylsulphate; Pral-
idoxime, Métilsulfate de; Pralidoximi Metilsulfas.
Пралидоксима Метилсульфат
C7H9N2O,CH3SO4 = 248.3.
CAS — 1200-55-1.
ATC — V03AB04.
ATC Vet — QV03AB04.
Pharmacopoeias. In It.

Adverse Effects
Use of pralidoxime may be associated with drowsi-
ness, dizziness, disturbances of vision, nausea, tachy-
cardia, headache, hyperventilation, and muscular
weakness. Tachycardia, laryngospasm, and muscle ri-
gidity have been attributed to giving pralidoxime intra-

venously at too rapid a rate. Large doses of pralidoxime
may cause transient neuromuscular blockade.

Precautions
Pralidoxime should be used cautiously in patients with
renal impairment; a reduction in dosage may be neces-
sary. Caution is also required in giving pralidoxime to
patients with myasthenia gravis as it may precipitate a
myasthenic crisis. Pralidoxime should not be used to
treat poisoning by carbamate pesticides. 
When atropine and pralidoxime are given together, the
signs of atropinisation may occur earlier than might be
expected when atropine is used alone.

Pharmacokinetics
Pralidoxime is not bound to plasma proteins, does not
readily pass into the CNS, and is rapidly excreted in the
urine, partly unchanged and partly as a metabolite. The
elimination half-life is about 1 to 3 hours.
◊ References.
1. Sidell FR, Groff WA. Intramuscular and intravenous administra-

tion of small doses of 2-pyridinium aldoxime methochloride to
man. J Pharm Sci 1971; 60: 1224–8. 

2. Siddell FR, et al. Pralidoxime methanesulfonate: plasma levels
and pharmacokinetics after oral administration to man. J Pharm
Sci 1972; 61: 1136–40. 

3. Swartz RD, et al. Effects of heat and exercise on the elimination
of pralidoxime in man. Clin Pharmacol Ther 1973; 14: 83–9. 

4. Schexnayder S, et al. The pharmacokinetics of continuous infu-
sion pralidoxime in children with organophosphate poisoning. J
Toxicol Clin Toxicol 1998; 36: 549–55.

Uses and Administration
Pralidoxime is a cholinesterase reactivator. It is used as
an adjunct to, but not as a substitute for, atropine in the
treatment of poisoning by certain cholinesterase inhib-
itors. Its main indication is in poisoning due to organo-
phosphorus insecticides or related compounds (see
p.2047). These compounds phosphorylate and conse-
quently inactivate cholinesterase, causing acetylcho-
line accumulation and muscle paralysis. Pralidoxime
acts principally to reactivate cholinesterase, restoring
the enzymatic destruction of acetylcholine at the neu-
romuscular junction and relieving muscle paralysis.
However, concomitant use of atropine is required to
counteract directly the adverse effects of acetylcholine
accumulation, particularly at the respiratory centre.
Pralidoxime is not equally antagonistic to all organo-
phosphorus anticholinesterases as reactivation is de-
pendent on the nature of the phosphoryl group and the
rate at which inhibition becomes irreversible. It is not
effective in the treatment of poisoning due to phospho-
rus, inorganic phosphates, or organophosphates with-
out anticholinesterase activity. It has usually been con-
tra-indicated in the treatment of poisoning by
carbamate insecticides (including carbaryl poisoning)
as it may increase toxicity (see p.2037). The use of pra-
lidoxime has been suggested for the treatment of over-
dosage by anticholinesterase drugs, including those
used to treat myasthenia gravis such as neostigmine;
however, it is only slightly effective and its use is not
generally recommended. 
Pralidoxime is usually given as the chloride or mesilate
but the iodide and metilsulfate salts have also been
used. Doses are usually expressed in terms of the salts. 
Pralidoxime may be given by slow intravenous injec-
tion over 5 to 10 minutes, by intravenous infusion over
15 to 30 minutes, or by subcutaneous or intramuscular
injection; it has also been given orally. 
In the treatment of organophosphorus poisoning pra-
lidoxime should be given as soon as possible. After
about 24 hours it becomes less effective since
cholinesterase inactivation usually becomes irreversi-
ble after this time; however, patients with severe poi-
soning may occasionally respond up to 36 hours or
longer after exposure, depending on the organophos-
phate involved. Injections of atropine should be given
intravenously or intramuscularly and repeated as nec-
essary until the patient shows signs of atropine toxicity;
atropinisation should then be maintained for 48 hours
or more. Large amounts of atropine may be required.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

See under Atropine Sulfate, p.1221, for details of dos-
ages. As soon as the effects of atropine become appar-
ent, 1 to 2 g of pralidoxime chloride, iodide, or mesi-
late, should be given intramuscularly or intravenously
and repeated after 1 hour and then every 8 to 12 hours
if necessary. Alternatively, the BNF recommends pral-
idoxime chloride in an initial dose of 30 mg/kg given
by intravenous infusion over 20 minutes, or by intrave-
nous injection over at least 5 minutes if pulmonary
oedema is present or infusion cannot be given; the ini-
tial dose is then followed by intravenous infusion at a
rate of 8 mg/kg per hour. In some countries, auto-injec-
tors are available for emergency use containing pral-
idoxime, either alone or combined with atropine and/or
avizafone, a prodrug of diazepam. Typical doses are
600 mg of pralidoxime chloride or 500 mg of pralidox-
ime mesilate given intramuscularly up to 3 times, de-
pending on symptoms. Another alternative, in severe
poisoning, is the use of a continuous infusion of 200 to
500 mg/hour, titrated against response. A maximum
dose of 12 g in 24 hours has been suggested. The dose
of pralidoxime may need to be reduced in patients with
renal impairment. 
Treatment should preferably be monitored by the de-
termination of blood-cholinesterase concentrations
and clinical symptoms. Patients should be closely ob-
served for at least 24 hours after resolution of symp-
toms. 
Other oximes with cholinesterase-reactivating proper-
ties that have been used similarly include asoxime
chloride (p.1438), obidoxime chloride (p.1456), and
trimedoxime bromide (p.1467).
Organophosphorus poisoning. Oximes such as pralidoxime
are widely used in poisoning with organophosphate pesticides.
Although benefit has been shown in animal studies, reviews1,2

have pointed out that there is little good evidence from human
studies to support their use and that randomised controlled stud-
ies are needed to confirm their efficacy and safety, as well as the
optimum regimens to use. A randomised study3 in patients with
moderately severe poisoning with organophosphorus pesticides
found that a continuous infusion of pralidoxime iodide 1 g/hour
for 48 hours was more effective than a dose of 1 g every 4 hours. 
Cholinesterase reactivators such as the oximes have also been
used for poisoning with organophosphate nerve agents. Studies
in animals have suggested that the efficacy of the different oxi-
mes depends on the organophosphate involved; asoxime
(p.1438) and HLö-7 may be more effective than pralidoxime or
obidoxime for poisoning with nerve agents, particularly for so-
man poisoning.4
1. Eyer P. The role of oximes in the management of organophos-

phorus pesticide poisoning. Toxicol Rev 2003; 22: 165–90. 
2. Buckley NA, et al. Oximes for acute organophosphate pesticide

poisoning. Available in the Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2005 (accessed
04/10/05). 

3. Pawar KS, et al. Continuous pralidoxime infusion versus repeat-
ed bolus injection to treat organophosphorus pesticide poison-
ing: a randomised controlled trial. Lancet 2006; 368: 2136–41. 

4. Kassa J. Review of oximes in the antidotal treatment of poison-
ing by organophosphorus nerve agents. J Toxicol Clin Toxicol
2002; 40: 803–16.

Preparations
USP 31: Pralidoxime Chloride for Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Contrathion; Braz.: Contrathion; Canad.: Protopam; Fr.: Con-
trathion; Gr.: Contrathion; India: Neopam; Ital.: Contrathion; Malaysia:
Pampara; NZ: Pam†; Turk.: Contrathion; USA: Protopam.
Multi-ingredient: UK: Nerve Agent Antidote L4A1; USA: DuoDote.

Protamine (rINNM)

Protamina; Protaminum.
Протамин
CAS — 9012-00-4.
ATC — V03AB14.
ATC Vet — QV03AB14.

Protamine Hydrochloride (BANM, rINNM)

Cloridrato de Protamina; Hidrocloruro de protamina; Protami-
inihydrokloridi; Protamine, chlorhydrate de; Protamin-hidroklor-
id; Protamin-hydrochlorid; Protaminhydroklorid; Protamini hy-
drochloridum; Protamino hidrochloridas.
Протамина Гидрохлорид
ATC — V03AB14.
ATC Vet — QV03AB14.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Protamine Hydrochloride). A mixture of the hy-
drochlorides of basic peptides prepared from the sperm or roe of
suitable species of fish, usually from the families Clupeidae or
Salmonidae. A white or almost white hygroscopic powder. Sol-
uble in water; practically insoluble in alcohol. Store in airtight
containers.

Protamine Sulfate (rINN)

Protamiinisulfaatti; Protamine, sulfate de; Protamine Sulphate
(BAN); Protamini sulfas; Protamino sulfatas; Protaminsulfat; Pro-
tamin-sulfát; Protamin-szulfát; Protaminy siarczan; Sulfato de pro-
tamina.
Протамина Сульфат
CAS — 9009-65-8.
ATC — V03AB14.
ATC Vet — QV03AB14.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Protamine Sulphate). A mixture of the sulfates of
basic peptides prepared from the sperm or roe of suitable species
of fish, usually from the families Clupeidae or Salmonidae. A
white or almost white hygroscopic powder. Sparingly soluble in
water; practically insoluble in alcohol. Store in airtight contain-
ers. 
USP 31 (Protamine Sulfate). A purified mixture of simple pro-
tein principles obtained from the sperm or testes of suitable spe-
cies of fish. Store at 2° to 8° in airtight containers.

Adverse Effects and Precautions
Intravenous injections of protamine, particularly if giv-
en rapidly, may cause hypotension, bradycardia, and
dyspnoea. A sensation of warmth, transitory flushing,
nausea and vomiting, and lassitude may also occur. 
Hypersensitivity reactions can occur; patients at risk
include diabetics who have received protamine-insulin
preparations, those who have previously received pro-
tamine (including those who have undergone proce-
dures such as coronary angioplasty or cardiopulmo-
nary bypass surgery where protamine is frequently
used), and those allergic to fish. Protamine is a constit-
uent of sperm and men who are infertile or who have
had a vasectomy may also be at increased risk since
they may have antibodies to protamine. Anaphylactoid
reactions have been reported. 
Protamine has an anticoagulant effect when given in
the absence of heparin. 
When repeated doses of protamine are used to neutral-
ise large doses of heparin, rebound bleeding which re-
sponds to further doses of protamine, may occur. Clot-
ting parameters should be closely monitored in patients
receiving such prolonged therapy.
◊ In a report on 4 patients given protamine sulfate after cardiac
surgery to neutralise the effect of heparin, severe adverse reac-
tions including marked hypotension, vascular collapse, and pul-
monary oedema were described.1 Previous reports of similar re-
actions to protamine were reviewed. A total of 17 patients had
immediate anaphylactic reactions; in 1 patient a complement-de-
pendent IgG antibody-mediated reaction had been demonstrated
and 3 patients tested for allergy to protamine had positive skin
tests. In 15 of these 17 patients there was evidence of previous
exposure to protamine; those with a high risk of sensitisation in-
cluded leucapheresis donors who had received the drug, diabet-
ics using insulin containing protamine, and patients with fish al-
lergy. Suspected reactions to protamine occurred in a further 10
patients after cardiac surgery. However, these reactions were
characterised by severe vascular damage, manifested as noncar-
diogenic pulmonary oedema or persistent hypotension, and onset
was delayed for 30 minutes to several hours. Evidence suggested
that these reactions were not antibody mediated; only 2 of 7 eval-
uable patients had previous exposure. All patients required ag-
gressive therapy. 
In a review of the toxicity of protamine,2 adverse cardiovascular
responses were considered to be of 3 types: transient hypotension
related to rapid drug administration, occasional anaphylactoid re-
sponses, and rarely, catastrophic pulmonary vasoconstriction.
1. Holland CL, et al. Adverse reactions to protamine sulfate follow-

ing cardiac surgery. Clin Cardiol 1984; 7: 157–62. 
2. Horrow JC. Protamine: a review of its toxicity. Anesth Analg

1985; 64: 348–61.

Uses and Administration
Protamine is a basic protein that combines with heparin
to form a stable inactive complex. Protamine is used to
neutralise the anticoagulant action of heparin in the
treatment of haemorrhage resulting from severe
heparin or low-molecular-weight heparin overdosage.
It is also used to neutralise the effect of heparin given

before surgery and during extracorporeal circulation as
in dialysis or cardiac surgery. Protamine is used in
some insulin preparations to prolong the effects of in-
sulin. Protamine is usually given as the sulfate, al-
though the hydrochloride may also be used. 
Protamine sulfate is given by slow intravenous injec-
tion over a period of about 10 minutes. The dose is de-
pendent on the amount of heparin to be neutralised and
ideally should be titrated against the coagulability of
the patient’s blood. Protamine has weak anticoagulat-
ing properties and if given in gross excess its anticoag-
ulant action could be significant. As heparin is being
continuously excreted the dose should be reduced if
more than 15 minutes have elapsed since intravenous
heparin injection; for example, if protamine sulfate is
given 30 minutes after heparin the dose may be re-
duced to about one-half. Alternative regimens may be
necessary if heparin has been given subcutaneously or
by continuous intravenous infusion. Not more than
50 mg of protamine sulfate should be injected for any
one dose; patients should be carefully monitored as
further doses may be required. 
For unfractionated heparin the Ph. Eur. 6.2 specifies
that 1 mg of either protamine hydrochloride or pro-
tamine sulfate precipitates not less than 100 units of
heparin, assayed against a specific reference batch of
heparin sodium. One UK manufacturer has stated that
each mg of protamine sulfate will usually neutralise the
anticoagulant effect of at least 80 international units of
heparin (lung) or at least 100 international units of
heparin (mucous). In the USA stated values are that
each mg of protamine sulfate neutralises about 90 USP
units of heparin (lung) or about 115 USP units of
heparin (mucous). 
For low-molecular-weight heparins, protamine neu-
tralises the anti-thrombin activity but only partially
neutralises the anti-factor-Xa effect; 1 mg of protamine
is stated to inhibit the effects of: 
• 71 units of bemiparin sodium 
• 80 to 120 units of certoparin sodium 
• 100 units of dalteparin sodium 
• 1 mg (100 units) of enoxaparin sodium 
• 82 units of reviparin sodium 
• 100 units of tinzaparin sodium
Haemorrhagic disorders. Endogenous production of
heparin-like substances may, rarely, be responsible for some
bleeding disorders. It has been suggested that protamine could be
useful as a diagnostic aid in vitro and could be given intravenous-
ly for transient control of bleeding in such patients.1,2

1. Tefferi A, et al. Circulating heparin-like anticoagulants: report of
five consecutive cases and a review. Am J Med 1990; 88: 184–8. 

2. Bayly PJM, Thick M. Reversal of post-reperfusion coagulopathy
by protamine sulphate in orthotopic liver transplantation. Br J
Anaesth 1994; 73: 840–2.

Preparations
BP 2008: Protamine Sulphate Injection; 
USP 31: Protamine Sulfate for Injection; Protamine Sulfate Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Denpru; Hong Kong: Prosulf; India: Prota; Israel: Prosulf; UK: Pro-
sulf.

Prussian Blue
Azul de Prusia; Berlin Blue; CI Pigment Blue 27; Colour Index No.
77510; Ferric Ferrocyanide; Ferric Hexacyanoferrate (II); Insolu-
ble Prussian Blue; Prussian Blue Insoluble (USAN).
Fe4[Fe(CN)6]3 = 859.2.
CAS — 14038-43-8 (insoluble Prussian blue); 12240-15-
2 (soluble Prussian blue); 25869-00-5 (soluble Prussian
blue).
ATC — V03AB31.
ATC Vet — QV03AB31.
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NOTE. Prussian blue is available in a number of forms and it is not
always clear from the literature which form is being referred to.
CI Pigment Blue 27 has been used for both insoluble ferric hex-
acyanoferrate (II) (Colour Index No. 77510) and the soluble po-
tassium, sodium, or ammonium ferric hexacyanoferrate (II) salts
Profile
Prussian blue is used in the treatment of thallium poisoning (see
p.2400) and for known or suspected internal contamination with
radiocaesium. When given orally it forms a non-absorbable com-
plex with thallium or caesium in the gastrointestinal tract and in-
creases their elimination from the body; it may also bind other
elements and patients should be monitored for electrolyte imbal-
ances. Prussian blue may cause constipation and a fibre-based
laxative is recommended. 
The usual dose of Prussian blue is 250 to 300 mg/kg daily, or up
to 20 g daily for an adult, given in divided doses either by mouth
or by nasogastric or duodenal tube. In the USA, a lower dose of
3 g three times daily for adults, or 1 g three times daily for chil-
dren, has been recommended. For thallium poisoning, treatment
should continue until the urinary excretion of thallium falls to
500 micrograms or less per 24 hours, the urine or blood concen-
tration is less than 10 micrograms/L, or no thallium can be de-
tected in the faeces. For radiocaesium contamination, a mini-
mum of 30 days treatment should be given.
◊ References.
1. Thompson DF, Church CO. Prussian blue for treatment of radi-

ocesium poisoning. Pharmacotherapy 2001; 21: 1364–7. 
2. Hoffman RS. Thallium toxicity and the role of Prussian blue in

therapy. Toxicol Rev 2003; 22: 29–40. 
3. Thompson DF, Callen ED. Soluble or insoluble Prussian blue for

radiocesium and thallium poisoning? Ann Pharmacother 2004;
38: 1509–14.

Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Radiogardase-Cs; Ger.: Antidotum Thallii-Heyl; Radiogardase-Cs;
USA: Radiogardase.

Sevelamer (BAN, rINN)

Sevelameeri; Sévélamer; Sevelámero; Sevelamerum. Allylamine
polymer with 1-chloro-2,3-epoxypropane.
Севеламер
CAS — 52757-95-6.
ATC — V03AE02.
ATC Vet — QV03AE02.

Sevelamer Carbonate (BANM, USAN, rINNM)

Carbonato de sevelámero; GT-335-012; Sévélamer Carbonate;
Sevelameri Carbonas. Allylamine polymer with 1-chloro-2,3-
epoxypropane carbonate.
Севеламера Карбонат
CAS — 845273-93-0.
ATC — V03AE02.
ATC Vet — QV03AE02.

Sevelamer Hydrochloride (BANM, USAN, rINNM)

GT16-026A; Hidrocloruro de sevelámero; Sévélamer, Chlorhy-
drate de; Sevelameri Hydrochloridum. Allylamine polymer with
1-chloro-2,3-epoxypropane hydrochloride.
Севеламера Гидрохлорид
CAS — 182683-00-7.
ATC — V03AE02.
ATC Vet — QV03AE02.

NOTE. The name sevelamer has been used for both sevelamer and
sevelamer hydrochloride.

Adverse Effects and Precautions
The most common adverse effects associated with
sevelamer are diarrhoea, nausea and vomiting, consti-
pation, headache, cough and other respiratory symp-
toms, dizziness, hypotension or hypertension, periph-
eral oedema, pain, and fever. Flatulence, pharyngitis,
skin rashes, and pruritus have also occurred; intestinal
obstruction and ileus have been reported. 
Sevelamer is contra-indicated in patients with hypo-
phosphataemia and in bowel obstruction. Patients with
renal impairment may develop hypocalcaemia or hy-
percalcaemia, and serum-calcium concentrations
should be monitored. Serum-chloride concentrations

should also be monitored during treatment with sevela-
mer.

Interactions
Sevelamer has been reported to reduce the bioavaila-
bility of ciprofloxacin and should not be taken at the
same time. It may also affect the bioavailability of oth-
er drugs and should be given at least 3 hours before or
1 hour after drugs for which a reduction in bioavailabil-
ity could be clinically significant.

Uses and Administration
Sevelamer is a phosphate binder used for hyperphos-
phataemia in patients with chronic renal failure on
haemodialysis. It is given orally as either the carbonate
or the hydrochloride. The initial dose is 0.8 to 1.6 g of
sevelamer carbonate or sevelamer hydrochloride three
times daily with each meal, depending on the severity
of hyperphosphataemia. Doses should then be adjusted
according to plasma-phosphate concentrations; the
usual maintenance dose is from 0.8 to 4 g with each
meal.
◊ References.
1. Burke SK. Renagel : reducing serum phosphorus in haemodial-

ysis patients. Hosp Med 2000; 61: 622–7. 
2. Qunibi WY, et al. Treatment of hyperphosphatemia in hemodi-

alysis patients: The Calcium Acetate Renagel Evaluation
(CARE Study). Kidney Int 2004; 65: 1914–26. 

3. Almirall J, et al. Safety and efficacy of sevelamer in the treat-
ment of uncontrolled hyperphosphataemia of haemodialysis pa-
tients. Nephron Clin Pract 2004; 97: c17–c22. 

4. Duggal A, et al. Novel dosage forms and regimens for sevelam-
er-based phosphate binders. J Ren Nutr 2006; 16: 248–52. 

5. Fischer D, et al. Results of a randomized crossover study com-
paring once-daily and thrice-daily sevelamer dosing. Am J Kid-
ney Dis 2006; 48: 437–44. 

6. Suki WN, et al. Effects of sevelamer and calcium-based phos-
phate binders on mortality in hemodialysis patients. Kidney Int
2007; 72: 1130–7. 

7. Tonelli M, et al. Alberta Kidney Disease Network. Systematic
review of the clinical efficacy and safety of sevelamer in dialy-
sis patients. Nephrol Dial Transplant 2007; 22: 2856–66. 

8. Ramos R, et al. The Catalano–Balear Peritoneal Dialysis Study
Group. Sevelamer hydrochloride in peritoneal dialysis patients:
results of a multicenter cross-sectional study. Perit Dial Int
2007; 27: 697–701. 

9. Delmez J, et al. A randomized, double-blind, crossover design
study of sevelamer hydrochloride and sevelamer carbonate in
patients on hemodialysis. Clin Nephrol 2007; 68: 386–91. 

10. Suki WN. Dialysis Clinical Outcomes Revisited Investigators.
Effects of sevelamer and calcium-based phosphate binders on
mortality in hemodialysis patients: results of a randomized clin-
ical trial. J Ren Nutr 2008; 18: 91–8. 

11. Goldsmith DR, et al. Sevelamer hydrochloride: a review of its
use for hyperphosphataemia in patients with end-stage renal dis-
ease on haemodialysis. Drugs 2008; 68: 85–104.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Renagel; Belg.: Renagel; Canad.: Renagel; Cz.: Renagel; Denm.:
Renagel; Fin.: Renagel; Fr.: Renagel; Ger.: Renagel; Gr.: Renagel; Hong
Kong: Renagel; Hung.: Renagel; Irl.: Renagel; Israel: Renagel; Ital.: Re-
nagel; Jpn: Renagel; Neth.: Renagel; Norw.: Renagel; Pol.: Renagel; Port.:
Renagel; Spain: Renagel; Swed.: Renagel; Switz.: Renagel; Turk.: Renagel;
UK: Renagel; USA: Renagel; Renvela.

Sodium Calcium Edetate (BAN, rINN)

Calcioedetato de sodio; Calcium Disodium Edathamil; Calcium
Disodium Edetate; Calcium Disodium Ethylenediaminetetra-ace-
tate; Calcium Disodium Versenate; Calcium édétate de sodium;
Calcium EDTA; Disodium Calcium Tetracemate; E385; Edetan
sodno-vápenatý hydrát; Edetate Calcium Disodium (USAN); Kalci-
um-nátrium-edetát; Natrii calcii edetas; Natrii Calcii Edetas Hy-
dricus; Natrio-kalcio edetatas; Natriumkalciumedetat; Natrium-
kalsiumedetaatti; Sodium, calcium édétate de; Sodium Calciume-
detate; Sodu wapnia edetynian; Sodyum Kalsiyum Edetat;
Wapniowo-disodowy edetynian. The calcium chelate of diso-
dium ethylenediaminetetra-acetate; Disodium[(ethylenedinitri-
lo)tetraacetato]calciate(2−) hydrate.
Натрия Кальция Эдетат
C10H12CaN2Na2O8,xH2O = 374.3 (anhydrous).
CAS — 62-33-9 (anhydrous sodium calcium edetate);
23411-34-9 (sodium calcium edetate hydrate).

NOTE. Do not confuse with sodium edetate; see Inappropriate Ad-
ministration under Sodium Edetate, p.1464.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Sodium Calcium Edetate). A white or almost
white, hygroscopic, powder. Freely soluble in water; practically
insoluble in alcohol. A 20% solution in water has a pH of 6.5 to
8.0. Store in airtight containers. Protect from light. 
USP 31 (Edetate Calcium Disodium). White, slightly hygro-
scopic, odourless, crystalline powder or granules. Freely soluble
in water. pH of a 20% solution in water is between 6.5 and 8.0.
Store in airtight containers.

Adverse Effects
Sodium calcium edetate is nephrotoxic and may cause
renal tubular necrosis. Nausea, diarrhoea, and abdomi-
nal cramp may also occur. Thrombophlebitis has fol-
lowed intravenous infusion and may be related to the
concentration of the injection. Pain at the intramuscular
injection site has been reported. Other adverse effects
that have been reported include fever, malaise, head-
ache, myalgia, histamine-like responses such as sneez-
ing, nasal congestion, and lachrymation, skin erup-
tions, transient hypotension, and ECG abnormalities. 
Sodium calcium edetate chelates zinc within the body
and zinc deficiency has been reported. Displacement of
calcium from sodium calcium edetate may lead to hy-
percalcaemia.
Effects on the kidneys. Of 130 children with lead poisoning
who received chelation therapy with sodium calcium edetate
(25 mg/kg intramuscularly every 12 hours) and dimercaprol
(3 mg/kg intramuscularly every 4 hours) for a total of 5 days, 21
developed clinical evidence of nephrotoxicity and in 4 severe ol-
iguric acute renal failure began 1 or 2 days after chelation therapy
was discontinued.1 Nephrotoxicity was probably attributable to
the use of sodium calcium edetate.
1. Moel DI, Kumar K. Reversible nephrotic reactions to a com-

bined 2,3-dimercapto-l-propanol and calcium disodium ethylen-
ediaminetetraacetic acid regimen in asymptomatic children with
elevated blood lead levels. Pediatrics 1982; 70: 259–62.

Precautions
Sodium calcium edetate should be used with caution, if
at all, in patients with renal impairment. Daily urinaly-
sis to monitor proteinuria and haematuria and regular
monitoring of renal and hepatic function has been rec-
ommended. 
Sodium calcium edetate can chelate several endog-
enous metals, including zinc, and may increase their
excretion; therapy should be intermittent to prevent se-
vere deficiency developing and monitoring of zinc lev-
els may be required (see below). 
Sodium calcium edetate should not be given orally in
the treatment of lead poisoning as it has been suggested
that absorption of lead may be increased as a result.
◊ Sodium calcium edetate 500 mg/m2 was given by deep intra-
muscular injection every 12 hours for 5 days to 10 children with
asymptomatic lead poisoning.1 Blood-lead concentrations de-
creased to about 58% of the pretreatment values after 5 days and
were essentially unchanged for up to 60 hours after the last dose.
Sodium calcium edetate also produced a marked fall in the mean
plasma-zinc concentration but this rebounded rapidly after the
end of treatment. Mean urinary-lead excretion increased about
21-fold during the first 24 hours of therapy and urinary-zinc ex-
cretion increased about 17-fold. Sodium calcium edetate had lit-
tle effect on the plasma concentrations or urinary excretion of
copper. The results suggested that careful monitoring of zinc was
required during treatment with sodium calcium edetate.
1. Thomas DJ, Chisolm JJ. Lead, zinc and copper decorporation

during calcium disodium ethylenediamine tetraacetate treatment
of lead-poisoned children. J Pharmacol Exp Ther 1986; 239:
829–35.

Pharmacokinetics
Sodium calcium edetate is poorly absorbed from the
gastrointestinal tract. It distributes primarily to the ex-
tracellular fluid and does not penetrate cells. It is not
significantly metabolised; after intravenous injection
about 50% of a dose is excreted in the urine in 1 hour
and over 95% in 24 hours.

Uses and Administration
Sodium calcium edetate is the calcium chelate of diso-
dium edetate and is a chelator used in the treatment of
lead poisoning (see Treatment of Adverse Effects un-
der Lead, p.2332). It mobilises lead from bone and tis-
sues and aids elimination from the body by forming a
stable, water-soluble, lead complex which is readily

O
CH2 Cl

CH CH2

CH2

NH2 m n

xHCl

O

Ca

OO O

N CO2NaNaO2C N



Sevelamer/Sodium Edetate    1463

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

excreted by the kidneys. It may be used as a diagnostic
test for lead poisoning but measurement of blood-lead
concentrations is generally preferred. 
Sodium calcium edetate is also a chelator of other
heavy-metal polyvalent ions, including chromium. A
cream containing sodium calcium edetate 10% has
been used in the treatment of chrome ulcers and skin
sensitivity reactions due to contact with heavy metals. 
Sodium calcium edetate is also used as a pharmaceuti-
cal excipient and as a food additive. 
In the treatment of lead poisoning, sodium calcium
edetate may be given by intramuscular injection or by
intravenous infusion. The intramuscular route may be
preferred in patients with lead encephalopathy and in-
creased intracranial pressure in whom excess fluids
must be avoided, and also in children, who have an in-
creased risk of incipient encephalopathy. Sodium cal-
cium edetate may initially aggravate the symptoms of
lead toxicity due to mobilisation of stored lead and it
has often been given with dimercaprol (p.1444) in pa-
tients who are symptomatic; the first dose of dimerc-
aprol should preferably be given at least 4 hours before
the sodium calcium edetate. 
For intravenous infusion, 1 g of sodium calcium ede-
tate should be diluted with 250 to 500 mL of glucose
5% or sodium chloride 0.9%; a concentration of 3%
should not be exceeded. The infusion should be given
over a period of at least 1 hour. In the UK, the usual
dose is 60 to 80 mg/kg daily given in two divided dos-
es. In the USA, a dose of 1000 mg/m2 daily is suggest-
ed for asymptomatic adults and children; a daily dose
of 1500 mg/m2 may be used in patients with sympto-
matic poisoning. Treatment is given for up to 5 days,
repeated if necessary after an interval of at least 2 days.
Any further treatment with sodium calcium edetate
should then not be given for at least 7 days. 
Alternatively, the same daily dose of sodium calcium
edetate may be given intramuscularly in 2 to 4 divided
doses as a 20% solution. Intramuscular injection of so-
dium calcium edetate is painful and it is recommended
that preservative-free procaine hydrochloride should
be added to a concentration of 0.5 to 1.5% to minimise
pain; alternatively, lidocaine may be added to a con-
centration of 0.5%. 
As excretion is mainly renal, an adequate urinary flow
must be established and maintained during treatment.
Doses should be reduced in patients with renal impair-
ment (see below).

Administration in renal impairment. The dose of sodium
calcium edetate should be reduced in patients with renal impair-
ment. It has been suggested that the dose is halved and given
once daily in moderate impairment, and that smaller and less fre-
quent doses are given if renal impairment is severe.

Preparations
BP 2008: Sodium Calcium Edetate Intravenous Infusion; 
USP 31: Edetate Calcium Disodium Injection.

Proprietary Preparations (details are given in Part 3)
Ger.: Calcium Vitis†; Gr.: Ledclair; Irl.: Ledclair ; Switz.: Chelintox†; Turk.:
Libenta; UK: Ledclair.

Multi-ingredient: Arg.: Calcium C.

Sodium Cellulose Phosphate
Cellulose Sodium Phosphate (USAN); Celulosa, fosfato sódico de.

CAS — 9038-41-9; 68444-58-6.

ATC — V03AG01.

ATC Vet — QV03AG01.

Pharmacopoeias. In US. 
USP 31 (Cellulose Sodium Phosphate). It is prepared by the
phosphorylation of alpha cellulose. A free-flowing, cream-col-
oured, odourless, powder. Insoluble in water, in dilute acids, and
in most organic solvents. The pH of a filtrate of a 5% mixture in
water is between 6.0 and 9.0. The inorganic bound phosphate
content is not less than 31.0% and not more than 36.0%; the free
phosphate content is not more than 3.5%; and the sodium content

is not less than 9.5% and not more than 13.0%, all calculated on
the dried basis. The calcium binding capacity, calculated on the
dried basis, is not less than 1.8 mmol per g.

Adverse Effects and Precautions
Diarrhoea and other gastrointestinal disturbances have
been reported. 
Sodium cellulose phosphate should not be given to pa-
tients with primary or secondary hyperparathyroidism,
hypomagnesaemia, hypocalcaemia, bone disease, or
enteric hyperoxaluria. It should be used cautiously in
pregnant women and children, since they have high
calcium requirements. 
Patients should be monitored for electrolyte distur-
bances. Uptake of sodium and phosphate may increase
and sodium cellulose phosphate should not be given to
patients with renal failure or conditions requiring a re-
stricted sodium intake such as heart failure. Theoreti-
cally, long-term treatment could result in calcium defi-
ciency; regular monitoring of calcium and parathyroid
hormone has therefore been recommended. Sodium
cellulose phosphate is not a totally selective exchange
resin and the intestinal absorption of other dietary cati-
ons may be reduced; magnesium deficiency has been
reported but may be corrected by dosage reduction or
oral magnesium supplements. Urinary excretion of
oxalate may increase and dietary restriction of oxalate
intake may be necessary.
◊ Potential complications of long-term sodium cellulose phos-
phate therapy include secondary hyperparathyroidism and bone
disease; deficiency of magnesium, copper, zinc, and iron; and
hyperoxaluria. A study in 18 patients1 with absorptive hypercal-
ciuria and recurrent renal stones indicated that these complica-
tions could largely be avoided if use was confined to those with
absorptive hypercalciuria (hypercalciuria, intestinal hyperab-
sorption of calcium, and normal or suppressed parathyroid func-
tion), if the dose was adjusted so as not to reduce intestinal calci-
um absorption or urinary calcium subnormally (the optimal
maintenance dose in most patients was 10 g daily), if oral mag-
nesium supplements were provided, and if a moderate dietary re-
striction of calcium and oxalate was imposed. There was no evi-
dence of zinc, copper, or iron deficiency.
1. Pak CYC. Clinical pharmacology of sodium cellulose phos-

phate. J Clin Pharmacol 1979; 19: 451–7.

Interactions
Sodium cellulose phosphate binds with calcium and
other cations. Use with calcium or magnesium salts, in-
cluding cation-donating antacids or laxatives, may re-
duce its efficacy. Magnesium supplements are often re-
quired in patients receiving sodium cellulose
phosphate but should be given at least one hour before
or after any dose of the resin since the absorption of the
magnesium may otherwise be impaired.

Uses and Administration
Sodium cellulose phosphate, the sodium salt of the
phosphate ester of cellulose, is a cation-exchange resin
that exchanges sodium ions for calcium and other diva-
lent cations. When given orally, it binds calcium ions
within the stomach and intestine to form a non-absorb-
able complex which is excreted in the faeces. Theoret-
ically a 5-g dose will bind about 350 mg calcium. It is
used in the treatment of absorptive hypercalciuria type
I with recurrent formation of calcium-containing renal
calculi (p.2181), usually with a moderate dietary calci-
um restriction. Sodium cellulose phosphate is also used
in the treatment of hypercalcaemia associated with os-
teopetrosis, sarcoidosis, and vitamin D intoxication,
and in idiopathic hypercalcaemia of infancy, although
other more effective agents are usually used (see Vita-
min D-mediated Hypercalcaemia, p.1668). 
The usual initial dose is 15 g daily by mouth in 3 divid-
ed doses with meals reducing to 10 g daily for mainte-
nance. A suggested dose for children is 10 g daily (but
see Adverse Effects and Precautions, above). The pow-
der may be taken dispersed in water or sprinkled onto
food. Oral magnesium supplements equivalent to
about 60 or 90 mg (about 2.4 or 3.6 mmol) of elemen-
tal magnesium twice daily have been recommended
for patients taking daily doses of sodium cellulose
phosphate 10 or 15 g respectively. The magnesium

supplement should not be given simultaneously with
sodium cellulose phosphate. 
Sodium cellulose phosphate has also been used for the
investigation of calcium absorption.
Preparations
USP 31: Cellulose Sodium Phosphate for Oral Suspension.
Proprietary Preparations (details are given in Part 3)
Spain: Anacalcit; USA: Calcibind.

Sodium Edetate
Sodu edetynian.
Эдетат Натрия
CAS — 17421-79-3 (monosodium edetate).
ATC — S01XA05.
ATC Vet — QS01XA05.

NOTE. The name sodium edetate has been used in the literature for
various sodium salts of edetic acid. Do not confuse with sodium
calcium edetate (p.1462) or etomidate (p.1783); see also Inap-
propriate Administration, below.

Disodium Edetate (BAN)

Dinatrii edetas; Dinatrii Edetas Dihydricus; Dinatrio edetatas; Di-
natriumedetaatti; Dinatriumedetat; Disodium Edathamil; Diso-
dium EDTA; Disodium Tetracemate; Disodu edetynian; Edetan
disodný dihydrát; Édétate disodique; Edetate Disodium; Edetato
disódico; Edetynian disodu; Natrii Edetas; Nátrium-edetát; Sodi-
um Versenate. Disodium dihydrogen ethylenediaminetetra-ace-
tate dihydrate .
C10H14N2Na2O8,2H2O = 372.2.
CAS — 139-33-3 (anhydrous disodium edetate); 6381-
92-6 (disodium edetate dihydrate).
ATC — S01XA05.
ATC Vet — QS01XA05.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Disodium Edetate). A white or almost white, crys-
talline powder. Soluble in water; practically insoluble in alcohol.
A 5% solution in water has a pH of 4.0 to 5.5. Protect from light. 
USP 31 (Edetate Disodium). A white crystalline powder. Solu-
ble in water. pH of a 5% solution in water is between 4.0 and 6.0.

Trisodium Edetate
Edetate Trisodium (USAN); Edetato trisódico. Trisodium hydrogen
ethylenediaminetetra-acetate .
C10H13N2Na3O8 = 358.2.
CAS — 150-38-9.
ATC — S01XA05.
ATC Vet — QS01XA05.

Tetrasodium Edetate
Edetate Sodium (USAN).
C10H12N2Na4O8 = 380.2.
CAS — 64-02-8.
ATC — S01XA05.
ATC Vet — QS01XA05.

Incompatibility. See under Edetic Acid, p.1445.

Adverse Effects and Treatment
In common with other edetates (see Sodium Calcium
Edetate, p.1462), sodium edetate may cause gastroin-
testinal effects such as nausea, vomiting, and diar-
rhoea. Pain at the site of injection and thrombophlebitis
may also occur. Other adverse effects include fever,
headache, skin rashes, hypotension, and hyperuricae-
mia; nephrotoxicity has also been reported, particularly
following overdosage. 
Hypocalcaemia can occur, particularly if sodium ede-
tate is infused too rapidly or in too concentrated a solu-
tion and tetany, convulsions, respiratory arrest, and car-
diac arrhythmias may result. 
The rate of infusion should be decreased if signs of
muscle reactivity occur. The infusion should be discon-
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tinued if tetany occurs and should only be restarted
cautiously after plasma ionised and total calcium con-
centrations indicate a need for further treatment and
tetany has stopped. Calcium supplements may be giv-
en intravenously for hypocalcaemia but should be used
with extreme caution in patients with tetany, particular-
ly in digitalised patients since the effect of the digitalis
may be reversed.

◊ References.
1. Morgan BW, et al. Adverse effects in 5 patients receiving EDTA

at an outpatient chelation clinic. Vet Hum Toxicol 2002; 44:
274–6. 

2. Prabha A, et al. Chelation therapy for coronary heart disease. Am
Heart J 2002; 144: E10.

Inappropriate administration. There have been fatalities in
both children and adults when they were given sodium edetate
instead of sodium calcium edetate (p.1462), which is a chelator
used for the treatment of lead poisoning.1,2 The FDA had re-
ceived reports of 11 deaths associated with the use of sodium
edetate over the period 1971 to 2007;3 in 5 cases, sodium edetate
was given instead of sodium calcium edetate, and in 2 cases, so-
dium edetate was given instead of etomidate (p.1783). In some
cases, confusion had arisen due to the use of the term EDTA in
prescribing the drug. The FDA has subsequently recommended
that the full product name be used, and that prescribers should
consider including the indication for use on the prescription.2

1. CDC. Deaths associated with hypocalcemia from chelation ther-
apy—Texas, Pennsylvania, and Oregon, 2003-2005. MMWR
2006; 55: 204–7. Also available at: http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm5508a3.htm (accessed 25/01/08) 

2. FDA Public Health Advisory. Edetate disodium (marketed as En-
drate and generic products) (issued 16th January 2008). Available at:
http://www.fda.gov/cder/drug/advisory/edetate_disodium.htm (ac-
cessed 25/01/08) 

3. FDA. Questions and answers on edetate disodium (marketed as En-
drate and generic products) (issued 16th January 2008). Available at:
http://www.fda.gov/cder/drug/infopage/edetate_disodium/QA.htm
(accessed 25/01/08)

Precautions
Sodium edetate is contra-indicated in patients with re-
nal impairment and should be used with caution in pa-
tients with hypokalaemia, tuberculosis, impaired cardi-
ac function, diabetes mellitus, or a history of seizures.
Plasma-electrolyte concentrations, particularly ionised
calcium, and renal function should be monitored regu-
larly; daily urinalysis is also recommended. Sodium
edetate is irritant to the tissues and must be diluted be-
fore infusion; the recommended rate should not be ex-
ceeded.

Uses and Administration
Sodium edetate is a chelator with a high affinity for cal-
cium, with which it forms a stable, soluble complex
that is readily excreted by the kidneys. It has been giv-
en intravenously, as the disodium and trisodium salts,
in the emergency treatment of hypercalcaemia
(p.1668); it has also been used to control digitalis-in-
duced cardiac arrhythmias, although less toxic agents
are generally preferred (p.1260). It is also used topical-
ly to treat calcium deposits in the eye. 
Sodium edetate also chelates other polyvalent metals
but, unlike sodium calcium edetate, which is saturated
with calcium, it is not used for the treatment of heavy
metal poisoning since hypocalcaemia rapidly devel-
ops. 
In the treatment of hypercalcaemia, injections contain-
ing varying amounts of disodium and trisodium edetate
are used. In the UK, the trisodium salt is generally
used. A dose of up to 70 mg/kg daily has been suggest-
ed for adults; children may be given up to 60 mg/kg
daily. It should be given by slow intravenous infusion
over 2 to 3 hours and each gram of trisodium edetate
should be diluted with 100 mL of glucose 5% or sodi-
um chloride 0.9%. In the USA, disodium edetate is giv-
en in an adult dose of 50 mg/kg in 24 hours by slow
intravenous infusion; the maximum daily dose is 3 g.
Children may be given 40 to 70 mg/kg in 24 hours. The
injection should be diluted with 500 mL of sodium
chloride 0.9% or glucose 5% for adults or to a concen-
tration not greater than 3% for children, and infused
over 3 hours or more, preferably 4 to 6 hours. The dos-

age may be repeated for a further 4 days followed by a
two-day interval before subsequent courses of treat-
ment. If necessary, up to fifteen doses may be given in
total. 
Sodium edetate is used in the treatment of calcium de-
posits from calcium oxide or calcium hydroxide burns
of the eye and in the treatment of calcified corneal
opacities, either by topical application after removing
the appropriate area of corneal epithelium or by ionto-
phoresis. Irrigation has also been suggested for zinc
chloride injury to the eye, but treatment may be inef-
fective unless started within 2 minutes. In the UK, a
0.4% solution of the trisodium salt is used for topical
application to the eye; in the USA, a 0.35 to 1.85% so-
lution of the disodium salt has been suggested. 
Sodium edetates are also used in cleaners for contact
lenses and as antoxidant synergists in cosmetic and
pharmaceutical preparations.
Atherosclerosis. Calcium is thought to be necessary for sever-
al steps in atherogenesis and removal of calcium from athero-
sclerotic plaques using a chelator such as disodium edetate has
been tried in patients with atherosclerosis (p.1159). However, re-
ports of beneficial clinical responses are largely anecdotal or
from small, short-term, or uncontrolled clinical studies; a meta-
analysis1 of controlled trials concluded that there was insufficient
evidence of benefit or harm, and a further randomised trial2 in
patients with coronary heart disease found no benefit with sodi-
um edetate treatment. In addition, adverse effects are common
with chelation therapy, and fatalities have been reported;3 litera-
ture reviews4,5 considering both uncontrolled and controlled
studies have concluded that in view of the potential toxicity of
such treatment it should be considered obsolete.
1. Villarruz MV, et al. Chelation therapy for atherosclerotic cardio-

vascular disease. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 4. Chichester: John Wiley; 2002 (ac-
cessed 04/10/05). 

2. Knudtson ML, et al. Chelation therapy for ischemic heart dis-
ease: a randomized controlled trial. JAMA 2002; 287: 481–6. 

3. Magee R. Chelation treatment of atherosclerosis. Med J Aust
1985; 142: 514–15. 

4. Ernst E. Chelation therapy for peripheral arterial occlusive dis-
ease: a systematic review. Circulation 1997; 96: 1031–3. 

5. Ernst E. Chelation therapy for coronary heart disease: an over-
view of all clinical investigations. Am Heart J 2000; 140:
139–41.

Preparations
BP 2008: Trisodium Edetate Intravenous Infusion; 
USP 31: Edetate Disodium Injection.

Proprietary Preparations (details are given in Part 3)
Fr.: Chelatran; Irl.: Limclair ; UK: Limclair†; USA: Endrate; Venez.: Edetil.

Multi-ingredient: Mex.: Adapettes; NZ: Conditioning Solution†; UK:
Uriflex G; Uriflex R.

Sodium Fytate (rINNM)

Fitato sódico; Fytate de Sodium; Natrii Fytas; Phytate Sodium (US-
AN); Sodium Phytate; SQ-9343. The nonasodium salt of myo-in-
ositol hexakis(dihydrogen phosphate); Sodium cyclohexane-
hexyl(hexaphosphate).

Натрий Фэитат
C6H9Na9O24P6 = 857.9.
CAS — 83-86-3 (fytic acid); 7205-52-9 (sodium fytate).

(fytic acid)

Profile
Sodium fytate reacts with calcium in the gastrointestinal tract to
form non-absorbable calcium fytate which is excreted in the fae-
ces. Sodium fytate has been used in a similar manner to sodium
cellulose phosphate (p.1463) to reduce the absorption of calcium
from the gut in the treatment of hypercalciuria. It also binds other

metals; fytic acid has been used as an antoxidant, and as an ad-
junct in topical preparations for hyperpigmentation disorders. 
Sodium fytate labelled with technetium-99m (p.2055) has been
used intravenously for imaging of the liver.

Preparations
Proprietary Preparations (details are given in Part 3)
Hung.: Fyton.

Multi-ingredient: Ital.: Lightening; Phytic Acid.

Sodium Nitrite
Dusitan sodný; E250; Natrii nitris; Natrio nitritas; Natrium Nitro-
sum; Natriumnitriitti; Natriumnitrit; Nátrium-nitrit; Nitrito sódi-
co; Sodium, nitrite de; Sodu azotyn; Sodyum Nitrit.
NaNO2 = 69.00.

CAS — 7632-00-0.
ATC — V03AB08.
ATC Vet — QV03AB08.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Sodium Nitrite). Hygroscopic, colourless crystals
or mass, or yellowish rods. Freely soluble in water; soluble in al-
cohol. Store in airtight containers. 
USP 31 (Sodium Nitrite). A white to slightly yellow granular
powder, or white or practically white, opaque fused masses or
sticks. It is deliquescent in air. Soluble 1 in 1.5 of water; sparingly
soluble in alcohol. Its solutions are alkaline to litmus. Store in air-
tight containers at a temperature of 25°, excursions permitted be-
tween 15° and 30°.

Adverse Effects
Sodium nitrite may cause nausea and vomiting, ab-
dominal pain, dizziness, headache, flushing, cyanosis,
tachypnoea, and dyspnoea; vasodilatation resulting in
syncope, hypotension, and tachycardia may occur.
Overdosage may result in cardiovascular collapse,
coma, convulsions, and death. Ionised nitrites readily
oxidise haemoglobin to methaemoglobin, causing
methaemoglobinaemia. 
Sodium nitrite is a precursor for the formation of nitro-
samines, many of which are carcinogenic in animals,
but a relationship with human cancer has not been es-
tablished.
Methaemoglobinaemia. Severe methaemoglobinaemia has
been reported after the consumption of nitrite-contaminated
meat,1,2 as well as following inadvertent ingestion of sodium ni-
trite.3,4

1. Walley T, Flanagan M. Nitrite-induced methaemoglobinaemia.
Postgrad Med J 1987;  63: 643–44. 

2. Kennedy N, et al. Faulty sausage production causing methaemo-
globinaemia. Arch Dis Child 1997; 76: 367–8. 

3. Finan A, et al. Methaemoglobinaemia associated with sodium
nitrite in three siblings. BMJ 1998; 317: 1138–9. 

4. Anonymous. Methemoglobinemia following unintentional in-
gestion of sodium nitrite—New York, 2002. MMWR 2002; 51:
639–42.

Treatment of Adverse Effects
When toxicity results from the ingestion of nitrites,
treatment is supportive and symptomatic; oxygen and
methylthioninium chloride may be required for meth-
aemoglobinaemia although methylthioninium chloride
should not be given if cyanide poisoning is suspected
since cyanide may be displaced. Exchange transfusion
may be considered when methaemoglobinaemia is se-
vere.

Uses and Administration
Sodium nitrite is used with sodium thiosulfate in the
treatment of cyanide poisoning (p.2045). Sodium ni-
trite produces methaemoglobinaemia and it is thought
that cyanide ions combine with the methaemoglobin to
produce cyanmethaemoglobin, thus protecting cyto-
chrome oxidase from the cyanide ions; however, other
mechanisms may have a significant role. As the cyan-
methaemoglobin slowly dissociates, the cyanide is
converted to relatively non-toxic thiocyanate and is
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

excreted in the urine. Sodium thiosulfate provides an
additional source of sulfur for this reaction and this
accelerates the process. 
The usual dosage regimen in adults is 300 mg of sodi-
um nitrite (10 mL of a 3% solution) given intravenous-
ly over 5 to 20 minutes followed by 12.5 g of sodium
thiosulfate (50 mL of a 25% solution or 25 mL of a
50% solution) given intravenously over a period of
about 10 minutes. A suggested dosage regimen in chil-
dren is about 4 to 10 mg/kg of sodium nitrite, given as
a 3% solution (0.13 to 0.33 mL/kg), to a maximum of
300 mg (10 mL), followed by about 400 mg/kg of so-
dium thiosulfate, as a 25 or 50% solution (1.65 mL/kg
of a 25% solution) to a maximum of 12.5 g (50 mL of
a 25% solution). The methaemoglobin concentration
should not be allowed to exceed 30 to 40%. If symp-
toms of cyanide toxicity recur, the injections of nitrite
and thiosulfate may be repeated after 30 minutes at half
the initial doses. 
Sodium nitrite has also been suggested in the treatment
of hydrogen sulfide poisoning (see p.1690). 
Sodium nitrite has been used as a rust inhibitor, for ex-
ample in instrument disinfectants. It is also used as a
preservative in foods such as cured meats but should
not be used in food for infants under the age of 3
months due to the risk of methaemoglobinaemia. Po-
tassium nitrite is also used as a food preservative.

Preparations
USP 31: Sodium Nitrite Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: O A R†.

Multi-ingredient: Ital.: Citrosil Alcolico Azzuro; S.Afr.: Tripac-Cyano;
USA: Cyanide Antidote Package.

Sodium Polystyrene Sulfonate
Natrii polystyrenesulfonas; Natrii Polystyrensulfonas; Natrio
polistirensulfonatas; Natriumpolystyreenisulfonaatti; Natriumpol-
ystyrensulfonat; Natrium-polystyrensulfonát; Poliestirenosul-
fonato sódico; Polystyrène sulfonate sodique; Sodium Polysty-
rene Sulphonate.
CAS — 9003-59-2; 9080-79-9; 25704-18-1.
ATC — V03AE01.
ATC Vet — QV03AE01.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Sodium Polystyrene Sulphonate). An almost white
to light brown powder. It contains 9.4 to 11.0% of sodium, calcu-
lated with reference to the dried substance. Each g exchanges
2.8 mmol to 3.4 mmol of potassium, calculated with reference to
the dried substance. Practically insoluble in water, in alcohol, and
in dichloromethane. Store in airtight containers. 
USP 31 (Sodium Polystyrene Sulfonate). A golden brown, fine,
odourless powder containing not more than 10% of water. The
sodium content is not less than 9.4% and not more than 11.5%,
calculated on the anhydrous basis. Each g exchanges not less
than 110 mg and not more than 135 mg of potassium, calculated
on the anhydrous basis. Insoluble in water.

Adverse Effects
Anorexia, nausea, vomiting, constipation, and occa-
sionally diarrhoea may develop during treatment with
sodium polystyrene sulfonate. Constipation may be se-
vere; large doses in elderly patients and in children
may result in faecal impaction and gastrointestinal con-
cretions have occurred after oral use in neonates. If
necessary a mild laxative may be used to prevent or
treat constipation (but see Precautions, below, for laxa-
tives that should be avoided). 
Serious potassium deficiency can occur with sodium
polystyrene sulfonate and signs of severe hypokalae-
mia may include irritability, confusion, ECG abnor-
malities, cardiac arrhythmias, and severe muscle weak-
ness. Like other cation-exchange resins, sodium
polystyrene sulfonate is not totally selective and its use
may result in other electrolyte disturbances such as hy-
pocalcaemia. Significant sodium retention may also
occur, especially in patients with renal impairment, and
may lead to heart failure.

Effects on the gastrointestinal tract. Colonic necrosis, in-
cluding some fatalities, has been reported1-3 after use of enemas
containing sodium polystyrene sulfonate in sorbitol. Studies in
animals1 suggested that the use of sorbitol was a contributory
factor, although failure to irrigate the colon adequately, as recom-
mended by the manufacturer, was also suggested4,5 as a possible
cause. Both colonic6 and upper gastrointestinal necrosis7 have
also been reported after oral or nasogastric sodium polystyrene
sulfonate with sorbitol, and there has also been a report8 of colon-
ic necrosis with oral sodium polystyrene sulfonate alone.
1. Lillemoe KD, et al. Intestinal necrosis due to sodium polystyrene

(Kayexalate) in sorbitol enemas: clinical and experimental sup-
port for the hypothesis. Surgery 1987; 101: 267–72. 

2. Wootton FT, et al. Colonic necrosis with Kayexalate-sorbitol en-
emas after renal transplantation. Ann Intern Med 1989; 111:
947–9. 

3. Rogers FB, Li SC. Acute colonic necrosis associated with sodi-
um polystyrene sulfonate (Kayexalate) enemas in a critically ill
patient: case report and review of the literature. J Trauma 2001;
51: 395–7. 

4. Burnett RJ. Sodium polystyrene-sorbitol enemas. Ann Intern
Med 1990; 112: 311–12. 

5. Shepard KV. Cleansing enemas after sodium polystyrene sul-
fonate enemas. Ann Intern Med 1990; 112: 711. 

6. Rashid A, Hamilton SR. Necrosis of the gastrointestinal tract in
uremic patients as a result of sodium polystyrene sulfonate
(Kayexalate) in sorbitol: an underrecognized condition. Am J
Surg Pathol 1997; 21: 60–9. 

7. Abraham SC, et al. Upper gastrointestinal tract injury in patients
receiving kayexalate (sodium polystyrene sulfonate) in sorbitol:
clinical, endoscopic, and histopathologic findings. Am J Surg
Pathol 2001; 25: 637–44. 

8. Cheng ES, et al. Colonic necrosis and perforation following oral
sodium polystyrene sulfonate (Resonium A /Kayexelate ) in a
burn patient. Burns 2002; 28: 189–90.

Effects on the lungs. Particles of sodium polystyrene sul-
fonate were found at autopsy in the lungs of 3 patients who had
taken the resin orally and were associated with acute bronchitis
and bronchopneumonia in 2 and with early bronchitis in the
third.1 It was suggested that, where possible, it may be preferable
to give sodium polystyrene sulfonate rectally, but if it has to be
given orally the patient should be positioned carefully to avoid
aspiration.
1. Haupt HM, Hutchins GM. Sodium polystyrene sulfonate pneu-

monitis. Arch Intern Med 1982;  142: 379–81.

Precautions
Sodium polystyrene sulfonate should not be given
orally to neonates, and is contra-indicated by any route
in neonates with reduced gut motility or in any patient
with obstructive bowel disease. Care is also needed
with rectal use in neonates and children in order to
avoid impaction of the resin. Treatment should be dis-
continued if clinically significant constipation devel-
ops. Although sorbitol has been recommended for the
prophylaxis and treatment of constipation, there have
been reports of colonic necrosis in patients receiving
this combination (see Effects on the Gastrointestinal
Tract, above) and licensed product information advises
against the use of sorbitol with polystyrene sulfonates.
Magnesium-containing laxatives are also contra-indi-
cated (see Interactions, below). 
Patients receiving sodium polystyrene sulfonate
should be monitored for electrolyte disturbances, espe-
cially hypokalaemia. Since serum concentrations may
not always reflect intracellular potassium deficiency,
symptoms of hypokalaemia should also be watched for
and the decision to stop treatment assessed individual-
ly. 
Use of sodium polystyrene sulfonate can result in sodi-
um overloading and it should be used cautiously in pa-
tients with renal failure or conditions requiring a re-
stricted sodium intake, such as heart failure and severe
hypertension; calcium polystyrene sulfonate (p.1438)
may be preferred in these patients. 
The possible effects of sodium polystyrene sulfonate
on serum electrolytes should be considered when inter-
preting diagnostic measurements. 
After use of sodium polystyrene sulfonate retention en-
emas, the colon should be irrigated to ensure removal
of the resin.

Interactions
Sodium polystyrene sulfonate is not totally selective
for potassium and may also bind other cations. When
given orally with cation-donating antacids and laxa-
tives such as magnesium hydroxide, aluminium

hydroxide, or calcium carbonate, competition for bind-
ing sites may reduce the potassium-lowering effect of
the resin. In addition, particularly in patients with renal
impairment, metabolic alkalosis may develop due to
binding of the cation by the resin; this prevents neutral-
isation of bicarbonate ions in the small intestine. Sei-
zures have been reported due to metabolic alkalosis in
a patient given magnesium hydroxide with sodium
polystyrene sulfonate and use of magnesium-contain-
ing laxatives should therefore be avoided. 
Ion-exchange resins may also bind other drugs, reduc-
ing their absorption. Drugs that have been affected in-
clude levothyroxine (see p.2173) and lithium salts. 
Hypokalaemia may exacerbate the adverse effects of
digoxin and sodium polystyrene sulfonate should be
used with caution in patients receiving cardiac glyco-
sides.

Uses and Administration
Sodium polystyrene sulfonate, the sodium salt of sul-
fonated styrene copolymer with divinylbenzene, is a
cation-exchange resin that exchanges sodium ions for
potassium ions and other cations in the gastrointestinal
tract when given orally or rectally. The exchanged res-
in is then excreted in the faeces. Each gram of resin
exchanges about 3 mmol of potassium in vitro, and
about 1 mmol in vivo. 
Sodium polystyrene sulfonate is used to enhance po-
tassium excretion in the treatment of hyperkalaemia,
including that associated with anuria or severe oliguria
(caution is required due to the sodium content). An ef-
fect may not be evident for several hours or longer, and
in severe hyperkalaemia, where a rapid effect is re-
quired, other measures must also be considered (see
p.1669). 
Serum-electrolyte concentrations should be monitored
throughout treatment and doses given according to re-
sponse. 
The usual oral dose is 15 g up to four times daily as a
suspension in water or syrup or as a sweetened paste. It
should not be given in fruit juices that have a high po-
tassium content. A suggested oral dose for children is
1 g/kg daily in divided doses for acute hyperkalaemia,
reduced to a maintenance dose of 500 mg/kg daily; the
oral route is not recommended for neonates. 
When oral use is difficult, sodium polystyrene sul-
fonate may be given rectally as an enema. The usual
daily dose is 30 g given as a suspension in 100 mL of
2% methylcellulose ‘450’ and 100 mL of water and re-
tained, if possible, for at least 9 hours; higher doses,
shorter retention times, and alternative vehicles have
also been used. After retention of the enema the colon
should be irrigated to remove the resin. Initial therapy
may involve both oral and rectal routes. Children and
neonates may be given rectal doses similar to the oral
doses suggested for children; particular care is needed
with rectal use in children as excessive dosage or inad-
equate dilution could result in impaction of resin. 
Other polystyrene sulfonate resins include calcium
polystyrene sulfonate (p.1438), which is used similarly
to the sodium resin and potassium polystyrene sul-
fonate (p.1460), which has been used in the treatment
of hypercalciuria. Aluminium polystyrene sulfonate,
ammonium polystyrene sulfonate, and magnesium
polystyrene sulfonate have all occasionally been used.

Preparations
USP 31: Sodium Polystyrene Sulfonate Suspension.

Proprietary Preparations (details are given in Part 3)
Austral.: Resonium A; Austria: Resonium A; Belg.: Kayexalate; Canad.:
K-Exit; Kayexalate; Denm.: Resonium; Fin.: Resonium; Fr.: Kayexalate;
Ger.: Elutit-Natrium; Resonium A; Gr.: Kayexalate; Hong Kong: Resonium
A; Hung.: Resonium A; Irl.: Resonium A†; Israel: Kayexalate; Ital.: Kayex-
alate; Malaysia: Resonium A†; Neth.: Resonium A; NZ: Resonium A;
Pol.: Resonium A; Port.: Resonium; S.Afr.: Kexelate; Singapore: Resinso-
dio; Spain: Resinsodio; Swed.: Resonium; Switz.: Resonium A; Thai.:
Kayexalate; Resinsodio; Resonium A; UK: Resonium A; USA: Kayexalate;
Kionex; SPS; Venez.: Kayexalate.

Multi-ingredient: Ger.: Ujostabil†.
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Sodium Thiosulfate
Disodium Thiosulfate Pentahydrate; Hiposulfito sódico; Natrii
thiosulfas; Natrii Thiosulfas Pentahydricus; Natrio tiosulfatas;
Natrium Thiosulfuricum; Natriumtiosulfaatti; Natriumtiosulfat;
Nátrium-tioszulfát; Sodium Hyposulphite; Sodium, thiosulfate de;
Sodium Thiosulphate; Sodu tiosiarczan; Sodyum Tiyosülfat; Thi-
osíran sodný pentahydrát; Tiosulfato sódico.

Na2S2O3,5H2O = 248.2.

CAS — 7772-98-7 (anhydrous sodium thiosulfate);
10102-17-7 (sodium thiosulfate pentahydrate).

ATC — V03AB06.

ATC Vet — QV03AB06.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Sodium Thiosulphate). Colourless transparent
crystals; efflorescent in dry air. It dissolves in its own water of
crystallisation at about 49°. Very soluble in water; practically in-
soluble in alcohol. A 10% solution in water has a pH of 6.0 to 8.4.
Store in airtight containers. 
USP 31 (Sodium Thiosulfate). Large, colourless crystals, or a
coarse, crystalline powder. Is deliquescent in moist air and efflo-
resces in dry air at temperatures exceeding 33°. Soluble 1 in 0.5
of water; insoluble in alcohol. Its solutions are neutral or faintly
alkaline to litmus. Store in airtight containers.

Incompatibility. Sodium thiosulfate may reduce the activity of
some preservatives, including bronopol (p.1633), phenylmercu-
ric salts (see Phenylmercuric Nitrate, p.1657), and thiomersal
(p.1664).

Stability. Solutions of sodium thiosulfate 50% stored in air de-
veloped cloudiness or a deposit after autoclaving.1 Addition of
sodium phosphate 0.5% or 1.2% improved stability but solutions
became cloudy or developed a deposit after 12 and 6 weeks re-
spectively at 25°. Solutions containing sodium bicarbonate 0.5%
became cloudy or developed a deposit after 12 weeks at 25°. No
significant improvement in stability was obtained when the con-
centration of sodium thiosulfate was reduced to 30% or 15%, or
when the injection was sealed under nitrogen.

1. Anonymous. Sodium thiosulphate injection–effect of additives
on stability. PSGB Lab Rep P/75/3 1975.

Adverse Effects
Apart from osmotic disturbances sodium thiosulfate is
relatively non-toxic. Large oral doses have a cathartic
action.

Pharmacokinetics
Sodium thiosulfate is poorly absorbed from the gas-
trointestinal tract. After intravenous injection it is dis-
tributed throughout the extracellular fluid and rapidly
excreted in the urine.

◊ An intravenous infusion of sodium thiosulfate 12 g/m2 was
given over 6 hours to 8 patients receiving intraperitoneal antine-
oplastic therapy.1 The thiosulfate was rapidly eliminated, 95%
being excreted within 4 hours of stopping the infusion; on aver-
age only 28.5% of the dose was recovered unchanged in the
urine. The mean plasma elimination half-life was 80 minutes.

1. Shea M, et al. Kinetics of sodium thiosulfate, a cisplatin neutral-
izer. Clin Pharmacol Ther 1984; 35: 419–25.

Uses and Administration
Sodium thiosulfate is used in the treatment of cyanide
poisoning (p.2045). Sodium thiosulfate may be effec-
tive alone in less severe cases of cyanide poisoning, but
it is often used with sodium nitrite (p.1464). 

Sodium thiosulfate acts as a sulfur-donating substrate
for the enzyme rhodanese, which catalyses the conver-
sion of cyanide to relatively non-toxic thiocyanate, and
thus accelerates the detoxification of cyanide. 

The usual dosage regimen in adults is 300 mg of sodi-
um nitrite (10 mL of a 3% solution) given intravenous-
ly over 5 to 20 minutes followed by 12.5 g of sodium

thiosulfate (50 mL of a 25% solution or 25 mL of a
50% solution) given intravenously over a period of
about 10 minutes. A suggested dosage regimen in chil-
dren is about 4 to 10 mg/kg of sodium nitrite, given as
a 3% solution (0.13 to 0.33 mL/kg) to a maximum of
300 mg (10 mL), followed by about 400 mg/kg of so-
dium thiosulfate, as a 25 or 50% solution (1.65 mL/kg
of a 25% solution) to a maximum of 12.5 g (50 mL of
a 25% solution). The methaemoglobin concentration
should not be allowed to exceed 30 to 40%. If symp-
toms of cyanide toxicity recur, the injections of nitrite
and thiosulfate may be repeated after 30 minutes at half
the initial doses. 

Sodium thiosulfate is used as an isotonic 4% solution
in the management of extravasation of chlormethine
and has been tried in the management of extravasation
of some other antineoplastics (but see below). 

Sodium thiosulfate has been used for its antifungal
properties. Sodium thiosulfate and magnesium thiosul-
fate are included in mixed preparations for a variety of
disorders.

Antineoplastic toxicity. Sodium thiosulfate may be used in
the management of extravasation of chlormethine and some oth-
er antineoplastics (although this is a contentious area, see p.640).
It is also used to inactivate some antineoplastics before disposal. 

Sodium thiosulfate, given by intravenous infusion, has also been
investigated for reducing the systemic toxicity of some antineo-
plastics. It has been reported to reduce the incidence of nephro-
toxicity associated with intraperitoneal cisplatin (see Prophylaxis
under Effects on the Kidneys, p.699) and to reduce hearing loss
associated with carboplatin (see Effects on the Ears, p.693).

Bromate poisoning. Sodium thiosulfate has been used in the
treatment of bromate poisoning1,2 although its clinical efficacy is
unclear;3 it is thought to act by reducing bromate to the less toxic
bromide ion, but evidence is lacking.3,4 Although it has been giv-
en orally, this is no longer recommended since toxic sulfide may
be formed.4 However, intravenous sodium thiosulfate may have
a role in some clinical circumstances.4,5

1. Lue JN, et al. Bromate poisoning from ingestion of professional
hair-care neutralizer. Clin Pharm 1988; 7: 66–70. 

2. Lichtenberg R, et al. Bromate poisoning. J Pediatr 1989; 114:
891–4. 

3. McElwee NE, Kearney TE. Sodium thiosulfate unproven as
bromate antidote. Clin Pharm 1988; 7: 570, 572. 

4. De Vriese A, et al. Severe acute renal failure due to bromate in-
toxication: report of a case and discussion of management guide-
lines based on a review of the literature. Nephrol Dial Transplant
1997; 12: 204–9. 

5. Johnson CE. Sodium thiosulfate unproven as bromate antidote.
Clin Pharm 1988; 7: 572.

Preparations

BP 2008: Sodium Thiosulphate Injection; 
USP 31: Sodium Thiosulfate Injection.

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Arg.: Azufracid; Austria: Schwefelbad Dr Klopfer;
Braz.: Dessensibilizante Chauvin†; Canad.: Adasept; Cz.: Carbotox; Fr.:
Desintex; Desintex Infantile; Desintex-Choline; Rhino-Sulfuryl; Vagostabyl;
Ger.: Corti Jaikal†; Jaikal†; Schwefelbad Dr Klopfer; Sulfuretten†; Hung.:
Schwefelbad Dr Klopfer; Ital.: Antimicotica Solforata; S.Afr.: Tripac-Cyano;
USA: Cyanide Antidote Package; Tinver; Versiclear.

Succimer (BAN, USAN, rINN)

DIM-SA; DMSA; Succimère; Succímero; Succimero; Succi-
merum; Suksimeeri. meso-2,3-Dimercaptosuccinic acid; (R*,S*)-
2,3-Dimercapto-butanedioic acid.

Сукцимер

C4H6O4S2 = 182.2.

CAS — 304-55-2.

Pharmacopoeias. In Chin.

Adverse Effects and Precautions
Succimer may cause gastrointestinal disorders, skin
rashes, increases in serum transaminase, flu-like symp-
toms, drowsiness, and dizziness. Mild to moderate
neutropenia has been reported in some patients and
regular full blood counts are recommended during
therapy. Succimer should be used with caution in pa-
tients with renal impairment or a history of hepatic dis-
ease.

Pharmacokinetics
Succimer is rapidly but incompletely absorbed after
oral doses. It undergoes rapid and extensive metabo-
lism and is excreted mainly in the urine with small
amounts excreted in the bile and via the lungs.

◊ References.

1. Dart RC, et al. Pharmacokinetics of meso-2,3-dimercaptosuccin-
ic acid in patients with lead poisoning and in healthy adults. J
Pediatr 1994; 125: 309–16.

Uses and Administration
Succimer is a chelator structurally related to dimerc-
aprol (p.1444). It forms water-soluble chelates with
heavy metals and is used in the treatment of lead poi-
soning. It has also been used in the treatment of poison-
ing with arsenic or mercury. 

Succimer, labelled with a radionuclide, is used in nu-
clear medicine. 

In the treatment of lead poisoning, succimer is given
orally in a dose of 10 mg/kg or 350 mg/m2 every 8
hours for 5 days then every 12 hours for an additional
14 days. The course of treatment may be repeated if
necessary, usually after an interval of not less than 2
weeks.

Lead poisoning. Succimer is an effective lead chelator1 and is
used in the management of lead poisoning (see Treatment of Ad-
verse Effects under Lead, p.2332). Succimer is also used in chil-
dren with chronic lead exposure, and various dosage regimens
have been studied.2 It is generally only indicated if blood-lead
concentrations are greater than 45 micrograms per 100 mL;3 al-
though short-term studies4 in children with lower concentrations
have shown effective reduction of blood lead, no effect on neu-
rodevelopmental outcome has been shown in follow-up
studies5,6 and treatment of such children remains controversial.
1. Mann KV, Travers JD. Succimer, an oral lead chelator. Clin

Pharm 1991; 10: 914–22. 

2. Farrar HC, et al. A comparison of two dosing regimens of succi-
mer in children with chronic lead poisoning. J Clin Pharmacol
1999; 39: 180–3. 

3. American Academy of Pediatrics Committee on Environmental
Health. Lead exposure in children: prevention, detection, and
management. Pediatrics 2005; 116: 1036–46. Also available at:
http://pediatrics.aappublications.org/cgi/reprint/116/4/1036
(accessed 11/10/05) 

4. Besunder JB, et al. Short-term efficacy of oral dimercaptosuc-
cinic acid in children with low to moderate lead intoxication.
Pediatrics 1995; 96: 683–7. 

5. Rogan WJ, et al. The effect of chelation therapy with succimer
on neuropsychological development in children exposed to lead.
N Engl J Med 2001; 344: 1421–6. 

6. Dietrich KN, et al. Effect of chelation therapy on the neuropsy-
chological and behavioral development of lead-exposed children
after school entry. Pediatrics 2004; 114: 19–26.

Mercury poisoning. Succimer, given orally, increases the re-
nal excretion of mercury and may be used in mercury poisoning
(see Treatment of Adverse Effects under Mercury, p.2342). In
patients with renal impairment, the succimer-mercury chelate
may accumulate, and alternative methods have been tried. Extra-
corporeal infusion of succimer into the arterial blood line during
haemodialysis, a procedure known as extracorporeal regional
complexing haemodialysis, produced a substantial clearance of
mercury in an anuric patient following intoxication with inorgan-
ic mercury.1 Clearance was about ten times greater than that
achieved with haemodialysis after intramuscular dimercaprol.

1. Kostyniak PJ, et al. Extracorporeal regional complexing haemo-
dialysis treatment of acute inorganic mercury intoxication. Hum
Toxicol 1990; 9: 137–41.

Preparations

Proprietary Preparations (details are given in Part 3)
Fr.: Succicaptal; USA: Chemet.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sugammadex Sodium (USAN, rINNM)

Natrii Sugammadexum; Org-25969; Sugammadex sódico; Sug-
ammadex Sodique.
Натрий Сугаммадекс
C72H104Na8O48S8 = 2178.0.
CAS — 343306-79-6.

(sugammadex)

Profile
Sugammadex sodium is a modified gamma cyclodextrin under
investigation as a selective relaxant binding agent for the reversal
of neuromuscular blockade induced by rocuronium or vecuro-
nium.
◊ Reviews.
1. Nicholson WT, et al. Sugammadex: a novel agent for the reversal

of neuromuscular blockade. Pharmacotherapy 2007; 27:
1181–8.

Tiopronin (rINN)

Thiopronine; Thioproninum; Tioproniini; Tiopronina; Tiopronine;
Tioproninum. N-(2-Mercaptopropionyl)glycine.
Тиопронин
C5H9NO3S = 163.2.
CAS — 1953-02-2.
ATC — R05CB12.
ATC Vet — QG04BC90; QR05CB12.

Adverse Effects and Precautions
Tiopronin has similar adverse effects and precautions
to those of penicillamine (p.1456).
Incidence of adverse effects. In a study of 140 patients1 with
rheumatoid arthritis receiving long-term treatment with tiopron-
in, adverse effects necessitated withdrawal of treatment in 56 pa-
tients (40%). The majority of adverse effects occurred within the
first 6 months of treatment. The most common were those affect-
ing the skin and mucous membranes (46 patients) including sto-
matitis, pruritus, erythema, and 1 case of pemphigus. Proteinuria
developed in 5 patients and nephrotic syndrome in 3. Haemato-
logical disorders developed in 13 patients. Gastrointestinal disor-
ders and ageusia were also reported. 
In another study of 74 patients2 with rheumatoid arthritis adverse
effects were reported in 32 patients (43%) and necessitated with-
drawal in 24%. The most common adverse effects were ageusia
(21%), mucocutaneous lesions (16%), and gastrointestinal dis-
turbances (14%). Haematological disorders occurred in 5 pa-
tients and proteinuria in 3 patients. 
In a comparative study in 200 patients,3 treatment was with-
drawn due to toxicity in 27% of patients taking tiopronin and
21% of patients treated with gold.
1. Sany J, et al. Etude de la tolérance à long terme de la thiopronine

(Acadione) dans le traitement de la polyarthrite rhumatoïde: a
propos de 140 cas personnels. Rev Rhum 1990; 57: 105–11. 

2. Ehrhart A, et al. Effets secondaires dus au traitement par la tio-
pronine de 74 polyarthrites rhumatoïdes. Rev Rhum 1991; 58:
193–7. 

3. Ferraccioli GF, et al. Long-term outcome with gold thiosulphate
and tiopronin in 200 rheumatoid patients. Clin Exp Rheumatol
1989; 7: 577–81.

Effects on the blood. Haematological disorders including leu-
copenia or thrombocytopenia have been reported during long-

term studies of tiopronin. Isolated cases of agranulocytosis1 and
bone marrow aplasia2 have also occurred. 
See also Incidence of Adverse Effects, above.
1. Corda C, et al. Thiopronin-induced agranulocytosis. Therapie

1990; 45: 161. 
2. Taillan B, et al. Aplasie médullaire au cours d’une polyarthrite

rhumatoïde traitée par tiopronine. Rev Rhum 1990; 57: 443–4.

Effects on the kidneys. Proteinuria developed in 3 patients 4
to 14 months after starting treatment with tiopronin for cystinu-
ria.1 None of the patients had clinical symptoms of nephrotic
syndrome. Renal biopsies in 2 patients demonstrated membra-
nous glomerulonephritis. Proteinuria disappeared in all 3 pa-
tients 4 to 5 months after tiopronin was discontinued. However,
there was histological evidence of irreversible changes and signs
of progressive glomerular lesions in 1 patient.
1. Lindell A, et al. Membranous glomerulonephritis induced by 2-

mercaptopropionylglycine (2-MPG). Clin Nephrol 1990; 34:
108–15.

Effects on the skin. Mucocutaneous lesions are among the
most common adverse effects of tiopronin (see Incidence of Ad-
verse Effects, above). Reversible lichenoid eruptions have been
reported1 in a patient after treatment with tiopronin for 2 years,
and may have been due to an immunological reaction to the sulf-
hydryl group. Lesions resembling pemphigus have also been re-
ported in a few patients2,3 and may require treatment with a cor-
ticosteroid or other immunosuppressant.
1. Kurumaji Y, Miyazaki K. Tiopronin-induced lichenoid eruption

in a patient with liver disease and positive patch test reaction to
drugs with sulfhydryl group. J Dermatol 1990; 17: 176–81. 

2. Trotta F, et al. Thiopronine-induced pemphigus vulgaris in rheu-
matoid arthritis. Scand J Rheumatol 1984; 13: 93–5. 

3. Verdier-Sevrain S, et al. Thiopronine-induced herpetiform pem-
phigus: report of a case studied by immunoelectron microscopy
and immunoblot analysis. Br J Dermatol 1994; 130: 238–40.

Pharmacokinetics
Tiopronin is absorbed from the gastrointestinal tract.
Up to 48% of the dose is reported to be excreted in the
urine during the first 4 hours and up to 78% by 72
hours.
◊ References.
1. Carlsson SM, et al. Pharmacokinetics of intravenous 2-mercap-

topropionylglycine in man. Eur J Clin Pharmacol 1990; 38:
499–503. 

2. Carlsson MS, et al. Pharmacokinetics of oral tiopronin. Eur J
Clin Pharmacol 1993; 45: 79–84.

Uses and Administration
Tiopronin is a sulfhydryl compound and chelator with
properties similar to those of penicillamine (p.1458). It
is given orally in the management of cystinuria, in con-
junction with adequate hydration and alkalinisation of
the urine, in usual doses of 0.8 to 1 g daily in divided
doses. The dose should be adjusted according to the
urinary cystine concentration; up to 2 g daily has been
given. Tiopronin should be given on an empty stom-
ach. Tiopronin is used in similar doses in rheumatoid
arthritis. It has been used in hepatic disorders and
heavy-metal poisoning, and has been given by inhala-
tion as a mucolytic in respiratory disorders. It may also
be given by intravenous or intramuscular injection. 
The sodium salt has also been used.
Cystinuria. Tiopronin may be used as an alternative to peni-
cillamine in the management of cystinuria (p.1459). A multicen-
tre study1 in 66 patients with cystine nephrolithiasis found that
addition of tiopronin in doses of up to 2 g daily (mean 1.193 g)
to standard alkali and fluid therapy significantly reduced urinary-
cystine concentrations and the rate of new stone formation. Ad-
verse effects were similar to those reported with penicillamine.
In the 49 patients who had previously received penicillamine, 41
had adverse effects with penicillamine, requiring cessation of
therapy in 34, whereas 37 had adverse effects with tiopronin, re-
quiring drug withdrawal in 15. In the remaining 17 patients, 11
had adverse effects with tiopronin and 1 discontinued treatment
because of proteinuria. However, of the 34 patients who had been
unable to tolerate penicillamine, 22 were able to continue treat-
ment with tiopronin.
1. Pak CYC, et al. Management of cystine nephrolithiasis with al-

pha-mercaptopropionylglycine. J Urol (Baltimore) 1986; 136:
1003–8.

Mucolytic activity. Studies on the mucolytic activity of tio-
pronin.
1. Costantini D, et al. Evaluation of the therapeutic effectiveness of

thiopronine in children with cystic fibrosis. Curr Ther Res 1982;
31: 714–17. 

2. Carratù L, et al. Clinico-functional and rheological research on
mucolytic activity of thiopronine in chronic broncho-pneumopa-
thies. Curr Ther Res 1982; 32: 529–43.

Rheumatoid arthritis. Tiopronin has been reported to have
activity comparable to that of gold salts1 and penicillamine2 in
patients with rheumatoid disease, and has been used to treat rheu-

matoid arthritis (p.11), particularly in patients intolerant of peni-
cillamine.
1. Ferraccioli GF, et al. Long-term outcome with gold thiosulphate

and tiopronin in 200 rheumatoid patients. Clin Exp Rheumatol
1989; 7: 577–81. 

2. Sany J, et al. Etude de la tolérance à long terme de la thiopronine
(Acadione) dans le traitement de la polyarthrite rhumatoïde: a
propos de 140 cas personnels. Rev Rhum 1990; 57: 105–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Thiola†; Fr.: Acadione; Ger.: Captimer; Hong Kong: Thiola†;
Ital.: Mucolysin†; Mucosyt†; Thiola; Thiosol; Switz.: Mucolysin†; USA: Thi-
ola.

Trientine Dihydrochloride (BAN, rINNM)

Dihidrocloruro de trientina; MK-0681; Trien Hydrochloride; Tri-
entin Dihidroklorür; Trientine, Dichlorhydrate de; Trientine Hy-
drochloride (USAN); Trientini Dihydrochloridum; Triethylenete-
tramine Dihydrochloride. 2,2′-Ethylenedi-iminobis(ethylamine)
dihydrochloride; N,N′-bis(2-Aminoethyl)-1,2-ethanediamine di-
hydrochloride.
Триентина Дигидрохлорид
C6H18N4,2HCl = 219.2.
CAS — 112-24-3 (tr ientine); 38260-01-4 (tr ientine dihy-
drochlor ide).

(tr ientine)

Pharmacopoeias. In US. 
USP 31 (Trientine Hydrochloride). A white to pale yellow crys-
talline powder. Freely soluble in water; slightly soluble in alco-
hol; insoluble in chloroform and in ether; soluble in methyl alco-
hol. pH of a 1% solution in water is between 7.0 and 8.5. Store
under an inert gas in airtight containers at 2° to 8°. Protect from
light.
Adverse Effects and Precautions
Trientine may cause nausea and skin rashes; duodenitis and col-
itis have also been reported. Iron deficiency may occur; if iron
supplements are given an interval of at least 2 hours between the
doses of trientine and iron has been recommended. Recurrence
of symptoms of SLE has been reported in a patient who had pre-
viously reacted to penicillamine.
Interactions
Chelation of trientine with metal ions in the diet or in mineral
supplements may impair the absorption of both. Trientine should
not be taken with mineral supplements and should be taken at
least 1 hour apart from food, other drugs, or milk, to reduce the
likelihood of absorption being affected. Iron supplements should
be taken at least 2 hours before or after trientine.
Uses and Administration
Trientine is a copper chelator used in a similar way to penicilla-
mine in the treatment of Wilson’s disease (p.1459). It tends to be
used in patients intolerant of penicillamine. 
Trientine dihydrochloride is given orally, preferably on an empty
stomach. In the USA, the usual initial dose for adults is 0.75 to
1.25 g daily in 2 to 4 divided doses; this may be increased to a
maximum of 2 g daily if required. In children, the usual initial
dose is 500 to 750 mg daily, increased if necessary to a maximum
dose of 1.5 g daily. In the UK, a dose of 1.2 to 2.4 g daily, in 2 to
4 divided doses, has been recommended for adults; children may
be given an initial dose of 0.6 to 1.5 g daily.
Preparations
USP 31: Trientine Hydrochloride Capsules.

Proprietary Preparations (details are given in Part 3)
USA: Syprine.

Trimedoxime Bromide (rINN)

Bromuro de trimedoxima; Dipyroxime; TMB-4; Trimédoxime,
Bromure de; Trimedoximi Bromidum. 1,1′- Trimethylenebis[4-
formylpyridinium bromide]dioxime.
Тримедоксима Бромид
C15H18Br2N4O2 = 446.1.
CAS — 56-97-3.

NOTE. Do not confuse with Trimedoxine, a range of veterinary an-
tibacterial preparations.
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Profile
Trimedoxime bromide is a cholinesterase reactivator given with
atropine in the treatment of organophosphorus poisoning.

◊ References.
1. Kozer E, et al. Pediatric poisoning from trimedoxime (TMB4)

and atropine automatic injectors. J Pediatr 2005; 146: 41–4.

Unithiol
DMPS; Unithiolum; Unitiol; Unitioli. Sodium 2,3-dimercaptopro-
panesulfonate .
C3H7NaO3S3 = 210.3.
CAS — 4076-02-2.

Profile
Unithiol is a chelator structurally related to dimercaprol
(p.1444). It is water soluble and reported to be less toxic than
dimercaprol. Unithiol is used in the treatment of poisoning by
heavy metals including arsenic, lead, and inorganic and organic
mercury compounds; it has also been used in poisoning with
chromium or cadmium, although its efficacy is not established. 
Unithiol is given orally in doses of 100 mg three or four times
daily in chronic poisoning. In acute poisoning, a dose of 1.2 to
2.4 g by mouth, in divided doses over 24 hours, has been sug-
gested. It may also be given parenterally in patients with severe
toxicity; a suggested intravenous dose is 3 to 5 mg/kg every 4
hours, reducing the frequency after 1 to 2 days and then changing
to oral therapy.

◊ Reviews.
1. Hruby K, Donner A. 2,3-Dimercapto-1-propanesulphonate in

heavy metal poisoning. Med Toxicol 1987; 2: 317–23. 
2. Aposhian HV, et al. Mobilization of heavy metals by newer, ther-

apeutically useful chelating agents. Toxicology 1995; 97: 23–38.

Arsenic poisoning. Complete recovery, without renal or neu-
rological sequelae, has been reported1,2 following the use of
unithiol in patients with potentially lethal acute arsenic poison-
ing; haemodialysis was also used in 1 patient.2 Increased urinary
arsenic excretion, with some improvement in clinical symptoms,
has also been reported3,4 with unithiol in chronic arsenic toxicity.
1. Moore DF, et al. Acute arsenic poisoning: absence of polyneu-

ropathy after treatment with 2,3-dimercaptopropanesulphonate
(DMPS). J Neurol Neurosurg Psychiatry 1994; 57: 1133–5. 

2. Kruszewska S, et al. The use of haemodialysis and 2,3 pro-
panesulphonate (DMPS) to manage acute oral poisoning by le-
thal dose of arsenic trioxide. Int J Occup Med Environ Health
1996; 9: 111–115. 

3. Wax PM, Thornton CA. Recovery from severe arsenic-induced
peripheral neuropathy with 2,3-dimercapto-1-propanesulphonic
acid. J Toxicol Clin Toxicol 2000; 38: 777–80. 

4. Guha Mazumder DN, et al. Randomized placebo-controlled trial
of 2,3-dimercapto-1-propanesulfonate (DMPS) in therapy of
chronic arsenicosis due to drinking arsenic-contaminated water.
J Toxicol Clin Toxicol 2001; 39: 665–74.

Lead poisoning. Unithiol may be used in lead poisoning, al-
though other chelators are generally preferred (see Treatment of
Adverse Effects under Lead, p.2332). In a study of 12 children1

it reduced lead concentrations in blood but did not affect the con-
centrations of copper or zinc in plasma, although the urinary ex-
cretion of lead, copper, and zinc was increased during treatment.
1. Chisolm JJ, Thomas DJ. Use of 2,3-dimercaptopropane-1-sul-

fonate in treatment of lead poisoning in children. J Pharmacol
Exp Ther 1985; 235: 665–9.

Mercury poisoning. Unithiol is used in poisoning with mercu-
ry and mercury salts (see Treatment of Adverse Effects under
Mercury, p.2342) and has been given by various routes. In 7 pa-
tients with poisoning due to mercury vapour or mercuric oxide,
unithiol 100 mg given twice daily by mouth for up to 15 days

enhanced urinary elimination of mercury;1 the urinary elimina-
tion of copper and zinc was also increased in most patients and 2
developed skin rashes. A dose of 5 mg/kg intramuscularly three
times daily, reduced to once daily by the third day of treatment,
effectively reduced the half-life of mercury in the blood after poi-
soning with methylmercury.2 A patient with severe mercuric
chloride poisoning was treated successfully with unithiol given
intravenously for 4 weeks, then orally for 3 weeks.3 Unithiol has
also been used with haemofiltration in patients with inorganic
mercury poisoning and acute renal failure.4,5

1. Mant TGK. Clinical studies with dimercaptopropane sulphonate
in mercury poisoning. Hum Toxicol 1985; 4: 346. 

2. Clarkson TW, et al. Tests of efficacy of antidotes for removal of
methylmercury in human poisoning during the Iraq outbreak. J
Pharmacol Exp Ther 1981; 218: 74–83. 

3. Toet AE, et al. Mercury kinetics in a case of severe mercuric
chloride poisoning treated with dimercapto-1-propane sulpho-
nate (DMPS). Hum Exp Toxicol 1994; 13: 11–16. 

4. Pai P, et al. Treatment of a case of severe mercuric salt overdose
with DMPS (dimercapo-1-propane sulphonate [sic]) and contin-
uous haemofiltration. Nephrol Dial Transplant 2000; 15:
1889–90. 

5. Dargan PI, et al. Case report: severe mercuric sulphate poisoning
treated with 2,3-dimercaptopropane-1-sulphonate and haemodi-
afiltration. Crit Care 2003; 7: R1–R6.

Wilson’s disease. Unithiol 200 mg twice daily1 was used suc-
cessfully to maintain cupriuresis in a 13-year-old boy with Wil-
son’s disease (p.1459) after he developed systemic lupus during
treatment with penicillamine and with trientine dihydrochloride.
Unithiol was started in 2 similar patients1 but both withdrew
from treatment, one because of fever and a fall in leucocyte count
after a test dose and the other because of intense nausea and taste
impairment.
1. Walshe JM. Unithiol in Wilson’s disease. BMJ 1985; 290:

673–4.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Dimaval; Ger.: Dimaval; Mercuval.
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Colouring agents have long been used in foods and
cosmetics in an attempt to improve the appearance of
the product or subject. They are also used in medicinal
preparations for several reasons. These include im-
proving their acceptability to patients, giving drug for-
mulations a distinctive appearance to help identifica-
tion and prevent counterfeiting, and increasing the
stability of light-sensitive drugs. This chapter describes
colouring agents used in medicines and some used in
foods, cosmetics, and some medical devices including
contact lenses. Most countries restrict the nature and
extent of colouring agents used for such purposes.
Matters of concern that have received considerable
publicity include sensitivity reactions (see Tartrazine,
p.1473) and hyperactive behaviour in children (see be-
low). 

Colouring agents can be broadly categorised into syn-
thetic dyes and into natural agents (such as canthaxan-
thin, caramel, carmine, chlorophyll, cochineal, saffron,
and turmeric, all of which are described in this chap-
ter). Other compounds that may be used as cosmetic
colours or food colours (and which are themselves nat-
ural pigments of foodstuffs) are anthocyanins (E163)
and carotenoids. In this latter group are included bixin
and norbixin which are obtained from annatto, capsan-
thin (E160c) which is an extract of paprika, carotenes
(E160a) (see Betacarotene, p.1930), lycopene (E160d),
beta-apo-8′-carotenal (E160e), and the ethyl ester of
beta-apo-8′-carotenoic acid (E160f); lutein (E161b),
like canthaxanthin, can be classified either as a carote-
noid or as a xanthophyll. 

Other agents described elsewhere in Martindale that
may be used as food colours include aluminium
(p.2254), gold (p.2316), indigo carmine (p.2324), pat-
ent blue V (p.2363), riboflavin (p.1977), silver
(p.2387), and titanium dioxide (p.1617).

Hyperactivity. The role of foods and food additives in hyper-
active behaviour (p.2148) has been debated for many years. 

A meta-analysis1 sought to evaluate whether artificial food col-
ours (including carmoisine, sunset yellow, and tartrazine) con-
tribute to the symptomatology of childhood hyperactivity in chil-
dren already diagnosed with hyperactive syndromes. For the
primary analysis only double-blind placebo-controlled trials
were evaluated. Overall, the results supported the hypothesis that
such food colours promote hyperactivity in hyperactive children
as measured on behavioural ratings. However, caution was ad-
vised about making any clinical recommendations. The restric-
tions needed for a colour-free diet may be too much of a burden
on the children and their families. Also, there is a need to find out
more about the biology of artificial food colours and to ascertain
whether responses depend on an allergic or pharmacological
mechanism. A further study2 in a more general population of
children also found that mixtures of food additives including
food colourings were associated with an increase in hyperactivi-
ty, although the European Food Safety Authority considered3

that the results of the study were not conclusive enough to neces-
sitate a change in the approved daily intakes for the additives in-
volved.

1. Schab DW, Trinh NH. Do artificial food colors promote hyper-
activity in children with hyperactive syndromes? A meta-analy-
sis of double-blind placebo-controlled trials. J Dev Behav Pedi-
atr 2004; 25: 423–34. 

2. McCann D, et al. Food additives and hyperactive behaviour in 3-
year-old and 8/9-year-old children in the community: a ran-
domised, double-blinded, placebo-controlled trial. Lancet 2007;
370: 1560–7. Correction. ibid.; 1542. 

3. European Food Safety Authority. Assessment of the results of the
study by McCann et al. (2007) on the effect of some colours and
sodium benzoate on children’s behaviour: scientific opinion of the
Panel on Food Additives, Flavourings, Processing Aids and Food
Contact Materials (AFC). Available at: http://www.efsa.europa.eu/
EFSA/Scientific_Opinion/afc_ej660_McCann_study_sum_en.pdf
(accessed 04/07/08)

Allura Red AC
CI Food Red 17; Colour Index No. 16035; E129; FD & C Red
No. 40; Rojo allura AC. Disodium 6-hydroxy-5-(6-methoxy-4-
sulphonato-m-tolylazo)naphthalene-2-sulphonate.
Красный Очарователь
C18H14N2Na2O8S2 = 496.4.
CAS — 25956-17-6.

Profile
Allura red AC is used as a colouring agent in drugs, cosmetics,
and foodstuffs.

Amaranth
Amarant; Amaranto; Bordeaux S; CI Acid Red 27; CI Food Red
9; Colour Index No. 16185; E123; formerly FD & C Red No. 2;
Naphtol Rot S. It consists mainly of trisodium 3-hydroxy-4-(4-sul-
phonato-1-naphthylazo)naphthalene-2,7-disulphonate.
Амарант
C20H11N2Na3O10S3 = 604.5.
CAS — 915-67-3.

NOTE. The name amaranth is also used to refer to a number of spe-
cies of plant in the genus Amaranthus, some of which have been
used as a source of dyes.
Profile
Amaranth is used as a colouring agent in medicines, foodstuffs,
and cosmetics.
Carcinogenicity. Although some evidence of carcinogenicity
was found in early animal studies, subsequent work failed to
confirm these findings and in the UK amaranth is considered
suitable for use as a food colour.1
1. MAFF. Food advisory committee: final report on the review of

the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987.

Annatto
CI Natural Orange 4; Colour Index No. 75120; E160(b).
Аннато
CAS — 1393-63-1.

Bixin
E160(b). Methyl (9-cis)-hydrogen-6,6′-diapo-ψ,ψ-carotenedio-
ate.
Биксин
C25H30O4 = 394.5.
CAS — 6983-79-5.

Norbixin
E160(b). 6,6′-Diapo-ψ,ψ-carotenedioic acid.
Норбиксин
C24H28O4 = 380.5.
CAS — 542-40-5.

Profile
Annatto is a colouring agent extracted from the seeds of Bixa
orellana. It and its derivatives, the carotenoids bixin and norbix-
in, are used to colour foods, drugs, and cosmetics. 
Bixin and norbixin exist in both cis- and trans- forms, with the
cis- forms being the major colouring components.

Hypersensitivity. Hypersensitivity reactions to annatto have
been reported rarely. A single case of anaphylaxis has been re-
ported in a male patient, after consumption of cereal coloured
with annatto.1 Sensitivity was confirmed with a skin test. The
design of several oral challenge studies using annatto has been
criticised in a literature review.2 However, the authors of the re-
view acknowledge that annatto may cause rare but severe reac-
tions in some patients, and may worsen the symptoms of patients
with recurrent urticaria.
1. Nish WA et al. Anaphylaxis to annatto dye: a case report. Ann

Allergy 1991; 66: 129–31. 
2. Lucas CD et al. The role of natural color additives in food aller-

gy. Adv Food Nutr Res 2001; 43: 195–216.

Beetroot Red
Beet Red; E162; Rojo de remolacha.

Свекольный Красный
CAS — 7659-95-2 (betanine).

Profile
Beetroot red is obtained from the roots of red beets, Beta vulgaris
var. rubra (Chenopodiaceae). The main colouring principle con-
sists of betacyanins of which betanine is the main constituent.
Beetroot red is used as a colouring agent for drugs, foodstuffs,
and cosmetics.

Black PN
Brilliant Black BN; Brilliant Black PN; CI Food Black 1; Colour In-
dex No. 28440; E151; Negro brillante BN; Negro PN; Noir Bril-
lant BN. It consists mainly of tetrasodium 4-acetamido-5-hy-
droxy-6-[7-sulphonato-4-(4-sulphonatophenylazo)-1-naphthyla-
zo]naphthalene-1,7-disulphonate.

Бриллиантовый Чёрный PN; Чёрный Блестящий PN
C28H17N5Na4O14S4 = 867.7.
CAS — 2519-30-4.

Profile
Black PN is used as a colouring agent in medicines, cosmetics,
and foods.

Bordeaux B
Azorubrum; Burdeos B; CI Acid Red 17; Colour Index No.
16180. It consists mainly of disodium 3-hydroxy-4-(1-naphthyla-
zo)naphthalene-2,7-disulphonate.

Кислотный Бордо
C20H12N2Na2O7S2 = 502.4.
CAS — 5858-33-3.
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Profile
Bordeaux B was formerly used as a colouring agent for medi-
cines and foods but has been replaced by other colours.

Brilliant Blue FCF
Azul brillante FCF; Blue EGS; CI Acid Blue 9; CI Food Blue 2; Col-
our Index No. 42090; E133; FD & C Blue No. 1; Patent Blue AC.
Disodium 4′,4′′-bis(N-ethyl-3-sulphonatobenzylamino)triphenyl-
methylium-2-sulphonate.
Бриллиантовый Голубой FCF; Синий Блестящий FCF
C37H34N2Na2O9S3 = 792.8.
CAS — 3844-45-9.

Profile
Brilliant blue FCF is used as a colouring agent in medicines, cos-
metics, and foodstuffs. The parent compound, brilliant blue, is
under investigation as a stain in ophthalmology.
Enteral feeds. Blue colourings such as brilliant blue FCF have
been added to enteral feeds to aid the detection of pulmonary as-
piration but such use has been associated with toxic effects. Blue
discoloration of the skin, initially attributed to cyanosis, has been
reported1 in a child who received a large quantity of brilliant blue
FCF as a colouring in an enteral feed. Abnormal systemic ab-
sorption of the dye has also been reported2 in 2 critically ill pa-
tients, both of whom subsequently died. As of September 2003
the FDA was aware of 20 cases of blue discoloration of body
fluids and skin associated with the use of blue dyes, including 12
fatalities.3 Most cases occurred in patients with a history of sep-
sis, suggesting that altered intestinal permeability could be a fac-
tor.
1. Zillich AJ, et al. Skin discoloration with blue food colouring.

Ann Pharmacother 2000; 34: 868–70. 
2. Lucarelli MR, et al. Toxicity of Food Drug and Cosmetic Blue

No. 1 dye in critically ill patients. Chest 2004; 125: 793–5. 
3. Anonymous. Blue discoloration and death from FD&C Blue No.

1. WHO Drug Inf 2003; 17: 239–40.

Brown FK
Chocolate Brown FK; CI Food Brown 1; E154; Marrón FK. A mix-
ture of 6 azo dyes: sodium 2′,4′-diaminoazobenzene-4-sulpho-
nate; sodium 2′,4′-diamino-5′-methylazobenzene-4-sulphonate;
disodium 4,4′-(4,6-diamino-1,3-phenylenebisazo) dibenzenesul-
phonate; disodium 4,4′-(2,4-diamino-1,3-phenylenebisazo)
dibenzenesulphonate; disodium 4,4′-(2,4-diamino-5-methyl-1,3-
phenylenebisazo) dibenzenesulphonate; trisodium 4,4′,4″-(2,4-
diaminobenzene-1,3,5-triazo)tribenzenesulphonate.
Коричневый FK
CAS — 8062-14-4.

Profile
Brown FK is used as a colouring agent for foodstuffs.

Brown HT
Chocolate Brown HT; CI Food Brown 3; Colour Index No.
20285; E155; Marrón HT. Disodium 4,4′-(2,4-dihydroxy-5-hy-
droxymethyl-1,3-phenylenebisazo)di(naphthalene-1-sulpho-
nate).
Коричневый HT
C27H18N4Na2O9S2 = 652.6.
CAS — 4553-89-3.

Profile
Brown HT is used as a colouring agent for drugs and foodstuffs.

Canthaxanthin
Cantaxantina; Canthaxantinum; CI Food Orange 8; Colour Index
No. 40850; E161(g); Kantaksantiini; Kantaxantin. β,β-Carotene-
4,4′-dione.
Кантаксантин
C40H52O2 = 564.8.
CAS — 514-78-3.

Profile
Canthaxanthin is a carotenoid but unlike betacarotene or β-apo-
8′-carotenal it has no vitamin A activity. It has selected uses as a
food colouring and is given to salmon, trout, and poultry to col-
our their flesh, and to laying hens to colour the yolks of their
eggs. It is also used to colour drugs and cosmetics. 
Canthaxanthin has also been given orally to produce an artificial
suntan, and as an adjunct to betacarotene in the management of
erythropoietic protoporphyria (see Porphyrias under Haem De-
rivatives, p.1448). Such use has led to retinal deposits and in
some cases to impairment of vision.
Adverse effects. Canthaxanthin has been associated with reti-
nal changes involving accumulation of bright yellow particles
around the macula (‘gold speck’ maculopathy), and alterations in
eye function and visual deterioration have occurred.1,2 Although
these reports have related to oral use either for the production of
an artificial tan by means of pigment deposition in the skin or for
the medical treatment of erythropoietic protoporphyria, there has
been concern about the use of canthaxanthin as a food colouring,
and it was suggested that it should be restricted to use as a feed
additive for farmed salmon and trout in order to produce a color-
ation of the fish flesh.1 The results of long-term toxicity studies
in animals have led to concern2 about the potential for hepatotox-
icity. However, subsequent studies failed to confirm hepatotox-
icity in humans and it is now allowed as a food colouring,3 al-
though its uses are restricted in some countries. 
There has also been a report of fatal aplastic anaemia in a patient
who took canthaxanthin in order to produce an artificial tan.4
1. MAFF. Food advisory committee: final report on the review of

the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987. 

2. FAO/WHO. Evaluation of certain food additives and contami-
nants: thirty-fifth report of the joint FAO/WHO expert committee
on food additives. WHO Tech Rep Ser 789 1990. Also available at:
http://libdoc.who.int/trs/WHO_TRS_789.pdf (accessed 25/05/07) 

3. FAO/WHO. Evaluation of certain food additives and contami-
nants: forty-fourth report of the joint FAO/WHO expert committee
on food additives. WHO Tech Rep Ser 859 1995. Also available at:
http://libdoc.who.int/trs/WHO_TRS_859.pdf (accessed 25/05/07) 

4. Bluhm R, et al. Aplastic anemia associated with canthaxanthin
ingested for ‘tanning’ purposes. JAMA 1990; 264: 1141–2.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Bronzearte.
Multi-ingredient: Arg.: Bronsul; Sol Bronce Vital.

Caramel
Burnt Sugar; Caramelo; Sacch. Ust.; Saccharum Ustum.
Жжёный Сахар; Сахарный Колер
CAS — 8028-89-5.
Pharmacopoeias. In USNF. 
USNF 26 (Caramel). A concentrated solution of the product ob-
tained by heating sugar or glucose until the sweet taste is de-
stroyed and a uniform dark brown mass results, a small amount
of alkali or of alkaline carbonate or a trace of mineral acid being
added while heating. It is a thick, dark brown liquid, having the
characteristic odour of burnt sugar, and a pleasant bitter taste.
One part dissolved in 1000 parts of water yields a clear solution
having a distinct yellowish-orange colour. The colour of this so-
lution is not changed and no precipitate is formed after exposure
to sunlight for 6 hours. When spread as a thin layer on a glass
plate, it appears homogeneous, reddish-brown, and transparent.
Miscible with water; immiscible with ether, with chloroform,
with acetone, with petroleum spirit, and with benzene; soluble in
dilute alcohol up to 55%. Store in airtight containers.
Profile
Caramels are used in foods, drugs, and cosmetics to produce pale
yellow to dark brown colours. They have no calorific value.
They are complex mixtures of compounds prepared by heating
carbohydrates (food-grade sweeteners consisting of glucose,
fructose, or polymers of these) either alone or in the presence of
acids or alkalis (food-grade citric or sulfuric acids or calcium,

potassium, or sodium hydroxides, or mixtures of these). The car-
amels can be classified according to the reactants used in the
manufacturing process: 
Class I (E150a, plain caramel, spirit caramel, or caustic caramel);
no ammonium or sulfite compounds are used. 
Class II (E150b or caustic sulfite caramel); sulfite compounds
used but not ammonium compounds. 
Class III (E150c, ammonia caramel, or beer caramel); ammoni-
um compounds used but not sulfite compounds 
Class IV (E150d, sulfite ammonia caramel, or soft-drink cara-
mel); both ammonium and sulfite compounds used. 
Some caramels also have flavouring properties.

Carbazole Violet
Colour Index No. 51319; Pigment Violet 23. 8,18-Dichloro-5,15-
diethyl-5,15-dihydrodiindolo(3,2-b:3′,2′-m)triphenodioxazine.

Фиолетовый Карбазол
C34H22Cl2N4O2 = 589.5.
CAS — 6358-30-1.

Profile
Carbazole violet is a colouring agent used in cosmetics and con-
tact lenses.

Carmine
Carmín; CI Natural Red 4; Cochineal Carmine; Colour Index No.
75470; E120.

Кармин
CAS — 1390-65-4.

Profile
Carmine is an aluminium lake of the colouring matter of cochi-
neal (p.1471). It contains carminic acid, an anthraquinone glyco-
side. Unless precautions are taken during manufacture and trans-
port to prevent contamination, carmine may be infected with
salmonella micro-organisms. 
Carmine and some of its salts are used as colouring agents in
medicines, foodstuffs, and cosmetics. 
Carmine passes through the gastrointestinal tract unchanged and
has been used as a faecal ‘marker’.

Hypersensitivity. By February 2004 the FDA was aware of 35
cases of hypersensitivity to carmine, carminic acid, or cochineal
extract published in the scientific and medical literature and/or
reported directly to the FDA. Hypersensitivity reactions to car-
mine, carminic acid, or cochineal extract included contact der-
matitis (4 cases), urticaria/angioedema (9), occupational asthma
(10), and systemic anaphylaxis (12). In more than half of these
reports, there was evidence of an IgE-mediated diagnostic re-
sponse. The adverse effects included allergic reactions to foods
containing carmine and cochineal extract, occupational asthma
from exposure to carmine, and allergic reactions to topically ap-
plied cosmetics containing carmine. 
The FDA concluded that carmine and cochineal extract may
cause potentially severe allergic responses and proposed that
food and cosmetic labelling be enhanced; a declaration of inac-
tive ingredients in drugs was already in force.1
1. Fed Regist 2006; 71: 4839–51. Available at:

http://www.cfsan.fda.gov/~lrd/fr060130.html (accessed 16/11/06)

Carmoisine
Azorrubina; Azorubine; Carmoisina; CI Food Red 3; Colour In-
dex No. 14720; E122. It consists mainly of disodium 4-hydroxy-
3-(4-sulphonato-1-naphthylazo)naphthalene-1-sulphonate.

Кармуазин
C20H12N2Na2O7S2 = 502.4.
CAS — 3567-69-9.

Profile
Carmoisine is used as a colouring agent in foods, medicines, and
cosmetics. It has also been investigated clinically as a stain, to aid
visualisation of malignant neoplasms of the skin during surgery.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Chlorophyll
CI Natural Green 3; Clorofila; Colour Index No. 75810; E140
(chlorophylls or chlorophyllins).

Хлорофилл

CAS — 479-61-8 (chlorophyll a); 519-62-0 (chlorophyll b).

Chlorophyllin Copper Complex Sodium
Clorofilina cúprica, complejo sódico de.

Медного Комплекса Хлорофиллина Натриевая Соль

Pharmacopoeias. In US. 
USP 31 (Chlorophyllin Copper Complex Sodium). It contains
sodium salts of copper-chelated chlorophyll derivatives, but no
artificial colouring. Store in airtight containers. Protect from
light.

Profile
Chlorophyll is a green photosynthetic pigment found in plants, al-
gae, and cyanobacteria (blue-green algae). There are four closely re-
lated forms of chlorophyll. Chlorophyll a (C55H72MgN4O5 = 893.5)
and chlorophyll b (C55H70MgN4O6 = 907.5) are found in plants
and some types of algae; chlorophyll c, further subdivided into
chlorophyll c1 (C35H30MgN4O5 = 610.9) and chlorophyll c2
(C35H28MgN4O5 = 608.9), is found in some types of algae; and
chlorophyll d (C54H70MgN4O6 = 895.5) is found in some types
of algae and in cyanobacteria. 
Oil-soluble chlorophyll derivatives. Replacement of the magne-
sium atom in the chlorophylls by 2 hydrogen atoms using dilute
mineral acids produces olive-green water-insoluble phaeo-
phytins. Copper phaeophytins (sometimes called copper chloro-
phyll complex; E141) can be formed; these are more stable to
acids and to light than the chlorophylls. 
Water-soluble chlorophyll derivatives. When the chlorophylls
are hydrolysed with alkali, phytyl alcohol and methyl alcohol are
split off and green water-soluble chlorophyllins are formed as the
potassium or sodium salts. Similar water-soluble compounds can
be prepared in which the magnesium is replaced by copper to
give copper chlorophyllin complex (E141). 
Chlorophylls and chlorophyllins, as well as the copper complex-
es of these compounds, are used mainly as colouring agents, in
foods, medicines, and cosmetics. 
Chlorophyll is used clinically, as an external application in the
treatment of wounds and ulcers, and as a mouthwash. There is no
clear evidence that it accelerates healing but it is considered to
have a deodorant action. Chlorophyllin and copper chlorophyllin
complex are used similarly. Chlorophyll is also used as a dietary
supplement.

Preparations

Proprietary Preparations (details are given in Part 3)
USA: Chloresium; Derifil; Pals.

Multi-ingredient: Arg.: Fanaletas; Notoxin; Palan†; Braz.: Broncopinol†;
Emoform Clorofila; Eucaliptan†; Mentozil†; Salimetin†; Ger.: Chlorophyl liq-
uid "Schuh"†; Chlorophyllin Salbe "Schuh"†; Ginseng-Complex "Schuh"†;
Stomasal Med†; Hong Kong: Epilon; Indon.: Methaphyllin; Spain:
Odontocromil c Sulfamida†; Vitavox Pastillas†; Thai.: Sanaco†; UK: Chlo-
rophyll; USA: AllanEnzyme; AllanfillEnzyme; Fresh-N-Free; Gladase-C; Pan-
afil; Prophyllin; Wound Cleanser; Ziox.

CI Solvent Yellow 18
CI Food Yellow 12; Colour Index No. 12740. 4-[(2,4-Dimethyl-
phenyl)azo]-2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one.

C18H18N4O = 306.4.
CAS — 6407-78-9.

Profile
CI Solvent Yellow 18 is a colouring agent used in contact lenses.

CI Vat Orange 1
Colour Index No. 59105. Dibromo-dibenzo (b,def) chrysene-
7,14-dione.
CI Кубовый Оранжевый 1
C24H10Br2O2 = 490.1.
CAS — 1324-11-4.

Profile
CI Vat Orange 1 is a colouring agent used in contact lenses.

Citranaxanthin
Citranaxantina; Elbli.
C33H44O = 456.7.
CAS — 3604-90-8.

Profile
Citranaxanthin is a colouring agent used in animal feeds, to col-
our the fat of poultry and the egg-yolks of laying hens. It has
vitamin A activity.

Citrus Red 2
CI Solvent Red 80; Colour Index No. 12156. 1-(2,5-Dimethoxy-
phenylazo)-2-naphthol.
Цитрусовый Красный 2
C18H16N2O3 = 308.3.
CAS — 6358-53-8.

Profile
Citrus Red 2 is a colouring agent used in foods.

Cochineal
CI Natural Red 4; Coccionella; Coccus; Coccus Cacti; Cochinilla;
Colour Index No. 75470; E120.
Кошениль
CAS — 1343-78-8.
Pharmacopoeias. In Br. 
BP 2008 (Cochineal). The dried female insect, Dactylopius coc-
cus containing eggs and larvae. It has a characteristic odour. It
complies with a test for contamination with Escherichia coli and
salmonellae.
Profile
Cochineal, which is a source of carmine, is used as a red colour-
ing agent in food, medicines, and cosmetics. 
There have been reports of sensitivity reactions including anaph-
ylaxis, after use of products containing cochineal (see Hypersen-
sitivity in Carmine, p.1470). 
Homoeopathy. Cochineal has been used in homoeopathic
medicines under the following names: Coccus cacti; Dactylopius
coccus; Coc. c.

Curcumin
Colour Index No. 75300; Curcumina; E100; Kurkum; Kurkumina;
Turmeric Yellow. 1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-
diene-3,5-dione.
Куркумин
C21H20O6 = 368.4.
CAS — 458-37-7.

Profile
Curcumin is the main colouring component of turmeric (p.1473).
It is used as a colouring agent for drugs, foodstuffs, and cosmet-
ics. It is also thought to be responsible for many of the pharma-
cological properties for which turmeric is under investigation
(see p.1473).
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Well-Beeing†; Ital.: Depatox.

Eosin
CI Acid Red 87; Colour Index No. 45380; D & C Red No. 22;
Eosin Y; Eosina; Éosine Disodique. The disodium salt of
2′,4′,5′,7′-tetrabromofluorescein .
Эозин
C20H6Br4Na2O5 = 691.9.
CAS — 548-26-5; 17372-87-1.
ATC — D08AX02.
ATC Vet — QD08AX02.
Pharmacopoeias. In Fr.
Profile
Eosin has been incorporated in solution-tablets to give a distinc-
tive colour to solutions prepared from them. It is also used in
cosmetics. 

Eosin has been used as a topical antiseptic in nappy rash, burns
and other skin conditions, although other drugs are usually pre-
ferred.
Adverse effects. Contact dermatitis to eosin was seen relative-
ly frequently between the 1920s and 1940s when it was a com-
mon colour in lipsticks. Fewer reports of hypersensitivity have
occurred since then: changing fashions in cosmetic colours have
reduced use of eosin and, if used, a purer grade and lower con-
centrations are now usually employed. However, cases of derma-
titis after topical application of antiseptic preparations containing
eosin were noted in the 1980s and 1990s. One report1 suggested
that an impurity might be responsible but another2 implicated
eosin itself after patch tests were performed with various prod-
ucts and pure tetrabromofluorescein.
1. Tomb RR. Allergic contact dermatitis from eosin. Contact Der-

matitis 1991; 24: 27–9. 
2. Koch P, et al. Allergic contact dermatitis from purified eosin.

Contact Dermatitis 1995; 32: 92–5.

Erythrosine
CI Food Red 14; Colour Index  No. 45430; E127; Eritrosin BS;
Eritrosina; Erythrosine BS; Erythrosine Sodium; FD & C Red No.
3. The monohydrate of the disodium salt of 2′,4′,5′,7′-tetraiod-
ofluorescein .
Эритрозин
C20H6I4Na2O5,H2O = 897.9.
CAS — 568-63-8 (anhydrous er ythrosine sodium); 16423-
68-0 (anhydrous er ythrosine sodium); 49746-10-3 (er yth-
rosine sodium monohydrate).

(anhydrous er ythrosine sodium)

Profile
Erythrosine is used as a colouring agent for medicines, foods,
and cosmetics. It is also used as a disclosing agent for plaque on
teeth.
◊ Although early animal studies had indicated that erythrosine
might have an adverse effect on the thyroid gland, a review1 of
the evidence and later studies, suggested that erythrosine was not
genotoxic or mutagenic and was suitable for use as a food colour.
Similarly, no evidence was found to support restricting its use in
pharmaceutical products.2
1. MAFF. Food advisory committee: final report on the review of

the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987. 

2. European Commission. Opinion on toxicological data on colour-
ing agents for medicinal products: erythrosin, adopted by the
Scientific Committee on Medicinal Products and Medical Devic-
es on 21 October 1998. Available at: http://ec.europa.eu/
health/ph_risk/committees/scmp/docshtml/scmp_out08_en.htm
(accessed 04/07/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Revelplac; Austral.: Disclo-Gel; Disclo-Tabs; UK: Ceplac.
Multi-ingredient: Arg.: Revelplac 2001.

Ferric Oxide
Demir Oksitler; E172 (iron oxides or hydroxides); Hierro, óxido
de.
Оксид Железа
CAS — 51274-00-1; 1309-37-1.
Pharmacopoeias. Chin. includes red, black, brown, purple,
and yellow ferric oxide. It. includes both red and yellow ferric
oxide. USNF allows the basic colours of red or yellow ferric ox-
ide or mixtures of these. 
USNF 26 (Ferric Oxide). A powder exhibiting two basic col-
ours (red and yellow), or other shades produced on blending the
basic colours. Insoluble in water and in organic solvents; dis-
solves in hydrochloric acid upon warming, a small amount of in-
soluble residue usually remaining.
Profile
Ferric oxide is used for colouring medicines, contact lenses, cos-
metics, and foodstuffs.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Port.: Filter Oil Free†.
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Green S
Acid Brilliant Green BS; Acid Green S; CI Food Green 4; Colour
Index No. 44090; E142; Lissamine Green; Verde Brillante BS;
Verde Lisamina; Verde S; Wool Green B; Yeşil S. Sodium 1-[4-
dimethylamino-α-(4-dimethyliminiocyclohexa-2,5-dienyli-
dene)benzyl]-2-hydroxynaphthalene-3,6-disulphonate.
Зелёный S
C27H25N2NaO7S2 = 576.6.
CAS — 3087-16-9.

Profile
Green S is used as a colouring agent in medicines, cosmetics, and
foodstuffs.
◊ Studies in animals indicated that there is some absorption of
green S and caecal enlargement but it was considered that there
is a very large margin of safety between the highest estimated
human intake of green S of 130 micrograms daily and the level
at which changes were seen in animal studies (500 mg/kg daily).
It was recommended that the use of green S in food is accepta-
ble.1
1. MAFF. Food advisory committee: final report on the review of

the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987.

Logwood
CI Natural Black 1; Colour Index No. 75290.
Кампешевое Дерево (Haematoxylon campechianum)
CAS — 8005-33-2.

Profile
Logwood extract is a colouring agent derived from the logwood
tree, Haematoxylum (Haematoxylon) campechianum. The log-
wood extract haematoxylin is used mainly as a histological stain.
It is also used for colouring non-absorbable sutures.

Orange B
CI Acid Orange 137; Colour Index No. 19235. The disodium salt
of 1-(4-Sulfophenyl)-3-ethylcarboxyl-4-(4-sulfonaphthylazo)-5-
hydroxypyrazole.
Оранжевый B
C22H16N4Na2O9S2 = 590.5.
CAS — 15139-76-1.

Profile
Orange B is a colouring agent used in foods.

Pigment Rubine
Brilliant Carmine 6B; Carmine 6B; CI Pigment Red 57; Colour In-
dex No. 15850; E180; FD & C Red No. 7; Lithol Rubine BK;
Litholrubine BK; Litholrubintoner BKL; Litolrubina BK; Permanent
Rubin L6B; Pigmento rubí; Rubinpigment. Calcium 3-hydroxy-4-
(4-methyl-2-sulfonatophenylazo)-2-naphthalene carboxylate.
Рубиновый Литол BK
C18H12CaN2O6S = 424.4.
CAS — 5281-04-9.

Profile
Pigment rubine is used as a colouring agent for foodstuffs and
cosmetics.

Ponceau 4R
Brilliant Ponceau 4RC; Brilliant Scarlet; CI Food Red 7; Coccine
Nouvelle; Cochineal Red A; Colour Index No. 16255; E124;
Punzó 4R; Rojo de cochinilla A; Rouge Cochenille A. Trisodium
7-hydroxy-8-(4-sulphonato-1-naphthylazo)naphthalene-1,3-di-
sulphonate.
Понсо 4R; Пунцовый 4R
C20H11N2Na3O10S3 = 604.5.
CAS — 2611-82-7.

Profile
Ponceau 4R is used as a colouring agent in medicines, cosmetics,
and foods. Sensitivity reactions have been reported.

Quinoline Yellow
Amarillo de quinoleína; Canary Yellow; CI Acid Yellow 3; CI Food
Yellow 13; Colour Index No. 47005; E104; Jaune de Quinoléine;
Kinolin Sarisi; Tartrazin. It consists essentially of sodium salts of a
mixture of disulfonates (principally), monosulfonates, and trisul-
fonates of 2-(2-quinolyl)-1,3-indandione or a mixture containing
about two-thirds of 2-(2-quinolyl)-1,3-indandione and one-third
of 2-[2-(6-methyl-quinolyl)]1,3-indandione.
Жёлтый Хинолиновый
CAS — 8004-92-0 (unmethylated disulfonic acids).

(disulfonate)

NOTE. D & C yellow No. 10 has been used as a synonym for qui-
noline yellow, but describes a mixture consisting mainly of a
monosulfonate.
Profile
Quinoline yellow is used as a colouring agent in medicines, cos-
metics, and foodstuffs.
Hypersensitivity. A severe urticarial reaction1 in a patient has
been attributed to quinoline yellow.
1. Bell T. Colourants and drug reactions. Lancet 1991; 338: 55–6.

Raspberry
Framboise; Frambuesa; Fructus Rubi Idaei; Himbeer.
Малина
CAS — 8027-46-1.

Profile
Raspberry, the fresh ripe fruit of Rubus idaeus (Rosaceae), is
used as a colouring and flavouring agent in medicines and food-
stuffs.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: IgeE.

Red Cherry
Cerasus; Cerise Rouge; Rojo cereza; Sour Cherry.
Вишня Кислая

Pharmacopoeias. USNF includes cherry juice. 
Fr. includes, under the title Griottier, cherry stalks from either the
red (sour) cherry, Prunus cerasus, or from the sweet cherry, P.
avium. 
USNF 26 (Cherry Juice). The liquid expressed from the fresh
ripe fruit of Prunus cerasus (Rosaceae). It contains not less than
1.0% of malic acid. pH 3.0 to 4.0. Store in airtight containers.
Protect from light.
Profile
Red cherry is used as a colouring and flavouring agent.
Inflammation. A small placebo-controlled crossover study1 in-
dicated that some symptoms of muscle damage induced by ec-
centric exercise (pain and strength loss) could be reduced by
drinking cherry juice. It was suggested that anthocyanins and fla-

vonoids present in tart cherry juice might have anti-inflammato-
ry properties.
1. Connolly DAJ, et al. Efficacy of a tart cherry juice blend in pre-

venting the symptoms of muscle damage. Br J Sports Med 2006;
40: 679–83.

Preparations
USNF 26: Cherry Syrup.
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Vitamina C-Complex; Fr.: Evacrine; Switz.: Dro-
sana Resiston avec vitamine C.

Red 2G
Acid Red 1; Azogeranina; Azogeranine; CI Food Red 10; Colour
Index No. 18050; E128; Ext. D & C Red No. 11; Geranine 2G;
Rojo 2G. Disodium 5-acetamido-4-hydroxy-3-phenylazonaph-
thalene-2,7-disulphonate.
Красный 2G
C18H13N3Na2O8S2 = 509.4.
CAS — 3734-67-6.

Profile
Red 2G may be used as a colouring agent in cosmetics. It has also
been employed as a food colour but this use was suspended in the
EU in 2007 on the basis that its main metabolite, aniline, has both
genotoxic and carcinogenic effects in rodents.

Red-Poppy Petal
Aguonų birulių žiedai; Coquelicot; Coquelicot, pétales de; Corn
Poppy Petal; Klatschrose; Kornvallmo, kronblad; Květ máku vlčího;
Papaveris rhoeados flos; Pétalos de amapola; Rhoead. Pet.; Rho-
eados Petalum; Unikonkukan terälehdet.
Мака Самосейки Лепестки

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Red Poppy Petals). The dried, whole or fragmented
petals of Papaver rhoeas.
Profile
Red-poppy petal has been used as a colouring agent. It is also
included in several herbal preparations.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Fr.: Nocvalene†; Ital.: Altuss; Gastrotuss; Switz.:
Baume†; Pectosan N†; Pommade au Baume; Tisane pectorale et antitussive.

Red-Rose Petal
Fleur de Rose; Flos Rosae; Pétalos de rosa; Red Rose Petals; Ros.
Pet.; Rosae Gallicae Petala; Rosae Petalum; Rose Rouge; Rosen-
blüte.
Лепестки Розы

Pharmacopoeias. In Fr.
Profile
Red-rose petal, the petals of the red or Provins rose, Rosa gallica
(Rosaceae), has been used as a colouring agent and for its mild
astringent properties.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Arg.: Expectosan Hierbas y Miel; Fr.: Ophtalmine;
Spain: Natusor Infenol†.

Saffron
Açafrão; Azafrán; CI Natural Yellow 6; Colour Index No. 75100;
Croci stigma; Crocus; Estigmas de Azafrán; French Saffron; Kes-
har; Saffran; Safraan; Safran; Sahrami; Spanish Saffron.
Шафран

NOTE. Do not confuse with the meadow saffron (Colchicum au-
tumnale), the source of colchicum (p.558) and colchicine
(p.556), or Indian saffron, which is a name sometimes used for
Turmeric (p.1473).
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Pharmacopoeias. In Chin. and Jpn. 
Eur. (see p.vii) includes Saffron for Homoeopathic Preparations. 
Ph. Eur. 6.2 (Saffron for Homoeopathic Preparations). The dried
stigmas of Crocus sativus usually joined by the base to a short
style. It has a characteristic, aromatic odour. Protect from light.

Profile
Saffron consists of the dried stigmas and tops of the styles of
Crocus sativus (Iridaceae), containing crocines, crocetins, and
picrocrocine. Saffron is used to colour medicines, foods, and cos-
metics. It is also used as a flavouring agent. Saffron has been
included in preparations for teething pain. It is being investigated
for the treatment of depression. There have been reports of poi-
soning with saffron, but in some cases these may have been due
to meadow saffron, Colchicum autumnale. 
Homoeopathy. Saffron has been used in homoeopathic medi-
cines under the following names: Croci stigma; Crocus sativus;
Crocus; Croc. s.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Cz.: Dr Theiss Rheuma Creme†; Dr Theiss Schweden
Krauter ; Dr Theiss Schwedenbitter ; Ger.: Infi-tract†; Rus.: Tentex
(Тентекс); Spain: Dentol Topico; Dentomicin.

Sunset Yellow FCF
Amarillo anaranjado S; Amarillo ocaso FCF; CI Food Yellow 3;
Colour Index No. 15985; Crelborange S; E110; FD & C Yellow
No. 6; Günbatimi Sarisi FCF; Jaune Orangé S; Jaune Soleil; Or-
ange Yellow S. Disodium 6-hydroxy-5-(4-sulphonatophenyla-
zo)naphthalene-2-sulphonate.

Жёлтый Солнечный Закат

C16H10N2Na2O7S2 = 452.4.
CAS — 2783-94-0.

Profile
Sunset yellow FCF is used as a colouring agent in foods, medi-
cines, and cosmetics. Sensitivity reactions have been reported.

Carcinogenicity. Although some evidence of carcinogenicity
was found in early animal studies subsequent work failed to con-
firm these findings and in the UK sunset yellow FCF is consid-
ered suitable for use as a food colour.1

1. MAFF. Food advisory committee: final report on the review of
the colouring matter in food regulations 1973. FdAC/REP/4.
London. HMSO, 1987.

Hypersensitivity. Hypersensitivity reactions including severe
abdominal cramps1 and Quincke’s oedema2 have been recorded
in individual patients receiving medication that was coloured
with sunset yellow FCF.
1. Gross PA, et al. Additive allergy: allergic gastroenteritis due to

yellow dye #6. Ann Intern Med 1989; 111: 87–8. 
2. Lévesque H, et al. Reporting adverse drug reactions by proprie-

tary name. Lancet 1991; 338: 393.

Tartrazine
CI Food Yellow 4; Colour Index No. 19140; E102; FD & C Yellow
No. 5; Jaune Tartrique; Tartracina; Tartrazin.; Tartrazina; Tartrazol
Yellow. It consists mainly of trisodium 5-hydroxy-1-(4-sulphonat-
ophenyl)-4-(4-sulphonatophenylazo)pyrazole-3-carboxylate.

Тартразин

C16H9N4Na3O9S2 = 534.4.
CAS — 1934-21-0.

Profile
Tartrazine is used as a colouring agent in foods, cosmetics, and
medicines. Some patients may experience sensitivity reactions.
Adverse Effects. There have been numerous reports of reac-
tions to tartrazine including angioedema, asthma, urticaria, and
anaphylactic shock. Some of the reports have dealt with cross-
sensitivity, especially with aspirin, although the connection with
aspirin has been questioned.1 A suggested incidence2 of tartra-
zine sensitivity is 1 in 10 000. The mechanism of the reactions
may not necessarily be immunological.3 
In considering the reports of tartrazine sensitivity or intolerance
the Food Advisory Committee in the UK1 reported that similar
evidence of intolerance might well be obtained for a variety of
natural food ingredients if as many studies were conducted on
them as on tartrazine. The Committee considered that tartrazine
posed no more problems than other colours or food ingredients
and recommended that the continued use of tartrazine in food
was acceptable. However, use of tartrazine in medicines appears
to be diminishing. 
A systematic review4 noted that there was no evidence that tar-
trazine makes asthma worse, nor did avoiding it make asthma
any better. 
Tartrazine has often been implicated in the aggravation of hyper-
active behaviour in children; for a discussion, see Hyperactivity,
p.1469.
1. MAFF. Food advisory committee: final report on the review of

the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987. 

2. Anonymous. Tartrazine: a yellow hazard. Drug Ther Bull 1980;
18: 53–5. 

3. Murdoch RD, et al. Tartrazine induced histamine release in vivo
in normal subjects. J R Coll Physicians Lond 1987; 21: 257–61. 

4. Ram FS, Ardern KD. Tartrazine exclusion for allergic asthma.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 4. Chichester: John Wiley; 2001 (accessed 18/04/07).

Turmeric
CI Natural Yellow 3; Cúrcuma; Indian Saffron.
Куркума; Турмерик
CAS — 458-37-7.

Pharmacopoeias. In Chin.
Profile
Turmeric, the dried rhizome of Curcuma longa (Zingiberaceae),
is used principally as a constituent of curry powders and other
condiments. Turmeric and its main ingredient curcumin (p.1471)
are used as yellow colouring agents in foods. Turmeric has also
been used as an ingredient of preparations indicated for biliary
and gastrointestinal disorders and has been promoted as an anti-
inflammatory. Turmeric is the source of turmeric oil. Turmeric is
a commonly used ayurvedic medicine. Other species of Curcu-
ma may be used similarly.
◊ Reviews of the properties of turmeric and curcumin.
1. Ammon HP, Wahl MA. Pharmacology of Curcuma longa. Planta

Med 1991; 57: 1–7. 
2. Grant KL, Schneider CD. Turmeric. Am J Health-Syst Pharm

2000; 57: 1121–2. 
3. Ringman JM, et al. A potential role of the curry spice curcumin

in Alzheimer’s disease. Curr Alzheimer Res 2005; 2: 131–6. 

4. Singh S, Khar A. Biological effects of curcumin and its role in
cancer chemoprevention and therapy. Anticancer Agents Med
Chem 2006; 6: 259–70. 

5. Menon VP, Sudheer AR. Antioxidant and anti-inflammatory
properties of curcumin. Adv Exp Med Biol 2007; 595: 105–25. 

6. Sharma RA, et al. Pharmacokinetics and pharmacodynamics of
curcumin. Adv Exp Med Biol 2007; 595: 453–70. 

7. Strimpakos AS, Sharma RA. Curcumin: preventive and thera-
peutic properties in laboratory studies and clinical trials. Antiox-
id Redox Signal 2008; 10: 511–45. 

8. Hatcher H, et al. Curcumin: from ancient medicine to current
clinical trials. Cell Mol Life Sci 2008; 65: 1631–52.

Effects on the thyroid. There has been some concern about
the safety of turmeric oleoresin, an extract of turmeric, after re-
ports of adverse thyroid changes in pigs.1,2

1. MAFF. Food advisory committee: final report on the review of
the colouring matter in food regulations 1973. FdAC/REP/4.
London: HMSO, 1987. 

2. FAO/WHO. Evaluation of certain food additives and contami-
nants: thirty-fifth report of the joint FAO/WHO expert committee
on food additives. WHO Tech Rep Ser 789 1990. Also available at:
http://libdoc.who.int/trs/WHO_TRS_789.pdf (accessed 30/05/07)

Preparations
Proprietary Preparations (details are given in Part 3)
Chile: Turmerik; Ger.: Aristochol CC†; Choldestal†; Sergast†; Indon.:
Rheumakur; Pol.: Solaren.
Multi-ingredient: Austral.: Arthriforte; Bioglan Joint Mobility; Extralife
Arthri-Care; Extralife Liva-Care; Herbal Digestive Formula†; Vitanox; Aus-
tria: Apozema; Spasmo Claim; Canad.: Milk Thistle; Cz.: Cholagol; Fr.:
Hepatoum; Ger.: Chol-Arbuz NF; Cholagogum F†; Cholagogum N†; Cho-
losom Phyto N; Digest-Merz†; Gallo Merz N†; Gastrol S†; Hepaticum-
Medice H†; Horvilan N; Opobyl-phyto†; spasmo gallo sanol†; Ventracid N;
Hong Kong: Hepatofalk Planta; Hung.: Cholagol; India: FN-T-Tus; In-
don.: Aptivium Liver Support; Diapet; Entrodiar ; Fitodiar ; Heparviton;
Heparviton NF; Hepasil; Hepatin; Lanagogum; Lecur; Procur Plus; Reliv;
Tripid; Ital.: Cinarepa; Reumafort; Mex.: Ifuchol; Rodan; Pol.: Chelicur;
Cholitol; Rus.: Cholagol (Холагол); Doktor Mom (Доктор Мом); Supri-
ma-Broncho (Суприма-бронхо); S.Afr.: Lewensessens; Singapore: Ar-
trex†; Switz.: Stago N†; UK: Arheumacare; BackOsamine.

Vegetable Carbon
Bitkisel Kömür; Carbon Black; Carbón vegetal; E153; Vegetable
Black.
Уголь Растительный

NOTE. The name Carbon Black has also been used as a synonym
for Channel Black, a colouring agent not used in food; care
should be taken to avoid confusion between the two compounds.
Profile
Vegetable carbon, which consists essentially of finely divided
carbon, is produced by the carbonisation of vegetable material
such as peat or wood. It is used as a colouring agent for medi-
cines, foodstuffs, and cosmetics.
Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Chile: Kordinol Compuesto†; Fr.: Stomargil.

Yellow 2G
107; Acid Light Yellow 2G; Acid Yellow 17; Amarillo 2G; CI Food
Yellow 5; Colour Index No. 18965. Disodium 2,5-dichloro-4-[5-
hydroxy-3-methyl-4-(4-sulphonatophenylazo)pyrazol-1-yl]ben-
zenesulphonate.
Жёлтый 2G
C16H10Cl2N4Na2O7S2 = 551.3.
CAS — 6359-98-4.

Profile
Yellow 2G is used as a colouring agent in cosmetics.
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Contrast media are widely used as adjuncts to diagnos-
tic visualisation techniques such as radiography, mag-
netic resonance imaging, and ultrasound imaging. Al-
though the techniques vary, they are all based on the
fact that different tissues within the body have different
physical properties, for example their ability to absorb
radiation, or their density. These differences can be de-
tected and used to produce images. Contrast media act
in varying ways to accentuate the differences between
tissues, and enhance the images obtained. There are
different types of contrast medium, and choice depends
upon the visualisation technique being used, as well as
the properties of the individual media. The main
groups described below are magnetic resonance con-
trast media, radiographic contrast media, and ultra-
sound contrast media.

Magnetic Resonance Contrast Media
Magnetic resonance imaging uses a combination of ra-
diofrequency energy and magnetic fields to produce
sectional images of the body. The technique is based on
the property of hydrogen nuclei (protons) to absorb en-
ergy when aligned in a magnetic field; the energy is
then released as the protons relax, generating a signal.
Tissues differ in their proton content and factors affect-
ing relaxation, and therefore produce different signals,
which can be detected and analysed to produce an im-
age. 
Contrast media may be used to enhance magnetic res-
onance images. The media used are paramagnetic or
superparamagnetic agents that develop magnetic
properties when placed in a magnetic field. These
properties affect the relaxation of adjacent protons dur-
ing magnetic resonance imaging, and thus modify the
signals produced. Paramagnetic compounds contain
gadolinium or manganese and act by increasing relax-
ation and enhancing the signal. They are used as com-
plexes or chelates to reduce their toxicity; gadopentetic
acid is a typical gadolinium chelate, while mangafo-
dipir is the only manganese chelate currently available.
Superparamagnetic contrast media, such as ferucar-
botran and ferumoxides, contain coated particles of
iron compounds and act by interfering with the mag-
netic field to reduce the signal from proton relaxation.

◊ References.
1. Sands MJ, Levitin A. Basics of magnetic resonance imaging.

Semin Vasc Surg 2004; 17: 66–82. 
2. Gibby WA. Basic principles of magnetic resonance imaging.

Neurosurg Clin N Am 2005; 16: 1–64.

Radiographic Contrast Media
Radiography (including X-ray imaging, computed to-
mography, and fluoroscopy) is based on the difference
between tissues in the extent to which they absorb X-
rays. This depends largely on the density of the tissue,
and increasing the difference, or contrast, between spe-
cific tissues can enhance the images produced. In pos-
itive contrast imaging this is achieved by introducing a
contrast medium into the area of interest to increase the
density and enhance absorption of the X-rays. Alterna-
tively, in negative contrast imaging, a gas (air, oxygen,
or carbon dioxide) may be used to allow the X-rays to
penetrate more easily. Double contrast uses both a gas
and contrast medium together. 

Radiographic contrast media are based on elements
with high atomic numbers that absorb X-rays. The
agents most commonly used are iodinated organic
compounds, particularly tri-iodinated benzene com-
pounds, and their degree of opacity or radiodensity is
directly proportional to their iodine content. Barium is
another element that absorbs X-rays, and barium sul-
fate has long been used in radiography. Other heavy
atoms have been investigated but acute or chronic tox-
icity makes most of them unsuitable for use. 

Iodinated contrast media may be classified as ionic or
nonionic, and as monomeric or dimeric, and there are
important differences between them that affect their
use. The most important requirements for a contrast
medium are that it absorbs X-rays efficiently, that it can
be introduced into the area of the body to be visualised,
and that it is safe. For iodinated contrast media, the
radiodensity depends solely on the iodine concentra-
tion, whereas adverse effects are largely dependent on
the osmolality of the solution (the number of particles
present in a given weight of solution), with low-
osmolality solutions being better tolerated. Distribu-
tion within the body depends on the pharmacokinetic
and physical properties of the contrast medium. 
Ionic monomeric media, such as the amidotrizoates,
generally have a very high osmolality when given in
concentrations suitable for radiographic visualisation,
and therefore tend to be associated with a relatively
high incidence of adverse effects. Osmolality may be
reduced by using an ionic dimeric medium, such as ad-
ipiodone, which has twice the number of iodine atoms
per molecule, or by using a nonionic monomer, such as
iohexol, which does not dissociate into a cation and an-
ion. Nonionic dimeric media, such as iodixanol, are
also available and have the best ratio of radiodensity to
osmolality; however, they also tend to be more viscous,
and this may lead to problems with administration and
distribution within the body.
◊ References.
1. Christiansen C. X-ray contrast media—an overview. Toxicology

2005; 209: 185–7. 
2. Barrs TJ. X-rays and radiopaque drugs. Am J Health-Syst Pharm

2005; 62: 2026–30.

Ultrasound Contrast Media
Ultrasound imaging uses the acoustic properties of dif-
ferent tissues to produce images. Reflection of sound
waves (echo) occurs at the interface between tissues
with different acoustic properties, particularly where
this difference is large, and this can be detected and an-
alysed to produce images. Contrast agents are general-
ly used to enhance the echogenicity of blood and there-
fore to enable measurement of blood flow in different
parts of the body. 
Ultrasound contrast media increase echogenicity by
providing an interface that reflects sound. Although
usually referred to as ultrasound contrast media or
echocontrast media, the increase in echogenicity may
in fact reduce contrast between tissues, and echo-
enhancers may be a better term. Most ultrasound con-
trast media consist of microbubbles and provide a gas-
liquid interface that reflects sound more effectively
than blood alone, allowing blood flow to be more eas-
ily detected. The microbubbles may be air or another
inert gas, such as perflutren or another perfluorocar-
bon, and may be either preformed or made at the time
of injection. Agitated saline has been used as a simple
ultrasound contrast medium, but is only suitable for
cardiac imaging since the bubbles lack stability. Micro-
bubbles of air formed during the dissolution of galac-
tose are also used, and may be stabilised by addition of
palmitic acid. Other stabilisers may be used, or the
microbubbles may be encapsulated to increase the du-
ration of their effect. Substances used for encapsulation
include albumin (p.1052) and phospholipids; poly-
cyanoacrylates have also been investigated.
◊ References.
1. Blomley MJK, et al. Microbubble contrast agents: a new era in

ultrasound. BMJ 2001; 322: 1222–5. 
2. Liang H-D, Blomley MJK. The role of ultrasound in molecular

imaging. Br J Radiol 2003; 76 (special issue): S140–S150. 
3. Dijkmans PA, et al. Microbubbles and ultrasound: from diagno-

sis to therapy. Eur J Echocardiogr 2004; 5: 245–56. 
4. Dayton PA, Rychak JJ. Molecular ultrasound imaging using mi-

crobubble contrast agents. Front Biosci 2007; 12: 5124–42. 
5. Klibanov AL. Ultrasound molecular imaging with targeted mi-

crobubble contrast agents. J Nucl Cardiol 2007; 14: 876–84. 
6. Hauff P, et al. Ultrasound contrast agents for molecular imaging.

Handb Exp Pharmacol 2008; 223–45.

Choice of Contrast Medium
Radiography, with and without the use of contrast, has
been one of the most widely used diagnostic tech-
niques and remains of great importance. However,
concerns about the adverse effects of X-rays, and limi-
tations of the images produced, have led to the increas-
ing use of alternative methods such as ultrasound and
magnetic resonance imaging. Choice of technique and
use of contrast depends on the area to be visualised, the
facilities available, and any patient characteristics af-
fecting the likelihood of adverse effects, such as age
and morbidity. Some imaging procedures and the fac-
tors affecting choice of technique and use of contrast,
including adverse effects, are discussed below.

Uses of contrast media. For urography (visualisation of the
kidneys and urinary tract) ultrasound is generally the most wide-
ly used technique, but radiography still has an important role.
Contrast media that are excreted in the urine are used to enhance
the images. Suitable media contain small, highly water-soluble
molecules, with low protein-binding, that undergo rapid glomer-
ular filtration and passage into the urinary tract. High plasma
concentrations are needed to achieve adequate urinary concen-
trations for visualisation, so they are generally given intrave-
nously. Most ionic iodinated media are suitable and the amidot-
rizoates have often been used, but lower-osmolality media are
usually preferred since they have a lower incidence of adverse
effects. 
For angiography (visualisation of the circulatory system) radi-
ography is still frequently used, particularly to produce dynamic
images (fluoroscopy) during invasive procedures, although mag-
netic resonance angiography may be an alternative. Iodinated
contrast media for angiography are similar to those used for
urography; the main requirement is for a water-soluble molecule
that will be rapidly distributed through the blood vessels. In ad-
dition, the solution should be of low viscosity to facilitate rapid
injection and of high radiodensity to counteract the diluting ef-
fects of the blood. Low cardiotoxicity is particularly important
for procedures that require a high concentration of contrast me-
dium, such as angiocardiography or digital subtraction angiogra-
phy, and low-osmolality media are now generally preferred for
all angiographic procedures. Another widely used method for
visualising the heart is echocardiography, which uses ultrasound
imaging, and microbubble contrast media such as galactose or
encapsulated gases (perfluorocarbons or sulfur hexafluoride)
may be used to improve the images. 
For gastrointestinal imaging endoscopy is often the preferred
technique, but radiography also has a role. Positive, negative,
and double contrast techniques are used. For positive contrast the
contrast medium should not be absorbed but should form an
even, homogeneous coat on the gastrointestinal mucosa, without
interacting with gut secretions or producing misleading radio-
graphic artefacts. The chief contrast medium for this purpose is
barium sulfate, and much effort has been devoted to the produc-
tion of suitable formulations to improve its coating properties
and reduce the formation of bubbles, cracks, and other radio-
graphic artefacts. Iodinated contrast media may be used as an al-
ternative, but images tend to be inferior. 
For cholecystography and cholangiography (visualisation of
the gallbladder and biliary tract) ultrasound techniques have gen-
erally replaced radiography. Where radiography is used, choice
of contrast medium depends on the intended procedure and the
route. For intra-operative or endoscopic procedures, water-solu-
ble contrast media may be used, but for non-invasive imaging the
contrast medium used must be excreted in the bile. This requires
a molecule with a free carboxy or other acidic group, since the
biliary active transport mechanism is an anion transfer process;
the molecule also needs to be large or highly protein-bound to
prevent rapid excretion by the kidney. Suitable intravenous me-
dia include adipiodone and iotroxic acid. For oral use, absorption
from the gastrointestinal tract is also required, and suitable media
tend to be smaller molecules that are conjugated with glucuronic
acid within the body before excretion in the bile, such as iopanoic
acid. For visualisation of lesions within the liver itself, magnetic
resonance imaging may be used; contrast media used to enhance
the images include ferucarbotran and ferumoxides, as well as
gadolinium or manganese chelates. 
For myelography (visualisation of the structures of the spinal
cord) and imaging of other parts of the CNS, magnetic resonance
imaging is generally preferred, often with the use of gadolinium
chelates such as gadopentetic acid as contrast media. Where ra-
diography is used, the most important requirement for contrast
media is low toxicity, and nonionic media are most common. 
For arthrography (visualisation of the joint capsule) many radio-
graphic contrast media are suitable provided they are well-diluted
before use. Magnetic resonance imaging with gadolinium
chelates may also have a role. 
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Bronchography (examination of the bronchial tree) has been
performed with oily or aqueous media, such as iopydol or iopy-
done, instilled through a catheter or bronchoscope to coat the air-
ways; however, other visualisation techniques are generally pre-
ferred. 
For hysterosalpingography (visualisation of the uterus and fal-
lopian tubes) ultrasound and endoscopic techniques are general-
ly used, and microbubble contrast media such as galactose may
be used to improve ultrasound images. If radiography is per-
formed, water-soluble iodinated contrast media may be used. 
For lymphography or lymphangiography (visualisation of the
lymphatic system) a high radiodensity is required and the con-
trast medium must be retained within the lymphatic system for
long enough to be visualised, requiring particulate, water-insolu-
ble media, or very large molecules. Iodised oil has been most
widely used, but adverse effects and limited distribution within
the lymphatic system restrict its use.
Adverse effects of contrast media. Although contrast me-
dia are generally considered to be very safe, with most adverse
effects being mild and transient, more severe and even life-
threatening reactions are possible, and the risk of adverse effects
may influence the choice of contrast medium or imaging tech-
nique in a particular patient. 
Iodinated radiographic contrast media all have a similar range of
adverse effects (see under Amidotrizoic Acid, p.1475) but the
incidence and severity varies. Many of the adverse effects are
related to the osmolality of the preparation, and the incidence
tends to be lower with those that have low osmolality. Osmolality
depends on the number of particles present in the solution; for a
given iodine content, this is highest for the ionic monomers and
lowest for nonionic dimers, and this is reflected in the incidence
of adverse effects. Hypersensitivity reactions also tend to be less
frequent with nonionic media (see under Amidotrizoic Acid,
p.1476), although these reactions are not directly related to os-
molality. However, low-osmolality media tend to be more ex-
pensive; while nonionics and dimers are preferred, ionic mono-
mers may still have a role in patients at low risk of adverse
effects. Ionic contrast media may also carry a lower risk of
thromboembolism (see Effects on the Blood, p.1476). 
Magnetic resonance contrast media tend to be safer than iodinat-
ed contrast media, although similar general effects may occur.
Ionic and nonionic media are available, but this tends to have
little influence on the incidence of adverse effects. All gadolin-
ium chelates have similar adverse effects (see under Gadopentet-
ic Acid, p.1479); there is a theoretical risk of gadolinium toxicity
due to instability of the chelates and most preparations also con-
tain free chelating agent to reduce this risk. The adverse effects
of superparamagnetic iron compounds are described under feru-
moxides (p.1478) and ferumoxsil (p.1478). 
Ultrasound contrast media are generally safe; minor and tran-
sient adverse effects have been reported, but may be due to the
procedure rather than to the contrast medium used. 
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Adipiodone (BAN, rINN)

Adipiodon; Adipiodona; Adipiodoni; Adipiodonum; Iodipamide.
3,3′-Adipoyldiaminobis(2,4,6-tri-iodobenzoic acid).
Адипиодон
C20H14I6N2O6 = 1139.8.
CAS — 606-17-7.
ATC — V08AC04.
ATC Vet — QV08AC04.

Description. Adipiodone contains about 66.8% of I.

Pharmacopoeias. In Chin. and US. 
USP 31 (Iodipamide). A white, practically odourless, crystalline
powder. Very slightly soluble in water, in chloroform, and in
ether; slightly soluble in alcohol. Store at a temperature of 25°,
excursions permitted between 15° and 30°.

Meglumine Adipiodone (rINNM)

Adipiodona de meglumina; Adipiodone Méglumine; Adipiodone
Meglumine (BANM); Dimeglumine Iodipamide; Iodipamide Meg-
lumine; Meglumine Iodipamide; Meglumini Adipiodonum. The
di(N-methylglucamine) salt of adipiodone.

Меглумина Адипиодон

C20H14I6N2O6,(C7H17NO5)2 = 1530.2.
CAS — 3521-84-4.
ATC — V08AC04.
ATC Vet — QV08AC04.

Description. Meglumine adipiodone contains about 49.8% of I.

Pharmacopoeias. US includes only as an injection.

Incompatibility. Incompatibilities have been reported between
meglumine adipiodone and some antihistamines.

Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475. Rapid injection may in-
crease the incidence of adverse effects. 
Adipiodone may show some uricosuric activity.

Effects on the liver. Of 149 patients given the recommended
dose of adipiodone, 13 developed elevated serum aspartate ami-
notransferase (SGOT) values; of 126 who received twice the
dose, 23 developed elevated values.1 Hepatotoxicity has also
been reported2-4 on isolated occasions in patients given meglu-
mine adipiodone.
1. Scholz FJ, et al. Hepatotoxicity in cholangiography. JAMA 1974;

229: 1724. 
2. Stillman AE. Hepatotoxic reaction to iodipamide meglumine in-

jection. JAMA 1974; 228: 1420–1. 
3. Sutherland LR, et al. Meglumine iodipamide (Cholografin)

hepatotoxicity. Ann Intern Med 1977; 86: 437–9. 
4. Imoto S. Meglumine hepatotoxicity. Ann Intern Med 1978; 88:

129.

Pharmacokinetics
Meglumine adipiodone is rapidly distributed in extracellular flu-
id after intravenous injection and is reported to be extensively
bound to plasma proteins. It appears in the bile ducts within
about 10 to 15 minutes after injection, with peak opacity at about
20 to 30 minutes, and reaches the gallbladder by about 1 hour,
peak opacification occurring after about 2 hours. About 80 to
95% is excreted unchanged in the faeces; small amounts are ex-
creted unchanged in urine. A terminal half-life of about 2 hours
has been reported.

Uses and Administration
Adipiodone is an ionic dimeric iodinated radiographic contrast
medium (see p.1474); it is taken up by the liver and excreted in
bile, and is used in cholangiography and cholecystography. 
Adipiodone is given intravenously as a solution containing 52%
of the meglumine salt. The usual dose is about 10 g of meglu-
mine adipiodone, given by slow intravenous injection over about
10 minutes. 
A solution of meglumine adipiodone with meglumine diatrizoate
is given by intra-uterine instillation for hysterosalpingography.

Preparations
BP 2008: Meglumine Iodipamide Injection; 
USP 31: Iodipamide Meglumine Injection.

Proprietary Preparations (details are given in Part 3)
USA: Cholografin.

Multi-ingredient: USA: Sinografin.

Amidotrizoic Acid (BAN, rINNM)

Acide amidotrizoïque; Ácido amidotrizoico; Acidum amidotrizoi-
cum; Acidum Diatrizoicum; Amidotritsoiinihappo; Amidotrizoe-
sav; Amidotrizoinė ru

_
gštis; Amidotrizoinsyra; Diatritsoiinihap-

po; Diatrizoic Acid (USAN); Diatrizoinsyra; Kyselina amidotrizoová;
NSC-262168. 3,5-Diacetamido-2,4,6-tri-iodobenzoic acid.

Амидотризоевая Кислота

C11H9I3N2O4,2H2O = 649.9.
CAS — 117-96-4 (anhydrous amidotr izoic acid); 50978-
11-5 (amidotr izoic acid dihydrate).
ATC — V08AA01.
ATC Vet — QV08AA01.

Description. Amidotrizoic acid contains about 62% of I calcu-
lated on the anhydrous substance.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Amidotrizoic Acid Dihydrate). A white or almost
white, crystalline powder. Very slightly soluble in water and in
alcohol; dissolves in dilute solutions of alkali hydroxides. Protect
from light. 
USP 31 (Diatrizoic Acid). It is anhydrous or contains two mole-
cules of water of hydration. A white, odourless, powder. Very
slightly soluble in water and in alcohol; soluble in dimethylfor-
mamide and in alkali hydroxide solutions.

Meglumine Amidotrizoate (BANM, rINNM)

Amidotrizoate de Méglumine; Amidotrizoato de meglumina; Di-
atrizoate Meglumine; Meglumine Diatrizoate; Meglumini Ami-
dotrizoas; Methylglucamine Diatrizoate. N-Methylglucamine 3,5-
diacetamido-2,4,6-tri-iodobenzoate.

Меглумина Амидотризоат
C11H9I3N2O4,C7H17NO5 = 809.1.
CAS — 131-49-7.
ATC — V08AA01.
ATC Vet — QV08AA01.

Description. Meglumine amidotrizoate contains about 47.1%
of I.
Pharmacopoeias. In US. 
USP 31 (Diatrizoate Meglumine). A white, odourless, powder.
Freely soluble in water. Store at a temperature of 25°, excursions
permitted between 15° and 30°.

Sodium Amidotrizoate (BANM, rINN)

Amidotrizoate de Sodium; Amidotrizoato de sodio; Diatrizoate
Sodium; Natrii amidotrizoas; Natrio amidotrizoatas; Natriuma-
midotritsoaatti; Natriumamidotrizoat; Nátrium-amidotrizoát;
Natrium-amidotrizoát; NSC-61815; Sodium, amidotrizoate de;
Sodium Diatrizoate; Sodu amidotrizoat. Sodium 3,5-diacetami-
do-2,4,6-tri-iodobenzoate.

Натрия Амидотризоат
C11H8I3N2NaO4 = 635.9.
CAS — 737-31-5.
ATC — V08AA01.
ATC Vet — QV08AA01.

Description. Sodium amidotrizoate contains about 59.9% of I
calculated on the anhydrous substance.
Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Chin. includes the injection. 
Ph. Eur. 6.2 (Sodium Amidotrizoate). A white or almost white
powder. Freely soluble in water; slightly soluble in alcohol; prac-
tically insoluble in acetone. A 50% solution in water has a pH of
7.5 to 9.5. Protect from light. 
USP 31 (Diatrizoate Sodium). A white, odourless, powder. Sol-
uble in water; slightly soluble in alcohol; practically insoluble in
acetone and in ether.

Incompatibility. Incompatibilities of sodium amidotrizoate
with some antihistamines have been reported.

Adverse Effects and Treatment
Amidotrizoates and other iodinated contrast media may cause
adverse effects due to direct toxicity, which tends to be dose-
related and predictable, but use often leads to unpredictable or
anaphylactoid reactions. Most reactions occur within 5 to 10
minutes and are mild and transient; however, severe, life-
threatening reactions may also occur, and delayed reactions have
been reported. 
Direct toxic effects of iodinated contrast media are related to the
osmolality of the solutions used and are most common with the
amidotrizoates and other ionic monomeric compounds, which
have a high osmolality. The route, the speed with which it is giv-
en, and the volume, concentration, and viscosity of the solution,
also affect the incidence of adverse effects. For ionic media, the
cation is also important: meglumine salts are generally better tol-
erated, but sodium salts have a lower viscosity and may produce
fewer arrhythmias, and preparations containing a mixture of the
salts are therefore often used. Anaphylactoid reactions are also
more common with high-osmolality, ionic contrast media. 
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The most frequent direct adverse reaction to iodinated contrast
media is flushing or a sensation of heat and caused by vasodila-
tation in response to the osmolality of the solution. Pain at the
injection site is also common and extravasation may lead to tis-
sue damage or thrombophlebitis. 
General symptoms such as nausea, vomiting, headache, and diz-
ziness may be related to patient anxiety or similar factors, or may
be due to a mild anaphylactoid reaction. Urticaria, pruritus, pal-
lor, sweating, a metallic taste, weakness, coughing, rhinitis,
sneezing, lachrymation, and visual disturbances may also occur.
Cardiovascular effects may also be due to direct toxicity, notably
after intracoronary injection, or anaphylactoid response; they in-
clude hypotension, tachycardia, bradycardia, transient ECG
abnormalities, and haemodynamic disturbances. More severe
anaphylactoid reactions may lead to dyspnoea, bronchospasm,
angioedema, severe urticaria, and eventually to profound hypo-
tension, pulmonary oedema, respiratory arrest, ventricular fibril-
lation, circulatory failure, and cardiac arrest; fatalities have oc-
curred. 
CNS effects may result from direct toxicity, particularly after in-
trathecal use of ionic media or use in patients with a compro-
mised blood-brain barrier, and can lead to severe neurotoxicity.
Convulsions are more common in patients with epilepsy or brain
tumours, but may also result from anaphylactoid reactions; par-
aesthesia, paralysis, and coma have also been reported. 
Acute renal failure is an established adverse effect of contrast
media, particularly in patients with predisposing factors such as
dehydration (see Effects on the Kidneys, and Precautions, be-
low). It appears to be related to the osmolality of the solution and
is usually reversible, but deaths have occurred. 
Iodinated contrast media also have direct effects on the blood,
inhibiting blood coagulation and platelet aggregation. However,
thromboembolism may also occur (see below). Disseminated in-
travascular coagulation and thrombocytopenia have also been re-
ported. 
Hyperthyroidism has been reported with use of iodinated con-
trast media, particularly in patients with goitre, and thyroid storm
may be precipitated in patients with thyrotoxicosis. This is prob-
ably due to the small amounts of iodine present as a contaminant
or released by any breakdown of the medium in the body. For the
effects of iodine on the thyroid gland, see p.2169. 
Mild diarrhoea may follow the oral or rectal use of amidotri-
zoates for gastrointestinal examinations. Aspiration of oral solu-
tions has caused fatal pulmonary oedema. 
Adverse effects are treated symptomatically; adequate resuscita-
tive facilities should be available when radiographic procedures
are undertaken, and patients should be kept under observation for
a suitable period after the procedure.

Effects on the blood. Iodinated contrast media affect blood
coagulation to differing degrees.1,2 Amidotrizoates and other
ionic contrast media have inhibitory effects on blood coagulation
and platelet aggregation, whereas nonionic media lack these ef-
fects. In procedures such as angiography, which are associated
with a risk of thromboembolism, there may therefore be an ad-
vantage in using ionic media. However, the better overall tolera-
bility of nonionic media means that they are still generally pre-
ferred to ionic media for angiography, particularly in patients at
high risk of non-thromboembolic adverse effects. 
Other effects on the blood that have been reported with amidot-
rizoates and other iodinated contrast media include disseminated
intravascular coagulation,3,4 haemolysis,5 thrombocytopenia,6,7

and thrombotic microangiopathy.8

1. Husted SE, Kanstrup H. Thrombotic complications in coronary
angioplasty—ionic versus non-ionic low-osmolar contrast me-
dia. Acta Radiol 1998; 39: 340–3. 

2. Esplugas E, et al. Comparative tolerability of contrast media
used for coronary interventions. Drug Safety 2002; 25: 1079–98. 
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dinated contrast medium (diatrizoate). Can Med Assoc J 1985;
133: 123. 

7. Ural AU, et al. Thrombocytopenia following intravenous iopa-
midol. Eur J Clin Pharmacol 1998; 54: 575–6. 

8. Fairley S, Ihle BU. Thrombotic microangiopathy and acute renal
failure associated with arteriography. BMJ 1986; 293: 922–3.

Effects on the kidneys. Contrast nephropathy or contrast-in-
duced nephrotoxicity is a well-established adverse effect of iodi-
nated contrast media.1-9 Estimates of the incidence vary depend-
ing on the type and amount of contrast medium used, the
definition of nephropathy, and the population of patients being
studied, but is about 1 to 6% overall. In the majority of patients
who develop contrast-medium-induced renal impairment the
condition develops within about 24 hours of the procedure, is
asymptomatic, and resolves completely within about 10 days.
However, the condition may occasionally be severe, producing
oliguria and renal failure that requires dialysis; fatalities have oc-
curred. 

The mechanism of nephrotoxicity is not certain, but is thought to
involve both medullary hypoxia due to reduced renal blood flow,
and direct toxicity. The osmolality of the contrast medium solu-
tion appears to be an important factor and most studies have
shown that high-osmolality media increase the risk compared
with low-osmolality media. There is also some evidence that use
of media that are iso-osmolar with plasma may reduce the risk
even further. The volume of contrast solution used is also impor-
tant, and risk increases with higher volumes. The use of ionic or
nonionic media appears to have less influence, except that noni-
onic media generally have a lower osmolality and may therefore
be preferred. 
The most important patient characteristic that increases the risk
of nephrotoxicity is pre-existing renal impairment, especially in
patients with diabetes mellitus. Other risk factors include condi-
tions where there is reduced renal blood flow, such as heart fail-
ure and dehydration. Old age, repeated exposure (over a short
period of time), multiple myeloma, and use with other nephro-
toxic drugs, are also risk factors. 
Various methods have been tried to prevent contrast medium-
induced nephropathy.1,3-12 All patients should be assessed for
risk factors and those at high risk should be given a small volume
of a low-osmolality or iso-osmolar nonionic medium if possible.
Hydration before and after the procedure is of established benefit
and is recommended in all patients, although the optimum route
and fluid to use remains unclear. Oral hydration may be adequate
in low risk patients, but most patients are given sodium chloride
0.45% or 0.9% intravenously. Sodium bicarbonate may be an al-
ternative; a study13 in patients with pre-existing stable renal im-
pairment suggested that it was more effective than sodium chlo-
ride. However, a retrospective study14 found an increased risk of
nephropathy in patients given sodium bicarbonate compared
with those who had no prophylaxis, and further studies are need-
ed to confirm its role. 
Antoxidants have been suggested as a way of reducing the direct
toxicity of contrast media. Acetylcysteine is widely used,15 but
evidence of benefit is conflicting. Some studies have produced
promising results, but others have been less positive and, al-
though reviews and meta-analyses have shown benefit16,17 or a
trend towards benefit,18-20 most have concluded15,17-21 that the
wide variation between the studies included means that the effi-
cacy of acetylcysteine remains uncertain. Later randomised stud-
ies have also reported conflicting results.22,23 An observational
study24 found that there was no difference in the incidence of
contrast nephropathy before and after the introduction of acetyl-
cysteine prophylaxis, while a follow-up study25 found that ace-
tylcysteine had no effect on overall outcomes over 9 months.
However, some authors4,7,15 recommend the use of acetyl-
cysteine in particularly high-risk patients. Ascorbic acid has also
been tried and showed benefit in one study,26 and promising re-
sults have been reported with trimetazidine, an anti-anginal drug
with antoxidant properties,27 but further confirmation is needed. 
Other approaches have generally produced disappointing re-
sults.1,3-7,10 The use of diuretics may increase the risk of nephrop-
athy and is not recommended. Vasodilators have been tried, in-
cluding atrial natriuretic peptide, calcium-channel blockers, low-
dose dopamine, and alprostadil, but benefit has not been estab-
lished and they are not generally used. Although positive results
have been reported28 with fenoldopam, which has preferential ef-
fects on renal blood flow, a large randomised study29 failed to
confirm any benefit. Studies with theophylline have produced
conflicting results, although a meta-analysis30 concluded that it
might be of benefit. Use of dialysis to remove contrast medium
from the circulation has also been suggested; some benefit has
also been found with haemofiltration started before the proce-
dure,31 but not with haemodialysis immediately after the proce-
dure.32
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Hypersensitivity. Anaphylactoid reactions to iodinated con-
trast media are more common with the ionic agents than the
nonionic media of lower osmolality. Patients at increased risk are
those with a history of asthma or allergy, drug hypersensitivity,
adrenal suppression, heart disease, previous reaction to a contrast
medium, and those receiving beta blockers or interleukin-2 ther-
apy. In such patients, nonionic media are preferred. Stopping
treatment with beta blockers should be considered in patients
with other risk factors. 
Pretreatment with corticosteroids may be considered for prevent-
ing anaphylactoid reactions in high-risk patients, and an antihis-
tamine may be given. However, reactions may still occur and the
value of premedication remains controversial. 
References.
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Precautions
The risk of anaphylactoid reactions with amidotrizoates and oth-
er iodinated contrast media is increased in patients with asthma
or a history of allergies and they should be used with great cau-
tion in such patients; they should not be used in patients with a
previous reaction to contrast media or iodine. Test doses have
been given but are not generally recommended since they do not
predict hypersensitivity with certainty and may cause severe or
fatal reactions. Pretreatment with corticosteroids may be consid-
ered in patients considered at high risk of reactions, but the value
of this is uncertain (see Hypersensitivity, above). An antihista-
mine may be given with the corticosteroid. 
Iodinated contrast media should be used with caution in patients
with severe hepatic or renal impairment, diabetics with renal im-
pairment, and others who may be at increased risk of renal fail-
ure. Dehydration should be avoided, and any fluid or electrolyte
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imbalance should be corrected before contrast media are given.
Particular care is needed in patients with multiple myeloma since
dehydration resulting from use of contrast media may cause pre-
cipitation of protein in the renal tubules, leading to anuria and
fatal renal failure. 
Caution is also necessary in patients with severe hypertension,
advanced cardiac disease, phaeochromocytoma, sickle-cell dis-
ease, or hyperthyroidism or epilepsy, and in debilitated, severely
ill, very old, or very young patients. 
Amidotrizoates and other hypertonic contrast media are neuro-
toxic and should not be given intrathecally; patients with sub-
arachnoid haemorrhage may be at risk with any intravascular
use. Intravascular contrast media should also be used with cau-
tion in any patient with occlusive vascular disease. Iodinated
contrast media should not be used for hysterosalpingography in
the presence of infection or inflammation of the pelvic cavity, nor
during menstruation or in pregnancy (although any abdominal
radiography should be avoided during pregnancy because of the
risks of radiation to the fetus). 
Iodine-containing contrast media may interfere with thyroid
function tests. There may also be interference with blood coagu-
lation tests and certain urine tests.

Breast feeding. No adverse effects have been seen in breast-
feeding infants whose mothers were receiving amidotrizoates
and the American Academy of Pediatrics considers1 that they are
therefore usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/03/06)

Neonates. Although amidotrizoates may be used in the man-
agement of some forms of intestinal obstruction (see below),
meglumine amidotrizoate was considered1 a possible contributo-
ry factor in the deaths of 2 infants who developed bowel necrosis,
perforation, and peritonitis after its use for meconium ileus.
1. Leonidas JC, et al. Possible adverse effects of methylglucamine

diatrizoate compounds on the bowel of newborn infants with
meconium ileus. Radiology 1976; 121: 693–6.

Pharmacokinetics
Amidotrizoates are very poorly absorbed from the gastrointesti-
nal tract. Amidotrizoates in the circulation are not significantly
bound to plasma proteins. If renal function is not impaired,
unchanged amidotrizoate is rapidly excreted by glomerular
filtration; over 95% of an intravascular dose is reported to be ex-
creted in urine within 24 hours, and about 1 to 2% of a dose may
be excreted in faeces. Trace amounts may be detected in other
body fluids including tears and saliva. Faecal excretion may in-
crease to 10 to 50% in severe renal impairment. The half-life of
amidotrizoates has been reported to be 30 to 60 minutes, which
can increase to 20 to 140 hours in severe renal impairment. They
are removed by haemodialysis and peritoneal dialysis. 
The amidotrizoates cross the placenta and are distributed into
breast milk.

Uses and Administration
The amidotrizoates are ionic monomeric iodinated radiographic
contrast media (p.1474). Both the sodium and the meglumine
salt have been widely used in diagnostic radiography; however,
adverse effects may be reduced by using a mixture of both salts,
and this is often preferred. Preparations are available containing
a wide range of strengths. Mixtures containing sodium amidotri-
zoate 10% w/v with meglumine amidotrizoate 66% w/v, or sodi-
um amidotrizoate 4% with meglumine amidotrizoate 26%, are
commonly used. For use alone, preparations containing sodium
amidotrizoate 25 to 50% w/v, or meglumine amidotrizoate
60% w/v, may be appropriate. 
The amidotrizoates are used in an extensive range of procedures,
although in many cases lower osmolality contrast media are now
preferred. The dose and route depend on the procedure and the
degree and extent of contrast required. They are given intrave-
nously for urography, for venography, and in computed tomog-
raphy; for urography, they have also been given by intramuscular
or subcutaneous injection, but these routes are not generally rec-
ommended. They may be given intra-arterially for angiography,
by intra-articular injection for arthrography, or by intra-osseous
injection for imaging of the vasculature of the bones. For other
procedures they may be instilled into body cavities, or injected
into the gallbladder, biliary ducts, or spleen. Amidotrizoates have
also been given orally or rectally for imaging of the gastrointes-
tinal tract. 
Solutions of amidotrizoates have also been given as an enema in
the treatment of uncomplicated meconium ileus. 
Calcium amidotrizoate and lysine amidotrizoate have also been
used as contrast media.

Gastrointestinal obstruction. Amidotrizoates and other wa-
ter-soluble contrast media have been given rectally as osmotic
agents in the management of gastrointestinal obstruction due to
meconium ileus;1 however, adverse effects have been reported in
neonates (see above). They have also been used as an alternative
to barium sulfate enemas in the management of intussusception
(see below). Amidotrizoates given orally have been used in the

management of adhesive small bowel obstruction;2 they allow
identification of patients who require surgery and, although they
have not been shown to relieve obstruction, they may reduce
length of hospital stay in patients treated without surgery.
1. Murshed R, et al. Meconium ileus: a ten-year review of thirty-six

patients. Eur J Pediatr Surg 1997; 7: 275–7. 
2. Abbas S, et al. Oral water soluble contrast for the management

of adhesive small bowel obstruction. Available in The Cochrane
Database of Systematic Reviews; Issue 3. Chichester: John Wi-
ley; 2007 (accessed 14/07/08).

Preparations
BP 2008: Meglumine Amidotrizoate Injection; Sodium Amidotrizoate In-
jection; 
USP 31: Diatrizoate Meglumine and Diatrizoate Sodium Injection; Diatri-
zoate Meglumine and Diatrizoate Sodium Solution; Diatrizoate Meglumine
Injection; Diatrizoate Sodium Injection; Diatrizoate Sodium Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Angiografina; Densopax; Hypaque 60%†; Hypaque 76%†; MD-76;
MD-Gastroview; Plenigraf; Temistac; Tomoray; Triyosom; Urografina; Urovi-
sona; Austral.: Angiografin†; Gastrografin; MD-60†; MD-76; MD-Gastro-
view; Urografin; Austria: Gastrografin; Urografin†; Belg.: Gastrografin;
Urografine†; Braz.: Hypaque; Hypaque-M; Urografina; Canad.: Hypaque-
M†; Hypaque†; MD-76; Chile: Angiovist; Hypaque 60%†; Hypaque 76%†;
Pielograf†; Reliev; Reliev 76%; Cz.: Urografin†; Denm.: Urografin; Urografin
Meglumin; Fin.: Gastrografin; Fr.: Gastrografine; Radioselectan; Ger.: Ethi-
bloc; Gastrografin; Gastrolux; Peritrast; Peritrast comp; Peritrast-Infusio
160/32%†; Peritrast-Infusio 180/31%; Peritrast-Oral CT; Peritrast-Oral-GI;
Peritrast-RE; Urolux; Urolux Retro; Urovison†; Gr.: Gastrografin; Hung.:
Gastrografin; Peritrast; India: Urografin; Israel: Urografin†; Ital.: Gastro-
grafin; Neth.: Angiografin†; Gastrografin; Urografin; Urovison†; Norw.:
Gastrografin; NZ: Gastrografin; Urografin; Port.: Gastrografina; Urografina;
Rus.: Hypaque (Гипак)†; Trazograph (Тразограф); Urographin
(Урографин); S.Afr.: Angiografin†; Gastrografin; Urografin; Spain: Gastro-
grafin; Pielograf; Plenigraf; Radialar 280; Trazograf; Uro Angiografin; Uro-
grafin; Swed.: Gastrografin; Urografin; Switz.: Gastrografin; Urografin†;
UK: Gastrografin; Hypaque; Urografin 150 and 370; USA: Cystografin; Gas-
trografin; Hypaque; Hypaque-M, Hypaque-76; MD-76; MD-Gastroview;
Reno-M; Renografin; Venez.: Hypaque-M†.

Multi-ingredient: USA: Sinografin.

Barium Sulfate
Barii sulfas; Barii Sulphas; Bario sulfatas; Barium Sulfuricum; Bari-
um Sulphate; Bariumsulfaatti; Bariumsulfat; Bárium-szulfát; Baru
siarczan; Baryum (Sulfate de); Baryum, sulfate de; Síran barnatý;
Sulfato de bario.
BaSO4 = 233.4.
CAS — 7727-43-7.
ATC Vet — QV08BA02.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Barium Sulphate). A fine, white powder, free from
gritty particles. Practically insoluble in water and in organic sol-
vents; very slightly soluble in acids and in solutions of alkali hy-
droxides. 
USP 31 (Barium Sulfate). A fine, white, odourless, bulky pow-
der, free from grittiness. Practically insoluble in water, in organic
solvents, and in solutions of acids and of alkalis. pH of a
10% w/w aqueous suspension is between 3.5 and 10.0.

Adverse Effects
Because barium sulfate is almost insoluble it lacks the severe
toxicity characteristic of the barium ion; deaths have occurred in
patients given the more soluble barium sulfide in error for the
sulfate. 
Constipation may occur after oral or rectal barium sulfate; im-
paction, obstruction, and appendicitis have occurred. Surgical re-
moval of faecaliths has sometimes been necessary. Cramping or
diarrhoea have also been reported. Venous intravasation has led
to the formation of emboli; deaths have occurred. Perforation of
the bowel has led to peritonitis, adhesions, granulomas, and a
high mortality rate. 
ECG abnormalities have occurred during the use of barium sul-
fate enemas. 
Accidental aspiration into the lungs has led to pneumonitis or
granuloma formation.

Hypersensitivity. A survey of hypersensitivity reactions to
barium preparations found that although barium is inert many of
the additives used in formulation have the potential to cause re-
actions.1 Of 106 reactions reported or found in the literature, 61%
involved the skin and only 8% the respiratory tract; unconscious-
ness was reported in 8% of cases. In view of the frequency of use
of barium preparations, such adverse reactions must be very rare,
but radiologists should be aware that they might be somewhat
more common than was usually appreciated. A number of severe
reactions associated with the use of barium enemas supplied with
an inflatable latex cuff may have been due to leaching of compo-
nents from the latex.2
1. Janower ML. Hypersensitivity reactions after barium studies of

the upper and lower gastrointestinal tract. Radiology 1986; 161:
139–40. 

2. Nightingale SL. Severe adverse reactions to barium enema pro-
cedures. JAMA 1990; 264: 2863.

Precautions
Barium sulfate should not be given to patients with intestinal
obstruction and care is needed in those with conditions such as

pyloric stenosis or lesions that may predispose to obstruction.
Adequate hydration should be ensured after the procedure to pre-
vent severe constipation. 
It is contra-indicated in patients with gastrointestinal perforation,
and should be avoided, particularly when given rectally, in those
at risk of perforation, such as patients with acute ulcerative colitis
or diverticulitis and after rectal or colonic biopsy, sigmoidosco-
py, or radiotherapy.

Uses and Administration
Barium sulfate is used as a radiographic contrast medium
(p.1474) for X-ray examination of the gastrointestinal tract in-
volving single- or double-contrast techniques or computed tom-
ography. 
The dose of barium sulfate is dependent upon the type of exam-
ination and technique used. In the UK typical doses and concen-
trations used for examination are: 
• oesophagus: up to 150 mL of a 50 to 200% w/v suspension

given orally 
• stomach and duodenum: up to 300 mL of a 30 to 200% w/v

suspension given orally 
• small intestine: 100 to 300 mL of a 30 to 150% w/v suspen-

sion given orally 
• colon: 200 mL to 2 litres of a 20 to 130% w/v suspension giv-

en as an enema. 
A suspension containing 1.6 to 2.2% may be used in gastrointes-
tinal computed tomography. 
In the USA, suspensions containing up to 230% w/v barium sul-
fate may be used; lower concentrations are available for use in
computed tomography and usually contain about 1 to 2% w/v. 
For double-contrast examination, gas can be introduced into the
gastrointestinal tract by using suspensions of barium sulfate con-
taining carbon dioxide; separate gas-producing preparations
based on sodium bicarbonate are also available. Air given via a
tube may be used as an alternative to carbon dioxide.

◊ Reviews.
1. Nolan DJ, Traill ZC. The current role of the barium examination

of the small intestine. Clin Radiol 1997; 52: 809–20. 
2. Mendelson RM. The role of the barium enema in the diagnosis

of colorectal neoplasia. Australas Radiol 1998; 42: 191–6. 
3. de Zwart IM, et al. Barium enema and endoscopy for the detec-

tion of colorectal neoplasia: sensitivity, specificity, complica-
tions and its determinants. Clin Radiol 2001; 56: 401–9. 

4. Rubesin SE, Maglinte DD. Double-contrast barium enema tech-
nique. Radiol Clin North Am 2003; 41: 365–76. 

5. O’Connor SD, Summers RM. Revisiting oral barium sulfate con-
trast agents. Acad Radiol 2007; 14: 72–80.

Intussusception. Contrast media enemas and ultrasound are
both used in the diagnosis of intussusception, a condition in in-
fants where part of the intestine prolapses into the lumen of an
adjacent part causing an obstruction.1,2 However, some consider
ultrasound to be superior for diagnosis and reserve enemas for
the therapeutic reduction of intussusception. Reduction is
achieved as a result of the hydrostatic pressure of the enema
pushing the intestine back into its natural position. Although
there is extensive experience using barium enemas for reduction
some centres prefer to use water-soluble contrast media so as to
minimise the risk of chemical peritonitis if perforation of the
bowel occurs. Other agents used instead of barium for reduction
include air enemas or ultrasound guided saline enemas, both of
which avoid or reduce radiographic exposure. Surgery is indicat-
ed when enema therapy fails or is considered unsuitable.
1. del-Pozo G, et al. Intussusception in children: current concepts in

diagnosis and enema reduction. Radiographics 1999; 19:
299–319. 

2. Sorantin E, Lindbichler F. Management of intussusception. Eur
Radiol 2004; 14 (suppl 4): L146–L154.

Preparations
BP 2008: Barium Sulphate for Suspension; Barium Sulphate Oral Suspen-
sion; 
USP 31: Barium Sulfate for Suspension; Barium Sulfate Paste; Barium Sul-
fate Suspension; Barium Sulfate Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Barigraf; Bario; Bariofarma; Barosperse; E-Z-Cat; Entero VU; Gastro-
paque; Novopacum; Opti-Up†; Scheribar ; Tixobar ; Top-Cat; Austral.:
Medebar; Medescan; Tixobar†; Austria: Barilux; Prontobario; Scannotrast;
Belg.: E-Z-Paque; Micropaque; Microtrast; Polibar; Braz.: Bariogel; Celo-
bar†; Chile: Barigraf†; Cz.: E-Z-Cat; E-Z-HD; E-Z-Paque†; Micropaque; Mi-
crotrast; Polibar; Prontobario†; Denm.: Micropaque; Microtrast; Mixobar;
Fin.: Mixobar; Fr.: Micropaque; Microtrast; Ger.: Barilux; Micropaque; Mi-
crotrast; Gr.: Barilux; Micropaque; Unibaryt-R; Hung.: E-Z-Cat; E-Z-HD;
Micropaque; Microtrast; Polibar ACB; Polibar Rapid; Israel: E-Z-Cat; E-Z-
HD; E-Z-Paque; Entero VU; Liquid Polibar Plus; Polibar ACB; Ital.:
Mixobar†; Prontobario; TAC Esofago; Neth.: Baricol; E-Z-HD; Micropaque;
Polibar; Norw.: Mixobar; NZ: Medebar†; Port.: E-Z-Cat; E-Z-HD; Gastro-
bario; Micropaque; Microtrast; Polibar ; Spain: Barigraf; Bario Dif; Bario
Llorente†; Disperbarium; Justebarin†; Micropaque†; Swed.: Mixobar;
Switz.: CAT-Barium (E-Z-CAT); Microbar-HD (E-Z-HD); Micropaque;
Polibar ACB; UK: Baritop; E-Z-Cat; E-Z-HD; E-Z-Paque; Polibar; Polibar
Rapid; USA: Anatrast; Baricon; Baro-cat; Barobag; Barosperse; Bear-E-Yum;
CheeTah; Enecat; Enemark; Enhancer; Entrobar; Epi-C; Flo-Coat; HD 200
Plus; HD 85; Intropaste; Liqui-Coat HD; Liquipake; Medebar; Medescan;
Prepcat; Scan C; Tomocat; Tonojug; Tonopaque; Venez.: Barin; Bariogel†;
Bariotin†; Sulfobarina†.
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Ferristene (BAN, USAN)

Ferristeno.
C8H11NO3S,(Fe2O3)0.725.
CAS — 155773-56-1.
ATC — V08CB02.
ATC Vet — QV08CB02.

Description. Ferristene contains about 23.4% of Fe.
Profile
Ferristene consists of iron ferrite crystals carried on monosized
spheres of cross-linked poly(ammonium styrenesulfonate). It has
superparamagnetic properties and has been used orally as a mag-
netic resonance contrast medium (p.1474) for imaging of the ab-
domen.
Preparations
Proprietary Preparations (details are given in Part 3)
UK: Abdoscan†.

Ferucarbotran (BAN, USAN)

Ferrixan; Ferucarbotrano; SHU-555A; ZK-132281.

Profile
Ferucarbotran is a colloidal aqueous suspension of iron oxide
(magnetite and maghemite) particles coated with carboxydex-
tran. It has superparamagnetic properties and is used similarly to
ferumoxides (below) as a magnetic resonance contrast medium
(p.1474) for imaging of the liver; the particles are taken up by the
reticuloendothelial system of the liver and spleen and provide
contrast enhancement. It is given intravenously as a solution con-
taining 28 mg/mL of iron. The usual dose is 0.9 mL for patients
weighing less than 60 kg and 1.4 mL for patients weighing 60 kg
and over.
◊ References.
1. Reimer P, Balzer T. Ferucarbotran (Resovist): a new clinically

approved RES-specific contrast agent for contrast-enhanced
MRI of the liver: properties, clinical development, and applica-
tions. Eur Radiol 2003; 13: 1266–76.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Resovist†; Austria: Resovist; Belg.: Resovist; Cz.: Resovist;
Denm.: Resovist; Fin.: Resovist†; Ger.: Resovist; Gr.: Resovist; Israel: Res-
ovist†; Ital.: Resovist; Neth.: Resovist; Norw.: Resovist; Port.: Resovist;
Spain: Resograf; Resovist; Swed.: Resovist; Switz.: Resovist.

Ferumoxides (BAN, USAN)

AMI-25; Ferumóxidos.
(Fe2O3)m(FeO)n.
CAS — 119683-68-0.

Adverse Effects and Precautions
The most common adverse effects with ferumoxides are pain,
vasodilatation, and hypotension; paraesthesia may also occur.
Hypersensitivity reactions have developed. Extravasation may
lead to discoloration of the skin around the injection site. Feru-
moxides should not be used in patients with known hypersensi-
tivity to iron and should be used with caution in patients with iron
overload disorders.
Uses and Administration
Ferumoxides consists of colloidal particles of magnetite (iron ox-
ide). It has superparamagnetic properties and is used as a mag-
netic resonance contrast medium (p.1474) for imaging of the liv-
er; the particles are taken up by the reticuloendothelial system of
the liver and spleen and provide contrast enhancement. It is
available as a suspension containing 11.2 mg/mL of iron, which
should be diluted in 100 mL of glucose 5% before use and given
intravenously over at least 30 minutes. The dose is expressed in
terms of iron. In Europe, the usual dose is 0.84 mg/kg; in the
USA, a dose of 0.56 mg/kg is used.
◊ Reference to the use of ferumoxides followed by a gadolinium-
based contrast medium.1
1. Qayyum A, et al. Detection of hepatocellular carcinoma by fer-

umoxides-enhanced MR imaging in cirrhosis: incremental value
of dynamic gadolinium-enhancement. J Magn Reson Imaging
2006; 23: 17–22.

Preparations
USP 31: Ferumoxides Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Feridex†; Austria: Endorem; Belg.: Endorem; Denm.: Endorem;
Fin.: Endorem; Fr.: Endorem; Ger.: Endorem; Gr.: Endorem; Israel: Feri-
dex†; Ital.: Endorem; Jpn: Feridex; Neth.: Endorem; Norw.: Endorem;
Port.: Endorem; Spain: Endorem; Swed.: Endorem; Switz.: Endorem;
USA: Feridex.

Ferumoxsil (BAN, USAN)

AMI-121; Ferumoksiili; Ferumoxil; Férumoxsil; Ferumoxsilum.
ATC — V08CB01.
ATC Vet — QV08CB01.

Adverse Effects and Precautions
The most common adverse effects with ferumoxsil are diarrhoea,
nausea, vomiting, and abdominal pain; oral paraesthesia has also
been reported. Ferumoxsil should be used with caution in pa-
tients with iron overload disorders.

Uses and Administration
Ferumoxsil consists of a silicone polymer bonded to colloidal
particles of magnetite (iron oxide). It has superparamagnetic
properties and is used as a magnetic resonance contrast medium
(p.1474) for imaging of the gastrointestinal tract; the particles re-
main in the stomach and intestine when given orally or rectally
and provide contrast enhancement. It is given as a suspension
containing 175 micrograms/mL of iron. The usual dose is 600 to
900 mL by mouth, or 300 to 600 mL rectally.

Preparations
USP 31: Ferumoxsil Oral Suspension.

Proprietary Preparations (details are given in Part 3)
Austria: Lumirem; Braz.: Lumirem†; Denm.: Lumirem; Fin.: Lumirem; Fr.:
Lumirem; Ger.: Lumirem; Ital.: Lumirem; Neth.: Lumirem; Port.: Lu-
mirem; Swed.: Lumirem; USA: Gastromark.

Ferumoxtran-10 (USAN)

AMI-227; BMS-180549; Code 7227.

CAS — 189047-99-2.

Profile
Ferumoxtran-10 consists of colloidal particles of magnetite (iron
oxide) coated with a low-molecular-weight dextran. It has super-
paramagnetic properties and is under investigation as a magnetic
resonance contrast medium for imaging of the lymphatic system.

Gadobenic Acid (BAN, rINN)

Acide Gadobénique; Ácido gadobénico; Acidum Gadobenicum;
B-19036; Gd-BOPTA. Dihydrogen [(±)-4-carboxy-5,8,11-
tris(carboxymethyl)-1-phenyl-2-oxa-5,8,11-triazatridecan-13-
oato(5−)]gadolinate(2−).

Гадобеновая Кислота

C22H28GdN3O11 = 667.7.
CAS — 113662-23-0.
ATC — V08CA08.
ATC Vet — QV08CA08.

Meglumine Gadobenate (BANM, rINNM)

B-19036/7; Gadobenaattidimeglumiini; Gadobenatdimeglumin;
Gadobénate de Méglumine; Gadobenate Dimeglumine (USAN);
Gadobenato de meglumina; Gadobenatum Dimegluminum;
Meglumini Gadobenas.

Меглумина Гадобенат

C22H28GdN3O11,2C7H17NO5 = 1058.1.
CAS — 127000-20-8.
ATC — V08CA08.
ATC Vet — QV08CA08.

Adverse Effects and Precautions
As for Gadopentetic Acid, p.1479.

◊ References.
1. Kirchin MA, et al. Safety assessment of gadobenate dimeglu-

mine (MultiHance): extended clinical experience from phase I
studies to post-marketing surveillance. J Magn Reson Imaging
2001; 14: 281–94. 

2. Shellock FG, et al. Safety of gadobenate dimeglumine (Multi-
Hance): summary of findings from clinical studies and postmar-
keting surveillance. Invest Radiol 2006; 41: 500–9.

Pharmacokinetics
Gadobenate is rapidly distributed into the extracellular space af-
ter intravenous injection. An elimination half-life of about 1.2 to
1.7 hours has been reported. It is not metabolised and about 78 to
94% of a dose is excreted in the urine within 24 hours; about 2 to
4% is excreted in the faeces.

Uses and Administration
Gadobenic acid is an ionic gadolinium chelate with actions and
uses similar to those of gadopentetic acid (p.1480). It has para-
magnetic properties and is used as a magnetic resonance contrast
medium (p.1474). It distributes mainly into extracellular fluid,
but does not cross the blood-brain barrier, and is used in imaging
of the liver and CNS. 
Gadobenic acid is given intravenously as the meglumine salt. It
is available as a solution containing meglumine gadobenate
529 mg/mL (0.5 mmol/mL). Usual doses for imaging are: 
• liver: 0.1 mL/kg (0.05 mmol/kg) intravenously 
• brain or spine: 0.2 mL/kg (0.1 mmol/kg) intravenously.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: MultiHance; Belg.: MultiHance; Cz.: MultiHance; Denm.: Multi-
Hance; Fin.: MultiHance; Fr.: MultiHance; Ger.: MultiHance; Gr.: Multi-
Hance; Hung.: MultiHance; Irl.: MultiHance†; Israel: MultiHance; Ital.:
MultiHance; Neth.: MultiHance; Norw.: MultiHance; NZ: MultiHance;
Port.: MultiHance; Spain: MultiHance; Swed.: MultiHance; Switz.: Multi-
Hance; UK: MultiHance; USA: MultiHance.

Gadobutrol (rINN)

Gadobutrolum. {10-[(1RS,2SR)-2,3-Dihydroxy-1-(hydroxyme-
thyl)propyl]-1,4,7,10-tetraazacyclododecane-1,4,7-triacetato-
(3−)}gadolinium.

Гадобутрол
C18H31GdN4O9 = 604.7.
CAS — 138071-82-6.
ATC — V08CA09.
ATC Vet — QV08CA09.

Adverse Effects and Precautions
As for Gadopentetic Acid, p.1479. Gadobutrol may prolong car-
diac repolarisation and should not be used in patients with uncor-
rected hypokalaemia. Caution is required in patients with severe
cardiovascular disease, and in those with congenital long QT
syndrome or a history of drug-induced arrhythmias.

Pharmacokinetics
Gadobutrol is rapidly distributed into the extracellular space fol-
lowing intravenous injection. It is not significantly bound to plas-
ma proteins. An elimination half-life of about 1.8 hours has been
reported. It is not metabolised and more than 90% of a dose is
excreted in the urine within 12 hours; less than 0.1% is excreted
in the faeces.

Uses and Administration
Gadobutrol is a nonionic gadolinium chelate with actions and
uses similar to those of gadopentetic acid (p.1480). It has para-
magnetic properties and is used as a magnetic resonance contrast
medium (p.1474). It distributes mainly into extracellular fluid,
but does not cross the blood-brain barrier, and is used in imaging
of the CNS, kidneys, and liver, and in magnetic resonance angi-
ography. 
Gadobutrol is available as a solution containing 605 mg/mL
(1 mmol/mL). Usual doses are: 
• cranial and spinal imaging: 0.1 mL/kg (0.1 mmol/kg) intrave-

nously. A second dose of up to 0.2 mL/kg (0.2 mmol/kg) may
be given within 30 minutes if required 

• kidneys and liver: 0.1 mL/kg (0.1 mmol/kg) intravenously 
• angiography: 0.1 to 0.3 mL/kg (0.1 to 0.3 mmol/kg) intrave-

nously 
A solution containing 302.5 mg/mL (0.5 mmol/mL) has also
been used.

◊ References.
1. Huppertz A, Rohrer M. Gadobutrol, a highly concentrated MR-

imaging contrast agent: its physicochemical characteristics and
the basis for its use in contrast-enhanced MR angiography and
perfusion imaging. Eur Radiol 2004; 14 (suppl 5): M12–M18.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Gadovist; Austria: Gadovist; Belg.: Gadovist; Canad.: Gadovist;
Cz.: Gadovist; Denm.: Gadovist; Fin.: Gadovist; Ger.: Gadovist; Gr.:
Gadovist; Hung.: Gadovist; Ital.: Gadovist; Neth.: Gadovist; Norw.:
Gadovist; NZ: Gadovist; Port.: Gadovist; Rus.: Gadovist (Гадовист);
S.Afr.: Gadovist; Spain: Gadograf; Gadovist; Swed.: Gadovist; Switz.:
Gadovist; UK: Gadovist.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Gadodiamide (BAN, USAN, rINN)

Gadodiamid; Gadodiamida; Gadodiamidi; Gadodiamidum; Gd-
DTPA-BMA; S-041. [N,N-Bis(2-{(carboxymethyl)[(methylcar-
bamoyl)methyl]amino}ethyl)glycinato(3−)]gadolinium; a com-
plex of gadolinium with diethylenetriamine penta-acetic acid bis-
methylamide.
Гадодиамид
C16H26GdN5O8 = 573.7.
CAS — 131410-48-5 (anhydrous gadodiamide); 122795-
43-1 (gadodiamide hydrate).
ATC — V08CA03.
ATC Vet — QV08CA03.

Pharmacopoeias. In US. 
USP 31 (Gadodiamide). A white, odourless, powder. Freely sol-
uble in water and in methyl alcohol; soluble in alcohol; slightly
soluble in acetone and in chloroform. Store in airtight containers.
Adverse Effects and Precautions
As for Gadopentetic Acid, below.
Effects on the pancreas. Acute pancreatitis developed in a
patient shortly after injection of gadodiamide for hepatic imag-
ing.1 Another patient2 developed both acute pancreatitis and
acute renal failure after use of gadodiamide for angiography.
1. Terzi C, Sökmen S. Acute pancreatitis induced by magnetic-res-

onance-imaging contrast agent. Lancet 1999; 354: 1789–90.
Correction. ibid. 2000; 355: 660. 

2. Schenker MP, et al. Gadolinium arteriography complicated by
acute pancreatitis and acute renal failure. J Vasc Interv Radiol
2001; 12: 393.

Interference with diagnostic tests. Gadodiamide may inter-
fere with colorimetric methods for measuring serum calcium
concentrations, resulting in falsely low measurements. Severe
pseudohypocalcaemia has been reported1-3 after the use of gado-
diamide, particularly in patients with renal impairment.2 There is
also in vitro evidence that a similar interference may occur with
gadoversetamide.2
1. Doorenbos CJ, et al. Severe pseudohypocalcemia after gadolin-

ium-enhanced magnetic resonance angiography. N Engl J Med
2003; 349: 817–18. 

2. Prince MR, et al. Gadodiamide administration causes spurious
hypocalcemia. Radiology 2003; 227 639–46. 

3. Williams SF, et al. Spurious hypocalcemia after gadodiamide ad-
ministration. Mayo Clin Proc 2005; 80: 1655–7.

Renal impairment. For the view that gadodiamide may carry
a particular risk of the development of nephrogenic systemic
sclerosis in patients with renal impairment, see p.1479.
Pharmacokinetics
Gadodiamide is rapidly distributed into extracellular fluid.
About 96% of a dose is excreted unchanged in the urine within
24 hours. An elimination half-life of about 70 minutes has been
reported. Gadodiamide is not bound to plasma proteins. It is re-
moved by haemodialysis.
Uses and Administration
Gadodiamide is a nonionic gadolinium chelate with actions and
uses similar to those of gadopentetic acid (p.1480). It has para-
magnetic properties and is used as a magnetic resonance contrast
medium (p.1474). It distributes mainly into extracellular fluid,
but does not cross the blood-brain barrier, and is used in imaging
of cranial and spinal structures, imaging of the whole body,
angiography, and mammography. 
Gadodiamide is available as a solution containing 287 mg/mL
(0.5 mmol/mL). Usual doses are: 
• cranial and spinal imaging: for adults and children, 0.2 mL/kg

(0.1 mmol/kg). Adults may be given a second dose of
0.4 mL/kg (0.2 mmol/kg) within 20 minutes if required. 

• whole body imaging: for adults and children, 0.2 mL/kg
(0.1 mmol/kg) 

• kidneys: 0.1 mL/kg (0.05 mmol/kg) may be adequate 
• angiography: for adults, 0.2 mL/kg (0.1 mmol/kg) 
• mammography: 0.2 to 0.4 mL/kg (0.1 to 0.2 mmol/kg).
Preparations
USP 31: Gadodiamide Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Omniscan†; Austral.: Omniscan; Austria: Omniscan; Belg.: Omnis-
can; Braz.: Omniscan†; Canad.: Omniscan; Chile: Omniscan; Cz.: Om-
niscan; Denm.: Omniscan; Fin.: Omniscan; Fr.: Omniscan; Ger.: Omnis-
can; Gr.: Omniscan; Hung.: Omniscan; Israel: Omniscan; Ital.: Omniscan;

Jpn: Omniscan; Neth.: Omniscan; Norw.: Omniscan; NZ: Omniscan;
Port.: Omniscan; Rus.: Omniscan (Омнискан)†; Spain: Omniscan;
Swed.: Omniscan; Switz.: Omniscan; UK: Omniscan; USA: Omniscan;
Venez.: Omniscan†.

Gadofosveset Trisodium (USAN, rINNM)

Gadofosveset trisódico; Gadofosvéset Trisodique; Gadofosvese-
tum Trinatricum; MS-32520; MS-325 (gadofosveset). Trisodium
(N-{2-[bis(carboxymethyl)amino]ethyl}-N-{(R)-2-[bis(carboxy-
methyl)amino]-3-hydroxypropyl}glycine 4,4-diphenylcyclohexyl
hydrogen phosphato(6−))gadolinate(3−).
Тринатрий Гадофосвезет
C33H38GdN3Na3O14P = 957.9.
CAS — 201688-00-8 (gadofosveset); 193901-90-5 (gad-
ofosveset tr isodium).
ATC — V08CA11.
ATC Vet — QV08CA11.

(gadofosveset)

Profile
Gadofosveset is a gadolinium chelate used as a paramagnetic
contrast medium (p.1474) in magnetic resonance angiography. It
binds to plasma proteins, particularly albumin, and therefore acts
as a blood pool agent, allowing visualisation of the vasculature. 
Gadofosveset is given intravenously as the trisodium salt. It is
available as a solution containing gadofosveset trisodium
244 mg/mL (0.25 mmol/mL). The usual dose is 0.12 mL/kg
(0.03 mmol/kg) by intravenous injection.
◊ References.
1. Henness S, Keating GM. Gadofosveset. Drugs 2006; 66: 851–7.
Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Vasovist; Gr.: Vasovist; Hung.: Vasovist; Neth.: Vasovist; Port.: Vaso-
vist; UK: Vasovist.

Gadopentetic Acid (BAN, rINN)

Acide Gadopentétique; Ácido gadopentético; Acidum Gado-
penteticum; Gadolinium-DTPA. Dihydrogen (N,N-bis{2-[bis(car-
boxymethyl)amino]ethyl}glycinato(5−))gadolinate(2−); a com-
plex of gadolinium with diethylenetriamine penta-acetic acid.
Гадопентетовая Кислота
C14H20GdN3O10 = 547.6.
CAS — 80529-93-7.
ATC — V08CA01.
ATC Vet — QV08CA01.

Meglumine Gadopentetate (BANM, rINNM)

Dimeglumine Gadopentetate; Gadopentétate de Méglumine;
Gadopentetate Dimeglumine (USAN); Gadopentetate Meglu-
mine; Gadopentétate méglumine; Gadopentetato de meglumi-
na; Meglumini gadopentetas; SH-L-451-A.
Меглумина Гадопентетат
C14H20GdN3O10,(C7H17NO5)2 = 938.0.
CAS — 86050-77-3.
ATC — V08CA01.
ATC Vet — QV08CA01.
Pharmacopoeias. Chin. and US include only as an injection.
Adverse Effects
There may be headache, nausea, vomiting, and transient sensa-
tions of heat or cold or taste disturbances on injection of gado-

pentetate or other gadolinium chelates. Rarely, convulsions, hy-
potension, allergic or anaphylactoid reactions, and shock may
occur. Paraesthesias, dizziness, and localised pain have also been
reported. Transient elevations of serum iron and bilirubin values
have been observed. Nephrogenic systemic fibrosis may occur
rarely in patients with renal impairment (see under Precautions,
below).
◊ General references.
1. Nelson KL, et al. Clinical safety of gadopentetate dimeglumine.

Radiology 1995; 196: 439–43.

Effects on the nervous system. Subacute encephalopathy
has been reported1 in a woman who was given repeated doses of
a gadolinium chelate for magnetic resonance imaging. It was
suggested that renal impairment may have contributed to reten-
tion of gadolinium, with subsequent diffusion into the CSF.
1. Maramattom BV, et al. Gadolinium encephalopathy in a patient

with renal failure. Neurology 2005; 64: 1276–8.

Hypersensitivity. Although rare, anaphylactoid reactions have
occurred with a number of gadolinium chelates.1 Severe reac-
tions have been reported with gadopentetate,2 gadoterate,3,4 and
gadoteridol,5 including a fatal reaction with gadopentetate.6
There has also been a report7 of a severe reaction with gadoteri-
dol in a patient who had previously tolerated gadopentetate. Re-
actions may occur despite premedication with antihistamines
and corticosteroids.8
1. Runge VM. Safety of approved MR contrast media for intrave-

nous injection. J Magn Reson Imaging 2000; 12: 205–13. 
2. Tardy B, et al. Anaphylactic shock induced by intravenous gado-

pentetate dimeglumine. Lancet 1992; 339: 494. 
3. Meuli RA, Maeder P. Life-threatening anaphylactoid reaction af-

ter IV injection of gadoterate meglumine. Am J Roentg 1996;
166: 729. 

4. Beaudouin E, et al. Anaphylactic shock induced by gadoterate
meglumine (DOTAREM ). Allerg Immunol (Paris) 2003; 35:
382–5. 

5. Shellock FG, et al. Adverse reaction to intravenous gadoteridol.
Radiology 1993; 189: 151–2. 

6. Jordan RM, Mintz RD. Fatal reaction to gadopentetate dimeglu-
mine. Am J Roentg 1995; 164: 743–4. 

7. Witte RJ, Anzai LL. Life-threatening anaphylactoid reaction af-
ter intravenous gadoteridol administration in a patient who had
previously received gadopentetate dimeglumine. Am J Neurora-
diol 1994; 15: 523–4. 

8. Dillman JR, et al. Allergic-like breakthrough reactions to gado-
linium contrast agents after corticosteroid and antihistamine pre-
medication. Am J Roentg 2008; 190: 187–90.

Precautions
Gadopentetate should not be used in patients with severe renal
impairment (GFR less than 30 mL/minute per 1.73 m2) or with
acute renal impairment associated with hepato-renal syndrome
or liver transplantation (see Renal Impairment, below). It should
be given with care to patients with moderate renal impairment,
epilepsy, hypotension, or a history of hypersensitivity, asthma, or
other allergic respiratory disorders. Care should be taken to avoid
extravasation. Gadopentetate may interfere with tests of serum
iron or bilirubin concentrations.
Breast feeding. Studies1-3 have shown that gadopentetate is
distributed into breast milk in very small amounts; the total
amount excreted in the milk within 24 hours was less than 0.04%
of the intravenous dose in all cases. No adverse effects have been
seen in breast-feeding infants whose mothers were receiving
gadopentetic acid and the American Academy of Pediatrics
considers4 that it is therefore usually compatible with breast feed-
ing.
1. Schmiedl U, et al. Excretion of gadopentetate dimeglumine in

human breast milk. Am J Roentg 1990; 154: 1305–6. 
2. Rofsky NM, et al. Quantitative analysis of gadopentetate dimeg-

lumine excreted in breast milk. J Magn Reson Imaging 1993; 3:
131–2. 

3. Kubik-Huch RA, et al. Gadopentetate dimeglumine excretion
into human breast milk during lactation. Radiology 2000; 216:
555–8. 

4. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 27/03/06)

Myasthenia gravis. Acute deterioration of myasthenia gravis
has been reported1 in a patient after imaging of the brain using
gadopentetate.
1. Nordenbo AM, Somnier FE. Acute deterioration of myasthenia

gravis after intravenous administration of gadolinium-DTPA.
Lancet 1992; 340: 1168.

Renal impairment. Nephrogenic systemic fibrosis (nephro-
genic fibrosing dermopathy) is a rare condition that has been re-
ported in patients with renal impairment. Use of gadolinium-
containing contrast media appears to be a risk factor;1-3 most cas-
es have occurred with gadodiamide given in high doses for mag-
netic resonance angiography, but there have also been reports
with other gadolinium-containing contrast media and with lower
doses. It has been suggested that the mechanism involves release
of free gadolinium ions into the tissues, and that the potential for
this varies between the different gadolinium-based contrast me-
dia available, with gadodiamide and gadoversetamide more like-
ly to do so.4 The macrocyclic structure of gadoteridol and gado-
terate was thought to be less prone to this effect, but further
research is needed. The FDA5 and the MHRA6 advise that use of
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gadolinium-containing contrast media should be restricted in pa-
tients with severe renal impairment (GFR less than
30 mL/minute per 1.73 m2). The MHRA contra-indicates the use
of gadodiamide or gadopentetate in such patients (other gadolin-
ium-containing contrast media are under review), whereas the
FDA advises that all gadolinium-containing contrast media
should be avoided unless the diagnostic information is essential
and cannot be obtained another way. The FDA gives a similar
warning for use in patients with acute renal failure associated
with hepato-renal syndrome or around the time of liver trans-
plantation. The value of haemodialysis to remove gadolinium-
containing contrast media after use is unknown.

1. Perazella MA, Rodby RA. Gadolinium-induced nephrogenic
systemic fibrosis in patients with kidney disease. Am J Med
2007; 120: 561–2. 

2. Health Canada. Gadolinium-containing contrast agents and ne-
phrogenic systemic fibrosis: update. Can Adverse React News
2007; 17 (4): 1–2. Also available at: http://www.hc-sc.gc.ca/
dhp-mps/medeff/bulletin/carn-bcei_v17n4-eng.php#1 (accessed
14/07/08) 

3. Moreno-Romero JA, et al. Nephrogenic systemic fibrosis: a case
series suggesting gadolinium as a possible aetiological factor. Br
J Dermatol 2007; 157: 783–7. 

4. Penfield JG, Reilly RF. Nephrogenic systemic fibrosis risk: is
there a difference between gadolinium-based contrast agents?
Semin Dial 2008; 21: 129–34. 

5. FDA. Gadolinium-containing contrast agents for magnetic reso-
nance imaging (MRI): Omniscan, OptiMARK, Magnevist, Pro-
Hance, and MultiHance (issued 08/06/06, updated 22/12/06 and
23/05/07). Available at: http://www.fda.gov/cder/drug/
InfoSheets/HCP/gcca_200705.htm (accessed 14/07/08) 

6. MHRA/CHM. Gadolinium-containing MRI contrast agents: ne-
phrogenic systemic fibrosis. Drug Safety Update 2007; 1 (1):
2 – 3 .  Av a i l a b l e  a t :  h t t p : / /w w w. m h r a . g o v. u k / h o m e /
idcplg?IdcService=GET_FILE&dDocName=CON2031801&
RevisionSelectionMethod=LatestReleased (accessed 14/07/08)

Pharmacokinetics
Gadopentetate is rapidly distributed into the extracellular space
after intravenous injection. An elimination half-life of 1.6 hours
has been reported. It is not metabolised and about 90% of a dose
is excreted in the urine within 24 hours. It does not appear to bind
to plasma proteins. A small amount is distributed into breast
milk. Gadopentetate is removed by haemodialysis.

Uses and Administration
Gadopentetic acid is an ionic gadolinium chelate used as a con-
trast medium in magnetic resonance imaging (p.1474). Gadolin-
ium has paramagnetic properties that affect the relaxivity of hy-
drogen ions, increasing the signal intensity and therefore
enhancing the contrast between tissues. Chelation of gadolinium
reduces its toxicity while retaining its paramagnetic properties; it
also affects distribution within the body. Most gadolinium
chelates distribute freely into extracellular fluid but do not cross
the blood-brain barrier, and they are particularly useful for imag-
ing the brain and associated structures. 

Gadopentetic acid is given intravenously as meglumine gado-
pentetate for contrast enhancement in magnetic resonance imag-
ing of cranial and spinal structures, and of the whole body, and
may also be used for evaluation of renal function. It is given by
intra-articular injection for arthrography, and has been used oral-
ly and rectally in imaging of the gastrointestinal tract. 

For cranial, spinal, and whole body imaging, a solution contain-
ing meglumine gadopentetate 469.01 mg/mL (0.5 mmol/mL) is
used. The usual dose in adults, children, and neonates is
0.2 mL/kg (0.1 mmol/kg) intravenously. For cranial and spinal
imaging, a further dose of 0.2 mL/kg (0.1 mmol/kg) may be giv-
en within 30 minutes if necessary; in adults this second dose may
be 0.4 mL/kg (0.2 mmol/kg). For whole body imaging in adults
and children over 2 years, a dose of 0.4 mL/kg (0.2 mmol/kg)
may be needed in some cases to produce adequate contrast and
in special circumstances a dose of 0.6 mL/kg (0.3 mmol/kg) may
be used in adults. 

For arthrography a solution containing meglumine gadopen-
tetate 1.876 mg/mL (0.002 mmol/mL) is given by intra-articular
injection. The dose depends on the joint being imaged; the usual
range is from 1 to 20 mL. 

For imaging of the gastrointestinal tract a solution containing
meglumine gadopentetate 9.38 mg/mL has been used, diluted
further before use.

Preparations

USP 31: Gadopentetate Dimeglumine Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Magnevist; Opacite; Viewgam; Austral.: Magnevist; Austria: Magne-
vist; Belg.: Magnevist; Braz.: Magnevistan; Canad.: Magnevist; Chile: Mag-
nevistan; Cz.: Magnegita; Magnevist; Denm.: Magnevist; Fin.: Magnevist;
Fr.: Magnevist; Ger.: Magnevist; Gr.: Magnevist; Hung.: Magnevist; Ital.:
Magnevist; Mex.: Viewgam; Neth.: Magnevist; Norw.: Magnevist; NZ:
Magnevist; Port.: Magnevist; Rus.: Magnevist (Магневист); S.Afr.: Magne-
vist; Spain: Magnevist; Magnograf; Swed.: Magnevist; Switz.: Magnevist;
UK: Magnevist; USA: Magnevist; Venez.: Magnevistan.

Gadoteric Acid (BAN, rINN)

Acide Gadotérique; Ácido gadotérico; Acidum Gadotericum;
Gadoteerihappo; Gadotersyra; Gd-DOTA; ZK-112004. Hydro-
gen [1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraaceto(4−)]-
gadolinate(1−); Hydrogen [1,4,7,10-tetrakis(carboxylatomethyl)-
1,4,7,10-tetra-azacyclododecane-κ4N]gadolinate(1−).
Гадотеровая Кислота
C16H25GdN4O8 = 558.6.
CAS — 72573-82-1.
ATC — V08CA02.
ATC Vet — QV08CA02.

Meglumine Gadoterate (BANM, rINNM)

Gadotérate de Méglumine; Gadoterate Meglumine; Gadoterato
de meglumina; Meglumini Gadoteras.
Меглумина Гадотерат
ATC — V08CA02.
ATC Vet — QV08CA02.

Adverse Effects and Precautions
As for Gadopentetic Acid, p.1479.
Hypersensitivity. For reports of anaphylactoid reactions with
gadoterate, see under Adverse Effects of Gadopentetic Acid,
p.1479.
Pharmacokinetics
Gadoterate is distributed into the extracellular space after intra-
venous injection. It is not bound to plasma proteins. A plasma
half-life of about 1.5 hours has been reported. It is not metabo-
lised and about 90% of a dose is excreted in the urine within 24
hours.
Uses and Administration
Gadoteric acid is an ionic gadolinium chelate with actions and
uses similar to those of gadopentetic acid (above). It has para-
magnetic properties and is used as a magnetic resonance contrast
medium (p.1474). It distributes mainly into extracellular fluid,
but does not cross the blood-brain barrier, and is used in imaging
of cranial and spinal structures and of the whole body, and in
magnetic resonance angiography. 
Gadoteric acid is given intravenously as the meglumine salt. It is
available as a solution containing meglumine gadoterate
376.9 mg/mL (0.5 mmol/mL). The usual dose in adults and chil-
dren is 0.2 mL/kg (0.1 mmol/kg) by intravenous injection. A
second dose of up to 0.4 mL/kg (0.2 mmol/kg) may be given if
necessary. For angiography, a dose of 0.1 to 0.2 mL/kg (0.05 to
0.1 mmol/kg) may be given, repeated if required.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Dotarem; Austral.: Dotarem; Austria: Dotarem; Belg.: Artirem;
Dotarem; Braz.: Dotarem†; Chile: Dotarem; Cz.: Dotarem; Denm.: Do-
tarem; Fin.: Dotarem; Fr.: Artirem; Dotarem; Ger.: Artirem; Dotarem;
Gr.: Dotarem; Hung.: Dotarem; Israel: Dotarem; Ital.: Dotarem; Neth.:
Artirem; Dotarem; Norw.: Dotarem; Port.: Dotarem; Spain: Dotarem;
Swed.: Dotarem; Switz.: Artirem; Dotarem; Venez.: Dotarem.

Gadoteridol (BAN, USAN, rINN)

Gadotéridol; Gadoteridoli; Gadoteridolum; Gd-HP-DO3A; SQ-
32692. (±)-[10-(2-Hydroxypropyl)-1,4,7,10-tetraazacyclodo-
decane-1,4,7-triacetato(3−)]gadolinium.
Гадотеридол
C17H29GdN4O7 = 558.7.
CAS — 120066-54-8.
ATC — V08CA04.
ATC Vet — QV08CA04.

Pharmacopoeias. In US. 
USP 31 (Gadoteridol). A white to off-white, odourless, crystal-
line powder. Freely soluble in water and in methyl alcohol; solu-
ble in isopropyl alcohol. Store in airtight containers. Protect from
light.

Adverse Effects and Precautions
As for Gadopentetic Acid, above.
◊ Reviews.
1. Runge VM, Parker JR. Worldwide clinical safety assessment of

gadoteridol injection: an update. Eur Radiol 1997; 7 (suppl 5):
243–5.

Hypersensitivity. For a report of an anaphylactoid reaction
with gadoteridol, see under Adverse Effects of Gadopentetic Ac-
id, p.1479.
Pharmacokinetics
Gadoteridol is distributed into extracellular fluid after intrave-
nous injection. About 94% of a dose is excreted unchanged in the
urine within 24 hours. An elimination half-life of about 1.57
hours has been reported.
Uses and Administration
Gadoteridol is a nonionic gadolinium chelate with actions and
uses similar to those of gadopentetic acid (p.1480). It has para-
magnetic properties and is used as a magnetic resonance contrast
medium (p.1474). It distributes mainly into extracellular fluid,
but does not cross the blood-brain barrier, and is used in imaging
of cranial and spinal structures and of the whole body. 
Gadoteridol is available as a solution containing 279.3 mg/mL
(0.5 mmol/mL). The usual adult dose is 0.2 mL/kg
(0.1 mmol/kg) intravenously; for CNS imaging, an additional
dose of up to 0.4 mL/kg (0.2 mmol/kg) may be given up to 30
minutes after the first if necessary. A single dose of 0.2 mL/kg
(0.1 mmol/kg) is used in children from 6 months of age.
Preparations
USP 31: Gadoteridol Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Prohance; Austria: Prohance; Belg.: Prohance; Cz.: Prohance;
Denm.: Prohance; Fin.: Prohance; Fr.: Prohance; Ger.: Prohance; Irl.: Pro-
hance†; Ital.: Prohance; Jpn: Prohance; Neth.: Prohance; Norw.: Pro-
hance; Spain: Prohance; Swed.: Prohance; Switz.: Prohance; UK: Pro-
hance; USA: Prohance.

Gadoversetamide (BAN, USAN, rINN)

Gadoversetamida; Gadoversétamide; Gadoversetamidum; MP-
1177. {N,N-Bis[2-({(carboxymethyl)[(2-methoxyethyl)carba-
moyl]methyl}amino)ethyl]glycinato(3−)}gadolinium.
Гадоверсетамид
C20H34GdN5O10 = 661.8.
CAS — 131069-91-5.
ATC — V08CA06.
ATC Vet — QV08CA06.

Pharmacopoeias. In US. 
USP 31 (Gadoversetamide). A white odourless powder. Freely
soluble in water. Store in airtight containers. Protect from light.
Adverse Effects and Precautions
As for Gadopentetic Acid, p.1479.
Interference with diagnostic tests. Like gadodiamide (see
p.1479), gadoversetamide may interfere with colorimetric meth-
ods for measuring serum-calcium concentrations. 
Gadoversetamide may also interfere with measurement of serum-
copper, iron, and zinc concentrations.
Renal impairment. For the view that gadoversetamide may
carry an increased risk of the development of nephrogenic sys-
temic sclerosis in patients with renal impairment, see p.1479.
Pharmacokinetics
Gadoversetamide is distributed into the extracellular space after
intravenous injection. It is not bound to plasma proteins. An
elimination half-life of about 1.7 hours has been reported. It is
not metabolised and about 95.5% of a dose is excreted in the
urine within 24 hours. Gadoversetamide is removed by haemo-
dialysis.
Uses and Administration
Gadoversetamide is a nonionic gadolinium chelate with actions
and uses similar to those of gadopentetic acid (p.1480). It has
paramagnetic properties and is used as a magnetic resonance
contrast medium (p.1474). It distributes mainly into extracellular
fluid, but does not cross the blood-brain barrier, and is used in
imaging of cranial and spinal structures and of the whole body. 
Gadoversetamide is available as a solution containing
330.9 mg/mL (0.5 mmol/mL). The usual dose is 0.2 mL/kg
(0.1 mmol/kg) intravenously.

N

N N

N

O

O-

O

O-
Gd+++

O

-O

O

HO

N

N N

N

O

O-

CH3

OH
Gd+++

O

-O

O

-O

N

O

H
N

N N

H
N

O

O

O-

OCH3 CH3O

O

O- O-

O
Gd+++



Gadoteric Acid/Iodamide    1481

The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Preparations
USP 31: Gadoversetamide Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Optimark; Austral.: Optimark; Canad.: Optimark; Cz.: Optimark;
Port.: Optimark; USA: Optimark.

Gadoxetic Acid (rINN)

Acide Gadoxétique; Ácido gadoxético; Acidum Gadoxeticum;
Gd-EOB-DTPA. Dihydrogen [N-{(2S)-2-[bis(carboxymethyl)-
amino]-3-(p-ethoxyphenyl)propyl}-N-{2-[bis(carboxymethyl)-
amino]ethyl}glycinato(5−)]gadolinate(2−).

Гадоксетовая Кислота

C23H30GdN3O11 = 681.7.
CAS — 135326-11-3 (gadoxetic acid).
ATC — V08CA10.
ATC Vet — QV08CA10.

Sodium Gadoxetate (rINNM)

Gadoxétate de Sodium; Gadoxetate Disodium (USAN); Gadoxe-
tate Sodium; Gadoxetato de sodio; Natrii Gadoxetas; ZK-
139834.

Натрий Гадоксетат

C23H28GdN3Na2O11 = 725.7.
CAS — 135326-22-6.
ATC — V08CA10.
ATC Vet — QV08CA10.

Adverse Effects and Precautions
As for Gadopentetic Acid, p.1479.

Pharmacokinetics
Gadoxetate is distributed into the extracellular space after intra-
venous injection and is also taken up by the liver. It is less than
10% bound to plasma proteins. It is excreted in about equal
amounts in the bile and in the urine. An elimination half-life of
about 1 hour has been reported. Gadoxetate is removed by
haemodialysis.

Uses and Administration
Gadoxetic acid is an ionic gadolinium chelate with actions simi-
lar to those of gadopentetic acid (p.1480). It has paramagnetic
properties and is used as a magnetic resonance contrast medium
(p.1474). It is taken up by the liver and excreted in bile and is
used in imaging of the liver. 
Gadoxetic acid is given intravenously as the sodium salt. It is
available as a solution containing sodium gadoxetate
181.4 mg/mL (0.25 mmol/mL). The usual dose is 0.1 mL/kg
(0.025 mmol/kg).

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Primovist; Cz.: Primovist; Fin.: Primovist; Gr.: Primovist; Hung.:
Primovist; Neth.: Primovist; Norw.: Primovist; Swed.: Primovist; Switz.:
Primovist; UK: Primovist.

Galactose (USAN)

D-Galactopyranose; α-D-Galactopyranose; Galactosa; D-Galac-
tose; Galactosum; Galaktoosi; Galaktos; Galaktosa; Galaktóz;
Galaktoza; Galaktozė.

C6H12O6 = 180.2.
CAS — 59-23-4 (D-galactose); 3646-73-9 (α-D-galac-
tose).
ATC — V04CE01; V08DA02 (microparticles of galactose).
ATC Vet — QV04CE01; QV08DA02 (microparticles of ga-
lactose).

Pharmacopoeias. In Eur. (see p.vii). Also in USNF. 
Ph. Eur. 6.2 (Galactose). A white or almost white, crystalline or
finely granulated powder. Freely soluble or soluble in water; very
slightly soluble in alcohol. 
USNF 26 (Galactose). A white, crystalline or finely granulated
powder. Soluble in water; very slightly soluble in alcohol. Store
in airtight containers.

Profile
Galactose is a naturally occurring monosaccharide used as an
ultrasound contrast medium (p.1474); dissolution of galactose
microparticles releases microbubbles of air that provide echo-
enhancement. Galactose is used to enhance ultrasound imaging
of the female genital tract. It is given transcervically as a micro-
bubble-microparticle suspension prepared immediately before
use by suspending 3 g of galactose microparticles in 13.5 mL of
a solution containing 200 mg/mL galactose. The usual dose is 2
to 5 mL, with additional doses of 1 to 2 mL as required, to a max-
imum of 30 mL. Similar suspensions of galactose, with palmitic
acid to stabilise the microbubbles, have been used in echocardi-
ography. 
The clearance of galactose given intravenously has been used as
a measure of liver function. Galactose labelled with carbon-13
(p.2277) has also been used.

Precautions. Preparations that contain, or are metabolised to,
galactose may interfere with the results from glucose tests
(p.2314). Overestimation of glucose results may mask hypogly-
caemia, resulting in the inappropriate use of insulin.1,2

1. Medicines and Healthcare products Regulatory Agency. Medical
device alert: ref MDA/2007/058 issued 19 July 2007. Available
at: http://www.mhra.gov.uk/PrintPreview/PublicationSP/
CON2031807 (accessed 01/07/08) 

2. FDA. Important safety information on interference with blood
glucose measurement following use of parenteral mal-
tose/parenteral galactose/oral xylose-containing products (is-
sued November 2005). Available at: http://www.fda.gov/cber/
safety/maltose110405.htm (accessed 01/07/08)

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Levovist†; Austral.: Levovist; Austria: Echovist; Levovist†; Om-
bravist†; Canad.: Echovist†; Levovist†; Cz.: Levovist†; Denm.: Levovist†;
Fin.: Echovist†; Levovist†; Fr.: Echovist; Levovist; Ger.: Echovist; Levovist;
Hung.: Echovist; Israel: Echovist; Ital.: Levovist; Neth.: Echovist†; Levovist;
Norw.: Levovist†; NZ: Levovist; Port.: Levovist; S.Afr.: Echovist†; Spain:
Levograf; Levovist; Swed.: Echovist; Levovist†; Switz.: Levovist; UK: Echo-
vist; Levovist†.

Multi-ingredient: Gr.: L-Vist.

Iobitridol (BAN, rINN)

Iobitridolum; Jobitridol; Jobitridoli. N,N′-Bis(2,3-dihydroxypro-
pyl)-5-[2-(hydroxymethyl)hydracrylamido]-2,4,6-triiodo-N,N′-
dimethylisophthalamide; .

Йобитридол
C20H28I3N3O9 = 835.2.
CAS — 136949-58-1.
ATC — V08AB11.
ATC Vet — QV08AB11.

Profile
Iobitridol is a nonionic monomeric iodinated radiographic con-
trast medium (see p.1474). It may be given intravenously, intra-
arterially, or by instillation into body cavities and is used in a
wide range of procedures including angiography, arthrography,

cholangiopancreatography, and hysterosalpingography. It is also
used for contrast enhancement in computed tomography. 
It is usually available as solutions containing 54.84 to 76.78% of
iobitridol (equivalent to 250 to 350 mg/mL of iodine). The dose
and strength used varies depending on the procedure and route.
◊ References.
1. Petersein J, et al. Results of the safety and efficacy of iobitridol

in more than 61,000 patients. Eur Radiol 2003; 13: 2006–11.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Xenetic; Xenetix; Austria: Xenetix; Belg.: Xenetix; Braz.: Henetix†;
Chile: Xenetix; Cz.: Xenetix; Denm.: Xenetix; Fin.: Xenetix; Fr.: Xenetix;
Ger.: Xenetix; Gr.: Xenetix; Hung.: Xenetix; Israel: Xenetix; Ital.:
Xenetix; Neth.: Xenetix; Norw.: Xenetix; Port.: Xenetix; Spain: Xenetix;
Swed.: Xenetix; Switz.: Xenetix; Venez.: Xenetix.

Iocetamic Acid (BAN, USAN, pINN)

Acide Iocétamique; Ácido iocetámico; Acidum Iocetamicum;
DRC-1201; Jocetamsyra; Josetaamihappo; MP-620. N-Acetyl-N-
(3-amino-2,4,6-tri-iodophenyl)-2-methyl-β-alanine; 2-[N-(3-
Amino-2,4,6-tri-iodophenyl)acetamidomethyl]-propionic acid.
Йоцетамовая Кислота
C12H13I3N2O3 = 614.0.
CAS — 16034-77-8.
ATC — V08AC07.
ATC Vet — QV08AC07.

Description. Iocetamic acid contains about 62% of I.
Profile
Iocetamic acid is an ionic monomeric iodinated radiographic
contrast medium with similar properties to iopanoic acid
(p.1484). It is absorbed from the gastrointestinal tract and excret-
ed in bile and has been given orally for cholecystography.
Preparations
Proprietary Preparations (details are given in Part 3)
Neth.: Cholebrine†.

Iodamide (BAN, USAN, rINN)

Ametriodinic Acid; B-4130; Iodamida; Iodamidum; Jodamid; Jodi-
amidi; SH-926. α,5-Diacetamido-2,4,6-tri-iodo-m-toluic acid; 3-
Acetamido-5-acetamidomethyl-2,4,6-tri-iodobenzoic acid.
Йодамид
C12H11I3N2O4 = 627.9.
CAS — 440-58-4.
ATC — V08AA03.
ATC Vet — QV08AA03.

Description. Iodamide contains about 60.6% of I.
Pharmacopoeias. In Jpn.

Meglumine Iodamide (BANM, rINNM)

Iodamida de meglumina; Iodamide Meglumine (USAN); Iodamide
Méglumine; Meglumini Iodamidum. The N-methylglucamine salt
of iodamide.
Меглумина Йодамид
C12H11I3N2O4,C7H17NO5 = 823.2.
CAS — 18656-21-8.
ATC — V08AA03.
ATC Vet — QV08AA03.

Description. Meglumine iodamide contains about 46.3% of I.
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Sodium Iodamide (BANM, rINNM)

Iodamida sódica; Iodamide Sodique; Iodamide Sodium; Natrii Io-
damidum.
Натрий Йодамид
C12H10I3N2NaO4 = 649.9.
CAS — 10098-82-5.
ATC — V08AA03.
ATC Vet — QV08AA03.

Description. Sodium iodamide contains about 58.6% of I.
Profile
Iodamide is an ionic monomeric iodinated radiographic contrast
medium (see p.1474). It is used in many procedures and may be
given intravenously or by other routes, for example by instilla-
tion into the bladder or uterus; it has also been used for computed
tomography. 
It is usually given as a 24 to 65% solution of the meglumine salt,
or as a mixture of the sodium and meglumine salts; solutions of
the sodium salt have also been used. The dose varies according
to the procedure and route.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Uromiro; Ital.: Isteropac ER; Opacist ER; Uromiro 24%, 36%, and
300†; Uromiro 300 Sodico†; Uromiro 340 and 420†; Switz.: Isteropac†;
Opacist ER†; Uromiro†; Venez.: Angiomiron†; Uromiron.

Iodised Oil
Aceite yodado; Ethiodized Oil.
CAS — 8001-40-9 (iodised oil); 8008-53-5 (ethiodized oil
injection).
ATC — V08AD01.
ATC Vet — QV08AD01.

Description. Iodised oil is an iodine addition product of the
ethyl esters of the fatty acids obtained from poppy-seed oil. It
contains about 35 to 39% of combined iodine.
Incompatibility. Because of its solvent action on polystyrene,
iodised oil injection should not be given in syringes made with
polystyrene.
Adverse Effects and Precautions
The risk of hypersensitivity reactions or iodism is greater after
the use of iodised oil than after water-soluble iodinated contrast
media such as the amidotrizoates. Pulmonary oil embolism is re-
ported to be relatively frequent after lymphography but is not
usually severe; however, hypotension, tachycardia, and pulmo-
nary oedema and infarction may occur rarely and deaths have
been reported in patients with pulmonary disease. Chemical
pneumonitis, oedema, granuloma formation, and goitre have oc-
curred. 
Great care must be taken to avoid vascular structures, because of
the danger of oil embolism; it should therefore not be used in
areas affected by haemorrhage or local trauma. Iodised oil should
be used with care in patients with thyroid dysfunction or a history
of allergic reactions. Use may interfere with thyroid-function
tests for several months.
Hysterosalpingography. The use of oily contrast media such
as iodised oil for hysterosalpingography has been associated
with serious adverse effects, including tubal occlusion,1 and cer-
ebral and pulmonary oil embolism,2,3 and water-soluble contrast
media are usually preferred. However, diagnostic hysterosalp-
ingography using iodised oil has been associated with an in-
crease in fertility4 and randomised trials5,6 using iodised oil for
treatment in patients with unexplained infertility have found a
similar effect.
1. Wright FW, Stallworthy J. Female sterility produced by investi-

gation. BMJ 1973; 3: 632. 
2. Dan U, et al. Cerebral embolization and coma after hysterosalp-

ingography with oil-soluble contrast medium. Fertil Steril 1990;
53: 939–40. 

3. Uzun O, et al. Pulmonary and cerebral oil embolism after hyste-
rosalpingography with oil soluble contrast medium. Respirology
2004; 9: 134–6. 

4. Johnson NP. A review of the use of lipiodol flushing for unex-
plained infertility. Treat Endocrinol 2005; 4: 233–43. 

5. Nugent D, et al. A randomized controlled trial of tubal flushing
with lipiodol for unexplained infertility. Fertil Steril 2002; 77:
173–5. 

6. Johnson NP, et al. The FLUSH trial—flushing with lipiodol for
unexplained (and endometriosis-related) subfertility by hystero-
salpingography: a randomized trial. Hum Reprod 2004; 19:
2043–51.

Pharmacokinetics
Iodised oil may persist in the body for several weeks or months.
It is only slowly absorbed from most body sites, although absorp-
tion from the peritoneal cavity is stated to be relatively rapid. It
is reported to be slowly metabolised to fatty acids and iodine.
Uses and Administration
Iodised oil is an iodinated radiographic contrast medium
(p.1474) that is used mainly for lymphography. It has been used
for hysterosalpingography but water-soluble agents are pre-
ferred. Although some preparations have been used in bronchog-
raphy, the fluid injection of iodised oil is unsuitable for such use.
Doses are dependent upon the procedure. 

Because it is slowly metabolised to release iodine, iodised oil is
used in the management of iodine deficiency (p.2170).
Infertility. For reference to the use of iodised oil in the manage-
ment of infertility, see Hysterosalpingography under Adverse Ef-
fects and Precautions, above.
Malignant neoplasms. Intra-arterial injection of iodised oil
has been used in both the diagnosis and management of malig-
nant neoplasms of the liver (p.667). After injection into the he-
patic artery, iodised oil is selectively retained by hepatic carcino-
mas and may have a role as an adjunct to computed tomography
for both diagnosis and monitoring.1-3 It has also been used in the
management of hepatic carcinoma,2,4 either to increase the reten-
tion of antineoplastics (chemoembolisation),5 or to provide tar-
geted delivery of radioactive iodine.6
1. Dalla Palma L. Diagnostic imaging and interventional therapy of

hepatocellular carcinoma. Br J Radiol 1998; 71: 808–18. 
2. Ryder SD. Guidelines for the diagnosis and treatment of hepato-

cellular carcinoma (HCC) in adults. Gut 2003; 52 (suppl):
i i i1– i i i8 .  Also ava i lab le  a t :  h t tp : / /www.bsg .org .uk/
pdf_word_docs/hcc.pdf (accessed 27/03/06) 

3. Zheng X-H, et al. Detection of hypervascular hepatocellular car-
cinoma: comparison of multi-detector CT with digital subtrac-
tion angiography and Lipiodol CT. World J Gastroenterol 2005;
11: 200–203. 

4. Trinchet JC, et al. Review article: intra-arterial treatments in pa-
tients with hepatocellular carcinoma Aliment Pharmacol Ther
2003; 17 (suppl 2): 111–118. 

5. Group d’Etude et de Traitement du Carcinome Hépatocellulaire.
A comparison of Lipiodol chemoembolization and conservative
treatment for unresectable hepatocellular carcinoma. N Engl J
Med 1995; 332: 1256–61. 

6. Lau WY, et al. Adjuvant intra-arterial iodine-131-labelled lipi-
odol for resectable hepatocellular carcinoma: a prospective ran-
domised trial. Lancet 1999; 353: 797–801.

Preparations
BP 2008: Iodised Oil Fluid Injection; 
USP 31: Ethiodized Oil Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Lipiodol; Austral.: Lipiodol; Austria: Lipiodol; Belg.: Lipiodol; Braz.:
Lipiodol†; Chile: Lipiodol; Cz.: Lipiodol; Denm.: Lipiodol; Fr.: Lipiodol;
Ger.: Lipiodol; Gr.: Lipiodol; Hung.: Lipiodol; Israel: Lipiodol; Ital.: Lipi-
odol; Neth.: Lipiodol; Norw.: Lipiodol†; NZ: Lipiodol; Port.: Lipiodol;
Switz.: Lipiodol; UK: Lipiodol; USA: Ethiodol; Venez.: Lipiodol.

Iodixanol (BAN, USAN, rINN)

2-5410-3A; Iodixanolum; Jodiksanoli; Jodixanol. 5,5′-[(2-Hydrox-
ytrimethylene)bis(acetylimino)]bis[N,N′-bis(2,3-dihydroxypro-
pyl)-2,4,6-triiodoisophthalamide].
Йодиксанол
C35H44I6N6O15 = 1550.2.
CAS — 92339-11-2.
ATC — V08AB09.
ATC Vet — QV08AB09.

Description. Iodixanol contains about 49.1% of I.
Pharmacopoeias. In US. 
USP 31 (Iodixanol). A white to off-white, amorphous, odour-
less, hygroscopic powder. Freely soluble in water. Store at a tem-
perature of 25°, excursions permitted between 15° and 30°. Pro-
tect from light.
Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475. For adverse effects relat-
ing to the use of nonionic contrast media such as iodixanol for
myelography, see under Iohexol (p.1483).
Pharmacokinetics
Iodixanol is rapidly distributed into extracellular fluid after intra-
venous injection. It is not bound to plasma proteins. It is not me-
tabolised and about 97% of a dose is excreted in the urine within
24 hours. A terminal elimination half-life of about 2 hours has
been reported. Iodixanol is removed by dialysis.
Uses and Administration
Iodixanol is a nonionic dimeric iodinated radiographic contrast
medium (see p.1474); it is iso-osmolar with blood. It may be giv-
en intravenously, intra-arterially, intrathecally, orally, or by instil-
lation into body cavities, and is used in procedures including an-
giography, arthrography, cholangiopancreatography,
hysterosalpingography, myelography, and urography, as well as
for imaging of the upper gastrointestinal tract and for contrast
enhancement during computed tomography. 

Iodixanol is usually available as a solution containing between
30.5 and 65.2% of iodixanol (equivalent to between 150 and
320 mg/mL of iodine). The dose and strength used vary accord-
ing to the procedure and route.
◊ References.
1. Spencer CM, Goa KL. Iodixanol: a review of its pharmacody-

namic and pharmacokinetic properties and diagnostic use as an
x-ray contrast medium. Drugs 1996; 52: 899–927.

Preparations
USP 31: Iodixanol Injection.

Proprietary Preparations (details are given in Part 3)
Austral.: Visipaque; Austria: Visipaque; Belg.: Visipaque; Braz.: Visi-
paque†; Canad.: Visipaque; Chile: Visipaque; Cz.: Visipaque; Denm.: Visi-
paque; Fin.: Visipaque; Fr.: Visipaque; Ger.: Visipaque; Gr.: Visipaque;
Hung.: Visipaque; Israel: Visipaque; Ital.: Visipaque; Neth.: Visipaque;
Norw.: Visipaque; NZ: Visipaque; Port.: Visipaque; Rus.: Visipaque
(Визипак)†; Spain: Visipaque; Swed.: Visipaque; Switz.: Visipaque; UK:
Visipaque; USA: Visipaque.

Iodoxamic Acid (BAN, USAN, rINN)

Acide Iodoxamique; Ácido iodoxámico; Acidum Iodoxamicum;
B-10610; Jodoksaamihappo; Jodoxamsyra; SQ-21982. 3,3′-
(4,7,10,13-Tetraoxahexadecanedioyldiamino)bis(2,4,6-tri-iodo-
benzoic acid).
Йодоксамовая Кислота
C26H26I6N2O10 = 1287.9.
CAS — 31127-82-9.
ATC — V08AC01.
ATC Vet — QV08AC01.

Description. Iodoxamic acid contains about 59.1% of I.

Meglumine Iodoxamate (BANM, rINNM)

Dimeglumine Iodoxamate; Iodoxamate de Méglumine; Iodoxa-
mate Meglumine (USAN); Iodoxamato de meglumina; Meglumini
Iodoxamas. The di(N-methylglucamine) salt of iodoxamic acid.
Меглумина Йодоксамат
C26H26I6N2O10,(C7H17NO5)2 = 1678.3.
CAS — 51764-33-1.
ATC — V08AC01.
ATC Vet — QV08AC01.

Description. Meglumine iodoxamate contains about 45.4% of I.
Profile
Iodoxamic acid is an ionic dimeric iodinated radiographic con-
trast medium (p.1474) that has been used intravenously as the
meglumine salt for cholecystography and cholangiography.

Iofendylate (BAN, rINN)

Ethyl Iodophenylundecylate; Iodophendylate; Iofendilato; Iofend-
ylatum; Iophendylate; Jofendylaatti; Jofendylat. A mixture of ster-
eoisomers of ethyl 10-(4-iodophenyl)undecanoate.
Йофендилат
C19H29IO2 = 416.3.
CAS — 99-79-6; 1320-11-2.
ATC — V08AD04.
ATC Vet — QV08AD04.

Description. Iofendylate contains about 30.5% of I.
Pharmacopoeias. In Chin. and US. 
USP 31 (Iophendylate). A colourless to pale yellow, viscous liq-
uid, darkening on long exposure to air. Is odourless or has a faint-
ly ethereal odour. Very slightly soluble in water; freely soluble in
alcohol, in chloroform, in ether, and in benzene. Store in airtight
containers at a temperature of 25°, excursions permitted between
15° and 30°. Protect from light.
Profile
Iofendylate is an ionic monomeric iodinated radiographic con-
trast medium (p.1474). It was formerly used for myelography,
but was associated with serious adverse effects, including aller-
gy, arachnoiditis, and aseptic meningitis, and has now been su-
perseded by nonionic media. Residues of iofendylate remaining
years after myelography have been associated with adverse ef-
fects. Other former uses included ventriculography, and visuali-
sation of the fetus in the amniotic sac.
Preparations
BP 2008: Iofendylate Injection; 
USP 31: Iophendylate Injection.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Ioglicic Acid (BAN, USAN, rINN)

Acide Ioglicique; Ácido ioglícico; Acidum Ioglicicum; Joglicinsyra;
Joglisiinihappo; SH-H-200-AB. 5-Acetamido-2,4,6-tri-iodo-N-
(methylcarbamoylmethyl)isophthalamic acid.

Йоглициевая Кислота
C13H12I3N3O5 = 671.0.
CAS — 49755-67-1.
ATC — V08AA06.
ATC Vet — QV08AA06.

Description. Ioglicic acid contains about 56.7% of I.

Meglumine Ioglicate (BANM, rINNM)

Ioglicate de Méglumine; Ioglicate Meglumine; Ioglicato de meglu-
mina; Meglumini Ioglicas. The N-methylglucamine salt of ioglicic
acid.

Меглумина Йоглициат
C13H12I3N3O5,C7H17NO5 = 866.2.
ATC — V08AA06.
ATC Vet — QV08AA06.

Description. Meglumine ioglicate contains about 44.0% of I.

Sodium Ioglicate (BANM, rINNM)

Ioglicate de Sodium; Ioglicate Sodium; Ioglicato sódico; Natrii
Ioglicas.

Натрий Йоглициат
C13H11I3N3NaO5 = 692.9.
ATC — V08AA06.
ATC Vet — QV08AA06.

Description. Sodium ioglicate contains about 54.9% of I.
Profile
Ioglicic acid is an ionic monomeric iodinated radiographic con-
trast medium (p.1474) that has been used, as the meglumine and
sodium salts, for diagnostic procedures.

Iohexol (BAN, USAN, rINN)

Iohexolum; Joheksoli; Joheksolis; Johexol; Win-39424. N,N′-
Bis(2,3-dihydroxypropyl)-5-[N-(2,3-dihydroxypropyl)acetamido]-
2,4,6-tri-iodoisophthalamide.

Йогексол
C19H26I3N3O9 = 821.1.
CAS — 66108-95-0.
ATC — V08AB02.
ATC Vet — QV08AB02.

Description. Iohexol contains about 46.4% of I.
Pharmacopoeias. In Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Iohexol). A white or greyish-white, hygroscopic
powder. Very soluble in water; practically insoluble in dichlo-
romethane; freely soluble in methyl alcohol. Store in airtight
containers. Protect from light. 
USP 31 (Iohexol). A white to off-white, hygroscopic, odourless
powder. Very soluble in water and in methyl alcohol; practically
insoluble or insoluble in chloroform and in ether. Store at a tem-
perature of 25°, excursions permitted between 15° and 30°. Pro-
tect from light.

Adverse Effects, Treatment, and Precautions
Iohexol and other nonionic iodinated contrast media have similar
adverse effects and precautions to ionic media but the effects
tend to be less severe and the incidence is generally lower; see
under the amidotrizoates, p.1475 for details. 

Additional neurological adverse effects may occur when nonion-
ic media such as iohexol are used for myelography. These in-
clude severe headache, backache, neck stiffness, dizziness, and
leg or sciatic-type pain. Convulsions, aseptic meningitis, and
mild and transitory perceptual aberrations, such as visual and
speech disturbances, and confusion, may occur occasionally;
rarely, more severe mental disturbances have occurred. Urinary
retention has also been reported.

Breast feeding. Iohexol is distributed into breast milk in very
small quantities1 but no adverse effects have been seen in breast-
feeding infants whose mothers were receiving iohexol and the
American Academy of Pediatrics considers2 that it is therefore
usually compatible with breast feeding.
1. Nielsen ST, et al. Excretion of iohexol and metrizoate in human

breast milk. Acta Radiol 1987; 28: 523–6. 
2. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/03/06)

Effects on the nervous system. Encephalopathy developed
in a 48-year-old man with sciatica within 9 hours of iohexol for
lumbar myelography but had largely resolved 48 hours after the
myelogram; complete resolution took 4 days.1 However, recov-
ery was slow in a patient who developed paraplegia and areflexia
in the legs after a similar procedure. Five months later the patient
still complained of paraesthesia in her legs and could not stand
without support.2

1. Donaghy M, et al. Encephalopathy after iohexol myelography.
Lancet 1985; ii: 887. 

2. Noda K, et al. Prolonged paraplegia after iohexol myelography.
Lancet 1991; 337: 681.

Pharmacokinetics
After intravascular use, 90% or more of a dose of iohexol is elim-
inated unchanged in the urine within 24 hours. An elimination
half-life of about 2 hours in patients with normal renal function
has been reported. Protein binding in blood is reported to be very
low.

Pregnancy. Contrast material was detected1 in the intestines of
twin neonates who were born 17 hours after iohexol was given
to their mother for angiography, suggesting that transplacental
transfer had taken place.
1. Moon AJ, et al. Transplacental passage of iohexol. J Pediatr

2000; 136: 548–9.

Uses and Administration
Iohexol is a nonionic monomeric iodinated radiographic contrast
medium (see p.1474). It may be given intravenously, intra-arteri-
ally, intrathecally, orally, rectally, or by instillation into body cav-
ities and is used in diagnostic procedures including myelography,
angiography, urography, arthrography, and visualisation of the
gastrointestinal tract and body cavities. Iohexol is also used to
produce contrast enhancement during computed tomography. 

Iohexol is usually available as solutions containing 30.2 to
75.5% of iohexol (equivalent to 140 to 350 mg/mL of iodine)
and the dose and strength used vary according to the procedure
and the route.

Preparations

USP 31: Iohexol Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Omnipaque†; Austral.: Omnipaque; Austria: Accupaque; Omni-
paque; Belg.: Omnipaque; Braz.: Omnipaque†; Canad.: Omnipaque;
Chile: Omnipaque; Cz.: Omnipaque; Denm.: Omnipaque; Fin.: Omni-
paque; Fr.: Omnipaque; Ger.: Accupaque; Omnipaque; Gr.: Omnipaque;
Hung.: Omnipaque; India: Radiopaque; Israel: Omnipaque; Ital.: Omni-
paque; Neth.: Omnipaque; Norw.: Omnipaque; NZ: Omnipaque; Port.:
Omnipaque; Rus.: Omnipaque (Омнипак); Spain: Omnigraf; Omnipaque;
Omnitrast; Swed.: Omnipaque; Switz.: Accupaque; Omnipaque; UK:
Omnipaque; USA: Omnipaque; Venez.: Omnipaque†.

Iomeprol (BAN, USAN, rINN)

Ioméprol; Iomeprolum; Jomeprol; Jomeproli. N,N′-Bis(2,3-dihy-
droxypropyl)-2,4,6-triiodo-5-(N-methylglycolamido)-isophthala-
mide.

Йомепрол

C17H22I3N3O8 = 777.1.

CAS — 78649-41-9.

ATC — V08AB10.

ATC Vet — QV08AB10.

Description. Iomeprol contains about 49% of I.
Adverse Effects, Treatment, and Precautions
As for the amidotrizoates (p.1475). For adverse effects relating
to the use of nonionic contrast media such as iomeprol for mye-
lography, see under Iohexol (p.1483).

Pharmacokinetics
After intravascular use, iomeprol is rapidly eliminated
unchanged in the urine, with a terminal elimination half-life of
1.9 hours. It is not significantly bound to plasma proteins.

Uses and Administration
Iomeprol is a nonionic monomeric iodinated radiographic con-
trast medium (see p.1474). It may be given intravenously, intra-
arterially, intrathecally, or by instillation into body cavities, and
is used in radiographic procedures including myelography, angi-
ography, urography, and arthrography. It is also used to produce
contrast enhancement during computed tomography. 
Iomeprol is usually available as solutions containing 30.62 to
81.65% of iomeprol (equivalent to 150 to 400 mg/mL of iodine)
and the dose and strength used vary according to the procedure
and the route.

◊ Reviews.
1. Dooley M, Jarvis B. Iomeprol: a review of its use as a contrast

medium. Drugs 2000; 59: 1169–86.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Iomeron; Austria: Iomeron; Belg.: Iomeron; Cz.: Iomeron;
Denm.: Iomeron; Fin.: Iomeron; Fr.: Iomeron; Ger.: Imeron; Gr.: Iomeron;
Hung.: Iomeron; Irl.: Iomeron†; Israel: Iomeron; Ital.: Iomeron; Jpn:
Iomeron; Neth.: Iomeron; Norw.: Iomeron; NZ: Iomeron; Port.: Iomer-
on; Spain: Iomeron; Swed.: Iomeron; Switz.: Iomeron; UK: Iomeron.

Iopamidol (BAN, USAN, rINN)

B-15000; Iopamidolum; Jopamidol; Jopamidoli; Jopamidolis; SQ-
13396. (S)-N,N′-Bis[2-hydroxy-1-(hydroxymethyl)ethyl]-2,4,6-
tri-iodo-5-lactamidoisophthalamide.

Йопамидол
C17H22I3N3O8 = 777.1.
CAS — 60166-93-0; 62883-00-5.
ATC — V08AB04.
ATC Vet — QV08AB04.

Description. Iopamidol contains about 49% of I.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Iopamidol). A white or almost white powder. Free-
ly soluble in water; practically insoluble in alcohol and in dichlo-
romethane; very slightly soluble in methyl alcohol. Protect from
light. 
USP 31 (Iopamidol). A white to off-white, practically odourless,
powder. Very soluble in water; practically insoluble in alcohol
and in chloroform; sparingly soluble in methyl alcohol. Store at
a temperature of 25°, excursions permitted between 15° and 30°.
Protect from light.

Adverse Effects, Treatment, and Precautions
As for the amidotrizoates, p.1475. For the adverse effects relat-
ing to the use of nonionic contrast media such as iopamidol for
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myelography, see under Iohexol, p.1483; for specific references,
see below.
Effects on the nervous system. Reports of serious neurolog-
ical sequelae to lumbar myelography with iopamidol.
1. Wallers K, et al. Severe meningeal irritation after intrathecal in-

jection of iopamidol. BMJ 1985; 291: 1688. 
2. Robinson C, Fon G. Adverse reaction to iopamidol. Med J Aust

1986; 144: 553. 
3. Bell JA, McIlwaine GG. Postmyelographic lateral rectus palsy

associated with iopamidol. BMJ 1990; 300: 1343–4. 
4. Mallat Z, et al. Aseptic meningoencephalitis after iopamidol my-

elography. Lancet 1991; 338: 252. 
5. Bain PG, et al. Paraplegia after iopamidol myelography. Lancet

1991; 338: 252–3. 
6. Klein KM, et al. Status epilepticus and seizures induced by iopa-

midol myelography. Seizure 2004; 13: 196–9.

Pharmacokinetics
On intravascular use, iopamidol is rapidly eliminated, with up to
50% of the dose recovered unchanged in the urine within 2
hours; the elimination half-life is about 2 hours. It is not signifi-
cantly bound to plasma proteins.
Uses and Administration
Iopamidol is a nonionic monomeric iodinated radiographic con-
trast medium (see p.1474). It may be given intravenously, intra-
arterially, intrathecally, intra-articularly, orally, or rectally and is
used in radiographic procedures including angiography, arthrog-
raphy, myelography, urography, and imaging of the gastrointes-
tinal tract. Iopamidol is also used for contrast enhancement dur-
ing computed tomography. 
Iopamidol is usually available as solutions containing 30.62 to
75.5% of iopamidol (equivalent to 150 to 370 mg/mL of iodine)
and the dose and strength used vary according to the procedure
and route.
Preparations
USP 31: Iopamidol Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Hemoray; Iopamiron; Opacrile; Austral.: Isovue; Austria: Gastromi-
ro; Jopamiro; Scanlux; Braz.: Iopamiron; Chile: Radiomiron; Cz.: Gas-
tromiro†; Iopamiro†; Scanlux; Denm.: Iopamiro; Fr.: Iopamiron; Ger.: So-
lutrast; Unilux; Gr.: Iopamiro; Scanlux; Hung.: Gastromiro†; Iopamiro;
Scanlux; Irl.: Gastromiro†; Niopam†; Israel: Gastromiro†; Iopamiro; Ital.:
Gastromiro; Iopamiro; Iopasen; Mex.: Pamiray; Neth.: Gastromiro; Io-
pamiro; Scanlux; Norw.: Iopamiro; NZ: Iopamiro; Isovue; Port.: Gastromi-
ro; Iopamiro; Scanlux; Spain: Iopamiro; Swed.: Iopamiro; Switz.: Iopamiro;
Scanlux; UK: Gastromiro; Niopam; Scanlux; USA: Isovue; Venez.: Iopami-
ron.

Iopanoic Acid (BAN, rINN)

Acide iopanoïque; Ácido iopanoico; Acidum iopanoicum; Iodo-
panoic Acid; Jopaanihappo; Jopano ru

_
gštis; Jopánsav; Jopansyra;

Kyselina jopanoová. 2-(3-Amino-2,4,6-tri-iodobenzyl)butyric ac-
id.
Йопаноевая Кислота
C11H12I3NO2 = 570.9.
CAS — 96-83-3.
ATC — V08AC06.
ATC Vet — QV08AC06.

Description. Iopanoic acid contains about 66.7% of I.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and US. 
Ph. Eur. 6.2 (Iopanoic Acid). A white or yellowish-white pow-
der. Practically insoluble in water; soluble in dehydrated alcohol
and in methyl alcohol; dissolves in dilute solutions of alkali hy-
droxides. Protect from light. 
USP 31 (Iopanoic Acid). A cream-coloured powder, with a faint
characteristic odour. Insoluble in water; soluble in alcohol, in
chloroform, in ether, and in solutions of alkali hydroxides and
carbonates. Store in airtight containers. Protect from light.
Adverse Effects
Gastrointestinal disturbances such as nausea, vomiting, abdomi-
nal cramp, and diarrhoea are reported to occur in up to 40% of
patients but are usually mild and transient. Mild stinging or burn-
ing on micturition, and skin rashes and flushing have occurred
occasionally. Acute renal failure, thrombocytopenia, and hyper-
sensitivity reactions have been reported. 
Iopanoic acid has potent uricosuric and anticholinesterase ef-
fects.
Precautions
Iopanoic acid is contra-indicated in severe hepatic or renal dis-
ease; doses higher than 3 g should not be given to patients with
renal impairment. It should not be used in the presence of acute
gastrointestinal disorders that may impair absorption. It should
be used with caution in patients with a history of hypersensitivity

to iodine or to other contrast media, severe hyperthyroidism, hy-
peruricaemia, or cholangitis. Because of its cholinergic action,
premedication with atropine has been suggested in some coun-
tries for patients with coronary heart disease. Iodine-containing
contrast media may interfere with thyroid-function tests and with
some blood and urine tests.

Breast feeding. No adverse effects have been observed in
breast-feeding infants whose mothers were receiving iopanoic
acid and the American Academy of Pediatrics considers1 that it
is therefore usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublicat ions .org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 27/03/06)

Pharmacokinetics
Iopanoic acid is variably absorbed from the gastrointestinal tract
and is strongly and extensively bound to plasma proteins. It is
conjugated in the liver to the glucuronide and excreted largely in
the bile and the remainder (about one-third of the dose) in the
urine. It appears in the gallbladder about 4 hours after a dose is
taken and maximum concentrations occur after about 17 hours.
About 50% of a dose is excreted in 24 hours, but elevated pro-
tein-bound iodine concentrations may persist for several months.

Uses and Administration
Iopanoic acid is an ionic monomeric iodinated radiographic con-
trast medium (p.1474). It has been given orally for cholecystog-
raphy and cholangiography in usual doses of 3 g, given with
plenty of water, about 10 to 14 hours before X-ray examination. 
Iopanoic acid has also been used in the management of hyperthy-
roidism (see below).

Hyperthyroidism. Iopanoic acid and other iodinated oral
cholecystographic agents reduce conversion of thyroxine to tri-
iodothyronine, as well as inhibiting release of thyroid hormones
from the thyroid gland,1 and they have been used in the manage-
ment of hyperthyroidism (p.2165). Iopanoic acid has been used
successfully for pre-operative preparation in severe hyperthy-
roidism,2-4 and for control of hyperthyroidism before radio-
iodine treatment.5 It has a rapid effect but rebound hyperthyroid-
ism may occur and it is not generally suitable for long-term use.1

1. Braga M, Cooper DS. Oral cholecystographic agents and the thy-
roid. J Clin Endocrinol Metab 2001; 86: 1853–60. 

2. Pandey CK, et al. Rapid preparation of severe uncontrolled thy-
rotoxicosis due to Graves’ disease with iopanoic acid—a case
report. Can J Anesth 2004; 51: 38–40. 

3. Dhillon KS, et al. Treatment of hyperthyroidism associated with
thyrotropin-secreting pituitary adenomas with iopanoic acid. J
Clin Endocrinol Metab 2004; 89: 708–11. 

4. Panzer C, et al. Rapid preoperative preparation for severe hyper-
thyroid Graves’ disease. J Clin Endocrinol Metab 2004; 89:
2142–4. 

5. Bal CS, et al. Effect of iopanoic acid on radioiodine therapy of
hyperthyroidism: long-term outcome of a randomized controlled
trial. J Clin Endocrinol Metab 2005; 90: 6536–40.

Preparations
BP 2008: Iopanoic Acid Tablets; 
USP 31: Iopanoic Acid Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Colesom†; Ital.: Cistobil†; Spain: Colegraf; Venez.: Colepak†.

Iopentol (BAN, USAN, rINN)

Compound 5411; Iopentolum; Jopentol; Jopentoli. N,N′-Bis(2,3-
dihydroxypropyl)-5-[N-(2-hydroxy-3-methoxypropyl)acetami-
do]-2,4,6-tri-iodoisophthalamide.

Йопентол
C20H28I3N3O9 = 835.2.
CAS — 89797-00-2.
ATC — V08AB08.
ATC Vet — QV08AB08.

Description. Iopentol contains about 45.6% of I.

Profile
Iopentol is a nonionic monomeric iodinated radiographic con-
trast medium (see p.1474). It may be given intravenously, intra-
arterially, orally, or by instillation into body cavities, and is used
in procedures including angiography, arthrography, endoscopic
retrograde cholangiopancreatography, hysterosalpingography,
urography, and visualisation of the gastrointestinal tract. It is also
used for contrast enhancement in computed tomography. 
Iopentol is usually available as solutions containing 32.9 to
76.8% of iopentol (equivalent to 150 to 350 mg/mL of iodine)
and the dose and strength used vary according to the procedure
and route.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Imagopaque; Fr.: Ivepaque; Ger.: Imagopaque; Gr.: Imagopaque;
Ital.: Imagopaque; Spain: Imagopaque†; Switz.: Imagopaque†.

Iopodic Acid (BANM, rINNM)

Acide Iopodique; Ácido iopodico; Acidum Iopodicum; Ipodic
Acid. 3-(3-Dimethylaminomethyleneamino-2,4,6-tri-iodophe-
nyl)propionic acid.

Йоподовая Кислота

C12H13I3N2O2 = 598.0.
CAS — 5587-89-3.
ATC — V08AC08; V08AC10.
ATC Vet — QV08AC08; QV08AC10.

Calcium Iopodate (BANM, rINNM)

Calcii Iopodas; Calcium Ipodate; Iopodate Calcique; Iopodato
cálcico; Ipodate Calcium; Kalciumjopodat; Kalsiumjopodaatti.

Кальций Йоподат

(C12H12I3N2O2)2Ca = 1234.0.
CAS — 1151-11-7.
ATC — V08AC10.
ATC Vet — QV08AC10.

Description. Calcium iopodate contains about 61.7% of I.

Sodium Iopodate (BAN, rINN)

Iopodate de Sodium; Iopodato de sodio; Ipodate Sodium (USAN);
Natrii Iopodas; Natriumjopodaatti; Natriumjopodat; NSC-
106962; Sodium Ipodate.

Натрий Йоподат

C12H12I3N2NaO2 = 619.9.
CAS — 1221-56-3.
ATC — V08AC08.
ATC Vet — QV08AC08.

Description. Sodium iopodate contains about 61.4% of I.

Pharmacopoeias. In US. 
USP 31 (Ipodate Sodium). A fine, white or off-white, odourless,
crystalline powder. Soluble 1 in less than 1 of water, 1 in 2 of al-
cohol, 1 in 2 of dimethylacetamide, and 1 in 3.5 of dimethylfor-
mamide and of dimethyl sulfoxide; very slightly soluble in chlo-
roform; freely soluble in methyl alcohol. Store in airtight
containers.

Profile
Iopodic acid is an ionic monomeric iodinated radiographic con-
trast medium (see p.1474). It has similar properties to iopanoic
acid (p.1484) and has been used orally as the sodium or calcium
salt for cholecystography and cholangiography. It has also been
tried in the management of hyperthyroidism.

Preparations
USP 31: Ipodate Sodium Capsules.

Proprietary Preparations (details are given in Part 3)
Gr.: Biloptin†; UK: Biloptin†; Solu-Biloptin†.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Iopromide (BAN, USAN, rINN)

Iopromida; Iopromidum; Jopromid; Jopromidi; ZK-35760. N,N′-
Bis(2,3-dihydroxypropyl)-2,4,6-tri-iodo-5-(2-methoxyacetami-
do)-N-methylisophthalamide.

Йопромид

C18H24I3N3O8 = 791.1.
CAS — 73334-07-3.
ATC — V08AB05.
ATC Vet — QV08AB05.

Description. Iopromide contains about 48.1% of I.
Pharmacopoeias. In US. 
USP 31 (Iopromide). A white to slightly yellow powder. Freely
soluble in water and in dimethyl sulfoxide; practically insoluble
in alcohol, in acetone, and in ether. Protect from light.

Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475.

Pharmacokinetics
On intravascular use, iopromide is rapidly distributed in the ex-
tracellular fluid. It is not metabolised and is eliminated
unchanged in the urine; about 2% of a dose is excreted in faeces.
An elimination half-life of about 2 hours has been reported;
about 60% of a dose is excreted in urine within 3 hours and about
92% within 24 hours. Iopromide is not significantly bound to
plasma proteins.

Uses and Administration
Iopromide is a nonionic monomeric iodinated radiographic con-
trast medium (see p.1474). It may be given intravenously, intra-
arterially, or by instillation into body cavities, and is used in pro-
cedures including angiography, arthrography, hysterosalpingog-
raphy, urography, and assessment of dialysis shunt patency. It is
also used for contrast enhancement during computed tomogra-
phy. 
Iopromide is usually available as solutions containing 31.2 to
76.9% of iopromide (equivalent to 150 to 370 mg/mL of iodine)
and the dose and strength used vary according to the procedure
and route.

Preparations
USP 31: Iopromide Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Clarograf; Austral.: Ultravist; Austria: Ultravist; Belg.: Ultravist; Ca-
nad.: Ultravist†; Cz.: Ultravist; Denm.: Ultravist; Fin.: Ultravist; Fr.: Ul-
travist; Ger.: Ultravist; Gr.: Ultravist; Hung.: Ultravist; Israel: Ultravist; Ital.:
Ultravist; Jpn: Proscope; Neth.: Ultravist; Norw.: Ultravist; NZ: Ultravist;
Port.: Ultravist; Rus.: Ultravist (Ультравист); S.Afr.: Ultravist; Spain:
Clarograf; Ultravist; Swed.: Ultravist; Switz.: Ultravist; UK: Ultravist; USA:
Ultravist.

Iopydol (BAN, USAN, pINN)

Iopidol; Iopydolum; Jopydol; Jopydoli. 1-(2,3-Dihydroxypropyl)-
3,5-di-iodo-4-pyridone.

Йопидол

C8H9I2NO3 = 421.0.
CAS — 5579-92-0.
ATC — V08AD02.
ATC Vet — QV08AD02.

Description. Iopydol contains about 60.3% of I.

Profile
Iopydol is an iodinated radiographic contrast medium (p.1474)
that has been used with iopydone for bronchography.

Iopydone (BAN, USAN, rINN)

Iopidona; Iopydonum. 3,5-Di-iodo-4-pyridone.

Йопидон
C5H3I2NO = 346.9.
CAS — 5579-93-1.

Description. Iopydone contains about 73.2% of I.
Profile
Iopydone is an iodinated radiographic contrast medium (p.1474)
that has been used with iopydol for bronchography.

Iosarcol (pINN)

Iosarcolum. 3,5-Diacetamido-2,4,6-triiodo-N-methyl-N-{[me-
thyl(D-gluco-2,3,4,5,6-pentahydroxyhexyl)carbamoyl]methyl}-
benzamide.

Йозаркол
C21H29I3N4O9 = 862.2.
CAS — 97702-82-4.

Description. Iosarcol contains about 44.2% of I.
Profile
Iosarcol is an iodinated nonionic monomeric contrast medium
used for a wide range of radiographic imaging procedures.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Melitrast; Ger.: Melitrast.

Iotalamic Acid (BAN, rINN)

Acide iotalamique; Ácido iotalámico; Acidum iotalamicum; Ioth-
alamic Acid (USAN); Jotalaamihappo; Jotalaminsav; Jotalamo
ru
_
gštis; Jotalamsyra; Kyselina jotalamová; Methalamic Acid; MI-

216. 5-Acetamido-2,4,6-tri-iodo-N-methylisophthalamic acid.

Йоталамовая Кислота
C11H9I3N2O4 = 613.9.
CAS — 2276-90-6.
ATC — V08AA04.
ATC Vet — QV08AA04.

Description. Iotalamic acid contains about 62% of I.
Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Iotalamic Acid). A white or almost white powder.
Slightly soluble in water and in alcohol; dissolves in dilute solu-
tions of alkali hydroxides. Protect from light. 

USP 31 (Iothalamic Acid). A white, odourless, powder. Slightly
soluble in water and in alcohol; soluble in solutions of alkali hy-
droxides. Store at a temperature of 25°, excursions permitted be-
tween 15° and 30°.

Meglumine Iotalamate (BANM, rINNM)

Iotalamate de Méglumine; Iotalamato de meglumina; Iothalamate
Meglumine; Meglumine Iothalamate; Meglumini Iotalamas. The
N-methylglucamine salt of iotalamic acid.

Меглумина Йоталамат

C11H9I3N2O4,C7H17NO5 = 809.1.

CAS — 13087-53-1.

ATC — V08AA04.

ATC Vet — QV08AA04.

Description. Meglumine iotalamate contains about 47.1% of I.

Pharmacopoeias. US includes only as various injections.

Sodium Iotalamate (BANM, rINNM)

Iotalamate de Sodium; Iotalamato de sodico; Iotalamato de so-
dio; Iothalamate Sodium; Natrii Iotalamas; Sodium Iothalamate.

Натрий Йоталамат

C11H8I3N2NaO4 = 635.9.

CAS — 17692-74-9; 1225-20-3.

ATC — V08AA04.

ATC Vet — QV08AA04.

Description. Sodium iotalamate contains about 59.9% of I.

Pharmacopoeias. US includes only as various injections.

Adverse Effects, Treatment, and Precautions
As for the amidotrizoates, p.1475.

Incidence of adverse effects. In 40 patients who underwent
phlebography with 60% meglumine iotalamate minor adverse
reactions were common despite the use of saline flushing and
muscle contraction to clear the veins after examination.1 The
commonest effect was pain at the site of injection, or in the calf
and foot; 15 patients of those who had pain in the calf or foot
were found to have venous thrombosis. Major complications of
phlebography appear to be rare but can cause serious morbidity;
examination of 200 case notes and a retrospective study involv-
ing 3060 patients revealed 4 cases of necrosis in the skin of the
foot and gangrene of the foot in 2.

1. Thomas ML, MacDonald LM. Complications of ascending phle-
bography of the leg. BMJ 1978; ii: 317–18.

Pharmacokinetics
On intravascular use the iotalamates are rapidly distributed; suit-
able concentrations for urography reach the urinary tract within
3 to 8 minutes of a bolus intravenous injection. Protein binding
is reported to be low. The iotalamates are eliminated by the kid-
neys. In patients with normal renal function more than 90% of
the dose injected is excreted in urine within 24 hours; an elimi-
nation half-life of about 90 minutes has been reported. Small
amounts are reported to be excreted via the bile in the faeces. The
iotalamates are removed by peritoneal dialysis and haemodialy-
sis.

Uses and Administration
Iotalamic acid is an ionic monomeric iodinated radiographic
contrast medium (p.1474) with actions similar to the amidotri-
zoates (p.1477). It may be given intravenously, intra-arterially, or
by instillation into the bladder or uterus, and is used in proce-
dures including angiography, arthrography, cholangiography,
urography and hysterosalpingography. It is also used for contrast
enhancement in computed tomography. Iotalamates have also
been given orally or rectally for imaging of the gastrointestinal
tract. 

Iotalamic acid is usually available as solutions containing up to
66.8% of sodium iotalamate or up to 60% of meglumine iotala-
mate. The dose and strength used vary according to the proce-
dure and route. A mixture of the two salts has been given to min-
imise adverse effects.

Preparations

USP 31: Iothalamate Meglumine and Iothalamate Sodium Injection; Iotha-
lamate Meglumine Injection; Iothalamate Sodium Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Conray; Cysto-Conray; Austral.: Conray 280; Canad.: Conray; Cys-
to-Conray; Ger.: Conray 30†; Conray 60†; Ital.: Conray†; UK: Conray;
USA: Conray; Cysto-Conray.
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Iotrolan (BAN, USAN, rINN)

Iotrol; Iotrolán; Iotrolane; Iotrolanum; Iotrolum; Jotrolaani; Jotro-
lan; ZK-39482. N,N′,N′′,N′′′-Tetrakis(2,3-dihydroxy-1-hydroxy-
methylpropyl)-2,2′,4,4′,6,6′-hexaiodo-5,5′-(N,N′-dimethylmalo-
nyldi-imino)di-isophthalamide.
Йотролан
C37H48I6N6O18 = 1626.2.
CAS — 79770-24-4.
ATC — V08AB06.
ATC Vet — QV08AB06.

Description. Iotrolan contains about 46.8% of I.
Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Iotrolan). A white or yellowish-white, hygroscopic
powder. Very soluble in water; practically insoluble in alcohol;
freely soluble in dimethyl sulfoxide. Store in airtight containers.
Protect from light.
Adverse Effects, Treatment, and Precautions
As for the amidotrizoates, p.1475. For the adverse effects relat-
ing to the use of nonionic contrast media such as iotrolan for my-
elography, see under Iohexol, p.1483.
Pharmacokinetics
Iotrolan is excreted unchanged in the urine. After intrathecal in-
jection, about 80% is excreted in the urine within 24 hours.
Uses and Administration
Iotrolan is a nonionic dimeric iodinated radiographic contrast
medium (p.1474). It is given intrathecally for myelography and
for contrast enhancement in computed tomography, and by in-
stillation into body ducts or cavities for procedures including
lymphography, arthrography, hysterosalpingography, cholangio-
pancreatography, and for visualisation of the mammary ducts. It
may also be given orally for imaging of the gastrointestinal tract. 
Iotrolan is usually available as solutions containing 51.3% or
64.1% of iotrolan (equivalent to 240 or 300 mg/mL of iodine,
respectively) and the dose and strength used vary according to
the procedure and route.
Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Isovist†; Austria: Isovist; Canad.: Osmovist†; Cz.: Isovist†;
Denm.: Isovist; Fin.: Isovist†; Ger.: Isovist; Hung.: Isovist; Neth.: Isovist;
NZ: Isovist; S.Afr.: Isovist; Switz.: Isovist; UK: Isovist.

Iotroxic Acid (BAN, USAN, rINN)

Acide Iotroxique; Ácido iotróxico; Acidum Iotroxicum; Jotroksi-
happo; Jotroxsyra; SH-213AB. 3,3′-(3,6,9-Trioxaundecanedioyl-
di-imino)bis(2,4,6-tri-iodobenzoic acid).
Йотроксовая Кислота
C22H18I6N2O9 = 1215.8.
CAS — 51022-74-3.
ATC — V08AC02.
ATC Vet — QV08AC02.

Description. Iotroxic acid contains about 62.6% of I.
Pharmacopoeias. In Int. and Jpn.

Meglumine Iotroxate (BANM, rINNM)

Dimeglumine Iotroxate; Iotroxate de Méglumine; Iotroxate Meg-
lumine; Iotroxato de meglumina; Meglumine Iotroxinate; Meglu-
mini Iotroxas. The di(N-methylglucamine)salt of iotroxic acid.
Меглумина Йотроксат
C22H18I6N2O9,2C7H17NO5 = 1606.2.
CAS — 68890-05-1.
ATC — V08AC02.
ATC Vet — QV08AC02.

Description. Meglumine iotroxate contains about 47.4% of I.

Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475.

Pharmacokinetics
After intravenous injection, iotroxic acid binds to plasma pro-
teins and is taken up by the liver; plasma-protein binding is about
60 to 90%. It is excreted primarily unchanged in the bile; a small
amount is metabolised and excreted in the urine.

Uses and Administration
Iotroxic acid is an ionic dimeric iodinated radiographic contrast
medium (see p.1474); it is taken up by the liver and excreted in
bile, and is used in cholecystography and cholangiography. 
Iotroxic acid is given intravenously as a solution containing
10.5% of the meglumine salt. The usual dose is 10.5 g of meglu-
mine iotroxate (equivalent to about 5 g of iodine), given by infu-
sion over at least 15 minutes. Alternatively, a solution containing
22.8% of meglumine iotroxate may be used.

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Biliscopin; Austria: Biliscopin; Ger.: Biliscopin; Gr.: Biliscopin; NZ:
Biliscopin; Spain: Bilisegrol†; Swed.: Biliscopin†; Switz.: Biliscopin; UK: Bi-
liscopin.

Ioversol (BAN, USAN, rINN)

Ioversolum; Joversol; Joversoli; MP-328. N,N′-Bis(2,3-dihydroxy-
propyl)-5-[N-(2-hydroxyethyl)glycolamido]-2,4,6-tri-iodoisoph-
thalamide.

Йоверсол

C18H24I3N3O9 = 807.1.
CAS — 87771-40-2.
ATC — V08AB07.
ATC Vet — QV08AB07.

Description. Ioversol contains about 47.2% of I.
Pharmacopoeias. In US. 
USP 31 (Ioversol). Store at a temperature of 25°, excursions per-
mitted between 15° and 30°.

Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475.

Pharmacokinetics
When given intravascularly, ioversol is rapidly eliminated
unchanged in the urine, with a half-life of about 1.5 hours; more
than 95% of a dose is eliminated within 24 hours. Binding to
plasma or serum proteins is very low.

Uses and Administration
Ioversol is a nonionic monomeric iodinated radiographic con-
trast medium (p.1474) that is given intra-arterially or intrave-
nously for angiography and urography. It is also used for contrast
enhancement during computed tomography. It is usually availa-
ble as a solution containing 34 to 74% of ioversol (equivalent to
160 to 350 mg/mL of iodine). The dose and strength used vary
according to the procedure and route.

◊ References.
1. Floriani I, et al. Clinical profile of ioversol: a metaanalysis of 57

randomized, double-blind clinical trials. Invest Radiol 1996; 31:
479–91.

Preparations
USP 31: Ioversol Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Optiray; Austral.: Optiray; Austria: Optiray; Belg.: Optiject; Optiray;
Canad.: Optiray; Cz.: Optiray; Denm.: Optiray; Fin.: Optiray; Fr.: Opti-
ject; Optiray; Ger.: Optiray†; Gr.: Optiray; Hung.: Optiray; Israel: Optiray;
Ital.: Optiray; Neth.: Optiray; Norw.: Optiray; Port.: Optiray; Spain:
Optiray; Swed.: Optiray; Switz.: Optiray; UK: Optiray; USA: Optiray.

Ioxaglic Acid (BAN, USAN, rINN)

Acide ioxaglique; Ácido ioxáglico; Acidum ioxaglicum; Joksagliini-
happo; Joksagliko ru

_
gštis; Joxaglinsav; Joxaglinsyra; Kyselina joxa-

glová; P-286. N-(2-Hydroxyethyl)-2,4,6-tri-iodo-5-[2′,4′,6′-tri-
iodo-3′-(N-methylacetamido)-5′-methylcarbamoylhippuramido]-
isophthalamic acid.
Йоксагловая Кислота
C24H21I6N5O8 = 1268.9.
CAS — 59017-64-0.
ATC — V08AB03.
ATC Vet — QV08AB03.

Description. Ioxaglic acid contains about 60% of I.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Ioxaglic Acid). A white or almost white hygroscop-
ic powder. Very slightly soluble in water and in dichloromethane;
slightly soluble in alcohol. It dissolves in dilute solutions of alkali
hydroxides. Store in airtight containers. Protect from light. 
USP 31 (Ioxaglic Acid). Store at a temperature of 25°, excursions
permitted between 15° and 30°.

Meglumine Ioxaglate (BANM, rINNM)

Ioxaglate de Méglumine; Ioxaglate Meglumine (USAN); Ioxaglato
de meglumina; Meglumini Ioxaglas; MP-302 (meglumine
ioxaglate with sodium ioxaglate). The N-methylglucamine salt of
ioxaglic acid.
Меглумина Йоксаглат
C24H21I6N5O8,C7H17NO5 = 1464.1.
CAS — 59018-13-2.
ATC — V08AB03.
ATC Vet — QV08AB03.

Description. Meglumine ioxaglate contains about 52% of I.

Sodium Ioxaglate (BANM, rINNM)

Ioxaglate de Sodium; Ioxaglate Sodium (USAN); Ioxaglato sódico;
MP-302 (sodium ioxaglate with meglumine ioxaglate); Natrii
Ioxaglas; Natriumjoksaglaatti; Natriumjoxaglat.
Натрий Йоксаглат
C24H20I6N5NaO8 = 1290.9.
CAS — 67992-58-9.
ATC — V08AB03.
ATC Vet — QV08AB03.

Description. Sodium ioxaglate contains about 59% of I.
Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475.
Pharmacokinetics
On intravascular use, ioxaglates are rapidly distributed through-
out the extracellular fluid. Protein binding is reported to be very
low. They are mainly excreted unchanged in the urine, although
biliary excretion may predominate in renal impairment. With
normal renal function, about 90% of a dose is excreted in the
urine within 24 hours; an elimination half-life of about 90 min-
utes has been reported. Ioxaglates cross the placenta and are dis-
tributed into breast milk. They are removed by haemodialysis
and peritoneal dialysis.
Uses and Administration
Ioxaglic acid is an ionic dimeric iodinated radiographic contrast
medium (p.1474). It is given intravenously, intra-arterially, intra-
articularly, or by instillation into body ducts and cavities and is
used in diagnostic procedures including angiography, arthrogra-
phy, hysterosalpingography, and urography. It is also used for
contrast enhancement during computed tomography. 
Ioxaglic acid is usually available as solutions containing a mix-
ture of the sodium and meglumine salts. Commonly used solu-
tions contain 39.3% of meglumine ioxaglate and 19.6% of sodi-
um ioxaglate (equivalent to 320 mg/mL of iodine) or 24.6% of
meglumine ioxaglate and 12.3% of sodium ioxaglate (equivalent
to 200 mg/mL of iodine). The dose and strength used depend
upon the procedure and route.
Preparations
USP 31: Ioxaglate Meglumine and Ioxaglate Sodium Injection.
Proprietary Preparations (details are given in Part 3)
Arg.: Hexabrix; Austral.: Hexabrix; Austria: Hexabrix; Belg.: Hexabrix;
Braz.: Hexabrix†; Canad.: Hexabrix; Chile: Hexabrix; Cz.: Hexabrix;
Denm.: Hexabrix; Fin.: Hexabrix; Fr.: Hexabrix; Ger.: Hexabrix; Gr.:
Hexabrix; Hung.: Hexabrix; Israel: Hexabrix; Ital.: Hexabrix; Neth.:
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Hexabrix; Norw.: Hexabrix; NZ: Hexabrix; Port.: Hexabrix; Spain:
Hexabrix; Swed.: Hexabrix; Switz.: Hexabrix; UK: Hexabrix; USA:
Hexabrix; Venez.: Hexabrix.

Ioxilan (USAN, rINN)

Ioxilán; Ioxilane; Ioxilanum. N-(2,3-Dihydroxypropyl)-5-[N-(2,3-
dihydroxypropyl)acetamido]-N′-(2-hydroxyethyl)-2,4,6-triidoiso-
phthalamide.
Йоксилан
C18H24I3N3O8 = 791.1.
CAS — 107793-72-6.
ATC — V08AB12.
ATC Vet — QV08AB12.

Description. Ioxilan contains about 48.1% of I.
Pharmacopoeias. In US. 
USP 31 (Ioxilan). A white to off-white, practically odourless,
powder. Soluble in water and in methyl alcohol. pH of a 10% so-
lution in water is between 5.0 and 7.5. Store at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
light.
Adverse Effects, Treatment, and Precautions
See under the amidotrizoates, p.1475.
Pharmacokinetics
After intravascular use, ioxilan is rapidly eliminated unchanged
in the urine; about 94% of a dose is excreted within 24 hours.
Protein binding is reported to be very low. Ioxilan is dialysable.
Uses and Administration
Ioxilan is a nonionic monomeric iodinated radiographic contrast
medium (see p.1474). It is given intra-arterially or intravenously
for procedures including angiography and urography; it is also
used for contrast enhancement during computed tomography. 
Ioxilan is usually available as solutions containing 62.3 or 72.7%
of ioxilan (equivalent to 300 or 350 mg/mL of iodine). The dose
and strength used vary according to the procedure and route.
Preparations
USP 31: Ioxilan Injection.
Proprietary Preparations (details are given in Part 3)
Jpn: Imagenil; USA: Oxilan.

Ioxitalamic Acid (rINN)

Acide Ioxitalamique; Ácido ioxitalámico; Acidum Ioxitalamicum;
AG-58107; Ioxithalamic Acid; Joksitalaamihappo; Joxitalamsyra.
5-Acetamido-N-(2-hydroxyethyl)-2,4,6-tri-iodoisophthalamic
acid.
Йокситаламовая Кислота
C12H11I3N2O5 = 643.9.
CAS — 28179-44-4.
ATC — V08AA05.
ATC Vet — QV08AA05.

Description. Ioxitalamic acid contains about 59.1% of I.
Pharmacopoeias. In Fr.

Meglumine Ioxitalamate (rINNM)

Ioxitalamate de Méglumine; Ioxitalamate Meglumine; Ioxitalama-
to de meglumina; Meglumini Ioxitalamas. The N-methylglu-
camine salt of ioxitalamic acid.
Меглумина Йокситаламат
C12H11I3N2O5,C7H17NO5 = 839.2.
CAS — 29288-99-1.
ATC — V08AA05.
ATC Vet — QV08AA05.

Description. Meglumine ioxitalamate contains about 45.4% of I.

Sodium Ioxitalamate (rINNM)

Ioxitalamate de Sodium; Ioxitalamate Sodium; Ioxitalamato sódi-
co; Natrii Ioxitalamas.
Натрий Йокситаламат
C12H10I3N2NaO5 = 665.9.
CAS — 33954-26-6.
ATC — V08AA05.
ATC Vet — QV08AA05.

Description. Sodium ioxitalamate contains about 57.2% of I.
Profile
Ioxitalamic acid is an ionic monomeric iodinated radiographic
contrast medium (p.1474) with actions similar to those of the
amidotrizoates (p.1475). It is given intravenously or by instilla-
tion into body cavities for procedures including angiography,
cholangiography, cystography, hysterosalpingography, and
urography; it may be given orally or rectally for imaging of the
gastrointestinal tract. It is also used for contrast enhancement in
computed tomography. 
Ioxitalamic acid is usually available as a solution containing 21%
of the sodium salt (equivalent to 120 mg/mL of iodine), 55.1 to
66% of the meglumine salt (equivalent to 250 to 300 mg/mL of
iodine), or as a mixture of both salts. The dose and strength used
vary according to the procedure and route. 
Monoethanolamine ioxitalamate has also been used.
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Telebrix 30; Telebrix 38; Telebrix Coronario; Telebrix Hystero; Belg.:
Telebrix; Telebrix Gastro; Telebrix Hystero; Braz.: Telebrix†; Canad.: Tel-
ebrix; Chile: Telebrix 30; Telebrix 35; Cz.: Telebrix 30; Telebrix 35; Telebrix
Gastro; Fr.: Telebrix 12; Telebrix 30; Telebrix 35; Telebrix Gastro; Telebrix
Hystero; Ger.: Telebrix Gastro; Telebrix N 180 and 300; Gr.: Telebrix Gas-
tro; Telebrix Hystero†; Hung.: Telebrix; Telebrix Gastro; Israel: Telebrix;
Telebrix Gastro; Mex.: Telebrix; Neth.: Telebrix 12; Telebrix 30; Telebrix
35; Telebrix Gastro; Telebrix Hystero; Port.: Telebrix 12; Telebrix 30; Tele-
brix 35; Telebrix Gastro; Telebrix Hystero; Switz.: Telebrix 12; Telebrix 30;
Telebrix 35; Telebrix Gastro; Telebrix Hystero; Venez.: Telebrix 30; Telebrix
35; Telebrix Hystero.

Mangafodipir Trisodium (BANM, USAN, rINNM)

Mangafodipir trisódico; Mangafodipir Trisodique; Mangafo-
dipirum Trinatricum; MnDPDP (mangafodipir); S-095 (mangafo-
dipir); Win-59010; Win-59010-2 (mangafodipir). Trisodium tri-
hydrogen (OC-6-13)-{[N,N′-ethylenebis(N-{[3-hydroxy-5-(hy-
droxymethyl)-2-methyl-4-pyridyl]methyl}glycine) 5,5′-bis(phos-
phato)](8-)} manganate(6-); Trisodium trihydrogen (OC-6-13)-
N,N′-ethane-1,2-diylbis{N-[2-methyl-3-oxido-κO-5-(phospho-
natooxymethyl)-4-pyridylmethyl]glycinato(O,N)}manganate(II).
Тринатрий Мангафодипир
C22H27MnN4Na3O14P2 = 757.3.
CAS — 155319-91-8 (mangafodipir); 140678-14-4
(mangafodipir tr isodium).
ATC — V08CA05.
ATC Vet — QV08CA05.

(mangafodipir)

Pharmacopoeias. In US. 
USP 31 (Mangafodipir Trisodium). Pale yellow crystals or crys-
talline powder. Freely soluble in water; very slightly soluble in
alcohol and in acetone; slightly soluble in chloroform; sparingly
soluble in methyl alcohol. pH of a 1% solution in water is be-
tween 5.5 and 7.0. Store at a temperature not exceeding 8°.
Adverse Effects and Precautions
The most common adverse effects of mangafodipir are injection
site discomfort, feelings of warmth or flushing, headache, nau-
sea, vomiting, abdominal pain, and taste disturbances. Hypersen-
sitivity reactions, including anaphylactoid reactions, may occur.
Transient increases in bilirubin and liver transaminase concentra-
tions and decreases in plasma-zinc concentrations have been re-
ported. 
Mangafodipir should be used with caution in patients with hepat-
ic or renal impairment and should be avoided if impairment is
severe. It should not be given to patients with phaeochromocyto-
ma.
◊ References.
1. Federle MP, et al. Safety and efficacy of mangafodipir trisodium

(MnDPDP) injection for hepatic MRI in adults: results of the
U.S. multicenter phase III clinical trials (safety). J Magn Reson
Imaging 2000; 12: 186–97.

Pharmacokinetics
After intravenous injection, mangafodipir is dephosphorylated
and manganese is exchanged for zinc leading to the release of
free manganese ions and the formation of 2 inactive metabolites.
Manganese is rapidly taken up by the liver, pancreas, kidney and
spleen; about 15 to 20% is excreted in the urine within 24 hours,
with most of the remainder excreted in the faeces over about 4
days. The metabolites are almost entirely excreted in the urine
within 24 hours.

Uses and Administration
Mangafodipir is a manganese chelate that is used as a magnetic
resonance contrast medium (p.1474) for imaging of the liver and
pancreas. Manganese has paramagnetic properties that increase
the relaxivity of hydrogen ions, leading to signal enhancement.
Free manganese is released from mangafodipir in the body and
is taken up by normal liver and pancreatic tissue, increasing the
degree of contrast. 
Mangafodipir is given intravenously as the trisodium salt. 
In the UK, a solution containing mangafodipir trisodium
7.57 mg/mL (10 micromol/mL) is used. Usual doses for imaging
are: 
• liver: 0.5 mL/kg (5 micromol/kg) given by intravenous infu-

sion at a rate of 2 to 3 mL/minute 
• pancreas: 0.5 mL/kg (5 micromol/kg) given by intravenous

infusion at a rate of 4 to 6 mL/minute 
In the USA, a more concentrated preparation is used, containing
mangafodipir trisodium 37.9 mg/mL (50 micromol/mL). Usual
doses are: 
• liver: 0.1 mL/kg (5 micromol/kg), given by slow intravenous

injection to a maximum dose of 15 mL

Preparations
USP 31: Mangafodipir Trisodium Injection.

Proprietary Preparations (details are given in Part 3)
Austria: Teslascan; Belg.: Teslascan; Cz.: Teslascan; Denm.: Teslascan†;
Fin.: Teslascan†; Fr.: Teslascan; Ger.: Teslascan; Gr.: Teslascan; Hung.:
Teslascan; Ital.: Teslascan; Neth.: Teslascan; Norw.: Teslascan; NZ: Teslas-
can; Port.: Teslascan; Spain: Teslascan; Swed.: Teslascan; Switz.: Teslascan;
UK: Teslascan; USA: Teslascan.

Metrizamide (BAN, USAN, rINN)

Metritsamidi; Metrizamid; Metrizamida; Métrizamide; Metrizami-
dum; Win-39103. 2-[3-Acetamido-2,4,6-tri-iodo-5-(N-methyla-
cetamido)benzamido]-2-deoxy-D-glucose.

Метризамид

C18H22I3N3O8 = 789.1.
CAS — 31112-62-6 (metrizamide); 55134-11-7 (metri-
zamide, glucopyranose form).
ATC — V08AB01.
ATC Vet — QV08AB01.

Description. Metrizamide contains about 48.2% of I.

Profile
Metrizamide is a nonionic monomeric iodinated radiographic
contrast medium (p.1474) that has been used in myelography,
angiography, intravenous urography, and arthrography, and also
for contrast enhancement during computed tomography.

Breast feeding. No adverse effects have been seen in breast-
feeding infants whose mothers were receiving metrizamide and
the American Academy of Pediatrics considers1 that it is there-
fore usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappubl ica tions.org/cgi /content / full /
pediatrics%3b108/3/776 (accessed 27/03/06)
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Metrizoic Acid (BANM, rINNM)

Acide Métrizoïque; Ácido metrizoico; Acidum Metrizoicum;
Metritsoiinihappo; Metrizoinsyra. 3-Acetamido-2,4,6-tri-iodo-5-
(N-methylacetamido)benzoic acid.

Метризоевая Кислота
C12H11I3N2O4 = 627.9.
CAS — 1949-45-7.
ATC — V08AA02.
ATC Vet — QV08AA02.

Description. Metrizoic acid contains about 60.6% of I.

Meglumine Metrizoate (BANM, rINNM)

Meglumini Metrizoas; Métrizoate de Méglumine; Metrizoate
Meglumine; Metrizoato de meglumina. The N-methylglucamine
salt of metrizoic acid.

Меглумина Метризоат
C12H11I3N2O4,C7H17NO5 = 823.2.
CAS — 7241-11-4.
ATC — V08AA02.
ATC Vet — QV08AA02.

Description. Meglumine metrizoate contains about 46.3% of I.

Sodium Metrizoate (BAN, rINN)

Métrizoate de Sodium; Metrizoate Sodium (USAN); Metrizoato
de sodio; Natrii Metrizoas; NSC-107431.

Натрия Метризоат
C12H10I3N2NaO4 = 649.9.
CAS — 7225-61-8.
ATC — V08AA02.
ATC Vet — QV08AA02.

Description. Sodium metrizoate contains about 58.6% of I.
Profile
Metrizoic acid is an ionic monomeric iodinated radiographic
contrast medium (p.1474) with actions similar to those of the
amidotrizoates (p.1475). It has been used as the meglumine and
sodium salts, often with calcium metrizoate and magnesium
metrizoate, for a variety of diagnostic procedures including ang-
iography, cholangiography, and hysterosalpingography.
Breast feeding. No adverse effects have been seen in breast-
feeding infants whose mothers were receiving metrizoate and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
http:/ /aappolicy.aappublicat ions .org/cgi/content/ ful l /
pediatrics%3b108/3/776 (accessed 27/03/06)

Preparations
Proprietary Preparations (details are given in Part 3)
UK: Isopaque Cysto†.

Perflenapent (USAN, rINN)

Dodecafluoropentanum; Dodekafluoropentaani; Dodekafluoro-
pentan; Perflénapent; Perflenapentum. Dodecafluoropentane.

Перфленапент
C5F12 = 288.0.
CAS — 678-26-2.
ATC — V08DA03.
ATC Vet — QV08DA03.

Profile
Perflenapent is a liquid perfluorocarbon that has been used as an
ultrasound contrast medium (p.1474) for echocardiography. It
has been given intravenously as an emulsion containing droplets
of perflenapent; on warming to body temperature the droplets

form microbubbles of perflenapent gas that provide echo-
enhancement. A small amount of perflisopent (below) was also
included in the formulation.
◊ References.
1. Robbin ML, Eisenfeld AJ. Perflenapent emulsion: a US contrast

agent for diagnostic radiology—multicenter, double-blind com-
parison with a placebo. Radiology 1998; 207: 717–22. 

2. Kitzman DW, Wesley DJ. Safety assessment of perflenapent
emulsion for echocardiographic contrast enhancement in pa-
tients with congestive heart failure or chronic obstructive pulmo-
nary disease. Am Heart J 2000; 139: 1077–80.

Perflexane (USAN, rINN)

Perflexano; Perflexanum. Tetradecafluorohexane.

Перфлексан
C6F14 = 338.0.
CAS — 355-42-0.

Profile
Perflexane is a perfluorocarbon gas that has been used as an ul-
trasound contrast medium (p.1474) for echocardiography. Dry
microspheres containing the gas are reconstituted immediately
before use, leading to the formation of microbubbles of perflex-
ane that provide echo-enhancement; lipids are included in the
microspheres to stabilise the bubbles when they form.
Preparations
Proprietary Preparations (details are given in Part 3)
USA: Imagent.

Perflisopent (USAN, rINN)

Perflisopentum. Nonafluoro-2-(trifluoromethyl)butane.

Перфлизопент
C5F12 = 288.0.
CAS — 594-91-2.

Profile
Perflisopent is a perfluorocarbon that has been used as an ultra-
sound contrast medium (p.1474) with perflenapent (above) for
echocardiography.

Perflutren (USAN, rINN)

DMP-115; FS-069; MRX-115; Octafluoropropanum; Oktafluor-
opropaani; Oktafluoropropan; Perfluoropropane; Perflutrène;
Perflutreno; Perflutrenum. Octafluoropropane.
Перфлутрен
C3F8 = 188.0.
CAS — 76-19-7.

Profile
Perflutren is a perfluorocarbon gas used as either albumin- or
lipid-coated microspheres as an ultrasound contrast medium
(p.1474) for echocardiography. 
The albumin-coated microspheres are suspended in 1% albumin
solution immediately before use and are given in a dose of 0.5 to
3 mL by intravenous injection, repeated if necessary up to a total
dose of 8.7 mL. 
The lipid-coated microsphere suspension is formed by agitating
the gas with a lipid solution immediately before use and is given
in a dose of 10 microlitre/kg by intravenous injection, repeated
once after 30 minutes if required, or as intravenous injections of
100 to 400 microlitres repeated as required up to a maximum to-
tal dose of 1.6 mL. Alternatively, 1.3 mL of the suspension may

be diluted in 50 mL of sodium chloride 0.9% and given by intra-
venous infusion at an initial rate of 4 mL/minute, adjusted as re-
quired, to a maximum rate of 10 mL/minute. 
Serious cardiopulmonary reactions, including fatalities, have
been reported with perflutren and it should be used with extreme
caution in patients with pulmonary hypertension or unstable car-
diopulmonary conditions. The safety of perflutren has not been
established in patients with right-to-left cardiac shunts; it should
also be used with extreme caution or avoided in such patients. 
Perflutren has also been given by intra-ocular injection to pro-
vide tamponade in the management of retinal detachment.
Adverse effects. References.
1. Herzog CA. Incidence of adverse events associated with use of

perflutren contrast agents for echocardiography. JAMA 2008;
299: 2023–5.

Preparations
USP 31: Perflutren Protein-Type A Microspheres Injectable Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Optison†; Austria: Optison; Canad.: Definity; Chile: Definity; Cz.:
Luminity; Optison; Denm.: Optison; Fr.: Luminity; Ger.: Optison; Gr.: Op-
tison; Hung.: Optison; Israel: Definity; Ital.: Optison; Neth.: Optison;
Port.: Luminity; Optison; Spain: Optison; Swed.: Optison; Switz.: Opti-
son; UK: Luminity; Optison; USA: Definity; Luminity; Optison.

Propyliodone (rINN)

Propiliodona; Propyliodonum; Propyljodon; Propyylijodoni. Pro-
pyl 1,4-dihydro-3,5-di-iodo-4-oxo-1-pyridylacetate.
Пропилиодон
C10H11I2NO3 = 447.0.
CAS — 587-61-1.
ATC — V08AD03.
ATC Vet — QV08AD03.

Description. Propyliodone contains about 56.8% of I.
Pharmacopoeias. In Int. and US. 
USP 31 (Propyliodone). A white or almost white, crystalline
powder. Is odourless or has a faint odour. Practically insoluble in
water; soluble in alcohol, in acetone, and in ether. Store in airtight
containers at a temperature of 25°, excursions permitted between
15° and 30°. Protect from light.
Profile
Propyliodone is an iodinated radiographic contrast medium
(p.1474) that has been used for bronchography as either an aque-
ous or oily suspension.
Preparations
USP 31: Propyliodone Injectable Oil Suspension.

Proprietary Preparations (details are given in Part 3)
Israel: Dionosil†.

Sodium Tyropanoate (BAN, rINN)

Natrii Tyropanoas; NSC-107434; Tiropanoato de sodio; Tyro-
panoate de Sodium; Tyropanoate Sodium (USAN); Win-8851-2.
Sodium 2-(3-butyramido-2,4,6-tri-iodobenzyl)butyrate.
Натрия Тиропаноат
C15H17I3NNaO3 = 663.0.
CAS — 27293-82-9 (tyropanoic acid); 7246-21-1 (sodium
tyropanoate).
ATC — V08AC09.
ATC Vet — QV08AC09.

Description. Sodium tyropanoate contains about 57.4% of I.
Profile
Sodium tyropanoate is an ionic monomeric iodinated radio-
graphic contrast medium (p.1474) with actions similar to those
of iopanoic acid (p.1484) and has been used for cholecystogra-
phy and cholangiography.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Sulfur Hexafluoride (USAN)

BRI; Hexafluouro de azufre; Sulphur Fluoride; Sulphur Hexafluo-
ride.
F6S = 146.1.
CAS — 2551-62-4.
ATC — V08DA05.
ATC Vet — QV08DA05.

Profile
Sulfur hexafluoride is a gas with little biological activity that is
used as an ultrasound contrast medium (p.1474) for imaging of
the blood vessels and for echocardiography. Microbubbles of
sulfur hexafluoride are formed on reconstitution of the prepara-
tion and provide echo-enhancement; phospholipids and sur-
factants are included to stabilise the microbubbles. It is given in-
travenously as a suspension containing 45 micrograms/mL, in a
usual dose of 2 mL for echocardiography, or 2.4 mL for imaging
blood vessels; the dose may be repeated once if necessary. 
Sulfur hexafluoride has been associated with hypersensitivity re-
actions; patients should be monitored for at least 30 minutes after
use, and resuscitation equipment should be available. Particular
care is advised in patients with ischaemic heart disease, in whom
serious and occasionally fatal cardiac events have occurred:

sulfur hexafluoride is contra-indicated in patients with recent
acute coronary syndrome or clinically unstable ischaemic heart
disease. It should also not be given to patients with severe pulmo-
nary hypertension, uncontrolled hypertension, acute respiratory
distress syndrome, or right-to-left shunts. Care is advised in pa-
tients with lung disorders. 
Sulfur hexafluoride has also been used as an adjunct in eye sur-
gery for retinal detachment.
Preparations
Proprietary Preparations (details are given in Part 3)
Austria: SonoVue; Belg.: SonoVue; Cz.: SonoVue; Denm.: SonoVue; Fin.:
SonoVue; Fr.: SonoVue; Gr.: SonoVue; Ital.: SonoVue; Neth.: SonoVue;
Norw.: SonoVue; Port.: SonoVue; Swed.: SonoVue; Switz.: SonoVue;
UK: SonoVue.

S

F

F F
F

F F



Corticosteroids

1490

The adrenal cortex synthesises both corticosteroids,
based on a 21-carbon nucleus, and some sex hormones,
primarily androgens, based on a 19-carbon nucleus.
The corticosteroids are traditionally divided into those
with mainly glucocorticoid actions, of which cortisol
(hydrocortisone) is the most important endogenous ex-
ample, and those that are primarily mineralocorticoid,
of which aldosterone is much the most important. 
The endogenous glucocorticoids are under regulatory
control from the hypothalamus and pituitary, via the re-
leasing hormones corticorelin (p.1523) and corticotro-
pin or ACTH (p.1523). In return the glucocorticoids
act to inhibit production and release of these releasing
hormones by a negative feedback mechanism. The
system is known collectively as the hypothalamic-pitu-
itary-adrenal (HPA) axis. Aldosterone secretion, by
contrast, is under the control of the renin-angiotensin
system. 
The main mineralocorticoid actions are on fluid and
electrolyte balance. They enhance sodium reabsorp-
tion in the kidney and hence expand the extracellular
fluid volume, and they enhance renal excretion of po-
tassium and H+. 
The glucocorticoid actions are wide-ranging. They
have potent anti-inflammatory and immunosuppres-
sive effects, at least partly through inhibition of the re-
lease of various cytokines, and it is primarily these that
are made use of clinically (see p.1495). They also have
profound metabolic effects: blood glucose concentra-
tions are maintained or increased by a decrease in pe-
ripheral glucose utilization and an increase in glucone-
ogenesis; glycogen deposition, protein breakdown, and
lipolysis are increased, and effects on calcium uptake
and excretion lead to a decrease in body calcium stores.
Glucocorticoids facilitate the action of many other ac-
tive endogenous substances, and affect the function of
cardiovascular system, kidneys, skeletal muscle and
CNS. 
Many synthetic congeners and derivatives of the corti-
costeroids are available. The main corticosteroids used
systemically are hydroxy compounds (alcohols). They
are relatively insoluble in water and the sodium salt of
the phosphate or succinate ester is generally used to

provide water-soluble forms for injections or solutions.
Such esters are readily hydrolysed in the body. 

Various structure-activity relationships are understood
for the corticosteroids and have been made use of in the
development of new compounds. The presence of a
hydroxyl group at position 11 seems to be essential for
glucocorticoid activity, while a hydroxyl at position 21
is required for mineralocorticoid activity. Fluorination
at position 9 enhances both mineralocorticoid and glu-
cocorticoid activity. Substitution at carbon 16 (as in
betamethasone, dexamethasone, or triamcinolone) vir-
tually eliminates mineralocorticoid activity. Esterifica-
tion of corticosteroids at the 17 or 21 positions with fat-
ty acids generally increases the topical activity. The
formation of cyclic acetonides at the 16 and 17 posi-
tions further increases topical anti-inflammatory activ-
ity, usually without increasing systemic glucocorticoid
activity. 

In the medical and pharmacological literature the
names of unesterified corticosteroids have frequently
been used indiscriminately for both the unesterified
and esterified forms and it is not always apparent to
which form reference is being made. The unesterified
form is sometimes qualified by the phrase ‘free alco-
hol’.

Adverse Effects of Corticosteroids and their
Treatment
The adverse effects of corticosteroids may result from
unwanted mineralocorticoid or glucocorticoid actions,

or from inhibition of the hypothalamic-pituitary-adre-
nal axis. 
Mineralocorticoid adverse effects are manifest in the
retention of sodium and water, with oedema and hyper-
tension, and in the increased excretion of potassium
with the possibility of hypokalaemic alkalosis. In sus-
ceptible patients, cardiac failure may be induced. Dis-
turbances of electrolyte balance are common with the
naturally occurring corticosteroids, such as cortisone
and hydrocortisone, but are less frequent with many
synthetic glucocorticoids, which have little or no min-
eralocorticoid activity. 
Adverse glucocorticoid effects lead to mobilisation of
calcium and phosphorus, with osteoporosis and spon-
taneous fractures; muscle wasting and nitrogen deple-
tion; and hyperglycaemia with accentuation or precip-
itation of the diabetic state. The insulin requirements of
diabetic patients are increased. Increased appetite is of-
ten reported. 
Impaired tissue repair and immune function can lead to
delayed wound healing, and increased susceptibility to
infection. Increased susceptibility to all kinds of infec-
tion, including septicaemia, tuberculosis, fungal infec-
tions, and viral infections, has been reported in patients
on corticosteroid therapy. Infections may also be
masked by the anti-inflammatory, analgesic, and anti-
pyretic effects of glucocorticoids. The increased sever-
ity of varicella and measles may lead to a fatal outcome
in non-immune patients receiving systemic corticoster-
oid therapy. 
Other adverse effects include menstrual irregularities,
amenorrhoea, hyperhidrosis, skin thinning, ocular
changes including development of glaucoma and cata-
ract, mental and neurological disturbances, benign in-
tracranial hypertension, acute pancreatitis, and avascu-
lar necrosis of bone. An increase in the coagulability of
the blood may lead to thromboembolic complications.
Peptic ulceration has been reported but reviews of the
literature do not always agree that corticosteroids are
responsible for an increased incidence. 
The negative feedback effects of glucocorticoids on the
hypothalamic-pituitary-adrenal (HPA) axis may lead
to adrenal atrophy, in some cases after therapy for as
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little as 7 days. This produces secondary adrenocortical
insufficiency, which may become manifest after overly
rapid withdrawal of treatment or be precipitated by
some stress such as infection or trauma. Patients vary
considerably in the degree and duration of adrenal sup-
pression after a given course of corticosteroid, but ad-
renal atrophy may persist for months or years, and
withdrawal should be gradual in those who have been
treated for any length of time (see also Withdrawal, be-
low). High doses of corticosteroids given during preg-
nancy may cause fetal or neonatal adrenal suppression.
Although the precise mechanism is uncertain, growth
retardation may follow the use of even relatively small
doses of corticosteroids in children. 
Large doses of corticosteroids, or of corticotropin, may
produce Cushingoid symptoms typical of hyperactivi-
ty of the adrenal cortex, with moon-face, sometimes
with hirsutism, buffalo hump, flushing, increased
bruising, ecchymoses, striae, and acne (see also Cush-
ing’s Syndrome, p.2344). Giving large intravenous
doses of corticosteroids too rapidly may cause cardio-
vascular collapse. 
Hypersensitivity reactions have occurred with corti-
costeroids, mainly when applied topically. 
Adverse effects occur, in general, fairly equally with all
systemic corticosteroid preparations and their inci-
dence rises steeply if dosage increases much above
physiological values, traditionally considered to be
about 7.5 mg daily of prednisolone or its equivalent
(see Uses and Administration, below, for equivalent
doses of other corticosteroids). Short courses at high
dosage for emergencies appear to cause fewer adverse
effects than prolonged courses with lower doses. 
Most topically applied (including inhaled) corticoster-
oids may, under certain circumstances, be absorbed in
sufficient amounts to produce systemic effects. The
topical application of corticosteroid preparations to the
eyes has produced corneal ulcers, raised intra-ocular
pressure, and reduced visual function. Application of
corticosteroids to the skin has led to loss of skin colla-
gen and subcutaneous atrophy; local hypopigmenta-
tion of deeply pigmented skins has been reported after
both the intradermal injection and topical application
of potent corticosteroids. Dryness, irritation, epistaxis,
and rarely ulceration or perforation of the nasal septum
have followed intranasal use; smell and taste distur-
bances may also occur. Hoarseness and candidiasis of
the mouth or throat may occur in patients receiving in-
haled corticosteroids. 
Intrathecal dosage (including inadvertent intrathecal
dosage after attempted epidural injection) has been as-
sociated with arachnoiditis. 
Adverse effects should be treated symptomatically,
with the corticosteroid dosage reduced or slowly with-
drawn where possible.
Adrenal suppression. The inhibition of hypothalamic-pitui-
tary-adrenocortical function associated with corticosteroid use
may persist for a year or more after treatment is withdrawn and
may cause acute adrenocortical insufficiency with circulatory
collapse during stress. The degree of suppression depends on a
number of factors, including length of treatment, time of day
treatment is given, type of corticosteroid preparation used, route,
dose used, and dosing interval. In general, suppression of secre-
tion of adrenocorticotrophic hormone and atrophy of the adrenal
gland become progressively more definite as doses of cortico-
steroid exceed physiological amounts (see Uses and Administra-
tion, below), and as the duration of therapy increases (significant
suppression is likely in patients receiving more than 3 weeks of
therapy). It is less when the corticosteroid is given as a single
dose in the morning, and even less if this morning dose is given
on alternate days or less frequently. In patients taking high
enough doses of corticosteroids to suppress the adrenals the dose
should be increased during any form of stress (for example, ill-
ness or surgery); similarly those treated with such doses within
the last 2 or 3 months should be restarted on therapy. Where the
interval since treatment is greater than 3 months, resumption of
treatment depends on clinical assessment of signs of adrenocor-
tical insufficiency. 
To avoid precipitating acute adrenocortical insufficiency, with-
drawal of corticosteroid treatment should be carried out gradual-
ly, differing regimens being used according to the disease being

treated and the duration of therapy. Examples of withdrawal reg-
imens that have been used are described under Withdrawal, be-
low. 
Adrenal suppression may occur after very short courses of high-
dose therapy and since many patients undergoing such therapy
will be under continuing stress when the drugs are stopped, grad-
ual withdrawal of corticosteroids over 5 to 7 days is preferable. 
It should also be remembered that corticosteroid-induced adrenal
suppression has been associated not only with systemic therapy,
but has followed topical application of corticosteroid prepara-
tions, particularly those containing potent corticosteroids. Some
degree of adrenal suppression is also associated with the use of
high dose inhalants and nasal preparations, and has followed the
topical application of eye drops and eye ointments.

Effects on the bones and joints. Corticosteroid-induced
avascular necrosis of bone is an uncommon but disabling com-
plication of therapy.1-3 The incidence may vary in patients with
different disease states; alcoholics, and patients with connective
tissue disease (especially SLE) may have increased susceptibili-
ty.3,4 There may be a relationship with corticosteroid dose: even
short courses of high-dose corticosteroids may be associated
with its development.1-3 Avascular necrosis has also been associ-
ated with topical application of corticosteroids.5 
Corticosteroids may also produce osteoporosis. A review6 of
data obtained from studies published between 1970 and 1990 es-
tablished that osteoporosis is a common consequence of long-
term treatment with corticosteroids, occurring in about 50% of
patients. Bone loss is more rapid during the early stages of ther-
apy and is most rapid in areas of the skeleton containing the
greatest proportion of trabecular bone such as the spine, hip, dis-
tal radius, pelvis, and ribs. 
Reviews and guidelines7-11 on the prevention and management
of corticosteroid-induced osteoporosis suggest that the dose
should be minimised, as oral doses above 7.5 mg of prednisolone
or prednisone (or the equivalent) daily are associated with more
significant bone loss and increased fracture risk.12 Alternate-day
therapy, although desirable for its reduced effect on the hypotha-
lamic-pituitary-adrenal axis, does not reduce the risk of bone
loss. It should be borne in mind that long-term use of inhaled
corticosteroids may also reduce bone mineral density. Patients
should maintain an adequate intake of calcium and vitamin D
(prophylactic therapy with both has been advocated in all pa-
tients starting corticosteroids13), should take regular exercise,
and avoid smoking and excessive alcohol intake. HRT has been
advocated in postmenopausal women but recent re-evaluation of
the risks and benefits of HRT may render this option unattractive.
Bisphosphonates may be used in high-risk patients as they are
effective at preventing and treating corticosteroid-induced bone
loss14 and may reduce fracture rates.8-10 There is some evidence
to suggest that calcitonin has a beneficial effect on bone mass,
and it may be considered as an alternative when bisphosphonates
cannot be used. Fluoride has been studied in corticosteroid-in-
duced osteoporosis, but although it was found to increase bone
density, there is concern about the resultant bone structure and a
possible increase in fracture rates. There are reports of benefit
from anabolic therapy, but evidence is limited. A thiazide diuret-
ic may be helpful in controlling hypercalciuria in patients not re-
ceiving calcitriol.8 Whether some corticosteroids have reduced
effects on the bone is unclear.9 
There is a risk of tendinopathies with the use of corticosteroids,
especially of the Achilles and patellar tendons; ruptures have
been reported.15 Most reports have concerned oral or intra-artic-
ular use, but there have been occasional cases in patients receiv-
ing inhaled or topical corticosteroids.
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Effects on carbohydrate and protein metabolism. Corti-
costeroids produce glucose intolerance1-4 and protein catabo-
lism.5,6 Although mainly associated with systemic use, there is a
report of deterioration in diabetic control associated with high-
dose inhaled corticosteroid treatment.7
1. Landy HJ, et al. The effect of chronic steroid therapy on glucose

tolerance in pregnancy. Am J Obstet Gynecol 1988; 159: 612–15. 
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oral glucose after intravenous administration of hydrocortisone
and methylprednisolone in man. Eur J Clin Pharmacol 1994; 46:
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React Bull 1995; (Oct.): 659–62. 

5. Brownlee KG, et al. Catabolic effect of dexamethasone in the
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6. Van Goudoever JB, et al. Effect of dexamethasone on protein
metabolism in infants with bronchopulmonary dysplasia. J Pedi-
atr 1994; 124: 112–18. 

7. Faul JL, et al. High dose inhaled corticosteroids and dose de-
pendent loss of diabetic control BMJ 1998; 317: 1491.

Effects on the cardiovascular system. Adverse effects of
glucocorticoids include hypertension, hyperglycaemia, obesity,
and dyslipidaemia,1-3 which are independent risk factors for
cardiovascular disease. However, glucocorticoids also have anti-
inflammatory effects1,2 which may exert an anti-atherosclerotic
effect. Cohort studies2,3 established that oral glucocorticoid use
was associated with an increased risk for heart failure, and that
high-dose therapy was associated with an increased risk for car-
diovascular disease, including myocardial infarction.
1. Ng MKC, Celermajer DS. Glucocorticoid treatment and cardio-

vascular disease. Heart 2004; 90: 829–30. 
2. Souverein PC, et al. Use of oral glucocorticoids and risk of car-

diovascular and cerebrovascular disease in a population based
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3. Wei L, et al. Taking glucocorticoids by prescription is associated
with subsequent cardiovascular disease. Ann Intern Med 2004;
141: 764–70.

Effects on the cerebrovascular system. Despite being used
in high doses to treat benign intracranial hypertension, corticos-
teroids may also occasionally cause this disorder. Children re-
ceiving long-term therapy are mainly affected, an increase in
dosage often being responsible. Symptoms usually subside when
dosage is reduced.1
1. Gibberd B. Drug-induced benign intracranial hypertension. Pre-

scribers’ J 1991; 31: 118–21.

Effects on the eyes. During ophthalmic use of corticosteroids
about one-third of patients will develop raised intra-ocular
pressure, usually within a few weeks of treatment with potent
corticosteroids, or within months with weaker ones.1 The effects
on children are variable, but they may be at risk of a greater and
more rapid response to ophthalmic corticosteroids.1 Raised intra-
ocular pressure and glaucoma can also be caused by topical use
of corticosteroids on the face, particularly with prolonged use.2
There is evidence of an increased risk in patients receiving pro-
longed high-dose inhaled corticosteroids.3 Increases in intra-oc-
ular pressure appear to be less common with systemic corticos-
teroids,4 but a study in elderly patients showed that the risk of
raised intra-ocular pressure or open-angle glaucoma increased
with the dose and duration of oral use.5 
Topical application of corticosteroids in patients with bacterial,
fungal, or viral eye infection can alleviate the symptoms but al-
low the infection to develop.1,6 In ocular herpes simplex infec-
tion there is the risk of corneal ulceration and scarring that may
lead to loss of vision. 
Cataract formation is associated with systemic corticosteroid
use. It has also been reported after ophthalmic1,4 and topical2,7

use. There is evidence that cataract formation may also be asso-
ciated with prolonged use of high-dose inhaled corticoster-
oids.8-10 The intranasal use of corticosteroids, however, does not
appear to increase the risk.11 It has been suggested that the lens
in children might be more sensitive than in adults, but this may
be due to the large doses of corticosteroids, relative to body size,
given orally in these cases. Evidence of an increased risk in chil-
dren from inhaled corticosteroids is limited, but is probably out-
weighed by the benefits of asthma control.12 
Systemic corticosteroid use has also been associated with dam-
age to the retinal pigment epithelial barrier, predisposing the pa-
tient to serous retinal detachment.13
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Effects on the gastrointestinal tract. It has long been con-
sidered that treatment with corticosteroids might lead to peptic
ulcers. Some years ago a review of the data then available sug-
gested that since an ulcer developed in 1% of control patients not
receiving corticosteroids, the 2% incidence for patients receiving
corticosteroids did not warrant the prophylactic use of anti-ulcer
drugs in all patients.1 Others have found little evidence of an in-
creased risk of peptic ulcer produced by corticosteroids alone al-
though there is some increased risk when using them with
NSAIDs.2 A later cohort study3 found a modest increase in risk
of gastrointestinal bleeding with current use of corticosteroids,
which increased when NSAIDs were also used. It has been sug-
gested that it might be prudent to avoid such combination thera-
py whenever possible.4 
Doubt has therefore been cast on the prophylactic value of anti-
ulcer therapy given with corticosteroids.1,5 If an ulcer does devel-
op and there is good reason to continue treatment then cortico-
steroids may be continued along with some form of ulcer thera-
py.1 
There have been several reports of corticosteroids being associ-
ated with gastrointestinal perforation.6-9 There is a risk that the
anti-inflammatory properties of corticosteroids may mask the
signs of perforation and delay diagnosis with potentially fatal re-
sults.
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Effects on growth. Corticosteroids impair normal growth in
children when given systemically,1-3 and although alternate-day
therapy may reduce the effect on growth it does not abolish it.
There has been some concern about possible effects of inhaled
corticosteroids on growth.1,4 Some studies have not found an ef-
fect of inhaled corticosteroids on growth if doses are modest,
even when treatment is prolonged.1,5,6 Others have found that in-
haled corticosteroids, particularly in high doses, do have some
effect on growth parameters,5,7-10 but it is unclear whether this
has long-term effects on the child’s ultimate height, and the alter-
native in children requiring such high-dose therapy is likely to be
an oral corticosteroid, with its consequent effects. Some stud-
ies,11,12 in children with mild to moderate asthma, have suggest-
ed that a small reduction in growth velocity may occur in the first
year of treatment, but that it then normalises and adult height is
not adversely affected. Nonetheless, in the light of the increasing
number of studies suggesting some effects of inhaled or intrana-
sal corticosteroids on growth the FDA has required the inclusion
of a warning in US labelling that such products may slow growth
rates. For a suggestion that inhalation of a single dose of budes-
onide in the morning had less effect on growth than twice daily
dosage, see Administration, p.1521.
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Effects on immune response. Owing to their immunosup-
pressant effect, giving corticosteroids in doses greater than those
required for physiological replacement therapy is associated with
increased susceptibility to infection, aggravation of existing in-
fection, and activation of latent infection. An additional problem
is that the anti-inflammatory effect of corticosteroids may mask
symptoms until the infection has progressed to an advanced
stage; the altered response of the body may also permit the bi-
zarre spread of infections, frequently in aberrant forms, such as
disseminated parasitic infections. The risk is greater in patients
receiving high doses, or associated therapy with other immuno-
suppressants such as cytotoxic drugs, and in those who are al-
ready debilitated. Children receiving high doses of corticoster-
oids are at special risk from childhood diseases, such as
chickenpox, but vaccination with living organisms is contra-in-
dicated since infection may be induced (killed vaccines or tox-
oids can be given but the response may be reduced). 
This increased susceptibility to infection and masking of symp-
toms may also be caused by topical or local corticosteroid thera-
py. Thus, topical application to the skin has led to unusual chang-
es such as atypical ringworm infection. Fungal infections
(particularly candidiasis), generally restricted to the mouth and
throat, are associated with corticosteroid inhalations. Severe
damage to the eye has followed the ocular use of corticosteroids
in herpetic infections, and a generalised spread of herpes infec-
tion may follow application to the mouth in the presence of her-
pes infection. 
Conversely, the effect of corticosteroids on the symptoms and
course of some infections may be life-saving (see Infections, un-
der Uses and Administration, below). Before embarking on a
long-term course of corticosteroid therapy general measures for
the reduction of risk of infection include a diligent search for ac-
tive or quiescent infection and, where appropriate, prevention or
eradication of the infection before starting, or giving chemo-
prophylaxis during corticosteroid treatment.
Effects on lipid metabolism. Glucocorticoids have potent ef-
fects on lipid metabolism, facilitating the effects of growth hor-
mone and endogenous stimulants of lipolysis. As a result they
increase both high- and low-density lipoprotein cholesterol con-
centrations in the blood. 
On prolonged use glucocorticoids also have a dramatic effect on
body fat distribution, resulting in the characteristic Cushingoid
appearance of moon face, and increased fat at the back of the
neck and supraclavicular area.
Effects on mental state. Mental disturbances caused by cor-
ticosteroids include depression, mania, euphoria, and delirium.1
Psychotic symptoms, insomnia, and hyperactivity have also been
reported in children and adolescents treated with inhaled,2,3 oral,
and intravenous corticosteroids.2 The risk of adverse effects ap-
pears to be dose-related, but there are reports of cases associated
with very low dosages. Reversible impairment of memory has
been associated with intravenous methylprednisolone.4,5

1. Patten SB, Neutel CI. Corticosteroid-induced adverse psychiat-
ric effects: incidence, diagnosis and management. Drug Safety
2000; 22: 111–22. 

2. Stuart FA, et al. Adverse psychological effects of corticosteroids
in children and adolescents. Arch Dis Child 2005; 90: 500–506. 

3. de Vries TW, et al. Reported adverse drug reactions during the
use of inhaled steroids in children with asthma in the Nether-
lands. Eur J Clin Pharmacol 2006; 62: 343–6. 

4. Oliveri RL, et al. Pulsed methylprednisolone induces a reversi-
ble impairment of memory in patients with relapsing-remitting
multiple sclerosis. Acta Neurol Scand 1998; 97: 366–9. 

5. Brunner R, et al. Effect of corticosteroids on short-term and
long-term memory. Neurology 2005; 64: 335–7.

Effects on the neonate. Various adverse effects have been re-
ported in premature neonates given corticosteroids, see under
Dexamethasone, p.1526.
Effects on the nervous system. Paraesthesia, usually local-
ised to the perineum, has been associated with intravenous use of
dexamethasone sodium phosphate1-4 and hydrocortisone sodium
phosphate,5 but not with hydrocortisone sodium succinate.5 De-
scriptions of this reaction include itching, burning, tingling, and
severe pain. It can begin within seconds of giving the injection,

and clear within minutes of stopping. This reaction appears to be
caused by the corticosteroid phosphate ester itself, and clears in
the time it takes for the drug to be hydrolysed. It has been sug-
gested that the reaction can be abolished or avoided by giving the
drug as a dilute solution, over at least 5 to 15 minutes.2-4 
Epidural lipomatosis (fat deposition around the spinal cord) is a
rare complication of systemic corticosteroids.6 It has been asso-
ciated with both high daily doses (more than 30 mg prednisone
daily) and lower doses given over several years. The onset of
symptoms is usually gradual, ranging from 6 months to more
than 20 years after beginning corticosteroid use. Spinal cord
compression causes back pain radiating to the lower limbs, and
severe neurological complications can develop. The lipomatosis
may regress or disappear after the corticosteroid is withdrawn or
the dose is lowered, but patients with myelopathy or rapidly pro-
gressive neurological deficit may need emergency surgery.
1. Czerwinski AW, et al. Effects of a single, large, intravenous in-

jection of dexamethasone. Clin Pharmacol Ther 1972; 13:
638–42. 

2. Allan SG, Leonard RCF. Dexamethasone antiemesis and side-
effects. Lancet 1986; i: 1035. 

3. Neff SPW, et al. Excruciating perineal pain after intravenous
dexamethasone. Anaesth Intensive Care 2002; 30: 370–1. 

4. Perron G, et al. Perineal pruritus after iv dexamethasone admin-
istration. Can J Anesth 2003; 50: 749–50. 

5. Novak E, et al. Anorectal pruritus after intravenous hydrocorti-
sone sodium succinate and sodium phosphate. Clin Pharmacol
Ther 1976; 20: 109–12. 

6. Hierholzer J, et al. Epidural lipomatosis: case report and litera-
ture review. Neuroradiology 1996; 38: 343–8.

Effects on the pancreas. Acute pancreatitis has been associ-
ated with corticosteroid use,1-3 although evidence supporting the
association has been challenged on a number of grounds, both
clinical and experimental.2
1. Nakashima Y, Howard JM. Drug-induced acute pancreatitis.

Surg Gynecol Obstet 1977; 145: 105–9. 
2. Banerjee AK, et al. Drug-induced acute pancreatitis: a critical

review. Med Toxicol Adverse Drug Exp 1989; 4: 186–98. 
3. Felig DM, Topazian M. Corticosteroid-induced pancreatitis. Ann

Intern Med 1996; 124: 1016.

Effects on the skin. Topical corticosteroids are associated with
a number of local adverse effects on the skin, principally due to
their antiproliferative effects on keratinocytes and fibroblasts
(leading to skin thinning and atrophy), and to possible interfer-
ence with the skin flora (leading to increased risk of superinfec-
tion or opportunistic infection).1 Skin thinning is more likely if
corticosteroids are applied under occlusion (this is especially true
of halogenated corticosteroids, which are more resistant to inac-
tivation by enzymes in the epidermis). Striae, which occur usual-
ly in intertriginous areas such as axillae and groin where skin is
thin, moist, and occluded, are the most readily appreciable man-
ifestation of skin atrophy, and are irreversible, unlike more minor
degrees of atrophy. Other local adverse effects include tel-
angiectasias and purpura.1 Acneform pustules at the site of appli-
cation have occurred. 
The balance between benefit and the likelihood of local or sys-
temic adverse effects on topical application of corticosteroids
will depend on the chemical structure of the drug (i.e. its li-
pophilicity and resistance to enzymic degradation), the formula-
tion of the vehicle, the way in which it is applied, and the nature
of the skin to be treated.1 
Skin thinning, bruising, and purpura have also been reported in
patients receiving inhaled corticosteroids.2-4 There have been a
few case reports of eczematous and erythematous lesions of the
face and body, and urticaria, following inhalation or intranasal
use.5 
The adverse skin effects arising from systemic corticosteroids
also include striae and skin thinning as well as acneform erup-
tions. Somewhat counter-intuitively a case-control study has
suggested an increased risk of Stevens-Johnson syndrome or tox-
ic epidermal necrolysis in patients receiving corticosteroids, par-
ticularly in the period shortly after beginning therapy.6
1. Mori M, et al. Topical corticosteroids and unwanted local ef-

fects: improving the benefit/risk ratio. Drug Safety 1994; 10:
406–12. 

2. Shuttleworth D, et al. Inhaled corticosteroids and skin thinning.
Br J Dermatol 1990; 122: 268. 

3. Capewell S, et al. Purpura and dermal thinning associated with
high dose inhaled corticosteroids. BMJ 1990; 300: 1548–51. 

4. Tashkin DP, et al. Skin manifestations of inhaled corticosteroids
in COPD patients: results from Lung Health Study II. Chest
2004; 126: 1123–33. 

5. Isaksson M. Skin reactions to inhaled corticosteroids: incidence,
avoidance and management. Drug Safety 2001; 24: 369–73. 

6. Roujeau J-C, et al. Medication use and the risk of Stevens-John-
son syndrome or toxic epidermal necrolysis. N Engl J Med 1995;
333: 1600–7.

Effects on the voice. Dysphonia is associated with inhaled
corticosteroids.1 Although oropharyngeal candidiasis and dys-
phonia may occur at the same time, many patients with dyspho-
nia do not have candidiasis, and the two conditions do not appear
to be directly related. The cause of this dysphonia has not been
fully explained, but clinical investigations have found changes
including bowing of the vocal cords due to bilateral adductor
myopathy, mucosal changes, and supraglottic hyperfunction.
1. Lavy JA, et al. Dysphonia associated with inhaled steroids. J

Voice 2000; 14: 581–8.

Hypersensitivity and anaphylaxis. There have been occa-
sional reports of hypersensitivity reactions, and sometimes
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anaphylaxis, caused by corticosteroids.1 Reactions have occurred
with any route, although the topical route is mainly involved. It
has been observed that the incidence of hypersensitivity is
increasing2 and it has been suggested that a lack of response in
chronic eczema might be due to a reaction to the corticosteroid
treatment.2 Fluorinated corticosteroids may be less likely to in-
duce a contact hypersensitivity reaction than non-fluorinated
compounds.3
1. Kamm GL, Hagmeyer KO. Allergic-type reactions to corticos-

teroids. Ann Pharmacother 1999; 33: 451–60. 
2. Dooms-Goossens A. Sensitivity to corticosteroids: consequenc-

es for anti-inflammatory therapy. Drug Safety 1995; 13: 123–9. 
3. Thomson KF, et al. The prevalence of corticosteroid allergy in

two U.K. centres: prescribing implications. Br J Dermatol 1999;
141: 863–6.

Tumour lysis syndrome. There have been reports of corticos-
teroid-induced tumour lysis syndrome.1-3

1. Sparano J, et al. Increasing recognition of corticosteroid-induced
tumour lysis syndrome in non-Hodgkin’s lymphoma. Cancer
1990; 65: 1072–3. 

2. Smith RE, Stoiber TR. Acute tumor lysis syndrome in prolym-
phocytic leukemia. Am J Med 1990; 88: 547–8. 

3. Haller C, Dhadly M. The tumor lysis syndrome. Ann Intern Med
1991; 114: 808–9.

Withdrawal of Corticosteroids
The use of pharmacological doses of corticosteroids
suppresses the endogenous secretion of corticotropin
by the anterior pituitary, with the result that the adrenal
cortex becomes atrophied. Sudden withdrawal or re-
duction in dosage, or an increase in corticosteroid re-
quirements associated with the stress of infection or ac-
cidental or surgical trauma, may then precipitate acute
adrenocortical insufficiency; deaths have followed the
abrupt withdrawal of corticosteroids. Adrenocortical
insufficiency has also occurred after the effective re-
duction in systemic corticosteroid concentrations pro-
duced by overly rapid transfer from oral to inhaled cor-
ticosteroid therapy. For the emergency treatment of
acute adrenocortical insufficiency caused by abrupt
withdrawal of corticosteroids, see Adrenocortical In-
sufficiency, p.1498. 
In some instances, withdrawal symptoms may involve
or resemble a clinical relapse of the disease for which
the patient has been undergoing treatment. Other ef-
fects that may occur during withdrawal or change of
corticosteroid therapy include fever, myalgia, arthral-
gia, weight loss, benign intracranial hypertension with
headache and vomiting, and papilloedema caused by
cerebral oedema. Latent rhinitis or eczema may be un-
masked. 
Duration of treatment and dosage are important factors
in determining suppression of the pituitary-adrenal re-
sponse to stress on cessation of corticosteroid treat-
ment, and individual liability to suppression is also im-
portant. 
After short courses at moderate doses it may be appro-
priate to withdraw corticosteroids without tapering the
dose (see below). However, after high-dose or pro-
longed therapy, withdrawal should be gradual, the rate
depending upon the individual patient’s response, the
dose, the disease being treated, and the duration of ther-
apy. Recommendations for initial reduction, stated in
terms of prednisolone, have varied from as little as
steps of 1 mg monthly to 2.5 to 5 mg every 2 to 7 days.
Provided the disease is unlikely to relapse the dose of
systemic corticosteroid may be reduced rapidly to
physiological values; dose reduction should then be
slower to allow recovery of pituitary-adrenal function.
Symptoms attributable to over-rapid withdrawal
should be countered by resuming a higher dose and
continuing the reduction at a slower rate. Giving corti-
cotropin does not help to re-establish adrenal respon-
siveness. 
This gradual withdrawal of corticosteroid therapy per-
mits a return of adrenal function adequate for daily
needs, but years may sometimes be required for the re-
turn of function necessary to meet the stress of infec-
tion, surgery, or trauma. On such occasions patients
with a history of recent corticosteroid withdrawal
should be protected by means of supplementary corti-
costeroid therapy as described under Precautions, be-
low.

◊ The UK CSM recommends that moderate dosage with corti-
costeroids (up to 40 mg daily of prednisolone, or equivalent), for
up to 3 weeks, may be stopped without tapering provided that the
original disease is unlikely to relapse, although prophylactic cov-
er may be required for any stress within a week of finishing the
course.1 However, it should be borne in mind that individuals
vary widely in their response to corticosteroids and their ability
to tolerate withdrawal. Gradual withdrawal should be consid-
ered, even after shorter courses, if higher doses are given, or in
patients with other risk factors for adrenocortical insufficiency,
including those who have had repeated courses of systemic cor-
ticosteroids, those who receive a course within one year of fin-
ishing long-term corticosteroid therapy, or those who regularly
take doses in the evening, when their suppressive effect is great-
er. Withdrawal should not be abrupt in any patient who receives
systemic corticosteroids for more than 3 weeks.1 
How dose reduction is carried out depends largely on the likeli-
hood of relapse of the original disease. If this is unlikely, the dose
of systemic corticosteroid may be reduced rapidly to physiolog-
ical values (traditionally considered to be 7.5 mg of prednisolone
daily or equivalent). It should then be reduced more slowly to
allow the hypothalamic-pituitary-adrenal axis to recover.1 Where
disease relapse is a possibility even the initial reduction may
need to be more cautious. Long-term treatment may require
withdrawal over many months (such as a reduction of 1 mg in the
daily dose of prednisolone every 3 to 4 weeks). 
In reviews of the inhibition of hypothalamic-pituitary-adreno-
cortical function associated with corticosteroid use, further regi-
mens for corticosteroid withdrawal are described.2-4 For exam-
ple, patients who have been treated for weeks or months may
have their daily dose of prednisolone reduced by 2.5 to 5 mg eve-
ry 2 or 3 days, or, for those on longer-term treatment, the reduc-
tion may be more gradual at a rate of 2.5 mg every 1 to 3 weeks
and possibly less. When the dose has reached 10 mg daily decre-
ments may be made with 1-mg tablets. Another approach may be
to convert daily therapy gradually into alternate-day therapy by
progressively reducing the amount of corticosteroid received on
every second day, and once alternate-day therapy is established
the dose may be further reduced until, for example, a dose of
1 mg on alternate days for one week is attained.
1. CSM/MCA. Withdrawal of systemic corticosteroids. Current
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2. Anonymous. Corticosteroids and hypothalamic-pituitary-adren-
ocortical function. BMJ 1980; 280: 813–14. 

3. Helfer EL, Rose LI. Corticosteroids and adrenal suppression:
characterising and avoiding the problem. Drugs 1989; 38:
838–45. 

4. Page RC. How to wean a patient off corticosteroids. Prescribers’
J 1997; 37: 11–16.

Precautions for Corticosteroids
Systemic corticosteroids should be used with great
caution in the presence of heart failure, recent myocar-
dial infarction, or hypertension, in patients with diabe-
tes mellitus, epilepsy (but see below for use in infantile
seizures), glaucoma, hypothyroidism, hepatic failure,
osteoporosis, peptic ulceration, psychoses or severe af-
fective disorders, and renal impairment. Children may
be at increased risk of some adverse effects; in addi-
tion, corticosteroids may cause growth retardation, and
prolonged use is rarely justified. The elderly too may
be at greater risk from adverse effects. 
Corticosteroids are usually contra-indicated in the
presence of acute infections uncontrolled by appropri-
ate antimicrobial therapy. Similarly, patients already
receiving corticosteroids are more susceptible to infec-
tion, the symptoms of which, moreover, may be
masked until an advanced stage has been reached. Pa-
tients with active or doubtfully quiescent tuberculosis
should not be given corticosteroids except, very rarely,
as adjuncts to treatment with antitubercular drugs. Pa-
tients with quiescent tuberculosis should be observed
closely and should receive chemoprophylaxis if corti-
costeroid therapy is prolonged. 
The risks of chickenpox and probably of severe herpes
zoster are increased in non-immune patients receiving
therapeutic doses of systemic corticosteroids, and pa-
tients should avoid close personal contact with either
infection. Passive immunisation is recommended for
non-immune patients who do come into contact with
chickenpox. Similar precautions apply to measles.
Live vaccines should not be given to patients receiving
high-dose systemic corticosteroid therapy nor for at
least 3 months afterwards; killed vaccines or toxoids
may be given although the response may be attenuated. 

During prolonged courses of corticosteroid therapy,
patients should be examined regularly. Sodium intake
may need to be reduced and calcium and potassium
supplements may be necessary. Monitoring of the fluid
intake and output, and daily weight records may give
early warning of fluid retention. Back pain may signify
osteoporosis. Children are at special risk from raised
intracranial pressure. Patients should carry cards (and
preferably also wear bracelets) giving full details of
their corticosteroid therapy; they and their relatives
should be fully conversant with the implications of
their therapy and the precautions to be taken. 
Measures to compensate for the adrenals’ inability to
respond to stress (see Withdrawal, above) include in-
creasing the dose to cover minor intercurrent illnesses
or trauma such as surgery (with intramuscular doses to
cover vomiting). For details of dosages used, see Uses
and Administration, below. 
Rapid intravenous injection of massive doses of corti-
costeroids may sometimes cause cardiovascular col-
lapse and injections should therefore be given slowly
or by infusion. 
Many drugs have been reported to interfere with cer-
tain assay procedures for corticosteroids in body fluids
and corticosteroids themselves may interfere with or
alter the results of assays for some endogenous sub-
stances or drugs. 
The risk of systemic absorption should always be con-
sidered when applying corticosteroids topically. They
should not be applied with an occlusive dressing to
large areas of the body. Long-term topical use is best
avoided, especially in children. Also they should not be
used for the treatment of ulcerative conditions, nor of
rosacea, and should not be used indiscriminately for
pruritus. Occasionally they may be used with the addi-
tion of a suitable antimicrobial substance in the treat-
ment of infected skin but there is a risk of sensitivity
reactions occurring. 
Height should be monitored in children receiving pro-
longed therapy with inhaled or nasal corticosteroids.
High doses of inhaled corticosteroids should prefera-
bly be inhaled using large-volume spacer devices to re-
duce oropharyngeal deposition and hence the inci-
dence of candidiasis; rinsing the mouth with water
after inhalation may also be helpful. In addition the use
of spacer devices may reduce systemic absorption (see
also Inhalation Therapy, under Uses and Administra-
tion, below). Paradoxical bronchospasm has occurred
with inhaled corticosteroids and may require therapy to
be stopped, although if mild it may be prevented by in-
halation of a beta2 adrenoceptor agonist, or by transfer
from an aerosol to a dry powder formulation. 
Caution is required when corticosteroids are used lo-
cally to treat eye disorders (see below).

Contraception. There are some isolated case reports of contra-
ceptive failure in women using intra-uterine devices and receiv-
ing corticosteroid therapy.1-3

1. Zerner J, et al. Failure of an intrauterine device concurrent with
administration of corticosteroids. Fertil Steril 1976; 27: 1467–8. 

2. Inkeles DM, Hansen RI. Unexpected pregnancy in a woman us-
ing an intrauterine device and receiving steroid therapy. Ann
Ophthalmol 1982; 14: 975. 

3. Buhler M, Papiernik E. Successive pregnancies in women fitted
with intrauterine devices who take anti-inflammatory drugs.
Lancet 1983; i: 483.

Eye disorders. Topical corticosteroids have transformed the
management of inflammatory disease of the anterior segment of
the eye and it should be noted that while their proper use may be
sight-saving their inappropriate use is potentially blinding.1 The
dangers include the conversion of a simple dendritic herpes sim-
plex epithelial lesion into an extensive amoeboid ulcer with the
likelihood of permanent corneal scarring and loss of vision and
also the risk of potentiation of bacterial and fungal infections.
Other dangers include the development of open-angle glaucoma
and cataracts. Topical corticosteroids are used by ophthalmolo-
gists in herpes simplex keratitis but always under appropriate an-
tiviral cover and their use requires considerable experience. They
should never be given for an undiagnosed red eye and many con-
sultant ophthalmic surgeons believe that general practitioners
should never begin therapy without an ophthalmic opinion. 
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Further studies and discussions on the inappropriate use of corti-
costeroids to treat eye disorders are listed below.2-10

1. St Clair Roberts D. Steroids, the eye, and general practitioners.
BMJ 1986; 292: 1414–15. 

2. Lavin MJ, Rose GE. Use of steroid eye drops in general prac-
tice. BMJ 1986; 292: 1448–50. 

3. Claoué CMP, Stevenson KE. Incidence of inappropriate treat-
ment of herpes simplex keratitis with topical steroids. BMJ
1986; 292: 1450–1. 

4. Livingstone A. Steroids, the eye, and general practitioners. BMJ
1986; 292: 1737. 

5. Lawrence M. Steroids, the eye, and general practitioners. BMJ
1986; 292: 1737–8. 

6. Trevor-Roper P. Steroids, the eye, and general practitioners.
BMJ 1986; 292: 1738. 

7. Jay B. Steroids, the eye, and general practitioners. BMJ 1986;
293: 205. 

8. Rose GE, Lavin MJ. Steroids, the eye, and general practitioners.
BMJ 1986; 293: 205. 

9. O’Day DM. Corticosteroids: an unresolved debate. Ophthal-
mology 1991; 98: 845–6. 

10. Stern GA, Buttross M. Use of corticosteroids in combination
with antimicrobial drugs in the treatment of infectious corneal
disease. Ophthalmology 1991; 98: 847–53.

Intranasal administration. Local adverse effects from intra-
nasal corticosteroids include irritation, epistaxis, and smell and
taste disturbances (see also above). Ulceration, septal perfora-
tion, and hypersensitivity reactions have occurred.1 
There have been cases of Cushing’s syndrome associated with
inappropriately prolonged use of corticosteroid nasal drops in
children.2,3 Such drops should not be prescribed on a repeat pre-
scription basis; where treatment is contemplated for more than 6
weeks appropriate monitoring has been recommended. See also
Adrenal Suppression, under Adverse Effects, above.
1. Salib RJ, Howarth PH. Safety and tolerability profiles of intrana-

sal antihistamines and intranasal corticosteroids in the treatment
of allergic rhinitis. Drug Safety 2003; 26: 863–93. 

2. Findlay CA, et al. Childhood Cushing’s syndrome induced by
betamethasone nose drops, and repeat prescriptions. BMJ 1998;
317: 739–40. 

3. Perry RJ, et al. Cushing’s syndrome, growth impairment, and oc-
cult adrenal suppression associated with intranasal steroids. Arch
Dis Child 2002; 87: 45–8.

Porphyria. Corticosteroids are generally considered to be safe
in patients with porphyria although there is conflicting evidence
of porphyrinogenicity. In a review1 of drug-induced porphyrias it
was noted that a report suggesting that corticosteroids may have
a role in treating the acute attack together with many reports at-
testing to their safety, contrasted with their repeated incrimina-
tion as the offending agent in producing such episodes. It was
considered that as corticosteroids may be life-saving, they should
be used if really indicated.
1. Moore MR, Disler PB. Drug-induction of the acute porphyrias.

Adverse Drug React Acute Poisoning Rev 1983; 2: 149–89.

Pregnancy. Studies have shown that corticosteroid use in preg-
nant women did not have adverse effects on the fetus in terms of
psychological development1 or growth and general health fac-
tors.2 However, in an isolated report3 the topical use of triamci-
nolone in a pregnant woman for treatment of eczema was consid-
ered to have caused fetal growth retardation. In another study4 of
11 women with placenta praevia given intramuscular betameth-
asone 12 mg repeated 24 hours later, there were 2 cases of con-
striction of the ductus arteriosus; neither case was severe. 
Early studies in animals showed an increase in fetal cleft palate
after maternal ingestion of high corticosteroid doses, and corti-
sone has been used widely as a tool for the investigation of mech-
anisms responsible for cleft lip and palate. With doses used in
clinical practice, however, the risk appears to be low. In an analy-
sis of several hundred cases reported in the literature5 it was con-
cluded that the incidence of cleft palate in exposed children was
slightly higher than in a random sample, but that in the small se-
lected group studied, this higher incidence might be fallacious.
Although an increased incidence of malformations in the chil-
dren of asthmatic mothers given prednisolone 2.5 to 30 mg daily
during pregnancy was noted,6 others7 have suggested that the
outcome might have been worse in untreated asthmatic mothers.
Moreover, no significant increase in the risk of fetal or maternal
complications was found in a study of asthmatic mothers given
prednisolone 2.5 to 20 mg daily.8 Subsequently, no evidence of a
teratogenic effect for corticosteroids was noted in a comparison
of the maternal drug histories of the mothers of 764 infants born
with anomalies of the CNS and 764 controls,9 and in another
study10 there were no striking differences in birth-weight and fre-
quency of ‘small for dates’ infants born to mothers who received
systemic corticosteroids during pregnancy for pemphigoid ges-
tationis and those who did not. 
Fears concerning the use of corticosteroids during late pregnancy
relate to their direct adverse effects on the fetus. These involve
the known adverse effects of corticosteroids, such as increased
risk of infection and adrenal insufficiency. No such adverse ef-
fects were noted in the infants of 70 exposed pregnancies,8 al-
though there have been individual reports.11,12 The potential dan-
gers of maternal diabetogenic effects have been demonstrated in
a study of metabolic changes induced in diabetic women by sal-
butamol (used in the prevention of premature labour) which
could be exacerbated by use of dexamethasone (to promote mat-
uration of the fetal lung) with consequent danger to the fetus.13 
A review14 by the UK CSM concluded that there was no con-
vincing evidence that corticosteroids caused an increased inci-

dence of congenital abnormality. Prolonged or repeated use dur-
ing pregnancy did increase the risk of intra-uterine growth
retardation but this did not seem to be a problem following short-
term treatment. It was noted that the ability of different corticos-
teroids to cross the placenta varied very markedly.
1. Schmand B, et al. Psychological development of children who

were treated antenatally with corticosteroids to prevent respira-
tory distress syndrome. Pediatrics 1990; 86: 58–64. 

2. Doyle LW, et al. Antenatal steroid therapy and 5-year outcome
of extremely low birth weight infants. Obstet Gynecol 1989; 73:
743–6. 

3. Katz VL, et al. Severe symmetric intrauterine growth retarda-
tion associated with the topical use of triamcinolone. Am J Ob-
stet Gynecol 1990; 162: 396–7. 

4. Wasserstrum N, et al. Betamethasone and the human fetal duc-
tus arteriosus. Obstet Gynecol 1989; 74: 897–900. 

5. Popert AJ. Pregnancy and adrenocortical hormones: some as-
pects of their interaction in rheumatic diseases. BMJ 1962; 1:
967–72. 

6. Warrell DW, Taylor R. Outcome for the foetus of mothers re-
ceiving prednisolone during pregnancy. Lancet 1968; i: 117–18. 

7. Scott JK. Foetal risk with maternal prednisolone. Lancet 1968;
i: 208. 

8. Schatz M, et al. Corticosteroid therapy for the pregnant asth-
matic patient. JAMA 1975; 233: 804–7. 

9. Winship KA, et al. Maternal drug histories and central nervous
system anomalies. Arch Dis Child 1984; 59: 1052–60. 

10. Holmes RC, Black MM. The fetal prognosis in pemphigoid ges-
tationis (herpes gestationis). Br J Dermatol 1984; 110: 67–72. 

11. Grajwer LA, et al. Neonatal subclinical adrenal insufficiency:
result of maternal steroid therapy. JAMA 1977; 238: 1279–80. 

12. Evans TJ, et al. Congenital cytomegalovirus infection after ma-
ternal renal transplantation. Lancet 1975; i: 1359–60. 

13. Gündoğdu AS, et al. Comparison of hormonal and metabolic
effects of salbutamol infusion in normal subjects and insulin-
requiring diabetics. Lancet 1979; ii: 1317–21. 

14. CSM/MCA. Systemic corticosteroids in pregnancy and lacta-
tion. Current Problems 1998; 24: 9. Also available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023392&RevisionSelectionMethod=
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Septic shock. Some manufacturers recommend that corticos-
teroids should not be given to patients with septic shock and ref-
erences to the controversial use of high-dose corticosteroids are
given under Septic Shock, in Uses and Administration, below.
Sickle-cell disease. Sickle-cell crisis was reported to have
been precipitated by corticosteroids in 2 patients with sickle C
disease.1 The crises in these patients were considered to have
started with ischaemic necrosis of the bone marrow leading to fat
embolism, cerebral hypoxia, and coma. 
For mention of the use of corticosteroids in sickle-cell crisis, see
under Sickle-cell Disease, in Uses and Administration, below.
1. Huang JC, et al. Sickling crisis, fat embolism, and coma after

steroids. Lancet 1994; 344: 951–2.

Tooth erosion. The increased incidence of tooth erosion seen
in patients with asthma might be related to the pH of inhaled
powder (but not aerosol) formulations.1 Beclometasone dipropi-
onate and fluticasone had pHs of 4.76 as powder formulations,
whereas the pHs of the aerosols were well above the pH of 5.5 at
which tooth substance begins to dissolve. Budesonide was less
acidic in its powder formulation (pH 6.47).
1. O’Sullivan EA, Curzon MEJ. Drug treatments for asthma may

cause erosive tooth damage. BMJ 1998; 317: 820.

Varicella. A number of cases of fatal or near fatal chickenpox
have been reported in patients receiving corticosteroids.1-3 Al-
though mostly associated with systemic use, severe disseminated
varicella and staphylococcal pericarditis have been reported in an
infant following a single application of a potent topical corticos-
teroid cream.4 Guidelines issued by the UK CSM state that all
patients taking systemic corticosteroids for purposes other than
replacement, and who have not had chickenpox, should be re-
garded as being at risk of severe chickenpox, irrespective of the
dose or duration of treatment.2,5 Passive immunisation with vari-
cella-zoster immunoglobulin should be given to non-immune
patients who are receiving corticosteroids, or who have received
them within the last 3 months, if they are exposed to chickenpox.
Passive immunisation should preferably be given within 3 days
and not later than 10 days from exposure.2 The CSM considered
that there was no good evidence that topical, inhaled, or rectal
corticosteroids were associated with an increased risk of severe
chickenpox.
1. Rice P, et al. Near fatal chickenpox during prednisolone treat-

ment. BMJ 1994; 309: 1069–70. 
2. CSM/MCA. Severe chickenpox associated with systemic corti-

costeroids. Current Problems 1994; 20: 1–2. 
3. Dowell SF, Breese JS. Severe varicella associated with steroid

use. Pediatrics 1993; 92: 223–8. 
4. Brumund MR, et al. Disseminated varicella and staphylococcal

pericarditis after topical steroids. J Pediatr 1997; 131: 162–3. 
5. Ellender D, et al. Severe chickenpox during treatment with cor-

ticosteroids. BMJ 1995; 310: 327.

Interactions of Corticosteroids
Concurrent use of barbiturates, carbamazepine, pheny-
toin, primidone, or rifampicin may enhance the metab-
olism and reduce the effects of systemic corticoster-
oids. Conversely oral contraceptives or ritonavir may
increase plasma concentrations of corticosteroids. Use
of corticosteroids with potassium-depleting diuretics,
such as thiazides or furosemide, may cause excessive

potassium loss. There is also an increased risk of hy-
pokalaemia with concurrent amphotericin B or bron-
chodilator therapy with xanthines or beta2 agonists.
There may be an increased incidence of gastrointesti-
nal bleeding and ulceration when corticosteroids are
given with NSAIDs. Response to anticoagulants may
be altered by corticosteroids and requirements of anti-
diabetic drugs and antihypertensives may be increased.
Corticosteroids may decrease serum concentrations of
salicylates and may decrease the effect of anti-
cholinesterases in myasthenia gravis.
Analgesics. For the effect of corticosteroids on salicylates, see
Aspirin, Interactions, p.23.
Antibacterials. Rifampicin reduces the activity of
corticosteroids1-8 by accelerating their metabolism, and a similar
effect would be expected with other rifamycins. There is limited
evidence that the macrolide antibacterials troleandomycin,9-11

and perhaps erythromycin,12 may inhibit the metabolism of
methylprednisolone, but not of prednisolone.10 Dosage reduction
should be made as necessary if troleandomycin and methylpred-
nisolone are used together. There is no evidence of a clinically
significant interaction between these macrolides and other corti-
costeroids. 
For reference to corticosteroids lowering plasma concentrations
of isoniazid and enhancing its renal clearance, see p.290.
1. Edwards OM, et al. Changes in cortisol metabolism following

rifampicin therapy. Lancet 1974; ii: 549–51. 
2. Maisey DN, et al. Rifampicin and cortisone replacement thera-

py. Lancet 1974; ii: 896–7. 
3. Steenbergen GJ, Pfaltzgraff RE. Treatment of neuritis in border-

line leprosy with rifampicin and corticosteroids—a pilot trial.
Lepr Rev 1975; 46: 115–18. 

4. Buffington GA, et al. Interaction of rifampin and glucocorti-
coids: adverse effect on renal allograft function. JAMA 1976;
236: 1958–60. 

5. Hendrickse W, et al. Rifampicin-induced non-responsiveness to
corticosteroid treatment in nephrotic syndrome. BMJ 1979; 1:
306. 

6. van Marle W, et al. Concurrent steroid and rifampicin therapy.
BMJ 1979; 1: 1020. 

7. Jopline WH, Pettit JHS. Interaction between rifampicin, ster-
oids and oral contraceptives. Lepr Rev 1979; 50: 331–2. 

8. McAllister WAC, et al. Rifampicin reduces effectiveness and
bioavailability of prednisolone. BMJ 1983; 286: 923–5. 

9. Szefler SJ, et al. The effect of troleandomycin on methylpred-
nisolone elimination. J Allergy Clin Immunol 1980; 66: 447–51. 

10. Szefler SJ, et al. Steroid-specific and anticonvulsant interaction
aspects of troleandomycin-steroid therapy. J Allergy Clin Immu-
nol 1982; 69: 455–60. 

11. Kamada AK, et al. Glucocorticoid reduction with troleandomy-
cin in chronic severe asthmatic children: implication for future
trials and clinical application. J Allergy Clin Immunol 1992; 89:
285. 

12. LaForce CF, et al. Inhibition of methylprednisolone elimination
in the presence of erythromycin therapy. J Allergy Clin Immunol
1983; 72: 34–9.

Anticoagulants. For the various effects of corticosteroids on
anticoagulants, see under Warfarin Sodium, p.1430.
Antiepileptics. Reduced efficacy of corticosteroids has been
noted in asthmatic, arthritic, renal transplant, and other patients
who also received phenytoin or phenobarbital,1-3 and the clear-
ance of corticosteroids has also been reported to be markedly in-
creased by carbamazepine.3 Induction of microsomal liver en-
zymes by the antiepileptic, resulting in enhanced metabolism of
the corticosteroid is believed to be the underlying mechanism.
Different corticosteroids appear to be affected to different de-
grees, but the disease state, doses, and other determinants such as
diet, sex, and other drugs used may also be contributory factors.
An increase in the dosage of the corticosteroids may be neces-
sary in order to maintain the desired therapeutic response.1
1. Brooks SM, et al. Adverse effects of phenobarbital on corticos-

teroid metabolism in patients with bronchial asthma. N Engl J
Med 1972; 286: 1125–8. 

2. Nation RL, et al. Pharmacokinetic drug interactions with pheny-
toin (part II). Clin Pharmacokinet 1990; 18: 131–50. 

3. Bartoszek M, et al. Prednisolone and methylprednisolone kinet-
ics in children receiving anticonvulsant therapy. Clin Pharmacol
Ther 1987; 42: 424–32.

Antifungals. Ketoconazole1,2 and itraconazole3,4 increase se-
rum-methylprednisolone concentrations and enhance methyl-
prednisolone’s adrenal suppressive effects. A 50% reduction in
intravenous methylprednisolone dose was suggested during ke-
toconazole therapy.2 A similar effect was not evident with oral
prednisone4,5 although some workers6 found that ketoconazole
reduced the total clearance of prednisolone given intravenously
and of prednisone given by mouth. Itraconazole can also reduce
the clearance of dexamethasone; in a study7 of 8 healthy subjects,
the area under the concentration-time curve (AUC) for both in-
travenous and oral dexamethasone was increased about 3.5-fold,
and the morning plasma-cortisol concentration was suppressed
for at least 2 days longer. A study8 of healthy subjects found that
ketoconazole increased the AUC for oral budesonide more than
sixfold when they were given together, but only about fourfold
when the doses were given 12 hours apart. Systemic exposure to
inhaled budesonide is increased by itraconazole, which probably
reduces the metabolism of budesonide.9 Adrenal suppression
was found in 11 of 25 patients with cystic fibrosis who were
treated with this combination; one patient developed Cushing’s
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syndrome.10 A similar interaction may have been the cause of
significant adrenal suppression in a patient with cystic fibrosis
who was treated with itraconazole and inhaled fluticasone propi-
onate.11

1. Glynn AM, et al. Effects of ketoconazole on methylprednisolo-
ne pharmacokinetics and cortisol secretion. Clin Pharmacol
Ther 1986; 39: 654–9. 

2. Kandrotas RJ, et al. Ketoconazole effects on methylprednisolo-
ne disposition and their joint suppression of endogenous corti-
sol. Clin Pharmacol Ther 1987; 42: 465–70. 

3. Varis T, et al. Plasma concentrations and effects of oral methyl-
prednisolone are considerably increased by itraconazole. Clin
Pharmacol Ther 1998; 64: 363–8. 

4. Lebrun-Vignes B, et al. Effect of itraconazole on the pharma-
cokinetics of prednisolone and methylprednisolone and cortisol
secretion in healthy subjects. Br J Clin Pharmacol 2001; 51:
443–50. 

5. Ludwig EA, et al. Steroid-specific effects of ketoconazole on
corticosteroid disposition: unaltered prednisolone elimination.
DICP Ann Pharmacother 1989; 23: 858–61. 

6. Zürcher RM, et al. Impact of ketoconazole on the metabolism of
prednisolone. Clin Pharmacol Ther 1989; 45: 366–72. 

7. Varis T, et al. The cytochrome P450 3A4 inhibitor itraconazole
markedly increases the plasma concentrations of dexametha-
sone and enhances its adrenal-suppressant effect. Clin Pharma-
col Ther 2000; 68: 487–94. 

8. Seidegård J. Reduction of the inhibitory effect of ketoconazole
on budesonide pharmacokinetics by separation of their time of
administration. Clin Pharmacol Ther 2000; 68: 13–17. 

9. Raaska K, et al. Plasma concentrations of inhaled budesonide
and its effects on plasma cortisol are increased by the cyto-
chrome P4503A4 inhibitor itraconazole. Clin Pharmacol Ther
2002; 72: 362–9. 

10. Skov M, et al. Iatrogenic adrenal insufficiency as a side-effect
of combined treatment of itraconazole and budesonide. Eur
Respir J 2002; 20: 127–33. 

11. Parmar JS, et al. Profound adrenal suppression secondary to
treatment with low dose inhaled steroids and itraconazole in al-
lergic bronchopulmonary aspergillosis in cystic fibrosis. Thorax
2002; 57: 749–50.

Antineoplastics. For reference to single doses of prednisone
inhibiting the activation of cyclophosphamide (but longer-term
treatment increasing its activation), see Cyclophosphamide,
p.703.
Antivirals. For a possible effect of corticosteroids on the metab-
olism of HIV-protease inhibitors, see p.883. 
Ritonavir can greatly increase plasma concentrations of flutica-
sone, through inhibition of cytochrome P450 isoenzyme
CYP3A4, leading to systemic corticosteroid effects including
Cushing’s syndrome and adrenal suppression.1-3 There have
been reports of osteoporosis, with fractures in one case, associat-
ed with Cushing’s syndrome due to this interaction.2 Similar in-
teractions are expected with other HIV-protease inhibitors.
1. GlaxoSmithKline, Canada. Important safety information regarding

a drug interaction between fluticasone propionate (Flonase /Flov-
ent /Advair ) and ritonavir (Norvir /Kaletra ), issued 22 January,
2004. Available at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/medeff/fluticasone_ritonavir_hpc-cps-eng.pdf (ac-
cessed 22/08/08) 

2. Samaras K, et al. Iatrogenic Cushing’s syndrome with oste-
oporosis and secondary adrenal failure in human immunodefi-
ciency virus-infected patients receiving inhaled corticosteroids
and ritonavir-boosted protease inhibitors: six cases. J Clin Endo-
crinol Metab 2005; 90: 4394–8. 

3. Johnson SR, et al. Cushing syndrome with secondary adrenal in-
sufficiency from concomitant therapy with ritonavir and flutica-
sone. J Pediatr 2006; 148: 386–8.

Calcium-channel blockers. Studies in healthy subjects have
found that diltiazem reduces the clearance of methylprednisolo-
ne.1,2

1. Varis T, et al. Diltiazem and mibefradil increase the plasma con-
centrations and greatly enhance the adrenal-suppressant effect of
oral methylprednisolone. Clin Pharmacol Ther 2000; 67:
215–21. 

2. Booker BM, et al. Pharmacokinetic and pharmacodynamic inter-
actions between diltiazem and methylprednisolone in healthy
volunteers. Clin Pharmacol Ther 2002; 72: 370–82.

Gastrointestinal drugs. Aprepitant increased plasma concen-
trations of dexamethasone and methylprednisolone in a pharma-
cokinetic study.1 Licensed product information for aprepitant
recommends that the usual dose of oral dexamethasone be re-
duced by 50%, and the dose of methylprednisolone by about
25% when given intravenously, and by 50% when given orally.
For the appropriate regimen when these drugs are given together
for nausea and vomiting, see Administration under Aprepitant,
p.1709.
1. McCrea JB, et al. Effects of the neurokinin  receptor antagonist

aprepitant on the pharmacokinetics of dexamethasone and meth-
ylprednisolone. Clin Pharmacol Ther 2003; 74: 17–24.

Immunosuppressants. It has been suggested that mutual inhi-
bition of metabolism occurs between ciclosporin and corticoster-
oids, and may increase the plasma concentrations of either
drug.1,2 A review3 cited studies supporting this conclusion but
also mentioned studies that showed that ciclosporin did not sig-
nificantly decrease clearance of prednisolone4 and that corticos-
teroids either did not change, or decreased, ciclosporin concen-
trations.5,6 Some of these conflicting results may be due to
differences in the methods used to measure ciclosporin concen-
trations.
1. Ost L. Effects of cyclosporin on prednisolone metabolism. Lan-

cet 1984; i: 451. 
2. Klintmalm G, Säwe J. High dose methylprednisolone increases

plasma cyclosporin levels in renal transplant recipients. Lancet
1984; i: 731. 

3. Yee GC, McGuire TR. Pharmacokinetic drug interactions with
cyclosporin (part II). Clin Pharmacokinet 1990; 19: 400–15. 

4. Frey FJ, et al. Evidence that cyclosporine does not affect the me-
tabolism of prednisolone after renal transplantation. Transplan-
tation 1987; 43: 494–8. 

5. Ptachcinski RJ, et al. Cyclosporine - high-dose steroid interac-
tion in renal transplant recipients: assessment by HPLC. Trans-
plant Proc 1987; 19: 1728–9. 

6. Hricik DE, et al. Association of the absence of steroid therapy
with increased cyclosporine blood levels in renal transplant re-
cipients. Transplantation 1990; 49: 221–3.

Leukotriene antagonists. Severe peripheral oedema oc-
curred in a patient treated with montelukast and prednisone for
asthma, but not when either drug was used alone.1 Montelukast
may have potentiated sodium and fluid retention caused by the
corticosteroid.
1. Geller M. Marked peripheral edema associated with montelukast

and prednisone. Ann Intern Med 2000; 132: 924.

Lipid regulating drugs. Giving colestipol to a patient with hy-
popituitarism taking oral hydrocortisone maintenance therapy
resulted in headaches, ataxia, and lethargy.1 Mental status re-
turned to normal within hours of an intravenous dose of hydro-
cortisone 100 mg, and colestipol was subsequently withdrawn
uneventfully.
1. Nekl KE, Aron DC. Hydrocortisone-colestipol interaction. Ann

Pharmacother 1993; 27: 980–1.

Neuromuscular blockers. For reference to corticosteroids
antagonising the effects of competitive neuromuscular blockers,
see under Atracurium, p.1904.
Sex hormones. There have been reviews1,2 discussing several
reports of an enhanced effect of corticosteroids in women also
receiving oestrogens or oral contraceptives and commenting that
the dose of corticosteroids in some cases may need to be reduced.
There is some evidence that budesonide may be less affected by
use with oral contraceptives than prednisolone.3
1. Shenfield GM. Drug interactions with oral contraceptive prepa-

rations. Med J Aust 1986; 144: 205–10. 
2. Back DJ, Orme ML’E. Pharmacokinetic drug interactions with

oral contraceptives. Clin Pharmacokinet 1990; 18: 472–84. 
3. Seidegård J, et al. Effect of an oral contraceptive on the plasma

levels of budesonide and prednisolone and the influence on plas-
ma cortisol. Clin Pharmacol Ther 2000; 67: 373–81.

Smoking. There was a report of an appreciable and consistent
increase in plasma corticosteroids after cigarette smoking.1
However, a review concerning the clinical importance of smok-
ing and drug interactions2 concluded that in the majority of ex-
amples, including corticosteroids, there was little evidence of a
recognisable hazard from the interaction.
1. Kershbaum A, et al. Effect of smoking and nicotine on adreno-

cortical secretion. JAMA 1968; 203: 275–8. 
2. D’Arcy PF. Tobacco smoking and drugs: a clinically important

interaction? Drug Intell Clin Pharm 1984; 18: 302–7.

Sympathomimetics. Studies in 21 asthmatic patients suggest-
ed that the plasma half-life of dexamethasone was decreased by
ephedrine.1 More importantly use of corticosteroids with beta2
agonists may potentiate any hypokalaemic effects.2
1. Brooks SM, et al. The effects of ephedrine and theophylline on

dexamethasone metabolism in bronchial asthma. J Clin Pharma-
col 1977; 17: 308–18. 

2. Committee on Safety of Medicines. β  agonists, xanthines and
hypokalaemia. Current Problems 28 1990.

Thalidomide. In a double-blind crossover study of thalidomide
in the treatment of severe chronic erythema nodosum leprosum,1
the dose of prednisolone necessary to suppress symptoms was
considerably reduced in 9 of 10 patients while they were receiv-
ing thalidomide; there has been a comment2 that prednisolone
should not be given with thalidomide. 
For reference to a possible interaction between thalidomide and
dexamethasone, see Effects on the Skin under Adverse Effects of
Thalidomide, p.2397.
1. Waters MFR. An internally-controlled double blind trial of tha-

lidomide in severe erythema nodosum leprosum. Lepr Rev 1971;
42: 26–42. 

2. WHO, Regional Office for the Western Pacific. Final report on
the first regional working group on leprosy, Manila, Philippines,
7–12 December, 1978. Lepr Rev 1979; 50: 326–9.

Xanthines. For the effect of corticosteroids on aminophylline
and theophylline, see p.1144.

Pharmacokinetics of Corticosteroids
Corticosteroids are, in general, readily absorbed from
the gastrointestinal tract. They are also absorbed when
given locally. After topical use, particularly under an
occlusive dressing or when the skin is broken, or use
rectally as an enema, sufficient corticosteroid may be
absorbed to give systemic effects; this is also a possi-
bility with other local routes such as inhalation. Water-
soluble forms of corticosteroids are given by intrave-
nous injection for a rapid response; more prolonged ef-
fects are achieved using lipid-soluble forms of corti-
costeroids by intramuscular injection. 
Corticosteroids are rapidly distributed to all body tis-
sues. They cross the placenta to varying degrees and
may be distributed in small amounts into breast milk. 

Most corticosteroids in the circulation are extensively
bound to plasma proteins, mainly to globulin and less
so to albumin. The corticosteroid-binding globulin
(transcortin) has high affinity but low binding capacity,
while albumin has low affinity but large binding capac-
ity. The synthetic corticosteroids are less extensively
protein bound than hydrocortisone (cortisol). They
also tend to have longer half-lives. 
Corticosteroids are metabolised mainly in the liver but
also in other tissues, and are excreted in the urine. The
slower metabolism of the synthetic corticosteroids
with their lower protein-binding affinity may account
for their increased potency compared with the natural
corticosteroids.
◊ Reviews.
1. Begg EJ, et al. The pharmacokinetics of corticosteroid agents.

Med J Aust 1987; 146: 37–41. 
2. McGhee CNJ. Pharmacokinetics of ophthalmic corticosteroids.

Br J Ophthalmol 1992; 76: 681–4. 
3. Jusko WJ. Pharmacokinetics and receptor-mediated pharmaco-

dynamics of corticosteroids. Toxicology 1995; 102: 189–96. 
4. Derendorf H, et al. Pharmacokinetics and pharmacodynamics of

inhaled corticosteroids. J Allergy Clin Immunol 1998; 101 (suppl
2): S440–6. 

5. Czock D, et al. Pharmacokinetics and pharmacodynamics of sys-
temically administered glucocorticoids. Clin Pharmacokinet
2005; 44: 61–98.

Uses and Administration of Corticosteroids
The corticosteroids are used in physiological doses for
replacement therapy in adrenal insufficiency. Pharma-
cological doses are used when palliative anti-inflam-
matory or immunosuppressant effects are required. Be-
fore instituting therapy the benefits and risks of
corticosteroids should be considered; where appropri-
ate, local rather than systemic therapy should be used.
The lowest effective dose should be used for the short-
est possible time; high doses may be needed for life-
threatening situations. 
The effects of different corticosteroids vary qualitative-
ly as well as quantitatively, and it may not be possible
to substitute one for another in equal therapeutic
amounts without provoking adverse effects. Thus,
whereas cortisone and hydrocortisone have very ap-
preciable mineralocorticoid (or sodium-retaining)
properties relative to their glucocorticoid (or anti-
inflammatory) properties, prednisolone and prednisone
have considerably less, and others, such as betametha-
sone and dexamethasone, have none or virtually none.
In contrast, the mineralocorticoid properties of fludro-
cortisone are so pronounced that its glucocorticoid
effects are considered to have no clinical significance. 
As a rough guide, the approximate equivalent doses of
the main corticosteroids in terms of their glucocorti-
coid (or anti-inflammatory) properties alone, are: 
• betamethasone 0.75 mg 
• cortisone acetate 25 mg 
• dexamethasone 0.75 mg 
• hydrocortisone 20 mg 
• methylprednisolone 4 mg 
• prednisolone 5 mg 
• prednisone 5 mg 
• triamcinolone 4 mg 
The mineralocorticoid properties of corticosteroids
(see p.1490) are rarely used. Exceptions include the
treatment of primary adrenocortical insufficiency, in
which both mineralocorticoid and glucocorticoid re-
placement is necessary, usually in the form of fludro-
cortisone with hydrocortisone (for details, see p.1498).
The mineralocorticoid properties of fludrocortisone
are also used to maintain blood pressure in patients
with orthostatic hypotension (see p.1530). 
The anti-inflammatory and immunosuppressant gluco-
corticoid properties of corticosteroids (see p.1490) are
used to suppress the clinical manifestations of disease
in a wide range of disorders considered to have inflam-
matory or immunological components. For these pur-
poses, the synthetic analogues with their considerably
reduced mineralocorticoid properties linked with
enhanced glucocorticoid properties, are preferred.
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Despite the existence of very powerful synthetic gluco-
corticoids with virtually no mineralocorticoid activity,
the hazards of inappropriately high glucocorticoid
therapy are such that the less powerful prednisolone
and prednisone are the glucocorticoids of choice for
most conditions, since they allow for a greater margin
of safety. There is little to choose between prednisolo-
ne and prednisone; prednisolone is usually recom-
mended in the UK since it exists in a metabolically ac-
tive form, whereas prednisone is inactive and must be
converted into its active form by the liver; hence, par-
ticularly in some liver disorders, bioavailability of
prednisone is less reliable (but see Hepatic Impairment
under Precautions of Prednisolone, p.1541). 
Because the therapeutic effects of corticosteroids seem
to be of longer duration than the metabolic effects, in-
termittent treatment with corticosteroids has been used
to allow the metabolic rhythm of the body to become
re-established while maintaining the therapeutic ef-
fects. Regimens of intermittent therapy have usually
consisted of short courses of treatment or of the use of
single doses on alternate days. Such alternate-day ther-
apy, however, is only appropriate for corticosteroids
with a relatively short duration of action and small
mineralocorticoid effect, such as prednisolone, and
only in certain disease states. Corticosteroids are also
given in single daily doses at times coinciding with
maximum or minimum output of the adrenal cortex in
order to obtain the desired effect on the adrenals (see
Administration, below). 
Doses of corticosteroids higher than those required for
physiological replacement will eventually lead to some
degree of adrenal suppression, the extent depending on
the dose given, and the route, frequency, time, and du-
ration of treatment. The adrenal glands are traditionally
considered to have a daily output equivalent to about
20 mg of hydrocortisone (cortisol), but individual
blood-cortisol concentrations may vary widely, and
can increase up to tenfold or more during stress. There-
fore, during periods of stress or trauma, such as during
and after surgery and when suffering from infections,
the corticosteroid dosage of patients must be increased.
In patients on long-term corticosteroid therapy under-
going surgery this is usually provided by parenteral hy-
drocortisone; graduated regimens tailored to the sever-
ity of surgery (see p.1536) are now preferred to the
former high-dose standard regimens tapered over 5
days, whose use has been questioned (see Surgery, un-
der Administration, below). 
Although the empirical use of a corticosteroid is appro-
priate in a life-threatening situation, generally it is ad-
visable not to begin corticosteroid therapy until a defi-
nite diagnosis has been made, for otherwise symptoms
may be masked to such an extent that a true diagnosis
becomes extremely difficult to make and the disease
may reach an advanced stage before detection. 
Systemic therapy is indicated in a wide variety of con-
ditions. Where possible the oral route is preferred but
parenteral doses may be used if the disease is severe or
an emergency arises. Intravenous therapy is generally
used for intensive emergency treatment as the onset of
action is relatively fast although intramuscular injec-
tions, often formulated as longer-acting depot prepara-
tions, may also be used to provide subsequent cover.
Examples of conditions treated with systemic corticos-
teroids include: 
• as an adjunct to adrenaline in life-threatening allergic reac-

tions such as angioedema or anaphylaxis (see p.1205) 
• some blood disorders, including auto-immune haemolytic

anaemia (p.1043) and idiopathic thrombocytopenic purpura
(p.1505) 

• selected connective tissue and muscle disorders, such as Be-
hçet’s syndrome (p.1499), polymyalgia rheumatica
(p.1510), polymyositis (p.1510), SLE (p.1513), and the vas-
culitic syndromes (p.1515) 

• some inflammatory eye disorders, particularly those affect-
ing the posterior chamber 

• inflammatory gastrointestinal disorders, such as Crohn’s
disease and ulcerative colitis, although local administration

by the rectal route may be preferred in some circumstances
(see p.1697) 

• infections accompanied by a severe inflammatory compo-
nent provided that appropriate anti-infective drugs are also
given and that the benefits of corticosteroid therapy out-
weigh the possible risk of disseminated infection; examples
of conditions where corticosteroid may be considered in-
clude helminthic infections, the Jarisch-Herxheimer reac-
tion, and tuberculous meningitis (p.1514) 

• selected kidney disorders including lupus nephritis (see
Systemic Lupus Erythematosus, p.1513) and various
glomerular disorders (p.1504) 

• selected liver disorders, including auto-immune chronic ac-
tive hepatitis (p.1501) 

• some neurological disorders such as infantile seizures and
subacute demyelinating polyneuropathy; also in cerebral
oedema (p.1501), including that associated with malignan-
cy 

• some respiratory disorders, such as asthma (see p.1108, al-
though inhaled corticosteroids are preferred to oral therapy
for prophylaxis), diffuse parenchymal lung disease
(p.1502), pulmonary sarcoid (p.1512), and neonatal respira-
tory distress syndrome (p.1508) 

• some cases of rheumatoid arthritis, where recent evidence
suggests there may be value in early treatment of active dis-
ease (see p.1511) 

• severe skin disorders such as pemphigus and pemphigoid
(p.1582) 

Glucocorticoids are also used with antineoplastics in
regimens for the management of malignant disease.
They are also given to reduce immune responses after
organ transplantations, often with other immunosup-
pressants (see p.1810). 
Corticosteroids are not now considered useful in pa-
tients with aspiration syndromes, stroke, or septic
shock. 
Intra-articular injection, in the absence of infection
and with full aseptic precautions, may be used, for ex-
ample, in the treatment of rheumatoid arthritis (p.11),
osteoarthritis (p.11), and ankylosing spondylitis (see
Spondyloarthropathies, p.13). Either hydrocortisone
acetate or one of the esters of the synthetic corticoster-
oids is used. It should be noted that there have been
several reports of joint damage after the intra-articular
injection of corticosteroids into load-bearing joints. 
Topical application often produces dramatic suppres-
sion of skin diseases in which inflammation is a prom-
inent feature, such as eczema (p.1579), seborrhoeic
dermatitis (p.1584), and some forms of psoriasis
(p.1583). However, the disease may return or be exac-
erbated when corticosteroids are withdrawn and this
appears to be a particular problem in some of the forms
of psoriasis. Occasionally, corticosteroids may be used
with the addition of a suitable antimicrobial, such as
neomycin, in the treatment of infected skin. For com-
ments on the topical application of preparations con-
taining a corticosteroid and neomycin, see Adverse Ef-
fects of Neomycin, p.305. 
Intralesional injection sometimes hastens the resolu-
tion of chronic skin lesions such as lichen planus
(p.1580), alopecia areata (p.1577), and keloids. 
Topical application to the eye in inflammatory and
traumatic disorders has led to dramatic results, but the
occurrence of herpetic and fungal infections of the cor-
nea and other serious complications are considerable
obstacles, and eye drops containing corticosteroids
should be used under strict ophthalmic supervision
with regular checks of intra-ocular pressure. Care is
also required when corticosteroids are given by sub-
conjunctival injection in inflammatory eye disorders. 
Ear drops containing corticosteroids are used in the
treatment of otitis externa (see p.182). 
Inhalational therapy is widely used in the prophylax-
is of asthma (see p.1108). 
Nasal application is used in the prophylaxis and treat-
ment of allergic and non-allergic rhinitis (see p.565)
and nasal polyps (p.1508). 

Rectal administration, by either suppository or ene-
ma, may be used for some corticosteroids, notably in
the treatment of inflammatory bowel disease (p.1697).

Administration
Diurnal effect. The diurnal rhythm of the adrenal cortex
leads to about 70% of the daily secretion being made be-
tween midnight and 9 am.1 In the treatment of adrenal cor-
tical hyperplasia a dose of hydrocortisone given at night
will be nearly twice as suppressive as the same dose given
during the day. However, in treating allergic or collagen
disease when suppression of adrenal cortical activity is
best avoided a dose of hydrocortisone at about 8 am is in-
dicated. When reducing corticosteroid dosage after treat-
ment, a single dose given at 8 am will be most beneficial
and will not inhibit corticotropin secretion. Also, for simi-
lar reasons,2 when used for replacement therapy corticos-
teroids are given in unequal doses during the day (two-
thirds of the daily dose in the morning, and one-third at
night).
1. Demos CH, et al. A modified (once a day) corticosteroid dosage

regimen. Clin Pharmacol Ther 1964; 5: 721–7. 
2. Aronson JK. Chronopharmacology: reflections on time and a

new text. Lancet 1990; 335: 1515–16.

Epidural route. Reviews1,2 of the epidural use of corti-
costeroids in sciatica concluded that reported clinical com-
plications were uncommon but that their role is unclear.
Another study3 suggested that although epidural injection
of methylprednisolone acetate produced short-term im-
provement in pain and sensory deficit, treatment resulted
in no functional benefit and did not reduce the need for
surgery. 
It should be noted that inadvertent intrathecal injection of
corticosteroids has resulted in severe neurological compli-
cations.
1. Bogduk N, Cherry D. Epidural corticosteroid agents for sciatica.

Med J Aust 1985; 143: 402–6. 
2. Tonkovich-Quaranta LA, Winkler SR. Use of epidural corticos-

teroids in low back pain. Ann Pharmacother 2000; 34: 1165–72.
Correction. ibid.; 1489. 

3. Carette S, et al. Epidural corticosteroid injections for sciatica
due to herniated nucleus pulposus. N Engl J Med 1997; 336:
1634–40.

Inhalational therapy. Corticosteroids are given by in-
halation, particularly in the maintenance therapy of asth-
ma, in order to deliver the drug directly to the lungs, at
smaller doses than are needed orally, and minimise sys-
temic adverse effects. Different inhaled corticosteroids
differ in their potency, though there is little evidence of a
difference in efficacy at recommended doses.1 Of those
widely available by inhalation, flunisolide is less potent
than beclometasone while budesonide is considered more
potent, and fluticasone more potent still. (However, a gen-
eral practice study in New Zealand has suggested that
budesonide is less potent than beclometasone.2) The abili-
ty to use fewer inhalations with more potent drugs might
enhance compliance.1 For inhaled corticosteroids to be ef-
fective in the prophylaxis of asthma they must be taken
regularly and patient compliance is important. 
Efficient delivery to the bronchial tree is crucial and a
number of different devices are available, including pres-
surised aerosol inhalers, breath-actuated aerosol inhalers,
and dry powder inhalers. These devices appear to be
equally effective for the delivery of corticosteroids.3 How-
ever, many patients, especially children, find that inhala-
tion is made much easier by fitting a spacer device to the
inhaler.4 Such a device is recommended when high doses
are to be inhaled, to prevent oropharyngeal deposition and
subsequent systemic absorption. However, the type of
spacer used and the method of use may dramatically alter
the amount of drug available for inhalation. The drug
should be introduced into the spacer by single actuations,
each followed by inhalation, with the delay between actu-
ation of the inhaler and inhalation from the spacer kept to
a minimum. In some spacers static electricity accumulates,
and the build up of charge reduces drug delivery: this can
be controlled by washing and drying the spacer in air once
a month. Considerable differences in the dose delivered to
the airways may also be seen between different types of
nebuliser, and between nebulisers and spacer devices.5 
Changes in formulation of the propellant, to remove chlo-
rofluorocarbons, may also affect drug availability; it is re-
ported to be increased, requiring dose reduction with some
formulations.6,7 
It should be borne in mind that apparent differences in the
dose supplied from inhaler devices in different countries
may in some cases be artefacts, due to variations in the
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way the dose is measured or expressed. In the UK, for ex-
ample, the dose supplied from a metered-dose inhaler is
generally quoted as the amount released into the mouth-
piece from the valve. In the USA, however, doses may be
stated in terms of the amount of drug emitted from the
mouthpiece, which due to drug deposition will be slightly
less than the amount released from the valve.
1. Kelly HW. Comparison of inhaled corticosteroids. Ann Pharma-

cother 1998; 32: 220–32. 
2. Pethica BD, et al. Comparison of potency of inhaled beclometh-

asone and budesonide in New Zealand: retrospective study of
computerised general practice records. BMJ 1998; 317: 986–90. 

3. Brocklebank D, et al. Systematic review of clinical effectiveness
of pressurised metered dose inhalers versus other hand held in-
haler devices for delivering corticosteroids in asthma. BMJ
2001; 323: 896–900. 

4. O’Callaghan C, Barry PW. How to choose delivery devices for
asthma. Arch Dis Child 2000; 82: 185–7. 

5. O’Callaghan C, Barry P. Delivering inhaled corticosteroids to
patients. BMJ 1999; 318: 410–11. 

6. Newman SP. Deposition and effects of inhaled corticosteroids.
Clin Pharmacokinet 2003; 42: 529–44. 

7. MHRA/CHM. Inhaled products that contain corticosteroids.
Drug Safety Update 2008; 1 (12): 6–7. Available at: http://
www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON020567&RevisionSelect ionMethod=
LatestReleased (accessed 12/08/08)

Intra-articular route. Intra-articular and periarticular
injection of corticosteroids is an established treatment for
a variety of joint and soft-tissue lesions.1-3 Pain and in-
flammation associated with rheumatoid and juvenile idio-
pathic arthritis, crystal arthropathies such as gout, and os-
teoarthritis can be alleviated by injection of a suitable
corticosteroid, and in some cases the benefits may be quite
prolonged. The longer-acting esters methylprednisolone
acetate, triamcinolone acetonide, and triamcinolone hex-
acetonide are generally preferred. In some cases these may
be combined with a local anaesthetic and a short-acting
soluble corticosteroid for more rapid relief and to reduce
the risk of a post-injection flare. 
The risks associated with this technique have been re-
viewed.4 Accurate injection technique is essential, and
vigorous skin cleansing and an aseptic technique are re-
quired to avoid the introduction of infection into the joint;
pre-existing joint infection is a contra-indication to corti-
costeroid injection. Intra-articular injections may be re-
peated if necessary but it has been suggested that a single
joint should not be injected more than 3 or 4 times a year. 
Periarticular injection is also used in various soft tissue dis-
orders such as bursitis, capsulitis (painful shoulder syn-
dromes), epicondylitis, tenosynovitis, and carpal tunnel
syndrome. Particular care is required to avoid injection di-
rectly into a tendon, as this may cause the tendon to rup-
ture. A shorter-acting corticosteroid such as hydrocorti-
sone acetate may be more suitable for extra-articular
lesions.
1. Anonymous. Articular and periarticular corticosteroid injec-

tions. Drug Ther Bull 1995; 33: 67–70. 
2. Caldwell JR. Intra-articular corticosteroids: guide to selection

and indications for use. Drugs 1996; 52: 507–14. 
3. Pullar T. Routes of drug administration: intra-articular route.

Prescribers’ J 1998; 38: 123–6. 
4. Hunter JA, Blyth TH. A risk-benefit assessment of intra-articular

corticosteroids in rheumatic disorders. Drug Safety 1999; 21:
353–65.

Intranasal route. In the management of allergic rhinitis
corticosteroids are given intranasally in order to deliver the
drug directly to the affected area, to use lower doses than
are needed orally, and reduce the risk of systemic adverse
effects. They are usually given by metered dose pump
spray. The extent of local effect versus systemic effect may
be influenced by the drug’s molecular weight, lipophilici-
ty, metabolism in nasal tissue, and type of delivery device.1
In practice, however, when intranasal corticosteroid sprays
are used as recommended there is little evidence that they
have a significant systemic effect, and their local adverse
effects are similar.2,3 For details of systemic effects associ-
ated with inappropriately prolonged use of corticosteroid
nasal drops, see Intranasal Administration under Precau-
tions, p.1494.
1. Lipworth BJ, Jackson CM. Safety of inhaled and intranasal cor-

ticosteroids: lessons for the new millennium. Drug Safety 2000;
23:11–33. 

2. Waddell AN, et al. Intranasal steroid sprays in the treatment of
rhinitis: is one better than another? J Laryngol Otol 2003; 117:
843–5. 

3. Meltzer EO. Intranasal steroids: managing allergic rhinitis and
tailoring treatment to patient preference. Allergy Asthma Proc
2005; 26: 445–51.

Surgery. In the light of what was known in 1994 about
the adrenal stress response to surgery, a discussion on the
appropriate glucocorticoid supplementation for patients
receiving corticosteroids who undergo surgery concluded
that some recommendations were excessive.1 (At this time
in the UK recommended regimens consisted of the equiv-
alent of 100 mg of hydrocortisone, usually as the sodium
succinate, intravenously or intramuscularly before surgery,
repeated every 8 hours, with the dose being tapered over 5
days to 20 or 30 mg daily.) It was suggested that for minor
surgery 25 mg of hydrocortisone or its equivalent pre-op-
eratively was adequate; where surgical stress was likely to
be moderate, 50 to 75 mg of hydrocortisone or its equiva-
lent daily in divided doses for 1 to 2 days was suggested.
For major surgical stress, a target of 100 to 150 mg of hy-
drocortisone or its equivalent should be given daily in di-
vided doses for 2 to 3 days, although less might be given if
the patient’s pre-operative glucocorticoid dose was low. It
was also considered that the practice of gradually reducing
postoperative coverage over several days was not support-
ed by evidence except in cases of high-dose glucocorticoid
use for prolonged periods. 

Another review2 of this subject also concluded that for mi-
nor surgery, 25 mg of hydrocortisone, or the patient’s usual
dose of corticosteroid, given pre-operatively, was appro-
priate. However, the authors argued that for surgery caus-
ing greater stress, it was preferable to avoid the increases
in plasma-cortisol associated with intermittent bolus dos-
es. They suggested that for moderate surgery an intrave-
nous dose of hydrocortisone 25 mg at induction should be
followed by an infusion of 100 mg over 24 hours; for ma-
jor surgery the infusion should be continued for 48 to 72
hours after surgery. The usual oral corticosteroid dose may
be resumed once these infusions have been completed,
providing the postoperative course is uncomplicated and
gastrointestinal function has returned. 

For currently recommended regimens see Uses and Ad-
ministration of Hydrocortisone, p.1536.
1. Salem M, et al. Perioperative glucocorticoid coverage: a reas-

sessment 42 years after emergence of a problem. Ann Surg 1994;
219: 416–25. 

2. Nicholson G, et al. Peri-operative steroid supplementation. An-
aesthesia 1998; 53: 1091–1104.

Topical application. Guidelines1,2 for the correct use of
topical corticosteroids recommend that an appropriately
potent preparation to bring the skin disorder under control
should be used. Some recommend use of the lowest poten-
cy that will control the disorder, while others have advo-
cated starting treatment with a more potent preparation,
treatment may then be continued with a less potent prepa-
ration and with less frequent application, once control is
obtained. The most potent topical corticosteroids are gen-
erally reserved for recalcitrant dermatoses. Once the skin
has healed, treatment should be tailed off. Particular care is
necessary in the use of topical corticosteroids in children,
and the more potent preparations are contra-indicated in
infants under 1 year of age, although potent preparations
may be needed briefly in older children. It has been sug-
gested that a ‘steroid holiday’ of at least 2 weeks be con-
sidered in children after each 2 or 3 weeks of daily topical
therapy to allow thinned epidermis to restore itself and
maintain its barrier function.3 
Care is also necessary in applying corticosteroids to cer-
tain anatomical sites such as the face and flexures; some
advocate using only hydrocortisone 0.5 or 1% on the face.
Advice should be given that topical corticosteroids should
be applied sparingly in thin layers, by smoothing gently
into the skin preferably after a bath, and that no benefit is
gained from more frequent than twice daily application or
by vigorous rubbing. 
In a study to determine the requirement of topical corticos-
teroids,4 16 adult patients with eczema were treated with a
variety of topical preparations until substantial clearing
had occurred (up to 10 days). Results indicated that the
mean requirement of preparation, regardless of potency or
vehicle, was 6.86 g/m2. Using this value the calculated
quantities of topical corticosteroid to the nearest 5 g re-
quired for twice daily application for one week for the
whole body, arms and legs only, and trunk only respective-
ly were as follows: 

• 6 months of age, 35 g, 20 g, and 15 g 
• 1 year, 45 g, 25 g, and 15 g 
• 4 years, 60 g, 35 g, and 20 g 
• 8 years, 90 g, 50 g, and 35 g 
• 12 years, 120 g, 65 g, and 45 g 
• 16 years, 155 g, 85 g, and 55 g 
• adult (70-kg male), 170 g, 90 g, and 60 g 

Calculated quantities for the same application schedule for
an adult (70-kg male) for individual portions of the body
were: 

• face and neck, 10 g 
• one arm, 15 g 
• one leg, 30 g 
• hands and feet, 10 g 

Table 1, below, is a guide to the potency of topical corticos-
teroids. There may be some degree of overlap between
these groups and, not surprisingly, there are minor varia-

Table 1. Guide to potencies of topical corticosteroids.

Very potent Potent Moderately potent Mild

Clobetasol propionate 0.05%
Diflucortolone valerate 0.3%
Fluocinolone acetonide 0.2%
Halcinonide 0.1%
Ulobetasol propionate 0.05%

Amcinonide 0.1%
Beclometasone dipropionate 0.025%
Betamethasone benzoate 0.025%
Betamethasone dipropionate 0.05%
Betamethasone valerate 0.1%
Budesonide 0.025%
Desonide 0.05%
Desoximetasone 0.25%
Diflorasone diacetate 0.05%
Diflucortolone valerate 0.1%
Fluclorolone acetonide 0.025%
Fluocinolone acetonide 0.025%
Fluocinonide 0.05%
Fluprednidene acetate 0.1%
Fluticasone propionate 0.005% and 0.05%
Hydrocortisone butyrate 0.1%
Methyprednisolone aceponate 0.1%
Mometasone furoate 0.1%
Triamcinolone acetonide 0.1%

Alclometasone dipropionate 0.05%
Betamethasone valerate 0.025%
Clobetasone butyrate 0.05%
Desoximetasone 0.05%
Fludroxycortide 0.0125%
Flumetasone pivalate 0.02%
Fluocinolone acetonide 0.00625% and 0.01%
Fluocortin butyl 0.75%
Fluocortolone preparations (caproate with pivalate, each 0.1% 

and caproate with either free alcohol or pivalate, each 0.25%)
Hydrocortisone aceponate 0.1%
Hydrocortisone buteprate 0.1%
Prednicarbate 0.25%

Fluocinolone acetonide 0.0025%
Hydrocortisone 0.5% and 1%
Hydrocortisone acetate 1%
Methylprednisolone acetate 0.25%
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tions to this classification. For example, some authorities
consider fluocinolone acetonide 0.2% to be potent rather
than very potent and halcinonide 0.1% to be potent rather
than very potent. 
It has been suggested, however, that the advent of non-
fluorinated double esters such as hydrocortisone and meth-
ylprednisolone aceponates, or prednicarbate, has resulted
in corticosteroids whose topical anti-inflammatory poten-
cy is not as closely related to their potential atrophic effects
on skin, and that a classification taking both into account
would be desirable.5,6

1. Miller JA, Munro DD. Topical corticosteroids: clinical pharma-
cology and therapeutic use. Drugs 1980; 19: 119–34. 

2. Savin JA. Some guidelines to the use of topical corticosteroids.
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455. 
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5. Mori M, et al. Topical corticosteroids and unwanted local ef-
fects: improving the benefit/risk ratio. Drug Safety 1994; 10:
406–12. 

6. Schäfer-Korting M, et al. Topical glucocorticoids with improved
risk-benefit ratio: rationale of a new concept. Drug Safety 1996;
14: 375–85.

Acute respiratory distress syndrome
Acute respiratory distress syndrome (ARDS) is character-
ised by areas of lung damage leading to decreased pulmo-
nary compliance, pulmonary oedema associated with in-
creased capillary and alveolar permeability, and refractory
hypoxaemia. Diffuse pulmonary infiltrates are seen on ra-
diography, and patients exhibit dyspnoea, tachypnoea, or
both. Diagnosis is primarily clinical, and there has been
some disagreement as to what should be included in the
syndrome;1 it is now seen as forming the most severe end
of a spectrum of symptoms due to lung inflammation and
increased permeability known as acute lung injury.1-3

ARDS is sometimes considered to refer to ‘adult respirato-
ry distress syndrome’ but it is not confined to adult pa-
tients.1,2 
ARDS may be caused by a variety of pulmonary or sys-
temic insults but is particularly frequent in patients with
sepsis;4 because of an association with failure of other or-
gans it has been suggested that it represents the pulmonary
component of multiple organ failure syndrome.5 A wide
variety of inflammatory mediators have been implicated in
its pathogenesis but evidence suggests that recruitment of
neutrophils by interleukins plays an important role.1 
Management. Therapy for ARDS is essentially support-
ive. Mechanical ventilation is necessary in most cases, and
circulatory support may require fluids, cardiac inotropes,
and vasodilators. Optimum management may include diu-
retics and fluid restriction provided that cardiac output and
oxygen delivery are maintained.6 Because of the associa-
tion with sepsis antibacterial therapy may be important,
but studies of anti-endotoxin antibodies have produced
disappointing results.3 Improvements in supportive care
and mechanical ventilation are considered to have reduced
the mortality rate.1,7 Partial liquid ventilation with per-
fluorocarbons has been tried, but good evidence to support
this intervention is not available.8 
Numerous drugs have been proposed for the management
of ARDS, but, although case reports are often encourag-
ing, none has been conclusively shown to improve mortal-
ity in controlled trials,9 or in systematic review.10 Cortico-
steroids do not appear to reduce acute mortality,3,5

although they may be tried in the later phases of the
syndrome (5 or more days from onset) to try to prevent
fibroproliferative lung changes.1,11,12 Good results have
been reported with inhaled epoprostenol,13,14 but these re-
sults await confirmation from larger controlled studies. 
There is evidence that ketoconazole may prevent develop-
ment of ARDS in patients considered at risk,15,16 but it
does not appear to be effective as a treatment for ARDS or
acute lung injury.17 Among the drugs that have proved dis-
appointing are acetylcysteine,18,19 alprostadil,20,21 and ni-
tric oxide22 (which may, however, improve oxygenation to
some degree). Studies23,24 of pulmonary surfactants in
ARDS have generally shown no survival benefit; howev-
er, calfactant significantly decreased mortality when given
to infants, children, and adolescents.25 
A high-fat, low-carbohydrate diet has been advocated for
patients with ARDS. Supplementation with eicosapentae-
noic acid and gamolenic acid has been reported to benefit
oxygenation, but with no significant effect on mortality.7,12
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Adrenal hyperplasia, congenital
See Congenital Adrenal Hyperplasia, below.

Adrenocortical insufficiency
The major function of the adrenal cortex is the production
of glucocorticoid and mineralocorticoid hormones, of
which cortisol (hydrocortisone) and aldosterone respec-
tively are the most important. Glucocorticoid production is
regulated by the hypothalamic-pituitary-adrenal axis, be-
ing stimulated by the release of ACTH (adrenocortico-
trophic hormone; corticotropin) from the pituitary, while
mineralocorticoid production is primarily controlled by
the renin-angiotensin system. 
Adrenocortical insufficiency is defined as inadequate pro-
duction of endogenous corticosteroids. It may be primary
(Addison’s disease), due to destruction of the adrenal cor-
tex; or secondary, due to hypothalamic or pituitary disease,
or corticosteroid therapy which suppresses ACTH re-
lease.1 Diagnosis can be difficult, even with the aid of hor-
mone tests such as the tetracosactide stimulation test.2 
Clinical manifestations of adrenocortical insufficiency are
usually seen once about 90% of the adrenal cortex is de-
stroyed. Weight loss, anorexia, weakness, and fatigue may
be accompanied by gastrointestinal symptoms such as ab-
dominal pain, nausea, vomiting, and diarrhoea, as well as
electrolyte abnormalities (hyponatraemia, hyperkalae-
mia), salt craving, and orthostatic hypotension. In acute
cases, abdominal pain and rigidity, fever, volume deple-
tion, hypotension, and shock may occur. Hyperpigmenta-
tion, especially of skin creases, exposed areas, and scars is

a distinguishing feature of primary, but not secondary, in-
sufficiency. Hypoglycaemia is more likely in secondary
deficiency due to lack of growth hormone, and failure of
other pituitary hormones usually accompanies secondary
adrenocortical insufficiency. 
Treatment for acute insufficiency should be with intra-
venous hydrocortisone as the sodium succinate, sodium
phosphate or other readily soluble ester: the usual dose is
the equivalent of 100 mg every 6 to 8 hours for 24 hours.
Volume depletion, dehydration, hypotension and hypogly-
caemia should be corrected with intravenous saline and
glucose, and precipitating factors, such as infection,
should be dealt with appropriately. Provided no complica-
tions occur, the dosage of hydrocortisone can be tapered
over 4 or 5 days to oral maintenance therapy. 
For chronic insufficiency the usual oral dosage of mainte-
nance or replacement therapy is hydrocortisone 20 to
30 mg, preferably divided unequally, e.g. 30 mg as 20 mg
in the morning and 10 mg in the evening, in an attempt to
mimic the natural pattern of secretion. Other corticoster-
oids have been used, including cortisone acetate, pred-
nisolone, prednisone, and dexamethasone, but offer no ad-
vantage over hydrocortisone. Patients with primary
insufficiency also require additional mineralocorticoid re-
placement with fludrocortisone, usually in a dose of
100 micrograms daily. Mineralocorticoid replacement is
not usually necessary in secondary insufficiency. There
has been some evidence of benefit from studies of adjunc-
tive oral use of prasterone, another steroidal compound se-
creted by the adrenal glands, in patients with primary or
secondary adrenal insufficiency. 
Corticosteroid cover. An increase in replacement therapy
is required during periods of stress. In mild infection, a
doubling of the maintenance dose of hydrocortisone may
be appropriate but for major infection, or severe stress
such as surgery, parenteral therapy is required. It is gener-
ally considered safer to overestimate rather than underesti-
mate the appropriate cover. For regimens used to provide
cover in patients with secondary insufficiency due to cor-
ticosteroid therapy see Uses and Administration of Hydro-
cortisone, p.1536.
1. Arlt W, Allolio B. Adrenal insufficiency. Lancet 2003; 361:

1881–93. 
2. Dorin RI, et al. Diagnosis of adrenal insufficiency. Ann Intern

Med 2003; 139: 194–204.

AIDS
For the use of corticosteroids in AIDS patients with pneu-
mocystis pneumonia, see p.1510.

Alopecia
The management of alopecia (p.1577) is often difficult. In
alopecia areata intralesional corticosteroids, most com-
monly triamcinolone, will induce hair growth although
they are not suitable when more than 50% of the scalp is
involved.1 Regrowth is confined to the site of injection and
therefore patchy, although soon concealed by spontaneous
growth from uninjected regions. Some atrophy of the scalp
is inevitable. Topical corticosteroids are mostly reported to
be ineffective although some consider them beneficial; the
use of systemic corticosteroids is controversial, given their
adverse effects and a lack of evidence that they alter the
long-term prognosis.
1. Meidan VM, Touitou E. Treatments for androgenetic alopecia

and alopecia areata: current options and future prospects. Drugs
2001; 61: 53–69.

Anaemias
For the use of corticosteroids in haemolytic anaemias, in-
cluding cold haemagglutinin disease, see p.1043.

Anaphylaxis
For the use of corticosteroids in the management of anaph-
ylaxis, see p.1205. Intravenous corticosteroids are given
after initial treatment with adrenaline as part of the man-
agement of anaphylaxis; their effects are delayed, and they
are not suited for immediate relief, but early use may help
prevent deterioration after primary treatment has been giv-
en.

Aspiration syndromes
For a review of the management of aspiration syndromes,
including reference to the probable lack of value of corti-
costeroids, see p.1693.
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Asthma
The cornerstones of current asthma therapy, as discussed
in more detail on p.1108, are the beta2-adrenoceptor ago-
nists and the corticosteroids. Drug therapy for chronic
asthma is managed by a stepwise approach. Patients re-
quiring only occasional relief from symptoms may be
managed with an inhaled short-acting beta2 agonist as re-
quired. An inhaled corticosteroid such as beclometasone
dipropionate, budesonide, or fluticasone may be added to
therapy if symptomatic relief is needed more than two or
three times a week but regular use is important since corti-
costeroids take several hours to exert an effect in asthma.
If control is still inadequate, a long-acting beta2 agonist is
added. The dose of inhaled corticosteroid may be in-
creased if further control is needed, and other additional
therapies include anti-leukotrienes or theophylline. Severe
asthma requires regular bronchodilator therapy as well as
high-dose inhaled corticosteroids, while in the most severe
cases, regular oral corticosteroids may also be required. A
short ‘rescue’ course of oral corticosteroid may be needed
at any stage for an acute exacerbation. Corticosteroids
should be used cautiously in children because of possible
adverse effects on growth. 
Guidelines vary slightly in their definition of low, moder-
ate and high inhaled corticosteroid doses. UK guidelines
use beclometasone dipropionate (p.1516) given via a chlo-
rofluorocarbon (CFC)-containing metered-dose inhaler
(MDI) as the reference inhaled corticosteroid. Although
now almost phased out, this is the formulation used in
most of the evidence-base that supports current asthma
management. Adjustments to doses will be required for
other formulations and corticosteroids. Differences in
CFC-free beclometasone dipropionate formulations avail-
able in the UK mean they are not dose equivalent (see Re-
formulation, under Beclometasone Dipropionate, p.1517). 
• For adults, doses in the range 200 to 800 micrograms

daily of beclometasone dipropionate via a CFC-contain-
ing MDI are considered low initial doses, with
400 micrograms daily being an appropriate starting
dose for most patients 

• a dose of 800 micrograms daily is considered moderate 
• doses greater than 800 up to 2000 micrograms daily are

high 
• For children under 12 years, doses in the range 200 to

400 micrograms daily are considered low initial doses,
with 200 micrograms daily being an appropriate starting
dose for most patients 

• a dose of 400 micrograms daily is considered moderate 
• doses of more than 400 up to 800 microgram daily are

high 
The definition in global guidelines vary slightly. 
• For adults, doses in the range 200 to 500 micrograms

daily of beclometasone dipropionate via a CFC-contain-
ing MDI are considered low initial doses 

• 500 to 1000 micrograms daily are considered moderate 
• 1000 to 2000 microgram daily doses are high 
• For children, doses in the range 100 to 200 micrograms

daily are considered low initial doses 
• doses from over 200 up to 400 micrograms daily are

considered moderate 
• doses more than 400 micrograms are high 
In the USA CFC-containing beclometasone dipropionate
MDIs have been phased out and replaced with MDIs con-
taining hydrofluoroalkane (HFA). The recommended US
dose of beclometasone dipropionate HFA MDI, relative to
a CFC-containing MDI formulation, is lower due to differ-
ences in delivery characteristics between the products;
however, a definitive comparative therapeutic ratio has not
been demonstrated. In addition, doses are given as the
amount delivered from the mouthpiece in the USA, instead
of the amount delivered into the mouthpiece. For one
product, Qvar (Teva, USA), each 100 micrograms of be-
clometasone dipropionate delivered into the mouthpiece
equates to 80 micrograms delivered from the mouthpiece.
Doses in the US guidelines will therefore seem somewhat
lower, although in practical terms there is probably little
difference. 
• For adults, US guidelines consider doses in the range 80

to 240 micrograms daily of beclometasone dipropionate
via a HFA-containing MDI to be low initial doses 

• doses greater than 240 up to 480 micrograms daily are
considered moderate 

• doses above 480 micrograms daily are high 
• For children 5 years and over, doses in the range 80 to

160 micrograms daily are considered low initial doses 
• doses greater than 160 up to 320 micrograms are con-

sidered moderate 
• doses above 320 micrograms are considered high 
Acute severe asthma (status asthmaticus) is potentially
life-threatening and is treated with inhaled oxygen and
beta2 agonists, as well as systemic corticosteroids; inhaled
ipratropium bromide, and intravenous magnesium sulfate,
xanthine, or beta2 agonist may need to be added. Once
lung function is stabilised the patient can be discharged on
a regimen of oral and inhaled corticosteroids, and bron-
chodilators.

Behçet’s syndrome
Behçet’s syndrome (or Behçet’s disease) is a recurrent
multifocal disorder most prevalent in the Far East and
countries of the Mediterranean and Middle East. 
The clinical features include oral and genital ulceration,
skin lesions, arthritis, vasculitis leading to thromboembol-
ic disorders and aneurysms, ocular lesions (including uvei-
tis, hypopyon, and iridocyclitis leading eventually to
blindness), and CNS involvement (meningomyelitis, de-
mentia, extrapyramidal symptoms, and paralysis, some-
times fatal). Gastrointestinal disturbances and involve-
ment of other body systems have been reported. However,
the complete gamut of symptoms is unlikely in a single
patient, and the disease has been classified into mucocu-
taneous, arthritic, neurological, and ocular forms depend-
ing on the predominant symptoms. Diagnosis can be diffi-
cult, but oral ulceration, with recurrent genital ulceration,
ocular involvement, and skin lesions or a positive pathergy
test are considered the major diagnostic criteria.1,2 
Treatment of Behçet’s syndrome is essentially symptomat-
ic and empirical. Controlled studies are mostly lacking,
which has hindered meta-analysis.3 Where possible, topi-
cal treatment of mucocutaneous lesions should be at-
tempted before embarking on systemic therapy. Topical
application of a potent corticosteroid, such as triamcinolo-
ne acetonide, or a tetracycline solution may be tried for
oral ulceration.1,2 Genital ulcers can be treated topically
with betamethasone ointment.2 Sucralfate suspension used
topically has also been reported to be effective in oral and
genital ulceration,4 and topical mesalazine has been tried.5
Systemically, colchicine is reportedly beneficial in the
treatment of mucocutaneous lesions,1,2 although a review
failed to find any evidence of benefit from colchicine treat-
ment.3 Systemic corticosteroids are advocated for severe
mucocutaneous disease;4 oral prednisolone has been given
for erythema nodosum.1,2 Thalidomide is also effective for
mucocutaneous symptoms,2,4 although relapses occur on
cessation of therapy. Other drugs with reported efficacy for
mucocutaneous symptoms include azathioprine,4 benza-
thine benzylpenicillin (sometimes with colchicine),4 dap-
sone,1,2,4,6 interferon alfa,4,6 levamisole,4 pentoxifylline,1
and rebamipide.4,6 
The use of NSAIDs in the treatment of arthritis in patients
with Behçet’s disease is controversial,4 although indomet-
acin is used.2 Colchicine is also used,2,4 and sulfasalazine
may be beneficial in patients who do not respond to
NSAIDs.1 Corticosteroids used with azathioprine are ef-
fective,2,4 as are interferon alfa,1,2,4 and benzathine ben-
zylpenicillin.3 
Short courses of intravenous methylprednisolone or high-
dose oral prednisolone with subsequent tapering are used
in the acute phase of neurological involvement, and may
be followed by chlorambucil, cyclophosphamide, or meth-
otrexate.2 Chronic CNS disease is generally resistant to
therapy.2 
Ocular involvement in Behçet’s disease leads to blindness
in about a quarter of patients.1,2 For acute attacks of ante-
rior uveitis, topical mydriatics such as tropicamide, or cor-
ticosteroid drops may be sufficient. Local injections of
corticosteroids are used to treat acute attacks of posterior
uveitis, and systemic use may also be required.2 Oral cor-
ticosteroid therapy does not improve visual prognosis,
however, and may lead to secondary retinal thrombosis or
cataracts;2 good evidence of its benefit is lacking.3 Colch-
icine is used for prophylaxis of both anterior and posterior
uveitis;2 ciclosporin is considered more effective at con-
trolling acute ocular attacks1 but its efficacy appears to
gradually decline.2,4 Other drugs deemed effective in pre-
venting ocular inflammation include azathioprine,1-4 chlor-

ambucil,2,4 and cyclophosphamide.2,4 There are reports of
benefit with benzathine benzylpenicillin, interferon alfa,
levamisole, methotrexate, pentoxifylline, sulfasalazine,
and thalidomide.4 Tacrolimus has also been beneficial in
cases of refractory uveitis.1,4 Combinations of the above
drugs are also used, such as corticosteroids with immuno-
suppressants, or corticosteroids with cytotoxics.4 
In patients with vasculitis, arteritis is treated with systemic
corticosteroids and cyclophosphamide, either orally or
pulsed monthly boluses.1,2 Deep-vein thrombosis has been
treated with anticoagulants, such as warfarin or heparin,
but caution is advised in those with pulmonary arteritis be-
cause of the risk of potentially fatal haemoptysis,2 and
their use is generally not recommended.1,4 Aspirin is used
with immunosuppressants, particularly azathioprine.4
Stanozolol has also been used to treat the vascular symp-
toms of Behçet’s disease. 
Corticosteroids and sulfasalazine are the main drugs used
for gastrointestinal lesions;2 thalidomide has also been
beneficial.1 
Infliximab has been found to reduce acute ocular inflam-
mation,7 and heal gastrointestinal ulceration;8 it has also
proved effective in controlling neurological manifesta-
tions of the disease.9
1. Kaklamani VG, et al. Behçet’s disease. Semin Arthritis Rheum

1998; 27: 197–217. 
2. Sakane T, et al. Behçet’s disease. N Engl J Med 1999; 341:

1284–91. 
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Bell’s palsy
Bell’s palsy is a condition that may be caused1,2 by herpes
simplex virus 1. It affects the facial nerves and results in
facial muscle weakness and paralysis. It is often accompa-
nied by pain and lachrymation. Untreated, over 80% of all
patients recover completely or almost so, while in a small-
er number facial weakness persists; complete failure of
motor recovery is very rare. 
Corticosteroids dramatically relieve pain associated with
Bell’s palsy,3 and their use in treatment is widely accept-
ed.4 The suggested oral dose of prednisone for adults is
1 mg/kg daily in divided doses morning and evening; if the
paralysis remains incomplete after 5 or 6 days the pred-
nisone is gradually withdrawn over the next 5 days but if
the paralysis is complete the initial dosage should be con-
tinued for another 10 days and then gradually withdrawn.3
While a review of 4 studies in 1996 suggested an increased
rate of complete recovery with corticosteroid treatment,5
and others consider treatment to decrease the incidence of
permanent facial paralysis,2 not all studies have shown
such benefits.2,6 The original review included a study in
which a large number of patients were lost to follow-up,
and a more recent review concluded that available evi-
dence does not show significant benefit from corticoster-
oid therapy,6 although their anti-inflammatory effects
might prevent nerve damage. There is some suggestion
that addition of aciclovir or valaciclovir to corticosteroid
treatment may improve outcome,4,7 although again sub-
stantive evidence is lacking.2,8
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4. Knox GW. Treatment controversies in Bell palsy. Arch Otolaryn-
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5. Williamson IG, Whelan TR. The clinical problem of Bell’s palsy:

is treatment with steroids effective? Br J Gen Pract 1996; 46:
743–7. 

6. Salinas RA, et al. Corticosteroids for Bell’s palsy (idiopathic fa-
cial paralysis). Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 2004 (accessed
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Bites and stings
Corticosteroids (prednisone 100 mg daily) have been rec-
ommended for the stabilisation of erythrocyte membranes
in the management of systemic envenomation by the
brown recluse spider (Loxosceles reclusa).1 They have
also been given after stings by some species of scorpion,
although their value is not certain.1 Corticosteroids are
considered to have no place in snake venom poisoning.2
Topical corticosteroids may be useful for mild itching of
healing skin after some types of jelly fish sting, while sys-
temic corticosteroids have been used for delayed hyper-
sensitivity reactions.3
1. Binder LS. Acute arthropod envenomation: incidence, clinical

features and management. Med Toxicol Adverse Drug Exp 1989;
4: 163–73. 

2. Nelson BK. Snake envenomation: incidence, clinical presenta-
tion and management. Med Toxicol 1989; 4: 17–31. 

3. Fenner PJ, Williamson JA. Worldwide deaths and severe enven-
omation from jelly fish stings. Med J Aust 1996; 165: 658–61.

Bone cysts
Intralesional corticosteroid injection (usually methylpred-
nisolone) has been used as an alternative to surgical or oth-
er methods for the treatment of bone cysts.1-6 An early re-
port indicated that methylprednisolone acetate 40 to
200 mg injected into unicameral bone cysts under brief
general anaesthesia stimulated bone formation to obliter-
ate the cyst or promoted sufficient healing to prevent fur-
ther fractures.1 A single injection was sufficient for healing
in 10 to 25% of cysts; only rarely were more than 4 injec-
tions needed. Treatment of an aneurysmal bone cyst with
methylprednisolone and calcitonin has also been report-
ed.7 (Systemic corticosteroids are, of course, generally as-
sociated with bone loss rather than bone formation—see
Effects on the Bones and Joints, p.1491).
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2000; 25: 527–30.

Brain injury
See Spinal Cord and Head Injury, p.1513.

Bronchiolitis
Acute bronchiolitis is usually caused by RSV infection
(p.860) in infants and young children, and may contribute
to the subsequent development of asthma. Supportive ther-
apy, where necessary, may involve the use of oxygen and
bronchodilators (see also p.1134). Numerous studies have
failed to show a benefit from corticosteroid therapy, and it
has generally been considered that corticosteroids have no
role in the management of the condition.1 Although one
study did find that oral prednisolone might be of benefit,2
it was suggested that the results might be due to inclusion
of children with asthma among the study population.3 A
systematic review4 found little benefit in terms of length of
hospital stay or admission rate and no evidence of im-
provement in clinical scores, respiratory rate, or oxygen
saturation when compared with placebo. However, a
study5 found that a 3-day course of oral prednisolone given
to children aged 6 to 35 months with respiratory distress
reduced disease severity, length of hospital stay, and the
duration of symptoms. Inhaled corticosteroids seem to be
of little value6 and a systematic review concluded that they
did not prevent post-bronchiolitic wheezing when given
during the initial acute phase of bronchiolitis.7
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Bronchopulmonary dysplasia
Bronchopulmonary dysplasia is the major cause of chronic
lung disease (defined as the need for supplementary oxy-
gen more than 28 days after birth) in neonates. It has also
been defined as oxygen dependency beyond a corrected
gestational age of 36 weeks.1 It is considered to comprise
4 radiographically distinct stages, of which stage 1 is effec-
tively indistinguishable from neonatal respiratory distress
syndrome (see p.1508), with which it is usually associated.
A ‘bubbly’ appearance of the lung is seen in radiographs
of advanced disease. Bronchopulmonary dysplasia is in-
variably associated with prolonged mechanical ventila-
tion, but it is uncertain whether it plays a causative role, or
whether the disease develops anyway in infants with respi-
ratory failure severe enough to need prolonged ventila-
tion.2 Other risk factors include prematurity, low birth-
weight, pulmonary oedema, inflammation due to infection
or other causes, and adrenal insufficiency.1 
Treatment. Corticosteroids, usually in the form of sys-
temic dexamethasone, have been widely used in prema-
ture infants with bronchopulmonary dysplasia,1 or who are
considered to be at high risk of it (the borderline between
treatment and prophylaxis in studies in these mechanically
ventilated infants is not always clear3). Dexamethasone
has been reported to improve pulmonary outcome, allow-
ing more rapid weaning from mechanical ventilation, and
in some studies was reported to improve neurological out-
come as well.4 However, some investigators consider its
benefits in the long term inadequately established.3,5,6 
There also remains some concern about possible adverse
effects of dexamethasone, especially on long-term devel-
opment.1,7,8 One meta-analysis suggested that use was as-
sociated with a high incidence of cerebral palsy and neu-
rodevelopmental impairment, and should be abandoned.9
Infants requiring mechanical ventilation and given intrave-
nous dexamethasone or placebo in a trial were followed up
about 8 years later. Children in the dexamethasone group
were shorter, had smaller head circumferences, poorer mo-
tor skills and coordination, lower IQ scores, and a higher
frequency of clinically significant disabilities.10 However,
a 15-year follow-up of preterm infants given dexametha-
sone at 2 weeks of age, showed that those given a 42-day
course had significantly better neurological outcomes than
those given an 18-day course, or saline placebo.11 
Many studies have favoured an initial dexamethasone
dose of 500 micrograms/kg daily intravenously, tapered
over a period of days to weeks, but it is not always clear if
this is expressed in terms of the base or one of its esters,12

and in any case regimens have varied between studies. De-
spite suggestions that beginning therapy shortly after birth
might minimise lung injury, evidence suggests that early
therapy offers no advantage,6,13 and may be more hazard-
ous.6,8,14-16 Meta-analysis has suggested that while begin-
ning dexamethasone at any time between birth and 14 days
of age reduced the risk of chronic lung disease, mortality
was only reduced in the group who began treatment be-
tween 7 and 14 days of age.17 However, a subsequent sys-
tematic review concluded that the benefits of therapy start-
ed between 7 to 14 days may not outweigh the adverse
effects.15 
In an attempt to propose guidelines, a review of the avail-
able evidence concluded that there was no role for corti-
costeroid use in the first 4 days of life and that use should
be limited to exceptional clinical circumstances such as
ventilator dependency in an infant after the second week of
life. When used, the lowest effective dose was recom-
mended for the shortest possible duration; dexamethasone
200 micrograms/kg daily (in two divided doses) for

3 days, then 100 micrograms/kg daily for 3 days, then
50 micrograms/kg daily for 3 days was suggested.1 
Inhaled corticosteroids have also been investigated. A sys-
tematic review did not demonstrate any reduction in the
incidence of chronic lung disease or the need for systemic
corticosteroids.18 Another systematic review of controlled
studies found that inhaled corticosteroids may improve the
rate of extubation in infants.19 
Additional therapy is essentially supportive, including flu-
id restriction, nutritional supplementation, bronchodila-
tors, and diuretics. Routine use of bronchodilators for pre-
vention of bronchopulmonary dysplasia is not
recommended, and studies of use in treatment are limited.2
UK guidelines (issued in 1998 but not subsequently updat-
ed) considered that diuretics were indicated for episodes of
associated cardiac failure but their long-term value was
uncertain; if used, consideration should be given to a cal-
cium-sparing regimen.20 Improved pulmonary status has
been reported with furosemide in established dyspla-
sia,21,22 although routine or sustained use cannot be recom-
mended at present. Results with hydrochlorothiazide and
spironolactone are more ambiguous.23,24 Anaemia in in-
fants with bronchopulmonary dysplasia has benefited
from erythropoietin.25 Although vitamin A deficiency has
been implicated in the pathogenesis of bronchopulmonary
dysplasia, trials of vitamin A supplementation have pro-
duced conflicting results. However, differences in patient
population, postnatal therapies, and dosage of vitamin A
could explain these results,26 and some recommend sup-
plementation to reduce the incidence of chronic lung dis-
ease.2,26 Despite promising preliminary results,27 treat-
ment with alpha1-proteinase inhibitor has not been shown
to reduce the incidence of chronic lung disease.2 Similarly,
although there is evidence suggesting that early use of sud-
ismase may reduce development of chronic lung disease
(but not bronchopulmonary dysplasia),28 routine use is not
recommended.2
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Cachexia
For mention of the use of corticosteroids in cancer-related
cachexia see under Uses and Administration of Megestrol,
p.2115.

Cardiac arrhythmias
Atrial fibrillation (see Cardiac Arrhythmias, p.1160) is
common after cardiothoracic surgery, and although it is
usually self-limiting, it may be associated with increased
morbidity and mortality. Cardiopulmonary bypass used
during surgery provokes an inflammatory response that
may contribute to atrial fibrillation, and there has been
some investigation of the effect of prophylactic cortico-
steroids. Dexamethasone, hydrocortisone, methylpred-
nisolone, and prednisolone have been tried, in single doses
or short courses; studies have been small and results
mixed.1-3 A systematic review3 of 9 studies found that cor-
ticosteroids may reduce the incidence of atrial fibrillation
and shorten hospital stay, but the effect may depend on the
dose, and larger studies are required.
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brillation after cardiac surgery: a randomized controlled trial.
JAMA 2007; 297: 1562–7. 

3. Baker WL, et al. Effect of perioperative corticosteroid use on the
incidence of postcardiothoracic surgery atrial fibrillation and
length of stay. Heart Rhythm 2007; 4: 461–8.

Cerebral oedema
Corticosteroids (usually dexamethasone) play an impor-
tant role in the treatment of cerebral oedema caused by ma-
lignancy and dexamethasone is advocated for the cerebral
oedema associated with high-altitude disorders (see
p.1168). The management of raised intracranial pressure
and the usual drugs used to treat it are discussed on p.1181. 
Corticosteroids have also been used for the management
of raised intracranial pressure in patients with head injuries
or stroke, but despite earlier small studies showing them to
be beneficial in some patients, current opinion is that cor-
ticosteroids are not useful in head injuries (see Spinal Cord
and Head Injury, p.1513) or stroke, and that their adverse
effects may outweigh any possible benefit.

Chronic active hepatitis
Chronic hepatitis is characterised by liver cell necrosis and
inflammation that persists for more than 6 to 12 months.
Probably the most serious form is chronic active hepatitis
in which inflammatory infiltrates (mononuclear and plas-
ma cells) are found within and around the portal areas,
with piecemeal necrosis of adjacent liver cells, and in se-
vere cases bands of necrotic tissue between portal tracts or
to the central vein (bridging necrosis). Symptoms are es-
sentially non-specific and include fatigue, malaise, fever,
anorexia, jaundice, and raised serum aminotransferase val-
ues; biopsy is required for accurate diagnosis. The causes
of chronic active hepatitis vary and may include: infection
with hepatitis viruses; adverse effects of drugs such as iso-
niazid, methyldopa, or nitrofurantoin; or, particularly in

women, an apparently idiopathic form, auto-immune
hepatitis. 
Treatment with corticosteroids is widely used in patients
with auto-immune hepatitis.1,2 A moderate initial oral dose
of 20 to 30 mg of prednisolone or prednisone daily or a
higher dose of 60 mg daily may be used,3-5 and is then
slowly tapered over several months to the minimum re-
quired for maintenance. Daily maintenance therapy ap-
pears more effective than alternate-day regimens. Patients
who respond (as shown by a return of serum aminotrans-
ferase values to the normal or near normal range and a re-
duction in the inflammatory processes on biopsy) usually
require prolonged treatment; although some patients re-
main in remission for months to years after withdrawal,
relapse generally occurs, and therapy should be reinstated
when the disease becomes active again.1 
Combined treatment including azathioprine is frequently
given and may be the preferred initial treatment in some
patients;4,5 such treatment is at least as effective as a corti-
costeroid alone,2 can produce6,7 and maintain8,9 remission,
and permits a reduction in corticosteroid dosage in a group
of patients who will require long-term drug treatment.1
There has been some dispute about the value of azathio-
prine alone, but combined therapy has generally been
found to be superior.6 However, azathioprine has been
used alone in high doses to maintain remission.5,9 
In contrast to the fairly extensive experience with azathio-
prine, ciclosporin is little used in this condition; once start-
ed it appears to be required indefinitely.4 It may be an al-
ternative in severe disease where corticosteroids alone or
with azathioprine cannot suffice. Mycophenolate mofetil
may offer an alternative to azathioprine.5 Some investiga-
tors have also used cyclophosphamide successfully,3 and
tacrolimus has been reported to be of benefit.10 
Penicillamine has been tried as an alternative to prolonged
use of corticosteroid maintenance therapy, the dose of pen-
icillamine being gradually increased over several months
to a suitable maintenance dose as the dosage of corticoster-
oid is tapered off. 
It is generally agreed that immunosuppression is not suita-
ble in patients with viral chronic active hepatitis.11 Howev-
er, combination therapy has been reported to produce ben-
efit in patients positive for HBsAg,6 and it has been
reported12 that patients with chronic active hepatitis of un-
known cause, at least some of whom may have hepatitis
C,11 respond as well to corticosteroids or combined thera-
py as patients with proven auto-immune disease. Liver
transplantation (p.1815) may be necessary in patients who
are refractory to or intolerant of immunosuppressive ther-
apy, and in whom end-stage liver disease develops.1
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Chronic obstructive pulmonary disease
Corticosteroids play some part in the symptomatic and
palliative management of chronic obstructive pulmonary
disease (COPD—p.1112), although there is controversy as
to their value. It remains to be confirmed whether cortico-
steroids slow the deterioration rate and improve long-term
outcome in COPD, regardless of corticosteroid respon-
siveness. Some studies have suggested that inhaled corti-
costeroids might reduce the number of acute exacerbations
and slow the decline in lung function,1-3 whereas others
found no, or limited, benefit.4-7 Some commentators have
therefore cautioned against the routine use of corticoster-

oids in patients with COPD;8 certain subgroups of patients,
however, may benefit from corticosteroid therapy,8,9 and
reviews10,11 have concluded that inhaled corticosteroids
were beneficial in reducing COPD exacerbation rates. Of-
ficial guidelines generally recommend the use of inhaled
corticosteroids in patients with severe disease and repeated
exacerbations (see p.1112). 
A large randomised study12 found that combination thera-
py with fluticasone and salmeterol reduced exacerbation
rate compared with placebo, and improved lung function
significantly more than treatment with either drug alone.
However, there is some uncertainty as to the degree of
clinical benefit.13 
Short courses of systemic corticosteroids are commonly
used for acute exacerbations of COPD, despite limited ev-
idence of clinical benefit. However, a systematic review14

concluded that the benefit from corticosteroid therapy is
evident within the first day and lasts for at least 5 days of
therapy, although there is no evidence suggesting advan-
tage to courses for longer than 2 weeks. Dose-dependent
deleterious effects on bone mineral density may occur.
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Churg-Strauss syndrome
The Churg-Strauss syndrome is sometimes classified with
polyarteritis nodosa (see p.1510), although, unlike the lat-
ter, pulmonary manifestations are relatively common in
Churg-Strauss syndrome. Patients commonly have a histo-
ry of allergic disease (rhinitis, sinusitis, and asthma); in-
tractable asthma and eosinophilia with granulomatous vas-
culitis characterise the syndrome. 
Treatment is similar to that of polyarteritis nodosa, being
based on systemic corticosteroids and, where necessary,
cyclophosphamide.1-4 When cyclophosphamide is used,
intravenous pulse therapy is often preferred to continuous
oral dosage,2,4 as it has been shown to reduce adverse ef-
fects and allows for a lower total dose.3,4 Substitution of
cyclophosphamide with azathioprine or mycophenolate
mofetil after 4 to 6 months can also allow for reduced over-
all doses of cyclophosphamide to be given,3,4 although
azathioprine is not as effective as cyclophosphamide for
primary treatment.3 In patients with haemorrhagic cystitis,
there is some suggestion that mycophenolate mofetil may
be more effective than azathioprine.3 Interferon alfa may
also be of benefit.4,5 In patients refractory to corticoster-
oids and cyclophosphamide, there are reports of benefit
with antilymphocyte immunoglobulins or intravenous im-
munoglobulins.3
1. Guillevin L, et al. Treatment of polyarteritis nodosa and Churg-

Strauss syndrome: a meta-analysis of 3 prospective controlled
trials including 182 patients over 12 years. Ann Med Interne
(Paris) 1992; 143: 405–16. 



1502   Corticosteroids
2. Guillevin L, Lhote F. Classification and management of necro-

tising vasculitides. Drugs 1997; 53: 805–16. 
3. Conron M, Beynon HLC. Churg-Strauss syndrome. Thorax

2000; 55: 870–7. 
4. Noth I, et al. Churg-Strauss syndrome. Lancet 2003; 361:

587–94. 
5. Tatsis E, et al. Interferon-α treatment of four patients with the

Churg-Strauss syndrome. Ann Intern Med 1998; 129: 370–4.

Cogan’s syndrome
Corticosteroids are useful in the treatment of Cogan’s syn-
drome, a condition characterised by non-syphilitic intersti-
tial keratitis and audiovestibular symptoms including
deafness.1-3 The deafness, although often irreversible, may
respond to systemic corticosteroids begun within 2 weeks
of onset of symptoms (prednisolone or prednisone, at least
1.5 mg/kg daily for 2 weeks is advised) and ocular in-
volvement benefits from topical corticosteroid therapy
(e.g. prednisolone 1% at a rate of 1 drop every hour for 1
to 2 weeks).3 Improvement in ocular symptoms has also
been seen with sodium cromoglicate eye drops.4 For pa-
tients with severe Cogan’s syndrome including large-ves-
sel vasculitis, corticosteroids have been used with other
immunosuppressants such as azathioprine, ciclosporin and
cyclophosphamide.5 Methotrexate has also been tried.6
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Congenital adrenal hyperplasia
Congenital adrenal hyperplasia comprises a heterogene-
ous group of disorders due to inherited defects of steroid
synthesis in the adrenal gland, the most frequent of which
are defects involving 21-hydroxylase or 11-β-hydroxylase.
Defective enzyme production blocks the formation of cor-
tisol and aldosterone; the pituitary produces increased
amounts of ACTH in an attempt to compensate, but this
results in excessive adrenal androgen production. Presen-
tation varies from virilisation and abnormal genital forma-
tion at birth to mild cryptic forms that may be detected
only later in life. Salt-losing forms (due to lack of aldoster-
one or the accumulation of precursors with antagonist ac-
tivity) may lead to hyperkalaemia, acidosis, and dehydra-
tion. Patients with 11-β-hydroxylase defect are also prone
to hypertension. 
Neonates with salt-losing forms of congenital adrenal hy-
perplasia require urgent treatment. Treatment usually con-
sists of a mineralocorticoid, fludrocortisone, and a gluco-
corticoid (usually hydrocortisone) in regimens similar to
those for adrenocortical insufficiency (see p.1498).1-5 Sa-
line infusion or addition of salt to the feed is required ini-
tially. 
Even where salt-losing symptoms are not overt or marked,
control is reportedly better with a mineralocorticoid added
to therapy, rather than with hydrocortisone alone,4 and it
has been recommended that children with salt-losing con-
genital adrenal hyperplasia should continue to receive
combined therapy at least until adult life.1 Careful titration
of dosage is important to avoid growth retardation and tox-
icity, and potent synthetic glucocorticoids such as betame-
thasone and dexamethasone may be inappropriate in in-
fants and children with the condition, even in the non-salt-
losing form. An alternative approach is the use of fluta-
mide and testolactone to block androgenic effects, with a
reduced dose of hydrocortisone.4,6 However, studies sug-
gest that normal growth is possible with regular glucocor-
ticoid therapy.7,8 
Patients with non-salt-losing congenital adrenal hyper-
plasia may be adequately managed with glucocorticoids
alone, and in mild late-onset forms a single dose daily in
the late evening (when its suppressive effect on ACTH
production is greatest) may be sufficient. In adults who do
not require mineralocorticoid treatment betamethasone or
dexamethasone may be useful because of their lack of
mineralocorticoid actions. 
Surgical correction may be necessary in females with mas-
culinised external genitalia. Giving a glucocorticoid to
pregnant women whose offspring are considered at risk
has been tried in an attempt to prevent virilisation:3 dexa-

methasone is preferred to hydrocortisone because of a lack
of placental degradation.4
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Corneal graft rejection
Corticosteroids are the mainstay of postoperative prophy-
laxis and treatment of corneal graft rejection.1 Topical and
subconjunctival corticosteroids are widely used, but in
acute rejection episodes involving the endothelium sys-
temic therapy is usually necessary. A single 500-mg intra-
venous pulse of methylprednisolone appears to be as effec-
tive as up to 2 weeks of treatment with oral prednisolone
60 to 80 mg daily for the management of severe endothe-
lial rejection.2 However, another study found that addition
of a single intravenous pulse of 500 mg methylprednisolo-
ne to local corticosteroid treatment with betamethasone
and dexamethasone gave no benefit over local therapy
alone.3 
In high-risk patients corticosteroids alone provide insuffi-
cient immunosuppression and systemic immunosuppres-
sion has been tried, although the evidence base is limited,1
mainly relating to the use of ciclosporin, and with incon-
sistent results. Mycophenolate mofetil has also been
tried,1,4 and has been reported to be as effective as
ciclosporin in preventing acute rejection after high-risk
corneal transplantation.4 However, because most patients
are healthy and transplantation is not life-saving, the risks
of systemic immunosuppression may be hard to justify.1
Topical ciclosporin has also been investigated.5 
Corticosteroids have also been used to reduce inflamma-
tion after corneal reconstruction using tissue engineered
from autologous oral mucosal epithelium.6 
For discussions of the role of corticosteroids in other forms
of organ and tissue grafting, see Organ and Tissue Trans-
plantation, p.1810.
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Croup
Croup is an acute childhood syndrome of upper respiratory
tract inflammation (laryngotracheobronchitis) associated
with viral infection, usually by parainfluenza virus al-
though other viruses may also produce the syndrome. It is
characterised by harsh, barking cough, stridor, and hoarse-
ness, most usually occurring at night.1-3 
Traditional home management has revolved around the in-
halation of steam, despite a lack of evidence for effective-
ness, but symptoms may be sufficiently alarming to result
in presentation to a hospital. 
In severe croup there is clear evidence that treatment with
a systemic corticosteroid reduces symptoms and decreases
the need for intubation.4-6 Oral dexamethasone is as effec-
tive as intramuscular,7 and while dexamethasone
600 micrograms/kg is commonly prescribed, lower doses
of 300 micrograms/kg and 150 micrograms/kg appear to
be equally effective.2 Nebulised budesonide has also been
reported to be effective,8-10 and of similar efficacy to inha-
lation of nebulised adrenaline.11 However despite the
theoretical attraction of this route, studies have failed to

find any significant difference in effectiveness between
nebulised budesonide 2 mg and oral dexamethasone
600 micrograms/kg,12 or combination therapy with both,13

and another study found 600 micrograms/kg of dexameth-
asone given intramuscularly to be more effective than
4 mg of nebulised budesonide.14 In contrast, others have
found that addition of nebulised budesonide to oral dex-
amethasone produced more rapid improvement than the
latter alone.15 Studies have also shown a significant benefit
from corticosteroids in children with mild to moderate
croup,12,16-18 and although the use of such potent drugs in
children with a mild, largely self-limiting condition has
been questioned,19 a review of the risks and benefits con-
cluded that oral dexamethasone 150 micrograms/kg, or
nebulised budesonide 2 mg were the treatment of choice in
mild to moderate croup while oral prednisolone 1 mg/kg
should be given for croup requiring intubation.1 However,
nebulised adrenaline is probably the initial drug of choice
where rapid relief of obstructive symptoms is required.2,3

Oxygen is given to those children with upper airway ob-
struction and significant oxygen desaturation.3 Heliox, a
mixture of helium and oxygen, may be used as adjunctive
therapy to glucocorticoids, for short-term treatment of re-
fractory croup.2
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Cystic fibrosis
Corticosteroids have been used orally or by inhalation in
the management of the inflammatory response of the lungs
in cystic fibrosis (see p.166) but do not form part of stand-
ard management.

Deafness
For references to the use of corticosteroids in the treatment
of deafness associated with Cogan’s syndrome, see above.

Dermatomyositis
For references to the treatment of dermatomyositis with
corticosteroids, see Polymyositis and Dermatomyositis,
p.1510.

Diffuse parenchymal lung disease
Diffuse parenchymal lung disease (DPLD; interstitial lung
disease) represents a large and heterogeneous group of in-
flammatory disorders that have in common a thickening of
the interstitial walls between alveoli. In some cases, partic-
ularly in the early stages, this is due to accumulation of
inflammatory cells in the interstitium, and control of
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inflammation can reverse the changes; however, when fi-
brotic changes to the alveolar walls take place these are
usually irreversible. The causes of chronic DPLD are nu-
merous and include pneumoconioses due to inhalation of
inorganic dusts (as in asbestosis and silicosis); extrinsic al-
lergic alveolitis due to inhalation of, usually, organic anti-
gens (as in farmers’ lung, bird fanciers’ lung, and many
similar occupational disorders); cryptogenic fibrosing al-
veolitis (idiopathic pulmonary fibrosis); adverse effects of
drugs such as bleomycin; sarcoidosis; lung disease associ-
ated with collagen vascular disorders such as rheumatoid
arthritis and SLE, or with the vasculitides; histiocytic syn-
dromes; and pulmonary eosinophilic syndromes. Cryp-
togenic fibrosing alveolitis (below) and sarcoidosis
(p.1512) are probably the most common chronic DPLDs.1 
The symptoms of DPLD are usually insidious and non-
specific, and may include dyspnoea of varying severity,
usually first noticed on exertion, cough, and fatigue; fine
crackling sounds (rales) on breathing and finger clubbing
occur in some forms. If the disease progresses, respiratory
failure becomes more severe, and eventually may prove
fatal. 
Where a causative agent can be identified, initial treatment
is to prevent exposure but where inflammation persists, or
where the causation is uncertain, corticosteroids are the
mainstay of treatment (despite a lack of controlled trials
for efficacy),2 in an attempt to control inflammation and
preserve as much normal tissue as possible. The manage-
ment of cryptogenic fibrosing alveolitis is discussed in
more detail below. 
Cryptogenic fibrosing alveolitis (idiopathic pulmonary
fibrosis) is a form of DPLD of uncertain origin, associated
with alveolitis and thickening of the interstitial walls by
oedema, cellular exudate, and fibrosis. The clinical course
is variable but the mean survival is only 3 to 5 years.3
Cryptogenic fibrosing alveolitis itself appears to represent
a spectrum of disorders; some have advocated that usual
interstitial pneumonia (the most common form) should be
distinguished from forms such as non-specific, or desqua-
mative interstitial pneumonia, or cryptogenic organising
pneumonia (bronchiolitis obliterans organising pneumo-
nia), which differ in prognosis and may respond better to
corticosteroid therapy.4-9 
Treatment of cryptogenic fibrosing alveolitis is highly
controversial, with no proven benefit from conventional
therapy with corticosteroids, immunosuppressants, and
cytotoxics.9 The British1 and American8 Thoracic Socie-
ties have recommended that where therapy is considered
appropriate initial treatment should be with oral pred-
nisone or prednisolone 500 micrograms/kg daily plus aza-
thioprine. Azathioprine may be used alone where cortico-
steroid therapy is problematic, or cyclophosphamide may
be given with the corticosteroid if azathioprine is not toler-
ated. About 50% of patients with cryptogenic fibrosing al-
veolitis show a symptomatic response to corticosteroids
and about 25% show an improvement in lung function.1
However, in the absence of placebo-controlled trials there
is no clear evidence that treatment improves survival.1,7,9

Survival does seem to be improved after treatment with
corticosteroids plus azathioprine, compared with cortico-
steroids alone.1 It should also be borne in mind that pa-
tients defined as having cryptogenic fibrosing alveolitis
are a heterogeneous group, with some forms appearing to
respond better to treatment than others, which makes com-
parison of studies difficult.5 If the condition stabilises, the
dose of corticosteroid may be reduced gradually for main-
tenance. Corticosteroid therapy is usually continued life-
long; attempts at withdrawal should be gradual and cau-
tious. Relapse or clinical deterioration may warrant an
increased dose of corticosteroid, or addition of an immu-
nosuppressant.8 
Many other drugs have been tried in patients with cryp-
togenic fibrosing alveolitis.1,5,8-11 Ciclosporin has been
used adjunctively and also as a corticosteroid-sparing
treatment;11 some benefit has been reported,1 but data are
too limited to support its use.8,9,11 Colchicine has been sug-
gested to be as effective as corticosteroids, and some con-
sider it for first-line therapy or for patients refractory to
corticosteroids, either alone or with immunosuppressants.8
However, studies have generally shown no evidence of
survival benefit, and others do not recommend its use.9
There are reports of response to penicillamine, but control-
led studies are lacking, and in view of its adverse effects,
its use is generally not recommended.8,9,11 Toxicity has
limited the use of chlorambucil and methotrexate,8 and
there is no evidence to support the use of vincristine or

mercaptopurine.11 Despite promising preliminary results,
a controlled trial of interferon gamma found no significant
effects on mortality compared with placebo.9 Early trials
of pirfenidone have shown improvements in pulmonary
function;9 further studies are underway. Acetylcysteine is
also under investigation.9,12 Experimental strategies in-
clude the use of relaxin, suramin, endothelin-1 inhibitors,
angiotensin II receptor antagonists, and gene therapy.8,9,11 
In patients in whom other options fail, lung transplantation
(p.1815) should be considered.1,5,8,10,11
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Eaton-Lambert myasthenic syndrome
Corticosteroids have been tried in the treatment of Eaton-
Lambert myasthenic syndrome (p.629).

Eczema
Topical corticosteroids have an important role in the man-
agement of atopic eczema (p.1579). The least potent prep-
aration that is effective should be used, combined with reg-
ular use of an emollient; in mild to moderate disease the
topical corticosteroid is only given for 1 to 2 weeks at a
time. Most patients with mild to moderate eczema respond
to treatment with a mildly potent preparation such as 1%
hydrocortisone ointment. For older children and adults
with refractory disease, a more potent topical corticoster-
oid should be considered for long enough to bring the dis-
ease under control, followed by a weaker preparation as
the condition improves. 
The use of systemic corticosteroids is a treatment of last
resort in resistant severe eczema, usually for short periods
to control the disease, and very rarely for maintenance.

Epidermolysis bullosa
High-dose oral corticosteroids may be tried to control blis-
tering in severe forms of epidermolysis bullosa (p.1579).

Epilepsy
Corticosteroids and corticotropin have been commonly
used to treat infantile spasms, which are generally unre-
sponsive to conventional antiepileptics. There is, however,
limited evidence for the efficacy of oral corticosteroids.1
Corticotropin appears to be effective for short-term treat-
ment, and one study2 indicated that high-dose corticotro-
pin was preferable to prednisone, but the optimum dose
and duration of therapy have not been determined.1,3 In ad-
dition, corticotropin and corticosteroids are associated
with frequent and severe adverse effects, and as discussed
on p.465, some now prefer newer antiepileptics such as vi-
gabatrin. A short-term study of infants with spasms of non-
tuberous sclerosis origin found that tetracosactide or pred-
nisolone were superior to vigabatrin.4 However, vigabatrin
is preferred for the treatment of spasms due to tuberous
sclerosis,3,4 and data are insufficient for recommendations
regarding the use of any drug to improve the long-term
outcome of children with infantile spasms.1,3
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Erythema multiforme
In the management of erythema multiforme (p.1580) sys-
temic corticosteroids may be considered in severe reac-
tions but there has been controversy about their value.

Giant cell arteritis
Giant cell arteritis (temporal arteritis; cranial arteritis) is a
vasculitic disorder that is frequently associated with poly-
myalgia rheumatica (p.1510). It occurs mainly in persons
over 50 years of age of European, particularly Scandinavi-
an, extraction and is more common in women than men. It
is characterised by inflammatory, granulomatous lesions
with giant mononuclear cell infiltrates affecting large and
medium sized arteries, particularly those supplying the
neck and extracranial structures of head and arms. Symp-
toms vary but may include headache, scalp tenderness,
claudication of the jaw, swelling and absence of pulse in
the temporal artery, fever, weight loss, malaise, anaemia,
visual disturbances, and irreversible blindness. About a
third of all patients also exhibit polymyalgia rheumatica. 
Treatment is with corticosteroids,1-8 and early diagnosis
and treatment is desirable to reduce the risk of sudden
blindness. Most regimens have involved high initial doses
of corticosteroid to control the disease followed by reduc-
tion to a maintenance dose, but both initial and mainte-
nance doses have varied considerably. Prednisone or pred-
nisolone 40 to 60 mg daily by mouth initially is generally
considered adequate in uncomplicated cases without visu-
al symptoms;1,4-6 this can then be reduced gradually ac-
cording to the patient’s response. Some, however,
recommend3 lower initial doses of about 20 mg daily. 
While it is suggested that patients presenting with visual
symptoms should receive 80 mg daily or 1 mg/kg daily of
prednisone or prednisolone,3,7,8 some ophthalmologists9

recommend that all patients with giant cell arteritis receive
these doses, as visual loss may be sudden and profound.
Initial 1-g doses of pulsed intravenous methylprednisolone
have also been used.2,5,8,9 
Maintenance treatment is usually required and while a
small number require indefinite treatment, most patients
should be able to stop treatment within 5 years; however,
relapses are not uncommon.7 
Because of the need for prolonged corticosteroid therapy,
adverse effects are common,7 and their management diffi-
cult. Azathioprine has been added to corticosteroid therapy
for its modest ‘steroid-sparing’ effect,10 whereas results
with methotrexate have been conflicting.4,6,11 Other im-
munosuppressants have been tried,4,6 but are not routinely
used. Dapsone has been reported to be of benefit, but its
use is limited by haematological toxicity.4 Infliximab has
been tried.8 
The prognosis is excellent in adequately-treated patients,
as the life expectancy of patients with giant cell arteritis is
the same as the general population.12
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Glomerular kidney disease
Glomerular disease accounts for a considerable proportion
of all kidney disease. Various forms of primary glomerular
disease (glomerulopathy) are known, and are discussed
below; in addition, numerous systemic diseases (connec-
tive tissue disorders such as SLE as well as malignancy
and conditions such as diabetes), may result in secondary
glomerular disorders. Despite the various potential causes
it is thought that many of these diseases act by common
immunological mechanisms to damage the glomerulus, ei-
ther by accumulation of antigen-antibody complexes (im-
mune-complex nephritis) or more rarely by the formation
of antibodies to the glomerular basement membrane (anti-
GBM nephritis).1 
Since the kidney can respond in only a limited number of
ways to glomerular damage, certain common presenta-
tions are seen regardless of aetiology, including acute
glomerulonephritis (acute nephritis syndrome), which is
marked by haematuria and proteinuria of abrupt onset,
usually with renal impairment (a decrease in glomerular
filtration rate), salt and water retention, and hypertension;
and the nephrotic syndrome, which is marked by severe
proteinuria, hypoalbuminaemia, and oedema. Other, less
dramatic presentations of glomerular disease are asympto-
matic proteinuria or microscopic haematuria; alternatively,
glomerular disease may be one of the many potential caus-
es of chronic renal failure. Appropriate management of
these conditions depends to a considerable extent on the
underlying disease. 
 
• MANAGEMENT OF PRIMARY GLOMERULAR DISEASE. 
Minimal change nephropathy (MCN; minimal change
disease). This condition occurs mainly in children, the
highest incidence being at 2 to 4 years, and is the main
cause of childhood nephrotic syndrome. It also accounts
for about 20% of adult cases of nephrotic syndrome.2 It is
treated with a corticosteroid. Regimens vary somewhat but
a suggested oral regimen for adults has been 60 mg pred-
nisolone daily for 4 days, reduced to 40 mg daily until re-
mission occurs (which in 90% of patients will be within 3
weeks) and then tapered off.2 In children, initial doses of
60 mg/m2 of prednisolone or prednisone daily have been
used,3 which may be given for 4 weeks before switching
to 40 mg/m2 given on alternate days for a further 4 weeks,
and then tapered off.4 Lower relapse rates have been re-
ported with 60 mg/m2 prednisone given daily for 6 weeks,
followed by 40 mg/m2 on alternate days for 6 weeks; this
12-week course may be preferable to the standard 8-week
course.3 A modification to the children’s dose is to give
60 mg/m2 of prednisolone daily until there is a response
when the dose is reduced to 40 mg/m2 on alternate days for
the next 4 weeks. If there is no response within 4 weeks of
treatment with the 60 mg/m2 dose then the drug should be
withdrawn and the child considered to be corticosteroid re-
sistant.5 A systematic review of treatment regimens found
that children with their first episode of nephropathy should
be treated with prednisone for at least 3 months, and pos-
sibly up to 7, to reduce the risk of relapse.6 
Relapse is common and occurs in about 60% of cases; re-
lapses usually respond to a further course of corticoster-
oids, but if a third relapse occurs cyclophosphamide 2 to
3 mg/kg daily for 8 to 12 weeks may be added to a course
of corticosteroid therapy.2,3 Deflazacort may also be effec-
tive in corticosteroid-sensitive patients who do not re-
spond to prednisone.6 Cytotoxics or immunosuppressants
are reserved for frequently relapsing or corticosteroid-de-
pendent cases because of their potential for severe toxicity,
including carcinogenesis; cyclophosphamide appears to
be preferred to chlorambucil because it is perceived as en-
tailing a somewhat lower risk, although both are effec-
tive.3,7 Ciclosporin has been used long-term to achieve and
maintain remission, although renal biopsies are advised to
screen for nephrotoxicity.3,7 Levamisole has also been re-
ported to be of benefit.3,7 
Focal glomerulosclerosis. Focal glomerulosclerosis is a
sclerosing lesion affecting parts of the glomeruli which oc-
curs in some patients who otherwise have symptoms char-
acteristic of minimal change nephropathy, and some au-
thorities do not regard it as a distinct disease. It is common
in abusers of diamorphine and has also been linked with
the nephropathy that can occur in patients with AIDS.
Treatment is similar to that for minimal change nephropa-
thy but only about 20% of cases respond to corticosteroids;
addition of a cytotoxic immunosuppressant such as cyclo-

phosphamide may improve the prospect of remission. Re-
sponses to ciclosporin have been seen in both adults and
children with corticosteroid-resistant disease.3,8 Prolonged
treatment may be necessary and relapse is common when
ciclosporin is stopped.7 Tacrolimus has been reported to be
successful after ciclosporin failure,3,8 and mycophenolate
mofetil has been tried with conflicting results.8 High-dose
pulsed methylprednisolone, given in a tapering schedule
over 6 years, has been reported to show high response rates
in focal glomerulosclerosis.3 In patients who fail to re-
spond, progression to renal failure may occur over several
years, but renal transplantation may not be helpful as dis-
ease can recur in the transplanted kidney. 

Membranous nephropathy (membranous glomerulone-
phritis). This is a disease mainly of adults, in whom it is the
single most important cause of the nephrotic syndrome,
accounting for about 50% of cases. It is characterised by
diffuse thickening of the glomerular basement membrane
after subepithelial deposition of immune complexes. The
course of disease is variable and often slow, with some
spontaneous remissions, which makes the benefits of treat-
ment difficult to demonstrate and the use of potentially
toxic drugs difficult to justify. Cyclophosphamide or chlor-
ambucil combined with a corticosteroid appear to produce
some clinical improvement, and stabilisation of progres-
sive disease, but corticosteroids alone do not appear to be
of benefit.9-11 Cyclophosphamide may be preferred as it
seems to be better tolerated.11 Ciclosporin is an alternative
but therapy may need to be continued for 6 months or
more before remission occurs9,10 and a systematic review
found it to be no better than placebo.11 Other immunosup-
pressants under investigation in this condition include
mycophenolate mofetil10 and rituximab. Recent studies
have also emphasised the control of blood pressure and
proteinuria using ACE inhibitors and angiotensin II recep-
tor antagonists.10 

Mesangiocapillary glomerulonephritis (MCGN; mem-
branoproliferative glomerulonephritis; MPGN). Mesangio-
capillary glomerulonephritis comprises 2 separate diseas-
es, known as type I and type II, which both occur in
children and young adults and usually result in nephrotic
syndrome, although about 20% of cases present with acute
glomerulonephritis. Both forms show proliferation of me-
sangial cells and thickening of glomerular walls with for-
mation of deposits (in type I disease due to immune com-
plexes) in capillary walls and basement membranes. There
is no established treatment regimen: some improvement or
stabilisation of renal function may occur with corticoster-
oids and cytotoxic immunosuppressants, but about half of
all patients develop end-stage renal failure within 15 to 20
years (type I disease) or 6 to 10 years (type II disease). An-
tiplatelet drugs and anticoagulants have also been tried but
as with other therapies there is little evidence of benefit,
and some centres do not recommend any specific therapy,
although prednisolone and cyclophosphamide may be of-
fered to those with a rapidly progressive course.12 

IgA nephropathy (Berger’s disease) is the commonest
cause of primary glomerular disease, and is most common
in young men. It results in focal, segmental proliferative
glomerulonephritis associated with mesangial formation
of immune deposits largely composed of IgA. The usual
presentation is acute glomerulonephritis with gross hae-
maturia, often during or just after viral upper-respiratory-
tract infection. Some patients develop rapidly progressive
disease similar to idiopathic rapidly progressive glomeru-
lonephritis, with renal failure within 6 months, but in many
others the syndrome is benign, and requires only observa-
tion. No form of therapy has been unequivocally shown to
be of value, but control of associated hypertension, usually
with ACE inhibitors, is considered important. Corticoster-
oids and cytotoxic immunosuppressants may be tried in
severe rapidly progressive disease.13-17 Promising results
have been seen with the use of n-3 fatty acids from fish oil,
and there are also reports of benefit with normal immu-
noglobulin, and mycophenolate mofetil.16 

Idiopathic rapidly progressive glomerulonephritis
(RPGN). Although rapidly progressive glomerulonephri-
tis (crescentic glomerulonephritis) may be a feature of oth-
er forms of glomerular disease such as IgA nephropathy
(see above) or Goodpasture’s syndrome (see below) it also
occurs in an idiopathic form. The disease is characterised
by the formation of glomerular crescents associated with
leakage of fibrin from damaged capillaries, and loss of re-
nal function is very rapid, sometimes with renal failure

within weeks. Oral corticosteroids are of little value alone,
but pulsed intravenous methylprednisolone followed by
oral prednisone or prednisone and cyclophosphamide over
several months has produced some impressive respons-
es;18,19 an alternative is the use of intensive plasma ex-
change with a corticosteroid and cytotoxic immunosup-
pressants.20 Controlled trials of these therapies are mostly
lacking, although a small prospective study21 found lym-
phocytapheresis to be more effective than pulsed methyl-
prednisolone as an addition to prednisolone and cyclo-
phosphamide therapy for reduction of glomerular injury. 
Goodpasture’s syndrome. Goodpasture’s syndrome is a
form of anti-GBM nephritis in which rapidly progressive
glomerulonephritis is accompanied by pulmonary haem-
orrhage (because the antibody responsible for the renal
symptoms also reacts with the membranes of the alveoli).
It is a disease mainly of young males. Pulmonary haemor-
rhage responds to high dose oral prednisolone or pred-
nisone, or pulsed intravenous methylprednisolone, but
corticosteroids are of little value in controlling renal le-
sions, which requires vigorous plasma exchange therapy
with corticosteroids and cyclophosphamide on a daily or
alternate-day basis for several weeks, until antibody is no
longer detectable and disease progression has halted; it is
important to begin therapy before renal damage becomes
irreversible.22 
 
• MANAGEMENT OF SECONDARY GLOMERULAR DISEASE. 
Post-infectious glomerulonephritis. The classical form
of post-infectious glomerulonephritis is post-streptococcal
glomerulonephritis, which produces an immune-complex-
mediated acute glomerulonephritis, but glomerular disease
may follow other bacterial infections, as well as protozoal
infections such as malaria (malaria-associated nephrotic
syndrome is familiar in endemic regions) and viral infec-
tions such as AIDS (see Focal Glomerulosclerosis, above).
In most cases no additional treatment beyond appropriate
management of infection and general supportive care is
warranted, and corticosteroids and cytotoxic immunosup-
pressants are not generally used and may in some cases be
harmful.23 Nonetheless, delayed progressive renal disease
may occur in a minority of patients, and has prompted ef-
forts to treat.22 
Other secondary glomerulopathies. Where glomerular
disease is secondary to other diseases (connective tissue
disorders such as SLE, the vasculitides, Henoch-Schönlein
purpura, thrombotic thrombocytopenic purpura, or others
such as rheumatoid arthritis, amyloidosis, neoplasia, sick-
le-cell disease, gout, or diabetes mellitus) most treatment
is directed at the underlying disease. In addition, sympto-
matic management such as the use of sodium restriction
for the oedema of nephrotic syndrome may be appropriate;
diuretics should be used cautiously because of the risk of
hypovolaemia.24 Proteinuria of various causes may re-
spond to the use of ACE inhibitors or NSAIDs,2,24 al-
though care is required in patients with renal artery steno-
sis or renal failure respectively. Associated hypertension
and hypercholesterolaemia should be treated, and antico-
agulants such as heparin may be required for associated
coagulation disorders.24 Renal toxicity can arise from var-
ious drug treatments and this should also be treated symp-
tomatically.
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Graves’ ophthalmopathy
Patients with moderate to severe ophthalmopathy as a re-
sult of hyperthyroidism (p.2165) may be treated with cor-
ticosteroids or with orbital radiotherapy. There is evidence
of a synergistic effect when these therapies are combined.
If orbital radiotherapy is contra-indicated, glucocorticoids
may be combined with ciclosporin. There is some sugges-
tion that intravenous pulse therapy is more effective than
oral glucocorticoids.1 Giving a corticosteroid with radio-
iodine therapy may prevent transient exacerbation of
Graves’ ophthalmopathy.2
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of Graves’ ophthalmopathy. Minerva Endocrinol 2003; 28:
223–31. 
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Haemangioma
Haemangiomas are benign vascular neoplasms of the skin
that may enlarge dramatically before regressing spontane-
ously. Although no treatment is normally required, occa-
sional complications due to ocular or visceral involve-
ment, or associated thrombocytopenia due to platelet
trapping (the Kasabach-Merritt syndrome), may merit
treatment, generally with corticosteroids. Oral prednisone
or prednisolone is usually given; intravenous high-dose
methylprednisolone has been used for life-threatening
haemangiomas.1 Response is variable.1-3 Another com-
mon technique is intralesional injection of a mixture of tri-
amcinolone with betamethasone.4 There has been a report
of 2 infants responding to vincristine after corticosteroids
had failed.5 Interferon alfa has been used for corticoster-
oid-refractory lesions.1 Phototherapy with a pulsed dye la-
ser has also been reported to be effective;6 a randomised
study of this method found no benefit compared with ob-
servation only,7 but treatment is still recommended by
some8 for problematic lesions.
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Headache
Corticosteroids have a limited role in the management of
some types of headache. Although their long-term use is
not considered desirable, short courses of prednisolone or
prednisone in doses of 20 to 40 mg daily can be an effec-

tive alternative to standard drugs such as ergotamine in the
prevention of cluster headache attacks during cluster peri-
ods (p.616). Corticosteroids have also been used for the
emergency treatment of prolonged severe attacks of mi-
graine (status migrainosus) (p.616) refractory to other
drugs.

Herpes infections
Although corticosteroids alone are contra-indicated for
most forms of ocular herpes simplex infection (p.854),
which should be treated with a topical antiviral, a combi-
nation of corticosteroid and antiviral may be indicated for
herpes simplex stromal keratitis. For discussion of the use
of corticosteroids in Bell’s palsy, which may be associated
with herpes simplex virus, see p.1499, and for discussion
of their role in postherpetic neuralgia, see p.9.

Hypercalcaemia
For a description of the treatment of hypercalcaemia, in-
cluding the specific role of corticosteroids, see p.1668, and
p.1083.

Hypersensitivity vasculitis
Hypersensitivity vasculitis is usually associated with an
antigenic stimulus, either exogenous (e.g. a drug1 or mi-
crobe), or endogenous (e.g. an immune complex associat-
ed with connective tissue disease). The term covers a het-
erogeneous group of disorders, many of which are
associated with some underlying disease process (includ-
ing infections, malignant neoplasms and disorders such as
rheumatoid arthritis or SLE), as well as vasculitis of less
clear aetiology such as Henoch-Schönlein purpura, a dis-
ease typically seen in prepubertal males. There is a sugges-
tion that such a broad grouping is inappropriate, and that
the term ‘hypersensitivity vasculitis’ should not be used;2
however, it continues to be found in the literature. 
Hypersensitivity vasculitis is characterised by small vessel
involvement (arterioles and venules), particularly of the
skin, and skin manifestations such as purpura, rashes, and
urticaria predominate. Neutrophil debris is typically
present around the vessel (leucocytoclastic vasculitis).
However other organ systems may also be involved: in
Henoch-Schönlein purpura, the skin lesions are associ-
ated with arthralgia, abdominal pain and other gastrointes-
tinal symptoms, and glomerulonephritis.3 Although not al-
ways immediately apparent, renal impairment may be
delayed, and progress to end-stage renal failure.4 
The prognosis is typically much better in hypersensitivity
vasculitis than in the other major vasculitic syndromes,
and most cases resolve spontaneously. Where a recognised
antigenic stimulus is present it should be removed if possi-
ble, e.g. by withdrawal of a drug1 or by appropriate therapy
of infection. Hypersensitivity vasculitis generally re-
sponds less well to conventional drug therapy than other
vasculitic syndromes. Nonetheless, where disease persists
or results in organ dysfunction, a corticosteroid should be
given, typically oral prednisone or prednisolone 60 mg, or
1 mg/kg daily, tapered rapidly until therapy can be
stopped. Plasmapheresis has also been used, but the use of
cytotoxic immunosuppressants is less well established.
However azathioprine4 and cyclophosphamide5 have been
used successfully with corticosteroids. Anecdotal reports
of excellent responses to dapsone in Henoch-Schönlein
purpura exist.6 Other drugs that have been tried include
danazol,7 pentoxifylline,8 the latter sometimes with dap-
sone,8 and normal immunoglobulin.9
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Idiopathic thrombocytopenic purpura
Idiopathic thrombocytopenic purpura (ITP; sometimes re-
ferred to as auto-immune thrombocytopenic purpura1) is
an auto-immune bleeding disorder characterised by the de-
velopment of antibodies to the body’s own platelets, with
consequent sequestration and destruction of platelets. Both
acute and chronic forms are seen; the acute form, which is
usually self-limiting and follows viral or other infection, is
the usual form in children, whereas chronic and sometimes
more serious disease is more likely in adults, particularly
young or middle-aged women. Patients develop petechiae,
ecchymoses, and epistaxis, and women may develop men-
orrhagia; death due to haemorrhage is not unknown. 
Treatment. For both adults and children with mild throm-
bocytopenia (counts of 20 000 to 30 000 cells/mm3 or
more) and no severe bruising or haemorrhage, no treat-
ment is required.2-8 American guidelines7 recommend
treatment for children with platelet counts below
10 000 cells/mm3 and minor bruising; British guidelines6

recommend that clinical severity also be considered before
treating, as even pronounced bruising does not necessarily
indicate a serious bleeding risk. In many cases the platelet
count will return to normal or remain in a safe range de-
spite the lack of therapy, and spontaneous remission can
occur, even after a period of years.9 
Where treatment is required in chronic disease, corticos-
teroids are the mainstay of therapy in adults.8,10,11 Pred-
nisolone or prednisone 1 mg/kg daily is used, usually for 2
to 4 weeks,6,7 and then tapered down.6,8 Most responses
occur within the first 3 weeks, but there is no consensus as
to appropriate duration of treatment.5,11 Response rates
vary widely, but most patients will relapse when the drug
is withdrawn.6 Good responses have also been reported
with the use of high-dose oral or intravenous methylpred-
nisolone for 3 to 7 days.12-15 This has also been tried in
children with the acute form16 although controlled studies
in children17 and adults18 found intravenous normal immu-
noglobulin to be more effective. Pulsed high-dose dexa-
methasone at 40 mg daily for 4 days has produced promis-
ing results,3,19,20 although it is not clear how great the
benefits will be in children.21-23 
Use of corticosteroids for acute or chronic ITP in children
is in any case controversial. Some consider low daily doses
of prednisolone (250 micrograms/kg daily for 21 days) to
be effective, while others have used high doses (pred-
nisone 4 mg/kg daily for 7 days, then tapered).6,7 General-
ly, lower doses of prednisone or prednisolone 1 to 2 mg/kg
daily should not be used for longer than 2 to 3 weeks in
children with ITP, and higher doses of 4 mg/kg daily are to
be used for a maximum of 4 to 7 days, and tapered off as
necessary.6,7 Some centres consider that corticosteroids are
of at best temporary benefit in children.24 
In patients with chronic disease and symptoms of bleeding
who fail to respond to first-line therapy, splenectomy
should be considered.2,3,5-8,10,24 About 70% of patients will
respond but the operative and postoperative risks (notably
of sepsis) must be considered, particularly in children. 
Responses can also be achieved with intravenous normal
immunoglobulin, which in practice is often preferred to
corticosteroids for initial drug therapy of acute ITP in chil-
dren,4,25 and appears to be more effective in increasing
platelet counts.26 Although the effect may be transient, an
increase in platelet count is achievable with doses of
400 mg/kg daily for 5 days;6,7 single doses of 800 mg/kg
or 1 g/kg are equally effective. Response is often achieva-
ble even in patients refractory to other therapies,2,3 but
treatment must be repeated periodically. It is perhaps most
useful when acute symptoms supervene, because of its
rapid activity, and it is recommended that it be reserved for
patients with acute severe bleeding, as pre-operative
prophylaxis in patients with severe thrombocytopenia, or
for patients with bleeding symptoms refractory to cortico-
steroids.2,3,6-8 A response to normal immunoglobulin has
been reported to be a good predictor of benefit from
splenectomy.27,28 An alternative to normal immunoglobu-
lin in rhesus-positive patients may be the use of anti-D im-
munoglobulin,4,5,8,29 although there are conflicting views
as to its effectiveness,10,29-33 and it has been associated
with haemoglobinuria and haemoglobinaemia.34 
Other second-line drugs have been tried in the minority of
patients with refractory chronic disease, but few have been
well evaluated. Generally,35-39 but not universally,8,40 good
results have been reported with danazol, particularly in
older patients. Since response may be delayed, therapy
should be continued for at least 6 months, and preferably
for 1 year if no adverse effects occur.8It may have advan-
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tages for long-term maintenance, and is a potential alterna-
tive to splenectomy, at least in selected patients.37,38 It can
be used as a ‘steroid-sparing’ drug, permitting reduction in
corticosteroid maintenance doses.5,37 Dapsone may also
elicit responses in patients with chronic ITP,41 but is less
effective in severe cases.6 
Antineoplastic and immunosuppressive drugs have been
tried in refractory disease, but their potential toxicity has
meant that they have often been reserved for older patients,
as a treatment of last resort. Oral cyclophosphamide 1 to
2 mg/kg or azathioprine 1 to 4 mg/kg have been given
daily5,8 to adults; responses to cyclophosphamide general-
ly occur within 8 weeks but for azathioprine several
months of treatment is generally necessary before re-
sponse can be assessed.3,6 High-dose cyclophosphamide
has also been tried in refractory, life-threatening disease.3
Although some patients have responded to intravenous in-
jection of vincristine, responses have tended to be partial
and inadequate, and somewhat better results have been
achieved with infusions of platelets incubated with vin-
blastine or vincristine to encourage binding and permit se-
lective drug delivery to the macrophages responsible for
platelet destruction.42-44 Although the developers of this
technique have reported long-lasting remission in 38% of
patients,44 enthusiasm elsewhere appears to be muted.5,45

Combination chemotherapy (cyclophosphamide and pred-
nisone plus vincristine, vincristine and procarbazine, or
etoposide) has produced prolonged remission in a few pa-
tients,3,8,46,47 but such aggressive treatment would be diffi-
cult to justify in most cases. Ciclosporin may be a reason-
able salvage treatment in refractory ITP,8,48 and
mycophenolate mofetil has been reported to be of benefit
in small numbers of patients.6 Rituximab49,50 may also be
a useful alternative, and alemtuzumab has been well toler-
ated.6 
Other reports of benefit exist for colchicine,51-53 heparin,54

and ascorbic acid,55 the latter having at least the advantage
that it is relatively non-toxic, but such therapies remain ex-
perimental. 
Thrombopoietin may offer a future new approach to treat-
ment.5,8,56 Other compounds that stimulate platelet pro-
duction are also under investigation, including
eltrombopag57 and romiplostim,58 which act on the throm-
bopoietin receptor. 
Tranexamic acid may be helpful in the symptomatic man-
agement of menorrhagia, although hysterectomy is occa-
sionally necessary. 
In pregnancy. Particular problems arise in the manage-
ment of ITP in pregnancy, since antiplatelet antibodies can
cross the placenta and produce thrombocytopenia in the
fetus. The risk is greater when disease exists before preg-
nancy than when it develops in the course of pregnancy. 
If therapy is considered necessary the mother may be giv-
en corticosteroids or normal immunoglobulin, with plate-
let infusions for more serious, unresponsive symptoms.6,7

Treatment may be required for the neonate5 if there are
complications or the platelet count falls below
30 000 cells/mm3. The risk of intracranial haemorrhage is
not necessarily reduced by caesarean section,5 and the
mode of delivery should be determined by obstetric indi-
cations.6
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Infections
Although long-term corticosteroid therapy has an adverse
effect on the body’s response to infection (see Effects on
Immune Response, under Adverse Effects, p.1492), the ju-
dicious use of corticosteroids, usually on a short-term ba-
sis, with appropriate anti-infective drugs, may have a ben-
eficial effect on the symptoms of selected acute infections,
and may on occasions be life-saving. Guidelines have
been published concerning a number of infections and
whether corticosteroids should be used or not.1 
For further comment on the use of corticosteroids in ocular
herpes infections, infectious mononucleosis, leishmania-
sis, leprosy, meningitis, pneumocystis pneumonia in AIDS
patients, septic shock, and tuberculosis, see under the rele-
vant headings in this section.
1. McGowan JE, et al. Report by the Working Group on Steroid

Use, Antimicrobial Agents Committee, Infectious Diseases So-
ciety of America: Guidelines for the use of systemic glucocorti-
coids in the management of selected infections. J Infect Dis
1992; 165: 1–13.

Infectious mononucleosis
Discussions on the use of corticosteroids in infectious
mononucleosis (glandular fever—see Epstein-Barr Virus
Infections, p.854) usually consider that although all cases
would respond promptly to therapy, only patients with an
unduly prolonged infection and those with an exceptional-
ly severe sore throat that interferes with respiratory func-
tion should be treated with a corticosteroid.1,2 Some may
consider using corticosteroids in patients with aplastic
anaemia, thrombocytopenia, haemolytic anaemia, en-
cephalitis, pericarditis, or myocarditis associated with in-
fection by the Epstein-Barr virus. The corticosteroid used,
dosage, route, and duration of treatment is variable. Dex-
amethasone, methylprednisolone, and prednisolone have
all been tried in infectious mononucleosis. While cortico-
steroid treatment is considered relatively safe in infectious
mononucleosis, impaired immunity might theoretically in-
crease the risk of Epstein-Barr virus-related tumours in lat-
er life.
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controlled study. J Infect Dis 1996; 174: 324–31. 

2. Thompson SK, et al. Infectious mononucleosis and corticoster-
oids: management practices and outcomes. Arch Otolaryngol
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Inflammatory bowel disease
Corticosteroids with aminosalicylates form the mainstay
of treatment for active ulcerative colitis and Crohn’s dis-
ease (see Inflammatory Bowel Disease, p.1697). In mod-
erate to severe acute disease systemic corticosteroids are
indicated for initial management, either orally or in the
most severe cases intravenously. Doses are high initially
and are gradually reduced as symptoms resolve. In patients
with disease confined to the distal colon or rectum, local
topical therapy with suppositories, rectal foams, or enemas
of corticosteroids may be appropriate. Oral or rectal for-
mulations of poorly absorbed or rapidly metabolised corti-
costeroids such as beclometasone, budesonide, or tixocor-
tol have been developed in the hope of producing local
improvement without systemic effects.

Leishmaniasis
Corticosteroids may be required to control severe inflam-
mation in patients with mucocutaneous leishmaniasis
(p.824), although pentavalent antimony is usually the drug
used for initial treatment.
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Leprosy
Type I lepra (reversal) reactions in patients with leprosy
(p.176) frequently respond to high-dose corticosteroids
(for example 40 to 60 mg of prednisolone daily) started
immediately and given for several days.1 Doses may be
reduced over several weeks or months. Corticosteroids
may also be used for type II reactions. 
It has been considered that corticosteroid treatment of
nerve function impairment should be started within 6
months of onset, as the earlier that treatment was started,
the more likely it was that function would be restored. A
standardised regimen in which the usual adult dose was
40 mg daily of prednisolone for 4 weeks, tapered over the
next 12 weeks, has been reported to be successful in the
field management of acute nerve function impairment,2 as
has a regimen consisting of 30 mg of prednisone for 2
weeks tapered down with a minimum duration of 10
weeks.3 However, a subsequent study4 in patients with
mild nerve impairment for less than 6 months, and another
in patients with established sensory impairment5 both
failed to show any benefit from a tapered corticosteroid
regimen. There was evidence that sensory impairment
may undergo some degree of spontaneous recovery, which
casts doubt on previous reports of benefit from uncon-
trolled studies of corticosteroids. The use of a lower dose
prophylactic regimen has also been studied, starting with
prednisolone 20 mg daily for 3 months then tapering in the
fourth month.6 Although the incidence of new leprosy-re-
lated reactions and associated nerve function impairment
in all patients was reduced during corticosteroid treatment,
there appeared to be a rebound after this was stopped and
the initial beneficial effect was not sustained at 1 year. In-
terestingly, however, subgroup analysis suggested that ex-
isting nerve function impairment at diagnosis may affect
the outcome; after 4 months of prophylaxis, a significant
reduction in acute reactions or new nerve function impair-
ment was seen only in those without initial evidence of im-
pairment although, as before, this was not sustained.
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Lichen
Lichen planus (p.1580) is generally controlled with corti-
costeroids applied topically or, occasionally, injected intra-
lesionally; systemic corticosteroids (usually prednisone or
prednisolone) are used for severe erosive lichen planus,
generalised cutaneous disease, and acute exacerbations.1,2

Prednisone has generally been used in oral doses of 30 to
60 mg daily, for courses of 4 to 6 weeks.1 Shorter courses
may be of value: prednisolone (30 mg daily for 10 days)
was reported to be effective and safe for mild or moderate-
ly severe lichen planus.3 
The use of topically applied corticosteroids in the treat-
ment of lichen sclerosus (p.1580) has been discussed.4,5

Relief from vulvar pruritus is obtained in most cases with
a potent corticosteroid preparation, such as clobetasol pro-
pionate, applied twice daily for up to 3 months before ta-
pering the dose.4
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Liver disorders
Corticosteroids are considered to be useful in chronic ac-
tive hepatitis (p.1501). There is some disagreement over
the benefit from corticosteroid therapy in alcoholic liver
disease with hepatic encephalopathy,1-4 and they do not
appear to be of benefit in acute hepatic failure.5 Cortico-
steroid therapy may however be of benefit in sclerosing
cholangitis.6 
No treatment has proven unequivocally successful in the
management of primary biliary cirrhosis (p.2408). Corti-
costeroids are one of a number of drugs for which reports
of benefit exist, but their use has been restricted as they
may exacerbate bone disease.
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Male infertility
Immunosuppressive treatment with corticosteroids has
been given for male infertility (p.2080) due to low-grade
auto-immune orchitis.1 Corticosteroids have also been
used in men with autoantibodies to spermatozoa. Various
regimens have been tried, such as giving the man a corti-
costeroid for a set number of days during the partner’s
menstrual cycle, or giving a continuous low-dose for sev-
eral months.2 However, there is a lack of evidence of ben-
efit from substantial controlled trials and the use of corti-
costeroids is not generally recommended. They might,
however, be considered for men with autoantibodies who
have failed assisted reproductive techniques.1
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Malignant neoplasms
Corticosteroids are extensively prescribed in malignant
disease for the relief of pain, nerve compression, or raised
intracranial pressure; to alleviate dyspnoea, effusion, or
hypercalcaemia; to counteract adverse effects of other
therapies such as antineoplastic-induced nausea and vom-
iting or radiation-induced inflammation; and in the man-
agement of cachexia and to improve mood and sense of
well-being.1 In addition they form an important part of
multidrug anticancer regimens used for various haemato-
logical malignancies such as acute lymphoblastic leukae-
mia (p.651) and Hodgkin’s disease (p.655). In contrast, it
has been postulated that the use of corticosteroids in pa-
tients with solid, non-haematological tumours might in-
duce resistance in cancer cells to cytotoxic therapy, and in-
crease the risk of treatment failure, although clinical
evidence for this is lacking.2
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Meningitis
Corticosteroids may be given as adjuncts to antibacterial
therapy in bacterial meningitis (p.178), in the hope of
moderating any neurological sequelae; there is some evi-
dence that dexamethasone, especially if given early, may
reduce the risk of deafness in children and reduce mortality
in adults.

Mouth ulceration
Local treatment of mouth ulcers (p.1700) often involves a
topical corticosteroid for symptomatic relief. Systemic
corticosteroids have occasionally been given where there
is severe underlying disease.

Multiple sclerosis
Corticosteroids are often used in the management of mul-
tiple sclerosis (p.892). Corticosteroid therapy reduces the
duration of the relapse and accelerates recovery, but it is
not known whether it alters the course of the disease in the

long term.1,2 Methylprednisolone has superseded cortico-
tropin and prednisolone as the drug of choice. Methylpred-
nisolone is usually given intravenously in high doses (typ-
ically 1 g daily) for 3 to 5 days, sometimes followed by a
tapering dose of oral prednisolone. Doses of up to 2 g of
methylprednisolone daily have been tried.3 In patients
with acute optic neuritis (frequently the first manifestation
of multiple sclerosis), methylprednisolone delayed the on-
set of other symptoms of multiple sclerosis4 although the
effect was not sustained beyond 2 years.5 Beneficial re-
sponses have also been reported with oral methylpred-
nisolone at doses including 500 mg once daily for 5 days
followed by a tapering dose over 10 days6 and 48 mg once
daily for 7 days followed by a tapering dose over 14 days.7 
In patients with primary progressive disease, the benefits
of short-course methylprednisolone lasted no longer than
3 months8 although, in patients with secondary progres-
sive disease, a preliminary study has suggested that pro-
gression may be delayed by intermittent high-dose meth-
ylprednisolone therapy.9
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Muscular dystrophies
Muscular dystrophies are a range of inherited myopathies
in which there is progressive degeneration of muscle fibres
and associated muscle weakness. They may be classified
according to the mode of inheritance. The most common
type is the fatal recessive X-linked Duchenne muscular
dystrophy (DMD) in which there is a deficiency in the
structural muscle protein dystrophin. There is no effective
therapy that affects the ultimate outcome of the various
muscular dystrophies. Management is mainly through the
use of physiotherapy, supports, and surgery. Drug treat-
ment has been tried for symptomatic management, but
generally the number of patients studied has been small.
However, corticosteroids have been shown to be effective
in increasing muscle strength and function in children for
6 months to 2 years;1 prednisone or prednisolone
750 micrograms/kg daily is considered to be the most ef-
fective dose,1-3 with gradual tapering to doses as low as
300 micrograms/kg daily if necessary.2 Improvement does
not appear to be sustained to the same degree with alter-
nate-day therapy;4 some benefit in terms of motor function
preservation has been reported with intermittent pred-
nisone (750 micrograms/kg daily for 10 days of each
month).5 Benefit has also been seen with deflazacort1-3,6 in
doses of 900 micrograms/kg daily. It has been suggested
that the failure of azathioprine to produce any beneficial
effect when used alone or added to prednisone treatment
might indicate that prednisone’s effectiveness is not due to
immunosuppression.7 There have also been reports of ben-
efit in small numbers of patients given ciclosporin or ox-
androlone; evidence to support the use of most other drugs
(e.g. allopurinol) is either conflicting or unconvincing. A
small trial found that supplementation with creatine mono-
hydrate (100 micrograms/kg daily) significantly increased
handgrip strength in the dominant hand compared with
placebo; results were independent of corticosteroid use.8
Future prospects for treatment include gene therapy, hae-
matopoietic stem-cell therapy, or upregulation of the pro-
tein utrophin (related to dystrophin) to try to ameliorate the
dystrophy.9,10
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Myasthenia gravis
Corticosteroids are the main immunosuppressants used in
the management of myasthenia gravis (p.629).

Nasal polyps
Nasal polyps1-3 are outgrowths of the nasal mucosa, typi-
cally pale, smooth, translucent, and round or pear-shaped.
They are often associated with a history of rhinitis or asth-
ma; the triad of nasal polyps, asthma, and hypersensitivity
to aspirin may occur. Patients typically present with ob-
struction, loss of smell, and often rhinorrhoea and postna-
sal drip. 
Corticosteroids are extremely effective in reducing polyp
size, either by the intranasal4,5 or systemic route.5 In the
former case beginning with betamethasone sodium phos-
phate nasal drops, and then maintaining the reduction with
an intranasal spray such as beclometasone, budesonide, or
fluticasone, has been suggested.1 Alternatively pred-
nisone, prednisolone, or dexamethasone can be given oral-
ly: suggested regimens have included prednisone 60 mg
daily, tapered over 10 or 14 days and followed by intrana-
sal corticosteroids,2 or dexamethasone 12, 8, and 4 mg dai-
ly, each for 3 days.1 Surgery may be necessary where there
is marked obstruction, and most patients require it at some
point,1 although polyps usually recur. Pre-operative use of
systemic corticosteroids may help reduce recurrence.2
Continued use of topical corticosteroids may reduce the
frequency of relapses.4 Antibacterials may be indicated for
superimposed bacterial infection. Antihistamines, al-
though not extensively studied, have been reported to be of
benefit in nasal obstruction. Leukotriene antagonists have
shown promising results, although large-scale trials are
lacking; they may be indicated in patients with aspirin hy-
persensitivity.5
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Nausea and vomiting
Corticosteroids, usually in the form of dexamethasone,
play an important role in antiemetic regimens (see p.1700)
used to combat the effects of moderately to severely eme-
togenic cancer chemotherapy: they have been shown to
enhance the effects of both metoclopramide- and 5-HT3
antagonist-based regimens. Dexamethasone is a well-es-
tablished treatment for delayed emesis. It is also used in
palliative care and in the prophylaxis of postoperative nau-
sea and vomiting. A study of corticosteroid treatment in
refractory hyperemesis gravidarum showed improve-
ments in appetite, weight gain, and well-being, and sug-
gested that corticosteroids might improve nausea and
vomiting but was too small to provide conclusive evi-
dence.1
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Neonatal intraventricular haemorrhage
For the suggestion that antenatal corticosteroids may re-
duce the incidence of intraventricular haemorrhage in ne-
onates, see p.1050.

Neonatal respiratory distress syndrome
Neonatal respiratory distress syndrome is a condition of
increasing respiratory distress occurring at, or shortly after,
birth. It is marked by cyanosis, tachypnoea, expiratory
grunting and sternal retraction. Symptoms increase in se-
verity with progressive collapse of the lung (atelectasis),
leakage of plasma into alveolar spaces, and the formation
of hyaline membranes, until death occurs or slow recovery
takes place from about the 2nd to 4th day. The syndrome
affects primarily premature infants and its incidence in-
creases with the degree of prematurity; severe problems
are most likely in those delivered before 30 weeks of ges-
tation. Symptoms are thought to be at least partly due to
inadequate amounts of surfactant in the premature lung re-
sulting in high internal surface tension and increased risk
of alveolar collapse, but in very immature infants other
factors, possibly including impaired sodium and fluid ab-
sorption from the lung, may play a role.1 
Treatment. The optimum treatment is prevention, and
previous2 and more recent3 UK guidelines recommend
betamethasone 12 mg daily by intramuscular injection for
2 days in women in whom delivery before 34 weeks of
gestation is likely. Similar recommendations apply else-
where. In the USA, for example, antenatal corticosteroid
treatment (with betamethasone or dexamethasone) is rec-
ommended for women between 24 and 34 weeks of preg-
nancy who show signs of premature delivery.4 Results
from a large trial suggest that babies born after 37 weeks
by elective caesarean section also benefit from antenatal
betamethasone.5 Betamethasone may be preferable to dex-
amethasone, as the latter appears to have a deleterious ef-
fect on neurodevelopment.6 Long-term follow-up of those
exposed antenatally to betamethasone showed no deleteri-
ous effects on psychological functioning7 or on cardiovas-
cular risk factors;8 however, small increases in insulin re-
sistance, albeit clinically insignificant, were noted in those
exposed to the glucocorticoid. An overview of studies of
antenatal corticosteroid therapy suggests that it may re-
duce the risk of respiratory distress syndrome by about
50% overall;9 the risk of death, and of periventricular
haemorrhage and necrotising enterocolitis is also reduced.
Whether repeat courses should be considered is uncertain,
although the practice has become widespread. A systemat-
ic review10 indicated that repeat doses did reduce the oc-
currence and severity of neonatal lung disease and risk of
serious health problems in the first few weeks of life. How-
ever, these benefits were associated with a reduction in
some measures of weight and head circumference at birth
and there was insufficient evidence on the long-term ben-
efits and risks. Some have recommended that repeat doses
be restricted to patients in clinical studies.6,11 While repeat
doses of corticosteroids may reduce the development of
severe respiratory distress syndrome, especially among
neonates of less than 28 weeks of gestation, weekly cours-
es of betamethasone or dexamethasone did not reduce ne-
onatal morbidity compared with a single course of treat-
ment.12 Delaying delivery with a tocolytic (see Premature
Labour, p.2003) may be considered to increase the time
available for management with antenatal corticoster-
oids.2,3 Reported benefit from adding protirelin to antena-
tal corticosteroids has not been borne out by 2 large multi-
centre studies.13-15 The earlier of these studies actually
found neonatal outcome and maternal morbidity to be
worse in those who also received protirelin,13,14 but this
conclusion has been questioned.16,17 
In infants born with the syndrome rapid supportive care is
required, which may include correction of metabolic aci-
dosis, circulatory support, oxygen supplementation, and
assisted ventilation, although there has been a lack of con-
sensus about the most appropriate method for these.2 Ven-
tilation using a helium-oxygen mixture may give better re-
sults than a nitrogen-oxygen mix.18 Another alternative is
the use of partial liquid ventilation with the fluorocarbon
compound perflubron.19 Meta-analysis suggests that in-
haled nitric oxide improves outcomes in infants born at or
near term who are hypoxaemic,20 but evidence of benefit
in preterm infants has not been shown.21 The majority of
infants survive the acute episode with careful manage-
ment, although associated complications may subsequent-
ly develop, including bronchopulmonary dysplasia
(p.1500), retinopathy of prematurity (p.1994), and cerebral

palsy. There is evidence that supplementation with inositol
can significantly reduce the incidence of adverse outcomes
in preterm infants.22 
Since deficiency of surfactant is considered to play an im-
portant role in the neonatal respiratory distress syndrome,
the use of surfactant replacement therapy has been inten-
sively investigated, and is now accepted as reducing the
risk of death from the disease and the development of
pneumothorax and other lung complications.2,23,24 Both
natural and synthetic surfactants have been used and al-
though both are effective results have tended to be better
with the preparations of natural origin.25-27 Natural sur-
factants of differing origins may also vary in their proper-
ties: poractant,28 or calfactant,29 have both been reported to
give better responses than beractant. Surfactant is given as
a suspension by endotracheal tube directly into the infant’s
lung, although other devices, such as nebulisers, have been
investigated. Most surfactants are given in recommended
doses of 100 to 200 mg/kg phospholipids. Repeat doses
may be given if necessary, and a meta-analysis30 of data
from two randomised controlled trials using preparations
of natural surfactant extract in neonates with established
disease found a more favourable clinical outcome, includ-
ing a decreased risk of pneumothorax, with multiple rather
than single doses. However, in clinical practice the number
of doses and the dosage interval varies. One large study31

found that a dose of 100 mg/kg, repeated twice, was as ef-
fective as 200 mg/kg followed by up to four further doses
of 100 mg/kg. Another found that 3 doses, given at 12-
hour intervals with the first dose shortly after birth were
more effective than the first dose alone in improving phys-
iological findings and mortality rates in low birth-weight
infants.32 One large multicentre randomised controlled
trial33 investigated the difference between giving repeat
doses of a surfactant (calfactant) at a low threshold of res-
piratory support, as recommended by the manufacturer,
versus a higher threshold. The conclusion was that effica-
cy was not compromised by delaying surfactant re-treat-
ment in infants with uncomplicated respiratory distress
syndrome until they had reached a higher level of respira-
tory support than is currently recommended, but infants
with complications should continue to be treated by the
currently recommended low-threshold strategy. 
There has been debate whether ‘prophylactic’ early thera-
py, given immediately after birth to all infants deemed at
risk of the syndrome, or delayed therapy given 2 or more
hours after birth to intubated infants who have developed
symptoms, is the more appropriate,34 but the large OSIRIS
study,35 and later systematic reviews,36-38 found in favour
of early intervention, and this strategy is recommended in
the UK guidelines.2,3
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Optic neuropathies
Causes of optic neuropathies are diverse, and they may be
classified by their aetiology.1,2 Ischaemic optic neuropa-
thies, of which the acute anterior form is most common,
may be caused by vasculitic syndromes (p.1515) such as
giant cell arteritis (p.1503).3 Inflammatory optic neuropa-
thies (optic neuritis) may be caused by infectious disease,
immune-mediated disorders such as Behçet’s disease
(p.1499), sarcoidosis (p.1512), or demyelination of the op-
tic nerve such as occurs with multiple sclerosis (p.892).4,5

Other causes include hereditary disorders, trauma, or com-
pression. Vitamin or nutritional deficiency (often due to al-
cohol abuse) or toxicity (due to drugs such as amiodarone,
digoxin, or isoniazid) may also lead to optic neuropathy.1,2

Clinical features such as pattern of visual field loss and
pain can aid diagnosis.2 
Management will depend on the type of neuropathy and
any underlying disease. Individual studies have reported
benefit with corticosteroids. Improvement in vision was
reported in patients with auto-immune optic neuropathy
after 5 to 7 days of treatment with high doses of intrave-
nous methylprednisolone (1 to 2 g daily) or oral pred-

nisolone (80 to 400 mg daily).6 In some patients, recurrent
visual loss required repeated high-dose intravenous meth-
ylprednisolone, an increase in oral prednisolone dosage, or
additional immunosuppressants, but in many patients vis-
ual benefits were maintained even when treatment was
withdrawn. Visual recovery has also been reported in pa-
tients with optic neuritis of unknown aetiology given intra-
venous methylprednisolone 250 or 500 mg every 6 hours
for 3 to 7 days.7 Another study found oral prednisone alone
(1 mg/kg daily for 14 days) to be ineffective whereas intra-
venous methylprednisolone (1 g daily for 3 days) followed
by oral prednisone (1 mg/kg daily for 11 days) was bene-
ficial in the treatment of acute optic neuritis.8 A review of
corticosteroid use in optic neuritis concluded that high-
dose oral or parenteral methylprednisolone, or corticotro-
pin, were of value in the treatment of acute disease. How-
ever, their long-term benefit could not be determined.9 In
contrast, a systematic review of 5 studies found no evi-
dence of benefit from intravenous or oral corticosteroid
therapy at the doses used.10
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Organ and tissue transplantation
For a discussion of organ and tissue transplantation, in-
cluding the role of corticosteroids, see p.1810.

Osteoarthritis
Systemic corticosteroids are not considered to have a place
in the management of osteoarthritis (p.11); however, intra-
articular injection may be useful for acute exacerbations of
joint pain and inflammation. Such injections should be
given only infrequently and as adjunctive therapy.

Osteopetrosis
Osteopetrosis is a rare set of heterogeneous disorders char-
acterised by an increase in bone density, generally due to a
failure of the osteoclasts to resorb mineralised bone. In the
severe infantile malignant form there is reduction in the
bone marrow space, leading to anaemia, hepatosplenome-
galy, and nerve compression that may produce blindness
and deafness; early death often results. The adult form is
benign; patients typically present with fractures, back and
bone pain, but no haematological abnormalities, and gen-
erally have a full life expectancy.1 
Bone marrow transplantation may be curative for the in-
fantile malignant form if a suitable donor can be found.1,2

Corticosteroids are used palliatively. Benefit has been re-
ported in 3 of 4 children treated with oral prednisone
1 mg/kg daily, with phosphate supplements and a low-cal-
cium diet.3 Some patients have also benefited from the use
of high-dose calcitriol, again with a low-calcium diet.4 
Another study, in 14 patients, found that treatment with in-
terferon gamma-1b increased bone resorption.5 In 11 who
received this treatment for 18 months there was stabilisa-
tion or improvement in clinical condition and a reduction
in the frequency of serious infection.
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Pain
Corticosteroids have produced improvement, often sub-
stantial, in neuropathic pain, including pain due to nerve
damage and sympathetically maintained pain, and are
widely used in conditions such as cancer pain. Dexameth-
asone, methylprednisolone, and prednisolone have been
used for pain management, sometimes in the form of long-
acting depot injections administered locally. The exact
mechanism of action of corticosteroids in analgesia is not
clear but may involve relief of pressure on nervous tissue
by reduction of inflammation and oedema. 
For discussions of pain and its management, see p.2.

Pancreatitis
Corticosteroids are generally ineffective for pancreatitis
(p.2361), but a response has been reported1,2 in patients
with acute episodes caused by sarcoidosis (p.1512).
1. McCormick PA, et al. Pancreatitis in sarcoidosis. BMJ 1985;

290: 1472–3. 
2. Limaye AP, et al. Sarcoidosis associated with recurrent pancrea-

titis. South Med J 1997; 90: 431–3.

Pemphigus and pemphigoid
Systemic corticosteroids are the mainstay of management
of pemphigus and pemphigoid (p.1582). Initially, high
doses are used to control blistering, which may take
weeks. The optimum dose has not yet been established and
suggestions have varied enormously; very high doses of
oral prednisolone have been used in the past. The usual
starting dose for widespread disease is about 1 mg/kg daily
of prednisolone, continued until new blisters stop forming,
then gradually decreased. However, doses above
750 micrograms/kg daily may have no additional benefit
in bullous pemphigoid, and lower starting doses have been
suggested for some patients: 300 micrograms/kg daily in
localised or mild disease, 600 micrograms/kg daily in
moderate disease, and 0.75 to 1 mg/kg daily in severe dis-
ease.1 Doses of 40 to 60 mg daily for mild pemphigus vul-
garis and 60 to 100 mg daily for more severe disease have
been recommended.2 Pulsed intravenous corticosteroids
such as methylprednisolone (250 to 1000 mg given for up
to 5 consecutive days) may be considered for severe or re-
fractory disease, particularly if there has been no response
to high oral doses.2 Other immunosuppressants may be
added once remission is achieved and the condition has
stabilised, with the aim of tapering the corticosteroid and
eventually withdrawing treatment. Maintenance treatment
must be individualised; one suggested regimen for taper-
ing the corticosteroid is to reduce the dose of prednisolone
by 50% every 2 weeks; alternatively, the dose is reduced
by 5 to 10 mg weekly then more slowly below 20 mg dai-
ly.2 
A very potent topical corticosteroid such as clobetasol
propionate can be sufficient to control localised or mild
to moderate disease in some patients, particularly in
bullous pemphigoid, and can be a useful adjunct to
systemic treatment in pemphigus and pemphigoid.1,2 A
large randomised study3 found that topical application of
40 g of clobetasol propionate cream 0.05% daily to the
entire body had a similar efficacy to oral prednisone
500 micrograms/kg daily for moderate bullous pemphig-
oid and was better than 1 mg/kg daily for severe disease.
Blistering and ulceration of the oral mucous membranes
may be treated with topical corticosteroid preparations
such as mouthwashes, adhesive pastes, lozenges, or aero-
sols.2,4 Intralesional injections have also been used for iso-
lated lesions of the oral mucosa.4 Topical corticosteroids
do not control ocular disease on their own but may be add-
ed to initial systemic therapy to control acute ocular in-
flammation; they should not be used as long-term thera-
py.5
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Pneumocystis pneumonia
The management of pneumocystis pneumonia (p.521) is
primarily with co-trimoxazole. In patients with severe in-
fection who are hypoxic, adjuvant therapy with high-dose
oral or intravenous corticosteroids reduces both the risk of
respiratory failure and the risk of death.1,2 Concerns about
the potential for further immunosuppression with such ad-
juvant therapy in patients with HIV infection3 do not seem
to have been borne out: a comparative study noted no in-
crease in mortality or the risk of developing other oppor-
tunistic infections.4
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Polyarteritis nodosa and microscopic polyangii-
tis
Polyarteritis nodosa is considered the prototype of system-
ic necrotising vasculitis. It may occur at any age but is
more common in white patients and in men. It is character-
ised by inflammation throughout the arterial wall with fi-
brinoid necrosis of the arterial media, particularly in medi-
um-sized vessels, partial occlusion of the vessel due to
proliferation of the intima (possibly leading to thrombosis
and infarction), fibrosis, and the formation of aneurysms.
Microscopic polyangiitis, in which small vessels are pri-
marily involved, with frequent renal and pulmonary in-
volvement, has been seen as part of the spectrum of poly-
arteritis nodosa but is now considered an entity in its own
right, although patients may have features of both. An-
tineutrophil cytoplasmic antibodies (ANCA) are common
in patients with microscopic polyangiitis, which has many
similarities to Wegener’s granulomatosis (p.1515), but not
in classic polyarteritis nodosa. 
Symptoms depend on the vessels affected but most pa-
tients have fever, weight loss, myalgia, and arthralgia.
Those associated with gastrointestinal involvement in-
clude mouth ulceration, diarrhoea, visceral pain, haemor-
rhage, or sometimes infarction of the bowel, while in-
volvement of liver can lead to hepatomegaly or hepatic
necrosis and pancreatic involvement may simulate pancre-
atitis. Renal involvement may present as acute glomeru-
lonephritis and renal failure or as nephrotic syndrome; like
pulmonary involvement it is a feature particularly of mi-
croscopic polyangiitis, and associated with a poor progno-
sis. Skin lesions, peripheral neuropathies, alterations in
mental function, convulsions, episcleritis or scleritis and
retinal vasculitis, ischaemic heart disease, heart failure,
Raynaud’s phenomenon, and hypertension are among oth-
er potential symptoms. If untreated, death, usually due to
renal or cardiac involvement, occurs in about 90% of pa-
tients within 5 years. 
Classic polyarteritis nodosa may respond to treatment with
a corticosteroid given alone, typically prednisone or pred-
nisolone in a dose of 40 to 60 mg daily; however, although
the benefits of adding a cytotoxic to the regimen have been
queried,1,2 a combined regimen with cyclophosphamide is
often preferred.1,3-5 Some reserve combined therapy for
patients with evidence of more severe disease.6 In patients
with microscopic polyangiitis a combined regimen is rec-
ommended.6,7 One suggested oral regimen is prednisone
or prednisolone 1 mg/kg with cyclophosphamide 2 mg/kg,
both daily, for initial induction of remission.8 Pulsed intra-
venous methylprednisolone has also been used, followed
by a tapering dose of corticosteroid. There is a trend to-
wards giving shorter courses of cyclophosphamide, and to
using intravenous pulsed cyclophosphamide rather than
oral dosage, in an attempt to reduce adverse effects.5,8,9

Treatment with corticosteroids and cyclophosphamide
should not exceed 1 year.9 Azathioprine has been substitut-
ed for cyclophosphamide to maintain remission, and myc-
ophenolate mofetil has been tried in a few patients as an
alternative to cyclophosphamide in combination therapy
after initial induction.6,10 
Polyarteritis nodosa may be associated with hepatitis B in-
fection; the vasculitis responds in most cases to treatment
with antiviral drugs and plasma exchange.3,9 Prolonged
treatment with corticosteroids and cyclophosphamide
should be avoided in these patients because of the risks of

enhanced viral replication. However, corticosteroids may
be given initially to rapidly control severe life-threatening
vasculitis. The corticosteroid is stopped abruptly after 2
weeks to enhance immunological clearance of hepatocytes
infected by hepatitis B virus and to favour seroconversion,
and plasma exchange and antiviral drug therapy are start-
ed.5 
Plasma exchange with cyclophosphamide may also be
useful in patients with microscopic polyangiitis, particu-
larly those with acute renal failure or severe pulmonary
haemorrhage.7 Another therapy that has been tried in this
group, but with ambiguous results, is high dose intrave-
nous normal immunoglobulin.8 
Vasodilators such as calcium-channel blockers, inhibitors
of platelet activation, or drugs that improve blood flow
may be useful to improve local ischaemia.11 Skin lesions
in a patient with cutaneous polyarteritis nodosa have re-
portedly responded to oral pentoxifylline.12
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Polychondritis
Relapsing polychondritis is a rare systemic disease that re-
sults in inflammation and destruction of cartilage in vari-
ous parts of the body, most seriously in the respiratory sys-
tem (e.g. nose, larynx, and trachea). Airway narrowing and
obstruction due to loss of cartilaginous support results, and
may be complicated by pneumonia; fatalities have result-
ed. Cardiovascular involvement, ocular manifestations,
skin disorders, and renal disease may occur; it may also be
associated with other diseases such as the vasculitic syn-
dromes. Mild inflammation is usually treated with dap-
sone, colchicine, or NSAIDs. Relatively high doses of cor-
ticosteroid may improve symptoms in active disease, but
do not appear to retard progression. Acute airway obstruc-
tion may be treated with high-dose intravenous pulse cor-
ticosteroids.1,2 Methotrexate,3 azathioprine,1 or
ciclosporin2 may be of value in reducing corticosteroid re-
quirements. CD4 antibodies have also been tried in refrac-
tory disease but did not prove particularly useful in clinical
practice.2 Newer biological therapies such as infliximab or
etanercept have been reported to be of benefit in a few cas-
es, but their role in the management of the disease remains
to be determined.2
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Polymyalgia rheumatica
Polymyalgia rheumatica is a rheumatic disorder of uncer-
tain aetiology. It occurs mainly in persons over 50 years of
age of European, especially Scandinavian, extraction and
is more common in women than in men. The disease is
characterised by myalgia and severe morning stiffness in
the neck and shoulder girdle and in the hips and pelvic gir-
dle, which may spread in more advanced cases to the mus-
cles of the thighs, chest, and arms. Stiffness and pain are
worse after periods of inactivity. There may be some joint
involvement; other symptoms include fatigue, weight loss,
and fever, and anaemia and raised erythrocyte sedimenta-

tion rate are seen. In some patients polymyalgia rheumati-
ca is associated with giant cell arteritis (p.1503). 
Treatment. Although NSAIDs may improve the symp-
toms of polymyalgia rheumatica they do not control the
disease process, and corticosteroids are preferred;1-5 in
particular, corticosteroid therapy is essential where giant
cell arteritis is present. 
The usual initial oral dose is prednisolone or prednisone 10
to 20 mg daily, depending on the severity of symptoms;
higher doses are needed where giant cell arteritis is also
present, particularly if there are ophthalmic symptoms.4,6

After 1 to 2 months a reduction in dosage is usually possi-
ble provided symptoms are well controlled. Dosage reduc-
tion should be gradual;4,5 mean maintenance dose at one
year is about 6 mg daily.1,5 
Maintenance therapy may need to be prolonged. Although
about a third to a half of all patients may be able to have
corticosteroids withdrawn within about 2 years,2 mainte-
nance can be required for considerably longer periods.5 In-
tramuscular methylprednisolone has also been found to be
effective in polymyalgia rheumatica; because the cumula-
tive dose with prolonged therapy is lower it has been sug-
gested that this has advantages over the use of oral corti-
costeroids.7 Intravenous pulse methylprednisolone has
also been used.5 Relapse is not uncommon and is most
likely within one year of corticosteroid withdrawal.2,3,5 It
may be associated with arteritic symptoms, but arteritic re-
lapses are unusual in patients whose original presentation
was pure polymyalgia.2 Methotrexate or azathioprine may
be used for their corticosteroid-sparing effect in patients in
whom withdrawal is difficult.2-4
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Polymyositis and dermatomyositis
The term polymyositis has been used to describe several
types of rare idiopathic inflammatory muscle disorders
(myopathies). 
The cardinal symptom of polymyositis is symmetrical pro-
gressive muscle weakness, usually starting in the shoulder
girdle and neck, and pelvic girdle. Onset is usually gradual
over a period of months, and accompanied by mild pain
and tenderness, although more rapidly evolving disease
with intense muscle pain is known. With progression,
weakness may prevent the patient from moving their
limbs, and muscle atrophy and contracture can develop.
Dysphagia, pulmonary aspiration, and hypoventilation
may occur, and some patients develop fibrosing alveolitis;
pulmonary involvement, especially aspiration pneumonia,
can be fatal. ECG abnormalities, usually asymptomatic,
are common, and some patients develop Raynaud’s syn-
drome. Primary disease may be associated with skin rash-
es, in which case it is known as dermatomyositis. Purplish
scaly rashes on knees, elbows, and knuckles, and a charac-
teristic purplish (‘heliotrope’) coloration and oedema of
the eyelids may occur. A childhood form known as juve-
nile dermatomyositis exists, in which additional signs in-
clude vasculitis and subcutaneous calcium deposition (cal-
cinosis cutis), and gastrointestinal haemorrhage and
perforation may occur. 
Treatment. Patients with active disease require bed rest,
with the head elevated in patients at risk of aspiration.
Physiotherapy to maintain muscle tone and avoid the de-
velopment of contractures may be required. 
Initial drug therapy is based on corticosteroids.1-5 The usu-
al choice is oral prednisone or prednisolone 40 to 60 mg or
more, or 1 to 2 mg/kg daily. This usually produces im-
provement within 1 to 2 months. The dose may then be
gradually tapered off to the minimum required for disease
control;1-3 some patients with well controlled disease may
be satisfactorily maintained on an alternate-day regi-
men.2,3 In patients with severe disease or extramuscular
manifestations such as lung involvement, pulse intrave-
nous methylprednisolone may be preferred initially, to
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gain more rapid disease control.1,2,4 Maintenance therapy
may need to be prolonged and a reduction in corticosteroid
dosage to the minimum is therefore desirable, but too early
or too rapid a reduction may lead to relapse. 
Up to 30% of patients do not respond to corticosteroids,2
or develop unacceptable adverse effects, and in these cases
the second-line drugs are cytotoxic immunosuppres-
sants.1-3 There is considerable experience with the use of
methotrexate, by mouth, subcutaneously, intramuscularly,
or intravenously, usually at weekly intervals; it may be
used with corticosteroids, permitting a reduction in their
dose. Azathioprine may also be given with corticosteroids,
again permitting a reduction in corticosteroid dosage, and
the combination has also been shown to be superior to a
corticosteroid alone for long-term maintenance (although
this was only apparent after more than a year of therapy).6
There is some evidence that methotrexate may be superior
to azathioprine in patients unresponsive to prednisone
alone.7 Combining methotrexate and azathioprine has also
been suggested.2,4 
Some consider that corticosteroid therapy should be com-
bined with a cytotoxic immunosuppressant such as azathi-
oprine or methotrexate from the outset of treatment. 
The role of other drugs is less well defined. Cyclophospha-
mide may be of use in patients with lung disease,1,3,5 while
chlorambucil and tacrolimus have produced benefit in in-
dividual cases but have not been formally assessed.4 There
have been reports of ciclosporin producing a response in
refractory disease.2,4 Normal immunoglobulin has also
produced responses; it is usually reserved for refractory
cases, or as an add-on therapy in patients inadequately
controlled on corticosteroids and immunosuppressants, or
for whom immunosuppressants are contra-indicated.2,3

Promising results have been obtained with fludarabine1

and mycophenolate mofetil;2,3 there are preliminary re-
ports of success with etanercept, and infliximab, and inter-
feron beta has been investigated.2 
Cutaneous symptoms in patients with dermatomyositis do
not always respond satisfactorily to corticosteroids, but
hydroxychloroquine is reputed to be of benefit in patients
with rash,8 probably due to a photoprotective effect.9 Cal-
cinosis, which can cause considerable morbidity, is partic-
ularly difficult to treat but some cases have responded to
treatment with aluminium hydroxide, alendronate,
diltiazem, or magnesium sulfate.4 Warfarin therapy has
been used,10,11 but its value for calcinosis is disputed.12
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Polyneuropathies
Ten patients with subacute demyelinating polyneuropathy
obtained a beneficial response to corticosteroid therapy.1
In one patient the response was initially slight, but became
dramatic when azathioprine was added. Prednisone was
given in initial single daily doses of 40 to 150 mg, until
definite clinical improvement was obtained, and followed
by a single-dose alternate-day regimen. Corticosteroids
are generally considered to be of little use in Guillain-Bar-
ré syndrome (p.2228), which usually occurs due to an
acute inflammatory polyradiculoneuropathy.2 In chronic
inflammatory demyelinating polyradiculoneuropathy (CI-
DP), corticosteroids are reported to be beneficial,1,3 al-
though a review3 found weak evidence to support this. Sub-
acute demyelinating neuropathy appeared to be a distinct

and clinically identifiable entity in which corticosteroid
therapy is indicated.1
1. Oh SJ. Subacute demyelinating polyneuropathy responding to
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2. Hughes RAC, et al. Corticosteroids for Guillain-Barré syn-

drome. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2006 (accessed
22/08/08). 

3. Mehndiratta MM, Hughes RAC. Corticosteroids for chronic in-
flammatory demyelinating polyradiculoneuropathy. Available in
The Cochrane Database of Systematic Reviews; Issue 1. Chich-
ester: John Wiley; 2002 (accessed 12/05/05).

Postoperative ocular inflammation
Corticosteroid eye drops are used to control the inflamma-
tory response commonly seen after cataract surgery; pred-
nisolone is usually used but dexamethasone may be neces-
sary if the inflammation is severe. 
Corticosteroids should only be used with care and for short
periods for topical control of postoperative ocular inflam-
mation, as discussed on p.100.

Pregnancy
Although some adverse effects have been recorded and
certain precautions need to be observed, the use of corti-
costeroids during pregnancy (see under Precautions,
p.1494) is appropriate to promote fetal maturation where
there is a risk of premature delivery (see Neonatal Respi-
ratory Distress Syndrome, above). In addition, in those
maternal conditions serious enough to require systemic
corticosteroids the risk to both mother and offspring of dis-
continuing therapy is often greater than that of corticoster-
oid use during pregnancy.

Psoriasis
Reviews of psoriasis (p.1583) and its management1-3 in-
clude topical corticosteroids among first-line treatments.
Combination therapy using corticosteroids with other top-
ical treatments, such as calcipotriol or tazarotene, may be
used to reduce adverse effects and improve efficacy of
both drugs.4 
Intralesional injection of corticosteroids has been used for
small, localised, recalcitrant plaques of psoriasis but cau-
tion is required to avoid skin atrophy or depigmentation.1
Systemic corticosteroids are not generally recommended,
but have been used for short periods in extreme or rare cas-
es; there is a risk of systemic adverse effects and of re-
bound psoriasis occurring on stopping therapy. 
Topical corticosteroids remain the mainstay of treatment
in scalp psoriasis, although long-term treatment is not rec-
ommended; the more potent corticosteroids are reserved
for adult use.5
1. Menter A, Barker JNWN. Psoriasis in practice. Lancet 1991;

338: 231–4. 
2. Linden KG, Weinstein GD. Psoriasis: current perspectives with

an emphasis on treatment. Am J Med 1999; 107: 595–605. 
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scalp psoriasis: guidelines for corticosteroid use in combination
treatment. Drugs 2001; 61: 1593–8.

Pyoderma gangrenosum
A systemic corticosteroid is one of the treatments that is
usually tried in pyoderma gangrenosum (p.1583). High-
dose oral treatment or intravenous pulse therapy may be
needed initially to induce remission.1,2 Response is usually
rapid, but maintenance doses vary considerably. Healing
of superficial granulomatous pyoderma has occurred after
intralesional injection of triamcinolone,3,4 oral doses of
prednisolone,3,4 and after long-term topical corticoster-
oids.4
1. Reichrath J, et al. Treatment recommendations for pyoderma

gangrenosum: an evidence-based review of the literature based
on more than 350 patients. J Am Acad Dermatol 2005; 53:
273–83. 

2. Brooklyn T, et al. Diagnosis and treatment of pyoderma gan-
grenosum. BMJ 2006; 333: 181–4. 

3. Quimby SR, et al. Superficial granulomatous pyoderma: clinico-
pathologic spectrum. Mayo Clin Proc 1989; 64: 37–43. 

4. Hardwick N, Cerio R. Superficial granulomatous pyoderma: a
report of two cases. Br J Dermatol 1993; 129: 718–22.

Respiratory disorders
Although corticosteroids have been used in the manage-
ment of many forms of respiratory disorder, this use has
frequently been on an empirical and uncontrolled basis,
and evidence of benefit is often somewhat mixed. Thus,

while an established role exists for corticosteroids in the
management of asthma (p.1108), the antenatal prevention
of neonatal respiratory distress syndrome (p.1508), and
probably in croup (p.1502) they are no longer used in as-
piration syndromes (p.1693) and their role in diffuse pa-
renchymal lung disorders (see p.1502 and under Sarcoido-
sis, below) and in acute respiratory distress syndrome
(p.1498) is uncertain. Other disorders in which they have
been tried with varying success include bronchiolitis
(p.1500), chronic obstructive pulmonary disease (see
p.1501), fat embolism syndrome,1 acute eosinophilic
pneumonia2 and pulmonary eosinophilia,3 diffuse alveolar
haemorrhage,4 and ‘ice hockey lung’ (due to nitrogen di-
oxide).5
1. Van Besouw J-P, Hinds CJ. Fat embolism syndrome. Br J Hosp
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Retinal vasculitis
Inflammation of the retinal blood vessels (retinal vasculi-
tis) usually occurs as a feature of ocular disorders such as
Eales disease; systemic inflammatory conditions such as
Behçet’s disease (p.1499), sarcoidosis (p.1512), and mul-
tiple sclerosis (p.892); or infections such as herpes (p.854),
tuberculosis (p.196), syphilis (p.192), and toxoplasmosis
(p.826). Vascular sheathing, occlusion, macular oedema,
and retinal haemorrhage can occur, and symptoms of reti-
nal vasculitis include painless loss of vision, blurred vi-
sion, floaters, and scotoma.1,2 
In the treatment of non-infectious retinal vasculitis, corti-
costeroids are used to control inflammation and prevent
long-term vision loss. Local treatment by periocular injec-
tion may be used in unilateral disease or moderate inflam-
mation; improvement usually occurs in 2 to 3 weeks and
may last for up to 3 months. Oral corticosteroids may be
required for moderate to severe bilateral disease with a
marked reduction in visual acuity, and improvement may
take 3 to 4 weeks to appear.1 Other immunosuppressants
may be needed for vasculitis that is unresponsive or inad-
equately controlled by corticosteroids, and may be used
for their corticosteroid-sparing effect when long-term ther-
apy is required. Azathioprine and ciclosporin are most
commonly used, but cyclophosphamide, methotrexate,
and mycophenolate have also been tried.1,2 Appropriate
anti-infective therapy can clear retinal vasculitis associated
with infection, but corticosteroids may be needed where
there is residual vasculitis.1
1. Walton RC, Ashmore ED. Retinal vasculitis. Curr Opin Oph-

thalmol 2003; 14: 413–19. 
2. Levy-Clarke GA, Nussenblatt R. Retinal vasculitis. Int Ophthal-

mol Clin 2005; 45 (2): 99–113.

Rheumatoid arthritis
Systemic corticosteroids can play an important role in the
management of juvenile idiopathic arthritis (p.10); they
may be given by intra-articular injection in oligoarthritis,
and to control disease flares, or systemically in more wide-
spread and severe disease. 
Similarly, in adult rheumatoid arthritis (p.11). corticoster-
oids may be added to DMARD therapy to control synovi-
tis or provide cover when changing therapies, since they
provide rapid symptomatic control. They have been
shown to reduce the development of joint erosions, and in
the short-term this beneficial effect outweighs their ad-
verse effects on bone. Short- to moderate-term use of sys-
temic corticosteroids (in doses not exceeding the equiva-
lent of 15 mg of prednisolone daily) is therefore
considered valuable. However, their adverse effects mean
that longer term use cannot be justified. Intra-articular in-
jection is recommended for acute disease flares, particular-
ly when combined with aggressive DMARD therapy. 
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Rhinitis
For a brief description of rhinitis and a discussion of its
management including the use of corticosteroids, see
p.565. Reviews1,2 including a systematic review,1 found
that intranasal corticosteroids produced greater relief of
the nasal symptoms of allergic rhinitis than oral antihista-
mines, and there was no difference between the two treat-
ments in relief of eye symptoms. Commonly used nasal
sprays appear to have similar efficacy and adverse effect
profiles,3 and choice of therapy is probably influenced by
other factors including cost3 and patient preference.4
1. Weiner JM, et al. Intranasal corticosteroids versus oral H  recep-

tor antagonists in allergic rhinitis: systematic review of ran-
domised controlled trials. BMJ 1998; 317: 1624–9. 
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3. Waddell AN, et al. Intranasal steroid sprays in the treatment of
rhinitis: is one better than another? J Laryngol Otol 2003; 117:
843–5. 

4. Meltzer EO. Intranasal steroids: managing allergic rhinitis and
tailoring treatment to patient preference. Allergy Asthma Proc
2005; 26: 445–51.

Sarcoidosis
Sarcoidosis is a disorder involving the development of
multiple granulomas in a variety of organs, which may
subsequently resolve or progress to chronic fibrosis.1 The
disease is frequently asymptomatic, and since it usually re-
gresses spontaneously estimating the incidence is difficult,
but it appears to vary considerably in different countries. It
is most often seen in young adults and is slightly more
common in female than male and in black than white pa-
tients. 
Almost any organ can be affected, but manifestations in
lymph nodes, lungs, skin, joints, and eyes are common.
Lymphadenopathy, some decrease in pulmonary function,
dyspnoea, and cough may mark lung and lymph node in-
volvement. Skin manifestations include erythema nodo-
sum, macular or papular lesions due to granuloma forma-
tion in the skin, and violaceous plaques on fingers, nose,
ears, and cheeks known as lupus pernio. Arthropathy, with
painful joint swellings, may be associated with erythema
nodosum and fever in acute presentations; bone lesions are
most common in fingers and toes. Involvement of the
nervous system may be particularly difficult to diagnose
because of its protean manifestations. Involvement of the
eyes is usually manifest as uveitis although other symp-
toms include keratoconjunctivitis sicca. Symptomatic dis-
ease involving the gastrointestinal tract, liver, pancreas,
heart, or kidneys is rare, although asymptomatic involve-
ment may occur. 
In addition to symptoms directly due to the disease, sar-
coidosis is often associated with hypercalcaemia (p.1668)
and hypersensitivity to the effects of vitamin D. Other bi-
ochemical abnormalities include raised serum concentra-
tions of angiotensin-converting enzyme (ACE), and there
are abnormalities of some aspects of immune function. 
Diagnosis of sarcoidosis is problematic because of its mul-
tiple manifestations and the fact that it is so often clinically
silent. It is often detected by accident, when radiography is
performed for other reasons, but biopsy is often needed to
help confirm the disease. The Kveim test, in which an an-
tigen derived from patients with sarcoidosis (see p.2329) is
given intradermally and produces a delayed reaction in pa-
tients with the disease, is now rarely used because of its
perceived lack of precision, although some still consider it
useful.2 
Treatment. Asymptomatic disease requires no therapy,
and since spontaneous remission can occur, corticoster-
oids, which are the usual therapy,1 are generally reserved
for patients in whom the disease affects the function of a
vital organ or for patients with hypercalcaemia. NSAIDs
alone may be adequate to control the fever and arthropathy
of acute disease. Where corticosteroids are called for a typ-
ical oral regimen is prednisolone or prednisone 30 to
40 mg daily, the dose being reduced after several weeks as
the patient improves.3-5 Therapy should be continued (at
the minimum effective maintenance dose) for 12 to 18
months before any attempt is made to withdraw it.3 Alter-

nate-day dosage has been suggested, with 40 mg every
other day as initial therapy,6 and 5 to 10 mg every other
day as maintenance.7 There is some evidence8 that relapse
may be more likely after withdrawal of corticosteroids
than in patients who do not receive corticosteroid therapy,
but this may simply reflect the natural course of disease in
this group. Higher initial doses of 60 to 80 mg daily of
prednisone are generally used in cardiac sarcoidosis, al-
though controversy exists as to the clinical efficacy and
optimal dose and duration of corticosteroids. Treatment
halts progression and improves survival, but it does not re-
duce the incidence of ventricular arrhythmias.9 There also
remains some dispute about the value of oral corticoster-
oids in pulmonary disease: although they are useful in the
short term their long-term benefits are more uncertain.10

Inhaled corticosteroids have also been investigated in pul-
monary sarcoidosis; they appear less reliable than oral
therapy for primary treatment, but may have a role as
maintenance therapy.5,11 In patients with ocular disease
corticosteroid drops and ointment are used for anterior
uveitis; resistant cases, or patients with posterior uveitis,
require systemic corticosteroids.1 Skin lesions usually re-
spond to corticosteroids but the high doses that may be re-
quired for suppression of lupus pernio may produce
changes in appearance as disfiguring as the disease.3 
Other drugs have occasionally been used in sarcoidosis but
are very much second-line. In patients in whom cortico-
steroids are not effective or not tolerated cytotoxic immu-
nosuppressants have been given, with variable re-
sults.1,3,5,7 Methotrexate has perhaps been most useful,
having been found to be effective in low oral doses (up to
15 mg weekly) in refractory disease;1,12 corticosteroid-
sparing effects may be evident after 6 months.7 Azathio-
prine has been used for severe refractory cases.5 Results
with ciclosporin have been variable,7 although there are re-
ports of response in refractory skin lesions and optic neu-
ropathy.1 Toxicity and concerns about carcinogenesis limit
the use of chlorambucil and cyclophosphamide.1,5 The
antimalarials have also been tried as adjuncts or alterna-
tives to corticosteroid therapy,5 and may be useful for skin
disease and hypercalcaemia.7 Potential ocular toxicity is a
concern, however, and although hydroxychloroquine may
be less oculotoxic than chloroquine,7 regular ophthalmo-
logical assessment is recommended.5 Other reports of ben-
efit in cutaneous sarcoidosis have involved allopurinol,13

thalidomide,14 and tranilast,15 while there is report of re-
sponse to melatonin in 2 patients with refractory sarcoido-
sis.16 Infliximab and pentoxifylline have also shown
promising results.7
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Sciatica
For mention of the use of epidural corticosteroid injections
to treat sciatica, and doubts about the extent of benefit, see
Administration, Epidural Route, p.1496.

Scleritis
Scleritis and episcleritis are inflammatory diseases of the
sclera often associated with various systemic diseases.

Episcleritis tends to be a benign superficial condition but
treatment can be difficult and it tends to recur. The use of
topical corticosteroids and topical NSAIDs are sometimes
of temporary benefit. Scleritis is a rarer more deep-seated
inflammation. Initial treatment of non-necrotising scleritis
is with NSAIDs; high dose systemic corticosteroids (usu-
ally oral prednisone or prednisolone 60 to 80 mg daily)
have been used successfully in many patients unrespon-
sive to NSAIDs.1,2 If necessary, to reduce any attendant
adverse effects, corticosteroids have been given by orbital
floor injection (methylprednisolone acetate 40 mg)1 or at a
reduced systemic dosage with an additional immunosup-
pressant such as ciclosporin, methotrexate, cyclophospha-
mide, or azathioprine.3 Immunosuppressants may also be
of value alone in severe or unresponsive disease.4 It has
been suggested that immunosuppressant therapy should be
the initial choice in necrotising scleritis, as therapeutic fail-
ure is very common with less aggressive regimens.4
1. Hakin KN, et al. Use of orbital floor steroids in the management

of patients with uniocular non-necrotising scleritis. Br J Oph-
thalmol 1991; 75: 337–9. 

2. Hakin KN, et al. Use of cyclosporin in the management of ster-
oid-dependent non-necrotising scleritis. Br J Ophthalmol 1991;
75: 340–1. 

3. Jabs DA, et al. Guidelines for the use of immunosuppressive
drugs in patients with ocular inflammatory disorders: recom-
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Scleroderma
Corticosteroids may be useful for the management of scle-
roderma (p.1817), but must be used with care because of
the risk of exacerbating renal and other problems.

Seborrhoeic dermatitis
Topical corticosteroids are used with an imidazole antifun-
gal in the management of seborrhoeic dermatitis (p.1584).

Septic shock
The role of corticosteroids in septic shock (see under Sep-
ticaemia, p.190) has been controversial. Early studies re-
ported both beneficial1 and detrimental2 effects, but corti-
costeroids were considered ineffective2,3 and likely to
worsen secondary infection.4-7 More recently, supplemen-
tal corticosteroids have been suggested to be beneficial in
patients with established septic shock who exhibit adrenal
insufficiency.8 However, their routine use in septic shock
is not recommended9 and a systematic review10 concluded
that short-course high-dose corticosteroids did not alter
mortality rates in severe sepsis and septic shock, and that
current evidence did not support their use. However, meta-
analyses10,11 and a review12 suggest that longer courses (5
to 11 days) of low-dose corticosteroids might reduce mor-
tality especially in those with vasopressor-dependent sep-
tic shock.
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Sickle-cell disease
A study1 has suggested that a short course of high-dose
methylprednisolone might be a useful adjunct in control-
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ling pain in sickle-cell crisis (p.9). However, the use of cor-
ticosteroids in sickle-cell disease is problematic; apart
from the usual adverse effects, including the risk of exac-
erbating underlying infection, corticosteroid therapy has
been reported to provoke sickle-cell crisis in patients with
sickle C disease—see under Precautions, p.1494.
1. Griffin TC, et al. High-dose intravenous methylprednisolone

therapy for pain in children and adolescents with sickle cell dis-
ease. N Engl J Med 1994; 330: 733–7.

Skin disorders
For some guidelines to the use of topical application of
corticosteroids in skin disorders, see under Administra-
tion, p.1497. For discussion of the use of corticosteroids in
individual skin disorders see under the relevant headings
in this section.

Soft-tissue rheumatism
Soft-tissue rheumatism (p.13) includes a number of condi-
tions affecting tendons, ligaments, muscles, fascia, and
joint capsules; some lesions may respond to local injec-
tions of corticosteroid, often given with a local anaesthetic.
In the treatment of shoulder pain, intra-articular injection
of triamcinolone acetonide was considered to be superior
to physiotherapy for reducing pain in the short-term.1 In-
jection of corticosteroids below the point where the clavi-
cle joins the shoulder blade (subacromial injection) may be
superior to placebo for rotator cuff disease, as may intra-
articular injection for adhesive capsulitis.2 One meta-
analysis3 found that subacromial injection produced dose
dependent benefit for up to 9 months in shoulder pain as-
sociated with rotator cuff tendinitis, with a number-need-
ed-to-treat of between 1.4 and 2.2; there was some evi-
dence that higher doses (50 mg equivalent of prednisone
or greater) were more effective. However, there has been
concern over accuracy of needle placement, and the scanty
evidence to guide treatment.2,4 There is also limited evi-
dence that oral corticosteroids may produce improvement
in pain and mobility in patients with adhesive capsulitis
(frozen shoulder), but this improvement may not last be-
yond 6 weeks.5 In lateral epicondylitis (tennis elbow), lo-
cal injections of triamcinolone acetonide with local anaes-
thetic improved short-term outcomes such as pain and
disability, although long-term results favoured physiother-
apy.6 Another study found that short-term benefit with cor-
ticosteroid injection for epicondylitis was paradoxically
reversed after 6 weeks, implying the need for caution.7 Ev-
idence appears to support the use of corticosteroids such as
betamethasone and methylprednisolone, with local anaes-
thetic, in trigger finger.4 In contrast, no benefit has been
found in Achilles’ tendinopathy.4 In carpal tunnel syn-
drome, injection of corticosteroids produces short term
benefit but has not been shown to produce better results
than other treatments such as splinting in the longer term.8
Concerns have been expressed about the lack of good
studies to support the use of corticosteroids,2,4 and some
have suggested that in tendinopathies, they be reserved for
chronic injuries, and that short- or moderate-acting, solu-
ble preparations be used.4 Tendon rupture after local corti-
costeroid injection may occur.4 
See also Administration, Intra-articular Route, p.1497
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Spinal cord and head injury
Spinal cord injury usually causes significant disability
arising from either partial or total paralysis. The degree of
disability and organ dysfunction is determined by the

spinal level of the injury, and whether severance of the
cord is complete or not. Patients with lesions at the level of
the fourth cervical vertebra and above will almost certainly
have respiratory problems or diaphragm paralysis, requir-
ing ventilation. Spinal shock occurs almost invariably, re-
sulting in hypotension and reduced renal perfusion, which
may cause renal failure. Patients are also at risk for acute
respiratory distress syndrome (p.1498) and thromboembo-
lism (p.1187). Lesions above the fifth thoracic vertebra
may cause autonomic dysreflexia which results in a poten-
tially life-threatening rise in blood pressure, requiring the
use of antihypertensives.1 
Neural tissue in the spinal cord cannot regenerate and
damage is considered permanent; however, some lessen-
ing of disability is possible with rehabilitation. One of the
main aims in the management of spinal cord injuries is to
minimise secondary damage from hypoxia, hypoperfusion
and inflammation. Results of a multicentre placebo-con-
trolled study in the USA2 indicated that high-dose intrave-
nous corticosteroids resulted in improvements in neuro-
logical function if given within 8 hours of spinal cord
injury. Methylprednisolone was given in an initial dose of
30 mg/kg followed by 5.4 mg/kg per hour for 23 hours. A
subsequent study found that although this regimen was ad-
equate if begun within 3 hours of injury, better results were
obtained by continuing methylprednisolone for 48 hours
in patients in whom therapy commenced 3 to 8 hours after
injury.3,4 The lazaroid tirilazad, given for 48 hours, had
some benefit in this study, although it was less effective
than 48 hours of treatment with methylprednisolone in the
doses used. In contrast, a systematic review found that
high-dose methylprednisolone did not improve neurologi-
cal function in patients, and might potentially have a dele-
terious effect.5 Another review failed to find any benefit
from the use of gangliosides.6 
The longer-term management of spinal cord injuries has
been reviewed.7 
Management of traumatic head injury poses similar prob-
lems and risks to those of spinal cord trauma. The effects
of corticosteroids on mortality in acute traumatic head in-
jury had been unclear, until an international randomised
trial in 10 008 adults found that the risk of death from all
causes within 2 weeks8 or 6 months9 of significant head
injury was higher in the group given methylprednisolone
compared with placebo. There is little evidence that tirila-
zad is of any value in acute traumatic brain injury,10,11 nor
for other interventions that have been suggested for this,
including barbiturates,12 calcium-channel blockers such as
nimodipine (other than perhaps in a subgroup of patients
with subarachnoid haemorrhage—see also p.1357),13 cen-
tral stimulants such as methylphenidate or the amfeta-
mines,14 inhibitors of glutamate neurotransmission,15 or
hyperventilation or hyperbaric oxygen therapy.16,17 Man-
nitol is widely used after severe head injury to reduce in-
tracranial pressure (p.1181), but evidence from ran-
domised studies is limited and it is unclear whether
mannitol therapy has any effect on death or disability.18
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Spondyloarthropathies
Intra-articular injections of corticosteroids have been giv-
en in ankylosing spondylitis (see Spondyloarthropathies,
p.13).

Systemic lupus erythematosus
Systemic lupus erythematosus (SLE) is an auto-immune
disease of complex aetiology characterised by autoanti-
bodies that participate in the mediation of tissue damage
affecting joints, skin, kidney, CNS, and other organs. It is
far more common in women than in men, the evidence
suggesting that male hormones have a protective effect,
and peak onset is usually in women in their 20s and 30s. 
The commonest symptom in patients with SLE is arthral-
gia or arthritis; fatigue, fever, weight loss, rashes (charac-
teristically a so-called ‘butterfly rash’ on the cheeks and
bridge of the nose), CNS involvement including personal-
ity changes, anaemia, nephritis, and pulmonary symptoms
(notably pleurisy) are also frequent, while other symptoms
include myalgia, alopecia, Raynaud’s syndrome, convul-
sions, coma, stroke, pneumonitis, pericarditis, myocarditis
with tachycardia, leucopenia, thrombocytopenia, coagula-
tion disorders (both thrombosis and haemorrhage),
hepatomegaly, splenomegaly, and lymphadenopathy.
Thrombotic symptoms and recurrent miscarriage may rep-
resent an ‘antiphospholipid antibody syndrome’ due to an-
tibodies against phospholipids, which occurs in about a
third of all patients with SLE but may also occur independ-
ently.1 
Management. SLE is characterised by exacerbation and
remission so individualised management with careful
monitoring and appropriate and timely symptomatic treat-
ment is required. Treatment is largely empirical and there
have been few controlled studies. 
In addition to any specific treatment, patients require emo-
tional support, extensive rest, and avoidance where possi-
ble of stimuli that may provoke disease exacerbation, in-
cluding ultraviolet light, certain drugs or foods rich in
psoralens, infections, and psychological stress. 
Mild disease may require no treatment, or may be man-
aged simply with NSAIDs for muscular and joint symp-
toms.2 In more severe, but non-life-threatening disease
chloroquine or, more often, hydroxychloroquine is effec-
tive, particularly for cutaneous and joint manifestations,3-5

although disease flare may occur on withdrawal.6 Retin-
oids such as acitretin have also been shown to be of use in
some patients.7 
Many patients require treatment with corticosteroids at
some point, although in such patients they can be a major
cause of morbidity.3,8 It is usual to use a corticosteroid
when treatment with NSAIDs or antimalarials has failed,
or when life or vital organs are threatened.2 They are usu-
ally given in high doses (1 mg/kg or more of prednisone or
prednisolone daily, sometimes preceded by a course of in-
travenous methylprednisolone)2 for life-threatening mani-
festations such as high fever, severe thrombocytopenia,
coma, seizures, or involvement of a major organ such as
the kidney (see also Lupus Nephritis, below). Non-life-
threatening symptoms that fail to respond to other meas-
ures will usually respond to lower corticosteroid doses (not
more than 500 micrograms/kg daily of prednisolone or
prednisone).2 Once a response is achieved the dose should
be tapered to the lowest required to control symptoms,
sometimes in the form of alternate-day dosage, although
disease may relapse.2 Complete withdrawal is optimal, al-
though some patients may need long-term maintenance on
about 5 mg daily.2 One study found that raising the main-



1514   Corticosteroids

tenance corticosteroid dose temporarily to counteract any
increases in the concentration of antibodies to double-
stranded DNA may reduce the number of relapses,9 but the
design and conclusions of this study are open to criticism. 
Prolonged corticosteroid therapy, particularly at the higher
doses, is associated with adverse effects such as aseptic
bone necrosis and an increased susceptibility to infection,
and other drugs have been added to corticosteroid therapy
in an attempt to lower the corticosteroid dose but maintain
disease control. In particular the immunosuppressant aza-
thioprine has been used for its corticosteroid-sparing ef-
fect.2 Oral or intravenous pulse cyclophosphamide has
been used with some success to treat severe organ involve-
ment although toxicity may be of concern.2,3 Low-dose
weekly methotrexate may also be helpful in patients with
cutaneous or joint involvement.10 The antimalarials may
also be combined with corticosteroid therapy, and in addi-
tion to a corticosteroid-sparing effect there is a suggestion
that hydroxychloroquine may counter the adverse effects
of corticosteroids on serum-lipid profiles.2,11 Prasterone is
under investigation for the treatment of severe disease.12

Thalidomide has been investigated for treating cutaneous
manifestations of SLE.13 Remission has been reported in a
few patients with refractory disease given rituximab.5 
Thrombotic symptoms due to antiphospholipid antibodies
require adequate long-term anticoagulation with warfarin
or low-dose aspirin, and it should be borne in mind that
stroke and related CNS symptoms will not respond to cor-
ticosteroids. In patients with other severe CNS symptoms
that fail to respond to corticosteroids intravenous cyclo-
phosphamide may be helpful,14,15 but response is unpre-
dictable. Intravenous immunoglobulin has been used as an
adjunct in CNS lupus,5 although its role is unclear; it may
also be used in the management of thrombocytopenic
symptoms.16 
In patients with severe and potentially fatal symptoms
plasma exchange may provide temporary benefit by re-
moving circulating antibodies. 
Lupus nephritis. Renal disease is probably the best stud-
ied symptom of SLE. Almost all patients develop some re-
nal involvement,17 with clinical nephritis in up to 50%.18,19

Usual manifestations of renal disease include hyperten-
sion, oedema, proteinuria or frank nephrotic syndrome,
and oliguria; more severe disease is usually associated
with focal or diffuse proliferative glomerulonephritis on
biopsy.18,19 
Patients with active disease (worsening renal function,
proteinuria, and urinary sediment) require aggressive
treatment to prevent irreversible renal damage. It is gener-
ally accepted that the use of a cytotoxic immunosuppres-
sant with a corticosteroid is more effective than the use of
corticosteroids alone in controlling nephritis and the risk of
end-stage renal failure,17,18 although corticosteroids alone
may be used for less severe disease.16 
One suggested outline for treatment in severe active dis-
ease is to begin with pulsed intravenous methylprednisolo-
ne as 3 doses of 1g daily, or prednisone or prednisolone
orally (initially 0.5 to 1 mg/kg daily, gradually reduced)
accompanied if necessary by cyclophosphamide or azathi-
oprine.19 An alternative approach is to begin therapy with
intermittent intravenous cyclophosphamide,20 which ap-
pears  to  be  more  effect ive  than pulsed
methylprednisolone21,22 and then to maintain patients with
low-dose oral prednisone plus pulsed intravenous cyclo-
phosphamide. Azathioprine may be a useful alternative for
patients who cannot tolerate cyclophosphamide;18,19 it
may be used as maintenance after cyclophosphamide in-
duction in an attempt to reduce toxicity.17,19 Ciclosporin
has also been investigated, with preliminary results sug-
gestive of benefit,23,24 but has been viewed with caution
because of its nephrotoxicity.18,19 Mycophenolate mofetil
has shown promising results;25,26 some suggest it may
come to replace cyclophosphamide.5 Abetimus is under
investigation,18 and other drugs that have been reported to
be of benefit include intravenous immunoglobulins,18

cladribine, and fludarabine.17 Autologous haematopoietic
stem-cell transplantation (p.1811) is considered feasible in
SLE.18,27 
Pregnancy. Although symptoms of SLE do not appear to
be exacerbated in most patients during pregnancy,28,29 it is
considered advisable that pregnancy be deferred until the
disease is in remission or controlled by therapy, since com-
plications are more likely in active disease.13,28 Cyclo-
phosphamide or methotrexate are contra-indicated in

pregnancy because of the risk of teratogenesis but corti-
costeroids, azathioprine, and hydroxychloroquine may be
used if necessary:2-4,30 the risks of miscarriage, still-birth,
growth retardation, or preterm delivery due to the disease
are considered greater than the risks to the fetus of contin-
ued therapy. The use of low-dose aspirin (75 mg daily) has
been recommended in women with renal involvement or a
history of pre-eclampsia or fetal growth retardation;30 in
women with antiphospholipid antibodies, low-dose aspi-
rin with subcutaneous heparin or low-molecular-weight
heparin markedly improves the live birth rate.1,13,31 The
use of high-dose prednisone, with or without aspirin, to
suppress antiphospholipid antibodies, while reportedly ef-
fective in some women with bad obstetric histories,32,33

has been found by others to be of no benefit,34 and is asso-
ciated with unacceptable maternal morbidity.35 Warfarin
prophylaxis, which appears effective in other patients with
the antiphospholipid antibody syndrome,36 is unsuited to
pregnant women because of the teratogenic effects of war-
farin.37 
Postpartum exacerbation is well recognised,28,30 and some
workers favour prophylactic corticosteroid cover during
the puerperium. A small proportion of neonates born to
mothers with lupus exhibit a neonatal lupus syndrome,38

manifesting most seriously as heart block which may re-
quire a permanent pacemaker.
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Takayasu’s arteritis
Takayasu’s arteritis is a vasculitis of the aorta and its
branches seen particularly in young women and in Orien-
tal patients. It is characterised by vasculitis followed by fi-
brosis, leading to stenosis or occlusion of the vessel.
Symptoms vary depending on the anatomical site, but in-
clude constitutional symptoms such as fever, malaise, and
arthralgia, syncope, dyspnoea, palpitations, loss of pulses,
intermittent claudication, and visual disturbances. 
Active inflammatory disease may respond to corticoster-
oids: doses of 1 mg/kg daily of prednisone or prednisolo-
ne, tapered after one month in patients who respond, have
been suggested.1,2 In patients who do not respond, azathi-
oprine, cyclophosphamide, or methotrexate have been
added, although opinions vary as to the necessity of cyto-
toxic agents in these patients.1-3 Ciclosporin4 and myco-
phenolate mofetil5 have also been used. A preliminary
report6 suggests that the use of etanercept or infliximab to
inhibit the actions of tumour necrosis factor may be useful
in patients who are refractory to other treatments. Widely
varying estimates of mortality and aggressiveness exist for
Takayasu’s arteritis, and in the absence of large controlled
studies it is difficult to assess the benefits of drug therapy.
The course may be very prolonged, and minimising the
maintenance dosage (e.g. by alternate-day corticosteroid
therapy) is important to avoid adverse effects.7 
Surgical reconstruction of affected vessels has been car-
ried out in patients at risk of ischaemic compromise.8 An-
gioplasty has been tried.
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Tuberculosis
The use of corticosteroids in tuberculosis (p.196) is contro-
versial.1-3 They should never be given to patients with ac-
tive disease without protective chemotherapy cover, and
must be used with caution in patients with dormant disease
as it may be reactivated. Use of corticosteroids in pulmo-
nary tuberculosis is to be avoided except in life-threaten-
ing disease. WHO suggests that corticosteroids may be
useful adjuvants to antituberculous therapy in selected
conditions including tuberculous meningitis, pericarditis,
pleural effusion, or laryngitis, or tuberculosis of the renal
tract, adrenocortical insufficiency due to adrenal gland tu-
berculosis, massive lymph node enlargement, or to control
drug hypersensitivity. They are also likely to be of benefit
in patients with HIV infection and the above conditions.4
Similar recommendations have been made by NICE with
regard to tuberculous meningitis and pericarditis.5 Howev-
er, systematic reviews of tuberculous pleurisy6 and
pericarditis7 have concluded that there is insufficient evi-
dence to support the use of corticosteroids in these condi-
tions.
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Urticaria and angioedema
Oral antihistamines are the mainstay of treatment for urti-
caria (p.1584). Severe attacks refractory to standard thera-
py may require a short course of oral corticosteroid thera-
py. 
When angioedema affecting the larynx (laryngeal oede-
ma) is present, the patients should be treated with adrena-
line as an allergic emergency (see Anaphylaxis and Ana-
phylactic Shock, p.1205).

Uveitis
Uveitis is inflammation of the uveal tract of the eye, which
comprises the choroid, ciliary body, and the iris. It is usu-
ally idiopathic but may be secondary to infection, allergy,
or inflammatory disorders with an auto-immune compo-
nent. 
In anterior uveitis, also referred to as iridocyclitis, there is
inflammation of the iris (iritis) and the ciliary body (cycli-
tis). It tends to be acute and self-limiting and is likely to be
associated with infection. The iris becomes spongy and
hyperaemic and exudates may result in adhesions between
the iris and the lens (posterior synechiae). Chronic anterior
uveitis is associated with formation of cataracts and glau-
coma. Posterior uveitis can be acute or chronic and may
just affect the choroid (choroiditis) or may also involve the
retina (chorioretinitis). It is more likely to be an auto-im-
mune condition. 
The treatment of uveitis has been reviewed.1-4 
Corticosteroids given topically and, when necessary, sys-
temically are the mainstay of treatment for acute anterior
uveitis.5 Cycloplegics and mydriatics such as atropine, cy-
clopentolate, and homatropine are used adjunctively to rest
the ciliary body and iris, diminish hyperaemia, and to pre-
vent the formation of posterior synechiae. Antibacterials
should be used to treat any infection. In children with
chronic anterior uveitis associated with juvenile idiopathic
arthritis, corticosteroids are supplemented with chronic
use of an oral NSAID if inflammation persists after 90
days of treatment and attempted corticosteroid withdraw-
al.6 In the 30% or so of cases that do not respond to corti-
costeroids and NSAIDs, low-dose weekly methotrexate
(with folic acid supplements daily) is advocated, with oth-
er immunosuppressants being substituted or used adjunc-
tively when methotrexate fails or is not tolerated. 
Treatment of posterior uveitis is less satisfactory than that
of acute anterior uveitis since gross damage to the retina
often occurs before the condition can be controlled. Corti-
costeroids are usually required given either as periocular
injections or as high-dose systemic therapy.5 A suggested
protocol2 involves the use of high-dose systemic cortico-
steroids to control active disease; long-term control is then
maintained primarily with low-dose ciclosporin, cortico-
steroids being tapered to a low dose or eventually with-
drawn. Certain patients may require an additional immu-
nosuppressant, usually azathioprine, although
methotrexate, cyclophosphamide, ciclosporin, or chloram-
bucil may be considered. Other immunosuppressants be-
ing studied include tacrolimus, and there are reports of im-
provement with mycophenolate mofetil.4,5 
Visual impairment in chronic uveitis is often the result of
macular oedema and is not necessarily prevented by im-
munosuppressants. Short-term treatment with acetazola-
mide is considered to have produced some encouraging re-
sults in reducing chronic uveitic macular oedema but its
long-term efficacy or efficacy with low-dose corticoster-
oids remains to be determined.7 Although systemic and

topical NSAIDs have been shown to reduce cystoid mac-
ular oedema in post cataract extraction (see Postoperative
Inflammatory Ocular Disorders, p.100) their role in the
treatment of macular oedema associated with uveitis is less
clear.
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Vasculitic syndromes
Vasculitis may be defined as inflammation of the blood
vessel wall, and the term has been applied in describing a
wide range of diseases involving blood vessels of various
sizes and types. Vasculitis may occur as part of a systemic
disease such as rheumatoid arthritis or SLE, or may itself
be the primary disorder, and symptoms may vary from su-
perficial cutaneous disease, with purpura and urticaria, to
progressive and fatal systemic vasculitides such as Wege-
ner’s granulomatosis. In some forms of vasculitis, such as
giant cell arteritis, mononuclear giant cells may be seen,
while in granulomatous vasculitis the mononuclear cells
form granulomata adjacent to the damaged vessel wall.
Necrotising vasculitis is used to describe inflammation as-
sociated with necrosis of the media, the middle part of the
vessel wall, while polyarteritis implies inflammation of the
full thickness of an arterial wall. 
Because of the heterogeneous nature of this group of dis-
eases and the degree of overlap which exists between
some of them, and between them and other diseases, clas-
sification has been difficult. Classification has often been
based on the size of the affected vessel, as well as the pres-
ence or absence of granulomata and antineutrophil cyto-
plasmic antibodies (ANCA), and whether the vasculitis is
primary or secondary. Of the major primary vasculitic syn-
dromes, giant cell arteritis (p.1503) and Takayasu’s arteri-
tis (p.1514) are examples of large vessel disease; classic
polyarteritis nodosa (p.1510) affects medium-sized ves-
sels; Churg-Strauss syndrome (p.1501), microscopic poly-
angiitis (p.1510), and Wegener’s granulomatosis (below)
are diseases of small or medium-sized vessels; the so-
called ‘hypersensitivity vasculitides’ (p.1505), including
Henoch-Schönlein purpura, are small vessel diseases,
though usually limited in extent. 
Treatment depends on the type of vasculitis, its severity,
and prognosis. Treatment of the systemic vasculitides has
revolved around corticosteroids and cyclophosphamide;
other cytotoxic immunosuppressants, normal immu-
noglobulins, NSAIDs, anticoagulants, dapsone, and colch-
icine have been tried in various forms of disease.

Vitiligo
Topical corticosteroids are sometimes effective in induc-
ing repigmentation in patients with vitiligo (p.1582 under
Pigmentation Disorders).

Wegener’s granulomatosis
Wegener’s granulomatosis is a form of granulomatous
vasculitis that occurs more frequently in men and in white
patients. It is characterised by necrotising vasculitis of
small arteries and veins, accompanied by granuloma for-
mation, and affecting particularly the respiratory tract and
kidneys. It is usually associated with antineutrophil cyto-
plasmic antibodies (ANCA). Symptoms include rhinor-
rhoea, sinusitis, cough and dyspnoea (signs of pulmonary
infiltration which is seen in the majority of patients at pres-
entation); renal manifestations include haematuria, pro-
teinuria, uraemia, and oedema of the lower limbs due to a
focal glomerulonephritis which can progress to crescentic
glomerulonephritis and rapidly progressive renal failure.
Other organ systems may be involved, with effects similar
to those of microscopic polyangiitis (see p.1510). If un-
treated, the disease is fatal. 
Treatment is with a combination regimen based on cyclo-
phosphamide with a corticosteroid. A standard regimen

has been low-dose (1 to 2 mg/kg daily) oral cyclophospha-
mide, with prednisolone or prednisone 1 mg/kg daily by
mouth initially, subsequently tapered to an alternate-day
regimen and eventually stopped.1-3 Cyclophosphamide is
usually continued for at least a year before considering
gradual withdrawal but there is a trend in Europe towards
the use of shorter courses of cyclophosphamide.4 Standard
treatment regimens produce improvement or remissions in
about 90% of patients.1,5 Relapses may subsequently oc-
cur in about half, and require re-treatment; prompt intensi-
fication of treatment when serum ANCA concentrations
begin to rise may avert relapse.6 There is evidence from
one controlled study that addition of co-trimoxazole to
maintenance regimens reduces the incidence of relapse,7
although another suggested that it might actually increase
the risk of relapse.8 
Despite the success of regimens based on low-dose oral
cyclophosphamide there is considerable concern about
their toxicity, particularly since prolonged use may be nec-
essary. Intermittent high-dose intravenous (‘pulse’) cyclo-
phosphamide has been suggested as an alternative to the
oral regimen with fewer adverse effects,9 but results in
practice seem to have been variable.10,11 Regimens similar
to the standard regimen, but substituting azathioprine for
cyclophosphamide once remission is achieved (usually af-
ter 3 to 6 months) and continuing with low-dose corticos-
teroids concomitantly have been used.12 Other drugs, such
as methotrexate, have been tried and addition of low-dose
weekly methotrexate to a corticosteroid may be a possible
treatment option.8,13-15 Ciclosporin has been reported to re-
verse acute renal failure in 2 patients with Wegener’s gran-
ulomatosis, as well as controlling fulminant symptoms un-
responsive to cyclophosphamide and corticosteroids in
one of them,16 but others have found ciclosporin plus a
corticosteroid to be ineffective in suppressing disease ac-
tivity.17 Etoposide18 and infliximab19 have also been suc-
cessfully used to induce remission in cyclophosphamide-
resistant disease, but etanercept has proved ineffective in
maintaining remission.20 Other drugs that have been in-
vestigated include high-dose intravenous immunoglobu-
lin,21 mycophenolate mofetil,22 and rituximab,23 while
anti-CD4 monoclonal antibodies have proved useful in pa-
tients with microscopic polyangiitis, which has some sim-
ilarities to Wegener’s granulomatosis, but the role of such
investigational regimens remains to be determined.
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Alclometasone Dipropionate (BANM, USAN, rINNM) ⊗ 
Alclométasone, Dipropionate d’; Alclometasoni Dipropionas;
Alklometasondipropionat; Alklometasonidipropionaatti; Dipro-
pionato de alclometasona; Sch-22219. 7α-Chloro-11β,17α,21-
trihydroxy-16α-methylpregna-1,4-diene-3,20-dione 17,21-di-
propionate.
Альклометазона Дипропионат
C28H37ClO7 = 521.0.
CAS — 67452-97-5 (alclometasone); 66734-13-2 (al-
clometasone dipropionate).
ATC — D07AB10; S01BA10.
ATC Vet — QD07AB10; QS01BA10.

(alclometasone)

Pharmacopoeias. In US. 
USP 31 (Alclometasone Dipropionate). Store in airtight con-
tainers.
Profile
Alclometasone dipropionate is a corticosteroid used topically for
its glucocorticoid activity (p.1490) in the treatment of various
skin disorders. It is usually used as a cream or ointment contain-
ing 0.05%. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see Topical Applica-
tion, p.1497.
Preparations
USP 31: Alclometasone Dipropionate Cream; Alclometasone Dipropion-
ate Ointment.

Proprietary Preparations (details are given in Part 3)
Austral.: Logoderm†; Chile: Logoderm†; Cz.: Afloderm; Denm.: Leged-
erm†; Fin.: Legederm†; Ger.: Delonal; Gr.: Lomesone; Hong Kong: Per-
derm; Hung.: Perderm†; Indon.: Cloderm; Perderm; Irl.: Modrasone;
Ital.: Legederm; Malaysia: Perderm†; Mex.: Logoderm; Neth.: Aclos-
one; NZ: Logoderm†; Port.: Miloderme; Rus.: Afloderm (Афлодерм);
Singapore: Perderm†; Swed.: Legederm†; Switz.: Delonal†; UK: Modra-
sone; USA: Aclovate; Venez.: Demiderm.

Aldosterone (BAN, rINN)

Aldosteron; Aldosterona; Aldostérone; Aldosteroni; Aldostero-
num; Electrocortin. 11β,18-Epoxy-18,21-dihydroxypregn-4-ene-
3,20-dione.
Альдостерон
C21H28O5 = 360.4.
CAS — 52-39-1.
ATC — H02AA01.
ATC Vet — QH02AA01.

Adverse Effects
Aldosterone has very pronounced mineralocorticoid actions and
little effect on carbohydrate metabolism. It may therefore exhibit
the mineralocorticoid adverse effects described for the corticos-
teroids in general (p.1490).
Uses and Administration
Aldosterone is the main mineralocorticoid (p.1490) secreted by

the adrenal cortex. It has no significant glucocorticoid (anti-
inflammatory) properties. 
Aldosterone has been given by intramuscular or intravenous in-
jection, with a glucocorticoid, in the treatment of primary adren-
ocortical insufficiency (p.1498) but synthetic mineralocorticoids
such as fludrocortisone (p.1530), which can be given orally, are
usually preferred. It has also been used as the sodium succinate.

Amcinonide (BAN, USAN, rINN) ⊗ 
Amcinónida; Amcinonidum; Amcinopol; CL-34699. 16α,17α-
Cyclopentylidenedioxy-9α-fluoro-11β,21-dihydroxypregna-1,4-
diene-3,20-dione 21-acetate.
Амцинонид
C28H35FO7 = 502.6.
CAS — 51022-69-6.
ATC — D07AC11.
ATC Vet — QD07AC11.

Pharmacopoeias. In US.
Profile
Amcinonide is a corticosteroid used topically for its glucocorti-
coid activity (p.1490) in the treatment of various skin disorders.
It is usually used as a cream, lotion, or ointment containing 0.1%. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see p.1497.
Preparations
USP 31: Amcinonide Cream; Amcinonide Ointment.
Proprietary Preparations (details are given in Part 3)
Belg.: Amicla; Canad.: Amcort; Cyclocort; Fr.: Penticort†; Ger.: Am-
ciderm; Mex.: Visderm H; Thai.: Amciderm; Visderm†; USA: Cyclocort†.

Beclometasone Dipropionate 

(BANM, rINNM) ⊗ 
Béclométasone, dipropionate de; Beclometasoni dipropionas;
Beclometasoni Diproprionas; Beclomethasone Dipropionate
(USAN); Beklometasondipropionat; Beklometason-dipropionát;
Beklometasonidipropionaatti; Beklometazon Dipropiyonat; Bek-
lometazon-diproprionát; Beklometazono dipropionatas; Bek-
lometazonu dipropionian; 9α-Chloro-16β-methylprednisolone
Dipropionate; Dipropionato de beclometasona; Sch-18020W.
9α-Chloro-11β,17α,21-trihydroxy-16β-methylpregna-1,4-diene-
3,20-dione 17,21-dipropionate.
Беклометазона Дипропионат
C28H37ClO7 = 521.0.
CAS — 4419-39-0 (beclometasone); 5534-09-8 (beclom-
etasone dipropionate).
ATC — A07EA07; D07AC15; R01AD01; R03BA01.
ATC Vet — QA07EA07; QD07AC15; QR01AD01;
QR03BA01.

(beclometasone)

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., and Jpn. 
US allows either the anhydrous or monohydrate form. Eur. also
includes a separate monograph for the monohydrate. 
Ph. Eur. 6.2 (Beclometasone Dipropionate, Anhydrous). A
white or almost white, crystalline powder. Practically insoluble

in water; sparingly soluble in alcohol; freely soluble in acetone.
Protect from light. 
Ph. Eur. 6.2 (Beclometasone Dipropionate Monohydrate). A
white or almost white powder. Practically insoluble in water;
sparingly soluble in alcohol; freely soluble in acetone. Protect
from light. 
USP 31 (Beclomethasone Dipropionate). It is anhydrous or con-
tains one molecule of water of hydration. A white to cream
white, odourless powder. Very slightly soluble in water; freely
soluble in alcohol and in acetone; very soluble in chloroform.

Adverse Effects, Treatment, Withdrawal,
and Precautions
As for corticosteroids in general (p.1490). 
Adrenal suppression may occur in some patients treat-
ed with high-dose long-term inhalation therapy for
asthma. It has been stated that in the majority of pa-
tients no significant suppression is likely to occur when
total daily doses of less than 1.5 mg are used (but see
Adrenal Suppression, below). 
When applied topically, particularly to large areas,
when the skin is broken, or under occlusive dressings,
corticosteroids may be absorbed in sufficient amounts
to cause systemic effects. Systemic absorption may
also follow nasal use, particularly after high doses or
prolonged treatment.
Adrenal suppression. The problem of adrenal suppression
with corticosteroids is discussed on p.1491. Listed below are
some references and correspondence concerning adrenal sup-
pression due to beclometasone inhalation therapy,1-8 in some cas-
es occurring with doses below 1.5 mg daily.6 However, one study
found that function of the hypothalamic-pituitary-adrenal axis
remained normal in most patients at beclometasone doses below
3 mg daily.9
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Candidiasis. Results of a study involving 229 asthmatic chil-
dren indicated that the presence of a sore throat or a hoarse voice
was not related to the presence of Candida or to treatment with
inhaled beclometasone.1 The occurrence of only one clinical
case of oral candidiasis in 129 of the children receiving beclo-
metasone confirmed previous observations that it is an uncom-
mon finding in children compared with the reported incidence of
between 4.5 and 13% in adults. The incidence of colonisation
with Candida was greater in those children who received cortico-
steroids than in those who did not but was not affected by either
the dose or type of inhaler used.
1. Shaw NJ, Edmunds AT. Inhaled beclomethasone and oral candi-

diasis. Arch Dis Child 1986;  61: 788–90.

Effects on the bones. The adverse effects of corticosteroids in
general on bones are discussed on p.1491. 
Studies in healthy subjects have shown that inhaled beclometa-
sone dipropionate can suppress bone metabolism.1-3 These stud-
ies measured biochemical markers such as serum-osteocalcin
concentrations, serum alkaline phosphatase activity, and urinary
hydroxyproline-creatinine ratio, over short periods of time. An-
other study found that markers of collagen turnover, but not os-
teocalcin, were reduced by beclometasone or budesonide
800 micrograms daily in mildly asthmatic children.4 Results are
difficult to interpret since osteocalcin concentrations are reduced
in patients with asthma regardless of treatment,5 and it is uncer-
tain whether significant bone loss does occur in practice. One 12-
month study6 in adults with asthma found that biochemical
markers showed suppressed bone formation from inhaled be-
clometasone, and that there was some loss of bone mineral den-
sity from the hip. This study also found that inhaled fluticasone,
in equivalent therapeutic doses, may have less adverse effect on
bone. Another, smaller, study7 found no adverse effects from be-
clometasone or fluticasone on bone mass or metabolism. In a
study8 of asthmatic children, comparing those treated with in-
haled budesonide with those who received no corticosteroids, an
average daily dose of about 500 micrograms budesonide for 3 to
6 years did not adversely affect bone density and mineral meas-
ures.
1. Pouw EM, et al. Beclomethasone inhalation decreases serum os-
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Effects on growth. Meta-analysis of 3 eligible studies (out of
92 examined) concluded that inhaled beclometasone therapy at a
dose of 400 micrograms daily may cause a 1.54 cm/year de-
crease in growth in children with mild to moderate asthma.1 The
long-term effects of treatment are unknown, and therefore it is
not clear whether catch-up growth will occur on stopping thera-
py. The lowest possible dose of corticosteroid therapy should be
used in asthma, and growth should be monitored.1 There is also
evidence2 that long-term intranasal beclometasone for the treat-
ment of allergic rhinitis can slow growth in children; the effect on
final height is unknown. For further details of the effects of cor-
ticosteroids on growth, see p.1492.
1. Sharek PJ, et al. Beclomethasone for asthma in children: effects

on linear growth. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 1999 (ac-
cessed 12/05/05). 
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Effects on the lungs. Pulmonary eosinophilia has occurred in
patients treated with inhaled beclometasone.1-4
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Hypersensitivity. There have been reports of asthmatic reac-
tions to beclometasone dipropionate inhalations, possibly associ-
ated with materials used in their formulation, or with the contain-
ers.1-4
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4. Beasley R, et al. Benzalkonium chloride and bronchoconstric-
tion. Lancet 1986; ii: 1227.

Reformulation. Reformulation of some metered-dose inhalers
to use a chlorofluorocarbon (CFC)-free propellant has resulted in
a change of efficacy. One CFC-free product (Qvar, UK) is report-
ed to be effective at about half the dose1 required with the stand-
ard product (see Uses and Administration, below) and the UK
CSM has issued a reminder of the need for dosage reduction
when converting from the conventional formulation to this prod-
uct.2 An open-label, crossover study in healthy subjects also
found higher beclometasone plasma concentrations after use of
another brand (Beclozone, Eire) of CFC-free product.3 However,
this dose reduction does not apply to all CFC-free formulations
of beclometasone. A review4 concluded that good studies on the
bioequivalence between the reference beclometasone prepara-
tion and the newer CFC-free formulations are not available.
1. Davies RJ, et al. Hydrofluoroalkane-134a beclomethasone di-

propionate extrafine aerosol provides equivalent asthma control
to chlorofluorocarbon beclomethasone dipropionate at approxi-
mately half the total daily dose. Respir Med 1998; 92 (suppl):
23–31. 

2. CSM/MCA. Dose of CFC-free inhaled beclomethasone (Qvar).
Current  Problems  1999;  25:  5–6.  Also available  at :
http://www.mhra.gov.uk/home/idcplg?IdcService=GET_FILE&
dDocName=CON2023235&RevisionSelectionMethod=
LatestReleased (accessed 06/07/06) 

3. Lipworth BJ, Jackson CM. Pharmacokinetics of chlorofluorocar-
bon and hydrofluoroalkane metered-dose inhaler formulations of
beclomethasone dipropionate. Br J Clin Pharmacol 1999; 48:
866–8. 

4. Derom E, Pauwels RA. Pharmacokinetic and pharmacodynamic
properties of inhaled beclometasone dipropionate delivered via
hydrofluoroalkane-containing devices. Clin Pharmacokinet
2005; 44: 815–36.

Interactions
The interactions of corticosteroids in general are de-
scribed on p.1494.

Pharmacokinetics
For a brief outline of the pharmacokinetics of corticos-
teroids, see p.1495. Beclometasone is stated to be read-
ily absorbed from sites of local application, and rapidly
distributed to all body tissues. It is metabolised princi-
pally in the liver, but also in other tissues including gas-
trointestinal tract and lung; enzymatic hydrolysis rap-
idly produces the monopropionate (which has some
glucocorticoid activity), and, more slowly, the free al-
cohol, which is virtually devoid of activity. Only a
small proportion of an absorbed dose is excreted in
urine, the remainder being excreted in the faeces main-
ly as metabolites.

Uses and Administration
Beclometasone dipropionate is a corticosteroid with
mainly glucocorticoid activity (p.1490) that is stated to
exert a topical effect on the lungs without significant
systemic activity at recommended doses (but see Adre-
nal Suppression under Adverse Effects, above). It is
used by inhalation, generally from a metered-dose
aerosol, for the prophylaxis of asthma (see below). 

Many formulations are now available, with differing
dosage regimens, and the appropriate product literature
should be consulted before starting therapy or chang-
ing to another formulation. Furthermore in the UK the
doses of beclometasone dipropionate for asthma and
rhinitis are expressed in units of 50 micrograms or
multiples thereof (dose supplied into the mouthpiece
per actuation) whereas in the USA the dose-unit is
42 micrograms or multiples thereof (dose emitted from
the mouthpiece); recommended doses therefore appear
somewhat lower in the USA than the UK doses given
below, although in practical terms there is probably no
difference. 

In the UK the adult dosage of the conventional aero-
sol and some dry powder inhalers is usually
400 micrograms daily, inhaled in 2 to 4 divided doses
for maintenance treatment; if necessary, 600 to
800 micrograms may be inhaled daily initially, subse-
quently adjusted according to the patient’s response. In
patients with severe asthma or in those showing only a
partial response to standard inhalation doses, high-dose
inhalation therapy may be considered; doses of 1 mg
daily (250 micrograms four t imes daily or
500 micrograms twice daily) may be used and may be
increased to 1.5 to 2 mg daily (500 micrograms three
or four times daily) if necessary; a maximum of 2 mg
daily should not be exceeded. In children, 50 or
100 micrograms may be inhaled 2 to 4 times daily ac-
cording to the response or alternatively, 100 or
200 micrograms may be inhaled twice daily. 

Although beclometasone dipropionate is generally in-
haled in aerosol form, inhalation capsules or discs
containing powder for inhalation are available for pa-
tients who experience difficulty in using the aerosol.
Owing to differences in the relative bioavailability to
the lungs a 100-microgram dose from an inhalation
capsule or disc is approximately equivalent in activity
to a 50-microgram dose from a conventional aerosol.
Recommended maintenance doses of beclometasone
dipropionate from inhalation capsules or discs are
therefore higher: 200 micrograms inhaled 3 or 4 times
daily or 400 micrograms inhaled twice daily for adults,
and 100 micrograms inhaled 2 to 4 times daily or
200 micrograms inhaled twice daily for children. Up to
800 micrograms twice daily may be inhaled if neces-
sary in adults requiring high-dose therapy. 

In some countries beclometasone dipropionate is now
available as a CFC-free aerosol. Because of changes
in particle size the dose required from some such inhal-
ers may be lower than that from a conventional aero-
sol: typical UK doses for one product (Qvar) range
from 100 to 200 micrograms daily in mild asthma to
400 to 800 micrograms daily in severe asthma, given
as 2 divided doses. 

Inhalation of nebulised beclometasone dipropionate
has also been used in the management of asthma in
children. 
Beclometasone dipropionate is also used as a nasal
spray in the prophylaxis and treatment of allergic and
non-allergic rhinitis (p.565). Usual doses are
100 micrograms in each nostril twice daily or
50 micrograms in each nostril 3 or 4 times daily; a total
of 400 micrograms daily should not generally be ex-
ceeded. A dose of 50 micrograms in each nostril twice
daily may be sufficient for prophylaxis. The nasal
spray is also used to prevent recurrence of nasal polyps
after surgical removal (p.1508). 
Beclometasone dipropionate is also used topically in
the treatment of various skin disorders. It is generally
applied as a cream or ointment containing 0.025%. Be-
clometasone salicylate has also been used topically.
For recommendations concerning the correct use of
corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see
p.1497.
Adenoidal hypertrophy. Although normally managed by sur-
gery (or if less severe simply by symptomatic relief) adenoidal
hypertrophy in children was reported to respond to aqueous nasal
beclometasone 336 micrograms daily in an 8-week crossover
study.1 Improvements in adenoidal obstruction and symptom
scores were enhanced in a subsequent 16-week follow-on study
using 168 micrograms daily. Another similar study,2 of an initial
4-week crossover period followed by 24 weeks of open-label
treatment, found symptomatic improvements in about half of the
patients, and at 100 weeks there was a decrease in the rate of
adenotonsillectomy in children who had responded to beclom-
etasone compared with nonresponders.
1. Demain JG, Goetz DW. Pediatric adenoidal hypertrophy and na-

sal airway obstruction: reduction with aqueous nasal beclometh-
asone. Pediatrics 1995; 95: 355–64. 

2. Criscuoli G, et al. Frequency of surgery among children who have
adenotonsillar hypertrophy and improve after treatment with nasal
beclomethasone. Abstract: Pediatrics 2003; 111: 663. Full version:
http://pediatrics.aappublications.org/cgi/content/full/111/3/e236
(accessed 27/04/04)

Asthma. Corticosteroids and beta2-adrenoceptor agonists form
the cornerstone of the management of asthma (p.1108). Patients
requiring only occasional relief from symptoms may be man-
aged with an inhaled short-acting beta2 agonist, and an inhaled
corticosteroid such as beclometasone is added if symptomatic re-
lief is needed more than once daily. In more severe asthma other
drugs may be added (combination with a long-acting beta2 ago-
nist may have synergistic benefits), or the dose of inhaled corti-
costeroid may be increased. 
High-dose regimens may pose problems of compliance if be-
clometasone must be inhaled several times daily. However, one
study1 found once-daily inhalation to be as effective as the same
dose divided into 2 daily inhalations in short-term control of
moderate asthma. Also there have been doubts that increasing
the dose of inhaled beclometasone brings about increased bene-
fits,2 but guidelines and clinical practice suggest that improved
control can often be achieved by increasing the dose. A system-
atic review3 noted that while there was little evidence of an effect
of dose titration above 400 micrograms daily in those with mild
to moderate asthma, evidence was lacking in patients with more
severe disease (who are more likely to be given high-dose thera-
py), and studies were needed to resolve the question. 
Inhalation of beclometasone dipropionate as a nebulised solution
has been found to be useful in the management of severe asthma
in children aged 2 years or under previously unresponsive to oth-
er drugs.4 Nebulised beclometasone dipropionate was also effec-
tive in the management of recurrent episodes of bronchopulmo-
nary obstruction following bronchiolitis in children under 2 years
of age.5 However, in other reports nebulised beclometasone di-
propionate, although more effective than saline in pre-school
children, produced a response less than that usually observed
with inhalation of beclometasone from an aerosol or capsules,6
or no benefit at all.7 This may have been due to beclometasone
somehow failing to reach the lungs.8 In pre-school children able
to use a spacer device with a metered aerosol, intermittent thera-
py with high-dose beclometasone dipropionate, given at the first
sign of symptoms, reduced the severity of acute episodic asth-
ma.9
1. Gagnon M, et al. Comparative safety and efficacy of single or

twice daily administration of inhaled beclomethasone in moder-
ate asthma. Chest 1994; 105: 1732–7. 

2. Boe J, et al. High-dose inhaled steroids in asthmatics: moderate
efficacy gain and suppression of the hypothalamic-pituitary-ad-
renal axis. Eur Respir J 1994; 7: 2179–84. 

3. Adams NP, et al. Beclomethasone versus placebo for chronic
asthma. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2005 (accessed
22/08/08). 

4. Pedersen W, Prahl P. Jet-nebulized beclomethasone dipropionate
in the management of bronchial asthma: topical steroids for asth-
matic children younger than 4 years. Allergy 1987; 42: 272–5. 
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5. Carlsen KH, et al. Nebulised beclomethasone dipropionate in re-

current obstructive episodes after acute bronchiolitis. Arch Dis
Child 1988; 63: 1428–33. 

6. Storr J, et al. Nebulised beclomethasone dipropionate in pre-
school asthma. Arch Dis Child 1986; 61: 270–3. 

7. Webb MSC, et al. Nebulised beclomethasone dipropionate sus-
pension. Arch Dis Child 1986; 61: 1108–10. 

8. Clarke SW. Nebulised beclomethasone dipropionate suspension:
commentary. Arch Dis Child 1986; 61: 1110. 

9. Wilson NM, Silverman M. Treatment of acute, episodic asthma
in preschool children using intermittent high dose inhaled ster-
oids at home. Arch Dis Child 1990; 65: 407–10.

Chronic obstructive pulmonary disease. For discussion of
the value of inhaled corticosteroids in chronic obstructive pulmo-
nary disease, see p.1501.
Cough. In children with recurrent cough inhalation of beclom-
etasone 200 micrograms twice daily from a conventional aerosol
or salbutamol 200 micrograms twice daily had no effect on
cough frequency or severity.1 However, in another study of 200
adults, use of beclometasone, salbutamol, or sodium cromogli-
cate (all in aerosol formulation) given 15 minutes before anaes-
thesia, significantly decreased coughing caused by fentanyl
when compared with placebo. Of the 50 patients given beclom-
etasone, none experienced coughing.2
1. Chang AB, et al. A randomised, placebo controlled trial of in-

haled salbutamol and beclomethasone for recurrent cough. Arch
Dis Child 1998; 79: 6–11. 

2. Agarwal A, et al. Salbutamol, beclomethasone or sodium chro-
moglycate suppress coughing induced by iv fentanyl. Can J An-
esth 2003; 50: 297–300.

Graft-versus-host disease. Beclometasone is under investi-
gation for its topical effect in the treatment of intestinal graft-
versus-host disease (GVHD). A study1 in patients with acute in-
testinal GVHD after bone marrow transplantation (see Haemat-
opoietic Stem Cell Transplantation, p.1811) found that addition
of oral beclometasone to prednisolone therapy was associated
with a greater proportion of durable responses after 30 days. Re-
peated courses may be needed in some patients to achieve and
maintain response, but prolonged therapy appears to be feasible.2
1. McDonald GB, et al. Oral beclomethasone dipropionate for

treatment of intestinal graft-versus-host disease: a randomized,
controlled trial. Gastroenterology 1998; 115: 28–35. 

2. Iyer RV, et al. Long-term use of oral beclomethasone dipropion-
ate for the treatment of gastrointestinal graft-versus-host disease.
Biol Blood Marrow Transplant 2005; 11: 587–92.

Inf lammatory bowel disease .  Beclometasone
500 micrograms given nightly as an enema was as effective as
betamethasone 5 mg enemas in the treatment of acute attacks of
distal ulcerative colitis.1 Although betamethasone produced
slightly superior histological improvement and faster disappear-
ance of blood from the stools, systemic adverse effects observed
with betamethasone therapy were absent in patients treated with
beclometasone. 
Comparisons of beclometasone dipropionate enemas (3 mg)
with prednisolone sodium phosphate enemas2 (30 mg) or me-
salazine enemas3 (1 g) found them to be equally effective. Treat-
ment was well tolerated. Beclometasone dipropionate has also
been investigated for the oral treatment of ulcerative colitis.4,5 
For a review of the management of inflammatory bowel disease,
including the role of corticosteroids, see p.1697.
1. Halpern Z, et al. A controlled trial of beclomethasone versus bet-

amethasone enemas in distal ulcerative colitis. J Clin Gastroen-
terol 1991; 13: 38–41. 

2. Campieri M, et al. Beclomethasone dipropionate enemas versus
prednisolone sodium phosphate enemas in the treatment of distal
ulcerative colitis. Aliment Pharmacol Ther 1998; 121: 361–6. 

3. Gionchetti P, et al. Italian BDP Study Group. Topical treatment
of distal active ulcerative colitis with beclomethasone dipropion-
ate or mesalamine: a single-blind randomized controlled trial. J
Clin Gastroenterol 2005; 39: 291–7. 

4. Rizzello F, et al. Oral beclometasone dipropionate in the treat-
ment of active ulcerative colitis: a double-blind placebo-control-
led study. Aliment Pharmacol Ther 2002; 16: 1109–16. 

5. Campieri M, et al. Oral beclometasone dipropionate in the treat-
ment of extensive and left-sided active ulcerative colitis: a mul-
ticentre randomised study. Aliment Pharmacol Ther 2003; 17:
1471–80.

Preparations
BP 2008: Beclometasone Cream; Beclometasone Nasal Spray; Beclometa-
sone Ointment; Beclometasone Powder for Inhalation; Beclometasone
Pressurised Inhalation.
Proprietary Preparations (details are given in Part 3)
Arg.: Airbeclosona; Egosona†; Menaderm Simple; Propavent; Qvar†; Rec-
tomenaderm; Rinosol; Austral.: Aldecin†; Becloforte†; Beconase; Beco-
nase Hayfever; Becotide; Qvar; Austria: Aerocortin; Beclomet; Beconase;
Becotide; Clenil; Belg.: Beclometatop; Beclophar; Beconase; Becotide†;
Qvar; Braz.: Alerfin; Beclosol; Clenil; Miflasona; Canad.: Gen-Beclo; Pro-
paderm; Qvar ; Rivanase; Chile: Beclosema; Beclovent†; Beconase†;
Destap; Filair ; Flumates; Xiten†; Cz.: Aldecin; Beclazone†; Becloforte; Be-
clomet; Becodisks; Beconase; Becotide; Clenil; Ecobec; Miflason†; Nasobec;
Denm.: AeroBec; Beclomet; Beconase; Fin.: AeroBec; Beclomet; Beclona-
sal; Beconase; Becotide†; Fr.: Asmabec; Beclo-Rhino; Beclojet; Beclone; Be-
clospin; Beconase; Becotide; Bemedrex; Ecobec; Humex Rhume des Foins;
Miflasone; Nexxair; Prolair ; Qvar; Spir†; Ger.: AeroBec; Beclo; Beclo Sioz-
wo†; Beclobreathe; Beclohexal; Beclomet; Beclorhinol; Becloturmant; Beco-
nase Aquosum; Bronchocort; Junik; ratioAllerg; Rhinivict; Sanasthmax; Sa-
nasthmyl; Ventolair ; Viarox†; Gr.: Beclomet†; Becolex; Becotide†; Bidiclin;
Clenil Forte Jet; Clenil Rino; Clenil†; Qvar; Respocort; Rinosol; Hong
Kong: Aldecin†; Beclate; Beclazone; Beclo Asma†; Becloforte†; Becodisks;
Beconase; Becotide; Cycloson; Nasobec; Qvar; Hung.: Aldecin†; Beclom-
et†; Beclonasal; Ecobec†; India: Beclate; Indon.: Beclomet; Beconase; Be-
cotide; Cleniderm; Irl.: AeroBec†; Asmabec; Beclazone; Beclo-Rhino; Beco-
disks†; Beconase; Becotide; Nasobec; Qvar; Israel: Becloforte; Beconase†;

Becotide†; Rhinocort; Viarex; Ital.: Becotide; Becotide A†; Bronco-Tur-
binal†; Clenil; Clenilexx; Clipper; Klostenal; Menaderm Simplex; Prontinal;
Rino Clenil; Topster; Turbinal; Jpn: Propaderm; Rhinocort; Salcoat; Malay-
sia: Atomase†; Beclate; Beclazone; Becloforte†; Beclomet; Beconase; Be-
cotide†; Clenil; Qvar; Mex.: Beclazone; Beconase; Becotide; Dobipro; Rif-
erina; Neth.: AeroBec†; Aldecin; Beclodin; Becloforte; Beconase; Becotide;
Clenil; Qvar; Viarin; Norw.: AeroBec; Beclomet; Becotide; NZ: Alanase;
Atomase; Atomide†; Beclazone; Beconase Hayfever; Miflasone†; Qvar; Re-
spocort; Philipp.: Qvar; Pol.: Becodisk; Cortare; Nasobec; Port.: Aldeci-
na†; Beclotaide; Beconase; Clenil; Ecobec; Rus.: Aldecin (Альдецин); Becla-
zone (Беклазон); Beclofor te (Беклофорте); Beclojet (Беклоджет);
Becodisk (Бекодиск); Beconase (Беконазе)†; Becotide (Бекотид); Clenil
(Кленил); Nasobec (Насобек); S.Afr.: AeroBec†; Anceron†; Beceze†; Be-
clate; Becloforte; Becodisks†; Beconase; Becotide; Clenil†; Cycloson†;
Nobec†; Qvar; Ventnaze; Viarox†; Singapore: Atomase†; Beclazone†; Be-
clo Asma; Becloforte†; Beclomet; Becotide†; Clenil†; Decomit; Qvar†; Rino
Clenil†; Spain: Asmabec†; Beclo Asma; Beclo Rino; Becloenema; Beclofor-
te; Beclomet; Beclosona; Beconase; Becotide; Betsuril†; Broncivent†; Deca-
sona†; Dereme; Menaderm Simple; Qvar†; Recto Menaderm NF; Swed.:
AeroBec; Beclomet; Becotide; Switz.: AeroBec†; BECeco; Becloforte†; Be-
clomet†; Beclonarin; Becodisk; Beconase; Beconasol; Becotide†; Thai.:
Atomase; Becloforte†; Beclomet; Becodisk†; Beconase; Becotide†; Bemase;
Clenil; Rino Clenil; Turk.: Becloforte; Becodisks; Becotide; Beklamet; Bekla-
zon; Filair ; UAE: Beclohale; UK: AeroBec; Asmabec; Beceze; Beclazone;
Becloforte†; Beclogen; Becodisks; Beconase; Becotide†; Clenil; Clipper ;
Filair ; Hayfever Relief; Nasal-Bec†; Nasobec; Pollenase Nasal; Propaderm†;
Pulvinal Beclometasone Dipropionate; Qvar ; Vivabec; USA: Beclovent;
Beconase; Qvar; Vancenase†; Venez.: Aldecina†; Beclofortil; Beclomet†;
Beclorino; Beclosil; Beconase; Biobeclasona; Biobeclod; Genbeclo; Nasair;
Rinoclenil†.
Multi-ingredient: Arg.: Beclasma; Biotaer Gamma†; Biotaer Nebulizable;
Butocort; Butosol; Menaderm N; Salbutol Beclo; Ventide; Austria: Ventide;
Braz.: Aerotide; Clenil Compositum; Chile: Aero-Plus; Aerosoma; As-
mavent-B; Beclasma†; Belomet; Broncoterol-B†; Butotal B; Herolan Aero-
sol; Ventide; Cz.: Clenigen†; Combair ; Formodual; Fr.: Innovair ; Hong
Kong: Ventide; India: Aerocort; Anovate; Beclate-C; Beclate-N; Candibi-
otic; Candid B; Candiderma +; Candiderma†; Cloben-G; Clocip B; Clocip
NB; Cutinorm†; Ecodax†; NC-Derm; Otek-AC+; Pilovate; Sigmaderm;
Stecort-NM; Translipo-Triple; Indon.: Ventide; Ital.: Clenil Compositum;
Menaderm; Ventolin Flogo†; Mex.: Ventide; Philipp.: Candibec; Port.:
Formodual; Foster; Rus.: Candibiotic (Кандибиотик); Candid B (Кандид
Б); Singapore: Clenil Compositum†; Ventide†; Spain: Butosol; Menaderm
Clio; Menaderm Neomicina; Menaderm Otologico; Thai.: Clenil Composi-
tum; Ventide†; Turk.: Ventide; UK: Fostair ; Venez.: Aerocort; Beclomet
Compositum†; Beclosal; Butosol; Salbutide†; Venticort; Ventide.

Betamethasone (BAN, USAN, rINN) ⊗ 
Beetametasoni; Betadexamethasone; Betametason; Betametaso-
na; Betametazon; Betametazonas; Betamethason; Bétamétha-
sone; Betamethasonum; Flubenisolone; Flubenisolonum; 9α-
Fluoro-16β-methylprednisolone; β-Methasone; NSC-39470;
Sch-4831. 9α-Fluoro-11β,17α,21-trihydroxy-16β-methylpregna-
1,4-diene-3,20-dione.
Бетаметазон
C22H29FO5 = 392.5.
CAS — 378-44-9.
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QD07XC01; QH02AB01; QR01AD06; QR03BA04;
QS01BA06; QS01CB04; QS02BA07; QS03BA03.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Betamethasone). A white or almost white, crystal-
line powder. Practically insoluble in water; sparingly soluble in
dehydrated alcohol; very slightly soluble in dichloromethane.
Protect from light. 
USP 31 (Betamethasone). A white to practically white, odour-
less, crystalline powder. Soluble 1 in 5300 of water, 1 in 65 of al-
cohol, 1 in 15 of warm alcohol, 1 in 325 of chloroform, and 1 in
3 of methyl alcohol; sparingly soluble in acetone and in dioxan;
very slightly soluble in ether. Store in airtight containers at a tem-
perature between 2° and 30°.

Betamethasone Acetate (BANM, rINNM) ⊗ 
Acetato de betametasona; Beetametasoniasetaatti; Betameta-
sonacetat; Betametazon Asetat; Betametazon-acetát; Betameta-
zono acetatas; Betamethason-acetát; Bétaméthasone, acétate
de; Betamethasoni acetas. Betamethasone 21-acetate.
Бетаметазона Ацетат
C24H31FO6 = 434.5.
CAS — 987-24-6.
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QH02AB01; QR01AD06; QR03BA04; QS01BA06;
QS02BA07; QS03BA03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Betamethasone Acetate). A white or almost white,
crystalline powder. Practically insoluble in water; soluble in al-
cohol and in dichloromethane; freely soluble in acetone. It shows
polymorphism. Protect from light. 
USP 31 (Betamethasone Acetate). A white to creamy-white,
odourless powder. Soluble 1 in 2000 of water, 1 in 9 of alcohol,
and 1 in 16 of chloroform; freely soluble in acetone. Store in air-
tight containers at a temperature between 2° and 30°.

Betamethasone Benzoate (BANM, USAN, rINNM) ⊗ 
Benzoato de betametasona; Bétaméthasone, Benzoate de; Beta-
methasoni Benzoas; W-5975. Betamethasone 17α-benzoate.
Бетаметазона Бензоат
C29H33FO6 = 496.6.
CAS — 22298-29-9.
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QH02AB01; QR01AD06; QR03BA04; QS01BA06;
QS02BA07; QS03BA03.
Pharmacopoeias. In US. 
USP 31 (Betamethasone Benzoate). A white to practically
white, practically odourless, powder. Insoluble in water; soluble
in alcohol, in chloroform, and in methyl alcohol. Store in airtight
containers at a temperature between 2° and 30°.

Betamethasone Dipropionate 

(BANM, USAN, rINNM) ⊗ 
Beetametasonidipropionaatti; Betametasondipropionat; Beta-
metazon Dipropiyonat; Betametazon-dipropionát; Betametazo-
no dipropionatas; Betametazonu dipropionian; Betamethason-
dipropionát; Bétaméthasone, dipropionate de; Betamethasoni
dipropionas; Dipropionato de betametasona; Sch-11460. Beta-
methasone 17α,21-dipropionate.
Бетаметазона Дипропионат
C28H37FO7 = 504.6.
CAS — 5593-20-4.
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QH02AB01; QR01AD06; QR03BA04; QS01BA06;
QS02BA07; QS03BA03.

NOTE. Compounded preparations of betamethasone dipropionate
may be represented by the following names: 
• Co-climasone (PEN)—clotrimazole and betamethasone di-

propionate.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Betamethasone Dipropionate). A white or almost
white, crystalline powder. Practically insoluble in water; sparing-
ly soluble in alcohol; freely soluble in acetone and in dichlo-
romethane. Protect from light. 
USP 31 (Betamethasone Dipropionate). A white to cream-
white, odourless powder. Insoluble in water; sparingly soluble in
alcohol; freely soluble in acetone and in chloroform. Store in air-
tight containers at a temperature of 25°, excursions permitted be-
tween 15° and 30°.

Betamethasone Sodium Phosphate 

(BANM, rINNM) ⊗ 
Beetametasoninatriumfosfaatti; Betametasonnatrifosfatum; Beta-
metazon Disodyum Fosfat; Betametazon-nátrium-foszfát; Beta-
metazono natrio fosfatas; Betamethasone Disodium Phosphate;
Bétaméthasone, phosphate sodique de; Betamethason-fosfát
sodná sůl; Betamethasoni natrii phosphas; Fosfato sódico de bet-
ametasona; Natrii Betamethasoni Phosphas. Betamethasone 21-
(disodium phosphate).
Натрия Бетаметазона Фосфат
C22H28FNa2O8P = 516.4.
CAS — 360-63-4 (betamethasone phosphate); 151-73-5
(betamethasone sodium phosphate).
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QH02AB01; QR01AD06; QR03BA04; QS01BA06;
QS02BA07; QS03BA03.

NOTE. BET is a code approved by the BP 2008 for use on single
unit doses of eye drops containing betamethasone sodium phos-
phate where the individual container may be too small to bear all
the appropriate labelling information.
Pharmacopoeias. In Eur. (see p.vii), Jpn, and US. 
Ph. Eur. 6.2 (Betamethasone Sodium Phosphate). A white or al-
most white, very hygroscopic, powder. Freely soluble in water;
slightly soluble in alcohol; practically insoluble in dichlorometh-
ane. A 1% solution in water has a pH of 7.5 to 9.0. Store in air-
tight containers. Protect from light. 
USP 31 (Betamethasone Sodium Phosphate). A white to practi-
cally white, odourless, hygroscopic, powder. Soluble 1 in 2 of
water and 1 in 470 of alcohol; freely soluble in methyl alcohol;
practically insoluble in acetone and in chloroform. Store in air-
tight containers.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Betamethasone Valerate (BANM, USAN, rINNM) ⊗ 
Beetametasonivaleraatti; Betametasonvalerat; Betametazon
Valerat; Betametazono valeratas; Betametazonu walerianian; Bet-
ametazon-valerát; Bétaméthasone, valérate de; Betamethasoni
valeras; Betamethason-valerát; Valerato de betametasona. Beta-
methasone 17α-valerate.
Бетаметазона Валерат
C27H37FO6 = 476.6.
CAS — 2152-44-5.
ATC — A07EA04; C05AA05; D07AC01; H02AB01;
R01AD06; R03BA04; S01BA06; S02BA07; S03BA03.
ATC Vet — QA07EA04; QC05AA05; QD07AC01;
QH02AB01; QR01AD06; QR03BA04; QS01BA06;
QS02BA07; QS03BA03.
Pharmacopoeias. In Eur. (see p.vii), Int., Jpn, US, and Viet. 
Ph. Eur. 6.2 (Betamethasone Valerate). A white or almost
white, crystalline powder. Practically insoluble in water; soluble
in alcohol; freely soluble in acetone and in dichloromethane. Pro-
tect from light. 
USP 31 (Betamethasone Valerate). A white to practically white,
odourless, powder. Practically insoluble in water; soluble 1 in 16
of alcohol, 1 in less than 10 of chloroform, and 1 in 400 of ether;
freely soluble in acetone; slightly soluble in benzene. Store in air-
tight containers.

Adverse Effects, Treatment, Withdrawal,
and Precautions
As for corticosteroids in general (see p.1490). 
Betamethasone has little or no effect on sodium and
water retention. 
When applied topically, particularly to large areas,
when the skin is broken, or under occlusive dressings,
or when given intranasally, corticosteroids may be ab-
sorbed in sufficient amounts to cause systemic effects.
Prolonged use of ophthalmic preparations containing
corticosteroids has caused raised intra-ocular pressure
and reduced visual function.
Anosmia. Complete anosmia was reported in 2 patients after
the use of nasal drops containing betamethasone and neomycin
sulfate1 and, in one patient, showed no sign of resolving 1 year
later. The reaction was thought to be due to the preservative thi-
omersal present in the drops, although it was noted that neomy-
cin could exert a toxic effect on the olfactory mucosa and that
there have been several reports of anosmia associated with the
use of betamethasone alone.
1. Whittet HB, et al. Anosmia due to nasal administration of corti-

costeroid. BMJ 1991; 303: 651.

Interactions
The interactions of corticosteroids in general are de-
scribed on p.1494.

Pharmacokinetics
For a brief outline of the pharmacokinetics of corticos-
teroids, see p.1495. Betamethasone crosses the placen-
ta.

Uses and Administration
Betamethasone is a corticosteroid with mainly gluco-
corticoid activity (p.1490); the anti-inflammatory ac-
tivity of 750 micrograms of betamethasone is equiva-
lent to about 5 mg of prednisolone. It has been used,
either in the form of the free alcohol or in one of the
esterified forms, in the treatment of conditions for
which corticosteroid therapy is indicated (p.1495), ex-
cept adrenal-deficiency states for which hydrocorti-
sone with supplementary fludrocortisone is preferred.
Its virtual lack of mineralocorticoid properties makes
betamethasone particularly suitable for treating condi-
tions in which water retention would be a disadvan-
tage. 
The dose is usually expressed in terms of the base, and
the following are each equivalent to about 1 mg of bet-
amethasone: 
• betamethasone acetate 1.1 mg 
• betamethasone benzoate 1.3 mg 
• betamethasone dipropionate 1.3 mg 
• betamethasone sodium phosphate 1.3 mg 
• betamethasone valerate 1.2 mg 
When given orally betamethasone or betamethasone
sodium phosphate are used; the usual dose, expressed
in terms of betamethasone, ranges from 0.5 to 5 mg
daily. 

For parenteral use the sodium phosphate ester may be
given intravenously by injection or infusion or intra-
muscularly by injection in doses equivalent to 4 to
20 mg of betamethasone. It may also be given by local
injection into soft tissues in doses equivalent to 4 to
8 mg of betamethasone. Doses in children, as a slow
intravenous injection, are: 
• infants aged up to 1 year: the equivalent of 1 mg of

betamethasone 
• 1 to 5 years: 2 mg 
• 6 to 12 years: 4 mg 
Doses may be repeated 3 or 4 times in 24 hours if nec-
essary, depending on the condition being treated and
the clinical response. The sodium phosphate ester is
also sometimes used with the acetate or dipropionate
esters, which have a slower and more prolonged action. 
Betamethasone sodium phosphate is also used in the
topical treatment of allergic and inflammatory condi-
tions of the eyes, ears, or nose, usually as drops or oint-
ment containing 0.1%. 
For topical application in the treatment of various skin
disorders the dipropionate and valerate esters of beta-
methasone are extensively used; the usual concentra-
tions available are the equivalent of 0.05% of betame-
thasone as the dipropionate, and 0.025 or 0.1% as the
valerate. For recommendations concerning the correct
use of corticosteroids on the skin, and a rough guide to
the clinical potencies of topical corticosteroids, see
p.1497. 
Betamethasone valerate has also been used by inhala-
tion for the prophylaxis of asthma. 
Other esters of betamethasone which have occasional-
ly been used include the benzoate, butyrate propionate,
phosphate, salicylate (cortobenzolone), and valero-
acetate. 
Betamethasone adamantoate has been used in veteri-
nary practice.
Haemangioma. For reference to the use of a mixture of beta-
methasone and triamcinolone for the intralesional injection of
haemangiomas, see p.1505.
Inflammatory bowel disease. For a comparison of betame-
thasone and beclometasone enemas in the treatment of ulcerative
colitis, see under Beclometasone, p.1518. Corticosteroids are
one of the mainstays of treatment of inflammatory bowel dis-
ease, the general management of which is discussed on p.1697.
Neonatal respiratory distress syndrome. For a discussion
on the antenatal use of betamethasone to prevent neonatal respi-
ratory distress syndrome, see p.1508.

Preparations
BP 2008: Betamethasone and Clioquinol Cream; Betamethasone and Clio-
quinol Ointment; Betamethasone Eye Drops; Betamethasone Injection;
Betamethasone Sodium Phosphate Tablets; Betamethasone Tablets; Betam-
ethasone Valerate Cream; Betamethasone Valerate Lotion; Betamethasone
Valerate Ointment; Betamethasone Valerate Scalp Application; 
USP 31: Betamethasone Benzoate Gel; Betamethasone Cream; Betameth-
asone Dipropionate Cream; Betamethasone Dipropionate Lotion; Betam-
ethasone Dipropionate Ointment; Betamethasone Dipropionate Topical
Aerosol; Betamethasone Sodium Phosphate and Betamethasone Acetate
Injectable Suspension; Betamethasone Sodium Phosphate Injection; Betam-
ethasone Syrup; Betamethasone Tablets; Betamethasone Valerate Cream;
Betamethasone Valerate Lotion; Betamethasone Valerate Ointment; Clot-
rimazole and Betamethasone Dipropionate Cream.
Proprietary Preparations (details are given in Part 3)
Arg.: Beta Adenil†; Betacort; Betasone-G; Betasone-G 12 Horas; Betatopic;
Betnovate; Betnovate Capilar; Blacor; Butasona; Butasona RL; Celestone;
Celestone Cronodose; Cevicort; Cevicort NC; Coid; Corteroid; Corteroid
Retard; Cortiderma; Cortimar; Cronocorteroid; Cronolevel; Deltalaf; Der-
mizol; Difenac Forte; Diprocel†; Diprosone; Lazar-Cort; Maxisona†; Meta-
mar; Micosep B; Quiacort; Transderma B; Valederm; Austral.: Antroquoril;
Betnovate; Celestone Chronodose; Celestone M; Celestone V†; Cortival;
Diprosone; Eleuphrat; Austria: Betnesol; Betnovate; Celestan; Diproderm;
Diproforte; Diprophos; Solu-Celestan; Belg.: Betnelan-V; Celestone; Cele-
stone Chronodose; Diprolene; Diprosone; Braz.: Alersan†; Beclonato; Be-
nevat; Beta Long; Betaderm; Betametagen; Betaprospan; Betaspan; Betatrin-
ta; Betnelan; Betnolon; Betnovate; Betrat B; Betrospam; Betsona; Celestan†;
Celestone; Celestone Soluspan; Dermobet†; Dermonil†; Dermoval†; Der-
movat†; Dibetam†; Diprobeta; Diprocor t; Diprosen; Diprosone;
Diprospan; Duoflam; Koide; Sensitex; Valbet; Canad.: Betaderm; Betaject;
Betnesol; Celestoderm†; Celestone Soluspan; Diprolene Glycol;
Diprosone; Prevex B; ratio-Ectosone; ratio-Topilene; ratio-Topisone; Taro-
Sone; Topisone†; Valisone; Chile: Betnovate†; Cidoten; Cidoten Rapilento;
Cidoten V; Coritex; Cremirit; Cronolevel; Dacam; Dacam RL; Diprolene;
Diprospan; Disopranil; Konicortil; Labosona; Oftasona P; Spel; Cz.: Belo-
derm; Beta†; Betesil; Betnovate; Celestoderm-V†; Diprophos; Diprosone;
Kuterid; Denm.: Betnovat; Bettamousse; Celeston; Diproderm; Diprolen;
Diprospan; Fin.: Bemetson; Betapred; Betnovat; Bettamousse; Celesto-
derm; Celeston Chronodose; Diproderm; Diprolen; Fr.: Betesil; Betnesol;
Betneval; Celestene; Celestene Chronodose; Celestoderm; Diprolene;
Diprosone; Ger.: Bemon; Beta-Stulln†; Beta-Wolff†; BetaCreme; Betagalen;
Betam-Ophtal†; BetaSalbe; Betnesalic mono; Betnesol; Betnesol-V; Celes-
tamine N; Celestan Depot; Celestan solubile; Celestan-V; Cordes Beta; De-
flatop; Diprosis; Diprosone; Diprosone Depot; Linola Cort Beta; Penta-

cor t†; Soderm; Gr.: Betamatic†; Betnesol; Betnovate; Celestene;
Celestoderm-V; Celestone; Celestone Chronodose; Flogozyme; Galinoc-
ort; Locason-N; Locason†; Movithiol; Osmoran; Propiochrone; Propioform;
Sanorvil; Hong Kong: Betaderma; Betasone; Betazone; Betnovate; Ce-
lestoderm-V†; Celestone†; Derzid; Diprocel; Diprosone; Diprospan; Ectos-
one†; Synmethasone; Hung.: Betesil; Celestone†; Diprophos; India: Beta-
foam; Betnecip; Betnecort; Betnederm; Betnelan; Betnesol; Betnovate;
Topicasone; Valbet; Walacort; Indon.: Benoson; Betam-Ophtal; Betason;
Betnovate; Betodermin; Betopic; Celestoderm-V; Celestone; Corsaderm;
Diprosone-OV; Exabet; Mesonta; Metonate; Molason; Oviskin; Proson;
Scanderma; Skizon; Vason; Irl.: Betacap; Betnelan; Betnesol; Betnovate; Bet-
tamousse; Diprosone; Israel: Betacorten; Betnesol; Betnovate; Betta-
mousse; Celestone Chronodose; Diprolene; Diprosone; Diprospan; Ital.:
Beben; Bentelan; Beta 21; Betamesol; Betesil; Bettamousse; Celestoderm-
V†; Celestone; Celestone Cronodose; Diprosone; Ecoval; Malaysia: Bea-
vate; Beprogel; Beprosone; Besone; Beta; Betasone; Betnesol†; Betnosone;
Betnovate; Bufencon; Celestoderm-V†; Celestone†; Daivobet; Dermasole
DP†; Dermasole†; Dibetasol; Diprocel; Diprosone; Diprospan; Setrosone†;
Uniflex†; Mex.: Betnovate; Celestoderm-V†; Celestone; Celestone Solus-
pan; Cronolevel; Dermoval; Diprofast; Dipronova; Diprosone; Diprospan;
Disons Dex; Erispan; Reubaxona; Neth.: Betnelan; Betnesol; Celestoderm;
Celestone; Celestone Chronodose; Diprolene; Diprosone; Norw.: Betno-
vat; Bettamousse; Celeston; Diproderm; NZ: Beta; Betnesol; Betnovate; Bi-
vate; Celestone Chronodose; Diprolene; Diprosone; Philipp.: Beta; Betne-
lan; Betnovate; Celestone; Diprolene; Diprosone; Diprospan; Steroderm;
Pol.: Celestone; Diprolene; Diprophos; Diprosone; Kuterid; Port.: Betna-
sol; Betnovate; Celesdepot; Celestone; Cilestoderme; Dibetop†; Diprofos;
Diprosone; Soluderme; Vabeta; Rus.: Akriderm (Акридерм); Beloderm
(Белодерм); Betasone (Бетазон); Celestoderm-V (Целестодерм-В);
Diprospan (Дипроспан); S.Afr.: Betanoid; Betnesol; Betnovate; Celesto-
derm-V†; Celestone; Celestone Soluspan; Diprolene†; Diprosone; Lena-
sone; Lenovate; Persivate; Repivate; Steromien†; Topivate; Singapore: Be-
progel; Beprosone; Besone; Betacorten; Betasone; Betnovate; Camnovate;
Celestoderm-V†; Celestone†; Dermasone; Derzid; Dibetasol; Diprocel;
Diprosone; Diprospan; Uniflex†; Spain: Betnovate; Bettamousse; Celesto-
derm; Celestoderm-V; Celestone; Celestone Cronodose; Diproderm;
Swed.: Betapred; Betnovat; Bettamousse; Celeston; Celeston bifas; Celes-
ton valerat; Diproderm; Diprolen; Switz.: Betnesol; Betnovate; Celesto-
derm-V; Celestone; Celestone Chronodose; Diprolene; Diprosone; Thai.:
Bennasone†; Beprogel; Bepronate; Beprosone; Besone; Bessasone; Beta;
Betameth; Bethasone; Betnovate; Betosone; Bipro; Clinivate; Derzid;
Diprobet†; Diprosone; Diprospan; Diprotop; Polynovate; Prevex B†; Sebo;
Valbet; Valerbet†; Turk.: Betnovate; Celestoderm-V; Celestone Chrono-
dose; Diprolene; Diprospan; Seroderm; UAE: Betasone; UK: Betacap; Bet-
nelan; Betnesol; Betnovate; Betnovate RD (Ready Diluted); Bettamousse;
Diprosone; Vista-Methasone; USA: Alphatrex†; Beta-Val; Cel-U-Jec; Cele-
stone; Celestone Soluspan; Diprolene; Diprosone; Luxiq; Maxivate; Tela-
dar†; Valisone; Venez.: Beprospen; Betacort; Betaderm; Betagen; Betagen
Solspen; Betnovate; Celestoderm; Celestone; Celestone Soluspan; Detar-
mon†; Diprocel; Diprosone; Diprospan; Itisona.

Multi-ingredient: Arg.: Adenil; Algio Nervomax Fuerte; Antiflogol; An-
tihemorroidal; Bacticort; Bacticort Complex; Becortin; Betacort Plus; Beta-
metasona B12; Betasalic; Betasone-G Compuesto; Betnovate Antihemor-
roidal†; Betnovate-C; Betnovate-N; Blamy; Blokium B12; Calmurid;
Celestamine; Celestamine-L; Cevaderm; Ciprocort L; Clarityne Cort; Con-
for-Tar†; Corteroid Gesic; Cortispec; Cortistamin L; Cortistamin NF†; Cuta
Crema; Denvercrem; Dermizol G; Dermizol Trio; Dermosona; Dermovit†;
Diclogesic Plus B12; Dioxaflex B12; Diprogenta; Diprosalic; Doxtran B12;
Drum B; Eubetal Biotic†; Factor Dermico; Fucicort; Fusimed B; Gelbiotic
Plus; Gentasol; Hifamonil Crema; Histamino Corteroid L; Ingemet; Lazar-
Cort Complex; Lisaler Beta; Lotricomb; Macril; Maxisalic; Mencogrin; Mi-
comazol B; Miklogen; Monizol Cort Crema; Negalerg†; Neo-Mudapenil†;
Nularef Cort; Oxa B12; Procto-Metadyne; Quadriderm; Quiacort G; Qui-
acort G Plus; Rodinac B12; Salicort; Sinaler B; Sirotamicin BG; Sorsis Beta;
Toflam; Tribiocort; Triliver; Triplex; Vesalion B12; Virobron B12 NF; Vita-
cortil; Vixidone LB; Xedenol B12; Austral.: Celestone VG†; Daivobet; Aus-
tria: Betnesol-N; Betnovate-C; Betnovate-N; Celestamin; Diprogenta; Dip-
rosalic; Fucicor t; Psorcutan Beta; Belg.: Betnelan-VC†; Diprophos;
Diprosalic; Dovobet; Fucicort; Garasone†; Lotriderm; Braz.: Betaderm N;
Betazol Cort; Betnovate-N; Betnovate-Q; Candicort; Celerg; Celestamil†;
Celestamine; Celestrat; Celetil; Celocort; Cetobeta; Cetocort; Cetocorten;
Cimecort; Cremederme; Daivobet; Dermosalic; Dextamine; Dipro AS;
Diprogenta; Diprosalic; Emscort; Garasone; Gentacort; Histamed; Koide D;
Lestamil; Microbiogen†; Naderm; Novacort; Oto Betnovate; Permut; Poli-
derms; Postec; Quadriderm; Quadrikin; Quadrilon; Quadriplus; Qualiderm;
Reumix†; Tetraderm; Trok; Trok-N; Verutex B; Canad.: Diprogen†; Dipro-
salic; Dovobet; Garasone; Lotriderm; Pentasone; ratio-Topisalic; Valisone-G;
Chile: B-Laboterol; Betnovate-N†; Cam; Celestamine; Cestop B†; Clofex-
an; Clotrimin-B; Cobefen; Contralmor; Creminem-B; Deucoaler; Dipro-
quin; Diprosalic; Diprospan G; Donomix; Fucicort; Gentasone; Gotalgic; La-
bosalic; Labosona G; Labosona N†; Locrim; Lotriderm; Mixgen; Novadrel;
Novarnela; Oftagen Compuesto; Oftasona N; Otandrol; Otazol†; Oticum;
Otolisan; Plexus; Prodel B; Vilterm†; Cz.: Belogent; Belosalic; Betabioptal†;
Daivobet; Diprosalic; Fucicort; Garasone; Lotriderm†; Denm.: Betnovat
med Chinoform; Betnovat Rektal†; Celeston med Chinoform; Clotrason;
Daivobet; Diprosalic; Fucicort; Fin.: Bemetson-K; Betnovat Comp†; Betno-
vat-C; Celestoderm cum Chinoform†; Celestoderm cum Garamycin;
Daivobet; Diprosalic; Fucicort; Fr.: Betnesalic†; Betneval-Neomycine†; Ce-
lestamine; Daivobet; Diprosalic; Diprosept†; Diprosone Neomycine;
Diprostene; Ger.: Betadermic; Betagentam; Betamethason comp; Betame-
thason Plus†; Celestamine†; Daivobet; Dermobeta†; Diprogenta; Diprosal-
ic; Fucicort; Lotricomb; Lygal E Tinktur†; Psorcutan Beta; Soderm Plus; Sul-
mycin mit Celestan-V; Terracortril N; Gr.: Alpider ; Befucil; Betacort;
Betafusin; Betasid; Betfu; Betnovate-C; Betnovate-N; Celestoderm-V/GA;
Dovobet; Fubecot; Fucicort; Fucicream; Fusibet; Garamat; Propiogenta;
Propiosalic; Roseti; Sensibio; Staficort; Hong Kong: Allersan; Aristobet-N;
Bechlomin; Beclomin†; Becogem; Betnesalic†; Betnovate-C†; Betnovate-N;
Bonjedex; Celestamine; Celestoderm-V with Garamycin; Clobeta-G; Cona-
zole; Daivobet; Dermafacte; Derzid-C; Derzid-N†; Dexmin†; Dextrosone;
Diprogenta; Diprosalic; Fucicort; Garasone; Lozopin; Lycobeta-G; Quadri-
derm; Synbetamine; Triderm; Hung.: Daivobet; Diprosalic; Fucicort; Gara-
sone; Gentason; Vipsogal†; India: Betamil-GM; Betamil-M; Betasalic; Betne-
derm C; Betnederm GM; Betnederm N; Betnesol-N; Betnesol-N Nasal;
Betnor; Betnovate-C; Betnovate-GM; Betnovate-M; Betnovate-N; Betno-
vate-S; Fourderm; Fourderm AF; Genticyn B Eye/Ear†; Quiss; Supirocin-B;
Surfaz-SN; Topicasone with Neomycin; Valbet; Indon.: Benoson G; Beno-
son M; Benoson N; Benoson V; Berloson-N; Betagentam; Betasin; Betason-
N; Betnovate-N; Bevalex; Biocort; Celestamine; Celestoderm-V with Gar-
amycin; Colergis; Daivobet; Digenta; Diprogenta; Diprosalic; Diprosta; Exa-
betin; Fucicort; Garasone; Heltiskin; Isotic Betaracin; Krimbeson; Lotriderm;
Mastroson; Metaskin-N; Mytaderm; Nilacelin; Ocuson; Polacel; Proson N;
Salgen Plus; Scanderma Plus; Skilone; Skinal; Sonigen; Tuderm-N; Zestam;
Irl.: Betnesol-N; Betnovate-C; Betnovate-N; Diprosalic; Dovobet; Fucibet;
Lotriderm; Israel: Betacorten-G; Betnesol-N; Betnovate-C; Betnovate-N;
Clotrisone; Daivobet; Diprogenta; Diprosalic; Fucicort; Triderm; Ital.: Alfa-
flor; Batasalgin; Beben Clorossina; Betabioptal; Betacream; Betafloroto; Bi-
orinil; Brumeton Colloidale S; Deltavagin; Dermabiolene; Dermatar; Dipro-
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form; Diprosalic; Dovobet; Ecoval con Neomicina; Egerian; Eubetal
Antibiotico; Fidagenbeta; Fluororinil; Fucicort; Gentalyn Beta; Kamelyn; Mi-
cutrin Beta†; Psorinase†; Rinojet†; Sterozinil; Stranoval; Token; Visublefarite;
Visumetazone Antibiotico; Malaysia: Axcel Fusi-Corte; B-Mycin; Beavate
N; Beprogent; Beprosalic; Besone-N; Betacin; Betagen; Betamethasone Clo;
Betamethasone G; Betamethasone N; Betamethasone SA; Betnesol-N†;
Betnosone N; Betnovate-N; Celestoderm-V with Garamycin†; Diprogenta;
Diprosalic; Fobancort; Fucicort; Fusidic B; Garasone; Joysun; Triderm-C;
Uniflex-N†; Mex.: Artridol; Barmicil Compuesto; Beclogen; Betrigen; Ce-
lestamine NS; Celestamine-F†; Celestamine†; Claricort†; Clio-Betnovate;
Clotricina; Daivobet; Diprosalic†; Diprosone G; Diprosone Y; Farmalor; Fu-
cicort; Garamicina-V; Garasone; Gelmicin; Miclobet; Prubagen; Quadri-
derm NF; Tamex; Triderm; Neth.: Diprosalic; Dovobet; Norw.: Betnovat
med Chinoform; Daivobet; Diprosalic; NZ: Betnesol Aqueous; Betnovate-
C; Daivobet; Diprosalic†; Fucicort; Lotricomb†; Philipp.: Betneton; Betno-
vate-C; Betnovate-N; Celestamine; Claricort; Clotrasone; Daivobet; Dipro-
form; Diprogenta; Diprosalic; Fucicort; Garasone; Hoebedic; Ophtasone;
Quadriderm; Quadrotopic; Triderm; Pol.: Bedicort G; Betnovate-C; Bet-
novate-N; Daivobet; Diprogenta; Diprosalic; Lotriderm; Triderm; Port.:
Beta-Micoter; Betnovate-C; Betnovate-N; Daivobet; Dibetop Q†; Dipro-
genta; Diprosalic; Epione; Flotiran; Fucicort; Psodermil; Quadriderme; Rus.:
Akriderm Genta (Акридерм Гента); Akriderm GK (Акридерм ГК); Akri-
derm SK (Акридерм СК); Belogent (Белогент); Belosalic (Белосалик); Be-
tagenot (Бетагенот); Celestoderm-V with Garamycin (Целестодерм-В с
Гарамицином); Daivobet (Дайвобет); Diprosalic (Дипросалик); Fucicort
(Фуцикорт); Triderm (Тридерм); S.Afr.: Betanoid N†; Betnesol-N; Betno-
vate-C; Betnovate-N; Celestamine; Celestoderm-V with Garamycin†;
Diprogenta; Diprosalic; Garasone†; Lotriderm; Quadriderm; Singapore:
B-Tasone-G; Beprogent; Beprosalic; Besone-N; Bufencon; Celestoderm-V
with Garamycin†; Celestoderm-V with Neomycin†; Clotrasone†; Combi-
derm; Conazole; Daivobet; Dermanol-C; Diprogenta; Diprosalic; Foban-
cort; Fucicort; Garasone; Gentriderm; Gentrisone; Modaderm; Neoderm;
Quadriderm†; Tri-Micon; Triderm; Spain: Alergical; Beta Micoter; Betami-
da†; Bronsal; Celesemine; Celestoderm Gentamicina; Celestone S; Clotra-
sone; Cuatroderm; Daivobet; Diprogenta; Diprosalic; Fucibet; Resorbori-
na†; Swed.: Betnovat med Chinoform; Betnovat med Neomycin; Celeston
valerat comp†; Celeston valerat med chinoform; Celeston valerat med gen-
tamicin; Daivobet; Diprosalic; Switz.: Betnesalic; Betnovate-C; Betnovate-
N; Celestamine; Daivobet; Diprogenta; Diprophos; Diprosalic; Fucicort;
Ophtasone; Quadriderm; Triderm; Thai.: Bacda-B; Beprogent; Beprogenta;
Beprolic; Besone-N; Beta-C; Beta-Dipo†; Beta-N; Beta-S; Betama-EN†; Bet-
ameth-N; Bethasone-N; Betnesalic†; Betnovate-C; Betnovate-N; Betosalic;
Betosone-CE; Canasone†; Canazol-BE; Clinivate-N; Clotrasone†; Daivobet;
Derzid-C; Derzid-N; Diprogenta†; Diprosalic; Fango-B; Fucicort; Fungi-
derm-B; Gynesten-B; Myda-B; Myrazole-B; Topaben-N; Twina; Valbet-N;
Turk.: Betnovate-C; UAE: Futasone; Supraproct-S; UK: Betnesol-N; Bet-
novate-C; Betnovate-N; Diprosalic; Dovobet; Fucibet; Vipsogal; Vista-Meth-
asone N; USA: Lotrisone; Taclonex; Venez.: Betaderm con Gentamicina;
Celestamincort; Celestamine; Celestoderm con Gentalyn; Claricort; Dipro-
formo; Diprogenta; Diprosalic; Garabet; Garasone; Lotricomb; Lotrisone;
Propioformo†; Propiogenta†; Propiosalic†; Quadriderm; Triderm; Tridetar-
mon; Urisalic†; Vio Celestoderm†.

Budesonide (BAN, USAN, rINN) ⊗ 
Budesonid; Budesónida; Budésonide; Budesonidi; Budesonidum;
Budezonid; Budezonidas; S-1320. An epimeric mixture of the α-
and β-propyl forms of  16α,17α-butylidenedioxy-11β,21-dihy-
droxypregna-1,4-diene-3,20-dione.

Будезонид

C25H34O6 = 430.5.

CAS — 51333-22-3 (11β,16α); 51372-29-3
(11β,16α(R)); 51372-28-2 (11β,16α(S)).

ATC — A07EA06; D07AC09; H02AB16; R01AD05;
R03BA02.

ATC Vet — QA07EA06; QD07AC09; QR01AD05;
QR03BA02.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Budesonide). A white or almost white, crystalline
powder. Practically insoluble in water; sparingly soluble in alco-
hol; freely soluble in dichloromethane. 
USP 31 (Budesonide). A white to off-white, odourless, crystal-
line powder. Practically insoluble in water and in heptane; spar-
ingly soluble in alcohol; freely soluble in chloroform. Store in
airtight containers at a temperature of 20° to 25°, excursions per-
mitted between 15° and 30°. Protect from light.

Adverse Effects, Treatment, Withdrawal,
and Precautions
As for corticosteroids in general (see p.1490). 
Inhalation of high doses of budesonide is associated
with some adrenal suppression. Systemic absorption
may follow nasal use, particularly after high doses or

prolonged treatment. The dose of oral budesonide may
need to be reduced in hepatic impairment (see also Ad-
ministration in Hepatic Impairment, below). 
When applied topically, particularly to large areas,
when the skin is broken, or under occlusive dressings,
or when given intranasally, corticosteroids may be ab-
sorbed in sufficient amounts to cause systemic effects.
Effects on the bones. For mention of the effects of inhaled
budesonide on markers of collagen turnover and bone density in
asthmatic children, see under Adverse Effects of Beclometasone,
p.1516. For the suggestion that inhalation once-daily in the
morning may have less marked effects on growth and collagen
turnover than twice-daily inhalation, see Administration, below.

Effects on the nervous system. Psychotic behaviour has
been reported after use of inhaled budesonide.1-3

1. Lewis LD, Cochrane GM. Psychosis in a child inhaling budeso-
nide. Lancet 1983; ii: 634. 

2. Meyboom RHB, de Graff-Breederveld N. Budesonide and psy-
chic side effects. Ann Intern Med 1988; 109: 683. 

3. Connett G, Lenney W. Inhaled budesonide and behavioural dis-
turbances. Lancet 1991; 338: 634–5.

Hypersensitivity. Contact dermatitis has been reported to top-
ical or intranasal budesonide.1 An anaphylactoid reaction oc-
curred 5 minutes after the first dose of oral budesonide in a pa-
tient who had previously reacted in a similar way to mesalazine.2
1. Quintiliani R. Hypersensitivity and adverse reactions associated

with the use of newer intranasal corticosteroids for allergic rhin-
itis. Curr Ther Res 1996; 57: 478–88. 

2. Heeringa M, et al. Anaphylactic-like reaction associated with
oral budesonide. BMJ 2000; 321: 927.

Interactions
The interactions of corticosteroids in general are de-
scribed on p.1494.

Pharmacokinetics
For a brief outline of the pharmacokinetics of cortico-
steroids, see p.1495. Budesonide is rapidly and almost
completely absorbed after oral administration, but has
poor systemic availability (about 10%) due to exten-
sive first-pass metabolism in the liver, mainly by the
cytochrome P450 isoenzyme CYP3A4. The major me-
tabolites, 6-β-hydroxybudesonide and 16-α-hydroxy-
prednisolone have less than 1% of the glucocorticoid
activity of unchanged budesonide. Budesonide is re-
ported to have a terminal half-life of about 2 to 4 hours.
◊ Reviews.
1. Donnelly R, Seale JP. Clinical pharmacokinetics of inhaled

budesonide. Clin Pharmacokinet 2001; 40: 427–40. 
2. Edsbäcker S, Andersson T. Pharmacokinetics of budesonide (En-

tocort  EC) capsules for Crohn’s disease. Clin Pharmacokinet
2004; 43: 803–21. 

3. Kraft WK, et al. The pharmacokinetics of nebulized nanocrystal
budesonide suspension in healthy volunteers. J Clin Pharmacol
2004; 44: 67–72. 

4. Lähelmä S, et al. Equivalent lung deposition of budesonide in
vivo: a comparison of dry powder inhalers using a pharmacoki-
netic method. Br J Clin Pharmacol 2005; 59: 167–73.

Uses and Administration
Budesonide is a corticosteroid with mainly glucocorti-
coid activity (p.1490). It is used by inhalation in the
management of asthma ,  in usual doses of
400 micrograms daily in 2 divided doses from a me-
tered-dose aerosol; in severe asthma the dosage may be
increased up to a total of 1.6 mg daily, and guidelines
for the management of asthma permit up to 2 mg daily
(see p.1108). Maintenance doses may be less than
400 micrograms daily but should not be below
200 micrograms daily. A dose for children is 50 to
400 micrograms inhaled twice daily. Budesonide is
also available for the management of asthma in the
form of a dry powder inhaler; doses are 200 to
800 micrograms daily, as 2 divided doses or a single
daily dose; up to 800 micrograms twice daily may be
given to adults if necessary. Patients for whom budes-
onide from a pressurised inhaler or dry powder formu-
lation is unsatisfactory may use a nebulised solution.
The usual adult dosage by this method is 1 to 2 mg in-
haled twice daily. This may be increased if asthma is
severe. Maintenance doses are 0.5 to 1 mg inhaled
twice daily. For children between 3 months and 12
years of age, an initial dose is 0.5 to 1 mg twice daily
with a maintenance dose of 0.25 to 0.5 mg twice daily. 

Budesonide is also given by inhalation as a nebulised
solution in the management of childhood croup
(p.1502). The usual dose is 2 mg, as a single inhaled
dose or 2 doses of 1 mg, given 30 minutes apart. 

Budesonide is used topically in the treatment of vari-
ous skin disorders, as a cream, lotion, or ointment
containing 0.025%. For recommendations concerning
the correct use of corticosteroids on the skin, and a
rough guide to the clinical potencies of topical corti-
costeroids, see p.1497. 

Budesonide is also used intranasally for the prophylax-
is and treatment of rhinitis (p.565). In the UK, two na-
sal spray preparations are available, one containing
100 micrograms per metered spray, and one containing
64 micrograms per metered spray. The initial recom-
mended dose for adults and children over 12 years is
either 2 sprays into each nostril once daily in the morn-
ing, or 1 spray into each nostril twice daily. This may
be subsequently reduced to 1 spray into each nostril
once daily; treatment can be continued for up to 3
months. In the USA and some other countries, a nasal
spray and a nasal inhaler are available. The intranasal
dose may be expressed in multiples of 32 micrograms,
which is the quantity of budesonide delivered from the
nasal adaptor. When given from a nasal inhaler, the rec-
ommended initial dose for adults and children over 6
years is 4 sprays into each nostril in the morning, or 2
sprays into each nostril twice daily, to give a total daily
dose of 256 micrograms daily. This is reduced to the
lowest dose adequate to control symptoms. If no bene-
fit is seen after 3 weeks of treatment, budesonide
should be stopped. When given as an aqueous nasal
spray, the recommended initial dose for adults and chil-
dren over 6 years is 1 spray into each nostril once daily
(64 micrograms daily), increasing as necessary up to a
maximum of 256 micrograms daily for adults and
128 micrograms daily for children aged less than 12
years. Budesonide is also used as a nasal spray in the
management of nasal polyps (p.1508). In the UK, for
adults and children over 12 years, 1 spray (containing
64 or 100 micrograms, as above) is given into each
nostril twice daily for up to 3 months. 

Local formulations of budesonide are used in the man-
agement of inflammatory bowel disease (see below).
In mild to moderate Crohn’s disease affecting the ile-
um or ascending colon it is given orally as modified-
release capsules intended for a topical effect on the gas-
trointestinal tract. The recommended dose is 9 mg dai-
ly for active disease, as either a single dose before
breakfast or in 3 divided doses about 30 minutes before
meals, depending on the preparation. Treatment is giv-
en for up to 8 weeks, and the dosage should be reduced
2 to 4 weeks before discontinuing therapy. For recur-
ring episodes of active Crohn’s disease, an 8-week
course may be repeated. After an 8-week course for ac-
tive disease, budesonide 6 mg once daily is recom-
mended for maintenance of clinical remission, for up
to 3 months; thereafter, doses are tapered and therapy
stopped, as continued treatment has not shown sub-
stantial clinical benefit. There is some absorption of
budesonide from the gastrointestinal tract, and the dose
may need to be reduced in patients with hepatic impair-
ment, especially those with cirrhosis (see also Admin-
istration in Hepatic Impairment, below). Ulcerative
colitis affecting the rectum and sigmoid colon may be
treated locally with budesonide. A retention enema
providing a dose of 2 mg in 100 mL is given daily at
bedtime for 4 weeks, which may be extended to 8
weeks if the patient is not in remission after the initial
4-week course. Alternatively, a rectal foam can be used
in a dose of 2 mg once daily, usually for 6 to 8 weeks.
The dose may be given in the morning or the evening,
but treatment is more effective if the bowel is emptied
before a dose is given. 
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Local formulations of budesonide are also used in the
management of collagenous colitis (see below). It is
given orally as modified-release capsules in a dose of
3 mg three times daily for up to 8 weeks. The dosage
should be reduced gradually during the last 2 weeks of
therapy.
◊ General references.
1. Brogden RN, McTavish D. Budesonide: an updated review of its

pharmacological properties, and therapeutic efficacy in asthma
and rhinitis. Drugs 1992; 44: 375–407 and 1012. 

2. Hvizdos KM, Jarvis B. Budesonide inhalation suspension: a re-
view of its use in infants, children and adults with inflammatory
respiratory disorders. Drugs 2000; 60: 1141–78. 

3. Stanaland BE. Once-daily budesonide aqueous nasal spray for
allergic rhinitis: a review. Clin Ther 2004; 26: 473–92.

Administration. INHALATIONAL ROUTE. One study in 6 chil-
dren aged up to 30 months found that about 75% of the nom-
inal dose of nebulised budesonide was deposited in the neb-
uliser system,1 while a study in 126 older children indicated
that maintenance doses of budesonide could be halved when
the dose was given by dry powder inhaler rather than nebulis-
er, without any loss of asthma control.2 Although oropharyn-
geal deposition is thought to play a role in the systemic effects
of inhaled corticosteroids, another study3 indicated that only
about 20% of the systemically available drug appeared to be
derived from oropharyngeal deposition after inhalation from
a dry powder inhaler. 
There is evidence that the timing of inhaled therapy might influ-
ence some systemic effects. A study4 in children with mild asth-
ma found that 800 micrograms of budesonide inhaled in the
morning had less effect on measurements of short-term growth
and collagen turnover than inhalation of 400 micrograms twice
daily.
1. Carlsen KCL, et al. How much nebulised budesonide reaches in-

fants and toddlers? Arch Dis Child 1992; 67: 1077–9. 
2. Agertoft L, Pedersen S. Importance of the inhalation device on

the effect of budesonide. Arch Dis Child 1993; 69: 130–3. 
3. Pedersen S, et al. The influence of orally deposited budesonide

on the systemic availability of budesonide after inhalation from
a Turbuhaler. Br J Clin Pharmacol 1993; 36: 211–14. 

4. Heuck C, et al. Adverse effects of inhaled budesonide
(800 micrograms) on growth and collagen turnover in children
with asthma: a double-blind comparison of once-daily versus
twice-daily administration. J Pediatr 1998; 133: 608–12.

Administration in hepatic impairment. In a study1 of pa-
tients with primary biliary cirrhosis the clearance of oral budes-
onide was significantly reduced in those with cirrhosis (stage IV)
compared with milder disease (stage I/II). Elevated budesonide
concentrations were sufficient to suppress cortisol production,
and believed to be associated with the development of portal vein
thrombosis in 2 cirrhotic patients.
1. Hempfling W, et al. Pharmacokinetics and pharmacodynamic

action of budesonide in early- and late-stage primary biliary cir-
rhosis. Hepatology 2003; 38: 196–202.

Asthma. References to the use of budesonide in asthma.1-7 Its
use as a fixed-dose combination with formoterol has also been
reviewed.8,9

1. Baker JW, et al. A multiple-dosing, placebo-controlled study of
budesonide inhalation suspension given once or twice daily for
treatment of persistent asthma in young children and infants.
Pediatrics 1999; 103: 414–21. 

2. The Childhood Asthma Management Program Research Group.
Long-term effects of budesonide or nedocromil in children with
asthma. N Engl J Med 2000; 343: 1054–63. 

3. Leflein JG, et al. Nebulized budesonide inhalation suspension
compared with cromolyn sodium nebulizer solution for asthma
in young children: results of a randomized outcomes trial. Pedi-
atrics 2002; 109: 866–72. 

4. Pauwels RA, et al. Early intervention with budesonide in mild
persistent asthma: a randomised, double-blind trial. Lancet
2003; 361: 1071–6. 

5. FitzGerald JM, et al. Doubling the dose of budesonide versus
maintenance treatment in asthma exacerbations. Thorax 2004;
59: 550–6. 

6. Berger WE, et al. Safety of budesonide inhalation suspension in
infants aged six to twelve months with mild to moderate persist-
ent asthma or recurrent wheeze. J Pediatr 2005; 146: 91–5. 

7. Berger WE. Budesonide inhalation suspension for the treatment
of asthma in infants and children. Drugs 2005; 65: 1973–89. 

8. Goldsmith DR, Keating GM. Budesonide/formoterol: a review
of its use in asthma. Drugs 2004; 64: 1597–1618. 

9. O’Byrne PM, et al. Budesonide/formoterol combination therapy
as both maintenance and reliever medication in asthma. Am J
Respir Crit Care Med 2005; 171: 129–36.

Chronic obstructive pulmonary disease. For discussion of
the value of inhaled corticosteroids in chronic obstructive pulmo-
nary disease, including reference to the use of budesonide, see
p.1501. The use of a fixed-dose combination of budesonide and
formoterol in chronic obstructive pulmonary disease has been re-
viewed.1
1. Reynolds NA, et al. Budesonide/formoterol: in chronic obstruc-

tive pulmonary disease. Drugs 2004; 64: 431–41.

Collagenous colitis. Budesonide has been used in a few small
controlled studies1-5 of the management of collagenous colitis
(see Microscopic Colitis, p.1700). Treatment courses given oral-
ly for 6 or 8 weeks were found to improve symptoms and histol-
ogy, and the short-term benefits have been confirmed by meta-

analysis,6 although high rates of relapse after stopping treatment
have been reported.3,5

1. Baert F, et al. Budesonide in collagenous colitis: a double-blind
placebo-controlled trial with histologic follow-up. Gastroenter-
ology 2002; 122: 20–5. 

2. Miehlke S, et al. Budesonide treatment for collagenous colitis: a
randomized, double-blind, placebo-controlled, multicenter trial.
Gastroenterology 2002; 123: 978–84. 

3. Bonderup OK, et al. Budesonide treatment of collagenous coli-
tis: a randomised, double blind, placebo controlled trial with
morphometric analysis. Gut 2003; 52: 248–51. 

4. Madisch A, et al. Oral budesonide therapy improves quality of
life in patients with collagenous colitis. Int J Colorectal Dis
2005; 20: 312–16. 

5. Miehlke S, et al. Long-term follow-up of collagenous colitis af-
ter induction of clinical remission with budesonide. Aliment
Pharmacol Ther 2005; 22: 1115–19. 

6. Feyen B, et al. Meta-analysis: budesonide treatment for colla-
genous colitis. Aliment Pharmacol Ther 2004; 20: 745–9.

Cystic fibrosis. Cystic fibrosis (p.166) is associated with bron-
chial hyper-responsiveness; a small study1 has suggested that in-
halation of budesonide 1.6 mg daily for 6 weeks improves hyper-
responsiveness slightly and leads to improvement in cough and
dyspnoea. A larger study2 of budesonide given for two succes-
sive 3-month treatment periods found improved hyper-respon-
siveness and a trend towards slower decline in lung function.
1. Van Haren EHJ, et al. The effects of the inhaled corticosteroid

budesonide on lung function and bronchial hyperresponsiveness
in adult patients with cystic fibrosis. Respir Med 1995; 89:
209–14. 

2. Bisgaard H, et al. Controlled trial of inhaled budesonide in pa-
tients with cystic fibrosis and chronic bronchopulmonary Pseu-
domonas aeruginosa infection. Am J Respir Crit Care Med 1997;
156: 1190–6.

Inflammatory bowel disease. Budesonide has been given as
an enema for the treatment of distal ulcerative colitis, in which
context its potency and low systemic availability are advanta-
geous.1 A rectal foam has also been developed, which may be
easier to use, and retain in the bowel, than an enema.2 Budeso-
nide is available as a modified-release oral dosage form for the
management of active Crohn’s disease.1,3 Ileal-release prepara-
tions of budesonide have been indicated as first-line therapy in
the treatment of mild to moderate ileal and right-sided colonic
Crohn’s disease.4 Systematic review5 has suggested that it is
slightly less effective than conventional corticosteroid therapy,
but is associated with fewer adverse effects. Budesonide has also
been effective in delaying relapse in quiescent disease.6-8 How-
ever, the benefit appears to be short-term (3 months)4 and it has
been concluded that oral modified-release budesonide is not ef-
fective in long-term (12 months) maintenance of remission.4,9

Similarly, oral budesonide was ineffective in preventing postop-
erative recurrence after resection for Crohn’s disease.10 
For a discussion of inflammatory bowel disease, see p.1697.
1. Spencer CM, McTavish D. Budesonide: a review of its pharma-

cological properties and therapeutic efficacy in inflammatory
bowel disease. Drugs 1995; 50: 854–72. 

2. Gross V, et al. Budesonide foam versus budesonide enema in
active ulcerative proctitis and proctosigmoiditis. Aliment Phar-
macol Ther 2006; 23: 303–12. 

3. McKeage K, Goa KL. Budesonide (Entocort  EC capsules): a
review of its therapeutic use in the management of active
Crohn’s disease in adults. Drugs 2002; 62: 2263–82. 

4. Lichtenstein GR, et al. American Gastroenterological Associa-
tion Institute medical position statement on corticosteroids, im-
munomodulators, and infliximab in inflammatory bowel dis-
ease. Gastroenterology 2006; 130: 935–9. Also available at:
http://download.journals.elsevierhealth.com/pdfs/journals/
0016-5085/PIIS0016508506000734.pdf (accessed 22/09/06) 

5. Seow CH, et al. Budesonide for induction of remission in
Crohn’s disease. Available in The Cochrane Database of Sys-
tematic Reviews; Issue 3. Chichester: John Wiley; 2008 (ac-
cessed 22/08/08). 

6. Greenberg GR, et al. Oral budesonide as maintenance treatment
for Crohn’s disease: a placebo-controlled dose-ranging study.
Gastroenterology 1996; 110: 45–51. 

7. Löfberg R, et al. Budesonide prolongs time to relapse in ileal
and ileocaecal Crohn’s disease: a placebo controlled one year
study. Gut 1996; 39: 82–6. 

8. Gross V, et al. Low dose oral pH modified release budesonide
for maintenance of steroid induced remission in Crohn’s dis-
ease. Gut 1998; 42: 493–6. 

9. Simms L, Steinhart AH. Budesonide for maintenance of remis-
sion in Crohn’s disease. Available in The Cochrane Database of
Systematic Reviews; Issue 1. Chichester: John Wiley; 2001 (ac-
cessed 12/05/05). 

10. Hellers G, et al. Oral budesonide for prevention of postsurgical
recurrence in Crohn’s disease. Gastroenterology 1999; 116:
294–300.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Aerovent; Airbude; Budefarma†; Budeson; Cuteral; Despex†; Ento-
cort; Hypersol B; Inflammide; Infliplus; Kerpet†; Nastizol Hidrospray; Neu-
mocort; Neumotex; Proetzonide; Pulmo Lisoflam; Rino-B; Spirocort; Aus-
tral.: Budamax; Entocort; Pulmicort; Rhinocort; Austria: Budiair ; Budo-
san; Entocort; Miflonide; Novolizer; Pulmicort; Rhinocort; Belg.: Budeno-
falk; Docbudeso; Entocort; Merckrhinobudesonide; Miflonide; Pulmicort;
Rhinocort; Braz.: Budecort; Budiair ; Busonid; Entocort; Miflonide; Noex;
Novopulmon†; Pulmicort; Canad.: Entocort; Pulmicort; Rhinocort; Chile:
Aero-Bud; Aerovial; Budasmal; Budenofalk; Clebudan; Entocort†; Inflam-
mide; Neumocort; Pulmicort; Rhinocort; Cz.: Apulein†; Budenofalk; Budi-
air; Easi-Cort†; Entocort; Giona; Inflammide†; Miflonid; Pulmax; Pulmicort;
Rhinocort; Ribuspir; Tafen; Tinkair ; Denm.: Budenofalk; Entocort; Giona;
Miflonide; Pulairmax; Rhinocort; Rhinosol; Spirocort; Fin.: Budenofalk;
Cortivent†; Entocort; Pulmicort; Rhinocort; Fr.: Entocort; Miflonil; Novop-
ulmon; Pulmicort; Rafton; Rhinocort; Ger.: Aquacort; Benosid†; Budapp†;
Budecort; Budefat†; Budenofalk; Budes; Budiair ; Budon†; Entocort; Miflo-

nide; Novopulmon; Pulmicort; Respicort†; Gr.: Arsicort; Astrocast; Aurid;
Axelovert; Beysonit; Biosonide; Budecol; Budemar; Budenite; Budenofalk;
Budeprol; Buderen; Budesan; Budesoderm; Budesonal; Budiair ; Busonal;
Butekont; Dedostryl; Dexalocal; Esonide; Etrafonil; Farlidone; Ixor; Liso-
bron; Lydenal†; Miflonide; Minalerg; Nalator; Obecirol; Obusonid; Olfoso-
nide; Olyspal; Pimoftal†; Pulmicort; Pulmiver; Pulmovance; Resata; Rhino-
bros; Rhinoside; Ribuspir ; Rinoster ; Serbo; Sonidal; Talgan; Therasound;
Udesogel; Udesospray; Velorium; Vericort; Vinecort; Zefecort; Zymacter;
Zyolaif; Zytual; Hong Kong: Budenase; Budenofalk; Cycortide; Entocort;
Pulmicort; Rhinocort; Hung.: Aerox; Apulein†; Budenofalk; Budesogen; En-
tocort; Miflonide; Neplit; Pulmax; Pulmicort; Rhinocort; India: Budecort†;
Budenase†; Pulmicort; Rhinocort; Indon.: Budenofalk; Inflammide; Pulmi-
cort; Rhinocort; Irl.: Budenofalk; Entocort; Pulmicort; Rhinocort; Israel:
Budeson; Budicort; Entocort; Miflonide; Nasocort; Pulmotide†; Ital.: Air-
cort; Bidien; Desonax; Eltair ; Enterocir†; Entocir ; Kesol; Miflo; Miflonide;
Preferid; Pulmaxan; Rhinocort; Spirocort; Xavin; Malaysia: Budecort; Bu-
denase; Budiair ; Butacort; Eltair ; Giona; Inflammide; Pulmicort; Rhinocort;
Mex.: Aerosial; Budosan; Entocort; Miflonide; Numark; Pulmicort; Rhinoc-
ort; Neth.: Budenofalk; Entocort; Pulmicort; Rhinocort; Norw.: Entocort;
Giona; Pulmicort; Rhinocort; NZ: Butacort; Eltair ; Entocort; Pulmicort;
Philipp.: Asmavent; Budecort; Budenofalk; Primavent; Pol.: Budenofalk;
Buderhin; Entocort; Horacort; Miflonide; Neplit; Pulmicort; Rhinocort;
Tafen; Port.: Aeromax; Budo-san; Entocort; Miflonide; Neo Rinactive; Pul-
max; Pulmicort; Rus.: Benacort (Бенакорт); Benarin (Бенарин); Pulmicort
(Пульмикорт); Tafen (Тафен); S.Afr.: Budeflam; Entocord; Inflacor†; Inflam-
mide; Inflanaze; Pulmicort; Rhinocort; Singapore: Budenofalk; Eltair ; Ento-
cort†; Esonide; Giona; Inflammide; Pulmicort; Rhinocort; Spain: Budeno-
falk; Demotest; Entocord; Miflonide; Neo Rinactive; Novopulm; Olfex;
Pulmicort; Pulmictan; Rhinocort; Ribujet; Swed.: Budenofalk; Entocort;
Giona; Pulmicort; Rhinocort; Switz.: Budenofalk; Cortinasal; Entocort; Mi-
flonide; Pulmicort; Rhinocort; Thai.: Budecort; Bunase; Eltair ; Giona; In-
flammide†; Pulmicort; Rhinocort; Turk.: Budenofalk; Entocort; Inflacort;
Miflonid; Pulmicort; Rhinocort; UAE: Sonidar; UK: Budenofalk; Entocort;
Pulmicort; Rhinocort; USA: Entocort; Pulmicort; Rhinocort; Venez.: Bioso-
nida; Bronklast; Budecort; Budenas; Miflonide; Pulmicort; Pulmolet; Rhinoc-
ort; Rinaqua†; Rinolet.

Multi-ingredient: Arg.: Neumoterol; Symbicort; Austral.: Symbicort;
Austria: Symbicort; Belg.: Symbicort; Braz.: Alenia; Foraseq; Symbicort;
Canad.: Symbicort; Chile: Symbicort; Cz.: Symbicort; Denm.: Symbicort;
Fin.: Symbicort; Fr.: Symbicort; Ger.: Symbicort; Gr.: Symbicort; Hong
Kong: Symbicort; Hung.: Symbicort; India: Budesal†; Foracort; Indon.:
Symbicort; Irl.: Symbicort; Israel: Symbicort; Ital.: Assieme; Sinestic; Sym-
bicort; Malaysia: Foracort; Symbicort; Mex.: Symbicort; Neth.: Assieme;
Sinestic; Symbicort; Norw.: Symbicort; NZ: Symbicort; Philipp.: Symbi-
cort; Pol.: Symbicort; Port.: Assieme; Symbicort; Rus.: Biasten (Биастен);
Simbicor t (Симбикорт); S.Afr.: Symbicord; Singapore: Symbicort;
Spain: Rilast; Symbicort; Swed.: Symbicort; Switz.: Symbicort; Thai.:
Symbicort; Turk.: Symbicort; UK: Symbicort; USA: Symbicort; Venez.: Fo-
raseq; Symbicort.

Ciclesonide (USAN, rINN) ⊗ 
BY-9010; Ciclesonida; Ciclésonide; Ciclesonidum; RPR-251526.
(R)-11β,16α,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cy-
clic 16,17-acetal  with cyclohexanecarboxaldehyde, 21-isobu-
tyrate.

Циклезонид
C32H44O7 = 540.7.
CAS — 126544-47-6; 141845-82-1.
ATC — R03BA08.
ATC Vet — QR03BA08.

Adverse Effects, Treatment, Withdrawal,
and Precautions
As for corticosteroids in general (see p.1490). 
Systemic absorption may follow inhalation of cicleso-
nide, particularly if high doses are used for prolonged
periods.

Interactions
The interactions of corticosteroids in general are de-
scribed on p.1494.

Pharmacokinetics
For a brief outline of the pharmacokinetics of cortico-
steroids, see p.1495. Ciclesonide is hydrolysed to its bi-
ologically active metabolite by esterase enzymes in the
lung and nasal mucosa; the systemic bioavailability for
the active metabolite is reported to be more than 50%
when ciclesonide is given by metered-dose inhaler.
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Oral bioavailability is less than 1%. Ciclesonide and its
active metabolite are extensively bound to plasma pro-
teins. It is further metabolised to inactive metabolites
via the cytochrome P450 isoenzyme CYP3A4. After
oral or intravenous dosage, ciclesonide is mainly ex-
creted via the faeces.

◊ References.
1. Rohatagi S, et al. Population pharmacokinetics and pharmacody-

namics of ciclesonide. J Clin Pharmacol 2003; 43: 365–78. 
2. Nave R, et al. Pharmacokinetics of [ C]ciclesonide after oral

and intravenous administration to healthy subjects. Clin Phar-
macokinet 2004; 43: 479–86. 

3. Derendorf H. Pharmacokinetic and pharmacodynamic properties
of inhaled ciclesonide. J Clin Pharmacol 2007; 47: 782–9.

Uses and Administration
Ciclesonide is a corticosteroid with glucocorticoid ac-
tivity (p.1490). It is used by inhalation in the manage-
ment of asthma (p.1108) in adults and adolescents aged
12 years and older. The usual dose is 160 micrograms
once daily from a metered-dose aerosol; the dose may
be reduced to 80 micrograms once daily for mainte-
nance. It is preferably given in the evening. Cicleso-
nide is given intranasally for the treatment of seasonal
and perennial allergic rhinitis (p.565) in adults and ad-
olescents 12 years of age and older; children 6 years of
age and older may be treated for seasonal allergic rhin-
itis. A dose of 200 micrograms once daily is given as 2
sprays of 50 micrograms into each nostril.

◊ References.
1. Postma DS, et al. Treatment of asthma by the inhaled corticos-

teroid ciclesonide given either in the morning or evening. Eur
Respir J 2001; 17: 1083–8. 

2. Reynolds NA, Scott LJ. Ciclesonide. Drugs 2004; 64: 511–19. 
3. Christie P. Ciclesonide: a novel inhaled corticosteroid for asth-

ma. Drugs Today 2004; 40: 569–76. 
4. Chapman KR, et al. Maintenance of asthma control by once-dai-

ly inhaled ciclesonide in adults with persistent asthma. Allergy
2005; 60: 330–7. 

5. Dhillon S, Wagstaff AJ. Ciclesonide nasal spray: in allergic rhin-
itis. Drugs 2008; 68: 875–83.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Alvesco; Cicletex; Austral.: Alvesco; Braz.: Alvesco; Chile: Alvesco;
Cz.: Alvesco; Gr.: Alvesco; Amavio; Freathe; Hong Kong: Alvesco; Hung.:
Alvesco; India: Osonide; Irl.: Alvesco; Malaysia: Alvesco; Mex.: Alvesco;
Neth.: Alvesco; Pol.: Alvesco; S.Afr.: Alvesco; UK: Alvesco; USA: Alvesco;
Omnaris; Venez.: Alvesco.

Ciprocinonide (USAN, rINN) ⊗ 

Ciprocinonida; Ciprocinonidum; RS-2386. (6α,11β,16α)-21-[(cy-
clopropylcarbonyl)oxy]-6,9-difluoro-11-hydroxy-16,17-[(1-
methylethylidene)-bis(oxy)]-pregna-1,4-diene-3,20-dione.

Ципроцинонид

C28H34F2O7 = 520.6.

CAS — 58524-83-7.

Profile
Ciprocinonide is a derivative of fluocinolone acetonide (p.1531)
that has been applied topically with fluocinonide and procinon-
ide in the management of various skin disorders.

Clobetasol Propionate (BANM, USAN, rINNM) ⊗ 
CCI-4725; Clobétasol, propionate de; Clobetasoli propionas;
GR-2/925; Klobetasol-propionát; Klobetazol Propiyonat;
Klobetazolu propionian; Propionato de clobetasol. 21-Chloro-
9α-fluoro-11β,17α-dihydroxy-16β-methylpregna-1,4-diene-
3,20-dione 17-propionate.

Клобетазола Пропионат

C25H32ClFO5 = 467.0.
CAS — 25122-41-2 (clobetasol); 25122-46-7 (clobetasol
propionate).
ATC — D07AD01.
ATC Vet — QD07AD01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US. 
Ph. Eur. 6.2 (Clobetasol Propionate). A white or almost white,
crystalline powder. Practically insoluble in water; sparingly sol-
uble in alcohol; freely soluble in acetone. Protect from light. 
USP 31 (Clobetasol Propionate). A white to cream crystalline
powder. Practically insoluble in water; sparingly soluble in dehy-
drated alcohol; soluble in acetone, in chloroform, in dimethyl
sulfoxide, in dioxan, and in methyl alcohol; slightly soluble in
benzene and in ether. Store in airtight containers. Protect from
light.

Profile
Clobetasol propionate is a corticosteroid used topically for its
glucocorticoid activity (p.1490) in the treatment of various skin
disorders. It is usually used as a cream, ointment, gel, scalp ap-
plication, or foam containing 0.05%. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see p.1497.

◊ References.
1. Campisi G, et al. A new delivery system of clobetasol-17-propi-

onate (lipid-loaded microspheres 0.025%) compared with a con-
ventional formulation (lipophilic ointment in a hydrophilic
phase 0.025%) in topical treatment of atrophic/erosive oral li-
chen planus: a phase IV, randomized, observer-blinded, parallel
group clinical trial. Br J Dermatol 2004; 150: 984–90. 

2. Jarratt M, et al. Clobetasol propionate shampoo 0.05%: a new
option to treat patients with moderate to severe scalp psoriasis. J
Drugs Dermatol 2004; 3: 367–73. 

3. Reygagne P, et al. Clobetasol propionate shampoo 0.05% and
calcipotriol solution 0.005%: a randomized comparison of effi-
cacy and safety in subjects with scalp psoriasis. J Dermatol Treat
2005; 16: 31–6. 

4. Breneman D, et al. Clobetasol propionate 0.05% lotion in the
treatment of moderate to severe atopic dermatitis: a randomized
evaluation versus clobetasol propionate emollient cream. J
Drugs Dermatol 2005; 4: 330–6. 

5. Lowe N, et al. Clobetasol propionate lotion, an efficient and safe
alternative to clobetasol propionate emollient cream in subjects
with moderate to severe plaque-type psoriasis. J Dermatol Treat
2005; 16: 158–64. 

6. Reid DC, Kimball AB. Clobetasol propionate foam in the treat-
ment of psoriasis. Expert Opin Pharmacother 2005; 6: 1735–40. 

7. Sanchez Regana M, et al. Treatment of nail psoriasis with 8%
clobetasol nail lacquer: positive experience in 10 patients. J Eur
Acad Dermatol Venereol 2005; 19: 573–7. 

8. Conrotto D, et al. Ciclosporin vs. clobetasol in the topical man-
agement of atrophic and erosive oral lichen planus: a double-
blind, randomized controlled trial. Br J Dermatol 2006; 154:
139–45. 

9. Vena GA, et al. Clobetasol propionate 0.05% in a novel foam
formulation is safe and effective in the short-term treatment of
patients with delayed pressure urticaria: a randomized, double-
blind, placebo-controlled trial. Br J Dermatol 2006; 154: 353–6.

Preparations
BP 2008: Clobetasol Cream; Clobetasol Ointment; 
USP 31: Clobetasol Propionate Cream; Clobetasol Propionate Ointment;
Clobetasol Propionate Topical Solution.

Proprietary Preparations (details are given in Part 3)
Arg.: Cantril†; Clobesol; Clobex; Dermaclob; Dermadex; Dermexane; Per-
fracort; Ribatra; Salac; Austria: Dermovate; Belg.: Dermovate; Braz.:
Clob-X; Clobesol; Cortalen C; Dermacare; Propiosol; Psorex; Psorin; Ther-
apsor; Canad.: Clobex; Dermasone†; Dermovate; Chile: Alticort; Clob-

X; Clodavan; Cortopic; Dermovate; Koniderm; Lobevat†; Xinder; Cz.:
Clobex; Dermovate; Denm.: Dermovat; Fin.: Dermovat; Fr.: Dermoval;
Ger.: Clobegalen; Dermoxin; Dermoxinale; Karison; Gr.: Butavate; Clare-
lux; Rubocort; Hong Kong: Clobasol; Clobesol; Clobex; Dermasone†;
Dermo; Dermovate; Dhabesol; Eurobetsol; Medodermone; Uniderm;
Hung.: Closanasol; Dermovate; India: Cloderm; Lobate; Tenovate; Topi-
fort; Indon.: Bersol; Closol; Dermovate; Elopro; Forderm; Ikaderm; Kloder-
ma; Klonat; Lamodex; Lotasbat; Primaderm; Psoriderm; Irl.: Dermovate;
Israel: Dermovate; Ital.: Clobesol; Malaysia: Betasol†; Clobet; Cloderm;
Dermapro†; Dermosol; Dermovate; Dhabesol; Lobesol†; Uniderm; Uni-
vate†; Mex.: Clobesol; Dermatovate; Lobevat; Neth.: Clarelux; Clobex;
Dermovate; Olux†; Norw.: Dermovat; NZ: Dermol; Philipp.: Clonate;
Closderm; Dermovate; Glevate; Pol.: Clobederm; Dermklobal; Dermo-
vate; Novate; Port.: Clarelux; Dermovate; Etrivex; Rus.: Dermovate
(Дермовейт); S.Afr.: Dermovate; Dovate; Xenovate; Singapore:
Clobeson†; Cloderm; Dermosol; Dermovate; Dhabesol; Medodermone;
Powercort; Uniderm; Univate; Spain: Clovate; Decloban; Swed.: Dermo-
vat; Switz.: Dermovate; Thai.: Betasol; Clinoderm; Clobasone; Clobet;
Clobetate; Cloderm; Clonovate; Cotaso; Dermasil†; Dermovate; Medoder-
mone†; P-Vate; Stivate; Uniderm; Turk.: Dermovate; Psoderm; Psovate;
UAE: Gamavate; UK: Clarelux; Dermovate; Etrivex; USA: Clobex; Cor-
max; Embeline†; Olux; Temovate; Venez.: Dermovate.

Multi-ingredient: Arg.: Clobeplus; Clobesol LA; Dermadex NN; India:
Cloderm GM; Lobate-G; Lobate-GM; Lobate-M; Tenovate G; Tenovate M;
Philipp.: Dermovate-NN; Port.: Dermovate-NN†; Switz.: Dermovate-
NN; UK: Dermovate-NN.

Clobetasone Butyrate (BANM, USAN, rINNM) ⊗ 

Butirato de clobetasona; CCI-5537; Clobétasone, butyrate de;
Clobetasoni Butiras; Clobetasoni butyras; GR-2/1214; Klobeta-
sonbutyrat; Klobetason-butyrát; Klobetasonibutyraatti; Klobeta-
zon Bütirat; Klobetazon-butirát; Klobetazono butiratas. 21-Chlo-
ro-9α-fluoro-17α-hydroxy-16β-methylpregna-1,4-diene-
3,11,20-trione 17-butyrate.

Клобетазона Бутират

C26H32ClFO5 = 479.0.

CAS — 54063-32-0 (clobetasone); 25122-57-0 (clobeta-
sone butyrate).

ATC — D07AB01; S01BA09.

ATC Vet — QD07AB01; QS01BA09.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Clobetasone Butyrate). A white or almost white
powder. Practically insoluble in water; slightly soluble in alco-
hol; freely soluble in acetone and in dichloromethane. Protect
from light.

Profile
Clobetasone butyrate is a corticosteroid used topically for its glu-
cocorticoid activity (p.1490) in the treatment of various skin dis-
orders. It is usually used as a cream or ointment containing
0.05%. When applied topically, particularly to large areas, when
the skin is broken, or under occlusive dressings, corticosteroids
may be absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see p.1497. 

Clobetasone butyrate is also used for inflammatory eye disor-
ders, as eye drops containing 0.1%. Prolonged use of ophthalmic
preparations containing corticosteroids has caused raised intra-
ocular pressure and reduced visual function.

Preparations

BP 2008: Clobetasone Cream; Clobetasone Ointment.

Proprietary Preparations (details are given in Part 3)
Arg.: Eumovate; Austria: Emovate; Belg.: Eumovate; Braz.: Eumovate;
Canad.: Eumovate; Chile: Eumovate†; Denm.: Emovat; Fin.: Emovat;
Ger.: Emovate; Gr.: Rettavate; Hong Kong: Eumovate; India: Eumosone;
Irl.: Eumovate; Israel: Eumovate; Ital.: Clobet; Eumovate; Visucloben; Ma-
laysia: Cortoftal†; Eumovate; Euvaderm†; U-Closone; Neth.: Emovate;
Norw.: Cloptison†; NZ: Eumovate; Port.: Emovate; S.Afr.: Eumovate;
Singapore: Amisol; Eumovate; Spain: Cortoftal†; Emovate; Swed.: Emo-
vat; Switz.: Emovate; Thai.: Eumovate†; Turk.: Eumovate; UK: Eumovate;
Venez.: Eumovate.

Multi-ingredient: Arg.: Cloptison-N†; India: Eumosone-G; Eumosone-
M; Israel: Cicloderm-C; Ital.: Visucloben Antibiotico; Visucloben Decon-
gestionante; UK: Trimovate.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Clocortolone Pivalate (USAN, rINNM) ⊗ 
CL-68; Clocortolone, Pivalate de; Clocortoloni Pivalas; Pivalato
de clocortolona; SH-863. 9α-Chloro-6α-fluoro-11β,21-dihy-
droxy-16α-methylpregna-1,4-diene-3,20-dione 21-pivalate.
Клокортолона Пивалат
C27H36ClFO5 = 495.0.
CAS — 4828-27-7 (clocortolone); 34097-16-0 (clocor-
tolone pivalate).
ATC — D07AB21.
ATC Vet — QD07AB21.

Pharmacopoeias. In US. 
USP 31 (Clocortolone Pivalate). A white to yellowish-white,
odourless powder. Sparingly soluble in alcohol; soluble in ace-
tone; freely soluble in chloroform and in dioxan; slightly soluble
in ether and in benzene. Store in airtight containers. Protect from
light.
Profile
Clocortolone pivalate is a corticosteroid used topically for its
glucocorticoid activity (p.1490), as a 0.1% cream or ointment, in
the treatment of various skin disorders. Clocortolone caproate
has been used with the pivalate. 
When applied topically, particularly to large areas, where the
skin is broken, or under occlusive dressings, corticosteroids may
be absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, see p.1497.
Preparations
USP 31: Clocortolone Pivalate Cream.

Proprietary Preparations (details are given in Part 3)
Austria: Glimbal; Ger.: Kaban; Kabanimat; USA: Cloderm.

Multi-ingredient: Ger.: Corto-Tavegil†; Crino-Kaban N†; Procto-
Kaban†.

Cloprednol (BAN, USAN, rINN) ⊗ 
Cloprednolum; RS-4691. 6-Chloro-11β,17α,21-trihydroxypreg-
na-1,4,6-triene-3,20-dione.
Клопреднол
C21H25ClO5 = 392.9.
CAS — 5251-34-3.
ATC — H02AB14.
ATC Vet — QH02AB14.

Profile
Cloprednol is a corticosteroid with mainly glucocorticoid activi-
ty (p.1490); the anti-inflammatory activity of 2.5 mg of clopred-
nol is equivalent to about 5 mg of prednisolone. Cloprednol is
given orally in various disorders for which corticosteroid therapy
is helpful (p.1495), in usual doses ranging from 1.25 to 12.5 mg
daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Ger.: Syntestan.

Corticorelin (rINN) ⊗ 
Corticoliberin; Corticorelina; Corticoréline; Corticorelinum;
Corticotrophin-releasing Hormone; Corticotropin-releasing
Factor; CRF; CRH; HLC; Hormona liberadora de corticotropina.
Кортикорелин
C208H344N60O63S2 = 4757.5 (human);
C205H339N59O63S = 4670.3 (ovine).
CAS — 86784-80-7 (corticorelin (human)); 79804-71-0
(corticorelin (ovine)).
ATC — V04CD04.
ATC Vet — QV04CD04.

Corticorelin Triflutate (rINNM) ⊗ 
Corticorelin Trifluoroacetate; Corticoréline, Triflutate de; Corti-
corelini Triflutas; Triflutato de corticorelina.
Кортикорелина Трифлутат
C205H339N59O63S,xC2HF3O2 (ovine).
CAS — 121249-14-7 (corticorelin ovine tr iflutate).
ATC — V04CD04.
ATC Vet — QV04CD04.

NOTE. Corticorelin Ovine Triflutate is USAN.
Adverse Effects
Flushing of the face, neck, and upper chest, and mild dyspnoea
may follow intravenous injection of corticorelin, and last for
about 3 to 5 minutes. Prolonged flushing, tachycardia, hypoten-
sion, and chest tightness have been reported after large doses.
Effects on the cardiovascular system. Loss of conscious-
ness, lasting for 10 seconds to 5 minutes, occurred in 3 patients,
2 of whom had Cushing’s disease and one who had secondary
adrenal insufficiency, after intravenous injection of corticorelin
200 micrograms.1 The 2 patients with Cushing’s disease had a
slight accompanying fall in blood pressure. In a fourth patient,
receiving corticosteroid and thyroid hormone replacement thera-
py, injection of corticorelin was associated with a sharp fall in
systolic blood pressure and subsequent asystole. These serious
adverse effects were not noted by others2,3 and were variously
attributed to impurities,2 high dosage,2 vasovagal syncope,3 or to
the fact that the corticorelin used in the study was of ovine rather
than human origin.3 The authors of the original study1 have since
stated4 that lowering of the dose from 200 micrograms given in-
travenously over 10 seconds to 100 micrograms over 60 seconds
has stopped serious adverse effects but that ovine corticorelin
was still preferred because of its longer duration of action and
lower incidence of hypotensive adverse effects. There has, how-
ever, been a further report of chest pain accompanied by a fall in
blood pressure in a patient receiving corticorelin at a dose of
100 micrograms.5
1. Hermus A, et al. Serious reactions to corticotropin-releasing fac-

tor. Lancet 1983; i: 776. 
2. Schulte HM, et al. Safety of corticotropin-releasing factor. Lan-

cet 1983; i: 1222. 
3. Oppermann D. Safety of human and ovine corticotropin-releas-

ing hormone. Lancet 1986; ii: 1031–2. 
4. Hermus ARMM, et al. Safety of human and ovine corticotropin-

releasing hormone. Lancet 1986; ii: 1032–3. 
5. Paloma VC, et al. Chest pain after intravenous corticotropin-re-

leasing hormone. Lancet 1989; i: 222.

Uses and Administration
Corticorelin is a polypeptide hypothalamic releasing hormone
that stimulates the release of corticotropin (p.1523) from the an-
terior pituitary. It is used in the differential diagnosis of Cush-
ing’s syndrome (p.2344) and other adrenal disorders. Corticore-
lin is usually given as the triflutate, but doses are expressed in
terms of corticorelin (human or ovine). A single dose of
100 micrograms, or of 1 microgram/kg, is given by intravenous
injection over 30 seconds. Higher and more rapid doses have
been used but may be associated with an increased risk of ad-
verse effects (see above). 
Corticorelin acetate is under investigation in cerebral oedema.
Administration. Corticorelin was well absorbed after subcuta-
neous injection and bioavailability was calculated to be about 60
to 70%; absorption was slower with high doses, suggesting that
it may be a saturable process. Given the retention of bioactivity,
the subcutaneous route was considered an attractive alternative
to intravenous use.1
1. Angst MS, et al. Pharmacokinetics, cortisol release, and hemo-

dynamics after intravenous and subcutaneous injection of human
corticotropin-releasing factor in humans. Clin Pharmacol Ther
1998; 64: 499–510.

Diagnosis and testing. Corticorelin may be used in the diag-
nosis of adrenal disorders including Cushing’s syndrome
(p.2344). In the initial diagnosis of Cushing’s syndrome, a dex-
amethasone-corticorelin test may be used to identify pseudo-
Cushing’s conditions such as depression or alcoholism in pa-
tients with mild hypercortisolism and equivocal results on other
diagnostic tests. This combination is reportedly more accurate
than either alone,1 but it is cumbersome and difficult to carry out
on an ambulatory basis.2 
When a diagnosis of ACTH-dependent Cushing’s syndrome has
been established, corticorelin may be used for differential diag-
nosis of the subtype. Patients with pituitary Cushing’s syndrome
have an exaggerated increase in plasma-corticotropin and plas-

ma-cortisol concentrations in response to corticorelin, whereas
those with adrenal or ectopic syndrome generally have no re-
sponse.3,4 The corticorelin stimulation test is of comparable diag-
nostic efficacy to the dexamethasone suppression test,5,6 al-
though false results have been obtained with both tests.2,5,7

Again, a combination of the dexamethasone and corticorelin
tests is reportedly more accurate than either alone.6 The most re-
liable test to distinguish between pituitary and nonpituitary forms
of Cushing’s syndrome is to measure the difference between cen-
tral and peripheral concentrations of ACTH after giving corti-
corelin.2 However, this requires sampling of central (petrosal)
venous blood, an invasive procedure needing considerable ex-
pertise.
1. Yanovski JA, et al. Corticotropin-releasing hormone stimulation

following low-dose dexamethasone administration: a new test to
distinguish Cushing’s syndrome from pseudo-Cushing’s states.
JAMA 1993; 269: 2232–8. 

2. Raff H, Findling JW. A physiologic approach to diagnosis of the
Cushing syndrome. Ann Intern Med 2003; 138: 980–91. 

3. Chrousos GP, et al. The corticotropin-releasing factor stimula-
tion test: an aid in the evaluation of patients with Cushing’s syn-
drome. N Engl J Med 1984; 310: 622–6. 

4. Newell-Price J, et al. Optimal response criteria for the human
CRH test in the differential diagnosis of ACTH-dependent Cush-
ing’s syndrome. J Clin Endocrinol Metab 2002; 87: 1640–5. 

5. Hermus AR, et al. The corticotropin-releasing-hormone test ver-
sus the high-dose dexamethasone test in the differential diagno-
sis of Cushing’s syndrome. Lancet 1986; ii: 540–4. 

6. Nieman LK, et al. The ovine corticotropin-releasing hormone
stimulation test and the dexamethasone suppression test in the
differential diagnosis of Cushing’s syndrome. Ann Intern Med
1986; 105: 862–7. 

7. Arnaldi G, et al. Diagnosis and complications of Cushing’s syn-
drome: a consensus statement. J Clin Endocrinol Metab 2003;
88: 5593–5602.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: CRH; Fr.: Stimu-ACTH; Ger.: Cortirel; CRH; Neth.: CRH; USA:
Acthrel.

Corticotropin (BAN, rINN) ⊗ 
ACTH; Adrenocorticotrophic Hormone; Adrenocortico-
trophin; Corticotrophin; Corticotropina; Corticotropine; Corti-
cotropinum; Kortikotropiini; Kortikotropin.
Кортикотропин
CAS — 9002-60-2 (corticotropin); 9050-75-3 (corticotro-
pin zinc hydroxide); 8049-55-6 (corticotropin zinc hydrox-
ide).
ATC — H01AA01.
ATC Vet — QH01AA01.

Pharmacopoeias. In US as preparations for injection.

Units
5 units of porcine corticotropin for bioassay are con-
tained in about 50 micrograms (with lactose 5 mg) in
one ampoule of the third International Standard (1962).

Adverse Effects
Corticotropin stimulates the adrenals to produce corti-
sol (hydrocortisone) and mineralocorticoids; it there-
fore has the potential to produce similar adverse gluco-
corticoid and mineralocorticoid effects to those of the
corticosteroids (see p.1490). In particular, its mineralo-
corticoid properties can produce marked sodium and
water retention; considerable potassium loss may also
occur. 
Corticotropin can induce sensitisation, and severe hy-
persensitivity reactions, including anaphylaxis, may
occur. This is generally considered to be due to the por-
cine component of the peptide. 
Whereas corticosteroids replace endogenous cortisol
(hydrocortisone) and thereby induce adrenal atrophy,
corticotropin’s stimulant effect induces hypertrophy.
Nevertheless, the ability of the hypothalamic-pituitary-
adrenal axis to respond to stress is still reduced, and
abrupt withdrawal of corticotropin may result in symp-
toms of adrenal insufficiency (see Withdrawal, below).
◊ Reports of adverse effects in children given corticotropin for
infantile spasms.
1. Riikonen R, Donner M. ACTH therapy in infantile spasms: side

effects. Arch Dis Child 1980; 55: 664–72. 
2. Hanefeld F, et al. Renal and pancreatic calcification during treat-

ment of infantile spasms with ACTH. Lancet 1984; i: 901. 
3. Riikonen R, et al. Disturbed calcium and phosphate homeostasis

during treatment with ACTH of infantile spasms. Arch Dis Child
1986; 61: 671–6. 

4. Perheentupa J, et al. Adrenocortical hyporesponsiveness after
treatment with ACTH of infantile spasms. Arch Dis Child 1986;
61: 750–3.
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Withdrawal
Corticotropin use may depress the hypothalamic-pitui-
tary-adrenal axis. Abrupt withdrawal of corticotropin
may therefore produce adrenocortical and pituitary un-
responsiveness, and therapy should be stopped gradu-
ally. An increase in corticosteroid requirements associ-
ated with the stress of infection, or accidental or
surgical trauma, may also precipitate acute adrenocor-
tical insufficiency. See also Withdrawal under Corti-
costeroids, p.1493.

Precautions
As for Corticosteroids, p.1493.
Phaeochromocytoma. A hypertensive crisis in a patient giv-
en intravenous tetracosactide led to the discovery of an adrena-
line-secreting phaeochromocytoma in a patient.1 It was suggest-
ed that caution should be observed when using corticotropin in
patients with orthostatic hypotension in whom the diagnosis of
phaeochromocytoma has not been excluded.
1. Jan T, et al. Epinephrine-producing pheochromocytoma with hy-

pertensive crisis after corticotropin injection. Am J Med 1990;
89: 824–5.

Interactions
Interactions seen with corticotropin are liable to be
similar to those with corticosteroids (p.1494).

Uses and Administration
Corticotropin is a naturally occurring hormone of the
anterior lobe of the pituitary gland. It stimulates the ad-
renal glands to secrete adrenocortical hormones, espe-
cially cortisol (hydrocortisone), some mineralocorti-
coids such as corticosterone, and, to a lesser extent,
androgens. It has little effect on aldosterone secretion,
which proceeds independently. 
Secretion of corticotropin by the functioning pituitary
gland is controlled by the release of corticorelin from
the hypothalamus and is also regulated by a negative
feedback mechanism involving concentrations of cir-
culating glucocorticoids. Conditions of stress may also
stimulate secretion. 
Corticotropin may be used diagnostically to investigate
adrenocortical insufficiency. It has also been used ther-
apeutically in most of the conditions (with the excep-
tion of the adrenal deficiency states and adrenocortical
overactivity) for which systemic corticosteroid therapy
is indicated (p.1495). Such use is now fairly limited.
However, corticotropin may be used in certain neuro-
logical disorders such as infantile spasms and multiple
sclerosis. The synthetic polypeptide tetracosactide
(p.1543), which has the same amino-acid sequence as
the first 24 residues of human corticotropin, may be
used as an alternative. Tosactide is another polypeptide
analogue of corticotropin; it has the same sequence as
the first 28 residues. 
Corticotropin has been available for injection in two
forms. One form is a plain injection that may be given
by the subcutaneous, intramuscular, or intravenous
routes. The other form is a long-acting depot prepara-
tion in which the viscosity is increased by the addition
of gelatin, and which is given subcutaneously or intra-
muscularly; it must not be given intravenously. Indi-
vidual responses to therapeutic corticotropin vary con-
siderably and doses must be adjusted accordingly. 
For diagnostic purposes the corticotropin test is based
on the measurement of plasma-cortisol concentrations
before and after injection. The plain preparation is used
in doses of 10 to 25 units in 500 mL of glucose 5% in-
fused intravenously over 8 hours. 
For therapeutic purposes typical initial doses for the
depot preparation have been about 20 to 80 units every
24 to 72 hours by the subcutaneous or the intramuscu-
lar route. As soon as possible the dosage should be re-
duced gradually to the minimum necessary to control
symptoms. 
A depot preparation of corticotropin combined with
zinc hydroxide for intramuscular injection has been
used in the past.

Epilepsy. The use of corticotropin in the management of infan-
tile spasms is referred to under Epilepsy in Corticosteroids,
p.1503.
Multiple sclerosis. Short-term courses of corticotropin have
been used to speed recovery from acute exacerbations of multi-
ple sclerosis (p.892) but corticosteroids, usually methylpred-
nisolone, are now preferred.
Post-dural puncture headache. There are anecdotal reports
of the relief of post-dural puncture headache by corticotropin or
tetracosactide, but a controlled study of tetracosactide use found
no benefit (see p.1544).

Preparations
USP 31: Corticotropin for Injection; Corticotropin Injection; Corticotropin
Zinc Hydroxide Injectable Suspension; Repository Corticotropin Injection.

Proprietary Preparations (details are given in Part 3)
Arg.: Acthelea; Irl.: Acthar†; USA: Acthar.

Cortisone Acetate (BANM, rINNM) ⊗ 
Acetato de cortisona; Compound E Acetate; Cortisone, acétate
de; Cortisoni acetas; 11-Dehydro-17-hydroxycorticosterone
Acetate; Kortisonacetat; Kortison-acetát; Kortisoniasetaatti; Kor-
tizon-acetát; Kortizono acetatas; Kortyzonu octan. 17α,21-Dihy-
droxypregn-4-ene-3,11,20-trione 21-acetate.
Кортизона Ацетат
C23H30O6 = 402.5.
CAS — 53-06-5 (cortisone); 50-04-4 (cortisone acetate).
ATC — H02AB10; S01BA03.
ATC Vet — QH02AB10; QS01BA03.

(cortisone)

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet. 
Ph. Eur. 6.2 (Cortisone Acetate). A white or almost white, crys-
talline powder. It shows polymorphism. Practically insoluble in
water; slightly soluble in alcohol and in methyl alcohol; sparing-
ly soluble in acetone; freely soluble in dichloromethane; soluble
in dioxan. Protect from light. 
USP 31 (Cortisone Acetate). A white or practically white,
odourless, crystalline powder. Insoluble in water; soluble 1 in
350 of alcohol, 1 in 75 of acetone, 1 in 4 of chloroform, and 1 in
30 of dioxan. Store at a temperature of 25°, excursions permitted
between 15° and 30°.
Adverse Effects, Treatment, Withdrawal, and
Precautions
As for corticosteroids in general (see p.1490).
Interactions
The interactions of corticosteroids in general are described on
p.1494.
Pharmacokinetics
For a brief outline of the pharmacokinetics of corticosteroids, see
p.1495. 
Cortisone acetate is readily absorbed from the gastrointestinal
tract and the cortisone is rapidly converted in the liver to its ac-
tive metabolite, hydrocortisone (cortisol). The biological half-
life of cortisone itself is only about 30 minutes. Absorption of
cortisone acetate from intramuscular sites is considerably slower
than after oral doses.
Uses and Administration
Cortisone is a corticosteroid secreted by the adrenal cortex. It has
glucocorticoid activity (p.1490), as well as appreciable mineralo-
corticoid activity; 25 mg of cortisone acetate is equivalent in
anti-inflammatory activity to about 5 mg of prednisolone. 
Cortisone acetate is rapidly effective when given orally, and
more slowly by intramuscular injection. 
Cortisone acetate has been used mainly for replacement therapy
in adrenocortical insufficiency (p.1498), but hydrocortisone
(p.1535) is generally preferred since cortisone itself is inactive
and must be converted by the liver to hydrocortisone, its active
metabolite; hence, in some liver disorders the activity of corti-
sone may be less reliable. Doses of cortisone acetate for oral re-
placement therapy are 12.5 to 37.5 mg daily in divided doses,
with fludrocortisone if additional mineralocorticoid activity is re-
quired. 
Cortisone acetate has been used in the treatment of many of the
allergic and inflammatory disorders for which corticosteroid
therapy is helpful (p.1495) but prednisolone or other synthetic

glucocorticoids are generally preferred. Doses of cortisone ace-
tate employed have generally ranged from about 25 to 300 mg
daily by mouth or by intramuscular injection.
Preparations
BP 2008: Cortisone Tablets; 
USP 31: Cortisone Acetate Injectable Suspension; Cortisone Acetate Tab-
lets.

Proprietary Preparations (details are given in Part 3)
Austral.: Cortate; Belg.: Adreson†; Canad.: Cortone†; Ital.: Cortone;
Neth.: Adreson†; S.Afr.: Cortogen†; UK: Cortisyl; USA: Cortone.

Multi-ingredient: Braz.: Corciclen; Spain: Blefarida; Gingilone.

Cortivazol (USAN, pINN) ⊗ 
Cortivazolum; H-3625; MK-650; NSC-80998. 11β,17α,21-Trihy-
droxy-6,16α-dimethyl-2′-phenyl-2′H-pregna-2,4,6-trieno[3,2-
c]pyrazol-20-one 21-acetate.
Кортивазол
C32H38N2O5 = 530.7.
CAS — 1110-40-3.
ATC — H02AB17.
ATC Vet — QH02AB17.

Profile
Cortivazol is a corticosteroid with mainly glucocorticoid activity
(p.1490); 300 micrograms of cortivazol is equivalent in anti-in-
flammatory activity to about 5 mg of prednisolone. It is given in
the treatment of musculoskeletal and joint disorders by intra-ar-
ticular, periarticular, or epidural injection in doses of about 1.25
to 3.75 mg, according to the size of the joint, usually at intervals
of 1 to 3 weeks. It has also been given by mouth.
Preparations
Proprietary Preparations (details are given in Part 3)
Fr.: Altim.

Deflazacort (BAN, USAN, rINN) ⊗ 
Azacort; Deflatsakorti; Déflazacort; Deflazacortum; Deflazakort;
DL-458-IT; L-5458; MDL-458; Oxazacort. 11β,21-Dihydroxy-2′-
methyl-5′βH-pregna-1,4-dieno[17,16-d]oxazole-3,20-dione 21-
acetate.
Дефлазакорт
C25H31NO6 = 441.5.
CAS — 14484-47-0.
ATC — H02AB13.
ATC Vet — QH02AB13.

Profile
Deflazacort is a corticosteroid with mainly glucocorticoid activ-
ity (p.1490); 6 mg of deflazacort is reportedly equivalent in anti-
inflammatory activity to about 5 mg of prednisolone (but see Ac-
tion, below). 
Deflazacort is used for its anti-inflammatory and immunosup-
pressant properties in conditions responsive to corticosteroid
therapy (p.1495). It is given in initial oral doses of up to 120 mg
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

daily; usual maintenance doses are 3 to 18 mg daily. Doses of
0.25 to 1.5 mg/kg daily have been used in children.
◊ References.
1. Markham A, Bryson HM. Deflazacort: a review of its pharmaco-

logical properties and therapeutic efficacy. Drugs 1995; 50:
317–33. 

2. Mignogna MD, et al. Oral pemphigus: long term behaviour and
clinical response to treatment with deflazacort in sixteen cases. J
Oral Pathol Med 2000; 29: 145–52. 

3. Campbell C, Jacob P. Deflazacort for the treatment of Duchenne
dystrophy: a systematic review. BMC Neurol 2003; 3: 7. Availa-
ble at: http://www.biomedcentral.com/1471-2377/3/7 (accessed
20/06/06) 

4. Biggar WD, et al. Long-term benefits of deflazacort treatment
for boys with Duchenne muscular dystrophy in their second dec-
ade. Neuromuscul Disord 2006; 16: 249–55.

Action. Although it has been suggested that deflazacort produc-
es fewer adverse effects than some conventional corticosteroids
such as prednisolone, a study in healthy subjects found that the
ratio of efficacy for deflazacort compared with prednisolone was
higher than the 1.2 : 1 previously assumed,1 implying that lower
effective doses of deflazacort had been used in such compari-
sons. A review2 of clinical studies of patients treated with de-
flazacort concluded that it was slightly less potent than pred-
nisolone, and that many of the data on adverse effects were
inconsistent. All systemic corticosteroids may produce clinically
significant adverse reactions (see also p.1490) which are prima-
rily dependent on dose and duration of use.
1. Babadjanova G, et al. Comparison of the pharmacodynamic ef-

fects of deflazacort and prednisolone in healthy subjects. Eur J
Clin Pharmacol 1996; 51: 53–7. 

2. Anonymous. Deflazacort – an alternative to prednisolone? Drug
Ther Bull 1999; 37: 57–8.

Renal calculi. Deflazacort has been given with nifedipine to
ease the spontaneous passage of renal calculi and stone frag-
ments (see Renal Calculi under Nifedipine, p.1356).
Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Azacortid; Defas; Flamirex; Braz.: Calcort; Cortax; Deflaimmun; De-
flanil; Denacen; Flaz-Cort; Flazal; Chile: Azacortid; Dezartal; Ger.: Calcort;
Irl.: Calcort; Ital.: Deflan; Flantadin; Mex.: Calcort; Setatrep; Port.: Rosi-
lan; Spain: Dezacor; Tobolacer; Zamene; Switz.: Calcort; Turk.: Flantadin;
UK: Calcort; Venez.: Calcort.

Deprodone (BAN, rINN) ⊗ 
Deprodona; Déprodone; Deprodonum; Desolone; RD-20000
(propionate). 11β,17α-Dihydroxypregna-1,4-diene-3,20-dione.
Депродон
C21H28O4 = 344.4.
CAS — 20423-99-8 (deprodone); 20424-00-4 (depro-
done propionate).

Profile
Deprodone is a corticosteroid that has been used topically as the
propionate.

Desonide (BAN, USAN, rINN) ⊗ 
D-2083; Desfluorotriamcinolone Acetonide; Desonid; Desoni-
da; Désonide; Desonidi; Desonidum; 16-Hydroxyprednisolone
16,17-Acetonide; Prednacinolone Acetonide. 11β,21-Dihy-
droxy-16α,17α-isopropylidenedioxypregna-1,4-diene-3,20-di-
one.
Дезонид
C24H32O6 = 416.5.
CAS — 638-94-8.
ATC — D07AB08; S01BA11.
ATC Vet — QD07AB08; QS01BA11.

Profile
Desonide is a corticosteroid used topically for its glucocorticoid
activity (p.1490) in the treatment of various skin disorders. It is
usually used as a cream, ointment, or lotion containing 0.05%.
The pivalate and the sodium phosphate esters have also been
used. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see p.1497.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Desoplus; DesOwen; Esteronide†; Locatop; Prenacid†; Austral.:
DesOwen; Belg.: Sterax†; Braz.: Desonol; DesOwen†; Steronide†; Ca-
nad.: Desocort; Chile: DesOwen; Sterax†; Cz.: Locatop; Fin.: Apolar; Fr.:
Locapred; Locatop; Tridesonit; Hong Kong: DesOwen; India: DesOwen;
Indon.: Apolar; Dermades; Dermanide; Desolex; Nufapolar; Israel: Loca-
top; Ital.: Prenacid; Reticus; Sterades; Mex.: DesOwen; Norw.: Apolar;
NZ: DesOwen†; Philipp.: DesOwen; Pol.: Locatop; Port.: Locapred; Zo-
tinar; Rus.: Prenacid (Пренацид); Singapore: DesOwen; Swed.: Apolar†;
Switz.: Locapred; Locatop; Sterax†; Turk.: Prenacid; USA: DesOwen;
LoKara; Tridesilon†; Verdeso; Venez.: Dermosupril; DesOwen; Erilon.

Multi-ingredient: Fr.: Cirkan a la Prednacinolone; Indon.: Apolar-N; De-
solex-N; Norw.: Apolar med dekvalin; Port.: Zotinar-N; USA: Tridesilon†;
Venez.: Dermosupril C.

Desoximetasone (BAN, USAN, rINN) ⊗ 
A-41-304; Desoksimetasoni; Desoximetason; Desoximetasona;
Désoximétasone; Desoximetasonum; Desoxymethasone; Hoe-
304; R-2113. 9α-Fluoro-11β,21-dihydroxy-16α-methylpregna-
1,4-diene-3,20-dione.

Дезоксиметазон
C22H29FO4 = 376.5.
CAS — 382-67-2.
ATC — D07AC03.
ATC Vet — QD07AC03; QD07XC02.

Pharmacopoeias. In US. 
USP 31 (Desoximetasone). A white to practically white, odour-
less, crystalline powder. Insoluble in water; freely soluble in al-
cohol, in acetone, and in chloroform.

Profile
Desoximetasone is a corticosteroid used topically for its gluco-
corticoid activity (p.1490) in the treatment of various skin disor-
ders. It is usually used as a cream, gel, lotion, or ointment; con-
centrations used range from 0.05 to 0.25%. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects
(p.1490). The effects of topical corticosteroids on the skin are
described on p.1492. For recommendations concerning the cor-
rect use of corticosteroids on the skin, and a rough guide to the
clinical potencies of topical corticosteroids, see p.1497.

Adverse effects. A photosensitivity reaction occurred in a pa-
tient treated for psoriasis with topical desoximetasone; rechal-
lenge led to a recurrence.1 The patient was also receiving pro-
pranolol hydrochloride.
1. Stierstorfer MB, Baughman RD. Photosensitivity to desoximeta-

sone emollient cream. Arch Dermatol 1988; 124: 1870–1.

Preparations
USP 31: Desoximetasone Cream; Desoximetasone Gel; Desoximetasone
Ointment.

Proprietary Preparations (details are given in Part 3)
Austria: Topisolon; Braz.: Esperson; Canad.: Desoxi†; Topicort; Denm.:
Ibaril; Fin.: Ibaril; Ger.: Topisolon; Indon.: Dercason; Desomex; Dexocort;
Esperson; Inerson; Lerskin; Pyderma; Soderma; Topcort; Irl.: Topisolon†;
Israel: Desicort; Ital.: Flubason; Neth.: Ibaril; Topicorte; Norw.: Ibaril;
Spain: Flubason; Swed.: Ibaril†; Switz.: Topisolon; Thai.: Cendexsone; Es-
person; Topicorte; UK: Stiedex LP†; USA: Topicort.

Multi-ingredient: Austria: Topisolon mit Salicylsaure; Braz.: Esperson
N; Denm.: Ibaril med salicylsyre†; Ger.: Topisolon†; Indon.: Denomix;
Norw.: Ibaril med salicylsyre†; Swed.: Ibaril med salicylsyra†; Thai.: Topi-
fram; UK: Stiedex†.

Desoxycortone (BAN, rINN)

Decortone; Deoxycortone; Desoksikortoni; Desoxicortona;
Desoxikorton; Desoxycorticosterone; Désoxycortone; Desoxy-
cortonum. 21-Hydroxypregn-4-ene-3,20-dione.

Дезоксикортон

C21H30O2 = 314.5.
CAS — 64-85-7.
ATC — H02AA03.
ATC Vet — QH02AA03.

Desoxycortone Acetate (BANM, rINNM)

Acetato de desoxicortona; Cortin; Decortone Acetate; 11-De-
oxycorticosterone Acetate; Deoxycortone Acetate; Desoksiko-
rtoniasetaatti; Desoxikortonacetat; Desoxycorticosterone Ace-
tate; Désoxycortone, acétate de; Desoxycortoni acetas; Desox-
ykorton-acetát; Dezoksikortono acetatas; Dezoksykortonu oc-
tan; Dezoxikorton-acetát. Desoxycortone 21-acetate.

Дезоксикортона Ацетат

C23H32O4 = 372.5.
CAS — 56-47-3.
ATC — H02AA03.
ATC Vet — QH02AA03.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Desoxycortone Acetate). A white or almost white,
crystalline powder or colourless crystals. Practically insoluble in
water; sparingly soluble in alcohol; soluble in acetone; freely sol-
uble in dichloromethane; slightly soluble in propylene glycol and
in fatty oils. Protect from light. 
USP 31 (Desoxycorticosterone Acetate). A white or creamy-
white, odourless, crystalline powder. Practically insoluble in wa-
ter; sparingly soluble in alcohol, in acetone, and in dioxan; slight-
ly soluble in vegetable oils. Store at a temperature of 25°, excur-
sions permitted between 15° and 30°. Protect from light.

Desoxycortone Pivalate (BANM, rINNM)

Deoxycorticosterone Pivalate; Deoxycorticosterone Trimethyl-
acetate; Deoxycortone Pivalate; Deoxycortone Trimethylace-
tate; Desoxycorticosterone Pivalate; Desoxycorticosterone Tri-
methylacetate; Désoxycortone, Pivalate de; Desoxycortoni
Pivalas; Pivalato de desoxicortona. Desoxycortone 21-pivalate.

Дезоксикортона Пивалат

C26H38O4 = 414.6.
CAS — 808-48-0.
ATC — H02AA03.
ATC Vet — QH02AA03.

Pharmacopoeias. In US for veterinary use only. 
USP 31 (Desoxycorticosterone Pivalate). Store at a temperature
of 25°, excursions permitted between 15° and 30°. Protect from
light.

Profile
Desoxycortone is a corticosteroid secreted by the adrenal cortex
and has primarily mineralocorticoid activity (p.1490). It has no
significant glucocorticoid action. 
Desoxycortone acetate has been used in the treatment of adreno-
cortical insufficiency (p.1498) as an adjunct to cortisone or hy-
drocortisone. For this purpose, however, fludrocortisone given
orally is now usually preferred. 
Desoxycortone acetate is given by intramuscular injection as an
oily solution, in doses of up to 10 mg once or twice daily. 
Desoxycortone has also been used as its enantate, phenylpropi-
onate, and sodium hemisuccinate esters. Desoxycortone pivalate
is used in veterinary medicine.

Preparations
USP 31: Desoxycorticosterone Acetate Injection; Desoxycorticosterone
Acetate Pellets.

Proprietary Preparations (details are given in Part 3)
Fr.: Syncortyl; Ital.: Cortiron; Switz.: Cortisteron.
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Dexamethasone (BAN, rINN) ⊗ 
Deksametasoni; Deksametazon; Deksametazonas; Desametha-
sone; Dexametason; Dexametasona; Dexametasone; Dexam-
etazon; Dexamethason; Dexaméthasone; Dexamethasonum;
9α-Fluoro-16α-methylprednisolone; Hexadecadrol. 9α-Fluoro-
11β,17α,21-trihydroxy-16α-methylpregna-1,4-diene-3,20-dione.

Дексаметазон

C22H29FO5 = 392.5.

CAS — 50-02-2.

ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.

ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QD07XB05; QD10AA03; QH02AB02; QR01AD03;
QS01BA01; QS01CB01; QS02BA06; QS03BA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Dexamethasone). A white or almost white, crys-
talline powder. Practically insoluble in water; sparingly soluble
in dehydrated alcohol; slightly soluble in dichloromethane. Pro-
tect from light. 
USP 31 (Dexamethasone). A white to practically white, odour-
less, crystalline powder. Practically insoluble in water; sparingly
soluble in alcohol, in acetone, in dioxan, and in methyl alcohol;
slightly soluble in chloroform; very slightly soluble in ether.

Dexamethasone Acetate (BANM, USAN, rINNM) ⊗ 

Acetato de dexametasona; Deksametasoniasetaatti; Deksameta-
zono acetatas; Dexametasonacetat; Dexametazon-acetát; Dex-
amethason-acetát; Dexaméthasone, acétate de; Dexamethasoni
acetas. Dexamethasone 21-acetate.

Дексаметазона Ацетат

C24H31FO6 = 434.5.

CAS — 1177-87-3 (anhydrous dexamethasone acetate);
55812-90-3 (dexamethasone acetate monohydrate).

ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.

ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QH02AB02; QR01AD03; QS01BA01; QS02BA06;
QS03BA01.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Viet. 
Int. and US allow the anhydrous form or the monohydrate. 
Ph. Eur. 6.2 (Dexamethasone Acetate). A white or almost
white, crystalline powder. It shows polymorphism. Practically
insoluble in water; freely soluble in alcohol and in acetone;
slightly soluble in dichloromethane. Protect from light. 
USP 31 (Dexamethasone Acetate). It contains one molecule of
water of hydration or is anhydrous. A clear, white to off-white,
odourless powder. Practically insoluble in water; freely soluble
in acetone, in dioxan, and in methyl alcohol. Store at a tempera-
ture of 25°, excursions permitted between 15° and 30°.

Dexamethasone Isonicotinate (BANM, rINNM) ⊗ 

Deksametasoniisonikotinaatti; Deksametazonu izonikotynian;
Dexametasonisonikotinat; Dexaméthasone, isonicotinate de;
Dexamethasoni isonicotinas; Dexamethason-isonikotinát; Isoni-
cotinato de dexametasona. Dexamethasone 21-isonicotinate.

Дексаметазона Изоникотинат

C28H32FNO6 = 497.6.

CAS — 2265-64-7.

ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.

ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QH02AB02; QR01AD03; QS01BA01; QS02BA06;
QS03BA01.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Dexamethasone Isonicotinate). A white or almost
white crystalline powder. Practically insoluble in water; slightly
soluble in dehydrated alcohol and in acetone.

Dexamethasone Phosphate (BANM, rINNM) ⊗ 
Dexaméthasone, Phosphate de; Dexamethasoni Phosphas; Fos-
fato de dexametasona. Dexamethasone 21-(dihydrogen phos-
phate).
Дексаметазона Фосфат
C22H30FO8P = 472.4.
CAS — 312-93-6.
ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.
ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QH02AB02; QR01AD03; QS01BA01; QS02BA06;
QS03BA01.

Dexamethasone Sodium Metasulfobenzoate 

(rINNM) ⊗ 
Dexaméthasone Métasulfobenzoate Sodique; Dexamethasone
Sodium Metasulphobenzoate (BANM); Metasulfobenzoato sódico
de dexametasona; Natrii Dexamethasoni Metasulfobenzoas.
Dexamethasone 21-(sodium m-sulphobenzoate).
Натрий Метасульфобензоат Дексаметазон
C29H32FNaO9S = 598.6.
CAS — 3936-02-5.
ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.
ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QH02AB02; QR01AD03; QS01BA01; QS02BA06;
QS03BA01.

Dexamethasone Sodium Phosphate 

(BANM, rINNM) ⊗ 
Deksametasoninatriumfosfaatti; Deksametazon Sodyum Fosfat;
Deksametazono natrio fosfatas; Dexametasonnatriumfosfat;
Dexametazon-nátrium-foszfát; Dexaméthasone, phosphate
sodique de; Dexamethasone Phosphate Sodium; Dexametha-
son-fosfát sodná sůl; Dexamethasoni natrii phosphas; Fosfato
sódico de dexametasona; Natrii Dexamethasoni Phosphas; So-
dium Dexamethasone Phosphate. Dexamethasone 21-(diso-
dium orthophosphate).
Натрия Дексаметазона Фосфат
C22H28FNa2O8P = 516.4.
CAS — 2392-39-4.
ATC — A01AC02; C05AA09; D07AB19; H02AB02;
R01AD03; S01BA01; S02BA06; S03BA01.
ATC Vet — QA01AC02; QC05AA09; QD07AB19;
QH02AB02; QR01AD03; QS01BA01; QS02BA06;
QS03BA01.

NOTE. DSP is a code approved by the BP 2008 for use on single
unit doses of eye drops containing dexamethasone sodium phos-
phate where the individual container may be too small to bear all
the appropriate labelling information.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet. 
Ph. Eur. 6.2 (Dexamethasone Sodium Phosphate). A white or
almost white, very hygroscopic, powder. It exhibits polymor-
phism. Freely soluble in water; slightly soluble in alcohol; prac-
tically insoluble in dichloromethane. A 1% solution in water has
a pH of 7.5 to 9.5. Store in airtight containers. Protect from light. 
USP 31 (Dexamethasone Sodium Phosphate). A white or
slightly yellow, crystalline powder. Is odourless or has a slight
odour of alcohol, and is exceedingly hygroscopic. Soluble 1 in 2
of water; slightly soluble in alcohol; insoluble in chloroform and
in ether; very slightly soluble in dioxan. pH of a 1% solution in
water is between 7.5 and 10.5. Store in airtight containers.

Adverse Effects, Treatment, Withdrawal,
and Precautions
As for corticosteroids in general (see p.1490). 
Dexamethasone has little or no effect on sodium and
water retention. 
When applied topically, particularly to large areas,
when the skin is broken, or under occlusive dressings,
or when given intranasally, corticosteroids may be ab-
sorbed in sufficient amounts to cause systemic effects.
Prolonged use of ophthalmic preparations containing
corticosteroids has caused raised intra-ocular pressure
and reduced visual function.
Effects on the neonate. The adverse effects of corticosteroids
on the fetus are discussed under Pregnancy on p.1494. 
Adverse effects noted in premature neonates with bronchopul-
monary dysplasia (p.1500) receiving dexamethasone treatment
to enable weaning from assisted ventilation have included
hypertension1-4 often accompanied by bradycardia,1,2 gastroduo-
denal perforation,4-6 ulceration and thinning of the gastric wall,5
development of a catabolic state,4,7 renal calcification,8,9 and
transient myocardial hypertrophy.10-13 There is some evidence of
a suppressive effect on motor activity and spontaneous move-
ment.14 It has been postulated that neonatal dexamethasone may
both increase15 and decrease16 retinopathy of prematurity; its true
effect is uncertain.17 

There is also a concern that longer term development of the child
may be adversely affected.18,19 Although data are scanty, a meta-
analysis20 has concluded that postnatal use of corticosteroids to
treat or prevent bronchopulmonary dysplasia is associated with
dramatic increases in the incidence of cerebral palsy and neu-
rodevelopmental impairment, and suggested that such use
should be abandoned. 
Pulsed dosage may reduce the adverse effects but may also re-
duce efficacy.21

1. Ohlsson A, Heyman E. Dexamethasone-induced bradycardia.
Lancet 1988; ii: 1074. 

2. Puntis JWL, et al. Dexamethasone-induced bradycardia. Lancet
1988; ii: 1372. 

3. Marinelli KA, et al. Effects of dexamethasone on blood pressure
in premature infants with bronchopulmonary dysplasia. J Pedi-
atr 1997; 130: 594–602. 

4. Stark AR, et al. Adverse effects of early dexamethasone treat-
ment in extremely-low-birth-weight infants. N Engl J Med
2001; 344: 95–101. 

5. Ng PC, et al. Gastroduodenal perforation in preterm babies
treated with dexamethasone for bronchopulmonary dysplasia.
Arch Dis Child 1991; 66: 1164–6. 

6. Smith H, Sinha S. Gastrointestinal complications associated
with dexamethasone treatment. Arch Dis Child 1992; 67: 667. 

7. Macdonald PD, et al. A catabolic state in dexamethasone treat-
ment of bronchopulmonary dysplasia. Arch Dis Child 1990; 65:
560–1. 

8. Kamitsuka MD, Peloquin D. Renal calcification after dexame-
thasone in infants with bronchopulmonary dysplasia. Lancet
1991; 337: 626. 

9. Narendra A, et al. Nephrocalcinosis in preterm babies. Arch Dis
Child Fetal Neonatal Ed 2001; 85: F207–F213. 

10. Werner JC, et al. Hypertrophic cardiomyopathy associated with
dexamethasone therapy for bronchopulmonary dysplasia. J
Pediatr 1992; 120: 286–91. 

11. Bensky AS, et al. Cardiac effects of dexamethasone in very low
birth weight infants. Pediatrics 1996; 97: 818–21. 

12. Skelton R, et al. Cardiac effects of short course dexamethasone
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13. Zecca E, et al. Cardiac adverse effects of early dexamethasone
treatment in preterm infants: a randomized clinical trial. J Clin
Pharmacol 2001; 41: 1075–81. 

14. Bos AF, et al. Qualitative assessment of general movements in
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dexamethasone therapy. J Pediatr 1998; 132: 300–6. 

15. Batton DG, et al. Severe retinopathy of prematurity and steroid
exposure. Pediatrics 1992; 90: 534–6. 

16. Sobel DB, Philip AGS. Prolonged dexamethasone therapy re-
duces the incidence of cryotherapy for retinopathy of prematu-
rity in infants of less than 1 kilogram birth weight with bron-
chopulmonary dysplasia. Pediatrics 1992; 90: 529–33. 

17. Ehrenkranz RA. Steroids, chronic lung disease, and retinopathy
of prematurity. Pediatrics 1992; 90: 646–7. 

18. Greenough A. Gains and losses from dexamethasone for neona-
tal chronic lung disease. Lancet 1998; 352: 835–6. 

19. Shinwell ES, et al. Early postnatal dexamethasone treatment
and increased incidence of cerebral palsy. Arch Dis Child Fetal
Neonatal Ed 2000; 83: F177–F181. 

20. Barrington KJ. The adverse neuro-developmental effects of
postnatal steroids in the preterm infant: a systematic review of
RCTs. BMC Pediatr  2001; 1:  1. Available at: http://
www.biomedcentral.com/1471-2431/1/1 (accessed 27/04/04) 

21. Bloomfield FH, et al. Side effects of 2 different dexamethasone
courses for preterm infants at risk of chronic lung disease: a ran-
domized trial. J Pediatr 1998; 133: 395–400.

Effects on the nervous system. Paraesthesia, usually local-
ised to the perineum, has been associated with the intravenous
use of dexamethasone sodium phosphate (see p.1492).

Interactions
The interactions of corticosteroids in general are de-
scribed on p.1494. Various drugs may interfere with
the dexamethasone suppression test.
Antiepileptics. As mentioned on p.499, dexamethasone may
decrease or increase plasma concentrations of phenytoin. Like
other enzyme-inducing drugs, phenytoin also has the potential to
increase the metabolism of dexamethasone. There have been re-
ports of false positive dexamethasone suppression tests (see Di-
agnosis and Testing, below) in patients taking carbamazepine.1
1. Ma RCW, et al. Carbamazepine and false positive dexametha-

sone suppression tests for Cushing’s syndrome. BMJ 2005; 330:
299–300.

Pharmacokinetics
For a brief outline of the pharmacokinetics of cortico-
steroids, see p.1495. 
Dexamethasone is readily absorbed from the gastroin-
testinal tract. Its biological half-life in plasma is about
190 minutes. Binding of dexamethasone to plasma
proteins is about 77%, which is less than for most other
corticosteroids. Up to 65% of a dose is excreted in
urine within 24 hours. Clearance in premature neonates
is reported to be proportional to gestational age, with a
reduced elimination rate in the most premature. It read-
ily crosses the placenta with minimal inactivation.

Uses and Administration
Dexamethasone is a corticosteroid with mainly gluco-
corticoid activity (p.1490); 750 micrograms of dexa-
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methasone is equivalent in anti-inflammatory activity
to about 5 mg of prednisolone. 
It has been used, either in the form of the free alcohol
or in one of the esterified forms, in the treatment of
conditions for which corticosteroid therapy is indicated
(p.1495), except adrenocortical insufficiency for which
hydrocortisone with supplementary fludrocortisone is
preferred. Its lack of mineralocorticoid properties
makes dexamethasone particularly suitable for treating
conditions where water retention would be a disadvan-
tage. 
The dose may be expressed in terms of the base, and
the following are each equivalent to about 1 mg of dex-
amethasone: 
• dexamethasone acetate 1.1 mg 
• dexamethasone isonicotinate 1.3 mg 
• dexamethasone phosphate 1.2 mg 
• dexamethasone sodium metasulfobenzoate 1.5 mg 
• dexamethasone sodium phosphate 1.3 mg 
Dexamethasone sodium phosphate 1.1 mg is equiva-
lent to about 1 mg of dexamethasone phosphate. 
For oral administration dexamethasone is given in
usual doses of 0.5 to 10 mg daily. Dexamethasone is
also used orally in the dexamethasone suppression
tests for the diagnosis of Cushing’s syndrome (for fur-
ther details see under Diagnosis and Testing, below). 
For parenteral administration in intensive therapy
or in emergencies, the sodium phosphate ester may be
given intravenously by injection or infusion or intra-
muscularly by injection; doses are sometimes ex-
pressed in terms of the free alcohol, the phosphate, or
the sodium phosphate and confusion has sometimes
arisen in the literature because of these variations. Ini-
tial doses used, expressed in terms of dexamethasone
phosphate, range from about 0.5 to 24 mg daily (about
0.4 to 20 mg of dexamethasone). Intravenous doses
equivalent to 2 to 6 mg/kg of dexamethasone phos-
phate given slowly over a minimum period of several
minutes have been suggested for the treatment of se-
vere shock. These high doses may be repeated within 2
to 6 hours and this treatment should be continued only
until the patient’s condition is stable and usually for no
longer than 48 to 72 hours. Alternatively, the initial in-
travenous injection may be followed by a continuous
intravenous infusion of 3 mg/kg per 24 hours. 
Dexamethasone sodium phosphate is also used in the
treatment of cerebral oedema caused by malignancy.
An initial intravenous dose equivalent to 10 mg of dex-
amethasone phosphate is usually given followed by
4 mg intramuscularly every 6 hours; a response is usu-
ally obtained after 12 to 24 hours and dosage may be
reduced after 2 to 4 days, and gradually stopped over 5
to 7 days. A much higher dosage schedule has also
been suggested for use in acute life-threatening cere-
bral oedema; initial doses equivalent to 50 mg of dex-
amethasone phosphate have been given intravenously
on the first day together with 8 mg intravenously every
2 hours reduced gradually over 7 to 13 days. A mainte-
nance dose of 2 mg two or three times daily has been
used in patients with recurrent or inoperable neo-
plasms. 
The sodium phosphate ester is given by intra-articu-
lar, intralesional, or soft-tissue injection. For intra-
articular injection doses equivalent to 0.8 to 4 mg of
dexamethasone phosphate are used depending upon
the size of the joint. For soft-tissue injection doses of 2
to 6 mg are used. Injections are repeated every 3 to 5
days to every 2 to 3 weeks. 
Dexamethasone acetate may be given by intramuscu-
lar injection in conditions where corticosteroid treat-
ment is indicated but a prompt response of short dura-
tion is not required; doses are equivalent to 8 to 16 mg
of dexamethasone, repeated, if necessary, every 1 to 3
weeks. The acetate may also be given locally by intra-
articular or soft-tissue injection in doses equivalent

to 4 to 16 mg of dexamethasone, repeated, if necessary,
every 1 to 3 weeks, or by intralesional injection in
doses equivalent to 0.8 to 1.6 mg. 
For ophthalmic disorders or for topical application in
the treatment of various skin disorders, either dexame-
thasone or its esters may be used; concentrations are
often expressed in terms of dexamethasone or dexam-
ethasone phosphate and are commonly 0.05 to 0.1%
for eye or ear drops and ointments and 0.1% for topical
skin preparations. For recommendations concerning
the correct use of corticosteroids on the skin, and a
rough guide to the clinical potencies of topical corti-
costeroids, see p.1497. 
For allergic rhinitis (p.565) and other allergic or in-
flammatory nasal conditions, a nasal spray containing
dexamethasone isonicotinate is available; the acetate,
phosphate, sodium phosphate, and sodium metasul-
fobenzoate have also been used. 
Dexamethasone is given intravenously and orally for
the prevention of nausea and vomiting induced by
cancer chemotherapy (see below). 
Other esters of dexamethasone that have occasionally
been used include the hemisuccinate, linoleate, palmi-
tate, pivalate, propionate, sodium succinate, tebutate,
and valerate. 
The phenpropionate and troxundate esters have been
used in veterinary medicine. 
Dexamethasone-releasing stents may be used to reduce
restenosis after coronary artery stent placement.
Alcohol withdrawal syndrome. Dexamethasone was report-
ed to be effective in a patient with benzodiazepine-resistant de-
lirium tremens1 and resolved symptoms of alcohol withdrawal
syndrome resistant to other treatments in another 110 patients.2
However, a subsequent small study found no evidence that dex-
amethasone was effective.3
1. Fischer DK, et al. Efficacy of dexamethasone in benzodiazepine-

resistant delirium tremens. Lancet 1988; i: 1340–1. 
2. Pol S, et al. Dexamethasone for alcohol withdrawal. Ann Intern

Med 1991; 114: 705–6. 
3. Adinoff B, Pols B. Dexamethasone in the treatment of the alco-

hol withdrawal syndrome. Am J Drug Alcohol Abuse 1997; 23:
615–22.

Amyloidosis. For mention of the use of dexamethasone in pa-
tients with amyloidosis, see p.743.

Blood disorders. High-dose pulsed dexamethasone therapy
has been found useful in some patients with idiopathic thrombo-
cytopenic purpura (p.1505), although results have been variable
in children.

Cerebral oedema. Corticosteroids, usually dexamethasone,
play an important role in the treatment of cerebral oedema in ma-
lignancy (see Raised Intracranial Pressure, p.1181), and dexam-
ethasone is advocated for the cerebral oedema associated with
high-altitude disorders (see below).

Congenital adrenal hyperplasia. Because of its lack of min-
eralocorticoid properties, dexamethasone has little advantage in
the salt-losing form of congenital adrenal hyperplasia (p.1502),
in which mineralocorticoid therapy must be given, and its poten-
cy means that dose titration to avoid toxicity can be difficult in
infants and children, even with the non-salt-losing form. Howev-
er, it may be useful in adults with forms of the syndrome that do
not require mineralocorticoid replacement. It has also been given
antenatally to the mother to prevent virilisation of female fetuses.

Diagnosis and testing. CUSHING’S SYNDROME. Dexametha-
sone has been used to differentiate Cushing’s disease (adrenal
hyperplasia caused by defects of pituitary origin) from other
forms of Cushing’s syndrome (caused by ectopic ACTH se-
cretion from non-pituitary tumours or by cortisol secretion
from adrenal tumours). The dexamethasone suppression test
as first proposed1 involved giving oral dexamethasone in low
doses of 500 micrograms four times daily for 8 doses fol-
lowed by higher doses of 2 mg four times daily for 8 doses. In
the low-dose tests the urinary excretion of cortisol and 17-
hydroxycorticosteroids is suppressed in healthy persons but
not in patients and in the high-dose tests the excretion is still
not suppressed in those with Cushing’s syndrome but is par-
tially suppressed in those with Cushing’s disease. Because
this test usually involves patients being admitted to hospital
for urine collection over a number of days and because false-
negative responses are reported to be fairly frequent, more
rapid and reliable tests have been sought. The low-dose test
plus measurement of serum-cortisol concentrations and the
excretion of free cortisol in urine over 24 hours has been
suggested2 to be a reliable method for screening for Cushing’s
syndrome. In the UK a single dose of 1 mg of dexamethasone
given at night is often used and is considered sufficient to

inhibit corticotropin secretion for 24 hours in most subjects.
In another variation3 a single dose of dexamethasone 8 mg
has been given at night and plasma-cortisol concentrations
measured the next day; this test (known as the overnight high-
dose dexamethasone suppression test) has again been said to
be a practical and reliable alternative for the differential diag-
nosis of Cushing’s syndrome. 
Further variations in the dexamethasone suppression test have
included giving a continuous intravenous infusion of dexameth-
asone at a rate of 1 mg/hour for 7 hours, with hourly measure-
ment of blood-cortisol concentrations.4 Initial results indicate
that this variation produces a lower number of false-positive di-
agnoses than the test using oral dexamethasone. Other alterna-
tives are a combined low-dose dexamethasone suppression test
and corticotropin-releasing hormone (corticorelin) test,5 or com-
bination of a dexamethasone suppression test with a metyrapone
test.6 
Reviews7,8 of diagnostic tests for Cushing’s syndrome have out-
lined both the advantages and disadvantages of tests using dex-
amethasone. These suggested that where there is suspicion of
Cushing’s syndrome, the overnight low-dose dexamethasone
suppression test may be used as part of a range of measures, and
that the dexamethasone-corticorelin test may be useful when
there are equivocal results from initial screening. In a study to
assess the effectiveness of low-dose dexamethasone, some pa-
tients were found to suppress plasma or urinary steroid concen-
trations to levels previously thought to exclude a diagnosis of
Cushing’s syndrome. The authors concluded that these low-dose
tests should not be used as the sole criterion for diagnosis, and
that a much lower value for serum cortisol should be used to
achieve adequate sensitivity.9 In the differentiation of ACTH-de-
pendent and ACTH-independent forms of Cushing’s syndrome,
one review7 suggested that the high-dose dexamethasone sup-
pression test cannot be recommended because of poor specifici-
ty. 
For further discussion of the various methods used for the diag-
nosis of Cushing’s syndrome and details of its management, see
p.2344. Various drugs may interfere with the dexamethasone
suppression test.
1. Liddle GW. Tests of pituitary-adrenal suppressibility in the diag-

nosis of Cushing’s syndrome. J Clin Endocrinol Metab 1960; 20:
1539–60. 

2. Kennedy L, et al. Serum cortisol concentrations during low dose
dexamethasone suppression test to screen for Cushing’s syn-
drome. BMJ 1984; 289: 1188–91. 

3. Tyrrell JB, et al. An overnight high-dose dexamethasone sup-
pression test for rapid differential diagnosis of Cushing’s syn-
drome. Ann Intern Med 1986; 104: 180–6. 

4. Biemond P, et al. Continuous dexamethasone infusion for seven
hours in patients with the Cushing syndrome: a superior differ-
ential diagnostic test. Ann Intern Med 1990; 112: 738–42. 

5. Yanovski JA, et al. Corticotropin-releasing hormone stimulation
following low-dose dexamethasone administration: a new test to
distinguish Cushing’s syndrome from pseudo-Cushing’s states.
JAMA 1993; 269: 2232–8. 

6. Avgerinos PC, et al. The metyrapone and dexamethasone sup-
pression tests for the differential diagnosis of the adrenocortico-
tropin-dependent Cushing syndrome: a comparison. Ann Intern
Med 1994; 121: 318–27. 

7. Raff H, Findling JW. A physiologic approach to diagnosis of the
Cushing syndrome. Ann Intern Med 2003; 138: 980–91. 

8. Arnaldi G, et al. Diagnosis and complications of Cushing’s syn-
drome: a consensus statement. J Clin Endocrinol Metab 2003;
88: 5593–5602. 

9. Findling JW, et al. The low-dose dexamethasone suppression
test: a reevaluation in patients with Cushing’s syndrome. J Clin
Endocrinol Metab 2004; 89: 1222–6.

DEPRESSION. The Health and Public Policy Committee of the
American College of Physicians noted that the dexametha-
sone suppression test for depression (p.373) was based on the
premise that endogenously depressed patients have shown pi-
tuitary-adrenal axis abnormalities but had been found to have
a low sensitivity for detecting depression. It was of unproven
value and was not recommended as a screening test.1 None-
theless, interest remains; studies2-6 have shown conflicting re-
sults.
1. Young M, Schwartz JS. The dexamethasone suppression test for

the detection, diagnosis, and management of depression. Ann In-
tern Med 1984; 100: 307–8. 

2. Coryell W. DST abnormality as a predictor of course in major
depression. J Affect Disord 1990; 19: 163–9. 

3. Płocka-Lewandowska M, et al. Dexamethasone suppression test
and suicide attempts in schizophrenic patients. Eur Psychiatry
2001; 16: 428–31. 

4. Coryell W, Schlesser M. The dexamethasone suppression test
and suicide prediction. Am J Psychiatry 2001; 158: 748–53. 

5. Black DW, et al. The relationship between DST results and sui-
cidal behavior. Ann Clin Psychiatry 2002; 14: 83–8. 

6. Yerevanian BI, et al. The dexamethasone suppression test as a
predictor of suicidal behavior in unipolar depression. J Affect
Disord 2004; 83: 103–8.

High-altitude disorders. Dexamethasone is effective in the
prevention of symptoms of acute mountain sickness (p.1168), for
which mild cerebral oedema may be a contributing factor, but it
is not generally considered suitable for routine prophylaxis be-
cause of concern about its adverse effects. In the treatment of
acute severe mountain sickness, which may involve the develop-
ment of pulmonary and cerebral oedema, the mandatory treat-
ment is immediate descent, and drug therapy is primarily adjunc-
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tive, to facilitate descent or maintain the patient until descent is
possible. Under these circumstances dexamethasone and oxygen
form the mainstays of treatment. 
References.
1. Ferrazzini G, et al. Successful treatment of acute mountain sick-

ness with dexamethasone. BMJ 1987; 294: 1380–2. 
2. Ellsworth AJ, et al. A randomized trial of dexamethasone and

acetazolamide for acute mountain sickness prophylaxis. Am J
Med 1987; 83: 1024–30. 

3. Montgomery AB, et al. Effects of dexamethasone on the inci-
dence of acute mountain sickness at two intermediate altitudes.
JAMA 1989; 261: 734–6. 

4. Levine BD, et al. Dexamethasone in the treatment of acute
mountain sickness. N Engl J Med 1989; 321: 1707–13. 

5. Keller H-R, et al. Simulated descent v dexamethasone in treat-
ment of acute mountain sickness: a randomised trial. BMJ 1995;
310: 1232–5. 

6. Dumont L, et al. Efficacy and harm of pharmacological preven-
tion of acute mountain sickness: quantitative systematic review.
BMJ 2000; 321: 267–72.

Hirsutism. Unbound testosterone concentrations were consist-
ently elevated in 32 hirsute women; when concentrations were
suppressed to normal by dexamethasone 0.5 to 1 mg at night hir-
sutism was generally improved or ceased to progress after 8 to 10
months of treatment.1 Other studies have shown only a modest
improvement2 or no improvement at all3 in hirsutism when treat-
ed with dexamethasone. Addition of dexamethasone to anti-an-
drogen therapy appeared to prolong the duration of remission in
a later study.4 
The mainstay of drug treatment for hirsutism tends to be an anti-
androgen such as cyproterone or spironolactone (p.2089). Al-
though low dose corticosteroids can suppress adrenal androgen
production, careful consideration of the risks and benefits is ad-
visable, especially since therapy for hirsutism may have to be
given long-term.
1. Paulson JD, et al. Free testosterone concentration in serum: ele-

vation is the hallmark of hirsutism. Am J Obstet Gynecol 1977;
128: 851–7. 

2. Carmina E, Lobo RA. Peripheral androgen blockade versus glan-
dular androgen suppression in the treatment of hirsutism. Obstet
Gynecol 1991; 78: 845. 

3. Rittmaster RS, Thompson DL. Effect of leuprolide and dexame-
thasone on hair growth and hormone levels in hirsute women: the
relative importance of the ovary and the adrenal in the pathogen-
esis of hirsutism. J Clin Endocrinol Metab 1990; 70: 1096–1102. 

4. Carmina E, Lobo RA. The addition of dexamethasone to antian-
drogen therapy for hirsutism prolongs the duration of remission.
Fertil Steril 1998; 69: 1075–9.

Malaria. Corticosteroids, especially dexamethasone, have been
used in cerebral malaria (p.594) in the belief that their anti-in-
flammatory effect would reduce cerebral oedema. However,
studies have shown that cerebral oedema does not play a signifi-
cant role in the pathophysiology of cerebral malaria and, indeed,
double-blind studies using both moderate doses (2 mg/kg) and
high doses (11 mg/kg) of dexamethasone intravenously over 48
hours found no reduction in death rates. Thus it is now consid-
ered that corticosteroids have no place in the treatment of cere-
bral malaria.1
1. Prasad K, Garner P. Steroids for treating cerebral malaria. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 3.
Chichester: John Wiley; 1999 (accessed 12/05/05).

Malignant neoplasms. Dexamethasone has been used in some
regimens for the treatment of malignancy, for example in acute
lymphoblastic leukaemia (p.651) and multiple myeloma (p.658).

Meningitis. The role of corticosteroids in the adjuvant treatment
of bacterial meningitis (p.178) has been the subject of consider-
able debate. Studies have shown conflicting results.1-3 However,
a systematic review4 concluded that there was evidence of bene-
fit, particularly in reducing deafness in children in high-income
countries, and in reducing mortality in adults. It has been
suggested4 that a 4-day regimen of dexamethasone be given to
adults and in children in high-income countries, preferably be-
fore or with the first dose of antibacterial.
1. Molyneux EM, et al. Dexamethasone treatment in childhood

bacterial meningitis in Malawi: a randomised controlled trial.
Lancet 2002; 360: 211–18. 

2. de Gans J, van de Beek D. Dexamethasone in adults with bacte-
rial meningitis. N Engl J Med 2002; 347: 1549–56. 

3. Thwaites GE, et al. Dexamethasone for the treatment of tubercu-
lous meningitis in adolescents and adults. N Engl J Med 2004;
351: 1741–51. 

4. van de Beek D, et al. Corticosteroids for acute bacterial menin-
gitis. Available in The Cochrane Database of Systematic Re-
views; Issue 1. Chichester: John Wiley; 2007 (accessed
22/08/08).

Nausea and vomiting. Dexamethasone has antiemetic prop-
erties, particularly against acute and delayed vomiting induced
by cancer chemotherapy1 (p.1700). It may be used alone for pre-
vention of acute symptoms associated with moderately-emeto-
genic treatment and is combined with a 5-HT3 antagonist for
highly-emetogenic treatment. Typical dosage regimens have
been dexamethasone 4 to 8 mg orally immediately before mod-
erately-emetogenic chemotherapy and 20 mg by intravenous in-
jection for more severely emetogenic chemotherapy. Dexameth-
asone is the drug of choice for prevention of delayed symptoms,
given alone or with other antiemetics. A typical oral dose is 8 mg

twice daily for 2 to 4 days. Dexamethasone is also effective for
the prevention of postoperative nausea and vomiting,2 and may
be used to manage nausea and vomiting in palliative care.
1. Ioannidis JPA, et al. Contribution of dexamethasone to control of

chemotherapy-induced nausea and vomiting: a meta-analysis of
randomized evidence. J Clin Oncol 2000; 18: 3409–22. 

2. Henzi I, et al. Dexamethasone for the prevention of postopera-
tive nausea and vomiting: a quantitative systematic review. An-
esth Analg 2000; 90: 186–94.

Opportunistic mycobacterial infections. Dexamethasone
in doses of 1 to 4 mg daily was associated with weight gain, re-
duction in fever, and an improved sense of well-being in 5 pa-
tients with HIV and disseminated Mycobacterium avium com-
plex infection.1 Combination antimycobacterial therapy for
nontuberculous mycobacterial infections (p.181) was also given.
Similar results have been noted by others.2

1. Wormser GP, et al. Low-dose dexamethasone as adjunctive ther-
apy for disseminated Mycobacterium avium complex infections
in AIDS patients. Antimicrob Agents Chemother 1994; 38:
2215–17. 

2. Dorman SE, et al. Adjunctive corticosteroid therapy for patients
whose treatment for disseminated Mycobacterium avium com-
plex infection has failed. Clin Infect Dis 1998; 26: 682–6.

Respiratory disorders. Corticosteroids such as dexametha-
sone have been given antenatally to mothers at risk of premature
delivery in order to hasten fetal lung maturation and help prevent
neonatal respiratory distress syndrome (p.1508) and bronchop-
ulmonary dysplasia (p.1500). Neonatal dexamethasone has been
reported to improve pulmonary outcome and assist weaning
from mechanical ventilation in infants that have developed bron-
chopulmonary dysplasia. 
Dexamethasone is also one of the drugs of choice for the man-
agement of severe croup (see p.1502). However, as with other
corticosteroids (p.1500) it appears to be of little value in bronchi-
olitis.1,2

1. Roosevelt G, et al. Dexamethasone in bronchiolitis: a ran-
domised controlled trial. Lancet 1996; 348: 292–5. 

2. Klassen TP, et al. Dexamethasone in salbutamol-treated inpa-
tients with acute bronchiolitis: a randomized controlled trial. J
Pediatr 1997; 130: 191–6.

Retinopathy of prematurity. For a suggestion that antenatal
dexamethasone might be helpful in the prophylaxis of retinopa-
thy of prematurity, see p.1994. For mention of the uncertain ef-
fect of neonatal dexamethasone on retinopathy of prematurity,
see Effects on the Neonate, under Adverse Effects above.

Preparations
BP 2008: Dexamethasone and Neomycin Ear Spray; Dexamethasone So-
dium Phosphate Injection; Dexamethasone Tablets; 
USP 31: Ciprofloxacin and Dexamethasone Otic Suspension; Dexameth-
asone Acetate Injectable Suspension; Dexamethasone Elixir ; Dexametha-
sone Gel; Dexamethasone Ophthalmic Suspension; Dexamethasone Oral
Solution; Dexamethasone Sodium Phosphate Cream; Dexamethasone So-
dium Phosphate Inhalation Aerosol; Dexamethasone Sodium Phosphate
Injection; Dexamethasone Sodium Phosphate Ophthalmic Ointment; Dex-
amethasone Sodium Phosphate Ophthalmic Solution; Dexamethasone
Tablets; Dexamethasone Topical Aerosol; Neomycin and Polymyxin B Sul-
fates and Dexamethasone Ophthalmic Ointment; Neomycin and Polymyx-
in B Sulfates and Dexamethasone Ophthalmic Suspension; Neomycin Sul-
fate and Dexamethasone Sodium Phosphate Cream; Neomycin Sulfate and
Dexamethasone Sodium Phosphate Ophthalmic Ointment; Neomycin Sul-
fate and Dexamethasone Sodium Phosphate Ophthalmic Solution; To-
bramycin and Dexamethasone Ophthalmic Ointment; Tobramycin and
Dexamethasone Ophthalmic Suspension.

Proprietary Preparations (details are given in Part 3)
Arg.: Decadron; Degabina; Dexafarm†; Dexalaf; Dexalergin; Dexameral;
Dexatotal; Duo Decadron; Fadametasona†; Gotabiotic D; Ingedex; Isopto
Maxidex; Lormine; Nexadron; Rupedex; Sedesterol; Trofinan; Austral.:
Dexmethsone; Maxidex; Austria: Dexabene; Fortecortin; Belg.: Aacidex-
am; Decadron†; Dexa-Sine; Maxidex; Oradexon; Braz.: Cortidex†; Corti-
top; Decadron; Decadronal; Deflaren; Dexacilin; Dexaden; Dexadermil;
Dexaflan†; Dexagreen; Dexameson; Dexametax†; Dexametonal†; Dex-
ametrat†; Dexamex†; Dexaminor; Dexanil; Dexason; Dexazen†; Dexazo-
na; Dexmene†; Dextasona†; Maxidex; Metaxon; Minidex; Neodex; Neta-
zon†; Topidexa; Uni Dexa; Canad.: Decadron†; Dexasone; Diodex†;
Hexadrol†; Maxidex; Chile: Maxidex; Oradexon; Cz.: Baycuten; Dexa†;
Dexaltin; Dexamed; Dexapos†; Dexason†; Dexona†; Fortecortin; Denm.:
Decadron†; Maxidex; Fin.: Decadron†; Kaarmepakkaus; Oftan Dexa; Ora-
dexon; Fr.: Dectancyl; Desocort†; Maxidex; Ger.: afpred-DEXA; Auxilos-
on†; Cortidexason†; Cortisumman†; Dexa; Dexa Loscon mono; Dexa-Al-
lvoran; dexa-clinit; Dexa-Effekton; Dexa-ratiopharm; Dexa-Rhinospray
Mono; Dexa-sine; Dexabene; Dexabeta; DexaEDO; Dexaflam; Dexagalen;
Dexagel; Dexahexal; Dexamonozon; Dexamonozon N†; Dexapos;
Fortecortin; Isopto Dex; Lipotalon; Solupen N; Solutio Cordes Dexa N;
Spersadex; Totocortin; Tuttozem N; Gr.: Decadron; Dexacollyre; Dexaton;
Iriniozol; Maxidex; Oradexon; Soldesanil; Thilodexine; Thiloxedine†; Hong
Kong: Dexaltin; Dexamed; Dexasone; Dexmetha; Dexmethsone; Maxi-
dex; Spersadex†; Hung.: Dexa; Maxidex; Oradexon; India: Decdan;
Dexacip; Dexasone; Dexona; Millicortenol; Wymesone; Indon.: Cetadex-
on; Cortidex; Danasone; Decilone; Dellamethasone; Dexa-M; Etason;
Fortecortin; Indexon; Inthesa-5; Kalmethasone; Lanadexon; Licodexon;
Molacort; Nufadex; Oradexon; Prodexon; Pycameth; Pyradexon; Scandex-
on; Irl.: Decadron†; Maxidex; Israel: Dexacort; Maxidex; Sterodex; Ital.:
Decadron; Dermadex; Etacortilen; Luxazone; Megacort; Soldesam; Vis-
umetazone; Jpn: Limethason; Methaderm; Malaysia: Cortidax†; Dec-
adron†; Decan; Dexalone; Dexaltin; Dexasone; Limethason†; Maxidex;
Mex.: Adrecort; Alin; Azona; Baycuten; Beminex; Cortidex; Cryometaso-
na; Decadron; Decadronal; Decorex; Dexafrin; Dexagrin; Dexal; Dexami-
lan; Dexicar; Dexona; Dibasona; Examsa; Indarzona-N; Lergosin; Maxidex;
Metax; Migradexan†; Pardex; Reusan; Taprodex; Taxyl; Neth.: Decadron†;
Dexa-POS; Oradexon; Norw.: Decadron†; Isopto Maxidex; Spersadex;
NZ: Maxidex; Philipp.: Cordex; Dabrin; Decan; Decilone; Drenex; Isodex-
am; Maxidex; Midexone; Oradexon; Penodex; Santeson; Scancortin; Vex-
amet; Pol.: Dexafree; Dexapolcort; Dexaven; Port.: Decadron; Dexaval;
Oradexon; Ronic; Rus.: Detametazon (Детаметажон)†; Dexamed

(Дексамед); Dexapos (Дексапос); Dexaven (Дексавен); Dexona
(Дексона Д); Maxidex (Максидекс); Oftan Dexamethason (Офтан
Дексаметазон); S.Afr.: Decadron; Decasone; Maxidex; Oradexon†; Sper-
sadex; Singapore: Decan; Decordex; Dexaltin; Dexamed; Dexasone; Erla-
dexone†; Limethason†; Maxidex; Mexasone†; Spain: Dalamon Inyectable;
Fortecortin; Maxidex; Swed.: Decadron†; Dexacortal; Isopto Maxidex;
Opnol; Switz.: Decadron†; Dexacortin; Dexacortin-K†; Dexalocal;
Fortecortin; Maxidex; Mephamesone; Millicortene†; Spersadex; Thai.: B
Dexol; Decadron; Dexa ANB; Dexa-P†; Dexa†; Dexaltin; Dexano; Dexas-
one; Dexion; Dexon; Dexthasol; Dexton; Limethason†; Oradexon; Pheno-
dex; Turk.: Cebedex; Dekort; Deksalon; Deksamet; Dexa-Sine; Maxidex;
Onadron; Spersadex; UK: Decadron†; Dexsol; Maxidex; USA: Aeroseb-
Dex; Dalalone; Decadron; Decaspray; Dexameth†; Dexasone; Dexone;
DexPak; Hexadrol; Maxidex; Solurex†; Venez.: Decadron†; Decalona;
Decobel; Dexacort; Dexamin; Maradex; Metalexina†.

Multi-ingredient: Arg.: Alergi; Belbar; Bicrinol; Bio Cabal†; Biocort; Bi-
optic DX; Biotaer Ultrason Nebulizable†; Ciloxadex; Ciprocort; Cortaler
Novo†; Decadron con Ciprofloxina; Decadron con Neomicina; Decadron
con Tobramicina; Dexa Aminofilin; Dexa Teosona; Dexa-Rhinospray N;
Dexabion; Dexafurazon†; Dexalergin; Dexamytrex; Dexaprof D; Dexatop-
ic†; Empecid Cort; Exudrol con Dexametasona; Factioneye; Flexicamin B12;
Flogiatrin B12; Fluoropoen; Fotadex; Gotabiotic F; Hongal; Isoptomax;
Klonamicin Compuesto; Larsen; Linfol; Mefenix Relax†; Melasmax; Naxo
TV; Neodexa Plus; Neoftalm Dexa; Neolag; Neosona; Nexadron Com-
puesto; Nexadron Plus; Nipiol†; Paraflex Plus; Polioftal; Polyplex; Proetzto-
tal; Provisual Compuesto; Quidex; Radina Dex; Sincerum Biotic; Sincerum
Biotic L; Sindrolen†; Solocalm Plus; Tacines; Tobrabiotic D; Tobracort;
Tobradex; Tobragan D; Toflamixina Plus; Tratomax; Trimepol D; Vixalerg;
Vixidone; Vixidone T†; Xao-Dex†; Xibradex; Austral.: Otodex; Sofradex;
Austria: Ambene; Dexagenta; Dexasalyl†; Multodrin; Rheumesser; Tobra-
dex; Uromont; Belg.: De Icin†; De Icol; Dexa-Polyspectran New; Dexa-
Rhinospray; Dexagenta-POS; Frakidex; Maxitrol; Percutalgine; Polydexa;
Tobradex; Braz.: Baycuten; Biamotil-D; Cianotrat-Dexa; Cilodex; Cylocort;
Decadron Colirio; Decadron Nasal; Dexa-Citoneurin; Dexa-Cronobe;
Dexa-Neuriberi†; Dexacilin; Dexaclor†; Dexacobal; Dexacort†; Dexador;
Dexadoze; Dexafenicol; Dexagil; Dexalgen; Dexamytrex†; Dexaneurin;
Dexanevral†; Dexanil; Dexavison; Dexazona; Duo-Decadron; Emistin; Fe-
nidex; Gynax-N; Hidrocin; Maxiflox D; Maxitrol; Metcort; Neocortin; Neo-
dex; Nepodex; Otofenicol-D†; Rinosbon†; Tobracin D; Tobracort; Tobra-
dex; Trivagel N; Vagitrin-N; Vitatonus Dexa; Canad.: Ciprodex; Dioptrol†;
Maxitrol; Opticort; Sofracort; Tobradex; Chile: Baycuten; Cilodex; Cipro-
dex; Dexagin; Grifoftal-D; Maxitrol; Oflono-D; Poentobral Plus; Spersadex
Comp†; Telugren Plus; Tobradex; Tobragan D; Tobrin-D; Todexona; Tribes-
ona; Xolof D; Cz.: Dexa-Gentamicin; Doxiproct Plus; Maxitrol; Otobacid
N; Pulpomixine; Sofradex†; Spersadex Compositum; Tobradex; Denm.:
Decadron med Neomycin†; Sofradex; Spersadex Comp; Fin.: Maxitrol;
Oftan Dexa-Chlora; Sofradex; Fr.: Auricularum; Cebedexacol; Chibro-
Cadron; Corticetine; Dexagrane; Frakidex; Framyxone; Maxidrol; Percutal-
gine; Polydexa; Ster-Dex; Tobradex; Ger.: Baycuten†; Corti Biciron N; Cor-
tidexason comp; Corto-Tavegil†; Dexa Biciron; Dexa Polyspectran; Dexa-
Gentamicin; Dexa-Phlogont L†; Dexa-Siozwo; Dexamytrex; Dispadex
comp; Duodexa N†; Ell-Cranell dexa; Isopto Max; Lokalison-antimikrobiell
Creme N; Nystalocal; Otobacid N; Rheumasit†; Rhinoguttae Dexametha-
soni cum Naphazolino†; Spersadex Comp†; Spersadexolin†; Supertendin;
Supertendin 2000 N†; Ultra-Demoplas†; Uro-Stilloson†; Gr.: Afacort; An-
tilerg-F†; Chlorapred; Dexa-Rhinaspray-N; Dexachlor; Dexamycin; Dex-
amytrex; Dispersadron-C; Ekzegamma†; Eyebrex-Dexa†; Fluoscin†; Gene-
facort†; Gentadex; Isopto Maxitrol; Lofoto; Nezefib; O-Biotic; Otocort;
Otomize; Saocin-D; Spersadexoline†; Thilomicine Dex; Tobradex; Urecor-
tin; Hong Kong: Chloram-D; Dexoph; Dextracin; Eurodron; Frakidex;
Maxitrol; Neo-Dex (Improved); Parasone; Polydex-N; Polydexa; Sofradex;
Sonexa-C; Spersadex Comp; Spersadexoline†; Tobradex; Hung.: Dexa-
polcort N; Doxiproct Plus; Spersadex Comp†; Tobradex; India: Ciplox D;
Decdan-N; Dexona Eye/Ear; Dexosyn Plus; Dexosyn-C; Dexosyn-N; Gent-
acip D; Millicorten-Vioform; Mycidex†; Obrasone; Ocupol-D; Ocutob-D;
Oflox D; Pyrimon; Sofracort; Sofradex; Sofradex-F; Tobazon DM; Indon.:
Alegi; Alerdex; Baycuten-N; Blecidex; Bralifex Plus; Dexatopic; Dextafen;
Dextamine; Inmatrol; Isotic Neolyson; Isotic Tobrizon; Kloramixin D; Lor-
son; Lotharson; Maxitrol; Oregan; Osatrol; Polidemisin; Pritacort; Sofradex;
Soldextam; Spersadex Comp; Tobradex; Trodex; Ximex Optixitrol; Irl.:
Dexa-Rhinaspray Duo; Maxitrol; Otomize; Sofradex; Israel: Adexone; Au-
ricularum; Desoren; Dethamycin; Dethaphrine; Dex-Otic; Dexamycin;
Dexefrin; Maxitrol; Otomize†; Polycutan; Tarocidin D; Tevacutan; Ital.: Clo-
radex; Corti-Arscolloid; Desalfa; Desamix Effe; Desamix-Neomicina; Dex-
oline; Doxiproct; Eta Biocortilen; Eta Biocortilen VC; Luxazone Eparina;
Neo Cortofen; Netildex; Tobradex; Visumetazone Antistaminico; Vis-
umetazone Decongestionante; Jpn: Una A Gel; Malaysia: Baycuten N; De
Icol; Dexa-Gentamicin†; Dexamytrex†; Dextracin; Gentadexa; Maxitrol;
Neo-Deca; Sofradex; Spersadex Comp†; Spersadexoline; Tobradex; Mex.:
Alin Nasal; Alin Oftalmico; Baycuten N; Bexine; Biodexan; Butisel; Cilodex;
Cloxona-O; Decadron con Neomicina; Decadron con Nistatina; Dexabion;
Dexadutil; Dexamicin; Dexne; Dexsul; Dextone; Dibutasona; Dinill-D;
Doxiproct Plus; Exafenil; Gotadex†; Innobion; Kodakon†; Lergosin A; Levo-
dexan; Levofenil; Maxitrol; Mildex; Neobacigrin; Neuralin; Nispil; Obrydex;
Odexan; Ofodex; Polideltaxin NF; Rinadex Compuesto; Rinidyl DN;
Soldrin; Sondex-Of; Tiamidexal; Timpacil; Tobracort; Tobradex; Trazidex;
Trineurovita Compuesto; UV IX†; Vengesic†; Zolidime†; Neth.: Dexagen-
ta-POS; Dexamytrex; Dexatopic†; Maxitrol; Sofradex; Tobradex; Norw.:
Maxitrol; Sofradex; Spersadex med kloramfenikol; NZ: Maxitrol; Sofradex;
Tobradex; Philipp.: Baycuten; Dexamytrex; Dexanicol; Maxirap; Maxitrol;
Maxoptic; Postop; Postotic; Spersadex Compound; Syntemax; Tobradex;
Pol.: Dexadent; Dexamytrex; Dexapolcort N; Maxitrol; Tobradex; Port.:
Baycuten; Decadron com Neomicina; Dexamytrex; Dexaval A; Dexaval N;
Dexaval O; Dexaval V; Doxiproct Plus; Frakidex; Gentadexa; Otomize†;
Polydexa; Rus.: Ambene (Амбене); Dexa-Gentamicin (Декса-
Гентамицин); Dexona (Дексона); Maxitrol (Макситрол); Percutalgine
(Перкуталжин)†; Polydexa (Полидекса); Polydexa with Phenylephrine
(Полидекса С Фенилефрином); Tobradex (Тобрадекс); Tobrasone
(Тобразон); S.Afr.: Covomycin-D; Maxitrol; Sofradex; Spersadex Comp;
Spersadexoline; Tobradex; Singapore: Dexamytrex; Dextracin; Frakidex†;
Maxitrol; Polydexa; Sofradex; Spersadex Comp†; Spersadexoline†; Tobra-
dex; Spain: Amplidermis; Broncoformo Muco Dexa; Cloran Hemidex;
Cresophene; Dalamon†; Decadran Neomicina†; Dexa Tavegil; Dexam
Constric†; Gentadexa; Hem Anth; Hongosan; Icol; Inzitan; Liquipom Dexa
Antib; Maxitrol; Neodexa; Neurocatavin Dexa†; Neurodavur Plus; Oftal-
motrim Dexa†; Otix; Oto Vitna†; Phonal; Resorborina; Rino Dexa; Saban-
otropico; Sedofarin; Tobradex; Vasodexa; Swed.: Decadron cum neomy-
cin†; Switz.: Antikeloides Creme; Chronocor te; Cor ticetine†;
Cresophene†; Dexalocal-F; Dexasalyl; Dexolan; Doxiproct Plus; Frakidex;
Maxitrol; Nystalocal; Otospray†; Pigmanorm; Polydexa; Sebo-Psor; Sofra-
dex; Spersadex Comp; Spersadexoline†; Tobradex; Thai.: Archidex; Ca-
dexcin-N†; Decadron with Neomycin†; Dexacin; Dexamytrex; Dexasil†;
Dexoph; Dexylin; Eyedex; Maxitrol; Neo-Optal; Neodex; Opsardex†; Per-
cutalgine†; Sofradex; Spersadexoline; Tobradex; Trabit†; Vesoph;
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UK: Dexa-Rhinaspray Duo†; Maxitrol; Otomize; Sofradex; Tobradex;
USA: Ak-Neo-Dex; Ak-Trol†; Ciprodex; Dexacidin†; Dexacine†; Dexas-
porin; Maxitrol; Neo-Dexameth†; NeoDecadron†; Neodexasone; Ne-
opolydex; Ocu-Trol; Poly-Dex; Tobradex; Venez.: Baycuten N; Cipromet†;
Cyprodex; Decadron†; Decaven; Deicol†; Dexaneol†; Dexapostafen; Gen-
tidexa; Kanasone†; Maxicort; Maxitrol; Otocort; Poentobral Plus; Poli-Oti-
co; Quinocort; Tobracort; Tobradex; Tobragan D; Todex; Trazidex.

Dichlorisone Acetate (rINNM) ⊗ 
Acetato de diclorisona; Dichlorisone, Acétate de; Dichlorisoni
Acetas; Diclorisone Acetate. 9α,11β-Dichloro-17α,21-dihydrox-
ypregna-1,4-diene-3,20-dione 21-acetate.

Дихлоризона Ацетат
C23H28Cl2O5 = 455.4.
CAS — 7008-26-6 (dichlor isone); 79-61-8 (dichlorisone
acetate).

(dichlorisone)

Profile
Dichlorisone acetate is a corticosteroid used topically for its glu-
cocorticoid activity (p.1490) in the treatment of various skin dis-
orders. It is usually used as a cream containing 0.25 or 1%. 
When applied topically, particularly to large areas, when the skin
is broken, or under occlusive dressings, corticosteroids may be
absorbed in sufficient amounts to cause systemic effects (see
p.1490). The effects of topical corticosteroids on the skin are de-
scribed on p.1492. For recommendations concerning the correct
use of corticosteroids on the skin, see p.1497.
Preparations
Proprietary Preparations (details are given in Part 3)
Spain: Dermaren; Dicloderm Forte.

Diflorasone Diacetate (BANM, USAN, rINNM) ⊗ 
Diacetato de diflorasona; Diflorasone, Diacetate de; Diflorasoni
Diacetas; U-34865. 6α,9α-Difluoro-11β,17α,21-trihydroxy-16β-
methylpregna-1,4-diene-3,20-dione 17,21-diacetate.

Дифлоразона Диацетат
C26H32F2O7 = 494.5.
CAS — 2557-49-5 (diflorasone); 33564-31-7 (diflorasone
diacetate).
ATC — D07AC10.
ATC Vet — QD07AC10.

(diflorasone)

Pharmacopoeias. In US. 
USP 31 (Diflorasone Diacetate). A white to pale yellow, crystal-
line powder. Insoluble in water; soluble in acetone and in methyl
alcohol; very slightly soluble in ether; sparingly soluble in ethyl
acetate; slightly soluble in toluene. Store in airtight containers.

Profile
Diflorasone diacetate is a corticosteroid used topically for its glu-
cocorticoid activity (p.1490) in the treatment of various skin dis-
orders. It is usually used as 